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OB111;A5I XAPAKTEPI1CTI1KA PABOTbI 

06'beKT HCCJI8,II,OBaHIUI H aKTJaJI.bHOCT.b T8M.bl. 0,II,HOH H3 Han6oJiee Ba:II<­

HbIX 3a,ri;a-q COBpeMeHHOH ¢H3HKH 9JI8M8HTapHbIX T.IaCTHIJ; 5IBJI5I8TC5I C03,IJ;aHirn 

HOBbIX BbICOKOl1HT€HCl1BHbIX HCTOT.IHHKOB HefiTpHHO 113B8CTHOro COCTaBa c KOH­

TpOJI11pyeMbIM crreKTpOM. TaK11e HCTO-Y:HHKl1 HJ)KHbI ,II,JI5I rrpoBe,ri;eHH5I ycKop11-

TeJibHbIX 9KCrrep11M€HTOB 110 H3MepeHHIO Bep05ITHOCTH OCIJ;l1JIJI5IIJ;HH Vµ -7 Ve 11 

orrpe,ri;enettnro 813 , no rro11cKy CP-cnMMeTp1111 B JierrTOHHOM ceKTope, pernem1ro 

rrpo6neMbI :rrepapx1rn Mace H T.,IJ;. 

B HaCT05IIIJ;ee BpeM5I Han6onee rrepcrreKTHBHbIMH Katt,ri;11,ri;aTaM:rr Ha poJib 

rro,ri;o6HbIX HCTOT.IHl1KOB 5IBJI5IIOTC5I MIOOHHbie HaK011HT8JibHbie KOJibIJ;a ( HeI1:TpHH­

HbI€ ¢a6p:rrK:rr). Han6oJiee aKTHBHO rrpoeKT.bI co3,ri;att:rr5I ttei1TpHHHbIX ¢a6p11K 

paspa6aTbmaroTC5I B EBporre :rr ClllA /1, 2/. Co3,ri;amrn TaKoro ycKop:rrTeJibHoro 

KOMITJI8KCa Tpe6yeT perneHH5I MHOrHX T8XHHT.I8CKHX 3a,ri;aT.I, O,IJ;HOM 113 KOTOpbIX 

5IBJI518TC5I rrpOI13BO,IJ;CTBO 11 ¢oKyc:rrpOBKa MaKCHMaJI.bHO 11HT8HCHBHOro IlOTOKa 

7r-M830HOB ,IJ;JI5I rroJiyT.IeHl15I ,IJ;OCTaTO"LIHOro KOJII1-Y:€CTBa MIOOHOB, T.ITO B KOH€T.IHOM 

HTOre orrpe,ri;eJI5IeT HHT8HCl1BHOCTb IIJ-Y:Ka H€HTPHHO. 0rrTHMl13aIJ;I15I MIOOHHOro 

11CTO"CfHHKa Tpe6yeT Bbr6opa IIO,IJ;XO,IJ;5IIIJ;ero MaTep:rrana MHllI8HH H TOT.IHOro 3Ha­

HH5I crreKTpOB H yrJIOBbIX pacrrpe,ri;eJI8HHH 7r-M830HOB, o6pasyrorn;:rrxc5I B rrpOTOH-

5I,IJ;€pHbIX B3aHMO,IJ;8MCTBH5IX B MIOOHHOM HCTOT.IHHK8. O,ri;ttaKo, TOT.IHOCTb HM8IO­

IIJ;HXC5I H3MepeHHH no BbIXO,IJ;y BTOpHT.IH.bIX IIHOHOB B rrpOTOH-5I,IJ;8pHbIX B3aHMO­

,ri;efICTBH5IX rrpH 9HeprHH 2-10 r9B I c 5IBHO H8,Il,OCTaTOT.IHa ( Heorrpe,ri;eJI8HHOCTb B 

2 pa3a). 

3a,ri;a-qeJ.1 9Kcrrep:rrMeHTa HARP 5IBJI5IeTC5I rrpeIJ;H3HOHHoe c11cTeMaTHT.IecKoe 

H3Mepett:rre HHKJII03HBHbIX ,IJ;Ba:II<,IJ;bI ,II,H¢¢ep8HIJ;HaJibHbIX ceT.IeHHfI pmK,II,8HH5I 

a,n;pOHOB BO B3aHMO,IJ;efiCTBH5IX rrpOTOHOB H 3ap5I:tK8HHbIX IIHOHOB c 5I,IJ;paMH ,IJ;JI5I 

rrpoeKTHpOBaHirn IIHOHHOro HCTOT.IHHKa HeI1TpHHHOfI ¢a6pHKH. Ha:rr60JibllIHH 

HHTepec rrpe,n;cTaBJI5I8T H3Mepett:rre ceT.IeHHfI p0:1I(,IJ;€HH5I IIHOHOB Ha 51,IJ;pax TaH­

TaJia :rr CB:rrttu;a. KpoMe Toro, pe3JJibTaTbI 113Mepett:rr:ti: 9Kcrrep11MeHTa HARP MO­

ryT :rrcrroJib30BaT.bC5I ,II,JI5I rrpe,ri;cKa3aHH5I xapaKTepHCTHK tte11:TpHHHhIX rry-Y:KOB 

B 9KCrrepHM8HTax c ycKOpHT8JibHbIMH HefiTp11HO, MO,IJ;8JIHpOBaHI·rn IIOTOKOB aT­

Moc¢epHbIX He:ti:TpHHO 11 JTOT.IH8HHe pa60TbI rrporpaMM-rettepaTOpOB, MO,IJ;8JIH­

pyroru;nx no MeTo,n,y MottTe-Kapno B3aHMo,n,e:ti:cTBH5I a,n,pottoB c pa3JIIF-IHbIMH 

BH,IJ;aMH Beru;ecTBa. 
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11.eJibID ,n;nccepTau;110HHOI1: pa60TbI 7IBJrneTCZI 113MepeH11e HHKJU0311BHbIX 

,n;Ba)K,[J;bI ,n;mp¢epeHI.J,HaJibHbIX ceqeHl1M pO:II<,D;eHHZI a,n;poHOB BO B3aHMO,n;eitCTBI1-

7IX IIpOTOHOB I1 3ap5IfKeHHbIX TIHOHOB (7r+, 7r-) C HMIIYJibCaMH 3 r9B/ C, 5 r9B/ C, 

8 f9B/c, 12 fsB/c, 15 rsB/c C TOHKHMH MHIIIeHZIMH TOJI:ru;l'IHOH 53 OT ,D;JII1HbI 

ZI,n;epHoro B3aHMo,n;ei1cTB11ZI, 113rOTOBJieHHbIMH 113 TaHTaJia H cm1ttu;a. AToMHbie 

MaCCbI TaHTaJia (A = 181,0) 11 CBHHIJ;a (A = 207,2) 6Jil13KI1 K aTOMHOH Macce 

PTYTH (A = 200,6) 11 BOJib¢paMa (A = 183,84), KOTOpbre, KaK 11 caM TaHTaJI, 

7IBJIZIIDTCZI KaH,n;11,n;aTaMH ,Il;JIZI HCIIOJib30BaHl17I B Ka-Y:eCTBe MHIIIeHH HCTO-Y:HHKa 

rrnoHOB Hei1Tp11HHOH ¢a6p11Kn. ITosToMy 11sMepeH11ZI Bbixo,n;oB BTop11-Y:HbIX a,n;­

poHOB Ha 9Tl1X MHIIIeHZIX rrpe,n;cTaBJIZIIDT HeCOMHeHHbIM HHTepec. 

B cooTBeTCTBHH c I.I,eJibIO ,n;nccepTaI.J,HOHHOfi pa6oTbI 6bIJIM perneHbI cne­

,n;y10:w;11e 3a,n;aq11: 

1. ,Il;JUI ,[J;OCTIDI<eHIUI Heo6xo,n;HMOM TOqHOCTH 113MepeHHZI ceqeHHH ( 3-5 3) 

rrpoBe,n;eHO HCCJie,npBaHHe HCKa)KeH11i1 TpeKOB 3ap5IfKeHHbIX qaCTHI.l,, B03-

HHKaro:w;nx BO BpeMH-rrpoeKI.l,HOHHofi KaMepe 9KcrrepnMeHTa HARP. Pa3-

pa6oTaHbI MeTO,D;bI KOppeKI.l,HH 9THX HCKa:II<eHHH 11 Ha HX OCHOBe rrpoBe,n;e­

Ha KaJin6poBKa BpeMZI-rrpoeK11;i10HHOi1 KaMepbr (TPC). BbIIIOJIHeHa MeTo­

,n;11qecKaZI pa6oTa no HCCJie,n;oBaHHIO pa3JII1qHbIX MeTO,[J;OB arrrrpOKCI1Mau;m1 

TpeKOB BO BpeMH-rrpoeru1;1rnHHOi1 KaMepe. ITpoBe,n;etto cpaBHemrn 11x Me)K­

,n;y co6oi1. 

2. Ha,n;efKHaZI 11,n;eHTHcPHKaI.J,HZI BTOpH-Y:HbIX -Y:aCTHI.J, TaK)Ke ZIBJIZieTCZI BafKHOfi 

cocTaBJIZIID:ru;efi, BJIHHIO:ru;ei1 Ha TO-Y:HOCTb rrony-qaeMbIX ce-Y:ett11fi. B ,n;attttofi 

pa6oTe 6bIJI pa3pa6oTaH HOBbIM MeTo,n; I1,IJ;€HTHcPHKau;1111 BTOp11-Y:HbIX -qa­

CTHI.l,. ,Il;JIH KOppeKTHOM pa60TbI 9TOro MeTo,n;a pa3pa6oTana npou;e,n;ypa 

KOppeKI.l,HH cneKTpOB BTOpH-Y:HbIX qaCTHI.J,, TIOJiy-Y:eHHbIX MO,n;eJrnpoBaHHeM 

no MeTo,n;y MoHTe-Kapno, ,D;JIZI o6ecne-Y:eHHZI 11x cornac11H c 9KcnepHMeH­

TaJibHbIMH ,D;aHHbIMH. 

3. 113MepeHbI 11HKJII03HBHbie ,D;Ba)K,[J;bl ,D;I1cPcPepeHI.J,11aJibHbie ce-Y:eHHZI pO:II<,n;e­

HHZI a,n;poHOB BO B3aHMO,n;ei1CTBI17IX npOTOHOB H 3apZI:II<eHHbIX TIHOHOB c 

HMTIYJibCOM OT 3 fsB/ C ,n;o 15 fsB/ CC TOHKHMH MHilleHHMH, H3rOTOBJieH­

HbIMl1 113 TaHTaJia 11 CBl'IHI.J,a. 
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Hay1:rna5I HOBl13Ha: 

1. Pa3pa6oTaHa ym1KaJibHa5I rrpon;e,nypa KaJIII6poBKH BpeM5I-rrpoeKn;110HHoi1 

KaMepor 9Kcrrep11MeHTa HARP, 3aKmoqaroru;a5IC5I B KoppeKn;11II 11Meroru;IIx­

C5I B ,n;eTeKTOpe 11CKa:/K8HI1M Tp8KOB. Ha OCHOBe 9Toro M8To,n;a rrpOB8,1J;8Ha 

rrpou;e,n;ypa KaJrn6pOBKII Bp8M5I-npoeKIJ;IIOHHOH KaMepbI. 

2. Pa3pa6oTaH HOBbIH MeTo,n; IIp;eHTIIcPI1KaIJ;IIII BTOpIIqHJ:>IX qacT11n;, 3aKJIIO­

qaroru;II:ti:C5I B rrp11cBa11BaHI1I1 Ka)K,Il;OMY TpeKy ycJIOBHO:t'I B8p05ITHOCTI1 6bITb 

qacT11n;e:i1: orrpep;eJiettttoro TIIna. MeTop; no3BOJI5!8T 1136e)l<:aTb noTepo CTa­

TI1CTIIKII, CB5I3aHHbIX c rrpHM8H8HII8M KpIITepneB OT6opa, HO Tpe6yeT xo­

pornero 3Hamrn OTHOCIIT8JibHbIX BbIXO,Il;OB qaCTHIJ; pa3HbIX THIIOB. 

3. BnepBbre npoBe,n;etto c11cTeMaTIIqecKoe H3Mepemrn HHKJIID3I1BHbIX ,n;Ba­

::tK,Il;bI ,n;mp¢ep8HIJ;IIaJibHbIX ceqeHHM pmK,IJ;8HII5I a,n;poHOB BO B3al1MO,Il;8H­

CTBI15IX rrpOTOHOB II 3ap5I::tK8HHbIX III10HOB c IIMIIYJibCOM OT 3 r9B I c ,Il;O 

15 r9B I c c TOHKHMII MHIII8H5IMI1, 113rOTOBJI8HHbIMl1 113 TaHTaJia II CBIIH­

u;a. 

Hayqtta5I 11 npaKTIIqecKa5I n;ettHOCTb. 

l13M8p8Hl18 ceqeHl1H po:tK,Il;8Hl15I BTOp11qHbIX IIl10HOB MoryT 6bITb IICIIOJib-

30BaHbI ,Il;JI5I OIITl1Ml13an;1111 IICTOqH11Ka MIOOHOB H8HTp11HHOti: ¢a6pHKII. ATOM­

HbI8 MaCCbI MHIIIeHeti:, IICCJI8,Il;OBaHHbIX B p;aHHOM pa6oTe: TaHTaJI (A = 181,0) 11 

cmrnen; (A = 207,2), 5IBJI5IIOTC5I Han6oJiee 6JIH3KHMH K aTOMHbIM MaccaM BOJib­

¢paMa (A = 183,84) II PTYTH (A = 200,6) - MaTep11aJiaM-KaH,r:i;n,n;aTaM ,D;JI5I HC­

IIOJib30BaHH5I B KaqeCTB8 MIIIII8Hl1 H8HTpHHHO:t'I ¢a6pHKH /3/. ,LJ;pyroti: 3Ha'-II1MOH 

3ap;aqe:ti: 5IBJI5I8TC5I yToqHeHIIe pa6oTbI nporpaMM-reHepaTopoB pmK,n;eHH5I BTO­

pnqtthrx a,r:i;ponoB B a,n;poH-R,n;epttbIX B3anMo,n;eilcTBH5IX no MeTo,n;y MottTe-KapJio 

npn HMIIYJibCax rv 10 r9B I c. YJiyqrneHIIe cPI'I3HqecKHX MO,ll;8JI8M B rrporpaMMax­

rettepaTopax c IIOMOIIJ;bIO rrpOB8,IJ;8HHbIX Il3M8p8HIII1 npHB8,lJ;8T K yrrporu;eHHIO 

HaCTpOMKII rrpou;e,n;yp peKOHCTPYKIJ;HH Il H,lJ;8HTHcPHKan;nH i:.i:aCTHIJ; B ,Il;8T8KT0-

pe, 6oJiee Ha,IJ;8)KHOMY onpe,n;eJI8HMID 9cPcP8KTHBHOCTH I1 CT8II8Hll rro,n;aBJI8HH5I 

<Potta, yToqHeHHIO orrpe,n;eJieHirn 9KCII8pHM8HTaJibHbIX pa3pernem1i1 H CIICTeMa­

TnqecKHX orn1160K. 

II pe,n;JimI<eHHbIH MeTo,n; KoppeKIJ;IIH HCKa::tKettni1 6bIJI ycrrernHo rrprrMetteH B 

TPC HARP 11 MO::tKeT 6brTb HCIIOJib30BaH ,Il;JI5I KoppeKn;rrn 11Meroru;nxc5I ncKa)Ke-
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HMM B mo6oti: ,n;pyroti: 9KCrrepHM8HTaJibHOH ycTaHOBKe, 11cnOJib3yIOrn;eti: Bp8M5I­

rrpoeKIJ;HOHHYIO KaMepy (HarrpnMep, nJiaHnpyeMOM ,n;eTeKTope MPD /4/). 
Pa3pa6oTaHHbiti: MeTo,n; rr,n;eHTmpnKau;rrrr BTopw-IHbIX 'IaCTHIJ; rro3BOJI5I8T 

H368)1<aTb 110T8pb CTaTHCTHKH, CB5I3aHHbIX c rrpHM8H8HI18M :l'K8CTKl1X KpHTepneB 

oT6opa. ITpe,n;JimKeHHbiti: MeTo,n; MmKeT 6oITb npnMeHeH B ,n;pyrux 9Kcnep11MeH-

Tax. 

IToJimKeHHR, BbIHOCHMbre Ha 3arn;nTy: 

1. Pa3pa6oTaHbI MeTO,Ll;bI 11 aJiropnTMbI KoppeKu;1111 11cKa:l'KeH11ti: TpeKOB. Ha 

HX OCHOBe rrpoBe,n;etta KaJI116pOBKa BpeM5I-11poeKIJ;HOHHOH KaMepbI 9KCne­

pHM8HTa HARP. 

2. Pa3pa6oTaH HOBbiti: MeTo,n; n,n;eHTncpnKau;1111 BTOpH'IHbIX -qacTHIJ;, a TaK)l<e 

rrpou;e,n;ypa KOpp8KIJ;I111 cneKTpOB BTOpH'IHbIX "9:aCT11IJ;, noJiy'IeHHbIX MO,n;e­

JIHpOBaHHeM no MeTo,n;y MoHTe-KapJio. 

3. BrrepBbre cncTeMaTw-recKH H3MepeHbI HHKJII03HBHbre ,n;Ba)l<,Ll;bI ,n;11cpcpepeH­

u;11aJibHbre C8"9:8HI15I pmK,IJ;8Hl15I a,n;poHOB BO B3al1M0,1J;8HCTBl15IX npOTOHOB I1 

3ap5I:l'K8HHbIX nHOHOB C HMITYJibCOM OT 3 r9B/ C ,Ll;O 15 r9B/ C C TOHKHMl1 

MHII18H5IMl1, 113rOTOBJI8HHbIMH 113 TaHTaJia 11 CBHHIJ;a. Pe3yJioTaTbI H3Mepe­

HH5I HM8IOT onpe,n;eJIRIOrn;ee 3Ha"9:8Hl18 ,1J;JI5I 011TI1MI13au;1m KOHCTPYKTHBHbIX 

xapaKT8pI1CTHK Heti:TpHHHOH cpa6pHKH II ,n;pyrnx ycKOpHT8JibHbIX HCTO'I­

HHKOB HeI1:Tp11HO. 

Jiw-rHbrti: BKJia,n; aBTopa. ABTOp BHec perrra10rn;11ti: BKJia,n; B cJie,n;y10rn;11e 9Ta­

ITbI pa60TbI, BOII18,Ll;IIII18 B ,n;11ccepTau;n10: KOppeKIJ;I15I cneKTpOB BTOpH'IHbIX 'Ia­

CTHIJ;, rroJiyqeHHbIX Mo,n;eJinpoBaHneM no MeTo,n;y MoHTe-KapJio; pa3pa6oTKa aJI­

ropHTMa I1,Il;8HTI1cpHKau;HH qacTHIJ;; pa3pa60TKa I1 rrpHM8H8HHe aJirOpHTMa KOp­

peKIJ;HH I1CKa)l\:8HHH BO BpeMR-npoeKIJ;HOHHOH KaMepe; HCCJI8,1J;OBaHHe H cpaBHe­

HHe Me:l'K,IJ;Y co6oti: MeTo,n;oB arrnpoKCHMau;1111 TpaeKTop11ti: B TPC; npe,n;cTaBJiettne 

I1 rry6JIHKau;n5I pe3yJibTaTOB I13MepeHHH. 

,II;ocTOBepHOCTb pe3yJibTaTOB nO,IJ;TB8p)l<,IJ;aeTC5I COOTB8TCTBI18M nony'IeH­

HbIX I13MepeHHll y)l<e I13B8CTHbIM, orry6JIHKOBaHHbIM B Hay'IHOH JIHTepaType. 

Anpo6au;nR pa6oTbI. IToJiyqeHHbre aBTopoM 11 npn ero y-qacT1111 pe3yJioTa­

TbI, BKJIIO'IeHHbre B ,n;nccepTau;1110, ,n;oKJia,n;omaJincb 11 06cy:1I<,n;aJIHCb Ha Me)l<,n;y­

Hapo,n;HbIX KOHcpepeHIJ;H5IX no cpI13HKe BbICOKHX 9Heprnti: B <I>nJia,n;eJibcpHH (2008 
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r.) 11 ITapM)Ke (2010 r.), Ha Me)K,IJYHapo,n;Hoti Kott¢epem.i;1111 no ¢11311Ke BbICOK11x 

8Hepr11ti EBporreticKoro ¢11311-r.:i:ecKoro o6:rn;ecTBa B KpaKoBe (2009 r. ), a TaK)Ke 

Ha Hay-r.:i:HbIX ceM11Hapax 0115111 (,II,y6Ha) 11 UEPH ()l{eHeBa). 

I1y6JmKau;1111. ITo MaTep11aJrnM ,n;11ccepTau;1111 orry6n11KoBaHo 6 pa6oT, B TOM 

-Y:llCJie 4 rry6n11Kau;1111 B Hay-trnbIX )Kypttanax, 2 - B Tpy,n;ax Hay-r.:i:HbIX KOH¢epeH­

u;11ti. 

CTpyKTypa ,n;11ccepTar.i;1m. ,II,11ccepTau;1151 cocTOHT 113 BBe,n;ett115I, -r.:i:eTbipex 

rJiaB, 3aKJIIO-Y:8Hl15I 11 CIIllCKa JIHTepaTypbI. 

OCHOBHOE CO,II,EP:/KAHl1E PABOTbI 

Bo BBe,n;ett1111 o6ocHoBaHa aKTyaJibHOCTb 11ccne,n;yeMoii: rrpo6neMbI, c¢op­

Myn11poBaHa u;enb 11 3a,n;a-r.:i:11 ,n;11ccepTar.i;110HHOii: pa6oTbI, rrepe-r.:i:MCJieHbI rrony-r.:i:eH­

Hbre B ,n;11ccepTau;1111 HOBbie pe3yJibTaTbI, I1X rrpaKTl1-Y:eCKa5I r.i;eHHOCTb, rrpe,n;cTaB­

JieHbI rroJIO)KeH115I, BbIHOCl1Mbie Ha 3a:rn;11Ty 11 orr11caHa CTPYKTypa ,n;11ccepTau;1m. 

I1epBa5I rnaBa co,n;ep)!<HT orr11catt11e ¢11311-r.:i:ecK11x r.i;eneii: 8Kcrrep11MeHTa 

HARP 11 o6:rn;ee om1caHMe ,1..i;eTeKTopa. 

<J!113w-iecKoi1 u;enbIO 3KcrrepHMettTa HARP /5, 6/ 5IBJI5IeTC5I c11cTeMaTH­

-c.recKoe 113Mepett11e I1HKJII03HBHbIX ,IJ;Ba)K,J];bI ,n;11¢¢epeHIJ;I1aJibHbIX ce-.:..1eH11ii: pO)K­

,n;em·rn a,n;poHOB rrp11 B3al1MO,IJ;eii:CTBHl1 rrpOTOHOB 11 3ap5I)K8HHbIX IIHOHOB c pa3-

Jil11{HbIMH 5I,JJ;paM11. 8TH ce-r.:i:eHl15I IIJiaI-rnpoBaJIOCb I1CIIOJib30BaTb B OCHOBHOM ,IJ;JI5I 

yTo-c.rtteH115I xapaKTep11cT11K npoTOHHoro ycKop11TeJI5I rrpoeKTa tteii:TpI1HHOii: ¢a6-

p11K11, a TaK)K8 ,JJ;JI5I npoBepKI1 11 HaCTpOMKI1 rrporpaMM-rettepaTopoB a,n;pOHHbIX 

B3al1MO,JJ;eii:CTBI1M, YTO'{H8HI15f pac-c.reTOB IIOTOKOB I1 crreKTpOB aTMoc¢epHbIX Heti­

Tpl1HO, rrpe,IJ;CKa3aHI15I xapaKTepl1CTHK Hei1TpI1HHbIX rry-c.rKOB B 3KCIIepI1M8HTax c 

ycKopnTeJibHbIMH ttei1Tp11tto, ttarrp11Mep K2K /7 / 11 MiniBooNe /8/. 
,Il,eTeKTOp HARP 7IBJI7:IeTC7I nrnpoKoarrepTypttbIM crreKTpoMeTpOM 

(CM. p11c. 1). c ero IIOMOilJ,bIO MQ)!(HO c BbICOKOH TO'{HOCTbIO BOCCTaHaBmrnaTb 

11MIIYJibCbI 3ap5I)K8HHbIX -r.:i:acT11u;, 06pa3y10:rn;11xc7:I B M11rneH11. 0THOC11TeJibHa5I 

norpeIIIHOCTb 113Mepem.rn lIMTIYJibCa -c.raCT11IJ; COCTaBJI5I8T HeCKOJibKO npou;eHTOB. 

,Il,eTeKTOpbI ycTaHOBKH HARP MO)!<HO ycJIOBHO pa3,1..i;en11Tb Ha i:..reTbrpe rpynnhr, 

Ka)K,IJ;a5I H3 KOTOpbIX BbIITOJIH5I8T orrpe,n;eJieHHbI:ti: KJiacc 3a,n;a-r.:i:: ,n;eTeKTOpbI 

ny-r.:i:KOBOM -r.raCTI1, Tp11rrepHbie ,1..i;eTeKTOpbI, cneKTpOMeTp 60JibIIIl1X yrJIOB, 

crreKTpoMeTp MaJibIX yrnoB. B ,n;atttt011: pa6oTe rrpe,1..i;cTaBJieHbI pe3yJibTaTbI 
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P111c. 1. ,l{eme-x;mop HARP. 

·.·tJr:pct?hPf4.fli~fut 
. §¢intill~tori; 

.·.· pe.~·roµqn · · ict~ntifier · ··.· 

····~··· .. · .. · .. ··.·· .... ·· <' . 99snjics ... ·. 
tfigg~r·wart 

H3Mepett11:ti: ceqett11it c rroMOIIJ,bID crreKTpoMeTpa 6oJibIIII1X yrJIOB. B HeM nc­

ITOJib30BaJIOCb ,rr,Ba ,rr,eTeKTopa: BpeM5I-npoeK~I10HHa5I KaMepa (Time Projection 

Chamber, TPC) 11 pe3HCTI1BHbre TIJIOCK11e KaMepbr (Resistive Plate Chamber, 

RPC). ,Il;eTeKTOpbr pa3MeIII,eHbI BHYTPI1 coJietto11,rr,aJihHOro MarHHTa, KOTOphrfi: 

6brJI pattee 11crrOJib30BaH B 9Kcrrep11MeHTe ALEPH /9/. 
M11IIIeHb 6bma ycTaHOBJieHa BHYTPH BpeM5I-rrpoeKIJ;I10HHO:ti: KaMepbr, T.JTO 

II03BOJII1JIO per11cTpI1pOBaTb pmK,rr,eH11e T.JaCTI1~ B IIII1pOKOM ,rr,11aIIa30H€ ITOJI5Ip­

HOro yrJia (OT 20° ,rr,o 125°). 

BTopa5I rJiaBa co,rr,ep.EKHT orr11catt11e rrpo~e,rr,ypnr Ka.rr116poBKI1 BpeMR­

rrpoeK~I10HHOI1: KaMepbI. 

BpeM5I-npoeK~HOHHa5I KaMepa np11MeH5IJiaCb B KaT.JeCTBe TpeKOBoro ,rr,e­

T8KTopa B crreKTpoMeTpe 6oJibillI1X yrJIOB [Al]. Otta paccl.nITmrn irn perncTpa­

~1110 1710 TpeKOB B co6bITI1I1. ,II;11ana30H I13M€p5I€MbIX norrepeT.IHbIX I1MTIYJibCOB 

50 MsB/ c - 1,5 rsB/ c. 

Ha per11cTpa~mo Koop,rr,11ttaT KJiaCTepoB TPC, c 11cnoJib30BaH11eM KOTO­

pbrx BOCCTaHaBJII1BaJII1Cb Tp€KI1, OKa3bIBaJII1 BJII15IHI18 ,IJ,Ba Henpe,rr,BI1,IJ,€HHbIX 3a­

paHee 5IBJI€HI15I: rrepeKp€CTHbI€ I10M8XI1 OT BbIXO,IJ,OB Ha BXO,IJ,bI npe,rr,ycI1JIHT€JI€H 

c11:rHaJIOB, rroJiyT.JeHHbIX c cnrHaJibHbIX 9JieKTpo,rr,oB TPC, 11 11cKa.EK€HI15I sJieK-
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P111c. 2. Cpeih-me s'Ha'lte'Hu.R om'fCJLO'He'Huu no 'teoopau'Hame r · ¢ 'tean ifjy'H'fCV;UU 

paauyca ( 'HO.Mepa p.Raa CU2'HaJL'b1i'blX 3.!te'tempoao6) aJl.fL cmam U'LteC'fCUX ucna:JfCe-

1-lUU. Beepxy - U3Mepe'H1i'bte 3'Ha'l/,e'HU.R ao 'tCOppe'tCV;UU UC'fCa:JfCe'HUU! 61iU3Y - no­

CJLe. qep'H'bt.Mu .!lU'HU.fLMU nonaaatt'bt om'fC.!lO'Hettu.R no r · ¢, 'U3.Mepe'H'H'bte om'Ho­

cumeJL'b'HO B'Hew'Heu cucme.M'bt 'teoopau'Ham RPG, cepue JLU'HUU - usMepe'HU.R 

6ea ucnoJL'bBOBa'HU.R B'Hew'Heu cucmeM'bt 'teoopau'Ham. TOA1.J-'iU'Ha .!luttuu coom­

Bemcmeyem cmamucmu'Ltec'teou owu6'tee OV;e'H'fCU om'fCJLO'He'Huu. 

TpM-.::recKoro II MarHMTHoro rroJiefi B o6'beMe TPC. B TO BpeM2 KaK MCKa./Kett112 

IIOJiefi 6bIJIM B KOH€T..IHOM MTOre xopomo I13YT..I€HbI I1 KOMII€HCMpOBaHbI, scpcpeKTbI 

OT rrepeKpeCTHbIX IIOMex 6bIJII1 :rrcrrpaBJI€HbI TOJibKO -.::raCTWUIO. 

BbrJio BbrnBJietto ,n;Ba Tima 11cKa./Kett:rrfi TpaeKTOp1111: B TPC: cTan--r-.::recKne 11 

,n;11ttaM11-.::recK11e. CTaT:rr-.::recK11e l1CKa./Kett112 He 3aBHC5IT OT ttam--r-.::r1rn rry-.::rKa ycKo­

p11TeJI2, B TO BpeM5I KaK ,ll;HHaMH1::£8CKHe HCKa./K8HH5I B03HHKaIOT BO Bp8M5I c6poca 

rry-.::rKa 11 yc11JI11BaIOTC7l K Kottu;y c6poca. B ,n;11ccepTau;1rn rro,n;po6tto paccMoTpettbr 

BCe HCT01::£HI1KH B03HI1KHOB€Hl15I MCKa./KeHMfI TpaeKTOpm1 o60HX TMIIOB H M8TO,ll;bI 

HX KOppeKIJ;l.111. 

,ll,JI2 KaJIH6poBKH TPC rrp11MeH2JIMCb ,n;Ba MeTo,n;a orrpe,n;eJieHH7l rrapaMeT­

poB HCKa./KeHHfi: MeTo,r:i; cpMT11poBatt112 TpeKa H MeTo,r:i; RPC. IlepBnrfi MeTo,r:i; 3a­

KJIIOT.J:aeTC7l B TOM, 1::£TO OTKJ10H8HH5I H3MepeHHbIX T01::£8K OT cpMTHpyroru;efi cpyHK-

11,1111 TpeKa MCIIOJib30BaJIHCb KaK ou;ettKa HCKa./K8HI15I. A BO BTOpOM MeTo,r:i;e ou;e-
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PLtlc. 3. Cpeo?-lee om'K:.JWHe?-lue no noopow·wme r · ¢ (MM) K:aK: ifjy?-l'K:V;Ufl Bpe.Me?-lu 

co6'btmu.fl (MC) e 'l£em'btpex 'KO.!l'bV;a.'E cu21w.!l'b?-l'btX 3Aenrnpoooe. H cnoA'b30Ba?-l'bl 

da?-lH'bte BBau.Modeucmeu.R noA0;;1cunwA'b'H'blX 'l£acmu4 c 91-1,ep2uei1 8. 9 I'3B / c c 

mo?-l1wi1 6epuA.!lueaoi1 MUtueH'bW. Bepx7-mi1 p.rio 2paifmK:oe rw'K:aB'bteaem na'l./,aA'b­

noe cpeoHee om'K:.flOHe?-lue nocAe 'Koppen4uu cmarrm'l£ec'K:ux nonpaeo'}{;. Hu;)fc­

'HUU pfld - noCJle nOA?-lOU K:OppeK:V;'U/U duuaMU'l£eC'KUX UCJCaJJ-cenuu. q ep?-l'blMU 

AUHU.flMU noJCa8aJl'bl paapewe7-mfl, rwAy~-teH?-l'bte c ucno.!l'baoeauueM B?-letu?-teu 

cucmeM'bl 'K:oopduuam a RPG, a cep'blMV. omHocurne.!l'bHO rfiumupoaa?-l?-l'blX 

rnpe'KOB. ToAW;UHa AU'HW'1 coomeernceyem crnamucmu'l£eC'fCUM owu6'K:aM 01.i;eH'K:U 

Orn'K:,.flO?-le'/-lUU. 

HirnaJiilCb OTKJIOH8Hil5.I il3MepemibIX TOTieK OT TpeKa, IIOCTpOeHHOro, ilCIIOJib3Y5.I 

,IJ,OIIOJIHHTeJibHYIO KOOp,IJ,HHaTy (1I3 RPC), TO'IKY B3a11Mo;~eficTBI15.I B MI1Ill8HI1 11 

pa;~Hyc KpilBI13HbI TpeKa, IIOJiy'IeHHbiil MeTo;~oM cPHTHpoBaHH5.I. Ha pHc. 2 ,IJ,JI5.I 

CJiyLia.5-I CTaTH'I8CKHX HCKa:1Kem1i1 lIOKfK3aHbI cpe;~HI18 3Ha'I8HI15.I OTKJIOH8HI1ll lIO 

KOOp,IJ,HHaTe r. ¢ KaK cPYHKlWH pa;~nyca B qeTbipex muepBaJraX no KOOp,IJ,HHaTe 

z. 0KOH'IaTeJibHbill pe3yJibTaT, llOJiyqeHHbllI IIOCJie KOppeKU;I1I1 Bcex CTaTH'Ie­

CKHX HCKaJKeHHfi uoKa3aH B m1:1KHeM ps:1.z~y. Cpe;J,HHe 3ImLieHH5.I paBHbI HYJIIO 

c xoporneil TO'IHOCTbIO. I1cKa:1Kemrn, )~OCTiffaIOll~ile HeCKOJibKHX MI1JIJil1MeTpOB, 

6bIJII1 HCIIpaBJI8HbI c TOqHOCTblO IIOP5i/~Ka 150 MKM. 

PHc. 3 HnmocTp11pyer KoppeKu,mo /~mmMHLiecK11x 11cKa:1KeHHfi. B BepxHeM 
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P111c. 4. Jlee'btu 2paif;u'f{; no1ws'brnaem cpea'l-f,ue B'J-/,a'l/,e'J-/,U.fl l/pr mpe'f{;OB c pe'f{;O'J-/,­

cmpyupoem-1,7-f,'bt.M nOJioateumeJ//b'l-f,'bt.M sap.flao.M 'f{;a'f{; if;y'J-/,n'll;U'IO epe.Me'J-/,U co6'btmu.fl 

8 me'l/,e'l-f,Ue c6poca ny'l/,'f{;a. Ffpa6a.fl ae.MO'J-/,Cmpupyem cne'f{;mp q/py 6 'J-/,a'l/,a.J/,e (AU-

7-f,U.fl) u a KO'J-/,'Lf;e {KpecmuKu) c6poca ny'l/,Ka (q - sap.fla 'l/,acmU'll;'bt). 

pzr,II,y IIOKa3aHbI Haqa.JihHbI8 cpe,IJ,HHe OTKJIOH8HH5I no KOOp,IJ,HHaTe r . cf> nocne 

KOppeKIJ;HH CTaT11qeCKHX HCKa)K8HI1M B 3aBHCI1MOCTI1 OT BpeMeHH co6bITI1M ,II,JIII 

pa3m1qHhIX pa,II,11ycoB H3Mepettttoti: ToqKn. B HmKHeM pzr,II,y noKa3aHhI cpe,II,ttHe 

OTKJIOH8HI15I no KOOp,IJ;HHaTe r. cf> IIOCJie KOppeKIJ;HH BCex 11CKa£K8HI1ll. ToqHOCTh 

pa6oThI anropnTMa KoppeKIJ;HII ,ri;nzr ttaII6onee TPY,II,HO KoppeKTIIpyeMhIX ,II,H­

ttaMnqecKnx IICKa£K8HHI1 COCTaBJI5I8T rv 300 MKM. Heo6XO,IJ,I1MO OTM8TI1Th, qTO 

9KCnepI1M8HTaJihHOe IIOBe,ri;eHne 9TI1X I1CKa£K8HI1M CHJihHO 3aBI1CHT OT COOTB8T­

CTBYIOIIJ;IIX ycJIOBI1I1 tta6opa ,n;aHHhIX: 11HT8HCI1BHOCTI1 nycIKa I1 TIUia MI1III8HlL 

KaqecTBO KoppeKIJ;HI1 Bcex cTaTIIqecK11x 11 ,n;11ttaMnqecK11x 11cKa£KeHm1: 

TpaeKTop11ti: ,n;eMOHCTpnpyeT pnc. 4. Ha neBOM rpaqrnKe MmKHO BH,II,8Tb, qTo 

pacnpe,n;eneH11e cpe,n;ttnx 3Haqettnti: l/pr paBHOMepttoe B Te-qeH11e Bcero c6poca 

rryqKa_ Ha npaBOM rpa¢IIKe rroKa3atto, qTo crreKTp l/pr o,n;11HaKOB B Ha-crane II 

B Kott:u;e c6poca rryqKa. 

~Jizr npoBepKH TOqHOCTI1 I13Mepett11zr 11Mnynhca PT np11MeHIIJ1HCh p;Ba Me­

To,n;a. IIepBhiti: MeTO,II, octtoBaH Ha cpaBHeHHH I13MepeHHoro B TPC HMnynhca c 

HMITYJihCOM, Bhrq11cJJeHHbIM 113 BpeMem1 rrponeTa B RPC. Pa3peIIIettne, rrnny­

qeHHOe 9TI1M MeTO,II,OM, COCTaBJI5I8T (J'(l/py) = 0, 20 (r9B/ c)-1. Bo BTOpOM 

M8TO,II,e I1CIIOJib30Ba.Jil1Cb co6bITI15I c yrrpyrnM paccem·rHeM nyqKOBOM T..IaCTHIJ;hI 

(rrpoToHa 11n11 rrnotta) Ha rrpoTottax B zr,n;pax )KI1,II,Koro Bo,n;opo,n;a. Ha p11c. 5 no­

Ka3aHa pa3HOCTh H3MepeHHOro II Q)KH,II,aeMoro 3HaT.Iem1ti: rronepeT.IHbIX I1MnyJih-
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Pvic. 5. Pa3'}-{,0Cm'b U3Mepe'}-{,'}-{,02o u o{)fCuiJaeM020 3'}-{,a'l/,e'}-{,UU l/PT npomo'}-{,06, pac­

ceJ1,1-m'btX noo 60.tl/bWUMUM Y2.ILaMU1 6 C06'blffiUJl,X ynpy2020 pacce.R'}-{,'U.R npu 63aU­

MOOeUCffi6UU ny'l/,?W npomo'}-{,06 u 7T+ c :J'}-{,ep2ueu 3 I':JB / c c {)fCUiJ'J);ou 6oiJopoiJ'}-{,ou 

MUWe'}-{,'b'/O. 

COB npoTOHOB B co6nrTM.5IX ynpyroro pacce.5IHI17I ny"llKOBbIX -qacT11u; c 9Hepr:rrei1: 

3 f9B / c Ha :EKI1,IJ;KO:i1: Bo,n;opo,ri;Hm1 M11rnett11. 3,n;ecn cpaBH11Ba.n11cn HMIIYJJbC rrpo­

Totta OT,IJ;a"l!M 1 /Preas, I13MepeHHnri1 B TPC, I1 K11HeMaT11"9:ecK11 BbI"9:11CJJeHHnri1: 113 

yrJJa e IIMIIYJJbC l/p'ffed. Pa3perneHrre, IIOJJy"l!eHHOe qrnT11poBaH11eM 9TOH pa3-

HOCTI1, paBH5IeTC.5I o-(1/PT) = 0, 22(r9B/ c)-1. 8To pa3pernemrn BKmoi:.iaeT B 

ce65I H8T0"9:HOCTI1 OT 9cPcP8KTOB MHOrOKpaTHOro pacce5IHI1.5I 11 IIOT8pb 9Hepr11:rr 

B BeIII,eCTBe. c IIOMOIII,bID MO,IJ;8J1Hp0Bam·rn KI1H8MaT11K11 yrrpyroro pacce.5IHM5I B 

rrporpaMMe Geant 6nm ou;etteH BKJia,n; B o6ru;ee pa3pernem1e OT 9T11X 9¢¢eKTOB. 

Ott COCTaBJI.5I8T o-(1/PT) rv 0, 12 (rsB/ c )-1. KBa,n;paT11"9:HO BbI"9:11Ta5I 9TO pa3pe­

Ill8H11e, rroJiy-qaeM pa3peIIJeH11e TPC no 11MrryJJncy o-(1/pr) c:::: 0, 19 (r9B/ c)-1. 

06a MeTo,ri;a TaK:EKe ,n;eMOHCTp11pyroT, 'C.ITO CIICTeMaT11"9:8CKa5I rrorpernr-IOCTb H3-

MepeHH5I 11MrryJinca MeHnIIJe 23. 

XapaKTep:ncT11K11 TPC, rroJiyi:.ieHHnre rrocJie KaJI116poBK11 ,ri;eTeKTopa cBe­

,ri;ettnr B Ta6JI11u;y l. 
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I Ha11MeH0BaH11e 3HaT.IeH11e 

a3pernemrn TIO r · , MM 

0,20 - 0,25 
a3perneHHe TIO Z, MM rv , 
a3perneHHe TIO ,ll;JUI 60°, Mpa,ri; rv9 

Ta6JIHTI,a 1. Oc?-lOBH/bLe xapaJi;mepucmUJi;U TPC HARP. 

Pe3yJibTaTbI BTopoH: rJiaBbI oTiy6JI11KoBaHbI B pa6oTe [Al]. 

TpeTb5I rJiaBa 3aKJIIO"LJ:aeT B ce6e HH¢opMall,HIO o peKOHCTPYKil,HH co6br­

THM B TPC 9KCTiep11MeHTa HARP. 

B TiepBoi1: -qacTH rJiaBbI rrpHB0,1J;HTC5I OTI11caH11e Tpex MeTO,ll;OB aTITipOK­

CHMall,HH TpaeKTOpHM T.IaCTHil, ,1J;JI5I BpeM5I-rrpoeKTI,110HHOM KaMepbI: o6o611l,eH­

HbIM MeTo,n; HaHMeHbillHX KBa,n;paTOB, MeTo,n; LJepHoBa-OcocKoBa /10 / 11 MeTo,n; 

P11MaHa /11 /. C TIOMOIIl,bIO MoHTe-KapJio Mo,n;eJI11poBaH115I HCCJie,ri;yeTC5I TOT.I­

HOCTb H cKopocTb pa6oTbI 9THX anropHTMOB. IToKa3aHo, T.ITO B cJiy"LJ:ae BpeM5I­

rrpoeKil,HOHHOi1: KaMepbr 9KCTiepHMeHTa HARP TOT.IHOCTb MeTo,n;oB o,n;11HaK0Ba, 

HO caMbIM 6brcTpbIM 5IBJI5IeTCR MeTo,ri; P11MaHa. 

BTopa5I T.IaCTb rJiaBbI co,n;ep:1KHT OTI11caH11e 11cTIOJib30BaHHoro HaMH MeTo,n;a 

11,ri;eHTHcPIIKau,1111 T.IaCTH1l,. H,n;eHTHcPHKall,H5I T.IaCTHil, TipOBO,Il;HTC5I c 11crroJib30Ba­

HHeM ,ri;Byx He3aBHCHMbIX H3MepeHHi1: f3 11 dE / dx. Ka:1K,IJ;bii1: TpeK xapaKTep11-

3yeTcR T.IeTblpbMI.I H3MepeHHbIMH B€JII1"Lf11HaMH: PT (TioTiepeT.IHbIH HMITYJibC)' e 
( rroJII.IpHbIM yroJI), {3 ( cKopocTb v / c), dE / dx ( 110H113au,110HHb1e rroTepn B ra3e). 

B rrpHMeH5IBIIIeMCI.I MeTo,ri;e orrpe,n;eJII.IJiacb Bepo5ITHOCTb T.IaCTHil,bI HMeTb THTI 

rrpOTOH, IIHOH HJIH 9JI€KTpOH, eCJIH OHa HMeeT ,n;aHHbie 3HaT.IeHH5.I rrepeMeHHbIX 

{3' dE I dx' PT H e. CyMMa 3THX BepOI.ITHOCTet'r I-IOpMHpOBaHa Ha e,ri;HHH1l,y. 

,Il;JII.I rrpou,e,n;ypbI n,n;eHTHcPHKall,HH T.IaCTH1l, Heo6xo,n;nMo, T.IT06br crreKTpbI 

BTOpHT.IHbIX T.IaCTH1l,, creHepnpoBaHHbre MeTO,IJ;OM MoHTe-KapJio, xoporno BOC­

rrpoH3BO,IJ;HJIH peaJibHbre crreKTpbr. K cm1rnJieH11ro, B 9Tot'r 06JiacT11 9Hepr11t'1 crreK­

TpbI BOCI1pOH3BO,IJ;5.ITC5I c 60JibillOH Heorrpe,n;eJieHHOCTbIO, TI09TOMY rrpHillJIOCb 

pa3pa6oTaTb co6CTB€HHbIM CITHCOK cPH311"Lf€CKHX MO,ri;eJie:ti: ,IJ;JI5I MO,IJ;eJIHpOBaHI15.I B 

rrporpaMMe Geant4 / 12 /. ,Il;orroJIHHTeJibHO 6bma pa3pa6oTaHa rrpou,e,ri;ypa KOp­

peKil,HH Mo,ri;eJI11poBaHHbIX cTieKTpoB. Otta ocHoBaHa Ha yMHmKeHnH Mo,ri;eJIH­

poBaHI-IbIX crreKTpOB Ha BeCOBbie cPYHKil,HH, IIOJiyT.IeHHbie H3 cpaBH8HI15.I peaJib­

HbIX H MO,IJ;eJI11poBaHHbIX CII8KTpOB. 9TH cPYHKil,1111 3aBI1C5.IT OT nepeMeHHbIX PT 
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Pvic. 6. PacnpeOeJt,e'J-1,ue I/PT emopU"-t'J-1,'blX 11./,acmu'll; e U'J-1,mepeaJt,e noJt,.Rp'J-1,020 y2-

Jt,a 50° < 0 < 60°. fJacmU'll;'bl noJt,y'l./,e'J-1,'bl npu 63aU.MOOeucmeuu npomO'J-1,06 

c 3'}-{,ep2ueu 8 I'3B/c c mO'J-1,'JWU C6U1i'11;060U .MUWe'J-1,'b10. Ila ocu x OffiJt,OatCe'J-1,'bl 

l/pT, y.M'J-1,0atCe'J-1,'}-{,'bLe 'J-1,a 3ap.RO 'ltacmU'll;'bl. Tpey20Jt,'b'J-l,Urt,U o603'J-1,a'lla10m Oa'J-1,'J-l,'bLe, 

2ucmo2pa.M.M'bl - .MoOeJt,upoea'}-{,'J-1,'ble cne'K',mpu. H e3a'Jf,pawemia.R 2ucmo2pa.M.Ma 

0603'}-{,a'tlaem nOJt,'J-1,'bLU cnert,mp, ceemJt,o cepa.R - npomo'J-1,'bL, cepa.R - nUO'J-1,'bl, a 

11./,ep'}-{,a.R - 3Jt,e'Jf,mpo'J-l,'bl ( no3umpo'J-l,'bl). 

II 0, a COOTB8TCTBIIe M0,1J;8JIIIpOBaHHbIX I1 peaJibHbIX ,n;aHHbIX IIpOB8p5I8TC5I ITO 

pacnpe,n;enettirnM (3 II dE /dx. Ha pn:c. 6 rroKa3atto cornac11e pacrrpe,n;enettn:i1: 

l/PT 113 ,n;attttbIX 11 113 Mo,n;enIIpoBatt11a MeTO,lJ;OM MottTe Kapno rrocne KoppeK­

~11i1:. Cpe,n;tt.H5I OillI16Ka Mo,n;enn:poBaHHbIX crreKTPOB BTOpI1"IHbIX "!aCTHI.J; rrocne 

I1X KOpp8KI.J;HI1 He rrpeBbIIllaeT 103. 

Pe3yJibTaTbI TpeTbei1: rJiaBbI orry6n11KOBaHbI B pa6oTe [A3]. 
qeTBepTa.H rJiaBa IlOCB.Hiu;8Ha pe3yJibTaTaM I13MepeHI1.H HHKJII0311BHbIX 

,n;Ba:/K,lJ;bI ,n;:mp¢epettu;11aJibHbIX ceqem1i1: pmK,n;emrn BTOp11qHbIX a,n;poHOB BO B3a­

I1M0,1J;8HCTBI15IX rryqKOBbIX a,n;poHOB c a,n;paMH Tar-ITaJia 11 cmrnu;a. 

113Mepettne I1HKJII03I1BHbIX ,D;Ba:tI<,Ii;bI ,lJ;HcPcPepettu;naJibHbIX ceqem1i1: rrpOBO­

,lJ;HTC5I B HHTepBaJiax Il0JI5Ipttoro yrna e I1 rrorrepe"IHOrO lIMilYJibCa PT· 

Cn:cTeMaT11i::recKne Oll1116K11 I13Mepettni1: I1HKJII03HBHbIX ,n;Ba:fK,lJ;bI ,n;11¢¢e­

pettr_i;IIaJibHbIX cei::rett11i1: B 3Kcrrep11MeHTe HARP ttaxo,n;5ITC.H Ha ypoBHe tteCKOJib­

Knx rrpou;ettTOB. CBoi1: BKJia,n; B Oll1116K11 BHOC5IT: tteorrpe,n;eneHHOCTH rrp11 ttop­

Mn:p0Batt11n:, I13MepeHI1H I1MIIYJibCa 11 I1,[1;8HTI1cPI1Kar_i;1111 "!aCTI1I.J;, a TaK:/Ke KOp-
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peKu;nn, rrpnMeHeHHbre K ,n;aHHbIM. B orry6JI11KoBaHHE>re Ta6JIHI.I;bI ce-crem-rti: [A4, 

A5] BKJIIO-creHbI cTaTHCT11-crecK11e 11 CMCTeMaT11-crecK11e orn116K11, yKa3aHbI cpe,n;­

mre 3Ha-creHH5I IIOJI5IpHoro yrJia 11 rrorrepe-crHoro HMrryJioca. I1MeeTC5I ,n;ocTyrr K 

SJieKTpOHHDIM Ta6JI11u;aM B ¢opMaTe ASCII ,IJ;JI5I ,n;aHHbIX, rroJiy'-reHHE>rx: Ha TaH­

TaJioBoti: MHIIIeHH /13 /, Ha CBHHI.I;OBO:ti MHlllem1 /14/. 

Ha pnc. 7 rroKa3aHbI HeKoTopore pe3yJIE>TaTbI I13Mepemrn ce'-reHn11: pmK,n;e­

mrn BTOpH"llHbIX rrpOTOHOB H 3apmK€HHbIX IIHOHOB BO B3aHMO,IJ;€HCTBH5IX rry-crKO­

BbIX rrpOTOHOB c TOHKO:ti: TaHTaJIOBOM MHill€HbIO B 3aBHCI1MOCTH OT rrpOH3Be,n;e­

HI15I rrorrepe-crHoro HMIIYJIE>Ca Ha 3ap5I,1J;. 

Pe3yJIE>TaTbI H3MepeHH:ti ttaxo,.z:i;5ITC5I B xoporneM corJiacnn c pe3yJIE>TaTa­

MH sKcrrepMMeHTOB E802 /15/ H E910 /16/, HO, K cmKaJieHHIO, pacxo,.z:i;5ITC5I c 

pe3yJIE>TaTaMH, rroJiy-creHHbIMH KOJIJia6opau;nefr HARP /17, 18/ Ha Tex )Ke ,n;aH­

HbIX. Ha pMc. 8 ( cJieBa) rroKa3aHo cpaBHeHne H3MepeHHbIX ce-creHnti: c orry6Jrn­

KOBaHHbIMH E802 Jiopettu;-HHBapnaHTHbIMH ce-creHH5IMH po?K,n;eHH5I 7f± B 3aBH­

CHMOCTH OT mT - m1r, r,.z:i;e rrorrepe-crHa5I Macca ffiT orrpe,n;eJI5I8TC5I COOTHOille­

HHeM mTc2 = / ( m7rc2) 2 + (PTC ) 2. Ha STOM :tKe pHCYHKe IIOKa3aHo cpasttemrn 

Harnnx ce-creHnti: c orry6m1KoBaHHbIMH E910 ce-creHH5IMH pmK,n;em151 7f± B 3am1-

CHMOCTH OT rrpOH3Be,n;eHH5I HMIIYJibCa IIHOHOB Ha HX 3ap5I,IJ;. Pnc. 9 ,n;eMOHCTpH­

pyeT cpaBH8HHe Harnnx ce-creHHM c ce-creHH5IMH, orry6JIHKOBaHHbIMI1 KOJIJia6opa­

u;neti: HARP. 0cHOBHa5I npH-crntta ttecoBrra,n;emrn pe3yJIE>TaTOB cocTOHT B TOM, 

-crTo KOJIJia6opau;e:ti HARP 6oma He,n;ocTaTo-crHo TO"llHO BbIIIOJIHeHa KaJIH6poBKa 

,n;eTeKTopa TPC [A2]/19 /. '.:ho npHBeJio TaroKe K HeBepttm1: KaJIH6poBKe ,n;eTeK­

TOpa RPC /20/. 

Ce-crettH5I, H3MepeHHhre B ,n;aHHOti: pa6oTe, 6oIJIH npnMeHeHbI npn Bor6ope 

OIITI1MaJihHOti: 3Heprm1 npOTOHHOro ycKOpHT8JI5I He:ti:TpHHHOti: ¢a6pHKI1 /21/. 

Pe3yJIE>TaTbI -creTBepToti: rJiaBbI ony6JIHKOBaHhI B pa6oTax [A2, A4, AS, 

A6]. 
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P 111c. 9. Cpa6ne'liue us.1vtepennux 'Ha.Mu 'U'lin.JL103U6'1i'bLX ce'l(,e'Jiuu poa+coenu.Tt 7r+ u 

7r- c ce'llenu.fl.MU, ony6.JLU'!J;06ann'bt.MU '!J;O.JL.JLa6opaV;ueu HARP. lluo'H'bL no.JLy'tle­

nu eo 6sau.MoiJeucmeu.flx npomo'HOB c u.Mny.JL'bCO.M 12. 0 I'3B / c c manma.JLoeou 

.MUWe'H'b10. Ce'l(,e'JiU.fl no'IJ;a3a'li'bL a saeucu.Mocmu om npouseeoenu.Fl u.Mny.JL'bca 

emopu'll'li'bLX "-tacmu'll, na ux 3ap.fliJ. IIonasan'bt no.JL'li'bte owu6'1J;U. 
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B saKJno-r.rettnn rrpirne,r.:i;eHnr ocHOBHhre pe3yJinTaThI 11 BbIBO,IJ;nr: 

1. 3a,r.:i;aqa I13MepeHI15I CeT.IeHit:ti: C TOT.IHOCTbIO rv53 ( TOT.IHOCTb, He06XO,IJ;I1Ma5I 

,IJ;JI5I OIITI1MI13au;rm I1CTOT.IHI1Ka ITI10HOB He:ti:TpHHHOI1 ¢a6pl1KI1) Tpe6yeT a6-

COJIIOTH0ll TOT.IHOCTH I13MepeHI15I I1MIIYJibCa BTOpHT.IHbIX -r.raCTI1IJ; Jiy-r.rrne, 

-r.reM 23. ,lJ;JI5I ,r.:i;ocTIDKeHH5I TaKo:ti TOT.IHOCTH Ha ycTaHOBKe HARP 6bIJIH 

H3y-r.reHhI 11cKa:t-KeHH5I TpeKOB BO BpeM5I-ITpoeK:u;110Httofr r·<:aMepe. BnIHBJietto 

,r.:i;Ba THITa HCKa:tI<:ettn:ti TpeKoB: cTaTn-r.recKrre n ,n;1rnaM11-r.recK11e. Paspa6oTaH 

MeTO,IJ; KOppeKIJ;HH 9THX HCKa:tI<:eHHH. KoppeKIJ;I15I HCKa:t-KeHHH ITO KOOp,IJ;H­

HaTe r · ¢ BO BCeM o6'beMe TPC rrpoBe,r.:i;etta c TOT.IHOCTbIO Jiy-r.rrne, -r.reM 

300 MKM. Paspernett11e no rroITepe-r.rttoMy HMIIYJincy PT cocTaBHJIO 20-253 

ITPH PT = 1 r9B I c. A6coJIIOTHa5I TOT{HOCTb I13Mepemrn HMITYJibCa Jiy-r.rrne 

2 3. 

2. Paspa6oTaH HOBnrti: MeTo,r.:i; 11,r.:i;ettTncp11Kau;nn BTopn-r.rHnrx -r.racTnu;. To-r.r­

HOCTh MeTo,n;a 3aBHCI1T OT TOT.IHOCTH BOCITpOI13Be,n;eHI15I ,n;aHHbIX MO,IJ;e­

JIHpyeMbIMH cneKTpaMI1 BTOpWIHbIX -r.raCTHIJ;. ,lJ;JI5I KOppeKIJ;HH CIT8KTpOB 

BTOpHT.IHbIX -r.racTnu;, noJiy-r.reHHbIX MO,IJ;eJI11poBamrnM ITO MeTo,z:i;y MottTe­

KapJio, 6bma paspa6oTatta ITpou;e,z:i;ypa KoppeKT11pyroru;11x cPYHKI.1)1fr (MHO­

)KHTeJie11:). Cpe,z:i;H5I5I orn116Ka MO,IJ;eJinpoBaHHhrx cITeKTpOB rrocJie nx Kop­

peK:u;nn He rrpeBbrrnaeT 103. 

3. BITepBhre c11cTeMaT11-r.recK11 H3MepeHhI HHKJII03I1BHnre ,z:i;Ba:tI<,IJ;bI ,z:i;11¢¢epeH­

IJ;HaJihHhre ce-r.reHH5I pO:tI<,n;emrn a,n;pOHOB BO B3aHMO,n;e:ti:CTBI15IX rrpOTOHOB H 

sap5I)KeHHhIX IIHOHOB c TOHKHMH MHIUeH5IMH, H3rOTOBJieHHhIMH H3 TaH­

TaJia 11 cm:rnu;a. l13MepeHH5I npoBO,II;HJIHCb ,IJ;JI5I HMIIYJibCOB ITYT.IKOBo:ti -r.ra­

CTHIJ;hI 3, 5, 8, 12 11 15 r3B I c B HHTepBaJie IIOJI5IpHoro yrJia BTOpMT.IHhIX 

T.IaCTHIJ; 20° < 8 < 125°. ,[(JI5I Ka)I(,IJ;Oll MHIIIeHH 11 9Hepr11H I13MepeHbI 

ce-r.reHH5I B 96 HHTepBaJiax (pr, e) c norpeIIIHOCTbIO 3-53. Ce-r.remrn, 113Me­

peHHbie B ,z:i;aHHOH pa6oTe, 6nIJII1 rrpHMeHeHbI npH Bnr6ope OIITHMaJibHOll 

9Hepr1111 npOTOHHOro ycKop11TeJI5I Heti:TpHHHOll ¢a6pHKI1 /21/. 8TH ,n;aH­

Hbie BOCTpe6oBaHbI M8)K,II;yHapO,IJ;HO::ti pa6o-r.re:ti rpyITITOI1 ITO npoeKTI1pOBa­

Hl1IO He:ti:TpnHHO:ti ¢a6pnKn (CERN, FN AL 11 ,z:i;pyrne nccJie,z:i;oBaTeJibCKHe 

u;eHTphr). 
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OcnoBHOe co,z:i;ep)KaHHe ,n;HccepTar:t;HOHHOM pa6oThI M3JIO)KeHo B 

cJie,z:i;yrom;ux rry6JIHKa:u;1u1x: 

[Al] V. Ammosov ... A. Bolshakova et al., "The Harp Time Projection 

Chamber: Characteristics And Physics Performance", Nucl. Instrum. 

Meth. A 588, 294 (2008). 

[A2] V. Ammosov ... A. Bolshakova et al., "Rebuttal to Comments on 

"The HARP Time Projection Chamber: Characteristics and Physics 

Performance" ", Nucl. Instrum. Meth. A 588, 321 (2008). 

[A3] A. BoJiblllaKoBa ,IJ;JI51 rpyrrrrhr HARP-CDP, "I1,r:i;ettT11qrnKa~1151 T.IaCTH~ 11 
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