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06m;a~ xapaKTepMCTMKa ,n;nccepTau;nn 

B HacTomu;eil pa6oTe pa3BllTbi HOBbie MaTeMaTn'leCKne MeTO,ll;hi, anropnTMhi u ~OMIIJieK
Chi rrporpaMM, rrpep;Ha3Ha'leHHhie p;JIH rrposep;eHnH Ha,LJ;e2KHOH n 6biCTpoil np;eHTncpliKa~nn n 

peKOHCTpyK~nn pep;Knx pacnap;os Jf'lj;---+ e+e-, perncrpnpyeMbiX aKcrrepnMeHTMhHPil ycTa

HOBKOil CBM B yCJioBnax p;oMnHnpyiOI~ero ¢oHa. 

AKTYaJihHOCTb pa6oTbi 

.ll:eTMhHhie 3KcrrepnMeHTMbHbie ll3MepeHnH pacnap;oB qapMOHllH ( J / 1/J n 1/J') B IIJIOT

Hoil ll ropaqeif ap;epHOll cpe_.n;e, TaKOH, KaK KBapK-rJIIOOHHaH IIJ!a3Ma, MOryT rrpep;OCTI!-BllTb 

HOBble p;aHHbie p;JIH ll3y'leHllH IIp06JieMbl BOCCTaHOBJieHHH KllpMbHOll CllMMeTpllll ll 06'bHCHe

HllH MexaHU3Ma B03HllKHOBeHnH MaCChi ap;poHOB [1]. HcCJiep;osaHna rrpou,eccoB, css3aHHhiX c 

po:1Kp;eHneM qapMOHn», BhiiiOJIHeHHbie B 3KCrrepnMeHTaX NA50 [2]n RHIC [3] rrpn BhiCOKllX 

TeMrrepaTypax ll Hll3KHX 6apll0HHb!X IIJIOTHOCTHX, ,ll;O CllX IIOp He ,ll;Mll 'leTKOrO 06'bHCHeHllH 

cy~eCTBYIO~llM MO,LJ;eJIHM. 

B HaCTOH~ee speMH B U:eHTpe liM. renhMrOJibiJ,a no llCCJiep;osaHHIO TH2KeJibiX llOHOB 

(.ll:apMIIITap;T, repMaHHH) Bep;eTCH CTpOHTeJibCTBO YCKOpllTeJibHOrO KOMIIJieKCa aHTlliipOTOHOB 

n TH2KeJihiX nOHOB FAIR (Facility for Antiproton and Ion Research). Ha 3TOM KOMIIJieKce rrJia

HIIPYeTCH rrpoBep;eHne 3KCrrepnMeHTOB Ha ycTaHOBKe CBM (Compressed Baryonic Matter) [4], 

co3p;aBaeMoil 60JibiiiOli Me2K;zyHapop;Hoil KOJIJia6opau,IIeil c aKTHBHb!M yqacTneM Y'IeH_hiX II3 

OM.HM [5]. Clln3n'!ecKaH rrporpaMMa CBM Hau,eneHa Ha n3y'leHne ciloll.CTB 6apnoHHOil MaTe

pnn B 06JiaCTll OTHOCl!TeJibHO Hll3KllX 3Heprnif ll Bb!COKllX 6apnOHHb!X IIJIOTHOCTeli, OTBe'laio

~llX H,LI;pO-H,LJ;epHb!M coyp;apeHllHM rrpn3Heprnn rry'!Ka 2+45 r3B/HyKJIOH [4, 6]. H3MepeHllH 

C BbiCOKOll TO'lHOCTblO Bb!XO,ll;OB, tPYHKIJ,llll B036y:1Kp;eHllH, IIpHMb!X ll 3JIJ!lliiTll'leCKHX IIOTOKOB 

J /1/J-Me30HOB, BhiiiOJIHeHHbJe B YKa3aHHOH o6JiacTn, p;OJI2K~hi rrpep;ocTaBHTh p;orroJIHllTeJihHYIO 

3KCIIepnMeHTaJlbHYIO llHcpOpMaiJ,niO, He06XO,ll;llMYIO ,LJ;JIH IIOHHMaHHH IIpOllCXO,ll;H~llX rrpou,ec

COB. 

.ll:JIH perllCTpaU,llll O'leHb pep;KllX IIpOU,eCCOB J /1/J ---+ e+ e- 6y;zyT llCIIOJ!b30BaThCH llH

TeHCllBHbie IIOTOKll '!aCTHIJ, IIa,LJ;aiO~erO IIY'!Ka (p;o 107 H,!J;pO-H,!J;pO coyp;apeHllll B ceKyHp;y). 

Y 'lllTb!BaH Bb!COKYIO MH02KeCTBeHHOCTb BTOpll'IHbiX '!aCTllll, ( OT 100 ,ll;O 1000 'laCTllll, B pe-

3YJibTaTe O,ll;HOrO coyp;apeHllH), np;eHTllcpllKaiJ,lllO ll peKOHCTpyKIJ,lliO llCCJie;zyeMhiX paCIIa,LJ;OB. 

HY2KHO 6yp;eT IIpOBO,ll;llTb B yCJIOBllHX ,LJ;OMllHHpyiO~ero a,LI;pOHHOrO (B OCHOBHOM IIllOHHOro) 
cpoHa. - · 

BBn;zy ri.inpoTbi n CJI02KHOCTn ucCJie;zyeMhiX cpu3n'leCKnx Jipou,eccoB, KOJIJia6opau,neil 

CBM 6wJio rrpnHHTO peiiieHne He CTpOllTb o6IIJ,YIO p;JIH Bcex 3ap;aq TpnrrepHyiO cncTeMy [7]. 

CllnKcnpoBaTb BpeMeHa cpa6aTb!BaHll~ periiCTpnpyiO~eil anrrapaTyphi n Bbipa6aTb!BaTb Tpnr

repHhiil CllrHM, II03BOJIHT 3JieMeHTbl 7 BCTpOeHHh!e B 3JieKTp0HllKy Ka:1Kp;OrO ll3 ,LJ;eTeKTOpOB. 

IIOTOKaMll 3KCIIepnMeHTaJlbHOll llHcpOpMaiJ,llll 6yp;eT yrrp<iBJIHTb Bb!COKO<;KOpOCTHaH Bbi'IIICJIH- . 

TeJihHaH cpep;a, KOTOpaH 6yp;EIT llCIIOJib30BaThCH ,ll;JIH cpllJibTp<iu,nu llHcpOpMaiJ,llll ll cpopMll

pOBaHIIH co6biTIIil. IlporrycKHaH ciwco6HOCTb Bceil Bhi'lllCJillTeJihHOli cpep;hi B CBM rrpnHH-

Ta B Ka'!eCTBe OIIpep;eJIHIO~ero cpaKTOpa p;JIH CllCTeMhl c6opa ll HaKOIIJieHHH llHcpOpMaiJ,llll' 

TaKOll Bhi6op p;aCT B03M02KHOCTb llCIIOJib30BaTb BCe Bbi'lllCJillTeJibHble pecypcbi · yCTaHOBKll 

C MaKCllMaJlbHOU 3cpcpeKTIIBHOCTblO ll ¢aKTll'leCKll M02KeT II03BOJillTb rrpOBO,ll;llTb CeJieKIJ,lllO 

CllrHMbHhlX C06biTllll B peaJibHOM BpeMeHll 3KCIIepnMeHTa. 

B CBH3ll c Bbiiiiell3JI02KeHHhiM, aKTYMhHOli n Ba2KHOli 3ap;a'leil: p;JIH KOJIJia6opau,nn CBM 

HBJIHeTCH pa3pa60TKa 3cpcpeKTHBHb!X MaTeMaTH'leCKHX MeTO)lOB, _XpllTepneB ll MrOpllTMOB, 

II03BOJIHIOIIJ,llX Hap;e2KHO ll C BbiCOKOll CKOpOCTblO OCy~eCTBJIHTb. Ha6op rrpneMJJeMOU CTaTllC-
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TRim pacna,n;oa Jj'ljJ-+ e+e-. O'!eBlf,!l;HO, 'ITO perneHne ,n;aHHOi13a,n;aqn lieao3MO)KHO 6ro MaK
ciiMaJibHOro HCllOJib30BaHH.H noTeHI~HaJia COBpeMeHHb!X MHOrO.H,n;epHhiX npo~eCCOpOB. 

._ IJ;eJih pa6oTbi 

IJ;eJihiO HaCTO.H~efi pa60Tbl .HBJI.HeTC.H pa3BHTHe <~<}J<}JeKTHBHhiX MaTeMaTH'leCKHX MeTQ
,ll;OB, 6h!CTpbiX Bhl'lHCJIHTeJihllh!X aJirOpliTMOB li KOMllJieKCOB nporpaMM; npe,n;Ha3Ha'leHHhiX 

,n;n~ na,n;e)KHOH perncTpa~nn pe,n;Knx pacna,n;oB Jj'ljJ-+ e+e- c nOMO~hiO ycTaHOBKH CBM B 
yCJIOBH.HX HHTeHCHBHOrO <}Jona. 

Hay''IHrui HOBII3Ha 

1. Pa3BIJ:Ta MeTO,ll;HKa, BKJIIO'laiO~aB ~e'fiO'lKY MaTeManrqeCKHX MeTO,ll;OB H COOTBeTCT

BYIO~HX Bhl'lliCJIHTeJihHhiX aJirOpHTMOB ,ll;JI.H 6biCTporo pacn03HaBaHH.H li peKOHCTpyK

~HH~p~,!J;KHX pacna,n;oa Jj'ljJ-+ e+e-, perucTpnpyeMhiX ycTaHOBKOH CBM B yCJIOBH.HX 
,ll;OMHHHpyiO~ero. a,n;pOHHOrO <}Jolla. 

2. B paMKax pa3BHToro no,n;xo,n;a Bhi.HI;!JleHh! npn3naKOBhie nepeMeHHhie, n03BOJI.HIO~ne 
MaKCHMaJihHO no,n;aBHTh ¢on n na,n;eXfHO Bhi,ll;eJIHTh cnrnan. Pa3pa6oT~na npo~e,n;ypa 
,ll;JI.H Bhi6opa KPHTH'leCKHX rpann~, pa3,!J;eJI.HIO~nx no YKa3aHHhiM nepeMeHHhiM o6nacTn 
CllrHaJihllhiX li <}JOHOBhiX C06b!THH. 

3~ Bhmonnen cpaBHHTeJihHhiH anann3 <~¢¢eKTHBHOCTH Bhr,n;eneHn.H cnrnana (no qncny OT-

6npaeMhiX CllrHaJihHhiX C06h!THi1 li OTHOWeHHIO "cnrnanj<}Jon") C nOMO~hiO ,ll;BYX pa3-
.· ' HbiX nO,ll;XO,ll;OB, HCnOJih3yeMbiX ,ll;Jl.H Jl,ll;eHTH<}JHKa~HJI 3ap.H)KeHHhiX 'laCTH~ ,!J;eTeKTOpOM 

TRD,- na ocHoae ncKyccTaennott Hefiponnofi ceTn (11HC) n Mo,n;n¢n~npoaannoro Kpn

Tepn.H cornacn.H w~. IloKa3ano, 'ITO o6a MeTo,n;a o6ecne'lnBaiOT npaKTH'leCKH o,n;nHaKo

BYIO MO~HOCTh, HO npn <!TOM KpnTepnfi w~, B cpaanennn c 11HC, o6na,n;aeT p.H,n;OM 
npenMy~eCTB. 

4. Ha OCHOBe KpHTepn.H COrJiaCH.H W~ pa3pa6oTaH 6biCTphlfi napaJIJI~hllhlll aJirOpliTM, KO

TOphlfi MO:lKHO HCnOJih30BaTb B pe)KJIMe peaJibHOrO BpeMeHJI <IKCnepnMeHTa ,ll;Jl.H ll,ll;eH
Tli<}JHK~JIJI 3ap.H)KeHHhiX qacTn~, perncTpnpyeMhiX ,n;eTeKTopoM TRD. 

5. fipoae,n;en aHaJIJI3 npOll3BO,ll;l!TeJihHOCTH BCeX aJirOpHTMOB paccMaTp!:!BaeMOfi ~eiiO'lKH, 
n03BOJIHBWHll O~eHHTh B03MO)KHOCTH YCKOpeHH.H npo~ecca o6pa60TKH 3a C'leT JICIIOJih-

30BaHH.H Bh!COKOIIpOH3BO,lJ;HTeJihllhiX Bhl'lHCJIHTeJihllh!X CHCTeM Ha 6a3e MHOrO.H,ll;epHblX 
npo~eccopoa. 

IJpaKTII'ICCKrui ~CHHOCTb 

11cnOJih3Y.H pa3BHTYIO B pa6oTe MCTO,ll;HKY H crenepnpOBafi.HhiC C nOMO~hiO naKCTOB 
GEANT3, UrQMD n PLUTO na6ophi MO,ll;eJihHhiX ,n;annhiX 

• rroK:baHo, 'ITO ,n;n<~JieKTponuan aepcn.H ycTanOBKH CBM no3BOJIHeT Ha,n;e)KHO 3apern

crpnpoBaTh 3a IIpHeMJieMOe ,ll;JIH 3KCnepnMeHTa BpeMH ,ll;OCTaTO'li!O 60JihWYIO CTaTHCTH
KY pacna,n;oa J /1/J -+ e+ e-, 

• no,n;o6pana OIITHMaJlhllaB (HCXO,ll;H H3 OTHOWeHH.H ~'CHrHanj<}Jon") TOJI~Ha MHWeHH. 

fiOKa3aHO, 'ITO HCnOJih3yeMh!e KpHTCpHU ,ll;JIH Bhl,ll;eJieHU.H CHrHaJia U IIO,!J;aBJieHUH <}Jo11a 

C nOMO~hiO npH3HaKOBhiX IIepeMeHHhiX HC npHBO,ll;HT K UCK~efll!IO <}Ja30BOrQ npOCTpaHCTB<i 
pacna,n;oa Jj'ljJ-+ e+e< 
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Ilpoae,n;eHHa.H O~eHKa BpeMeHHhiX 3aTPaT BCeX Bhl'lHCJIHTeJihHhiX anropHTMOB n03BOJIHJia 
Bhi.HBHTh "cna6bie" MeCTa B ~enO'lKe MeTO,ll;OB (B 'laCTHOCTH, nOHCK H peKOHCTPYK~H.H TPeKOB 

B TRD), Ha,!J; ycrpaHeHHeM KOTOpb!X B HaCTO.H~ee BpeM.H Be,ll;yTC.H ,n;OnOJIHHTeJihHh!e HCCJie,n;o
BaHH.H. 

,LI;OCTOBCpHOCTb pC3yJihTaTOB 

.LJ.ocroaepnoCTh n o6ocnoaanHoCTp proyJihTaToB, nony'leHHhiX a ,n;nccepT~nn, no,n;T
aep)K,n;enh! npHMeHeHHeM ,ll;JI.H MO,!J;eJIHpOBaHH.H HCCJie,n;yeMbiX <}JH3H'leCKHX C06b!THH WHpOKO 

H3BeCTHhiX nporpaMM n Mo,n;enefi, TaKHX KaK GEANT3, UrQMD, PLUTO, a TaK)Ke ncnonh-

3oBanneM cpe,n;hl CBMROOT (nporpaMMHoe o6ecne'leH~e KOJIJia6opa~nn CBM), pa3pa6o

Tannoi1 na 6a3e cne~nann3npoaannoro naKeTa ROOT. Bee pa3pa6oTaHHhie anropnTMhl n 
KOMnJieKChl nporpaMM 6biJIH npOTeCTllpOBaHh! Ha pa3nll'lllhiX Tllnax coy,n;apeHnti. 

IJpep;CTRBJICHIIC OCHOBHblX IIOJIO:>KCHIIH II pe3yJibTRTOB 

OcHOBHhie noJIO)KCHH.H n pe3yJihTaThi, H3JIO)KeHnhie B ,n;nccepTa~nn, ,n;oKJia,n;hmannch n 
06Cy)K,ll;aJIJICh Ha Me)K,ll;yHapO,ll;llhiX H pOCCJIHCKJIX KOH<}Jepeii~Hl!X H COBell~aHJI.HX: 

• International Conference on Mathematical Modeling and Computational Physics 
(MMCP'09, MMCP'l3) (.LJ.y611a, Poccnn, 2009, 2013); 

• Internationru Symposium on Nuclear Electronics & Computing (NEC'09, NEC'11) 
(Bapua, Bonrapn.H, 2009, 2011); 

• CBM Collaboration meeting (.LJ.y6ua, Poccn.H, 2008; .LJ.apMWTa,!J;T, repMann.H, 2009, 2010, 
2011, 2013, 2014; MaMall, PyMhiHHll, 2010; .LJ.pe3,n;CH, repMaHH.H, 2011); 

• Me:lK,n;yHapo,n;na.H MOJio,n;e)Kfl~ Kon¢epeH~Hli-IIIKOJia "CoapeMennhre npo6neMh! npn

KJia,n;nott MaTeMaTHKH n nu¢opMaTHKn" (MPAMCS'2012, MPAMCS'2014) (.LJ.y6na, 
Poccn.H, 2012, 2014); 

• Kon¢epen~Hll "MeTO,ll;hi Ma":eMaTH'lCCKOti ¢n3HKH n MaTeMaTn'leCKOe MO,n;ennpoaanne 

¢n3H'leCKHx npo~eccoa" a paMKax Hayquoii ceccnn HI1.HY M11<DI1 (MocKaa, Poccn.H, 
2013); 

• Me)K,n;yHapo,n;na.H nayqua.H Kon¢epen~Hll MOJIO,ll;hiX Y'l~HhiX ·n crre~HaJIHCTOB Oll.H11 
(.LJ.y6na, Poccn.H, 2010, 2012, 2014); 

" 
• liiKoJia-Kon¢epeH~H.H MOJIO,ll;hiX yqeuh!x n crieqnanncroa 0115111 "AnymTa-2012", 

"AnymTa-2013" (AnymTa, · YKpanna, 2012, 2013); 

• Me)K,n;yHapo,n;nan Kou¢epeH~H.H "Distributed Computing and Grid-technologies in Science 
and Education" (.LJ.y611a, Poccnn, 2014). 

IJy6JIIIKa~llll 

ITo TeMe ,n;nccepTa~nn ony6nnKoaano 26 Hay'!HhiX pa6oT, CTaThH A(I] - A(5] ony6nnK0-
aanhi B pe~eH3npyeMh!X H3,n;annHx: 

• fiHCbMa B :lKypnaJI "<DH3HKa 3JieMeHTapnbiX 'faCTI!~ H aTOMHOro H,n;pa" ("fiHChMa B 
9qA.H") (AI]- (A3], . 

• BeCTHHK PY.LJ.H, cepn.H "MaTeMaTnKa. 11H¢opMaTnKa. <Dn3nKa" JA4] - (A5], 
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MaTepnanax Me)!(~Hapo~HbiX KOHcjJepen~nii ((AS], (All), (A12]; (A17], (A20], (A21], (A22], 
(A25]), a TaK)!(e B Bn~e npenpnHTOB n coo6me~nii OIHII1 ((A7], (A13], (A14), (A23J, (A24], 
(A26]) H GSI ((A6], (A9), (A10], (A15], (A16], (A18], (A19]). . 

Jlii'IHblll BKJia,u; aBTOpa 

IIOJIO)!(eHHH II pe3yJILTaTbl, rrpe~CT~JieHHbie B ~liCCepTa4HH, IIOJiy'!eHbl IIpll orrpe~eJIH
IOIIIllM y'IaCTIIH COHCKaTeJIH. IlporpaMMHaH peann3a~HH pa3pa60TaHHbiX MeTO~OB H a.JirOpHT
MOB BbiiiOJIHena JIH'IHO COHCKaTeJJeM. 

CipyKTypa 11 o6'beM p;11ccepTan;1111 . 
. J . 
,l.l;nccepTa~nH co~ep)!(HT sse~enne, 5 rnas, 3aKJIIO'!eHne, crrncoK nnTepaTypLI ( 103 ccLIJI-

KH) n nMeer o6'beM tos cTp;iHn~. 
Co.n;ep:»<:amre pa6oThi 

Bo Baep;eHIIII ~aeTCH orrncaHne cPa30BOii ~narpaMMbi H~epnoii MaTepnn, o6cy)!():laiOT
CH IIpH3HaKH o6pa30BaHHH KBapK-rJIIOOHHOH ITJia3Mbi, KpaTKO H3JiaraeTCH HCTOpHH OTKpblTHH 
.f/t/J-Me30Ha, npHBO):IHTCH 0630p 9KCIIepnMeHTOB, B KOTOpbiX y)!(e H3Y'!a.JI0Cb pO)!(~eHne .f/1/J, 
cjJopMynnpyerCH nccne~eMaH nay'!na.H npo6neMa. KpoMe Taro, npnBo~nTCH KpaTKOe n3JIO
)!(enne co):lep)!(aHnH ):lnccepTa~nn no rnaBaM, a TaK)!(e cnncoK peiiiennii n nony'!eHHbiX pe-
3YJILTaTOB, BbiHOCHMbiX Ha 3amnTy. 

B rnaae 1 o6cy)j(~aeTCH <l>n3n'IecKaH nporpaMMa 9KCnepnMenTa CBM, npnBo~nTCH 
Onncanne 9KCnepnMeHTa.JibHOH ycTaHOBKH H ee OCHOBHbiX 9JieMeHTOB, HCIIOJib3yeMbiX ~JIH pe

rHCTpa~Hll .J /1/J B ~H9JieKTpOHHOM KaHane pacna~a, a Ta.K)!(e npo~eCC MO~eJinpOBaHHH cPH3ll
'!eCKHX C06biTHH. ·!l>OpMyJinpyerCH llOCTaHOBKa peiiiaeMOH B ~HCCepTa~HOHHOH pa6oTe 3a~aqn, 

, OTMeqaeTCH ee Ba)!(HQCTb H aKTYa.JibHOCTb. 

CxeMa aKcrrepnMeHTa.JibHOii ycTaHOBKH CBM, rrpe~Ha3Ha'!enHoii ~JIH n3y'IeHnH ~nsneKT
poHHbiX pacrra):IOB .l/1/J, rrpnBe~eHa Ha pnc. 1. 

Pnc. 1: CxeMa 3KcrrepnMeHTaiTbHOii ycTa.HOBKH CBM 

' Herrocpe~CTBeHHO 3a MHIIIeHbiO Me)!(~ IIOJIIOCaMn CBepxrrpOBO~Hmero ~HIIOJibHOrO Mar
H~Ta pacn'onara~CH cn~eM:a Koop~nnaTHblX · TpeKOBbiX ~ereKT'opoB, STS. (Silicorr Trackirrg 
System), COCTOHmaH H3 BOCbMll ~BYXCTOpOHHliX KpeMHHeBbiX MHKpOCTpHIIOBhlX ~eTeKTOpOB, n 
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sepiiiHHHhlii ~ereKTOp MVD (Micro-Vertex Detector). ,l.l;ereKTOpbrSTS n MVD npe~}{a:ma'!e
Hhl ,!VIH peKOHCTpyK~HH TpaeKTOpHii H onpe~e.rreHHH HMllYJibCOB 3apH:IKeHHbiX '!aCTH~, ·a TaK
)!(e ,!VIH BOCCTaHOBJieHHH nepBH'!HbiX n BTOPH'!Hb!X sepiiiHH. CnCTeMa ~eHTHqmK~nn sneKT
poHosfno3nTpOHOB BKJIIO'Iaer ~ereKTOpbi '!epeHKOBCKoro RICH (Ring Imaging CHerenkov) n 
nepexo~oro TRD (Transition Radiation Detector) H3Jiy'!eHnii1 • TRD TaK)!(e ncnonb3yerCH 
,!VIH peKOHCTpyK~H TpaeKTOpHfi perncrpnpyeMbiX ~ereKTOpOM 3apH)!(eHHbiX 'IaCTH~. ,l.l;ereK
TOp H3MepeHHH speMeHn nponera '!aCTn~ TOF (Time-Of-Flight) npe~Ha3Ha'!eH ,!VIH n~eHTH
qmKa~nn ~OHOB. 9neKTpoMarHHTHhlii KanopnMerp ECAL (Electromagnetic CALorimeter) 
CJiy)!(HT ,!VIH n~eHTHcPHKa~nn cPOTOHOB n 9JieKTpOHOB. KanopnMerp PSD (Projectile Spec
tator Detector) ncnonL3yerCH ,!VIH onpe~e.rreHnH ~eHTpa.JibHOCTH coy~apeHnii n nnocKoCTn 
peaK~Hii. 

TaK KaK 9KCnepnMeHTa.JILHaH yCTaHOBKa CBM Haxo~nTCH B cr~nn pa3pa60TKH, ,!VIH pe
IIIeHnH paCCMaTpHBaeMOH 3a~a'!H HCITOJib30Ba.JIHCb cPH3H'IeCKHe C06b!THH, CMO~eJIHpOBaHHbie 
Mero~oM MoHTe-Kapno. ,l.I;JIH o~eHKH a<l><l>eKTHBHOCTH perncrp~nn pacn~oB Jft/J ~ e+e-
6blJIH CreHepnpOBa.Hbl Ha60pb! BTOpH'IHbiX '!aCTH~, pO)!(~aiOmHXCH, HanpHMep, B COy~apeHHHX 
AuAu npn 9Hepnm na~aiO~ero ny'!Ka 25 rsB/HYKJIOH. Ha6op "<l>oHOBbiX" '!aCTH~ MO~e.rrnpo
Ba.JICH, ncnonL3YH naKer UrQMD, a pacn~J/1/J ~ e+e- reHepnposanCH c IIOMOIIIbiO naKera 

PLUTO. Ilo~roToBJieHHbie TaKHM o6pa3oM H:a6opLI '!aCTH~ TpaHcnopTnpoiJanncL '!epe3 ycTa
HOBKY CBM, ncnOJib3YH cpe~c:TBa na.Kera GEANT3 (8) B cpe~e CBMROOT [9). 

rJiaBa 2 llOCBHffieHa MerO~aM Bbl~eJieHHH H peKOHCTpyK~HH pacna~OB Jj;p ~ e+e-. 
Ilpo~e~pa ocHoBaHa Ha perncrpa~nn npo~KTOB pacn~a J /1/J B no~cncTeMax STS, RICH, 
TRD n TOF n BKJIIO'!aer B ce6H ciie~IOmne aTimhl: 

1) peKOHCTpyK~HH TpaeKTOpnii H onpe~eJieHne HMllYJibCOB 3apH)!(eHHbiX '!aCTn~, 3ape
rnCTpHpOBaHHbiX cncTeMoii Koop~tmaTHLIX ~ereKTopos STS; 

2) <l>opMnposaHne Bhl6opoK sneKTpOHOB n no3nTpOHOB, OTBe'IaiOmnx o~HOMY AuAu co
y~apeHniO, ncnonL3YH nn<l>opMa~niO c ~ereKTopos RICH, TRD n TOF; 

3) HCKJIIO'!eHne H3 YKa3aHHLix Bb16opoK sneKTpOHOB n no3nTpOHOB, He y~osnersopHIOmnx 
Clle~na.JibHbiM KpnTepHHM OT60paj 

4) OT6op KaH~H~aTOB B Jj{l-Me30Hbl H O~pe~e.rreHHe HX xapa.KTepHCTHK, HCllOJib3YH naKer 
KFParticle (10); . • • 

5) llO~aBJieHne KOM6HHaTOpHOrO cPOHa C llOMOIIIbiO ~OllOJIHHTeJibHbiX cne~Ha.JibHbiX KpH
TepneB oT6opa; 

6) llOCTpOeHne CneKTpa HHBapnaHTHbiX MaCC ,!VIH OT06paHHbiX KaH~~aTOB B J /t/J·Me30Hblj 

7) HCCJie~OBaHHe CTpyKTypbl cPOHa C ~eJibiO llOBbiiiieHnH OTHOIIIeHHH CHrHa.JI/cPOH. 

2.1 PeKOHCTPYKIJ;IIH TpaeKTOpllii. 11 IIMnyn&coa 3apH:IKeHHhiX 'IaCTIIIJ; c no
MOIIJ;hiO CIICTeM&I STS 

C noMOffibiO cncreMLI STS perncrpnpyiOTCH Koop~nHaTbl (xnTbi) MeCT nepece'!eHnH '!a
CTn~eii: ~oop~nHaTI~hlx nnocKocTeii STS CTa.H~nii (11]. 3~a'!a peKOHCTpyK~HH TpeKoB 3a
KJIIO'IaerCH B llOHCKe XHTOB, OTBe'!a.IOffil!X TpaeKTOpHHM OT~eJlbHbiX '!aCTH~, H Onpe~eneHHH 
xapaKTepHCTHK Haii,qeHHbl~ TpaeKTOpHfi. -

1
TaK Ka.K, B HaweM CJtyqae, 3~aqn ~eHTHcPHKal\HH 3JlCKTPOHOB H llOOHTPOHClB ~eHTH'!Hbl, TO 

~anee 6y~eM paCCMaTPHBaTb TOJlbKO ~eHTH<}>H~IO 9JteKTpOHOB. 
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B OCHOBY a.rrropiiTMa pacn03HaBaHllli TpeKOB nOJIO:lKeHa KOH~en~llli KJieTO'IHOrO aBTO

MaTa (KA) (12).- Ilpll 3TOM acpcpeKTIIBHOCTb BOCCTaHOBJieHllli TpeKOB, OTBe'laiOID;IIX qaCT!I~aM 

oT pacna.,n;oB Jf'if; ~ e+c, npeBhiiiiaeT 95% [12). 

Ilpo~e.zzypa onpe,L\eJieHllli · xapaKTepllCTIIK nali,LieHHbiX TpaeKTOpnli BKJIIO'laeT annpoK

CIIMa~IIIO ll3MepeHIIH HaH,[\eHHb!X TpeKOB C ~eJibiO YTO'IHeHllli !IX npoCTpaHCTBeHHb!X napa

MeTpOB n -BOCCTaHOBJieHlle IIMnyJihCOB 3apli:lKeHHhiX qacTn~. Ona BhiiiOJIHlieTCli c noMOID;hiO 

Inepa~nonnoro npo~ecca,. pea.rrn3oBaHHOro na ocnoBe cp!IJibTpa Ka.rrMaHa [13). To'IHOCTh BOC

CTaHOBJieHllli IIMnyJibCa COCTaBJilieT BeJIII'IIIHY nOpli,L\Ka 1 %. 

2.2 II,n;eHTmfmK~IUI 3apHLKeHHbiX <IaCTIHl; c noMOIIl;hiO RICH 

TpeKn 3apli:lKeHHhlX qacTII~, nali,L~eHHbie B STS, 9KCTpanoJI1IpyiOTCli B ,L\eTeKTOp RICH, 

KOTO_pb!H !ICnOJib3YeTCli. }l;JIH ll):\eHTllcp!IKa~llll 9JieKTpOHOB B ,L\llana30He IIMnyJihCOB OT 0,5 

f9Bjc ,L\0 15 f9Bjc (14). IJpn ,L\Bll:lKeHllll 3apH:lKeHHOH 'laCTII~hl B pa):\!IaTope ):\eTeKTOpa CO 

CKOpOCTbiO, npeBbliiiaiOrn;efi CKOpOCTb pacnpOCTpaHeHIIH CBeTa B ):\aHHOH .cpe,Lie, o6pa3yeTCH 

qepeHKOBCKOe ll3JIY'leH!Ie. Ono perncTpllpyeTCH cpoTO,L\eTeKTOpOM B Bll,L\e KOJie~. 

IJOIICK KOJie~, Onpe,LieJieH!Ie !IX ~eHTpa II pa,LillyCa BbiiiOJIHHeTCH C nOMOIIJ;biO pa3pa6o

TaHHOrO B KOJIJia6opa~llll CBM a.rrropllTMa pacno3HaBaHIIH KOJie~ (npeo6paaoBaHlle Xacpa II 

llCKyCCTBeHHaH HefipOHHaH CeTb) (15). 0TMeTIIM, 'ITO ll3-3a OCQ6eHHOCTeli KOHCTpyK~llll ):\e

TeKTOpa RICH II ne!I36e:lKHhlX onTn'lecKIIX IICKa:lKeHIIH KOJib~a IIMeiOT cpopMy 9JIJI!Inca. 

IJocJie pacn03HaBaHIIH II peKOHCTpyK~llll BCeX KOJie~, He06XO,L\IIMO Ka:lK):\Oe KOJihll;o "cBH-

3aTb" c KOHKpeTHhiM TpeKoM, nali,LieHHhlM B STS. ,ll;Jili 9Tor6 TpeK 1!3 STS 9KCTpanOJI1IpyeTCH 

,L\O 3epKa.rr ·RICH II OTpa:lKaeTCli na nJIOCKOCTh cpoTO,L\eTeKTopa: Onpe,L~eJieHHaH TaKiiM o6pa-

30M TO'IKa nepeceqeHIIH TpeKOM nJIOCKOCTH cpOTO):\eTeKTOpa llCnOJih3yeTCli ,L\JIH CBH3b!BaH!Ili 

TpeKa C 0,[\HIIM ll3 KOJie~. IJpn 9TOM ,L\JIH paCCMaTp!IBaeMOrO KOJib~a I!IIJ;eTCH 6JIII:lKaHIIIIIH K 

HeMy TpeK. 

120 e ul ... , ..• , 1.12. 
" .._, 

I:Q ~-.. ~~:.;:-~:;'{ :.,;_ .... 1~100 

"' = :a I '1Ftf28b"Et ~~>:<->+.r..:·:d ~so 

" .... 
bll'l _;.lQS.-.t~~--=.:.·~·~:-_:"~,.: ··> 1 •so = 
~ 

20 ·:~~r ; 112. 

~·· 15 0 5 
p (GeV/c). p (GeV/c) 

Puc. 2: 3aBIICIIMOCTn 6oJihiiiOH (a) II Marron (b) noJiyoceli _9JIJI!Inca OT nMnyJihCOB perncT

p!IpyeMhlx' qaCTII~ 

,ll;JIH CeJieK~llll 9JieKTp01IOB HCnOJib3YIOTCli 3aBI!CHMOCTH 6o~biiiOH II ~aJIOH noJiyoceli 9JI

Jlllnca OT nMnyJihCOB perncrpllpyeMbiX qacTn~ (puc. 2). Bee 3apli:lKeHHhie · qaerll~hl, ,L~aBIIIne 
0):\HC>BpeMeHHO OTC'leThl B ·o60!IX KOpll,L\Opax, OTMe'leHHbiX .iJ~HllliMII Ha p!IC. 2, ~eHTinfm~n-
pyiOTCli RICH KaK 9JieKTpOHhl. · . 
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2.3 II}l;eHTn:!f>n:KaJl;IUI aJieKTpOHOB n: nn:oHOB c noMOIIl;hiO TRD 

,ll;JIH ,L\aJlhHefiiiiero nO):\aBJieHllli nllOHOB, OCTaBIIIIIXCli B aHaJIII3llpyeMb!X ):\aHHb!X nOCJie 

Bhi,L\eJieHllli 9JieKTpOHOB c noMOIIJ;biO RICH, IICIIOJih30BaJICli MHOroCJIOHHhili ,L\eTeKTop nepexo~
noro roJiyqemm TRD. Ilpo~e.zzypa y,L\a.rreH!Ili nnonoB BKJIIO'laeT B ce6li necKOJibKO 9Tarro_B:_1) 

nOI!CK ll peKOHCTpyK~llli TpaeKTOp!IH 'laCTII~, 3apernCTpllpOBaHHb!X KOOp,L\IIHaTHhlMH ,L\eTeK

Topa.MH TRD, 2) CBH3hiBaHlle rpeKoB, nali,L~eHHhlX B TRD, c rpeKa.Mll, peKOHCTpynpoBaHHhl.Mll. 

cnCTeMoli STS II ll,L\eHTncpn~llpOBaHHhl.Mll ",L\eTeKTOpo.M RICH KaK 9JieKrpOHhl, 3) ll,L\eHTncpll: 

K~llli qacrn~ c Y'leTOM noTeph 9Heprlln TOJihKO B Tex MO,LzyJiliX TRD, KOTOphie ,L\aJIII B~a,z:i; 
B peKOHCTpy!IpOBaHHble TpeK!I. 

,ll;JIH noncK:a n peKOHCTpyK~lln TpeKoB, perncTpllpyeMbiX TRD, IICnOJih3YIOTCli MeTO,L\ 

CJie:lKeH!Ili no TpeKy n cpHJibTp Ka.rr.MaHa [16). B a.rrropnT.Me CJie)f(eHIIH no TpeKy npll IIHn~if
a.rrll3a~IIH npo~e.zzyphl nOIICKa TpeKOB B Ka'leCTBe Ha'laJibHhlX np!I6JIH:lKeHIIH IICnOJib3YIOTCli 

TpeKII, nali,L~eHHhle B ,L\eTeKTope STS. Ilo9TOMY TpeK, nali,LieHHhili B TRD, OKa3hiBaeTCli O,L\H0-

3Ha'IHO CBH3aHHhl.M c KOHKpeTHhlM STS-TpeKOM. C'InTaeTcli, 'ITo· TpeK B TRD nali,L~en, eCJIII 

OH CO,L\ep:lKIIT He Menee 9 XIITOB. 

. C Ka:lK,L\biM 1!3 peKOHCTpyllpOBaHHhiX TpeKOB aCCO~llllpyeTCli na6op nOTepb 9Heprnli 

( 6E;, i = 1, •.• , n), ocTaBJieHHhlX 3apli:lKennoli qaCTII~eli B n = 12 MO,LzyJiliX TRD. l1cnoJib-

3Yli YKa3aHHbiH Ha6op, He06XO,L\IIMO peiiiiiTb 3a.,D;aqy ll,[\eHT!Icp!IK~llll 'laCTII~bi, COCTOliiizyiO i 
Onpe,L\eJieHllll K KaKOMy ll3 j:lacnpe):\eJieHIIH (B Uaiiie.M CJiyqae, 9JieKTp1JHOB IIJIII nnOHOB) 9TII 

noTepn OTHOCliTCli. ,ll;Jili ceneK~nn 9JieKTponoB B ,L\eTeKTope TRD ua ocnoBe noTeph 9Iteprllll 

'laCTII~ IICnOJib3YIOTCli ,L\Ba MeTO):\a MHOroMepnoro aHaJI!I3a ,L\aHHbiX: Ha OCHOBe llCKYCCTBeH

HOH HelipOHHOH CeTH II Kpl!Tepmi COrJiaC!Ili W~ (17). 

2.4 II,n;eHTn:!f>n:KaJl;IIH aneKTpOHOB B TRD, n:cnOJib3YH Kpn:Tepn:ii: w~ 
,ll;Jili npnMeHeHI!li Kp!ITep!Ili W~ Tpe6yeTCli Bhl'IIICJIIITb CTaTIICTI!Ky: 

wk = _ no " j _ 1 k+I j k+l 
k { 

n k+1{; [---;--¢(Aj)] -[n-¢(,\)] }· (1) 

r,L\e k- cTeneHb KpnTepnli, n- o6'heM Bb16opK1I, ¢(Aj)- 3Ha'leHnli cpynK~llll pacnpe,LieJieH!Ili 

Jlan,L~ay OT ynopli,L\O'leHHOli Bhl60pKn BeJIII'IIIH A: AI :5 · · · :5 Aj :5 · · · :5 An· IIepe.MeHHali A; 
CBH3ana c noTepeli 9Heprlln 'laCT!I~eli !:1E; B i-oM pa.,n;llaTope TRD CJie.zzyrorn;IIM cooTHOIIIeHII-

eM: 

!:1E; - !:1E:,P . 
A; = ei . - 0.225,_ I = 1, ••. ,n, (2) 

r):\e !:1E:,P - Ha!I6oJiee BepoliTHaH noTepli 9Heprnn nnoHO_!l, a ~i = 4_12 FWHM (Full Width on 

Height Medium- nOJIHali III!IpiiHa Ha nOJIOB!IHe BhlCOTbl) ,[\Jill nOTepb 9!Ieprllll nllOHOB B i-OM 

pa.,n;llaTope TRD. • ' 

B pa6oTe [17) 6b1Jia npe,LIJIO:lKena MO,LillcpnKa~nli KpllTepllli w~, Y'IIIThlBarorn;aa oco6en

HOCTII pacnpe,L\eJieHllli noTepb 9Heprnll 9JieKTponoB/no31ITpOHOB B pa.,n;llaTopax TRD n no3-

BOJIIIBIIIali cyrn;eCTBeHHO nOBbiCHTb MOIIJ;HOCTb Kp!ITep!Ili. Ha p!IC. 3(a) npe,LICTaBJieHO pacnpe

):\eJieHlle CJIY'laHHhlX BeJIII'IIIH w:, OTBe'laiOIIJ;IIX 9JieKTpOHaM ( nyHKTHpHali JIIIHllli) ll nllOHaM 

( ciiJioiiinali JIIIHllli), 3aperllcrp!IpoBasnhlM TRD. 

2.5 II,n;eHTn:!f>n:Kall;lfH 9JieKTpOHOB B TRD, n:cnOJib3YH IIHC 

,ll;JIH n,L\eHTmp!IKa~llll 'laCTII~ c noMOID;biO ,LieTeKTOpa TRD IICnOJih3YeTCli TpexCJiolinhlli 

nep~eiiTpoH (MCII), pea.rrrooBaHHhlli B cpe,L~e CBMROOT [18]. 
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Pnc. 3: Pacnpe~eneHnHCJiyqaii:HbiX BennqnH wt (a) u 3HaqeHnii: ~nrHana Ha BbiXO~e He:l!:poH

HOii: ceTn (b) ~nll rrnoHoB ( crrnorrmall nnHnll) n 3JieKTpoHoB ( rryl!KTHpHa~ nnHnll) 

KonnqeCTBO Heii:pOHOB BO BXO~HOM CJIOe l1HC 3a~aBaJIOCb paBHbiM qnCJiy XIITOB B peKOH

CTpyupoBaHHOM ( c IIOMO~biO Koop~nHaTHhtx ~eTeKTOpOB TRD) TpeKe. KonnqecTBO Heii:ponoB 

B CKpb!TOM CJIOe 3a,LJ;aBaJIOCb paBHb!M 12. Ilpn o6yqeHIIII rrep~errTpOHa IIp!IHIIMaJIOCb, qTO ~Jill 

lliiOHHb!X C06biTIIll CIIrHaJI Ha Bb!XO~HOM He:l!:pOHe ~OJI)KeH 6b!Tb paBeH -1, a ~Jill 3JieKTpOHHbiX 

co6biTHH - + 1. 
Ha pnc. 3(b) rrpe~cTaBneHo pacrrpe~eneHne 3HaqeHnii: Ha BbiXO~e ne:l!:pOHHOii: ceTn, II3 

KOTOpOrO BH~HO, qTo l1HC, TaK)Ke KaK II MO~!Icp!I~!IpOBaHHblll Kp!ITepnii: W~, II03BOJilleT Ha

~e)KHO II~eHTHcp!I~!IpOBaTb 3JieKTpOHbl. 

OcHOBHbte oco6eHHOCTH rrpnMeHeHnll I:IH C n BbtTeKaro~ue H3 HHX orpaHnqeHnll no cpaB

HeHHJ9 C KpllTepueM W~: 

1. ,ll;nll o6yqennll MCII Heo6xo~nMo HMeTb B CBOeM pacrropli)KeHnn ~aHHbte, MaKCHMaJib

no Toqno BOCIIpOH3BO~li~!Ie pacrrpe~eJieHllll IIOTepb 3Hepr!III 3JieKTpOHOB II IIHOHOB. 

l10Hl!3a~!IOHHble IIOTepn IIHOHOB B Be~eCTBe XOpOIIIO H3yqeHbl, B TO BpeMll KaK IIOTepu 

3Heprun 3JieKTp~HOB B pa~uaTopax TRD HOCliT CJIO)KHblii: xapaKTep, 3aBnCli~n:l!: OT KO~
CTPYK~nn KOHKpeTHOrO pa~naTOpa. 11M OTBeqaeT CJIQ)KHali ri1IIOTe3a, qTo He II03BOJilleT 

rapaHTnpoBaTb KoppeKTHOCTb pe3yJihTaToB, rronyqaeMbiX c IIOMO~biO MCII. MeTo~, oc

HOBaHHbtii: Ha KpnTepun cornacnll w~, ne nMeeT OTMeqennoro ne~ocTaTKa, T.K. ~Jill ero 

IIpiiMeHeHIIll He06XO~IIMO 3HaHIIe TOJibKO rrapaMeTpOB pacrrpe~eJieHIIll liOHH3a~IIOHHbiX 

IIOTepb IIIIOHOB. 

2. ·BapbllpOBaHUe qiiCJia XIITOB B TpeKaX, periiCTpllpyeMb!X KOOp~IIHaTHb!MH ~eTeKTOpaMll 
TRD ( OT 9 ~o 12), rrpiiBO~nT K Heo6xo~IIMOCTII BHeceHnll cooTBeTCTByroill,llx H3Mene

Hn:l!: B qiiCJIO neii:pOHOB BO BXO~HOM CJioe MCII. CeT11 c pa3HbiM quCJIOM HeftpoHoB BO 

BXO~HOM CJIOe HY~<HO o6yqaTb Ha ~aHHbiX, B KOTOpb!X peKOHCTpyllpOBaHHbte TpeKll 

HMeiOT TaKoe )Ke qiiCJIO XIITOB. ·MeTo~, ocHoBaHHblii: Ha KpnTepuu comacnll w~, He liMe

tiT yKaia'HHOrO He~OCTaTKa, TaK KaK 6e3 IIOTep.ll B 3cpcpeKTIIBHOCT~ Ii~~!HTIItPHKa~l!H 
3JieKTpOHOB ~Jill qaCTII~ C pa3Hb!M qiiCJIOM XIITOB Ha TpeKe MO)KHQ liCIIOJib30BaTb O~HY 

II Ty )Ke CTaTl!CTIIKY wt. 
. B 3aKJIJOqeHIIe 3aMeTHM, qTo ~OCTII)KeHne rrplleMJieMoro ypOBHll rro~aBJieH!Ill IIIIOHOB II 

Ha,LJ;e)KHOro Bbt~eneHIIll 3JieKTPOHOB c noM:o~biO MCII B03MO)KHO TOJibKO B c.Ttyqae 'rrepexo~a 
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OT HCXO~Hb!X 3HaqeHJil!: noTepb :meprnu B CJ!OliX TRD K ''3¢¢eKTHBHbiM" nepeMeHHb!M (2), 
xapaKTepHbiM ):IJ!ll KpiiTepnll comacnll w~ [A7-A9]. ·c 

2.6 li,Z~;eHTR!j>R~~~ur :meKTpouoB/no3RTpoHoB," ncnoJib3Y.H TOF 
B ~ononHeHne K RICH u TRD, ):IJ!ll ceneK~H :meKTpoHoB/n03HTpOHOB ucnonb3YeTCli 

~eTeKTop TOF [19]. C ero noMo~ro R3MepHeTCli BpeMll t, 3a KOTopoe qacrm~a (u~eHTncpm~u-. 
pOBaHHaH paHee ~eTeKTopaMu RICH u TRD KaK 3JieKTpoH/no3HTpo~ nponeTaeT pacCTOliHHe 

i OT MmneHn ~o nnocKOCTH TOF: 3HaH nMrrynhc qacru~bt p, MO)KHO. tbtqnCJIHTb ee Macey m. 

,[VIll u~eHTncpnKa~uu qacru~bl c noMo~ro TOF ucnoJib3YeTCli 3aBHCHMOCTb KBap;paTa 

ee MaCChi m
2 

OT HMnyJihCa p: CMOTpll puc. 4. B KaqeCTBe :meKTpOHOBjn03HTpOHOB npHHHMa

!OTCll TaKue qaCTH~bi, KOTOpbte ~aiOT OTCqeT HII)Ke nOKa3aHHOfi Ha p!IC. 4 JIOMaHO:l!: JIHHHII. 

~. 

~ ;. ~ l : ~18 i 0.2- •• ,. ~------- ' :: 
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Puc. 4: 3aBIICHMOCTb KBa,D;paTa Macchi OT HMrrynbca ~Jill qacTII~, u~eHTncpll~npoBaHHbtX B 

RICH u TRD KaK 3JieKTpOHbt/no3nTpOHbi 

2. 7 WOpMHpOBaHRe KaHp;Rp;aTOB B J /'if;-Me30HJ~I 

,ll;Jill peKOHCTpyK~HII J /'if;-Me30HOB, pacrra~aiO~XCli no ~113JieKTpOHHOMy KaHany, l!C· 

nOJib3YeTCll crre~HaJI11311pOBaHHblll naKeT l(FParticle (10]:' 9TOT naKeT rrpe~Ha3HaqeH ~Jill no

IICKa II peKOHCTpyK~Hll KOpOTKO)KIIBY~IIX qaCTI!~ no npO~KTaM •!IX pacrra~a. IlyTeM KOM6l!

HHpOBaHI!ll Bcex u~eHTncpu~upoBaHHblx c noMo~biO ~eTeKTopoB RICH, TRD u TOF 3JieKTpo

HOB CO BCeMI! OT06paHHbiMII n03HTpOHaMI!, cpopMupyerCli Ha6op KaH~ll~aTOB B Jj'if;-Me30Hbl. 

Ilpu 3TOM paCCMaTpi!BaiOTCli TOJibKO TaKUe ~oqepHHe qael:l!~bi, KOTOpbte Y~OBJieTBOpli!OT cne

~llaJibHbiM Kpl!TepHliM, OnHCaHHb!M Hli)Ke. 

rJiaBa 3 nOCBll~eHa pa3p~60TKe 3cpcpeKTllBHb!X Kp!ITepue; ~Jill Ha,Ll;e)KHOrO Bbl~eJie
Hllll Cl!rHaJibHb!X C06b!THH II Bb160py OIITI!MaJibHOll TOJI~l!Hbl Ml!IIIeHI!. 0CHOBHOe Ha3Haqe

HIIe KpHTepi!eB OT60pa Cl!rHaJibHb!X C06biTHH - MaKCllMaJibHOe no~aBJieHI!e cpOHa IIpH yCJio

Bllll MHHI!MaJibHOH noTepll CHrHaJibHbiX C06biTHH. C 3TOH ~eJib!O HCnOJib3YIOTCli cne~HaJibHble 

nepeMeHHwe (pt, Xprim• z-Koop~IIHaTa Bepiiii!Hbl pacnap;a, X~e0), OTHOCli~HeCli K qacru~aM, 
ll~eHTHcpli~HpOBaHHb!M KaK 3JieKTp0Hbt/n03HTp0Hbi, KOTOpb!e IIMeiOT 3aMeTHO pa3nnqaro~e
eCli noBe~eHHe ):IJIH CllrHaJibHb!X II cpOHOBb!X qacru~. 

TaK KaK paccMaTpHBaeMhle nepeMeHHhle He no3BOJiliiOT c 100% BepOHTHOCTbiO OT~MHTb 
CIIrHaJibHhle qaCTH~bl OT cpOHOBb!X, TO ):IJ!ll Ka~ofi TaKOH nepeMellHOH X llY)KHO Bb16paTb 
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CBO!O KpHTH'leCKY!O rpaHHey. )l:JIH ee Orrpe)J;eJieHHH rrpe)J;JiaraeTCH HCIIOJib30BaTb )J;Be CTaTHC

THKH: F1 (x) = 1-Fs(x) n F2(x) = Fs9 (x), r)J;e Fs(x)- BeJIH'lnHa HaKorrneHHoil BepoHTHOCTH 

)J;JIH pacrrpe)J;enemm OT rrepeMeHHOil x )J;JIH cnrHaJihHhiX qacTm:~, a Fs9 (x) - aHanorn'!HaH 

BeJili'IHHa )J;JIH ¢oHOBbiX '!aCTll~. . 

.HH)Ke rrpHBO)J;HTCH llCIIOJib3YeMbie KpHTepllll OT6opa B IIOpH)J;Ke y6biBaHHH CTerreHll llX 

ceneKTllBHOCTll - ¢aKTOpa IIO)J;aBJieHHH ¢oHa ( CMOTpll )J;anee). II pH 3TOM Ka)K)J;blll IIOCJie,ll;yJO

~llll KpHTepufi rrpHMeH,I!eTCH K Bbi60pKe, OCTaBIIIefiCH IIOCJie IIpHMeHeHHH rrpe,ll;hl,ll;y~ero. Ha 

rrpnMepe rrpu~eJihHOro rrapaMeTpa Xprim IIOKa3am) rrpnMeHeHne rrpo~e)J;ypbl OT6opa cnrHana 

C IIOMO~!O yKa3aHHbiX CTaTHCTllK. 

.; 
3.1 Ilonepe'!Hblll liMIIYJibC 

Hau6onee MO~Hb!M KpHTepneM )J;JIH IIO)J;aBJieHHH KOM6HHaTOpHOrO ¢oHa CJIY)KllT COB

MeCTHOe pacrrpe)J;eJieHHe ITO IIOIIepe'IHbiM HMIIYJibCaM )J;JIH e+e- rrapbl. 9TOT KHHeMaTH'leCKlill 

KpnTepuil pa6oTaeT oco6eHHO xoporno TOr)J;a, KOr)J;a cyMMa Mace )J;O'lepHHX qacTn~ HaMHOro 

MeHhllle MaCChi pO)J;IiTeJihCKOil qaCTii~bl. II p!i 3TOM rro)J;aBJIHJO~ee 6onhiiiHHCTBO )J;O'IepHnx qa

CTH~ IIMeeT 60JibiiiOll rrorrepe'!Hblll HMITYJibC. 9TO KaK pa3 Haiii CJiyqafi, TaK KaK 2me ~ mJ/1/Ji 
3)J;eCh me - Macca 3JieKTpoHa, a m J N - Macca J I 1/J-Me30Ha. ECJin Bbi6paTb orpaH!l'leHne Ha 

rrorrepe'IHhiil nMrrynhc 6onhrne 1 r3B I c, TO rrpli rroTepe 10% C!frHanhHhiX co6biTHil ¢aKTop 

IIO)J;aBJieHHH ¢oHa COCTaBHT 134. 

3.2 IIpm~eJibHbiH napaMeTp 

B ~aqecTBe CJie)J;yro~eil npn3HaKoBoil nepeMeHHOil HaMil IICIIOJih30BaJICH npn~eJibHhlil 

napaMeTp Xprim, KOTOpblll Orrpe)J;eJIHeTCH KaK paCCTOHHlle Me:iK,ll;y nepim'IHOll Bepiii!iHOll II 

TO'IKOll nepeCe'!eHmi TpeKOM 3apH:iKeHHOll 'laCTH~bl nJIOCKOCTii MIIIIIeHH IIp!i Z = Zpv (zpv -

KOOp,ll;HHaTa nepB!i'IHOll Bepiii!iHbl, onpe)J;eJIHeMaH:3KCTpanOJIH~Hefi TpeKOB BCeX nepBH'IHbiX 

qacTn~ B o6naCTh MnrneH!i). IIapaMeTp Xprim, Bhip.a:iKeHHhiH B BeJIH'IHHax a (,ll;liCnepc!iH co

OTBeTCTByro~ero pacnpe)J;eJieHIIH), n03BOJIHeT yqeCTb OIII!i6Kil, CBH3aHHbie C peKOHCTpyK~Hefi 
TpeKOB c noMO~hJO KOOp)J;nHaTHhiX )J;eTeKTopoB STS n nx 3KCTpanoJIH~Ileil B HeO)J;HOpO,ll;HOM 

MarHHTHOM nOJie B 06JiaCTb MHIIIeH!l. 

Pacnpe)J;eneHIIH cn~HaJihHhiX ( crrnornHaH JIHHIIH) II ¢oHOBhiX ( nyHKT!ipHaH JIIIHHH) qac

TH~ B 3aBHCHMOCTH OT BeJIH'IHHhi Xprim npliBe)J;eHhi Ha p!ic. 5(a). Bn)J;HO, 'ITO no)J;aBJIHJO~aH 
'!aCTb CHrHaJibHbiX '!aCTH~ COCpe)J;OTO'leHa B 06JiaCTii MaJibiX Xprirn, B TO BpeMH KaK ¢oHOBbie 

'!aCT!l~hi pacnpe)J;eJIH!OTCH TaK:iKe B o6nacTii BhiCOKIIX ( <3) 3Ha'leHnil Xprim· 
Ha pnc. 5(b) npe)J;CTaBJieHbi 3aBIICHMOCTH FI(Xprim) H F2(Xprim), li3 KOTOpbiX cne)J;y

eT, 'ITO eCJIH Bhi6paTh B Ka'leCTBe Kp!!Tii'leCKOll rpaHII~bl Xprim = 3,5, TO 6y)J;eT OT6pOIIIeHa 

cy~eCTBeHHaH )J;OJIH ¢oHa npn MHHHMaJihHOil rroiepe cnrHaJihllhiX qaCTII~. )l:nH yKa3aHHoil 

KpiiT!i'leCKoil rpaHH~hi a- BepoHTHOCTh ornn6Kn I-ro po)J;a (,ll;OJIH noTepRHHhiX ClirHaJihHhiX 

. '!aCTII~) coCTaBHT 5%, a f3 = 55% - BepOHTHOCTh ornn6Kii II-ro po)J;a (rrpnMeCb ¢oHOBhiX 

'laCTII~ B )J;OnyCTIIMOll 06JiaCTH, T.e. B 06JiaCTH COCpe)J;OTO'leHHH CI!rHaJibHbiX '!aCTH~). 
IIpH3TOM ¢aKTOp no)J;aBnemm ¢oHa Bgsup, paBHblll (,ll;JIH {3, Bhipa:iKeHHOil B %) 

Bgsup = 1001/3, COCTaBIIT 1,8. 

3.3 z-Koopp;liHaTa BepiiiiiHbi pacnap;a 

. JI1/J-Me30H- 3TO KOpOTKO:iKHBy~aH '!aCTII~a CO BpeMeHeM )KH3HH T = 21,6 X 10-ll CM. 

II03-:t:OMy, T.K: OHa pacna,D,aeTCH B6JIH31i OT nepB!i'IHOll BepiiiHHhi, B Ka'!eCTBe CJie,ll;yJO~ero 
KpHTepi!H OT60pa HaMil I!CnOJib30BaJiaCb BeJIII'II!Ha dz = ZJft/J- Zpv, r)J;e ZJft/J- Z-KOOp,ll;rtHaTa 

peKOHCTpyiipOBaHHOll BepiiiHHbl pacna,n,a J I1/J-Me30Ha. 
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Pitt. 5: Pacnpe)J;eJieHHH cnrHaJibHbiX (cnJIOIIIHaH JIIIHHH) H ¢oHOBbiX (nyHKT!!pHaH niiHIIH) 

'!aCTH~ B 3aBIICHMOCTII OT BeJIH'IIIHhi Xprim (a); 3aBIICIIMOCTii FI(Xprim) (cnnornHaH JIIIHHH) II 

F2(Xprim) (nyHKT!ipHaR JIIIHHR) (b) 

9TOT KpHTepnfi npnMeHHeTCH K TpeKaM 3JieKTpOH~II03l!TpOHHbiX nap (OCTaBIIIIIXCli IIOC

Jie KpHTepliH "npn~eJibHhlii napaMeTp"), COCTaBJieHHbiX rryTeM nepe6opa BCeX 3JieKTpOHOB C 

Ka:iK)J;hiM rro:imTpOHOM. ECJin B3HTh B Ka'!eCTBe rpaHl!'IHOro 3Ha'!eHn.& ldz I < 0,08 CM, TO npn 

noTepn 8% CllrHaJibHbiX C06biTllll ¢aKTOp nof1aBJieHHH ¢oHa COCTaBHT 1,4. 

3.4 MliHIIMaJibHOe paccTO.HHlle Me)K,ll;y TpeKaMll, o6pa3YI,O~l1Mll e+e- napy 

B )J;OnOiiHeHHe K npl!Be)J;eHHbiM Bblllle KpHTepliHM, 6biJI npe)J;JIO:iKeH Kpl!Tepnfi, OCHO

BaHHblll Ha nepeMeHHOH XZeo· 3)J;eCb XZeo - 3TO MHHIIMaJihHOe paccTOHHlle, Bhipa:iKeHHOe B 

e)J;l!HH~ax a (,ll;HCnepCHH COOTBeTCTBYJO~ero pacnpe)J;eJieHIIH), Me:iK)J;Y TpeKaMl! '!aCTH~, o6-

pa3y!O~l!X e+e- napy - KaH)J;H)J;aTa B JI1/J-Me30H. McrrOJib3YR 3Ha'!eHl!e XZeo < 3, MO:iKHO 

)J;OIIOJIHl!TeJibHO nO)J;aBl!Tb <lJoH B 1,07 pa3 npn nOTepe 10% CHrHaJia. 

TaKHM o6pa3oM, 3JieKTPOH-n031ITpOHHbie napbi, OT6l!paeMbie B Ka'leCTBe KaH)J;II)J;aTOB 

)J;JIH J I1/J-Me30HOB, )J;OJI:iKHbl y,ll;OBJieTBOpHTb CJie,ll;y!O~l!M KpiiTepHHM: 

• norrepe'!Hblll HMIIYJibC qaCTII~ )J;OJI)KeH 6biTb 60Jihiiie 1 r3B I c; 

• qaCTII~hi l!Crry~eHbi H3 o6nacrn· MIIIIIeHII: npl!~enbHhiH napaMeTp Xprim < 3,5; 

e MO,ll;yJib Z-KOOp)J;IIHaTbi BOCCTaHOBJieHHOll Bepiiii!Hbi.pacna,n,a He rrpeBbiiiiaeT 0,08 CMj 

• paCCTOHHIIe Me:iK,ll;y TpeKaMII, o6pa3y!O~l!MH e-e+ rrapy, )J;OJI:iKHO 6biTb MHHl!MaJibHbiM: 

XZeo < 3. 

KpoMe TOro, )J;eTaJibHOe II3y'leHHe COCTaBa KOM6l!HaTOpHOrO ¢o!Ja nOKa3aJIO, 'ITO Hal!-

60JibiiiHll BKJia,D, B HerO BHOCIIT KOHBepC!ili {-KBaHTOB B MaTepnane MIIIIIeHll ( TOJI~l!Ha MHIIIeHII 

COCTaBJIHJia 250 MKM). KOHBepCII!O MO)KHO cy~eCTBeHHO yMeHbiiiiiTh, eCJIII HCnOJib30BaTb Mll

IIIeHb TOJII~l!HOll 25 MKM. IIpn HCIIOJib30BaHUII T(JHKOII Ml!IIIeHH 6e3 noTepb BbiXO)J;a ~IIrHaJia 
KOM6IIHaTOrJHblll ¢oH MO)KHO COKpaTHTb 6onee, '!eM B 4 pa3a. . . 

Ha pile. 6(a) n 6(b) npe)J;CTaBJieHhi 3aBIICIIMOCTII nonepe'!Horo nMrrynhca oT 6blcrpoThi )J;O 

II noCJie npnMeHeHIIH KpnTepiieB oT6op·a. lh 3Tl!X pncyHKilB c.i!e,ll;yeT, ·<iTo .IICIIOJih3yeMblil HaMil 

Ha6op KpuTepiieB He npHBO)J;IIT K IICKa:iKeHII!O COOTBeTCTBYJO~ero ¢a30BOrO npoc~paHCTBa. 
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Pne. 6: ,Ll,narpaMMa 3anncHMOCTH nonepe'lnoro nMIIYJihca OT 6hiCTpOThi ~JI.H peKoncrpynpo

aannhiX J I 1/J-Me3onon 11,0 (a) H nocne (b) npHMenenH.H KpHTepHen OT6opa 

B rJiaBe 4 01111CaHa UpOl\€/l,Ypa IIOCTpoenmi CIICKTpa HI!BapHaHTI!Oll MaCChi H IipHilO

/l,.HTCll pe3JJihTaThi anp'o6al(H11 pa:3pa6oTannoil MCTO/I,HKH CeJI€Kl\H11 H peKOHCTpJKl\HH ./ /'tf; na 
pC-, pAu- n AuAu-coy~apennllx npn pa:3JIH'lllhiX 3neprHliX. 

CneKTP mmapnanTHhiX Mace ~Jill OTo6pannhiX KaH~H/\aToB n .J /'r/J-MC30Hhi cl>opMHponan

Cll H3 cyMMhi /\BYX pacnpe11,eneunil: a) cneKTpa Mace, BKJIJO'laiOII\ero cnrnanhHhie co6hiTHll, 
6) CII€KTpa Mace, Cllll3ai!HOrO e KOM6HnaTOpllhiM cPOIIOM. 

ll pOl\€/l,ypa IIOCTp0€11Hll CII€KTpa Mace, BKJIIO'laiOII\€rO Cllr!laJihHhiC e06hiTllll, COCTOliJia 
B CJI€/l,yiOII\€M: -

.1) ~Jill Ka:)K/],Oro Au+Au coy~apennll c IIOMOII\hiO naKCTa UrQMD renepnponancll na6op 

"cl>oHOBhiX" 'laCTHi\, K KOTopoMy c IIOMOII\hiO naKCTa PLUTO /l,06anJIHJiaCh 3JieKTpon
II03HTponnaH napa OT pacna11,a JI'I/J --t e+e-; 

2) na6op JKa:3ann~>Ix 'JaCTHI\ TpancnopTnpoaa.JICll '1epe3 ycTanoaKy CBM c noMOII\hiO 

i:pe~CTB naKeTa GEANT3; npn 3TOM, HCIIOJih3Jll ;~CTeKTOphi RICH, TRD H TOF, 

IIpOBO~HJiaCh H)\eiiTHcPHKai\Hll ll Ce.JI€Kl\Hll 3JI€KTpOHOJI H II03HTpOHOBj 

3) _.'laCTHl\hl 1 ll~€IITHcPHI\HpOBaHf!hl€ KaK 3JICKTpOIIhl H Il03HTp0Hbl
1 

HCIIOJih3011aJIHCh /],Jill 

- peKOHCTPYKl\HH J I1/J-MC30HOB c IIOMOil\hiO naKeTa KFParticle; ~Jill Toro, 'lT06hi YMC!Ih-

-IIIHTh IIKJia/1, cPOIIa, paCCMaTplllla.JII1Ch 'laCTHI\hl HCIIJil\CIIHhiC H3 06JiaCTH MHIII€HH
1 
~Jill 

KOTOpb!X 11011Cpe•lllblll HMIIJJihC IIpCBhillla.JI 1 r3Bic. 

,Ll,annall IIpOl\C/l,ypa II03BOJiliCT Ol\€HHTh 3cPcP€KTHIIHOCTh peKOHCTpJKl\HH J 11/J, pmK
/],aiOII\HXCH B l\€HTpanhHhiX UrQMD co6biTHliX (nM OTBe'!aiOT-ll~po-ll~epnhie coy~apennll, 
B KOTOphiX napaMeTp COyll,apeHHll CTaJIKllllaJOil\HXCll H~ep paBeH HJJIIO). llpH HOpMHpOB

Ke nnKa, OTBe'!aiOn\CrO CHrllaJihllh!M C06hiTHliM 1 J'IHThlllaJIHCh BepOliTHOCTh pmK/],€11llll J 11/J 
·M. =_ 1, 92 X 10-5 ~Jill AuAu-coyll,apeHnil npn 3Hepmn 25 r3BinyKJIOH (cornacno MO~eJIH 
HSD[20]), nepOliTHOCTh pacn~a JI'I/J no ~H3JieKTponnoMy Kanany BR = 6% [21], KOJIH'IeCT

ao,pa:3i.IrpannhiX l\€HTpan~>nhlx coy11,apennil N(i) II 3cPcPCKTHBHOCTh EJ f perncrpal\HH cnr-

14 

nana ycranOBKOil. CBM: 

N(s) = N(i) · M · BR · EJ f. 

llpOl\€/l,ypa IIOCTp0€HIIll CII€KTpa Mace, OTB€'!aiOII\€rG KOM6nnaTOpHOMJ cPOHJ1 OTJIH'!a
JiaCh OT npol\e/l,yphi, onncannoil Bhillle, TeM, 'ITO K na6opy '!aCTIIl\, renepiipyeMOMY c noMOll\hiO 

naKCTa UrQMD, ne ll,06anJiliJiach 3JI€KTpon-rro3nTpOHnali napa OT pacrra11,a J I1/J-MC3ona. Kpo

Me T01'0 1 ~Jill !10JIJ'I€HHll CTaTHCTIIKII 1 COIIOCTaBHMOH e 'IHCJIOM OTC'ICTOB B eiirllaJihHOM CII€K
Tpe, IICIIOJih30BaJiaCh MCTO/l,I!Ka KOM6HHHpoBaHHll C06hlTIIH. 

Ha pnc. 7 npe/],CTaBJI€Hhi CII€KTphl HHBapiiaHTHOH MaCChi MH K,aH/],II/],aTOB B J 11/J /],Jill 

cnyqaea, KOr/],a npn H/1,€HTIIcPIIKal\IIII 3JieKTpononlno3nTponon c noMOII\hiO TRD IICnOJih3YCT

CH MCTI (a) II MO~IIcPHl\IIPOBaHHhiil KpnTepnil. w~ (b). llpnse11,eH~hie cneKTphi cooTBeTCTBJIOT 

1011 l\€HTpaJihllh!M coyll,apeH!IliM AuAu np1!3HepriiH IIJ'!Ka 25 r3BinyKJIOH. CIIJIOIIIHhiM l\Be

TOM nOKa:3aH 110JIJ'I€HHbill CII€KTp HHBapiiaHTHhlX MaCe /],JIH CIIrflaJihHhiX C06biTIIllj CII€KTpy 
Mace, CBH3aHHOMJ C KOM6unaTOpHhiM cPOHOM, COOTB€TCTBJeT 3alliTpHXOBaHHall 06JiaCTh na 

pi!C. 7. 113 pHCJHKOB Bli/],H01 'ITO CIIrHaJI OT J I1/J-Me30HOB 'leTKO Bhi/],eJiliCTCH Ha~ KOM6!1Ha- _ 

TopnhiM cl>onoM: oinoruenne cnrHana K cl>oiiy pannliCTCH ~ 7, 5. 9cl>cl>eKTnnnocri, perncTpall;nn 

Clll'HaJia /],JIH 060IIX paCCMOTpeHHhiX CJiy'laeB COCTaB!tJia 13, 5%. 

I ' u . i 
Ht1 

11¥ 

2 2.5 3 .. 

a I ~ f 

3.5 4 
m1.,, GeV/c2 

2 2.5 3 

b 

3.5 .4 
m;.,, GeV/c2 

Pne. 7: PeKOHCTpynponannhiH cneKTp nnnap!!aHTHOil. MaCChi /],Jill Kan~n~aTOB s' JI'I/J B cny

qae, KOr/],a rrpii H/1,€HTHcPHKal\llll 3JieK;ponon/no3!1Tponon c rroMOII\hiO TRD ll~n~ni.~eTC.H: 
a) MCTI HJIH b) MO/l,IIcPHl\Hposannhiil. KpnTepnil w~ · •. 

" 
Ananorii'IHhie cneKTphi 6biJin ·nonyqenhi II 11,iiH pC-, pAu-coy.D:apennil npii 3neprnn 

30 r3B ll AuAu-coyll,apeHIIll npn 3Hepmn 10 r3BIH;):"KJIOH. Pe3yJihTaThi npe11,CTaBJI€Hhl B 

Ta6JIIIl\e 1. 311,eCh M- nepo.HTHOCTh pmK/1,€HIIH JI'I/J, BR -·nepoHT.HocTh pacna~a'JI1/J no 

~H3JieKTponnoMy Kanany, Ef f ~ 3cPcP€KTnnnoc1:h perilcrpal\IIH 'cnrnana;· S/B - OTnorneune 

cnrnana K cl>ony. 3/l,e~i, LKe npHBe/],eno KOJIII'IeCTBO J I 1/J, KCJT(Jpoe CMOLKCT pemcriinposaTh 

ycTanonKa CBM 3a 1 'lac pa6oThi npn 'laCToTe coy11,apennil 10 Mrl\. · 
113 npnse~ennoiJ: Ta6Jilll\hl BII/l,HO, 'ITO. pa:3~IITal! ,MCTOAHKa II03~0RH€T npn pa:3Jill'lHhlX 

3nepriillx · na6paTi. 3a npHeMneMoe /l,JI.H 3Kcrrepii~'enTa · npeM.H e noMOII\hiO ycTanonK~ CBM 

~ocraTo'lno 6oJihlliJIO craTnCTIIKY JI'I/J np~ IIX pacna~eno /1,II3JI~KTponnoMy K.anany. 

TaK KaK periiCTpal\IIIO II peKOHCTPYKl\IIIO co6hlTIIii, cnH3aHHhl~ e pOLK/1,€HIIeM 'lapMo
HIIll, nnannpyeTCll rrpono~IITh n peLKIIMe peanhnoro speMeHII 3KCnepiiMenTa, TO paccMaTpii

naeMble MCTO~hl II anrOpHTMhl ~OJILKHhl 6h!Th He TOJihKO 3cPcP€KTliBHhiMll; HO II, 6hiCTphiMII. 
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Tnrr B3aHMO,n;eficTBHfi, 

3HepqtH M BR EJJ S/B Jj'ljJ B qac 

pC, 30 raB 2, 35 X 10-B 6% 22% 12 11 

pAu, 30 faB 6 X lQ-B 6% 22% 15 27 

I 

AuAu, 10 raB/HYKJIOH 1, 74 x w-7 - 6% 18% 0,18 64 

J 
AuAu, 25 raB/HyKJIOH 1, 92 x w-s 6% 13,5% 7,5 5250 

Ta6nnu;a 1: CBo,n;HaH Ta6nnu;a pe3yJihTaTOB 

B rJiaBe 5 rrpoBe,!l;eHa ou;eHKa BpeMeHHb!X 3aTpaT aJirOpllTMOB, llCIIOJib3yeMbiX ,!!;Jill pe

rncrp~nn J/1/J -t e+e-, c Y'IeTOM nx ycKopennll 3a C'leT neKTopn3au;nn nporpaMMnoro KO,!J;a 
, nocp~CTBOM SIMD-nncrpyKu;nfi (Single Instruction Multiple Data) [22) n pacnapannenn

BaHnll 3a,!l;a'l Me:lK,n;y H,!!;paMn npou;eccopa, peann3onaHHhiX c n_oMOIIJ;biO nporpaMMHhiX cpe,!J; 
OpenMP (23), OpenCL (24)n 6n6nnoTeKn TBB (25). 

B Ka'leCTBe rrpnMepa paccMoTpeHbi anropnTMhi U,!J;eHTn<f>nKau;nn :meKTponon / no3nT

pOHOB c noMOID;bJO ,!J;eTeKTopa TRD. Cpe,!J;Hee npeMll pa6oTbl CKaJillpHbix nepcnfi anropnTMOB 

na ocnoll'e MCII n KpnTepnll w~ cocTarullieT, cooTBeTCTnenno, 2,4 MKC/TpeK n 1,7 MKC/TpeK. 

'faKUM o6pa30M 1 aJiropnTM Ha OCHOBe KpnTepnll W~ OKa3aJICll B 1,4 pa3a fihiCTpee, 'leM aJirO
pllTM c ncnoJib3onanneM' MCII. 

.ll:nll ycKopennll anropnTMa w~ BHa'lane 6biJia npone,L~;ena 'laCTn'lHaH neKTOpn3au;nll KO,!I;a 
c ncnoJib30BanneM SIMD-nncTpyKu;nfi. 3a C'leT onTnMn3au;nn KO,!J;a n ncnoJib3onannll SIMD
nm::xpyKu;nn, y,L~;anocb ,L~;o6nThCli ycKopennll anropnTMa n 3,5 pa3a. · 

. Cne,n;yroiD;nfi mar no ycKopennro anropnTMa - 3TO pacnapannennnanne Bbi'lnCJiennfi na 
MHO~ll,!!;epHblX BblCOKOnpOH3BO,!I;llTeJibHb!X cepnepax . .ll:Jill pellieHHll ,!J;aHHOfi 3a,!J;a'lll UCnOJib-

30BaJICli BhiCOKonpon3BO,!I;UTMbHbili cepnep cuda.jinr.ru JI11T 0115111 n nporpaMMHall cpe,!J;a 

OpenMP (Open Multi-Processing). Cepnep cuda.jinr.ru ocnaiD;eH ,!I;BYMll npou;eccopaMn Intel 

Xeon X5660, Ka:lK,!J;blfi npou;eccop BKJIJO'laeT 6 <f>n3U'leCKUX ll,!!;ep c 'laCTOTOfi 2,8 rru;, 12 
MfialiT K3III-IIaMllTH TpeTbero ypOBHH1 KOTOpall ,!J;eJIHTCll Me:lK,n;y ll,!J;paMU

1 
ll 24 rfiafiT one

paTUBHOfi naMllTU. O,!J;HOMY <f>n3n'leCKOMY ll.LIPY OTBe'laJOT ,!I;Ba norn'leCKUX H,!!;pa, 32 K6afiT 
K3III-naMllTH nepBoro ypOBHll ll 256 K6afiT BTOporo. 3a C'leT npuMeHeHUll TeXHOJIOrnn rnnep
IIOTO'lHOCTH Ha cepnepe MO:lKHO O,!J;HOBpeMeHHO 3anycKaTb 24 nOTOKa. 

Hapnc. 8 npe,!J;cTannena 3anncnMOCTb npon3BO,ll;UTeJibHOCTn anropnTMa H,!J;eHTn<f>nKau;nu 
3apll:lKeHHb!X 'laCTUD; Ha OCHOBe KpnTepnll W~ OT 'lnCJia 3anyiD;eHHbiX nOTOKOB. BH,!!;H0

1 
'ITO 

3Ta 3aBHCHMOCTb HOCHT JIHHeHHblfi XapaKTepj npn 3TOM MaKCHMaJibHall npOH3BO,!J;HTeJibHOCTb 
cocranHJia 31 TpeK/MKC. 

ThKnM 06pa30M1 3a C'leT BeKTOpH3aiJ;Hll KO,!I;a ll pacnapaJIJieJIHBaHllll o6pa60TKH Ha MHO
rQll,!!;epHOM cepnepe cuda.jinr.ru, no cpannennro co CKaJillpHofi nepcuefi anropnTMa, Y.LiaJIOCb 

_ YCKOpHTb BpeMll BbiiiOJIHeHHll aJiropnTMa B 56 pa3.' 

B Ta6nnu;e 2 npe,!J;CTaBJieHbl Ko3<f><f>uu;neHTbl ycKopennll ncex anropnTMOB, ucnoJib3ye
Mb!X ,!I;Jlll peKOHCTPYKD;Hll Jj'ljJ -t e+e-, noJiy'leHHble 3a C'leT neKTOpll3aiJ;HH nporpaMMHOro 
KO,!J;a c noMOIIJ;bJO SIMD>imcrpyKu;nfi. 
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Pnc. 8: 3annCHMOCTb npou3BO,!J;nTeJihHOCTH anropHTMa H,!J;eHTH<f>uKau;uu 3apll:lKeHHbiX 'laCTHD; 

Ha OCHOBe KpHTepnR W~ OT 'lHCJia 3anyiD;eHHbiX nOTOKOB 

STS: KA STS: ¢nnbTp RICH: peK. TRD: rraKeT 

IIOHCK TpeKOB KMMaHa KOJieD; KP~Tepnfi w~ KFParticle 

2 4 2 3,5 2,5 
--·-

Ta6mni;a 2: Ko3<f><f>uu;ueHThl ycKopemill anropuTMOB, nony'le!fHbie 3a c'leT neKTopu3au;uu 
rrporpaMMHoro KO,!I;a 

3aMeTHM 1 'ITO HMe!OTCR OIIpe,!!;eJieHHbie pe3epBbl Ha 3TOM nyTU YCKOpeHUll Bbl'lUCJieHnfi, 
T.K. HeKOTOpbie aJirOpllTMbi1 TaKne KaK aJirOpllTM nOUCKa ll peKOHCTpyKIJ;llll TpaeKTOpnfi 3apR

:lKeHHblX 'laCTllD; c noMOIIJ;b!O KOOp,!J;UHaTHbiX ,!J;eTeKTOpOB TRD, B006ID;e ue nO,ll;BepraJIUCb neK

TOpn3au;nn, a ,!J;pyrne, n 'laCTuocTn naKeT KFParticle, 6hiJIU neKTo·pn3onanhi ne nOJIHOCTbJO. 
B CJiy'lae MaKCHMaJibHO B03MO:lKHOH OnTUMU3aD;Hll ·u Be~Topi!3aD;llli. BCeX anropn;MO~. cyM

MapHblll <f>aKTOp yCKOpeHUll Bbl'lllCJieHllfi MO:lKeT 6biTb 3aMeTHO BbiiUe. 

B Ta6nnu;e 3 npnne,!J;eHbi cpe,!!;nlle npeMena tlt, 3aTpa'li!BaeMhie pa3Hb!MII anropnTMaMn 

(n MKC/TpeK llJIII MKC/KOJibiJ;O), I!CnOJib3yeMb!Mll ,!!;Jill peKOHCTpyKD;H~ paCIIa,!J;OB Jj'ljJ -t e+e-. 
3aMeTnM, 'ITO npnBe,!l;eHnhle pe3yJihTaTbi OT!IOCliTCli K SIMD-nepcnllM anropnTMOB (ncKJIJO'lall 
anropnTM noncKa n peKO!ICTpyKu;nn Tp.eKOB B TRD) u. noJiy'leHbl c I!CnOJib30BanneM O,!J;HOro 
norn'leCKOro ll,!J;paCPU. 

STS: KA STS: ¢HJlbTp RICH: peK. TRD: IIOliCK, ·--TRD: naKeT 

f!OHCK TpeKOB KanMa!Ia KOJieD; peK. TpeKOB Kp. w~ KFParticle 

164,5 0,5 49 1390 0,5 9,15 
-

Ta6nnu;a 3: Cpe,!!;nne npeMena tlt (n MKc/TpeK nnn MKC/KoJihu;o), 3aTpa'lnnaeMhle SIMD
nepcnllMU MrOpllTMOB1 HCnOJib3yeMb!X ,!I;Jlll peKOHCTpyKD;llll pacna.cion Jj'ljJ -t e+e-

113 npi!Be,!l;eHHOfi Ta6JIUD;b! Bll,!I;HO, 'ITO npeMll; 3aTpa'liiBaeMoe anropUTMOM TRD !Ia no

liCK ll peKOHCTpyKD;ll!O TpaeKTOpnfi 3apll:lKeHHb!X 'laCTI!D;1 BO MHOro pa3 upeBbiiiiaeT CYMMap
HOe ncex OCTaJibHb!X anropnTMOB. Cne,n;yeT OTMeTHTb, 'ITO n uaCTOlliD;ee npeMll naMn ne,!J;eTCli 
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pa3pa60TKa HOBOrO aJirOpHTMa, OCHOBaHHOrO Ha MO~eJIH KJieTO'IHOrO aBTOMil.Ta. 0:li<H~aeTCH 1 
·.qTO CKaJIHpHaH BepCHH STOro aJirOpHTMa 6y~eT cy~eCTBeHHO 6oJJee 6biCTpolf. KpoMe TOrO, 
npoBe~eHHe BeKTOpH3a~HH If pacnapaJJJJeJJHBaHHH nporpaMMHOrO KO~a ll03BOJJHT ~06HTbCH 
~OllOJJHHTeJJbHOrO yCKOpeHHH HOBOrO aJirOpHTMa. 

B 3aKJnoqeHlUI c¢opMyJJnpoBaHhi ocHoBHhle Pe3YJJhTaThl ~nccepTa~HOHHoli pa6o
Thl, BblHOCHMbie Ha 3a~HTY 

1. MeTO~HKa Ha OCHOBe KOMIIJJeKCa MaTeMaTH'IeCKHX MeTO~OB If COOTBeTCTBYIO~HX Bbl
'IHCJJHTeJJbHblX aJirOpHTMOB ~JJH 6biCTpOrO paCll03HaBaHHH If peKOHCTpyK~HH pe~KHX 
pacna~oB Jf'if; -t e+e-, perncTpnpyeMhlxycTaHOBKoli CBM B yCJJOBHHX ~OMHHHpyiD
~ero a~pOHHoro ¢oHa. 

2. CncTeMa s¢¢eKTHBHhlx npH3HaKOBhiX rrepeMeHHhiX, o6ecrre'!HBIIIHX MaKCHMaJihHoe no
~aBJ1eHHe cpOHa If H~e:lKHOe Bbl~eJJeHHe CHrHaJJa. IJpo~e~pa MH Bbi6opa KpHTH'IeCKHX 
rpaHH~, pa3~eJJHJO~ no YKa:JaHHhiM nepeMeHHhiM o6JJaCTH cnrHMhHhix H cpoHOBhiX 
co6hiTHli. 

3. IIpo~e~pa orrTHMH3a~n:u reoMeTpHll yCTaHOBKH CBM MH s¢¢eKTHBHoli perncTpa~n:u 
pacrra~OB J /'if; -t e+e- 1 Il03BOJJHBIIIaH, B '!aCTHOCTH1 Bbi6paTb OilTllMaJJhHYIO TOJJ~HHY 
MlliiieHH. 

4. BbiCTpbilf rrapaJIJJeJJbHhili aJirOpHTM Ha OCHOBe KpHTepHH COrJJaCHH W~ 1 KOTOpbili MO)K
HO llCilOJJb30BaTb B pe:lKHMe peaJJbHOrO BpeMeHH SKCilepHMeHTa ~JJH ll~eHTllcpHKa~Hll 
3apH:lKeHHhiX qacTH~, perncTpnpyeMhiX ~eTeKTopoM TRD. 

5. Pe3yJJhTaThi o~eHKH rrpOH3BO~HTeJJhHOCTH Bcex a.nropHTMOB, rr03BOJJHBIIIHe orrpe~eJJHTh 
B03MO:lKHOCTH ITO yCKOpeHlllO npo~ecca o6pa60TKll· 3a C'leT IlpllMeHeHllH COBpeMeHHbiX 
BbiCOKOilp0ll3BO~HTeJJbHbiX Bbl'IHCJJllTeJJbHblX CHCTeM, a TaK:lKe BblHBHTb "CJJa6bie MeC
Ta" B ~eiTO'IKe llCilOJlh3yeMhiX MeTO~OB. 

ITo TeMe ~MccepTan;MM orry6JIMKOBaHbi cJie~rom;Me pa6oTbi: 
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T.10, N• 5(182), CTp. 694-705. 
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