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1.06~aJI xapaKTepHCTJU<a pa6on>1. 

lbyqeHUe rrpol{eCCOB o6pa30BaHllJI qaCTHl{ B e+ e- amrnniJIHIJ;llH IIOJIY'III~O HOBOe pa3BIITlle 

rmcJie 3arrycRa B 1989 ro.zzy 6orr1.ruoro aJiel{Tpou-rroaiiTponnoro ROJIJiaii,zJ.epa (JicHI) B U8PH • 

.l(eTeRTOp ,l(EJI<l>J1 - O,!Uffi II3 qenupex AeTeRTOpOB Ha J18IT, C03AaHHhlX AJIH rrpel{ll3IIOH

HOii: rrpoBepRll CTaHAapTHOll TeOpllll aJieRTpOCJia6oro B3aiiMOAeii:CTBUK rJiaruoy-Baii:H6epra-. 

CaJiaMa, BIUJICHeHllH 'IllCJia IIOROJieffllii: Heii:TpHHo, JieiiTOHOB II RBapROB, IIpOBepRll Ha HOBOM 

ypoBHe TeOpllll CIIJILHOI'O B3aiiMOAeii:CTBUK (KX.l() II IIOIICRa HOBIUX qacTHl{. 

AKTyanbHOCTb TeMbi ,llHccepTaQHH. O.timiM ua ruupoKo rrpuMeHHeMIUx AeTeKTopoB B 

yCTaHOBRax J18IT JIBJIJIJOTCJI rrJiaCTURoBrue ra3opaapaAHIUe AeTe~TOpru (ITr,l(), KOToprue IIc

IIOJIL3YJOTCJI KaK B KaJiopUMeTpllll, TaR II AJIJI II3M~peHllH KOOp.l\IlliaT TpeKOB aapJIJKeHIWX 

qacTHl{. ,l(JIJI rrpiiMeHeHllH aTIIX AeTeKTopoB ~ y~TaHOBKe ,l(EJ1<I>I1 aKTyaJILHIU~ 6ruJio uayqe

Hlle IIX CBOllCTB, OIITUMII3al{llH IIX pa60'IllX rrapaMeTpOB II pa3pa60TRa MeTOAURll MaCCOBOI'O 

rrpOII3BOACTBa. 

QeJiblO ,llHCCepTaQHOHHOH pa60Tbl JIBJIJieTCJI: 

e U3y'!eHlle xapaRTepUCTUK ITr,l( U OIITUMII3al{llH 'UX napaM~pOB AJIH UCIIOJIL30BaHllJI 

B YCTaHOBRe ,l(EJ1<l>J1 BRa'!eCTBe aKTIIBHIUX 3JieMeHTOB aApOHHOI'O KaJiopUMerpa U 

AOIIOJIHllTeJILHOii: MIOOHHOii: CUCTeMIU. 

e paapa60TKa MeTO,n.MRll MaCCOBOrO IIpOU3BOACTBa IJr,n:,· Heo6XOAUMIUX }J,JIJI C03AaHllH 

aApOHHOI'O RaJiopUMeTpa U AOIIOJIHllTe!ILHIUX MIOOHIWX KaMep ,l(EJ1<l>J1. 

e II3I'OTOBJieHlle 6oJiee 20000 ITr,l(, llX c6opKa ll IIpOBepKa, KOHTpOJih II IIOMeplfiKa pa-

60TIU B ycJIOBUKX MHOI'OJieTHei'O <!JnauqecROI'O 3KCIIepUMeHTa. 

• <lJIIall'!ecRUii: anaJIII3 AaHHhlX e+ e- B3aiiMO}J,eii:cTBnii: , rroJiy<remmx ua ycTanoBKe ,l(EJI <I> I1 

B AUarraaoue aueprllil J18 IT. 

Hay"'HaJI HOBH3Ha pa6oTbl. B AUctepTal{llonnoii:. pa6oTe: 

e IIpiiBeAeHIU HOBIUe peayJILTaTIU 3RCIIepUMeHTaJILHIUX IICCJieAOBaHnii: xapaKTep;rrcTIIR IIJia

CTUKOBIUX I'a30pa3pJI,ll;Hh!X AeTeKTOpOBj 

e IIOKa3aHa CTa6IIJihHOCTh pa60TIU TaKUX AeTeRTOpOB B CTpiiMepHOM II IIpOIIOpl{llOHam

HOM peJKUMax IIpii AJIIITeJILHOii: 3KCIIJIYaTall;llH B YCJIOBUKX <lJII3U'IeCKOI'O 3RCIIepUMeHTa. 

1 Hay"'Ho-npaKTH"'eCKaJI QeHHOCTb pa6oTbl: 

I 
i. 

e peaJIII30BaHO rrpUMeHeHUe ITr,l( B RaqecTBe aRTIIBHIUX ,ZJ;eTeKTOpOB a,ZI;pOHHOI'O KMOpii~ 

MeTpa H KOOp,!UffiaTHIUX ,ZJ;eTeKTOpOB MIOOHHOll CIICTeMIU YCTaHOBRll ,l(EJI <I> J1' Ha J18 IT j 

I
IUt:i.~.ii ii;iiill li~ .. :yr-1 
U~t.liWl Kc.te&;~JI 
r~snt!OT::K~·. -.....·. 



e HaROIIJieH OITIJT ll:lrOTOaJieHIDI H IIpoaepRH IIJiaCTHROahlX ra3opa3pJI,!UlhlX .ZJ;eTeRTopoa a 

ycnoaHJIX Maccoaoro rrpoll3ao.n;~Taa; 

e Ha OCHOae rrr .LJ: C03.ZJ;aH a.n;poHHhlil: KaJiopuiieTp H .ZJ;OIJOJIHHTeJibHaJI 1\fiOOIIHaJI ~UCTeMa 

YCTaHOBRH .LJ:EJI«l>l1. 

AnTop 3alllHIIlaeT: 

• rrpoae.n;eHHhle MeTo.ZJ;U'lecRHe pa6oThl, a peayJI»TaTe ROTOphlx 6hlJIU uccne.n;oaaHhl xapaR

TepncTHRH pafiOThl ITr.LJ:: 

BJlllJIHHe CKOpOCTH IIpOTORa ra30BOll CMeCU H pa3JIU'IHhlX . .n;ofiaaOK KUCJIOpo.n;a U 

a30Ta Ha pafioTy rrr.n: a CTpUMepHOM U IIpOIIOpll;llOHaJibHOllf peJKUMe; 

BJlllJIHHe 3Ha'leHIDI pe3UCTUaHOCTU RaTO.ZJ;a C yrnepO,!UlhlM IJOKphiTUeM Ha CTafiUJib

HOCTb pafiOThl rrr.n: U H3MepeHHe 3apJI.D;OahlX XapaKTeRUCTUK ITr.LJ:; 

3aaucllMOCTb aMIIJIUTY.l\hl ano.n;Horo ll naae.n;ennoro na IinemHHii: c'-quTh!aaiO~uii. 

aneKTpo.n 3apn.n;oa oT paccTOJIHIDI . .no cTpllMepa ll oT yrna rrponeTaro~eii: 'Iepe3 

. ,n;eTeRTOp 3apJIJKeHHOll 'laCTn:qh!; 

e ll3rOTOaJieHHe U llCITIJTaHHe Cah!llie 20000 ITr.LJ:, llCIIOJlb3JeMh!X a· Ka'leCTae aKTUaHh!X 

.n;eTeKTopoa a.n;ponnoro RanopiiMeTpa .LJ:EJI«l>l1; 

e pa3pa60THJ ll C03.ZJ;aHHe .ZJ;OIIOJIHHTeJibHOll 1\flOOHHOll CllCTeMhl JCTaHOaRH .LJ:EJI «l> I1 1 llC

IIOJlb3JlO~J10 IIJiaCTllKOBhle ra30pa3pJI,!Ulhle TpyfiRH pafiOTalO~lle B IIpOIIOpl.IUOHaJibHOllf 

peJRHMe; 

e· H?ahlll anropllTllf peROHCTpJRI.(IDI CTpyii: B a,n;pOHHhlX COfihiTHJIX 1 peaJIU30BaHHhlll a paM

KaX peJIJITHBllCTCRH-llHaapnaHTHOro IIO.ZJ;XO.ZJ;a. 

Anpo6aQHJI pa60Tbl. Pe3yJinTaThl llccne.n;oaaHllil, cocTaallalllllX .n;nccepTau;uro, .n;onJia.ZJ;hl

BaJIUcb na nay'IHhlx ceMnnapax JIB9 0 l1Hl1 u pa6o'lllx coae~aHIDix ROJIJia6opal.(IDI .LJ:EJI «l> I1. 

. OcnoaHhle pe3yJinTaThl .n;nccepTal.(IDI ll3JIOJKeHhl a 7 rry6JIUHaliHJ!x, cnncoR KOTophlx rrpllae.n;en 

a ROHI.Ie aBTOpe!lJepaTa . .LJ:IIccepTai~HJ! COCTOllT ll3 aae,n;eHIDI 1 'leThlpex rnaa, 3aRJI10'leHHJI ll 

CIIHCKa IIRTllpyellfOll JIUTepaTyphl. 

2.Co.n;epmaHne pa6oTbl. 

Bo BBe,lleHHH rro.n;-qepKHyTa aRTyaJibHOCTb uccne.n;oaaHllil,· cq>opMyJIUpoaaHhl l.leJIU u 3a

.n;a'lll.n;nccepTau;uonnoii: pa60Thl, orrpe.n;eneHhl·ocnoaHhle rronomeHIDI, ah!Hecemme na 3a~Ty. 

B nepnoii rnane paccMoTpeHhl CTPYRTypa ycTaHOBOK ua BCTpe'IHhlX rry'IRax, ocnoaHhle 

.n;eTeKTOphl. .LJ:eTeRTOphl na coapeMeHHhlx e+ e- KOJIJiaii:.n;epax JiaJIJIIOTCJI yHHaepcaJibHhlllfll, 
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rrpe.n;Ha3Ha'leHHhlMH .ZJ;JIJI HCCJie,n;oaaHIDI pa3JIH'IHhlX THIIOa a3aHMO.ZJ;eil:cTa:ffii:, OHH HMelOT a03-

MOIRHOCTb perHCTpal.(IDI MHOrHX THIIOa .'lacnn~; I1o.n;o6HaJI yHHaepcaJIDHOCTb rrpHBO.D;HT R 

TOMJ, 'ITO ace JCTaHOaRH HMelOT CTaH.D;apTHhlil: Hafiop CHCTeM R3MepeHIDI H H.ZJ;eHTH!lJHRal.(IDI 

c neROTOphlMH pa3JlH'IHJIMH a .n;eTeRTHpyro~eil: MeTO.n;HRe. MoJRHo Bhl.ZJ;eJIRTJ> TpR RpYIJHhlx 

CHCTellfhl, cy~eCTBJlO~HX a JIIDfioil: JCTaHOaKe: TpeROBaJI1 KaJIOpHMeTpH'IeCKaJI R MlOOHHaJI 

cncTellfhl. CTpyRTypa TaRHx ycTanoaoR Ha acTpe'IHhlx e+ e- KOJIJiail:,n;epax paccMoTpena na 

rrpuMepe .LJ:EJI«l>H. CxeMaTH'IHO .n;eTeRTop .LJ:EJI«l>H rroKa3aH na·puc.l. Ocnoanan 3a.n;a-qa 

TpeKOBOll CHCTellfhl - H3MepJITb IIOJIOJKeHHe aepruHHhl a3aHMO.ZJ;ellCTBHJI1 paCIJ03HaBaTb TpeRH 

ll U3MepJITb UllfiiJJibChl 3apJIJKeHHhlX -qaCT~ ITO OTKJIOHeHHlO a MarHHTHOM IIOJie. 

Barrel Muoo Clwnben 

DELPHI 

PIIcynoR 1. CxeMaTINHhlii: an.n; ycTIDioaRH .LJ:EJI«l>l1. 

B JCTaHOBKe .LJ:EJI «l> J1 CBepxrrpOBOM~ COJieHOH.ZJ; C03,n;aeT MarHHTHOe IIOJie C llH,llyKIJ;lleii: 

1,2 TJI c xopomeii. O.n;HopO.n;HOCTbiD. B nerrocpe.n;cTBennoii. 6JIU30CTll OT rry-qRa naxo.n;nTCJI 

KpeMHHeBhlll TpeROBhlll .n;eTeRTop (VD). On crroco6en ·pa6oTaTJ> rrpu BhlCORllX 3arpy3Kax ll 

ofiJia.ZJ;aeT BhlCORllM IIpOCTpaHCTaeHHhlM pa3perueHHeM1 ero KOOp.l\llHaTHOe pa3pemeHHe OKOJIO 

10 MKM II03BOJIJ!eT TO'IHO BOCCTaHaBJIHBaTb BepnmHy B3alfMO.ZJ;eii:CTallJI. BnyTpennull ,n;eTeK

TOp (ID), o6ecrre'lllaa10~ ROOp,Zl,HHaTnyiD TO'IHOCTb He XyJKe 100 MKM, o6ner-qaeT IIpOI.Ie

.ZJ.YPY ::IKCTpaiiOJIJII.(IDI TpeROB B Bepmnny B3aHMO,ZJ,ellCTBHJI1 a TaKJKe JJiy'llliaeT llMIIJJlbCHOe 
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R )UiyXTpCROBOC pa3peruerme. fJiaBilli!M TpCROBhlM J(CTCRTOpOM ycTaHOBRR' JIBJIJ!eTCJI BpeMJI

npoeKIJ;HOHHaJI RaMepa (TPC). TpexMepHaJI nn¢opMaiUUI, nony<JaeMaJI c nora J(eTCRTopa, 

neo6xo.n;RMa .n;JIJI npocTpancTBennoro BoccTaHOBJieHRJI RapTnlllil co6hlnrn • To'IHOCTh B onpe

.n:eneHRR RMTIYJihCOB CBhllliC 5 f3B CYillCCTBCHHO TIOBhlillaeTCJI npH RCllOJih30Bamm RH<lJOpMa

UIDf C BHyTpennero (JD) R BHClliHCI'O ( 0 D), (paciTOJIOlRCHHOI'O Ha BHClliHCM pa.n;nyce TpeROBOH 

CRCTCMhl nepe.n; ofiMOTROH COJICHORJ(a) TpCROBhlX J(eTCRTOpOB • .LJ.JIJI onpe.n;eJICHRJI RMllYIIhCOB 

'!acnm B o6nacTn yrnoB 0 ~ 36° c11ymaT )Uie Top~eBhle RaMephl (FCA n FCB). lhMepenn:e 

_B TPC norm3~0Hilli!X noTeph IT03BOJIJIJOT R.n;CHTn¢~poBaTh nepeJIJITRBRCTcnne <JaCTH~ 

u pa3.n;eJIJITh 311CRTpolllil n rmoHhl .n:o 8 f3B/c. 3a TPC pacnonaraeTcJI .n:eTeHTOp '!epen

ROBCHoro li3JIY'ICHRJI, OH RCITOJib3YCTCJI J(JIJI RJ(CHTH<lJliHaUIDf 3apJilKCHilli!X a.n;pOHOB, HOTOpaJI 

ocyrueCTBJIJICTCJI C ITOMOillhiO C'ICT'IHHOB, pe!'liCTpHpyiOruRX U306paJKCHHC HOIIC~ CBCTa 'IC

peHHOBCHOI'O U311Y'ICHRJ! (RICH). 8TO IT03BOJIJieT OTJ(CJIJ!Th TIHOilli! OT HaOHOB .!(0 18 f3Bjc B 

~CHTpaJ!hHOH (rmnnn.n:pn'ICCHOH) 'laCTR R .!(0 30 f3B/c B TOp~CBOH. 

Unnnn.n:pH'IecRUii 3JienTpoMarHRTillili1 nanopnMeTp ycTanoBRR .l(EJI <I> l1 BhlnomieH B Bn.n:e 

BpeMJI-npoeKIJ;HOHHOH .n;peii<lJOBOH RaMephl C BhlCOHOH ITJIOTHOCTh!O BeruecTBa .(HPC) If ITOMe

illCH BHyTpli COIICHORJ(a J(JIJI YMCHhlliCHRJ! BJIRJIHRJ! IIaCCRBHOI'O BCillCCTBa Ha CI'O 3HepreTH'IC

CHOC pa3penrerme. Kanopm.ieTp rro3BOJIJieT H3MepJITh 3Heprn:JO 3JICRTpoHOB n: raMMa-nBaHTOB 

BIIJIOTh .n:o 90 f3B n: o6ecrre'IHBaeT xoponry10 R.n;eHTn¢n:nami.Io rr0 .n:o 3Hepnrn 20 f3B n: xo

ponree efrr pa3.n;enerme. B na<JeCTBe Top~eBhlX RallopnMeTpoB (FEMC) n:cnoJ1h3YJOTCJI CBUH

u;oBhle CTCRIIa C perUCTp~eH 'ICpCHROBCROI'O CBeTa C IIOMOillhiO BanyyMilli!X <lJOTOTpUOJ(OB. 

A.n:poHillilii Ra~opnMeTp .LJ.EJI <I> l1 (HAC) rrpe.n:cTaBJIJieT co6oi1 rMOBhiH .n:eTenTOp, cMoH

THpoBaHillilii B HpMe MarHRTa, IJ;CHTpaJihHaJI 'IaCTh HOTOporo rrepeHph!BaeT IIOJIJipHhiH yroJI 

MCJKJ(y 42.6° - 137.4°, a J(BC TOp~CBhlC RphllliRH- MeJK.n:y 11.2° - 48.5° U 131.5° - 168.8°, 

T.e., a.n;pOHilli!H HaJIOpUMCTp IIO'ITli IIOJIIIOCTh!O rrepenpb!BaCT yrJIOBOH RHTCpBaJI OT 10° - 170°. 

RpMo MarrmTa, JIBJIJIJOrueecJI pa.n;RaTopoM a.n:pmrnoro nanopuMeTpa, rrpe.n:cTaBJIJieT co6oil: 3a

nph1Thlii MHOI'OI'paHilli!H IIOJihiH rmnnn.n:p J(IIUHHOH 9. 7 M If .n;RaMeTpOM OHOIIO 9.2 M, ero BCC 

cocTaBJIJieT 2500 T. UenTpaJ!hHaJI <JacTh cocTonT U3 24 cenTopoB c 20 CJIOJIMU nnacTuno

BhiX J(CTCRTOpOB, BCTaBJICHilli!X B 2 CM 3a30p MCJK.D:Y 5 CM JKCJIC3Illi!MU llllaCTRHaMU B RaJKJ(OM 

cenTOpe. KoncTpyKIJ;HJI Topu;eBhlX Rpwnren ana11oru'!Ha u;enTpaJ!hnoil: <JacTn n co.n:epJKUT 19 

CJIOCB J(eTCRTOpOB. B Ra'ICCTBC aRTRBHOI'O .n:eTCHTOpa liCllOJih30Balllil nr.LJ. c 3aHphlTOH reoMe

Tpneii naTO.n;a. KaTo.n: nonparuen pe3HCTnBnoi1 rpa¢nToBoi1 npacnoil: .n:o 3Ha'IeHliii 6onee 50 

KOM Ha RBail;paT, .n;RaMeTp auo.n:uoil: npoBoJIO'IRR 80 MRM. 

.LJ.JIJI RJ(CHT!i<!Jnnawrn: MIOOHOB B YCTaHOBHC .LJ.EJI <l> l1 npe.n;ua3Ha'!Clllil IIJIOCHOCTH .n;peii

<lJOBhlX RaMep, paCIIOIIOJKCHilli!C B IlpOMCJKYTRC HpMa Ma!'HRTa If C Cl'O BHClliHCll CTOpOillil li 

pa3J(CJICHilli!C CIIOCM JKCIIC3a OHOIIO 10 CM, li CliCTCMa J(OIIOlliillTCJihllli!X MIOOHHhiX RaMep. 

BTopan r.naaa nocBJiruena a.n:ponnoMy nallopnMeTPY ycTaHOBRH .LJ.EJI<I>H_ nero xapan-
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TCpHCTUHaM, oficyJK.n;aJOTCJI aCllCHThl 3HCIIJiyaTarmR HaJIOp!iMeTpa .J1 MHHRMR3aiUUI CHCTCMa

TH'ICCRHX norperuuocTeii B ero napaMeTpax. A.n:ponnhlii nallopnMeTp ycTaHOBRH _.LJ.EJI<I>l1 

COCTOllT 113 19032 llf.LJ. J(IIRHOH OT 40 CM .!(0 410 CM • 

Pn:cynon 2. Kou¢n:ryparmil nr.LJ., llCIIOIIh3YC~!OI'O B a.n:poHHOM nanopnMeTpe 

ycTaHOBRH .LJ.EJI <l> l1: 1 - IICHaJI, 2 - HphlnrHa C pe3HCTHBHhlM IIOHphiTUCM, 3 -

no.n:asuTel!hHhiH pe3HCTop, 4 - npwnrna J\OH~eBnRa, 5 - 3arnynrna, 6 - cneiicep, 7 
- npo<lJHJih C pe31iCTllBHhiM IIOHphiTUCM, 8 - auo.n;uaJI llpOBOIIO'IRa, 9 - IIC'IaTHaJI 

IIJJaTHa C llaMCIIhRaMH, 10 - ROH~CBiiH, ll - Cli!'Hallhllhlll/BhiCOHOBOIIhTilliiH 

pa3'hCM. 

Ba30BhiM 311C~!eHTOM nr .ll. JIBJIJICTCJI OTHphiThiH npo¢n:Jih, 3HCTpy.n:nposaHHhiH U3 nJiaCTHHa, 

HMC!OillliH 8 JI'ICCR, C TOIIruRHOH CTCHRH 1 MM, HOTOphiH IIOHphiT H3HYTPH rpa<!JllTOBOH npaCJ\OH 

c conpoTUBIIenneM 6onee 50 KOM na RBa.n:paT. Auo.n;uaJI nposo11o•ma .n;RaMeTpoM 82 MJ{M 

HaTJII'UBaeTCJI BJ(OIIh OTRphiTOH JI'ICHRR ( 9x9 MM2
), <!Jn:ncnpyeTCJI B ~eHTpaJihHOH ll031i~liH 

<Jepe3 RaJK.n:we 0.5 M B n11aCTHHOBOM cneil:cepe u npurransaeTcJI c o6eux J\OH~OB ua 11aMe11n 

.n;Byx rre<JaTilli!X rrJiaT. 

l1crrollh3oBanne nnacTHJ\OBhlX crreiicepoB neo6xo.n;11Mo .D:IIII o6ecne'IeHHII MexaHI1'Iecnoil: CTa-

611JihHOCTH, no3BOIIJIJOrueil: o6ecne'IHTh nopMallhHYJO pa6oTy .n:nn:nnwx Tpy6on. CxeMaTH'IHO 

llf.LJ. llOJ<a3aH na pn:c.2. llpo<iJHJih 113 8 J!<JeCH 3aHpb1BaCTCJI CBepxy HphllliHOHI13 TOI'O me Ma

TCpHalla, llOHphiTOH rpa<lJ11TOBOH HpaCJ\OH C COIIpOT11BIICHHCM Ofihi'IHO BhiJUe, 'ICM y IIpo<lJ111!Jl 

(3aHphiThiH HaTo.n;). llpo<lJUJih BCTaBJIJICTCJI B repMCT11'IHLIH llllaCT11HOBL!ll 1\0IITCHHCp (nena11), 

TaRme 3RCTpy.n:nposammil: 113 nnacnma, n 3aHpLisaeTCJI nmmeBLIMI1 npunrna~m. Ha o.n:noii 

ROH~CBOH Hphlilli{C paCTIOJIOJRCHhl pa3'hCMhl J(llil HOHTaHTa C 11pOBOIIO'IHa~!l1· 11 HaTOJ(OM. llf.LJ. 

·HaHJICCHLI na C'IRThiBa!OruUH 311CHTpo.n:, pa3J(CIICHJlhiH na lliiOruaJ(Jill. C JIIIOillaJ(OJ{ CJIRMaCTCJI. 

uase.n:enHhlii c11rnan. Pa36n:enl1e c•mThlBaJOruHX 311CHTpo.n:os na nnorua.n:Jrn BLinonneno Taim~l 
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o6pa3oM, 'IT06hl ocu o6pa3oBaHHhlx UMH 6arneH 6wrn HanpaaneHhl B TO'JI{Y B3auMo.n;eiicTBHJI. 

rrr.n: cTa6UJibHO.pa6oTaiOT B CTpHMepHOM pelKll.Me l!a ra30BOH CMeCH Ar: C02: /so=10: 

60 : 30. C ;noll: ra3oBoii cMecbro cpe.D.Hee 3Ha'leHHe 3apH.n;a, HaBe.n;eHHoro na BHelliHHii 

C'IHThJBaiOJIUl}i 3JieKTpo.n;, OKOJIO 10 nKJI IlpH HanpJIJRei!HH BhiCOKOBOJ!bTHOro IIHTaHUJl 4.0 

KB. Ilpe.n;ycMoTpeHo llli.ZUfBll.D;yaJibHOe OTKJIIO'lerme BhiCOKOBOJibTHoro nHTaHllJI OT Kam.n;oii 

Tpy6KH, 'ITO yMenLrnaer MepTBhle 30Hhl B cnyqae .n;ecpeKTOB. O.D.Hoii U3 ocHOBHhiX xapaKTe

pHCTllK KaJIOpHMeTpa JlBJIJieTCJl ero 3HepreTH'leCKOe pa3perneHHe, .ll.J!Jl Uei!TpaJibHOH o6JiaCTH 

52° « (} « 128° 3HepreTH'leCKOe pa3pernerme .ll.J!Jl a.n;pOHOB B ycTaHOBKe .l(EJI<l>J1 6hJJIO 

onpe.n;eneHo KaK: 

u(E)/E = 0.21 tB 1.12/VE, 

r.n;e E B f3B. IlocTOJIHHhlii 'lJieH B 3TOM Bhlpamei!HH B03HHKaeT U3-3a HaJili'lHJl BeiiJ;eCTBa 

B ycTaHOBKe nepe.n; a.n;pOHHhiM KaJIOpHMeTpOM II He CBJI3aH C pa60TOll KaJIOpiiMeTpa KaK 

TaKoBoro. 

B 1994 .D.JIJI yaeJIH'leHllJI cerMeHTaunlf KaJiopHMeTpa, no3BOJ!liBllieii ynyqrnnTb n.n;eHTncpu

KauHIO MIOOHOB 11 npocTpaHCTBennoe pa3pernerme .n;JIJI a.n;poHHhlx JlliBHeii, 6niJia pa3pa6oTaHa 

ll BBe.n;eHa B 3KCIIJiyaT~IO .!J.OIIOJIHHTeJibl!aJI CliCTeMa C'IHThiBaHHJl CIIrHaJia C KaTO.!J.OB Jl:H.lUf

BII.n;yaJibHhiX rrr.n: (CRO). HoBaJI CliCTeMa yaeJili'lHBaeT cerMeHTauHIO no 4> B 3 pa3a If no 

R B 5 pa3. 

B 1997-1998 ro.n;ax Ha BnyTpei!HHX CJIOJIX a.n;ponnoro KaJIOpHMeTpa 6hJJia CMOHTnpoBaHa 

CliCTeMa C'IHThiBaHHJl cnrnaJIOB C aHO.D;OB IJf.l( (ARQ), IIMeiOIIJ;aJI BpeMeHHoe pa3pernemre 

OKOJIO 20 HC. 0Ha liCIIOJib3YeTCJI B Tpnrrepe YCTaHOBKH. C 1999 ro.n;a BCe CJ!Oli KaJIOpliMeTpa 

ocHaiiJ;eHhl ARO. 

Bee npe.D.hl.n;y!IJ;lie .n;ecJITb JieT 3KCIIJiyaTaUHII, a TaKme B HaCTOJIIIJ;ee BpeMJI, .n;ereKTop pa-

60TaeT oqem cTa6uJibHO n Ha.n;el!{l!o. 

MeHee 1% IJf.l( ll3 6onee '!eM 19000 He pa60TaiDT llJili OTKJIIO'leHhl, B OCHOBHOM 3TH OTKa3hl 

CBJI3aHhl c TpaHcnopTnpoBKoii u npoueccoM ycTaHOBKH B rnaxTe. B xo.n;e 3KcnnyaTaunu 3Ta 

mrcppa B03pacTana He 6onee '!eM Ha 0.1-0.2% B ro.n; n, KaK npaanno, 3To CBJI3aHO c OTKa3aMn 

pa3.D;eJ!liTeJibHhiX BhiCOKOBOJibTHhiX eMKOCTeH II pa3neMOB Ha Ka6eJIJIX. 

.l(JIJI 60JibllillHCTBa COBpeMeHHhJX YCTaHOBOK, r.n;e IIpiiMeHJIIOTCJl IIJiaCTIIKOBhle ra30pa3pH.n;

Hhle .D.eTeKTOphl, .D;OCTyn K IIOCJ!e.n;miM HeB03MOJReH B Te'!ei!HH BCero nepiiO.D;a 3KCIIJIYaTaunlf 

ITOCJie c6opKH YCTaHOBKH. 8TO npe.D;'hJIBJ!JleT OC06hle Tpe60BaHHJl K Ha.ZJ;el!{I!OCTII .n;eTeKTOpa II 

Bhl6opy OIITHMaJ!bHhiX ycJIOBnll llX pa60Thl. flo3TOMY OCTpO CT~llT BOnpoc 0 MeTO.n;IIKe npo

BepoK Co6paHHhiX iereKTOpOB KaK Cpa3y IIOCJ!e c6opKH, ~aK II nepe.n; MOHTaffiOM B YCTaHOBKe. 

CTa6IIJibHOCTb pa6oru llli.ZUfBII.n;yaJibHhiX rrr .n: JlBJ!JleTCJl Bal!{HhJM YCJIOBUeM o6ecne'!eHllJI Ha

.n;el!{I!OCTII pa60Thl BCeii CUCTeMhJ. l1MeiOJIUl}iCJI OIIhiT pa60Thl C UJiaCTUKOBhiMll Tpy6KaMH B 
/ 
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J, 

i 

pelKUMe ca~IOracJIIn;erocJI cTpHMepHoro pa3pH.n;a rioKa3hiBaeT, 'lTOHaH6onee pacnpocTpaHeH

noii npH'IHHOll OTKa3a 3THX .n;eTeKTOpOB JIBJ!JleTCJl IIOJIBJieHHe ll B03paCTaHHe TeMHOBOrO TOKa 

B aHo.D.Hoii uenn. 

A~mJ!liTy.n;a pa6o'!Hx cnrHaJioB npH noM 3Ha'!HTeJibHO na.n;aer. TaKoii TOK o6hi'!HO ne 

coripoBOl!{.!J.aeTCJl lliYMOBhiMH HMIIYJibCaMII. 0TMe'JeHO, 'ITO o6nyqerme Tpy6I~ IICTO'JHHKOM· 

HOHH3IIpyrornero H3Jiy'leHHJI CTHMyJ!lipyeT nepeXO.!J. Tpy6KH B TaKOH pel!{lfM. 

1-laMH 6hlnn npoae.n;eHhl Hccne.n;oBaHIIJI c uenhro Haxol!{.!J.eHllJI npH'lllHhl YKa3ruriJ:oii Bhlrne He

CTa6HJibHOCTU B pa6oTe .D.eTeKTOpOB {2]. IJpoBepKa riOKa3aJia, 'ITO .n;ecpeKThl KOHCTpyKTIIBHhiX 

3JieMei!TOB (npOBOJIO'!Ka, KOHUeBIIKH, IIOMep'mKH, MeXai!H'leCKHe.HeTO'lHOCTll H3rOTOBJieHllJI) 

He JIBJ!Jl!OTCJI OCHOBHOfi npli'lHHOH OTKa3a .n;ereKTOpOB. rnaBHOH npn'llii!Oll Ha6nro.n;aeMOH He~ 
CTa6nmHocTu .n;eTeKTopoa JIBJIJIIOTCJI caoiicT'aa pe3ncTHBHoro KaTo.n;a. 
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PHcyHoK 3. a) - 3aBIICUMOCTb ypoBHJI KHcnopo.n;a B ra3oBoii cMecu KaK cpymru;rni 

apeMeHH UIIKJia (apeMH 3a KOTopoe npo.n;yaaeTCJI o.n;HH o6neM .n;ereKTopa), 6)- 3apH.n; c 

aHO,ll;HOH npoBOJIO'lKH, ll3MepHeMhlii cTpHMepllhiM MOHHTopoM, B 3aBUCHMOCTll o-f. ypoBHJI 

KHCJIOpo.n;a B ra30BOH CMeCU 

Ilpu yaeJIH'lei!HH conpOTUBJieHllJI KaTo.n;a npeKpaiiJ;erme cTa6umHoro pel!{lfMa pa6oThl 

Tpy6KH CBJI3aHO C noJIBJieHHeM HeraCJIIIJ;eroCJI rony6oro CBe'leHllJI BOKpyr UpOBOJIO'IKH. TaKOH 

"TJieiOIIJ;nfi" pa3pJI.D; B03HllJlaeT nepBOHa'JaJibHO B O.!J.HOH TO'!Ke Ha ITpOBOJIO'!Ke U nocTeneHHO 
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OXBaTb!BaeT ee ITpaKTH'ICCKll BCIO. 06nyqeH.He Tpy6K.H pa,!U!OaKTH.BHhiM llCTO'IHH.KOM 06bi'!JIO 

ycKOpHeT ITOJIBJICHllC "TJICIO~ero" paapH.n;a, KOTOpblll ITpeKpa~aCTCJI TO!lhKO ITOCJIC ITO!lHOfO 

CHHTllH HaiTpHJKCHllH. 

B ua'laJihHOil. cTa,IU!ll ~T!leiO~ero" pa3pH.n;a y.n;aercH ua6niO.n;aTh ero naiTpaanemiOCTh K 

oiTpe.n;enennoMy MecTy ua KaTo.n;e. Huor.n;a y.n;aeTcJI na6mo.n;aTh coe,IUIHCHH.e "TneiOmero" 

IIHTHa Ha ITpOBOJIO'IKC C OITpe.n;eJICHHOll CBeTHll\CllCJI TO'IKOll Ha KaTO.l(e. ::ha Kapnma MOJKCT 

6b!Th BOCITpOH.3BC.l(CHa HCKYCCTBCIIIIO ITYTCM C03,ll;aHH.JI Ha KaTO,li;C ITJITHa C BLICOKHM conpOTll

B!lCHHCM. B TaKOM cnyqae CBCTH~HecJI TO'IK.H o6bl'lllO paciTonaraJOTCJI no nepHMerpy TIHTHa. 

Ha6niO,li;CHllH IT03BOJIRJOT npe,li;IIO!lOJKHTh,, 'ITO ITpH'IHHOii. B03HHIUIOBeirnH "TneiOmero" pa3-

pH.n;a JIBJIRCTCJI 3MllCCHH 3JlCKTpOHOB B TCX MCCTaX, f,li;C B MOMCHT paCTCKaiU!JI HOHIIOfO TOKa 

C03,ll;aCTCJI 60JihlllaR ITOBCpXHOCTHaR pa3HOCTb ITOTCHI.U!aJIOB. f1pU'111HOll 3MI1CCHH 3JlCKTp0110B 

JIBJIRCTCJI ITpol(ecc, 113BCCTHhlll B mnepaType no,ll; uaaamrneM ManhTep-a¢¢eKTa. 3MHCCI1HJI 

3JlCKTpOHOB ITp011CXO,IUIT, ITD-BI1,1U!MOMy, B 06JlaCTJIX MCJK,ll;y ,:IaCTI1l(aMI1 rpa<lJ11Ta, pacTIO!lO

JKCHHhiMH Ha 6Jlll3KOM paCCTOR!Illll, HO HC 11MC!Oll\11MH KOHTaKTa MCJI{,ll;y co6oii.. J3 TaKI1X MCCTaX 

MOryT B03fll1KaTb M11KpOITpo6oH, KOTOpble 6y,ll;yT TIOMCplK11BaTb "TJIC!Oll\Hll" pa3pH,ll;. 

f1 pH 11CITOJih30BaHrm. C'II1Tb!BaHHJI BHCIIIHHMI1 3JlCKTpO,ll;aMH neo6XO,li;HMO OITTI1MH3HpoBaTb 

3Ha'!Clll1R pe3H.CTI1BHOCTI1 KaTO,ll;a ,li;JIR ITOJIY'ICHHH CTa6HJihHOll pa60Tbl IJf.U IIpll ,li;OCTaTO'IHOll 

3JICKTpH'ICCKOll llp03pa'lllOCTll KaTO,li;HOll ITOBepXHOCTH. VhyqaJillCh B03MOJI{HOCTJ111CTIOJib30Ba

HHH aHTllCTaTH'ICCK.HX JKH,li;KOCTefi ,li;JIH noKphiTHH noBepXHOCTH KaTo,ll;a ( uanpHMep BREOX 

B-35), KOTOphle IT03BO!lJIIOT c,ll;e!laTh pe3HCTHBHOCTh noaepxuocTH KaTo,ll;a 6onee O,li;Hopo,li;HOll. 

TI pH c03,ll;aHHH KanopHMeTpa ycTaHOBK11,UEJ1 <I> I1 6LJJI HCTIOJih30BaH MeTO,ll; nonHpOBKH KaTo,ll;a 

,li;CTCKTOpOB. 

,U!lH yMeHbiiiCHllH 3KCIIJiyaTal(HOHHhlX paCXO,li;OB a,ll;pO!IHOfO KaJIOpHMCTpa ,UEJI<f>I1 6bl!l 

CITel(HaJihHO ll3Y'ICH HOBhlll BapHaHT ra30BOll CllCTCMhl C pel(11pKy!lHI(HCll ll O'lllCTKOll (7]. 

3Ta CHCTCMa OTHOCllTCJihllO ITpOCTa 11 HC,li;Opora, 3KOHOMH'!Ha B 3KCIT!lyaTal(HH, a TaKlKC IT0-

3BOJlHCT TIOMCpli\llBaTb ypOBCHb KllC!lOpO,ll;a B pa60'!Cll ra30BOll CMCCI1 B 3a,ll;aHI!hlX npe,li;CJiaX 

Q,li;HaKO, Ol(CHKH ITO!\a3a!lll, 'ITO llp11 80 % pel(llpKy!lHl.Ulll CMCCH (20 % CBCJKCll CMCCH) ypo

BCHh CO,li;CplKaHHJI a30Ta YBCJill'lllTCJI ,!1;0 1-2 %, IT03TOMY 6bl!l0 HC06XO,li;HMO H3Y'Il1Th B!ll!JIHUC 

• aTOll ITpHMCCH Ha 3apH,li;OBhlll OTKJII1K ,li;CTCKTOpOB. 

,UnJI 3TOfO HaMH 6biJill 11CITOJib30Ba!Ihl ,ll;aHHhiC, ITOJiyqeHIILIC B TC'ICHHC ,li;JlUTCJihHOll pa6oTbl 

ra30BOll CllCTCMhl, ll CITCI(HaJibHO ITpOBC,li;CHHhiC l13MepeH.HH 3aBUC11MOCTll BCJIH'IHHLI 3apn,ll;a 

C aHO,li;HOll llpOBO!lO'II\ll OT CO,li;CpJKaHUJI ,li;06aBO!{ a30Ta. ,Um1 TOfO, '!T06bl orpaHH'IHTb ll3MC

HCHI1C OTHJillHa Ha!lOpHMeTpa Ua ypOBHC ::; 2-3 %, ra30BaR CI1CTCMa ,li;O!llKIIa Bhl,li;CpJimBaTb 

llpOI(CIITIIOC CO,li;CpJKaHH.C HOMITOHC!IT C a6cOJIIOTHOll TO'IHOCThiO HCCHO!lhKllX .l(CCHThlX npo

l(CHTa ll o6ecne'lllBaTh XOpOIIICC CMCIIIllBaHHe HOMITOHCHT ra30B0ll CMCCll ,!1;0 ITOITa,ll;aHHJI B 

CHCTCMY pacnpC,li;C!lCllliH ITO MO,ll;y!lHM HaJIOpllMCTpa ll ,li;OITO!lHHTCJihl!Oll MIOOHHOll. CHCTCMLI 
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yCTaHOBKll ,UEJI<f>I1. f1 pn THITH'IHOM H3MCHCHllll aUIOC<lJepuoro .n;aB!lC!IllH Ha HCCRO!lbKO 
- . ~ 

,li;CCJITROB MU!l!lll6ap, ll3MCI!Cl!llC OTK!li1Ka ITO 3apH,ll;)' COCTaBJIJICT HCCKO!lhliO .l(CCJITROB ITpo

l(CI!TOB. Q6eCITC'ICHllC KOHTpO!lJI COCTaBa ra30BOll CMCCU OC)'~CCTBJIJICTCJI ITYTCM ll3MCpCHHJI 

CpCJU!Cll BCJIU'IHI!hl 3apR,ll;a C IlOMOll\hlO CTpUMCpHoro MOI!HTOpa, ITO OTK!lHRY B CTpmtepHOll . 

MOHHTOpHOll Tpy6RC. 

3aBllCHMOCTh ypOBI!Jl !(HCJIOJlO,ll;a B ra30&0ll CMCCll Ran qJ)'I!Kl(HJI BpCMCI!11 l(llRJia (BpCliJI, 

3a IiOTOJlOC IlpO,ll;yBaCTCJI O,li;Ull o6neM Hanop11MCTpa) TIORa3aHa Ha pn<]3(a). 3aBHCIIMOCTb 

nmreii.HaH, ypoaenh rmcnopo,ll;a B03paCTacr B ,li;Ba pa3a, ,li;O 3Ha'ICHnii. ·1000, ppm 11 6o;Jee, 

,ll;!lR BpC~ICI!II l(llK!la, paBHOfO TJlCM ,li;I!Jlll. 3apH,ll; C aHO,li;HOll TIJlOBO!lO'IHII, 113~iepHCMblll CTpl!

MCpi!IdM MOIIllTOpOll, B 3aBHCHMOCTl! OT )'pOBHJI liHCJIOpo,ll;a B ra30BOll CMCCII ripe,li;CTaB!lCH Ha 

pHc.3(6). l13MCHCl!llll3apll,li;OBOro OTH!ll!Ka B•H3Y'IaeMOM ,IU!aTia3pHe 3Ha'~CHl!ii.;ypoBU/I I(J!CJlQ

po,ll;a nc na6mo,ll;aeTc/l. YpoBCHh JmcJ!OpO,ll;a oRono 1000 ppm 03{JaqaeT, ino y:poaeuh a3ora B 

ra30B0ll CMCCH COCTaB!l/ICT OKO!lO 0!3 %. Q,ll;llaJm, ,li;JlJI ra30BOll C;lCTCMLI: C SO % JlCI(IIpny!lH

l(IICll 3TOT )'JlOBCI!h B03paCTCT B TIHTI> pa3, TI03TOM)' HaMil 6LJ!l0 npoBe,li;CH~ ll3Y'ICIUIC B!lHJIIUIJI 

TIJlHMCCCll a30Ta B pa60'!Cll ~a30BO~ CMCCII. 

Ilp11 3Tl1X H3MCJlCHIIIIX Ilf,U paGoTa!lll TIJlH TCX IHC CaMblX YCJIOBl!IIX, Hal( 11 B pcaJibHOll 

' ' 
3RCnepnMeHTe : ITpn 4000 B ,ll;!lH n:r.u·c 3aHpldTOll re<?MCTIJl!Cll ll,aTO,ll;a (!JapHai!T a,ll;pouuoro 

J(a!lopnMerpa, CTpnMepuan MO.ll:a) II HPH. 3700 B ,li;JlH nr.u c OTHJlhlTOll reoMeTpne!1 HaTO,ll;a 

(aapnanT ,ll;ononunTeJihHOll MJoouno!1 ~IICTCMhl, ITponopt\liOHa!lhllaJI MO.ll:a). 13 ,D,al!H~ll c.1y

'!ae aTa 3aBIICHMOCTh noxoJI{a na li3MCpcHHYIO ,li;JIJI co,ll;epamHIIII aproua B ra3oao!1 cMecn 11 

yaenwrenHe OTH!liiKa nanopnMeTpa coCTaaimeT ilo 15 % .n;nn 1-2 % ,li;06aann a3oTa. 13 ne.10M, 

npe,ll;naraeMaJI ra3oBaJI cl1cTeMa c pe~npli)'JIHI\neii ue no~nc•rer HmiaHm( it:JMeHcHnii. B pa6o~c 
,li;CTCKTOpOB B IIpOTIOjll\IIO!laJibllOll MO,li;C (.li:OTIO!lllliT!.'!lbHa/1 MIOOIIIIaJI CliCTCMa), ;inn pa60Thl B 

CTj)UMCp!!Oll MO,li;C ( a,ll;pOI!IIhlll Ka!lOJlliMCTp) OJiil!,ll;aCTCJI, 'ITO 3aJlll,li;OBhll1 OTI!illll{ ll·3~lCfUITCJI. 
IIpllMCj)HO Ha 15 %. J3 llOCJIC,li;IICM cnyqae me!laTCJibi!O l!MCTb CIICTCM)' MOHIITOJlHpOBallllJI 

ypoBHH a30Ta B ra30BOll CMCCll. 

Orom n3 rnaBIIldX Tpe6oaann!1, npe[lnJIB!lHCMhlX K R.anopnMerpaM c 6oJJbtui1M ••ncno~I Jmiia

nos, no oromporomcTb nx onmnRa. llacTnt\Id nepeccRaJoT aemecnio IIACno,ll; p~:init~mwMn 

yrnaMn K aRnlBIIfUI nnociWCTHM, 'ITO ,ll;aeT ,li;OTIO!liiUTCJihliYIO nconpc,ll;eJICIII!OcTh'B Bl'Jlli'IIIHe: 

OTll!lllKa aRTHBiiwx ,li;CTCKTOpOB. 13 ITporpaMMax Mo,tiennpoaamtll ~Til!ll!lia· HAQ ucnoJih3'0:: 

Ba!lCH a~ITI!ll!TYJI.llldll CTICKTJl CllrilaJIOB, TIO!lY'ICIIUid!1 !13 TCCTOB 11a HOCMll'lt'Ciatx MIOOIIax: 

,UnH TIO!lY'ICHI!/1 3aBI!CliMOCTI1 OT yrna 3TOT aMTI!ll!TY.li:Hidll cneinp MOJ\llq>lll\HjJOBa!l·C~I C nfr. 

MOII{biO 3MII11pnqecJml1 ¢opMYJihl' f,li;C 3apn,ll; 3aBHCC!l OT l I c'os2 0 B llHTl'!JBa!lt': Ji6 60a' I' ;i.e 

0 - yron MCJ!{,ll;y Tj)Cl{OM 'li llCJliiCII,IUIH)'JIHj)OM !{ lliiOCHOCTil ai!O/UlhlX' IlpOHO!!O'Il'li, II IIMC."J 

HaCblll\CHIIC ITJllt 60!lblUHX yrnax. f1pC,ll;ld,ll;yllll1C 3l{Cill')JI1Mt'llTailbllldt' lll"CJit'/\OHaUIIH :aroro 

CTICKTpa, O,li;HaKO, 6ld!lll llpOBC,li;CIILI TOJibHO J\0 )'l'!la 45° II j'C!lOBliH 113MCJlt'I!IIH. OTJlii1JaJlliCb OT 

pea!lbllldX yC!lOBitil. pa6oTbl Ilf,U. 
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IloiiToMy ,nJIJI YTO'!Hemm :noii. 3aBHCl!MOCTn namr 6wnn npoae,nenhl li3Mepennn OTI{])l!Ka 

fir .n: npll I1pOXOlK,llemm IWOfllqeCKHX MIOOHOB B 11111pOKOM YrJIOBOM ,l{llaiia30HC - 0°
1 
30°

1 

45°,50°, 60°, 70° [5). 3aBI1Cl!MOCTh cpe,nuero 3HaqemfR 3apn.ua OT yrna rroKa3aHa ua p11c.4. 

Iloae,neHIIe cornacyCTcJI c 1/ cos2 0 B l!HTepaane .uo 60°, c nacmnemreM rrp11 6onhllll!X yrnax. 

C :noii. ToqKH 3pennn rrp11Be,neHHwe .nanH!de naxo,nnTcn B xopo111eM cornac11I1 c pe3yJihTaTaMII, 

rronyqaeMhlMI1 113 .nannwx a.npoHHoro KanopiiMeTpa. 

~ 210 

~ .m 
!!' 
5200 
'l; 
j 17S 

~ 150' 

j 1ZI 

100 

7S 

"' 
25 

0 10 

1/c~ 

PncynoK 4. Cpe.nnnJI BeJlli~Ha 3apn.na c ano.nnoii. rrpoaonoqJUI 

rrp:if pa3JIH'IHhlX yrnax. 

O.nnaKo, na,no OTMCTI!Th 3Ha~Temnoe 113MeHeHIIe t!JopMhl pacrrpe,neneHI1JI Bhl,nenennoro 3a

pJI,na B 3aBnCI1MOCTI1 oT yrna. C yae]!J1qeHIIeM yrna t!JopMa <noro pacrrpe,neneHIIn n3MeHJieTcn 

OT, necHMMeTp!1'lHoii. K CHMMCTpli'IHO.ii.. flono111y MCTo,n, KOTopwii. 11CIIOJih3YCT B Mo,ne1Il!po

BaHJ1ll TO~hRO cpe.nnee 3HaqeHl!e 11 III11pHHy (R.M.S.) pacrrpe,neJICHI1JI
1 

MOIKeT 6h!Th TOJ!hKO 

oqeHh rrp116JIH3l!Te1IhH!dM. Pe3yJihTaTh! n11x l!Ccne.noaanii.ii. rrp11Menenw ,l{JIH 6onee ,nCTamnoro 

MO,l{eJIHp0BaHI1JI YrJIOBOll 3aBI1Cl!MOCTH OTKJll!Ka ,neTeRTOpOB. 

B TpCThCM rJiaBe paCCMOTpeHa ,l{OIIOJ!HliTeJibHan MIOOHHaH CI1CTeMa ycTa;roaKH.LJ:EJI <!;> .11. 

.LJ:o MO,llepHll3aiUm MIOOHHaH CI1CTeMa YCTaHOBKH.LJ:EJI<J;>J1 COCTOJIJia 113 UeHTpaJihHOii. ll .llBYX 

Top·ueawx ;'IaCTeii. n ne nepeKph!Bana o6nacTh B paii.one 50° no 0. lho6w nepeRphlTh 3TOT 

npoMeJKyTOK HaMnfihlJia npe,nJioJKeHa ll C03,llaHa ,l{OllOJIHIITCJihHaJI MIOOHHan CHCT~Ma (MUS), 

ROTOpan ll03BO~eT C BhlCOKOll 3t!JtlJeRTHBHOCTh!O ll llpOCTpaHCTBeHH!dl\1 pa3perueHl!eM nyq111e 

1 CM 113MepnTI> Roop.unnaTw TpeRa [6). 

MUS cocTOI1T ll3 16 Mo.nyneii., C!IIOHT11poBaHH!dX na o6eux TopueBh!X RphlllleR ycTaHOBKH 

.LJ:EJI<I>l1 (puc. 1), KaiK,Uidii. MO,!lJJih co.nep!KllT .nae llJIOCKOCTH. ra6ap11THhle pa3Meph! IIIO,!lJJIH 

OKOJIO 4 X 1.5 1112 • 

10 

J 
y 

1 
l 

Mo.uynl! MOI!TIIPYIOTCJI ua Topueawx RphllliKax c llOIIIOIIIbiO cneUIIaJibHhiX onop. KoncTpyR

Ul!H onop rrpe.ny~ll!aTp11ilaeT tPHKcamno Mo.nyne.ii. B .nayx ndnoJKeHI11Ix. B TaR na3h!BaeMo~· 
"pafioqe!ll" rronoHieii1m Mo.nym1 pacnonoJKeH!d TaR, 'ITo o6ecne~BaiOT MaKcnMamno~ ne

peRphlTI1e ,l{JIJI BCeii. MIOOHHOll CI1CTeMh!. "TpaHCllOpTHOe" llOJIOJKeHl!e npe.nyCliiOTpeHO ,l{J!H 

cjlliKCaUII11 MO,!lJJieii. npll rrepeMemeHJ1ll TOpUeBh!X Rph!llleK .LJ:EJI <!;> J1 ll y,nofiCTBa ,l{OCTyna K 

.npyrm1 ciicTeMaM ycranoBIUI, pacrronoJKel!HhfM BHYTPH nenTpanhno.ii. qacTn. HlliKHlle qacTH 

3aRperrneHh! nerro,nBnJKHo. Ocnoaoii. .neTeRTIIPYIOIIIeii. nnocKOCTH JIBJIHeTcJI JIHCT H3 coToBoro 

MaTepl!aJia TOJ!!III1HOll 10 MM, Ha ROTOphlii. HaKJieeJihl RaTO,UH!de CTpllllhln 11 3eMJIHH!de" 3RpaHhl. 

KaTO,llHhle cTp11nhl Bh!nomieiw na t!JonhrnpoaaunoM Rarnone, lli11pHHa cTpnna 40 MM. B Ra

qecTBe aKTI1BHOro ,neTeRTOpa llCTIOJib30BaH!d IIJiaCTHKOBhle CTpHMepHh!e TpyfiKH C OTRph!TOll 

reoMCTpne.ii. RaTO,na. KaTo,n noRph!T pe311CTIIBHoii. rpatlJI1TOBOii. RpacRoii. .no 3HaqeHlf.ii. 1-2 KOM 

Ha RBa,npaT, .nuaMeTp ano.nnoii. rrpOBOJ!O'IKH 80 MRJ\1. MUS COCTOHT ll3 536 rrr.n: .nmrnoii. .no 

4 M1 TpyfiKH HaKJICeH!d 
11

0TRph!TOll11 CTOpOHOll Ha llJIOCROCTh CO CTpHIIaMn. 

.LJ:JIH yMeHbllleH11JI MepTB!dX 30H B MO,!lJJie ,!{Be llJIOCROCTll C Tpy6KaMH C,llBHHYThl ,npyr OT

HOCI1TeJibHO ,npyra Ha pacCTOJIItlle, paBHOe llOJIOBHHe llillpllH!d Tpy6KH TIJIIOC llOJIOBHHa O,l{HOll 

Jiqeii.KH TpyfiKH. reoMeTpll'leCRaJI 3tlJ<!JeRTHBHOCTh B RaJK,l{OM CJIOe 6JIH3Ra R 90 npOUeHTaM 

ll3-3a CTeHOR TOJIIIIIIHOll B 1 MM MeJK.ny JI'Ie.ii.KaMH flr.LJ:. 

06e IIJIOCROCTll llOMemaiOTCJI B ·,niOpaJIIOMllHI!eB!dll KapRaC ll 3aKph!BaiOTCJI 3RpaHaMn ll3 
' TOrO IKe MaTepnaJia, pM'beMbl ,l{JIH ra3a ll llhlCOKOBOJibTHOro llllTaHI1JI Bh!Be,l{eHhl Ha 3JieMeHThl 

KapKaca Mo,nyJIH, Ha RapRace TaRJKe 3aRperrJIHIOTCJI 3JieMeHThl onop. 8neRTpOHliKa C~Thl

BaHI1JI 3aRph!BaCTCJI ~OIKy~aMH ll3 ,ll!OpaJI~MilliHH. C~Th!Ba!OulaJI 3JI6RTpOmfKa fiMnpyeTCJI 

Ha Ml!KpocxeMax Tnna AMPLEX, ROTOph!e 6h!JIH pa3pa6oTaH!d ,nJIH MHKpocTpnnoBh!X RpeM

Hl!eBh!X ,neTeRTopoB [4). KapTa c~Th!BaiOmeii. 3JieRTpomrKH, co,nepiKamaJI 16 RaHaJioB (o.nna 

MHRpocxe!lla AMP LEX), pacnonaraeTCJI Henocpe,ncTBeHHo Ha ,neTeRTope, r.ne Ha nnocROCTH 

CTpHnOB HMeiOTCH pa3'beMh! 1 ROHTaKThl ROTOph!X paCllal!BaiOTCH Ha JiaMeJIH, COe,l{HHeHH!de 

.nopoiKRaMH co cTpnnaMH. AHo,UH!de npoaoJIO'IKH Bh!Be,neH!d npoBO,llHHKaMH Ha ananorll'IHhl.ii. 

pa3'be!ll. l1ccne,noBaHIIe ypoBHJI my111oa nocne ycTaHOBKH.Mo.nyne.ii. MUS B maxTe .LJ:EJI<I>l1 He 

OfiHapyiKHJIO OTRJIOHCHlfll lliYMOBhiX ycJIOBHll1 llOJiyqeHH!dX npn TCCTOBh!X HCllh!TaHI1JIX., J1c

CJie,l{OBaHIIe xapaRTepHcTHR MO,!lJJIJI MUS c ncnoJib30BaHIIeM ROCMH'IeCKHX MIOOHOB npoao

,llllJIHCh Ha peaJibHOM (3anacnoM) 111o.nyne MUS • .ll:CTeRTop pa6oTan npn nanp1I1KeHllll.3700 B 

(nponopUIIoHaJibHh!.ii. pe!KllM) n rMoaoii. cMeChiO Ar : C02 : I sobutane {1 : 6 : 3) • l13Mepe-

Hlle cnrHaJIOB co cTpnnoa noRa3h!BaCT, 'ITO ,noJIH cnrnana, naae,neHHoro na coce,l{Hlle CTpllllhl, 

COCTaBJIJieT OROJIO 30% 3apJI,na, HaBe,neHHoro Ha CTpnn, ITO,!{ UCHTpOM ROTOporo npOlliJia 'la

CTHUa. .ll:JIH . onpe,neJieHI1JI npocTpancTBeHHoro pMpemeHI11I ncnoJib30Banah Be~a oT

RJIOHeHI1JI MeJK.ny OIKll,llaeMh!M ll ll3MepeHH!dM C llOIIIO!IIbiO .npe.ii.tlJOBhiX TpyfioR llOJ!OJKeHlleM 

TpeRa. C TIO!IIOIIIhiO anropHT!IIa oTnomemrn Be~ Haae,neHH!dx 3apn,noa onpe,neJIHnacb 

Roop.unnaTa npoxo!K,lleH11JI TpeRa qepe3 !IIO,!lJJih. Ha pnc.5 noRMano npocTpancTBeHHoe pM- • 

pellieHlle ,l{JIH HH,l{llBn.nya_JibHh!X llJIOCROCTeii. ,l{J!H BCeX cofih!Tllll. 
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flpoBC,l(CHHh!C liCCJJe,l(OBaHIDI ITORa3aJill, 'ITO MO,liJ'Jill ,l(CTCRTOpOB .l(OITOJ!Hli'I:eJibHOH MJOOHHOH 

clicTeMbl li3MepHJOT TpeRH c xoponmM npocTpaHCTBCHHbiM paaperneHlieM: AJIH nepneH.ll.lfRY

JIHpHbiX TpeRoB npocTpancTsennoe paapernem1e ny<Jrne 5 MM np11 rnnpnne C'IliTbiBaJOrnero 

cTpnna 4 eM. 

N 2000 

1000 

l 1 1 --=-:-J_ 
0 ~20 

10 
Entries 
Mean 
RMS 

97 
24577 

0.6830 
4.419 

-=="=== L I I I I I u. 

mm 

PncynoK 5. KoM6llHllposannoe RoOpAHHaTHoe paaperneime AJIH scex 

cpa6aTbiBarmi1. 

Bee MO.ziYJill HMCJOT 6Jil13RHe xapaRTepliCTHRH. flony<Jeua 9cpcpeRTHBHOCTb 6onee 92 npo

u;eHTOB .!(JIH R<ilR.li.OH IIJIOCKOCTH, 'ITO COOTBCTCTBYCT rCOM;CTpli'ICCKOH 9cpcpeHTllBHOCTll .l(CTCK

TOpa. BcJIC.l(CTBliC TOro, 'ITO Tpy6Kll B CJIOIIX CMCillCHbl, 9cpcpe!UliBHOCTb O,l(ll!!O'lHOrO cpa6a

Tb1BaHIDI AJIH scero MO.ziYJIH 6hiJia Bblllle- 99 npou;eHTOB. 8cpcpeKTHBHOCTb Bbl.!(eJieHHH MJOOHOB 

B o6nacTn, r,l(e 6biJia ycTaHOBJieHa MUS (11 r,l(e panee ncnoJib30BaJICH TOJihHO a.l(pomlblfi na

nopnMerp) soapocna c 40 % .l(O 80% (pnc.6). 

)J,OITOJIHHTCJ!bHaH MlOOlll!aH CliCTCMa IT03BOirn:Jia CYillCCTBCHHO YJIY'llllliTb repMeTR'lHOCTb 

.UEJI <I> l1 n ACTCKTnposarmro Mroonos, 'ITO o<JeHh BaJKHO AJIH pernemm MHornx cp113li'ICCKRX 

aa.l(a'l. · 

B Te'le~e scex rnecTn neT E>icnnyaTaiJ;lili BIIJiob· AO nacTOI!Illero BpeMcnn, .!(onomm'!'eJibHaH 
., . . . .). 

MJOOHHM CliCTCMa pa6oTaeT O'lCHb c'ra6UJibHO'n na:n.eJKHO. Menee 1% nr .tt He pa6oTaJOT liJ!li 

oT!WJO'Ieuu n~ pitJmiM npli'IIDiaM. B xo.l(e 9ncnnyaTaiJ;Hn 9Ta IJ;Hcppa cTa6nJIR:inposanacb s 

Te'!erme nepsoro ro,l(a pa6oTbl cncTeMbl. 

12 

B 'ICTBepTOH rnaae rrpnse.n.eHbl npnMepbi tjm3n'lecnnx peayJibTa'f?B, rronyqeHHbiX na 

yCTa!IOB!iC )J,EJI <l> l1 C liCIIOJib30BaHneM a.n.ponnoro HaJiopmteTpa ll .ll.OIIOJIHliTCJib!IOH MlOOH

IIOH CllCTCMLI. 

ltby'!eHHe !f>opl\~bl Z 0 
peaoHaHca n ana.an3 a.n.pounoro n .aerrronuoro pacrra.n.a nMeJOr 

rrepnocrerrenuoe 3Ha<Ienne B onpe.n.e;lCHnn rrapa~wrpoB 9.aCRTpoc,la6oi1 reopnn. l\lacca zo 
JIB)JIJCTCJI q>yu.n.aMCIITaJILHbiM napaMCipoM. B 9TOH TCOpllll. lllnpllHbl a.n.poHHbiX li .1CIITOH

HLIX pacna.n.os, a TaHlHC JICIITOIIHaJI aCUMMCipllR 'I)'BCTBHTCJ!bllbl H, erne IIJIOXO li3BCCTHOH, 

Macce Top-!iBapi!a H nen3BCCTHoi1 Macce Xnrrc-6o3oua. B liOHTCI!CTe Crau.n.aprnofi Mo.n.e.ln 

pacrraJ(nan rnnpnna Z 0 
no ~HCBH.ll.lfMbiM~ (ne.n.ereurnpyeMbiM) RauaJI~M rrpmto csnaana c 

OHJ>CJWJICIIHCM 'lllCJia IlO!{OJICHIIH JICrliHX HCHiplli!O. 

l1ncpopMai~llll C a.n.poHIIOro HaJiopnMeTpa H .ll.OllOJII!llTt'JihllldX 11100HIIWX HaMCJl liCI10Jih30-

BaJiaCL npn n3Mepeunn tjJOpMbi zo pe3ouanca cne.n.yi~ll\HM o6pa3oM: ·. 

e 06rnaJI li.ll.CI!Tllcplll!aiJ;lill MIOOHOB H )J,EJI<l>l1 BHJIIO'IaCT B cc611 nnqJOpMaWJIO .l\lLJS. 

floJIOll(llTE'JlbllaJI MIOOI!IIal! ll.li.CIITWjHma[\HJ! llCIIOJib:lOIIaJJ<lCb II al!aml3(' fl~fl-.11 T:T

( c nocJIP.li.)'IOII\HM pacna.n.oM T na .11 ) I!allaJIOII pama.n.a Z0
• HpoMe roro. IIJHI auaJII~3c 

c+ C- J(al!aJia ll)~PIITWjll11(aiJ;J.HI MIOOIIOB llCilOJII,:lOHaJiaCb HaH II<'TO. 

• A.ll.ponnwfi I(aJtopliMCTJ> ncnoJib30IIaJicn JlJIJI BorcTanonnemln 911t'J>I'Hif udiTpaJihiiiJX 

a.n.po!IOII, a TaJUI(C B Ha'I<'CTB<' MIOOIIIIOI'O lf)\t'IITI-HjH11iaTOJ>a, IIJHI 9TOM TJ>e6oBaJJOCh, 

'IT06LI B cnonx HAC :mcproBIJ.ll.eJienne cooTBeTCTBOBaJIO MlfllllMaJihllo-HoHH:lyion(cii 
'- ·• ·~ 

•Iacnute. 
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flpoBe,neHHhle M3Mepelillll IT03BOJIMJIM C BhiCOKOll TO'!HOCTLIO orrpe,ne!IliTh rrapaMeTphl Z 0 6o-

30Ha. 

M3Mepeuue Koppemn.(HU .Mem.r~y nonepe'IHbiMU KOMnoHeHTaMu cnnua B pac

na.l{aX T. , l13Mepenne KoppeJIHUMfi 6h!JIO rrpose.neno B co6h!TiiHX c rrapa~m r+ T-, na6paH

HLIX Ha ycTaHOBKe )J,EJI<I>l1 B TeqeHMM ceaHCOB 1992-1994 ro.noa. KoppeJIHUMH rronepe<moro 

cllMHa ripMBO,Z\MT K yaeJIMqeHMJO aCMMMeTpMM B pacrrpe,neJieHMM a!{KOIIJiaHapHOCTM B 3aBMCM

MOCTM OT a3MMyTaJILHOrO yrJia </> ,Z\JIH ripO.ZJ:YKTOB pacrra,na .ZJ:BYX T M3 pacrra,na Z0.flpoHBJieHMe 

:noro 3<lJ<lJeKTa 3aBMCMT OT BM,na ripO.ZJ:YKTOB pacrra,na M HaM60JihiiiMll 3<lJ<lJeKT na6mo,naeTCH 

B cnyqae pacrra.na o6onx T B rmoH. 8<P<PeKT rrpoTMBorroJioJKHoro 3HaKa oJKM,naeTcH, Kor.na 

o.D:MH M3 T pacrra.naeTcn B nerrToH MJIM B p -Me30H. B 3TOM <!Jn3nqecKoM aHaJIM3e rrpn oT6ope 

co6h!TMfi B a.npoHHhlx Mo,nax pacrra.na rr M ,p ncrroJIL30BanacL nn<!JopMau.nn c a.nponnoro 

KaJIOpMMeTpa. flonyqennoe 3HaqeUMe 

Crr = 0.87 ± 0.20 (stat.)~8:i~(syst.) 

,Z\JIH KoppeJIHUMOHHOrO napaMeTpa HaXO,Z\MTCH B XOpOIIIeM COOTBeTCTBMM C rrpe,n~Ka3auMJIMM 

CTan.napTnofi Mo,neJIM. 

MsMepeuue T nonnpusaQun B pacna.l{ax Z0• Co6h!TiiH Z0 --+ r+r-, 3aperncTpn

posannh!e ua ycTaHOBKe )J,EJI<l>J1, MCITOJih30BaJIMCh ,Z\JIH M3Mepelilll! T ITO!IHpM3aUMM B 3RC

KJII03MBHhiX Kananax pacrra.na, TaRMx ItaK evii, p.vii, rrv, pv M a1v. B peaRIU1M e+e- -tZ0-t 

T+T-, Z0 M T JieiTTOHhl ITO!IHpM30Baiihl BCJie,Z\CTBMe uecoxpaueHMH qeTHOCTM B CJia60M uefi

TpaJibHOM TOKe. no!rnpn3aUMJO T JieiTTOHa M3MepJI!OT M3yqan npo.nyKThl pacrra,na. BoJILIIIYIO 

pO!Ib B ,Z\O~TllJKeiDm BhiCOKOll TO'!HOCTM M3MepeHMfi Mrpa!OT M,Z\eHTM<lJMKal.(liH qaCTMU M 3Hep

reTnq~CRaH KaJIM6poBRa. lloTepn aneprMM dE I dx 3apJimenHhlx <IaCTMI.( B TPC rro3BOJIHJOT 

pa3,neJIMTh aJieKTpOHhl M 6onee TJIJKeJihle '!aCTIID,N, B HHTepBaJie MMnyJibCOB ,no 15 raB. )J,JIH 

H3oJIMposauuh!x TpeKOB B T pacna.ne 6h!JIO nony<Ieno pa3peiiieHMe no dE I dx na ypoaue 

6,1%. Pa3,neneuue Mem.ny cpe,nunM cnruanoM oT rmoua MoT aneRTpoua 3,5 cTau,napTHhiX 

, OTKJIOHelillll ,Z\JIH MMnyJILCa 5 raBicu 2,0,nJIH 15 raalc. 8neKTpOMa!'llllTHhlll KaJIOpMMeTp 

ncrroJIL3YeTCJI ,nJIH n.nenTn<PnKal.(liM aneRTpouoa, <PoTonoa M rr0. MJOoHHhle Kau.nn.naThl n.neu

,Tlf<PMIUiPYJOTCJI RaR MMHMMaJILHO MO!lli3MPYJO~Me <IaCTMI.(hl B HAC M MMeJO~Me cpa6aTh!IJa

lillll B MJOomrnx KaMepax, BRJIJO'laH MUS. Pa:~.neneHMe a,npouoa M MIOOHOB npoao.nnnocL no 

cpe.nuefi' Bemf'lliHe aneprMM, ocTaBJieHuofi B cpa6oTaBIIIeM cnoe RanopMMeTpa Ehtay, onpe

,neJIHeMofi KaR: 

Eh/ay = EHCALINN/ayer., 

r.ne EHCAL - o6nian aueprMH, aCCOI.(liMpOBaHHaH c 3apnmennofi '!aCTMI.(efi B a.npoHHOM RaJio

pMMeTpe M NN/ayer• - 'IMCJIO cnoeB B a,nponnoM KaJiopMMeTpe c Bhl]l.eJieHMeM aueprMM. Ha 

14 

pnc. 7 no noKa3auo .D:JIJI llliOHOB B Rauane pacrra.na 'T --+ pv - --+ rrrr0v n .nllil Mroouo'a 

e+ e- --+ p.+ p,-. Xopoiiiee pa:~.neneHMe. cnruanoa OT rmonoa M MJOOHOB non~euo npn uano

memm KpMTepMH Ha Ehlay < 3 raB. 113Mepelillll noJIHpM3al.(MM 'r JieiTTOHa, pom.naro~eroCH B 

pacna.nax Z0 6o3oHa no3BOJIMJIM c BhiCOKOll TO'IHOCTLIO onpe,neJIMTL yron Bail:H6epra-CanaMa. 

Hecoxpaueuue qucna apoM:aTOB nenTOHOB B pacna.l{ax 'Z0• TioncR uecoxpa- · 

nelillll 'lliCJia apoMaToB nenTOHOB B pacnanax zo B Rauanax : Z0 , ~ p.r, zo --+) er, 

Z 0 -t ep., rrpOBO,Z\MJICH C MCITO!Ih30BauMeM ]l.aHHhiX Ha6paHHhiX Ha YCTaHOBKe )J,E-JI<l>J1; 8TH 

p~crra.D:N ne 6h!JIM o6uapymeHh! M ,nJIH 95 npol.(eHTHoro ypoBHH .nocToBepuocTM 6h!JIM nony

<IeHhl cne.nyJO~Me orpann<Ielilll! ua aepoJITHocTn pacna.nos 1.2x10-5 , 2.2x1o-s n 0.25x10-5 , 

COOTBeTCTBeHHo. 

DELPHI 
.-I 

:.-.. 1.2 
> 1 QJ 

~ ..._.. 
~ 0.8 
:c 
~ 0.6 
~ z 0.4 "0 

~- 0.2 

0 
0 4 8 12 16 20 

Ehlay (GeV) 

PncynoK 7. PacnpeJ~;eJieHMe cp'e,nuero 3neprmihiJ~;eJieHMH B cnoe Ehtav 

aJ~;ponnoro RaJiopMMeTpa, nony<Iennoe )I;JIH peaJibHh!X )J;aHHhiX )I;JIH ITMOHOB 

(nrnpoKoe pacnpeJ~;eJieHMe) M )I;JIH MIOOHOB (Y3KOe pacnpeJ~;eJieHHe). 

Bo acex Tpex auaJIH3ax n.neunr<PMRal.(MH <IaCTMU 6a:~upoaanacL na KanopMMeTpMM, M3-

Mepemm dEidx ll cpa6aTh!BaHMM MIOOHHhiX KaMep. flpH noMCKe B RaHaJie Z0 -t f-IT 

Tpe6oaaJiocL, '!T06h! OTKJIMR HAC 6h!JI cpaBmrn c OTKJIHKOM OT MMHMMaJibHO HOHM3y'ro~eil: 

<IaCTMI.(hl, TaKJKe Tpe6osanoci> neuyneaoe aneproBh!)J;eJiemre B nocne,nueM CJioe HAC, )I;JIH 

nO)J;aBJielillJI HeM]l.eHTH<lJlfUMPOBaHHhiX a]l.pOHOB il nonyc<!Jepe C MIOOHOM, a B npOTMBOnOJIOJK

HOll nonyc<!Jepe Tpe6oaanoci>, 'IT06hl ROM6nnal.(MH OTKJIMRoB HPC H HAC )I;JIH JIM.D:MPYIO~eil: 

3apHJKeHHOll '!aCTMI.(hl QTJinqaJIMCh OT OTKJIMRa MIOOHa. 
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llpn noncKe B mrn:ane Z 0 -t er .zvm no~aaneHIDI a~ponnoro <!JoHa n <!JoHa MIOOHOB 

Tpe6oaanoch Ha.rrwrne B HAC HeHyneaoro aneproabl~enemm B nw6oM H3 cnoea Mem~ 2 

n 4, nJIH na.rrwrne o~oro n 6onee cpa6aTb!Bamill B MJOOHHb!X KaMepax, KOTOpb!e accouu

npoaaHbl C ~aHHb!M TpeKOM. llpH nOHCKe B KaHaJie Z0 -t ep OCHOBHOll 3a~a'Jell OT6opa 

co6hiTHll HBJIJieTCH o6napymenne H ~eHTH<lJHKaUHH o~oro MIOOHa B o~oil: nonyc<!Jepe H Ok 

noro aneKTpona B ~pyroft. ,UJIH MIOoHa B HAC Tpe6oaancH OTKJIHK Ha ypoane MHHHMaJibHO 

HOHH3YJOID;eft 'JaCTHIJ;bi H, no Kpail:Heft Mepe, 0~0 cpa6aTb!BaHHe B MIOOHHb!X KaMepax. 

,UJIH aneKTpoHa Tpe6oaanocb oTcyTcTBHe aneproabl~eneHHH B cnoHx HAC co 2 no 4 H 

oTcyTCTBHe cpa6aTb!BaHHil: MIOOHHb!X KaMep. 9ueproabl~enenne B nepaoM cnoe HAC He 

npeBb!TIIaiOID;ee B 2,5 pa3a ypoBHH MHHHMaJibHO HOHH3YIOID;eft 'JaCTHIJ;bi, Y'IHTb!BaJIOCb KaK 

)'Te'llill ll3 3JieKTpOMarHHTHOrO KaJIOpHMeTpa. 

AHa.TIH3 MHomecTBeHHoro pom~eHHJI qacTHQ a pa3JIH'll!oro THna a3aHMo~eil:cTBHHX 

B TIIHpOKOH o6JiaCTH 3HeprHft noKa3aJI, 'ITO B 4-MepHOM npocTpaHCTBe CKOpOCTell 3TH CJIOJl(

Hble npou;eccbl MOJl(HO ormcaTh OTHOCHTeJibHO npocThiMH yHHBepca.JlbHb!MH 3aKOHOMepHo

CTHMH C He60JiblliHM 'IHCJIOM peJIHTHBHCTCKH-HHBapHaHTHb!X napaMeTpOB. 

HaMH npe~nomeH anropHTM Bbl~eneHHH a~poHHb!x cTpyft a npocrpancTBe 'leTb!pexMepHb!X 

CKOpOCTell [3]. Bb!~eJienne CTpyft B npocTpaHCTBe OTHOCHTeJibHb!X CKOpoCTell npOH3BO~IiTCJl 

nyTeM OTb!CKaHIDI oceil: CTpyft Va, vil, v'Y H T.~. KaK li ~pyrue anropHTMbl Haxom~eHHJI CTpyil: 

Bk-anropHTM onpe~eJIHeT KOJIH'leCTBO CTpyil: B C06b!Tiili H peKOHCTpyupyeT C06b!Tiie COOT

BeTCTBeHHO OCJIM CTpyft. 9TOT anropHTM opraHH30BaH CJie~JOID;IiM o6pa30M. 

CHa'laJia pacc'IHTb!BaiOTCJI 3Ha'leHIDI bk ~JIH acex 'laCTHU a co6b!THH, Bb16HpaeTcH caMaJI 

mecTKaJI 'laCTHu;a H um;eTCJI eil: napa c Tpe6oaanneM min bk B npocTpaHCTBe 4-MepHb!X 

cKopocreil:. 

,UJIH TaKoft napb! onpe~eJIHeTCJI ocb npeKnacTepa, u 'JaCTHUbl npoaepmoTCH Ha ycnoaue 

bail= -(Va- Vil)2 < Bk, 

r~e Va H Vil- cooTaeTcTaenno, ocb npeKnacTepa u ocb ~JIH o~oft 'laCTHUbl a npe~onome

HHH, 'ITO oHa cocTaaJIHeT npeKnacTep; Bk - ahl6pannoe 3Ha'leHue ~JIH anropHTMa. Ecnn 

ycJIOaHe (3) ablnOJIHHeTCJI, TO 'JaCTHIJ;a ~o6aaJIHeTCH K npeKJiaCTepy, aHoab abi'IHCJIHeTCH OCh 

npeKnacTepa H npoaepHeTCJI ycnoaue 

bk = -(V- uk)2 < Bk 

llpou;e~pa noaTopHeTCH ~o Tex nop, noKa ace 'laCTHUbl He 6y~T o6'be~HeHbl a npeKJia

CTepb!. 

ace npeKJiaCTepb! C bail < Bk Melli~ OCHMH o6'he~JOTCH a KJiaCTepb!, ahi'IHCJIHIOTCH OCH, 

ll 'laCTHIJ;bi paCCMaTpHaaiOTCH OTHOCHTeJibHO HOab!X OCell. 
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Bu~ 3aBHCHMOCTH ~JIH npe~naraeMoro anropHTMa cxo~eH c pe3yJihTaTa~m rnupoKo ncnoJib-

3ye~!Oro JADE anropHTMa. BJIH3RHe 3HaqeHID! 'IHCJia peKoHcrpynpoaaHHblx cTpyft ~JIH 2-x 

H 3-x crpyftHb!X co6h!THil: nony'laJOTCJI npu 3HaqeHHHX ecut = 0.02 ~JIH JADE- anropHTMa, 

TaKaJI me cuTyaUHH na6JIJO~aeTCH npH 3Ha'lel!lili Bk = 40 ~JIH Bk-anropHTMa. 

B aaK.TIIOt.JeHHH c<!JopMynupoaaHbl peayJihTaTbl ~ccepTaiJ;HOHHoil: pa6oTbl: 

I. llpoae~el!bl MeTO~qecKHe HCCJie~oaaHID! H H3y'leHbl xapaKTepHCTHKH pa60Tbl nJiaCTH

KOab!X ~eTeKTopoa. B TOM 'IHCJie: 

e H3y'leHO aJIHHHHe CKOpOCTii npOTOKa ra30BOH CMeCH H ~o6aBOK ,lillCJIOpo~a 1i a30Ta, Ha 

pa6oTy ~eTeKTOpOB B CTpHMepHOM H nponopu;HOHaJibHOM pelliHMej 

e H3yqeHO BJIHHHHe 3Ha'leHHH pe3HCTHaHOCTii KaTo~a C yrnepo~M noKpb!THeM Ha CTa-

6HJibHOCTb pa60Tbl npOBOJIO'lHb!X ~eTeKTOpOB H ll3MepeHb1 3apJI~Oable XapaKTepHCTH!illj 

e HCCJie~oaaHa 3aaHCHMOCTh a.MnJIHTy~ aHO~oro ll HaBe~ennoro Ha anernmrn C'lliTblaa

IOID;Iill 3JieKTpO~ 3apJI~Oil OT paCCTOHHHH ~0 CTpHMepa ll OT yrna npoJieTaiOm;eil: 'Iepe3 

~eTeKTop 3apJimennoil: 'JacTHUbJ. 

II. H3rOTOaJieHO ll HCnb!TaHO CBh!TIIe 20000 nr ,n:, HCnOJih3yeMb!X a Ka'JeCTBe aKTiiaHbiX 

aneMeHTOB a.11ponnoro Kanopn.MeTpa. KonTponh pa6oTbl 3THX ,ll.eTeKTopoa a ycnoBHJIX <iJH3H

qecKoro 3KCIIepHMeHTa IIOKa3aJI HX ab!COKYIO pa60TOCIIOC06HOCTb H Ha,ll.eJl(HOCTh. 

III. Ha OCHOBe nr,n:, pa6oTaiOID;HX a nporropu;HOHaJibHOM pelliHMe pa3pa6oTaHa ll C03~ana 

~OIIOJIHHTeJibHaJI MJOOIIHaJI CHCTeMa (MUS) ycTaHOaRH ,UEJIIPH nnoma~b!O rv 60 .M2• BhiJIH 

HCCJie~oaaHbl ee OCHOaHble napaMeTpbl, TaRHe KaK a<!J<!JeKTHBHOCTh li KOOp~HaTHOe pa3perne

nne. BKJIIO'lemre 3Toft cncTeMbl a MIOOHHYJO H.ZJ.eHTM<iJnKaiJ;HIO ,UEJI 11> H rro3aonnno noBbiCHTh 

3<lJ<!JeKTHBHOCTb H rep.MeTii'IHOCTh ycTaHOaKM. 

IV. llpe.ZJ.nomeH anropHTM peKOHCTPYKUHH cTpyil:, peaJIH3oaaHHblil: a paMKax 

peJIHTHaHCTCiill-HHaapHaHTHoro IIO,ll.XO,ll.a. 9<!J<!JeKTHBHOCTh rrpe,ll.JIOllieHHOrO aJiropHn!a no 

cpaaHeHHIO c ~pyrHMH ( TH!Ia JADE ) ~3y'leHa ,ll.JIH MO,ll.eJIHpoaaHHblx co6b!THll. 
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