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Pacnipenesienne 31eKTPHYECKOr0 MO/l BHYTPH KOAKCHAJIBHBIX TOKONPoBoa0B 110 kB ¢
TBepAoil U30JALH el

KOBAJIEB JI.11., BAPMUBOJIOB B.H., 'OJIYBEB /I.B., BOPOHKOBA E.M., XXVJIMKOB
C.C.

PaccMoTpeHbl TeXHMUECKHE PeLlIeHus 10 pa3pabOTKe JIMHEHHBIX U COEAMHUTENbHBIX CEKIIHM
TokonpoBo1oB 110 kB ¢ TBepaoii nzonsiuuei. BoImoaHeHb! pacyeTsl HANPSKEHHOCTU
3JIEKTPUYECKOTO MOJISI PU HATUYMH U OTCYTCTBUU TPAJUPOBAHUS N30SI,
JEMOHCTPHUPYIOIINE 0OCOOEHHOCTH KOHCTPYKTUBHBIX PELICHUH 715 TMHEHHBIX cekiuii. CoriacHo
pacderam, rpaAupOBAHKE MTO3BOJISIET CHU3UTD JUAa30H PACIIPEIEICHUS HAIIPSKEHHOCTH I10JIS
noutu B 2,5 paza. [ns TokonpoBoaos 110 kB Takol KOHCTPYKIIMU YCTAHOBJICHO, YTO
ONTUMAaIbHOE KOJIMYECTBO CJIIOEB PABHO BOCHMU. JJI1 OLIEHKH 1OITyCTUMOCTH MAaKCUMAaJIbHOMN
HaIPSKEHHOCTH MOJIsl IPOBE/ICHA OLEHKA 3JIEKTPUYECKOM TPOUYHOCTH U30JISILIUU JTMHEHHOM
CEKIIMM TOKOIIPOBOJOB B TOJIIE N30JsAIUHA. Ha OCHOBE MOTy4EeHHBIX pe3yJIbTaTOB yCTAHOBIIEHO
HENPEBBIIIEHUE MPEIEIbHO-A0MYCTUMbIX TOPOrOBbIX 3HAYCHHU I HANPSKEHHOCTH TOJISL.
Knroueswvie cnoea: xoakcuanbHbIN TOKOIIPOBOJ, JUTAsl TOJIMMEPHAs U30JIALUSA, DIIEKTpUYECKast

IMPOYHOCTD, I'paiUPOBAHUC.

Technical solutions for the development of linear and connecting sections of 110 kV power lines
with solid insulation are considered. Calculations of the electric field strength in the presence and
absence of insulation gradation are performed, demonstrating the features of design solutions for
linear sections. According to calculations, gradation reduces the range of field strength
distribution by almost 2.5 times. For 110 kV current pipelines of this design, it is established that
the optimal number of layers is eight. To assess the admissibility of the maximum field strength,
an assessment of the electrical insulation strength of the linear section of current pipelines in the
insulation thickness was carried out. Based on the results obtained, the non-exceeding of the
maximum permissible threshold values of the field strength was established.

Key words: coaxial current line, cast polymer insulation, electrical strength, graduation.
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K MeToguke ncnbITAHMI TOIVIMBHBIX CHCTEM JIeTaTe/IbHbIX AIINIAPATOB IPH yAape MOJHUH
KYJIMKOB C.C., XPEHOB C.1., TYPHAHNHOBA 10.C., KOITAEB I'.B, 'OJIVBEB /1.B.
IIpu nopakeHun caMoJieTa MOJIHUEHN B PE3YJIbTATE IPOTEKAHUS TOKA 110 BHEIIHEH ITIOBEPXHOCTU
TOTIJIMBHBIX OaKOB MOYKET BO3HUKHYTh BHYTPEHHEE UCKPEHHE, 00YCIOBIEHHOE 00pa30BaHNEM
00J1b1ION PA3HOCTH NOTEHIMAJIOB MEXY OTAEIbHBIMU €€ diieMeHTaMu. [Ipu onpeneneHHbIx
YCIJIOBUSIX UCKPOBBIE Pa3psiibl MOT'YT CTaThb ACTOYHUKOM BOCILIAMEHEHUS I1apOB TOIUIMBA.
@parMeHTHI TOIUIMBHBIX CUCTEM CaMOJIETOB HUCIIBITBIBAIOTCS HA MPSMOE BO3IEUCTBUE MOJIHUHU B
COOTBETCTBUU C TPEOOBAHUSMU HOPMATUBHBIX JJOKYMEHTOB, IPY 3TOM MUHUMAJbHAsI SHEPrus
3a)KUT'aHMs CMECH T1apOB aBUALIMOHHOT'O TOIUIMBA C BO3AYXOM IpuHUMaeTcs paBHoU 200 Mx/Ix.
[Tpu ucnbITaHusAX GpparMeHTOB TOIUIMBHBIX CUCTEM Ha UCKPEHUE IIPH MPSIMOM yAape MOJIHUU
BO3HHUKAIOT NMPOOJIEMBI, CBSI3aHHBIE C IPUMEHEHHEM MeTo/1a poTorpadupoBaHmsl, a TAKKE
o0ecrieueHreM NapaMeTpoB HOPMUPOBAHHOI'O UMITYJIbCA TOKA MOJIHUU Jis 00pa3LoB O0JIbIINX
pa3Mmepos. IIpu yBennueHnun 1auHbl 3a3eMIIIOIUX TOKOIIPOBOIOB X UHAYKTUBHOCTh
YBEJIMUUBAETCS IPONOPLUUOHAIBHO JUIMHE, YTO IIPUBOANUT K YMEHBIIECHUIO aMIUIUTY b
UCTIBITATEIBHOTO TOKA. B cTaTbe mpuBOAATCS CIIOCOOBI peIIeHus TaHHBIX TPOoOIeM ¢
PUMEHEHUEM COBPEMEHHBIX IIU(PPOBBIX TEXHOIOTHH.

Knroueesvie cnosa: TonnyBHas CUCTEMA CaMOJIETA, IPSIMON y1ap MOJIHUM, BHYTPEHHEE
UCKpEHUE, MUHUMAaJIbHAs SHEPI U 3aXKUTaHusl, MeToA (hoTorpadupoBaHus, 3a3eMIISIOLIHIHA

TOKOTPOBO/I.

When an aircraft is struck by lightning, as a result of current flowing through the outer surface of
the fuel tanks, internal sparking may occur due to the formation of a large potential difference
between its individual elements. Under certain conditions, spark discharges can become a source
of ignition of fuel vapor. Fragments of aircraft fuel systems are tested for direct lightning
exposure in accordance with the requirements of regulatory documents, while the minimum
ignition energy of a mixture of aviation fuel vapors with air is assumed to be 200 MCJ. When
testing fragments of fuel systems for sparking with direct lightning, problems arise related to the
use of the photographing method, as well as providing the parameters of the normalized
lightning current pulse for large samples. As the length of the grounding conductors increases,
their inductance increases in proportion to the length, which leads to a decrease in the amplitude

of the test current. The article provides ways to solve these problems using modern digital



technologies.
Key words: aircraft fuel system, direct lightning strike, internal sparking, minimum ignition
energy, photographic method, grounding conductor.
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dusnyeckoe MoJeJMPOBAHNE BO31CHCTBUS Pa3PAIHBIX ABJICHHUI U3 HCKYCCTBEHHOM
rPO30BOii siYei KM HA 3JIEMEHTbl CHCTEM MOHMTOPHUHIA JHEPreTHYeCKUX 00 beKTOB
BEJIOBA O.C., TEMHHMKOB A.I'., YEPHEHCKUH JIJI., OPJIOB A.B., JILICOB H.IO.
[IpencraBieHbl pe3yabTaThl PU3HUECKOTO MOJASIMPOBAHIS BO3ACHCTBUS PAa3PsAHBIX SBICHUH 13
MCKYCCTBEHHOH I'PO30BOM SUCHKH, POPMHUPYEMBIX C y4aCTHEM KOHCTPYKTHBHBIX JJIEMEHTOB M3
JUDJIEKTPUYECKUX U KOMIIO3UTHBIX MAaTEPUAJIOB, HA DJIEMEHTBI CUCTEM YIIPABICHUS U
MOHUTOPHHIA SHEPreTUYeCKUX 00beKTOB. [lokazaHo, 4YTO C yBeJIMYEHHUEM painyca KPUBU3HBI
BEPILMHBI MOJEIbHOTO MHUIIMUPYIOIIETO AIEKTPO/1a, KOHTAKTUPYIOLIETO C TOBEPXHOCTHIO
M30JISIIMOHHOM KOHCTPYKLMH, aMIUIUTY/1a M KPyTU3HA UMITYJIbCA TOKA CTPUMEPHOM KOPOHBI, a
TaK)Ke aMIUINTY1a CUTHAJIA, HABOAMMOI'O Ha INIOCKOM aHTEHHE, B CPEIHEM BO3pacTacT B
HOJTOpPAa-/Ba pa3a, HeTpanu3yeMsblil 3apsa obnaka cHUKaeTcs. Bo Bpems uaepHoi U riiaBHON
CTaJiui pa3psiia BbISIBICHO CHI)KEHUE aMIUIUTY/1bl TOKA U BEJIMUMHBI IPOTEKILIETO 3apsiaa ¢
YBEJIMUYEHUEM paJlyca KPUBU3HBI BEPLUIMHBI MOJIEIBHOTO 1eKTpoaa. HaiineHnsl 3aBucumoctu
MEXJly MAKCUMAJIbHBIM 3HAaYEHUEM CUTHAJIA, HABOAMMOIO HAa aHTEHHE, U aMIIUTYI0M TOKa
pa3HbIX cTaaui paspsaa. C yBenIndeHHNEM KpyTHU3HBI UMITYJIbCA TOKA CTPUMEPHON U INIaBHOM
CTaaui paspsiia MeXy MOJEIbHBIM 3JIEKTPOJOM C OOJBIINM PaIuyCOM KPUBU3HBI U
VCKYCCTBEHHOU I'PO30BOM AYEHKOW, aMIIJIMTY1a CUTHAJIA, HABOJAMMOI'O Ha aHTEHHE,
YBEJIMUYUBAECTCS.

Knrwoueewie cnosa: MOHUTOPUHT SHEPrETHUECKUX OOBEKTOB, HCKYCCTBEHHAs ITpO30Bas siueiika,

JUDJICKTPUICCKUEC U KOMITO3UTHBIC MAaTCPUAJIbI, Pa3ps/IHBIC SIBJICHUA.

The results of physical modeling of the impact of discharge phenomena from an artificial
lightning cell formed with the participation of structural elements made of dielectric and
composite materials on the elements of control and monitoring systems of energy facilities are
presented. It is shown that with an increase in the radius of curvature of the vertex of the model
initiating electrode in contact with the surface of the insulating structure, the amplitude and
steepness of the current pulse of the streamer corona, as well as the amplitude of the signal



induced on a flat antenna, on average increases by one and a half to two times, the neutralized
charge of the cloud decreases. During the lead and main stages of the discharge, a decrease in the
amplitude of the current and the magnitude of the leaked charge was revealed with an increase in
the radius of curvature of the vertex of the model electrode. The dependences between the
maximum value of the signal induced on the antenna and the amplitude of the current of
different stages of discharge are found. With an increase in the steepness of the current pulse of
the streamer and main stages of the discharge between a model electrode with a large radius of
curvature and an artificial lightning cell, the amplitude of the signal induced on the antenna
increases.

Keywords: monitoring of energy facilities, artificial lightning cell, dielectric and composite
materials, discharge phenomena.
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ChnekTpajnbHble XapaKTePUCTHKH CUTHAJIOB, HHAYLHHPYEMBbIX HA 3JIeMEHTaX CHCTeM
MOHUTOPHUHIA JHEPreTHYeCKNX 00bEKTOB Pa3psiaMu U3 HCKYCCTBEHHOM rpo30BOM siYeiiku
BEJIOBA O.C., TEMHHMKOB A.I'., YEPHEHCKUU JIJI., KUBIIAP T.K., KOBAJIEB]I.J.
IIpencraBiensl pe3ynbTaThl CIIEKTPAIBHOIO aHAJIN3a YJIEKTPOMArHUTHBIX CUTHAJIOB,
WHIYLMPYEMBIX Ha MOJEIIBHOW aHTEHHE pa3pslaMy U3 HCKYCCTBEHHOM IPO30BOM SIMEUKH C
y4acTUEM KOHCTPYKTHUBHBIX 3JIEMEHTOB U3 TUNIEKTPUUECKUX U KOMIIO3UTHBIX MAaTEPHUAJIOB.
CriekTpabHBIN aHAIN3 BHIMOJIHEH Ha OCHOBE 0a3MCHOrO BeiBieTa «MeKCHKaHCKas IIsay.
HccenenoBano BIMSHME paguyca KPUBU3HBI BEPIIMHBI HHUIIMMPYIOLIErO0 MOAEIBHOTO 3JIEKTPOAA,
KOHTaKTUPYIOIIETO C MOBEPXHOCTHIO IUAJIEKTPUYECKON KOHCTPYKIMH, Ha CIIEKTPAJIBHBIX COCTAB
UHIYLIMPYEMBIX CUTHAJIOB. B criekTpasibHOM cocTaBe ToKa paspsiaa npu GopMUPOBaHUN
CTPUMEPHON KOPOHBI NPH 0OJIbIIEM PaJNyce KPUBU3HBI BEPLIMHBI HAOIIOAATUCH B HECKOIBKO
pa3 OoJbIIMe 3HAUYEHUS XapaKTePHbIX 4acToT. B criekTpe curHana, HABOAMMOI'O Ha AaHTEHHE,
ecTh 0oJiee BBICOKHE 3HAUEHUS XapaKTEPHBIX YacTOT, UEM B CIIEKTPE TOKa pa3psa.
XapakTepHble YacTOThI CUT'HAJIA, PETUCTPUPYEMOT0 aHTEHHOM, Tpy (POPMHUPOBAHUU B
IIEKTPUYECKOM I10JI€ UCKYCCTBEHHON T'PO30BON SYEUKU CTPUMEPHON KOPOHBI M BOCXOISLIETO
JTUAEpa ¢ MHALMMPYIOLIETO AIEKTPOIa ¢ MaJIbIM PaJuyCOM KPUBHU3HBI, HAXOIAIIETOCS B
KOHTaKTE C MMOBEPXHOCTHIO H30JIATOpa, ObuTH Ha 20% BHILIE, YEM B CiIydae, KOraa pa3ps
pa3BUBAICSA OT JIEKTPO/Ia C OOJBIINM paanycoM KpuBu3HbI. [Ipu popMupoBanuu rimaBHON

CTaavuu pa3psaa, CpCAHUC 3HAUYCHUSA MAKCUMAJIBHBIX YaCTOT CUI'HAaJIa, HABCACHHOTO Ha aHTCHHC,



UMenH ONM3Kue 3HaYeHNs. BhIsBIeHa TEHICHINS K CHIDKEHHIO YaCTOTHI, COOTBETCTBYIOIICH
MaKCHUMaJIbHOH MHTEHCHUBHOCTH BEHBJIETHOTO CIIEKTpa CUTHAJIA, C POCTOM KPYTHU3HBI HMITYJIbCa
TOKa CTPUMEPHOM KOpOHBI. [Ipy aHann3e BO3MOXKHOTO BO3ACHCTBHSI aTMOC(HEPHOTO
JJIEKTPUYECTBA M MOJTHUU HA 3JIEMEHTHI CUCTEM MOHMTOPHHIA U YIIPABICHUS SHEPrOOObEKTaMH
HEOOXOAMMO YUHUTHIBATh IPUCYTCTBHE B CHEKTPE AIEKTPOMATHUTHOTO U3ITyUCHHS Pa3psiiOB,
Pa3BUBAIOIINUXCS ¢ KOHCTPYKTUBHBIX 3JIEMEHTOB BOJIU3U TIOBEPXHOCTH U3
KOMITO3UTHBIX/TUAIIEKTPUYECKIX MaTepHUaioB, 4acToT 10 70-80 MI.

Kntouesvle cnosa: NckyccTBEHHAs TPO30Bast siueHKa, TUIIICKTPHUSCKHE M KOMITO3UTHBIC
MaTepualibl, CHCTEMa MOHUTOPHHTA, Pa3psIHbIC SBICHHS, YJICKTPOMarHUTHBINA CUTHAI,

CIIEKTPAJIbHBIN COCTaB, BEMBJICTHBIA aHAIIN3.

The results of spectral analysis of electromagnetic signals induced on a model antenna by
discharges from an artificial lightning cell with the participation of structural elements made of
dielectric and composite materials are presented. The spectral analysis was performed on the
basis of the basic wavelet "Mexican Hat". The influence of the radius of curvature of the vertex
of the initiating model electrode in contact with the surface of the dielectric structure on the
spectral composition of the induced signals is investigated. In the spectral composition of the
discharge current during the formation of a streamer corona with a larger radius of curvature of
the vertex, several times higher values of characteristic frequencies were observed. In the
spectrum of the signal induced on the antenna, there are higher values of characteristic
frequencies than in the spectrum of the discharge current. The characteristic frequencies of the
signal recorded by the antenna during the formation of an artificial lightning cell in the electric
field of the streamer corona and the ascending leader from the initiating electrode with a small
radius of curvature in contact with the insulator surface were 20% higher than in the case when
the discharge developed from an electrode with a large radius of curvature. During the formation
of the main stage of the discharge, the average values of the maximum frequencies of the signal
induced on the antenna had similar values. A tendency to decrease the frequency corresponding
to the maximum intensity of the wavelet spectrum of the signal with an increase in the steepness
of the streamer corona current pulse is revealed. When analyzing the possible effects of
atmospheric electricity and lightning on elements of monitoring and control systems of power
facilities, it is necessary to take into account the presence in the electromagnetic radiation
spectrum of discharges developing from structural elements near the surface of
composite/dielectric materials, frequencies up to 70-80 MHz.

Keywords: artificial lightning cell, dielectric and composite materials, monitoring system,

discharge phenomena, electromagnetic signal, spectral composition, wavelet analysis.
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TokonmpoBOabI € JTUTOH U30JsII[HEd HA HOMUHAJIbHOEe HanpsikeHue 35-110kB u Bbie
BAPHUBO/JIOB B.H., KOBAJIEB JI.1., 'OJIYBEB /I.B., BOPOHKOBA E.M., KOITAEB I'.B.
PaccMoTpenbr 0COOEHHOCTH KOHCTPYKIIMU BRICOKOBOJIBTHBIX TOKOITPOBOJIOB, & TAKKE UX
M30JILMOHHBIX cucTeM. [IoKa3aHOo, YTO OCHOBHOM JIUTON M30JISIUEN BBICOKOBOJIBTHBIX
TOKOITPOBOJIOB B HACTOSILIEE BPEMS SIBIISFOTCS SMOKCUAHBIE KOMIIAYH/IbI, B TOM YHCJIE B
KOMITO3MIIMH C IpYyruMU Matepuanamu. OnpeneneHbl OCHOBHBIE IPEUMYILECTBA JTUTOU
M30JISIIUN BBICOKOBOJIBTHBIX TOKOTIPOBOJIOB, MEPE/] APYTUMH BUJAMU U30JISIIUU. Y CTAHOBJICHBI
OCHOBHBIE HAINPABJICHUS PA3BUTHUS U30JSIIUOHHBIX CUCTEM TOKOTPOBO0B. OOOCHOBAHBI
KITFOUYEBBIE (DAaKTOPBI 00ECIIEUEHUS ANEKTPUUECKON MPOYHOCTH PACCMaTPUBAEMBIX
M30JISIUOHHBIX CUCTEM.

Knwuesvie crosa: TOKONPOBO/I, JTUTAS MOJMMEPHAS U30JALMS, TPAIUPOBAHUE, KOAKCUAIbHAS

KOHCTPYKIMS, SJICKTPUUICCKAsA NPOYHOCTD.

The design features of high-voltage current pipelines, as well as their insulation systems, are
considered. It is shown that the main cast insulation of high-voltage current pipelines is currently
epoxy compounds, including in composition with other materials. The main advantages of cast
insulation of high-voltage current pipelines over other types of insulation are determined. The
main directions of development of insulating systems of current pipelines are established. The
key factors of ensuring the electrical strength of the considered insulation systems are
substantiated.

Key words: conductor, cast polymer insulation, rated voltage, graduation, coaxial design,

dielectric strength.
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BiMsiHue CHJIMJIMOYEBHH HA CBOHCTBA YJIEKTPOM30IALMOHHBIX 32 THBOYHBIX KOMIIO3UIIU I
NBAHOBA K.10., KY3bMIH M.B., CEMEHOB B.JI.

PaccMoTpeHBI BO3MOXHOCTH YITyUIICHHUS TUITEKTPHUECKUX U TEXHOIOTHIECKUX CBOHCTB

SMOKCUAHTUAPUIHBIX 3aJIMBOYHBIX KOMIIO3UILIUH IJIs BHCKTpOTeXHquCKOﬁ MPOMBIINIJICHHOCTH C



BBISIBJICHHEM OINTHMAaJIbHBIX COOTHONICHW KOMIIOHCHTOB CMECH. YCTaHOBJ'IeHO, YTO BBCJACHUC
CUJIMJIMOYCBHUH yIydYlIaCT AUIJICKTPHUYCCKUC U DKCILUTYATaAIMOHHBIC XapaKTCPUCTUKHU
MOI[I/I(I)I/II_[I/IpOBaHHbIX KOMITayHOOB. BKCHepI/IMeHTaJIBHO N3yUCHAa BO3MOXHOCTb IPUMCHCHUSA
OIOKCHaHTHAPHUAHOI'O KOMIIayHJa B KAY€CTBE COCTaBa U30JIALIUA JJISA CYXHUX TpaHC(i)OpMaTOpOB.
HpOBe,Z[eHBI HCCICOOBaHUA aAT €3N MOI[I/I(bI/IHI/IpOBaHHOFO OIOKCHUAHTUAPUIHOTO KOMIIAyH/JIa K
Pa3InYHbIM MCTAJlJIaM.

Knrwouesuvie cnosa. SJICKTPOU3OJIINUOHHBIC KOMITO3ULIUN, AUIJICKTPUICCKHUC CBOfICTBa,

OIOKCUAaHTUAPHUAHBIC KOMIIAYHAbI, CUJIIMJIMOYCBHUHBI, aArC3Usl.

The possibilities of improving the dielectric and technological properties of epoxy anhydride
filling compositions for the electrical industry with the identification of optimal ratios of the
components of the mixture are considered. It was found that the introduction of silylurea
improves the dielectric and operational characteristics of modified compounds. The possibility of
using an epoxy anhydride compound as an insulation composition for dry transformers has been
experimentally studied. The adhesion of the modified epoxyanhydride compound to various
metals has been studied.

Key words: electrical insulating compositions, dielectric properties, epoxy anhydride

compounds, silylureas, adhesion.
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K ananu3y ycuiauii B 3JIeKTPOAMHAMHYECKOM KOMIIEHCATOPE Il CHIbHOTOYHBIX
KOHTAKTHBIX YCTPOIHCTB

3AULIEB O.M., HUKOJIAEB H.H., PYCCOBA H.B., CTEITAHOB T.B.

KomnieHcaTopsl 251eKTpOoIMHAMUYECKUX YCUIINN OTTATKUBAHUS 3aMKHYTBIX 2JIEKTPHYECKHUX
KOHTAKTOB IPU3BAHBI TIOBHIIIATH YCTOHYMBOCTH PAOOTHI KOMMYTAITMOHHBIX AJICKTPHUECKUX
anmaparoB MPU MPOTEKAHUU TOKOB KOPOTKOTO 3aMbIKaHUs. BO3MOKHOCTH TTOBBIIICHHS

3¢ (HEeKTUBHOCTH DIEKTPOJUHAMUYECKUX KOMIIEHCATOPOB (OTHOTMETIEBBIX M IBYXIIETICBBIX) B UX
TPaJAUIIMOHHOM UCTIOJTHEHHH BeCbMa OTpaHUuYeHbl. B paccMaTpuBaeMoM 3IEKTPOAMHAMUYECKOM
KOMIIEHCATOPE JUTSI CHIIbHOTOYHBIX KOHTAKTOB CBOOOIHBIN KOHEIT BXOJISAIIETO B KOHCTPYKIIHIO
KOMIIEHCATOPa MaJIOIIOIBM)KHOTO KOHTAKTa ¢ KOHTAaKTHBIMH HaKJIaJKaMu 3arHyT Ha 180
TpaaycoB B CTOPOHY OCH BpallleHUs] MAJIOMOIB)KHOTO KOHTaKTa. B pe3ynpTaTe 3TOro mievo, Ha

KOTOpOM ,Z[CﬁCTByCT QJICKTPOANHAMHUYICCKOC YCHUIIUC OTTAJIKUBAHUA KOHTAKTOB, YMCHBIIACTCA,



MOMEHT OTTAJIKUBAHUS KOHTAKTOB TaK)K€ YMEHbBIIIAETCS, BHIITOJIHEHUE YCIOBHSI €T0 MOJIHOM
KoMIieHcaruu ooserdaercs. [IpuBeneHs! GOpMyIIBI ISl pacdeTa JOMOTHUTEILHOTO
AIIEKTPOIMHAMUYECKOTO YCHIIUS KOMITIEHCATOpa U ero Kodd(hulimeHTa KOHTypa. BEIOTHEHBI
pacueTsl JOMOIHUTEIBLHOTO AMEKTPOAMHAMUYECKOTO YCUIIHSI KOMIIEHCATOPa BBIKJIIOUATEINS Ha
HOMUHaJIBHBIN TOK 630 A ¢ KpaTKOBpeMEHHO BblJiepKHuBacMbIM TOKOM 40 KA. [Tpu pymne
3arHyTOM 4acTU MaJIOIIOJBUKHOTO KOHTaKTa paBHOM 25 % oT 0o011eil 1IMHBI TOKOBOM METIN
PE3YIABTUPYIOIIEE FIEKTPOIUHAMUYECKOE YCUIINE KOMIIEHCAaTOpa yBenuunBaercs Ha 4,69 %,
MOMEHT, OTTAJIKUBAIOLINNA KOHTAKThI, yMeHbIIaeTcs Ha 25%.

Knroueswie cnoea: cuiibHOTOYHBIE KOHTAKTHBIE YCTPOWCTBA, MAJIIONOIBUKHBIA KOHTAKT,
AIIEKTPOIUHAMUYECKOE YCHIINE, IIEKTPOIMHAMUYECKHII KOMITEHCATOP, K03()PHUIIMEHT KOHTYypa

SJICKTPOANMHAMHNYCCKUX yCHJIHfI.

Compensators of electrodynamic forces of repulsion of closed electrical contacts are designed to
increase the stability of the operation of switching electrical devices during the flow of short-
circuit currents. The possibilities of increasing the efficiency of electrodynamic compensators
(single-loop and double-loop) in their traditional design are very limited. In the considered
electro-dynamic compensator for high-current contacts, the free end of the sedentary contact
included in the design of the compensator with contact pads is bent 180 degrees towards the axis
of rotation of the sedentary contact. As a result of this, the shoulder on which the electrodynamic
force of repulsion of the contacts acts decreases, the moment of repulsion of the contacts also
decreases, the fulfillment of the condition of its full compensation is facilitated. Formulas for
calculating the additional electrodynamic force of the compensator and its contour coefficient are
given. Calculations of the additional electrodynamic force of the switch compensator for a rated
current of 630 A with a short-term sustained current of 40 kA are performed. When the length of
the bent part of the inactive contact is equal to 25% of the total length of the current loop, the
resulting electrodynamic force of the compensator increases by 4.69%, the moment repelling the
contacts decreases by 25%.

Key words: high-current contact devices, sedentary contact, electrodynamic force,

electrodynamic compensator, contour coefficient of electrodynamic forces.
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CTpYKTYpHBIii aHAJIN3 3JIEKTPOTEXHUYECKUX CHTHAJIOB IIPH PeKYPPeHTHOM
HCIO0JIb30BAHMH MHOT'OCJIOHHOTO NEePCenTPOHA

AHJIPEEB O.H., CJABYTCKHWH A.JI., ATEKCEEB B.B.

CTpyKTypHBIM aHAIN3 CUTHAJIOB SIBJISIETCS] BAXKHOW COCTABHOM YacThIO MHTEIUIEKTYalbHOU
sHepreTuku. OH MoIpa3yMeBaeT aJallTUBHbIA KOHTPOJIb YPOBHS allepUOANUYECKUX,
HU3KOYACTOTHBIX COCTAaBJISIFOLIMX, YPOBHSI FTADMOHUK B CUTHAJIAX JUIsl 3a/1a4 peIeHON 3alUThl U
aBTOMAaTHU3AIINH, OTPECIICHUSI MECTA MOBPEXKICHHS, MOHUTOPUHTA U TUarHOCTUKU
ANEKTPUUYECKUX crucTeM. [[1s1 00paboTKK CUTHAJIOB B pealbHOM BPEMEHH IIUPOKO UCTIOIb3YETCS
ajanTUBHAs (GUIBTPAIMS U BCE Yallle MPUMEHSIOTCS 3JIEMEHTHI HICKYCCTBEHHOTO MHTEIJIEKTa. B
cTaTbe JJ1s1 00pabOTKU CUTHAJIOB MPEJIaratoTcsi HCKyccTBeHHble Heliponnbie cetn (MIHC)
IPsIMOTO pacrpocTpaHeHus (MHOTOCOMHBIN niepcenTpon). [Ipocreiimue MHC moryT 3aMeHUTh
HelpoceTH ¢ 6oJee CI0KHOM CTPYKTYpOH (CBEpTOUHBIE, PEKYPPEHTHBIE), HO B paMKax
[I0CJIEZI0BATENBHOIO PEKYPPEHTHOIO AJITOPUTMA. DTO 1ae€T BO3MOKHOCTh KOHTPOJIUPOBATh
Ka4eCTBO UJCHTU(UKAIIUH ITapaMeTPOB U 00pabOTKH CUTHAIOB Ha Ka)KJAOM dTarle BEIYUCIICHUI.
[Ipennaraemslii aaropuT™ MPOBEPEH HA MIpUMeEpPe 0OOPAOOTKHU B CKOJIB3SIIEM BPEMEHHOM OKHE
CUTHAJIa C HeJIMHEHHBIMU UCKa)KEHUSAMHU MIPH HAChIIIeHnU TpaHchopmaropa Toka. [Tokazano, 4to
aMIUTUTY/A, 9acToTa U (paza CUrHaJIa MPOMBIIIICHHOW YaCTOTHI C BBICOKMM YPOBHEM T'apMOHUK U
anepUoANYECKON COCTaBIISIONIEH MOXKET OBITh BbIJIEJIEHA C TOYHOCTHIO B €IMHUIIBI ITPOLIEHTOB 32
BpeMsi, HE IPEBBIIIAIOINIECE €IUMHNL] MUJITUCEKYH. J{71s1 MOBBIIEHHS] TOUHOCTH Ha KaX/J0M 11are
BbIUKCIEHUN MOTyT, kpome THC, ncnonb3oBaThCsl TpaAMIIMOHHBIE METO/IBL: YCPEHEHHE,
MeJMaHHOE CrilakuBaHue U T.1. [IpuBeneHHbIe pe3yabTaThl AEMOHCTPUPYIOT BO3MOXHOCTh
IIPOBEJCHUS CTPYKTYPHOI'O aHAJIM3a CUTHAJIOB B PEaJIbHOM BPEMEHHU.

Knrwoueegwie cnosa: o6paboTKa CUTHANIOB, CTPYKTYPHBIHM aHAIN3, UICKYCCTBEHHbIE HEHPOHHBIE

CCTH, HEJIMHEHUHBIS HNCKaXXCHU, q)HHBTpaLII/IH B pCaJIbHOM BPEMCHHU.

Structural analysis of signals is an important component of smart energy systems. It implies
adaptive control of the level of aperiodic, low-frequency components, the level of harmonics in
signals for relay protection and automation tasks, determining the location of damage,
monitoring and diagnostics of electrical systems. Adaptive filtering is widely used for real-time
signal processing and artificial intelligence elements are increasingly being used. In this paper,
artificial neural networks (ANN) of direct propagation (multilayer perceptron) are proposed for
signal processing. The simplest ANN can replace neural networks with a more complex structure

(convolutional, recurrent), but within the framework of a sequential recurrent algorithm. This



makes it possible to control the quality of parameters’ identification and signal processing at
each stage of calculations. The proposed algorithm is tested on the example of processing in a
sliding time window of the signal with nonlinear distortions during saturation of the current
transformer. It is shown that the amplitude, frequency and phase of an industrial frequency signal
with a high level of harmonics and an aperiodic component can be isolated with an accuracy of
units of percent for a time not exceeding units of milliseconds. To increase the accuracy at each
step of the calculations, traditional methods can be used, in addition to the ANN: averaging,
median smoothing, etc. These results demonstrate the possibility to conduct signals structural
analysis in real time.

Key words: signal processing, structural analysis, artificial neural networks, nonlinear distortion,
real-time filtering.
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AanTHBHbIE MeTO/AbI 00ecniedeHus1 3PPEeKTUBHOCTH HHTE/LUIEKTYATbHOTO
aBTOMATH4Y€CKOro NOBTOPHOro BriI4YeHUsi JIIII cBepXBbICOKOr0 HANPSKEHHUS

NBAHOB H.T'., BOPOBbBEB E.C., AHTOHOB B.U., HAYMOB B.A., COJIIATOB A.B.

O} PeKTUBHOCTh CHUKEHHSI KOMMYTAIIMOHHBIX TIEPEHANPSHDKCHUN TP MTOBTOPHOM BKITFOUCHUHT
npoTskeHHBIX JIDIT cBepXBBICOKOTO HATIPSKEHUS JOCTUTACTCS WHTEIUICKTYTbHBIM
ABTOMATUYECKUM MTOBTOPHBIM BKIIFOUEHUEM OJIaroaaps Mpelu3uoHHOMY YIPaBICHUIO
MOMEHTOM BKJIIOUEHHS BBIKIItOUaTens. TpedyeMasi TOUHOCTh HHTEJUIEKTYaIbHOTO
ABTOMATHYECKOTO MTOBTOPHOTO BKITIOYCHHS 00CCIICUNBACTCS aIAITUBHBIME aJITOPUTMaMHU
YIpPaBIICHUS, YIUTHIBAIOIIUMU PSIJT TEXHOJIOTHYECKH BAKHBIX OCOOSHHOCTEH TIporiecca
BKIIIOUEHUS BBIKJTIOUATeNsl. Bo-nepBBIX, MOMEHT 3aMBIKaHUS SJIEKTPUUECKOM 11eTH, KaK MPaBuio,
HE COBIAJAeT C MOMEHTOM 3aMbIKaHUSI KOHTAKTOB BBIKITIOYATENS U3-3a AJIEKTPUUIECKOTO MPoOost
MEXKOHTAKTHOT'O TTPOMEXKYTKA MPH COTMKEHUN KOHTAKTOB. BO-BTOPBIX, CAaM MOMEHT
3aMBIKaHHS KOHTAKTOB OTKJIOHSETCS OT PACYETHOTO M3-3a Pa30poca BpEMEHU JICHCTBUS IPUBOIA
BBIKJTIOUATeNsl. B-TpeThbux, Bpemsi eHCTBUS KOHTAKTHOM CUCTEMBI BBIKITFOUATENS] U3MEHSIETCS
O] BIUSHUEM YCIOBUN OKpPYKArOIIel Cpe/bl U B IPOLIECCE IKCILTyaTaluu. B cTaThe
W3JIarafoTCsl OCHOBBI YUeTa 3THX 0COOECHHOCTEH DIIEKTPOMEXaHUIECKHX XapaKTEPHCTUK
BBICOKOBOJIBTHBIX BBIKITIOYATENICH B aJITOPUTMAX NMPEIU3HOHHOTO yIpaBieHus. [lokazaHo, 9To
3¢ (HEeKTUBHOCTh MHTEIUIEKTYaIbHOTO aBTOMATHYECKOTO TOBTOPHOT'O BKIIFOUEHUS 00ECTIEUHBAIOT

AJIAIITUBHBIC aJITOPUTMBbI YIIPABJICHU S, YYUTBIBAOIINEC BIIUSAHUC TCMIICPATYPhI oxpy;xalomeﬁ



Cpelibl, 3araca HEpruy B IPUBOJIE, HANPSHKEHUS MUTAHUA LENell yIpaBlieHus, BpeMEeH!
0e30mepalmoOHHOr0 MPOCTOSI, SKCIUTYaTAllMOHHOTO U3HOCA BBIKIIIOYATENS U TUHAMUKY
M3MEHEHUS AEKTPUUECKON MPOYHOCTU MEKKOHTAKTHOTO MPOMEKYTKA B IIUKJIE KOMMYTAIIUH.
Knroueswvie cnoea: nunus dreKTponiepeauu, yrpanisiemMas KOMMYTallysl, KOMMYTallHOHHBIE
NepeHAIPSHKEHUSI, YIIEKTPOMEXaHUYECKHE XapaKTePUCTUKN BEICOKOBOJIBTHBIX BBIKIIIOYATENICH,

JUHaMHWKa U3MCHCHUA BHGKTpPI‘{eCKOfI MMPOYHOCTU MCKKOHTAKTHOI'O ITPOMECIKYTKaA.

The intelligent auto-reclosing achieves an efficient mitigation of switching overvoltages during
auto-reclosing cycle of ultra-high voltage power lines by means of precision control of a circuit
breaker switching instant. An appropriate accuracy of control is provided by adaptive algorithms
that take into account a number of technical specificity of a circuit breaker switching process.
Firstly, the instant of energizing of electrical circuit usually does not coincide with the instant of
contacts touch due to gap breakdown during contacts convergence. Secondly, the contacts touch
instant deviates from an estimated value due to the spread of operation time of circuit breaker
drive. Thirdly, the operation time of circuit breaker contacts changes due to influence of
environmental conditions and during operation. The article outlines the basics of circuit breaker
precision control algorithms accounting breaker electromechanical characteristics. It is shown
that the efficiency of intelligent auto-reclosing is provided by adaptive control algorithms that
take into account the influence of ambient temperature, drive stored energy, supply voltage of
control circuits, breaker idle time, operational wear and the dynamics of changes of the electrical
strength of contacts gap during switching cycle.

Key words: power lines, controlled switching, switching overvoltages, electromechanical
characteristics of high voltage circuit breakers, dynamics of change of dielectric strength.
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TepmocToiikue 3JIeKTPOU30JIAIHOHHBIE JIAKOBbIE COCTABLI HA OCHOBE IINAHYPETAHOB /1JIsI

IJ1eKTPOTEXHUYECKOI MPOMBILILIEHHOCTH

POT'OXHWHA JL.T., M.B. KY3bMUWH, CEMEHOB B.JI., AJIEKCAH/IPOB P.N.
HccieoBaHbl AUAICKTPHUSCKHAC U TEXHOJIOTHYSCKUE CBOWCTBA IUAHYPETAHOBBIX JIJAKOBBIX

COCTaBOB Ha OCHOBE M30IMAHATCOICPKAIINX (POPITOIIMMEPOB U JUIIMAHANAMH/IA JIJIS

AIIEKTPOTEXHUYECKOW MTPOMBIIIUICHHOCTH. Y CTAHOBIIEHO, YTO BBEJCHHUE TUITMAHIUAMUIA

yiIyqdmacT JUIJICKTPUYCCKUC, TCPMUUYCCKUC U SKCIINTYAaTAllMUOHHBIC XapaKTCPUCTUKHU



MOJIM(UIIMPOBAHHBIX COCTABOB. JIJIs IMaHYPETAHOBBIX JJAKOBBIX COCTABOB Ha OCHOBE
U30IMaHaTCOoACpKAIMUX POPIOTUMEPOB U JULIUAHANAMHE/IA TIPOBEACHBI UCTIBITAHUS (PU3UKO-
MEXaHUYECKUX, (PU3UKO-XUMUIECKUX U AUIICKTPHUUECKUX CBOKCTB, a TAKIKE aAre3HOHHOM
IIPOYHOCTH K PA3JIMYHBIM IIOBEPXHOCTSIM.

Kniouegvie cnosa: nakoBblii COCTaB, TUJIEKTPUUECKHE CBOMCTBA, aIT€3UOHHAS IPOYHOCTb,

[UaHypETaHbl, TUIUAHANAMHU/], H30IIMAHATCOICPKAIHII PoproIumep.

Dielectric and technological properties of cyanurethane lacquer compositions based on
isocyanate-containing prepolymers and dicyanediamide for electrical industry have been
investigated. It has been found that the introduction of dicyanediamide improves the dielectric,
thermal and performance characteristics of the modified compositions. For cyanurethane lacquer
compositions based on isocyanate-containing prepolymers and dicyanediamide, physical-
mechanical, physicochemical and dielectric properties as well as adhesion strength to various
surfaces were tested.

Key words: lacquer composition, dielectric properties, adhesion strength, cyanurethanes,

dicyanediamide, isocyanate-containing prepolymer.
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Peseiinas 3ammra ¢ NPpeBEeHTUBHLIMU QYHKUMAMH U HENPEPbIBHOM IHATHOCTHKOM /I
3JIEKTpOABHUIaTe el

BYJIBIYEB A.B., OXOTKHUH TI'.II.

Paccmotpena peneifHas 3amuTa 3J1€KTpoIBUraTeNsl, 00Iajatonas ypeKIalouuMi QyHKIUSIMH,
MIO3BOJIAIOILAs ONIEPATUBHO OTKIIFOYATh DJIEKTPOABUIATEIIb, TIOBPEXKIECHUE B KOTOPOM
HEen30eXHO, HO elle He npousonuto. HoBas ¢pyHKIMA 3alUThI TO3BOJIUT COXPAHUTH BBICOKOE
Ka4yeCTBO AJIEKTPUUYECKON SHEPTUU B CUCTEME IEKTPOCHAOKEHUS, HE JOMYCTUTD pa3pyLICHUs
AIIEKTPOJIBUraTelNIs U N30€XKaTh He3alJaHUPOBAHHBIX BHE3AITHBIX aBapUUHBIX OCTAHOBOK
TEXHOJIOTUYECKHUX IporeccoB. [IpencTaBieHsl TeopeTnieckue 000CHOBAHUS METO/I0B
IIPEBEHTUBHOIO BHISBJICHUS NTOBPEKIACHUH d1eKTpoaBUrareneil. IIpuBenensl pe3ynbraTel
MCIBITAaHUH 3aIUTHI Ha (PU3NUECKON MOJIEH MOBPEKICHHOTO JIEKTPOIBUraTelsl, KOTOphIE
MOATBEPAUIIN IPABOMEPHOCTh TEOPETHUECKUX METOA0B MOCTPOCHUS 3alUThI, JOMYIEHNUN U

or paHquHHﬁ, NPUHATHIX IPpU paspaGOTKe 3alllUTHI.



Knroueeswie cnoea: peneitnas 3amunra, IpeBEHTUBHAS 3allUTa, yIpexaaoomue GyHKIUH,

SJICKTPOABUIATCIIb, MCXAHUYCCKHUEC IMOBPCIKACHUA, MOACIIb HArp€Ba, KOHTPOJIb U30JIAIUH.

The relay protection of an electric motor with proactive functions is considered, which allows to
quickly turn off the electric motor, damage in which is inevitable, but has not yet occurred. The
new protection function will preserve the high quality of electrical energy in the power supply
system, prevent the destruction of the electric motor and avoid unplanned sudden emergency
stops of technological processes. Theoretical substantiations of methods of preventive detection
of damage to electric motors are presented. The results of protection tests on a physical model of
a damaged electric motor are presented, which confirmed the validity of theoretical methods for
constructing protection, assumptions and restrictions adopted during the development of
protection.

Key words: relay protection, preventive protection, proactive functions, electric motor,

mechanical damage, heating model, insulation control.
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