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OBI.II;A.H XAPAKTEPHCTHKA PABOTbI 

AKTyaJibHOCTh TeMhI HCCJie,n;oBaHHM 

<DH3HKa BbICOKHX SHeprnfr rrepe:>KHBaeT B HaCT05Iru;ee BpeM5I KpHTH'ieCKHH 

MoMeHT. Mbr 6m13KH K orrpe,rr,eJieHmo rrpe,n;eJioB rrpnMeHHMOCTH cTaH,rr,apT

HOH MO,IT,eJrn (CM) [1] cPH3HKH SJieMeHTapHbIX 11acnrn; H HX B3aHMO)J;eHCTBHH. 

HecMOTp5I Ha TO, 'ITO rrpaKnr<IeCKH Bee Ha6mo,n;aeMbre Ha ycI<opHTeJI5IX Bhrco

KHX sHeprnH: 5IBJieHH5I Haxo,rr,5ITC.H B xopoIIIeM corJiacun c rrpe,rr,cKa3aHH5IMH CM, 

MHO:>KeCTBO KOCBeHHbIX q>aKTOpOB yKa3hIBaeT Ha 6JIH30CTb MaCIIITa6a SHep

rnH:, rrpH KOTOpbIX ,n;omKHbI rrp05IBHTbC5I HOBbie cPH3H'1eCKHe <PeHOMeHbI. Ilo

HCK TaKHX ¢eHOMeHOB u rrocJie,rr,Heti HeOTKpbITOH 11acTHD;hI CM, 6o3oHa Xnrrca, 

aKTHBHO rrpOBO,lI,HTC5I B SKCrrepnMeHTax Ha cyru;eCTBYIOliIHX H 6y,n;yru;nx ycKo

pHTeJI.HX -qacTun;, TaKnx KaK BoJihIIIOtl: A,n;poHHbrtl: KoJIJiati,n;ep (BAK), Ts

BaTpOH (Tevatron), H ITJiaHnpyeMbIH Me>Kp;yHapO,.!J,HbIH JIHHeliHbIH SJieKTpOH

IT03HTpOHHbIH KOJIJiafr,rr,ep. c ,n;pyrofi CTOpOHbI, o6Hapy:>KeHHe HOBbIX T.J:aCTHD; 

H B3aHMO,II,GfICTBHH B03MO>KHO TOJibKO B xo,rr,e ,rr,eTaJibHOro cpaBJ.'IeHH5I pe3yJib

TaTOB OIIbITa c TeopeTH'IeCKHMH rrpe,rr,cKa3aHH5IMH, IIOJiy'ieHHbIMH B paMKax 

cTaH,n;apTHOH Mo,n;eJin. Bee B03pacTaroru;a.H TO'IHOCTb sKcrrepnMeHTaJibHhIX H3-

MepeHnti BC8B03MO:>KHbIX Ha6mo,rr,aeMbIX BeJIH'IHH B COBpeMeHHOH cPH3HKe BbI

COKHX SHeprnfi Tpe6yeT a,n;eKBaTHOro yBeJIH'1eHH5I TO'iHOCTH TeopeTH'ieCKoro 

OIIHCaHH5I COOTB8TCTBYIOIIJ;HX <Pn3H'1eCKHX .HBJiemrH:, '1TO H .HBJI5I8TC5I OCHOBHOH 

n;eJihIO pa6oTbI. 

AHccepmn;rr51 rroCB5IIIJ;eHa pa3BHTnro n rrpnMe:HeHnIQ MeTO,II,OB rrocTpoemrn 

BbICOKOTO'IHbIX TeopeTH'ieCKHX rrpe,n;cKa3aHHH ,IT,JI5I xapaKTepnCTHK rrpon;eccoB 

B3aHMO,IT,eilcTBHH SJieMeHTapHbIX 11aCTHD;, H3y'IaeMbIX Ha COBpeMeHHbIX H IIJia

HHpyeMbIX SI1:crrepuMeHTax <Pn3HKH BbICOKHX SHeprufi. KoHKpeTHO B pa6oTe 

paccMaTpHBaIOTC.H s¢<l>eKTbI KBaHTOBOH SJieKTpO,TI;HHaMHKH (K8A), y11eT KO

TOpbIX Heo6xo,rr,HM rrpu rrpen;n3HOHHOM aHaJIH3e OITbITHbIX ,n;aHHbIX. 

B K8g rrpH BbICOKHx sHeprn5Ix 06br11Ho rrpnMeH5IeTC5I MeTo,rr, rrepTyp6aTHB

Horo pa3JIO:>KeHH5I ITO KOHCTaHTe CB5I3H, Q ;:::;i 1/137, H YT0'1H€HH€ rrpe,rr,cKa3aHHH 

,Il;OCTHraeTC5I 3a C'ieT y11eTa 1{JI€HOB 3TOro pa3JIO>K€HH.H Bee 6oJiee BbICOKHX IIO

p5I,.!I,KOB. Pa3BHTHe MeTO,.!I,OB BbI'iHCJieHnli pa,n;nan;noHHbIX rrorrpaBOK Bbrcmnx 

rrop5I,.!I,KOB H COBepIII€HCTBOBaHH€ COOTBeTCTBYIOIIJ;HX KOMIIbIOTepHbIX aJirOpHT

MOB II03BOJIHJIO 3a IIOCJI€,.!I,HH€ rO,IT,bI cyru;eCTB€HHO rrpO,.!I,BHHYTbC5I B TO'iHOCTH 

orrncaHH5I p.Hp;a rrpon;eccoB, u3y11aeMbIX SKcrrepHM€HTaJibHO. B o6ru;eM cJiyT.J:ae 

:>KeJiaTeJibHO HM8Tb TO'IHOCTb TeopeTH'IeCKHX rrpe,n;cKa3aHHH He xy>Ke, 11eM 1/3 
OT SKcrrepnMeHTaJihHO:ti: TO'iHOCTH. Tor,n;a OKOHT.J:aTeJihHbre pe3yJihTaTbI aHaJin-

3a SKCrrepnMeHTaJibHbIX ,rr,aHHhIX Ha 6y,n;yT CKOJibKO-HI'r6y,rr,h 3aMeTHO CTpa,n;aTb 

OT TeopeTH'ieCKHX Heorrpe,rr,eJieHHOCTeit. 

O,n;r-raKo ,IT,JIH MHornx rrpon;eccoB rroJIHoe aHaJIHTH11ecKoe peIIIeHne rro,rr,o6Hoi1: 

3a,n;a11n eru;e He BhIIIOJIHeHo B c1rny cephe3Hhrx TeXHH11ecKnx TPYAHOCTe::ti:. 
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c ,n;pyroil CTOpOHhI, B HeKOTOpbIX CJiy11aax OKa3bIBaeTCR ,Il;OCTaTO"IHO y11eCTh 

TOJihKO "IMCJieHHO HaM60Jiee 3Ha1IMMhie mrna,n;hI BhICIIIMX rrop.H,Il;KOB. B K9,.Q rrpM 

BhICOKHX ::nrepnrnx 9Ta sa,n;a11a pernaeTC.H CHCTeMaTH118CKHMH MeTo,n;aMH, II03-

BOJimOIIIHMH HaXO,D;HTh BCe 1IJI8HhI, ycuJieHHhie CTerreH.HMH TaK Ha3hIBaeMoro 

6oJihIIIOro JiorapmpMa, L = ln(A2 /m2), r,n;e m - Macca JierKoil sapmKeHHOH 

11acTHIJ;hI, y11acTBYIOIIIeil B paccMaTpnBaeMOM rrpou.ecce, a A - xapaKTepHhiil 

MacmTa6 sHepm:H ,n;aHHOro rrpor.i;ecca. YcJIOBHe MMOCTH MaccbI rro cpaBHe

HHIO c MaCIIITa6oM 9HeprHH xapaKTepHO ,Il;JI.H 9KCrrepHM€HTOB cpll3HKH BhICOKHX 

9HeprHil. 0Ho 06ecrre11nBaeT 11HcJieHHYIO 3Ha11nMOCTh 11JieHOB rrepTyp6aTHBHO

ro pa3JIO:>KeHH.H, co,n;ep)KaliIHX TaKHe JIOrapncpMbI B BH,n;e MHO:>KHTeJieil. 

B pa6oTe [2] MeTo,n; peHopMaJIH3aU.HOHHOil rpyrrrrhI 6bIJI BrrepBhie rrp11MeHeH 

,n;JI.H Haxo:>K,n;eHHSI B8,Il;YliIHX JiorapHcpMH11ecKHX rrorrpaBOK K9,II; K rrpou.eccaM 

9JieKTpOH-II03HTPOHHOH aHm1:rHJISIIJ;HH rrpH BhICOKHX 9HeprH.HX. ABTOpaMH 6hr

JIO rroKasaHo, qTo Be,Il;YliIHe JiorapHcpMH11ecKue mrna,n;hr, ycHJieHHhre Jiorapmp

MOM OTHOIIIeHHH 9HeprHH CTaJIKHBaIOliIHXCH IIY'!KOB B CHCTeMe n;eHTpa Mace 

K Macce 8JI8KTpOHa, MoryT 6bITb rrpocyMMHpOBaHbl H rrpe,n;cTaBJI8HhI B BH,Il;e 

cpaKTopoB, HasBaHI-IhIX cmpy'X:mypx?JtMU r;fiy'l-l'X:'U,UJl,MU 3J1,e'X:mpoxa. IIp11 9TOM 

rrpoBe,n;eHa rrapaJIJieJib c aHanorHqHhIMH BhrqrrcJieHH.HMM, ,n;eJiaBIIIHMHCH B KX,.Q 

,Il;JI.H rrpo:u;eccoB Tnrra ,.QpeJIJia-5IHa c rroMOliihIO CTPYKTYPHhIX cpyHK:U:Hil a,n;poHa, 

y,n;oBJieTBOpHIOliIHX ypaBH8HH.HM ,Ii;oKIIIHU.epa-I'pH6oBa-JfarraTOBa-AJITapeJIJIH

IIapH3H (,IJ;I'JIAII) [3]. 
CoBepIIIencTBOBarrne 11 pa3BHTHe MeTo,n;a penopMMH3a:U:HOHHOH rpyrrrrhr 

B K9,II;, ocyru.ecTBJI.HeMoe B ,n;HccepTan;11u, rrosBOJI.HeT cyliieCTBeHHO rroBbI

cHTb T01{HOCTb TeopeTM'ieCKHX rrpe,n;cKa3aHHH Heo6xO,D;HMbIX ,Il;JI5I rrpeu.nsMOH

HOH rrpoBepKH CTan,n;apTHOH MO,I1;€JIH H IIOHCKa TaK Ha3bIBaeMOH 'l-l060U rjJU3U'X:U, 
rrpO.HBJI.HIOIII€HCH KaK OTKJIOH8HMe OT Ha3BaHHhIX rrpe,n;cKa3aHHH. 

AKTyaJihHOCTb pemaeMhIX B ,n;nccepTaU.HM sa,n;aq rrpo.HBJI.HeTC5I H B TOM, qTo 

60JibIIIHI-ICTBO H3 HHX BbIIIOJIHeHbI c yqeTOM oco6er-rnocTeil KOI-IKpeTHbIX 9KCIIe

pHM€HTOB H rrpHM€H5IIOTC.H IIPH aHaJIH3e OIIhITHhIX ,n;aI-IHbIX. c ,n;pyroH: CTOpOHbI, 

pa3BllTbie B ,D;HCCepTaU.HH MeTO,Il;bI H 06IIIH8 pesyJibTaTbI HaXO,D;5IT rrpHM8H8HHe 

rrpH pemeHHH BHOBb B03HHKaIOIIIllX sa,n;a'l. 

IJ;e.JIII II MeTO,LJ;bl HCCJie,n;oBaHII51 

B ,n;MccepTan;nr pema10TC5I cJie,n;yIDliIHe OCHOBHbre sa,n;a"tJ:M. 

1) PasBHTHe M rrpMMeHeI-IMe rro,n;xo,n;a CTPYKTYPI-IhIX cPYHK:U:HH 9JieKTpoi-ra B 

B8,IJYIII€M JIOrapncpMH'l8CKOM rrpH6JimKeHMH c :U:8JihIO IIOJiy"tJ:eHH5I aHaJIHTH'ie

CKHX ll 'IHCJieHHhIX on;eHOK BKJia,Il;OB pa,n;Ma:U:HOHHbIX rrorrpaBOK ,D;JI5I rrpo:u;eccoB 

B3aHMO,Il;8HCTBllH 11aCTH:U:, :u:sy-qaeMhIX B COBpeMeI-IHhIX 9KCIIepHMeHTaX. 

2) PacqeT IIOJIHhIX BKJia,n;oB rrepBoro rrop.H,n;Ka Teopun B03MYIII€HHH K p5I,n;y 

rrpou.eccOB H paspa60TKa cxeMbI HX yqeTa O,ll;HOBpeMeHHO c B€,lJ;YliIHMH JIOra

pHcpMH'leCKHMH rrorrpaBKaMH, IIOJiy-qaeMhIMH c IIOMOliibIO rro,n;xo,n;a peHOpMa-
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JIII3aIJ;HOHHOH rpyrrrrhI. 

3) BhrcrncJieHHe rroJIHoro BKJia,n;a cJie,n;yrom;IIx 3a Be,n;ym;HMH rrorrpaBOK BTO

poro rrop.a,n;Ka K Ba6a-pacce.aHmo Ha MaJibre ymhr, 'ITO Heo6xo,n;HMO ,n;JI.a Bhrco

KOTO'!Horo orrpe,n;eJieHII.H cBeTHMOCTH B 9KcrrepHMeHTax Ha ycKopHTeJI.ax LEPl 

II LEP2. 

4) BhrcoKOTO'IHOe TeopeTH'leCKoe orrncaHHe rrpou;eccoB 9JieKTpOH-

rro3HTpOHHOiI aHHHrHJI.HIJ;HH :u: Ba6a-pacce.aHH.H B ycJioB:u:.ax KOJIJiaiI,n;epoB 

rrpoMe:tKyTO'!HbIX 3HeprIIH (rrop.H,II;Ka HeCKOJibKHX rsB B CHCTeMe u;eHTpa Mace). 

5) IIocTpoeHHe rrpeu;:u:3HOHHoro orrHcaHH.H rrpou;ecca rJiy6oKOHeyrrpyroro 

pacce.arrn.a c ,n;eTeKTIIPOBaHIIeM cPOTOHa, H3JIY'l€HHOro 9JieKTPOHOM H3 Ha'la.Jib

HOro COCTO.HHH.H rro,n; MaJibIM yrJIOM K OCH IIY'!Ka, 'ITO Heo6xo,n;HMO ,II;JI.H pacrrrn

peHH.H KHHeMaTII'leCKOH o6JiaCTH, H3yqaeMOH Ha 9JieKTpOH-IIpOTOHHOM KOJI

JiaiI,n;epe HERA (DESY, raM6ypr). 

6) 06ocHOBaHIIe MeTo,n;a pa,n;IIaIJ;HOHHOro B03Bpam;eHH.H rrpHMeHHTeJihHO 

K 9KCrrepHM€HTaM Ha 9JI€KTpOH-II03HTpOHHbIX KOJIJiaii:,n;epax npoMe:>KyTO'!HbIX 

9HepnriI. 

7) Pa3pa6oTKa MeTo,n;a onpe,n;eJiemrn 6erym;eiI rrocTO.HHHOiI 9JieKTpoMarHIIT

Horo B3aHMo,n;eiICTBH.H rryTeM npeu;H3HOHHoro H3y'leHH.H Ba6a-pacce.aHH.H Ha 

MaJihre yrJihI. 

8) Co3,n;aHHe BbICOKOTO'IHOro orrHcaHH.H cneKTpa pacna,n;a MIOOHa c y'leTOM 

Be,n;ym;Hx H CJie,n;yrom;Hx 3a Be,n;ym;HMH rronpaBOK BbICIIIHX rrop.H,II;KOB. 

KaK OTMe'IeHO BbIIIIe, OCHOBHbIM MeTO,II;OM, npHMeH.HeMbIM B ,II;HCCepTau;:u:n, 

.HBJI.HeTC.H rro,n;xo,n; peHOpMaJIII3aIJ;IIOHHOH rpyrrrrhI [4], OCHOBaHHbIH Ha cPYH,II;a

MeHTaJibHOM cPH3II'IeCKOM npIIHIJ;IIIIe MaCIIITa6HOH HHBapHaHTHOCTH 3aKOHOB 

IIpHpO,II;hI. IIoMHMO 9Toro, rrpH rrpoBe,n;eHHH TeopeTwi:ecKHX rrocTpoeHHiI II rro

CJie,n;yrom;eM HX npHMeHerrn:u: K aHaJIH3Y ¢eHOMeI-IOJIOrHH B3aHMO,n;eiICTBHH -qa

CTIIIJ; HCITOJib30BaJIHCb CTaH,n;apTHbie xoporno H3BeCTHbie MeTO,II;bI KBaHTOBOH 

Teop1rn no.TI.a. Ba:>KHO OTMeTIITh, 'ITO oco6eHHOCTI>IO ,n;HccepTaIJ;HH .HBJI.HeTc.a, 

B 'laCTHOCTH, a,n;anTaIJ;H.H K cJiylfaIO KBaHTOBOH 9JieKTpO,II;HHaMIIKH MeTO,II;OB, 

paHee pa3pa6oTaHHhIX ,II;JI.H peIIIeHII.H 3a,n;aq KBaHTOBOH xpOMO,II;HHaMHKH. 

Hay"tJHa51 HOBII3Ha II 3Ha"tJI:IMOCTh 

OcHOBHhre pe3yJI1>TaThI ,n;IIccepTau;mr, BhIHOCIIMbre Ha 3am;IITy, .HBJI.HIOTC.H 

HOBbIMII H Ba:tKHbIMII ,II;JI.H pa3BIITII.H COBpeMeHHOH cPII3IIKII BbICOKHX 9Hepr:m1. 

IIpIIOpIITeT aBTOpa B rroJiy'leHIIII peIIIeHHII OCHOBHbIX 3a,n;a-q ,n;IIccepTaIJ;HH rrpn-

3HaeTc.a MHpOBbIM coo6m;ecTBOM, 'ITO IIO,II;TBep:tK,n;aeTC.H IJ;IITIIpOBaHIIeM II HC

IIOJib30BaHHeM ero pe3yJibTaTOB B ,n;aJihHeHIIIHX IICCJie,n;oBaHII.HX ,n;pyrIIMII y-qe

HbIMH r<aK B HaIIIeiI cTpaHe, TaK II 3a py6e)KOM. B ,n;nccepTaIJ;HH cym;ecTBeH

HO pa3BIIT MeTO,Il; ylfeTa Be,n;ym;nx JIOrapHcPMII'!eCKHX rrorrpaBOK BbICIIIHX IIO

pzr,n;KOB. Pa3pa60TKa HOBoro rro,n;xo,n;a, II03BOJI.aIOm;ero pacrnIIpHTh npHMeHemre 

MeTo,n;a peHopMaJIII3aIJ;IIOHHoiI rpyrrrrhr K9~ Ha cJiylfaiI cJie,n;yrom;Rx 3a Be,n;y-
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IIIHMH JIOrapmpMWieCKHX rrorrpaBOK, OTKpbrnaeT HOBOe nrnpOKOe HarrpaBJie

HHe TeopeTWieCKHX HCCJie,LI;OBaHHH. 3Ha'IHMOCTb rrocne,i:i;Hero o6ycnaBmrnaeTC.H 

3arrpocaMH COBpeMeHHbIX 9KCIIepHMeHTOB, ,IJ,JI.H KOTOpbIX BbICOKOTO'!Hbie TeO

peTH'lecrrne rrpe,n;cKa3aHH.H a6comoTHO Heo6xo,rr,nMhI. PernaeMI:>re c rroMoru;I:>ro 

pa3pa60TaHHbIX B ,rr,nccepTaIJ,HH M8TO,IJ,OB 3a,rr,a'IH aKTyaJibHbl H 3Ha'!HMbl ,IJ,JI.H 

COBpeMeHHbIX 9KCIIepHMeHTOB cPH3HKH BbICOKHX 9Heprn:tl:, rrpOBO,II;HMbIX KaK Ha 

ycKopnTeJI.HX BhICOKHX 9Heprn:tl: (HERA, LEP, LHC, Tevatron, ILC), TaK n 

rrpH 6onee HH3KHX 9HeprH.HX, B -.:i:aCTHOCTH, Ha 9JieKTpOH-II03HTpOHHbIX KOJI

Jia:ti:,n;epax c 9HeprmIMH rrop.H,II;Ka HeCKOJibKlIX rsB. Ba)KHO, "ITO BCe OCHOBHbie 

TeopeTH'leCKHe pe3y.JihTaTI:>I y)Ke HaIIIJIII rrpHMeHeHHe rrpH CIIMYJI.HIJ,IIH, aHaJIH-

3e ,rr,am-rI:>rx H rrorpernHOCTe:tl: cooTBeTCTBYIOil!IIX 9KcrrepnMeHTOB. HarrpnMep, 

C03,IJ,aHHbIH Ha OCHOBe pa3pa6oTaHHbIX MeTO,LJ;OB reHepaTop co6bITHH pa3HbIX 

rrpon,eccoB [5] HCIIOJib30BaH rrpH aHaJIII3e ,rr,aHHhIX Konna6opan,HH KM,II;-2 [6, 7], 
rrony'leHHhIX Ha KOJIJia:ti:,n;epe B9I1I1-2M B M5I<D CO PAH (HoBocH6npcK). Me

TO,IJ,hI, pa3BHTbI8 B ,IJ,HCcepTaIJ,HH ,i:i;mr 3a,rr,a'! cPII3HKH BbICOKHX 9Hepra:ti:, OKa3a

JIHCb BOCTpe6oBaHbl H ,IJ,JI.H perneHH.H 3a,n;a'IH rrpeIJ,H3HOHHOrO OIIHCaHH.H crreKTpa 

pacrra,n;a MIOOHa. ITocne,n;HHli rrpoIJ,ecc .HBJI.HeTc.H O,IJ,HHM H3 6a30BhIX 'KJ1,accu"le
c'll:ux rrpon,eccoB ,IJ,JI.H cPH3HKH 9JieMeHTapHbIX '!aCTHIJ,. 

IloJIO)KeHII.sI, BblHOCIIMbie Ha 3anJ;IITY 

ABTOpOM BrrepBbie IIOJiy'!eHbI H BbIHOC.HTC.H Ha 3aru;HTY CJie,II;YIOil!He OCHOB

Hbie pe3yJihTaThI ,IT,HCCepTaIJ,HH. 

1. Pa3BHT MeTo,rr, y'leTa Be,n;yru;nx norapII¢Mn'leCKHX KBaHTOBosneKTpo,n;n

HaMII'!eCKHX rrorrpaBOK BbICillHX rrop.H,II,KOB K Ce';j:eHH.HM rrpon,eccoB B3aIIMO,IJ,e:ti:

CTBH.H C£acTHIJ, npH BhICOKHX sHeprn.ax n IIIIIpHHaM pacrra,n;oB. ITony-.:i:eHhI aHa

JIHTH'leCKHe Bhlpa2KeHH5I ,n;na: CTPYKTypHbIX ¢yHKIJ;H:tl: sneKTpoHa BIIJIOTh ,rr,o 

II.HToro rropa:,rr,Ka TeopHH B03Myru;eHn:H. ITocTpoeH H rrpHMeHeH s¢¢eKTHBHhr:H 

M€TO,IT, CIIIHBKH IIOJIHbIX rrorrpaBOK rrepBoro rrop.H,rr,Ka H Be,nyru;HX rrorrpaBOK BbIC

IIIHX rropa:,II;KOB. 

2. c IIOMOIIIb!O rro,rr,xo,n;a peHOpMaJin3aIJ,HOHHOll rpyIIIIbI pa3pa6oTaH CHCT8-

MaTH'!8CKHll M8TO,IJ, yqeTa cne,n:yroru;Hx 3a Be,rr,yIIIHMH JIOrapH<i;>MH'!€CKliX KBaH

TOB09JI€KTpO,II;HHaMH'leCKHX rrorrpaBOK K rrpon,eccaM B3aHMO,IJ,eitcTBH5I '!aCTHIJ,. 

ITpn 9TOM ,n;orrycKaeTC.H B03M02KHOCTh nanaraTb orpaHH'!€HH.H Ha KHHeMaTH

'!eCKHe rrepeMeHHhie He TOJibKO 3ap.H)K€HHbIX JieIITOHOB, HO H cPOTOHOB, 'ITO 

He06X0,1J;liMO ,II;JI5I yqeTa peaJIHCTH'I€CKHX 9KCII8pIIMeHTaJihHbIX ycJIOBliH. 

3. 5IBneHIIe pa,rr,Han,aoHHoro B03Bpail!eHn.H (s¢¢eKTHBHoro yMeHbilleHII.H 

9HeprIIH B3aHMO,IJ,eHCTBYIOIIIHX t.raCTH1l 3a C'!eT lI3JiyqeHH5I cPOTOHa H3 Ha'laJib

HOro cocTomrn.a) Hccne,n;oBaHo B cne,n:yroil!eM 3a Be,rr,yru;HM rrpH6m12KeHHH. ITo

nyt.reHo rrpeu;n3HOHH08 OIIHCaHHe pa,rr,HaIJ,HOHHbIX co6bITHH ,1J;JI.H rny6oKOHeyrrpy

roro pacce.HHII.H. BrrepBhre rrpe,i:i;JIO)KeHo n o6ocHoBaHo rrpHMeHeHHe MeTo,n;a pa

,n;IIa11noHHoro B03BpaIIIeHH5I K rrpo11eccaM 9.JieKTpOH-II03HTpOHHOH aHHHrHJrn-
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ll;IIH B a,n;pOHbI Ha KOJIJia:i1:,n;epax rrpoMe)KyTOLJ:HbIX 3HeprH:i1:. 

4. Pa3BHTbre B ,n;HccepTan;1n1 MeTO,D;hI rrpHMeHeHH K co3,n;amno BbICOKOTOLJ:
HhIX TeopeTHLJ:8CKHX rrpe,n;cKa3aHHH ,D;JI51 pR,n;a rrpou;eccoB, H3yLJ:a8MbIX B COBpe
M8HHbIX 3KCrrepHM8HTax cPH3HKH BbICOKHX 3Heprrr:i1:: 9JI8KTpOH-II03HTpOHHOH 
aHHIIrIIJIRI1HH (B MIOOHhr, a,n;pOHhI IIJIII ¢oTOHhr), Ba6a-pacceRHHR, rrpou;eccoB 
aHHiffIIJI5II.J;HII H my60KOHeyrrpyroro paCC85IHII51 c ,n;eT8KTHpOBaHII8M TOpM03-
HOro H3JIY<I8HII51, TOpM03HOrO H3JIYLJ:8HII51 rrpH pacceRHHH Ha 51,n;pax, o6paTHOro 
TOpM03Horo II3JiyLieHII51 B rrpou;ecce ,Il;peJIJia-5lHa. 

5. I1oJiyLJ:eHo rrpen;H3IIOHHoe TeopeTHLJ:ecKoe orrncamre crreKTpa pacrra,n;a rro
.mrpH30BaHnoro MIOOHa. BrrepBbre yLITeHhI Be,n;yru;He II cJie,n;yroru;rre 3a Be,n;yru;rr
MH JIOrapHcPMff':I8CKHe rrorrpaBKII BhIClliHX IIOp51,D;KOB, a TaK~Ke - TOLJ:Ha51 3aBII
CHMOCTb OT MaCCbI 3JI8KTpOHa B Bbipa)KeHH5IX ,D;JI51 rrorrpaBOK rrepBoro rrop51,D;Ka. 
C:ho II03BOJIIIJIO ,ll;OCTIILJ:b TOLJ:HOCTII rrpe,n;cKa3aHHH IIOp51,[i;Ka 10-4' rreo6xo,n;HMOH 
,D;JI51 aHaJIII3a ,n;aHHbIX COBpeMeHHbIX II IIJiami:pyeMbIX 9KCII8pHMeHTOB. 

)J;oCTOBepHOCTb pesynbTaTOB 
Bnrt.J:HCJI8HHR, rrpo,n;eJiaHHbre B ,n;IIccepTau;rrrr, OCHOBbIBaIOTCR r-ra rrcrroJih30-

BaHHH cTaH,n;apTHhIX MeTo,n;oB KBaHTOBoil TeopHH IIOJIR. Bee HOBbie pe3yJibTaTI>I 
rrpoBep5IJIHCb na rrpe,n;MeT COOTBeTCTBH51 (,n;JI51 pR,n;a rrpe,n;eJibHbIX CJiyLJ:aeB) H3-
BeCTHbIM KJiaCCHLJ:eCKHM ,Ii;OCTH)K8HH5IM B ,n;aHHOH o6JiaCTH TeopeTHLJ:8CKOH cPH-
3HKH. AnaJIHTHLJ:eCKHe rrpeo6pa3oBaHHR, B LJ:aCTHOCTH, CB513aHHbre co B35ITHeM 
MHOrOKpaTHbIX HHTerpaJIOB, BCer,n;a KOHTpOJIHpOBaJIHCb LJ:HCJI8HHO. Bo MHOrHX 
CJiyLJ:a5IX OpHrm-raJibHbI8 pe3yJibTaTbI ,n;nccepTaI1,HH B ,n;aJihH8HllieM rrpoBep51-
JIIICb H BOCIIpOH3BO,ll;HJIHCb ,n;pyrHMH HCCJie,n;oBaT8JI5IMH. 

Arrpo6an;n:.H pa6oTbI 
Pe3yJihTaThI ,n;aHHOH pa6oTbI r-reo,n;r-roKpaTHO ,n;oKJia,Ii;bIBaJIHCh II o6cy)K,n;a

JIHCh na ceMHHapax Jia6opaTopHH TeopeT1rqecKoil cPH3HKH HM. H.H. Boro
JI1060Ba OM5IM (l(y6Ha), MocKOBCKoro rocy,n;apcTBeHHoro yHHBepcrrTeTa HM. 
M.B. JloMoHocoBa (MocKBa), Ha TeopeTHt.J:eCKHX ceMHHapax 3apy6e)KHhIX Ha
YLIHhIX n;eHTpoB: UEPH ()KeHeBa, IIlBe:ttu;apIIR), DESY (Uo:HTer-r, fepMamrn), 
LNF (<DpacKaTH, IfraJIHR), YmrnepcIITeTbI ropo,rr,oB TiapMa II TypHH (MTa
JIHR), Jia6opaTopH51 TRIUMF (BanKyBep, KaHa,n;a), YHHBepcHTeT rrpOBHHI.J;HH 
AJih6epTa (8,n;MonoToH, Kana,n;a), IHEP (TieKHH, KnTail), KEK (UyKy-
6a, 5Irronmr), PSI (BHJIJIHreH, lliBe:liu;apnR), MPI (Mror-rxeH, fepMaHH.a), 
Brookheaven Lab. (CllIA); Ha pR,n;e Me.tK,n;yHapo,rr,r-rhrx KOH¢epeHu;n:H II pa6o
LJ:HX COBeru;ann:tt: 

• 2009, ,Il;y6na, 1-4 ,n;eKa6pa, BcepocrnilcKoe coBeru;anHe rro rrpen;H3HOHHO:i1: 
cPH3HKe II cPYH,D;aMeHTaJibHbIM cPH3HLJ:8CKIIM KOHCTaHTaM 

• 2009, 13-17 oKrn6pR, I1eKHH (KHP), International Workshop on e+e
collisions from phi to psi" (PHIPSI09) 

• 2009, 17-18 MapTa, MHJiaH, MTaJinR, Me)K,D;YHapo,n;Hoe pa6oLJ:ee coBeru;a-
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mre 11 W-mass workshop 11 

• 2008, 4-8 HO.H6p.H, Ettore Majorana Foundation and Centre for 
Scientific Culture, Erice, Sicily, Italy 12-e Me)K,II;yHapo,n;Hoe pa6o-qee coBeru;ama:e 
11 Advanced Computing and Analysis Techniques in Physics Research"(ACAT 
2008) 

• 2008, 7-15 OKTR6pa, ITeKHH (KHP), 4-e pa6o'lee cOBeru;amre "Radiative 
Corrections and Generators for Low Energy Hadronic Cross Section and 
Luminosity" (11 Pa,n;Mau;rroHHhre rrorrpaBKH H reHepaTopbr ,II;JI.H a,n;poHHOro ce-qe
HH.H H CBeTHMOCTH rrpH HH3KHX :mepr:irnx11 ) 7-15 OKrn6p.H 2008 r., ITeKHH (KHP) 

• 2008, 5-13 anpemr, <Ppacr<aTrr, 11TaJIH.H, Pa6o'lee coBeru;aHrre 11 PHIPSI08 
- International Workshop on e+e- collisions from phi to psi 11 rr 3-e pa6oqee 
coBeru;amre 11 Radiative Corrections and Generators for Low Energy Hadronic 
Cross Section and Luminosity 11 · 

• 2008, 1-6 ceHT.H6p.a, ,[(y6Ha, Me)K,D;yHapo,n;Ha.a KoHcI>epeHirrr.a 
11 Renormalization Group and Related Topics" 

• 2006, 27 ¢eBpaJI.H - 2 MapTa, HoBocrr6rrpcK, "International Workshop 
on e+e- collisions from Phi to Psi 11 

MaTepHaJibI ,n;airno.H ,n;rrccepTau;mr urnpoKo H3BeCTHhI cneu;rram1cTaM, pa6o
TaIOIIJ;IIM B o6JiaCTII TeOpIIH II cI>eHOMeHOJIOrHII . cPII3IIKII BbICOKIIX 9Heprrr.H, a 
TaK)Ke - 8KCnepHMeHTaTopaM, Henocpe,n;CTBeHHO IICnOJib3YIOIIJ;IIM pesyJibTaTbI 
,II;IICcepTaIJJIH rrpII aHaJIII3e OnbITHbIX ,n:aHHbIX. 

Ily6JIHKaIJ;HH M JIM"'!HbIH BKJia,n; aBTopa 

OcnoBHbre pesyJibTaTbI ,n;IIccepTau;m1 ony6JIHKOBaHbI B BII,n:e 34 cTaTeli B 
Be,n;yru;Hx pOCCIIHCKIIX H 3apy6e)f(HbIX cp:!I3IIqecKHX )KYPHaJiax, BXO,D;.HIIJ;IIX B 
ITepe'-reHh BAK. Hs 9TIIX pa6oT 7 BbIIIOJIHeHhr 6e3 coaBTopoB II eru;e 4 - coB
MeCTHO c acmrpaHTaMH COHCKaTeJI.a. IToMIIMO 9Toro, no MaTepRaJiaM ,n:IIccep
Tau;mr ony6JIIIKOBaHbl 6 pa6oT B Tpy,n;ax KOHcpepeHD;IIH H pa6oqrrx COBeru;aHHH 
II TpII rrpenpIIHTa, co,n;ep)Karu;Mx ,n;orroJIHHTeJibHhre ,n;eTaJIII BbrqIIcJieHHli. Oc
HOBHbre pa60Tbl no ,Il;HCCepTaD;HH HMeIOT BbICOKYIO TI;HTIIpyeMOCTb H xoporno 
II3BeCTHbl cneu;HaJIIICTaM. 

Br<na,n; aBTopa BO Bce rroJiy'leHHhre pe3yJihTaTbI .aBn.aeTc.a orrpe,n;en.HIOID;HM. 
ABTopoM ocyru;ecTBJI.HJIHCb: q,opMynMpoBI<a 3a,n;aq, pa3pa60Tr<a nyTeli II MeTo
,n;oB HX pernemrn, pa3BIITHe Heo6xo,n;IIMoro MaTeMaTHqecKoro annapaTa, no,n;
roToBr<a T8I<CTOB rry6JIHKaI!HH, a TaIOKe rrepenHCKa c pe,n;aKTI;II.HMH HaJ"IHbIX 
)KypHaJIOB H peu;eH3eHTaMH. 

CJie,n;yeT OTMeTHTh, 'ITO B pa6oTe .N223 A.B. Ap6y3oBy rrpIIHa,n;Jie)KHT oc
HOBHofi BKJia,n; B pa3BIITHe TeopeTH'leCKOro no,n;xo,n;a II B npoBe,n;eHIIe aHaJIHTH
qecKHX BbI'IIICJierrn.H, Tor,n;a KaK qHcJieHHbie pe3yJibTaTbI 6bIJIII noJiy'leHbI co
aBTOpOM ,n:amro.H pa6oTbI E.B. 3eMJI.aHo.H. B pa6oTe .NQ5 onIIcbrnaeTca o,n;IIH II3 
9TanoB pa3BHTHR KOMIIhIOTepHoli nporpaMMhI ZFITTER. BKJia,n; coMCKaTeJI.H B 
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,II;aHHYIO pa6oTy cyrn;ecTBeHHhIH I1 COCTOMT BO BHe,n;peHMH B rrporpaMMY pe3yJih
TaTOB JIWIHO BhIIIOJIHeHHhIX HM pa6oT j\l'Ql3 Ii j\iQ14. 0,n;HaKO caMa rrporpaMMa 
ZFITTER pa3BMBanacb B Te'!ettrre ,II;Onroro BpeMeHM, rr B ee co3,LJ;a:irne BJio:>KeH 
TPY,LJ; 6onbrnoro KOJIJieKTMBa y'!eHhIX. Tiy6nm<:aII,M5I .J\f'Q31 rrMeeT 22 coaBTOpa, 
OHa 5IBMJiaCh pe3yJihTaTOM COBMeCTHOM pa60ThI HeCKOJihKHX Me:tK,D;yHapO,Ll;HhIX 
rpyrrrr HCCJie,LJ;OBaTeJieli. J1H'IHhIH BKJia,n; aBTOpa B OCHOBHOH pe3yJihTaT 3TOH 
pa60ThI cyrn;eCTBeHHhIH, OH IIO,Ll;p06HO OIIMChIBaeTC5I B TpeTbeiJ: rnaBe ,Ll;MCCep
TaII,Hli. 

Ilo MaTeprraJiaM ,Ll;MCCepTaII,Hli ony6JIHKOBaHbI CJie,II;yIOrn;rre pa60ThI. 

I. CTaThH B pe:u;eH3HpyeMhIX :tKypHaJiax 

1. A.B. Arbuzov, Radiative Corrections to High Energy Lepton 
Bremsstrahlung on Heavy Nuclei I/ JHEP, Vol. 01 (2008) 031 (8 
pages). 

2. A.B. Arbuzov and R.R. Sadykov, Inverse bremsstrahlung contributions 
to Drell-Yan like processes (Ha aHrJI. 5I3hIKe) 11 )1(9T<I>, T. 133 N3 
(2008) C.564-570. 

3. A.B. Arbuzov and E.8. Scherbakova, QED collinear radiation factors in 
the next-to-leading logarithmic approximation 11 Physics Letters B, 
Vol. 660 (2008) pp.37-42. 

4. A.B. Arbuzov and E.S. Scherbakova, Next-to-leading order corrections to 
Bhabha scattering in renormalization group approach. I: Soft and virtual 
photonic contributions (Ha aHrJI. 5I3hIKe) 11 IlHCbMa B )1(9T<I>, T. 83, 
NlO (2006) C.499-503. 

5. A.B. Arbuzov, M. Awramik, M. Czakon, A. Freitas, M.W. Grunewald, 
K. Monig, S. Riemann, T. Riemann, ZFITTER: A semi-analytical 
program for fermion pair production in e+ e- annihilation, from version 
6. 21 to version 6.42 11 Computer Physics Communications, Vol. 
174 (2006) pp.728-758. 

6. A.B. Arbuzov, E.S. Scherbakova, One-Loop Corrections to Radiative 
Muon Decay 11 Physics Letters B, Vol. 597 (2004) pp.285-290. 

7. A.B. Arbuzov, D. Haidt, C. Matteuzzi, M. Paganoni and L. Trentadue, 
The running of the electromagnetic coupling alpha in small-angle Bhabha 
scattering /I European Physical Journal C, Vol. 34 (2004) pp.267-
275. 
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8. A.B. Ap6y3oB, Virtual and soft pair corrections to polarized muon decay 
spectrum (Ha aHrJI . .H3bIKe) 11 IlIICI>Ma B :JK9T<P, T. 78 (2003) N4, 
C.215-218. 

9. A. Arbuzov, Higher order QED corrections to muon decay spectrum 11 
JHEP, Vol. 0303 (2003) 063 (18 pages). 

10. A. Arbuzov and K. Melnikov, O(alpha**2 ln(m(mu)/m(e))) corrections 
to electron energy spectrum in muon decay I I Physical Review D, Vol. 
66 (2002) 093003 (6 pages). 

11. A. Arbuzov, A. Czarnecki, and A. Gaponenko, Muon decay spectrum: 
Leading logarithmic approximation 11 Physical Review D, Vol. 65 
(2002) 113006 (7 pages). 

12. A.B. Arbuzov, First order radiative corrections to polarized muon decay 
spectrum I I Physics Letters B, Vol. 524 (2002) 99-106, Erratum -
ibid., Vol. 535 (2002) p.378. 

13. A.B. Arbuzov, Higher order pair corrections to electron positron 
annihilation 11 JHEP, Vol. 0107 (2001) 043 (17 pages); CM. TaroKe 
rrperrpHHT 3Toti: pa6oTbI: A.B. Arbuzov, Light pair corrections to electron 
positron annihilation at LEP /SLC 11 arXiv:hep-phl9907500. 

14. A.B. Arbuzov, Non-singlet splitting functions in QED, 11 Physics 
Letters B, Vol. 470 (1999) p.252-258. 

15. A.B. Ap6y3oB, 8.A. KypaeB, B.r. IllaH:xaT,D;eHoB, Violation of the 
factorization theorem in large-angle radiative Bhabha scattering (Ha aH
rJI. mI>IKe), I I )K9T<P T. 115 (1999) p.392-403, ibid IIonpaBiw T. 134, 
BbIII. 4(10) (2003) C.960. 

16. H. Anlauf, A.B. Arbuzov, E.A. Kuraev, N.P. Merenkov, QED corrections 
to deep inelastic scattering with tagged photons at HERA I I Physical 
Review D, Vol. 59 (1999) 014003 (6 pages). 

17. H. Anlauf, A.B. Arbuzov, E.A. Kuraev, N.P. Merenkov, Tagged photons 
in DIS within the next-to-leading accuracy, 11 JHEP, Vol. 10 (1998) 
013 (17 pages). 

18. A.B. Arbuzov, E.A. Kuraev, N.P. Merenkov and L. Trentadue, Hadronic 
cross-sections in electron positron annihilation with tagged photon I I 
JHEP, Vol. 9812 (1998) 009 (13 pages). 
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19. A.B. Arbuzov, E.A. Kuraev, B.G. Shaikhatdenov, Second order 
contributions to elastic large-angle Bhabha scattering, I I Modern 
Physics Letters A, Vol. 13 (1998) p.2305-2316. 

20. A.B. Arbuzov, 0. Krehl, E.A. Kuraev, E.N. Magar, B.G. Shaikhatdenov, 
Radiative corrections to the background of µ --+ e1 decay, I I Physics 
Letters B, Vol. 432 (1998) p.421-426. 

21. I. Akushevich, A. Arbuzov and E. Kuraev, Compton tensor with heavy 
photon in the case of longitudinally polarized fermion I I Physics 
Letters B, Vol. 432 (1998) p.222-229. 

22. A.B. Arbuzov, V.A. Astakhov, A.V. Fedorov, G.V. Fedotovich, 
E.A. Kuraev, N.P. Merenkov, Radiative Corrections for Pion and Kaan 
Production at e+ e- colliders of energies below 2 Ge V I I JHEP, Vol. 10 
(1997) 006 (13 pages). 

23. A.B. Arbuzov, V.A. Astakhov, E.A. Kuraev, N.P. Merenkov, 
L. Trentadue, E.V. Zemlyanaya, Emission of Two Hard Photons in 
Large-Angle Bhabha Scattering 11 Nuclear Physics B, Vol. 483 (1997) 
p.83-94. 

24. A.B. Ap6y3oB, 9.A. KypaeB, H.TI. MepeHKOB H JI. TpeHTa,n;y3, Virtual 
and Soft Real Pair Production in Large-Angle Bhabha Scattering (Ha 
aHrn. R3h!Ke), 11 5I,n;epHa51 <l>II3:HKa, T. 60 (1997) C.673-682. 

25. A.B. Arbuzov, G.I. Gach, V.Yu. Gontchar, E.A. Kuraev, N.P. Merenkov, 
L. Trentadue, Small-Angle Bhabha Scattering at LEP1. Analytical 
Results for Wide-Narrow Angular Acceptance 11 Physics Letters B, 
Vol. 399 (1997) p.312-320. 

26. N.P. Merenkov, A.B. Arbuzov, V.S. Fadin, E.A. Kuraev, L.N. Lipatov, 
L. Trentadue, Analytical calculation of small-angle Bhabha cross-section 
at LEP1 11 Acta Physica Polonica B, Vol. 28 (1997) p.491-507. 

27. A.B. Arbuzov, V.8. Fadin, E.A. Kuraev, L.N. Lipatov, N.P. Merenkov, 
L.G. Trentadue, Small-Angle Electron-Positron Scattering 11 Physics 
Letters B, Vol. 394 (1997) p.218-224. 

28. A.B. Arbuzov, G.V. Fedotovich, E.A. Kuraev, N.P. Merenkov, 
V.D. Rushai, L. Trentadue, Large Angle QED Processes at e+c colliders 
at energies below 3 Ge V 11 JHEP, Vol. 10 (1997) 001 (21 pages). 
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29. A.B. Arbuzov, V.S. Fadin, E.A. Kuraev, L.N. Lipatov, N.P. Merenkov, 
L. Trentadue, Small-Angle Bhabha Scattering with a Per Mille Accuracy 
I I Nuclear Physics B, Vol. 485 (1997) p.457-502. 

30. A.B. Arbuzov, E.A. Kuraev, N.P. Merenkov, L. Trentadue, Hard Pair 
Production in Large-Angle Bhabha Scattering 11 Nuclear Physics B, 
Vol. 474 (1996) p.271-285. 

31. A.B. Arbuzov, M. Bigi, H. Burkhardt, M. Cacciari, M. Caffo, H. Czyz, 
M. Dallavalle, J.H. Field, F. Filthaut, S. Jadach, F. Jegerlehner, 
E. Kuraev, G. Montagna, 0. Nicrosini, F. Piccinini, B. Pietrzyk, 
W. Placzek, E. Remiddi, M. Skrzypek, L. Trentadue, B.F.L. Ward, 
Z. Was, The Present Theoretical Error on the Bhabha Scattering Cross
Section in the Luminometry Region at LEP 11 Physics Letters B, Vol. 
383 (1996) p.238-242. 

32. A.B. Ap6y3oB, 8.A. KypaeB, Ba6a-pacceJ1,i-tUe i-ta MM'bte ye.1t'bt I I 
9qA5I, T. 27 (1996) C.1247-1320. 

33. A.B. Ap6y3oB, 8.A. KypaeB, H.II. MepeHKOB n J1. TpeHTa,eya, Pair 
Production in Small-Angle Bhabha Scattering (Ha aHrJI. 513hIKe) 11 
)K9T<I>, T. 108 BhIII. 4(10) (1995) C.1164-1178. 

34. A.B. Arbuzov, On a novel equal time relativistic quasipotential equation 
for two scalar particles I I Nuovo Cimento 107 A (1994) p.1263-1274. 

II. MaTeprrnJihI KOH<i:>epeHii;n:ii n: pa6o"!n:x coBeIIJ;aHn:ii 

35. A. Arbuzov, V.S. Fadin, E. Kuraev, L. Lipatov, N. Merenkov and 
L. Trentadue, Small angle Bhabha scattering for LEP I I [hep
phl9506323]; Reports of the working groups on precision calculations 
for the Z resonance, D. Bardin, W. Hollik, G. Passarino (eds.), CERN 
Yellow Report, CERN 95-03 (1995) p.369-387. 

36. H. Anlauf, A. Arbuzov et al. (24 co-authors), S. Jadach, 0. Nicrosini 
(conveners), Event Generators for Bhabha Scattering I I [hep
phl9602393], CERN Yellow Report 96-01, vol.2, 1996, p.229. 

37. H. Anlauf, A.B. Arbuzov and E.A. Kuraev, QED corrections to 
DIS with a tagged photon at HERA 11 [arXiv:hep-phl9907248], 
Contributed to Workshop on Monte Carlo Generators for HERA 
Physics (Plenary Starting Meeting), Hamburg, Germany, 27-30 Apr 1998. 
Published in "Monte Carlo generators for HERA physics A.T. Doyle, 
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G. Grindhammer, G. Ingelman, H. Jung (editors), Hamburg 199811999, 
p.539-546. 

38. M. Kobel, A.B. Arbuzov et al. [Two Fermion Working Group], 
Two-fermion production in electron positron collisions I I [arXiv:hep
phl0007180], published in CERN Yellow Report, S. Jadach, G. 
Passarino and R. Pittau (editors), "Reports of the working groups on 
precision calculation for LEP2 physics Geneva 199912000, p.269-378. 

39. A.B. Arbuzov, V.S. Fadin, E.A. Kuraev, L.N. Lipatov, N.P. Merenkov, 
L. Trentadue, Small-Angle Bhabha Scattering 11 Invited talk of L.T. at 
the Zeuthen workshop on Elementary Particle Theory "QCD and QED 
in Higher Orders Rheinsberg, April 21 - 26, 1996; published in Nuclear 
Physics B Proc. Suppl., Vol. 518 C (1996) p.154-163. 

40. A. Arbuzov, U. Baur, S. Bondarenko, C. Carloni Calame, 8. Dittmaier, 
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CTpyKTypa II o6'beM pa60ThI 
,.QIIccepTar:i;mr COCTOIIT II3 BBeAeHII.H, t.reTbipex rnaB, 3aKJIIOt.reHII.H, ,IJ;BYX 

I1pIIJIO:tI<eHIIit II CmrcKa JIHTepaTyphI. MaTepHaJI II3JimKeH Ha 215 cTpaHHr:i;ax, 
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KPATKOE CO,Il;EP:JKAHHE PABOTbI 

BBe,n;eHHe. 3,n;ech o6ocHOBhIBaeTc.a aKTyaJihHOCTb TeMhI ,n;nccepTar:i;HH, 
¢opMynIIpyIOTC.H OCHOBHa.a r:i;eJib H 3a,n;at.rH, B03HHKaIOru;He rrpH ee pellieHHH, 
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o6cy)K,rr,aeTczr Hay-rrnazr HOBI:I3Ha npe,rr,cTaBJI€HHhIX I:ICCJie,rr,oBaHI:IH. IIpe,n;cTaB

JI.HeTCR o63op JII:ITepaTypbI B ,n;aHHOH o6JiaCTI:I I:ICCJie,n;oBaHI:IH. 

rJiaBa 1. B rrepBOH rJiaBe ,lJ,I:ICCepTau;I:II:I CHCTeMaTIFieCKH H3JiaraeTC5f H 

pa3BI:IBaeTC5! MeTO,Il; CTpyKTYPHhIX cPYHKIJ;I:IH 9JI€KTpOHa, Il03BOJI5IIOIIJ;I:IH BbI

'UICJI.HTb Be,n;yru;I:Ie JIOrapI:I<i:>MJ:IqeCKHe norrpaBKI:I K npou;eccaM B3aHMO,n;efrCTBH.H 

qacTHIJ; B paMKax KBaHTOBOH 9JieKTpo,n;HHaMHKH. B ocHoBe 9Toro MeTo,n;a Jie

)KHT no,n;xo,rr, peHOpMaJIH3aIJ;HOHHOH rpyrrIThI H KBaHTOBOMexaHH11€CKOe .HBJI€HH€ 

¢aKTOpI:I3aIJ,I:IH rro,n;rrpou;eccoB, npoTeKaIOIIJ;I:IX Ha cyru;eCTB€HHO pa3HhIX MaC

IIITa6ax paccTO.HHmr. Bo MHoroM B K8,IJ; ITOBTOp.HeTc.H ( c HeKOTOpbIMI:I Ba)KHhI

MH MO,Il;HcPHKau;H5IMH) rrpe,n;JIO)KeHHa.H P. <DeliHMaHOM KapTI:IHa ¢aKTOpH3au;mr 

)K€CTKOro rrapTOHHoro rro,n;rrpou;ecca H CTPYKTYPHhIX cpyHKD;I:IH. B K8~ B Ka

qecTBe rrapTOHOB BhICTyrraroT ::>JieKTpOHhI, rr03HTpOHhI I:I ¢oTOHhr. IIprr ::>TOM 

BbiqJ:ICJI€HH5I B€,]:\yIIJ;I:IX JIOrapH<i:>MH11€CKHX ITOTipaBOK MO)KHO CTpOHTb B pa3-

JII:I11HbIX cxeMax H IIpH pa3JIH11HOM Bbr6ope MaCIIITa6a cpaKTOpI:I3aD;HI:I. 3aBHCH

MOCTb pe3yJihTaTa OT I:IX Bhr6opa B K8~ ecTh, HO OHa cyru;ecTBeHHO MeHhIIIe, 

qeM B KX,II;, B nepByro oqepe,n;n, H3-3a MaJIOCTH KOHCTaHThI CB.H3H nepBoli Teo

p1rn. ITpI:I y11eTe (rrocJie rrpoBe,n;eHI:I.H Heo6xo,n;HMhIX BhrqJ:IcJieHrrli) cJie,n;yroru;Hx 

TIOp.H,lJ,KOB TeOpHH B03Myru;eHHH H cxeMHa.H 3aBHCHMOCTb, H 3aBHCHMOCTb OT 

MaCIIITa6a cpaKTOpH3aIJ;I:II:I yMeHhIIIaIOTC.H, TIOCKOJibKY OHR o6ycJIOBJI€HbI eru;e 

HeyqTeHHb!MI:I 11JieHaMH BhICIIII:IX nop.H,Il;KOB TIO a. 
~e:i1:CTBY.H TIO aHaJiorHH c Tipou;e,n;ypo:i1: cpaKTOpH3aIJ;I:IH KX~ rroTipaBOK 

K Tipou;eccy ~pemra-5hra [8], Mhr Tipe,n;cTaBJI.HeM Be,n;yru;He JiorapI:IcpMn11e

CKHe K8,IJ; rroTipaBKH K nOJIHOMY ceqeHI:IIO, HaTipIIMep, Tipou;ecca 3JI€KTpoH

rro3rrTpOHHOfr aHHIUHJI.HD;HH B a,n;pOHbl B BH,n;e 

1 1 

o-1,~e--+hadrons(s) = J dx1 jdx28(x1, X2) 

0 0 

x '"""' 'T"I ( ) 'T"I ( ) ab-+ hadrons ( ) ~ Vae- X1, s Vbe+ X2, s O'o SX1X2 ' (1) 
a,b=e+ ,e- ,, 

r,n;e cyMiVIllpOBaHHe Be,n;eTC.H no BCeM B03M0)KHbIM coqeTaHH.HM TiapTOHOB a H 

b, KOTOphre MOryT y11aCTBOBaTb B no,n;npou;ecce pmK,n;eHH2I a,n;pOHOB c ceqeHH

eM O'ob-+hadrans(sx1x 2), paccqHTaHHhIM 6es y11eTa pa,n;HaD;HOHHhIX rronpaBOK K 

HaqaJihHOMY COCT02IHHIO. <PyHKD;HI:I TiapTOHHbIX pacnpe,n;eJieHHH 'Dae-(X1, s) I:I 

'Dbe+ ( X2' s) OTIHCbIBaIOT IIJIOTHOCTH pacnpe,n;eJieHH.H TiapTOHOB THTIOB a II b B 

HaqaJihHbIX 9JI€KTpOHe I:I TI03HTpOHe, COOTB€TCTB€HHO. ~OJII:I 3Heprnrr TiapTO

HOB, X1,2, BBO,D;.HTC5I TIOJIHOCTbIO aHaJiorrrqHo OIII:ICaHHIO KBapKOBbIX I:I rJIIOOH

HbIX pacrrpe,n;eJieHHH B a,n;poHax, T.e. X1,2 3a,n;aIOT ,Il;OJIH 9HeprHH rrapTOHOB TIO 

OTHOIII€HHIO K TIOJIHOH 9HeprHH H3JIY11HBIIIe:i1: HX qaCTHD;bI. <PyHKD;H5I 8(x1, X2) 

orrpe,rr,eJI2!€T o6JiaCTb HHTerprrpoBamrn TIO ,Il;OJI.HM 3HeprHI:I TiapTOHOB, COOTBeT

CTByroru;yro 3KCTiepnMeHTaJihHhIM ycJIOBH.HM. 0TMeTHM, qTo ::>TH ycJIOBH.H MoryT 
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6bITb rrpaBHJihHO yqTeHbI TOJibKO B TOM cnyqae, KOr,n;a OHH 3aBHCHT TOJibKO OT 

,n;oneit 3HeprmI, no He saTpanrnaroT yrJioBoe pacrrpe,n;enemi:e HsnyqeHHhIX qa

CTrru;. 

<PyHKD;IUI pacrrpe,n;eneHHH rrapTOHOB B 9JI€KTpOHe y,n;OBJieTBOpHIOT ypaB

H€Hll5IM 3Bonrou;1rn, KOTopbre rronyqaroTcR II3 ypaBHeHrrit ,nr AJ1II [3] rryTeM 

pe,nyKu;rrn Hea6eneBoit KX,IL K a6eneBoit K9,n. B qacTHOCTH, HeCHHrJieTHaH 

cPYHKIJ;ll5I y,n;OBJI8TBOpHeT ypaBH€HHIO 

s 1 

NS - J a(t) dt J dz NS x 'Dee (x, s) = o(x - 1) + -2 - -Pee(z)'Dee (-, t), 
11" t z z 

(2) 
m2 x 

r,n;e s (t) orrpe,n;eJIRIDT MacrnTa6 ¢aKTOpnsan;IIII. B ,n;aHHOit fnaBe rro,n;po6Ho pas-

6rrpaeTCR HTepau;noHHaH rrpou;e,n;ypa pemeHHti: 3Trrx ypaBHeHHH B K9,n. ,L.(nH 

HeCHHrJieTHbIX cPYHKIJ;llH pacrrpe,n;eJieHHH 3JI€KTpOHa B 3JI€KTpOHe BbIBO,ll;HTCH 

aHaJIIITrrqecKrre Bhrpa:rKeHrrR BIIJIOTh ,n;o IIHToro rropR,n;Ka pasJioIKeHrrH no an Ln 
B Bll,D;€: 

11H,n;eKCOM 'Y rroMe'Iena 'IHCTO cPOTOHHaR 11acTh CTPYKTypHoit cPYHKIJ;IIH. BTo

paR 11aCTh orrrrchrnaeT rrorrpaBKH sa c11eT e+ e- nap rr, Ha'1HHaR c TpeThero 

IIOpH,n;Ka, c B03MOfKHOCTbIO TaKIKe II cPOTOHHOro H3JIY'18HIIH. <PyHKIJ;llH pac

ru;errJieHHR BbICIIIHX rropR,Il)<OB rrony11aIOTC5I rryTeM KOHBOJIIOIJ;HH: 

1 1 

P®(n+l)(z) = j dx1 j dx2 P®1(x1)P®n(x2)8(z - X1X2), 

0 0 

[ 1 + x2
] • 

l-x + 
(4) 
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Bee cBepTKH, Bxo,n;.Hrn;He B Bhipa:tKeHHe (3), Haii:,n;eHhI aHaJIHTH-.::recKH. I1or<:a-

3hmaeTc.H, i::rTo yi::reT BKJia,n;oB rrepTyp6aTHBHoro pa3JIO:tKemrn Bhrllle TpeThero 

rrop.H,n;Ka H36hITO'IeH ,n;mr 60JihlIIHHCTBa 3a,n;ai::r, B CHJIY orpaHH'!eHHOCTH 9KCIIe

PIIMeHTaJihHOH TO'IHOCTH. 0,n;HaKo B oco6brx cJiyi::ra.Hx, HarrprrMep, ,IJ;JI.H rrpou;ec

ca e+e- amrnrIIJIZIU:HH Ha KOJIJiaft,n;epe LEP2 II Be,n;yrn;rre rrorrpaBKII i::reTBepToro 

IIOp.H,D;Ka CJie,IJ;yeT IIpIIHHMaTh BO BHIIMaHIIe. cho o6yCJIOBJieHO IIO.HBJieHIIeM B 

pa,n;IIall;IIOHHhIX rrorrpaBKax JCIIJIHBarorn;ero ¢aKTOpa, CB.H3aHHOrO c pa,n;IIau;II

OHHhIM B03Bparn;eHIIeM Ha pe3oHaHcHoe po:tK,n;eHIIe Z-6o3oHa. KpoMe Toro, rro

Jie3HO 'IIICJieHHO cpaBHIITh HTepau;HOHHOe pellleHHe c rrp.HMhIM yi::reTOM rrorrpa

BOK pa3HhIX rrop.H,n;KOB II aHaJIOrH'IHhre pellleHH.H ypaBHeirnft 9Bomou;HII K9,D; 

c 9KCIIOHeHu;:i;rnu;ue:ti i::raCTII CJiaraeMhIX, IIOJiyi::reHHhIMII B pa6oTe [9]. 0Ka3bIBa

eTC.H, 'ITO pa3HIIu;a 'IHCJieHHO He3Ha'!HTeJibHa. 

rJiaBa 2. Bo BTOpOH rJiaBe TIO,IJ;HIIMaeTC.H BOrrpoc 06 yi::reTe rrorrpaBOK, CJie

,n;yrorn;IIx 3a Be,n;yrn;rrMII. Kar<: rroKa3aHo B rrepBo:ti fJiaBe, rrorrpaBKII B BJIIT ,n;aroT 

'IIICJieHHO HaH60Jiee 3Ha'IHMJIO i::raCTh 9cpcpeKTa. 0,n;HaKO COBpeMeHHhie 9KCrre

pIIMeHThI Tpe6yroT C03,D;aHH.H H 6oJiee TO'!HhIX TeopeTII'!eCKIIX rrpe,n;cKa3aHHH. 

,I];JI.H MHOrHX rrpou;eccoB, H3yi::raeMbIX B HaCTO.Hrn;ee BpeM.H, IIOJIHhie rrorrpaBKH 

rrepBoro rrop.H,n;Ka xopomo II3BeCTHhI, HX BhI'IIICJieHII.H MHOrOKpaTHO rrpoBepeHbI 

II orry6JIIIKOBaHbI. 0,n;HaKO Ha rrpaKTIIKe ,Il;JI.H yi::reTa oco6hIX Tpe6oBaHIIH BHOBh 

B03HIIKarorn;ux 9KCrrepIIMeHTOB B03HHKaeT Heo6xo,n;HMOCTh rrpOBe,n;eHH.H HOBhIX 

BhI'IHCJienrrft II B rrepBOM, II B 6oJiee BhICOKIIX rrop.H,D;KOB. B r<:ai::recTBe rrpIIMepa 

B 9TOH fJiaBe paccMaTpIIBaeTC.H paci::reT () (a) rrorrpaBoK K rrpou;eccy TOpM03-

Horo II3Jiyi::reHII.H JieIITOHOM rrpH pacce.HHHII Ha T.H:tKeJIOM .H,n;pe. iloJiyi::reHHhie 

pe3yJihTaThI rrpe,n;Ha3Hai::reHhl ,D;JI.H HCTIOJih30BaHII.H rrpH aHaJIH3e ,n;aHHhIX 9KCIIe

pHM€HTa COMPASS, rrpoBO,Il;IIMoro B UEPH. B i::racTHOCTH, ycJIOBH.H 9Kcrreprr

MeHTa Tpe6oBaJIH aKKypaTHOrO yi::reTa oco6eHHOCTe:ti KIIHeMaTII'!eCKH ,Il;BOHHOro 

TOpM03Horo II3Jiyi::reHH.H, i::raCTh ,n;rrarpaMM ,D;JI.H KOToporo rrpIIBe,n;eHa Ha PHc. 1. 

+ + + ... 

PIIc. 1: '-IacTh ,n;rrarpaMM <DerrHMaHa, orrrrchmarorn;rrx ,n;BOHHoe TOpM03Hoe II3-

Jiyi::reHue. 

,I];aJiee B 9TOH fJiaBe o6cy:tK,n;aeTC.H pa3BIITIIe MeTo,n;a CTpyKTYPHhIX cPYHK

:O:IIH 9JieKTpOHa B CJie,n;yrorn;eM 3a Be,n;yrn;HM rrop.H,n;Ke () (an Ln-l). 9TO TIOCTpO

eHHe .HBJI.HeTc.H u;eHTpaJihHhIM ,n;JI.H ,n;aHHoM: ,n;IIccepTa:o;rrrr. KaK 6bIJIO rroKa3a

HO Bhrllle, Be,n;yrn;IIe Jioraprr¢MIIqecr<:IIe K9,D; rronpaBKH K rrpo:o;eccaM rrpII Bhr-
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COKMX 8Heprmrx MO)KHO OIIMCaTb c IIOMOIIJ;bIO rro,n;xo,n;a peHOpMaJIM3aD;MOHHOM 

rpyrrrrbr, MCIIOJib3YH ¢aKTOpM3aHIO rro,n;rrpou;eccoB. BcTaeT Borrpoc, MO:a<HO JIM 

pacrrpOCTpaH.U:Tb 8TOT MeTO,D; Ha CJiy-qaii: BbI'IHCJieHHH CJie,n;yIOIIJ;MX 3a Be,n;y

ID;MMH rrorrpaBOK? ,[l;eii:CTBMT8JibHO, IIOJIHOM ¢aKTOpH3aIJ;MM BKJia,n;OB rropH,n;Ka 

0 (an Ln-l) OTHOCMT8JibHO 6opHOBCKOro Ce'IeHHH O:a<H,D;aTb H8Jlb3H. 9To xopo

IIIO BM,D;HO Ha rrpHMepe He¢aKTOpH30BaHHbIX HeJiorapHcPMM'I8CKMX rrorrpaBOK 

rrepBoro rropa,n;Ka, paccMoTpeHHbIX Bhrme. Bo BTOpoM rropa,n;Ke no a MhI BH

,D;HM y:a<e ,D;OIIOJIHHT8JibHbie HCTO'IHHKH CJie,D;yIOIIJ;HX 3a Be,D;YIIJ;MMM JIOrapMcPMH

"tJ:eCKMX norrpaBOK, neperryTbIBar-rne KOTOpbIX c T8MH, 'ITO HMeJIMCb B rrepBOM 

rropa,n;Ke, rroTeHu;HaJihHO MOrJio 6br pa3pyIIIMTh BCIO aHaJiorHIO c BJITI. O,n;
HaKo co6CTBeHHO rrpHMeHHMOCTb rro,n;xo,n;a pe1rnpMaJIM3aIJ;HOHHOM rpyIIIIbl He 

3aBMCHT OT IIOpH,n;Ka TeOpHM B03Myrri;eHMM HM no CTerreH5IM a, HM no CTeneH5IM 

L. Ifa KX,LL 6epeTCH H MO,D;McPMIJ;MpyeTca K cJiy'IaIO K9,IJ; MacTep-¢opMyJia, oc

HOBaHHaa Ha ,o;oKa3aHHO:ii: B KX)J; TeopeMe ¢aKTOp1I3aIJ;MM. PaccMOTpMM ,n;Jia 

rrpMMepa ¢opMyJiy, onHcbrnarorri;yro ce-qe:mre Ba6a-pacceamrn B rro,o;xo,n;e cTpyK

TYPHhIX cPYHKD;HM ::>JieKTpoHa: 

da = 1 1dz111 dz2D:!r(z1)'.D!!r(z2) (daB0 rn(z1, z2) + da-(ll(z1, z2) 
z1 z2 

+ O (a2Lo)) 11 dy1 (1 dy2D~~g(Y1)'.D~~g(Y2), (5) 
YI Yi I,12 Y2 Y1 Y2 

r,n;e do-(l) - 8TO BKJia,D; rropa,n;Ka 0 (a) B ce-qemre 6e3MaccoBoro (me= 0) Ba6a

pacceaHMH, pacc'IMTaHHhrii: B MS cxeMe BhI'IMTaHHH MaccoBbIX CHHryJIHpHo

cTeii:. BTOpo:li apryMeHT CTPYKTypHbIX cPYHKD;Mli (MaCIIITa6 ¢aKTOpH3aD;MM) B 

¢opMyJie, npMBe,o;eHHOH BbIIIIe, onyrri;eH ,D;JIH KpaTKOCTM. ,[l;OJIM 8HeprMM (no 

OTHOIIIemrro K 8HeprMH HCXO,D;HbIX ny'IKOB B CHCTeMe u;eHTpa HX Mace)' BXO

,D;.HIIJ;HX B )KeCTKHH no,n;rrpou;ecc 8JieKTpOHa M II03HTpOHa, 3a,n;aHbI KaK Z1,2, a 

Bhrxo,n;arri;Mx - KaK Yi,2. -YpaBHeHM.H 8BOJIIOD;MM ,D;JIH CTPYKTYPHhIX M ¢parMeH

TaD;MOHIIhIX cPYHKD;HH pernaIOTCH Terrepb B CBJITI aHaJIOrM'IHO TOMy, rmK 8TO 

,n;eJiaJIOCh B KX,IJ;. B pa6oTe (10) BhI'IMCJieHMe B CBJITI K9,IJ; BirepBhre npoBo

,D;MTC5I ,D;JI5I CJiy-qaa pacrra,n;a, a HMeHHO, ,D;JI5I peIIIeHH5I 3a,n;a'IM npeu;M3MOHHOrO 

OIIHCaHM5I pacrra,n;a MIOOHa. 

MacTep-¢opMyJia (5) B CJie,D;YIOID;eM 3a Be,D;YID;HM rrpM6JimKeHMM IIOKa3bI

BaeT, 'ITO Bee K9,IJ; norrpaBKH nopa,n;Ka 0 ( a 2 L) MoryT 6bITb Haii:,n;eHhI, ecJIM 

H3BeCTHbl cPOPMYJibl ,n;mr ce"tJ:eHM5I 3a,n;aHHOro rrpou;ecca B 6opHOBCKOM npH6JIH

:>K€HHM H ,D;JI5I pa,n;nau;MOHHbIX norrpaBOK rrepBoro rropa,n;Ka K HeMy. 0,n;HaKO 

np5IMOe npMM8H€HHe 8TOM cPOPMYJibI ,n;acT HaM TOJibKO MHKJII03MBHOe no <Po

TOHHOMY H3JIY'I€HHIO 3Ha"tJ:errne ,D;JI5I HCKOMOH rronpaBKH, Tor,n;a KaK B peaJibHbIX 

CJiy'!aax "tJ:aCTO Tpe6yeTCH HaJIO)KHTh orrpe,n;eJieHHhie orpaHM'IeHMH Ha 8HeprHIO 

M yrnhr BbIJieTa HcnycKaeMhIX ¢oTOHOB. TiosToMy, Y'IHThrnaa BhrcoKyro pa3pe-
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rnam:m;yro crrocofarocTb COBpeMeHHbIX ,n;eTeKTOpOB, CTaBHTC5I BOIIpoc 0 6oJiee 

,n;eTaJihHOM OIIHCaHHH KHHeMaTHKH HCCJie,LI;yeMOrO rrpon;ecca. cho ,LI;OCTHraeTC5I 

IIOCJie,n;oBaTeJibHbIM y'-IeTOM ¢aKTOpH3aD;HOHHbIX CBOHCTB BKJia,LI;OB rrorrpaBOK c 

pa3HOii KHHeMaTnKoii. IToKa3brnaeTc5I, '-ITO rryTeM Bhr,n;eJieHn5I KOJIJIHHeapHhIX 

KHHeMaTH'-IeCKHX o6JiacTeii B,LI;OJib HarrpaBJieHHH ,LI;BH)KeHH5I Jierrrnx 3apmKeH

HbIX qacTun;, MQ)KHO aKKypaTHO yqecTb Bee BKJia,n;hr B CBJIIT 11 rrpH 9TOM 

HMeTb B03MO)KHOCTb HaKJia,LI;bIBaTb JII06hre 9KCIIepHMeHTaJihHbie orpaHH'-IeHH5I 

Ha KHHeMaTHKY )KeCTKHX <l;>oTOHOB, H3JiyqeHHbIX Ha 60JibllIHe yrJibI. 

fJiaBa 3. 

B TpeTheti: rJiaBe rrpe,n;cTaBJieHbI pe3yJibTaTbI rrpHMeHeHHH pa3pa6aTbIBae

MbIX B ,II;HCcepTaD;HH MeTO,LI;OB ,1J;Jl5I C03,Il;aHH5I rrpen;H3HOHHOro TeopeTHt.IeCKOro 

OIIHCaHH5I KOHKpeTHbIX rrpon;eccoB B3aHMO,n;eiiCTBH5I t.IaCTHD;, 113yqaeMbIX B co

BpeMeHHbIX 9KcrrepHMeHTax Ha KOJIJiaii,n;epax. 

0,n;HHM H3 pe3yJibTaTOB ,LI;HCCepTan;1rn, HaH60Jiee 3Ha'{HMbIX ,II;JI5I COBpeMeH

HOH ¢eHOMeHOJiorHH 9JieMeHTapHbIX qaCTHD;, 5IBJI5IeTC5I BrrepBhre rrpoBe,n;eHHhrii 

pacqeT IIOJIHOro BKJia,n;a CJie,n;ym:m;Hx 3a Be,n;y:m;HMH pa,n;HaD;HOHHbIX rrorrpaBOK 

rropR,n;Ka () ( a:2 L) K rrpon;eccy Ba6a-pacceJIHH5I Ha MaJihre yrJihI B ycJIOBH5IX 9KC

nepHMeHTOB, rrpoBO,II;HBIIIHXC5I Ha LEPl n LEP2. 9Tn norrpaBKH 6hmH Hati:,n;eHbI 

np5IMbIM cqeTOM BC ex ,n;HarpaMM <Deti:HMaHa OTHOCHTeJibHOro rrop5I,n;Ka () ( a:2)' 

HO npH 9TOM Y'-IHThIBaJIHCh TOJibKO BKJia,n;hr, ycnJieHHbre 60.rrbIIIHMH JiorapH<l;>

MaMn. AKTyaJibHOCTh H Ba:tKHOCTh ,n;aHHoro pac'-IeTa o6yc.rroBJieHa TeM, '-ITO 

9KcrrepHMeHTaJibHa5I TOt.IHOCTb H3MepeHH5I Ba6a-pacce5IHH5I Ha MaJibre yr.rrhr Ha 

LEP ,n;oCTHrJia peKop,n;Hoii ,II;JI5I 9KcnepHMeHTOB npn BbICOKHX 9Hepnrnx TO'-IHO

CTH 0.05%. BbICOKOTO'-IHOe H3MepeHHe cet.IeHH5I ,n;aHHOro rrpon;ecca 6hrJio a6co

JIIOTHO Heo6xo,n;HMO ,II;JI5I BhITIO.TIHeHH5I cPH3Ht.IeCKo:ti:: rrporpaMMhI LEP, rrocKOJib

KY rro HeMy onpe,n;e.rr5IJiacb cBeTHMOCTh KOJIJia:ti::,n;epa. A 9KcnepHMeHTaJibI-ra5I 

Heonpe,n;eJieHHOCTb H3MepeHH1I IIOCJie,n;Heii ,n;aBaJia BKJia,n; B CHCTeMaTHt.IeCKHe 

OIDH6KH BCex npen;H3HOHHbIX T8CTOB CTaH,n;apTHOH MO,II;8JIH, npOBO,LI;HBllIHXC5I Ha 

LEP. KaK cKa3aHo BhIIIIe, :>KeJiaTeJibHO 6hIJIO HMeTb TO'-IHOCTb TeopeTHt.IecKoro 

OITHCaHH5I ,n;aHHOro rrpon;ecca Ha Ha ypOBHe O,LI;HO:ti:: TpeTbeti: OT 9KCnepnMeH

TaJibHOti:, T.e. nop5I,n;Ka 0.02%. ,I(JI5I TaKoti: TO'-IHOCTH Heo6xo,n;HM TIOJIHbIH y'-IeT 

,n;ByxrreTJieBbIX pa,n;11an;noHHbIX rronpaBOK nop5I,n;Ka () (a:2), BKJIIO'-Ia5I H Te, '-ITO 

He ycHJieHbI 60.rrhmHMH JiorapH¢MaMH, H Be,n;y:m;11x JiorapHcPMHt.IeCKHX BKJia,n;oB 

BhICllIHX rropJI,n;KoB. BoJiee Toro, rrorpeIIIHOCTb B onpe,n;eJieHHH BKJia,n;a rrOJI5I

p113an;11n BaKyyMa a,n;poHaMH Ha 9TOM ypoBHe TO'-IHOCTH y)Ke cy:m;ecTBeHHa I:I 

orpaHH'-IHBaeT pe3yJihTnpyrorrryro TeopeTI:It.IeCKYIO TO'-IHOCTb Ha ypOBHe 0.04%. 
On;eHKa TeopeTrr'-!ecKoii Heorrpe,n;eJieHHOCTH orrrrcaHH5I Ba6a-pacce5IHH5I Ha Ma

Jihre yrnhr B ycJIOBH5IX LEP, Bhrne,n;eHHa5I B paMKax Me:>K,n;yHapo,n;Ho:ti: pa6oqe:ti:: 

rpyrrrrbr c yt.IeTOM ITOJiy'-IeHHbIX B ,LI;HCCepTaD;HH pe3yJihTaTOB, OKa3aJiaCb paBHa 

0.11% ,LI;JI.H LEPl (rr 0.25% ,LI;JI5I LEP2), T.e. B ,n;Ba pa3a 6oJibme 9KcrrepHMeH-
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Ta.JibHOH onm6KH. 8TO o6yc.JIOB.JI8HO, B nepByIO O"'!epe,n;h, OTCYTCTBH8M Ha TOT 

MOMeHT rrOJIHhIX pac'1eTOB Bcex '1HC.JieHHO 3Ha'1HMhrx K8~ pa,n:nan;HOHHhIX rro

rrpaBOK BhICillHX rrop5I,II;KOB. B '1aCTHOCTH, rroJIHoe BhI'1HCJiemre ,n:ByxrreT.rreBhIX 

,n:HarpaMM ,n:mr ,n:aHHOro rrpou;ecca corrp5DK8HO c cyru;eCTB8HHhIMH TeXHH'18CKH

MH CJIQ)KHOCT5IMH. Otto 6wro rrpoBe,n:etto TO.JihKO OTHOCHT8.JihHO He,n:aBHO [10]. 
BTopoii pas,n:e.rr 3-eii fJiaBbI IIOCBHITI;8H IIOCTpoeHHIO CHCT8MaTH"'I8CKOro OITH

caHHR rrpou;eccoB, II3y'1a8MhIX Ha 9JieKTpOH-1103HTpOHHhIX ycKOpHTe.JIHX c 9Hep

rHRMH CTaJIKIIBaIOITI;IIXCR rry'1KOB B CHCTeMe :o;eHTpa Mace IIOp5I,TI;Ka HeCKO.JibKHX 

fsB, TaKIIX KaK B8TITI-2M, B8I1I1-2000 (HoBocII6HpcK), DA<PNE (<DpacKa

TH), BEPC-II (TieKHH) II ,n:p. PewaeTCR sa,n:ai:ra rrOBhIIII8HH5I TOi:rHOCTH Teope

THi:recKnx npe,n;cKa3aHHH 3a ci:reT O,ll;HOBpeMeHHOro y'IeTa ITOJIHbIX rrorrpaBOK 

rrepBoro IIOp5I,n:Ka II Be,n;yru;ux JIOrapmpMII"'!eCKIIX BKJia,n:oB BbICilIHX rrop5I,Il;KOB. 

~JIH 9TOro pa3pa6aTbIBa€TC5I opHrHHaJibHbIH M€TO,ll; CillIIBKII rrorrpaBOK rrepBoro 

H BhICillHX rrop5I,n;KoB. MeTo,n; ocHoBaH Ha cBoiicTBe ¢aKTopnsan;nII aMrrJIIITy,n; 

(H Ce'1eHIIH) rro,n;rrpo:o;eccOB, rrpoxo,n;RITI;IIX Ha pa3HhIX MaCUITa6ax paCCTORHHH. 

B i:raCTHOCTH, MhI MmKeM Bhr,n;eJIIITh pa,n;Ha:o;HOHHbre ¢aKTOphr, onHchrnaroru;He 

rro,n;rrpo:o;ecc )KeCTKOro TOpM03Horo H3Jiyi:reHIIR O,ll;HOrO IIJIII H€CKOJihKIIX cPOTO

HOB BHYTPH y3Koro KoHyca B,ll;OJih HarrpaB.rreHIIR ,IJ;BII)KeHH5I KaKoii-JIH6o sap5I

)K€HHoii i:racTIIIJ;hI. Ec.rrH IIMIIYJihC )KeCTKoro ¢oTOHa k KOJIJIIIHeapeH IIMIIYJihcy, 

ttarrpHMep, Ha'1aJihHOii sapR)K€HHOii '1aCTHTI;hI jJ1 (yro.rr Me)K,n;y HMITYJibCaMII {}'Y 

He rrpeBhrwaeT BeJIII"'IIIHhI {}0 ), TO cei:rettHe rrpou;ecca 2 --+ 2 rrpe,n;cTaBHMO B 

BH,LJ;e 

dO"[a(p1) + b(p2) --+ c(q1) + d(q2) + 1(k ~ (1 - z)p1)] 
~ d8-[a(zp1) + b(p2) --+ c(q1) + d(q2)] ® Ril'R(z), 

ISR a [l+z2 ( E2 ) (m2) ( 2)] RH (z) = 21f 1 _ z ln m 2 - 1 + lo + 1 - z + 0 E 2 + 0 {} 0 , 

{}'Y <{Jo, m/ E «: {}0 «: 1, l0 = ln({}~/4), 

r,n;e 3HaK ® o6o3ttai:raeT CBepTKY cei:reHHli rro,n:rrpo:o;eccoB. Pa,n;HaTI;HOHHhre ¢aK

TOphr ( c.rryi:raii II3Jiyi:remrn H3 KOHei:rttoro COCTORHII5I aHaJIOrHi:reH) co,n;ep)KaT 

.rrorapHcPM ln !,~ , '1IICJieHHO HaII6o.rree 3Hai:rIIMhIH rrpII y.rrhTpapeJIRTHBHCTCKOii 

stteprHII H3Jiy'1aroru;eii -qacTIIIJ;hr, E » m. CBoiicTBO ¢aKTOpH3awrn KOJIJIIIHe

apttoro )KeCTKOro II3JIY'18HII5I O,Il;HOro cPOTOHa xopOIIIO H3B8CTHO B JIHTepaType. 

I1oKa3aHO, 'ITO B BbICIIIIIX rropR,II.Kax Bee Be,n:yru;rre JIOrapHcPMH'18CKIIe BKJia,LI;hI, 

CBR3aHHhie c )K8CTKHM lI3Jiyi:reHIIeM, TaK)K8 rrpOIICXO,LI;5IT H3 KOJIJIIIHeapHbIX KH

HeMaTH'18CKIIX o6JiaCTeii. Ilo9TOMY HX MO)KHO yi:reCTb B rrpII6JIII)KeHHH KOJIJIH

HeapHOH KHHeMaTHKH. ,.UJIR IIOBhIIIIeHII5I T0'1HOCTH Tpe6yeTC5I BhIHTII 3a paMKII 

Be,n:yru;ero JIOrapHcPMH"'I8CKOro npH6JIII)K8HIIR II y'1eCTh OCTaJibHhie CJiaraeMhie 

nopR,n:Ka 0 (a). qaCTb H3 HHX rrpHCYTCTByeT B caMIIX pa,n;rran;IIOHHhIX ¢aKTO

pax, a '1aCTh - BO BK.Jia,II.e HeKOJIJIIIHeapttoro H3Jiy'1eHIIR, T.e. KIIHeMaTII'1eCKOH 
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o6JiaCTII, B KOTOpoit yrJihI BbIJieTa cPOTOHa TIO OTHOIIIemno KO BCeM 3ap5DKeH

HhIM i:.racT:n:IIaM TipeBhIIIIaIOT '190 . IIpII STOM Ba:xrno, 'ITO rrocJie,n;HIIH BKJia,n; He 

co,n;ep)KIIT 60JihIIIHX JIOrapIIcPMOB. 3aBIICIIMOCTb OT BBe,n;eHHOro BCTIOMOraTeJih

HOro TiapaMeTpa '19o COKpaIIIaeTC5I B cyMMe BKJia,n;OB KOJIJIIIHeapHOM II HeKOJIJIII

HeapHOM KIIHeMaTui:.recKHX o6JiacTeit. BKJia,n;hI BIIpTyaJihHhIX (rreTJieBhIX) TIO

rrpaBOK II M51TKOro TOpM03HOro H3Jiyi:.reHII5I He MeH5IIOT KIIHaMaTIIKII rrpou;ecca. 

IIoToMy yi:.reT Be,n;y1IIHX JiorapmpMIIi:.recKHX rrorrpaBOK B HHX CB0,11;HTC5I JIHIIIh 

K ,n;o6aBJI8HHIO COOTBeTCTBYIOII!HX CJiaraeMbIX K II3BeCTHbIM pe3yJibTaTaM ,11;JI5I 

rroTipaBOK rrepBoro TIOp5I,n;Ka. I1crrOJih3Y5I STY cxeMy, 6nrJio TIOCTpoeHo rrpeu;n-

3HOHHOe OIIHCamie c TeopeTH'ieCKOH TO'iHOCTbIO TIOp5I,n;Ka 0.23 ,11;JI5I IIPOI!eCCOB 

B3aIIMO,D;8HCTBII5I e+ e- -rry'IKOB c 06pasoBa1rneM KOHe'IHbIX COCT05IHIIH e+ e-' ')'')' 
H µ+ µ-, a ,IJ;JI5I a,n;poHHhIX 1T+1T-, KLKs, H K+ K- TO'IHOCTh OI!eHeHa B 0.33. 

B cJiyqae TipHCYTCTBH5I 3ap5I)K8HHhIX IIHOHOB H KaOHOB B KOHetJHOM COCT05IHHH 

Mb! HCIIOJib30BaJIH ,D;JI5I HIIX TipH6JimKeHIIe TO'i8'iHhIX qacTHI!, T.e. pa6oTaJIH B 

paMKaX CKamrpHOH 3JI8KTpO,n;HHaMHKH. 9To ,n;aBaJIO ,Il;OTIOJIHHT8JihHbIM HCTOtf

HHK TeopeTHtJeCKOH Heorrpe,n;eJieHHOCTH TIO cpaBHeHIIIO co CJiyqaeM tJHCTO Jierr

TOHHbIX rrpoIIeccoB. B cJiyqae pmK,n;eHH5I rrapnr 3ap5I)KeHHb1x qacTHII B6JIH3H 

TIOpora, T.e. c MaJIOH OTHOCHT8JibHOM CKOpOCThIO, TIOMHMO co6CTBeHHO TiepTyp-

6aTHBHbIX rrorrpaBOK ,n;mr J'IeTa B3aHMO,n;eitcTBH5I B KOHetJHOM COCT05IHHH yi:.rH

TbIBaJIC5I H peJI5ITHBII3HpOBaHHbIH cPaKTOp raMOBa-30MMepcP8Jib,11;a-0axapoBa, 

BbIBe,n;eHHbIM B (34). Ha OCHOBaHHH IIOJiytJeHHbIX cPOPMYJI 6hIJI IIOCTpOeH reHe

paTop co6brTHM no MeTo,n;y MoHTe-KapJio [5] II IICTIOJih30BaH TIPH aHaJIII3e ,n;aH

HbIX sKcrrepIIMeHTOB, TIPOB0,11;.HBIIIIIXC5I Ha B9IIII-2M [6, 7]. KpoMe Toro, pa3-

pa6oTaHHhrti: B ,11;.HCCepTaI!IIII TIO,n;xo,n; H BhIBe,n;eHHbie cPOPMYJibl .HCTIOJib30BaJI.HCb 

He3aBIICIIMO ,n;pyrIIMII IICcne,n;oBaTeJI5IMH rrpII cos,n;aHHII rrporpaMMhI AfkQed, 

IICTIOJin3yeMoll: KOJina6opaI!.Hell: BaBar (CTsH<Pop,n;). IIpoB0,11;IIJIIICh TaK)Ke Tipe

I!II3IIOHHhre cpaBHeHII5I c aHaJIOr.HtJHbIMH pe3yJibTaTaMH, TIOJiyi:.reHHbIMII ,n;pyrH

MII rpyrrTiaMII, HCTIOJib30BaBIIIIIMII aJibTepHaTHBHbie MeT0,11;bI CIIIIIBKII TIOJIHbIX 

IIOTipaBOK rrepBoro IIOp5I,n;Ka H Be,Il;y1IIIIX JIOrapIIcPMHtJeCKIIX BKJia,n;oB BhICIIIIIX 

TIOp5I,n;KoB. IIoJiytreHo xopornee corJiacIIe [5], tJTO TIO,Il;TBep)K,n;aeT Hanm OI!eHKII 

,n;ocni:rHyToll: TeopeTHi:.recKoit TOtJHOCTII. B He,n;aBHO TI05IBirnrneMC5I o6sope [11] 
Me)K,11;yHapo,n;HaR pa6oqa51: rpyTITia OIIIICaJia COBpeMeHHOe COCT05IHIIe TeopeTH

qeCKIIX .HCCJie,n;oBaHHH B ,n;aHIIOH o6Jiacnr. 

Pa3,n;eJI 3.3 rrocB5I1IIeH o6ocHOBaHIIIO II pa3BIITHIO Memoaa paauaViUO'l-t'l-to20 
6036paw,e'l-tUJl. 0HatJaJia pa36rrpaeTc5I cJiyqa:fi rny6oKOHeyTipyroro pacceRHH5I 

(rHP). B pa6oTe [12] 6hrJio Tipe,n;JIO)KeHo yTHJIII3HpoBaTh co6hrTIIR c )K8CT

KHM TOpM03HbIM H3JiytJeHH8M H3 HatJaJihHOro COCTORHII5I 3JieKTpOH-IIpOTOHHOrO 

pacce5IHIIR. Ha ycKop.HTeJie HERA (raM6ypr) 3KCTiepnMeHThI ZEUS H Hl 

IIM8IOT ,n;eTeKTOpbI, pacTIOJIQ)K8HHbie rrpaKTW-IeCKII rro,n; HyJieBbIM yrJIOM K Ha

JieTaI01II8MY sJieKTpOHHOMY TIY'IKy. KaK o6cy)K,n;aJiocb Bhrrne, KOJimrneapHoe 
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TOpM03HOe II3Jiy-qemi:e ycIIJieHO cl:>aKTOpoM, co,n;ep)Kam;IIM 60JibIIIOH JIOrapIIcPM 

L = ln(E~eam/m~). BcJie)l;CTBHe 9Toro, HeCMOTp.a Ha rro,n;aBJI.aro:w;rrH: cl:>aKTOp 

a/(27r), Ha6IIpaeTC5I )l;OCTaTO"IHO 60JihIIIOe KOJIH"IeCTBO co6bITllll rJiy6oKOHe

yrrpyroro pacce.aHH5I c ,IJ;eTeKTHpOBaHHeM )KeCTKOro TOpM03HOro cPOTOHa. IlpII

"IeM, rrpaKTH"tJ:eCKH rapaHTllpOBaHI-IO H3Jiy'1:eHHe rrpOHCXO)l;HJIO H3 Ha"tJ:aJibfIOrO 

COCT05IHH5I ( OCTaJibHhie BKJia)l;bI )l;OIIOJIHHTeJibHO rro,n;aBJieHbI KBa,IJ;paTOM yrJIO

BOrO pacTBopa ,n;eTeKTopa H He co,n;ep)KaT L). TaKHM o6pa30M, ,n;eTeKTHpoBa:irne 

<PoTOHa II03BOJI5IJIO IIOJIHOCTbIO BOCCTaHOBHTh KI1HeMaTHKY 6e3pa,IJ;HaIJJ!OHHOrO 

IIO,IJ;IIPOI1ecca H paCIIIHPIITh KHHeMaTH"tJ:eCKYID o6JiaCTh, B KOTOpoH: H3y"tJ:aeT

C5I fHP, B CTOpOHY MaJibIX rrepe,IJ;aHHhIX HMIIYJibCOB H 3HatJ:eHHH rrepeMeHHOH 

BhepKena x. B ,n;HccepTa1IHH mrepBHe HaH:,n;eHhI rroJIHbre pa,n;HaIIIIOHHhre rro

rrpaBKH IIOp5I)l;Ka CJ (a) K rHP C ,n;eTeKTHpOBamreM cPOTOHa. I1oKa3aHO, 'ITO 

BeJIH'IHHa rrorrpaBOK cy:w;ecTBeHHO 3aBHCHT OT BbI6opa rrepeMeHHbIX, KOTOpbre 

IICIIOJib3YIOTC5I )l;JI.H 9KCrrepHMeHTaJihHOro orrpe,n;eJieHH.H KHHeMaTHKlI co6hITIIH 

fHP. 

I1o3)Ke B pa6oTe NQ18 HaMrr BrrepBbre 6hrJio rrpe,n;JIO)KeHo ucrrOJib30BaTh .Me
moa paauav,UO'/-l,'/-1,020 8038pa711;e'/-l,U.fl, )J;JIH H3y':leHH2! IIPOI1eCCOB pmK,IJ;eHHH a,n;po

HOB Ha 9JieKTpOH-II03HTpOHHbIX KOJIJia:H:,n;epax c CYMMapHOH 9Heprue:H: rry':IKOB 

B cHcTeMe 1IeHTpa Mace rropa,n:Ka HecKOJibKHX f9B. PaHee rrpo1Iecc e+e- amrn

rHJI211IIIH c H3Jiy'IenHeM )K€CTKOrO ¢oTOna HeO,D;HOKpaTHO paccMaTpIIBaJIC.H B 

JIHTepaType, B 'IaCTHOCTII B [13]. B TO BpeMa 6bwo rro,ri;po6HO H3ytJ:eHO HBJie

HHe pa,ri;Ha1IHOHHOrO B03Bpa:w;eHHH Ha pe30HaI-Ic, KOTOpoe COCTOlIT B TOM, 'ITO 

)KeCTKOe TOpM03HOe H3JiytJ:eHH€ 9JieKTpOHOM HJIH ¢oTOI-IOM rrpHBO)J;lIT K 9cP¢eK

TIIBHOMY yMeHhIII€HIIIO 9HeprHII rrytJ:KOB. ITputieM Ha 9KcrrepuMeHTe rrpu 9TOM 

Ha6n10,ri;aeTC5I pmK,D;eHHe a,n:pOHI-IbIX pe30HaHCOB, IIMeIO:w;Hx Macey MeHhIIIyIO, 

tJ:eM cyMMa 9HeprII:H: IICXO,D;HbIX rrytJ:KOB. B coBpeMeHHhIX )Ke 9KcrrepnMeHTax 

HMeeTCH B03MQ)KHOCTb IICIIOJib30BaTb H3BeCTHOe paHee HBJI€I-IHe ,D;JIH IIeJieI-ra

rrpaBJieHHOrO HCCJI€,ll;OBaHH2! IIPOI1eCCOB pO)K,D;eHHH 'IaCTIII1 c KBa,ri;paTOM HH

BapnaHTHOH Maccbr MeHbIIIHM KBa,IJ;paTa cyMMbI 9HeprHH: HCX0,11,HhIX rrytJ:KOB. 

,D;na rrpHMeHemrn rrpe,n:JIO)KeHHOrO MeTo,ri;a ,JJ:OJI)KHhI BbIIIOJIHHTbCH TpH OCHOB

HhIX ycJiomrn: 1) BbICOKaa CBeTHMOCTb ycKOpHTeJia, IIOCKOJihKY Ha6mo,ri;aeMbie 

co6bITHa c H3Jiyi:reHHeM )K€CTKOrO cPOTOHa COCTaBJI.HIDT JIHIIIb MaJiyIO "tJ:aCTh 

("' 1 /a) OT o6:w;ero i:rHcJia; 2) BbrcoKaH 9KcrrepuMeHTMhHaa TO'IHOCTb orrpe

,IJ;eJieHHH HMIIYJibCOB H 9HeprIIii r:ra6JIIO,IJ;aeMbIX tJ:acTHI1, BKJIID'Iaa ¢oTOHhr; 3) 
rrpe1IH3HOHHoe TeopeTH'IeCKoe orrncaHne rrpoIIeccoB TOpM03Horo H3nytJ:eHna B 

9JieKTpOH-IT03HTpOHHO:li aHHHrIIJIHI1HH. Bee 9TH TpH ycJIOBH.a peaJIH30BaJIIICb 

B HacToa:w;ee BpeMa. 9KcrrepHMeHTbI rrpaKTH'!eCKH Ha Bcex cy:w;eCTBYIOIIJ;HX 

lI ITJiairnpy10:w;uxca e+ e- KOJIJiaii,IJ,epax rrpOM€)KYTO'!HhIX 9HeprII:li, TaKHX KaK 

DA<I>NE (c:DpacKaTH, 1-fTaJIHa), PEP-II (CT9HcPOP,IJ,, CIIJA), KEKB (11,yKy6a, 

5IrroHna), BEPC-II (ITeKIIH, KHTa:li) II B9ITIT-2000 (HoBocu6upcK), HMeIDT B 
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CB08H cPH3H"9:8CI{OH rrporpaMMe H3MepeHH.H c lICIIOJib30BaI-rne MeTo,n;a pa,n;IIaI.i;II

omrnro B03Bpam;eHII.H. AKTIIBHO rrpOBO,ll;.HTC.H TaK)Ke II ,n;aJibHeitIIIHe TeopeTH"'Ie

crrne HCCJI6,ll;OBaHII5! B ,n;aHHOM HarrpaBJI8HHII, CM. ofoop [11]. 
B pa3,n;eJie 3.4 rrpe,n;JiaraeTC5I HOBbIH MeTO,ll; orrpe,n;eJieHII.H 6erym;e:H IIOCTO.HH

HOH aJieKTpOMarHIITHhIX B3aIIMo,n;eitCTBIIli II3 ,n;aHHbIX no Ha6mo,n;eHIIIO Ba6a

pacceaH11a 1-ra MaJihre yrJihI. B HaCTO.Hm;ee BpeM.H HerrepTyp6aTIIBHbIH BKJia,n; 

a,n;pOHOB B 3aBIICIIMOCTb 3Ha"9:8HII5I a(t) OT KBa,n;paTa rrepe,n;aHHOro lIMIIYJibCa 

t orrpe,n;eJI.H8TC.H c IIOMOI.IJ;bIO ,ll;lICII8pCIIOHHbIX COOTHOIII8HHH II3 ,n;aHHbIX rrpo

u;ecCOB e+ e- aHHIIrHJI.HI.J;lIII B a,n;pOHbI H aJibTepHaUIBHO 113 a,n;pOHHbIX MO,ll; 

pacrra,n;oB Tay-JierrTOHa. Ba)KHOCTb rrpe:u;rr3HOHHoro H3y"'IeHH.H aToli 3aBHCHMO

CTH o6yCJIOBJieHa TeM, 'ITO B8JIH"'IHHa a( t) BXO,D;HT B orrpe,n;eJieHHe 60JibillHH

CTBa IJ:3yqaeMbIX B COBpeMeHHbIX 8KCIIepHM8HTax cPH3HKH BbICOKHX 8Heprn:H 

Ha6mo,n;aeMhIX. KpoMe Toro, caM a,n;poHHhIH BKJia,n; B rroJI.HpH3aIIHIO BaKyyMa 

IIHTepeceH c TO"'IKII 3peHH.H nccJie,n;oBaHIIli HerrepTyp6aTHBHOli o6JiaCTH KX,IL. 

B ,n;nccepTa1IHII rrpe,n;.rraraeTC.H Bhr,n;eJIHTb HCKOMyro 3aBHCHMOCTb H3 rrpe1IH3H

OHHbIX ,n;aHHhrx, rroJiy"'IeHHbIX rrpn orrpe,n;eJieHHII cBeTHMOCTH 1-ra LEPl, LEP2 

H B 6y,n;ym;eM Ha Me:tK,n;yHapo,ri;r-roM JIHHeliHOM KOJIJia:H,n;epe ILC. Ha ocHOBaHHII 

pe3yJihTaTOB pa3,n;eJia 3.1 MbI MmKeM yTBep:tK,n;aTh, 'ITO TeopenrqecKoe orrn:ca

HHe rrpou;ecca Ba6a-pacce.HHH.H Ha MMhre yrJihr BhIIIOJIHeHo c BbICOKOH ToqHo

CTbIO. Ha6mo,n;aeMoe ,n;II<P<PepeHu;HaJihHOe ce"'IeHHe rro KBa,n;paTy rrepe,n;aHHoro 

HMIIYJibCa MO)K8T 6hITb rrpe,n;cTaBJI8HO B BH,n;e rrpOH3Be,n;eHH.H Tpex <PaKTOpoB: 

(6) 

r,n;e da-0 - 6opHOBCKOe C8"9:8HH8, .6..r(t) - cyMMapHhIH BKJia,n; rrepTyp6aTHBHbIX 

pa,n;HaI~HOHHbIX rrorrpaBOK, a a(t)/a(O) - HCKOMOe OTHOCHT8JibHOe H3M8Her-rne 

KOHcTaHThI B3anMo,n;elicTBH.H, 3aBHC5Im;ee OT t. ITpe,n;JimKeHHhiit MeTo,n; y)Ke IIC

IIOJih30BaJIC.H KOJIJia6opau;ne:H OPAL rrpH aHaJIII3e ,n;aHHhIX LEP (14]. BhrJio 

IIOKa3aHo, qTO IIOJiyqaeMa5I 3aBHCHMOCTb a,n;pOHHOH IIOJI5IpH3aIIHH HaXO,ll;HTC.H 

B corJiaCHH c TOH, 'ITO IIOJiyqaeTC.H rrprr HCIIOJib30BaHHH CTaH,n;apTHbIX M8TO

,!IOB, XOT.H TOqHOCTb pe3yJibTaTOB HOBOro M8TO,!Ia IIOKa H8,!IOCTaToqHo BhICOKa. 

ITocJie,IIHee o6ycJIOBJieHo, B rrepByro oqepe,n;h, CIICTeMaTn"<IecKHMH aKcrrepnMeH

TaJihHbIMH rrorpeIIIHOCT.HMH. 

rJiaBa 4. B qeTBepTOH fJiaBe rro,n;po6HO OIIIICbIBaeTC.H IIOCTpoeHrre BbI

COKOTOqHoro TeopeTrr"'IeCKoro orrrrcaHHH crreKTpa pacrra,n;a MIOOHa. AKTYaJib

HOCTb 8TOH 3a,IIa"<Irr CB.H3aHa c rrpOXO,!IHBIIIHM B He,n;aBHee BpeM.H 8KCrrepHM8HTOM 

TWIST (BaHKyBep), B KOTopoM c TO"'IHOCTbIO rrop.H,IIKa 10-4 orrpe,IIeJIHJIHCb rra

paMeTpbr MrrmeJIH, rrapaMeTpII3yrom;rre MO,!I8JibHO He3aBHCHMhIM o6pa3oM na-

3BaI-IHbIH crreKTp. TaKa5I BbICOKa.H TO"<II-IOCTb He rro3BOJI5IJia orpaI-IH"<IHThC.H H3-

BeCTHbIMH B JIIITepaType rrorrpaBKaM rrepBoro II0p5I,n;Ka. 0,III-IaKO HaXQ)K,ll;8HHe 
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ITOJIHoro BKJia,n;a ITOITpaBOK BTOporo rrop.a,n;Ka ITO a ocTaeTc.a ,n;o cnx rrop Hepe

meHHOH: 3a,n;a'Ieli H3-3a cym;ecTBeHHbrx TexHH'!eCKHx TPYAHOCTeH:, cB.a3aHHbIX 

c HaJIH'IH8M Tpex pa3MepHbIX ITapaMeTpOB (MaCCbI MIOOHa, MaCCbI 8JieKTpOHa 

H KBa,n;paTa 4-x HMIIYJihca yHeceHHoro ITapoH: HeliTpHHo). B STOM cJiy'Iae rrpH

MeHeHHe pa3BHTbIX B ,Il;HCCepTaIJ;HH MeTO)J;OB y'IeTa HaH6oJiee 3Ha'IHTeJibHbIX 

ITOrrpaBOK BbICIDHX rropa,n;KOB OKa3aJIOCb BepHbIM KJIIO'IOM K pemeirnro ITp06Jie

MbI. 

Crrer<Tp pacrra,n;a MIOOHa orr:rrchrnaeTca cJie,n;yrom;eH: ¢opMyJioH:: 

d2fµ+-te+vv 

dz d case 
- f 0 [F(z) - PµG(z) cos e], 

2E 
z -

G2m5 ( 3 m2) 
fo = 1;27f~ 1+5 mi , 

2r 
z0 ::; z ::; 1, z0 = --2 , (7) 

l+r 

r,n;e me ll m 1, - MaCCbI 8JieKTpOHa ll MIOOHa; 0 - yroJI Me)K,n;y HarrpaBJieHH.H

MH BhIJieTa rro3HTpOHa II cmrna MIOOHa (,n;JI.a rrepexo,n;a K cJiy'IaIO pacITa,n;a µ
,n;ocTaTO'IHO ITOM8H.HTb 3HaK rrepe,B; cos e); Pµ - CTerreHb ITOJI.HpH3au;:rr:rr MIOOI-ra; 

E - sr-repr1rn IT03HTpOHa. 

ct>yr-rKIJ;HH F ( z) :rr G ( z) OITHCbIBaIOT H30TpOITHyro :rr aHH30TpOITHYIO '!aCTH 

CITeKTpa IT03HTpOHa. I1x MO)KHO pa3JIO:>KHTb B pa,n; ITO a ll ITO 60JibillOMY JIOra

PHcPMY L = ln(m~,/m;) ~ 11: 

F(z) = fBorn(z) + 2: [LJfL(z) + JfLL(z)] + (~) 2 [L2 JfL(z) + LJfLL(z)] 

+ (2:) 3 L3 JfL(z) + 0 (a2 Lo, a3 L2, a4L4)' (8) 

:rr aHaJiorH'IHO ,n;JI.a G(z). 
Bo-ITepBhrx, ,n;mr yTO'IHeHHa cym;ecTBOBaBmHx B JIHTepaType pe3yJibTaTOB 

,n;Jia ITpou;ecca pacITa,n;a ITOJiap:rr3oBaHHOro MIOOHa B ,n;HccepTau;1m 6bIJI ITpoBe,n;eH 

ITOJIHbIH pac'!eT ITOITpaBOK ITepBOrO rropa,tt;Ka c y'IeTOM TO'IHOH 3aBHCHMOCTll 

OT Maccbr sJieKTpoHa, KOTopaa paHee r-re 6hma ITOJiy'IeHa. Kar< H cJie,n;oBaJio 

O)KH,II;aTb, B rrpe,n;eJie me -+ 0, B35ITOM BCID,n;y, KpOMe apryMeHTOB 60JibillHX 

JiorapHtj)MoB, Hali,n;eHr-rhre Bbrpa)KeHHa ,n;JI.a Ji ( x) = L ff L ( x) + f ["LL ( x) H g1 ( x) 
COBITa,n;aIOT c KJiaCCH'IeCKHMH pe3yJibTaTaMH [15]. 

06paTHM BHHMamre Ha TO, 'ITO BbICOKOTO'IHOe ll3MepeHHe BITepe,n;-Ha3a,n; 

aCHMMeTpHH ITO yrJiaM BbIJieTa 8JieKTpOHa OTHOCHTeJibHO HarrpaBJieHH5I CIIH

Ha pacrra,n;arom;eroca MIOOHa ,n;aeT ,II;OIIOJIHHTeJibHYIO B03MO)KHOCTb ocym;eCTB

Jiemrn ITpeI.1,H3HOHHOH ITpoBepKH rrpe,n;cr<a3aHHH CTar-r,n;apTnoH: Mo,n;eJIH. CoBpe

MeHHbre 8KCITepHMeHTbI ITO ll3MepemIIO BpeMeHH )Kll3HH MIOOHa ITpH6JIH)KaIOTC.a 

ITO OTHOCHTeJibHOH TO'IHOCTH K 1 . 10-5. I13MepeHHe Brrepe,n;-Ha3a,n; acHMMeT

pHH c TaKOH TO'IHOCTbIO IIOMOrJIO 6hI cym;ecTBeHHO rrpO,IJ;BHHYTbC.a B ITOHCKe 
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OTKJIOH€HIIH OT rrpe,n;CKa3amr:ti CTaH,n;apTHOH MO,ll;€JIH, KOHeqHo, B KOMIIJI€KCe c 

IICCJie,n;oBamr.HMH, rrpoBO,ll;HMbIMH ce:ticrac rrpH BbICOKHX stteprHa:x Ha BAK. 

B ,n;HccepTau;HH BrrepBbre rrpoBe,n;etthI aHaJIHTW:IeCKHe BbI'IHCJiemrn BKJia,n;oB 

BbICIIIHX rrop.H,ll;KOB TeOpHH B03MyIIJ;eHHH K9,Il; K pacrra,n;y MIOOHa c IIOMOIIJ;bIO 

MeTo,n;oB, pa3BHTbIX B rrepBbIX ,n;Byx fJiaBax. Pattee B JIHTepaType paccMaTp:rr

BaJiaCh TOJibKO B03MO:>KHOCTh 8KCIIOHeHu;IIaIJ;HH BKJia,n;a M.HrKoro TOpM03HOrO 

II3JiyqeHII.H. HaxmK,n;eHIIe rrOJIHoro BKJia,n;a Be,n;yIIJ;IIX JiorapmpMHqecKIIX rrorrpa

BOK BTOporo IIOp.H,n;Ka JJ'L(z) II g~L(z) OKa3aJIOCb cyru;ecTB€HHO ,ll;JI.H aHaJIII3a 

sKcrrepHMeHTaJibHhIX ,n;aHHbIX rro orrpe,n;eJieHHro rrapaMeTpOB MHIIIeJI.H, KOTO

pbre MO)KHO BhI,ll;eJIHTb M0,11;€JibHO He3aBIICHMbIM o6pa30M rrpH paccMOTpeHHH 

J1opem:i;-cTpyKTYPhI 4-x <PepMIIOHHhIX B3aHMO,n;ei1cTBHH o6ru;ero BH,n;a. B CTaH

,n;apTHOH MO,D;eJIII CJia6hIH sap.H)K€HHhIH TOK B3aHMO,ll;€HCTByeT TOJibKO c JieBbIMH 

KOMIIOHeHTaMH crrHHOpHbIX qacTHU: (V - A B3aHMo,n;ei1cTBHe), qTo rrpIIBO,ll;HT 

K rrpe,n;cKa3aHHIO 3HaqeHH:i1 rrapaMeTpOB MHIIIeJI.H: p = 3/4, rJ = 0, ( = 1 
II 8 = 3/ 4. Bbrn:CHHJIOCb, qTo sKcrrepIIMeHThI, rrpoBO,ll;HBIIIHecH paHee, cyru;e

CTBeHHO He,n;oou;eHHBaJIH CHCTeMaTHqecKyro OIIIH6Ky, CBH3a:m-ryro c :rreycrTeH

HhIMH IIMH pa,n;HaII;HOHHbIMH rrorrpaBKaMH. ,Il;JIH peaJIHCTHqecKHX 8KCII€pHM€H

TaJibHhIX ycJIOBHH BCJie,n;cTBHe ycreTa rrorrpaBOK BTporo rrop.H,n;Ka B BJIIT pac

cqIITaHhI cJie,n;yroIII;He cMeru;eHH.H 3HaqeHH:i1 rrapaMeTpOB MHIIIeJia:: 

!J.p 11. 10-4 
' 

!J.TJ 350. 10-4 

' 
/::;.( ,....., 3. 10-4 

' 
!J.5 4. 10-4 , (9) 

Pe3yJihTaTbI sKcrrep:rrMeHTa TWIST, rroJiyqeHHbre c yqeTOM BhrqHcJieHHhIX B 

,ll;HCCepTaII;Irn rrorrpaBOK OKa3aJIHCh B rrpeKpaCHOM corJiaCIIH c rrpe,n;cI<:a3aHH.HMH 

CTaH,n;apTHOH MO,ll;eJIH: 

p = 0. 7503 ± 0.0004, 

'r/ 0.001 ± 0.024, 

1.0007 ± 0.0035, 

0.7404 ± 0.0006. (10) 

l1oJie3HO OTMeTHTh, qTo JIOrapmpMHqecKIIe rrorrpaBKH (KpOMe Tex, 'ITO CB.H3a

HhI c 6eryIIJ;e:i1 a) K CII€KTPY pacrra,n;a He ,n;aroT BKJia,n;a B IIOJIHYIO ll!HpHHY B 

comacmr c TeopeMofi KHHOIIIHThr-JIH-Haystt6epra. 

,Il;JI.H ,n;aJihH€HIIIero yBeJI:rrqeHH.H TQqHOCTH TeopeT:rrqecKoro OIIHCaHH.H pac

CMaTp:rrnaeMoro rrpou;ecca rrpHMeHeH MeTo,n; yqeTa CJie,n;yroru;Hx 3a Be,n;yru;HMH 

JIOrapHcPMH'!eCKHX rrorrpaBOK BTOporo rropH,n;Ka, gnL(z) H grLL(z), H rrorrpa

BOK TpeTbero IIOpH,n;Ka B BJIIT, JtL(z) II gfL(z). 9TH rrorrpaBirn q:HCJieHHO corro

CTaBHMhl c 8KCrrepHM€HTaJibHOH rrorpeIIIHOCThIO, ,ll;OCTHrHyTOH 8KCrrepHMeHTOM 
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TWIST, OHH 6nIJrn: HCnOJih30BaHhI ,n;mr ou;eHKH TeopeTwi:ecKo:H Heonpe,n;eJieH

HOCTH H 6y,nyT BOCTpe6oBaHbI rrpH rrpOBe,n;eHHH B 6y,nym;eM 6oJiee aKKypaTHbIX 

9KCII€pHM€HTOB. 

B IIOCJie,II,H€H 'IaCTH 4-oli rJiaBbI paCCMOTpeHbI nonpaBirn K pa,rr,HaD;HOHHOMY 

pacna,ny µ -t eVµVe/ c ,n;eTeKTHpoBaHHeM H3Jiy'IeHHoro c]?oTOHa. 8TOT rrpon;ecc 

HHTepeceH no ,II,BYM rrp1r'I1maM. Bo-rrepBbIX, Kor,rr,a cyMMapHaR 9HeprHR yHe

ceHHaR H€HTpHHO MaJia, OH ,rr,aeT c]?oH K rrpon;eccy 6e3Hei1:TpHHHOrO pacrra,rr,a 

µ -t e1. Bo-BTOphrx, H3y'IeHHe ,n;Hc]?c]?epeHn;HaJibHhIX pacrrpe,n;eJieHHli pa,n;H

au;HoHHoro pacrra,n;a II03BOJI5I€T IIOJIY'IHTb ,Il,OIIOJII-IHTeJibHYIO HHc]?OpMan;mo 0 

JiopeHn;eBcKo:fi CTPYKType cJia6hrx B3aHMo,n;e:ficTBH:H H HCKaTh OTKJIOHeHHR OT 

rrpe,rr,cKasamr:fi cTaH,n;apTHoli Mo,n;eJin. 

3aMeTHM, 'ITO BC€ rrpoBe,rr,eHHbI€ HCCJie,n;oBaHH5I, KaCaIOm;HeC5I OIIHCaHH5I 

pacrra,rr,a MIOOHa, JierKo rrepeHOCRTCR Ha cJiy'IaH pacrra,rr,oB Tay-JierrToHa: T -t 
µD,iVr ll 'T -t eDeVr· 0,rr,HaKO TO'IHOCTb 9KCrrepnMeHTaJibHOrO H3Y'-I€HH5I 9THX 

pacrra,II,OB em;e He TaK BhICOKa, 'IT06bI y'IeT rronpaBOK BbICIIIHX IIOp5I,II,KOB CTaJI 

aKTyaJibHbIM. 

3aKJIIO"tf€HII€. 3,n;ech KpaTKO cyMMHpyIOTC5I OCHOBHhie Hay'IHhI€ pesyJihTa

ThI, rrpe,n;cTaBJI€HHbie B ,Il,HCCepTau;HOHHOH pa6oTe, c]?opMyJIHPYIOTC5I IIOJIO:>Ke

HH5I, BhIHOCHMhI€ Ha sam;1uy. 06cy:>K,IJ;aIOTC.H rrepcrreKTIIBbI rrpOB€,Il;€Hil5I ,n;aJib

HeHIIIHX HCCJie,II,OBaHIIH no TeMe ,ll;HCC€pTau;1m. ilpIIBO,Il,HTC5I HeIIOJIHhIH CIIHCOK 

C€MHHapoB II Hay'IHhIX KOHc]?epeHu;H:H, r,n;e ,IJ;OKJia)l;hIBaJIIICh H o6cy:>K,II,aJIHCh oc

HOBHhie pe3yJihTaThI ,n;HccepTaIJ;HH. Bhrpa:>KaIOTC5I 6Jiaro,n;apHOCTH KOJIJieraM rro 

COBMeCTHOH pa6oTe. 

IIprmo:JKemrn:. ,[(HccepTaIJ;H.H co,n;ep:>KHT ,n;Ba ilpHJIO:>KeHHR. B ilpHJIO

:>KeHHH I npnBo,IJ;HTC5I Ta6JIHn;a 1rnTerpaJioB KOHBOJIIOIJ;IIH c]?yHKIJ;Hli, B03HH

Karom;n:x rrpn: BhI'IIICJieHHII rrorrpaBOK BhICIIIIIX nop5I,II,KOB M€TO,IJ;OM peHOpMa

JIH3an;HOHHOH rpyrrrrhr. B 'IaCTHOCTH, rrpHBO,ll;5ITC5I IIHTerpaJihI, Heo6xo,rr,HMbie 

)l;JI.H HaXO:>K)l;eHII.H CBepTOK o6o6m;eHHhIX c]?yHKIJ;IIH, peryJI.HpH30BaHHbIX IIJIIOC

rrpecKpIIIID;II€H. AHaJIIITII'IeCKHe Bhrpa:>KeHn5I ,n;JIR Bcex IIHTerpaJIOB rrpoBepe

HhI 'IHCJieHHO. ilpIIJimKeHHe II co,rr,ep:>KHT CBe,rr,eHII5I 06 OCHOBHhIX CBOHCTBax 

CII€IJ;HaJihHbIX nOJIHJIOrapnc]?MH'I€CKHX c]?yHKIJ;IIH, KOTOphI€ 'IaCTO BCTpe'IaIOT

C5I B aHaJIHTH'IeCKHX c]?opMyJiax )l;JI5I pa,n;nan;nOHHhIX rrorrpaBOK BhICIIIHX rrop.H,IJ;

KOB, noJiy'IeHHhIX B ,Il,IICC€pTan;1rn. TaK:>Ke rrpIIBe,rr,eHbI IIOJie3HhI€ COOTHOIIremrn 

Me:>K,II,Y IIOJIHJiorapHc]?MaMH pa3HhIX apryMeHTOB. I1crrOJih30Baime 9THX c]?op

MYJI II03BOJIHJIO rrpe,rr,cTaBIITh pe3yJihTaTbI B KOMIIaKTHOM BH,n;e, II03BOJI.HIOm;eM 

JierKo rrepexo,IJ;IITh K rrpe,rr,eJihHhIM cJiy'Ia.HM. 
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