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Obwas rapaxmepucmura Juccepmaru

Hacrosiiasi pabora ocHoBaHa, Ha pe3yJibTaTaxX MCCIEJI0BaHUI dKCIIepu-
menTa «Kommaktabiii moonnsiii comenony (Compact Muon Solenoid —
CMS [1]) na Bosbmom anportom kosutaigepe (LHC), Boinossentbix B
2010-2014 rr. B EBpomneiickoii opraHmzaiuyu MO sJePHBIM HCCIETOBAHU-
am (LIEPH, 2Kenesa) u Jlaboparopun dbusuku Beicokux suepruit ONANU
(JI®B> OUAN, dy6Ha).

AKTyaJIbHOCTH TE€MBbI

HecmoTpsi Ha TOYHOCTH TpejicKa3aHuil, cTaHjgapTHas MOJIEIb B3auMO-
neiictBust ssementapubix dactur (CM) uMeer psiji HETOCTATKOB: GOJIBINOE
KOJINYIECTBO CBOOOJIHBIX IIapaMeTpPOB, HEU3BECTHOE IIPOUCXOXKJCHUE IIOKO-
JIEHUIT KBAPKOB M JIEIITOHOB, HesiCHBI Mexaru3m CP-napyrienust u tax jia-
nee. Kpome Toro, B pamkax CM oTcyTcTByeT BO3MOXKHOCTH 00bEIMHEHUS
dbyHIaMEHTATBHBIX B3aMMOJIEHCTBUI W onncanus rpaputainnn. Acrpodu-
3MUeCKUe HaOJIIOJCHUST HOKA3bIBAIOT, YTO IPOUCXOXK IeHne 0Ko10 96% Beeit
maTepun Bo Beesennoii Ham He uzBecto. CiejoBarenbao, CM Hesb3s pac-
CMaTPUBATh KaK OKOHJIATE/IbHYO Teopuio. CyImecTByeT psij MOAX0/10B, 103~
BOJISIIONIUX BBIATH 3a mpejenabl CM u B TOI MM MHOH CTEleHU 3aKPbITh
yKazaHHbIE PODJIEMbI.

Mzyuenne 3aKOHOMEpPHOCTENH POXKJIEHUS JIEHITOHHBIX 11ap B IPOIECcax
Npenna-Aua 2|, ¢ — Z/v — pp~, 103BOJISIET TPOBEPUTD MPEJICKA3A-
st CM B HOBO#I 00J1aCTH SHEPIUU ¥ BBHITOJHUTH TTOMCK HOBOH (DU3WKH 34,
pamkamu CM [3]. [Ipucyrcreue B mporneccax pesia-Ha kKak BEKTOPHBIX,
TaK M aKCUAJHbHO-BEKTOPHBIX TOKOB NMPUBOJUT K MOSIBJICHUIO aCUMMETPUN

BbLIETa MIOOHOB 110 HAIIPABJICHUSIM “Bliepej-Ha3a,)l OTHOCUTEJbHO HalPpaB-



JIEHUST JIBUYKEHWST CUCTEMBI, B KOTOPO# POXKJIEHHAsT JIEMTOHHAS Mapa, MOKO-
urest (App). Besmauna acummerpun App 3aBucuT oT 3HaUYEHU BEKTOPHOT
1 aKCHAJIbHO-BEKTOPHOM KOHCTAHT CBSI3U (DEPMUOHOB U £-0030HA Gy U A,
CJIeJIOBATEIbHO, OHA OyJeT YyBCTBUTE/bHA K HAJWYUHUIO JIOMOJHUTEThHBIX
BKJ1aJ10B B mporeccol CM.

BosmorkHoe otyane 3HatMeHnst acumMerpun ot npeackaszannit CM mo-
JKEeT yKa3blBaTh Ha CYIIECTBOBaHHE MporeccoB 3a pamkamu CM: HOBBIX
HEATPATBHBIX KAJHOPOBOUHBIX OO30HOB 4], BHyTpeHHEll CTPYKTYPBI KBAp-
KOB ¥ JIEIITOHOB [5], CynepcuMMeTpuyHbIX YaCTHI[ WU JIONOJTHUTE]bHBIX
U3MepeHun it [6] OJ1HO U3 OTJIMYNTEIBLHBIX OCOOEHHOCTEH acuMMeTpun Arpp
SIBJISICTCS €€ XapaKTepHas 3aBUCUMOCTb OT KMHEMaTHYECKO#l IepeMeHHO
— OBICTPOTHI HOBBIX HEHTPAJIbHBIX KaJUOPOBOUHBIX OO30HOB, IPEJICKA3bI-
BaEMbIX PSAJIOM Pa3JIUIHBIX MOJIeJIell ¢ PACIIUPEHHBIM KaJUnOPOBOTHBIM CEK-
TOpoM [7]. DT0 1M03BOJISIET TPOUZBECTU BBHIOOD MEXKJLY PA3IUIHBIMU TEOPE-
THYECKUMU CIEHAPHUSIMU, JIaXKe JIJI YacTUIl, UMEIOIUX OJUHAKOBBIA CIIMH.
smepenne App M03BOJISET HAJOKUATH OrpaHnvueHns Ha (DYHKIUKE PaciIpe-
JIeJIeHUsT TapTOHOB. BoJjiee Toro, uamepenue aCuMMETPUU B Z-TIOJIOCE T103-
BOJIAICT M3MEPUTD 3HAUCHUs CJIaboro yria cMermmpanus sin’ Oy [8].

[Tpeapiaymme pe3ysbraThl 10 W3MEPEHNIO 3HaYeHWsT acuMMerpun App
ObLIKM HOJIYYEeHbI B 9KCIIEPUMEHTaX Ha TIBATPOHE B PP-CTOJKHOBEHUSIX DU
sHepruu /s = 1.96 T5B B c.i.m. [9]. Acummerpusi Obl1a u3Mepena B 00J1a-
CTY MHBAPUAHTHBIX MACC Hapbl 31eKTPOHOB M+~ o1 40 10 600 I'sB/c?.

B nuccepranuuy npeicTaBieHbl pe3yIbTaThl U3MEPEHNsT AaCUMMETPUHU Bbl-
JleTa, MIOOHOB «BIlepej-Ha3a/1» B rporeccax Ipesia-fra Ha ocHOBe aHaJIN-
3a JlaHHBbIX, nosiydeHHbiX B 2011-2012 rr. Bo Bpemsi nepsoro ceanca LHC

B skcrnepumenTe CMS. 3a 3T0 BpeMs IpU SHEPIUU B3aUMOJICHCTBYIOIINX



Iy4KOB MPOTOHOB /S = 7 u 8 T9B B c.1.M. 3kcniepumentom CMS 6buia Ha-
OpaHa YHUKAJbHAS CTATUCTUKA, JIAHHBIX, COOTBETCTBYIOIIAsT MHTETIPAJIbHOI

ceeruMocTH (Lips) 5.6 hou u 19.6 Gou L.

IHeabro paboOTHI siBJIsieTCsI U3MEPEHUEe aCUMMETPUN BbIJIETa MIOOHA, 110

HAIlpaBJICHUIO <«BIIEpeJ-Ha3ajl» B IPolleccax ,Z[pejma—HHa, pa3BuTue Me-
TOJIOB M3MEpPEeHUs aCUuMMETPUN " KOPPEKINN JTaHHBIX B YCJIOBUAX pPp-
CTOJIKHOBEHUI.

Haquaﬂ HOBU3HA U IIPpaKTHN4YeCKad IIEHHOCTDb

BriepBbie MpoBeieHO M3MepeHne aCHMMETPUH BhLJIETa MIOOHA, TT0 HAIIPaB-
JIEHNIO «BIIepesi-Ha3ay» B JHaNa30He HHBApUaHTHBIX Macc M+, ot 40 10
2000 I'B/c¢? u 6p1cTpoT |V, ,-| < 2.4 MIOOHHO! Hapbl. DTH yHUKAJIbHBIE
JIAHHBIE TTOJIYYEHBI 1PU PEKOPJIHBIX 3HAUYEHUSX SHEPTHH CTaJKUBAIOIIIX-
Cs1 IPOTOHOB B COBEPIIIEHHO HOBOM 00J1aCTH MHBAPUAHTHBIX MacC MIOOHHOMN
maphl.

PesynbTarhl aHaan3a SKCIEPUMEHTAJbHBIX JAHHBIX MO3BOJIMIN MPOBE-
puth npejckazanusgs CM B HOBOI 00J1aCTH dHEPTHIA.

Pazpaboranbl 1 peajiu3oBatbl Kpurepuun orboOpa MIOOHHBIX ap B IIH-
POKOiT 00/1ACTH MHBAPUAHTHBIX MACC, KOTOPBIE MOT'YT OBITH MCIIOJIH30BAHbBI
JUTsT M3YUEHUsT XapaKTepucTuk mporeccos Jpema-fna kak Jjist TpoBepKn
CM, Tak u noucka HOBO (pUBUKH.

Ha ocHoBaHWM pas3jMIHBIX IOJIX0/I0OB pa3padOTaHa METO/IMKa HW3BJeve-
HUST 3HAYEHUsT acCUMMeTpun App U3 JJAHHBIX B YCJIOBUAX PP-CTOJKHOBEHUIA
1 METOJIbl KOPPEKIINHU CUCTeMATHIECKIX 3(D(DEKTOB.

PesynbraThl n3MepeHust aCMMMETPUN B Z-TIOJIIOCE TIO3BOJIMJIU OIpe/ie-

JMTH 3HaueHne c1aboro yria cMmemmsanns sin® Oy [8].



ABTOp 3armumiaer

1. Pesyibrarbl uamepeHusi 3HaueHUl acUMMETPUU BbljleTa, MIOOHOB 110
HaIIpaBJICHUIO <«BIlepea-Ha3a » B Iporeccax pemnna-fAna B 3aBu-

CUMOCTM OT MHBapuaHTHOH Macchl B Jjmanasone 40 < M+~ <

2000 ['sB)/c.

2. Pesynbrarsl usmepenust 3HadeHusl acuMMerpu App B 3aBUCUMOCTH

0T OLICTPOTLI lIAPbl MIOOHOB B auala3one |Y,+,-| < 2.4,

3. MeTO,Z[I/IKy n IIporpaMMHOe€ obecrieyenne JJId U3BJICHEHUSA SHaAYCHUA

acuMmMerpun App W3 JAHHBIX B YCJIOBUSIX PP-CTOJKHOBEHUIA.

4. Meroyibl KoppekIiu cucreMarnideckiux 3hdekToB (KOHETHOro paspe-
IMIEHUsT JeTEKTOPOB, U3JYUCHUSI B KOHEUHOM COCTOSHUU, aKCelNTaHCa,

3GOEKTUBHOCTH 1 ONTMOOK MOJICTTUPOBAHUS ).

5. PesysibTarsl orieHKH (DOHOBBIX IIPOIECCOB B paMKaxX CTaHJapPTHOI MO-
JIeJI C IIOMOIIBIO MojenpoBanust merojom Monre-KapJso n anaiuza
9KCIEPUMEHTAJIbHBIX JAHHBIX.

Anpobamusi padoThI

Pesyibrarsl ucciie0BaHui, COCTABUBIIUX JIMCCEPTALNIO, JOKJIAIbIBa-
JINCb aBTOPOM Ha Hay4HBIX CeMHUHapax U ydeHoM copere OObeJIMHEHHOI'O
MHCTUTYTa SIIEPHBIX KCCJIEIOBAHU, PADOUMX COBEIaHUsIX KOJIa00paIlnn
CMS, Ha MeXIyHAPOHBIX PAOOUNX COBEIIAHUIX, IIKOJaX U KOH(EpPEHIIH-

AX:

e Mexaynapojnbie ceccun-kondepennnn Cekiun sigepHoit  husukn
OO®H PAH “®usuka dynmaMeHTaIbHLIX B3auMoaeicTsuii”, 5-8 Ho-
s16ps1, 2013 1., IIporBuno, Poccus; 21-25 nosiopsa, 2011 r., Mocksa,

Poccens.



e XV Workshop on High Energy Spin Physics (DSPIN-2013), October
8-12, 2013, Dubna, Russia.

e 15th and 16th Annual RDMS CMS Collaboration Conference,
September 3-5, 2013, Nor Amberd, Armenia May 22-28, 2011, Alushta

(Crimea), Ukraine.

e XVI LOMONOSOV CONFERENCE ON ELEMENTARY
PARTICLE PHYSICS, August 22-28, 2013, Moscow.

e The XXI International Workshop “High Energy Physics and Quantum
Field Theory”, June 23-30, 2013, Saint Petersburg Area, Russia.

e 20th International Symposium on Spin Physics (SPIN2012),
September 17-22, 2012, Dubna, Russia.

e XVI HayuHas KOH(QEpPEHIHsS MOJIOJBbIX YUYEHbIX U CIEIUAJUCTOB

OMVYC-2012, ONAN, Hydbua, 06 mo 11 dhespasis 2012 roja.

ITy6bnukanmum u JUYHBIN BKJIaJ aBTOPa

OCHOBHbIE Pe3yJIbTATHI JUCCEPTALMU U3JI02KeHbl B 6 mybsmkanusx (4 us
crimcka BAK). Jluambrit Bkyiag aBropa B mOJydeHHEe DPe3YJbTATOB, BBIHO-
CUMbBIX Ha 3alllUTY, SIBJSETCs] ONPEJIE/ISIONINM U [IOJIHOCTHIO OTParkeH BO
BCEX 3aIUIAEMbIX Pe3yJbTaTaX. Pe3yabTaTsl, BOIIEAINE B JUCCEPTAINIO,
HEOTHOKPATHO OTMEYaJINCh TPEMUSIMA JIJISI MOJIOJIBIX YUEHBIX U CHEIHaJIN-
croB Jlaboparopun ¢usuku oicokux suepruit OUAN. Aprop siBisiercs
JaypeaToM CTHIEHIUM uMeHHn akajemuka B. V. Bekcnepa 3a 2014 1. 1o
HAIIPABJICHUIO «DKCIEPpUMEHTAIbHAs U TeopPeTuIecKas (PU3nKa JacTUIly,

crunenuu nMenn akajgemuka M. A. Mapkosa 3a 2013 1., rpanTa MOJIOIBIM



HaydHbiM corpyaankam OUAN n mobennrenem KOHKypca MOCTEPHBIX 0~
KJ1aJ10B coBenanuu [IporpaMMHO-KOHCYJIbTaTUBHOI'O KOMUTETA 110 (PU3BUKE
yactun, OUAN B 2012 r. Kpome Toro, HeKoTopble, He BOIIEJIINE B JIUC-
cepTalnio pe3yJibTaThl aBTOpa oTMedeHbl npemueit Jlaboparopun dusnku
BbicoKuX sHepruit ONAN 2012 r. u npemueii rydbepaaropa MocKoBcKoii 00-
JIACTU B cpepe HAyKN W WHHOBAIUH JIJIsT MOJIOJBIX YUEHBIX U CIIEINAJINCTOBR
3a 2013 r.

JlnmccepTalriisgd OCHOBBIBAETCS HA CJIEAYIOMINX OITyOJIMKOBAHHBIX

paboTax:

1. Gorbunov, I. N. and Shmatov, S. V. Measurement of the Forward-
Backward Asymmetry of u*p~ Pairs in CMS / I. N. Gorbunov, S. V.
Shmatov // Physics of Particles and Nuclei. - 2014. - Vol. 45, No 1.
- Pp. 211-213.

2. Gorbunov, L. et al. Forward-backward Asymmetry of Drell-Yan Muon
Pairs / I. Gorbunov, A. Lanyov, S. Shmatov, J. Han, K. Kovitanggoon,
D. Silvers, A. Bodek // Geneva:CERN. CMS Analysis Note. - 2013. -
CERN-CMS-AN-2013/260. - pp. 11

3. Topoynon, . H., IIImaros, C. B. 3mepenne acummerpun «BIepe/-
Haza» App U c1abOro yriia CMEIIMBaHUsI B IPOIECCaX POXKICHUS MMap

JIEIITOHOB B PP-CTOJIKHOBeHUsIX IIpU /s = 7 T3B B akcnepumente CMS
na LHC / 1. H. Top6ynos, C. B. lllmaros // Ajepuast pusuka. - 2013.
-T. 76 No 9. - C. 1160-1165

4. Chatrchayn, S. et al. Forward-backward asymmetry of Drell-Yan
lepton pairs in pp collisions at 7 TeV / S. Chatrchayn, ..., I. Gorbunov



et al. (CMS Collaboration) // Physics Letters B. - 2013. - Vol. 718,
No 3. - Pp. 752-772

5. Chatrchyan, S. et al. Measurement of the differential and double-
differential Drell-Yan cross sections in proton-proton collisions at
Vs = 7 TeV / S. Chatrchyan, ..., I. Gorbunov et al. (CMS
Collaboration) // JHEP. - 2013. - Vol. 12. - P. 030

6. Chatrchayn, S. et al. App in Muon and Electron final state at 8
TeV / S. Chatrchayn, ..., I. Gorbunov et al. (CMS Collaboratio) //
Geneva:CERN. CMS Public Analysis Summary. - 2014. - CERN-CMS-
PAS-SMP-14-004

O6beM u CTPYKTypa JUCCEPTAITNN

Jluccepralnyst COCTOUT U3 BBEJICHUS, [IATH TJIaB 1 3akjrovuennsi. Crmcox
JIATepaTyphl cofep:KuT 65 HanMmeHoBanuit. [loHBIH 0ObeM muccepTanum —

108 crpanwuiy, BkJtodasi 4 Tabyniibl 1 56 PUCYHKOB.

Codepotcarue pabomol

Bo BBemeHum o0CyXeHbI aKTyaJbHOCTH PabOTHI, OCHOBHBIE 3aJIa4M,
peraeMble B IMNCCePTaIii, a TakyKe JaHa obIlas XapaKTepucTuKa padoThl,
BKJIIOYAsI CTPYKTYPY.

B I'lmaBe 1 paccMOTpeHbI METOIMIECKIE BOIIPOCHI IIPOBEICHNUST SKCIIEPHU-
menTa Ha ycranopke CMS (puc. 1), jaHo onucanue JeTeKTOPHBIX CUCTEM
W CHCTEMbI OTOOpa COOBITHIl B PEXKMME PEAbHOrO BPEMEHU (TPUTTEePHOI
cucrembl CMS).

[Tonpo6mo paccMOTpeHbI 0COOEHHOCTH YCTPORCTBA CHCTEMBI TPEKepa H
MIOOHHOI1 cucTembl yeranoBku CMS, a Takzke HanboJiee pacipocTpaHeHHbIe

AJICOPUTMbI PEKOHCTPYKIMYU 1 UJIeHTU(DUKAIIUKA MIOOHOB, X [TPEUMYIIIECTBA
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CBEPXMPOBOOSLLUN CONEHOMUS, SNIEKTPOMATHUTHbIN KANNOPUMETP
nnameTp 15 m cUMHTUNMpYoLwme KpucTanisl PbWO,

AnnmHa 21.6 m 76 ThlC.KaHAN0B

none 4 Tecna KpPEMHUEBbI CTPUMOBLIA NPeAMBHEBLIA AeTEKTop
18 KB.MeTpOB, 144 ThiC. KaHa0B

ALPOHHbIA KAJTOPUMETP

N
' w\%j‘ | - NAACTUYECKII CLMHTUANSTOP/NATYHb
W — 8 ThiC. KaHAaN0B

< ///
l [ 4
TPEKEP

KpemHueBble MUKpPOCTpUMNOBble V. 2~ f
1 MYKCE/bHbIE AETEKTOPbI
223 KB. METPOB

10 MJIH. KaHas10B

=

BBPATHOE 4PMO

MIOOHHAA CUCTEMA:
UMNUHAOPUYECKASA TOPLLEBA4

Kamepbl U3 IpeichoBbIX Tpy6 KaToAHO-CTPUNOBLIE KaMephi Y NEPEOHUN AOPOHHbIW
250 kamep 540 kamep KANTOPUMETP
192 Tbic. KaHanos 310 TbIC. KaHanos

KBapLeBoe BOJIOKHO/ X€eneso

PeauncTrBHbIE NNaHapHble KaMepbl ans Tpurrepa - RPC - 760 2 TbIC. KQHA10B

Kamep

Puc. 1: O6mwuii sux nerekropa CMS

u HejlocTaTku 1 ux agpdekruBHocTu. [lokazano, 4To0 COBMECTHOE UCIIOTH30-
BaHUE MIOOHHOI CHUCTEMbI U CUCTEMbI TPEKepa II03BOJISIET U3MEPHUTh MOIIe-
peuHbIit My Ihe MIooHa ¢ paspermenuem ot 1% no 5% npu pr < 1 TsB/c
B obsiacTi 3HaUeHuit 11ceBiobbicTpoT N <2.4.

B I'maBe 2 paccMoTpeHbl BOIPOCHI onucanus mporeccos Jpemna-fna
B pamkax CM u MeTojibl M3MepEeHnsi aCUMMETPUN BbIJIETa MIOOHOB B 3THUX
porieccax.

Teopust 3s1eKTpOCIAOBIX B3AUMOAELHCTBIN ONMUCHIBAET B3aWMOJIEHCTBHSI

KaJnbpoBOUHbIX 6030H0B 1 bepMuoHOB (Ha npuMepe obmena Z°):

g Dot (gl — gt~V 7 1
—QCOSQWZ@M (9v = 947" )i 2y, (1)

rjne gy u g4 — BEKTOPHBIE 1 aKCHaAJIbHO-BEKTOPHbBIE KOHCTAHTbBI CBA3HU, 4 QW

— cJiabblit yroJi cMelnBanust Baitnbepra.

V—-A crpykTypa cjabbIX TOKOB IIPUBOIUAT K IOSIBJICHUIO ACHMMETPHUH



q £
YA / X
Y:Z 7
Joh 9
[ Bes /
\ Ves < B Yo | i

_ L &Y
q a P, P,

Puc. 2: (a) Poxnenne mapsi 1emroHos B mpormecce aHHATAISIAN KBAPK-AHTHKBAPKOBOH TapbI
(nponece [dpemna-sIua) q7 — Z/v* — pup~. (6) Cucrema Konmmnca-Conepa.

B JuddepeHnalbHbIX CeUCHUX POXKJICHUS T1ap JICIITOHOB B MPONECCax
qq — Z/y — IMl~ (puc. 2a) mo yriay BblIeTa JenToHa (AHTHJIENTOHA)
OTHOCHTEJHHO KBapKa (AHTUKBAPKA) B CHCTEME TOKOsl JIEIITOHHOM mapsbl |4,

9]:

do dra? 3

— ZA(1 2 B )
"z 25 [8 (14 cos” ) + B cos#], (2)

A= QIQr +2QiQq9% g, Re(x()) + (g7 + g) (g + g%)Ix(s)]?

3
B= 194 (QiQqRe(x(s)) + 2g%-g1,[x(5) %)
1 S
X(s) =

"~ cos2 Oy sin? Oy s — M2+ Tz My
rjie 6 — yros WCryckaHust JIEMTOHA 110 OTHOIIEHWIO K WMITYJIhCy KBapKa, B
crcTeMe IeHTpa Mace JIeMTOHHOM mapbl, A u B — mapamMeTphbl, 3aBUCSIIIIE
oT cyiaboro n3ocnvra I u 3apsijga aHHUTUIUPYIOMNUX (hepMroHoB ().

it yMeHbBIIeHWsST HEONPEJICJICHHOCTH, CBI3aHHON € MONEPEeTHBIM HM-
IyJbCOM KBapKOB, UCIOJb3yeTcss cucrteMa koopjauuHar Kosmnaca—Corepa
[10]. B sroit cucreme yros 07 ¢ — yroa Mex iy MMITYJIBLCOM JICITOHA U OCBIO

2/, KOTOpast JIEJUT MOMOJIaM YTOJT MEXKTy KBADKOM U AHTUKBAPKOM (pHUC.20):

9



2(P1+P2_ - PI_P;) (3)
VAP +QF)

rie (Q u QQp — 4-MMIyJIbC U IONEPeYHbI UMIYJIbC AUJICITOHHON CHCTe-

cos g =

Mbl, Pl — KoMmnoHenTbl 4-umiysbca [t u [ coorsercrBenHo, a Pii =
271/2(PY + P3). B aTOM CclTyuae acHMMETpHs 33/IaeTCA 110 OTHOIMICHHIO K
nanpasyenusiMm «srepesy (Forward) m «nasany (Backward), onpenessie-
MBIX 3HAaKOM Kocunyca: costfq >0 (cosffg <0). Ha puc. 3a nupusejens
pacrpejiesienns o cosff g B 00IaCTH NHBADHAHTHBIX MACC MIOOHHOMN Tapbl
M+~ > 200 I'sB/c? u Goicrpor 0.48 < Y,+,- < 1.44 nst sKcrepumen-
TaJbHBIX JaHHbIX ¥ Monte-Kapso cobbituii. Beibop maHHOro mHTEpBasa
Y+~ 00OyCJIOBIIEH MIHNMAJIBHO!, 10 CPABHEHHIO C APYIMMI HHTEPBAJIAMH,
onMOKOM olpejiesieHusi HalipaBJieHust «Biiepey («nazajy) (puc. 36) npu

MAaJIOM BJIMSHAU 0OpE3aHuii M0 MCeBIOOBICTPOTE (AKCEMTAHC YCTAHOBKY) 1

[mornepedIHomMy MMITyJIbCY MIOOHA.

350 Mistag Probability

? p,(1)>20 GeV, [n|<2.4, M("1)>200 GeV, 0.48<Y<1.44 + L ' E 0.45
3007 + Data # ﬁ +
250 - mc # l L

200

0.35

0.3

Dilution
\H‘H\
H\‘H\

0.25

Number Of Events

150 4t 44

100 5 02

N B A L1 L1 e 0455 o
1 -08 06 04 -02 0 02 04 06 08« 1 2 15 41 05 0 05 1 15 2Y
cos(Bcg) m

Puc. 3: (a) Pacupenenenue = mo cosff.¢ B uporecce penna-fna. (6) Bepoaraocrs omubku
BLIOOpa HAIPAB/ICHHS «BIepe» («Ha3al» ) B 3aBUCHMOCTH OT GBICTPOTHI Y+ ,~ MIOOHHOIT TaphI
(ycoBHe pp-9KCIEPUMEHTA).

[ToobHOE orpejiesieHue MperoaraeT, 9To W3BECTHO TIePBOHAYAJIBHOE
HallpaBJeHue KBapkKa, HO 3TO YCJOBUE HE BBINOJHIAETCS B Cydae KMHEMa-

THKHU pp-s5KcrepuMenToB. OjiHAKO HallpaBJIeHHE JBUXKEHUS KBapKa MOXK-
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HO 3a(DUKCUPOBATH HAIPABJIEHUEM BbLJIETA JIBYXJIENTOHHON cucrembl [11],
TAK KaK POXKJICHUE HAPbl IPOUCXOIUT B PE3YJILTATE AHHUIMJIALIMNA TPEUMY-
IIECTBEHHO BAJEHTHOIO KBapKa ¥ MOPCKOIO aHTHKBapKa, a UMILYJIbC Ba-
JIEHTHOTO KBapKa B CPEJHEM OOJIbINE NMITYJILCA MOPCKOIO aHTUKBAPKa. 3a-
METHM, YTO HPHU TAKOM HPUOJUKEHUN BO3MOXKHA OLIMOKA B OIPECJeHUN
HATIPABJICHUS KBAPKA, 9TO HEOOXOIMMO YUUTBIBATH TTPU BLIUYUCICHUN 3HAa-
denust acummerpun (puc. 30).

B skcnepumenTe BeauunHa acUMMeTpun App MoxKer ObITh U3BJIEUYEHA
pasanaHbIME MeTogamu. OHa MOXKeT ObITh BLIUMCJIEHA ITyTEeM HE3aBUCHMO-
r0 M3MEpPEHUsI YHUCJIa JABYXJCHTOHHBIX COOLITHI /IS pasIMYHbIX WHTEPBa-
JIOB 110 MHBAPUAHTHON Macce B 00JIacTsIX «BIiepes» u «Hazajy [12|. IlosHoe
cedenue Jiisi cOObITHI «Bliepe/iy (op) U «Ha3ajy (Op) MOXKHO 3allMCaTh B

CJIEJIYIOIIEM BHJIE:

(5)

Hpyroit MeTo 3aKII0UAETCA B U3BJICUCHAN 3HATCHNS aCUMMETpU App
13 AlPOKCUMAIUK YIJIOBLIX pacipejesenuii senronos [12]. Ho npu 6oJib-
IMUX 3HAUYCHUAX OBICTPOTHI Mapbl, KOIJIa HEOIpeJIeJIeHHOCTh BBIOOpaA Ha-
NpaBJieHusT MaJia, YIJIOBble paclipejiesieHnsl JIEMTOHOB CUJIbHO MCKaYKeHbI
U3-3a OI'PAHUYEHHOIO akcenraHca. [10aToMy onTuMaJibHBIM sIBJISIETCS aHa~

JIN3 YIJIOBBIX pacIIpejeseHuil, YINThIBAIOIUN KOPPEJsIud BceX Tpex (-
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dexToB: 3aBrCHMOCTH OT (Pa30BOr0 0OHLEMa, YCTAHOBKH, MHBAPUAHTHON Mac-
Cbl 1 OIIMOKKM B OlpejiejieHnn Halpas/ienusi ksapka [12]. Ojnako sror Me-
TOJ, UMEET OTPAHUYCHHYIO TOUYHOCTH BBHJY HEJIOCTATOYHON cTaTUCTUKU. B
JlaTbHERIIIeM OyIeT NCIoIh30BATHCA METOJ HE3aBUCHMOI'O M3MEPEHHUsT THC-
JIa IBYXJIEIITOHHBIX COOBITHIA.

B I'maBe 3 chopmysinpoBanbl Kputepun orbopa coObITHI 1 MPOBEJIeHA,
OIIEHKa YIMCJIa (POHOBBIX COOBITHI HA OCHOBAHWHM WX MOJICTUPOBAHUS METO-
jiom MonTe-KapJio, a Tak:Ke X OIeHKU U3 dKCIEePUMEHTAJIbHbIX JaHHbBIX.

st cpaBHEHMsT MMOJIyYEeHHBIX Pe3yabTaToOB ¢ mnpejckazanusimu CM, a
TaK»Ke JIJIs onpeiesenns 3pMeKTUBHOCTA PEKOHCTPYKITUU 1 0TOOpa COObI-
THii, OBLJIO BBIIIOJTHEHO MOJCIUPOBAHUE CUTHAJBbHBLIX U (DOHOBBIX COOBITHIA.
Curnanbhbiii (Z/v* — ptu~) n donosbit (Z/7* — ete ,7777) npo-
IIECCHI MOJICJIMPOBAJIMCH Ha, OCHOBE BLIUUC/ICHUN B IIEPBOM IIOPSIJIKE TEOPUL
sosmytenuii (NLO) ¢ momorpio renepatropa POWHEG [13]. Mopennposa-
HIe TAPTOHHBIX JIUBHEl mpoBoauiock reneparopom PYTHIA v6.2.24 [14] ¢
NLO-byuaknusvu pacupenesnenns napronos (PDF) CT10 [15] u macrpoii-
kamu napamerpos Ha Jjantbix LHC [16]. Kpome Toro, reneparop PYTHIA
UCIIOJIL30BAJICS JIJIsi MOJIEIMPOBaHMs (DOHOBBIX IIPOIECCOB POXKICHUS CTPYii
B KXJI u nap xanubposounbix 6ozonos WW ., W Z, ZZ. Insa npyrux ¢do-
noBbix 1poreccos npumetsiincs POWHEG u TAUOLA [17] (poxjenue u
pacnaJipl nap tt, omunounoro t-ksapka, tW u up.) n MadGraph [18] (cos-
mectHoe poxjerne W+ jet). Tlocsieryomee NpoxoxKieHHE 3I€MEHTAPHBIX
YACTUIL Yepe3 BEIECTBO JEeTEKTOPHBIX CUCTEM MOJIEINPOBAJIOCH C IIOMOIIHIO
nakera GEANT4 [19], nossosisitoiero y4uects crenuduky KOHCTPYKIUN Jie-
rTekTopHbIx cucrem CMS.

OT60p MIOOHOB IIPOBOAMJICA B COOTBETCTBHUU CO CJIEAYIOIIUMMU YCJIOBU -
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mu. Bo-mepBhix, B pekume peasibHoro Bpemenu (on-line) cucremoit Tpur-
repa CMS orbupaJinch coObITHSI, B KOTOPBIX OJIMH MIOOH MMEET HUMITYJIbC
oosee 8 I'9B/c a Bropoii 6osee 17 I'sB/c. Bo-BTopbixX, mocie peKoHCTPYK-
I[UM MIOOHBI JIOJIZKHBI KMETH ITPOTUBOIOJIOXKHDBIE 3HAKK 3apPsijia U ObITh XO-
POIIIO U30JIUPOBAHHBIME, TO €CTh JIOJXKEH OTCYTCTBOBATEH CUIHAJ OT JIPYTHUX
JaCTHI[ BOKPYT MIOOHA B TpeKepe M aJpOHHOM Kajopumerpe. Tpebopamue
U30JISIIUU TTIO3BOJISIET 1TOJIaBUTH (DOH OT MIOOHOB, POXKJIEHHBIX B ITPOIECCAX
obpazoBanust ctpyii (dbon or mpomeccor KX/I) Bamernwm, uro kpurtepmii
M30JISIIIIN TPeKa He WCIOIh3yeT WHPOPMAINIO 3JEKTPOMATHUTHOTO KaJjlo-
pUMeTpa, IMOCKOJBbKY OH OKA3bIBAET CYIECTBEHHOE BJIUSHUE HA CUTHAJb-
Hble cOObITUs U3-3a 3pdekro KI/I-uzjyuennss B KOHEYHOM COCTOSIHUU.
st nojaBsienust pona ot npornecco KX/ npumensijioch orpanuyienue Ha
IPUIEJbHBII ITapaMeTp MIOOHHBIX TPEKOB — 9TO PaCCTOsHHE He JIOJXKHO
MpPEBBINATH 2 MM B IJIOCKOCTH T — Y U O MM 110 2. JlanHoe ycjoBue 1o3-
BOJINJIO OTOPOCUTDH Bce (POHOBLIE KOCMUUECKHE MIOOHBI 0€3 CYIIeCTBEHHO-
IO BJIMSHUs Ha CUI'HaJIbHbIE coObITus. Ha 3akstounTessbHOM drane orbopa
coObITHIT TPeOOBAJIOCH, YTOObI 00A MIOOHA IONAJAJIU B UHTEPBAJI 11CEBJO-
ObicTpOT |n| < 2.4, a momepevdHbI UMITYJILC KAXKI0T0 MIOOHA MpeBbITas 20
B /c.

3 nosHoro obbeMa JJaHHbIX, HaOpaHHbIX KciepuMmenTom CMS B 2012
I. B IPOTOH-IIPOTOHHBLIX CTOJKHOBEHUSAX 1IpH /s = 8 T9B B c.i.M. u co-
OTBETCTBYIONINX 3HAYEHNIO HHTErPaIhHON cBeTuMocTn ~ 19.6 b6, 6b110
orobpano 6osee 8x10° cobbITHIl, YTO B YeTLIpe pas3a IPEBLIIIAET HYHCIO
cOOBITHIT, MCITOJB30BAHHBIX JJIsi aHaau3a jganabix 2011 roga. Ha puc. 4a
[OKA3aHO PACIPE/ICJICHUE TUCa, COOBITHI 110 MHBAPUAHTHONW Macce MIOOH-

Hoit mapbl. M3mepennoe pacmpejiesienue (YepHbIE TOUYKH ¢ OTJIOXKEHHBIMU
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pup Events
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Puc. 4: (a) Pacripemesienne qnca coOBITHH 0 WHBAPUAHTHON Macce MIOOHHO# mapsl. [lpn-
BeOEHDbI 9KCIIEPUMEHTaJIbHBIE JaHHbIE 1 DE3YJIbTaThl MOAECJINPDOBaHUA CUTHAJILHOI'O 1 (bOHOB])IX
nporieccos. (6) KommaecTBo hoHOBBIX cOOBITHIA, OlIEHEHHOE MeTogaMu Ha ocHoBe MonTe-Kapsio
MOJIeMpoBanus 1 JanHbX, npu 1.0 < |Y,+,-| < 1.25.
CTATUCTUIECKUME MOTPEITHOCTSIMU) XOPOITIO COBIAJAIOT € Pe3yJbTaTaMu
moJiesimpoBatust Merojiom Monre-Kapiio (3akpalientbie obsactu — BKJIa-
JIbl CUTHAJIBHOTO U (DOHOBBIX TTPOIECCOB).

Ha konTpoJibHBIX HAaOOpax JAHHBIX OIPEJE]eHbl KOPPEKTUPYIOIINE KO-
s dunuentst s yuera adgdexktuBHocTeil 1 Besmannbl dhona [21,22]. Uc-
MOJIb30BAJIMCH TPU PA3JIUUHBIX METOJIa U TTOKA3aHO XOPOIliee CoTyiacue gaH-
Hbix 1 Monre-KapJio coObiTiit B yrjioBbIX pacipejieeHusiX HPOJLyKTOB Pac-
maJia KaaubpoBOUHBIX 0030HOB npu ux napuom (WZ u ZZ) w WHKIIO3UB-
nom (W) poxgennu. @on or npoueccos Z — 71, WW | tt u ogunounoro t
YUITEeH METOJIOM, OCHOBAHHOM Ha CPABHEHUUW YNCA [LU- W €j-TIap B KOHEU-
HOM cocrosinnu Jiyist janabix 1 Monre-Kapio (ep-meron). @on or mapHOoro
POXKJIEHUsI CTPY OIEHUBAJICSI C IIOMOIILIO CPABHEHUsI YKCJIA 11ap MIOOHOB
onuoro 3apsiyia ([IMO3) u map TpOTHBOMOJIOKHO 3apsKEHHBIX MIOOHOB
(IIIT3M). Urorosasi onenka (ona BHIUKCIATACH KaK CyMMa BCeX (DOHOB

JaHHDBIX IIPOIIECCOB € Yy4IE€TOM BCEX SHAYMMBIX HMCTOYHUKOB d)OHa. Bo Bcex
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MHTEepBaJaX 3HAUYECHUI WHBAPUAHTHON MACChl U OBICTPOTHI MIOOHHOI TTApPhI
POJIEMOHCTPUPOBAHO XOPOIIIEe COTJIACHE MEXK /1y yPOBHEM (DOHA, BHIUUC/Isi-
eMBbIM Ha OCHOBE MOJICJMPOBAHMS, U U3BJIEICHHBIM U3 JIAHHBIX (CM., HAIPH-
Mep, puc. 40).

B I'maBe 4 mpuBeJieHbI Pe3yIbTATHI Pa3pabOTKU METOJ0B KOPPEKITUH
Pa3INIHBIX CHCTeMaTnIecKnX 3(MMEKTOB, BANSIONINX Ha TOTHOCTH W3Me-
perusi acummerpun. lIpejcraBienbl pe3y/ibraTbl BbIYUC/ICHUsT 3HAYCHUI
ACHMMETPHUHU B 3aBUCUMOCTH OT WHBAPUAHTHON MACChl MIOOHHON Mapbl B
deThIpex MHTepBAJIax 3HadeHnit OpicTporsl mapst |Y,+,-| = 0, 1, 1.25, 1.5
n 2.4.

s jrydimero coryiacust pe3yabTaToOB SKCIEPUMEHTATHHBIX W3MepeHuit
1 PE3YJIbTATOB MOJICJIMPOBAHUS BBIIIOJHEH Psiji KOPPEKIUA, yINTHIBAIOIIIX
HeahHEKTUBHOCTH PEKOHCTPYKIUN (BKJIIOUAS TPOCTPAHCTBEHHYIO pasta-
JIAHCUPOBKY JIETEKTOPHBIX yacreii ycranoskn CMS), BiusiHue MHOXKECTBEH-
HBIX TIEPBUYHBIX BepmuH (pile-up) u ommbok momenuposanusi. Ha puc. 5
MOKA3aHO PaCIpeieJIeHIs YNCIa COOBITUI TI0 MHBAPUAHTHON Macce JIJIs map
MIOOHOB ¢ MHBAPUAHTHON Maccoil B auanasone 40 < M+ ,- < 120 T'sB/c?
MOCJIe HAJIOYKEHWS Pa3JUIHbIX KOPPEKIUN JIJIs YeThbIpeX JUATa30HOB IO
obictpore (0 < [Yj+,-| < 1.0, 1 < |Y,4,-| < 1.25,1.25 < [V, | < 1.5
n 1.5 < |Y,+,-| < 2.4). Tokazano xopotee Coracue 9KCIePUMEeHTalbHbIX
JIAHHBIX U pe3ysibraToB Monrte-Kapso MomennpoBanus.

BorancieHHoe 1moc/ie mpoBeIeHnsT KOPPEKIi MEeTOOM MPSIMOTO CUeTa
3HAYEHNE aCHMMETPUN A pp HAXOIUTCS B XOPOIIEM COTJIACUHU C PE3YIbTaTa-
MU MOJiesInpoBanus ¢ noMoIsio reaeparopa POWHEG ¢ yuerom mosroro
«oTKJuKay ycranoBku CMS u nporieypbl PEKOHCTPYKITHH.

Tewm ne menee cjaeanyeTr OTMETUTDL, 9TO Jda2Ke IIOCJIE€ 9THUX IIOIIPaBOK U3MeE-
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Puc. 5: Pacnipegenenns unciaa codbITHil 110 MHBAPUAHTHON Macce I 9eThIPEX AUaa30HOB
1o 6eicrpore (0 < [YV,+,-| < 1.0, 1 <[V, | <1.25,1.25 < [V,4,-| <1.5u 1.5 <|Y,+,-| <
2.4).

PEHHST AaCHMMETPHUH JTAI0T «Pa3MBITLI» Pe3yILTAT IO CPABHEHHUIO C aCHM-
merpueit, oxxupaemoit B CM Ha maproHHOM ypoBHe, u3-3a psija dhdek-
TOB: TIepepaclpe/iesieHre Jucya COObITHI 1Mo OMHAM MHBAPUAHTHON MacChl
BCJICJICTBUE KOHETHOTO pasperienus gereKTopoBs (bin-to-bin migration), 06-
pesanuii hpazoBoro obbeMa yeraHOBKH (aKCEITAHC), HEM3BECTHOIO HAIIPAB-
JIeHUs JIBYKeHUsT KBapKoB/anTukBapkoB Ha LHC u ussyvenus B KoHeTHOM
cocrosirmu (FSR) [12,20].

s xommencaruu 3Tux 3p@eKkToB paszpadoTaHa MIPoIeIypa IOCIeI0-
BaTEJIHHON Koppekimn nanabix (unfolding), ocHoBanHas Ha MHOTOMEPHOM
(Ho MHBapPUAHTHON Macce u COoS 905) Metrojie Baiieca ¢ umcjioMm urepaiuii,
paBubiM deTbipeM [23]. [losyueHbr MaTpuIlbl OTKIIMKA, COMOCTABJISIONIIE

W3MepeHHoe Ha sKcrepuMente n peaibhoe (13 Monre-Kapiio) kosmdecrso
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COOBITHII B KaXXJIOM W3 MHTEPBAJIOB 110 MHBAPUAHTHOW Macce u ObicTpoTe:

15
N;neas(F’ ]C) _ Z(RZF(k)NZtrue(Fy k) + Rf;B(k)Nitrue(B, ]f))
1=1

15
N™*(B, k) = > (REP(K)NI™(F,k) + REF (k)N (F, k))
i=1
jg=1,...,14; k=1,....4. (7)
Bnech N;(F, k) n Nj(B, k) — cCOOTBETCTBEHHO KOJMYECTBO COObITHI B Ha-
[PaBJICHUN <BIIEPEJl» W «HA33Jl» B KaXKJOM M3 HMHTEPBAJOB 110 Macce j
1 MHTEpBaJIOB 110 ObicTpoTe k. Marpuiia OTKJINKA RZ.F (k) omucobiBaer
«CJIBUT' TI0 MHTEpPBaJiaM WHBAPUAHTHON MacChl COOBITHUI CMOJIE/IMPOBaH-
HBIX U PEKOHCTPYUPOBAHHBIX B HAIPABJICHUU <«BIEpe » B k-OM WHTEpBaJe
110 OnIcTpoTe, a RSB (k) ommcbiBaeT TOXKE caMoe B HAIPABJICHUU <«HA3a/1».
REP(k)(RE (k) onuceiaer nepemelienye 10 MHTEPBAIAM HHBAPUAHTHOI
MacChl COOBITHI CMOJIETUPOBAHHBIX B HAIIPABJICHUN <«HA3ay» (<«BIEPE ),
HO PEKOHCTPYMPOBAHHBIX B MPOTHUBOIOJOKHOM HAITPABJIEHUN — <BIEPEJ»
(«nazany) B k-oM umHTepBasie o ObicTpoTe. Jljist KOPPEKINU JTAHHBIX HC-
10JIb30BAJIUCH 0OPATHBIE MATPHUITHI OTKJIUKA (pHC. 6), MOy IeHHBIE ¢ TOMO-
1o mporpammuoro nakera RooUnfold [23)].

Ha puc. 7 npuBejieHnl pe3yibraThl U3MEPEHHsl BeJINIUHbl App Ipu /S
= 8 TsB B c.11.M. 110CjIe HAJIOXKEHUST BCEX KOPPEKIUil ¢ COOTBETCTBYIOIIIM-
MU CTATUCTUICCKUMU U CHCTEMATUICCKUMHU (JJIsT JAHHBIX) TOTPEITHOCTSI-
mu [22,24]. [losyaernbie pe3ynbTaThl XOPOIIO COTVIACYIOTCS ¢ M3MEPEHUSIMU

Ha TIyUKaxX CTAJKMBAIOIIMXCs IPOTOHOB 1ipu /s = 7 T9B B .M. 25| n B
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Puc. 6: Ob6parHble MATPUITBI OTKJIMKA B YETHIPEX JMANA30HAX ObICTPOT MIOOHHOHN mapbl (0 <
Yyrp-| < 1.0, 1 < |Y,4,-| < 1.25, 125 < [V, | < 1.5 u 1.5 < [V,4,-| < 24) nia
cosfcgs < 0 u cosfcg > 0.

IpeJiesiax MOIPeIIHOCTell COBIA AT ¢ IPEICKa3aHusIMUA CTaHIaPTHON MO-
nesn. ITogpobHoe omnmcanne pe3ysibTaToOB BBIYUCIEHUI CHCTEMATUIECKUX
moTrpenrtHocTeil Jano B [ase 5.

B I'maBe 5 paccMOTpeHbl U OOCY2KJI€HbI OCHOBHBIE MCTOUYHMKHU CHCTE-
MATUYIECKUX HOIPEHIHOCTEN U MPOIE/LyPbl MX BHITHCJICHUS, IPUBEJIECHDI Pe-
3yJIbTAThI BHIUMCJIECHU IIONPEITHOCTEH B 3aBUCUMOCTH OT OBICTPOTHI M WH-
BapUAHTHON MACCHI APhl MIOOHOB.

CucremMarniecKye [MOIPEIIHOCTH BbIYKMCJIEHBI JIO U IOCJE HAJOXKEHHUsI
KOppEeKIuii Ha paspelnienue JiereKTopos, FSR 1 akcenTanc Jijisi KaxkJjoro
uHTEepBAIa 110 Y+~ 1 M+~ 1yTeM BapbupOBaHus HAUAILHLIX yCIOBUH
u koabdunuentos koppekimit (unfolding). Iomyuusineecs: snavenue App

CPpaBHUBAJIOCH C IIEHTPAJIbHBIM, TO €CTh ITOJYY€HHBIM oe3 yd€Ta CucCreMa-
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Puc. 7: Usmepennas (1mocie Koppekiuii) acummerpus App B 3aBUCUMOCTH OT MHBAPUAHTHOMN
MaCCBhI 1 6bICTpOTbI MIOOHHOI I1aPBI. HpI/IBe/:[eH])I CUCTEMATUYICCKUE MTOTPEITHOCTHU U PE3YJIHLTATHI
MosesinpoBanug B pamkax CM.

THKHU, 3HadeHueM. Jlannas mporeaypa IpuMeHsiIach KaK K JAHHBIM, TaK
u Kk Monre-Kapsio cobowbitusim. Takke yuTeHO BIMSHUE CHUCTEMATHYECKUX
93¢ HeKTOB HA MATPUIILI OTKINKA. B 000MX CIydasx MOrPerIHOCTbIO CInTa-
JIACh Pa3HUIlA 3HAUEHUI B MHTEpBaJaX 110 KHBAPUAHTHOI Macce u ObicTpore
MIOOHHOH ITapbl.

s omnenku Biausinus 3dpderTa pile-up M BBIUKUCIEHHS MOTPEITHOCTH
KOPPEKIMKM MMITYJIbCa MIOOHA COOTBETCTBYIOIIUE KOPPEKTUPYIOIINE KO-
dbunenTsl usMenstiuch Ha £5% wim B upejiesiax £0 COOTBETCTBEHHO OT
1eHTpaJibHoro 3uavenusd. [lorpemrnocru Besegcreue FSR onenuBasiocs 1my-
TeM BapbupoBaHusi Oeryiiei koncranTbl ¢Bsizu KX/ a,. Cucremarnueckast
IOTPENTHOCTH BBIYUCIACh KaK KBaJIpaTUIHAs CYMMa OTKJIOHEHUH MOJIH-

dunmposanroit App orT ee nenTpasbHOro 3Hadenwusi. HeomnpegeseHHocTs
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Puc. 8: 3uauenns abeomornbix cucremarmaeckmnx IIOTPENTHOCTEl N3MEPEeHusT aCUMMEeTPHUs
App N JaHHBIX B 3dBUCUMOCTH OT WHBAPUAHTHON MaCChl U OBICTPOTHI MIOOHHON TapHhI.

¢oHa oreHnBaJiach U3 CpaBHEHUS YHCJa (POHOBBIX COOBITHIA, IOJIYUEHHBIX
Ha Monre KapJjio 1 u3 anajim3a JIaHHBIX, HE3ABUCUMO JIJisi COOBITUI «BIIe-
pen» U «Hazady. ducyao (pOHOBBIX COOBITHII BaphbUPOBAJOCH B TIpejesax
OJIHOTO CPEJIHEKBAJIPATHIHOIO OTKJIOHeH!s (£10) OT IeHTpabHOTO 3Hae-
Hust Appg, 9T0 ¥ HPUHUMAJIOCH 38 CHCTEMATHIECKYIO MMOTPEITHOCTh (DOHA.
Baungaue PDF oneneno ¢ nmomomipio BapbUpOBaHUs 33 ITaHHOTO IEHTPAJIb-
noro 3uadennsi PDF gns nabopa CT10 w BBIUMCIEHHOTO HEHTPAJIHLHOTO
(cpemuero) suatenus B ciaydae Habopa NNPDF2.3 [26]. Bausuue apdexk-
TUBHOCTEI OIEHEHO KaK Pa3HuIla MeXKy IeHTpaIbHbIMI 3HadeHnsMrn App
U 3HAUEHUSIMU aCUMMETPUU, 1OJIydaeMbiMK 0e3 HajiokeHus 3PPeKTUBHO-
creit. HeopeesieHHOCTD TIpOTIe Ty phl KOPPEKITUH OTIeHeHa KaK KBaJIpaTh-
Hasl CyMMa ONMOKYM MOJEJIMPOBAHUS W MOTPENTHOCTH, CBSI3aHHOW C Pery-

ﬂHpI/ISaHI/Ieﬁ MaTpHUIIbI OTKJINKaA. HTorosBas cucreMaTuuecKast MMOTPEIIHOCTD
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BbIUMCJICHA KaK KBaJpaTU4dHas CyMMa 110 OTJeJIbHOCTU JJIsd OTPUIlaTesb-
HBIX U IOJIOXKUTEJIbHBIX [OI'PEIIHOCTe. SHAUYeHUsT aDCOJIIOTHBIX CHCTEMa-
TUIECKUX MOTPEIIHOCTE M3MepeHnsl acuMMerpuss App [l JaHHBIX MpU-
BeJIeHbI Ha PHUC. 8 B 3aBUCHUMOCTH OT MHBAPUAHTHON MaCChl U OBICTPOTHI
MIOOHHOW TIaphl.

B zakJjoveHun cpopMmyaupoBaHbl OCHOBHBIE BBIBOJIBI JUCCEPTAIIMOH-

HO#T PabOTHI.

B skcrnepumente CMS nabpana yHHKaJbHas CTATHCTHKA IIap MIOOHOB,
obpagzytomuxcst B poiecce pesia-Ana npu B3anMoieiicTBUN CTAaJIKIBAO-
IUXCS Y IKOB MPOTOHOB, B 06JIACTH WHBapUaHTHBIX Macc 10 2000 9B/ 2,
Nnrerpanbias cBetuMocTh L 1ipu /s = 7 T9B B c.imm. cocrasuna 5.6
b6uL a npu /s — 8 TaB B .M. Liy — 19.6 G6uL. Yo nossomuio ¢
BLICOKOI TOYHOCTBIO IPOU3BECTH U3MEPEHUsT acuMMeTpunApg.

OcHoBHBIE P€3yJibTaThbl 1 BbIBO/bI:

1. BnepBble m3MepeHbl 3HAYEHUs] aCUMMETPHUU BBLIETa MIOOHOB B Ha-
IpPaBJECHUN <«BIIEpeJI-HA3a/l» B IIPOIECCax POXKJCHHUS I1ap MIOOHOB B
3aBUCUMOCTH OT MHBapUaHTHOH Macchl B juanasone 40 < M+ ,- <
2000 I'sB/c?. PesyabraThl u3MepeHns Ha MyuKaX CTAJKHBAIOIIXCH
IPOTOHOB 1P /S = 7 1 8 T5B B ¢.11.M. XOPOIIO COMIACYIOTCs JIPYT €
JIPYTOM U B IpejeaX MOTPEITHOCTeH COBIAIAIT ¢ MPeIcKa3aHUusIMA

CTaHIAPTHON MOJIC/IN.

2. BriepBbie n3mepenbl 3uavenusi acumMmerpunt App B 3aBHCHMOCTH OT
OBICTPOTHI APl MIOOHOB B Anamnas3one |Y,+,-| < 2.4. Pesyabrarsr us-
MEPEHUsT B TMPEJIesiaX MOTPENTHOCTE COBMAAIOT ¢ MPEICKAZAHUIMNA

CTAHIAPTHON MOJIC/IN.
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3. Pazpaborana meronnka u co3/1aHO TTPOrPpaMMHOe obecriedeHne JIjIst n3-
BJIEUEHUsI 3HAYEHUs] acUMMeTpun App U3 SKClIEpUMEHTAIbHbIX JIaH-
HBIX B YCJIOBUSIX PP-CTOJIKHOBEHUII, OCHOBaHHbIE HA PA3JUUHbBIX CIIOCO-
Oax BOCCTAHOBJICHWSI aCUMMETPUN: allllPOKCUMAIIMS YIJIOBBIX PacCIpe-
JIeJIeHII, MeTOJ] MAaKCUMAaJIbHOI'O TIPaB/I0I0 00U, B3BEIINBAHKAE YIJIO-

BBIX paclpejieieHnii 1 MeTOJI MMOoJcUeTa COObITHIA.

4. VcenenoBalbl pa3/iiiHble METO/bI KOPPEKITMU CUCTEMATUICCKUX -
dexToB: Bausinre 3(pMEeKTOB KOHETHOIO Pa3pEeIIeHusl JIeTEKTOPOB, 13-
JIyIeHHUsI B KOHETHOM COCTOSIHUH, aKCeITaHca, 3(pOEeKTUBHOCTU U OIIN-
00k MozemnpoBanusi. Co3mano nmporpaMMHOe obecriederue Jjisi KOp-

pekiuu 3Tux 3PpPeKTos.

5. IIposejiena onenka pOHOBBIX MPOIECCOB B paMKax CTaHJapPTHON MO-
JIeJTI ¢ TIOMOIIBIO MOjieJInpoBanus MeTogoM Monte-Kapso n anammsa

IKCIIEPUMEHTAJIbHBIX JJaHHDBIX.
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