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MaTepirn..rm MHIIIeHH. ToqHOCTb cym;ecTBYIOIIt;HX TeopeTHlleCKHX MO,D,eJieH TaK

)Ke He,n;ocTaTO"CJ:Ha ,D;JI51 np0Be,D,emu1 no,D,o6HbIX pac"CJ:eTOB. B CB513H c 3THM, 3KC

nepHMeHTaJihHoe H3MepeHHe Cel!eHHH p0)l{,1],eHH51 nHOHOB nylIKaMH nHOHOB H 

npoTOHOB Ha yrJiepo,D,e c TOlIHOCThIO He xy)Ke 10% HMeeT pema10m;ee 3Hal!eHHe 

rrpH npoeKTHpOBaHHH MIOOHHOfO KOJIJiaH,D,epa. 

To"CJ:Hoe H3MepeHHe ,r:i;aHHhIX ce"CJ:eHHH TaK)Ke Ba)KHO ,D;JI51 pac"CJ:eTOB noTo

KOB H cneKTpOB aTMOCcpepHhIX HeHTpHHO, TaK KaK CBOHCTBa 51,D,ep yrJiepo,n;a 

6JIH3KH CBOHCTBaM 51,D,ep a30Ta - OCHOBHOH KOMnOHeHTbl 3eMHOH aTMOccpe

pbI. IIpH 3TOM, npH 3HeprH51X nepBHlIHhIX npoTOHOB MeHee 20 f 3B, OCHOBHa51 

"CJ:aCTb BTOpHlIHbIX nHOHOB HcnycKaeTC51 B ,D,HanasoHe yrnoB > 15°. B HaCT0-

51m;ee BpeM51 nOTOKH H cneKTpbl aTMOCcpepHblX HeHTpHHO onpe,n;eJI51IOTC51 3KC

TpanOJI511.UfeH H3MepeHHH BbIXO,ll,OB nHOHOB B MaJibie yrJibl, H HMeIOT 3HalIHTeJib

HYIO norpemHOCTh. TaKHM o6pasoM, np51Moe 3KcnepHMeHTaJihHOe H3MepeHHe 

ce"CJ:eHHH p0)K,ll,eHH51 nHOHOB Ha 51,D,pax CHH3HT norpeIIIHOCTh onpe,n;eJieHH51 no

TOKOB H cneKTpOB HeHTpHHO H ,n;acT B03MO)KHOCTb yMeHbIIIHTb CHCTeMaTHqe

CKYIO OIIIH6Ky B 3KCnepHMeHTax no IIOHCKY HeHTpHHHbIX 0Cll,HJIJI51ll,HH ( TaKHX, 

KaK Super Kamiokande). 

Co"CJ:eTaHHe H3MepeHHH ce"CJ:eHHH o6pasoBaHH51 a,D,pOHOB (BKJII01Ia51 6onee 

T51)l{eJibie "CJ:aCTHII,hI, TaKHe KaK ,D,eHTpOHbl) Ha 51,D,pax yrnepo,n;a c aHaJIOfHqHbl

MH H3MepeHH51MH Ha ,D,pyrHX 51,D;pax (HanpHMep Me,D;H H ,D,p.) II03BOJI51eT HC

cne,D,OBaTb HX 3aBHCHMOCTb OT MaCCbl H 3ap51,n;a 51,D;ep, l!TO 51BHTC51 KpHTH"CJ:e

CKOH npoBepKOH TeopHH, npeTeH,D,YIOIIt;HX Ha noJIHOe onHCaHHe a,D,pOH-51,D;ep

HbIX B3aHMO,D,eHCTBHH. MO)KHO OTMeTHTb IIOBbIIIIeHHe HHTepeca K no,n;o6HhlM 

TeopH51M, CB513aHHOe c IIJiaHHpyeMOH peaJIH3au;He:H nporpaMM no HCCJie,D;OBa

HHIO 51,D;p0-51,D,epHbIX CTOJIKHOBeHHH (3KCIIepHMeHTbI Ha ycKOpHTeJibHbIX KOM

nJieKcax FAIR H NICA), II03TOMY nonyqeHHe 3KcnepHMeHTaJihHhIX ,D,ffi!HhIX 

xopomero Ka"CJ:eCTBa no a,n;poH-51,D;epHbIM B3aHMO,D,eHCTBH51M B HaCT051m;ee Bpe-
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M51 .5IBJI51eTC51 aKTYaJibHOH 3a,IJ;atieH. 

:QeJih paOOTbl 

IlonytieHHe HOBbIX 3KCIIepHMeHTaJibHbIX .n;aHHbIX ,IJ.JI51 rrpoeKTHpOBaHH.H 

MIOOHHOfO HCTOllHHKa MIOOHHoro KOJIJiaH..n.epa, pactieTOB HeHTpHHHbIX crreK

TpOB B 3KCIIepHMeHTax no IIOHCKY OCI(HJIJI511(HH aTMOccpepHbIX HeHTpHHO H 

pa3BHTH51 TeopHH CHJibHbIX B3aHMO,IJ;eHCTBHH, BKJIIOlla.H: 

1. H3Mepem1e ,IJ;Ba)K,IJ;bI .n;mpcpepeHIJ;HaJibHbIX cel!eHHH o6pa30BaHH51 rrpoTO

HOB H 3ap51)l(eHHhIX IIHOHOB B peaKQH.HX n±, p + C, Cu ---t n±, p + X, rrpH 

HMIIYJibce nylIKOB OT 3 .n.o 15 f3B/c, B .n.aarra3oHe yrnoB BbIJieTa OT 20° 

.n.o 125° H ,IJ;JI51 rrorrepelIHbIX HMIIYJibCOB BTOpHllHbIX llaCTHI( OT 0.1 .n.o 

1.25 r3B/c; 

2. cpaBHeHHe BbIXO,IJ;OB H crreKTpOB BTOpHllHbIX a.n;poHOB (BKJIIOlla.H .n.e:H:Tpo

Hbl) Ha pa3JIHlIHbIX 51,IJ;pax B 3aBHCHMOCTH OT HX MaCCOBOfO llHCJia; 

3. pa3pa60TKY H rrpHMeHeHHe MeTO,IJ.OB KaJIH6pOBKH B H3MepeHHH BpeMeHH 

rrponeTa B crreKTpOMeTpe 6oJiblIIHX yrnoB H HOHH3al(HOHHblX IIOTepb BO 

BpeM51rrpoeKU:HOHHOH KaMepe 3KcrrepHMeHTa HARP [ 4]. 

,[(HccepTal(H51 o6o6rn;aeT pe3yJihTaTbI 3aBeprneHHhIX pa6oT aBTopa, BhITIOJI

HeHHhIX B 1999-2011 r .r. B 06'be,IJ.HHeHHOM HHCTHTyTe 51,I.1.epHblX HCCJie,IJ.OBaHHH 

H EBporreH.cKOM u;eHTpe 51,IJ.epHbIX Hccne.n.oBaHHH. 

HayqHas1 HOBH3Ha 

BrrepBbie c He.n.ocT11raBrneH.c51 paHee IIOJIHOTOH H3MepeHbI cetieHH51 po)K

.n.eHH51 rrpoTOHOB H 3ap51)KeHHbIX IIHOHOB rrpH B3aHMO,IJ.eHCTBHH IIHOHOB H rrpo

TOHOB c 51,I.1.paMH yrnepo.n.a H Me,IJ.H B rrpH HMIIYJibcax IIYlIKOB 3-15 f3B/c H B 

nrn:pOKOM ,IJ.Harra30He yrJIOB BbIJieTa BTOpHlIHblX l!aCTHI(. IlonylleHhl 3aBHCHMO

CTH cel!eHHH H MHO)KeCTBeHHOCTeH OT 3HeprHH IIYllKa H MaCCbl .H,IJ.pa. 
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BnepBbie H3MepeHhI OTHomeHH51 BhIXO,r:t;OB ,IJ,eihpoHOB K BhIXO,IJ,Y npoTOHOB 

Ha pa3JIEflfllhIX 51,D,pax B TOM )Ke ,IJ,Hana3oHe HMIIYJihCOB nyt1KOB. 

1IpaKTH11ecKaH 3Ha11HMOCTh 

I1onyt1eHbl HOBbie 3KCIIepHMeHTMbHbie ,IJ,aHHbie npHHI.J,HIIHMbHOfO HaytI

HOfO 3HalJeHH51: OHM Heo6xo,IJ,HMbl ,Il,J151 npoeKTHpOBaHH51 MIOOHHOfO HCTOtIHHKa 

ycKopHTeJI51 HOBOfO IIOKOJieHH51 - MIOOHHOfO KOJIJia:H,D,epa; 3TH p;aHHbie cym:e

CTBeHHbl ,Il,J151 HHTepnpeTaI.J,HH pe3yJibTaTOB 3KCIIepHMeHTOB IIO IIOHCKY OCI.J,HJI

JI51I.J,HH aTMOccpepHbIX HeHTpHHO. 

Pa3pa6oTaHa MeTO,IJ,HKa H3MepeHH51 HOHH3aI.J,HOHHbIX IlOTepb BO BpeM51-

npoeKI.J,HOHHOH KaMepe 3KcnepHMeHTa HARP, tITO II03BOJIHJIO yt1eCTh BJIH51HHe 

annapaTypHbIX 3cpcpeKTOB. Co3,r:t;a:HhI HOBbie MeTO,Il,hI Kan116poBKH KaMep RPC 

B cnyt1ae IIpHMeHeHH51 HX ,IJ;JI51 npell,H3HOHHOfO H3MepeHH51 BpeMeHH npoJieTa, 

II03BOJIHBIDHe ,Il,OCTHtib co6CTBeHHOfO pa3pemeHH51 127 IIHKOCeKyH,IJ,. ,IJ;aHHbie 

MeTO,IJ;bI H C03,IJ,aHHOe Ha HX OCHOBe nporpaMMHOe 06ecnet1eH11e npHMeHeHhI 

npH aHan113e ,IJ,aHHhIX 3KcnepHMeHTa HARP H MoryT HCIIOJih30BaTbC51 B HOBhIX 

3KCIIepHMeHTax c aHaJIOfHlJHbIMH ,r:t;eTeKTOpaMH. 

IfaMepeHbI BhIXO,IJ,hI H cneKTpbI BTOpHtIHhIX a,D,pOHOB (BKJIIOtia51 ,IJ,e:H:TpOHbI), 

a TaK)Ke HX 3aBHCHMOCTH OT 3HeprHH IIYllKa H MaCCOBOfO tIHCJia 51,D,ep MHIIleHH. 

3To HOBbie 3KCIIepHMeHTMbHbie ,IJ,aHHbie, KOTOpbie MOfYT 6bITb HCilOJib30Ba

Hbl ,IJ,J151 pa3BHTH51 TeopHH a,r:i;poH-51,D,epHbIX peaKI.J,HH, a TaK)l(e npHMeHeHbI ,Il,J151 

yTotIHeHH51 H pacnrnpeHH51 B03MO)KHOCTe:H: nporpaMM-reHepaTopoB a,D,pOHHhIX 

B3aHMO,IJ,eHCTBHH [5]. 

ABTop 3am;m1~aeT 

1. Pe3yJihTaThI 3KcnepHMeHTanbHoro Hccne,IJ,oBaHH51 npoI.J,eccoB HHKJII0-

3HBHoro p0)l(,IJ,eHH51 IIpOTOHOB H 3ap5I)l(eHHbIX IIHOHOB Ha 51,D,pax yrJiepo,r:i;a H 

Me,IJ,H npH 3HeprHH HaneTaIOIIJ;HX IIpOTOHOB H IlHOHOB 3, 5, 8, 12, 15 f3B/c B 

,IJ,Hana3oHe yrnoB BbIJieTa 20° - 125°. 
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2. l13MepeHHe OTHOIDeHH.51 BbIXO,IJ;OB ,IJ;eihpoHOB K BbIXO.IJ;Y npOTOHOB B pe

aKW'f51X p +A ~ (p, d) + X np11 HMnynhce HaneTarom;11x npoTOHOB 3-15 f3B/c, 

r,n,eA = Be,C,Cu,Sn,Ta,Pb. 

3. MeTO.IJ;hI KaJIH6poBKH H pe3yJibTaTbI HX npHMeHeHH51 .IJ;JI51 H3Mepe

Hni1: HOHH3al(HOHHbIX noTepb BO BpeM.sinpoeKI(HOHHOH KaMepe 3KcnepHMeHTa 

HARP. 

4. MeTO.IJ;bI KaJIH6poBKH 11 pe3yJihTaTbI HX npHMeHeHH51 .IJ;JI51 H3MepeHHH 

BpeMeHH nponeTa tJaCTHU: B cneKTpOMeTpe 60JiblliHX yrnoB 3KcnepHMeHTa 

HARP. 

Arrpo6a~HR pa6oThI 

Pe3yJihTaTbI pa6oTbI ,n,oKna,n,bIBaJIHCb (B TOM tJHcne H aBTopoM) Ha Me)l(

,n,yHapo,n,HhIX KOHcpepeHI(H51X no cpH3HKe BhICOKHX 3HeprHH ICHEP-2008, EPS

HEP-2009, ICHEP-2010, Ha coBern;aHHH no cpH3HKe HeHTpHHO (l(EPH, oK

T516pb 2009 r.), Ha KOHcpepeHu:ns:ix no KaMepaM RPC B Ceyne (2005 r.) H 

B DOM6ee (2008 r.), Ha ceMHHapax 06'he,IJ;HHeHHOfO HHCTHTyTa 51,IJ;epHbIX HC

CJie,IJ;oBaHHH H EBpone:H:cKoro u:eHTpa 51.IJ;epHbIX Hccne,n,oBaHHH. OcHOBHbie pe-

3Y JibTaTbI ony6nHKOBaHbI B )l(ypHanax «Nuclear Instruments and Methods in 

Physics Research», «European Physical Journal C - Particles and Fields», 

«1 ournal of Instrumentation». 

IJpHCY)l(,IJ,eHa nepBa51 npeMH51 fla6opaTOpHH 51,IJ;epHblX npo6JieM 06'be,IJ,H

HeHHoro HHCTHTyTa 51,IJ;epHbIX HCCJie,IJ;OBaHHH (2008-2009 r.) 3a I(HKJI pa6oT 

«l13MepeHHe cetJeHHH p0)l(,Il,eHH51 a,IJ;pOHOB B npoTOH-51,D,epHbIX H IlHOH-51,IJ;epHbIX 

B3aHMO,IJ;eHCTBH51X Ha nytJKax c HMTIYJibCaMH 3-15 f3B/c» (B COCTaBe rpynnhI 

HARP-CDP). 

CTpyKTypa H o6'heM ~uccepTa~HH 

)];11ccepTal(H.sI COCTOHT H3 BBe,IJ;eHH51, Tpex fJiaB H 3aKJIIO"lJeHH51. 
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Co~ep)KaHHe pa6oTbI 

Bo BBe,IJ;eHHH ccpopMynHpoBaHhI u;enH pa6oThI, o6ocHoBaHbI ee HOBH3Ha, 

npaKTH1IeCKa5I u;eHHOCTb H aKTYaJibHOCTb. 

IlepBaH rnaBa co.uep)KHT OITHCaHHe 3KCnepHMeHTaJibHOH ycraHOBKH 

HARP (pHc. 1). ,Il;eTeKTop HARP cocTOHT H3 cneKTpoMeTpa MaJibIX yrnoB, 

cneKTpOMeTpa 60JibllIHX yr JIOB H CHCTeMbI MOHHTOpHpOBaHH5I rryqKa. 

CneKrpoMerp 
6011bw111x yrnoa 
(20°<0 <140°) 

TPC + RPCs in } 
solenoid magnet 

~,,,,, 

T9beam 

CERN 

electron 
identifier 

'· cosm1cs 
trigger wall 

threshold Cherenkov 

~, 

FTP+ RPCs 

P11c. 1. 3KcrrepHMeHTaJibHaJI ycrnHOBKa HARP. 

CHCTeMa MOHHTOpHpOBaHH51 rry"l!Ka COCTOHT H3 4 MHOrorrpoBOJIOqHhIX 

nporropu;HOHaJibHhIX KaMep, KOTOpbie H3Mep51IOT KOOp,r:t;HHaTbI H HarrpaBJieHHe 

ny"l!KOBOH -qacTHI.J;bI c TO"l!HOCTbIO ::::: 1 MM H ::::: 0.2 Mpa.u, ,r:t;Byx rroporoBbIX 

qepeHKOBCKHX .uereKTOpOB H BpeM.~mponeTHOH CHCTeMbl H3 Tpex Cu;HHTHJIJI51-

[(HOHHblX ,r:t;eTeKTopoB. BpeM51IlponeTHa5I cHcTeMa H -qepeHKOBCKHe p;eTeKTOpbI 

HCITOJih30BaJIHCb ,r:t;JI51 H,r:t;eHTHcj:>HKau;HH -qacTnu; rry"l!Ka. KpoMe roro, BpeM5Inpo-
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JieTHa.51 CHCTeMa n03BOJI5IJia onpe,r::t;eJI.51Tb MOMeHT B3aHMO,IJ;eHCTBH.51 "llaCTHrt; B 

MHIIIeHH c TO"llHOCTbIO 107 nHKOCeKyH,n;. 

CneKTpOMeTp MaJibIX yrnoB nocTpoeH Ha OCHOBe ,IJ;HnOJibHOfO MarHHTa; 

,Il;J151 BOCCTaHOBJJeHH.51 TpeKOB "CJaCTHrt; HCnOJ1b30BaJIHCb 6oJibIIIHe IlJ10CKHe ,n;pe:H:

c}_JOBbie KaMepbI; ,IJ;J151 H,r::t;eHTHcpHKart;HH "CJaCTHrt; HCilOJ1b30BaJIHCb BpeM.HnponeT

HbIH cneKTpoMeTp, noporOBbIH 1IepeHKOBCKHH ,n;eTeKTOp H 3JieKTpOMarHHTHblH 

KaJIOpHMeTp. PacnoJIO)KeHHa51 3a KaJIOpHMeTpOM MIOOHHa51 CHCTeMa BbITIOJIH51-

Jia cpyHKrt;HIO H,IJ;eHTHc}?HKart;HH MIOOHOB. 

CneKTpoMeTp 6oJihIIIHX yr JIOB npe,n;cTaBJI.HJI co6m1: BpeM.HnpoeKrt;HOHHYIO 

KaMepy TPC, oKpy)KeHHYIO nnacTHHaMH pe3HCTHBHhIX nnocKonapanneJihHhIX 

KaMep RPC. 3TH ,n;eTeKTOpbI noMeru;eHbI B coneHOH,IJ;aJihHbIH MarHHT c paBHO

MepHDIM MarHHTHbIM noneM 0.7 T, napanneJibHhIM HanpaBneHHIO ny"CJKa ycKo

pHTeJJ.51. 

HcnoJih3yeMhie MHIIIem1 noMe:ru;anHcb BHYTPH TPC, KoTopa.51 perHcTpH

poBana TpeKH BTOpH1IHbIX 3ap.51)KeHHhIX "CJaCTHrt;, Il03BOJI5151 onpe,n;eJJHTb HX HM

nyJibCbl H yrJJbl BbIXO,IJ;a H3 MHIIIeHH, a TaK)Ke H,IJ;eHTHcpHrt;HpoBaTb "CJaCTHIJ;bI no 

HOHH3art;HOHHbIM noTep5IM dE / dx. CttcTeMa RPC no3BOJI.51Jla H,IJ;eHTHc}?Hrt;Hpo

BaTb "CJaCTHrt;hI no BpeMeHH rrponeTa. 

ABTop npHHHMaJI aKTHBHoe yqacTHe B pa3pa6oTKe KoHu;enrt;HH npoeKTa 

HARP c y"CJeTOM pa,n;Hart;HOHHOH o6cTaHOBKH B MecTe pacnoJIO)KeHH.51 ,n;eTeKTO

poB, B MO,IJ;eJIHpoBaHHH KJ1IO"lleBbIX CBOHCTB cneKTpoMeTpH1IeCKOfO KOMilJJeK

ca, B 3KCnnyaTart;HH ycTaHOBKH BO BpeM.51 Ha6opa ,IJ;aHHbIX, a TaK)Ke B aHaJIH3e 

co6paHHbIX 3KCnepHMeHTaJibHbIX ,n;aHHbIX. 

BTopaSI rJiaBa nocB.51:ru;eHa KaJIH6poBKe cneKTpoMeTpa 6oJihIIIHX yrnoB 

[Al], [A2], [A3], [A4], [6]. 0Ha COCTOHT H3 ABYX pa3,IJ;eJ10B. ITepBbIH no

CB.51Irt;eH KaJIH6poBKe TPC, BTopoH: - KaJIH6poBKe RPC. B nepBoM pa3,IJ;ene 

npHBO,IJ;.HTC.H ,IJ;H3aliH H xapaKTepttcTHKH TPC, onHcaHa npou;e,n;ypa ycTpaHe-
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HH5I cyrn;ecTBeHHhIX )J;HCTOpCHH (HCKa.JKeHHH) cpopMbl TpeKOB, H3Mep5IeMhIX B 

TPC, BhI3BaHHhIX He,n;ocrarKaMH armaparyphl. lfa-3a orpaHH1IeHHbIX cpoKOB 

rrpoBe,n;emrn 3KcrrepHMeHTa (1.5 ro.n;a) rronHOCThIO ycrpaHHTb 3TH arrrraparyp

Hhie He,n;ocraTKH He y.n;anocb. OcranHCb HecKoMrreHcHpoBaHHbIMH ,n;HcropcHH 

,n;Byx rrpHHrt;HrrHanhHO pa3HhIX THllOB: crarH11ecKHe, HMerorn;Hec5I rrocT05IHHO, H 

,n;HHaMw-IecKHe, B03HHKaroru;He rrpH pa6ore ycKopHTeJI5I Bcne,n;cTBHe HaKorrne

HH5I o6oeMHoro 3ap51,n;a HOHOB aproHa BHYTPH TPC. BenHlIHHa ,n;HcropcH:H: co

craBJI5IJia 8-10 MM (cTaTHqeCKHe) H 10-15 MM (,n;HHaMHqecKHe, K KOHrt;y c6poca 

ycKopHTen5I) rrpH pa,n;Hyce TPC Bcero oKono 400 MM. 

,I(JI5I BHeCeHH5I rrorrpaBOK Ha )J;HCTOpCHH rrpoBe,n;eHa ,n;eTMbHa5I KanH6poB

Ka TPC, OIIHCaHHa5I B pa6oTe [Al]. HcrroJib30BanHCh rpeKH, rrpoxo,n;HBIIIHe 

qepe3 Y3KHe 30HhI rrepeKphITH5I KaMep RPC, qro rro3BOJI5IJIO rrpe,n;cKa3bIBaTh 

«HeHcKa.JKeHHbie» rpaeKTOpHH 11acTHrt;. B pe3ynhTaTe 6brnH rronY1JeHhI rrorrpaB

KH, KOTOpbie COKpaTHJIH CTaTHqecKHe )J;HCTOpCHH .n;o 100-150 MHKpOH, a )J;HHa

MHqecKHe - .n;o 200-250 MHKpOH. TpeKH BOCCTaHaBJIHBanHCb c CHCTeMaTlfqe

CKOH rrorpeIIIHOCTbIO B rrpocTpaHCTBeHHOH Koop,n;HHaTe He 6onee 300 MHKpoH. 

IIorpemHOCTb H3MepeHH5I HMllYJibCa 11aCTHrt; COCTaBHJia OKOJIO 2%, a pa3peme

HHe no rrorrepetiHoMy HMrrynhcy a-(1/ Pr)= 0.20 - 0.25 (f3B/c)-1. 

0cHOBHa5I tiaCTh pa3,r:i;ena llOCB5Iru;eHa OllHCaHHIO pa3pa60TaHHOH MeTO)J;H

Ke KanH6poBKH H3MepeHHH HOHH3art;HOHHhIX rrorepb dE / dx B TPC H rrpHMeHe

HHIO 3TOH Mero,n;HKH B ycnoBH5IX 3KcrrepHMeHTa HARP. 

Y .n;enbHa5I HOHH3art;H.H dE / dx BhitIHCJI5IJiach, KaK OTHomeHHe rrpocyMMH

poBaHHbIX 3ap5I,I1;0B CHfHanbHblX rnrncnrn K 3cpcpeKTHBHOH )J;JIHHe TpeKa. c u;e

JlbIO .n;ocTH.JKeHH5I HaHnyqmero pa3pemeHH5I no dE / dx HCKnroqanHch 3ap5I,I1;hI c 

,n;Byx cHrHanhHhIX rrnacTHH, HMeIOru;Hx MaKCHManhHbIH 3ap51,r:i;. Bo BpeM5I Ha6opa 

,n;aHHbIX peniCTpHpOBanHCh aTMOCcpepHoe ,n;aBJieHHe H TeMrreparypa llJIOCKO

CTH CHfHaJibHhlX rrnaCTHH, qTo 1103BOJIHJIO paccqHTaTb rrorrpaBKH Ha H3MeHeHHe 

8 



TeMnepaTyphI H ,D;aBJieHH51 ra3a B TPC. 

Ha6JIIO,D;aeMa51 y,D;eJibHa51 HOHH3aI.J;H51 (dE / dx)0 KoppeKTHpoBanacb Ha ,D;aB

JieHHe H TeMIIepaTypy cornacHo nonyt.IeHHOH cpopMyne: 

dE/dx = (dE/dx)o/(Pl [l + P2 · (g-go)]), (1) 

r,D;e g = T/P H g0 = 0.318. IIapaMeTp go nonyt.IeH, KaK OTHomeHHe xapaKTep

HhIX TeMnepaTyphI To = 25°C = 298° K H ,D;aBJieHH51 Po = 938 rIIa. 

,il;JI51 onpe,D;eJieHH51 K03cpcpHu;HeHTOB Pl H P2 HCTIOJih30BaJIHCh H3MepeHH51 

(dE/dx)o OTpHu;aTeJibHblX TIHOHOB B ,D;Hana30He HMIIYJibCOB 0.45-0.80 f3B/c, 

,D;JI51 KOTOpbIX HOHH3aI.J;HOHHbie IIOTepH 6JIH3KH K MHHHMaJibHbIM. 

qHcneHHo dE / dx B ypaBHeHHH ( 1) onpe,D;eJI51eTC51 H3 annpoKCHMaI.J;HH 

pacnpe,D;eJieHH51 HOHH3au;HOHHblX IIOTeph cpyHKI.J;HeH f aycca, IIplilieM ,D;Hana-

30H dE / dx o6pe3aH ,D;JI51 6oJibillHX dE / dx Ha ypoBHe 50% OT MaKCHMyMa n:aKa 

(p:ac. 2). 

0)KH,D;aeMa51 JIHHeHHOCTh cpyHKI.J;HH dE / dx(g) IIO,D;TBep)l(,D;aerc51 ,D;aHHhIMH 

,D;JI51 mecTH ceKTopoB TPC (pHc. 3). 

Bb16op 3Hat.IeHH51 go = 0.318 onpe,D;eJI51eTC51 TeM, l.ITO OH II03BOJI51eT 

yMeHbillHTh KoppeJI51I.J;HIO Me)l(.JJ;y napaMerpaMH Pl H P2. IIapaMeTp Pl l.IHC

JieHHO paBeH HOHH3aI.J;HOHHhIM norep5IM dE / dx npH g = 0.318. ,il;JI51 BOChMH 

pa3JIHl.IHblX Ha6opoB ,D;aHHbIX 3TOT napaMeTp BapbHpyeTC51 B npe,D;eJiax ± 5 % 

OT cpe,D;Hero 3Hal.IeHH51. 3TH BapHau;HH npe,D;CTaBJI51IOT co6o:H BHyrpeHHIOIO «aM

IIJIHTY.D;HYIO HecTa6HJihHOCTh» TPC ycrattoBKH HARP. 

IlpHHI.J;HIIHaJibHblM ,D;OCTH)l(eHHeM KOppeKu;HH HOHH3aI.J;HOHHblX IIOTepb ,D;J151 

Ka)l(,D;Oro rpeKa corJiaCHO cpopMyJie (1) 51BHJ10Cb ycrpaHeHHe 3aBHCHMOCTH 

HOHH3aI.J;HOHHbIX IIOTepb OT ,D;aBJieHH51 H TeMnepaTypbI. Bonee roro, OHH CTa

JIH npe.D;CTaBJI51Tb co6o:H HOpMHpOBaHHYIO BeJIHl.IHHy: MHHHMaJibHa51 HOHH3a

U:H51 dE / dx cTaHOBHTC51 6JIH3Ka K e,D;HHHI.J;e. IIpoBe.D;eHHe KoppeKu;HH OT,D;eJibHO 
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PHc. 2. AnpoKCHMaUHH pacnpe,II.eJieHH.SI HOHH3aUHOHHbIX norepb cpyHKUHeli f aycca. 

,II;JUI Ka)K,II;Oro Ha6opa ,n;aHHbIX II03BOJIHJIO ycTpaHHTb 3cpcpeKT ,II;OJifOBpeMeHHO

ro ,a;pelicpa c6opa 3ap51,a;a c CHfHaJibHbIX IIJiaCTHH. 

KpoMe Toro, 6brna rrpoBe,n;eHa KOppeKIJ;H.H HOHH3au;HOHHbIX IIOTepb Ha 3a

BHCHMOCTb OT IIOJI.HpHOfO yrna 8, KOTOpa.H B03HHKaeT H3-3a HCKJII01IeHH5I CHr

HaJibHbIX IIJiaCTHH c ,JJ;BYM.H MaKCHMaJibHbIMH 3ap.H,n;aMH. Ilpe,II;JIO)KeHHa.H rrorrpa

B01IHa5I cpyHKIJ;H.H HMeeT BH,JJ;: 

dE/dx = (dE/dx)0/(CO +Cl/ sine+ C2/ sin2 8), 

r,a;e CO, Cl, C2 - ceKTopo3aBHCHMbie K03cpcpHIJ;HeHThI. 

Ilpe,n;JIO)KeHHbie aBTOpOM KoppeKIJ;HH II03BOJIHJIH rrpeB30HTH pa3pemeHHe 

(22-25% ), paHee ,JJ;OCTH:rHyToe B KOJIJia6opau;HH HARP-CDP. B pe3yJihTaTe BhI

meyKa3aHHhIX KoppeKIJ;HH ,IJ;OCTHrHyTo pa3pemeHHe dE/dx ~ 16%, 1ITO 6JIH3-
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PHC. 3. 3aBHCHMOCTb y,r:r;eJibHbIX HOHH3aQHOHHbIX TIOTepb dE!d.x OT g = T/P (K/rIIa) ,l:l;JUI 6 

ceKTopoB TPC. 

KO K TeopenrqecKoMy npe,r:i;eny ,IJ;JI>I ,r:i;aHHOH KOHCTpyK11;i111 ,n;eTeKTopa. H3Me

peHH51 dE / dx TI03BOJI51JIH pa3,r:i;eJI51Th IIHOHhI H npoTOHhI ,r:i;o MMIIYJihCOB OKOJIO 

800 M3B/c (pHc. 4(a)). 

Bo BTopoM pa3,r:i;ene OIIMChIBa.IOTC>I npHHU:HII pa6oThI RPC, ,IJ;M3a:HH 11 3JieK

TpOHHKa CtIHThIBaHH>I RPC HARP, ycnoBH5I 3KcnnyaTa:qI-m; npMBO,IJ;HTCJI ,r:i;e

TaJihHOe OIIMCaHHe Kam16poBKH c11cTeMhI RPC [ A3]. 

KmotJ:eBhIMH nonpaBKaMM 6hrnH KoppeKQMH Ha cyTOtIHhie Kone6a:HH51 TeM-

nepaTyphI M Ha 3aBHCHMOCTh BpeMeHM perHCTpaI.JJfH CHfHaJia OT ero aMIIJIHTy

,IJ;bl. Ilonpa:sKa Ha cyTOl.J:Hhie KOJie6aHH51 TeMIIepaTyphI ,IJ;OCTMraJia 500 M 60-

nee TIHKOCeKyH,n; H onpe,r:i;eJI51JiaCb OT,IJ;eJihHO ,IJ;JI51 Ka)K,IJ;OfO H3 240 KaHaJIOB. Ilo-
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P11c. 4. Pe3yJihTaTbI Ka.JIH6poBKH H3MepeHm1: (a) 110H11sau:110HHbIX noTepb B TPC, (b) BpeMeHH 

npoJieTa B cneKTpoMeTpe 6oJibIIIHX yrnoB. 

rrpaBKa Ha 3aBHCHMOCTh BpeMeHH OT aMITJIHTY,!J,hI CHI'HaJia ,!J,OCTHrana HeCKOJib

KHX HaHoceKyH,IJ, H BbiqHcn.srnacb B ,D,Ba 3Tarra. Ha rrepBoM 3Tarre KoppeKTHpo

BaJIC.51OCHOBHOM3cpcpeKT, rrpe,D,ITOJiaraBIDHMC.51 O,!J,HHaKOBbIM ,!J,JI.51 Bcex KaHaJIOB, 

Ha BTOpOM 3Tarre ycTpaH51JIHCh OT ,D,eJihHO ,!J,JI.51 Ka)K,!J,Oro KaHana MeHbIIIHe 3cp

cpeKTbI. Cne,IJ,yeT OTMeTHTb, qTo H3Mep51eMoe BpeM.51 rrponeTa rro BeJIHqHHe co-

CTaBJI51JIO HeCKOJihKO HaHOCeKyH,!J,, a rronpaBKH cpaBHHMbI c H3Mep51eMhIM Bpe

MeHeM rrponeTa. Ilo3TOMY BhIITOJIHeHHhIM HaMH pactieT rronpaBOK o6ecneqHJI 

,!J,OCTH)KeH:ae BbICOK03cpcpeKTHBHOM H,!J,eHTmpHKaQHH tiaCTHQ no BpeMeHH npo-

neTa. 

,IJ;pyrHe nonpaBKH, B OCHOBHOM, YlIHThIBaIOT oco6eHHOCTH pacrrpocTpaHe

HH.51 CHrHaJIOB B,!I,OJih TIOBepXHOCTH KaMepbI. B qacTHOCTH, KoppeKTHpOBaJIOCh 

H3MepeHHOe BpeM.51 rrpHXO,!J,a CHrHana B 3aBHCHMOCTH OT KOOp,ll,HHaThI TOtIKH 

rrorra,D,aHH.51 qacTHIU>I B KaMepy. 3Ta 3aBHCHMOCTh CB513aHa KaK c pacrrpocTpaHe

HHeM cHrHana B,!I,OJib nnacTHH RPC, TaK H c pacnpocTpaHeHHeM cHrHana B Ka-

6eJI51X 3JieKTpOHHKH. BenHqHHbI 3THX nonpanoK ,IJ,OCTHfaJIH 200 TIHKoceKyH,!J,. 

Co6cTBeHHoe BpeMeHHOe pa3pemeH:ae RPC onpe,D,eJI51JIOCh c rroMOII(hIO 
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TpeKOB, rrpoxo.r:i;51m;1:-1x qepe3 o6JiacTH rrepeKpbITHH RPC. B pe3yJihTaTe KaJIH6-

poBOK, rrpoBe.r:i;eHHhIX no co3.r:i;aHHOH MeTO.IJ:MKe, co6cTBeHHoe pa3pemeHMe RPC 

COCTaBHJIO B cpe.r:i;HeM 127 IIMKOCeKyH.r:i;. 3TOT pe3yJibTaT Hap5IAY c [7], [8] MO)K

HO OTHeCTM K JIYlIIIIlIM B MHpe Ha MOMeHT orry6JIHKOBamrn: B JIMTepaType. 

BpeM5I rrponeTa qacTHQbI tyop Bh1qMcJI5IJIOCh no cpopMyJie 

tTOF = tRPC - ttgt - to , 

r.r:i;e tRPC - BpeM5I, M3MepeHHoe RPC rrocJie Bcex KoppeKWJH, ttgt - BpeM5I rrpMxo

.r:i;a rryqKOBOH qacTHQbl Ha MMIDeHh, H3MepeHHOe rryqKOBbIMM cqeTqMKaMH, a to -

KOHCTaHThI, xapaKTepH3YIDrrt;He Ka)K)J;hIH M3 KaHaJIOB RPC. 3HaqeHHe t0 orrpe.r:i;e

JI5IJIOCb rrpM IIOMOIIJ;M TpeKOB n- c 0.25 Ge V / c ~ PT ~ 0.9 Ge V/ c no cpopMyne 

_ expected 
to - tRPC - ttgt - tTOF ' 

expected 
r.r:i;e tTOF - BpeM5I rrponeTa, BbllIMCJI5IeMoe M3 HMIIYJlbCa IIMOHa, M3MepeHHOf0 

BTPC. 

Pa3pemeHMe no BpeMeHH rrpoJieTa cKJia.r:i;1>manocb H3 co6cTBeHHoro pa3-

pemeHH5I RPC ( 127 IIHKoceKyH.r:i;), TOlIHOCTM H3MepeHH5I BpeMeHM rrorra.r:i;aHM5I 

IIYllKOBOH llaCTMI.J,bl Ha MHIDeHb ( 107 IIMKOCeKyH.r:i;) H 6onee MeJJKMX BKJla)J;OB 

(:::::: 50 IIHKOCeKyH.r:i;). CyMMapHo pa3pemeHMe no BpeMeHH rrponeTa COCTaBJI5IJIO 

175 IIHKOCeKyH.r:i;. TaKoe pa3pemeHHe o6ecrrelJHJIO pa3.r:i;eJieHMe IIHOHOB M 3J1eK

TpOHOB B .r:i;Harra3oHe HMrryn1>coB 150-200 M3B/c, r.r:i;e 3HepreTMllecKMe rroTe

pH IIHOHOB H 3JJeKTpoHoB B ra3e TPC cpaBHMMbI, qTo He II03BOJJ5IeT rrpoBeCTM 

H.IJ:eHTHcpHKaQHID no dE / dx. B 3TOM .r:i;Harra3oHe oHa B03MO)l(Ha TOJJbKO c HC

IIOJib30BaHHeM RPC. Pa3.r:i;eJieHHe IIHOHOB M rrpoTOHOB ocym;ecTBJ15IJJOCb BIIJIOTb 

AO MMIIYJibCOB 1.5 f3B/c Ha rrpoJieTHOH 6a3e rrop5I.r:i;Ka 50-100 CM. (pHC. 4(b)). 

3To .r:i;ocTH)KeHMe cTaBMT BpeM5InpoJieTHYIO cHcTeMy HARP B lJHcno JIYllIIIHX 

ycTpOHCTB rro.r:i;o6Horo THIIa. 
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B TpeTheH: rnaBe omrcaHa pa3pa6oTaHHa.H: npH ylJaCTHH aBTopa MeTo

,r:t;HKa o6pa6oTKH 3KCnepHMeHTaJibHbIX ,r:i;aHHhIX M npe,r:i;cTaBJieHbl noJiylJeHHbie 

3KCnepHMeHTaJibHbie pe3yJibTaTbl [A5], [A6]. IlpHB0,!1;51TC51 o6cy)K,lJ;eHHe 3KC

nepHMeHTaJibHbIX pe3yJibTaTOB H cpaBHeHHe HX c pe3yJibTaTaMH ,r:i;pyrHX 3KC

nepHMeHTOB. 

IIpe,r:i;cTaBJieHbI pe3yJibTaTbI H3MepeHHH ,r:i;mpcpepem:.:~HaJibHbIX celJeHHH 

d2a-/(dp. dQ) p0)K)J;eHM517f± H npOTOHOB BO B3aHMO,r:t;eHCTBH51X 7f± H npoTOHOB 

c MHIIIeH51MH H3 yrnepo,r:i;a H Me,r:i;H. lfaMepeHH51 npOBO,lJ;MJIHCb npH HMTIYJibCax 

nylJKOBbIX lJaCTH:Q 3, 5, 8, 12 M 15 f3B/c B ,r:i;Hana3oHe nonepelJHbIX HMITYJib

coB BTOpHlJHbIX qacTHU: OT 100 M3B/c ,r:i;o 1.25 f3B/c. YrnoBoli aKcenTaHc no 

TIOJI51pHOMY yrny H3MepeHMH COCTaBJI51JI 20-:- 125 rpa,r:i;ycoB OT OCH nylJKa. 

,Il;JI51 Ka)K,[J;OH H3 KOM6HHau;H:H THTia MHilieHM, copTa BTOpHlJHOH lJaCTHJJ;bl, 

THila H HMTIYJibCa nylJKOBOH lJaCTHJJ;bl npe,r:i;cTaBJieHo )J;O 96 3HalJeHHH ,r:i;mpcpe

peHIJ;HaJibHOfO celJeHH51 (8 HHTepBanoB no yrny pacce51HH51 H 12 no nonepelI

HOMY HMTIYJibcy BTOpHlJHOH lJaCTHJJ;bI). B KalJeCTBe npHMepa Ha pHc. 5 np1rne

,r:i;eHbI ,r:i;HcpcpepeHI.J,HaJibHble celJeHH51 pmK,r:i;eHH51 npOTOHOB H 3ap51)KeHHblX TIHO

HOB B HHTepBane yrJIOB BbIJieTa 20° - 30° Ha yrnepo,r:t;HOH MHIIIeHH ,lJ;J151 npo

TOHOB c HMTIYJibCaMH 3, 8, 15 f3B/c. CelJeHH51 npHBe,r:t;eHbI B 3aBHCHMOCTH OT 

nonepelJHOfO HMTIY JibCa, npMlJeM «OTPHU:aTeJibHbie» HMilYJibCbl COOTBeTCTBYIOT 

oTpH:u;aTeJibHO 3ap5I)KeHHbIM lJaCTHU:aM. XapaKTepHa51 norpeIIIHOCTb H3MepeH

HbIX celJeHHH 3 -:- 10%. IIonylJeHHbie pe3yJibTaTbI cymecTBeHHO npeBocxo,r:t;51T 

B 60JibillHHCTBe HHTepBaJIOB HMeIOIIJ,HeC51 B JIHTepaType KaK no nOJIHOTe, TaK H 

no TOlJHOCTH H3MepeHHH H BKJIIOlJeHbl B Me)K,r:i;yHapo,r:i;Hyro 6a3y ,lJ;aHHblX Durham 

Hepdata [9]. 

Ha pHc. 6 npe,r:i;cTaBJieHo cpasHeHHe nonylJeHHbIX pe3yJibTaToB c pe3yJib

TaTaMH 3KcnepHMeHTOB E802 [10] (sepxHHH pHcyHoK), E910 [11] (u;eHTpaJib

HbIH pHcyHoK) H <<KOJIJia6opau;M51 HARP» [12] (HH)l(HMH pHcyHoK) Ha 51,r:i;pax Me-
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,n;H. CpaBHeHHe c 3KcnepHMeHTOM E802 noKa3aHo B TepMHHax JiopeHI.i;-HHBa

pnaHTHoro celleHH51 B 3aBHCHMOCTH OT nonepel!HOH Macchi. Pe3yJibTaTbI xopo

mo cornacyIOTC51 c 60JibillHHCTBOM paHee ony6nHKOBaHHbIX cyrn;ecTBeHHO Me

Hee TIOJIHbIX ,n;aHHbIX. B TO )Ke BpeM51HMeeTC513HalUJTeJibHOe (,n;o nonyTopa pa3) 

pacXO)K,IJ;eHHe c pe3yJibTaTaMH, ony6nHKOBaHHbIMH KOJIJia6opaI.J;ne:H HARP B 

2007 -2009 rr. 
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PHC. 7. 3aBHCHMOCTb BbIXO,IJ,a IIHOHOB OT i!,Il,pa MHIIIeHH. 

IIoMHMO ,n;mpcpepeHI.J;HaJibHbIX cel!eHHH npe,n;cTaBn51IOTC51 TaK)Ke HeKoTo

pbie «HHTerpanbHhie» xapaKTepHCTHKH B3aHMO,n;e:HCTBH51 a,n;pOHHhIX nyl!KOB c 

51,D;paMH: HHTerpanbHOe celleHHe po2K,n;eHH51 IlHOHOB B 3aBHCHMOCTH OT 3HeprHH 

rrylIKOBbIX l!aCTHD; (pIIC. 7), cpe,n;H5151 MH02KeCTBeHHOCTb p02K,IJ;eHII51 l!aCTHD; B 

nepecl!eTe Ha O)J;HO Heynpyroe B3aIIMO,IJ;eHCTBHe (pHC. 8) II ,n;p. [AS], [A6], [13], 

[14], [15], [16], [17]. ,I(aHHbie no yrnepo,n;y II Me,n;II nonylleHbI H IIcnoJib30BaHbI 

aBTOpOM B ,n;nccepTaD;HII, OCTaJibHbie ,IJ;aHHbie TaK)Ke nonylleHbl c yl!aCTHeM aB

Topa. ,lJ;aHHbie no yrnepo,n;y II Me,n;H, Henocpe,n;cTBeHHO nonyl.leHHbie aBTopoM, 

xopomo cornacyroTC51 c o6rn;IIM XO,IJ;OM 3aBHCIIMOCTeH BbIXO,n;a H MHO)KeCTBeH-
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Pttc. 8. 3amfCHMOCTb MHO)KeCTBeHHOCTH TIHOHOB OT 51,D;pa MHIIIeHH. 

HOCTH IIBOHOB OT aTOMHOfO HOMepa 5!,D;pa MHIIIeHH, H3MepeHHhIX KOJIJia6opa

wre:H: c yqacTHeM aBTopa. 

HHTerpaJihHOe ceqeHHe BhiqHcJI>IeTC>I no cpopMyJie: 

d2a- 11pr 
er = L d d · ( . ) · (2nl1cose) 

p. Q <sine> 
(2) 

r ,r:i;e d2 er/ ( d p · dQ) - H3MepeHHbie ,r:i;HcpcpepeHwraJibHbie ceqeHH>I po)K,r:i;eHH>I rrn:o-

HOB, cyMMHpOBaHHe npOBO,D;HTC5I no BCeM ,D;Hana30HaM nonepeqHoro HMTIYJib

ca H TIOJI5IpHoro yrJia, 11pr H 11cose - nrnpHHbI COOTBeTCTBYIOIIUIX ,D;HaIIa30-

HOB, a BeJIHqHHa < sine > - ycpe,r:i;HeHHa>I no Ka)K,D;OMY ,r:i;Hana3oHy. HHTe

rpaJibHoe ceqeHHe rrpHBO,D;HTC5! ,D;JI5I pO)l(,D;emrn IIBOHOB B rrepe,r:i;HIOIO noJiyccpe

py (30° < 8 < 90°) npH HMIIYJibCaX TIHOHOB OT 0.2 ,D;O 1 P~B/c. Ha pHC. 7 H 

8 ceqeHHe H MHO)KeCTBeHHOCTb noKa3aHhI B 3aBHCHMOCTH OT BeJIHqHHbI A 213, 

KOTopa5I npH6JIH3HTeJihHO nponopD;HOHaJibHa IIJIOID;a,D;H 5I,D;pa. 

BnepBbie H3MepeHO OTHOIIIeHHe BhIXO,D;a ,r:i;e:ihpOHOB K BhIXO,D;Y rrpoTOHOB B 

peaKIW>IX p+A ---7 (p, d)+X npH HMnyJihce HaJieTaIOm;Hx npoTOHOB 3-15 f3B/c, 
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Pttc. 10. OTHorneHHe BhIXO,!l;OB ;:i:eH:TpoHoB HK Bhixo;:i:y npoToHoB B peaK:O:HH p +A ~ (p, d) + X 

rrpH HMIIYJibce HaJieTaIOru:Hx rrpoTOHOB 8 f3B/c; A = Be, C, Cu, Sn, Ta, Pb. 
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rp;e A = Be, C, Cu, Sn, Ta, Pb. Hp;eHTHcpHKaI.J;H51 p;e:lhpoHOB np0Bop;1rnacb 

TOnhKO no HOHH3aI.J;HOHHhIM noTep51M dE / dx cor nacHo pa3pa6oTaHHOH HaMH 

MeTO,IJ,HKe. Ha pHc. 9 npHBe,IJ,eHo pacnpe,IJ,eJieHHe no norapmpMy HOHH3au;HoH

HhIX noTepb. MmKHO OTMeTHTh yp;oBneTBOpHTenhHoe pa3p;eneHHe npoTOHOB H 

,IJ,eihpoHOB. Pe3yJihTaThI ,IJ,JI51 ,IJ,Hana3oHa 30° -45° npHBep;eHhI Ha pHc. 10. YKa-

3aHHoe OTHOIIIeHHe B03pacTaeT npHMepHo B 4 pa3a npH nepexop;e OT nerKHx 

K T.SI)I<:eJibIM 51,IJ,paM. 3KcnepHMeHTaJibHbie ,IJ,aHHbie He cornacyIOTC51 c npep;cKa-

3aHH5IMH GEANT4 [18], [19], B 6a3y p;aHHhIX KOToporo Heo6xo,IJ,HMO BHeCTH 

H3MeHeHH51 ,IJ,JI51 HCnOJib30BaHH51 npH nJiaHHpoBaHHH HOBbIX 3KCnepHMeHTOB H 

o6pa60TKH ,IJ,aHHbIX. 

3aKJuoqeHHe 

OcHOBHhie pe3y JihTaThI u BhIBO,D;hl 

1. BnepBbie cHcTeMaTHqecKH H3MepeHhI HHKnI03HBHhie ,IJ,BmK,IJ;hI ,Il;HcpcpepeH

u;HaJihHhie ceqeHH51 o6pa30BaHH51 npoTOHOB H 3ap51)KeHHbIX nHOHOB B pe

aKu;H51X 7f±, p + C, Cu -7 Jf±, p + X. H3MepeHH51 npoBep;eHhI npH HM

nynhce nyqKOB OT 3 ,IJ,O 15 f3B/c, B ,IJ,Hana30He yrJIOB BbIJieTa OT 20° 

,IJ,O 125° H ,IJ;JI51 nonepeqHblX HMnyJihCOB BTOpHqHhIX llaCTHI.J; OT 0.1 ,IJ,O 

1.25 f3B/c. ,IJ;ocTHrHyTa TOlIHOCTh 3-10%. B pe3ynhTaTe 6hIJIH nonytie

HhI HaH6onee nOnHbie H3 Bcex H3BeCTHbIX B HaCT051IIJ;ee BpeM51 3KCnepH

MeHTaJibHbie p;aHHbie 06 o6pa30BaHHH 3ap51)KeHHblX nHOHOB H npOTOHOB B 

3THX peaKI.J;H51X. 3TH CBe,IJ;eHH51 BKJIIOlleHbI B Me)K,IJ;yHapop;HyIO 6a3y p;aH

HhIX Durham Hepdata H MoryT 6hITb Hcnonh30BaHbI, B TOM lIHcne, ,IJ,JI51 

yTOlIHeHH51 npep;cKa3aHHH nporpaMM - reHepaTopoB ap;poHHhIX B3aHMO

p;elicTBHH, npH npoBe,IJ,eHHH p;pyrHX 3KCnepHMeHTOB. 
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2. Pe3yJibTaTbI, nonyqeHHbie Ha 51,IJ;pax yrnepo.r:i:a, Heo6xo,Il;HMhI .IJ:JI51 Bb16opa 

HaHJiyqmero MaTepHana MHmeHH B MIOOHHOM HCTOlIHHKe npH npoeKTH

poBaHHH ycKOpHTeJibHOfO KOMTIJieKca HOBoro IlOKOJieHH51 - MIOOHHOro 

KOJIJiaH:.r:i:epa. B Hacro51m;ee BpeM51 rpaqmroBa51 MHmeHb paccMaTpHBaeT

C51 KaK O.IJ:HH H3 OCHOBHblX BapHaHTOB H OKOHllaTeJibHblH BbI6op 6y.r:i:eT 

onpe.r:i:eJI51TbC51 B03MO)J(HOCTbIO .IJ:OCTH2KeHH51 Tpe6yeMOH HHTeHCHBHOCTH 

TIOTOKa TIHOHOB npH 3a,r:i:aHHOH MOID;HOCTH npoTOHHOro ,r:i:paH:Bepa. 

3. lI3MepeHHbie B ,r:i:aHHOH pa6ore cel!eHH51 o6pa30BaHH51 BTOpHlIHbIX a.r:i:

poHOB Ha 51,r:i:pax yrnepo.r:i:a Il03BOJ151T ,Il;OCTHllb 6onee BbICOKOH TOlIHO

CTH pacqeTOB IlOTOKa H cneKTpa aTMocc):>epHblX HeiiTpHHO, OTKpbIBaIOT 

B03M02KHOCTb CHH)J(eHH5I CHCTeMaTHl!eCKOH omH6KH npH HHTepnpeTa

IUIH pe3yJihTaTOB 3KCnepHMeHTOB no TIOHCKY HeHTpHHHbIX OCIUfJIJI5IU:HH, 

a TaK2Ke MoryT 6bITb HCTIOJ1b30BaHbl npH TIJiaHHpOBaHHH HOBbIX HeiiTpHH

HbIX 3KCnepHMeHTOB. 

4. lI3MepeHHbie ceqeHH51 H MH02KeCTBeHHOCTH TIHOHOB Ha 51,Il;pax yrnepo,r:i:a 

H Me,r:i:H, Henocpe,Il;CTBeHHO nonylleHHbie aBTOpOM, 51BJ151IOTC51 HaH6onee 

IlOJIHbIMH H TOqHbIMH B HaCT051rn;ee BpeM5I H cornacyIOTC51 c o6rn;HM xo

.IJ:OM 3aBHCHMOCTeH BbIXO,Il;a H MHO)J(eCTBeHHOCTH TIHOHOB OT pa3JIHllHbIX 

51,Il;ep MHmeHH, H3MepeHHbie KOJIJia6opaIUf eM c yllaCTHeM aBTOpa. lI3Me

peHH51 BbITIOJIHeHbl ,Il;J151 pa3JIHllHbIX THTIOB HaJieTaIOIIJ;HX llaCTHU: (p, Jr±), 

npH HMTIYJibCe nyqKa OT 3 .IJ:O 15 f3B/c B ,Il;HaTia30He yrJIOB BbIJieTa OT 

20° .r:i:o 125°. BnepBbie cHcTeMaTHlleCKH H3MepeHo OTHomeHHe BbIXO.IJ:OB 

.r:i:eH:TpOHOB K BbIXO.IJ:Y npoTOHOB Ha pa3JIHllHbIX MHIIIeH51X. 3TH pe3yJib

TaTbl no3BOJI5IIOT H3BJiellh HOBYIO HHcpopMa:c.J;HIO 06 a.r:i:poH-51,r:i:epHbIX B3a

HMo.r:i:eiicTBH51X H 6y.r:i:yT HCTIOJ1b30BaHbl .IJ;J15I pa3BHTH51 TeOpHH CHJibHOro 

B3aHMO.IJ;eHCTBH51. 

20 



5. Ilpep;JIO)J(eHa MeTO.II;HKa H rrpoBe.II;eHa KaJIH6pOBKa H3MepeHH5I HOHH3a:u;H

OHHbIX rroTepb BO BpeM5InpoeK:u;HoHHOM KaMepe 3KcrrepHMeHTa HARP. 

,I(aHHa5I MeTO.II;HKa II03Bomrna ycTpaHHTb BJIH5IHHe p5I.n;a anrrapaTypHblX 

3cpcpeKTOB, CHH)J(aIO:ru;Hx T01IHOCTb H3MepeHH5I (rrapa3HTHbie CHfHaJibl B 

3JieKTpOHHKe, 3aBHCHMOCTb K03cpcpH:u;HeHTa ycHJieHH5I OT TeMrrepaTypbI 

H T . .II;.) B pe3y11bTaTe .n;ocTHrHyTo pa3pemeHHe dE/dx ~ 16 %, 1ITO 6JIH3-

KO K TeopeTH1IeCKOMY rrpe.II;eJiy .II;JI5I .II;aHHOfO THIIa KaMep. 

6. Pa3pa6oTaHbI MeTO.II;hI 11 rrpoBe.II;eHa KaJIH6poBKa H3Mepemu1 BpeMeHH 

rrponeTa B crreKTpoMeTpe 6onhnm:x yrnoB 3Kcrrep11MeHTa HARP. TaK 

KaK B 3KcrrepHMeHTe HARP BrrepBhie B MHpoBoli npaKTHKe .II;JI5I H3Mepe

HH5I BpeMeHH nponeTa BTOpIBIHbIX 1IaCTHI.J; 6bIJIH HCilOJ1b30BaHbl KaMepbI 

RPC, 3TO noTpe6oBano co3.II;aHH5I HOBbIX MeTO.II;OB KaJIH6poBKH, y11HThI

Baio:ru;Hx oco6eHHOCTH rrpe:u;H3HOHHOro H3MepeHH5I BpeMeHH rrpH IIOMO

:ru;H 3THX KaMep. ,I(ocTHrHyTo co6cTBeHHoe pa3pemeH11e KaMep RPC 127 

IlHKOCeKyH.II;, 1ITO II03BOJIHJ10 orrpe.II;eJI5ITb BpeM5I rrpoJieTa c T01IHOCTbIO 

175 IlHKOCeKyH.II;. B C01IeTaHHH c H3MepeHHeM HOHH3a:u;HOHHbIX IIOTepb B 

KaMepe TPC 3TO .II;aJIO B03MO)J(HOCTb Ha.n;e)J(HO H,IJ;eHTmpH:u;HpoBaTh 11a

CTHI.J;hI B crreKTpoMeTpe 6onbrnHx yrnoB 3KcrrepHMeHTa HARP. 
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