
OT3bIB 

minUl,HaJIbHOrO OnnOHeHTa KY)l;eHKO IOPHSI rpHrOpbeBHqa 

Ha )l;HCCepTan;HlO mMaTOBa CepreSl BJIa)l;HMHpOBHqa 

«HCCJIe)l;OBaHHe npOn;eCCOB napHOrO pO~eHHSI MIOOHOB B 

3KCnepHMeHTe CMS Ha EOJIbIDOM a)l;pOHHOM ImJIJIaH,a:epe», 

npe)l;CTaBJIeHHYlO Ha COHCKaHHe yqeHOH CTeneHH )l;OKTOpa 

q,H3HKO-MaTeMaTHqeCKHX HayK no Cnen;H8JIbHOCTH 01.04.16
4lH3HK8 8TOMHoro SI,a:pa H 3JIeMeHTapHblx qaCTHn; 

).J.HccepTaUHOHHan pa60Ta C.B. nOCBlll.UeHa Mccne,aOBaHMfO pQ)K,aeHH5I nap 

MfOOHOB C BbICOKMMM 3Heprl151MI1 B 06naCTI1 I1HBapl1aHTHblxMacc 1-5 B pa60Te 

B03MQ)KHOCTH no nOMcKY ,aononHlnenbHoro 

KanM6poBo4Horo 6030Ha 4epe3 pacnaA Z'-1-I1+I1- M B03MO)l{HOCTM TecTMpOBaHM}1 UU,JJH:l-' 

MOAeneH paCWl1peHHOro Kanl16pOB04Horo ceKTOpa. B BbInOnHeHbI 

MccneAOBaHMH no MHO)KeCTBeHHoMY pQ)J(,aeHMfO aApoHHbIX 

6nM3Kl1M K M30TponHoMY B M 

Ha pHA Mo,aeneti pacwMpeHHoro Kaml6poB04Horo ceKTopa H MHorOMepHOH 

HM3K03HepreTI14eCKOH rpaBI1TaUMV!. I1onY4eHbl HOBble orpaHM4eHMn Ha napaMeTpbl 

4eTblpeXMepHbiX rpaBI1TOHOB, Ha napaMeTphl 06pa30BaHM5I 

4epHblX ,ablp. Onl1CaHHble B J.u,'v" .... L! 

C I1cnonb30BaHMeM MeTOAOB cjJl13MKI1 

TeOpeTI14eCKMX Mo,aeneH. AKTyanbHocTb 11 HOBM3Ha 3TMX I1ccneAOBaHHH, AocTOBepHOCTb 

nonY4eHHbiX pe3ynbTaToB He BbI3bIBaeT COMHeHl111 

Bo AHcCepTaUI1H MOTMBaUI1H, 060CHOBaHa 11 

HaY4Han 3Ha4HMOCTh BbIflonHeHHblX aBTopOM I1CCne,aOBaHI1H. KpaTKI1H 0630p OCHOBHbIX 

np06neM, Ha peWeHI151 KOTOPhlX 6hlJla 3Ta pa60Ta. TmOKe 113no)l<eHhI uenh 

pa60Tbl, HOBH3Ha, npaKTl14eCKa51 3Ha4I1MOCTh, nl14Hhll1 BKnaA aBTopa I1 CTpyKTypa 

,al1ccepTaUI1I1. 

I1epBa51 AI1CcepTaUI1l·j nOCB}1l.UeHa I1ccneAOBaHIHIM B03Mo)KHocTeH 3KCnepl1MeHTa 

no nOI1CKY HOBOH cjJI1311KI1 npl1 113MepeHI1l1 npoueCCOB ).J.penna-5IHa npl1 3Hepnm 

B 1 AaHO Onl1CaHl1e CMS. OCHOBHhle 

K ,D.eTeKTopHbl!vf CHCTeM3M eMS, HCXO,D.51 113 cpl13HQeCKI1X 3aAa l l 3KCnep11MeHTa. 

xapaKTepl1CTI1KI1 CI1CTeM: 

KaJ10pl1MeTp, npeAnl1BHeBblH a,apOHHbIH KanOpl1MeTp, MKlOHHa51 CI1CTeMa, 

CHCTeMa. I1oKa3aHO, 4TO napaMeTphI YCTaHOBKI1 3a,aa4e 

npeUI13110HHbiX I1MnynhcoB 3ap5DKeHHhiX 4aCTI1U. 

B [naBe 2 AeTaJ1bHOe Onl1CaHl1e cjJH3H4eCKl1X npoueccOB, 

Mo,aeJU1poBaHl1e OTKJ1I1Ka YCTaHoBKH 6blno BbInOJ1HeHO C 

I1Cn0J1b30SaHl1e naKeTa nporpaMM TIoAP06HO 113J1Q)KeHa npoueAypa UvI'VlCl'-' 

MfOOHHblX TpeKOB C I1cnonb30BaHI1e I1HcjJopMaU1111 
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3cp$eKTI1BHOCTb PCKOHCTPYKL\HI1 MtOOHa B ,D.Hana30HC 95-99%, 3a I1CKfltOqeHl1eM HeCKOflhKI1X 

PC3YllbTaT OTpa)KaeT CTpyKTypy MtOOHHOH CI1CTeMbL 

3$$eKTI1BHOCTb BOCCTaHOBJleHH51 MaCCbl ,D.HMtOOHHbIX C06hlTHH COCTaBl1na 

97% ,D.1l51 Macc 60,'1ee 200 KOM6I1HHpOBaHHa51 ",rhfhp'UTunur.,('TI.. 

TpHrrepa 11 peKoHcTpYKL\I1H MaCChi MeHee 5%. 

[naBa 3 nOCB51Ill,eHa I-13YQeHHtO npOL\cCCOB )J,pcnlla-5l"Ha H B03Mo)KHOCT5lM npe,D.CKa3aHI1H 

CTaH,D.apTHOH MO,D.eJ1H. EblJ1a npo,D.eMOHCTpl1pOBaHa B03Mo)KHOCTh H3MepeHH51 CeqeHI151 

po)K,D.eHI151 napbl MtOOHOB 11 npOaHanl1311pOBaHbi B03Mo)KHbie CTaTI1CTI1QeCKl1e 11 

CI1CTeMaTI1QeCKHe EblflH CB513aHHble C H 

HeTOQHOCTl1 CeQeHl151 )J,peJL'la-5l"Ha (HeTOQHOe 3HaHHe CPYHKL\l1H paCnpe,D.efleHI151 

KBapKoB 11 fJ1tOOHOB, norpelilHocTb 6erYIll,eH KOHCTaHTbl CB51311 KX)J, 11 ,D.p.) TalOKe 6bIJ1H 

BbInOflHeH bl l1CCfle,D.OBaHH51 01Il1160K CeQeHH51 pO)K,D.eHl151 CTPYH KX)J,. 

I1CCJ1e,D.OBaHb!MeTO,D.bIYl~rVlv'JvrlYIn aCl1MMeTpl1H BfleTa llenTOHOB. 

B03MO)KHOCTeH o6HapY)KeHl151 HOBOH qm311KI1 B 

KaHaflax C napoH MtOOHOB B KOHe4HOM COCT051Hl1l1. paccMoTpeHbI Hepe30HaHcHbie 

Cl1fHaJIhl 11 pe30HaHchl co Cnl1HOM 1 11 CnimOM 2. ]/i3flQ)[(eHbl MeTO,D.hi CTaTI1CTJ1tleCKOfO 

aHafll13a ,D.JUI 3TI1X CJIYQaeB. 06cY)K,D.aeTC51 B03MO)KHOCTb Ha6J1tO,D.emUI CHrHanOB OT 

MHofoMepHoH rpaBYfTaL\I1I1. AHafl113HpytOTC51 npe,D.CKa3aHH51 paClIll1peHHb!X 

BbInOflHeHb! pQ)K,D.eHI151 11 paCna,D.OB Z'. LITO 

,D.OCTI1)KHMO Ha6J1tO,D.eHl1e Z' v,-,.>un''''' C MaCCaMI1 ,D.O 4.4 T3B B pe)KI1Me BblCOKOH CBeTHMOCTH 

YCKopHTefl51. 

B LJacTH 2 ,D.I1CCepTaL\I1H npe,D.CTaBJ1eHbI I1CCfle,D.OBaHI151 npOL\eCCOB C o6pa30BaHI1eM nap 

MtOOHOB H MHorOLIaCTI1LIHbIX C06hlTI1H B CTOflKHOBeHH51X npoToHoB npl1 = 7 11 8 
B 5 npI1BO,D.51TC51 nap MtOOOHOB 11 3fleKTpoHoB 11 

MHorOLIaCTI1LIHblX B 113Mepemn1 2009-2012 npl1 

3Hepfl151X CTaflKI1BatOIll,HXC51 npoToHoB npl1..Js 7 11 8 EbiflO BbmOflHeHO MO,D.efll1pOBaHHe 

Cl1rHanOB 11 OCHOBHblX f1oKa3aHO, LITO npl1 I1HBapl1aHTHhlX 

Maccax cYMMapHhlH BKJ1a,D. CPOHOBb!X He ,D.fl51 060HX JlenTOHHhlX 

KaHaflOB 11 YBem1LII1BaeTC5l ,D.O 30% fiPI1 YBefll1LIeHHI1 Macc. 

peKoHcTpYKL\I151 11 owop nap MtOOHOB Tpl1rrepHOH CI1CTeMoti, a TaK)l(e MeTO,D.bl KOppeKTl1pOBKI1 

CI1CTeMaTI14eCKI1X ,D.l1cp$epeHL\l1aJ1bHbIX 

CeLIeHI1H ZO npocTpaHcTBeHHoH «"'YllVll"'" B hlJl eTa 

nenTOHOB, 113MepeHH51 napaMeTpa CMelIHlBaHI151 cna6ofo B3aI1MO,D.eticTBI15l sin20e fT' 

fnaBa 6 nOCB51Ill,eHa nOI1CKY HOBOH CPl1311KH 3a paMKaMI1 Mo,nefll1 3a CLIeT 

I1CCfle,D.OBaHH51 B03MOIKHbiX COCT05lHI1H co Cnl1HOM 11 CfIl1HOM 2 11 

COCT051HI1H. f10I1CK COCT051HI1H npOBO,D.MflC)I nOMOIll,btO 

BOCCTaHOBfleHI15l J1enTOHOB. Onl1CaHa npoL\e,D.ypa nOHCKa CMnmfla, 

Cl1CTeMaTI14eCKI1e florpelllHOCTI1 11 nOflYLIeHbl BepXHl1e npe,D.eflbl Ha 

pe30HaHcHhle 11 COCTO)!HI151 B lIII1POKOM ,D.l1ana30He Macc. B fflaBe 7 

I1CCJ1e,D.OBallI1Cb 11010I1(~CCchJ MHo)KeCTBeHHoro pO)!(,D.eHI15l 'laCTI1L\ npl1..Js 7 11 8 a TalOKe 

npOBO,D.HnC51 nOI1CK Cl1rHaflOB OT MHKpocKOnWteCKI1X MHofoMepHblx ,D.b!P 11 

KBaHTOBblX 4epHbix ,D.hlp. OCHOBHa51 no,D.XO,D. nOI1CKa TaKI1X Cl1fHanOB 6a3l1pyeTC}l Ha 

ccpepl1LIHOCTI1 OCM) BbmOJ1HeHO 

2 

http:MeTO,D.bl
http:paCna,D.OB
http:MeTO,D.hi


MHKpOCKOnH4.CCKHX ,AblP, Bbln011HeHbl paC4.eTbI ce4.cHI1I1 ,A1151 pa3HbiX 

MO,Ae11eH. Onl1CaHa peKOHCTpYKIJ.I151 CTpyti H aHanH3 ,AaHHhIX. PaCCMOTpCH MeTO,A OIJ.eHKI1 

CPOHOBblX C06bITI1H, Cl1CTeMaTl14eCKHX 

H npI1BOJl,5!TC5I OrpaHI14.eHI151 Ha Ce4.eHI151 

MHO)l(eCTBeHHOrO po)K,AeHl151 YaCTl1IJ., OTKJlOHeHI15! OT npe,ACKa3aHI1H CTaH,AapTHOH MO,AeJll1 He 

06HapY)l{eHO. Ha ypoBHe 95% CL Ha Ce4.eHH5I o6pa30BaHI151 

KBa3HKJlaCCI1'-1eCKl1X l1 KBaHTOBblX Ml1I<pocKOnl14eCKI1X ,Ablp. B npl1no)KeHI151X 

,Al1CCepTaIJ.HI1 npe,ACTaB11eH p51Jl, nOJlY'-IeHHbIX pe3YJlbTaTOB. B 3aKJlf04eHHl1 Jl,l1ccepTaIJ.I1H 

CCPOPMYJll1pOBaHbl OCHOBHble 11 BblBO,Abl ,AI1CCepTaIJ.l1oHHOI1 n;nHYI''''' 

nO,AtjepKHYTb CJle,AYfOlll,l1e Ba)KHble npeJl,CTaBJleHHble B 

Jl,I1CcepTaIJ.l1I1. B nepBYfO Heo6xo,AI1MO OTMeTI1Tb, 4TO C.B.WMaToBbIM 

11 Jl,eTaJIbHO nporpaMMa nOI1CKa pa3Jll14HblX 3a paMKaMI1 

MO,AeJ1l1, KOTopble MorYT 6blTb o6HapY)KeHbl npl1 113MepeHl1l1 KHHeMaTl14eCKl1X napaMcTpoB 

napbl MfOOHOB B KOHe4HOM COCT05lHI1I1, o6pa3YfOlll,I1XC5l npl1",,5 14 B CI1CTeMe 

Macc. ABTOPOM BnepBhle 6blJla npOJl,eMOHCTpl1pOBaHa B03Mo)KHOCTb 113MepeHI15l Ce4eHI151 

npoIJ.ecca )J.peJlJla-JIHa B 06JlaCTH I1HBapl1aHTHblx Macc ,AO HeCKOJlbKI1X 11 113MepeHbl 3TH 

Ce4eHH5I. 6blJla nOKa3aHa B03MQ)KHOCTb Ha6mo,AeHI151 CHrHaJIOB OT MHorOMepHOH 

rpaBI1TaIJ.HH, KOTopble MO,AeJlbfO C 60J1bWI1MH Jl,onOJlHHTeJlbHbIMI1 

H3MCpeHH5!MI1. C.B.WMaTOB 060CHOBan B03MQ)KHOCTb TIDKeJlblX pe30HaHCHblX 

COCT05!HI1H co CnI1HaMH 1 H 2 H pa3pa6oTaJl MeTO,AHKY HX nOHCKa. B pa60Te nOJlyyeHbl HOBble 

Jl,aHHble 0 B3aI1MO,AeticTBHH 4aCTHIJ. npl1 7 H 8 T3B, H3MepeHbl 11 

,ABa)K,Abl ,Al1cpcpepeHIJ.HanbHble Ce4eHI15l npoIJ.ecca )J.penJla-JIHa. C Hal1ny'-lweH T04HOCTbfO 

6hl11H l1HKJl103l1BHble ceLleHH5I pQ)!(Jl,eHl151 ZO 6030Ha. TIonY'-leHbl OrpaHI14eHl151 Ha 

CeYeHI151 MHOjKeCTBeHHoro 4aCTl1IJ. H ,AaHa Jl,JUI 

06pa30BaHH5l KBa3HKJlaCCl14.eCKHX l1 KBaHTOBblX Ml1KpOCKOmiyeCKl1X yepHblX 

nonytIeH p51Jl, q)YH,AaMeHTarIbHblx pe3YJlbTaTOB, KOTopbIe B 3Ha4l1TenbHOH CTeneHl1 onpe,Aen5l1OT 

HanpaBJ1eHI151 3KcnepHMeHTanbHblx Ha 

B pa60Te MQ)I<HO 6blJ10 6bl OTMeTI1Tb Cne,AYlOlll,He 

51BneHl151, KOTopble 

OpeJl,CTaBn5leTC5l, 4TO nponylll,eH Ba)I<HblH He 

CTaHJl,apTHOH a I1MeHHO, HaJIl14l1e HeHyneBoH MaCCbI HeHTpI1Ho. 2. B rnaBe 5, 
pa3Jl,en 5 paccMoTpeHbl l1CTO'-lHHKI1 CI1CTeMaTH4eCKI1X norpewHocTeH npl1 113Mepe!II1H 

Ce4elll1H <DOH Jl,aeT BKnaJl, C Cl1CTeMaTI1KY ,An51 

MO,Abl pacnaJ\a e+-e- Jl,n51 Macc >200 npH ",,5=8 l1 OWl16I<a, CB5I3aHHa51 c CPOHOM, 

5lBJl5leTC5l caMOH 60JlbWOH 113 npHBeJ\eHHblX B 5.24, TIonaralO, QTO n05ICHeHHfO ::HOH 
CI1CTeMaTwlecKoH norpeWHOCTI1 CJ1e,AOBaJIO 6bl YJl,enl1Tb 60nbwe BHI1MaHI151. 3. B 

aCI1MMeTpHl1 B I1cno11b3yeTC5I nOJl5lpHbIH 8*, 

onpeJl,eneH Ha pHc.3.69. O,AHaKO Ha 3TOM pHCYHKe nOKa3aH yroJ1 8. 4. B TeKce 

HeCKonbKO pa3 4TO Jl,aHHble xopowo cornacYKHc5I C ,AaHHbIMH 

ATLAS, OJl,HaKO He 06HapY)J{HTb Hl1 IJ.H<pPbl, pHCYHKa I1nl1 

Ta6nHIJ.bl, nOJl,TBep)l(Jl,alOlll,HX 3TI1 BbIBO,Abl. 5. CTPYKTypa He OLleHb 

OnTl1ManbHa. 6bl J1yywe 3a fJlaBaMI1 1 11 2 rJlaBhl 5, 6 11 7 C 

pe3YJlbTaTaMI1 113Mepe!!l1H npH",,5 7 H 8 A maBbl 3 11 4, nOCB5Illl,eHHble nepCneKTl1BaM 

HCCJ1eJl,OBaHHH npl1 ::meprHl1 14 T3B, nOMeCTI1Tb nocne 
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HI13KI1X 3Hepr\151x. 6. ECTb 3aMe'-!aHl151 K I1cnOllb30BaHI11O TepMI1HOllOrl1l1. Hanpl1Mep, Ha 

CTp.238 "P06acTHocTb I1cnOllb3yeMoro MeTO)J.a .. .". Ha CTp. 278 "Mo)J.ellbHo-He3aBI1CHMbIM 

cnoc060M npoBe)J.eHbl 113MepeHI151 BepXHI1X npe)J.ellOB (95% CL) Ce'IeHHH npOl(eCcOB 

MHo)KeCTBeHHOrO pO)!()J.eHH5I ... " 

YnOM5IHYTble He)J.OCTaTKl1 11 3aMe'IaHI151 He Blll151IOT Ha 061.l(YIO Ol(eHKY pa60Tbl. 

JJ:l1ccepTal(l10HHa51 pa60Ta C.B. WMaTOBa BbInOllHeHa Ha BblCOKOM HayqHoM ypoBHe, pell1aeT 

aKTYallbHble HaY'IHble 3a)J.a'Il1 cpl13I1Kl1 311eMeHTapHb1X 'IaCTI1l(. B pa60Te npe)J.llO)KeHa, 

CCPOPMYlll1pOBaHa l1 BbInOllHeHa ll1l1pOKa51 nporpaMMa I1CClle)J.OBaHl1H B KaHalle C napOH 

MIOOHOB BbICOKI1X 3Heprl111 B KOHe'IHOM COCT05lHI1I1. ABTopecpepaT )J.l1ccepTal(1111 11 

ony611I1KOBat-IHble pa60TbI OTpmKalOT OCHOBHoe CO)J.ep)KaHl1e )J.l1CcepTal(l1l1. JJ:OCTOBepHOCTb 

nOllY'IeHHbIX pe3YllbTaTOB He BbI3blBaeT COMHeHI1H. OHl1 XOp0ll10 corllaCYIOTC5I C 

pe3YllbTaTaMI1 3KCnepl1MeHTa ATLAS. OCHoBHble pe3YllbTaTbl, B KOTOPblX nOlly'IeHbI 

OrpaHI1'IeHI151 Ha Pa311l1'IHble paCll1l1peHl151 CTaH)J.apTHoH MO)J.elll1, BKJlIO'IeHbI B 0630Pbl 

(Ta611I1l(bl) Particle Data Group. Bce HaY'IHble pe3YllbTaTbI )J.l1ccepTal(l1l1 ony611I1KOBaHbI B 

CTaTb5lX aBTopa B pel(eH3l1pyeMblx HaY'IHbIX 113)J.aHI151X l1 npe)J.CTaBlleHbI 11M Ha Pa311I1'IHbIX 

Me)K)J.YHapO)J.HbIX KOHcpepeHl(l151X OT l1MeHl1 KOlllla60pal(1111 CMS. 

ITpl1Hl1Ma51 BO BHl1MaHl1e BbIll1el1311o)KeHHoe, C'Il1TalO, 'ITO paCCMOTpeHHa51 

)J.l1CCepTal(l151 C.B. WMaTOBa «l1cclle)J.OBaHl1e npOl(eCCOB napHoro po)K)J.eHI151 MIOOHOB B 

3KCnepl1MeHTe CMS Ha DOllbll10M a)J.pOHHOM KOllllaH)J.epe» 6e3yclloBHO COOTBeTcTByeT BceM 

Tpe60BaHI151M, npe)J.b5lB1l5leMbIM K )J.OKTOPCKHM )J.HccepTal(I151M Tlollo)KeHl1eM 0 npHcY)!()J.eHHI1 

Y'IeHbIX cTeneHeH, YTBep)I()J.eHHbIM TloCTaHOBlleHHeM TlpaB"lTellbCTBa P<D NQ842 OT 24 

CeHT5I6p51 2013 r., a ee aBTOp CepreM Blla)J.HMHpOBI1'I WMaToB 3acllY)KI1BaeT npHcY)I<)J.eHI151 

Y'-leHOH CTeneHl1 )J.oKTopa qm3HKo-MaTeMaTI1l{eCKI1X HayK no Cnel(l1allbHOCTI1 01.04.16 -

cj:>l1311Ka aTOMHoro 51)J.pa H 311eMeHTapHblx 'IaCTI1l(. 

4 OKT5I6p51 2019 r. 
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