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1 Bsenenue

Tpanmunuonuoin obnacteio uccienoBauuit B MAD ssisercs uszydenue
ete™ amEUTHIAINN B ampOHBI IPM HU3KWX 3HEprusax. 1locIemHmil MUK SKC-
nepumMenToB Ha kKomnaimepe BOIII-2M npomomxascs ¢ 1992 r. mo 2000 r.
3a sTo Bpems mBa merextopa, KMII-2 [1] u CHII [2], Habpamu nHTErpaib-
HYIO CBETHMOCTBL OK0sI0 5016 ! B 067ACTH BHEPIUM B CHCTEME IEHTPA MACC
oT mopora poxaeHus anpoHoB A0 1.4TsB. DTo mo3Bonmuio u3yyurs ¢ BBI-
COKOHl TOYHOCTBIO MHOIHE KAHAIEI ANPOHHON e’ e AHHWTWIAINN, a TaKXKe
U3MEPUTH BEPOSTHOCTH LIEJION0 PSIOa PEOKUX DPACIIAIOB BEKTOPHBIX ME30HOB,
B TOM YHCJIe PAHEE He HAOIIIOMABIINXCS.

B macrosiee Bpems 8 MAD nauara mogepuusanus komriekca BOIIIIT-2M,
BKIIIOYAIOIIAs CO3Manune HOBOro koiuaimepa BOIII-2000 ¢ makcumanbHOR
sHeprueni mo 2 I'sB B cucTeme neHTpa MAaCC, UCHOIB3YIOMIETO OISl TOCTUXKE-
HUSI BBICOKOII CBETUMOCTH IPUHIUINAIILHO HOBBIN METOM KPYTIILIX IYUKOB [3].
IpoexTHas cBeTIMOCTE cocTanaseT 1032em ~2¢~! mpu sueprum 1.9 5B B cuc-
TeMe LEeHTPa Macc.

B mpoexte KMI-2M coxpanena obias crpykrypa merekropa KMII-2 u
UCIIOIB30BAHBL €r0 HAmboJIee MOPOTOCTOSIINE SIIeMEeHTHl - KpucTastabl Csl,
BGO, 3Hauurenbuas vacTh OnudpPOBLIBAIOIIEN 3JIEKTPOHUKE 1 ITPOTPAMMHO-
ro obecneuenusi. B TO ke BpeMsi, BCE CUCTEMBI NETEKTOPa OyOyT CEephe3HO
MOIEPHU3NPOBAHEI, JINOO U3TOTOBIIEHBI 33HOBO.

2 ®@usuueckue 3alauyM OeTEKTOpa

Msuorouncnenssre Gu3nIecKue 33139 KOTOPBIE IO3BOIUT PEIIaTh HOBBII
KOILIAlnep PasmessioTcs Ha ABe 0OJIbIINe IPYINLL: 1) Npene3snoHHoe u3Mepe-
HUEe GYHOAMEHTAIBHBIX KOHCTAHT U u3ydeHUe QyHIAMEHTAJIbHBIX CHMMET-
puil GU3NKU 3IEMEHTAPHBIX YACTUIL; 2) M3YUYEHUE SKCKIIIO3UBHBEIX KAHAJIOB
AOPOHHBIX CEYEHUI U CBS3AHHOW C HUMU (DM3UKN AIPOHOB IIPU HU3KUX HHEP-
rusx. PaccmoTpuM kaxmyro u3 5Tux CpyII.
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1. Onpenenenne GyHIAMEHTAIBHBIX KOHCTAHT W U3y4YeHUe (QyHIaMEH-
TAITBHBIX CUMMETPUH HU3UKU IIEMEeHTAPHBIX YaCTUII.

e AHOMAJIBLHBEIN MATHUTHEIL MOMEHT MIOOHA a, = (g — 2),/2 - on-
Ha u3 Hambosee TOYHO M3MEpPeHHLIX BeawmunH B dusnke. Cpas-
HeHHe C SKCIIEPUMEHTOM ee TeOPEeTUIECKOTO 3HadeHms, a,(th) =
11659159.6(6.7) x 1071° (0.6) ppm [4] aBnserca onuum u3 Hau6o-
Jlee YyBCTBUTENBHBIX TECTOB COBPEMEHHBIX TEOPUIT HJIeMEH TAPHBIX
wgactun. ITorpeurnocts ay,(th) ompenmensercs, B OCHOBHOM, TOU-
HOCTBIO 3HAHWS BKJIANa aAPOHHOW MOISIPU3AINK BaKyyMa, KOTO-
PBII MOXKET OBITH BBIUUCIIEH U3 BEIMYUHBL TIOJTHOTO CEYEHUS] AHHU-
ruaanun et e B aApPOHLI C IIOMOIIBIO IUCIEPCHOHHBIX COOTHOIIE-
HUU.

C uenbio MPEu3MOHHOTO U3MEPEHUs] AHOMAJIBLHOTO MATHUTHOTO
MoMeHTa MiooHa B bpykxsitBenckoit HanuonanbHol abopaTopun
(BHJI) nposonurcs skcnepument E821, B KOTOPOM TOYHOCTH U3Me-
penns a,, coctasut 0.35 ppm. O6paboTka 3anmucaHsbIX B 1999 romy
MAHHBIX HTOrO YKCIEPUMEHTA IIOCTe YCPEOHEHUs C ITPenbIIyIIIMA
pesyIbTaTaMu IpuBena K 3HadeHuo [5] a,(exp) = 11659202(16) x
1071% (1.3) ppm - ma 2.6 cTaHAAPTHEX OMMOKH OTIHIAIONIETOCST
OT TEOPETUYECKOTO IpencKa3anus. B Grmxkailiiiee BpeMsi TOYHOCTh
M3MepEeHNs a,, ellle MOBBICUTCS, TaK KaK Ha MAarHUTHBIE JTEHTHI yKe
3aMICAHA B IECSITh Pa3 GObINAst CTATUCTUKA.

B cBs13u ¢ 5TUM pe3yabTATOM ellle aKTYaJIbHel CTAHOBUTCS 330244
MOBBIIIEHNS] TOYHOCTY U3MEPEHUsT CEUCHUS SJIEK TPOH-TIO3U TPOHHON
AHHUTUISIUN B QIPOHBI, 6€3 3HAHIS KOTOPOTO TEOPETUUECKUE BEI-
YICTIEHNs BEIMYNHEL @), C HYXHOH TOYHOCTHIO CTAHOBSITCS HEBO3-
MOXHBIME. BOIbIas 4acTh BeINYNHBI BKIIAAA AIPOHHON MOJISIPU-
3aImUu BakyyMa B @, CBs3aHa c obnacTeio sHepruii BOIIII-2M.
[Tpenn3noHHBIE U3MEPEHUS CEYEHUN HIIEKTPOH-MIO3UTPOHHON AHHU-
TUISIUYN B aOpoHEI ¢ geTeKTopoM KMII-2 mo3Boaumu yMeHbITUTD
BKJIQI OIIMOKY, CBA3AHHEIN ¢ oOmacThio duepruit BOIIII-2M, B Be-
muuuey a, no 0.3 ppm.

HManbHeRmuit Tporpecc CTAaHeT BO3MOXKHBIM MTOCIIE HOBBIX TOUYHBIX
M3MEpEeHUIT TIOIHOTO CeYeHNs B aAPOHHI HA ycTaHoBkax BOIIIT-4M
B Hoeocubupcke u BES B Ilekune npu sueprusix ot 2 mo 6 ['sB.
Onnaxko, 0y MOCTUKEHUsI TOYHOCTY B BEJIMUNHE (g—2),’j”d, CpaBHU-
MOl ¢ TouHOCTBIO HKcrepumenta B BHJI, TpeGyroorcs u3mepenus
AIPOHHBIX CEUEHUWH B muamnas3one sueprun oT 1.4 mo 2 I'sB ¢ cuc-
TeMaTuuecKon omubkoi e xyxe 2-3%. Taxue usmepenus OynyT,
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MO-BUAUMOMY, HEOOCTYIHBI OjIsi O0EUX yCTAHOBOK M3-33 UX HU3-
KON CBETUMOCTU Ipu 5TUX SHEPrUiax. OHI/I CTaHYT BO3MOXHBIMU
Ha, cTposemcs koyutannepe BOIIII-2000.

ono6uo (g-2),, 5dbeKkTH anpPOHHOM HOIIPU3ALNN BAKYyMa BECh-
Ma BaXKHBI [JIs1 BLIYMC/ICHIS 3HAYEHUS NOCTOSHHON TOHKOU CTPYK-
TypHI IpPU SHEPTUM DABHOU Macce Z-6030Ha, a(Myz) [4, 6]. Kax
3HAUEHNe, TaK U HeOmpeneneHHOCTb «(Myz) KPUTUUHBI OIS WH-
TepIpeTanun S5KCIePUMEHTOB IIpu BeICOKOi sHeprun Ha LEP, SLC
n Tevatron, B 9acTHOCTH IS HEOPAMOTO ONPENENICHMS TPAHMAI]
macc Xurrcosckoro 6030oma. CremyeT OTMETHTBL, 9TO IJIS OLEH-
KU BKJaOa CUNBHBEIX B3amMomeicTBuil B a(Myz) o6macTs sHEprun
no 1.4T'5B yxe He SBJSETCS ONPENEIOIel, Kak B cnydae (g-2),,
U paCIIUpeHNe OUala3oHa dHeprun Kommanaepa oo 2 ['sB meobxo-
OUMO IJIsl YTOYHEHUS 5TON BEIMINHEL

Tunoresa coxpamenus BexkToproro Toka (CBT) u usocnumoBas
CUMMEeTDUS CBSA3BIBAIOT CeUeHUs e'e” AHHUTWISINN B U30BEK-
TOPHBIE AAPOHHBIE COCTOAHUS U NU(HEPEHINATBHBIE BEDOITHOCTH
pacmazma T-JIenTOHA B COOTBETCTBYIOMIUM AIPOHHBIN KAaHAJ, Ha-
mpumep ete” — 771~ ¢ 77 = 7 7%, u T.0. [7]. leppoie cuc-
remaruueckue nposepku CBT B pacmamax T-JemnToHa MOKa3aJd,
YTO B Ipenesax SKCIepIMeHTaTLHEIX OIIO0K nanHke Mo et e™ aH-
HUTWLSNAY U [0 pacmamaM T-jenToHa corsacyiorcs [8]. Onuaxo
B NOCJ/IENHIE TOOLI DKCIIePIMEeHTAaJbHEIE TOYHOCTH KaK B e7e”
TaK U T CEKTOPAX 3aMETHO YJIyUIIWINCh U TOSBWINCH YKA3AHUS
Ha, BO3MOXKHOE pasHorjacue mexny npenckazanusyu CBT u man-
HBIME 10 pacrnanaM T-JenToHa. Hampumep, n3MepeHHBIN NOTHEBIH
OpaHYUHT pacHana T-JEeNTOHA B aApOHHEIE cocTostHus ¢ =1 paBen
(30.99 £ 0.31)% o cpasrenuto ¢ (30.01 £ 0.33)%, npenckasbiBae-
meim CBT, T.e. HA 1Ba cTaHIAPTHLIX OTKJIOHEHUS BhIlie. HanGonb-
I1Iee OTJINYNE CBSI3aHO C MBYXIIMOHHBIM KAHAJIOM, B KOTOPOM CIIEK-
TpabHbIe QYHKINN, N3MEPEHHBIE B PACIALaX T-JIeNTOHA I'PYIIa-
mu ALEPH [9] u CLEO [10] ;mexxaT CHCTeMATHUECKN BBIIIE, YeM B
ete” ammurunsuuu (3TO ABIEHUE MONTBEPKIAETCA TAKKE M3Me-
peHneM BEKTODPHOI crekTpasibHol yuknun rpymmoii OPAL [11]).
3aMeTHBIE pACXOXKIEHUS HAOTIONAIOTCS U B IPOLIECCAX C YETHIPbMS
TTHOHAMU.

B 6nmxaiimue roobl 0XKUTAETCS CYIIECTBEHHOE YT UIIIeHE DKCITe-
PUMEHTAJIBLHOI TOYHOCTHU B PAcHamax T-JEeNToHa Oraromaps pabo-
te nerekTopoB BELLE u BaBaR ua B-dabpukax 8 KEK u CJIAK.
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B cBoio ouepens, mpenu3noOHHbIE N3MEPEHNs AIPOHHBIX CEUCHIA Ha
xosurarinepe BOIIII-2000 Bo BCell HHEPreTUYECKON 06IACTH OT MO-
pora [o Macchl T, MO3BOJISIT MPOBECTU TOYHOE CPABHEHIE MTPENCKa-
sauuit CBT ¢ mamubiMu 3 T pacmamios.

2. N3yuenne ¢pus3mkm ampoOHOB MPU HU3KUX HHEPTUIX.

B T0 Bpems kak KBaHTOBasi XPOMOAUHAMUKA, YIOBIETBOPUTEILHO OINU-
CBLIBAET B3AMMOIEHCTBUS AIPOHOB MIPU BLICOKUX YHEPTUIX, IPU HUIKUX
SHEPTUSIX, TOe KOHCTAHTA CUIHLHOTO B3aMMOINEHCTBUS (g CTAHOBUTCS
OOTIBIIION, HE CYIIECTBYET MPUOIMKEHUN, TTO3BOISIONINX BEIUUCTIITE T
uiiu uHble GU3nYecKie XapakTepucTuKu. TeM He MeHee CyIIeCTBYeT Psi
npobiem KXII, mepedncieHHbIX HUXKE, I KOTOPBIX MU3MEPEHUS cedue-
uuit B oomactu BOIIII-2000, senstorcs ouens BaxkubiMu. Cremyer OT-
MeTUTH TaK¥XKe, YTO eciiu B obiacTu sueprun Hike 1 I'sB ceuenus pox-
IEHUS APOHOB YIOOBIETBOPUTEIHHO OMUICHIBAIOTCS MONEITBIO BEKTOPHOM
IOMUHAHTHOCTH, TO Boimie 1 I'sB B HacTosIIIIeE BpEMS HE nMeeTCst KaKoii-
nubO TOCIenoBaTeTbHON (HEHOMEHOIOTMYIECKOR MOMNEITH, OMACHIBAIOIIEH
angpoHHBIE ceueHus. TakuM 00pa3oM, TOUHBIE U OETAIbLHBIE N3MEPEHIUsI
SKCKJTIO3UBHBIX aPOHHLIX CedeHuil B obmactu sHepruu oT 1 mo 2 B
CYIIIECTBEHHO TIOMOT'YT B TIOCTPOEHUN TAKUX MOOENEH.

e CyIIecTBeHHOE yTOUYHEHNS BEIMUMHLI COUCHNS e e” aHHUT AN
B aIPOHBI B M30BEKTOPHOM KaHAJIE [O3BOJIUT IIPOBECTU €Ile OLHY
npoBepky npasmi cymm KXII u oneHuTh QyHIAMEHTAJIBHBIE I1a-
pamerpsl KX]I (KBapKOBBIl U [JIFOOHHBIN KOHIOEHCATHI, KOHCTAH-
Ty CBS3U (), IPENTIONKEHHY0 B [12] 1 BIEpBLIE BBHINONHEHHYIO B
[13]. HenaBuss mombITKa nsydueHus >(@deKTOB HemepTypOATUBHON
KXII, ocuoBanuas Ha mpuMeHeHuu GyHKIUU Amnjepa B SBKIIUIO-
BOII 0O0IaCTH, TAKXKe IMOKA3aJIa BAaXKHOCTH 3HaHusi R ¢ xopourei
TOYHOCTBIO B O0acTu sHepruit Mexay 1.5 u 2.5 I'sB [14].

e YIUBUTENBHBIMEI O0BEKTAMU, KOTOpHIe npencka3siBaeT KXII, aB-
JISIFOTCST ME30HBI 0€3 KBAPKOB — TIIO00JIBI U/IN TJIFOOHUU, COCTOSI-
[Iye U3 OBYX WX TPeX II00HOB. VMeeTcst HECKOIBKO KAHIUIATOB
B CKQJIIPHBIE TIIO00IIBL, COCTOSINNE U3 ABYX II0OHOB. CucTema u3
TPeX III0OHOB MOXKET NUMETH KBAHTOBLIE YKCITa, (HOTOHOB, IOITOMY
WX POXKIEHNE BO3MOXKHO HA BCTPEUHBIX myukax. OOmmil npusHax
BEKTOPHBIX III000JI0B — Majast mosHas mupuaa ~ 10 MsB u pac-
manbl C OOWHAKOBOI BEPOSTHOCTBHIO HA KBAPKHU PA3IMYHBIX apo-
MaToB. Macca BEeKTOPHBIX IIIO00JIOB OIEHUBAETCS B UHTEDPBAJIE
1-3I'»B, st wacTuubl Bcerma M30CKAISIPHBI, MOYTOMY PaCHama-
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I0TCS HA HeUeTHOE YIC/I0 MIOHOB win maphl kKaoHos (K K, K Knr).
HabmromaThs Takue COCTOSHUS TPYOHO M3-33 UX MAaJIOH 3JI€KTPOH-
HOM MUPUHLI. [{0CTOBEPHBIX KAHOUIATOB HA, BEKTOPHBIA TJTI000T
ceituac HeT. DOkcnepumenTs Ha BOIIII-2000 MoryT mposcHUTE 5Ty
mpobiemy.

Ete ogmoii 3aragkoit KX]I sBriseTcst BOIpOC 0 MHOTOKBAPKOBBIX 1
rubpunuerx coctosauax. XoTsa KXII He 3ampelaeT CyIecTBOBa-
HIe TAKUX COCTOSIHUM, 10 CUX MOP He N3BECTHO HU OMHOI'O HAIEXKHO
YCTAHOBJIEHHOI'O ME30HA ¢ MHOTOKBAPKOBOU WJIN TUOPUIOHON CTPYK-
TYyPOH.

B macrosmee Bpems B obmactu sHeprum or 1 mo 2 I'sB us-
BECTEH IENbII P PE30HAHCHBIX cocTosHuii. OmHAKO uX mapa-
MEeTpBI U3MEPEHLI MOBOILHO IIJIOXO, M MaYKe CaMa WX MPUPOHA
€Ille HE YCTAHOBJIEHA: OHM MOTYT OBITH HOPMAJIBHBIMUI KBAapK-
AHTUKBAPKOBLIMU COCTOSIHUSMU, BO30YXKIEHUSMU JIETKAX BEKTOD-
HBIX ME30HOB (p, w, ¢), HO IMEIOTCS TaKXKe CEPbe3HBIE APTY MEHTHL
B IOJIB3Y CYIIECTBOBAHUS B ATOH OOJIACTH SHEPIUM 3K30TUIECKUX
06wbexToB[15]. Habmonaemble pe30HAHCH NMEIOT GOTBIIYIO IINPU-
HY U MOTYT umHTepdepupoBaTth. KpoMe TOro, y Hux ecThb obiume
MONBI PACMIaia, YTO TPUBOOUT K BECbMa, CIIENU(PUIECKON 3aBUCH-
MocTHu cedenus ot sHepruu. C 5KCIepUMEHTAIBHON TOUKYU 3DEHUS
IUIST BBISICHEHUSI IIPUPONBI ATUX PE30HAHCOB HEOOXOMUMO U3MEPITh
SKCKJTIO3UBHBIE CEUCHUS U METATHHO N3YyYaTh TUHAMUKY IPOMEXKY-
TOYHBIX COCTOSHUI.

TToMuMO TIEPEUUNCTIEHHBIX BEIIIIE, IMEETCS eIlle MBI PSII NHTEPECHBIX 1
BAXKHBIX (pusnueckux 3amad B obmactu BOIIII-2000, Takux, HAIpUMED,
KaK M3yYEHNEe DIIEKTPOMATHUTHLIX (GOpMGIAKTOPOB IIHOHOB U KAOHOB, a
TaK>Ke HYKJIOHOB BOIM3U HOPOTa POXKIEHUS.

Crienyer mOmUepKHyTh, YTO IJIs PEIIEHUs PACCMOTPEHHBIX 32034 HEOOX0-
OUM YHUBEPCAJIBHBIN OETEKTOP, COYeTAIOIINN BEICOKYIO A(PHEKTUBHOCTD I
MHOTOYACTUYHBIX KAHAJIOB C XOPOIINM DPa3peIreHneM II0 UMIYIbCY OIS 3a-
PSIXKEHHBIX YaCTUIL U BBICOKUM HHEPreTUUeCKUM pa3pelleHneM i1 HOTOHOB.
OTO BHEINISIAUT HOCTATOUYHO OUEBUIHBIM IJISI CIYUas M3MEPEHUsS HYKCKITFO3UB-
HEBEIX CEYEHNN, OMHAKO U IJISI M3MEPEHUs IOJIHBEIX CEeUeHUN DPOXKIEHUS anpO-
HOB C BBICOKOI TOUHOCTBIO Takom nomxon Heooxomum. OCHOBHAS TpUYMHA B
TOM, UTO BeJINYNHA 3OGEKTUBHOCTU PETUCTPAILNN CYIIIECTBEHHO 3aBUCUT OT
YTJIOBOTO U 3HEPreTUYECKOT0 PACIpenesieHns YaCTUIl B PA3IUNIHBIX KAHAJIAX
peakmuu. IlosToMy O7TST MUHUMU3AIUIN CUCTEMATUUECKUX OUINOOK B IOTHOM
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ceqenuu B obnactu mo 2 I'sB, rme MHOXECTBEHHOCTH aAPOHOB HE CIIHIIIKOM
BeJINKA, 71 OIpeneseHns OJTHOrO aPOHHOIO CedeHNsT HeOOXOOUMO U3MePITh
CEUeHNs OTIETbHBIX KAHAJIOB.

3 OG6mias KOHCTPYKITUS
" 3JIEMEeHThI JeTeKTopa

OO6umit Bun merexTopa mpencrasien Ha Puc.1

[lyuku 51€KTPOHOB M TO3UTPOHOB CTAJIKUBAIOTCSI B LEHTPE BAKYYMHOI
KaMepPHI 5KCIEPUMEHTAIBHOO NPOMEXyTKa (1) ¢ BHyTPEHHUM OUaMeTPOM
34 MM u mnmuoi okos0 1 m. llenTpanbhas ee yacTh miumHOR 258 MM Oymer
mroTosiena u3 Gepummus Tommmoi 0.77 MM (2.1 x 1073X). s momas-
meHust GoHa (POTOHOB CUHXPOTPOHHOIO M3ITyUeHUs IIPEANOIaraeTcsl yCTaHo-
BUTH AuadparMbl Ha KPAasSX HKCIEPUMEHTAIBLHOTO TPOMEXKYTKA, & BHEIITHIOK
UMIMHOIPUYECKYO0 [MOBEPXOCTh [EHTPAILHON YacTH BAKyyMHOR KaMepHI MO-
KPBITH CJIOEM THUTaHA TOMIIUHON 10 MKM.

CeepxmnpoBonsimii coseHonn, cosparommii MarautHoe moie 1.5 Tu (5),
SIBIISIETCSI OCHOBHOI YaCThI0 MATHUTHOI CUCTEMEI IeTeKTopa. IBa dokycupy-
FOIIUX CBEPXMIPOBOAAIuX MarauTa (9) ¢ nomem 13 Ti, aBmaroTCs sneMeRTaMu
MarHuTHON cuctembl HakornuTess BOTIIII-2000.

st ompeneseHuss KOOPOUHAT, YIJIOB U MMIIYJIBCOB 3aPSIKEHHBIX YACTHUII,
06/1aCThb B3aMMONEUCTBHUS MYUYKOB OXBATHIBACT MUJINHIPUUECKas mperdoBas
kamepa muamerpoM 600 MM (2) ¢ reKCcaroHajbHOU CTPYKTYDOU S4eeK. Z-
kamepa (4) UCIonb3yeTcs N1 ONpeNeeHns z-KOOPANHATHL 3aPAKEHHBIX Jac-
TUIl U BHIPAOOTKU CUTHAJIA, 3aPSKEHHOrO Tpurrepa. 3mepenue sHeprum u
KOOpOMHAT (GOTOHOB OCYIIECTBIISETCS C IIOMOIIBIO0 IMITNHIPUIECKOIO KAJIOPU-
MeTpa Ha OCHOBE KUAKOro kceHona (6) u xpucramios Csl (7), a Takxke Top-
1eBoro kKajopumerpa Ha ocHose kpuctaiios BGO (3). Ha sremmeil nunun-
IPUYECKOIl MOBEPXHOCTU AeTEKTOpA MPENINOoIaraeTcsl Pa3MeCTUTh MIOOHHYIO
CHCTEMY Ha OCHOBE CIIMHTUIIIISINOHHON IITACTMACCH I TOMaBJeHus (HOHA
KOCMIIECKIX JaCTHI I NAeHTH(hUKAIN MIOOHOB, POXKIAIOIINXCA B €T e B3a-
UMOOENCTBUIX.

dpmo maruuTa mo popme moxoxke Ha sspmo merekTopa KMII-2. "abapur-
HBle pasMepsl keme3a: 1800 MM BweicoTa m 1660 MM miuua. BasoBbiM rme-
MEHTOM [Jisi COOPKU METEKTOPA SIBIISIIOTCS IBA BOCBMUYTOJILHBIX YKEJIE3HBIX
(hITaHIA, HIXKHIAE U BEPXHUE CTOPOHBI KOTOPHIX COEMMHEHBI IINTAMI HAPY K-
Horo maruuTonposona. [lo Mepe ycTaHOBKU 57IeMEHTOB OETEKTOPA COOUPAIOT-
Cs1 OCTaJIbHBIE ININTHI MarauTonposona. llenTpansHoe oTBEpcTHE B BOCHMU-
yrombHUKaxX quaMeTpoM 1100 MM gBJISIeTCS HEeHTPUPYIOUINM OIS O0HEeOUHEH-
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Puc. 1. Cxema merextopa KMI-2M
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HOT'O BAKyyYMHOI0 00BeMa KaJIOPpHMeTpa Ha KUIKOM KCEHOHE U CBEPXIIPOBO-
MSIIIIEr0 MArHUTA OETEKTOpA.

s BLIBOma xabeneii OT JIeMEHTOB JeTEKTOPa, MEXKIAY IIIUTAMU BHEIITHE-
O MarHUTOMPOBOHA OCTaBIeHH! 1eu mupuHoin 60MM. Ecau 8 KMII-2 mosmio-
ca spMa MarHuTa CHIMAJIICH BBEPX U BHU3 C MOMOIIILIO IOOLEMHOIO KPAaHa, TO
B HOBOM IETEKTOpPE MOII0CA OYAYT Pa3OBUIATHCS B CTOPOHEL IO HAIPABIISIIO-
LM, OTKPBIBASI JOCTYI K EHTPATILHON YaCTU NeTEeKTOPA, e PACIOIOKEHE
npeiihoBas u Z-KaMephsl a TaKKe TOPIUEBOH KajopuMeTp. [Ipu HeodbxoguMocTu
MOXHO OTKDPBLITH GITaHIBI BAKYYMHOTO O0BEMA U MOTYUYUTH OOCTYI K Pa3b-
eMaM KaJIOpUMETPa Ha XKUIKOM KCEHOHE U K DIIEMEHTAM CBEDPXIPOBOMSIIIETO
marauta. COopka u pa3zbopka OKTAHTOB Kasiopumerpa Ha kpucrtasiax Csl
NIPAKTUYECKN He YCIIOXKHUTCS.

OcuHoBHBIE TAPAMETPHI AETEKTOPA npuBeneHsl B Tabmume 1.

4 JIpeundoBas xkamepa

B obmactu smepruit Beire 1 I'sB B cucTeMe nmeHTpa Macc MHOXKECTBEH-
HOCTb YACTUIl B KOHEUHBIX COCTOSHUSAX 3JIEKTPOH-IO3UTPOHHON AHHUTUIISI-
uny cyirecTBeHHO BodpacTaer. HaumbosbiuM ceuennemM 0651a0ai0T IPOLECCH
C POXKIIEHUEM YeThIPeX U MSTU THOHOB. IIiist u3yyeHus: Takux COOBITHI Ty JIle
BCEro MOAXOOUT KaMepa, pABHOMEDHO 3aIIOJTHEHHAS SYelKaMU OTHOCUTEIHHO
HeboaBIIOr0 pa3mepa. Kpome TOro, Takas CTPYKTYpa MO3BOJISET C BBICOKOI
3(hHEeKTUBHOCTHI0 BOCCTAHABINBATEH BEPIINHY PACIIalla YaCTUILI B KaMepe.

NwmnynscHOE paspererne KamMepsl BO MHOTOM OIIPENEsIseTCsl IPOCTOTOMN
KaJINOPOBKU 33aBUCHMOCTU BPEMEHU IIPUXONA MOHU3AINHN OT MOJIOXKEHUs Tpe-
ka vacTunsl B suerike. C 5TOW TOUKU 3peHus, Hanbosee ynoOHO! BBITIISIIUT
reKCcaroHajbHAs sSueiika, mokaszaHHasg Ha Puc. 2. Takas reoMeTpust mo3BOIISI-
eT Hambosee >$HEKTUBHO 3aMOTHUTH BCIO MJIOMIANL (QIIAHIIEB OMUHAKOBLIMI
STIEHKaMU, OMMICBIBAEMBIMU OMHON U TOH Ke KAJTUOPOBOUYHON 3aBUCUMOCTBIO.

B cuny BBICOKOII CTEmEHN CUMMETPUN STIEHKH, Ta 3aBICUMOCTE IOCTATOU-
HO mpocTa. Kapra pacrnonoxeHuns NpOBOJIOYEK HA ONHOI ueTBepTu (IaHia
mokasaHa Ha Puc. 3.

Koopaouunaty TpekoB BOOB OCU MYyYKOB MOXKHO U3MEPSITH JU0O0 METOOOM
IeJIeHus 3apsna, Iub0 HATSATUBAs CUTHAJIBHBIE IIPOBOJIOYKU IIEPEeMeKAIOIIn-
MUCS CIIOSAIME C PA3INYHBIM YTJIOM OTHOCUTEILHO 00pasyoliel (cTepeocson).
[Mocnenuuit ciocod mpuBOOUT K TOMY, 4TO GOpMa TIEHKN MEHSIETCS IIPU Iepe-
XOIe OT TOPIIOB KaMepHI K ee CepenrHe U, CIIEO0OBATENBHO, eJaeT IPOLenypy
KaaubpOBOK ropasno Gosee cioxuoi. KpoMe Toro, mocmenoBaTebHas CMEHa,
AKCHAJIBHBIX U CTEPEOCIIOEB HEN30EKHO MPUBOANUT K IIOTEPE UYBCTBUTEILHOTO
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Ta6numa 1. OcuoBusie mapamerpsr getektopa KMII-2M

Cucrema KMII-2 KMI-2M
HpetipoBas 512 curHaJIbHBIX 1218 cursagabHBIX
KaMepa [IPOBOJIOYUEK [IPOBOJIOYUEK
OR—¢ = 250 MKM, Or—¢ = 140 MKM,
Oz = dMM, 0z = 2MM,
g =1.5-1072, o9 =T7-1073, 05 =4-1073,
0'¢ :7'10_3, UdE/dz :015<dE/dCU>
Z-xkamepa, HBa cj10s1 IPONOPIINOHAIBHBIX KAMED.
CuraajibHBIE TPOBOJIOYKY OOBEIUHEHEL 2 X 32 CEKTOopA.
g n3mepenns Z-koopouHATH 512 MOTOCOK.
oz = 250 + 1000 MM, 0; = 5 HCek,
Q7 = 0.8 X 47 crepaguana
Munuanpu- | 892 xpucramnos Csl B 8 1152 xpucramios Csl B 8
yeckuit | okraHTax, rommuHa 8.1 X, OKTaHTaX,
KaJIOpu- og/E = 8.5% nns 400 nurpos LXe, Tommmua
MeTp E., =100+ 700 M»B, 5 XoLXe + 8.1 Xy Csl,
09,6 = 0.03 + 0.02 panuan or/E =4.7+ 3% s
E., =100 + 900 M>B,
09, = 0.005 panuan
Topuesoit 680 kpucrammos BGO B 680 kpucrammos BGO B
KaJIOpu- MIBYX TOPIAX, TOJIIITHA IBYX TOPIIAX, TOJIIINHA,
MeTp 13.4 X, 13.4 X,
BakyyMHBIE GOTOTPUOIEI KpeMHueBbIe (POTONNONBL
op/E =8+4% nna op/E=8+35% nna
E., =100+ 700 M5B, E., =100+ 900 M5B,
09, = 0.03 +0.02 panuan | 04,4 = 0.03 < 0.02 panuan
IIpoGexHasi | 8 OKTAHTOB IO IBA IBONHBIX 16 COMHTUIIIAIIOHHLIX
CHICTEMa | CJIOSI CTPUMEPHBIX TPYOOK B | CYETUYNKOB B 8 OKTAHTAX
KaxaoM oy = 5+ 7cMm o = 0.8HC
Caepxmpo- Maruautuoe mose 1 T, MaruauTtaoe mosne 1.5 T,
BOMSIIINI Tomuaa 0.38 X mepen Tommuaa 0.18 X mepen
COJIEHOU]T UUTAHIPUIECKITM UUTHHIPUIECKITM
KAJIOPUMETPOM KAJIOPUMETPOM
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Puc. 2. Jlunun npeiiba B sueiikax xamephl. PaszHocTh morteHnuamoB 2 kB,
mpomoabHoe MarauTHoe mose 1.5 T

ob6beMa BHYTPU KaMepHhl, a BEIOOD BAPUAHTA, B KOTOPOM €CThb TOJIBKO CTEPeo-
ciou noHmKaeT PpPEeKTUBHOCTH PEKOHCTPYKIINYN TPEKOB, TAK KAK yBEINYIN-
BAETCs MIUHUMAJILHOE YHCIIO CIIOEB, HEOOXOMUMOE IJIsi PEKOHCTPYKIINN TPEKA.
Kpome ToOro, 3HaUNTENBHO YCIOXKHIETCS IPOIENypa MONCKA TPEKOB.

B cooTBeTcTBHE C >TUMUN COOOpAXKEHUSIMU, BLIODAHA AaKCUATIbLHAS SUEH-
K& TeKCATrOHAJIBLHOW (OPMEI, C M3MEPEHHEM KOOPOUHATHI BIOJIBb IIPOBOJIOYEK
MeTonoMm nesieHust 3apsna. CUrHAIbHBIE TPOBOJIOUKHU AUAMETPOM 15 MKM u3-
roroniersl u3 W-Re cmnasa ¢ 3010ThiM nokpoituem. OHI UMEIOT CONPOTUB-
nernem 1.4 - 10* Om/M u HAXOmATCA TOM HYJEBEIM MOTeHNHUaT0oM. TOUHOCTE
U3MEpPEHUsT TPONOBLHON KOOPAUHATH ~ 2MM. B mpeifidoBoit kamepe KMII-2
TOYHOCTH U3MEPEHNUsI COCTABUIA 4 MM, YTO B OCHOBHOM ONPENeSiIOCh 1Ty Ma-
MU 5JIEKTPOHUKY U 3JIeKTPOMArHUTHBIMI HaBOOKaMu. 3roToBierne kamMmepsl
13 IIPOBOMSIIIEr0 MATEPUAIIA TOJIKHO CYIIIECTBEHHO MONABUTE HOCIenHUT hak-
Top. IlomeBwie mpoBomouku nuamMeTpoMm 90 MKM H3TOTOBJIEHBI U3 30JI0UEHOTO
TuTaHa. PaccTosHme MexX 1y MpOTUBOMOIOKHBIMI BEPIITMTHAMMY 1IT€CTUT DAHHU-
Ka - cocTapysgeT 17 MM. B BEIOpAHHOI TreOMeTPUN HAMPSIKEHHOCTD DIIEKTPU-
YECKOIO ITOJISI Ha MOBEPXHOCTH IOJIEBBIX MIPOBOJIOUEK YKA3AHHOTO OUAMETPA
HE MPEBHIMIAET OE30ITacCHO C TOYKU 3PEHUs ~CTapeHus’ KaMephl BEeINYNHBL
20xB/cm. OTHOWEHNE YnCIa HONIEBBIX IPOBOJIOYEK K YICILy CUTHAIBHBIX CO-
craBmaseT 2:1.

Kawmepa 3amonsena rasosoit cmecbio Ar:iCyHio(80:20). IIpn BEIGpaHHBIX
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Puc. 4. Pa3sperenne mo uMIryinbCcy 3a-
Puc. 3. Kapra mposonouek DSLKEHHBIX YACTHIL

HmapaMeTpax SUeikn pabounit Ko3pduIueHT ra3oBoro ycuterns ~ 10° mocru-
raeTcs npu HampsekeHun ~2 kB. MakcumaibHOe BpeMs npeiida cocTaBseT
600 Hc.

CurzaabHBIE TPOBOJIOYKY HATATUBAIOTCA ¢ cuioit 20 T, a monessie - 100 r,
B 000UX CIIy4asX HATsKEHUe IPUMEPHO B IBA Pa3a MEHbBIIIE YCUIUI Pa3PhIBa.
[Ipu 5Tux HATSKEHUAX BHIIOIHSIOTCS YCIOBUS 3JIEKTPOCTATUIECKON yCTON-
YUBOCTU IMPOBOJIOYEK, UX T'PABUTAIUOHHBLIN HpPOrmb mpeHeOpexuMO M, a
VIOJTUHEHNST CUTHAJIBHBIX U TIOJEBLIX MPOBOJIOUEK COCTABISIIOT ~ 1.2 MM 1
~ (0.6 MM COOTBETCTBEHHO.

Koopouunaruoe pasperienne B sUeilke C y4eToM KJIAaCTEPHOro 3dhdexTa
u muddy3un cocrasiser B cpenaeM 140 MKM 1O 4yBCTBUTEILHOI OOiacTu
STUENKY. DKBUBAJICHTHAS YTOMY PA3PEIIEHN0 TOYHOCTD U3MEPEHUS UMILYIhCA
C YYeTOM MHOTOKDATHOTO PACCESHUs MOKa3aHa Ha Puc. 4, mis pasmumaHbIX
TUNOB YacTuil. L7 cpaBHEHUS HA STOM K€ PUCYHKE IPUBEICHO UMIYIHCHOE
pasperrienne merektopa KMII-2.

B coorBercTBun ¢ pacueramu mapaMeTpoB ra3oBBIX CMeCel IPOrpaMMOil
Garfield [16], nis obecneyenus TpeGyeMOro KOOPANHATHOIO Pa3peIleHus. He-
obxonuma TepmocTapunusanus 1K B npenemax 2 + 4 °C, mpu 5TOM coCTaB
ra30BOll CMECH HEOOXOMMMO KOHTPOIMPOBATEL HA ypoBHE 1 + 2 %.

Ha ¢dnanne xkamepsr, rabapuTHBIE pa3Mepbl KOTOPOH moka3aHwl Ha Puc. 5,
momerriaercst 1218 siueex ykaszaHHOro Beimre pasmepa. IIpu sToMm mosHas Ha-
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rpy3ka Ha duaanern cocrapiser okoio 300 kr. Urobbl yMeHbIINTH mporub
(ranmeB nmom meRcTBHEM 3TON HATPY3KU U, B TO XKe BPEMs, CHeIaTh MUHU-
MaJIbHBIM KOJIMYECTBO MACCUBHOTO BELIECTBA IEePel TOPIEBBIM KaJIOPUMET-
POM, KOHCTPYKIMOHHBIM MATEPUAJIOM KaMephl BLIODAH KOMIIO3UT HA OCHOBE
yrieponabx HuTeit ¢ Momynem FOura ~ 5000 kr /Mm?. TexHOTOrmIecKne Bo3-
MOXKHOCTH PA0OTHL C ’TUM MaTEPUAJIOM [TO3BOJISIOT NPUAATEH (PIIaHIAM KaMe-
peL hopmy chepudeckoro cekropa (Puc. 5), 4TO maeT BO3MOXKHOCTH YMEHb-
T UX TOJIITUHY.

[Tpu pamuyce KpuBU3HBEI chepUIecKoll MOBEPXHOCTHU 1515 ¢M u TomIInHe
dnanues 7 MM ux nporub non Harpyskoit 300 kr #e npesiraet 1004120 MxwM,
YTO CYIIECTBEHHO MEHBIIE yIJIMHEHUs IPOBOJIOYEK npu HaTskeHuu. Duxca-
UUsI TIOJIEBBIX U CUTHAJIBHBIX [IPOBOJIOYEK HA (DIIAHIIAX MPOU3BOLUTCS C IO-
MOITBIO CHEIUAILHBIX KPEIJIeHNH, moKa3aHHbeIX Ha Puc.6. Kpenjenus npen-
CTaBIISAIOT COOOM JATYHHBIE TPYOK! BIPECOBAHHBIE B OUAJICKTPUUECKUE IIN-
JIMHAPHI, KOTOPHLIE M30IUPYIOT UX OT MIPOBOMSIIET0O MaTepuasia dranmnes. Me-
XaHUYECKUe CBONUCTBA MATEPUAIIOB IIPOBOJOK (30/I04EHBIl TUTAH U CILIAB
W-Re) mo3Bossiior 3a:xkuMaTh JaTyHHBE TPYOKU KDEIIeHWN, He [MepenaBiil-
Bas IPOBOJIOUKHU. BHelnHsis obeuaiika mmeer Toamumey 2 MMm. ['epmerusupy-
IOITAasl BHYTPEHHS S TPpyOKa U3roTOBIeHa 3 KanToHa TomiuHon 200 mxm. Ta-
Kas TOJIIINHA TIO3BOJISIET NMPONYBAThH KaMepy Fa30BOH CMECBIO CO CKOPOCTHIO
10 51/9ac, 4TO COOTBETCTBYET CMEHe ABYX O0BEMOB B TedeHue CyToK. Cxema
BBOIIA U BLIBOIA I'A30BOI CMECH HA BHYTPEHHEM U BHEIIIHEM PAMIyCaX KaxKIo-
ro ¢IaHna CYIIIECTBEHHO TOIABAT HATEKAHIE BO3MYXA YePe3 MUKPOOTBEPCTHLS
B KPEIJICHUSX TPOBOJIOYEK.

Kax BumHO m3 Tabmuusl 2, O 4acTull, BbUIeTaIMX mon yrioMm 90°,
CyMMapHOE KOJIITYECTBO BeIlleCTBa B nperidooit kamepe coctasiset 0.011 X,
a IjIs JacTul, JeTsmux B TopueBoil kamopumetp - 0.04 X.

Z - xoOpOWHATA TPEKa OIPENeIsieTCs METONOM OEJIEHUS 3apsiga C TOd-
HOCTBIO 2 MM, IJIsI Yer0 HEOOXOMNMO U3MEPITh aMINIUTYOBI Ha, 000X KOHIIAX
MIPOBOJIOUKY ¢ TOYHOCTHIO He Xyxke 0.5% Bo BceMm auamasone aMmnTyn. Bpems
Ipeiida ompenmessieTcss Mo CpabaTHIBAHUID OUCKPUMUHATOPA OT CYMMAapHOTO
curHasia ¢ oboux koHuoB. Iisi obecrmevueHunss KOOPAUHATHOTO PA3PEIIeHNs B
saerike Ha ypoBHe 100 MKM, mrar onudpoBKY BpeMeH! NOJIXKeH OLITh He 6oiiee
2 uc. Bemumumnaa nopora mpu 3ToM mo/mkHA ObITH Ha ypoBHe (.5 35eKTpOHA
TIEPBUYHON MOHU3AINN, UTO, IPU IITAHUPYEMOM BETUUIHE Fa30BOT0O yCUTICHUS
105, sxpuBamenTHO 5 - 10* smekTponos B maBume. IIpu 5TuUX yCIOBHAX Cper-
HEKBAAPATUYHBIN IIYM TPAKTAa AHAJIOTOBOM 3IEKTPOHUKU HE MOJIKEH IPEeBhI-
marsb 10% »1exTpoHOB.

B ormmune oT npeidoBoil KaMePHI CO CTPYHHON SYEHKOM, TOe MINHA OT-
pe3Ka Tpeka, ¢ KOTOPOU coOmpaeTcs 3apsin, IPaKTHYIeCK! He 3aBUCUT OT YTIJIa
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BLIJIETA TPEKA B IJIOCKOCTH, IIOMEPEYHON OCH Ty YKOB, B KAMEPE C TeKCATOHATb-
HO# stuefikoil 510 He Tak. M3 Puc. 2 BuoHO, 4TO mpu MmepeceveHnn TPEKOM
SYeKN “OT BEPIIMHBI OO BEePINUHBI, IJINHA OTPE3Ka, C KOTOPOTO cOOMpa-
eTcs 3apsd, B HECKOJBKO pa3 0OMbIIe, YeM KOTIa YaCTUIA MPOXOOUT BHOIb
rpaHu sueiiku. B cBsA3m ¢ 5TuM HeobOXomuM 0oJiee MIUPOKUHA MUHAMUIIECKIH
IUAMa30HA TPAKTA HAEKTPOHUKU. HacTUIHO 5TOT 3hHEKT MOXKHO MOOABUTH
COKPAILIEHIEM BPEMEHU HHTEerpupoBaHus 3apsina. Bompoc 06 onmTuMuzanuu
5TOr0 BPEMEHHU U BenndrHe TPeOyeMOoro IMHAMUYIECKOTrO QUANA30HA B HACTO-
sIee BpeMsi popabaThIBAETCS.

BcenencTBue onmucanubIX B 5HdeKTOB, a Takke dDdHeKTa HACHIIIEHUS
Ta30BOT0 YCUJIEHUS IIPU OOJIBIION 00BEMHON TIJIOTHOCTH 3aPsO0B BOIM3H IIPO-
BOJIOYKI, M3MEPEHHAs] CyMMa aMIUIATYH OyoeT CIIOKHBIM 00pa3oM 3aBHCETh
OT MOHU3UPYIOIIEH CIIOCOOHOCTU 3aPSKEHHOW YACTULEL, IapaMeTPOB TPEKa
(yriios BeuieTa) u oT BpeMenu apeiida. [loaToMy mi1s BOCCTAHOBIIEHUS MOHY-
3UPYIOUINX CBONCTB YaCTHUII MPEAOIAraeTCs NUCITOTb30BATE YKCIIEPUMEHT ATh-
HBIe cOOBITUS. Takas mporenypa Oblna peajan3oBana miis nerektopa KMII-2,
re Oy KaJuOpOBKH HCIOIB30BAJIICH KOJINHEAPHLIE COOLITH e e” pacce-
suus, nomydennoe paspermernne misa dE/dX msmensnocs ot 15% mo 20%, B
3aBUCUMOCTH OT YCJIOBHE O0TOOpa TeCTOBBLIX cOObITHiA. B cBs3mu ¢ ynyumrenn-
€M BKPAHUPOBKU KaAMEPHI U MOMaBICHIEM HATEKAHNS BO3IYXa, OTHOCUTETbLHAS
TOYHOCTH M3MEPEHNS YIITbLHLIX MOHN3AINOHHEIX TOTeph OymeT He xyxe 15%.
Kax Bumuo u3 Puc. 7, mpu 3TOM pa3peleHnn pa3meseHne MUOHOB U KAOHOB
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Tabnuma 2. BerecTBo npeiihoBoi KaMeph

DeMeHT KOHCTPYKUIUU Tommmunua, | KonuuecTBo BeriecTsa,
cM Xo

Bakyywmuas tpyba — 6epuiinnii 0.077 2.1-1073
BuyTtpennss repmeTusupyiolias Tpyo- 0.02 0.7-1073
K& — KamnTOH
Bremnsis obevaiika — yriemiacTuk 0.1 5-1073
DaHIbl — YTIIEITaCTHK 0.7 0.04
lasosas cmecs — Ar:iC4Hyo(80:20) 30 2.59-1072
IIposomoukn 7.5-107%
Bes xamepa 0.011

6yIeT BO3MOXKHO B OUANA30He NMITYIbCOB KaoHOB 1o 450 MbsB/c.

s chbemMa cUrHAJIa TPEANoIaraeTCs UCIOIbL30BATh MIPEIY CUTUTENN, Pa3-
paborauusie s merekTopa KEIP, ¢ HekoTopoit mopaboTKON, 3aKITFOUA0-
LIECS B M3MEHEHUN BBIXOOHBIX KackanoB. llym sTux npemycunurerneit co-
crasiseT 5000 smekTpoHOB HA BXOnHYO eMKOCTh 200 n®, COOTBETCTBYIOIIYIO
€MKOCTU KabeJsIsI, COEOUHSIOIIETO TPOBOJIOYUKN € MpEenyCuanTenaMu. Bxomnoe
conpoTusieHne paBao 75 Owm, Berxomuoe conporusiaerue - 130 OMm, gaurens-
HOCTH (ppoHTA 4 HC, NIUTEIBLHOCTH Cama 15 HC, BpeMs 3a0epKKu 3 HC, MO-
Tpebasemas morHocTh 80 MBT. Takue xapakTepucTUKY MO3BOISIOT UCIOIb-
30BaTh 51U npenycumurenn s K KMI-2M.

5 Z-kamepa meTekKkTopa
U cuCcTeMa UACHTUDUKAIIUN YACTUII

I;1 TOYHOTO OIpeneseHNs TeJIeCHOTO yIila HeTeKTOopa U OPraHU3aIlln 3a-
MyCKa MEPBUYHOrO TPUTTEpa OyIeT UCIOIL30BATHLCA Ta ke z-kamepa (ZK),
yro u B KMII-2 [17].

ZK cocTomT m3 TpexX NWINHIPUICCKUX KATONOB, MOCAMNOYHBLIX KOJCH U
AaHONHBLIX IPOBOJIOYEK, HATAHY THIX BAOIL OCH NyukoB. Tpu nuanHIpa obpasy-
10T nBa cios Kamepsl. Cpenuuil (UeHTPAIbHBIN) UUIKHAD SBISIETCA OOLIUIM
s 0o6ouX CIIoeB KaMephl I IMeeT OBe MeTaJlIM3MpPOBAaHHBLIE TOBEPXHOCTH.

18



MeV g™ sm*

100 200 300 400 500 600 700 800 900 1000
Particle momentum MeV/c

Puc. 7. 3aBucuMocTs yoenbHBIX HOHU-
3ALMOHHBIX TIOTEPH OT UMITYJIBCA,

Y BHENIHETO M BHYTPEHHETO HUJINHIPOB METaJITU3UPOBAHHLIE MTOBEPXHOCTHU
pa3meneHbl Ha KOJBIEBBIE MMOJOCKU ITUPUHON 6 MM U 3230POM MEXOY HUMU
0.5 mMm. Kaxxmoe KOmbIo, B CBOIO OU€penb, pa3Oe/IeHO Ha, YT TIOBBIE CEIMEHTHI IO
caemyloieit cxeme: 16 Gamkanimnx K HeHTPY KOjel - Ha 4 paBHBIE YaCcTH; MO
10 xomen ¢ Kaxxmoro TOPIA KaMephl OCTABIIEHBI CIIOMIHBIMUI; BCE OCTAJILHBIE
KOJIBIIA Pa3AesieHsl momoiaM. TakuM o6pa3oM, KaXKIbIN CJI0i KaMepPhl Comep-
KUAT 256 KATOOHBIX TOJOCOK. 7 - KOOPOUHATA U3MEPSIETCS METOIOM IIEHTPA,
TSKECTU HABEOEHHOTO HA MOJIOCKU 3aPsIOa.

Awnonusie npoBonoukn quamerpom 28 MM crenans u3 W-Re crmaBa u Ha-
TsiHY THL BIoJib ocu Z ¢ HaTskenueM 80 r. [llar npososouek npuMepHo 2.8 MM.
Ob61ee konuuecTso mpoBoodek 1408. [l yMEeHbIICHNS YUCIa KAHATIOB DIIeK-
TPOHUKY, AHOMHBIE MPOBOJIOYKY OOBEMUHEHBI B CEKTOPA M0 22 MpoBOIoUKn. B
Kax oM cyioe 32 cekTopa. CeKkTopa BHEIITHErO I BHY TPEHHETO CIIOEB [TOBEPHY-
THL B R — ¢ MIOCKOCTH OPYT OTHOCUTENLHO OpyTa Ha 1/2 yrmosoro pasmepa
CeKTOopa.

leomerpuueckue pazMepsl PA3INIHBIX YaCTEl KAMEPHI 1 TOJIIIITHA 31K~
TPONOB B PAOUAIIMOHHBIX OuHAX mpuBeneHwl B Tabmume 3. Kamepa npomy-
Baerca cmeckio CFy — iCyHy B coorromennn 80:20. Mcmonb3oBanue Takom
ra3oBoil cMecu (OLICTPOIT) TO3BOJISLET MOTyUYNThH BPEMEHHOE PA3PEIICHNE Ty Y-
ute 5 He ( ~ 30 HC mo ocHoBaHMIO). Bpems obpaliieHns myYkoB B KOJLIAaepe
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Ta6numa 3. OcHOBHBIE TAPAMETPHI Z-KAMEPHI.

Hnuua xamepsr 800 MM
Tonmuua kaTonHBIX MuaAnHEAPOB 1.0 MM
Tommuraa MEOQHOTrO NOKPBITHS 35 MKM
Huamerp mpoBosiouex 28 MKM
[MupwHa KaTOMHBIX TOTOCOK 6.0 MM
[Tar xaTOmHBIX OIOCOK 6.5 MM

BryTp. cinoit Bremrnuit crmoit

HurameTpsl KATOOHBIX [TOBEPXHOCTEN 612.8 mMm 630.5 MM

628.5 MM 646.7 MM
HuaMeTphl aHOMHBIX TOBEPXHOCTEN 620.7 MM 638.7 MM
ITar anomHBIX TPOBOIOUYEK 2.77 mm 2.85 Mm

KomnuecTBo BeriecTBa
r/cm? Xo
Karomuurit mumusap 0.23 0.01

Iposomnouxn ogroro cios 4.2-107*  6.3-107°
Bces kamepa 0.69 0.03

BOIIIIT-2000 — 80 HC, YTO BHOHE OOCTATOYHO IJIS MEPBUYHOTO TPUTTEPA, U
CUHXPOHU3AINN COOLITUS B AETEKTOPE C MOMEHTOM CTOJIKHOBEHUS [Ty UIKOB.

OnexTponuka ZK cocrout m3 aHOTHOrO U KaTomHOro TPakToB. s mpo-
BEPKU JIEKTPOHUKIY U BBISBIIEHUS HEITOIAIOK CAMOI KaMepPhl IPenyCMOTPEeHa
cucTeMa KaJIuOpPOBOK.

Bricokoe koopnuuaruoe paspeurenune ZK (~ 250 MKM mi1a meprneHmauKy-
JIIPHO MANAOIINX YACTUIL) MO3BOJUT MPOBECTU AGCOMIOTHYIO KATUOPOBKY
OK u KOOpOMHATHON YACTU KUMKOKCEHOHOBOTO KAJIOPUMETPA U, TEM CAMBIM,
VIIY4YIIUTH YIJIOBOE PA3PEIIeHne IeTeKTOPa OiIsl 3aPSKEHHBIX IaCTHUI.

Ha cnemyromem srame MomepHusanuu Z-KaMepy 3aMEHHT CUCTEMa WIeH-
TuUKAINYA JACTUL, KOTOPAsI TAKKE MOJKHA BHIPAOATHIBATEH CUTHAIL CTAPTA
MEPBUYHOTO TPUTTEPA. B KauecTBe TAaKOil CUCTEMBI PACCMATPUBAIOTCS HE-
CKOJIBKO BAPUAHTOB!

e noporosrie uepenkosckue cuerunku ([TYC) ma ocrose asporess,
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® YEPEHKOBCKHNE CYETUYUKN Ha OCHOBE KBaPUEBHBIX IIJIACTUH, B KOTOPBIX MO-
MEHT IIPpUXoOa CBETa Ha TOPUHI IMIJIACTUH PETrUCTPUPYETCA C TOYHOCTHIO
nyumre 100 mc,

® BpPEMSA-TIPOJIETHEIE CYETUNKN HA OCHOBE CIWHTUJLIAINOHHBIX TIACTUH
(TOF) ¢ BpemenHbiM paspererueM ryurie 100 mc.

Curema unentudukannu zHa ocaose ITYC [18] ¢ mokasaremeM mpemomie-
uust asporests 1.13-1.15 pemaer npo6iemy 7/ K pasmenenus Bo Bceit o6iaacTu
suepruit BOIII-2000. Koucrpykius nerekropa ua ocaose [IUC npencrasis-
eT coboil TuANHAD, HaOPAHHBIA U3 OTAEJIBHBIX CEKTOPOB IIMPHUHOHL 6 cM (B -
mnockocTn), nymHoi 40 ¢cM (BOOMB OCH z) M TONIIMHON 2.5 CM B PAIUaIbHOM
HanpasjeHnu. MomenupoBaHue MoKa3aso, YTO MPU BLIBOLE CBETA C a’pores
¢ momoIkIo mmdTepos (kak 5To cnenano B nerekrope KEIP) u ucmons3osa-
uun OOY ¢ MKII npoussoncrsa 3asoga OKPAH mox#HO B paccMaTpuBaeMoit
KOHCTPYKINX AETEKTOPA MOJIYyIUThH B CPeIHEM 5 (POTOIEK TPOHOB IIPU IPOJIE-
Te PeNSITUBUCTCKON YacTunkl. B MonenupoBanue ObIIN 3aJI0KEHBI PEATILHBIE
TmapaMeTphI adporesis, monyuennsle rpymmnoit netektopa KEIP, a Takxe skc-
IEPUMEHTAJIBHBIE JAHHBIE 0 OTPAXKAMIIMM CBONCTBAM TE(HIIOHA, KOTOPBIM
O0EpHYT KaxKIbIl OTHEIbHEIN dieMeHT (cekTop) merektopa. Huciao dboros-
JIEKTPOHOB MOXKET OBITH YIBOEHO, €CIIU OyIeT HaIax)eHO mpou3BoncTso POY
¢ MKII u apcennn-raamueBsiM POTOKATONOM, KBAHTOBAs 5H(PEKTUBHOCTE KO-
Toporo okoi1o 45%. Curema nneaTuduxanun Ha, ocHose IIYUC umeer HemocTa-
TOK — OHA HE BBIPAOATHIBAET CUTHAJA OT KAOHOB IJIS 3AIMYCKA, MEPBUYHOTO
TpUrrepa u modToMy TpeOyeT HAIWdusi OPYLOH CHCTEMBI, KOTOPAs Perrasa
OBl AHHYIO 330a9y.

[Ipusnun neficTBus cucTeMbl NACHTU(DUKAIIIY HA OCHOBE KBAPIIEBHIX I1JIAC-
TuH nokasad Ha Puc. 8. OcHOBHAS umest NAHHON METONUKU COCTOUT B MPEIH-
3UOHHOM U3MEPEHUN BPEMEHU MPUXONa YEPEHKOBCKOTO CBETA, HA TOPIIHI IIAC-
THH, KOTOPOE KOPPEIUPOBAHO C YIJIOM M3IIyUeHNs YePeHKOBCKOro cBeTa [19].

Ha Puc 9 npusenens pe3yibTaThl MONEINPOBAHUS PA3HOCTY BPEMEHH Pe-
TUCTPAINHN YePEHKOBCKOIO CBETA OT KAOHOB U [IMOHOB B 33BUCUMOCTHU OT UX
UMITYJIBCA TIPU HOPMAJILHOM MMAEHUN YACTUIl HA CYETUNK. BUIHO, 4TO BO BCEl
obmactu sueprmit BOIIM-2000 sTa cucrema obecreunsaer HamexHoe /K
paspmenenue. Onuaxo, BOMU3M mopora peructpanuu KaoHos (~450 MaB/c) ad-
(beKTUBHOCTL perucTpanuu OymeT 3aBUCETH OT HMIIYJIbCA, YTO IPUBEHET K
OIIPENENIEHHBIM TPYIHOCTSIM [IPU BBIYUCIICHIN CEYEHUI.

Cucrema uneHTUGUKANINU KAOHOB, OCHOBAHHAS HA W3MEPEHUU BPEMEHU
(TOF) npomera — camas npoctas. Macca yactuisl M, ee uMILyibC p, OjnHA,
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Puc. 8. [Ipunmnun paboTsl meTeKTopa HA OCHOBE KBAPIEBBLIX IIJIACTUH

Tpeka | 1 BpeMs mpoJieTa ¢ CBA3AHBI COOTHOIIICHUEM:

c2t?
m2c2:p2.<l_2_1>_ (1)

Orcrona MOXHO HANTH OTHOCUTEIHHYIO QUCIEPCUIO STON BETUUINHEL:

2 o2 o2  cos’d
_ % 4 [ OF 2
mz =2 T <t_2+sin4000> @

Q

rze 6 — MOJISIPHBIN yroJI HAKJIOHA TPEKA K OCH ILy9KOB, 0) U 0y — UMITYJIECHOE
u yraosoe paspernterue K, v — JlopeHIT-haxTop pessITUBUCTCKON YaCTUIIH.

B pa6ote [21] mns cuctemst TOF Ha CHMHTUIISIINOHHBIX CIETUNKAX IITH-
oM 90 cM, TOMIIMHON MIACTMACCHL 2 CM U IIUPUHON & CM IOy I€HO BPEMEHHOE
pasperenune 65 nc. 'eomerprueckue pa3mMepsl 3TOI CUCTEMBI OJIM3KU K Pas-
mepam cekTopoB ZK, 4To maer oCHOBaHUS OXUOATH TAKOLO XK€ BPEMEHHOIO
pasperenus u B merekrope KMI-2M.

Ha Puc. 10 noka3aHbl pe3ylbTaThl BEIYUCICHUS MACcChl KAOHA B 3aBUCH-
MOCTHU OT €r0 UMITYIIbCA, IIPY HOPMAJILHOM TTAEHUN U BDEMEHHOM Pa3PeIeHnn
cucremsl TOF 65 nc. Bunno, uro mis wactun ¢ ummoynscom o 800 MaB/c
(Ex ~ 950 M»sB) nmocruraercs pasmeseHue MUOHOB U KAOHOB Ha yPOBHE 20.
[Ipu BerUBCHEHNUY 0, UCIIOIB30BAIOCH IPOEKTHHIE UMITYILCHOE U YIJIOBOE Pa3-
perenus K.
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B kauecTBe $OTONPHEMHUKOB B BBIIIEYIOMSHYTOH padoTe HCIOIL30Ba-
qguce POY pupmer Hamamatsu, R6504S, koroprie mouTupoBaauces 6e3 cae-
TOBOZOB MIPSIMO HA TOPIBI CHUHTUIAAINOHHEIX macTud. POY ¢ MKII 3asoma
OKPAH Tak:xe NOOXOOAT I STUX IeJell, OMHAKO BOIPOC 00 UX MCIOIL30Ba-
Huu TpebyeT maabHeNIel TpopabOTKU ¢ TOYKU 3PEHUs JTUHEHHOCTH aMILIn-
TYIOHOTO OTKJINKA, 3arPY30YHON CIIOCOOHOCTH U BPEMEHU KU3HU TAKOTO IIPU-
60pa, a TakkKe PeaIbHO MOCTUKIMOIO BPEMEHHOrO pasperieHus. UucieHHbIe
OIIEHKM TMOKAa3BIBAIOT, UTO mpu ucnonb3oBauuu POY ¢ MKII u mmacTrmaccest
NE-110 Tommmuoi 2 cM OOCTUKUMOE BPEMEHHOE pa3peleHne OKa3hbIBAeTCs
oxo510 110 me. ®OY ¢ MKII ¢ apcennn-ramgnaneBsM GOTOKATOIOM Oy Ay T NMETH
IPUMEPHO B NIBA Pa3a OOIBUIYIO KBAHTOBYIO »bdexkTuBHOCTE U B 1.6 pasa
GOMBIIYIO TWIOMAAEL (GoTOKaTOnA. DTU ABA GAKTOPA yBEIUIAT YUCIO (HOTO3-
JIEKTPOHOB MMPUMEPHO B TPU Pa3a U, TEM CAMBIM, VIYUIIIAT BPEMEHHOE Pa3pe-
mrenue 1o 60 mc.

6 MarauTHasa cucreMa.

MaruuTtnas cucrema merekropa KMII-2M BkiIouaeT CBEPXIPOBOMSIIINT
(CII) conenounn, CII npeoGpa3oBaresb, HICTOYHUK NUTAHUS U CUCTEMY YIPaB-
menust 1 KOHTposist. CxemMa MarHuTHON cucreMbl mokasana Ha Puc.11. CII
COTIeHON, MPeNHA3HAUEeH OIS CO3MAHMS AKCHAIBHOIO MATHUTHOIO MOJIS BEJIU-
upuoir 1.5 Ti. Om pacnomaraercs mexmy koopauHaTHO#M cuctemoinn u LXe
kasopumeTpoM. CII mpeoGpa3oBaTenb COBMECTHO C MCTOYHHKOM MUTAHUS U
CHCTEeMOH yIPaBJIEHUs 1 KOHTPOJIsI 00ECHeUNBAET 3aIMUTKY COJICHOMIA TOKOM
1 kA u nongmep:KaHye BeIMYNHLI MATHITHOTO OIS ¢ TOYHOCTHIO 3 X 107° T
OcHoBHBIE TAPAMETPHI COJIEHONIA IPUBENEHLI B Tabuie 4.

Comnenonn mOMXKeH MMETh MUHHMAIIBHOE KOJIWYECTBO BEIIECTBA B PAalu-
ALIMOHHBIX [JINHAX U MUHUMAJBHYI T€OMETPUYECKYI0 TOJIIINHY, B CBSA3U C
ueMm Oblyia BHIOpaHA KOHCTPYKIus, nokazanuas Ha Puc.12. CII kabens ykia-
OBIBAETCS B BUHTOBLIE KAHABKU, IPOPE3aHHLIE IO HAPYKHOW U BHYTPEHHEN
MOBEPXHOCTSIM O0EYAfKU U MPUKIEUBACTCS SIMOKCUAHBIM KiieeM. AToMuHm-
€BBIE TIOJIOCKU W3 CBEPXUMCTOrO ajroMunus (comepxkanue ajmroMunus 99,999
%) TPUKIIENBAIOTCA K TIOBEPXHOCTH OOMOTKY STIOKCUIHEIM KJIeeM I 00ecre-
YEHUsI TeJINEBOIl TeMIEPATYPHL [0 myinHe cosieHouna. it 3amuTel o6MOTKI
[IPU CPBIBE CBEPXIPOBOLMMOCTY BATKNA OOMOTKHU IIYHTUPYIOTCS C HOMOILIBIO
os10cok Gosbru u3 naryuu toiamuaor 50 MM, Hanasril coocob 3auTs uc-
HOB30BAJIC B conmeHoune nerextopa KMII-2 [22]. IlomHoe compoTusieHne
mryaTa coctasiseT 0,3 MOwm. ConeHonn OXTaXOaeTcs XKUOKUM TelueM, Ha-
XOOAIIMMCS B KaHAJIe OIHOTO M3 TOPIOB COJICHONAA. BKIam B pamnamoHHyo
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LS| HakonurensHplii
cocyn LHe
o6bem 150 1

UCTOYHHUK
N CIT npeobpasoBaTens

TIUTAHUSA =
CII conmenons

}

CUCTEMA
YITPABJIEHU A
W KOHTPOJIA

Puc. 11. MaruuTtnas cuctema metextopa KMII-2M.
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Tabauna 4. Ocuosusie napamerpsl CII comenonna nu 0OMOTKH.

Hnuua comenonna, M 0.9
Buyrpennuit nuamerp comenouna, M| 0.7
MaruauTHoe mone Ha ocu, T 1.5
Samacennast sueprus, kIlx 300
CII ka6ens NbTi/Cu = 1/1, d, mm | 0.85
Yuncmo BUTKOB B ABYX CIIOSIX 1000
Pabounit Tok, kA 1
Oruowenne Ly ork/Lor 0.7
WunykTuBHOCTE conenonna, I'n 0.6

TOJILINHY 3JIEMEHTOB 00OMOTKI NpUBEOCH B Tabuie 5.

7 lIunnmmHEOpUYECKUN KaJIOPUMETP.

Mumuanpuueckuin kamopumerp KMII-2M cocTout m3 2-X 4acTei: XKum-
kokcenonoBoro kajopumerpa (LXe) u kpucrannos Csl. Tommuuna cinos xun-
KOrO KCEHOHA - D pamuManuoHHBIX mirH. LXe KamopuMeTp OXBaThIBaeT 00-
JTaCcThb MOJISIPHBIX yriIoB 38° < 6 < 142°, 4TO COOTBETCTBYET TEIECHOMY YT-
ay © = 0.79 x 47. B Csl yacTu ucCnomb3yrTCs KPUCTAJIIEL KAJOPUIMETPA,
KMIO-2 ¢ romuuuoin okomo 8Xj. W3-3a yBemunueHus BHYTPEHHErO PALRYCa
KPUCTAILINIECKOTO KAJIOPUMeTpPa Ha 15 CM YUCiIO KPUCTAIIOB YBEJIMIUTCS
ua 260. Tenecusiit yromn, oxBarsisaembril Csl kamopuMeTpom, cCOCTABUT OKOIIO
0.66 x 4.

Duepreruueckoe pasperrenne kajmopumerpa KMII-2M miist y-KBaHTOB, MO-
JIVUEHHOE C MOMOIIBI0 MOOETUPOBAHUs, mokaszaHo Ha Puc.13 B cpaBHeHUU C
paspermenunem mist KMII-2. Brmaromapss yBenw4YeHn o MMOTHON TOJIIUHBI aK-
THUBHOTO MAaTEPUAaIa KAJIOPUMETPa, ero SHEePreTHUYecKoe pasperieHue Oymer
3aMETHO JIyYIIIIM IO cpaBHeHuo ¢ nerekTopoMm KM]II-2, a BO3MOXHOCTE U3Me-
PSITh KOOPAWHATHI TOYKN KOHBEPCUM Y-KBAHTA, B TIO3BOJIUT OMPENEIATh YT IIbI
BBIJIETA (DOTOHOB C TOUHOCTHIO mopsiaka 0.005 pamuan.

26



Tabnuna 5. Bknan smemMeHTOB OOMOTKY COIEHOUIA B PAMUALMOHHYO TOJIIIIN-
HY 0OMOTKN.

Marepuan Tonmuua Pangnanuonnas tommmua Homs MmaTepua-
X,mm Xy MM X/Xo, % moB, %

CII xabens,

NbTi/Cu = 1/1 0.56 17.7 0.032 39.5

Onopuas

oGeuaiika, Al 2.5 88.9 0.028 34.6

MlysTer, J162

(Cu 60%, Zn 40%) 0.05 15.7 0.003 3.7

Mpumnoii,

(Pb 60%, Sn 40%) 0.05 7.1 0.007 8.7

ITomockmn,

Al 99.999% 1.0 88.9 0.011 13.5

Uroro, X¢ot 0.081 100
LIYHT AMI'6 ©0.92 NbTi/Cu + uzonsiuus

X A

1.8

0 A199.999%

4.1

Puc. 12. O6MoTKAa ¢ aJIIOMUHUEBOR OMOPHON OGEYANKOIL.
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OHepreTuyeckoe paspeLueHne KarnopumeTpa

(MopenupoBaHue)
15 1
[ CMD-2
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Puc. 13. Duepreruueckoe paspelieHne MuINHIPUIECKOTO KAJIOPUMETPA, s
Y-KBAHTOB C YUETOM IITyMOB 3JIEK TPDOHUK.
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7.1 Kamnopumerp Ha ocHOBe xuakoro kcenona (LXe)

IIpoekT KamopuMeTpa Ha OCHOBE JKUIKOTO KCEHOHA OMICAH B paboTe [23].
O6umit o6vem LXe B xamopumerpe 420 m. 1 MUHEMU3AIIN KOITIECTBA
[TACCUBHOIO BEIIECTBA Iepel KaJOPUMETPOM, OH OymeT pa3MelleH B OTHOM
BAKyyMHOM KOPIIYyCE CO CBEPXIIPOBOMSIINM MATHITOM.

LXe xamopumerp cocTouT um3 HAOOpPA MOHM3AIMOHHBLIX KaMep C KaTOI-
HBIM ¥ QHOOHBIM cunThiBaHHEM. CXeMa BIIEKTPONOB KAJOPUMETPA TTOKA3AHA,
ua Puc. 14. KaTonb! BEIMOIHEHEB! B BUE TTOJIOCOK, 8 AHOOBI pa30UTHI Ha P SIMO-
YTOJIbHBIE TIOMIAAKY, O0benuHeHHbe B OamrHu. Takas CTPyKTypa 3IeKTpo-

B + +

KaTo,1

aHoJ

Puc. 14. KoHCcTpyKINS 51€KTPOOOB KCEHOHOBOTO KAJIOPUMETPA

IIOB MO3BOJISIET U3MEPSTH [TOJIHOE SHEPIOBLINEIEHNE B OAIIHE U ONPENeIsTh C
BBICOKOI TOYHOCTBIO KOOPIUHATHL TOUKU KOHBepcuu y-kBauTa. CerMenranus
LXe no riy6usne nossonut usMeputs dE/dx miis 3apsKeHHBIX 9aCTUL U GACT
“HOOPMAIINIO O MPONOIBLHOM PA3BUTHUM JIUBHS, UTO MO3BOJIUT 3HAUUTEILHO
yayunmTs pasnerenne K /v, 7 /KT u 7/e npm 06paboTke sKcmepuMen-
TaJIbHBIX JAHHBIX.

Cucrema snextponos LXe kamopumerpa mpencTasiseT cobol HAGOp u3
IISITHAAUATU COOCHBIX IUINHAPOB MINHOA 915 MM, M3rOTOBIIEHHBIX U3 GOIIb-
rupoBanuoro CTO®a, pasmeneHHBIX MO PANUYCY OOUHAKOBBIMU 3a30PAMUI
10.2mMm. JTuamMeTpbl BHYTPEHHEH U BHEIIHEH 00euaeK KOPIyca KaJOpUMeT-
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pa pasusr 738 mm u 1023.6 MM, coorBeTcTBeHHO. J[106as mocienoBaTenbHAas
TPOWKA U3 OIHOTO YeTHOTO U OBYX HEUETHBIX IUJINHIPOB 00Pa3yOT IBOWHON
3a30p MOHM3AIMOHHON KaMepHI.

Kaxnas moBepXHOCTH KaTONHOIO 3JIEKTPONA pa3dNTa HA IMOJIOCKU, MIPU-
YeM IOJIOCKM HAa ABYX IOBEPXHOCTSX ONHOIO MUINHAPA MEePIEeHINKYIISIPHBI
OpYT OPYTY ¥ B ILIOCKOH pasBepTKe cOCTABIMOT yroa + 45° ¢ ochio myukos.
C yBenuueHueM pafmyCa KATOMHBIX SJIEKTPONOB IIAT MOJIOCOK MEHSETCS OT
12 mo 14 mm. Ha xaxmom cjoe mx KOaudecTBO mpuMepHo paBHo 150. Kax-
Ilasi TOJIOCKA, B CBOIO OUepenb, pa3desieHa Ha UeThIPe IONMOJIOCKY MINPUHOM
~ 2 MM U DIPOMEXYTKOM MeXOy HIMHI ~ 2 MM. Taxas KoHGUTypanus moIoCoK
[TO3BOJIAT U3MEPSITH B OOHOM 3a30Pe CPa3y OBE KOOPAMHATHL TOYKH KOHBEPCUI
(hOoTOHA - HABENEHHBI 3aPsa OT NOHOB IIPUMEPHO IOPOBHY MTOMEJIUTCS MEXKIY
B3aUMHO IepPIeHINKYISIpHLIMET nogockaMu. [lomHoe KonmuaecTBO KOOpOUMHAT-
HBIX ONT0COK B LXe xamopumeTrpe coctapmsaeT 2124.

Anonunbie 57eKTpomsl Pa3bUTHI HA MPSIMOYTONBHBIE SYEUKU, 8 - BOObL
ocu Z u 33 - B R — ¢ mnockoctu. Sdeiiku Pa3HBIX 3JIEKTPOIOB COENUHE-
HBI IPOBOIHUKOM 1 00Pa3yioT GAIlHI, OPUEHTUPOBAHHBIE HA MECTO BCTPEYN.
Taxum obpasom, kamopumerp coctoutT u3 264 GalieH ¢ yriioBBIM Pa3MepOM
~ 11°x ~ 11°.

KoucTpykius kagopuMeTpa cXeMaTUIecKn mokasaHa Ha Puc. 15.

Bce snekTpons Ha Topuax kpensarcs K duiannaM (7), U3TOTOBICHHBIM U3
CTO®a. Curnainsl ¢ mMOIOCOK U GAIIEH BBIBOASTCS HA 55 MITHIPHKOBBIE PA3b-
emul (5) (mo 22 pasbema C KaXOOW CTOPOHBI), KOTOPHIE BMOHTUPOBAHEL B
6okoBEIe (hrmaHnbl (6) XOIOMHONO KOPITYCa KCEHOHOBOTO Kajiopumerpa. O6e-
qatiku (7,8) mpennomaraercsa usroroBuTh u3 Al-Be cmmasa TommmHOR 4 MM
1 3MM IJIs BHYTPEHHEN U HAPYXKHOM 00euaeK COOTBETCTBEHHO. Pa36opHLIi
BaKyyMHBII KOPITyC (2,3,4) U3rOTOBIEH U3 AOMUHUS U ABILAETCS OOLIUM 71
KaJIOPUMETPAa U CBEPXIIPOBOMSIIIErO MArHUTA. TOJIIIMHA CTEHOK BHYTPEHHEN
IUIMHIPUYIECKOH 0OOIOUKN BAKyyMHOIO KOpITyca 2 MM, BHemrHed - 5 MM. [lo
TOpIIaM IUINHIPUIECKOTO BAKYYMHOTO KOPITyCa, BOIN3K GIIAHIER, DABHOMED-
HO MO OKPYKHOCTHU, PACIOJIOXKEHbl 10 22 pasbeMma (1) ¢ Kaxkmoil CTOPOHHL
[TaccuBHOE BerecTBO mEpen KaJOPUMETPOM COCTOUT U3 BHY TPEHHEN I[UJINH-
OPUYECKOll 0BOIOUKN BaKyyMHOIO Kopiyca (4), CBepXIPOBOLAIIErO COIEHOU-
na (14), BuyTpenseit ob6edaiiku a30THOrO skpana (13) u BHyTpeHHeil obeuaiiku
XomnomHOro Kopryca. Ero mommas Tommmaa pasHa 3.2 r/cM?, UTO cocTaBIgeT
~ (.18 pagunanuoHHerX ayuH. [[oTHAS TOMITMHA TACCUBHOTO BEIIECTBA MEXIY
LXe u CsI - 2.2 r/cm? umu ~ 0.09 panuamuoHHBIX [INH.

CpeM CUrHAIOB ¢ KaTONHBIX HOMOCOK (eMkoCTb ~500 nd) u aHonHBIX Ga-
men (emxocTh ~500 nd) ocymecTBIsETCs ¢ HOMOILIBIO IBYX HE3aBUCUMBIX
TPAKTOB 3JAEKTPOHUKU. [[pUHININANIBLHBIE CXeMBI KATONHLIX U aQHOMHBIX Ka-
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Puc. 15. Koncrpykius kceHOHOBOrO kajopumMerpa: 1 — 55-IITHPLKOBEIA Ba-
KYYMHOILUIOTHBIA pa3beM HA TEIJIOM KOPIyce, 2 — BHEILIHSs UWINHIPUIEC-
kas obonouka (Al) remnoro kopmyca, 3 — duanen (Al) Temnoro kopmyca, 4
— BHYTPEHHAS IuIuHOpudYeckas obosouka (Al) remmoro xopmyca, 5 — 55-
IITHLIPLKOBLIN BAKYYMHOIZIOTHBIN Pa3beM Ha XOJIOMHOM Kopmyce, 6 — dmaHer
(HEepKABEIOIIAs CTAITL) XOJIOMHOTO KOPIYCa, 7 — BHEIIHSS 00eualika (HepxKaBe-
OILIAsl CTAJIb) XOJIOMNHOIO KOPIIyca, 8 — BHyTPEeHHss obedaiika (HepKaBeroLas
CTaJlb) XOJIOMHOTO Kopiyca, 9 — duanen snektponnoi cuctemsl (CTOD), 10 —
KaTOMHBIE BITEKTPOnbI, 11 — aHOmHBIE 3IeKTPOOLI, 12 — MPOBOMHUK, COEMUHIIO-
LU TYelKN AHOMHBIX SJIEKTPONOB B a0, 13 — azorHbiil s5kxpan (obeuaiiku
- CTO®, ®nanust - Menb). 14 — CBEPXIPOBOMSIINAI CONECHOUI,
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HAJIOB IPAKTUYECKU UOCHTUIHEL I PA3INIAIOTCS JIUIIL HEKOTOPBIME 3JIEMEH-
TaMu.

[IpenBapuTenbHas 57IEKTPOHUKA (3apPANO-UyCTBUTEILHBIE YCUIUTEIN U
(bOpMUpPOBATEIN) MOHTUPYETCS HEMOCPENCTBEHHO Ha, pasbemax (1), pacmoso-
JKEHHBIX HA TeIJIOM KOPIIyce KajopuMmeTrpa. Biiok-cxeMa 51eK TPOHHOTO Tpak-
Ta uzobpaxena Ha Puc. 16. Curaasis ¢ aHOOHBIX KAHAJIIOB IOCTYIAKOT B OJIOKI

H-V. SK932
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Puc. 16. Brok-cxeMa 571€eKTPOHHOTO TPaKTa OIS AHOMHBLIX U KATOMHBIX KaHA-
JIOB.

OIM(MPOBKU U HA MUCKPUMUHATOPHI IS BEIPAOOTKN apryMEHTOB MEePBUYHO-
ro Tpurrepa. BpemenHas MeTka COOBLITHUS BHIPAOATHIBACTCS MUCKPUMUHATO-
POM C HJIABAIOIIMM MTOPOTOM, HA BXOL KOTOPOTO MOCTYIAET CUTHAJ MOJIHOIO
SHEproBHILENIeHNe B KamopumeTpe. Bpems GopMupoBaHUs aHOOHBIX CHATHA-
moB 0.4 MKC BBIODAHO KaK KOMIIPOMUCC MEXOY BKJIAIOM B SHEPreTHIecKoe
paspelesue KaJIopuMeTPa IIIyMOB JIEKTPOHUKN U BIMSHUEM HA AMILIATYILY
BBIXOIHOTO CUTHAJIA GQIYKTYauil MPOCTPAHCTBEHHOTO PACIPENeSIeHIsT 00pa-
30BABIIIETOCS MEXKIY SIEKTPONAMHU 3apsna. Bpems GopMUPOBAHUS KATOMHBIX
curaasios 4.5 MKc onpenenseTcs BpeMeHeM c60pa 31eKTpoHoB noru3anuu. [Ipn
BBIOPAHHBIX BpeMeHaxX (POPMIPOBAHUS IITyMOBBIE XapAKTEPUCTUKN KATOLHOTO
kaHasa - 350e + 1.6e/nd, anonsoro kanana - 900e + 2.1e/ud.

Ha Puc. 17 noka3aHa cxemMa KPHOTE€HHO-Ia30BBIX KOMMYHUKAIWA CBEPX-
nposomsaiero MarunTa u LXe xanopumerpa. IlocTymatommin u3 XpaHumin-
ma (3) rasoo0pasHbIl KCEHOH KOHIOEHCUPYEeTCs B oxmxkuTene (9) co cko-
pocThio ~ 360 Kr/CyTKN U CTEKaeT B HIUKIOID YACThb 00BEMa KAJIOPUMETDA.
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Puc. 17. Brok-cxema KpUOTE€HHO-TA30BLIX KOMMYHUKAIINN KaJopuMeTpa: 1 —
KPUOCTAT C XKugkuM requeM, 2 — LXe xkajtopumeTp, 3 — XpaHUIuIlle KCeHOHA,
4 — pesepBHBIN 00BEM, 5 — CECTEMa OYUCTKU KCEHOHA, 6 — PemyKTophl, 7 —
pacxomoMmepsl, 8 — BeHTWIN, 9 — OXIKNUTeNIb KceHoHa, 10 — maHoMeTp, 11 —
OydepubIil 06beM, 12 — CBEPXIPOBOMSIINN COTEHOUT.
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XO0IOnHbBIA NCIAPUBIIIICSI KCEHOH OMBIBAET 3JIEKTPOMLL U [IOCTYIAeT 00paT-
HO B OXIDKNATEeIb. BpeMs Ha 3aX0sjakmBaHUE U 3aJUBKY COCTABUT OKOJIO 5
cytok. Temmeparypa LXe monoep:KuBaeTcs ¢ TOMOIIBIO a30THLIX SKPAHOB 1
HarpeBaTesnell, KOTOPEIe PACIOJIOXKEHEI B HIDKHEH JacTu kanopuMmerpa. Kon-
BekTuBHBLIE TOTOKKM LLXe MO3BOIST CTAOMIN3UPOBATH TEMIIEPATYPY BHYTPH
Bcero obwema ¢ TouHOCTHIO ~ (.5°. Ilpu apapuitnoit curyanuu LXe Gymer
CIIUBATHCS 32 BpeMs ~15 MuH B pesepBHBLI 06beM (4), pACIONOKEHHBII [0
nerekTopoM. Cucrema ounctku (5) MO3BOMSET 38 CYTKU MPOU3BECTH OUUCT-
Ky HEOOXOOUMOIO KOJMYECTBa KCeHoHa. Xpauunuie (3) coctout uz 20-Tu
40-1uTPOBBIX GAITITIOHOB U3 HEPXKABEIOIIIeH CTANIN, KOTOPHIE Pa3MeIeHH! B IIe-
HOILJTACTOBOM O0BEME, 1, IPU HEOOXOOUMOCTU, MOT'YT OXJIAXKIATHCS KIIKAM
a30ToOM.

7.1.1 TekyIee cocTogsHue eI
0 XUIKOKCEHOHOBOMY KaJIOPUMETPY

1. M3roToB/IeHbI W UCHOBITAHEL HA BAKyyM TEILIBIA U XOJIOMHBIN KOPITYCa,
(13 HEpXKABEIOLIEN CTa/Iu) KaJOPUMETPa.

2. 3aBepiriena cOOpKa U SIEKTPUIECKUI MOHTAXK SJIEKTPOMHON CUCTEMBI
KaJopuMeTpa.

3. M3roroBneHs! 1 NCOLITAHBL FA30BOE XPAHUIINIIE IS KCEHOHA U HEOOXO-
OUMBIEe 711 Hadanla paboThI C KAJOPUMETPOM KOMMYHUKAIIAN.

4. M3roToBiieH OXUKNTEIb.

5. N3roroBiena u oTiaxKeHa CHCTEMa OYMCTKU KCEHOHA, KOTOpas obecre-
YUBAET MPOOEr HIEKTPOHOB B HECKOJIBKO MITIMETPOB, UTO TOCTATOUHO
st pabOTHI KaJIopuMeTpa.

6. M3roToBnena u oTsIaxKeHa OMUGPOBLIBAIONIAS HTIEKTPOHUKA, I NCTOUHU-
KU CUJIOBOTO MATAHUS.

7. Narorormensr 200 KaHAJIOB MPEOBAPUTENHLHON HIEKTPOHUKYN TS HAUa-
7a paboT ¢ kasmopuMeTpoM. Benercsi KOMIIIIEK TOBKA OCTABIIENCST 9acTH
MPEenBAPUTENBLHON SIIEKTPOHUKN. 3aKyIUIeH KAaOellb B HEOOXOMUMOM KO-
JINYIECTBE IS BCETO KAJIOPUMETPA.
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7.2 LuninmHOPpUYECKUN KAJIOPUMET]
Ha ocHoBe kpucrasioB Csl

7.2.1 KoHCTpYKIIUA KajlopumMeTpa

B kanopumerpe Ha ocuose Csl B cpemmem Beimensercs ot 30 mo 50%
SHEPTUN 3JIEKTPOMArHUTHOrO JuBHA. [Ipyn co3maHmm 5TOH YacTH IETEKTOPa
KMII-2M 6yner mcmoiab30BaH OMBIT MHOTOJETHEN PpabOTHI C KAIOPUMETPOM
KMII-2 [24], Bce ero KpucTaIbl 1 OCHOBHBIE UAEH KOHCTPYKIWN.

HMunuunpuueckuit Csl kamopuMerp COCTOUT U3 BOCBMU OKTAHTOB, KAXK-
OBI U3 KOTOPBIX CONEPXKUT OEBATH JTMHENHBIX MOmymeii(muHeek). JIuneikn
cocToaT u3 16 CueTUMKOB, 3aKPEIJIEHHLIX Ha CTalbHOI mojsoce. CueTdnmk
IpencTaBiIgeT co6OH KPUCTAMT, pasMepoM 6 X 6 X 15 cM?, mokpuITEI muddy3-
HBIM OTpaxkareseM. B oKTaHT BXOOST 7 CTAHOAPTHBIX JINHEEK U 2 JINHEHKU
CYETYUKOB CIEIUAIBLHON (GOPMBI OJISl TOTO, YTOOBI OOECHEUNTh COIMPSIKEHIE
OKTAHTOB 6e3 3a30poB. Ha cTambHON MOOCe KaXOBIM KPUCTATT (PUKCHUPY-
eTcs ¢ oMo 4-x mrypymos. Ins peructpamun cBera B Csl kamopumer-
pe KMII-2M 651710 penieHo uCHoib30BaTh MOTYIPOBOMIHUKOBLIE (HOTOMMOOLI
(®0) B oraumune or nerekropa KMII-2, roe mis TON Uenn IPUMEHSINCH
dOY-60 ¢ nuamerpom dorokarona 14 mm. [Ipuumusr mepexona wa DI cie-
IyoIne:

e Bricokas uyBcTBuTensHocTs @Y Kk MarHuTHOMY mo0. Kak mokasas
onsiT KM]I-2, paccessHHBIE MArHUTHBIE TIOJIST B METEKTOPE KPaiHe TPYI-
HO BBIYUCIUTD C HYKHOH TOYHOCTBIO U CJIOKHO HKPAHNPOBATH IO YPOB-
us Mmesbie 1 Ic, neobxomumoro mis crabunbHol paboTer DIY.

e Hemocrarouno mupokuit nuaamudeckuii quana3zod POY-60.

e CylIecTBEHHO JIydilias BPEMEHHAs U TeMIepaTypHas CTabUIbHOCTD

DII.

Ilocrensme nBa mMyHKTA CTAHOBSTCS CYIIECTBEHHBIME OJIaromapsi paciiupe-
HUIO SHEPTeTUYECKOTO MUANA30Ha HOBOTO Koumaimepa BOIIII-2000 u yryure-
HUIO TIPUMEPHO B IBA Pa3a YHEPTeTUYECKOrO PABPEIIEHUS IUINHIPIIECKOTO
xamopumerpa KMII-2M no cpasuenuto ¢ KMJI-2.

Ha xaxmoMm cueTumke MpenrnojaraeTcs: NCIOIb30BATEL ONUH KPEMHUEBHIN
dorommon (Hamamatsu S2744) ¢ wycTBuTensHOM miomansio 10 x 20 vm?,
IPUKJIECHHBIA HAa TOpen Kpucrtajia. Kak mokas3aaum m3MepeHus ¢ TECTOBBIM
CUYETUYNKOM, BEJIMUIHY, CUTHAJIA, HA BXOME MPEOyCUJIUTEIISI B DTOM CIydae CO-
crasmsget okoio 2500 gporosnexTporos/M»sB. IIpu 5TOM ypOBeHB IIIyMOB 571K~
TpOHUKU cocTaBwi 0KOI0 800 37K TPOHOB.
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7.2.2 OJeKTPOHHBIN TPAKT

Curnman ¢ dorommona, B oTyiuume or curHaia ¢ ®OY, mam u Tpebyer
MOTIOJTHUTENIHLHOTO yeuneHus. KpoMe TOro, njs momaBieHUs IITyMOB 3IEKTPO-
HUKY HEOOXONUMO O TUMAIBLHOE (POPMUPOBAHUE UMIYILCOB. DTH TPEOOBAHUS
OIIPENEIISIIOT CTPYKTYPY 3JIEKTPOHHOTO TPAKTA.

Cursanst ¢ GOTOAMONOB MOCTYMAIOT HA 3aPSAOUyBCTBUTEILHBIE MIPEIY-
CUJIATENN, YCTAHOBJIEHHBLIE HA KPUCTAIAX, 3aTEM HA YCUIUTEIN-GOPMUDO-
BaTeNN, PACHIOJIOXKEHHBIE Ha MJIAaTaX IPOMEXKYTOYHOU SIIEKTPOHUKN BOIN3N
METEKTOPA, C BBIXOIOB KOTOPLIX CUTHAJBI MOCTYMAOT Ha miaaThl A32 mis
oumPPOBKM.

Hasa Csl 6yayT mcnonb30BaHbL IPEAYCUIUTENNA TOTO XK€ TUIA, YTO U s
TOPIIEBOTO KAJIOPUMETPA. ¥ CUINTETb-GOPMUIPOBATEND, HAPSAAY C YCUIICHUEM
curHaja OymeT Npom3BOOUTE €r0 OMHOKPATHOE nuddepeHIITPOBAHNE U YeTHI-
PEXKPATHOE MHTETPUPOBAHNE C MOCTOSHHONW BpeMeHn mopsnka 1 mxc. Takoe
(hopMuUpoOBaHTe MO3BOIET HOMIYUYUTDH HIYMBI OKOJIO 800 31€KTPOHOB, UTO CO-
OTBETCTByeT ypoBHIO IIyMoB 0k0iI0 300 x5B ma xaman. Cxema ycuaurens-
dopMupoBaTess HAXOOUTCS B mporecce paszpaborku. Ha onnoit mrare npen-
ToJTaraeTcst pasMeniaTs 16 popMupoBaTesneid, TO3BOISIIOIINX TPOBOANTE O -
CTPOHKY KosbdunmnenTa ycujgeHus B npeneiax 6 n6. Kpome Toro, Ha mmarax
opMupoBaTeseil PACIONIAraeTCsl CXeMa MOy YeHUsT OBICTPBIX CUTHAJIOB CyM-
MAPHOTO SHEPTOBBINENICHNS] B MOMYJIE. DTU CUTHAIBLL OyIyT UCIOIb30BATHCS
B TpULTEPE METEKTOPA.

Kaxnweiii mpenycmanTenb UMEET BXOM OIS KATUOPOBOYHOTO UMITYIIBCA.
s KOHTPOMS pabOTOCIOCOOHOCTU CUETUNKA HA KAXKOBIN KPUCTAIT TaKKe
YCTaHABINBAECTCS CBETOMUON.

7.2.3 KanmubpoBka

[Iporecc xaauGPOBKY KAJIOPUMETPA BKITIOUAET CICAYIOIINE CTAINN:

® HIEKTPOHHAS KAJTUOPOBKA, BKIIIOUAOIIASI U3MEPEHIE ThHeIeCTAJIOB U KO-
sddurmenTa mpeodbpa3oBaAHUS BIEKTPOHHOTO TPAKTA C MOMOLILIO Ka-
MUOPOBOYHOIO CUTHAJIA OT DEHEPATOpA.

e KamuOPOBKA C UCIOIb30BAHNEM KOCMUYUECKIX UACTUII, AHAJIOTUTUHAS Ka-
nubpoke Ha KMII-2, mo3BossIOIas MOTYYNTE KAJTUOPOBOUHEIE KOdGh-
(UIIEHTHI ¢ TOYHOCTHIO OKOJIO 3%.

o TlomyueHne OKOHYATEIBLHBIX KAJIUOPOBOYHBIX KOB(MOUIMEHTOB ©U3 CO-
BMECTHOI C KCEHOHOBBIM KaJIOpUMETPOM 00pabOTKU COOBLITUHN YIPYTroro
BIIEKTPOH-TIO3UTPOHHOTO PACCESHUS.
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7.2.4 WM3rorosjieHIEe CYETUYNKOB

B macrosiee Bpems Bce 1152 kpucramna nys Csl kanopumerpa uMeTcs
B naboparopun. Ha mepBoM sTame n3roToBIEHIS HOBOTO KaJIOPUMETPA BCE JIH-
neriku kamopumerpa KMII-2 momxHBL OBITH Pa30OpaHbL, BCE KPUCTAIIIBL Pac-
MAKOBAHBI U BU3YAIILHO IMPOBEPEHLI. 3aTeM HEOOXONUMO YIOAIUTL CTAPOe JIa-
KOBO€ [OKPBLITHE KPUCTAIIIOB U, B CIy4ae HeOOXOOUMOCTH, 10pabOTaTh UX MO~
BEPXHOCTH. I[J1s M3rOTOBIEHUSI HIIEMEHTOB HOBOTO KAJIOPUMETPA, UX KOHTPOJISI
7 COOPKU JIMHEEK U OKTAHTOB, IJIAHUPYETCS MPUMEHUTD TPOILENYPY, KOTOpast
6bL1a paspaboTaHa 1 UCIOIB30BaHa Ipu co3nanun Kamopumerpa KMII-2 [25].
[MoramobuTcs nuitts HEGOMBINAS e MOTU(PUKALIH.

8 Topmoesou kKajlopuMeTp

Topuesoit kanopumerp merekropa KMII-2 [26] cocTouT u3 AByX TOPUOB,
BKJIIOUAIOIINX B cebs B obimen crnoxuocTu 680 xpuctammmos BGO ¢ momuoit
Maccoit 450 xr. Kpuctaimsr uMeioT GopMy IPSIMOYTOILHOTO TapasIIeIenue-
ma pazmepoM 25 X 25 x 150 mm3. IInuna kpucranos coorseTcTByeT 13.5 Xo.
BribpanubIil nonepedHsi pa3Mep KprucTasina 611n30K K MOJIBEPOBCKOMY Daqu-
ycy, cocraasmomemy mias BGO 24 M. Bee rpanu kxpucTasiioB monupoBaHbL
U CBETOCOOP OCYILIECTBIISIETCS HA OCHOBE MOJIHOIO BHYTPEHHETO OTDAYKEHU.

B kauecTBe GHOTONPUEMHUKOB UCHOIB3YIOTCS BAKyyMHBIE (DOTOTPUOMEI,
CUTHAJI KOTOPHIX YCUJINBALTCS 3aPSO0UYBCTBUTELHBIMU TPENY CUITNTEIISIMU.
Cursasn ¢ 3apsAmOYyBCTBUTEIBHLIX IPENYCUINTENEH MOCTynaeT Ha GhopMu-
pyIoIIue yCUIUTENN [JIs ONTUMUA3AUNY OTHOIEHNST CUTHAIL/IIIyM U COTJIaco-
BaHuUs ypoBHs curHajos co mkaymoinr AIII. B xauectse AIII ucnombsyroTces
mratel A32 B crarmapre KIIFOKBA. ITongpo6HO 57eKTPOHIKA TOPLEBOTO Ka-
nopumerpa KMII-2 onucana B [27].

Topuesoit kamopumeTp oxBaTeIBaeT TerecHbli yroi 0.3 X 4. [Ipu peruct-
paruu dorouos ¢ sueprueit ot 100 o 700 M»sB suepreruueckoe pasperesHune
m3mensercs oT 8 no 4%, a yrmosoe paspermenune — ot 0.03 mo 0.02 pamuana.

B TopueBom kamopumerpe merektTopa KMI-2M 6ynyT mcnomnb30BaHBI T
ke kpuctanasl BGO, ogHaxo GOTONpUEeMHUKN TPEanoIaraeTcs 3aMeHnTh. B
merekrope KMII-2M mocTymHOe miiss TOPIEBOrO KAJIOPUMETPA MPOCTPAHCT-
Bo ymenbummiock ¢ 204 mm mo 179 mm. Kpome Toro, doxycupyromme co-
nenounsl HakonutTens BOIII-2000 ¢ monem 13 Ti co3maior B o6BEME TOP-
IIEBOTO KAJIOPUMETPA OUEHb HEOMHOpOmHOe MaruuTHoe mose. Oba sTux 006-
CTOSITEILCTBA, HE TO3BOJISIIOT HCIOJIB30BATH BakyyMHbIE (oTOoTpmombl. Otm-
TUMAJIBHOA 3aMEHOU (OTOMPUEMHUKOB SIBIAIOTCS KPEMHUEBBIE (HOTOMUOMLI
dupmer HAMAMATSU. Ouu 60see KOMIAKTHBL U HEUYBCTBUTEIBHBL K MAr-
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HATHOMY NOJI0. [ONOIHUTEILHBIMI IPENMYIIECTBAME KPEeMHUEBLIX (OTO-
IUONOB SIBASIOTCS WX BBICOKAS HAMOEXKHOCTH, CTAOMILHOCTH KOdDOUIIIEHTA
YCUTIEHUSI U BBICOKASI KBAHTOBas dhdekTuBHOCTH. KpemHueBsle $hoTONMOOLI
dupmer HAMAMATSU B coueranuu ¢ kpuctammiamu BGO Ovin ycmerso
UCIIOIB30BAHBL B 3ileKTpoMarHuTHOM Kasmopumerpe nerektopa L3 (CERN).
[Ipenmaraercs ucnonab30BaTh KpeMHUEBBIE GOTOAMONEL C PA3MEPOM UyBCTBU-
TenbHOI obmacTn 1 X 1 cm?.

Kpevuuesnie doTonuonsr uMeroT GONBINYI0 eMKOCTh, 70 md, Mo cpaBHe-
HUIO €MKOCTBIO BaKyyMHBIX hoToTpuonos - 6 nd. [TosTomy HEOOXOOUMO pas-
paboTaTh U MPOMU3BECTH HOBLIE 3aPSOOUYBCTBUTEIbLHEIE TNy cumuTenu. N3-
MEPEeHHAs C IPOTOTUIIOM 3aPSII0UYBCTBUTEIHLHOTO Py CUINTEIS U KPeMHI-
eBBIM (DOTOIMONOM C PA3MEPOM UyBCTBUTEILHON o61acTu 1 X 1 cM? BemmamnHa,
mymoB coctaBuna 500 smexTporos mpu curaase 600 smextporos/M»sB, uto
COOTBETCTBYET dHepreTudeckoMy skBuBajieHTy mryma 0.8 M»sB. B Topuesom
xajopuMeTpe netekTopa KMII-2 sHepreTruecknii 5KBUBAJIEHT IIIYMa COCTAB-
a1 0.9 MbB (mywmsr 300 saekTponos npu cursaize 350 siexrponos/MosB).
Taxum 06pazoM, SHEPreTUIECKUH SKBUBAJIEHT IIyMa NPAKTUIECKN HE M3Me-
HUTCsI, & DHEPTeTUIECKOE U IPOCTPAHCTBEHHOE Pa3PeIleHne TOPIEBOro Kajo-
puMeTpa ocTaHeTcs TakuM ke, kak u B KMII-2.

AIII u dopmupyroime ycunuTenn 6yoyT UCIONB30BAHEI cCTaphie. 3mene-
HIU€ BEJIMYNHLI CUTHAJIA U YHEPTUU HAKOIUTEIIS IOTPeOyeT TOIBLKO HACTPONKHI
KO3(pduImeHToB ycuireHnss QOPMUPYIOIINX YCUIUTEIEH.

[Tockonbky € pocTOM TeMIEPATYPHI TEMHOBOM TOK KPEeMHUEBBIX (GOTONNO-
OB pacTeT, a cBeToBbIxon KpucranioB BGO nanaer ¢ rpaguenTom 1.5%/rpa-
IyC, MIAHUPYETCS MONAEPXKUBATE PAbOUyI0 TEMIEPATYPy TOPLEBOrO Kajo-
pumetpa Ha ypoBHe +10°C ¢ TounocThI0 £1°C. DTO MO3BOIUT YMEHBIIUTH
LIyMBI, YBEJININTH CUTHAJ C KPUCTAJIA U YIYyJIINTH CTAOUILHOCTEH Xapak-
TEPUCTUK KAJIOPUMETPA.

OcHoBHBIE TapaMeTPHI TOPLEBOr0 KAJIOPIMETPA [0 U MOCIe MOLEPHU3AIINN
npuBeneHsl B Tabmure 6.

9 IlIpoGexnas cucrema

IMpo6exuas cucrema nerekropa KMII-2M pacmonoxena cHAPYKU OETEK-
TOpPA U COCTOUT U3 IIECTHAMUATH CUAHTWLISIUOHHBIX CIETUYNKOB HA OCHOBE
CHUHTWIIAINOHHOTO oprerekia. CxeMa pacnosioKeHns CUeTINKOB MOKA3AHA
Ha Puc.18. I[Ipobexxuas cucTemMa mpenHa3sHAUEHA O NACHTUDUKAIINYT MIOOHOB
¢ sHeprueir Boime ~550 M3B (sHeprus nmpu KOTOPO#l MEOOHBI, BBIIETAOIINE
mom yryiom 55° K MyuKy, CIOCOOHBI MPOWTY BECH NETEKTOP, BKIIKOUAS MIIAC-
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Tabnuua 6. OcHOBHBIE TApAMETPHI TOPIEBOTO KATIOPUMETPA.

[Tapamerp

KMI-2 KMII-2M

[Monsipabie yriie
TemecHwIt yrom

CHunHTULIAIIOH-
HBIA MaTepuat

Yucmo KpucTasiios
Pasmep kpucranios

Tommmua
KaJOpuMeTPa,

ITonueiit Bec
KPHUCTAJLIOB

PdoTonnpueMHUKHT

[Tomepeunsrii pazmep
Hnuna 6e3 BLIBOIOB
[onmuas omuaa
KsanToBas

3¢ PeKTUBHOCTDH

Kosddumuent
yCUIeHUS

Curnan

Ilpenycunurenn

DeK TPOHHBIA 1Ty M

ITaccuBHOe BeliecTBO

mepen KalopuMeTPOM
MEXNIY KPUCTaJIIaMU

16°-49° u 131°-164°
0.3x4m cTepanuan

kpucrayibi BGO

680
25 x 25 x 150 mm>
13.5 X
450 xr
BaKyyMHbI€e KpeMHUeBbIe
doToTpuOnBI doTonumonwl
© 22 MM 12.7x14.5 mm?
< 26.5 MM 2 MM
< 45 MM 12 MM
10% 65 %
10 1

(5 B MarHuTHOM TOTIE)

350 snekTponos/M»sB 600 snexrponos/MsB

3apAOOo4YyBCTBUTEJIbLHBIE

500 »7eKTPOHOB
(0.8 M»B)

300 »mekTpoHOB
(0.9 M5B)

0.1 Xo
0.002 r/cm?

Paspemenue nipn 100 MaB < E, < 1000 M>B

sHepreruieckoe, op/E

YTII0BOE

8-4%
0.03-0.02 pamuana
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TUHY SpPMa) 1 NOAABJIEHUs POHA KOCMUUECKUX JacTull. [logaBienue KOCMUKY
BO3MOXKHO OBYMS B3aMMHO IOMOJTHSIOIINME CIIOCOOAMU: HAJIOXKEHEM BETO Ha,
3aIyCK OeTEKTOPAa IPU HECOBHMANEeHNN CPAbaTHIBAHUY TPOOEKHON CUCTEMEI CO
CTOJIKHOBEHUEM ITYYKOB B IETEKTOPE U [0 BPEMEHU IIPOJeTa, T.€. II0 PAa3HOC-
TU BpeMeHU CPabaTHIBAHUS CUETUUKOB IIPU IPOJIEeTe KOCMUYECKOU YaCTUIIBI
Jepe3 OBa IPOTHUBOJIEKAIINX CIETINKA.

\

\_

Puc. 18. Cxema mpo6GexHON CUCTEMHBI.

CueTurKy M3rOTABIMBAIOTCS U3 JINCTOB CIUHTUIISIIIIOHHOTO OPTCTEKIIA
pasmepom 40 cmx150 cm m TommuuOR 2 cM m mpocMmarpuBaioTca POY c
nByx TopuoB. [Inanupyercs ucnons3oBats POY—30 ¢ muamerpom dhoToka-
Toma 50 MM ¥ XOPOIIMMY BPEMEHHBIMU aPAMETPAMU: IINTEIbHOCTBIO aHOMI-
uoro curuasa 10 uc u Bpemenem mapacranus 3 ue. [lomaoe uucio OY pasuo
32.

Yucno hoTosnekTponos Ha porokarone POY npu cpabaTLIBAHUN CIETIN-
Ka MOXKHO OIIEHUTH ciemytomuM obpasom. [Ipu mepeceuennn cueTynka MuHUI-
MaJIbHO MOHU3UPYIOLIEN JacTUlell B CUMHTIWILIIATOpe o6pasyercs 2 MsB/cm
x 2 cu x 5000/MsB = 20000 ¢doronos. Kosdhdunment cserocGopa Ha
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OIVH TOPEIl IS CHUHTUWIIITOPA ¢ KodddunumenToM npesrgomienus n=1.5 co-
crasaseT 24%, kosddunmenT 3aTyxaHus ceeTa Ha mmHe 0.8 M cocTaBmseT
e~0-8/2 = (0.67. Tlpu UCIOTBL30BAHNN CBETOBOIOB MEXKIY CIMHTUIIISTOPOM It
®DY, motepu cBeTa Ha CKIEHKAX MOXKHO oneHunThb B 10%, mpum sTom uepes
Tpu ckieiikn npoxomut 0.93=73% ceera. Kpome Toro, saTyxamme ceeTa B
BeIIeCTBE CBETOBONA Ha mimHe ~2(0 CM [aeT MOMOJIHUTEILHBIN MHOXKUTEIb
e20/50 = (0,67. Mepemuoxkerne Beex srux uncen gaer 20000 x 0.24 x 0.67
x 0.73 x 0.67 = 1570 doTOHOB Ha BLIXOOE U3 CBETOBOMIA.

HomomHuTenbHBIE TIOTEPU CBETa HEM30EXKHBI, €C/IU IJIOMIanb (POTOKATO-
na ®OY wmenbe mioany Topua CUMHTUIIITOPA, C KOTOPOTO COOMPAETCs
ceer. KosddurmenT moreps MOXKHO OIEHITH KAK OTHOIIEHNE STUX IIJIOMIAIEH.
s @Y —30 sto orHowmenue 6yner pasuo 20/80=0.25. [Ipu ucnonb3oBanun
Mexkny cseroBomoM u POY crmennanbHON IUH3BI, KaK 5TO OBIIO COETAHO HA
CHI, notepu cBeTa npu nepexone co cBeToBona Ha DY MOXKHO CYIIIECTBEHHO
YMEHBIIUTD 33 CUET YBEJIUYEHUs YTIIOBOIO pa3bpoca Mmydka ceeTa (Ipu co-
XpaseHuu ero $pa3oBoro ooGbeMa) HenoCpencTBeHHo nepen dporokaromom POY.
Ecnu ucnonp3oBanne Takod IWH3LI [a€T YMEHbBIIEHNE IOTEPb CBETA HA ONHY
TPeThb, TO Ko3pdunmenT nepexona ceeropon—POY yeenmuusaercs ¢ 25% mo
50%.

Taxum obpasom, mpu KBaHTOBOH dddekTuBHOCTU doTokaToma (.1 uucmo
dhorosnekTponos Ha onua POY mo ouenkam cocrasnser 1570 x 0.5 x 0.1 =
77, a Ha Bech cueTunk 154 HA ONHY MUHMMAJIBLHO HOHU3UPYIOMIYIO YACTUILY.
[Ipu onpenenenun Bpemenu nposera vactuusl 1o dopmyie T = (1) + 1v)/2,
BPEMEHHOE pa3pellieHne MOXKHO OTpenesnTh Kak or = 7/v/154, rme 7— xa-
pakTepHas OAUTeIbHOCTH curHana. ma 7 ~ 10uc op = 0.8 HC, YTO BIOTHE
MOCTATOYHO TSI OTOEJIEHNUS Ty YKOBBIX COOBITUI OT KOCMUKU T10 BPEMEHU IIPO-
nera (~ 6 HC).

10 Tpurrep

Ipu mpoexTroit ceerumoctr BOIII-2000 1032 cm~2c~! ckopocts cue-

Ta KOJITUHEAPHBIX SIIEK TPOH-TIO3UTPOHHLIX Tap npu >Heprun nyuka 1 B B
MUATa30He NOIAPHBIX yriaoB 45 © - 135 ° rpamycos cocrasut 25 I'u. Cymmap-
Hasl CKOPOCTh CUeTa COOBITUI OCTAJBHBIX (GU3MIECKUX [IPOIECCOB HE IPEBHI-
maeT SToro 3HadeHus. PoHOBAS 3arpy3Ka MPOBOJIOYEK OPEidOBOl KAMEPHI,
CBSI3aHHASI C BBHIOBIBAHMEM YACTUI] U3 [IyYKOB, OBICTPO MANAET C yBEIUIEHN-
eM paccTosiHus 0o ocu myukos. 1o cpasuenuio ¢ BOIIII-2M, ua kosmaitnepe
BOIITI-2000 mpenmonaraercs 3HaunTeIbHOE CHIXKeHne dbdexta Tymexa, u,
KaK CJIEICTBUE, YMEHBIIEHNE NOIN YaCTUIl BHIOLIBAOIUX u3 myuka. C yueTom
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[IEPEYUCIEHHBIX (HAKTOPOB MOXKHO OXKULATH, YTO, HECMOTPS HA yBEINJIEHUE
TOKA IIyYKOB HA MOPSNOK, CKOPOCTH CUeTa (POHOBBIX COOBITHUI BBIPACTET HE
CJIUIIIKOM CUJIBHO U CyYMMapHAas 4aCTOTa 3aIyCKOB MEPBUYHOTO TPUITEPA HE
npesbicuT 1 k[

Cucrema 3amycka OeTEKTOpPA BKIOYAET B ce0s IOBE MOACUCTEMEI, OTHA
U3 KOTOPLIX, TaK Ha3bBaeMblil ”3apsukenusit” Tpurrep (37T), BeipabaTeiBaer
TPUTTEPHLIN curHall Ha ocHope mudopMmaruu ¢ 1K u ZK, Torma xkak npyras,
"menirpanbaeii” Tpurrep (HT), UCIOMB3yeT CUTHAIIBL CO BCEX KOMIIOHEHT Ka-
JIOpUMETPA.

Hnst popmupoBanust 3T Z-xamepa, okpyxarwmras K, pasmenena mo
OKpyxkHOCTH Ha 64 0b6acTHU, MMEHyeMble ONOPHBIMEU TOYKamMu. Bpemennoe
paspeitiesne Z-kaMepsl, PABHOE 5 HC, 00ECIeUnBaAeT CHHXPOHN3AINIO CUTHAIIA
3aIIyCKa C MOMEHTOM IIPOXOXKIEHUs IMYyUYKOM O0IacTu B3ammomeincTeus. Iliist
opranmsaiuu 3amycka perekropa HK pasbura ma 220 cynepsueex (Puc.19),
comepkaiux oT 4 0o 7 4yBCTBUTEIBLHBLIX IPOBOJIOUEK, BKITIOUeHHEIX mo WJIN.
Kaxmoit onopuo#t TOUKe COOTBETCTBYET HAOOP MACOK, COCTOSIIUX U3 On3ite-
xkamwmx K Henl cynepsiueek K. Kaxnmas macka coctout u3 3-4 cymepsiueex,
PACIOIOXKEHHBIX BIOJIb [IPEAIOIAraeMOr0 TPEKA YACTUIIH.

ITpu cpabaTbIBaHUM KAKOH-IU00 OMOPHOW TOYKU TAETCS CTAPT IONCUC-
teme 3T. [lonoxurensHOE pereHre BHIPAOATHIBAETCS B TOM CIydae, eciiu
cpaborana Kakas-mbo macka. Eciu HaiimeHo nBa u 60jee TPEKOB, TO MAETCsI
CTapT HA CYUTHIBAHUE COOBITUS. KCiIu HAlIeH TOJIBKO OOUH TPEK — BBIIAET-
Csl HOMEP COOTBETCTBYIOIIEH ONMOPHON TOYKU Il TIOCJIEYIOIEed MPUBSI3KIA K
HAWIEHHBIM KJTacTepaM B KajopumMerpe. Eciu HedTpaabHBI TPUTrTep HAIIET
TOJIBKO ONWH KJTACTepP, PACIOJOXKEHHBIN B TOW XKe IOJIOBUHE KaJIOPUMeTpa,
UTO U TPEK, TAKOE COOBITUE HE CUMTHIBAETCS.

”"Henrpanpuabiii” Tpurrep dopmMupyercs Ha ocHoe uwHbopMamun ¢ LXe-,
Csl- u BGO-kamopumeTpoB. DJIeMeHTHI KaKIO0TO KAJIOPUMETPa 00beIuHAIOT-
Cs B TPYIIBI TaK, YTO OHU MPENCTABIISIIOT COOON €OUHBLIN KAJOPUMETD, B KO-
Topom Gamau LXe-kamopumerpa obbenuuens ¢ bamuavu Csl-kamopumerpa,
6o ¢ bamuasmu BGO- kangopumerpa. OmpenensioTcs pa3sMepsl U KOOPIMHA-
THI KaXK[I0TO KJIACTEPA U UX YHEPrUsi C UCIOIL30BAHNEM OBYX IUCKPUMUHATO-
POB BBICOKOTO 1 HU3KOrO ypoBHs. [lo Bpemenu cpabaTbiBaHus KitacTepa ¢ MaK-
CHMAaJILHOU YHEPTUeN OIpeneiseTcs BpeMs B3anMONENCTBHIS B MeCTe BCTPeUn
C TOYHOCTHIO 10 2—-3 060poToB myuka. CyMMapHOe SHEPTOBBIIEIIEHIIE BO BCEX
YACTAX KAJIOPUMETPA, ONPEHEITSIeTCS HECKOIBKUMU TUCKPUMUHATOPAMU.

Ha ocuoge 5T0it maGOpMAaIIN IPOUCXOOUT IpUHSITHE perneHus. KoHkper-
Hasl Pean3alys TPUTTEPHON 5JIEKTPOHUKN HAXOMUTCS B IPOIECCe PazpaboT-
K.
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11 DaekTpoHUKa cucTeMbl cO0pa MaHHBIX

DeK TPOHHBIN TPAKT KAXKIOU CUCTEMbI HAUMHAECTCS C YCTPOMCTB, MOAr0-
TaBIUBAOIINX CUTHAJIBI K OIIGPOBKE U, €CIIU HYXKHO, K UX UCIOTH30BAHIIO B
rpurrepe (ycunuresnn, GOPMUPOBATENN, TUCKPUMUHATOPHI). DTU KOMIIOHEH-
Ter cucTemsbl cbopa mauubrx (CCIl) moMmerarTcs BHYTpU NETEKTOPA U B
HEIOCPEACTBEHHON GIIN30CTH OT HETO. 3aTeM CUTHAJIBL CO BCEX KAHAJIOB NETEK-
TOpa IepenarTcsa Ha OJI0KN onu(pPOBKY, YCTAHOBIEHHLIE Ha HEKOTOPOM yIa-
JIEHUU OT METEKTOpa, B MeCTe, K KOTOPOMY MMeETCsI HOCTYII BO BpeMs PabOTHI
makonuTens. msa ouudpoBku curnajoB Bcex cuctemM KMII-2M, kpome K,
OyImeT UCIOIBL30BATHLCS OIUGbPOBBIBAOIIAS YIIEKTPOHNKA, B cTangapTe ” Kimok-
Ba”, KOTOpas MCIOJb30Batach panee B KMII-2. Anaorosas 4acThb II€KTPO-
HUKHI, a Takxke ouudpoBbIBaoiias 3i1ekTponnka mis [IK momxua 6bITh 3a-
HOBO pa3paboTaHa U M3rOTOBJIEHA Ha OCHOBE ONBITA, HAKOIIEHHOI'O BO BPEMSI
pabotsr ¢ KMII-2.

11.1 TpeboBanusa kK onudpPOBLIBAIOIIIEN 3JIEKTPOHUKE

e B nerextope KMII-2M 6yzneT okoso 10 Thic. kanasos. [Ipu Taxom uncme
KAHAJIOB MYJIbTUILIEKCUPOBAHIIE CUTHAJIOB ITO3BOJIIET 3aAMEeTHO CHI3UTh
CTOMMOCTDH 3JIeKTPOHUKN U IIOBBICHUTH €€ HAAEXHOCTDb 33 CYeT 3HAUU-
TEJILHOIO YMEHBIIIeHNUs IiCiia KaOeJIbHbIX JIMHUH CBSI3M MeXay OJoka-
mu. [TosTomy mpu paspaborke HOBOI snekTpounku miis KMII-2M 6bi10
PEIIeHO OPUEHTUPOBATHCS Ha IIINPOKOE ICIOIL30BAHIE MY IbTUIIEKCH-
POBaHUS CUTHAJIOB.

e IIpu BHIOOpPE BAPUAHTA MOCTPOEHUS (AHAJIOTOBOU U OIMU(POBHIBAOILIET)
DJIEKTPOHUKY KAYKIOM CUCTEMBI HYXKHO CTPEMUTHCS HE TOJBKO K MU-
HUMU3a0UKA CTOMMOCTU DTOH CUCTEMBI, HO U K yHuuKanuu (B ONTU-
MAaJIbHOU CTEleHu) 5IeKTPOoHuKu Bcex cucreM. C yderoMm 5TOro, Ham-
6onee 3¢HEeKTUBHBIM CIIOCOO0OM OIU(PPOBKU NAHHLIX C JeTEKTOpa ObLIO
MIPU3HAHO MPEOOPA3OBAHNE BCEX AHAJIOTOBBIX CUTHAJIOB B HAIPSKEHIE
7 OrudPOBKA, UX ¢ MOMOIITBI0 OMHOTUNHBIX AIIIl 1 MyIBTUIIEKCOPOR.

11.2 Tpe6GoBanusa kK npoussonureabuoctu CCII

Cursaj B KaXIOM U3 KAHAJOB METEKTOPA HOKEH OBITh OMU(MPOBAH C
rounocthio 10-12 nBouunbix paspsnos. B ”xopomem” cobbitun (B KOTOPOM
HEBEJIMKO YUCIIO0 KAHAJIOB, cpaboraBmux oT ¢dboHa u moMmex) ObiBaeT He 6o-
nee 10% ” cpaboraBmnx” KaHAJIOB, HECYIIINX MOIE3HYIO nHGoOpManmio. Taxum
o6pa3oM, 0ObeM MOJIe3HON WHGOPMAINN, OTHOCSIIENCS K OODHOMY COOBITHIO,
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cocrasisieT 0koi0 1K cioB, kaxkmoe u3 KOTOPBIX MOKHO BKIIIOUATH B CeOs
anpec xanana u nauasle. C yyeToM TpeGyemMoro amgpecHOro IPOCTPAHCTBA
(ue menee 13 6ut) u paspsaaHOCTH HaHHLIX (12 6UT), PA3yMHO UCIOIL30BATD
CTaHOAPTHBIN pasMep ciioBa 32 paspsna. OueHuM (CBEpXY) CPEIHIOK YaCTOTY
cpabaroiBanus nepsuynoro rpurrepa (IIT) KMII-2M senuuunoit ~ 1 xI'n. B
srom ciryuae, CCI momxHa 06eCcnednBaTh CPEOHIOID CKOPOCTH CYNTHIBAHUS
nauubix 4 MB/cex. B To xke Bpems npu yka3aHHOI 4acTore cpabaTbIBaHUS
IIT mMepTBOE BpeMs CHCTEMBLI OOKHO OBITHL He Gomee 10%, mosTomy mmm-
TeNbHOCTE OunbPOBKN CUTHAJIOB u nepenaun nauubix o AIlIl B Gydepuyio
aMITh OOMKHO ObITH He Oomee 100 mMkc. PyHKIIMOHAIBHAS CXEMa, TPENIO-
xkennoit CCII npuBenena ua Puc.20.

CMD-2M

DC, >l i .

ZC-anodes H Desktop PC
Amplitude & Time
Channels

Ethernet

1
)
1
)
1
)
E
Card H
1
)
1
)
1
)
i

LXe-coord, ﬁ ﬁ
BGO, Csl = PCl bus

Amplitude le~"| e
Channels ;

Puc. 20. ®yuxnuonansuas cxema CCII.

OCHOBHOII OCOOEHHOCTBIO HOBOMl DIIEKTPOHUKY SIBIISIETCS TO, YTO CUTHA-
JIBI BCEX CHCTEM MpeoOpa3yrTCs B HANPSIKEHNE U Yepe3 ONHOTUIHBIE MYIlh-
rumiekcopsl nopaiorces Ha ogHoTunuabie AITl. Ouudposka curnanos Gymet
npousBonuThes ¢ momoibio AIII mocienoBaTeIbHONO TPUGIMKEHNS, BBIIA-
IOLINX PE3y/IbTAT B IOCIENOBATEILHOM KOMIE [0 Mepe MPOoLecca mpeodbpasoBa-
uus. [udporoit Brixonuoir curuast ¢ kaxmoro AIII cpasy ke mepemaercs mo
MOCTIEMOBATENLHON CBA3U B OJIOK MpreMa/Tepenaun TaHHLIX, B KOTOPOM MMe-
ercs 6ydepuoe O3Y. Takum 06pa3oMm, TPOLECCH AHATIOTO-IIUGPOBOTO MPeos-
pasoBanus u nepenaun gaHabix oT AIIIl B GydepHyo maMsITh COBMEIIEHBI
Bo Bpemenu. Eciu npumennTs cpaBauTenbHo gemesne AT, nmeromue cko-
pocTs mpeobpasosanusa 1 MI'n, To oguum AIIIl moxHO omudposaTh 0o 48
KaHAJIOB, IPU ATOM OCTAHETCS 3amac ~ 2 10 MepTBOMY BpeMeHu. bioku mpu-
ema/nepenaun naHasx (BIIIII) GymyT BEINONHEHHI B BUIE IIJAT, BCTABISIE-
meix B mmHy PCI cranmapraoin PC. CxopocTs mepenayn maHHBIX [0 IIWHE
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PCI upu 6ounoit nepemade cocrasiser 100 MB/cek, uro 3aBenomo ynosier-
BOpsIeT TPeGOBAHUIO IO CKOPOCTH.

11.3 Hosrie pazpaboTku

Heo6xomuMBIMEI KOMIIOHEHTAMU HOBOI 3JIeK TPOHUKH aBiisiorcs y3enx AITII
C MyJBTUIIIEKCOPOM Ha BXome n Brok mpmema/mepemaun naHHbIX. YTOGHI
MaKCUMAJILHO YHUGUIINPOBATE aNapaTypy omudpoBKy 1 cO60pa DAHHBIX, XKe-
JIATEIbHO pa3paboTaTh OJOKKU Npeobpa30BaHUSI CUTHAJIOB B HAMPSXKEHUE IJIS
Bcex cucteM aerekTopa. OmHAKO, TOCKONBKY CHIIBL Pa3pabOTUMKOB OrPAHIYE-
HBI, 5Ty paboTy HPUOETCs OelaTh B HECKOJIBKO cTanuil. 2KuIKOKCeHOHOBHIT
KAJIOPUMETP SIBJISETCS COBEPIIIEHHO HOBOW CHUCTEMOW, a OpeidoBas kaMmepa
TIONBEPIIaCh HANOO0JIee CUITHHON MOMEPHU3AINN 110 CPABHEHUIO C IETEKTOPOM
KMIO-2. C Touku 3peHus Tpyno3aTpaT, HEOOXOMUMEIX IjIsl 3aIIyCKA IeTEKTO-
pa B paboTy, Hanbosee palluoOHAIBHO B IEPBYIO OUepenhb pa3paboTaTh MOIHBIE
KOMILJIEKTHI HOBOI JIEKTPOHUKIY I 9TUX OBYX cucteM. B cocrase smekTpo-
HUKU OCTAJbHBLIX CHCTEM HETEKTOPA MOTYT OBITHL UCIOIBL30BAHBI YK€ MMe-
rommecs 61oku. CocTas mepBoil ouepenu 3iaeKTpoHuky nerektopa KMII-2M
npencTasiies B Bume tabiunsl 7. [Ipouepk B rpadax ”Hopmouacs” u ” Crou-

MOCTB...” 03HAYAET, YTO OYIyT MCIOIL30BAHLI OI0KU 5i1eKkTponuku KMII-2.

12 Cwucrema aBToMaTHU3anuu AeTEKTOPA

Cucrema aBTOMATU3ANUY IETEKTOPA COCTOUT U3 MBYX YACTEl — Cucmembl
cbopa danworz (Data acquisition system) u cucmembl MEOAEHKO20 KOKRMPOAT U
ynpasaenus (Slow control system). Cuctema c60pa MAHHLIX TPU3BAHA PEIIATH
CITeNyOLINe 3aIaun:

e COop u onudpPOBKA MAHHBIX C HIEKTPOHUKU PETUCTPUPYIOIINX CUCTEM
IeTEeKTOPa.

o dopMupoBaHme GUINIECKOTO COOBITUS U 0OPAbOTKA €ro TPEeTUUHBIM
(IPOrpaMMHBIM) TPUTTEPOM.

o dopmuposanue daitia 3a£0da, Kyoa TOMIMO QU3NIECKUX COOBITUN 3a-
HOCUTCS CyKeOHas uHpopMaius o padoTe CUCTEM KU3HEOOeCIedeHn st
IETEKTOPA X OCHOBHBIX IIAPAMETPOB HAKOIIUTEIS.

e OcymiecTBreHue ynpasieHus u obecrnedenne mporecca cbopa sKkcnepu-
MEHTAJIbHBIX JAHHBIX.
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Cucrema MEIJIEHHOTO KOHTPOJIS U YIPABIEHUS OCYIIECTBIISIET MOHUTOPUHT
OCHOBHBIX ITAPAMETPOB CUCTEMBI X KU3HEO0ECTIeUeHN S NETEKTOPA, CO0p nHDOP-
Maruu o0 padore Haxkormurenas BOIII-2000 u ynpasneunue paboToll cucreM me-
TEKTOpa N CUCTEMEIL c6opa OAaHHBIX.

12.1 Cucrema c60opa maHHBIX

12.1.1 TpebGoBaHusa Kk cucremMme cb6opa HAaHHBIX

B cBsi3u ¢ Boicokoit cBeTuMocTbi0 HakonuTesns BOIIII-2000 MoxHO 0xu-
IATh CYIIECTBEHHBLIN POCT KAK YACTOTHI MOJIE3HBIX COOBITUN, TAK U YaCTOTHI
3aIIyCKOB MEPBUYHOTO TPUTTEPA OT (HOHOBHIX COOBITHMI. QKumaeMas MaKCH-
MaJIbHAS] YACTOTA MEPBUYHOIO TPUTTEPA AETEKTOPA MOXKET moCTuraTh 1 kI'm.
D0 TpebyeT COBEPIIIEHHO HOBOTO MOAXOMA K CO3MAHUI0 CUCTEMEI COOpa MaH-
HBIX II0 CPABHEHHIO C cUCTeMOol, paborasireir Ha merekrope KMII-2, roe xa-
pakTepHas yactora samycka cocrasisuia 100 — 140 I'n ( npu wadopmary-
orHoM moToke okoio 200 K6/c). Kpome Toro, CyIecTBEeHHO BO3pacTeT UuC-
710 THGOPMAIIMOHHBIX KAHAJIOB NETEKTOPA, UTO BIIEUET YBEJIMUECHUE CPEIHErO
pasmepa cobbrTus. OxumaeMeril THGOPMAIIMOHHBIN TOTOK MOXKET COCTABIISITE
3 M6/c.

Cucrema moinkHA ObeCIeYMBATEL yPOBeHBL mpocueroB He Bhime 10%. U3
9TOrO CAEAYET, 4TO OMUGPOBLIBAIOIINE CUCTEMBI IETEKTOPA HE MOIIKHLI OJI0-
KIPOBATH MEPBUYHLIN TpUrrep Ha BpeMmst combiree 100 Mkc.

12.1.2 ApxurekTypa cucTeMbl c60pa HaHHBIX

Ha mepsoit craguun pa6orsr merekropa KMII-2M B GombiuHCTBe CcuC-
TeM IUIAHUPYETCS UCIOIB30BATH CYIIECTBYIOIIYIO OMU(PPOBBIBAIOIIYIO SIIEK-
rpouuky B cranmapre KJIFOKBA. ITns o6ecriedenus BLICOKON MPOIMYCKHON
CIOCOOHOCTH IFIAHUPYETCS UCIOIb30BATH HOBBIE MPOIECCOPHI BEIBOMA, KPEIi-
toB KJTFHOKBA ¢ Buixonom B 100 MBit Ethernet. B To xe Bpems mas mpeii-
¢osoii kamepsr (DC), umeromeli GOIbLIOE KOIMIECTBO KAHAJIOB, pa3pabaThl-
BAETCsI HOBas OIU(PPOBBIBAOIIAS IeKTPpOoHNKa. O6Iast cxeMa cucTeMsl c6opa
MaHHBIX OpencrasiaeHa Ha Puc. 21.

Mepsuunsi Tpurrep (FLT) ocymecTsaseT oOIIyH0 CHHXPOHU3AIMIO 1 33~
myck OomudpPOBKU COOBITUS B cucTeMe cOopa maHHbIX. WHbopMamms mjs mep-
BUYHOIO TPUITEPA MPUXOOUT HEMOCPENCTBEHHO C PETUCTPUPYIOIIUX CUCTEM
merekTopa. [0 IpUHITUIO peleHnsl 0 HATUYIUN (HU3AIECKOTO COOBLITHUS TPU-
MepHO 3a 1 MKC, NEePBUYHBIA TPUTTEP BBIOAECT CUTHAI HA OUUMPOBKY SIIEK-
TPOHUKE CUCTEMBI COOpa MAHHBIX. T.K. HA BpeMs OIMUGPOBKU (DU3TIECKOTO
COOBITUS TIEPBUYHEBIA TPULTEP GIOKUPYETCS, TO OUEHb BAYKHBIM MTAPAMETPOM
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SIBIISIETCSI BPEMSI, KOTOpOe TPeOyeTCsl SIIeKTPOHUKE Ha OUU(PPOBKY CUCHAJIOB.
OTuM BpeMeHEM M YACTOTON 3aIyCKOB MEPBUYHOIO TPUITEPA OMPENeIseTCs
MEpPTBOE BpeMsI CUCTEMBI cO0Opa MAHHBIX.

Curnansl ¢ npeiidoBoil KaMepsl OyAyT MyIbTUILIEKCHPOBATHLCSI 1 onud-
POBBIBATHCS € MOMOLIBI0 6i10K0B OpicTponeiicrByomux AIIIl (ADC) co spe-
MeneM ommpoBku 1 MKC Ha KaHail. B mporecce onudpoBku mHOOPMAIUS
OymeT mepemaBaThCS HO OBICTPOMY IMOCIIENOBATEILHOMY KAaHAIY B IPHEMO-
Tepenarolne miIaThl, BumonHeHHble B cTanmapte PCI. Kaxnas us stux maart
MIPUEMHUKOB OymeT MMeTh MaMsITh HA HECKOIBKO COOBITUN, YTO ODECIIeduT
IIEPBUYHOE Pa3PaBHUBAHIE, MAPAJIIIEIEHOE CINTHIBAHNUE U 3aIUCh MHMOpMA-
uun ¢ peructpupyomnmx cucteM B naMmsth PC non ynpasneaunem OC Linux.
IMocne sroro PC 6ynet nepenaBath mHOOPMAITMOHHBIE GJIOKU COOBITUN B TJIAB-
Hyro MamuHy nomcucteMbl (Subsystem PC), xoropas GymeT oGecrieunBaTh
CcOOpPKY COOBITHS C TIONCUCTEM OETEKTOpA.

OuundpossiBarorias 3mekTpoHuka s kajgopumerpa Csl, Z-kamepsr, ka-
aopumerpa BGO, npobexuoii cucremsr (MU) u, wactuusno, ninsa LXe kanopu-
MeTpa OCTAHEeTCs TAKOU ke, Kak u Ha perekTope KMII-2. Oro mnarer A32,
T2A u np., Bemnonuennsie B crangapre KIIKOKBA. Hosossenenuem ssisercs
UCTIOIB30BAHNE HOBLIX TPOIECCOPOB BhIBoNa miia kpeittos KJTFOKBA | Buimon-
HeHHBIX B cranmapre Ethernet, koropwie paspabarwiBatorcs B UncTuryre B
HacTosee BpeMsi. [leHTpaIbHBIM CHHXPOHU3UPYIOIIIM 3JIEMEHTOM [IOICICTEe-
mel crannapra KJIFOKBA ocraercs 6ok IICY crannapra CAMAC. Yopas-
asrotnme curHassr ot CY k xpeiitam KITFOKBA nepenatorcst ¢ momoriiso
6moxos PCK (CAMAC) u PCC (KJIFOKBA). Ilo 3amycKy mepBAYHOTO TPUT-
repa, LICY BwipabaTeiBaeT CHUTHAI Ha OMU(POBKY MIPOIECCOPAM BHIBOLA B
kpeittax KJIOKBA. TIpomeccopsl BEIBOMA CYNTHIBAIOT UHHOPMAILINIO C OIUd-
POBBLIBAIOIINX [JIAT U COXPAHSIOT €€ B MAMSITH C IOCIEAYIOIIEN nepenadeil mo
sampocy ot PC noncucrembr KJTFOKBA.

[TpuBs3ka u CUHXPOHU3AIUS YACTEH COOBITUS OCYIIECTBIISIOTCS C TO-
MOIIIBIO CIETUYNKOB, KOTOPBIe MHKPEMEHTHUPYIOTCS TOCIe KaXKIOrO 3aMyCKa OT
FLT u 3amaror uneHTuUKAINOHHBIT HOMED COObITUs. CUeTUYNKYN NPUCY TCT-
BYIOT BO BCEX MPOILECCOPAX BBIBOOA U MIaTax-mpueMHukax cranmapra PCIL.
CuHXPOHUM3ANUS U IPOBEPKA CUETYNKOB OyIET OCYyILIECTBIAThC riaasHoi PC
cucTeMbl cO0pa MAHHBIX.

C6opka cobbITusI 1 ero 00pPAbOTKA TPETUUHBLIM TPUTTEPOM, 3 TAKKE 3a-
UCh COOLITHUH OymeT ocyiiecTBIAThCs Ha raaBuoir PC cucremsr cbopa man-
HBIX.

CampiM y3kum MecToM cucTeMmbl cTanoBsaTcs kKpeiirel KITFOKBA, 3amon-
Hernble iaTamu A32; T.k. Ha onudpPOBKY U MOCIEAYIOIIee CUNTHIBAHNE OyIeT
3aTpaunBaThbesa okoso 200 mkc (mpu tpeGosanusx 100 mxc). IlyTes mpeomo-
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JIEHUsI STOR MPOOIEMBI CTOUT B HCIOIB30BAHUY HOBBIX MOIEPHU3UPOBAHHBIX
miaT A32. KapanHaabHOE TIOBHINIEHNE ORICTPOMENCTBUS BCEU CUCTEMBI MO-
XKeT OBITH JOCTUTHYTO mpu mojiHoM mepexone Ha cuctemy «ADC -> PCI».

12.2 Cucrema MeOJIEHHOIO KOHTPOJIS U YIIPABJIEHUS

B ormuuwme ot cuctemsr ¢60pa ODAHHBIX, K CUCTEME MEMJIEHHOTO KOHTPO-
JIs U YTUPaBJIEHUs He TPENbABISIOTCA TPeOOBAHUS BBLICOKOTO OBLICTPONENCT-
BUS, T.K. CYUTHIBAHUE MOKA3AHUI MATUYNKOB IPOU3BOMUTCS Pa3 B HECKOIIBKO
MECSATKOB CeKyHI. 1109TOMY MJisl CHCTEMBI KOHTPOJIS ILIAHUPYETCS UCIOIB30-
BaTh mwiarhl, Beimonuennsie B crannapre CAMAC, kak 570 6bI0 HA DEeTek-
Tope KMII-2. IlepenenkaM MOOBEPTHETCS JUIIL MPOrPAMMHOE ObecreueHue,
KOTOpoe OymeT mepeHeceHo Ha mimaTdopMy Linux. B macTosiiee Bpems B Un-
CTUTYTE BEAYyTCS PAOOTHI MO CO3MAHUIO HOBOIO KOHTDOIIJIEPA OIS KPENTOB
KAMAK c unrepdeiicom USB, xoTOpbIe MIAHUPYETCS UCIOIB30BATE HA €~
TekTope KMII-2M.

13 Cucrema o6paboTKu HaHHBIX

OcHOBHBIE 3aMa4UM, CTOSIINE TIEPEN CUCTEMON 00pabOTKYU MTaHHBIX, MOXKHO
chOpPMYyIUPOBATH CIELYIOUIUM 00pPa30M.

e PexoHcTpykuus u xmaccudukalus cCOOLITUR 1 OTOPAKOBKa, HOHA.

¢ Obecmeuenne OGBICTPOro u yIOOHOTO CIOCO0A KATUOPOBKU CUCTEM NETEK-
TOpA.

e Bribopounas peKOHCTPYKIINS COOBITUN MHTEPECYIOIIEro Kacca IS Mo~
JIyIeHUsI KOHEUHBIX (PU3MIECKIX Pe3yIbTaTOB.

¢ OGecneuenne 5hGHEKTUBHOTO UCIOIB3OBAHUS UMEOIIUXCSI KOMIBIOTED-
HEIX PECYPCOB: IIPOIECCOPHBIX MOIIHOCTEN, TUCKOBOTO IIPOCTPAHCTBA I
[OJITOBPEMEHHBIX HOCUTeIel nHHOpMAIIIHT.

CyuiecTByomas B HACTOSIINAN MOMEHT CUCTeMa OOpabOTKM MAHHLIX Ie-
TekTopa KM]II-2 pertaeT mepeuncaeHHbIE 331a90 METOOAMI MOIYILHOTO TPO-
rpaMmMupoBaHus. 1103ToMy OCHOBHOHW HAOOp MOOYMeR MOys OOecrmedeHus Ia-
pasienbHOl 06paboTKM 3aX0MOB U AOCTYIA K 6a3e MAHHBIX KaluOpPOBOK yKe
UMeeTCs. DTU MOMYJIN MPedIoIaraeTcs ucnoib3osath u mis KMI-2M. Hu-
Ke OyoyT mepednciieHbl TOJIBKO T€ KOMIIOHEHTHI CYIIEeCTBYIOIINel CUCTEMEI,
KOTOpPBIE HEOOXOMUMO MOOUDUIIITPOBATE.
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OcHOBHBIM MOmysIeM, TPEOYIOIINM MOITHON 3aMEHBI, SIBIIETCSI TPOrPAMMa,
PeKOHCTpYKIMU coObITUi. s Hambomee GBLICTPOTO €€ HATUCAHUS PENIo-
JTaraeTcs MCIOIb30BATH BCE TOT K€ METOL MOLYIHLHOIO MPOTrPAMMIPOBAHUS.
MonysieMm B mporpaMMe peKOHCTPYKINN SIBIISIETCS HAOOp IMOOIIPOTrpaMM, KO-
TOpPBIE B 3aMAHHON MMOCIEIOBATEILHOCTU “BBI3BIBAIOTCS CUCTEMHON YaCTBIO
s OOpabOTKU 3aMuCcell Hauaa U KOHIIA 3aX0HA, COOBITUS U OJISI BBITTOJIHEHUS
HEOOXOOUMBIX NENCTBUA B MOMEHTHI WHIIMAIN3ANUAN U 3aBEPIIEHUS PAOOTHI
nporpaMmer. O TIIMYUTENILHON 4ePTON TAKUX MOMYyJIel (MOMIMO BHYTPEHHErO
aaropuTMa, paboThI) SBIISIETCA TO, YTO OHU UMEIT CTPOrO 3AMAHHBIA (HOp-
MAT OAHHBIX Ha “Bxome” m Ha “Bbxome” maHHOTrO Momyss. s HammcaHus
MOZYJIEl TIPEATIOIAraeTCs UCIOIBb30BAHNE A3bIKA TporpaMmMupoBanus C++.

Huxe nepeunciien ocHOBHOI HAG0P MOLYJIEH IPOrPAMMBI PEKOHCTPYKIIAN:

® MOMYJIb IIJIs BOCCTAHOBJIEHUST TPEKOB Ha ocHOoBe nudbopmaruun DC u ZC,

® MOIYJb Il BOCCTAHOBIIEHUS KJIACTEPOB HA OCHOBe MH(OPMAINI KaJo-
pumerpos BGO, Csl u xumkoro xceHoHA,

® MOOYJb TJIO0AITBHON PEKOHCTPYKIIUU COOBITHS II0 TPEKAM U KJIacTepaM
IJIS1 BBIOETIEHUS “3apSKEHHBIX YacTuil 1 “GpoToHoB” .

® MONYJb IJISI BU3YATIM3AIUNA COOBITUN.

® MOOYJb MJIs KJIAacCUPUKAIIUN COOBITUIH.

IIpu Taxom momxome mMeeTCsl BO3MOXKHOCTH [TaPaLIEILHOTO MIPOEKTUPO-
BaHUS U CO3[IAHUS IPOrPAMMHOTO 00eCIeueHnsI.

14 Omuenka 3aTpar
Ha M3TOTOBJIEHUE NETEKTOpPa

Ouenka 3arpar Ha co3manue merekTopa KMII-2M mpusenena B Tabmu-
e 8.

15 IlepeueHb MMHMMAJIBHBLIX paboT
1 (PUHAHCOBBIX 3aTpatT

nJyis moctaHoBku merektopa KMJI-2
Ha BOIIII-2000

B Tom cnyuae, ecnu HOBBIE sieMmeHTHI gerekTopa KMII-2M mo xakmm-
nu6o npuunHaM He OyIyT OTOBHI K MOMEHTY Hadasa paborsr BOIIII-2000,
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Tabmuna 8.

HerexTop KMII-2M
Cucrema Yxe Hewnexubie Hopwmouacer
BIIOxKeHo, $ | pacxomer, $ | Mexanwmy. | panmOMOHTAKH.
Apmo 4 500 2 000
CII marauT 5 000 2 000
Hpeiibosast kamepa 106 500 23 000
Kamopumerp CsI | 1 400 000 94 750 3 000 5 900
Kamopumerp BGO | 500 000 44 200 2 000
Kamnopumerp Lxe | 1 250 000 16 000 2 000 7 500
On line 20 000
Off line 20 000
Bcero Broxeno 3 150 000
Bcero namo 310 950 9 000 38 400

PaCCMaTPUBAETCS BO3MOXKHOCTD YCTAHOBKU HA HAKOMUTEb UMEIOIIErOCs -
rekTopa KMII-2 mocie MUHMMAIBHBIX OOPA0OTOK M PEMOHTA €r0 CHCTEM.
Huxe npuBonuTcs cnmcok Takux paboT u PUHAHCOBBIX 3aTPAT HA 3aKyIKY
KOMILIEKTYOIIIUX U3IEITUI.

slpMO MarumTa meTeKTOopa

IMocTamoBka cBepxmpoBomsanx (GOKycupyomx conenonnos ua BOIIII-
2000 TpebyeT 3HAUUTETHLHON MEpemesK! TOPILEBOTO Kejae3a MarHUTOIPOBO-
ma. B cBsI3u ¢ 9TuUM OPUHSTO pelleHne M3rOTOBUTL HOBOE SPMO MATHUTA,
KOHCTPYKIIAS KOTOPOrO MO3BOJIUT IOCTAHOBKY KAaK MPEXHUX CUCTEM, TaK U
HOBBIX CHCTEM AETEKTOPA M0 MEpPe MX TOTOBHOCTHU. 3aKAa3 HA, M3TOTOBJIEHUE
HOBOTO gpMa oTHaH B 1nex. CrouMocTs 3akasa npumepuo 3400 HopMoUuacoB.

Pa6orer mo 1K

B mocnenume cezomnr paborer merekTopa KMII-2 B mpefidhoBoit kamepe
NposSIBIIIACH 3G dekThl ”cTapennus”’ MPoBOoUeK. Ha MONBEPKEHHBIX MAKCH-
MAJILHOI 3arpy3Ke BHYTPEHHUX CJIOSX KAMEPBI, IPU PABOUNX HANIPSIKEHUSIX,
aAMIIIUTYIBEl CUTHAJIOB YIIAJIN B HECKOIBKO pa3. llobaBieHne k Ta30BOI cmecu
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[1apOB BOBI YIIyYIIN/IO CATYALNIO JINIIL HA KOPOTKOe BpeMsi. B cBs3u ¢ s3Tum
006CTOATENBCTBOM, HEOOXONMMO MEPETSIHYTh BCE IIPOBOJIOYKY KaMEPHI.

st BEINOSTHEHNUS 5TOH PAbOTHEI HEOOXOOUMO UMETh IPOBOJIOKY U TPYOKHI
s ee 3axuMa. IIpoBoroka ecTh, a TpyOku Hano nermaTh. Harsrusanue mpo-
Bostouek mpu usrorosienun IK KMII-2 3ausmo moarona, mosToMy ee peMOHT,
B CIIydJae 3aIep:KKU C U3TOTOBJIEHHEM HOBOH KaMephI, MOXKHO OymeT HAYaTh
Bo BTOpoM kBaprase 2002 roga. TpyOku niis KpersieHus npOBOIOYEK MOJIKHEL
OBITH U3TOTOBJICHEI 3apaHee.

Baoku npenycunurenein K (32 6moka mo 32 xaHasa) NOMKHEL OBITh 3a-
MEHEHBI. DKCIIIyaTalus CTAPbIX HEBO3MOXKHA 13-32 UX (PU3MIECKOTO COCTOSI-
Husi. B xagecTse 6a30B0i pazpaboTku npenmnonaraercs ucnoib3osars [IY MK
merekTopa KEIP. CTouMoCTh KOMILIEK TYIOIIUX U3AEIUN [1JIsl OMHOTO KAHA-
ma mpuMepHo 15 pyo6meit. KomuuectBo HOpMouacoB B PM Ha m3roroBmenne
6nokoB ITY omnenuBaercs B 2000. HoBere 6y0km npenycunuTenteil OyoyT mpu-
romueivu u aits Hoou [IK. OuudposbiBaromias smekTporuka (nmatsl T2A B
craunapre KIIKOKBA) ma mauambHOM 5Tame paGoOTHL meTeKTopa Oyner uc-
[IOJIBE30BATHCSI IIPEIKHSSI.

Paborsr no ZK

s opraHu3anuy 3aIrycKa IepBUYHOTO TPUTTEPA, CUCTEMEI cO0Opa TAaHHBIX
B IETEKTOpe OymeT WUCHOJIb30BAThCSI Z-kamepa. O6beMm paboT milsl KaMephl
cocTouT B 3aMeHe npoBosiouek (1408) u mpenBapuTenIbHON 5IIEKTPOHUKN KAK
asonHoi (64 xaHaa), Tak 1 KaTonHOH (512 KaHAIOB). DKCIUTyaTaIMs CTAPBIX
GIIOKOB IIPEIBAPUTEIILHON HJIEKTPOHUKN HEBO3MOXKHA BBULY UX (PU3UIECCKOTO
cTapeHus.

NsroToBnenue HOBOHI mpenBapuTeabHon 5mekTpoHuku B PM UucTuTyTa
coctaBuT npumMepuo 2000 mHopmouacoB. KoMOIeKTyOMINX U3meIuil TMEeTCs
npumvepro Ha 50%. B kagecTse 6a30Boit paspaboTku mius anomHon gactu ZK
6ynyt ucnons3oBatses IIY IIK merexkropa KEIP, a mias xaromgsoi wactu -
34Y, pazpaboTaHHbIe i KCEHOHOBOTO KajopuMeTpa. biok rakux 39Y (32
KaHaJIa) yCIIETHO TPOIIel UCILITAHNS B peajibHoil pabore na BOIII-2M ua
ZK.

3aMeHa MPOBOJIOUEK B KaMepe 3aifiMeT MPUMEPHO MoJroma. JTy paboTy
IIAHUPYETCs HauaTh BO BTOpoM kBapTase 2002 roma. Crneruanbubie TpyOKn
(UIUHBI) U1 KPEIUIEHUs IPOBOJIOYEK HOJIKHEL OBITH M3TOTOBJIEHBI B HAYAJIE
2002 roma. OundposwiBaroras smexkTpornka (T-2A u A-32) u kabemu, or
xameps! 10 IIY u ot ITY mo onudpoBku, 6yayT UCIOIBL30BATHCS IPEKHUE, HO
C 3aMEHOI PA3BEMOB CO CTOPOHEI IPEABAPUTEIHLHON SIIEKTPOHUKI.
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PaboTsr mo TopreBoMy KaJIOpUMeTPy

B ycmoBusax pacorsr BOIIII-2000 ToprieBoil KaJIOpuMeTp JeTEKTOPa OKa-
3BIBAETCSI B CHJIBHO HEOTHOPOLHOM MAarHUTHOM noje. B sTux ycmoBusax dhororm-
PUEMHUKHI KaJopuMeTpa paboTaTh He MOryT. IlosTomy HeoOXomuMbie pabo-
THI 1 GUHAHCOBBIE 3aTPATHI HA TMIOKYIIKY HOBLIX (DOTOIPUEMHUKOB OMMHAKOBEI
miisi 060MX BAapUAHTOB MOOEpPHU3AIuu meTekTopa. OuudpoBLIBAIOIIAS DIIEK-
rpouunka (mrarer A-32 B cranmapre KIIFOKBA) u kabembHBIE TPacCHl OT
kamopumerpa 1o Y P-32 Gynyr mcnomb3oBaThbes mpexHue. B cBs3u ¢ 3ame-
HOM (pOTONPUEMHUKOB BCS IPeOBAPUTEIbHAS JIeKTPOHUKA KajgopuMmeTrpa Oy-
IeT m3roroBseHa 3aHOBO. Kpome Toro, Heo6XoauMo CHenaTh 3aKynKy Kabeirs
(Buras napa B komuuecTse 30 KM) I TPACC, COSAUHSIONINX MTPEIBAPUTETh-
Hyto s5mekTpouuky co croikamu KIIFOKBA, mpakTuuecku mjs Bcex cucTeM
IeTEKTOPA.

PaboTbr no nmunuHAPUIECKOMY KaJIOPUMETPY

OcuoBHOII 06BeM PABOT MO UUIUHAPUUECKOMY KAJOPUMETPY HA OCHOBE
xpuctayuioB Csl cBsi3aH ¢ PEMOHTOM U YACTUYHBIM U3TOTOBJIEHUEM HOBBIX
mrat @-32 (1000 xkaHamoB), 8 TAaKXKe PEMOHTOM KOHTEHHEPOB U BO3MOXKHOI
3aMEHOU OTHOENBbHEIX KpUCTAIIoB. OuudpoBLIBaOIas 57IeKTPOHIKA (IIaThH
A-32 B crannapre KJTFOKBA) Gyzer ucnonb30BaThCs IPEKHS.

CroumMocTb KOMILIEK Ty oImX u3nenuii nopsnka 7000 mommapos. 3aTpaTst
Ha, U3TOTOBJIEHUE MIPEOBAPUTENLHON seKkTpouuky B PM onenusarorcs B 5000
HOPMOYACOB.

Huxe mepeuncieHsl 5IEKTPOTEXHIUUIECKNE PAOOTHI O0IIue O BCETrO ne-
TEKTOPAa, KOTOPHIE MOTHOCTHIO MEPEKPHIBAIOTCSI CO CIIICKOM paboT Heobxonu-
Mbix st KMII-2M.

1. Mlpopunakruka u pemont kpeirTos u 6okoB KAMAK, KJTFOKBA.

2. Nsrorosnenue cumbHOTOUHOTO muTauus mis croek KIIFOKBA.

3. PemoHT u npodunakxTuka ciaaboTounoro nutanusa croek KIIFOKBA.

4. TIpoexkTupoBaHue MyJILTOBOM, KAOEIBHBIX TPACC U KAHAJIOB BEHTUJISIIINN.

[Momueie 3aTpaThl HA MOKYIKY MaTEPUAJIOB, KOMIJIEKTYIOIINX WU3HEITNN,
MOOEPHU3AINIO CACTEMBI cOOpa HAHHBIX M 00pPAbOTKM SKCIEPUMEHTAJIbHBIX
OAHHBIX COCTABIAIOT mopsaka 120 x$, konuuecTBo HOpMOuacoB nexa u PM
Wucruryra - 15 000.

35



Cnucok murepaTypbl

[1] R.R.Akhmetshin et al., Preprint Budker INP 99-11, Novosibirsk, 1999.
[2] M.N.Achasov et al., Nucl.Instr.&Meth. A449 (2000) 125.

[3] Yu.M. Shatunov et al., Project of a new electron-positron collider VEPP-
2000, Proceedings of EPAC 2000, Vienna, Austria, p.439.

[4] M.Davier and A.Hdocker, Phys. Lett. B435 (1998) 427.
[5] H.N.Brown et al., Phys.Rev.Lett. 86 (2001) 2227.
[6] S.Eidelman and F.Jegerlehner, Z. Phys. C67 (1995) 585.

[7] Y.S.Tsai, Phys. Rev. D4 (1971) 2821.
H.B.Thacker and J.J.Sakurai, Phys. Lett. B36 (1971) 103.

8] F.J.Gilman and S.H.Rhie, Phys. Rev. D31 (1985) 1066.
S.ILEidelman and V.N.Ivanchenko, Phys. Lett. B257 (1991) 437.

[9] R.Barate et al., Z. Phys. C76 (1997) 15.
[10] J.Urheim, Nucl. Phys. B (Proc. Suppl.) 55C (1997) 359.
[11] K.Ackerstaff et al., Eur. Phys. J. C7 (1999) 571.

[12] M.A.Shifman, A.I.Vainshtein, V.I.Zakharov, Nucl. Phys. B147 (1979)
385.

[13] S.LLEidelman, L.M.Kurdadze, A.I.Vainshtein, Phys. Lett. 82B (1979)
278.

[14] S.Eidelman et al., Phys. Lett. B454 (1999) 369,

[15] F.Close and P.Page, Nucl. Phys. B443 (1995) 233.
T.Barnes et al., Phys. Rev. D55 (1997) 4157.
A.Donnachie and Yu.S.Kalashnikova, hep-ph/9901334, January 1999.

[16] R.Veenhof, GARFIELD Manual, CERN, 1990.
R. Veenhof, Nucl.Instr.&Meth. bf A419 (1998) 726.

[17] O.B.Anaukun u op., IIpenpunt NP 99-84, Horocubupck 1998.
[18] M.Yu.Barnyakov et al., Nucl.Instr.&Meth. A453 (2000) 326.

56



[19] K.Honscheid et al., Nucl.Instr.&Meth. A343 (1994) 306.

[20] M.Yu.Barnyakov et al., Nucl.Instr.&Meth. A419 (1998) 584.

[21] Collaboration p — ey, PSI proposal R-99-05.1, PSI, 1999.

[22] L.M.Barkov et al.,JEEE Transactions on Applied Superconductivity, 9
(1999) N4, 4644

[23] A.A.Grebenuk et al.,Nucl.Instr.&Meth. A453 (2000) 326,
A.A.Grebenuk et al.,Nucl.Instr.&Meth. A379 (1996) 488.

[24] V.M.Aulchenko et al.,Nucl.Instr.&Meth. A336 (1993) 53.

[25] B.M.Aynbuenko u ap., Hpenpuat NAD 93-1, Hoocubupck, 1993.
[26] R.R. Akhmetshin et al., Nucl.Instr.&Meth. A453, (2000), 249.

[

27] Yu.V. Yudin et al., Nucl.Instr.&Meth. A379 (1996), 528.

o7



B.M. Ayavuenro, P.P.Azmemwun, B.IIl.Banzapos, JI.M.Bapxos,
C.E.Bapy, H.C.Fawmosot, /.B.Bondapes, A.E.Bondapy,
A.B.Bpaeun, A.U.Bopobves, II.A.T'opbaues, @.I'pankansvoro,
A.A.I'pebenwx, I.H.I'pueopves, C.K.drasan, A.B.Escmuenees,
. A.Enuganos, C.I'.36epes, @.B.Uenamos, B.D.Kazanum,
C.B.Kapnos, U.A.Koon, ILII. Kpoxoenwiii, A.C.Ky3bmun,
O.A.Kynep, U.B.Jlozawenxo, II.A.Jlyxun, A.C.Medsedxo,
K.FO.Muzaiiaos, U.H.Hecmepenko, M.A. Huxyaun,
B.C.Ozanxun, A.C.IIonos, I0.C.Ilonos, JI.A.IIputimenxo,
C.U.Pedun, B.JI.Po6epme, H.M.Poom, A.A.Py6an, B.IO.Pvios,
H.M.Puvickyaos, A.JI.Cubudanos, A.H.Cxpuncrkui, U.I'.Cnonkos,
E.II.Conodos, C.Cnanvoso, ILFO.Cmenanos, A.A. Tasviwes,
B.M.Tumos, II.A. Tomncon, I'.B.Pedomosuu, B.U. Xazun,
B.B.Xvi03, FO.M.Illamynos, B.A.Illleapy, C.HU.Didesbman,

FO.B.FOdun

IIpoekT merekTopa KMII-2M

NAD 2001-45



