
OT3hIB 
O<pH~HanbHOrO OrrrrOHeHTa )J.OKTOpa <pH3HKO-MaTeMaTHQeCKHX HaYK 


KY}1,eoK'o IOpOil rpUrOpheBO-Ia 


Ha )J.HCCepTa~HOHHyID pa60TY 


KOBaJ1eOK'O EBreouiI AJ1eK'CaO}1,pOBO-Ia 


«M3MEPEHJilE BEPORTHOCTEH llEPEXO)l;OB ME)K)l;Y 
COCTORHlUlMM CI1CTEMhI EOTTOMOHlUl C 

M3JIY4EHMEM llCEB)l;OCKAJlHPHhIX ME30HOB B 
3KCllEPMMEHTE BELLE », 

npe}1,CTaBJ1eHHYro Ha COOCK'aHUe Y-IeHOD: CTeneHD 

KaH}1,O}1,aTa q,U3uKo-MaTeMaTO-IeCKDX oayK 00 COeUHaJ1hOOCTH 

1.3.15. 	<l>H3HK'a aTOMOhlX H}1,ep D 3J1eMeOTapOhiX -IaCTHU, q,H3HK'a 

BhlCOK'OX 30eprOD: 

,n;HCCepTIUI;HOHHruI pa60Ta E.A.KoBaJIeHKO COCTOHT H3 )J.ByX 

MeTO)J.WIeCKaH qaCTh pa60Thl nOCBHII.:(eHa OnTHMaJIhHhIX 

napaMe'IpOB MOHHTopa CBeTHMOCTH SuperKEKB. MOIDITOP 

CBeTHMOCTH pa3pa60TaH H C03)J.aH C HCnOJIb30BaHHeM 3lleKTPOMarHHTHoro 

KaJIOpHMe'Ipa Ha OCHOBe esI(Tl) Belle II. BTopaH qaCTb pa60ThI 

nOCBHII.:(eHa H3yqeullio a)J.poHHhIX nepexo.n.OB COCTOHHIDlMH 60TTOMOHHH, 

KOTophle 06JIa.n.aIOT aHOMaJIhHhIMH Bhlme CHCTeMhl 

BB. ,n;eTaJIhHOe H3yqeHHe TaKllX HBJIHeTCH BIDKHhIM 3TanOM MH 

nOHHMaHIDl ~H3HKH B-Me30HoB H noc'IpoeHHH TeopeTHqeCKHX TaKHM 

aKTyaJlbHocTb pa60Thl He BbI3hIBaeT COMHeHHH. 

HayqHaB HOBU3Ha HCClle.n.OBaHIDl MQ)KeT KpaTKO npOCYMMHpOBaHa 

H11)Ke. Y cnemHO MOHHTOP CBeTHMOCTH, KOTOPbIH H3MepHeT 

CBeTHMOCTb SuperKEKB C roqHOCThIO 1%. Ha6mo.n.aJIHCb H 

nepeXOJI.bI lS,2S)1], BnepBble H3MepeHa OTHOCHTeJIhHaH 

BepOHTHOCTh nepexo)J.a hb (2P) ~ Y(lS)1], 

pv",,,,",.,,.u> Ha pH)J. a.n.poHHbIX nepexo.n.oB lU,",.",,,,,,",, COCTOHHIDlMH 

npaKTUqeCKU npuMeHeHbI B 

COBpeMeHHOM 

~YHKQHOHHpOBaHHe pa60Ta 

II Ha rrn."''T'<1'~Y~''''''~''U MHorHX 3~~eKTHBHbIH Ha60p )J.aHHhIX, nOICTCIHHHhlH 

KOH'IpOllh 3a napaMe'IpoB YCKopHTeJIH H 

nO)J.TBep)K)J.aIOT OoocHoBaHHocTb H )l:OCTOBepHocTb nOJlyqeHHblX pe3YJlbTaToB. 

http:nepexo.n.oB
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AHCCepTa.:I.J;IDI COCTOHT H3 mlTH rnaB H 3aKJIID'leIllUI. 

0630p 

BBe}1,eHHH 060CHOBaHa npe,Il.CTaBneH 

"H."'JXLI"._ Onpe,Il.eJJeHa ueJJh 

cqlOpM)'nHpOBaHhI 33,L(a'lH, CT05Im,He nepe,II. HCCne,Il.OBaHHeM, OTMe'leHa HaY'lHM 

HOBH3Ha TeMhl HCCne,Il.OBaHH5I, nOKa3aHa H IIpaKTl-fI1:eCKM 3HaQHMOCTb 

nOny-qeHHhIX pe3ynbTaToB, npe,Il.CTaBneHhI nOn.OiKeHH5I, BhlHOCHMhle Ha 3am,HTY, 

anpo6aUH5I pe3ynbTaToB H ny6nHKaUHH, BKJJa,II. a TaKiKe 06beM 

H pa60TbI. 

llepBaH rnaBa ,Il.HCCepTaUHH nOCB5Im,eHa OnHCaHHIO KJIaCcHcjlHKaUHH 


COCT05IHJ.ri;i ceMeHCTBa 60TTOMOHH5I - CB5I3aHHOrO COCTOHHH5I b- H a 


TaKiKe paCCMOTPeHHIO OCHOBHhIX nepeXO,Il.OB MeiK.II.Y HHMH C 

nCeB,Il.OCKamlPHhIX Me30HOB. KpaTKO H3JJQ)IceHa HCTOPH5I 06HapYiKeHH5I 60TIOMOHH5I 

B npOTOH-H,Il.epHbIX H Ha KOJJnaH,Il.epax. I1HTepecHbIMH 5IBnSiIDTCSi 

COCTOSiHH5I Bblme nopora pmK,Il.eHH5I BB, KOTopble 06na,Il.aIDT aHOMaJIhHbIMH 

CBOHCTBaMH. HanpHMep, COCTOSiHHe Y(l 60). ,UnSi aHOMaJIhHbIX 

CBOHCTB Y(45) H Y(S5) npe,Il.nOiKeH pa,II. MO,Il.eJJeH (rH6pH,Il.hI, KOMnaKTHbIe 

TeTPaKBapKH H ,Il.p.), KOTophle KpaTKo onHCaHl>I B rnaBe. HIDIce 

nopora pOiK,Il.eHH5I BB TalOKe HHTepecHbI, nocKonhKY n03BOJJaIDT npOBepHTh 

3cjlcjleKTHBHhle TeopHH nOAA H CTPYKTYPY cocToaHHH. 

rnaBe 2 OllHcaHhI H Belle Ha aCHMMeTPH'lHOM 

e- KOJIJIaH,Il.epe KEKB, 3JIeKT-poHoB KOToporo COCTaBnHeT 8 a 

n03HTPoHoB 3.5 3a BpeM5I pa60TbI 3KcnepHMeHTa 6bIJI Ha6paH HHrerpaJI 
1

CBeTHMOCTH OKOJJO 1000 cjl6­ B OT 9.46 f3B ,Il.O 11 B 

CHCTeMe ueHTPa 

Macc, 'lTO COOTBeTCTByeT pe30HaHcaM Y(IS) - Y(6S). KpaTKo OllHcaH 

KOMllJIeKC KEKB, ero OCHOBHble 

OCHOBHble no,nCHCTeMbI Belle: KpeMHHeBbIH BepmHHHbIH 

,Il.eTeKTOp, ,Il.peHcjloBM KaMepa, BpeMSi-npOJIeTHM CHCTeMa H 

a3pOrenbHble 'lepeHKOBcKHe 3JIeKT-pOMarHHTHbIH KaJIOpHMeTP, npo6eiKHM 

CHCTeMa. nony'leHHhle napaMeTPhI 3THX ,neTeKTopoB, paccMoTPeHa 

H,Ll,eHTHcjlHKaUH5I B 10 rO,IJ.y3KcnepHMeHT Belle 6hIJI 3aBepmeH H HaQaJIaCb 

Mo,nepHH3aUHH Bcex CHCTeM ,nJIa Belle II, 3aKOHl:JHBmasC51 K 2018 r. 
OCHOBHhIM OTJIl-fI1:HeM SuperKEKB 5lBAAeTCSi HcnOJJb30BaHHe TaK Ha3bIBaeMOH 

cxeMbI «HaHo-nyQKOB}). 3HeprHH 3JIeKTPoHoB H n03HTpOHOB COCTaBHnH 7 H 
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npoeKTHhIe napaMeTphI 

KOJIJIaHJ(epa SuperKEKB. 

H 3.5 B rnaBe 
UDJ.l'-'rllV OnHCaHHe .n.eTeKTOpa Belle II Hero 

4 BMeCTO 8 

OCHOBHhIX nOJ(CHCTeM. "lIaCTHOCTH, nOJ(po6HO paccMoTPeHa H 
CHCTeMa c60pa J(aHHhIX KaJIOpHMeTpa Csr(TI), Ha OCHOBe KOTOPhIX peaJIH30BaH 
MOHHTOP CBeTHMOCTH. 

rJlSBS 3 nOCBHII:(eHa CBeTHMOCTH B pe)KHMe peanhHOrO BpeMeHH 

Belle 3TH H3MepeHHH Heo6xo.D.HMhI MH YCKopHTenH, 
npouecca .n.aHHhIX Hero AuH HenpephIBHoro 

Ha 

H3MepeHHH CBeTHMOCTH B a6COIDOTHhIX eJ(HHHUax H YCTO:WIHBOH K <pOHY B H5I<l> CO 
PAH pa3pa60TaH MOJ(Ynh CBeTHMOCTH, K01.'OPhIH H3MepHn CKOPOCTh cqeTa 

npoueCCOB - e H -7 IT nOJ( 60nhmHMH Rcnonh3YH CIITHaJIhI C TOPUOB 
KaJIOpHMeTPa. OnRCaH npHHUMn pa60ThI MOHRTopa 

CBeTHMOCTH, MOHTe Kapno MOJ(enHpOBaHHe, KaJIR6pOBKa R 
BpeMeHHaH CIDIXpOHH3aUHH, BhI60p pa60qHX napaMeTPOB, CRCTeMaTHQeCKRe 
norpemHOCTH H MOHHTOP CBeTHMOCTR ycnerrrno <PYHKUHOHHpyeT H 
RCnOnI:.3yeTcH J(nH KOHTPOnH H onTHMR3aUHR napaMeTPOB YCKopRTenH SuperKEKB. 
KaK H3 cpaBHeHHH on-line Hoff-line cBeTRMocTeH, MOHHTOP CBeTRMOCTH 
J(eMoHcTpHPYeT cTa6HnhHYlO H HaJ(e)KH)'lO pa60ry Ha HeCKonhKHX neT 
Ha60pa HaqHHaH C 2017 r. 

rJlSBS 4 nOCBHII:(eHa H3YQeHHlO aJ(poHHhIX nepexoJ(oB Me)KJ(Y Y(5S) H Y(1 
C H3nyqeHHeM 1] H 1]' Me30HOB. H3nQ)KeH aJIrOpHTM oT6opa C06hITHH, 

KpHTepHH oT6opa C06hITHH H 3<p<peKTHBHOCTH 

peKoHcTPYKIUIH C06hITHH. TIOJ(P06HO paccMoTPeHhI H npoaHanH3HpOBaHhI <poHoBhIe 
npouecchI, MoryT HMHTMpoBaTh HccneJ(YeMhIe npouecchL AHaJIH3HPYeTCH 
06IIl.lfH Jl:nH Bcex npoueccoB pacnaJ( Y(1S,2S)-7 11+ 11-, n03BOnHlOIUHH 
BOCCTaHaBmmaTh Y(lS, no R3MepeHHoM HHBapRaHTHoH Macce MlOOHOB. 

rnaBe J(eTaJIhHO paCCMOTPeHhI H CYMMHpOBaHhI CRCTeMaT.u.qeCKRe norpemHOCTH 
BepoHTHocTeii pacnaJ(OB H 60PHOBCKRX 

B rnsBe 5 npeJ(CTaBneHO HccneJ(OBaHHe hb(2P) -7 Y(lS)1](rro) 

H hb(lP) -7 Y(lS)rro. ]lI3nO)KeHa 06IUaH HJ(eH H OllHcaHhI KpHTepHH oT6opa 
none3HhIX C06hITHH. )J;nH nOJ(aBneHIDI <poHa H ynyqmeHIDI 

<pOTOHOB npRMeHHeTcH KRHeMaT.u.qeCKaH peKoHcTPYKUHH Bcex 6 KOHeqHhIX qaCTHU. 
K pe3ynhTaTe pa3pemeHHe MaCChI Jl:Byx <pOTOHOB 6hIJIO Ha 
1 aHaJI.H3 <poHoBhle 
npouecChI H CHCTeMaT.u.qeCKRe aHaJIH3a nonyqeHhI 
OTHOCHTenhHhle BepOHTHOCTH nepeXOJ(OB B(hb(2P) -7 Y(lS)1]), B(hb(2P) -7 

Y(lS)rrO) H B(hb(lP) -7 Y(lS)rrO). 
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B 3aKJlIOIJeHHH npe,l1.CTaBJIeHbI nOJIyqeHHbIe B pa60Te 

H Bb180,l1.bl. 

CJIe.nyeT oc060 nO,IJ;IepKH)'Tb HaH60JIee BIDKHbIe pe3YJIbTaTbI pa60TbI. 

.nJIa 3KCnepHMeHTa II aBTOpOM pa3pa60TaHO MO,l1.eJIHpOBaHHe MOHHTopa 

CBeTHMOCTH ,l1.eTeKTOpa Belle II, BbIllOJIHeHa OllTHMH3aUHa ero napaMerpoB, 

H3YlleHbI CHCTeMaTHlleCKHe norpemHOCTH. C HCnOJIb30BaHHeM 

MOHHTopa CBeTHMOCTH y,l1.aJIOCb ,l1.0CTHllb TOllHOCTH rryqme 1% H3MepeHHa 

CBeTHMOCTH KOJIJIaH,l1.epa SuperKEKB. B pa60Te H3MepeHbI 

OTHOCHTeJIbHble BepoaTHocTH nepeXO,l1.0B Y(5 lS)17 H Y(5S)~Y(2S)17, C 

HCIIYcKaHHeM 17-Me30Ha, norrylleHbI 60PHoBcKHe CelleHHa HeCKOJIbKHX 

npoueccoB Ha Y(5S) BnepBble H3MepeHa OTHOCHTeJIbHaa BepOaTHOcTh 

nepexo,l1.a hb(2P) ~ Y(lS)17, BeJIHllHUa oKa3aJIaCb lleM Ha nOpa,l1.0K 

HlDKe TeopeTWIecKHX 

113 He,l1.0CTaTKOB ,l1.HCCepTauHH MO)KHO OTMeTHTb cJIeJlYlOmHe. 

1. 	 Ha celleHHe e-e paCCeaHHa H celIeHHe aHHHrHJIaQHH B napy 

CPOTOHOB. 11:3MepeHHble (BH,l1.HMble) CelIeHHa cymecTBeHHO lITO 

06'b51cuaeTca yqeToM 3cpcpeKTHBHOCTH MOHHTopa CBeTHMOCTH. O,l1.HaKO, 

BeJIHlfHHa 3cpcpeKTHBHOCTH HeH3BeCTHa. I1pe,l1.CTaBJl5leTC51, llTO asTOPY 

CJIe,l1.0BaJIO 6bI 3HalIeHHe 3cpcpeKTHBHOCTH H H3JIO)KHTb, KaK 

3cpcpeKTHBHOCTb 6bIJIa onpe,l1.eJIeHa. 

)J.n.a PHCynKOB H 2 HCnOJIb30BaH 1 (arXiv:l011 

Ha ,l1.Be qaCTH: nOKa3b18aeT nOJIOBHH)' ,l1.eTeKTOpa, 

KOTOPbIH nnaHHpyeTca MO,l1.epHH3HpoBaTb, a HH)Iili5l51 ,l1.eTeKTOp Belle ,l1.0 

MO,l1.epHH3a1um. 113 ::noro pHcYHKa B ,nHccepTaQHH asTOPOM 6bIJlH 

COCTaBJIeHbI,l1.Ba nOJIHbIX pHcYHKa ,neTeKTOpoB. I10JIaraIO, llTO 6bIJIO 6bl 

COCJIaTbC51 H HCnOJIb30BaTb MH H306p~eHHa H OnHCaHHa ,neTeKTopa,no 

Mo,nepHH3aQHH OpHrHHaJIbuyro CTaTbIO The Belle Detector, 

Nucl.lnstrum.Meth.A 479 (2002) 117-232, a MH ,neTeKTopa nOCJIe 

MO,l1.epHH3aUHH II Physics Book, 19 (2019) 123COl, 

2020 (2020) 029201. 

3. 	 rJIase 1 MO)KHO 6bIJIO 6bl ,l1.06aBHTb B03MO)KHble B TeopHH ,nHarpaMMhl 

nepexo,noB, HanpHMep Y(5S)~ Y(lS)17, Y(3S) ~ hb(lP)n:o, H 3TO 

6bl nOJIe3HO ,nJIa nOHHMaHHe CPH3HKH 3THX npoueccoB H B03MO)J(HbIX 
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nOJIyqeHHblx B 3TOM 

OTJIWIM5l 3KCnepHMeHTaJIbHblX pe3YJIbTaTOB, 

OT TeOpeTJrqeCKHX npe,ll.CKa3amrii. 

4. 103 npHBe,ll.eHbI nonyqeHHbIe Bep05ITHOCTH nepeXO,ll.OB H OTHorneHHe 

r[ hb (2P) ~ Y(lS)ry] K r[Y(3S) ~ hb (lP)nO], KOTopoe 

OTJIHQaeTC5I OT TeopeTWIecKoro npe,ll.CKa3aHH5I. ABTO KpaTKo ynoMHHacr 

B03MO)KHOrO Pa3JIWIM5l. CJIe,ll.OBaJIO 6bI nO)lp06HO 

06CY)l.HTb B03MO)KHble npWIHHbI paCXO)K,ll.eHM5l 

H MO,ll.eJIbHbIX npe,ll.CKa3aHHM. 

5. COBceM nOH5ITHO cpaBHeHHH 3KICITIeplffIM ,ll.aHHbIX H MOHTe '-'-""'-'JJ'''' 

Mo,n;eJIHpoBaHM5l. HanpHMep, Ha pHCytIKax 4 4.8 60JIbIlIOe 

MOHTe KapJIo H 3KcnepHMeHTaJIbHbIMH ,ll.aHHbIMH. 

TeKCTe He npe,n;CTaBneHO 5ICHOro npWIHHbI TaKoro paCXO)ImeHH5I. 


HanpHMep, LITO npe,n;CTaBJUlIOT C060M 3arn'IpHXoBaIDible rHcTorpaMMbI Ha 3THX 


HnH CHrHaJIbHble npOUeCCbI? 

OTMeqeHHble BMIlIe He)],OCTaTKH He MoryT H3MeHHTb 

nOnO)KHTenbHoro BneLIaTneHH5I OT pa60ThI H cymecTBeHHbIM 06pa30M nOBnM5lTb Ha 

)l,HCcepTauHH, KOTOpa5I C060H 3aKOHLJeHHOe 

HCCJIe)],OBaHHe. )J,HccepTaIJ.M5[ OCTaBJUleT xopornee BneLIaTneHHe. 

npo)],enaJI orpOMHblli pa60TbI H C03)],aJI COBpeMeHHoe 

nporpaMMHoe 06ecneLIeHHe. Pa3pa60TaHHble HM nporpaMMbI, KO)l,bI Hcnonb3YIOTCH B 

peaJIbHOM )],eMCTBYIOmeM n03BOJI5IIOT npOBO)I,HTb 

napaMe'IpOB 3cpcpeKTHBHO ",,,,,'us,,, Ha60p CTaTHCTHKH H 

aHaJIH3 C HaKonneHHbIMH )I,aHHbIMH. COHCKaTeneM 

no Hccne)],OBaHHIO a)I.pOHHbIX 

COCT05IHH5IMH 60TTOMOHH5I. Pe3ynbTaTbI ony6nHKoBaHbI B 

MHp0BbIX no cpH3HKe BbICOKHX 3HeprHii H MeTO)l,HKe 3KcnepHMeHTa, 

)],OJIO)I(eHbI Ha POCCHHCKHX H KOHcpepeHI1;IDIx. )J,HccepTauM5l 

aKKypaTHo ocpopMJIeHa, xoporno HJIJIIOC'IpHpOBaHa KaqeCTBeHHbIMH pHcYHKaMH. 

Co)]'ep)KaHHe aBTope~epaTa nOJIHOCThIO cooTBeTcTByeT CO)I,ep)KaHHIO 

)l,HccepTaUHoIDiOM 

TIpmmMa5I BO BHHMaHHe BbIIlIeH3J10)KeHHOe, LITO paCCMO'IpeHHa5I 

)],HccepTaUM5l KOBaJIeHKO ArreKcaH)lpOBHLJa «lhMepeHHe BepOHTHocreM 

nepeXO)],OB Me)K)],y COCTOHHM5lMH CHCTeMbI OOTTOMOHH5I C H3J1yqeHHeM 
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nceBJ(OCKaIDIpHbIX Me30HOB B 3KcnepHMeHTe BELLE» nOJIHOCTblO COOTBeTcTByer 

rpe60BaHIDIM n.9 «I1oJIo)Kel:lHS.l 0 npHcY)KJ(eHHH creneHeH», YTBep)KJ(eHHoro 

nOCTaHOBJIeHHeM TIpaBHTeJIbCTBa POCCHiiCKOH <DeJ(epaI(lflf OT 24.09 .2013 N2 842, 

npeJ(nHBIDIeMbIM K J(HCCepTaqIDlM Ha COHCKaIille yn:IeHoH CTeneHH KaHJ(HJ(aTa 

CPH3HKo-MaTeMaTWIecKHx HaYK, a ee aBTOp 3aCJIY)IillBaeT npHcy)KJ(el:lHS.l creneIill 

KaHJ(HJ(aTa cpH3HKO-MaTeMaTH'leCIillX HaYK no CneI(HaJIbHOCTH 1.3.15. <DH3HKa 

aTOMHblX HJ(ep H 3JIeMeHTapHbIX 'lacnm:, <pH3HKa BbICOIillX 3HeprHii. 

51, KYJ(eHKo IOPHH rpHrOpbeB:Hq, J(aIO COrJIaCHe Ha BKJIlO'leHHe CBORX 

rrepCOHaJIbHbIX J(aHHbIX B J(OKYMeHTbI, CBH3aHHhle C 3anJ,HTOH J(HcCepTau;HH 

KOBaJIeHKO EBrel:lHS.l ArreKCaH,i1.pOB:Hqa, H HX J(aJIbHeHmylO o6pa6oTKY. 

OCPHI(HaJIbHbIH OrmOHeHT: 

KYJ(eHKo IOPHH rpHrOpbeB:Hq 

J(OKTOP cpH3.-MaT. HaYK, npocpeccop, 'lJIeH-KOppeCrrOHJ(eHT P AH 

(01.04.16 - <pH3HKa aTOMHoro HJ(pa H 3JIeMeHTapHbIX 'laCTHIJ;), 


3aBeJ(y1O.II(HH OTJ(eJIOM CPH3HKH BbICOIillX 3HepnlH I1.5II1 P AH, 


rJIaBHbIM HaY'lHbrn COTPYJ(HHK, 


<DeJ(epaJIbHOe rocyJ(apCTBeHHoe 61OJ()KeTHOe Y'lpe)J(J(eHHe HaYKH 


I1HCTHTYT HJ(epHbIX HCCJIeJ(oBaHHH P AH (I1.5II1 PAH) 

a.n:pec: 117312 MocKBa, npocneKT 60-JIeTIDI OKTH6pH, 7 A 


TeJI: +7(495)850-42-48 


email: kudenko@inr.ru 

12 MaH 2026 r. KYJ(eHKO IOpHii rpHrOpbeBH'l 

TIaHHH ArreKCaH.n;p rpHrOpbeB:Hq 
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