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Beenenue.

DKCIepUMEHTaIbHOE HUCCIECIOBaHHE CIIOXKHBIX (DU3MYECKHX IPOLECCOB M SB-
JeHuit B obnacty GU3NKU BHICOKUX SHEPTHil oJpasyMeBaeT CO3NAHUE CIIOXKHOM H,
Kak [paBUJI0, BCErJa JOPOTOCTOAIIEH SKCIIePUMEHTATIbHOM YCTaHOBKH, ONITUMANbHO
couerarolieli B cebe pasiauuHble TUIBI HeTeKTOpoB 4yacTul. OcHOBHas npobiema,
KOTOpas B 3TOM CIIydae AOJDKHA OBITh pellleHa, 3aKII04aeTcs B IPaBHIBHOM BBIGOpe
METOAUKH SIePHO-(PU3MIECKOr0 3KCIIEPUMEHTA. Ba30BbIM KOMIIOHEHTOM IOJOOHBIX
9KCIIEPUMEHTAIBHBIX YCTAHOBOK SIBISAIOTCSA TPEKOBBIE CUCTEMBbI, CO3aHHbIe Ha Oaze
ra3opaspsHbIX AE€TEKTOPOB YACTHL C PasIHYHBIMU METONAMH CheMa HH(POPMAaLHHL.
Ilpu 3TOM, Kak IPaBMIIO, AN TONYy4eHUs (U3MIECKU KPACHBBIX 3KCIEPUMEHTANb-
HBIX PE3YJIbTaTOB TpeOyeTcs:

BO-TIEPBBIX, NETAJIBHO NPOAHAIN3UPOBATh 1 MUHUMU3HPOBATH BIUSIHHE KOM-
IIeKCa 3a4acTyI0 B3aMMHO NIPOTHBOPEUUBBIX (PAKTOPOB BIUAIOIMX Ha paboTy 3THUX
JETEeKTOPOB, C LIEJbIO Pealu3alliy UX NPEIEeIbHO JOCTHKUMBIX NTapaMeTpPOB;

BO-BTOPBIX, UCCJIEAOBATh U ONTHMH3UPOBATH allrOPUTMbI X B3aUMOAEHCTBHSA
C IPYTUMH JETEKTOPaMH, BXOMALIMMH B COCTAB 3KCIIEPUMEHTABHBIX YCTaHOBOK.

OcHoBHas ueib pa6oThl

Llens HacTosmel paboThl 3aKiIHOYaeTCs B TOM, YTOOBI Ha NPUMEpE HECKOJNb-
KUX BECbMa YHHUKAJbHBIX U COBEPUIEHHO PA3NIUYHBIX IO MACONIOrHU (HH3UYECKHMX
SKCIIEPUMEHTOB MPOJEMOHCTPUPOBATh CIOCOOBI (MM, MOYKHO CKa3aTh, CTPATETHUIO)
CO3MaHMS M ONTHUMH3ALUN CIOXKHBIX SKCHEPHMEHTANBHBIX YCTAHOBOK OCHOBHBIM
(MU CyIeCTBEHHBIM) KOMIIOHEHTOM KOTOPBIX SIBJISIOTCSI TPEKOBBIE ra30HAMOHEH-
Hbl€ JIETEKTOpPBI YaCTHL. YBEPEHHOCTb B TOM, YTO 3Ta LEIb MOXET ObITh JOCTHIHY-
Ta, 6a3upyercs Ha MHOTOJIETHEM OIIbITE YCIIEHIHON paboThI aBTOpa M €ro KOJuIer mo
CO3IaHMIO TPEKOBBIX CUCTEM JUIS PA3IUYHBIX SKCIIEPUMEHTOB. DTO — SKCIEPUMEHTBI
E-715, E-761 u E-781 Ha runmepoHHbIX myukax B JlaGoparopuu um.D.Depmu
(C1IA); sxcriepUMeHTEl IO H3yYEHUIO KaHAaIUPOBAHUA NPOTOHOB U30THYTBIMH MO-
Hokpucrtamnamu B JIMSID PAH; sxcriepument L3 B IIEPHe (1lBeiiapus); sxcre-
pument HERMES B DESY (I'epmanus); sxcriepumentsl CMS, ATLAS u LHCb B
HEPHe (IllBelinapus) u T.4.. Peub UOeT 0 Takux OETEKTOpaX YacTHll, KaK AETeKTO-
pbl IEPEXOHOTO U3JIy4EHUS Pa3IMYHbIX MOAU(UKALMI; IPONOPUHOHANbHEIE KaMe-
bl C aHOJHBIM M KaTOAHBIM METOJAaMH CheMa HH(OpMaLuHy; ApeiihoBbie KaMephl CO
CbeMOM HH(OpPMALIUK 10 BpeMeHH Jpelida 1 METOIOM JeNeHus 3apsiaoB.

AKTyaJIbHOCTb TeMbl

Bce BblIEYNOMSAHYTbIE NETEKTOPHI ABISIOTCS OJHUMHU H3 OCHOBHBIX TPEKO-
BBIX NIPUOOPOB B COBPEMEHHOI! (H3KKe BBICOKMX 3Hepruil. B 6ynymem, HecMoTps
Ha MOSBJICHHEe HOBOTO NOKOJEHMs MOJIyIPOBOXHHUKOBEIX ¥ [a30BbIX MHUKPOCTPHIIO-
BBIX JAETEKTOPOB, ra30pa3psiiHbIe NETEKTOPhI OYAYT NPOLOIKATh UrPaTh KIOYEBYIO
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POJIb B COBPEMEHHBIX JKCIIEPHMEHTA/LHBIX YCTAHOBKAX Ha YCKOPHTENAX Kak CO
BCTPEUHBIMHU IIyuKaMy, TaK U ¢ HUKCUPOBAHHBIMY MHUIIEHIMU.

Jns toro, uToObl MH(GOpPMAKI 0 BTOPUYHBIX YaCTHL@X OblIa MaKCHMallbHO
JeTalbHOM, CO3HaI0TCA CIEKTPOMETPB!, COCTOSAIUE M3 Pa3NMIHOrO THIA JETEKTO-
POB, KaXXABIH U3 KOTOPEIX HCTIOAB3YET ONPEAEIEHHY0 TEXHOJIOTHIO U PeIlaeT CBOH
crienupuyeckre 3agaud. I1o3ToMy upe3BblUYafHO BXXHBIM U aKTyalbHbIM IPECTaB-
JseTcs co3JaHue ra3opaspsaHBIX TPEKOBBIX IETEKTOPOB, KOTOPhIE ITO3BOISIOT pea-
JI30BaTh CIENYIOLINe TpeOOBaHMU.

Bo-niepBeIX, o0pasoBaHue ¥ IOCIENYIOINMI pacra] HecTaOMIIBHBIX YacTHIl
(HampuMep, THIIEPOHOB, T — JIEIITOHOB, C U B — ME30HOB) NMPUBOJHUT K IIOSABJIEHUIO
BTOPUYHBIX BEPUIMH, ANA PEKOHCTPYKIMH KOTOPBIX HEOOXOAMMO BBICOKOE MpO-
CTPaHCTBEHHOE M [BYXYacTHYHOE Pa3pEIIECHHsA IETEKTOpa B IUMPOKOM [MaIla3oHe
YTJIOB BbUIETa IPOLYKTOB pacriama. [leTeKTHpoBaHUe MPOAYKTOB pacnaia Tpebyer
CO3JIaHUS CUCTEM UAEHTU(UKALMY YacTHUL] B YCJIOBHAX, KOTA TPaJULOHHbIE Me-
TOJIbI CTAHOBATCS Mano 3G GEeKTUBHBIMH.

Bo-BTOpPBIX, NIPU BBICOKMX SHEPTHAX 4acTHUB! MalO OTKJIOHANOTCA B OrpaHu-
YeHHOM 00bEME MArHHUTHOTO NOJIS 3KCIIepPHUMEHTANbHON ycTaHOBKU. ITosToMy s
TOYHOTO OIIpeeNeHNs UMITYJIbCa PETHCTPUPYEMbIX YacTHIl U 3HaKa 3apsia HeoOxo-
OUMO O0ECIeYHTs MHOTOKpPATHOE H3MEPeHHe KOOPAMHAT BJIOJIb TpEKa YacTHIEL C
BBICOKO# TOUYHOCTBIO. [IpuuéM, y4uThIBAS BBICOKYIO CBETHMOCTb COBPEMEHHBIX
KoJaitnepoB ( 10°'+10* oM -1 cek-1), perucTpaLus YaCTHIL JOMKHA OCYMECTBIATh-
csl B YCAOBHSIX BBICOKOM 3arpy3k (B TOM 4ucie U (QOHOBOII), YTO OJHOBPEMEHHO
HajlaraeT cepbe3Hble TPeOOBaHMUS Ha BpEMEHHOE paspelleHne IeTeKTopa.

B-rperpux, 1i paboThl JeTEKTOpa B SKCIEpPUMEHTaNbHON (Hu3HUecKkol ycra-
HOBKE B T€UYEHHE HECKONBKUX JIeT 0e3 JocTyna nepcoHana TpeOyroTcs BbICOKast Ha-
IEXHOCT M pagvallyiOHHas CTOMKOCTh mpubopa B YCIOBHSX JUIMTENBHOTO U MH-
TEHCHBHOTO O0JTyUeHUA.

Hayunast HoBIU3Ha paboThl

PazpaboTaHbl ¥ CO3MAHBI CIIOKHBIE DKCIEPUMEHTANIbHbIE YCTAHOBKH, OJHHMH
M3 KJIOYEBbIX BJEMEHTOB KOTOPBIX OBLIM I'a30HANONHEHHBIE NETEKTOPH! YacTHl,
OTJIMYAIOUINECS KOMILIEKCOM BBICOKHX pabouMX XapaKTepHCTHK, I[TO3BOJIAIOMIKE
3¢ (eKTHBHO peliaTh [epedrclIeHHbIE BhIlIe MpoOIeMbl H OMYy4aTh BEJUKOIEIIHbIE
¢u3nyeckre pe3yabTaThl. B 4acTHOCTH:

- Co3paHue AeTeKTopa MepeXxoJHOro M3Ny4eHHs, paboTalollero B peajlbHOM
du3IecKOM IKCIIEPHIMEHTE, CO3MAN0 MPUHIUIMATILHYIO BO3MOXHOCTb JUIA IpoBe-
aeHus B 1983-1998 romax cepuu yCHEeUIHBIX DKCIEPHMMEHTOB Ha FHIEPOHHBIX IMyd-
kax (E-715; E-761; E-781; Fermilab, USA) ¢ sHeprueit or 250I'3B no 600I3B, B
KOTOpbIX Oblia MONyYeHa ILeNas CepHs YHHUKATBHBIX (U3MYECKUX Ppe3yTbTAaTOB
(I'naga 1).

- Mcriosib30BaHMe TPEKOBBIX CUCTEM, OJHA U3 KOTOPBIX MMeNa NpeAesibHO Bbl-
COKO€ MPOCTPaHCTBEHHOE paspeluenne (0<60 um) mo3BoIHI0 00HAPYKUTb 3PHEKT
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KaHaIUpOBaHUS MPOTOHOB ¢ 3Heprueit 1 I'sB u addext ux QGoxycupoBky H30THY-
TEIMH MOHOKpucTasutamu ([ nasa 2).

- Cozpannsiit B IO topuesoit koopauHatHeiit netexrop FTC mis skcre-
pHMeHTalbHON ycTaHOBKHM L3, ¢ rmoMommpio koTopoit Ha yckopurene LEP B IIEPHe
M3yYaIUCh YHUKATBHbIE (M3AYECKHEe MPOLECCH POIKIAOIIMNECT B € € CTONKHOBE-
HusAX npu aHeprusx 5+ 200 I'sB. Jerexrop yuacTBoBasl B HabOpe CTATHCTHKU U
YCIIEIIHO KCIIONB30BAJICS B aHAJIN3e JAaHHBIX Ha MPOTSHKEHUH BCEro ACCATHUIIETHETO
nepuoza paboTsl yctaHoBkU L3. Pa3paboTaH U npuMeHeH ajTOPUTM OITUMU3ALIUM
Bcex pabo4ux MapameTpoB Apei(oBbIX kKaMep B YCIOBUIX BHEIIHWX OTpaHHYEHHH,
PazpaboTan METOA NEKTPOCTATHYECKON 3aIUThI 3IEKTPUYECKUX MoJteit B apeido-
BBIX KaMepax OT BHEWIHHX pa3pylIaroIux Bozaeicteuit (I'nasa 3).

- MlccnenoBaHue UMITYJIECHOTO M YIVIOBOTO Pa3pelleHMs KKOPOTKHUX» TPEKOB C
HOMOLIBIO CIIEKTPOMETpa Ha 06a3e IPONOPHMOHANBHBIX KaMep, PasMelIeHHOro
BHyTpH Margura ycraHoBku HERMES (DESY), naifo BO3MOXHOCT aHATU3UPOBATh
cobbITUA ¢ poxkneHueM A° - runepoHoB (I'nasa 4).

- 3HaunTeNbHBIA 00bEeM HHUCCEpTALMU NMOCBALIEH pe3ynbTaTaM U3y4deHus ¢u-
3WKH Tra3oBOrO paspsjia B pasMUYHBIX TUIAX JIETEKTOPOB 4YacTHI, paboTaroluX B
HUHTEHCHUBHBIX PaIHALMIOHHBIX TOAX M3nydeHuii (I'nasa 5).

IToxazaHo, 4TO METOM AASPHbIX PeakUuit ABiIgeTcA odeHb dPPEKTUBHBIM IIPH
UCCeJOBaHHM MEXaHU3MOB CTapeHus [JeTeKTopoB. OH MO3BOJIMI BIEPBLIE B MUPO-
BOIf MpakTHKe MONy4YaTh KONHMYECTBEHHYIO HH(POPMALMIO O IIOBEPXHOCTHOM M TJIy-
OMHHOM pacrlpelNeNeHUl JIeTKMX 3JeMEHTOB, BXOIJAILMX B COCTaB IUIa3Mo-
XHMUYECKHX PafUKaJioB, KOTOPhE 00pa3oBAIUCh B Ta30BLIX JABMHAX, ¥ (IIPULILII)
Ha JNEKTPOJIBI AETEKTOPOB YaCTHLI.

[TpoBeneH WMPOKKI KOMILIEKC UCCIEN0BAHHH MO M3YyYEHUIO QU3HYECKUX Me-
XaHHU3MOB Pa3BUTUS CTapeHUs ra3opaspsiHbiX AETEKTOPOB YaCTHLl B MHTEHCHUBHBIX
nonsx wsnydeHud. OOHapyXeH MPUHUMINATIGHO HOBBIM THUIl CTAPEHHMS, KOTOPBIH
6L HaMK HasBaH - >h(EKT pacnyXaHus aHOAHBIX TPoBoJOueK. [ToKazaHa Kiroye-
Bas poiib KUCIOPOAA B PasBUTUH pacllyXaHWs IpoBojouek. IIpemnoxena ¢uzmde-
cKas MOZENb Pa3sBUTUA SBJICHUs, B OCHOBE KOTOPOTO JIEKAT IIa3MO-XUMHYECKUe
npouecck 06pazoBaHus BOJbOPAMO-KACIOPOIHBIX coefuHeHMH. [IokasaHo, uTo B
psifie cliydaeB NPOLECCH, NPHUBOAAIIME K PACIMyXaHHIO NPOBOJOYEK, MOTYT HATH
CTOJIb MHTEHCHBHO, YTO BOJb()PaMO-KHCIOPOIHbIE COEIUHEHHs IIPOCTO «BHIOpAchHI-
BAIOTCA» M3HYTPH NPOBOJIOYKH HA €€ MOBEPXHOCTh H PACIPOCTPAHAIOTCH JANIEKO 34
Ipeenbl 30Hbl 00Ty deHUs.

Pe3yabTaToM KOMIIIEKCHOIO UCCNEJOBAaHUS CTApEHUS NMPOTOTHUIIOB MIOOHHBIX
IPONOPLHOHANBHBIX Kamep mid rnpoekta CMS (IIEPH) 6wina BeipaGoTka Takux
pelleHui, peanu3alys KOTOPBIX I03BONMIA TapaHTHPOBATh HalekHYIO paboTy ru-
FaHTCKOI'O MIOOHHOT'O CHEKTPOMETpa B TeUeHHU He MeHee 30 JIeT B YCIOBHAX Mak-
cumaneHo# ceetuMoctd LHC. Tloxasano, 4yTo pexoMeHoBaHHasi k paboTe razopasd
cMech o0ylalaeT YHUKaJIbHBIMK CBOMCTBAMH: IO3BOJNIIET HAKAIUIMBATEL DKCTPEMaib-
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HO BbICOKME 103bl 00myyenus (13 Kyson/cM) u MOTHOCTEIO GIOKHUPYET NpeenbHO
HeraTHBHOE BIIUSIHNE KPEMHUMOPraHWYECKHX COeIMHEHHH Ha paboTy kamep.

Hayunas n npakTuyeckasi LeHHOCTb PaGoThbI.

INpakTidecky BCe, NONYYSHHBIE B HACTOAIEH paboTe pe3ynbTaThl, IMEIOT He-
COMHEHHYI0 HAay4YHYyI0 UM NPaKTHYECKyIO LIEHHOCTb. B wacTHOocTH, 6BL1 cHopMyH-
poBaH (M pealn30BaH B psile YHUKAIBHBIX (M3UYECKUX HKCIIEPHMEHTOB) OOMIMI
HOOXOA K CO3AaHMI0O KOOPAWHATHBIX AETEKTOPOB I GU3MUECKHUX 3KCIIEPUMEHTOB.
B ocHOBe 3TOro JIeKUT KOMIUIEKCHBIH aHalu3 (pakTopoB, ONPENe/IIOIIUX OCHOBHBIE
napaMeTpbl AETEKTOPOB, M pealu3alisl Ha OCHOBE PE3yJIbTaToB 3TOTO aHalIu3a Ipe-
JETBHO JOCTHKHMBIX [TapaMETPOB AETEKTOPOB.

B Hacrosmeit paboTe 00CYXIal0TcA pPe3ybTaThl MCCIENOBAaHUI CBONCTB e-
TEKTOPOB [1EPEXO0HOT0 U3TYUECHHUs U aHANM3UPYIOTCSA 0COOEHHOCTH UX NPHMEHEHHUS
B CEpHUH AAePHO-QU3NYECKUX IKCIIEPUMEHTOB, NO3BOJHUBIUMX IOTYYHTh YHUKAIb-
Hble (u3nueckye pe3yJbTarhl. KccienoBaHbl M ONTHMU3HPOBAHBl aITOPHUTMBI X
B3aUMOJEHCTBUA C APYTUMH JETEKTOPAMH, BXOAALIMMYU B COCTaB KCIIEPHUMEHTaIIb-
HBbIX YCTAHOBOK.

JIeMOHCTpUPYETCs CKOJIb MIHMPOKUM U Pa3HOOOpPa3HbIM MOXET OBbITh AMANa3oH
SOEPHBIX peakLuii, KOTOpble MOTYT OBITh HCCIENOBAaHBl Ha SKCIEPHMEHTAIbHOM
YCTaHOBKE, B OCHOBY KOTOPOH IOJIOXKEH KOMIUIEKCHBIH M B3aMMOCOTJIaCOBAaHHbIN
HaboOp METOJ0B IETEKTUPOBAHUS 1 MACHTU(QUKAMHY YaCTHUL.

[Tosty4enHble pe3ynbTaThl UCCIENOBAHMI TO3BONUIM pa3paboTaTh METOMUKY
HCCIIE0BAaHUS U ONTHMM3ALUN U3NIECKUX MPOLECCOB, NPOTEKAIOIMX B JETEKTO-
pax 4yacTull, paboTaroLKX B MHTEHCUBHBIX MOJIAX U3ITYYEHHH.

ITpoBeneHHbIe HCCNENOBaHUA M pa3pabOTKM CO3Jalu OCHOBY ISl CO3AaHMA B
[P mupokoro creKkrpa 3KCIEPHMEHTaIbHBIX YCTAHOBOK Ha 0a3e IETEKTOpOB
[IEPEXOHOr0 U3JyUeHHs, IPONOPLUHUOHAIBHBIX U Apel(oBBIX kKaMep ¢ pa3IMIHbIMA
THUIaMK cbeMa MH(opManuy (IOKaHAJIBHBIM CHEM; METOX JETeHHUs 3apsiia; METOX
U3MepeHns BpeMeHHU apeiiha; cbeM UHGOPMALMK Ha JHHHUIO 33JePXKKH; KaTOXHBIIH
cbeM MHGOpMaUMK U T.I.). DTH OETeKTOpbl HaJEXHO paboTanu (M MpPOXOKAIOT
paboTaTh) MpPaKTUYECKH BO BCEX SAEPHO-(M3MIECKHUX SKCHEPHMMEHTaX, MPOBOLH-
mbIx [THA® B 06nacty Gpu3Kky BEICOKUX SHEpruid, kak B Poccum, Tak U B MEXIyHa-
POAHBIX HAayYHBIX LEHTpaX.

Anpoo6auust paGoThI

Matepuanbl, H3T0KEHHblE B HacTOSLIEH AMCCEpTAaLMM, NOKIAAbIBATUCL Ha
Pa3IUYHBIX KOH(EPEHLHAX U COBEIIAHHSIX.
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
(INSTRO02), 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. MexIyHapoJHOM COBELIaHWH II0 MPONOPLMOHAIBHBIM H IpeiihOBBIM Kamepam,
IyOHa, 1988r.

9. 56(LVI) Mexnynaponnas xoHdepenuus "SJIPO-2006" mo mpobiemam  sgep-
HOIt CIIEKTPOCKOIIMY U CTPYKType aToMHoro aapa" Poccus, Capos, 4-8 ceHTa6ps
2006 .

a TaroKe My0NIUKOBANCH B Ky pHalIaxX:

Nuclear Instruments and Methods ITucema B KITO

Nuclear Physics Bonpocel aTOMHO# HAYKH M TEXHUKH
Physical Review Letters Mzeectus PAH

Physics Letters

JInunplil BKJIaJ aBTOPa B NOJyYE€HHbIE Pe3yIbTaThl.

Bce npuBemeHHsle B gucceprauuu  paboThl  ObUIM  BBIIIOJIHEHbI
AT Kpusmruem nubo HEOCPEACTBEHHO TOJ €ro Hay4YHBIM PYKOBOICTBOM, JIHOO
NpHU €ro caMoOM aKTUBHOM y4acTHH (PYKOBOJACTBO PSIOM KIIOYEBbIX HAIPABJICHHUI).

CrpykTrypa u 00beM AuccepTaluM.

Jluccepraunsa COCTOMT U3 BBEIEHHS, MATH [VIAB M BBIBOIOB, KOTOPbIE BBIHO-
cates Ha 3awmuTy. OO6wmuit o6bem quccepTauuu — 278 cTpannua. B Hell conepykutcs
174 pucyHkoB W 13 Tabmui u crmMcok cTaTell aBTOpa, Ha KOTOPBIX OCHOBAaHA INC-
cepTauus, BKIouarommit 42 HauMmeHoBaHMA. CIIMCOK CCBUIOK Ha PabOThl APYTHX
aBTOPOB CONEPKUT 98 HauMeHOBaHUM.

Kparkoe cojepikaHne JUccepTaIHH

Beenenue conepxut GopMyIMpOBKY OCHOBHOH 1esi paboTel 1 npobiieM, BO3HUK-
HIFX [pY €8 pean3alliy, a TaloKe BKIEOYAST B ce0s KPaTKOE OIUCAHME COOep KaHus
BCeX IJIaB NPeNCTaBACHHON paboThL.

I'naea 1. IIpumeHeHHe AETEKTOPOB NEPEXOAHOIO U3JYYEHNUsI B dIKCIIePHMeEHTaX
Ha runepoHHsIx nyukax JlaGoparopuu um.Iapuko ®@epmu (CILUA).
Hcropuuecku Tak CIOKUIOCH, 4TO B Hayae 80-X rogoB 3KCIEPUMEHTANbHOE
HCCIIeJOBAHUE CBOHCTB T'MIEPOHOB MOJIyYMIO MOLIHBINA TOJYOK B CBSI3H C CO3aHU-
€M MHTEHCHBHBIX ITy4KOB T'MIIEpOHOB Ha IPOTOHHBIX ycKopuTeilsx Epponelickoro
LeHTpa sOepHbIX uccregobanuii (nanee - LIEPH) u amepukanckoii HanuonansHoH
ycKopuTenbHOit abopartopun uMm. Dupuko Pepmu (manee - ®HAJI). B uactHoCTH,
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B0 ®HAJI OBl 3alyIlieH NEpBbIil B MUPE YCKOPUTENb POTOHOB BEICOKOM 9HEPTUH
(400 I'>B) Ha CBEpXNIPOBOIIIIKX dJIEMEHTaX. POCT 3Hepruy NpoTOHOB NPUBEN Kak K
CYILIECTBEHHOMY YBEIMYEHHIO BBIX0Ja TMIIEPOHOB, POXKIAIOLINXCSA MPH B3aUMOJeH-
CTBHM TMPOTOHOB C AAPaMM MHIUEHH, TaK U K 3Ha4UTeIbHOMY JIOpEHLIEBCKOMY YBE-
JMYEHHIO HabJIl0AaeMOro BPEMEHH JKU3HU THIIEPOHOB. DTO OTKPBIBAJIO HOBBHIE BO3-
MO>KHOCTH B MU3y4€HHH T'MIIEPOHOB U POLYKTOB UX pacnaja.

OnmHako U1 NMPaKTHYECKOM peau3allid 3TUX BO3MOXKHOCTEH HE00XOOMMO
ObIJIO NPUMEHUTH B METOAUKE ANEPHO-(QU3UUECKOro SKCIIEpYMEHTa HOBBIM Kiacc
JEeTeKTOpPOB, IO3BOJIIOIIMX HIEHTH(HULUPOBATh YaCTHLLI B 00GJACTU BBICOKHX
9HEprui, rae TpaauLUOHHbIe METOMbI (UEPEeHKOBCKUE CYETUMKH, IETEKTOPbl HOHH-
3alMOHHBIX TOTEPb) CTAHOBATCS MeHee 3(dekTuBHbIMU. Takumu npubopamMmu Mor-
71 GBI CTAaTh JETEKTOPHI HEPEXOIHOTO W3TydyeHus (nanee — JIIH), koTopele B Haua-
sie 80-X rolOB HAXOAMIHKCH €lle Ha CTafuM JabopaTopHbIX UccienoBanuil. Pabotsl,
BoinoyiHeHHple B MU®U mox pykosoxcTBoM mpod. B.A.JloaromeunHa, mpeasuo-
JKMBIIEM METOJ PEerMcTpauud "MOHHM3ALMOHHBIX KIacTepOB", OTKPBITHA BO3MOXK-
HOCTb IPakTH4eCKOoro ucnosb3oBanus 1M B MeToauke A0epHO-(PU3NIECKOTO IKC-
nepumeHTa. IIpoBeneHHbIM HaMKM aHanu3 NpoOJeMbl I03BONMI IPOBECTH IIpEaBa-
puUTENbHBIE OLEHKH, HeoOXonuMble [uid co3fanud u ontumusauuu [IIIH. B nTore,
cosnanHele B [TMSID neTekTopbl NepeXoHOro U3JIyueHHUs TIO3BOJMIN NPENTIONKUTH
u ycriemHo npoBecTd Bo PHAJI cepuio ycnemHsIX dKCIEPUMEHTOB 110 U3yYEHHIO
CBOMCTB runepoHoB. CyLIECTBEHHO OTMETUTD, YTO B 3TUX KCIIEPUMEHTaX AETEKTO-
pbl MEPEXONHOTr0 H3NYYEHUS, SBJILACH ONHUM U3 KIIOUEBBIX 3JIEMEHTOB SKCIEpHU-
MEHTaJIbHBIX YCTaHOBOK, PEIlali COBEPIIEHHO Pa3nyuHble (PU3NUecKue 3a1a4Hm.

1.1. OxcnepumenTt E715. IlpeunsunonHoe uamepedne B-pacnajga nojisipu3oBaH-
HbIX Z— - THNIEPOHOB.

Havanom corpynaudectsa [TUAD-OHAIJI crano npeanoxerue ITHAD o no-
CTaHOBKE AKCIEPHMEHTA M0 M3y4YeHHUIO 3 - pacnaza NOJspU30BaHHBIX X - TUIEPO-
HOB. DxcniepuMeHT (E-715) Obl1 nmpuHAT M ycrnewHo 3aBeplieH B TeueHue 1981-
1986rr. eransnoe onucanue JITH npuBomurcs B [1-3]. CyuiecTBoBaBLiue Toraa
9KCIepHMMEHTalIbHbIe JaHHbIe N0 ACUMMETPUH pacrnafa X~ - THIepOHOB HaXOAMJIUCh
B PE3KOM MPOTHBOPEYNH C MpenckasaHusIMu Mozxenu Kabu66o, Torma kax P - pac-
najg ApYTUX 4JIeHOB 6apPHOHHOTO OKTETa XOPOILO OIMCHIBAIUCH 3TOH MOAEIBIO.

Hnsa pacnaga X~ — ne”v MoJeib NPEACcKa3blBaeT CIEAYIOIIee OTHOLIEHHE aK-
CHaJIbHO-BEKTOpHOrO (hopMm (akropa k BekTopHoMy: gl/fl = —0.28+0.02, uyto cooT-
BETCTBYET 0OJIBLION OTpHLIATENBHON 3JEKTPOHHOMN accumerpun O = — 0.51 £ 0.04.
AGCOMIOTHAsT BENMYKMHA 3TOr0 OTHOLIEHHS Oblila ONpeleNeHa B pAzle DKCIEPUMEH-
TOB C HENOJSPU30BAaHHBIMU L~ - THIEPOHAMM C CYMMAapHOH CTaTHCTUKOM OKOJIO
10000 cobbituit: |gl/fl| = 0.36+0.04. DTo 3HaYeHNE YAOBIETBOPUTENBLHO COTTIAcy-
eTcs ¢ mnpenckasaHusMu Teopud Kabub66o. Jlns onpeneneHuss 3Haka OTHOLISHMs
g1/f1 ObLIO BBLIMOJHEHO YEThIPE IKCIEPUMEHTA 10 U3MEPEHHUIO aCCUMETPUH BblIETa
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Pacnanuplii npomecyTok

Heiitpon
X{m) «Be?(;»
. TARGET PWCS JpeiidoBsie Kamepsl

Heittponusiit
KaJIOpUMETP

pLAL

ECAL [My4ok «BeTO»

KaJIOPHMETP

I'unepoHHbIit CueTunk
MarHuT MHOKECTBEHHOCTH

Puc.1. DkcriepuMeHTaNbHas yCTaHOBKA I10 UCCACNOBAHMIO B pacmana X~ THICPOHOB.

IpornopuuoHanbHas
Panuarop Kamepa
210 cnoes a4
rutenku CH, T GAS
— EXHAUST 03
- 30
(S P b
.
™ >

0 4 8 17 6 20 2% E.x3B

: AMNIUTYIHBIA CHEKTp Y-
1 I %e+CHq KBaHTOB MIEPEXOHOT0
. €0y U3JLYYeHHUs 3JEKTPOHOB C

sneprueii 30 I'3B.

Puc.2. Moayns JITA

3JIEKTPOHOB B pacnaje MOJNAPU30BaHHOIO L~ - THIIEpOHA. BemuumHa 3MeKTpOHHON
acCUMETpUM YCPEIHEHHas [0 BCEM YEThIPEM OSKCIIEPUMEHTaM COCTaBUJIA
(0, =+0.26 £ 0.19), uTo pe3ko MPOTHUBOPEUYUT IpecKa3aHusIM Teopun Kabub6o, a
3HaK aCCUMETPHUU OKa3aJCs MPOTHBOIOIOKHBIM OxHIaeMoMy. CyIIeCTBEHHO OTMe-
THTb, YTO CyMMapHasi CTATUCTHKA B 3TUX 3KCIIEPUMEHTaxX cocTapisuia 352 cobbITus,
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YTO HE [JaBajl0 BO3MOXHOCTHM HaIEeXHO KOHTPOJHPOBATh BEJIMUMHY CUCTEMaTHue-
CKUX OLIADOK.

Bonpuioit moTok runepoHoB B myukax ®@HAJI pgaBan HaM BO3MOXKHOCTb M3Y-
4aTh [-pacnaj rHIepoHOB Ha CTATUCTHYECKOM YPOBHE 3HAUMTENLHO IIPEBBIIIAI0-
LUMM BCIO CTATHCTUKY, HOJYYEHHYIO BO BCEX NIPEABILYIINX SKCIIEPUMEHTaX.

OcHoBHo npo6neMoil B 3TOM 3KCIepuMeHTe ObUIO BhIACTIEHHE MCCAeayeMOoit
peakuuu X~ —>ne v Ha ¢oHe B 1000 pa3 Gonee UHTEHCHBHOM peakmuu X~ — 07 .
PasnuuuTth 3TH peakuuy, OIMUPasch TOJBKO HAa KUHEMaTHYEeCKHe KpUTepuH, OblIo
HeBO3MOXKHO. TToaToMy HeoOxomumo GpuIo paspaboTath cUCTEMY HAEHTU(UKALMH
YaCTHIL, CI0COOHYIO 3 (DeKTUBHO BBLIEIATH MIEKTPOHBI HA GONMBIIOM (hOHe T~ - Me-
30H0B. Ji1s pemenus 3To¥ npobiems! rpynna IIMAD npemioxuna MUCIONb30BATh
JETEKTOP FePEXOIHOTO H3ITyUeH s, KOTOPHIH 0JDKeH OBl OBITh YYBCTBHUTENBHBIM K
SNIEKTPOHAM UM MAaJ0 YYBCTBMTENBHBEIM K 7 - ME30HaM. DTO NpeIoKeHNUE He ObLI0
TPUBHANBHbIM, TOCKOJBKY AO 3TOT0 Takue HETEKTOpPbl NPaKTHYECKH HE HCIIONb30-
BaJIICh B TOIOOHBIX 3KCIIEPUMEHTAX.

B pabore mpuBOIMTCS ONMCAHME SKCHEpUMEHTaNpHOU ycramoBku (Puc.l).
ITyuox npororoB ¢ 3Heprueii 400 I'>B u3 TaparpoHa HampaBIsJICS Ha MEIHYIO MH-
IIeHb, TIOMELICHHYIO B Hadajle TMIIepoHHOro KaHana. Marautr M1 otGupan BTopud-
Hble yacTHUbl ¢ uMmyibcoM 250 I'sB/c, oOpasoBaBiuuecs B MUIIEHH B TEJNECHOM
yrae AQ =1 MKCTep M ¢ UMITYJIECHBIM pazbpocoM £7%. DHeprus IeTeKTUPYEMBIX
anexTpoHoB (M T~ - Me30HORB) Oblia B uanasoHe 9+95 I'3B. DToT muana3ol sHepruit
ABJIAETCS ONTUMalbHbIM JIA ucronb3oBaHusd JITM. Z7- rumepoHs! COCTaBIIAIM
TOJIBKO ~ 10% uacTuil B mmyuke. JJOMUHUPYIOIUMH e YacTULAMH ObUIM T - ME30-
Hbl, ¥ UX HUHTEHCUBHOCTEL COCTABJISINIA ~2x10°1/c.

Hetekrop nepexonHoro usnmydeHus (1) pacronarancs Mexay MarHUTHBIM
CIEKTpOMeTpoM 1 cuéturkamMu SM1 + SM4, npensazHadeHHBIMY 71 ONIPEHEIeHN
qUCa 3apsPKeHHBIX YacTHll, NpolenuInx yepes metektop. JIIM mmen nonsyio
IUTMHY 10 Ty4yKy 360cM 1 coctosut u3 12 OXMHAKOBBIX MOMYJEH, KaJIbI¥ U3 KOTO-
PbIX HMeJ MPOIOPLUOHANLHYIO KaMepy U paguarop (CXeMaTHYecKl OTAENbHBIN
Monynb fokasaH Ha Puc.2). UyscteurensHas obnacts HIIM 6pu1a 1,0x0,6mertpa.
ITonxoe kommuectso JJITH BemecTBa Ha myuke coctasiano 0,1 paxualMoHHOM 1iu-
Hel 1 0,06 agepHoil nnuHbl. Kaxmreiit paguaTop cocrosn u3 220 cioeB MONUNPONH-
JieHa TONMIUMHON 17MKM pa3feneHHBIX BO3AYIUHBIM 3a30poM 1MM. AHOZL KaXHAoH
NPOIOPLKMOHANBHOM KaMephl cOCTOAT U3 512 aHOAHBIX MPOBOJIOYEK TONILMHON 25
MKM (305104eHHbIH Bosbpam) ¢ rmarom 2MM. AHOJ pacroyiarajicsi CHMMETPUIHO
MeXIy OBYMS KaTodaMy M3 allOMWHHM3apOBaHHOTO Malnapa. PaccrosHme Mexny
aHOOOM M KaKIpIM KarogoM — SMM. Pabouas razomas cmech — 70%Xe+30%CH,.
Ipu pabouem HanpsxeHuu 4,6xB MakcuMaibHOe BpeMs Ipeiia JISKTPOHOB CO-
crasnsio 330Hc.

OnextpoMarHuTHell kanopuMmetrp LG cocrosn u3 72 6I0KOB CBHHLIOBOTO
crexia SF5, cobpanHbpix B 4 cnos ofuwieit TomuuHol 26 paguaiMoOHHbIX IJIMH, B
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HelTpoHHOM kanopumeTpe NC M3MepsAnach 3HEPrus M KOOpAMHATA HEATPOHA H3
pacmagop ¥ —ne v,HXI —nn

B skcriepumenTe HeoOxoauMo ObIA0 00ECTIEUHTDL BRICOKYH} CTEHNEHb PEKEK-
UMK 7T - ME30HOB (Ha ypoBHe R.- ~10%). TTonyuHTh €TONb BHICOKHUH KOB(HGHLMEHT

pekeKLHN T - MEIOHOB NIpH &, 2 99%, HMcnoar3yd toaeko JIITH, ouens TpylHo.

IMosToMy OBIIO pelIEHO MCNONB30BaTh KoMOHHaumo: JIITH + anexrpoMarHuTHBIA
kanopumerp (PMK) Ha ocHoBe GNOKOB M3 cBHHIOBOrO cTexna. Ipu 3ToMm Tpebosa-

HuA kK OMK OblnH I0BOALHO CKpOMHBIMH (R ~ 10%, £, =96%). BozMoxHOCTh

ucnoiabiosanua AIIHA B komOunaiuu ¢ DMK - 0JHO U3 TTONOKHTENBHEIN KAYECTB
ITOTO JEeTEKTOpa.

[Tockoneky B 3KCIEPHMEHTE pedb LA O NPeUH3HOHHOM (¢ ToYHOCTRIO B 1%)
H3MEPEHUH NMEKTPOHHOW ACHMMETPHN, TO OCHOBHEIM TpeGOBAHHEM K CO3NABAEMO-

My HAETEKTOpY Oblia BhICOKas 3(derTHBHOCT: PerHCTPAlMH 3MEKTPOHOB (&, 2
99%). B mocnepsem ciydae sapaiuy HeaddextuBHocTH (1-£,) perHcTpaunH

3NEKTPOHOE MO MICIALH AeTekTopa Ha yposHe A(1-£,)/(1- &, ) <20% He MorH OBl

MPUBECTH K 3aMETHOMH JIOXKHOI aCHMMETpPHH.

Jna toro, uToOBl OHOBpeMeHHO 0fecneduTh BLICOKYIO 3(p(EeKTHBHOCTE pe-
THCTPAUMH JJIEKTPOHOB (£, 2 99%) M HeoOXOMAMYIO PEKEKUHI0 A7 - ME30HOB
(R,- = 10%), ocHOBHOE BHMMAHHE ITPH Pa3paGoTKe M XOHCTPYHPOBAHHY NPOTOPLIKO-
HaneHeIx kamep JITH ymensnock NOTYYEeHHIO BRICOKOI OJHOpPONHOCTH Koa{dmuu-
enra razosoro yeuieHus (KI'Y) no seeit miomany kamepsl.

[NpakTHUeCkas peanu3anug pedynpTaTor pacuéron JIIH npeapapuna KECTRYUE
TpeDOBAHKA K KOHCTPYKUMH H pafoTe HpornopLHOHANLHEEIX KaMED.

1. KaMepel He IOMKHB MMeTb "MEPTBOM" rajopoi 30HLI MEXAY BXOHHBEIM
MaHIapOBEIM OKHOM M KaTOJI0M.

2. Bricokas ogHopoaHocTs Kodddunuenrta raszoeore ycuneHusa (KI'Y) no
IIOMIAAH KaMephl, MaKcHManbHele (IyKTyaluuH KOTOpPOTO He JOKHBI GLUIH Mpe-
BriuaTh [AM/M < 15%.

Boiay BhIZENEHBl TPH OCHOBHEE Ipynmbl akTopos, BeisbiBarommne B AT
dpayxryaruy KT'Y no niomaan KaMepsl: «THApOCTATHYECKAN), KOHCTPYKUHMOHHaS 1
ranbBaHE4ecKoe OOBEMHEHWEe TIPOBONOYEK B IpYINbL. MeTansHeld aHANH3 BBILIE
yKa3aHHREX (AKTOPOB, NX B3aNMOCRA3E MeKIy coboll, xapakTepHsic ocoGeHHOCTH U
MacmTab BIMSHUA NO3BONMUN pa3paboTaTh METOIEl MHHHMM3AUMH MX BIMAHHA Ha
GMykTyanny ko3 hHULMEHTa ra30B0T0 YCHIEHHS.

OcoBoe BHUMaHYE OLIAO YIENCHO pelleH o NpodneMbl, KOTOPYIO MBI YCIIOB-
HO Ha3BAIM «THAPOCTATHUECKOH», AN pelleHHA KOTopoll HaMH Obn IpennokeH u
peanu3oBaH METO] KoMIeHcauuu [l], KoTopelif BMOCIEACTBHM HAILEN MpaxTHYE-
CKOe NpMMeHeHHE BO MHOMMX NofoOHBIX 3KcnepHMeHTax ¢ npumeHendem JITH.
Wnes MeTol 3aKIIOMANACE B TOM, YTO B KOHCTPYKIIMIO KaMephl ¢ NIEHOUHBIME Ka-
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TOZaMH BBOASATCS {BAa CUMMETPHYHO PACHONOXKEHHBIX Oy(epHBIX CII0A rasa MexLy
KaTogaMH M aTMocgepHBIM Bo3LyxoM (Puc.2). Otu GydepHsie 06pEMBI HAmONHS-
JIMCh Ta30M C MOJIEKYJIAPHBIM BECOM PaBHBIM MOJIEKYJIApHOMY Becy paboueit raso-
BOIl cMeCH U OJHOBPEMEHHO MMEIOIIVM Majloe CedeHHE IOINONMIeHHs KBAHTOB Ile-
PEX0JHOro M3ayueHMs (OJM3KUM K COOTBETCTBYIOLIEMY KOA((UIMEHTY IUI BO3AY-
xa). [IpuHIMNUaTBHEIM U Haubonee NpHBIeKaTeNbHEIM MOMEHTOM B 3TOM MeToJe
ABJIETCA TO, YTO HE HAJO 3HATh 3aKOH paclpefieNieHUs nporuda xatoxa Mo BBICOTE
KaMepsbl, BHI3BAHHOIO paboduM rasoM kaMepsl. JIeno B TOM, YTO NPaKTHYECKH IO
TaKoMy e 3aKOHY, HO B NPoTHBO(a3e NeiicTBYeT Ha Katox ras 6ydepHoro obbema,
YTO B OCHOBHOM U OOecreurBaeT NPOCTPAaHCTBEHHYIO CTa0WiIM3aluio kaToda. B
KauecTBe Ta3a il HallonHeHus Oy depHoro o6bemMa ObIT BEIOpaH YINEKUCIbIH ras.

B umemom mpocTpaHcTBeHHas ¢opma (Ipoduis) KaToma ONMpenenseTcs He
TOJILKO «TMAPOCTATUUECKUMI, HO M 3IEKTPOCTATHYECKUMH CUIaMu. PacdeTsl mo-
KasaJT, YTO NP COBMECTHOM JeHCTBUM TUX CHJI KaToJ mprobperaeT S-o0pasHyro
¢opMy M ero nporud He INpPEBbILIAET IALK|S 50 MKM, YTO COOTBETCTBYET

(o] ~ Q- -
10 © (9+95)3B/c e (9+95)I'3B/c

T YT
T
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¢ - BE3 OTBOPA =)
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1 3 0~0AUHONHGIE
10 - T o
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2 NYACCOHA 2P °
10 b % > 3 0
- 3 © a F ]
Z ° a [ °
a L o f - [3
- F L Puc.3a. S ° ?
2 ¢
g r °°°o E -3
E 3 ?z [ x 10 e ? +
& 07k %¢¢ g E ¢
e E a L ?
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<Ne>= 26922004

Puc.36.

001 10 R O 5 P | R
0 v 20 30 4 so e _ 0 0 20 30 40 S0 S0 N

T

Puc.3. Pacnipenenenue o 4ucay 3aperncTpMPOBAHHBIX KJIACTEPOB IS 7T - ME30-
HoB (Puc.3a) u nust anexrpoHoB (Puc.36).

3HaueHue napamerpa A, MCIONb3yeMoe 175 MOCTpOeHHs pachpeneineHus [TyaccoHa,
nojyueHo u3 coorHoweHust A= - InP(0), rae P(0) - BeposTHOCTb HE 3aperHCTPUpO-
BaTh HY OJHOrO K/acTepa Ha OfHy MPOLIELIYIO YaCTHLLY.
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| AM/M |- < 5%.

Iposenennrpie mamepenus ¢urykryaunit KI'V no miomany Bcex NpomopLuo-
HAJIBHBIX KaMmep, BXoasmux B cocta I, noaTBepAuiy pesybTaThl pacuéToB U
mokaszany 060CHOBAaHHOCTE BIOOpa ¥ ONTHMM3AIMU BCEX HUCIIONb30BAHHBIX KOHCT-
PYKTHMBHBIX ¥ TEXHOJOTHYECKMX peuleHmil. Makcumanpusie ¢uyxryamnu KI'V B
mo6oit uz xamep JITH r10iHOCTBIO YIOBIETBOPSIOT TPEGOBAHUAM IKCHEPUMEHTA U
He nipeBblaoT 12% Kak BAONB OCH X, TaK ¥ BIOJb OCH Y.

B xone skcrniepuMeHTa ObUTH JETANbHO HcciienoBaHbl oTkIuky JIIH Ha mpo-
XOXIEHHE KaK T - ME30HOB, TaK M 3JEKTPOHOB. bpunu paspabortaHsl u peaausoba-
Hel anroputMbl pabotsl [JIIM B cocTaBe 3KCMEPUMEHTALHOM YCTaHOBKH, obecre-
YHBIIME MaKCHMAaJIbHO BEICOKUH KOd(QGUIMEHT peXeKUU 7T - ME30HOB (Ha ypOBHE

HeaddextuHoCTE
perucTpaumu
3NEKTPOHOB 0koJ10 0,3%

R.=1,8x10°

’ o't 7 (9+95)3B/c
10 r
Q\Q b
(O Sl v 10°
o | -
- ) ')6.//
: /( E 102:' //‘:
. 2 !
L 20 : . L »5 :
e (9+95):I“3B/c " . '
: J i
001 . : : 10 b
Ty 10 Ne¢ 5 19 N¢
Puc.4a Puc.46

Puc.4. Hea(dextuBHocTh perucrpauud smektpoHos (Puc.4a) u BenuuuHa
koadrpunrieHTa pexxekiyn T - Me3oHoB (Puc.46) xak ¢ynkius ot nopora mo
YUC/ly 3apEruCTPUPOBAHHBIX KIACTEPOB U Pa3HEIX 3HAYEHWH mMopora no
unciy cpaborabumx kamep JAITH.
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R,-~10°).

B kauecTBe KpuTepus IS BBLAENEHUA DIEKTPOHOB UCIIOJNIB30BAIOCH [IOJHOE
YHCIO HMOHM3ALMOHHBIX KiacTepoB Ng, M3MEPEHHBIX Ais Bcex monyseit HITH.
[IpuMeHeHHe IOTOJHUTENBHOIO KPUTEPUS — YHUCIO «aKTHBHBIX» kamep Na (rze
BO3HMK XOTs Obl OAMH KJAcTep) MO3BOJIMIO YBEIHYINTh KOI(PPUUHUEHT PexeKLrH
MMOHOB €1lie B 5-6 pas.

Ha Puc.3 npuBeneHs! pacnpeeienns coObrruil mist © me3oHoB (Puc.3a) u
351exTpoHoB (Puc.36) mo YMCIy 3aperHCTPUPOBAHHBIX WOHU3ALMOHHBIX KJIaCTEPOB
Nc B unTeppane suepruit 9 + 55 I'aB. Ha oboux pucyHkax maHbl pacripeleleHus
KaK JiJIsl COOBITHI ¢ ONMHOYHBIMM YaCTULIAMH, TaK U I COOBITHH, B KOTOPBIX 0TOGOP
[10 MHOXKECTBEHHOCTH He npoussonwicd. [loka3aHo, 9T0 alJpOHHBIE U JIEKTpOMar-
HHTHEIE JTUBHHY, oOpa3syrommecs B Marepuaie 1M, cymecTBeHHO HCKaXaloT ILyac-
COHOBCKHeE pacrpeesienys B 06nacTi 60buX 3HaueHnit N Kak it T ME30HOB,
TaK M AJIS 3MeKTPOHOB. JleMoHcTpupyeTcs 3QpekTHBHOCTE paboThl MPEeNIOKEeHHOTO
anroput™a oT6Opa COOBITHI, HE CONEPIKALUMX 3JIEKTPOMArHATHBIX JIUBHEH, BEI-
3BaHHbIX B3aUMOZEICTBIEM C MaTepuanoM AEeTeKTopa.

Buaro (Puc.3a), uTo oneHka ko3 (uIMEeHTa PEXEKIIUA T - ME30OHOB B JaH-
HOM JieTexTope 110 pacnpeneneHuto [Iyaccona co cpeIHUM YUCITIOM, PaBHBIM HHUCIY
8-3IEKTPOHOB C 3HEpPTHEH BBILIE HEKOTOPOro IIOpOora, NPUBOJUT K CYILECTBEHHO
3aBBILICHHOMY PE3yJbTaTy». ANEKBaTHBINA yuer o0Cy)XKHaBIIMXCS BbIe 3(hdexToB
BO3MOXKEH TOJIBKO B pacuéTe no mMetody MonTte-Kapno. PesymapraT Takoro pacuéra
cornacyeTcs ¢ mojydeHHBIMH nanubiMu (Pric.3a).

W13 Puc.36 cnenyer, 4To SKCHEpUMEHTANIBHOE paclpee/IeHUe JHCIIa 3apery-
CTPUPOBAHHBIX KJIACTEPOB AJIS COOBITHIA, B KOTOPBIX ANIEKTPOH He 00pa3oBal JIMBH,
XOpOLLO orckiBaeTcs pacnpenenenueM Ilyaccona co cpennum (N¢) = 26,92 + 0,04.
Pacuér mo meroxy Moute-Kapno naér odens 6mmskyro Benuuuny (Ne) =27,04 £
0,16.

Hes¢hekTHBHOCTE perucTpaly 3IeKTPOHOB M BeNMYMHA ko3 (ULUeHTa
PEeXEKUHMU T - ME30HOB Kak (DYHKLMA OT 10pora MO HHCIy 3aperdCTPUPOBAHHBIX
KJacTepoB Ul pasHbIX 3HAUEHMH Topora 1o yuciy cpaborapumx kamep JITH npu-
BE€/IEHbI COOTBETCTBEHHO Ha Puc.4a u 46. Ha 0CHOBaHMM 3THX JaHHBIX JIETKO BbI-
qyclsgeTcs B3aUMOCBA3b Ko3((huLueHTa pexekuuy MHOHOB ¥ 3(Q(EeKTUBHOCTH pe-
THCTpalMy 3JeKTPOHOB, KOTOpasd, N0 CYIIECTBY, ABJAeTCA 0a30BOM XapaKTepyuCTH-
KO NeTeKTOpa HePeXOIHOr0 H3IyYEeHUS.

Buaso, urto BEIOpaHHOMY YCJIOBHIO TPUITEpPA Ha 3JIEKTPOH - YUCAO cpadaTsl-
BaHuii metexropa N¢ = 12 1 umcno cpaboraBminx kamep Na = 7 - COOTBETCTBYET

Hed(pPeKTUBHOCTh perucTpanuu MekTpoHoB (1-€.) = 0.3% wu koo duumeHt pe-
KeKIMHM T Me30HOB R~ 1,8x10°. O deKTHBHOCTh HallIEeHHBIX aNrOPUTMOB BEI-
IEJICHUs STIEKTPOHOB Ha (hOHE MOUIHOTO (pOHA aJPOHHBIX PACMaloB HATJISIHO Npel-
craBneHa Ha Puc.5.
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08l | Puc.6. DnexTpoHHas accuMeTpust
) N KaK (DYHKUHS OT BEMYHMHEI
2 o 1 gl/fl. 3amrtpuxoBaHHsle obJac-
0a- 1t %
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1968
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. TH TIOKa3bIBAlOT  PE3YNbTATHI,
/%\- T0JlydY€HHbIE B psle NpeablLy-
A KX 3kcrnepumMenToB. CrurouHas

JIUHUS - pe3yNbTaThl pacyeToB B
04l COOTBETCTBHM C IpenCcKa3aHus-
g » Oxcnepument E-715. wu Teopun Ka66u60.

P

7 0 =— 053 % 0.14
_0'8/ CABIEBO
o
~08 -04 [§] 04 08
/1,

B Hamem 3kcniepuMeHTe yIanoch peaii30BaTh MaKCHMaJIbHO BBICOKHH K03d-
(uLMeHT pexxeKIUU NHOHOB ¢ nomomsio JITH no cpaBHEHUIO ¢ ApYrMMH SKCIEpH-
MeHTaMH, B KOTOpbIX ucnonb3osaivcsk AT (B.A.Jonromeun, NIMA A252 (1986)
137-144).

B sxcnepumente E-715 6b10 HakomeHo oxono 90000 B-pacmanoB X ™— rure-
poHoB. Bplo nokazano (Puc.6), yTo nosnydeHHas BENWYMHA SIEKTPOHHOM accuMer-
puY o4yeHb Onu3ka K npeackasaHHoN u cocraBiser o =—0.53£0.14. B pesynbrare
JayibHEeMIIero aHanu3a BCEX HaKOIUIEHHbIX COOBbITHI B-pacrajga MoJsipH30BaHHBIX
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2"~ runepoHOB ObUIM OKOHYATEIHHO OINpeleieHbl 3HaKH U albCONMOTHOE 3HaYEHHeE
KO03((GUIIMEHTOB aCUMMETPHH B YIVIOBOM paclpeleleHuH NpOIyKTOB pacHaja:

o = -0.519£0.104; o, = -0.509+0.102; o, = —0.230+0.061.
OTOT pe3yJIbTaT OTIMYHO COITIACYETCA C TEOPETUYECKUMH NPEACKa3aHMAMU

(0L, =—0.51+0.004) u pa3pelaet B MoJIb3y TEOPHHU CYIIECTBOBABLIEE IOITOE BPEMs
NpoTUBOpeYHe Mexay runore3oit Kabnb6o u sKcrepaMeHTOM.

BrIcokue nmapaMeTpsl AETEKTOPA ITEPEXOJHOTO U3ITYyUYEHHUs, MPOAEMOHCTPHPO-
BaHHbBIE B 3KcriepuMenTe E-715, ero Hane)xHas paboTa U NPOCTOTa CUMTHIBAIOILEH
SJIEKTPOHUKM  IO3BONM/IM YBEPEHHO IITaHHPOBATh HCIIONB30BAHME 3TOrO Kjacca
JETEKTOPOB B (DM3MKE BHICOKUX SHEPTHUIL.

1.2. Dkcnepument E-761. HccieqoBanue paaHalHoHHBIX pacrnajoB rMIepo-
HOB.

INocne 3aBepiienus E-715 Obl1 NpeasoskeH U NPUHAT HOBBIH dKCIIEpUMEHT E-
761 (1986-1995r.1.), B KOTOPOM NpeIarajoch peluTh ele oauy npobiaemy B ¢u-
3HKE TUIIEPOHOB [4].

Momugayus. PagualioHHble pacafbl THIEPOHOB MPEJCTABISIIOT KJIacC pel-
KuX OapHOHHBIX PacnaloB, KOTOpble TPeOYIOT BKIada Kak ciabblX, TaK ¥ dJIEKTPO-
MarHUTHbIX B3auMOJeHCTBHI. B cBoel (yHmameHTanbHOM Teopeme Xapa Y.Hara,
(Phys.Rev.Lett., 12 (1964) 378) ytBepxmaet, 4To, K0O3(QHUUMEHTE aCCUMETPUH B
pamMaUMOHHEIX pacmamax X —py M E — Xy B mpemenax SU3 — cuMMeTpuu
PpaBHbI HyJIF0. bonee Toro, MMeBLINECS B TO BPeMsI SKCIIEPUMEHTANILHBIE PE3YJIbTATHI
Tpex padoT, yKkasbiBaay Ha CyLIECTBOBaHHE OOJIBLION OTpULIATENILHOM aCCUMETPHH B
pacrage £ — py # 3TOT (akT He MOIVIa OGBACHUTb HH OJHA U3 CyIIECTBOBABIIMX
toraa Teopuit. CyImECTBEHHO OTMETHTh, YTO 3KCIIEpHMEHTaJbHble NaHHbIE OBLIH
OCHOBaHbI Ha OueHb Majoi ctatuctuke (0xosio 300 coOwITHIT) U ObUIH Cepbe3HbIE
COMHEHHS B JOCTOBEPHOCTH 3THX Pe3yJbTaTOB. B HOBOM 3KCIIEpUMEHTE Ipenroa-
rajoch He TOIbKO MHOTOKPaTHOE YBEIMYEHHE CTATHCTHUKU, HO U, YTO CaMOe€ IJiaB-
HO€, HaJIe)KHOE BbIIENEHNE peakunu %  —> py Ha done B 400 pa3 Gosree MHTEHCUB-
Hol peakumn X" — pn’ — p2y, KHHEMATHKA KOTOPOIO NOAOOHA KHHEMATHKE HC-
CJIeyeMOro NMpoLecca, a B KOHEYHOM COCTOSIHUM 00pa3yIoTCsi ONHHU U TE XK€ YacTH-
upl. K Tomy sxe koaddumment accumetpun B poHOBOM pacnaze ¥ — pn’ kak pas

uMeeT OOMBIIYI0 OTPULATENbHYIO BEMYUHY O =—0.980 + 0.016, xoTopas MOXeT
MMUTHPOBaTh HAbIIONAEMYI0 aCCHMETPUIO B M3y4aeMOM pacmaze & — py. Takum
00pa3oM, BO3HHKIA HEOOXOAUMOCT B IIOCTAHOBKE HOBOro 3kcrepumeHTta (E-761),
LENBI0 KOTOPOTO ABMIIOCE OBl M3MepeHUe MapLHalbHBIX BEPOATHOCTEH U IapamMeTpa
acCUMeTpHH VISl pachaia =’ — py ¢ BBICOKOM CTaTMCTHUECKOM TOUHOCTBIO U Ma-
JBIMU cucTeMaTndeckumu ommnbkamu. Komrabopauus E-761 usbpana pykoBoauTe-
JieM akcriepumenTa aupexropa [TMS® PAH A.A.BopoGreBa.
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W3 Hamero onmlTa, MOMYYEHHOTO B X0/ TIOATOTOBKY ¥ MPOBEAECHHUS SKCIIEpH-
menTa E-715, Mb! DOHANH, 4TO HAay4YMWIUCh AOCTATOYHO XOPOILO NPOCUUTHIBATEL OT-
KJIVK JETeKTOpa U [OHMMaTh IHara30H €ro Bo3aMoXHocTei. [loaToMy B 3TOM BKCIIe-
pUMeHTe OBUIO NPEMUIOKEHO MCIONb30BaTh JITH 6 neobuiunoM Kauecmge — Kax
2amMma OeneKmop ¢ GbiCOKUM NPOCMPAHCMBeHHbIM paspeuienuem. [4].

@oTOHHBIN crekTpoMeTp GBI BEINONHEH Ha 6aze AIIM. KooprunaTHas dactsb
¢oronHoro criexrpomerpa (Puc.7.) cocTosina U3 ABYX HE3aBHCUMBIX CEKIMH, Kax-
nast U3 KOTOPBIX UMella CTAJIbHOW KOHBEPTOP, IPONOpLHOHAIEHYI0 kamepy (PWC) u
nea JITW (TRD). ['naBHas mpes cCOCTOSANA B TOM, YTOOBI M3 DJIEKTPOMArHUTHOTO
JIVBHA BBIJEJINTh BBICOKORHEPTUYHBIE JNEKTPOHB! (IIO3UTPOHBI), KOTOPBIE XOPOLIO
COXPaHSAIOT MCXOIHOE HalpaBjeHHE NBMKEHWA HalaoIUX (JOTOHOB, B TO BpeMsd
KaK HH3KODHEPTHUHBIE 3JIEKTPOHBI (ITO3UTPOHBI) UMEIOT 3HAYUTENBHO GoJiee IHpO-
koe pactpegenenne. JIITM 6bin BeIOpan M1 3TOH LENH €lle U MOTOMY, YTO 3TO -
MOporoBbIi feTektop. OH IETEKTUPYET C BBHICOKOH 3({QeKTUBHOCTEIO 3IEKTPOHB
(no3uTpoHsl) ¢ 3Heprusamu Beiwe 2.5 I'3B/c 1 sBNgeTCA NpaKkTUYECKH HEUYBCTBU-
TeJbHBIM K 3JIeKTpoHaM sHeprueli meHee 1 I'sB/c. Cpennsas sHeprus (GoToHOB u3
peakuuy ¥ — py pacmajga coctasiset 50 I'3B/c. ®OTOHbl KOHBEPTHPOBAINCH B
OIHOM U3 MBYX CTaJbHBIX IUTUT TOJILIMHOM 2.54cM (1.54 pagnaliiOHHOR UIMHBI Ka-

x
30 om 4 QDOTOHHBIN CIEKTPOMETP
% DoTOHHBIH
g g 2 g KaJIOpUMETP
2 3 L_.Mmm.},.z 2z )
50-3 = 5 £ - Lers ghass
o 50 cm g g 3 artay with
ﬁggg ;‘ég%g gé’ HGO fined hale
- 5% o “ - § = = 4
5 B 8 ¥ B 8 ]
= 2 3 % '
P s ‘l —
‘ { e N
Y o> R = £ ok e RS S R
!
T T v T T
= <
g JIN 5 A
© IXuly 2Xn2Y

Puc.7. @otonHslii cnekTpomerp. ITONOXKEHHE 3]EKTPOMArHUTHOIO
JUBHS B CTaJbHOM KOHBEPTOPE M3MEPAETCHA IMPOTOPLHUOHATLHBIMU
kamepamu (PWC) u JITU (TRD). Dueprus ¢oToHoB u3MepseTcd B
(POTOHHOM KanopuUMeETpe.
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xKaas).

Oneprus (OTOHOB U3Mepsilach (POTOHHBIM KaJOPHMETPOM, KOTOPBIM HUMeln
JOCTaTOYHO CTaHJAPTHYIO TPaHyJIAPHYIO CTPYKTYpPY M COCTOSUI U3 TSKEJIOrO CTeKIIa
u kpucrayuioB BGO (Biy;Ge;0,,). Tak kak mnosiHas 3Heprus, HabiiomaeMas B Kalio-
PpHEMeTpe, MpUMEPHO OfMHaKOBa A 06oux mporeccos X — py u =° — pn’ — p2y,
TO, TPU IOMBITKE Pa3feldTh 3TU pacliafibl, IPOCTpaHCTBeHHOe paspemenue TN
CTAHOBUTCA Hauboiiee Ba)XXHBIM KpHTEpUEM O0TOOpa, NO-CPaBHEHHIO C dHEpreTHye-
CKVMM pa3pelIeHueM.

Ha Puc.8a npencranena X-mpoekuus KOOPAMHATHI 3apsKEHHOH YaCTULBI B
JJIEKTPOMArHuTHOM JIMBHE, KoTopas Obuta u3Mepena B kamepax (PWC) u TN
(TRD). 310 COOBITHE MHTEPIIPETHPYETCS KaK JMBEHb, CO3MaHHBINH ONMHOYHBIM (o-

A Y P
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PRNSHIEINIES st I
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Puc.8. Otxmux ATIH mis
(A) =+—>py (UM y*=015 M )2((, =7.43 x 10-4 I'3B%c*);

(B) =+ — pn® (A1 %> =50.0; M j'(o =0.0164 TB?/c%.
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TOHOM M3 £’ paJMaLMOHHOTrO pachana B NEPBOM CTalbHOM KoHBepTope. PWC ne-
TEKTUPYIOT BCE 3apsKEHHbIE YaCTULBI B TUBHE. [IpH 3TOM cTpyKTypa cpaboTaBuInx
nposojiouek B PWC uMmeeT mupokoe ¥ paBHOMEPHOE paclipefieieHue, YyTo o[-
TBEPIKAAeT NMPEANOI0KEHNUE O MPUXoae onHoro ramma kanta. [T uyBcTBUTEIEH
K HauboJyiee SHEPrUYHOM 3apsHKEHHO! KOMIIOHEHTE SJIEKTPOMArHUTHOTO JIUBHS H
MIO3TOMY CHUTHAJIbl, IPUIIEAIINE C IIPOBOJIOYEK, IPYNITUPYIOTCS B MUK, LIEHTP TSHKe-
CTH KOTOPOTO COOTBETCTBYET OCH JIUBHA. [Ipu 3TOM ammmryna cobbitus B TN
COOTBETCTBYET YHCIY UMITYJIbCOB, NETEKTHPYEMBIX KaXIOi MPOBOJIOUKON. BaxHo
oTMeTuTh, uTo [TV HedyBCcTBHUTENEH K IPOTOHAM, B TO BpeMs kak PWC ux peru-
CTPHpYET.

Ha Puc.86 npencrasnen curnan ¢ AT mwisa pacnana, KOTOPbI MHTEPIIPETH-
pyetcs kak £* — pr’. MOXKHO BHIETh, YTO TPH TOM BO3HHKAIOT JBA MIMPOKHX Kia-
cTepa ¢ KaIoil CTOPOHBI OT MpeCKa3aHHOro MONOKEHUs Tpeka 7', KOTopsle 06pa-
3yI0TCA OT ABYX I'aMMa KBAaHTOB.

Pe3ynpTarsl, momydeHHble MOCHE TPOBEIESHHUsS BBIIEYNOMSIHYTBIX OTOOPOB,
nipencTaByieHsl Ha Puc.9, roe Bo3aMoXHOCTD 3()()eKTHBHOTO 0TOOpA MONE3HBIX COObBI-
THI MIpeACTaBIECHA B BUIE TPEXMEPHOTO pacripesieneHust coobITuit. BugHo, uto ot-
Oop CcoOBITHI 1O IHEPTUH W KOOpJAHHaTe (OTOHA, U3MEPEHHOU B JETEKTOpE Iepe-
XOIHOTO H3Ty4eHMs, TIO3BOJIWI HAJEXKHO BBINEINTh paJWallOHHBIN pacraj
" — py (6emslit snnumc)
Ha (oHE aZPOHHOro pac-
naga Z+ — pno0.

B pesynbrare aHa-
au3a okoso 35000 coObl-
THHA pafnallliOHHOTO pac-
naga X’ —> py Gblna mo-
JydeHa clenyromas Be-
JIMYMHA [JapaMeTpa accu-
MeTpuu pacmazna:
oy =-0.720 £ 0.086(cta
T.) £0.045(cuct.), U Ha
OCHOBE aHaiu3a MpuMep-
Ho 32000 coOprtuit —
BEJIMUMHA  BEPOSTHOCTU
pacmana B — py)
=(1.20 £ 0.08) x 10°
(yxa3aHa cyMMapHast
ownbka). Taxum o6pa-
30M, pe3yJbTaThl, IOJY-
BEJIMYHHBI M)Z(U B BUIAE TPEXMEPHOI'0 pacrpe- YE€HHBbIE B JIKCIIEPUMEHTE
E-761, monTBepowiu, 4To

§Pu A58

Kiam HH,

Puc.9. Pacnpenenenue y* JAIM xak yHKIMS OT

JIEJIEHUS [10J1YUE€HHBIX COOBITH.
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B paIMaldOHHOM pacrane NedCTBHUTENbHO Habmrogaercss 0OJbIuas Mo BEJMYUHE U
OTpHL@TeNbHas IO 3HaKy acCUMeTpHs, a HabrogaeMasi BEpOSTHOCTh pacriaja He
COINEP)KUT BKJIaZa OT MPHMECH COOBITHI MHTEHCHBHOM aJpOHHOM MOMBI pacraja
2" — pr’. B skcrepuMenTe, B IONONHEHME K OCHOBHOM TpOrpaMMe, GbLia H3Mepe-
Ha NOJISIPU3ALKS. PA3INYHBIX THTIEPOHOB.

1.3. Okcnepument E-781. HMccaenoBanue poxnenust C-6apHoHOB H HUX CIEK-
TPOCKOMMSI.

JansHeiliuee n3y4eHue CBOMCTB OYapOBAaHHBIX OAPHOHOB OBLIO IPOAOIDKEHO
B axcriepumente SELEX (E-781) B 1996-98r.r. Bo ©®HAJL

Momusayus. Co3naHHBIA CIEKTPOMETP He ObUT OPHEHTHPOBAH Ha pPEIUEHHUE
(uccnenoBaHue) KaKoro-To OIHOTO WIIM HECKOJBKUX (PM3MYECKHX IPOLECCOB, Kak
9T0 ObIIO B OpeAblaymuX skcrepumenTtax E-715 u E-761. HakorneHHsiit omsIT
paboTHl B 3THX JKCIIEPUMEHTAX I103BOJIMI MPEUTI0KUTh CO3[aHMe CIOXKHEHImel JKc-
nepumeHTanbHO# yctanoBku SELEX — cnektpomerp (Segmented Large-X Barion
Spectrometer) [5], mo3BoOJLAIOINEN MPOBOAUTH CHCTEMATHYECKHE HCCIIEXOBAHMA
MIMPOKOTrO KJacca sIIEpPHBIX PeaklUMil, CBI3aHHBIX C POXIEHHEM OYapOBaHHBIX Oa-
PHOHOB U UX pacnafaMHu.

518 Gav sificon pc  oc

i

tanget hodgoscepes
\ 1 N N - N ]

0 . s0m

Puc.10. brnok-cxema akcnepuMenTanbHol ycraHoBkH. BTRD — myukoBslif 1eTeKTOp
nepexonuoro uznyuenus (JITH); ETRD — aneKTpOHHBIH NETEKTOP MEPEXOMHOro
m3nyuenust (JAIIHN); EMCL — snexrpomarHutHelit kanopumerp; PWC — nponopuwo-
HanpHble Kamepbl; DC —~ nmpeitdoBsie kamepsl; RICH — uepeHkoBckuii gerekrop;
NCAL — neiirponHsslii kanopumerp; M1, M2 u M3 —anaimu3upyromne MarHuThL.

CrhekTpoMeTp Mpearosarai oTXox oT 6a30BOro MOAXOAA, CBA3aHHOTO C POXK-
IeHHeM HeOOXOIMMBIX YacTHLl HEMOCPEACTBEHHO B MulleHH (central production), u
OPUEHTHPOBAJICA Ha PETMCTPALMIO YaCTHII, BHUISTAIOMIMX B MEPEHION0 moiychepy
(leading production). 910 mo3BoNANO paboTaTh HE TOJBKO C THIEPOHAMHY, POIUB-
IIMMHKCS B MHILIECHH, HO U C TEMM YaCTHIAMH, KOTOPbIE ABJISIOTCS MPOLYKTAMU HX
pacmaza. J{ng 3TOro CTPyKTypa CHEKTpOMeTpa MpeaycMaTpuBajia BO3MOXHOCTb
PEKOHCTPYKIMH ABYX BEPUIMH C XOPOIIMM IPOCTPAaHCTBEHHBIM U, COOTBETCTBEHHO,
YIJIOBBIM Pa3pelIeHUIMH.
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CrexTpoMeTp pa3pabaTbiBajCs UCXOAS M3 TOTO, YTO OH HOJDKEH COAEpIKaTh
IIUPOKMIT HA0OP METONOB MASHTH(MKALMK YaCTHI] U MO3BOJIUT OCYINECTBIATh Ha-
IEXHOE TPUITEpPHpOBaHME HE0OXOAUMBIX cOOBITHH. PaboTa ¢ wactumamu, BbuIe-
TalOIUMUY B MIEPEIHIO rojycdepy, 03Hayana, YTO B PAaCCMOTPEHHE BKIHOYAIOTCS
HOBbIE (PM3MYECKUE MPOLECCHI, PETUCTPaLiia KOTOPBIX TPpeOyeT MACHTUYULMPOBATH
YaCcTHULB! C JOCTATOYHO OOJBIINM MONEPEeYHbIM UMITYJIbcoM X > 0.25.

B paGoTe NpHBOAWTCA ONMCAHKME JKCIEPUMEHTanbHON yctaHoBkM (Puc.10)
UpesBelyaliHO Ba)kKHOU ocoOeHHOCThIO crekTpomeTpa SELEX 4BUNOCH Hamvwue
CHUCTEMBI TOJIHOM MAeHTH(UKALMY YacTUL, KOTOpas 6a3upoBanach Ha CO3AAHHBIX B
TINSI® PAH metexropax:

- myukoBblt JTIA mng pasmeneHus 4acTHL, Ha YPOBHE BXOJHOTO Iyuka

&/, pin’);

- anexTpoHHsIt ATTH 1 Toro, 4To6bl MAEHTUGHUIHPOBATH BTOPHYHbIE 3IIEK-

TpoHs! (€%);

- TPEKOBYIO CHCTEMY, KOTOpas COCTOUT M3: TPEX aHAIH3UPYIOIUX MarHUTOR;

26 muiockocTel npornopuroHansHeX kamep (PWC) ¢ mpocTpaHCTBEHHBIM pas-

pewenuem okouo 0.8Mm; Tpex crannmii apeiidoseix kamep (DC), kaxnas u3

KOTOpBIX colepxkana 26 IOCKOCTeH C INPOCTPaHCTBEHHBIM pa3pelleHHeM

oxono 100 MukpoH

Onextponuka myukosoro JIITH obecrieuuBana BIpabOTKY OBICTPOro TpHrrepa
s uneHtugukauuy X ua 0 3a Bpems meHee 100 Heex. Otot ATIHM nossosumn
OUYEHb HaJEKHO HICHTUQHUUUPOBAaTb OapHOHBI M ME30HBI IydKa. DIEKTPOHHBIN
IIIY ycrielmHo NCTONb30BAICA NP U3YYEHHU NIPOLECCOB, TPEOYIOMWMX UASHTU(H-
Kaluy 3J€KTPOHOB B KOHEYHOM COCTOSTHUML.

Ha ycranoBke SELEX Oblnu monyueHsl yYHHKaJIbHblE (U3UYECKUE Pe3ysibTa-
TH. DTO — BBIXOJbl 04YapPOBAHHBIX I'MIIEPOHOB, U3MEPEHBI 3apANOBHIE PaqUyChl L~
TUIEPOHOB, U3MEPEHBI MOJHbIE CEUSHUS PAacCesiHUS X—, T— M HPOTOHOB Ha sapax
BOnu3u 600 I'3B/c u T.1. [leTanbHoe 06CYXAEHHE alCOPUTMOB U METOAMKH 00pa-
6OTKY TOJIyYEHHBIX Pe3YJIbTaTOB MOXHO HalTU B padoTtax [6-14].

I'napa 2. TpexkoBble cuCTeMbI A5 HccaefoBaHUsI 3 (EKTOB KaHAJUPOBaHUS
NPOTOHOB MOHOKPHCTALJIAMH.

BrepBble dKCNEepUMEHTaNbHas peaju3alis UIeH YNPaBIeHUs TPAaeKTOPHIMU
3apsHKEHHBIX YacTHI C MOMOILUBIO M30THYTOrO KpHcTamia Oblia, OCyLIeCTBIEHa B
1979r. B ly6ne Ha cunxpodasorpone JIBD OMSIU (E.H.LlpiraHos u np.): my4ok
NpoTOHOB ¢ 3Heprueil 8,4 '3B ¢ momowipi0 W30THYTOTrO KpHCTallla KpeMHHUS HIIU-
HOH 2 cM 6Bl IOBEPHYT Ha yroin 26 Mpaz.

B nanHoM paspene nucceprauuu 00CY)KOAIOTCS [BAa 3KCIEPHMEHTA, BBIMON-
HenHble B 1981-82 r.r. B JIUSI® PAH (ceituac — ITMSAD PAH), B pesynbrate KOTO-
pbIX: ObUIO HOKa3aHO CylecTBoBaHHE d(dexra 0OeMHOro 3axBaTa; OKa3aHO BbI-
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MOJIHEHHE NpPUHLMIA OOpaTUMOCTH i1 YacTHIl B Npolecce 0GBEMHOIO 3axBara;
obHapyxeH 3¢ QeKT yrioBoi (HoKycCHpOBKH JacTull. FIMEHHO HayMHAas C 3THX 3KC-
nepumeHToB, B JIMSA® PAH navanucek mmpokue uccnenoBaHusd 3(p(HeKToB KaHaIH-
POBaHUA YaCTHL, MOHOKPHUCTAJIAMH.

B 3KCIIEpUMEHTANbHBIX YCTAHOBKAaX OBLIM IPUMEHEHBl ABa B3aMMOIOION-
HAIOIIMX METOAA: NEPBBIA METOA — 3TO HCNOJIb30BAHHUE U30THYTOI0 MOHOKPHCTAILIA
BBIIENSIOIIUY KaHATUPYIONIHE YaCTHUIBI ¥ HASHTUQULIUPYIOMWNH TaKHe YaCTUIIB! 110
UX 9HEPreTHYECKHM IMOTEPSIM; BTOPOH METOJ — 3TO TpeKoBas CHUCTEMa, NETEKTH-
pytowas ¢axT moBopora (Win (pOKyCHpPOBKH) YacTHL. DTO NO3BOJIMJIO:

- OCYWIECTBIIATb NPEABAPUTENbHBIH OTOOP YacTHI B MOHOKpHCTALIE IO HX
SHEPreTHYeCKUM ITOTEPSIM U M3yyaTh HX paclpeleseHre B TPEKOBOI CUCTEME;

- HCIIOJIB3Ys HHBEPCHEIM METOX, MOXHO OBITIO B3STh YK€ 0TOOpPaHHbIE TPEKO-
BOJ CHCTEMOH 4aCTHLbI U U3YYUTh UX JHEPTETHYECKUE MOTEPH U IIOBEJEHHE B MO-
HOKpHCTauIe 00JiIee JeTaNBHO.

Llesplo HaIlero HepBOTO AKCIEPHMEHTa ABJANAch NPOBEPka CHIIOTE3Bl O BO3-
MOXKHOCTH 3aXBaTa YacTHUIl B PeXHM KaHATHPOBAHHUA KaK Ha TOPIIE, TaK U B 0ObeMe
W30THYTOTrO KpucTasa [15-18].

B pabore meTanbHO ONMHUCHIBAETCS 3KCHEPUMEHTalbHas ycCTaHOBKa. ITydox
npoToHOB (p) ¢ 3Heprueit 11'3B npoxoxun yepes nponopuroHansHsle kamepsl 1K1,
IIK2 ¥ CUMHTHJIALMOHHBIA cueTyuk S1 M momanan Ha M30THYTBI MOHOKpPHCTANI
(C). U3 npsamoro my4ka BbLACISIUCH T€ MPOTOHBI, KOTOPbIE MOIAJal0T Ha TOPEL
KpUCTalIa, U U3MEPSJIMCh YIJIbl MX BXOIa B KpucTaill (yrioBoe paspemenue 0.19
mpan). IIpornopunonansHas kamepa ITK3 peructpupoana yriioBoe pacnpeienenye
BBIXOJSIIMX W3 KPUCTAJUIA YacTUL C YIIOBBIM paspemienueM 0.41 mpan. M3ornyTeii
MoHokpucTaul (C) OblT M30THYT IO WIMHAPY ¢ pamuycoMm R=46 cM. Ero Beipeska
Obla TakoBa, 4TO ero OoJbIIas rpaHs ObuTa MapayiensHa miockoctd (111) u uzo-
rHyTa [0 LMJIHMHAPHUYECKOH MoBepXHOCTH. ITyyoK Majan Ha rpaHbs MapajiebHYHo
minockocty (011). Ha u3orayrom MoHokpucTasuie TonmuHoi 0.4 MM, MIHPHHOM —
25MM ¥ 1JTHHOM 1o Mmy4Ky — 10MM, H3rOTOBJIEHHOM U3 MOIYyIPOBOAHHKOBOIO KpPEM-
Husl, ObLIM peaJIM30BaHbl TPU HE3aBHCUMble AeTeKTHpyromue crpyktypsl (IT1,
A2, I1J3), ABIAIOLIMMUCS IOBEPXHOCTHO-O0aphEePHBIMH IOJYPOBOXHUKOBBIMH
JIETEKTOpaMy. DTO MO3BOJIAIO0 KOHTPOJIMPOBAThH NBIDKEHHE YACTHL] B KpUCTAIIE Ha
BCEX CTaAMsAX: 3aXBaT, KAHANHUPOBAHNE, JeKAHATMPOBAHUE II0 BENMYMHE HOHU3ALH-
OHHBIX MOTEPb, OCTABNAEMbIX B 9TUX UyBCTBUTEJIBHBIX 00JIACTAX.

Ipouecc m3mepenus (Puc.11) 3akmoyancs B OnmpeneNeHNH ClieKTpa HOHM3a-
LMOHHBIX MOTEph YACTHLL Ha Pa3sNMYHBIX Y4acTkax kpucramia (B obmactax ITI1-
I1/13) 1 B HaOIIOAEHNH YTJIOBBIX pacnpeNeleHIH YacTHIl, BEIXOIAIUHX U3 KpUCTal-
Jia, B 3aBUCHMMOCTHM OT yIjia IoBopoTa (. KaHanmupyrOmUMH CYHTAIMCh YaCTHUIBI,
AMEIOUIME aHOMAabHO Majibleé MOHM3aLMOHHble moTepu B metekrtopax I[1J[1-TIJI3
(menbiue 0.74 oT Haubonee BEPOSATHBIX MOTEPD IId "mpaMmoro” rmyuka). B kauectse
BTOPOr0 KPUTEPHUS, NOATBEPIKAAIOIIET0 TOT (haKT, YTO YACTHIBl C MaJbIMU yIETb-
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Mpaz.

HBIMHU TOTEPAMM SBISIOTCS KaHAJIMPOBAHHBIMU YaCTHLAMH, CIYXXHUJIO HaJIMYKE OT-
KJIOHEHHOM (ppakuMy MyYyKa ¢ Majoil yriIOBOM pacXOaMMOCTBIO MPH BBIXOIE U3 KPH-
cTania.

Ha ocHOBE NONy4eHHBIX 3KCIEPUMEHTAIbHBIX HAHHBIX MOXHO OZHO3HaYHO
3aKJIIOYHTh, YTO BBIJEISIEMble YaCTHUIb! SBJISIOTCA KaHATMPYIOMIUMH. W3 oTHX naH-
HBIX TaKXXe ClIeAyeT CYIIECTBOBaHUE 00hEMHOr0 3aXBaTa B PEXKUM KaHATINPOBAHHUSI.
XapaxkTepHbIM MPU3HAKOM KaHaJIMPOBAHHUS SBJISETCS MOSBJIEHHE NHKa B 00JIaCTH
MaJlbIX aMIUTUTY] (COOTBETCTBYET MPUOIU3UTENBHO MOJOBMHE aMIUIUTYIBI Haubo-
Jiee BepOSATHBIX NOTEPh HEKAHAJIMPYIOIIUX YaCTHUIL), YTO ¥ HaOJrOfaeTcs 0COOEHHO
oTtyeTuBo s IT/2.

Bupno (Puc.11), 4To MHOTrHe YacTHLBI, IoNaBmye B obnacts nukoB 1 wnu II,
He ObL1M KaHanupoBaHHbIMU B IIJ[1 (umenu Gomnblune MOHHU3ALVMOHHBIE MOTEPH) U
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OBUTH 3aXBaueHbl B PEXUM KaHAJIMPOBAHHS TOJBKO HA OONBIUMX [IyOHHAX B KpH-
crajuie. Briepeele 6BLIO IOKa3aHO, YTO OOJACTh 3aXBaTa YacCTHIl B PEXKUM KaHAH-
pOBaHUA M3OTHYTHIM KPHCTAJUIOM OTHIOJb HE COCpeIOTOYEHA TOJBKO BOJM3M ee
BXOIHOIO TOpLA, a MOXET Peajlu30BaThCcs 10 BCel MIMHE KpUcTamia, Tak Kak CyM-
MapHbIil yINOBO} MHTEpBajl 3axBaTa YacTHL cocTaBuI ~ 20 Mpal, TOrAa Kak yroi
JInnnxapna pasaancs ~ 0.12 Mpan mpu yrioBo# pacXoIuMOCTH myuka ~ 1 Mpaf,
4TO COOTBETCTBYET 3aXBaTy NpPaKTHYeCKU Ha Bcell [ummHe kpuctaiwia (lcm). Dot
¢usmgeckuit nporecc aBTopsl HasBanu "dddhexroMm 06beMHOro 3axBara’ B PEXUM
KaHaJIUPOBAHNA.

Takum o6pa3oM, B XOJe 3TOTO IKCIEPUMEHTa, BIEPBBIE yIaloch MPOJIEMOH-
CTPUPOBaTh BO3MOKHOCTh IIOBOPOTA IyYKa MPOTOHOB ¢ 3Heprueit 1 I'>B Ha yron 11
Mpal. Bricokoe yIioBoe paspelleHue 3KCIepUMEHTaNbHOM YCTaHOBKU IIO3BOJIMIIO
pazgenuTh 3GGEKTsl IUIS Pa3sIu4HbIX KpUCTALIOrpapUuecKuX IUIOCKOCTeH M ole-
HUTh 3Ha4YeHHE BEPOSTHOCTH OOBEMHOIO 3aXBaTa B PEXXHM KaHAJIMpOBaHMS Hnd 1
I'>B npoToHoB B kaHan miockocty (111), u3orHyToit no paxuycy R=46 cm (B =9.2
+1.4%), 1, COOTBETCTBEHHO, IINHY HekaHanupoBaHus (A =1.26 + 0.09um).

Bo BTopoM skcnepuMente [19-21] 6puia nccienoBaHa BO3MOXHOCTb UCTIOJb-
30BaHMs M30THYTOrO KpHCTajula, SBJIAIOLUErOcs OJHOBPEMEHHO IOJYMPOBOAHHMKO-
BbIM IETEKTOPOM, B KauecTBe (hOKYCHPYIOIIEro KOIIMMAaTOpa KaHaTHPYIOIIMX Yac-
THLL. Mcrons30Baicss MOHOKPHCTAT KPEMHHUS, M30THYThIM 1o munuHapy (R = 2 m),
¢ Kpucratorpadruaeckumu rmiockoctamu (111), mepneHauKyIApHBIMU K BOTHYTOM
(BBIMYKJIONM) TpaHW KpUCTaJUIa, SBIAIOLIEHCA ONHOBPEMEHHO IIOBEPXHOCTHO-
6apbepHbIM netextopoM (IT11 u I1/2).

Ha xpucrann HanpaBisiics Mpokuii (BO BeChb KPUCTAJUT) IYYOK C YIJIOBOM
pacxomuMocThio 7,2 Mpag. Mcnons3oBaHue KpUcTamia B KauecTBE MOJYIPOBOJHHU-
KOBOTO JETEKTOpa IMO3BOJIATO BBIAENATH ("METUTH") KaHAJIMPYIOLIME YACTHULBI [0
BEJMYHHE UX aHOMAIBHO MaJIBIX MOHHM3AILMOHHBIX HOTeph. [I0CKONBKY IpK M3rube
N0 LMIMHAPY KpHUCTaIorpadpuyeckue MIOCKOCTH, HOpMalbHbIe K IpaHsiM, pasBo-
pauMBaloTCA BeepooOpasHO C LEHTPOM Ha PAacCTOAHMH paguyca u3ruba Kpucrauia,
TO KaHaIUPYIOLINE MEXIY HUMM 4yacTHLbl OynyT (okKycupoBaTbcsi B TOUKY «O».
[IpenBapuTebHbIE OLEHKU IOKa3ally, YTO MWHUPUHA (OKyca HOJDKHA COCTaBIATH OT
50 mo 600 mxmM.

Jns HaOMOAEHWs TaKuX IPOCTPAHCTBEHHBIX paclpelesieHuii HeoOXoauMo
ObIIO CO3JaTh HOBYIO TPEKOBYH CHCTEMY, OasMpyOUIyrOCs Ha IO3HUIMOHHO-
4yBCTBUTEJBHBIX AETEKTOpax, MMEIOLUIUX MPOCTPAHCTBEHHOE pa3pellieHHe MpaKTH-
YECKH TMpEeJeNbHOe MUl ra3opa3psiHbiX NpubopoB. B cBA3M ¢ 3TUM ObLIO PEIIEHO
UCTIONTb30BaTh NponopuroHanbHylo kaMmepy (I1K) ¢ aHasmoropsiM cbeMoM uHpopma-
[IMM C KAaTOAA Ha JIMHUIO 3aJCPXKKH, IIOTEHLIIMANbHbIE BO3MOXKHOCTU KOTOPOH M03BO-
asau obecneduTs TpeOyeMoe MnpocTpaHCTBeHHOe paspelueHue (o <100 mkm). IIpo-
BEJEHHbIE HCCNEeJOBAHMS MOKa3all, YTO pa3paboTaHHbIe KaMephl 00JIafaloT BbICO-
KUMHU M3MEPHUTENBHBIMU XapaKTepUCTHKaMu: B paboueit obnactu xameps! (30x30
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MM) NPOCTPAaHCTBEHHOE paspelieHre He Xyxe G ~ 40 MM, a nudepeHunanbHas
HeIMHEHHOCTH He npeBbiaeT 3%.

DTO NO3BOMUIO OCYILECTBUTh IKCIIEPHMEHTAIbHOE HAabMIOAEHHE Y3KOTO THKa
(cM. Puc.12, xpuBasg 1) B pacmpeieneHun 4acTHL B ()OKaJIbHOM IUIOCKOCTH C
«BKJIIOYEHHEM)» 0TOOpa IO MasblM aMIUIUTYAAM, YTO SICHO AEMOHCTPUPYET CYIIECT-
BOBaHME HOBOTO d((exTa: U30THYThIM MOHOKPUCTAII MOXET paboTaTh Kak (oKy-
CUpYIOIMH KOJUIMMATOp KaHAJMPYIOIMX YacTull. ITMK XOopomo obecneyeH CTaTH-
cruyeckd U uMeeT mwupuHy FWHM= 0.65 £ 0.05MM, 4TO COOTBETCTBYET YIJIOBOMH
pacxompumocty, onpenensemodt yriom Jlunaxapzpa (0.12 mpam) o DaHHOH Kpu-
crayorpaguyeckoit miockoctu (111).

B pabote merambHO 06CYXKHAeTCs BIMAHHE PA3NUYHBIX (DAKTOPOB Ha IIPO-
CTPaHCTBEHHOE pa3spelleHHe IETEKTOPOB C KATOXHBIM ChEMOM HH(pOpMaLUM, BXO-
IAIMX B TPEKOBYIO CHCTEMY, C TOUYKHU 3PEHMS TOrO, KaK OHU BJIMAIOT Ha COGCTBEH-
Hoe (BHYTpEHHee) pa3pelleHre ra3opa3psiHOro AETEKTOpa YacTUL[ KaK TaKOBOTO.
OnTtuMu3upyst 3T (akTopbl MOXHO OLEHUTb TO NpelelbHOe NPOCTPaHCTBEHHOE

Nch
Si 4 (111) l 1 3 Puc.12.  IlpocrpaHCTBEHHOE
150 L TTK 3 , X-TLIOCKOCTh Nt (<107) pacnonoxenne nyixa na X
1 kanan=0.048 mm mnockoer (MIK3): 1 — ¢ ot-
_ FWHMa= | 2  GopoM Mo KkpuTepuio MaloH
100} 2 //’ [ 9.6520.05 mm aMIUIUTY/B CUTHana C JeTeK-
~ el Topa (8 unrepsane 0.3+0.6 ot
/ N 1 Haubosiee BEPOATHOTO 3HaYe-
SO0 /L‘FWHMF *"'\\ HUS A5 Xa0THYecko# (assr), 2
/,/ 15.4+0.1 M'D L \\\ — )6e3 or6opa (mpamoi ry-
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paspelueHye, KOTOpoe MOXeT ObITh JOCTUTHYTO I AAHHOrO Kilacca NETeKTOPOB.
[TockonbKy pedb HAET O NPOCTPAHCTBEHHOM pa3peleHMH Ha YPOBHE JIyulle
100 MKM, TO U1 IPOBEAEHHs MOAOOHBIX HCCIENOBaHUM HEOOXOMMMO YMETh CO3/a-
BaTh «IIPOOHBIE 3apsbl» pasMepaMyl B JE€CATKHA MUKPOH, YTO caMo 1o cebe ABIIeT-
s BeCbMa Cepbe3HOM NpobIeMoit, 1 nccIe0BaTh OTKIUK TPHO0pa Ha HUX.

Jlns aToro GbL MPUMEHEH METOM M3MEPEHHs NPENEeNTbHOrO MPOCTPAHCTBEHHO-
ro paspelleHus KaMmep ¢ momoubio 3¢ dexTa (PoKycUpoBKH HOHHOro obnaka. Maes
MEeTozia 3aKJII0YaeTcs B TOM, YTOOBl M3yyaThb BHYTpPEHHEE IPOCTPAHCTBEHHOE pa3-
pellieHHe NETEeKTOopa, M3Mepss IONOKEHHWE M IIPOCTPAHCTBEHHOE paclpeneieHue
«TIpoGHOTO 3apsna», KOTOpPhIi ABNseTcs 0071akoM HMOHOB. IIpemnaraercs uccieno-
BaTh M0JI0’KEHME U TOYHOCTE JIOKAIM3aLUK B IIPOCTPAHCTBE LIEHTpa THKECTH HOH-
HOTO 3apsfa JIaBMHbBI, 0Opa30BaHHOU BOJNM3M aHOTHOW IPOBONOYKU. DTOT 3apsn
Xopouo c)oKyCHpOBaH B MPOCTPAHCTBE 3NEKTPUYECKUM IIOJIEM CaMmoil KaMephl U
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1o cBoeil hu3uUeckol Nmpyupojge MMeeT MUHHMAalbHBIE MPOCTPaHCTBEHHbLIE pa3Me-
PBl, KOTOPBIE ¥ OIPEETIAIOT IIPeebHOE pa3peIieHue JeTeKTopa.

Wsmepenus mokasany, 4to 3¢dext (GoKycupoBKM 3apsma HACTONBKO CH-
JIeH, 4TO TIpU pasMepax UCXOTHOTO IYYKa Cpyuxe <120 MKM, pa3sMepbl pErUcTpupye-
MOTO 3apsI0BOr0 00Jaka CKMMAIOTCS IO BETHUHHE! G < 20 MKM.

B urore, 61T NPEANIOKEH U YCTIELWHO NPUMEHEH METO[, B PE3yJIbTaTe pealli-
3alUy KOTOPOro:

- pas3paboTaHa MeTOJMKa ONTHMH3ALH U3MEPUTENBHBIX XapaKTePUCTHK Ka-
Mepbl, NO3BOJIMBILAS JOBECTH €€ BHYTPEHHEE paspelleHue NpakTHIecKu 0 (u3u-
YecKoro npenesa, 00yCIOBJIEHHOTO GM3HIECKUMH pasMepaMyl HOHHOTO obJiaka Jjia-
BUHBI, KOTOPOE UCIOJB30BANACh B KAUECTBE (IIPOOHOTO 3apsaay.

- TI0Ka3aHO, YTO MOXHO JOOUTHCS, YTOOBI BHYTpEHHEE MPOCTPAHCTBEHHOE
paspeleHye JeTeKTopa COCTaBIANO0: He XyXe 6~20 MKM (I Y-KBaHTOB C SHEpPIU-
eit Ey=5.9 kaB); He Xyxe ¢ = 50 MKM (14 3apsKEHHBIX 4acTHL).

I'maga 3. PazpaGoraH M co3faH TopueBoii koopauHaTHbli gerekTop FTC s
JKCIepUMeHTaJbHOIl ycraHoBKH L3

TpeTbs raaBa JUCCEpTaLMM MOCBALIEHA OIMCAHMIO dKCIIEPUMEHTAIBHOH yc-
TaHOBKM U 3ajadv skcrepuMenTa L3. IIpencraBieHo onucaHue KaxIOro U3 OCHOB-
HBIX IETEKTOPOB B ycTaHOBKE L3, BkmoOYas TOpLEBON KOOPOMHATHBEIA HETEKTOP
FTC, oTBEeTCTBEHHOCTh 32 pa3paboTKy ¥ CO3JaHHE KOTOpOro Obuta BO3JOKEHA Ha
TPYIIITy, BO3IJIABIISEMYIO COUCKATENIEM.

VYcranoBka L3 npennasHayeHa a1d MpOBEpKY NpeickasaHuit ¥ apaMeTpoB
CranpapTHoii Mopenu. Bce HeTEKTOpb! YyCTaHOBKM HAaXOAATCS BHYTPM MarHuTa
(muamerpom =11 M u anuHOH 12 M), cozmarowiero maruutHoe rnoJje 0,5 Tin. HaurHas
OT TOUKH B3aMMOZEMCTBUS €'’ MyykoB B L3 HAXONATCA: LEHTPATbHbIH BEPIUMHHBIN
IETeKTOp Ha OCHOBE ApeiioBoit kameps! “pactsHyToro Bpemenu” - TEC, anektpo-
MarHuTHeIH Kanopumetp BGO., cocTosmuil 13 KpUCTANIOB OpTOrepMaHaTa BUCMY-
Ta BisGe;0,,, ypaHOBBIN afpOHHBIA KaJOPUMETP M MIOOHHBIM CHEKTPOMETp, CO-
crosmuii 13 Habopa apeidoBbIX Kamep.

TopueBomy koopauHaTHOoMy Aetektopy FTC 6o oTBeneHo MecTo (Bcero
72 MM 1o ocu mydka Z) B 3a3ope Mexay TEC u xamopumerpom BGO. [lerexrop
NpeAHasHavaycsA s PErHCTPalyy U U3MEPEHUs TPEKOB YacTHLl, BXOAALIUX B TOp-
LeByl0 4yacTh Kajopumerpa BGO B nuama3soHaX MONSPHBEIX YIJIOB 14°<0<35% u
145°<0 < 1660, He mepekpbiBaeMblX aetektopoM TEC. Heo6xoaumocTh TOYHOTO
OMpefiesIEHHs KOOPANHAT U HaNpaBJeHUs 4acTul obyciaBiiBanack MHOTOKPaTHBIM
KYJIOHOBCKMM paccesHneM 4acTull B amomuHueBoM ¢rnanue TEC. [{nst BBINIOMHEHUA
stoit 3anaun FTC momieH O6bl1 oOecrneyrnBars:

® TIPOCTPAaHCTBEHHOE U YITIOBOE pa3pellieHNe KOOPAMUHAT M HamlpaBleHUIi Tpe-
KOB yacTil ¢ < 150 MxM 4 10 MpaZ, COOTBETCTBEHHO;

24



® OJHOBPEMEHHYIO PETUCTPALMIO TPEKOB 5+7 YacTHIL;
e Ha&KHYIO paboTy B TeueHUe He MeHee 2+3 yieT 6e3 peMOoHTa;

BrI60p KOHCTPYKIMH HETEKTOpa ECTKO O0O0YCHIaBIMBAICS YCJIOBUSMH €ro
pasMelleHds B ycTaHOBKe L3. Bo-mepBbIX, 3aMKHYTOCTh M OIPaHM4E€HHOCTH IPO-
ctpaHcTBa B 3a30pe TEC-BGO co3pmanu kpaiiHe cepbe3Hble TPYIHOCTU B pean3a-
U TpedyeMsIx pabounx xapakTepucTuk FTC. DToT jxe (hakTop OrpaHHumi mpo-
CTPAHCTBO AJIsI YCTAHOBKM NpeyCIIMTENEH, NMPOKIafKyu Kabenaell u CHCTEM ra3o-
obecrneyeHus, 4yTo OOYCIOBWIO HeoOXOOUMOCTh MHMHMMH3ALMH 4YHCIA KaHAJIOB
JNEKTPOHUKU. HEeBO3MOKHOCTb Pa3MEILEHHUA CUCTEMbl OXJIXICHHA MOTpeboBaso
NpeneibH0 MUHMMH3HMPOBATh TEIUIOBBIAEICHHUE IPHAETEKTOPOHOM 3JEKTPOHUKH.
Bo-BTOpBIX, KOHCTPYKIHA AETEKTOpa JOJDKHA Obliia 00€CIIeuuTh BBICOKYIO HanEx-
HOCTb U paJuallUOHHYIO CTOHKOCTh B TEUCHHE HECKOJIBKUX JIeT paboThl 6e3 mocTyna
nepcoHaa.

Hertextop FTC Obu1 co3nan [22-28] Ha 6a3e npelihoBbix kamep (MoxyJieit)
CKOMIIOHOBAHHBIX B IB€ ITaphl JUCKOB AHMaMETPOM lMEeTp, pa3sBepHYyThIX APYT OTHO-
cuTeNbHO Apyra Ha 90 rpamycoB. 4To oOecneyrBaeT OJHOBPEMEHHOEe H3MepeHue X
¥ Y KOOpAMHAT TpeKa 4acTHULBI C 00eUX CTOPOH OT TOYKH e+e— B3auMOAEHCTBUSL.
Obuiee yucno Momynel B KaXIOM AMUCKE paBHO 26. J[yig 3alIMTBI OT 3JIeKTpoMar-
HUTHBIX HaBOJOK CO CTOPOHBI 3JEKTPOHUKH U BBICOKOBOJITHOTO mutanusi TEC u
BGO pucku FTC 3akpbIThl 3a3eMJIEHHBIMU 3KpaHaMH U3 (OJIbIMPOBAHHOIO CTEK-
nonnactuka G10.
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Puc.13a. Puc.136.

ITonepeuynoe ceuenne momyss FTC u nueanpHast CTpyKTypa SKIEKTHIECKOTO
nosis B HeM npuseneHsl Ha Puc.13a u 136, cooTBeTcTBEHHO. TaM ke rmoka3aHbl Ka-
Tox , nonedopmupyromue (FW) u curHanbHele aHomHble mpoBojioukd (SW). Ilo-
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JIOCKOBBIE 3JIeKTpoAsl - ctpumsl (Cnolt 1 u Cnoit 2) 3aparoT 3JeKTpuyeckoe moje B
paboueM o6BEMeE JeTEKTOpa 1 00eCIeYrBalOT ero 3allUTy OT pa3pyIIaioIIEero BiIus-
HUS COCEHMX 3a36MIIEHHBIX 9KPaHOB. '

B xaxzom moayne ¢ kaxaod SW IpOBOJIOYKH HECKOJBKO pa3 M3MEPSUIUCh
nBe (X 1Y) KoopaMHAThl TpeKa YacTULIBL: TOYHO (BHOJb HampaBieHus apeiidoBoro
10JIT) — METOAOM M3MepeHHs BpeMeHu apeiida u BIons npoBonodkd SW — meTo-
OOM JieneHus 3apsaga. Peanm3anust nomoOHOro peleHus MO3BOJNMIIO YCNELIHO pe-
IIUTh KOMIUIEKC NpobyieM: BO-IEPBBIX, TOUYHO M3MEPATh 00€ KOOPAMHATBI TpeKa
4aCTHULbI; BO-BTOPHIX, N3MEPATH YroJl HAKJIOHa TpeKa YacTHULIbI; B-TPEThHX, obecre-
YUTh PErUCTPALMI0 MHOTOTPEKOBBIX COOBITHH 3a CUeT INpeicKa3saHus KOOPAWHAT
TPEKOB YaCTHIL I TOYHOI'O UX M3MEPEHUS MOAYJAMH COCEAHETO AUCKa,

B pabore mpoBefeH KOMILIEKCHBI aHAIN3 CTPYKTYphl B3aUMOCBA3EH OCHOB-
HbIX (haKTOPOB, BIUAIOIIMX Ha obecreyeHne TMHEHHOCTH KOOPAUHATHO-BPEMEHHOH!
3aBucuMocTd B FTC 1 ero npocTpaHCTBEHHOI0 paspemenus. [ co3nanus oauHa-
KOBBIX YCIOBH Jpeiida 3JIEKTPOHOB B ApeiipoBbIX A4eiikax (30HBI PErucTpaLiy
npooJioyek SW) Moxyns Heo6xonumo OplI0 00ecreyuTs ONHOPOJHOE 3IEKTpUYe-
CKOe IoJie B ApeiihoBOM HPOMEKYTKE, OJUHAKOBEIE KO3 (GUIUEHTB! [a30BOI0 YCU-
nenus (KI'Y), crabunbHyro TemrepaTypy pabodero rasa ¥ MUHHUMU3UPOBATh MeXa-
HUYECKHe MOrpermHocTd. OnTUMH3anys BIUSHUA BCEX BBIIETICPEYHCIIEHHBIX (ak-
TOPOB Ha OXHIAEMYIO IOTPEIIHOCTb ONpPEAENeHHs KOOPAMHATHI TPEKa YacTULbI
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Puc.14. KomnbloTepHas cuMyJISuus CTPYKTYPbl JNEKTPUHECKOrO IO B MOLYJeE
FTC npy Hanu4uu OBYX CNOEB roe()OpMUPYIOIMX CTPUIIOBH 3a3€MIEHHOIO 3a-
IUTHOrO 3KPaHa, YCTAHOBJIEHHONO B 3,5 MM OT rpaHMLIbl BHYTPEHHEro obnéma.
Buewunui cnoit cTpunoB cMewéH Ha 1MM BHU3 OTHOCUTENBHO BHYTPEHHETO.
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[I03BOJIMJIA JOBECTH HMTOIOBOE MPOCTPAHCTBEHHOE paspelleHue 10 Oy~ 120 MxM,
YTO COOTBETCTBOBAJIO TpeboBaHuAM L3.

Bnusiaue marauTHOTO o1 yctanoBku L3 (B =0,5 T) Ha FTC y4uteiBath He
TpeboBasiock Gnaromapss MONEpPeYHOMY PAcHOJIOKEHHIO NpoBojoyek SW mo oTHo-
LIEHUIO K BeKTOpy B.

3HauuTEIbHOE BHUMaHUE ObLIO yIeneHO (OpMUPOBAHMIO OJHOPOIHOIO JJIeK-
TpU4eCcKOro MoJis B Moaysax aerekropa FTC. PacuéTHeIM ImyTEM OBLIM BBIITOTHEHE!:

- BEIOOp ONTHMAJIbHOM reoOMeTpUH N0Ie(hOPMHUPYIOIIMX CTPUIIOB U UX [IOTEH-

UaJIOB, IIPH KOTOPLIX HEOAHOPOJHOCTb 3JIEKTPHYECKOT0 MO B 30HE Apelida

HE J0JKHa NpeBhILIaTh |AE/E] < 2%;

- pacué€T CTPYKTYphl NONE(POPMUPYIOLUINX CTPUIIOB, oOecreunBarolei aex-

TPOCTATUYECKYIO 3aIIUTY NEKTPUUECKOTO IO B MOAYJe oT Paspymaromero

BO3JIEHCTBHS BHEIIHNUX 3a3€MIIEHHBIX SKPAHOB.

Pewmenune 3agad onTUMH3aLMK KOHCTPYKLMH U obecnieueHue TpeOyeMbIX Xa-
pakrepuctuk FTC kpaliHe OCIOXHSIOCH TEM, YTO NPOCTPAHCTBO, OTBEJEHHOE AN
pasMelleHus OeTeKTOpa, COCTaBIsIO BCero 72MM IO ocH Iyyka. IToatomy mns
(OpMHpPOBaHUA OJHOPOAHOIO JIEKTPHYECKOrO I0JIA BHYTpH pabodero obb&ma Mo-
LlyJist TOTPe6OBAIOCh OJHOBPEMEHHO MUHHUMHU3HPOBATH KPaeBble HEOJHOPOIHOCTH
cozlaBaeMble IOJIE(OPMUPYIOIIMMH CTPUNIAMH M IIPENOTBPATUTh HCKaKarollee
BIIMSTHUE BHEIHUX 3a3€MJIEHHBIX 3JIEKTPOOB.

Hau6ouee ontuManbHOH oka3anack reOMETpHS ¢ IUpHHOM cTpumna a = 0,5 MM
U waroM Sy = 2 MM, KOTOpasi yxe B 2 MM 0T O0KOBO# cTeHkH (X/Sy = 1) obecrieun-
BaeT BBICOKYIO OJHOPOJHOCTb 3JEKTPUIECKOIO MO (IAEy/ Eyols 1%) npu mu-
HUMaJBbHOM TpajiieHTe U abCONIOTHONM BEeNMYMHE HAaNpsHKEHHOCTH IONA Ha Kpasx
CTpUNa U MOCEpPerHe MeXIy CTpunamu. DTO, MPAKTUYECKH, UCKIIOYAIOT MUKPO-
npobon Mexay CTpHINaMH W BO3HHKHOBEHHME CaMOIOIAEP)KMBAIOIIMXCA Pa3pimoB
Ha UX KpOMKax.

[TpoBeneHHbIE U3MEPEHUS U PAcyeThl ITOKA3alM, YTO BHELIHUE 3a3eMJICHHbIE
9KpaHbl MPAKTUYECKH MOJHOCTHIO Pa3pyLIalOT OJHOPOJHYIO CTPYKTYPY BJIEKTpUue-
CKOTO I10JIs1 B MOAYJIE.

JeTasbHbIl aHaNIU3 NOKa3al, YTO 3Ty MpOGJIEMy MOXKHO PELUMTh NPHMEHHB
CIIELMAIbHYIO CTPYKTYpY TNoJeOpMUPYIOLIMX CTPUIIOB, NPUBENEHHYIO Ha Puc.14.
Pacuérhl mokasaiy, 4To IIpH 3TOM B 30He Apeiiha 3IEeKTPOHOB € KOOpAMHATAMHU
[X] <12 MM 5 <Y <22 MM (3aluTpuxoBaHHas 0071aCTh) INEKTPUYECKOE MOJIE CTaHO-
BHUTCS, MpakTuuecku ofHoponHbIM (JAE /E| < 0,5%), uto obecreyrnBaeT MOCTOSHCT-
BO CKOpOCTH Apelida Ha ypoBHE I AV ap/V np l <0,08%.

Paboune xapakrepuctuki FTC nony4yeHHble Ha IPOTOHHOM IIy4Ke C JHEp-
rueit Ep = 1 I'aB cunxpormkioTpona [IMS® u B xone sxcnepumenTta L3 mpakTude-
cku coBnanu. Ha Puc.15a npuBeseHa THIUYHASA 3aBUCHUMOCTb KOOPIMHATHOIO pas-
pelleHus OTAeIbHOM npoBoaouky SW oT BpeMeHu Ipeiiha 31eKTpOHOB, H3MEpeH-
Has B XoJe 3kcriepuMenTa L3. B naHHOM ciyuae oTOMpanuch TPeKH YacTHL, BbLie-
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Puc.15. IIpoctpancTenHoe paspemenne FTC.

TEeBILVE M3 TOYKH B3aUMOLEH-
cTBUA €' € B AManasoHe yr-
JioB 3axBara FTC. BugHo, uto
BEeJIUYMHA MPOCTPAHCTBEHHO-
ro paspelieHHs He XyxKe
osw<175MKkM BO BCEM
IpetihoBOM IPOMEIKYTKE.

IMokazano  (Puc.156),
4yTo TpebyeMoe paspelleHue
Mmerona opz /A~ 1% nocru-
raerca B paboueil Touke, KO-
TOpas COOTBETCTBYET 3apsay
Qs = 5x10%", 06pa3zoBaHHO-
My B OpeitdoBoii sueiike Tpe-
KOM MMHMMAaJbHO HOHH3H-
pyIoLIel YacTULEl, IIPH raso-
BoM ycmnenun M = 8x10°. B
YCIOBHAX OdKcmepuMmeHTa L3
NpPOCTPaHCTBEHHOE paspelle-
HUE KOOpJMHAThI TpeKa MeTo-
IOM JeJeHVs 3apsia OLEHH-
BAJIOCH IO pacIpe/ieseHUI0
BEJIMYMHBl PA3HHULI  MEXIY
KOOpAMHATAMY, H3MEpPEHHbI-
Mu TEC wu wmeromom [I3
(Puc.158). ITpu 3TOM CpenHe-
KBaJ[paTHYHOE  OTKJIOHEHME
pacmpeneneHus s 60Ib-
IIMHCTBA MOZYJIe!l He IpeBbI-
CWI0 ©=~22 MM, a OTHOCH-
TeNbHOE  paspelleHue -
|AL/LI< 2%.

W3mepenns rmokasaiy,

4YTO NOCTUTHYTas 3aBUCUMOCTb Y-T JuHeHHAa Mo4TH BO BCEM ApeiihoBoM mpome-

KyTke, kpome yuactka | Y | = 1 MM B6am3H npoBonodek. [Tpu 3TOM, HENMHEHHOCTD

B OWala3oHe l Y l

= 2+22 MM He npesbliiana 70 MKM.

Herexrop FTC, xak oauH U3 KOMIIOHEHTOB YCTaHOBKH L3 MOCTOSHHO y4acT-

BOBal B Habope maHHex. Tak, mcrons3oBanue netekropa FTC mpu onpeneneHun

3HaKa 3apsa 4acTHLl WIUTIOCTPHPYETCS Ha mpumepe pacmaga Z° — Wu”. JIpyroit

npuMep ucnoar3opanus FTC npuBogurcs B paboTe Mo MCCIEIOBAHMIO Mpenckasa-

HUH KBAaHTOBOM 3JIEKTPOLMHAMUKM [UIsl peakiuyu e e —> yy. OT6op cobbITHii 3Tk
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peakuyy ocymecTBisica ¢ moMombio netektopoB TEC u FTC, mepexpriBaBIImx
WHTEpPBaJbl  KOCHHYCOB  YIJIOB  BbUIETa  YacTHI] |cos(6) [ <0,883 wm
0,833<]cos(6)[<0,97, COOTBETCTBEHHO. IIpuuéM TpW TOUKM 3HAUEHUI cedeHHs
peakivy B o6NacTH ManbX YIJioB OBUIM MONYYEHb! MCKIIOUHUTENBHO C ITOMOLIBIO
FTC. WUudopmauus o Tpexax 3apsxeHHbix gactun B TEC u FTC ucnonb3opanack
JUIL WISHTU(QUKAINN Y-KBaHTOB B KadecTse “BeTo”. Ilomyuennad 3(dexkTuBHOCTE
“geT0” cocTaBmia 99,98% + 0,02%.

I'naBa 4. TpexoBasi cuctemMa Ha 0a3e «MarHMTHBIX» KaMep B JKCIepHMeHTe
HERMES (DESY).

OcnoBHoilt 3apaueli akcriepumenTa HERMES sBnsercs usydeHue COMHOBON
CTPYKTYPBI HYKJIOHOB IyTEM WCCIEIOBaHMS WHKIIO3UBHBIX M IOJNYHHIITIO3UBHBIX
TPOLIECCOB TyG0KO-HEYNPYroro pacCestHUs MONIPU30BAHHBIX IO3UTPOHOB (IJNEK-
TPOHOB) Ha MONAPU3OBAHHBIX MUIIEHIX U3 BOJOPOAA, AeHTepHs U renus-3. DKcIe-
PHUMEHT, B OTJIMYUE OT NpeIblXyIIUX, 03BONAET H3y4aTh IONYHUHKIIO3UBHEIE IIPO-
LIeCChI, UCIIONB3YS NETeKTHPOBAHHE aJPOHOB B COBNAAEHUM C PACCEIHHBIM JIENTO-
HOM. J[JIs CYHIECTBEHHOTO YNPOUIEHHUs aHalu3a AaHHbIX, MONYyUCHHbIX B YCTaHOBKE
HERMES, mpeaycMOTpeHa BO3MOXXHOCTh UASHTH(UKALMY THUIA aJpOHOB (IIPOTO-
HBI, TIOHBI, KAOHBL).

Okcnepumenr HERMES mpoBomutca Ha yckoputene HERA B umccnenosa-
tensckoM LeHTpe DESY B r. I'amOypre, I'epmanud. Yekopurens HERA npencras-
et co0oi Mo3UTPOH-NMPOTOHHBIM Korutaizep. Ilongpu3oBaHHBIN HO3UTPOHHBIH
My4OK UMeET SHEPTHIo 27.5 I'3B, NpOTOHHEIN My4OK HE NONIPU30BaH U €T0 SHEPIus
- 920 I'sB. B skcnepumerte HERMES ncnonb3yercss nosspHu3oBaHHbINA TTO3UTPOH-
HBIM MYYOK, KOTOpPBlH paccenBaercd Ha razoobpas3Holl "(puKkCUpOBaHHONH" MULIEHHU.
VrioBoit 3axBar ycraHoBKkH coctaBnsieT +(40+140) Munnupaniad B BEPTHKAIEHOM
HanpasieHuu H +(0+170) mMwupaadad B rOpU3OHTAIBHOM HalpaBieHuu. Takum
o6pa3oM, IOIHBIH AMAaNa3oH yIJIoOB paccesHusa cocrasiger 40-220 munnupanua.
D70 3a1aeT MakCUMANBHO BO3MOXKHYIO KMHEMaTH4YECKy0 00acTb, B KOTOPOil aHa-
JTU3UPYIOTCH JaHHBIE.

Herextop HERMES npencrasnsier co0oif MarHUTHBIM CIIEKTPOMETP, BKJIO-
yarowuid B cebd TPeKOBble HETEKTOPbI M AETEKTOPHl A1 MISHTU(UKALMK YacTHL.
HanpsoxerHocTs MarHuTHOTO moisi coctaaseT B=1,3TMm. YrioBo#l 3axBar OeTek-
TOpa pa3feNeH Ha BEPXHIOI M HIKHIOI YacTH METalUIM4ecKOM IUIMTOH, KOTopas
3AIIMINAET MO3UTPOHHBII U NPOTOHHBIH ITYyYKH YCKOPUTENS OT BAMAHNS MarHUTHOrO
nonst marauta HERMES. B yctaHOBKe CYIMeCTBYeT CHCTEMa UASHTH(HKALIMY Yac-
THL MpeJHa3HaueHHas AJA paslelleHus IO3UTPOHOB, IMOHOB, POTOHOB U KaOHOB
TRD cy>xuT I pa3feieHus] MO3UTPOHOB U [TMOHOB M UMEET BBICOKYIO 3P deKTHB-
HOCTH Takoro pasmeneHus (90%) mpu sHepruu uvactuy Gomsime 5 '3B. Tpekopas
4acTh JETEKTOPa COCTOUT U3 CNeHYIOUINX OCHOBHBIX 3neMeHToB (Puc.16): BepmuH-
Heie kameps! VC, npeiidoBble BepiinHHbie kamepsl DVC, mepennue apeiiosbie
xamepsl FC u 3annue npefidorrere kamepsl BC. BHyTpu 3a3opa crieKTpomeTpuye-
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CKOr0 MarHuTa ycTaHOBJeHa paspaboTaHHas u co3faHHas B [THS® TpekoBas cuc-
TeMa Ha 6a3e nponoplroHanbHbIX kamep (MC-criekTpoMeTp).

Tpeku 9acTHL, KOTOphIE MOMYYAIOTCA B PE3YNIbTaTe PEKOHCTPYKLMH, AENATCA
Ha 2 rpyINIibl: «UIMHHBIE TPEKH» U «KOpoTKue Tpeku» (Puc.16).

- «JInMHHBIE TPEKHU»
Koporknit BC34  0Opas’oBaHHbl  YACTHLAMH,
Tpek a1 NpOLICAIIMMHA 4Yepe3 Bech

cnexrpometp HERMES.
OHM pEeKOHCTPYUPYIOTCS
BEpIIMHHBIMU KaMepamH
VC u npelioBeiMU Ka-
Mepamy, YCTaHOBJIEHHbI-
MH KaK 10, TaKk M HOCJe
maraura DVC, FC, BC.

- «Koporkue Ttpe-
) KHM» PEKOHCTPYHUPYIOTCS C
TIOMOILBI0 BXOJHBIX Tpe-
KOBBIX JIETEKTOPOB, YCTa-

A4

Marnut HOBJICHHBIX TII€pen Mar-
HERMES HHHHHLH‘/’( - HUTOM, u MC-
TPek CTIeKTpOMeTpa,  pasme-

IIEHHOI0 B 3a30p€ CIIEK-
TPOMETPUYECKOTO Mmar-
HHTa.

Puc.16. Tpekosas cucrema. [IpuHumn pasneneHus
JUTMHHBIX U KOPOTKHX TPEKOB.

MC-criekTpoMeTp
SIBJIANCS OLHUM M3 NPUHUMIHMAIBHO BaXKHBIX KOMIOHeHTOB jgetekTropa HERMES
[29,30], koTOpBIit MO3BOJIAET:

- pa3zenaTh MHOTOTPEKOBBIE MPOIIECCH! IPH PEKOHCTPYKLHHU COOBITHIA;

- OCYIIECTBJIITh MMITYJIbCHBIH aHAJIN3 HU3KOIHEPreTHYHBIX MPOLYKTOB pac-
naja 3a CYyeT NETEeKTHUPOBAHMUS U PEKOHCTPYKLIMH TPEKOB YaCTHILl C MaJbIMU HMM-
IMyJIbCAMH, KOTODbIE BBIXOIAT 3a Mpelebl MarHuTa, He Ionajas B 3alHIOI TPEKo-
Byto cuctemy HERMES(a).

OTO MO3BOJIAET U3y4aTh MOJYHHKIIO3MBHBIE PEakLUMHU, KOTOpble TPeOyroT
JETEeKTHPOBaHWs M ONPENeNeHHs TPaeKTOpUi MPOAYKTOB pacrana HecTaOMIbHBIX
YACTHI, KOTOPBIMH, HAMPUMEP, MOTYT OBITh MHOHBI WM TPOTOHB OT pacmama A’
TUIIEPOHOB.

Kaxnpiit MC 610k cocrout u3 Tpex moxnyneit: MC1, MC2 u MC3. Otznens-
HBII MOZYJIb COAEPKUT TPEX INIOCKOCTH, B KOTOPBIX aHOJHBIE MPOBOJOYKU HMEIOT
TPY pas3iM4yHble opueHTauuu B npoctpanctse U(-30°), X(0°) u V(+30°). IIpoBonoy-
ki B X-TUIOCKOCTHM HAaTAHYThl BEPTUKAIBHO C I1arom 2MM. Kameps! pacrnonaratorcs
B 3a3ope marHura netektropa HERMES u oxBarbiBaioT yrioBoif nquanazon 40 <
|6BepT.| < 140 MuuMpazuaH MO HAIpPaBJIEHHIO BEpTHKalbHOM ocH "V" u 0 <
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|6ropums. | < 170 MummMpaivad N0 HanpaBiISHMIO FOPU3OHTANBHOU ocu "X, UTo
COOTBETCTBYET BXOJHOMY yrity nerekropa HERMES.

To, uto MC-CIIEeKTpOMETp pasMeIlaICs BHYTPY MarHuTa, Hal0XHIIO )KECTKUe
TpeboBanus Ha koHCTpykuuo MC. B gacTHOCTH, TpeOoBaHUe dKcliepuMeHTa obec-
MeYUTH MaKCUMaJIbHBIH BEPTHKAJIbHbBIN 3aXBaT YacTUL, KMarHUTHBIMH KaMepaMu» B
YCIIOBUSX OIPaHUYEHHOr0 NPOCTPAHCTBA MEXIY MONOCaMy MAarHUTa ¢ HEU30eKHO-
CTBHIO MPHBOAMIO K HEOOXOXMMOCTH PE3KOTO YMEHBIICH!S LIMPHUHE! HECYIHX allio-
MUHMEBBIX paM Kamep. MX IJIMHHBIE CTOPOHBI OBUIM OYEHb Y3KHMH M ITO3TOMY HE
obecrieuuBanu TpeOyeMOll KECTKOCTH, a 3HAYUT - MEXaHHYECKOM YCTOHYMBOCTH
MC. B pesynsraTe pambl Iporubaiich B BepPTHKaIBHOM HAIpaBICHMM Ha TaKylo
GOJBIIYI0 BEIMYMHY, KOTOpPas ¢ TOYKU 3peHus ycroiumBoctu pabotsl MC cosep-
weHHo Henomycruma. IIpo6iema

O Kopotkne tpexn (DVC+FC+MC) OKasajach OYEHb CEpPLE3HON U OT
s [| @ HdmmnuieTperu (DVCHFCHBC) ee pelleHus 3aBHceNa peanbHas
g O Koporene peien (FG+MC) O3MOXKHOCTh CO3H@aHUA Kauec
= @ Jmnubie Tpekn (FC+BC) BO3 Tb A T
S BEHHOr'0 CHEKTPOMETPa Ha OCHOBE
<, e B oF MC BHYTpU MaTHHTA.
© - » £ 21 o
g o 7 o o o Pemenue OblIo  HalingHo
L g o
! ®H v En g nyTeM pa3palboTKH CIeUHanIbHOTO
1 i 1 ] 1
o ; pye T MeToJa KoMIeHcauuu Jedopma
P Gevie iy pam. s Toro, 4ToObl MUHU-
rud
- MU3UPOBATE Pa3pyLIAIOIIEE BIIHS-
2.3 [ -
—- HUe Je(opMauuil Hapy>KHBIX pam
T W o
.ﬂ Ha pabory MC, Gblna mpennoXeH
v - W pearn30BaH KOMITEHCALHOHHbIH
O - ; S8 ooy opom g METOJ, BKIIOYaowWuii B cebsa cra-
2N R THYECKYI0 W JMHAMUYECKYIO CO-
0 bt ; - T cTapifIomye. BeUI0 MOATBEpIKIE
T, GeVie HO 3KCTIEPUMEHTANIBHO, YTO paspa-
Puc.17. FmnynscHoe U yriioBoe paspelueHus, OoTaHHBIM MeTon KOMIIEHCAaluy
MTOJIYYCHHBIE AJ181 KOPOTKHUX M UIMHHBIX Tpe- ﬂe(bopMaupH/I TOHKMX TOOOEPKU-
KOB, MpPU Pa3IMYHBIX KOM6I/IHaLlI/ISIX HCII0JIb~ BaIOLINX paM MC 3(1)(beKTI/IBHO
30BaHusl MHGQOpPMALMK C Pa3sjIMYHBIX TPEKO- NPEeOTBPAILAET NPAKTHIECKH JIHO-

BEIX JCTCKTOPOB. Oble MeXaHWYECKHe HEe CTaOHIBHO-

CTU paM U rapaHTHpyeT CTabumb-

Hy10 paboTy AeTeKTopoB 6€3 10CTyNa B TeUEHUE MHOTHX JIET.
B xoxe sxcrnepuMerTa OpU10 HOKa3aHo, uTo 3hdexTuBHOCTH WI0cKocTeit MC
ISl PEKOHCTPYHMpPOBAHHBIX COOBITHH, BbIAENeHHbIX ycTaHoBkolt HERMES mns gac-
TUL ¢ 3Heprueii 6onee 3 I'3B, Haxonsrcs B amamazoHe 96.8%+99.6%. Ilpu atom
s dexrusnocTs peructpauny «MC kamepaMu» KOPOTKUX TPEKOB, KOTOpBIE AETEK~
THPOBAIMChL MepenHed TpekoBoil cucteMolf ycranoku HERMES, cocraBnsger
npaxtrdeckd 100%. Kpome storo, B paboTe 3aMeTHOE MECTO OTBEIEHO METOIMKE
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9KCIIEpUMEHTa, a HMEHHO, HCCIEIOBaHMIO XapaKTePUCTHK pabOoThl NPOIOPLIHO-
HaJIbHBIX KaMmep, YCTaHOBJIEHHBIX B 3a30pe CIIEKTPOMETPHYECKOTO0 MarHura, KOTo-
pble MO3BOJISIOT PEKOHCTPYHUPOBATh TPEKH HU3KOIHEPTeTHYHBIX uacTul. [IpoBeaeHo
HCCIIENOBAHUE YTIIOBLIX U UMITYJIbCHBIX XapaKTepPUCTHK CIIEKTPOMETpa JUIS TPEKOB,
PEKOHCTPYHPYEeMBbIX ¢ moMoiipto «MC kamepy.

Ha Puc.17 noka3aHel UMITy1bCHOE M YTIJIOBOE Pa3pelieHHs, TOJyYEHHbIE 1
JUTMHHBIX ¥ KOPOTKHX TPEKOB YaCTHI IPH Pa3IMYHBIX METONAX yueTa MHPOpMaLUu
¢ mepeaHeld yacTu TpekoBod cucteMsl yctaHoBkM HERMES. Bugno, 4TO Hamiyd-
IIUH pesysbTaT HOCTHIaeTCs, €CIM B PEKOHCTPYKLUM ydacTBYIOT «MC Kkameps»
COBMECTHO C TpPEKOBBIMHM JETEKTOPaMHM, pa3MEIUEHHBIMU TE€pel MarHUTOM
(DVC+FC+MC). B atoM ciyyae HMITyJIbCHOE M YIVIOBOE pa3pelieHus A1 KOpOoT-
KHX Y JUTMHHBIX TPEKOB OY€Hb OJIU3KU.

B 4acTHOCTH, KOPOTKHE TPEKH MIPAIOT BAXKHYIO POJIb IS aHAIK3a COOBITHIL €
poxneHueM A°-runepoHos. I11oH, 06pa3oBaHHEIl pH pacnane A°-4yaCcTHIbl, UMEET
MEHBIIUI UMITYJIEC YeM MPOTOH, U YacTo (mpubnusutessHo B 50% ciiydaes), rpo-
XOIUT TOJIBKO Yepe3 HEpeIHIOK YacTh CIEKTPOMETPa U MPONOPLHOHANIbHEIE KaMe-
PBI, TIOCTIE YEro M3-3a CHILHOTO OTKJIOHEHHS MarHUTHBIM IIOJIEM "BBLIETAET" U3 yC-
TAHOBKU H €0 TPEK MOXET ObITh PEKOHCTPYHUPOBAH TOJBKO ¢ HcHonb30BanneM MC.
Ba)XxHO OTMETHTb, YTO BKJIaJ KOPOTKHX TPEKoB AeTekTHpyeMblx MC, cTaHOBHTCA
eme Oojee CyLIECTBEHHBIM IIPH M3YYEHUH IPYTHX MPOIECCOB, B KOTOPbIE BOBJIEYE-
HbI YacTHLB! 00JIee MacCHBHBIE, YeM A-THUIIEPOHBI.

I'mapa 5. HMcciegoBaHue NpoLeccoOB CTapeHHsl JeTeKTOPOB YacTul, pado-
TAIOMWHUX B HHTEHCHBHLIX MOJSX H3JTyYeHHU i

Ceroans, B anoxy bonbuoro Axponnoro Komnalinepa (LHC) panuaunonHas
CTOMKOCTB CTalla Ype3BbIUaiiHO BXKHOI pabouel XapakTepHCTUKON ra3opa3psaHoro
IETEeKTOpa, COMOCTaBUMOH IO BaXXHOCTU C €ro 3(Q(eKTHBHOCTHIO, OBICTPOAEIHCTBH-
€M U IPOCTPAHCTBEHHBIM pa3peieHneM. To 00yCIOBIEHO TeM, YTO pagHalliOHHAas
CTOMKOCTh COBPEMEHHBIX IETEKTOPOB JOJIXKHA OBITh, 1O KpaliHeli Mepe, Ha IIOPAN0K
BbIILIE BEJIMYMHBI, NOCTUTHYTOM B paHee BBINONHEHHBIX JKCIEpUMEHTaX. Takum
obpazoM, ucciaenoBanue 3QQGEeKToB CTapeHHs 3THX HOBBIX AETEKTOPOB SABJIAETCS
MPHMHLIUITHATIBHO BaXKHbIM U CBOEBPEMEHHBIM.

B 3Toll rnmaBe aHaNM3MpYeTCS ONBIT CO3LAHUA pagHalliOHHO-CTOHKUX IETEeK-
TOPOB, HAaKOIUIEHHBI! HaMU B XOZAE CO3JAaHUsI M HUCCIEIOBAHUS Pa3JIMYHBIX THIIOB
razopaspsAAHbIX JETEKTOPOB Ul TakuX dKcrepuMeHToB, kak ATLAS, CMS, LHCb
B IUEPHe (LlBefinapus) 3a 1996-2004rogsl. Ha ocHoBaHuM 3TOro oOmbITa ObLIa
NpeaIoKeHa W Pealn3oBaHa METONUKa IPOBENEHMA HccienoBaHuit (M ONTHUMH3a-
LIMK) PagualMOHHBIX CBOMCTB ra3opaspsOHbIX JETEKTOPOB IyTeM HX «OBICTPOro
CTapEHUA» U 3KCTPAIO/ALHUHU TONYYEHHBIX PE3YIbTaTOB Ha MapaMeTphl AETEKTOPOB
npu oOpIYHOI (B AecATKM pa3 Gojee HU3KOM) ckopocTu HaGopa Jo3bl 00JIydeHus.
Peanusaumsd nogoGHOrO Mmoaxoa IIO3BOJIAET ONTHMH3UPOBAaTh paJMalUOHHYIO
CTOMKOCTb IETEKTOPOB Ha 3Tale UX MPOEKTHPOBAHUSA U UCCIIENOBAHUSI.
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B paboTe aHAMM3MPYIOTCA pe3yJbTaThl MCCIeIOBaHHil CBOMCTB pasiHuHBIX
THIOB AETEKTOPOB IPHU UX paboTe ¢ pasTudHbIMU Ta30BBIMH CMECSIMH, 00CYKIar0T-
Cs pe3yNbTaThl UCCIEN0BaHUs BIMSHHA IPOCTPAHCTBEHHOTO 3apsia Ha BEIHYHUHY
ko3¢ ¢uurenrta razosoro ycuneHus (KI'V) metektopa mpH OCYIIECTBICHUM YCKO-
PEHHOTO CTAapeHHs COBPEMEHHBIX a30BBIX AETEKTOPOB HAXOAAIIErOCH B palualli-
OHHBIX NOJAX Pa3IUYHON IIOTHOCTH. AHATHM3UPYIOTCS OCOGEHHOCTH H3MEpEeHHs
KI'V mnd ra3oBeIx cMeceil, B KOTOPBIX BO3HUKAeT CTPUMEPHEBIN paspsax u T.14. [31-
33].

5.1. llpumenenue s1aepHO-PH3IMYECKUX METOJOB 151 HCCIEA0BAHMSI NIPOLECCOB
CTapeHUsl JeTeKTOpPOB.

Briepsrie B MUPOBOH NMpPaKTHKe HaMK ObLI YCIENIHO NMPUMEHEH METO[ suep-
HBIX peakuyit (MeToa NRA) mis vccnenoBaHus Pa3BUTHs NPOLECCOB CTAPEHUS Jie-
TEKTOPOB IYTEM aHAiW3a paclpeieseHHs KOHLEHTPAIMOHHBIX Ipoduiieil nerkux
JJIEMEHTOB 110 IJIyOKMHE aHOIHBIX IpOoBONoYeK auameTpoM oT 20 no 50 MHKpOH,
KOTOpble Ipeanosaranochk NPUMEHNTD UL pa3indHbiX fetektopo B IIEPHe B axc-
nepumentax CMS, ATLAS, LHCb u t.x. TIpuHUHNHANbHO BAXXHEIM JIOCTIDKEHHEM
OBUIO TO, YTO METOA IMO3BOJMJ OCYHIECTBIATh KOJNMYECTBEHHYIO OLEHKY paclpe-
IENIeHUs 3JIEMEHTOB, NPUXOIIIIUX U3 Ta30BOH JaBUHbI (KUCIOPOL, YIJIEPOH, a30T,
¢TOp M T.A.) Ha BNEKTPOIbI AETEKTOPA, Kak I10 MX MOBEPXHOCTH, TaK U IO IIyOuHe.

s DeTekTHpOBaHMA W KOJWYECTBEHHON OLEHKM YIJIEpoa, KHCIOpoAa U
a30Ta B 30JI0TOM MOKPBITHH aHOAHBIX IPOBOJIOYEK B 3aBICHMOCTH OT [JIyOuHbI Obl-
JIM MICIIOJIb30BaHbl CIEAYIOLINE ANepHble PeaKklliy dJIEMEHTOB ¢ AefiTpoHaMu U Ipo-
TOHaMH:
2C+d— PC+p+2.722 MaB %0 +d — 0 +p + 1.049 MaB
N +d— "N+p+1.305 MsB PF+p—"0+0a+Qp,
rae Qg — 3Heprus, BblaesseMas B peakiun

[MpunmunmianeHoe npeumyecTso Meroga NRA (110 cpaBHEHHIO € IPYTHUMH)
3aKJII0YaeTCs B TOM, 4TO HETEKTHPYEMble NPOAYKTHI SIEPHBIX peakUuil UMEIT
SHEPrHUIO 3HAYUTENBHO BBILIE IHEPTUU YaCTHL,, KOTOphIE YIPYrO PacceruBaloTCs Ha-
3a] OT TSIKeJIOH MaTpULBl OCHOBHOI'O BElECTBA. TakuM 00pa3oM, CUI'HaNEl OT Jier-
KHX 3JIEMEHTOB JETEKTUPYIOTCS B TOH 00/acTH SHEpreTHYecKoro CreKTpa, rae GpoH
MPaKTUIECKU OTCYTCTBYET.

MeronvKa NPUMEHEHHS METOIa AAEPHBIX Peakuuil AN UCCIEIOBaHUS pa3BU-
THs MPOIIECCOB CTAPEHMs IETEKTOPOB ObliIa pean3oBata U oTpaboTaHa Ha 3IEKTPO-
cratrnyeckoM yckopurene IIMA® PAH ¢ maxcumanbHoil sHeprued wactun 1.7
MbB. [Tomy4eHHble HaMH 3KCIIEPUMEHTANbHbIE PE3YNbTaThl, ACHO JEMOHCTPHPYIO-
mye BICOKYH0 3((PeKTUBHOCTh MPUMEHEHHS METOA SNEePHBIX peakuil s uccie-
JIOBaHMA [IPOLECCOB CTAPEHUS IETEKTOPOB, IIpecTaBiIeHs! B paborax [34-37].

PaspaGotan meton NRA, MO3BONMBIIMIY TPU MCCIGAOBAHUM PaIHALUMOHHOM
CTOMKOCTH AETEKTOPOB:
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- IeTeKTHpOBaTh U NPOBOJUTh KOJHYECTBEHHBIN aHANIU3 BCEX JIETKUX 3Je-
MEHTOB (Kuciopom, yriepon, ¢pTop, a30T), KOTOpble MPUXOIAT U3 Ta30BBIX CMECel,
NPUMEHSEMbIX B Fa30HAINOIHEHHBIX HETEKTOPAX, Ha SNEKTPOXB! U KOHLEHTPHPYIOT-
Csl B MaTepuasie 3JIeKTPOJIOB.

- OTHO3HAYHO MpPOJEMOHCTPUPOBATH KIIFOYEBYIO POJIb KHUCIOPOJa B MEXaHU3-
Me Pa3BUTHS NPOLECCOB CTapeHus (paciyXaHus) MpOBOJIOYEK;

- IOETeKTUPOBATh 3apaHee HelpenckasyeMble pacrpeneleHus KUCIopola U
JPYTUX JIETKUX 3JIEMEHTOB BIOJb IIPOBOJIOYKH (CM., Haripumep, [36]).

5.2. Oddexr pacnyxaHus aHOAHBIX NPOBOJOYEK — NPUHUMIIMAABHO HOBBIIi
MeXaHM3M CTapeHUs ra3opaspsiiHbIX AeTEeKTOPOB YaCTHL MpH GOJILIIMX N03aX
00/1y4eHusl.

OOBryHO 3G PEKT CTApeHNs BBI3BIBAIOT IETPaJAlMI0 TIOBEPXHOCTH KaK aHOM-
HbIX, TaK U KaTOJHBIX 3JI€KTPOJOB, KOTOPasd BO3HMKAET B BUAE OCAIKOB». DTH OT-
JIOXKEHWS, KaK MPABWIIO, NMPEACTABIAIOT cOOO0M Kakue-TO BHIBI MOJUMEPOB WM, B
OTHENBHBIX CIIy4YasK, MOTYT ObITh JIEMEHTAPHBIM YIJIEPOJIOM.

Heckonbko €T TOMY Haszaj NPUHLMIIHANLHO HOBBIM MEXaHU3M CTapeHus
AQHOJHOM ITPOBOJIOKY — PACITyXaHKe IPOBOJIOKH NpY OOJBIIMX HAKOTIIIEHHBIX HO3aX,
6b1n1 00HapyXeH U ONucaH B xozxe uccienonanuii [38-40], BeimonHeHHBIX OTHENIOM
TpekoBbIx netekTopoB ITMA® PAH. Dto 6blyio HOBOE SIBNIEHNE, BHI3BIBAIOLIEE CY-
ILECTBEHHOE YXYALIEHWE MapaMeTpOB Ta3oBbIX AETEKTOpOB. IIpoBeneHHbIE HCClle-
JOBaHMs MOKa3aay, 4TO NMPHHLHUIHAIBLHOE pa3iiuyue MeXIy oOHapy»KEHHBIM sBJie-
HUEM «pacIlyXaHUD» aHOIHOM NPOBOJIIOKK M XOPOIIO U3BECTHBIM NONKUMEPU3ALUOH-
HbIM MEXaHU3MOM CTapeHHUs, CBA3aHO C TEM, YTO IpU pa3OyXaHHUHU 30JI0TOE MOKpPHI-
THE pa3pyLlaeTcs oA BAMSHUEM CUJI, AEHCTBYIOIUX U3HYTPHW NPOBOJOYKU. B pe-
3yJIbTaTe TaKoro mpolecca JUaMeTp MpOBOJIOKH yBenuuuBaetcs. Ha Puc.18 mpen-
ctaBieHsl pedynbTathl SEM/XEM aHanu3za, noiy4eHHble I pasiudHbIX AT pas-
JIMYHBIX KOOPAMHAT BJOJb IPOBOJIOYKH TOCTEe HakoImieHus 3apina Q = 9Kymon/cm.

Tonbeko Tonbko
30710TO 3010TO
\
#-RAY! 0 = 10 keV
Live: 1005 Preset! 1005 Rema(ning!
Realt 1313 24% Dead
WO o
\~
Au w
A .
v €< .1 5,172 ke
A FS 4K eh 527e 161 eus)
KBX . MEM11POS C, REP 04 R WIRE, 15/0/5P

Prc.18. Oddext pacrmyxanus aHomuoi nposonouku. Puc.18a. Kpait mpo-
BoJouky. HeoOnyuyenHas 30Ha, X=-14cm. [Iuamerp — 35MKMm.
Puc.186. Lentp npoBonouku. LIeHTp 06nyueHHo 30151 [Iuamerp — 42MKM
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Taxoii aHayM3 DpoBOAMICS KaK B LIEHTpe 30Hb! 00nydeHus (X = 0 cM), Tak ¥ oajeko
3a ee IpelesiaMy co CTOPOHBI BXoxda rasza (X = -14 cm). Kak MOXHO BUIETH, 30110~
YeHHass OBEPXHOCTb INPOBOJIOKM BHE 30HbI OOIYyYeHMS OCTaeTcs IJaiKoil, Hero-
BpEeXIEHHO! U 6e3 ocafkoB. B HeHTpe >ke 30HbI 00JIy4eHHs 30JI0TOE IOKPBITHE pas-
pyLIEHO U JuaMeTp NpoBoJokH yBenmauics Ha 20% (¢ 35MkM no 42MkmM). Pexum
00JIyueHHs:: MHTEHCUBHOCTH - 1.7 MKA/cM 1 Ho3a - 9 Kii/cM Ha IpoBOJIOKY).
SEM/XEM aHanu3bl, cAelaHHblE B HECKOJIBKUX TOYKaX BIOJb IPOBOJIOKH,
MOKa3bIBAIOT, YTO OCAIKU, OOHapYKEHHbIE 3a IpeneaMy 30HbI 00JIydeHus, coaep-

X=(0cM, LIeHTp 30Hb! 00Ny eHHS.

X=+ 2cM, Kpaii 30Hb! 067yEHHS.
= — 4cM, 110 HanpaBJIEHHIO KO BXOy rasa.

{

X=+ 4cM, 10 HarpaBJIeHHIO K BEIXOALY rasa.

I
|
|
| X=— 14cwM, HeoOJIyueHHas NpOBOJIOYKA.
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KOHUEHTpaLusa KUCIOpoaa, aTomM/ch’

Puc.19. Pacnpenenenne KOHLEHTPALMK KUCI0poaa kak (pYHKLMS [y OUHbI
30JI0TOI'O MOKPBITUSA B PA3JIUYHBIX TOYKaAX BIOJIb AHOJHOM TIPOBOJIOYKH. Opld-
CHTHpOBO'{HBIﬁ MacuTao: 1MI‘/CM2 COOTBETCTBYET O,SMKM I10 TOJLIMHE.

)KaT WHTEHCHBHbIE NHWKU BOJb(pama M KUCIOpOa, a Taioke ciiensl (ropa.

YToObl MONYYUTh KOJMUECTBEHHYIO OLIEHKY PacIlpeleseHysl JIETKUX 3JIeMeH-
TOB KaK B IIyOMHY 30J0TOro mokpsitis (Puc.19), Tak BOOJb MOBEPXHOCTH HMPOBO-
souku (Puc.20) mbl mpuMeHmnd meton simepHbIx peakiuit (NRA). M3 naHHBIX,
NpeACTaBIeHHBIX HaPuc.20 BUIHO, YTO CYIIECTBYET MpAMas KOPPELUS MEexIy
IUaMeTPOM aHOIHOM IPOBOJIOKM ¥ paclpeleNeHHeM KOHLEHTpalUH KUCIOpona
BIOJIb NPOBOJIOYKH. IIpyuyeM, nosoxeHus u GopMbl IMKOB UMEIOT CHIIBHYIO KOppe-
JISLMIO ¥ XOPOLIO COITIACYIOTCA C MOJIOXKEHUEM ITyyKa.

Hcnonb3ys meton NRA, MbI BUOMM, YTO NIHKOBas KOHLUEHTpALMs KUCIOpO.a,
coOpaHHOT0 B LIEHTPE 30HbI 00IyueHus yBenuumiach 0ojee, 4ueM B 25 pas, 10 cpas-
HEHHUIO ¢ HeoOyueHHO NpoBoJIOKOH. [lanee, KOIUIECTBO KUCIOPOAa B IIPOBOJIOKE,
M3MepeHHOe BOIU3M BBIXOJHOTO OTBEPCTHUS rasa, 0Ka3ajoch CYIIECTBEHHO OoJbLIe,
YeM KOJMYECTBO KHUCIOpOJa, U3MEPEHHOe BOMH3M BXOIHOTO OTBEPCTUA rasa. DTO
XOPOLLO COIIacyeTcs ¢ pe3ysibTaTaMH, noryueHHsMI npu SEM/XEM ananuse.
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['naBHas umesi, oObAcHMOMIAsS SQ(PEKT pacryxaHus, 3aK/I0YaeTcs B Clie-
nyromeM. KUCIopon MpHHUKAET Yepe3 MMEomuecs/o6pasyolyecs opsl B 30710~
TOM TOKDHITHM M, KaKk Mbl TIPEANONaraeM, OKHC/IAeT MOA HUM Bomb(pam. Ml He
MOJKEM HCKIIIOUaTh, YTO MPU STOM HA HTOM )K€ YPOBHE MOTYT 0Gpa3OBBIBATECA U
NpyTUe COeNMHEeHuUA. B pe3ynbTarte, BCe 370 BMECTE B3STOE NPUBOIUT K 3HAUHMTEIb-
HOMY JIOKAIBHOMY YBENMYEHHIO 06beMa BONb()PaMOBBIX COEJUHEHHH BHYTPH MPO-
BOJIOKH, 4TO M CO3JAeT BHYTPH MPOBOJIOKH CHJIbI, BHI3BIBAIOIIME Pa3pbIB 30JI0TOCO
TOKPBITHSL.

[IpescTaBIeHHBIH B AWCCEPTALMM LIMPOKHI CIEKTP 9KCIEPUMEHTAIBHBIX
JaHHBIX MO3BOJISIET YTBEPXKAATh, YTO OOHAPYKEHHDIH HAMU HOBBI MEXAHH3M CTa-
PEHHsl — paclyXaHue aHOAHBIX TPOBOJIOYEK — HE SBJSETCS YHUKAIBHBIM SBICHHEM,
1 OHO TpPOSBJISIETCS IPU paboTe NETEKTOPOB B MHTEHCUBHBIX PaMALOHHBIX HOJIX.
IMpuMeHeH e Pa3IUYHBIX Ta30BbIX CMECEN U THUIIOB aHOIHBIX NPOBOJIOYEK U3MEHSET
TOJIbKO MacuiTab HposBie-
O611y4enue . Hug 0GHApY)KEHHOIO sIBJIE-
Js - — | Hua. [eranpHOE H3YyYeHHE
Add | TpOIECcCoB cTapeHus
s | aHOIHBIX IPOBOJIOYEK, H3-
3 fl ' | TOTOBNEHHBIX U3 30JI0Ye-
s / \ ! Horo Bomp(pama nEAMeT-

f \ | pom 25, 30 u 35 MEKpOH,

3 s - | OBUTO BBIMOJIHEHO NPH pa3-
J L | JIMYHBIX BEJIMYMHAX HaKo-

| IUIEHHBIX 3apsiax BIUIOTH

| mo 9Kw/cm. B uccnenosa-

JluameTp aHOa, MKM

¢

<16 -14 .12 <10 8 6 4 -2 0 2 4 6 8 10 12 14 16

Pue20a. 3 X,em . ' HHMAX HCIIOJIE30BAJIMCh Pa3-

uc.2Zla. IPQPEKT XaH HOJHOHU IPOBOJIOY-

. SamvceooT, ey MposonowH of soopuy. | WOUHG  TEROIC Cuccr:
: 3 0, 0,

HaTBI BA0Jb IPOBOJIOYKH. i:_;géggz:%géggh

. | o 2 o 45

o I e B Ar+40%C0O,+20%C,H,F,
1600 .~ Kucnopoxn
1400 44

i - Art30%C0,+10%C,H,F,.

1000 f a Bnepsele  akcnepu-

800 % \r | MeHTalbHO  OOHapy:KeHo,
]

1200

*\ L= Vraepox
i

600

4YTO TIIpU  ONPEHCICHHBIX

400

KOHHCHTpalIHﬂ, B MOHOCJIOAX

[y YCJIOBUSX T1a3MOXHMHU-
200

. _sheal o o “ YEeCKHe IpPOILECChI, BbI-

6 <14 12 .10 8 6 4 2 0 2 4 6 8 10 12 14 16 | 3bIBAIOLIUE «paciryxaHue»

Koopaunara BI0Nb NPOBOJIOYKH, CM IPOBOJIOYKH, MOTYT HATH

Puc.206. PacnipeneneHus KOHLEHTPALMK KUCIOPOA CTOJIb MHTCHCHMBHO, 4TO

W yrnepoJza BIOJIb MPOBOJIOYKH, TOJYYEHHBIE METO- BBI3BIBAIOT BBLIXOA 3Ha4u-

nom NRA. TEJIbHOTO KOJInYecTBa
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BHOBb 06pa30BaHHBIX XUMUYECKUX COCAUHEHUH, CONEPIKALIMX KUCTIOPOL U BOJIbG-
paM, U3HYTPH NPOBONOYKH HA ITOBEPXHOCTh €€ 30JI0TOTO MOKPHITHS, MPUYEM B 3Ha-
YHUTEJILHOM KOJIMYECTBE 3@ IpeaesiaMy 30HsI 00mydenns (Puc.21).

AHanu3 MOJTy4YeHHbIX pe3yJIbTaTOB [I0Ka3al, YTO, HECMOTPS Ha CYIIECTBEHHOE
pasiHuKe MeXAy HMCCIEHOBaHHBIMH 3(pdexTaMy CTapeHusd, NPHpOLA CHII, BBI3bI-
BAIOIIMX CTAPEHHE IPOBOJIOYEK, OAMHAKOBA: PACIlyXaHHE MaTepuaia NPOBOJOYKH
[OPOKOAET BHYTPU aHOOHOM NPOBOJIOKM CHIIBI, KOTOpBIE IPUBOIAT K 00pa30BaHMIO
TPEHIHH B 30J0TOM ITOKPBITHH.

IIpoBeneHHBIN aHANU3 IKCIEPUMEHTANILHBIX JAHHBIX TO3BOIUI HaM MPeiyo-

A =11 MKm

Puc.21. TunuuHele pe3yabratsl 00cne 0BaHus aHOAHOM npoBoaoky MeTogqoM SEM/XEM B
TOYKE, paCI'IOJIOﬁ(CHHOﬁ BONM3N 30HEI 06)’[}"{61{147{ CO CTOPOHBI BbIXOJA&@ ra3oBOro IMoToka.

Ouens Tonctsii cinoit (11MKM) okucH Bosb(hpama XopoLo HaGaoAaeTcs NoBepX 30J10TOr0
MOKPBITHS NPOBONOKHU. J[aMeTp NpoBoaodKH — 30MKM.

XKUTh MOJENb BOSHHKHOBEHHUS U Pa3sBUTHA «paclyXaHUs» aHOXHOW IPOBOJIOYKH, B
KOTOpO¥ paccMOTpeHa B3aUMOCBA3b MEXIY INIaBHBIMH (DaKTOpaMH, BBI3bIBAIOILUMHU
pacyxaHue 4, Kak CIeACTBUE, CTapeHHe AETEKTOpa.
5.3. MlccnepopaHue npoueccoB cTapeHHsi 00MbIUINX MIOOHHBIX KaMep /sl 9Kc-
nepumenta CMS B IIEPHe.

MrooHHas cuctema B skcnepumente CMS cocrout uz 540 XaToIHbIX CTPUIO-
BbiX kamep (CSC) 1ecTy pa3nu4HbIX THIIOB, CaMble GONBINHE U3 KOTOPEIX UMEIOT
pasMepsl 3.4x1.5 M*. Bce kamephl M3rOTAaBIHBANNCh M3 CEMHU TPANeLEHIalbHBIX
KaTONHBIX TMaHeNeH, pa3lieseHHbIX LIeCTHI0 3a30paMK BEJIMUMHON 1cM, B LIEHTpe
KOTOPBIX pacrojiarajich aHOAHBIE IIPOBONIOUHBIE 3JieKTponsl. OOmas miouame,
MOKphIBaeMas KaMepamH, cocTasyiger Goiee 1000M* (mmm 6000M7, eclny KawIyro
KaMepy CYMTaTh OTHEJBHO), a8 OOIIee YHCIO aHOAHBIX IIPOBOJIOYEK IIPEBBILIAET 2
MUJIIHOHA.
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SIcHO, 4TO HeNb3s ObLIIO HAUMHATH NPOM3BOACTBO TAKOI'O THTAHTCKOrO 06beMa
kamep 0e3 TILATEJHHOrO0 HUCCIENOBAHHA U ONTHMHU3ALMI UX CBOMCTB M, B IEPBYIO
ouepens, 0e3 rapaHTHPOBAaHHOI'O 0OecTieueHHsI He0OXOAUMOTO BpEMEHHU UX JKH3HH B
YCIIOBUSIX peaslbHOro 3kcrnepuMenTa. B xone pabot Obuin MccieoBaHbl pa3inyHbIe
NPOTOTHIEl KaMep, KOTOpble ObLIM M3TOTOBJEHBI C HCIOJIB30BAHHEM HMEHHO TeX
MaTepUaloB, KOTOPbIE IMpPEeAINoJarajioch MPUMEHHTh MpH HNpPOU3BOACTBE kamep. B
3TUX HUCCIEHOBAaHUAX MWCIOJB30BAIMCh TpPU pa3iU4Hble TIa3oBble CMECH
30%Ar+50%C0,+20%CF,;, 30%Ar+70%CO,, u 40%Ar+50%CO0O,+10%CF, [41-
42].

OKCTIepUMEHTabHO ~ JOKa3aHO, 4TO [PUMEHeHHWe Tra30BOHl  cMmecH
40%Ar+50%C0,+10%CF, (u 20%CF4 Toxe) MO3BONSAET HAKaIIUBaTh OIKCTpe-
MaJIbHO BBICOKHE HO3bI 0OIyueHHs — BIUIOTH 1O 13 KyJOH Ha CaHTHMETD AJMHEI
AHOIHOM IIPOBOJIOYKY IpakTHYecKy Oe3 3aMeTHoro nageHus BenuyuHel KI'V. Ana-
JIU3bl NIOBEPXHOCTEH aHOOB U KaTOJLOB IOCIIE NPOBEAEHHBIX 00JIyueHHH MOKa3aly,
YTO ra3oBble CMecH, uMmerolire B cBoeM coctaBe CF,, BEI3BIBAIOT B KaMepaxX KaTon-
HBIM_THI crapeHus. 3amadeil uccienoBaHuii ¢ ra3opoii cmechio 30%Ar+70%CO,
ObLJ10 MOATBEPAUTH NMO3UTUBHYIO posb CF, B MPeROTBpallleHUH CTapeHNs aHOAHbIX
npoBosiouek. ITony4deHHsle pe3ynbTaThl Nokasany, 4yto orcyrcrsue CFy npuHuMnm-
aTbHO U3MEHMIIO XUMUIO 00pa30BaHMUs OCAJKOB U Pa3BUTHS MPOLECCOB MOJIUMEPHU-
3allMM 1O CpPaBHEHMIO C TOM, KOTOpYyl0 Mbl Habionamu Uil ra3oBoi cmecu
30%Ar+50%C0,+20%CF,. B wacTHOCTH, B 3TOM Ciyyae B KaMepe pa3BHBAJICH
AHOJHbIN THII CTAPEHUS, @ BPeMS JKU3HU YMEHbBIIAETCS B NECATKHU pas.

ABTOp BBIHOCHT Ha 3aLMTY CJledyloLiHe pe3yabTaThl:

1. Paspaboran u co3maH MOJHOMACIITA0HBINH AETEKTOpP MEPEXOJHOr0 U3IIyde-
Hust (AITH), xoTopblii 6611 YCIIEIIHO NPUMEHEH B cepuu skcnepuMeHToB (E-715, E-
761, E-781), npoBeNeHHbIX Ha TMIEPOHHbIX MyykaX B JlaGopatopuu uMm. O.0epmu
(Fermilab, USA) 3a nepuox ¢ 1981 no 1998rongs!.

1.1. Muoromonyneneiii IIIM c paGoueii ameptypoit 1,0x0,6M U MajbIMu
GiryxTyauuamMyu ko3Q¢HULUUeHTa ra3oBOro ycujeHus no miomanu (Menee 12%)
obecrneyns peKOpIHYI0 PEXEKLUIO IH-MHUHYC ME30HOB, KOTOpas cocTaBWia Rm 2
1.8x10° npu 3¢dexTHBHOCTH perucTpanyu 31eKTpoHoB e = 99,7%. B xome skcre-
pumenTta E-715 6pun paspaboTaHbl M peanu3oBaHbl anroputmsl pabotel JIIH B
cocTaBe JKCMNEPUMEHTAIbHOW YCTaHOBKH, 00eCIeunBarolyieé MakKCUMalbHO BBICO-
KUl KO3(Q(UUHEHT pexeKUnH T - ME30HOB. OTU aJrOPUTMBI OBbUTH YCIELIHO NpH-
MEHEHBI BO BCEX ITOCIEAYIOIMX dKCIepUMeHTax ¢ ucrons3oBannem JITH. ITpume-
Henue JIIM B sxcniepumente E-715 mo3Bonuio HagexHO BBLAENUTh OeTa-pacnaibl
MOJIAPU30BAHHBIX CHUIMa-MHHYC THIIEPOHOB ¢ uMITyjibcoMm 250 I'sB/c Ha ¢oHe B
1000 pa3 Gojiee MHTEHCHBHOIO KaHaja pacliafia ¥ — N7 . BbUIO MMOKA3aHO, YTO
BOIPEKH MMEIOLIMMCS B TO BpEMsI SKCIIEPUMEHTAILHBIM JaHHBIM, [TOJTyYeHHas Be-
JIMYMHA 3J1EKTPOHHON aCCUMETPHUM B U3y4yaeMOM pacraje o4eHb Ou3Ka K npeacka-
3aHHOI U cocTaBiseT o, =-0.53+0.14.
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1.2. Hcnone3oBanue [IIH B sxcriepumente E-761 1O3BONMIO HAJEKHO BBI-
IEUTh pafualloHHbIN pactaj ¥, — py U HCCIIe0BaTh ero aCHMMETPHIO Ha (oHe B
400 pas Goee MHTEHCHBHOM peakuu Y — pn’ — p2y, KMHEMaTHKa KOTOPOH Io-
JNoOHa KMHEMaTHKe MCCIeAyEeMOro Irpoliecca, a B KOHEUHOM COCTOSHUH 00pasyroTes
Te ke yacTuirl. B aTom sxcnepumente JTTH Osit npuMeHeH B HOBOM Ka4yecTBe: OH
SIBJIAJICS KJTFOYEBBIM 3JIEMEHTOM (DOTOHHOI'O KAJIOPHMETpa ¥ BIEPBbIE UCIIOIb30BAII-
Cs Kak raMMa-JeTeKTOp C BBICOKMM IPOCTPaHCTBEHHBIM pa3peHICHUEM
(FWHM=~2MM). B 3TOM ke 3KCepUMeHTe OBbIIM [I0/IydeHbl HOBBIE JaHHBIE IO pa-
JUaLMOHHBIM pacliajaM, MONAPU3alMK ¥ MarHUTHEIM MOMEHTaM pa3lIUYHBIX THUIle-
POHOB, BKovast = u ) .

1.3. SELEX cnektpometp (9kcnepumeHT E-781) Opu1 opueHTUpOBaH Ha H3Y-
YeHHe MIMPOKOTro Kiacca SAEPHBIX peakiuif, CBA3AHHBIX C POXKAECHHEM O04apOBaH-
HbIX 6apHOHOB M uX pacnazamu. CTpyKTypa CIeKTpOMeTpa NpenycMaTphBaia BO3-
MOXHOCTb PEKOHCTPYKLMY ABYX BEPIIMH C XOPOIINM HPOCTPAHCTBEHHBIM H, COOT-
BETCTBEHHO, YIJIOBBIM paspellieHHsAMU. BaxHelmell 0cobeHHOCTEIO CIIEKTPOMETpa
SELEX sBuioch HalHyue CHUCTEMbI [OJIHON MACHTHQUKALMK YacTUL, KoTopas Ga-
3upoBayiach Ha co3gaHHoi B IIMSA® tpexomoit cucreme conepxameii nsa JITH
(TyYKOBBIA U 3JIEKTPOHHBIN) M 26 NpONOpUMOHANbHBIX kKamep. TONbKO 3a MocIel-
HHE HECKOJBKO JieT ObUIa TOJIydeHa CEepHs COBEPLICHHO HOBBIX (U3HYECKHX pe-
3yabTatoB. Crofa BXOJAT: U3MEPEHHE BBIX0I0B Ac, D, D’ u D* Ha My4kax £ , T o
p; Gosiee TOUHOE U3MEPEHUE BPEMEHH KU3IHU Ac; BIEPBbIe ObLI H3MEPEH 3apAA0BbIH
pamuyc I ; NoyueHs! HOBble HaHHBIE 1O TIONAPU3aLUU THIEPOHOB U T.A.

2. JIna uccnenoBanus 3(h(eKTOB KaHATMPOBAHWSA U (DOKYCHPOBAHMA IIPOTO-
HOB ¢ 3Hepruelt 1 B MoHOKpucTaiaMy OblIM paspaboTaHbl U CO3JaHbI ABE Tpe-
KOBBIE CHCTEMb! Ha 6a3e NMPONOPLIMOHATIBHBIX KaMep ¢ pasiIuYHbIMHE METOJaMU Ché-
Ma uHpopMaluy, paboTaloMUe COBMECTHO C AETEKTOPOM HOHH3ALMOHHBIX HOTEPE.
ITpoBeneHHbIil B AucCepTaLMy aHANM3 [I0Ka3ajl, YTO COBMECTHOE HCIIOJIb30BaHME
3TUX ABYX METOZOB (TPEKOBas CUCTeMA U JETEKTOp MOHM3ALMOHHBIX IIOTEpPh) 3Ha-
YHUTEIILHO YBEIMUUBAET HAIEIKHOCTE U KaU€CTBO HOJly4aeMbIX Pe3yibTaToB.

2.1. Bblcokoe yriioBOE pa3pellieHie SKCIEPUMEHTaNbHON YCTAHOBKH I103BO-
JIMJIO 0Ka3aTh BO3MOXKHOCTh ITOBOPOTA IyUKa NPOTOHOB ¢ 3Heprueit 1 I'sB n3oray-
TBIM MOHOKPHCTA/UTOM Ha yroji 11 Mpal, a Takxke pa3fenurs 3QQekTsl A1 paziauy-
HBIX KpHCTAJUIOrpadudecKuX IUIOCKOCTE! M OLEHHTh BEPOATHOCTH 0OBEMHOIO 3a-
XBarTa B pexXuM KaHanupoBanu a1 1 I'sB npotoHoB B kanan mnockoctH (111).

2.2. 3a cueT 1npeleNbHO BBICOKOIO IPOCTPAHCTBEHHOIO paspelleHus
(0<50pum) xamep, BXOAJIIMX B COCTaB HOBOM TPEKOBOM CHCTEMBI, YAANOCh 3KCIE-
PUMEHTAIBHO IPOAEMOHCTPHPOBaTh 3(PPEKT yrioBoii (OKYCHUPOBKM KaHalIUpyIO-
IUX NPOTOHOB ¢ 3Heprueit 1 9B u30rHyTHIM MOHOKpHCTaIOM. B pesynsrare, B
(oKaNbHOM MIOCKOCTH W30THYTOrO KpUcTaslla OblT OOHApY)KeH y3KMil DHK IIHpHU-
HOM 0.65+0.05 MM, 4TO COOTBETCTBYET YITIOBOM DPacXOAMMOCTH, OIpenesseMoi
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yrinoMm Jlusaxapaa (0.12 mMpam) mis gaHHOHM KpucTamiorpadudeckod MIOCKOCTH
(111).

3. Paspabotan u co3naH TopueBoii nerektop (FTC) Ha 6ase nmpeitdoBbix Ka-
Mep [is sKkcnepuMeHTanbHoi yeraHoku L3 (LEPH, Ilseitiapus). Jerexrop FTC
npefHasHayalIcsd IJIsI PErMCTpalii KOOPAMHAT YacTHLl B AWana3’oHaX MOJAPHBIX
yrmoe 14° <6 <35° u 145°<0 < 166°, xoTopble He NepeKpHBAIOTCA Z-KaMepamu
nenTtpanbHoro nerekropa TEC.

3.1. B merextope FTC ¢ xaxnoit u3 320 aHOOHBIX IPOBOJIOUEK PETHCTPUPO-
B&JIKCh IBE KOOPAMHATHI yacTWUlbl. Ilepeas xoopauHaTa m3Mepsyiach IO BPEMEHU
npeida u obecneyrBaia NPOCTPAaHCTBEHHOE U yrioBoe paspemieruss FTC Ha ypos-
He: He xyxe o < 150 Mmxm u AO<10 Mpaz, cooTBeTCTBeHHO. BTOopas KoopauHaTa
U3MepsIaCh METOJOM JENeHUs 3apsja. BriepBrle Ha HU3KOPE3UCTUBHON aHOIHOM
npoeonouke (100 om/MeTp) OblIO peann30BaHO U3MEPEHHE KOOPAUHAT TPEKOB Yac-
TUL METOJIOM JENeHHs 3apsAja C MPaKTHYECKH IMpefeNbHbIM Ul AaHHOI0 MEeTola
IPOCTPaHCTBEHHBIM paspelerueM (ox~0,01L, rae L - iiHa mpoBONOYKY).

3.2. Pa3paloTaH U peau30BaH aNrOpPUTM ONTHMU3ALKUU BCErO KOMILIEKCa pa-
60ouMX mapaMeTpoB Ipei(hoBBIX KaMep B YCIOBHAX OTPaHMYEHHOro IPOCTPAHCTBA
IUIs1 UX pasMmeluenus. TlokasaHo, 4TO THMHEHHOCTH 3aBUCHMOCTH KOOPAMHATHI TPEKa
vacThubl ot Bpemenu apeiipa (Y-T) sBngeTcd eAMHCTBEHHBIM (GU3UUECKMM KpuTe-
pHeM, BKIIFOYAIOIIM B ce0s1 BeCh KOMIUIEKC (haKTOPOB, BIUAIOIIMX Ha paboTy Apei-
¢osoit kamepel FTC. OnpuM u3 NpakTUYECKUX PE3YJITATOB NMPUMEHEHHS Npemio-
JKEHHOT0 METOJa, SBMJIMCH TO, YTO OBIIM HOCTUTHYTHI NPaKTHUYECKU ONMHAKOBLIE
ycioBus Apeiiha dIeKTPOHOB Ul BCeX Opel(OoBBIX fUeek AETEKTOpa, YTO 3HAYHM-
TEJILHO YIPOCTHJIO MPOLERYPY ero kanubposku. ITpu 3ToM MakcuManbHas Norpem-
HOCTh B ONpEeNeNeHUH KOOPAWHATBl TpeKa 4YaCTHLBI, BbI3BAHHAsS HEJIMHEHHOCTHIO
3aBUCHMOCTH «KOODAMHATA-BPEMs», He MpeBbIchia <70MKM.

3.3. PazpaboraH u peanu3oBaH B KOHCTPYKLUH AETEKTOpPAa HOBBIMA METOJ, IO-
3BOJISIIOLIMI OJJHOBPEMEHHO (HOPMUPOBATH B ApeiihoBOM NPOMEXYTKE OJHOPOJHOE
SNEKTPUYECKOE TNMONE U 3alIMINATh €ro OT pa3pyLIaloLIero BO3NEHCTBHA BHEIIHMX
3a3eMJIEHHBIX 3KpaHOB. Pe3ynpTHpylommas He0XHOPOJHOCTD INEKTPUIECKOrO OIS B
npeiigosom npomexytke moxyns FTC cocrasmna |AE /E| < 0,5%, yTo obecnednno
MOCTOSAHCTBO APEeH(OBO CKOPOCTH AJEKTPOHOB Ha YPOBHE | AV np/V op |< 0,08%.

3.4. Jletexrop Oomee 10 JneT ycremHo yuacTBOBaJl B HabOope CTATUCTHKH H
UCIOJb30BajICA B aHanu3e HaHHbIX Ha yckopurene LEP B LIEPHe mpu usyuyenun
(¢uM3MUECKUX NPOLIECCOB C YYacTHEM 3JIEKTPOHOB, (JOTOHOB, MIOOHOB U aJpPOHOB,
PO’ IAIOLIMXCA B €' € - CTOJKHOBEHHAX MpPH Hepruax 10 /s =200 I'aB. Jlauubre,
TOJTy4aeMble HENMOCPENCTBEHHO ¢ AeTekTopa FTC, okasanuch NPUHIHIHAIEHO BaX-
HBIM ¥ TIPH OTpe/IeNieHnH 3Haka 3aps/a yacTul B pacnage Z° — W™ o TpH nccre-
JIOBAHUH TIPeICKA3aHHH KBAHTOBOM 3EKTPOIMHAMUKY JUTA PEAKIMM € € —> VY.
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4. PaspaboTtaH u co3faH Ha 0a3e MPONOPIMOHATLHEIX KaMep KOOpIMHATHEIH
JeTeKTOp HH3KO03HepruuHeIX yactul (MC-nerexktop), 6onee 10 net ycnemuo pabo-
TaBIIHKi B cocTaBe sKcrepuMenTansHoi ycraHok HERMES (DESY, I'epmanus).

4.1. Pasmemenne MC-kamMep  BHYTpM  CIEKTPOMETPHYECKOTO MAarHHTa
SKCIIEPUMEHTATILHON YCTAaHOBKM  TIO3BOJIMIO PEKOHCTPYUPOBATH MHOTOTPEKOBEIE
COOBITUS M, YTO NPHHUIMIMAIBHO Ba)KHO, A0 BO3MOXXHOCTb OCYINECTBIIATH HM-
IIyJIbCHBIH aHAJIN3 HU3KOSHEPIeTHUHBIX MPOAYKTOB pacraja, KOTopble BoobIme He
Mornu ObITh 3aperucTpupoBaHbl 6e3 mHopMammy, noctynarmeil or MC kamep.
MMmynecHOE M YINIOBOE paspelleHue AT 3THX COOBITHH (KOPOTKHE TpeKH) OKa3a-
JIOCh TTOYTH TaKUM )K€, KaK M AJIs JUIMHHBIX TPEKOB, IPOLISINNX Yepe3 BCIO TPEKO-
Byto cucreMy HERMES. CrnocoGHOCTh pekOHCTPYHPOBATh KOPOTKHE TPEKH CHela-
na MC-1ieTeKTop NpUHIUIIAAIBEHO BaKHBIM NMPUOOPOM IIPY M3YUEHHM IIOLYHHKIIEO-
3MBHBIX KaHaJOB peakiuii. B 4acTHOCTH, 5TO an0 BO3MOMHOCTh H3yYaTh Paclaibl
GapuoHOB, Takux kak A,

4.2. IlpennoxeH M yCHELIHO Peany30BaH METO, HO3BONUBILMH HCIIOIb30BATh
B KOHCTpyKuMu MC-kaMep HeKEeCTKHEe HapyxHble paMbl. DTO IO3BOJMIIO MaKCH-
MaJIbHO PacUIMPUTh KHHEMaTHIeCKyI0 00nacTh aHanu3a JaHHbIX B ycTaHoBke HER-
MES.

5. PaspaCoraHa ¥ peanu3oBaHa METOHOJOTHS UCCIENOBAHNUA M ONTHMU3ALUH
panuanuoOHHON CTOMKOCTH NETEKTOPOB WACTHII, II03BOJISIONMAS AHATU3UPOBATh BO3-
NefcTBUE Kak OTHENBHBIX (akToOpoB (COCTAaB rasa, MaTepuaj 3JIEKTPONOB, YCJIOBUS
00JTy4eHHs, CKOPOCTh NPOAYBa ras3a M T.J.), TAK ¥ KOHCTPYKLIUH AETEKTOPa B LIEJIOM
Ha ero paJnallMOHHYI0 CTOMKOCTh. [IpoBemeH MMpPOKHN KOMIUIEKC HCCIIeXOBAHHM
N0 M3YYEHHUI0 PaJHaHUOHHON CTOMKOCTM HETEKTOPOB YaCTHL, KOTOpas B 3IOXY
LHC crana xiro4eBsIM apaMeTpoM IeTEKTOPOB.

5.1. IlpennoxeHo W NPOJEMOHCTPMPOBAHO, YTO METO AAEPHBIX PeaKkuui sB-
JsieTcd o4eHb 3(Q(EeKTUBHBIM UHCTPYMEHTOM [P HCCIENOBAHUM MEXaHU3MOB pas-
BUTUS paJuaniOHHOHN CTOMKOCTH HETEKTOPOB. BrepBrle B MHPOBOM MpakTHKe HC-
HOJIb30BaH METOJ SIIEPHBIX peaklui 1JId KOJHYECTBEHHBIX WU3MEpeHMi pacrpene-
JIEHWs JIETKUX 3JIEMEHTOB (KHCJIOPOJ, YITEepoA, a30T), MPUXOLALIMX U3 ra3oBoii na-
BHHBI Ha aHOAHYIO NIPOBOJIOYKY BJIOJIb €€ MIOBEPXHOCTH, @ TAKXKE MPOCIEANTh IUHA-
MHKY ABHXKEHHS STUX DJIEMEHTOB B TIyOUHY NPOBOJIOUYKH M HX OOpaTHOE IBUIKEHHE
B COCTaBE HOBBIX XUMHWYECKUX COEIMHEHUH Ha HOBEPXHOCTh ITPOBOJIOYKH.

5.2. BnepBsle 00Hapy»XeH U HCCIEIOBaH NPUHIMIIMAILHO HOBBIM MeXaHWU3M
CTapeHHsl aHOAHBIX IIPOBOJIOYEK, KOTOPBIH HasBamy - «3(Q(PEeKTOM pacIyXaHus»
TIPOBOJIOYEK.

5.3. TIpvHLUNHAIBHBIM OTIMYHEM OOHApY)XEHHOTO «d(deKTa pacimyXxaHuan
OT paHee MU3BECTHBIX «IIOJMMEPU3ALMOHHBIX)» MEXaHU3MOB CTAPEHHs COCTOUT B
TOM, YTO CWJIBI, BEI3BIBAIOIIVE AE(OPMALMIO aHOJHOM NPOBOJIOYKH, PA3BUBAIOTCS
BHYTPH MPOBOJIOYKH, Pa3pbiBas €& 30J10T0€ NOKPHITHE UIHYTPH.

5.4. DKCIepUMEHTANbHO OBUIO JOKA3aHO, YTO KHUCJIOPOJ UIpaeT KIIOYEBYIO
poJib B Pa3BUTUM IpOLIECCa CTApeHus Mpy OOJNBINMX HAKOIUIEHHBIX 033X 001y4e-

41



nud. [TokasaHo, YTO CyILECTBYET NMpAMas KOppelAlus MeXy BeTHYHHON quaMeTpa
TNIPOBOJIOYKHM U PaCTIpeAeNIeHHEM KOHIIEHTPALH KUCIOPOIa BOOJIE IPOBOJIOYKH.

5.5. BrepBble 3KCIEPUMEHTAIBHO OOHApYKEHO, YTO MPH ONpeleTeHHbIX yC-
JIOBMSIX  TNA3MOXHUMMYECKHME IPOLECChl, BHI3BIBAIOIIYIE PACITyXaHHE) MPOBO-
JIOUKHY, MOTYT MATU CTOJIb UHTEHCHBHO, YTO BBI3BIBAIOT BBIXOJ 3HAYUTEIBHOIO KO-
NMYEeCTBa BHOBb 00OPa30BaHHBIX XUMUYECKHX COEIMHEHMI, ComepiKaliuX KUCIOPO
U BOJNb(paM, H3HYTPH IIPOBOJIOYKH HA TOBEPXHOCTH €€ 30JI0TOrO IIOKPBITHSL.

5.6. IlpoBeneHbI HETanbHbIE WCCIENOBAHUA INPOLECCOB PasBUTHs CTapeHWs
IPOTOTHIIOB «MIOOHHBIX Kamep» mis ycraHoBku CMS B LIEPHe.

5.6.1. OxchmepuMeHTHl [OKa3aid, 4YTO IpHMEHEHHE Tra30BOH CMecH
40%Ar+50%C02+10%CF4 1o3BonsfeT HaKaIIMBaTh 3KCTPEMAIbHO BHICOKHE [O3HI
00myueHus — BIUIOTH IO 13 KYNOH Ha CaHTHUMETP IJIMHEI aHOAHOM IPOBOJOYKH
mpaxkTiaecky 06e3 3aMeTHOro nmaneHus Benmaunel KI'Y.

5.6.2. Haiinennasi raszoBas CMechb OKa3ajlach HacTONBKO 3({(EKTHBHOMH,
YTO MNPaKTHUECKH IOJHOCTHIO ONOKHUpOBaNa 3KCTPEMalbHO HEraTHBHOE BIIUSHHE
MapoB KPEeMHUICOAEPKAIMX MaTepHanoB, NPUIMEHAEMBIX B TEXHOJOIMH H3TOTOB-
JIEHHHM IETEKTOPOB YacTHL, Ha MX paboTy. DKCIEepUMEHTaIbHO OBIIO J0Ka3aHo, YTO
KIIOYeBYI0 poib B MeXaHM3Me OnokupoBaHusa urpaer ¢peoH CF4. B gacTHOCTH,
IpH ero OTCYTCTBHM B COCTaBe Ia30BOI CMeCH, Kamepa BBIXOAMIA IMOJHOCTHIO M3
CTpOS y)Ke Npu HakomleHHOM nose MeHee 0.1 KynoHa/cM MUIMHB! aHOJHOHM NPOBO-
noukH. IIpHYUHON 3TOro ABHUJIOCH HHTEHCHBHOE OCENaHME KPEMHHHCOIEpIKalluX
0CaJIKOB Ha aHOJHBIE IIPOBOJIOUKHU.

5.6.3. IlomyueHsl pe3yapTaThl OBUTH peau30BaHBl B (YMHAIBHON KOHCT-
PYyKLMH HOJHOMAacITaOHBIX KaMep, 4YTO IO3BOIMIO FapaHTHPOBaTh UX HAJEK-
Hy!0 paboTy B TeueHue ~30 JeT B YCIOBUAX HOMHHAIbHON CBETUMOCTH YCKOPHUTES
LHC

6. Cymmupys Bce BbILIECKa3aHHOM, HEOOXONUMO OTMETHUTb, YTO IPOBENIEH-
HbIE HCCNEIOBAHMA U pa3paboTKy CO3NaH OCHOBY ULt co3nanus B [T A® mmpoxo-
ro CreKTpa 3KCHEePUMEHTANIbHBIX YCTaHOBOK Ha OCHOBE IPONOPIMOHANBHEIX H
IpeioBBIX KaMep C paslUYHBIMH THIAMH CheMa HH(pOpMaluy (10-KaHaTbHBIH
ChEeM; METOX AENeHHUs 3apsaa; METOX M3MEPEeHNs BpeMeHH npeiipa; cbeM uHpopMa-
LVY Ha JUHUIO 3a/Iep’KKH; KaTONHBIH CheM MHGOpMAauuH M T.A.). OTH OETEKTOPbI
HazexHO pabotanu (M HpOJODKAIOT paboTaTh) NPaKTUYECKH BO BCEX SAIEpHO-
(by3HuUecKuX 3KCHepUMeHTaX, NpoBoauMsiX [TSI® B obnacTu (U3MKU BBICOKHX
SHepruil, kak B Poccun, Tak ¥ B MEXAYHapOAHBIX HAyUHBIX LEHTPaX B TEYEHUH IO-
CJIEAHUX 25 NeT.
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