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06m;a.H xapaKTepMCTMKa pa6oThI 

AKTyaJibHOCTb pa6oTbI. Pa6oTa rrocBRllJeHa o,n;Holi rrs Ba)KHbIX rrpo6JieM 3Kcrreprr

MeHTaJihttoH: qm3HKH BbICOKHX 3HeprHH (<DB8), a HMeHHO sa,n;a-qe peKOHCTPYKI.J;HH co6bITHH1' 

IIOJiy'leHHbIX B 51,ll;p0-51,ll;epHbIX coy,n;apeHHRX. XapaKTepHbIMH oco6eHHOCT5IMH MHOrI:IX COBpe

MeHHbIX 3KCIIepHMeHTOB B qm3HKe BbICOKI:IX 3Heprrr:i1: 5IBJI5IIOTC5I 60JibIIIa5I MI-IO)KeCTBeHHOCTb 

H IIJIOTHOCTb tiaCTHIJ B Ka)K,ll;OM co6bITHII (,n;o 1000 saperHCTpHpOBaHHblX 'laCTI:IIJ B co6bITHH), 

a TaK)Ke BbICOKaR CKOpOCTb IIOCTYTIJieHirn ,n;aHHbIX (,IJ,o 107 co6bITHM/ceK.). ~JIR aHaJIH3a IIO

Jiy'leHHblX ,n;aHHbIX Heo6XO,IJ,HMbl 6bICTpbie H 3¢¢eKTHBHbie aJirOpHTMbl H rrporpaMMbI. 

8KcrreprrMeHT CBM (Compressed Baryonic Matter) no rrsytieHIIIO C)KaTOH: 6apHOHHOH 

MaTeprrrr B R,IJ,pO-R,IJ,epHbIX coy,n;apeHHRX rrprr 3HeprrrRx rrytIKa OT 8 ,IJ,O 45 Ar3B RBJIReTcR 

O,IJ,HHM I:I3 OCHOBHbIX B rrporpaMMe HCCJie,IJ,OBaHHH Ha CTp05IIIJeMC5I ycKOpHTeJibHOM KOMIIJieKce 

FAIR (Facility for Antiproton and Ion Research) B ~apMIIITa,IJ,Te (repMaHn:R) [Al, A2]. 

B HaCTORllJee BpeMR Be,IJ,eTCR paspa6oTKa MaTeMaTH'lecKoro n: nporpaMMHoro o6ecrre'le

HH.H 3TOro 3KCIIepn:MeHTa. TipoBO,IJ,.HTC.H HCCJie,IJ,OBaHHR ITO cPH3H'leCKOMy o6ocHOBaHHIO H aHa

JIH3Y B03MO)KHOCTeli 3Kcnepn:MeHTa, a TaK:tKe orrTHMHsa11rrn: ycTaHOBKH CBM. Mo,IJ,eJirrpoBaHHe 

5IBJI5IeTC5I Ba:>KHblM 3TaIIOM rro,n;rOTOBKII 3KCrrepI:IMeHTa, BKJIIO'laIOllJI:IM B ce65I paspa60TKY aJI

ropHTMOB peKOHCTPYKIJHI:I co6bITHM. 06pa6oTKa CMO,IJ,eJIHpoBaHHblX C06bITHH II03BOJI.HeT 011e

HHTb TaKI:Ie KatieCTBeHHbie xapaKTepI:ICTI:IKH aJirOpHTMOB, KaK 3¢¢eKTI:IBHOCTb peKOHCTpyK

IJHH co6hITHH, TO'IHOCTb OIJeHKH I:ICKOMbIX cPH3H'leCKHX rrapaMeTpOB I:I BpeMeHHbie saTpaTbI 

Ha BbIIIOJIHemre rrporpaMM, peaJIH3YI-OllJHX 3TI:I aJiropHTMbI. OT 3¢¢eKTHBHOCTH pa6oTbI aJI

ropn:TMOB peKOHCTPYKIJHH co6bITHM 3aBHC5IT I<:atieCTBO cPH3H'leCKOrO aHaJIH3a H Tpe6oBaHHR, 

npe,IJ,'b5IBJrneMbie paspa60T'IHKaM ,IJ,eTeKTOpOB OTHOCHTeJibHO HX xapaKTepHCTHK H KOHCTpyK-

IJHH. 

O,n;noH: ns ocHOBHbIX sa,n;a'l B 3KcrreprrMeHTe CBM .HBJI.HeTc.H n,n;eHTHcPHKalJH.H 3JieKTpo

HOB2, KOTopaR Heo6xo,n;nMa ,IJ,JI.H peKOHCTPYKIIMH J / 'ljJ H 'lj;' Me30HOB n JierKHX BeKTOpHbIX Meso

HOB (p, w, ¢) rrpn pacrra,n;e TIO ,ll;H3JieKTpOHHOMY KaHaJiy. c O,IJ,HOH CTOpOHbI, Tpe6yeTC5I xopoIIIaR 

3¢¢eKTI:IBHOCTb n,n;eHTHcPI-IKalJHH 9JieKTpOHOB, c ,IJ,pyroH: CTOpOHbI, Heo6xo,n;HMO xopoIIIee IIO

,n;aBJieHHe TIHOHOB, TaK KaK OHM COCTaBJI5IIOT OCHOBHOH cPOH rrpn: cPH3II'leCKOM aHaJII:I3e. ~JIR 

H,IJ,eHTI:IcPHKau;nn 3JieKTpOHOB II rro,n;aBJieHI:IR IIHOHOB 6y,IJ,yT IICIIOJib30BaHbl ,IJ,eTeKTOp tiepeH

KOBCKOrO H3Jiy'leHHR RICH (Ring Imaging CHerenkov) n ,IJ,eTeKTOp rrepexo,n;Horo H3JiytieHHR 

1 Co6hrTn:e coBoKyrrHoCTh qacTn:u;, 3apern:cTpn:poBaHHhIX B ,n;eTeKTopax B pe3yJihTaTe coy,n;apeHn:a. 

2 3,n;ecb H ,!l;aJiee rrpe,n;rroJiaraeTCR H,!l;eHTn:qrnKau;n:a 3JieKTpOHOB IT II03HTpOHOB. 
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TRD (Tuansition Radiation Detector). 

,I(eTeKTOpbI RICH nrn:poKo ITpn:MeHaroTca BO MHorn:x 3KCITepn:MeHTax B cpn:3:rrKe Bhrco

KHX 3Heprn::ti: KaK qacTh cn:cTeMbI n:,.rr;eHT:rrcpn:Kar.wn: qacTHIJ; (cM., HarrpHMep, [A3, A4, A5, A6] 

n: ofoop [A7]). IlpliHII,I'.lIT pa6oTbI RICH ,n:eTeKTopa ocHoBaH Ha TOM, qTo rrpli rrpoxm-K,r:i;eHHH 

qaCTllIJ;bI B cpe,r:i;e, xapaKTepn:3yeMoit IIOKa3aTeJieM rrpeJIOMJieHH5I n, co CKOpOCTbIO v, ITpeBbI

rnaIOr.u;eit CKOpOCTb CBeTa B ,r:i;aHHOH cpe,.rr;e, n:crrycKaeTC5I qepeHKOBCKOe I'.l3JiyqeHHe rro,.rr; YrJIOM 

e K TpaeKTOplili ,Il;BH)K8HH.H qacTHIJ;bI, ITPII 3TOM case= l//3n, r,r:i;e /3 = v/c. YroJI B 3aBIICI'.lT 

OT TIIITa qacTI'.lIJ;hI I'.l ee IIMIIYJihca. B RICH ,r:i;eTeKTopax qepeHKOBCKHe cpoTOHhI pemcTpn:py

IOTca Harrp.HMYIO cpOTO,II;8'l'eKTOpOM ( IIJIII tj:>oKyCHpyIOTC5I ccpeprrqecKHM 3epI<:aJIOM Ha cpoTO

,r:i;eTeKTOP) B BH,r:i;e H3o6pa)KeHrra KOJien;. CKopocTb 3apmKeHHoit qacTHIJ;hI orrpe,r:i;eJI.HeTca no 

pa,r:i;n:ycy KOJibI.Ia, Ha KOTOpOM pacrroJiaraIOTC5I cpOTOHbI, B COOTBeTCTBIIH c KOHCTPYKI.IH8:ti: II 

OITTHqecKo:ti: CIICTeMoli ,n:eTeKTOpa. RICH ,.rr;eTeKTOp qacTo HCIIOJih3yeTca ,n;JI.H I'.l,IJ;8HTHcPHKaI.IHII 

qaCTHD; COBMeCTHO c ,n;eT8KTOpOM ,IJ;JI5I II3MepeHH5I HMIIYJibCa, TaK KaK COBOKYIIHOCTb llHcpOpMa

IJ;HH 0 CKOpOCTil Il HMrry.JibCe qaCTIIIJ;bI IT03BOJI5!8T orrpe,n;eJIIITb ee Macey, ITO KOTOpo:ti: OHa MO:tK8T 

6bITb H,IJ;eHTIIcpHI.IHPOBaHa. ,I(Jia orrpe,n;eJieHH5I yrJia, rro,n; KOTOpbIM HcrrycKaeTC5I qepeHKOBCKOe 

II3JIY'IeHIIe, Heo6xO,IJ;I'.lMO pacrr03IIaTb H on;eHHTb rrapaMeTpbI KOJien;. Ilo3TOMY peKOHCTPYKI.III.H 

KOJien; B co6bITHax aBJiaeTca Ba)KHOit 3a,.rr;aqe:ti: ,n;mr Bcex RICH ,n;eTeKTopoB. 

B ,n;n:ccepTaI.IHH ITpe,.rr;cTaBJieHbI aJiropHTMhI peKoHCTPYKIJ;IIH co6hrTH:ti: B RICH ,n;eTeKTO

pe 3KCITepHMeHTa CBM. K 3THM aJiroprrTMaM ITpe,IJ;'b5IBJI5IIOTC5I cJie,n;yIOr.u;He Tpe6oBarrna: 1) 

BbICOKaa CKOpOCTb pa60TbI aJiropHTMOB Il3-3a Heo6xo,n;HMOCTH o6pa6aThIBaTh 60JiblIIOM ITOTOK 

,.rr;aHHbIX, 2) BbICOKaa 3tj:>cpeKTIIBHOCTb paCIT03HaBaHH5I KOJieu;, 3) ycTo:ti:qrrBOCTb BbiqllCJI8HH:ti: K 

o6pa6oTKe co6hITH:ti: c 6oJihrno:ti: MHO)KeCTBeHHOCThIO qacnru;. ITpoBe,n;eHHhrit aHaJIH3 ITOKa3aJI, 

qTo cyr.u;ecTBYIOlIJ;He aJirOpHTMbI He y,n;OBJieTBOp5IIOT TaKHM Tpe6oBaHH5IM ITO 3cpcpeKTHBHOCTil 

rr/HJIH CKOpOCTH pa6oTbI. ITo3TOMY B03HHKJia Heo6xo,n;rrMOCTh pa3BHTHa cyr.u;ecTBYIOlIJ;IIX H pa3-

pa6oTKII HOBbIX, 6oJiee 3cptj:>eKTIIBHbIX aJirOpHTMOB. 0,n;HHM II3 CITOC060B ycKopeHH5I ITPOI.Iecca 

o6pa6oTKH 5IBJI5IIOTca ITapaJIJI8.JihHbie BhrqrrcJieHHa. CoBpeMeHHaa apxn:TeKTypa ITpo:u;eccopoB 

pa3BIIBa8TC5I ITO IIYTH yBeJIHqeHirn KOJIIIqecTBa Bbiq.IIC.JIHT8JihHbIX a,r:i;ep II ITpI'.lMeHeHH5I BeKTOp

HbIX BbiqIICJieHI'.l:ti:, qTO 1!03BOJI5IeT cyr.u;eCTB8HHO IIOBbICllTb 3cptj:>eKTHBHOCTb pa60TbI rrporpaMM 

ITPH IICITOJib30BaHHil ITapaJIJieJibHbIX aJirOpHTMOB. 

,I(Jia 3KCITepHMeI-ITa CBM co3,z::i;amrn HOBbIX aJiropHTMOB peKOHCTPYKD;HH co6hITIIit aB.rra

eTca aKTyaJihHO:ti: B rrJiaHe ITOBhrrneHHR HX atj:>cpeKTHBHOCTH. Perne1rne Tarrnx 3a,n;aq IT03BO.JIReT 

yJiyqrnllTb KaqeCTBO aI-IaJIII3a cPII3HqecKHX pe3yJibTaTOB, a TaK:tKe OITTHMII3IIpOBaTb KOI-ICTpyK-
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u;11IO RICH ,n;eTeKTopa. 

IJ;eJib ,n;HccepTaD;HOHHOH pa60Tbl COCTOHT B pa3pa60TKe 6bICTpbIX I1 scpcpeKTHBHbIX 

aJirOpHTMOB, a TaK)Ke TeCTHpOBaHHH H rrpaKTHqecKOM BHe,n;peHHH rrporpaMMHOro o6ecrreqeHHR 

,IJ;JIR peKOHCTPYKIJ;HH KOJieu; qepeHKOBCKoro H3JiyqeHH.R 1111,n;eHTHcp11Kau;n11 sJieKTpOHOB B RICH 

,n;eTeKTope 9Kcrrep11MeHTa CBM. 

,Il;JIR ,IJ;OCTH)KemHI IIOCTaBJieHHOH u;eJIH IIOTpe6oBaJIOCb pellIHTb CJie,IJ;yIOm;He OCHOBHbie 

3a,n;aqH: 

1. pa3pa6oTaTb s<P<PeKTHBHbIH aJiropHTM peKOHCTPYKIJ;HH KOJieu; qepeHKOBCKOro H3Jiyqe

HHR B RICH ,n;eTeKTope rrp11 HaJinqnH 6oJinIIIoro KOJJIIqecTBa rrepeceKaIOm;HxcR KOJieu;; 

2. pa3pa6oTaTh sc);>cpeKTHBHbI:ti: aJiropHTM H,IJ;eHTHcpHKau;nII sJieKTpOHOB B RICH ,n;eTeKTope; 

3. C03,IJ;aTb 6hICTpbIH aJirOpHTM peKOHCTPYKIJ;HH KOJieu; qepeHKOBCKOro H3JiyqeHHR B pe)KH

Me peaJibHOro BpeMeHH c rrpIIMeHeHHeM rrapaJIJieJibHbIX BblqHcJieH11ti:; 

4. peaJIH30BaTh aJiropHTMhI B rrporpaMMHOH o6oJioqKe 9KcrrepnMeHTa CBM CBMROOT, 

II BbIIIOJIHHTb HX TeCTHpOBaHHe; 

5. co3,n;aTb rrporpaMMHOe o6ecrreqeHIIe ,IJ;JIR rrpoBepKH KaqecTBa pa60TbI aJiropHTMOB rr rrpo

BeCTH HX MeTO,IJ;HqeCKHe IICCJie,IJ;OBaHIIR Ha ycTOHqHBOCTb K pa3JIIIqHbIM HCTOqHHKaM IIO

Mex; 

6. rrpoBeCTH rrccJie,IJpBaHII.H rro orrTHMII3aIJ;HH KOHCTPYKIJ;IIH RICH ,n;eT'eKTOpa II Bb1pa60TaTb 

Tpe6oBaHHR ITO ee yJiyqrneHIIIO. 

HayqHaa HOBH3Ha. OcHOBHhie pe3yJihTaThI ,n;HccepTan;rrrr RBJI.HIOTC.H HOBbIMH rr 3aKJIIO

qaIOTCR B CJie,n;yrom;eM: 

1. Pa3pa6oTaHa HOBa.H aJiropIITMHqecKaR H rrporpaMMHaR peaJIH3au;11.R rrpeo6pasosaHIIR 

Xacpa ,IJ;JIR peKOHCTPYKIJ;HII KOJieu; qepeHKOBCKoro H3JiyqeHIIR, KOTOpaR xapaKTepII3yeTCR 

BbICOKOti: CKOpOCTbIO BbI~rncJieHHH H scpcpeKTHBHOCTbIO peKOHCTPYKIJ;IIH qepeHKOBCKHX 

KOJieu; B ycJIOBH.HX BbICOKOE MHO)KeCTBeHHOCTII qacTHIJ;. 

2. ITpe,n;Jio)KeH II rrporpaMMHO peaJIH30BaH opHnrnaJihHbiti: KprrTepHti: ou;eHKH KaqecTBa Hait

,n;eHHbIX KOJieu;, OCHOBaHHbIH Ha rrpHMeHemrn HCKYCCTBeHHOH Heti:pOHHOH ceTH (I1HC). 
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Ha OCHOBe 3TOrO KpHTepH.H paspa6oTaHa rrpou;e,nypa OT6opa KOJierr H3 MaCCHBa KaH,n;H

,n;aTOB, Hall:,n;eHHbIX rrporpaMMOH pacrr03HaBaHHH. Ilpou;e,n;ypa y,n;aJI.HeT JIO)KHbie KOJibrra 

6es IlOTepn s¢tj)eKTHBHOCTH pacnosHaBaHH.H. 

3. Paspa6oTaH HOBhIH aJiropHTM rr,n;eHTHcPH1<au;1rn ::>JieKTpOHOB B RICH ,n;eTeKTope, ocHo

BaHHbIH Ha ITp11MeHeHn11 I1HC. AJiropHTM ITOKasaJI ,n;By1<paTHoe ITpenMyrn;ecTBo B ITO

,n;aBJieHnn ITHOHOB ITO cpaBHeHHIO c panee H3BeCTHbIMH aJirOpHTMaMH. 

4. Ilpe,n;JIO)KeHhI opnr11HaJibHbie pemeHH.H ITO BpeMeHHOH OIITHMH3aD;HH H pacITapaJIJieJIHBa

HHIO aJiropHTMa peKOHCTPYKU:HH KOJieu;. B paM1<ax rrpe,n;Jio)Ke:HHbIX pemeHHH paspa6oTaH 

6bICTpbIH rrapaJIJI8JibHhIH aJirOpHTM paCII03HaBaHHH KOJieu; c HCIIOJib30BaHH8M B8KTOpH

sarrHH H MHOI'OIIOTOqHOCTH. 8To II03BOJIHJIO cyrn;eCTBeHHO yBeJIHqHTb CKOpOCTb pa60TbI 

aJirOpHTMa 6es IIOTepH ero s¢¢eKTHBHOCTI1. 

5. Paspa6oTaHhI opnrnHaJihHhre rrporpaMMhI ,IJ;JI.H on;eHKH KaqecTBa pa6oTbI aJiropHTMOB. 

IlprrMeHeHrre 3THX rrporpaMM II03BOJIHJIO 3HaqnTeJibHO orrTHMH3HpoBaTb KOHCTPYKU:HIO 

,n;eTeKTopa RICH ITO pasMepy rr CTOHMOCTH. 

,IJ;ocTOBepHOCTb H o60CHOBaHHOCTh pe3yJihTaTOB, IIOJiyqeHHbIX B ,n;rrccepTau;rrn, 

rro,n;TBep)K,n;eHa Mo,n;e.JIHpoBaHHeM MeTo,n;al\rrn MoHTe-KapJio c rrpHMeHeHneM coBpeMeHHbIX 06-

rn;errprrsHaHHhIX Mo,n;eJieH: n rrporpaMM, TaKHx KaK UrQMD [A8] H GEANT [A9] c rrcrroJih-

30BaHrreM peaJihHhIX rrapaMeTpOB ,n;eTeKTOpOB, TeXHOJIOrHH KOTOphIX ,Il;OCTJIIHhI B HaCTO.Hrn;ee 

BpeM.H, a TaK)Ke rrpnMeHeHneM paspa6oTamrnro rrporpaMMHoro o6ecITeqeHH.H •-rneHaM11 KOJIJia-

6opau;rrrr CBM ,IJ;JI.H ¢11snqecKoro o6ocHoBamrn 9KcrreprrMeHTa n MeTO,n;nqecKnx nccJie,n;oBamrfi. 

Hay<JHaa H rrpaKTH"CfeCKa51 3Ha"CfHMOCTh. 

1. Paspa6oTaHHoe rrporpaMMHoe o6ecrreqemre BKmoqeHo B o6rn;yIO ITporpaMMHYIO o6oJIO'I

KY 3KCITepnMeHTa CBM - CBMROOT [AIO], rr aKTHBHO rrcrroJihsyeTC.H qJieHaMrr KOJI

Jra6opau;rrn CBM. IIporpaMMbI rrprrMeH.HJIHCh r<:aK Ha cTa,n;rrrr pa3BHTH.H 9KCITepHM8HTa rr 

ero ¢rrsrrqec1<oro o6ocHoBamur, TaK rr ,n;JI.H orrTHMHsau;mr cos,n;aBaeMoll: s1<crreprrMeHTaJih

HOH ycTaHOBKH. PesyJihTaTbr, IToJiyqeHHhre c rrcrroJih30BaHHeM cos,n;aHHhrx aJiropHTMOB 

H ITporpaMM, IIO,Il;TBep,n;HJIH Heo6xo,n;HMhIH ypoBeHh rr,n;eHTHcPHKau;rrrr 3JI8KTpOHOB H no

,n;aBJI8HH.H IIHOHOB. 

2. Bhrpa6oTaHhI Tpe6oBaHH.H ,IJ;JI.H KOHCTPYKI!HH RICH ,ri;eTeKTopa. B pesyJihTaTe 11ccJie,n;o

BaHrrll:, rrpoBe,n;eHHhIX B n;eJI.HX ero OIITHMH3arwn:, rrpe,IJ;JIO)KeH BapHaHT c cyrn;ecTBeHHO 
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M8HbIIIIIMII reoMeTpHqeCKIIMM pa3MepaMII, qTo rrpIIBeJIO K CHIILK8HIIIO ero CTOIIMOCTII 60-

Jiee qeM B 2 pa3a rrpII coxpaHeHIIII 9q)(p8KTHBHOCTII H,Ll;8HTIIcPIIKa1IMH perHCTpIIpyeMhIX 

qaCTIIII. 

3. Cos,n;aHHhie a.JiropHTMhI MoryT 6bITh IICIIOJih30BaHbI .n;mr peKOHCTPYKIJ;IIH co6hITIIH B ,n;py

rIIx ,n;eTeKTMpyIO:r.IJ;IIX CIICTeMax B 06.JiaCTII c]:>M3HqecKHX 9KCrrepIIM8HTOB, HCIIOJib3YIOIIJ;IIX 

RICH ,n;eTeKTOp. 

4. AJiropIITMhI pacrrosHaBaHII5I H ou;ettKII rrapaMeTpOB KOJieu;, paspa6oTaHHbre B ,n;Mccep

TaD;IIII, MMeIOT caMOCT05IT8J1bHYIO HayqHyIO u;eHHOCTb II MOryT 6bITb MCIIOJib30BaIIhI B 

,n;pymx o6.JiaCT5IX Hayrrn ( 6MOJIOrIIM, Me,IJ;HIJ;HHe). 

Ha 3aIJJ;HTY BbIHOC.HTCH CJie,n;yro:a:i;He OCHOBHbie pe3yJibTaTbl H IIOJIO)KeHH.H: 

1. Paspa6oTaH HOBhrli, 6bICTphrli a.JiropIITM ,IJ;JI5I peKOHCTPYKIII:III KOJieu; qepeHKOBCKoro II3-

Jiyqemrn: B RICH ,n;eTeKTope 9KcrrnprrMeHTa CBM. 8¢¢eKTHBHOCTh rr Ha,n;e:tKHOCTh a.JI

ropIITMa ,IJ;OKa3aHa pe3yJibTaTaMII, IIOJiy"'IeHHbIMII rrpM ero TeCTIIpOBaHIIM Ha 60.JibIIIOM 

KOJIIIqecTBe CMO,IJ;8JIIIpOBaHHbIX co6bITHH, COOTBeTCTBYIOIIJ;MX COBpeMeHHbIM cPH3HqecKIIM 

MO,Ll;8.JI5IM. 

2. Paspa6oTaH 6bICTpb1it rrapa.JIJie.JibHhIH aJiropMTM peKOHCTPYKIJ;HII KOJieu; c IICIIOJih30Ba

HMeM B8KTOpH3au;:im II MHOI'OIIOTOqHOCTM, qTQ II03BOJIMJIO cyiu;eCTB8HHO yBe.JIIIqHTb CKO

pOCTb pa60Tbl aJirOpMTMa rrpII coxpaHeHIIII ero 9¢¢eKTIIBHOCTII. 

3. Paspa6oTaH aJiropIITM II,n;eHTIIcPIIKalIIIM 9.JieKTpOHOB B RICH ,n;eTeKTope, ocHoBaHHhiii 

Ha rrpIIMeHeHHII MCKYCCTB8HHOH HelipOHHOH ceTII. AJiropIITM IIOKa3aJI ,IJ;ByKpaTHOe rrpe

I:IMyru;eCTBO B rro,n;aBJieHHII IIIIOHOB ITO cpaBH8HIIIO c pa1-ree II3BeCTHbIMH aJirOpI:ITMaMII. 

4. Cos,n;aHHhie aJiropIITMhI peaJIII3oBaHbI B BII,n;e rrporpaMMHOro o6ecrreqeHII5I, KOTopoe 

BKJiroqeHo B rrporpaMMHYIO 060.JIO"'IKY 9KcrrepIIMeHTa CBM - CBMROOT. 

5. Paspa6oTaHhI rrporpaMMhr ,IJ;JI5I ou;enKII KaqecTBa pa6oThI cos,n:aHHhrx a.JiropIITMOB. I1c

c.Jie,n;oBaH BOrrpoc 06 ycToliqIIBOCTII a.JiropIITMOB K pa3.JIIIqHbIM 9KCrrepMM8HTa.JihHbIM 

¢aKTOpaM, rrpone,n;eHbl MeTO,II;HqecKIIe HCCJI8,II;OBaHII5I ,II;JI.8 ¢opMIIpOBaHH5I Tpe6oBaHHH 

K xapaKTepIICTHKaM II KOHCTPYKIIIm ,n;eTeKTOpa RICH. 

Arrpo6a:a;HH pa60ThI. Pesy.JihTaThI, II3.JIOLKeHHhre B ,IJ;HccepTau;1m, 6bIJIII rrpe,n:cTaBJieHhr: 
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• Ha MeLK,n;yHapo,n;HbIX KOHcj;)epeHI!IUIX: 

- Computing in High Energy and Nuclear Physics (CHEP09) (IIpara, 2009); 

- Mathematical Modeling and Computational Physics 2009 (MMCP09) (,LI;y6na, 

2009); 

- Nuclear Electronics and Computing (NEC09) (BapHa, 2009); 

- Advanced Computing and Analysis Techniques in Physics Research (ACATlO) 

(I1H,n;1rn:, 2010); 

• Ha ceMH MeLK,n;yHapo,n;HhIX coBeIIIaHmrx KOJIJia6opa!IHH CBM B 2006 2010 ro,n;ax; 

• Ha IISITH KOHcj;)epemvrnx MOJIO,ll;bIX J"IeHbIX H CII8I!HaJIIICTOB 0115!11 B 2005 - 2009 ro,n;ax; 

• Ha ,n;Byx KOHcj;)epemwax HeMe!IKOro cPH3H':IecKoro o6IIIeCTBa (,Ll;apMIIITa,n;T, 2008; BoHH, 

2010); 

• a TaKLKe Ha Hay':IHbIX ceMHHapax B Jia6opaTopmr nmpopMa!IIIOHHbIX TeXHOJiornH: Ol15U1 

II Ha COBeIIIaHHSIX CBM rpyrrrrbI B GSI (,LI;apMIIITa,n;T, repMamrn). 

Ily6.JIHKan;nn:. IIo MaTepIIaJiaM ,n;IIccepTa!IIIH orry6n11KoBaHo 25 pa6oT [1-25], B TOM 

qIIcJie 4 pa60ThI H3 IIepeTrna BAK [1-4]. 

JI1PIHhIH BK.Jia,r:t; aBTopa. B ,n;IIccepTa!IHIO BKJIIoqeHhI rroJimKeHIISI H pe3yJihTaThr, Ko

TOpbre IIOJiyqeHbI rrpn orrpe,n;eJI5IIOIII€M yqacTHH COHCKaTe.JISI B pa3pa60TK€ M€TO,IJ;OB peIIIeHHSI 

rrocTaBJieHHhIX 3a,n;a':I. IIporpaMMHaa pea.JIII3a!IHSI II rroJiyqeHIIe pe3y.JihTaToB c,n;enaHbI JI:nqHo 

COIICKaTeJieM. 

CTpyKTypa H o6'beM ,n;n:ccepTan;n:n:. ,Ll;IIccepTa!IIIOHHasi: pa6oTa cocTOMT H3 BBe,n;eHIISI, 

4 r.JiaB, 3aK.JIIO':I€HMSI, co,n;epLKHT 94 CTpaHIII!bI, 41 IIJIJIIOCTpa:o;mo II CIIIICOK JIHTepaTypbr II3 

64-x IIYHKTOB. 

Bo BBedenuu o6ocHoBana aKTyaJihHOCTh II 3HaqIIMOCTb ,n;IIccepTa!IIIOHHOii pa6oThr, 

c¢opMyJIIIpOBaHbI :o;eJIM pa60ThI, nayqHaa HOBII3Ha IICC.JI€,IJ;OBaHIIii, rrpe,n;cTaBJieHbI IIOJIOLKe

mrn, BbIHOCHMbie Ha 3arn;:nTy. 
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B nepeou 2J1,aee ,n;aeTc.H KpaTKoe orrncamre 3KcrrepHMeHTa CBM (Compressed Baryonic 

Matter) - 3KcrrepHMeHTa c qrnKCHpoBaHHOH MHIIIeHbIO Ha CTpO.HIII;eMC.H ycKoprrTeJibHOM KOM

rrJieKce FAIR (Facility for Antiproton and Ion Research). 

B pa3,n;eJie 1.1 06cy:1K,n;aeTC.H cPH3HqecKa.H rrporpaMMa CBM. OcHOBHa.H u;eJib 3KcrreprrMeH

Ta - 3TO H3y'IeHHe C:lKaTOH 6apHOHHOH MaTepHH B .H,IJ;pO-.H,IJ;epHbIX coy,n;apeHH.HX rrpH 3Hepm.HX 

rryqKa OT 8 ,n;o 45 Ar3B [Al, A2]. <l>H3H'IecKa.H rrporpaMMa rrccJie,n;oBattn:H BKJIIO'IaeT H3y'Ie

HHe ¢a30BOH ,n;narpaMMbl KBaHTOBOH xpOMO,IJ;HHaMHKH (KX,II,) B o6JiaCTH BbICOKHX 6apHOHHbIX 

IIJIOTHOCTe:H H yMepeHHbIX TeMrrepaTyp. 

B pa3,n;eJie 1.2 ,n;aeTc.a ornrcamrn ycTaHOBKH CBM. IIJiamrpyeMa.H cxeMa pacrroJIO)Kemrn 

,n;eTeKTopoB rrpe,n;cTaBJieHa Ha prrc. 1. BttyTpH ,n;nrroJibHOro MarttnTa pacrroJio)KeH KpeMHHe

BhIH ,n;eTeKTOp STS (Silicon Tracking System) rr BepIIIHHHhIH ,n;eTeKTOp MVD (Micro-Vertex 

Detector), KOTOpbre rrpe,n;Ha3Ha'!eHbI ,II;JI.H peKOHCTPYKIJ;HH TpeKoB, rrepBH'IHbIX rr BTOpH'IHhIX 

BeprnrrH H orrpe,n;eJieHH.H HMIIYJibca qacTHIJ;. ,Il,eTeKTOp qepeHKOBCKoro H3Jiy'IeHH.H RICH (Ring 

Imaging CHerenkov) CJIY:tKHT ,II;JI.H n,n;eHTUcPHKau;irn ::>JieKTpOHOB c HMIIYJibCaMH ,n;o 10 f3B / c. 

,Il,eTeKTOp rrepexo,n;Horo H3JiyqeHH.H TRD (Transition Radiation Detector) rrpe,n;Ha3HaqeH ,IJ;JI.H 

H,II;eHTHcpHKaIJ;HH 3JieKTpOHOB c HMITYJihCaMH 6oJiee 1.5 f3B/c FI TpeKHHra 3ap.H)KeHHbIX qa

CTHIJ;. ,Il,eTeKTOp BpeMeHH rrpoJieTa TO F (Time-of-Flight) rrpe,n;Ha3Ha'IeH ,IJ;JI.H n,n;eHTHcPHKa

IJ;HH a,n;poHOB. 8JieKTpoMarHHTHhIH KaJiopHMeTp ECAL (Electromagnetic CALorimeter) cJiy

)KHT ,IJ;JI.H n,n;eHTHcPHKau;nn cpoTOHOB H 3JieKTpOHOB. KaJiopnMeTp PSD (Projectile Spectator 

Detector) rrpe,n;Ha3Ha'IeH ,IJ;JI.H orrpe,n;eJieHH.H u;eHTpaJihHOCTH coy,n;apeHrr:H n IIJIOCKOCTH peaK

IJ;HH. 

B pa3,n;eJie 1.3 06cy:1K,n;aeTc.a 3a,n;aqa H,IJ;eHTHcpHKan;Hn 3JieKTpOHOB B 3KcrrepHMeHTe CBM. 

,II,mi: 3TOH 3a,n;a'IH HCIIOJib30BaHbI ,n;eTeKTop qepeHKOBCKoro H3Jiy'IeHH.H RICH n ,n;eTeKTOp rre

pexo,n;ttoro H3Jiy'IeHH.H TRD. 

Pa3,n;eJI 1.4 rrocB.aiu;eH orrHcamrIO ,n;eTeKTopa RICH. B HeM rrprrBe,n;eHbI o6iu;rre rrpHHIJ;HIIhI 

pa6oTbI TaKoro nma ,n;eTeKTOpOB. I1o,n;po6HO paccKa3aHO 06 oco6eHHOCT5IX KOHCTpyKIJ;HH ,n;e

TeKTOpa ,IJ;JI.H 3KcrrepnMeHTa CBM, orrHcaHa cxeMa peKOHCTPYKIJ;HH co6brTHH B RICH ,n;eTeKTO

pe, o6o3Ha'!eHbI rrpo6J1eM11 H TPY,IJ;HOCTH, CB.H3aHHbie c peKOHCTpyKu;ne:H KOJieu; qepeHKOBcKoro 

H3Jiy'IeHH.H. 

B pa3,n;eJ1e 1.5 orrnchrnaeTc.a Mo,n;eJIHpoBaHne 3KcrrepnMeHTa CBM. PaccMoTpeHa rrpo

rpaMMHa5I o6oJIO'TKa 3KcrrepnMerrTa - CBMROOT. 06cy)K,n;aroTC.H ocrroBrrhre 3Tarr1r Mo,n;eJIH

poBaHH.H: MO,IJ;eJIHpOBaHHe coy,n;apeHHH, TparrcrropT qacTHIJ; qepe3 Beiu;ecTBO, peKOHCTPYKIJ;H.H 
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Prrc. 1. CxeMa pacnoJio:tKeHrrz:r ,n;eTeKTopoB B aKcneprrMeHTe CBM 

co6hITHH H qm3W-IeCKHH aHamn. 

Bo emopou 2.1iaee ,n;eJiaeTc.H ofoop H3BecTHhIX MeTo,n;oB peKoHCTPYKIJ;HH KOJieI! B RICH 

,n;eTeKTopax. 

B pa3,n;eJie 2.1 paccMaTpnBaIOTC.H H3BeCTHhre B mITepaType MeTO,D;hI pacrro3HaBaHH.H KO

JieII tiepeHKOBCKoro H3JiytieHII.H. OrrncaHhI CJie,n;yIOIIIHe MeTO,D;bI: 1) HTepaIIHOHHhr:ti: c rrpe,n;cKa-

3aHHO:ti: II03HIIHe:ti: IIeHTpa KOJihrra, 2) OTHOIIIeHH.H cPYHKIIHH MaKCHMaJibHOro rrpaB,n;orro,n;o6mr, 

3) cpaBHeHHZI c 9TaJIOHHhIM H3o6pa:tKeHHeM (MeTO,I.l; MacoK), 4) Het:feTKa.H KJiaCTeprr3arrH.H, 5) 

sJiaCTIItIHa.H He:ti:poHHa.H ceTh, 6) rrpeo6pa3oBamrn Xa¢a. ITpe,n;cTaBJieH cpaBHHTeJihHhI:ti: aHa

JIH3 ,D;OCTOHHCTB H He,n;ocTaTKOB MeTO,D;OB ,D;JIZI OrreHKII B03MO:tKHOCTII HX rrpHMeHeHHZI B 9KCrrepn

MeHTe CBM. ToJihKO ,n;Ba H3 paccMoTpeHHhIX MeTo,n;oB rrrnpoKo rrpnMeHZIIOTCZI Ha rrpaKTHKe -

9TO MeTO,D; Ha OCHOBe rrpeo6pa30BaHHZI Xa¢a, II M8TO,I.l; OTHOIIIeHM.H cPYHKrrH:ti: rrpaB,n;orro,n;o6HZI. 

~JIZI aJiropnTMa peKOHCTPYKrrHH KOJierr B RICH ,n;eTeKTope sKcrrepnMeHTa CBM rrpe,n;'hZIBJI.H

IOTCZI BhICOKHe Tpe6oBaHH.HX K CKOpOCTH pa60ThI, s¢¢eKTHBHOCTH paCII03HaBaHHZI KOJierr H 

ycTo:ti:crrrBOCTH K co6hITHZIM c 6oJihrno:ti: MHO:tKeCTBeHHOCThIO tiaCTMII. IIpoBe,n;ettHhIM aHaJIH3 rro

Ka3aJI, 'ITO cylileCTBYIOIIIHe aJiropnTMhI He y,n;oBJieTBOpZIIOT Tpe6oBaHHZIM CBM 9KcrreprrMeHTa 

no 9¢¢eKTHBHOCTH II/HJIH CKOpOCTH pa60ThI, II09TOMY Heo6xo,n;nMa pa3pa6oTKa HOBhIX, 6oJiee 
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scpcpeKTHBHbIX n: 6bICTpbIX aJiropn:TMOB. 

B mpem'beU uiaee OIIHCbIBaIOTC5I pa3pa6oTaHHbie aJirOpHTMbI peKOHCTPYKI!lllI KOJie!I 

'IepeHKOBCKoro n:3Jiy'IeHII5I II II,n;eHTn:cpn:Ka!In:n: sJieKTpOHOB B ,n;eTeKTope RICH. IIpe,n;cTaBJieHbI 

pe3yJibTaThI no scpcpeKTHBHOCTII pa60TbI aJirOpHTMOB, pe3yJibTaTbI HCCJie,n;oBaHH5I ITO OIITHMH-

3a!Illll KOHCTPYKI!HH ,n;eTeKTopa. 

Pa3pa6oTaHHhI:H: aJiropn:TM peKOHCTPYKIII·rn: KOJie!I HBJIHeTCH aBTOHOMHhIM, TO ecTh B Ka

'IeCTBe BXO,II;HhIX ,n;aHHhIX n:crroJih3yeTrn n:HcpopMa!IHH TOJihKO n:3 RICH ,n;eTeKTopa. AJiropn:TM 

COCTOHT ll3 Tpex 3TaITOB. IIepBbIH 3Tarr - JIOKaJibHbIM IIOHCK KOJI€I!-KaH,n;n:,n;aTOB, KOTOpb!M 

OCHOBaH Ha rrpeo6pa30BaHn:n: Xacpa. BTopoii: 3Tarr - rJio6aJibHbIH OT6op KOJie!I, OCHOBaHHbIM 

Ha orrpe,n;eJieHn:n: Ka'IeCTBa KOJie!I c llCilOJib30BaHn:eM HCKYCCTB€HHOH HefipOHHOH ceTn:. Ha Tpe

TbeM 3Tarre Hafi,n;eHHhie KOJ!h!Ia rro,n;rOH5IIOTC5I 3JIJIHIICOM. 

Ilpeo6pa3oBaHn:e Xacpa - cTaH,n;apTHhIH MeTo,n; ,Il;JIH pacrro3HaBaHH5I cpn:ryp Ha H3o6pa

)K€Hn:H, Harrpn:Mep, rrp.HMhIX Jin:Hn:fi, OKpy)KHOCTe:H, 3JIJIHIICOB n: ,n;p. MHo)KeCTBO KpHBhIX Ha 

IIJIOCKOCTn: 3a,n;aHo rrapaMeTpn:-qecKn:M ypaBHemreM: F(a1 , a 2, a3 , ... , an, x, y) = 0, r,n;e F 

B 06IIIeM CJiy-qae HerrpepbIBHa5I, H€JIMH€HHa5I cpyHKI!H.H, a1, a2, ... - rrapaMeTpbI KpHBOH, H 

x, y - Koop,n;n:HaTbI Ha IIJIOCKOCTn:. B rrpeo6pa3oBaHHH Xacpa rrpocTpaHCTBO H3MepeHHH rrpe-

06pa3yeTC5I B rrpOCTpaHCTBO rrapaMeTpOB. IlpocTpaHCTBO rrapaMeTpOB n:MeeT pa3MepHOCTb, 

paBHYIO 'IHCJIY rrapaMeTpOB Kpn:Bo:H. Ka)K,n;aH TO'IKa B 3TOM rrpocTpaHCTBe ( orrpe,n;eJieHHoe 

3Ha'IeHn:e a1' a2' ... ) COOTBeTCTByeT orrpe,n;eJieHHOH KpllBOH B HCXO,Il;HOM rrpocTpaHCTBe H3-

MepeHMH. 06bI'IHO HerrpepbIBHOe rrpOCTpaHCTBO rrapaMeTpOB rrepeBO,Il;.HT B ,Il;llCKpeTHOe. ,Il,JI5I 

3TOrO OHO pa36MBaeTC.H Ha .H'Ie:HKn:, KOTOpbie MO)KHO paccMaTpn:BaTb KaK .H'I€HKH rn:CTOrpaM

MbI, co,n;ep)KIIMOe KOTOpbIX paBHO KOJIH'IeCTBY KpHBbIX, COOTBeTCTBYIOIIIIIX ,n;aHHOH .H'IeHKe. 

TaKIIM o6pa3oM, 3a,n;a-qe:H .HBJI.HeTC5I aHaJIII3 rHcTorpaMMhI c I!€JihIO HafiTII B Heii: IIHKM (.a-qeii:

KII c HaII60JihIIIIIM 'IIICJIOM Bxo,n;oB). Ka)K,n;a.a TaKa.a .a-qefiKa orrpe,n;eJI5IeT rrapaMeTphr KPHBOH 

Ha IICXO,Il;HOM II306pa)KeHHH. 

YcTaHOBIIM cooTBeTCTBIIe Me)K,n;y rrpocTpaHCTBOM n:3MepeHn:fi n: rrpocTpaHCTBOM rrapa

MeTpOB B CJiy-qae OKPY)KHOCTe:H. IlpOCTpaHCTBO rrapaMeTpOB n:MeeT pa3MepHOCTb 3, ITO KOJIH'Ie

CTBY rrapaMeTpOB OKPY)KHOCTII (a, b - Il,€HTp oKpy)KHOCTn:, R - ee pa,n;n:yc). B rrpocTpaHCTBe 

rrapaMeTpOB OKpy)KHOCTh (x - a) 2 + (y - b) 2 = R2 rrpe,n;cTaBJieHa B Bn:,n;e TO'IKH c Koop,n;IIHa

TaMn: (a, b, R). IIapaMeTpbI oKpy)KHOCTn: MoryT 6hITh BhI'IIICJieHbI ,n;JI.a mo6oii: Tpo:HKn: TO'IeK 

c KOOp,n;mraTaMn: x' Y. ,Il,JI.H rrpeo6pa3oBaHII5I BCex TO'IeK B rrpOCTpaHCTBO rrapaMeTpOB nepe-

6HpaIOTC.H Bee TpOHKll TO'I€K ( Tpn:rrJieTbI) n: Bbl'IHCJI.HIOTC5I rrapaMeTpbI OKPY)KHOCTI:I. 3aTeM 
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3TH rrapaMeTpbI saHOC.HTC.H B TpexMepHyIO rHCTOrpaMMy. fHCTOrpaMMa aHaJIH3n:pyeTC.H c :o;e

JibIO HaXO)K,Il,8HH.H B Heil HaH60Jiee saceJieHHbIX 51qeeK. Ifa-sa Heo6XO,II,HMOCTH MHOrOKpaTHOro 

rrepe6opa rrp5.!Ma.H peamrsa:o;n:.a TaKoro aJiropHTMa oKashrnaeTc.H oqeHb saTpaTHO:ii no BpeMeHn: 

Bbiqn:cJieHn::ii II IIOTpe6JI.H8MO:ii KOMIIbIOTepHOH IIaM5ITH ,II;JI.H peaJibHbIX rrpIIMeHeHHH. 

B pas,n;eJie 3 .1 o6cy)K,II;aeTC.H paspa6oTaHHa.H Mo,n;mpn:KaIJ;II5I rrpeo6pasoBaHII.H Xacpa, KO-

TOpa.H sa cqeT JIOKaJUI3aII;IIH rrepe6opa II03BOJI5!8T COKpaTHTb 6oJiee, i:reM Ha rrop.H,II,OK, Bpe-

MeHHbre 3aTpaThI Ha ero BbIIIOJIHeHIIe II 3Haqn:TeJihHO coKpaTIITb IICIIOJib30BaHIIe rraM.HTII. TaK 

KaK i:repeHKOBCKIIe KOJibJJ;a IIMeIOT MaKCIIMaJibHbill pa,n;Myc Rmax II3-3a orpaHIIqeHIIH ITO yrny 

i:repeHKOBCKOrO II3JiyqeHII.H, TPHIIJI8TbI XIITOB3 rrepe6IIpaIOTC.H TOJibKO B JIOKaJibHOH o6JiaCTH 

(CM. pIIC. 2). rIICTOrpaMMa IJ;8HTpOB KOJieII; CTpOIITC.H TaK:tKe TOJibKO B JIOKaJibHOH o6JiaCTH, 

6Jiaro,n;ap.H 3TOMY OHa HMeeT He60JibIIIYIO pasMepHOCTb (15x15), 'ITO cym;eCTBeHHO CHII:tKaeT 

IICIIOJib30BaHn:e rraM.HTII II BpeM.H pa6oTbI aJiropIITMa. PasMep .H'IeiiKII B rIIcTorpaMMe 6bIJI 

IIOJiyqeH 3MIIIIpIIqecKHM rryTeM II paBeH 0.5x0.5 CM2, qTo COOTB8TCTByeT pa3Mepy 51qeH:KII 

cpOTO,II,eTeKTOpa. 

y Dmax 

(xO,yO 

rii 
ii 
\ i •• .... 

Dmax 

(x1 ,y1) 

i .. . .......... . 
I 

I 

x 

0 
3 
~ 

0 
3 
~ 

Y (xO-Dmax,yO+Dmax) (xO+Dmax,yO+Dmax) 

t>n ,n• _ ,. ·" ···· .. 
i .... ) .. .. 

... 
•' . .. . .. 

(xO-Dmax,yO-Dmax) (xO+Dmax,yO-Dmax) 

x 

PHc. 2. CJieBa: Hai:raJihHnIH: rroHCK XHTOB B JIOKaJihHOH o6JiaCTH. CrrpaBa: cxeMaTHi:recKa.H rHCTorpaMMa 

u;eHTpOB KOJieIJ;. Dmax - MaKCHMaJibHhIH ,l:i;HaMeTp KOJih:u;a, (xO, yO) - KOOp,IJ;HHaTbI HaqaJibHOro XIITa 

ITocJie OKoHqamrn rrepe6opa Bcex TpoeK XMTOB, B rIIcTorpaMMe :o;eHTpOB IIm;eTC5I MaKcII

MaJihHOe 3HaqeHIIe .aqe:fiKH ( ee IIOJIO:tK8HHe rrpII6JIII3HT8JibHO COOTB8TCTByeT :o;eHTpy KOJibII;a). 

MaKCMMYM ,II,OJI:tKeH 6bITh 6oJihrrre crre:o;IIaJihHO rro,n;o6pamrnro rropora, ecJIH ::>TO He TaK, TO 

3 XHT - sTo H3MepeHHe ,n;eTeKTOpa, ,n;Jur RICH ,n:eTeKTOpa XHT co,n;ep:arnT X H Y KOOp,IJ;HHaTbI Ha 

IIJIOCKOCTH cPOTO,D;eTeKTOpa. 
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,n;aHHOe KOJibll;Q OT6paCbIBaeTC5I. 8TO ,n;eJiaeTC5I ,Il;J15I Toro, qT06bI y6paTb rnyMOBbie KOJ!bl(a, 

KOTOpbie o6pa3yIOTC5I CJiyqa:i1:HOH KOMfornaI(HeH XHTOB. ,21.aJiee B O,Il;HOMepHOM rHCTorpaMMe 

pa,n;HyCOB TaKLKe Haxo,n;HTC5I 5[qe:i1:Ka c MaKCHMaJibHbIM 3HaqeHHeM, KOTOpoe ,Il;OJDKHO 6b!Tb 

6oJihrne rropora. Ecm1 KOJibI(O rrpornJio rrpoBepKH, OHO 3aHOCHTC5I B MaccHB KOJieI(-KaH,n;rr,n;a

TOB. 

B pa3,n;eJie 3.2 orrHcaHbI aJiropMTMbI ,n;mr oI(eHKM rrapaMeTpOB KOJieI( qepeHKOBcKoro M3-

JiyqeHH5I. BbIJIM peaJIH30BaHhI aJiropMTMhI rro,n;roHKH OKPYJKHOCTbIO H 9JIJIHIICOM. Ilo,n;roHKa 

ToqeK OKpyJKHOCTbIO HCIIOJib3yeTC5I B aJirOpHTMe IIOHCKa KOJieI(. PeaJIH30BaH aJirOpHTM, H3-

BeCTHbIH B JIHTepaType KaK COP (Chernov-Ososkov-Pratt) [All, A12]. HaJIJiq11e HeH36e:IB:HbIX 

OIITMqeCKMX MCKa:IB:eHMH, rrpHBO,Il;5III(HX K TOMy, 'ITO 60JibIIJHHCTBO KOJieI( rrpHo6peTaIOT cPOPMY 

9JIJIMIICa, IIOTpe6oBaJIO TaKJKe pa3pa60TKM aJirOpHTMOB ,Il;Jl5I Bb!5IBJieHH5I I1 KOMIIeHCaI(HH TaKHX 

HCKa:IB:eHHM. BbIJIO rrpe,n;Jio:IB:eHo HCIIOJib30BaTh rrapaMeTpH3aI(MIO KOJieu; He OKPYJKHOCThIO, a 

9JIJIMIICOM. PeaJIM30BaHo ,n;Ba aJiropHTMa rro,n;roHKM 9JIJIMIICOM. B rrepBOM aJiropHTMe MHHHMH-

3au;1151 BbIIIOJIH5IeTC5I c rroMOII(bIO rrporpaMMbI MINUIT [A13]. BTopo:H aJiropHTM octtoBaH Ha 

MeTo,n;e Tay611Ha [A14, A15]. Pe3yJibTaTbI cpaBHeHH5I aJiropHTMOB rrpe,n;cTaBJieHbI B [4]. 

Pa3,n;eJI 3.3 IIOCB5III(eH aJirOpHTMY mo6aJibHOrO OT6opa KOJieI(-KaH,n;11,n;aTOB. IlpM JIOKaJib

HOM IIOHCKe HaXO,Il;5ITC5I He TOJibKO xoponrne, HO I:l JIO)KHbie KOJibI(a, KOTOpbie o6pa3yIOTC5I 

CJiyqa:i1:HOM KOM6Httau;HeH XMTOB, KaK CJie,Il;CTBMe 3arnyMJieHHOCTH OT rrepeceqeHM5I 60JibIIJOro 

qMCJia KOJieI(. I109TOMY IIOCJie rrpOI(e,n;ypb! IIOMCKa KOJieu;-KaH,n;M,n;aTOB 11,n;eT 9Tarr mo6aJibHO

ro OT6opa KOJieu;, KOTOpbIH II03BOJI5!€T cpaBHI:ITb BCe Ha:H,n;eHHbie KOJibI(a 11 OT06paTb TOJibKO 

xoporn11e 113 Hl1X, rrpM 9TOM y,n;aJil1Tb JIO)KHbie KOJibI(a. 

Ha rrepBOM 9Tarre aJirop11TM oT6opa ou;eHHBaeT KaqecTBO KOJieI(. BbIJIM MCCJie,n;oBaHbI 

rrapaMeTpbI 11 xapaKTepHCTMKM KOJieI(, KOTOpbie MOJKHO 6bIJIO 6bI MCIIOJib30BaTb ,n;mr orrpe,n;e

JieHI:rn 11x KaqecTBa. ITocJie cTaTMCTHqecKoro aHaJI113a 6b1JI11 oTo6paHbI 6 rrapaMeTpoB: KOJIHqe

CTBo XMTOB B Ha:H,n;eHHOM KOJibIJ;e, cyMMa Tpex HaH60JibIIJl1X yrJIOB MeJK,n;y coce,n;HMMH XMTaM11, 

KOJI11qecTBO XHTOB B Y3KOM KOp11,n;ope BOKpyr KOJibIJ;a, IIOJIO)I{eHMe Ha IIJIOCKOCTl1 cPOTo,n;eTeKTO

pa, 3HaqeHM€ KpMT€plrn XM-KBa,n;paT X2 IIp11 IIO,IJ;rOHKe KOJibI(a OKpy:IB:HOCTbIO, pa,n;HyC KOJibIJ;a. 

,Il.JI5I Bb1q11cJiemrn 3Ha'!emrn KaqeCTBa KOJibI(a no BbIIIJeOIIHCaHHbIM rneCTl1 BXO,Il;HbIM rra

paMeTpaM 6bIJia rrp11MeHeHa I1HC TMIIa MHOrOCJIOHHbIH rrepcerrTpOH. CeTb COCTOHT H3 Tpex 

CJIOeB. KoJinqeCTBO BXO,Il;HbIX He:HpOHOB B rrepBOM CJIOe COOTB€TCTByeT KOJI11qecTBY OIIHCaHHbIX 

Bbillle rrapaMeTpOB. KoJII:IqeCTBO HeMpOHOB B CKpbITOM CJIOe Ha OCHOBe rrp0Be,n;e1nroro HCCJie

,Il;OBaHl15I BbI6HpaeTC5I, KaK y,n;BOeHHOe qncJIO BXO,Il;HbIX HeMpOHOB, BbIXO,Il;HOH He:HpoH O,Il;HH. 
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IlpII o6yqeHIIM rrpe,n;rroJiaraJIOCb, qTO ,n;mI JIO)l(HbIX KOJie!I BbIXO,II;HOH CIIrHaJI paBeH -1, a ,n;mr 

ITpaBHJibHO Hali,n;eHHbIX + 1. II pH ITpMMeHeHMM HelipOHHOH ceTII ITOCJie o6yqeHirn: 3HaqeHIIe ee 

BbIXO,II;HOrO HeMpOHa He 6IIHapHoe, a rrpIIHIIMaeT pa3JmqHbie 3HaqeHmI: ,n;mr JIO)l(HbIX KOJie!I 

9TH 3HaqeHII.H Jie)l(a'l' B paH:oHe -1, ,II;JI.H rrpaBHJihHhIX - B paH:oHe +l. TaKIIM o6pa3oM, ITO 

BbIXO,II;HOMY 3HaqeHIIIO HeHpOHHOH ceTII on;eHHBaeTC.H KaqecTBO KOJlh!Ia. 

KOJibn;a COpTMPYIOTC.H ITO KpIITepmo KaqeCTBa: caMbie xoporrme ITOITa,n;aroT B HaqaJIO 

MaCCIIBa, a caMbie ITJIOXIIe B KOHe!I. 3aTeM, Haq1rna.a c KOJlb!Ia c HaIIJiyqIIIIfM KaqeCTBOM, 

ITpOBep.aeTC.H KaKoe KOJmqeCTBO 06IIIIIX XIITOB OHO IIMeeT c y)l(e OT06paHHbIMII KOJlb!IaMH. EcJIH 

KOJIIIqecTBO COBna,n;aIOIIIIIX XIITOB He 6oJiee 25%, TO Taime KOJlb!IO cq11TaeTC.H OT06paHI-IbIM, 

B rrpoTIIBHOM cJiyqae - oT6pachrnaeTc.a. TaKHM o6pa3oM, y,n;aJI.HIOTC.H KOJib!Ia-KaH,n;11,n;aTbI c 

xy,n;IIIIIM KaqecTBOM, KOTOpbre IIMeIOT 60JibIIIOe KOJIIIqecTBO 06IIIIIX XIITOB c KOJlh!IOM 6oJiee 

BbICOKOro KaqecTBa. 

B pa3,n;eJie 3.4 orr11caHbI MeTO,II;bI 11,n;eHTIIcPMKan;mr 9JieKTpOHOB B ,n;eTeKTope RICH. BbIJIO 

peamr30BaHO 3 aJirOplITMa: 1) H,II;eHTIIcPIIKa:u;:irn 3JieKTpOHOB c ITOMOIIIbIO rroporoBoro M8TO,II;a 

ITPII ITo,n;roHKe OKPY*HOCThIO, 2) 11,n;eHT1IcPMKan;11.a 9JieKTpOHOB c ITOMOII!hIO rroporoBoro MeTo,n;a 

ITPII ITO,II;rOHKe 3JIJIIIITCOM, 3) H,II;eHTIIcPIIKan;:irn 3JieKTpOHOB c IIOMOII!bIO I1HC. 

IIo,n;pofaiee OIIIIIII8M Tp8THM M8TO,II;, IIOKa3aBIIIIIM HaIIJiyqIIIHH pe3yJibTaT. MeTO,II; OCHOBaH 

Ha IICIIOJib30BaHHII 3HaqIIMbIX ITapaMeTpOB Ha OCHOBe KOTOpbIX MO)l(HO pa3JIIIqHTb 3JieKTpOHbI 

H ITIIOHbI. IIpoBe,II;eHHhIH CTaTHCTirqeCKIIH aHaJUI3 ll03BOJIIIJI OTo6paTh 9 TaKIIX rrapaMeTpOB: 

6oJibIIIa.H ITOJIJOCb 3JIJIHITCa (A), MaJia.H IIOJIYOCh 3JIJIHIICa (B), HMITYJibC qacTIUJ;hI, 3HaqeHHe 

KpIITepII.H XII-KBa,n;paT X2 9JIJIHITTHqecKOH IIO,II;I'OHKII, IIOJIO)l(8HH8 KOJibn;a Ha cPOTO,II;8TeKTO

pe, yroJI IIOBOpOTa 3JIJIIIITCa Ha cPOTO,II;8T8KTOpe H pa,n;IIaJibHbIH yroJI, paCCTO.HHII8 OT I!8HTpa 

KOJlb!Ia ,II;O 6JIJI)l(aHIIIero K H8MY Tper<a, KOJIH"9:8CTBO XIITOB B HaM,II;8HHOM KOJ1h!I8. ,Il,JI.H Irnac

CHcPIIKa!IIIII 9JI8KTpOHOB H IIIIOHOB rro 3HaqJIMbIM rrapaMeTpaM IICITOJih30BaJiacb MHC Tmra 

MHorocJIOHHhIH rrepcerrTpOH. Bhrxo,n;ttoH: neH:poH I1HC rrpIIHIIMaJI B rrpo!Iecce o6yqeHM.H 3Haqe-

1rne -1 rrpH rro,n;aqe Ha BXO,II; rrapaMeTpOB, COOTB8TCTBYIOIIIIIX KOJlb!IaM OT llHOHOB, a B CJiy'Iae 

9JI8KTpOHOB BbIXO,II;HO:ti cMrHaJI ITPHHIIMaJI 3Ha"<IeHMe + 1. IIopor Ha BhIXO,II;HOe 3naqett11e I1HC 

BhI61IpaJIC.H IICXO,II;.H 113 Tpe6yeMoro ypOBH.H a¢¢eKTHBHOCTH II,II;eHTIIcPIIKa!IIIII 9J18KTpOHOB. 

Pa3,n;eJI 3.5 rrocB.HIII8H orrTHMII3a!IMII KOHCTPYKI!HII RICH ,n;eTeKTopa. Ha1160Jiee ,n;opo

rIIMII ero KOMIIOH8HTaMII .HBJI.HIOTC.H cPOTO,II;eTeKTOpbI H 3epKaJia. I1x CTOIIMOCTb B03M01KHO 

COKpaTHTb 3a C'I8T yMeHbllI8HII.H pa3M8pOB. IIocJie rrpoBe,n;eHHOH OITTIIMH3a!IIIII no a¢¢eKTIIB

HOCTH 11,n;eHTIIcPIIKa!IMH 3JieKTpOHOB II CTOHMOCTII ,n;eTeKTopa RICH ITJIOIIIa,II;b 38pKaJI 6brna 
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yMeHbIIIeHa B 2 pasa ( c 22.8 M 2 ,11;0 11.8 M 2)' IIJIO:rn;a,n;b cPOTO,II;eTeKTOpOB B 3.5 pa3a ( c 200000 

KaHaJIOB ,n;o 55000 KaHaJIOB) [16]. 

B pa3,n;eJie 3.6 rrpe,n;crnBJieHbI pe3yJibTaTbI pa6oTbI aJiropnTMOB. 8¢¢eKTMBHOCTb aJI

ropnTMa orrpe,n;emmacb c IICIIOJib30BaHneM MoHTe-KapJio nH¢opMau;nn. ITpn Bbr<rncJieHIIM 

9¢¢eKTMBHOCTH orrpe,n;emrnacb CTerreHb COOTBeTCTBM5.I Hafi,n;eHHbIX M CMO,II;eJIMpOBaHHbIX KO

Jie!I. B KaqecTBe rrpaBIIJibHO Hafi,n;eHHbIX KOJie!I orrpe,n;eJIRIOTCR Te KOJihIJ;a, y KOTOpbIX 6oJiee 

60% XMTOB comrn,n;aeT c MoHTe-KapJIO KOJib!IOM, B rrpOTMBHOM cnyqae KOJib!IO orrpe,n;eJI5.IeTC5.I 

JIO:IKHbIM. 8q)(peKTMBHOCTh pa6oTbI anropnTMa orrpe,n;eJIRJiacb no TpeM KpnTepnRM: 

• 8¢¢eKTMBHOCTb peKOHCTPYKIIMM KOJieu;: ef f = Nrec/ Nace, r,n;e Nrec - KOJinqecTBO rrpa-

BMJibHO Hafi,n;eHHbIX KOJie!I, Nace KOJIMqecTBO KOJie!I B aKcerrTaHce RICH ,n;eTeKTOpa ( c 

KOJIMqeCTBOM XHTOB 6oJiee 4). 

• KonMqecTBO JIOLKHbIX KoJie!I Ha co6hITne. 

• KoJIMqecTBO KJIOHOB Ha co6bITMe (T.e. KOJieu;, Hafi,n;eHHbIX 6onee o,n;Horo pa3a). 

,Il,nR rrpe,n;cTaBJieHHbIX pesyJibTaTOB Mo,n;eJinpoBamicb I!eHTpaJihHbre Au-Au UrQMD [A8] 

coy,II;apeHM5I rrpn 9HeprMM rryqKa 25 Af9B. 8TM co6bITMR MCITOJib30BaJIMCb ,II;JIR ou;eHKM ¢oHa. 

B Ka:IK,II;Oe TaKoe co6bITMe ,II;o6aBJIRJIMCh 10 cnrHaJibHbIX 9JieKTpOHOB. Cpe,II;Hee KOJIM'leCTBO 

KOJieII B co6bITMH paBHO 80. 

Pe3yJihTaTbI pa6oTbI anropnTMa ,II;JI5I ,II;Byx BapnaHTOB RICH ,II;eTeKTOpa rrpe,II;cTaBJieHbI 

B Ta6JIMIIe 1. 8¢¢eKTMBHOCTb peKOHCTPYKIJ;MM KOJieu; OT CMrHaJibHbIX 9JieKTpOHOB ,II;JI5I 60Jib

moro RICH (Ha'!aJihHa5I BepcM5I ,II;eTeKTopa) paBHa 95%, KOJinqecTBO JIO:IKHbIX KOJie!I Ha 

co6brTMe paBHO 1.9 Ha co6bITMe, KOJIIfqeCTBO KJIOHOB - 0.3 Ha co6bITMe. 8¢¢eKTMBHOCTb 

peKoHCTPYKIIMH Koneu; ,II;JI5I KOMrraKTHoro RICH ( orrTMMM3MpoBaHHa5I BepcnR ,II;eTeKTopa) 

paBHa 93%, KOJinqeCTBO JIOLKHbIX KOJieu; Ha co6hITIIe paBHO 2.7, KOJIIfqecTBO KJIOHOB - 0.9 

Ha co6bITMe. fpaqmK 3aBMCMMOCTM 9¢¢eKTMBHOCTM OT MMITYJibca ,II;JIR KOMrraKTHoro RICH 

ITOKa3aHa Ha pMC. 3 CJieBa. 

CpaBHeHne pe3yJihTaTOB pa6oTbI Tpex aJiropMTMOB n,II;eHTMcPMKau;nM 9JieKTpOHOB B ,n;e

TeKTope RICH rrpe,n;cTaBJieHo B Ta6nnu;e 2. 8¢¢eKTMBHOCTb anropnTMOB orrpe,n;eJIRJiacb rro 

3Ha'!eHMIO OIIIn6oK rrepBoro (a) M BToporo (/3) po,II;a. B 9KcrrepnMeHTe CBM rrpnHRTO ncrroJib-

30BaTb ypOB8Hb rro,n;aBJieHM.H IIMOHOB, KOTOpblll BbP.IMCJI.HeTC5.I KaK 'lrsupp. = N-rr/Nmis-rr = 100/,8, 

r,n;e N-rr - 9TO KOJinqecTBO IIMOHOB, Nmis-rr - KOJIMqecTBO ITMOHOB M,II;eHTMcPMIIMPOBaHHbIX aJiro-
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Ta6mrn;a 1. Pe3yJihTaTbI pa60ThI aJiropHTMa peKOHCTPYKIJ;HH KOJieIJ; ,n;Jia ,n;Byx BapHaHTOB RICH ,n;e-

TeKTOpa 

~ 
c 
Ql ·c:; 

= au.a 

8cpcpeKTHBHOCTb IIOI:ICKa, % 

KoJI-BO JIO:l>KHhIX KOJieu;/ co6hITI:Ie 

KoJI-BO KJIOHOB KOJieu/ co6hrTHe 

.............. ! ................... j ................... t .................. t .............. :;j ................... 1 ................... 1···""'' 

+'.+++ +r++ + .. ,.r-++r+++ r-++-+r+-+ + +r + \. ' ' ' ! \ ' 
: : 

............ j .............. , ............... l .......... r .......... .,i ................ :··· .............. : ....... . 

i I 
o.s ..-...................................................... 1 .................. 1 ................... : ................... 1 ............... .) ........ . 

i [ ! ! 
0.4 ........... i '"'"''''"l"'"'"""""+"'''"'"''''""j"'" .......... : ............. : ................ , ....... .. 

0.2 ...... .J .......... L. .......... f ................. ) ............... : ............... j ............... .: ........ . 

0 2 4 6 8 10 12 14 
momentum, GeV/c 

BoJibIIIOfi RICH KoMIIaKTHhifi RICH 

95 

1.9 

0.3 

93 

2.7 

0.9 

. ... -e- Efficiency 

.... -s- Fake rings 

... -ts- Clone rings .................. , ................ , ................ , ... , 

nof electrons/event 

PHc. 3. CJieBa: 9¢¢eKTHBHOCTh peKOHCTPYKIJ;HH KOJieIJ; OT cHrHaJihHhIX 9JieKTpOHOB B 3aBHCHMOCTH 

OT HMIIYJihCa ,n;Jia KOMrraKTHoro RICH ,n;eTeKTopa. CrrpaBa: 9cpcpeKTHBHOCTh peKOHCTPYKIJ;HH KOJieIJ; 

B 3aBHCHMOCTH OT KOJIH':IeCTBa KOJieIJ; B co6hITHH 

pHTMOM KaK 9JieKTpOH. YpoBeHb rro,n;aBJierrne IIHOHOB BhrqI:J:CJIHeTCH HCXO,ll;H H3 93% 9cpcpeKTHB

HOCTI:I H,ll;eHTI:IcpHKan;Irn 9JieKTpOHOB (a = 7%). M Ta6JIHD;hI BH,ll;HO, qTo aJirOpHTM Ha OCHOBe 

MHC rroKashrnaeT ,n;ByKpaTHOe rrpeHMyrn;ecTBO B rro,n;aBJiemrn IIHOHOB no cpaBHeHHIO c ,n;pyrH-

MM MeTo,n;aMH. 

BhrJI rrpoBe,n;eH 6oJibIIIOH o6'heM MeTo,n;HqecKHX HCCJie,n;oBaHHfi paspa6oTaHHhIX aJiropHT

MOB. ,1.J,aHHhie HCCJI8,ll;OBaHHH Heo6xo,n;HMhI ,IJ,.JIH on;emrn ycTofiqHBOCTH a.JirOpHTMa K pasmrq

HbIM 9KcrrepHMeHTa.JibHhIM cpaKTopaM H ,IJ,.JIH orrpe,n;e.JieHHH xapaKTepI:ICTHK ,n;eTeKTopa RICH 

H ero orrTI:IMa.JihHOfi KOHCTPYKIJ;HH. 

Ha pHc. 3 crrpaBa rrpe,n;cTaBJieHa scpcpeKTHBHOCTh peKOHCTPYKU:HH KOJien; B saBHCHMO

CTH OT KOJIHqeCTBa KO.Jien; B co6hITHH. Ms pMCJHKa BH,IJ,HO, qTO ,n;a:rKe rrpH oqeHb BbICOKOH 

IIJIOTHOCTH KO.Jien;, Kor,n;a 60.JibIIlHHCTBO KO.Jien; rrepeceKaIOTCH (cM. pHC. 4), 9cpcpeKTHBHOCTb 
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Ta6mni;a 2. IIo,n;aBJieHrre rrnoHoB B RICH ,n;eTeKTope ,n;mr Tpex pasmPrnhIX aJiroprrTMOB 

I1H C M€TO,ll; IIoporOBhifi MeTo,n;, IIoporoBhifi MeTo,n;, 

OKpyLKHOCTh 3JIJIHIIC 

IIo,n;aBJieHHe rrHOHOB 500 200 250 

(p < 6 f3B/c) 

IIo,n;aBJieHHe IIHOHOB 260 130 150 

(p > 6 f3B/c) 

peKOHCTpyKl:J;HH OCTaeTC.H BhIIIIe 703, rrprr 3TOM KOJiff'IeCTBO JIO./KHhIX KOJI€II, He rrpeBhIIIIaeT 

53. 

• • • 

PHc. 4. IlpHMep co6hITH5I co 150 KOJihI.J;aMH 

• • 
• 

)J;pyrHe HCCJI€,ll;OBaHIUI B cefor BKmoqaJIH: BJIH.HHHe He3¢¢eKTHBHOCTH cPOTO,ll;€T€KTOpa, 

ycTofiqHBOCTh K rrryMOBhIM XHTaM Ha cPOTO,IJ;eTeKTOpe, ,IJ;OIIOJIHHTeJihHhie OIIIH6KH B KOOp,IJ;H-

HaTHOM pasperrreHHH XHTOB. 

AJiropHTM peKOHCTpyKII,HH KOJieu; rroKa3aJI CBOIO ycTofiqHBOCTh K pa3JIHqHhIM 11ccJie,n;o

BaHHhIM ¢aKTopaM. Oco6eHHO BaJKHa ycTofiqHBOCTh K 6oJihIIIOH IIJIOTHOCTH KoJieu;, TaK KaK 

6Jiaro,n;ap.a 3TOMY y,n;aJIOCb 3Ha"llrrTeJibHO yMeHbIIIHTb pa3Mephr RICH ,n;eTeKTopa II yMeHhIIIHTh 

ero CTOHMOCTb. 

T/emeepmasi 2.riaea rrocB.HllI,eHa ycKopeHHIO pa3pa6oTaHHhIX aJiropHTMOB. 

B pa3,II,eJI 4.1 paccMaTpHBaeTC.H OIITHMH3aII,H.H H a,n;arrTaD;H.H aJirOpHTMOB ,LI;JI.H HX IlOCJie,n;y-
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ro:o::i;e:ti BeKTOpH3an;1nr H pacrrapaJIJiemrnamu:i. Bo-rrepBbIX, 6bma orrTHMH3HpoBaHa rrpon;e,n,ypa 

IIOHCKa XHTOB, HaXO,Ll,.HIII;HXC.H B 3a,n;aHHOH o6JiaCTH ¢oTo,n;eTeKTOpa. 8Ta rrpon;e,n,ypa IIHTeHCHB

HO HCITOJib3YeTC.H rrpH JIOKaJibHOM IIOHCKe KOJien;-KaH,Ll,H,Ll,aTOB. IlpOCTOH crroco6 3aKJII0'1aeTC5I 

B BbI'1HCJieHHH paccT05IHH.H ,Ll,O Ka)K,n;oro XHTa, rrpoBepKH 3TOro paccT05IHH.H H OT6pacbrnamrn 

HeHyfKHbIX XHTOB. TaKa.H rrpoBepKa BCex XIITOB 3aHHMaeT MHOro BpeMeHH H, 6oJiee Toro, 60Jib

lliHHCTBO XHTOB He rrorra,II,aIOT B 3a,n,aHHYIO o6JiaCTb. ,Ll;JIR COKpa:o::i;eHH.H rrepe6opa 6bIJI pa3pa6o

TaH aJirOpllTM 6bICTporo IIOHCKa XHTOB. ITpoBe,II,eHHbie HCCJie,[l,OBaHH.H BpeMeHH BbIIIOJIHeHH5I 

rrporpaMMbI ITOKa3aJIH, '1TO caMOH BpeM.H3aTpaTHOH '1aCTbIO aJirOpHTMa 5IBJI.HeTC.H rrpon;e,n,ypa 

rrepe6opa TpHrrJieToB B rrpeo6pa3oBaHHH Xacpa. YMeHhllleHHe KOM6HHa'I'OpHKH 6hIJIO ,n,ocTH:r

HYTO 3a C'1eT rrepBOHa'1aJibHOrO pa3,n,eJieHH5I XHTOB Ha rpyrrIIbI H BbIITOJIHeHH.H rrepe6opa B 

Ka)K,II,OH rpyrrrre He3aBHCHMO. 3aTeM pe3yJihTaTbI CKJia,Ll,hIBaJIHCb ,II,JI.H ,n,aJibHeH:rrrero aHaJIH3a. 

Ilpn BbIITOJIHeHHH rrporpaMMbI Ha KOMITbIOTepe rrpOH3BO,Ll,HTeJibHOCTb aJirOpHTMa c ,n;aHHbIMH, 

Haxo,n,m:n;HMHC.H B orrepaTHBHOH rraM.HTll cym;eCTBeHHee Me,n,JieHHee, '1eM rrpH pa6oTe c ,rr;aHHbIMH 

B K3llle. BbIJia npOH3Be,II,eHa OITTHMH3an;1rn ,Ll,OCTyna K orrepaTHBHOH rraMRTH H rrepenoc ,n;aH

HbIX B K3lli rrpon;eccopa. K poMe Toro, 6bIJill peaJIH30BaHbI ,n,pyrHe B03MOfKHOCTH OITTHMH3an;nH 

aJirOpllTMa, BKJII0'1aiom;He B ce6.H: TQqHoe orrpe,n,eJieHH:e JIOKaJibHOH o6JiaCTH ITOHCKa KOJien;, Ma

TeMaTH'1eCKYIO OITTHMH3a:a;HIO aJiropHTMa, y,rr;aJieHHe XHTOB HaH:,n;eHHbIX KOJien;, OITTHMH3an;HIO 

napaMeTpOB aJiropHTMa H ,II,p. ,Ll;JIR yBeJIH'1eHH5I npOH3BO,Ll,HTeJibHOCTll 60JiblliHHCTBO ll;HKJIOB 

6bIJIO pa3BepHyTo H y6paHbI BeTBJieHH.H. 

B pa3,n;eJI 4.2 ,n,eJiaeTc.H ofoop HCIIOJib3yeMbIX MeTo,n,oB H TexHOJIOrHH: ,n;JIR rrapaJIJieJib

Hhix BbiqHcJieHHH. 8To SIMD (Single Instruction Multiple Data - o,n;Ha HHCTPYKD;HR MHOfKe

CTBO ,n,aHHbIX) - rrpHHIJ;HII KOMIIbIOTepHbIX BbiqHcJieHHH, II03BOJIRIOm;n:ti o6ecne'1HTb rrapaJI

JieJIH3M Ha ypoBHe ,n,aHHbIX. PeaJIII3an;H.H c,n;eJiaHa c noMom;hIO TeXHOJiorHH Intel Streaming 

SIMD Extension (SSE) [A16], KOTopa.H rroMep)KHBaeTcR BCeMn coBpeMeHHbIMH npou;eccopa

MH. ITpon;eccopbI c TexHoJiorHe:ti Intel SSE nMeIOT Ha6op 128 6HTOBhIX perHcTpoB, KafK,Ll,hIH 

ll3 KOTOpbIX MO)KeT co,n;ep)KaTb qeTbipe 32 6HTOBbIX '1HCJia c ITJiaBaIOm;eH: TOqKoH:. MHororro

TOqHOCTb B aJiropHTMe 6bma peaJIH30BaHa c HCITOJih30BaHHeM 6n6JIHOTeKH Intel Threading 

Building Blocks (TBB) [Al 7]. TBB rroMepfKHBaeT MaCI1ITa6npyeMbie rrapaJIJieJibHbie BbiqHc

JieHHR. 8To 03HaqaeT, '1TO nporpaMMa, HCIIOJih3y10:o::i;aR 6H6JIHOTeKy TBB, 6y,II,eT pa6oTaTh Ha 

KOMIIbIOTepe c O,II,HHM rrpo:a;eccopOM H Ha KOMITbIOTepe c 60JiblliHM KOJIHqeCTBOM rrpon;eccopoB 

6e3 Heo6xo,n,HMOCTH BHOCHTb H3MeHeHH5I B rrporpaMMy. 

B pa3,n;eJie 4.3 orrHcaHo rrpHMeHeHHe BeKTOp1rnan;Hn B aJiropHTMa rroHcKa KoJien;. HaH-
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JiyqrnIIM KaH,II;II,II;aTOM ,II;JUI liCIIOJih30BaHII.H BeKTOpli3aIJ;IIII .HBJI.HeTC.H rrpon;e,.a;ypa c 60JibIIIIIM 

KOJIII'IeCTBOM BhrqIICJieHIIH 6e3 BeTBJieHIIH, KOTOpa.H MO)KeT BhIIIOJIH.HThC.H rrapaJIJieJihHO ,n;mI 

MHO:tKeCTBa ,.a;aHHhIX. Bee BhrqHcJieHII.H 6bIJIII rrepeBe,.a;eHhI II3 ,IJ;BOii:Hott TOqHOCTII B o,.a;:rrnapHyIO. 

ITpoBe,.a;eHHOe TeCTIIpoBaHHe ITOKa3aJio, qTo pa3pa6oTaHHhrtt aJiropHTM pa6oTaeT c o,.a;IIHapHott 

ToqHOCThIO 6e3 ITOTepII ecpcpeKTIIBHOCTII. ,II;aJiee ,.a;aHHhre RICH ,n;eTeKTopa 6bIJIII BeKTOpII30-

BaHhr. 8To 03HaqaeT, qTo B Ka)K,.a;hr:ii: BeKTOp XIITOB yrraKOBhrnaeTC.H 4 II3MepeHII.H: Xv, Yv, 

r,n;e Xv = (Xo, X1, X2, Xs), Yv = (Yo, Yi, Y2, 13). BhrqIIcJieHIIe rrapaMeTpOB KOJihIJ;a (x, y, r) 

rrpOII3BO,II;IIJIOCh c IICITOJih30BamreM SSE IIHCTPYKIJ;IIII ITO TpeM XIITaM ,II;JI.H 4 TpIIrrJieTOB o,.a;Ho

BpeMeHHO. 

B pa3,.a;eJie 4.4 OITHCaHo ITPIIMettemi:e MHororroToqHocTII B aJiropIITMe. PeaJIII3aIJ;II.H BKJIIO

qaeT 3 pa3JIIIqHhrx crroco6a: 1) TaK KaK RICH ,.a;eTeKTop cocTOHT II3 ,.a;Byx He3aBIICIIMhrx 

cPOTO,II;eT8KTOpOB, XIITbI ,.a;eJI.HTC.H Ha ,II;Be rpyrrrrhI no rrpIIHa,II;JI8)KHOCTII K cpOTO,II;eTeKTOpaM 

II peKOHCTPYKIJ;II.H KOJI8IJ; ITpOII3BO,IJ;IITC.H rrapaJIJieJihHO B OT,II;eJibHOM ITOTOKe ,II;JI.H Ka)K,II;Oro ¢o

TO,IJ;8TeKTOpa; 2) aJirOpHTM JIOKaJibHOrO IIOIICKa II03BOJI.H8T BbIIIOJIH.HTb IIOIICK KOJien; B pa3HbIX 

o6JiaCT.HX cpOTO,lJ;8T8KTOpa H83aBIICHMO II rrapaJIJI8JihHO B OT,D;eJibHhIX ITOTOKax; 3) rrepe,.a; BbIIIOJI

HeHIIeM rrpeo6pa3oBamrn Xacpa XIIThI ,n;eJI.HTC.H Ha rpyrrrrhr II rrpeo6pa3oBaHIIe BhIIIOJIH.HeTC.H B 

Ka)K,II,OH rpyrrne rrapaJIJI8JlbHO B OT,ll;8JlhHOM nOTOKe. 

,II;aJiee B pa3,II;8JI8 4.4 npIIBe,.a;eHbI OCHOBHhie pe3yJihTaTbI ITO OITTIIMII3aIJ;HII II pacrrapaJI

JI8JIIIBaHIIIO aJiropIITMOB peKOHCTPYKll,IIH KOJien;. TecTIIpoBaHIIe aJiropnTMOB rrpoBO,II;IIJIOCh Ha 

KOMIIhIOTepe c ABYM.H npou;eccopaMII Intel Core i 7, nMerorn;nx no 4 .H,.a;pa r<a)K,IJ;hrii: c TaKTOBO:ii: 

qacTOTOM 2.66 ffn;. 3a cqeT OITTIIMH3aIJ;Hll faIJIO ,II;OCTIIrHyTO YCKOp8H1Ie aJirOpIITMa B 7 4 pa3a 

(c 357 Mc/co6brTH8 ,.a;o 4.8 MC/co6bITne). I1crrOJib30BaHHe B8KTOpH3an;irn II MHOrOIIOTQqHOCTII 

II03BOJIHJIO ycKopHTh aJiropHTM ern;e B 2 pa3a. B IITore 6hrJio ,.a;ocTIIrHyTo ycKopeHIIe B 143 pa3a 

( c 35 7 MC/ co6bITIIe ,.a;o 2. 5 MC/ co6brni:e) ,D;JI.H rrapaJIJieJibHOH BepcIIII B cpaBHeHIIII c HaqaJibHO:ii: 

BepcIIeii:. 

IToMHMO pacrrapaJIJiemrnaHII.H BHYTPII aJiropIITMa IICCJie,.a;oBaJIC.H Borrpoc pacITapaJIJieJIII

BaHII.H Ha ypOBHe co6blTIIH. ,II;m.1 9TOro, co6hITII5.l HaKaIIJIIIBaIOTC.H B 6ycpepe, 3aTeM rpyrrrra 

co6bITIIH o6pa6aTbrnaeTC.H H83aBIICHMO B OT,II;eJibHOM IIOTOKe. qT06bI IIM8Tb B03MQ)KHOCTb KOH

TpOJIIIpOBaTb C03,IJ;aHHe I1 pa6oTy IIOTOKOB II pa36HBaTb co6hITH.H no IIOTOKaM, 6bIJI pa3pa6oTaH 

rrJiamrpoBIIJ;HK noTOKOB. Ou no3BOJI.HeT 3a,.a;aBaTb Ha KaKOM .a,.a;pe pa6oTaTb KOHKpeTHOMY no

TOKy. B HCCJie,D;OBarum MaCIIITa6IIpyeMOCTII IIJiamrpOBIIJ;IIK pa6oTaeT CJie,n;yIOIIJ;HM o6pa30M: H3 

6ycpepa co6hITHH cqliTbIBaIOTC.H N co6bITII:ii:, ,ll;JI.H HIIX cos,n;aeTc.a OT,ll;8J1bHhIH ITOTOK H 3arryc-
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KaeTCR peKOHCTPYKIJ;Irn. TiepBbIM ITOTOK BbIIIOJIHReTCR Ha rrepBOM JIOrH'IeCKOM a,n;pe rrepBoro 

a,n;pa rrpou;eccopa, BTOpoH: ITOTOK BbIIIOJIHReTCR Ha BTOpOM JIOrHi:reCKOM a,n;pe rrepBoro a,n;pa 

rrpou;eccopa. CJie,n;yIOrn;He ,II;Ba ITOTOKa BbIITOJIHRIOTCR Ha BTOpOM a,n;pe Ff TaK ,n;aJiee. 

I1ccJie,n;oBaHHe rrpoBO,II;HJIOCb Ha KOMIThIOTepe c ,II;BYMR rrpo:o,eccopaMH Intel Core i7, HMe

IOrn;nx ITO 4 R,II;pa Ka:;>K,II;bIM C TaKTOBOH i:raCTOTOH 2.66 ffn; Ff B03MO)KHOCTbIO 3arrycKaTb 2 

II OTO Ka Ha a,n;po ( 16 JIOrH"!eCKHX IIOTOKOB). gJIR rrpe,n;cTaBJieHHbIX pe3yJihTaTOB MO,II;eJIHpOBa

JIHCb n;eHTpaJihHhre (HJIH c MHHHMaJibHbIM OTKJIOHeHneM) Au-Au UrQMD coy,n;apeHHR rrpH 

:rneprHH 25 Af9B. Ha pHc. 5 rrpe,n;cTaBJieHhI pe3yJihTaTbI HCCJie,n;oBaHHR 3aBHCITMOCTrr KOJirr

i:recTBa o6pa6oTaHHbIX co6bITITM B ceKyH,n;y OT "IHCJia 3arryrn;eHHbIX IIOTOKOB Ff OT KOJIIT"IeCTBa 

o6pa6oTaHHbIX co6bITHH B Ka)K,II;OM IIOTOKe. IIpn MaKCITMaJihHOM HCITOJib30BaHrrrr pecypcoB 

KOMIIbIOTepa (16 3arryrn;eHHbIX ITOTOKOB) aJiroprrTM II03BOJIReT o6pa6aTbIBaTb 6oJiee 1800 n;eH

TpaJibHbIX co6brTrrfi B ceKyH,n;y ( 500 MKC / co6brTne) n oKoJio 8000 co6brTrrfi c MrrHrrMaJibHhIM 

OTKJIOHeHHeM (125 MKC/ co6bITHe). 
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nof threads 

Pnc. 5. KoJinqecTBO o6pa6oTaHHhIX co6hITHH B ceKyH,n;y B 3aBHCHMOCTH OT qHcJia rroTOKOB ( CJieBa) 

H BhrnrpbIIll, HOpMHpOBaHHhIH Ha BpeM.H rrpocqeTa ,n;mr O,Il;HOro IIOTOKa. IloKa3aHhI pe3yJihTaThI ,n;mr 

pa3JIHqHoro KOJiff'IeCTBa co6hITHH B Ka2K,Il;OM IIOTOKe 

B 3anJ1,10"ienuu c¢opMyJirrpoBaHbI OCHOBHhre BhIBO,Il;hI ,n;HccepTan;noHHOH pa6oThI: 

1. Pa3pa6oTaH HOBhifi, ycTOM'-IITBhrfi, 9¢<PeKTHBHhrfi rr 6hICTphifi aJiropnTM ,II;JIR peKOHCTpyK

n;nH KOJien; i:repeHKOBCKoro H3JIJI.IeHH5I B RICH ,n;eTeKTope 9KcrrepnMeHTa CBM. 8¢¢eK

TITBHOCTb H ycTofiqFfBOCTb aJirOplITMa ,IJ;OKa3aHa ero TeCTHpOBaHIIeM Ha 60JibI.I.IOM KOJIH-
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qeCTBe MO,LI;eJibHbIX co6bITHM, nOJIHOCTblO COOTBeTCTByIOrn;Hx COBpeMeHHhIM qm3HqeCKHM 

MO,n;emIM. 

2. PeaJIH30BaHhI aJiropHTMhI o:o;eHKH napaMeTpoB KOJie:o; B RICH ,n;eTeKTope: 1) no,n;roHKa 

oTcqeTOB oKpy:tKHOCThIO, ocHOBaHHaR Ha MeTo,n;e COP H 2) no,n;roHKa oTcqeTOB 3JIJIHn

coM, ocHoBaHHa5I Ha MeTo,n;e Tay611Ha. 

3. Paspa6oTaH 6b1cTpb1l:i: rrapaJIJieJihHhil:i: aJiropHTM peKOHCTPYKr:t;HH KOJie:o; c rrcnoJih30BaHH

eM BeKTop11sa:o;1n1 H MHoronoToqHoCTH. ITapaJIJieJihHhIM aJiropHTM noKasaJI o,n;HHaKoByro 

3¢¢eKTHBHOCTb no cpaBHeHHIO c IIOCJIC,LI;OBaTeJihHbIM ( HaqaJibHbIM) aJirOpHTMOM, o,n;Ha

KO CKOpOCTh pa60Tbl BblpOCJia B 143 pasa, yqHThIBazr rrpoBe,n;eHHYIO OIITHMH3aIJ;HIO. 

4. Paspa6oTaH HOBhIM aJiropHTM M,n;eHTHcPHKa:o;HH 3JieKTpOHOB B RICH ,n;eTeKTope, ocHo

BaHHhIM Ha npHMeHeHHM MHC. AJiropHTM noKasaJI ,n;ByKpaTHOe npeHMyrn;ecTBO B no

,n;aBJieHHH nHOHOB no cpaBHeHHIO co CTaH,n;apTHbIMH MeTo,n;aMM. 

5. BJiaro,n;apzr xopornel:i: 3¢¢eKTHBHOCTH aJiropHTMa 11 ero ycTol:i:q11BocT11 K co6hITH5IM c 

60JiblIIHM KOJIHqecTBOM nepeceKarorn;HXC5I KOJie:o;, y,n;aJIOCb 3Haq11TeJibHO onTHMH3HpO

BaTb KOHCTPYKr:t;HIO RICH ,n;eTeKTOpa, qTo B HeCKOJihKO pas yMeHbIIIHT ero CTOHMOCTh. 

6. Bee pa3pa6oTaHHhie aJiropMTMhI H rrporpaMMhI BKJIIOqeHhI B rrporpaMMHYIO o6oJioqKy 

3KcneprrMeHTa H aKTMBHO HCIIOJib3YIOTczr qJieHaMH KOJIJia6opar:t;HM CBM KaK ,n;Jizr ¢rrsrr

qecKoro o6ocHOBaHH5I 3KCnepMMeHTa, TaK H ,LI;JI5I OIITHMH3ar:t;MH cos,n;aBaeMOM 3KCnepH

MeHTaJihHOM ycTaHOBKM. Pe3yJihTaThI, rroJiyqeHHhre c HcnoJih30BaHHeM pa3pa6oTaHHhIX 

aJirOpHTMOB H nporpaMM, noKa3aJIH, "tITO y,n;aJIOCb ,n;o6HTbC5I Heo6xo,n;rrMoro ypOBH5I H,LI;eH

THcPHKar:t;HH 3JieKTpOHOB H rro,n;aBJieHH5I nHOHOB. 
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