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IO.A.BaTycoB 

OBmASI XAPAKTEPI1CTI1KA PABOTbi 

AKTYaJihHOCTh TeMhi 

IJpii npoBe,LJ;eHIIII 3KCIIepuMeHTaJibHbiX UCCJie,LJ;OBaHUH B o6JiaCTU ¢II3IIKU 

'JaCTIIIJ; II aTOMHOrO a:.n;pa He06XO,n;IJMO OIITIIMaJibHblM o6pa30M opraHII30BaTb 

B3aUMO,LJ;eHCTBUe BCeX KOMIIOHeHT 3KCIIepuMeHTaJibHOH JCTaHOBKU: ,n;eTeKTQ

pOB, TpurrepHOH CIICTeMhl II annapaT:)'pbl c6opa ,n;aHHbiX. Bee 3TH CIICTeMhl 

.n;omKHhi pa6oTaTb cornacoBaHHO, o6ecne'IIIBaa: BhiCOKJIO cKopocTb npiie}.m 

,n;aHHblX IIpii MaKCIIMaJibHOH 3¢¢eKTIIBHOCTII periiCTpaiJ;IIII C06hiTIIH II3J'Ia

eMOH peaKIJ;IIII. 

3a,n;a'Ieil: TpiirrepHOH CIICTeMhl B JII060M 3KCIIepiiMeHTe Ha JCKOpiiTeJie a:B

na:eTCa: Bhl,n;eneHIIe co6biTIIH uccne.n;yeM_oro npou;ecca II3 6oJihiiioro noTOKa IIH

¢opMaiJ;IIII C ,n;eTeKTOpOB II ynpaBJieHIIe CIICTeMOH c6opa ,n;aHHbiX, KOTOpaa: ocy

Iu;eCTBJia:eT nepe,n;a'Iy II HaKOIIJieHIIe OT06paHHOH IIOJie3HOH IIH¢0pMaiJ;IIII. Ilpii 

U3J'IeHIIU pe,LJ;KIIX npou;eCCOB C03,LJ;aHIIe BbiCOKOKa'JeCTBeHHOH CIICTeMbl OT6opa 

C06biTIIH CTaHOBUTCa: OC06eHHO aKTJaJibHbiM: B JCJIOBIIa:X, KOr,n;a o6ru;aa: 'Ia

CTOTa B3aiiMO,LJ;eHCTBIIH Ha MHOrO nopa:,n;KOB BeJIII'IIIHbl npeBOCXO,LJ;IIT CKOpOCTb 

reHepaiJ;IIII C06biTIIH IICCJie.n;yeMOH peaKIJ;IIII, Heo6XO,LJ;IIMO MaKCIIMaJibHblM o6-

pa30M no,n;aBIITb periiCTpaiJ;IIIO BCeX IIpOI!eCCOB, He CBa:3aHHblX C IIOCTaBJieHHOH 

¢II3II'JeCKOH 3a,n;a'IeH. 

MHoriie IIccne,n;oBaHIIa: ¢yH,n;aMeHTaJihHOH BaJimocTII npoBo,n;a:Tca: Ha ycTa

HOBKax cpe,n;Hero MaCIIITa6a, xapa:KTepHbiX ,n;na: IIpOMe:lKJTO'IHblX 3HepriiH II 

HII:IKHero cerMeHTa o6naCTII BblCOKIIX 3HepriiH (.n;o rv20 f3B). TpiirrepHble CII

CTeMbl TaKIIX 3KCIIepiiMeHTOB (K KOTOpbiM OTHOCa:TCa: BCe paCCMaTpiiBaeMbie B 

,n;aHHOH ,LJ;IICCepTaiJ;IIII) IIMeiOT pa:,n; oco6eHHOCTeH, OT'IaCTII CBa:3aHHblX C orpa

HII'IeHHblMII ,LJ;OCTJIIHbiMII pecypcaMII, KaK MaTepiiaJibHblMII, TaK II IIO 'IIICJIJ 

J'IaCTHIIKOB pa60T. IJpo.n;yMaHHOe IICIIOJib30BaHIIe KpiiTepiieB OIJ;eHKII C06biTIIH 

II npuMeHeHIIe MHoroypoBHeBoro oT6opa c noMOiu;hiO annapaTHhiX npou;ecco

poB II03BOJI}JIOT, TeM He MeHee, II B 3TIIX 3KCIIepiiMeHTax C03,LJ;aBaTb 3¢¢eKTUB

Hbie TpurrepHbie CIICTeMbl. Ba:IKHbn.f¢aKTOpOM IIpii IIX IIOCTpOeHIIII a:BJia:eTca: 

TaK:IKe yMenoe IICIIOJih30BaHIIe KOMMep'IeCKII ,n;ocTynHoii 3JieKTpOHIIKn, II03Bo

na:IOru;ee COKpaTIITb CpOKII C03,LJ;aHIIa: annapaTypbl II 06'beM HOBblX 3JieKTpOH

HblX pa3pa60TOK. 

,[(IICCepTaiJ;IIa: IIOCBa:Iu;eHa BOIIpOCaM C03,LJ;aHIIa: TpiirrepHblX CIICTeM TpeX 

3KcnepiiMeHTOB: ,ll;l1PAK B U.EPH, ANKE B 11ccne,n;oBaTeJihCKOM u;eHTpe 

IOniix II PAX B GSI. <l>II3II'IeCKIIe u;em1 3TIIX 3KcnepiiMeHTOB 3aMeTHO pa3-

nu'IaiOTca:, O,n;HaKO B OTHOIIIeHIIII OT60pa C06biTUH OHII IIMeiOT 06IIJ;YIO 'IepTy: B 

KOHe'IHOM COCTOa:HIIII periiCTpiipJIOTCa: ,LJ;Be 'JaCTIIIJ;bl C xapaKTepHbiMII ,LJ;Jia: II3J

'JaeMOrO npou;ecca napaMeTpaMII. Pa3pa6oTKa MeTO,LJ;OB IICIIOJih30BaHna: TaKIIX 

OTJIII'IIITeJibHblX CBOHCTB npii OT6ope co6hiTIIH II03BOJia:eT C03,LJ;aBaTh Tpnrrep-
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Hbie CIICTeMhi, o6ecne<JIIBaroru;IIe cyru;ecTBeHHoe no,n;aBJieHIIe ·¢oHOBhiX 3anyc
KOB Tipii BbiCOKOH 3cpcpeKTIIBHOCTII periiCTpa~IIII TIOJie3HbiX C06biTIIH. 

L(eJih pa6oTbi 

K Ha'lany HacToaru;eti. pa6oTbi TpiirrepnhiX CIICTeM ,n;Jia 3KcnepnMeHTOB 

,IJ,MPAK II ANKE He cyru;ecTBOBaJio, a caMII ycTaHOBKII Haxo,n;nJIIICh B cTa,n;IIII 

npoeKTIIponaHna. ,Il,Jia npoeKTa PAX He IIMeJIOCb KaKIIX-JIII6o o~eHoK Tpiir
repHbiX B03MO)KHOCTeti.. U:eJibiO pa60Tbi }IBJI}JJIOCb: 

.• J 

1. Pa3pa6oTKa II co3,n;aHIIe MHoroyponHenoro Tpnrrepa ycTaHOBKII ,II;MPAK 

B U:EPH ,ll;Jl}l OT6opa nap 'laCTII~ C MaJibiM OTHOCIITeJibHbiM IIMTIJJibCOM C 

~eJibiO II3MepeHII}I BpeMeHII )KII3HII aTOMa, COCTOaiiJ;ero II3 TIOJIO)KIITeJib
HOrO II OTpii~aTeJibHOrO 7f-Me30HOB. 

2. Pa3pa6oTKa II peaJIII3a~rm JIOriiKII C'liiThiBaniia nHcpopMa~IIII, onTIIMn-

3IIponaHHoti. ,n;Jia yMenhrneniia MepTnoro npeMe~u. fl 

3. Pa3pa6oTKa n C03,II;aHIIe TpiirrepHoti. CIICTeMbi nepe.n;uero ,n;eTeKTopa ycTa

HOBKn ANKE ua ycKopiiTeJie COSY ,n;Jia H3J'leHIIa pa3nana .n;eti.Tpoua 
npOTOHaMII pd ___. (pp )n, O,ll;HOTIHOHHOrO pO)K,ll;eHim pp ___. (pp )1r0 H ,n;py
riiX npo~eCCOB. 

4. MccJie,n;onaune B03MO)KHhiX cnoco6on nocTpoeuna Tpnrrepuofi cncTeMhi 

,II;Jia nJianiipyeMoro 3KcnepnMeHTa PAX B GSI B o6JiacTH cnnuonofi ¢n-
3HKH BhiCOKHX 3Hepruti.. 

HayqHaa HODII3Ha pa6oTbi 

Pa3pa6oTaHhi II peaJIII30BaHhi MeTO,ll;hi nOCTpOeHHa TpHrrepHhiX CIICTeM ,II;Jia 

II3J'leuna npo~eccon, conpono*.n;aroru;IIxca ncnycKanneM nap 'laCTII~, u c IIX 

IlpHMeHeHHeM noJiy'leHhi HOBbie cpH3II'leCKHe pe3JJibTaThi, B TOM 'liiCJie 

B 3KcrrepiiMeHTe ,LJ;I.JPAK B L(EPH: 

• Co3,n;ana Mnoroyponnenaa l'piirrepuaa cncl'eMa, nnepnhie BhiiiOJiuaroru;aa 

OT6op nap qacl'n~ c MaJihiMII OTHOCIITeJihHhiMII IIMnyJihcaMn. CncTeMa 

anJiael'ca noJIHOCl'hiO KoMnhiOTepuo-ynpanJiaeMofi nne Tpe6yeT py'IHhix 
onepa~nti.. 

• Pa3pa6oTaHhi H peaJIH30BaHhi MHOrOCTyneH'laThie npo~e,II;yphl KOHTpOJIR 
3a KaqeCTBOM pa60Thi Tpnrrepnofi CIICTeMhi. 
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• Pa3pa6oTaHa n peaJIII30BaHa JioriiKa C'IIIThiBaHIIa ,n;aHHhiX, no3BOJiaro

ru;mi,nyTeM OTITIIMaJibHOrO B3aiiMO,II;eti.CTBlf}l C TpiirrepHOH CIICTeMOH II C 

y<JeToM npeMeHHoti. CTPYKTYPhi ny<JKa ycKopiiTeJia, coKpaTIITh MepTnoe 

npeMa. 

• Pa3pa6oTaH HOBhn'i MeTO)J; II3MepeHna noTepb II3-3a r-repTnoro npeMeHn 

annapaTypbi C J'leTOM BCeX ero B03MO)KHbiX IICTO'IHIIKOB. 

• C npiiMeneuneM co3.n;auuoti. Tpilrrepuofi cucreMhi nnepBbie n3Mepeuo npe
r-m )KI!3Hn7r+7f- aT<)r-wn . 

n 3KcrrepiiMeHTax Ha ycTaHonKe ANKE Ha ycKopiiTeJie COSY 
(lOJIIIx): 

• Co3,n;aua Tpnrrepuaa cncTeMa nepe.n;nero ,n;eTeKTopa, no3BOJiunrnaa Bhi

noJIHIITh 6oJiblliUHCTBO aKcnepnMeHTOB ua ANKE, n 'IaCTHOCTII, nnepnhie 

II3MepnTh ceqeuna npo~eccon c o6pa3onauneM npoTonuofi naphi B 1S0 co

CToamm: pa3BaJia ,n;eti.TpOHOB npOTOUaMU pd ___. (pp) 5 n B KOJIJIUHeapuoi:t 

KHHet-1aTIIKe npn 0,6-1,9 raB I1 O,ll;HOnHOHHOrO pO)K,ll;eHli}I pp ___. (pp) 5 1f
0 

npii 0,8 ThB; a· TaK*e IICCJie,n;onaTh oKoJion:oporonoe po)K,n;enue TJ u w~ 

Me3ouon II .n;pyrne npo~eccbi. 

• Pa3pa6oTan n peann3onan TonoJioruqecKn-IIe3aBifCI1Mhifi Tpnrrepnhiti. OT-

6op nap qacTn~ B nepe.n;ner-i ,n;eTeKTope, no3BOJIIIBIIIIIti. cyru;ecTneuno 

yMeHhlliUTh MepTBOe npeMR II nOBbiCUTh CKOpOCTh na6opa noJie3HhiX CQ-

6biTIIfi. 

B rrpoeKTe PAX ,IJ;JI.H GSI: 

• BnepBhie npone.n;eu ananii3 oco6eunocl'eti. ycTanonKH PAX c TO'IKII 3pe

nna HCnOJih30BaHIIa ,II;el'eKTOpOB B Tpnrrepnofi CUCl'eMe. 
I' 

• Bnepnhie npe,n;JIO)KeHa B03MQ)f<IIaa apxnl'eKl'ypa l'pnrrepuofi cucl'eMhi. 

HayqHo-rrpaKTifqecKaa 3HaqiiMOCTh pa6oTbi 

CncTeMa Mnoroyponuenoro Tpnrrepa ,IJ;Jia aKcnepnMenTa ,IJ,MPAK o6ecne

'liiJia ycnernuoe npone,n;euue IICCJie,II;OBaiiiiH niiOHHhiX aTOMOB, B KOTOphiX 6biJIO 

II3MepeHO IIX Bper-m )KU3HII, I1 nOCJIJ)KliT OCHOBOfi ,ll;JI}I BTOpOrO 3Tana 3KCne

pnMeHTa, fia KOTopoM 6y.n;yT u3y'laThCa TaK*e n 1r K aTOMhi. Pa3pa6oTi1IIHbie 

npo~e,II;yphi KOHTpOJI}I 3a Ka'leCTBOM pa60Thi Tpnrrepuofi CliCTeMhi, MeTO,ll;hi 

C03,II;aUI!}I nOJIHOCThiO KOMnhiOTepno-ynpaBJI}JeMOll CUCTeMhi OT6opa. C06hiTIIH 

B peaJihHOM BpeMeHII, MeTO,ll;hi II3Mepemm nOTeph II3-3a MepTBOrO BpeMeHII, 
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-3cpcpeKTHBHaH opraHH3aU.IIH conMecTIIOil pa6oThi annapaTyphi c6opa ,n:aHIIhiX 

II MHOroypoBHeBOrO TpHrrepa,' H03BOJHIIOIIJ.aH COKpaTIITh 1\!epTBOe BpeMH ycTa

IIOBKII, MoryT 6biTh noJie3Hhi npw npoeKTnpo.Banmi .n;pyrux '3Kcnepm\IeHTOB. 
Tpurrepnaa cncTeMa nepe.n;nero ,n:eTeKTopa ANKE no3BOJIHJia iiponecTn 

3KcnepnMeHThi no H3yqeHmo pa3BaJia .n;eilTpona npoTonawi pd ---> (pp )n c 
6oJibmoil mipe,n:aqefi nMnyJihca ripo~onnoii nap~, nc~Jie,n:o.Ba~b o.n;nonummoe 

pO)K.IJ:eHIIe pp ---> (pp )1r0, a TaK)J{e o6ecneq~IJia noJiy~eiiite cpii3ii<iecKHX pe3yJih

TaTOB n no MHOriiX .n;pyrnx 3KcnepwMeHTax na ANKE. AimapaTypa u JIOriiKa 
TonoJioriiqecKII-He3aBIICIIMoro .n;nyxqacTnqnoro Tpurrepa 1\IOryT HaHTII npu-.,. 
Menenue na .n;pyriix ycTanonKax, B KOTOphiX IIcnoJih3YIOTCH ro.n;ocKoniiqecKne 

,n:eTeKTOpbL 
BnepBhie paccMOTpeHhi nonpochi, KacaiO!IIIIecH co3,n:amm Tpnrrepnoil cn

CTeMhi .IJ:JIH 3KcnepnMeHTa PAX, npe,n:JIO)Kel!Horo .IJ:JIH nccJie,n:onamiil c noJIHp1I-

30BaHHhiMII aHTimpoTOHaMn na nonoM ycKopHTeJihHOM KOMIIJieKce GSI. 9TOT 

aHaJIII3 3aKJia.IJ:biBaeT OCHOBY .IJ:JIH C03.IJ:aHIIH B ,n:aJibHefimeM TpiirrepHOH CII

CTeMhi · 3KcnepnMeHTa PAX, MHoroo6e!IIaiO!IIero npoe~Ta tll cniiHOBOH cpH3HKe 

BhiCOKHX 3Hepr1Ill. 

MaTepnaJihi nccJie,n:onaHnil, BhiiiOJIHeHHhiX no TeMe .IJ:IICcepTau.nn, ncnoJih-

3JIOTCH aBTopoM B yqe6HhiX Kypcax, qiiTaeMhiX cTy,n:eHTaM M<'DTI1 II Yqe6Horo 

u.eHTpa OI151I1. 

AnTDp 3mu;luu;aeT: 

1: P!=i3YJihTaTbi pa6oT no C03.IJ:aHIIIO MHOroypOBHeBoro Tp!Irrepa ycTaHOB

KII ,Il,J1PAK C OT60pOM C06biTIIH, OCHOBaHHOM Ha BeJinqiiHe OTHOCIITeJihiiOrO 

MMnyJihca qacTIIIJ, napbi. 

2. MeTO.IJ:bi, pa3pa6oTaHHbie .IJ:JIH KOMnbiOTepHoro ynpaBJieHnH Tpiirrepnoil 

CIICTel\IOll C IICKJIJOqeHUeM pyqHbiX onepall,IIH. 

3. MeTO.IJ:bi noJinoro KOHTpoJIH 3a KaqecTBOM pa60Tbi TpiirrepHoil cncTeMhi, 

peaJIM30BaHHbie B 3KCIIepnMeHTe ,Il,J1PAK. 

4. Pememm, peaJIII30BaHHhie .IJ:JIH onTIIMaJihnoro B3aiii\IO.IJ:eilcTBIIH Tpiirrep

Hoil CIICTeMbi C CIICTeMOH c6opa ,n:aHHbiX, II MeTO.IJ:bl II3MepeHHH noTepb II3-3a 
_MepTnoro npeMenn. 

5. Pe3yJihTaTbi pa6oT no co3,n:aHIIIO TpurrepHoil cncTeMhi nepe,n:Hero ,n:eTeK

Topa ycTaHonKn ANKE, BKJIJOqaH pa3pa6oTKY TonoirorMqecKn-He3anncnMoro 
oT6opariap qacTIIIJ,. ··. ·. . , . · 

6. Tip~,rim))J{eHHYIO apxMTeKTYPY Tpnrrepa .n;mi nJiaHnpyeMoro 3KcnepnMeH-
Ta PAX.' ' · 

'· 
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Anpo6au;w.H pa6oThi H ny6mtKau;Im 
f·'·· 

Pe3yJihTaThi pa6oT, na KOTOphiX ocnonaHa .n;uccepTau;na, .n;oKJia.IJ:hiBaJIIICh 

anTopoM na ceMrmapax Jla6opaTopn1I a.n;epnhiX npo6JieM OI15II1, · I1HCTIITY

Ta H,D,epHOH _cpii3IIKII J1ccJie.IJ:OBaTeJibCKOrO iJ,eHTpa lOJIIIX,· pa6oqlf)(' COBeiiJ.aHII

HX KOJIJia6opau.nil .II,I1PAK, ANKE, PAX, Me)J{,n,yHapo,n:Hoil KOHcpepeHIJ.HII' rio 

H.IJ:epHOH cpli31IKe Ha HaKOIIIITeJihHhiX' KOJihiJ.ax STORI05 (BoHH; 2005), 1\Ie)J{

,n,yHapo,n:HoM COBe!IIaHIIII no CIIIIHOBOM cp1I3IIKe a,n:poHOB. (T6IIJIIICII, 2006), a 

TaK)J{e 6biJIII npe,n:cTaBJieHhi Ha pa.n;e .n;pyriiX Me)J{,n,ynapo.IJ:HhiX KOHcpepeHU.IIil 

(STORI02, YnncaJia, 2002; HadAtom03, TpeHTO, 2003; HadAtom05, Bepn, 

2005; HADRON05, Pwo ,n,e :tKaHeilpo, 2005; ICHEP2006, MocKna, 2006). 

OcnoBHbie pe3yJibTaThi .IJ:IICcepTaU.VII ony6JIIIKOBaHhi B pocciificKitx u 3apy-

6e)J{IIhiX )J{ypHaJiax [1,3-5,8,10,14,16,18-20;22,24,26], MaTepiiaJiax KmrcpepeH

IJ.IIH [25,27], a TaK)J{e B nw.n;e npenpnHTOB OI151I1 [17,23] n .n;pyriix II3.IJ:aHnil 

[2,6, 7,9,11-13,15,21]. ' 

06'heM H CTPYKTypa pa6oThi 

,Il,nccepTall,IIOIIHaH pa60Ta II3JIO)J{eHa Ha 164 CTpaHIIIJ.aX II COCTOIIT II3 BBe

,n:eiiiiH, qeTbipex rJiaB II 3aKJIIOqeHIIH, co,n:ep)J{IIT 57 _pncynKOB, 2 Ta6JIUIJ.hl II 

CniiCOK ll,IITIIpyeMOll JIUTepaTypbi II3 114 HaiiMeHOBaHHH. 

C0ji,EP:/KAHI1E ji,I1CCEPTAIJ,I1I1 

Bo nne.n;eiiiiH OTMeqeHa aKTyaJihHOCTb pemaeMoil npo6JieMhi u n3JIO)!{eHa 

CTpyKTypa .IJ:IICCepTall,IIII. 
B nepnoii rJiane o6cy)J{,n:aiOTCH o6!IIIIe Tpe6onaHIIH K TpiirrepHbiM CIICTe-

MaM II 1\-IeTO.IJ:bi IIX peaJIII3aiJ.IIII [ 1]. 
fJiaBHbiMII 3a,n:aqaMII, pemaeMhiMII CUCTeMOll OT6opa co6biTIIH B JII060M 

3KCnepuMeHTe Ha ycKopiiTeJie, 5mJIHIOTCH i) · no.n;anJieHne perucTpau.IIn cpono

BbiX C06biTIIH, He CBH3aHHbiX C IICCJie,D,YeMbiM npOIJ.eCCOM, II ii) 3cpcpeKTIIBHaH 

periicTpaU.IIH co6biTIIll nccJie,n,yeMoil peaKu.un. Kp1ITepMn oT6paKonim cpono

BbiX co6biTIIH, 3aJIO)!{eHIIbie B JIOriiKY OT6opa, He .IJ:OJI)J{Hbl 3aMeTHO no,n:aBJIHTh 

npueM noJie3HhiX co6hiTIIil. 
Kpol\Ie Toro, KaqecTBO pa6oThi TpnrrepHOH cucTeMhi xapaKTepn3yioT II 

,n,pyriie cpaKTOpbi: 6hiCTpOTa npiiHHTIIH pemeHUH 0 3aniiCU JIU60 OT6paKOBKC 

C06biTIIH, B03MO)J{HOCTb rii6KOrO II3MeHeHIIH KpilTepMeB OT6opa, B03J\IO)!{HOCTb 

napaJIJieJihnoro cpynKu.nonuponaHIIH pa3HhiX TIInon Tp1Irrepon, npocToTa sKc

nJiyaTaiJ.IIII, ,n:onycKaiOIIJ.aH UCnOJib30BaHIIe CIICTeMbl 3KCnep1IMeHTaTopaMII, He 
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ra30Bbie 'lepeHKOBCKIIe C'leT'liiKII Ch, JIIIBHeBhie C'leT'liiKII PSh II MIOOHHbie .n;e
TeKTOpbi Mu, cocTmuu;IIe II3 .n;Byx nJIOCKOCTeii CIJ.IIHTIIJIJIHU.IIOHHbiX c'leT'liiKOB, 
pacnoJio)f(eHHbiX 3a norJIOTIITeJieM II3 )KeJie3a. 

Ilpii TIInii'lHOll IIHTeHCIIBHOCTII npOTOHHOrO ny'!Ka, paBHOll 1010 npOTOHOB 
3a c6poc ny'!Ka (,ll;JIIITeJibHOCTblO 4QQ-5QQ MC), O)l;IIHO'lHbie C'leTa )l;eTeKTOpOB 

COCTaBJIHJIII 3a c6poc OKOJIO 3 X 106 B )l;eTeKTOpax )l;O MarHIITa II )l;O 8 X 105 nOCJie 
:tVtarHIITa. TpiirrepHaa noriiKa )l;OJI)f(Ha 6biJia o6ecne'liiTb CHII)KeHIIe cKopoCTII 

nocTynneHIIH co6hiTIIii .n;o ypoBHa, npueMJieMoro .n;na cucTeMbi c6opa .n;aHHbiX, 
KOTOpblll COCTaBJIHJI OKOJIO 2000 C06biTIIH 3a c6poc. IliiOHHbie napbl pO)K)l;aiOT
CH B MIIilleHII, rJiaBHbiM o6pa30M, B CB060~HOM COCTOHHIIII II IIMeiOT illiipOKOe 

pacnpe.n;eJieHIIe no OTHOCIITeJibHOMY IIMnyJibCY Q. TpiirrepliaH CIICTeMa OT6pa

CbiBaJia napbi c QL > 30 M3B/c IIJIII Qx > 3 M3B/c IIJIII Qy > 3 M3B/c, HO 
B TO )Ke BpeMH o6ecne'liiBaJia BbiCOKyiO 3cPcPeKTIIBHOCTb periiCTpali,HII nap C 

KOMnOHeHTaMH Q HH)Ke 3TIIX 3Ha'leHIIH. (QL, Qx II Qy- npO)l;OJibHaa H )l;Be no
nepe'IHbie KOMnOHeHTbi OTHOCIITeJibHOrO IIMnyJihCa, COOTBeTCTBeHHO.) 3Ha'le

HIIe KpnTepiia oT6paKOBKII co6biTIIii QL > 30 M3B/c npe.n;J¥1MepeHHO Bhi6paHo 

cyiiJ,eCTBeHHO 6oJibilliiM, '!eM MaKCIIMaJihHOe .n;na A2" 3ira'leHIIe QL = 3 M3B/c 
.n;na Toro, 'lT06bi npocne.n;IITb 3a ¢opMoii pacnpe.n;eJieHIIH no Q 3a npe.n;enaMII 

'o6JiaCTII cPII3II'leCKOrO CIIrHaJia. 

B ycTaHOBKe )J,liPAK peaJIII30BaH MHoroypoBHeBhiii Tpiirrep [4] c IlcnoJib-

30BaHneM annapaTHbiX npou.eccopoB. B Bbipa6oTKe Tpnrrepa y'laCTBOBaJIH, Ha 
·pa3HhiX ypoBHax, Bee .n;eTeKTOpbi, 3a ncKJIIO'leHIIeM MSGC II Mu. 

B Te'leHIIe HeCKOJibKIIX JieT npoBe.n;eHIIH 3KcnepiiMeHTa cxeMa Tpiirrepa no

CTOHHHO pa3BIIBaJiaCb. MO)KHO Bbi)l;eJIIITb ero )l;Be OCHOBHbie KOHcPIIrypaiJ,IIII. 
, , '. ; B nepBOHa'laJibHOll BepCIIII Tpiirrepa IICnOJib30BaJiaCb CXeMa, nOKa3aHHaa 

.Ha Pile. 2,' BKJIIO'laiOIIJ,aa, noMIIMO Tpiirrepa1-ro ypomm T1, TpiirrepHbie npo

. U.eccopbi T2, T3 II DNA (DIRAC Neural Atomic trigger). Tpiirrep T1 B coBna

,rJ;EiHIIII c T2 HHIIIJ.IIIIpyeT OIJ.II¢poBKY .n;aHHhix B 3JieKTpOHHbiX Mo.n;ynax CIICTe

' it~I c6opa .n;aHHbiX (ADC, TDC, C'leT'liiKII, periicTpbi). Ha cJie.n;yiOIIJ,eM ypoBHe 

OT6opa ncnoJib3YIOTCH TpiirrepHbie npou;eccopbi T3 n DNA, HaKJia)l;biBaiOIIJ,ne 

)l;OnOJIHIITeJibHbie orpaHH'leHHH Ha BeJIII'lHHY OTHOCIITeJibHOrO IIMnyJibCa na

pbi. BbiCTpbiii npe.n;BapiiTeJibHhiii Tpiirrep TO CJIY)KHT .n;na 3anycKa npou;ecca 
o6pa6oTKH co6hiTna B no.n;cncTeMax T2 n DNA. IloJIO)KnTeJibHhie pemeHIIH T3 

n)JNA 06'be)l;IIHHIOTCH no cPYHKIJ,UU liJili )l;JIH nOBbiiiieHHH 3cPcPeKTHBHOCTH 
K fi:()Jie3HbiM co6biTHHM. B cJiy'lae OTpnu;aTeJihHOro pemeHua B o6onx npo

u;eccopax T3 n DNA, npon3BO)l;HTCH 6biCTpbiii: c6poc, n. cucTeMhi Bbipa6oTKII 

Tpurrepa li c6opa )l;aHHbiX B03BpaiiJ,aiOTCH B COCTOHHHe rOTOBHOCTH K npueMy 
HOBOrO C06biTHH. 

B OIWH'laTeJibHoii, ocHOBHOii Bepcnu TpurrepHoii cucTeMhi, Puc. 3, 6biJI 
BHe.n;peH. i-rpou;eccop T4, ncnoJib3YIOIIJ,Hii nH¢opMan;Hio. c .n;peii¢oBbrx KaMep, 
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C6poc FERA 11 DC 

CTaprMSGC 
n o6m<:c cq-JfTLIBanuC 

Puc. 2: IlepBoHa'laJibHaa Bepcua MHoroypoBHeBoro Tpnrrepa ycTaHOBKn )J,li
PAK. 

a HeiipoHHhiii Tpurrep DNA 6biJI pacmnpeH .n;o aepcun DNA/RNA (Revised 
Neural Atomic trigger) c ynyqmeHHbiMII xapaKTepucTIIKaMII. Eho no3BOJIHJIO 

cyiiJ,eCTBeHHO YCIIJIIITb H36npaTeJibHOCTb Tpnrrepa, a TaK)Ke nOBbiCIITb ero 3cP

¢eKTIIBHOCTb K noJie3HbiM co6biTIIHM. C BHe.n;peHIIeM T4 n DNA/RNA Tpnr
repHaa JiornKa T2 n T3 y)Ke He o6ecne'liiBaJia BKJia.n;a B u36upaTeJibHOCTb n 
3cPcPeKTIIBHOCTb Tpurrepa li n03TOMY 6biJia HCKJIIO'leHa . 

e C6poc fERA II oc 
(±} CrapT MSGC 
<±) C.'raj}T e 06mui1 c6poc 

<±> 06mee C'IUTLinattne 

PIIc. 3: 0KOH'laTeJibHaa Bepciia MHoroypoBHeBoro Tpnrrepa ycTaHOBKII )J,li
PAK. 

t: 

Tpnrrep nepBoro ypoBHH Tl. .)J,Jia Bbipa6oTKH Tpnrrepa nepaoro ypoBHH 

[5-7]ncnoJib3YIOTCH cnrHaJibi co CIJ.IIHTHJIJIHU.HOHHbiX ro.n;ocKonoa VH u HH, 
qepeHKOBCKnx c'leT'lHKOB Ch n JinBHeBbrx C'leT'lHKOB PSh a Ka)K)l;OM n3 nne'! 

cneKTpoMeTpa, a TaK)Ke (B Ka'leCTBe onu;nn) c ro.n;ocKona IH, pacnoJio)KeHHOro 
.n;o cneKTpoMeTpn'leCKoro MarHnTa. 

Tpnrrep nepaoro ypoBHa: 

1) opraHH3yeT COBna.n;eHHH CHrHaJIOB C )l;eTeKTOpOB OT)l;eJibHO B Ka)K)l;OM H3 
nne'! cneKTpOMeTpa; 

2) KJiaCCIIcPHIJ;IIpyeT 'laCTHIJ;Y B Ka)K)l;OM nJie'le KaK nHOH HJIH 3JieKTpOH2 ; 

2Ha TpnrrepHOM ypOBHe B KJiaCC 11 UllOHOB 11 BKJIIoqaiOTC}I TaiOKe UpOTOHbl, KaDHbl II MIO

OHbl. 
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3) opraHII3JeT COBna,n;eHIIR Me:tK)l;Y )l;BJMR nJie'laMII cneKTpOMeTpa; 

4) )l;JIR niiOHHhiX nap BhiiiOJIHReT OT6op no KOnJiaHapHOCTII; 

5) oT6upaeT co6biTIIR pR,n;a ¢u3II'leCKIIX npou;eccoB, Heo6xo,n;IIMhiX )l;JIR KaJIII6-

poBKII JCTaHOBKII. 

Ha,n;e:tKHoe pa3,n;eJieHIIe nuoHoB II sJieKTpOHOB Ha TpurrepHOM ypoBHe npo

II3BO)l;IITCR c IIcnoJih30BamieM ra3oBoro 'IepeHKOBCKoro C'leT'IIIKa Ch. Pa3JIII'l

HOe BKJIIO'leHIIe curHaJIOB Ch B JioruKy oT6opa no3BOJIReT peaJIII30BaTh Tpiir

rep C J'laCTIIeM SJieKTpOHOB JIII6o, Hao6opoT, C no,n;aBJieHIIeM C06biTIIH, B KQ

TOpbiX npiiCyTCTBYIOT sJieKTpOHhi. Hccne,n;oBaHIIR npoTOTIIna 'IepeHKOBCKoro 

C'leT'IIIKa [8] n03BOJIIIJIII C03)l;aTh )l;eTeKTOp C s¢¢eKTIIBHOCThiO K SJieKTpOHaM 

Bhime 99,5%. 

IIuoHHhie naphi no,n;BepraiOTCR aHaJIII3Y Ha KOnJiaHapHOCTh c ucnoJih30Ba

HIIeM curHaJIOB ropu30HTaJihHhiX ro.n;ocKonoB HH. IIocKOJihKY oTHOCIITeJihHhiii 

IIMnJJihC niiOHOB OT pa3BaJia niiOHHOrO aTOMa He npeBhiiiiaeT 3 MsBjc, Bep

TIIKaJihHaR COCTaBJIRIOID;aR OTHOCIITeJibHOrO IIMnJJibCa, Qy, TaK:tKe orpaHII'le

Ha STIIM 3Ha'leHIIeM. MaJibie 3Ha'leHIIR Qy cooTBeTCTBYI~h MaJihiM paccTORHII

RM fiy Me:tK.n;y nuoHaMII B JieBOM II npaBOM nJie'lax cneKTpoMeTpa. IIosToMy 

OT6paChiBaHIIe TpiirrepOM C06hiTIIH C 60JihilliiMII 3Ha'leHIIRMII fiy npiiBO)l;IIT 

JIIIillh K no,n;aBJieHIIIO ¢oHa, He 3aTparuBaR noJie3HhiX co6biTIIii. BeJIII'IIIHa fiy 

B co6hiTIIII on;eHIIBaeTcR no pa3HOCTII HoMepoB N H Hl II N H H 2 cpa6oTaBmux 

C'leT'IIIKOB rO)l;OCKOnOB . 

. 102 
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1200 
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400 
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··' 

0 tr.·;__......=r I I 1 ~! 

-15 -10 -5 0 5 10 15 

PIIc. 4: 0T6op no KonJianapnocTu: pacnpe,n;eJienue no pa3HOCTII HOMepoB cpa-

6oTaBmux C'leT'IIIKOB B ropii30HTaJihHhiX ro.n;ocKonax HH1 II HH2. CnJiomnaR 

JIIIHIIR - BKJIIO'leH OT6op fiN ::; 2, IIITpiiXOBaR JIIIHIIR - 6e3 OT6opa. 

0T6op no KOnJiaHapHOCTII BhiiiOJIHReTCR B cneiJ;IIaJihHO pa3pa6oTaHHOM
3 

SJieKTpOHHOM MO)J;YJie. CxeMa npoBepKII KOnJianapHOCTII OCYIIJ;eCTBJIReT TaKoil: 

3Pa.Jpa6oTKa BhlllOJIHeHa B.B.Kaprryxn:HhiM. 
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oT6op 3a 15 nc II yMenhmaeT KOJIII'leCTBO TpurrepoB B 2 pa3a. Ha PIIc. 4 no

Ka3ano pacnpe,n;eJienue co6hiTIIii no BeJIII'IIIne pa3HOCTII INHH1 - NHH21 npu 

BKJIIO'leHHOM II BhiKJIIO'leHHOM OT6ope. 

Ilpe,n;BapuTeJihHhiil: Tpurrep TO. ,ll;JIR pa6oThi TpurrepHhiX npou;eccopoB T2 

II DNA/RNA neo6xo,n;IIM cTapTOBhiii curHaJI c B03MO:tKno 6oJiee KopoTKoil: 3a

.n;ep:tKKoil:. ,ll;JIR STOH n;eJIII ¢opMIIpyeTCR 6biCTphiH npe,n;BapiiTeJibHhiH Tpiirrep 

TO [9], Bhipa6aThiBaeMhiii npoCThiMII coBna,n;eHIIRMII ciirnaJIOB VH u PSh B 

caMOM Ha'laJie ux sJieKTponHoil: ll;enu. 

Tpurrep T2 - OT6op no fix. Tpurrep T2 opraHII30BaH )l;JIR oT6opa nap 

'laCTIID; c MaJihiM paccToRniieM no ropii30HTaJihHOil: Koop)l;IIHaTe x. B pe3yJih

TaTe OT6paChiBaiOTC5I C06hiTII5I C 60JihilliiMII 3Ha'leHIIRMII KOMnOHeHThi Qx OT

HOCIITeJihHOrO IIMnJJihCa. 0T6op npOII3BO)l;IITCR no CIIrHaJiaM IIOHII3aiJ;IIOHHOrO 

ro.n;ocKona IH II CD;IIHTIIJIJIRIJ;IIOHHoro ¢u6epnoro ,n;eTeKTopa SFD. Tunii'IHhie 

3Ha'leHIIR OTHOCIITeJihHOrO IIMnyJihCa niiOHOB OT pa3BaJia A2.,. COOTBeTCTBJIOT 

B STOH 06JiaCTII paCCTORHIIRM Me:tK.n;y 'laCTIIIJ;aMII fix ::; 9 MM. 

Tpurrep T2 BKJIIO'laeT TPII He3aBIICIIMhie MO)l;hi, noRcHeHHhie na Puc. 5. B 

Mo,n;ax 1 11 2 ucnoJih3JeTCR HH¢opMaD;IIR c HOHII3an;uonnoro ro.n;ocKona IH, a 

B Mo,n;e 3 - qu;unTIIJIJIRD;IIOHHoro ¢u6epnoro ,n;eTeKTopa SFD. PemeHIIR Bcex 

Tpex MO)l; Tpurrepa T2 o6'be)l;IIHRIOTCR no ¢ynKD;IIII I1JII1. 

IH IH SFD 

2 3 

PIIc. 5: Pa3JIII'IHhie MO)l;hi Tpurrepa T2. ,ll;JIR noJIO:tKIITeJihHoro pemeHIIR Tpe-

6yeTcR BhiiiOJIHeHIIe XOTR 6hi o,hnoro II3 JCJIOBIIH: J - )l;BJKpaTHhie HOHII3a

D;IIOHHhie noTepu B o.n;noM cqeT'IIIKe nepBoil: nJiocKOCTII IH II B c,n;BIIHJTOM Ha 

noJI-mara COOTBeTCTBJIOIIJ;eM C'leT'IIIKe BTOpoil: nJIOCKOCTII; 2 - Cpa6aThiBanue 

,n;Byx coce)l;HIIX C'leT'IIIKOB. B nepBoil: IIJIII BTopoil: nJIOCKOCTII IH; 3 - curnaJihi 

c ,n;Byx ¢II6epHhiX KOJIOHOK B SFD, Haxo.n;RID;IIXCR Ha paccTORHIIII fix ::; 9 MM. 

Bo3MO:tKHOCTII ucnoJih30BaHIIR CD;IIHTIIJIJIRIJ;IIOHHhiX ¢u6epnhiX ,n;eTeKTopoB 

)l;JIR opraHII3aiJ;IIH TOnOJIOrii'leCKOro Tpiirrepa IICCJie)l;OBaJIHCh B [10]. BhiJIO no

Ka3aHo, 'ITO npiiMeHeHHe MHOrOaHO)l;HhiX ¢oTOJMHO:tKIITeJieil: II cneiJ;IIaJihHOrO 

aJirOpiiTMa SJieKTpOHHOH o6pa60TKII CIIrHaJIOB n03BOJI5IeT C)l;eJiaTh B3aHMHOe 

BJIIIRHIIe KaHaJIOB (cross-talk) HeCyiiJ;eCTBeHHhiM II noCTpOIITb 6biCTphiH II s¢-
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. , QJCKTHBHblll TpHrrep. ,II,eTBJibHOe o6cy:>K,n;eHHe HCHOJib30BaHIUI HOHH3aiJ;HOUHO
. ro ro.n;ocKoiTa IH B TpHrrepe T2, a TaK:>Ke pa3pa6oTKa 6noK-cxeMbi 3JieKTpo-
HHKU BbiHOJIHCHbl B [11]. . 

Ko3¢¢uu;neHT no.n;anneam1 3anycKon ITPH npHMeaeauu TJ:>nrrepa T2 co

cTaBmieT OKOJIO 1,4 riO OTHOIIICHHIO K Tl. IJpu 3TOM 3QJQJCKTUBHOCTb perH-
crpau;UH C06biTUll C Ma.JibiMU Q COCTaBmieT 9Q-95%. . 

Tpurrep T3. ,II,n.H ,n;a.rrbaell:IIIero no.n;anneHH.H co6biTull: c 6oJibiiiUMU 3aaqe

HH.HMU OTHOCUTCJibHOrO HMHYJibCa napbl HCITOJib3YCTC.H TpHrrepHblll ITpou;eccop 

T3, B KOTopoM npoH3BO,li;HTC.H aaa.rru3 KaP,Tbi cpa6oTanniux 3JieMeHTOB B nepTu-.... 
Ka.JibHbiX ro.n;ocKonax VHl, VH2 u B uoau3au;uoHHOM ro.n;ocKone IH. Bo3MO:>K-

Hbie MCTO,ll;bl pea.JIH3aiJ;HU TaKOro OT6opa 6hiJIU BHepBbiC paCCMOTpeHbl B [12]. 

O.n;ua H3 .n;nyx npe.n;no:>KeHHhiX TaM cnoco6on nnocne,n;cTBHU ocyiiJ;eCTBJieH aa 
npaKTHKe4

. 

Ecnu perucTpHpyeTc.H napa qacTuu; c Ma.JibiM 3HaqenueM npo.n;onbnoll: co

cTanJI.HIOIIJ;ell: OTHOCUTeJibHOro nMnynhca ( Q L < 30 M::JB /c), TO cyiiJ;eCTByeT 

KoppeJI.HIJ;U.H Me:>K.n;y noMepaMn cqeTquKon, cpa6oTa~IIIu~ B VHl u VH2: ITpu 

nona,n;aHHH o.n;noll: qacTHIJ;bi B cqeTqlfK VH2; qacTuu;a B .n;pyroM ITJieqe MO:>KeT 

6hiTb o6napy:>KeHa JIUIIIb B orpaJmqennoll: rpynne cqeTquKon VH1j -;-VHlk, 

CM. PHc. 6. lb6HpaTeJibHOCTb a.rrropuTMa oT6opa cTaHOBHTC.H naMnoro nyqiiie, 

ecnu HCHOJib30BaTb TaK:>Ke HHQJOpMau;uiO o6 X-Koop.n;unaTax qacTuu; .n;o nxo.n;a 

B MarnuT, KOTopyiO npe.n;ocTaBJI.HeT ro.n;ocKOIT IH. 

VHl 

VH2 

· ~,PHc. 6: KoppeJI.HIJ;H.H cpa6aTbiBaaull: nepTHKBJibHbiX ro.n;ocKonon VH1, VH2 u 

HOHH3au;Hoauoro ro.n;ocKona IH, HCHOJih3yeMa.H B norHKe oT6opa ITpou;eccopa 
T3. 

JlorHKa oT6opa T3 oprauH3onaaa aa 6a3e ITporpaMMHpyeMoro ymmepca.rrb

Horo norHqecKoro MO,lJ;YJI.H LeCroy 2366. 11nTerpa.rrhua.H cxe.Ma Xilinx 3Toro Mo

,li;YJI.H 3anporpaMMHpOBaHa B COOTBCTCTBHH C Ue06XO,ll;lfMbiM TpHrrepUbiM 8JI-

4M.Ga1Jas. NIM, A482 (2002) 222. 
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ropnTMOM. KoppeJI.HIJ;HOHHbie KapTbi .n;onycTUMbiX cpa6aTbiBaHHil VH1, VH2 

H IH 6hiJIH ITOJiyqeHhi nyTeM Mo,n;enuponaau.H MeTo,n;oM: MonTe-Kapno H nno

cne,n;cTBHH npoBepeHbl Ha 3KCITepHMCHT8JibHbiX ,n;aHUbiX. 

Ko3¢¢uu;nenT no.n;anneau.H qHcJia TpHrrepon cxeMoll: T3 ITpu TUITuqabiX 

YCJIOBU.HX 3KCHepUMCUTa COCTaBJI.HeT 2,0 ITO OTHOIIICHHIO K Tl. 9QJQJCKTUBHOCTb 

T3 K ITapaM C Ma.JibiMlf OTHOCUTCJibHbiMII IIMITYJibCaMU COCTaBJI.HeT 97%. 

Tpurrepbi DNA u RNA. EIIJ;e o.n;uu 6hiCTpbill: ITpou;eccop5 ,n;n.H oT6opa co-

6biTIIil c Ma.JibiMU Q co3,n;au ua 6a3e uell:pouuoll: ceTn. IlpHHIJ;HIT oT6opa co-

6biTIIil C Ma.JibiMU 3JiaqeJIU.HMU OTHOCUTCJibHOrO lfMITYJibCa 6JIII30K K IICITOJib30-

BaUUOMY B ITpou;eccope T3, TO ecrh 3aKJIJOqaeTC.H B yqeTe Koppen.Hu;ull: cpa6a

TbiBaHH.H 3JieMenTon ,n;eTeKTopon B .n;nyx ITJieqax CITeKTpoMeTpa nocne MarnuTa 

H B o6nacTH .n;o MarnHTa. Ilo,n;cHCTeMa DNA HCHOJih3YeT CHrHBJibi c HOHH3au;n

ouuoro ro.n;ocKOITa IH, nepTUKaJihHhi;_ ro.n;ocKonon VH u nunneBbiX cqeTquKoB 

PSh, n TO npeM.H KaK B RNA BMecro IH aua.rru3HpyiOTC.H .n;auubie co cu;HnTuJI

JI.HIJ;Honuoro ¢u6epuoro ,n;eTeKTopa SFD. 

Hell:pouua.H ceTb 6biJia Tpennponana ua perHcTpau;uiO ITap qacTHIJ;, y.n;o

BJICTBOp.HIOIIJ;HX KpUTepH.HM OT6opa ITO Ma.JIOll BCJIIfqUJIC OTHOCUTCJibHOrO HM

ITYJibCa ITapbi. 06yqeuue CliCTeMhl ITpOU3BO,li;UJIOCh C ITOMOIIJ;biO C06biTUll 1 no

CTpOCHHbiX ITyTeM Mo,n;enHponauH.H ITO MeTo.n;y MonTe-Kapno. B ,n;a.rrbuell:IIIeM 

ITapaMeTpbl a.rrropHTMa OT6opa If xapaKTepHCTUKU ~NA/RNA B IJ;CJIOM 6biJIU 

ITpOBepeUbl Ha 3KCITCpUMCHT8JibHhiX ,n;aUUbiX. 

AniTapaTypa DNA/RNA uaqHaaeT o6pa6oTKY co6biTU.H c ITpuxo,n;oM npe.n;

napHTeJibHOro TpHrrepa TO H Bbi,n;aeT peiiienue qepe3 QJHKCHponauaoe npeM.H, 

panaoe 250 uc. Ko3QJQJHu;nenT ITo,n;annenH.H ¢oua cocTaBJI.HeT 1,9-2,0, 3QJQJeK

THBUOCTb K C06biTlf.HM C Ma.JibiMlf Q panna 99%. 
TpHrrep T4- oT6op co6biTHil c uciTOJib30nauHeM Hn<}lopMau;HH c .n;pell:¢o

BbiX KaMep. TpHrrep T4 .HBJI.HeTC.H 3anepiiiaiOIIJ;HM yponneM oT6opa. B neM 

noccTanannunaiOTCR ITp.HMOJiuuell:Uhie TpeKH B X-ITpoeKIJ;HH H ana.rrH3HPYJOT

C.H HX ITapaMeTpbi ITO OTUOIIICUHIO K OTHOCUTCJibUOMY lfMITYJibCY ,li;Byx qaCTHIJ;. 

Ilpou;eccop T4 pa6oTaeT TOJibKO c HOMepaMH ITpononoK, npeMena .n;pell:¢a B 

TpHrrepe He HCITOJib3YJOTC.H6
. • 

Ilpou;eccop T4 cocTOHT u3 ,D,Byx qacTell:: paciT03HaBaTenell: TpeKoB H aaa

JIH3aTopa TpeKOB. IlpHau;un .n;ell:CTBH.H T4 HJIJIIOCTpHpyeTC.H ua Puc. 7. 

PaciTo3uanaTeJih TpeKoB ITPOH3BO.n;HT noucK cpa6oTaniiiHX ITpononoK B ITpe

.n;enax KOpH,li;Opa 3a,n;aHHOll lliHpHHhl C HCITOJib30BaHUCM OHOpHbiX ITJIOCKOCTCll. 

EcJIH TpeK uall:.n;eu, eMy npHrnichlnaeTc.H ynHKBJihuoe 3Haqeune 11H,n;eHTHQJU

KaTopa TpeKa". Ecnu xoT.H 6bi ITO o,n;HoMy TpeKy aall:.n;euo B o6onx ITJieqax 

CITCKTpOMeTpa, K pa60TC ITpHCTYIJaeT aUBJIH3aTOp TpCKOB. 

5P.Kokkas et al. NIM, A471 (2001} 358. 
69JieKTpOHIIKa T4 pa3pa6oTaHa B.B.KapnyxnHhiM. 
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Pllc. 7: CxeMa npoxo)K)l;eHll5! .n.annhiX B TpllrrepnoM npt~u;eccope .n.peitcpOBhiX 
KaMep T4. Xl(X2), X5(X6) - onopnhre nnocKOCTll. · 

B ananll3aTop TpeKOB nocTynaiOT Bee naii.n.ennhre B .n.annoM co6hiTllll ll)l.en
TllcpllKaTOphi TpeKOB, 11 cpe)l.ll HllX npOll3BO)l.llTC5! nOllCK napbl, y)l.OBJieTBOp5!

IOIIJ;ei1 KpllTepn5!M QL :S 30 M3B/c ll Qx :S 3 M3B/c. B naM5!Th npou;eccopa 
3anecenhi neo6xo)l.llMhie )l.JI5! 3Toro .n.annhre, nonyqennhre nyTeM MO)l.eJillpoBa
nll5! MeTO)l.OM MmiTe-Kapno c ncnoJih30BanlleM Toqnoii reoMeTpllll ycTaHOBKll. 
KaK 11 B cnyqae .n.pyrllx TpllrrepnhiX npou;eccopoB, pe3yJihTaThi Mo,I(enllpoBa
Hll5! npoBep5!JillCh na 3KCnep11MeHTaJihHOH llHcpOpMaiJ;llll nepe)l. BKJIIOqenneM 

T4 B KaqecTBe aKTllBnoro Tpnrrepa. 
BpeM5! pernenn5! B npou;eccope T4 3aBllCHT oT cnmKnocTn co6hiTn5! n co

CTaBJI5!eT B cpe.n.neM 3,5 MKC. Tpnrrep T4 yMenhrnaeT noTOK co6hrTni1 B 5 p83 

no oTnornenlliO K TlllJill B 2,5 p83a no oTnorneHIIIO K DNA/RNA. Ilpii 3TOM 
3cpcpeKTllBHOCTh K C06hiTll5!M B o6JiaCTII MaJihiX Q npeBhiiDaeT 99%. 

B OKonqaTeJihnoii BepciiH nonnoro Tpiirrepa (Pile. 3) cKopocTh cqeTa co
CTaBJI5!Jia OKOJIO 700 3a c6poc, qTO BnOJIHe COOTBeTCTBOBaJIO B03MOJKHOCT5!M 
CIICTeMhl c6opa )l.aHHhiX, n03BOJI5!BIDei1 npnHllMaTh )l.O 2000 C06biTIIH. 

KaqecTBO pa6oThi Tpllrrepnoii CIICTeMhi Mo:acno nJIJIIOCTpnpoBaTh pacnpe
.n.eneHI15!MII no OTHOCIITeJihHOMY IIMnyJihCY II 3cpcpeKTllBHOCThiO perncTpau;nu 
co6hiTlli1 c MaJihiMn Q. Ha P11c. 8 noK83ano pacnpe.n.enen11e co6hiTlli1 no oTno
CIITeJihHOMy llMnynhcy nocne npoxo:ac.n.enii5! OT)l.eJihHhiX cTyneneii Tpiirrepno
ro oT6opa. BII.n.no, KaK no Mepe y:acecToqenii5! oT6opa npollCXO)l.IIT o6pe3anlle 
co6hiTlli1 c 6oJihillllMII Q. Ha Pile. 9 oTo6pa:acena 3aBllCllMOCTh OT Q 3cpcpeK-

14 

TllBHOCTll perllcTpaiJ;llll co6hiTlli1 p83JIJlqHhiMU Tp11rrepa1vm. BhrcoKa5! 3cp¢eK
TllBHOCTh npll MaJihiX Q oqeBll)l.Ha ll COCTaBmreT 98% npll Q < 22M3Bjc. 

:"""-. . . 
• Allevents 25000 
• (DNA or RNA) event• 

• T4everd.s 

"' T4ond(DNAorRNA)events 
20000 ...... . . 
15000 i- :.. •• • 

r.· . . 

l'- .... .... ·- _· ·. -., ..... I ·. ·.... .... I . . ~ 

5000 .. •• .. . :. ..... · ..... 
0·~.1 

0 0.05 0.1 0.15 0.2 0.25 0.3 
GtN/c 

Pllc. 8: Pacnpe.n.enenue no oTnocuTeJihHOMY llMnyJihCY Q )l.JI5! co6hiTHi1, npo

rne.n.rnux p83nnqnhre ypoBHII Tpnrrepa. 

BcnoMoraTeJihHhie Tpllrrephi. lloMIIMO ocnoBnoro Tpnrrepa, cny:acaru;ero 
)l.JI5! na6opa 7r+7r nap OT p83BaJia niiOHHhiX aTOMOB, opraHII30BaH p5!,ll. BCnOMO

raTeJihHhiX TpiirrepoB, cny:acaru;IIx )l.JI5! perllcTpaiJ;llii co6hiTIIi1 .n.pyriix cpi13II
qecKIIX npou;ecCOB, a TaK:ace )l.JI5! KaJII16pOBKII ll npoBepKII ¢ynKIJ;IIOHIIpOBaHII5! 
annapaTyphr. 9TH Tpiirrephi MoryT pa6oTaTh napannenhHO c ocnoBHhiM, Jill6o 

npllMeHHThCH OT)l.eJihHO. 
Pa3JillqHbie BcnoMoraTeJihHhie Tpnrrephi ocyru;ecTBJIHIOT: 

1) periiCTpaiJ;HIO e+ e- nap (,ll.JIH BpeMeHHhiX KaJIH6pOBOK II KOppeKIJ;UH )l.OJirD-

BpeMeHUOrO .n.pei1¢a annapaTyphr); 
2) Bhi)l.enenue pacna.n.oB A-+ J:l,+ 1r- (.n.nH Toqnoii mcTnpoBKH Koop.n.unaTHhiX 

.n.eTeKTopoB no nono:acenum.BoccTanoBnennoii MaCChi A-rnnepona); 

3) Bhi)l.eJienue pacna)l.OB K± -+ 7r±7r+7r-; 

4) perucTpau;um co6hiTHi1 c o6p830BanueM )l.BYX nap e+e- [13}; 
5) perucTpau;um 7r+7r- nap 6e3 nano:acenuH ycnoBHH KonnanapnocTll; 

6) H3Mepenlle nhe)l.eCTaJIOB ADC; 
7) npoBepKy pa6oThi cucTeM Bhrpa6oTKH Tpnrrepa u c6opa .n.aHHhiX OT rene-

paTopa, IIMHTIIpymru;ero peanhHhie co6hiTnH; 
8) npueM .n.anHhiX c JlcnoJih30BanueM npocTeiirnero Tpllrrepa (minimum bia! 
trigger) )l.JIH npoBepKII pa6oThi Tpi1rrepnoi1 cucTeMhi, rJiaBHhiM o6p830M, m 

nll3illllX ypoBHHX Tl11 TO. 
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PIIc. 9: 8cpcpeKTIIBHOCTh penicTpaiJ,IIII nap na pa3HbiX TpiirrepHbiX ypoBHRX 

KaK <PJHKIJ,IIR Q. CJiena - no nceM ,n;IIarra3one, crrpana -. n o~JiaCTII MaJibiX Q. 

YrrpaBJieHIIe Tpiirrepnoif CIICTeMoif II KOHTPOJib 3a ee pa6oTOH. YrrpanJie

HIIe TpiirrepHOH CIICTeMOH II CIICTeMOH c6opa ,n;aHHbiX IIOJIHOCTbiO BbliiOJIHReT

CR [14] C IIOMOIIJ,biO KOMIIbiOTepa. flpii 3TOM IICKJIIO'IeHbi JII06bie PJ'IHbie OIIe

paiJ,IIII, KOTOpbie MOrJIII 6bi IIOTpe6oBaTbCR ,ll;JIR II3MeHeHIIR TpiirrepHbiX JCJIG

BIIH (rrepeKJIIO'IeHIIe Ka6eJieH, TyM6JiepoB H T.rr.). 8TO II03BOJIIIJIO yrrpOCTIITb 

yrrpaBJieHIIe II 3Ha'IIITeJibHO JMeHbiiiiiTb BepORTHOCTb OIIIII60K 3KCIIepiiMeHTa

TOpOB rrpii rrpone.n;emm ,ll;JIIITeJibHhiX KpyrJiocyTO'IHhiX H3Mepermif. CocToRHIIe 

BCeX 3JieKTpOHHbiX 6JIOKOB 3a,n;aeTCR TpiirrepHbiM cpaifJIOM, KOTOpbiH OIIHChiBa

eT KOHcpiirypaiJ,HIO TpiirrepHOH JIOrHKII H front-end 3JieKTpOHIIKII. flpii 3arpy3-

Ke cPaifJia B Ha'IaJie ll,IIKJia H3MepeHHH 3a,ll;aiOTCR 3Ha'IeHHR rroporOB ,ll;liCKpHMH

HaiJ,Im, 3a,n;ep.1KeK, IIIIIpiiHbi CHrHaJIOB, aKTHBIIpJIOTCR HJ.IKHbie IIpOIJ,eCCOpbi, 

, Bhi6npaiOTCR THIIhi ncrroMOraTeJibHhiX Tpnrrepon n KoacpcpniJ,HeHThi .rr:eJieHHR 
'IaCTOTbl ,ll;JIR HHX H T.,1J;. 

OcnonnaR qacTb aJieKTpounoif arrrrapaTyphi 3KcrrepnMenTa ,li;HPAK H3ro

TOBJiena B CTan.n;apTax KAMAK n VME. HapR.n;y c 3THM rrpHMeHRIOTCR TaK:iKe 

II MO,ll;yJIH i3 CTan.n;apTe NIM, KOTOpbiH ue rrpe.n;ycl\mTpiinaeT CBR3II c KOMIIbiOTe

poM II o6bi'IHO Mo:iKeT IIcrroJih30BaTbCR TOJihKO c py'IHbiM yrrpanJienneM. l..JTo6bi 

ocyiiJ,ecTBIITb IIOJIHOCThiO KOMIIhiOTepnoe yrrpanJieniie, Te II3 6JioKOB NIM, co

CTORnue KOTOpbiX ,ll;OJI:iKHO II3MeHRTbCR rrpn pa3HbiX TpnrrepHbiX JCJIOBIIRX, 

BKJIIO'IeHbi B 3JieKTpOHHJIO JIOriiKY CIIeiJ,UaJibHbiM o6pa30M, C IICIIOJib30BaHII

eM BhiXO,ll;HhiX perncTpon n cTan.n;apn! KAMAK. 8To rro3BOJIIIJIO peaJIII3oBaTb 

yrrpanJienne OT KOMIIhiOTepa TaK.IKe II ,ll;JIR 3JieKTponnKII B cTau.n;apTe NIM. 
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Ka'IeCTBO pa60Tbi TpiirrepHOH CIICTeMbi IIOCTORHHO KOHTpOJIIIpOBaJiaCh, IIG

CKOJibKJ OIIIII6KII IIpii OT6ope C06biTIIH MOrJT IIpiiBO,ll;IITb K IIOTepe ,n;aHHbiX IIJIII 

K perncTpaiJ,IIII nx cMeiiJ,ennoif Bhi6opKII. TaKoif KOHTPOJih ocyiiJ,eCTBJIRJICR [14] 
KaK B peaJibHOM npeMenii, TaK n rryTeM off-line 3Kcrrpecc-anaJIII3a ,n;aHHhiX, rro

JiyqaeMhiX IIpli rrepiiO,ll;II'IeCKIIX CIIeiJ,IIaJibHbiX II3MepeHIIRX, II BKJIIO'IaJI: 

• IIpOBepKy KOHcpiirypall,IIU 3JieKTpOHIIKII II pa6oTOCIIOC06HOCTII 3JieKTpOH-

HbiX MO.n;yJieif rrpii 3arpy3Ke TpiirrepnQro cpaiiJia; 

• aBTOMaTII'IecKoe TecTnponanne rrpo11,eccopa .n;peifcponbiX KaMep rrpn uaqaJie 

Ka.IK.n;oro na6opa ,n;aHHhiXj 

e KOHTpOJib CKOpOCTII C'IeTa BCeX TIIIIOB TpiirrepOB ua BCeX TpHrrepHbiX ypOB

HRXj 

e KOHTpOJib riiCTOrpaMM B peaJibHOM BpeMeHIIj 

• rrponepKy Ka'IeCTBa pa6oTbi rrpo11,eccopon rrpn off-line 3Kcrrpecc-anaJIII3e; 

• arrn3o,n;nqecKoe HCIIOJih30Banne minimum bias Tpiirrepa; 

• rrponepKy 6e3 rryqKa c IICIIOJih30BaniieM renepaTopa; 

• B03MO:iKHOCTh rroJiyqeHIIR cne.n;eniiif (II3 3arrncanHhiX .n;anHhix) o rrapaMeT

pax aJieKTponuoif arrrrapaTyphi B JII06oM rrporne.n;rneM IJ,IIKJie II3Mepeniiif. 

,li;JIR o6JierqennR 3KcrrJiyaTaiJ,IIn arrrrapaTyphi II .n;uaruocTIIKII neiicrrpanno

CTeif 6hiJia pa3pa6oTana ynncpHIJ,IIponannaR TexnnqecKaR ,n;oKyMeHTaiJ,IIR [15], 
,n;eTaJihHO OIIIICbiBaiOIIJ,aR KOHcpiirypaiJ,UIO BCeH 3JieKTpOHIIKII 3KCIIepHMeHTa. 

CIIcTeMa c6opa .n;anHhiX. CHcTeMa c6opa .n;annhiX [16] oprann3onana c yqe

TOM npeMennoif CTPYKTYPhi IIJ'IKa ycKopiiTeJIR PS n D;EPH. B Te'IenHe cy

rrepiJ,IIKJia ycKOPIITeJIR (,n;JinTeJibHOCTbiO 15-20 c) Ha ycTaHOBKY ,IJ;HPAK rrpo

II3BO,ll;IITCR OT 1 .n;o 5 c6pocon rryqKa c HHTepBaJIOM Me:iK.n;y c6pocaMII ne Menee 

1 c. l..JTo6bi yMeHhiiiiiTh MepTnoe npeMR rrpii rrpneMe ,n;aHHhiX, no npeMR c6poca 

IIJ'IKa IIpOHCXO,ll;IIT TOJibKO rrepe,n;aqa OT06paHHbiX TpiirrepHOH CIICTeMOH C06hi

TIIH n 6ycpepHbie rraMRTII, a C'IIITbiBanne IIX co.n;ep:iKIIMoro n VME rrpou.eccop, 

IIOCTpOeHIIe C06hiTIIH II ,n;pyriie OTHOCHTeJibHO Me,n;JieHHbie KOMIIbiOTepHbie OIIe

paiJ,liii BbiiiOJIHRIOTCR B IIpOMe:iKJTKax·Me:iK.n;y c6pocaMII IIJ'IKa. 

ApxiiTeKTypa arrrrapaTyphi cnCTeMbi c6opa )I.aHHhlX IIOKa3aHa na Puc. 10. 
HcTO'IHIIKII .n;anHhiX crpyrrrriiponaHhi B neTBII TaKnM o6pa30M, 'IT06bi B Ka:iK

.n;oif n3 HIIX rroJiy'IIITh rrpn6JIII3IITeJihHO paBHbie pa3Mephi rro.n;-co6biTHH. Bcero 

UMeeTCR 12 BeTBeii C'IIITbiBaHmi: qeTbipe ,ll;JIR MIIKpOCTpiiiiOBbiX ra30BbiX Ka

Mep MSGC, Tpn ,ll;JIR .n;peifcponhiX KaMep DC II IIRTh BeTBeif FERA ,ll;JIR ncex 

ocTaJibHhiX ,n;eTeKTopon. Ka)K,ll;aR neTBh rro,n;KJIIO'Iena K oT,n;eJibHOH 6ycpepnoif 

rraMRTII n VME KpeiiTax. 

Bo npeMR c6poca rry'IKa nee neTBII rrepe,n;aiOT n 6ycpepHbie rraMRTII nn

cpopMaiJ,IIIO rrapaJIJieJibHO co cKopocTbiO oKoJio 10 Mru. rro.n; yrrpanJienneM co-

3,n;auuoif CIICTeMhi ciinxpoHII3aiJ,nii C'IIIThiBaHIIR (CCC). CCC· Bbipa6aTbiBaeT 
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ClirHaJI, no KOTOpOMY HR'IliHaeTC51 nepe,ll.aqa ,ll.aHbiX, li 3aTeM o:lKli,ll.aeT, KOr,ll.a 

nepe,ll.aqa 3aKOH'fliTC5f BO BCeX BeTB5fX. fiOJIJ'fliB liH,ll.liBli,ll.YaJlbHbre ClirHaJibi 

oKOH'faHH5f C'fliTbiBaHHR OT Ka)K.n.oti BeTBH, CCC oqm:u;aeT Bee perncTpbr .n.au

HhiX li 3aTeM, nocJie oxpauuoti nay3hi, CHHMaeT 6JioKnpyror.u;nti cnruan, TeM 

caMhiM pa3perna51 npneM noBoro co6hiTH51. 
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Pnc. 10: ApxnTeKTypa annapaTyphr c6opa .n.aHHhiX 9KcnepnMeHTa ,Il;I-IPAK. 

JlorHKa C'fliTbiBaHli5f opraHli30BaHa TaKHM o6pa30M, 'fT06bi MliHliMli3lipO

BaTb MepTBOe BpeM5f, B03HliKaJor.u;ee npn auann3e co6hiTHti npou;eccopaMH n 

npn nepe.n.aqe .n.aunhiX B 6y¢epnhre uaKonnTeJIH. flpn oTpnu;aTeJihHbiX pe

rneHH5fX TpnrrepHbiX npou;eccopoB Bhrpa6aThmaeTC51 cnruan 6biCTporo c6poca. 

,ll;JIR onTHMaJihHOti uacTpotiKH ynpaBJIRIOIIJ;liX cnruanoB Gate II Clear npnMe

HHTeJibHO K pa3HbiM ,ll.eTeKTOpHbiM rpynnaM 6biJia opraHII30BaHa [17] pa6o

Ta cncTeMbi FERA c IICnOJib30BanneM MHO)KeCTBeHHhiX cnruanoB 3anycKa li 

O'IIICTKII, 'ITO n03BOJiliJIO yMeHhiiiiiTb 11 nO,ll.XBaT 11 CJiyqatiHbiX CIIrHaJIOB npli 

II3MepeHHli aMnJiliTJ,ll.HbiX cneKTpOB li yMeHbiiiliTb MepTBOe BpeM51. 

MepTBoe BpeM5f. B 3KcnepnMeHTe ,I!JlPAK BKJia.n. B MepTBOe BpeM5f .n.aiOT 

front-end 9JieKTpounKa, Tpnrrepubre npou;eccophl li cncTeMa c6opa .n.annhrx. 

floMIIMo 9TIIX 11 np51Mhrx" noTepb BO BpeMR ua6opa IIn¢opMaiJ;IIH, MepTBoe 
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Bpel\151 B KaiWJiaX ,ll.eTeKTOpOB MO)KeT CKa3aTbC51 TaK)Ke II npli off-line aHaJIII3e 
,ll.aHHbiX. 

B [18] paccMOTpeHbi Bee HCTO'IHHKH noTeph H3-3a MepTBoro BpeMeHn u 

onucaua pa3pa6oTaHHM npou;e.n.ypa nx H3MepeunR. Bo BpeMR c6poca nyqKa K 

CIIrHaJiaM C ,ll.eTeKTOpOB nO,ll.MeiiiHBaiOTC51 TeCTOBbie CIIrHaJihi, OTHOCHTeJibHbie 

3a,ll.ep)KKJI KOTOpbiX B pa3HbiX KaHaJIRX nO,ll.06paHbi TaKliMli )Ke, KaK y peaJib

HbiX co6biTliH. fi03TOMy, eCJili T~CTOBbiH ClirHaJI reuepnpOBaH He B MepTBOe 

BpeM5f, on Bhi3hmaeT Tpnrrep. CpaBueune 'fliCJia reuepnpoBaHHhiX TeCTOBbiX 

C06biTliH C 'IHCJIOM nplili51TbiX li 3anncaHHbiX CHCTeMOH c6opa ,ll.aHHbiX n03BQ

JI51eT Onpe,ll.eJiliTb noTepH C yqeTOM BCeX liCTO'fHliKOB MepTBOrO BpeMeHU. 
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(a) )J;JIH BCeX IIp!IHHTbiX C06bi;IIH (T.e. KaK OT 
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(b) )J;JUI C06hiTIIi1 C MeTKOH TeCTOBOrO CIIr

HaJia, oTo6paHHhiX 1!3 Toro )i(e MaCCIIBa ,~~;an

HhiX 

Pnc. 11: BpeMeHHbre cneKTpbr c TeCTOBhiMli cnruanaMn B KaHaJie BepTHKaJib

uoro ro.n.ocKona VH2. 

BoJiee noJIHhiti aHaJIH3 MepTBoro BpeMenu, BKJIIO'fa51 TaK)Ke n ero poJib na 

9Tane off-line o6pa6oTKII, MO)KHO npoBeCTli npn aHaJIH3e BpeMeHHhrx cneK

TpOB. ITocKOJibKY TeCTOBhre cnrHaJihi no.n.MernuBaiOTCR K cnruanaM <I>9Y B ,.. 
caMOM uaqaJie 9JieKTpOHHOrO .KaHaJia, OHli pacnpOCTpaH51IOTC5f no BCeMy 9JieK-

TpOHHOMJ TpaKTY u, B qacTHOCTII, perncTpnpyiOTC5f B TDC cooTBeTCTBYIOIIJ;HX 

.n.eTeKTOpoB uapR.n.y c cnruanaMII <I>9Y. TecTOBbiti cnruan ,ll.OJI)KeH npncyT

CTBOBaTb B TDC-cneKTpax Bcex .n.eTeKTopoB, a ero BpeMenuoe noJIO)Keuue ue 

,ll.OJI)KHO BhiXO,ll.IITh 3a npe.n.eJihr, .n.onycKaeMhre npn off-line o6pa6oTKe. ,ll;JIR 

IIJIJIIOCTpa-D;HII ua Pnc. ll(a) noKa3aH BpeMenuoti cneKTp ,ll.JI5f Bcex co6brTHti, 

3aperncTpupoBaHHbiX B KanaJie ro.n.ocKona VH2. Y3KHti nnK OT TecTOBhrx cur

HaJIOB 51CHO Bbi,ll.eJI51eTC5f Ha ¢one IIIIIpOKOrO pacnpe,ll.eJieHII5f OT ~aCTIIIJ;, ,ll.eTeK

TIIpOBaHHbiX B IICTliHHbiX (B patioue KaHaJia 600) H.CJiyqatiHbiX C~:m~a,ll.eHli51X. 
Ha Pnc. 11 (b) BH,ll.HO, KaK MeuReTCR cneKTp, ecJIII H3 Toro )Ke MaccuBa .n.annbrX 

OT06paTb TOJibKO C06biTli51 C MeTKOH TeCTOBOrO ClirHaJia. 
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floTepii CTaTUCTIIKII II3-3a MepTBOrO BpeMeHII B T8'!8HII8 3KCTiepiiM8UTa CQ

CTaBJUIJIII 30-35%. 
<lJII3II'I8CKH8 pe3yJibTaTbi. C UCTIOJlb30BaHU8M C03,D,aHHbiX CIICT8M Bbipa60T-

KU Tpiirrepa II c6opa .n.anHhiX nony<IeH 3Ha<InTeJihHhii1 3KcnepiiMeHTaJihHbii1 

:MaTepua.TI. Ha ocnoBaHIIU anaJin3a oKoJio 40% naKonneHHhiX .n.anHhiX ony6nu

KOBaHhi nepBbie ¢u3II<IecKne pe3yJihTaThi. B [19] noKa3aHo Bhi,D,eJieHIIe ciirna

na OT 1f+ 1f- aTOMOB c 6oJibiiiOll CTaTUCTIIKOll ( rv 6500 co6hiTUll). B pe3yJibTaTe 

nocne,D,YIOIIIefi o6pa6oTKU Toro )Ke MacciiBa un¢opMaii,IIII 6biJIO BnepBbie II3-

Mepeno (20] BpeM5l )KJI3HII TIIIOHHbiX aTOMOBj 

T = [2.91 ~g:m X 10-15 
C, 

B npe.n.enax o111II60K coBna.n.aroUiee c TeopeTII<IeCKIIM 3Ha<IeniieM II, KaK cne.n.

CTBne, noBhiM MO,D,eJihHO-ne3aBIICIIMbiM cnoco6oM onpe.n.enena pa3HOCTh lliiOH-

HhiX ,D,JIIIH paCC85IHII5l 

I I 0 264
+0,033 -1 

ao - a2 = , -o 020 m1r · 
~ 

Ba30Bbie npiiHIIIIllhi Tpnrrepnoti ciicTeMhi 3KcnepiiMenTa ,Il,HPAK 6y,D,YT 

UCTIOJib30BaHbl na HOBOM 3Tane IICCJI8,1J,OBaHIIH 1 KOTOpbiH BKJIIO'!aeT perncTpa-

1111!0 1r K a TO MOB u H3Mepenue ux BpeMeHII )KU3HII, a TaK)Ke no3BOJIIIT yBeJIII

'IIITh c-raTIICTIIKY 1r1r aTOMOB. Heo6xo,D,IIMaR ,D,JIR 3Toro MO,D,IIcPIIKaii,IIR Tpnr

repnofl: CIICT8Mbl OlliiCaHa B (21] II BKJIIO'!aeT U3M8H8HII5l BO front-end 3Jl8K

TpOHIIK8 II TpnrrepHOll JIOriiKe, 'ITO BM8CT8 C HOBOH annapaTypofl: C'IIITbiBaHII5l 

o6ecne'!IIT 6onee BbiCOKYIO CKOpOCTb npueMa ,D,aHHbiX. 

B TpeTbeii rJiaBe oniichmaeTCR Tpiirrep ycTanoBKII ANKE B II,eJIOM II 

pa3pa6oTannaR TpnrrepnaR ciicTeMa nepe.n.uero .n.eTeKTopa. YcTanoBKa ANKE 

pacnonaraeTCR ua BHyTpeuneM ny<IKe ycKopiiTeJIR COSY B IOnuxe (fepMa

HIIR) II CJIY)KJIT ,D,JI5l npOB8,1J,8HU5l IICCJI8,1J,OBaHIIll B o6JiaCTII a,D,pOHHOll cPII3IIKII 

npu IIMnynhcax nyqKa .n.o 3,7f3B/c. 

Ha ANKE npoBO,D,IITCR IIInpoKaR nporpaMMa IIccne.n.oBanuti, CBR3aHHhiX c 

po)K.n.eniieM Me30HOB II ,D,IIHaMIIKOH NN B3aiiMO,D,ei1CTBIIR: PR,D, uccne,D,YeMhiX 

npou,eCCOB BKJIIO'!aeT o6pa30BaHII8 npOTOHHOH napbl B KOH8'IHOM COCT05IHIIII 

peaKII,IIII. EcJIH OT06paTb TOJibKO napbl C MaJ!Oll OTHOCIIT8JlbHOll 3Hepruefl:, TO 

B- TaKIIX ,D,IITipOTOHaX ,D,OMIIHIIpyeT 180 COCT05IHII8. lbyqenne npoii,eCCOB, CD

.il,ep)KaUIIIX B KOH8'IHOM COCT05IHIIII 180 npOTOHHYIO napy, npe,D,CTaBJI5leT 3Ha'III

T8Jlbllblll IIHTepec, TIOCKOJlhKy, COrJiaCHO CYUI8CTBYIOUIIIM TeopeTII'I8CKIIM npe,D,

CTaBJI8HII5IM1 0)KII,D,a8TC5l Ka'!eCTB8HH08 U3M8H8HU8 B na6JIIO,D,a8MbiX xapaKT8-

piiCTIIKaX, CBR3annoe c noBe.n.enneM NN B3aiiMO,D,ei1cTBII5l na Ma.TihiX paccTOR

HIIRX. 

B cocTaB ycTaHOBKII ANKE (22], Puc. 12, BXO,D,IIT TpunneT MarnnToB D1-
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D3, MIIIIIeHh, pacnoJIO)KennaR M8)K,LI,Y D1 u D2, u uecKOJihKO ,D,eTeKTOpHbiX 

rpynn: 6oKOBbl8 ,D,eTeKTOpbl ,D,JI5l TIOJIO)KIIT8JlbHbiX II OTpiiii,aTeJibHbiX '!aCTIIII,, 

nepe,D,HIIll II 3a,D,HIIll ,D,8T8KTOpbl1 a TaK)Ke Cll8KTaTOpHbiH ,D,eTeKTOp B6JIU311 MU-

1118Hli ,D,JI5l periiCTpaii,IIII M8,1J,Jl8HHbiX '!aCTIIII,. 

BoKoBoti .n.eTeKTop noJIO)KIITeJibHhiX <IaCTIIII BKJIIO<IaeT B ce6R ro.n.ocKon 

TOF-Start CIIIIHTIIJIJIRIIIIOHHbiX c<IeT<IHKOB, nponopiiiiOHaJihHbie KaMepbi 

MWPC1,2 II TenecKOTihi C'!eT'!IIKOB, pacnoJIO)KeHHhiX na ¢oKaJibnoi1 noBepx

nocTn D2. TenecKonhi Bbipa6aThiBaiOT cnrHaJihi Stop ,D,JIR BpeMRnpoJieTnofl: 

CliCT8Mbl 1 a TaK)K8 UCTIOJib3YIOTC5l ,D,JI5l 113MepeHII5l IIOHU3aii,IIOHIIbiX TIOT8pb. 

AnaJiorii'IHhifi na6op .n.eTeKTopoB ( c .n.pyrnM KOJIII<IeCTBOM 3JieMenToB) IIMeeT

CR B 6oKOBOM oTpnii,aTeJibHOM nJie<Ie. 

02 
~-1-rn-~ 

Negative particle! ~ _ 
detectors ' 

Forward detectors: 3 MWPC, scintillation hodoscope, Cherenkov counters 
Backward detectors: 6 drift chambers, scintillation hodoscope 
Negative side detectors: 2 MWPC, scintillation hodoscopes, Cherenkov counters 
Spectator detector: telescope of 3 silicon detectors 
Positive side detectors: 2 MWPC, scintillation hodoscope, counter telescopes 

Puc. 12: CxeMa 3KcnepnMeHTaJihHOi1 ycTaHOBKII ANKE. 

Ilepe.n.nufl: u 3a,D,nni1 .n.eTeKTOpbi pa3pa6oTaiibi u u3rOTOBJieHhi B OII5UI. 

flepe,D,HIIll ,D,8T8KTOp
7 

CJIY)KIIT ,D,JI5l perHCTpaiiiiU 6hiCTpbiX ¢parM8HTOB, BbiJie

TaiOIII,UX II3 MUIII8HU llO,D, Ma.TibiMU yrJiaMU (;S 10°) II llOKII,D,aiOUIIIX BaKyyM

HYIO KaMepy D2 qepe3 nepe.n.nee TOHKOe OKHO. On coCTOIIT ,II3 Tpex naKeTOB 

7B.Chiladze, ... , A.Kulikov et al. Particles and Nuclei, Letters, 4(113) (2002) 95. 
S.Dymov, ... , A.Kulikov et al. Particles and Nuclei, Letters, 2(119) (2004) 40. 
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nponopll,IIOHaJlbHbiX KaMep, Cll,liHTIIJIJUill,IIOHHOrO rO,LI,OCKOIIa II qepeHKOBCKIIX 

cqeTqiiKOB, liCIIOJib3YIOill,liX IIOJIHOe BHyrpennee OTpa)KeHIIe. 3a,[I,HIIH .n,eTeKTOp 

periiCTpiipyeT qaCTllll,hi, BbiJieTeBIDIIe II3 MIIIDeHII Ha3a,[l, IIO,LI, yrJiaMII, 6JIII3KII

MII K 180° B Jia6opaTOpHOH CIICTeMe, IIOKII,[I,aiOill,liMH BaKyy~myiO KaMepy qepe3 

TOHKOe 6oKOBOe OKHO D1, l1 BKJIIOqaeT TpH naKeTa .n,peii<POBbiX KaMep l1 Cll,UH

TliJIJIEll,UOHHbiH rO,[I,OCKOn. 
CneKTaTopHbiH .n,eTeKTOp npe.n,cTaBJIEeT co6oii TeJiecKon H3 Tpex KpeMHH

eBhiX noJiynpOBO,[I,HHKOBbiX .n,eTeKTOpOB l1 CJIY)KHT ,[I,JIE H,[l,eHTH<PHKall,HH Me,[I,

JieHHbiX npoTOHOB n .n,eiiTponon c aneprHHMH Menee 40 MaB. 
TpHrrep ycTaHOBKH ANKE nMeeT o.n,noyponnenyro Kon<Pnrypau.Hro, 'ITO 

CBE3aHO CO CBOHCTBaMH CHCTeMhi c6opa .n,aHHbiX, HCnOJih3yeMOH B 3KCnepu

MeHTaX na COSY. B 3aBHCHMOCTH OT nccJie.n,yeMoro <Pn3HqecKoro npou.ecca, 

B II3MepennEx yqacTnyeT Ta HJIH IIHaE KOM6IIHall,IIE .n,eTeKTopHbiX rpynn. B 

Ka)K,[I,OH rpynne .n,eTeKTOpOB Bbipa6aTbiBaeTCE CBOH IIH,[I,HBH,[l,yaJihHblli Tpur

repHbiH cnrnaJI. CncTeMa c6opa .n,aHHhiX 3anycKaeTCE JIII6o nenocpe.n,cTnenno 

TaKIIM CIIrHaJIOM, JIH60 pe3yJibTaTOM COBna.n,eHHE Tpnrr@pHbiX CHrHaJIOB pa3-

HbiX rpynn. 
TeJieCKOnhi 6o'/WB020 aeme-r;;mopa no.JtO:>ICUme.JI/b'H/bLX "iaCmU'4 pacnoJIO)KeHbi 

na <PoKaJihHOH nonepxnocTn MarnnTa D2, noaTOMY B Ka)K,LI,biH II3 nux nona.n,a

IOT qacTIIU.hi c npiiMepno o.n,nnaKOBhiMH IIMnyJihCaMH II, cJie.n,onaTeJihHO, npn 

pa3HbiX MaCCaX C pa3HbiMII CKOpOCTEMll. 9TO n03BOJIIIJIO opraHH30BaTb Tpnr

rep ( TOF -Tpnrrep ) 8 ua onpe.n,eJieHHhiH TIIn qacTIIll,bi, ocnonaHHhiH na n3Me

pennn npeMenn npoJieTa Me)K.n,y ro.n,ocKonoM TOF-Start n TeJiecKonaMu. B 

60'K:OBO.M aeme-r;;mope ompu'4affie.Jt'b'H'bLX "iaCffiU'4 TpHrrepnaE JIOriiKa orpaun

qena IIcnoJih30BanneM KOMMepqecKnx cxeM conna.n,eniiii NIM. 
.l];JIE Bbipa6oTKII Tpurrepa B nepea'HeU U 3aa'HeU aeme-r;;mop'H'bLX 2pynnax 

IICnOJib3YIOTCE CHrHaJibi C COOTBeTCTByiOill,IIX Cll,IlHTilJIJIRll,HOHHbiX rO,[I,OCKOnOB. 

Tpurrepnaa annapaTypa nepe.n,nero n 3a.n,nero .n,eTeKTopoB [23] u3rOTOBJiena B 

CTan.n,apTe KAMAK u ynpaBJIReTCR OT KOMnhiOTepa. B nepe,Ll,HeM .n,eTeKTope, 

IIcnoJib3YIOill,eMCE B 6oJihiDIIHCTBe aKcnepuMeHTOB na ANKE, npe.n,ycMoTpeHhi 

napiiaHThi Bhrpa6oTKII Tpurrepa Jin6o oT o.n,IInoquoii qacTHll,hi, nepeceKaiOill,eii 

nJIOCKOCTH ro.n,ocKona, JIII6o OT nap qacTnu.. B 3a.n,neM .n,eTeKTOpe npnMenaeTCR 

TOJibKO O,[l,HoqaCTHqHbiH Tpurrep. 
CxeMa nepe.n,nero u 3a,[l,Hero ro.n,ocKonoB u ux pacnoJIO)KeHIIe B ycTanon

Ke nOKa3aHbi Ha Puc. 13. Tiepe,LI,HUH ro.n,OCKOn COCTOUT U3 ,LI,BYX nJIOCKOCTeH, 

A II B, c 8 II 9 cqeTquKaMII, cooTBeTCTBenno, C,LI,BIIHYThiX na noJIOBIIHY miipUHhi 

cqeTquKa. 3a.n,nuii ro.n,ocKon BKJiroqaeT nJIOCKOCTII A II B, Ka)K.n,an no 8 cqeT

quKoB, II, B KaqecTne onu.IIu, Veto-nJioCKOCTh II3 3 C'IeTqiiKOB, pacnoJIO)Kennyro 

3a KJIIIH006pa3HbiM )KeJie3HbiM norJIOTUTeJieM. 

8PaJpa6oTKa TOF-Tpllrrepa (VME) BhlllOJIHeHa P.Illm!iixepTOM (IKP, IOmix). 
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Puc. 13: CxeMa nepe,[l,Hero II 3a.n,nero ro.n,ocKonon ANKE u ux pacnoJIO)Kenue 
B ycTaHOBKe. 

llOCKOJibKy B nepe.n,HeM ,[l,eTeKTOpe cqeTqUKH B ,LI,BYX nJIOCKOCTRX rO,[I,OCKQ

na c.n,nunyrhi Me)K.n,y co6oii, aJieKTponnan JioruKa o.n,noqacTuqnoro Tpurrepa 

KOHCTpyupyeTCE U3 11 MIIHn-6ameu 11 T;, Ka)K,[l,ylO II3 KOTOpbiX MO)KHO JIOriiqe

CKII oniiCaTb KaK COBna,n;eniie T; =,A;· (B; + B;+l)· TioJIHbiH TpiirrepHbiH cur

HaJI nepe,[l,Hero ro.n,ocKona <PopMIIpyeTcn KaK JioruqecKoe HJIH BOChMU ceKU.IIii 

Tr 7 T8 . C noMOill,hiO KOMan.n, no miine KAMAK MO)KHO aKTIIBIIponaTb JII06yro 

KOM6IIHall,IIIO MUHU6ameH T;. 
TioTOKII qacTIIU. qepe3 3a.n,niiii .n,eTeKTop MaJihi (o6brquo Menee 1000c-1), 

n03TOMY ,[I,JIE .n,eTeKTIIpOBaHIIR B HeM C06biTIIH Tpe6yeTCR npOCTOe COBna.n,euue 

CIIrnaJIOB B Jiro6oM cqeTqiiKe nJIOCKOCTII A II JII06oM cqeTqiiKe nJIOCKOCTII B. 

C noMOill,hiO KoMaH,Ll, KAMAK B annapaType o.n,uoqacTIIqnoro Tpiirrepa MO)K

uo aKTHBIIpOBaTb Tpiirrep TOJibKO OT1nepe.n,uero ,[l,eTeKTOpa, TOJibKO OT 3a.n,ue-

ro, ;m6o OT IIX conna.n,euuii. • 

,ll,JIE Bhi,[I,eJieHIIE npou.eccoB c nona.n,aniieM B nepe,Ll,HIIH .n,eTeKTop .n,nyx qa

CTIIU. 6biJI pa3pa6oTan 6oJiee )KeCTKUH Tpiirrep [23]. HcnoJib30Baniie ,LI,JIE aToro 

06brquoii Ma2KOpiiTapHOH JIOriiKII Hea<P<PeKTIIBHO, nOCKOJibKY BeJIIIKa BepOET

HOCTb nona.n,aHUR o6eiiX qaCTIIll, B O,LI,IIH II TOT 2Ke cqeTqiiK rO,[I,OCKOna, B OCQ-

6eHHOCTU ,[I,JIE nap C MaJIOH OTHOCIITeJibHOH 3HepriieH. TI03TOMY B C03,[1,aHHOH 

Tpurrepuoii annapaType OT6op nap 3apn2KeHHhiX qacTIIU. npoii3BO,LI,IITCE ne3a

BIICIIMO OT TOnOJIOriiii C06biTIIE, TO eCTb KaK ,[I,JIR qaCTIIll,, nonaBIDIIX B pa3Hhie 

cqeTqiiKII rO,[I,OCKOna, TaK II B O,Ll,llH II TOT 2Ke cqeTqiiK. l.JT06bl pa3JIIIqiiTb 

npOXO)K,Ll,eHIIe O,Ll,HOH IIJIII ,LI,Byx qacTHll, qepe3 Cll,IIHTUJIJIRTOp, IICnOJib3YeTCR 
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IIH<J>OpMaiJ;IUI 06 aMIIJIIITy)J;ax CIIrHaJIOB. 

Tpiirrepna5I ciicTeMa na .n;Be qacTIIIJ;hi BhiiTOJinena B cTan.n;apTe KAMAK II 
COCTOIIT II3 )J;BYX 6JIOKOB IIHTerpaTopa-)J;IICKpiiMIIHaTOpa II 6JIOKa JIOriiqeCKOrO 

oT6opa. B IIHTerpaTope-.n;IIcKpiiMIIHaTope rrpoii3BO)J;IITC5l 3ap5I)J;OBa5I )J;IICKpii

MIIHau;II5I cyMMapnoro ciirnana c .n;Byx ¢oTOYMHO)KIITeJieii, rrpocMaTpiiBaiO

IIJ;IIX CIJ;IIHTIIJIJI5IT0p C IlpOTIIBOIIOJIO)KHbiX KOHIJ;OB, II Ha BhiXO)J;e <J>opMIIpyiOTC5I 

JIOriiqeCKIIe CIIrHaJihi, IIH<J>OpMIIpyiOIIJ;IIe 0 rrpeBhiiiieHIIII rropora O)J;HOKpaTHOH 

IIJIII .n;Boiinoii noHII3aiJ;IIII B Ka)K)J;OM cqeTqiiKe. BJioK JIOriiqecKoro oT6opa ana

JIII3IIpyeT KOM6IIHau;IIII 3TIIX CIIrHaJIOB IIJ B pe3yJihTaTe MO)KeT renepiipOBaTh 

TpiirrepHbiH CIIrHaJI. 

Ha PIIc. 14 rroKa3aHhi Bee B03MO)KHhie BapiiaHThi rrpoXO)K)J;eHII5I qacTIIIJ; qe

pe3 cqeTqiiKII ro.n;ocKorra. B 6JioKe JIOriiqecKoro oT6opa peaJIII30Bano rrocTpo

eniie JIOriiqeCKIIX <J>ynKIJ;IIH, COOTBeTCTBYIOIIJ;IIX BCeM BapiiaHTaM TOITOJIOriiii 

co6hiTII5l. Jli06yiO U3 HIIX IIJIII JII06yiO UX KOM6nnaiJ;UIO MO)KHO aKTUBIIpOBaTh 

c ITOMOIIJ;hiO KOMan.n; KAMAK. 

a) 

b) 

c) 

d) 

e) 

r· ,, 
I I I I~ I I j I I I !!. I I I 
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j+l ~ j ;\ i I I I 

i+l 

·r·· 1 Ill 

" I I I I I I 
I I I t'; I I I I ... 
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i+l \ i 
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ft 

AS(i)*[BS(i)+BS(i+ I)) 

AS(i)*[BS(i)+BS(i+l))* 
* ASQ)[BSQ)+BSQ+I)) 

AD(i)*[BD(i)+BD(i+ I)) 

AD(i)*BS(i)*BS(i+ I) 

AS(i)* AS(i-I)*BD(i) 

Puc. 14: Bo3MO)KHhie KoM6IInau;Hn cpa6aThiBaHII5I cqeTqiiKOB ITepe.n;nero ro.n;o

CKOITa ITPII ITpoxo)K)J;enuu a) o.n;noii II b)-e) .n;Byx qacTnu;. CITpaBa yKa3aHhi 

JioruqecKne <J>opMyJihi oT6opa. Au B o603naqaiOT IIJIOCKOCTh ro.n;ocKoiTa, S(i) 
II D(i) - CUrHaJihi, COOTBeTCTBeHHO, O)J;HOKpaTHOH UJIU ).J,BOHHOH IIOHU3au;IIU B 

cqeTqiiKe i. 

lf36IIpaTeJihHOCTh Tpnrrepa Ha )J;Be qaCTIIIJ;bl MO)KHO oxapaKTepU30BaTh KG

~<l><i>IIIJ;HeHTOM K ITO)J;aBJieHim qiiCJia Tpnrrepmi ITO OTHOIIIeHUIO K CKOpOCTII 
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cqeTa ITpOCTOro O)J;HOqacTIIqnoro Tpiirrepa. 8TOT K03<);><J>IIIJ;HeHT 3aBUCUT OT 

anepreTnqecKoro )J;IIarra3ona qacTIIIJ;, IToiTa.n;aiOIIJ;IIX B rrepe.n;niiii )J;eTeKTop, <J>o

HOBhiMn YCJIOBII5IMII II OITTIIMaJibHhiM ITO)J;60pOM ITOpOrOB )J;IICKpliMIIHau;IIII )J;JI5I 

O)J;UHQqHhiX II )J;BOHHhiX qaCTIIIJ;. 

TiepBbie IICIIhiTaHII5I .n;ByxqacTnquoro Tpiirrepa ITPOBO)J;IIJincb ITPII pern

cTpau;nu ITpou;ecca pd - ppmr0 
ITpH 3Heprun rrpOTOHOB 2 raB. BbiJIO nafi.n;eno, . 

qTo CKopoCTh cqeTa ITO)J;aBJI5IeTc5I B K = 10-;-11 pa3 (ITO cpasnenniO c o.n;no

qacTnqnhiM TpnrrepoM), a a¢¢eKTIIBHOCTh perncTpau;nn co6biTIIfi ncKoMoro 

ITpou;ecca cocTaBJI5IeT 95%. llpnMenenne 3Toro Tplirrepa B )J;aJihHefirnnx 3KCITe

pnMeHTax CyiiJ;eCTBeHHO yr-.reHbiiiiiJIO MepTBOe BpeM5I. CIICTeMbi c6opa )J;aHHbiX II 

IT03TOMy IT03BOJIIIJIO B HeCKOJibKO pa3 yBeJinqnTb CKOpOCTh na6opa ITOJie3HhiX 

C06biTIIH. • 

C ITpnMeneniieM Tpnrrepuofi aiTITapaTyphi ITepe.n;nero .n;eTeKTopa 6biJia BITep

Bhie li3Mepena
9 

B )J;IIaiTa30IIe OT 0,6 )J;O 1,9 f3B 3HepreTIIqecKa5I 3aBIICIIMOCTh 

pa3BaJia .n,eiiTpoua pd ---> (pp) s n c 6oJihrnoii ITepe.n;aqefi IIMITYJihca ITpoTonuofi 

ITape B 
180 cocT05IIIIIn. TeopeTIIqecKHii anaJIH310 ITOJiyqeuuofi 3aBncnMOCTII IT03-

BOJIIIJI Bbi6paTb BII)J; nyKJIOII-IIYKJIOHIIOrO IIOTeiiiJ;HaJia (CD Bonn), C KOTOpbiM 

.n;ocTnraeTC5I y.n;oBJieTsopHTeJihnoe OITncaune 3KCITepnMenTaJihHhiX .n;annhiX, B 

TO BpeM5I KaK 6oJiee )KeCTKIIe IIOTenu;naJibi (Paris, RSC) IIM pe3KO ITpOTIIBO

peqaT. 

BrrepBhie B o6JiaCTII auepriifi 3HaqnTeJihiiO Bhirne ITopora II3Mepeno [24] rrpn 

0,8 faB .n;n¢¢epeuu;nanhnoe ceqenne o.n;noiTnouuoro po)K.n;enH5I pp ---> (pp ),-;r0 

c perncTpau;neii 
180 .n;niTpoTona. lloJiyqeuuoe ceqenne na .n;sa ITOp5I.n;Ka BeJin

qunhi Menhrne, qeM )J;JI5I KHHeMaTnqecKn ananornqnoro ITpou;ecca pp ---> d1r+, 
II IIMeeT aUOMaJibiiYIO yrJIOBYIO 3aBIICIIMOCTb, qTQ )J;eMOIICTpiipyeT pa3JIHqHyiO 

)J;HHaMHKy 3THX peaKIJ;UH II MO)KeT 6biTb IICITOJib30BaHO )J;JI5I IIpOBepKH CyiiJ;e

CTBYIOIIJ;HX MO)J;eJiefi ITHOIIIIOrO p0)K)J;eiiH5I. 

<I>ynKIJ;IIOIIaJihiihie B03MO)KIIOCTH aiTITapaTyphi .n;syxqacTIIquoro Tpiirrepa 

IT03BOJI5IIOT HCITOJib30BaTb ee TaK)Ke )J;JI5I OT6opa C06biTHH C ITpiiMeHenneM pa3-

HhiX rroporoB ITpn perncTpau;nn o.ri,HuoqnhiX qacTnu;. TaKa5I Kon¢IIrypau;n5I 

Tpiirrepa 6hma peann3osaua ITPH nccJie.n;oBaHII5IX11 ITpou;ecca dd ->4He1], r.n;e 

BhiCOKHfi ITopor ITPHMeH5IJIC5I ).I,JI5I Bhi)J;eJieHn5I 5I,ll;ep 4 He, a HH3KIIfi - )J;JI5I ITa

panJieJihHOii periiCTpau;nn MH~HMaJibiiO UOIIU3IIpyiOIIJ;UX qaCTHIJ; C u;eJibiO ITG

JiyqenU5I )J;aHIIbiX )J;JI5I KaJIII6pOBOK. 

lloMnMo y)Ke yrroM5IIIYThiX ITpou;eccoB, Tpnrrepna5I aiTITapaTypa ITepe.n;nero 

)J;eTeKTOpa IT03BOJIHJia TaK)Ke BhiiTOJIIIHTh 3KCITepnMeiiTbi ITO OKOJIOITOporOBOMY 

9V.Komarov, ... , A.Kulikov eta!. Phys.Lett., B553 (2003) 179. 
10J.Haidenbauer and Yu.Uzikov. Phys.Lett., B562 {2003)'227. 
11A.Wronska, ... , A.Kulikov eta!. Eur.Phys.J., A26 {2005) 421. 
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po:lK,D,eHMIO W-M~OHOB12 , M3MepMTh BeKTOpHyiO M TeH30pHyiO aHaJIM3MpyiOIIJ,Me 

cnoco6HOCTM B dp peaKIJ,M5IX13 , BeKTOpHyiO aHaJIM3MpyiOliJ,YIO Cnbco6HOCTh npM 

. pa3BaJie ,n;efiTpOHa nOJI5IpM30BaHHbiMM npOTOHaMM14 , a TaK:JKe MCnOJih3yeTC5I B 

· .n;pyrMX MCCJie)l;OBaHM5IX. 

B ~mTnepToii rJiane paccMOTpeHhi sonpochi, CBH3aHHhie c opraHM3aiJ,Mei1 

TpMrrepa B nJiaHMpyeMOM sKcnepMMeHTe PAX
15

. IIpoeKT PAX npe,LVIo:JKeH )l;JIH 

MCCJie)l;OBaHMH B 06JiaCTM CnMHOBOH ¢M3MKM BhiCOKMX SHeprMH Ha C03)l;aBaeMOM 

KOMnJieKce FAIR B GSI, )J,apMTIITa)l;T. 0TJIM'IMTeJihHoi1 oco6eHHOCThiO sKcnepM

MeHTa 5IBJI5IeTC5I TO, qTO B HeM 6y,n;eT MCnOJib30BaTbC5I nyqoK nOJI5IpM30BaHHhiX 

aHTMnpOTOHOB BbiCOKOH MHTeHCMBHOCTM, He)l;OCTynHhiH B CyiiJ,eCTBYIOIIJ,MX MJIM 

nJiaHMpyeMhiX r,n;e-JIM60 B MMpe YCKOpMTeJibHhiX KOMnJieKCax. 

B nmpoKoii nporpaMMe nJiaHMpyeMbiX onhiTOB IJ,eHTpaJibHoe MeCTO 3aHM

MaeT onpe,n;eJieHMe pacnpe,n;eJieHMH transversity, onMCbiBaiOIIJ,ero nonepeqHyro 

noJI5IpM3aiJ,MIO KBapKOB B nonepeqHo nOJI5IpM30BaHHOM npOTOHe M 5IBJI5IIOIIJ,ero

C5I nocJie,n;HMM He,n;ocTaiOIIJ,MM 3BeHOM )l;JIH nOHMMaHMH napTOHHOii cTpyKTYPhi 

HYKJIOHOB B KBaHTOBOH XpOMO)l;MHaMMKe. I1cToqHMKOM nt'>JiyqeHM5I CBe,n;eHMH 0 

transversity 6y.n;eT M3MepeHMe nonepeqHoii ,n;BycnMHOBOH acMMMeTpMM Arr npM 

po:tK,n;eHMM JienTOHHhiX nap nocpe.n;cTBOM MexaHM3Ma )J,peJIJia-5IHa B npoiJ,ecce 

pjpj--t e+e-X. )J,pyrMe ¢M3MqecKMe 3a,n;aqM BKJiroqaiOT M3yqeHMe o,n;HocnM

HOBhiX aCMMMeTpMH, SJieKTpOMarHMTHhiX ¢opM¢aKTOpOB a,n;pOHOB, :JKeCTKOrO 

M MHrKoro pacceHHMH aHTimpoTOHOB. KaK npM M3MepeHMM transversity, TaK M 

,LVIH HeKOTOpbiX .n;pyrMx npoiJ,eccos, Heo6xo,n;MMO Bhi,n;eJIHTh e+e- naphi c 6oJib

moi1 MHBapMaHTHOH MaCCOH. 

IlJiaHMpyeTC5I ocyiiJ,eCTBMTh SKCnepMMeHT B )l;Ba STana: CHaqaJia C <l>MKCM

poBaHHOH nOJI5IpM30BaHHOH BO)l;OpO,n;HOH MMlleHhiO B nyqKe nOJI5IpM30BaHHhiX 

aHTMnpOTOHOB c MMnyJihCOM 3,5 rsB/c, a 3aTeM Ha npOTOH-aHTMnpoTOHHOM 

acMMMeTpMqHoM KOJIJiaii.n;epe c MMnyJihCaMM 3,5(p)x15(p) (fsB/c)
2

, r.n;e o6a 

nyqKa nOJI5IpM30BaHbi. 

CxeMa ,n;eTeKTopa PAX npMBe,n;eHa Ha PMc. 15. OH npe.n;cTaBJIHeT co6oi1 

'illMpOKOanepTypHhiH cneKTpOMeTp C TOpOM)l;aJihHOH KOH¢MrypaiJ,Mefi MarHMT

HOrO noJIH. OcHOBHoii, IJ,eHTpaJihHhiH, ,n;eTeKTOp MMeeT reoMeTpMqecKyro anep

Typy B npe,n;eJiaX nOJI5IpHbiX yrJIOB OT ±20° )1;0 ±130° B Jia6opaTOpHOH CMCTeMe 

KOOp,n;MHaT. Ilepe,n;HMH )l;eTeKTOp (paCCMaTpMBaeMbiH B KaqeCTBe Onll,MM) nepe

KphiBaeT 06JiaCTh nOJI5IpHbiX yrJIOB OT ±8° )1;0 ±20°. 

IJ,eHTpaJibHbiH ,n;eTeKTOp BKJIIOqaeT B ce65I 3 )l;BYCTOpOHHMX KpeMJIMeBhiX 

12S.Barsov, ... , A.Kulikov et al. Eur. Phys. J., A31 {2007) 95-104. 
13D.Chiladze, ... , A.Kulikov et al. Phys. Lett., B637 {2006) 170-175. 
14S.Yaschenko, ... , A.Kulikov et al. Phys.Rev.Lett., 94 {2005) 072304. 
15 Antiproton-Proton Scattering Experiments with Polarization {PAX Collaboration). 

Technical Proposal. arXiv:hep-ex/0505054v1, 17 May 2005. 
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PMc. 15: CxeMa .n;eTeKTopa PAX. 

MMKpOCTpMnOBhiX ,n;eTeKTOpa (SiDet), 2 CTaHIJ,MM .n;pei1¢oBbiX KaMep (DC), ra-

30BbiH qepeHKOBCKMH cqeTqMK, SJieKTpOMarHMTHhiH KaJIOpMMeTp (EMCal) M 

Cll,MHTMJIJI5IIJ,MOHHbie rO)l;OCKOnbi (Hod). 

ApxMTeKTypa TpMrrepa PAX snepBbie KpaTKO o6cy:JK,n;aJiach B [25]. BoJiee 

no,n;po6HO B03MO:JKHa5I CTpyK-iypa TpMrrepa paCCMOTpeHa B [26, 27]. 

OcHOBHhie Tpe6osaHMH K TpMrrepHoii CMCTeMe PAXa BKJiroqaroT: 

• BhiCOKJIO M36MpaTeJihHOCTb Tpiirrepa. IJpM qacTOTe B3aMMO,n;efiCTBMH, ,n;o
CTMraiOIIJ,efi HeCKOJibKMX MfiJ,, M MHO:JKeCTBeHHOCTM OKOJIO 10, He06XO)l;MMO no

,n;aBMTh nOTOK C06biTMH He MeHee qeM B 10
3 

pa3; 

• s¢¢eKTMBHhiH OT6op e+e- nap B npucyTCTBIIe 6oJibmoro a.n;poHHoro ¢oHa. 

CeqeHMe npoiJ,eCCOB c o6pa30BaHMeM nap )J,peJIJia-5IHa COCTaBJI5IeT ~ w-7 
OT 

nOJIHOrO ceqeHM5I pp B3aMMO)l;eHCTBM5I, nOSTOMY He06XO)l;MM BbiCOKMH ypoBeHb 

cenapaiJ,MM SJieKTpOHOB M a.n;pOHOB Ha TpiirrepHOM ypOBHe; 

e O)l;HOBpeMeHHOe ¢YHKIJ,MOHMpOBaHIIe pa3JIMqHbiX TMnOB Tpiirrepa; 
t· 

• B03M02KHOCTh rii6KOrO M3MeHeHM5I TpiirrepHOH KOH¢MrypaD,MM npii nepexo,n;e 

OT pa60Thi C ¢IIKCIIpOBaHHOH MMilleHbiO K KOJI~afi,n;epHOH CTa)l;IIM SKCnepMMeH

Ta, a TaK:JKe )l;JI5I M3yqeHM5I HOBbiX ¢II3MqeCKMX npOIJ,eCCOB, KOTOpbie .MoryT 

Bbi3BaTb MHTepec B 6y.n;yiiJ,eM. 

Bee STM Tpe6osanMH MOrJT 6h!Th BhillOJIHeHhi, eCJIM opraHM30BaTh ,n;Byx

ypoBneBhiii Tpurrep, B KOTopoM ana.JIM3 co6hiTIIH Ha nepBoM yposne (hardware 
trigger) peaJIM30Ban na 6a3e annapaTHhiX npoD,eccopoB, a na BTopoM npuMe

HHIOTCH BbiqucJIMTeJihHbie npoiJ,eccopbi (software trigger) ~JIH oKoHqaTeJihnoro 

OT6opa noJie3HhiX ,n;anHhiX. B TpMrrepHyiO CIICTeMy npe,n;JiaraeTC5I BKJIIOqMTh 

BCe MMeiOIIJ,MeCH B ycraHOBKe )l;eTeKTOpbl M )l;JI5I Bhi)l;eJieHII5I HY:JK:HhiX npOIJ,eCCOB 

IICnOJih30BaTh M)l;eHTM¢MKaiJ,MIO qaCTMIJ, qepeHKOBCKMMM cqeTqMKaMM, JIOKaJih-
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H08 II IIOJIH08 ::meprOBbi)1;8JI8Hlle B KaJIOpliMeTpe, IIH¢0pMall,IIIO 0 MH0)K8CTB8H

HOCTlf, peKoncTpyKll,IIIO TpeKOB B DC II SiDet, BOCCTaHOBJieHIIe RMTIYJihCOB qa

CTlfU. II BblqlfCJI8HII8 lfHBapiiaHTHOH MaCChi. 

<J> c 
~ 1200r-r--~----

~ 1000 t- __ pr~t_~~L~-
n . 
E 
i 800 

600t : f _L_J_ n, t ~--~ 

:ttt\=fj \t T-
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Plfc. 16: O)KII.n;aeMoe oTnorneniie ::mepriilf E, lf3MepeHnoii KaJIOpiiMeTpoM, K 

IIMTIYJihCY P .n;mi 3JieKTponoB lf3 nap ,IJ;penna-.Hna ( cneBa) If .IJ;JI5I ¢ona 3ap5I

)K8HHhiX qacTIIU. ( cnpaBa). 

B [26] noKa3ano, qTo B ycJIOBIIRX PAXa .IJ;JI5I Ha.n;e)KHOii II.IJ;8HTII¢lfKaU.IIII 

3JI8KTpOHOB Ha TpllrrepHOM ypOBHe lfH¢0pMall,IIlf TOJibKO qepeHKOBCKIIX cqeT

qiiKOB ne.n;ocTaToqHo. Heo6xo.n;IIMO TaK)Ke B peaJihHOM BpeMeHII cpaBHlfBaTb 

BeJIIfqlfny OTHorneHIIR lf3MepeHHhiX .IJ;JIR Ka)K.n;oii qacTIIll,hi 3Hepriiii E If lfM

nynhca P, qTo noTpe6yeT lfCTIOJib30BaniiR II .n;pyriix .n;eTeKTopoB. Ha PIIc. 16 

noKa3aHbi O)KII.n;aeMbie pacnpe.n;eneniiR OTHOIIIeHIIR 3Hepriilf E, II3MepeHHOii 

KaJIOpliMeTpoM, K IIMTIYJihcy P .IJ;JI5I 3JieKTpoHoB lf3 npou;eccoB ,IJ;penna-51Ha II 

.IJ;JI5I ¢oHOBhiX 3apR)KeHHhiX qacTlfll,. Ib npliBe.n;eHHhiX pacnpe.n;eneHlfii cne.n;yeT, 

qTo npii BBe.n;eHlfii rpaHIIU. oT6opa E/ P =1.0 ± 0.1.n;ocTnraeTC5I 3HaqlfTeJihHoe, 

npiiMepHo B 50 pa3, no.n;aBJieHIIe ¢oHa. 

Bo3MO)KHa5I apxnTeKTypa Tpiirrepa noKa3aHa Ha Pnc. 17. )J,aHHhie c .n;e

TeKTopoB pa3B8TBJI5IIOTC5I Ha )l;Ba KaHaJia: B 3JI8KTpOHHYIO JIOriiKY Tpnrrepa 

nepBoro ypoBHR ( Tl) If B 3a.n;ep)KKII, peaJIII30BaHHbie KaK pipeline memories 
If o6ecneqiiBaiOIIJ;IIe xpaHeHne .n;aHHhiX .n;o npnHRTIIR perneHIIR TpnrrepoM Tl. 

lloToK .n;aHHhiX ¢nJihTpyeTc5I perneHIIRMlf Tl, If oTo6paHHbie no.n;-co6hiTII5I 

CKJia)l;biBaiOTca B 6y¢epHbie naMRTlf. Tpllrrep BToporo ypoBHR, T2, nonyqa

eT )l;aHHbie II3 6y¢epa, CTpOIIT C06biTIIe If aH8JIII3IIpyeT ero B COOTBeTCTBIIII C 

3aJIO)KeHHhiMII aJiropiiTMaMn. lloJIO)KIITeJihHOe perneHIIe T2 npnBO.IJ;IIT K re

Hepau;nii KOMaH.IJ;hi o cqnThiBaHnn co6biTII5I II ero 3aTIIICII B HaKOTIIITeJib. Ha 
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BCeX 3Tanax o6pa60TKII C06biTIIH npOII3B0)1;1ITC5I MOHIITOpiiHr TIOTOKa .n;aHHbiX 

II TpiirrepHbiX peiiieHIIH. 

Lev e I 1 trigger ) Local and total_ 
~ u u .u " -6! ~h id~t•~t;oo 

energy deposits 
I I Coarse tracking 

in DC and SiDe! 
Matching of tracks 
with detector hits etc. 

More precise tracking in Si and DC 
Linking of SiDe! and DC tracks 
Momentum reconstruction 
Invariant mass calculation 

. data storage 

PIIc. 17: Bo3MO)KHa5I apxnTeKTypa Tpiirrepuoii CIICTeMbi PAX. 

AnrrapaTypa TpiirrepHoii JIOriiKII Ha ypoBHe Tl 6y.n;eT ocHoBaHa Ha rrpo

u;eccopax Ha 6a3e IIHTerpaJibiihiX cxeM TIIIIa FPGA. TaKoii Bhi6op B HaCTORIIJ;ee 

BpeM5I II B 6JIII)KaHIIIIIe rO)l;bi rrpe.n;cTaBJI5!8TC5I OIITIIMaJibHhiM )1;JI5I TIOCTpOeHII5I 

rii6Klfx TpiirrepHbiX Kon¢1Irypau;1Iii .•. 

l.-!T06bi JierKO C03)1;aBaTb IIJIII B.U.IJ;~II3MeH5ITh TpiirrepHyiO KOH¢lfrypall,III0
7 

CHaqaJia CTp05ITC5I TpiirrepHbie 11 IIpiiMIITlfBhi 11 
, JIOrnqecKa5I KOM61IHall,II5I KOTQ

phiX ¢opMIIpyeT 3aTeM CIIrHaJI Tl. TipnMIITIIBhi BKJIIOqaiOT ro.n;ocKOIIIIqecKIIH 

Tpiirrep HT, qepeHKOBCKIIii Tpllrrep CHT, Tpiirrep .n;peii¢oBhiX KaMep DCT, 
KaJiopnMeTpiiqecKne Tpnrrepbi GALT, CALTOT II Tp1Irrep CIIJIIIKOUOBoro 

.n;eTeKTopa ST: 

HT Bbipa6aThmaeTC5I rrpn coBrra.n;emm pa3perneHHhiX KOM61IHall,IIii cqeTqlfKOB 

B IIJIOCKOCT5IX Cll,IIHTIIJIJI5Ill,IIOHHbiX rO)l;OCKOIIOB; 

CHT reHepiipyeTC5I, eCJIII IIMeeTC5I CIIrHaJI c Toil 5J:qeiiKII qepeHKOBCKoro cqeT

quKa, qepe3 KOTOPYIO rrpornna TpaeKTOpii.H q_acTUU.hi.. TpaeKTopi~R orrpe.n;enR

eTcR ITO cpa6oTaBIIIUM cqerqJIKaM rO)l;OCKOIIOB; 
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DCT B03HUKaeT, Kor,rr,a B ,rr,pefi¢oBhiX KaMepax nafi,rr,en (no uoMepaM nposo
noK) TpeK, aCCOIJ,UUpOBaHHblfi CO cpa6oTaBIIIllMU C'leT'lUKaMU rO,II,OCKOnOB; 

GALT u CALTOT Bhrpa6aTbiBaiOTCR no un¢opMa:u.nu c KanopuMeTpa B TOM 

cnyqae, Kor,rr,a aMnnuTy,rr,a curnana B Knacrepe npeBhiiiiaeT ycTanosneHHbifi no
par ,rr,na noKaJibHoro unu nonnoro :meproBhi,rr,enenua. B cnyqae Tpurrepa na 
3apa1KeHHbie '!aCTUIJ,bl Tpe6yeTCR HaJIU'!Ue COnOCTaBJieHHOrO KJiaCTepy TpeKa; 

ST Bbipa6aTbiBaeTCH npu coBna,rr,enuu cnruanoB B nnocKOCTRX MUKpocTpuno

Boro ,rr,eTeKTOpa C UCnOJib30BaHUeM rpy6ofi cerMeHTaiJ,UU ,rr,eTeKTOpa Ha 3TOM 
. .J 

9Tane. 
Ib nocTpoeHHbiX TpurrepHbiX npuMUTHBOB M01KHO co3,rr,aTb ux nornqecKue 
KOM6UHaiJ,UU ,II,JIR TOrO, 'IT06bi OT6upaTb '!aCTUIJ,bi-KaH,II,U,II,aTbl B 9JieKTpOHbi, 

a,rr,poHbi UJIU raMMa-KBaHTbl. 

KaK nu,rr,no U3 Puc. 18, none Topon,rr,anhHoro MarnuTa noKaJIU30Bano Me1K

,rr,y TpeKOBbiMU no,rr,cucTeMaMu SiDet u DC, noaToMy BllJ'TPU Ka1K,II,Ofi u3 mrx 
MarHUTHOe noJie OTCYTCTByeT U TpaeKTOpUR qaCTlliJ,bl 6JIH3Ka K npaMOJIUHefi
HOfi. KaK cne,rr,cTBUe, MoryT 6hiTh ucnonh30BaHhi ,rr,oBOJibHO npocTbie anropuT

Mbl noucKa cerMeHTOB TpeKa, Bhmonnae.Mhie na TpnrrepnoM yposne. llpe,rr,

Jio1KeHo ,rr,onoJIHUTb ycTaHOBKY eiiJ,e O,II,HUM CIJ.UHTUJIJIRIJ,llOHHbiM ro,II,OCKOnOM 
(Hod2 na Puc. 18) , 'ITO no3BOJIHT cyiiJ,ecTneuno yny'liiiUTh ycnonna ,rr,na Tpur

repnoro oT6opa, B qacTHOCTH, ,rr,na nocTpoenua TpurrepubiX npnMUTHBOB HT, 

CHTn DCT. 

Puc. 18: CxeMa perucTpa:u.nn TpeKOB B :u.euTpaJibHOM ,rr,eTeKTope. Ka1K,rr,aa H3 

TpeKOBbiX no,rr,cucTeM SiDet u DC naxo,rr,nTcR nne MaruuTnoro nona. -
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Ecnu na yposne Tl npumiTO nono)f(UTeJibliOe peiiienue, TO ,rr,amihre o co-
6biTUU nol\IeiiJ,aiOTCR B 6y¢epnyro iraMRTb, r,rr,e Q)f(H,II,aioT aHaJIU3a JIOriiKOfi 
Tpnrrepa T2. B 6y¢epuyro naMRTb 3annchrimi{nca TaK)f(e y1w3amMu, nony

qennhre npn o6pa6oTKe co6brTna na nepBOM ypom're, · no38omiiOIIJ,ue ycKopnTh 
Bhrrronueune KOI\!IlbiO'repnhrx Bbi'lncneuirfi B T2, nanpnMep, B ,rr,pett¢oBhiX ·Ka

Mepax - noMepa npononoK, BOIIIe,rr,rnnx B TpeK npn ¢opMnposannn DCT, B 
SiDet - o6nacTn cpa6aTbiBannfi, nafi,lleHHhie anropnTMOM ST. 

Ha BTopoM yposue Tpnrrepa MoryT BbiiiOJIHRTbCR cne,rr,yroiiJ,ne onepa:u.nn: 
- peKOHCTpyKIJ,IIR TpeKOB B ,rr,pefi¢OBbiX KaMepax C IICIIOJib30BaHIIeM BpeMeH 
,rr,peit¢a; 

- noncK cer.MeHTOB 'J,'peKa B SiDet; 

- crnnnaune cerMeHTOB TpeKa, uafi,rr,ennhrx B no,rr,ciiCTeMax DC n SiDet, c nc-
~ . 

nOJib30BanneM KapTbi MarHIITHOrO IIOJIR; 
- peKOHCTpyKIJ,IIR BeplliUHbi; 

- BOCCTaHOBJieHne UMnynhCOB '!aCTHI1; 

- ynyqrneniie Ka'leCTBa n,rr,eriTn¢nKai1IIII 9JieKTponos nyTeM cpanueuna soc-
CTanoBnenuoro IIMnynbca P c aueprnefi E, II3Mepennofi KanopnMeTpoM; 
- Bbi'liiCJieHUe IIHBapiiaHTHOfi MaCChi. 

llpe,rr,no)f(euuaa cTpyKTypa Tpnrrepuofi cncTeMhi 9Kcnepii~renTa PAX an

naeTca nepBbiM rnaroM B uanpaBnennn ee co3,rr,annri. B npo11ecce ,rr,anbuefirnefi 
pa3pa6oTKII npe,rr,cTonT BhirronnnTb · ,rr,eTanhnoe 1\IO,rr,ennponaune nccne,rr,yeMbiX 

n <PonoBhix ¢n3n'!ecKnx ripo11eccos c yqeToM TO'lnofi reoMeTpnn n CTPYKTYPhi 
ycTaHOBKU. 

B 3aKJIIO<J~'nnn OTMeqaeTca, 'ITO B xo,rr,e npoBe,rr,enHhiX nccne,rr,onmmit 

c¢opMnpoBaSioch noBoe uayqnoe uanpa!3neune s MeTo,rr,nie 9KcnepiiMeHTa, csa-

3aunoe c pa3pa6oTKoit n peann3a11neit ipnrrepnhrx cricTeM .il,na II3y'lerma'npo
I1eccoB B f9B-uofi o6JiaCTU ::meprnfi C_ OT60pOM COfibiTIIit ITO xapaKTepHbiit na-

. !· . . . . • .' -
paMeTpaM nap qacTUI1 B Kouequo~r cocTo51unn. Pe3yJibTaTOM pa6oTbi 51B.ime'i'C51 

co3,rr,aune cncTeM oT6opa co6hrTnfi n nonyqeune c nx npnMeuerinel\1'rioBhiX <Pn-
3nqecKUX pe3yJihTaTOB, B TOM 'lllCJie: .,;, 

1. Co3,ri.aua MnoroypoBHeBa51 TpnrrepHa51 CllCTeim; B'·K.oiopofi s'nepBbie ncnOJib-
3yeTC51 oT6op nap qacTiii1 no sem1qnue IIX Manoro oTnocii~eni,Iioro IIMrrynhca. 
CncTel\ia, Bi<Jiroqaroiri,aa Tpnrrep nepsoro ypciBII51 'ii anrrapaTHbie npo~eccopbl 
ua oonee BbiCOKllX ypoBURX, peaJIU30Bami. B 3KCIIepimeHT~ )J,I1PAK B II,EPH 
n o6ecneqnna no,rr,asneune ¢ononhiX 3anycKOB B 103 pa3 npn a¢¢eKTIIBHOCTII 
K IIOJIC3HbiM C06biTU51M 98%. 

2. Pa3pa6oTaHbi n peann3oBaHbi MeTO,II,bi KOMIIbiOTepuoro ynpaBJiemm Tpnr-
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repHOll CIICTCI\Wll, TI03BOJIIIBWIIC nOJIHOCTbiO IICKJI!Oql!Tb pyqHbiC onepall,IHI 
npn 3a,n:aHIIII IIJIII II3MeHemm TpnrrepHbiX ycJioiinfi. Pa3pa6oTaHhi n peaJin-
3onaHhi 1\IeTO,D:hl KOiiTpOmi 3a ¢yHKll,IIOHIIpOBaHHCM TpiirrepHOfi CIICTCMbl Ha 
BCCX ypOBH5lX, qTO no3BOJIHJIO ,n:narHOCTHpOBaTh JII06biC OTKJIOHCHII5l B Kaqe-

CTBe npnmiMaer.wfi nH¢opr.mu.nn. 

3. Pa3pa6oTaHa n peaJIII30BaHa JiornKa cqnThiBamiR ,n:auHhi~, · onTIIMII3npo
namra5l ,D:JI5l yMeHbmennR MepTnoro npeMeHII. Pa3pa6oTaH n npiiMeHeH HOBhifi . ' ; 

·MCTO,D: II3MCpCHII5l noTepb H3-3a MepTBOrg,·npeMCHH 3JICKTpOHUKll, no3BOJI5IIO-
uiufi yqeCTb BCC ero HCTOqHIIKII. . 

4. C npiiMCHCHIICM C03,D:aiiHOfi TpnrrepHOll CHCTCMbl BITCpBbie li3MCpCHO BpCM5l 
:/KU3HII aTOMOB, COCT05lrn;HX ll3 7r+ II 7r- MC30HOB: 

- . -0.62 ' T - [2 91 +0.49] X 10-15 C 

u, KaK CJIC,D:CTBliC, HOBblM MO,D:CJibHQ-He3aBHCHMhi,M CITOC060M orrpe,n:eJieHa pa3-

HOCTb nHOHHblX ,D:JlliH paCCC5lHH5l fO 

I I 0 264+0,033 -1 
ao - a2 = , -o,o2o m11' · 

5. Co3,n:aHa cncTeMa oT6opa co6hrTnfi n nepe,n:HeM ,n:eTeKTope'ANKE, o6ecne
qunma5l BhlllOJIHeHne 6oJihlliliHCTBa 3Kcnep1IMCHTOB Ha 3Tofi ycTanonKe. Pa3pa

;?oTi:m TOnOJIOrJiqeCKll-HC3aBIICIIMblll OT6op nap 3ap5I:lKCHHhiX qacTIIll, ,D:JI5l II3Y
;qeHII5l npou.eccon, conpoBO:lK,D:aiOrn;JixcR ncnycKanneM npoTOHHOfi naphi (pp), 
C MaJIOfi OTHOCHTeJihHOfi 3Hepruefi, no3BOJIIIBllillll B HeCKOJibKO pa3 yneJIHqliTb 

CKOpOCTh na6opa noJie3HhiX C06biTIIfi. 

6. C npJIMeHenueM TpJirrepHofi cncTeMhi nepe,n:uero ,n:eTeKTopa ANKE nnep
Bhie ll3MepeHa auepreTnqecKa5l 3aBHC1IMOCTh ceqeun5l pa3BaJia ,n:efiTpoHa pd ---+ 

(pp ),n B ,n:nana3one 0.6-1.9 f3B 11 nnepnbre noJiyqeHo ,n:u¢¢epeuu.uaJlhHOe ce
qenne O,D:HOnHOHIIOrO pO:lK,D:eHll5l pp---+ (pp),1r0 B o6JiaCTH, cyrn;ecTBeHHO Bhilile 
noporonofi. 9Tn pe3yJihTaThi no3BOJlHJlll npn TeopeTnqecKOM aHaJin3e c,n:eJiaTh 

,HOBbie n:bmo)J.hi o cTpyKType NN B3aiiMo,n:eficTBII5l Ha KopoTKliX paccT05IH1IHX 

II ,D:liHaMHKe IlHOHHOrO pO:lK,D:ellll5l. 

7. )J,JI5I nJiaHnpyer.wro aKcnepnMeHTa PAX B GSI nnepBbie BhlllOJlHeH aHaJIII3 
IICTIOJih30BaHH5l pa3JIIIqHbiX ,D:eTeKTOpOB ycTaHOBKII B TpiirrepHOM OT6ope, CQ
CT05lllJ,eM B Bbi,D:eJleHIIll 3JleKTpOH-n03IITpOHHblX nap C 60Jlhlli0ll liHBapllaHTHOfi 
M~ccofi. na BhiCOKOM yponHe ¢ona, n npe,n:Jio:lKena ,n:nyxyponnena5l apxnTeKTy
pa ~pnrrepa. c npnMeHenneM annapaTIIhiX II BhiqiiCJinTeJihHhiX npou.eccopon. 
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