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06"-aH xapaKTepHCTHKa pa60Tbl. 

AKTyaJibHOCTb. 
CornacHo CTaH,D;apTHon M0,D;em1 (CM) MaTepm1 cocT0HT H3 Tpex rroKorreHHH 

:meMeHTpaHbIX qaCTHIJ; - rrerrT0H0B H KBapK0B, yqaCTBYIOIIJ;HX B Tpex THrrax 

q>yH,D;aMeHTaJJhHhIX B3aHMO,D;eHCTBHH - 3JJeKTP0MarHHTH0M, crra6oM H CHJlhH0M 

H,D;epH0M. 

CTaH,D;apTHM M0,D;eJJb 6&rna HeO,D;HOKpaTHO rrpoBepeHa c BbICOKOH ToqH0CTbIO 

BO MH0rHX 3KCrrepnMeHTax, BITJI0Th ,[(0 MaKCHMaJJhHhIX 3Heprnii CT0JIKHOBeHHll, 

,[(0CTYITHhIX C0BpeMeHHhIM ycK0pHTeJJHM qacTHIJ;. Ilo,D;Beprarracb 0Ha rrpoBepKaM H B 

HeycK0pHTeJJbHhIX (rraCCHBHhIX) 3KcrrepHMeHTax. BMecTe C TeM, HeCM0TpH Ha Macey 

,[(0CT0HHCTB TeopeTnqecKoro rrrraHa, M0IIJ;HYIO rrpe,D;CKa3aTeJJLHYIO CHJJY H 

TIIJ;aTeJJLHYIO 3KCrrepnMeHTaJJbHyIO rrpoBepKy, CM o6rra,D;aeT pH,D;0M He,D;0CTaTK0B H 

HeperneHHhIX rrpo6rreM, qTo He IT03B0JIHeT cqnTaTb ee 0KQHqaTeJJbHhIM BapnaHT0M 

Teopnn: 

1. B paMKax caMOH CM 0CTaeTCH 0TKpbITbIM Borrpoc rrpno6peTeHHH MaCCbI 

qacTHIJ;aMH - CTaH,D;apTHblll MeXaHH3M rrpno6peTeHHH MaCChI qacTHIJ;aMH 

(MexaHH3M Xnrrca) Bee eme He IT0,[(TBep)I(,D;eH 3KCrrepHMeHTaJJhH0 - 6030H 

Xnrrca He o6Hapy)I(eH; 

2. B 0ITHCaHHH rrpncyTCTByeT 60JJbIIIOe qncrro CB060,D;HbIX rrapaMeTp0B (a 

HMeHH0 - 19), He q>HKCHpyeMbIX B paMKax caMOH CM, KaK n qncrro 

ITOKOJJeHHH q>yH,D;aMeHTaJJhHhIX qacTHu;; 

3. CM orrpe,D;erreHHo He M0)I(eT 6LITL BepHoii ,D;mi: Bcero ,D;Harra10Ha 3Hepmii 

B3aHMO,D;eHCTBHH, BITJI0Th ,[(0 6eCKOHeqHo 60JJhllIHX 3HaqeHHH. 3To CBH3aH0 

C HaJJHqHeM 6ecKOHeqHo 6oJJbIIIHX rrorrpaB0K K Macce XHrrC0BCK0ro 

6030Ha H Tpe6oBaHHeM orrpe,D;erreHHOH ITO,ll;CTpOHKH TeopHH, qTo6bI 3TH 

rrorrpaBKH C0KpaTHTh; 

4. CM He BKJJIOqaeT B ce6H rpaBHTaIJ;HIO, qeTBepTOe H3 cyru;ecTBy10ru;nx 

q>yH,D;aMeHTaJJhHhIX B3aHMO,D;ellCTBHll. 

OcHOBHhie HeperneHHbie rrpo6rreMbI CM Tpe6yIOT rrpHBJJeqeHHH 6orree IIIHp0KHX 

rpyrrrr CHMMeTpHH HJIH ,D;pyrnx C0BeprneHH0 H0BhIX KOHIJ;erru;nii (Harro,D;o6ne Te0pHH 

CTpyH HJIH C,D;erraHHhIX 
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B ,D;yxe" TeopHH CTPYH MO,D;erreii C ,D;0IT0JIHHTeJJhHhIMH 

rrpocTpaHCTBeHHhIMH H3MepeHHHMH). B HaCT0Hru;ee BpeMH 6LIJJH cqiopMyrrnpoBaHhl 

HeCK0JlhK0 TeOpHH ,[(JIH Toro, qTo6bI 0TBeTHTh Ha B0rrpocbI, He 0XBaTLIBaeMbie 

CTaH,D;apTHoii Mo,D;errLIO. Han6orree rrorryrrHpHa B HaCT0Hru;ee BpeMH TeopnH 

cyrrepCHMMeTpHH (SUSY), 0CH0BaHHM Ha mrroTe3e CHMMeTpHH 6030HOB H 

qiepMHOHOB. B paMKax 3TOH mrroTe3hl rrpe,D;CKa3bIBaeTCH cymecTB0BaHHe 

cyrrepCHMMeTpHqHb!X rrapTHepoB Bcex 06&1qHhIX qacTHIJ; CM, a TaK )I(e 6o30HOB 

Xnrrca, qncrro K0T0pLIX 6orr&rne rro cpaBHeHHIO c CM, HarrpnMep, 5 B Han6orree 

rrorryrrHpHoii pearrH3au;nn SUSY - MHHHMarrhH0M cyrrepCHMMeTpnqHoM pacrnnpeHHH 

CTaH,D;aprnoii Mo,D;errn (MSSM). ,npymMH B03M0)I(HLIMH TeopernqecKHMH 

rrpe,D;IT0JI0)I(eHHHMH, JJe)I(aIIJ;HMH 3a paMKaMH CM, HBJIHIOTCH TaK Ha3bIBaeMbie 

pacrnnpeHHbie KaJJH6poBOqHbie M0,D;eJJH Te0pHH BeJJHKoro 06be,D;HHeHHH (TBO), 

0CH0BaHHhie Ha 6orree IIIHp0KHX rpyrrrrax KaJJH6poBoqHbIX CHMMeTpHH, qeM CM. B 

rrocrre,D;HHH ,D;eCHTHJJeTHH IIIHp0K0e pacrrpocTpaHeHHe rrorryqnrrH rHIT0Te3bl 
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MHOfOMepHOCTH Harnero np0CTPaHCTBa H CB»:3aHHble C 3THM MO,ll;eJIH e 

,ll;Oil0JIHHTeJibHbIMH npoeTPaHCTBeHHbIMH H3MepeHHHMH. 

C IlOMOII.(bIO HOBOro IlOKOJieHH»: ,<pmHqecKHX yeTaHOBOK Ha bOJlblIIOM 

A,n:poHHOM Konnai1,n:epe (LHC), eo3,n:aHHOM a . EaponeiicKoM UeHTpe 51,n:epHbIX 

Heene,n:oBaHHH (CERN), MO)KeT 6bITh perneH aonpoc o eyll(eernoaaHHH 6o3oHa 

XHrrea KaK o,n:Horo H3 npHHI.(HIIHaJibHeiirnHx aonpoeoa CTaH,n:apTHOii Mo,n:enn, 

eynepeHMMeTPHqHbIX qacTHI.(, ,ll;0IIOJIHHTeJibHbIX TH)KeJiblX KaJIH6poaoqHbIX 6o30HOB, 

B036y)K,n:eHHbIX pe30HaHCHbIX COCTO»:HHH rpaBHTOHa H BbIIIOJIHeHa lIIHpOKa»: 

nporpaMMa <pH3HqeeKHX Heene,n:oaaHHiI [Cl]. 

<l>eHOMeHOJIOrHH .D:JI»: pa3JIHqHbIX aapHaHTOB CI.(eHapHeB 3a paMKaMH CM 

pa3JIHqHa, o,n:HaKo eCTb o6II.(He qepTbI, CBOHCTBeHHbie aeeM MO,ll;eJI»:M, OT caMbIX 

npOCTbIX ,n:o MaKeHMaJibHO H30II.(peHHbIX. IlpaKTHqeeKH Bee MO,ll;eJIH 3a paMKaMH CM 

npe,n:eKa3bIBaIOT eyll(eeTBOBaHHe HOBbIX qacTHI.( HJIH »:BJieHHH, KOTOpbre MOryT 6bITb 

o6Hapy)KeHbI a KaHanax c MIOOHaMH a KOHeqHOM eOCTOHHHH. K HaeTOHII.(eMy 

BpeMeHH B qJH3HKe :JJieMeHTapHbIX qacTHI.( Bbipa6oTanach yeTofiqHBa»: exeMa 

npoae,n:eHHH neene,n:oaaHHH - eHrHaJibI 
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HOBOH
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qJH3HKH HII.(yTeH no OTKJIOHeHHHM OT 

npe,n:eKa3aHHii eTaH,n:apTHOU MO,n:eJIH (BeJIHqHHa 3THX OTKJIOHeHHii HHOr,n:a He 

npeBbIIllaeT HeeKOJlbKHX npol(eHT0B ). PemeTPal(HH H aHaJIH3 no,n:o6HbIX eo6bITHH 

HeB03MO)KHbI 6e3 BblCOKOH ToqHOCTH H 3<p<peKTHBHOCTH peKOHeTPYKI.(HH MIOOHOB, 

qTo HanaraeT IIOBbilIIeHHble Tpe6oBaHHH K xapaKTeptteTHKaM ,n:eTeKTopoB, II03TOMY B 

KaqeeTBe 6a30Boro ,n:eTeKT0pa ,ll;JIH TOpl(eBbIX MIOOHHbIX etteTeM :JKenepHMeHTa CMS 

[C2] BbI6paHa MHOronpOBOJIOqHa»: nponopl(HOHaJibHa»: KaMepa c KaTO,ll;HbIM 

eqHThIBaHHeM HH<popMal(HH co eTPHIIOB (KaTO.D:HO-CTPHIIOBa»: KaMepa, CSC). 

KaTO,ll;HO-eTPHIIOBa»: KaMepa coqeTaeT a ee6e Bee Heo6xo,n:HMble ,ll;JIH perneHH»: 

qrn3HqeeKoi1 3a,n:aqH eaoi1crna: 

• onpe,n:eneHHe KOOp,ll;HHaTbI MIOOHa e TOqH0eTbIO nyqrne 50 MKM; 

• BbleOKOe 6bleTPo.n:ei1CTBHe, Heo6xo,n:HMOe ,ll;JI»: qiopMHpoaaHH»: TPHITepa 

nepaoro ypoBH»:. BpeMH e6opa :JJieKTPOHOB nepBttqHOU HOHH3al(HH He 

npeahrrnaeT 100 He; 

• B03M0)KHOeTb pa60TbI B yeJIOBHHX BbieOKHX qJOHOBbIX 3arpy30K 

nopH,n:Ka HeeKOJibKHX r<l'I.(/eM
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; 

• B03MO)KHOCTb pa60Tbl B MarHHTHOM IIOJie nopH,n:Ka HeeKOJibKHX Teena; 

• npHeMJieMa»: CTOHMOeTh. 

C TOqKH 3peHH»: npOH3BO,ll;CTBa H eTOHM0eTH ,n:eTeKTopa Ba)KHblM HBJI»:eTe»: HaJIH'IHe 

Hapa6oTaHHbIX TeXHOJIOfHH H3rOTOBJieHH»:. 

Koop,n:HHaTHa»: TOqHOeTb KaMep MIOOHHOH CTaHI.(HH MEI/1 HrpaeT 

onpe,n:eJIHIOII.(yIO pOJib a o6ecneqeHHH Heo6xo,n:HMOro HMIIYJibeHoro pa3perneHHH 

TOpl(eaoiI MIOOHHOH eHeTeMhI yeTaHOBKH CMS. Heo6xo,n:HMOeTb o6'he,n:HHeHHH 

qaeTeiI TPeKa B MIOOHHOH eHCTeMe H TPeKepe, 6JIH3KOe pacnOJIO)KeHHe eTaHI.(HH K 

BttyTPeHHeMy TPeKepy onpe,n:eJI»:IOT BbieOKHe TPe6oBaHHH K 3<p<peKTHBHOeTH H 

ToqHoeTH onpe,n:eneHH»: npOCTPaHeTBeHHblX KOOp,ll;HHaT MIOOHa. bOJibillOe 

KOJiffqeCTBO KaHaJIOB perHeTPal(HH H orpaHHqeHHOe MeCTO ,ll;JIH pa3Mell(eHH»: 

,n:eTeKTopa H :JJieMeHTOB pemeTPal(HH aneKYT 3a eo6oi1 pH,n: oeo6h1x TPe6oaaHHH K HX 

pa3pa6oTKe H 3KennyaTal(HH. 
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Uem. llHCcepTaUHounoii pa60TL1. 
Hccne,n:oBaHHe IlpHMeHeHHH KaTO,ll;HO-eTpHIIOBbIX KaMep ,ll;JIH TOqHQH 

peKOHCTPYKI.(HH KOOp,ll;HHaTbI MIO0Ha a a3HMYTaJibHOM HanpaBJieHHH (He xy)Ke 75 
MKM [C3] a o6II.(eii eHeTeMe KO0p,ll;HHaT ycTaHOBKH) H MOMeHTa nponeTa (e 

TOqHoeTbIO He xy)Ke 4 He) a yeJIOBH»:X Heo,n:Hopo,n:Horo MarHHTHOro IIOJI»: 

BeJIHqHHOii 3 Tn H qJOHOBbIX 3arpy3oK· .n:o 1 r<l'I.(icM
2 

B TOpl(eBbIX o6nacrnx 

,n:eTeKTopoa Ha EoJibillOM A,n:poHOM KoJIJiaiI,n:epe (LHC). ,n:anHoe Hccne,n:oaaHHe 

npe,n:nonaraeT: 

1. TeopeTHqeeKoe H 3KenepttMeHTaJibHOe Hecne,n:oBaHHe MeTO,ll;0B 

nepexo,n:a OT eHrnaJIOB K KOOp,ll;HHaTe B KaTO,ll;HO-eTPHIIOBbIX KaMepax; 

2. TeopeTHqeeKoe H 3KenepHMeHTaJibHOe Hcene,n:oBaHHe BJIHHHH»: 

Heo,n:Hopo,n:Horo MarHHTHoro IIOJIH, :JJieKTPOMarHHTH0ro 

eonpoBO)K,ll;eHHH ll HeKoppenHpOBaHHOro qJOHa Ha KOOp,ll;HHaTHyIO 

TOqHoeTb H BpeMeHHbre eBOHCTBa KaTO,ll;HO-eTPHIIOBbIX KaMep. AHaJIH3 

3KenepnMeHTaJibHbIX ,n:aHHbIX ,ll;JIH neene,n:oBaHHH MeTO,ll;OB 

KOMileHCal(HH BJIHHHHH MarHHTHOro IIOJI»: Ha Koop,n:nHaTHYIO TOqHOCTh; 

3. Pa3pa60TKY H 3KenepHMeHTaJibHOe ucene,n:oBaHHe MeTO,ll;OB, 

o6eenequaa!OII.(HX eOCTOHTeJIBHOCTb OI.(eHOK napaMeTPOB 

peKOHCTPYHPOBaHHhIX TPaeKTopuiI MJOOHoa; 

4. OnTHMH3al(HIO reoMeTPHqeeKHX napaMeTP0B KaTO,ll;HO-eTPHIIOBbIX 

KaMep ,ll;JIH ,ll;OCTH)KeHH»: TPe6yeMoii TOqHOCTH, BpeMeHHbIX 

xapaKTepHCTHK H 3<p<peKTHBHOCTH peKOHeTPYKI.(HH MIOOHHOro TpeKa; 

5. Pa3pa6oTKY H e03,n:aHHe nporpaMMbI Mo,n:enupoBaHHH KOOp,n:HHaTHOro 

pa3perneHHH KaTO,ll;HO-CTPHIIOBOH KaMepbI yqttTbIBaJOII.(eH Benuqney 

3a30pa aHO,ll;-KaTO.D: KaMephr, mar aHO,ll;HbIX npoBOJIOqeK H HX ,n:naMeTp, 

CBOiieTBa HeIIOJib3YeMOH fa30BOH eMeeu, BeJiuqnHy MarHHTHoro IIOJIH H 

aemi:qnHy raJoaoro yeuneHHH; 

6. TeopeTnqeeKoe H 3KCI1epnMeHTaJibHOe ucene,n:oBaHHe MeTO,ll;OB 

onpe,n:eneHHH napaMeTPOB JIOKaJibHbIX CHeTeM KOOp,ll;HHaT ,n:eTeKTopoB 

MIOOHHbIX eTaHI.(Hll ME 1/1 a o6II.(ei1 CHCTeMe KOOp,ll;HHaT yeTaHOBKH 

CMS; 

7. AHaJIH3 3KenepnMeHTaJibHbIX ,n:aHHbIX ,ll;JI»: IIO,ll;TBep)K,ll;eHH»: 

. eooTBeTeTBH»: napaMeTPOB KaMephr TPe6oaaHHHM :JKenepttMeHTa CMS B 

yenoBHHX, 6JIH3KHX K peanbHhIM Ha LHC. 

3 



Hay'IH3H IIOBH3113 pa60T1,I. 
BnepBbie BhlII0JIHeH0 K0MnJieKCH0e IICCJie.!(0BaHIIe II 3KCnepI1MeHTaJihH0 

noKaJaHo, 'ITO KaT0.!(H0-CTpiln0BruI KaMepa 06ecne'1I1BaeT T0'IH0CTb perIICTpaUIIII 
K00p.!(IIHaTbI MJO0Ha B aJIIM)'TaJihH0M HanpaBJieHIIII He xy)l(:e 75 MKM II BpeMeHII 
npoJieTa c T0'IH0CThJO JIY1IIIIe 4Hc B ycJI0BIIRX He0.!(H0p0.!(H0ro MarHIITH0ro n0JijJ 
BeJIIl'IHHOll 3 TJI II !pOHOBbIX 3arpy30K .1(0 I IQJ-VCM2 B TopueBblX o6Jiacrnx 
ycTaH0BKII «KoMnaKTHblll MJOOHHhlll C0JieH0il.1(». 

B .!(IICCepTaUIIOHHOll pa6oTe pmpa60TaHbI opilrHHaJibHbie MeT0.!(hl II 
npIIBe,!(eHhl H0Bhie pe3yJihTaTbI TeopeTI11IeCKIIX II 3KCnepI1MeHTaJibHhIX 
IICCJie.!(OBaHilll xapaKTepIICTIIK KaTO.!(HO-CTpilnOBOll KaMepbI: 

• BnepBbie ,!(eTaJihH0 IICCJie.!(0BaHbI MeT0.!(bI nepexo.!(a OT ClffHaJI0B K K00p.!(IIHaTe 
qacTIIUhI, noJiyqeHbI aHaJIIITII'leCKIIe Bbipa)l(:eHIIR .!(Jljl KOOp,D;IIHaTHOll T0'IH0CTII, 
3aBIICIIM0CT~ T0'IH0CTII OT nepenoJIHeHIIR aMnJIIITY.[(HO-UII!ppOBOro 
npeo6pa30BaTeJIR, 061,sicHeHO noBe,D;eHIIe T0'IH0CTII nonepeK II B,[(0Jib CTpIIna. 
TTpe,[(JIO)l(:eHa II peaJIII30BaHa npoue,D;ypa onTIIMII3aUIIII reoMeTpII'leCKIIX 
napaMeTp0B csc ,[(Jljl ,[(0CTII)l(:eHIIR Tpe6yeMOll KOOp,D;IIHaTHOll T0'IH0CTII; 

• BnepBbie BbIII0JIHeH0 IICCJie,[(0BaHIIe II ,D;aHbI npaKTII'leCKIIe peK0MeH,[(al(IIII no 
onTIIMII3al(IIII BpeMeHH0ro IIIara C'IIITbIBaHIIR aMnJIIITY.[(hl BbIX0,[(H0ro CIIrHaJia 
KaT0,[(H0ro TpaKTa; 

• ,[(JISI ycTaH0B0K TIIna TeJieCKon BnepBbie BbIII0JIHeH opIIrIIHaJihHhlll 
MaTeMaTII'leCKIIll aHaJIIl3 3a,[(a1III onpe,D;eJieHIISI napaMeTp0B JI0KaJihHbIX CIICTeM 
K00p,D;IIHaT ,D;eTeKTopa B o6meii CIICTeMe K00p,D;IIHaT ycTaH0BKII. OcymeCTBJieH 
Bb16op MIIHIIMaJibHbIX Tpe6oBaHIIll ,[(Jljl 0,[(H03Ha1IH0ro peIIIeHIIR Ja,[(a1III; 

• BnepBbie npIIMeHeH MeT0,[( MaKCIIMyMa npaB,[(OnO,D;06IIR ,[(JijJ ,[(0CTII)l(:eHiljJ 
onTIIMaJihHhIX oueHoK napaMeTp0B TpaeKTOpIIii B CSC; 

• BnepBhie IICCJie,D;oBaHo BJIIIRHIIe MarHIITH0ro noJIR CMS (3 TJI) ' Ha 
K00p,D;IIHaTH0e pmpeIIIeHIIe KaMepb1; 

• BnepBbie IICCJie,[(0BaH0 BJIIIRHIIe 3JieKTp0MarHIITH0ro conpoB0)l(:,[(eHIISI, 
IIH,D;YUIIpyeMoro MJO0HaMII BblC0KIIX 3HeprIIH B BemecTBe, Ha K00p,D;IIHaTH0e 
pmpeIIIeHIIe KaMepbl II 3cp!peKTIIBHOCTb peK0HCTpYKUIIII MJO0HHbIX TpeK0B B 
MarHIITH0M none CMS; 

• BnepBbie IICCJie,[(oBaH0 BJIIIRHIIe yTe1IeK a,D;p0HH0ro JIIIBHSI Ha !pOHOBYJO 
3arpy3KY ME 1/1; 

• BnepBbie IICCJie,[(0BaHbl BpeMeHHbie CBOHCTBa csc B ycnoBIIRX, 6nII3KIIX K 
LHC. 

IlpaKTil'leCK3H genuOCTL pa60TLI. 
l(aHHruI pa6oTa C0,D;ep)l(:IIT MeT0,[(bl peIIIeHirn 0CH0BHbIX 3a,[(a1I CBR3aHHhIX C 

IICn0Jib30BaHIIeM KaT0,[(H0-CTpIIn0BhIX KaMep B 3KCnepIIMeHTe. 
Ha 0CH0Be nony1IeHHbIX pe3ynhTaT0B BhIII0JIHeHa onTIIMIIJal(iljJ 

reoMeTpII1IeCKIIX napaMeTp0B KaMepbI ,[(Jljl ,[(0CTII)l(:eHIISI Tpe6yeMOll T0'IH0CTII, 
3cpcpeKTIIBHOCTII perIICTpaUIIII MlO0H0B II M0MeHTa nponfaa MJO0H0B. 

4 

TTpe,D;JIO)l(:eHbI II 3KCnepIIMeHTaJibH0 peaJIII30BaHbI opIIrHHaJihHhie MeTO.!(bl 
II3yqeHIIR xapaKTepIICTIIK KaMep MlOOHHOll CTaHUIIII MEI/I B ycJI0BIIRX, 
npII6JIII)l(:eHHhIX K peanbHhIM B ycrnH0BKe CMS. 

Pmpa60TaHHbie MeT0.!(bl npIIMeHeHbl ,[(JijJ pmpa6oTKII II JiernII B 0CH0BY 
C03,[(aHIIR YHIIKaJibH0ro .!(eTeKTopa - MJOOHHOH CTaHUIIII ME 1/1. 

TTonyqeHHbie pe3yJihTaTbI npIIMeHIIMbI TaK*e .!(JIR: 
• raJ0BbIX ,D;eTeKTopoB, npIIHUIIn ,!(ettCTBiljJ K0T0pbIX 0CH0BaH Ha aHaJIII3e 

HaBe,D;eHHoro 3apR,D;a Ha cerMeHTilpoBaHHOM KaTo.!(e (Gas Electron 
Multiplier, micromegas, Time Projection Chamber, ... ); 

• npe,D;JIIIBHeBbIX ,D;eTeKTop0B C cerMeHTIIpOBaHHOll ,!(eTeKTIIPYJOmeii 
1IaCThJO; 

• npoeKTIIBHbIX KaJI0pIIMeTp0B ,[(JljJ B0CCTaH0BJieHIIR K00p,D;IIHaT ueHTpa 
JIIIBHjJ; 

• ,D;peiicpOBbIX KaMep ,[(JIR B0CCTaH0BJieHiljJ nepe,D;aTO'IHOll <PYHKUIIII. 

Anpo6agI1H pa6oTLI. 

OcHOBHbie pe3ynhTaTbl .!(IICCepTal(IIII II3JI0)l(:eHbI B 25 pa6ornx, cnIIC0K 
K0TOpbIX npIIBe,[(eH B K0HUe aBTopecpepaTa. K cnIICKy, peK0MeH,[(0BaHH0MY BAK 
P<l>, 0TH0CRTCR (3], (10], (12], (14], (15], (17], (18], (19], (20]. K .!(0KJia,[(aM, 
orry6nIIKOBaHHbIM B MaTepIIaJiax Me)l(:,[(yHap0,D;HbIX KOH!pepeHUIIH, 0TH0CRTCR [2], 
(5], [6], (16], (22], (24]. Pe3yJioTaTbI IICCJie,[(OBaHIIll He0.!(H0KpaTHo ,[(0KJia,[(bIBaJIIICb 
Ha o6mena6oparopHhIX ceMIIHapax B Jl<l>l.J, Jl<l>B3 0115111, Ha ceMI1Hapax 
Konna6opaUIIII CMS B l(EPH ()KeHeBa, IllBeiiuapiljJ), a TaK*e Ha cJie,D;YJOmIIx 
Me)l(:,[(yHapo,D;HblX C0BemaHIIRX II KOH!pepeHUIIRX: 

1. Proceedings of the 9th International Conference Computing in High Energy 
Physics 91, p.511-514, Tsucuba, Japan, 1991. 

2. Proceedings of the 10th International Conference Computing in High Energy 
Physics 92, p.316-318, Annecy, France, 1992. 

3. First Annual RDMS CMS Collaboration Meeting, CERN, Geneva, 
Switzerland, December 11-15, 1995. 

4. Second Annual RDMS CMS Collaboration Meeting, CERN, Geneva, 
Switzerland, December 16-17, 1996. 

5. Third Annual RDMS CMS Collaboration Meeting, CERN, Geneva, 
Switzerland, December 16-17, 1997. 

6. Fifth Annual RDMS CMS Collaboration Meeting, ITEP, Moscow, Russia, 
November 22-24, 2000. 

7. CMS Endcap Muon Meeting, CERN, Geneva, Switzerland, June 14, 1998. 
8. Proceedings ofMEI/1 Engineering Design Review, CMS Document 99-047, 

CERN, Geneva, Switzerland, June 21-23, 1999. 
9. Proceedings of the 7'11 International Conference on Advanced Technology@ 

Particle Physics (ICATPP-7), World Scientific, 2002, pp.347-351. 
IO.Proceedings of the 7th International Conference on Advanced Technology@ 

Particle Physics (ICATPP-7), World Scientific, 2002, pp.347-351. 
11.Endcap Muon CSC-MEl/1 Meeting at CERN, Geneva, Switzerland, June 06, 

2004. 
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12.Ninth Annual RDMS CMS Collaboration Meeting, NC PHEP, Minsk, 
Belarussia, November 29-December 01, 2004. 

13.Tenth Annual RDMS CMS Collaboration Meeting, PNPI, St. Petersburg, 
Russia, September 12-17, 2005. 

14.Endcap Muon CSC-MEl/1 Meeting at CERN, Geneva, Switzerland, June 18, 
2005. 

15.CMS HCAL Software Preparedness Review, CERN, Geneva, Switzerland, 
February 23, 2006. 

16.Eleventh Annual RDMS CMS Collaboration Meeting, Varna, Bulgaria, 
September 12-15, 2006. 

17.Endcap Muon CSC-MEl/1 Meeting at CERN, Geneva, Switzerland, February 
26, 2007. 

18.Endcap Muon CSC-MEl/1 Meeting at CERN, Geneva, Switzerland, June 16, 
2007. 

CTpyKTVpa u o6'heM L(HCCepTaUHH. ,n:ucceprnu;m, o6'beMOM 253 CTpaHHU: COCTOIIT 
ll3 BBe.n:eHmI, '!eTI,Ipex rnaB ll 3aKJIIO'leHHH. Co.n:ep)l(llT 11 rn6nuu:, 167 pucyHKOB ll 
CllllCOK U:llTHpyeMOH JIUTepaTypbl ll3 106 CCbinOK. 

Ily6mrn:auuu. no MaTepuanaM .n:ucceprnu;uu 011y6nuK0BaHo 25 pa6oT, B TOM qucne 
B ~Hanax «TTIIchMa B 3llAA», «JINR Rapid Communications», «Nuclear 
Instruments and Methods in Physics Research Section A» u MaTepuanax 
Me)l(.n:yHapo.n:HhIX KOHcpepeHu;uii («Computing in High Energy Physics 1991, 1992», 
«International Conference on Advanced Technology @ Particle Physics 2002», 
«International Conference in High Energy Energy Physics 1993», «International 
Conference on Calorimetry in High Energy Energy Physics 1994» ). 

Coaepmauue auccepTagnu. 

Bo sseaeuuu paccMoTpeHa aKryanhHOCTb uccrre.n:oBaHttii, ccpopMyrrupoBaHhI u;erru u 
3Ma'lll .n:uccepTaU:llOHHOH pa60Tbl. 
B nepsoii f'JiaBe 11pttBe.n:eHO KpaTKOe OllllCaHue ll OCHOBHhie xapaKTepttCTTTKlI 
«EorrhIIIoro A.n:poHHoro Konrraw.n:epa» (LHC). PaccMoTpeHo Ha3Ha'leHue 
C03.n:aBaeMbIX .n:nH pa60Tbl Ha LHC 3KC11epuMeHTanbHhlX ycTaHOBOK . .n:aHO KpaTKOe 
011ucaHue ycTaHOBKll «KoM11aKTHbitt MIOOHHbitt correHou.n:» (CMS). 06ll.(tttt Btt.n: 
ycTaHOBKll CMS 110Ka3aH Ha puc.1. Topu;eBaH '!aCTb MIOOHHOro c11eKTpOMe-rpa 
COCTOllT ll3 4 CTaHI.J;llH. TTepBaH CTaHI.J;llH MEI COCTOllT ll3 KOJieu; .n:eTeKTopoB -
MEl/1, MEl/2 u MEl/3. TTepe.n:HHH CTaHU:HH MEl/1 (HBJIHIOII.(aHcH 11pe.n:MeToM 
uccne.n:oBaHllH .n:aHHOH .n:uccepTau;uu) - caMOe BHyTpeHHee KOJibU:O .n:eTeKTOpOB -
paCIIOJIO)l(eHa Ha pacCTOHHllll 6 MeTpOB OT TO'!Kll B3attMo.n:ettCTBmI IIY'IKOB TT Ha 
paccTOHHllll 1 MeTp OT OCH IIY'J:KOB. 0Ha Haxo.n:ttTCH He11ocpe.n:cTBeHHO 3a 
a.n:poHHblM KanOpttMeTpOM ll 11epeKpb1BaeT .n:ualla30H 110 11ceB.n:06bICTpOTaM OT 1,6 .n:o 
2,4. B OTJill'llle OT OCTanbHb!X CTaHU:llH MEl/1 paCIIOJIO)l(eHa B aKCllaJibHOM 
MamttTHOM 11one coneHou.n:a 3 Tecrra. 
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,n:rrH .n:ocTtt)l(eHttH -rpe-
6yeMoro pa3peIIIeHttH 110 
HM11yrrhcy (L'1P/P ::::: 10% .n:rrH 
MIOOHOB 1 T3B/c) Bceii 
Topu;eBOU MIOOHHOU CllCTeMbI, 
KaMepbl MIOOHHOH CTaHI.J;llll 
MEl/1 .n:OJI)l(Hhl 
06ec11e'!ttBaTh Koop.n:uHaTHoe 
pa3peIIIeHlle cr ~ 75 MKM. 
3cpcpeKTllBHOCTh BOCCTa
HOBJieHmI TpeKOB MIOOHOB 
.n:oJI)l(Ha 6bITb 6JIU3Ka I( 100%. 
,n:rrH 011pe.n:eneHttH MOMeHTa 
CTOJIKHOBeHmI IIY'J:KOB 
Heo6xo.n:ttMO BpeMeHHO~ 
pa3peIIIeHue ~ 4 HC. KaMepbl 
MIOOHHOH CTaHI.l;llll MEl/1 
.n:oJI)l(Hbl pa6oTaTb B 
aKCllaJibHOM MarHUTHOM IIOJie 
coneHou.n:a BeJitt'lllHOtt 
~ 3 Trr c pMttaJibHOil 

Puc. I O6rriuii Bil.II ycnUI0BKH «KOM!Ia.KTHbIH MIOOHHb!H 

coJieHou,11» (CMS) 

COCTaBJIHIOII.(eil ~ 0,3 Tn. CTaHU:llH ,!l;OJl)l(Ha 06ec11e'lllTb -rpe6yeMbie 11apaMeTpbl 11pu 
q>OHOBblX 3arpy3Kax OT 3apH)l(eHHbIX '!aCTllU: IIOpH.n:Ka 1 Kru:/cM2

• B 3TOH rnaBe 
o6cy)l(.n:aIOTCH 11po11opu;uoHaJibHble KaMepbi c KaTo.n:HbIM C'lllTbIBaHtteM 
llHq>OpMau;uu co CTpllllOB B KaqecTBe 6a30BOro .n:eTeKTopa .n:nH Topu;eBb!X MIOOHHblX 
c11eK-rpoMeTOB 3Kc11epuMeHTa CMS. CcpopMynupoBaHa 11porpaMMa TeopeTtt'lecKux u 
3KC11epttMeHTaJihHb!X uccne.n:oBaHUH, 06ec11e'!ttBaIOII.(llX TO'IHYIO peruc-rpau;uIO 
MIOOHOB CTaHu;ueiI MEI/I B ycrrOBllHX Heo.n:Hopo.n:Horo MarHIITHOro IIOJIH ll 60JibIIIllX 
q>OHOBb!X 3arpy3Kax. 
BTopaH rJiaBa IIOCBHII.(eHa OIITllMll3au;1m 11apaMeTpOB csc (.n:rrH .n:ocTtt)l(eHUH 
Tpe6yeMOH Koop.n:1rnaTHOH TO'IHOCTll) ll nccrre.n:oBaHllIO OCHOBHbIX xapaKTepttCTllK 
(TO'IHOCTb, 3cpcpeKTllBHOCTh ll BpeMeHHbie CBOHCTBa). 

Koop.n:uHaTHaH TO'IHOCTb ( crx) pernc-rpupyIOII.(ero CJIOH csc 
cr

2 
x = cr

2 
meth +cr

2 
Br +cr

2 
Bz +cr

2 
di«tcr

2 
rest , 

r.n:e CTmeth - MeTo.n: 11epexo.n:a OT cnrHaJIOB KaTo.n:HO-CTplIIIOBOH KaMepbl I( KOop.n:rrHaTe, 
CTBr - BJillHHlle pa.n:ttaJibHOH COCTaBJIHIOII.(ett MarHTHOro ITOJIH Ha TO'IHOCTb, CTBz -

BJillHHlle HOpMaJibHOH COCTaBJIHIOII.(eii MarHllTHOro ITOJIH Ha TO'IHOCTb, crdiff- BJillHHlle 
.n:ttcpq>Y3llll 3JieKTpOHOB TO'IHOCTh ll CTrest - BJillHHlle Ka'!eCTBa ll3rQTOBJieHUH ll 
TO'IHOCTll ITOJIO)l(eHmI .n:eTeKTOpa (alignment) B CllCTeMe KOop.n:nHaT ycTaHOBKll. 

B .n:aHHOH rnaBe .n:eTaJihHO uccne.n:oBaHbl MeTo.n: OTHOIIIeHUH ll MeTo.n: 
q>llTllpOBaHllH [1,2] .n:rrH nepexo.n:a OT llHq>OpMau;rru co CTpllllOB Karn.n:HO-CTpllllOBOH 
KaMepbl K KOop.n:ttHaTe MIOOHa (nepe.n:aTO'IHaH cpyHKU:TTH). Ha puc. 2 11pe.n:CTaBJieHO 
Tllllll'IHOe co6bJTlle 3apernc-rpupoBaHHOe IIIeCTllCJIOHHOH csc B ycrrOBllHX 
OTCYTCTBllH cpoHa. 
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Pnc. 2. PemcTJ)aIImI O,IJ;HHO'IHOro MIOOHa csc B ycJJOBHllX OTC)'TCTBHll 4>0Ha. CJJeBa -

HH4>opMaIIHll C IIIeCTH KaTO,QHb!X IIJJOCKOCTeii ' crrpaBa - cpa60TaBIIIHe aHO,IJ;Hbie rpyrrrrhI, 

COCTOllIUHe H3 Ha6opa aHO,QHb!X rrpoBOJJOK 

M!OOHl,I, npoxo,z:v1 qepe3 nn, pmK.D,alOT 3JieKTpOHbI nepB11tJHOll I-IOHil3all,HI-I, 

KOTOpbre .n,peiicpyK>T K aHO.D,HhIM IIpOBOJIOKaM B,QOJih CI-IJIOBhIX Jil-!Hllll 

3JieKrp1-1tJeCKOro IIOmI. B6Jil-!3ll aHO.D,HhIX IIpOBOJIOK llCXO)];Hhie 3JieKrpOHhl 

nopo)l(.D,a!OT 3JieKrpOHHO-I-IOHH)'IO JiaBl-!H)', B pe3)'JlbTaTe ABl-!)KeHl-!H IIOJIO)KI-ITeJihHbIX 

llOHOB OT aHo.n,a K KaTO.D,aM Ha IIOCJie,QHI-IX llH.D.)'U.llpyeTCH 3apHA Qi (i- HOMep 

crpmm). Ha npaKTllKe B KatJecTBe I-ICXO,QHOll llHq>OpMaU.l-lll Mhl pacnonaraeM He Qi, a 

Qi+Pi+s, r,ne Pi - IIhe.n,eCTaJI KaHana ::ineKrpoH1-1K1-1, s - cnyqaiiHaH orrm6Ka (rrryM 

3JieKTpOHllK1-1). Pi+t - CJiyqaiiHaH BeJil-!'lllHa, pacnpe,neneHHaH IIO HOpMaJibHOM)' 

3aKoHy. B )'CJIOBllHX OTC)'TCTBllH perncrpnpyeMhIX qaCTI-IU., aHaJil-131-ip)'H IIJIOTHOCTh 

pacnpe,neJieHI-IH Pi+s, nerno HaiiT1-1 3HatJeH1-1e BeJil-!tJI-IHhI Pi ll ,n1-1cnepcn10 cr
2
(s). 

ITocne IIOACTaHOBKll BeJil-!'11-!HbI Pi, B KatJeCTBe llCXO.D,HOll llHq>OpMall,llll Mhl 

pacnonaraeM Qi+t, B AaJihHeiirneM 3T)' BeJill'lllHY 0603HatJHM Q;. 

Ha30BeM KJiaCTepoM HeIIpepbIBH)'IO IIOCJie.D,OBaTeJibHOCTh crpllIIOB C ypoBHeM 

Qi>3cr, orpaHlltJeHH)'IO cnpaBa ll CJieBa napoii CTpllIIOB C ypoBHeM Q;~3cr. llepe3 Qc 

o603Ha'll-!M Ha1-160JibIIIllll (u.eHrpaJibHhiii) Qi B KJiaCTepe, a npaBblll 1-1 JieBblll 

COOTBeTCTBeHHO Q,=Qi+I, Q1=Qj.J, CooTHOIIIeHl-le 3HatJeHl-!ll BeJil-!tJI-IH Q, ll Q1 

xapaKTep1-13yeT IIOJIO)KeHl-le MIOOHa OTHOCI-ITeJibHO u.eHrpa crpnna C 3apH,nOM Qc, 

CyTb pa3Jill'IHbIX Bap1-1aHTOB MeTo,na OTHOIIIeHl-lll COCTOI-IT B TOM, '!TO 

KOHcrpy1-1pyeTCH HeKOTOpaH BeJilltJl-!Ha a Ha OCHOBe BeJilltJllH Qr, Q1 ll Qc, ll 3aTeM 
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BOCCTaHaBJil-!BaeTCH nepe.n,aTO'IHaH q>)'HKIII-IH x=f(a), r,n_e X - KOOp.D,llHaTa MIOOHa 

OTHOCllTeJibHO u.eHrpa crp1-1na C 3apHAOM Qc, Hanp1-1Mep, paccMOrpllM a B B1-1.D,e 

a= Q,-Q, 
2Qc-Q,-Q,, 

3HatJeHl-!e napaMerpa a He 3aBl-!CI-IT OT IIponopu.1-1OHaJibHOro llJil-1 CllCTeMaTlltJeCKoro 

ll3MeHeHI-IH 3apH.D,OB Qr, Q1 ll Qc ll ll3MeHieTCH B 1-!HTepBane [-1, 1]' a nepe,naTOtJHaH 

q>)'HKU.llH f(a) - HenpepbIBHaH, HetJeTHaH, MOHOTOHHO B03paCTa!OIIIaH, 

ll3MeHHIOIIIaHCH B llHTepBane [-0,5 W, 0,5 W], r.n,e W - paCCTOHHl-le Me)K_ny IIeHrpaM1-1 

coce,nHI-IX crpllIIOB. 3a_naqa BOCCTaHOBJieHllH f(a) IIpi-1 )'CJIOBllll, '!TO x - ll3BeCTHaH 

BeJI1-1tJHHa rpa,n1-1u.1-1OHHa ll xoporno pa1pa6ornHa. PaccMorpnM cnyqaii, Kor,na x -
Hel-13BeCTHO. ITycTb p( a) - IIJIOTHOCTb pacnpe,neneHllH a, P(x) - IIJIOTHOCTb 

pacnpe.n,eJieHllH X lI a= 1.p(x). Tor,na, KaK 3TO 1-13BeCTHO, ll3 Teopl-!ll BepOHTHOCTeii, 

P{x) = p(l/f(x)) •1/f'(x). 

Kor,n_a P(x) - paBHOMepHa, AJIH npo1-13BOJihHOro ax nerno HattTll 

COOTBeTCTBYJOIIIllll X qepe3 q>yHKU.llll pacnpe.n,eJieHllH X 1-1 a 
W a, 

x = -=--+ W fp(a)da . 2 • 
-I 

TaKHM o6pa30M, nepe,naTOtJHaH q>)'HKU.I-IH npe,nCTaBJIHeT co6oii q>)'HKU.ll!O 

pacnpe.n,eJieHllH a, YMHO)KeHHYJO Ha IIIllpllHY crp1-1na 1-1 C.D,BI-IH)'TYJO Ha IIOJIOBl-ltty 

crpnna AJIH CJI)'tJaH paBHOMepHOll IIJIOTHOCTll pacrrpe.n,eJieHllH Koop,n1-1HaT MIOOHOB 

IIOIIepeK crp1-1na. ITocne.n,Hee )'CJIOBl-!e BhIIIOJIHI-IMO .D,JIH 6oJibllII-IHCTBa 

3KCIIepnMeHTOB. Ha pnc.3 rrpe,nCTaBJieHbI IIJIOTHOCTb pacnpe.n,eJieHl-!H 1-1 q>)'HKU.llH 

pacrrpe,neneHHH (H.n,po nepe,naTotJHoii cpyHKU.1-11-1) a. 

SOOO c=---=a:..:D:..clst=rl::bu:::t::.:lo::.n:..:0::.n;;::d..:0::;n=.d.:.cln;_:t•::,9,:_'°::;l:..:o::.f..::ac:f,.:'o::.m::.;;::C=.SC::....::D=.U=.BN:.::A-'-'-.P:..:,oc.:to:.:t"'ypcc•:__, 

4000 

3000 

2000 

1000 

0 t,,,1,,,1,,,, ,, ,r, ,,, ,1, ,1,:::J 
- , -o.s -o.e -0.4 -0.2 o 0.2 0.4 o.s a.a 

0.8 

0.6 

0.4 

0.2 

0 -1 -0,75 -0.5 -0.25 0 0.25 0.5 0,75 1 
INT(a) 

Pnc. 3 IlJJOTHOCTb pacrrpe,QeJJeHHll H «i>YHKIIHll pacrrpe,QeJJeHirn a 
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)vur annpoKCHMaQIUI q>yHKQHH pacrrpe.[!.eJieHmI a .[1.0CTaTOqH0 II0JIHHOMa ce.[1.bMOfO 

rropH.[!.Ka JIH60 M0)KH0 B0Cil0Jib30BaTbCH II0.[I.X0.[I.0M [3-6]. 

OcHOBHbie rrapaMeTpbI csc 6bIJIH HCCJie.[1.0BaHbI Ha npoT0THIIaX PO-P4 [7, 8]. 

C II0M0IUbID rrp0T0THila PO 6brna II0Ka3aHa B03M0)KH0CTb TOqHoii peK0HCTpyKQHH 

K00p.[!.HHaT MID0H0B (pHC. 4) B pa.[!.HaJibH0M MarHHTH0M none BeJIHqHHOH 3 Tn. 

IlpoTomn PO rrpe.D.CTaBJIHJI co6oii 4-x cnoiiHyID rrporropQH0HaJibHyID KaMepy 

rrpHMOYfOJibHOH qiopMbl pa3MepoM 0,Sx0,5 M
2
, T.e. C0CT0HJI H3 4 H)].eHTHqHbIX 

cy6KaMep. BennqnHa 3a30pa aH0.[1.-KaT0.[I. 6brna paBHa 2,5 MM. )J:HaMeTP aHO.[I.HbIX 

rrp0B0JI0qeK - 30 MKM, mar np0B0JioqeK - 2,5 MM. O.[I.HH H3 KaT0.[1.0B B Ka)K.[I.OH 

IIJI0CK0CTH 6bIJI BbIII0JIHeH B BH.[l.e rrapaJIJieJibHbIX CTPHII0B c rnaroM cqHTbIBaHHH 

5,08 MM. MexaHnqecKaH T0qH0CTb c6opKH KaMepbI (HeCOOCHOCTb CTPHII0B )].JIH 

pa3HbIX IlJIOCKOCTeii KaMepbI) 6brna o6ecneqeHa Ha ypoBHe He x~e 40 MKM. 

HcrroJib30BaJiacb 6bICTPaH pa6oqaH ra3oBaH cMeCb c .D.o6aBKoii CF 4 

Ar(30% )+CF 4(20% )+CO2( 50% ). 

:§' 450 •
c 
~ 400 
$ 
Z 350 

300 

250 

150 

100 

50 

a= 52 µm 

O t, 1 ·I; L I, I I I +:t:t:rl t t,, l a::J:,::t:1 l l 1111 I I I I I I 

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 

Xtrack - Xrecon (mm) 
Pl!C. 4 Koop,!ll!HaTHOe pa3pe!IleHl!e ,!\Jill O,!\HOH IIITOCKOCTll rrpoTOnma PO 

ToqHOCTb onpe.[!.eJieHHH K00p.[!.HHaTbI CTR M0)KH0 npe.[!.CTaBHTb KaK 

CJ' R 

a.J(Qc -Q,)2 +(Q, -Q1)2 +(Qt -Q,)2 

Q;(Qc -Qi)-Q;(Qc -Q,)-Q;(Q, -QI), 

r.[l.e Qc, Qr, Q1 - H3MepeHHbie Ha CTPHIIaX 3apH.[!.bI, a cr
2 

- .[I.HCIIepcm1 wyMa 

3JieKTP0HHKH. PaccM0TPHM .[I.Ba crreQHaJibHbIX cnyqaH, K0r.[l.a X = 0 H X = ±0,5 w. T.e. 

MID0H rrpoxo.[I.HT qepe3 QeHTP CTPHIIa H Me)K.ll.Y CTPHIIaMH. B 3THX cnyqaHx 
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(J' (J' 

(J'R = ..fi • Q; = ..fi. Q • q; ' 

r.[l.e q - IIOJIHbIH 3apH.D., H3MepeHHbIH Ha KaT0.[l.e, 

qr - rrp0H3B0.[I.HaH OT .[I.0JIH HH.D.YQHpoBaHH0fO B rrpaB0M CTPHIIe 3apH.[!.a. 

TaKHM o6pa30M, K00p.[!.HHaTHaH T0qH0CTb orrpe.[!.eJIHeTCH 0THornemieM CHrHana K 

IIIYMY Q/cr H BeJIHqHHOH H3MeHeHHH .[I.0JIH 3apH.[!.a B 6oKOBOM CTpHrre. C H3BeCTHOH 

.[I.OJieii ynpomeHHH Q orrpe.[!.eJIHeTCH BeJIHqHHOH BbIC0K0fO HarrpH)KeHHH H ra30BbIM 

C0CTaB0M, q ~ - reOMeTPHeii .[l.eTeKT0pa, cr - KaqecTB0M HCII0JIHeHHH ("rnyM") 

3JieKTP0HH0ro KaHana. PaccMOTPHM rro.[!.po6Hee rroBe)].eHHe q ~- HarrpuMep, Ha puc. 5 

rrpe.[!.CTaBJieH0 pacrrpe.[!.eJieHHe .[I.0JIH HH.D.YQHpoBaHH0fO B CTpHrre 3apH.[!.a B 

3aBHCHM0CTH OT paCCT0HHHH Me)K)].y KOOp.[!.HHaTOH MID0Ha H QeHTp0M CTpHrra 

(rrpoTOTHII P4 [8], W=5,6 MM). 

I 
~ 0.9 
0 

6 
[j O.B 

~ 
0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

-5 0 5 10 15 
DISTANCE. (mm) 

PIie. 5 3aBllCl!MOCTb ,!\OITll ll3MepeHHOro B CTpllIIe 3apll,!1a q OT paCCTOl!Hllll MelK.!ly KOOp,!IHHaTOii. 

MIOOHa II 11eHTpOM CTpHIIa 

.Z:Vrn cnyqM x=O He06XO.[I.HMyID np0H3B0.D.HYID CJie)].yeT B3HTb B TQqKe -5,6 MM, .[I.JI$! 

x=2,8 MM B ToqKe - 2,8 MM. JierKO 3aMeTHTb, qT0 npoH3B0.[I.HaH B rrepB0M cnyqae 

MeHbIIIe qeM BO BT0p0M. OTCID)].a CJie.[l.yeT, qTo K00p.[!.HHaTHaH T0qH0CTb rrorrepeK 

CTPHIIa He Il0CT0HHHa, 6onee Toro, T0qH0CTb B QeHTPe xy)Ke T0qH0CTH Me)K)].y 

CTPHTiaMH (pnc. 6 (a)). AHanornqHo M0)KH0 Il0Ka3aTb, qT0 K00p.[1.IrnaTHM T0qH0CTb 

He Il0CT0HHHa H B.[I.0Jib pa.D.Hyca (pHC. 6 (6)). Mo)].eJIHpOBaHHe, pe3yJibTaTbI K0Toporo 

npe.[!.CTaBJieHbI Ha pHc. 6(6), BbIII0JIHeH0 aBT0p0M C HCil0Jib30BaHHeM nporpaMM 

GEANT3 [C4], HEED [CS], MAGBOLTZ [C6]. OmHMaJibHM rnnpHHa CTPHna (c 

ToqKH 3peHHH KOOp.[!.HHaTHOH TOqHOCTH) paBHa pacCT0HHHID aH0.[1.-KaT0.[I. [1, 2]. 
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'20 
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90 

80 ~ 
70 f 

P4 SPATIAL RESOLUTION ACROSS STRIP -~---· ------ - ·---
GAS Arl 40":)+CF,l I 07.}+CO,lS0':;} 

STRIP WIDTH 5 I_; mm 

ANODE-CATHODE DISTANCE 3.mm 

ANODE-ANODE DISTANCE 2.54mm 

MAGNETI ftELO 2.5T 

µ.-TRACf..(2'.:5GeV) rp=0", 1'= lo" 

HV"'2.7lkV 

,. r, ,.~ 
:: [_"'"_L_,c_c_U.cal"~-do"u.~ •• d.,,, >' •. •"·•, '"·••' 

0 0 1 0.2 0 3 0 4 0.5 0.6 0.7 08 0.9 
STRIP AS UNIT 

a) 

11~ 
:z.140 

~ ! 130 -- TEST BEAM 04, HV=3kV 

~ 1:0 -- SIMULATION, HV=3kV 

~ 
~ 110 

~ 
"i_ 100 
~ 

90 + __!_. 
80 ~ ------r-
70 

60 

120 140 

6) 

',l ._ 
'80 200 220 

+; 

240 260 
RADIUS, R\cm) 

P11c. 6 lhMeHeH11e Koop,1J;11Harnoii rnqHocm: a) nonepeK CTp11na )];Jill npornnrna P4 [8], 6) B)];OJih 
pa,1J;uyca )];Jill 4>nHaJihHOii Bepcu11 KaMephI (11crrhITaHllll Ha nyqKe M!OOHOB UEPHa B 2004 ro)];y 11 

pe3yJihTaTbl MO,l];eJIHpoBaHllll) 

B paMKax MeTOAa qrnrnpoBalimr [1,2] He06XOAIIMal! KOOPAIIHaTa MIOOHa (x) II 

3ap»A, ll3MepeHHbIM Ha KaTOAe (Q), onpeAen»IOTCH ll3 ycnOBIIH MllHIIMyMa F, rAe 

n 2 

F(x,Q)= I(Qrea -Qq,(x)) 
i=l 

n - qHcno CTpHnOB B KnacTepe, npHHHTbIX B paCCMOTpCHIIe, 

i - HOMep c-rpuna B KnacTepe, 

Qt'a - ll3MepeHHblll 3ap»A B CTpHne, 

q; - AORH llHAYU:HpoBaHHOro Ha CTpHne 3ap»Aa. 
IloCKOnbKY oum6KH ll3MepeHIIH pacnpeAeneHbI no HOpMaribHOMY 3aKOHY, TO 

nonyqeHHbie ou:eHKll Q ll X HBRHIOTCH HCCMemeHHbIMll. ToqHoCTb BOCCTaHOBneHIIH 

KOOpAIIHaTbI CTG MO)KHO npeACTaBIITb KaK 
a-

- [ ~ ')2 l (J"G - (~q,q, 
n i=I 

,2 1- n 2 

Q./;q, . tq:2. frq; 

,[l,n» qacTHOro cnyqal!, KOrAa MIOOH npOXOAIIT qepe3 U:CHTp CTpllna nu6o Me)l(Ay 

CTpIInaMII a-

(J"G = ✓2Q,(I,q;2 
1=1 
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,[I,arree, AJUI n, paBHhIX 2 m160 3, nonyquM 
a-

(J"G 
✓2·Q•q; 

TaKIIM o6pa30M, ARH KnacTepoB, umpIIHOM 2 nu6o 3 c-rpuna, KOOpAIIHaTHbie 

TOqHOCTll MCTOAa OTHOIIICHllll II MCTOAa lpllTIIpOBaHIIH COBnaAaIOT, ecnu MIOOH 

npOXOAIIT qepe3 U:CHTp c-rpuna nu6o MC)KAY CTpIInaMII. Bee OCHOBHbie 3aMeqaHIIH 

OTHOCIITCllbHO ToqHOCTll MeTOAa OTHOIIICHllll nonepeK c-rpuna KaqecTBCHHO MO)KHO 

nepeHeCTll Ha MeTOA q>IITIIpoBaHIIH. 

IlpeAno)KeHHhie MCTOAbI BOCCTaHoBneHIIH nepeAaToqHoii q>yKU:IIII II ou:eHKII 

KOOPAIIHaTHOM ToqHOCTll npIIMCHIIMbI MH n106bIX ra3OBbIX ACTCKTOpOB, npIIHU:IIn 

ACMCTBIIH KOTOpbIX OCHOBaH Ha aHarIII3e HaBeAeHHOro 3ap»Aa Ha cerMeHTIIpOBaHHOM 

KaTOAe (Gas Electron Multiplier, micromegax, Time Projection Chamber, ... ). Eonee 

Toro, :nu MeTOAbI 6brnll aBTOpOM 

ycneIIIHO npIIMCHCHbI AllH aHarIII3a 

AaHHbIX C npeAnllBHCBoro . ACTCKTopa 

(Il,[I,) npoTOTIIna :meKTpOMarHIITHOro 

KarIOpIIMCTpa Tuna «IIIaIIInbIK» [3-6]. 
II,[I, npeAHa3HaqeH ARH noAaBneHIIH 

P3 PROTOTYPE SPATIAL RESOLUTl?.!;!~S STRlr" (~xr. OATAl 

• RATIO METHOD. a=(O,.,-o,_,)/(20,-0,.,-0,._,) 
0 RATIO METHOD a-(o,.,-o,_,)/(o,.,+o,_,-0, •• -0 .... ,) 

WIDTH OF STRIP 7.4mm 
GAS Ar(307.) + CF,( 1 07.) + C0,(60:7-) 
ANODE-CATHODE DISTANCE 3mm 
ANODE-ANODE DISTANCE 2 5mm 
MAGNETIC flELO 2T 
µ-TRACK(255GeV) 9"-o•, 1'-1()" -----4 
GAS GAIN 10" 

tpoHa raMMa KBaHTOB, o6pa30BaHHbIX OT ' 00 
,_ 

pacnaAa 1t
0 

II o6ecnequBaeT BbICOKYIO 

KOOpAIIHaTHyIO TQqHOCTb (::::: 300 MKM) 

onpeAeneHIIH u:eHTpa nIIBHH 3a cqeT 

npIIMeHeHIIH KpeMHIICBbIX CTpIInOBbIX 

ACTCKTOpOB c IIIaroM ::::: 2 MM. CneAyeT 

3aMeTIITb, qTO uccneAOBaHIIH noBeAeHIIH 

TOqHOCTll nonepeK II BAOllb CTpIIna 

o6oHCHHIOT aHarrOrllqHoe noBeAeHIIe 

KOOpAIIHaTHOM TOqHOCTII B 

npoeKTIIBHbIX KarrOpIIMe-rpax [6, C7]. 

,[1,arree BO BTopoii rnaBe An» 

cnyqM nepenonHeHIIH aMnnIITYAHO-

u:uqipoBoro npeo6pa3oBaTen», 

npeAnO)KCH 

KOOpAIIHaTbl 

cnyqae 

AOCTIIraeTCH 

HaIIXYAIIIM 

MCTOA BOCCTaHoBneHIIH 

II nOKa33HO, qTO B 3TOM 

HaunyqIIIaH TOqHOCTb 

B u:eHTpe CTpIIna, a 

MC)KAY CTpunaMII 

(puc. 7) [C2, 2, 9]. 
HccneAOBaHO BnllHHIIe eMKOCTHbIX 

CBH3eii (KpOCC-TOKOB) MC)KAY CTpIInaMII, 

a TaK )KC aHOAOM II K3TOAOM Ha qiopMy 

BbIXOAHOro CllrHarra (puc. 8a) u 

KOOPAIIHaTHyIO TQqHOCTb (puc. 86) [1, 2]. 

IlpeAnO)KCHbI MCTOAbI ou:eHKll 
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COOROITATE ACROSS STRIP (mm) 

P11c. 7 CpaBHeHlle 113MeHeHllll KOOp)];IIHaTHOll 
ToqHOCTII norrepeK CTpnrra )];Jill cnyqw 

nepenOJIHeHllll aMilJIIITY,IJ;HO-Ull«l>poBoro 
npeo6pa30BaTeJill (oTKpb!Tble OKPYlKHOCTH) co 

cnyqaeM 6e3 nepenonHeHHll (3aKpameHHbie 
OKPYlKHOCTII) 

~0.08 

~ 
§ ;0.06 
!l 

i0.04 
~ 

~ 
10.02 

-0.02 >--_,__......1 ...._..., i ···········, ,---+---l .......... j.j 

10 12 
TIM[ SAMPLES 

P11c. Sa PaJnoJKeH11e peanhHOro c11rHana co 
CTpllila Ha TeOpeTuqecKllll CllfHaJI II KpOCC-TOK 



napaMeTpOB KpOCC-TOKOB. Tipe.n;JIO)KeHbl MeTO,!l;bl BOCCTaHOBJiemrn TeopeTuqecKOll 

cpopMbl BblXO,!l;HOro KaTO,!l;HOro curnana KaK nonepeK CTPHTIOB, TaK H BO BpeMeHH. 

Tipe.n;JIO)KeHa MeTO,!J;HKa H 

HCCJie,!l;OBaHO BJimrnue 0-3JieKTPOHOB 

Ha perncTPau:mo MJOOHOB [IO]. 
TioK!l3aHO, qTo BepO.!!THOCTb 

o6pa30BaHH.!I 0-3JieKTPOHOB B 

oT.n;eJihHOM perncTPHPYJOID:eM cnoe 

( cy6KaMepe) COCTaBJI.!leT 

a BepO.!!THOCTb 

0-3JieKTPOHOB B 

11,8%±1,2%, 
nornoiu:eHu.11 

cy6KaMepe - 78,8%±12%. l13-3a o-
3JieKTPOHOB KOOp,!l;HHaTHa.!I TOqHOCTb 

yxy.n;rnaeTc.11 [I I]. HeraTHBHoe 

BJIH.!IHHe 0-3JieKTpOHOB 

KOMTieHcupyeTC.!I 

qucna cy6KaMep. 

yBenuqeHHeM 

AHanuTuqecKu 

IlOK!l3aHO, qTO MHHHMaJibHOe qucJIO 

cy6KaMep .n;n.11 ycnoBuii MEI/I -
IIIeCTb. C IIOMOID:blO rrpOTOTHIIa P2 
6bIJIO Il3yqeHO BJIH.!IHHe 

3JieKTPOMarHHTHOro 

corrpoBO)K,!l;eHu.11, reHepupyeMoro 

BbICOK03HepreTuqHbIMH MIOOHaMH 

rrpOXO,!l;.!IIo:HMH qepe3 a.n;poHHblll 

KanopuMeTP, Ha 3cpcpeKTHBHOCTb 

peKOHCTPYKU:HH MIOOHHblX TPeKOB. 

TioK!l3aHo, qTQ Hanuque 6 cy6KaMep 

TaK)Ke Hau6onee OIITHMaJibHO c 

TOqKu 3peHH.!I 3cpcpeKTHBHOCTH 

peKOHCTPYKU:HH TPeKoB MJOOHOB c 

3JieKTPOMarHHTHbIM 

corrpoBO)K,!l;eHueM (puc. 9) [12] u 

CTOHMOCTH .n;eTeKTopa. 

,ll;anee BO BTOpoii rnaBe 

IIOK!l3aHO, qTO ,!l;Jl.!I ,!l;OCTH)KeHH.!I 

OIITHMaJibHblX ou:eHOK rrapaMeTPOB 

TPeKOB B csc Hap.11.n;y C MeTO,!l;OM 

po6aCTHOro qJHTHpOBaHH.!I CJie.n;yeT 

HCIIOJib30BaTb MeTO,!I; MaKCHMaJib-

50 60 70 
TRACK COOROINATES(mm) 

PIIc. 86 Koppemn.(IIJI MelK,!J,y 

KOOp.!IIIHaTOii 

TpeKa MIOOHa II oum6Koii BbJqIIcJieHIIJI 

3TOll KOOp.[IIIHaTbl .[10 II IIOCJie BBe.[leHIIJI 

nonpaBOK II3-3a KpOCC-TOKOB 

;eOO 

~ 
·ii 95 t-----+---- -------,----·------·- :l.---------·-1 
~ 

90 

85 

BO f------ -·-·-t"·---·-··-·----+------, 

751----+------- r------~ 

70 

65 >----+-------+-------t-----1 

GO 4 5 Number ~f layers 

PIIc.9 3aBIICIIMOCTb 34>4>eKTIIBHOCTII peKOHCTPYKUIIII 

MIOHHb!X TpeKOB OT KOJIIIqeCTBa IIJIOCKOCTeii B 

KaMepe 

HOro rrpaB.n;orro.n;o6u.11. BbIIIOJIHeHbl He06XO,!l;HMble HCCJie.n;oBaHH.!I u .n;aHbl 

rrpaKTuqecKue peKOMeH.n;au:uu rro rrpuMeHeHHJO (puc. 10) [1,2]. 
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Oco6eHHOCTb cqHTbIBaHH.!I .n;aHHbIX c 

MIOOHHbIX .n;eTeKTOpOB ycTaHOBKH 

CMS cocTOHT B TOM, qTo B 

crreu:uanu3upoBaHHOH aHanoroBoii 

rraM.!ITH xpaHHTC.!I HCTOpH.!1 pa3BHTH.!I 

curHana, 3arrucaHHa.11 qepe3 paBHbie 

rrpoMe~KH BpeMeHH (25 HC ), 

B cnyqae 

pa3.n;emnh 

l'E'.'"-IJ),/AV"1 r:-rSWIIJt!TIOII rein L:,Q 111•·1 Ui f.lETl·L"'r,;;, ·~_;tl)".'1(1!Cl 

~("(CC E---+-------i-·-------- I_---. Mf:~ri~s ----t-- -~~~'.;!~ 
• '1•-10') 1 -~r------..:l,-H!..'l-1-E-G~--

: :::::~ : !-··-·-· :-::::····· !''" : o.m, 
I ; 

i 
6<JGO ------··

1 
--- "j"•·····-·········i···-···-····-··t···--··-····l 

-1UC(l --f----+---·}-i••················I··---········+·············· ····l 
2oeo : I --~--~········--··•'····-··--····+··-····--···• 

'.' ~~~__,__._,~...__..__.,..,,'-'---'--'--'"""~'--'-~~--'-~--'--'-' 
-.\ -z 

PE:' 11;, __ ,1,L•-: LS~](rrr,) 

II03BOJI.!IIOID:a.!I, 

Heo6xo.n;HMOCTH, 

HaJIO)KHBIIIHeC.!I 

pa3JIHqHbIX 

KaqecTBO 

CHrHaJibl OT ~'):',GO ; ' l ll ; SO'llJ 

.n;eTeKTOpa 

ToqHOCTH 

KOOp,!l;HHaTbl 

qacTHU:, qTo IIOBbIIIIaeT 

4JYHKU:HOHHpOBaHH.!I 

B ycJIOBH.!IX cpoHa • 

BOCCTaHOBJieHH.!I 

MIOOHa 

rrepeceqeHH.!I 

xapaKTepHCTHKH) HM 

H MOMeHTa 

(BpeMeHHoii 

CSC 3aBHC.!IT 

OT KOJIHqecTBa H rrepuo.n;a H3MepeHHll 

cpopMbl curnana. bblJIO BbIIIOJIHeHO 

TeopeTuqecKoe uccne.n;oBaHue H 

rronyqeHbl aHaJIHTHqecKHe ou:eHKH 

ToqHocm ,!l;JI.!I cne.n;yJOiu:ux 3a.n;aq [11]: 

,~~::~ _:::: ~~t::::::::J·-~:~~::=-l · -··- .• ~;~~-·=t~;,:r~~~r 
'2500 '-----'----'---):\· -· 

·:~: L .. _._J .. _._J .... J\. ... _.J l·-····-l 
'"

0
~ r-··-·· i i 2 l \ I 

-J -~· -i i 
f,ES\f)!/~LS LJ-l(rrr-.} 

PIIc. IO Pacnpe.n;eJieHIIe oum6oK BhJqIIcJieHIIJI 

KOOp.!IIIHaTbl .[IJIJI MeTO.[la HaIIMeHbIIIIIX 

KBa.[lpaTOB (BepXHIIll pIIcynoK) II MeTO.n;a 

MaKCIIMaJibHOro IIpaB.[IOIIO.[I06IIJI (HIIJKHIIll 

pIIcyHoK) 

• .n;erpa.n;au:u.11 TOqHOCTH BOCCTaHOBJieHH.!I KOOp,!l;HHaTbl 0,!l;HHOqHoro MIOOHa ,!l;Jl.!I 

cnyqa.11 0,!l;HOKpaTHOro H3MepeHH.!I cpopMbl curnana; 

• 3aBHCHMOCTb TOqHOCTH BOCCTaHOBJieHH.!I KOOp,!l;HHaTbl 0,!l;HHOqHoro MIOOHa OT 

qucna H3MepeHuii cpopMbI curnana; 

• 3aBHCHMOCTb TOqHOCTH BOCCTaHOBJieHH.!I KOOp,!l;HHaTbl MIOOHa OT qucna 

H3MepeHuii cpopMbI curnana ( cnyqafi .n;Byx qacrnu:); 

• 3aBHCHMOCTb TOqHOCTH BOCCTaHOBJieHH.!I KOOp,!l;HHaTbl H BpeMeHHOll 

xapaKTepHCTHKH 0,!l;HHOqHoro MIOOHa OT qucJia H3MepeHHll cpopMbl CHrHana; 

• 3aBHCHMOCTb TOqHOCTH BOCCTaHOBJieHH.!I KOOp,!l;HHaTbl H BpeMeHHOll 

xapaKTepHCTHKH MIOOHa OT qucna H3MepeHHll cpopMbl curnana ( cnyqafi .n;Byx 

qacrnu:); 

• 3aBHCHMOCTb TOqHOCTH BOCCTaHOBJieHH.!I KOOp,!l;HHaTbl H BpeMeHHOll 

xapaKTepHCTHKH 0,!l;HHOqHoro MIOOHa OT qucJia H3MepeHHll cpopMbl curHana B 

ycnoBH.!IX HeKoppenupoBaHHoro cpoHa; 

• 3aBHCHMOCTb TOqHOCTH BOCCTaHOBJieHH.!I IIIHpHHbl CTPHIIa (pa.n;uyca), 

KOOp,!l;HHaTbl H BpeMeHHOll xapaKTepHCTHKH 0,!l;HHOqHoro MIOOHa OT qucJia 

mMepeHuii cpopMbI curnana B ycnoBH.!IX HeKoppenupoBaHHoro cpoHa. 

no pe3yJibTaTaM BbIIIOJIHeHHOro HCCJie,!l;OBaHH.!I .n;aHbl rrpaKTuqeCKHe peKOMeH.n;au:uu 

IIO OIITHMH3aU:HH BpeMeHHOro wara cqHTbIBaHH.!I CHrHana KaTO,!l;HOro TPaKTa ,!l;JI.!I 

pa3JIHqHbIX ycJIOBHll [11]. TIOK!l3aHO, qTo mar cqHTbIBaHH.!I B 50 HC He rrpHBO,!l;HT K 

cyiu:ecTBeHHOll .n;erpa.n;au:uu KOOp,!l;HHaTHOll TOqHOCTH, HO IT03BOJI.!leT COKpaTHTb 

061,eM cquTbIBaeMOll C csc HH<pOpMaU:HH. Ha puc. 11 rrpe.n;cTaBJieHa 3aBHCHMOCTb 

OTHOCHTeJibHOll TOqHOCTH BOCCTaHOBJieHH.!I KOOp,!l;HHaThl MIOOHa ,!l;Jl.!I cnyqa.11 .n;Byx 
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qacTHU. TTpe.n;nonararrocb, qTo 

umpHHa CTPHTia - 5 MM, pacCTO.HHHe 

Me:ac;zy aHO,ll;OM n KaTO.l];OM - 3 MM, 

pacCTO.HHHe Me:ac;zy aHO.l];HbIMH 

npOBOJIOKaMH - 2,5 MM H pa.n;nyc 

npoBorroKH - 15 MKM. Xoporno 

BH.l];HO, qTo KOop.n;HHaTHM TOqHOCTb 

.n;erpa.n;npyeT, eCJIH paCCTO.HHHe 

Me:ac;zy coce.n;HHMH qacTHUaMH 

MeHblIIe 5 MM, n OHH pa:meceHbI BO 

BpeMeHH Mettee, qeM Ha 100 HC. 

TTepeii.n;eM K HCCJie.n;oBaHHIO 

BJIH.HHHR pa,n;Ha.JibHOH H HOpMa.JibHOH 

COCTaBJI.HIOIUHX MarHHTHOro ITOJI.H 

Ha KOOp,ll;HHaTHYIO TOqHOCTb 

( O"ar,O"az). KaTO.l];HO-CTPHITOBM 

KaMepa .HBJI.HeTC.H ra.JOBbIM 

.n;eTeKTopoM, B KOTOpOM 3JieKTPOHbI 

HOHH3aUHH, .n;peii<pYIOIUHe B 

18 

16 

14 

12 

10 

" '''--

200 
150 

',, 

7✓4,,e 1 oo 5~- •1~1 

.S-y~ 0 
r;,~j -50 

-100 
-150 "I -6 

-200-B 

----

Prrc. 11 3aBIICIIMOCTb OTHOCIITeJibHOll TO'lHOCTll 

BOCCTaHOBJieHIIJI KOOp,grrHaTbI M!OOHa ( cJiy'lall 

,gByx '!aCTII~) 

3JieKTPHqecKOM none K aHO.l];HOH ITpOBOJIOKe, no.n; .n;eiicTBHeM MarHHTHOrO ITOJUI 

CHOC.HTC.H, qTO ITpHBO.l];HT K TIOTepe TOqHOCTH BOCCTaHaBJIHBaeMOH KOOp,ll;HHaTbI 

MIOOHa. TToBopoT KaMepbI JIH6o aHO.l];HOH ITpOBOJIOKH Ha COOTBeTCTBYIOIUHH yrorr 

OTHOCHTeJibHO OCH KaMepbI (ueHTPa.JibHOro CTPHITa) IT03BOJUieT B OCHOBHOM 

coxpaHHTb TOqHOCTb. Tpa.n;HUHOHHbie MeTO.l];bI 3KCITepHMeHTa.JlbHOrO OITpe.n;eJieHHR 

Heo6xo.n;HMoro yrna ITOBOpOTa OCHOBaHbI Ha HCITOJib30BaHHH CITeUHa.JIH3HpOBaHHbIX 

.n;eTeKTOpOB (HaITpHMep, C MexaHnqecKH ITOBOpaqnBaeMOH ITJIOCKOCTbIO aHO.l];HbIX 

ITpOBOJIOK HT. IT.). 

TTpe.n;rro:aceHa npHHUHITHa.JlbHO HOBM MeTO.l];HKa ITO 3KCITepHMeHTa.JlbHOMY 

BbiqncrreHHIO yrrra HaKJIOHa (C2, 13, 14]. TTo.n;po6Ho HCCrre.n;oBaHO BJIHRHHe 

pa.3JIHqHbIX BapHaHTOB MarHHTHOro ITOJI.H (HOpMa.JibHOe, pa.n;Ha.JibHOe H 

KOM6HHHpOBaHHOe) Ha CHOC 3JieKTPOHOB. OTpnuaTeJibHOe BJIH.HHHe pa.n;Ha.JlbHOro 

TIOJUI (B.IJ:OJib CTPHTia) K0MTieHCHpyeTC.H ITOBOpOT0M .n;eTeKTopa Ha yrorr, 3aBHC.HIUHH 

OT BeJIHqHHbI MarHHTHOro ITOJI.H. Aim OITpe.n;erreHH.H yrrra ITOBOpOTa HCCrre.n;oBarracb 

Koop.n;1rnaTHM ToqHoCTb .n;eTeKT0pa B 3aBHCHMOCTH OT yrrra HaKJIOHa TPeKa H 

BeJIHqHHbI MarHHTHOro ITOJUI. Pe3yJibTaTbI oueHKH TaHrettca yrrra Jlopettua .n;mr 

pa,n;Ha.JibHOro IT0JI.H npe.n;cTaBJieHbI Ha pnc. 12. Bn.n;Ho, qTo TaHreHC yrrra ITOBopoTa 

rrntteiitto JaBHCHT OT MarHHTHoro nomr. OTPnuaTeJibHOe BJIH.HHHe HOpMarrbHoro 

(ITepITeH.D:HKYJI.HpHOro TIJIOCKOCTH .n;eTeKTopa) ITOJI.H Ha KOOp,ll;HHaTHYIO TOqHQCTb 

KOMITeHCHpyeTC.H TIOBOpOTOM aHO.l];HOH ITPOBOJIOKH. Aim oueHKH yrrra Hccrre.n;oBarracb 

3aBHCHMOCTb KOOp,ll;HHaTHOH TQqHOCTH .n;eTeKTopa C TIOBepHYTOH aHO.l];HOH 

ITpOBOJIOKOH OT BeJIHqHHbI MarHHTHOro ITOJI.H. TTorro:aceHHe MHHHMYMa 3TOH 

3aBHCHMOCTH .n;aeT Heo6xo.n;HMYIO CBR3b Me:ac.n;y yrJIOM ITOBOpOTa H MarHHTHbIM 

ITOJieM. 3aBHCHMOCTb Koop.n;HHaTHOH TOqHOCTH .l];JI.H O.l];HOH ITJIOCKOCTH KaMepbI OT 
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BerrnqHHbl MarHHTHOro TIOJI.H 

.l];JI.H yrrra ITpOBOJIOKH aL=21,2° 

ITpHBe.n;eHa Ha pHC. 13. 

3aBHCHMOCTb BeJIHqHHbI yrrra 

Jlopettua (tg ad OT BennqHHbI 

HOpMa.JibHOH COCTaBJil!IOIUeii 

MarHHTHOro ITOJI.H .n;mr ra.JOBOH 

CMecn Ar/CF 4/CO2 pa.3Horo 

ITpoueHTHOro COCTaBa 

ITpHBe.n;eHa Ha pHC. 14. Bn.n;Ha 

crra6a.H 3aBHCHMOCTb 

BerrnqHHbI yrrra OT COCTaBa 

ra.JoBoii cMecn (13, 14]. Ha 

OCHOBe 3KCITepHMeHTa.JlbHbIX 

pe3yJibTaTOB ITOCTPOeHa 

rrntteiitto-eycoqtta.H 

3aBHCHMOCTb yrrra Jlopettua 

.l];JI.H pa.3JIHqHbIX COOTHOlIIeHHH 

HOpMa.JibHOH H pa,n;Ha.JibHOH 

COCTaBJil!IOIUHX MarHHTHOro 

ITOJill H pa.3HOro ITpoueHTHOro 

COCTaBa ra.JOBOH CMeCH 

Ar/CF 4/CO2. 

C uerrbIO OITTHMH3aUHH 

yrrra HaKJIOHa aHO,ll;HbIX 

ITpoBorroqeK 6hma c03.n;atta 

ITporpaMMa Mo.n;errHpoaaHHll 

KOOp,ll;HHaTHOro pa.3perneHHll 

KaMepbI yqHTbIBaIOmall 

BeJIHqHHy 3a3opa aHO,ll;-KaTO.l]; 

KaMepbI, mar aHO.l];HbIX 

ITpoaorroqeK H HX .n;naMeTP, 

caoiicrna HCITOJibJyeMoii 

ra.JOBOH CMeCH, BeJIHqHHY 

MarHHTHoro ITOJill H aerrHqHHY 

ra.JOBOro ycHJieHHll [14]. 

Pe3yJibTaTbl MO.n;errnpoBaHH.H 

500 

400 

E 
~ 300 
t, 

200 

100 

• B•O 
A B-1.5T 
• B-3T 

+ 
+ 

+ 

)·· 
1 02 

0 o 05 , n ,r. 20 2,; .. 'l 
MAw-1ic ,,.t.t B (Tesl•) 

+ • 
• • - ... -- ... . - + .... • -.... ·~ :'. .. 

....,..-....... ;i.:'11.. .,,_ 

0 _'-cs'co~~--4~0~--'--_='20~-'---o!,----J--2c"o~_J 

INCIDENT ANGLE (t, (degree) 

Prrc. 12 3aBIICIIMOCTb TO'IHOCTII 

peKOHCTpyrrpOBaHHOll KOop,grrHaTbl M!OOHa OT yrna 

HaKJIOHa TpeKa ,gm1 pa3JIII'!Hb!X 3Ha'leHIIll 

pa,gIIaJibHOll COCTaBJIJIIOI~en MarHIITHOro IIOJill 

,...,72.5 
E 
~ 70 
V) 
:::; • a:: 

67.5 

65 

62.5 

60 

57.5 

55 

52.5 
(j t 

501.4 1.6 1.8 2 2.2 2.4 2.6 2.8 
B(T) 

Prrc.13 3aBIICIIMOCTb Koop,g1rnaTHOro pa3perneHIIJI 

Ml! o,gHOll IIJIOCKOCTII rrpoTOTIIIIa P2 OT BeJIII'lIIHbI 

MarHIITHOro IIOJIJI 

HeO,ll;HOKpaTHO ITpoaepeHbI 3KCITepHMeHTa.JlbHbIMH .n;aHHbIMH, ITorryqeHHblMH ITPH 

HCCrre.n;oaaHHH pa.3JIHqHbIX ITPOTOTHITOB. 3aBHCHMOCTb BeJIHqHHbI KOOp,ll;HHaTHOro 

pa.3perneHHll ITO ITJIOIUa.n;H .l];Jlll O.l];HOH H3 ITJIOCKOCTeii KaMepbI (cy6KaMepbI) 

ITpHBe.n;eHa Ha pHC. 15 (14]. Mo.n;errHpOBaHHe BbIIIOJIHeHO .l];Jlll ra.JOBOH CMeCH 

Ar(30% )+ CF 4( 10% )+CO2( 60% ), ra.Joaoro ycnrreHHll G~ 105, aerrHqHHbI 

MarHHTHoro IT0JI.H ~ 3 Trr, COOTHOilleHHll pa.n;Ha.JibHOH H HOpMa.JibHOH KOMITOHeHT 

MarHHTHoro ITOJill ~ 0,1 H aerrnqHHbI 3a.30pa aHO.n;-KaT0.l]; 3,5 MM, rnara aHO.l];HbIX 

1
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ITpOBOJioqeK 2,5 MM H HX ,nttaMeTpa 30 MKM. 0ITTHMaJibHaJI BeJittqttHa 3cpcpeKTHBHOro 

yrna HaKJIOHa aHO,!(HblX ITpOBOJioqeK paBHa aL=27°[C2, 14]. 
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Pttc. 14 3aBHCllMOCTb BeJmqllHhl 

yrna Jiopemw (tg aL) OT 
BeJillqllHbIHOpMaJibHOll 

COCTaBJill!OII1eil MarHHTHOro IIOJill 

nnll ra30BOil CMectt Ar/CF 4/C02 

pa3nttqHoro rrpoueHTHoro 

Pttc. 15 3aBHCllMOCTb BeJillqllHb! KOOp,llHHarnoro 

pa3perneHllll 110 IIJI0ll1a,llll ,llJill O,llHOll IIJIOCKOCTll KaMepbl 

( MonenttpoBaHtte) 

COCTaBa: ■ - 40: 10:50, • -

30:20:50, A - 30:10:60 

BbIIIOJIHeHHbie HCCJie,noBaHmI IT03BOJilllOT 

OITTHMH3ttpoBaTb paCCTOl!Htte Me)K.ny aHO,!(OM H 

KaTO,!(OM (h), a TaK)Ke yroJI HaKJIOHa aHO,!(HOH 

ITpOBOJIOKH ITO BeJittqttHe KOOp.l(ttHaTHOH ToqHOCTH. 

Ilpe,nITOJIO)KHM, qTo 3a cqeT ITOBOpOTa aHO,!(HOH 

ITpOBOJIOKH B OCHOBHOM KOMTieHcttpOBaHO 

HeraTHBHOe BJIHl!HHe HOpMaJibHOH COCTaBJil!IOIUeH 

MarHHTHOro ITOJill, TOr,na TOqHOCTb BOCCTaHOBJieHHll 

KOOp,nttHaTbl MIOOHa O"sum (cy6KaMepb1) MO)KHO 

ITpe,ncTaBHTb KaK 

cr
2 
sum= G

2 
meth +cr

2 
Br+cr

2 
wire +cr

2 
ctirr+cr

2 
mec , 

r.ne Gmeth - MeTO,!( nepexo,na OT CHrHaJIOB csc K 

KOop,nttHaTe, Gsr - BJIHl!HHe pa,nuaJibHOH 

COCTaBJil!IOIUeH MarHTHoro TIOJill Ha TOqHOCTb, Gwire -

BJllll!HHe HOpMaJibHOH COCTaBJil!IOIUeH MarHHTHOro 

ITOJlll Ha ToqHOCTb (tt3-3a reoMerptttt cy6KaMepbI) ' Gctiff 

- BJIHl!Htte .l(H!p!pY3HH 3JieKTpOHOB TOqHOCTb H Gmec -
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Llsum 

er.;,. 
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Pttc. 16 3aBHCllMOCTb 

KOOp,llttHaTHOll TQqHQCTH H ee 

COCTaBJill!Oll1llX OT paCCTOllHHll 

MelK,Lly aHO,llOM ll KaTO,llOM ,llJill 

Ar( 40)+CF4(10)+C02(50) 

j 

l 
! 

'i' 
I 
t 
r 

BJIHl!Htte KaqecTBa npott3BO,!(CTBa. Ha puc. 16 rrpe,ncTaBJieHa 3aBHCUMOCTb TOqHOCTH 

( O:.um) H ee COCTaBJilllOIUHX OT h ,!(Jlll BepxHeH qaCTH cy6KaMepbl H ra30BOH CMeCtt 

Ar(40)+CF4(10)+C02(50). I-fa pttc. 16 su,nHo, qTO B KaqecTBe h MO)KHO B3l!Tb 3,5 MM. 

Ilepeii.,neM K Bb16opy yrna HaKJIOHa aHo,nHoii. ITpoBOJIOKH cTaHUHH MEl/1 ,nJill 

h=3,5MM. Oco6eHHOCTb 3a,naqtt COCTOHT B TOM, qTo B pa6oqeM o6beMe CTaHUHH 

TIJIOTHOCTb MIOOHOB HeTIOCTOl!HHa, 3cpcpeKTHBHbIH yron ( If/) MeHl!eTCll B 3aBHCHMOCTH 

OT H3MeHeHttll MarHHTHOro TIOJill, cymecTByeT HeoITpe,neJieHHOCTb napaMeTpOB 

MarHttTa H pa,nttaJibHall crpyKTypa CTaHUHH He Il03BOJil!eT ITOJIHOCTbIO 

KOMTieHCttpoBaTb BJIHl!Htte MarHttTHOro TIOJill ITO BCeii. nnoma,nu Ha KOOp,nttHaTHYIO 

ToqHQCTb. Cpe,nHllll Koop,nttHaTHal! TOqHOCTb ITO BCeMy pafioqeMy o6beMy MO)KeT 

6bJTb BbJqHCJieHa KaK 
00 00 00 00 

u(l/f) = 1 / J J J Ju\1/f,B,R,rp,z)Ph(B)P,,(R,rp,z)d(B)d(R)d(rp)d(z) 

r,ne a - CTaH,napTHOe OTKJIOHeHtte TIJIOTHOCTH pacITpe,neJieHHll orrrn6oK H3MepeHHll 

Koop,nttHaThI MIOOHa, · Pb - TIJIOTHOCTb, J 
xapaKTepH3y10mall Heonpe,neneHHOCTb napaMeTpoB f" 

;:;::;~ :6b~M::o;H~c::a!:::~e~:;::::o;:~:~: : i 000 

3" 
ueHrpe CMS, R - pa,nuyc, rp - aJHMYTaJibHbIH yron, z - • 
ITpo,noJihHall Koop,nuHaTa. Ha puc. 17 npe,ncTaBJieHa " 

3aBHClIMOCTb cpe,nHeii. Koop,nuHaTHOH TOqHOCTH B ., 

o6beMe MEl/1 OT 3cpcpeKTHBHOro yrna ,!(Jlll 

paBHOMepHOH TIJIOTHOCTlI Pb B HHTepBane (3,5 - 4,0 T) " 

H ra30BOH CMeCH Ar(40)+CF4(10)+C02(50). 113 pttc. 'L~.,~~~..L,o_,_l-,.._J_,,--.L.,--.L,._, 
Q W 22 24 U 28 ~ J2 J4 M ~ 

16 CJie,nyeT, qTO yron HaKJIOHa :::0 29 • """"'m"'·"'~' 
BpeMeHHOe pa3perneHue KaMepbl 6bIJIO Pttc. 17 3aBHCHMOCTb 

uccne,noBaHo 3KcnepuMeHTaJibHO [15, 16]. Ilpu KOOp,llHHaT-HOll TQqHQCTll 

uccne,noBaHUl!X npOTOTHTIOB P3 tt P4 [7-8] crnnutt~ MEI/I OT yrna naKJiona 

lICTIOJib30BaJiaCb 3JieKTpOHHKa perttCTpauuu co aHO,llHOH rrpoBOJIOKH ,llJill IIIHpHHbl 
cTpttna W=7 6 

CTplITIOB Ha OCHOBe cneuuaJIU3UpoBaHHbIX 60JibllIHX , 

ttHTerpanbHbIX cxeM KAT0.[(-1 [ClO] H KATO,ll;-3. 

AHO.l(Hall 3JieKTpOHHKa 6Mna lI3fOTOBJieHa Ha 6a3e TOKOBoro ITpe,nycttJIUTeJil!

cpopMttpoBaTeJil! MSD-2 [C9]. IlpoTOTHIT P3 6bm pa3BepHYT Ha yron 0=10° K octt 

nyqKa ,!(Jlll HMHTaUHH reoMeTptttt ITOJIO)KeHttll KaMepbl B ycTaHOBKe CMS (pttc. 18). 

a\~-
Pttc. 18 CxeMa ycrnHOBKll ,llJill ll3MepeHHll BpeMeHHOro pa3perneHllll (P- rrpoTOTHII, CJ, C2 -

nyqKOBble KaMepbl, SI, S2, S3 -TpHrrepHb!e CUHHTHJIJillUHOHHble cqeTqllKH, /J- yron IIOBOporn 

npornrnrra) 
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BpeMeHHbie cne!CTpbl ClffHMOB c aHO,!(HbIX KaHanOB n 6bICTpbIX KaTO,!(HbIX 
KaHanOB pemcTPaQHH HMeIOT noXO)KYIO <popMy c IIIHpHHOll no OCHOBaHHIO OKono 30 
HC II 40 HC COOTBeTCTBeHHO (pnc.19). 

I,., I 
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Pnc.19 <l>opMa BpeMeHHOro crreKTpa rorn O,!(HOll IIJJOCKOCTll rrpOTOTllIIa P3 rrpu cquTbJBaHllll 

llH<pOpMfil\llll c aHo,n:a ( CJJeBa) n CTpllIIOB ( crrpaBa). ~eHa .n:eneHUJI B~IT - 0, 1 HCIKaHaJJ 

Ha pnc. 20 npe,ncTaBneHbI 
BpeMeHHbie pacnpe,neneHmI ,nm, 
ruecTH nocne,noBaTenbHO 
npIIXO.l(JUQHX no BpeMeHII 
CHrHanOB c 6 aHO.l(HbIX 
nnoCKOCTeii KaMepbl. BenlfqHHa 
BpeMeHHblX cneKTpOB no 
OCHOBaHHIO (,nm, 99% co6brrnii) 
COCTaBn.HeT 3HaqeHIIe ,nn.H 1-ro 
cIIrnana - 10,5 HC, ,nnH 2-ro -
12 HC, ,nn.H 3-ro - 14 HC, ,nn.H 
4-ro - 16,5 He, ,nnH 5-ro - 22,5 
HC ,nn.H 6-ro - 26,5 HC. 

Cll 8000 
'z 6000 f ~ 
~ 4000 

2o~U 
a 20 

1th signal I 6000 

4000 

2000 

4
~ns) 

2nd signal 

20 4
~ns) 

4th signal ~ 6000 Lid signal 4000 

~ 4000 2000 

2000 o o 20 4~ns) o o 20 4~ns) 

~ 3000 5th signal 
3000 

6th signal 
w 
i;j 2000 2000 

1000 1000 

00 20 40(ns) 
00 20 4

~ns) 

Puc.20 BpeMeHHhle pacrrpe.n:eneHllll ,!(Jill rnecTn 

IIOCJJe,n:oBaTeJJbHO IIpllXO,!(ll~llX CllfHaJJOB c 6 
aHO,!(Hb!X IIJJOCKOCTeii rrpoTOTUIIa P3 
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TeopeTnqecK11e H 3Kcnep11MeHTanbHbie nccne,noBaHHH Ha npoToT11nax PO- P4 
nOKa3MH, qTo: 

• KOOp,nHHaTHOe pa3perueHHe ,nn.H 0,!(HOll nnocKOCTH KaMepbl B MarHHTHOM none 

BennqHHOll - 3 Tn paBHO cr - 50 MKM. BnHHHHe HOpManbHOll COCTaBnHIOIIIeii 
MarHHTHOro non.H KOMneHc11pyeTC.li nyTeM noBopoTa aHO,!(HbIX npoBonoqeK Ha 
COOTBeTCTBYIOIIIHll yron JiopeHQa OTHOCHTenbHO CTPHnoB; 

• ,nn.H o6ecneqeHH.li BbICOKOll 3<p<peKTHBHOCTH peKOHCTPYKIIIIH MIOOHHbIX TpeKOB 
Heo6xo,nHMO Han11q11e KaK MHHHMYM 6 cy6KaMep B KaMepe; 

• B03MO)KHa O,!(H03HaqHa.H npHB.ll:3Ka co6bITllll K BpeMeHH B3aHMO,neiicTBH.li 
nyqKOB B Konnaii,nepe 3a BpeM.H 25 HC, npH 3TOM nepBbie II.ll:Tb aHO,!(HbIX 
CHrHanOB MOryT cny)KHTb BpeMeHHOll MeTKOll co6bITII.li. MaJKopHTapHbie 
COBIIa,neHII.li ( 4/6) CIIrHMOB c 6 aHO,!(HbIX n 6 KaTO,!(HbIX rrnOCKOCTeii KaMepbl B 
3a,naHHOll reoMeTPl!II orrpe,nen.HIOT rrpHHa,nneJKHOCTb co6bITII.li K TpeKy OT 
3ap.H)KeHHOll qacTIIQbI. 

TpeThH r~aBa IIOCB.HIIIeHa onIICaHHIO HCCne,noBaHH.li xapaKTepHCTHK rrpOTOTIIIIOB 
P2-P4 II <pIIHMbHOii BepcIIII KaMepbI [Cl I] MIOOHHoii CTaHIIIIII MEI/I B ycnoBHHX, 
6nII3KIIX K peanbHbIM B 3KcnepIIMeHTe CMS. 

3qi<peKT BnIIHHII.li KOppenIIpOBaHHOro <pOHa (3neKTpOMarHIITHOro 
conpoBO)K,!(eHII.ll, reHepIIpyeMoro BbICOK03HepreTIIqHbIMII MIOOHaMII, rrpoxo
.1(.ll:IIIIIMII qepe3 MaTepIIan nOrJIOTIITen.H a,npoirnoro KanopIIMeTpa) IICCne,nOBMC.li C 
IIOMO!llblO rrpOTOTIIna P2 II <pIIHMbHOll BepCHII KaMepbl Ha KaHane H2, QEPH, 6e3 
MarHIITHOro rron.H II B MarHIITHOM none BenIIqIIHOll 3 Tn (pnc.21 ). 
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Pnc. 21 EnoK-cxeMa 3KCIIepnMeHTa ,!(Jlll llCCJJe,n:oBaHUJI BJ!lll!Hllll BTOpnqHbIX qacTlll\ Ha MEI/I 

Ha pIIc. 21 EE - 3neKTpoMarHIITHbitt KanopnMeTp (KpIIcTannbr PbWO4), HE -
TOpQeBoii a,npOHHblll KanopIIMeTp (MHorocnoiiHM KOHCTPYKIIII.li II3 naTyHII II 
CQIIHTHnnHTopoB), MEI/1' (MEI/I) - KaTo,nHo-cTpIInOBM KaMepa. MEI/I 
ncnonb30Banacb ,!(JI.ll IICcne,noBaHII.li BKJia,na BemecTBa KaMepbl B II3yqaeMbie 
3<p<peKTbI. CIICTeMa c6opa IIH<pOpMaQIIII II TPIIrrep nonHOCTblO COOTBeTCTBOBMII 
CMS. C6opKa EE+HE+MEI/1' no reoMeTPIIII II KonIIqecrny Bemecrna TaKJKe 

coorneTCTBOBanII CMS (ri=I,7, <j>=l,54). B nepIIo,n Teem 6hlnII Ha6paHbI ,naHHbre 
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,n;mr MIOOHOB c :rneprn.HMII 30, 50, 

100, 150, 300 r3B. l13MepeHHa.H 
BepO.HTHOCTh o6pa30BaHH.H 
BTOpil'IHbIX TpeKOB B MEl/1' OT 

Electromagnetic secondarit.>s 
probability in ME 1/1. % 
30 

3JieKTpOMarHHTHOro conpOBO)K- 25 

.n;eHH.H MIOOHa COCTaBHJia 
BeJinqnHy 21 % ,[IJI.H MIOOHOB c 20 

HMnyJihCOM 100 r3B/c II 27% ,[IJI.H 

MIOOHOB C HMnyn&COM 300 r3B/c J 5 
(17]. TaKHM o6pa30M, 

3JieKTpoMarHHTHoe conpoBO)K-

,n;eHne ll3 HE COCTaBJI.HeT 

npttMepHo 7% (Ha pttc. 22 

o6o3HaqeHo oKpy)KHOCT.HMtt ). 

MHorocnoiiH&Ie KaTO,[IHO-CTpll-

noB&Ie KaMepbI no3B0JI.HIOT coxpa

HIITh Bh!COKYJO KOOp,n;ttHaTHYIO 

TOqHOCTh (cr - 75 MKM) ll 3cpcpeK

TllBHOCTh peKOHCTpYKUHH TpeKOB 

MIOOHOB (Ha ypoBHe 92-94%) a 

ycJIOBll.HX npttcyTCTBll.H 3JieKTpO-

MarHttTHoro conpoBO)K,n;eHtt.H 

(pttc.23) [12]. 

A.n;poHHMii JIHBeHb 

pO)K,[laeTC.H B3allMO,n;eiiCTBtteM 

3ap.H)KeHHhIX nttOHOB C aemecTBOM 

norJIOTllTeJI.H KaJIOpHMeTpOB (EE, 

HE). BTOpttqHbfe qacTttUhI 3TOro 

B3allMO,n;eiiCTBll.H MOryT 

npOHllKaTb ll perHCTpllpOBaTbC.H B 

MEl/1. Heo6xo.n;ttMh!e tt3MepeHtt.H 

6hIJIH Bh!IlOJIHeHbl BMeCTe c 

H3MepeHH.HMH 3JieKTpOMarHHTHOro 

conpOBO)K,[leHll.H Ha TOH )Ke 3Kcne

pHMeHTaJihHOH ycTaHOBKe [17]. 

DhlJIO HCCJie,n;oBaHO B3aHMO,n;eii

CTBHe 1t (3Heprneii 50, 100, 150, 

300r3B/c) ,[IJI.H HE+MEl/1' n 

3Heprneil: 300faB ,n;n.ir 

EE+HE+ME 1/1 '. JJ:n.ir KoppeKTHO
ro aHaJIH3a MIOOHH&Ie co6&ITH.H B 

nepanqHOM nttOHHOM nyqKe ( C:;j 

10%) , 6&mH no,n;aaneHh! no 

JO 
• 

5L • J • 

0 50 100 150 200 250 300 
Muon energy E, GeV 

Puc. 22 ,ll;OJill co6bITUll c :meKTpOMarHUTHhIM 
corrpoBOJK,nCHUCM B MEI/I' B 3aBUCUMOCTU OT 

3Heprnu MIOOHa. I-MEI/I CMOHrnpoBaHa Ha HE, 
2-MEl/l' 3a MarnuToM, 3-cMOHTupoBaHa Ha HE 

(3JICKTpoMarHUTHoe corrpoBoJK,neHue m HE) 

~100 
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Puc.23 3aBUCUMOCTh 34>4>eKTUBHOCTII peKOHCTpyK1mu 
MIOOHHhlX TpCKOB OT ux 3Heprnu 

aennqnHe OTKJIHKa B HE ( <70fC). Ha pttc. 24 npe,n;craaneHa aepo.irrnocT& 

perncTpaQHll yTeqeK a,n;pOHHoro JIHBH.H B MEl/1 '. KaK Bll,[IHO Il3 pncyHKa nllOHhl 
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300r3B/c nopo)K,n;aIOT 38% co6&nttil: a MEl/1' ,n;n.ir HE+MEl/1' tt 17% ,n;n.ir 

EE+HE+MEl/1' [17]. 
Bntt.irHtte HeKoppennpo-

aaHHoro cpoHa Ha xapaKTepttCTllKll 

KaMepbI llCCJie,n;OBaJIOCh Ha 
npoTOrnnax P3 H P4 ( c 

3JieKTpOHttKoil: KATOJJ:-1 [C3]) c 

noMom&IO nttOHHOrO nyqKa 

Bh!COKOH llHTeHCllBHOCTll Ha 

KaHane H2, ~PH [18], a TaK)Ke B 
JI<l>l.J. 0115Il1 Ha KOCMttqecKllX 

nyqax (18] c noMom&IO 

MO.n;epHe3ttpoBaHHOro npoTOTttna 

PO ( c 3JieKTpOHHKoil: GASPLEX 

[C8]) c OKHOM a nepaoii nnoc~OCTll 

,[IJI.H no,n;cBeTKll pa,n;noaKTllBHhIM 

ttcToqHttKOM (pttc.25), r,n;e XT -
peHTreHOBcKa.ir Tpy6Ka (Cu Ka, 8 
K3B) ttJill pa,n;no-aKTttBH&Iii 

ttcToqHHK Ru-106/Fe-55 S1, S2 -
CUllHTHJIJI.HUllOHHble cqeTqllKtt; 

CSC - nponoputtoHan&Ha.ir KaMepa 

C KaTO,[IHhlM cqIJTbIBaHHeM). 

Ha pnc. 26 npe,n;cTaaneHo 

BJill.HHIIe HeKoppenttpoBaHHOro 

cpoHa (,n;n.ir npoTOTHna PO) Ha 

pacnpe,n;eneHtte orrrn6oK 
ll3MepeHIIH KOOp,n;ttHaTbl 

KOCMHqecKoro MIOOHa, Ha pnc. 27 

npe,n;CTaBJieHO OTHOIIIeHIIe qllCJia 

co6&ITHll C He1<0ppenttpoBaHHhlM 

cpoHoM K o6meMy qttcny co6&1rnil: 
,[IJI.H pa3JillqHoii 3JieKTpOHllKH 

cqllThIBaHll.H. 
Hccne,n;oBaHHe BJill.HHll.H 

HeKoppenttpOBaHHOrO cpoHa Ha 
npoTOTttnax P3 tt P4 noKa3aJIO 

(pttc.28), qTo npn 3arpy3Kax - 100 

Kru/KaHan (1 Kru/cM
2
): 

Punch-through probability 
in ~IEl/1 region.% 

40 

35 

30 

25 

20 

15 

10 

5 

0 

+ 
HE 

HE+EE 

• • 

50 100 150 200 250 300 
Pion energy£. GeV 

Puc. 24 ,ll;OJill co6bITUll c yTeqKaMU a.[(pOHHOro JIUBHll 
B ME I/ I' B 3aBUCUMOCTU OT 3Heprnu IIUOHOB ,11Jlll 

HE+MEl/1 KOHc!>urypaQuu (oKp)')KHOcrn) u 
EE+HE+MEl/1 (KBa.[(paT) 

~1 

I XT 

Cathode 
Readout 

Iron 

Puc. 25 CxeMa uccne,110BaHUll rrpornrnrra PO Ha 
CTCH,11C JI<l>q OIUIH 

• KOOp,n;ttHaTHOe pa3peIIIeHtte 
,[IJI.H O,[IHOll nJIOCKOCTll KaMephl paBHO cr - 70 MKM nptt 3cpcpeKTllBHOCTH 

peKOHCTpYKUHH TpeKOB nIIOHOB - 96% ; 
• 3cpcpeKTllBHOCTh perncTpaQllll TpeKOB ,[IJI.H O,[IHOll nJIOCKOCTII KaMepbl no 

IIH<pOpMaQllH c 6hICTphIX KaTO,[IHhIX KaHaJIOB ( c TOqHOCThlO ± 0,5 IIIllpllHhl 

CTpHna) COCTaBHJia BeJIIJqIJHy- 94%. 
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0,5 

0.4 + 
"' 
~] 0,3 

" 0 
> 
~ 
} 0,2 

~ 
> 

"' 0,1 

0.5 ~------------~ 

0.4 
<>: 

10.3 
:, 

~ 
--~ 0 2 
~-
fl 

• 

• 

ot(+, 
i: O. l 

(J 

• 

0 

r o,,;., 

PIIc.27 

JO 40 M) 

II. kJlz.-,trip 
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fl, k I fa/strip 

aj ~ 

4{11) 500 

OTHOIIIeHIIe q11crra co6bITIIH C HeKopperr11posaHHblM <pOHOM K 06IIIeMy q11crry co6b!Tllll 
.11rrJ1 pa:mIIqHoii :meKTpOHIIKII cqIITbIBaHIIJI (a)-GASPLEX, 6)-KATODI) 
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J,Iccne.r10Bamrn npoTonma 

P3 Ha cTeH.[(e «Gamma irradiation 

facility» (GIF, QEPH) c 

BbICOKOIIHTCHCIIBHbIM 

IICTO'IHIIKOM Cs137 

y/cxcM2, E1=662 

raMMa 

(N=2xl06 

K3B) .[(aJIII 

B03MO)KHOCTb II3)''1IITb 3arp)'30'1-

H)'IO cnoco6HOCTb KaMepbI B 

ycnoBIDIX 6JIII3KIIX K LHC. 

,l],erpa.r1au:m1 BpeMeHHoro pa3pe

IIICHIDI KaMepbI npII C'IIITbIBaHIIII 

IIHq>OpMaU:IIII C aHO.[(HbIX npOBO-

JIO'leK IICCJie.[(OBaJiaCb B 

3aBIICIIMOCTII OT IIHTCHCIIBHOCTII 

HeKoppenIIpOBaHHOro q>OHa, 

C03.[(aBaeMoro raMMa IICTO'IHIIKOM. 

Ha6op nornoiu:aimn:IIx q>IIJihTPOB c 

.[(IIaIIa30HOM ocna6neHII.H K = 1-104 

o6ecne'IIIBaJI II3MCHCHIIC IIHTeH

CIIBHOCTII q>OHOBOro II3JI)''ICHII.H. 

<l>aKTop ocna6neHII.H K=34±1 

COOTBCTCTB)'CT MaKCIIMaJibHOll 

BeJIII'IIIHe O)KII.[(aeMbIX 3arpy3oK 

.[(JI.H MIOOHHOH CTaHU:IIII MEl/1 
~ 100 KrU: Ha KaHaJI C'IIITbIBaHII.H. 

IIony'leHHbie pe3)'JihTaThI 

.[(CMOHCTPIIP)'IOT pa6oTOCITOC06-

HOCTb KaMepbI II 3JieKTpOHIIKII 

C'IIITbIBaHII.H npII q>OHOBbIX 

3arpy3Kax 6onee 'ICM Ha rrop.H.[(OK 

rrpeBbIIIIa!OllIIIX O)KII.[(aeMbie B 

3KCIIepIIMCHTe. BpeMeHHOe pa3pe

IIIeHIIe KaMepbI Ha'IIIHaeT .r1erpa

.[(IIpOBaTb npII cpaKTope ocna6-

neHII.H 10. <l>oHOBbie 3arpy3KII 

npII 3TOM npeBbIIIIalOT O)KII.[(ae

Mble B 3,5 pa3a (pIIc.29) [C2, 19]. 

IIpoTornn P4 [8] 
npe.[(CTaBJI.HeT co6oii: IIICCTII-

CJIOHHbIH ITOJIHOMaCIIITa6Hbill 

rrpOTOTIIII KaMepbI MIOOHHOll 

CTaHU:IIII MEl/1. Oco6eHHOCTb P4 

COCTOIIT B TOM, 'ITO OH C03.[(aH C 

IICITOJib30BaHIICM TCXHOJIOrIIII, 

100 

~ ..,-

90 

100 

E 
::l., 

~ 
Cl 75 

~ 
.::::, 
ti 

LHC ---;,.: 
estimate: 

' 

Trcck reconstruction 4/6 

Strip width: 5 mm 

50 lt I I I I 11! 
300 400 500 100 200 

Rate, kHz/strip 

PIIc.28 3aBIICIIMOCTb KO0p.!IIIHaTHOro pa:ipeIIIeHIIJI 
.!IJIJI 0.!IHOH IlJI0CKOCTII KaMepbl 11 3<p<peKTl!BHOCTII 

peK0HCTpYKUIIII MIOOHOB OT BeJIIIq!IHbl HCKOpperrIIpO-
BaHHOro <pOHa .!IJIJI npOTOTIIna P4 

'ui5~----------------~ 
C z 
0 §4.5 
0 
U) 

~ 4 

w 
::; 
I= J.5 

2.5 

1.5 

Expected 
@LHC 

10 1rl 
ASSORBTION rACTOR Of SOURCE FILTER 

PIIc.29 3aBIICIIMOCTb BpeMeHHOro pa:ipeIIIeHIIJI npoTO
TIIIJa P3 OT serrll~Hbl HeKopperrIIpOBaHHOro <poHa 
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MaTep1mJIOB II o6opy,noBaHII.H, npe,nH8.3HatJ:eHHbIX .[\JI.H cepIIHHOro II3fOTOBJieHII.H 

KaMep. BeJIIItJ:IIHa 38.30pa aHo,n-KaTo,n yBeJIIItJ:eHa .no 3,0 MM. CKoppeKTIIpOBaH yroJI 

HaKJIOHa aHO.[\HblX npOBOJIOtJ:eK. lfaMeHeHo KOJIIItJ:eCTBO KaHaJJOB CtJ:IITblB~HII.H co 

CTPIInOB .[\JI.H Ka)J(.[\OH nJIOCKOCTII - B BepxHeH tJ:aCTII KaMepol CTaJJO 80 KaHaJJOB, a B 
HlI)J(HeH - 48. 

KaTO.[\HM IIHq>OpMau;rr.H CtJ:IITbJBaJJaCb c noMOIIJ;blO 96-KaHaJJbHOH CIICTeMbl, 

pa.3pa6oTaHHOH Ha 68.3e M11KpocxeM KATO.ll:-1 11 KATO,n:-3 . .ll:JI.H perrrcTPau:rr11 
IIHq>OpMaIJ;IIII c aHO.[\HbIX npoBOJIOtJ:eK 6oma pa.3pa6oTaHa 24 KaHaJJbHM nJiaTa Ha 
octtoBe MIIKpocxeMoI AHO,n:. 

ITpoTOTIIn P4 6om rrccJie,noBaH B MIOOHHOM nytJ:Ke (KaHaJJ H2, QEPH) npII 
HaJIIItJ:IIII MarHIITHOro noJI.H BeJilltJ:IIHOH - 3 TJI. 

3KcnepIIMeHTaJJbHbie pe3yJioTaTbI, xapaKTepII3YIOIIJ;IIe pa6oTy npoTOTIIna P4 B 

3aBIICIIMOCTII OT 3HatJ:eHIIH BbICOKOro Hanp.H)J(eHII.H Ha KaMepe (ra.30BOrO ycIIneHII.H 

Gas gain), npe,ncTaBJieHoI Ha pIIc.30 [C2, 8]. 

ITpoBe,nett p.H,n 3Kcnep11MeH

TOB no II3ytJ:eHIIIO xapaKTepIICTIIK 

npOTOTIIna P4 B ycnoBII.HX, 

nprr6JIII)J(eHHblX K peaJJbHbIM, B 

ycrnHOBKe CMS. B oTcyTcTBIIII 

KoppeJirrpoBaHHoro cpoHa onpe.L(e

JieHoI OCHOBHbie 3HatJ:eHII.H 

napaMeTPOB KaMepoI. I10K8.3aHO, 

tJ:TO npII IICnOJib30BaHIIII ra.30BOH 

cMecrr Ar(30% )+CF 4( I 0% )+ 

CO2(60%), raJoBOM ycrrJieHIIII 

- 6x} 04, HaJJIItJ:IIII MarHIITHOfO 

nOJI.H BeJIIItJ:lIHOH - 3 TJI II 

BeJIIItJ:IIHe HeKoppeJirrpoBaHHblX 

q>OHOBbIX 3arpy30K ,no 100 Kfu; Ha 

KaHaJJ perrrcTPaU:IIII KaMepa 

o6ecnetJ:rrBaeT: 

• KOOp,nrrHaTHoe pa.3pernettrre 

• 

.[\JI.H MIOOHOB CT He xy)J(e 

}00 MKM Ha O.L\HY nJIOCKOCTb 

KaMepoI (cy6KaMepy) nprr 
3cpcpeKTJIBHOCTII peKOHCTpyK

U:IIII TpeKOB - 96%; 
BpeMeHHOe pa.3perneHIIe 
KaMepol no aHO.[\HbIM KaHaJJaM 

perncTPaU:IIII - CT-3 HC II 

~ 
,; 

E 
::1_ 100 

~ 
~ BO 
0 

C, 

ti" so 

C/1 
C 

,....... 
IO 

' ~ 

0.2 

b'" 2.1 

Gos gain X101 

0.3 0.4 0.5 0.6 0.7 0110.9 1 1.5 

Anode loyer 
fast cath. layer, 1/2 stri 

Track reconstruction 4/6 

Anode(Th=B~ 

2.75 2.8 2.85 2.9 2.95 3 

HV, kV' 

PJic.30 3aBJICJIMOCTh 3qJQJeKTJIBHOCTlf pemcTpau,rn, 

KOOp,11JIHaTHOro JI BpeMeHHOro pa3perneHHll 

npoTOTHna P4 OT Bh!COKOro Hanpll)KeHJill Ha KaMcpe 

(K03QJQJHnJieHTa ra:JOBOro ycm1eHHll) 

6oICTPbIM KaTO.[\HblM KaHaJJaM - CT-4,5 He; 
• TOtJ:HOCTb orrpe,neJieHII.H Koop,nIIHaTbl TpeKa Ha nJIOCKOCTI, KaMepol (cy6KaMepy) 

no 6oICTPbIM CIIrHaJJaM co CTprrnoB paBHa cr-0,54 MM nprr 3cpcpeKTIIBHOCTII 

perncTPaU:IIII B npe,neJiax ±½ rnrrprrHoI CTPIIna - 94%. 
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Bomonttettttoe nccJie,noBattne no3Bonnno onTIIMH3IIpoBaTo CTPYKTYPY 

cTaHU:IIH MEI/I. Or.nenoHM cTaHU:II.H cocTOIIT H3 36 KaMep Tpaneu:err,naJJoHOH 

cpopMbl KU)J(.[\a.H H3 KOTOpb!X co,nep)J(HT rneCTI, cy6KaMep, B KOTOpb!X paccTO.HHIIe 
Me)J(,ny aHO.[\OM II KaTO.[\OM paBHO 3,5 MM, paccTO.HHHe Me)J(,ny aHO.L(Hb!MII 

npOBOJIOKaMH paBHO 2,5 MM, rrpOBOJIOKH noBepttyToI Ha yron 29° . BepXH.H.H tJ:aCTb 

cy6KaMepol co,nep)J(HT 64 KaTO.[\HbIX CTPIIna, HH)J(H.ll.H - 48. O6ma.H tJ:YBCTBHTeJibHM 

nnoma,L(b KaMep OKOJIO 34 M
2

• 

KoMrrneKCHOe TeCTHpOBaHHe ycTaHOBKH CMS (Ha noBepXHOCTII) C 

BKJIIOtJ:eHHblM MarHIITHbIM rroneM (pnc. 31) BbIJIOJIHeHO Ha KOCMIItJ:eCKIItJ: MlOOHax B 

neprro.n npoBe,neHII.H Magnet Test and Cosmic Challenge (MTCC). Ha p11c. 32 (a) 

npe,ncTaBneHa 3aBIICIIMOCTI, Koop,n11HaTHOH TOtJ:HOCTH OT pa,nrryca rrprr HOMHHaJlbHOM 

MarHHTHOM none 3 Tn (B pail.otte MEI/I) H ttanp.H)J(ettrrrr 2.95 KB. ITonytJ:etto 

OTJIIItJ:HOe COBna,neHIIe C pe3yJioTaTaMH 2004 ro,L(a. I1o,L(tJ:epKHeM, tJ:TO BH.L(lIMOe 

pa.3JIHtJ:IIe B 10 MKM 061,.HCH.HeTC.H pa.3JIIItJ:HeM BblCOKOrO Hanp.H)J(eHII.H B 50 B. Ha 

prrc.32 (6) npe,ncTaBJieHa 3aBHCIIMOCTb 3cpcpeKTIIBHOCTII peKOHCTpyKIJ;lIH TpeKa B 

MEI/I OT BoICOKoro Hanp.H)J(eHrr.H [20]. 

PJic. 31 <l>parMeHThI TopneBoii JI neHTpaJJhHOii qacTeii ycTaHOBKJI CMS B nepJio,11 no,nroTOBKJI 

MTCC 

·~ ... 

'" 
'" 
,oo 

MTCC2 06, B=3.8T. HV~2.95kV 

TEST BEAM 04, HV=3kV 

a 

.:,oL..,_,_,. .l ~ 
100 ,20 1,1.Q 1&0 ,ao 200 220 240 ;:Go 

~llJS,l't(cm) 

9(100 F 

i 
GM 
a 
I~ 
i ANODE-CATHODE (h) =:5.Smrn 

ANODE-ANODE (s) =2,5mm 
ANODE WIRE RADIUS (r)"" 15µ,m 
GAS A..-(+cm) +C0,.(50,:)+CF'.(107.) 
ANODE THRESHC' - --· 

6 

J.1 .l.: 
HIGHVIX.T...OE,..{kV) 

PJic. 32 3aBJICJIMOCTh KOOp,11JIHaTHOH TQqHOCTlf OT,11eJihHOH cy6KaMephl OT pa,nJiyCa (a) II 

3aBJICJIMOCTh 3qJQ)eKTIIBHOCTlf peKOHCTpyKnllll TpeKa B MEI/I OT Bh!COKOro Hanpl!)KeHJill (6) 
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qeTeepTaH rJiaea nocBHII\eHa npo6rreMe onpe.nerremrn napaMeT}J0B JI0KaJihHhIX 

CIICTeM Koop,nIIHaT ,neTeKT0p0B B o6mett CIICTeMe K00p,nIIHaT ycTaH0BKII 

(alignment). 
Ilpe,nnorrmKIIM, qTo 3a,naHa HeK0T0pM ,neKapT0Ba CIICTeMa KOOp,nIIHaT.XYZ, B 

KOTOpOH pacnoJI0)KeHbI m ,neTeKTopoB. C Ka)K_nhIM ,neTeKT0p0M CBH3aHa JI0KaJihHaH 

CIICTeMa Koop,nIIHaT X;Y; (i=l, 2, ... ,m) TaKaH, qTo ,nrrH nrrocK0CTII X;O;Y; yrorr 

ttyraIIIIII paBeH ttymo, npII 3T0M Ka)K_naH JI0KaJibHM CIICTeMa Koop,nIIHaT X;Y; 

Il0BepHyTa 0TH0CIITeJibH0 XY Ha yrorr a; , Haqarro O; IIMeeT Koop,nIIHaTbI 

(St, S;, Z,) . He orpaHIIqIIBaH o6mHoCTII paccy)K_neHIIH, 3aMeHIIM Z; Ha k; 
Z -Z 

(k; =-' __ ,) . IlapaMeT}JbI a,, s:, S;, k, M0ryT 6bITh Hatt,neHbI II3 ycJI0BIIH MIIHIIMyMa 
zm -z, 

qiyHKIIIIOHaJia 

¢ = fI[~ijCosa; +x,:Sina, +S; -(1-k;:((y'.J +sG)~osa, +(x,; +s,X;)Sina, +S()-J
2 

+ 

j=I •=2 k,((Ymj +smj)Cosam +(x,,!I +smJ)Smam +Sm) 

N m-1[xuCosa; -yifSina; +S;' -(.I-k;)((x,1 +s,'1 )Cosa1 -(y11 +siJ)Sina, +St)-]
2 

+ ~~ -k;((xni; +s;;)Cosam -(Ym, +s~;)Sinam +s;) · ' 

r.ne 

• N - K0JIIIqeCTB0 npHMOJIIIHeHHhIX T}JeK0B, nepeceKaIDmIIx m JI0KaJihHhIX 

CIICTeM Koop,nIIHaT; 

• Xij (yy) - 3apernCT}JIIp0BaHHhie K00p,nIIHaThI (j - H0Mep T}JeKa, i - H0Mep 

,neTeKTopa); 

ff ( i') - crryqaHHM oum6Ka II3MepeHIIH X(Y) K00p,nIIHaTbI C HyrreBbIM cpe,nHIIM. 

Ilocrre ynpomeHIIH II3 ycJI0BIIH MIIHIIMYMa <p norryqaeTCH 0K0HqaTeJihHM 

CIICTeMa ypaBHeHIIH 

m [ N N ] ~C1,(a, -al) B~(xljxij + yljyij -xlkxij - Y1,Yij)-(011 +om1)(oi; +om,)N(N- l)(Dt + D;) = 

m N N 

LLl:C11(XifYu -xljyij +x1kYif +X1kY" -X"Y1k), 
i=I k=::1 J=I 

m N 

LL (x'1Sina1 + y"Cosa, + S;)c1, = 0, 
i=l /=1 

m N 

LL(x"Cosa1 -y"Sina, +S;')c1, = 0, 
i=I /=I 

(1) 

m N N 

LLLcj(a, -a,)(xuy,1 - y"x11 + y"x,k -x"y,k)-(a, -am)(x"y" -y"xm1 + y"xmk -xijym,)]= 
1::cl k=I J=l 

m [ N N ] ~cl, B~(xijx,1+yljy,,-x,kxlj-ylkyij)-o,,N(N-l)(D,X+D() -

m [ N N ] ~cl, B~(xljxmj + Y,JYmJ -xljxmk -yljymk)-om,N(N-l)(D; +D;) . 
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r.ne v; u D; - ,nIIcnepcIIII oum6oK II3MepeHIIH, !=], 2, ... ,m, cu - ::,rreMeHThI 

MaTpIIIIhI 

- -- L(l-k,) 2 
, (1-k,), ()-k3 ), ... , ()-km_,), - Lk,(J-k,) 

~ ~ 

-(1-k,) , I , 0 , ... , 0 ,-k, 

C= 

-()-km-I 0 0 , ... , 1 '-km-I 

m-1 m-1 

- Lk;(l-k;), k, , k, , ... , km-I ,-Ik,' 
1=2 /=2 

IlepBbie T}JII ypaBHeHIIH CIICTeMhI (1) C00TBeTCTBYIDT 3a_naqe Il0IICKa a, ,s: ,S;. 

TaKIIM o6p330M, perneHIIe 3TOH T}Ja.nIIIIIIOHHOH 3a_naqII, CBH3aHH0e C perneHIIeM 

HeJIIIHeHHOH CIICTeMbI ypaBHeHIIH, npaKTIIqeCKII CBeJI0Ch K perneHIIID JIIIHeHHhIX 

CIICTeM [21, 22]. AHaJIII3 paHroB C00TBeTCTBYIDII\IIX MaT}JIIII ,naeT crre,nyromee: 

• ,nJIH yrrroB Il0B0p0Ta a1 (I= 1, 2, ... , m) Heo6xo,nIIMO, qTOfaI o,nIIH II3 3TIIX 

yrrroe 6hm 3a,natt; 

• MH onpe,neJieHIIH ecex S;'(S;) Heo6xo,nIIMO 3a,naTb ,nBa II3 HIIX; 

• ,nJIH onpe,nerreHIIH Bcex Z; Heo6xo,nIIMO TaK)Ke 3a,naTh ,nBa II3 HIIX. 

3aMeTIIM, qT0 onpe,nerreHIIe Heo6xo,nIIMhIX napaMeT}J0B B03M0)KH0 npII ycrrOBIIII, 

qT0 T}JaeKT0pIIII qacTIIII HeK0JIJIIIHeapHbI II ,nIIcnepcIIII K00p,nIIHaT T}JeK0B B Ka)K,nOM 

,neTeKTope HeHyrreBbie. 

BKJiroqeHIIe B IICXO,nHhIH qiyKIIIIOHaJI ( ¢) He3aBIICIIMhIX crryqaHHhIX OIIIII60K 

(i:1, Em) HBJIHeTCH Heo6xo,nIIMhIM ycJI0BIIeM KoppeKTH0r0 npIIMeHeHIIH MeTo,na 

HaIIMeHbIIIIIX KBa,npaT0B. I1rHOpIIpoBaHIIe IIX npIIB0,nIIT K Il0Tepe CBOHCTBa 

C0CT0HTeJibH0CTII orreH0K onpe,neJIHeMbIX napaMeTp0B. AttarrorIIqHbIH no,nxo.n 6bIJI 

npIIMeHeH ,nrrH B0CCTaH0BJieHmI nepe,naTOqHhIX qiyHKIIIIH [23, 24] ,npeHqlOBhIX KaMep 

ycTaH0BKII «HettTpIIHHhIH ,neTeKT0p», qT0 TaK)Ke o6ecneqIIJIO C0CT0HTeJihHOCTh 

peK0HC'fPYIIP0BaHHhIX napaMeTp0B. 

B 3TOH rrraBe npe,nJI0)KeH II npoTeCTIIpoBaH MeT0,n B0CCTaH0BJieHIIH 

Heo6xo,nIIMhIX napaMeTp0B ,nm1 ,neTeKT0p0B CTaHIIIIII MEl/1 [2, 25]. I1ccrre,noBaHO 

KaqecTB0 np0II3B0,nCTBa II c6opKII KaT0,nH0-CTpIIIl0BhIX KaMep MIDOHHOH CTaHIIIIII 

MEl/1. OnIICaHhl annapaTHbie B03M0)KH0CTII K0HT}J0JIH Il0JI0)KeHIIH ,neTeKTopoB 

CMS Ha 633e cnerrIIarrtt3IIpoBaHHOH rr33epHoH cIIcTeMhI. 
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B 33KJI10qe111111 C<pOpMynHpoBaHbI OCHOBHbie pe3yJihTaThI ,[(HCcepTaUHOHHOll 
pa60TbI. 

I. TeopeTHqecKH H 3KCnepHMeHTMbHO HCCJie,[(OBaHO npHMeHeHHe KaTO,[(HO
CTPHIIOBbIX KaMep .nm1 BbICOKOToqHott peKOHCTPYKUHH KOOp.[(HHaT MIOOHOB 
H BpeMeHH nponeTa B TopueBhIX o6nacrn:x ,neTeKTopoB Ha bOJibIIIOM 
A,npoHHOM KonnaiI,nepe (LHC): 

a. BbIIIOJIHeHO TeopeTHqecKoe HCCJie,[(OBaHHe MeTO,[(OB nepexo,na OT 
CHrHMOB K KOOp.[(HHaTe B csc H BJim!Hml OCHOBHbIX rrapaMeTPOB 
KaMepbI (reoMeTPHH, faJOBOe ycm1eHHe, IIIyM KaHana '.)JieKTPOHHKH) 
Ha KOOp.[(HHaTHYJO ToqHOCTI, B ycnOBHHX HeO,[(HOpO)J;HOfO 
MarHHTHOro IIOJIH (.no 3 Tn), :JJieKTPOMarHHTHOro corrpOBOiK,[(eHHH H 
<poHOBhIX JarpyJoK CMS (.no I KI'u/cM2

). Ilpe,nnoiKeHHhie MeTo,n1,1 
OIITHMH3al(HH reoMeTPrrqeCKHX rrapaMeTPOB KaMep H KOMIIeHcauurr 
BJIHHHHH MarnttTHoro rrona CMS Ha Koop,nrrHaTHYID ToqHoCTh 
'.)KCIIepHMeHTMbHO IIO.D:TBepiK,n:eHhI. BbIIIOJIHeHa OIITHMH3al(HH 
reoMeTPrrqecKHX rrapaMeTPOB KaMepI,I; 

b. Pa3pa6omHHoe rrporpaMMHOe o6ecrreqeHrre rrpttMeHeHo ,n:nH aHanHJa 
3KCrrepHMeHTMI,HI,JX ,n:aHHbIX rrpoTOTllIIOB KaMep CTaHUHH MEI/I; 

c. Pa3pa6omHa rrporpaMMa Mo,n:ennpoBaHHH Koop,n:ttHaTHoro 
pa3peIIIeHHH KaTO.D:HO-CTPHIIOBOll KaMepbI. PeJyJII,TaTI,l 
MO,n:enHpoBaHHH rro,n:TBepiK,n:eHhI 3KCrrepHMeHTMI,HI,IMH 
uccne,n:oBaHHHMn; 

d. ToqHoCTHhie u BpeMeHHhie rrapaMeTPhI KaTo,n:HO-CTPHIIOBhIX KaMep 
MEI/I B ycnoBHHx TopueBhIX o6nacTett CMS Hccne,n:osaHbI 
3KCIIepHMeHTMbHO H IIOJIHOCTI,JO COOTBeTCTBYJOT TPe6osaHHHM 
:JKcrrepnMeHTa; 

e. ,llr!H ycTaHOBOK THIIa "TeJieCKOII" BrrepBbie pa3pa6oTaH 
opnrHHMbHI,Ill MaTeMaTHqecKHll aHMH3 3a,n:a'IH orrpe,n:eJieHHH 
rrapaMeTPOB JIOKMI,HI,IX CHCTeM KOOp,n:nHaT ,n:eTeKTOpa B 06JUett 
CHCTeMe KOOp,n:HHaT ycTaHOBKH. B1,monneHo neo6xo,n:11Moe 
nccne.n:osaHne ,nnH cTanurrrr ME 1/1; 

2. PeJyJibTaTbI nccne,noBaHHll BOIIIJIH B OCHOBHbie ,n:oKyMeHTI,J 3KCIIepttMem::a 
CMS. "The Compact Muon Solenoid Technical Proposal" [Cl2], "CMS. 
The Muon Project, Technical Design Report" [C3] "CMS. Detector 
Performance and Software. Physics Technical Design Report, Volume I" 
[CI3] ll nernH B OCHOBY pa3pa60TKH H COJ,n:aHHH rrpeUH3HOHHOll MIOOHHOll 
CTaHUHH (MEl/1), KOTOpM o6ecrre'!HBaeT TO'IHOCTI, peKOHCTPYKUHH 
Koop,nnnaTbl MIOOHa He xyiKe 75 MKM (rrpn 3<p<peKTHBHOCTH 
peKOHCTPYKUHH TPeKa BhIIIIe 90%) [Cl4] H speMeHH rrponem nyqrne 4 Hc, 
'!TO o6ecrre'IHBaeT llMIIYJihCHOe pa3peIIIeHne ;:::: I 0% .D:JIH MIOOHOB I T:38/c n 
TO'IHOCTI, BOCCTaHOBJieHHH MaCCI,l B .D:HMIOOHHI,IX co6bITHHX (;:::: I% .D:JIH 
I 00 faB/c2 

); 
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3. Pa3pa6oTaHHbie MeTO,[(bl, IIOMHMO csc, rrpnMeHHMbl .D:JIH: 
• raJOBhIX ,n:eTeKTopoB, rrpHHUHII ,n:ettCTBHH KOTOpbIX OCHOBaH Ha aHanHJe 

HaBe,n:eHHoro Japa.n:a Ha cerMeHTnposaHHOM KaTo,n:e (Gas Electron 
Multiplier, micromegas, Time Projection Chamber, ... ); 

• rrpe,n:nttBHeBbIX ,n:eTeKTopoB c cerMeHTnposaHHOtt ,n:eTeKTrrpyIDJUett 
'!aCThJO; 

• rrpoeKTHBHblX KanOpHMeTPOB ·,n:nH BOCCTaHOBJieHHH Koop,n:11HaT ueHTPa 
JlllBHH; 

• .n:pett<pOBbIX KaMep .D:JIH BOCCTaHOBJieHHH rrepe,n:aTO'IHOll <pyHKUHH. 
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