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OliIUAH XAPAKTEPHCTHKA PA60Tbl 

Ax:Tyam,HOCTL. MrooHHa» rncreMa nrpaer IICKJl!O'IlITeJlbHO Ba)KH)'IO poJlh B 

)leTeKTIIpoBaHIDi Hal16oJiee mrrepean,IX qllf.lWleCIGIX npoueccoB Ha a.11:pOHHOM KOJUia.Hll:epe 

LHC: OTKpbrme 11 IICCJie.11:oBaHIIe XmTCOBCKOro 6oooHa, t-KBapKa, Tfl)KeJIJ,IX BeKTOpHbIX 

UOOOHOB 11 cy6crpYJcrypbl JieITfOHOB 11 KBapKOB. Bu6op nma 11:e'feKTOpa onpe.11:en»er 

ymenmoe BbIDOJIHHeHIIe OCHOBHbIX ¢YHKUIDI MIOOHHOH OiCTeMbI: wi:em11qimcamrn, TplII'rep 

" meKTpOMe'l'pmI MIOOHOB. 

UeJILIO pa60T1i1 HBJIHJIIICb MerO.l\WleCKIIe 11a:rre11:osaHI1» . p33JIWIHbIX nmoe 

ffi30Pa.JPH.ll:HbIX 11ereKTOPOB )IJIH TO'IHOro mMepeHIIH KOOp.11:miaT 33.pIDKeHHbIX qacmu npII 

6om,moi1 IIJIOlIIMII ,/J;eTeKTOpoB e MKJOHHbIX rncreMax ycraHOBOK Ha COBpeMeHHbIX 

KOJUiai1,a:epax II mMepeHIIH ITpe,ll;eJlbHblX xapaKTep11cmK 3TIIX ,a:ereKTOp<)B. 

bbl.JllI myqeHbl pa3JIW!Hble ameKTbl pa6orr,1 cneJIYK)IUIIX fflJIOB ,a:ereKTOpoB: 

1. ,a:pei1q>OBblX TpYOOK IIOBbIIIIeHHOro ,a:aBJieHIIH, 

2. crpIIMepHbIX ,a:pei1q>OBblX TpYOOK c KaTO,/J;OM 113 aJIIOMmIIIeBOro npoqlillIH, 

3. nponopU110HaJ1bHbIX KaMep c KaTO,IJ;HbIM C'UITbIBaHIIeM, 

4. Tpy6oK Hapo'l'III c BHeIIIHIIMII eMKOCTIILIMII 3JieKTpo,11;aMII. 

Hayqttue pe3yJILTaTbl u uonn3Ha. B 11:11ccejJfamrn nonyqeHbI cneJIYK)IUIIe 

pe3y Jib Ta Thi' Bbl.ll;BIIraeMbie aBTOpoM 11:JIH 33.IIDITbI: 

1. Bnepn1,1e npe,a:JIO)KeHO IImOJIL30BaTh ,a:pei1q>OBble Tpy6KII IIOBblllleHHOfO 11:aBJieHIIH KaK 

BblCOK(YfQ'IHI,lli KOOp,a:miaTHblli ,/J;eTeKTOp MIOOHHOH CIICTeMLI, IIOKa.JaHa npIIHUIIIIIIa.JILHaH 

B03MO)KHQCTL KOOp,ll;IIHarnoro pa:iperneHIIH JIY'lllle 100 MKM npII ,/J;aBJiemrn Bbillle 1 aTM 

BHaqane Ha MaJioM npommne ua nyqKe, a 33.TeM ua noJIHoMaanra6HbIX nporonmax 

IIJIOlllMLIO 1 M Ha 4 M Ha K<XMWieCKIIX MIOOHaX B OOJll,lIIOM ,/1;113.Ila.JOHe yrJIOB na.11:eHIIH 

TpeKOB npII 11:IIaMerpe Tpy6oK OKOJIO 30 MM. 

2. BnepBbie IICIThITaH IIOJIHOMaanra6m.m nporomn ,a:ereKTopa Ha 11:pettq>OBLIX Tpy6Kax c 

KaTO,/J;OM m aJIIOMJllllieBOro npoq>IIJIH, pa6oraBIIIllli s caMoracmueMCH crpIIMepHOM 

pe)KIIMC. ITpo,a:eMOHCTpIIpoBaHO KOOP.11:IIHaTHoe pa:ipernenIIe OKOJIO 80 MKM npII 

aTMOCq>epHOM ,a:aBJiemrn, " npe.ll-)IO)KeH 61,1crp1,m aJiroplITM onpe.n;eJieHIIH MOMeHTa 

npoxo:.lK.ll;eHIIH qacmm,1 qepe3 ,a:ereKTOp c TO'IHOCThIO 16 UC npII 3<M>eKnmHocm 94%. 
3. Ha cneIUJaJll,HQH nponopUIIOHam,uoi1 KaMepe c BpaIIIaIOllleHCH aHO)UIOH paMKOH 

,IJ;erarrI,HO .myqeu. 3¢qleKT MarHIITHOro IIOJIH, yxy.11:IIIaIOIIIero pa:ipeIIIeHIIe B 

nponopuuomun,u1,ix Ka.Mepax c KaTO,ll;HbIM C'IIIThlll31llieM B Topuen1,ix 'lllCTHX ycrauonm 

CMS, II l13Mepeu yroJI KOMneHcamrn, nooBOJIHIOnnrn BOCCTaHOBIITI, BhICOKoe pa3peIIIeHUe. 

HmoJIL3oBaHa Me'l'OlUIKa cqioKyrnpoeairnoro Il)"IKa YJILTpaq>IIoneroooro IIMnyJlbOloro 

na:iepa ,IJ;JIH C03.ll:3-HUH IIOHII33.Uilli B KaMepe. 

4. Bnepn1,ie noKa.33.Ha npIIMeHl-lMOCTL Tpy6oK Hapo'l'III oo C'illThIBa.HlleM sneIIIHIIMII 

eMICocrnbIMII 3JieKTpO,/J;aMII ));JIH TO'IHOfO l13MepeHIIH KOOp,ll;IIHaTLI. Coo,a:aHa MO,/J;eJlh, 

Il03BOJIIIBIIIaH myqm,, B/IlfllHlle ueo,a:uopoll:HOCTII peIBCTUIIHOro noKphlTUH, pe)KIIMa 

ra3oBOro yrnnemrn u reoMerpWieacIIX napaMerpoB KaMepu Ha TO'IHOCTh onpe.11:eneHll» 

1"11,<t,.. .. •-~-•-; ~ ,, .,.,-..;~ I ~"Jvg .u•d~ .. itui-1'~ r,n..-1••1• 

illl~~~MX llC~j~-~:iunQ 
\Si,lSJlirlO TEf1A 
1t1, ~-



Koop,'l;irnaTI,I nptt pa3JIWIHLIX moco6ax BLrrnCJiemrn ueIITpa parnpe,a:e.rreHHH JapH,'l;H Ha 

crpttr1ax. 6wm npoae,a:eHLI HJMepeHHH KOOp,a:HHaTHoro pa3perneHHH B nponopUHOHaJJbHOM 

H crpm1epHOM pe:lKHMaX C npoT<Yrttnai.m Ha peH1TeHOBCKlfX y-KBaHTilX, aJ>oKyrnpoaaHHOM 

JJa3epHOM nytIICe H nytIICe BLICOK03HeprwIHbIX MIOOHOB, r,a:e nOJJY11eHO KOOp,a:HHaTHoe 

pa3perneHHe 80 MKM. 

IlpaKTH'IeCKa.H ueHHOCTb pa6on1. HcCJie,a:OBaHHH, noJJO,KeHHble B OU!OBY 

11:occepraUHH, HaIIIJJH rnoe npHMeHeHMe B crpomuHXCH ycraHOBKax Ha LHC. 

1. Ha ycraHOBKe ATLAS Ha LHC rnaBHLIM TffilOM Koop11:1maTJ1oro 11:ereKTopa B MIOOHHOtl 

rncri,.1e JIBJUIIOTCH ,a:pettcIJOBble Tpy6KH nOBblIIleHHOro 11:aeJJeHHH. ITptt TOpOHA:aJJbHOH 

KOHcIJttrypaUHH MarHHTHOro noJJH 3TOT BH,'I; 11:ereKTOpa HBJIHefCH e11:HHCTBelIHO nptteMJJeMLIM 

C TOqKH 3peHHH HMITYJlbCHOro pa3perneHMH H CTOHMOCTM. 

2. CTpHMepmie 11:peficIJoBLie Tpy6KM pacomTpmiaJITTCb KaK .n:erneaaH pa6orncnoco6HaH 

aJJbTepHaTHBa .llJ)ettcIJoBLIM Tpy6KaM nOBblIIleHHOro .D;UBJJeHHH B ueHTpaJJbHOH MIOOHHOH 

rncreMe ycraHOBKH GEM. 
3. IlponoputtOHaJJbHLie KaMepLI c KaTOA:HblM rnttTblBa}IlleM npMHHTbl B Kaqecree 11:ereKTOpa 

MIOOHHOH rncreMLI B mpueBLIX qacrHX yCTitHOBKH CMS Ha LHC. Ko1,meHcaUMH Jq>cIJeKra 

WrHMTHOro noJJH noBOpoTOM TIJ)OBOJIOK Ha onpe,a:e.rreHHblH yroJJ nooBOJJHer 3Ha1rnTeJlbHO 

YJJY'IIIIHTh Koop,a:HHaTHoe pa3perneHMe KaMep H, CJie,a:OBaTeJlbHO, HMTIYJlbCHOe pa3pemeHMe 

MIOOHHOH CHCTeMbl. 

4. Tpy6Ktt Hapoqqn m rnMThIBaH~eM BHeunmMH eMKOCTHblMH 3JJeKTpo,a:aMM Moryr 61,rr1, 

HCIT0Jlb30BaHbl B JCaqecree TQqffQrQ KOOP11:lfHUTHOro 11:ereKTopa OOJlbIIIOH nJJOIUa.JJ:H, TilK 

KaK OHH OOJJa11:aIDT xopornnM KOOp,a:HHaTJILIM pa3pernem1eM, HaA:e:lKHbl, npocm B c6opKe 

H He,a:oporn. 

Anpo6autt.a paooTLI. MaTepttaJJbI, oorne,a:IIIlfe B _a:ttccepraurno, 11:oKna_a:bmaJJMch 

Ha HayqffbIX ceMHHapax JIBIT " SSC, Ha paooqlfX coaemaHHHX KoJ1J1a6opaunfI GEM, 

ATLAS H CMS, a TaK:lKe Ha Me)K11:yHapo,a:HOH KOHcIJepeHUHH no npOBOJI011HblM KaMepaM 

(BeHa, 1995). 

IlyoJIHICRUHH. ProyJlbTaThl, BOIIIe.D;IIIMe B JJ:HCcepraumo, onyoJJMKOBUHbl R 

O.D;lfHHa,a:uam pa6orax B reqettne 1990-1995 rr. /1-11/. 

CTpyKTypa H 061,eM 11:HCCepTaUHH. ,ll.ttccePTUillfH COCTOOT m RRe.JJ:eHHH, 

qeTblpeX rnaB, JaKmoqeHMH tt m,a:pe:lKHT 104 crpaHMUbl TeKCTil, RKJlIOqaH 7 TilOJIHII, 73 

pttcyHKOB H CITlfCOK UHTMPYeMOH JJHTepaTypbl H3 102 nOOHI!lfH. 

CO)l,EPXAHHE PA60Tbl 

8 nepBOH r JiaBe nplIBe,a:eHbl npnMep1,1 Ba,KHLIX qimnqecKifX npoueccoR Ha 

MPOHHLIX KOJJJJa011:epax, TpeOYIOIUlfX npeUH3HOHHOH MIOOHHOH cneKTpOMeTplfM. 
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PaccMorpeHo o6mee ycrpowcmo yHlfBepcUJlbHOl1 ycraHOBKH, cnoco6HofI ,1ereKTnpoRUTh 

:m1 npouecCbI. IloKa:JUHU RU,KHOCTI, Rb[COKOH TQqJI()(,"llf M3MepeHMH m,my JlbCU MIOOHU, 

YKa:JaHI,I OCHORllbie BKJ!Mbl R OIIIHOKY lfJMepeHMH CUrnTThl TpeKU :iapH,KeHHOH qacrnrn,, R 

MUrHHTIIOM none. 

8 craH,1aprno11 MO,leJIM 11UCTHl(I,[ nptto6peTIIIOT Macey R pe3YJlbTUTe XurrCOBCKOro 

MeXUHlfJMa CITOIITUIIHOro HapymeHMH (,"ffif\IerpMH, KOTOpaH ,lOJ[,KHa npoHRMTh ce6H KaK 

HORUH cIJmHKa R o6mcrn 3HeprnfI ITOPIL\KU I T3B. 31Wt1 061>HCHHeTCH HHTepec K 

a,1poHHbIMM KOJJJJa11,1epaM Rf,ICOKHX 311eprnfI 14 - 40 T3B II lrernMoc.efI (SSC, LHC). 

ITpttMep1,1 HIITepelllbIX qi1uw1ec1rnx nponeccoR, R KOTOpbIX 1LleHrncti11Ka1tHH H lfJMepeHHe 

MIOOHOR urpaer pemaIOIIIYIO pom,: pama,11,1 XurrCOBCKOro 0030Ha, cIJirJHKa TH,Kem,,x 

KRUpKOR, cillfJHKa TH,KeJJhlX 0030HOR, crpyKTypa JJeITTOHOR M KRapKOR. 

/1,.rrH ,1eTeKrnpoRUHHH 'IUCTlfll-npo,1yKTOR ll3UHMO,leHCl1llfH cnpoeKTHpORaHhl 

YHHBepcaJ!bHhle y(,TdHOBKH - GEM, SOC, ATLAS II CMS. - moco6H1,1e rn•mo 

H"JMepHTI, 3Heprnn H MMITYJJJ,LH flll3JIWIHbrJ THITOR 'IUCTlfII. BoKpyr TOqJCH ll3ilMMO,leHCl1lHH 

noCJJe,1onaTeJ11,HO pacnOJJO,KeHhl TpeKORaH (.,11(,'TeMa, :➔JJeKTpoMannrr111,n1 M a,lpoHHl,(fl 

KUJJopHMeTphl n MJOOHHaH mcreMa, noKphmaIOnme non111,1fI Te.rreon,rn yro.r1. JlnH 
ycne11111oro H"JMepeHHH ctimw1ec1<11x nponeccoe MJOOHHUH mcreMa ,lQJJ,KHa 06.TJa1laTh 

CJJell)'JOIIIHMH cIJYHKIIMOHaJll,llhlMM CBOHCTRaMH: H,leHrnq>HKUllllH MIOOHa, reoMeTpw1ecKaH 

actictieKTHRHOCTb, Pt TpHrrep, onpe,1eJ1eHHe MOMeHTil R3aMMO,leHCTBHH, pa:ipemeHHe no 

nonepe•moMy MMTiym,cy H RhlCOKaH 3arpy30•111aH moco611oc,1, B n.TJoxo-npe,1cKa:iye1,11,1x 

cIJOHORLIX YCJJORHHX. 

/lJJH nORhlllleHHH T01111()(,"llf lfJMepeHHH HMnyJlhrn MJOOHa HOOOXO,lHMO y.TJy11111an, 

KOOPJJ:HHUTHOe pa;ipeiIIeHHe MIOOIIHhlX KaMep H T011HOCTI, ll3UHMHOH npocrpaHCTReHHOlf 

npHRH"JKH JJ:eTeKTOpoR R 60.rn,111011 mc.eMe. 3ro oco6eHIIO RU,KHO R MIOOllllhlX (lf(,'TeMax 

ycraHOROK C MaJ!bIM MHOroKpaTHblM paccemmeM - GEM H ATLAS. 

Bo BTOPOH rnane .n:aHo KpaTKoe RBe,leHHe a TeopHIO pll6lYThl ra:mpa:ipll,lHhlX 

merqlfKOR: npouecchl HOHlf.Jal(MH, JlpettcIJa lf 11H~YJHH clJleKTjXJHOR 8 :)JJC1'Tpw,ecKOM If 

MarHMTIIOM nOJJHX, JJaBHHa H pe,KHMbl ra:ioROro Y(,11JleHHH, flll:JRlfflfe :l.TICKTpH'lCCKOro 

mrnaJJa, Ronpoc1,1 RhlOOpa ra30ROH CMem H RpeMeHM )KlfJIIH ,leTeKTOflll. 

3apH,KeHHUH lJa(,"llf([a OCTdBJIHeT R 'IYBCTllHTeJ!bHOM ra30BOM o61,eMe ,leTeKTOflll 

TpeK HOHH"JallMH. Cpe.n:Hee 3Heproe1,1,1e.rreHMe B 3aBHUIMlX:'Tlf ur 3apH,1a •mcnmhl. t'C 

CKOpD(,"llf ~y=PC/M, a TUK,Ke Relllt'LTRU, R KlYTOpoM ITjXlHCXO,lHT :mepmBhl,'l;e.TJ!'IIIIC, 

onpe.n:eJJHeTCH $OPMYJJOH 6ere-6noxa. 3ra q>yHKIIHH HMeeT MMHMMYM npu fly-3-3.5, r,1c 

( dE/dx)min"' I- J .5 M38·cM2/r. Ilpn :cmeprirnx n1,1111e I 00 f:1B 3ilMeTTIYK> po.TJJ, R 

3HeproRh[JJ:eJieHHH HaqMHaIOT MrpaTh 3JleKTpoManmrn1,1e npouecu.1: TOpMtXlllOe lfJJIY'ICIIHt' II 

o6pa30RUHMe nap, 'ITO ll[M,KUeT :~ICTHBHOCTI, T01111oro lfJMepc111111 KOOJl11HllilThl MK)OIIOB 

H YCJJO,KHHeT pamooHURaHHe TpeKOR. 

8 TOHKMX CJIOHX Rellle(.TIIU cIJJJYKTYallHH :meproRhl1leJ1eHMH OTIItXlITCJJl,110 cpe,111cro 

3HaqeHHH nptt6JJM)KCHHO no.n:•mHHIOTCH pampeJ1eJ1eHHIO ~1a11,1ay. Jlnm1111,1ft xnocT R 

OOJJa(,"llf 6oJJJ,IIJHX 3HeproRhl.JJ:eJieHMH - 3a C'JeT :meprwlllbIX b-:lJJeKTjX)IIOR, KtrrOphle 

HRJI/IIOTCH eme O)IHMM lf(,T01111MKOM OIIIHOOK lfJMCpellHH KOOpJIIIHUThl. aneKTpOllhl 
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nepBWIH0H 110HH'Jillllfil TepRIOT 3Heprmo B ynpymx 11 tteynpyrnx (."f0JIKII0BeHl1HX, 

HJX)l-fJBO}IJI BTOpW!Hble 110Httble napbl. 06mee 'Il!CJI0 3JieKTpoH0B Ha 1 CM ra:Ja - 0KOJI0 

150 11 3aBHGIT OT qxw1em aTOMIIOffi 'Il!CJTa CMern. 

3neKTJXlHbl uottmamm ;qiei"fqiyior n 3JieKTpuqeocoM no,1e K a110,,11of1 npononoKe. 

CKOJXlCTh ;rpef1qia :JaBHCHT OT HJX)l-fJBe,1e111rn CHJ!bl 3JieKTpW!ecK0ro H0JIJl Ha 8peMH Me)K,1Y 

ll3al1~!0,1ef1Gr811JTh!H, 8 KOT0pbIX 3JieKTpoH 3qiqieKTH8H0 c6paamaer 3tteprmo, 11, 

CJie,1osaTeJILHO, Y'Il!ThIBaeT ceqemrn BJalfM0)lettCTBl1H 3JieKTJX)Ha C M0JieKyJiaMH ra:ia 8 

3a811CHMOCI11 OT 3HeprnH (KplIBaH PaM:iay3pa). /I.H<P<t>yJl1H - Mepa B00,1ef1Gr8HH 

CJ1yqatt111,rx CT0JIKII0BeHHH C M0JieKyJiaMH ra:Ja Ha )UJH,KeHHe 3JieKTJX)Ha. Otta np118011HT K 

<l>JIYKryamm HpeMeHH ,1pef1qia 3JieKTPQHa K a1m,111ofl npoBOJI0Ke. nocKOJILKY pea.m,110 Ha 

HJX)BOJI0KY np11X0)lHT He 0,11111, a ,1earroK 3JieKTp0H08 HpaKTITTecKH 0)lH08peMeHH0, 

:1qiqieKT ,1Hq>qlYJHH Ha pa:ipemeHHe no 8peMeHH ,1pef1qia Me111,111e ,wqiqiy:mu e)lHHWIH0r0 

:rneKTpotta, H, 8 cnyqae llpeMeHH0H llJ)l18JT.lKH no nepBOMY 3JieKTp0Hy, CT1=lt/2y3Jnn'CTx, 
r,ie CTx= V(2D/W) - 1111<P<t>Y3HH 0)lH0ro 3JICKT(l0Ha. 

8 CKpe1ueHHhlX 3JICKTpITTecK0M 11 MarHHTH0M n0JIHX CHJia Jlopem1a :iacraBJIHeT 

3JICKTJX)Hbl ,1pef1qionaTh H0)l yrnoM K CHJI0BLIM Jll,JIIHHM 3JICKTpY.'IecK0ro noJIH, 11a31,meMLIM 

yrJI0M nopettna 11 onpe)leJIHeMblM npomne)leHHCM ReJIWIHIIJ,I Marttl1TH0ro noJIJl Ha 8peMH 

Me,K;lY 83aHM0)lettCT811H~IH. TaKl1M o6pa30M, yrOJI Jlope1111a TeM 6oJibllle, qeM MfHbllle 

ceqemre ll3al1M011CHCTBHH 3JICKT(l0Ha C MOJieKyJiaMH ra:ia. 

Ila paccroHHHHX nopH)lKa Jll1aMeTpa npooonoKH tta'IllttaeTCH namruoo6pa311oe 

pa3MH0,KeHHe 3JICKTJXlll08 H0Hl13allHH. lJHCJIO 3JICKTp0H0B 8 nanime, npHX0)IJlll(eeCH Ha 

0,11111 Ha'laJlbHl,rfl 3JieKTJXlH, eCTb KOO<P<t>miHeHT ra3080ro yrnJieHl1H. 8 o6meM cny•rae OH 

:1Kcn0He11unam110 33.BHGIT OT 11anpH,Kettn11 11a a11011e 11 iIMeer rnm,111,ie nene11H1,1e 

3aBl1CHM0GTII OT ra:ioooro :ia:Jopa 11 pa1111yca aH0)IH0H npoB0JI0Kl1. 311a1111e 3THX 

'3a8HCHMOCTef1 HMeeT 60JiblllOe 3Haqe1me )IJIJl K0HGTpYKillfil pa60Tocnoco611of1 KaMep1,1. 

B :iaBHCHMOCTif OT raJ080ro 11anoJIHett11H none11e1111e 11ereKTOpa pa3.1111q110 np11 

yBeJIWieHHH 11anp11,Ke111111 11a 'aH011e, HJIH Kooqiqimrne11ra ra:ionoro yrnneHHH. HaJIH~e 

MttoroaT0~11101,1x opra11nqeanx raJ0H, nornommournx 6eJ nepel-fJJIY'leHHH yJ11,Tpaqi110JieT, 

o6pa3yIOnrnf1cH 8 na81111e, orpa11111mnaeT panpoc,pa11e1111e pa3p1111a no o6reMy Jl.eTeKTopa 

11 npe11ornpamaeT npo6of1. 

OOJil,lllaJI 1IaGTh <..1m-iaJia C )leTeKT0pa 8 nponop1111011am,H0M JJe,KHMe npo11CX0Jl,HT 

OT )1811,KCHHH noJI0,KHTCJlbHJ,[)( 1101108 K KaTO)ly 11 0npe)leJIHeTCJI 3aflH)I0M 8 JiaHHHe, 

reoMeTpHett (eMKOCThlO) Jl,eTeKTOpa, noJieM Ha aH0)lH0H npo80JI0Ke 11 M0611J11,IIOCTLIO 

1101108. 3TH )KC <l>aKT0fll,J onpe)leJIHIOT CK0po<..Th HaTeKaHl1H 3aflH)la Ha a11011e H KaTOJl,e. 

Opu 11opMamH1,rx yCJI08HHX, :ia 1 MKG mrrerpHpyeTCH oKono 50% 3apHJ1.a. YBeJIH'le1rne 

;laBJieHHH yMeHblliaeT (..l(0po<..,b )Ull1,KCHHH 1101108 11 nOOTOMY yMe111,111aeTCJ1 aMnJil1TY Jl,a 

rnrnana 11 yneJIWIHRaeTCH 8peMettHaH nocroHHHaH co611patt11H :iapH)la. 

OpH 8bruope ffi3080tt CMeCH )IJIH Jl,eTCKT0pa MIOOIIH0H CHCTeMbl Ra,KHbl CJICJIYIOIIIHC 

xapaKTepH<...HKl1 GMern: cra611J11,IIOCTI, pa60Thl 6ommoro 'IHCJia KaMep, 81,!COKaH CK0poCTb 

,1peflqia, MaJibltt yron JlopeHna, Me)lJie1111oe crape1111e )leTeKTOpa, 6eJOnarnocr1,. 
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TpeTbH r naua HOCBHllleHa .llpett<t>0Hl,IM Tpy6KaM KaK npH6opy .llJIH T0'IH0ro 

l-fJMepeH11H KOOpJl,HHaTI,I no BpeMeHH .llpef1qia. 

JloKaJ11,ttoe npocrpa11CTBe1111oe pa3perne1111e ,llpef1qionoro .lleTeKTOpa onpe11eJIJleTCH 

npouecraMH B raJe: <l>JIYKTYaKUHH 3HepreTITTeGKHX noTepb, .lleJibTa-3JICKTJXlHbl, 

3JieKTpoMarttHTHoe conpoH0)K,lleHHe, Jll1<l><l>Y3HJI 3JieKTJXlH0B 110HH3aUHH BO BPCMH )l;pefiqia 

K aH0)lH0ll npo80JI0Ke. no8Lllilett11e ,llaBJieHl1JI, yMe111,rnaH paCCTOHHl1e Me)KJl.y KJiaCTepaMH 

11011113aUHl1, llJ)HBO,lll1T K YJIY'lllieHHIO pa3peIIIeHHJI BO BreM )1;11ana3011e J1.pefiqion1,rx 

pacCT0HHHH. YJiyqIIIaeTCH 3<l>qJeKT118HOCTh rarneHHJI nOCJieHMnym,co8 B (TC pe,KIIMe B 

CMeCHX C oprattl1K0fi, '!TO yMeHLIIIaeT 3aPH.ll np11 TOM :JKe Kaqecrne rnrnana, -

npoJl,JIHeTCH BpeMH ,KHJHH )l;eTeKTopa. 

.ll,.rrn l-fJMepeH11H GlrHTThl TpeKa MIOOHHLIM meKTJX)MeTpOM na:iirno o6emeqlfTb 

BhICOKoe KO0p)l;11HaTH0e pa:ipememie Ha 60Jll,IIIOfi nJI0illaJl,11 )l;eTeKTopoB, noMemeHHbIX B 

MarttHTH0e none. U!CTeMaTH'lecKHe 3qiqieKThl, BH0CJIIllHe 11a1160J1ee OlllynIMl,Ie 8KJia,llbl B 

pa3pewe11ne: T0qttOCTh 3HaHHH <l>YHKUHH BpeMH-paCCT0HHHe r(t.i,.) , KOT0paH 33.BHrnf OT 

H3MetteHHfi .lla8JieHl1H, TeMnepaTypu, MarHHTH0ro TI0JIH (Heo6XO)l;HM0 Y'lecTh cymeCTBeHHble 

H3MetteHHH Ha 11,mme 0)l;II0H Tpy6KH); TeMnepaTyp111,1e 3qiqieKTbl, llJ)HBO)l;HlllHe K 

H3MeHemIIO reoMeTplffi KaMepu; T0'IHOCTh n0311IIH0IIHJXlBallHH HHTeil; TQqttOCTh B3aHMH0fi 

npHBJT.lKH KaMep. 

11moJll,30BHHe cqi0Kyrnposa1111oro BHyTpl1 .lleTeKTOpa nyqKa 11MnyJ11,rnoro 

YJll,Tpa<t>H0JleTOBOro JiaJepa Jl,JIH H0HH3aUHH ra:Ja n03B0JIHeT M0)l;eJIHpoBaTh TpeK 

:iapH,Kettttofi 'laGTHU1,1 6e3 "1:eJibTa-3JieKTpottoB [1]. Ha cre11)1;e, coo)l;aHH0M 8 SSC 
Jla6opaTOpHH, 61,IJIH npone)l;ellbl 113MepeHHH r(t.i,.) JI.Jill HeGK0Jil,KHX 61,1crpbIX neroproqHX 

ra:io8LIX cMecef1 Ha OCHone Ar, CF4, CO2 n C4H10, myqetta cra611J11,ttOCTh pa6om 

)l;eTeKTopa Ha 3THX GMecHX 11 npe,lleJibHoe pa3perneHHe [2]. OOJll,IIIHHCTBO CMecef1 HMeeT 

BpeMH )l;pefi<Pa Ha pacGroHHHe 8 MM OT npoB0JI0KH He 60Jiee 175 HC n npoGTpattCTBeHH0e 

pa3pewe1111e 0K0JI0 25-30 MKM npn aTM0CqlepH0M )l;aBJieHHH (p11c. 1). 
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Pwc. 1. (a) BpeMeHHoif OICKTP )lJIJI HecKOJILKHX noJIO:lKCHllli JTa3CpHOro 11Y11K3. O'IlloarrerrLIIO 

3HO}lll00 IlpOBOJIOICH; JJ3.CC'l'OllHHC MC)K,ll)' roqJCaMJ,f - 1 MM; ra:neaH CMeCl, - 25%Ar + 75%i
C4H 10; raMOffiClilllllliCH crpHMepttLili pe:lKHM. (b) 1lpocIP3HcmeHHoe pa:iperneHHe OICOJIO 25 MKM 

6Lmo npolleMoHcrplfP()BaHO C YJIL'fJJ3.4>HOJIC'IUBLIM .113.3CIJOM 113. llpett<l>OBOif Tpy6Ke, H3110JUleHHOif 

raJOBLIMH CMCCJIMH 25%Ar+75%i-C4H10 H 2%Ar+88%CO2+10%i-C4H10. 
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fpynnoii OBn mm O11.HH 6hl.11H npe)l)lO)KeHbl )Q)eHq,DBble ,py6KH BblCOK0f0 

,11,aB.Jiemrn KaK TQ'Illl,IH KOOp,11,HHaIBLiii np116op ,11,JIH MIOOHHLIX rncreM 8 ycraH0BKax Ha 

a.lQX)HHLIX KOJIJiaii,11,epax [3]. C6opKa ITT 4 ,py6oK ,11,HaMe,poM 20 MM 6L1.Jra HCTTLmrna Ha 

HHTeHCHBH0M 3JieKTpoHH0M nyqKe B TTpoTBHHO B K0HUe 1991 ro.n:a npH ,11,aB.JieHHHX or l 

,11,0 10 aThl B U'C pe)KHMe Ha ra30BOii CM!UI 75%Ar+8%CH4+l7%i-C4H10; 

npo,11,eM0HCTpHpoBaH0 pa3perneHHe .JIY'lllle 100 MKM Ha ,11,aB.JieHHHX BLilIJe 2 ant. <DopMa 

rnrnana MeHHJiaCL c yseJlWleHHeM ,11,aB.JieHHeH: rnrnan craH0BHJICH Kopoqe, rameHHe 

TTOC.lleHMnyJILCOB 6wm 60Jiee 3qicpeKTHBHLIM. 3ror H HecK0JILK0 .IIJ)YrHX MaJILIX 

npoTOTHTT0B 6L1.Jrn HCTTLITaHLI Ha MIOOHH0M nyqKe s CERN. 6t1JIH rncreMaTWiecKH 

llJMepeHLI 33.BHCHMOCTL or ,11,aB.JieHHH TaKHX napaMeTpoB pa60TLI ,11,eTeKT0[lOB, KaK 

MaKrnMaJILHoe BpeMH_ ,11,peiiq,a, cpe,11,HHH 33.pH,11, B JiaBHHe H K00p,ll,HHaTH0e pa3pemeHHe Ha 
116L1crpoii" CM!UI 70%Ar+30%C2H6 H "Me,n:neHHOii" CM!UI 45%Ar+45%CO2+ l0%CH4. 

TTpocrpaHCTBeHHoe pa3perneHHe npH .n:aB.JieHHH 3 aThl COCTaBHJI0 40 MKM ,11,JIH 6L1crpoii H 

25 MKM ,11,JIH Me,11,neHHoii CMern. 

B paMKax nporpaMMLI no HCCJie,ll,0BaHHIO pa3JIHqffL[X TeXH0JI0mii K00p,11,HHa THLIX 

,ll,eTeKTOpoB ,ll,JIH MIOOHH0ii CHCTeMLI GEM s SSC 6Llfl C03,ll,aH TeJiecK0TT KOCMH'lecKHX 

MIOOH0B TIR [4] (pnc. 2). Pa3Mepu TpttrrepHoro o6reMa, onpe!l:eJIHeMoro 

CUHHTHJIJIHUH0HHLIM ro,n:OCK0TT0M,- 1.2 M B IIIHpHHY Ha 5 M B ,n:JIHHy Ha 5 M B BLICOTY, c 

)KeJieJHLIM MarHHT0M 1.5 T To.rmnmoii l M H TpeK0BLIMH !(eTeKT0paMH, qro TT03BOJIHJI0 

or6HpaTb OTilornTeJILH0 BLICOK03H(,prwIHLie TpeKH B 6oJILIIIOM .n:nana:mHe yrnos. Ha TIR 
6Llfl0 HCTTLITaH0 8 no.riHOMaCIIITa6HLIX nporornnon !(eTeKTopoB pa3.IIWIHLIX TeXH0JI0mii: 

KaK K00p,n:HHaTHLIX, TaK H TpHrrepHLIX. KaK ,n:peiiq,DBLie KaMep1,1, TaK H 

nponopUH0HaJILHLie KaMepLI C KaT0/1:HblM rnHTLIBaHHeM, npo,n:eM0HCTpHpoBaJIH paJpemeHHe 

nyqrne 75 MKM Ha CJI0ii Ha 6oJILIIIOii TTJI0IIJa,ll,H. 

7.1 m ◄ j!-9m 
► 

Puc. 2. KottcrpYKUIDI MJOOHttoro TeJICCKona TIR; noK33al!O pacnonoJKettttc nparomnon. 
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B •mcrnocm 6uno npo,,:eMoHcrpposano Koop,mnarnoe paJpe111e1111e oKono 80 MKM 

na 'leTblpeXCJI0iiH0H KaMepe LSDT [5] (Limited Streamer Drift Tubes - <.'T(JifMepnble 

Jlpeiiq,oBMe Tpy6KH) paJMepoM I M Ha 4 M c KaTO,l0M m amo~nnmenoro npoq,HJIH, 

o6paJyl0111HM KBJlpaTHLle H1IeHKH C maroM 2.5 CM, pa6oramneii B crpHMep11m1 pe:IKmte Ha 

CM!UI 25%Ar+ 75%i-C4H 10 . Ila ,,:aHHhlX c 3T0ii KaMephl 61,rn nponepeH a.TiropHTM 

BI,(IJHCJieHHH M0Menra BJaHMo,,:eiiGJ'BHH no BpeMeHaM ,1pei1q,a R mecrn CJI0HX, pa6orannmi1 

c 3q,(fleKTHBH0Gl1,IO ny•nne 95% npH qacrore coy,,:apeHHH 6aHqei1 Ha SSC 16 HC (pHC. 3). 
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P11c. 3. /lm1 TIJCKa, lllXlXOJl.llJIICl'O MCIK!IY npODOJlOKa:IIJ.I, MOJKHO JlCrKO BhmlCJIHTb \IO\ll'IIT 

npcMCHl1 To, KOrJla OH npomCJl, CCJIH H"JBCGTCH yron HrulCHHH a. TTyGl'b cyrnccrnyer 
npmiJJHJKcHHc !IJIH 4>yttK1tm1 paa."l'oHH11c,npc:11n T(r) n n11J1c T=ar+br2, rorna: 

T = T1+T2_aC.,_!!_(c2+ (T1-T2)2) 
0 2 2 4 " (a+ bC,. )2 ' 

r)lc T1 11 T2 - a6mn10TI1uc npcMcHa cpa6aTbma1111n, Cu=D/2+aD r,1c D - paJ\lljJ Tpyfiirn. 
Ha mCTOrpaMMC noira:aHo 3Kmcp11MCHTaJThHOC pacnpC,lCJlCIIHC To, 110.ll)''ICHHOC ,1.llH ",lX,10!'0 
TpcKa no 6 II03MOJKHbIM KOm>HltallHHM HJ 4 CJIOCD Tpy6oK c HCHOJThJ(J!laHHC\l npHBC,ll'HHOII 

4><,lpMym.1. 

11JY'IeHHe CHCTeMaTHKH, }la10111ei1 BKJia}l R K00p,i:ttHaTHoe 

,py6oK II0RhnlleHH0ro .n:anJieHHH, npHBeJI0 K cw,,:aHHIO 

pa:ipe111e1me ,1peiiq,on1,1x 

11a TIR npo11e,1yp1,1 

aBTOKaJIH6poBKH M0,11,YJIH, IIOJROJIHIOllleH npH II0M0IIIH }laHHhlX 0 TpeKax JapH:IKt'HHhlX 

•1acm11 

- HeJaRHCHMLIM o6paJOM B off-line K'dJIH6pona11, OTHlXlffeJII,llhle :i.uep:IKKH B 

KaHanax 3JieKT[)OHHKH c T01IHOC.Thl0 0K0JI0 200 nc; 

- MeT0,11,0M nOCJie}l0BaTeJII,HhlX npOOJIH:IKCIIHH HaX0}lHTI, q,yHKIIHIO npcMH-

pat."(."fOHHHe Jl,peiiq,a r(t.i,) c T01IH0Gl'l,IO 0K0JI0 10 MKM (pm:.4 a,b); 

- onpe}leJIHTh OTHOt.lffeJILHhle C,11,BHflf H H0IIO[lOThl CJI0eB ll(X)R0JI0K H 0T;lt'.%llhlX 

TT[)OROJI0K c T01IHOt.ThlO 20 MKM H K0ppeKTHpoRaTI, KOOPJlHHaTy n off-line; 

- Ha CMCOI 50%Ar+50%C2H6 npo}leM0HCT(lH[lORTI, K00p,lHHaTH0C pa:ipellll'IIHC 

0K0.110 86 MKM npH 2.5 aTM Ha M0,11,YJie paJMepoM 1.2 M na 4 M c HUI0Jil,J0R.UIHCM 

TT[JOGI'OH 3JieKTp0HHKHKH [6] (pHC. 4 e), H 50 MKM npH 4.8 aTMo<.:q,epax, Ha MlUYJie 

paJMepoM 0.5 M na 4 M, R IIIH[JOK0M }lHanaJOHe yrnon na,1e11HH TpeK0R. 
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Pttc: 4. 6L1crpa11 ycrofltnmall CXO!IIDIOCTL mcpanmHott npoUC!IYPhl onpc!ICJJCHttll R(t): n CJiyqac 
nporonma MSU 3a 5 IITCpallttli onm6Ka B R(t) 6u.na Y:IICHLIIICHa C OKOJJO 1 MM (a) )10 OKOJJO 
10 :.IK:11 (b). fpa«!JttKH nOKa3LIBalOT JaBHCH:IIOCTh QlC!IHCli no BCC:11 CJJ0/1:11 HCBll3KH no pa!lttycy 
or Bpc:IICHH ,1pctt«!Ja Ha HYJJCBOH " nllTOtt 11Tcpaum1x. Koop.llllHaTHOC pa:ipclIICHHC OKOJJO 86 MKM 
(c) nonyqcHo 11a nparorttnc MSU Ha CMCOI 50%Ar+50%C2H6 nptt !laBJJCHtttt 2.5 aTM. 

TaKaJI npo11e11ypa m,irer ooJlbmoe fllXlK'IWlecKoe JHaGeHHe }IJJJI MIOOHHOfl rncreMbI 

ycraHOBKH ATLAS, HCITOJlbJYfOIUefl ~fl~Bbie TPYUKH, }IJIJI t:oppeKTHpOBKH r(tm-) B 

YCJIOBHJIX HC01lHOJ)O}IHOro ManmTHOro nOJill, rpa~eHTOB TeMnepaTypbI H }laBJJemrn; a 

TaK:iKe }IJIJI no}ITBep:iK.lleHHJI npaBHJlbHOfl BJaHMHOfl ITpHBlrJKH CJIOCB }leTeKTOpon. 

qeTBepTa.B rJiaBa nocnmueHa HCCJie}IOBaHHJIM BJJHJIHHJI pa3JIWIHblX 34><I>eKTOB Ha 

KOOp.llHHaTHoe pa;ipemeHHe nponopllHOHaJibHblX KaMep C KaTO}IHblM C'lliThIBaHHeM. 

PaCCMCYrpeHbl OCOUeHHOCTH paUCYrbl nponopUHOHaJlbHOfl KaMepbl 00 CITJIOIIIHblM 

KaT01lOM: C."l'J)YKTYJR 3JieKTpmeacoro noJIJI (KOMUHHaIIHJI 011Hopo11Horo noJIJ1 BUJIHJH 

KaTO}la f,f KffiKG!aJ!bHOro BUJIHJH aHO}IHOfl npoBOJIOKH) f,f BJJHmme l'OOMeTpWiecKHX 

napaMeTpoB KaMepbl Ha K03q)q>H11HeHT raJOBOro yrnneHHJI. TioKaJaHbl G!JlbHbie creneHHbie 

JaBHCliMOGrn K034><l>HI1HeHTa yrnJieHHll ITT TOIDUHHbl raJOBOro Ja:JOpa aHO}I-KaTO}I H 

,maMeTpa npoBOJIOKH. TipHBe}leHa 3MnHpWICCKaJI qiopMyJia raTTH }IJIJI pacnr.e11eJieHHJI 

;iap11.11a Ha KaT011e. 

PacCMOTpeHa cneHHq>HKa TO'IIIOro H3MepeHHJI KOOpJIHHaThI npH noMOlllH crpHnOBblX 

KaMep, noKaJaHO BJIHllHHe pa:iJJWlliblX 3q>q>eKTOB Ha npocrpaHCTBeHHoe pa;iperneHHe [7J. 

BKJia}I IIIYMOB 3JieKTpoHHKH H HaBO}IOK craBHT orpaHWieHHe Ha KOOq>q>HUHeHT 

raJOBOro yarneHHJI: M> 5 · 104. BJif,fJIHf,fe KOppeJIHpOBaHHOro myMa MO:iKHO no11aBHTb 

npHMeHeHHeM MeTO}IOB onpe11eJieHHJI nOJIO:iKeHHJI ueHTpof,f}la no CYfHOCHTCJ!bHblM JapJl}IJIM, 

HanpHMep, MeTO}la OTHOllleHHH. 

Mo.11eJIHpoBaHHe noKaJaJio 'ITO onmMaJ!bHaJI umpHHa crpHna c TO'IKH JpeHHJI 

OITTHMl-fJallHH amomeHHH (.lITT!a.n/myM - OKOJIO 0.75-0.8 ar noJIHOfl TOIDIIHHbl m;ionoro 

JaJOpa, f,f MHHHMYM }IOC.TdTOqHo IIIHpOK KaK B CJiyqae uom,moro pa;iupoca yrJIOB na}leHHJI 

TpeKOB, Kor.11a nOJIO:iKeHHJI neHTpof,1}108 B pa3Jlf,f'lllblX nJIOCKOCTJIX }leTeKTOpa 

HeKoppeJIHPOBaHhl (pHC. 5 a), TaK H B CJiyqae napaJIJieJibHOro ny'IKa (pHC. 5 b). 
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Pwc.5. 8KJJa!I IiJyMOB 3JJCKTPQHJIKH B npocrpaHCT- Pttc. 6. lJyBCTBHTeJILHOCTL .llllyx paJJJWilll,IX 

BCHHOC pa3pCIIICHHC B JaBHCH:IIOCTH OT U!Hplllll,I MefO)l.0B HaxO)f()ICIIllJI ue1rqx:m.na. K CMCIUC
crpttna. lllyM rnITTaJICll HCKOppc.nttpOBaHLIM " 6LIJJ HIOO aHO!IHOH npoBOJ1mrn: (a) Mero)l BJBC
pacnpc)lCJJCH no fayccy. RMS pacnpc11.cncHHJ1 OT- IIIIDlaJIHJI (CenteiofGravity); (b) «!>ITT 113-
KJJOHCHHH or «!JIITa nOC'IIITaHO )I.JIii (YfKJIQHCHHli B HaqaJJLHLJM pacnpc)I.CJJCIIHCM rnrna.na p(x). 
npc11.e.nax ±60. a) yrnooott p336poc TpcKOB BCJIHK; HoJIL Koop.mmaThl COOTBeTCTBYCT ueHTPY 
b) napaJIJJCJlbHLrn nyqoK. CTpttna. 

BKJia11 KaJIHopoBKH 3JleKTpoHHKH HeJHa'IlITeJieH, eCJIH ee TO'IIIOCTh He _xy:iKe 1 %. 

TipoMO}leJIHpDBaHO BJJHmme MexaHH'JecKOfl TO'IHOCTH roraroBJJeHl-fJI }leTeKTOpa 

(nOJIO:lKeHHJI aHO}IHOfl npoBOJIOKH) H q>JiyKTyamtfl UeHTpa TIDKeCTH JiaBHHbl npH 60JlblIIHX 

raJOBblX yrn.neHHJIX Ha HJMepeHHe }IHq>q>epeHUHaJlbHOfl HeJJHHeflHocrn f,f aJOfBOCI'ByioIUHfl 

BKJia}I B KOOp}IHHaTHOe pa3pellleHHe. TIOKaJaHO, '!TO CMellleHHe UeHTpa TIDKOCll1 JiaBHHbl 

}laeT BKJia}I B pa;ipellleHHe UOJiee qeM B ~10 pa3 Memrne GI.Moro CMeIUeHHJI (pHC. 6 a,b), H 

'!TO 31'0 CMeIUeHHe JaBHCHT OT MeT0./13, 11axoJK}leHH.B ueHTpOf,!Jla 

PaCCMarpeHa_ MO}leJlb, OnHO,IBaIOlllaJI BKJia}I B pa;iperneHHe (Yf HaKJIOHa TpeKa. 

Y'ITCHO BJif,ffilme HepaBHOMepHOCTH 3HeproBbUJ;eJieHHJI B KJiacrepax H ~mm 
rawooro yCHJieHHJI. TIOCJie}IYfOlllHe roMepeHHJI JleTeKTOpa Ha Tpy6Kax lfapo'l'IH oo 

crpmiaMH IIOJITBePJlf,!Jlf,f peJYJlbTaThl MO}leJIHpOBaHl-fJI (CM. HIDKe). 

BKJiaJI ar li-3JieKTpoHOB B pa;iperneHHe npenmnaeT 50 MKM B 5% CJIY'laen. BKna11 

}IH4><l>Y3HJI 3JieKTpoHOB BO BpeMbl }lpeflq>a K aHOJIY MaJI. 

B MamHTHOM none noJ1BJJJ1eTCJ1 rncreMaTHKa, yxy11rnaIOIUa.B pa;iperneHHe. B 

ueHTpallbHOfl 'la.CTH ycraHOBKH c COJieHOf,f}laJILHblM MarHHTHbIM noJieM, r11e npoBOJIOKH 

nepneH}IHKYJIJIPHbl CHJIOBbIM Jlf,IHHJIM, a crpHllbl napaJIJieJlbHbl, 3JieKTpoHbl HOHHJal.[f,ff,f 
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"pacraCKHBaIO'fCH 11 BJJ;OJlb npOBOJlOKl:f, H pa3perneH1:1e yxyJJ;rnaeTCll l:f3-3a «l>JIYKTYatil-rn 

KJiacrepoB HOHH3aUHH H ra.JOBOI'O yGIJleHHH, KaK B CflY'llle C HaKJlOHHbIM TpeKOM. ::hm 
3cpcpeKT MO)KHO KOMITeHCHpOBaTb HaKJlOHOM KaMepbl ITOJJ; yrJIOM K TpeKY l:f ITOJJ;OOpoM 

ra.JOBOH CMecl:f c TllKHM ,Ke 3cpcpeKTHBHbIM yrnoM JlopeHua [8]. 8 TopueBbIX 'laCTHX 

QIJIOBbie JlHHHl:f Manmrnoro ITOJlH nepneHJJ;l:fKYJIHPHI,I KaMepaM, 'lTO npHBOJJ;l:fT K CHOCY 

TpeKa BJJ;OJlb llpoBOJlOKH H 113MepeHHaJI CTpl:fllaMH KOOpJJ;HHaTa CHCTeMaTH'leGKl:f 3aBHCl:fT or 

paCCTOJIHHJI JJ;peficpa. 3ror 3«p«peKT KOMITeHrnpyeTCll ITOBoporoM aHOJJ;HI,IX llpoBOJlOK ITO 

orHorneHHIO K HanpaBJieHHIO CTpl:flTOB Ha 3«p«peKTl:fBHblH yron JlopeHua. 

TipeJJ;JlO,KeH HOBb!H MeTOJJ; JJ;Jlll npHMOro l:fJMepeHHJI yrna KOMITeHcaIIl:fl:f JlopeHI(-

3cpcpeKTa B KaMepax TopueBbIX tJacrefi CMS [9]. Ewra COJJJ;aHa meu1:1aJlbHaJ1 KaMepa c 

BpaIUaIOIUeHCll aHOJJ;HOH paMKOH (ra.JOBblH 3a30p 5 MM, JJ;l:faMerp aHOJJ;HOH llpoBOJlOKH 30 

MKM, war 2.5 MM) npl:1 ITOMOIUH KOTOpofi 3cpcpeKT 01,(J( l:fJMepeH B ITOJle 3.4 T. 
HMITyJlbCHb!H YJlbTpa~HOJleTOBblH JlaJeP HCITOJlb30BaH JJ;Jlll COJJJ;aHl:fJI TpeKa l:fOHH3aUHH 8 

ra.JOBOM 3a30pe KaMepbl. liJMepeHHJI ITOKaJaJlH, 'ITO BKJlaJJ; B OIIHIOKY H:JMepeHHJI 

KOOpJJ;HHaTbl H3-3a 3«p«peKTa MarHHTHOro ITOJlJI MHHHMaJlell npn yrne KOMITeHCaIIHH 

(pa3B0pora aHOJJ;HbIX llpoBOJlOK) 26.6±0.5 rpaJJ;yCOB B ITOJle 3.4 Tecrra (pHC. 7). 

PeJyJlbTaThl l:fJMepeHHH cornacyIOTCll C llpe)J;CKaJaHHJIMH MOJJ;eJlHpoBaHl:fJI H aHaJlHTWieCKHX 

81,JllHCJleHHH. ,Ll,JIH HHTeHCl:fBIIOI'O JlaJepHOro llyqKa ITOJIY'leHO npeJJ;eJlbHOe pa3pemeHl:fe 

OKOJlO 20 MKM (pHC. 8). Olio yxyJJ;IIIlleTCll JJ;O 80-90 MKM Ji TO'IKe nocepe1n111e Me,KJlY 

llpoBOJlOKaMH. MeroJJ; MO)KeT ObITb HCITOJlb30Ball KaK 3.KOIIOMH'lllb!H l:fHCTpYMeHT )I:Jlll 

JJ;aJlbHefirnero l:f3YlJeHHH ITOBeJJ;eHHJI nponopUHOHaJlbHI,IX KaMep B MarHl:fTHOM ITOJle, n 

JJ;pyrnx CITeIIHaJlbHI,IX 3cpcpeKTOB B KaMepax. 

~ o.18 f....l ----·---i--H-.. .Jn--T-... L· - \i 

bo.1s 

~ O,H 

0.12 i:::-....-+--+--,__~l. 
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Pttc.7. 8KJI3Jl a orn116Ky 113MepeHl1JI KOOP1l11Ham 
113-Ja HeoITmMllJll,Horo yrna nooopora aHO)lllhlX 
npoBOJTOK B OTCYTCTBl1e Mlilll1TIIOro ITOJlJI 11 B 
M3Illl1THOM none 3.4 T. KoMneHramrn B MaIIDIT

HOM none Ha6J11011aeTCJ1 np11 yrne moopora 
26.6°. IlyttKTnp - BbJ1111CJieH11e oum6m no "Ha
HBHofi II MOlleJIH, cnJIOillHall Jll1Hl1JI - JJC3Y JII,TaTbl 
M01leJittpOBaHl1JI, OCHOBaHHLie Ha ll!lOlµIMMe 
MAGBOLTZ (S. F. Biagi). 
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Pnc. 8. ITpe11CJlb11oc npocrpaHcrncHHoc pa3pe
meH11e KaMepbI B 3a811CHMOCTl1 ITT paCCTOHHl1JI 
11pefi(f)a. B1111Ho cyrnecrneHHoc yxy111ncH11c pa3-
perneH1111 B roqKe norepe1111Hc MC)KJIY npono
JIOKaMH. MaMepeHHH npono1111J111CL np11 BLim
KoM HanpmKcH1111 2.9 KB, JaPM Ha aHO!IC 6LJJI 
oKono 1.2 nKn. MHTCHCHBHOCTL ml3Cpa 6una 
ycraHOBJICHa TaK, 'ITO JJC3YJILT11pYJOU{aJI 
110Hl13alll1JI 6bma 3KBl1BaJICHTHa 110HHJaUJ,111 ITT 
6-K3BHOro y-KBaHTa. 

fpynnofi OBTI Jl.HTI, HaKonnnmefi oonLmofi OITl,IT pa6oTh! c TpyoKaMH Hapo111Jn 

[ 1, 7, 10], 3TH TpYOKH B coqeTaHHH c BHelllIIHMH eMKOCTilblMH 3J!eKTpOJJ;aMH npe]I:JlaraJIHCI, 

KaK KOOPJJ;HHaTHbIH JJ;ereKTOp .l(Jlll MIOOHilblX CHCTeM. TaKOH JJ;eTeKTOp He Tpe6yeT 
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BblCOKOH MeXaHH'leCKOH TO'IIIOGTH 1-fJroTOBJTelll:fJl, TaK KaK ee 8Jll:fmme Ha pa:ipemeHHe 

no,1aBJTeHO c «paKTOpoM 10. Oco6eIIIIOCThlO ,leTeKTOpa JlBJTJleTCll pe:lHCllIBHl,lli KaT0,1. 

Paa.,leTbl IIOKaJbIBIOT, 1ml pa:ipemeHl:fe ,1eTeKTO[l08 C llpo«pHJlblll,IM KaTO,lOM, 

paoOTaIOHil:fMH o nponopu110Han1,110M pe:lKHMe, mieer BHYTpeHHHe orpa11w1e111:1J1 He xy:lKe, 

11eM OOhI'lllbie CTpl:flTOBhle KaMephl npH yCJIOBHH, •rro npocJmm, _rn.,6o HMeeT O'leHb IIKlKYIO 

pe31:fCTl:fBIIOGfb, JlHOO RblCOKOpe3HCTHBHoe ITOKpbITHe C o,111opo,lHOCfblO pe311LTH!lHOGTH 

JlY,lllle 25%. 

6bl.JlH np0Be,1e11bl 1-fJMepemrn RHyTpeHH~ro pa;ipemeHl1JI TaKOro mna ,leTeKTOpa C 

peHTreHORCKHMl:f y-KRat!TaMH, mmyfilCHblM ym,Tpa«pllOJleTORblM .rm:iepoM l:f Ha MIOOHHOM 

IIY,IKe ;lJlJI TpeX Tl:fllOR TpyOOK: KaTO,l HHJKOH pe3HGilIBIIOGTH Oel KpbllllKH, KaTO,l 11 

Kpblll!Ka Rb!COKOH pe3HGI'I-IRHOCTH, H aJIJOMl111HeBblH KaTO,l OeJ KpbllllKH. H3 ;laHHblX C 

na:iepoM MO:lKHO 3aKJll011HTb, 'ITO 8 CJly•me paRHOMepHOH HOlll-f.lcllll1H RHYTpeHHee 

pa3pe111e111:1e R nponop,rnonaJibHOM pe:lKHMe - OKOJlO 15 MKM, R 1U RpeMH KaK R 

crpHMepHOM pe:lKHMe - 100 MKM, •rro, RepoHTHO, onpe,1eJ11IL'TCJl llj)OL"fpaHGTReHHblMH 

«pJIYKTyaHHHMl:f pa3Bl:fTl:fll GfpHMepa npl:f ero npOTH:lKeHHOL"fl:f. lfa MHXiHHOM llY,IKe C 

11ereKTopoM m 11eTb1pex CJioeB TpyooK/L'T[ll:flTOB OblJlO nony•1e110 11:oop1m11arnoe pa;ipe111em1e 

OKOJlO 80 MKM (pHC. 9), a Rbl'IHTaHHe BKJla;la IIIYMOB :➔JleKTpOIIHKl1 npHRl);ll:fT K 60 MUI. 

KOTOphle Ollpe)I:eJlJlIOTCll BHYTpeHHHM pa3pe111e1rneM, OTHOLtlTeJil,IlblMl:f noBOparaMH CTpl:flTOR 

l:f CMemeHHeM aHO)I:IlbIX npoBOJlOK. H:iMepena 3aRl1CHMOL"11, pa;ipemeHHJl or yr.rm na,1emrn 

TpeKa (pttc. 10), KOTOpaH xopomo cornacyeTOJ c pe:iym,TilTIIMH MO;lCJll:fpDllt1HHJI H 

llpe)I:blJI:Yllll:fX HJMepeHHH C 00bl11HbIMl:f crp11nOBblMl:f Km,1epaMl:f. 

Fit: o (µm) = 80(l) (390osinn/vcosn) 
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P11c. 9. 3anurnMoGrL ll[lOGf[XlHGrllCIIHOro pa:!pe111CHl111 
ar nonmKCHHJI Ha Grp11nc (MJOOHhl 500 r:lB). licJthlc 
KPY)KKl1 - MCTO)I OTHOIIICHl1H Ratio, 11CpHLIC Kpy,KKH 
- Ml'TO!I HCHTpa TJl)KCCTH COG no TJlCM 11J111 !IBYM 
GrpttnaM. ITyHKTI!p - cTT'O KnapJ1paTl1'1Hall CYM\11.l 
BKJlaJia IIIYMOB 3RCKT[XJIIIIKl1 11 60 MKM. Hom, KOOp-
)IHHa Thi CO<rrBCTCTBYCT IICHTPY Grp11na. 

1 0 20 30 ◄ O 50 

Angle, n (degrees) 

Pm:. 10. 3aBl1Cl1M<X:TI, paJJX'llll'llllll ur 
yrm na.,1CHl1H TPCKa no OTIIOllll'IIIIIO K 

nJXIBOJIOKC. 

B MIOOHHofi na6oparnp1:111 TIR o ssi: 6bmo 11cCJ1e,10Ra110 4 non110Macmrnfi111,1x 

npoTorHna nponop!IITOHaJII,HbIX KaMep C KaTO)I:HblM C'll:fTbIBallHCM pa:mwmoft KOIICTPYKlll:fH, 

n llpo)I:CMOIIL'Tpl:1poRaJlH KOOPJI:HHaTHoe pa:ipementte OKOJlO 60 MKM Ha KlOll-l'll'CKHX 
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MIOOHax. 8 'laCfHOCTif, pa3pe111e1me OKOJlO 64 MKM famo H"JMepeHO 11a TpeXCJlOHHOH 

KaMepe pa:lMepoM 0.5 M Ha l M rn -rpy6oK Hapo'l'IH c BblCOKOpe;lHCilIBHbIM KaTO)lOM tt 

crpmmMH c maroM 5 MM [ l l]. B Hacromuee BpeM.11 omrr MIOOHHOH rpyllllbI GEM c 

yrnexoM HOlOJlbJYeTCII e pa3pa6arKe tt Cf(lOHTe.flbGl1le npararHTTOB MIOOHHOH CHCTeMbI 

rnpueBhlX 1Jacren CMS. 

B KOHUe 'leTBepTOH maBbl npHBe11eH cpaBm1TeJILHblH aHaJIJtJ 11,pefi(J>OBblX 

Tpy6oK ITOBbDlleHHOro JlaBJleHH.11 H nponopIIHOHa.flbHblX KaMep C KaT011HblM c.~111TblBalll1eM e 

TO'IKH JpeHH.11 HX np1rue11eHH.II B MIOOHHblX CHCT~tax ycraHOBOK Ha COBpeMeHHblX 

a,lpoHHblX KOJ1JlaH11epax. 

Koop.1urnaTHoe paJpemeHne. KaK M.11 11pefiqioe1,ix TpyooK, raK tt 11,JI.11 KaMep 

ro rnITTbIBaHHeM eMKOCTHbIMH 3J1eKTpo11aMH, npe11e.flbHoe npocrpaHcrne,moe paJpeme1me, 

HJMepeHHOe npn IIOMOIIIH HMnY.flbCHOro JlaJepa, npHMep110 011,HHaKOBO, eocraBJl.lleT 20-25 

MKM H onpe11eJ1.11eTe.11 myMaMH 3JleK-rpOHHKH [1, 2, 7' 9] (ptte. 1, 8). 
Hecrre110BaHH.II llOJIHOMaama6HbIX IT(lOTCYfHTTOB llOKaJaJIH, 'ITO T01IHOCfb OKOJlO 50 

MKM Ha CJlOH ecrecrneHHa 11Jl.ll KaMep e KaTO)lHblM rnHTblnaHHeM H )lOCTH,KHMa na 

Jlpett(J>OBf,IX -rpy6Kax nptt 11aBJ1eHHH OKOJlO 5 aTM, 'ITO a)leKBaTHO TpeoOBaHH.IIM MIOOllllblX 

rneKTpoMeTf)OB e MaJibIM MHOroKpaTHblM pacce.1111HeM - GEM H ATLAS. 

ABTOKaJIHO(lOBKa ITOJBOJl.lleT HaXO)lHTh JaBHCHMOCTb KOOPJlHHaTbl (Yf BpeMeHH 11,pefiqia B 

-rpy6Kax [6] (pHe. 4) H 1lH<l>4>epemmam11y10 HeJIHHeHHOCTb B crpttnOBbIX KaMepax, a TaK,Ke 

OTHOCHTefilHble CJl,BHm H llOBO(lOThl crroeB B OOOHX rnnax )leTeKTOpoB. OrnocHTeJII,HI,Ie 

JaJiep,KKH BpeMeHHblX KaflaJlOB tt llOJlO)KeflHe OT;lefilfll,IX IT(lOBOJlOK e JipefiqJOBbIX -rpy6Kax 

HBJTffl(YfC.11 BeJIH'IHflaMH KOppeJ1H(lOBaH1,IMH, H, crre)lOBaTeJlbHO, 11eo6xo)lHMa rnereMa 

HeJaBIICHMOH KaJ!H6poBKII WHJ!H TO'l!Ioe nOJIII[HOHl!ponam1e npOBOJlOK. 8 CTpllnOBblX 

KaMepax BblCOKa.11, JlY'IIIIe 25 MKM, TO'IHOCTb HaHeceHll.11 p11cy11Ka CTpllllOB eCTeCTBeHHa. 

}lpyrnM npellMYIIleGl1lOM KaMep C KaTO)lHbIM C'll1ThIBaHHeM .IIBJl.lleTe.11 BOJMO,KHOCTb 

ycrpaHeHH.11 (KoMneHcaUHH) Jqiq>eKTa Manmrnoro noJ1.11 Ha np116opHOM ypoe11e nyTeM 

nooopora KaMep B IIeHTJ)aJlbHOH 11aGI11 COJleHOll)lafilHOro ~eKTpoMeTpa HJIH aHO)lHblX 

HHTeH B TOplleBl,IX 'laCT.IIX, KaK noKaJaJIH HJMepeHH.11, OITIIGlHHble B [9] (pile. 7). 

BpeMeHHaH npHBHJKa cpa6aThlBaHHH u JCaMepe i.: MOMeHTY 

BJaHMO,/l;eHCTBHH. np11BJ1eKaTeJU,HOH oeo6eHHOGfl,IO nponop1mo11aJ11,HblX KaMep .IIBJI.ReTe.11 

eOBMemeHHe B 011,HOM np116ope TO'IHOro IIJMepeHH.11 KOOp)lHHaTI,I If Tp11rrepHblX Ka'leCTB, 

BKJllO'la.11 BpeMeHHYIO npl!BJTJKY TpeKa B KaMepe K MOMeHTy coy)lapeHH.11 6aH11ei1 y)Ke Ha 

nepBOM ypoBHe TpmTepa, 6mro)lap.11 MaJlOMY BpeMeHH )lpefiqia - OKOJlO 40 HC. 

Ila '.iKOlepHMeHTaJlbHblX 11,aHHblX, ITOJly'leHHblX B SSC [4] (pile. 2). famo nOKaJaHO 

[5] (ptte. 3), •rro JIPeHqlOBble 'IJlYOKH e JIPefiqiOBbIM npoMe)KyTKOM OKOJlO 15 MM TaK)Ke 

OOJla)laIOT BOJMO)KHQCTl,IO Ollpe)leJieHl!.11 MOMeHTa my J1,ape1111.11 6att'leH C 3qJ(J>eKTHBHOCTblO 

OKOJlO 95%, HO B CHJlY OOJll,IIIOro pa:i6pora BpeMeH ITO.IIBJleHl!.11 rnmana 3TO HeBOJMO,KHO 

wleJlaTI, 61,1crpo. CTcnTOM -rpy6Klf TpeoYIQT )lOIIOJlHHTefilHOro Tpttrrep11oro np116opa, KaK, 

nanpttMep, pe3HGTIIBHble nJ1ocKonapaJ1J1efilHbie KaMepu (Resistive Plate Chambers, RPC, B 

CMS) HJIH YJKOJaJOpH1,1e KaMepbI (Thin Gap Chambers, TGC, ATLAS) c BpeMeHHLIM 

pa:ipe111e1111eM nop.1111,Ka HOCKOJlbKHX Hamx:eKyH)l H KOOPJll!HaTHOH TOIJHOCTblO HOCKOJII,KO 
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MHJIJIHMeTpoB' 'ITO HeoOXO)lHMO )lJI.11 Tj)Hrrepa no nonepe'IHOMY IIMTIY JII,cy. 

Ka'leCTBO cnrnaJia H CJIOXHOCTL 3JieICTpOHHICH • .Ll,Jrn llOJlY'leHH.11 Bb!COKOH 

TO'IHOCTII JaP.11.il: co crpttnOB .il:OJl,KeH IIJMeplffbC.11 c TO'IHOCThlO OKOJlO 1 % . 3TO 

o6ycrraBJll!BaeT IICITOJlbJOBaHlfe HI-IJKOlIIYM.lllllefi 3JieKTpoHIIKII e 60.flbllIHM .ll:HHaMH'lecKHM 

.ll:HanaJOHOM H CHCTeMY npeUHJHOHHOH KaJIHOf)OBKH. OOfilUioe 'IHCJIO KaHaJlOB llpHBO.il:HT K 
- r 

BblCOKOH CTOHMOCTH 3JleKTpoHHKH B rncreMe nponopUIIOHaJibHLIX KaMepax CO crp11naMH. 

YBeJIH'leHHe mara rnttThIBaHH.11 B crpttnoBblX KaMepax mpueooii 'laGill CMS .11.0 10 MM 

npl!BO)l,HT K yxy)lllleHl1!0 TO'IHOCTH IIJ-Ja yBeJIH'leHH.11 UIYMa nponOpUHOHaJibHO eMKOCTH 

erpttna (300 n<D). Ho B KOHKpeTIIOM CJIY'lae CMS 3TO 11eBa,KHO, TaK KaK paJpemeHne 

)lOMHHHpYeTC.11 MHOroKpaTHblM pacce.1111neM B )KeJieJe .RpMa COJieHOH)la. 

npe.'dyIUecTBOM )lpeH(J>OBbIX -rpyooK .IIBJl.lleTCH OOJII,UIHH mar C'IHThlBaHH.11 (30 MM) 

'ITO OJHa1IaeT Mellblllee 'IHCJIO 3JleKTpoHHblX KaHaJlOB. 3neKTpoHHKa )lJl.11 )lpeH(J>OBl,IX 

KaMep H)leoJlOrn'lecKH npome, xar.11 pa6ara B nponopuno11aJlb110M pe,KHMe npe.11.nomraeT 

HaJIH'IHe HIIJKOllIY~UIIUero npe)lyCHJIHTeJI.11, a HJ-Ja 60.flbUIOro BpeMeHH )lpeHqia HeGOXO)lHM 

rny6oKHH pipeline. 

CJIO:lKHOCTL u Ha,ll;e:lKHOCTL KaMepbI. Tpy6Ka, KaK OCHOBHOH 

KOHCTPYKTIIBHhlH 3JieMeHT, He Tpffi'yer BblCOKHX )lOIIYCKOB Ha paJMepbI H nOOTOMY 

He.11.opora. MaCCHB TpyooK o6paJyeT ,KeCTKYID caMono)l)lep,KHBalOlllYIOC.II KOHcrpyKurno. 

KJIIO'leBblM 3~CMeHTOM nponopUHOHaJibHbIX KaMep .IIBJl.lleTC.11 naHefil, COCTO.lllllaH H3 

COTOBOro MaTepllaJla, Ha Karop1,ll1 HaKJleeHbl JIHCTbl qioJlbrnpOBaHHOro CTeKJlOTeKCTOJIHTa. 

81,1come -rpeooBaHH.11 Ha ITJlOCKOCTHOCTb noeepx11ocrn KaTO)la, OKOJIO 150 MKM B CJIY'lae 

CMS, H 11eo6xO)lllMOCTb HaHeceHH.11 "pncyHKa" CTpHITOB npHBO)l.llT K y.11.opo,KaHHIO 3TOro 

KOHCTPYKTHBHoro 3JieMeHra, H, KaK CJle)lCTBHe, BceH Ka'depbl. 

IlpoooJ10Ka B -rpy6Kax JaKJIIO'letta B JaMKHYTOM 06-wMe, n ee CJIY'laHHbIH o6p1,m 

He npHBO)lHT C cyIUeCTBellllblM nOTepHM reoMeTpH'lecKOH 3qiqieKTHBIIOGI11 rnCTeMbI. 06pb1B 

IT(lOBOJlOKH B nponopUHOHa.flbHOH KaMepe MOiKeT OMepTBHTb JHa'IHTefilHYIO OOJlaCTb. 

raJOBaH CHCTeMa. IlpeHMYllleGl1lOM nponopUHOHaJlbHLIX Ka.Mep· C KaTO)lHLIM 

C'll1ThlBaHHeM .IIBJl.lleTC.11 CJla03.II JaBHCHMOCTh TO'IHOCTII or KOJlefiaHHH COCTaBa raJOBOH 

CMeCH. B )lpeHqiGBblX -rpy6KaX TpeoOBaHH.11 K Ka'leCTBY CMern Bblllle, TaK KaK Olla Ja)laeT 

4lYHKUHIO BpeM.11-paccro.1111ne. Cncrew )lpeHqiGBLIX -rpy6oK HMeeT 00.flbUIHH raJOBblli 

00],eM, oco6e110 B crry'lae ITOBLlllleHHOro )laBJleHHH. 

Pa6oTa KaMep B YCJIOBHHX 60JILllIHX JarpyJOJC, CTapenne. <lloHOBLie 

JarpYJKH B MIOOHHOH rncreMe OKaJJ,IBalOTC.11 BLICOKHMH. B mpueBblX 'laCT.IIX CMS, 
minp11Mep, '13.CTOTa cpa6aThlBaHHtt B KaMepax rorJlaCHO MO)leJil!poBaHHIO COCTaBJl.lleT 

OKOJlO 10 ruJCM2 Ha BHeUIHHX pa)lttycax (300 - 700 CM) H )lOXO)lITT )lO 1000 ruJCM2 Ha 

BHYTpeHHeM pa)lHyce (100 CM) nepooro crro.11 KaMep. Ha 90% 3TO - 11eKOppeJIHpoBaHHLrn 

4)011, TO CCTI, y-KBaHThl or JaXBaTa HefiTpoHOB. 1IyocrnHTeJJLHOCTh )leTeKTOpa K y

KBaHTaM TeM 6ofilme, 'ICM 60Jlbme raJOBhIH 06-wM, TaK 'ITO TPyoKH HaXO)llffC.11 B 60J1ee 

TPY.11.HhIX YCJIOBIDIX, 'leM nponop'-UfOHaJibHbie KaMep1,1, r.11.e raJOBLIH JaJOP y)Ke. KpoMe 

Toro, m-Ja oofilmero mara (."IHTLIBaHHH 11a npoBOJlOKe .11.pefiqioooii -rpy6m 

aKKYMYJIHpYeTC.R oofillIIllH JaPM, 'ITO yCKop.11eT crapettne .11.ereKTopa. 
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Tio 3THM npwnrnaM e ropuem,IX 'lacrnx ycraHOBOK Ha a11poHHbIX Kon.rratt1i:epax 

HQ!OJII,3()BaHtte nponopUHOH1UThHblX KaMep m crpHTIOBblM C'IHThIBaHtteM 6oJTee JJOrn'IHO, e 

TO BpeMH Kaic B uemµUThHOH 'laCTH npn OlllOOffeJII,HO He60JTbIIIJ,fl( 3arpY3Kax !lpettcf>OBble 

.n:ereKTOpbl npecraBJIHIOT pa60TOrnoco6HbIH H 60JTee 3KOHOMH'!Hb!H eapnaHT. Texmf'!ecICHe 

Tipe.n:nmKeHtte TIOJCaJaJTJI, '!TO KaK ATLAS, TaK H CMS TIOIIIJTII no 3TOMY nym. 

B JaKmO'leHlm KpaTKO ccf>OPMYJTHpoBaHI,I pe3ymTaThI, TIOJTO:lKeHHbie B OCHOBY 

1111ccepnum0 n JTif'IHbIH BK.rra.n: aeropa B 11CCJTe.n:oeaHttH. 

• ABTOpoM cOJ.n:aH nepBbIH npoTOTHTI .n:ereICTopa Ha 11pett¢OBblX TPY6Kax Bl,ICOJCOro 

.n:aBJTeHHH B CTP11MepHOM pe:lKl1Me, KOTOpbIH 6w1 110lblTaH Ha ny11Ke YCKOpHTeJIJI B 

Tipornmm H no11113ep.n:HJT npHHUHIIBaJTbHYIO BOJMO:lKHOCTb BbICOKOro (JTyquJe 100 MKM )J:JT.11 

61,1crpott raJOBOH CMecH) pa3perneHtt.11 npn pa6ore B CTPl1MepHOM pe:lK11Me np11 JJ:aBJTemm 2 

aTM n BbIIIIe. BTIOCJJe.ii:CTBHH np11 11cn1,rraHtt11 3Toro nporonma Ha nYIJKe B CERN 6uno 

TIOJTyqeHO pa3perneH11e OKOJTO 30-40 MKM np11 .n:aBJTeHHH 3-4 aTM Ha Me.n:neHHOH 11 

6ucrpott CMec.RX. 

• Ilpn ee.n:yrneM yqaCTHH aeropa 6wra cOJ.n:aHa ycraHOBKa .n:n.11 11ccne11oeaH11.11 

TIOJTHOMaCIIIra6m,IX npoTOfHTIOB 11:ereKOpoB pa3JTlf'IHblX TeXHOJTOrnfl, npe)J:JTO:lKeHHLIX )J:JT.11 

MIOOHHOH rncreMbI GEM, Ha KOCWf'lecICHX MIOOHaX - Texas Test Rig (TTR) B 

.rra6oparopHH SSC (Dallas, Texas). Ha ycraHOBKe 6w10 11CCJTe11:oeaHo 8 
TIOJTHOMaCIIITa6HblX nporomnoe )J:eTeKTOpoB TI.IITH paJJTH'IHblX TeXHOJTOrnfl. 

B '!aCTHOCTH, 6w10 npo11:eMOHCTPPOBaHO KOOp)J:HHaTHOe pa3perneH11e OKOJJO 80 MKM 

Ha 'leThlpeXCJTOHHOH KaMepe paJMepOM 1 M Ha 4 M c KaTO)J:OM rn aJTIOMHH11eeoro 

np~m1.11, 06pa3yIOillHM .KB.D:paTHbie .ll'leHICH C rnaroM 2.5 CM, pa6oraemett B C'Tp11MepHOM 

pe:lKHMe Ha CMern 25%Ar+75%i-C4H10• Ha 11:aHHbIX c 3TOH KaMep1,1 fam npoeepeH 

anropHTM Bbl'IHCJTeHtt.11 MOMeHTa BJaHMOJJ:ettCTBl1.II no BpeMeHaM 11:pefl¢a B mecrn CJTO.IIX, 

pa6oraernmi c 3cMleJCTHBHOCTbIO nyqme 95% np11 'lacroTe coy11:ape1111.11 6aH11efl 16 He. 

PaJpmieHtte oKOJTO 50 MKM 61,mo HJMepeno Ha CTPHTIOBOH KaMepe c TPy6KaMl1 
11apo'l'll1 paJMepoM 1 M Ha 0.5 M. 

Ha OCHOBallttl1 peJYJTJ,TaTOB, TIOJTyqeHHJ,IX Ha TTR, KOJTJTa6opamrn BU6pana 

nponopu11011aJTbHUe KaMepu C KaTOJJ:HbIM C'IHThIBaH11eM KaK 11:ereKTop MIOOHHOH rncreMLI 

ycranOBKH -GEM. 

B Henocpe.11:CTBeHHUe 00.113aHHOCTH aempa BXO.D:HJTO: 

1. npoeKTHpoBaHtte, MOJJ:eITHpoBaHl1e 11 OTITHMHJaUH.11 napaMCTPQB ycraHOBKH TTR; 

2. pa3pa60TKa, HaJTaJJ:Ka 11 3KCTIJT)'aTaUH.II raJOBOH Cl1CTeMbl TTR; raJOBa.11 CHCreMa 

o6ecne'IHJTa BOJMO:lKHOCTh 011:HOBpeMeHHOro TeCTHpoBaHl1.II ocex npoTOTHTIOB; 

3. c6opKa, TeCTHpoBaHtte 11 KaJTH6poeKa aJHTHJTJTmrnoHHoro ro11ocKona; 

peJYJTJ,THpYJOruaH TO'IHOCTh BpeMeHHOH npl1B.113Kl1 Ha TTR 61,ma OKOJTO 300 nc; 

4. c6opKa penepnott TpeKOBOH CHCTeMbl Ha TIJJaCTHKOBbIX C'TpHMepHblX TpyuKaX, 

HJMepeH11e ee 3cMleKTHBHOCTl1 H mLJllllIJ(a CHCTeMbI np11eMa HHcf>OpMaIIHH; 

5. KOOpll,HHaUH.11 pa60Thl HecICOJTbKHX rpynn BO BpeM.11 TeCTOB npoTOTHTIOB na TTR. 

• ABTopoM Ha TTR COJll,aH HJMepHTeJTJ,HJ,(H cren.11: 1IJlH HCCJTell,OBalltt.11 MaJTbIX npoTOTHnOB 

pa3JTlf'IHblX TlmOB .n:ereKTOpoB np11 noMOJUH HCTO'IHttlCOB 11 c¢0Kympoeannoro ny'IKa 

ymTpa¢11oneroeom JTaJepa. 

Ha 3TOM CTeH11,e aempoM nony1Je111,1 peKop.11:nhle pe3yJTJ,ran,1 11:n.11 npe11emHoro 
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npocrpancreennoro pa3pe111e110.11 ,1peficf>Oeofl TPy6K11 B crpHMepnoM pe:lKmte Ha 

necKOJTbKHX ra:JORl,IX CMec.RX npH an10c¢epHOM ,laBJTemrn - OKOJTO 25 MKM Ha 

c¢0Kyc11poeaHHOM JTaJepHOM ny111Ce. Dl,IJTII HCCJJC110BaHI,[ epeMeHHble CBOHC'TBa UblC'TpblX 

CMecefl c He60Jlbmm1, Menee 10%, co,1ep:lKa1111eM opranw,eocofl ,1o6ae1C11. 

01,IJTH TIIK:lKe npo11e,1enhl IIJ)C11BaP11TeJTl,Hhle HCCJJC110BaHl1.II ffi30BbIX OIIXPH ,lJl.11 

nponop1rnoHaJTbHbIX KaMep C KaT01llll,IM C'IHTI,1B,1HtteM 11JI.II ycrnHOHKl1 GEM C TO'IKl1 

3peHH.II cra611n1,Hofl pa6on,1, onTIDMJa111111 npocrpancnieHnoro pa3pememrn B Marn11rnoM 

TIOJJe 11 ocopocm 11pefi¢a. u1ea, 45%Ar+45%CF4+l0%i-C4H10 UJ,IJTa peKOMeH,lOBaHa 

11JT.II MIOOHHOH CIIC'TCMbl. 

• B xo,1e 06pa60TK11 ,1aHHhlX mMepeH11i1 npOTOTHTIOB Ha TTR aomp np1111.11J1 yqac'Tlfe 

e cm,1am111 npone,1yp1,1 aomKaJT116posK11 Mo,1yn.11 ,1pei1¢001,1x TPYUOK. 3ra nporpaMMHaH 

npo11e11ypa, 11rnom,:iy.11 TpeKH Jap.11:lKeHHblX 1IaCfl111, no3BOJT.lleT 3Ha1111TeITbHO yMeHbllllfTI, 

BKJTM B Koop111111arnoe pa3pemeH11e CJJe,1yro11111x CIIC'TeMaTWICCKHX a«M>eKTOB: 

l . OllllfUKa B onpe,1erreHl1l1 OlllOUITeJll,HblX BpeMeHHblX Ja,1ep:lKeK B pa:JJ111'lllblX 

KaHanax; pe3ym,mpy1011ll!.11 TO'IIIOCTh onpe,1e11eH11.11 :rmx 3a,1ep,KeK 6wra 0.2 He 

(BKJJM B pa3pemeH11e OKOJTO 10 MKM); 

2. onpe,1eJieH11e ¢YHKIIHH BpeM.11-paCC'TO.IIHHe C T011110Cfl,IO ny•1111e 10 MKM; 

3. nonpaBICa na OTHOCllTeJTl,Hble nOBOpoTbl CJIOCB 11 OT1leJil,HblX npoBOJJOK; 

4. nonpaBKa Ha C/1.BHrn CJJoeB 11 OT1leJTl,Hl,IX npoBOJTOK. 

8 pe3ym,raTe Ha npOTOTHne nno111a,11,I() l .2 M Ha 4 M, l,fJfOTOBJICHHOM B 

YHIDJepcHTeTe IIITaTa MwmraH 11 OC11a111eHHOM np<X."fO}I '.1JTCKTJXllll1KOH (11HCKPl1MIIHaTOp

BHTI, 96 KaHanoo), aBTopoM nony11eHo pa:ipe111eH11e oKono 8? MKM np11 ,taBJTeH1111 2.5 , 

aTM Ha cMeCII 50%Ar+50%C2H6• 

• ABTopoM npeJJ:JTO:lKeH MeT011 mMepeH11.II KOMne11cmrn11 JCW>eKTa MaflllfTHOro nOJIH B 

nponop1111011aJT1,HbIX KaMepax C KaTOJJ:HblM c,IHThlBaHl1eM ,lJJ.11 TOplleBblX •mcrei1 ycraHOBKl1 

CMS. Ko~me11ca1111.11 JJ:OC'Tlfraerrn nooopOTOM ano;i:Hoi1 paMKH 11a onpe;lt'JJeHHbll) yro.TJ, 

np.11Moe 11"JMepeH11e Komporo npooo1111noc1, onepoue. Aemp npmrnn Re,1yinee yiiac'Tlfe B 

cm;i:aHHH cne1111aJ1bHOH KaMepbl C Bpa111a10ll(CVIC.II aHO,lHOfl paMKOli H lfJMepe1111.11x C nei1. 

/ln.11 C03JJ:aH11.11 1101111"Ja1I1111, noJJ:o6Hoi1 TpeKY 3ap.11:lKeH11oi1 •mc,11111,1, m:nom,:iornwrn 

11Mnymett1,1i1 yn1,TP<1¢11oneme1,1i1 na3ep. KaMepa fibma ycrn11oaTJe11a e11yTp11 

rnepxnpooo11.11111ero Mam11ra Ml Ha yc.a110BKe RDS B CERN, r,1e 61,1n mMepett yro.TJ 

KOMnenca111111 26.6 rpa;i:ycoe B Marn11THOM none 3.4 Teo1a. 

• 61,mo npooe11:eHo MOJJ:eIT11poeaHne mrnana, 11all(~,1eHnoro 11a crp11nax B 

nponop11110HaJTbllblX KaMepax C KaTO)J:llblM c,(lfThlBaHHeM 11 8 KaMepax Ha TPYfiKax 

Hapo111111, JJ:JTH OIITHMlf~IIHH reoMerp1111eumx napaMeTpoB KaMep C TO'IKll 3pCHl1.II IIIYMOH, 

pe:lKHMa paUOThl TIO ra:JOBOMY ynmeHttlO, JJ:H¢Herr1111ei1HOCTl1 H np<X.'T(l,.1HCTBellllOro 

pa3pelllelltt.ll. 11:iMepeHH.II noKaJaJIH npaR11JTl,HOC'TI, peiym,TilTOB M0,1t'J111polllllll1H. 

• Tip11 ReJJ:YllleM y•IaC'Tlfl1 aBTopa co311an npoTOTlm H l1CCJIC1l01li.1Hbl eo:IMO:lKIIOCTH 

11UIOJJb30BaHl1.11 TPy60IC 1,fapo111111 C BHeIIIHttMH eMKOC'TllhlMH iJJJCll.'Tpo}l'JMH 11Jlll T01moro 

l,fJMepeHH.11 KOOP1111HaTbl. DbIJTO mMepeHo KOOp,111HaTHoe pil3pe111eHl1e np11fiopa TIIKOro 

mna npn noM011111 pell"rrenooc,mx y-KBaHTOB, na3ep.1 11 11a ny•IKe MKXmoe .meprnu 0.5 

T3B, rJJ:e 6uno npo11eM0Hc'Tp11pooa110 pa3pemeH11e oKono 80 MKM npH p.1film! 11 

nponop11110HaJT1,HOM pe:lKl1Me. 3J1f 11U:JIC110Balll1.II 110Ka3aJTl1 np11Mel111MlX:TI, . lTOro 

He11opororo H Ha]J:e:lKHOro TIDlll }J:eTeKTopa JJ:JT.11 TO'IIIOro l,fJMepeHH.11 KOOp,111HaTbl. 
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