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Bu3HaueHHS KpUTHYHOTO CTPYMY BUTOKY JJISI
KOHTPOJIIO CEKTOPHMX 3a0pyAHEHb BUCOKOBOJIBTHHUX
130JI9TOp1B

Bu3HAYCHO 3aJCKHICTh BETHYHHU CEKTOPY 3a0pyIHCHHS BiJ CKIAJOBHX KOMIUICKCHOTO IOBEPXHEBOTO
CTpyMy BUTOKY. OTPHMAHO PiBHSIHHS MEPETBOPEHHA A1 KPUTHYHO JOIYCTHMOTO MOBEPXHEBOTO CTPYMY BHTOKY
3 ypaxyBaHHAM 3HAYCHb BEIMYWHH CEKTOPY 3a0pyJHCHHS, MPUKIAACHOI HAMpyTH Ta (DAaKTOPIB OTOUYIOYOTO
CEpPEIOBHINA — BOJOTOCTI TOBITPSI 1 PI3HUII MI>K TEMIIEPATYPaMH 130JITOpa Ta MOBITPS. Po3podneHuit mpucTpiit
BHMIPIOBAHHS KOMIUICKCHOTO IIOBEPXHEBOTO CTPYMY BHTOKY Ta NMAPAMETPIB OTOUYIOYOTO CEPETOBHINA.
€JIEKTPUYHHIT KOHTPOJIb, CEKTOP 3a0py/IHEHHSI, KOMILICKCHHIA IIOBEPXHEBHUIT CTPYM BHTOKY

ITig wac ekcruryaTamii €JEKTPOYCTAHOBOK CHCTEM €JEKTPOIOCTAauYaHHS HEMHUHYyYe
BiNOYBA€ETHCS 3a0pyAHEHHS 1 3BOJIOKEHHSI IOBEPXHI 130JISI1I11, [0 TPU3BOIUTE A0 MOTIPIIECHHS
ii 13omAUiifHUX BiacTUBOCcTed Ta mepekputTs [1]. IIpum ropusoHTaIPHOMY pPO3TalIyBaHHI
1301TOpa TIpeBaNIOE 3a0pYAHEHHS BEPXHbOI YaCTHHU HOTO MOBEPXHi. 3 4YacOM CEKTOp
3a0pyIHEHHS 3pOCTae a IO MOBHOTO 3a0pyAHEHHS BCiEl MOBEPXHI 130yaTOpa. TOMY OTOYHE
3HAYEHHsI CEKTOPY 3a0pyIHEHHs, MO SKOMY MPOTIKA€ CTPYM BHUTOKY, € HAallepea HEBIAOMUM,
IO CYTTEBO YCKJIATHIOE IHTEPIIPETALII) Pe3YIbTaTIB KOHTPOJIO.

MeTor0 CTaTTi € aHaJiTHYHE BU3HAYEHHS KPUTHYHO JOMYCTUMOTO MOBEPXHEBOTO
CTPYMy BHTOKY, MNpPH AOCATHEHHI SIKOTO HAJIEXKHUTh IPOBAAUTH OYHCTKY I130J5ITOpa, 3
ypaxyBaHHSIM 3HAY€Hb BEJIMYMHU CEKTOPY 3a0pyIHEHHS, NMPHUKJIAACHOI Hanpyru Ta (Gakropis
OTOUYYIOYOTO CEPEIOBHIIA.

Bracninok 3a0pyAHEHHS 1 3BOJIOXKEHHS TIOBEPXHSI 130JISITOPA CTAE EJIEKTPOIPOBIIHOIO,
CTBOPIOIOYH €JIEKTPUYHY €EMHICTh A0 CTpyMomnpoBigHoi muHA (' Ta 3a3eMiIeHHX 4acTHH (7,
TOMY TIOBEPXHEBUH CTPYM BHUTOKY 4epe3 3a0pyIHIOIYHMHA [ap 3MIHIOETbCS B (yHKMI]
MOB3/I0BXXHBOI KOOPAWHATH X BHACIIZIOK HAIBHOCTI CTPYMIB 3MILIEHHS Yepe3 MOBITPS Ta TLIO
i3omsTopa. sl KUNBKICHOTO JAOCHIKEHHS] TapameTpiB MOBEPXHEBOTO CTPYMY BHUTOKY
HEOOXITHO BpaxyBaTH 3aJIGKHICTb AKTUBHOTO OIOPY 7o, SKUM MOJENIOEThCS CTYIIHb
3a0pynneHHs, emHocTi (7 Ta (; SIKUMH MOJEINIOETBCS IUIOINA CEKTOPY 3a0pyAHEHHs BiA
KOOpAMHATH X. BpaxoByrouHM CKJIagHICTh aHAMITHYHOTO BH3HauUeHHs 3anexsHocti Ci=f(x) 1
C>=f(x) 3a paxyHOK 3MIHHO1 KpUBHU3HH MOBEPXHI 130JIATOpa Ta BIUIMBY BOYIOBaHUX (hJIAHIIIB,
BKa3aHl PyHKIIi 3HAWIEHO €KCIIEPUMEHTAIBHO.

3aneKHICTh MOTOHHOI €MHOCTI BiI KOOPIWHATH X Ta 3HAYEHHS IMPOBIIHOTO CEKTOPY
MoOke OyTm ommcaHa napadoyior0, TOMHOXEHOK Ha BIAHOCHY BEJIHYUHY IPOBITHOTO
cekTopa S

C, :(al +b1x+clx2)-S; C, = (a2 +b2x+czx2)-S, (1)
ne ai, az, by, by, ¢1, c; — emmipuyHi KOoeilieHTH MOJIHOMY, OTPUMAaHI Ui MOBHOI
MIOBEPXHI 130J5ITOPA.
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PospaxoBani 3a eKCIEPUMEHTAIbHUMHU JAaHUMH 3HAa4eHHs KoediuieHTiB piBHAHB (1)
HaBezeHi B TaO1. 1. ATeKBaTHICTb ix ouiHeHa koedinientom aerepminarii R,



Tabmuus 1 — Koediuientu emmnipugnoro piBHsHHS C1=£(x,5) 1 Co= f(x.S).

Tun i3osATOpA Hanps{M a, nd/vMm b, n®/mm® | ¢, nd/mMm’ R
BUMIPIOBAHHS
Jo muHu 2,49453 -0,034196 0,000139 | 0,9579

HOP-10-750-I [y - nockocri | 0,479353 | -0,014031 | 0,000342 | 0.9738

Jlns BupiteHHss 00epHEHOI 3a/1aul — BU3HAUEHHS BEIMYMHU CEKTOpY 3a0pyAHEHHS S
3a CKJIAIOBUMH KOMIUIEKCHOTO TIOBEPXHEBOTO CTPYMY BUTOKY B KiHIIl 130J1ATOpa BUKOHAHUH
MHOKUHHHMH HEJNIHIHHUA perpeciiiHuii aHaji3 pe3yJbTaTiB MaTeMaTHYHOTO MOJAEIIOBAHHS 3
ypaxyBaHHSIM HEPIBHOMIPHOCTI PpO3MOIUIEHHS TMOroHHUX mapametrpiB [2]. Otpumane
piBHSIHHA perpecii st nocuinHoro i3osropa MOP-10-750-111 mae Bursia:

§=-3,4372-107 -1, +0,27073-1, +6,4502-10° - 17 —1,3651-10 - I, (2)
ne I, 1 I, — BIATIOBITHO aKTUBHA 1 PEAKTHBHA CKJIAJ0BA IOBEPXHEBOTO CTPYMY BUTOKY
B KIHII 130JI5ITOpA.

AJIeKBATHICTb OTPUMAHOTO PiBHSAHHA OLiHeHa KoedinienTom R, sikmii ckas 0,9731.

OUiHUTH 3aJEeXKHICTh CKJIAJOBHUX IIOBEPXHEBOIO CTPYMy BHUTOKY BiJl BEIHYUHH
cekTopa S 1 cTyneHs 3a0pyAHEeHHs (AKTUBHOI CKJIAZOBOI 7o) MOXHA, PO3TILTHYBIIH rojxorpad,
300paxennii Ha puc. 1.
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AKTMBHA cknagoBa cTpymy, la MKA

Pucynoxk 1 — 'ogorpad koMIUIEKCY CTpyMy BUTOKY IIPH 3MiHI OTOHHOTO OIOPY #o Ta CEKTOPY 3a0pyIHECHHS S
(moronuwit omip r, Bkazaruii B MOM/MM, cekrop S —y B.0.)

OtpumaHe emmipu4yHe pIBHSHHS JO3BOJSIE 3a TapaMeTpaMH KOMILJIEKCHOTO
MOBEPXHEBOTO CTPYMy BHUTOKY BHU3HAYHTH BEJIMUMHY CEKTOpa 3a0pyOHEHHs, IO, B CBOIO
4epry, J03BOJHTb KOPHUT'YBATH 3HAYEHHS KPUTHYHOTO (TPAHMYHO IOMyCTUMOTO) CTPyMY
BUTOKY B 3aJIC2KHOCTI BiJ] TOTO, TIO IKOMY CEKTOPY Ha MOBEPXHI 130JIITOPA MPOTIKAE CTPYM.

IIpn BU3HAUEHHI KPUTHYHOIO TMOBEPXHEBOTO CTPYMy BUTOKY HEOOXIIHO BpaxyBaTH
3aJIe)KHICTh CTPYMY BUTOKY Bil (PaKTOPIB OTOUYIOUOTO CEPENOBHILA.

Y [3] po3pobnero mMareMaTHUHY MOIENb 3aleXKHOCTI I, Bix (PaKTOPiB OTOUYIOHOIO
CepeOBUINA | XapaKTEPUCTUK PIBHOMIPHOTO Iapy 3abpynHeHHs. Po3risiHeMo cripomeny, 6e3
TOCHIKEHHS MePeXiTHUX MPOLIECiB, MOEIb, B IKUH OyAyTh BPaxoBaHi: BITHOCHA BOJIOTICTb,
KUTBKICTh 1HEPTHOI Ta 10HOYTBOPIOKOYOI PEUOBUHHM, PI3HULS TEMIIEPATYP MIXK 130JSTOPOM 1



noBiTpsM. [ uporo HamaMo (axkTopy ,uac mii” 3HadeHHs 20 XB. (TPUBANICTH 3aKIHYECHHS
nepexiaHUX MPOIECiB) 1 OTpUMAEMO 3 [3] pIBHAHHS perpecii Ui yCTaIeHOTO CTPYMY BUTOKY:
I,=0167364+0,175433-X, +0,043874- X; +0,047387-X, +0,103563- X, + 3)
+0,1781560- X, +0,035046 - X; +0,05375-X, - X, +0,12-X, - X, +0,0325- X, - X,
ne X; — pI3HULS TEMIIEpPaTyp y B.O.;
X, — TPUBAJICTH ¥ B.O.;
X3 — IOBEpXHEBA I'yCTHHA 3a0pyIHEHHs €KBIBaJICHTHOIO KibkicTio NaCly B.0 ;
X4 — BITHOCHA BOJIOTICTD Y B.O.
IepeBipka ageKkBaTHOCTI MOJEN BU3HAYANACA 34 KpUTepieM R’, sKuil A7s PiBHSHHS
(3) nmopisaroe 0,946. Ilicns mepexony IO IMEHOBAaHHMX OIMHMLL Ta CIpOIIeHb, (3) HaOyne
BUTJISAY:

I, =1,5145+0,43925- A1 +0,0082938- Ar> +14,7041- 11— 0,04723 - W +

+0,00033034-W?* —3,07494- At - 11— 0,0050654 - At - W,

e Af = fis-lhos — PIBHULT MDK TEMIIEPATYPOIO 130JIATOpA fi; Ta OTOUYYIOYMM HOTO
MOBITPSIM o3, °C;

|l — OBEPXHEBA IILIBHICT eKBiBAIEHTHOK KinbkicTio NaCl, mr/cm?;

W — BigHOCHA BOJIOTICTD, %.

Maremarudsa Mozels (4) € mpanesnaTHo0 B Mexax: Ar=+1+-2°C; p=0,4-107+2-10"
mr/cm’; W=80+100%. Bu3HAUMMO KPHTHUHE 3HAYEHHS [OBEPXHEBOI MIIIBHOCTI Wip,
mifcTaBuBIIN y (4) HaWOUIBIN HecHpUATINBI (HAKTOPU OTOUYHOUOTO cepenoBuima Ar=-2°
W=100% Ta rpaHU4HO AOMYCTUMUIN NMOBEPXHEBUN CprM BI/ITOKy 1(=0,36 MA [3]. OTpumaHne
MaKCHUMAJIbHO JONYCTUME 3HAUEHHS Wp=0,466 107 mr/em®. TIpu mpomy 3 (4) 3Haiinemo
KPUTUYHHUIA MOBEPXHEBUH CTPyM BHUTOKY NPH HOMIHAJIBHIM Hampys3i Ta BIIOMHX (akTopax
OTOUYIOUOTO CEPENOBUIIA;

I, =1,58314+0,4249A7 +0,0082938A¢> —0,04723W +0,00033034W > —0,0050654 At . (5)

PiBustHHA (5) € KOPEKTHUM TUIbKM MPHU PIBHOMIPHOMY 3a0pyAHEHH! BCi€i MOBEpPXHI
i3omsiTopa (mpu S=1).

Y Bumanmky cektopHoro 3abpyaHeHHs (mpu S<I) mMOBepXHEBUH CTPYM BHUTOKY
NPOTIKaTUMeE JIMIIE MO YaCTHHI MOBEPXHI, KA BIAMOBiNae cexTopy 3adpyaHeHHs S. Kpim
TOTO, Ul BIACTPOIOBAHHS BiJl BIUIMBY HA CHTHAJ BIAXWJICHb HANPYTH Bl HOMIHAJIBHOI,
piBHSHHA (5) IPEACTAaBUMO Y BUTIISAL

(4)

I, = S (15831404249 Ar +0,0082938- Ar* —0,04723 W +
U, (6)
+0,00033034- W2 —0,0050654 - At - W),

ne S — BU3HA4YaeThes 3 (2) v B.O,

U — ¢akTuvHe 3Ha4eHHS (pa3HOI HAPYTH MEPEXKi,

Uy — HOMiHaJIbHE 3HaYeHHs (ha3HOI HATIPYTH MEPEKI.

OTtxe, oTpuMaHe piBHSHHS (6) IO3BOJsIE HE TUIBKM BHU3HAYATH, a W KOPUTYBATH
KPUTHUYHUH CTPYM BHUTOKY /p BIAMOBINHO 1O 3HAYEHb BEIWYMHU CEKTOPY 3a0pynHEHHS,
MPUKJIAIEHOI HAPYTH Ta (HaKTOPIB OTOUYIOUOrO CEPENOBHUIIA.

Jns  nmiarHOCTyBaHHsA HEOE3MEYHOro piBHS 3a0pynHEHHS HEOOXIAHO TOpPIBHATH
OTpUMaHUH FpaHI/ILIHI/II/I L 3 TUM /4y, SIKUIT TIPOTIKAE Yy JaHUHN Yac. MOXIINBI B BULIAJKU:

— [ <[yn piBeHb 3a0pyIHEHHS € KPUTUYHUM 1 HAWOMIDKYMM YacoM HEOOXiIHO
MPOBECTH OUHUIIEHHS 13051

— >l 3amacy  130JSIMIHHOI  MINHOCTI  JOCTAaTHBO 1 130JIITOPH  MOXYTb
eKCILTyaTyBaTHCS W Haga 0e3 OYnIeHHS.

Po3pobneno wmaker mnpuctporo (puc.2), SKU € YAaCTUHOK CHUCTEMHU TEXHIYHOI
IIarHOCTUKM Ta BHMIPIOE HACTYIHI BEJUYMHHU. (a3y MOBEPXHEBOTO CTPYMY BHTOKY;



aMIUTITYAHI 3HAYEHHS MEPIIUX T'apMOHIK MPHUKIANEHOI [0 130JITOpa HANPYrH Ta CTPYMY
BUTOKY, BOJIOTICTbH 1 TEMIIEPATYPY OTOUYYIOUOTO 130JIATOP MOBITPS; TEMIEPATYPY 130JIATOPA.

[adopmanitina LCD-nanrens Jlxepeno OnopHOI HANPYTH
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Prcynok 2 — OyHkITioHATEHA CXeMa TIPHCTPOIO
OCHOBHHH €IeMEHT BHUMIPIOBAILHOTO MPHUCTPO0 — MikpokoHTposep (MK)

ATmegal6. BumiproBaHHs Temmeparyp 3AIHCHIOETbCS LudpoBuMH aaBadamu DS18B20 3
muckpetricTio 0,1°C mpu abcomrotHiii moxubui BumiproBanHs +0,5°C. BumiproBanHs
BOJIOT'OCTI 31HCHIOETHCSI aHAJIOroBUM jaaBadeM Bojorocti HIH-4000-003 3 tounicTio +0,5%.
Jns BinoOpakeHHs BUMIPSIHUX BEJIMYMH BUKOPUCTOBYEeThCs iHpopmanifina LCD-nanens. B
po3poOIeHOMY MakeTi MpHaxy BPaXxOBaHO BIUITMB HEJHIMHUX CIOTBOPEHDb MPHKJIAACHOI 110
130J1TOpa HANPYrd Ta CTPYMy BUTOKY. Il bOTO BHUKOPUCTAHUN OPTOTOHAIBHUH METOX
BU3HAYECHHs KyTa 3CyBy (a3 3 umdposoro obpobkoro curHams. Ilpuman nepenbauae
MOJKJIMBICTh TiAKIIO4YEeHHS depe3 iHTepdeiic RS-232 no IIK mma nmopmanemoi obpobku
BUMIPSIHUX BEJIHYHH.

Y pasi poboru miacTaHmii 0Oe3 OOCIYroBYIHOHUOro TNEpCOHANy, CHUTHAT IOAO
HEOOX1AHOCTI OYHMINEHHS 130JSITOPIB MOCTYIAE Y TENeMEXaHIYHUN KaHal 3B’s3Ky [4], sxkuii
OTIOBICTUTD LIEHTPAIBbHUHN AUCIIETYCPCHKHUIA MyHKT NMPO HeOe3neuHuil piBeHb 3a0pyAHEHHS Ha
IaHif macTaHLii.

BuchHoskmn.

1. Onep>xano BUpa3 Uit BU3HAUEHHS BEJIMYMHH CEKTOPY 3a0pYIHEHHS 32 aKTUBHOKO 1
PEaKTUBHOI CKJAJIOBUMH TOBEPXHEBOTO CTPYMy BHTOKY, IO JO3BOJIJIO YAOCKOHAJIUTH
ENEKTPUYHUI METOJI KOHTPOJIIO LUIIXOM MEPEePaxyHKy 3HAYEHHsS KPUTHYHOTO CTPYMY BHUTOKY
MPOTMOPLIHO BEIUYNHI CEKTOPY 3a0pyTHEHHSI.

2. OpepkaHO pIBHAHHS TIEPETBOPEHHS MJIs1 KPUTHYHOTO TMOBEPXHEBOTO CTPYMY
BUTOKY B 3QJIEKHOCTI Bif PI3HHULI TEMIIEPaTyp MDK I130JATOPOM 1 MOBITPSIM, BIAHOCHOI
BOJIOTOCTI TOBITPsl, poO0OYOi HAMPYrd Ta BEJIUYHMHHU CEKTOPY 3a0pyAHEHHS, L0 IO3BOJISIE
OTPUMATH FPAHUYHO AOMYCTHMHH MOBEPXHEBHH CTPYM BUTOKY 3 YPaxyBaHHSM iX BIUIMBY Ta
CBO€YACHO BHU3HAYATH MOMEHT OYMIIECHHS 130JIALI1.

3. Po3pobnennii MakeT MpHUCTPO BHUMIPIOE aMIUTITYJHI 3HAUEHHs MEPIINX TapMOHIK
MIOBEPXHEBOTO CTPYMy BUTOKY 1 NMPHUKIAEHOI [0 130JIATOpA HANPYTH, KYT 3CyBY (as MK
HUMU Ta MMapaMeTpy OTOUYIOUOTO CePEeNOBUINA; TEMIIEPATYPY MOBITPS 1 130JISITOPA, BOJIOTICTh
MOBITPSL.
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A. Opnosuwy, I1. Ineutxos, C. Cepebpennuxos, A. Cupuros
OnpenesileHne  KPHTHYECKOT0 TOKA YTEUKH /ISl KOHTPOJISA CEKTOPHBIX 3arpsi3HEHHId
BBICOKOBOJILTHBIX H30JISITOPOB

OmnpenencHa 3aBHCHMOCTh BEIHYHHBI CEKTOPA 3arpsS3HCHUS OT COCTaBJLTIOMIMX KOMIUICKCHOTO
MOBEPXHOCTHOTO TOKA YTCUKH. [lOJMyueHBI ypaBHCHHS NPEOOPA30OBaHHMSA U1 KPHTHUCCKH JOIYCTHMOTO
MOBEPXHOCTHOTO TOKA YTEUKH C VYYCTOM 3HAYCHWSI BCJIMYUHBI CEKTOPA 3arpsS3HCHHS, IPHIOKECHHOTO
HANpsDKEHUS. W (DAKTOPOB OKPYKAOMICH Cpedbl - BJIAKHOCTH BO3AYyXa H PA3HUIBI MEKIY TEMIEpaTypamMHu
H30J1ITOpA | BO3AyXa. Pa3paboTaHHOE YCTPOHCTBO M3MEPEHHSI KOMIUICKCHOTO MIOBEPXHOCTHOTO TOKA YTCUKH M
TAPAMETPOB OKPY>KAIOIIEH CPEIbL.

A. Orlovich, P. Pleshkov, S. Serebrennikov, A. Sirikov
Definitions of a critical current of outflow for the control of sector pollution of high-voltage
isolators

Dependence of size of sector of pollution on components of a complex superficial current of outflow is
determined. The equations of transformation for critically allowable superficial current of outflow are received in
view of value of size of sector of the pollution, the enclosed voltage and factors of an environment - humidity of
air and a difference between temperatures of isolator and air. The developed device of measurement of a
complex superficial current of outflow and parameters of an environment.
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