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HeijipoceTeBoii KOHTPOJIb HECTAIMOHAPHOTO PEKUMA ACHHXPOHHOI0 ABUIaTeJIs1
AHJIPEEB O.H., CJIABYTCKHH JI.A., PYCCOBA H.B. AJJEKCEEB B.B.

Armnmapat UCKYCCTBEHHBIX HEHPOHHBIX CeTel BCE€ O0Jiee MMUPOKO UCTIONIB3YETCs B 3aa4ax
anekTpoTexHuku. [locne o0yueHuss HCKyCCTBEHHbIE HEMPOHHBIE CETH MOTYT OBITh PeaTu30BaHbI
B MUKPOIPOIIECCOPHOM 00OPYZOBAaHUH U UCTIOIB30BATHCS JUISI BEIUMCICHUH B peaJbHOM
BPCMCHHU. TGCTI/IpOBaHI/Ie TAKUX aJITOPUTMOB HA SKCTICPUMCHTAJILHBIX JAHHBIX, KOT1d CTPYKTYpa
HEHPOHHBIX CETEeH MOIOUPACTCS SIMITUPUUCCKH, SIBISETCS aKTyalbHOM 3aaueii. B cratbe
MPUBOJISATCS Pe3yIbTaThl HEMpOCETeBOM 0Opa0OTKHU B pealbHOM BPEMEHH CUTHAJIOB TOKa U
HaIIPsS’KCHUS B 06MOTKaX ACUHXPOHHOI'0 ABUTATCIIA MPU BKIIFOUCHUHN U OTKIIFOUYCHHUU IMUTAHUS B
TEYEHHUE OJHOTO0 MEePHO/Ia MPOMBIIIJICHHOHN YacTOThl. B 1a00paTOpHBIX YCIOBUSAX aCUHXPOHHBIN
JBUTATENh BKIIOYAJICS Yepe3 TUPUCTOPHBIN PErysTOp, pealn3yomuil BKIIOUEHHE U
OTKJIIOUEHHUE TTUTAHUS C PETYIHPYEMO CKBaXXHOCTHIO (HadanbHOH (hazoii). Takum oOpazom,
O6CCH€‘II/IBaJIOCB HU3MCHCHHUC YaCTOThI U aMINUIUTY bl TOKA U HANTPSPKCHUA B TCUCHHUC BPECMCHHOI'O
MHTEpBaJla B 10JIM NIepHOJa MUTAIOLIEro HanpskeHus. KpoMe Toro, aHaIM3upoBaJINCh CUTHAIIBI
B pekuMe BelOera asuratens. [1o pe3ynpraTam JoKaabHON alnlmpoOKCUMAIlMH CUTHAJIOB JUana3oH
BapbUpPOBaHUs X 4acToThl cocTaBui 3050 ', J[j1s HEHpoceTeBOro KOHTPOJISI B CKOJIB3AIIEM
BPEMCHHOM OKHC, pa3MCpbl KOTOPOI'O HC MPCBhIIIAJIN CANHUI MUJUIUCCKYH/, B
MUKPOTIPOIIECCOPHOE 000PYIOBAHUE 3aHOCUIIOCH HECKOJIBKO HEHPOHHBIX CETEH MPSMOTO
pacnpoctpanenus. Kaxnas u3 HEHPOHHBIX CETEH peliayia OTASIbHYIO 3a/1auy: ONpeAcieHue
JIOKQJIbHOM 4acTOThI, (pa3bl, aMILUTUTYIbl © MOMEHTa KoMMyTanuu. [lokazano, 4yto
HpGI[JIO)KGHHBIfI noaxoJ mMOo3BOJISICT KOHTPOJIIMPOBATH YaCTOTY CUTHAJIA C MOTPCUIHOCTBIO HC
OoJsee molel repil, MPu 3TOM HEUPOHHBIE CETH PA3HOU CTPYKTYPHI IAI0T BO3MOKHOCTh
JOTIONHSTH PE3yJbTaThl APYT APYTra U yBEIUYUTh TOYHOCTH OINPEIEIeHHsI TapaMeTPOB CUTHAA.
Knrouesvie cnoea: acHHXpOHHBIN IBUTATENb, HECTALIMOHAPHBIM PEXUM, KOHTPOJIb,

UCKYCCTBCHHBIC HEUPOHHBIE CETH.



The apparatus of artificial neural networks is increasingly being used in electrical engineering
tasks. After training, artificial neural networks can be implemented in microprocessor equipment
and used for real-time computing. Testing such algorithms on experimental data, when the
structure of neural networks is selected empirically, is an urgent task. The article presents the
results of real-time neural network processing of current and voltage signals in the windings of
an asynchronous motor when the power is turned on and off during one period of industrial
frequency. In laboratory conditions, the asynchronous motor was switched on through a thyristor
regulator, which implements switching on and off the power supply with an adjustable duty
cycle (initial phase). Thus, a change in the frequency and amplitude of current and voltage was
ensured during the time interval in a fraction of the supply voltage period. In addition, the signals
in the engine run-out mode were analyzed. According to the results of local approximation of the
signals, the frequency range was 30—50 Hz. For neural network control in a sliding time window,
the size of which did not exceed units of milliseconds, several neural networks of direct
propagation were entered into the microprocessor equipment. Each of the neural networks solved
a separate task: determining the local frequency, phase, amplitude and switching moment. It is
shown that the proposed approach makes it possible to control the signal frequency with an error
of no more than a fraction of hertz, while neural networks of different structures make it possible
to complement each other's results and increase the accuracy of determining signal parameters.

Key words: asynchronous motor, non-stationary mode, control, artificial neural networks.
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IHoaTBep:kaeHNe KOH(PUTYPALMH NIEKTPHYECKOH CETH 10 JAHHBIM TeJIeU3MEPEHUH HA
OCHOBE CBEPTOYHBIX HEHPOHHBIX CeTel

MACHHUKOB E.1O., AHTOHOB B.H1., COJIJATOB A.B., PA3YMOB P.B.

OyHKIUSA 10CTOBEPU3ALUH KOH(PUTYPALIUH IEKTPHUECKON CETH SBISAETCS BaXKHOM 4acThbIO
CHCTEM MOAJIEPKKU IPUHATHS PEILICHHS U TOBBIIAET HAIEKHOCTh U A3PPEKTUBHOCTD
yIIpaBJICHUS peKUMOM paboThI 3eKTpuuecKoil cetn. Knaccndecku QyHKIMS peanu3yercs Ha
OCHOBE METO/Ia OIICHKH COCTOSIHUS U HE 00J1a1aeT JOKHONW CKOPOCTHIO PEaKLIUU Ha N3MEHEHHUS
B DJIEKTPUYECKOH CETH, a TaKXKe TpeOyeT OOJbIINX BBIYUCIUTENBHBIX peCypcoB. Mexy TeM
CYIIECTBYIOT COBPEMEHHBIE HHCTPYMEHTBI, 00€CIIEUUBAOIIIE BEICOKYIO CKOPOCTh PEaKIUH
Onarosapst HCKIIOUEHHUIO PACUeTOB PEKUMa JIEKTPUUECKOM CeTH B peaJbHOM BpEMEHH
ynpasieHus €1o. K Takum MHCTpyMeHTaM OTHOCSITCSI HEMpOHHBIE CETU. B cTaThe npeanaraercs
cucTeMa NOATBEPKIACHNS KOHPUTypaluii 3JIeKTPUIECKON CETH Ha OCHOBE CBEPTOYHBIX

HEUPOHHBIX ceTeld. ICXOMHBIMH TaHHBIMU JIsl HEUPOHHOM CETHU SIBJISIOTCS TEIEU3MEPEHUS



PEXUMHBIX ITApaMETPOB, MpeAcTaBieHHbIe B 2D-(popmare, a pe3yabTaToM SBISIOTCS
JIOKQJIM30BaHHBIE OMIMOKH B MIPEACTABICHUH TEKYIIEH KOH(PUTYpAITUH dIIEKTPUIECKON CETH C
OIICHKOM YpOBHS JIOCTOBEPHOCTH pe3yiibTaTa. PaboTa cucTeMbl MPOJEMOHCTPUPOBAHA HA
MpUMeEpe OIIEHKH KOH(MUTYpaIliid IEBITHY3JI0OBOH AIeKTpruaeckoit cxembl ctanaapra IEEE.
HeiiponHast ceTb 1EMOHCTPUPYET BHICOKYIO ONIEPATUBHOCTH M TOYHOCTh PACIIO3HABAHUS
TeKyIIel KOH(UTYpAIFH, B TOM YUCJIE U B YCIOBHUSIX UCKAXKEHHOCTH U HEIOCTATOYHOCTH
JTAHHBIX TEJICU3MEPEHHUI.

Knrouesvie cnoea: >nexTpuuecKkue CeTH, TeIeU3MEpPEeHHs], CBepTOYHbIE HEHPOHHBIE CETH,

JIOCTOBEpU3AIHS MPECTaBICHUS KOHPUTYpALUH AIEKTPUIECKOM CeTH.

The reliability function of the electrical network configuration is an important part of decision
support systems and increases the reliability and efficiency of managing the operating mode of
the electrical network. Classically, the function is implemented on the basis of the condition
assessment method and does not have the proper response rate to changes in the electrical
network, and also requires large computing resources. Meanwhile, there are modern tools that
ensure a high reaction rate due to the exclusion of calculations of the electrical network mode in
real-time control of it. Such tools include neural networks. The article proposes a system for
confirming electrical network configurations based on convolutional neural networks. The initial
data for the neural network are tele-measurements of the operating parameters presented in 2D
format, and the result is localized errors in the representation of the current configuration of the
electrical network with an assessment of the level of reliability of the result. The operation of the
system is demonstrated by the example of evaluating the configurations of a nine-node electrical
circuit of the IEEE standard. The neural network demonstrates high efficiency and accuracy of
recognition of the current configuration, including in conditions of distortion and insufficiency of
tele-measurement data.

Key words: electrical networks, tele-measurements, convolutional neural networks, reliability of

representation of the electrical network configuration.

Inekmpomexnuka, 2024, NeS, cmp. 17-21

Knaccndukanns KOHTAKTOPOB U TeHJAEHUMU PA3BUTHS 3JIEKTPOMATHUTHBIX KOHTAKTOPOB
MBAHOB W.II., MUXAWJIOB A.B., BACUJILEB E.I'., [IETPOB B.H., IIETPOB O.A.,
I'VPBEB B.K.

[Tpennoxena obmias kaaccupukalys KOHTAKTOPOB 10 MPU3HAKaM BBICIIETO ¥ HU3IIETO YPOBHEH



B BHJIC, YIOOHOM JIJIsl OTICHKH TeHJICHIIUN pa3BUTH. LIeHTpanbHOE MECTO B TaKO#
KJIacCH(UKALIUY 3aHUMAIOT HauboJee pacpoCTpaHEHHBIC MIEKTPOMArHUTHBIC KOHTAKTOPHI,
npeIHa3HauYeHHBIC JJIsl IPUMEHEHHUs B OOIIEIPOMBIIIUICHHON TEXHUKE, B AKTUBHO
Pa3BHUBAIOIINXCS CUCTEMaX (00BbEKTaX) C AKKYMYJISTOPHBIMU UCTOUHUKAMU MTUTAHUS U
a’POKOCMHUUECKOM TeXHUKe. OTMeueHbl 00111e MUPOBbIE TEHCHIINH PAa3BUTHS
AIEKTPOTEXHUYECKON MPOIYKIIMHU, TPUCYIIUE TaKKe KOHTakTOpaM. OCHOBHBIE 3TaMbl Pa3BUTHS
KOHTaKTOPOB U XapaKTEePHbIE UX NMPU3HAKU MIPEACTABICHBI B BUJIE JUATPAMMbl Pa3BUTHS
3JIEKTPOMArHUTHBIX KOHTAKTOPOB (ITycKaTesei), COCTaBICHHOI Ha OCHOBE JaHHBIX KOMITAHUU
Schneider Electric. Poccuiickuii ppIHOK KOHTAaKTOPOB BBUAY Psijia CIIOXKHOCTEH OIICHUBACTCS
HEOJTHO3HAYHO U BEPOSITHEE BCETO B OiIbKaiIiee BpeMsi OyAeT ONpeaesaThCs PelieHueM
KOHKPETHBIX 33/1a4 00ECTICUCHHU ST TEXHOJIOTHUECKON HE3aBUCUMOCTH POCCUICKOIN 3KOHOMUKH,
HanpHUMep, pa3paboTKOM OTAENbHBIX BUJOB KOHTAKTOPOB, SBJISIONINXCSA aHAIOTAMU BETYIIIUX
MHPOBBIX KOMIIAHUM.

Knrwoueswvie cnosa: KOHTaKTOPBI, Kiaccu(pUKaLus, TEHACHIUN PAa3BUTHS, MUPOBOW U POCCUHCKUI

PBIHOK.

A general classification of contactors according to the characteristics of the highest and lowest
levels is proposed in a form convenient for assessing development trends. The central place in
this classification is occupied by the most common electromagnetic contactors intended for use
in general industrial equipment, in actively developing systems (facilities) with battery power
sources and aerospace engineering. The general global trends in the development of electrical
products, which are also inherent in contactors, are noted. The main stages of contactor
development and their characteristic features are presented in the form of a diagram of the
development of electromagnetic contactors (starters), compiled on the basis of data from
Schneider Electric. Due to a number of difficulties, the Russian contactor market is assessed
ambiguously and is likely to be determined in the near future by solving specific tasks to ensure
the technological independence of the Russian economy, for example, by developing certain
types of contactors that are analogues of leading global companies.

Key words: contactors, classification, development trends, global and Russian market.
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AHanan3 pe3oHaHCcHOro npeodpasoares Tuna LCC B pe:xxume HenpepbIBHOTo Toka LC-
KOHTYpa

BEJIOBI''A., MAJIMHUWH I'.B., MUTAUINH H.II.



PaccmoTpen Hanbosee CI0XKHBIN TPEXUHTEPBATBHBIN PEKUM Ha TOJYTIEPHO/IE TIEPEKITIOUSHUN
npeoOpaszoBatesisi HocTosHHOro HanpspkeHus Tina LCC. BeKTOpHO-MaTpUYHBIM METOJIOM
PCIICHBL ,Z[I/I(b(bepeHLII/IaJILHBIe YpaBHCHUS, OMMCBIBAIOIIMUC MPOLCCChI HA TPEX MHTCPBAJIaX
JTUHEWHOCTH TIpeoOpa3oBaTens. Ha 3Toif OCHOBE MOTy4eHbl aHAIUTHYECKHUE COOTHOIICHHUS,
MO3BOJIAIOIINE PACCYUTHIBATH IEPEXOIHBIE MPOLIECCHl METOIOM MPUIIACOBBIBAHUA. JTa 3a7a4a
YCIIOXKHSIETCA TEM, YTO Ha UHTEpBaJIe Iepe3apsiga eMKOCTH, NapajlIeIbHO BKIOYEHHOM
BTOPUYHOM 0OMOTKE, BEKTOP COCTOSIHHS OTIMYACTCS OT BEKTOPOB COCTOSIHUA HA JIPYTUX JIBYX
MHTEpBajiaX. AHATUTUYECKUE COOTHOLICHHS TIO3BOJISIOT ONPEAETUTh 3HAUeHUS BEKTOpa
COCTOSTHUS Ha TPaHULIAX MMOJTYNEPUOAOB B YCTAHOBUBILIEMCS peKUME. DTO, B CBOIO OUYEpE/lb,
MO3BOJISIET HAUTU BBIpAXCHUA JId pacdeTa CPCAHUX 3HAYCHUN BBIXOAHOT'O TOKA U BBIXOJHOTI'O
HaTPSDKEHUS IpeoOpazoBaTeisi B yCTAaHOBHUBIIEMCS peskuMe. [lokazaHo, 94TO COOTHOLICHHE
JUIUTETLHOCTEHN MEPBBIX JBYX MHTEPBAJIOB JUHEHHOCTH IPeoOpa3oBaTeisi B yCTAHOBUBILIEMCS
peXHMe He 3aBHCUT OT BBIXOAHOTO HampsbkeHus. [Ipemioxkena mporpamMma pacuera
XapaKTEPUCTUK YCTAHOBUBILIETOCS PEXKUMA, CPABHEHUE KOTOPHIX C XapaKTEPUCTUKAMH,
IMOJTY4YCHHBIMU Ha I/IMHTaL[I/IOHHOﬁ MOZCIIH, JaJI0 XO0pomee COBINAACHUC, YTO IMOATBCPKAACT
MPABUJIBHOCTD MOJTYYEHHbBIX aHAJTUTUYECKUX COOTHOIICHUH.

Knroueevle cnosa: pe3oHaHCHBIN TpeoOpa3oBaTeb MOCTOSHHOTO HanpspkeHus tuna LCC,
BPEMEHHOM aHaJIN3, BEKTOPHO-MATPUYHBIE YPABHEHHUsI, YCTAHOBUBILIUINCS PEXKUM, BHEITHSSA

XapaKTCPUCTHUKA, UMUTAIITUOHHOC MOACIINPOBAHUC.

The most complex three-interval mode on the half-cycle of switching of a DC voltage
converter of the LCC type is considered. The differential equations describing the processes at
three linearity intervals of the converter are solved by the vector-matrix method. On this basis,
analytical relations have been obtained that allow calculating transients by the method of
stocking. This task is complicated by the fact that at the recharge interval of the capacitance,
parallel to the secondary winding, the state vector differs from the state vectors at the other two
intervals. Analytical relations make it possible to determine the values of the state vector at the
boundaries of half-periods in a steady-state mode. This, in turn, allows you to find expressions
for calculating the average values of the output current and output voltage of the converter in
steady state. It is shown that the ratio of the durations of the first two linearity intervals of the
converter in steady-state mode does not depend on the output voltage. A program for calculating
the characteristics of the steady-state regime is proposed, the comparison of which with the
characteristics obtained on the simulation model gave a good match, which confirms the

correctness of the analytical relations obtained.



Key words: resonant DC voltage converter of the LCC type, time analysis, vector matrix

equations, steady-state mode, external characteristics, simulation modeling.
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JaTunk TOoKa ¢ HU(PPOBBLIM BbIX0A0M 10 cTanaapTy MIK

BYJIBIYEB A.B., TPUBKOB M.A., OXOTKHUH I'.I1., IMUTPEHKO A.M.

PaccmoTpen naTunk Toka ¢ UG POBBIM BBIX00M 10 cTanaapTy MOK ¢ ynydiieHHpIMU
XapaKTepUCTUKaMU NpeoOpa3oBaHuUs TOKA U PACIIUPEHHBIMU (YHKIIMOHATbHBIMU
BO3MOXKHOCTSIMU. [IpeacTaBieHsl pe3yabTaThl UCCIIEIOBAHUS IEPBUYHBIX 3JIEKTPOMArHUTHBIX
npeoOpa3oBaTeeil TOKa, UCIOIb3YEeMbIX B IaTYMKe TOKA. IIpesioskeHo cOBMEIeHUE B JaTYUKE
ToKa (pyHKIMI Mpeobpa3zoBaHusi CUTHAJIOB B M poBoii hopmaT ctannapra MOK 61850 u
GYHKIIMA TOKOBOW pesieifHOM 3amuThl. [lokazanbsl 0COOEHHOCTH BHOBb pa3pa0OTaHHBIX
JATYUKOB, TO3BOJIAIONINE TTOTYYUTh CYIIECTBEHHOE YIYUIlIEHHE OCHOBHBIX XapaKTEPUCTUK
PEeIEHHOM 3alUThI IIPU UX IPUMEHEHHUH.

Knrwoueswie cnosa: peneitnas 3anmra, 1udpoBoil TaTYUK TOKA, aHATIOTO-IIM(POBOI

npeoOpaszoBareb, ANMEKTPOMArHUTHBIN TpeoOpa3oBaTeilb TOKA, MYJIbTHILIEKCOD.

A current sensor with a digital output according to the IEC standard with improved current
conversion characteristics and expanded functionality is considered. The results of a study of
primary electromagnetic current converters used in a current sensor are presented. It is proposed
that the current sensor combines the functions of converting signals into a digital format of the
IEC 61850 standard and the functions of current relay protection. The features of the newly
developed sensors are shown, which make it possible to obtain a significant improvement in the
basic characteristics of relay protection when using them.

Key words: relay protection, digital current sensor, analog-to-digital converter, electromagnetic

current converter, multiplexer.
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DJIEKTPONLIAKOBBIE TEXHOJIOTHH B PellIeHNH 32/1a4 Pecypco- U JHeprocoepeskeHust
KOBAJIEB B.I'., TAPACOB B.A., AGAHACBHEB B.B., KY3bMUWH M.T.

HccnenoBanbl BO3MOXHOCTH PUMEHEHUS JIEKTPOTEPMHUUECKUX TEXHOJIOTHIA B AJIEKTPOIHBIX

ne4yax € UCIOJIb30BAHUEM IIJIdKa B PA3JIMYHBIX MCTAJUTYPIUYCCKUX NPOLECCaAX U



ANEKTPOTEXHOJIOTUIECKUX KOMIUIEKCAX JUIS PEHICHUS aKTyalbHBIX 3a7ad SHEProcOepekeHUs 1
pecypcocOepexeHusi. AHaIIU3 ONbITa TIPUMEHEHUS JIEKTPOIIIAKOBBIX TEXHOJIOTHH B
METAJUTYPrHH U MAITMHOCTPOCHUU HAPSAY ¢ GU3NYECKUM U MaTEMaTUYECKUM MOJICITUPOBAHUEM
AJIEKTPOMATrHUTHBIX MOJIEH MOKA3aJl, YTO STH TEXHOJIOTHH MOTYT OBITh HCIIOJIH30BAHBI HE TOJIBKO
JUTSE IPOM3BOJICTBA CIIMUTKOB M JIETAJICH CI0KHOM (POPMBI, HO U JIJIsl IPOBEJCHUS OKHCITUTEIHHO-
BOCCTAHOBUTCIIBHBIX MPOLUECCOB, MMO3BOJIAIOMUX MTPOBOAUTDH AJTINIOTCPMUUICCKYIO I‘aSI/I(bI/IKaI_II/IIO
YIIEPOA0COISPIKAIINX TOTUIUB U TIepepaboTKy TBEPABIX OTX0J0B. Ha 0OCHOBE 31IEKTPOILIAKOBBIX
TEXHOJIOTUI MOTYT OBITh CO3[aHbI AJIEKTPOTEXHOJIOTUIECKHE KOMILIEKCHI C HCIIOJIB30BAaHUEM
JTFOOBIX BUIOB TBEPAOTO TOIUIMBA M COBPEMEHHBIX TEXHOJIOTHI TeHEPAIUH dICKTPUICCKON
TETIOBON SHEPTUH. DIEKTPOTEXHOIOTMYECKHE KOMIUIEKCHI MOTYT OBITh PETYISTOpaMu pabOThI
SJICKTPOIHCPICTUICCKUX CUCTCM. OHpCI[CHCHBI NEPCIICKTUBHLIC HANIPABJICHUA PA3BUTHUA
AJIEKTPOIIAKOBBIX TEXHOJIOTHH ISl CO3/IaHUST HOBBIX YCTAHOBOK C BBICOKOW DHEPT€THUECKOM
3(PEeKTUBHOCTHIO U TITYOOKOM MepepaboTKOM MUHEPATbHOW YacTH TOTUIHB.

Knrwouesvie cnosa: >1eKTpOTEPMUYECKUE DIIEKTPOIHBIE YCTAHOBKH, AJIEKTPOTEXHOJIOTHUECKUE
KOMILJIEKCBI, SJICKTPOILIAKOBBIE TEXHOJIOTHH, TPOM3BOJICTBO U3IEIUI CIIOXKHON (POPMBI,
AJIEKTPUYECKUE OIS BaHH, TApaMETPhI CXEM 3aMEIICHH S, OKUCIUTEIILHO-BOCCTAHOBUTEIILHBIC

IPOIIECCHI, AIUTOTEpMUYIECcKast Tasu(uKams, pecypco— 1 3HeprocoepexeHue.

The possibilities of using electrothermal technologies in electrode furnaces using slag in various
metallurgical processes and electrotechnological complexes to solve urgent problems of energy
saving and resource conservation are investigated. An analysis of the experience of using
electroslag technologies in metallurgy and mechanical engineering, along with physical and
mathematical modeling of electromagnetic fields, has shown that these technologies can be used
not only for the production of ingots and parts of complex shapes, but also for redox processes
that allow allothermal gasification of carbon-containing fuels and solid waste processing. On the
basis of electroslag technologies, electrotechnological complexes can be created using any types
of solid fuels and modern technologies for generating electric and thermal energy.
Electrotechnological complexes can be regulators of the operation of electric power systems.
Promising directions for the development of electroslag technologies for the creation of new
installations with high energy efficiency and deep processing of the mineral part of fuels have
been identified.

Key words: electrothermal electrode installations, electrotechnological complexes, electroslag
technologies, production of products of complex shape, electric fields of baths, parameters of

substitution schemes, redox processes, allothermal gasification, resource and energy saving.
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Ilepexoanblii mpouece NpU KOHEYHOM BPEMEHH KOMMYTAIlUH: HEHPOCTEBOH KOHTPOIb
CJIABYTCKMUIA A.JI., AHJIPEEB O.H., PYCCOBA H.B., TAJJAHMHA H.A.
DeKTpoMexaHW4YecKasi KOMMYTallMOHHasl alnapaTypa UMeeT KOHEUHOe BpeMs cpabaThIBaHUs
JUINTEIBHOCTBIO 10 HECKOJIBKUX MUJUIMCEKYH. [Ipoliecc koMMyTalimm HOCUT IPEPBIBUCTHII
XapakTep, 00yCIOBIEHHBIN 1peOe3roM MeXaHMYEeCKUX KOHTAKTOB M BOZHUKHOBEHHEM
3NEKTpUYeCKOr Myru. [lepexoaHblid Mpouecc mpu 3TOM COMPOBOKIAETCS BHICOKOYACTOTHBIMU
OMEHUsIMU TOKa U HaNpsDKEeHUs, pa3a, aMIUIMTYAA U CIEKTPAJIbHBIA COCTaB KOTOPBIX B
3HAQYUTEJILHON CTENEHU HOCAT CIIy4alHbIH, 3aBUCAILIMN OT HA4YAJIbHBIX YCIOBHUM Xapakrep. B
CTaThe MPUBEACHBI Pe3yIbTAThI Ja00PATOPHOTO aHANN3a OMEHUH CUTHAJIOB MIPU BKIIOYCHUU U
BBIKJIFOUCHUH ACUHXPOHHOTO ofHO(a3Horo asuratens. [lokazaHo, 4To CTpyKTypa
BBICOKOUYACTOTHBIX OMEHUI onpesenseTcs Kak NapasuTHBIMU TapaMeTpaMyi KOMMYTAallUOHHOTO
arnmnapara, TaK ¥ 3JICKTPUYECKMMHU KOHTYpaMHU BO BHEIIHEH nenu. [IpuBeieH kaueCTBEHHBIN
aQHAJIN3 CTPYKTYPBI CUTHAJIOB HA OCHOBE AHAIIMTUYECKUX BBIPAKEHUH M ITOKa3aHA BO3MOXKHOCTh
KOHTPOJISI BPEMEHHBIX UHTEPBAJIOB MEX/ly OpOCKaMH TOKa U HaNpPsKEHUs IPU TTOMOIIH
HEHPOCETEBBIX aNrOopuTMOB. OMHCaH arOPUTM 00yUYEHHUsT HEUPOCETH Ha OCHOBE MPOCTEUIIINX
(opMyIT U UCTIONB30BaHUS UL 9TOU IIETH 3JIeMEeHTapHoro nepcentpona. [lokazana
BO3MOXHOCTbH BBIICTISITH BDEMEHHBIEC YYaCTKH, COOTBETCTBYIOIIUE IpeOe3ry KOHTAKTOB, B
ABTOMATU3UPOBAHHOM PEXHUME C MAKCUMAIbHOU 3a[I€P/KKON B NIECATKM MUKPOCEKYHI.
Pe3ynpTaThl MOTYT OBITH MCIIOJIB30BaHbI IPU UCIIBITAHUSX AJIEKTPOMEXAHUUECKON
KOMMYTallMOHHOM anmnaparyphl.

Knrwoueswvie cnosa: koMmMyTallMOHHAs anmapaTypa, KOHEYHOE BpeMs cpabaThIBaHUs, IEPEXOTHBIN

MPOIECC, HEUPOHHBIE CETH.

Electromechanical switching equipment has a finite response time of up to several milliseconds.
The switching process is intermittent due to the rattling of mechanical contacts and the
occurrence of an electric arc. The transient process is accompanied by high-frequency current
and voltage beats, the phase, amplitude and spectral composition of which are largely random,
depending on the initial conditions. The article presents the results of laboratory analysis of
signal beats when an asynchronous single-phase motor is switched on and off. It is shown that
the structure of high-frequency beats is determined both by the parasitic parameters of the
switching device and by the electrical circuits in the external circuit. A qualitative analysis of the
signal structure based on analytical expressions is given and the possibility of controlling the

time intervals between current and voltage surges using neural network algorithms is shown. An



algorithm for training a neural network based on the simplest formulas and using an elementary
perceptron for this purpose is described. It is shown that it is possible to allocate time sections
corresponding to the contact rattle in an automated mode with a maximum delay of tens of
microseconds. The results can be used in tests of electromechanical switching equipment.

Key words: switching equipment, finite response time, transient, neural networks.
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BiusiHMe HECOOCHOCTH KOAKCHAJIBHBIX 3JIEKTPOI0B 0apbepHBIX 030HATOPOB HA

3¢ PeKTUBHOCTH CHHTE3a 030HA

MWJIOCEPAOB A.N., JIICOB H.1O., IMUTPUEB .., KIYBKOB A.B.

[IpencraBieHsl pe3ynbTaThl YUCICHHOTO MOJIEIUPOBAHNS BIUSHUS HEOAHOPOIHOCTH
pa3psAHOro MPOMeXyTKa OapbepHOro reHepaTopa 030Ha Ha ero padboty. PaccMoTpen reneparop
030HA C IWIMHIPHYECKON POPMOIi FIEKTPOAOB, HEOJHOPOIHOCTH 3a1a8TCsl CMEIIIEHUEM Oce
AJIEKTPOJIOB APYT OTHOCUTENLHO Apyra. [lomydens! pacnpenenenus 00bEMHOTO pacxoaa
paboyero raza u akTUBHOIM MOIIHOCTH OaphEPHOTO pa3psAaa Mo MONEePEYHOMY CEYEHHUIO
reHepaTopa 030Ha JiJIsl HECKOJIbKUX 3HAaYEHU HEOJHOPOJHOCTH, ITOKA3aHA UX CUJIbHAS
HEPABHOMEPHOCTh. BBISIBIICH B3aMMOYCHITUBAONUICS OTPUIATENBHBIN A(D(HEKT MOITyIeHHBIX
pacrpenciieHli Ha CUHTE3 030Ha.

Knroueevie cnosa: renepatop 030Ha, OapbEepPHBINA pa3psil, MOICTUPOBAHKUE, HEOTHOPOTHBIH

3a30p, 00BbEMHBII pacxo]], aKTUBHAsI MOITHOCTb,

The results of numerical simulation of the effect of the inhomogeneity of the discharge gap of
the ozone barrier generator on its operation are presented. An ozone generator with a cylindrical
shape of the electrodes is considered, the inhomogeneity is determined by the displacement of
the axes of the electrodes relative to each other. The distributions of the volumetric flow rate of
the working gas and the active power of the barrier discharge over the cross section of the ozone
generator for several values of heterogeneity are obtained, and their strong unevenness is shown.
The mutually reinforcing negative effect of the obtained distributions on ozone synthesis has
been revealed.

Key words: ozone generator, barrier discharge, modeling, inhomogeneous gap, volumetric flow

rate, active power.
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PacnpenesieHne MAarHMTHOTO 1MOJIsl, CO3/1aBAeMOI0 TOKONPOBoAoM 20 kB ¢ TBepaoii
MOJIMMEPHOM N30 IA1Hel
I'OJIYBEB /I.B., KOBAJIEB JI.1., BAPMBO/IOB B.H., XKYJIMKOB C.C., EJIOMOB C.A.
[TpuBeneHbI pe3ysbTaThl HCCICNOBAHUS PACIIPEAEICHUSI MATHUTHOTO MOJISL TPOMBIIITICHHON
yactoTsl (MIIITY) B nonumepHO H30a511H TOKONpoBoAa HanpsbkeHneM 20 kB Ha ocHoBe
YUCJIEHHOT'0 MOoJenupoBanus. IIpenBapuTenbHO yCTaHOBIIEHBI OCHOBHBIE JTAIlbl pacyeTa U
oIpeieNeHbl HanboJiee CI0XKHbIE ISl BBIYUCIEHUH 00J1IaCTH KOHCTPYKLIMU TOKOIIPOBOJA.
Pa3pabGorana maremaTrnyeckasi MOJIeNb U IPOBEJIEH YIPOILIEHHBIN pacueT paclpeieieHus
HanpspkeHHocTH MITITY BHYTpH nonumepHo# uzonsauuu. OnpeneneH XxapakTep U3MEHEHUS
HanpspkeHHOCTH MIIITY B M30JALIMOHHOM CJ10€ TOKOIIPOBO/IA U IIOJIy4€Hbl MAKCUMAaJIbHBIC €€
3Ha4yeHus1. CrenaHbl BBIBOJBI O COOTBETCTBUU KOHCTPYKIIMHM TOKOIIPOBOIa TPEOOBAHUSIM
3JIEKTPOMArHUTHON COBMECTUMOCTHU U 3JIEKTPOMAarHUTHOW O€30IaCHOCTH MIPU €r0 dKCIUTyaTalluu
Ha 00BEKTaX YHEPreTUKU.
Knrouegvie cnosa: TOKONIPOBOABI, OTUMEPHAs U30JISILMSL, MArHUTHOE M10JI€ IPOMBIIIIIEHHON
4acTOTBI, PACIPENEICHUE MATHUTHOTO MOJIS, MAaTEMATHYECKAst MOJIENb, JJIEKTPOMarHuTHas

COBMECTUMOCTb, 3JIEKTPOMarHuTHas 6€30MacHOCTb, IPEAETBLHO JOMYCTUMBINA YPOBEHbD.

The results of a study of the distribution of the industrial frequency magnetic field (MPPF) in the
polymer insulation of a 20 kV current line based on numerical modeling are presented. The main
calculation stages have been preliminarily established and the most difficult areas of the current
pipeline design have been determined. A mathematical model has been developed and a
simplified calculation of the intensity distribution of the MPPF inside the polymer insulation has
been carried out. The nature of the change in the MPPF intensity in the insulating layer of the
current line is determined and its maximum values are obtained. Conclusions are drawn about
the compliance of the current pipeline design with the requirements of electromagnetic
compatibility and electromagnetic safety during its operation at energy facilities.

Key words: current pipelines, polymer insulation, industrial frequency magnetic field, magnetic
field distribution, mathematical model, electromagnetic compatibility, electromagnetic safety,

maximum permissible level.
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Bumsinue BBICOTHI 323¢MJICHHOT'0 3JICKTPO/AAa HA XapaKTePUCTHKH IVIABHOM CTaIuM pa3psaa
U3 HCKYCCTBEHHOM I'PO30BOH AYeiKH

TEMHHKOB A.T'., BEJIOBA O.C., KUBIIAP T.K., JILICOB H.1O., MUP3ABEKAH I'.3.,
CEPI'EEBA A.3., YEPHEHCKUM JIJI.

PaccMoTpeHo BiusiHUE BBICOTHI 3a3€MIIEHHOTO CTEP>KHEBOIO IEKTPO/Ia HA XapaKTEPUCTUKH
IJIaBHOM CTaJuu pa3psia U3 UCKYCCTBEHHOM rpo3oBoi suelikoi (UI'41) otpunatensHoit
nosisipHocTH. [1okazaHo, 4TO mapamMeTpbl UMITyJIbCa TOKA [JIaBHOM CTaJMH 3aBUCAT OT XapaKTepa
dbopmupoBanus pa3psia B npomexxytke mexxay UI'S u 3emuteid. Y cranoBieHo, 4To ¢
YBEJIMUEHUEM BBICOTHI 3a3€MJIEHHOTO 3JIEKTPOA aMIUIUTYAAa U KPyTU3HA UMITYJIbCA TOKA
TJIABHOW CTaJIMM YMEHBIIAIOTCS, 0COOCHHO MPU MOJECTUPOBAHUN BBHICOTHBIX OOBEKTOB.
YcraHoBneHo, 4TO pH (POPMHUPOBAHUH JIBYX YIApPHBIX pa3ps0B apaMeTphl IEPBOTO UMITYIIbCa
TOKA TJIABHOM CTaJMK 3aBUCST OT BBICOTHI COCPEOTOUEHHOTO 00BbEKTa aHAJIOTHYHBIM 00pa3oM.
BrlsiBeHHBIE 3aBUCHMOCTH IAPAMETPOB UMITYJICOB TOKA IJIABHOM CTaUH OT BBICOTHI
3a3eMJICHHOTO O0BbEKTa CBSI3aHbI C CYIIECTBECHHBIM BIMSHUEM HA HE€ BOCXOJSAIINX M BCTPEUHBIX
MOJIOKUTEIBHBIX JTUACPOB; 3T 3aBUCUMOCTH COOTBETCTBYIOT HAOIIOEHUSAM JJIsi IPUPOIHBIX
MOJIHMM U TOJKHBI YUYUTBHIBATHCA MPU OLIEHKE MTOCJEICTBHUI OT MOPAKEHHSI MOJTHUEH HA3€MHBIX
00BEKTOB PA3TUYHON BBICOTHI.

Knrwoueswvie cnosa: monuusi, huzndeckoe MOACTUPOBAHNE, HICKYCCTBEHHAs TPO30Bas siueiika,

TJIaBHAS CTaJMsI pa3psja, MOACIb COCPEIOTOUYCHHOTO 0OBEKTA.

The influence of the height of the grounded rod electrode on the characteristics of the main stage
of discharge from an artificial lightning cell (ALC) of negative polarity is considered. It is shown
that the parameters of the current pulse of the main stage depend on the nature of the discharge
formation in the interval between the ALC and the ground. It has been found that with increasing
height of the grounded electrode, the amplitude and steepness of the current pulse of the main
stage decrease, especially when modeling high-rise objects. It is established that when two shock
discharges are formed, the parameters of the first pulse of the main stage current depend on the
height of the concentrated object in a similar way. The revealed dependences of the parameters
of the main stage current pulses on the height of the grounded object are associated with the
significant influence of ascending and counter positive leaders on it; these dependences
correspond to observations for natural lightning and should be taken into account when assessing
the consequences of lightning striking ground objects of various heights.

Key words: lightning, physical modeling, artificial thunderstorm cell, main stage of discharge,

concentrated object model.
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O npuMeHeHUU TBEPAOH NMOJUMEPHON U30JISIIIUU IJIS BHICOKOBOJIBTHOIO 000PY10BAHUSA
BHYTpPEeHHeH YCTAHOBKH

BAPHUBOJOB B.H., KOBAJIEB JI.1., )KYJIMKOB C.C., 'OJIYBEB JI.B., HECTEPEHKO
AA.

[TpuBenena knaccuuKanys U30SILUOHHBIX OJUMEPHBIX MaTEpUasIOB, JaH aHaJIU3 UX
KJIFOUEBBIX XApaKTepUCTUK. [IpoBeIeHO CpaBHEHNE IPEUMYIIECTB U HEJOCTATKOB Pa3IMYHBIX
MOJIMMEPHBIX M3O0JIILIMOHHBIX MaTEPUANIOB, B YACTHOCTHU, MOJMATUIICHA U ATHIICH-
IIPONMJIEHOBOTO KayuyKa, a TAK)Ke 3MOKCHIHBIX KOMIIayHJI0B. PacCMOTpEHbI COBpEMEHHBIE
TEXHOJIOTHH M3TOTOBJICHUS TBep0oi moaumepHou n3ossaun (TIIN) n ux BiustHUE Ha
3JIEKTPUYECKYIO TPOYHOCTh U HAJEKHOCTh N30JSLUOHHBIX cucTteM. [lokasaHo, 4To ra3oBbie
BKJIIOUEHUS U BHYTPEHHHE HANIPSDKEHUS CYLLIECTBEHHO CHMXKAIOT 3JIEKTPUUECKYI0 IPOYHOCTh
TIIN, uto TpeGyeT cTpOroro COOIIOICHUS TEXHOIOTHUECKUX HOPM B MPOLIECCE TPOU3BO/ICTBA.
PaccmoTpensr criocoObl ipegoTBpariieHus: oopazopanus aedexroB TIIN u ynydmieHus ee
JKCIUTYyaTallMOHHBIX CBOMCTB.

Knrwoueswie cnosa: BBICOKOBOJIBTHOE 3JIEKTPOOOOPYI0BaHNE BHYTPEHHEH YCTaHOBKH, TBEpAas

MOJIMMEpHAA U30JISAUsA, SKCILTYaTallUOHHBIC CBOﬁCTBa, TCXHOJIOTUYCCKUC HOPMEIL.

The classification of insulating polymer materials is given, and an analysis of their key
characteristics is given. The advantages and disadvantages of various polymer insulating
materials, in particular, polyethylene and ethylene-propylene rubber, as well as epoxy
compounds, are compared. Modern technologies for the manufacture of solid polymer insulation
(SPI) and their effect on the electrical strength and reliability of insulation systems are
considered. Studies have shown that gas inclusions and internal stresses significantly reduce the
electrical strength of SPI, which requires strict compliance with technological standards in the
production process. The methods of preventing the formation of defects in SPI and improving its
operational properties are considered.

Key words: high-voltage electrical equipment of an indoor installation, solid polymer insulation,

operational properties, technological standards.
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() BO3H€ﬁCTBHH OTHOPOAHOIO JIEKTPHYECCKOI'O 1IMOJIAA HA BOJIOKOHHO-OINITUYICCKUE TUHUUN



CBSI3H
BEJIOBA O.C., KASAHIIEB C.}O., BOJIOTOB J1I.B., TEMHHKOB A.T'., JILICOB H.IO.,
YEPHEHCKWH JI.JI., KUBIIAP T.K., CEMEHOBA B./I.

[IpencraBneHsl pe3ynbTaThl UCCIASAOBAHUS BIUSHUS YJIEKTPUUECKOTO OJHOPOTHOTO IO,
KOTOPOE MO>KEM BO3HUKHYTH IPH TPO30BOM (DPOHTE, HA MOJIAPU3ALNIO CUTHAJIA, TIEPE1aBaeMOTO
T0 MOJTHOCTHIO AUAJICKTPUUECKOMY ONITHYECKOMY Kabenro. B xoze skcriepiuMenTa Ha
BOJIOKOHHO-ONTHUYECKYIO JTMHHUIO CBSI3U BO3/IEUCTBOBAJIO OJTHOPOIHOE SJIEKTPUUECKOE T0JIE
HaIpsHKEHHOCTHIO 710 3 KB/cM. Pe3ynbpTaThl nccieioBaHus MOKa3aiy, 4TO KaOeH JUTMHOM OT
HECKOJBKUX KWJIOMETPOB YYBCTBUTEIIbHBI K BHEIITHUM 3JICKTpUUYECKUM oM. [Tpu Takux
JJINHAX KaGGJISI N3MCHACTCA erJI QJIIMIITUYHOCTH CHUI'HAJ1a, HepeﬂaBaeMoro 110 KaGCJIIO.
Knroueswle cnoea: BOTOKOHHO-ONITUYECKUI KaOEb, COCTOSTHUE TTOJIIPU3ALINU, MOTHHSI,

aIeKTprUUecKoe mnoJjie, mapametpbl Ctokca, chepa [lyankape, adpdext Keppa.

The results of a study of the effect of an electric homogeneous field, which can occur during a
thunderstorm front, on the polarization of a signal transmitted over a fully dielectric optical cable
are presented. During the experiment, a homogeneous electric field of up to 3 kV/cm was applied
to the fiber-optic communication line. The results of the study showed that cables with a length
of several kilometers are sensitive to external electric fields. With such cable lengths, the
elliptical angle of the signal transmitted over the cable changes.

Key words: fiber optic cable, polarization state, lightning, electric field, Stokes parameters,

Poincare sphere, Kerr effect.
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DyekTpo(Pu3nUYecKHEe XaPAKTEPUCTHKH JUTHIX MOJHUMEPHBIX MATEPUAJIOB JIVIsi BHYTPEHHHX
3JIEKTPON30JIAHOHHBIX KOHCTPYKIHIi EPBUYHOI0 IHEPreTHYECKOro 000py/10BaAHNS
KOBAIJIEB II.1., BAPUBOIOB B.H., XKXYJIMKOB C.C., 'OJIYBEB JI.B., EJI®DUMOB C.A.
BrITioTHEH aHaIM3 OCHOBHBIX XapaKTEPUCTUK JINTON TIOJTUMEPHOUN H3O0JISILIH, BHISBICHBI
(bakTOpBI, BIUAIONINE HA €€ AJICKTPUICCKYIO TPOYHOCTD, JaHbl PEKOMEHIAIINH IO ONITUMH3AIIN
M30JISILMOHHBIX CUCTEM JIJIsl TOBBILLIEHUS UX HAJEKHOCTU U JOJITOBEYHOCTU. PaccMOTpeHO
BIIMSTHUE OCHOBHBIX KOHCTPYKTHUBHBIX M SKCILTYaTAIMOHHBIX (DAKTOPOB Ha AIIEKTPUIECKYIO
MIPOYHOCTH M30JsAIMH. [IpoBeieH aHamu3 3aKOHOMEPHOCTEH BIUSHUS OCHOBHBIX
AKCIUTYaTaIMOHHBIX (DAKTOPOB HA XAPAKTEPUCTHKHU ATOKCHUIHBIX KOMITayHIOB, IPUMEHSIEMBIX B
BBICOKOBOJIbTHBIX CHJIOBBIX U U3MEPHUTENBLHBIX TpaHC(HOpMATOpax, pacipeIeTUTeIbHBIX

YCTPOMCTBAX U TOKOIIPOBOAX.



Knroueswvie cnoea: suepretuyeckoe 000pya0BaHNUEe, TOJTUMEPHBIE MaTEPUAIIbI, TUTAs

HOJIMMEpHast U301, PU3HKO-XUMUYECKHUE CBOWCTBA.

The analysis of the main characteristics of cast polymer insulation, the identified factors
affecting its electrical strength, and recommendations for optimizing insulation systems to
increase their reliability and durability are given. The influence of the main structural and
operational factors on the electrical insulation strength is considered. The analysis of the patterns
of influence of the main operational factors on the characteristics of epoxy compounds used in
high-voltage power and measuring transformers, switchgears and current pipelines is carried out.
Key words: power equipment, polymer materials, cast polymer insulation, physico-chemical

properties.
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