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MOJIEJIMPOBAHUE U UCCJIIEJOBAHUE ABWXEHM A ITPOBOAAINX YACTULL TTPU
CEITAPALIMU B BEI'YIIEM MATHWUTHOM I10JIE

M.E. 3s3eB, O. B. I'm33atynnun, A.}O. Konses

HpI/I HpOMBII.HJ'ICHHOfI nepepa60TKe TBEPABIX JId HM3BJICUYCHUSA YaCTHL LIBETHBIX MCTAJLIIOB
MMPUMCHACTCA JJICKTPOAUHAMHUYCCKAA CCllapalusd B 6erymeM MAarHuTHOM nojie. B crartbe
pPacCMOTPECHBI JJICKTPOAMHAMHNYECCKHUE CCIlapaTOpbl Ha OCHOBE JIMHEHHBIX HHAYKTOPOB IIpU
moagadyce OTXOoJ0B IIO JICHTE KOHBeﬁepa. B cratbe IMOKa3aHO, YTO Ha CTaaAWH HPOCKTUPOBAHUA
cemaparopa HCO6X0,Z[I/IMO pacCUuTbIBaTh TPACKTOPUHU OBHKCHHA CCIIAPpUPYCEMBIX YaCTHII.
OTMedeHbl TPYAHOCTHU TaKOro pacdcra. HpeHCTaBHeHa mMaremMarTndyeckad MOACIb AJIA
HCCIICAO0BAHUSA JICKTPOAUMHAMHNYECKOI'O Ce€lapaTopa Ha OCHOBEC JIMHEHUHOTO HHAYKTOpA. Baxxnoit
JaCTbIO MOJCIHU ABJIAKOTCA YPAaBHCHUA JJIA KOM6I/IHI/IpOBaHHOI‘O BOSHGﬁCTBHH Ha 4YacTumy
OJICKTPOMAarouTHBIX U MEXAaHUYCCKHUX CHUJI, BEJIMYMHA KOTOPBIX KOPPEKTUPYETCA B XOA€ pacueTa.
B MOZACIIN YUUTBIBACTCA ABVIKCHUC IIPOBOAAIIMNX YaCTUI[ B ABYX HAIIPABJIICHHUAX: IICPCHOC YaCTHUIL]
10 JICHTC KOHBeﬁepa U IIOIICPCHYHOC MIBUKCHHUC 110 ILGP'ICTBHGM QJICKTPOMAriuTHBIX CHII.
Onucanbl pe3yapTaThl HCCIEIOBaHUM IMPOMBIIUIEHHOT0 o0pa3la cenaparopa. Pe3ynbTarhl
pacyeToB XOPOLIO COMIACYROTCA C pE3yJIbTaTaMU MPOMBILNIJIICHHBIX HWCIBITAaHUH.

KiroueBrle cioBa: Hepepa60TKa TBCPABIX OTXOAOB, OJCKTPOAMHAMHNYCCKAd CCriapanus,
QJICKTPOMAaranuTHLIC n MECXaHHUYCCKHUEC CHJIBI, MaT€MaTH4YCCKaAa MOACIb, PE3YyJIbTAThL
HCCIIEI0BAaHUM

MODELING AND RESEARCH INTO MOTION OF CONDUCTING PARTICLES UNDER
SEPARATION IN THE TRAVELING MAGNETIC FIELD

M.E. Zyazev, E.V. Gizzatullin, A.Yu. Konyaev

The procedure of electrodynamic separation in the travelling magnetic field is used in industrial
processing of solids applied for extraction of particles of non-ferrous metals. The article
considers electrodynamic separators based on linear inductors applied when the waste is fed onto
the conveyor belt. The article shows the necessity to calculate the trajectories of separated
particles at the design stage of such separators. The focus is made on the challenges related to the
calculation procedure. The authors present a mathematical model for the study of electrodynamic
separators based on linear inductors. An important part of the model are equations related to
electromagnetic and mechanical forces producing a combined effect on the particle, with the
value corrected in the course of calculations. The model takes into account the movement of
conducting particles in two directions: the transfer of particles along the conveyor belt and lateral
movement under the influence of electromagnetic forces. The research results of an industrial
sample of a separator are described. The calculation results are compatible with the results of
industrial tests.

Keywords: solid waste processing, electrodynamic separation, electromagnetic and mechanical
forces, mathematical model, research results

VTOUHEHHBIA  DJEKTPOMATHUTHBI  AHAJIN3 MATHUTOXHNAKOCTHBIX
CEITAPATOPOB HEMATHUTHBIX MATEPHUAJIOB

10.b. Kazakos, FO.1. Ctpagomckuii, B.A. ®unumnmos, C.A. Hectepor

MarauToXuIKOCTHAsT Cemapaiusi SBJISETCSl TMEePCHEKTUBHBIM CIOCOO0M paslieleHusl cMecei
HEMAarduTHBIX MaTepI/IaJ'IOB Ha CbpaKHI/II/I 110 IINIOTHOCTU C BO3MOKHOCTBIO 3J'I€KTpOMaFHI/ITHOI\/II
PErYJIMPOBKU TpaHUI] cenapaiuu. TOYHOCTh pa3/ieJIeHUusi MAaTepuajoB B DJIEKTPOMArHUTHBIX
MarHuTOKHMJIKOCTHBIX CemNapaTropax OIpeAeNsaeTCs] NMPUMEHIEMON KOHCTPYKLIHMEN W pPEKUMOM
paboThl. DIEKTPOMAarHUTHBIE MPOIECCHl B TAKUX CeMapatopax HEJOCTATOYHO HCCIEIOBaHHI,
OCOOEGHHO TP  pa3[eeHUH  YacTHI] MajblX pa3MepoB, MHOTOKOMIOHEHTHBIX U
MHOTO(PAKIIMOHHBIX CMECeH YacTUI[ pPa3HOPOAHBIX MaTepuaaoB. He B moinHON Mepe
paCCMOTpeHBI BOHpOCBI BIIMAHUA (bOpMI)I HEMAarouTHBIX 4aCTHUII, CTCIICHU 3alIOJTHCHUA pa60qer0
3a30pa cemaparopa 4YacTULIAMU. B CBsI3M C 3TUM SBISIETCS aKTyalbHBIM YTOYHEHHBIN



BHCKTpOMaFHI/ITHHﬁ aHaJInu3 OJICKTPOMArHuTHBIX MarHuTOXKUAKOCTHBIX CCIIapaTopoB
HEMAarHuTHbIX MAaTr€pruaJioB C Y4YETOM pacnpeaciiCcHud MAarHuTHOrO TIIOoJA W BJIMAHUA
TUAPOJUHAMHUYCCKUX CBOMCTB MarHUTHOH JKUIKOCTU HAa IBUKCHHUC YaCTHUIL] B 30HC pa3aCIICHUA.
I[J'ISI JOCTHIXKCHHUA LCJIM MCIIOJIB3YIOTCA YHCICHHBIC METOJAbI aHaliu3a J3JICKTPOMAarHUTHBIX
nponeccoB B MArouMTOXHUIAKOCTHBIX CCIlapaTopax. HOHy‘IeHHbIC PE3YIbTAaTbl MO3BOJIAIOT
pa3pa6aTHBaTL YCOBEPIICHCTBOBAHHBIC KOHCTPYKIHUHU JSJICKTPOMArHuTHBEIX CCIapaTopoB C
MOBBIIIEHHOW TOYHOCTBIO CEMapalum.

KiroueBrle CJIOBA. CCIlapanusa HEMAarouTHBIX MaTc€puaiosB, MarHUuTHasi KHNIKOCTD,
AJIEKTPOMATrHUTHBIN MarHUTOKUKOCTHBIN CENapaTop, YTOYHEHHBINA 3JIEKTPOMArHUTHBIN aHAIN3
UPDATED ELECTROMAGNETIC ANALYSIS OF SEPARATORS WITH MAGNETIC
FLUIDS FOR NON-MAGNETIC MATERIALS

Yu.B. Kazakov, Yu.l. Stradomsky, V.A. Filippov, S.A. Nesterov

Magnetic fluids separation is a promising method for separating mixtures of nonmagnetic
materials into density fractions with a possibility for electromagnetic separation control. The
accuracy of material separation in electromagnetic magnetic fluid separators is determined by
their design and operating mode. Electromagnetic processes in such separators have not been
sufficiently studied, especially when separating small particles, multicomponent and
multifractional mixtures of particles of dissimilar materials. The issues relating the influence of
the shape of nonmagnetic particles, the degree of filling the working gap of the separator with
particles are not fully considered. In this regard, an updated electromagnetic analysis of
electromagnetic magnetic fluid separators of nonmagnetic materials, taking into account the
distribution of the magnetic field and the influence of hydrodynamic properties of the magnetic
fluid on the movement of particles in the separation zone is urgent. To achieve this goal,
numerical methods for analyzing electromagnetic processes in magnetic fluids separators are
used. The results obtained make it possible to develop improved designs of electromagnetic
separators with enhanced separation accuracy.

Keywords: separation of non-magnetic materials, magnetic fluid, electromagnetic magnetic fluid
separator, updated electromagnetic analysis

NCCIIEHOBAHUE  BJIMAHNUA  TOKA  HMHAYKTOPA HA  CTPYKTYPY U
MEXAHWYECKHE CBOMCTBA TA3OTEPMUYECKUX TUTAHOBBIX ITIOKPHITUIA

E.O. Ocunosa, O.A. Mapkenosa, B.A. Komypo, A.A. ®omMun

B cratbe paccmaTpuBaeTcs MPOIECC WHIAYKIIMOHHO-TEPMUUYECKOW MOIU(DUKAIMNA TUTAHOBBIX
HOKpLITHfI, C(l)OpMPIpOBaHHBIX Ha THTAHOBBIX o6pa3uax METOHAOM  3JJICKTPOIIIa3MCEHHOT'O
HaNbUICHUS. DKCIIEPUMEHTAIILHO YCTAHOBIIEHO BIMSHUE TOKA MHAYKTOpA B JuarnaszoHe oT 3,5 10
8,0 KA Ha TemnepaTypy oOpabaThIBaeMbIX 00pa3lioB. Pe3ynbTaThl Mcciae10BaHUi MoKa3aliu, 4YTo
IpU TEPMUYECKOW MOJAU(PUKALMN B BO3AYLIHOW cpele MPOMCXOAMIO U3MEHEHUE CTPYKTYphl U
MEXaHMYECKHUX CBOMCTB THUTAHOBBIX HOKpLITPIfI. YCTaHOBJ'IeHO, 4TO €  YBCIMUCHUCM
TEeMIEpaTypbl HArpeBa yBEINUUIIaCh MOPUCTOCTh ¢ 56+2 no 61+1 %, ToNmuMHa Cl10s CHU3UIIACh C
320430 no 114+15 Mxm. 3a cdeT U3MEHEHNUs CTPYKTYphbl MaTepuasa MOKPBITUS IIPU OKUCICHUU
YBEJIMYUIIACh MHUKpOTBepAOCTh ¢ 1035-1532 no 1825-1883 HV0,98 B 3aBHCMMOCTH OT TOKa
UHAYKTOpa M Temreparypbl 00paboTku. MUKpPOTBEPIOCTh MOMIOXKKU TAKXKE YBEIMUUBACTCS C
U3MEHEHHEM TeMIlepaTypsl 00paboTku co 145 no 442 HV0,98.

KiroueBble citoBa: WHAYKOUOHHO-TCPMHUYCCKAA o6pa60TKa, QJICKTPOIINIA3MCHHOC HAIIbUJICHUC,
TUTaH, MUKPOTBEPAOCTD, ITOKPBITUC

EFFECTS OF INDUCTOR CURRENT ON THE STRUCTURE AND MECHANICAL
PROPERTIES OF THERMAL SPRAY COATINGS ON TITANIUM

E.O. Osipova, O.A. Markelova, V.A. Koshuro, A.A. Fomin

The article considers the induction heating modification technique of titanium coatings formed
on titanium samples using electroplasma spraying methodology. The influence of inductor
current in the range 3.5 to 8.0 kA on the temperature of the processed samples has been
established experimentally. The research results showed that the structure and mechanical



properties of titanium coatings change under thermal modification in the aerial environment. It
was found that with an increase in the heating temperature, the porosity increased from 5642 to
61+1 %, whereas the layer thickness decreased from 320430 to 114+15 um. Due to the change in
the structure of the coating material during oxidation, the microhardness increased from 1035-
1532 to 1825-1883 HV0.98, depending on the inductor current and processing temperature. The
microhardness of the substrate also increases with a change in the processing temperature from
145 to 442 HV0.98.

Keywords: induction thermal treatment, electroplasma spraying, titanium, microhardness,
coating

BJIUSIHUE MEXAHUWYECKUX IIPUMECEN HA DJIEKTPUYECKYIO IIPOYHOCTbH
TPAHCOOPMATOPHOI'O MACIJIA

JL.P. laitnymiuna, A.P. @ackixos

I/Isyquo BIIMSAHHUEC MCEXaHHNYCCKHNX HpHMeCGﬁ Ha QJICKTPHUICCKYIO IMPOYHOCTb
tpanchopmaroprnoro macina ['K. IlpoBeaensl 3amepsl mpoOuBHOro HampsbkeHuss macia 'K u
MOACJIBbHBIX cMeced Ha ero OCHOBC, COACPpKAIINX PA3JIMYHBIC KOHIICHTPAIIUN MeHKOHHCHepCHOﬁ
ME€au, CTaJIu U BOJIOKOH LECJIJIFOJIO3BbI. Taxxe AJid CpaBHCHUA ObLIN MMPOBCACHBI UCHIBITAHHUA Ha
MOACJIBbHBIX CMECAX C I[O6aBJ'IeHI/IeM BOJBI. YCTaHOBJ'IeHO, 4TO MOJACIBbHBIC CMCCH, COACPIKAIIUC
BOJIOKHA HCJJIKOJIO3bI  IMOKAa3aJId HAUXyAIIHNEC 3HAYCHHA HpO6I/IBHOFO HAIlpsOKCHUA, a
COOTBETCTBCHHO SHGKTqueCKOﬁ IMIPOYHOCTH. QHCKTpI/I‘leCKa}I IMPOYHOCTb CHU3WJIACH B 3,7 pasa,
B TO BpeMs KaK B IPUCYTCTBUU BOJIbI 3JIEKTPUUECKas IPOYHOCTh CHU3MIACh B 1,77 paza.
KiroueBrle cioBa: TpaHC(bOpMaTopHOG Macjio, MCXAHHUYCCKUC IIPUMECH, OJICKTPUYCCKUC
XAPaKTCPUCTHUKHU, DJICKTPUICCKAA IIPOYHOCTD, HpO6I/IBHOG HAIIPsPKCHUEC

INFLUENCE OF MECHANICAL IMPURITIES ON DIELECTRIC STRENGTH OF
TRANSFORMER OIL

L.R. Gaynullina, A.R. Fasykhov

The influence of mechanical impurities on dielectric strength of HC transformer oil has been
studied. The breakdown voltage of HC oil and its model mixtures containing different
concentrations of fine copper, steel, and cellulose fibers were measured. The tests using model
mixtures with addition of water were carried out for comparison purposes. It was found that the
model mixtures containing cellulose fibers showed the worst values of the breakdown voltage
and dielectric strength, respectively. The dielectric strength decreased by 3,7 times, while in the
presence of water, the dielectric strength decreased by 1,77 times.

Keywords: transformer oil, mechanical impurities, electrical characteristics, dielectric strength,
breakdown voltage

METOANKA MOJEJIMPOBAHU A

I[TPEJITPOBMBHBIX [TOJIEN B KUJKOCTU

10.A. Ky3nenoga, B.b. Scunckuii, C.M. KopobeitHukos

B cratbe omucana meToguka pacmupOBKHA IKCIEPUMEHTAIBHBIX KEppPOrpaMM METOJ0M
KOMITHIOTEPHOTO MOJICIMPOBAHUS YCIOBHUM, B KOTOPBIX OHU ObUIM TOJydeHBl. PacmmdpoBka
MpeJICTaBIsIeT co0O0M peleHrne oOpaTHOM 3aaul BOCCTAHOBJICHHUS TIOJISI HATPSDKEHHOCTH MTYyTEM
peneHus npsiMoit 3aauu. B maTeMaTndyeckoi MOJENN MOJHOCThIO BOCITPOU3BOJAMIINCEH YCITOBHS
peanbHOr0 HKCIEPUMEHTa, U CTPOWJIAch MaTpUIla OTHOCHUTENbHBIX HHTEHCHUBHOCTEH. Jliid
BU3yalIM3alliy PE3YJIbTaTOB pacuéra ObUT pa3paboTaH CHEIUATBHBIA aJTOPUTM, HTOTOM
KOTOpOro OBLIO TMONY4YeHHE KApTUHBI KEPPOBCKUX IOJIOC, KOTOpas CpaBHHUBAIACh C
AKCIEPUMEHTAIBHON. B cilyyae HecoBmajeHUsT KApTUH YCIOBHS KOPPEKTUPOBAIUCH, W
WTEPALMOHHBIN MPOLECC MPOAOJDKAICA IO COBHAIEHUS PACYETHOM M DKCIEPUMEHTAIBHOU
KepporpamMM. B Mojens MOXXHO BHECTH MHKPOMY3BIPBKH, OOBEMHBIN 3apsii U CTPUMED.
Pa3paborannas meroamka, B cCllydae HaIU4Ms OCHUJUIOTPAMMBI HAMPSOHKEHHS, TO3BOJISET
BOCIIPOM3BOJUTh HE TOJBKO CTaTHYECKHE KapTUHBI mnojioc Keppa, HO M XpPOHOTPAMMBEI.
MaremaTtrueckass MOJENb IO3BOJSIET HE TOJBKO YCKOPUTH 00pabOTKy Kepporpamm, HO U



HOJYYUTh JOMOJHUTEIbHYI0 MH(POPMALHUIO O MPOLECCax, MPOUCXOIAMINX Ha MPeanpoOnBHON
CTaIuu B MPUAIJICKTPOMHONH 30He. UYto Oymer cmocoOCTBOBAaTh JIy4IIeMy I[TOHUMAaHHIO
HpGI[HpO6I/IBHBIX IMponecCoB B )KI/I,Z[KOP’I H30JIAIUHA BBICOKOBOJIbTHBIX OHCPIrOyCTaHOBKAX.
KiroueBbie cioBa: mpoOOH KUIAKOCTEH, MPEeANnpOOUBHAs CTaaus, IEKTPOONTHUYCCKUN dPdeKT
Keppa, nBymyuyenpenomiieHHe, pa3sHOCTb (a3, MHUKPONY3bIpbKH, OOBEMHBIMN  3apsj,
MAaTEMAaTUYCCKOC MOACIIMPOBAHUC

SIMULATION OF PRE-BREAKDOWN FIELDS IN LIQUIDS

Yu.A. Kuznetsova, V.B. Yassinskiy, S.M. Korobeynikov

The article describes a technique for decoding experimental kerrograms by computer modeling
of the conditions under which they were obtained. Decoding is a solution to the inverse problem
associated with reconstruction of the intensity field by solving the direct problem. The conditions
for a real life experiment, including the matrix of relative intensities were simulated in the
mathematical model. A special algorithm was developed to visualize the calculation results,
which was aimed to obtain a pattern of the Kerr bands, which was compared with the
experimental pattern. In the case of mismatch between the patterns, the conditions were
corrected, and the iteration process continued until the calculated and experimental kerrograms
became similar. Microbubbles, a space charge, and streamer can be included in the model. The
developed technique, in the presence of a voltage oscillogram, allows reproducing not only static
Kerr band patterns, but also chronograms. The mathematical model can speed up both the
procedure of kerrograms processing, and also obtain additional information relating the
processes found at the pre-breakdown stage in the near-electrode zone. This will contribute to a
better understanding of prebreakdown processes in liquid insulation of high-voltage power
plants.

Keywords: breakdown of liquids, prebreakdown stage, electro-optical Kerr effect, birefringence,
phase shift, microbubbles, space charge, mathematical simulation

CHUJIOBOE MEXAHHNYECKOE BOBﬂEfICTBHE OJIEKTPOUMIIYJIBCOB  HA
[IPOBOJITHUK

0O.b. CxBopiios, B.W. Cramenko, O.A. Tpoutkuit

3KCHepI/IMeHTaHLHO YCTAHOBJICHO, 4YTO HauOOJNbIIEE CHIOBOE MEXaHHYECKOE LLCP'ICTBHG
BJIGKTpI/IIIeCKI/Iﬁ HMITYJIBC OKa3bIBA€CT B MOMCHTBHI €0 Haydajla W OKOHYAHUA. HavaneHeii u
KOHEYHBIN MOMCHTHI XapaKTCPUZYIOTCA CO3JaHUEM HEPaBHOBECHOT'O pacipeaciacHus
SJICKTPHUICCKUX MOJIEH Kak BHYTPU, TaK W BHC MCTANIMYCCKOTO IIPOBOJHUKA. Ot
6LICTpOHpOTeKaIOH_[I/Ie nponecChbl 3aKAHYMBAKOTCA K MOMCHTY Ha4alla YBCJIWYCHHA TOKa B
MMPOBOAHUKE MW IIPOABJIICHUA CKI/IH-B(b(l)eKTa. B MOMeEHTHI Hauajza M OKOHYAHHUS BHEIIHETO
SJICKTPUYCCKOTO HMITYJIbCA BO3HUKAKOT YHAAPHBIC MCXAHHWYCCKHUC HAIIPAKCHUA B MATCPHAIIC
IMPOBOAHUKA. I[I/IHaMI/I‘IeCKI/Ie I[e(bOpMaIII/II/I IPOUCXOJAAT KAaK BAOJb OCHU IMPOBOAHHKA, TaK U B
MOIICPEYHOM K 3TOU ocH HaIlpaBJICHUU U 3aBUCAT HC TOJIBKO OT BCIIMYUHBI, HO U OT IOJIIPHOCTHU
MPUITOKCHHOTO JJICKTPHUYCCKOI'0 HMITYJIbCA. 3ateM B Marepuajc IMpPOBOIAHHKA Ha6J'IIOJIaIOTC${
3aTyXaronue MEXaHUYCCKUC KOHe6aHI/IH, KOTOPBIC XapaKTCPU3YIOTCA 4aCTOTAMH, CYHICCTBCHHO
ooiee HU3KHUMH, YEM HaCTOTHI COOCTBEHHBIX OJICKTPOMArHuTHBIX KoJIeOanuii B IMPOBOAHUKE.
KiroueBrle cinoBa: HUMITYJIBC TOKa, BI/I6paI_II/I$I, MCXaHNUYCCKUC HAIIPAKCHUA, z[e(bopMaum/I, IINHY -
s dekt, ckuH-3pdeKT

MECHANICAL EFFECTS OF ELECTRICAL IMPULSES ON THE CONDUCTOR

0.B. Skvortsov, V.I. Stashenko, O.A. Troitsky

It has been experimentally established that the maximum mechanical effect of an electric
impulse is exerted at its start and end points. The initial and final moments are characterized by a
nonequilibrium distribution of electric fields both inside and outside the metal conductor. These
fast flowing processes are completed by the moment when the current in the conductor increases
and the skin effect occurs. At the start and completion of an external electric impulse, shock
mechanical stresses occur in the conductor material. Dynamic deformations occur both along and
transverse to the axis of the conductor, which depends not only on the magnitude, but also on the



polarity of the applied electric impulse. Therefore, damped mechanical oscillations are observed
in the conductor material, which are characterized by the frequencies significantly lower than the
frequencies of natural electromagnetic oscillations in the conductor.

Keywords: current impulse, oscillation, mechanical stress, deformation, pinch effect, skin effect

MATEMATHUYECKAA MOJEJb ACHUHXPOHHOI'O JBUT'ATEJIA C ®A3HbBIM
POTOPOM B CUCTEME KOOPJIMHAT d-q

B.A. lomanos, JI.I'. Myp3zaxkos, [.C. Xanuyinos

PaccmoTtpena cxema 3aMemieHusi aCHHXPOHHOTro aBHuratens ¢ (asHeiM potopom (AJIDP).
CocraBnena cucrema auddepeHnranbHplXx ypaBHeHUH AJ[DP ¢ yueTtom pexuma ynepaHus
Baya asurarens. Paspaborana crpykrypras cxema AJIDP. IIpuBeneHsl rpaduku nepexo HbIX
IIPOHECCOB JJICKTPOIIPHUBOJA B Pa3JIMYHBIX PEXHUMax. HpOBeI[eH aHaJInu3 pa60TBI JABUTATCIIA IIPU
M3MEHEHUU HAPSHKEHUN pOTOpA.

KiroueBble ciioBa: aCHHXPOHHBIN JIBUTaTENb, TPAH3UCTOPHBIN perynarop Hamnpsbkenus, [IINUM,
Qg epeHIraIbHbIN CeNbCHH, IBOMHOE MUTaHUE

MATHEMATICAL MODEL OF AN INDUCTION MOTOR WITH A WOUND ROTOR IN
THE d-g COORDINATE SYSTEM

V.l. Domanov, D.G. Murzakov, D.S. Khaliullov

The article considers a scheme for replacement of an induction motor with a wound rotor
(WRIM). A system of differential equations for the WRIM is given with regard to the mode of
holding the motor shaft. A block diagram of the WRIM has been developed. The graphs of
transient processes of the electric drive in various modes are given. An analysis of the motor
operation under changes in the rotor voltage is carried out.

Keywords: induction motor, transistorized voltage regulator, PWM, differential selsyn, dual
power supply

PEAJIM3ALIMA 3ALHUTBI OT AYTI'OBBIX 3AMBIKAHUI B YCJIOBUSIX I_II/Id)POBOPI
[IOJICTAHLIUU

M.U. Yynpsiaenko, K.C. 'opsiueBckuii

B cratee paccmoTpensl mpobiemsl B akcrutyatauun KPY 6-10 kB, yxe mnpumeHsembie
MPUHIUITEI pa0OTHI 3AIIUTHI OT AYTOBBIX 3aMbIKaHUN 6-10 KB 1 mpeiokeHbl HOBbIE PUHITUITHI,
IO3BOIAIOIIUE 3alllUTC HMMCTH a6COJ'II-OTHy10 CCJICKTUBHOCTDH, MPUMCHCHUC KOTOPLIX ITOMOKECT
YMEHBIINUTh YUCIIO aBapuil B cekiusax muH 6-10 kB. beuia co3gana npuHIUNMaibHas cxema U
pa3pa60TaH AJIITOpUTM HeﬁCTBHH 3alllUT, OCHOBAHHBLIX HAa HOBBLIX IPHUHIUIIAX. PaCCMOTpeHLI
NpeuMynieCTBa U HCAOCTATKU MPEAJIaracMoro moaxojJa K pcajir3anuu I[yFOBOfI 3alIUThI AYCCK
KPVY 6-10 kB. Onpezneneno o6opynoBaHue, HEOOX0IUMOE JUIsl pealn3alii HOBBIX NMPHHLUIIOB,
MPEATIOKCHBI ITPUMCPDBL HGO6XOI[I/IMI)IX KOMINJICKTYIOIIHX. I/I3y‘ICHBI BO3MOX>XHOCTHU COBMCIICHUS
HOBBIX TIPUHIUIIOB C YK€ CYHICCTBYHOIIMMHU 3alllUTaAMHU. I/ICCJ'IC,[[OBaHLI 0COOEHHOCTH
o0opy/noBaHus, HEOOXOJUMBIE [UIsl YCTAHOBKM 3alllUT HA ATHX MPUHIMIAX Ha LU(pOBBIE
MNOACTAHINHU U NPCUMYILCCTBA 3THUX 3allIUT B YCIIOBHUAX I.IPI(I)pOBOfI IIOACTAaHIIUU.

KiroueBsie cnoBa: peneiiHas 3amuTa 1 aBTOMaTHKa, 3allIUTa OT AYTOBbIX 3aMbIKaHU, U(ppoBas
noACTaHIusA, DJICKTPUYCCKAsA CCTh C I/IBOJIHpOBaHHOﬁ HeﬁTpaHBIO, OJIHO(I)EBHO@ 3aMbIKaHUEC Ha
3€MJII0, BOJIOKOHHO-ONITHYECKHUM TaTYUK, MUPOMETPUUECKUI TEMIIEPATYPHBIN TaTUUK
IMPLEMENTATION OF ARC-FAULT PROTECTION IN A DIGITAL SUBSTATION AREA
M.1. Chuprynenko, K.S. Goryachevsky

The article discusses the problems in operation of 6-10 KV switchgears, reviews the available
principles of protection against arc fault 6-10 kV, and suggests the new principles that ensure
protection based on absolute selectivity. The use of the new principles will reduce the number of
accidents in complete switchgears 6-10 kV. A schematic diagram and an algorithm for effective
protection were developed based on these principles. The advantages and disadvantages of the
proposed approach to implementation of arc protection 6-10 kV switchgear cells were evaluated.
The facilities needed to implement these new principles, including the required component parts,



were defined. The possibilities for combining the new principles with the existing protection
system have been analyzed. The focus has been made on the characteristics of the equipment
required for the protection system at digital substations based on these principles, as well as
advantages of the protection system performing in conditions of digital substations.

Keywords: relay protection and automation, arc fault protection, digital substation, electrical
network with isolated neutral singlephase ground fault, fiber-optic sensor, pyrometric
temperature sensor

KOMIIBIOTEPHOE MOJEJIMPOBAHUE BJINAHUA TEXHOJIOTMYECKUX
OCOBEHHOCTEN OGOPMHUPOBAHUA DJIJIUTICHOCTH CTATOPA HA
DJIEKTPOMEXAHUYECKUE XAPAKTEPUCTUKN ABTOMOBWJIBHOM CUHXPOHHOI
'EHEPATOPHOM YCTAHOBKHU

B.H. Koznosckuii, A.C. CakcoHOB

B pa60Te IMPUBOIAATCA PE3YJbTaTbl KOMIIBIOTCPHOI'O MOACIIHMPOBAHUSA BIIHMAHUA SJUIMIICHOCTHU
cTaTopa CUHXPOHHOT'O IreHepaTopa aBTOMOOMJIbBHOM reHepaTtopHoil ycraHoBku Tuna 9402.3701-
14M Ha QJICKTPOMAruuTHLIC I1apaMCTPhbI YKaBaHHOﬁ BHGKTqueCKOﬁ MalllMHbI, TaKHC KakK
QJICKTPOMAarouTHasd MWHAYKIOUA B BO3AYHIHOM 3a30p€ W MArHUMTHOC HAIPAKCHHUE OTOI0
BO3YHIHOI'O 3a30pa.

KiroueBrie cioBa: KOMITIBIOTCPHOC MOJACIMPOBAHUC, aBTOMOOMIILHAS TreHCpaTopHasd yCTaHOBKaA,
CHHXPOHHBIN Te€HEpaTop

COMPUTER MODELING FOR EFFECTS OF TECHNOLOGICAL CHARACTERISTICS IN
FORMING STATOR ELLIPTICITY ON ELECTROMECHANICAL PROPERTIES OF
VEHICULAR SYNCHRONOUS GENERATORS

V.N. Kozlovskiy, A.S. Saksonov

The article presents the results of computer simulation relating the influence of stator ellipticity
of a synchronous generator in the vehicular generator 9402.3701-14M on electromagnetic
parameters of the specified electric machine, including electromagnetic induction in the air gap
and magnetic voltage of the given air gap.

Keywords: computer modeling, vehicular generator set, synchronous generator

NCCIIEIOBAHUE [IIEPEXOJHOI'O IIPOLHECCA B OSJEKTPUYECKUX CETAX
CPEJIHET' O HAITPSKEHMA C 3BAMBIKAHWEM HA 3EMJIIO

A.A. AHnpeeB

B Hacrosimuit MomMeHT oaHO(da3HbIe 3aMbIkaHus Ha 3eMito (O33) sBisroTcst Hanbosiee YacThIM
BHUJIOM HOBpe)KZleHI/IfI B pacnpez[ennTenLHHX CETAX cpez[Hero HaprDKeHI/ISL AHaJ'II/IS SaMI)IKaHI/Iﬁ
HAa 3eMJII0 TOKa3biBaeT, 4to oTbickanue O33 1o cux mop sBIsSeTcs MpodiemMoil ¢
HCOAHO3HAYHBIMHU pCHIeHI/ISIMI/I, OCO6€HHO B CCTIAX C I/ISOJ'II/IpOBaHHOI\ﬁ nu KOMHCHCHpOBaHHOﬁ
HelTpanpio. CyllecTBYIOIIME YCTPOMCTBA  3alIUTBI  MOTYT OOECHEUUTh CEJIIEKTHBHOE
Cpa6aTBIBaHI/I€ B OCHOBHOM TOJIBKO B 4YaCTHBIX cnyqaﬂx, HC OTHOCAIIUXCA K CETIAM C
CUJIBHOPA3BETBICHHOW CXEeMOH ¥ OONBIINM KOJIWYECTBOM OTXOISAIINX MPHUCOSAMHEHUN.
[ToaToMy ¢ TENBbI0 JOCTOBEPHOTO OMPEACIICHHs] MOBPEXKICHHOTO TPHUCOSIUHEHUS BO BpEMS
0IHO(A3HOTO 3aMBIKAHUS Ha 3€MIII0 JI0 CHX IOp MPUMEHSIOTCS METOJbI MOCIEeI0BATEILHOTO
OTKJIIoueHus. JIJis orpaHWyYeHWs HETaTUBHBIX IIOCIEACTBUI Hanbojee I1enecoo0pa3HbIM B
JAHHBIX CJIy4yasix SBJISETCS METOJ MEperpynnupoBaHUsT W pa3/ielieHUs CEeTU Ha Y4YacTKH.
BI:IHOJ'IHGHI/I@ OHepaTI/IBHI)IX HepeKHIO‘—IeHI/Iﬁ B XOJI€ OTBICKAHUSA O)IHO(i)aSHI)IX SaMBIKaHI/II\/’I Ha
3eMITI0 peKOMEHIYEeTCsl TPOBOANTH 0€3 MepephiBa dIEKTPOCHAOKEHUS MOTPEOUTENEH, MOITOMY
HEO0OXOMMO HCCIIEOBAHUE MEPEXOTHOTO MPOIecca, BO3HUKAIONIETO NMPH OOBETUHEHUN CETeH
Ha MapaieTbHYI0 paboTy C MeNbI0 MPOBEPKHU MPUMEHUMOCTH MPEJI0KEHHON METOANKH.
KiroueBsie croBa: onHOo(a3HbIE 3aMBIKaHHS Ha 3€MJTI0, DJIEKTPOCHAOKEHHE, OTEPATHBHBIC
MEPEeKIIIOUeHUs], N30JIMPOBAaHHAsI HENUTpaslh, KOMIIEHCHPOBAaHHAs HENTpasb, kKabeabHbIC JIMHUN
INVESTIGATION OF THE TRANSIENT PROCESS IN MEDIUM-VOLTAGE ELECTRICAL
NETWORKS WITH A GROUND FAULT



A.A. Andreev

Currently, single-phase earth faults (SPEF) are the most common type of fault in the medium-
voltage distribution networks. Analysis of ground faults shows that finding the SPEF is still an
ambiguous case problem, particularly as regards the networks with isolated and compensated
neutral. Existing protection devices can ensure selective response, mainly in particular cases not
related to the networks with highly branched circuits and large number of outgoing connections.
Therefore, in order to reliably determine a faulty connection, during a single-phase earth fault,
sequential disconnection methods are still used. To limit the negative effects, in these cases the
most appropriate method is associated with regrouping and dividing the network into sections. It
is recommended to perform operational switching during the search for single-phase earth faults
without interruption of power supply to consumers. Therefore, it is necessary to study the
transient processes emerging when combining networks to perform parallel operations aimed to
verify applicability of the proposed methodology.

Keywords: single-phase earth faults, power supply, operational switching, isolated neutral,
compensated neutral, cable lines

COBEPIHIEHCTBOBAHUE TAPU®OB HA OHEPI'OPECYPCBHI  PECIIYBJIMKM
BEJIAPYCH C HEJIBIO CTUMVYJIMPOBAHMA YBEJIMUEHUSA J1OJIA DJIEKTPUYECKOU
OHEPI'M1 B BAJTAHCE SHEPITOCHABXEHUM A BI[AHI/H7I

C.A. Anekcannposuy, T.I'. 3opuna

[IpoananusupoBaHa AMHAMUKAa Tapu(POB HA AIEKTPUUYECKYIO M TEIUIOBYIO SHEPTHUIO JJI HYXK]
HaceJieHUs1. BrImonHeH pacueT ypOBHHA TapI/I(l)a AJIs1 HACCJICHUA Ha 3JICKTPUYCCKYHO SHEPIURO,
UCTIONIB3YEMYIO JUIS HYXKJ OTOIICHHSI U TOPSYEero BOAOCHAOKEHHs, paBHO3HAUYHOTO Tapudy Ha
TCIJIOBYIO DOHCPIUr0 UIsd I3THUX ueneﬁ. Pa3pa60TaHL1 HallpaBJICHUA COBCPIICHCTBOBAHUA
tapudHoil nonutuku Pecnydonuku benapych, koTopas OyaeT crnocoOCTBOBaTh CTUMYIMPOBAHUIO
IIOBBIIICHUA JOJIN SHGKTqueCKOfI OHCPIuu B Oaitance 3HepFOCHa6>KeHI/I}I BﬂaHHﬁ. HpI/I PCUICHUN
IMMOCTABJICHHBIX 3aJa4 IMPHUMCHAJICA pvaeTHo-aHanHTqucxnﬁ MCTOA U MCTOA CPAaBHHUTCIBHOI'O
aHaJin3a.

KiroueBsie cnoBa: TapudHasi HOIUTHKA, JUHAMUKA Tapu(OB, AIEKTpUYECKasi SHEPTUsl, TEIIOBas
SHEPTHsA, COBECPIICHCTBOBAHUA TapH(i)HOfI IIOJIMTUKH

IMPROVEMENT OF ENERGY TARIFFS IN THE REPUBLIC OF BELARUS IN ORDER TO
STIMULATE AN INCREASE IN THE SHARE OF ELECTRICITY IN THE ENERGY
BALANCE SYSTEM OF BUILDINGS

S.A. Aliaksandrovich, T.G. Zorina

The dynamics of tariffs for electric and thermal energy to satisfy the population needs is
analyzed. The tariff level for the population for electric energy used in heating and hot water
supply, equal to the tariff for thermal energy for the given purposes, has been estimated. The
directions for improving the tariff policy in the Republic of Belarus have been developed, that
will stimulate an increase in the share of electricity in the balance of energy supply to the
buildings. When solving this set of tasks, the computational-analytical method and the method of
comparative analysis were used.

Keywords: tariff policy, dynamics of tariffs, electric energy, heat energy, improvement of tariff

policy



