
06'bELU1HEHHbil1 
HHCTHTYT 
R.llEPHbIX 

HCC!IELlOBAHHi::t 

Lly6Ha 

s 
~ 
:s 
:c 
>< w ... 

Pl3 - 6522 

JI .C .A)KrHpeif, B.B.AcattoB, JI.B.By,nKHH, B.A.BbitIKOB, 
A.C.Ky3HeQOB, r.,ZJ;.CTo~eTOB, A.~.~H~030B 

CMCTEMA IlPOBOJIOqHhlX MCKPOBhlX KAMEP 

C nAMHThID HA ~EPPMTOBhlX KOJibQAX 

1972 



Pl3 - 6522 

JI.C.A)l(ntpeii, B.B.AcaHoB, JI.B.ByAKHH, B.A.Bbil!KOB, 

A.C.Ky3HeQoB, r.~.CTo~eToB, A.~.~H~o3oB 

CMCTEMA TTPOBOJioqm1x JtfCKPOBhIX KAMEP 

* C TTAM.HTbIO HA ~EPPMTOBhIX KOJibU:AX 

HanpaB.neno B /IT:J 

* 0 KOHCTPYKUHH HCKpOBblX KaMep coo5manocb Ha BceCOI03HOM 

Hay,rno-TeXHH'!eCKOM CeMHHape "HoBbie o5pa3Ubl JleTeKTOpOB .IIJlepHbIX 

H3ny'!eH11li II HX IIpHMeHeHHe B HayKe II TeXHHKe", MoCKBa, Mali 1970 I', 



BBeJleHne 

ITpo.Bono"IHbie lICKp0BbJe KaMepbi HaIImlI umpoKoe npnMeHeHHe B OilbITax 

no paccesrnmo "lciCTlIU BbJC0KlIX 9Heprnii, I'Jl8 Heo6XOJllIMO npolI3B0JllITb T0"I

Hbie lI3MepeHHH K00PJllIHaT Tp8K0B qaCTlIU B npenenax 6onbIIIlIX TenecHbIX 

yrnoa. 3anaqa 6bICTpoii o6pa6oTKH 6onbIIIoro 061,eMa nocTynaromeii npn aToM 

irncpopMaUHlI nyTeM yqacTHH 3BM B 9KCnepHM8HTe TaKme ycneIIIHO peIIIaeTCH 

npn ncnonb30BaHHlI M8T0lllIKlI npoBono~HbIX KaMep. B HaCT0HIIJeii pa6oTe onn-

caHbl K0HCTpyKUlIH lI H8K0T0pble q>lI3lI"l8CKHe xapaKTeplICTlIKlI ClICT8Mbl 

npoB0n0"IHbl,X lICKp0BbIX KaMep c naMHTblO Ha cpepplITOBbIX K0nbuax, paapa6o

TaHH0H nnsr 9KCneplIM8HT0B Ha Bb1B8ll8HH0M nyqKe npoTOHOB ClIHXpocpaaoTpo

Ha 011fll1. OnncbIBaeMbie KaMepbI nonmHbI cnymHTb nnsr perncTpaunn Koopnn

HaT Tpa~KTOplIH pacceHHHbIX qaCTlIU Ha Bxone lI BbIX0lle MarHHTH0I'0 cneKT

poMeTpa. 

KoHcTpyKUHH ncKp0BbIX KaMep 

ITpn paapa6oTKe lICKp~Bb!X KaMep Y"IHTbJBanHCb cpaKTOpbI, CBH3aHHbl8 

C 3aTpaT8MlI BpeM8HlI H cpencTB, Jl0CTYilH0CTblO MaTepnanoB, TexHonornq

H0CTbJO. lI3I'0T0BneHHH, KoHCTpyKTlIBHO KaMepbi BbmonHeHbl lI3 0Tll8nbHbIX 

6noKoB: lICKpo~oro npoMemyTKa, llByx MaTpHU naMH;lI, llBYX reHepaTopoB 

onpoca lI Bb!C0K0B0nbTH0I'0 reHepaTopa, CM0HTHpoBaHHbIX Ha o6meM 0CH0-

11,. 
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BaHHH. BnoqHaR KOHCTpyKUHR KaMep ynpomaeT npouecc HX HSrOTOBneHHR 

H IlOSBOnReT nerKo ocy:uiecTBnRTb saMeHy HnH peMOHT OTAenbHbIX ysnoB. 

05mHfi BHA KaMeI? Tpex MonHqmKaunfi,pasnnqaromHXC.H pasMepaMH pa-

5o'l:efi o5nacTH - 116xl 16, 308x308 H 308x616 MM
2

, noKasaH Ha pHc. 1. 

C'beM 1rncpopMaUHH ocymecTBneH C IlOMOlllblO rraMRTH Ha cpeppHTOBbIX 

KOn&uax, XOTR KOHCTpyKUHR HCKpoBoro rrpoMe)KyTKa IIOSBOnReT rrpnMeHHTb 

H MarHHTOCTpHKUHOHHbifi crroco5 C'l:HTb!BaHHR. I1acpopMaUHR cqHTb!BaeTCR 

c o5on:x aneKTPOAOB KaMepbI, OAHaKo IIpH Heo5XOAH MOCTH KaMepy MO)KHO 

rrpeBpaTHTb B OAHOKOOPAHHaTH yro, 'l:TO BABOe COKpamaeT Tpe5yeM oe KOnH

'l:eCTBO MaTpHU rraM RTH H reHepaTopoB orrpoca. 

I1cKpOBOH rrpoMe)KyTOK o5pasyeTCR ABYMR BSaHMHO opToroHanbHhlMH 

CHCTeMaMH X H y rrapannen&Hb!X HHTefi, SaKperrneHHblX Ha paMKe HS CTeK

noTeKCTOnHTa TOnlllHHOH 8 MM. 8TH CHCTeMbl RBnRlOTCR COOTBeTCTBeHHO 

saseMneHHbIM H Bb!COKOBOnbTHbIM aneKTpoaaMH KaMepbI. PaMKa HCKpOBoro 

rrpoMe)KyTKa cKneeHa HS rrpRMoyron&HbIX rronoc, HapesaHHbIX n:s mrcToBoro 

cTeKnoTeKCTOnHTa MapKH CBAM 5es AOIIOnHHTenbHOH o5pa5oTKH. TTepen 

HaMOTKOH aneKTPOAOB Ha paMKy HaKnenBanHCb BblBOAHbie KOHTaKTHbie 

rronOCb! anR pacrrafiKH rrpoBono'l:eK H IIOAKnroqeHmI MaTpHU rraMRTH. Ha KOH

TaKTHbIX nonocax, nsroTOBneHHbIX HS cponbrHpOBaHHOfi CTeKnOTKaHH <l>llM-1, 

cpDTDXHM nqeCKHM MeTO.[(OM Bb!TpaBneHbl rrpOBD.[(HHKH IIIHpHHOH 0, 6 MM c urn

roM 1,2 MM. 

8neKTp0.[lbl HaMaTbIBanHCb na crreuHanbHD paspa5oTaHHDM CTaHKe. CTa

HOK o5ecrreqnBaeT paBHOMepHOCTb rnara HaMOTKH :!:.O, 1 MM, IIDCTOIIHCTBO na

TR)KeHHII IIpOBOnOKH :!:_10% B rrpeaenax OT 30 ao 300 r H IIOSBon11eT HaMo

TaTb aneKTpon cpenHHX pasMepoB sa 45 MHH. HaMOTKa rrpoHSBOAHnacb C rna

roM 1,2 MM rrpoBonoKofi anaMeTpoM 0, 1 MM ns Mean nnH 5epHnnneBofi 

5pOHSb! C HaTII)!{eHneM. CDOTBeTCTBeHHO, 130 nnH' 250, r. TTo qeTb!pe no

rronHHTenbHb!X HHTH c o5enx CTopoH Ka)Knoro aneKTpona 06ecrreqn:Ba10T oaHo

ponHoCTb aneKTpIPiecKoro rron11 B pa5o'l:efi o5nacTn KaMepbI. lln11 ycrpanean:11 
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Pnc. 1. O6mnrr BHJl JicKp0BbIX KaMep. 



nO)KHbIX KpaeBb!X npo6oeB iu>ail:mre HIITII IIMeIOT ,UIIaMeTp 0,8 MM II OTCTO.HT 

OT BHyTpeHHIIX KpOMOK paMKII Ha 12 MM. BHyTpeHHIIil: o6'heM KaMepbl OT,uen.H-

• 
eTC.H OT BHeurneil: cpe,llbl nonIIaMII,llHOfi nneHKOll ITK4-A Tonnrnaoil: 50 MKM 

II sanonH.HeTCH pa6otJIIM rasoM. Ka)K,lla.H KaMepa no MHOI'OKpaTHOMy pac

ce.HHIIIO 9KBIIBaneHTHa - 40 CM B03,uyxa ( 75% .ua10T n;~BonotJKII, 20% -

sa11IIITHbie nneHKII II 5% - rasoBa.11 CMeCb) • 

MaTpIIUbl naM.IITII CM OHTHpOBaHbl Ha nnaTaX II3 cjionbrIIpOBaHHOI'O cTeKno

TeKCTOnHTa TOnllIIIHOll 1,5 MM, Ha KOTOpb!X Bb!TpaBneHbl TaKIIe )Ke npoBO,llHII

KII, KaK II Ha BbIBO.UHbIX nonocax aneKTpo,uoB. KoHTaKT MaTpHU naM.IITII 

C aneKTpo,uaMII ocymecTBn.HeTC.11 C IlOMOIIlb!O MexaHIItJeCKOI'O npII)KIIMa. MaT

pIIUbl ,un.11 saseMneHHOI'O II Bb!COKOBOnbTHOI'O aneKTpO,UOB II,UeHTII'IHbI, npo

P•O.UHIIKII Ha HIIX o6'he.UHHeHbl o6meil: lllIIHoil:, KOTopa.11 nII6o saseMn.lleTC.11, 

nII6o IlO.UKn10qaeTC.H K BbICOKOBOnbTHOMY reaepaTopy. ITpoBO,UHHKH MaTpIIU 

naM.IITII HMeIOT pa3pb!BbI, B KOTOpb!e .Bna.llHbl nepeMbl'IKII II3 npoBo,ua MrT<t> 

C HaCa)KeHHblM II Ha HIIX cjieppIITOBb!MII KOnbUaMIIj 9TII nepeMbl'lKII II cny>KaT 

o6MOTKaMII sanHcH. Bee KOnbUa pa36IITbl Ha rpynnbI no 32 KOnbua, Ka)K,llaH 

rpynna IIMeeT 06my10 o6MOTKY CtJIITbIBaHII.H, no,uKnIOtJaeMyIO K COOTBeTCTByIO

meMy reHepaTopy onpoca~ KpoM e Toro qepes o.uHoIIMeHHhie Konbua scex 

rpynn npOXO,ll.HT CIII'HanbHbie o6MOTKII, coe.uIIHHeMbie C ycHnIITenHMII CHCTeMbl 

CtJHTbIBaHII.11. M aTpIIUbl naM HTII .UnH aneKTpO,UOB lllHpIIHOil: 116, 308 II 616 MM 

co,uep)KaT no 96, 256 II 512 Koneu, COOTBeTCTBel!HO. ITpIIMeHeHbl cjieppIITOBbie 

Konbua c np.11MoyronbHoil: neTneil: rIIcTepesIIca MO, 16 ·BT-2 pasMepoM 

3 
2 X 1,4 X 1 MM • 

feHepaTop onpoca, npIIHUHnIIanbHaH cxeMa KOToporo noKa3aHa Ha 

pIIC, 2, o6ecnetJIIBaeT IIMnynbC TOKa C'IIITb!Bal!IIH .UnIITenbHOCTb!O 1 MKCeK 

II aMnnIITy,uofi 1,5 a. 8TOT IIMnynbC ,llOCTaTO'lell 'nn.11 O.UHOBpeMeHHOI'O II3Me

HeHII.II COCTOHHIIH HaMarHII'leHHOCTII He MeHee tJeM y 10 Koneu B rpynne. 

feHepaTOpbl onpoca CMOHTIIpoBaHbl Ha nnaTax, Ha KOTOpb!X Bb!TpaaneHbl 
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Pnc. 2. ITpnHunrrnanbHaH cxeMa reHepaTopa orrpoca. 

I 

24 BbIXOJlHbl~ WHHbl JlewmPpaTopa C'leT'IHKa rpyrrrr; HOM ep rpyITITbl orrpeJle

nHeTCH KOM6HHaunefi Tpex ITO/lCOeJlHHeHHbIX K reHepaT opy WHH. MaTpHUbl 
' I 

rraMHTH n reHepaTopbI orrpoca pacrroho*eHbI Ha ocHoBaHHH KaMepbI TaK, 

'ITO BKmo'leHne o6MOTOK C'IHTb!BaHnsi: ocymeCTBnHeTCH 6e3 rrpoMe)KyTO'IHOro 

Ka6enH. 

ITpnHunhnanbHaH cxeMa BhlCOKOBOnbTHoro reHepaTopa rrpnaeJleHa Ha 

pnc. 3. ilnH cjiopMHpoaaHHH Bb!COKOBOnbTHoro HMrrynbca rrpnMeHeH BaKyyM

HbIH HCKpOBOH paspHJlHHK BHP-14, sarrycKaeMb!H n',MrrynbCOM rronO)KHTenbHOH 

rronHpHocTH oT 
1
o6mero ·JlnH acex KaMep reHepaTopa HMrrynbCHbIX ~arrpH)KeHnfi. 

Bb1coKoaonbTHbIH reHepaTop o6ecrreqnaaeT apeMH HapacTaHHH rrepeflHero 

cjipoHTa Bb!COKOBOnbTHOro HMrrynbca He 6onee 20 HCeK H BHOCHT 38/lep)KKY 

- 25 HCeK. nnnTenbHOCTb HMrrynbca orrpeJlenHeTCH 3Ha'leHHHMH HaKoITHTenbHOH 

eMKOCTH CH ' eMKOCT.H KaMepbl Ck H wyHTHpyrornero corrpoTHBneHHH R w· 

feHepaTop HCITb!TbIBancH a ycnOBHHX, HMHTHpyro!IlHX pa6oTy Ha CHHxpoc!>aso-
. 5 

TpoHe OH.HM. Bbmo rrponaBeJleHo 2 • 10 aarrycKoB I}HP-14 naqKaMH HMrrynb-

coa; JlnHTenbHOCTb rra'IKH COCTaBnHna 0,3 ceK, 'laCTOTa HMrrynbCOB BHYTPH 
'llo, 
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P1Ic. 3. ITpm:1u1In1IanhHaSI cxeMa BhICOKOBonhTHoro reHepaTopa, 

na':IKII - 300 ru, ':lacToTa cnenoBaHIISI na':leK - 0, 1 ru. ITocne 1ICnh1TaH1Iil: 

oTKnoHeHIIii B napaMeTpax BbICOKOBonhTHoro IIMnynhca He Haomonanoch. 

ITplI OTpaooTKe KOHCTPYKUIIII KaMep ObinlI np1IH5ITbl M epbl no yMeHb

llieHIIIO napa31ITJ:lb!X eMKOCTeil: aneKTponoB KaM ep OTHOCIITenbHO 3eMnlI II OT

HOCIITenhHO aneMeHTOB aneKTpOHHblX cxeM, ycTaHoBneHHhlX Ha KaMepax. 

3 
B pe3ynhTaTn, HanplIMep, nnSI KaM epbI c paoo':IIIM oo'heMoM 308x308xS MM 

nplI COOCTBeHHOil: eMKOCTII IICKpOBoro npoMe)KyTKa - 240. mp napa31ITHb1e' 

eMKOCTII 3a3eMn5IeMoro II Bb!COKOBOnhTHoro aneKTponoB OTHOCIITenbHO 3eM

nlI COCT8BIInlI - 180 mp Ka)KnaSI. ITp1IH5ITble Mepbl np1IBen1I K ycTpaHeHIIIO Ha

aonoK B uenSIX CIICTeMbl C':IIITblB8HII5I IIHcpopMaUIIII OT cxeMbl IIMnynhCHoro 

IllIT8HII5I, a T8K)Ke ·no3BOnlinlI CHII31ITb BenlI':IIIHY IllIT8IOIUero Bb!COKoro Ha

np5I)K9HII5I. 
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CHcTeMa c•mThIBBHHSI HHrb6pMauH H 

i 
Cx~Ma 3arrycKa HCKpOBb~X KaMep I-I C'IHTb!Ba~HSI HHcjiopMaUHI-1 IlOK838-

H8 Ha puc. 4. ·VJoHH3HpylOinHE:! '18CTHUhl, KOTOpbie !lOmKHhl 6bITb 3aperHCTpH-
I ! ; 

I i 
poBaHbl HCKPOBbIMH KBMepaMH MK, oT6npalOTCSI CH~TeMoil: CUHHTHJIJISIUHOH-

Hh!X c'leTtJHKOB C1 n '? 2 , BKJIIO'leHHhIX Ha coarr~aeHne. HMrrynhc oT cxe

MhI coariaaeHHtt CC qepe3 c:if.eMy 6noKnpoBKH CB i rrocTyrraeT Ha reHepaTop 
! • I I 

HMIIYJihCJ!hIX HarrpmKeHnil: I'MH, cjiopMnpy10mnii HMII~JihChI ansi 3arrycKa BhI-
' ' 

COKOBOJlbTHblX reHepaTOpOB ri_cKpOBblX KaMep. n odne cpa6aTblB8HHSI HCKpOBblX 

' 
KaMep HH4JopM8UHSI O KOOPllHHaTax HOHH3Hpy10meil: iqacTHUhl cjJHKCHpyeTCSI 

i 

B M8TpHU8X Il8MSITH K8K H3~8H8HHe COCTOSIHHSI H8MarHH'l8HHOCTH cjieppHTO-
i I I · 

Bh!X Kon'_eu, COOTBeTCTBylOinHX 38MKHyTh!M HCKpoil:; HHTSIM 9Jl8KTPOllOB. ITpe-
1 : 

o6pa30B£1HHe HH4JOpMau1111, rrpeacTaBneHHOii Ha6opoM orrpoKHHYTblX Koneu, 
i 

K BHllY, !yao6HoMy llJISI pa6o~bl C 8BM, BblilOJIHSieix-csi CHCT8MOil: C'IHTblB8HHSI. 

Ct &wJIJHo• 
Slt:TPtWCmlO 

Pnc. 4. CxeMa 3anycKa HCKpOBblX KaMep 11 C'IHTh!B8HHSI HHc!iopMaunn. 
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CncTeMa C'IHTbIBaHHH 3anycKaeTCH HMnynhCOM OT cxeMbl coBnaneHHH, 
"II 

3anepxrnHHbIM Ha BpeMH cpa6aTbIBaHHH KaMep. ITocTynneHHe nocneny10umx 

HMnynbCOB COBnaneHHH 6noKHpyeTCH cxeMOH 6noKHpOBKH CBI no OKOH'la

HHH npouecca C'IHTbIBaHHH. fpynnhI no 32 KOnhUa nocnenoaaTenhHO orrpa

lliHBa!OTCH non ynpaBneHHeM neBHTHpa3pHnHoro C'leT'IHKa rpynn C noMOIUh!O 

reHepaTopoB onpoca ro c qacToToft 0,25 Mru no Tex nop, noKa He BCTpe

THTCH rpynna, conepxrnmag KOnhIIa, onpoKHHYTbie TOKOM HCKphI. 3TH KOnh

ua non )lellCTBHeM HMnynhca TOKa, npOXO)lHIUero no o6MOTKe C'IHTbIBaHHH, 

nepeBonHTCH B HaqanhHOe COCTOHHHe. ITpn 8TOM B· COOTBeTCTBY!OllllI x· cnr

HanhHblX o6MOTKaX B03HlIKa!OT cHrHanbI, nocTyna10mne qepe3 ycnnHTenH Y 

Ha Tpnrrepb1 32-pa3pHnHoro. perncTpa Koneu. ITepexoJl n106oro TpHrrepa 

perHCTpa Koneu B .COCTOHHH e ,, 1" Bbl3bIBaeT 6noKnpoBKy cqeT'IHKa rpynn, 

cjJHKCHpY!Oll!ero HOMep rpyllllblo ·conep)KHMOe C'leT'IHKa rpynn H COCTOS!Hlle 

perncTpa Koneu Mo)KeT 6b1Th nepeJlaHo B naMHTh 3BM • ITocne c6poca 

B "0" perncTpa Koneu onpoc nponon)KaeTcH. Korna 6yneT onpoIDeHa no

cne)lHHH, 511-H rpynna, CHHMaeTCH 6noKHpOBKa co cxeMbl CE 1 lI MO)KeT 

6bITh npOlI3BeneH cne)ly!OIUHH 3anycK lICKpOBblX KaMep. 

B onncaHHOll Bb!llie cxeMe C'IHTbIBaHlIH irncjiopMaUHH npe)lCTaBnHeTCH 

B BHJle 4 l-pa3pHJlHhrx cno·B. BosMo)KeH TaK)Ke pe)KHM n~peJla'IH HHcjiopMaunn 

B 3BM l 6-pa3pS!JlHb!MlI cnoBaMn. B 8TOM cnyqae COCTOHHHe perHCTpa 1rn

neu KonnpyeTcH ITHThID pa3pHnaMn, naBaH HoMep npoBono'IKH B rpynne. IlBa 

pa3pSI)la ncnonb3y!OTCSI JlnH Toro,· 'IT06bl yKa3aTb KOnH'leCTBO CMe)KHbIX Koneu, 

onpOKHHYTblX 'r.OKOM O)l~Oll lICKpblo 

.XagaKTePHCTHKH ,HCKPOBbIX KaMeP 

IlnH Bb16opa oriTnManhtwro pe)KRMa pa60Tb1 n:CKpoBbIX KaMep nccneno

Bannch 38BHCHMOCTII acjlcjieKT HBHOCTH KaMep H qncna nepeMarHlI'leHHbIX KO--· 

neu Ha lICKPY OT napaMeTpOB BblCOKOBOnhTHoro lIMnynhca, a TaK)K0 npoBo

)lllnHCh lI3MepeHlIH BpeMeHH naMHTlI KaMep npn 3anonHeHnH HX pa3nH'IHb!MH 
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raaaMR. B npouecce RSM epe1m fi KaM epbr 06nyirnn1rcb nyti:KaM R aneKTpo-

HoB OT RCTO'IHRKOB 
90 

Sr RnR 
106 

Ru • 

8~~eKTRBHOCTb perRCTpaIIRR KaMepofi aapH,KeHHbIX qaCTRII·OnpenenHnacb 

KaK OTHOllleHRe ti:Rcna cpa6aTbIBaHRfi KaM epbI K '!Reny aanyCKOB BbICOKOBOnbT

HOro reHepaTopa. B peaynbTaTe R3MepeHRfi HafineHo, ti:To npR rrRTaromeM 

HanpH,KeHRR Ha HaKOITRTenbHOfi eMKOCTR ~ 5 KB, nnRTenbHOCTR ~POHTa BbI

COKOBOnbTHoro RMnynbca - 20.HCeK 1r ITOCTOHHHOfi BpeMeHR paapHha qepea 

llIYHTRPYIOI!lee conpOTRBneHRe - 0,3 MKCeK - a~~eKTRBHOCTb KaMep K aanycKy 

COCTaBnHeT - 98%. TRITR'IHhie· cti:eTHbl8 xapaKTepRCTRKR RCKpOBOfi KaMepbI 

B cnyti:ae aanonHeHRH ee aeoH-renReBofi cMecbro ( -_75% Ne ) noKaaaHbI 

Ha p1rc. 5. ITp1rBeneHHhre xapaK-repRcTRKR nonYti:eHbr ·n·,rn 1rcKpoBofi KaMepbr 

paaMepoM 308x616 cM
2 

c co6cTBeHHOfi 8MKOCT~IO ck= 440 n~ (npR 3Ha

ti:eHRHX napaMeTpOB cxeMbI BbICOKOBOnbTHoro reaepaTopa Cn= 2320 n~. 

R = 115 OM, R = 25 OM). Ha pRC. 5 TaK,Ke noKa3aHO B OTHOCRTenb-
llI or 

HbIX eJJ.1IHRIIaX 'IRCno cnyti:aeB, Karna RCKpoBofi paapHn aaMbIKaeT 1 npoB'o-

noti:Ky, 2,3 RnR 4 cMe_~HbIX ITl)Ol3_0nO'IKR aneKTpona KaMepbij 8TR' naHHbie 

xapaKTepR3YIOT paaMep RCKpbI • 

.. Toti:HOCTb BOCCTaHoBneHRH KoopnRHaT sapH,KeHHOfi ti:aCTR!IbI. C ITOMOlllbIO 

RCKpOBOfi KaMepbI aaBRCRT, B OCHOBHOM, OT paCCTOHHHH s Me,Kny JlBYMH 

/ 1,2/ 
cocenHRMR npoBonoti:KaMR R OT ti:Rcna onpoKRHYTbIX TOKOM RCKpbI J{oneu • 

0Ha MO,KeT t:tocT1rraTb s I 4, ecnR 6ynyT pean1raoBaHb1 ycnoBRH, np1r KOTo-
.,, ' 

pbIX perRCTpllpyeMaH ti:aCTRIIa, nponeTaH· Me,Kny np~Bonoti:KaMR, npRBOJlHT 

K onpoKRJlbIBaHRIO ti:eTHoro 'IRCna CMe,KHb!X KOneu, a nponeTaH B6nR3R 

·· npoBonoti:KR - K onpoKRJlbIBaHRro Heti:eTH oro ti:ncna Koneu. flp1r aToM cpei:rnee 

ti:Rcno onpoKRHYThIX Koneu· ·ij. 6yneT nonyuenbrM. 11a p1rc. 5 BRnHo, ti:To 

t:tnH x. -aneKTpona nx = 2,5 · B. ci6nacTR-.HanpH,KeHRfi ,5,e KB.- t.JTo6bI npo-

BepRTb, pean1rayrorc,H nR B 8TOM cnyti:ae yKa3aHHhie BhIIire ycnoBRH, npRBOJlH-

• IIlRe _K. ITOB,b!llieHRIO. TO'IHOCTR. perR_CTpaIIRR, R3MepHnOCb pacnpeneneHRe co6bI-.. , . ··: . 
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Puc. 5. 3aBHCHMOCTb a«jl¢eKTHBHOCTH K8M8pbl H •mcna Koneu, onpoKHHYTbIX 

TOKOM HCKpbl, OT HanpSDK8HHSI, Ha HSKODHTenbHOtl 8MKOCTH. HanonHeHHe -

75% Ne + He • KpHBbie npoBelleHbI ausyanbHO. 
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THH ITO qncny CMe)KHbIX rrpoBono'IeK, aaTpoHyThIX HCKpoit, nm1 KonnHMHpo

B8HHoro IIY'!Ka aneKTpOHOB. J1aMepeHHH IIpOH3BOllHnHCh B ueHTpanhHOH 

o6nacTH KaMepbl nnH HeoH-ren11eBOH cMecn. TTy'IOK aneKTpOHOB C IIOMOlllh!O 

meneBoro KonnHMaTopa umpHHOH 0,6 MM B OllHOM cnyqae HarrpaBnHnCSI Ha 

npoBonO'IKY, B npyroM - Memny npoBonO'IKaMH, PeaynhTaTbl H3MepeHHH 

npencTaBneHbI Ha pnc. 6. B11nHo, 'ITO B nepBOM cnyqae ( rncTorpaMMa a) 

HCKpOBOH paapHn nponcxollHT B OCHOBHOM Ha Tpn npoBono'IKH, a BO BTO-. 

poM ( rncTorpaMMa 6) - Ha nBe npoBono'IKH. llnH cpaBHeHHSI Ha TOM me 

pHcyHKe (rHCTorpaMMa B) ITOKaaaHo pacnpeneneHHe C06b!THH nnH H3MepeHHH, 

BbIITOnHeHHbIX 6ea KOnnHMaTopa. 

'::S 
::s 
~75 -~ a 
a 
C) 

~50 
:::s 
::i-

25 

0 0 0 0 0 0 0 ~ O 0 

]j[ Jlc 
* * 

P11c. 6. PacnpeneneHHSI co6bITHH no qncny CM0)KHbIX onpoKHHYTb!X Koneu 

npn ll3M epeHHHX C KonnnMHpOB~HHbIM IIy'IKOM aneKTpOHOB, HanpaBneHHb!M 

Ha npoBono'IKY ( rnc'I'orpaMMa a) nnH MemJly npoBono'!KaMn ( rHcTorpaMMa 

6). fHCTOrpaMMa B - HaMepeHHH 6ea KonnHMaTopa. 
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TaKIIM o6pa30M, rrony"leHHbie pesynbTaTi,I IIOK83blB8IOT, 'ITO BO3MO)KHO 
'I r I 

I , ' 

Bb16paTb T8KOit pe)Kll'.M pa60Tbl IICKpOBblX KaM'ep, IIplI KOTOpOM TO"IHOCTb 
' I 

BOCCTBHOBneHIISl KOOp/llIH8Tbl "18CTIIUbl COCT8BHT - :!:. s /4. 

HsBeCTHO, 'ITO ecnlI ,pa3Mepbl sneKTPOAOB IICKpOBbIX KaMep C nepece- I 
I I : I 

' I 
K810llllIMIICSI npoBonO"IK8MH JlOCT8TO"IHO BenHKM, TO sqi<jieKTHBHOCTb K8Mepbl 

I ' 
MO)KeT saMeTHO MeHSITbCSI I BJlOnb ee "lyBCTBII

1

TenbHOit IIOBepxHOCTH /3/. 8To: 
i I I 

I : I 
CBSI38HO C TeM, 'ITO sneKTpOJlbl KaMepbl o6pasyIOT JlnHHHYIO nHHHIO, : CBOitCT ,:... 

Ba KOTopoit oTpa)KaJOTCSI H~ pacnpeJleneHHH ~tanpSI)KeHHit BJlOnb noBepXHOCTH! 
, I 1

1 

sneKTPO/lOB. B CBSI3H C 3THM 6bmlI rrpoBeJle,'Hbl II3MepeHHSI scp<peKTH~HOCTH e 
pa3HblX y"laCTKaX pa6o"le~ o6naCTH KaMepbl; pasMepoM 308 x 618 M

1

M
2 

rrpn,
1 

3Ha"leHHSIX nHT8IOlllero HaIIpSI)KeHIISI 5,4 KB; :'5,6 KB II 5,8 KB. Ha pnc. 7 rrd-
1

1 

i 

K83aHbl pesynbT8Tbl II3MepeHIIH IIplI 5,8 KBJ BHJlHO, 'ITO s<p<peKTHBHOCTb 
I ' 

KS-
' ' ' 

Mepbr OJllIHaKoBa no Bceit! nnomaJllI pa6oqeil: o6nacTH. BMecTe c Te~ cne.!ly-
, : -: 

i i , I 
eT OTMeTIITb, 'ITO cpeJlHee "IHCno npoBono"leK Ha HCKpy He OCT8eTCSI IIOCTOSIH-

1 

I ' 

HblM I BospacTaSI no Mei:ie yJlaneHHSI OT 3£l:3eMneHHOit II BbICOKOBOnbTHOit' WHH 

x n y -sneKTpO/lOB cooTBeTCTBeHHo. AHanorH"IHhre pesynbTBThj rrony,tte-
: : ' 

HhI H JlnSI Jlpyrnx Harrpsr>KeHnii. TaKHM. o6pasoM, saJla"la pacwnpeHnsi o6nac-
: /··- II ' 

TH noBbIWeHHOit TO"IHOCTH perHCTpaUHH KOOp/lHH8T JlO pa3MepoB BCeit pa5o-
"' • I • ! 

qe'it,IIOBepxHOCTH CBSI38Ha/c nccneJlOBaHHeM CBOitCTB KaMepbl KaK ll, nnmr,oii: 
.. >__. - I 

nHHHH H C paapa60TKOii: COOTBeTCTBYIOllleit; CXeMbl IIHTaHHSlo 

BpeMSI rraMSITH .nc~pOBbIX KaMep orrp~eJlenSinocb rryTeM nsMepeHHSI paBn-
I 

CHMOCTH - s<p<peKTHBHOCTH KaMepbl OT BenH'IHHbl 3aJlep)KKH B noJla"le! BbIC~KO
/ 

BOnbTHoro HMnynbCa npH pasnH"IHblX 3Ha')'.eHHSIX O"IHIIlaIOIIlero rronSI,, rro.irnp-

HOCTb KOToporo 6bma npOTHBOnOnO)KHa i;ronSipHOCTH BbICOKOBOnbTHOI'O: HM-

nynbca. 3a BenH"IHHy BpeMeHH naMSITH npHHHManOCb BpeMSI 3aJlep)KKH, ,: npH 

KOTOpOM sqi<peKTHBHOCTb COCTaBnSina 0,5.: HsMepeH~Sl npOBOJlHnHcb' Jlnsi 
i 

cneJlYIOIIlHX rasoB: "IHCThlii: HeoH, HeoH-renHeBaSI CMeCb, HeOH-ren HeBaSI 
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n 

3,0 

2,5 

2,0 

0 20 f, CM 
60 

Puc. 7. 3¢qieKTHBHOCTb T/ H cpe,crnee 'IHCno orrpoKHHYTblX Koneu Ha HCKpy 

ii nm1 X H y -aneKTponoB B 3aBHCHMOCTH OT 3H8'19Hllil: y ll X -Koop

nHHaT, OTC'IHTb!B89MbIX OT MeCTa 3839MneHHSI HnH IIpHnO)K9HHH Bb!COKOBOnbT-

Horo HMIIynbca, COOTB9TCTB9HHO. I1pHMb!9 .rrpoBeneHbl BH3yanbHO. 

CM9Cb C no6aBneHHeM- 1,5% rrapoB 8THnoBoro CIIHpTa. B Ka'leCTBe IIpH

Mepa Ha pHc. 8 IIOKa3aHbl pe3ynbTaTbl H3MepeHHil: nni:r Heoa-renHeBoil: CMeCH. 

3aBHCl!MOCTH BpeMeHH IIaMHTH KaMep OT BenH'll!Hbl O'll!IUaJOIUero rrom1 nni:r 

p83Hb!X pa6o'IHX ra30B IIpHBeneHbl Ha pHc. 9. 

AHanH3 rrony'leHHblX naHHblX II03BOni:reT OU9Hl!Tb H9KOTOpbxe qll!3H'leC

KHe xapaKTepn:cTHKH HccnenoBaHHhIX ra3oB, rrone3Hbie nni:r Bb16opa pa6o'leil: 

CMecn. EcnH Y'IHTbIBaTb y6HpaHHe aneKTpOHOB ll3 HCKpOBOro IIpOM9)KYTKa 

d rron neil:CTBHeM O'IHIUaromero rroni:r E c , rroni:rpaocTb KoToporo rrponr-

Borrono)KHa rronHpHOCTlf BbICOKOBOnbTHoro HMIIynbca, TO Bb!pa)KeHHe nni:r 

aqiqieKTHBHOCTH TJ HCKpOBOil: KaMepbl B 3aBHCHMOCTH OT 3anep)KKH T Mex<ny 

rrpoXO)K,Cl9HHeM HOHH3Hpyromeil: '18CTH Ubl ll rrona'leil: BbICOKOnbTHoro IIMIIynbca 

MO)KHO 3aIIHC8Tb B BM.Cle /4,5/: 
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Pnc. 8. 3aBHCHMOCTH acpcpeKTHBHOCTH KaM epbl OT Bp8M8HH saaepX<KH B 

noaatJe BbICOKOBOnbTHOro HMnynhca npn pa3nH'IHhlX 3H8'18HHSIX O'1Hlll8l0lll8ro 

nonsr. HanonHeHHe - 75% Ne + He • KpHBbl8 Bbl'IHCneHbl no cpopMyne ( 1). 

T, 
14KCel< 

4 

J 

{ 

0 

). 
\ 
\ 
\ 

--~-- Ne 

--}- 75l Ne+He 

·-J-· 75%Ne+He+l,5%C;flsOH 

\2\j,_ I 
,I 

:,.,,,.;,....._ 

.. -. ..._·-·-. 
-~ i-•-m 

\,I ---~.--

100 200 JOO 400 

Ee, 8/CH 

Pnc. 9. 3aBHCHMOCTH BpeMeHH naMSITH KaMep OT BenH'IHHbl O'IHlll810lll8ro 

nonsr an~ ·pa3HblX pa6otJHX rasoB, KpHBbl8 Bbl'IHCneHbl no aaHHhIM, npHBe

aeHHbIM B Ta6nn 11e. 
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T/ = 1 - exp I - f nO ( d - d O ) I T $_ to 1 

TJ =1- exp { -fn 0 (d-u(Ec)r) I T > t O 1 ( 1) 

rne n 
O 

-rrepBH'IHaH HOHH3aUHH, t <f' d
0 

I u ( E c ) 

'CKOpOCTh sneKTpOHOB. BenH'IHHa do BKnIOtJaeT pacCTOHHHe, Ha KOTOpOM 

sneKTPOHHaSI naBHHa, HHHUHHpoBaHHaSI OT/lenhHblM sneKTpOHOM, llOCTHraeT 

KpHTH'l8CKoro COCTOSIHHH, H 'CMemeHHe sneKTpOHOB IIO/l nefiCTBHeM <jlpoHTa 

BblCOKOBOnhTHoro HM rrynhca. <PaKTOp f Y'IHTblBaeT IlOTepn rrepBHlJHbIX 

sneKTpOHOB 3a CtJeT Bcex OCTanhHblX rrpoueccoB, HaIIpHMep, 38 CtJeT nn<ji<jiy-

311H 11n11 rrpnnnrraansr K MoneKynaM sneKTpooTpnuaTenhHhIX ra3oB, conep:11m

m11xcH B KaMepe B BH)le IIpHMecefi. ilnSI rrpoBonO'IHblX KaMep 113-38 lll1¢cpy-

3HII HOHOB tJepe3 sneKTpO/lbl 
181 38BHCHMOCTh T/ ( T ) IlpH 6onhl1111X 3Ha-

'!8HHSIX aanep)K8K M0)1{8T HMeTh MenneHHO crranaromyro tJaCTh, ae OIIHCb!Ba

eMyro cpopMynofi ( 1). 

ilpeti:<jloBag CKOpOCTh sneKTpOHOB B o6naCTH ue cnHIIIKOM 6onhl11HX OlJH

maromnx rronefi rrotJTH rrpHMo rrporropuHouanhua BenntJHHe O'IHmaromero rronH, 

H ee MO)KHO rrpencTaBHTb B BH/l8 U (EC )=mEC I rne m -IIO/lBH)KHOCTb, 

Hati:neHHble B STOM rrpn6nH)K8HHH Ha OCHOBe COOTHOl118HHSI ( 1) 3H8'!8HIIH 

m 11 f n 
O 

nnH nccnenoBaHHhIX ra30B rrpnBeneHbl B Taonnue. 

fa3 fn 0 1 CM-} m, 10
4 

CM2/B,C8K 

Ne 7,2 ::!:.. 0,3 0,85 ::!:.. 0,08 

75% Ne+ He 8,0 ::!:.. 0,3 0,74 ::!:.. 0,05 

75% Ne+ He+ 1,5% C2H5 0H 4,4 ::!:.. 0,3 0,42 ::!:.. 0,04 
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' Kpll'.Bhle, ITOK838HHbie Ha pll'.C. 8 ll'. 9, npe/lCTaBmII0T 38Bll'.Cll'.MOCTll'. a<i>-

<l>eKTll'.BHOCTll'. oT BpeMe.!m 38/lep:)Kfrn ll'. BpeMeHH naMSITll'. OT o,mruaroruero no.nsi, 

BbI'lll'.C.119HHbl9 C ll'.Cfi0Jlh30B8Hll'.eM no.nytJeHHbIX 3H8'19Hll'.il HOH ll'. 38Ull'.ll'. ll'. ITOll

Bll'.)KHOCTll'.. 

B 38K.11IO'l9Hll'.9 aBTOpbl Bbip8)1{8IOT 6.narO/l8pHOCTh npo<t>eccopy M.r. Me

ruepSIKOBY. 3a nollllep*Ky pa6oTbI. ABTOpbr TBK*e 6.naro/lapHbI C.B. Pa3HHY, 

npll'.Hll'.M8BllleMy ytJBCTll'.e B npoBelleHll'.ll'. HeKOTOpbIX ll'.3MepeHHil. 
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