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MHorOOpOBOJlo..HLle npOnOpUHOHaJlLflMe kftMepLi eneKTpo~ttrrpa MAr: 
fIpenpHHT HT3<1> 20 -03/ 

K.E.fycea, A.lO.CoKOJIOB. M. 2003. 29c. 

AHanH3Hp)'IDTCJI .llaHHhle no pa6<ne MHoronpoBOJIOlffihlX nponopUHOHaJIbHhIX KaMep cneKTpo

Me'rpa MAr. Hpocne)lOmaeTCJI npoXO)l(JJ.eHHe CHfHana OT 3apK>KeHHOH ttaCTHIlbI c MOMeHTa B03

HHKHOBeHHJI B KaMepax,no BhIXOtla cxeM YCHJleHH5I. fIPHBO,llHTC9 aJlfOPHTM HaxOlK,lleHH.II Tpe!(OB. 

OueHHBaeTCft BJlHmHe nO,llaBaeMoro HanplllKen:IDl. noporosoro nanpJllKeHIDl B 3JIeKTPOHlIhlX cxe
Max YCHneHIDI CHfHana H 3arp)'3KH Ha 3¢¢eKTHBHOCTb KaMep. PaCCM8TpHBaJOTC.H oco6eHHOCTH 

OT.lleJIhHbIX KaMep H o6ulHe 3aKOHOMCpHOCTH. B npouecce .llJIHTCnhHoH pa60TbI KaMep Ha6Juo.lla
eTCH ::xp«PClCT cntpeHlUI. 

Miltiwire proportional cbambers MAGE spectrometer. 

KE. Gusev, A.Yu. Sokolov. 

The work of multiwire proportional chambers ofa spectrometer the MAG is analyzed. The signal 
from passage of the charged particle from beginning up to an output ofschemes ofamplification is 
described. The algorithm of fmding oftracks is given. Influence ofa submitted voltage, a 
threshold voltage ofelectronic schemes ofamplification ofa signal and beam intensity on 
efficiency ofchambers is estimated. Features ofseparate chambers and the general laws are 
considered. As a result of long work ofchambers the effect of ageing is observed. 

PHC. 13, CrlHCOK nHT. -16 HaRM. 
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MHorOnpOBOJIOllH.ble npOnOpUHOHaJIbHhle KaMepbl (MfIK) JlBJIJlIOTCJI OCHOBHOH 

qaCTMO cneK1pOMeTPa MAr [1,2]. B HaCTOJllUee BpeMJI cneKTpOMeTp pacnOJIO)f{eH 

Ha npoToHHOM nyqKe YCKopHTeJIJI I1T3<I>. Ha cneK'I'poMe'I'pe npOBO,WITCJI HCCJIe):(o

BaHHJI cBOiicTB aTOMHblX jI)lep MeTO.lJ,OM a.npoH-raMMa cOBna.neHl1ii. 

BnepBble MIIK )J)llI perHc'I'paJ.J,HH qaCTHu 6blJIH npe.lJ..llo)J{eHbl rpynnoH lllapnaKa 

B 1968 rO)lY [3]. C rex nop MHorOrrpOBOJIO'lHble nponopUHOHaJIbHble KaMepbI HC

nO.JTh30BaJIHCb BO MHOiKeCTBe 3KcnepHMeHToB. He npe)lCTa.BIDIeTCJI B03MOiKH.blM ne

pe1.fHCJIHTh Bce. OrMeTHM ,llBa 3KcnepHMeHTa, B KOTOPblX napaMeTpbl nponopUHo

Ha.JIbHhlX lGlMep 6JIH3KH K HawHM, YKaJblB8jJ: ux oco6eHHoCTH. CChlJIKH Ha ):(pyrHe 

3KcnepHMeHTbl MoryT 6blTb HaH.1leHbI B [4] H MaTepHaJIax CneUHaJIbHOH KOH$epell

UHH no npOBOJlO'-IHblM KaMepaM [5]. 
TeJIecKon 83 MHoronpoBOJIO'lHbIX nponopUHOHaJIbHbIX KaMep .lJ,JIjI 3KcnepHMeHTa 

NA24 B UepHe [6] COCTOIDl H3 22 nJlocKocTeii KaMep. ):(HaMeTp npOBOJIO'leK pas

HJlJICH 25 MKM. lllar npoBOJI01feK - 3 MM, a pa3Mep 1.f}'BCTBHTeJlbHOH 06JIacTIJ - 2x2M 

Ii 1x 1M )lJUI PaJHblX KaMep. KaMepbI pa60TaJrn Ha CMeCH ra30B 
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Ar(80%)+C02(20%)+$peoH 13B1(O,15%) npH nlfTenCHBHOCTH 2_10 'IaCTHU Ha 

c6poc. DblJIa 3aMeqeHa He06xo.lJ.HMOCTh no):(aq}f HanpJl)J{eHIDI H8 npOBOJIOqKH no,n

,llep)J{KH. 

B .Il.ByX KaMep~ c 128 npOBOJIOlfKaMH, HCnOJlb3yeMhlx B OlUII1 ,Uy6Ha[7], mar 

npOBOJIO"feK COCTaBJljlJl 2.5 MM, a Me)J(:}JlelITpO.D.HblH 3a30p 7MM. KaMepbI pa60TaJIH 

Ha CMeCD raJOB Ar(67%)+H306YTaH(30%)+$peOH 13B1(O,2%)+MeTHJIaJIb(3%). 

Y,naJIOCb IJOJIyqHTb 3q,q,eKTHBHOCTb 99.6% npH HaIJpHJKeHHH 4.57 KB. lIIHpHHa 

nJlaTO 3Q>Q>eKTHBHOCTH COCTaBJIjlJIa 600 B. 

2. KOHCTPYKllHtI nponopllHOHaJlhHblX KaMep .lleTeKTOpa MAr 

B HaCTOH~ee BpeMjl CHCTeMa MHoronpoBOJIOqHblX nponOpU;HOHaJIbHblX KaMep 

cneKTPoMeTPa MAr COCTOHT H3 25 KOOp.llHHaTHblX nJIOCKOCreH C 06I.QHM 'IHCJIOM 

CHnI3J1bHLIX npOBOJ10'-IeK OK0J10 10 TblClI1.J. Koop.lJ.HHaTHble I1JIOCKOCTH 06be.llHHeHhl 

B 6JlOK8, co,nepJK8.I.UHe KaK B3aHMHO oprorOHaJIbHble Y H Z -npoeKUHH, TaK H 
0

I1JIOCKOCTH C HaKJIOHHhlM paCnOJIOiKeHHeM npOBOJlOqeK (37 K BepTHKaJIbHOH OCH Z). 
MMeeTCJI .Il.Be nJIOCKOCT8 C HaKJIOHOM JIpoBOJIOlieK B O.llHY CTOpoHY (U) 8 .lJ,Be C 

HaKJIOHOM B .Il.pyrylO (W). 06be.l(HHeHHe KaMep B 6J10KH n03BOJljJ:eT co6paTh HX B 

KOMnaKTH)'lO KOHCTPYKIJ;HIO, .llOCTaTOliHO YHHBepcaJIbHYIO H Y.ll06H)'lO B 

3KCIIJIyaT8UHH. TIPH Heo6xo,nHMOCTH peMOHTa KaMep MO)I(HO I10JIYlfHTb ):(OCryil K 

mo6oH 83 IIJIOCKOCTeii 003 nOJIHOH paJ60PKH 6JIOKa. L(JIjI 0PTorOHaJIhHblX 

IDlOCKOCTeii lIIar CHrnaJIbHhIX I1poB0J10QeK paseH 2.5 MM, ,nIDI HaKJIOHHhlX - 2 MM. 

Ll,eTaJlH KOHCTPYKUHH H TeXHOJIOrHH c60pKH KaMep IJpHBe.lleHhI} [8]. 
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PaCIIOnO)f(eHHe 6JlOKOB KaMep Ii paCnOJlO)f(eHH.SI KaMep B OT,IJ,eJlhHhIX 6noKax ,lJ,aHO 
ffa pRC.t. CrpenKaMH OTMe'leHbf tmnpasneHHSf CLfHThIBaHMjJ COOTBeTCTByK>lllHX 
KaM'ep. B 3THX MecTax Ha KaMepax paCnOnOJKeHbl npe.n:YCHJIHTeJlR. 
COOTBeTCTBytOllf.He npoBOJIOLfKH paCnOJlO)f{eJfbI nepneH,IJ,HKYJlRPHO CrpeJIKaM .UJI'SI Y 
If Z KaMep H 110.n: COOTBeTCTBytOllf.HM yrnoM )J;Jl.SI W H U KaMep. )J.nHHbI Y H Z 
npoSOJIO'leK ,ll,ml O,ll,HOR KaMepbl O,ll,UHaKOBhl, ,ll,JlHH!>( W iii U npoBOJIOqeK 
YMeHhlliafOTC.SI OT ueH1pa K Kpa.SIM. 

3HaqeHHH Koop.n.HHaT X nponOplUfOHaJ1hHbIX KaMep ,ll,aHhI B Ta6nHue I} npH 3TOM 
HaLfaJIO KOOp.l.l.HHaT COBna,n,aerf CueHTpOM MarHHTa. 

Ka>K,/J,a.SI 1f3 KaMep 6bIJIa pacnOJIO)KeHa CHMMetpHLfHO OTHOCHTeJIbHO oce" Y H Z. 
bonee TOLfHO onpe,lJ,eneHHe nonOlKeHml KaMep npOBOAHTCli C nOMOmblO IOCTHpoBKH 
- BOCCTaHOBJleHHH npHMblX TpeKOB LfaCTHI1.bI, npOBe,lleHHbJX Lfepe3 nepe)lHHe H 

3a,/J,HHe KaMepW np" BhlKJl1OLfeHHOM Maf'HHTe. np" nOM onpe.llemnOTCR C,L(BHTH H 

nOBopoTbI KaMep .llJl)1 HaliJIyqlllero npoBe,ll,eHHjJ TpeKOB. 

DJIH>Ke Bcero K MHllieHH pacnOJIO)KeHa nytIKOSa:R: KaMepa 29Y C p33MepOM qySCT
BHTeJlbHoti 06,naCTH 240x240 MM. 

nepe.ll MarHMTOM pacnOJIO>KeHbI TpM 6,nOKa MMblX KaMep C pa3MepOM 
1.fYSCTBlneJlbHOR 06JIaCTH 480xl280 MM. nepShlH 6JIOK COCTaBJlXl<Yf KaMepbJ 5Y, 
6U H 7Z. Bo BTOpoii 6JIOK BXO,LVIT KaMepbI 8Y, 9WH 10Z. TpeTHii COCTaBJOOOT 
KaMephl 11Y, 12Y, 13Z H ]4Z. 

Ta6JJHQa t. KOOPAHH8Ta X nponopUHOH8JII>HL.X KOMep Cne'KTpoMe'fPO MAr B}lOJJb OCH 


oy'uca. Ha'laJIo a..--oOPllHHaT eoanftafter e uetrrpOM MaI'HHTR. 


MHUleRb HMeeT KOOPllHHaTy -255 CJ\.1. 


KaMephl X,CM 
29Y -242.8 
5Y -211.4 
6U -209.4 
7Z -207.4 
8Y -171.1 
9W -169.1 
10Z -167.1 
11Y -152.5 
12Y -150.S 
13Z -]48.S 
14Z -146.S 
lSY 177.8 
16Y 179.8 

KaMepbl X,CM 
17Z 181.8 
18Z 183.8 
19Y 200.2 
20U 224.1 
21Z 204.2 
22Y 222.1 
23W 202.2 
24Z 226.1 
2SY 243.4 
26Y 24S.4 
27Z 247.4 
28Z 249.4 

http:Ka>K,/J,a.SI
http:YMeHhlliafOTC.SI
http:COOTBeTCTBytOllf.HM
http:COOTBeTCTBytOllf.He
http:paCnOJlO)f(eHH.SI
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PHCYHOK 1 Panono.fHHe nponoplCHOHaJlbHbli. KaMep cneKTpo"fnpa MAr. 

CTptJIKaMH OTMetltHbi HanpaBJIeHHH C"IHTblBRHI01 tOOTBeTCTBYlOlQHX DMep. M MHDltHb. 
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npOnOpu.HOHaJIhHhIe KaMepbl3a MarHHTOM HMelOT pa3Mep YYBCT8HTenhHot'f 

OfiJ1aCTH 880x 1840 MM. nepBWH finOK COCTaBJUflOT KaMcphI 15Y, 16Y, 17Z M 18Z. 

BTOpOH: finOK 06pa3YlOT KaMcphI 19Y, 23W H 21Z. B TPcmii 6110K BXO,lUlT K8MepbI 

22Y. 20U H 24Z. qeTBCpThIH COCTaamOOT KaMephI 25Y. 26Y, 27Z 11 28Z. 

~~ Cl1rHaJIhHOH: aHOAHOH nnOCKOCTH Hcnonh3yercH 30110QCHaH npOBonOKa H3 

B011hq.paM-peHHCBoro cnnaB8 BP-20 IlHaMeTpOM 20 MKM. OrpHuaTcnhHoe BhICOKOC 

HanpH)f(eHHC nO,llaCTCH Ha KaTOAHhle nneHO-q}{hle 3JIeKTpO,llhl, H3rOTOBJleHHbIe H3 

nOJIH3THncHTepeqJTaJI8TOBOH nneHKH TonDlHHo}i 20Ml<M~ Ha KOTOp)'lO HaHeceHO 

3JIeIcrporrpoBoIlHIIlee nOKPhlTHe (pa3Me11bQeHHhIH: yrJIepo,ll co CMOJlOM T<t>-60) 

TOJIIIlHHOH: 14 MKM. HMelOlIlce conpoTMBneHHe 400 OM/CM. KaTO)lHhIC nJIOCKOCTH 

pacnOJIOJKeHbI no 06e CTOPOHbl OT aHO)lHOH: nnOCKOCTH. PaCCTO~HHe Me/KAY aHO.ll.OM 

H KaTOJlOM paBHo 7 MM. Me)KJlY KaTO)lHhIMH nnOCKOCTRMH, COOTBeTCTBeHHO. - 14 MM. 

tho6bl YMeHhllIHTb npOBHCamte npOBOJIOQeK H HeycTOMqHBOCTb B 

3JIeKTpOCTamQeCKOM none, nepneHJlHKynsPHO K npOBOJIOQKaM C JlByX CTOPOH OT 

HHX HaTHrHBalOTCH nO,LUlepJIGtBaIOlllHe H30J1HpoaaHHhle rrpOBO,lla. B nepe,llHHX Z 
KaMepax H B 3a.IIHHX Y KaMepax HMeeTCR O)lHa napa nO,LUlep)J\J(H. B 3a)lHHX Z 
KaMepax - ,llse napbl nOMepJKKH. ilpOBonOKH nO)JJl.ep'IKKH B nape CBH3blBalOTCH ,l.{pyr 

C IlpyrOM crroMOlUblO TOHKOM HeMJJOHOBOH JJCCKH: B nepe.llHHX Z <R 3a,.llHHX Y 

KaMepax - B Tpex MecTax, B 3a.zutHX Z KaMepax - B ceMH MCCTaX. B nepe,llHHX U H W 

KaMepax HMeeTC.H o)lHa napa nO.lUlepJICKH, B 3aJIHHX U H W ICaMepax - ,llBe naphI 

nOJl.l{ep)K](}{. Ha nOJl.l{eplKHBaIOmyIO nHHHfO nOJJ.aeTC1l Hanp1lJKeHHe 1.8 KB. DpH 

yaeJIHlIeHHH HanpHJKeHHH Ha nOMeplKHBaIOIll.eit nHHHH MorYI' B03HHKaTh pa'lpR,llhl C 

nO.lUlCp)f(HBalOme1t nHHHH Ha CHrHaJIbHbIe npOBOlI01.f.KH. 

f( Ka/KAoH CHrHaJILHOH (aHO,llHOH) npOBonOllKe nO,llKlllOqeH HMnynhcHbIH 

npenycHlIHTeJJh. DpenycHnHTenH CKOMnOHOBaHhI B 6nolCH no 32 IlITyxH H 

pacnonaraIOTcH Hcnocpe)lCTBeHHo Ha KaMepax, Coe).l.HHHlICb C npOBOnOlJKaMH qCpe3 

p83'heMhl. YCHJJeHHble CHrHaJIhI nepe,.llaIOTC.H no BHTbIM napaM (,llnHHOH OKono 10M) 

B 6noKH $opMHpoBaHHJI H 3anOMHHaHH.st CHrHana. 

3. Pa60Ta ra30Boii cHcreMLI 

KaMepbl pafioTalOT Ha CMeCH ra30B Ar(70%)+C02(29.80%)+q,peoH 13BI(O,2%) 

(MamqeCICaH cMech). TalC lCaIC TpYJlHO 06ecneQHTh nO,llallY MaJlOrO KOrmqeCTBa $pe
OHa Hanp1lMylO, noc'rynaeM cneJJ.yromHM 06pa'loM. BHa1.f.ane npHfOTaMHBaeM CMeCh 

H3 aprOHa H $peoHa B cnenyrolUCM COOTHOllIeHHH Ar(97%)+ H q.peoH(3%), 3aTeM 

KaJK,llag ra10Ba.g KOMnOHeHTa (Ar, C02, CMeCb Ar H cPpeOHa) H3 6annOHa lIepe3 pe

,llyKTOP, YMeHhmalOIll.HH )l3.BJJeHHe Ha BhlXO.lIe H3 6annOHa, noc1)'JIaeT Ha perynHTop 

paCXO,l.{a raJa, C rrOMOWhlO KOToporo MeH$leTCH H KOHTpOJIHpyeTcR CKOp<>CTb npOTO

Ka naHHOH KOMnOHeHTbI. BhIXOJlhI rpex perYJIHTOpOB paCXO.ll8 raJa 06'be,llHH81OTCH, 

http:YMeHhmalOIll.HH
http:3anOMHHaHH.st
http:npOBOlI01.f.KH
http:aHO.ll.OM
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II 06paJOBaBIlIWlCR pa60llWl CMCCh nOC1)'rraCT B KaMCphl. YCTaHaBillIBWI onpCnCnCH

Hble CKOpocm r8.30BblX nporoKOB B perymlTopax paCXO)la Ar, C~ H CMeCH, nony

qaCM pa60QHIi raJ B .ll.aHHoli nponopUHH. B CHCTeMe nO.llatfil raJa B pa60QCM PC)l(H

Me 6wo 3a.aeitCTBOBaHO no ,llBa 6aJIJlOHa C KIDK,llhIM KOMnOHeHTOM (Ar. C02 If CMC

CM). Pe,n,yKTOpbl fiaJIJlOHOB B nape BblCTaBJIJllOTCJI Ha He60JIhIlIOe, HO paJHoe BblXOl(

Hoe .l{aBJleHHe (c p8.3HHuefi: B HeCKOJIbKO aTMocq,ep). TaKoe nO.ll.KJllOlIeHlfe 06ecne

"'iHBaeT 6e3OCTaHOBOlffiyro no.naqy r8.3a 83 pafioqero fiaJIJIOHa (fiaJIJIOH C YCTaHOB

JIeHHblM 60JIbwHM BblXO,llHbIM .ll.aSJIeHHeM) H B03MOiKHOCTb 3aMCHbl 6aJIJIOHa. TalOKC 

HMeeTCJI B03MOjJ{HOCTb MCHJlTb nOTOK ra38 B OTnCJIhHblX KaMepax. 

Pa60qWlcMecb nO,llaeTCSI B KaMepbl CHH3Y, T.K. OHa UDKCJIeC B03Jlyxa. ilOCTcneH

HO BbITeCHJlJl B03,llYX Qepe3 He3aKpbIToe OTBepcmc BBepxy, raJ 3anOnHJICT BeCh 

06'beM KaMepbl. 

CYMMapHblH Ofi'beM KaMep COCTaBJIJlCT 400 JI. CYMMapHblH npoToK raJOB COCTaB

JI.sIeT 80 JIH'rpOB B qac, qro COOTBeTCTByeT 3anOJIHCHHlO KaMep B cpeJlHeM 38 5 lIaCOB. 

BMCCTC C TeM, 3anOJ1HCHHC KaMCP 6b1JIo HCPaBHOMCPHhIM, rr03ToMY roUI BhlXOJla B 

pe)l(HM HeKoropblM KaMCpaM TpCfioBaJIOCb 60JIbmC BpeMCHH. B 06meM cnyqac, cy

TOK XBaTaCT BceM KaMCPaM )lJlSI BblXo,na B PCjJ{HM. Bo BpeMSl ceaHca B HeKoTopbIX 

3KCn03HUB.sIX 6NJI YMCHblllCH npoToK ra3a B )lBa Pa3a, npH YI'OM HC Ha6moJlaJIOCb 

cymecTBeHHoro H3MeneHIDI 3q,q,eKTHBHOCTH KaMep. 

ilPH pa60Te ,llaBJICHHC raJa BHYTPH KaMep npaKTH"ieCKH PaBHSlCTCH aTMoc~cpHO
My. H3MeHCHHC aTMoc.pcpHoro JlaBJICHlUI OTpIDKaCTCJI Ha pa60re KaMCp. ilPH yBC

nJl"iCHHH aTMoc.pepHoro JlaBJICHH.sI 3cpq,CKTHBHOCTb KaMep YBCJIH"iHBaJI8Cb. 

HCCne,llOB8.HIDl BJIHmIDl .ll.06aBJICHHH racxmero raJa (nOTeHIUlaJI BOHH3aUHH KO

roporo MCHblllC nOTCHllHaJI8 HOHH3aUHH OCHOBHoro raJa) K MarH"iCCKOH CMCCH no

KaJaJIH, lITO ,n06aB1ICHHC K MamqCCKOH CMeCH 4% MeTHJIaJIX npHBo.nHT K 3HaqH

TeJIbHoMY YJIytflllCHHlO xapaKTCpHCTHK CMecH [9]. npH Hc60JlbWOM C,llBHre nJJaTO 

3q,q,eKTHBHblX Hanp.JIjJ(CHHH HafiJllO,llaeTCSI YSCJJHQeHHC MHHhI nnaro MaKCHMaJIbHOH 

3ipcpeKTHBHOCTH no Hanp.sI)KeHHlO H OTC)'TCTBHC H3rH6a B KOHue nJl8TO. TaKHM 06

Pa30M, nepCXO,ll Ha CMCCb 

At( 66% )+H306YTaH(29.8%)+MeTHJJaJlb(4%)+~peOH 13B 1 (0,2% ) 
llOJDKeH nO,llHJITb 3<PCPCKTHBHOCTh HaUJHX MHorOnpOBOJIOlffihIX npoflOpUHOHaJIbHbIX 

KaMcp. 

4. PerHCTpallHH 38pHaceHHLlx '1aCTHU aponopllHOHBJlLHOii K8Mepoii, 
aMnnHTYAaCHrHana 

OCHOBHbIC npHHlJ.Hnhl pafioTbI MIIK npHBc,n;eHhI B pa60Tc Sauli {1 0].. PaccMOT

pBM pafioTy nponopUBOHaJIbHblX KaMep, (,5palllWl oc06oe BHBMaHHC Ha napaMcTpbl, 

BaiKHble JlJIX nponopUBOHaJIbHblX KaMCP .lleTcKTopa MAr. 

http:JlaBJICHH.sI
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npOXO)l.SI 4epe3 KaMepy, 3apSI)f(CHHaJ! qaCmua HOHH3yeT BemeCTBO, npHBO,ll,SI K 

06pa30SaHHIO ,neJIbTa-::meKTpOHOB. TIPH ManoH SeJIHIiHHe 3JIeKTpHlfeCKoro nOJISI 

,nenbTa-3JIeKipOHbl npocTO C06HpruoTCSI Ha aHo,ne. O)l.HaKO, ecnH 3neKTpOHbI 3a 

BpeMJI Me)f(,ny .D.BywI coy,napeHHSMH Ha6epYT 3HeprHlo, npeBW,WaJOUlYlO nOTeHUHan 

HOHH3aUHH ra3a, OHH caMH Bbl30BYT HOHH3aUHIO. '!{TO npHBo,nHT K yaeJIHqeHHIO KO

JIR'IeCTBa HOCHTeJIeil 3ap5Ula. 06pa3y1OUlHeCs npn :)TOM HOHbI .npeif<PyIOT K K8TOllaM, 

3neKTpOHhI - K CHrHaJIbHOMY aHO,ny. B rrpOnopIJ,HOHaJIbHblX KaMepax 3J1eKTpOHHaSl 

JIaBHHa p83BHsaerCJI Ha P8CCTOBHHH HeCKOJIbKO ,neCSTKOB MHKpOH OT CnrHaJIbHOH 

npOBOJIOqKH, H npH THnHqHOH CKOPOCTH )l.peH~a 3JIeKTpoHoB 5 cMiMKC OHH npoJIe

T.SIT :)TO paccTo"HRe npHMcpHO 3a 1 HC. TaKoif KOPOTKHH HMnYJlbC OT 3J1eKTpoHoB 

npaKTIiqeCKH He .ll.aeT BKJI8,l{ B Ha6J1IO)l.aeMhIH CIfTHaJI, KOTOPbrH S OCHOBHOM HH,lJ;y

UHpyeTCB .ll.BH)I(eHHeM nOJlO)l(HTeJIbHblX HOHOB. 

B HCnOJIb3yeMoH HaMH ra30BoH CMeCH OCHOBHblM KOMnOHeHTOM smJlSleTCSI aproH. 

LIHCTbIH aproH n03BOJUler nOJI)"IHTb KO~(I)lu.lHeHT ra30BOrO YCHneH"" 1 03_104 
,nml 

He60JIbIllHX HarrpIDKeHHii, 06pa3yrom;HeCR IIpH 3TOM B JIaBHHe B036~eHHble H HO

HH30BaHHbIe aTOMM He n03BOJISlOT ,naJIbille YBeJIHtIHBaTb Ko~<I>HnHeHT ra30Boro 

YCHJIeHHSI. 

B036~)J.eHHe aprOHa CHHMaeTCSI C HcnYCKaHHeM raMMa KBaHTa C 3HepfHeii 

11.6- 3B, liTO SMIlIe HOHH3aIJ,HOHHoro nOTeHUHaJIa BemeCTsa. 06pa'lYIDmero KaTO.ll.. 

<l>oT03neKTpOHbl, 06pa3y1OIIlHeCS Ha K8To,ne, npHBO.ll.HT K nO).J)IO.>KHLIM JIaBHHaM. 

C L(pyrOH CTOPOHbI, HOHbI aprOHa MHrpHPYIOT K KaTOL(Y H Heii'TpamnyIDTCSI C HC

nYCKaHHeM 3JIeKTpona, tITO rrpHBO)l.HT K HcnYCKaHHlO ~OTOHa IIJIH - KBbI6HBaHHIO 

eme OnHOfO 3JIeKTpOHa 83 KaTO,ll,a H no)tTIo)I(HoR JlaBHHe. 

fa3 CO:l C 60JIbWHM KOJIHtIeCTBOM BpaJ.IlareJlbHblX H KOJIe6aTeJlbHhIX B036~.neH

HblX COCTOBHHH nO'lBOJUleT norJIOTHTb ~OTOHbl, HcnYlUeHHMe aprOHOM. llonYlleH· 

HaJ! CO:l 3Hepnur 1{lleT ml60 H8 yrrpyrHe CTOJlKHODeHHlI, JlH60 Ha .llHCCOllHaIJ.HIO MO

neXYJI. YBeJIHlleHHe CO.llepIKaHHR CO2 no OTHomeHHIO K Ar YMeHhmaeT K03~~H
llHeHT faJOBoro YCHneHHS npH TOM )f(e HanpB)I(eHHH, BMecre C TeM CTaHOBHTCH 

B03MO)KHbIM YBeJIHllHBaTb pa60Qee HanpSl)l(eHHe, tfTO B HTore npHBO.llHT K YBeJIH4e

HHlO Ko~<pHUHeHTa fMOBoro YCHneHHjJ. 

B COOTBerCTBHH C pa60TOH [10], l{HCJlO nap HOHOB nt , 06pa3y1OlUHXCJl Ha nyrn 

3apHIKeHHoH qaCTHUbI, BbI'IHC.T:UIeTCjJ no $opMyne 

nt= E((dEldxJ1eOi-wJ -/, 
rAe Wi - OTHOCMTeJIhKhlH Bee AaHKoro aTOMa, eOi - nOTeHl(HaJI MOKH3al(HH aTOMa. 


I - ,.llJIHHa np06era lIaCTHU. 


nOTeHQ.HaJI HOHH3aUHH B Ar COCTaBJIjJeT 26.3 3B, B CO2 -32.8 3B, a dEldx B MHHH


M)'Me HOHH3aU1Ut paBeH 2541 :lB/CM H 3280 3B/cM [II] COOTBeTCTBeHHO. HaIllH Ka

Mepbl HMelOT Me>KKaro.llHblH 3a30p 1.4 CM, n03TOMY B KaMepe 06pa3YeTCB B cpe)lHeM 

137 nap HOHOB (nt=(2541126.3-0.7+3280/32.8-0.3)*1.4 )=137). 

http:rrpHBO)l.HT
http:npHBO.ll.HT
http:npOXO)l.SI
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CYMMapHOe t{HCnO 06p3.30BaBIllHXC.H llaBUHHblX nap N CBsnaHO c qHCnOM nepBO

Ha1faJIbHO 06pa3oBaHHblX nap nt "{epe3 KO~cPHllHeHT ra30BOrO YCHneHH.H M. 
N=n,eM 
B HeO.lUlopollHOM :5meKTpH1feCKOM none K034l4>HUHeHT faJOBOfO YCHneHH.R M BI»I

qHCJIJlCTC.H Qepe3 nepSblH K03rprpHU;I-IeHT TaYHCeH,l{a a (qHCnO 3neKTPOH-HOHHhIX 

nap~ npoH3B0.l1HMblX 3ne.KTpOHOM, Ha e,llHHHUY .llJIHHbl) 

M=exp{ baIa (r)dr) 
napaMe1p a MOiKCT 6L1Tb 3a.llaH C rrOMOlUblO anrrpOKCHMal(HH Kopcpa 

aJP=Aeexp(-BePIE), 
f,lJ;e P - )l,aBJIeHHe, E- 3JIeKTPHqecKHH rrOTeHUHaJI ()l.JlSl 06P3.30BaHHJI naBHHbI Ha 

paCCTOJlHH.1IX~ MeHbillHX qeM paCCTOJlHHe MeiKJlY npoBonO'iKaMH). 

3HaQeHHSI napaMeTpOB COCTaBJUIIOT ,llJISI lfHCToro AprOHa A (Ar)= 14cm-
1
eTopp, 

B(Ar)==lSOBecm-JeTopp, .l1JlJl lDICTOfO YfneKHcnofo raJa A(C02)=2Ocm-1eTopp, 

B(eD],) =466Becm-1eTopp [101. AruI CMeCD faJOB C 70% Ar H 30% C02 onpe.l1eIDIeM 

Ko~cpHUHeHTbI qepe3 KO~cPHUHeHTbl JJ)1JI qHCTblX faJOB cne.l1}'lOlllHM 06pa30M: 

A ==0.7eA(Ar)+0.3.A(COz}, B =0.7.B(Ar)+0.3.B(CDz}. 
B [9] npHSe.lleHbI HeCKOJIhKO OTJIH'IHbIe 3HaqeHHJI napaMe'J'POB A H B, a TaIOKe npH

Be.n;eHhI 3Ha1.feHHJI .lQllI OT.lleJIhHbIX cMeceH fa30B. 

B [12] npe.l1npHIDITa nonblTKa onpe.l1eneHH..R Ko~4lHIlHeHTOB A H B. ):VUf rrpoH3

BOJIbHOfO co.nep)J(aHHX Ar H CO2 , nOK83aHO, 'ITO K03CP4>HUHeHTbl 6nH3KH K HX on

pelleJIeHHJO Qepe3 K034lcPHUHeHTbl A (Ar), A(COz), B(Ar) H B(eO». 

B 06nacrn B6mt3H npOBOnO\fKH HarrpU\eHHocTb nOJISI E=CVI(2/teor), 
f,lle C- nOfOHHaJI eMKOCTb KaMepbI, C=21I&oI{n:bld-/n(2n:a1d)l~ 
b- paCCTOJIHHe OT aHO)l,a.no KaTo,na (b=/12=7MM), a - pa.Quyc npoBOJlOqKH, 

d- paCCTOJlHHe MeiKJlY npooonO'IKaMH, V-HanpRJlCeHHe Ha KaTOlle, 

~-Jl.H3JICK1pH1.fCCKaJI npoHHuaCMOCTb saKYYMa (~=8.854.10-12 <I>/M). 

PaCCM01pHM pe3YJIbTaTbJ Bblt.{HCJIeHHH fa30BOI,'O. YCHJ1eHHSI no BhlwenpHBC,lleH

HblM cPOpMyJIaM .l1J1R CMeCD faJOB Ar(70% )+C02(30%) .l1Jl" p83HblX HanpJI)J(eHHH H 

mafa npoB0J10'leK 2 H 2.5 MM, npH paCCTOJlHHH MeiKJlY npoBOJIOQKaMH d=2.5 MM H 

HanpH)KeHHH Ha KaTO.l1e 

V=4.4 KB nonyqaeM K03tPtPHl.lHeHT ra30BOrO YCHJleHIDI M= 1.28el05
• 

np" V=4.0 KB .M=2.46e1 04
• 

npH V=3.S KB .M=1.0gel04
• 

npH V=3.6 KB .M=4.88el 03
• 

YMeHbweHMe paccTOXHIUI Me)l(Jl,y npOBonOt.{KaMH Ao 2 MM, KaK Y HaI<J10HHbIX Ka

Mep, npHBo)lHT K YMeHbilleHHlO K034>4>HUHeHTa ra30Boro YCHJJeHH.R Ha nOpSIl1.oK. 

TaK, .llnR Hanp.SlJICeHHSI 4.0 KB K03<P4>HuHeHT fa30BOrO YCHJleHHR COCTaBJISlCT 

http:nOpSIl1.oK
http:aHO)l,a.no
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32.71.10 . llTo6hI nonyqHTb TaKoe l.Ke ra30BOe YCHneHHe )J.IDI lllara npOBOn01.feK 2MM, 

KaK H )J.ml mara npOBOn01.feK 2.5 MM, HYJKHO nO)J.HSlTb HanpR)KeHHe Ha 500-600 B. 
3aMeTHblM 06pa30M Ha KO~«V«VHlJ,HeHT ra'.lOBoro YCHneHHH BJIHJleT npO[(eHTHOe 

COOTHOmeH.He ra30B B CMeCH. Tax, npH YBeJIHl.Jemnl co,nep)KaHHJI Ar Ha 5% npM 
4

Ar(75%)+ CO2(25%) H V=3.8KB KO~«V«VHu,HeHT B03paCTaeT B 2 pa3a)J.o 2.17.10 • 

t.{r06hI nOJIyqHTh BblCOKYIO 3tPcpeICTHBHOCTb perHCTp8UHH 3apJl)J:(eHHblx ':IaCTHlJ, B 

KaMepe npH Bhl6paHHoM COCT8Be ra'lOBOH. CMeCH (70% AT, 30% CO2), Heo6xollHMO 

nO,llHHMaTh H8llpll)J:(eHHe Ha KaMCpe, reM CaMblM YSCJIH':IHBaJi. KO~«v.pHUHeHT fa30BO

ro YCHneHHJI. Ho npou,ecc orpamflieH, T.K. B HeKOTopbIH MOMeHT C )J.anbHeHllIHM 

POCTOM Hanp1l)J:(eHHJI B KaMepe BO'3HHKaeT HenpepblBHbIH p83PM. He n03BOJIJlIOWHH 

Bb[HTH Ha pa60qyIO 3cp$eKTHBHocTb. t.{To6bI nonYl.lHTb 60JIbUIOii K03«v$HUHeHT ra

30Boro YCHJIeHHH H pacIDHpHTb pa60':IHH ,nH8lla30H HanpJl)l{eHHH, B fa30ByJO CMeCb B 

OlfeHb He60JIblIIHX KOJIHl.leCTBaX ,L(06aBJIHIOT 3J1eK1p00TpHu,aTeJIbHbIH fa3. B HarucM 

ClIy-q8e no 0.2% 6poMHcToro cppeoHa CF3Br (13B1 ).'3neKrpooTPHU8reJIbHbIH fa3 

3aXB8TbIB8eT cB06o,L(HLle 3J1eIITpOHbl, KOTop'ble MornH 6bI npHSeCTH K B03HHKHOBe

HHIO JIasHHbI, 06pa3YH OTpHllareJIhHMe HOHM. )l068BJIeHHe «vpeoH8 npHBOJUIT K 

CJlBHry pa60qeii xapaKTepHCTHKH KaMepbl Ha 200 B, T.e. OAHH H Te >Ke K03$$HlJ,H

eHThI fa30BOrO YCHJICHHR npH pa60re C $peOHOM nOJly-qaIOTCll npH Hanpj{)f(eHHH Ha 

200 B BhlIlie, l.JeM npH pa60Te 6e3 $peoHa [8]. npH 3TOM pa60tDIit .IlHan830H Hanpll

)J:(eHH:A B03pacTaeT, TalC lffO CTaHOBHTCll B03MOIKHhIM nOJlHHMaTb HanpR:lKeHHe H no

llyqaTh npHCMJIeM)'lO 3tP<PCKTHBHOCTb pa60ThI KaMep 6e3 B03HHI<HOBeHHR npo60eB. 

,LVuI HarueH KaMep!.I C wafOM 2.5 MM npH HanpJl:IKemfH TIHTaHHJI 3.8 KB K03tP<PHa 

lJ,HeHT ra30BOrO YCHJleHHll M 6Y.IleT paseH 5.10). 

CYMMapHbIH 3apJl,L( Q BM4..HC.JUIeTCJl no cpopMYJIe: 

Q= n/-e-M (e= 1.6_10.19 Kn - 3apg.n. 3HCKlpOHa). 

TOf.na llpH nt=137, cYMMapHhlH 38pR)l Q= 10.13 KJI. 
TOK B KaMepe OT npoxO)K.llCHHll 3apJl)l{eHHOH qaCTHUbI IBx=Q1to , r,n.e tn - ,lJ.JlHTeHb

HOCTb CHfHana. npH tn =20HC, lax = SMKA. 

3HM C}'MMapHhIH Ko3$$HllHeHT YCHlleHHll cxeM 3neKTpOHH1GI (13 MB/MKA), 
MOJICHO nOHYl.JHTb SblXOJI,Hoe HanpJl')f(eHHe. U9MX=65MB. YCTaHaBJTHSaeMoe HaMH no

poroBoe 3Hal.JeHHe HanpH>KeHHJl Unop pasHo 32 MB. KaK 6bInO nOKa3aHO BMrue, CHH

)KeHHe Hanp.Jl.lKeHRJl Ha KaMepe Ha 200 B 03HaQaeT YMeHbmeHHC CHfHana B 2 pa3a, 

'no MO)f(eT npHBo,llHTb K npOCQeTaM CHfHanOB H )'MeHbmeHHJO 3<p<peICTHBHOCTH. 

S. 3J1eKTpOHHK8 perHcTpaQuH. BpeMeHHhie napaMeTphl CHfU8JJOB 

Ha pHC. 2 nOKa3aHa npHHlJ,HTIHaJIbHaH cxeMa KaHana pefHcTPallHH CHrHana C npo~ 

BOJIOl.JeK. B cxeMe npe,llYCHJIHTenll HCnOJlb30BaHa He K500JIMIOI (MI), KOTOPaJI 

TalOKC BbITIOJIHleT <PYHKUHJO nepenaTI.JHKa Ha JIHHHIO. npHeMHHKoM CHfHaJIa CJIY

http:1.6_10.19
http:COOTHOmeH.He
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)KRT MC 500J1TI115 (M2). 3TH CXeMhI 06eCne'lHBaIOT BhlCOKOe 6h1CTpO.lleHCTBHe. 

BhlCOKYIO nOpOrOBYlO 4YBCTBHTenl:.HOCTh H q>OpMHpOBaHHe CHflolana no aMTIJIHTY,lle 

Ii ,llffinenhHOCTI1 06eCneQliBaeT KOMnapaTOp KS21CA4 (M3). PerHCTpaIJ.H,SI H 3ano~ 
MI1H8HHC CHfHana ocymecTBJfSfeTC}1 C nOMOlUMO He K155PY2 (M5). 

OCHOBHbJC napaMeTphl ~:meKTpIPlecKHx cxeM HaUIH:X nponopu,HoHaJlbHhIX KaMep: 

(fionee nOJlHOC OllHcaHHe MO')f('flO HaHTJi B [13,14]) 
BXO.llHOe conpoHHs.neHHe ~ 250 OM. 
CYMMapHblH K03..p<j>HllHCHT YCHJIeHHH M 1 COBMecTHO C M2 - 13 MB/MKA 
nO.llaSJleHHe HaBO,llKH C KaHaJIa Ha KaHaJI He MeHee 36.uE 
,D;mI 60nhmnHcTBa KaMep TOKH YTeqKH C ,}JIeKTpO,lla npH HanpH')f('eHHH 5KB co

CTaBmnOT 10-30HA. ilPH Heco6mo)leHHH TeXHOJIOfHH, HanpHMep, np" npoBeJleHHH 

CKJleHKH npH nOBblllieHHOH BJIaiKHOCTH B03.D.yxa, TOKH YTeqKH B03pacTalOT B 

103-1 04 
pa3. 

6.nOK q,oPMMPOBaHMR M 3anOUMH8HMR CMrH8l1OS 

+Vnop. 
PHCYHOK 2 npHHQUnH3nbH3B CXeMft KaHana perHC"rpa.llUB CllfHaJ13 MHorOnpOB0J10QRbJX 

npOnOPQHOnaJ1btlblX a.:ftl'.ep. JUJ1.2 -- K,L{503G; Ml -- 1/4 K500JIMI01; M2 -- 114 
KSOOJInllS; M3 - 1/4 K521CA4; M4 .- 114 KlSSJlAJ; MS· KI5SPY2. RI0=Rll=300 OM, 
R3=R4=R5=1.lIcOM~ R6=R12=tOOOM, Rl=50 OM~ R2=2000M, CI=47H$, C5=lSOuw. BOJl

HOBoe COnpOTHBJ1eIlBe JlHHBH nepe,aa'lH 100 OM. 

,1:(Jul npaSHJIbHOH penicTpauHH CHrHana OT npOXO)K,lleHHII 3apIl)l(eHHOH qaCTHUhl 

HY>KHO 3HaTh BpeMeHHble oco6eHHOCTH C.HrHa.TIOB H CHCTeMbi perHcTpaUHH. 

CRfHan C rrpOBOJl04KH OT npOXOJK)J,eHHSf 3ap)l)l(eHHOH qaCTHu,hl HMeeT )lJIHTelIb· 

HOCTh 20 HC. ,lJ,n)l pa3HbIX Koop)J.HHaT npoxo)K)J.eHI1Sf 'IaCTHllbI no OTHOrneHHK) K 

npOBOJIO'lKe CHrHaJIbI Moryr HMeTb pa36poc 25 HC. BpeMH npHxO.ll.a CHfHa.TIa MO)KeT 

MeH}lTbCH Ha 10 He B 38BHCHMOCTH OT TOfO, B KaKOM MecTe no )J..1IHHe npOBOJIO'lKH 

http:a.:ftl'.ep
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o.6pa30BaJIC.sI 3ap.Sl,U. TaJOKe H3-3a KOHelJHOH CKOPo.CTH 3ap.Sl)KeHHo.H ttaCTHl.\hJ CHrHaJI 

o.T nepe,UHeH KaMephi 5Y npHXo.,llHT Ha 15 HC paH.bWe, l:IeM o.T 3a,UHeH KSMepbl 28Z. 

Pa36poc 3a,Uep>KKH CpS6aThIBaHHJI KOMhapaTopa K521CA4 no. BbIXO,llY "'6h1cTpoe" 

I1JlI1 COCTaBnJleT 15 HC. 

TaKHM 06Pa30M, pa3pemalOmce BpeMS( MITK H 3ncKTpoHHKH, o6eCneQHBalOmee 

100010 3Q>q.elCTHBHocTh pefHcTpauHH, COCTaBJUItIT npUMepHo. 60 HC. 

CHCTeMa npHeMa H 3anOMHHaHHJI HHq.0pMau.HH C nponOpl1.HOHaJIhHhlX KaMep Ja

nYCKseTCH CHHxpoHMnYJIbCo.M OTYCKOPHTeJUI H pa6o.TaCT HenpephlBHO B TeQeHHe 

Bcero opeMeHH c6poca nyqKa Ha MHUIeHb, He3aBHCHMO OT rrpHxo,na MaCTepHo.rO 

CHrHana. CHrHan C KroKJlo.H npoBo.Jlo.qKH nocTynaCT B 03Y eMKo.CTblO 16 6HT. Anpec 

JI'leHKH 03Y q.OPMHpyeTCJI B BH,Ue KO):la rpeJl H MeH.sIeTCjf C nepHo.,Uo.M T=70 HC. B 
peSYJlbTaTe B KIDK,lI.j'lO jfqeHKY 3anHeblBaeTC'i eOCTD'iHHC KaHana (HanHtfHe HJlH DT

CYTCTBHe CHrHaJIa C npOBOnOQKH) B MDMCHT CMCHbl a,npeca )laHHOH JI'leHKH Ha cJle

llj'lOlUJdt )1.JIHTeJl.bHOCTb RMnyJIbCa C$OpMHpoBaHHOfo. .llJlJl lanRCR CHfHan8 C npo

Bo.Jlo.lfeK Co.CTaBJUleT 160±20 HC, T.e. CHrRan lanHCbmaeTCH 8 ,n:Be HJIH TpH ,.qCHKH. 

TaKHM 06P830M, B KIDI\,ll.bJ:H MDMeHT BpeMeHH B 03Y CDllep)KHTCH HH$DpM8UHH 0. 

16 Co.CTOJl'HHJI'X rrpDSOno.QKH, o.T,ll;eJleHHblX ,npYT o.T ,npyra speMeHHblM HHTepSaJIo.M 

T=70 HC. Tt'U( lfTO BpeM'i naMjfTH 03Y eOCTaBJI.HCT 1120 He. 8 MepTBo.e BpeMH KaHana 

PCfHCTPallHH CHmana C rrpo.Bo.JIOt{KH COCTaBJUleT no.pJlJlKa 200 HC. 

MaCrepHW:H CHrHaJI, KOTo.PhIH 3a,nep)KaH o.THOCHTeJIbHo. perulLHOro. C06hITHH Ha 

o.npe,ll;eJleHHOC BpeMll. o.CTaHaBmisaeT CqeTtIHK a.npeca B HeKo.TOpo.M Co.CTo.JlHHH. Co.

CTDBHHe 03Y, o.THOCBweeCjf K3aperHCTpHpoBaHHo.MY Co.fibITIllO, CqHThISaeTC.B H3 

COOTBeTCTOYJOWeH SIlfeHKH. flo. o.Ko.HllaHHH I1epe,ll;a1JH HH$o.PMauHH 0. c06bITHH B 

3BM pa6o.Ta CqeTlIHKa aJlpeca Bo.l06Ho8ID1eTC.H. ilPH 310.M BpeMH C1JHThIBaHIDl HH

$o.pMaUHH C KaMep B 3BM COCTaBJUleT no.P.sIJI.Ka 15 MKC. 

CHCTeMa CqHTblBaHHH HH$o.PMaIlHH HCrro.JIblYeT rrpHHUHI1 npHo.pHTeTHo.ro. Ko.1lH
POOaHHR, T.e. C'IHTbIBaIOTCB To.JIbKo. Te SI'leHKH, B KOTo.PbIX 3aOHCaHbl CHrHaJIbl. J1H
$o.PM81UIJI 0. no.llp.HJl cpa60TaBwHx npOBo.JIo.tfKaX (KJIacrepax) nepeliaeTCH B 3BM 

':repel HHTep4JeitC B CTaHJJ:~pre KAMAK. 

6. KJlacrepbI 

Ba>KHbIM rrapaMCTpOM o.ueHKH npaBHRbHo.CTH pa60ThI KaMep BBJIJleTCSI pa3Mep 

KJlacrepa. B H,l{eaJI.bHOM c.nyqae. KDfJl.a 'lfaCTHua JleTHT rreprreH.llHKYMPHo. KaMepe, 

).J;o.mm:a cpa60TaTb To.RbKo. o.,l{Ha rrpoBo.JIo.1{J(a 6J1HlKaHllla.sI K TpaCKTOpHH (pa3Mep 

KJlaCTepa pasCH 1). K yseJIHtfeHHIO KDJlHlfeCTBa MHo.rOKJIaCTepHbIx eo.6bITHH npH-

8o..llHT KaJ( HaKJIo.H 1peKa, TaK H )leJILTa-3neKTpo.HbI, o.To.melllllHC Ha 60JlblI1o.e pac

CTo.lIHHe o.T TpeKa lfaCTHllbl. Bee no. MDiKeT rrpH.Bo..llHTb K YXYlllI1eHHIO rrpocTpaHcT

SeaHo.ro. pa3peUIeHHg. B H.lleanbHDM CJlyqae, Ko.r,n:a pa'1Mep KJlaCTepa paBeH 1. rrpo

cTpaHCTBeHHo.e pa3peWeHHc rrponopUHo.HaJIbHhIX KaMep Co.CTa8JU1CT dl...Jlf [15]. C 
Po.CTDM KJlaCTepHo.CTH o.Ho. Mo.)KeT YXYllW8T.hC.sI 

http:YXYllW8T.hC.sI
http:SeaHo.ro
http:6J1HlKaHllla.sI
http:npHo.pHTeTHo.ro
http:no.P.sIJI.Ka
http:K3aperHCTpHpoBaHHo.MY
http:MaCTepHo.rO
http:HHq.0pMau.HH
http:o.6pa30BaJIC.sI
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Pacnpe,lJ;eJIeHHe c06b1THH no pa3Mepy KJIaCTepOB AJUI HeKOToporo Ha60pa 3Kcno

3HUHH npHBe~eJlO na pHC. 3. C POCTOM pa3Mepa KJIaCTepa ",{HCJIO C06bITHH nJlaBHO 

IIa,lJ;aeT. Xapmcrep nOBe~eHHJI 3Toro pacnpe,lJ;eJIeHHJI 3aBHCHT OT pexmMa pa60ThI 

KaMepbI. Ha pHC 3a H 36 npHBe~eHbI pacnpe~eneHHjJ C 60nbllIHMH yrnaMH pacce,,

HHll qaCTHU Ha MHllIeHH AIDI ~Byx KaMep. Ha pRC. 3B ~aHO pacnpeneneHHe C06h1THH 

nml ny-qKOBhlX ~aCTHU. JIeTllInHX Bnepen 6e3 B3aHMO~eH:CTBHj{. qHCJIO nByxKlJa

CTepHh1X c06blTHH COCTaBJIHeT 5% OT O,lJ;HOKlJaCrepHblX. 
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PHCYHOK 3 PacOpe.lleJleHHe c06h1THH no palMepy K..1J8CTepa. 3a H 36 - pacnpe.lleJleHHK c 
60JIhmHMH yrJlaMH BhlJleTa 'taCTHU Mil KaMep 5Y H 15Y. 3B - pacnpe.lleJIeHHe,llJlH ny-tKo

BhlX "IaCTH"" JleTJIlQRX BQepe.ll 6e3 B.18HMO.lleiiCTBHH ,llJIH KaMepbl 5Y. 3r - paenpe.lleJIeHHe 
NUl CJJy'taiiHblX npo6oeB B KaMepe 5Y. 

http:BQepe.ll
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B HeKOTOpWX Cn)'"'iWlX B KaMepax MelK,lly COCe.ll.HHMH npoBOnOI.J.KaMH MO>KeT B03

HMKtlyTh :.meKTpOManIHTlIWl CDR3l>, C03,nalOmaR HaBOJlKH C O.!lHOH npoBOnOl.fKH Ha 

.ZJ.pyrytO ("cross talk"). XapaKTepHbIM npH3RaKoM "cross talk" .HBJlSieTC.H 3Hal.fHTenbHO 

60nbmee KOnIReCTBO TpeXKnacrepHhlx C06blTHA, l!CM lIByxKJl8crepHblx, TaK KaJ( 

Cpa6aThIB3,HHe O.ZJ.HOH· npOBOnOl.fKH npHBO.llHT K cpa6aThIBaHHlO ellle Jl.ByX: cnpaBa H 

cneBa OTHee. 
4T06LI BbI.IlenHTb c.rryqaHHWe cpa6aTblBaRHSl' 6bmanpOBeAeaa 1'rpynna3Kcn03H

UHA, B KOTOPblX npH OTCYTCTBHH nyqI\8 3ap.SDICCHHhIX l.faCTH~ Macrep· H8ClfHThIBaHHe 

HHq.opMalJ,HH C npoBonOI.J.eK 3a,1laBanCR OT CHrHanOB C reHcpaTopa. COOTBeTCTBeHHO 

TaKHe cnyqaRHhIe npo60H XapaKTepH3YJOT q,OHOBble illyMbI nponopllHOHanLHbIX 

KaMep H CHCTeMbl ClfHTblBaHH.H. PacnpeAeneHHe no p83Mepy KJIaCrepOB lIM cnyqai1

HbIX npo6oeB ,nn.a xaprucrepHoH KaMephI npHBe.lleHO· Ha pHC. 3r. ,L(n.a Bcex KaMep 

rpeX-KnaCTepHbIX C06bITH.H 60nbllie qeM ,lJ,BYX-KJIaCTepHbIX, qTO rOBopHT 0 lIpHCyr

CTBHH "cross talk". B 3Kcn03HIlHHX C nytiKOBbIM MacrepoM BKJIa;ll "cross talk" HC3a· 

MeTeH. 

Ha pRC. 4 npHBe.llCHEd pacnpC.IlCnCHHSl C06bITHH no HOMepaM Cpa60TaBWHX 

npOBOnOl.fCK B KaMepaX 8Y H 16Y. J(nH Ka)KJloit KaMcpbI nOK83aHbl: 06mce pacnpe

.IlCneHHe Cpa60TaBlllHX npOBOnOqeK; pacnpe,lleneHHe C06bITHH no np080nO't{KaM, 

,lJ,aBillHM BKJJan B rpeKH; pacnpe.llCJlCHHC lIn.a C.:rryqaAHblx cpafiaThlsaJIHH. Pscnpe,ne

nCHHSl HOpMHpoBaHbI Ha 06mec 'fHCnO MacTcpoB. 

,L(njf 60010 MscrePOBY.llaJI()CL npOBeCTH TpeKH. OCT8JlbHMC lfaCTHUM He Y'faCTBO

Ba1lH B BOCCTaHOBJlCHHH TpeKa. 3To MO>KCT 6.b1Tb CBSl3aHO C Hc~ocTaTO-qHO'R 3<P<PCK

THBROCThlO ·oTJleJlbHbIX KaMCP, C <l>OHOBhlMH MacrepaMH, C B03MO)I(HOCThlO BhInera 

qaCTlflthI 3a npe.llcnbI KaMepLI (HanpHMep, lIpH 60nbillHx yrnax ShIneTa 'Iacmua 

npoxOJlHT l.fCpe3 nepe.llHHe K8Mepbl. HO HC nona,naeT B 3a,nHHC). B KaMepe 8Y 44% 
npo6ocB y-qacTBOBaJlH B npoBC,lJ,CHHH TpeKOB. a B KaMepe 16Y - 34%. BHARO, qTO 

RpM KaMCP nO'fTH HC yqacTByIOT B npoBC.llCHHH 1peKOB, B HHX npe06JlanalOT <pOliO

SblC n p060H OT qacTHU, neT.RWHX HC H3 MHweHH, np060H OT 'IaCTHQ He BOIIleAIIlHe B 

1peKH H npocro cnyqaitHbIe cpa6aThlBaHH,. KaMCp. 

CnyqaHHbIe np060H KaMCp 6bUIH no.nyqCHbI, KOr.lla MacrepoM CIfY>K1Ul CUrRan OT 

reHepaTopa. npH 3TOM CytdM8pHoe IfHcno MscrepoB 6bIJlO TaKHM )fCC, KaK H .11IUI npe

D.bUlymcro C.rryl.{M. tVr.a KaMCpEd8Y, pa60TaJOIII.eH npR HcfionblllOM HanpSl>KeHHH, 

cnyt-l8HHble np060H ManhI H pacnpe.nenCHM PaBHOMCpHO. B KaMepe 16Y, pa60TalO

illeR I1pH 3aBbIUlCHHOM Hanp.H>KeHHH, cnyqaHHbIe np060H HepaaHoMepHbI H ,llaIOT 

3aMeTHhIti BKlJan B npOBOJlOl.fXax BHe nyqKa. 

http:pa60TaJOIII.eH
http:npoBonOI.J.eK
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PHCYHOK 4 Pacnpe.llCmmHC COiLITHA no HOMcpaM cpa60TIlsmHx npOBOJIo'teK B KIilMcpax 8Y 
H 16 Y. "pUBeJlCHO nOJJllOC ..UCJlO cpa6aTLIBaHHH .llaHHOH npoBOJJo'tICH KaMCPLI, npo60H, 
AaBwue BICJlaJ]. B TpcKH.TalOlCc npHBe.llCHO pacnpeAeJleHBC.lVIR c.rryqailHLIX cpaoaTLlsauHH 
(cpa6aTLIBauHH OT reHcpwropa). 

7. npoBe)leHHe TpeKOB no ,nftHHhJM c nponopUHOHaJlbHblX KftMep 

B 60JIblllHHCTBe 3KCn03JH(HH: pa60TaJIH qeTblpe Y KaMepbl .H 4eTbIpe Z KaMephI 

ao Man-mTa, n1lTh Y H n1lTh Z KaMep HOClle MarHHTa, a TaJOKe no QJ.(HOH KaMepe c 

HaKJlOHHhIM pacrrOnOJKeHHeM npOBOJIO'leK .AO .Ii 3a MarHHTOM. PaccMOTpHM npoue

.nypy npoBelleHH" -rpeKoB H onpe)leneHM1:I 3£pcpeKTHBHOCTH KaMep. 

AnpeCHaJI HH<p0pMaUHSI CHCTeMbl C'fHThIBaHH1:I npeo6pa3yerc1:I B HH<p0pMaUluo 

o KOOpJlHHaTax cpa60TaslliHx npoBOJJOqeK. DpM .D.BYX- H MHOfOKJIaCTepHhIx C06hl

nUJX KOOp.lUfHaTOH Cpa6aThIBaHH.SI npOBOJI04KH CqHTaeTC" cepeJlHHa KJIaCTepa. 

http:Cpa6aThIBaHH.SI
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l1MeeTC.SI npOrpaMMHruI BO'lMOJKHOCTb BOCCTaHaBmiBaTh nponyrueHH]'lO HH«p0pMa

UHIO, eCIIM pa1phIB Me>K.ZlY KIIaCrepaMH, B03HHKalOruHH .11'3-38 Hecpa6aTbIBaHHlI )lau

Horo KaHaJIa, COCTaBJUleT o,UHY rrpOBOIlO'lJ.KY. CJlHUIKOM )lJIHHHble KJlaCTepbl oropa

ChIBaIOTCH. fiPM CTaH]lapTHOH npoue]lype npoBelleHMSI TpeKOB M8KCHMaJlhHbIH pal

Mep KJIaCrepa paBeH weCTH. 

06pa6oTKa Co6blTHH BKJIlOlJaeT B COOS npOCTpaHCTBeHHoe BOCCTaHOBJI~HHe 
npJlMhIX B 6noK8X KaMep ,UO H nocIIe MarHHTa, CBDb TpaeKTOpHH lfacTHU B MarHHT

HOM nOJIe CneKTpOMeTpa. onpelleJIeHHe HMnyJIbCa lJ8crnU. 

I1pOCTpaHCTBeHHoe BOCCTaH08I1eHHe npSlMhIX HaLJ.HHaeTCH C HaXO)[(,lleHHSl npo

eKUM:R TpeI<OB B nJlOCKOCTHX XY H XZ (y- H z- npoeKUHH TpeKa) OTllenbHO ]lO H 38 

M8J'HHTOM. ,nnSl 3TOfO K~bIH rrpo6oH nepBOH KaMepbI CSH3bIS8JlCSl npSIMOH C KaIK

,lIblM npo60eM TIOCne]lHeH Y- MnD Z- KaMepbI CooTBCTCmeI1Ho. BnoJll. ·':noH npHMOH 

B npe,n:enax 38llaHHOrO He6oIlhUIoro paCCTO.SlHIDI OT nee HruYTC.SI rrpo6oH B npoMe

>KYTOlfHblX Y - HnH Z- KaMep8X - np060H BHYTpH ,llOPO)KKH. WHpHHa )lOPO>KKH H 

MHHHMaJIhHoe tfflcno cpa60TaSillHX KaMep oT,n:enbHo B y- H z· npoeKUIDIx 38ll8JOTCSI 

npH o6pa6oTKe. 06bPUlO WHpHHa JlOPO)KKH 3a,lIaB8naCb P8BHOH 1 CM. He60JIMnoe 

H3MeHeHHe UIHpHHbI ,lIOPO>KKH cna60 BJIHSIeT Ha oroop TpeKOB. YMeHbIlIeHHe UIHpH

Hbl ,lIOPO>KKH npHBO]lHT K He6onbillOMY YMeHbmeHRIO lfRcna TpeKOB, HO TpeKH CTa

HOBJITC.SI 60nee LJ.HCThIMH OT CIIY'llaHHblX npo6oeB. TalC 3a,!J.aHHe UIHpHHbI .llOPO>KKH 

paBHblM 0.4 CM npHBO.LlHT IC YMeHbIlIeHHfO KOJIHt.leCTBa TpeKoB MeHee qeM Ha 10%. 
Ecmf BHYTpH )lOPO>KKH B,n:OJIb KaKorO-TO HanpaBJleHH.SI Cpa6OTaJIO MeHhIlle Ka

Mep. lieM 3allaHO, T8KruI ,llopo>KKa HCKJlIOQaerCH H3 11MbHeHwero paccMoTpeHHS. 

AHanorM'lJ.HbIM 06P8.'30M CBSl3hlBalOTCH npo60H 1~oii H npe.nnocne.n:Heii KaMep, 2-0H 

H rrOCJle.llHeH H. T • .ll. 

COBn8llaJOIUHe ,llOPO>KKH Y'lJ.HTbIBafOTCJI TOJIbKO O.llHH pal. B OCTaBillHXCH .no

PO>KKax no npoBonOQ}(aM MCT01l0M HaHMeHbillHX KB8JlpaTOB CTpOJITCH TpeKH B TIPO

eKUIDlX. TpeICH C 60J1hIllHMH -loropaChIBaJOTCSI. 

3aTeM npoHCXOJlHT npocTp8HCTBeHHoe BOCCTaHOBneHHe TpeKOB no y- H z- npo

eKl(HHM. I1poCTpaHCTBeHHoe BOCCTaHoaneHHe .llBYX- H MHor0TpeKOBbIX C06hITHH 

ocymeCTBnHeTCH C nOMolUblO HHq:.OPMauHH C KaMep C HaKJIOHHblMH npoBOJlOllKaMH. 

BOCCTaHOBJIeHHble B npocTpaHCTBe TpeKR ,ll0 H 3a MarHHTOM CBSl3bIBaJOTCJI .n:pyr C 

llpyrOMB nHHHIO. ,L:(n.Sl 3Toro npOCTpaHCmeHHbl'A TpeK 110 M8J'HHTa H TpeK 3a M8f

HHTOM npO.llOJIJKafOTCH .ll0 nepeCe~eHH.SI C nJIOCKOCTblO YZ B Cepe,llHHe MarHHTa 

(X=O). BCJlH P8CCToHHHe MeE.llY 3THMH TpeKa:MH B .llaHHoH nllOCKOCTH MeHbwe 3a

,naHHoro, TpeKH npHHa,nneIKaT. O,llHOH qaCTHIJ,e. OrofipaHHbIe TaKHM 06pa30M 'TpeKH 

MerO.llOM PyHfe-Kyrra npoBOll1lTClI Qepe3 M8fHHT B COOTBeTCTBHH C KapToA Mar

HHTHoro nOJI.SI, H3MepeHHoro C TO~HOCTblO 0.5_10.3 T, rrapaMeTphI TpeKa nOllrOHlI

IOTClI MeTOJ{OM HaHMeHbWHX KBaJ{paToB. B pe3YllbT8Te nOJIyq8eM 3HaqeHHe HM

nYJ1hCa qacTHUhI, 3HaK 3apAA8 H napaMeTpbI npHMoro TpeKa)lO MaJ'HHTa (KOOp,llHHa-

ThI y, Z B flnOCKOCTH MHmeHH H yrJlhI HaKJIOHa e H q> OTHOCHTeJlbHO OCH cneK'rpo

MeTpa). 

http:nepeCe~eHH.SI
http:HanpaBJleHH.SI
http:HOBJITC.SI
http:HruYTC.SI
http:rrpOBOIlO'lJ.KY
http:l1MeeTC.SI
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WHpHHa pacnpe.aellemUI Pa3HOCTH KoopnHHaT, nposeneHHblX 4epe3 Marmn 

rpeKOB t.faCiHU H npo6oes, sowe,nIllHX B TpCK I1BnIleTCSI MepOM Koop.n.HHaTHoro Pa3
peIlleHH.JI KaMep. Ha pHC. 5 npHBe.ll.eHbl TaKHe pacnpe.ll.eneHHH .ll.JlH KaMep 12Y H 9W 
(KaMepa C HaKnOHHhlM pacnOnOJKeHHeM npoBonoLleK) ao M8fHHTa Ii llJUI KaMep 19Y 

H 25Y '3a MafHHTOM. HanpHMep, .n;JU1 KaMepbl j 9Y Cpe.ll.HeKBa.upaTHQHOe OTKnOHe

HHe sigma paBH1IeTClI 0.056 CM, a nonHaSi wHpMHa Ha nonOBHHe BhlCOTe 

(FWHM=2.355*sigma) - 1.35MM. ,[(.ruI 60JIhIDHHcTBa .ll.pyntX KaMep WHpHHa pac

npe,l(eJIeHIDI TaKM JKe. HanoMHHM, 1.lTO ,l(JIB nponOpUHOHaJlbHoA' KaMeph} C 60nbwHM 

'{HClIOM npOBonot{eK sigma crpeMHTCSI K 0.072 CM .anB' illaTa npOBOJI04eK 2.5 MM. 

,[(JUI nepBhlX H nocnenHHX KaMep B Ka)KllOH npoeKUHH p8cnpelleneHHe Y)I(e. ,[(JUI K8

MepbI 25Y (nOCne)l,H}lSl Y KaMepa B ,n:aHHOM ceaHce) sigma=O.026 CM. TaKM M8J1M 

WHpHHa pacnpe.n.eneHH1I B nepBhIX H nocnenHHX KaMepax, a TaKJKe He6olIbwoe 

YMeHbweHHe I1IHpHHhl .n.ml 60nhIIIHHCTsa ,n;pyrHX KaMep, orrpe,n;eJUleTC}l oc06eHHO

CTblO anropHTMa BOCCTaHOBneHH.JI TpCKOB. 

Ha pRC. 6a rrpHBe)l,eHO pacnpe.n;eneHHe paCCTO}lHHH: MeJK)l.Y He3aBRCHMO npOBe

.n;eHHblMH npoC1'paHCTBeHHhIMIi TpeKaMH ,l(0 Ii 38 MafHHTOM B cepe.n;HHe M8rHHTa 

npH X=O. BH.n;HO, "'iTO 601lhWRHCTBO TpeKOB nepeceKalOTCSI C XOpOllIeH: TO'l{HOCTblO, 

II KOnHqeCTBO cnyqaHHo HaHneHHblX TpeKOB MaJIO. OPB CTaHnapTHOH 06pa60TKe 

TpeKH CttHTalOTCSI CBII3aHHhIMH B nHHHlO, ecnH paCCTOSlHHe Me)l()l.Y HliMH MeHblIIe 

2 CM. 

T04HOCTb npOBe,l(eHHSI TpeKoB t{epe3 cneKTpoMe-rp XapaKTepH3YeTC" pacnpe)le

neHHeM X2 
BelIHqHHhI paccTo"HHSI Me)f()lY TpeKOM H np060"MH, no KOTOPhlM ~TOT 

TpeK 6b1n BOCCTaHOB1leH: Ha pHC. 66 npHBonHTCSI pacnpe)leneRHe X2
, ,l(eneHHOe Ha 

qHCJIO CTeneHeH CBofio,l(bl (B naHHOM cnyqae onpeneJUleMOe KaK pa'lHOCTh Me)J(llY 

(fHCnOM cpa60TaBlllHx npOBOnOqeK J.f 4HCJIOM napaMeTpOB B 3a,llaHHH npSlMb[x). 

Cpe.nHee 3Ha"'ieHHe X2 COCTaBHJIO 1.06, l.fTO rOBopHT 0 npaBHJIbHOCTH anropHTMa 

npoBe,n:eHHR TpeKoB. 

,[(na BOCCTaHOBneHHSI -rpeKoB qaCTHU B rrpoeKUIDlX 06bI"'iHO -rpe60B8J10Cb cpa6a

TblBaHHe Tpex Y - Ii Tpex Z- KaMep no MafHHTa H Tpex Y - M -rpex Z- KaMep 3a MarHH

TOM. qTofiw npaBHJlhHO BOCCTaHOBHTh MHoro-rpeKoBble C06blTIDl (2 Ii 60JIee Tpe

KOB), Heo6xoIlHMO HCnOJIb30BaTb HHq,0PM8UHIO C npOBOn01.leK HaKJIOHHbJX K8Mep 

(WH U). 

http:BOCCTaHOBneHH.JI
http:peIlleHH.JI
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PHCYUOK 5 PalHoCTb Me"&.IlY Koop.!lHHaTaMH BOCCTaH08JJeHHblX TpeK08 qal.'THU, npoweJ!wllx 

qepeJ K8Mepw 12Y, 19Y, 9W H 25Y R KOOp.nHHaT8MH cpa6oT8BMUX npOBOJlOqeK. 

8. 3++eKTHBHOCTb KaMep 

3$$eKTHBHOCTb OTlleJlbHOH KaMephl BblqHCJlJIe'ICH KaK OTHOlIleHHe lfHCJla Tpe

KOB, 3aperMcTpHpoBaHHhlx B :nOH KaMepe, K "fHCJlY TpeKoB, npowe,nUJHx 'iepe3 flee 
(npoBelleHHbIx no llaHHhlM OCTaJIbHblX KaMep). AHaJIOrHl.{HO Bhll.{HCJUleTCH Ii 3$$eK

THBHOCTb OTlleJIbHblX 06JIaCTeH KaMep, 

http:npo6o.JI
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PHCYHOK' 6. a ~ pacnpeaeJIeHHe pftCcrOIlHHII Mez.tIY He'JaSHCHMO npose,aeHPWMH TpeKaMll ,ao 

H 3ft M8THHTOM B cepeJ(HHe MftrHBT8. fi - p8CnpeaeJleHBe 1.2 
paCCTORHHR M~ TPCK'OM H 

np060HMH. no KOTOPblM '}TOT TpeK 6b1J1 BOttT8HOBJIeH, npBBeaeHHoe K' qHCJI)' creneHe:ii CBO

60,llbl. CTpeJlK'oii OTMeileHa rp8HHQ8 06pe38HHR cOOblTHH no paecTOlIHHIO Me?£lIY TpeK'aMH. 

)J.OJISI O,l:\HOTpeKOBhlX C06blTHH BhlQJtlCJUleTCSI KaK OTHOllleHHe "lHcna BOCCTaHOB

neHHhIX TpeKOB c06b1THH, B KOTOPblX B cneK'rpOMeTpe npoBe,l:\eH TpeK TOJlhKO OT 0,1:\

HOM 3apSl)f(eHHOA qaCTHLI,Id, K nOJlHOMY lJHCJlY MaCTepoB. )J;onSl: O,llHOTpeKOBbIX CO

6hITHH CHJlhHO 3aBHCHT OT nOfHKJtI oroopa MacrepoB H tPOHOBhIX ycnoBHH 3KcnepH

MeHTa. TaK, ecnH MId oT6HpaeM nY'iKOBble qaCTHUId, neTSlII.lHe 6e3 B3aHMO,lleHCTBHSI, 

C 60nblllOH Doneii' BepOHTHOCTH HaHDeTCH TpeK, npOXOllJlII.lHH qepe3 nepe,l:\HHe H 

3a)lHHe KaMepw. ECJIH nOCTaBMTb Ha nyrH nyqKa MHmeHb, a HanpOTMB MJtlUJeHH 

nepneH,llHKYJUlPHO K nY'iKy npH60p, pefHCTpHP}'lOWHH raMM'a-KBRHTbI, BbInenuo
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mHe H3 MHIlIeHH, H nmpe60BaTh HaJIHtUte raMMa~KBaHTa B MacrepHOM BKJllO'ieHHH 


(OT6op HeynpyrHx npoueccOB), TO KOnH'IecTBO HaHJleHHhIX TpeK08 H3MeHHTcB. B 

)J,aHHOM cllyqae HaJIeT8IOn::urH npoTOH MO)KeT pacceJlThCJI B MmIleHH Ha 60JlbWOH yrOJl 


H He 3EtperHC1pHpoB8.T&CJI 38,llHHM 6nOKOM KaMep 3a MaI'HHTOM. T8JOI(e YXYJlmaIOTC1I 


H t.POHOBhle ycnOBHJI. B pe3YJlhTare '1RCnO O.D.HOTpeKOB&IX C06:bITHH nO,llaeT ,llO 5%. 
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PRCYBOK 7 3tteKTIIBBoeTJ. R palJIlJlllIhO o6JIaCTllx KaMep. a - KaMepa 18Z UpB OTeyTCT
BRR uanplDftllRB ua npoBO)l8 nOMe."acH, 6 - KaMep. 18Z npM Do.aa'1e nanpR)lCeRRII ua 

OPOROD DO.llJ1eP*KH, B - KRMepa 15Y, r - KaMep. lIZ. 60Jlee TeMHbtillBeT eOOTBeTCTBYeT 
Hem.meit :JtteKTHBHOCTB. 
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TaK KaK pa':JHWe CepHIf 1f3MepeHHH npOBO,nlfnHCb npH P83HbIX MaCTepaX? BruK

HhIM JlBnJleTCJI He aOComOTHoe 3HalJeHHe lfiIcna OIlH0TpeKOBhJX c06hlTHH, aero H'3

MeHeHHe B llaHHLIX rpynnax HJMepeHHH. 3aMeTHM, 'lT0 npM 3TOM 3$$eKTHBHOCTL 

OTllenhHhlxxaMep HarrpJlMYIO He3aBHCHT OT norHKH OT6opa C06hlTHH. KOCBeHHhlM 

06p830M H3MeHeHlfe nOrHKH omopa C06bITH"H MO)f(eT CKa'38TbCfI Ha H3"MeHeHHIf $0

HOBbIX ycnoBHIf, lfTO MO)KeT npHBeCTH K H3MeHeHHlO 34>$eKTHBHOCTH OTneJlhHhIX 

KaMep. 

3$$eKTHBHOCTb KaMep 3aBHCHT OT JarpY3KH, pe)[(HMa no HanpSI)f(eHHIO, aTMO

c$epHoro .llaBneHH.SJ H HeKOTOphlX npyrHX $aKTOpOB. J(ml p83HhlX 06naCTeH KaMep 

3Q>$eKTHBHOCTb HeO,lUiHaKOBa. Ha pHC. 7 npHBe,neHo pacnpelleneHHe 3$$eKTHBHO

cm no nJIOW3,llH KaMep .llnJl KaMep 18Z, 15Y H 21Z . .B CB.S.I3H C MaJlhIM lfHCJlOM 'fPC
KOB no KpruIM KaMep, He BO Bcex TOl.JKaX Ha KpaIO KaMep Y,Il.aJlOCL onpellenHTb 3$

$eKTHBHOCTh (B 3THX TOlfKax npHpaBHJleM 3$$eKTHBHOCTh K 1). Puc. 7 a COOTBeTCT~ 
Byer OTCYTCTBlflO Hanp.S.l)[(eHHfI Ha npoBo.a.ax nOMeplKKH Ha KaMepe 18Z. PHc. 7 6 

no.n:alfe Hanp1DKeHHJI 1.8 KB. B Y3KOH 06nacTH BfiJlH3H npoBona nO.DJlep)KKH Ha pRC. 

7a HMeeTCSI npOBaJI 3$$eKTHBHOCTH, B OCTaJIbHOM pRC. 7a If 76 6nM3KH llPyr K .llPY

ry.3q.$eKTHBHOCTh Bcex KaMep BHe 06nacTH ITyqKa 60Jlhme 90%, OTJlHlfHe KaMep 

npmlBJIfleTCH B 06nacm C 60JlbfllOH 3arpYlKOH. Cym,ecrnylOT KaMepbl, HanpHMep 

15Y, Y KOTOPhlX npH pa60lfeM HanpJI)KeHHH 3q.q.el<THBHOCTh B 06nacTH nyqKa He 

na.naeT. Y 60JIbUIHHCTBa KaMep rrpM pa60QHX .3HaQeHHllX HanpH)KeHMfI HMeeTCll He

60nhllloe )'MeHhllleHBe 3$$eKTHBHOCTH B ueHTpe. OPH YBenH'IeHHH HanpJl)KeHHJI, 

no.a.aBaeMoro Ha KaMepbI, npOBaJI B 06naCTH nYl.fKa )'MeHbmaeTCH, HO no.n.'beM Ha

npJI)I(eHHH c.n.ep)l(HBaeTCJI POCTOM TeMHOBblX TOKOB. 

npH HeH3MeHHbIX .a.pyrHx napaMeTpax, Obma H3yqeHa 3aBHCHMOCTb 3$$eKTHB

HOCTH OT noporOBoro HanpJDKeHHJl UnoI' B cxeMe perHCTPallHH CHrHana. U nop 3a.n.a

ercfI O)J,HHaKOBblM .ZJ.1lJl. Bcex KaMep. 3aBHCHMOCTh 34>q>eKTHBHOCTH OT.n.eJIbHbIX Ka

Mep OT noporoaoro HanpR)I(eHH1i npHBe.n.eHa Ha pRC. 8. C poCTOM noporoBoro Ha

npH)[(eHH}I 3$$eKTHBHOCTb Bcex KaMep YMeHbfllaeTCfI. XapaKTep 3TOH 3aBHCHMOCTH 

3aBHCHT OT pe)KHMa pa60ThI KaMephI. npHlfeM Y KaMep KOTophle pa60TaIOT C 6onb

UIHMH TeMHOBbIMH TOKaMH H He,llOCTaTO"'lHOH 3$q>eKTHBHOCTblO na.neHHe 3$q>eK

THBHOCTH 60nee 6hICTpOe. Pa6o~ee noporoBoe Hanp.JOKeHHe COCTaBMeT 32 MB. Or· 
MeTHM, qTO npH 60nbllIHx 3Hal.JeHHRX noporOBoro HanpH)[(eHHfI HeCKOJIbKO yxy.mna

eTCJI KOOpnHHaTHoe pa3pemeHHe KaMep. 

http:npoBo.a.ax
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PHCYHOK 8 3aBHcHMoCTL 3tteKTHDROCTH KaMep 8Y, 131..,. 15Y H 25Y OT DoporOBoro HB

npJDl:eUHII. 

3a.BHCHMOCTb 3cpcpe.KTHBHOCTH neKoTophlX KaMep B O,UHOM 113 CeaHCOB 113Mepe

HHM OT nO,UaBaeMOrO 8ft HHX HanpllJKeHHlI npe.n:CTaBJIeHft Hft pHC. 9..lJ;UI KaJK.D:OM Ka

MCPbI 3aBHCHMOCTh HMeeT CBoil BH,ll. KpoMe Toro, 3a.BHCHMOCTh ,lUI1I O.llHOH KaMepbl 

MOJKeT MCHHTb CBOH BH.ll OT ceaHca K ceaHcy. B mo6oM cnyqae HMeeTCll 06nacTb 

pe3Koro pOCTa 3cp$CKTHBHOCTH M .o6nacTb BblXO,l(a 8a nnaTO. XOPOIllO pa60TaIOH{aJI 

KaMepa 15Y B1>IXO.llHT Ha ypoBeHb 60nee 95% yJKe npH HanplliKeHHH 3.65 KB. npH 

Hanpj[JKeHHH 3.85 KB Y KaMCPfAPC3KO B03paCT8.lOT IDYMOBble TOKH. BClIe.llCTBHH 

noro, y KaMep1>1 nOllBJUIIOTClI cnyqaMHble npo60H. I.I.IHpHHa pa6otfcro flJIaTO KaMC

pbl 15Y COCTaBIDIeT 200 B. KaMcpa 21Z npH6mi>KaeTc.sr K 3$Q>eKTHBHOCTI1 95% npM 

HanplliKCHHH 60J1.MUCM 3.75 KB. Y:)TOM KaMepbI II1Hpl1Ha pa601.fero nnaTO HeMHoro 

MeHbme 200 B. KaMcpa 13Z Ha TInaTO HMeeT'l$$eKTHBHOCTh 110PJol.lJ.K8 90%. 

http:110PJol.lJ.K8
http:npH6mi>KaeTc.sr
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3,50 3,55 3.60 3,65 3.70 3,75 3,80 

BanpsureHHe DO,'qaa&eHOe sa lCaxep~, xB 

PaCYHOK 9 38BHCHMOCTb'ltteKTHBHOeTH K8Mep J5Y, t3Z H 2IZ OT nO}laBaeMOro HB HHX 

HanpJDtreHBII. Artll KaMepw lSY npHBe}leHbl WYMoBbie TOKR. 

9. CIlaKTOPbI, BJJHSlJOIUHe ua pa6o-ry KaMep 

nOcne .nJlHTenhHOrO nepepbIBa B pa60Te npM BKJII01.feHHH Ha J<:aMepax B03HHKa

:tOT nOBhIllIeHHhIe TeMHOBble TOKH (B03MOJKHO H3-3a nona,naHHSI qaCTHll nh1JTH), lflO 

He n03BO.JUleT nO,lJ.aTb Ha HHX pa60Qee HanpSlJKeHUe, 06eCneQliBaIDUl,ee XopowytQ 

~q.eKTH8HOCTh. Co BpeMeHeM TeMHOBble TOKH YMeHf>wa:tOTCSI H Hanp.IDKeHHe Y,lJ.a

ercSI nO,lJ.HSITh ,lJ.O pa6oQero. Ha pHC. 11 npHBe,lJ.eHhI 3aBliCHMOCTH 3<p<peKTHBHOCTH OT 

BpeMeHH .2XJUI KaMep 5Y H 25Y H 19Y. BH,lJ.HO, qTO K8MephI 5Y H 25 Y BOWJIH 8 

HOPMaJIhHhIH peJKHM pa60ThI npUMepHO qepe3 CYTKH. ·3aTeM Ha HHX 6blJIO no,nmITO 

HanpSlJKeHHe H yseJIHQeH8 3$$eKTHBHOCTh. )J,Juf BXO,lJ.a B peJKHM KaMepe 19 Y no

Tpe60BaJIOCb ,llBoe CyTOK. 

http:BH,lJ.HO
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BpeMR,cyrKM 

PueyHOK 10 3aBHCRMoeTL 1f)+eKTIIBHOCTH, KaMep 5Y, 25Y H 19Y OT BpeMeBB. 

Bo BpeMJI H3MepeBHHKaMephi pa60T8JIH npH pa:mOH HBTeHCHBHOCTH nyqK~ KO

TOpWI KOHTpOJlHPOBaJIacb nyqKoBblM MOHHTOPOM H3 4-x CUHHTHJlJlRUHOHlfhJX C'IeT

I{HKOB~ CTOJlmHX Ha nYI{Ke nepe.n KaMepaMH. )l,Ba CtteTt{HKa HMelOT p83Mep 4x4 CM, 

JlBa llpyrHx 20x20 CM. llsa MaJIeHhJ(HX C~erqHKa npaKTH'IeCKH H onpeJleJIJlIOT Mo

HHTopHhm ClJer. HaCTpOHKa MarHHTHOrO TpaKTa n03B0.IUlJ1a Cq,opMHpoBaTb nyqoK, 

60JIbwYJQ lJacTb nyqKa B npeJIeJIax 4x4 CM Tal<, ttTO MOHHTOPHhlH C'IeT ('1eToepHhJe 

COBna,n,eHBJI CI{e'NHKOB) COCT8B.LUUl 55%-75% nOJIHOH HHTenCHBHOCTH nyqKa 

(JlBOHH'ble COBna,neHHR 60JI'bWHX ClJeT1JHKOB). YCKOpHTeJlh Y -10 06ecneQHB8J1 c6poc 

KaJK)l.hIe 4 ce~I, npH nOM )lJIHTeJI'bHOCTb c6poca COCT8BJJHJla nopR,UKa I ceKyu
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J\hl. Pa60lJaJI HHTeHCHBHOCTb no nY4KOBOMY MOHHTOPY .l1,epJKaJIaCb OT 100 TbIC}fq .l1,O 

600 ThICK'! qaCTJom: B ceryH.Zl.Y. 3arpY3Ka KaMep onpe)leJIlIeTc)) nOJIl"lOH HtITetICHBHO

CTbIO llyqKa H, KpoMe Toro, 3aBHCHT OT YCJIOBHH 3KcllepHMeHTa. B H'3MepeHIDIx C 

MBmeHbJO, pacnOJIO)l(eHHOH 3a nyqKoBbIM MOHBTOPOM nepe,ll KaMepaMH, 3srpY3Ka 

nepeJIHHX Karvrep pe3Ko B03paCTaeT. )J.OIDl oliHoTpeKoBbIx co6brrnH yMem.waeTCJI C 

POCTOM HHTeHCHBHOCTH nyqKa. 3To MO)J(eT 6hITb CB1I3aHO C yxy;:uneHHeM 4>OHOBhIX 

YCJIOBHH 3KcnepHMeHTa, C yseJIHlIeHlfeM CJIyqaHHbIX MacTepHblx 3anycKoB, a TaIOKe 

C YMeHhmeHBeM 3tP<peKTHBHOCTB oTllenhHbIX KaMep C POCTOM 3arp)'3KH, oc06eHHo B 

06JIaCTH nyt{Ka. Ha pHC. 11 nOKa'3aHa 3aBHCHMOCTb .lI.OJIH O.lI.HoTpeKoBblx C06bITHH 

OT HHTeHCHBHOCTH nyqKoBbIX l.faCTHll, H3MepeHHO:H no nOKaJaHHlIM nyqKoBoro MO

HHTopa. npHBelleHhI .lI.aHHhle .lI.1ISI 3KcnepHMeHTOB no H3Mepemno HMnYJIhCa qaCTHU 

nytIKa. 

OrMeTHM, "ITO HMnYJIhCHOe pmpellleHHe cneK1pOMeTpa nOqTH He 3aBHCHT OT 

HHTeHCHBHOCTH H nHWb HeMHoro (Ha HecKOJlbKO npOlleHTOB) YXYD.maeTClI npB MaK

CHMWlbHOM qHcne qacTHll;. 

HeCMOTPSI Ha paseHcTBo OCHOBHhIX TeXHHlIeCKHX XapaKTepHCTHK KaMep (MeJK3

JIeK1pO.lI.HbIH 3a30P, paccTOSIHHe MeJKllY npoBOJ]Ot{KaMH,HCnOJIh30BaHHble npH H3ro

TOMeHHH MaTepH81lbI H D.p.), HX pa60l.fHe peJKHMbI pa3JIH'1aJOTClI. 31'0 MOJKeT 6bITb 

CBSI3aHO KaK C HeKoTophlMH KOHCTpYKTHBHblMH oc06eHHOCTlIMH KaMep, TaK H C yc

JIOBHlIMH pa60TbI Ha nyqKe: nepeD.HHe KaMepbI 06hl1:180 3arpYJKeHbI CHJIhHee 3a.llHHX. 

YBeJIHt{eHHe 3arpY3KH npHBOD.HT K YMeHbweHHIO 3$$eKTHBHOCTH H, KaK CJIeD.CTBHe, 

K HeofixoD.HMOCTH nO.LlHHMaTh HanpJIJKeHHe Ha KaMepax. 

Ha pHC. 12 rrpHBe.lI.eHhI Cpe.lI.HHe 3«p<peKTHBHOCTH H pa60lJHe HanpIDKeHIDI .1l1I1I Y
H 2- KaMep cneKTpoMeTpa, pacnOJIOJKeHHbIX nepeD. H 3a MarHHTOM (MaJIhIe H 6011b

llme KaMephl) .lI.JlSl 6onbliloA rpynIIhI 3Kcn03HUHH B O.lI.HOM H3 ceaHCOB H3MepeHHH 

Ha nYlJKe c MHmeHhJO. OrMeTHM, 1.fTO OT ceaHca K ceaHCY pa60lJHe HanpRJKeHHJI Mo

ryT MeH.HThCH (HarrpHMep, H3-3a H3MepeHH1I aTMoc<pepHoro .llaBJIeHIDI, JIOfHKH cpa

6aTbIBaHHJI MaCTepa H HHTeHCHBHOCTH flyqKa), HO OTHOCHTeJIhHbIil xapaKTep nOBe

,lJ,eHHg KaMep OCTaeTC.$I rrpeJKHHM. 

l1MeeTcg 60JIhWM rpynna KaMep, pa60TaJOlllHX XopoWO B HMeJOlllHX 3<P<pe.K

THBHOCTh 60JIhme 95%. K 3TOH rpynne OTHOCgTCSI HaXO,llJlIIJ)leCJI B O.lI.HOM 6JIOKe 

KaMepbl 15Y, 16Y, 17Z H 18Z, KaMepbI .ao MarHHTa 8Y 12Y 13Z H 3a MarHHTOM 

19Y H 26Y. HeMHOfO xY)Ke pa60TaJOT K8.MepbI 10Z, 21Z, 25Y, 28Y H 29Y. I1x 34>

$eKTHBHOCTb COCTaBJIXeT HeMHOfO 60nbwe 90%. nOHBJKeHHrut 3$q,eKTHBHOCTh 

KaMepbl 29Y 06'MICHHeTCg TeM, lJTO B CBSI3H C ee MaJIbIM p83MepOM He Bce t{aCTHUbI 

perHcTpHpYJOTC.H B HeB. 

KaMephI 5Y, 7Z, 22Y Ii 24Z xapaKTepH3YIOTCg nOHI'DKeHHOH 34l<peKTHBHocTbJO. 

CHHiKeHHe l<PcPeKTHBHOCTH KaMep 5Y H 7Z 06'hSICHlIeTC.H HX 6JIH3OCTbJO .K MHIlleHH. 

tIaCTHUbl eme He YCI1eBaJOT Pa3JIeTeTbCH Ha 3aMeTHOe paCCTOHHHe, H UeH1p KaMepbI 

pa60TaeT npH 60JIhmOH HHTeHCHBHOCTH, ':ITO npHBOLlHT K npoCqeTY qaCTHIl H CHB

lKeHHIO'l<p<peKTHBHOCTH. TIPH':IHHOH CHHlKeHHX'l<p$eKTHBHOCTH KaMep 22Y H 242 

http:npHBOD.HT
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JlBJUlJOTCJl HK ICOHCTPYKTHBHhIe OC06eHHOCTH. fiPH YBeJIHqeHHH HanpBiKeHHB Ha 

3THX KaMepax pe3KO B03paCTaeT BepoJlTHOCTh n)x>60B. 
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hcyaoK 11 • mHCBMOCT:h :JtteKTBBHOCTB npoBe]leHHIl 1'peKOB OT HIITeHeHBHOCTH ny'lKa 

no uy-ruBOMY MOHHTOpy. 
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HanpH~eHMe Ha KaMepax, (KB) 

PHCYHOK 12 3aBHcBMoCTh ~.eKTRBHOCTR OT HftuplDICeHRB JVIB Pft31fR'IHWX KftMep. K8811

pan.1 - lIf!'pe1lHHt Y h.'"a~tepbl, TO'lKH - nepf'JlRJle Z KaMepbl, TpeyrOJlhRRKH 18!lRRe Y K8

Mepbl, nepeBepRYTble TpeyrOJlbHHlCH lMHHe Z KaMepbl. OPBMblMH eoeAHHeHbl COOTBeTCT

BylOUlHe rpynnbl KaMep. 
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10. 3++eKT CTllpeHua nponOpnHOHaJlLHLIX KaMep 

TIp" ~HTenbHoH 3KcnnyaTaUHH rrponopUHoHanbH@x KaMep B HHTCHCHBH@X 

nyqK8X lfacmu H86monaeTC.R YMeHbweHHe HX 3$4>elmfBHOCTH. TaKoH 3$cpeKT Ha

3blBaeTCR cTapeHHeM. 34>4>eKT CTapeHHJI npOJlBJIJleTCR TalOKeB BH,ZJ.e COKpameHHJI 

nnaTO ClfeTHOH Xap8KTepHCTHKH B CB.R3H C B03paCTaHHeM caMono.n.n.ep)KHBalOIIUiXClI 

TeMHOBblX TOKOB H, B KOHelfHOM c"lfeTe, MOlKeT npHBeCTH K P83PLIBY npoBonolfeK. 

3cpq,eKT cmpeHHJI B03HHKaCT H3-)8 OC8)K,UeHHlI H nonHMepH38nHH opraHHlfecKHx 

coc.nHHeHHH Ha nOBepxHocTH 3neKrpO;J,oB B KaMepe. 0630p npHifHH, BbI3bIB8lOIIlHX 

CTapeHoe KaMep, a TalOKe 4>8KTOPOB npoBollHpyrolllHX H 3aMe,nJUllOIIlHX CTapeHHe, 

npHBe;J,eH B [16]. 
3$<PeKT CTapeHHlI Ha6mo,noeTC.R H .1lJUI nponopUHOH8nbHblX KaMep .neTeKTopa 

MAr. Ha pHcyaKe 13 npHBe.n;eHbI38BHCHMOCTH pa60liHx HanpJlJKeHHH Ha KaMepax 

OT HOMepa ceaHca H3MepeHHit HOMep8 ceaaCOB MOlKHO COnOCTaBHTb C npo.nOJl)KH

TeJIbHOCThIO pa6oTb1 KaMep H C lfHCJIOM "IaCTHU nonaBlUHX Ha npoBOJlO'IKH H KaTO.n 

(c yqeToM Ko3¢JtPHIlHeHTa r830Boro YCHneHHJI). npHBe,neHHbIe CeaHCLI OXBaTbIBaIOT 

nepHon BpeMeHH C 1995 no 2003 rO;J,LI C cYMMapHbIM qHCJlOM qaCTHIJ; npome.nwHM 

lfepe3 KaMepbI nOp1l.1lKa 2_1012
, npH noM 3arpY3Ka Ha e,nHHHUY nJIOWa.nH ueHTp8.1lb

2
HOH 06nacTH KaMep COCT8BHJla npHMepHO 4_1011 

lfaCTHn/cM • ,lJ)UI BblBO;J,a KaMepbI 

B pa60liHit peJKHM Hanp.R)KeHHe HO Hei nocreneHHO nO.llHHMaJIH, lIT06bI nOJIyqHTL 

60JIbWyro 3c:pcpeKTHBHOCTh. npouecc orpaHHlfeH pe3KHM YBeJIHlfeHHeM TeMHOBblX 

(cpoHOBbIX) TOKOB C ,nanbHeHlUHM yaeJlHlfeHHeM Hanp.R)KeHH.R. TaKHM 06p83oM, pa

60liee BanpJI)KeHOe JIBJJJIeTCJI xapaKTePHCTHKOH KaMepbl. B K3.'>JC,nOM ceaHce Ha

crpoAKa KaMep HeMHoro MeHBJIOCb, TaX KaK MeH.RJlHCL KOHKpeTHble YCJIOBH.R H3Me

peHHH (HHTeHCHBHOCTb nyqxa, H8nHlfHe HJlH oTcyrcTBoe MHweHH, aTMoccpepHoe 

.n8BJIeHHe). TeM He MeHee BH;J.HO, 'ITO xapaKTep nOBe.neHHlI pa3JlHlfHhlX KaMep HMeeT 

onpe,n;eneBHYIO TeH.1leHUHIO. tJeTKO npocneJKHBaeTCJI TeH.1leHl(HB yaeJlB"IeHHJI paGo

"Iero Hanp.R)KeHHJI. 3a BpeM.R Ha6mo.neHHlI cpe.1lHee pa60lfee Hanp.oceHHe KaMep 

BhlpOCJIO Ha 300 B. 3To CBH3aHO C Heo6xo,lUlMOCTLIO KOMneHCHpOBaTb YMeHbmeHHe 

KO~HUHeHTa r830Boro YCHJIeHH.R H3-3a nOJIHMep038UHH nOKPhlTIUI npoBOJIOlfeK. ,. 

EcnH 6hl MbI He no,nHHMaJIH HanpjI)KeHHe, TO K03CP<pBUHeHT r830B01'0 YCBJleHHJI K 

nocne.1lHeMY ceaHCY YMeHbWHJICg 6b1 B 4 p83a no cpaBHeHHlO c HalfaJIbHblM. 3ro 
npHBeJIo 6bI K 3HalfHrenbHoMY YMeHbweHHIO 3<pc:peKTHBHOCTH. B OT.1leJIbHbIX c.n:yqa-

JIX npouecc p83pymeHHg npoBonolfKH 38KaHlfHBaeTCH ee 06pbIBoM. llOJIHMepH3aUHg 

nnOCKOCTH KaTOlla npoHBIDleTCH B BHlle ysenH"IeHHJI TeMHOBbIX TOKOB. 

http:nJIOWa.nH
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28 

11. 3aJCJ1IOQeHHe 

ilpoaHamt:3HpOBaHa pa60Ta MHOrorrpoBOJlO'CfHLIX rrporropnuoHaJIbHblX KaMep cneK


TpoMerpa MAr, cO}lep)KaInHX 25 KOOPJUfH8TIlhIX rrJIOCKOCTeH C 06WHM 'lHCJIOM 


npOBOJIOtfeK OKOJIO 10 ThICSI'Cf, 


B pe'lyJIbTaTe 7 neT 3KcnnyaTaIlHH MITK HaKOnneH 6oJlblloH 06DeM M8TepHaJIOB 


no pa60Te MHorOnpOBOJIOtUILIX rrporropUHOH8JIbHI:dX KaMep. 

bLlJl npOCne::>KeH nyTh CHrBaJIa B03HBKaJO~ero B KaMepe npB npoXO)J{)J.eHBB '3aP.Sl


JKeHHolt qacmD;hl ~o BbIXo~a cxeM YCHJIeHHH. 


H8H60nee BePOJiTHO cpa6aTb1B8Hue O.lUloit npoBOJlOllKH. qHCJlO MHOrOlCJIaCTepHbIX 


cOOLI1lIH 3aBHCHT OT pe::>KHMa pa60Tht KaMepLl H JlOrHKH Macrepa. 


KOOpJ(HH3mOC p83pCmeHBe K8Mep FWHM COCTaBJVleT 1.35MM. 


HanH'tfHe rro.zmepiICKH C HanpSIJKeHHeM 1.8 KB JIBJIJIeTCH Heofixo,lUfMldM YCJIOBHeM 


pa60T'L1 KaMep. 


HccJIe~oB8JIac:b 3aBHCHMOC'l':b ~eKTHBHOCTH KaMep OT nO~aBaeMOrO HanpSIJKeHIDI. 


)lruJ 60JIbmHBCTBa KaMep YllaeTClI nOJIyqHTb ~KTHBHOCTb 6oJIbmyro 95% B pe

aJI:bHI:dX YCJIOBHJlX pa6oTht. OrpaHHQeHHe no TeMHOBblM TOK8.M He rr03BOJIJleT IIpH

6J1H3HTCJl K 100010 ~cpeKTHBHocnI KaMep. 


B HeKoTopIdX KaMepax 3f}lcpeKTHBHOCTb yMeHbmaeTCR B ofiJlacTH nyqxa. 


C pocTOM 3arpY3ICH ~KTHBHOCTh KaMep YMeHbmaeTC.I. 


IloCJIe rrpoXoJK,D;eHH.Sl 2*1012 3apSIJKeHHbIx tfacTHU Ha6JI1o~8IOTCH 3$cpeKTbI CTapeHIDI 


KaMep, npHBoJVIIIUfe K YMeHbmeHHIO aMIIJlHT)'llbl _ CHrH8JIa H, He06xo}luMocTH YBe


JIH'CfHBaTh aanp.Sl)KeHHSI Ha KaMepax ~JUI KOMneHcauHH myrepb. 


npu llaJIbHe1imeil 3Kcnny8TaUHH MHoronpoBOJIOll.HhlX nponopUHOH8JlbHblX K8Mep 


cneKTpOMeTpa MAr He06xo;lUlMo nepexollHTh Ha ra30BYJO CMeCb C MeTHJl8JIeM. 


ABroPbI npHHocwr r.rry60Kyro fiJlarO~apHOCTL H.JJ;. ranaHHBOH, B.C• .neM~oBY, 


Ji.lLI1aBnOBY, H.A. X8JlII.eeBOI H B.Ill. 3nmTeIHY 38 ueHHble 38.Me'Cf8HHlI H 06cy

JK.IleHHIl pa6OT'L1. 
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TeXIIHKH rpalK,ZlaHCKOrO Ha3HaQeHHJI" no~rrporpaMMa uc:1>yH.naMeHTaJlbHWI ~epHWI 
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