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06:rn;aSI xapaKTepHCTHKa pa60Tbl 

AKTya11hHOCTh pa6oThI 

B HacT051m;ee BpeM.51 HCT01JHHKOM HaH6onee HHTepecHhIX 3KcrrepHMeH­

TaJihHhIX ,n:aHHhIX B o6JiaCTH cpH3HKH BhICOKHX 3HeprHH 51BJI51eTC51 60JibIIIOH 

a,n:poHHhIH KOJIJia:H,n:ep (LHC) EBporrelicKoro u;eHTpa 51,n:epHbIX HCCJie,IJ;OBaHHH 

(l(EPH). ,[(aJihHeHrnee pa3BHTHe cpH3HKH B 3TOH o6JiaCTH CB513bIBaIOT c npHH­

I.J;HIIHaJibHO HOBhIMH ycKopHTeJibHbIMH KOMIIJieKcaMH, TaKHMH KaK Me)K,n:yHa­

po,n:HhIH JIHHeHHhIH KOJIJiali,n:ep ILC [1] H MIOOHHhIH KOJIJiali,n:ep [2]. 3Kcrre­

p11MeHThI Ha MIOOHHOM KOJIJiali,n:epe II03BOJI51T rrpoBeCTH 6onee ToqHyIO rrpo­

BepKy CTaH,n:apTHOH MO,IJ;eJIH, IIOHCK HOBhIX qacTHI.J; H 51BJieHHH, BhIXO.IJ:51m;HX 

3a ee paMKH ( TaKHx KaK SUSY), ,n:eTaJihHO 11ccne,n:oBaTb 51BJieHH51, KOTOpbie, 

B03MO)KHO, 6y,n:yT OTKpbITbI Ha LHC, a TaK)Ke peIIIHTh MHOnie ,n:pyr11e 3a,n:acm. 

B HaCT051m;ee BpeM.51 rrpoeKT MIOOHHOfO KOJIJiali,n:epa aKTHBHO pa3pa6aTbIBa­

eTC51 B Hau;HOHaJihHOH ycKop11TeJihHOH na6opaTop1151 MMeHH <I>epMH, r,n:e y)Ke 

Be,n:yTC.51 pa60Tbl no C03,IJ;aHHIO rrpOTOHHOfO rrpe,n:ycKOpHTeJI.51 B paMKaX «Tipo­

eKTa X» [3]. Hap.51.IJ:Y c rexHMlleCKHMH TPY.IJ:HOCT51MH, CB513aHHhIMH c oxJia)l(,n:e­

HHeM H y,n:ep)KaHJ1eM MIOOHOB, cyrn;ecTByeT rrpo6JieMa BbI6opa OIITHMaJibHOfO 

Marep11ana MHIIIeHH ,IJ;JI.51 reHepau;HH IIOTOKOB IIHOHOB BbICOKOH HHTeHCHBHOCTH 

B MIOOHHOM HCTOqHHKe. Or ycnernHoro perneHH.51 3TOH npo6JieMbI 6y,n:yr 3aBH­

ceTb Tpe6oBaHH51, rrpe,IJ;'h51BJI5IeMbie K MOm;HOCTH rrpoTOHHOfO rrpe,n:ycKOpHTe­

JI.51. Hap.51.IJ:Y c T51)l(eJibIMH MHIIIeH51MH (Ta, Hg) O.IJ:HH H3 OCHOBHhIX Bap11aHTOB 

KOHCTPYKI.J;HH KOJIJiali,n:epa npe,n:rronaraeT HCTIOJib30BaHMe cTpyifHoli rpacpHTO­

BOH MHIIIeHH HJIH MHIIIeHH Ha OCHOBe Kap6oHOBbIX IIJieHOK ,IJ;JI.51 rronyqeHH.51 rryq­

Ka IIHOHOB. 

0 ,IJ;HaKO ToqHOCTh, c KOTopo:H: H3BeCTHbl celJ:eHH.51 o6pa30BaHH51 IIHOHOB 

rrpoTOHaMH, B HaCT051m;ee BpeM.51 He,IJ;OCTaTOlJ:Ha ,IJ;JI.51 OTITHMaJibHOfO BbI6opa 
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MaTepirnna MHmemI. To11HOCTb cyru;ecTBYIOIII;HX TeopeTH1IeCKHX Mo,n;ene:H TaK­

)Ke He,n;ocTaTOlIHa ,n;mr npoBe,n;eHH51 no,n;o6HbIX pac11eTOB. B CB513H c 3THM, 3KC­

nepHMeHTaJibHoe lI3MepeHHe ce11eHHH p0)l()J;eHH51 IIHOHOB nyqKaMH nHOHOB H 

npoTOHOB Ha yrnepo,n;e c T01IHOCTbIO He xy)Ke 10% HMeeT pema10ru;ee 3Ha11eHHe 

npH npoeKTHpoBaHHH MIOOHHOfO KOJIJia:H,n;epa. 

To"lffioe H3MepeHHe ,n;aHHbIX ce11eHHH TaK)Ke Ba)KHO ,IJ;JI51 pac11eTOB noTo­

KOB H cneKTpOB aTMOccpepHbIX HeihpHHO, TaK KaK CBOHCTBa 51,n;ep yrnepo,n;a 

6JIH3KH CBOHCTBaM 51,n;ep a30Ta - OCHOBHOH KOMnOHeHTbl 3eMHOH aTMOCcpe­

pbI. IlpH 3TOM, npH 3HeprH51X nepBH1IHbIX npOTOHOB MeHee 20 f 3B, OCHOBHa51 

11acTb BTOpH1IHbIX nHOHOB HcnycKaeTc51 B ,n;Harra3oHe yr JIOB > 15°. B HaCT0-

51ru;ee BpeM51 IlOTOKH H cneKTpbI aTMOCcpepHbIX HeHTpHHO onpe,n;eJI51IOTC.51 3KC­

TpanoJI51:u;HeH H3MepeHIIH BbIXO)J;OB IlHOHOB B MaJibie yrJibI, H HMeIOT 3Ha1IHTeJib­

HYIO norpemHOCTI>. TaKHM o6pa30M, np51Moe 3KcnepHMeHTaJibHOe H3MepeHHe 

ce11eHHH pO)K,IJ;emrn IIHOHOB Ha >I,n;pax CHII3HT norpemHOCTb orrpe,n;eJieHH51 no­

TOKOB H cneKTpOB HeHTpHHO H ,n;acT B03MO)KHOCTb yMeHbillHTb CHCTeMaTH1Ie­

CKYIO omH6Ky B 3KcnepHMeHTax no noHcKy HeH.TpHHHbIX ocu;MJIJI>III;HH (TaKMx, 

KaK Super Kamiokande). 

Co11eTaHMe H3MepeHHH ce11eHHH o6pa3oBaHM>I a,n;poHOB (BKJII01Ia>I 6onee 

T>I)KeJibie 11aCTHII;bl, TaKHe KaK ,n;eH.TpOHbI) Ha >I,n;pax yrnepo,n;a c aHaJIOfH1IHbI­

MM M3MepeHH51MH Ha ,n;pyrHX 51,n;pax (HanpHMep Me,n;H H ,n;p.) II03BOJI.51eT HC­

CJie,n;oBaTb HX 3aBHCHMOCTb OT MaCCbl H 3ap>I,n;a >I,n;ep, 1ITO >IBHTC.51 KpHTH1Ie­

CKOH npoBepKOH TeopHH, npeTeH,n;yIOIII;HX Ha noJIHOe onHCaHHe a,n;poH-51,IJ;ep­

HbIX B3aHMO,IJ;eHCTBMH. MO)KHO OTMeTHTb nOBbIIDeHHe HHTepeca K no,n;o6HbIM 

TeopH51M, CB.513aHHOe c nnaHHpyeMOH peaJIH3a:u;IIeH rrporpaMM no HCCJie,IJ;OBa­

HHIO .51,ll;p0-51,ll;epHbIX CTOJIKHOBeHHH (3KCnepHMeHTbl Ha ycKopHTeJibHbIX KOM­

IlJieKcax FAIR II NICA), no3TOMY nony11eHHe 3KcnepHMeHTaJibHbIX ,n;aHHbIX 

xopomero Ka1IeCTBa no a,n;poH-51,ll;epHbIM B3aHMO,IJ;eHCTBH.51M B HaCTO>Iru;ee Bpe-
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M51 51BJl5IeTC51 aKTYaJibHOH 3a,D;alleH. 

QeJib pafioThI 

IloJiylleHHe HOBbIX 3KCIIepHMeHTaJibHbIX ,n;aHHbIX AJI51 rrpoeKTHpOBaHH5I 

MIOOHHOfO HCTOllHHKa MIOOHHOfO KOJIJiaH,IJ;epa, pac"tJ:eTOB HeHTpHHHbIX crreK­

TpOB B 3KCIIepHMeHTax no IIOHCKY OCIUIJIJI51:U:HH aTMOCcpepHbIX HeHTpHHO H 

pa3BHTH51 TeopHH CHJibHhIX B3aHMO,D;eHCTBHH, BKJII01la5I: 

1. H3MepeHHe )J;Ba)l(,D;bl ,D;HcpcpepeHIUiaJibHbIX ce"tJ:eHHH o6pa30BaHH51 rrpoTO­

HOB H 3ap5I)l(eHHbIX IIHOHOB B peaKIJ;H5IX re±, p + C, Cu --7 re±, p + X, rrpH 

HMIIYJibCe IIYllKOB OT 3 ,n;o 15 r3B/c, B ,n;HaIIa30He yrJIOB BbIJieTa OT 20° 

,n;o 125° H ,IJ;JI51 rrorrepellHbIX HMIIYJihCOB BTOpHllHhIX "tJ:aCTH:U: OT 0.1 ,n;o 

1.25 r3B/c; 

2. cpaBHeHHe BblXO,D;OB H crreKTpOB BTOpHllHhIX a,n;poHOB (BKJII01la51 ,n;e:H:Tpo­

Hbl) Ha pa3JIH1lHbIX 51,D;pax B 3aBHCHMOCTH OT HX MaCCOBOfO llHCJia; 

3. pa3pa6oTKY H rrpH:MeHeHH:e MeTO,D;OB KaJIH6poBKH B H3MepeHHH BpeMeHH 

rrponeTa B crreKTpOMeTpe 60JiblllliX yrJIOB H HOHH3aIUIOHHhIX IIOTepb BO 

BpeM5IrrpoeK:u;nonno:H: KaMepe 3KcnepH:MeHTa HARP [ 4]. 

,IJ;nccepTa:u;n}l o6o6m;aeT pe3yJihTaThI 3aBepmeHHbIX pa6oT aBTopa, BbITIOJI­

HeHHhIX B 1999-2011r.r.B06oe,D;H:HeHHOM HHCTHTyTe 51,D;epHbIX HCCJie,n;oBaHHH 

H EBporre:H:cKOM u;eHTpe 51,n;epHhIX H:ccne,n;oBaHMH. 

HayqHa.H HOBH3Ha 

BrrepBbie c He,n;ocTnraBme:H:c51 paHee rroJIHOTOH M3MepeHbI celleHH5I po)l(­

,n;eHH5I rrpoTOHOB H 3ap51)1(eHHbIX IIHOHOB rrpH B3aHMO,D;eHCTBHH IIHOHOB H npo­

TOHOB C 51,Il;paMH yrnepo,n;a H Me,JJ;H B npn HMIIYJibCaX IIYllKOB 3-15 r3B/c H B 

IIIBpOKOM ,D;HaIIa3oHe yrJIOB BbIJieTa BTOpHllHbIX "tJ:aCTH:U:. IloJiylleHbl 3aBHCHMO­

CTH ce"tJ:eHHH H MHO)l(eCTBeHHOCTeH OT 3Hepnm IIYllKa H MaCCbl 51,D;pa. 
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BnepBbie H3MepeHbl OTHOIIIemrn BbIXO,IJ;OB ,r:i;eihpoHOB K BbIXO,IJ;Y IIpOTOHOB 

Ha pa3JIHlJHbIX ..sI,r:i;pax B TOM )Ke ,r:i;HaIIa3oHe HMIIYJihCOB nylJ:KOB. 

IIpaKTHqecKaSI 3HaqHMOCTh 

IIonylleHbI HOBbie 3KcrrepHMeHTaJibHbie ,r:i;aHHbie npHHU:HIIHaJihHoro Hay"ll­

Horo 3HalJ:eHH..sI: OHH Heo6xo,r:i;HMbl ,IJ;JI..sI npoeKTHpoBaHH..sI MIOOHHOfO HCTOlJ:HHKa 

ycKopHTeJI..sI HOBOfO IIOKOJieHH..sI - MIOOHHOfO KOJIJia:H:,r:i;epa; 3TH ,r:i;aHHbie cym;e­

CTBeHHbl ,IJ;JI..sI HHTeprrperau;HH pe3yJibTaTOB 3KCIIepHMeHTOB TIO IIOHCKY OCD;HJI­

JI..sIU:HH aTMoccpepHblX HeHTpHHO. 

Pa3pa6oTaHa MeTO.IJ;HKa H3MepeHH..sI HOHH3aD;HOHHbIX IIOTepb BO BpeM..sI­

npoeKD;HOHHOH KaMepe 3KcnepHMeHTa HARP, lJ:TO II03BOJIHJIO ylJ:eCTb BJIH..sIHHe 

arrnaparypHbIX 3cpcpeKTOB. Co3,r:i;aHbI HOBbie MeTO,IJ;bI KaJIH6poBKH KaMep RPC 

B cnylJ:ae npHMeHeHH..sI HX ,IJ;JI..sI npeu;H3HOHHOfO H3MepeHH..sI BpeMeHH nponera, 

II03BOJIHBIIIHe ,IJ;OCTHlJ:b co6CTBeHHOfO pa3perneHH..sI 127 IIHKOCeKyH,r:i;. ,Il;aHHbie 

MeT0,1.J;bl H C03,IJ;aHHOe Ha HX OCHOBe nporpaMMHOe o6ecnelJ:eHHe npHMeHeHbl 

npH aHaJIH3e ,r:i;aHHhIX 3KcnepHMeHTa HARP H Moryr HCIIOJib30BaTbC..sI B HOBbIX 

3KCIIepHMeHTaX c aHaJIOfHlJ:HbIMH ,r:i;eTeKTOpaMH. 

l13MepeHbl BbIXO,IJ;bl H CIIeKTpbI BTOpH1IHblX a,r:i;pOHOB (BKJIIOlJ:a..sI ,r:i;e:H:TpOHbI), 

a TaK)l(e HX 3aBHCHMOCTH OT 3HeprHH IIYlJ:Ka H MaCCOBOro lJ:HCJia ..sI,r:i;ep MHIIIeHH. 

3To HOBbie 3KCIIepHMeHTaJibHbie ,r:i;aHHbie, KOTOpbie Moryr 6bITb HCIIOJib30Ba­

Hbl ,IJ;JI..sI pa3BHTH..sI TeopHH a,IJ;pOH-..sI,r:i;epHbIX peaKD;HH, a TaK)l(e IIpHMeHeHbl ,IJ;JI..sI 

yrolJ:HeHH..sI H pacIIIHpeHH..sI B03MO)l(Hocre.H rrporpaMM-reHeparopoB a,r:i;poHHhIX 

B3aHMO,IJ;eHCTBHH [5]. 

ABTop 3a~Hm;aeT 

1. Pe3yJibTaTbI 3KcrrepHMeHTaJibHoro Hccne,r:i;oBaHH..sI npou;eccoB HHKJII0-

3HBHoro pO)l(,IJ;eHH..sI IIpOTOHOB H 3ap..sI)KeHHblX IIHOHOB Ha ..sI,r:i;pax yrnepo,IJ;a H 

Me,IJ;H IIpH 3HeprHH HaJieTaIOm;HX npoTOHOB H IIHOHOB 3, 5, 8, 12, 15 f3B/c B 

.IJ;Hana3oHe yrnoB Bhrnera 20° - 125°. 
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2. H3Mepem-1e OTHomeHH51 BhIXO.JJ;OB .i:i;e:H:TpoHOB K Bhixo.i:i;y TipOTOHOB B pe­

aKIJ;H51X p, rr±+A ---7 p, d+X np11 HMTIYJihCe HaJieTaIOIIJ;MX TIPOTOHOB 3-15 f3B/c, 

rp;e A = Be, C, Cu, Sn, Ta, Pb. 

3. MeTO.JJ;hI KaJIH6poBKH 11 pe3yJihTaThI HX np11MeHeHH5I .JJ;JI51 H3Mepe­

HHH HOHH3aIUIOHHbIX TIOTepb BO BpeM51TipOeKIJ;MOHHOH KaMepe 3KCnepHMeHTa 

HARP. 

4. MeTO.JJ;hI KaJIH6poBKH 11 pe3yJihTaThI 11x TipHMeHeHH51 .JJ;JI51 H3MepeHHH 

BpeMeHH TipOJieTa qacTHIJ; B CTieKTpOMeTpe 6oJibIIIHX yrJIOB 3KCnepHMeHTa 

HARP. 

Anpo6au;HH pa6oTbI 

Pe3yJihTaThI pa6oThI p;oKnap;hIBaJIHCh (B TOM q11cne 11 aBTopoM) Ha Me)l(­

p;yHapop;HbIX KOHcpepeHIJ;M51X no cpH3HKe BhICOKHX 3HeprHli ICHEP-2008, EPS­

HEP-2009, ICHEP-2010, Ha coBem;aHHH TIO cpH3HKe HeliTpHHO CUEPH, oK­

T516pb 2009 r.), Ha KOHcpepeHIJ;H51X TIO KaMepaM RPC B Ceyne (2005 r.) H 

B EoM6ee (2008 r.), Ha ceMHHapax Ofr.bep;HHeHHoro HHCTHTyTa 51.i:i;epHbIX 11c­

cnep;oBaHHH H EBpoTielicKoro u;eHTpa 51.JJ;epH.bIX 11ccnep;oBaHHH. OcHOBHbie pe-

3Y JibTaThI oTiy6nHKoBaHhI B )l(ypHaJiax «Nuclear Instruments and Methods in 

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

«Journal of Instrumentation». 

IIp11cy)l(p;eHa TiepBa51 TipeMH51 Jia6opaTop1111 51p;epHbIX Tipo6neM 06be.JJ;H­

HeHHoro HHCTHTyTa 51.JJ;epHbIX HCCJie)J;OBamrn: (2008-2009 r.) 3a IJ;HKJI pa6oT 

«H3MepeHHe ceqeHHH p0)1()J;eHH51 a.i:i;poHOB B TIPOTOH-51,D;epHbIX H TIHOH-51.JJ;epH.bIX 

B3aHMO)J;eHCTBH51X Ha TIY1IKax c HMTIYJI.bCaMH 3-15 f3B/c» (B COCTaBe rpynnhI 

HARP-CDP). 

CTpyKTypa u o6'heM ,IJ;HccepTau;HH 

,Il;11ccepTaIJ;H5I COCTOHT 113 BBe,n;eHH51, Tpex rJiaB H 3aKJIIOqeHH51. 
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Co,n;epJKaHHe pa6oThI 

Bo BBe,IJ;eHHH ccpopMyn:apoBaHbI u;en:a pa6oTbI, o6ocHoBaHbI ee HOBH3Ha, 

npaKTHl1ecKa51 u;eHHOCTb H aKTYMbHOCTb. 

IlepBaH rnaBa COAepXHT OTIHCaHHe 3KCI1epHMeHTanbHOH ycTaHOBKH 

HARP (p:ac. 1). ):(eTeKTOp HARP cocTOHT H3 cneKTpoMeTpa ManbIX yrnoB, 

cneKTpOMeTpa 6onblIIHX yr JIOB H CHCTeMbl MOHHTOpHpOBaHH.51 nyl1Ka. 

CneKrpoMerp 
6onbw1ttx yrnoa 
(20°<6 <140°) 

TPC + HPCs in } 
solenoid magnet 

L 
T91 beam 

CERN 

FTP+ RPCs 

time-of-flight 
/,,.,scintillators 

/ 
/beam-muon 

identifier 

,, 
cosmics: 
trigger wall 

threshold Cherenkov 

P11c. 1. 3KcnepHMeHTaJibHa5I ycTaHOBKa HARP. 

CHCTeMa MOHHTOpHpOBaHH.51 nyl1Ka COCTOHT H3 4 MHOronpoBonoqHblX 

nponopu;:aoHanbHbIX KaMep, KOTOpbie H3Mep51IOT KOOPAHHaTbl H HanpaBJieHHe 

nyl1KOBOH -qacTm::i;bl c TO"llHOCThIO ~ 1 MM H ~ 0.2 MpaA, ABYX noporoBbIX 

qepeHKOBCKHX AeTeKTOpOB H BpeM51I1poneTHOH CHCTeMbl H3 Tpex CU:HHTHnn.51-

u;HOHHblX AeTeKTopoB. BpeMmponeTHa.51 c:acTeMa H -qepeHKOBCKHe AeTeKTOphI 

HCTIOJih30BanHch An.51 HAeHTHcpHKau;:a:a -qacTHU: nyl1Ka. KpoMe Toro, BpeM51npo-
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JieTHa5I CHCTeMa II03BOJ15IJia onpep;eJI5ITh MOMCHT B3aHMO,Il;CHCTBH5I qacTHIJ; B 

MHillCHH C TOlIHOCThlO 107 IIHKOCCKYH,IJ;. 

CneKTpoMeTp MaJihIX yrnos nocTpoeH Ha ocHoBe ,n:HnOJibHoro MarHHTa; 

,Il;JI5I BOCCTaHOBJICHH5I TpeKOB qacTHIJ; HCnOJih30BaJIHCh 60JibmMe IIJIOCKMe ,n:peH:­

cpOBbie KaMephI; )];JI.SI H,Il;CHTHcpHKaIJ;MH llaCTHIJ; HCIIOJih30BaJIHCh BpeM5IIIponeT­

HhIH cneKTpOMeTp, noporOBhIH qepeHKOBCKHH ,n:eTeKTOp H 3JICKTpOMarHHTHhIH 

KaJIOpHMeTp. PacIIOJI0)KCHHa5I 3a KaJIOpHMeTpOM MIOOHHa5I CHCTeMa BhIIIOJIH5I­

Jia cpyHKIJ;MIO H,Il;CHTHcpHKaIJ;HH MIOOHOB. 

CneKTpoMeTp 6onhmHx yrnoB npep;cTaBJI5IJI co6o:H: BpeM.SIIIpoeKIJ;HOHHYIO 

KaMepy TPC, oKpy)KeHHYIO nnacTHHaMH pe3HCTHBHhIX nnocKonapanneJibHhIX 

KaMep RPC. 3TH ,n:eTeKTOphI noMeIIJ;eHhI B coneHOHJJ:aJihHhIB MarHHT c paBHO­

MepHhIM MarHHTHhIM noneM 0.7 T, napanneJibHhIM HanpaBneHHIO nyqKa ycKo­

pHTeJI.SI. 

HcnoJih3yeMhie MHIIIeHH noMeIIJ;aJJHCh BHYTPH TPC, KOTopa.SI perHcTpH­

posana TpeKH BTOpHlIHbIX 3ap5I)KeHHblX 1IaCTHIJ;, II03BOJI5I5I onpe,n:eJIHTb HX HM­

nyJihCbl H yrJihl BhIXo,n:a H3 MHilleHH, a TaK)Ke H,n:eHTHcpHIJ;HpOBaTb 1IaCTHIJ;bI no 

HOHH3aIJ;HOHHhIM noTep.SIM dE / dx. CHcTeMa RPC II03BOJI.SIJia H,n:eHTHcpHI:i;Hpo­

BaTb 1IaCTHIJ;bI no BpeMeHH nponeTa. 

ABTop npHHHMaJI aKTHBHoe yllaCTHe B pa3pa6oTKe KOHIJ;enIJ;HH npoeKTa 

HARP c ylleToM pap;HaIJ;HOHHOH o6cTaHOBKH B MecTe pacnoJIO)KeHH5I p;eTeKTO­

poB, B MO,IJ;eJIHpOBaHHH KJIIOlieBbIX CBOHCTB cneKTpoMeTpHtieCKOro KOMIIJieK­

ca, B 3KCnnyaTaIJ;HH ycTaHOBKM BO BpeM5I Ha6opa ,n:aHHbIX, a TaKXe B aHaJIH3e 

co6paHHbIX 3KCnepHMeHTaJihHhIX ,IJ;aHHblX. 

BTopaSI rnaBa nocB.SIIIJ;eHa KaJIH6poBKe cneKTpoMeTpa 6onhmHx yrnoB 

[Al], [A2], [A3], [A4], [6]. 0Ha COCTOHT H3 ,IJ;BYX pa3p;eJIOB. IIepBbIH IIOCB>IIIJ;eH 

KaJJH6poBKe TPC, BTopoH: - KaJIH6poBKe RPC. B nepBOM pa3p;ene npHBOJJ:5IT­

C5I JJ:H3aHH TPC, a TaK)Ke ee npoeKTHbie H p;ocTHrHyThie xapaKTepHCTHKM. H3-
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3a HeOTITHMa.JlbHOfO 3a,n;aHH5I TIOTeHI.J;HaJIOB Ha nonecpopMHpyIOII(HX 3JieKTpo­

,n;ax KaMepbI H Heo,n;Hopo,n;HOCTH MafHHTHOfO TIOJI5I coneHOH,D;a.JlbHOfO Marmua 

npHCYTCTBOBaJIH HCKaJKeHH.51 (,n;HCTOpCHH) 3JieKTpuqecKoro H MarHHTHOfO no­

JI5I BHYTPH KaMepnI. lfa-3a orpaHHqeHHhIX cpoKoB npoBe,n;eHH.51 3KcnepHMeHTa 

(1.5 ro,n;a) TIOJIHOCTbIO ycrpaHHTb 3TH annaparypHbie He,n;ocTaTKH He y,n;aJIOCb. 

0CTaJIHCb HeCKOMTieHCHpoBaHHbIMH ,D;HCTOpCHH ,n;Byx npHHI.J;HTIHanbHO pa3HbIX 

THTIOB: CTaTHqecKHe, HMeIOII(HeC5I TIOCT05IHHO, H ,D;HHaMHqecKHe, B03HHKaIOII(He 

npH pa6oTe ycKOpHTeJI.51 BCJie)J;CTBHe HaKOIIJieHH.51 06'.beMHOfO 3ap5I,n;a HOHOB 

aproHa BHYTPH TPC. BenHl.IHHa .n;Hcropcm1 cocraBn5Ina 8-10 MM ( craTHl.le­

CKHe) H 10-15 MM (,n;HHaMHl.leCKHe, K KOHI.J;y c6poca ycKOpHTeJI.51) npH pa,n;Hyce 

TPC Bcero oKono 400 MM. 

,II.n.51 BHeCeHH.51 nonpaBOK Ha ,D;HCTOpCHH npoBe,n;eHa ,n;eTaJibHa.51 KaJIH6poB­

Ka TPC, onHcaHHa.51 B pa6oTe [A 1]. Hcnonh30BaJIHCh TpeKH, npoxo,n;HBIIIHe 

qepe3 Y3KHe 30HbI nepeKpbITH5I KaMep RPC, l.ITO TI03BOJI5IJIO npe.n;cKa3bIBaTb 

«HeHcKa)l(eHHbie» rpaeKTOpHH qacTHI.J;. B pe3ynhTaTe 6hIJIH nonyl.leHbI nonpaB­

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

MHl.leCKHe - ,n;o 200-250 MHKpOH. TpeKH BOCCTaHaBJIHBaJIHCb c CHCTeMaTHqe­

CKOH norpemHOCTbIO B npocTpaHCTBeHHOH KOOp,D;HHare He 6onee 300 MHKpOH. 

IlorpemHOCTb H3Mepemrn HMTIYJIDCa qacTHI.J; COCTaBHJia OKOJIO 2%, a pa3peme­

HHe no nonepeqHoMy HMIIYJihCY a-(1/ Pr) = 0.20 - 0.25 (f3B/c)-1• 

OcHOBHa.51 l.laCTh pa3,n;ena nocB5Ill(eHa onHcaHHIO pa3pa6oTaHHOH Mero,n;H­

Ke KaJIH6poBKH H3MepeHHH HOHH3aI.J;HOHHhIX noreph dE / dx B TPC H npHMeHe­

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

Y ,n;enbHa5I HOHH3aI.J;H5I dE / dx Bb1q11cJI5IJiacb, KaK OTHomeHHe npocyMMH­

poBaHHhIX 3ap5I,D;OB CHfHa.JlbHblX TIJiaCTHH K 3cpcpeKTHBHOH ,D;JIHHe rpeKa. c I.J;e­

JibIO ,n;ocTH)l(eHH5I HaHnyqmero pa3pemeHH5I no dE / dx HCKJIIOqaJIHCh 3ap5I,D;hI c 

.n;Byx cHrHaJibHhIX nnacTHH, HMeIOm;Hx MaKCHMaJihHhIH 3ap5Ip;. Bo BpeM.51 Ha6opa 

8 



,JJ;aHHbIX pen1cTpHpomun1cb aTMoccpepHoe ,JJ;aBnem1e H TeMnepaTypa nnocKo­

CTH CHfHa.JibHblX rrnaCTHH, "llTO Il03BOJIHnO paCClJHTaTb nonpaBKH Ha H3MeHem1e 

TeMnepaTypbI H ,JJ;aBneHH5I ra3a B TPC. 

Ha6mo,JJ;aeMa5I y,JJ;enbHa5I HOHH3aQH5I ( dE I dx )0 KoppeKTHpoBarracb Ha ,JJ;aB­

neHHe H TeMnepaTypy cornacHo nony"tleHHOH cpopMyne: 

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

r,JJ;e g = TIP H ,fo = 0.318. IlapaMeTp ,;a nony"CJeH, KaK OTHomeHHe xapaKTep­

HbIX TeMnepaTyphI To = 25°C = 298° K H ,JJ;aBJ1eHH5I Po = 938 rIIa. IlapaMeTp 

(dE/dx)o 03HaqaeT H3MepeHHYIO y,JJ;eJibHYIO HOHH3au;mo 6e3 KOppeKQHH Ha 3a­

BHCHMOCTb OT T / P, a dE / dx - cKoppeKTHpoBaHHa5I BeJIHlJHHa, npHBe,JJ;eHHa5I K 

xapaKTepHbIM ycJIOBH.SIM g = go. 

,I(n.SI onpe,JJ;eJieHH.SI K03cpcp11u;11eHTOB P 1 H P2 Hcnonb30BaJIHCb H3MepeHH.SI 

(dE/dx)o OTpHu;aTenbHbIX IlHOHOB B ,JJ;Hana30He HMnynbCOB 0.45-0.80 f3B/c, 

,JJ;n.SI KOTOpbIX HOHH3aQHOHHbie IlOTepH 6JIH3KH K MHHHMa.JibHbIM. 

qHcneHHO ( dE / dx )0 B ypaBHeHHH ( 1) onpe,JJ;en.SieTc.SI H3 annpoKCHMaQHH 

pacnpe,JJ;eJieHH5I HOHH3aIJ;HOHHblX IlOTepb cpyHKIJ;HeH f aycca, npHlleM ,JJ;HaTia30H 

dE / dx o6pe3aH ,JJ;JI.SI 6oJibmHX dE / dx Ha ypoBHe 50% OT MaKCHMyMa nHKa 

(pHC. 2). 

O)KH,JJ;aeMa>I nHHeHHOCTb cpyHKIJ;HH dE / dx(g) no,JJ;TBep)K,JJ;aeTc.SI ,JJ;aHHbIMH 

,JJ;n.SI mecTH ceKTopoB TPC (pHc. 3). 

Bb16op 3HaqeHH5I fo = 0.318 onpe,JJ;emreTc5I TeM, lJTO OH no3BOJI5IeT 

yMeHbIDHTb Koppen5IQHIO Me)J(,JJ;y napaMeTpaMH Pl H P2. IlapaMeTp Pl "llHC­

neHHO paBeH HOHH3aIJ;HOHHbIM IlOTep5IM dE/dx npH g = 0.318. ,I(n.SI BOCbMH 

pa3nHlJHbIX Ha6opoB ,JJ;aHHblX 3TOT napaMeTp BapbHpyeTC.SI B npe,JJ;enax + 5% 

OT cpe,JJ;Hero 3Ha"tieHH5I. 3n1 Bap11au;HH npe,JJ;CTaBn5IIOT co6o:H BHyTpeHHIOIO «aM­

nnHTY,JJ;HYIO HecTa6HnhHOCTb» TPC ycTaHOBKH HARP. 
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x' I ndf36B.4 I 179 
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P1 652.5 ± 2.946 
P2 0.9930 ± 0.4561 E-03 
P3 0.1575 ± 0.2817E-03 
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PHc. 2. ArrrrpoKCHMau;m1 pacrrpe.ri;eneHH51 Homrnau;HoHHbIX noTepb cpyHKU:Heli f aycca. 

IlpHHil;IIlIHaJibHbIM .n;ocrmI<eHHeM KOppeKI:J;HH HOHH3au;H:OHHbIX norepb ,Il;J151 

Ka)J(,Il;OfO rpeKa cornaCHO cpopMyne (1) 51BHJ10Cb ycrpaHeHHe 3aBHCHMOCTH 

HOHH3aI.J;HOHHhIX rrorepo or ,r:i;aBneHH51 H reMneparypoI. Eonee roro, OHH cra­

nH npe.n;craBn51Tb co6oH: HOpMHpOBaHHYIO BeJIH"llHHy: MHHHMaJibHa51 HOHH3a­

I.J;H51 dE/dx CTaHOBHTC516nH3Ka K e,r:i;HHHI.J;e. IlpoBe,r:i;eHHe KOppeKI.J;HH or.n;enbHO 

,Il;J151 Ka)J(,IJ;OfO Ha6opa ,r:i;aHHbIX I103BOnHno ycrpaHHTh 3cpcpeKT .n;onroBpeMeHHO­

ro .n;peH:cpa c6opa 3ap51,r:i;a c cHrHaJihHhIX rrnacrHH. 

KpoMe roro, 6hrna npoBe,r:i;eHa KoppeKu;m1 HOHH3aI.J;HOHHhIX norepb Ha 3a­

BHCHMOCTb or non51pHoro yrna (), Koropa51 B03HHKaer H3-3a HCKnIOtieHH51 cHr­

HanoHhIX nnacrHH c ABYM51 MaKCHMaJihHhIMH 3ap.H,r:i;aMH. IIpe,r:i;Jio)J(eHHa.H nonpa-
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PHc. 3. 3aBHCHMOCTb y p;eJibHbIX HOHH3au;i10HHbIX noTepb OT~ = T / P (K/rlla) p;m1 6 ceKTopoB 

TPC. 

BO"CJHa.SI cpyHKI.I;H.SI HMeeT BH,n;: 

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

r,n;e CO, Cl, C2 - ceKToposaBHCHMDie K03cpcpHu;HeHTbI. BeJifflIHHa (dE/dx)0 

03HaqaeT HOHH3a~OHHbie IIOTepH, CKoppeKTHpOBaHHbie Ha 3aBHCHMOCTb OT 

TeMrrepaTypbI H p;aBJieHH.SI, HO ,n;o KOppeKI.I;HH Ha saBHCHMOCTb OT IIOJI.SipHoro 

yr Jia. BeJIHqHHa dE / dx - OKOHqaTeJibHOe 3HaqeHHe rrocJie Bcex KoppeKIJ;HH. 

IIpe,r:i;JimimHHbie aBTopoM KoppeKI.I;HH rrosBOJIHJIH rrpeB30HTH pasperneHIIe 

(22-25% ), pattee ,n;ocTHrHyToe B KOJIJia6opaI.I;HH HARP-CDP. B pesyJibTaTe BbI­

meyKa3aHHbIX KoppeKI.I;HH ,Il;OCTHfHYTO paspemeHHe dE/dx :;:,;: 16%, lITO 6JIH3-

KO K TeopeTHqecKOMY rrpe,n;eny ,II;JI.SI ,n;aHHOH KOHCTpyKIJ;HH ,n;eTeKTOpa. MsMe-
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peHH.51 dE / dx II03BOJI5IJIH pa3,n;eJI5ITb IIHOHbI H npoTOHbI ,n;o IIMilYJibCOB OKOJIO 

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

1.2 ,-----,---,...----,---~---,---, .... 
(a) (b) 
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P11c. 4. Pe3yJihTaThI KaJIH6poBKH H3MepeHH5I: (a) HOHH3aU,HOHHhIX rroTepb B TPC, (b) BpeMeHH 

rrpoJieTa B crreKTpoMeTpe 6oJibIIIHX yrnoB. 

Bo BTopoM pa3,n;ene OI1HCbIBaIOTC51 rrpIIHIUfil pa6oTbI RPC, ,Il;H3a:HH II 3JieK­

TpOHHKa ClIIITbIBaHII.51 RPC HARP, ycnoBH.51 3KcrniyaTa!UfII; npHBO,Il;HTC.51 ,n;e­

TaJibHoe oIIHcaHHe KaJIH6poBKH cIIcTeMbI RPC [A3]. 

KnIOl!eBbIMII norrpaBKaMH 6bIJIII KoppeKIUfH Ha cyTOlIHbie KOJie6aHII51 TeM-

nepaTypbI II Ha 3aBHCIIMOCTb BpeMeHII perIICTpan;HH CHfHaJia OT ero aMIIJIHTY­

,1.l;bI. IlonpaBKa Ha cyTOlJHbie KOJie6aHII51 TeMIIepaTypbI ,Il;OCTIIfaJia 500 H 60-

nee IlHKOCeKyH,n; II 011pe.ri;eJI5IJiaCb OT.IJ:eJibHO .IJ:JI.51 Ka)K,Il;OfO II3 240 KaHaJIOB. Ilo-

npaBKa Ha 3aBHCIIMOCTb BpeMeHH OT aMIIJIHTY.IJ:DI CIIfHaJia .IJ:OCTIIraJia HeCKOJib­

KHX HaHoceKyH.ri; H Bbl1JHCJI5IJiaCb B .IJ:Ba 3Tana. Ha nepBOM 3Tane KOppeKTIIpo­

BaJIC.51 OCHOBHOH 3cpcpeKT, npe,n;nonaraBmIIHC.51 o.ri;HHaKOBbIM .IJ:JI.51 Bcex KaHaJIOB, 

Ha BTOpOM 3Tarre ycTpaH5IJIHCb OT .ri;eJibHO .IJ:JI.51 Ka)l(.IJ:OfO KaHana MeHbillHe 3cp­

cpeKTbI. Cne.ri;yeT OTMeTIITb, 11TO II3Mep5IeMoe BpeM.51 nponeTa no BeJIH11IIHe co-

CTaBJI5IJIO HeCKOJibKO HaHOCeKyH.ri;, a rrorrpaBKH cpaBHIIMbI c II3Mep5IeMbIM Bpe­

MeHeM nponeTa. Ilo3TOMY BbIIlOJIHeHHbIH pac11eT nonpaBOK 06ec11e1rnn ,Il;OCTH-
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)l{eHHe BbICOK03cpcpeKTHBHOH H,IJ;eHTHcpHKaQHH "lJaCTH.Q no BpeMeHH npoJieTa. 

,II;pyrHe nonpaBKH, B OCHOBHOM, Y"llHTbIBaIOT oco6eHHOCTH pacnpocTpaHe­

HH51 CHfHaJIOB B,IJ;OJib noBepXHOCTH KaMepbI. B "lJaCTHOCTH, KOppeKTHpOBaJIOCb 

H3MepeHHOe BpeM.51 npHxo,n;a CHfHaJia B 3aBHCHMOCTH OT KOOp,Il;HHaTbl TO"llKH 

nonap;aHH51 "lJaCTH~bI B KaMepy. 3Ta 3aBHCHMOCTb CB513aHa KaK c pacnpocTpaHe­

HHeM cHrHaJia B.II;OJib nJiaCTHH RPC, TaK H c pacnpocTpaHeHHeM cHrHana B Ka-

6eJI51X 3JieKTpOHHKH. BeJIH"llHHbI 3THX nonpaBoK .n:ocTHraJIH 200 DHKoceKyH,n:. 

Co6cTBeHHOe BpeMeHHoe pa3perneHHe RPC onpe,n:eJI.sIJIOCb c noMO~bIO 

TpeKoB, npoxo,n:51~Hx -qepe3 o6nacTH nepeKpbITHH RPC. B pe3yJibTaTe KaJIH6-

poBOK, npoBe,n:eHHbIX no co3,n;aHHOH MeTO.II;HKe, co6cTBeHHoe pa3perneHHe RPC 

COCTaBHJIO B cpe,n:HeM 127 nHKOCeKyH,n;. 3TOT pe3yJibTaT Hap51,n;y c [7], [8] MO)l{­

HO OTHeCTH K JIY"llIIIHM B MHpe Ha MOMeHT ony6JIHKOBaHH.51 B JIHTepaType. 

BpeM51 npoJieTa "llaCTH.QbI tToF BbI"llHCJI.sIJIOcb no cpopMyJie 

r .n:e tRPC - BpeM51, H3MepeHHoe RPC nocne Bcex KoppeKQHH, ttgt - BpeM.sI npHxo­

,n;a ny"llKOBOH "llaCTHIQ>I Ha MHIIIeHb, H3MepeHHOe ny"llKOBbIMH C"lleT"lJHKaMH, a to -

KOHCTaHTbI, xapaKTepH3YIO~He KmK,IJ;bIH H3 KaHaJIOB RPC. 3Ha"lleHHe t0 onpe,n;e­

JI51JIOCh npH noMo~H TpeKoB rr- c 0.25 Ge VI c :::;; PT < 0.9 Ge V / c no cpopMyJie 

_ expected 
to - tRPC - ttgt - tTOF ' 

expected 
r,n;e tTOF - BpeM51 nponeTa, BblqHCJI51eMoe H3 HMnyJibCa nHOHa, H3MepeHHOfO 

BTPC. 

Pa3perneHHe no BpeMeHH npoJieTa CKJia.II;bIBaJIOCh H3 co6cTBeHHoro pa3-

perneHH51 RPC (127 nHKoceKyH,n:), ToqHoCTH H3MepeHH.sI BpeMeHH nona,n:aHH51 

nyqKOBOH qaCTH.QbI Ha MHIIIeHb (107 IlHKOCeKyH,n:) H 6oJiee MeJIKHX BKJia,II;OB 

(:::::: 50 DHKoceKyH,n;). CyMMapHo pa3perneHHe no BpeMeHH npoJieTa cocTaBJI.sIJIO 
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175 rnrKoceKyH,n:. TaKoe pa3pememie 06ecne1nrno pa3,n:enemre nHOHOB H 3JieK­

TpOHOB B ,n:Hana3oHe HMTIYJibCOB 150-200 M3B/c, r,n:e 3HepreTHl!ecKHe noTe­

p:a nHOHOB H 3JieKTpoHOB B ra3e TPC cpaBHHMbI, l!To He no3BomieT npoBeCTH 

:a,n:eHTHcpHKaQHIO no dE I dx. B 3TOM ,n::aana3oHe oHa B03Mm1rna TOJibKO c HC­

TIOJih30BaHHeM RPC. Pa3,n:eneH:ae nHOHOB H npoTOHOB ocyIIJeCTBJI5.IJIOCb BTIJIOTb 

.n:o HMTIYJibCOB 1.5 f3B/c Ha nponeTHOH 6a3e nop5.1,n:Ka 50-100 CM. (pHC. 4(b)). 

3To ,n:ocTH)KeHHe CTaBHT BpeM>InponeTHYIO CHCTeMy HARP B l!HCJIO nylIIIIHX 

ycTpoifcTB no,n:o6Horo THTia. 

B TpeTheH n1aBe on:acaHa pa3pa6oTaHHa5.I np:a yliaCTHH aBTopa MeTo­

,n::aKa o6pa60TKH 3KCnepHMeHTaJibHbIX ,n:aHHbIX H npe,n:cTaBJieHbl noJiylieHHbie 

3Kcnep:aMeHTaJihHhie pe3yJihTaTbI [A5], [A6]. IIpHBO.D:5.ITC>I o6cy)l(,n:eHHe 3KC­

nep:aMeHTaJihHbIX pe3yJibTaTOB H cpaBHeHHe HX c pe3yJihTaTaMH ,n:pyrHX 3KC­

nep:aMeHTOB. 

IIpe,n:cTaBJieHbI pe3yJihTaThI H3MepeHHH ,n:HcpcpepeHQHaJibHhIX ce11eHHH 

d2<T / (d p · dQ) po)l(,n:eHH5.l 7r± :a npoTOHOB BO B3aHMo,n:elicTBH5.IX n± :a npoTOHOB 

c MHmeH5.IMH H3 yrnepo,n:a :a Me,IJ;H. H3MepeHH5.I npoBo,n::an:acb np:a HMTIYJibcax 

nylIKOBhIX l!aCTHU 3, 5, 8, 12 :a 15 f3B/c B ,n:Hana3oHe nonepel!HhIX HMnynh­

coB BTOpHlIHbIX l!aCTHQ OT 100 M3B/c ,n:o 1.25 f3B/c. YrnoBoH aKcenTaHc no 

nOJI5IpHOMY yr ny H3MepeHHH COCTaBJI5IJI 20 ...;- 125 rpa,n:ycoB OT OCH nyl!Ka. 

,[(JI>I Ka)K,D;OH H3 KOM6HHaQHH THna MHmeHH, copTa BTOpHlIHOH lJ:aCTHQbl, 

THna :a HMnynhca nylIKOBOH l!aCTHQbI npe,n:cTaBJieHo ,n:o 96 3Hal!eHHH ,n:Hcpcpe­

peHQHaJihHoro cel!eHH5.I (8 HHTepBaJIOB no yrny pacce>IHH>I H 12 no nonepel!­

HOMY HMnynhcy BTOpHlIHOH l!acTHQbI). B Kal!eCTBe np:aMepa Ha pHc. 5 npHBe­

,n:eHhI ,n::acpcpepeHQHaJibHbie cel!eHH5I p0)K,D;eHH5.I npOTOHOB H 3ap5I)l(eHHbIX nHO­

HOB B HHTepBaJie yrJIOB BbIJieTa 20° - 30° Ha yrnepo,n:HOH MHIIIeHH ,D;JI5l npo­

TOHOB c HMnynhcaMH 3, 8, 15 f3B/c. Cel!eHH5I np:aBe,n:eHbI B 3aBHCHMOCTH OT 

nonepel!Horo HMTIYJibca, np:al!eM «OTpHQaTeJibHbie» HMnyJihCbI cooTBeTCTBYIOT 
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oTpHu;aTeJibHO sap5DKeHHbIM qacTHU:aM. XapaKTepHa5I norpemHOCTb H3MepeH­

HbIX ceqeHHH 3 -;- 10%. IlonyqeHHbie pesyJihTaTbl cyrn:ecTBeHHO npeBOCXO,Il,5IT 

B 60JibIIIHHCTBe HHTepBaJIOB HMeIOrn;HeC5I B JIHTepaType KaK no IIOJIHOTe, TaK H 

no TOqHOCTH H3MepeHHH H BKJiroqeHbl B Me)l(,Il,yHapo,r:i;HyIO 6asy ,Il,aHHblX Durham 

Hepdata [9]. 

Ha pHc. 6 npe,r:i;cTaBJieHo cpaBHeHHe nonyqeHHbIX pesynhTaroB c pesynh­

TaTaMH 3KcnepHMeHTOB E802 [10] (BepxHHH pHcyHoK), E910 [11] (u;eHTpanb­

HbIH pHcyHoK) H «Konna6opau;H5I HARP» [12] (HH)l(HHH pHcyHoK) Ha 5!,Il,pax Me­

,II,H. CpaBHeHHe c 3KcnepHMeHTOM E802 noKa3aHo B TepMHHax JiopeHU:-HHBa­

pHaHTHoro ceqeHH5I B saBHCHMOCTH OT nonepeqHo:H: Macchi. PesynhraTbI xopo­

mo cor nacyIOTC5I c 60JiblliHHCTBOM paHee ony6JIHKOBaHHbIX cyrn:ecTBeHHO Me­

Hee IIOJIHbIX ,Il,aHHbIX. B TO )Ke BpeM5I HMeeTC5I 3HaqHTeJibHOe (,r:i;o nonyTopa pas) 

pacxO)l(,Il,eHHe c pesyJihTaTaMH, ony6nHKoBaHHbIMH Konna6opau;Heli HARP B 

2007 -2009 rr. 

IloMHMO ,r:i;mpcpepeHQHaJibHbIX ceqeHHH npe,Il,CTaBJI5IIOTC5I TaK)l(e HeKOTO­

pbie «HHTerpanbHbie» xapaKrepHCTHKH B3aHMO,Il,eHCTBH5I a,r:i;pOHHbIX nyqKoB c 

5!,Il,paMH: HHTerpanbHOe ceqeHHe p0)l(,Il,eHH5I IIHOHOB B 3aBHCHMOCTH OT aTOMHOH 

MaCCb15I,Il,pa MHllieHH (pHC. 7), cpe,Il,H5!5I MHO)l(eCTBeHHOCTb p0)l(,Il,eHH5I qacTHU: B 

nepecqeTe Ha O,Il,HO Heynpyroe B3aHMO,Il,eHCTBHe (pHc. 8), a TaK)l(e 3aBHCHMOCTb 

cetreHHH OT 3HeprHH rryqKOBblX qacTHU: [A5], [A6], [13], [14], [15], [16], [17]. 

,Il;aHHbie no yrnepo,r:i;y H Me,Il,H IIOJiyqeHbl H HCnOJib30BaHbl aBTOpOM B ,Il,HCcep­

Tau;HH, OCTaJibHbie ,Il,aHHbie TaK)l(e nonyqeHbl c ytraCTHeM aBTOpa. ,I(aHHbie no 

yrnepo,r:i;y H Me,Il,H, Henocpe,r:i;cTBeHHO nonyqeHHbie aBTopoM, xopomo cornacy­

IOTC5I c o6rn;HM XO,Il,OM 3aBHCHMOCTe:H: BbIXO,Il,a H MHO)l(eCTBeHHOCTH IIHOHOB OT 

aTOMHOfO HOMepa 5!,Il,pa MHllieHH, H3MepeHHbIX KOJIJia6opau;HeH c yqacTHeM aB­

TOpa. 
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PHC. 7. 3aBHCHMOCTb BbIXO,n:a TIHOHOB OT .si:.n:pa MHIIIeHH. 

11HTerparrbHOe cel!em1e BbI1IMCJI5IeTC5I ITO cpopMyne: 

d2a- !ipy 
a-= "f. d d · ( . ) · (2n!icose) 

p. Q < szne > 
(2) 

r ,n;e d2 a-/ ( d p · dQ) - H3MepeHHbie ,n;ttcpcpepeHQMaJibHbie cel!eHH>I po)K,n;eHH51 ntto-

HOB, cyMMHpoBaHHe ITpOBO,IJ;HTC5I ITO BCeM ,n;HaITa30HaM ITOITepeqHoro HMITYJib­

ca H ITOJI5IpHoro yrna, lipr H 11cose - nrnpHHbl COOTBeTCTBYIOIJJ;HX ,n;HaITa30-

HOB, a BeJIHllliHa < sine > - ycpe,n;HeHHa5I ITO Ka)K,IJ;OMY ,n;HaITa30HY. 11HTe­

rpanbHOe ceqeHHe ITPHBO,IJ;HTC51 ,IJ;JI5I p0)K,IJ;eHH51 TIHOHOB B ITepe,n;HIOIO ITonyccpe­

py (30° < e < 90°) ITpH HMTIYJibCaX ITHOHOB OT 0.2 ,IJ;O 1 f3B/c. Ha pHC. 7 H 

8 cel!eHHe H MHO)IWCTBeHHOCTb ITOKa3aHbl B 3aBHCHMOCTH OT BeJIHlIHHbl A 213' 

KOTOpa51 ITpH6JIH3HTeJibHO nponopn;HOHaJibHa ITJIOIJJ;a,IJ;H 51,IJ;pa. 

BITepBbie H3MepeHO OTHOIIIeHHe BbIXO,IJ;a ,n;eihpoHOB K BbIXO,IJ;Y ITpOTOHOB 

B peaKU:H>IX p, n± + A ~ p, d + X nptt HMITYJibce HaJieTaIOIJJ;HX npoTOHOB 

3-15 f'.~B/c, r,n;e A = Be, C, Cu, Sn, Ta, Pb. 11,r:i;eHTHcpHKaQM>I ,n;eihpoHoB ITpo­

BO,IJ;Hnacb TOJibKO no HOHH3aQMOHHbIM ITOTep51M dE / dx cornacHo crren;HaJihHO 
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PHC. 8. 3aBHCHMOCTb MHO)KeCTBeHHOCTH 11HOHOB OT .51,D;pa MHIIIeHH. 

HO paspa6oTaHHoa MeTO,mIKe. Ha pHc. 9 npirne,r.t;eHo pacnpe,r.t;enemie no no­

rapm:}:>My M3MepeHHbIX HOHH3al.UfOHHbIX IIOTepb. MmKHO OTMeTHTb y,r.t;OBJieTBO­

pHTeJibHOe pas,r.t;eJieHMe npoTOHOB M ,r.t;e:EhpoHoB. CpaBHeHHe pesynbTaTOB ,r.t;JI5l 

mecTH MMmeHe:H B yrnoBOM ,r.t;HanasoHe 30° - 45° npHBe,r.t;eHo Ha pHc. 10. YKa­

saHHoe OTHomeHMe BospacTaeT npHMepHo B 4 pasa npH nepexo,r.t;e OT nerKHx 

K T5l)J(eJibIM 51,r.t;paM. 3KcnepHMeHTaJibHbie ,IJ;aHHbie He cornacyroTC5l c npe,D;cKa­

saHH5IMM GEANT4 [18], [19], B 6asy ,r.t;aHHbIX KoToporo Heo6xo,r.t;HMO BHeCTH 

M3MeHeHM5l ,IJ;JI5l MCIIOJib30BaHM5l npH IIJiaHHpOBaHMM HOBblX 3KCIIepHMeHTOB M 

o6pa60TKM p;aHHbIX. 
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3aK11roqeHne 

OcHOBHhie pe3yJihTaThI H BhIBO,IJ;hl 

1. BrrepBhie CHCTeManiqecKH H3MepeHbI HHKnI03HBHbie ,r:i:Ba)K,r:i:bI ,r:i:mpcpepeH­

u;HMhHbie ceqeHH.H o6pa30BaHH.H rrpoTOHOB H 3ap.H)KeHHbIX IIHOHOB B pe­

aKU:H.HX 7r±, p + C, Cu -7 7T±, p + X. H3MepeHH.H rrpoBe,r:i:eHbI rrpH HM­

rrynhce rryqKoB OT 3 ,r:i:o 15 f3B/c, B ,r:i:Harra3oHe yrnoB BhrneTa OT 20° 

,r:i:o 125° H ,r:i:n.H rrorrepeqHbIX HMIIynbCOB BTOpHllHbIX lJaCTHU: OT 0.1 ,r:i:o 

1.25 f3B/c. ,I(ocTHrHyTa TOllHOCTb 3-10%. B pe3ynbTaTe 6hrnH rronyqe­

HbI HaH6onee rronHbie H3 Bcex H3BeCTHbIX B HaCTO.Hrn;ee BpeM.H 3KCIIepH­

MeHTMbHbie ,r:i:aHHhie 06 o6pa30BaHHH 3ap.H)KeHHbIX IIHOHOB H rrpOTOHOB B 

3THX peaKU:H.HX. 3TH CBe,r:i:eHH.H BKnIOlJeHhl B Me)K,r:i:yHapo,r:i:HyIO 6a3y ,r:i:aH­

HbIX Durham Hepdata H MoryT 6bITb Hcrronh30BaHhI, B TOM qHcne, ,r:i:n.H 

yToqHeHH.H rrpe,r:i:cKa3aHHH rrporpaMM - reHepaTopoB a,r:i:poHHbIX B3aHMO­

,r:i:eH:cTBHH, rrpH rrpoBe,r:i:em·m ,r:i:pyrHX 3KCIIepHMeHTOB. 

2. Pe3ynbTaTbI, rronyqeHHhie Ha .H,r:i:pax yrnepo,r:i:a, Heo6xo,r:i:HMhI ,r:i:n.H Bh16opa 

HaHny-qmero MaTep11ana MHmeHH B MIOOHHOM HCTOlJHHKe rrpH rrpoeKTH­

poBaHHH ycKopHTenhHOfO KOMIIneKca HOBOfO IIOKoneHH.H - MIOOHHOfO 

Konna:H:,r:i:epa. B HacTo.Hrn;ee BpeM.H rpacpHTOBa.H MHmeHb paccMaTpHBaeT­

c.H KaK O,I1;HH H3 OCHOBHhIX BapHaHTOB H OKOHqaTenbHhIH BbI6op 6y,r:i:eT 

orrpe,r:i:en.HTbC.H B03MO)KHOCTbIO ,I1;0CTH)KeHH.H Tpe6yeMOH HHTeHCHBHOCTH 

IIOTOKa IIHOHOB rrpH 3a,r:i:aHHOH MOID;HOCTH rrpoTOHHOfO ,r:i:pa:H:Bepa. 

3. H3MepeHHhie B ,r:i:aHHOH pa6oTe celJeHH.H o6pa3oBaHH.H BTOpHllHhIX a,r:i:­

poHOB Ha .H,r:i:pax yrnepo,r:i:a II03BOn.HT AOCTHllb 6onee BhICOKOH TOlJHO­

CTH paclJeTOB IIOTOKa H crreKTpa aTMOCcpepHblX HeHTpHHO, OTKpbIBaIOT 

B03MO)KHOCTb CHH)KeHH.H CHCTeMaTHlJeCKOH onrn6KH rrpH HHTeprrpeTa-
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I(HH pe3y11bTaTOB 3KCnepHMeHTOB no IlOHCKY He:ihpHHHbIX OCil,HJIJUlil,HM, 

a TaK)l(e MoryT 6bITb HCTI011b30BaHhl npH IlJiaHHpOBaHHH HOBbIX HeHTpHH­

HbIX 3KCnepHMeHTOB. 

4. H3MepeHHbie ce'l!eHH51 H MHO)l(eCTBeHHOCTH TIHOHOB Ha 51,r:i;pax yr11epo,r:i;a 

H Me,IJ;H, Henocpe,r:i;CTBeHHO no11y'l!eHHbie aBTOpOM, 51B1151IOTC51 HaM6011ee 

Il011HblMH H TO'l!HblMH B HaCT051rn;ee BpeM51 H cor 11acyIOTC5I c o6rn;HM xo­

,il;OM 3aBHCHMOCTeM BbIXO,r:i;a H MHO)l(eCTBeHHOCTH IlHOHOB OT pa311H'lJHblX 

51,r:i;ep MHIIIeHM, H3MepeHHbie Ko1111a6opau;Heli c y-qacTMeM aBTopa. H3Me­

peHH51 BbIIl011HeHbl ,!1;1151 pa311H'l!HbIX THilOB HaJieTaIOID;HX 'l!aCTHil, (p, n±), 

npH HMTIY11bCe ny'l!Ka OT 3 ,r:i;o 15 f3B/c B ,IJ;Hana30He yr110B BbIJieTa OT 

20° ,r:i;o 125°. BnepBbie CHCTeMaTH'lleCKH H3MepeHO OTHOIIIeHHe BblXO,il;OB 

,r:i;eH:TpOHOB K BbIXO,r:i;y npoTOHOB Ha pa311H'l!HbIX MHIIIeH51X. 3TH pe3y11n­

TaTbI TI03B01151IOT H3B11e'l!b HOBYIO HHcpopMalI,HIO 06 a,r:i;poH-51,r:i;epHbIX B3a­

HMO,IJ;eMCTBH51X H 6y,r:i;yT HCTIOJib30BaHDI ,!1;1151 pa3BHTH51 TeopHH CH11bHOfO 

B3aHMO,IJ;eMCTBH51. 

5. I1pe,!1;110)l(eHa MeTO,il;HKa H npoBe,r:i;eHa KaJIH6pOBKa H3MepeHH51 HOHH3aqH­

OHHbIX noTepn BO BpeM51npoeKIJ;HOHHOM KaMepe 3KcnepMMeHTa HARP. 

,[(aHHa51 MeTO,il;HKa Il03BOJIH11a ycTpaHHTb B11H51HHe p51,r:i;a annapaTypHbIX 

3cpcpeKTOB, CHH)KaIOID;HX TO'lJHOCTb H3MepeHH51 (napa3HTHbie CHfHaJibl B 

311eKTpOHHKe, 3aBHCHMOCTb K03cpcpH11,HeHTa yc1111eHH5I OT TeMnepaTypbI 

H T.,r:i;.) B pe3y11bTaTe ,r:i;ocTHrHyTo pa3perneHHe dE/dx ~ 16 %, 'l!TO 611M3-

KO K TeopeTH'l!eCKOMY npe,r:i;eny ,!1;1151 ,r:i;aHHOfO THTia KaMep. 

6. Pa3pa60TaHbI MeTO,IJ;bI 11 npoBe,r:i;eHa KaJIH6poBKa H3MepeHH51 BpeMeHH 

npo11eTa B cneKTpoMeTpe 6011nrrrnx yr110B 3KcnepMMeHTa HARP. TaK 

KaK B 3KcnepHMeHTe HARP BnepBbie B MHpoBoH: npaKTHKe ,r:i;1151 H3Mepe-
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HH51 BpeMeHH rrpoJieTa BTOpHqHbIX qacTHI.:t; 6bIJIH HCIIOJib30BaHbI KaMepbI 

RPC, 3TO noTpe6oBano co3p;aHH5I HOBhIX MeTop;oB KaJIH6poBKH, YlIHThI­

BaIOII.:t;HX oco6eHHOCTH rrpeI.:t;H3HOHHOro H3MepeHH51 BpeMeHH rrpH IIOMO­

II.:t;H 3THX KaMep. ,IJ;ocTHrHyTo co6cTBeHHoe paspemeHHe KaMep RPC 127 

IIHKOCeKyH,n;, lITO Il03BOJIHJIO onpe,r:i;eJI51Tb BpeM51 rrpoJieTa c TOlIHOCTblO 

175 IIHKOCeKyH,r:i;. B COlleTaHHH c H3MepeHHeM HOHH3aI.:t;HOHHbIX IIOTepb B 

KaMepe TPC 3TO ,r:i;ano B03M01KHOCTh Ha,n;e)lrno H,IJ;eHTHtjJHI.:t;HpoBaTh lla­

CTHI.:t;bI B cneKTpoMeTpe 6oJibillHX yr JIOB 3KcnepHMeHTa HARP. 
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