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06m;rui: xapaKTepHCTHKa ,LJ;HCCepTaIJ;HH 

B HacTo.s:rrn;efi pa6oTe pasBIITbI HOB:o1e MaTeMaTII'IeCKIIe Mo,n;eJIII II MeTo,n;hI, rrpe,n;Ha-

3Ha'IeHHbie ,Il;JI5I Ha,n;e)KHOH II,IJ;eHTHcPHKau;1rn 9JieKTpOHOB, perHCTpHpyeM:OIX ,n;eTeKTOpOM 

rrepexo,n;Horo nsJiy'IeHH5I 9KcrrepIIMeHTa CBM B ycJIOBH5IX HHTeHCIIBHoro <):>oHa OT rr1:10-

HOB. 

AKTyaJihHOCTh pa6oThI 

9KcrrepHMeHTaJI:oHa5I ycTaHOBKa CBM (Compressed Baryonic Matter), cos,n;aBa­

eMa5I B GSI (,D;apMIIITa,n;, repMaHII5I) Ha ycKOpIITeJibHOM KOMIIJieKce aHTHIIPOTOHOB II 

T5I)KeJI:o1x HOHOB FAIR (Facility for Antiproton and Ion Research), Hau;eJieHa Ha IIsy­

'!eHIIe CBOHCTB CHJibHOC)KaTOH 6apIIOHHOH MaTepHII, 06pasy10rn;efic51 B 5!,n;p0-5!,IJ;epHbIX 

coy,n;apeHHHX IIpII 9HeprmI IIY'IKa 8+45 r9B/HYKJIOH (1, 2]. 
llsMepeHHH '1apMOHII5I (J/'l/;, 'l/J') H KOpOTKO)KIIBYITI;IIX BeKTOpHbIX Me30HOB (p, w, ¢) 

OTHOC5ITC5I K KJIIO'IeBhIM sa,n;a'IaM 9Kcrrep1:1MeHTa CBM. )J;JIH IIX per1:1cTpau;1:1II no ,n;II-

9JieKTpOHHOMY KaHaJIY pacrra,n;a Heo6xo,n;HMO Ha,n;e)KHO 1:1,n;eHTHcPHIJ;HpOBaT:O 9JieKTpO­

HbI/ II03IITpOHhI, B ycJIOBII5IX ,Il;OMIIHHpyrorn;ero <):>oHa OT IIHOHOB. Ha1:160Jiee IIO,Il;XO,IJ;5I­

rn;IIM ,n;eTeKTOpOM ,Il;JI5I peIIIeHII5I yKasaHHOH sa,n;a'IH 5IBJI5IeTCH MHOrOCJIOHHbIH ,n;eTeKTOp 

rrepexo,n;Horo nsJiy'IeHII5I TRD (Transition Radiation Detector). 

9TOT ,n;eTeKTOp ,Il;OJI)KeH o6ecrre'IIITh Ha,n;e)KHYIO II,Il;eHTH<PIIKaIJ;IIIO 9JieKTpOHOB, BbI­

COKHll ypoBeHb rro,n;aBJieHII5I IIIIOHOB, BOCCTaHOBJieHIIe TpaeKTOpHfi rrpoxo,n;HITI;HX -qepe3 

Hero 3ap5I)KeHHhIX '!aCTIIIJ; B ycJIOBII5IX HHTeHCHBHhIX IIOTOKOB (107 coy,n;apem:rfi B ceKyH­

,n;y) H BbICOKOil MHO)KeCTBeHHOCTII BTOpH'IHhIX '!aCTIIIJ; (OT 100 ,n;o 1000 '!aCTHIJ; OT O,Il;HOrO 

5!,n;p0-5!,n;epHoro coy,n;apeHII5I). Tpe6yeMoe rro,n;aBJieH1:1e IIIIOHOB, IICIIOJih3Y5I TOJihKO TRD, 

,Il;OJI)KHO 6bITb He MeHee 100+ 150, rrpocTpaHCTBeHHOe paspeIIIeHHe OKOJIO 200+300 MKM. 

qT06:01 peIIIHTb yKasaHHhie sa,n;a•m, Heo6xo,n;IIMhI a,n;eKBaTHhie MaTeMaTII'IeCKIIe MO,IJ;eJIII 

II MeTO,lJ;hI ,Il;JISI pe)KeKIJ;HH HHTeHCHBHOro IIIIOHHOro <):>oHa H Ha,n;e)KHOH II,IJ;eHTIIcPHKaIJ;IIH 

9JieKTpOHOB. 

I.J;eJih pa6oTbI 

IJ;eJiblO HaCT05Irn;efi pa60TbI 5IBJI5IeTC5I pasBHTHe HOBhIX MaTeMaTH'IeCKHX MO,Il;eJiefi 

II MeTO,IJ;OB ,IJ;JIH HSy'IeHII5I xapaKTepHbIX oco6eHHOCTeH perHCTpau;rrn 9JieKTpOHOB H pe­

)KeKIJ;HII IIHOHOB c IIOMOITI;blO ,n;eTeKTOpa rrepexo,n;Horo H3JIY'IeHirn II HX rrpHMeHeHIIe B 

peIIIeHIIII KOHKpeTH:OIX cPII3II'IeCKHX sa,n;aq B paMKax 9Kcrrep1:1MeHTa CBM. 

Hay'IHruI HOBH3Ha 

1. Ha OCHOBe HerrapaMeTpII'IeCKoro KpHTepHH corJiaCH5I w~ pa3BHT HOBhifi MeTO,II; ,Il;JI5I 

1:1,n;eHTIIc}:>HKaIJ;IIII '!aCTIIIJ; c IIOMOITI;bIO ,n;eTeKTopa TRD. 

2. Ilpe,n;JIO)K€HO rrpeo6pasoBaHHe IIOTepb 9HeprHH 3ap5ILKeHHbIX 'IaCTIIIJ;, perHCTpIIpy­

eM:OIX TRD, K 9¢<):>eKTIIBHofi rrepeMeHHofi, o6ecrre'IHBIIIefi BhICOKHfi ypoBeH:o Morn;­

HOCTH KpHT€pH5I 1:1,n;eHTIIcPIIKaD;HII 9JieKTpOHOB II IIIIOHOB Ha OCHOBe HCKYCCTBeHHOH 

HelipOHHOH ceTH (llHC). 

3. Hali,n;eHbI 9<):>¢eKTIIBH:Oie H y,n;o6Hbie arrrrpoKCIIMau;HH cTaTHCTH'IeCKHX pacrrpe,n;e­

JieHHfi rroJIHbIX rroTepb 9HeprIIH rr1:10HoB H 9JieKTpOHOB B Mo,n;yJie TRD. 

4. YKasaHHhie arrrrpoKCHMau;m1 rroTepb 9Hepr111:1 '!aCTIIIJ; o6ecrre'IHJIH BbICOKHfi ypo­

BeHb MOITI;HOCTH H,IJ;eHTIIcPHKaIJ;HH 'IaCTHIJ; c IIOMOITI;blO MeTo,n;a OTHOIII€HH5.£ c}:>yHKIJ;HH 

rrpaB,n;orro,n;o61:1H (M O<t> II). 
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5. Pa3BIITa MeTO,ll;IIKa pa36rremr.H rroJIHhIX rroTepI> sHeprrrrr sJieKTpOHOB B MO,IJyJie TRD 
Ha liOHII3aII;IIOHHbie IIOTepH II IIOTeprr Ha rrepexo,n;Hoe II3Jly-'IeHIIe. 

Ilpa.KTHqeCKaH ~eHHOCTb 

Pa3BIITbie B pa6oTe MaTeMaTH'IeCKIIe Mo,n;eJIII II MeTO,ll;hI II03BOJIHJIII IICCJie,n;oBaTh 
xapaKTepHhie oco6eHHOCTH perIICTpau;mr sJieKTpOHOB H IIHOHOB B ,n;eTeKTope TRD H 
ou;eHH:Th B03M02KHOCTII ITO ero OIITH:MII3au;1rn:. 

Ha ocHoBe HHC, MO<I>II, KpH:Tep1rn w~ rrocTpoeHhI MeTO,ll;hI, 06ec11eq1rna101u;rre BhI­
coKIIH ypoBeHh rro,n;aBJieHH:.H IIHOHOB H Ha,n;e)Irny10 II,n;eHTHcPHKan;IIIO sJieKTpOHOB. YKa­
saHHhie MeTO,D;hl peaJIII30BaHbl B BII,n;e aJiropHTMOB, KOTOpbie BKJIIO'IeHbl B rrporpaMMHOe 
o6ecrre'IeHrre sKcrrepnMeHTa CBM. 

Pa3pa6oTaHa MeTo,n;rrKa BhI,D;eJieHH.H H3 rroJIHhIX rroTepb sHeprrrrr sJieKTpOHOB B MO­
,n;yJie TRD rroTepb sHeprHH Ha HOHHsan;HIO H Ha rrepexo,n;Hoe H3Jiy'IeHrre. 

Anpo6an;HSI ,n;nccepTaIJ;HH 

OcHOBHhie rroJio2KeHH.H H pe3yJihTaThI pa6oThI ,n;oKJia,n;hrnaJIHCh H o6cy2K,n;aJirrch Ha 
Hay'IHhIX ceMHHapax JIHT OII.5IH, PoccHlicKoro yHHBepcrrTeTa ,n;py2K6b1 Hapo,n;oB, Ha­
y•rno:ti cecc1rn Han;IIoHaJihHoro rrccJie,n;oBaTeJihCKoro .H,n;epHoro yHIIBepcnTeTa "MH <I> II" 
H Ha pa3JIH'IHhIX Me)K,n;yHapo,n;HhIX KOHcl;>epeHn;H.HX H COBem;aHH.HX: 

• VIII CBM Collaboration Meeting, Sept. 19 - 22, 2006, IPHC Strasbourg, France. 

• IX CBM Collaboration Meeting, February 28 - March 2, 2007, GSI, Darmstadt, 
Germany. 

• XXI International Symposium on Nuclear Electronics & Computing (NEC'2007), 
Varna, Bulgaria, September 10-17, 2007. 

• X CBM Collaboration Meeting, September 26 - 28, 2007, Dresden, Germany. 

• XI CBM Collaboration Meeting, February 26- 29, 2008, GSI, Darmstadt, Germany. 

• XII CBM Collaboration Meeting, October 13 - 18, 2008, JINR, Dubna, Russia. 

• XIII CBM Collaboration Meeting, March 10- 13, 2009, GSI, Darmstadt, Germany. 

• Int. Conference MMCP'2009, July 7 - 12, 2009, JINR, Dubna, Russia. 

• XXII International Symposium on Nuclear Electronics & Computing (NEC'2009), 
Varna, Bulgaria, September 7-14, 2009. 

• XIV CBM Collaboration Meeting, October 5 - 11, 2009, Split, Crotia. 

• XVI CBM Collaboration Meeting, 27 September - 10 October, 2010, Mamaia, 
Romania. 

• Int. Conference MMCP'2011, July 4 - 8, 2011, Stara Lesna, Slovakia. 

Ily6JIHKaIJ;HH 

B ocHoBy ,n;HccepTan;HH rroJio2KeHhI 23 pa6oThI, orry6JIHKOBaHHhie B Te'IeHne 2006-
2012 rr., BKJIIO'Ia.H 5 B 2KYPHaJiax H3 rrepe'IH.H BAK: 

• Particles & Nuclear, Letters [PNL-2008), [PNL-2009], [PNL-2012], 

• BecTHHK PY,IJ;H, cepH.H "MaTeMaTHKa. lIH¢opMaTHKa. <l>H3HKa" 
[RUDN-2010-1], [RUDN-2010-2], 
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MaTepna.rrax Me?K,zzyHapo,z:i;HoIX KOHc);>epem::i;rrii ([NEC-2007], [NEC-2007-1], [CM11-26Feb-
2008-2], [CM13-10Mar-2009-2], [MMCP-7Jul-2009-1], [NEC-2009-2], [MMCP-2011]), a 
TaK?Ke B BH,n;e rrperrplIHTOB H coo6:rn;emrtt OH.HH ([JINR-2007-1], [JINR-2007-2], [LIT­
SR-2007-1], [LIT-SR-2007-2], [LIT-SR-2007-4], [JINR-2009], [LIT-SR-2009-1], [JINR­
El0-2010-73]) II rcH ([CBM-PR-2006-1], [CBM-PR-2001-2], [CBM-PR-2oos-2]). 

CTpyKTypa H o6'beM ,n;HccepTau;uu 

));1IccepTau;mc co,z:i;ep?KHT BBe,n;eHIIe, 5 rnaB, 3aKJUO"IeHIIe, CIIIICOK JI1ITepaTyp1>1 (127 
CCbIJIOK) II IIMeeT o6'beM 111 CTpaHIIu;. 

Co,n;ep:>KaHHe pa6oTbI 

Bo BBe,n;eHHH 06cy?K,z:i;a10Tc5I ocHOBHbie rrp1IHu;1Irr1>r pa60T1>1 ,z:i;eTeKTopoB rrepexo,n;­
Horo II3Jiy'Iemrn:, rrp1IBO,Il;IITC5I KpaTKHH o6sop 9KCrrep1IMeHTOB, B KOTOpbIX OHH y?Ke IIC­
IIOJib3YIOTC.H, JIII6o ITJiaHIIpyeTC.H IIX HCIIOJib30BaHHe, cJ.:>opMyJIIIpyeTC.H IICCJie,zzyeMa.H Ha­
Y'IHa.H rrpo6JieMa, ,z:i;aeTC.H o6sop IIMeIOIII;IIXC.H K HaCTO.HIII;eMy BpeMeHII M€TO,IJ;OB, KOTOpbie 
MoryT 6oITb IIplIMeHeHbl ,Il;JI.H ee pemeHII5I. IlplIBO,Il;IITC.H KpaTKOe II3JIO?KeHHe co,z:i;ep?Ka­
HII.H ,Il;IICCepTau;IIII ITO rJiaBaM, a TaK?Ke CITIICOK pemeHIIH II rroJiy'IeHHbIX pe3yJibTaTOB, 
BblHOCIIMbIX Ha sa:rn;IITy. 

B rJiase 1 paCCMOTpeHa 9KCII€plIM€HTaJibHa.H ycTaHOBKa CBM, ee OCHOBHbie 9Jie­
MeHTbl II o6cy?K,z:i;aroTC.H sa,z:i;a"III, Ha pemeHHe KOTOpbIX Hau;eJieHa ee cPII31I'IecKa.a rrpo­
rpaMMa. 

Ha6op ,zi;eTeKTopoB II 9JieMeHTOB ycTaHOBKII CBM ,z:i;oJI?KeH o6ecrre'IHTb: 1I,IJ;eHT1IcPII­
Kau;n10 9JieKTpOHOB, rrplI ycJIOBIIII rro,z:i;aBJieHH.H IIIIOHOB Ha ypoBHe 105 (1IcrroJII>3Y.H RICH 
II TRD), 1I,IJ;eHT1IcP1IKau;rr10 a,z:i;poHoB B 6oJibIIIOM aKcenTaHce, BoccTaHOBJiemre IIMITYJih­
coB 'IaCTIIu; c TO"IHOCTblO '"""1 %, peKOHCTpyKu;IIIO rrepBII"IHbIX II BTOpH'IHbIX BepIIIIIH 
c TO"IHOCTblO l"V30 MKM, BbICOKOe rrpocTpaHCTBeHHOe pa3pemeHHe KOOp,IJ;IIHaTHbIX ,z:i;e­
TeKTOpOB, MaJioe MepTBOe BpeM.H, 6oICTpbIH OTBeT II BbICOKYIO CKOpOCTb C"IIITbIBaHII5I 
IIHc);>opMau;mr c ,z:i;eTeKTOpOB, BbICOKYIO CKOpOCTb Tplirrepa H CIICTeMbI c6opa ,z:i;aHHbIX, 
ycTOH"IHBOCT:O ,z:i;eTeKTOpOB H 9JI€KTpOHHKH K pa,rr.1Iau;rroHHbIM ycJIOBII.HM, ycTOH'IHBOCTb 
K ,z:i;eJibTa-9JieKTpOHaM II T.,IJ;. 

Magnet 

Silicon tracker / 

TRD1 

i 

RPC ECAL 
TRD3 f 
~. 

5m 

PHc. 1: CxeMa aKcrrepnMeHTa CBM 

Ha prrc. 1 npe,rr.cTaBJieHa cxeMa 9KcrrepHMeHTaJibHOH ycTaHOBKH CBM. BHyTpH 
,z:i;rrrroJII>Horo MarmITa pacrroJio:?KeHa MHmeHb II Koop,z:i;rrHaTHa.H TpeKoBa5I crrcTeMa STS 
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(Silicon Tracking System), co,n;ep)Kam;a.H 7 rr.JiocKocTeli us ITHKCe.JibHbIX H cTpHrrOBI>IX 
,n;eTeKTopoB. STS COBMeCTHO c ,n;urrOJibHbIM MarHHTOM ucrroJibsyeTc.H ,IJ;JI.H BoccTaHOBJie­
HH.H TpaeKTOpHH sap.H)KeHHbIX -qacTun; H onpe,n;e.JieHH.H HX llMIIYJibCOB. 1..JepeHKOBCKHH 
,n;eTeKTop RICH (Ring Imaging Cherenkov) u ,n;eTeKTop nepexo,n;Horo nsJiytieHH.H TRD 
,IJ;OJI)KHbl o6ecrre'IHTb Ha,n;e)KHYIO perHCTpan;:mo 8.JieKTPOHOB c llMIIYJibCOM BbIIIIe 1 rsB I c. 
,II;eTeKTop H3MepeHH.H BpeMeHn rrpoJieTa TOF (Time-of-flight), rrocTpoeHHI>IH Ha ocHo­
Be pesncTHBHhIX IIJIOCKHX KaMep RPC (Resistive Plate Chambers), rrpe,n;HasHatieH ,n;JI.H 
u,n;eHTHcPHKan;HH a,n;poHOB BbICOKOH 8HeprHII. 8JieKTpoMarHHTHhI:t:l: KaJiopHMeTp ECAL 
(Electromagnetic Calorimeter) ncrroJII>syeTc.H ,IJ;JI.H n,n;eHTHcPHKan;HH 8JieKTpoHOB FI ¢0-
TOHOB. 

rJia.Ba 2 IlOCB.Hm;eHa FI3y"<IeHFIIO pacrrpe,n;eJieHH.H IlOTepb 8Hepr1IFI 8JieKTpOHOB B 
,n;eTeKTope TRD. HcrroJII>30BaJiacI> BI>r6paHHa.H B Ka"<IeCTBe cTaH,n;apTHoli BepcFI.H TRD, 
cocTo.Hm;a.H FI3 Tpex cTaHn;Fili (TRD 1, TRD2 FI TRD3), pacrroJIO)KeHHbIX Ha paccTO.HHIIFI 
5M, 7.25M, 9.5M OT MFIIIIeHFI TIO HarrpaBJI8HHIO rry'IKa, COOTB8TCTB8HHO (cM. pFic. 1). 
Ka)K,n;a.H cTam.i;n.H co,n;ep)KIIT "<IeTI>Ipe FI,lJ;eHTII'IHI>IX MO,lJ;YJI.H. Ha pFic. 2 rrpe,n;cTaBJieHa 
cxeMa rrpOTOTHTia MO,lJ;YJI.H TRD' paspa6oTaHHOro COBMeCTHO rpyrrrraMFI FI3 rcH (,II;apM­
IIITa,n;T) II H.HH (ByxapecT). 

PHc. 2: CTpyKTypa MO,!JYJUI ,n;eTeKTOpa rrepexo~oro H3Jiy'!eHHH 

Mo,n;yJII> BKJiroqaeT B ce6.H: 

• CJIOHCThI:t:l: pa,n;FiaTop, COCTO.Hm;IIH: FI3 N =220 qepe,n;yrom;FIXC.H CJI08B IIOJIFirrporrFI­
JieHOBOH rr.JieHKII TOJim;IIHOH D1=25 MKM FI B03,lJ;YIIIHI>IX rrpoMe)KyTKOB D9 =250 
MKM, ,n;mi: reHepan;FIFI rrepexo,n;Horo H3.JIY'i€H1I.H OT BbICOK08HeprII"!HhIX 8JI€KTpO­
HOB I II031ITpOHOB; 

• MHOrorrpOBOJIO'iHYIO rrporropn;IIOHa.JibHYIO KaMepy (MIIK)' 1ICTIOJib3yeMyIO ,lJ;JI.H pe­
rFICTpan;IIFI IlOTepb 8HeprHII sap.H)K€HHbIX "laCTIIn; (noHH3ar:t;FI.H ll rrepexo,n;Hoe H3Jiy­
qeHne) n ,IJ;JI.H qmKcan;nFI Koop,n;nHaT MecTa nx nepeceqeHFI.H rr.JIOCKOCTH MIIK. 

Ha pnc. 3 rrpnBe,n;eHbI pacrrpe,n;eJieHH.H TIOTepb 8HeprFIH Ha HOHH3ar:t;HIO ( CJieBa) ll 
Ha rrepexo,n;Hoe FisJiytieHne ( crrpaBa) B o,n;HoM Mo,n;yJie TRD, rroJiyqeHHI>re c rroMom;I>ro 
MoHTe-KapJio (MK) Mo,n;eJinpoBaHH.H B cpe,n;e CBM ROOT ,IJ;JI.H 8JieKTpoHoB c p=l,5 
rsB I c. Pacrrpe,n;e.JieHFie HOHH3ar:t;HOHHbIX IlOTepb 8JieKTpOHOB ,lJ;OCTaTO'IHO xopomo arr-

4 



ID 11 I ID 
211 

18000 Entries 164000 
90000 Entries 164000 

Mean 4.470 Meon 4.407 

16000 
RMS 4.153 RMS 5.842 
'!(/ndf2779. I 97 80000 

P1 0.6754 ± 0.1530E-02 
14000 P2 1.230 ± 0.1690E-02 70000 

P3 0.8020E+05 ± 200.3 
12000 60000 

10000 50000 

8000 40000 

6000 30000 

4000 20000 

2000 10000 

_A._ 

15 20 25 30 35 40 45 50 0 0 10 15 20 25 30 35 40 45 50 

dEdxfore withp=- 1.SGeV/e TRforowithp= 1.5GeV/c 

Pnc. 3: Pacrrpe,n;eJieHHe rroTepb aHeprHH aJieKTpoHoB: Ha HOHHsarr;mo Hero am1poKCHMa.II;IDI JIOrHopMaJibHOli 

<l:>YHKIJ;Heli ( 1) ( cJieBa), Ha rrepexo,n;Hoe H3Jiy':l:eHHe ( crrpaBa) 

npOKCHMHpyeTC.H JIOrHOpMaJihHOH cPYHKIJ;Heli: 

fi(x) = A exp-~(lnx-µ)2 
/'i!ff ax ' 

(1) 

r,n;e a - aTo ,n;n:cnepcH.H, µ - cpe,n;Hee sHa't!eHrre, a A - Koa¢cl;mu;n:eHT HOpMHpOBKH. 
JleBhIM TIHK Ha pnc. 3 (cnpaBa) OTB8'9:aeT co6bITH.HM c nepeXO,Il;HhIM H3Jiy'9:eHHeM 

TR (Transition Radiation), paBHhIM Hymo; MO)KHO BH,II;8Th, 't!TO ,n;oJI.H TaKHX co6hITHH 
COCTaBJI.HeT rrpHMepHO TIOJIOBHHY Bceit CTaTHCTHKH. 

Ha pnc. 4 ( cJieBa) nprrBe,n;eHo pacrrpe,n;eJieHne TIOJIHhrx noTeph aHeprHH aJieKTpOHOB 
,II;JI.H MK MO,II;eJIHpOBaHH.H (p= 1,5 raB I c). OHO c xopomett TO't!HOCThlO arrrrpOKCHMHpy-

ID 311 0.12 ' .. 0.04 "'" =- "' !ill 10000 Entries 164000 
·~ 

;:;~ O.o35 
Mean 8.694 0.1 0.03 
RMS 7.099 0.08 O.OZ5 
'!(/ndf1237. I 95 

8000 P1 0.5376 ± 0.2019E-02 0.06 0.02 

P2 0.4564 ± 0.2406E-02 0.015 
0.04 

P3 2.495 ± 0.2639E-02 0.01 
P4 0.7988E+05 ± 209.7 0.02 0.005 

6000 P5 20.38± 1.351 
0 0 50 50 

fproto:mom1.for fprotb:mom1 .tor 

10000 311 
4000 164000 

8000 8.694 
7.099 

6000 

2000 
4000 

2000 

10 15 20 25 30 35 40 45 50 25 30 35 40 45 50 

Full eloss torp =- 1.5 GeV/ Full e loss for p = 1.5 GeV / 

Pnc. 4: CJieBa: pacrrpe,n;eJieHne rroJIHhlX rroTepb aHeprHH aJieKTpOHOB Hero arrrrpoKCHMaI!IDI ¢opMyJioli (2) c 

<l:>HKCHpOBaHHbIMH rrapaMeTpaMH cr1 H µi (cJieBa). CrrpaBa: BKJia,D;hl HOHH3aI!HOHHbIX rroTepb (BepXHHli rpa<l;>HK, 

cJieBa) H rrepexo,D;Horo H3Jiy'leHIDI (BepXHHli rpa<l;>HK, crrpaBa); cyMMapHoe pacrrpe,n;eJieHHe 
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eTC.H B3BemeHHOH cyMMOH ,n;Byx JIOrHOpMa.JibHbIX pacrrpe,n;eJieHIIH: 

f ( ) B ( a -~(lnx-µ1)2 b -~(lnx-µ2)2 ) 
2 x = rr:c exp ""1 + rr:c exp ""2 + c, 

v 21ra1x v 2·mJ"2X 
(2) 

r,n;e o-1 II o-2 - ,n;IIcrrepcHII, µ 1 H µ2 - cpe,n;HHe sHa'leHII.H, a H b = 1 - a - BKJia,ll;hI rrepBoro 

II BTOporo JIOrHOpMa.JibHbIX pacrrpe,n;e.JieHIIM, COOTB8TCTB8HHO, c - rrapaMeTp C,ll;BIIra, a 

B - Kos¢q:rn:o;IIeHT HOpMIIpOBKII. 

9KcrrepHM8HTaJibHO xopomo II3Y'l8HbI HOHH3aD;IIOHHbie IIOTepII sap.H)K8HHbIX qa­

CTIID; B Ber:o;ecTBe. IIoTepII Ha rrepexo,n;Hoe II3JIY'l8HIIe IIM8IOT 60.Jiee CJIO)KHbIH xapaKTep. 

qT06bI II3BJI8'lb BKJia,n; rrepexo,n;Horo II3JIY'l8HII.H II3 IIOJIHbIX IIOTepb 9Heprl:IFI 9.JI8KTpO­

HOB, 6bma BhIIIOJIHeHa c.Jie,izyror:o;a.H rrpo:o;e,izypa. IIapaMeTpbI O" II µ, OTBe11aror:o;IIe sa 

IIOHII3aD;IIOHHbie IIOTepII, orrpe,n;eJI.HJIIICb II3 cPIITIIpOBaHII.H pacrrpe,n;e.JieHII.H dE/ dx (CM. 

pIIC. 3, CJieBa) cPYHKD;II8H (1) II IIO,ll;CTaBJI.HJIIICb B ¢opMy.Jiy (2): 0"1=0", µ1=µ. 
Ha pIIc. 4 ( cJieBa) rrpIIBe,n;eHo pacrrpe,n;eJieHIIe rroJIHbIX rroTepb ::>HeprIIH s.JieKTpo­

HOB ,ll;JI.H MK MO,ll;8JIHpOBamu:r (p = 1,5 rsB/c) II ero arrrrpOKCIIMa:o;II.H B3BemeHHOH cyM­

MOH ,ll;Byx JIOrHOpMaJibHbIX pacrrpe,n;e.JieHIIH c cPIIKCIIpOBaHHbIMII rrapaMeTpaMII 0"1 II µ1. 

TaKa.H arrrrpoKCIIMau;m:r rro.JIHhIX noTepb ::>HeprIIII ::>JieKTpOHOB rrosBOJI.HeT BhI,n;e.JIIITh HH­

,ll;HBII,lzyaJibHbie BKJia,ll;bl IIOTepb 9HeprIIII 9JI8KTpOHOB Ha IIOHH3aIJ;IIIO H Ha rrepexo,n;Hoe 

H3.JIY'leHH8 (pHC. 4, crrpaBa). 

AHaJiorn'lHa.H npou;e,izypa 6bIJia rrpIIMeHeHa K peaJibHbIM II3MepeHII.HM, rroJiy'leH­

HhIM rrpH o6Jiy'leHHH o,n;HocJioliHoro rrpoTOTHrra TRD s.JieKTpoHaMII H IIHOHaMII c HM­

rry.JihCOM p = 1, 5 rsB I c: rcH, ¢eBpa.Jib 2006 r. IIapaMeTpbI 0"1 II µ1 6pamICb H3 arr­

rrpOKCHMaIJ;HH HOHH3aD;IIOHHbIX IIOT8pb 9.JI8KTpOHOB C HMIIYJibCOM p =1,5 I'sBjc ,ll;Jl.SI 

MK MO,ll;8JIIIpoBaHH.H. BI>IJIO ycTaHOBJI8HO, 'ITO B o6JiaCTII p = 1,5 rsB/c CTaTIICTII'le­

CKIIe xapaKTepHCTHKII TR pacrrpe,n;e.JieHII.H ( cpe;:wee H ,n;IIcrrepc1ur), a TaK)Ke ero BKJia,n; 

B rroJIHbie rroTepH ::>HeprHH 9.JieKTpOHOB ,IJ;JI.H peaJII>HbIX H3MepeHIIH II MK Mo,n;eJinpoBa­

HH.H pa3JIII'laIOTC.H. ,Il;JI.H Toro, 'lT06bI rrpHB8CTII MO,IJ;8JibHbie ,n;aHHbie B COOTB8TCTBIIe c 

pea.JibHbIMH H3MepeHII.HMII, B rrpo:o;e,n;ypy MO,I1;8JIHpOBaHH.H IIOTepb 9HeprIIH 9J18KTpOHOB 

6bIJia BHeceHa COOTB8TCTBYIOI:o;a.H KOppeKTIIpOBKa. 

B I'Jia.Be 3 paCCMOTpeHbI Tpa,n;IIIJ;IIOHHbie CTaTHCTII'l8CKIIe M8TO,IJ;bI, HCIIOJib3ye­

MbI8 ,ll;JI.H II,n;eHTHcPIIKa:o;HII ::>JieKTpOHOB II IIHOHOB, perIIcTpIIpyeMI>IX n-cJioHHbIM TRD 

(B cTaH,n;apTHoli Bepcm:I TRD 'lIICJio Mo,n;y.JieH: n=12): a) MeTo,n; ycpe,n;HeHH.H H 6) MeTo,n; 

OTHOmeHH.H cPYHKD;IIH rrpaB,n;orro,n;o6II.H. 3a,n;aqa H,IJ;8HTIIcPHKan;HII 3ap.H)K8HHhIX qacTIID; 

( B paccMaTpHBaeMOM HaMII c.Jiyqae - 9JI8KTpOHOB H IIIIOHOB) c IIOMOI:o;blO ,n;eTeKTOpa 

TRD cocTOIIT B c.Jie,izyror:o;eM: HMe.H B cBoeM pacrrop.H)K8HHH Ha6op HS n H3MepeHnfi rro­

Tepb ::>Hepnm 11acTHIJ;hI, sapern:cTpHpoBaHHofi TRD, HY)KHO orrpe,n;eJIHTh, K KaKoMy H3 

pacrrpe,n;e.JieHHH IIOTepb 9HeprHH ( 9.JI8KTpOHOB HJIII IIHOHOB) OHH OTHOC.HTC.H. 

,Il;JI.H paspa60TKH II IICCJI8,IJ;OBaHII.H paccMaTpIIBaeMbIX B ,ll;IICCepTa:o;IIII MaTeMaTII'le­

CKIIX M8TO,IJ;OB H ou;eHKH HX s¢¢eKTIIBHOCTII ( MOI:o;HOCTII) IICITOJib30Ba.JIHCb ,n;Ba Ha6opa 

,n;aHHbIX: 

1. Mo,n;e.JibHbie ,n;aHHI>re, creHepMpoBaHHI>Ie c rroMOI:o;bIO rraKeTa GEANT3 B cpe,n;e CBM 

ROOT, 

2. pea.JII>Hhie H3MepeHirn, rroJiy'leHHbre c rroMOI:o;bIO o,n;HocJio:HHoro rrpoTOTHrra TRD 

Ha IIY'lKax 3ap.H)K8HHbIX 'laCTIID; B I'Cl:I B 2006 ro,n;y. 

B nepBOM cJiy11ae c rroMom;hro rraKeTa GEANT3 [3] B cpe,n;e CBM ROOT [4, 5] 

Mo,n;eJIHpoBaJIOCh rrpoXO)K,Il;8HHe qepes n-cJIOMHbIH TRD IIHOHOB II 9.JieKTpoHoB c IIM­

rry.JihCaMII OT 1 rsB I c 710 13 rsB I c. 
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B BTOpOM cJiyqae MbI HMeeM H3MepeHmI IIOTepb 9HeprHH 9JI€KTpOHOB H IIHOHOB 
TOJihKO c o,n;Horo Mo,n;ymI rrpoTOTHrra TRD. ,Il;Jrn Toro, 'IT06hr rro,n;roTOBHTh Bbr6opKy H3 
n "nsMepemrti:", OTBetJarom;mc rrpoxo:tK,n;eH11ro qacTMII; qepes n-cJIOMHhr:H TRD, HCIIOJih-
30BaJiacb rro,n;rrporpaMMa HISRAN [6] 113 6n6JIHOTeKM CERNLIB ,n;m1 reHepHpoBaHHR 
CJiy'IaMHbIX BeJIH'IMH B COOTBeTCTBMH c pacrrpe,n;eJieHM5IMM IIOTepb 9HeprMM IIHOHOB H 
9.JieKTpOHOB B o,n;HOM MO,n;y.Jie TRD. 

B MeTo,n;e ycpe,n;Hemrn (MY) rrpou;e,n;ypa 11,n;eHTMcPMKa:a;HH qaCTMII; OCHOBaHa Ha Be­
JIM'IMHe cpe,n;He:H IIOTepH 9HeprMM aHa.JIH3MpyeMOM '!aCTMII;bI 

1 n 

D.E = - L D.Ei' 
n i=l 

r,n;e D.Ei - rroTep.H eHepr1111 qacTHII;hI B i-oM c.Jioe TRD, a n - 'IHCJIO cJioeB B ,n;eTeKTope 
TRD. 

07 1800 
5000 

55900 
3.227 1600 
1.779 

4000 
1400 
1200 

3000 1000 
800 

2000 600 

1000 400 
200 

5 10 15 5 10 15 

Ase by pi in TRD Ase by e in TRD 

5000 

4000 

3000 

2000 

1000 

4 10 12 14 16 

AspizAse 

P:iw. 5: Parrpe,i:i;eJI€HHSI nepeMeHHOM D..E ,i:i;m1 3JI€KTpOHOB H IIHOHOB c p = 1, 5 rsB/c 

Ha pnc. 5 rrpe,n;cTaBJieHhI pacrrpe,n;e.JieHMR rrepeMeHHo:H D.E ,n;JIR IIMOHOB (BepxHee 
pacrrpe,n;eJiemre, CJieBa) n 9JieKTpOHOB (BepxHee pacrrpe,n;e.JieHne, crrpaBa) c aMrry.JihCOM 
p = 1, 5 reB I c, a TaK:tKe cyMMapHoe pacrrpe,n;e.JieHMe ,1l;JI5I 9.JieKTpOHOB M IIMOHOB ( HM:tKHee 
pacrrpe,n;eJieHMe). 

IlpM rrpHMeHeHHM K YKa3aHHOM sa,n;aqe MeTo,n;a OTHOIIIeHH5I cPYHKII;Mll rrpaB,n;orro,n;o-
6n5I (MO<l>Il) [7] ,IJ;JI.H Ka:tK,n;oii aHaJIM3MpyeMOM qacTMII;bI BbI'IHCJIReTC.H BemP'IHHa 

n n 

Pe= ITPe(AEi), P7r = IlP7r(D.Ei), (3) 
i=l i=l 

r,n;e p7r(D.Ei) - 9TO B€Jiff'IMHa cPYHKII;MM IIJIOTHOCTM P7r ,1l;JI5I CJiy'IaR, Kor,n;a IIOTep5I 9Hep­
rm1 IIMOHOM Bi-OM rror.JIOTMTe.Jie paBH5IeTC5I D.Ei, a Pe(AEi) - 9TO aHa.JIOrMqHa5I Be.JIM­
'IMHa ,1l;JI5I 9.JieKTpOHa. 
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B HHTepecyro:rn;efi Hae o6JraCTH 8HeprHfi OCHOBHbI€ IIOTepH sap.5DK€HHbIX IIHOHOB B 

MO,LJyJie TRD - ::>To rroTepH Ha HOHHsan;mo. Pacrrpe,n;eJieHHe HOHHsan;HoHHhrx rroTepb IIH­

OHOB TaK)Ke, KaK H MOHHSan;HOHHbie IIOTepH ::>JieKTpOHOB, ,II;OCTaTO"<IHO xopomo arrrrpoKCH­

MHpyeTc.a cpyHKD;Hefi IIJIOTHOCTH JIOrHOpMaJibHOro pacrrpe,n;eJieHH.H ( 1)' a pacrrpe,n;eJieHI:Ie 

IIOJIHbIX IIOTepb 8HeprHH 8JI€KTpOHOB - B3BemeHHOH cyMMOfi ,II;Byx JIOrHOpMaJihHbIX pac­

rrpe,n;eJieHHfi ( 2). 8TH cPYHKD;HH HCIIOJib30BaJIHCb HaMH B Ka"<IeCTBe cPYHKD;HH IIJIOTHOCTH 

,II;JI.H IIHOHOB (p7r) M 8JI€KTpOHOB (Pe). 

ID OB 

0 0.25 0.5 0.75 

PPpi distribution PPe distribution 

ID 78 

0.6 

PPpi+PPe 

PRC. 6: Parrpe,n;enemrn rrepeMeHHOH L ,I:l;filI aJieKTpOHOB H IIHOHOB c p=l,5 raB/c 

Ha pHc. 6 rrpe,n;cTaBJieHbI pacrrpe,n;eJieHH.a rrepeMeHHoli L ,n;JI.a IIMOHOB (JieBa.a rncTo­

rpaMMa, CBepxy) II 8JI€KTpOHOB ( rrpaBa.H rMCTOrpaMMa, CBepxy) c MMIIYJibCOM p = 1, 5 
f::>B / c, a TaK)Ke cyMMapHoe pacrrpe,n;eJieHHe ,n;JI.a sJieKTpOHOB H IIHOHOB ( HH)KH.a.a rMCTO­

rpaMMa). 

B Ta6JIHn;e 1 rrpMBe,n;eHhI pesyJihTaThI o6pa6oTKM ,n;aHHhIX, OTBe"<Iaro:rn;Mx MK Mo,n;e­

JIMpoBaHHIO ,n;JI.a n-cJioliHoro TRD H ,n;JI.a npoTOTHIIa TRD. HecMOTp.a Ha y,n;oBJieTBOpH-

Ta6nm:i;a 1: <PaKTop pe::iKeKII,llli rrn:OHOB npH 90 % a¢¢eKTHBHOcTH pemcTp~H aJieKTpOHOB ,z:i;llil MeTo,n;oB MY 
H MO<I>II 

CTaTHCTH"!eCKHli MeTo,n; MY MO<PII 
GEANT3 - n-cnoil:Hbifi TRD 17 1443 

IlpoTOTHII TRD 169 9316 
GEANT3 - O,lJ;HH MO,JzyJib TRD 181 6987 

TeJihHOe cooTBeTCTBHe peaJihHbIX HSMepeHHli ,n;aHHbIM MK Mo,n;eJIHpoBaHH.a, cpaKTOpbI 

pe)KeKn;mI IIHOHOB ,n;JI.a n-cJiofiHoro TRD H ,n;JI.a rrpoTOTHrra TRD cy:rn;ecTBeHHO pasJIH­

-qaroTc.H ,n;JI.a o6onx CTaTHCTH"<IeCKHX M€TO,II;OB. 

qT06bI BOCIIpOH3BeCTH rrpon;e,zzypy rro,n;roTOBKH BbI6opoK ,II;JI.a peaJibHbIX ,n;aHHbIX c 

IIOMOIII;bIO MK MO,II;eJIHpOBaHH.a, BhI6opKH IIOTepb ::>HeprHM ::>JieKTpOHOB H IIHOHOB ,ZJ;JI.H 
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n-cJiofiHoro TRD reHeprrpoBaJIHCh rrcnoJI1>syzr pacrrpe,n;eJieHrrzr ( rrrcTorpaMMhI), rroJiy-
11eHHbie c noMOIII;bIO GEANT3 B o,n;HOM rrs MO,n;yJiefi TRD. 9TH pesyJI1>TaT1>1 y,n;oBJieTBO­
pn:TeJihHO corJiacy10Tczr c TeM, 'ITO 6bmo rroJiy'leHo ,n;Jizr npoToTrrna TRD. 

B rJiaBe 4 paCCMOTpeH M€TO,ll; H,ll;€HTH:CpHKaD;HH 'laCTHIJ; Ha OCHOBe HerrapaMeT­
pli'l€CKOrO KpH:TepHZI COrJiaCHZI w~. 9TOT KpHTepHfi OCHOBaH Ha cpaBHeHHH cpyHKD;HH 
pacnpe,n;eJieHIIZI F(x), OTBe11aroIII;efi Hanepe,n; 3a,n;aHHOfi rHnoTe3e (rHIIOTe3a Ho) c 9M­
nrrpH11ecKofi cpyHKD;Hefi pacnpe,n;eJieHHZI Sn ( x): 

{ 
0, ecJin: x < x1; 

Sn(x) = i/n, ecJIH Xi < x ~ Xi+1, 

1, eCJill Xn < X, 

i = 1, ... , n -1. (4) 

3,n;ecb x 1 ~ x 2 ~ ... ~ Xn - ynopzr,n;o•rnHHazr B1>16opKa ( eapua'Uiuo1-1/H'blU p.Fld) o6'b€Ma n, 
IIOCTpOeHHaZI Ha OCHOBe Ha6JIIO,n;aeMbIX BeJIH'lllH nepeMeHHOfi x. 

CTaTHCTHKa w~ H3MepzreT "paccTozrHn:e" Me)K,Ily F(x) rr Sn(x). TaKn:e CTaTHCTH­
Krr n:sBeCTHbI, KaK 1-lenapaMempu"i,eC'J\,Ue. B pa6oTax [8]+[10] 61>m pasBHT KJiacc HOBbIX 
HenapaMeTpH'leCKHX CTaTHCTHK (ck 2: 3): 

k n { [ · 1 l k+l [ · l k+l} w~ = - k: 1 ~ 2 ~ - F(xi) - ; - F(xi) . (5) 

KprrTeplill corJiaCmI, IIOCTpoeHHbie Ha OCHOBe TaKllX CTaTHCTHK, o6bI'lHO HCIIOJih-
3YIOTCZI ,Zl;JIZI npoBepKH COOTB€TCTBHZI OT,ll;€JibHbIX 9MIIHpII'l€CKllX BbI6opoK pacnpe,n;eJie­
HirnM, H3BeCTHbIM anpuopu. 

IloTepH aHepmrr ,n;Jizr IIHOHOB n:MeIOT xapaKTep pacnpe,n;eJieHnzr JiaH,n;ay [11]. Mb1 
rrcnoJib30BaJIII 9TO pacnpe,n;eJieHrre B Ka11ecTBe HyJieBofi rrrn0Tes1>1 H0 ,n;JIR npeo6pa3oBa­
HHZI Ha6opa rrcxo,n;H1>1x rrsMepeHrrfi, OTBe'laIOIII;ero rrpoxo2K,n;eHHIO 11epes TRD oT,n;eJibHOfi 
qacTHD;hI, K Ha6opy HOBOH rrepeMeHHOll A. [9]: 

~Ei - ~E:nP 
Ai = ei - 0.225, i = 1,2, ... ,n, (6) 

~Ei - IIOTep£ 9HeprHH B i-M IIOrJIOTHTeJie, ~E:np - B€Jill'lHHa HaH60Jiee BepoRTHOfi IIO­

TepH 9Heprmr, ei = 4.12 FWHM (Full-Width at Hal~-Maximum) pacrrpe,n;eJieHHR IIOTeph 
aHeprn:rr nn:oHaMH. ,Il;JIR orrpe,n;eJieHHR BeJIH'lHH ~E:riP H FWHM pacnpe,n;eJieHHe rroTepb 
9Heprm1 IIHOHOB B i-M TRD MO,n;yJie arrrrpoKCHMHpoBaJIOCh cpyHK:a;Hefi (1). 

IloJiy11eHHbie TaKHM o6pasoM Ai, i = 1, ... , n yrropR,n;o1111BaJIHCb B rropR,n;Ke Bospac­
TaHHR rrx BeJIH'lHH ( Aj, j = 1, ... , n) rr n:crroJib30BaJIHCb ,ll;JIR BbI'lHCJieHHR w~: 

(7) 

3,n;ecb 3Ha'leHHR <PYHKD;HH pacnpe,n;eJieHHR JiaH,n;ay ¢(A.) Bhl'lHCJIRJIHCb c IIOMOIII;bIO 
cpyHKD;HII DSTLAN [12] n:s 6rr6JIIIOTeKH CERNLIB. 

Ha prrc. 7 npe,n;cTaBJieHbl pacrrpe,n;eJieHHR BeJIH'lllH wr2 ,ll;JIR IIHOHOB (BepXHRR I'll­
CTOrpaMMa, cJieBa) H aJieKTpOHOB ( BepxHRH I'HCTorpaMMa, crrpaBa) c HMIIYJibCOM p = 1, 5 
reB I c, a TaK.:IKe cyMMapHoe pacrrpe,n;eJieHIIe ,ll;JIR 9JieKTpOHOB H IIHOHOB ( Hll2KHRR I'HCTO­
rpaMMa). 
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ID 100 
&tltrin :26800 
Mean 0.1318 
RMS 0.2726 

5 10 15 0 5 10 15 

Wkn for pions Wkn for electrons 

ID 103 
Entries 0 
Mean 0.000 
RMS 0.000 

Wkn for pi and e 

PHc. 7: Pacrrpe,n;eJieHIDI B6JIH'IHH wr2 ,!l;JIH IIHOHOB H 8JI6KTpOHOB c p = 1, 5 raB/c 

KoM6HHHpOBaHHhIH MeTo,n; 

9Ta cxeMa OCHOBaHa Ha IIOCJie,n;oBaTeJibHOM rrpHMeHeHHH ,IJ;BYX CTaTHCTHqecKHX 

KpHTepHeB: 1) MeTo,n;a ycpe,n;HeHH£ H 2) KPHTepmI w~. 
OcHOBHaH ee H,IJ;eH cocTOHT B cJie,n;yrom;eM: 

• HCIIOJih3Y£ MeTO,IJ; ycpe,n;HeHH.a, B ,n;orrycTHMYIO o6JiaCTb OT6HpaeTCH OCHOBHaH qacTb 

SJieKTpOHOB, BKJIIOqa.a He60JibIIIYIO rrpHMeCb IIHOHOB; 

• K co6hITH.aM, OT06paHHbIM B ,n;orryCTHMOH 06.JiaCTH, rrpHMeHHeTc.a KpHTepH:tl: w~; 
rrpH 9TOM, c IIOTepe:tl: He60JiblIIOH qacTH 9.JieKTpOHOB, H3 ,n;orryCTHMOH o6JiaCTH y,n;a­

JI.HIOTC.a rrorraBIIIHe Ty,n;a IIHOHbl. 

Mo,n;mpmi;11poBaHHbIH KPHTepHii w~ 

Ha pHc. 8 rroKasaHa Bepo.aTHOCTh peaJIH3art;HH co6bITHH c pasHbIM qHcJIOM MO,n;y­

JieH:, B KOTOphIX saperncTpHpoBaHo rrepexo,n;Hoe HsJiyqeHHe, B 12-cJiofiHOM TRD. lfa 
sToro pacrrpe,n;eJieHH.a BH,n;Ho, qTo HaH6oJiee Bepo.aTHa.a BeJIHqnHa qHcJia TR-oTcqeTOB 

COCTaBJI.HeT 6, H TO, qTo MbI rrpaKTH"'IeCKll He HMeeM co6hITHH c He paBHbIMH HYJIIO 

TR-oTcqeTaMH BO Bcex 12 MO,IJ;yJI£x. 

3aMeTHM, qTo Kor,n;a sJieKTpoH rrepeceKaeT i-:tl: MO,IJ;yJih c TR=O, TO ero sHepreTHqe­

CKHe rroTepH cJie,n;yroT pacrrpe,n;eJieHHIO HOHHsa:u;HOHHhIX rroTepb dE / dx (pHc. 3, CJieBa). 

B 9TOM cJiyqae, rrpaKTHqecKH HeB03M0)KH0 OTJIHqHTb SJieKTpOHbI OT IIHOHOB Ha OCHOBe 

HX rroTepb 9HeprHH. B rrpoTHBHOM cJiy'!ae, Kor,n;a TR#O, rroTepH sJieKTpoHa B i-M Mo,n;y­

Jiee paBHhI cyMMe rroTepb dE / dx + TR. II TOJihKO B TaKoM cJiyqae MO)KHO no rroTep.aM 

9HeprHH OTJIP.l"IHTb SJieKTpOHbI OT IIHOHOB. 

Kor,n;a rro,n;cqHThlBaeTc.a BeJIHqHHa w~ c IIOMOIIJ;blO ¢opMyJihl (7), HCIIOJih3yeTc.a 

Bh16opKa BeJIHqHH Ai (cM. paBeHCTBO (6)), KOTOpbie yrrop.a,n;oqeHbI B saBHCHMOCTH OT 

BeJIHqHHhI. BeJIHqHHa Ai rrp.aMo rrporroprt;HOHaJihHa rroTepe sHeprHH qacTHrt;eH:, sape­

rHcTpHpoBaHHofi B i-M Mo,n;yJie TRD. B sTofi cB.asn, n, rrpHHHMa.a BO BHHMaHHe TOT 

¢aKT, qTo Han6oJiee Bepo.aTHa.a BeJIHqHHa oTcqeTOB TR B 12-cJIOHHOM TRD paBH.a­

eTc.a 6 (pHC. 8), Mbl MO)KeM HCIIOJib30BaTb rrpH BbiqHCJieHirn CTaTHCTHKH w~ TOJibKO TY 
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Puc. 8: Pacrrpe,n;e.JieHn:e co6brTn:ii: 

B saBn:cn:MOCTH OT qn:CJia TR­
OTC'leTOB B 12-CJIOHHOM TRD H 

ero arrrrpoKCMMaIJ;IDI pacrrpe,n;eJieHH­

eM I'aycca 

qacTh BbI6opKH {.Xi}' KOTopa.H OTBe'!aeT HH,n;eKCaM i > 6, T.e. TOJibKO 6oJihillHM IIOTep.HM 

:::rneprHH. 
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Pn:c. 9: Pacrrpe,n;eJieHIDI BeJI!:I'IHH w~ ,ZJ;mI rrn:oHOB (BepXHfill rn:cTorpaMMa, cJieBa) M sJieKTpOHOB (BepXHIDI 

rn:cTorpaMMa, crrpaBa); CYMMapHoe pacrrpe,n;eJieHn:e ,ZJ;lliI II!:IOHOB n: sJieKTpOHOB (HM:lKHIDI rn:cTorpaMMa) 

Ha pHC. 9 rrpe,n;cTaBJieHhI pacrrpe,n;eJieHH.H BeJIH'IHH w~ ,Il;JI.H IIHOHOB (BepXH.H.H rHCTO­

rpaMMa, CJieBa) H 8JieKTpOHOB (BepXH.H.H rHCTOrpaMMa, crrpaBa) c HMIIYJibCOM p = 1, 5 
I'sB/c, a TaIOKe cyMMapHOe pacrrpe,n;eJieHHe ,Il;JI.H 8JI€KTpOHOB H IIHOHOB (HH)KH.H.H rHCTO­

rpaMMa): i = 7, m = n - i + 1, n = 12, k=6. 
B rmme 5 paCCMOTpeH MeTO,II; H,I1;€HTHcPHKa:a;HH 'IaCTHD; Ha OCHOBe HCKYCCTB€HHOii: 

Heii:poHHo:H ceTH - MHorocJIOii:Horo rrepu;errTpoHa (MCII). MCII - y,n;o6HbIM HHCTpyMeHT 
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,n;mI ITOCTpOeHFI.H MHOrOMepHbIX KJiacc:mp1maTopoB, XOT.H rrpon;e,n;ypa ero o6y'!eHirn II 

scpcpeKTIIBHOCTb pacrrosHaBaHII.H KPIITII'IeCKII saBIIC.HT OT Bb16opa BXO,lJ;HbIX ,n;aHHbIX. B 

pa6oTe ncrroJib30BaJIIICb MCII II3 ,n;Byx rraKeToB: JETNET [13] II ROOT [14, 15]. 
Ee.JIM B Ka'IeCTBe BXO,lJ;HbIX ,n;aHHbIX ,ll;JI.H ceTII IICIIOJib30BaTb BbI60pKII, COCTaBJieH­

Hbie II3 rroTepb sHeprIIH sJieKTpOHOB II ITIIOHOB B MO,ll;YJI.HX TRD, TO o6y-c:reHIIe MCII 
rrpoxo,n;IIT O'I€Hb Me,n;JieHHO, HMeIOT MeCTO 6oJibIIIHe KOJie6amrn ( OTHOCHTeJibHO TpeH,n;a) 

B scpcpeKTIIBHOCTII paCII03HaBaHII.H '!aCTHIJ; ceTbIO: CMOTpII ITOBe,n;eHIIe HIILKH€H KpIIBOH 

Ha pIICYHKax 10. 
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PMc. 10: 8cl>cl>eKTHBHOCTb H,11;€HTHcPHK~HH aJieKTpoHoB/rrnoHOB rrpn o6y-creHnn MCIT ,n;mr ncxo,n;HhIX (HIDKHfil! 

KpHBB.H) H rrpeo6pa30Ba.HHbIX (BepXHfil! KpHBB.H) )l;aHHblX ,ZJ;JIB p = 1,5 raB/c (CJieBa) Hp= 5 raB/c (crrpaBa) 

B 8TOH CB.H3II, K rrcxo,n;HhIM ,n;aHHbIM 6bma rrpHMeHeHa rrpon;e,n;ypa rrpeo6pasoBa­

HH.H K HOBOH rrepeMeHHOH ¢(>.), HCITOJib3Y€MOH ,ll;JI.H BbI'IIICJieHII.H CTaTIICTIIKH w~: CM. 

paBeHTCTBO ( 7). 
Ilepexo,n; K HOBOH rrepeMeHHOH IT03BOJIHJI ITOJIY'IIITb Ha,n;e2KHbIH ypoBeHb rr,n;eHTII­

cpIIKaD;HH 8JieKTpOHOB/IIHOHOB ceTbIO y2Ke IIOCJie MHHHMaJibHOI'O KOJIII'IeCTBa 8IIOX o6y­

'!eHII.H. IlpII 9TOM rrpaKTH'IeCKII OTCYTCTBYIOT KOJie6aHII.H OTHOCIITeJibHO TpeH,n;a. BoJiee 

TOI'O, 6bICTpO ,lJ;OCTIIraeTC.H BbICOKHH ypoBeHb rro,n;aBJieHII.H ITIIOHOB rrpII MIIHIIMaJibHOH 

IIOTepe 9JieKTpOHOB: CMOTpII BepxHIIe KpIIBbI€ Ha pIICYHKax 10. 
Ha pIIC. 11 IIOKa3aHbl pacrrpe,n;eJieHII.H 3Ha'!eHIIH CIII'HaJia Ha BbIXO,n;e HelipOHHOH 

ceTH, ITOJiy'IeHHbie Ha CTa,n;IIII o6y'!eHII5! (Bepxmm I'IICTOrpaMMa, CJieBa) II TeCTHpOBa­

HH.H ( HHLKH.HE I'IICTOrpaMMa, CJieBa); rrpaBble I'HCTOrpaMMbI ITOKa3bIBaIOT pacrrpe,n;eJie­

HH.H orrrn6oK Ha CTa,n;mI o6y'!eHirn ( BepXH.H.H I'IICTorpaMMa) II T€CTIIpOBaHIIH ( HHLKH.H.H 

I'HCTOrpaMMa) ,ll;JI.H p = 1,5 I'sB/c. 

CJie,n;yeT OTMeTHTb, 'ITO B cJiyqae IICITOJib30BaHH.H Hcxo,n;HhIX ,n;aHHbIX, HecMoTp.H 

Ha 6oJibIDOe KOJIH'IeCTBO 8ITOX o6y'!eHII.H, TaK He y,n;aeTC.H ,ll;OCTH'Ib rrpHeMJieMOI'O ypoB­

H.H paCIT03HaBaHII.H 'IaCTHn;: CMOTpII HHLKHHe KpIIBbie Ha pHCYHKax 10. 

B 3a.KJuoqeHHH rrpHBO,lJ;HTC.H aHaJIII3 rroJiy'IeHHbIX pesyJibTaToB II cpopMyJIHPYIDT­

c.H BblBO,lJ;bI. 

B Ta6JIIIIJ;e 2 rrpIIBe,n;eHbI ypoBHH peLKeKIJ;HH IIHOHOB ,ll;JI.H ,n;aHHbIX, IIOJIY'IeHHbIX 

nyTeM MK MO,n;eJIIIpOBaHH.H IIOMOID;bIO GEANT3 ,ll;Jl.H p=l,5 rsB/c: a - ,ll;OJI.H Tep.He­

MbIX 8JieKTpOHOB (B3.HTa paBHOH 10 %), /3 - ,ll;OJI.H IIHOHOB, H,n;eHTIIcpHIJ;HpOBaHHbIX KaK 

sJieKTpOHbI ( B % ) ; cpaKTop peLKeKD;HII ITHOHOB paBeH 100 / /3. 
B Ta6JIIIn;e 3 npIIBe,n;eHbI ypoBHII peLKeKIJ;HII ,IJ;JI.H paccMOTpeHHbIX MeTo,n;oB B cJiy­

qae, Kor,n;a 110,ll;I'OTOBKa aHaJIH3HpyeMbIX BbI6opoK 6asIIpyeTC.H Ha pacnpe,n;eJieHHH no-
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PHc. 11: Pacrrpe,n;e.rreHIDI sHa<J:eHMli cHrHaJia Ha BhIXo,n;e HelipOHHOli ceTH, rroJiy'leHHhle Ha CT8.,!l;HH o6y'leHIDI 

(BepXHIDi rHCTOrpaMMa, CJieBa) H T6CTHp0BaHIDI (mDKIIB!'I rHCTOrpaMMa, CJieBa); rrpaBble rHCTOrpaMMbl IIO­

Ka3blBaIOT pacrrpe,n;eJI6HH!'I omrr6oK Ha CTa,n;Hli o6y<J:6Hli!'I (BepXH!'I!'I rMCTOrpa.MMa) M T6CTMPOBaHH!'I (HIDKHIDr 

rHCTOrpaMMa) MCII ,!l;JI!'I p = 1,5 r::iB/c 

Ta6JIH:o;a 2: YpoBHM pe:lKe~rr rr:aoHOB .i:i;= paccMoTpeHHhIX MeTo,n;oB: GEANT3 MO,!l;eJIHpOBaHHe n-cJioliHoro 

TRD 

MeTo,n; (3, % pe2KeKIJ;IDI 7r 

MY 5.9088 17 
WI'!, 

n 0.9016 111 
MY+ w~ 0.3005 332 

MO,Il;Hcp. W~ 0.2272 440 
MO<DII 0.0698 1443 
ROOT 0.1115 896 

JETNET 0.0718 1392 

Tepb sHeprFIH B o,n;HoM MO,IIyJie TRD, H me corrocTaBJieHHe c pesyJibTaTaMH Ta6Jim:J;bI 2. 

lfa cpaBHeHH5! Ta6JIFIIJ; 2 H 3 MO)KHO c,n;eJiaTb BbIB0,11; 0 TOM, qTo HCKYCCTBeHHbIM 

rrpHeM reHepFipOBaHFI5! n-MepHbIX BbI6opoK, OTBeqaIOIIJ;FIX perHCTpau;im qacn1u; c IIOMO­

IIJ;bIO n-cJiofiHoro TRD, Ha OCHOBe H3MepeHFifi c o,n;Horo MO,IIyJis:I TRD ( B HameM cJiyqae, 

8TO FI3Mepemrn, IIOJiyqeHHbie c IIOMOIIJ;bIO IIpOTOTHIIa), rrpHBO,ll;FIT K 3HaqHTeJibHOMY sa­

BbIIII€HFIIO (OT 2 ,n;o 10 pas) cpaKTOpa pe)KeKIJ;FIH IIHOHOB. 

B Ta6JIH:IJ;€ 4 rrpFIBe,n;eHbI cpaKTOpbI pe)KeKIJ;HH IIHOHOB (,n;Jis:r 10 3 ypoBH5! IIOTepH 

sJieKTpOHOB) ,n;Jrn paccMoTpeHHbIX MeTo,n;oB B saBHCHMOCTH OT HMIIYJihca. 

PesyJibTaTbI, rrp1rne,n;eHHhie B Ta6m1u;e 4, MO)KHO rrpocyMMHpoBaTb cJie,IIyIOIIJ;FIM 

o6pasoM: 

1. MeTo,n; ycpe,n;Hemrn H KPHTepHfi corJiacHs:r w~ He o6ecrreqHBaIOT Heo6xo,n;H:Moro 

ypOBH5! pe)KeKIJ;HH IIFIOHOB (rv 100+150). ,11.Jis:r KPHTepHs:I w~ OCHOBHas:r rrpHqHHa, Be­

p05ITHO, o6ycJIOBJieHa TeM, qTo IIOTepH: 8HeprFIH 8JieKTpOHOB He OTBeqaJOT rrpoCTOM 

rHIIOTese, a HMeIOT CJIO)KHbIM xapaKTep. 
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Ta6Jrn::u;a 3: Cpa1meHHe paccMoTpeHHblX MeTO,n;oB: Mo,n;emrpoBaHHe Bhl6opoK Ha ocHOBe o,n;Horo MO,nyJUI TRD 

MeTo,n; (3, % pe)KeK:a;rur 7r Koa¢¢. rrpeBbrmeHillI 
MY 0.5903 169 9.9 
w~ 

n 0.4651 215 3.7 
MY+w~ 0.0805 1242 1.9 

MO,l!.HcP· W~ 0.0644 1552 3.5 
MO<I>IT 0.0107 9316 6.5 
ROOT 0.0179 5290 5.9 

JETNET 0.0215 4408 3.1 

Ta6mr:o;a 4: CpaBHeHHe paccMoTpeHHblX MeTo,n;oB: <j;>a.KTOphl pe:lKeKJ:i;:irn IIHOHOB B 38.BHCHMOCTH OT HMIIYJibca 

p, raB/c 1 2 3 4 5 7 9 11 
MY 15 17 17 16 16 16 16 16 
wk-

n 104 96 73 55 44 35 29 25 
MY+w~ 284 271 249 242 203 198 157 159 
M0,21;.W~ 296 621 628 776 650 745 588 537 
MO<I>II 1273 1315 1581 1480 936 861 800 749 
ROOT 1219 1400 1112 1446 730 456 610 882 

JET NET 1857 1837 1378 1713 1446 1317 1045 1089 

2. IlpoCTbie c npaKTI:IT.IeCKOM TOT.IKI:I 3pemr.H Kp11Teprr11 ( cocTaBHOM KpHTep11:H MY+ w~ 
11 MO,Il;I:l(PHD;HpOBaHHblM Kp11Tep11fi w~) II03BO.JlSIIOT IIOJIYT.IllTb ,Il;OCTaTOT.IHO BbICOKHM 

ypoBeHb pe:a<:eKJJ;Hll IIHOHOB. 

3. MaKCHMa.JibHOro ypoBH.H no,n;aBJI€Hll.H IIHOHOB MmKHO ,n;o6HTbC.H llCIIOJih3Y.H: a) Me­

TO,Il; OTHOIII€Hll.H cPYHKJJ;llH npaB,n;ono,n;o611.H H 6) HCKYCCTB€HHYIO HefipOHHYIO C€Th. 

Ilprr sToM, B c.Jiyqae MO<PII, noTepn sHepr1111 IIHOHOB 11 3.JieKTpOHOB annpoKc11-

MrrpyroTcR, COOTB€TCTB€HHO, JIOrHOpMa.JibHbIM pacnpe,n;e.JieHHeM 11 B3BeIIIeHHOM cyMMOH 

,n;Byx JiorHopMa.JihHbIX pacnpe,n;e.JieHrrli, a ,Il;JI.H MCII noTeprr 3Hepr11rr T.IaCTHJJ; npe,n;Baprr­

Te.JihHO Heo6xo,n;HMO npeo6pa30BaTb K npe,n;JIOLK8HHOH HaMH HOBOH nepeMeHHOM, THIIH"I­

HOM ,Il;JI.H KpHTepH.H w~. 
,Il;JI.H KOppeKTHoro IIpHMeHeHll.H M€TO,Il;OB, II03BOJI.HI0ru;11x ,Il;OCTHT.Ib MaKCHMa.JibHOro 

ypoBH.H pmKeKIJ;HH IIHOHOB (MO<PII 11 MeTo,n; Ha ocHoBe MCII) Heo6xo,n;nMo HMeTb B CBo­

eM pacnopmKeHHH a,n;eKBaTHyro 1rn¢opMau;nro o pacnpe,n;e.JieHll.HX noTepb sHepnrn: KaK 

IIHOHOB, TaK n s.JieKTpoHoB. Pacnpe,n;e.JieHne noH113au;110HHhIX noTepb n110HoB B Beru;ecTBe 

xoporno H3yT.IeHo, HM OTBeT.IaeT npOCTa.H rHIIOTe3a, KOTOpaSI c xopornefi TOT.IHOCTbIO an­

rrpOKCHMHpyeTC.H pacnpe,n;e.JieHHeM J1aH,n;ay H JIOrHOpMa.JihHbIM 3aKOHOM. IloTepH 9Hep­

r1111 s.JieKTpOHOB B Mo,n;y.Jie TRD HOC.HT CJIOLKHhifi xapaKTep, HM OTBeT.IaeT CJIOLKHa.H rH­

noTe3a, "<ITO He II03BOJI.HeT rapaHTHpOBaTb KOppeKTHOCTb pe3y.JihTaTOB, rro.rryT.IaeMbIX c 

IIOMOru;bro yKa3aHHbIX M8TO,Il;OB. 

MeTo,n;, ocHoBaHHbiii Ha MO,Il;HcPHKa:a;nn KpHTep1rn cor.JiacmI w~, rrprr6.JIHLKa.HCb no 

Moru;HOCTH K MO<PII 11 MeTo,n;y Ha ocHoBe MCII, He rrMeeT OTMeT.IeHHoro He,n;ocTaT­

Ka, T.K. ,Il;JI.H ero npnMeHeHH.H Heo6xo,n;rrMo 3HaH11e TOJihKO napaMeTpoB pacnpe,n;e.JieHH.H 

HOH113aJJ;HOHHbIX TIOTepb IIHOHOB. IlpH 3TOM MOru;HOCTb ,n;aHHOro KpHT€pH.H 3HaT.IHT8.Jlh­

HO npesocxo,n;rrT Tpe60BaH11H sKcneprrMeHTa CBM [2]. Y"IHTbIBa.H oT.IeHh npocTyro npo­

rpaMMHyro pea.JIH3aI.J;HIO COOTBeTCTByroru;ero a.JirOpHTMa, ero MOLKHO 6y,n;eT, B qacTHOCTH, 
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ncrroJib30BaTb ,IJ;JI.H oT6opa J /'1/J Me30HOB B peaJibHOM BpeMeHn 8KcrrepnMeHTa CBM. 

Ha sam;HTY BhIHOCSITcsi cJie,z:zyrom;He pesyJihTaTbI: 

1. KoMrrJieKc MaTeMaTnqecKHx MeTo,n;oB n Mo,n;eJiefi ,IJ;JI.H ,n;eTeKTopa rrepexo,n;Horo ns­

JiyqeHH.H sKcrrepnMeHTa CBM, o6ecrreqnBmnx BbICOKHfi ypoBeHb rro,n;aBJieHH.H rrno­

HOB ll Ha,IJ;e:Lirnyro n,n;eHTHqmKau;mo 8JI8KTpOHOB Ha OCHOBe: a) HCKYCCTB8HHOH HeH:­

pOHHOH ceTH, 6) MeTo,n;a OTHOill€Hll.H cPYHKD;llll rrpaB,IJ;OIIO,IJ;06H.H, B) HerrapaMeTpll­

qecKoro KpnTepn.H corJiacmr w~. 

2. HoBblll IIO,IJ;XO,II; ,IJ;JI.H ll,I1;€HTHcPHKaa;HH 8JI€KTpOHOB Ha OCHOBe HepaMeTpnqecKoro 

KpHTepn.H corJiaCH.H w~. ,Il.JI.H ero rrpnMeHeHH.H Tpe6yeTC.H HHcPOpMau;n.H TOJibKO 0 

pacrrpe,n;eJieHHH llOHM3au;noHHbIX IIOTepb 8HeprMM IIMOHOB B MO,II;yJI.HX ,n;eTeKTopa 

TRD. 

3. AJiropMTM rrpeo6pasoBaHM.H aHannsnpyeMbIX ,n;aHHbIX (rroTepb sHeprMH sJieKTpo­

HOB M IIMOHOB B MO,n;JJI.HX TRD) K ::i¢¢eKTMBHOfi rrepeMeHHofi, rrosBOJIMBmefi ,n;o-

6nTbC.H BbICOKOro ypoBH.H pe)K8KD;MM IIMOHOB M Ha,IJ;e)KHOH ll,I1;8HTllcPMKau;nM 8JI8K­

TpOHOB c IIOMOID;bIO MCKYCCTB8HHOH HelipOHHOll ceTM. 

4. 9¢¢eKTHBHbl8 M y,n;o6Hbie arrrrpOKCMMaD;MM MOHH3aD;HOHHbIX IIOTepb 8HeprMM IIM­

OHOB ( JIOrHOpMaJibHbIM pacrrpe,n;eJieHMeM) ll IIOJIHbIX IIOTepb 8HeprMM 8JI8KTpO­

HOB ( B3BemeHHOll cyMMOll ,n;Byx JIOrHOpMaJibHbIX pacrrpe,n;eJieHMM) B O,IJ;HOM MO,n;yJie 

TRD, o6ecrreqMBmMe BbICOKMM ypoBeHb MOID;HOCTM KpMTepM.H BbI,IJ;eJieHn.H sJieKTpo­

HOB Ha OCHOBe MeTo,n;a OTHOill8HM.H cPYHKD;Mll rrpaB,n;orro,n;o6m.r. 

5. MeTO,IJ;MKa Bb1,n;eJieHH.H ns IIOJIHbIX rroTepb 8HeprMM sJieKTpOHOB rroTepb Ha HOHMsa­

u;mo M Ha rrepexo,n;Hoe H3JiyqeHMe, KOTOpa.H MCIIOJib3YeTC.H ,If;Jl.H cpaBH8HM.H peaJib­

HblX M3MepeHHll c MO,II;8JibHbIMM ,n;aHHbIMM. 
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