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BseJJ,emre. 

3KcnepHMeHTaJihHOe Hccrre,a:osami:e crrmKHhrx cpmHqecKrrx rrpoueccoB 11 JIB

.rreHHH B 06.rraCTH cpI13I1Kl1 Bb!COKHX :.rneprnM: rro,a:pa3yMeBaeT C03)J,aHHe CJIQ)KHOH 11, 

KaK rrpaBHJIO, Bcer,a:a ,a:oporocTOJill.l;eH 3KcrrepI1MeHTaJibHOH ycTaHOBKH, OITTHMa.TibHO 

CO'-IeTarorn,ew B ce6e pa3JII1'-IHble Tlfllhl )J,eTeKTOpOB qacTHU. 0CHOBHaJI rrpo6.rreMa, 

KOTOpaJI B 3TOM c.rryqae )J,OJDI<Ha 6h!Tb perneHa, 3aKJIIO'IaeTCJI B rrpaBHJibHOM BI:.I6ope 

MeTO)J,11KI1 JIJJ,epHo-cpH3H1-1ecI<oro 3KCrrepI1MeHTa. Ea30BbIM KOMITOHeHTOM rro,n:o6HhIX 

3KCnepI1MeHTa.TibHhIX ycTaHOBOK JIBJUIIOTCJI TpeKOBb!e CHCTeMhl, C03,[(aHHhle Ha 6a3e 

ra30pa3p5!,[(Hb!X )J,eTeKTOpOB qacTMU c pa3JII1'-IHb!MH MeTO)J,aMH CbeMa HmpopMaUHH. 

I1pI1 3TOM, KaK rrpaBHJIO, )J,JIJI no.rryqeHl1JI cpI13H'-IeCI<I1 KpaCMBb!X 3KcnepHMeHTa.Tib

Hb!X pe3yrrhTaTOB TPe6yeTcJI: 

Bo-rrepBbIX, )J,eTa.rrbHO npoaHaJII1311poBaTb I1 MIIHI1MH3HpoBaTb BJIIIJIHI1e KOM

rrrreKca 3aqacTy10 B3aHMHO rrpOTHBOpe'-Il1Bb!X cjJaKTOpOB BJIHlIIOilJ,11X Ha pa6oTy 3Tl1X 

)J,eTeKTOpOB, c ue.rrblO pea.rrmaUHH HX rrpe)J,eJibHO )J,OCTH)!<HMb!X napaMeTpoB; 

BO-BTOpb!X, HCCJie)J,OBaTb lf OIITI1Ml13I1pOBaTb a.rrropI1TMbl I1X B3aI1MO)J,eHCTBI1lI 

c )J,pyrHMH )J,eTeKTopaMH, BXOJU!ll.l;MMH B COCTaB 3KcrrepHMeHTaJibHbIX ycTaHOBOK. 

OcHOBHaH uenh pa6oTht 
L(errh HaCTOJI!UeH pa60Tbl 3aKJIIO'-IaeTCJI B TOM, '-IT06b! Ha npHMepe HeCKOJib

KHX BeCbMa YHHKaJibHb!X lf COBeprneHHO pa31II1'-IHbIX no 11,n:eo.rrorI1l1 cpI13J1LieCI<l1X 

3KcrrepI1MeHTOB rrpo)J,eMOHCTpI1poaan, crroco61>1 (I1.rr11, MmI<HO CKa3aTb, cTpaTermo) 

C03)J,aHHJI 11 OITTHMH3aUHH CJIO)!<Hb!X 3KcrrepHMeHTa.TibHblX ycTaHOBOI< OCHOBHblM 

(HJII1 cyru:ecTBeHHb!M) KOMIIOHeHTOM KOTOpb!X lIBJilIIOTCJI TpeKOBbie fa30Harro.rrHeH

Hbie )J,eTeKTOpbl qacTHU. YBepeHHOCTb B TOM, '-ITO 3Ta ue.rrb MO)!(eT 6b!Tb JIOCTHTHY

Ta, 6a3I1pyeTCJI Ha MHOroJieTHeM Oilb!Te ycrreIIIHOM pa60TbI aBTOpa H ero KOJI.rrer no 

C03)J,aHHIO TpeKOBhIX CHCTeM )J,JllI pa3III1'-IHblX 3KCIIepI1MeHTOB. 3To - 3KCnepHMeHTbl 

E-715, E-761 H E-781 Ha mnepoHHhIX IJY'-IKax B Jia6oparnpHH HM.3.<I>epMII 

(ClllA); 3KcnepIIMeHTbl no myqem110 KaHa.rrHpOBaHHJI npoTOHOB H30fHYTblMH MO

HOKp11CTaJIJiaMI1 s JIH5I<I> PAH; 3KcrrepI1MeHT L3 B U:EPHe (lllBeliuapHJI); 3Kcne

p11MeHT HERMES B DESY (fepMaHHJI); 3KcnepHMeHTbI CMS, ATLAS 11 LHCb B 

U:EPHe (lllBewuapHlI) 11 T.)J, .. Pe'-Ih H)J,eT o TaK11x )J,eTeKTopax qacTHU, I<aK )J,eTeI<TO

pbI nepexo,a:Horo mrry'IeHHJI pa3JII1'-IHhIX MOJil1cjJHKaUHli; nponopu110Ha.rrbHb1e KaMe

pbI c aHO)J,Hb!M I1 I<aTO)J,HblM MeTO,naMH CbeMa HHcjJOpMau1111; ,n:pei1:cjJOBb!e KaMepbl co 

CbeMOM 11mpopMaUHH ITO apeMeHl1 )J,pelfc)Ja 11 MeTO)J,OM )J,eJieHHJI 3apl!)J,OB. 

A1nyaJihHOCTh TeMhI 

Bee BbIIIIeynOMlIHYThie )leTeKTOpbl JIBJIJIIOTCJI O)J,HHMH 113 OCHOBHblX TpeKO

Bb!X npw6opoB B COBpeMeHHOH cpI13HKe Bb!COKI1X 3Heprni1. B 6yJiyru:eM, HeCMOTplI 

Ha IIOJIBJieH11e HOBoro IIOKOJieHHJI nonynpOBO)J,HHKOBb!X I1 ra30Bb!X MHKpocTp11no

BblX ,neTeKTOpOB, ra3opa3plIJIHble )J,eTeKTOpbl 6y,nyT npo,nOJI)!<aTb 11rpaTb KJIIOl!eayro 
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pOJib B COBpeMeHHhIX 3KCrreprrMeHTaJibHh!X ycTaHOBKaX Ha YCKOpHTeJI5IX KaK co 

BCTpe11HbIMH rry11KaMH, TaK II c q:mKcrrpoBaHHhIMH MHIIIeID!MH . 

.IJ:m1 Toro, 11T06hr rrmpopMaIJ,IDI 0 BTOpff'IHhIX qacTrru,ax 6hrna MaKCHMaJihHO 

)l,eTaJibHOH, C03.[(aIOTCJI crreKTpOMeTpbI, COCTOJimIIe H3 pa3JIH11HOrO nma )],eTeKTO

poB, Ka)K)],b!H 113 KOTOpb!X IICIIOJih3yeT orrpe.ll,eJieHeyIO TeXHOJIOrmo H pemaeT CBOII 

crreu,mpII11ecKrre 3a.ll,a11rr. IIo3TOMY 11pe3B1111ai1Ho BmKHhIM rr aKTYaJihHhIM rrpe.ll,cTaB

JIJieTcJI C03.llaHrre fa30pa3pJI.ll,HbIX TpeKOBhIX )J,eTeKTOpOB, KOTOpbre I103BOJIJIIOT pea

JIH30BaTb CJie)J,yIOmIIe rpe60BaHHJI. 

Bo-rrepB11x, o6pa3oBaHrre rr rroc11e.ll,y10mrril pacrra)J, Hecrn6HJihHhIX qacTHII 

(Harrp11Mep, rnrrepoHOB, '( - JieIITOHOB, c 11 B - Me30HOB) rrpHBO.ll,IIT K ITOJIBJieHHIO 

BTOpH11Hh!X Beplli11H, )],JIJI peKOHCTPYKIJ,HH KOTOpbIX Heo6XO)],HMO Bb!COKOe rrpo

CTpaHCTBeHHOe II .[(Byx11aCTH1iHOe pa3perneHIDI )J,eTeKTOpa B IIIHpOKOM )J,11aITa30He 

yrnoB Bhmern rrpo.ll,yKTOB pacrra.ll,a . .IJ:eTeKTHpoBaH11e rrpo)J,yKTOB pacrra.ll,a Tpe6yeT 

C03)J,aHHJI CHCTeM 11)1,eHTmj:mKaIJ,HII qaCTl!II B ycnOBHJIX, KOr)],a Tpa.ll,H!IHOHHbie Me

TO.ll,bl CTaHOBJITCJI MaJIO 3cpcpeKTHBHhIMII. 

Bo-BTOphIX, rrprr BhICOKHX :rneprmrx 11aCTHIIhI MaJio OTKJIOHJIIOTCJI B orpaHrr-

11eHHOM o5beMe Mam11THoro rro11JI 3Kcrrep11MeHTaJihHoil ycraHOBKH. IIo3TOMY )J,JIJI 

T011Horo onpe,D,eneHHJI HMrrynhca perucTpupyeMhIX 11acTHII II 3HaI<a 3apJI.ll,a Heo6xo

.ll,HMO o6ecne11HTh MHOroKpaTHOe H3MepeHHe KOOp)J,l!HaT B,ll,OJib TpeKa qacTl!Il,bI c 

BhrcoKoil T011HOCThIO. IIpH11eM, y11rrThIBaJI B11c0Ky10 cBeTIIMOCTh coBpeMeHHhIX 

KOJIJiail)J,epoB (1031+1034 CM -1 ceK-1), perncTpaIIHJI qacTHII )J,OJI)I<Ha ocymeCTBJIJITh

CJI B ycJIOBHJIX Bb!COKOH 3arpy3Kl1 (B TOM 1111CJie H cpoHOBOH), 11TO 0)],HOBpeMeHHO 

HanaraeT cep1e3H11e rpe6oBamrn Ha BpeMeHHoe pa3pemeRrre ,D,eTeKTopa. 

B-TpeThHX, .ll,JIJI pa60T11 .ll,eTeKTopa B 3Kcrrep11MeHTaJihHOil cpH3rr11ecKoil ycra

HOBKe B Te'IeHHe HeCKOJibKHX JieT 6e3 )J,OCTyrra rrepcOHaJia Tpe6yIOTCJI Bh!COKa51 Ha

)],e)[(HOCTb 11 pa.ll,11aII110HHaJI CTOHKOCTh rrptt6opa B ycJIOBl1JIX ,ll,JIHTeJibHOro 11 11H

TeHCHBHOro 0611y11eHHJI. 

Hay<rnaSI BOBH3Ha pa6oThl 
Pa3pa6oTaHhI 11 C03)J,aHhI cnmKHbie 3Kcrrep11MeHTaJihH&re ycTaHOBKH, O,ll,HHMll 

113 KJII01ieBhIX 3JieMeHTOB KOTOpbIX 6bIJIH fa30HaIIOJIHeHHb!e )],eTeKTOpbl 11aCTl11I, 

OTJil11iaIOIU.HeCJI KOMIIJieKCOM Bh!COKHX pa6011rrx xapaKTep11CTl1K, II03BOJIJIIOmHe 

3cpcpeKTHBHO pemaTb rrepe1111cneHH1re BhIIIIe rrpo6neMhI 11 rrony11aTh BeJIHKOJieIIHhre 

cp1131111ecK11e pe3y111TaThI. B •rncTHOCTH: 

- Co3)J,aHHe .ll,eTeKTopa rrepexo.ll,Horo mJiy11eHHJI, pa6ora10mero B pean:&HOM 

cp113H1ieCKOM 3KCIIeprrMeHTe, C03)],aJIO rrpHHIJ,IIIIIIaJihHYIO B03MO)[(HOCTh )],JIJI rrpoBe

)],eHIIJI B 1983-1998 ro)],ax cepHII ycrreIIIHb!X 3KCIIep11MeHTOB Ha rnrrepoHHb!X rry11-

KaX (E-715; E-761; E-781; Fermilab, USA) c 3Heprneil OT 25013B ,D,O 600f'3B, B 

KOTOpb!X 6hrna rrony11eHa 11,eJiaJI cepIDI YHHKaJibHhIX cpII3H1ieCKIIX pe3yJihTaTOB 

(fJiaBa 1). 
- I1cnOJib30BaHHe TpeKOBh!X CIICTeM, 0)1,Ha 113 KOTOpb!X IIMeJia rrpe.ll,eJibHO Bhl

COKOe rrpocTpaHCTBeHHOe pa3peIIIeH11e ( cr:S60 µm) IT03BOJIIIJIO o6HapyiKIITb 3cpcpeKT 
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I<aHaJn!pOBaHirn npOTOHOB c 3Heprnei1 1 f3B 11 3cpQJeKT 11X cpoKyc11pOBI<H 1130rHY

Tb!Ml1 MOHOKpHCTaJIJJaMl1 (fJJaBa 2). 

- Co3):(aHHhii1 B IIIUI<P rnp11esoi1: Koopi:i:11HaTHbIH i:i:eTeKTop FTC ):(JUI 3Kcne

p11MeHTaJihHOH ycrnHOBK11 L3, c noMOII.\hIO KOTopoil: Ha ycKop11Terre LEP B IJ,EPHe 

myqarr11cb yHHKaJihHhie cpmu1recKHe rrpo11ecchr pm1<i:i:a10m11ec51 B e + e- CTOJIKHose

Hl15!X rrpH 3HeprHHX 5 + 200 f3B. ,[(eTeKTOp yqacTBOBaJI B Ha6ope CTaTl1CTl1Kl1 11 

ycrreurno 11cnoJ1b30Barrc51 B aml.J1113e i:i:aHHhIX Ha npoTmKeHHH Bcero i:i:ecHT11neTHero 

rrep11oi:i:a pa6oThI ycrnHOBKH L3. Pa3pa6oTaH 11 npHMeHeH arrropHTM OIITHMH3a1111H 

scex pa6oq11x napaMeTpos i:i:pei1cpoBhIX KaMep B ycnoBHHX BHellIHHX orpaH11qeH11i1:. 

Pa3pa6ornH Mern,a: 3J1eKTpocrnn1qec1<0H: 3aII.\11TbI 3JieKTpmecrrnx nonei1 B i:i:peH:cpo

BhIX KaMepax OT BHellIHHX pa3pyrrraIOII.\11X B03):(eHCTBHi1: (fnaBa 3). 

- .VIccJJe):(OBaHHe lIMIIYJihCHOro 11 yrnoBoro pa3perneHH5! «KOpOTKlIX)) TpeKOB c 

rroMOII.\hIO cneKTpOMeTpa Ha 6a3e rrporropu11ottaJ1hHbIX KaMep, pa3MemettHoro 

BHYTPH Marn11rn ycrnHOBKH HERMES (DESY), ,a:ano B03MO)J(HOCTb aHan11311poBaTb 

co6hITl15! c pO)J():(eH11eM A 0 - rnrrepottos (fJJaBa 4). 
- 3ttaqHTeJ!bHbii1: o6neM i:i:11cceprn111111 nocs.ameH pe3yJ1hTaTaM myqeH115! cjm-

3HKl1 ra30BOro pa3p5!):(a B pa3Jll!qHb!X THrrax ,a:eTeKTOpOB qacTHU, pa6orn10m11x B 

HHTeHCHBHb!X pai:i:uau110HHb!X rromrx 113JlyqeHl1H (fnaBa 5). 
I1oKa3aHO, qTo MeTO):( 5l):(epHb!X pea1<1111H: 5!BJI5leTC5! oqeHb 3c}JcpeKTilBHh!M rrp11 

HCCJie,[(OBaHHl1 MexaHH3MOB crnpeHl15! ):(eTeKTOpOB. OH Il03BOJ111JI BIIepBbie B MHpO

BOH rrpaKTHKe IIOJJyqaTb KOJ1IlqecTBeHHYIO HHQJOpMaUHIO 0 IIOBepXHOCTHOM 11 rny-

611HHOM pacnpei:i:enemrn JJerKHX 3J1eMeHTOB, BX0):(5!II.\HX B COCTaB IIJ!a3MO

XHMH'!ec1rnx pa):(HKaJIOB, KOTOpbie o6pa30BaJil1Cb B fa30Bb!X JJasmmx, 11 «IIp11IIIJ1H)) 

Ha 3JJeKTpOAhI i:i:eTeKTopos qacn1u. 

ITpoBe):(eH lllllpOKHH KOMIIJieKC HCCJ1e):(OBaHHH TIO myqeHHIO cplI3HqecKHX Me

xaHH3MOB pa3BlITl1.R crnpeHH.R ra30pa3p5!):(Hb!X ):(eTeKTOpOB qacTHI.\ B HHTeHClIBHb!X 

IIOJ1.RX 113JlyqeHHH. 06Hapyll<eH npHHUHIIHaJ!hHO HOBb!H THTI crnpemrn, KOTOpb!H 

6brn HaMlI Ha3BaH - 3QJQJeKT pacrryxaHH5! aHOJ];Hb!X rrpOBOJJOqeK. I1oKa3aHa KJIJOqe

Ba5! poJJb KHCJIOpona B pa3BllTIU! pacnyxaHH5! npOBOJ!OqeK. Ilpe):(JIO)J(eHa QJlI3J1qe

CKa5! MOL(eJ1b pa3BllTll.R 5!BJ!eHHR, B OCHOBe KOTOporo Jie)J(aT IlJ!a3MO-XlIMmeCK11e 

rrpouecCbl o6pa30BaHl15! BOJ1bCppaMO-KllCJIOpOJJ:HhIX coe):(HHeHHH. IlOKa3aHO, qrn B 

p5!,a:e cJJyqaes npouecchr, npHBOJJ:5!II.\He K pacnyxaHHIO rrposonoqeK, MoryT 11,a:T11 

CTOJ!b HHTeHCllBHO, qrn BOJibcppaMO-KllCJIOpO):(Hh!e coe):(HHeHH5! npoCTO «BbI6pacbI

BalOTC5!)) 113HyTp11 rrpOBOJ!Qq!(JI Ha ee IlOBepxHOCTh II pacnpocTpaH.RIOTC5! ):(aJ!eKo 3a 

rrpeAeJJhI 30HhI o6nyqeH1151. 

Pe3yJihTaTOM KOMTIJ1eKCHOro HCCJ1e):(OBaHH.R crnpeHJI5! rrpOTOTHIIOB MIOOHHb!X 

nponopu110HanbHhIX KaMep JJ:JUI npoeKTa CMS (IJ,EPH) 6brna Bhipa6oTKa TaKHX 

pernett11H:, peanmau11.R KOTOpb!X Il03BOJIHJ1a rapaHTIIpOBaTb Ha):(e)KHYIO pa6oTy nr

raHTCKOro MIOOHHOro cneKTpOMeTpa B TeqeHHII He MeHee 30 JieT B YCJIOBII.RX MaK

CllMaJ!bHOH cseTIIMOCTH LHC. IloKa3aHo, qrn peKOMeHi:i:osaHHa5! K pa6oTe ra3oBa5! 

CMeCb o6nanaeT YHIIKaJ!hHh!MH CBOHCTBaMH: II03BOmreT HaI<aTIJ111BaTb 3KCTpeMarrb-
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HO Bhrcorme ,IJ,03bI o6rryqemrn (13 KynoHlcM) H noJIHOCThIO 6noKnpyeT npe,ll,eJihHO 
HeraTHBHOe BJIIUIHHe KpeMHHHOpramILJeCKFIX coe,IJ,HHemri1 Ha pa6oTy KaMep. 

Hayqttasi 11 npa1n11qecKaSI ueHHOCTh paoOThI. 
ITpaKrnqecKH see, rrorryqeHHhre s HacTmurrei1 pa6oTe pe3yJihTaThI, nMeIOT He

coMHemzy10 Hayqey10 H rrpaKTnqecKy10 rreHHOCTh. B qacTHOCTH, 6hIJI ccpopMyrrn
poBaH (H peamr3oBaH s pJI,ll,e yHHKaJihHbIX cpmnqecKHX 3KcrrepnMeHTOB) o6mHi1 
I10,IJ,XO,IJ, K C03,IJ,aHHIO KOOp.D:HHaTHhIX .n:eTeKTOpOB ,IJ,JIJI cpmnqecKHX 3KCI1epHMeHTOB. 
B OCHOBe 3TOfO Jie)KHT KOMITJieI<CHbIH aHaJIH3 cpaKTOpOB, onpe,ll,eJIJIIOIU11X OCHOBHbie 
napaMeTpbr .ueTeKrnpos, H pearrmarrHJI Ha ocHose pe3ymraTOB 3Toro aHanma npe
,n:eJibHO )J,OCTH:>KHMb!X rrapaMerpoB .n:ereKTOpoB. 

B Hacrrnnrreil: pa6oTe 06cy)l{,n:a10TCJI pe3yJihTaThI nccrre)J,oBaHHH CBOHCTB ,n:e
TeKTopoB rrepexo,n:Horo mrryqeHH5I H aHaJIH3HPYIOTC5I oco6eHHOCTH HX rrpnMeHemrn 
B cepnn il.UepHo-cjJmnqeCKHX 3KcrrepnMeHTOB, no3BOJil1BIIIHX norryqnTh yHHI<arrh
Hbie cp1131{tleCKHe pe3yJibTaTbl. I1ccrre,n:oBaHbl 11 OilTHMH311pOBaHbl anrop11TMbl 11X 
B3aHMO)J,ei1CTBH5I c .n:pyrnMl1 J:(eTeKTOpaMH, BXO,IJ,5IIUl1M11 B COCTaB 3KCnepHMeHTaJib
HbIX ycTaHOBOK. 

,1J;eMOHCTp11pyeTC5I CKOJib urnpoKHM H pa3HOo6pa3HbIM MO)!<eT 6b!Th ,n:11arra30H 
5!.ll,epHblX pearm.1111, KOTOpbre MOfYT 6b!Tb 11CCJie,IJ,OBaHbl Ha 3KcnepHMeHTaJibHOH 
ycraHOBKe, B OCHOBY KOTOpoi1 IlOJIO)l{eH KOMilJieKCHbIH H B3al1MOcornacoBaHHb!H 
Ha6op MeTOJ:(OB .n:ereKT11pOBaHH5I H H,IJ,eHTHcpHI<aUHH qacrm:i:. 

ITonyqeHHhre pe3yJihTaTbI nccne.uosaHHH no3sorrnn11 pa3pa6oTaTh MeTO.UHKY 
HCCJie,IJ,OBaHl15I 11 OI1THMH3a[(Hl1 cpmnqecKHX rrpOIIeCCOB, rrpoTeKaIOruHX B )J,eTeKTO
pax qacTHIJ;, pa6oraIOIUHX B HHTeHCHBHhIX IlOJI5IX mrryqeHl1H. 

ITpoBeJ(eHHbie HCCJJe,n:oBaHH5I H pa3pa60TKl1 C03,1J,an11 OCHOBY ,IJ,JIJI C03,IJ,aHl15I B 
ITIUI<D urnpoKoro crreKTpa 3KcrrepnMeHTaJibHbIX ycraHOBOK Ha 6a3e .ueTeKTopos 
nepexo.n:ttoro H3nyqeH11R, nporrop:unoHanbHbIX 11 .upeiicpoBbIX KaMep c pa3JIHqHhIMH 
Tl1IlaMH C1'eMa HHcpopMa[(Hl1 (noKaHaJihHh!H C1'eM; MeTO,IJ, ,n:eJieHH5I 3apJI,n:a; MeTOJ( 
H3MepeHH5I speMeHH .upei1<J.:>a; C'beM HHcpopMaI.J,Hl1 Ha JIHH11!0 3a,n:ep)KK11; KaTOJ:(Hb!i:'I 
C1'eM HHCpopMaI..J,11H 11 T.Jl.). 3Tl1 )J,eTeKTOpbl Ha):(e)KHO pa60TaJIH (II npO,ll,OJI)KaIOT 
pa6oraTb) npaKT11'!eCKH so scex JIJJ.eptto-cpmnqecr<Hx 3KcrrepHMeHrax, nposoJJ:H
MhIX I1115I<P B o6rracTH cpmHKH BhICOKHX 3Heprni1, r<aK B Poccnn, raK 11 B Me)K,IJ,yHa
po.UHhIX Hay'!HhIX ueHTpax. 

Anpo6ari:m1 pa60T1>1 
MaTepnanbr, H3JIO)l{eHHhre B HacrnRmei1 .uncceprau1111, JJ:OKJia.UhIBaJil1Cb Ha 

pa3JIHqHbJX KOHcpepeHU115IX 11 cosemaHH5IX. 
1. Vienna Conference on Instrumentation, Vienna, Austria, 22-27 Feb 2007. 
2. Vienna Conference on Instrumentation, Vienna, Austria, 22-27 Feb 2004. 
3. 8th International Conference on Instrumentation for Colliding Beam Physics 
(INSTR02), Novosibirsk, Russia, 28 Feb - 6 Mar 2002. 
4. Vienna Conference on Instrumentation, Vienna, Austria, 19-23 Feb 2001. 
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5. International Workshop on Aging Phenomena in Gaseous Detectors, Ham
burg, Germany, 2-5 Oct 2001. 
6. International Conference of High-Energy Physics (ICHEP-98), Vancouver, Brit
ish Columbia, July 23-30, 1998. 
7. Symposium on Particle Identification at High Luminosity Hadron Colliders, 
FNAL, Batavia, Illinois, April 5-7, 1989. 
8. Me)!{AyHapo,nHoM cosemaHrrrr no rrporropurroHaJibHhIM rr ,npeiicpoBhIM KaMepaM, 
.IJ:y6Ha, 1988r. 
9. 56(LVI) Me)J<.[(yHapOAHaJJ KOHcpepeHIJ,ID! "JI.IJ:P0-2006" no npo6neMaM JJ,ll,ep
HOH cneKTpocKonrrn H CTPYKType aTOMHoro J!Apa" PoccnJJ, CapoB, 4-8 ceHTJJ6pJI 
2006 r. 

a TaK)!{e rry6mIKOBaJIHCb B )KypHarrax: 
Nuclear Instruments and Methods 
Nuclear Physics 
Physical Review Letters 
Physics Letters 

IlHCbMa B iK3T<I> 
BorrpOChI aTOMHOH uay1rn rr TeXIUIKH 
lhsecTHSI P AH 

JfaqHhIH BKJiaj( aBTopa B IIOJiytJeHHbie pe3yJibTaTbl. 
Bee nprrBe,neHHbie B AHCceprnum1 pa6oThI 6hmrr BhIITOJIHeHhI 

A.f.KprrBlllH':.ieM nrr6o Henocpe)lcTBeHHO no)l ero HayqHbIM pyKoBOJlCTBOM, nn6o 
npu: ero caMOM aKTHBHOM yqacTHH (pyKOBO)lCTBO p!!)lOM KJIKJqeBbIX HarrpaBJieHHH). 

CTpyKTypa H o6beM ,nucceprnQHH . 
.IJ:rrcceprnUHJI COCTOHT 113 BBe)leHHJJ, TIJITH rnaB H BbIBO)lOB, KOTOphre BhIHO

CJITCJI Ha 3aLUu:Ty. 06mu:H: o6oeM )lu:cceprnuu:u: - 278 cTpaHnua. B Heil co)lep)J<HTCJI 
174 pHCYHKOB H 13 rn6JIHU H cnHCOK CTaTeH aBTOpa, Ha KOTOpbIX OCHOBaHa )lHC
cepTaUHJ!, BKmoqa10muii 42 HaHMeHoBaHHJJ. Crmco1< ccbIJIOK Ha pa6oThI Apyru:x 
aBTOpOB CO.[(ep)J<HT 98 HaHMeHOBaHHH. 

Kpan.:oe co)lep:arnuue ,nttccepTaQHH 
BBe.uemie co.uep)KHT cpopMynnpoBKY ocHOBHOH uenu: pa6oThI II npo6neM, B03HIIK
IIIIIX npn ee pearrmaum1, a TaK)!{e BJ<JIIOqaeT B ce6JI KpaTKoe onIIcaHne co.uep)KaHIIJI 
Bcex mas rrpe,ncrnsneHHOH pa60ThI. 

f JiaBa 1. IlpHMeHeHHe )J.eTeKTOpOB nepeXO.[(HOfO H3Jiyqemrn B 3KC1IepHMeHTaX 
Ha rnrrepOHHh!X ny'IKax Jla6opaTOpHH HM.3HpHKO <l>epMH (CllIA). 

l1cTopu:qec1<11 TaK CJIO)KHJIOCh, 'ITO B Haqarre 80-x ro)J.OB JKcrrep11MeHTaJibHoe 
rrccne,nosaHHe CBOHCTB r11rrepoHOB rronyqm10 MOlUHb!H TOJiqoK B CBJl3II c C03)1.aHII
eM IIHTeHCHBHhIX rryqKoB rnrrepoHOB Ha npoTOHHhIX ycKop11TeJIJ1X EBporreH:cKoro 
ueHTpa JIAepHbIX I1ccne,n0Bam1H: ()lanee - L(EPH) H aMepm<aHc1<0H: Hauu:oHamHoli 
ycKoprrTemHoi1: na6opaTOpHH HM. 3HprrKo <DepMH (,nanee - <DHAJI). B qacrnocrn, 
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BO <PHAJI 6b!JI 3arryw:eH nepBbIM B Mrrpe yCKoprrTeJih npOTOHOB BhICOKOM :meprnH 

(400 f3B) Ha CBepxnpoBO.[(HilII1X 3JieMeHTax. PocT 3Heprnrr npOTOHOB rrpHBeJI KaK K 

cyw:ecTBeHHOMY yBeJirrqeHrrIO Bh!XO.[(a rnITepOHOB, pmK.[(aI-OW:ll.XCH rrpH B3allMO.[(eH

CTBilll ITPOTOHOB c 5!.[(paMH MllilleHrr, TaK H K 3HaqrrTeJibHOMY JiopemreBCKOMY yBe

JirrqeHill{) Ha6mo,llaeMoro BpeMeHil )KH3HH rHITepOHOB. 3TO OTKpbIBaJIO HOBb!e B03-

MO)KHOCTH B rr3yqemrn rrrnepOHOB Ii ITpO.[(YKTOB IlX pacna.[(a. 

0.[(HaKO .[(JIH rrpaKTrrqeCKOM peanmauHH 3Tl!X B03MO)KHOCTeH Heo6XO,lIHMO 

6hrno ITprrMeHHTh B MeTO.[(HKe H.[(epHO-cpH3H'IeCKOfO 3KCnep11MeHTa HOBhIM KJiacc 

.[(eTeI<TOpOB, II03BOJIHIOW:HX 11.[(eHTHcjJHuHpOBaTb qacTHUhl B 0611aCTH BhlCO!(ll.X 

:meprni1:, r.[(e Tpa.[(HUHOHHbie MeTO.[(hI ('IepeHKOBCKl!e C'IeT'IHKll, .[(eTeKTOpbl HOHH-

3aUHOHHhIX IIOTepb) CTaHOBHTCH MeHee 3cpcpeKTHBHhIMH. TaKHMH ITpH6opaMH MOr

JIH 6hr CTaTh .[(eTeKTOpbI ITepeXO.[(HOfO mnyqeHHH (.[(anee - ,lJ;IIH), KOTOpbre B Haqa

Jie 80-x ro.[(OB HaXOJJ:HJIHCh ew:e Ha CTaJJ:HH na6opaTOpHhIX 11cc11e.[(OBaHHH. Pa6oThI, 

BhmonHeHHhie B MH<PH ITO.LI pyKoBO,D,CTBOM ITpocp. E.A.,n;onrollieHHa, ITpenno

)KHBllieM MeTOL( perHCTpaUHH "HOH113aUHOHHhIX KJiaCTepoB", OTKpbIJIH B03MO)K

HOCTb npaKTH'leCKoro HCITOJib30BaHil.H ,n;rrH B MeTO.[(HKe H,D,epHo-cpH3Il'IeCKOfO 3KC

ITepHMeHTa. IlpoBe,lleHHhIH HaMl! aHaJIH3 ITpo6JieMhI IT03BOJ1HJ1 ITpOBeCTH ITpe,lIBa

prrTeJihHhie ouemrn, Heo6XO.[(HMhie .[(JI5l C03L(aHilH H OITTHMH3aUilH mJH. B HTore, 

C03.[(aHHhie B TIH5I<P .[(eTeKTOphI rrepexo.[(Horo mny<JeH.H5l rro3BOJIHJIH rrpe.[(JIO)KHTh 

11 ycrrellIHO ITpOBecrn BO <PHAJI cep11ro ycrrell!Hh!X 3KCrrepHMeHTOB ITO my'IeHill{) 

CBOHCTB rrrrrepoHOB. Cyw:ecTBeHHO OTMeTHTh, 'ITO B 3THX 3Kcrrep11MeHTaX .[(eTeKTO

pbI rrepeXO.[(HOfO H3Jiy<JeHH5l, HBJIHHCh 0.[(HllM H3 KJIIO<JeBb!X 3JieMeHTOB 3KCITep11-

MeHTaJihHh!X ycTaHOBOK, pelliaJill COBepll!eHHO pa3l1Il<JHbJe cpmw1ecKrre 3a.[(a<JH. 

1.1. 3KcrrepnMeHT E715. Ilpeu11311ouuoe H3Mepeurre ~-pacnana nom1pH30Bau

HbIX L- - nmepouoB. 
Ha<JaJIOM coTpy,D,HH'lecTBa ITH5I<P-<PHAJI cTano rrpe.[(JIO)KeHHe 11H5I<P o rro

CTaHOBKe 3KCIIepttMeHTa ITO H3y<JeHHIO ~ - pacrra,D,a IIOJIHpH30BaHHh!X L- - rnrrepo

HOB. 3KcrrepHMeHT (E-715) 6hIJI npHH5lT H ycnellIHO 3aBepweH B Te<Jemre l 98 l
l 986rr. ,lJ;eTanhHOe om1caH11e ,1J;III1 npl!BO.LIHTCH B [ 1-3]. CymecTBoBaBllIHe rnr.[(a 

31<cnep11MeHTaJihHhie )],aHHhre no acttMMeTp1rn pacna.[(a L- - rmrnpoHoB HaXO.[(HJIHCh 

B pe3KOM ITpoTHBope<JHII c npe.ucr<a3amrnMH Mo.ue1111 Ka611660, TOrna KaK ~ - pac

rra.[( .[(pyrnx qJieHOB 6apIIOHHOfO OKTeTa xopOllIO onHChIBaJIHCh 3TOM MO.[(eJihl{), 

,lJ;nH pacna,D,a L- ~ ne-v MO.[(eJih rrpe,D,cKa3bIBaeT c11e,D,y10w:ee OTHOllieHHe aK

CHaJihHO-BeKTOpHoro cpopM cpaKTOpa K BeKTOpHoMy: gl/fl = - 0.28±0.02, <JTO COOT

BeTcTByeT 60Jibl110M OTPHUaTeJibHOM 3J1eKTpOHHOM aCCHMeTpl!H ae = - 0.51 ± 0.04. 

A6coJII-OTHmI BeJIH'IHHa 3TOro OTHOll!eHH5l 6brna orrpe,n:eneHa B pH,n:e 3KcneprrMeH

TOB c HeIIOl15lpH30BaHHhIMH L- - rnrrepoHaMII c cyMMapHOM CTaTHCTHKOM OKOJIO 

10000 co6h1rni1:: lgl/fl I= 0.36±0.04. 3TO 3Ha<1eH11e y,n:oB11eTBop11TeJibHO cornacy

eTcsr c npe,n:c1<a3aHWJM11 Teop1111 Ka611660. ,ll;JIH onpe.[(enemrn 3HaKa OTHOll!eHHH 

gl/fl 6hIJIO BhITIOJJHeHO <JeTb!pe 3KCIIep11MeHTa no H3MepeHHIO aCCHMeTpIUI BhJJieTa 
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X{m) 
Pacna,utt11ti npoMencyToK 

TARGET PWCS 

II 
! 
i<11 

,ll,petic]los11e KaMep11 
__ . __ ,_---~-------- -

v 

HetiTpOH 
«Be'fO)) HetiTpOHH11i1 

KaJJOpHMeTp 

~-- , ... -1·-

fttnepoHHbIH 
MafHHT 

,Il,IIM 

C•1eFmK 
MHOlKeCTBeHHOCTH 

ECAL 
KaJJOpHMeTp 

Pttc. l. 3KcrrepttMeHTaJibHa5! ycraHOBKa no nccneJ{oBaHHIO P pacrraJ{a L- rnrrepoHOB. 

e 

Pa,u11arnp 
210 CJJOeB 

nneHKH CH2 

ITponopui10HaJ11ttai1 
KaMepa 

GAS 
EXHAUST 

~+----ot-Xe +CH4 
,.....___._ __ C02 

P11c.2. MO.LlYJib JJ,m1 

AMIIJIJ1TY.L\H&IH crreKTp y-
KBaHTOB rrepeXOJ{HOfO 

H3J1yqeHH5! 3J1eKTpOHOB c 

3Heprnell 30 faB. 

3JJeKTpoHoB B pacna,ZJ,e nom1pmoBaHHoro I:- - nmepoHa. BemrlJHHa 3JJeKTpoHHoli 
accHMeTpttn ycpe,D,HeHHa.H no BCeM 11eThrpeM 3KcnepnMeHTaM cocrnmma 

(ae = + 0.26 ± 0.19), lJTo pe3Ko npoTMBope1111T npe,D,CKa3amrnM TeopHH Ka6tt66o, a 
3J;IaK accttMeTpHH oKa3aJJC5! npoTHBorroJJo)!(Hh!M O)!(tt,ZJ,aeMoMy. Cyw:ecTBeHHo oTMe
THTh, lJ:TO cyMMapHa5! CTaTHCTHKa B 3TlIX 3KCrrepHMeHTax COCTaBJJ5!JJa 352 co6hITlI5!, 
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'ITO He )J,aBaJIO B03MO'lKHOCTH Ha)J,e'lKHO KOHTpOJJHpOBaTh BeJIH'IHH)' CllCTeMaTH'le

CKHX ourn6oK. 

EoJihlllOH rroTOK rnrrepoHOB B rryqKax <l>HAJI )J,aBan HaM B03MO)!<HOCTh my

qaT& p-pacna)J, rnrrepoHOB Ha cTaTHCTH'leCKOM ypoBHe 3Ha'IHTeJihHO 11pesh!Iua10-

IUHM BCIO craTHCTI1Ky, rronyqeHttyIO BO BCex rrpe)J,h!JJ:YIUHX 3KcrrepHMeHTaX. 

0CHOBHOH rrpo6neMOH B 3TOM 3KCrrepHMeHTe 6&rno BhI)J,eJieHHe HCCJie)J,yeMOH 

peaKLJ;HH L- ~ ne-v Ha cpoHe B 1000 pa3 6onee HHTeHCHBHoli peaK11,H11 2:- ~ nTI-. 

Pa3J1H'IHTh 3TH peaKll,HH, 011Hpa51Ch TOJihKO Ha KHHeMaTH'leCKHe KpHTepHH, 6&rno 

HeB03MO)l<HO. Tio3TOMy Heo6XOJJ:HMO 6hrno pa3pa6ornTh CHCTeMy HJJ:eHTHcpHKa11,nH 

qacTHll,, crroco6ttyIO 3cpcpeKTHBHO BhI)J,eJI51Th 3JieKTpOHhl Ha 6oJihIIIOM cPOHe TI- - Me-

30HOB. ,ll;m1 pernemrn 3Toli rrpo6neMhI rpyrma ITM5I<l> rrpeJJ:nO'lKHJia HCI10Jih30BaTh 

)J,eTeKTOp rrepeXO)J,HOro 113nyqeHH5!, KOTOphlll JJ:OJI'lKeH 6hrn 6hITh 'IYBCTBl1TeJ1hHh!M K 

3J1eKTpoHaM 11 Mano 'IYBCTBHTeJihHhIM K TI- - Me30HaM. 3TO 11pe,[(JIQ}KeH11e He 6brno 

TpHBHaJihHhIM, IIOCKOJihKY ,[(0 3TOro TaKHe ,[(eTeKTOphl rrpaKTH'leCKH He HCIIOJih30-

BaJIHCh B rro,a:o6Hh!X 3KCrrepHMeHTax. 

B pa6oTe rrpHBOJJ:HTC51 orrncaHHe 3KcrrepHMeHTanhHOH ycTaHOBKH (P11c. l). 

ITy'IOK rrpOTOHOB c 3Heprneli 400 f3B H3 T3BaTpoHa HarrpaBJI51JIC51 Ha Me,l(H)'IO Ml1-

rneHh, rroMeilieHH)'IO B Haqane nmepoHHOro KaHana. MarnHT Ml oT6Hpan BTopnq

Hhre qacnIAhl c HMrryJihCOM 250 f3B/c, 06pa30BaBrn11ec51 B MHilleHH B TenecHOM 

yrne i}.Q = 1 MI<CTep H c 11MnyJihCHhIM pa36pocoM ±7%. 3Heprn51 JJ,eTeKTHpyeMhIX 

3J1eKTpOHOB (11 TI- - Me30HOB) 6bma B ,l(Ha!1a30He 9+95 f3B. 3TOT ,[(11arra30H 3HeprnM: 

~IBm!eTC51 OITTHMMhHhIM )J,JI51 11CIIOJih30BaHl151 )];ITH. ~-- rnrrepOHhl COCTaBJI5IJil1 

TOJihKO - 10% qacTl1Il, B rryqKe. ,ll;OMHHI1pYIOilil!MH )Ke qaCTHIJ,aMH 6hmH TI - - Me30-

Hhl, H 11X HHTeHCHBHOCTh COCTaBJI51Jia -2xl05 1/c. 

,ll;eTeKTOp rrepeXO,l(HOro H3JIY1.JeHH51 ()];ITH) pacrronaraJIC51 Me)l<JJ:Y MarHHTHhIM 

crreKTpoMerpoM H cqer'IHKaMH SMI + SM4, rrpeJJ:Ha3HaqeHHhIMH JJ:JI51 orrpe.[(eneH115! 

'IHCJJa 3ap2'lKeHHhIX qacTHIJ,, rrporne,[(IUHX qepe3 ,l(eTeI<TOp. )];ITH HMeJI IIOJittyIO 

,l(Jil1H)' ITO nyqKy 360cM II COCT051Jl 113 12 0,[(HHaKOBhIX MO.l(yJieH, Ka'lK,llhIH H3 KOTO

phIX l!MeJJ 11porropu,110HaJihH)'IO KaMepy 11 paJJ,HaTOp ( cxeMar11qecKH OT)J,eJihHhIH 

MOJJ:YJih IIOKa3aH Ha P11c.2). 1IyBCTBHTeJibHa51 o6JiaCTh )];ITH 6brna l ,Ox0,6MeTpa. 

ITonHoe KOJIHqecTBO )];ITH BeilieCTBa Ha rryqKe COCTaBJI5IJ10 0, 1 paJJ,HaIJ,MOHHOH )J,JIH

Hhl H 0,06 51)1,epHOH )J,JIHHhl. Ka'lK)],hlll paJJ,HaTOp COCT051JI H3 220 CJIOeB IIOJ111IIpOIIH

JieHa TOJIIUHHOH l 7MKM pa3)],eneHHhIX B03iJ:YIIIHhIM 3a3opoM IMM. AHO.I( r<a)!<JJ:OH 

11porropu,110HaJihHOll KaMephI COCT051JI H3 512 aHO,l(HhIX rrpoaonoqer< TOJ1IIU1HOH 25 

MKM (30JioqeHHhlll BOJibcppaM) c rnaroM 2MM. AHO)], pacrronaranc51 CHMMeTpH'IHO 

Me)I<JJ:Y JJ:BYM51 r<aToJJ,aMH H3 aJIIOMHHII3apoBaHHoro Malinapa. PaccT051HHe Me)KJJ:Y 

aHOJJ:OM H Ka)KJJ:hIM r<aTO.l(OM - 8MM. Pa6oqa51 ra3oBa51 cMech - 70%Xe+30%CH4 . 

ITpu pa6o'-!eM HarrpR)KeHHH 4,6KB MaKCHMaJJhHoe apeM51 JJ,pelicpa 3JieKTpoHoB co

CTaBJI51JIO 330HC. 

3neKrpoMarHHTH&Ili Kanop11.MeTp LG cocT051JI H3 72 6nor<oB CBHHu,oaoro 

cTeKJia SF5, co6paHHhIX B 4 cno51 o6meli TOJilliHHOH 26 paJJ:na11,110HHhIX JJ,JIIIH, B 
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Hei1TpOHHOM KaJIOpHMeTpe NC 113MepJIJiaCh :meprnJI 11 Koop.zurnarn HeihpoHa 113 

pacnaJJ.OB L- ~ ne- v , 11 L- ~mt- . 

B 3Kcnep11MeHTe Heo6xoJJ.11Mo 6bino 06ecnel.£11Tb BhICOKyJO CTeneHb pe}KeK

mm TC- - Me30HOB (Ha ypoBHe Rn- :::;:10\ Ilonyl.!HTb CTOJlh BbICOKHH K03Ql<jlHUHeHT 

pemeKUHH TC- - Me30HOB np11 &e ~ 99%, HCTIOJlh3YJI TOJTbKO }J;IU1, oqem. TPYiIHO. 

Il03TOMY 6hIJTO peweHO HCTIOJlb30BaTb KOM6HHaUHJO: )];TIM + :meKrpOMarHHTHhIH 

KaJIOpttMeTp (3MK) Ha OCHOBe 6JIOKOB H3 CBHHUOBOro CTeKJla. IIpH 3TOM Tpe6osa-

HHJI K 3MK 6hIJlH )lOBOJlhHO CKpOMHhIMll (R7t - ~ 102
, & e =96%). B03MO>KHOCTh 

MCTIOJlb30BaHHJI ):(ITH B KOM6MHau1rn c 3MK - O)lHO 113 nonom11TeJlbHhlX Kal.£eCTB 

:noro )leTeKTopa. 

IlOCKOJibKY B 3KCnep11MeHTe pel.!b rnna 0 npeUM3HOHHOM (c TO'IHOCTblO B I%) 
H3MepeHHH 3JleKrpOHHOH aCHMMeTpHH, TO OCHOBHb!M rpe6oBaHHeM K C03,UaBaeMO-

MY neTeKTopy 6bma Bb!COKaJI 3cpcpeKTHBHOCTb perncTpaUHH 3JieKTpOHOB ( & e ~ 

99%). B nocne.11HeM cny1rne sap1mu11rr He3cpcpeKrnBHOCTM (I- & e ) perncTpaUMM 

3JieKTpOHOB no TIJlOUla.llH ,UeTeKTOpa Ha ypOBHe 6.( 1- & e )/( 1- e e ) :S20% He MOrJJH fihI 

npttBeCTH K 3aMeTHOH JIOJKHOH aCHMMeTpHH. 

):(JIJI TOfO, 1.no6br OJJ.HOBpeMeHHO o6ecne'IHTh Bh!COKYIO 3cpcpeKTHBHOCTb pe

rHCTpaurrH 3JieKTpOHOB (Ee~ 99%) H Heo6xomtMYIO p e)f(eKUMIO 1C - Me30HOB 

(R,,- :=:: 103
), ocHOBHOe BHHMam1e np11 pa3pa6orKe rr KOHcrpyrrposaHttH nponopui-m

HaJibHhIX KaMep )];ITH ytJ:emrnOCh noJiyl.feHHIO Bb!COKOH OJJ:HOpO.llHOCTH K03cpqmurr

eHTa raJoaoro ycrrneHmt (KfY) no aceli nnoma.nrr KaMepb1. 

TipaKTHl.feCKaJI peanmauIDI pe3yJihTaTOB pacqeTOB .AITH npeJJ.'bJIBMJia ;r<eCTKHe 

Tpe6osamrn K KOHCTpYKUHH H pa6ore nponopUHOHaJJbHh!X KaMep. 

1. KaMephl He .a:omKHbl HMeTb "Meprnoli" fa30BOH 30Hhl MeJKAY BXO.UHh!M 

MalinapOBblM OKHOM l1 KaTO)lOM. 

2. BhrcoKaJI o.uHopo.11HocTh K03cpqmu11eHrn raJosoro ycrrneHHH (KfY) no 

nnomam1 KaMephr, MaKCHMaJJhHhre cpnyKTyau1m KOToporo He .llOJI>KHhI 6h1JI11 npe

Bhmran lfiM/M ~ 15%. 
bb!Jil1 BbI.UeJleHbI TPH OCHOBHhle rpynnhl ¢aKTOpOB, Bhl3bIBalOUlHe B .nrr11 

cpnyKTyaumr KrY no nnomaAM KaMeph1: «rn.upocrarrrqe cKam>, KOHCTpYKUHOHHaJI 11 

faJibBaHHl.£eCKOe 06'be,U11HeHHe npoBOJIOl.£eK B rpyrtnhl. ):(eTaJihHhIH aHaJJl13 Bblllle 

YKa3aHHh!X cpaKTOpOB, HX B3aHMOCBJI3h MeJKAY co6oi1, xapaKrepHh!e oco6eHHOCTH H 

Macwrn6 BJ!HJIHHJI TI03BOJIHJ! pa3pa60TaTb Mero.Uhl MHHHMH.3aum1 HX BJIHJIHMJI Ha 

cpny1nyaurrM Kmcp¢11u11eHrn ra3osoro ycMneHHJI. 

Oco6oe BHMMaHMe 6h!JIO y JJ.eneHo perneHHIO npo6neMhl, KoropyIO Mhl ycnos

HO Ha3Bam1 ((fH.)lpOCTaTHl.feCKOH», ,UJill peweHHJI KOTOpOH HaMH 6hrn npe,UJJ Oll<eH ff 

peanH30B3H MeTOA KOMTieHcau1rn [l], KOTOpblH BnOCJie)lCTBHH HarneJI npaKTM'Ie

CKOe npMMeHeH11e BO MHOrHX TIOJJ.06HblX 3KCnep11MeHTaX c np11MeHeHH:eM )l;I111. 
H.11e11 MeTO)l 3aKJIJOl.[aJiaCb B TOM, l.£TO B KOHCTj)YKUHIO KaMephl c nneHO'IHhlMH Ka-
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TO)],aMH BBO)],l!TCJI )],Ba CHMMerp:wrno pacIIOJIO)!{eHHhIX 6ycpepHhIX CJIOJI ra3a Me)!{)],y 

KaTO)],aMH H aTMOccpepHhIM B03)],YXOM (P11c.2). 3rn 6ycpepHbre o6oeMhl HaIIOJIHJI

JIHCh fa30M c MOJieKyJIJipHhIM BeCOM paBHhIM MOJieKyJrnpHOMY secy pa6oqeu fa30-

BOH CMeCH 11 0)],HOBpeMeHHO 11.Me!OII.J,HM MaJIOe ceqem1e rrornomeHHJI KBaHTOB ne

peXO)],HOro 113JIYLieHHJI (6JIH3KJ1M K COOTBeTCTBYIOII.J,eMy K03cpcpI11.!,HeHTy )],JIJI B03JJ.Y

xa). flpHHI.l,HflHaJihHhIM I1 Ha116onee rrpHBJieKaTeJihHh!M MOMeHTOM B 3TOM MeTO;:i:e 

JIBJIJieTCJI TO, LfTO He Ha)],O 3HaTh 3aKOH pacnpe)],eJieHHJI: rrporn.6a KaTO)],a ITO BhlCOTe 

KaMephl, Bhl3BaHHOro pa6oLIHM ra30M KaMepbI. ,[(eno B TOM, T.£TO rrpaKTWieCKII TIO 

TaKOMY /Ke 3aKoHy, HO B rrpOTl1BOcpa3e )],eHCTByeT Ha KaTO)], ra3 6ycpepHoro o6oeMa, 

T.£TO B OCHOBHOM H 06ecrreT.£11Baer rrpocTpaHCTBeHHY!O CTa6HJIH3aI.J,H!O KaTO)],a. B 
KaT.£ecTBe ra3a JJ.JIJI HanonHeHHlI 6ycjlepHoro o6oeMa 6hIJI BhI6paH yrneKttCJihIH ra3. 

B I.J,enoM rrpocTpaHcTBeHHalI cjlopMa (rrpocp11nh) KaToJJ.a orrpe,L(enJI:eTClI He 

TOJihKO «rn)],pocraTttT.£ecKIIMH», HO 11 3JieKrpocrar11T.£eCKIIMH cnnaMII. PacLieThI rro

Ka3aJIH, T.£TO rrpn COBMeCTHOM )],eHCTBHII 3THX CIIJI KaTO)], npno6peraer S-o6pa3HYIO 

cpopMy II ero rrporn6 He rrpeBhilliaeT I L).LKIS: 50 MKM, T.£TO cooTBeTcTByeT 
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l PIIc.36. 

10-5 .___,_..____._ --'---'----'-~-"-J 
0 10 20 30 40 50 50 Ne 

P11c.3. Pacrrpe,neneH11e rro LIHCJIY 3aperncTpttposaHHbIX KJiacTepos wrn re- - Me3o
HOB (PHc.3a) l1 ,[(JIJI 3JieKTpOHOB (Pwc.36). 
3Ha<reHHe rrnpaMerpa A., wcrroJib3yeMoe ,nmr rrocrpoemrn pacrrpe,neneHHJI flyaccoHa, 
rronylJeHO l13 COOTHOWeHHJI A.= - lnP(O), rne P(O) - aep05ITHOCTb He 3aperncrpwpo
BaTb Hl1 O)lHOrO KJiaCTepa Ha O!lHY npomenwy10 1.JaCTHUy. 
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[ ~M/MIMaKc· S 5%. 
TipOBeL(eHHbie II3Mepemrn cpJIYKT)'all,IIH Kf'Y no TIJIOII(aL(II Bcex nponopu,IIo

HaJihHhIX KaMep, BXOL(5Ill(IIX B COCTaB ,[(TIM, TIO,!l,TBepL(HJIH pe3yJibTaTbI pac'-!eTOB II 

TIOKa3aJIII o6ocHOBaHHOCTb BbI6opa II OTITHMII3aU:HII Bcex IICTIOJib30BaHHbIX KOHCT

PYKTIIBHbIX II TeXHOJIOrlI'IecKHX perneHIIH. MaKCHMaJihHbre cpnyKTyau:1m Kf'Y B 

mo6o:H II3 KaMep ,[(TIM TIOJIHOCTbIO YJJ:OBJieTBOp5!!0T Tpe6oBaHII5IM 3KCTiepIIMeHTa H 

He rrpeBbiillaIOT 12% KaK BL(OJib ocII X, rnK H BL(OJib ocII Y. 
B XOL(e 3KCTiepIIMeHTa 6bIJIII L(eTaJibHO IICCJieL(OBaHbl OTKJIIIKII ,[(ITH Ha npo

XQ)!{L(eHIIe KaK 7t- - Me30HOB, TaK II 3JieKrpOHOB. bb!JIII pa3pa60TaHbl II peaJIII30Ba

Hbl anropHTMbI pa60Thl ,[(ITH B COCTaBe 3KCrrepIIMeHTaJibHOH ycrnHOBKII, o6ecne

'-IIIBIIIIIe MaKCHMaJlbHO BbICOKIIH K03cpcpIIU:IIeHT pe)KeKU,HII 7t-- Me30HOB (Ha ypoBHe 

~ 0 

,....., 
w 
I ...... 

'-' 

1,0 ,..a 

;.G 

He3cpq1eKTttBHOCTh 
perncTpaum1 

3JieKTpOHOB OKOJIO 0,3% 

e (9+95)hB/c 
I 

0,01L.:.......~~~--'-~-:-"--'~~~ 

5 Ne 

Nc=l2 

Pttc.4. He3cjJcj1eKTHBHOCTh perncTpaumr 3JieKTpoHOB (Pttc.4a) tt senttqttHa 
K03qHp11UIIeHTa peJKeKUI1H 1!- - Me30HOB (Puc.46) KaK c!JYHKUIUI OT nopora no 
qttcny 3aperttcTpttposaHHhIX KrracTepos JlJI5! pa3HhIX 3HaqeHHi1 nopora no 
qHCJIY cpa60TaBIIIHX KaMep )JJIH. 
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R,- ::::<] 05). 

B Kaqecrne KprnepmI )],JUI BhI)l,eJiemrn: 3JieKTpOHOB HCIIOJih30BarIOCh IIOJIHOe 

qncno HOHH3aU,HOHHhIX KJiacTepoB Ne, 113MepeHHhIX )l,Jl5! Bcex Mop,ynei1 )J;TII1. 

TipnMeHeHne iJ,OITOJIHHTeJihHOro Kp11Tep115! - qn:cno «aI<THBHhIX» KaMep Na (rp,e 

B03HHK XOT5! 6hI O)l,HH KJiaCTep) II03BOJIHJIO yBeJIHqHTh K03cpqrnu,HeHT pe)KeKU,HH 

IIHOHOB em,e B 5-6 pa3. 

Ha Pn:c.3 rrpn:Bep,eHhI pacrrpep,eneHHH co6hITHH )],AA re - Me30HOB (PHc.3a) H 

3JieKTpOHOB (Pnc.36) IIO 1IHCJIY 3apern:cTp11pOBaHHhIX HOHH3aUHOHHhIX KJiaCTepoB 

Ne B HHTepBane :rneprn:i1: 9 + 55 f3B. Ha o6o:nx pHcym<ax p,aHh! pacITpep,eneHH5! 

KaK )l,Jl5I co6b!THH c OiJ,HH01IHhIMH qacTHUaMH, Tai< H )l,JI5! co6bITHH, B I<OTOphIX OT6op 

IIO MHO)KeCTBeHHOCTH He rrpOH3BO)l,HJIC5I. TIOKa3aHo, qTo ap,pOHHh!e H 3JieKTPOMar

HHTHhie JIHBHH, o6pa3yIOm,HeC5! B MaTepnane ,IJ;TII1, cym,ecTBeHHO HCKa)KaIOT rryac

COHOBCKHe pacITpep,eJieHmi B o6JiaCTH 60Jih!IIHX 3HaqeHHH Ne KaK )l,JI5! 7t Me30HOB, 

TaK 11 )1,JI5! 3JieKTpOHOB. )J;eMOHCTpnpyeTC5! 3cpcpeKTHBHOCTh pa60Thl ITpei1,JIO)KeHHOro 

anropHTMa OT6opa co6hITHH, He cop,ep)KaIIl,HX 3JieI<TpoMarHI1.THhIX JIHBHeH, BhI-

3BaHHhIX B3aHMO)l,eHCTBHeM c MaTepHarIOM )1,eTeKTOpa. 

Bnp,Ho (Prrc.3a), 1ITO oueHI<a 1<03¢qrnurreHTa pe)KeKUHH n- - Me30HOB B p,aH

HOM P,eTeKTope ITO pacITpep,eJieHHIO TiyaccoHa co cpeP,HHM 1IHCJIOM, paBHhIM qficJiy 

0-3JieKTpOHOB c 3Heprrrei1: Bhlllle HeKOTOporo rropora, IIpHBO)l,HT K cym,ecTBeHHO 

3aBh!IIIeHHOMY pe3yJihTaTY». AueKBaTHhIH yqeT o6cy)Kp,aBllIHXC5! Bhillle 3c1Jcpe1<TOB 

B03MmKeH TOJihKO B pacqeTe rro Mernp,y MoHTe-Kapno. Pe3yJihTaT TaKoro pacqera 

cornacyeTCil c ITOJiyqeHHhIMH )1,aHHhIMH (PHc.3a). 

vfa Pnc.36 cne)l,yeT, qTo 3KcrrepHMeHTaJihHOe pacITpep,eJieHHe 1IHCJia 3apern:

CTp11poBaHHhIX KJiaCTepoB )l,Jl5! co6hITHH, B KOTOphIX 3JieKTpOH He o6pa30BaJI JIHBH5!, 

xoporno on11cbrnaeTc5! pacrrpeAeJieHHeM TiyaccoHa co cpep,HHM (Ne)= 26,92 ± 0,04. 

PacqeT ITO MeTOAY MoHTe-Kapno )1,aeT oq:eHh 6JIH3KYID BeJIHqHHY (Ne)= 27,04 ± 
0,16. 

He3clJcpeKTHBHOCTh perncTpaumr 3JieI<TpOHOB H Benwurna K03qlcpHu,neHTa 

pe)KeKUHH 7t- - Me30HOB KaK ¢YHKUH5! OT ITopora IIO qHcJiy 3aperncTpHpOBaHHhIX 

KJiaCTepoB )1,Jli! pa3HhIX 3Ha1IeHHH rropora IIO qrrcny cpa6oTaBIIIHX KaMep )J;TII1 nprr

Be)l,eHhI COOTBeTCTBeHHO Ha PHc.4a H 46. Ha OCHOBaHHH 3Tl1X iJ,aHHhlX JierKO Bhl

qncm1eTCJl B3aHMOCBJl3h K03cpclJnu,neHTa pe)!<eKU,HH ITHOHOB H 3cpcpeKTHBHOCTH pe

rHCTpau11rr 3JieKTpOHOB, KOTopai!, IIO cyru.ecTBy, JlBJIJleTCJl 6a30BOH xapa1<TepHCTH

KOH p,eTeKTopa ITepexop,Horo mnyqeHH5!. 

Bnp,Ho, qrn Bh16paHHOMY ycnoBHIO Tpnrrepa Ha 3JieI<TpoH - q11cno cpa6aThI

BaHni1 p,eTeKTopa Ne ;::: 12 H qncno cpa6ornmrrnx KaMep Na;::: 7 - cooTBeTcTByeT 

He3rpcpeKTHBHOCTh pern:CTPaUHH 3JieKTpOHOB (1-ce) = 0 .3 % 11 K03cpqrnuHeHT pe

)KeKUHH 7t- Me30HOB Rn-"" I,8xl03• 3rpcpeKTHBHOCTh Halip,eHHhIX anropHTMOB BhI

p,enemrn 3JieKTpOHOB Ha clJoHe MOIIl,HOro cpoHa ap,poHHhIX pacrra)l,OB HarJiiliJ,HO rrpep,

CTaBJleHa Ha Pnc.5. 
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Pvic.5. Pacnpe)lenem1e co6b1THii no senviqm-1e E/p (r)le E - ::rneprnJI qacTHUhI, 

H3MepeHHaJI B LG - KannopHMeTpe, p - ee HMnynhc) )lJIJI pacna,L\OB z:- ~ ne-v 

vi z:- ~mt- 6e3 H)leHTmlm1rnum-I e- (a) vi c H)leHTmjrnKau11eii e- c rroMOI.UhID 

)J.TIH 11 KanopviMeTpa LG (6). 

Pvic.6. 3neKTpOHHaH acCHMeTpHJI 

Ka!\ <jlyHI\Ulill OT BeJil1'111Hhl 

gl/fl. 3auITp11xoBaHHhie o6nac

TH IIOKa3h!BaJOT pe3yJihTaTbl, 

nonyqeHHhie B pJI;:re npe;:rbI!lY

IUHX 3Kcnep11MeHTOB. CnnowHaJI 
JIHHHJI - pe3yJihTaThl pacqeTOB B 

COOTBeTCTBHH c npe)lCKa3aHH51-

Ml1 Teop11H Ka661160. 

-0.8-· 
--~CABIBBO 

r 
-0.4 0 0.4 o.s 

gl/t, 

B HarneM 3KcnepttMeHTe YJJ:aJIOCh pea.rrn3oBaTh MaKCHMa.JihHO BhICOKHiI K03cp

q:m1..w1eHT pe)KeKIWH TIHOHOB c TIOMOil!hIO ,[(ITH no cpaBHeHHIO c JJ:PYrHMH 3KCnepH

MeHTaMH, B Kornp11x HCTIOJih30BaJil1Ch ,[(ITH (B.A.,[.(oJiroIIIeHH, NIMA A252 (1986) 

137-144). 

B 3KcnepHMeHTe E-715 6brno HaKonneHo oKono 90000 ~-pacna)loB I:-- rnne

poHoB. bhlJIO IIOKa3aHO (Pnc.6), 'ITO IIOJIY'!eHHa51 BeJIWIHHa 3JieKTpOHHOH aCCHMeT

p11H oqeHb 6Jil13Ka (( npe)lCKa3aHHOM H COCTaBJI5leT ae = -0.53±0.14. B pe3yJihTaTe 

,nan1Hei1IIIero aHamna Bcex Ha1<omieHHhIX co611T11il ~-pacrra)la non51pH30BaHHbIX 
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I:-- nmepoHOB 6J>IJIM OKOH'IaTeJibHO orrpe,n:eJieHbI 3HaKM II a6comoTHoe 3HatieHMe 

K03lj:lqrnuueHTOB acHMMerpIIII B yrnoBoM pacrrpe)],eJiemm rrpOJl.YKTOB pacrra)],a: 

ae = -0.519±0.104; an= -0.509±0.102; av= -0.230±0.061. 
3TOT pe3yJibTaT OTJII!t{HO cornacyeTCJ! c TeopeTH'IeCKHMH rrpe)],CKa3aHIDIMH 

(ae = -0.51±0.004) H pa3pelllaeT B !10Jlb3Y TeOpHH cyIIJ,eCTBOBaBillee )],OJiroe BpeMJ! 

rrpoTHBopeqHe Me)KJl.Y nmore3oil Ka6H66o H 3KcrrepHMeHTOM. 

BbICOKHe napaMerpr,r )],eTeKropa rrepexoJl.HOro H3Jiyqemrn, rrpo)],eMOHCTpHpo

BaHHhre B 3KcrrepHMeHTe E-715, ero Ha)l,e)KHaJI pa6ora 1:1 rrpocTora C'IHTbIBaIOIIJ,eil 

3JieKTpOHHKH I103BOJIHJIH yBepeHHO ITJiaHHpOBaTb HCITOJib30BaHHe 3TOro KJiacca 

)],eTeKTOpOB B lj:JH3HKe Bb!COKHX 3Heprnil. 

1.2. 3KcnepuMeHT E-761. HccJieJJ,OBaHtte pamtaIIHOHHhIX pacnaJJ,oB rnnepo
HOB. 

Tiocne 3aBepweHHJI E-715 6r,m 11pe)],JIO)l<eH H rrpHHJIT HOBbIH 3KcrrepHMeHT E-
761 (1986-! 995r.r.), B KoropoM 11pe)],naranoch pelllH:Tb eIIJ,e OJl.HY rrpo6neMy B lj:JH-

3HKe rnrrepoHOB [ 4]. 
MomueazJztR. PaJJ.HarrHoHHbie pacna)],J>I rH11epoHOB rrpeJl.CTaBJIJ!IOT Knacc pe)l,

KHX 6apHOHHbIX pacna)l,OB, KOTOpbie Tpe6yroT BKJla)l,a KaK cna6r,rx, TaK H 3JleKTpo

MarHHTHbIX B3aHMOJJ.eilcTBHH. B cBoeH: lj:lyH,n:aMeHTaJibHOH reopeMe Xapa Y.Hara, 

(Phys.Rev.Lett., 12 (1964) 378) yrnep)K)],aeT, 'ITO, K03cplj:JHU!1eHTbl aCCHMeTpHH B 

pa)],11arrHOHHhIX pacm)l.ax I:+~ py 11 s-~ I:-y B rrpe)],enax SU3 - c11MMeTpH11 

paBHbl Hynro. Eonee Toro, HMeBIIIlleCJI B TO BpeMJ! 3KCrrepHMeHTaJibHbie pe3ynhTaTbl 

rpex pa6oT, yKITThIBaJIH Ha cymecTBOBamre 6onhlllOH 0Tp11rraTeJibHOH accnMeTpHH B 

pacrra)],e I:+ ~ py n 3TOT cj:JaKT He Morna o6b5JCHHTh HH OJl.Ha 113 cymecrnoBaBlllHX 

roma Teopm'1.. CymecrneHHO OTMeTHTh, 'ITO 3Kc11epHMeHTaJihHhre ,n:aHHble 6brn1:1 
OCHOBaHbl Ha oqeHb MaJIOH CTaTHCTHKe (OKOJlO 300 co6bnnil) H 6b!JIH cephe3Hble 

COMHeHHJI B )lOCTOBepHOCTH 3THX pe3yJlhTaTOB. B HOBOM 3KCI1epHMeHTe rrpe)l,ITOJla

ranocb He TOJibKO MHOroKpaTHOe yBenH'IeHHe CTaTHCTHKH, HO H, t{TO caMoe rnaB

HOe, Ha)],e)[(HOe BhIJJ.eJieHHe pearn.(HH I:+ ~ py Ha lj:loHe B 400 pa3 6onee HHTeHCHB

Hoil peaKUHH I:+ -> pn° ~ p2y, KHHeMaTHKa KOTOporo ITOJJ.06Ha KHHeMaTHKe HC

CJle)],yeMoro nporrecca, a B KOHe'IHOM COCTOJ!HHH o6pa3yIOTCJl 0)1,HH H Te )Ke qacTH

IIhl. K TOMY )Ke K03cplj:JHJIHeHT accHMeTpHH B cpoHOBOM pacrra)l.e l:+ ~ pn° Kar< pa3 

HMeeT 6omlllyf0 OTpHuaTeJlbHY!{) BeJIH'II1HY Un;= -0.980 ± 0.016, KOTOpa51 MO)[(eT 

HMHTHpOBaTh Ha6mo)l.aeMy!{) aCCHMeTpmo B myqaeMOM pacna)],e l:+ ~ py. TaKHM 

o6pa30M, B03HHKJia Heo6XO)l,HMOCTb B IlOCTaHOBKe HOBOro 3KCrrep11MeHTa (E-7 61 ), 
rreJib!{) KOTOporo JIBHJIOCb 6r,r H3MepeHHe napUHaJihHblX Bep051THOCTeil H rrapaMerpa 

accHMeTpHH )lJIJI pacna)],a l:+ ~ py c BhICOKOM CTaTHCTHtiecr<oil TO'IHOCTbIO H Ma

JlhIMH cncTeMaTHqecKHMH OlllH6KaMH. Konna6opauHJI E-761 H36paJia pyKOBOJl.HTe

neM 3KcrrepHMeHTa Jl.HpeKropa TIIUI<l> PAH A.A.Bopo6besa. 
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I-fa ttawero omna, rronyqettttoro B xo)l,e IIOJl.I'OTOBKH l1 rrpoBe)l,ettmr 3KcrrepH

MeHTa E-715' Mhl IIOIDIJIH, qTo HayqHJIHCb )l,OCTaToqHo xoporno rrpocqJ1ThIBaTb OT

KJIHK )l,eTeKTOpa H IIOHHMaTb )],1Iarnl30H ero B03MO)KH0CTeii. I1o3TOMY B 3TOM 3KCIIe

pHMeHTe 6b!JIO rrpe)l,JIO)KeHO HCIIOJih30BaTh /(IIJ1 6 ueo6bl'IHOM Kff'tecn16e - KOK 

ZG.l\1MG oemeKmOp C 6blCOKUM npocmpaHCJn6eHl-tblM pa3peUtel/UeJH. [4]. 
<DoTOHHhIH crreKTpoMeTP 6om BhIIIOJIHeH Ha 6a3e ,D;Illl Koop)l,1rnaTHa5I qacTh 

cpoTOHHOI'O crreKTPOMeTpa (PHc.7.) COCT05llla H3 Jl.BYX He3aBHCHMhIX ceKJ:J;HH, Ka)K

)l,a5! l13 KOTOpb!X HMeJia CTaJihHOll KOHBeprnp, rrporropUHOHaJihttyIO KaMepy (PWC) l1 

)],Ba ,lJJII1 (TRD). fJiaBHa5! l1)l,e5! COCT05!Jia B TOM, qrn6DI l13 3JieKTPOMarnl1THOI'O 

JIHBH5! BhI)l,eJil1Th BhICOK03Hepr~Hbie 3JieKTpOHhl (II0311Tp0Hhl), KOTOpbre xopoIIIO 

coxpaH5!IOT 11CXO)l,HOe HarrpaBJieH11e )l,Bl1)KeHl15! rra)l,aIOm11x cpoTOHOB, B TO BpeM5I 

KaK Hl13K03Hepr~Hh!e 3JieKTpOHhI (II0311Tp0Hb!) HMeIOT 3Haq11TeJihHO 6onee III11pO

KOe pacrrpe,[(eJieHHe. ,llJII1 6hIJI BbI6paH )l,JI5! 3TOH uen11 eme l1 IIOTOMy, qTQ 3TO -

noporoBhIH )l,eTeKTOp. OH )l,eTeKTHpyeT c BhICOKOH 3cpcpeKTHBHOCThIO 3JieKTpOHhI 

(no3HTPOHbl) c :meprn5!MH BhIIIIe 2.5 f3B/c 11 5!BJI5feTC5I rrpaKTHqecKH HeqyBCTBH

TeJibHh!M K :rneKTpoHaM 3Heprneii Mettee 1 f3B/c. Cpe)l,H5!5! 3Heprn5I cpoTOHOB m 

peaKri:1111 L+---"* py pacrra)l,a cocTaBJI5!eT 50 faB/c. <DoToHhr KOHBepr11pOBanttch B 

0)1,HOH 113 .ll.BYX CTaJihHh!X IIJIHT TOJIIU11HOH 2.54cM (1.54 pa)l.HaUHOHHOll )l,JIHHhI Ka-

)( 

30 cm l. <DoTOHHhIH crreKTpoMeTp 

I <l>OTOHHhlll 

"' ~· g 1 I if KanopHMerp 

~ ~· L--·--i- Z iii' ~ le~c g1a"" 
-. _ ~ 11 50 cm Q Q -u ~ etray with 

p :l--~ _) __ J_! !I, _j ~-. k~- ---·-···· 
y ~ I L-.:; = . ~ .. - -- , =·=--f:.-::-;_-ff8 

c._ L.___. ~- 111 u c__J u t=J 
~~~~ ~ ~ ~ITH 
u u 2X H 2Y 

P11c. 7. <!JoTOHHhIH CileKTpOMeTp. I10JioJKeH11e 3JieKTpoMarH11THoro 

!111BH5I B CTa!IbHOM KOHBepTope 113Mep5IeTC5! nponopu110HaJibHblMl1 

I<aMepaMH (PWC) 11 JJ:ITH (TRD). 3Heprm1 <]lOTOHOB 113Mep5IeTC5I B 

qJOTOHHOM Ka!IOpHMeTpe. 
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)K,nm1). 
3Hepn15! cpOTOHOB H3Mep51nach cpoTOHHhIM KaJJOpHMeTpOM, KOTOphlll HMeJJ 

.nocrnrnqHo crnH.napTHYIO rpattymipttyIO CTPYKTYPY 11 cocT05IJ1 H3 T5I)l(enoro CTeKna 
H KpHCTaJJJJOB BGO (Bi4Ge30 12). TaK KaK rronHa51 :meprHH, Ha6mo.naeMa51 B Kano
pHMeTpe, rrpHMepHo o,nHHaKoBa .nnH o6oux rrpoueccoB L+ ~ py H L+ -> prc0 -> p2y , 
TO, rrpH ITOilhITKe pa3,neJ1HTh 3TH pacna):(hl, npocTpaHCTBeHHOe pa3perneHIIe .IJ:I1I1 
CTaHOBHTC51 HaH6onee BmKHh!M KpHTepHeM OT6opa, no-cpaBHeHHIO c 3Hepren1qe
CKIIM pa3perueHHeM. 

Ha Puc.Sa rrpe.ncrnBneHa X-npoeKUH51 Koop,nIIHaThI 3ap5I)l<eHHoiI qacTHU:hI B 
3J1eKTpOMarHHTHOM J1HBHe, KOTOpa5I 6brna H3MepeHa B KaMepax (PWC) II .IJ:IU1 
(TRD). 3TO co6bITHe lIHTeprrpernpyeTC5I KaK J111BeHh, C03,naHHhlll o.n1rnoqHhIM cpo-

A y p 

Jl,TIH 
I1K 

~n..-u ilL----~-~""''"' 
k&$$&R-·$§SSSW~ fl'lb§};§i£fS::W~ CTaJib 

~-._____Q)_._, ___ _.__ Jl,IlH 

~'"""' I1K 
Pt..JiH v fE w cs-s::M-«:·WN$f'.f:"H«>7··MM~ ffiFmss~"'*1 w~ Cranb 

B 

P11c.8. 0TKJIHK L(IlH mm 

p 

)1,mr 
I1K 
Crn111 
Jl,IlH 
I1K 
Crn111 

(A) 2:+ ~PY (L(ITH X2 OJ5; M~,, = 7.43 x 10-4 f38 2/c4); 

(8) 2:+ ~ pn° (L(ITH x2 = 50.0; M~0 = 0.0164 1::iB2/c4). 
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TOHOM M3 L+ pa.rurau.ttoHHoro pacrrn,!l,a B nepBOM CTaJihHOM KOHBepTope. PWC ,!l,e

TeKTHPYIOT Bee 3ap5DI<eHHbre qacTHU,bI B JIHBHe. flptt 3TOM cTpyKTypa cpa6oTaBlliHX 

rrpoBoJIO'IeK B PWC HMeeT lliHpoKoe H paBHOMepHoe pacrrpe,!l,enemre, 'ITO no,!l,

rnep)!(,!l,aeT npe,!l,IIOJIO)!(eHHe 0 rrpMXO,!l,e O,!l,HOro raMMa KBaHTa. )J;fll1 4.YBCTBHTeJieH 

K Han6onee 3HeprH1IHOH 3apll)!(eHHOH KOMIIOHeHTe 3JieKTpOMarHHTHOro JIHBHll H 

II03TOMY CHfHaJlbl, npnllie,!l,IIIMe c IIpOBOJIO'IeK, rpynrrnpyIOTCll B IIHK, U,eHTP Tll)Ke
CTH KOTOporo COOTBeTcrnyeT OCH JIHBHll. flpM 3TOM aMIIJIHTy,!l,a co6hITHll B )J;fll1 

coorneTcrnyeT 'IHCJIY HMIIYJihCOB, ,!l,eTer<TnpyeMbIX KmK,!1,0H rrpoBOJI04.KOH. Ba)[<HO 

OTMeTHTh, 4.TO )];TIM HellyBcTBHTeJieH K rrpoToHaM, B TO BpeMl! KaK PWC nx penr

CTpttpyeT. 

Ha Pnc.86 rrpe,!!,CTaBJieH cnrnarr c Afll1 ,!l,1Ill pacrra,!l,a, KoTOpbIM HHTepnpern-
+ o M pyeTcll KaK L -? pn: . O)KHO BH,!l,eTb, 4.TO rrpn 3TOM B03HHKaIOT ,!l,Ba llittpoKnx KJia-

cTepa c Ka)!(,!l,OH CTOpOHbl OT rrpe,!l,CKa3aHHOro IIOJIQ)I<eHHll TpeKa n°, KOTOpbie o6pa-

3YIOTCll OT ,!1,BYX raMMa KBaHTOB. 

Pe3yJihTaThI, rronyqeHHhie nocne rrpose,!l,eHHll BhIIIIeynoMllffYThIX oT6opoB, 

npe,!!,CTaBJieHbI Ha Pttc.9, r,!l,e B03MmKHOCTh 3cpcpeKTHBHoro oT6opa rrone3HhIX co6br

TMH npe,!!,CTaBJieHa B BH,!l,e TpexMepHoro pacrrpe,!l,eJieHHll co6hITHM. Btt,!1,HO, 4.TO OT-

6op co6hITHH ITO 3HepmH H KoopmrnaTe cjJOTOHa, fl3MepeHHOH B ,ll,eTeKrnpe nepe

XO,ll,HOro H3Jiy4.eHHll, II03BOJIHJI Ha,lle)KHO BbI,!l,eJIHTb pa,ll,HaUHOHHb!H pacrra,ll, 

Puc.9. Pacrrpe,IleneHHe x2 ,DJ1l1 Ka!< cj>yHKI.\Hil OT 

senwrnHbI M~0 B Bl1,1le TpexMepHoro pacrrpe

,IleneHHil rrony'!eHHbIX co6bITHH. 
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L+-? py (6eJibIH 3JIJinrrc) 

Ha cpoHe a,!!,pOHHoro pac

rra,!l,a L+ ~ pn:O. 

B pe3yJihTaTe aHa-

11.n3a oKono 35000 co6br
THM pa,ll,HaunoHHoro pac

rra,!l,a L+ ~ py 6hrna no

nyqeHa cne,ll,yIOruall Be

JIH'IMHa napaMeTpa acctt

MeTpMH pacna,ll,a: 

ay = - 0.720 ± 0.086(crn 

T.) ± 0.045(CHCT.), H Ha 
OCHOBe aHaJIIl3a np11Mep

HO 32000 co6bITIIH -

BeJIH1IIIHa BepmITHOCTH 

pacrra,!l,a B(L+ -? py) 

= (1.20 ± 0.08) x 10-3 

(yKa3aHa cyMMapHa5! 

ornu6Ka). TaKHM o6pa-

30M, pe3yJibTaTbI, nony-
4.eHHbie B 3KCIIepHMeHTe 

E-7 61, no.nrnep,ll,HJIH, '-!TO 



B pa.n11auiioHHOM pacna)l,e AeiicTBHTeJibHO Ha6mo.naeTc5I 6omrnai:r ITO BenwrnHe H 
OTPHUaTeJibHai:r ITO 3HaKy acCHMeTpH5I, a Ha6mo)l,aeMa5! Bepo5!THOCTh pacna.na He 
co.nep)J<HT BKJia.na OT ITpHMeCH co6bITHH MHTeHCMBHOH a.npOHHOH MO,Il,bl pacITa.na 
:L+ ~ pn°. B 3KcrrepHMeHTe, B .nononHemie K ocHoBHOH rrporpaMMe, 6brna H3Mepe
Ha IIOJI5!pH3aU!15! pa3JIM'IHbIX rttrrepoHOB. 

1.3. 3KcrrepnMeHT E-781. MccJJe.noBaHne po'll\ACHHH C-6apnoHOB n nx cneK
TpocKonnH. 

,lJ;anLHe:Hrnee myi:i:emre cBo:HcTB o'IapoBaHHhIX 6aprroHoB 6brno rrpo.nomKeHo 
B 3KcrrepHMeHTe SELEX (E-781) B 1996-9 8r.r. BO <D HAn. 

MomuBatfUfl. C03.naHm1:H cneKTpoMeTp He 6hrn opIIeHTHpOBaH Ha perneHIIe 
(rrccne.noBaHHe) KaKoro-TO O)l,HOro MJUI HeCKOJibKMX <jJH3!1'IeCKHX npouecCOB, KaK 
3TO 6hrno B npe.nh1.nyw.rrx 3KCrreprrMeHTax E-715 II E-761. HaKonneHHhIH omn 
pa60TbI B 3THX 3KCIIeprrMeHTaX TI03BOJIHJI rrpe,IJ,JIO)J<HTb C03,llaHrre CJIQ)I<HeHrne:H 3KC
rrep11MeHTaJibHOH ycrnHOBKH SELEX - crreKTpoMeTp (Segmented Large-X Barion 
Spectrometer) [5], TI03BOJI5!IOW,e:l1: rrpoBO)l,HTb CHCTeMaT!1'leCKHe HCCJie,lJ:QBaHMH 
IllHpOKOro KJiacca H.nepHbIX peaKUMH, CB5!3aHHbIX c pO)l(,Il,eHHeM O'IapoBaHHhIX 6a
p110HOB II HX pacrra,llaMH. 

~-roGeV 

p:ci:Or<S 

6·10 GeV 
Dif 

0 

silicon DC DC~ 

IJ r=~·~::J I I fl i1 CJ --- 6-11 •-HF-j 
Ml ~·M2~ 

ECAL I~ RICH 
M3 

ECAL ECAL NCAL 

target hodcsccpes 

60m 

P11c. l 0. EnoIC-cxeMa 3ICcrrep11MeHTMhHOH ycTaHOBICH. BTRD - rry'IKOBhIH .l(eTeICTop 
rrepexo.n:Horo innyqemrn ()JJ1I1); ETRD 3JleICTpOHHhIH .n:eTeICTop rrepexo.n:Horo 
113nyqemrn ()],ITH); EMCL - 3J1e1<TpoMarn11THhIH 1<anop11MeTp; PWC - 11porropu110-
HMhHhie ICaMep11; DC - .n:peilc]los11e 1<aMep11; RICH - qepeHKOBCKHH .n:eTeKTOp; 
NCAL - Hei1TpOHHhIH Kanop11MeTp; Ml, M2 11 M3 -aHan11311pymume Marn11Thl. 

CrreKTPOMeTp npe.nnonaran OTXO,ll OT 6a3oBoro rro.nxo.na, CB513aHHoro c pmK
.neHtteM Heo6xo,llHMhIX qacnru tterrocpe.ncrneHHO B MHrnemr (central production), 11 
op11eHTI1pOBaJIC5! Ha perHCTPaUHIO tJaCTIIU, BhJJieTaIOill,MX B rrepe.nmoro rronyc<jiepy 
(leading production). 3TO II03BOJI5IJIO pa60TaTb He TOJibKO c rnrrepoHaMH, pO,lll1B
IliHM11CH B MHilleHH, HO H c TeMH i:i:aCTHUaMH, KOTOpbie 5IBJI5!IOTC5I rrpo.nyKTaMH MX 
pacna.na. ,lJ;nH 3TOro CTPYKTypa cneKTpoMeTpa rrpe.nycMaTpHBana B03MmKHOCTh 
peKOHCTPYKUHM )l.BYX BeplliHH c xopOUIHM npOCTpaHCTBeHHhIM n, COOTBeTCTBeHHO, 
yrnoBbIM pmpeUieHH5IMH. 
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CrreKTpoMeTp pa3pa6aTbIBaJICH Mcxo.wi: H3 Toro, qTO OH .u,on>KeH co.u,ep>Kan 

umpOKHM Ha6op MeTO,ll,OB H,ll,eHTmpHKaI.J;HH qacTHI.J; H II03BOJIHJI ocymecTBJIHTb Ha

,ll,e>KHOe rpHrrepHpoBaHHe Heo6xo.u,HMJ>IX co6hITHM. Pa6oTa c tiaCTHI.(aMH, BbIJie

TaIOII(HMH B nepe,ll,HIOIO TIOJiyccpepy, 03Haqana, qTQ B paCCMOTpeHHe BKJIIOqaJOTCH 

HOB1>1e cpm~eCKMe rrpouecc1>1, pemcTpauHH KOTOphIX Tpe6yeT M,neHTmjm:u;HpoBatb 

tiaCTHI.J;hI c .u,ocTaTOtIHO 6oJihIIIHM rrorrepeqHhJM MMrryJibCOM XF > 0.25. 

B pa6oTe npHBO.ll.HTCH onHcaHHe 3KcnepHMeHTaJibHOM ycTaHOBKH (PHc.10) 

lJpe3BhiqaliHo Ba>KHOM oco6eHHOCTbIO crreKrpOMerpa SELEX HBHJIOCh HaJIHtIHe 

CHCTeMhI IIOJIHOM H,ll,eHTHCpHKa.I(HH qacTHI.(, KOTOpaH 6a3HpOBaJiacb Ha C03,ll,aHHh!X B 

11M.5I<l> PAR .u,eTeKTopax: 

rryqKOBh!M ,[(11H .ll,JlH pa3,ll,eJieHHH ~raCTHI.( Ha ypOBHe BXO.ll.HOfO rryqKa 

(L,-/n-, pin+); 
- 3JieKTpOHHh!H ,lJ;IU1 .ll.JlH Toro, qT06J>I H,ll,eHTHcjlHIJ;HpOBaTb BTOpHtIHJ>le 3JleK

rpOHl>I (e~; 
- TpeKOBYIO CHCTeMy, KOTOpaH COCTOHT H3: Tpex aHaJIH3HpyIOII(HX MarmnoB; 

26 IIJIOCKOCTeH rrponopu;HOHaJibHl>IX KaMep (PWC) c npOCTpaHCTBeHHJ>IM pa3-

perneHMeM OKOJIO 0.8MM; Tpex CTaHI.J;HM .n.peH:cpoBJ>IX KaMep (DC), Ka>K.n.aH H3 

KOTOphIX co.n.ep>Ka.JJ.a 26 IIJIOCKOCTeli c npocrpaHCTBeHHl>IM pa3peIIIeHHeM 

OKOJIO 100 MHKpOH 

3neKTpOHHKa nytIKOBOfO lIITM o6ecneqHBana BJ>Ipa60TKY 6J>ICTporo TpHrrepa 

)J,JIH H)J.eHTHcjlHKaU:HH r,- HJIH 7t- 3a BpeMH MeHee 100 HCeK. 3TOT ,[(11I1 II03BOJIHJI 

oqeHb Ha,ll;e)J{HO H,ll,eHTmpHI.(HpoBaTb 6apHOHhI H Me30HhI rryqKa. 3JieKTpOHHl>IM 

III1H ycneIIIHO McnoJih30Ba.JICH rrpH mytieHHH npo:u;eccoB, rpe6yIOII(HX M,ll,eHTHcjlH

Ka:u;1rn: 3JleKTpOHOB B KOHeqHoM COCTOHHHH. 

Ha ycTaHOBKe SELEX 61>urn nonyqeH1>1 YHHKaJibHJ>Ie cpM3HtieCKHe pe3yn1>Ta

T1>1. 3TO - BbIXO,ll,hI oqapoBaHHl>IX nmepOHOB, H3MepeHJ>I 3apH.ll.OBJ>le pa,ll;eyCl>l r,
mnepoHOB, H3MepeHhI IIOJIHhie ceqeHHH pacceHHHH 'L,-, 7t- H IIpOTOHOB Ha H,ll,pax 

B6JIH3H 600 f3B/c H T.,ll,. ,[(eTaJibHOe o6cy>K,ll,eHMe anropHTMOB H MeTO,ll,HKH o6pa-

60TKH rronyqeHHhIX pe3yJibTaTOB MO>KHO HaHTH B pa60TaX [6-14]. 

r JiaBa 2. TpeKOBble CHCTeMLI J).JISI HCCJieJ).OBaHHSI :=>c(>c(>eKTOB KaHaJIHpOBaHHSI 

npoTOHOB MOHOKpHCTaJIJiaMH. 

BnepBJ>Ie 3KcnepHMeHTa.JihHa5I peanma:u;HH H,ll,eH ynpaBneHHH TpaeKTopmIMH 

3apn>KeHHhIX qacTHI.J; c IIOMOII(bIO mornyrnro KpHcTanna 61>ma, ocymecTBJieHa B 

1979r. B ,[(y6He Ha CHHXpocpa3orpoHe JIB3 OM.5Il1 (E.H.IJ;maHOB H .n.p.): nyqoK 

rrpoTOHOB c 3Heprueli 8,4 f:=>B c IIOMOII(blO H30rHyTOro KpHCTaJIJia KpeMHIDI )J,JIH

HOM 2 CM 6bIJI TIOBepHYT Ha yron 26 Mpa,ll,. 

B ,ll,aHHOM pa3.u,ene .n.Hcceprnu;MH o6cy>K.z:i;ruoTcH ,ll,Ba :=>KcnepHMeHTa, BbIIIOJI

HeHHbie B 1981-82 r.r. B JIM.5Ict> PAR (ceiitiac - 11M.5I<l> PAR), B pe3ynhTaTe KOT0-

pb1x: 6bIJIO ,ll,OKa3aHO cymecTBOBaHHe 3cpcpeKTa o6'beMHOfO 3aXBarn; IIOKa3aHo Bbl-
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rronHem1e rrpuHI:uma o6paTHMOCTH .umr qacTHU B rrpouecce o6beMHoro 3axBarn; 

o6Hapy)KeH 3cpcpeKT yrnoBOH cpoKycHpOBKH qacTHl\. I1MeHHO HaquHaH c 3THX 3KC

rrepHMeHTOB, B J1I1.H<I> P AH HaqanHCb urnpoKHe Hccne.uoBamrn 3cpcpeKTOB KaHanH

pOBaHHH qacTHU MOHOKpHCTaJIJiaMH. 

B 3KcrrepHMeHTaJibHbIX yCTaHOBKax 6brnH rrpHMeHeHbI .UBa B3aHMo.uorron

mnoll!HX MeTo.ua: nepBb!H MeTO.u - 3TO HCnOJib30BaHHe H30fHYTOf0 MOHOKpHCTaJIJia 

BbI)leJIH!Oll!HH KaHaJIHPYlOll!He qacTHl\bl H H)leHTHcpHU:IIpYIOll!HM TaKHe qacTHUbI no 

HX 3HepreTITTeCKHM no1ep5!M; BTOpOH MeTO)l, - 3TO TpeKOBaH CHCTeMa, )l,eTeKTH

PYIOll!aH cpaKT nosoporn (Hm1 cpoKycrrpoBKH) qacTHU:. 310 II03BOJIHJIO: 

- ocyll!eCTBJI51Th rrpe,ll,BaprrTeJibHbIM OT6op qacTHU B MOHOI<pHCTaJIJie no HX 

3HepreTnqeCKHM IIOTep51M H 1-13yqaTb HX pacrrpe.ueneHHe B TpeKOBOM CHCTeMe; 

- HCIIOJih3Y51 HHBepCHb!M MeTO.U, MO)KHO 6bIJIO B35!Tb y:>K:e OT06paHHbie TPeKO

BOM CHCTeMOM qacTHUbl H 113yqHTb HX 3HepreTITTeCKHe noTepH H IIOBe.uemre B MO

HOKpHCTaJIJie 6onee )l,eTaJibHO. 

UeJibIO Ramero rrepBoro 3KcneprrMeHTa 51BJIHJiacb nposepKa runoTe3bI o B03-

MO)KHOCTH 3aXBaTa qacTHU B pe)KHM KaHanHpOBaHH51 KaK Ha TOpue, TaK H B o6beMe 

H30fH)ITOfO KpHCTaJIJia (15-18]. 

B pa6oTe .ueTaJibHO orrrrchrnaeTcH 3KcneprrMeHTaJibHaH ycrnHOBKa. IlyqoK 

npoTOHOB (p) c 3Hepruei1 lf3B rrpoxomrn qepe3 rrponopu:noHaJibHbie KaMepbr IIIO, 
IlK2 H CUHHTHJIJIHUHOHHblH cqe1qHK s 1 H rrona)l,an Ha H30fHYTblH MOHOKpHCTaJIJI 

(C). :Vl3 rrpHMOfO rryqKa BbI.[(eJI51JIHCb Te IIpOTOHbl, KOTOpbie rrorra.uaIOT Ha TOpeu 

KpHcTanna, n H3Mepanucb yrmr HX sxo.ua s Kpucrnnn (yrnosoe pa3pelllemre 0 .19 
Mpa.u). Ilponopu:HOHaJibHaH KaMepa TIK3 perHcTpHposana yrnosoe pacnpe.uenemre 

BbIXOAHll!HX H3 KpHCTaJIJia qacrnu: c yrnoBbIM pa3pe11IeHHeM 0.41 Mpa,ll,. lfaornyTh!H 

MOHOKpHCTaJIJI (C) 6bIJI ll30fHYT ITO UHJIHH,ll,py c pa.UHYCOM R=46 CM. Ero Bbipe3Ka 

6brna TaKOBa, qrn ero 6oJihUJaJI rpaHb 6hrna napanneJihHa nnocKOCTH (111) H H30-

myrn no uHJIHH,ll,puqecKon nosepxHOCTH. TiyqoK na.uan Ha rpaHb napannenhHYIO 

IIJIOCKOCTH (011). Ha H30rHYTOM MOHOKpHCTaJIJie TOJIII.\HHOH 0.4 MM, urnpHHOH -

25MM H )l,JIHHOH no nyqKy - lOMM, H3roTOBJieHHOM H3 nonynpOBO)l,HHKOBOfO KpeM

HHH, 6bIJIH peanmosaHbI TpH He3aBHCHMbre .ueTeKTHPYIOil\He cTpyKTYPhI (TI)J), 

TI,[1;2, TI,[1;3), JIBJI51IOI1\HMHCH nosepxHocrno-6aphepHbIMH rronynposo,ll,HHKOBbIMH 

.ueTeKTOpaMH. 3TO Il03BOJIHJIO KOHTponnpoBaTb .UBH)J(eHHe qacTHU B KpHCTaJIJie Ha 

Bcex CTamrnx: 3axBaT, KaHanHpoBaHne, .ueKaHanHposam1e no senHqHHe HOHmaun

OHHbIX IIOTepb, OCTaBJIHeMb!X B 3THX qyscTBHTeJibHb!X o6nacrnx. 

Tipou:ecc H3MepeHHH (Pnc.11) 3a1rnIOqanc51 B onpe.ueneHHH cneKTpa HOHH3a

UHOHHbIX IIOTepb qacTHU Ha pa3JIITTHblX yqacTKaX KpHCTaJIJia (B o6nacrnx TI,[l;l

TI,[1;3) H B Ha6nIO)l,eHHH yrnoBbIX pacnpe.ueneHHH qac1nu, BbIXOMll!HX H3 Kpncrnn

na, s 3aBHCHMOCTH OT yrna nosoporn cp. KaHannpyIOil\HMH cqurnnHCb qacTHU:bI, 

HMe!Oll!He aHOMaJI.bHO MaJib!e HOHH3aU:HOHHbie noTepn B .ueTeKTopax TI,[l;l-TI,[1;3 

(MeHhlue 0.74 OT Han6onee sepoHTHbIX rroTepb AJI51 "npHMoro" rryqKa). B Kaqecrne 

BTOporo KpHTepH51, no.urnep)l<.[(a!Oll!ero TOT cpaKT, qTQ qacTHUbl c MaJib!MH y.uenb-
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Kamurnpy10m11e 
qaCTHUbI 

50 

150 

30 

!00 

D 

Pttc.11 a. YrnoBbie pacnpe,!leJieHHSI 
•-rncTHLI, npowenru11x KpHCTaJIJJ c 
OT60pOM no KpHTepmo MaJIOH aM
nJIHTynhr. YroJJ nosopoTa cp = 11 
Mp an. 

Kamurnpy1om11e 
qaCTHUbl 
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P11c. I I 6. AMrnrnTyJ111b1e 
cne1upb1 qacTHU B IT)], I 11 
IT)], 2. 
0T6op co6h1rni1 - no IT)], 3. 

Hb!MH rroTeplIMH lIBJl.s!IOTClI KaHanHpOBaHHh!MH qacTHI.raMH, CJIY)KHJIO HaJI11q11e OT

KJIOHeHHOH cppaKUHH rryqr<a c MaJIOH yrnosoi1 paCXO.!(HMOCThlO rrpH Bh!XO,!(e 113 KpH

CTaJIJia. 

Ha ocHoBe rronyqeHHbIX 3Kcrrep11MeHTaJibHbIX ,naHHbIX MmKHO o.nHo3Hff'IHO 

3aKJIIO<IHTb, qyo BhI,!(eJI.sieMbie qacTJU.[bl lIBJIJIIOTClI KaHaJIHpyIOIUHMH. lfa 3THX .naH

HbIX TaK)Ke cnenyeT cyruecTBoBaHIIe o6beMHoro 3axsarn B pe)KMM KaHaJIHpoBaHHlI. 

XapaKTepHh!M rrpmHaKOM KaHaJIHpoBaHHJI JIBJIJieTClI IIOJIBJieHHe IIHKa B o6nacrn 

MaJib!X aMITJIHTy.D, ( COOTBeTCTByeT rrpH6JIH3HTeJibHO fIOJIOBMHe aMITJIHTY.D,bl Ha1160-

Jiee BepoJITHhlX rroTepb HeKaHam1pyrorun:x qacn1u), qyo H Ha6n10naeTc.si oco6eHHO 

onernn:Bo AJilI TI)];2. 
BHJ:IHO (Pn:c.11 ), qyo MHor11e qacTHUhl, rrorraBnme B o6nacTb nHKOB I HJIH II, 

He 6bm11 KaHan11poBaHHbIMH B TIAl (11Mem1 6omnrne HOHH3aUHOHHhle rroTepH) 11 
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6b!Jm 3axsaqeHhI B pe)l(IlM KaHaJIHpoBaHHH TOJ!bKO Ha 60JibIIIIIX rny6irnax B Kpll

CTaJIJie. Bnepsr,1e 6r,mo noKa3aHo, qTQ o6Jiacn 3axsarn qacTIIU B pe)!<HM KaHaJirr

posaHrrH H30rttyTh!M I<pIICTaJIJIOM OTHIO.ll,b He cocpe.noTOqeHa TOJ!bI<O B6JIH3Il ee 

BXO):(Horo TOpua, a MO)!<eT peaJIIl30BaTbCH IIO sceii .ll,JIHHe I<pIICTaJIJia, Tai< KaK cyM

MapHb!H yrnosoii HHTepBaJI 3axsarn qacTrru cocrnsnJI - 20 Mpa.n, Tor.na KaK yroJI 

JIHH.ll,Xap.na paBHHJICH ~ 0.12 Mpa.n rrpn yrnosoii paCXO.ll,IlMOCTH rryqKa - 1 Mpa.n, 

qTQ COOTBeTcTByer 3aXBaTy rrpaI<THqeCKil Ha Bceii .ll,JIIIHe KpIICTaJIJia (lcM). 3TOT 

cpn3IIqecKIIii rrpouecc asTOpbI Ha3BaJIIl "3cpcpeKTOM o6beMHoro 3axsarn" B pe)l(IIM 

KaHaJIIlpOBaHmI. 

TaKHM o6pa3oM, B xo.ne 3Toro 31<crreprrMeHTa, srrepBbre y.naJiocr, rrpo.neMoH

cTpIIposan, B03MO)!{HOCTb IIOBOpOTa rryqKa npOTOHOB c 3Heprneii 1 f3B Ha yroJI 11 

Mpa.n. Br,rco1<oe yrnosoe pa3peIIIeHIIe 3KcrrepnMeHTaJihHOii ycrnHOBKH II03BOJIHJIO 

pa3):(eJIHTb 3cpcpe!<Tbl .ll,JIH pa3JII!qHb[X KpllCTaJIJIOrpacpnqecKIIX IIJIOCKOCTeii Il oue

HilTb 3HaqeHHe sepOHTHOCTII o6beMHOro 3axsaTa B pe)KI!M 1<aHaJIIlpOBaHIIH ):(JIH 1 

f3B rrpoTOHOB B KaHaJI IIJIOCKOCTil (111), H30rHYTOH IIO pa.nrrycy R=46 CM (~o =9.2 

±1.4%), Il, COOTBeTCTBeHHO, ):(JIIIHY .ll,eKaHaJIHpOBaHHll (/.., =1.26 ± 0.09MM). 

Bo BTopoM 3KcrrepIIMeHTe [ 19-21] 6bma nccJie.nosaHa B03MO)!{HOCTh IICl10Jih-

30BaHrrll Il30rHyTOro I<pHCTaJIJia, HBJ!ll!Olll,erocH O.ll,HOBpeMeHHO 110JiyrrpOBO.ll,Hill<O

BblM .ll,eTeKTOpOM, B I<aqecTBe cpoKyCHpymmero KOJIJIHMaTopa KaHaJIHPY!OlllIIX qac

TIIU. I1crrOJib30BaJICH MOHOKpIICTaJIJI KpeMHilH, Il30rHYTb!H IIO Il,IlJ!IlH.ll,py (R = 2 M), 

c KpllCTaJIJiorpacprrqecKIIMil 11JIOCKOCTHMil (111 ), neprreH.ll,IlKYJIHpHblMil K BOrttyTOH 

(BblIIYKJIOM) rpaHII KpHCTaJIJia, HBJ!llIOllleHCH O,[(HOBpeMeHHO IlOBepxHOCTH0-

6apbepHb!M .ll,eTeKTOpOM (Il,l(l Il Il,[(2). 

Ha I<pHCTaJIJI HarrpaBJIHJICH rnHpo1<11i1 (so secb I<pIICTaJIJI) rryqo1< c yrnosoi1 

paCXO,[(IlMOCTb!O 7,2 Mpa.ll,. I1crrOJib30BaHne KpllCTaJIJia B 1<aqecTBe IIOJIYIIPOBO,[(Hil

KOBOro ,[(eTeKTopa II03BOJIHJIO Bb!,[(eJIHTb ( 11MeTHTb 11 ) KaHaJIHPYl-OlllHe qaCTilll,hI 110 

BeJIHqHHe nx aHOMaJibHO MaJib!X Il0Hl13all,IlOHHb!X 110Tepb. IlocKOJ!bKY 11pn Il3rII6e 

110 UHJ!IlH.ll,py KpIICTaJIJIOrpacpnqecKrre IIJIOCKOCTH, HOpMaJibHbie K rpaHHM, pa3BO

pa1-1HBaIOTCll Beepoo6pa3HO C ueHTpOM Ha paCCTOHHHil pa.n:11yca Il3rH6a KpHCTaJIJia, 

TO KaHaJIIlPY!Ollllle Me)l(,[(y HilMil qac1'IlUbl 6y.n:yr cpor<ycHpOBaTbCH B TQqKy «0». 
Ilpe.n:sapnTeJibHhie oueHKII 110Ka3aJI11, qTQ nrnpnHa cpoKyca .n:omI<Ha cocTaBJIHTh OT 

50 ):(0 600 MKM. 

,[(Jill Ha6JIIO,[(eHirn TaKHX 11pocTpaHCTBeHHbIX pacrrpe.ll,eJieHHH Heo6X0,[(11MO 

6hmo C03,[(aTb HOBYIO TpeKOBYl-0 CilCTeMy, 6a311py10IUYJ-OCH Ha II03Illl,IlOHHO

qyscTBIITeJibHbIX ,[(eTeI<TOpax, IlMe!OIUHX 11pocTpaHCTBeHHOe pa3perneHne rrpaKTil

qecI<H npe,[(eJibHOe .D:JIH ra3opa3pH.D:HhIX 11pn6opos. B CBH3H c 3THM 6hIJIO peweHo 

HCIIOJ!b30BaTb nporropu110HaJibHYl-O I<aMepy (ITK) c aHaJIOrQBbIM CbeMOM HHcpOpMa

UHH c KaTOAa Ha J!IlHHIO 3a.ll,ep)l(Kll, IIOTeHU:IlaJibHbie B03MO)l(HOCTil KOTOpOH II03BO

JIHJIH o6ecneqrrrh rpe6yeMoe rrpocrpaHcTBeHHoe pa3perneH11e ( cr :'Sl 00 MI<M). Ilpo

se;:i:eHHb1e IICCJieAOBamrn 110Ka3aJIIl, '!TO pa3pa60TaHHb!e I<aMepbl o6Jia.ll,aIOT BbICO

KHMil Il3MeprrTeJibHblMil xapa1<TepHCTHKaM1I: B pa6oqeii o6JiaCTH I<aMepbl (30x30 
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MM) npocTpaHcTBeHHoe pa3pernemre He xy)Ke cr "" 40 MI<M, a JlHCpcjlepeHUIIaJihHa5! 

Hemrnei1HOCTh He npeBhilI!aeT 3%. 
3To rro3BOJIHJIO ocyruecTBHTh 3I<cnepHMeHTaJihHOe Ha6moJJ,eHJie Y3I<oro rrHI<a 

(cM. PIIc.12, I<pIIsa5! 1) B pacrrpe.I1,e11emn1 qacTIIU B cjloKaJihHOtt nrrocKOCTH c 

((BKJI!oqemreM» OT6opa no MaJlh!M aMTIJIIITy}laM, qyo 5ICHO J(eMOHCTpIIpyeT cyruecT

BOBamie HOBOro 3cpcjleKTa: lf30rHYTh!H MOHOI<pHCTaJIJI MmI<eT pa6oraTh I<aK cjloI<y

c11pyIOIUHH I<OJIJIHMaTop I<aHami:pyrorurrx qacTHU. TIHK xopoUio o6ecrreqeH cTaTII

crmecKH H HMeeT rnupHH)' FWHM= 0.65 ± 0.05MM, 'ITO cooTBeTcTByeT yrnosoi1 

paCXOJ(HMOCTH, onpe,!l;em1eMOH yrnoM J1HHJ(Xap.I1,a (0.12 MpaJl) J(JI5! JJ,aHHOH KpII

CTaJIJIOrpacjJH'IeCI<OH TIJIOCKOCTII (111). 

B pa6oTe ,[l;eTaJihHO o6cy)l(JlaeTc5! BJIH5!HHe pa3JIHqHhrx cjlaI<TOpos Ha npo

crpaHcTBeHHOe pa3perneHHe J(eTeKTOpOB c KaTO,!l;Hh!M CbeMOM rrmpopMaumi:, BXO

)J,lllUHX B TpeKoByIO CHCTeMy, c TOlJKH 3peHH5! TOfO, KaK OHH BJIH5IIOT Ha co6CTBeH

HOe (BttyTpeHHee) pa3peIIIeHHe ra3opa3p5!J(HOfO ,[l;eTer<Topa lJaCTHU I<aK TaKOBOro. 

0TITHMH3HpyH 3Tll cjlaKTOpbl MO)!<HO ouemITh TO npe,!l;eJihHOe rrpocTpaHCTBeHHOe 

Neb 
Si,(111) l 

150 _nK 3, X-IIJioc1eocTh v 
1 KaHan=0.048 MM 

3 Nr(xlO ) 

100-

50 .... 

FWHMch= _ 2 
2 .... ..---.._, 0.65±0.05 MM 

"'-y/ 

/ 
/ .... 

/I 

,
' ' - 1 

P11c.12. IlpocTpaHCTBeHHoe 
pacnorro)!(em1e nytma Ha X 
IIJIOCKOCTH (I1K3): 1 - C OT-
6opOM no Kp11Tep111-0 MaJIOH 
aMnn11Tyni,1 c11rnana c neTeK

Topa (a HHTepaane 0.3+0.6 OT 
Ha116orree aep05!THOro 3Ha'le
Hl1ll JlJlll xaoTw1ecKoi1 cj>a3hI), 2 
- 6e3 or6opa (npl!MOH ny-

..... 
0 ,.-""' I I 

FWHM,= 
15.4±0.1 MM O 'lOK) . 

300 400 500 600 700 800 KaHaJlLI ! 

pa3pernemie, KOTOpoe MO:>KeT 6hITh J(OCTHfttyTO ,!l;JIH ,[l;aHHOro KJiacca ,[(eTeKTOpOB. 

TiocKOJihKY pe'Ih HJ(eT o rrpocrpaHcTBeHHOM pa3pernemrn Ha yposHe ny'Irne 

100 MKM, TO J(JI5! npose,!l;eH!rn rro.uo6Hh!X HCCJie,!l;OBaHHH Heo6XOJ:(HMO yMeTh C03Aa

BaTh «npo6Hhle 3ap5!J:(hl» pa3MepaMII B .uecHTKH MHI<pOH, qyo caMO 110 ce6e HBJIHeT

C5! BeChMa cepbe3HOH rrpo6JJeMOH, ll HCCJieJ(OBaTh OTKJIHK rrpII6opa Ha HHX. 

,[(JI5! 3TOfO 6brn rrpHMeHeH MeTOJ( H3MepeHH5! rrpe.uerrhHOfO rrpocrpaHcTBeHHO

ro pa3peUieHH5! I<aMep c ITOMOIUh!O 3cpcpeI<Ta cjloI<yCIIpOBI<l1 lIOHHOfO o6naI<a. l'IAe5! 

MeTOJ(a 3aI<JIIQqaeTC5! B TOM' qro6b1 myqaTh BttyTpeHHee npocrpaHCTBeHHOe pa3-

peUieHIIe }leTeKropa, H3Mepl!H noJIQ)I<enne II rrpocTpaHcTBeHHoe pacrrpe.I1,eneHIIe 

<mpo6Horo 3apH.ua», KOTOpbIH 5!BJI5!eTCH 0611aKOM HOHOB. TipeJ(JiaraeTCH IICCJie}lO

BaTb IIOJIO)KeHIIe II TOlJHOCTb JIOKaJIII3aU:HH B rrpocTpaHCTBe ueHTpa T5l)KeCTII lIOH

HOfO 3ap5!.I1,a JiaBHHhl, o6pa3oBaHHOH B6J1H31I aHOJ(HOH rrpOBOJIOL!Kll. 3TOT 3apH.U 

xopOUIO ccjJoKycIIpOBaH B rrpocrpaHCTBe 3JJeI<TpHqecKHM noneM caMOH KaMepbI H 
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ITO CBOeH cpII3IIqecKOH rrpIIpo,n:e HMeeT MHHHMaJibHbie rrpocTpaHCTBeHHbie pa3Me
pbl, KOTOpbre H orrpe.uemrroT rrpe,n:eJibHOe pa3perneH11e ,n:eTeKTopa. 

I13MepeHH51 llOKa3anH, '!TO 3cpcpeKT cpoKyCHpOBKH 3ap51)la HaCTOJibKO CH

JieH, '-ITO rrpH pa3Mepax HCXO)lHOro rry'-!Ka CTnyqKa :Sl20 MKM, pa3Mepb! perHCTpHpye
MOro 3ap51)lOBOro o6naKa C)[(HMaIOTC51 )lO BeJI~HHbl (j :s 20 MKM. 

B HTore, 6brn npeAJIO)[(eH H ycrreurno rrpHMeHeH MeTo,n:, B pe3yJihTaTe peanM-
3aurm KOToporo: 

- pa3pa6oTaHa MeTO)lIIKa OIITHMH3aUHH H3MepHTeJibHbIX xapaKTepIICTHK Ka
Mepbl, II03BOJIHBilla5l )lOBeCTII ee BH)'TpeHHee pa3pernemie npaKT~eCI<H )lO cpH3H
qecKoro npe,n:ena, o6ycnoBJieHHoro cpH3II'-!ecI<HMH pa3MepaMM HOHHoro o6naKa na
BHHhI, KOTOpoe HCIIOJib30BaJiaCb B Ka'-!ecrne «rrpo6Horo 3ap5I)la». 

- IIOKa3aHO, '-ITO MQ)KHO )l06HTbC51, qT06bl BH)'TpeHHee npocTpaHCTBeHHOe 
pa3perneH:He )leTeKTOpa COCTaBJI5IJIO: He Xy)Ke cr::::<20 MKM (iJ,JI5l y-KBaHTOB c 3HeprH

ei1 Ey=5.9 K3B); He xy)l<e cr"" 50 MKM (JlJI51 3ap5I)KeHHbIX qacTMU). 

rJiaBa 3. Pa3pa6orau H C03)J,3H rnpueBOH K'.OOp)J,HHaTHhIH )J,eTeKTOp FTC )J,JISI 

3KcnepuMeuraJibHOif ycTaHOBKH L3 
TpeTb51 rnaBa )lHCCepTaI.1,HH IIOCBHIUeHa OIIHCaHHIO 3KCTiepMMeHTaJibHOH yc

TaHOBKH H 3a,n:aq 3KCrrepMMeHTa L3. flpe,n:crnBJieHo orrncamre Ka)[(,n:oro H3 ocHOB
HhIX ,n:eTeKTopoB B ycrnHOBKe L3, BI<Jiroqa51 TopueBoH: r<oop,n:11HaTHhIH ,n:eTeKTop 
FTC, orneTCTBeHHOCTb 3a pa3pa6oTKy H C03)J.amre KOToporo 6bma B03nmKeHa Ha 
rpyrrny, B03rJiaBJI51eMyIO COHCKaTeJieM. 

YcTaHOBKa L3 rrpe,n:Ha3Ha'-!eHa )lJI51 rrpoBepKH rrpe)J,cKa3aHHH 11 rrapaMeTpoB 
CrnH,n:apTHOH Mo,n:eJIH. Bee )J,eTeKTOpbI ycrnHOBKH HaXO)l5ITC51 BlfYTPH MarHHTa 

(.n1mMeTpOM ::::<11 M H )lJIHHOH 12 M), co3,n:aroII.J,ero MarnMrnoe none 0,5 Tn. Ha'-!MHa51 
OT TO'-IKH B3aHMO)leHCTBIDI e + e- rry'-IKOB B L3 HaXO)l5lTC51: ueHTpaJibHblM BepIIIHHHb!H 
.ueTeKTop Ha ocHoBe ,n:peilcpoBoil KaMepbI "paCT5!HyTOro BpeMeHH" - TEC, 3neKTpo
MarHHTHbIH KaJiopHMeTp BGO., cocTOHIUHH H3 KpHcTannoB opTOrepMaHarn BHCMY
Ta Bi4Ge3012, ypaHOBb!H a.upoHHb!H KanopHMeTp H MIOOHHbIH cneKTpOMeTp, co
CTOHII.l,HH H3 Ha6opa ApelicpOBbIX KaMep. 

TopueBoMy KOOp)J,HHarnoMy ,n:eTeKTopy FTC 6b!JIO oTBe)leHo MecTo (Bcero 
72 MM no ocH rryqr<a Z) B 3a3ope Me)[(,n:y TEC H KanopHMeTpoM BGO. ,IJ;eTeKTop 
rrpe)lHa3Ha'-laJIC5l .!I.J151 perncTpau1n1 H H3MepeHH51 TpeKOB '-laCTHU, BXO)l5III.l,HX B TOp
ueBylO qacTb Kanop11MeTpa BGO B )lHanmoHax IIOJii!pHblX yrnoB 14°::; e::; 35° H 
145°::; e::; 166°, He rrepeKpbIBaeMbIX )leTeKTOpOM TEC. Heo6XO.D;HMOCTb TO'-IHOrO 
onpe)J,enemrn Koop.u11HaT H HarrpaBneHHH qacTHU o6ycnasmrnanach MHOroKpaTHbIM 
1<ynoHOBCKHM pacceHHHeM qacTHU B aJIIOMHHHeBoM cpnaHue TEC. Amr BhIIIOJIHeHHH 
3TOH 3a)J,aqH FTC .uomr<eH 6brn o6ecrre'-!HBaTb: 

• rrpocTpaHCTBeHHOe H yrnosoe pa3perneHHe KOOp)J,HHaT H HarrpaBJieHHH Tpe
KOB qacTHU (j::; 150 MKM H 10 Mpa,n:, COOTBeTCTBeHHo; 
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• O,UHOBpeMeHH)'lO pern:C11Jall,mo TpeKOB 5+ 7 11acn1u,; 

• Ha,Ue)l(H)'lO pa6oTy B Te11eHue He MeHee 2+3 JieT 6e3 peMoHrn; 

Bh16op KOHCTpyKu,uu .ueTeKTopa )l(ecTKo o6ycJiaBJIHBaJIC5I ycJIOBH5IMH ero 

pa3MemeHHJI B ycrnHOBKe L3. Bo-rrepBhIX, 3aMKH)'TOCTh u orpaHu'!eHHOCTh rrpo

cTpaHCTBa B 3a3ope TEC-BGO C03.UaJIH KpaiiHe cephe3Hhie TPY.UHOCTH B peanma

u,u11 Tpe6yeMhIX pa6o'!HX xapaKTepucTHK FTC. 3TOT )Ke ¢aKTOp orpaHH<JHJI rrpo

cTpaHCTBO ,UJI5I ycTaHOBKil npe.uycHJIHTeJieii, rrpOKJia,UKil Ka6eJieH Il CIICTeM ra30-

06ecrre11eHH5I, 'ITO o6ycJIOBIIJIO Heo6xO,UHMOCTh MHHHMH3all,J1Il 'lllCJia KaHaJIOB 

::ineKTpOHIIKH. HeB03MO)l{HOCTh pa3MemeHH5I CHCTeMhI oxJia)l(,UeHH5I rroTpe6oBano 

rrpe.ueJihHO MIIHilMI13IIpOBaTh TeIIJIOBhI,UeJieHIIe rrpII,UeTeKTOpOHOH 3JieKTpOHlIKII. 

Bo-BTOphIX, KOHCTPYKIJ,Il5I .ueTeKTOpa .uomKHa 6hrna o6ecne'!I!Th BhICOKy10 Ha,Ue)l(

HOCTh II pa.uIIaIJ,HOHH)'lO CTOHKOCTh B Te'!eHue HeCKOJihKilX JieT pa60ThI 6e3 ,UOCTYIIa 

nepcoHana . 

.IJ:eTeKTOp FTC 6hrn co3,UaH [22-28] Ha 6a3e .upeii¢oBhIX KaMep (Mo.uyneii) 

CKOMIIOHOBaHHhlX B ,UBe napbl ,UIICKOB ,UllaMeTµOM lMeTµ, pa3BepH)'ThIX .upyr OTHO

CI!TeJihHO .upyra Ha 90 rpa.uycoB. 'ITO o6ecne'!HBaeT O,UHOBpeMeHHOe Il3MepeHIIe x 
Il y KoopmrnaT TpeKa qaCTilll,hI c o6enx CTOpOH OT TO'IKII e+e- B3aI!MO,UeiicTBil5I. 

06mee l'.JllCJIO MO.UyJieii B Ka)K,UOM ,UIICKe paBHO 26 . .IJ:n5I 3all(I!Thl OT 3JieKTµOMar

HIITHhIX HaBO.UOK co cTopoHhI 3JieKTpoHIIKII II BhICOKOBOJihTHoro TII!Tamrn TEC u 

BGO .UHCKII FTC 3aKphIThI 3a3eMneHHh!MlI 3KpaHaMII H3 ¢oJihruposaHHoro cTer<

nomrncTHr<a G 10. 

Pnc.13a. Pnc.136. 

Tiorrepe11Hoe ce11eHIIe MO.UYJI5I FTC II II,UeaJihHa5I CTPYKTypa 3KJieKT!I'lecKoro 

IIOJI5I B HeM rrpI!Be,UeHhl Ha PI!c.13a II 136, COOTBeTCTBeHHO. TaM )Ke IIOKa3aHhI Ka

TO,U, rrone¢opMHpy10ll(Ile (FW) II CIIrHaJihHhre aHO.UHhle rrpOBOJI0~1KII (SW). Do-
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nocKOBhre :meKTJJO.!J.hI - CTJJHilhI (Crroi'! I H Cnoi'! 2) 3a.!J.aIOT 3J1eKTpw:recKoe rrorre B 

pa6oqeM o6beMe .D.eTeKTopa H 06ecrreqirna10T ero 3arru:1Ty OT pa3pyma10mero Bmu.1-
HM.SI coce,!l.Hl1X 3a3eMJ1eHHhIX 3KpaHOB. 

, 

B KaJK,[(OM MO.D.yne c Ka)K)J.OH SW rrpoBonoqKH HeCKOJJhKO pa3 mMepIDIMCh 

,!I.Be (X 11 Y) KOOp.!J.HHaTbI TpeKa qacrnuhI: ToqHo (B.D.OITh HanpasneH11.si: ,!!.pei1cpoaoro 
rron.si:) - MeTO.!J.OM mMepeH11.H speMeH11 .D.pei'!cpa 11 B.D.OJJh rrposonoqK.11 SW - MeTO
.D.OM .D.enemu1 3ap.si:.D.a. PeanmauH.si: 110.D.06Horo pernemrn: rro3sonHno ycnernHo pe

IlIMTh KOM.IIJieKC rrpo6neM: BO-nepBbIX, TOqHo l13Mep.HTb o6e KOOp,!1.HHaTbl TPeKa 

qacTMUhI; BO-BTOpbIX, M3Mep.HTh yron HaKJ10Ha TpeKa qacTMUhl; B-TJJeTbMX, 06ecrre
q11Tb perncTpaumo MHOroTpeKOBh!X co6bITMH 3a cqeT npe,!!.CKa3aHMH KOOp,!1.11HaT 

TpeKOB qacrnu ,!l.Jl.H TOtIHOro HX M3MepeH!HI MO.!J.YJ1.HMM coce,!l.Hero .!J.HCKa. 
B pa6oTe rrpoBe.D.eH KOMrrneKCHhIH amwm CTPYKTYPhI B3aMMOCB.H3eH: ocHOB

HhIX cpaKTOpOB, BJllfHl:OillHX Ha 06ec11eqeHHe mrneHHOCTH KOOp,ll.HHaTHO-BpeMeHHOH 

3aBHCHMOCTH B FTC H ero npOCTJJaHCTBeHHoro pa3perneHH.H. ,Z:Vrn co3.D.aH11.H O.!J.11Ha
KOBhIX ycnOBHH ,!!.pei'!cpa 3J1eKTpOHOB B ,!1.pei1cpOBbIX H1Jei1Kax (30Hbl pemcTpau1111 
rrposonoqeK SW) MO.!J.YJJH Heo6xo,L1.11Mo 6bmo o6ecrreqHTh O.D.Hopo.D.Hoe 3J1eKTpHqe
cKoe 11one B ):(pei1cpOBOM npoMe)l{yTKe, O.!J.11HaKOBb!e K03cpcpHuHeHTbl ra30BOro yc11-

nemrn (KfY), crn6HJ1hffYl:O TeMnepaTypy pa6otJero rroa .11 MHHMMM3HpoBaTb Mexa
HHqecKHe rrorpeIIIHOCTM. 0IITMM113auMH BJlHHHMH Bcex BbIIIIenepeqHcrreHHbIX cpaK

TOpOB Ha Q)!(H,!l.aeMYl:O norpelllHOCTb onpe):(erreHH.H KOOp,!!.MHaThl TpeKa qacTHl\bl 

PHc.14. KoMIIbIOTepHml CHMymn111.11 CTPYKTYPbl 3JieKTpHqecKoro rronsi: B MO,IJ,yne 

FTC rrpH HrumqHH ,IJ,Byx cnoes rroneciiopMHpyIOIUHx cTpHrrOBH 3ll3eMneHHoro 3a

IUHTHoro 3KpaHa, ycTaHOBJieHHOro B 3,5 MM OT rpaHHllbl BHyTpeHHero o6oeMa. 

BHell!HHH CJIOH CTpHilOB CMeJUeH Ha IMM BHH3 OTHOCHTeJibHO BHyTpeHHero. 
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no3BOJIMJia JJ,OBeCTM MTOfOBOe npocTpaHCTBeHHOe pa3perneHMe JJ,O CTr"" 120 MKM, 

'ITO COOTBeTCTBOBaJIO Tpe6oBaH1UIM 13. 
Bmurntte MarHMTHOro no1151 ycrnHOBKM 13 (B = 0,5 T) Ha FTC yIJHThIBaTh He 

Tpe6oBaJIOCh 611aroJJ,ap51 nonepeIJHOMY pacnoJIO)Kemno npoBoJioIJeK SW no OTHO

rnemno K BeKTopy B. 

3HaIJHTeJibHOe BHHMaHMe 6bmo yJJ,eJieHO Q.lopM11poBaHmo OJJ,HOpOJJ,HOro 3JieK-

TpWieCKOro rromr s MOLlyJrnx JJ.eTeKTOpa FTC. PacIJeTHbIM rryTeM 6bm11 BhIIIOJIHeHhI: 

- BbI6op OITTHMaJihHOH reoMeTp11H no11e<l_lopMHpyIOIIIl1X CTpHnOB H HX nOTeH

U:MaJIOB, rrprr KOTOpbIX HeOL(HOPOLlHOCTb 3JieKTp11IJeCKOro nomr B 30He JJ,peH:cpa 

He JJ,omrrna npeBhIIIIaTb I LiE'E I :::; 2%; 

- pacIJeT crpyKTYPbl nonecpopMHPYIOIIIMX CTpHnOB, o6ecneIJMBaIOIIIeM 3JieK

TpOCTaTHIJeCKYIO 3aIIIHTY 3JieKTpWieCKOro ITOJI5! B MOJJ,yJie OT Pa3pyrnaIOIIIero 

B03):(eHCTBH5! BHeIIIHMX 3a3eMJieHHhIX 3KpaHOB. 

Pernemre 3aaa'I onT11MM3au1111 KOHCTPYKU:MM 11 o6ecneqeHMe Tpe6yeMbrx xa

paKTep11cT11K FTC Kpai1He OCJIO)KH5IJIOCb TeM, IJTO npoCTpaHcrno, oTBeJJ,eHHoe JJ.JI5! 

pa3MeIIIeHl15! ):(eTeKTOpa, COCTaBJ15IJIO scero 72MM no OCH rryIJKa. I103TOMY JJ,JI5! 

Q_lopM11poBaHM5! OJJ,HopoJJ,Horo 3JieKTp11qecKoro rron5! BHYTPH pa6oqero o6neMa MO

JJ.YJI5! ITOTpe60BaJIOCh OJJ,HOBpeMeHHO MMHl1Ml13HpoBaTb KpaeBbie HeOL(HOpOJJ,HOCTl1 

C03JJ,aBaeMbie rronecpopMrrpyIOIII11Ml1 crprrrraMH 11 rrpeJJ,OTBpaTMTb 11CKmI<aIOIIIee 

BJIHHHMe BHelliHMX 3a3eMJieHHbIX 3JieKTpOJJ.OB. 

Hatt6011ee OITTl1MaJibHOH OKa3aJiaCb reoMeTp115! c IIIHpHHOH CTp11rra a= 0,5 MM 

11 rnaroM Sst = 2 MM, KOTOpaH y)Ke B 2 MM OT 60KOBOH CTeHKH (X/Sst = 1) 06ecrreq11-

BaeT BhrcoKyro OJJ,HopoaHoCTh 3JieKTp11IJecKoro rronJI (I LiEy I Ey0 I::::: 1 %) rrpH MH

HMMaJibHOM rpaJJ,MeHTe 11 a6coJIIOTHOH BeJIMIJMHe Harrp5I)KeHHOCTl1 ITOJ15! Ha Kpa5IX 

CTprrna M rrocepe,UMHe Me)KJJ.Y CTp11rraM11. :::ho, rrpaKTHIJeCKH, HCKJIIOIJaIOT M!1KpO

rrpo6011 Me)KJJ,y CTp11rraM11 11 B03Hl1KHOBeHHe caMOITO)lL(ep)K!1BaIOIII11XC5! pa3p5!.ll,OB 

Ha HX KpOMKax. 

I1poBeJJ,eHHbie 113MepeHl15! Ii pacIJeTbl ITOKa3aJil1, IJTO BHeIIIHMe 3a3eMJieHHhie 

3KpaHhI rrpaKTl1IJecKH rronHOCThIO pa3pyrnaIOT o.uHopo.ueyIO CTPYKTYPY 3JieKTp11qe

CKOro nOJI5! B MO)lyJie. 

,[(eTaJihHblH aHaJIH3 ITOKa3aJI, IJTO 3TY rrpo6neMy MO)KHO peIIIMTh rrp11MeHHB 

crreu:11anbHYIO crpyKTYPY rronecpopM11pymIIIHX CTp11rroB, rrp11se.ueHHyro Ha P11c. l 4. 
PacIJeThl IIOKa3aJil1, IJTO np11 3TOM B 30He .upei1Q.la 3JieKTpOHOB c KOOp,UHHaTaMH 

IXI :::; 12 MM 5 ::::: Y::::: 22 MM (3aIIITp11xoBaHHa5! o6naCTh) 3JieKTp11qecKoe none CTaHO

BHTC5!, npaKTMIJeCKH O)lHOpO,UHhIM (JLiE /EJ :::; 0,5%), IJTO 06ecneq11saeT IIOCT05IHCT

BO CKopocrn JJ.pei1cpa Ha yposae I Li V .up/V .up I < 0,08%. 

Pa6oIJMe xapaKTep11cTHKM FTC rronyIJeHHhre Ha npoTOHHOM nyIJKe c 3Hep

rnei1 Ep = 1 f3B c11HXpOU:MKJIOTpoHa I11151<;J) M B xoae 3KcrrepttMeHTa 13 rrpaKTMIJe

CKM cosrran11. Ha Prrc.15a rrp11se.ueHa THIIHIJHa5! 3aBMCMMOCTb Koop.u11HaTHoro pa3-

perneHH5! OTJJ,eJibHOH rrpoBOJIO'IKM SW OT speMeHH .upei1cpa 3JieKTpoHoB, 113MepeH

Ha5! B xoJJ,e 3KcrrepHMeHTa L3. B .uaHHOM cny<rae 0T611pan11ch TpeK11 qacTMU:, BhIJie-
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TeBnrne H3 TOqKH B3aHMO)l,eH
+ -CTBHH e e B ,nnarra3oHe yr-

JTOB 3axBaTa FTC. Bn,nHo, qTQ 
Bemrq1rna npocTpaHCTBeHHO
ro pa.3pememrn He xy)!(e 

crsw::;; 175 MKM BO BCeM 
.npeucpoBOM npoMe)KYTKe. 

IlOKa.3aHO (PHc.156), 

10 >--~T---~--- k---,x"";21i""""'':O-~' ---"'---.-i 

qTo Tpe6yeMoe pa3pemeHHe 

Mern.na crm //...""' 1 % .nocrn
raeTcH B pa6oqeu TOqKe, KO
TopaH COOTBeTCTByeT 3apH,ny 
Qk = 5xl06e-, o6pa.30BaHHO
MY B .npeilcpoBoil 51trei1Ke Tpe
KOM MHHHMaJTbHO HOHH3H
pyIOIUeH qacTHUbl, npH fa.30-
BOM yrnneHHH M == 8xl04. B 
ycnOBMHX 3KcnepnMeHTa L3 
npocTpaHcTBeHHoe pa.3peme
HHe Koop.nirnaThI TpeKa MeTO-
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3Kcrrep11MeHT L3 
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HoMep Mo,Uym1 

P11c. l 5. IlpocTpaHcTBeHHOe pa3peIJJeH11e FTC. 

16 Banoc1 no pacrrpe.neneHHIO 
BeJIHqllHbI pa.3HHUbT Me)!(.ny 
KOOpil,HHaTaMH, 113MepeHHbl
MH TEC n MeTo,noM ,[1;3 
(Pnc.15B). Ilpn 3TOM cpe,nHe-
KBa,npaTITTHOe 
pacnpe.neneHMH 

OTI<JTOHeHne 
MH 60JTh-

IIlHHCTBa MO,nyneu He rrpeBbT
CHJTO cr,::;22 MM, a OTHOCH-
TeJTbHOe pa3pemeHHe 

l~LILl~2%. 
I13MepeHHH IlOKa.3anH, 

qTQ .nocTHrHYTaH 3aBncHMOCTh Y-T nnHeilHa noqTH BO BCeM .npeilcpoBoM rrpoMe

)KYTKe, KpoMe yqacTKa I Y I == 1 MM B6JTH3H rrpoBonoqeK. IlpH 3TOM, HemrneilHOCTb 
B .nnarra3oHe I YI = 2+22 MM He npen1mrana 70 MKM. 

,[l;eTeKTop FTC, KaK o,nHH H3 KOMnoHeHTOB ycTaHOBKH L3 nocTOHHHO yqacT
BOBan B Ha6ope ,naHHhIX. TaK, HCTIOJih30BaHHe ,neTeKTopa FTC npn onpe.neneHHH 

3HaKa 3apH,na qacTHU nnmocTpHpyeTcH Ha rrpnMepe pacna.na Z0 --+ µ\t-. ,[l;pyroil 
rrpnMep ncrronh30BaHMH FTC npnBo.nnrrn B pa6oTe no nccne,noBaHHIO rrpe,ncKa3a
HHH KBaHTOBOH 3JieKTpO,nt!HaMHKil ,n;rn peaKUIUi e+e---+ yy. 0T6op co6bITHH 3TOH 
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peaI<ll,HH ocymecrnmmcJI c noMorn;bIO )l,eTeI<TopoB TEC H FTC, nepeI<pbrnaBirrnx 

HHTepBfillbI KOCHHycoB yrnoB Bbrnera qacTHII I cos(8) I < 0,883 H 

0,833< I cos(8) I <0,97, coorneTCTBeHHO. I1pH4eM TpH TMKH 3Hal!eHHH ce•reHmr 

peaI<ll,HH B 06nacn1 MaJJb!X yrnoB 6brnH nonyqeHbl IICKJ1!0l[I!TeJibHO c IIOMOIIl;b!O 

FTC. MmpopMa11,u51. o TpeKax 1apm1:<eHHbIX qacTHII B TEC H FTC HCIIOJ1b30Banacr, 

)l,J15I H)l,eHTHcj.JIIKaIIHII y-I<BaHTOB B I<al!ecrne "BeTo". ITonyqeHHaJI 3cj.lcj.leI<Tl!BHOCTh 

"BeTo" COCTaBI!JJa 99,98% ± 0,02%. 

nrnsa 4. TpeKOBaSI CIICTeMa Ha 6a3e «MarHUTHbIX» KaMep B 3KCnepuMeHTe 
HERMES (DESY). 

OcHOBHOH 3anaqei1 3Kcrrep11MeHTa HERMES JIBmreTcJI II3yl!eHHe crrHHOBOH 

CTPYKTYPbI HYKJJOHOB rryTeM 11ccne)l,0BaHHJI HHKJII03HBHbIX 11 rronyHHKJII03HBHbIX 

npo11,eccoB rny6oKO-Heyrrpyroro pacce5IHH5I IIOJ15!pH30BaHHbIX 1103HTpOHOB (3J1eK

TpOHOB) Ha IIOJ15IpH30BaHHbIX MHIIIeH5IX 113 BO)l,Opo)l,a, ii:eH.TepH5I H reJIHJI-3. 3I<cne

pttMeHT, B OTJIIll[He OT rrpe)l,blJJ:YmIIx, II03BOJI5IeT 113yqaTb 110JIYHHI<Jll03HBHbie npo-

11,eCCbI, HCTIOJ!b3Y5! ii:eTeKTHpoBaHtte a)l,pOHOB B COBrraii:e1rnH c pacceJIHHb!M JieITTO

HOM. )Jjrn cymecTBeHHOro yrrpomeHH5I aHfil!HJa )l,aHHbIX, nonyqeHHbIX B ycTaHOBI<e 

HERMES, npeii:ycMoTpeHa B03MO:>KHOCTb HJJ:eHTmpuI<aIIHII nma a,ll,pOHOB (npoTO

HbI, IIHOHbI, KaOHbI). 

3Kcrrep11MeHT HERMES rrpoBO)l,HTCJI Ha ycI<opHTene HERA B 11ccJieJJ:oBa

TeJibCKOM ueHTpe DESY Br. faM6ypre, repMaHH5!. Yc1<0p11TeJib HERA npe)l,CTaB

J15IeT co6oi1. Il03HTpOH-IIpOTOHHbIH KOJJJJaH.ii:ep. I10J15IpH30BaHHb!H Il03HTpOHHblH 

rry'IOK HMeeT 3Heprn!O 27.5 f3B, npoTOHHb!H rryl!OI< He IlOJ15IpI130BaH 11 ero 3Heprn5! 

- 920 faB. B 3I<crrepIIMeHTe HERMES 11cnonb1yeTcJI rroJIJipII30BaHHhri1 II03HTpoH

HhIH rryqoI<, I<OTOpb!H pacceHBaeTC5! Ha ra3oo6pa3HOH "cj.JHKCHpOBaHHOH" MilllieHII. 

y rJIOBOH 3axBaT ycTaHOBI<H COCTaBJIJieT ±( 40+ 140) MIIJJJIHpa)l,HaH B BepTHKfillbHOM 

HarrpasJieHIIH u ±(0+ 170) MHJJJJttpa)l,ttaH B ropII30HTaJihHOM HarrpaBneHHH. TaKIIM 

o6pa30M, IlOJIHbIH )l,HaIIa30H yrnoB pacce5IHil5! COCTaBJ15IeT 40-220 MHJIJJHpa)l,HaH. 

3TO 3a)l,aeT MaKCHMaJihHO B03MO}!(HY!O KHHeMaTWieCKYIO o6JiaCTh, B KOTOpoH. aHa

JIH3HpyIOTC5! )l,aHHhie . 

.[l;eTeKrnp HERMES rrpe)l,CTaBJI5IeT co6oi1 MarHHTHbIH crreI<TpoMeTp, BKJJIO

qaromttH. B cefo1 TpeKOBhie ii:eTeKTOphI I1 )l,eTeKTOphl )l,Jli! H)l,eHTHCpHKaIIHH qaCTI!II. 

HanpJI}!(eHHOCTh MarHHTHoro rroJIJI cocTaBJIJieT B= 1,3 TM. Y rnoBOH 3axBaT )l,eTeK

Topa pa3JJ:eJieH Ha BepXHIOIO I1 HH:>I<H!O!O qacTH MeTaJIJIHl!eCKOH ITJIHTOH, KOTopai! 

1am11maeT II03I!TpOHHbIH II rrpoTOHHhIH rryl!KII ycI<OpHTemI OT BJII15IHH5! MarHHTHOro 

rroJIJI Marmna HERMES. B ycTaHOBI<e cymecrnyeT CIICTeMa H)l,eHTIIcj.JHKa11,11H •:cac

THII npe)l,HaJHal!eHHaH JJ:JI5! pa3)],eJ1eHH5I lI03HTpOHOB, ITHOHOB, npoTOHOB H KaOHOB 

TRD cJiy)l{HT )l,JJJI pa3JJ:eJieumr II03HTpoHoB H ITHOHOB H HMeeT BbICOKYIO 3cpcj.leKTHB

HOCTh TaKOro pa3)l,eJieHmI (90%) rrpw :rneprntt qacrn11, 6onhIIIe 5 faB. TpeKoBaH 

qaCTh )l,eTeKTOpa COCTOHT 113 CJie)l,yIOmHX OCHOBHb!X 3JieMeHTOB (Pttc.16): BepIIII!H

Hhie I<aMepr,1 VC, ii:pei1.cjJOBhre sepIIIHHHhie I<aMepr,1 DVC, rrepe)l,HHe Jl.peH.cposr,ie 

I<aMepr,1 FC H 1aJlHHe .upeH.cpoBhre I<aMepr,1 BC. BHyTpII 3a3opa cneKTpoMeTpIIl!e-
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CKOro Marmna ycTaHOBJieHa pa3pa60TaHHa5:! H C03llaHHa5:! B IIl15IcI> TpeKoBa5:! CHC

TeMa Ha 6aJe rrporropUHOHaJihHh!X KaMep (MC-crreKTpOMeYp). 

TpeKn qacTHU, KOTOphie rroJiyqaIOTC5:! B pe3yJihTaTe peKOHCTPYKU:HH, ,I(eJI5:!TC5:! 

Ha 2 rpynn1r: «,I(JIHHHbie TpeKH» H ((J<OpOTKHe TpeKH» (PHc.16). 
- «L(JJHHHbie Tpe1rn» 

KopOTKHH BC3,4 o6pa:JoBaHHhI qacTttUaMn, 
TpeK nporne)l.illHMH qepe3 Bech 

MarnttT 

HERMES )J,JJHHHhIH 

TPeK 

Pnc.16. TpeKoBail cncTel'vm. TipttHUttn pa:J,lleneHHil 

,I(JlHHHhIX H KOpOTKHX TpeKOB. 

crreKTpoMeTp HERMES. 

OHH peKOHCTpyHpy10Trn 

BepnmHHhIMH KaMepaMH 

vc H .npeH:<!JoBbIMH I<a

MepaMH, ycTaHOBJieHHhI

MH KaK ,I(O, TaK H ITOCJie 

MarHHTa DVC, FC, BC. 

- «KopOTKHe Tpe

KH)) peKOHCTpyttpyIOTC5:! C 

ITOMOillb!O BXO,I(HhIX Tpe

KOBhIX ,I(eTeKTOpOB, ycTa

HOBJieHHbIX rrepe.u Mar-

HHTOM, H MC-

crreKTpOMeTpa, pa3Me-

meHHoro B Jroope crreK

TpoMeTpHqecKoro Mar-

mna. 

MC-crreKTpoMeTp 

5:!BJJ5:!JIC5:! O,I(HHM HJ rrpttHU:HITHaJibHO BmI<HhIX KOMITOHeHTOB i:i:eTeI<Topa HERMES 

(29,30], KOTOphIH I103BOJJ5:!eT: 

- pm.neJJ5:!Tb MHOrOTpeKOBbie rrporrecChI rrpH peKOHCYpYKIIHH co6hnHii; 

- ocyruecTBJIHTb HMITYJJhCHbIH aHaJIH3 HH3K03HepreTHqH11x rrpo.uyKTOB pac-

rra.na 3a cqey ,UeTeKTHpOBaHM.5:1 11 peKOHCTPYI<[(HH TpeKOB '!aCTHU c MaJihlMH HM

rryJJbCaMH, KOTOpb!e Bh!XOIJ:5:!T 3a rrpei:i:eJibl MarHHTa, He rrorra,Ua5:! B 3a)J:HIOIO TpeKO

BYIO cHcTeMy HERMES(a). 

3TO I103BOJilleT lByqaTb ITOJIYHHKJII03HBHbie peaKUHH, KOTOpbre Tpe6yIOT 

,UeTeKTHpoBaHH5:! H orrpei:i:eJieHH5:! TpaeKTOpHH rrpoi:i:yKTOB pacnai:i:a HecTa6HJibHb!X 

<JaCTHU, KOTOphIMH, HarrpHMep, MoryT 6hnb rrnoHbI HJIH rrpoTOHbI OT pacrra.ua A 0 

rnnepoHoB. 

KmI<,I(bIH MC 6noK cocTOHT HJ Tpex MOJlyJieH.: MCI, MC2 H MC3. OT,UeJih

HbIH MOJlYJJb coi:i:epa<HT Tpex ITJIOCKOCTH, B KOTOpb!X aHO)lHbJe rrpOBOJIOqKH HMe!OT 

TPH pa3JIH4Hhie opHeHrnum1 B rrpocTpaHCTBe U(-30°), X(0°) H V(+30°). IlpoBoJioq

KH B X-rrnocKOCTH HaTi!HYTbI BepTHKaJibHO c maroM 2MM. KaMephr pacrroJiarmoTc5:! 

B 3a3ope MarHHTa .ueTeKTopa HERMES H oxBaTbIBaIOT yrnoBoH. .unarraJoH 40 < 
18BepT.I < 140 MHJIJIHpa.u11aH no HarrpaBJieHHIO BepTHKaJibHOH OCH "Y" H 0 < 
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18ropm. I < 170 MHJIJirrpannaH rro Harrpasnemno ropn30HTaJihHOH ocn "X", qTo 
coorneTcrnyeT BXOJJ,HOMY yrny JJ,eTeKTopa HERMES. 

To, qTo MC-cneKTpOMeTp pa3MeIIJ,aJICH BHYTPH Marmna, HaJIO)KHJIO )KeCTKne 
Tpe6oBaHn51 Ha KOHCTPYI<ll.HIO MC. B qacTHOCTH, Tpe6osaHne 3KcrrepnMeHrn o6ec
rreqnTh MaKCHMaJihHhlH BepTHKaJihHhIH 3axBaT lJaCTHU «MarHHTHh!MH KaMepaMH)) B 
ycJIOB~X orpamrqeHHOfO rrpocTpaHCTBa Me)K.uy IIOJIIOCaMH Marnnrn c HeH36eiI<HO
CThI-O rrpHBOJJ,HJlO K He06XOJJ,HMOCTH pe3Koro yMeHbIIIeH~ rnnpHHbI Hecymnx aJIIO
MHHIIeBhIX paM KaMep. Hx .UJIHHHhie cTopoHhI 6bmn oqeHh Y3KHMH n no3TOMY He 
o6ecne'-IHBaJIH Tpe6yeMOH il<eCTKOCTH, a 3Hat{HT - MexaHn'-leCI<OH ycTOH'l!HBOCTH 
MC. B pe3yJihTaTe paMhI rrporn6annch B BepTHKaJihHOM HarrpasneHnn Ha TaKYIO 
6onhIIIYI-O Bennqney, KOTopaH c TO'IKH 3peH~ ycTOHlIHBOCTH pa6oThI MC coBep

0 KopoTKHC Tpe1rn (DVC+FC+MC) 
5 • }J,JUIHHblC TpCl<H (DVC+FC+BC) 

~ 4 
D Kopom11e Tpe1>:11 (FC+MC) 

6:' 11111 )J,JJHllHL!e TpCirn (FC+BC) 
0:: 3 
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Pnc.17. HMrry11hcHoe H yrnosoe pa.3perneHmr, 

rroJiy'leHHb!e ,llll51 KOpOTKHX H ,llllHHHb!X Tpe

KOB, rrpH pa.31lH'lHb!X KOM6HHaUH5JX HCITOJlb-

30BaHH5! 1rncjJopMaUHH c pa.3JIH'lHb!X TpeKO-

Bb!X neTeKTOpOB. 

rneHHO He.uorrycTIIMa. Ilpo6neMa 
OKa3aJiaCb O'IeHb cepbe3HOH n OT 
ee perneHnH 3asncena peanbHaH 
B03MO)KHOCTh C03JJ,aHH5.l Ka<recT
BeHHOfO crreKTPOMeTpa Ha OCHOBe 
MC BHyTpn Marnnrn. 

PeIIIeHne 6bmo Hail.ueHo 
rryTeM pa3pa6oTKn crreunanhHOro 
MeTOJJ,a KOMIIeHcaunn .uecpopMa
unn paM. ll:JIH Toro, 'IT06b! MHHH
MH3HpOBaTb pmpyrnaIOIIJ,ee BJlH5.l
HHe necpopMall,HH Hapy)KHh!X paM 
Ha pa6oTy MC, 6hrna rrpe.unoil<eH 
H peaJIH30BaH KOMIIeHcaunoHHh!H 
MeTO.JJ,, BKJlIO'IaIOIIJ,HH B ce65.l CTa-
TH'IeCKYIO H JJ,HHaMn'IeCKYIO co
CTaBJI5.!IOIIJ,He. bh!JlO IIO.JJ,TBepi!<.JJ,e
HO 3KCnepnMeHTaJihHO, 'ITO pa3pa-
6oTaHHhIH MeTOJJ, KOMneHCall,HH 
.JJ,e<jJopMall,HH TOHKHX IIO,U.11,epil<H
Ba!Olll,HX paM MC 3cp<jJeKTHBHO 
npe.JJ,ornpamaeT rrpaKTH'l!eCKH mo-
6hre MexaHH'l!ecKu:e He crn6u:JihHO-
cTH paM H rapaHTHpyeT CTa6HJih

HYI-O pa6oTy .ueTeKTOpOB 6e3 JJ,OCTyrra B Te'l!eHHe MHOrHX neT. 
B xone 3KcrreprrMeHTa 6bmo rroKa3aHo, 'ITO 3cpcpeKTHBHOCTM rrnocKocTeil MC 

.JJ,JIH peKoHcTpyttposaHHhIX co6bn11l1, BhI.JJ,eneHHhIX ycrnHOBKOH HERMES .JJ,JIH qac
THU c 3Heprnel1 6onee 3 f3B, HaXOJJ,5.lTC5.l B .unarrmoHe 96.8%+99.6%. IlpH 3TOM 
3cpcpeKTMBHOCTh perncTpaUHH «MC KaMepaMM)) KOpOTKHX TpeKOB, KOTOphre .ueTeK
THpOBaJIHCh rrepe.uHeH Tpe1<osoi1: CHCTeMOH ycTaHOBKH HERMES, cocrnBJIHeT 
rrpaKTH'-!eCKH 100%. KpoMe 3TOro, B pa6oTe 3aMeTHoe MecTo orne.ueHo MeTO.UHKe 
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3KcrrepnMeHTa, a nMeHHO, nccne.n:oaaHmo xapaKTepncTHK pa6oTbI rrporropuno

HaJibHbIX KaMep, ycTaHOBJieHHbIX B 3a3ope crreKTpOMeTpnqecKoro MarHHTa, KOTO

pbre !I03BOJI5IIOT peKOHCTpyHpoBaTb TpeKH HH3K03HepreTWIHbIX 'IaCTHil,. Ilpoae.n:eHo 

HCCJieJJ:OBaHne yrnoBbIX H HMilYJibCHblX xapaKTepHCTHK crreKTpOMeTpa .n:mr TpeI<OB, 

peKOHCTpynpyeMbIX c !IOMOII(h!O «MC KaMep». 

Ha Pnc.17 rroKa3aHbI HMilYJibCHoe n yrnoaoe pa3peIIIeHmr, nonyqeHHhie .n:mr 

JJ:JIHHHhIX H KOpOTKHX TpeKOB 'IaCTHU npn pa3JIHqHhJX MeTO.n:ax yqeTa HHcpopMaIJ,HH 

c rrepe.n:Heli qacTH TpeKoBoi1: cHCTeMbI ycraHOBKH HERMES. BHL(HO, qTQ HaHnyq

IIIHH pe3yJibTaT JJ:OCTHraeTC51, ecnn B peKOHCTPYKUHlf yqacTByIOT «MC KaMepbI» 

COBMeCTHO c TpeKOBhIMH .n:eTeKTOpaMH, pa3Mell(eHHbIMH rrepe.n: MarHMTOM 

(DVC+FC+MC). B 3TOM cnyqae IrMrrynbcHoe H yrnoaoe pa3peIIIeHM51 .n:nH KOpOT

KHX M JJ:JIMHHh!X TpeKOB O'IeHh 6JIM3KM. 

B qaCTHOCTH, KOpOTKHe TpeKH Hrpa!OT BmrrnyIO pOJih JJ:JI51 aHaJIH3a co6bITMH c 

pO)l<JJ:eHHeM A 0 -rnrrepoHOB. TIHOH, o6pa3oBaHHbitt rrpn pacrra.n:e A 0 -qacTHUbI, IrMeeT 

MeHbllilfH HMrrymc qeM rrpOTOH, If qacTO (rrpll6JIH3lfTeJibHO B 50% cnyqaeB), rrpo

XOJJ:lfT TOJihKO qepe3 rrepe.n:moIO 'IaCTh crreKTpOMeTpa H rrporropll,HOHaJlhHhie KaMe

pbl, rrocne qero M3-3a ClfJibHOro OTKJIOHeHmI MarHHTHhIM IIOJieM 11B:bIJieTaeT" H3 yc

TaHOBKlf n ero TpeK MO)J{eT 6bITb peKoHcTpynpoBaH TOJibKO c wcrronb30BaHlfeM MC. 

Ba)l{HO OTMeTttTb, 'ITO BKJiaJJ: KOpOTKlfX TpeKOB .n:eTeKTirpyeMbIX MC, CTaHOBHTCH 

eme 6onee cyruecTBeHHbIM rrpll 113yqeHttlf .n:pyrnx rrpoueccoa, B KOTOpbre aoane<re

Hhl qacTlfUbI 6onee MaCClfBHbie, 'IeM A-rnrrepoHbl. 

nrnBa 5. HccJie));OBam1e rrpoueccoB CTapeHHH .n:eTernopoB qacTHIJ,, pa6o

TalOlll,llX B HHTeHCllBHbIX IlOJIHX H3JiyqeHHH 

Cero.n:mr, a 311oxy Eonbworo A.n:poHHOro KonnaJ:l.n:epa (LHC) pamrau110HHaH 

CTOHKOCTb crana qpe3BbJqai1:HO Ba)J{HOH pa6oqei1: xapaKTepHCTHKOM ra30pa3p51.QHOI'O 

.n:eTeKTOpa, COIIOCTaBHMOH no Ba)J{HOCTM c ero 3cpcjieKTlfBHOCTbIO, 6hICTpo.n:ei1:cTBlf

eM H rrpocTpaHCTBeHHblM pa3peweHlfeM. 3TO o6ycJIOBJieHO TeM, qTQ pa.n:11aUHOHHa5! 

CTOHKOCTh cospeMeHHblX .n:eTeKTOpOB JJ:OJI)KHa 6brTb, 110 Kpail:Heli Mepe, Ha rrop5IJ.:(OK 

Bbillle senH'IlfHbI, .n:ocTrrrnyrnli B paHee BbIIIOJIHeHmrx 3KcrrepirMeHTaX. TaKHM 

o6pa30M, lfCCJie.n:oBaHHe 3cpcpeKTOB crapeHH51 3TlfX HOBbIX .n:eTeKTOpOB 5IBJrneTC5I 

rrpHHUllIIHarJbHO Ba)KHhIM H CBOeBpeMeHHh!M. 

B 3TOH rnaBe aHanmttpyeTcH orrbIT co3.n:aHM5! pa.n:wauttoHHO-cTOHKHX .n:eTeK

Topoa, HaKorrneHHblll HaMH B xo.n:e C03J.:(aHHJI H HCCne.n:oBaHmI pa3JIHqHbIX TlfIIOB 

ra3opa3p5Il.:\HhIX .n:eTernopoa JJ:JIJI TaKHX 3KcrrepttMeHTOB, KaK ATLAS, CMS, LHCb 

a IJ,EPHe (illaeuuaptt5I) 3a l 996-2004ro.n:hl. Ha ocHoBaHlfH 3Toro oIIbITa 6brna 

rrpe.n:no)l{eHa H peamr3oBaHa MeTOJJ:HKa rrpoae.n:eHHH 11ccne.n:oaaHiril (H orrTHMlf3a

UHH) pa.n:ttaIJ,lfOHHb!X CBOMCTB ra3opa3p5IJJ:HblX .n:eTeKTopoB rryTeM HX «6bICTporo 

crapeHlfJI)) H 3KCTparromIIJJ1H rrony'IeHHhIX pe3yJihTaTOB Ha rrapaMeTphl .n:eTeKTOpOB 

rrpH ofarqHoi1 (B .n:ecHTKH pa3 6onee HH3KOH) CKOpOCTH Ha6opa JJ:03hl o6nyqeHHH. 

PearrH3aUHH rro.n:o6Horo rro.n:xo.n:a rro3BOJIHeT orrTHMH3ttpoaaTb pa.n:nauiroHHy10 
CTOHKOCTb .n:eTeKTOpOB Ha 3Tarre lfX rrpoeKTHpoBaHlfH If lfCCJieJ.:(OBaHHH'. 
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B pa6oTe aHanm11py10Tc5I pe3ynhTaT11 Hccne,[(0BaH11ii CBOMCTB pa3JI11qHbIX 

THIIOB ,[(eTeKTOpOB rrpH 11X pa6oTe c pa3Jiu:qHbIMl1 fa30BbIMl1 CMeC51MM, o6cy)K,[(aJOT

C51 pe3yJibTaTbI 11ccne,[(OBaHl15I BJIHaHM51 rrpOCTPaHCTBeHHOro 3ap51,ll,a Ha Benu:q11Hy 

K03QJQJl1rrMeHTa ra3oBoro yc11neH115I (KfY) ,[(eTeKrnpa rrp11 ocymecrnneH11M yCKo

peHHoro CTapeHl151 COBpeMeHHbIX fa30Bb!X ,[(eTeKTOpOB HaX0,[(5II!Ieroc51 B pa,ll,HarrM

OHHb!X IIOJI51X pa3n11qHoii rrnoTHOCTl1. AHan11311py10Tc5I oco6eHHOCTl1 M3MepeH115I 

KfY ,[(JI51 ra30Bb!X CMeceii, B KOTOpb!X B03Hl1KaeT CTpMMepHbIM pa3p51,ll, 11 T.,[(. [31-
33]. 

5.1. IlpHMCHeH11e SI,11,epHO-QJH3HqecKl1X MeTO,llOB ,11,JlSI llCCJle,11,0BaHHSI npouecCOB 

CTapeHllSI .ueTeKTOpOB. 

BrrepBbie B M11p0Boii rrpaKTHKe HaM11 6hrn ycrrerrrno rrp11MeHeH MeTO,D, 51,ll,ep

Hhrx peaKI.1J1ii (MeTo,[( NRA) ,ll,JI51 11ccne,[(0BaH115I pa3BMT1151 rrpoueccoB crnpeH115I ,[(e

TeKTOpOB rryTeM aHanH3a pacrrpe,D,eJieHM51 KOHUeHTpau110HHb!X npocpHneii nern11x 

3JieMeHTOB ITO rny6Irne aHO,[(Hb!X rrposonoqeK ,[(11aMeTpOM OT 20 ,[(0 50 MHKpOH, 

KOTOpbie npe.unonaranocb rrpHMeHMTb ,l(JI51 pa3n11qHbIX ,[(eTeKTOpOB B IJ.EPHe B 3KC

nepHMeHTaX CMS, ATLAS, LHCb H T.,[(. 11pHH!IHTIHaJ1hHO Ba)KHbIM ,[(OCTH)KeHHeM 

6hIJIO TO, qTQ MeTO,[( l103BOJIHJI ocymecTBJI51Tb Konu:qecTBeHHYIO oueHKY pacrrpe

,[(eJieHH51 3JieMeHTOB, rrp11X0,[(51Ill,11X M3 fa30BOM naBHHbI (K11cnopo,ll,, yrnepo,ll,, a30T, 

QJTOp M T.,ll,.) Ha 3JieKTp0,ll,bl ,[(eTeKTopa, KaK ITO MX ITOBepXHOCTM, TaK M no rrry6HHe. 

,ll;n51 ;:i:eTeKTMpoBaHl151 H KOJI~ecTBeHHOM orreHKl1 yrnepo,ll,a, Kl1CJIOpO,ll,a H 

a30Ta B 30J10TOM ITOKpbITl1H aHO,[(HbIX rrpoBonoqeK B 3aBHCHMOCTM OT rny6HH1I 61>1-

JIH HCITOJib30BaHhl CJie):(yIOill,Me 51,ll,epHbre peaK!IMl1 3JieMeHTOB c ,[(eiiTpOHaMH 11 rrpo

TOHaMH: 

12c + d ~ 13C + p + 2.122 M3B 160 + d ~ 170 + p + 1.049 M3B 
14N + d ~ 15N + p + 1.305 M3B 19F + p ~ 160 +a+ QR, 
r,[(e QR - 3Heprn51, Bhr;:i:en51eMa51 B peaKrrHH 

11pHH!IHITHaJ1hHOe rrpeHMymecrno MeTo,[(a NRA (no cpaBHeHHIO c ,ll,pyrnMH) 

3aKJIIOqaeTC51 B TOM, qTo ,[(eTeKTHpyeMbie npo,ll,yKTbI 51)],epHbIX peaK!IMM HMeIOT 

3HeprMIO 3HaqHTeJibHO BbIIIIe 3HeprHH qacrnu, KOTOpbie yrrpyro pacceHBaIQTC51 Ha-

3a,[( OT T51/I<eJIOM MaTpH!Ihl OCHOBHoro Bemecrna. TaKHM o6pa30M, CHrHaJibl OT rrer

KHX 3JieMeHTOB ,[(eTeKTl1PYTDTC51 B TOM o6nacTH 3HepreTHqecKoro crreKTpa, r)J,e QJOH 

rrpaKT11qecKM oTcyTcrnyeT. 

MeTOJJ,HKa rrpHMeHeHH51 MeTo,[(a 51,ll,epHbIX peaKrrHii JJ,JI51 11ccne,[(0BaHH5I pa3BH

TM51 rrpoueccoB crnpeH1151 JJ,eTeKTopoB 6brna pean113oBaHa 11 oTpa6ornHa Ha 3neKTpo

CTaT11~iecKoM yCKopHTene 11I1.51<l> PAH c MaKCHMarr1>Hoii 3Heprneii qacTH!I 1.7 
M3B. ITorryqeHHbie HaM11 3Kcnep11MeHTaJ1bH1>1e pe3yrr1>TaT1>1, 51CHO ,[(eM0HcTprrpy10-

I11,He Bb!COI<YIO 3cpcpeKTI1BHOCTb rrpHMeHeHH51 MeTOJJ,a 51,ll,epHbIX peaKUHM )J,JI51 HCCJie

,[(OBaHH51 rrpoueccoB crnpeHH51 ,[(eTeKTopoB, rrpe,ll,CTaBrreH1>1 B pa6ornx [34-37]. 
Pa3pa6oTaH MeTO,[( NRA, rro3BOJIHBIIIl1M rrp11 11ccne,[(0BaH11H pa,ll,Ma!IHOHHoii 

CTOMKOCTH .ueTeKTopoB: 
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- JJ,eTeKTHpOBaTb 11 rrpOBOJJ,HTb KOJIHlJeCTBeHHhIH aHaJJH3 BCeX nerKHX 3Jle

MeHTOB (KHCnopo.u, yrnepou, cpTop, a30T), KOTOpbre rrpHXO):VlT H3 ra30BbIX CMecetl:, 

npHMemreMblX B ra30HanonHeHHh!X JJ,eTeKTopax, Ha 3JleKTpOJJ,hl 11 I<OHI.reHTp11py10T

CH B MaTepHane 3JleKTpO)J,OB. 

- O.JJ,H03Ha1:1HO npo.neMOHCTpHpOBaTb KJlIOlJeBym pOJJb KHCJJOpo.na B MexaHH3-

Me pa3BHTIUI rrpoueccoB CTapeHHH (pacnyxaHHH) rrpOBOJJOlJeK; 

- ,n:eTeKTHpOBaTb 3apaHee Henpe,n:cKa3yeM1re pacrrpe.neneHHH KHcnopo.ua 11 

.upymx nern11x 3neMeHTOB B)J,OJJb np0Bono1:1K11 (cM., Hanp1mep, [36]). 

5.2. 3c)l~JeKT pacnyxamrn aH0,[1,HbIX npoBOJioqe1.: - npIIm:.IIIOIIaJihHO HOBblH 
MexaHII3M cTapeHHH ra3opa3pH.UHbIX ,[1,eTeKTopos qacTHU npn 6oJihllIHX ,l1,03ax 

o6Jiyqeunsi. 
06brqHo 3cpcpeKThl CTapeHIIH Bbl3bIBaIOT .nerpa.uaIIHIO IlOBepXHOCTH I<aK aHO.U

HbIX, TaK 11 KaTO.UHh!X 3JleKTpO.UOB, KOTOpaH B03HHKaeT B BH.Ue «OCa,UKOB». 3TH OT

JlQ)KeHHH, KaI< npaBHJIO, rrpe.ucraBJJHIOT co6o:H KaKHe-To BM.Uhl IlOJJHMepoB HJJH, B 

OT.UeJJhHhIX CJJytiaHX, MoryT 6bITb 3JleMeHTapHblM yrnepO.UOM. 

HecKOJJhKO neT TOMY Ha3a,n: rrpHHUHilHaJJhHO HOBhIH MexaHH3M crapeHHH 

aHO.UHOH rrpOBOJlOKH - pacrryxaHHe npoBOJJOKH rrp11 60JJbIIIHX HaKOIIJieHHhIX .U03aX, 

61rn o6Hapy)KeH H omrcaH B xoue 11ccne.uosaHIIH [38-40], BhrnonHeHHhIX OT.nenoM 

Tper<os11x .neTeKTopoB TII15I<I> PAH. 3TO 6bmo HOBoe HBneHHe, BbI3bIBamruee cy

ruecrneHHoe yxy.uIIIeHHe rrapaMeTpOB ra30BbIX )J,eTeKTOpOB. TipoBe,n:eHHbie lICCJie

.UOBaHHH IIOKa3aJJH, qTQ rrpHHUHilHaJJbHOe pa3JJH1:1He Me)[(.uy o6Hapy)J<eHHbIM HBJJe

HHeM «pacrryxamrn» aHOJJ,HOH rrpOBOJJOKH 11 xopOIIIO 113BeCTHhIM IlOJJHMepH3aIIHOH

HbIM MexaHII3MOM crapeHHH, CBH3aHO c TeM, lJTO rrp11 pa36yxaHHH 30JlOTOe IlOKpbl

THe pa3pyrnaeTCH rro.n: BJJHHHHeM CHJJ, ueiicrnymruHx H3HYTPH rrp0Bono1:1K11. B pe-

3YJJbTaTe ra1<0ro rrpouecca JJ,HaMeTp rrpOBonoK11 yBen11qHBaeTcn. Ha PHc.18 rrpeu

crasneHhI pe3ynhTaTbI SEM/XEM aHanH3a, rrony1:1eHHhre .UJJH pa3nHqH11x ,n:nH pa3-

n111:1HbIX KOOp)J,HHaT B)J,OJlb npOBOJJOlJKH nocne HaKorrneHHH 3apHJJ,a Q = 9KynoH/CM. 

PHC.18. 3t)lt]JeKT pacnyxaHmr aHO.D:HOi1 nposorroq1rn. P11c. J8a. Kpai1 npo
BOJ10111rn. Heo6nyqe1rnm1 30Ha, X = -14cm . .O:HaMeTp - 3 5MKM. 
PHc. 186. L(eHTp nposonoq1<11. U:eHTp 06rry11eHHotl 30HbI. )J,HaMeTp - 42MKM 
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TaKOH aHa.JJH3 rrpoBOLl,HJICJI KaK B u:eHTpe 30HhI 0611yqemrn (X = 0 CM), TaK 11 .n:aneKo 

3a ee rrpe.i::i:enaMH co CTOpOHhl BXOLl,a ra3a (X = -14 CM). KaK MO)!(HO BHLl,eTh, 30110-

qeHHaH ITOBepXHOCTh rrpOBOJIOKH BHe 30Hhl 0611yqemrn OCTaeTCH rnaLJ,KOH, Herro

Bpe)KLl,eHHOH rr 6e3 ocaLJ,KOB. B u:eHTpe )Ke 30Hhl 0611yqeH11H 30JIOToe rroKphnrre pa3-

pyrneHo 11 L1,11aMeTp rrposo110K11 ysemI'IHJICH Ha 20% (c 35MKM Ll,O 42MKM). Pe)!<HM 

0611yqemu1: HHTeHCHBHOCTh - 1.7 MKA/cM rr Ll,03a - 9 Kn/cM Ha nposonoKy). 

SEM/XEM aHaJIH3hI, cL1,e11attm,re B HeCKOJihKHX TO'IKax BLl,OJih rrposonoKrr, 

rroKa3hIBaWT, 'ITO ocaLl,KH, o6Hapy)Kettm,re 3a npeL1,e11aMrr 30HhI 0611yqeHHH, co,nep-
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X= OcM, uettTp 30Hbl o6nyqemrn . 

X= + 2cM, 1<patl 30Hbl 06JIY'1emrn. 
X= - 4cM, ITO HanpaBJieHfllO KO BXO.UY rroa. 

X= + 4cM, ITO ttanpasnemuo K BLixo.ny ooa. 

1.5 2 2.5 3 3.5 4 
fny61rna, Mr/cM2 

P11c.19. PacnpeL1,eneH11e 1<0HueHTpau1111 I<Hcnopo.na Km< cjly1-11<um1 rny6HHLI 
30JIOTOro rro1<pLITHH B pa3JIWIHLIX TO'lKax B.I\OJIL aHO.I\HOti ITposono'lKH. OpH

e1-1T11poso•rnL1i1 MaCUITa6: IMr/cM2 COOTBeTCTByeT 0,5MKM TIO TOJIIUI-IHe. 

)!<aT HHTeHCHBHhie ITHKH BOJihcppaMa H KHCJIOpOLl,a, a TaK)Ke CJie,L(hl cprnpa. 

lho6hr ITOJIY'IHTh KOJIH'IeCTBeHeyIO ou:eHKY pacrrpeLJ,eJieHHH JierKHX 3JieMeH

TOB KaK B rny61rny 30JIOTOro IlOKph!THH (Prrc.19), TaK BLl,OJlh ITOBepXHOCTH rrpOBO

JIOl{KH (Pttc.20) Mb! nprrMeHHJIH MeTOLI, HLl,epHhIX peaKU:HH (NRA). ¥!3 LJ,aHHhIX, 

npeLl,CTaBJieHHhIX HaPrrc.20 BllLl,HO, l{TO cymecTByeT rrpHMalI KoppeJIHU:HH Me)!<Ll,y 

Ll,HaMerpOM aHOLl,HOH rrpoBOJIOKH 11 pacnpeLl,eJieHrreM KOHueHrpau:1111 KHCJIOpOLl,a 

BLl,OJlh rrpOBOJIOl{KH. IlpmeM, ITOJIO)I<eHHH 11 cpopMhl ITHI<OB HMeIOT CHJihHYIO I<Oppe

JIHU:HIO 11 xoporno cornacyIOTCH c ITOJIO)I<eHHeM rryqr<a. 

I1crroJih3YH MeTO.U NRA, MhI BHLl,HM, 'ITO rrrr1<0BaH I<OHueHTpau:mr 1<11c11opoL1,a, 

co6paHHoro B u:eHTpe 30HhI 0611yqeH11H yseJIH'IHJiach 6onee, qeM B 25 pa3, no cpas

HeHHIO c Heo611yqeHHOH rrposo1101<oi1. Aanee, KOJirrqecrno KHCJiopo,na B rrposo1101<e, 

113MepeHHOe B6Jll13H BhIXOLl,HOro OTBepCTHH ra3a, OKa3aJIOCh cymecTBeHHO 60JihIIIe, 

qeM I<OJIH<IeCTBO I<HCJIOpOLl,a, H3MepeHHOe B6JIH3H BXOLl,HOfO OTBepcnrn ra3a. 3TO 

xoporno cornacyeTCH c pe3ynhTaTaMH, rronyqeHHhIMH rrprr SEM/XEM attam13e. 
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rnaBHa5I H)J,e5I, 0605ICHmorn;a51 3cpcpeKT pacrryxamrn, 3aKmotJ:aeTc5I B cne

)J.y101ueM. KMCJIOPOJ:J: npHHHKaeT 1Iepe3 HMeJOII(Hec51/06pa3yJ011(HeC5I IIOpbI B 30JIO

TOM IIOI<pb!THH H, KaK Mb! npe)J,IIOJiaraeM, OI<HCm!eT ITO,[!, HHM BOJibcppaM. Mb! He 

MO)KeM HCKJIIO"'!aTb, "'ITO IIpH 3TOM Ha 3TOM :>Ke ypOBHe MoryT o6pa30BbIBaTbC5I H 

,ll,pyrne coeL(HHeHH5I. B pe3yJibTaTe, Bee 3TO BMecTe B3JIToe rrp11BOJ:J:HT K 3HatJ:HTeJib

HOMY JIOKaJibHOMY yBemrqeHmo o6oeMa BOJibcppaMOBhIX coeL(1rnem1l1 BHYTPH npo

BOJIOKH, '1TO H co3L(aeT BHYTPH rrpoBOJIOKH CHJibI, Bbl3bIBaJOmne pa3pbIB 30JIOToro 

IIOKpb!THlI. 

IIpe.D,cTaBJieHHbIH B L(Hcceprnu1m umpoI<HH crreKTp 3KcrrepHMeHTMbHbIX 

;:i:aHHb!X II03BOJI5IeT yrnep)K)J,aTb, 'ITO o6Hapy)l\eHHh!M HaMH HOBb!M MeXaHM3M CTa

peHH5I - pacnyxaHne aHOJ:J:HbIX npoBOJIO'IeK - He 5!BJI5leTC5I yHHKaJibHbIM 5IBJieHneM, 

H OHO rrp05IBmieTC5! rrpn pa6oTe )J,eTeKTOpOB B llHTeHCHBHh!X pa.D,11aunoHHb!X IIOJI5!X. 

DpttMeHeHHe pa3JII1'1Hb!X fa30Bb!X CMecel1 l1 THIIOB aHO)J,Hb!X npOBOJIOtJ:eK H3MeH5IeT 

06ny<1eH11e 
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TOJibKO Macuna6 npo5IBJie

Hll5l o6Hapy)l\eHHOro 5IBJie

mrn . .IJ:eTaJibHoe mytJ:eHHe 

npoueccos crnpeHnlI 

aHOL(HbIX rrpOBOJIOtJ:eK, l13-

fOTOBJieHHblX ll3 30JI0'1e

HOfO BOJibcppaMa )J,llaMeT

poM 25, 30 H 35 MllKpOH, 

6bmo BbIIIOJIHeHO rrpH pa3-

JIH'1Hb!X BeJJH'IllHax HaKO

IIJieHHh!X 3ap5I)J,aX BIIJIOTb 

AO 9Kn/cM. B HCCJie)J,oBa-

HHlIX HCIIOJib30BaJIHCb pa3-

Jll1'1Hh!e ra30Bbie cMectt: 

Xe+ 10%C02+ 20%CF 4, 

Ar+ 30%C02+ 10%CF 4, 

Ar+40%C02+ 20%C2H2F 4 

H 

Ar+ 30%C02+ 1O%C2H2F4· 
BnepBbre 31<crrep11-

MeHTaJibHO o6Hapy:>KeHO, 

"'ITO rrpn onpeJ:J:eJieHHbIX 

YCJJOBH5IX IIJia3MOXMMH-

'1ecK11e rrpouecchr, BbI-

3bIBmom11e «pacrryxaHHe» 

npOBOJIO"'!KH, MoryT H)J:TH 

CTOJib llHTeHCHBHO, "'ITO 

Bbl3bJBaJOT Bb!XO,[l, 3Ha'IH-

TeJJbHOfO KOJ!HtJ:eCTBa 



BHOBb o6pa30BaHHh!X XIIMIJqecKIIX coe)J,HHeHIIiI, C0,!1,ep)KaIIJ,IIX KHCJIOp0,!1, 11 BOJihcp

paM, 113HYTPH IIpOBOJIO'IKH Ha IIOBepXHOCTh ee 30JIOTOro IIOKphITmI, rrpH'IeM B 3Ha

q11TeJihHOM KOJIIJqecTBe 3a rrpe,!1,eJiaMII 30HhI o6ny'IeHHJI (P11c.21). 

AHaJIH3 rronyqeHHhIX pe3yJihTaTOB IIOKa3aJI, qrn, HeCMOTp5I Ha cymecTBeHHOe 

pa3Jil11!He Me)K,ll,Y IICCJie)J,OBaHHhIMII 3cpcpeKTaMl1 cmpeHIIJI, rrpIIp0,!1,a CIIJI, Bhl3hl

BaIOIIJ,IIX CTapeHIIe IIpOBOJIO'IeK, O)J,HHaKoBa: pacrryxaHIIe MaTepIIana IIpOBOJIOqKH 

rropQ)I<,ll,aeT BHYTPII aHO,ll,HoiI rrpoBOJIOKII CHJihI, KOTOphre rrpIIBO,ll,JIT K 06pa3osaH11IO 

Tpelll,IIH B 30JIOTOM IIOKph!TIIII. 

IlpoBe)J,eHHhlll aHaJIII3 3Kcrrep11MeHTaJihHh!X )J,aHHhIX Il03BOJIIIJI HaM rrpe,!1,JIO-

~ = 11 Mll:M 

Pnc.21. TnnH'!Hbie pe3y nhTaTbI o6cne)loBamrn aHO.LIHOi1 npononoKH MeTO.LIOM SEM/XEM B 

TO<JKe, pacnonQ)l(eHHOH B6nH3H 30Hbl 06ny<1eHHJI co CTOpOHbl Bb!XO.Ua fa30BOro ITOTOKa. 

O<JeHb TOnCTblH cnoif (llMKM) OKHCH BOm.c]lpaMa xoporno Ha6mo.uaeTCJI rJOBepx 30nOTOro 

ITOKpblTHJI rrpOBOnOK!1. ,[(HaMeTp npOBOnO'!KH - 30MKM. 

)KHTb MO,ll,eJlb B03HHKHOBeHH5I I1 pa3BHTHJI «pacrryxaHHJI)) aHO)J,HOll rrpOBOJIOqK11, B 

KOTOpo:H paccMOTpeHa B3aHMOCB5I3h Me)[<,ll,Y rnaBHblMH cpaKTOpaMH, Bhl3b1Ba!OIIIHMI1 

pacnyxaHHe H, KaK cne,ll,CTBHe, crnpeHIIe AeTeKTopa. 

5.3. MccJie):(oBattHe np01.1.eccos cTapemrn 6oJiblllMX Ml-OOHHbIX KaMep JJ.m1 3KC
nepuMeuTa CMS B U:EPHe. 

MIOOHHaH cncTeMa B 3KcrrepHMeHTe CMS cocTOHT H3 540 KaTO,ll,HhIX cTpHrro

BhIX KaMep (CSC) ruecTH pa3J1HqHh!X THilOB, caMb!e 60JihIUHe I13 KOTOphIX IIMeIOT 

pa3Mephr 3.4xl.5 M 2• Bee KaMepbI H3fOTaBJ1IIBaJIHCh 113 ceMH TparreueH,ll,aJihHhIX 

KaTO,ll,HhIX rraHenell:, pa3,!1,eJieHHhIX IIIeCThIO 3a3opaMH Bennq1rno:H I CM, B ueHTpe 

KOTOphIX pacrronaraJIHCh aHO,ll,Hhie rrpOBOJIOqHhie 3JleKipO)J,hl. 06IIJ,a51 IIJlOIIIa,ll,b, 

ITOKphrnaeMa5! KaMepaMII, COCTaBJ151eT 6onee 1000M2 (IIJ1I1 6000M2, eCJlH Ka)Key!O 

KaMepy cqHTaTh OT)J,eJihHO), a o6mee qHCJlO aHO)J,HhIX rrpoBOJioqeK npeBhIIUaeT 2 

MHJIJIHOHa. 

37 



.5ICHO, qTo HeJib3lI 6bIJIO Ha'IIIHaTb rrpOH3BOllCTBO TaKOro niraHTCKOrO o6beMa 

KaMep 6e3 nuaTeJibHOro HCCJie,n:oBamrn H OIITHMH3aUHH HX CBOMCTB H, B rrepByIO 
o•repe,n:h, 6e3 rapaHTHpoBaHHOro o6ecrre'IeHmr Heo6xo,n:rrMoro BpeMeHH nx )!(H3HH B 

ycnoBHlIX peaJihHoro 3I<crrepnMeHTa. B xo,n:e pa6oT 6hIJIH nccne,n:oBaHbI pa3n11qHhJe 

npoTOTHl1bl KaMep, KOTOpb!e 6hIJil1 113fOTOBJieHbl c HCIIOJib30BaHHeM HMeHHO Tex 
MaTeprranoB, Korophre rrpe,n:rronaranoch rrp11MeHHTh rrpn rrpo113BOilCTBe r<aMep. B 
3THX HCCJieilOBaHHlIX 11CI10Jlb30BaJil1Cb TpH pa3JIHqHbie ra30Bb!e CMeCH 

30%Ar+50%C02+20%CF4, 30%Ar+70%C02, 11 40%Ar+50%C02+10%CF4 [41-

42). 
3KcrrepHMeHTaJibHO llOKa3aHO, qTQ rrp11MeHeHHe ra30BOM CMecrr 

40%Ar+50%C02+IO%CF4 (11 20%CF4 TO)!(e) 1103BOJilieT HaKamrnBaTb 3KCTpe

MaJibHO BhICOKHe ll03hI o6ny'IeHIDI - BI1JIOTh ,n:o 13 KYJIOH Ha caHTHMeTp llJIHHhI 
aHOilHOM rrpoBonoqKrr rrpaKT11qecK11 6e3 3aMernoro rraileHHlI BeJIH'IHHhI KfY. AHa

JIH3hI IIOBepXHOCTeM aHOllOB 11 KaTOtJ:OB rrocne rrpoBe,n:eHHbIX o6nyqeHHH 110Ka3aJIH, 

qTo ra30Bb!e CMecrr, HMeIOruHe B CBOeM COCTaBe CF4, BbI3b!BaIOT B KaMepax KaTOll

Hb!H nm crapeHHlI. 3anaqeli HCCJie,n:oBaHHH c ra30BOH CMeCbIO 30%Ar+70%C02 

6bmo IIOJlTBep,n:HTh II03HTHBHYIO ponh CF 4 B rrpe,n:ornparueHHH crnpeHIDI aHO,lJ,HhIX 

rrpoBonoqeK. ITonyqeHHhie pe3yJihTaThI rroKa3aJIH, qro orcyrcrn11e CF 4 rrpHHUHIIH

aJihHO H3MeHHJIO XHM1110 o6pa30BaHIDI oca,n:KOB 11 pa3Bl1THlI rrpouecCOB IIOJIHMep11-

3all,l111 ITO cpaBHeHHIO c TOH, KOTopy10 Mb! Ha6JIIOllaJil1 ,n:mr ra30BOH CMeCH 

30%Ar+50%C02+20%CF4. B qacrnocrn, B 3TOM cnyqae B KaMepe pa3BHBaJIClI 

aHOJlHbIH Tl!Il crnpemrn, a BpeMJI )KH3Hl1 yMeHbrnaeTClI B )J,eClITKH pa3. 

AsTop sbrnocnT Ha 3amnTy cJJenyromue pe3yJihTaThr: 
I. Pmpa6oraH H co3,n:aH IIOJIHOMacrma6HbIH ,n:ereKrop rrepexo.n.Horo H3JIY'Ie

mrn: (,[(ITH), 1<0TOph1I1 6hrn ycrrenrno rrp11MeHeH B cepHH 3KCrrep11MeHTOB (E-715, E-

761, E-781), npoBe,lJ,eHHhIX Ha r11rrepoHHhIX rry'IKax B Jia6oparop1111 HM. 3.<I>epMH 

(Fermilab, USA) 3a rreprron c 1981 no 1998ro,n:hI. 
1.1. MHoroMo,n:yJihHhIM ,[(ITH c pa6oqeli arrepTypoli 1,0x0,6M H MaJibIMH 

q)JlyKTyar.111lIMH KmcpcjmurreHTa ra3oBoro ycrrneHHlI no nnomann (MeHee 12%) 

o6ecne'Il!JI peKOpllHYIO pe)l<eKll,11!0 Ill1-MHHYC Me30HOB, KOTOpalI COCTaBHJia Rn ~ 
l.8xl03 nprr 3cpcpeKTHBHOCTH perHcTpaum1 3JieKrpoHOB Ee~ 99,7%. B xo,n:e 3KCne

pHMeHTa E-715 6hrn11 pa3pa6oTaHbI 11 peanmoBaHbI anropHTMhI pa6oThI ,[(ITH B 

COCTaBe 3I<Cnep11MeHTaJibHOH ycraHOBKM, 06ecneq11BaIOIUHe MaI<CHMaJibHO BbICO

KHH I<03Q)(fmuneHT pe)l<eKUHH n-- Me30HOB. 3rn anroprrTMhI 6hIJIH ycnernHo rrp11-

MeHeHbI BO BCex IIOCJie)lyIOIUHX 3KCIIepHMeHTax c HCIIOJ!b30B3HHeM ,[(ITH. ITpnMe

HeHHe ,[(III1 B 3KcnepnMeHTe E-715 no3BOJIHJIO Ha,IJ.e)KHo BbI,n:eJIHTh 6ern-pacna,n:hr 

IlOJilipH30B3HHb!X ClffM3-MHttyC rnnepOHOB c 11MTIYJibCOM 250 f3B/c Ha cpoHe B 

I 000 pm 6onee HHTeHCHBHoro KaHana pacnana 2:----> nn -. Bhrno noKa3aHo, qro 

BOIIpeKH HMeIOIUHMClI B TO BpeMlI 3KcnepnMeHTaJ!bHb!M naHHbIM, IIOJiyqeHHalI Be
JIH<IHHa :meKTpOHHOH accnMeTpHH B H3yqaeMOM pacrra.n.e oqeHb 6JI113Ka K rrpe,n:CI<a-

3aHHOH H COCTaBJ!lieT Ue = -0.53±0.14. 
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1.2. HcnoJib30Bamrn )J;IIH B 3Kcnep11MeHTe E-761 no3BOJIHJIO HaJJ,e:)l<HO BhI

JJ,emnh paJJ,l!aU!IOHHhIH pacnaJJ, I+---> py 11 HCCJieJJ,oBaTb ero acHMMeTpmo Ha cpoHe B 

400 pm 6011ee l!HTeHCllBHOH peaKl\llll I+---> pn° ---> p2y, KHHeMaTHKa KOTopoH: no

JJ.06Ha KlrneMaTHKe llCCJieJJ,yeMoro npouecca, a B KOHe'IHOM COCT05!Hllll o6pa3yIOTC5! 

Te )Ke 'IaCT!ll\bl. B 3TOM 3KCneprrMeHTe ,n:n11 6hIJI npHMeHeH B HOBOM Ka'IeCTBe: OH 

5!BJI5!JIC5! KJIIO'IeBb!M 3JieMeHTOM cpOTOHHOro KaJIOpllMeTpa ll BrrepBbie HCIIOJib30BaJI

C5! KaK raMMa-JJ,eTeKTOp c Bb!COKllM npocTpaHCTBeHHbIM pmpeIIIeH!IeM 

(FWHM,,,2MM). B 3TOM )J(e 3KcrreprrMeHTe 6bmrr nony'IeHbI HOBhre JJ,aHHbie no pa

)J,lial\l!OHHbIM pacnaJJ,aM, nOJI5!pll3a[(l!H ll MarHHTHblM MOMeHTaM pa3JI11'IHb!X mrre

pOHOB, BKJI!O'Ia5! 3- ll r.c. 
1.3. SELEX cneKTpoMeTp (3KcrrepttMeHT E-781) 6brn opHeHTllpOBaH Ha ll3y

qeHrre IIIllpOKOro KJiacca 51)],epHblX peaKl\llH, CB513aHHbIX c pO)J()J,eHHeM O'IapOBaH

Hb!X 6apl!OHOB ll llX pacrraJJ,aMl!. CTPYKTypa cneKTPOMeTpa rrpeeycMaTpttBana B03-

MmKHOCTh peKOHCTPYK[(llll .llBYX BeplllllH c xopOIIIl!M rrpOCTPaHCTBeHHbIM ll, COOT

BeTCTBeHHO, yrnoBbIM pmpeII1eHl!5!Mll. Bmrrnei1:mei1: oco6eHHOCThIO crreKTpoMeTpa 

SELEX 5!BHJIOCh HaJill'IHe CHCTeMbI rronHoH: n,n:eHTHcpl!Ka[(Hll '!aCTllU:, KOTopa5! 6a-

3HpoBanacb Ha co3JJ,aHHOH B IU151<1> TPeKoBoil cncTeMe coJJ,ep)Kameil ,n:Ba .lJ:TIH 

(rry'IKOBhIH ll 3JieKTpOHHhrH:) ll 26 nporropU.!IOHaJihHbIX KaMep. ToJibKO 3a norne,n:

Hl!e HeCKOJibKO JieT 6brna rronyqeHa cepll5! COBepIIIeHHO HOBbIX cpll3l!'IeCK!IX pe-

3YJibTaTOB. C10JJ,a BXO.ll5!T: H3MepeHl!e BhIXO.llOB Ac, De, D0 !ID± Ha nyqKax I:-, n - 11 

p; 6onee TO'!Hoe ll3MepeHHe BpeMeHn )KH3Hll Ac; BnepBhie 6brn ll3MepeH 3ap5!.llOBhIH 

pa.nnyc I:-; nonyqeHbI HOBhre .naHHbie no non51pll3al\lrn rnnepoHOB 11 T • .n. 

2. .lJ:Jrn l!CCJie.UOBaHH51 3cpcpeKTOB KaHanllpOBaHll51 ll cpoKyc11poBaHll5! rrpOTO

HOB c 3HeprneH: 1 f3B MOHOKpl!CTaJIJiaMll 6bIJill pmpa6oTaHbl ll C03,llaHbl ,n:Be Tpe

KOBb!e CllCTeMbl Ha 6me nponop[(llOHaJibHb!X KaMep c pa3Jill'IHb!Mll MeTO,n:aMll C'be

Ma llHcpOpMal\llll, pa60Tal0IIIlle COBMeCTHO c JJ,eTeKTOpOM llOHll3al\llOHHbIX noTepb. 

TipoBeJJ,eHHb!H B J(llCCepTa[(Illl aHaJill3 nOKa3aJI, 'ITO COBMeCTHOe llCIIOJib30BaHlle 

3Tl!X JJ:BYX MeTOJ(OB (TpeKOBa5! CllCTeMa !I .neTeKTOp llOHll3a[(HOHHbIX IIOTepb) 3Ha

'IllTeJibHO yBeJill'IHBaeT Ha)J,e)J(HOCTb ll Kaqecrno rronyqaeMbIX pe3yJibTaTOB. 

2.1. BhrcoKoe yrnoBoe pmpeIIIeHrre 3KcrrepnMeHTaJihHOH ycrnHOBKH no3BO

JillJIO J(OKa3aTh B03MO)I<HOCTb IIOBoporn rryqKa rrpOTOHOB c 3Heprrrei1: 1 f3B morny

Tb!M MOHOI<p!ICTaJIJIOM Ha yron 11 Mpa.n, a TaK)!{e pmJJ,eJIHTb 3cpcpeKTbl J(n5! pa3Jill'I

HbIX I<pl!CTaJIJIOrpacpll'IeCKllX IIJIOCKOCTeH ll oueHl!Tb Bep05!THOCTb o6oeMHOro 3a

XBaTa B pe)[{l!M KaHam1poBaHH5! J(JI51 1 faB rrpoTOHOB B KaHaJI TIJIOCKOCT!I ( 111 ). 

2.2. 3a C'IeT npeJJ.eJibHO BbICOKOro rrpoCTpaHCTBeHHOro pmpemeHll5! 

( cr:S50µm) I<aMep, BXOJ(l!IIIllX B COCTaB HOBOH TpeKOBOH CllCTeMbI, y,n:aJIOCb 3KCne

pHMeHTaJibHO npoJJ.eMOHCTpllpOBaTb 3cpcpeKT yrnoBOH cpoKycrrpOBKll KaHanrrpyIO

IIIHX rrpOTOHOB c 3HepmeH: 1 f3B ll30rHYTbIM MOHOKpllCTaJIJIOM. B pe3yJihTaTe, B 

cpoKaJihHOH nnocKoCTH morHyrnro KprrcTanna 6bm o6Hapy)J(eH Y3KHH IIHK IIIHprr

HOH 0.65±0.05 MM, 'ITO COOTBeTcrnyeT yrnoBOH paCXO)J,llMOCTll, orrpe,n:eJil!eMOH 
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yrnoM flHH):(xap.n:a (0.12 Mpa.n:) .n:mr .n:aHHOM KpHCTaJIJIOrpacpwiecKOM IlJIOCKOCTH 
(111 ). 

3. Pa3pa6oraH H co3.n:aH rnpuesoil .n:ereRTOp (FTC) Ha 6a3e .n:peilcpOBhIX Ra
Mep .n:m1 3KCnepHMeHTaJihHOM ycraHOBKH L3 (I(EPH, Illseliu;apmr). ,D;eTeKTOp FTC 
rrpe.n:Ha3Hff'IaJIC5l ):(JI5l perncTpaumr KOOp.UHHaT 1-IaCTHU B ):(Hana30HaX TIOJI5IpHh!X 
yrnoB 14°:::; 8:::; 35° H 145°:::; 8:::; 166°, KOTOphie He rrepeRph!BaIOTC5I Z-KaMepaMH 
ueHTpaJihHOro .n:eTeKTopa TEC. 

3.1. B .n:eTeRTope FTC c Ka:>K.UOM H3 320 aHO.D:HhIX rrposoJio<reK perncTprrpo
saJIHCh .use KOOp.UHHaThI qacTHU:bl. IlepBa5l KOOp.UHHaTa lI3Mep5IJiaCb ITO BpeMeHH 
.n:pelicpa H 06ecrreq1maJia npocTpaHcTBeHHoe H yrnosoe pa3perneHH5l FTC Ha ypos

He: He xy)Ke (j:::; 150 MKM H ~8:Sl0 Mpa.n:, COOTBeTCTBeHHO. BTopa5I KOOp.UHHaTa 
H3Mep5Inach MeTo.n:oM .n:eJiemrn: 3apH.n:a. BnepBhie Ha HH3Kope3HCTHBHOM aHO)lHoif 
npoBOJIO'IKe (100 OM/MeTp) 6b!JIO peaJill30BaHO ll3Mepemie KOOp.UHHaT TpeKOB qac
TllU MeTO):\OM )J,eJieHirn 3ap51.n:a c npaKTll'IeCKll npe)J,eJihHh!M ):\Jl5! .n:aHHOro MeTO):\a 

npocTpaHCTBeHHhIM pa3perneH11eM (crx,::;O,OlL, n~e L- )J,JIHHa rrpoBOJIOtfKH). 
3.2. Pa3pa6ornH 11 peaJJH30BaH arrrop11TM OITTHMH3aUHII scero KOMnJieRca pa-

6o<rHX napaMeTpOB )J,peH.cpoBh!X KaMep B ycJIOBlI5IX orpaHWieHHOro npoCTpaHCTBa 
MJI 11x pa3Mell(eHHJI. I1oKa3aHo, <rTo JIHHeHHOCTh 3aBIICllMOCTII KOOpt\HHaThI TpeRa 
tfaCTIIIJ,bI OT speMeHlI Apeticpa (Y-T) JIBJil!eTC5l e):\lIHCTBeHHhIM cplI3HtfeCKHM KpIITe
pHeM, BKJIIOtfalOil(llM B ce6ll Beeb KOMTIJieKC cpaKTOpOB, BJilll!IOil(IIX Ha pa6oTy )J,peli
cpoBOH KaMepbr FTC. 0,1J,HIIM 113 rrpaKTWieCKHX pe3yJihTaTOB npIIMeHeHIIll npe.n:Jio
:>KeHHoro MeTo.a:a, l!BllJillCh TO, tfTO 6b!Jlll .UOCTHI'ttyThl rrpaKTWieCKH O):(HHaKOBbie 
ycJIOBH5I t1pelicpa :rneKTpOHOB ):IJIJI scex .n:pelicpOBhIX 5l<reeK t1eTeKTopa, tfTO 3Ha'Itt
TeJihHO yrrpoCTHJIO rrpoue.n:ypy ero KaJitt6pOBKll. IlpH 3TOM MaI<CllMaJibHal! norpern
HOCTb B orrpe.n:eJieHHII KOOpt\HHaThl TpeKa 'IaCTHU:hl, Bhl3BaHHa5l HeJIIIHeHHOCThlO 
3aBIIClIMOCTll «KOOp.D:llHaTa-BpeM5I», He npeBb!ClIJia :S70MKM. 

3 .3. Pa3pa6oraH 11 peaJIH30BaH B I<OHCTPYKU:llH .n:eTeRTopa HOBhIM MeTO.n:, rro-
3BOJI5IIOil(llH O)lHOBpeMeHHO cpopMIIpOBaTb B .n:pelicpOBOM rrpoMe)l<YTKe O):(HOpo.n:Hoe 
3JieKTpH4ecKoe rroJie H 3am11maTh ero oT pa3pyrnmomero B03.n:eticTBIIJI BHelllHHX 
3a3eMJieHHhIX 3KpaHoB. Pe3yJibT11py10mal! Heo.n:nopo.n:nocTh 3JieRTpHqec1<oro nom1 B 
t1peticjJosoM npoMe)KyTKe MoeyJIJI FTC cocrasHna 16E /El :::; 0,5%, 'ITO o6ecrre'IHJIO 

nocT05IHCTBO t1peticj:Josoti cKopocT11 3JieKTpOHOB Ha ypoBHe I~ V t1p/V tlP I < 0,08%. 
3 .4. }:(eTeKTOp 6oJiee 10 JieT ycneIIIHO ytraCTBOBaJI B Ha6ope CTaTllCTlIKll lI 

11cnoJib30BaJJc5I B aHanlI3e .n:aHHbIX Ha ycKop11TeJie LEP B I(EPHe npII 113y<IeHIIH 
cp113lI'IeCKlIX npoueccoB c yqaCTHeM 3JieI<TpOHOB, cj:JOTOHOB, MIOOHOB II a.n:poHOB, 

p0)K):laIOIU11XCJI B e + e- - CTOJIKHOBeHlI5IX npII 3HeprnJIX ):\0 Fs = 200 f'3B. }:(aHHhie, 

noJiyqaeMbie ttenocpe)lcTBeHHO c t1eTe1<Topa FTC, OKa3aJIHCh npHHUHTIHaJihHO Ba)K
HbIM lI rrpll onpe.n:eJieHHII 3HaKa 3ap5I):(a 'IaCTllll, B pacna.n:e zO ~ ~l+ ~l- II npH lICCJie-

v v + -
.UOBaHIIlI npe.n:cr<a3aHlill KBaHTOBOll 3JieI<Tp0,1J,IIHaMIIKl1 ):(Jlll peaI<Ulill e e ---) yy. 
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4. Pa3pa60TaH II C03,[(aH Ha 6a3e rrporropu,IIOHaJibHbIX KaMep KOOp,[(IIHaTHbIH 

,[(eTeKTop HH3K03HeprwrHhrx qacTIIU, (MC-.!(eTeKTop), 6oJiee 10 JieT ycrrerrrno pa6o

TaBIIIl1H B COCTaBe 3KCIIepIIMeHTaJibHOH ycTaHOBKII HERMES (DESY, repMaHmr). 

4.1. Pa3MeIIIeHIIe MC-KaMep BHYTPII crreKTpoMeTpIIqecKoro MarHIITa 

3KCIIepIIMeHTaJibHOH ycTaHOBKII II03BOJIIIJIO peKOHCTpyIIpOBaTh MHOfOTpeKOBbie 

co6bITml II, 'ITO rrpIIHil,IIIIIIaJibHO Ba)!<HO, ,[(aJIO B03MO){(HOCTb ocymecTBJIHTb IIM

rryJihCHbIH aHaJIII3 HII3K03HepreTWIHbIX rrpo.!(yKTOB pacrra,[(a, KOTOphre Boo6me He 

MornII 6hITh 3aperncTpIIpoBaHhI 6e3 IIH<j>opMau,1111, rrocryrrmomerr OT MC KaMep. 

I1MrryJihCHOe II yrnosoe pa3peIIIeHIIe .!(JI!! 3THX co6bITIIH (KopOTKIIe yµeKII) OKa3a

JIOCb IIO'ITII TaKIIM )Ke, KaK II ,[(JI!! ,[(JIIIHHhIX TpeKOB, rrpoIIIe,[(IIIIIX qepe3 BCIO TpeKO

BYIO CIICTeMy HERMES. Crroco6HocTh peKOHCTpyIIpoBaTb KopoTK11e TpeKH c,[(eJia

Jia MC-LJ:eTeKTop rrpIIHU,HITIIaJihHO Ba){(HhIM rrp116opoM rrp11 myqeH11H rro11y11HKJII-0-

3HBHhIX KaHaJIOB peaKu,nw. B qacTHOCTH, 3TO LJ:aJIO B03MO){(HOCTh myqaTh pacrra,[(hI 

6apHOHOB, TaKHX KaK A0. 

4.2. ITpeLJ:JIO)!<eH lI ycrreIIIHO peanmosaH MeTOLJ:, rro3BOJil1BIIIl1H 11crroJib30BaTh 

B KOHCTpyKu,HH MC-KaMep He){(eCTKIIe Hapy)KHbie paMhI. 3To rro3BOJIHJIO MaKc11-

MaJihHO pacIIIHpIITh KHHeMaTH'!ecKy1-0 0611acTh aHanma ,[(aHHhIX B ycTaHOBKe HER
MES. 

5. Pa3pa6ornHa lI peanmoBaHa MeTO,[(OJIOrHH lICCJie,[(OBaHl1!! 11 OITTHMl13all,1111 

pa,[(11all,HOHHOH CTOHKOCTl1 ,[(eTeKTOpOB qacTl1Il,, II03BOJI!!IOIIl,ml aHaJilI3HpoBaTb B03-

,[(eHCTBIIe Kai< OT,[(eJihHhIX cpaKTopoB ( COCTaB ra3a, MaTepIIan 3JieKTpOLJ:OB, ycJIOBlI!l 

o6JiyqeHIIH, CKOpOCTh rrpo,[(yBa ra3a H T.,[(.), Tai< II KOHCTPYKU,lilI ,[(eTeKTOpa B u,eJIOM 

Ha ero pa,[(IIall,lIOHHYIO CTOHKOCTh. IIpoBe,[(eH IIIHpOKIIH KOMIIJieKC lICCJie,[(OBaHIIH 

no myqemno paLJ:IIall,lIOHHOH CTOHKOCTII ,[(eTeKTOpOB qacTHU,, KOTOpa5I B 3IIOXY 

LHC cTana KJIIOlJeBhIM rrapaMeyµoM .!(eTeKTopoB. 

5. I. ITpeLJ:JIO)KeHo H npo,[(eMOHCTpIIposaHo, qTo MeTO,[( HLJ:epHbIX peaKu,11i1 !!B

JI!leTcH OlJeHb 3cpcpeKTlIBHb!M IIHCTpyMeHTOM np11 lICCJie,[(OBaHIIlI MexaHII3MOB pa3-

BHTIIH pa,[(Hall,HOHHOH CTOHKOCTII ,[(eTeKTopoB. BrrepBbie B MHpOBOH npaKTHKe lIC

IIOJih30BaH MeTO,[( HLJ:epHb!X peaKU,HH ,[(JIH KOJIHlJeCTBeHHhIX H3MepeHIIH pacnpe,[(e

JieHHH JierKrrx 3JieMeHTOB (KHCJIOpO,[(, yrnepOLJ:, a30T), rrpHXO,[(lllll,IIX H3 ra30BOH Jia

BlIHbl Ha aHO,[(ttyIO rrpoBOJioqJ<y B,[(OJib ee ITOBepXHOCTlI, a TaJ<)Ke rrpocJie,[(HTb ,[(HHa

Ml1KY ,[(Bll)!(eHl1!! 3TlIX 3JieMeHTOB B rny611ey rrpoBOJioqJ<lI lI lIX o6paTHOe ,[(BH)J<eHIIe 

B COCTaBe HOBbIX XHMWieCKlIX coe,[(HHeHIIH Ha IIOBepXHOCTh rrpOBOJioqJ<JI. 

5.2. BrrepBhie o6Hapy)!(eH H HCCJieLJ:oBaH rrp11HU,HIIIIaJihHO HOBhIH MexaHH3M 

crnpemrn aHOLJ:HbIX IIpOBOJIOlJeI<, KOTOpbIH Ha3BaJilI - «3cpcpeKTOM pacnyxaHl1!!)) 

rrpOBOJIOlJeK. 

5 .3. I1pHHil,IIIIHaJibHh!M OTJililJIIeM o6Hapy)KeHHOro <<3<j>cpe1<Ta pacnyxaHlI!l)) 

OT paHee lI3BeCTHh!X ((fIOJIIIMepmaU,HOHHb!X)) MexaHII3MOB crnpeHlI!l COCTOHT B 

TOM, qTo Cl1Jlhl, Bbl3hIBaIOIIl,He LJ:ecpopMaU,lII-0 aHO,[(HOH rrpoBOJIOlJKII, pa3BHBaIOTC!l 

BHYTPH rrposoJIO'lKH, pa3phrna!l ee 30110Toe rro1<phn11e H3HyTpII. 

5.4. 3KcrrepHMeHTaJihHO 6bIJIO LJ:OKa3aHO, lJTO KlICJIOpOLJ: HrpaeT KJII-O'leByI-O 

pOJib B pa3BlITlilI rrpou,ecca crnpeHHlI rrpH 60JibllllIX HaKOITJieHHbIX ,[(03aX 0611yqe-
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HRH. I10Ka3aHo, 1JTO cyrn;ecTByeT rrpHMal! Kopperrmurn Me)K,n:y BeJIH'IHHOH ,n:HaMeTpa 

npoBOJIO'IKH H pacrrpe.n:erreHMeM KOHUeHTpal(ml KHCJIOpo.n:a BJJ:OJib npOBOJIO'IKH. 

5.5. BrrepBbie 3KCrrepHMeHTanbHO o6Hapy)KeHo, 'ITO npM onpe.n:eneHHhIX yc

JIOBMHX IlJla3MOXHMH1JeCKMe rrpol(eCCbI, BbI3bIBaIOI.IJ;He «pacnyxaHHe» rrpoBO

JIO'IKH, MOryT HJJ:TM CTOJlb MHTeHCHBHO, 'ITO BbI3hIBaIOT BbIXOJJ: 3Ha'lMTeJibHOro KO

JIH'leCTBa BHOBb o6pa30BaHHbIX XHMH'leCKHX coemrneHMH, co.n:ep)KaI.IJ;HX KHCJIOpo.n: 

H BOJib<ppaM, H3HYTPM rrpOBOJIO'lKH Ha ITOBepXHOCTb ee 30JIOTOro IIOKpb!THH. 

5.6. IlpoBe,n:eHhI .n:ernnhHJ>Ie Mccne.n:oaaHHH rrpoueccoa pa3BHTHH crnpeHHH 

rrpoTornrroB «MIOOHHbIX KaMep» ,n:nl! ycrnHOBKH CMS B L(EPHe. 

5.6.1. 3KcrrepHMeHTbl IIOKa3anH, 'ITO npHMeHeHMe ra30BOH CMeCH 

40%Ar+50%C02+ 10%CF4 II03BOJIHeT HaKaITJIHBaTb 3KCTpeManbHO BblCOKMe JJ:03bl 

o6ny-cremrn - BITJIOTb .n:o 13 KyJIOH Ha caHTHMeTp ,l.(JIHHbl aHO)lHOH npOBOJIO'IKH 

rrpaKTH'leCKH 6e3 3aMeTHoro rra.n:eHHH BeJIH'IMHhI KfY. 
5.6.2. Haii,n:eHHaH ra3oBaJI cMecr, oKa3anacr, HaCTOJihKO 3cpcpeKTMBHoii, 

1JTO npaKTH'leCKH IlOJIHOCTblO 6JIOKHp0BaJia 3KCTpeMaJibHO HeraTHBHOe BJIHHHMe 

napOB KpeMHHiico.n:ep)KaI.IJ;MX MaTepHaJIOB, npHMeHHeMblX B TeXHOJIOrHH H3roTOB

JieHHH .n:eTeKTOpOB <raCTHU, Ha HX pa6oTy. '.hcrrepHMeHTaJibHO 6hIJIO .D;OKa3aHO, '!TO 

KJIIO<reByIO ponr, B MexaHM3Me 6noKHpOBaHHH HrpaeT cppeoH CF4. B 11acTHOCTH, 

npH ero OTCYTCTBHH B COCTaBe ra30BOH CMeCH, KaMepa Bb!XO,nHJia ITOJIHOCTblO H3 

cTpOH y)Ke npH HaKonneHHOH .n;o3e MeHee 0.1 KynoHa!cM ,WIHHJ>I aHO.UHOH npoao

JIO'lKH. I1pH1IHHOH 3TOro HBHJIOCb HHTeHCHBHOe oce,naHMe KpeMHHlico.n:ep)KaI.IJ;HX 

oca.n:KOB Ha aHO.!\Hble rrpOBOJIO'IKH. 

5.6.3. Ilony<reHbI pe3yJibTaTbl 6bIJIH peanmoBaHbJ B cpHHaJibHOM KOHCT

PYKUHH nonHoMacmTa6HbIX KaMep, 'ITO II03BOJIHJIO rapaHTHpOBaTb HX Ha.n;e)K

HYIO pa6oTy B TetJ:eHHe -30 JleT B ycJIOBIDIX HOMHHaJibHOH CBeTHMOCTH ycKOpHTeJIH 

LHC 

6. CyMMHPYH Bee BbillieCKa3aHHOH, Heo6xo,nHMO OTMeTHTb, 'ITO npoBe)l,eH

Hble 11ccrre.n:oBaHHH M pa3pa60TKM C03.D;aJIH OCHOBY )l,JIH C03,naHMH B IllUICll IIIHpOKO

ro crreKTpa 3KCIIepHMeHTaJibHbIX ycTaHOBOK Ha OCHOBe nponopl.IHOHanbHbIX H 

)l.peiicpoBbIX KaMep c pa3JIH'lHbIMH TMilaMH CDeMa HHcpopMall;HH (rro-KaHanbHblM 

C'beM; MeTO)l, .n:erreHHH 3ap11.n:a; MeTo.n: H3MepeHHH BpeMeHM .n:peM:cpa; CbeM HHcpopMa-

11,HH Ha JIHHHIO 3a,nep)KKM; KaTO)l,HbIM CbeM HHcpopMamm H T.)l.). 3TH .n:eTeKTOpb! 

Ha,n:e)KHO pa6oTaJIM (H npo,nOJI)KaIOT pa60TaTb) npaKTH'leCKH BO scex H)l.epHO

cpH3HtieCKHX 3KCnepHMeHTaX, npoao,nHMblX I111Jlell B o6naCTM cpM3HKH BbICOKHX 

3HeprHH, KaK B PoccMH, TaK M B Me)K)l,yHapo,nHbIX Hay'!HbIX ueHTpax B Te<reHHH no

cne.n:HHX 25 rreT. 
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