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AHaNHIUPYIOTCA NaHHhe Mo paloTe MHOTOMPOBONOYHEIX TIPONOPUHOHAMBLHEIX KaMep CIIEKTpo-
Merpa MAI'. [lpocnexuBaercs npoxoxieHHe CHIHANA OT 3apSOKeHHOR YACTHIBI C MOMEHTa BO3-
HHKHOBEHHS B KAMEpaxX K0 BHIXOJA cxeM ycuiaenus. [IpuBOIHTCA ainrOpuI™M HAXOXIACHHS TPEKOB.
OueHnBasTCA BIMAHHE I0A3BACMOT0 HANPAKCIHA, IOPOTOBOTO HANPHKEHHA B SNEKTPOHHBIX CXe-
MaxX YCHJICHMS CHTHana # 3arpy3kd Ha sdpdextusHocTs xamep. PaccMaTpuBaroTes 0coGeHHOCTR
OTICABHEIX Kamep H 06lHe 3aKkoHoMepHOCTH. B ripounecce nnurensvHo#t paGotei xamep Habmona-
etca 3PeKT CTAPCHHA.

Miltiwire proportional chambers MAGE spectrometer.

K.E, Gusev, A.Yu. Sokolov.

The work of multiwire proportional chambers of a spectrometer the MAG is analyzed. The signal
from passage of the charged particle from beginning up to an output of schemes of amplification is
described. The algorithm of finding of tracks is given. Influence of a submitted voltage, a
threshold voltage of electronic schemes of amplification of a signal and beam intensity on
efficiency of chambers is estimated. Features of separate chambers and the general laws are
considered. As a result of long work of chambers the effect of ageing is observed.

Puc. 13, coucok auT. ~16 HauM.

© HHCTHTYT TCOPETHYECKOH d SKCIIEPAMEHTATLROH GIiuKy, 2603


http:HaxOlK,lleHH.II

1. Beaenne

Mmuoronposonounsie nponopuroHansHbie kamephl (MIIK) amasiorcs ocHosHo#
yacteio cnektpoMeTpa MAI [1,2]. B HacTosilee BpeMa COEKTPOMETP PacnoONeH
Ha NpOTOHHOM nyuke yckoputens UTI®. Ha cnexTpomeTpe npoBoAsTCs HCCAEHO-
BaHHs CBONCTB ATOMHBIX AAEP METOAOM aAPOH-TaMMa COBNaCHUH.

Buepsrie MITK s perucrpauuu yactuy Osutn npennoxens rpynno#i 1lapnaka
B 1968 roxy [3]. C Tex 10op MHOrONMPOBOJOYHEIE HPOTMOPUHOHANBHBIE KAMEpbl HC-
NONb30BAIHCE BO MHOMKECTBE 3KCAEpUMeHTOB. He npencTaBisgeTcs BO3MOXKHHM Tie-
peunciuTh Bce. OTMETHM ZBa JKCIIEPHMEHTA, B KOTOPBIX NapaMeTpbl NpomopLHo-
HIBHBIX Kamep ONY3Kd K HauMM, yka3ssiBas BX oco0eHnoctH. CChUIKH Ha Apyrue
IKCACPHUMEHTH MOTYT ObiTh Hafiaensl B [4] ¥ MaTepHanax ClCLHaNbHOR KOHpepeH-
I[HH TIO IIPOBOJIOYHLIM Kamepawm [5].

Teneckont H3 MROTONPOBOJIOYHBIX NPONOPHHOHARBHBIX KAMEp IIA 3KCMepUMEHTa
NAZ24 B Lleptie [6] coctosin u3 22 nnockocTeil kamep. /luaMeTp NpoBOJIOYEK paB-
HANCA 25 MKM, 1Iar APoBONOYEK - 3 MM, a pasMep YyBCTBHTENbHOH 00nacTH — 2x2m
¥ IxlM 1ana  pasHeix kamep. Kamepnt paGoramn Ha cMecH  rasos
Ar(80%)+CO4(20%)+dpeon 13B1(0,15%) npu unrencurocTn 2107 uacTui Ha
cbpoc. bsina 3amedeHa HEOOXOMHMOCTE NORATH HANPSDKEHMS Ha HPOBOJIOYKH IOA-
JEPKKH.

B nByx kamepax, ¢ 128 npoBonoukamu, ucnoassyemsix 8 OUAH N\y6ua[7], mar
POBONIOYEK COCTAaBAAN 2.5 MM, a MexdaekTpoansiii 3a3op 7Mm. Kamepsr paGorain
Ha cMecu rasoB Ar(67%)+u3o6yran(30%)t+dpeon 13B1(0,2%)+mernnann(3%).
Ynanocs nonyyuth 3¢dexktusHocts 99.6% nupu nanpsxennn 4.57 kB. llupuna
raro 3¢QexTHBHOCTH cocTasisia 600 B.

2. KoHCTPYKIHS NPONOPUHOHAJILHBIX KaMep AeTekTopa MAT

B HacTosmee BpeMsf CHCTEMa MHOrONPOBOJOYHBIX NPOIOPIHOHAIBHBIX KaMep
cnekrpomerpa MAIT COCTOMT H3 25 KOOPOHHATHBIX INIOCKOCTEH ¢ OOIIUM YHCIIOM
CHTHANBHBIX [IpoBoJIoYeK 0k010 10 Thicsu. KoopanuHaTHEE IIOCKOCTH O0BEAHHEHb
B 6nokn, coiepxalliHe XKaK B3aHMHO OpTOroHamsHbie Y H Z -TIPOCKLHH, Tak H
ILUTOCKOCTH C HAKJIOHHBIM PAacnoNoXeHHeM npoBonodek (37° x BepTukanbHoi ocu Z).
HmeeTcs 1BE NMIIOCKOCTH C HAKJIIOHOM NPOBOJIOYEK B OnHY ctopoHy (U) M ase ¢
HaiioHOM B apyryio (W). OGvemuHeHHe Kamep B 6J0KH 1O3BONsAET cobpaTh HX B
KOMNAKTHYI0O KOHCTPYKIMIO, [OCTaTOYHO YHHBEDCAIbHYIO H YHAODHYIO B
skcruyaTauuu. [Ipn HeoOXOAMMOCTH peMOHTAa KaMep MOXHO IHONYyYHTh HOCTYN K
moboff u3 ruockoctelt G¢3 noano# - pasbopku 6Gnoka. g oproroHanbHBIX
IUIOCKOCTeil 1ar CMIHAILHBIX IIPOBOJIOYEK paBeH 2.5 MM, JJIA HAKJIOHHEIX - 2 MM.
Jletann KOHCTPYKUHH H TeXHOJOrHU cGOPKH KaMep nprBeaensi 1 [8].
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Pacnionoxenue OJI0KOB KaMep M paclolOXeHus] KaMep B oTHeNbHbIX GloKax qaHo
Ha puc.l. CTpenkaMy OTMEHEHbI HANpaBNEHHS CYMTHIBAHHA COOTBETCTBYIOLINX
kamep. B 9THX MecTax Ha Kamepax  pACIONIOXEHBl  HPEeXyCHIHTENN.
CooTseTCTBYIOIHE TPOBONIOYKA PACTIONOKEHB! NEPIICHAHKYIAPHO CTpeiKam Ang Y
a4 Z xamep H 1of cooTseTcTByIomum yriom mma W a U kamep. [munnl Y u Z
MPOBONOYCK AMY OAHOW Kamepbl OAHBAaKkoBbl, AnMHBI W w U npoposoyek
yMEHBUIAIOTCA OT HEHTPa K KpasiM.

3uayeHus koopAuHaT X MpONOpUHOHAIBHBIX Kamep AaHbl B Tabmuue |, npu 3ToM
HA4aJ10 KOOPAHHAT COBNAAAET C EHTPOM MarHuTa.

Kaxnas u3 kamep Gpiia pacnoniokeHa CHMMETPHHHO OTHOCHTENBHO Ocell Y U Z.
bosnee TOUHO onpeneneHHE NONCKEHHA KaMep NPOBOAMTCH C NOMOWBIO KCTHPOBKH
- BOCCTSHOBJICHHA INPAMbBIX TPEKOB 4YacCTHilbl, NPOBEAEHHBIX 4Yepe3 MCpEiHHE H
3afHHE KaMepbl [IpH BBIKIIOYEHHOM MarHute. IIpu 3TOM OIpefensoTCs CABATH M
FIOBOPOTH! KaMep JJiA HaHy4Iliero NPOBCACHHA TPEKOB.

Bauxe Bcero K MUIIEHH pacriolioXeHa nyykosas xamepa 29Y ¢ pazmepoM 4yBcT-
sutennHoll obnactu 240x240 MM. '

[lepen MarHUTOM paclONOXeEHsI TPH 6rOKAa MAaNbiX KaMep C  pasMepoM
yyscTBUTENLHON obnacty 480x1280 mm. [lepenit Onox cocrasmsaor xamepst SY,
6U u 7Z. Bo Bropo# 6nok Bxomar xaMephl 8Y, 9Wn 10Z. Tperuii cocraBmszoT
kamepst 11Y, 12Y, 13Z » 14Z.

Tabaana 1. Koopausata X nponopunoHamesbIX Kamep cnexrpomerpa MAID spons ocm
nyuyxa. Hauane xoopasHar coBRajaeT ¢ HEHTPOM MATHHTA,
Muinenn umeer KoopaHHaTY —255 em.

Kamepsl X, cm Kamepni | X, c™
29Y -242.8 17Z 181.8
5Y -211.4 187 183.8
6U -209.4 19Y 200.2
7Z -207.4 20U 224.1
8Y -171.1 21Z 204.2
A% -169.1 22Y 222.1
10Z -167.1 23W  |202.2
1y -152.5 247 226.1
12Y -150.5 25Y 243.4
137 -148.5 26Y 245.4
147 -146.5 272 247.4
15Y 177.8 287 2494
16Y 179.8
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18Y o8y N < 28Y

Pucynox | Pamonomenne nponopuuoHaibHbIX Xamep cnexrpomerpa MAT.
Crpeaxamu OTMEHEHbI HATIPABJICHRH CYHTHIBAHKN COOTBETCTBYOIIHX KaMep. M MumeHs.
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[TponopunoHanbHple KaMepbi 3a MArHUTOM HMEIOT pasMep 4YBCTBUTENLHOH
obsactn 880x1840 mM. [lepenili Gnok cocrasasior kamepbt 15Y, 16Y, 17Z u 18Z.
Bropoii 6a0x ob6pazyior kamepst 19Y, 23W u 21Z. B tpeTHil 610K BXOAAT KaMepsl
22Y, 20U u 24Z. YetpepThiii cocTaBnAlOT KaMepht 25Y, 26Y, 27Z u 28Z.

Ana curHanpHo# aHOIHOH MJIOCKOCTH HCTIONB3YETCH 30M0HCHAs MPOBONOKA W3
BOJb{paM-peHueroro cntapa BP-20 nHamerpom 20 MxM. OTpHIATeNbHOE BHICOKOE
HAOPSDKEHHE TONAeTCA Ha KATOJHbIC MIEHOYHbIC 3MEKTPOIbi, H3rOTOBNEHHBIE W3
NIONHATHACHTEPe(TATaTOBOH NJICHKH TONMMHOA 20MKM, H& KOTOpYIO HaHeCceHO
3MeKTPONPOBOsAIIEe TNMOKPhITHE (pasMeNbyeHHbld yrnepon co cmonoi Td-60)
TONIHHON 14 MKM, HMerowmee conporusieHne 400 Om/cM. Kartonnbie niaocKocTH
paciionoXeHs! o 0be CTOPOHb! OT aHOAHOM MAOCKOCTH. PaccTOSHHE MEXIY aHOHOM
H KaTOAOM PAaBHO 7 MM, MEKIY KaTOJHBIMH ITOCKOCTAMH, COOTBETCTBEHHO, - 14 MM.

Yrobnl  yMEHBINMTL  [IpOBYCAHHWE  INPOBONOYEK KM HEYCTOHYHBOCTL B
3NMEKTPOCTATHYECKOM HOJIE, NEePHCHIHKYIAPHO K NPOBONOYKAaM C ABYX CTOPOH OT
HHX HATATHBAIOTCA MOMICPXKUBAIOLIME H3IONMPOBaHHbIE NpoBoja. B nepenHux Z
KaMepax ¥ B 3a0HHX Y KaMmepax HMeeTcs OlHa Napa HOAIEPXKH, B 3aXHHX Z
KaMepax - JBe naphi MOAJepKH. [IPOBONOKH IORNEPKKHA B Tiape CBA3LIBAKOTCH APYr
C IpYroM ¢ TIOMOHIbIO TOHKOH HEHJIOHOBOH JIeCKH: B HepeiHHX Z H 3amHHX Y
KaMepax - B TPeX MecTax, B 3aiHMX Z Kkamepax - B ceMH Mectax. B nepennux U n W
KaMepax HMeeTcst OllHa mapa nojnepxxu, B sagHux U B W kaMepax - ABe naphl
nopnepxxu. Ha nommepxusarouyio AHHHIO noaaercs Hanpsokenue 1.8 xB. Ilpu
YBENHYCHHUA HANPDKCHUS HA NOJ/IEPKHBAIOIEN TUHMH MOTYT BOSHUKATh Pa3pslbl C
NOAZEPXUBAIOMEH THHHH Ha CHIHabHbIE HPOBOJIOYKH.

K xaxnmo# curHanpHON (QHOOHOH) INPOBONOYKE MONKNIOUEH HMITYJIBCHBIH
npenycHinTenb. [lpenycHnurend CKOMNOHOBaHK B OGnok# mno 32 uwTykKH H
PacrHoNaraloTCs HENOCPeICTBEHHO HA KaMepax, COeMMAsLChL C [IPOBOJIOYKAMH 4epe3
pa3beMbl. YCH/ICHHBIE CUIHanb! NIEpe/ialoTcs No BUTHIM napam (iHHOH oxono 10 M)
B Onoks GpopMHpPOBaHHS K 3aTIOMHHaHHA CHTHala.

3. Pabora razosoit cucTeMbl

Kamepnt paborator Ha cMecu razos An(70%)+CO4(29.80%)+dpeon 13B1{(0,2%)
(marayeckas cMech). Tak xak TpyaHo odecneduTsh Nogayy Masiore KojM4ecTsa dpe-
OHa HanpAMYIO, OCTyNaeM cnenyrouuM obpasoM. BHavane npurorapinsaeM cMech
H3 aproHa H $pcoHa B cieayiomieM cooTHoWeHHH Ar(97%)+ n dpeon(3%), 3ateM
Kaaas rasosas xomnonenta (Ar, CO;, cMech Ar u dpeona) u3 Gannona depes pe-
IOyKTOp, YMCHBIIAIOWANR NaBNcHUE Ha BBIXOJC H3 GallnoHa, NOCTYTaeT Ha peTyaaTop
pacxoia rasa, ¢ HOMOWBIO KOTOPOro MEHSETCA W KOHTPONHPYETCA CKOPOCTH TIPOTO-
Ka JaHHOH KOMITOHCHTHI. BBiXoabl TpeX peryasTopos pacxofa rasa oObenHaqIoTCs,
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u obpasoBaBImascs pabouas cMech OCTYNAET B KaMepbl. YCTAHABIMBAA OTIPE/IENEH-
Hbi€ CKOPOCTH Fa3oBbiX NPOTOKOB B perynsrtopax pacxona Ar, CO» # cMecn, nonmy-
yaem pabounii ras B JaHHOH npomopudH. B cucreMe nozavm rasa B paboueM pexu-
Me ObLTo 3a1eHCTBOBaHO N0 ABa GalnoHa ¢ KaXasM KoMnoHeHToM (Ar, CO; H cMe-
cu). Pesykropnl GajUTOHOB B Nape BRICTABIAIOTCS Ha HeOONLINOE, HO Pa3HOE BHIXOI-
Hoe napichue (C pasHHUeH B Heckombko atMochep). Takoe moxkmodeHHe obecne-
yupaeT 6Ge30CTAHOBOYHYKO MORady rasa u3 pabodero OannoHa (6ajvioH ¢ yCTaHOB-
JICHHBIM OGOJIBIIMM BBHIXOZHBIM IaBACHHEM ) H BO3MOXHOCTD 3aMeHbl Oannona. Taxke
HMEeeTCA BO3MOKHOCTE MCHATE OTOK ra3a B OT/AC/ABHBIX KaMepax. ’

PabGogas cMech NoAaeTca B KaMephl CHH3Y, T.K. OHa TAXeJiee Bo3ayxa. Iloctenen-
HO BEITECHSS BO3AYX 4epe3 He3aKphITOe OTBEPCTHE BBEPXY, a3 3alONHAET BeCh
obbeM KaMephl.

Cymmapnbiii o6beM xamep coctasnseT 400 . CyMMapHbIi NpOTOK ra3oB COCTaB-
nster 80 AHTPOR B Hac, YTO COOTBETCTBYCT 3aNlOAHCHHIO KaMep B CPEIHEM 3a 5 4acoB.

Bmecre ¢ Tem, 3anonHenre KaMep GbL10 HepaBHOMEPHBIM, IO3TOMY TS BLIXOJA B
peXHM HEKOTOPHIM KaMepaM TpeGobasiock Gosblie BpeMenH. B obmem ciydae, cy-
TOK XBaTaeT BCEM KamepaM JUIR BbIXoJa B pexuM. Bo Bpems ceanca B HEKOTOPBIX
IKCHO3MIAAX Obl1 YMEHbINECH NPOTOK raza B JIBa pa3a, HPH 3TOM He Ha6monanoa>
CYIIECTBEHHOTO H3MEHCHAN XD HEKTHBHOCTH Kamep.

Ilpn pabote naBicHAC rasa BHYTPH KaMep MPaKTHYECKH paBHACTCA amoccbepno—
My. Msmenenue arMocdeproro namnenus orpaxaercs Ha pabore xamep. Ilpu yse-
NHYCHAH aTMOCHEPHOTO NaBNeHHA YPPEKTHBHOCTL KaMep yBeIHYHBANACh.

Hecenenosanus pnusuus goGaBiieHus racsinero rasa (DOTEHIHAN HOHH3AUHH KO-
TOPOT'G MEHBINE NIOTCHIHANIA HOHH3AllHH OCHOBHOTO raza) K Mardyecko#d cMecH mno-
Ka3aim, 4to AobapneHHe K MarWyeckoll cMecu 4% merwnans NPHBOTMT K 3HAYH-
TENPHOMY yAy4HICHHIO XapakrepHcTHK cMecn [9]. Ilpn nebonbiiom casmre mnaro
3 PeKTHBABIX HAaPsHKCHUI HabIoHaeTCs yBeHYEHHEe ANHHBI IIAT0 MAKCHMANbHOH
30 (eXTHBHOCTH 110 HAaNPAKEHHUIO ¥ OTCYTCTBHE M3rHOa B KoHue niaro. Takam 06-
pa3oM, riepexos Ha CMeCb
Ar(66%)+u306yTaH(29.8% yrMeTHnans(4% +peon 13B1(0,2%)

NOJDKEH NOAHATE 3(PMEKTHBHOCTE HAWMX MHOFOMPOBOJIOYHSIX POTIOPIHOHATBHBIX
Kamep.

4. Perncrpanus 3apskeHHBIX 9aCTHH HPONOPUHOHANLHONH KaMepoi,
aMILNIHTYAR CHrHAaJa

OcnosHble npunumnbl pabotsr MIIK npusepenst B pabore Sauli {10]. Pacemor-
pHM paboTy NpoNopHHOHANBHLIX Kamep, +Jpaias ocoboe BHHMaHAe Ha apamMeTphl,
BaXXHBIC 47K PONOPIHOHANBHEIX KaMep AeTekropa MAT.
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Ipoxons uepes KaMepy, 3apsHKCHHAA YaCTHLA HOHM3YET BELIECTBO, NMPHBOIA K
obpa3oBanuio AeNbTa-INEKTpoHoB. [IpH Maol BeNHYMHE 3AEKTPHUYECKOrO NONA
JENbTa-EKTPOHBI MPOCTO cobuparorcd Ha aHopge. OIHAKO, €C/l¥ 3JICKTPOHBI 3a
BpeMs MEXIY IBYMS COYJapeHHAMH HaGepyT 3HEPrHIo, IPEBBILAIOUIYIO TOTCHLHAT
HOHW3ALMH I'a3d, OHH CAMH BbI30BYT HOHH3allHIO, YTO NPHBOAHT K YBEIHYEHUIO KO-
nMgecTBa HOCHTeNeH 3apsaa. Obpa3sylomsecs IpH ITOM HORb! ApeidyIoT K KatodaM,
JNEKTPOHK! - K CHTHAJALHOMY aHOAY. B NMpONOpHHOHANBEHBIX KaMepaxX 3AeKTPOHHAsA
JaBHHA pa3BUBAaeTCAd Ha PACCTOAHHH HECKOJBKO JECATKOB MHKDOH OT CHIHalIbHOH
[IPOBOJNIOYKH, H TpH THIHYHOH CKopocTH ApeHda 3NeKTpoHOB 5 CM/MKC OHM mpone-
TAT 3TO PacCTOAHHE NpHMepHo 3a | He. TakoH KOPOTKHE HUMIYALC OT ICKTPOHOB
MIPAKTHYECKH He AaeT BKJIAA B HabmonaeMbill CHrHall, KOTOPBIH B OCHOBHOM HHJY-
LHPYETCA IBHKCHHEM TI0TIOKATCBHBIX HOHOB.

B ucrnione3yeMo#t HaMu Ta30BOH CMECH OCHOBRHLIM KOMIIOHEHTOM SBISETCH APTOH.
YHCTHIH aproH NO3BONAET NOTYYHTL Kodh¢hHIHEHT rasoBoro ycunenus 10°-10° nna
HebonbINX RanpsokeHHH. Obpasyiomuecs IpH 3TOM B JTaBHHe BO3OYXKICHHLIE U HO-
HH30BaHHblE aTOMBl He TIO3BONAIOT Janbllie YBEAHUMBATh KO3((HIMEHT ra3oBOTO
YCHIICHHSL.

Bo3byxaeHue aproHa CHHMaeTcs ¢ HMCIYCKaHMEM PaMMa KBaHTa ¢ JHeprueH
11.6-3B, 4TO BEIIIC HOHU3ALMOHHOTO MOTEHIHANA BeliecTBa, obpa3ylolero KaTox.
®oroanekTponsl, 00pa3yrOIHecs Ha KaToAe, IPHBOAAT K HOAJIONKHLIM aBHHAM.

C npyro#i CTOPOHBI, MOHBI apPTOHA MHTPHPYHOT K KaTONY W HeHTPalM3yIOTCH C HC-
DYCKaHHEM 3JIEKTPOHA, YTO NPHBOAMT K MCHYCKaHHIO (OTOHA HIM K Buﬁnsanmo
ele OJIHOTO SNIEKTPOHA W3 KaToNAa 1 MOANOXHOHR naBune,

I'a3s CO; ¢ GONBLIHM KOJIHYECTBOM BpaldaTe/IbHBIX H KojieGaTeNbHBIX BO3GYXAEH-
HbIX COCTOSIHHI MO3BONSET NMOTJIOTHTL (JOTOHBI, UCHyIIeHHLbIe aproHom. [Tonyuen-
nag CO, sHeprus uuaetr nubo Ha YNpyrue CTONTKHOBEHHS, THOO Ha HHCCOLMAlIHIO MO-
nexyn. Ysenuuenue coaepxanua CO, no orHomeHuio K Ar ymensinaet Kodhbu-
HHEHT ra3oBOro YCHJACHHS NPH TOM K¢ HanpAKCeHHH, BMECTe C TeM CTaHOBHTCH
BO3MOXHBIM YBEIHYHBaTh pabouee HANPAKEHHE, YTO B HTOTE NPHBOJHT K yBEJIHUE-
HHIO KO3 bHIHEHTa Fa30BOTO YCHIIEHHA,

B coorsercteun ¢ paboroit [10], uncno nap HOHOB My, OOPA3YIOIUMXCA HA NYTH
3apsAXCHHOH YaCTHIbI, BBIYHCIAETCS MO GopMyne

= J(@E/dx)/eqiow)) o,

TAC W; — OTHOCHUTEABHbBIHR BEC AGHHOrO aroMma, €p; ~ NOTCHIIHAI HOHM3EIHNM aToMa,

! — numa npo6era wacTal.

INotennwan wonuzaunun B Ar cocrasiser 26.3 3B, B CO, -32.8 3B, a dE/dx 8 MHHH-
MyMe HoHu3auuu pased 2541 aB/cm u 3280 sB/cm [11] coorercreenno. Hamu ka-
MepBl HMEIOT MEXKaTOAHbIH 3a30p 1.4 cM, nosToMYy B KaMepe obpa3yercs B cpe/iHeM
137 nap vonos (n=(2541/26.3+0.7+3280/32.8¢0.3)*1.4 }=137). '
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CyMMapHoe unciio o6pa30BaBIINXCA JaBHHEBIX Nap N CBS3a3HO ¢ YHCIIOM NEpPBO-
Ha4albHO 00pa3oBaHHbIX Nap 1 yepes koG duiHeHT rasoBoro yCuiIcHHs M.

N=n, M ,

B HCORHOPONHOM 3NEKTPHYECKOM NoJie KO3 HIHEHT ra30BOro ycHnenus M Bhl-
yHcngeTcs uepe3 nepsbii koadduumuent Tayncenaa O (YUCTO INMEKTPOH-HOHHBIX
nap, TPOH3BOAUMBIX IEKTPOHOM, HAa EAHHHIY JUTHHBI)

M=exp{ bJa (ridr} ‘

TMapamerp O Moxert 6pith 3anan ¢ MOMOWBIO annpokcumaimy Kopd
o/P=Aeexp(-BeP/E),

rae P — pasnenne, E- dNexTpHUeCKHH norenuuan (ans obpa3oBaHHs JaBHHBI Ha

PacCTOSHMAX, MEHBIIHX YeM PACCTOSHHEC MCKIY NPOBONOYKAMH).

3uaueHus NapaMeTpoB COCTABIMOT s umctoro Aproua A(Ar)=14cmeTopp,

B(Ar)=180Becm”eTopp, 1ns 4HCTOro yrnekucioro rasa A(CO;=20cm'eTopp,

B(CO,) =466Becm™ e Topp [10]. Jnsa cmecn ra3os ¢ 70% Ar u 30% CO, onpenensem

KO3 RIHEHTS Yepes Ko3DIHIMEHTB! 11 YHCTHIX ra30B CICAYIOMAM 00pa3oM:

A4 =0.704(Ar)+0.384(CO;j, B =0.78B(Ar)+0.3¢B(CO;).

B [9] npuBeneHnl HECKONBKO OTIAMYHEIE 3HAYECHHUS IapaMeTpoB 4 M B, a TaKXe NpK-

BeJCHEBI 3HAYEHMS [UIN OTIENBHBIX CMECEH’ ra3oB.

B [12] npeanpusATa nonsiTka onpenencHus xoxdouunentos 4 u B. lna npows-

BonbHOTO conepxanus Ar 1 CO,, nokasano, Yto KorpQHUIMEeHTs OGIM3KH K UX Of-

penencHuio yepes koodoruuenTbl A(Ar), A(COy), B(Ar) n B(CO).

B o6acti B6m3u npoBonoyky Hanpsokennocts nons E=CV/(2ngyr),
tae C- norousas emkocts kamepbl, C=27&, /[ nb/d-in(2 ma/d)], ‘
b- paccrosune ot anona 1o xarona (b=[/2=Tmm), @ — paauyc NPOBOIOYKH,
d- paccTosHHe MEXKIY NPOBONOYKAMH, V-HanpsXKCHHE Ha KaTole,

& —IOH3ACKTpAYECKas IPOHHLIAEMOCTE BaKyyMa (& =8,8540102 D/M).

PaccMOTpUM pesynbTaThl BBIYHCIEHHH TAa30BOTO ycnneﬂnﬂ 110 BbIIUENPUBEAECH-
HbIM dopMynaM ans cMecH Tra3oB Ar(70%)+C0,(30%) and pasHbIX HanpsxeRuH o
rara npososiovex 2 u 2.5 mm, [Ipu paccTosHuy MeXIy MpoBONOYKaMH d=2.5 MM |
HalnpsHKeHHH Ha Katoae
V=4.4 xB nonyyaeM ko3 GUUHEHT ra30BOro ychnenus M=1.28¢10°.

[Ipyu V=4.0 kB M=2.46e10".
Ilpu V=3.8 kB M=1.09¢10",
Ilpn V=3.6 kB M=4.88¢10°.

VYMeHbIIeHUE PACCTOSHHA MEKY TIPOBONOYKAMH 20 2 MM, KaK y HAKNOHHBIX Ka-
MeEp, NMPHBOAHT K YMEHBLIUCHHIO KO3((HIIHEHTa ra30BOrO YCHJICHHS Ha NOPANOK.
Tak, aag uHanpsmxeHus 4.0 kB xo3hdHIMEHT ra’oBOro YCHJIEHHA COCTABIfET
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2.71#10%. YToORI NONYHHTE TAKOE e [A30BOC YCHICHHE IS IATA TIPOBONIOUEK 2MM,
KaK ¥ JUIA [Uara [poBosodeKk 2.5 MM, HyKHO NOOHATEH Hanpshkexnne Ha 500-600 B.
3ameTHom 06pazoM Ha KOIGQHUHEHT Ta30BOTQ YCHNEGHWS BRIHSET TIPONEHTHOE
COOTHOLIGHHE Ta30B B cMeCH. Tak, NpH yBeNWYCHHH coliepxanHs Ar Ha 5% npH
Ar(75%)+ C0,(25%) u V=3.8xB kxosdduument Bospacraer B 2 pasa ao 2.17+10%,
Yr1o6bt NOAYYHTD BHICOKYIO 3PHEKTHBHOCTL PETHCTPAliHH 3apsHKEHHBIX YacTHIL B
Kamepe Tipy BHIOpaHHOM cocTae rasoBoi cmecn (70% Ar, 30% C0,), reobxoaumo
TIOJHHMATh HANpAKEHHE Ha KAMEpe, TeM CAMbIM YBEITHYHBas KO>QQHIHEHT ra30B80-
ro ycuinenas. Ho npouecc orpaHuyed, T.K. B HEKOTOPLIH MOMEHT C AanhHEHIIHM
POCTOM HaNpsXKeHHA B KaMepe BOIHHKACT HENPEPHIBEBIA paspill, He MO3BOJAIOLIMA
BoiliTd Ha paboyyio 3pdekTHBHOCTE. HUToOK nonyunts Gonbmiol koadduuueHT ra-
30BOro YCHIICHHA H pacHINpHTh pabourii [HaNa30H HANPAKEHUH, B T'a30BYIO CMECh B
oueHb HEGOBIUHX KONHUECTBAaX NOOABNAIOT JNEKTPOOTPHIATENLHEIH ra3. B nanrem
ciydae 1o 0.2% Gpomuctoro ¢peona CF;Br (13B1). DnextpooTpHuaTensHbIH ras
3aXBAThIBACT CBOOONHEIE DIIEKTPOHBLI, KOTOPEIE MOTNH 6Bl NPUBECTH K BOIHHKHOBE-
HHIO NaBHHBI, obpasys oTpHnarennHpie HoHsl, JJobaBnewue QpeoHa NMPUBOAHT K
caury paboduell xapakTepucTHKH Kameps! Ha 200 B, T.e. OfHH H Te Xe KO3OPHIH-
€HTHl [a30BOT0 YCHICHHA NpH paboTte ¢ HPeoHOM MONYHYaIOTCA NPH HaNpPSDKCHHHA Ha
200 B sruue, ueM npu pabote 6e3 dpeona [8]. Tlpu s1oM paboumil nHanason Hanps-
KeHHH BO3pacTaeT, Tak YTO CTAHOBHTCA BOSMOXHLIM MOAHHMATE HANpSXXeHHe U fo-
Ay4aTh NpHeMIeMYIo 3 heKTHBHOCTE paboThl kaMep 6e3 BOSHHKHOBCHHA Npoboes.

Jna vamelt kameps! ¢ waroM 2.5 Mm npu Hanpsokedus nuTasua 3.8 kB koaddu-
LHEHT ra3oBoro ycunenus M Oyner pabeH Sel0° .

Cymmapneiii 3apsn Q Balugcisiercs no gopmyne:

O=neesM  (e=1.6010""° K1 - 3apss snexrpona).
Torna npu #,=137, cymmapusiii 3apsn 0=10" K.
Tox B xaMepe OT NMPOXOXKACHHA 3apDKSHHOH uacTHUb! [,,=0/t, , rie t, - JAHTENb-
HocTb curHana. Tlpn 1, =20ue, [, = SMKA.

3Has CyMMapHHA KOMDQHIHERT YCHICHHA cXeM 3nektpoHnxn (13 MB/MKA),
MOXHO [ONY4YHUTH BbIXxOgHOE Hanpsenue. U, ,~65MB. YcraHasnusaemoe Ham¥ 110-
poropoe 3nHaueune Hanpsxends Up,, pasno 32 mB. Kak 6110 HokasaHo Baiilie, CHH-
XKEHHE HANPsOKEHHS Ha kamepe Ha 200 B o3HagaeT yMeHblICHHE cursana B 2 pasa,
YTO MOXET NPHBOAHTE K NPOCYETaM CHIHAIOB H YMEHBIICHHIO 3O heXTHBHOCTH.

5. JfieKTpoHHKKa perncTpanik. BpeMmennble napaMeTpbl CHFHAJIOB

Ha pHc. 2 noxaszaHa INpUHLUHITHaNbHAA CXEMa KaHalla PerucTpali CHrHana c mnpo-
BOJIOYEK. B cxeme npepycHnuTtens HcmonszoBana MC KS00JIM101 (M1), kotopas
TAKOKE BBLINONHAET QYHKIMIO NEpefaTyHKa Ha nHHHIO. [IpHeMHHMKOM cHrHama ciy-
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wut UC S00JITTEHES (M2). D1u cxemul o6ecneynBaloT BhICOKOE OhICTPOACHCTBHE.
BrICOKYIO NOPOrOBYIO YyBCTBHTENLHOCTE H HOPMHPOBAHHE CHrHANA TIO aMIUTHTYAE
¥ putenbHocTH obecneausaer komiaparop K521CA4 (M3). Peructpanus # 3ano-
MHHaHHC CHTHaNa ocylecTeisieres ¢ nomousio UC K155PY2 (MS).

OcCHOBHBIE NapameTph! 3NEeKTPHYSCKHX CXEM HAUIMX NPONOPLHOHAIBLHEIX KaMEp!
{Bonee nonHoe onkcanue Moxro HaiiTi B [13,14])

BxogHoe conporusaenue - 250 Om.

Cymmapnbiii koaduuueHT younerana M1 coemectro € M2 — 13 mB/MkA

Togasnesde HaBOAKH ¢ KaHasa 4a kaHai He menee 36 1B

Jns ConuluMHCTRA KaMEp TOKH YTeYKH ¢ 27eKTpoda npH HanpmkeHuy SkB co-
crasasmoT 10-30HA. [Ipr HecobniojeHnAn TEXHONOrHH, HATIPUMED, NIPH NIPOBE/JCHHH
CKNICHKH fpH [TOBBILEHHOH BIAXHOCTH BO3AYXa, TOKH YTEYKH BO3pactaloT B
10°-10" pas.

MNpegycunwrent. NvHna

nepepadum
3}

Bnox thopmHpo W 3arK CHIRANOB

“®asnposxa”
| ! Rl |
1 Cﬁ M2 M5
i L x cHeTeme
] @j @ ! — OSVn [Crumarun
l l

R4 RS A v
R6
l l RS ﬂ L pesaas 03Y
3y

6.2

-5.28 mo[

' I +Vnop.
Pucynox 2 HpanuMnuanbHag cxeMa KAHAJA PETHCTPAUMH CHTHANA MHOTONPOBONOYRBIX
nponopuuonanbLubix Kamep, JAL1JA2 - KAS03B; M1 - 1/4 KS500JIM101; M2 -- 14
KS00JII115; M3 -- 1/4 K521CA4; M4 -- 1/4 K155J1A3; M5- K155PY2. RI10=R11=300 Om,
=R4=R5=1.1k0Om, R6=R12=1000m, R1=50 Om, R2=2000m, C1=47a®, C5=150ud. Boa-
HOBOE CONPOTHB/CHAE THHUH nepeiaun 100 Om.

Jns npaBHiaLAOH PErMCTPAaUMH CHTHANaG OT MPOXOXIEHHA 3apsKeHHOH HacTHIbI
HYXHO 3HaTh BPEMEHHBIE OCOGSHHOCTH CHIHATIOB B CHCTEMbI PErHCTPALIHH.

Curuan ¢ npoBOJIOYKH OT NPOXCIKISHHS 3apKEHHOH HACTHLibl HMEET AAUTE/Nb-
HocTh 20 He. [lna pasHbiX KOODAMHAT NPOXOXKOCHHA HacTHIBI N0 OTHOLWIEHHIO K
[IPOBOJIOYKE CHIHANBI MOTYT UMeTh pasbpoc 25 He. BpeMa npuxoaa chrsana MOXeT
MeHATECA Ha 10 HC B 3aBUCHMOCTH OT TOTO, B KAKOM MECTe 10 [AJUHE MPOBONOYKH
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obpazosanics 3apsa. Taoke u3-3a KOHEYHOH CKOPOCTH 3aPHKEHHOH HaCTHLLI CHrHAN
oT riepenHei Kamepsi 5Y NPUXOANT Ha |5 HC paHblIe, YeM OT 3agHeH kamepnl 287,
Pa36poc sanepxky cpabarsisanus xomiapatopa K521CA4 o Bexony “6uictpoe”
WA cocrasnzer 15 He.
TaxuM obpasoM, paspemarouiee BpeMs MITK u snexrponnks, ofecneynsatommee
100% 3¢hdpexTHBHOCTD perHCTpallHH, COCTABNIAET pEMepHO 60 He.

CucTeMa NpHEMa H 3alOMHHAHUS HHQOPMALMH C TIPONOPUHOHANLHMLIX KAMEp 3a-
MyCKaeTCA CHHXPOHMITYJIbCOM OT YCKOpHTENS H paboTaeT HEMpephiBHO B TeYcHHE
Bcero spemedy cOpoca myyka Ha MHOIEHb, He3aBHCHMO OT MPHXOAA MAacTEPHOro
currana. CHrHan ¢ kaxnoH npoponouks nocryiraer B O3Y emrocThio 16 68T. Anpec
suefiky O3V gpopmupyercs B Bije kofa ['pes H mensercs ¢ nepuonom T=70 He. B
pesynbTaTe B KOXIZY10 A4eHKY 3alHCHIBACTCA COCTOSHHE KaHaja (HajJH4He HIM OT-
CYTCTBHE CHIHaJa C IIPOBONIOYKH) B MOMEHT CMeHHl ajpeca JaHHOH A4eHKkH Ha cle-
nyrowni. [nTenpHocTs HMIYNIbca cOPMAPOBAHHOrO 14 3aIIHCH CHIHala ¢ Mpo-
BOJIOYEK cocTaBisieT 160+20 He, T.e. CHIHAN 3aIIHCLIBACTCSA B ABE HIIH TPH T4CHKH.

TaxumM obpazoM, B Kaxn#it MoMeHT BpemerH B O3Y copepxurcd HudopManus o
16 cocTosHHAX NPOBONIOYKH, OTHCACHHBIX APYI OT Apyrda BpEMEHHbIM HHTEPBAJIOM
T=70 ue. Tak yro Bpema namatu O3V cocranaser 1120 He, a MepTBOE BpemsA KaHalla
perucTpalidy CHIrHanAa ¢ NPOBOJIOYKA COCTaB/seT nopaaka 200 He.

Macrepami cHrHan, KOTOphIM 3afiepaH OTHOCHTEABHO peanbHOro coOHTHS Ha
ONpPENENiEHHOE BPEeMsi, OCTAHABITHBAET CUETUHK afpeca B HEKoTOpoM cocroanuu. Co-
croande O3V, oTHocdieecs K 3aperHCTPHPOBAHHOMY COOBITHIO, CHHTHIBAETCH H3
cooTeeTcTBYIOMEH syeliku, [To okoHwaHnH mepefadH MHpOpMANHMH O COOLITHH B
3BM paGora cyeTqauka agpeca Bo3oGHOBIgeTCH. [IpH ITOM BpeMA CUHTHIBaHHA HH-
thopmauny ¢ xamep B 3BM cocrasnsieT nopsazgka 15 mMke.

CHcTeMa CHHTBIBAHHA MHGOOPMALIHH HCNONb3yeT NPHHUHKN HPHOPATETHOIO KONH-
pOBaHUS, T.e. CYUTHIBAIOTCH TONBKO T AYEHKH, B KOTOPLIX 3aMHCAHbI CUrHansl. Yn-
(opmanya o noapaa cpaboTABIIMX MpPOBOJAOYKax (KiacTepax) nepenaerca 8 OBM
yepes HHTepdeiic B cranaapre KAMAK,

6. Kaacrepol

BaxHbIM NMapaMeTpoM OUEHKH TPaBUILHOCTH paboThl KaMep SBJIAETCS paMep
Knactepa. B uacansHoM ciydae, Korza HacTHIA JNETHT NEPIEHINKY/IPHO KaMepe,
Ho/mKHa cpaboTaTh TONLKO O/iHAa NpoBofoyka Gnmxalimas K TpaekTopuH (pasmep
KnacTepa pasen 1). K yBennyeHHIO KONHYECTBA MHOTOKIAcCTSPHBIX COOBITHH IpH-
BOMMT KaK HaK/IOH TPeKa, TaKk H AeNbTa-3JIeKTPOHbI, oTowenure Ha Gonpinoe pac-
CTOSHME OT TpPEKa YacTHIbl. Bce 3T0 MOXET NPHBOAHTE K YXYIMICHHIO IPOCTPaHCT-
BEHHOTO paspellieHHs. B nneansHoM cirydae, Koria pasmep Knactepa paseH 1, mpo-
CTPaHCTBEHHOE pa3peLIcHHe NPONOPUHOHANBHEIX KaMep cocTanseT d/V1 2 [151. C
POCTOM KJIaCTEPHOCTH OHO MOXET YXYALIATbCH
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Pacnpenenenue coObiTui 10 pa3sMepy KiacTepoB s HeKoToporo Habopa skcro-
3unuit nipuBeneno Ha puc. 3. C pocroM pa3sMepa KiacTepa YHCIO COOBITHH IJIaBHO
nmajgaer. XapaxkTep IIOBEAESHHS ITOTO paclpeaeieHyus 3aBHCHT OT pexuMa paboTsi
xaMepsl. Ha puc 3a u 36 npuBeneHs! pacnipenesenus ¢ 6oIbIIHMHE yI/IaMH pacces-
HHA 4aCTHI Ha MMLIEHH A1 JBYX Kamep. Ha puc. 38 naHo pacnpeneicHue coObThi
IV TYYKOBBIX 4acTHil, JETAIHX BrepeA Oc¢3 B3auMoaeHcTBua. UHCNO ABYXKnNa-
CTEpHBIX COOBITHI cocTaBiifeT 3% OT OAHOKIACTEPHBIX.

(ERAALE RARMAARARE RARRIRAR AN L

Pasmep kiactepa B kamepe SY  Pasmep kmacrepa B kamepe 15Y
x 102
3500
3000
B 2500
3
8 2000
o 1500
[
S 1000

=
500
0

120

&

T

Y S I e I
[} 2 4 [ 8 4} 2 4 6 8

Pa3smep kiacrepa B kamepe 5Y Pasmep xiactepa B kamepe 5Y

dend.

Pucynox 3 Pacopepneiensde cobuitaii mo pasmepy Kiaactepa. 3a m 30 - pacnpegejieHHs ¢
6oJLMUMH YIJIaMH BbLIETA MacTHN 1A Kamep SY n 15Y. 3B - pacnpenesienne nag ny9Ko-
BBIX TacTHI, JCTANIHX BUiepeR 63 sianmMoneicrenua 1ia Kamepbl 5Y. 3r - pacnpenenenne
ANg cay4aiHBIX Hpoboes B Kamepe SY.
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B HeKOTOpHIX CllydasX B KamMepax MEXy COCEJAHHMU MPOBONOYKAMH MOXKET BO3-
HHKHYTb SJeKTPOMArHATHAR CBA3b, CO3JAloMlad HaBOAKH C OJHOH NpPOBOJIIOYKH HA
apyryio ("cross talk"). Xapakrepupmm npusnakom "cross talk” gsisiercs 3HAUHTENLHO
6onpmee KOMHYECTBO TPEXKIACTEpHLIX COOBLITHH, YeM IBYXKJIACTEPHDLIX, TaK Kak
cpabatsiBapHe OXHOH NPOBONOYKH NPHBOIHT X cpabaThIBAHHIO elte ABYX: CIpaBa H
CHeBa 0T Hee. o : L s :

Yrobe! BhIXENUTh Chy4aiinbie cpabarsiBafus Gbuia (poBeAECHa FPYNNA IKCHO3MU-
1MH, B KOTOPBIX HPH OTCYTCTBHH NyYKa 3apOKCHHBIX YAaCTHI MacTep Ha CYHThIBAHHC
HHOOPMAUHHA C TTPOBOJIOYEK 3a/laBANCA OT CHTHANOB ¢ reHeparopa. CoOTBETCTBEHHO
Takne chnydaliHnie npo6oM XapaKTepH3yloT (OHOBBIC IIYMbI NMPONOPHHOHANLHBIX
KaMmep H CHCTeMbl CYMTBIBAHHA. PacnpesiencHue o pa3Mepy KiIacTepoB As CItydai-
HBbIX NpodoeB 1A XapaKTepROH KaMephl MpHBeIeHo Ha puc. 3r. Jins Bcex xaMep
TPEX-KNACTEPHbIX coObITHH Oonblie YeM ABYX-KIACTEPHBIX, YTO [OBODHT O IPHCYT-
cTBUE "cross talk". B 9KCHIO3MIMAX ¢ MYYKOBLIM MacTepoM Bkiad "cross talk” Hesa-
MeTeH. :

Ha puc. 4 npusefens! pacnpepeneHus coOBITHH 1O HoMepam cpaboTaBWIKNX
npososiioyek B kamepax 8Y u 16Y. [na xaxnoit kamepsl nokasaHsl: obmee pachpe-
fenenue cpaloTaBILMX [POBOJOYEK; paclpenerieHue cOObITHH IO IIPOBOJIOYKAM,
JaBIHM BKJal B TPEKH; pacnpefieficHHe I chaydaliHbix cpabatnpanuii. Pacnpene-
JieHHA HOPMUPOBaHbI Ha O0ILIee YHCIIO MAacTepOB.

Jns 60% mactepoB yaanoch npoBecTH Tpeku. OcTajlbHEIE YaCTHUB! HE YYacTBO-
BaJIH B BOCCTAHOBNEHHH TpeKa. IT0 MOKET ObITh CBA33aHO C HEJOCTATOYHOH Ipdex-
THBHOCTBIO OTAENBHBIX KaMep, ¢ (POHOBRIMH MACTEPAMH, C BO3MOXHOCTBIO BHIETA
4acTHUbI 33 MpeAensl KaMepbl (Hampumep, fpH GONBIIAX yriax BsUleTa 4acTWOa
NPOXOANT Yepes NepeAHse KaMephl, HO He NonaaeT B 3alHHe). B kamepe 8Y 44%
npoboep y4acTBOBAJM B NPOBEICHHH TPEKOB, a B Kamepe 16Y — 34%. Bunwo, 9o
Kpas KaMep ITOYTH He y4acTBYIOT B HPOBEACHHH TPEKOB, B HHX npeobnanator GoHo-
BBi€ NpOGOY OT YACTHL, NETAWMX He U3 MUIICHH, IPOBOH OT 4aCTHL| HE BOIIEHIUHE B
TpeKH H IPOCTO CiliyyaliHble cpabaThiBaHHA KaMep.

Cryuaiinsie po6on kaMep GbUin 10Ty9EHBl, KOFIa MACTEPOM CIYXKHI CHIHAN OT
reneparopa. IIps 3TOM cyMMapHOe YHCIIO MacTepos OhUIO TaKHM Xe, KaK H AJIi Tpe-
neixyiero ciydas. Jns xamepu 8Y, pabotaromed npr HeGonblioM HampsXKeHHH,
cnydakissie npoboH Mambl M pacnipeliefieHbl paBHOM¢epHO. B xamepe 16Y, paboraio-
Oreii OpH 3aBLIIICHHOM HAfPMXEHHH, Chy4afHble MpoOOH HepaBHOMEPHBI H AAIOT
3aMCTHRIH BKJIaAl B HPOBONOYKaX BHE ITydKa.
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Pacynok 4 Pacnpesesenne cobuiTui o HoMepam cpadoTaBmHX BpoBoncyuex B Kamepax 8Y
n 16 Y. Hpupeneno nosmoe uucsio cpabatTbiBadHil JaHAON NPOBOXOYUKH Kamepsl, TpoboH,
AasuiMe sknay B Tpexn. Taxke npHBeseHo pacnpenesenne KM ciy9alHbIX cpabaTbiBaHHi
{cpabaTbiBakmA# OT reHepaTopa). :

7. TipoBenenne TPeKOB NO AAHHBIM C NIPONIOPLHOHALHBIX KaMep

B GonbiuHHCTBE KCNO3NIMA paboTany deThipe Y Kamepbl # ueThipe Z KaMeph
[0 MarHuTa, f87Th Y H NaTs Z KaMep nocie MarHHTa, a Taloke 10 OJHOH Kamepe ¢
HAKJIOHHBIM PacMOJIOXKEHHEeM MPOBOJOYEK 40 K 3a MarHuToM. Paccmorpum npole-
Lypy NPOBCACHHS TPEKOB M OfIpeaenienns 3G (MEKTHBHOCTH KaMep.

AnpecHas vH(OPMaLHs CHCTEMb] CIHTHIBAHUSA [IpeobpasyeTcs B HHOOPMALHIO
0 KOOpAHHaTax cpabotaswunx npososodex. [Ipw 1BYX- 1 MHOTOKIACTEPHBIX COOBI-
THAX KOOPAWHATOH CpadaThiBaHHA TPOBOJIOYKM CUUTACTCH CEPElHHA KiacTepa.
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WMeercs nporpaMMHasl BO3MOXHOCTL BOCCTAHAB/HBATH MPOMYLUIEHHYIO HHpOpMa-
IIHIO, €CIH Pa3phbiB MEXIY KNACTEPaMH, BOSHHKAIOWIMA 13-3a HecpaGaThiBaHHA faH-
HOI'0 KaHajia, COCTaB/BIET OLHY IPOBOJNIOYKY. Cnumkom JUTHHHBIE KNacTepsl orﬁpa-
chiBatoTed. IlpH crannapTHOH npouenype NpoBEACHHS TPEKOB MAaKCHMalbHbiH pa3-
MEPp KfIacTepa paBeH LLECTH. '

O6pabotka cobniTHH BrAlOUacT B cebf NPOCTPAHCTBCHHOS BOCCTAHOBIGHHE
nopaMeIx B Giokax KkaMep SO H [IOCHe MarHnTa, CBI3b TPASKTOPHA 4aCTHL{ B MaTHUT-
HOM TIOTIE CIEKTPOMETPA, OllpeeneHHe HMNYNbCa YACTHY,.

[TpocTpaHCTBEHHOE BOCCTAHOBIEHUE [TPAMBIX HAYHHAETCS C HAXOMICHHA NPO-
exumi Tpekor B mockoctaX XY u XZ (y- U z- NPOCKUHH TPeKa) OTHENLHO 10 H 3a
MarHuToM. [ns atoro kaxaui npoboil neppodl kaMepH CBS3bIBAICS IPAMON € Kax-
AbiM 1poBGoeM nocaenHed Y- win Z- KaMepbl COOTBETCTBEHHO. BoJib 3To#H NpaMOi
B IIpejenax 3aaHHoro HeGONbLIIOro pacCTOSHMA OT He€ uiyTcs NpobGoH B IpoMe-
KYTOYHBIX Y- Han Z- Kamepax — fpoGou BHYTPH NOpOKKH. LLIHpsHa HOpOXKH #
MHHHMANILHOE YHCAO cpaﬁo‘raamnx KaMmep OTACHBHO B ¥- W Z- NIPOCKIIHUAX 3a4al0TCH
nipu obpabotke. O6LIMHO LUHPHHA HOPOXKKH 3ajlaBajachk paBHoH 1 cM. Hebonrimoe
M3MEHEHHE IHPHHEL IOPOXKH cnabo BiuAeT Ha 0T00p TpexoB. YMEHbIICHHE WIHDH-
HbI JIOPOXKH NIPHBOIHT K HeGOALIIOMY YMEHBINCHHIO JHCIIa TPEKOB, HO TPEKR CTa-
HoBsTcs Gonee 4mMCTRIMH OT ciyyalHbix npoboes. Tak 3ajanue IMUPUHE JOPOKKH
paBHBIM 0.4 CM IPHBOAMT K YMEHBIIEHHIO KOIMYECTBA TPeKOB MeHee YeM Ha 10%.

Ecnyu BHYTpU HOPOMXKH BIONL KAKOrO-TO HampamiieHHs cpaboTano MeHbile Ka-
Mep, 4eM 3alaHo, TaKas AOPOXKa HCKIIOYaeTCH H3 HajibHEHIIEro pacCMOTPEHHA.
AHanoru4HbIM 00pa3oM ceasbiBaOTCA Npobon 1-0# M npeanocnenneii kamep, 2-o#
Y NOC/IeHeH H. T. O.

Cosnagaiomse SOPOXKKH YUHTHIBAIOTCA TOJNBKO ORHH pa3. B ocraBminxca go-
POXKKAX TIO [1POBOJIOYKEM METOHOM HaUMEHBHINX KBAaADaTOB CTPOATCA TPEKH B Ipo-
exumsx. Tpexu ¢ GomslAMH 4 ° OTOPACKIBAIOTCS.

3aTeM NpOHCXOAHT NPOCTPAHCTBEHHOE BOCCTAHOBACHHE TPEKOB 1O Y- H Z- NpPO-
CKHHAM. HpOCTpaHCTBEHHOC BOCCTAHOBJNIECHHE JBYX- H MHOIOTPEKOBBIX COOBITHHI
OCYHIECTBIAETCA C NIOMOLLBbIO HHGOPMALHA C KaMep ¢ HAKIOHHBIMH IIPOBOJIOYKaMH.
BoccraHoBeHHbIE B IIpOCTpaHCTBe TPEKH J10 ¥ 38 MardnToOM CBA3BIBAIOTCA ApPYr C
OpYroM B NHHHIO. lIig 3TOro NpocTpaHCTBEHHBIH TPEK B0 MarHHTa M TPeK 3a Mar-
HHTOM MPOINOBKAKOTCA HO NEpeceYeHHsa C INIOCKOCTLIO YZ B cepenuHe MarHuTa
(X=0). Ecin paccTosHHe MEXKIY 3THMH TPCKaMH B JAHHOH NJIOCKOCTH MeHbile 3a-
JAHHOTO, TPEKH NpHHAANeKaT ofHoH yactuiie. Orobpannbie TakuM 0Bpa3om TpekH
meronom Pynre-KyTra npoBonsTcs yepes MardHHT B COOTBETCTBHH C KapTOH Mar-
HUTHOIO TI0JIf, U3MEPEHHOrO ¢ TOYHOCTBIO 0.5010° T, fapamMeTpsl TpeKa NOAroHs-
IOTCH METOOM HAMMEHBIUHX KBajpaToB. B pesynbTate nojydaeM 3HaUCHHE HM-
IyNbCa YaCTHIIB], 3HAK 3apAZia H flapameTphl NIPAMOIro TpeKa 0 MariuTa (KOopaHHa-

THI Y, Z B NJOCKOCTH MHIIEHH H Yr/ibl HAKIOHA O W () OTHOCHTENBHO OCH CTIEKTPO-
MeTpa).


http:nepeCe~eHH.SI
http:HanpaBJleHH.SI
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Ulnprua pacnpesesiennsi pa3’HOCTH KOOPIAHHAT, NMpPOBEAEHHLIX 4Yepel MarHuT
TPEKOB WacTHLl ¥ NpoboeB, BOLICAUX B TPEK ABNACTCH MEpOH KOODAHHATHOIO pa3-
pewenus kamep. Ha puc. 5 npuseneHss takne pacupeneneuns nis kamep 12Y u OW
(kaMepa ¢ HaKJOHHBIM PACTIONOKEHHEM NIPOBOOYEK) 10 MATHHTA U 1d Kamep 19Y
U 25Y 3a marautom. Hanpumep, ans xamepnl 19Y cpexnnexkpafpaTtHyHOe OTKIOHE-
HUe sigme pasHaetcs 0.056 cM, a HojdHas LOMpHHA2 Ha TOJIOBHHE BBICOTE
(FWHM=2.355*sigma) - 1.35mmM. s GONbIIMHCTBA JPYFHX Kamep LIMpUHA pac-
npeaenenHs Takas xe. HanoMHuM, YTO A1 IPONOPUHOHANEHON KaMepbl ¢ GONBINHM
9HCIIOM TIpoBoNoyeK sigma ctpemutcs K 0.072 oM mns wara nposoioyek 2.5 MM.
Jlni iepBBIX ¥ MOCEIHUX KaMep B KaXoil NpoeKiMy pacnipenenenne yxe. s Ka-
Mepsl 25Y (nocnenuss Y kamepa B JaHHoM ceance) sigma=0.026 cm. Takas Manas
IIApHHA pacTpefieieHHs B IEPBbIX M IOCHCHHUX KaMepaX, a Takke Hebonplnoe
YMEHBIIEHHE MHPHHB A1 CONBIINHCTBA APYTUX KaMep, onpegenserci ocobeHHo-
CTBIO ANITOPHTMA BOCCTaHOBIICHHS TPEKOB.

Ha puc. 6a npusegeHo pacnpejeneHHe paccTOSHHN MeXAy HE3aBHCHMO IpoBe-
ICHHBIMH TIDOCTPAHCTBCHHBIMH TpEKaMH HO M 3a MArHHTOM B CEpelHHE MarHHTa
npu X=0. Buaxo, 4to G0NbUIHHCTBO TPEKOB NEPECEKAIOTCH € XOPOLIEH TOYHOCTHIO,
# KOJMYECTBO Ciiy4aiiHO HaliIeHHBIX TpekoB Mano. [lpm craHnaprHoii 0GpaboTke
TPEKH CUHTAIOTCA CBA3AHHBIMH B JIHHMIO, €CNH DAcCTOSHHE MEX/y HUMH MeHblie
2 cm.

TouHoCTh NMPOBEACHHS TPEKOB YEPE3 CNEKTPOMETP XapaKTepu3yeTcs pacupene-
2
neHneM Y~ BEIHYHHB! PACCTOSHUS MEXHIY TPEKOM H MpoOOSMH, MO KOTOPLIM 3TOT

Tpex Obin BoccraHoBneH. Ha puc. 6 6 mpuBonmuTcs pacnpeapencuue xz, LENCHHOE HA
YHCHO cTenieHed cBo6OAbl (B NaHHOM Cliy4ae ONpeleiseMoe KaK pasHocTh MEXAY
YHCAOM CpaboTAaBIIHX HPOBONOYEK U YMCJIOM [APAMETPOB B 3alaHAM NPIMbIX).
Cpeniiee 3nauenne ;;2 coctasino 1.06, 4TO rOBOPHT O WPaBMABHOCTH BNTOPHTMA
npoBeIeHHs TPEKOB.

JU1A BOCCTAHOB/IEHHS TPEKOB YaCTHI B TIPOEKLMAX 06bIMHO Tpebosanock cpaba-
ThIBAHHE TpeX Y- H TpeX Z- KaMep 10 MarHuTa ¥ Tpex Y- ¥ Tpex Z- xaMep 3a MarHu-
oM. YToOwl MpaBHNEHO BOCCTAHOBHTH MHOroTpexoBsie cobeitus (2 ¥ Gonee Tpe-
KOB), HeoBX0HMO HCIOAb30BaTh HH(OPMALHIO C NIPOBOJOYEK HAKJIOHHbIX KaMep
(WnU).



http:BOCCTaHOBneHH.JI
http:peIlleHH.JI
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aepes kamepsl 12Y, 19Y, 9W u 25Y a xoopaunaramu cpaGoTasmux npopoiovex.

OPdexTHBHOCTD OTAENbHON KAMEPhI BBIUMCIACTCS KK OTHOUIEHME YHCia Tpe-
KOB, 3apPErHCTPHPOBAHHBIX B JTOH Kamepe, K YHCIY TPEKOB, POLICIUINX Yepe3 Hee
(npoBelieHHbIX NO AAHHLIM OCTANBHLIX KaMep). AHANOMHYHO BhiUACHAETCS H 30 deK-

8. ppexTHBHOCTL Kamep

THBHOCTB OTAENBHBIX 001acTe# kKamep.


http:npo6o.JI
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CODLITH

Yuen
(]

Jeessinenntecasesseinsudicnsirorisniatnsanans
I Jod

0.5 1 1.5 2 2.5 3

_PacCTOSHAE MERIY TPEKAMH 10 H 38 MATHHTOM B ILIOCKOCTH MRFHATR, CM

L

] K IR

5

T|IIIlFIl‘('IVI{IIlI!I|[|II

Yucno cobbiTuii

200

0 L INPERTINS IRV ST SO0 ATV STIN SO SN VIR SFRUUI U SUTUNN YOV NS ST U ST SRTROTINN N T

0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2

x2

PacyHok 6. a - pacnpeaesieHHe PACCTOMHHE MEKIY HESABHCHMO FIDOBENCHHLIMH TPeKamMu 10
H 38 MATHHTOM B CepeIHHC MArHHTA, 6 - pacupelereHue ) PACCTONHHN MEKIY TPEKOM H
llpOﬁOﬂMH, 0 ROTOPLIM HTOT TPEK Ot BOCCTRHOB/ICH, NIDHBEACHHOE K THCYY creneneit cBo-
6oabt. CTpenxoit oTMedena rpaHuna o6pesana cobLITHE 110 PACCTOARNIC MEXKAY TPEKAMM.

Jons onHOTpexoBLIX COORTHA BLIYHCIAETCSA KaK OTHOLIEHHE 4YMCId BOCCTAHOB-
JICHHBIX TPECKOB COOBITHH, B KOTOPBIX B CIIEKTPOMETPE [IPOBEIECH TPEK TONLKO OT Of-
HO/ 3apM)XeHHOR 1acTHUBI, K MOAHOMY 4YHCHy MacTepoB. J{ons oZHOTpPEKOBbIX CO-
GbITHH CHITBHO 3aBHCHT OT JIOFHKH oT00pa MacTepoB H HOHOBLIX YCIOBHH IKCAEpH-
MenTa. Tax, eciy MH oTOHpaeM NYYKOBLIE YaCTHURL, jeTamae 6e3 B3auMOIeHCTRHS,
¢ Gonewioi moncH BEPOSTHOCTH HAHOETCA TPeK, NPOXODAIIMH Hepe3 NepelHHe H
3ajHMe Kamepbl. Echau NoCTaBUTh HA MYTH Ny4yka MHIIEHb, & HANPOTHB MHLIEHH
NepHeHANKY/IAPHO K MY4KY npHOOp, perHCTpHpPYIOWHH raMMa-KBaHThi, BbLICTaIO-
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IHME M3 MHIIEHH, ¥ NOTpe6OBaTh HalHuYMEe ramMMa-KBAHTA B MACTEPHOM BKIOYEHHH
{orbop HEYTIPYTHX HpPOHNECCOB), TO KOAMMECTBO HAHACHHEIX TPCKOB H3MEHMTCH. B
JaHHOM CilyJae HaleTAlOmHHA NPOTOR MOXET PAacCesThes B MALIEHH Ha Gonbmol yron
H HE 3aPETHCTPHPOBATHLCA 3aJIHHM GI0KOM Kamep 33 MarHHTOM. Taioke yXymmarorcs
H poHOBRIC yciioBHA. B pesynprate uncno onHoTpexoBrix cobbiTHi Nogact 710 5%.

. ShhexTnBHOCTL

-50 0 50 50 0 50
Y, cM Y, cm

Pacynox 7 pdexrusnocTs B pasiaunnIx ofaacrsx KaMep. a — xamepa 18Z npy orcyrer-
BRAR HANDIDKEHHA HA NpoBoxa moagepakH, 6 — xamepa 18Z npu noaave mHanpRkenAm Ha

aposoia DONAEPKKH, B — Kamepa 15Y, r - xamepa 21Z. BoJsee Temasiil nper COOTBETCTBYET
mensmeit y@dexrunnocTn.
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Tak Kak pazHble CepHH H3MEpeHWH TMPOBOLHIHCH MPH pasHbIX MacTepax, Bak-
HEIM SBNIAETCA He aGCOMOTHOE 3HAYEHHE YHCTIa ONHOTPEKOBbIX COOLITHH, a ero u3-
MEHEeHHe B JNaHHBIX TPYINAX H3MEePCHHH. 3aMeTHM, 49TO TIpH 3TOM 3(hdeKTHBHOCTE
OTZeNbHBIX KaMep HalpSMYIO He 3aBHCHT OT JIOTHKH 0T60pa coOniTHi. KoCBEHHBIM
o6pazom u3meHeHue NOrUKU ot0opa coBBLITHH MOXKET CKa3aThCA Ha H3MeHeHwH (o-
HOBLIX YCTOBHH, 4T0 MOXET NPHBECTH K H3IMCHEHHIO 3P(EKTHBHOCTH OTHENbHBIX
KaMep.

OdexTHBHOCTE KaMep 3aBHCHT OT 3arpy3kH, PeXHMa NO HANpPSKEHHIO, aTMo-
chepHOTO NapicHHA B HEKOTOPBIX APYTHX (akTtopos. Jlna pasHuix obnactel xamep
(dpdexTuBHOCTs Heomunakosa. Ha puc. 7 npuseneno pacnpelencHue 3¢pQeKTHBHO-
CTH N0 IUToiany Kamep s Kamep 18Z, 15Y u 21Z. B cBa3H ¢ MailbIM YHCIOM Tpe-
KOB I10 KpasiM Kamep, He BO BCEX TOYKAX Ha Kpalo KaMep yHanoch onpefensth 3¢-
($EeKTHBHOCTE (B 3THX TOYKax NpHpaBHieM 3ddexTHBHOCTS K 1). PHe. 7 a cooTBeTCT-
ByeT OTCYTCTBHIO HAlPSHKeHHA Ha IIPOBOAAX TOJUIepKKH Ha Kamepe 18Z. Puc. 76 -
noznade Hanpsxenua 1.8 kB. B yskoit o6nacty BOnH3M NpoBona NOAACPKKH Ha PHC.
7a umeerca npoeat 3p(PEeKTUHBHOCTH, B OCTaNbLHOM pHUc. 7a u 76 6aM3KU ApYyT K Apy-
ry. DddekTHBHOCT Bcex kamep BHe obnacTh nmydka bonsiie 90%, oTnnyHe KaMmep
nposBiseTcs B obnactu ¢ Oonpoi 3arpyskoil. CymecTByOT KaMmepsl, HANpHMep
15Y, y xotophix mpH pabodeM HanpskeHuH >(PeKTHBHOCTs B 06MacTH nydka He
nanaer. Y GonbHiMHCTBA KaMep npH pabounx 3HAYEHHAX HANPSKEHHS UMeeTcs He-
Donblioe yMEHbIICHHE 3D(EKTHBHOCTH B HeHTpe. IIpu yBEenMYEHHH HaNpsXCHHA,
[OAABAEMOr'0 Ha KaMephl, Nposai B oGMacTH Ty4Ka YMEHBLUIAETCS, HO YIOXbEM Ha-
NIpsDXKEHHH CACPKUBAETCA POCTOM TEMHOBBIX TOKOB.

Tlpu Heu3MenHbIX APYTHX Mapamerpax, Obina H3ydeHa 3aBHCHMOCTb 3 bexrua-
HOCTH OT NOPOroBoro Hanpsikenus Upop B cxeme peructpaiuy curnana. Upgp 3aaa-
€TCH ONWHAKOBBIM I BCEX Kamep. 3aBHCHMOCTH P(DEKTHBHOCTH OTHENBHBIX Ka-
M¢Ep OT NOPOrOBOro HanpsXXeHHs IpHBeAeHa Ha puc. 8. C pocToM NOpOroBoro Ha-
npsxeHHs 3QOEKTHBHOCTD BCEX KaMep yMeHbluaeTcs. XapakTep 3TOH 3aBHCHMOCTH
3aBHCHT OT peXHMa paboThl KaMephi, MpHYEM Y KaMep KoTopblie paboTatoT ¢ 60Mb-
IIHMH TEMHOBBIMH TOKaMH H HEAOCTATOMHOH PQEKTHBROCTHLIO NajieHHe >(dek-
THBHOCTH Gonee GricTpoe. Pabouee noporosoe HanpsmxeHne cocrapnier 32 MB. Or-
METHM, 9TO MPH SONBUINX 3HAUEHHAX OPOrOBOrO HAMPHKEHUA HECKONBKO yXyHlIa-
€TCs KOOPIMHATHOE pa3peliieHHE KaMep.
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Pucynox 8 3aBucumocthb >bdexrusnocTH kamep 8Y, 137, 15Y n 25Y o7 noporesoro #a-
NpUREHH. ) )

3aRHCHMOCTh 3(GEKTHBHOCTH HEKOTOPBIX KaMep B OJHOM W3 CEaHCOB M3Mepe-
HAH OT NOAaBASMOT0 HA HAX HAMPAKCHASR NpeJcTaBieHa Ha pyc. 9. Jins kaxnoi ka-
Mepbl 3aBHCHMOCTL umeeT ceolf BuA. Kpome Toro, 3aBHCHMOCTL IS OXHOH Kamephl
MOXEeT MCHATh CBOH BHI OT ceaHca K ceaHcy. B moboM ciydae umeercs oGiacTs
peskoro pocta 3¢ ¢heKTHBHOCTH U 06nacTh BEIXOAa Ha miaro. Xopowo pabotatoinas
kamepa 15Y BLIXOAHT Ha ypoBeHb bonee 95% yxe npu Hanpsmkerus 3.65 kB. [lpu
Hanpsokenur 3.85 kB y KaMepsl pesko BO3pacTaloT UIyMOBLIE TOKM. BcaeacTsam
3TOrO, ¥y KaMeph! MOABIAIOTCA caydaineie npobou. lllnpura pabouero nnato xame-
pui 15Y cocrasnger 200 B. Kamepa 21Z npubmakaercs x addexruBHocty 95% npu
ranpsxerun 6onsiem 3.75 xB. Y aroit kamepsr miupuna pabovero nnato HEMHOTO
menpiie 200 B. Kamepa 13Z Ha nnaro nMmeer >bdekTHBHOCTS nopsnka 90%.
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65 ] HlymoBbie TokH
604 Kamepbi 15Y

55

350 355 360 365 370 375 380
Hanpscxkeme nonapaeMoe Ha xaMeps:, kB

Pacynok 9 3aBucamects rpdexrunroctH kamep 15Y, 13Z u 217 o1 noaBaeMoroe Ha HUX
vanpsoxenud. Jan xameps: 15Y npasenenst urymoBpie TOKH. i

9. ®akTopel, Bansomue Ha paboTy Kamep

Tocne nnHTensHOTO NMepephiBa B paboTe NpU BKIIOMEHRH Ha Kamepax BO3HHKA-
10T TOBBIHICHHBIC TEMHOBBIC TOKH (BO3MOXHO H3-38 HONAHaHHs YacTHI TILUTH), YTO
He TI03BONAET MOAATh Ha HUX pabouee Hanpspkenue, obecneumBaioliee XOPOIMIYIO
sthpextuprocTs. CO BpeMEHEM TEMHOBBIC TOKH YMEHLIUAOTCE H HAaNpMKCHHE yda-
eTca nofHsTs 1o pabouero. Ha puc. 11 npuseneHb! 3aBHCHMOCTH 20 (HeKTHBHOCTE OT
BpeMeHH ana kamep SY u 25Y u 19Y. Bumno, 4ro Kamepel 5Y u 25 Y Bouum B
HOpMAaNbHLIH peuM paboThi IpUMEPHO Yepes CyTkd. 3aTeM Ha HuUX Obu1o NMOAHATO
HanpsXKEHHe H yBenw4eHa >poexThBHOCTs. [s BXoda B pexum Kamepe 19 Y no-
TpebOBaNOCh ABOE CYTOK.
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Pucysox 10 3aBacaMocts pdexraproctu kamep 5Y, 25Y u 19Y ot BPEMCHHE.

Bo ppemsa #3Meperuii KaMephl paboTANH NPy pa3sHOH UHTEHCHBHOCTH My4Ka, KO-
TOpas KOHTPOAHPOBAJIACH YYKOBEIM MOHHTOPOM H3 4-X CHMHTHISHHOHHBIX CYET-
YHKOB, CTOAMIMX Ha MyyKe Nepes Kamepamu. [(Ba cueTHMKa HMEIOT pasMep 4x4 oM,
nea apyrux 20x20 cM. Jipa MaJleHBKMX CHETYHKa NPAKTHYECKH H ONPEHENMIOT MO-
HUTOPHBIA cueT. HacTpolika MarHHTHOro TpakTa MO3BOAIA CPOPMHUPOBATL MYYOK,
6onpiyro 4acTh Ny4ka B nipeaenax 4x4 cM Tak, YTO MOHHTODHBIH CYeT (METBEpHBIE
COBNAJACHHA CYETYHKOB) coctasman 55%-75% mnonHOE HHTCHCUBHOCTH ITy4Yka
(aBoOHHEIC cOBNaJIeHNs BOIBIIHX CYETHHKOB). YckopHTens Y-10 obecneunsan copoc
KaXK/ibie 4 ceKyH/ibl, TP 3TOM JUIHTEIBHOCTH cOpoca coctaBnsiia nopsaka | cekyn-
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Abl. PaGouas WHTEHCHBHOCTD TI0 JIYYKOBOMY MOHHTODY Aepanacsk oT 100 Telcad no
600 TRICAY 4aCTHH B CCKYHRY. 3arpy3ka KaMep ONpeleNseTcs NONHOH HHTEHCHBHO-
CTHIO Hy4Ka H, KpOME TOIO, 3aBHCHT OT YCIOBHH dKcnepHMeHTa. B u3smepeHusax c
MHUIEHBIO, PAacTONOXEHHOH 3a MYYKOBBIM MOHHTOPOM NEpell KaMepaMs, 3arpyska
NepeaHUX Kamep pe3ko Bospactaer. [Jonst OOHOTPEKOBBIX COOBITHH YMEHBILAETCH C
POCTOM MHTEHCUBHOCTH Iy4Ka. D10 MOXeT OhiTh CBA3aHO ¢ yxyHuenueMm GOHOBHIX
YCJIOBHH 3KCHEPHMEHTa, ¢ YBeAWYEeHHeM CITyJaiHbIX MaCTEPHbIX 3AIIYCKOB, 8 TAKKE
¢ yMeHbleHHeM 3GdEKTHBHOCTH OTACHBHBIX KAMEP C POCTOM 3arpy3k#, 0COOEHHO B
obnacti mydka. Ha prc. 11 nokazana 3aBHCHMOCTD JOJH OOHOTPEKOBLIX COOBITHIH
OT WHTCHCHBHOCTH NDY4KOBBIX YaCTHL, H3MCPSHHOH NO MOKa3aHHAM NYy4YKOBOTO MO-
uuTopa. IipHBeieHbl JaHHbIE IS 3KCHEPUMEHTOB 10 U3MEPEHUIC UMITYJIbCa YaCTHL
ny4Ka. _

OTMeTHM, YTO UMIYABCHOE pa3pellicHHe CHEeKTPOMeTpa [TOUTH He 3aBHCHT OT
HHTEHCHBHOCTH H JIHLIL HEMHOrO {Ha HOCKONILKO NPOUCHTOB) YXYAIIASTCH PR Mak-
CHMAJTbHOM YHCIE HaCTHIL.

HecmoTps Ha paBeHCTBO OCHOBHLIX TEXHHYECKHX XapaKTepHCTHK Kamep (Mexo-
NEeKTPOAHBIA 3a30D, PACCTOSHHE MEXAY POBONOYKAMH, HCHOIB30BAHHLIE IPH H3ro-
TOBJICHHA MaTepHalbl B Ap.), HX pabodue peXXKHMbl Pa3IHYalOTCs. 3T MOKeT OhTH
CBA3aHO KaK C HEKOTOPBIMH KOHCTPYKTHBHBIMH OCOBEHHOCTAMH Kamep, Tak M C yc-
70BHAMHE paboThl Ha HYy4Ke: NIepeliHHe KaMephl OOBIHO 3aTrpyXeHbl CHIIbHEE 3aHHX.
VeennueHue 3arpy3Ky TPHBOIHT K YMEHbIIEHHIO 3 DeKTHBHOCTH M, KaK CIHeACTBHE,
K HeoGXONMMOCTH NOOHHMATD HANPKEHHE Ha KaMepax.

Ha puc. 12 npusenensl cpennue 3¢b¢GeKTHBHOCTH 1 paboure HanpsxeHus i Y-
H Z- xaMep CHEKTPOMETpa, PacnoOKEHHbIX Nepel H 38 MarHHTOM (Majibie H 6ollb-
iMe Kamephi) I GONbINOH rPpYNITb! SKCHO3HUKE B OJHOM H3 CEaHCOB M3MepCHHH
Ha [Iy4Ke ¢ MHUICHbI0. OTMETHM, 4YTO OT ceaHca K ceaHCy pabouue HanpAKECHHA MO-
I'yT MEHAThCH (HApHMep, H3-3a H3MEPEHHUA aTMOCOEPHOTO HABJCHUA, IOTHKA Cpa-
OaThiBaHHA MacTepa H HHTCHCHBHOCTH NY4YKa), HO OTHOCHTENIBHBIH XapakTep nose-
JleHHs KaMep OCTaeTCA HPeXHHM.

Hmeerca Gonbluas rpynna Kamep, paboTaloWIHX XOpOLIO H HMEIOMHX ddek-
THBHOCTH Gounbinie 95%. K aTolf rpynne oTHOCATCA Haxopsiuuecs B ofHOM 6ioke
kxaMepbt 15Y, 16Y, 172 u 18Z, xamepnl no mMarHuTa 8Y 12Y 13Z u 3a MarHHTOM
19Y n 26Y. Hemnoro xyxe pa6oraior kamepsl 10Z, 21Z, 25Y, 28Y u 29Y. Ux »¢-
GEXTHBHOCTE COCTaBiAeT HeMHoro Gombiie 90%. IloHMkeHHan >QGEKTHBHOCTD
kamepbl 29Y OOBACHAETCA TEM, YTO B CBA3H C €€ MalbiM pasMepoM He BCE HaCTHIIBI
PETHCTPHPYIOTCA B Hel.

Kamepel 5Y, 7Z, 22Y u 247 xapakTepu3yloTca NOHWKEHHOH 3¢ dexTnBHOCTEIO.
Cunxenne >pOeKTHBHOCTH Kamep 5Y u 7Z oObiacHAeTCH X GIU3OCTHIO K MHINEHH.
YacTuuel eile He YCIIeBalOT PazieTeThCA HA 3aMETHOC PACCTOAHUE, U LISHTP KaMephl
paboTaeT npy GONBLIOA HHTCHCHBHOCTH, YTO NMPHBOAMT K NPOCYETY YacTHi H CHH-
KEHHIO HPPEKTHBHOCTH, TIpHYHHOA CHHXKEHHA 3bdeKTHBHOCTH Kamep 22Y ¥ 247
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SBASIOTCS MX KOHCTPYKTHBHBEIE ocoGennocTd. [lpu yBejMyeHMH HAUPSMXEHMA Ha
3THX KaMepax Pe3Ko BO3PACTacT BEPOATHOCTE 1pobos.
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Pucysox 12 3apHcHMOCTS pPEKTHBHOCTH 0T HANDSOKCHHS [UIS PatTHIHBIX Kamep. Ksan-
paThi — mepeanne Y gavepsl, TOYKH — nepeauste 7, KAMEPLI, TPEYroAbHUKH —~ JaaAue Y Ka-
Mepbl, NepeBepHYThie TPeyroiLHUKH 3agnne Z xamepnl. [IpaMbiMu eoeannenst cooThereT-
BYIOHIHE IPYyDIIbl KaMep.
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10. DddexT crapenns NPonopRHOHAIbLHLIX KaMep

TMpu anuTeNsHOM SKCIUNTyaTaliM¥ NPONOPUMOHATHEHBIX KaMep B HHTEHCHBHBIX
Ay4KaX 4YacTHI HaOmoZXaeTcs yMcHbuicHHe HX dddexTHpHOCTH. TakoH »¢ddexr Ha-
3piBaeTcs CTapeHHeM. 3(QQeKT CTapCHHA HPOABIAETCH TAKOKE B BHAC COKpaillCHHS
IJ1aT0 CYETHOH XapaKTepPHCTHKH B CBA3H ¢ BO3pAcTaHHEM CaMOTOIICPKHBAIOWHXCA
TEMHOBHIX TOKOB #, B KOHEYHOM CYETE, MOXET NPHBECTH K Pa3phiBy [POBOJIOYEK.
D¢deKT crapeHAs BOIHHKAeT M3-38 OCAXHACHHA H NOMMMEDH3alHH OpPraHHYeCKHX
COCIVMHEHHH Ha MOBEPXHOCTH 3IEKTPoloB B kaMepe. O630p npUHHH, BRI3BIBAIOMMX
CTapeHHE KaMep, a Takke (akTopoB NMPOBOLMPYIOMHX H 3aMEIUIAIONIHX CTapeHHE,
npuBeneH B {16].

OddeKT cTapeHHs HAOMORAETCS H UM NPONOPLHOHANBLHBIX KaMep AeTeKTopa
MAT". Ha pucynke 13 npuBefeHs! 3aBHCHMOCTH pabo4nx HaupskeHUN Ha Kamepax
OT HOMepa ceaHca HaMepeHHH. Homepa ccancoB MOXHO COHOCTABHTh C NPONOINKHA-
TENbHOCTBIO PaGOTH KaMep B ¢ YHCNIOM YaCTHI HONAEBIIMX Ha IPOBONOYKH H KaToI
(c yuetom Koo dHIMEHTa ra30Boro YculeHns). IlpuBeneHHble CeaHChl OXBAThIBAIOT
nepuon BpeMeHH ¢ 1995 no 2003 roapl ¢ CyMMapHbIM YHMCJIOM YaCTHI] NPOIIEAIIAM
Yepes KaMepbi TopazKa 2¢10'%, IpH 3TOM 3arpyska Ha €IHHHILY NUIOLIAJH ICHTPATE-
Hoit o6macT kaMep cocTaBHia npumepro 410" sacruw/cm®. Jns BbiBOAa KaMepsl
B pabotunit peXXHM HanpsKEHHC Ha HeH NOCTENEHHO TOAHHMAIH, YTo0bI MONY4HTh
6omsmyro addextuBHocTs. [Iponece orpaHddeH pe3KHM YBEIHYEHHEM TEMHOBbIX
{oHOBHIX) TOXOB ¢ HanNbHCHIIHM YBENHYCHHEM HampsxeHus. TakuM obpasoM, pa-
6odyee HanpsOKeHHE ABJACTCH XapaKTEPUCTMKONR Kamephl. B xaxaoM ceaHce Ha-
CTpOHKa KaMep HEMHOTO MEHANACh, TAK KaK MEHANHCh KOHKPETHBIC YCIOBHA H3Me-
peHHi (MHTEHCHBHOCTS MyWKa, HAIHYHE WIM OTCYTCTBHE MHILUEHH, aTMochepHoe
napnenne). Tem He MeHee BHAHO, 9TO XapaKTep NOBECAEHHA PasTHYHLIX KaMep HMeeT
OnpefieNeHHyI0 TeRACHIHIO. YeTKo NpoCcHe:KHBaeTCH TeHAeHIMs YBenn4enus paGo-
4ero HanpmKeHus. 3a BpeMs HaOmoneHHs cpeasce pabodee HanpsikeHHe Kamep
Boipociio Ha 300 B. 3to cBa3aH0 ¢ HEOOXOOHMOCTBIO KOMIIEHCHPOBAaTh yMEHBIICHHE
Ko3dpHIACHTa [A30BOTO YCHICHHA M3-33 NMOJHMEPH3ALHH NOKPHITHA IIPOBOJNIOYEK.
Ecnu Gsl Mb! HE MOAHEMANH HANpsKeHHE, TO KOMPOHIMEHT ra30Boro YCHICHHA K
HOCHEHEMY CEaHCY YMeHbIIHNCH 6bl B 4 pasa A0 CpPaBHEHHMIO ¢ HadalbHBIM. 3TO
npHBeno 6sl K 3HAYRTENBHOMY YMEHbIUEHAIO (P dekTHRHOCTH. B oTAENBHEIX Cilyda-
AX TMPORECC Pa3PYHICHHA NPOBONOYKH 3aKaHIHBaeTcs ec 00puiBoM. TTonaMepH3anus
IJIOCKOCTH K4TOJa NPOABIACTCA B BHC YBEIHYCHHA TEMHOBBIX TOKOB.
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Pucynok 13 PaBoure Hanpixkenns 418 PANIHIHLIX KAMep B PAIHLIK sKcnosHmnaX. [dadHbie
488 KaKIoH A3 KaMep COEAHHCHbI NPAMbIMH.
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11. 3axmiouenue

TlpoananusgpoBana paboTa MHOTONPOBOJOYHBIX NMPOMOPUHOHATBHEIX KaMep CHek-
TpoMerpa MAT, comepxamax 25 KOOpOMHATHBIX IIOCKOCTEH ¢ OOHIMM HHCIIOM
npoBojiodek okoio 10 TecHd.

B pesynprare 7 ner sxcnnyaraumy MITK naxorvien Gonbiiofi 06beM MaTepHanoB
1o paboTe MHOTORPOBOJOYHHEX IPONIOPHHOHANILHEIX KaMep. '

Buin npociiexen MyTh CHIHANA BO3HAKAIOUIErO B KaMepe NMpPH MPOXOXKIEHHH 3aps-
KEHHOH HAaCTHIE OO BBIXOHA CXEM YCHIICHHS.

HanGonee pepoaTHO cpabaThiBanHe OAHOH NPOBONOYKH. UHCNO MHOFOKIACTEPHBIX
COOBLITH 3aBHCHT OT peXxuMa paboTh KaMepH H JIOTHKH MacTepa.

KoopnmrarHoe paspemeane kaMep FWHM cocrasiget 1.35MM.

Hamwume monnepxxn ¢ manpsokendem 1.8 kB saBiagercs HeoOXOoAMMBIM YCIOBHEM
paboThl Kamep. ‘

Hccnenosanacs 3aBHCHMOCTE 3()QEKTHBHOCTH KaMep OT NOJABaeMOT0 HANPDKCHHS.
Jna GonmbIOHHCTBA Kamep yaaercd nonyduTs 3dpdexTusrocTs 6ommyio 95% B pe-
ANBHRIX YCIOBHAX pabotel. OrpaHudeHde DO TEMHOBEIM TOKaM He MO3BONAET HpH-
6m3nTea K 100% 3¢ dexTHBHOCTH Kamep.

B HexoTOpBIX KaMepax 3((eKTHBHOCTH YMERbIIaeTcs B obnacTu nyqka.

C poctoM 3arpyski 3pGHeKTHBHOCTE XaMep yMEHbIAacTes.

TMocne npoxoxaenus 2*10' 3apsxennrix yacTun vabmonaiotcs 3gQeKTs! cTaperus
KaMep, NpHBOAAMIHNG K YMCHBUICHHIO aMIUTHTYNbi CHIHAjla M. HEOGXOAHMOCTH yBe-
JIHIUBATH HAPSXKEHHA HA KaMepax [A KOMITGHCALMH TIOTEDb.

Ipx nansrefimel sKcnnyaTallAH MHOTONPOBONOYHLIX NPONOPUHOHANBHEIX KaMep
cnektpoMeTpa MAI™ HeoOX0HMO NepeXonHTh Ha Ta30BYI0 CMECh C METHIAIEM,

Astopsl npaHocat raybokyio 6Gaarogapuocts H.J. Tanammbo#i, B.C. demunosy,
b.H. TlaBnosy, H.A. Xanneeno#t ® B.ILL. Dmureiy 3a neHHble 3aMedanns ¥ obcy-
KICHUS paboThi.

OKcnepHMEHT BHIIONHEH B PAMKaX LieneBoi Hay<JHO-TEXHHYECKOH NporpaMMel
Poccun “Yiccnenosanns H pa3paGoTKH NO NPHOPHTETHHIM HANPABICHHAM HayKH H
TEeXHHUKH IPOKAAHCKOTO Ha3HAYECHHUA HONHpOrpaMMa “’@y}mamemam,nax snpepHas
¢u3HKa” H NporpaMMBI IOAAEPXKKH BEAYMHX HayIHBIX mikon Poccun (npoext HILI-
1867.2003,2).
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