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oEmA>I XAPAKTEPMCTHKA p AEOThI 

AKTYaJihHOCTb TeMbl 

CTaH.!l,apTHaJI Mo,neJih (CM) [1,2,3] B onHcaHHH B3aHMo,neifcTBH:H 
3JieMeHTapHbIX tJaCTH[( IIBJIIleTCII sec1>Ma ycneurnoH: TeOpHeit 0.!l,HaKo, B03MO:>KHO 
CM He HBJIIleTca OKOHtJaTeJibHOH 'l'eopneH:, a HBJrneTCII HH3K03HepreTWieCKHM 
npe.!l,eJioM 6onee o6rueH: TeopHH. J(erro B TOM, 'ITO B CM ecTb CBOH npo6neMbI, 
HanpMMep B MO.!l.eJIH eCTb 18 CB060)l,HbIX napaMeTPOB, KOTOpble onpe.n:eJIUOTC.H 
TOJibKO 3KcnepMMeHTaJihHo. Ecn H t1.pyrne npo6JieM1>r: HenoHIITHoe 
orpaHH'IeHMe Mo.n.enH TPeMH <J>epMHOHHblMH noKorremrnMH HJIH Heo6'b.HCHHMM 
pa3HMU:a B Maccax cpepMHOHOB. 

Y cneWHOCTh CM ,ll,OKa3bIBaeTCH Ha ocHose $eHOMeHorrorHH KKM 
(Ka6H6o-Ko6aJIWH-MacKaBa) MaTpHUhI, CP HapyweHMH H pe.n;KHX pacna)l.OB. 
MaTPm.(a KKM napaMeTpmyeT B3aHMo.nei1CTBHe KBapKoB 3ap.H)J<eHHbIMH 
TOKaMH. MaT1rnu:a KKM emrncTBeHHhlii HCTO'IHHK CP HapyrneHHH, rro3TOMY 
TOtJHOe onpe,neJieHHe 3JieMeHTOB KKM saarno .nmr H3)"ieHHJI CP HapywaroruHx 
<PeHOMeHOB. 

Bnepshre CP HapymaroruHe 3$<iJeKTbI 6b1JIH o6Hap)0KeHbI B pacna.nax K 
Me30HOB [4]. MHO)J<eCTBO CP Hapy1muoruHX 3<J>cpeKTOB o6Hapy:>KeHbI TaIOKe B B 
pacna,nax. 

Oco6oe MecTo B cpH3HKe B Me3oHOB 3aH'HMaJOT pe,nKHe B pacna,ll,bI. 
Pe,nKHe B pacnaJU>I HHTepecHbI TeM, 'ITO B CM no.HBJUIIOTC.ll TOJibKO B neTneaoM 
npH6JIH)J<eHHH (nerneBbIX Jl.HarpaMMax) H 3TH pacna,Llb1 no.nasneHbI. ilo}lasneHHe 
IlpOHCXOJl.HT 3a C'leT 60JibIIIHX Mace KaJn16pOB01IHblX 6030HOB, TaK KaK OHH ,naIOT 

BKJia)l, lfmw H lf mz . Pe.!l,KHe pacna,LlbI B CTaHnapTHOH MO)l.eJIH HMeIOT 

OTHOCHTeJibHO MaJibie lUHpHHbl, 0,LlHaKo B ee pacm11peHWIX pe,11,KHe pacna,nbl 
Moryt nonyqaTh BKJia,LlbI cpaBHHMbie co BKJia,11,oM CM ,na)J<e npH Maccax HOBhIX 
tJaCTHU B HeCKOJibKO COT r3B. CJie}lOBaTeJibHO, H3MepeHHJI pa3JIH'IHbIX 
xapaKTepHCTHK pe,ll,KHX paCTia}lOB HeTPHBHaJibHbIM o6pa30M MoryT TeCTHposan. 
cocTO$ITeJibHOCTb CTaHJJ:apTHOH Mo;:i;emi. Ta1<, H3MepeHHM IIIHpHHa 
HHKJII03MBHoro pacna}la, KOTOpa.H HaxO.U:HTCH B xoporneM corrrac1rn c 
npeACI<a3aHHeM CTaH}lapTHOH MO}leJIH, y:>Ke HrpaeT BIDKHylO pOJib B 
cpeHoMeHonorHH c11a6bIX pacna.!l,oB, mmarall CTPOrHe orpaHHtJeHHH Ha HaH6onee 
nonymrpHbie MO,neJIM "HOBOH <PmHKH". 

11ccne.nosaHID! cna6hIX pacna.!l,OB, co.!l,ep:>KaruHX b-KBapK, )l.aroT 
B03MO)J<HOCTb AJI.ll myqeHID! CP HapynreHHH H 3JieMeHTOB Ma'fPH[(bI KKM. 

TaK KaK KOHCTaHTa CBH3H CHJibHOro B3a.HMO.!l,eHCTBH.'1 MaJia npH 

MaCIUTa6ax 3HeprHH paBHbIX MaCCe b-KBapI<a ( CX.
3 
(mb) ""0.215 ), MO/KHO C 
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6on1>IIIoii TO'IHOCTJ>IO HCIIOJih30BaTJ> rrepryp6aTHBH}'IO KX)J; ,n.Jur npe;:i:cKa3aHHH 

rrapTOHHb!X b pacrra,l(OB. )J;nH oueHKH pacna,noB H)'X<HO 3HaTJ> cpopM $aKTOpbI, 

KOTOpbie onpe,neIDllOTCH Ha OCHOBe cpH3HKH 60JibIIIHX paCCTOHHHH H He MoryT 

6b!Tb orrpe;:i;eneHbl rrepTyp6aTHBHbIMH MeTO,n:aMH. )J;mI Bhl'IHcneHHH $opM­

cpaKTOpOB tty)l{HQ HCIIOJlh30BaTh .ll:OIIOJIHHTeJIJ>Hble MeTO)J;bl. 0,n:HH H3 TaKHX 

MeTO,nOB - 3cpcpeKTHBHaJl TeOpIDI TH>KeJib!X I<BapKOB (HQET - Heavy Quark 

Effective Theory), B OCHOBe KOTOpOH Jie)l{HT TOT <PaKT, 'ITO Macca b-KBapKa mb 

HaMHoro 6on1>uie xapaKTepHoro Macuna6a KX)J; A . 
B pa6oTe paccMaTpHBaeTCH HHKJII03HBHhiii pacna.n B Me30HOB B paMKax 

CM. Ha KBapKOBOM ypoBHe 3TOT pacna.n noHBJIHeTCH B o;:i;HoneTJieBOM 

npH6nm1):eHHH B npouecce FCNC. Xoporno H3Becrno, 'ITO HHKJII03HBH1>1e 

pacrra.nI>I HMeIOT 6onhIIIYIO TeOpeTH'leCKYIO 3Ha'IHMOCTh, qeM 3KCKJII03HBHble, 

TaK KaK HenepTyp6aTHBHb!e 3$<PeI<Tbl nrpaIOT COIIO,WIHHeHH}'IO ponb. 

Uenh imcceprnuHoHHOH pa60T1>r 

• 

• 

• 

• 

• 

I1ccne.noaaHne BKJia,na 3JieKTpoMarHHTHoro .n:nnon1>Horo onepaTopa 07 

B 3aBHCHMOCTH OT MaCCbl C-KBapKa B o6myIO llIHpHH)' pacna..na 

B-..::, X,"f. 

qHCJieHHOe Bbl'IHCJieHHe BKJia,n:a 3JieKTPOMarHHTHOro )J;HilOJihHOro 

onepaTOpa B o6mym llIHpHH)' pacrra.na B ~ X, "( c yqernM MaccHBHoro 

C-KBapKa. 

IlonyqeHHe aHaJIHTH'lecKoro Bbipa)l(eHIDI ,l(ID! cneKTPa 3Hepnrn cpoToHa 

pacrra.n:a B ~ X, "( c.yqeTOM MaccHBHoro c-KBapKa. 

I1ccne,n:0Bam1e BKJia,n:a rreTen1> c-KBapKa B 

3JieKTpOMarHHTHOro 07 H XpOMOMarHHTHOro 

HHTepcpepeHuHIO 

0 8 .D:HIIOJibHhIX 

orrepaTOpoB ,ll.JUI napIIHaJihHOH IIIHpHHhI HHKJII03HBHoro B -..::, X, y 

pacna.n:a B rropH,n:I<e 0 (a.;) . 
IlonyqeHHe 3aBHCHMOCTH KOHCTaHTbl rrepeHopMHpOBKH BOJIHOBOH 

cpyHKIIHH TH)l{eJioro KBapKa B KBaHTOBOH xpoMO,ll,HHaMHKe OT MaCCbl c-

KBap1<a B IIOpH,llKe 0 (a;) . 
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HayqHM HOBH3Ha 

• BrrepB1>re 6b!JI B1>1q0cneH BKna.n: 3JieKTpoMarHHTHoro .n:11110JI1>Horo 

onepaTopa 0 7 B 3aBHCHMOCTH OT Macc1>1 c-KBapKa B 06my10 ump0ey 

pacna.n;a B ~ X, y B 0 (a;) . IlonyqeHHoe aHanHTH<IecKoe Bhipa>KeHHe 

,n:IDI 3T0f0 BKJia,l(a IIO,l(TBep)l{,neHO 'IHCJieHHbIM 3HaqeHHeM, nonyqeHHb!M 

OT,n:eJibHO. 

• IloJIY'leHHJ>Ie 'IHCJieHHhie 3Ha'leHIDI BKJia;:i;a 3JieKTpOMarHHTHOro 

)J.HIIOJihHOro onepaTopa B 3aBHCHMOCTH OT MaCChI C-KBapKa B o6myro 

llIHpMHY pacna.n:a B -..::, X, y cornacyroTcH c paHee npoae.n.eHHJ>IMH 

oueHKaMH. 

• Ilonyqetto aHaJIHTH'leCKoe Bb!pa)l(eHJie .nm1 cneKTpa 3Heprn:H <lJoToHa 

• 
pacna.n:a B ~ X, y c yqeTOM MaCCHBHoro c-KBapKa. 

I1ccJie,l(OBaH BKJia)J; neTeJih C-KBapKa B 

3JieKTPOMarHHTHOro 07 H xpoMOMarHHTHOrO 

HHTep<lJepeHIIHIO 

Og .D:HIIOJibHhIX 

orrepaTOpoB .nJIH napnna111>Hoil: IIIHpHHhI HHKJIJ03HBHoro B -..::, X, y 

pacrra,l(a B rropH,nKe 0 (a;) . 

IlpaKnNeCKaH ueHHOCTh pa60TbI 

IloJIY'leHHbie pe3yn1>TaTbl BKJia.n:a 3JieKTPOMarHHTHoro ,l(HilOJibHOro 

onepaTopa B 3aBHCHMOCTH OT MaCCbl C-KBapKa B o6myro IDHpHHY pacna.na 

B -..::, X, y B nopH.n:Ke 0 (a;) HBJIHIOTCH HaH6onee TO'IHhIMH TeopeTH'leCI<HMH 

oueHKaMH 3THX Bem.f'IHH H MOryT 6hITh HCIIOJib30BaHhl ,l(JIH cpaBHeHIDI c 

3KcnepHMeHTaJihHhIMH ,uaHHhIMH. TaKHM o6pa3oM MO)l{HO 6y,neT npoBepHTh 

COCTOHTeJihHOCTb CTaH,!I,apTHOH MO,UeJIH HJIH nony'laTb HOBJ>re orpaHH'leHIDI Ha ee 

paCIIIHpeHHH (HanpHMep cynepCHMMeTPH'IHbie reopHH). 

Cne.uyeT OTMeTHTb, 'ITO OCBOeHHJ>Ie MeTO,l(hl ,l(JIH Bbl'IHCJieHHH 0 (a;) 
nonpaBOK ,l(aIOIIIHX BKna,U B pacna.n: Jj -..::, x, 'Y MOryT 6b!Th IIOJie3Hbl ,nJIH 

npoBe.n:eHIDI no.no6Hb!X pacqe:roB H .n:rrH .l(pyrnx pacna.noB. 

IlonyqeHH1>1e pe3yn1>TaT1>1 ,l(JIH o6IIIeii IIIHpHHhI pacna.na H cneKTPa 

3HeprnH $oToHa pacna.n:a B -..::, X, y MoryT 61>1Tb Henocpe.n:cTBeHHO npoaepem1 

3KcnepHMeHTaJihHO. 
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HaygH1>1e nono)Kemui:. BhIHOCHMhie Ha 3aIDHTY 

• 

• 

• 

• 

• 

Ha octtoBe B1>1qHcnemm BKJia,n:a :meKTpoMarnHTHoro .n:HnOJihHoro onepaTopa 

07 B 3aBHCHMOCTH OT MaCChl C-I<BapKa B o6myro nrnpmzy pacna):(a 

B ~ X, "(, nonyqeHo aHanHTH'!eCKoe Bhlpa)l(eHHe MH BKna,ll.a 

:3JieKTpOMarHHTHOro ,ll.HilOJlhHOro oneparnpa 07 B 3aBHCHMOCTH OT MaCChl c­

KBapKa. 

PaccqHTaHHhie qucneHHhie 3HaqeHH>I BKJia)J.a :3JieKTPOMarHHTHoro 

.n:1moJihHoro oneparnpa B o6nzyro mHpmzy pacna,ll.a B ~ X, "( nonyqeHHhie 

c yqeTOM MaccHBHoro c-KBapKa. Pe3yJihTaThl llO.D.TBepJJ.HJHf nonyqeHHoe 

aHanHTH'!ecKoe 3HaqeHHe. IlonyqeHmre qHcrreHID>re 3HaqeHHH ,l(.Jl>I BKJia)l,a 

:meKTPOMarHHTHOro )J,HIIOJihHOro onepaTopa B 3aBHCHMOCTH OT Macchi c­

KBapKa B o6nzyro mHpHey pacrraJJ,a B ~ X, y cornacyroTc.11 c paHee 

rrpoBe,ll.eHHblMH oueHKaMH. 

AHanHTHqeCKoe Bhipa)l(eHHe M.11 crreKTPa :3HeprnH cpoToHa pacna.D.a 

B ~ X, y nonyqeHHoe c yqeTOM MaccHBHoro c-KBapKa. 

I1ccneJJ,osamre BKJia,n:a rreTerrb c-I<BapKa B HHTepcpepeHumo 

:3JieKTPOMarHHTHOro 0 7 H xpoMOMarHHTHoro 0 8 .rumoJihHhIX onepaTopos 

MH rrapuHaJihHOH umpHHhl HHKJll03HBHOro B ~ X, r pacna.n:a B rrop.sr,n:Ke 

o(a;). 
OueHKa 3aBHCHMOCTH KOHCTaHTbI nepeuopMHpOBKH BOJIHOBOH <l>YHKIJ;HH 

T>J:)KeJioro KBapKa B KBaHTOBOH xpoMO)J,HHaMHKe OT MaCChI C-KBapKa B 

nopH,ll.Ke 0 (a;) . TionyqeHHa.11 oueHKa c 60JihIDOH TO'lHOCTh!O cornacyeTCH 

c COOTBeTCTBYIOmHM aHam!TH'leCKHM Bhipa:>KeHHeM. 

Anpo6auHH pa6oThr 

0CHOBHhie pe3yJihTaThI Jl.liCCepTauHOHHOH pa6oTbl )1,0KJia,ll.hIBaJIHCh Ha 

HayqHhIX ceMHHapax B EpeBaHCKOM cpH3H'leCKOM HHCTHryTe. 

Ily6JIHKaUHH 

flo TeMe ):(HCCepTaUHOHHOH pa60Tbl orry6nHKOBaHhI 3 HayqHhie pa60ThI, 

CTIHCOK KOTOpbIX npHBOJ.(HTCH B KOHue aBTOpecpepara. 
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CUJYKTypa llHCcepTaUHH 

.[(HccepTauHH COCTOHT H3 BBe)l,eHH.11, qen,rpex mas, 3aKJIJOqeHIDI H 

CilHCKa JIHTepaTyphl H3 130 HaHMeHoBaHHH. 06mHH o6'beM pa60Tbl COCTaBJI.lleT 

93 CTPaHHU neqaTHoro TeKCTa H BKJIJOqaeT 12 pHcyHKOB. 

Co)lepa>:auue pa6oTLI 

Bo sse.i:.euuu o6ocHoBaHa aKTyanLHOCTh TeMhl, H3JIO)KeHLI 

rrpaKTH'!eCKaH u;eHHOCTh H KpaTKOe co.n:ep)KaHHe pa60ThI. 

B nepsou niase .n:enaeTcH o63op TeM, 3aTPOHYThIX B .n:11ccepTauHH, 

rrpHBO)l,HTCH MeTOJ.(hl Ii COOTBeTCTByromHe cpopMYJihl, KOTOpble 6y.n:yT 

HCIIOJih30BaHhI B cne.n:yromHX rrraaax. 

§§ 1.1-1.4 IIOCBHmeHbl npou;eccaM H3MeHHIOIDHM apoMaT HeHTPaJihHhIM 

TOKOM (FCNC). FCNC npoueccbl noHBJI.llIOTCH TOJihKO B Ol!HO- HJIH 6onee 

neTJieBhIX rrpH6JmJI<eHHHX H II0:3TOMY rro,n:aBneHh! B CM. IlpHBOJ.(.llTC.11 IIpHMephr 

FCNC pacrra,n:oB, HanpHMep ,n:HarpaMMhI, JJ.aIOIDHe BKJiaJJ. B pacrra.n: b ~ sy B 

HH3meM nop.sr,n:Ke B CM. TipHBOJJ:HTCH TaKJI<e )J.eTanhHOe paccMOTPeHHe pe.D.KHX B 
pacnaJJ.OB Ha npHMepe pacna,ll.a b ~ sy. PaccMoTpeHHe npoBOJJ.HTCH c ToqKJi 

3peHHH :3cpcpeKTHBHOro raMliJihTOHiraHa. PaccMaTPHBaIOTCH KX.[( norrpaBKH Ii 

IIOKa3hIBaeTCH, qTQ KX.[( rrorrpaBKli 3a cqeT o6MeHa rJIIOOHaMH urparoT Ba:>KttyIO 

pOIIb rrpH HCCJie)J,OBaHHHX cna6h!X pacna)l,OB H3-3a B03HHKHOBeHHH 60JihlllHX 

norapHcpMOB In(µ IM w), r)J.e µ - xapaKTepHa.sr :3HeprHH M>I )1.aHHoro pacna,ll.a 

(MH pacnaJJ.OB B Me30HOB µ - mb ). MoTHBHpyeTc.sr ueo6xo)1.HMOCTh 

paCCMOTPeHIDI crra6hIX pacrra)J.OB B paMKaX 3cpcpeKTHBHOH TeopHH c nerKHMH 

KBapKaMH c rrpHBJieqeuHeM MeTO)J;OB peHopManH3au;HOHHOii rpynnhI [5,6] llJ1>I 
cyMMHpOBaHIDI 6om.urnx norapH<pMOB BO BCeX nopH)J.Kax TeOpHH B03MymeHHH. 

B § § 1.5-1. 7 rrpe.n:cTaBJieHhI MeTOJJ.bl llJ1>I BhJqHcneHIDI HHTerpanos 

nonyqaeMMX H3 $e:HHMaHOBCKHX )1.HarpaMM. HuTerpanhl, nonyqaeMhre H3 

cpeHHMaHOBCKHX )l,HarpaMM B BhICIDHX nop.llJJ.Kax TeopHH B03MymeHHH oqeHh 

CJIO)KHhI H BhJqHcneHHe KaJI<)J,Oro TaKOfO HHTerpana MO)!(eT 3aRHMaTb )J.OBOJlhHO 

MHTeJihHOe BpeMH H He Bcer)J,a npHBO)l,HTh K pe3yJibTaTaM. c IIOMOmhIO MeTO)J,a 

aBTOMaTH'!eCKoro COKpameHIDI HHTerpanoB - AIR [7] MO)J(HO cymecTBeHHO 

COKpaTHTh qffCJIO TaKHX CJIO)KffhlX HHTerpanoB, a B OT)l,eJibHblX cnyqaHX H Ha 

nopHJJ.oK. CneJJ.YJOmHli MeTOJJ. - ceKTopHoe pa3IIOII<eHHe [8], KoTopoe 

HCTIOJih3yeTCH MH perneHHH BOrrpoca nepeKphIBaIOruHX HHcppaKpaCHbIX (HK) 
paCXO)l,HMOCTeH. IlpHMeHeHHe )l,aHHOfO MeTO)J,a npHBOJJ.HT K HHTerpanaM, B 

KOTOph!X HHcppaKpacHoe CHHryn.srpHoe TIOBe)l,eHMe He COJJ.eplI<IiTCH B CJIO)KHhIX 
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¢YHKUIDl:X. HK c11ttry1u1pttoe nose)J.em1e coJJ.ep).l(HTCH B npocTI:.IX npoH3Be)J,eHIDIX 

¢eifHMaHOBCKHX napaMerpoB, B03Be)J,eHHhIX B HeKoTopym cTeneHh. IIocJieJJ.HMM 

H3 MeTO)J,OB JIBJHieTCH npe.n:cTaBJiem1e Menmrna-EapHeca, c IlOMOIIl,hIO KOTOporo 

MO:>KHO Bhlq.HcmITh .HHTerpanbI, B KOTOphIX co.n:ep:>KaTCJI nponaraTOphl T.Hna 

1 I (x + y )'° . 3rn .n:ocTnraeTCH 3aMeHoif .n:aHHoro BI:.IpIDKeHIDI Ha HHTerpan B 

KOMilJieKCHOH IJJIOCKOCTH. 

Bo BTopoii rnaee paccMarpHBaeTCH 3aBHC.HMOCTh nepeHopMHpOBKH 

BOJIHOBOH ¢YHKU..HH rn:>KeJioro KBapI<a B I<BaHTOBOH xpoMO,[(HHaMHKe OT MaCChl c­

KBapI<a. B rnase npeJJ.cTaaneHI>1 TeopeTmecKHe OJWHKH ,n:nJI nepeHopMHpOBKH 

BOJIHOBOH <l>YHKUMM TH)f(eJioro I<BapKa. IIpeJJ.cTaaneHI:.1 H npoKOMMeHTHpoBaHI:.1 

MeTOJl:hl .D:JI.H nonyqeHHH ql{cJieHHI:.IX oueHOK H BhipIDKeHMH, a TaK).l(e 

npe.n:CTaBJieHI:.I qffcJieHHI:.Ie pe3yJihTaThl Bhl'IHCJieHHH . 3aBHCHMOCTH 

nepeHopMHpOBKH BOJIHOBOH <l>YHI<UHH OT MaCChI C-I<BapI<a. 

B § 2.1 npe.n:cTaBJieHa nocne.noBaTeJII:.HOCTh rnaroB .n:mr nonyqeHHJI 

I<OHCTaHT1>1 nepeHopMHpOBKH BOJIHosoii <l>YHKUHH B KX,D; B o6ru.eM BHJJ:e. CBJI3h 

nepeHOpMHpOBaHHOro KBapKOBoro IlOJIH 'V c roJII:.IM (bare) KBapKOBhlM noJieM 

'lfo HMeeT CJieJJ:YIOIIl,HH BM):(: 

\jl 0 = .rz; \jl 
rne Z2 - KOHCTaHTa nepeHopMHpOBKH. 

B noii rnase nonyqeHo 3HaqeHHe JJ.JIJI BKJia)J,a B Z2 rreTeJih c-I<BapI<a, 

pa:mo)J(eHHOe no cTerremrM z = m; I mi . 
§ 2.2 nocmrru.eH BI<moqemno yqern c-I<BapI<a npH BhlqHcnemur 

KOHCTaHThl nepeHOpMHpOBI<H BOJIHOBOH Q>yHKUHH rn:>Kenoro I<BapKa H 

nonyqeHmo caMHX pe3yJII:.TaToB. IIocne)J,oBaTeJII:.HO 11cnoni.3yH MeTo.n:I:.I, 

npe,n:cTasneHHI:.Ie B nepBoii rnase, nonyqaeTCH 01<0H'IaTeJII:.HhIH pe3yJII:.TaT. B 

naparpaQ>e .n:eTaJihHO OllHCI:.IBaerCH H rrpHBO)J,HTCH .nHpaKOBCI<aH crpyKTypa H 

4;ie:ifHMaHOBCKaH )J,MarpaMMa, COOTBeTCBYIOIII.aH )J,aHHOMy npoueccy. )J;enaJI 

COOTBeTCTBytOIIl,Me 3aMeHbI H3 nponaraTOpOB .n.1:1paKOBCKOH crpyI<Typhl 

rronyqaeTCH CHCTeMa JIHHeHHbIX anre6pa11qecKHX ypaBHeHHH. c llOMOIIl,hl-0 

anropHTMa J1anopra, octtoBaHHoro Ha .l:IHTerp.1:1posaHHH no qacrnM, H3 

IIOJiyqeHHOH (B )J,aHHOM cnyqae 6) C.l:ICTeMbl anre6paHtleCKHX ypaBHeH.l:lil:, 

<PeiiHMaHOBCKaH )J,.l:larpaMMa IlpHBO,[(HTCH K Ha6opy TaK Ha3I:.IBaeMI:.IX MacTep­

mnerpanoB. B pe3yJII:.TaTe .HCilOJih30BaHHH aBTOMaTHqecKoro MeTo.n:a ,n:mr 

coKparu.eH.1:1»:' .l:IHTerpanos nonyqaeTCH 8 MacTep-HHTerpanoa. HcrroJih3YJI 
.U:OIIOJIH.l:ITeJII:.HI:.Ie B03MO)!(HOCTH anrop.l:ITMa, llOHBJIHeTCH B03MO)f(HOCTh 

rronyqHTh 6om,me .n:onoJIHHTeJihHI:.IX ycnoa.l:IH H npe,n:cTaBHTh Bee MacTep­

HHTerpanbI MeHhllIHM qHCJIOM MaCTep-HHTerpanoB. B03MO:>KHOCTh COCTO.IIT B 
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.rurQ>$5peHUHpOBaHHH (o.n:Ho-, .n:ayx- HJIH MHOroI<paTHOM) MacTep-.1:1HTerpaJIOB. 
TaKHM o6pa30M, OKOH'IaTeJihHO nonyqaeTCH 6 MacTep-HHTerpanos. Br,1q11cneHHe 

MacTep-HHTerpanoB IIpOH3BO.U:HTCH MeTO)J,OM ceI<Topuoro pa3JIO)!(eHIDI H 

npe.n:cTasneHHH MemrnHa-EapHeca. IlpH BLI•rncneHHH KOHCTaHThI 

nepeHOpMHpOBKH BOJIHOBOH tPYHKUHH TH){(enoro KBapKa H)'){(HO Y'JHThIBaTh 

TaK){(e nepeHopMHpOBKY 6erymeii KOHCTaHTbl CBJI3H CHJihHOro B3aHMO)J,eHCTBHH 

a., . TaKHM o6pa3oM, 11cnon1>3YH nepeHopMHpOBI<)' a, , OKO.H'IaTeJI1>Ho 

llOJiyqaeTCH 3HaqeHHe ,[(ID! BKJia,n:a neTeJih C-I<Bapxa B Z2b, KOTOpOe C yqeTOM 

BKJJa,na nepeHOpMHpOBKH KOHCTaHTbl CHJlhHOro B3aHMO.U:eHCTBIDI IIpHHHMaeT 

BM,[(: 

0Z2b = ( «~~) J {~(1+8Lµ -4 lnz)+( ~ -16lnz )Lµ + 

+24L! + 
16

tnz+4ln2 z+41.06045174-
3 

-59.21762638z112 +48z-98.69604400z312 + 

+(81.14508457+6ln2 z-22lnz)z2
}, 

r.n.e Lµ = In(µ/mb). lfacneHHhie pacqeThI noKa3I:.IBaIOT, 'ITO nonyqeHHa»: 

ToqHoCTh pe3ynI:.TaTa y.n.osneTBopHTeni.Ha. 

B TpeT1.eii rnase 11ccne.n:oaaH BKJia,11. 3JieKTpoMarHHTHoro ,n:11noJILHoro 

oiiepaTOpa B 3aBHCHMOCTH OT Macchi C-KBapI<a B o6ru.yio lllHpHH)' pacna',n:a H 

cneI<rp 3HeprnH <!JoTOHa ,[(IDI pacna)J,a Jj ~ X, y B nopH.n:Ke o( a.;). 
§ 3 .1 HBJrneTc»: sse,n:eHHeM B ormcam1e pacna.n:a B ~ X, y H y:>Ke 

nonyqeHHhie TeopeTmec1<11e 11 3KcnepHMeHTaJihHI:.Ie ou;eHKH [9,10]. 

IIpe,n:crasneHhl paHee nonyqeHHI.Ie pe3ynI:.TaTI:.I )J,JIH pacrra,n:a B ~ X, y B 

se,n:yru.eM rrop»:,n:Ke H B cne.n:yiomeM nocne se,n:yru.ero nopH,n:Ke (NLO). 
B § 3.2 paccMoTpeH BKJiaJJ. c-KBapI<a B nop»:,n:Ke NNLO B pacna.ne 

B ~ X, y. B paMKax HH3K03HepreT11qecI<oii 3$<PeKTHBHoii Teop1111 cxopocTI> 

naproHHoro b ~ X, y pacna.n.a MO)f(eT 6LITh 3an11caHa B BH,n:e 

r (b ~ x P""""y) = a:a.,,,m~ (µ)mi Iv v.·12 L: c•ff (µ) c•tr (µ) G ( E µ) . 
.t h.;>fio 321t4 lh ts IJ I J I} 0' 

J13 3TOro ypaBHeHIDI paccMaTpHBaeTCH ¢YHKUHH G77 (Eo,µ)' COOTBeTCTBYI-OIT(aH 

caMOHHTepQ>epeHuHH 3JieK1'pOMarHHTHOro Jl:HilOJihHOro onepaTopa 

07 =-;.mb (µ)(scrµv PRb )F;.v. 
16rt 
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BbiqHcJimoTCH co6cTBeHHo :mepreTWieCKHe pa3pe3J:.I b-KBapKa c .LIBYMH HJIH 

TpeMH qacTHI.{aMM B npoMe)l(yToqHoM COCTOHHHH. BJ:.IqHCJieHHe 

COOTBeTCTBYJOII(err cpeliHMaHOBCKOH .LIHarpaMMbI rrpOM3Be)J,eHO c IlOMOllU>lO 

anropHTMa Jlarropm, KOTOpbIH IIpHBO)J,HT K COKparu:eHHJO CKaJIHpi:!bIX 

rrpOH3Be)J,eHHH B qHCJIHTeJie H K COKpalI(eHHJO qHcJia nporraraTOpOB. 

IIoJiyqHsrrmecn Macrep-HHTerpanbr c HCIIOJib30BaHHeM aBTOMaTH3HpOBaHHoro 

anropHTMa AIR coKparu:a10TCn H nonyqaeTcn 6 Macrep-HHTerparros. ,lVrH pacqeTa 

nonyqeHHbIX MacTep-HHTerpaJIOB CHaqana npOH3BO)J;HTCH cl>ei1HMaHOBCKaH 

napaMeTpH3a.QIDI H HHTerpHpOBaHHe rreTJieBblX HHTerparroB. IlpHMeHHH 

npe.n:crasnem1e MenJIHHa---EapHeca [11] 

i 1 Ids x" --=-- -----r ---s r a+s (x+yt r(a)c2n:iya+.Y ( ) ( ), 

r.n:e 1/ ( X +yr --- B )J,aHHOM CJiyqae rrponaraTOp THIIa 1/ ( m; R, + mtPz r , 
OKOHqaTeJibHO BblqHCJIHIOTCH HHTerpaJibl. 0KOffqaTeJibHO MH cnyqrur µ = mb H 

m)mb = 0.26 rronyqaeTCH 

X 2 (1,4,0) =---370.142; X 2 (1,3,1) =---386.638; X
3 

(2,3,0) =---410,120, 

r)J,e X2 (1,4,0) COOTBeTcTByeT cnyqa10 OTCYTCTBIDI C-KBapKa H cylI(eCTBOBaHHJO 

O)J,HOrO TH)l(eJIOrQ KBapKa H qeTblpex JierI<HX KBapKOB (12]; X
2 

(2,3, 0) --­

cylI(eCTBOBaHlUO )J,Byx TH)!(eJibIX KBapKOB H Tpex Jienrn:x KBapKOB [12]. 
IIonyqeHHblH HaMH pe3yn.i.TaT cooTBeTcTByeT rrpoMe)!()'ToqHoMy cnyt-raro --­

X2 (1,3,1) c yqeToM BKJia)J,a BMpryaJILHoro MaCCHBHoro c-KBapKa, O.LIHoro 

TH)l(eJioro H rpex JierKHX KBapKOB. 

B § 3.3 npe.n:cTasJieHhl nonyqeHl:!bie KOHCTaHTbl rrepeHopMHpOBOK, 

KOTOp.i.re HCilOJlh30BaHbl rrpH nonyqeHHH BhlIIIenpHBe.n:eHHoro pe3yJir.TaTa. 

B <JeTBepToii rnaBe npomse.n:eH pacqeT BKJia.n:a rreTeJih c-KsapKa B 

HHTepcpepemi:mo :meKTpOMarHHTHOro H xpOMOMarHHTHOro .LJ:HITOJibHbIX 

oneparopoB wur rrap.QHaJihHo:ii mHpHHbI HHKJII03HBHoro Ji ~ X, y pacna.n:a B 

nopH.n:Ke 0 (a;) . Pa6ora BbIIIOJIHeHa MH IIOBhIIIIeHIDI TOqHOCTH TeopeTWieCKMX 

rrpe.n:cKa3aHHrr. 

§ 4.1 BBO.n:H.i.rii, r)J,e om1caHo paccMOTpeHHe cl>YHKIUIM G78 (E
0
,µ), 

KOTOpoii COOTBeTCTByeT HHTepcpepeH.QHJI 3JieKTpOMarHHTHOro M 

XpOMOMarHHTlioro .LJ:HIIOJibHbIX orreparopOB 

H 

07 =~mb (µ)(scrµvPRb )Fµv• 
16n 
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"'•JI I 

).:4 
q = g • 

2 
mb (µ) (sacfv PA,)----~l G~. 

16n 2 
B § 4.2 npe.n:cTaBJieHhl )J,HarpaMMbl xpoMoMarHHTHoro .n;HIIOJihHoro 

orrepaTOpa q ,naJOII(He BKJia)J; B pacrra.n: b ~ sy. ,nmi BbiqMcJieHHJI MaTpWIHoro 

3JieMeHTa IIOCJie)J,OBaTeJibHO IIpHMeIDllOTCJI MeTO)J;bI, OIIHCaHHJ:.Ie B nepBOH rnase. 

IIepBbIM IIIaroM asnaeTcH rronyqeHHe c rroMOIIU>JO anropMTMa JianopTa, TaK 

Ha3LIBaeMblX, Macrep-HHTerpanoB. JJ:na rronyqeHHH MacTep-HHTerparros 

HCIIOJih30BaH asToMaTH3HpOBaHHhIH arrropHTM AIR, c IIOMOII(blO KOToporo 

rronyqem.1 IBP ypaBHeHHH (IBP --- HHTerprrposaHIDI no qacrnM). OKoIPrnTeJihHO 

rronyqeHo, qTo Hy)l(HO BJ,IqHCJIHTh H3 Bcero KOJIH'IeCTBa TOJibKO .n:eBJITb MaCTep­

MHTerpaJIOB. .ll:JIH B3HTHJI Macrep-HHTerparroB no neTJIJIM CHaqana BBO)J;HTCH 

cpeiiHMaHOBCKaH napaMeTpH3aQHH H TOJibKO IIOTOM IIpOBO.LJ:l-ITCJI 

HHTerpHpoBaHHe. JJ:nn peIIIemrn sorrpoca rrepeKpbIBaJOII(MX MK pacxo.z1;i1MOCTeif 

MCIIOJib3yeTCJI MeTO)J, ceKTOpHOro pa3JIO)l(eHMJI. IlpHMeHeHHe ceKTOpHoro 

pa3JIO)!(eHirn npHBO){HT K HHTerpanaM, B KOTOpbIX HHcl>paKpacHoe CHHryJIHpHoe 

ITOBe)J,eHHe He CO,D;ep)l(HTCH B CJIO)!(HbIX <PYHKQHHX. 0.!l;Ha H3 KOHeqffblX 

rrpou;e,D;yp, KOTOpaH HCIIOJib3yeTCJI )J,JIH pacqeTOB, 3TO rrpe,D;cTaBJieHHe 

MeJIJIHHa---EapHeca rrporrararopoB THIIa 1 I (x + y)" [13]. PacqeTbl rrpose,D;eHhI .no 

KBa,npaT!1'IHOH cTeneHH no z ( z = m; /mt ). lJHcJieHHbie pacqeThI IIOKa3bIBaIOT, 

qTQ :no rrpH6JIH:>KeHHe ,D;aeT rrorpellIHOCTb rropH,!l;Ka HeCKOJlbKHX rrpo.QeHTOB. 

B 3aKmoqeuuu H3Jiara10TcH ocHOBHhie pe3yJII>TaThI .nHccepTa.QHOHHOH 

pa60TbI: 

• BI>1qHcJieH BKJia)J, 3JieKTpOMarHHTHOro .!l;HilOJIJ:.Horo orrepaTopa 0 7 B 

3aBMCHMOCTH OT Macchi c-KBapKa B o6IIIyio IIIHpHHy pacna.na B --+ X, "{, 
IIOJiyqeHo aHaJIHTH'IeCKOe Bblpa)l(eHHe .LJ:JIH 3TOf0 BKJia,D;a B 3aBHCHMOCTH OT 

MaCCbl C-KBapKa [l]. 
• BbiqHcJieHhI "iHCJieHHhie 3HaqeHMH BKJia,D;a 3JieKTpOMarHHTHoro )J,HIIOJihHOro 

onepaTopa B o6myro IIIHpHHy pacna)J.a B -7 X, y c yqeToM MaccMBHoro c­

KBapKa. Pe3yJII>TaTbl rro,D;TBep,LIHJIM rronyqeHHoe aHanHrn:qecKoe 3HaqeHHe 

w. 
• IIonyqeHHbie qHCJieHmre 3HaqeHHH MH BKJia)J,a 3JieKTpoMarHHTHoro 

)J,MIIOJibHOrO orrepaTopa B 3aBHCHMOCTH OT MaCCbl C-KBapKa B o6myro 

IIIHpHHy pacna.n:a B ~ X, "{ comacYJOTCH c paHee npoBe,a:eHHhIMM 

ou;eHKaMH [lJ. 
• IIonyqeHo aHaJIHTHqecKoe Bblpa)!(eHHe .n:m cneKTpa 3HeprnH $oTOHa 

pacrra,D;a B ~ X, "{ c yqeTOM MaccMBHoro c-KBapKa [l]. 
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• PaccMoTpeH BKJJaJJ. nere11:r:. c-KBapKa B HHTeplf>epem:i;mo 3JieKTpoMarHHmoro 
0

7 
H xpoMoMarnBTHoro 0 8 JJ.HilOJJbHhIX onepaTOpoB )J.J]H napIJ;HanbHOH 

WHpHHhl HHKJJI03HBHOro B-'> x;y pacna,n:a B nop11,n:Ke o( ex;). 
IlonyqeuHb1e pe3y111>TaT1>1 6y.n:yT o6o6meHhI B 6y.n:ymeM, c yqeTOM 
nepeHopMHpOBOK H ,n:pyrnx THilOB nonpaBOK, a TaK)l(e c yqeTOM BKJia,!(OB OT 
H3JiyqeHIDI peanhHblX fJIIOOHOB Ill 

• IloJiyqeHa 3aBHCHMOCTh KOHCTaHI'hl nepeHOpMHpOBKH BOJIHOBOH 4'YHKUHH 
T11:>KeJioro KBapKa B . KBaHTOBOH xpoMO,!(HHaMHKe OT MaCChl C-KBapKa B 

nopJIJJ;Ke 0( ex;) . flpH BhJqffCJieHHH OCBOeHhI H HCI10Jlh30BaHhI "IHCJieHHbie 

MeTO,!(hJ )J.J111 pac"IeTa BhJCIIIHX IlOilpaBOK no Teopmi: B03MYII(eHHH. 
IloJiyqeHHaH ouenKa Bhipa)l{eHHH c 60JihIIIOH TOqHOCTblO cornacyeTCJI c 
COOTBeTCTByi<>II(HM aHaJiffTffqeCI<HM Bhipa)l(eHHeM 11]. 
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2P2111h111lj_b.hpmtl w\.)lpUIJph :pmhqg]lw3]1 il_tpwb.np.tfmil_nptftuh Jiw]uil_momiu1mhg c­
pqmpq]l qmb.qtJ.ma]lg: q.!lum.tf htpqm3mgtJ.ma th btub.p. ptJ.mp.lJ.]1 111\.]lpUIJpb. . 
:}mhqg]l.w3]1 il_l:ipwb.np.tftutJ.np.tftub. mhumqmh qhmhtuumttfb.tpg: 'Lhp.lJ.tupngil_mo 11 
tfhqb.mpmb.tJ.mo hh J.Ul{tuJ]lb. mp.l]Jnthphhp]l mnmgtfmb. tfhiun11hhp.]!, p.u~uihu hmll c­
pil_mpq]:i qtub.qtJ.mb]lg qm]uil_mo m\.)lptuJJ:ih :pmhqg]:itu]p tlhp.1111.tnp.tlunlnp.tlmb. 
pl{tu]]lh hm2tl.111pqhl:ipJ:!: 

bpp.nPIJ: qJ]unu.f mumtfb.mu]lp.tltub t c-pl{tuplJ.]1 qmb.qtJ.mo]:i.g qw]uqwb 

qtlJ.mp.111tfwqhp.uwlj_mb. 11]1uinttuJph ouitpmmnp.]1 hl:i.p.l}p.nttlg B ~ X;y tnp.nhtfwb. 

]!h:qhtub.ntp tUIJb.ntJUJWh u :pmnnb.J:i tb.hpq}i.1113]1 uuitlJ.tnp.Ji tfh2: q.!lunttf 
ul:ipqtu]tugtJ.tuO lib. tfpb.~ UlJcttf Utntugil.mb UlJ:lil]ntb.pb.hpg 0( a..,) lj_wp.qntt.f, np.pg 

hhmn hhp.lJ.w3111gtJ.Uib t c-pl{tup.qp :p]lq]:iqwlJ.tub. qUib.qtJ.Uib]l.g qUI]utJ.1110 

qhlJ.mpmtlwquJiumlJ.mh 11P.uin1w1Jiu ouihpmmnp.Ji hhp.l}Ptftuu :qhp.J:! li ~ x .. r 
tnpnhtftub. tfh2' 0( a.;) q111p.qnLtf: 

'.;lnp.p.np:q ql}unttf ]lp.mqwb.111gtJ.1110 t O (a.;) lJ.tupqnttf pb.pumqJ:nl B ~ X., y 

mpnhtftub. tfwub.tuq]1 11113b.ntp]tub. tft2 c-pil_111pqm3]1b. 011mqhtp.p.g lJ.tu]u1{111b 
1::1tquiptutftuqb.p.u111qtub. u pp.ntlmtf tuqb.]1uwlJ.wb. :q]luinttuJJ:ib. oui hp.mmnpb.l:ip]1 
p.tnnhp:}hp.tb.g~w1]1 b.hp:qptfwb. hw2tJ.mp.qg: 11tumtfb.tuu]1p.ntp]ntb.g 'hui111mtuqb. 1::p. 
pwp.6.p.tugb.ht mhuwlJ.tuh qtub.]utumhunttfb.hpp £12mntJ_UJnthg: Up.1]Jnthpb.tp.J:! 
b.tpqtu]lngtJ.wb th tf)1b.~ b. z-]1 pwnmqmutu3]1h wum]1£lwb.]1 wh:qtutf ]! ( z = m; / m~ ): 
U3u tfnmwpqnufg tnw\.)lu t tl]l pwb.p mnqnu]l u]um1whp: 
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