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fruurpneBcKoro Cepren leHHa4reBrrqa
flor4cKHEIZrPI4HHbIXB3ArrMoAErzcrBr4itttvtcc.nEAoBArrr.rECBofr crB

HEI;ITPI4HO c rloMo IrIbIo 3 JTEKTP oHHbIX AETEKT opoB B SKCTTEPI4MEHTE
(OPERA>, npe4craBneHHyro Ha coucKaHr4e yrreHofi creuenv KaH4pr4ara $u:zr<o-

MaTeMaTr4qecKI4X HayK nO Cneldl4aJrbHocTr4

01 .04.16 
- 

<<@HgItra aroMHoro xqpa rr 3JreMeHTapHbrx r{acrurp)

fluccepta:!'ut nocB.aqeHa oAHofi v3 aKTyaJrbnbrx npo6nerra conpeueuHoft $u:nxz
I4ccneAoBanuro csoftcrn uefirpl{Ho BbrcoKoft eHeprzr4 B nytrKe, rrpolreArrreM oKono 730 xpr

BelrlecrBa 3erralu MexAy ycKopr4Teneru L{EPH u rroA3eMHofi na6oparopuefi rroA ropqbrM

MaccvBoM fpau-Cacco n l4rastuu. Taras reoMerpr{r rro3BoJrr,rJra r43f{arb ocrlr4nnrrlr4n nefirpuuo

B BeIIIecrBe LI cAeJlarb oUeHKy cKopocrt4 Heftrpuno ria 6olrrrtofi upoleurofi 6ase. Ocqultrxquu

ueftrpzHo c HeHyneBofi rraaccoft Haxor{Tcf 3a rrpeAenaMlr Crau4apruofi Mo4enr{ c o6rrqnrrrr

na6opou KBapKoB Ir JIeTIToHoB rI Moryr [oMorrb B rrorrcKax nyrefi ee pacmvp eHkrfl..

Pa6ora BbrrroJrHeHa B cocraBe Me)KAyHapo4nofi xortrta6oparyuu opERA.

iln$c,eg $l ehitrfr{ aff s fie;\{ HI'x x{fil,T{



[nccepraq[r cocror4T rr3 BBeAeHrr.rr, qerbrpex fJIaB 14 3aKJIror{eHI4s. O6rela Al4ccepraullI4

cocraBJlser l4l wpanwry, BKnloqar 74 pucynxaw 15 ra6tutl.

Bo neeAeHrrlr rroKa3aHa aKTyaJrbHocrb reMbl, c(fopnryll4poBaHbl qenra pa6orbl, HoBIr3Ha

Lr [paKTuqecKa.a 3uaql{Mocrb rlon5n{eHHbrx n neil pe3ynbraroB.

Ilenrro pa6oru flBrrflercfl rror4cK BepuII{HLI nefirpuHnrrx nsavrrao4eficrnuft rtpu

uccJreAoBaHr,ru ocrlunnn\uit u ra3MepeHrle cKopocrl,t neftrpr,Ino c ucrloJrb3oBaHlreM SJIeKTpoHHbrx

AereKropoB B oKcrrepl4Menre OPERA.

B nepnoii rJraBe Eae'tcfl. o6sop cocrosHu.fl nefirpvnHrx I{ccneAoBanufi. florcagaHo, vro

oco6enno rIeHHrr oKcrrepr,rMeHTbr (<rra noqBreHlle> neftrpIaHo c apoMaroM, 3aBeAoMo

orcyrcrByrorqr,rM B r,rcxoAHoM rrfrKe. K uunt orHocurcs orllcblBaeMrrfi erclepLIMeHT no nolrcKy

ray-nefirpraHo. O efo cJroixHocrr{ MoxHo cyAlrrb rlo roMy, qro cpeAHee qrIcJIo

uleuru$uur4poBaHHbrx nsazuo4eficreufi. ray-Heftrpuno c polKAeHI4eM Tay-JrerIToHa,

lonyrreHHbrx 6olrurofi Mex4ynapoAuofi xorra6opa:q.ueit, cocraBJlter oKoJIo 1 co6rrrus B roA.

O6cyx4aercs 3K3orprrrecKar Bo3MolKHocrb orJrrlqv{ cKopocrl{ ireftrpzno or cKopocrl{ cBera.

Bo nropoft rJraBe orrncaH ru6plr4Hufi 3KcnepLIMeHr OPERA (Soroenrymcux +

sneKTpoHHbre AereKTopu), ocHonnofi qemro Koroporo flBrs.ercfl. perl4crparlns,B3avMo4efi.c,rsnft

ray-neftrpuno, flosBrrBrrrr4xcr B pe3yn6Tare ocu]r:rrrsuufi B LBHarriIJIbHo tII{croM rlfrKe

MrooHHbrx nefirpuHo u3 ycKopvrenr SPS (UEPH). 3rraymcux o6ra4aer BbIcoKI{M

rrpocrpaHcrBeHHbrM lr yrnoBbrM pa3perrreHl,IeM, Ho He perllcrpl{pyer BpeMt ssaIaN4oAeftc'tBrrs,.

lloarolry oco6oe 3HatreHr,re npzo6peraer yKa3aHr,re KoHKperHoro 6roxa r.r MoMeHTa BpeMeurl,

rAe rr KofAa rrpor{3orrrno poxAeHrre ray-nerrroHa B gMyJlbcurv g:rs. rIpI,IBx3KLI K rI} IKy nefrrpuno

vr3 ycKopr,rrenr. 3ro BbrrorH-f,er rpeKoBat cucreMa ueneyKa3aHlr.s (TCU), xa-ru6ponrofi,

KoHTponeM rr aHaJrr,r3ou pa6orrr Koropbrx B ocHoBHoM 3aHr{MaJrc.fl Ar,rccepraur. ,{ra groro r4M

LUrLr c ero ocHoBHbrM yrracruerr 6rrrt14 pa3pa6oraHbr Mero nrr:r.r4 kr nonyrreHbr pe3ynbrarbr,

rrcnonb3yeNlrre ecefi xor:ra6opaquefi npu aHa-III{3e sKcriepuMeHTaJrbHbrx AaHHbrx.

B rpersefi rJraBe olrrcaHa rrpoueAypa olpeAeneHux 6toxa 3Mynbcr{u rro AaHHbrM TCU,

B KoropoM Moxer HaxoAr,rrbcr r,rcKoMar BeprrrlrHa poxAenrr{ Tay-nenroHa. Eruro onpo6oeaHo

uecronrxo Bapr{aHToB anropr.rrMoB, oHr{ 6:sl:tu [porecrr{poBaHbr Ha MoAenbnbrx 14 peanbHbx

co6slrusx u oro6paHrr Hara6oree e$Sercu,rBHbre. OronqarelbHa{ rrpoqeAypa Hanvcar'a Ha

.s3brKe C++ u r{HTerpl4poBaHa B rrporpaMMHoe o6ecne-renue OPERA B Br{Ae eAraHoro rraKera

OpBrickFinder. C 2010 r. rlo Hacro.sqee BpeMt oHa vcnoJr*yercr p.ns. a*auwlsa Bcex co6rnnfi

3KCrrepr{MeHTa.

B uernpprofi rnaee orrficaHo lI3MepeHLIe cKopocrr,r nefirpltHo Ha nponernofi 6ase

731278 M MexAy IJEPH 14 ycraHoBKoft OPERA. B 2011 r. na srofi ycranosxe 6rrr ronyqeH



npeABapIITenbHbIt4 pe3ynbTaT, COTIaCHO KoTOpOMy CKOpOcTb HeftTpr{HO OTIArranaCb OT

cKopocrt4 cBera Ha 6 o. fpyuuofi OVTAVI c aKrrrBHbrM yrracrr'reM aBTopa 6sutu pa:pa6oranrr

HecKoJrbKo MeroAIrK, 6oree rorlHo yr{I4TbIBaloIql4x cl4creMarl4qecKl{e HeonpeAeneHHocrl4

u:ltepenufi. YroqHeuirsrfi pesyrbrar IIo craHlaprHbrM 14 crreqzanbHo yKopotreHHbrM Io 3 nc

rrMnynbcaM ueftrpuno He rIoATBepAr4n raKoe orJllrque cxopocrefi. Bnaro4apr Bo3MoxHocrr4

onpeAentTb 3HaK 3apq4a MIooHa B MaTHI4THOM lrone BrrepBbre nonyr{eHbr pa3AenbHhre oIIeHKr4

orrv,rkrs. B:v/c Ha ypoBHe AocroBepH oc'ru 90Yo 4ll uefirpuuo - I ,8x 10-6<(B- I ) <2,3x70-6 Lr

_I,6x1 0-6<(P- 1 )<3,0x I 0-6 l:r-{ anrvnefirpraHo.

B :arclro.reurrlr [peAcraBJIeHbI ocHoBHbIe pe:yJrbrarbr Arrccepra.r\*rpt, BbrHocr4Mbre Ha

3arqrrTy:

Pa:pa6oma pI BHeApeHIae MeroroB aHaJrr.r3a AaHHbrx oneKTpoHHbrx AereKTopon OPERA

An.t [orlcKa BepIILIHrI nsauuo4eficrBkrfl. Hefirpuuo B Mr4[reHrr ycraHoBKr.r. Onu o6re4nnenu n

npofpaMMHoM rlaKere OpBrickFinder, roropufi 6rn ucrroJrb3oBal Lns. a*aJtur3a Bcex AaHHbrx,

Ha6pauutx B 3KcneprlMenre OPERA c cepeArrHbr 200g no KoHeU 2012 rc..

Pa:pa6orr<a ll IIpkIMeHeHrre MeroAa onpeAeneHr4.tr MoMeHTa B3ar4MoAeitcrsufl. uefirpuuo n

AereKTope OPERA rro cI4rHaJIaM or MIooHoB. MeroA rro3BoJrr.rJr o6napyxuu, r4 ycrpaHr4Tb oAr4H

L{3 LIcroqHLIKoB cl,IcreMarra.recKoft onrz6ru nprr aHaJrLBe 3Kcnep[MeHTaJrbHbrx AarrHbx OPERA

2009-2011 rr.. C ero rroMolrlblo BflepBbre ycraHoBneHbr pa3Aen6Hbre orpaHrrqeHr4{ Ha

oTKJIoHeHI{e cKopocreft Heftrpuuo 14 aHTl{Hefirprano or cKopocrrr cBera v paccrrvrali'a Berrr4.clvrHa

orKtIoHeHLIfl BpeMeHI4 nponera uefrrpniro MexAy r{crorrHr{KoM s CERN r.r AereKToporr,r OPERA

oT cBoero HoMr{HaJIbHofo 3HaqeHI4f.

llpone4euze xaru6ponorc kr MoHr{Topr.rpoBaHr4e s$$exrznuocru 14 cra6unrnocru

rperonoft cIrcreMbl IleneyKa3aHufi e sxcnepr.rMeHTe OPERA. floragana ee BbrcoKiur Ha.qexHocrb,

e(p$exrznuocrb rr cra6ulrnocrr.

Hay'rnar HoBI{3Ha rloJryqeHHbrx pe3yJrbraroB. fra6prE4Hufi orcnepuuenr OPERA ne

vMeeT aHaJIofoB B Mlrpe, Bce [onyqeHHbre Ar,rccepTaHToM pe3ynbTaTbr _sBrsroTcr HoBbrMr4.

Hay'tro-npaKTr{qecxafl 3HaqrrMocru pa6orrr. Pesylbrarbr Ar,rcceprarlnonuoft pa6oru

npkI3HaHbI MexAyHapoAuoft xonna6oparyueir OPERA lz r{crronmyrorcr B Ter{eHr.re HecKoJrbKrrx

JIer B sKcrlepr{MeHTe. Ouu [peAcraBn{Ior r,rHTepec Anfl cnequanr{croB n o6lacru

3Kcrlepl4Meuralrriofi SusraKa qacrLIII 14 Moryr nairtu [prrMeHeHr,re B krccneAoBa1r4flx Ha

ycKopl4Tensx r{ B Apyrl4x SKcrIepuMeHTax IIo 1pu:raxe BbrcoKrrx sneprufi c MHoxrecrBeHHbrM

poxAeHI{eM r{acTuII.

Jln.rnrrfi BKJTaA aBTopa. Bce pesynbrarbr, [pr.rBeleHHbre B AzcceprarlrroHHofi pa6ote,

KpoMe crleqr{aJrbHo oroBopeHHbrx cJrytraeB, 6tutu [oryr{eHbr HenocpeAcrBeHHo aBTopoM I,rnr4

[pr4 ero aKTrrBHoM yI{acTI-dId.



llpunqunuaJrbHr,rx HeAocrarKoB B Ar4ccepralll4lr He o6Hapyxeno, TeM 6olee, r{To

pe3ynbrarbr r{cnonb3}rorcs rcorra6opaquefi OPERA.

tr4rr,rerorc-f, orAeJrbHbre 3aMeqaHuq, orHocrrqfiec{ cKopee r o$oplrlennro.

1. Ha pnc. 3.10 (crp. 96) npu arnpoKcrrMaurrrr sKcrreprzMeHra,rbHbrx pacnpe4e:reuuft

rayccuanofi ronyr{eHbr BeruqzHbr ytlndf, paBHbre 4149158 n 3023140, T.e. BeJrrrql{Hbr

1

X':na oAHy creneHs cno6o4br paBHbI coorBercrBeuso 71.510.19 u 75.6+0.22. 3ro

rroKa3brBaer orreHb [Jroxoe coorBercrBr{e a[[poKcrrMrapyrorqefi @ynxqriu

3Kcnepr4MeHTilJIbHbIM AaHHIIM. Annporcuna\vv flBnflro'rcfl, Lr3IruurHI{MIr, T.K. TaM xe

rrprrBeAeHbr cperHr.re 3HarreHus (mean) v cpeAHeKBarparr4rrHble orKJloHeuur (rms),

BbrrrrrcJreHHbre 6es rrapaMerplr3ar\Lru. OnN ropa3Ao ny.{ure xapaKrepr{3yror

oKcrrepuMeHTzLrrbHbre pacnpeAene*vfi.3ro xe orHocl4Tcq pI K ApyfrrM prrcynKaM, fAe

pe3ynbrarbr anrlpoKcvMar\vv s Aanruefiuexa He r4crroJrb3oBaJrrrcb, Ho 6sltu

nonyqeHbl (nyrarcuu 
"r, =.,urrt , y'.

2. Ha pr4c. 3.13 (crp. 100), B orJrrrque or Apyrr.rx prrcyHKoB, rrapaMerpbr

annpoKcrrMarlr{lr xopomo cooTBeTcTByroT 3Kcrrepr4MeHTaJrbHbrM paclpeleneHr4eM, a

Bbrqr{cJreHubre RMS MaJro orJrr4r{arorcfl. Anfl. BaprraHToB a) kr c), r{To rrJroxo

cornacyercr c Qopnrofi pacnpeAenouuit .

06rqaq orreHKa pa6orrr OcnosHrre pe3ynbrarbr Ar{ccep^ta\kru rBrsrorct

opr4fr4HanbHbrMrd ra o6ocHosaHHbrMrr. 3a.snnennrre uenu AocrrrrHyrbr, pe3ynbrarbr nprr3HaHbr

MeN4ynapoAlrofi ro:ua6opaquefi OPERA n ucnonb3yrorcr rrprl aHanrr3e Bcex

3Kcnepr,rMeHTaJrr,Hbx AaHHbrx. OHu AoKnaAbrBa!-rucb Ha poccuftcxzx lr MexAyHapoAHr,rx

ceMr4Hapax z xoH(fepeHuu.f,x, cBoeBpeMenno ony6nI4KoBaHbr B HayqHbrx xypHanax 14 ra3BecrHbr

cnequantacrau. llpo4eMoHcrpr4poBaH locraro.rulrfi Kpyro3op aBTopa e o6racrIa uefirpznHux

ocqunn.rrur4fi r't sHaxoMcrBo c r4x reKyrrlrrM cocrosHrreM B Mrrpe. llpo4yuauHarr KoMrroHoBKa

Mareplrana a [paKTlrr{ecKra rroJlHoe orcyrcrBlre orer{aroK o6rer.rarcr Boc[plz-rrrr4e I{

AeMoHcrpr{pyror orBercrBeHHoe ornorrreHr4e Ar4ccepraHTa r pa6ore.

Aerope Q ep ar rrp aBr.rnbHo orpaxaer c oAeplxaHr4e Ar.rccep r ar\trtr.

C4eranurre 3aMeqaHns. He cHr4)Karor nrrcoxoft orIeHKr4 pe3ynbraroB npeAcraereHHofi

oa6orst.



fiuccepraryut <<IIOIICK HETTPI4HHbIX B3ALIMOAEtrICTBI4tr[ Vl I4CCJIEAOBAHI,IE

CBOI;ICTB HEIZTPUHO C IIOMOIIIbIO SJIEKTPOHHbIX AETEKTOPOB B SKCIIEPI4MEHTE

OPERA> coorBercrByer rpe6onanraxu flocraHosreHz-s flpannrenrcrna PO 842 or 24

cenrr6px 2013 f. (O rrop{AKe npucy)KAeHrrr yrreHbrx creueuefi>>, rtpeA:b-flBrseMrlM K

Ar,rccepraqrrnM Ha cor{cKaHrre yuenoft crefreHra KaHp;Lrplara Susnxo-nrareMarl4rlecKl4x HayK, a ee

aBTop [nrurpuencrcufi Cepreft leuuaqrenuq 3acnyiKr.rBaer rrprrcyxAeHr4s eMy yuenoft

crerreHr4 KaH4Lr1lura Qzszr<o-rr,rareMarnqecKl4x HayK rlo cnequanbHocrl4 01.04.16 
- 

<Ot'IsuKa

aToMHOfO fl.I'pA a sneMeHTapHbIX qaCTuII>.

[zccepraqus 6r,ma AoJroxreHa, o6cyN4ena ra o4o6peHa 8.09.2015 r. Ha ceMr4Hape

Orlera KocNapr.recKuxllcctrcgor,a:nuia (OKI4) @uguqecxoro LlucruryravM.lI.H. Jle6elesa

PAH

OrgbIe cocraBr4Jr

K.(p.-vr.n.

3ae. OrAeroN{

A.S.-pr.H.

3an. na6oparopuefi KocMr,rqecKrax ryrefi

@"/,"4--
Ko cnuqecrux l4ccteron anufi OI{AH

@I4AH

B.lI. flaenrcrTeHKo

B.A. Ps6oe


