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Thepaper determines the values of convection current and corona discharge
displacement current at a pulsating voltage. Previously in most cases these
values were being determined by a Pick formula, which was true only for the
normal discharge conditions and constant voltage. In case of an alternating
voltage mainly the experimental values were used. The equations for
calculating convection current and displacement current depending on the
value of pulsating voltage suggested in the present paper fully comply with
the experimental data obtained by the authors earlier [3J at an alternating
voltage.

IlpH pacqeTe 3JIeKTpOra30)l.HHaMHqeCKOrO (3r,m Hame-

TaTeml, H B qaCTHOCTH B 3r~ KOMnpeccope )l.Jljl XOJIO-

)l.HJIbHOHTeXHHKH H CHCTeMKOH)l.HlUiOHHpoBaHHjJ:O)l.HOHH3

BIDKHbIX 3a)l.aQjlBJIjleTCjI onpe)l.eJIeHHe 3HaQeHHjI KOHBeK-

THBHoro TOKa, 06pa3yeMoro B npor..\ecce HOHH3alUiH KOpOH-

HbIM pa3pjl)l.OM. IlpH nUTaHHH KOpOHbI nepeMeHHbIM, B

qaCrnOCTH nyJIbCHPYIO~HM HanpIDKeHHeM, KpoMe KOHBeK-

THBHOro 06pa3yeTCjI TaIOKe H TOK CMe~eHHjJ:. 3HaqeHHjJ:

KOHBeKTHBHOrOTOKa H TOKa CMe~eHHjJ:, 06pa3yeMbIx B03-

JIe KOPOHHpYIO~ero 3JIeKTpO)l.a, cny)KaT rpaHHqHbIMH yc-

JIOBHjJ:MH)l.JIjI pacqeTa npo~eccoB npe06pa30BaHHjJ: 3Hep-

rHH B cryneHH 3r~ KOMnpeccopa.

QeJIb HallUX HCCJIe)l.OBaHHH- onpe)l.eJIeHHe 3HaQeHHH

PuC. I. CxeMa cmyneHu 3r,a Ha2HemameAJl:
I - 3Mummep; 2 - KOAAeKmop; 3 - iJeuoHu3amop;

4 - oU3AeKmpU'IeCKaJlcmeHKa

KOHBeKTHBHoro TOKa H TOKa CMe~eHHjJ: B03JIe nOBepxHoc-

TH KOpoHHpYlO~ero 3JIeKTPO)l.a- 3MHTTepa, B cryneHH 3r~
KOMnpeccopa C cHcTeMoH 3JIeKTPO)l.OB:3MHTTep - TOHKO-

CTeHHajl TPy6Ka MaJIOrO pa)l.uyca ro C 3aocTpeHHbiM KOH-

~OM H TOJI~HHOH CTeHKH bo; KOJIJIeKTOp- yceqeHHblH

KOuyC C pa)l.uycoM Ha BXO)l.eRK H Ha BbIXO)l.e r K (pHC. 1).
OnTHMaJIbHblH )l.JIjI )l.aHHOH 3JIeKTpO)l.HOHcxeMbl yroJI KO-

uyca a = 90° HaHAeH 3KcnepHMeHTaJIbHO [1].
IlpH nyJIbCHpYIO~eM HanpIDKeHHH, KOTopoe onucbIBaeT-

CjI ypaBHeHHeM

U<po(t) = Uolsin(cot)l, (1)
rAe Uo - aMnJIHTYAa nyJIbCHpYIO~ero Hanpjl)KeHHjI;

co = 2rtf - ymoBM qaCTOTa;

f = liTo - qaCTOTa;

To - nepHoA nyJIbCa~HH Hanpjl)l(eHHjI (pHc.2);

KOPOHHbIHpa3pjlA ropHT He nOCTOjlHHO, a npepbIBHcTO [5].
3a)l(HraHHe H yracaHHe KOPOHbInpoHcxoAUT COOTBeTCTBeH-

HO B MOMeHTbI BpeMeHH tH H tK, OTMeqeHHble Ha KpHBOH

U<Po(t) TOqKaMH H H K (CM. pHC. 2).

06pa30BaHHe 06'beMHOrO 3apjlAa C nJIOTHOCTblOqo(t) H,

KaK CJIeACTBHe,KOHBeKTHBHoro TOKaJqo(t) B03JIe nOBepx-

HOCTH 3MHTTepa npoHcxoAHT TOJIbKOB npOMe)KyToK Bpe-

MeHH OT tH AO tK , paBHblH to' BeJIHqHHa KOHBeKTHBHoro

TOKa B03JIe nOBepXHOCTH3MHTTepa onpeAemeTCjI no ypaB-

HeHHlO

J
qO
(t) = q 0 (t)W

qO
(t)Fo, (2)

rAe Fo - nJIO~aAh reHepHpYIO~eH nOBepxHocTH 3MHTTe-

pa: Fo = 2rtro~ro ;
Wqo - CKOpOCTbnepeMe~eHHjI 3ap5lAOB B03JIe nOBep-

XHOCTH 3MHTTepa, paBHajl
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Puc.2. H3MeHeHue Jqo' Jeo, E.,., Eqo, E1J1Ha n08epXHocmu
3MUmmepa 8 cmyneHu 3r,a HamemameJlJ/ npu nyAbcupylOU{eM

HanpJlJICeHUU

W (t) = Wa+bE (t)
qo I:o '

r~e Wo - CKOpOCTbHeHTPaJIbHOrO nOTOKa B03JIe 3MHTTe-

pa, M/C;
b - nO~BIDKHOCTb3apSl~OB, M2/(B·c);

EuP) - cyMMapHaH HanpSl)l(eHHOCTb nOJISIB03JIe no-

BepXHOCTH3MHTTepa.

B pe3YJIbTaTe npepbIBHcTOro ropeHHSI KOPOHbI06paJo-

BaHHe06'beMHOrO 3apSl~a H KOHBeKTHBHOrOTOKanpOHCXO-

~HT onpe~eJIeHHbIMH nOpl..{IDlMH- BOJIHaMH,paJ~eJIeHHbI-

MH Me~ C060H CB060~HbIM OT3apSl~OBnpocTPaHcTBoM

[5].
TOK CMe~eHHSI B03JIe nOBepxHocTH 3MHTTepa npH nepe-

MeHHOMHanpSl)l(eHHHCOCTOHTH3 OT~eJIbHbIXHMnyJIbCOBH

06paJyeTCSI TOJIbKOB npoMe~Kax BpeMeHH Me~ ro-

peHHSlMH KOPOHbI[4]. Bo BpeMSI ee ropeHHSI TOK CMe~e-

HHSIOTCYTCTByeT,TaK KaK HanpSl)l(eHHOCTbnOJISIB03JIe oc-

TPHSI3MHTTepa B 3TO BpeMSIOCTaeTCSIBeJIH'lHHOH nOCTO-

SlHHOHH paBHoH HaqaJIbHOH HanpSl)l(eHHOCTH3~raHHSI

KOpOHbIE.

O~HaKo eCJIHnpOaHaJIH3HpOBaTb OCUHlIJIOrpaMMy TOKa

B03JIe nOBepxHocTH 3MHTTepa [4], TO MO)l(HO 3aMeTHTb,

qTO nOMHMO KOHBeKTHBHoro TOKa Jqo(t) BO BpeMSI rope-

HHSIKOPOHbI06paJyeTcSI H TOK CMe~eHHSI Jco(t); cYMMap-

HbIH TOKpaBeH

Jo(t) = Jqo(t) + Jco(t). (4)
31'0 MO)I(HO06'bSlCHHTbTeM, qTO npH ropeHHH KOPOHbI

BCSI30Ha Me~y KOPOHHPYIO~HM 3JIeKTpO~OMH npOTHBo-

3JIeKTpO~OM- KOJIJIeKTOpOMpa36HBaeTCSI Ha ~Be 06JIac-

TH (pHC. 3), yCJIOBHOpaJ~eJIeHHbIe Me~ C060H rpaHHq-

HOHnOBepXHOCTbIOr I [6]. TIepBaSl- BHyTpeHHSISI06JIaCTb
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(qeXOJI KOpOHbI), qpe3BbIqaHHO MaJIaSl C pa~HYcoM ~s =

= 10-5 ... 10-6 M, HaXO~HTCSIMe~ nOBepxHocTbIO caMO-

ro KOPOHHpYIO~ero 3JIeKTpO~a r0 H yCJIOBHOHrpaHHqHOH

nOBepxHocTblO rI • BTopaSl - BHewHSlSI 06JIaCTb, 3HaqH-

TeJIbHO60JIbWe BHYTPeHHeH, pacnOJIO)l(eHa 3a npe~eJIaMH

rpaHHqHOH nOBepxHocTH r) ~o KOJIJIeKTOpa.

Bo BHyTpeHHeH, npHrpaHHqHOH K nOBepxHocTH 3MHT-

Tepa 06JIaCTH, r~e cpe~HSlSI HanpSl)l(eHHOCTb nOJISI3Ha-

qHTeJIbHO BbIwe HaqaJIbHOH HanpSl)l(eHHOCTH 3a)l(HraHHSI

KOPOHbI E*, npOHcxO~SlT Bce MOJIeKyJISlpHbIe, 3JIeKTpO-

XHMHqeCKHe peaKUHH 06pa30BaHHSI 06'beMHOrO 3apSl~a,

B pe3YJIbTaTe KOTOpbIX BO BHeWHlO1O 06JIaCTb BbIXO~HT

npaKTHqeCKH YHHnOJISlpHbIH 06'beMHbIH 3apSl~ Toro )I(e

3HaKa, qTO H Ha 3MHTTepe. 3TOT 06'beMHbIH 3apSl~ BO

BHeWHeH 06JIaCTH 06pa3yeT CBoe 3JIeKTpHqeCKOe nOJIe

C HanpSl)l(eHHOCTblO Eq, KOTopoe B npH3JIeKTpO~HOH 06-

JIaCTH 3MHTTepa HanpaBJIeHO B CTOpOHy 3MHTTepa. Ha-

npSl)l(eHHOCTbnOJISIEqo(t) Ha rpaHHue r I nOJIHOCTbIOKOM-

neHcHpyeT pOCT HanpSl)l(eHHOCTH nOJISIE~(l), H B pe3YJIb-

TaTe cyMMapHaSl HanpSl)l(eHHOCTb Er.o(t) Ha rpaHHqHOH

nOBepXHOCTH r I BO BpeMSI ropeHHSI KOPOHbI OCTaeTCSI

nOCTOSlHHOHBeJIHqHHOH, paBHOH HaqaJIbHOH HanpSl)l(eH-

HOCTHE*. Ha nOBepXHOCTH )I(e KopOHHpyIOIQerO 3JIeKT-

po~a r0 HanpSl)l(eHHOCTb Er.o(t) H3MemreTCSI B COOTBeT-

CTBHH C H3MeHeHHeM HanpSl)l(eHHSI U~(t) H HanpSl)l(eH-

HOCTHEqo(t) OT npOCTpaHCTBeHHoro 3apSl~a. B pe3yJIb-

TaTe :noro TOK CMe~eHHSI Ha nOBepXHOCTH 3JIeKTpO~a

r0 06pa3yeTcSI KaK BO BpeMSI ropeHHSI KOpOHbI, TaK H

npH ee OTCyTCTBHH (CM. pHC. 2).
BeJIH'lHHy KOHBeKTHBHOrOTOKa onpe~eJIHM H3 npe~no-

JIO)l(eHHSI,qTO llJIOTHOCTb 06paJyeMoro 06'beMHOrO 3apSl-

~a B03JIe 3MHTTepa qo(t) nponOpUHOHaJIbHa paJHOCTH Ha-

npSl)l(eHHOCTHEr.o(t) Henocpe~cTBeHHo Ha nOBepXHOCTH

3MHTTepa, paBHoH cyMMe HanpSl)l(eHHOCTHBHeWHero nOJISI

Elflo(l) OT npHJIO)l(eHHOrO HanpSl)l(eHHSIUlflo(t), HanpSl)l(eH-

HOCTHOT npocTpaHcTBeHHoro 3apSl~a Eqo(t):

Er.o (t) = EfPo(t) + EqO(t) (5)
H HanpSl)l(eHHOCTH E* B03JIe nOBepxHocTH 3MHTTepa, Ha

rpaHHqHOH nOBepXHOCTHr1, T.e.

qo(t)= £EoN[Er. (t)-Eo]=
o

= £EoN {[E 'Po(t) + EqO (t)] - EO},



npHyCJIOBHH Er,o (t) 2: E*,

r,nc N= 1/Lls - K03cPcPHQHCHTnponoPQHOHaJIhHOCTH, onpc-

,nCJUlCMhIHpa.u.HYCOMBHYTPCHHCH06JIaCTH KOpOHHOro pa3-

pH,na Lls = 10-5... 10-6 M.

,lVIH onpc,nCJICHHH HanpH)I(CHHOCTH BHcmHcro nOJIH

ECPo(t) B 3aBHCHMOCTHOTnpHJIO)l(CHHoro Hanpjf)l(CHHH BOC-

nOJIh3ycMcH ypaBHcHHcM <1>apa,ncH(l-c ypaBHcHHc MaK-

CBCJIJIa,nJIHO,nHOMCpHOro npH6JIH)I(CHHH):

E (t) = <f> rp (t)
rpx F'

x

r,nc <1>CP(t) - nOTOK HanpH)I(CHHOCTHnOJIH ,nJIHMOMCHTaBpC-

MCHHt, paBHbIH BCJIH'IHHCC(t),
oTKY,na ,nJIHnpHHHToH CHCTCMbI 3JICKTpO,nOB

E.,.(I) ~ F; U••(1()L~Ji J '
-===arctg --
~F'on:Ji Fo

r,nc Fx = Fo+ TtJix2 - nJIOma,nb nOnCpCqHOrO CCqCHHH

MC)I(,ny rCHcpHpyIOmcH nOBcpxHOCTbIO 3MHTTcpa

Fo= 2Ttro&0 H KOHYCHOHnOBcpXHoCTbIO KOJIJICKTOpa;

L - paccToHHHC OT 3MHTTcpa ,no BbIXO,ll,HOroCCqCHHHKOJI-

JIcKTopa (CM. pHC. 1).
IIpH X = 0 HanpH)I(CHHOCTb BHcmHcro 3JICKTPHqCCKOro

nOJIHHa nOBcpxHOCTH 3MHTTcpa paBHa

E (t) = U<jJo (t)
<jJo '-2Tt-r,/)J,- (

_"__ 0__ 0 arctg L
~TtJi

U<jJo (t)

A· arctg( ~)'

r,nc A = ~ ro~roJi .
HanpH)I(CHHOCTb 3JICKTPHqCCKOrO nOJIH OT npOCTpaH-

CTBCHHoro 3apH,na Eqo(t) Ha nOBcpXHOCTH 3MHTTcpa onpc-

,nCJIHM,HCXO,nHH3 paHCC npHBc,nCHHbIX paCqCTOB [2], KO-

TOpbIC nOKa3bIBaIOT, qTO npH nyJIhCHpyIOmcM HanpH)I(C-

HHH, onHCbIBaCMOM ypaBHcHHcM (l), H npH yCJIOBHH, qTO

,nnHHa Me)JoncKTpo,nHoro paccToHHHH L paBHa

~L=-,
2f

POCT HanpH)I(CHHOCTH Eqo(t) C MOMCHTa HaqaJIa ropcHHH

KOpOHHOro pa3pH,na t
H

npoHcxo,nHT npHMcpHO no CHHYCOH-

,naJIhHOMY 3aKoHY no MCpC nocryllJICHHH 3apH,na B MC)I(-

3JICKTpO,nHOCnpocTpaHcTBo. B MOMCHTBpCMCHH t
K
, Kor,na

BCC MC)I(3JIeKTpO,ll,HOe npocTPaHcTBo 3anOJIHeHO 06beM-

HbIM 3apH,ll,oM, Eqo(t) ,nOCTHraeT CBoero MaKcHMyMa

EqO(tK)' B 3TOT MOMeHT cyMMapHaH Hanpjf)l(eHHOCTb Er..o(t)
B 30He HOHH3aQHH CTaHOBHTCHMeHbllJe E* H KopoHa yra-

caeT. 3a,ll,HHH cPPOHT BOJIHhI 06beMHoro 3apH,na B 3TOT

MOMeHT OTXO,nHTOT 3MHTTepa, a nepe,ll,HHH cPPOHTHaqH-

HaCT peKoM6HHHpoBaTh Ha KOJIJIeKTope. IIocJIe ,nOCTH)I(e-

HHHMOMeHTa t
K

3HaqeHHe Eqo(t) YMeHbmaCTcH TaK)l(e npaK-

THqeCKH no CHHYCOH,lJ,aJIhHOMY3aKoHY. B MOMeHT t
H

noc-

JIe,ll,HHenOpQHH npocTPaHcTBeHHoro 3apH,ll,a peKoM6HHH-

PYIOT Ha nOBepXHocTH KOJIJIeKTOpa H Eqo(t) CTaHOBHTCH

paBHoH HYJIIO. B 3TOT )l(e MOMeHT BpeMeHH t
H

Hanpjf)l(e-

HHe UlfIO(t) CHOBa ,ll,OCTHraCT 3HaqeHHH if, a cyMMapHaH

Hanpjf)l(eHHOCTh nOJIH Ha nOBepxHocTH 3MHTTepa CTaHO-

BHTCHpaBHoH E* H KOPOHHbIH pa3pH,ll, 3aropaCTcH CHOBa.

MaKCHMaJIhHaH aMllJIHry,na HanpH)I(eHHOCTH EqO(tK) npH-

MepHo Ha 1/5 MeHhllJe aMllJIHry,ll,bI Hanpjf)l(eHHOCTH ElfIO(tK)
OTnpHJIO)l(eHHoro Hanpjf)l(eHHH [2]. IIoTIoMY ,lJ,JIHnpH6JIH-

)l(eHHbIX paCqCTOB MO)I(HO npHHHTb, qTO C MOMeHTa Bpe-

MeHH tH BeJIHqHHa Eqo(t) H3MeHHCTCHno TOMY )l(e 3aKoHY,

qTO H ElfIO(t), C MOMeHTa t
H

= IJ..t
H

, HO C aMnJIHry,ll,OH, MCHb-

llJeH Ha 1/5 H co CMemeHHeM BO BpeMeHH Ha BeJIHqHHY

IJ..t
H

, T.e.

U<jJ (t-MH)Eqo (t) = -0,78 0 (L) .
A·arctg -

A
Tor,ll,a B COOTBeTCTBHH C (6) llJIOTHOCTh 06pa3yeMoro

06beMHoro 3apS!,naqo(t) B03JIe reHepHpylOmeH nOBepXHO-

CTH 3MHTTepa MO)I(HO onpe,neJIHTb KaK

£Eo[Urp (t) + q>q (t) - U*]
q (t) = 0 0 ,

o fu'A. arctg( ~)

r,ne cpqo (t) - nOTeHQHaJI nOJIS!OT npOCTpaHCTBeHHoro 3a-

pH,ll,aHa nOBepxHocTH 3MHTTepa

{j)qO (t) = -0, 78U<jJo (t - MJ . (14)
BeJIHqHHa KOHBeKTHBHoro TOKa Jqo(t) B03JIe reHepHpy-

IOmeH nOBepXHOCTH 3MHTTepa npH 3THX ycnoBHHX B COOT-



BeTCTBHH C (2) onpeL(eJUleTcJI ypaBHeHHeM

EEo[Vrpo (t) + qJqo (t) - V"]
JqO (t) = (L) [Wo + bEr.o (t)]~ .(15)

~A·arctg -
A

TOK CMern.eHHjI Jco(t) Ha nOBepxHocTH 3MHTTepa COOT-

BeTCTBeHHO6yL(eT paBeH

dEq>o (t)
Jc (t) = EEo ---Fo =

o dt

Voro Icos( rot)1
= EEo (L) 27tro~ro'

. A·arctg -
A

Pe3YJIbTaTbI paCqeTa 3HaqeHHU KOHBeKTHBHoro TOKa

Jqo(t), TOKa CMern.eHHJI Jco(t), cyMMapHoro TOKa Jr-o(t), a

TaJOKeHanpJI)f(eHHOCTH BHeUIHero nOJIJI Ha nOBepXHOCTH

3MHTTepa Eqx>(t), nOJIJI 06'beMHOrO 3apJIL(a Eqo(t) H CyM-

MapHou HanpJI)f(eHHOCTH nOJIJI Er-o(t) B03JIe 3MHTTepa B

3aBHCHMOCTHOTnpHJIO)f(eHHOrO HanpJI)f(eHHjI Uqx>(t),npo-

BeL(eHHbIe no ypaBHeHHJIM (10), (15) H (16) L(JIJIcryneHH

3r,lJ;-KoMnpeccopa C 3aL(aHHOU CHCTeMOU 3JIeKTpOL(OB,

nOKa3aHbI Ha pHC. 2 npH qaCTOTe nYJIbCaQHH!= 1000 rQ

H nOL(BH)f(HOCTH3apJIL(OBb = 1,5.10-6 M2/(B·c). 3TH 3aBH-

CHMOCTHnOJIHOCTblO comacylOTCJI C pe3YJIbTaTaMH 3KC-

nepHMeHTaJIbHOrO HCCJIeL(OBaHHJI,nOJIyqeHHbIMH aBTopa-

MH [4].
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