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ManomaH A.T., MaTIOWHH B.T., Mycym.MaH6eJtOB )1(.)1(., 

HyprolKHH H.H. 

13 - 9563 

npouecc npoiiY&a npe raaoo6ecne"'eHIIH CTpiiMepaol JtaMepbi 

npoBO~IITCH 8H8nB3 ~HR8MIIltH nponecca npOAYB8 UpH raaoo6ecne"'eHHB 
CTpHMepaoA Jt8Nepb1. PaCCMO~.B sneltTpll"'ecJtHI aaanor UM9pbl II A8Hbl 

ero napaMeTpbl. 
HccneiiYeTCs B03MOJKHOCTb perynllpOBJtH speMeHH naMHTH nyTeM 

H3MeHeHHH senH"'RHbl npOTOK8 raaa "!epe3 ABYXMeTpOBYIO CTpHMepsyiO 

JtaMepy. 

Pa6oTa s~o~nonaeHa B nBTA B nB3 OIHIH. 

llpenpHHT 06he~HeHHOrO HHCTHTyTa aAep~ Hccne~OBaHKI 
,[.\y6Ha 1976 

OcuoBHbiM MeTo.D.OM uanonueHHH HCKpOBbiX H cTpHMep
HbiX KaMep 6onbllloro o6'beMa, a TaK>Ke KaMep Manoro 
06'beMa, HO C OTHOCHTenbHO TOHKHMH CTeHKaMH, HBnHeTCH 
MeTo.n. npo.n.yaa, T.e. co3.n.auue qepe3 KaMepy npoToKa pa-

6oqero ra3a. 
YpoBeHb 3arpH3HHIOIUHX npHMeCeH B COCTaBe ra30BOrO 

HanonHeHHH KaMepbl 3aBHCHT OT KOHUeHTpaUHH HX BO B,l].y
BaeMOM ra3e H OT ypOBHH HaTeKaHHH B KaMepy KOMllOHeH
TOB oKpy)l(aiOmeH: cpe.n.bl. B 6onbiiiHHCTBe npaKTH'IeCKHX 
cnyqaea uanonHeHHH KaMep oKpy)l(aiOmeH: cpe.n.oH: HBn.ReTC.R 

B03.D.YX. 
YpoaeHb uaTeKaHH.R ao3.n.yxa B KaMepy onpe.n.en.ReTc.R 

CTeneHblO ee repMeTH'IHOCTH H, B OCHOBHOM, 3aBHCHT 
OT ra30llpOHHUaeMOCTH MaTepuanOB, npHMeH.ReMbiX B KOH
CTPYKUHH KaMepbl. B o6bi'IHbiX KOHCTPYKUH.RX OCHOBHOH 
npH'IHHOH 3arp.R3HeHH.R HBn.ReTCH HaTeKaHHe B KaMepy B03-

,11.yxa qepe3 TOHKHe naacaHOBble CTeHKH. 
KouueuTpauu.R npuMeceH: ao a.n.yaaeMOM Fa3e 3aBHCHT 

oT npuMeH.ReMOH cxeMbl ra3oo6ecne'leHH.R. KouueuTpauu.R 
,I].OCTaTO'IHO llOCTOJIHHa llpH HCllOnb30BaHHH nacnopTH30-
BaHHOrO npoMbllllneuuoro ra3a, uanpuMep, ueoua oco6oH: 
'IHCTOTbi, u H3MeHJieTcH a npouecce pa6oTbl, ecnu npuMe
H.ReTCJI 3aMKHyTaJI UHpKynJIUHOHHaJI CHCTeMa C a.n.cop6epa

MH. 
TaK KaK xapaKTepucTHKH KaMepbl /apeMJI naMHTH, 

Tpe6yeMaJI uanpJI)I(eHHOCTb 3neKTpuqecKoro nonH, reoMeT
pu'leCKHe pa3Mepbl H JlpKOCTb CTpHMepOB/ cymecTBeHHO 
3aBHCJIT OT ypOBH.R CO,I].ep)l(aHHJI npHMeCeH B COCTaBe ra3a, 
npe,11.CTaBnHeT HHTepec paCCMOTpeHHe H3MeHeHH.R KOHUeH

TpaUHH ao3.n.yxa B KaMepe B npouecce npo.n.yaa. 
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IJyCTb V c - 06'beM KaMepbl, Q - BenB'IHHa npOTOKa 
ra3a, Y - KOHUeHTpaUBJI B03~yxa B KaMepe, y 1 - BO B~y-

• 

BaeMOM ra3e, m = l - HaTeKaHBe B KaMepy B03~yxa, 
vc 

I q - noroK B03~yxa B KaMepy/, ror~a. ecnu C'IBTaTb, 
'ITO 3a BpeMJidt _B KaMepy nona~aer (Qy

1
+Vcm)dt, anbl

xo~BT ( Qy + Vc my) dt B03~yxa, MO)KHO COCTaBBTb ~B4xile
peHUBanbHOe ypaBHeHBe 

y'= m +ny
1 

-(m+n)y, /1/ 

r~e n =Q/V c- KpaTHOCTb UBpKynJIUBH ra3a qepe3 KaMepy. 
PeweHHeM 3Toro ypaBHeHHJI cny)KHT Bblprut<eHHe 

ffi+ny 1 C -(m+n)t 
y = + e /2/ 

m+n 

3~ecb t - BpeMJI, a nocTOJIHHaJI C onpe~enJieTCJI HaqanL
HbiMH ycnOBHJIMH. 

YpaBHeHHeM BH~a /1/ onHCbiBaiOTCJI TaK)Ke nepexo~Hble 
npoueccbl B 3neKTpuqecKux RC -uenHx, no~o6HbiX H3o6pa
)KeHHOH Ha puc. 1a. Ilpu 3TOM y~o6Hoe H HarnJI~Hoe onuca
HHe npoueccoB HanonHeHHJI KaMepbl u no~~ep)KaHHJI B Hen 
3a~aHHOrO COCTaBa ra3a MO)KHO ITpOBeCTH C ITOMOIUbiO 
3neKTpuqecKoro aHanora npo~yBaeMoB: ra30M KaMepbi 
/puc. 16/. 0603Ha'leHHe H COOTBeTCTBHe 3neMeHTOB 3neKT
pH'IeCKOH cxeMbl-aHanora JICHbl H3 puc. 1. YpoBeHb KoH
ueHTpauuu OCHOBHoro ra3a B npo~yBaeMoM G u ero ypoBeHb 
B KaMepe G e COOTBeTCTBYIOT BenH'IHHaM HanpJI)KeHHJI, no
CTyiTaiOIUero Ha BXO~ 3neKTpH'IeCKOH CXeMbl lJ H H3MepJie
Moro Ha o6Kna~Kax KOH~eHcaropa Uc; o6'beM KaMepbl ·v c -
eMKOCTH KOH~eHCaTopa C; BenH'IHHaM ITpOTOKa ra3a qepe3 
KaMepy Q H HaTeKaHHJI B Hee q- COITpOTHBneHHJI' 3apJI~a 
R

1 
H yre'IKH KOH~eHcaropa R2 . 

~nJI OTHOCHTenbHbiX BenH'IHH "He~03apJI~a" KOH~eHca
TOpa oU H COOTBeTCTBYIOIUero 3Ha'leHHJI KOHUeHTpaUHH B03-
~yxa y B KaMepe npH 3THX ycnOBHJIX MO)KHO 3aiTHCaTb 

t 
U-Uc Rz ( --:;-) oU=---=1----1-e 

U R
1 

+ R
2 

4 

u 

G 

Ri 

R2 

va 
YC\ 

c Uc 

a) 

Yc Gc 

. 6) 

Puc. 1. IlpuHt~unuaAb1WJI 3AeKmpu~ecKaJI cxeMa RC-t~enu 
/a/ u cxeMa-aHaAoz npooyeaeMoii za30M KaMepbl /6/. 

t 

G - G c_ = 1- Q (1-e --;:-c ) 
Y=-G q+Q 

T= 
R1 • Rz -C 
R+ R2 I 

r =-Ve 
(" --
. q + Q , 

/3/ 

/4/ 

r)l.e, COOTBeTCTBeHHO, ;· - llOCTOHHHaJI BpeMeHU 3apHJ].a 
KOHJ].eHCaTopa, r ,. - llOCTOJIHHaH BpeMeHU ycTaHOBneHUH 
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onpeAeneHHoro ypoBHH KOHUeHTpauuu pa6oqero ra3a B Ka
Mepe - ITOCTOHHHaH BpeMeHH KaMephl. AHanorH'IHO MO~HO 
noKa3aTb, 'ITO ecnu Ha BXOA KaMephl .nocTynaeT pa6o'IHH 
ra3 C ypOBHeM COAep~aHHH B03Ayxa yl' TO ero KOHUeHTpa
UHH B KaMepe: 

t 

Y=1- Q( 1-rt~(l-e-re) 
q+Q 

HnH, B ApyroH <!JopMe: 
t 

n(1-y ) - r-
y =1- --~(1-e ,. ), 

m + n 

/5/ 

/6/ 

'ITO COOTBeTCTByeT peliieHHlO ypaBHeHHH /2/ ITpH HaqanhHbiX 
ycnOBHHX: t=O, y=l. 

)l.uarpaMMa H3MeHeHHH KOHUeHTpaUHH B03AYXa B KaMepe 
B 3aBHCHMOCTH OT BpeMeHH ITpH pa3nH'IHhlX 3Ha'leHHHX m , 
n, xapaKTepHhlx AnH onpeAeneHHhiX cTaAHH npoAyBa, npu
BeAeHa Ha puc. 2. 

0.6 

0.4 

2 3 

--
!·~- Tr i T"'"""'-------+- - - . 

Puc. 2. ,4uazpaMMa U3MeHeHuii ypo6HJI KOHijeHIIIpaijuu 603· 
oyxa 6 KaMepe 60 6peMeHU Ha pa3AU'IHbiX CIIIQOUJIX npo· 
ijecca npooy6a. 
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1 
) 

l' 
' 

llepBOHa'lanbHaH 3aMeHa B03AYliiHOrO HaiTOnHeHHH 
KaMephl pa60'IHM ra30M OTpa~aeTCH yqacTKOM 1 AHarpaM
Mbi. Ecnu BAYBaeMbiH ra3 'IHCT (y1 =O)u HaTeKaHue npeHe6pe
~HMO Mano(m=O),TO 

-nt - .Q. t 
y =e = e v c 

B COOTBeTCTBHH C / l /, T. e. AnH CHH~eHHH KOHUeHTpaUHH BO 3-

AYXa B KaMepe, HanpHMep, AO 3Ha'leHHH Yo = 0,1o/o, Tpe6y
eTcH nponycTHTb qepe3 Hee oKono 7 o6'heMoB pa6oqero ra3a. 

fipH 06'beMe KaMepbl 1000 A H Q = 350 A/'1. AnH 
:noro He06XO,Ll,HMO 20 '1. 

Y'laCTOK 2 AHarpaMMbl COOTBeTCTByeT ycnOBHHM CTa· 
UHOHapHoro pe~HMa pa60Tbl, KOrAa KOHUeHTpau;HH B03AYXa 
B KaMepe ITOAAep~HBaeTCH Ha OITpeAeneHHOM ypoBHe. 

3AeCb y =Yo =ml( m +n); AnH noA.nep~aHHH Yo= 0,1o/o 
B KaMepe C 06'beMOM V, = 1000 A npH peanbHOH BenH'IHHe 
HaTeKaHHH m = 10-5 o6oeMo6/'l /1o-3 t{o/'l. I Tpe6yeTcH 
npoToK ra3a (y 1 =0) 

Q = V ( ~-m) = 10. A/ 'I. (' y 
BhlKniO'IeHHIO npOTOKa qepe3 KaMepy COOTBeTCTByeT 

yqacTOK 3 AHarpaMMbl. HapacTaHHe KOHUeHTpaUHH B03AyXa 
B KaMepe npoucxo,nHT no 3aKoHy 

-t/r 0 y = 1- (1-Y. )e e , 
0 

rAe Yo • KOHUeHTpaUHH B MOMeHT BhlKniO'IeHHH. llpH 3TOM 
ITOCTOHHHaH BpeMeHH KaMephl T e = TeO = 1 I m AOCTHraeT 
Mai<CHManbHOH BenH'IHHhl; 3Ha'leHHH T cO Anll pa3nH'IHhlX 
m npHBeAeHhl B 111a6A. 1. Y'IHTbiBaH KpaTKOBpeMeHHOCTb 
Bhli<moqeHHH KaMephl . B pa6oqux ycnoBHHx ( t I r << 1) co 
MO~Ho 3anucaTb: 

Y=Yo+mt, 

T .e. pOCT KOHUeHTpau;HH npH 3TOM npOHCXO,nHT nHHeHHO. 
Ecnu, HanpHMep, .nonycTHMo 10o/o·Hoe H3MeHeHHe y

0 
3a 

upeMH BhlKniO'IeHHH npoToKa T , TO 
II 

Tll=O,ly0 lm=O,ly0 rcO. 

3Ha'leHHH T 8 , cooTBeTCTBYIOIUHe 3TOMY ycnouuro, npu y 
0 

= 
'= 0,1 o/o TaK~e npHBe,AeHhl B 111a6A. 1. 
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Ta6AU!Ia 1 

m%/t~ac 

reO t~ac 

Tn t~ac 

0,05 

2.103 

0,2 

0,01 

1.104 

1,0 

0,005 

2.104 

2,0 

0,001 

1.105 

10,0 

KaK MO)KHO BH,IJ,eTh, ,IJ,a)Ke npu 6onhUIHX JHa'leHHHX 

nocToHHHOH apeMeHH KaMephi 110:1 - 105 <~ I apeMH, Ha 

KOTopoe oHa MO)KeT 6hiTh BhiKmo'leHa 10,2-10 <~ I, or

paHH'leHo HJ- Ja Tpe6yeMOrO BhiCOKOrO ypOBHH 'lHCTOThl 

raJa B KaMepe IY< 0,10/ol. 
B npouecce npo,IJ,yaa BOJMO)KHhi HJMeHeHHH aenH'lHHhi 

npOTOKa. nerKO llOKaJaTh, 'iTO ,IJ,nH O'lepe,IJ,HOrO i -ro HJ

MeHeHHH ero BenH'lHHhl ypoBeHh KOHUeHTpaUHH BOJ,IJ,yxa 

COCTaBHT: 

y.=(y. __ m ) -(n,.+mlt-
' 1-l -- e ' 

ni+m 

m + -----
ni +m 

r,IJ,e HH,IJ,eKCaMH i -1 H i 060JHa'leHhl COOTBeTCTBeHHO CO

CTOHHHe CHCTeMhl )J.O H nocne HJMeHeHHH llpOTOKa ly'laCTOK 

4 ,IJ,HarpaMMhll. 

~nH npouecca npo,IJ,yaa KaMepw 6onhUioro o6neMa xa

paKTepHo TO, 'iTO ycTaHoaneHHe Ja,IJ,aHHoro pe)KHMa c onpe

,IJ,eneHHhiM ypOBHeM KOHUeHTpaUHH HaTeKaJOIUero BOJ,IJ,yxa 

npoucxo,IJ,HT c 6onhUIOH nocTOHHHOH apeMeHH. YMeHhUieHue 

llOCTOHHHOH BpeMeHH KaMephl C yaenH'leHHeM npOTOKa BOJ

MO)KHO, no-aH,IJ,HMOMy, ,IJ,o onpe,IJ,eneHHhiX npe,IJ,enoa - noKa 

raJ B KaMepe npH npo,IJ,yBe paBHOMepHO nepeMeUIHBaeTCH 

H ,IJ,aaneHHe B HeH He npeBOCXO,IJ,HT ,IJ,OllyCTHMOH BenH'lHHhl. 

IlpaKTH'leCKH MaKCHManhHhie JHa'leHHH llpOTOKa OrpaHH'leHhl 
YPOBHeM 300-500 A/'1 2,3/. 

3HaH JHa'leHHe HaTeKaHHH BOJ,IJ,yXa B KaMepy H KOH

ueHTpaUHIO ero BO B,IJ,yBaeMOM raJe, MO)KHO JapaHee yc

TaHOBHTh BenH'lHHY npOTOKa pa6oqero raJa, npH KOTOpOM 

qepeJ onpe,IJ,eneHHoe apeMH ycTaHoBHTCH Ja,IJ,aHHaH cTeneHh 

'lHCTOThl raJa B KaMepe. 

PaccMOTpeHHaH JneKTpuqecKaH cxeMa - aHanor Ka

Mepw, npo,IJ,yBaeMOH raJOM, llOJBOnHeT B HarnH)J.HOM BH,IJ,e 

HHTepnpeTHpoaaTh npoTeKaJOIUHe a Heil npoueccw, CBH

JaHHhle C XapaKTepoM HJMeHeHHH KOHUeHTpaUHH HaTeKaJO-

8 
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~ 

4· 

I 

~ 
' 

IUHX HJBHe B KaMepy npHMeceil. Cne,IJ,yeT OTMeTHTh, 'ITO 

3Ta MO,IJ,enh He Y'lHThiBaeT 34xlJeKTOB, CBHJaHHhiX C HanH'lH

eM JaCTOHHhiX JOH npu npo,IJ,yae, c npoueccaMu a,IJ,cop6uuu 

H ,IJ,ecop6uuu raJa Ha CTeHKax KaMepw. K TaKHM peJynhTa

TaM npHBO,IJ,HT aHanuJ npouecca npo,IJ,yBa raJoM, ypoaeHh 
3arpH3HeHHH KOToporo MHoro HH)Ke ,IJ,onycTHMoro no ycno

BHHM pa60Thl KaMephl. EcnH KaMepa pa6oTaeT B 3aMKHYTOH 

UHpKynHUHOHHOH CHCTeMe C a,IJ,cop6epaMH, TO He06XO)J.HMO 

Y'lHThiBaTh HenpephiBHoe H3MeHeHue ypoBHH JarpHJHeHHH 

BO B,IJ,yBaeMOM ra3e H 3,IJ,eCh, nO-BH,IJ,HMOMy, TaK)Ke MO)KHO 

HCllOnh30BaTh 3JieKTPH'leCKHe aHanorH pa6oTaiOIUHX ycT

POHCTB, HanpuMep, a,IJ,cop6epoa. 3TOT aonpoc Tpe6yeT, 
O,IJ,HaKo, OT,IJ,eJihHOrO paCCMOTpeHHH. 

Ha TeKaHHe B KaMepy 06beMOM V c , C llJIOIUa,IJ,hiO TOHKHX 

CTeHOK S llpH TOniUHHe JiaBCaHa d Ollpe,IJ,eJIHeTCH KaK / 2/ 
kL'1p s 

ffi=---d v , 
c 2 

r,IJ,e k - Ko34JllluuueHT raJonpoHuuaeMOCTH /...dM I t~ac.amMI 
L'1 p - napuuanhHoe ,IJ,aBJieHue I amMI. 

~JIH CTPHMepHoil KaMepw 13 /1 S = 2 M2 , d = 0,15 MM, 
Vc= 1 M

3 1 HaTeKaHue 6wno onpe,IJ,eneHo H3 ycnoBHH cTa

UHOHapHoro pe)KHMa npo,IJ,yBa. IlpH 3TOM ypOBeHh KOHUeH

TpaUHH BOJ,IJ,yXa KOHTpOJIHpOBaJICH C llOMOIUhiO rpa,IJ,yHpOBaH

HOrO HCKpoaoro paJpH,IJ,HHKa CHCTeMhl raJoo6ecne'leHHH 141 . 
IIony'leHHaH aenH'lHHa HaTeKaHHH - 2.1o-so6oeMa/t~ 
12.10-

3 tfol<~ I npuao,IJ,HT K JHa'leHuro kL'1p/d= 10-4 oM/<~, 
COBlla,IJ,aiOIUeMy C ,IJ,aHHhiMH pa60Thl / 2/ . - k L'1 p/ d 
1,5.1o-4 oM/<~ npu d = 0,1 MM. 

IlpH TaKOM HaTeKaHHH nepeKphiTHe llpOTOKa Ha 5 t~aC 
B pa60'leM pe)KHMe llOBhiUiaeT KOHUeHTpaUHIO B03,IJ,yxa B 

KaMepe Ha 0,010/o, a no,IJ,,IJ,ep)KaHHe KOHUeHTpauuu ero Ha 

ypoaHe 0,10/o I y = 10-3 I Tpe6yeT npoToKa Q = 20 A/<~. 
0,IJ,HOH H3 Ba)KHeHIIIHX xapaKTepHCTHK KaMephi, pa6o

TaJOIUeH Ha YCKOpHTeJie B llY'lKe ,IJ,OCTaTO'lHO BhiCOKOH HH

TeHCHBHOCTH, HBJIHeTCH BpeMH naMHTH, ,IJ,OCTHraroiUee COTeH 

MKC llpH HallOJIHeHHH KaMephl 'lHCThiMH HHepTHhiMH ra3aMH. 

IlpaKTH'leCKH HaH6onee npOCThiM CllOC060M COKpaJUeHHH 

BpeMeHH naMHTH OKa3hiBaeTCH HCllOJihJOBaHHe HaTeKaiOIUero 

B KaMepy B03,IJ,yxa B Ka'leCTBe 3JieKTpOOTpHUaTeJihHOH npu

MeCH, KOHUeHTpaUHH KOTOporo H onpe,IJ,eJIHeT BpeMH naMHTH 

KaMepw. Tor,IJ,a npu nocToHHHOM HaTeKaHHH H ,IJ,OCTaTo'lHO 
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Puc. 3. 3aeucuMocmb nAomHocmu cmpuMepoe Ha cAeoe ~ac
mu~Jbl om epeMeHU 3QOepJKKU 6biCOK060AbmH020 UMnyAbCQ. 

qHCTOM B~yBaeMOM pa6oqeM ra3e apeMH naMHTH perynH

pyeTCH npocTbiM H3MeHeHHeM aenHqHHbl npoToKa. KonHqecT

BeHHOH xapaKTepHCTHKOH BpeMeHH naMHTH CTpHMepHOH Ka

Mepbl MO:IKeT cny:IKHTb llllOTHOCTb CTpHMepOB Ha e~HHHUY 

~llHHbl Clle~a 12 /, KOTOpaH yM:eHbiiiaeTCH llpH yaenHqeHHH 

KOHUeHTpaUHH B03~yxa H 3a~ep:IKKH B no~aqe BbiCOKOBOllbT

HOrO HMllYllbCa Ha 3lleKTpO~bl KaMepbl. 
Ha puc. 3 npHBe~eHhi 3aBHCHMOCTb nnoTHOCTH cTpHMe

poa OT 3a~ep:IKKH npH KOHUeHTpaUHH Y = 0,18* B03~yxa 
B KaMepe/3 /, HanonHeHHOH HeOHOM. fipH 3TOM npaKTHqeCKH 

nonHoe Hcqe 3HoBeHHe TpeKa Ha6nro~anocb npH 3a~ep:IKKe 

10 MKC. 
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KaK H a pa6oTe 12 ~ 3aMeTHoro yxy~rneHHH xapaKTepHCTHK 

cne~OB llpH llOBbliiieHHH KOHUeHTpaUHH B03~yxa ~0 0,211/o 
OTMeqeHO He 6blll0. 

B 3aKnroqeHHe aBTOpbl cqHTaiOT CBOHM npH.HTHbiM ~on

roM Bblpa3HTb 6naro~apHOCTb C.M. 1iHTTH6aeay 3a none3-

Hble o6cy:IK~eHHH, a TaK)I(e B.,D;.Bono~HHY, H.C.rnaroneaoH:, 

A.H.3aaropo.n;HeMy, T.<I>.XMblpoaoH: 3a noMOIUb npH npoae

~eHHH 3KCnepHMeHTOB H o6pa60TKe ero pe3yllbTaTOB. 
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