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PacnipeneieHne 3/1eKTPHYECKOro MoJIs B TOKONOABOAaX Hanps:keHueM 35 kB ¢ TBepaoii
U301 LU el

KOBAJIEB /JI.K., BAPUBOJOB B.H., 'OJIYBEB /I.B., BOPOHKOBA E.M., POMAHOB
B.A.

PaccmoTpeno BiMsiHUE pa3iMYHbIX KOHCTPYKTHBHBIX PEIICHUM HA KPATKOBPEMEHHYIO U
JUTMTEIIBHYIO JIEKTPUUYECKYIO TPOYHOCTD JIMTOM 3MOKCUIHOW U30JISINUMU. BBINOIIHEHBI pacueThl
3JIEKTPUYECKON IPOYHOCTH JIJIsl TOKOIPOBOJOB 35 KB B Ip010JIbHOM M ONIEPEYHOM CEUECHUSIX.
Y CTaHOBIIEHO COOTBETCTBUE KOHCTPYKIUI TOKOMPOBOAOB U MY(T JOIMYCTUMBIM ITOPOTOBBIM
3HAQYECHUAM HAIPSHKEHHOCTH 3JIEKTPUYECKOTO 10JIsA. BBIITOJIHEHBI pacyeThl 110 TPaupOBAHUIO
U30JISIUK TOKONIPOBOJOB 35 kB. YueT rpaaupoBaHus U30JISIUU MO3BOJISIET YMEHBIIUTD
JIMana3oH paclpeaeaeHusl HAPSIKEHHOCTH IEKTPUYECKOro MO BCEHl JJIMHE MHOTOCIONHOU
M30JSLUU TpakTUuecku B 2,5 pasa. [lokazano, uto mis Tokonposoja 35 kB ontumanbHoe
KOJINYECTBO CJIOEB PABHO IIECTH.

Kniouegvie cnoga: TOKONIPOBOI, JIUTAs MOJMMEpPHAs U30JALUsA, TPaINPOBAHUE, KOAKCHAIIbHAS

KOHCTPYKIU:, SJICKTPUUICCKAsA NIPOIHOCTD.

The influence of various design solutions on the short-term and long-term electrical strength of
cast epoxy insulation is considered. Calculations of electrical strength for 35 kV current lines in
longitudinal and cross sections have been performed. The compliance of the designs of the
current lines and couplings with the permissible threshold values of the electric field strength has
been established. Calculations on the gradation of insulation of 35 kV current pipelines were
performed. Taking into account the gradation of insulation makes it possible to reduce the range
of electric voltage distribution along the entire length of the multilayer insulation by almost 2.5
times. It is shown that for a 35 kV current line, the optimal number of layers is six.

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

dielectric strength.
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Ouenka BJIaropa3psiiHbIX HANPSIZKEHUI CTEKJISIHHBIX TAPeJb4YaThIX H30JIATOPOB NPHU
HCKYCCTBEHHOM 3arpsi3HeHUH

XPEHOB C.U., TYBAEB P.C., PMMO M., FAUJIAKOBA A.A., TPU®OHOB B.B.
HccnenoBana sieKTpuyecKas IpOYHOCTh BEICOKOBOJIBTHBIX CTEKIISTHHBIX TapelbyaThiX
uzossatopoB (CTU) tunioB [ICB120b (rpsizecroiikoro ucnonnenus) u [IC160/] (HopmansHOTO
WCIIOJIHEHUS) POCCUHCKOI0 IIPOM3BO/ICTBA, SKCILIyaTHUPYEMBIX Ha BO3AYILIHBIX JUHUAX 66 1 230
kB B mpombinieHHoM parione [letix-Hamkap (Cupust), mpu HCKyCCTBEHHOM 3arpsi3HCHUHU B
nabopaTopHbIX ycrnoBusixX. [IpuBeieHbI pe3ynbTaThl BIaropa3psaAHbIX UCTIBITAHUHN W30S TOPOB
I[1CB120b, TIC160/] u 3tanonnsix uzonaropos [IC70E npu nckyccTBEHHOM 3arpsi3HEHUU B
COOTBETCTBUU C HOPMATHBHBIMU IOKYMEHTAMH IIPH PA3IUYHbIX CTENEHSAX 3arpsi3HeHus. Jlanbl
PEKOMEHIalliu TIPU BBIOOPE KOTMUECTBA U30JIATOPOB MO BIAropa3psIHbIM XapaKTepUCTUKaM B
npoMeinuieHHOM paiioHe [lleiix-Hamkap B 30He ¢ 4eTBEPTON CTENEHbIO 3arPSA3HEHUS U30ISIIIUH
yBenuuuTh unciio CTU tuna [1C160/1 B moaaepxuBaronux rupiisiHaax.

Kniroueesvie cnoea: BbICOKOBOJIBTHBIE CTEKIISTHHBIE U30JISITOPBI, CTETIEHD 3arpsi3HEHMS,
HCKYCCTBEHHOE 3arps3HEHHE, BIaropa3psIHble XapaKTePUCTHKH, YAelbHas TOBEPXHOCTHAS

IMPpOBOANMOCTD.

The electrical strength of high-voltage glass plate insulators (STI) of types PSV120B (dirt-
resistant design) and PS160D (normal design) of Russian production, operated on 66 and 230 kV
overhead lines in the Sheikh Najjar industrial district (Syria), under artificial contamination in
laboratory conditions, was investigated. The results of moisture-discharge tests of PSV 120B, PS
160D insulators and PS70E reference insulators under artificial contamination in accordance
with regulatory documents at various degrees of contamination are presented. Recommendations
are given when choosing the number of insulators according to moisture-discharge
characteristics in the Sheikh-Najjar industrial district in the zone with the fourth degree of
insulation contamination to increase the number of PS160D-type insulators in supporting
garlands.

Key words: high-voltage glass insulators, degree of pollution, artificial pollution, moisture
discharge characteristics, specific surface conductivity.
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Hcnonb30BaHne HCKYCCTBEHHOM IPO30BOM AYEHKH /IS HCCJIe0BAHUS BO31eliCTBHUS
aTMOC(epHOro 3JIEKTPUYECTBA U MOJTHUM HA 3aIMIIEHHbIE TUJIeKTPHYCCKUMU
000J109KaMHM 3JIEeMEHTbI cucTeM MOHUTOpUHTa BJI

TEMHUKOB A.T'., BEJIOBA O.C., YEPHEHCKU JI.JI., OPJIOB A.B., JILICOB H.IO.
[TpencraBieHsbl pe3yabTaThl GU3NMUECKOTO MOACIUPOBAHUS BO3ICHCTBUS aTMOC(HEPHOTO
3JIEKTPUYECTBA U MOJIHUU HA 3JIEMEHTBI CHCTEM MOHUTOPHHIA € MOJIBIMUA JUAIEKTPUUYECKUMU
000J104KamMH (KOJITMaKOB) C UCHOJIB30BaHUEM MCKYCCTBEHHOM I'PO30BOM SYEHKHU OTpULIATEIHHON
MOJSPHOCTHU. Y CTAHOBJIEHO, YTO MO/ BO3/ICHCTBUEM HCKYCCTBEHHBIX I'PO30BBIX SYEEK Ha
JATYUKE MO TUAJICKTPUISCKUM KOJITIAKOM CHavyana (OPMUPYIOTCS MOJIOKUTEIbHASL CTPUMEPHAs
BCIIBIIIKA U KBA3UIIOCTOSHHBIE Pa3psiIHbIE TPOLIECCHI, KOTOPBIE MEPEXOAST B MOLLHBII
PEBEPCHBII pa3psi MPOTUBOIIOJIOKHOMN MOJISPHOCTH. Y CTAHOBIIEHO BIUSHUE 00beMa
JIABJIEKTPUYECKHUX KOJIMAKOB U PaInyCOB KPUBU3HbBI HAXOSUIUXCS O] HUMHA MOJIEJIBHBIX
JIaTYMKOB Ha MMapaMeTPbl UMITYJIbCOB TOKA paspsaa. [lokasaHo, 4To ¢ yBeIMUYEHHEM BHYTPEHHETO
o0beMa TMANEKTPUYECKOTO KOJITaKa aMIUIUTYIa UMITYJIbCa TOKa CTPUMEPHOM KOPOHBI U
MIEPEHECEHHBIN 3apsi PEBEPCHOTO pa3psiaa Ha CTEPKHEBOM MOJIEIBHOM AJIEKTPOJIE MO/
KOJIITAKOM YBEJIMYMBAIOTCS. Y CTAHOBIICHO, YTO C YBEJIMUEHUEM PaJINyCa BEPIINHBI CTEPKHEBOTO
AJIEKTPOJIa PEBEPCHBIN pa3psil HEUTPAIU3YET OOJIBIINN 10 BETUYUHE 3apsil, & aMILTUTY bl
MMITYJIbCOB TOKAa OTPULIATEIBHOTO PEBEPCHOIO pa3psia U KPyTH3HbI UMITYJIbCA TOKA MPEBBIIIAIOT
aHaJOTUYHBIE MMOKA3aTEIM AJIs TOJIOKUTENBHOU cTpuMepHOM Benbilky. [lokazaHno, 4o
napameTpbl CUTHAJIOB (MMITYJILCOB TOKa), POPMUPYEMBIX Ha 3alTUIIICHHBIC TUIICKTPUICCKUMU
000J104KaMH 3JIEMEHTHI cucTeM MoHUTOprHra BJI npu Bo3aeiicTBuM rpo30BbIX 001aK0 U
MOJIHUH, OYAyT 3aBUCETh OT HAKOTUICHHUS 3apsA0B HA BHYTPEHHEH U BHEITHEH MOBEPXHOCTAX
000JI0UKH.

Knrouegvie cnosa: armochepHoe 2JIeKTPUUECTBO, MOJIHUSI, CTPUMEPHAsi KOPOHA, PEBEPCHBIIM
paspsii, UMITYJIbC TOKA. UCKYCCTBEHHAs TPO30Bast siueiika, GU3NIeCKOe MOJICITUPOBAHNE,

I[PI3J'ICKTpH‘ICCKPII>i KOJITIaK, CUCTEMAa MOHUTOPHHTA.

The results of physical modeling of the effects of atmospheric electricity and lightning on the
elements of monitoring systems with hollow dielectric shells (caps) using an artificial lightning
cell of negative polarity are presented. It is established that under the influence of artificial
lightning cells on the sensor under a dielectric cap, a positive streamer flash and quasi-constant

discharge processes are first formed, which turn into a powerful reverse discharge of the opposite



polarity. The influence of the volume of the dielectric caps and the radii of curvature of the
model sensors located under them on the parameters of the discharge current pulses is
established. It is shown that with an increase in the internal volume of the dielectric cap, the
amplitude of the current pulse of the streamer corona and the transferred charge of the reverse
discharge on the rod model electrode under the cap increase. It was found that with an increase
in the radius of the tip of the rod electrode, the reverse discharge neutralizes a larger charge, and
the amplitudes of the current pulses of the negative reverse discharge and the steepness of the
current pulse exceed similar indicators for a positive streamer flash. It is shown that the
parameters of signals (current pulses) generated on the elements of overhead line monitoring
systems protected by dielectric shells under the influence of thunderstorm clouds and lightning
will depend on the accumulation of charges on the inner and outer surfaces of the shell.

Key words: atmospheric electricity, lightning, streamer corona, reverse discharge, current pulse.

artificial lightning cell, physical modeling, dielectric cap, monitoring system.
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CrnekTpajibHble XapaKTePUCTUKH CUTHAJIOB, HABOJAMMBbIX HCKYCCTBEHHOM Irpo30Boii
SIYeHKOH HA 3alUIIEHHBIX IUIJIEKTPUYECKUMHU 000109KAMU MOIeJIbHBIX 3J1eMeHTAaX
cucreM MoHuTOpuHra BJI

BEJIOBA O.C., TEMHUKOB A.I'., YEPHEHCKUM JI.JI., KUBIIAP T.K., KOBAJIEB /.1
[IpeacraBiensl pe3ynbTaThl BEMBIETHOTO aHAJIW3a CIEKTPAIbHOTO COCTaBa CUTHAJIOB,
HaBOJUMBIX UCKYCCTBEHHOU IpO30BOM SIUEUKOI HA 3aIMILIEHHBIX TUAJIEKTPUUECKUMHU
000J109KaMi MOJIETTLHBIX dJIEMEHTaX cucTeM MoHuTopuHra BJI, nmomyuennsie npu
AKCIIEPUMEHTAILHOM MOJICIMPOBAHUH BO3JIEUCTBHS aTMOC(PEPHOTO SIEKTPUUYECTBA U MOJTHUU Ha
AIIEMEHTHI KubOep-Ppu3ndecknx cucteM. PaccMOTpeHO TpH CHUCTEMBI SIEKTPOAHBIX CUCTEM
(1aTYMKOB MM AaHTEHH MIPUEMHO-TIEPEAAIOIINX YCTPOHUCTB) C MOACTBHBIMU JUAIIEKTPHUYECKIUMHU
ob6onoukamu. OnpeiesIeHbl XapaKTepHbIE CIIEKTPAIbHBIC JUANa30HbI, COOTBETCTBYIOIINE
(hOpPMHUPOBAHUIO C MOJIETTLHOTO AJIEKTPO/Ia 10T 000JI0UYKONW CTPUMEPHBIX BCIIBIIIEK U PEBEPCHBIX
pa3psa0B. Y CTaHOBJIEHO, YTO CHIEKTPAIbHbIE XapaKTEPUCTUKHU HABOJIUMBIX CUTHAJIOB 3aBUCST OT
napaMeTpoB MOJETBHBIX JJIEKTPOIOB M pa3MEPOB TUAIIEKTpUUECKHX 000souek. bosee Bricokue
3HAYCHMSI MAaKCUMAJIbHBIX YaCTOT B CIIEKTPE CUTHAJIOB (MMITYJIBCOB TOKA) XapaKTEPHBI JIs
MEHBIIINX JUJICKTPUUECKUX 00070UeK. Y CTAHOBJIEHO, YTO YBEITUYCHUE PaInyca KPUBU3HBI
BEPIIHHBI MOJEIBEHOTO IEKTPO/A MO TUIIEKTPUIECKOM 000T0UKOM MPUBOIUT K CHUKEHUIO
CpPEeIHMX 3HAYeHH MAKCUMAJIbHOMN YaCTOTHI B CIIEKTPE CUTHAJIA, PETUCTPUPYEMOTO Ha

MOJIEJIbHOM 3JIEKTPO/IE, IPU Pa3BUTUU C €T0 BEPIIMHBI CTPUMEPHON BCHBIIIKUA. OTMEUEHO



MIPUCYTCTBUE B CIIEKTPE CUTHAJIOB, HABOJMMBIX HCKYCCTBEHHOM IPO30BOM STYEHKOMN Ha
3aIIMIIEHHBIX TUAJIEKTPUUECKUMU 000JI0UKaMU MOJICIIbHBIX 3JIEMEHTAaX CUCTEM MOHUTOPUHTA
BJI, yacTOTHBIX AUAITa30HOB B ¢AUHUIIBI-ASCATKH MI 11, YTO MOYKET BBI3BIBATH JI0KHEIC
cpabarbiBanms ¥ cOOM B pabOTE JaTUMKOB, aHAJIOTO-IIU(PPOBBIX MpeodpazoBaresiell U yCTPOMCTB
nepeaaun naHGopmaiuu. Bee 370 HE00X0IMMO YUHUTHIBATH MPU aHAIM3€ BO3MOXKHOTO
BO3JICHCTBUS SJIEKTPOMArHUTHOTO U3TyUEHUS] aTMOC(HEPHOTO DJIEKTPUIECTBA U MOJTHUU HA
AJIEMEHTHI MHTEIVIEKTYyaIbHBIX CUCTEM MOHUTOPUHTA, TIMATHOCTUKU U YIIPABIICHUS
SHEProoObEKTaMH, KOTOPHIE BKIIOYAIOT B CBOM COCTaB KOMIIOHEHTHI U3 TUAJIECKTPUUCCKUX U
KOMIO3UIIMOHHBIX MaTEpHaJIOB.

Knwoueevie cnosa: CKyCCTBEHHAs IPO30Bast TUENKA, MOJICIIBHBIN 3JIEKTPOJ, TUDJIEKTPUUECKASI
000J109Ka, BEUBJICTHBIN aHATN3, HABOJUMBIN CUTHAJI, CIIEKTPAIbHBIC XapaKTEPUCTHUKU, CUCTEMA

MOHHUTOPHHTA, CTPUMEPHAs BCIBIIIKA, PEBEPCHBIN pa3psi.

The results of the wavelet analysis of the spectral composition of signals induced by an artificial
lightning cell on model elements of overhead line monitoring systems protected by dielectric
shells, obtained during experimental modeling of the effects of atmospheric electricity and
lightning on elements of cyber-physical systems, are presented. Three systems of electrode
systems (sensors or antennas of receiving and transmitting devices) with model dielectric shells
are considered. The characteristic spectral ranges corresponding to the formation of streamer
flashes and reverse discharges from the model electrode under the shell are determined. It is
established that the spectral characteristics of the induced signals depend on the parameters of
the model electrodes and the sizes of the dielectric shells. Higher values of maximum
frequencies in the spectrum of signals (current pulses) are characteristic of smaller dielectric
shells. It is established that an increase in the radius of curvature of the vertex of the model
electrode under the dielectric shell leads to a decrease in the average values of the maximum
frequency in the spectrum of the signal recorded on the model electrode when a streamer flash
develops from its vertex. The presence in the spectrum of signals induced by an artificial
lightning cell on model elements of overhead line monitoring systems protected by dielectric
shells, frequency ranges in units-tens MHz, which can cause false alarms and malfunctions of
sensors, analog-to-digital converters and information transmission devices, is noted. All this
must be taken into account when analyzing the possible effects of electromagnetic radiation from
atmospheric electricity and lightning on the elements of intelligent monitoring, diagnostics and
control systems of power facilities, which include components made of dielectric and composite

materials.



Key words: artificial lightning cell, model electrode, dielectric shell, wavelet analysis, induced

signal, spectral characteristics, monitoring system, streamer flash, reverse discharge.
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Jlo0aBoUHbIE sIBJIeHHS] B CHHXPOHHOI SIBHOIIOJIIOCHOI MAalllliHe, BbI3BAHHbIE MATHUTHBIMU
MOTOKAMM 3Y0OILI0OB CTATOPA U POTOpPA

ADOAHACBHEB A.A.

PaccMoTpeHb! JOMOHUTENbHBIE SIBJICHHSI B CHHXPOHHOM SIBHOMOJIIOCHOM MalInHe, CBSI3aHHBIE C
3yOILIOBBIMU CTPYKTYpPaMH CTATOpPa U POTOPA B MPEIOJIOKEHUH, YTO aMILTUTY b
COOTBETCTBYIOIINX 3yOIOBBIX MHAYKINUK U3BeCTHRI. [IpoaHanm3npoBaHbl MEXaHU3MEBI H
pe3yNbTaThl BO3ICHCTBUS 3TUX MHAYKIUNA HA OOMOTKH cTaTopa u poropa. [Ipenioxensl
AHAIUTUYECKUE BBIPAXKECHUS JIsI OLIEHKU 3TOT'0 BO3JEHCTBUS MPU BapHalliU 3yOIIOBBIX JeJIEHUI
CTaTOPHOT'O U POTOPHOTO CEPIACYHUKOB. PaccunTanbl 0)KUaeMbIe TOKH B CTEPIKHAX
nemrideprnoit 0omotku 1 DJ[C 0OMOTKH cTaTOpa KOHKPETHOM MOIIIHON SIBHOIIOJFOCHOM
CUHXPOHHOMN MAIlIUHBI.

Knroueswvie cnoea. cCHiHXpOHHAs SIBHOMOMIOCHS MAallIMHA, MAarHUTHBIE TOTOKH,

MHTEP(PEPEHIINOHHBIE ABJICHUS, HECUHYCOUJIATbHOCTh (Pa3HOTO U JIMHEHHOIO HAIPSKEHUS.

Additional phenomena related to the tooth structures of both the stator and the rotor are
considered separately, assuming that the amplitudes of the corresponding tooth inductions are
known. The mechanisms and results of the effect of these inductions on the stator and rotor
windings are analyzed. Analytical expressions for the evaluation of this effect in the case of
variations in the tooth divisions of the stator and rotor cores are proposed. The expected currents
in the rods of the damper winding and the EMF of the stator winding of a specific powerful
single-pole synchronous machine are calculated.

Key words: synchronous single-pole machine, magnetic fluxes, interference phenomena, non-

sinusoidality of phase and line voltage.
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IIpumeHeHMe TeXHOJIOTMH HM(PPOBBIX ABOIHUKOB NPH Pa3padoTKe TATOBBIX ACHHXPOHHBIX
3JIeKTPOABUIaTe e

3AXAPOB A.B., 3AMIEB A.M., KOBEJIEB A.C., MAKAPOB JL.H., PO3AHOB J1.IO.
[TpuBeeHbI OCHOBHBIE PE3yJbTaThl Pa3pabOTKH LU(POBOTO JBOMHUKA TATOBOTO
anekrpoasuratens TAJI3BM280-4Y2 nns npuBosaa nepcnekTUBHOro Merponoesaa. [Ipusenen
nepevyeHb MaTeMaTHUECKUX MO/IENIeH, BKIIFOUYSCHHBIX B COCTAaB LU(POBOT0 JBOMHUKA U TIOKA3aHO
B3aMMO/ICICTBHE MEXKIY MaTeMaTHUECKUMH MOJIEISIMU U pealibHbIM 00bekToM. Ha ocHoBe
UCIIOJIb30BaHUS B3aUMOICHCTBYIOIUX MOJIENIEH pelleHbl 3ajauyl MOMCcKa Hawlyduied (opMbl
aKCHaJbHBIX KAHAJIOB CTATOPA U BBINOJIHEHA ONTUMM3ALMUS IIIJIMIIEBON 30HBI 11433 POTOpA.
[TpuBenen npuMep MOJAEIUPOBAHMSI PA3TOHA AIEKTPOJIBUTaTElNIS B YCIOBUAX JIBUKCHUS
Harpy»>KeHHOI'0 COCTaBa; JJsl JAaHHOT'O YHUCJIEHHOTO SKCIIEPUMEHTA HalICHbl HaWTydllIe
napamMeTpbl HAaCTPOMKH 3aBUCUMOCTH HAPSKEHUs OT YaCTOTHI JJIs peoOpa3oBaTes co
CKaJIIpHBIM yrpaBieHueM. [locTaBieH Bonpoc 0 He0OOXOAMMOCTH U3MEHEHHUST KOHIICTIIIH
(GopMHUpPOBaHUS TEXHUUYECKUX TPEOOBAHUI Ha TATOBBIE JIEKTPUUECKHUE IBUTATEIIH.

Knrwoueegwie cnosa:. MeTpononnuTeH, TATOBbIH aCHHXPOHHBIN JBUraTelb, YaCTOTHOE yIpaBJICHUE,

1u(ppoBoOI TBOMHHUK.

The paper presents the main results of the development of a digital twin of the traction electric
motor TAD3VM280-4U2 to drive the trolley of a promising metro train. The list of
mathematical models included in the digital double is given, the interaction between
mathematical models and a real object is shown. It is shown how, based on the use of interacting
models, the problems of finding the best shape of the axial channels of the stator are solved, the
optimization of the slot zone of the rotor is carried out. An example of modeling the acceleration
of rotor of motor in the conditions of movement of a loaded train is given, for this numerical
experiment the best parameters for adjusting the voltage dependence on frequency for a scalar-
controlled converter are found. The question of the need to change the concept of the formation
of technical requirements for traction electric motors is raised.

Key words: metro, traction asynchronous motor, frequency control, digital twin.
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BHGKTPOHPHBOH NMEPEMECHHOI0 TOKA OTKPbIBAaHUA JHHINA KOBIIA IKCKaBaTOpa



MAJIA®EEB C.U.

PaccMoTpens! pe3ysibTaThl IPOEKTUPOBAHUS U IPOMBIIIJIEHHON KCILTyaTal[ii HOBOTO
AJIEKTPONPUBOA IEPEMEHHOI'O TOKA OTKPBIBAHUS THUILA KOBIIA 3KCKAaBAaTOPa. DJIEKTPOIPUBOJ
BBINOJIHEH 110 CUCTEME HHBEPTOP HAIIPSKEHUS] — ACHHXPOHHBIN ABUraTelb C IJIaBHOW 00paTHON
CBSI3bI0 10 MOMEHTY. JlJ1s1 ynpaBieHus Tpex(a3HbIM aCHHXPOHHBIM JIBUraTeIeM IPUMEHEH
IPUHLIMII TPAHCBEKTOPHOIO YIPABIEHUS C OPUEHTALMEH 110 MO0 C alallTUBHBIM
HaOmoareneM Ha ocHoBe (unbTpa Kanmana. [l u3MepeHus 4acTOThl BpallleHUs UCIIOJIb30BaH
UMITYJIbCHBIA AaTyuk. Habmrogarenb BBIUMCIIAET OLEHKU TOTOKOCLEIIICHNs, MOMEHTA U
COCTaBJIAIOLIMX TOKA IO JaHHBIM U3MEpPEHUs (a3HbIX TOKOB U HAIIPSKEHUH ABUraTels 1
YaCTOTHI €ro BparieHus. [Ipy BKIIOUeHHH PUBO/Ia KOHTPOJUIEP 33aJaHUus PexXUMa (GOpMUpPYyeET
CUTHAJIBI 33JIaHUSI MOMEHTA U MOTOKOCLIEIIJIEHHSI, COOTBETCTBYIOIINE paboTe yCTPONCTBA pU
noaTsruBanuu tpoca. I[lpu 3ToM Tpoc HamaThIBaeTcst Ha 6apabaH MU MOATATUBAHUY UIIH
pasmatbIBaeTCs IPU BBIBIXKEHUH PYKOSATH 3KCcKaBaTopa. [Ipy BKIIIOYEHNH MAalIMHUCTOM
KHOIIKY YIPaBJICHUs] KOHTPOJUIEP 3aJaHUsI pEKUMa IPUBO/IA YCTaHABIMBAET CUTHAJIBI,
COOTBETCTBYIOIIME MOMEHTY M IMOTOKOCLEIUIEHHIO NP BblIEpruBaHuu 3acosa. [locie
BbIJIEpPIrHUBaHUA 3ac0Ba (HOPMUPYETCS CUTHAI, YCTAaHABIUBAIOIINUN CUTHAJIBI 3aJJaHUS JUIs
IPUBO/Ia, COOTBETCTBYIOLIME PEXUMY MOATATMBaHUA Tpoca. [IpuBeieHbl OCHOBHBIE pacueTHbIE
COOTHOLLEHUS /JIs1 BbIOOpa ABUraTesl IPUBO/IA OTKPBIBAHUS JHUILA KOBIIA. DJIEKTPOIPUBO
ucnoib3oBaH Ha 3kckaBaTope JKI'-12K nHa MuxaitnoBckoM ropHO-000raTUTEIbHOM KOMOUHATE.
Knroueswvie cnoea: 3kckaBaTop, JIEKTPONPUBOJ, KOBII, ACHHXPOHHBIN JIEKTPOIBUTaTENb,

yIpaBiIeHHE.

The results of the design and industrial operation of a new AC electric drive for opening the
bottom of the excavator bucket are considered. The electric drive is made according to the
voltage inverter — asynchronous motor system with the main torque feedback. To control a three-
phase induction motor, the principle of transvector control with field orientation with an adaptive
observer based on the Kalman filter is applied. A pulse sensor is used to measure the rotational
speed. The observer calculates estimates of the flow coupling, torque and current components
based on the measurement of the phase currents and voltages of the induction motor and its
rotation frequency. When the drive is turned on, the mode setting controller generates signals for
setting the torque and flow coupling corresponding to the operation of the device when pulling
the cable. In this case, the cable is wound on the drum when pulling up or unwound when the
excavator handle is extended. When the driver turns on the control button, the controller for
setting the drive mode sets the signals corresponding to the torque and flow coupling when



pulling the bolt. After the bolt is pulled out, a signal is generated that sets the task signals for the
drive corresponding to the cable tightening mode. The main calculation ratios for the choice of
drive motor of the bottom of the excavator bucket are given. The electric drive is used on the
EKG-12K excavator at the Mikhailovsky mining and processing plant.

Keywords: excavator, electric drive, bucket, AC induction motor, control.
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Pesieiinas 3amura Ha repkoHax 0e3 TpaHc(hoOpMaTOpPOB TOKA

KJIEHEJIb M. .., MAILIPAIIOB B.E., UCABEKOB 1./1., AMPEHOBA /I.T.

[Tpemaraemoe yCTpOMCTBO 3aUThI 00BEANHSICT PYHKIUN TPaHC(HOPMATOPOB TOKA U PEIie TOKA.
YCTpOICTBO COIEPIKUT TEPKOH, JIBa KOHICHCATOPA, IBa MUHUATIOPHBIX peJie U TPU PE3UCTOpa.
['epkoHBI KpemnsaTcst BOJIM3H IUH 3JEKTPOYCTAHOBKH Ha 6€30MacHOM paccTossHuu. [lapameTpol
peJie pacCUYUTHIBAIOTCSI HA OCHOBE OTIEpAaTOPHOTO MeTo1a. Pere ynoBieTBopsieT TpeOoBaHUIM
YYBCTBUTEIBLHOCTH U OBICTPOJEHCTBUS. B 0TiIMUMe OT aHAJOTUYHBIX, OHO HE Pa00TaeT U3IHUIITHE
IIPU 3TMTIAHUN KOHTAKTOB U KPAaTKOBPEMEHHBIX TTOMeXaX, CHa0KEeHO TECTOBOM AMATHOCTUKON U
MPOCTHIMU KOHCTPYKLHUSAMU JJIs1 KPEIUICHHU S, TO3BOJISIOIIMMU PETYITUPOBATH TapaMeTpPhl
cpabaThIBaHHS pelie. DKCIepUMEHTANIbHAS TPOBEPKa MOATBEpANIIa pabOTOCITIOCOOHOCTh
YCTpOICTBA.

Knrwoueegwte cnosa: TokoBoe pene, FrepkoH, TpaHC(HOpMaTOphl TOKa, IKCIIEPUMEHT.

The relay protection proposed device combines the functions of current transformers and current
relays. The device contains a reed switch, two capacitors, two miniature relays and three
resistors. Reed switches are attached near the tires of the electrical installation at a safe distance.
Relay parameters are calculated based on the operator method. The relay meets the requirements
of sensitivity and performance. Unlike similar ones, it does not work unnecessarily when
contacts stick and short-term interference, it is equipped with test diagnostics and simple
mounting structures that allow you to adjust the parameters of the relay operation. An
experimental test confirmed the operability of the device.

Key words: current relay, reed switch, current transformers, experiment.
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OneHka KOrepeHTHOCTH CUTHAJIOB NPH aHAJIN3€e OCHMJIJIOIPAMM TOKOB M HaNpsiKeHu i
NMPOMBIIIIEHHOH YacTOThI

KVYJIMKOB A.JI., WJIIOIIWH I1.B., CEBOCTBAIHOB A.A.

JleuenTpanu3anus YHEPTeTHKHU MPUBOJUT K MACCOBOW MHTETPAIIUH B AJIEKTPOIHEPTETHUECKUE
CHCTEMBI Pa3HOPOAHBIX 0OBEKTOB paclpeIeICHHON reHepalnu, BKII0Yasi 0ObEKThl HA OCHOBE
BO300HOBJISIEMBIX HCTOYHUKOB SHEPTUH, a TAKXKE APYroro 000py10BaHUS C 3JI€MEHTaMU
CUJIOBOI 3JIEKTPOHUKU. DTU O0BEKTHI OKA3bIBAIOT CYIIECTBEHHOE BIMSHUE HA PEKUMBI
(YHKIIMOHUPOBAHUS CUCTEM, XapaKTep U MapaMeTphl MEPEXOAHBIX MPOIECCOB, MOKA3aTEIH
Ka4ecTBa JIEKTPUIECKON SHEPTUH, B TOM YHCIIE, CHHYCOUIaJbHOCTh TOKOB U HAIIPSKEHUH.
[Iupoko mpUMeHsIeMbIE allTOPUTMBI OLIEHKH [TapaMeTPOB TOKOB U HANPSHKEHUI Ha OCHOBE
JTUCKPETHOTO IIpeoOpazoBanusi Oyphe Mpu CYIIECTBEHHOM OTKJIOHEHHH MOKa3aTeseiin KauecTBa
AIIEKTPOIHEPTUU OT HOPMUPYEMBIX 3HAYCHUH MOTYT J1aBaTh 3HAYUTEIbHBIE OMMOKU. B Takux
YCIIOBHSAX BO3HHUKAET HEOOXOMMOCTh B TPUMEHEHUH B U3MEPUTEILHBIX OpraHax
MHTEJJIEKTYalIbHBIX 3JIEKTPOHHBIX YCTPOMCTB HOBBIX METOOB LIU(PPOBOI 00pabOTKU CUTHAJIOB.
O06ocHOBaHa HEOOXOIMMOCTb MMPUMEHEHHUS aJIalITUBHON 1T (PPOBOI 00paOOTKH CUTHAIIOB IS
MOBBIIIIEHUS] TOYHOCTHU OLEHOK MapaMeTPOB CUTHAIOB MPOMBIIIJICHHON YacTOTHI, TO3BOJISIONICH
YCTPaHUTH WJIM MUHUMH3UPOBATh BIMSHHUE TIEPEXOIHBIX MPOLIECCOB HA aHAIN3HPYEMBIC
curHaisl. PaccMoTpeHa BO3MOXKHOCTb MCIIOJIb30BaHUSI METOJIOB CTATUCTUUECKOTO aHAIIN3A, a
TaKXe MOHATUS KOTePEHTHOCTH CUTHAJIOB IPHU MCCIEJOBAHUHU OCLIHIIOIPaMM TOKOB U
HaIIpSDKEHUHN B aBAPUIHBIX pexXuMax. /[ OlleHKN KOrepeHTHOCTH CUTHAJIOB IPOMBIIIJIEHHOM
YacTOTHI MPEUIOKEHO MPUMEHEHNE aBTO- ¥ B3aMMHO KOPPEISIIMOHHBIX (yHKIMN. Pe3yapratamu
UMHTALMOHHOTO MOJICIMPOBAHUS MOATBEPKACHA 3(PPEKTUBHOCTD MPEIOKEHHOT0 OIX0/1a IS
¢ukcanmu ¢akTa 1 MOMEHTa Havaja repexoaHoro npouecca. [Ipeanoxxena obnactsb
INPUMEHEHHU aJalTUBHON IU(PPOBOI 00pabOTKH CUTHAJIOB TOKOB U HAIPSKEHUH.

Knroueswvie cnosa: >nexTposHepreTHieckasi CucTeMa, pacipe/ieieHHas reHepaiusi, aBapuiHbIi

PCKUM, TOKA3aTCIN Ka4€CTBa BHGKTpH‘{eCKOﬁ SHEPTHU, afallTUBHAA I.IPI(l)pOBaH 06pa60TKa.

The decentralization of energy leads to the mass integration of heterogeneous distributed
generation facilities, including facilities based on renewable energy sources, as well as other
equipment with power electronics elements, into electric power systems. These objects have a
significant impact on the modes of operation of systems, the nature and parameters of transients,

indicators of the quality of electrical energy, including the sinusoidality of currents and voltages.



Widely used algorithms for estimating the parameters of currents and voltages based on the
discrete Fourier transform with a significant deviation of the electric power quality indicators
from the normalized values can give significant errors. In such conditions, there is a need to
apply new methods of digital signal processing in the measuring bodies of intelligent electronic
devices. The necessity of using adaptive digital signal processing to improve the accuracy of
estimates of the parameters of industrial frequency signals, which allows to eliminate or
minimize the influence of transients on the analyzed signals, is justified. The possibility of using
methods of statistical analysis, as well as the concept of signal coherence in the study of current
and voltage waveforms in emergency modes is considered. To assess the coherence of industrial
frequency signals, the use of auto - and cross-correlation functions is proposed. The results of the
simulation confirmed the effectiveness of the proposed approach for fixing the fact and the
moment of the beginning of the transition process. The field of application of adaptive digital
signal processing of currents and voltages is proposed.

Key words: electric power system, distributed generation, emergency mode, electric energy
quality indicators, adaptive digital processing.
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du3nvecKkne 0CHOBBI M MeTO/IbI pacueta geppope3oHaHca

SWIIEC JI .

BBeneHo noHsTHE CUMMETPUYHOTO heppope3oHaHCca KaK OJJHOTO U3 BO3MOXKHBIX PEKUMOB
KosebaTebHOTO KOHTYpa FLC ¢ HelMHeHOW WHYKTHBHOCTHIO, KAPTHHA KOTOPOTO MJICHTHIHA
HaOro1aeMoit mpu peppope3oHaHnce B AIEKTPUUECKUX CETAX. PEXKUM SIBISETCS IEPUOTAYECKUM,
MPUYEM COCETHUE MOIYNEPUOJIbI OTIUYAIOTCS TOJIBKO 3HAKAMHU TOKOB M HaNpsbKeHUd. YacThb
Ka)XJIOTO MOJIYIIEPHO/1a COOTBETCTBYET HACBHIIIEHHOMY, OCTAJIbHOE BPEMSI — HEHACBHIILIEHHOMY
COCTOSIHMIO MarHUTOMPOBOAA. AHAJIN3 CHMMETPUYHOTO (peppope3oHaHca ¢ MOMOIIBIO
M3BECTHOM KYCOUYHO-JIMHEHOM alpOKCUMAaIIMM KPUBOW HAMarHW4WBaHUs UHIYKTUBHOCTH
MO3BOJIET HE TOJIBKO OOBICHUTH IPOUCXOSIINE B KOHTYPE PU3NYECKUE MPOIIECCHI, HO U
MOJTYYUTh IPOCTHIC, PUINUECKU OUYEBUAHBIC M IOCTATOYHO TOYHBIE OLIEHKH TOKA, HATIPSKEHHH,
30H CyIIECTBOBaHUS U YCTOMYUBOCTH Tporiecca. AJEKBaTHOCTh «(PU3NUECKOTO» TI0IX0/1a K
dbeppope3oHaHCy MOATBEPKACHA KOHTPOIBHBIMH pacyeTaMHu.

Knroueswie cnosa: xonedatenbHbI KOHTYp, HEIMHEHHAS MHIYKTUBHOCTD, KpUBas

HaMarom4imBaHUA, q)eppope:sOHch.

The concept of symmetric ferroresonance is introduced as one of the possible modes of the rLC



oscillatory circuit with nonlinear inductance, the pattern of which is identical to that observed
with ferroresonance in electrical networks. The mode is periodic, and the adjacent half-periods
differ only in the signs of currents and voltages. Part of each half-period corresponds to the
saturated, the rest of the time to the unsaturated state of the magnetic circuit. The analysis of
symmetric ferroresonance using the known piecewise linear approximation of the inductance
magnetization curve allows not only to explain the physical processes occurring in the circuit,
but also to obtain simple, physically obvious and fairly accurate estimates of the current,
voltages, zones of existence and stability of the process. The adequacy of the «physical»
approach to ferroresonance is confirmed by control calculations.

Key words: oscillatory circuit, nonlinear inductance, magnetization curve, ferroresonance.
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