«Y TBEPXK/JIAFO»
IIpopexkTop

OT3bIB

BeAyler OpraHu3aIuu s Deepa/ibHOIO roCyjap CTBeHHOI'0 0IO/PKETHOr o
obpasoBaTe/IbHOr0 yupeX/eHHsi BbIciiero obpasoBaHus «MoCKOBCKHI rocyap CTBeHHbIH
yHuBepcurer uMeHH M.B.JIomoHocoBa» Ha paucceprammio CTEIIEHHOBA AnToHa
AmurpueBuua «O6pasoeanue 6eKmopHbIX (G030H08 8 CONPoEo}COeHUU AOPOHHBIX CMpYIl»,
NpejACTaB/IeCHHYI) HAa COMCKaHHEe YYEeHOM CTelleHHM KaHjujara (pH3HMKo-MareMaruuyecKux
HayK no cnenuaJabHocTH 01.04.23 - «@pusuka ebicokux snepzuii».

OKCIlepUMeHTa/IbHble JaHHble, I10JlyyaeMble Ha YCTaHOBKAaX BoJIBIIOro afpoHHOro
korvtarziepa (BAK), sBnsiorcss cerosHs oCHOBOM rmporpecca B (M3MKe BBICOKMX SHeprHil.
OtkpeiTHe Koaboparpsimu BAK ATLAS u CMS 6030Ha XMrrca ¥ MOMCK TPOSIBIeHUI «HOBOI
(bU3HMKM» COTIPOBOXKAAIOTCS YTOUHEHHEM Tpe/cKa3auuii CTaHzapTHOM Mojie/Td U BepudrKarpieit
pPa3/IMYHbIX (heHOMEeHO/I0rHYe CKUX I01X0/10B. becripeueieHTHas CJIOXKHO CTh
SKCITePUMEHTA/IbHBIX  YCTaHOBOK BAK Tpebyer Tak)ke TIJaTe/IbHOIO yuyeTa BCex
CUCTeMaTHue CKUX 3(P(eKTOB, CYIeCTBEHHO YC/IOKHSEMBIX AIUTeNbHBIM (>10 11eT) cpokom

paboTel ZIeTEKTOPOB B YC/IOBUAX CWIBHOM paJMalldOHHOMN 3arpy3ky. JluccepraipioHHasi paboTa
A.[l. CrerieHHOBa OXBaTbiBaeT Kak (H3WUYECKHWH, TaK M MeTOJWYeCKHI acreKThl aHa/IM3a

HOBEHILIMX JaHHBIX 9KcriepuMeHTa CMS, 1103TOMY €é akTya/IbHOCTh He BbI3bIBAeT COMHEHMIA.

MeToayueckast yacTe paboThl NocBsilieHa pa3paboTKe MeToja M3MepeHHUsl U H3MepeHHIO
YMeHBIIIeHH CUIHa/la IepejHero KajiopuMerpa ycraHoBKM CMS BoieacTBHe paayalllioHHbBIX
MOBPeX/eHHH CUIHa/IbHBIX KBaplieBbIX BOJIOKOH. [[yiccepraHTom paspaboTaHa MeTolMKa yueTa
M3MEeHeHHsl CUT'Ha/la B 3aBMCHMOCTHU OT YIVIOBOI'O IT0JIOXKeHHWsI MOAY/ISA Ka/lopyuMeTpa, Habp aHHoMH
WHTeIrpa/IbHOM CBETHMOCTH M YMC/a TPOTOH-NIPOTOHHBIX B3aMMO/eHCTBHUH TPU CTOJIKHOBEHHH
ITy4YKOBBIX CI'yCTKOB. OIMcaH MeTo/| M3MepeHH Be/IMUUHb] CUTHa/Ia B TepeiHeM Ka/lopUMeTpe C
MCT10/Ib30BaHHEM KOHTPOJIbHBIX COOBITHH, 0TOOpAHHBIX C TOMOILBIO TPUITEpa YCTAaHOBKHW, He
3aBHCAILET0 OT M3MepsieMOro curHasa. llpeajio)keHsl rnapameTpu3al[ii W3MepeHHOI'0 CHMrHasla,
OTIMCBIBAIOLIMIE €ro 3aBHMCHUMOCTb OT YIVIOBOI'O IIOJIOXKEHMsI €10 Moay/aed W HabpaHHOM
CBETUMOCTH. BbIuMC/IeHHe yMeHbIlIeHHsI W3MepPeHHOM SHepruy OTHOCHTE/IbHO 3HaueHWH JUIs
c/1051, HalboJslee ya/IeHHOTO OT OCH ITy4Ka, M03BO/IWIO BbIAE/IUTH 3(deKThl, CBI3aHHbIE TOJIBKO C
PaJxallMiOHHBIMH TTOBpeXXeHUsIMU CBeTOoBO/IOB. [1okasaHo, uTo npejsio)keHHast rapame TpU3aLys
X0pomo ormceiBaeT Bce AaHHble 2012-2018rr. ¥ MoxkeT OBITH MCII0/Ib30BaHbI JJISI OLIEHKH
Alerpajaliii BOJIOKOH KajlopumeTpa B Oyayumix ceaHcax pabotel BAK. Takske nosyuyeHHble
pe3y/IbTaTbl KPUTHUE CKM BaXKHBI JI/IsI KOPPEKLIMH 3aperMCTPHUPOBAHHBIX CUTHA/IOB KaJlopyuMeTpa



NpH (U3KMYECKOM aHa/lu3e JaHHbIX, HabpaHHBIX ycTaHOBKoM CMS, B /moboM aHammse,
H3yJalrolleM CTPYH.

OAHMM M3 TIPOLIECCOB, MCC/IeA0BAHHBIX B JUCCEPTalH, SB/ISETCS poXkaeHHe Z-6030Ha
COBMECTHO C C-KBapKoM. Takwe cCOOBITHS SB/ISIOTCS OJHWUM M3 CYIIECTBEHHBIX (DOHOBBIX
NPOLIECCOB IPH TIOMCKe sIB/IEHWH 3a rpejenamMu CraHzapTHOM Mojem. VX M3yueHHe Takke
T103BOJ/IS€T NPOBEPUTH CYLLIECTBYIOLIME (pH3MYeCKHe MOJe/d W YTOUHWThL 3HauyeHWs [apTOHHOM
(PYHKLMM IUIOTHOCTH TIPOTOHA. ABTOPOM YCIIEIIHO pellleHa 3a/jaua paszies1eHust 0TOOpaHHBIX /1151
aHa/M3a CoOBITMII Ha CUrHabHBle — cofepkaupie Z-6030H M a[pOHHYIO  CTPYVIO,
WHUIIMMPOBAHHYIO C-KBAapKOM, Y (DOHOBble — B KOTOPBIX CTPYH BbI3BaHbI H0Jiee TOKeIBIMUA WIN
JIETKUMHA KBapkaM. /leTeKTopHble 3((eKThbl, CBA3aHHble C KOHEYHOH TOYHOCTHIO M3MepeHMs
MMITy/IbCOB  Z-D030Ha M C-CTPYM, YUTeHBI C MOMOLIBIO MCII0/Ib30BAaHMS METOJA pery/spy3aliiu
ImxoHoBa  (obpatHast  cBepTka). IlpoBeleH  THIATeNBHBIA  aHAIM3  BO3MOYKHBIX
HeonpeJle/IeHHOCTe — KakK TeOpeTHYeCKHX, TaK M SKCIIePUMEHTa/JbHbIX, BIMSIONIMX Ha
I0/Iy4eHHBIN pe3y/ibTar — AuddepeHIa/IbHbIe U IT0/THbIe CeYeHUsT COObITHIH ¢ Z-6030HOM U C-
CTPy€H B MoJax pacriana Z-6o3oHa Ha JBa jenToHa. IIpejCTaB/leHO CpaBHEHHE IAHHBIX C
TeOpeTHYe CKUMMU ITpeiCKa3aHHIMM.

BropeIM rmpoujeccoM, IpoaHaM3MPOBAHHBIM B JAMCCEPTALIUH, SIBJISETCS Trpoliecc
3/1EKTPOC/1aboro poXkaeHust BeKTOpHOro 6030Ha ¢ AByMs cTpysiMu. Ero H3yuyeHMe I1pe0CTaB/IsieT
BO3MOXXHOCTb KaK ITPOBepKH IpeJcKasaHuy CTraHAapTHOM MOJe/IM, TaK U IMOKUCKa BO3MOYKHOTO
MpOsIB/IEHUS  aHOMa/JIbHOT0  Tpex0030HHOro  B3aKMMOEICTBUA. OaHako, IIpolieCChl
3/1eKTpocsiaboro poxkaeHHst Heobxoaumo otgenuts o KXJI-riporieccos, HMEIOII[UX TaKoe e
KOHEYHOe COCTOSIHHe M MWHTep(UPUDPYIOIIMX C CUTHAIBHBIM MPOLIECCOM. OTa 3ajaya Obula
pellleHa C MoMolpl0 Meroja MaumHHoro obyuenuss BDT (boosted decision tree), a
MHTEP(EePeHLIMOHHBIA BKJ/IaZ, OL|eHeH IPSIMbIM MOJe/TMpOBaHHEM BBIOOPKH TakKHUX COOBITHI.
[IpogeMOHCTPHpPOBaHO TPEUMYIIECTBO TakKOro MeToAa TIlepell pasHOCTHBIM METOJIOM C
reHepaljied Ipoujecca ¢ CyMMapHo#l amrumrygoii. [TosyueHHBIE C ITOMOIIBIO metoga BDT
pacripe/ie/IeHUs1 T103BOJIWIM TIOJIYyUYUTh Be/JIMUMHY HWHTErpa/ibHOr0 CeueHWsi 371eKTpoc1aboro
npouecca, TIpH 3ToOM ObUIM TakKe y4YTeHbl MHOIOYMC/IEHHble TeOpeTHYeCKHe WU
SKCTIEpUMEHTa/IbHbIe CUCTeMaTHUeCKHMe M CTaTUCTUYeCKHWe HeoIlpeae/IeHHOCTH. Takke B
aHa/mM3e CoOBITHH € poXkaeHHeM Z- 1 W-6030HO0B M0/1y4eHb]l OrpaHUUeHMs] Ha psAJ r1apaMeTpOB
aHOMaJIbHOro Tpexbo030HHOro B3aumogelcTBusA. Cuia curHana s 571eKTpoc1aboro POXKIeHUsI
Z-6030Ha ¢ IBYMS CTPYSIMH COIVIACYyeTCs C pPe3y/IbTaToM Kosutabopaiu ATJTAC u pacueTamu 1o
Mownte-Kapo Mozessam.

Pesynbrarel paboTel rpejcTaBnsiOT 6e3yC/IOBHYIO IL|EHHOCTb /IS TPOBOJAMMBIX U
I/IaHUPYeMBIX SKCTIEPUMEHTOB B 00/1acTH (PH3HKM BBICOKMX 9Hepruii Kak B Poccuiickux (UDPBJ,
OWAIN), Tak u 3apybexxunix (IIEPH) HayuHbIX 1jeHTpax. BhicoKas 3Ha4MMO CTh TIPe/ICTaB/IeHHbBIX
B paboTe pesy/ibTaToB /1 rporpecca B 06/1acT¥ (M3MKM BBICOKMX 5SHEDPTHil HE BBI3BIBAeT

COMHEeHMWH.

HuccepraiionHas paboTa cOCTOMT U3 BBeJeHUsl, UeThIpex IVIaB M 3aK/IIOueHus, 061mm
obremoM 126 cTpaHMila TeKcTa U 78 CCBbUIOK Ha JIATEPaTypy, COAEPXXUT 65 wumocTpalyi U 26
Tabu1y,

Bo BBeZieHnu faH 0630p I10X0/I0B, UCII0/IB3YEMBIX /ISl TTOMCKA HOBBIX (DU3MUeCKUX SBICHUH U
MX HCII0/1b30BaHHe B 3KcriepuMeHTe CMS, nokasaHa akTyaJlbHOCTh TeMbl AMCCepTalMd U
chopmy/IMpoBaHa Lie/Ib UCC/IeI0BaHKsl, TIep eurc/IeHbl BLIHO CMbIe Ha 3aI[HUTY pe3y/bTaTbl U UX
HayyHasi HOBM3HAa. lakke BO BBeJleHMM 000CHOBaHa IIpakTWYeCKash 3HAYMMOCTb pPaboTsl,
AOCTOBEPHOCTD ITO/TyUYE€HHBIX pe3y/IbTaTOB M H3/I0XKEHO COJiep>KaHHe JIMYHOTO BKJ/lajia aBTOpa B
I10J1IyUYeHHbIe pe3y/bTaThl.

Bropast raBa cogepxur ormcanre yckopurenst BAK u ycranoBku CMS. JleTa/IbHO OMMCaHBI eé
AETEKTOpHbIE 3/IEMEHTBbI, SKCIIepHMEeHTA/IbHbIE BO3MOXXHOCTH WM XapaKTePUCTHKW TPUITepHOM
CHCTeMBbI M IporpamMMHoe obecriedeHne 11st 06paboTKu 3KCrie pUMeHTATbHBIX JaHHBIX.



Bo TpeTheil IyiaBe aBTOp M37araeT paspaboTaHHYI0 MM METOIMKY 3MepeHUsT oc1abneHus
CH'Ha/la B IepejHeM KajlopuMeTpe. B pesynbrare paboThl BriepBble HM3MepeHO oc1abieHue

CHMI'Ha/la B TIepelHeM Ka/lopUMeTpe BIUVIOTH A0 HabpaHHoH cBeTMMOCTH ~170 ¢6 rpu sHeprum
ot 7 1o 13 T>B.

B ueTBepTO¥ I7M1aBe NMPUBOAATCS pe3y/IbTaThl MCC/IeL0BAHUS COBBITHIH ¢ Z-6030HOM M CTpyeH,
MHHLMMPOBAaHHOH C-KBapkoM. BriepBble mosyueHsl audpepeHIMaIbHBIE CeUeHUS U TT0JTHOE
ceveHue rpoliecca obpasoBaHus Z-6030Ha U C-CTPyM, IPH SHEPrUM pp-cTonnkHOBeHUH 13 T3B u
POBE/IEHO MX CpaBHEeHMs C pe3y/ibraTramu psiga Monre-Kapiio mozaeneti.

[Taras rnasa nocesiena usyyeHmo smektpocaboro poxkaeHus W 1 Z-6030H0B B TpoLieccax
AByMSL CTpysIMU. JI3MepeHBl cCeueHMsl TaKMX IIPOLIECCOB C Y4eTOM MHTepdepeHIu C
IpoLeccaMM, BK/TIOYAIOIMMU CU/IbHO e B3aUMO/1eHICTBHE.

B 3akmouennn chopmynIupoBaHbl pesyabTaThl AMCCEpTaLH, rpeJCcTaB/IeHHble IS 3alllUThI.
Texcr aBropedepara COOTBETCTBYeT COAEpPXKAHMIO AMCCEpPTALMM. Pe3ynbraThl, BBIHOCHMBIE
dBTOPOM Ha 3alllMTy, B TIIOJIHOM Mepe TIIpeACTaBleHbl B IyO/IMKALMAX, IIPUBEJEHHBIX B
aBTOpeepare.

Pesybrathl Mcc/1e J0BaHMI 01y6/IMKOBaHbBI B 0HIHA/ILHBIX nybnykausix Kosviaboparpm CMS,
410 TOATBEPXJAeT MX BBICOKYIO J0CTOBepHOCTh. CeueHue snekTpociaboro rmporecca
obpasoBanus Z-6030Ha U 2-x CTpYyii COIVIaCyeTCs C pe3ynbTraroM skcriepumenTa ATJIAC.

CrieflyeT 0TMeTUTB psiji HebGO/BILMX 3aMeUaHui K AHUCCepTALMOHHO M pabore:

1. crp.45: «.. wucrione3oBaics reHeparop MG5_AMC NLO» - W e HTU(DUKATOP
«MGS5_AMC» Hurge He pacumigppoBbIBaeTCs

2. c1p.73: B nipeanocneaHeM rpeioxeHud «J1st 3Toro K pes3y/sbTaTraMm...» BUIUMO, BhIrlajia
YacTh TEKCTa.

3. Crp.84: B Tabmuue 19 He npuBeneHbI eAVHULIbI, B KOTOPBIX H3MEPEHO CeueHHe
(rmxobapH?)

4 . Ccbuiku [44] 1 [76] Hero/iHBIe, COePIKAT TOLKO Ha3BaHMe paboThI U roa 1yoMKaLu.
O . Ccepuika [77] — oTcyTcTByeT yKasaHue Ha HCTOYHUK — arXiv:

6. Bmecro HasBanusi «mozens BDT» B TeKCTe, BEpOSATHO, JIy4Yllle WCII0/Ib30BaTh

obwienpunsToe «Metos BDT». Takke, BO3MOXKHO, C/Ie0Ba/Io Bbl M3/IOXUTH 6GO/IbLIe
AleTasier MPUMeHeHUs IaHHOT0 MeToZla B pabore.

OTMeueHHble 3aMeuaHMsi He B/IMSIOT Ha OOLIYIO BBICOKYIO TOJIOXKHUTE/ILHYIO OLIEHKY
MpeACTaBleHHOM  paboTel.  [lMccepTalysi  SIB/ISIETCS  LIe/IbHBIM,  JeTalbHBIM HayYHBIM
UCCIelOBaHHEM.  ABTOP TIpOBeJ  Psifi  SKCTIIePUMEHTAILHBIX  M3MepeHHid, e Ta/IbHO
MPOAHAI3HPOBaJl BO3MOXKHbIE HCTOYHHKH ITOTPEIIHOCTeH Y NpeiCTaBW/I HOBbIE pe3y/IbTaThl 110
3asIB/IEHHOH TeMe, KOTOPbIe MOXKHO OLIEHHTb KaK CYIIe CTBEHHOE /10 CTHXKeHHe B ¢Hr3KKe BBICOKHX
SHepPTHM.

[lo akTya/bHOCTM W HOBM3He pe3y/lIbTaToOB, BaXKHOCTU BLIBOJIOB, JAWCCepTaLUs
CrenieHHoBa AHTOHa JImuTpueBnua «O6pasoBaHHe BEKTOPHBIX G030HOB B COTIP OBOXK 1€ HHUH
4/IpOHHBIX CTPYH» COOTBETCTBYET BCEM KPUTEPUSAM, YCTAHOB/IEHHBIM B «[10/I0)KeHUH 0 ropsiiKe
MPHCY>K/€HHST yUeHBIX CTelleHeH», YTBePXKAEHHOM IocTaHoB/IeHHeM [IpaButesibctBa PO oT 24
ceHTss6pst 2013 roma No 842 c AornoHeHMsaMHM oT 21 ampena 2016 rog No
335, a cam CrerteHHOB AHTOH /IMUTpHeBUY, 0e3yC/I0BHO, 3aC/Iy>KMBaeT MPUCY K/ eHHS yUeHOU
CTEereHH KaHAuAara (PU3HKO-MaTeMaThuyeCKMX HayK I10 crietasibHoCcTH 01.04.23 — dmsuka
BBICOKHX SHepPTyH.



OT3BIB COCTaBWII:
B.H.c. JIabopaTtopuu TsDKe/IbIX YaCTHL] M pe30HaHCOB

OTzen1a SKCriepUMeHTa/IbHOM (PU3MKK BBICOKHX SHEepryi
HUUAD MI'Y, kana. ¢pus.-mart. Hayk

Ten: (495)9328972 sivoklokov@cern.ch
CusoksiokoB C.HO.

Cepreu IOpbpeBuu

Pesynbratel auccepralid paccMOTpeHbl W of0oOpeHBl Ha 3aceiaHuu cemuHape OTaena
9KCIIEPUMEHTa/IbHOM  (DM3MKM BBICOKMX 3Heprui HayuHo-Hcc/iefioBaTe/IbcKOro MHCTUTYTa
spepHo (pu3Kky umenu [I.B. CkobenbLpma MI'Y 20 cenrsibps 20211
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Hupektop HUVAD MI'Y

ripocgeccop, uneH-KoppecriovaeHT PAH


Minervinaea
Пишущая машинка
Сергей Юрьевич

Minervinaea
Пишущая машинка
Эдуард Эрнстович


