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MEXAHUYECKHU OTKJIMK MMPOBOJHUKA HA DJIEKTPUYECKHUI
UMITYJbC

O.b. CkBopuos, B.!. Cramenko

[IpoBeneH aHanmM3 3KCIEPUMEHTAIBHBIX WCCIICOBAHNN BUOPAITMOHHOTO OTKJIMKA
MIPOBOJIHMKA HAa BO3JCHUCTBHE BHEIIHETO JJIEKTPHUUYECKOTO HMITyJhca. llosBieHue
MEXaHUYECKUX HAMNpSHKEHUH MPOUCXOAUT JO MAKCUMAIBHOTO YBEJIMUYEHUS TOKa
yepe3 MPOBOJHUK. YBEIMUYEHUE TOKA OTPAaHUYMBAETCS BIUSHHUEM CAMOMHIYKIWU U
ckuH-3¢dexkrom. TlomsipHOCTs BHUOPAIIMOHHOTO OTKJIMKA 3aBUCUT OT TOJSIPHOCTH
BHEIIHETO AJIEKTPUYECKOTO UMITYJIbCA. Y JapHbIe OTKIUKHA (POPMUPYIOTCS B MOMEHTHI
Hayajga TMEpPelIHero M 3aJHero ()POHTOB BHEIIHETO AJIEKTPUYECKOTO HUMITYyJIbCca U
UMEIOT POTUBOIOJIOKHBIC 3HAKK. BiusiHUE MIIaBHBIX U3MEHEHUI MarHUTHOTO TOJIS,
CO3/IaBaEMOT0 IMPOTEKAHUEM 3JICKTPUYECKHX TOKOB Yepe3 IMPOBOJHHK, MPU ITOM
OKa3bIBACTCsl HE3HAYMTEIBHBIM TIPH HCCICAOBAHUM BHOPAIMOHHBIX IIPOIECCOB
COOTBETCTBYIOIIMX 001aCTH yNpyrux aedopmaiinii MaTepuasa mpoBOIHUKA.

KitoueBbie cioBa: 3JEKTpUUECKUN HUMMYJbC, yaap, BuOparus, aedhopmanus,
AEKTpoIIacTUYecKuil 3G dexT, penakcaius, MeTasul

MECHANICAL RESPONSE OF A CONDUCTOR TO AN ELECTRICAL
PULSE

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

Analysis of experimental study of the vibration response of a conductor to the
influence of an external electrical pulse is carried out. Appearance of mechanical
stresses occurs before the maximum increase in the current through the conductor.
An increase in the current is limited by the influence of self-induction and the skin
effect. Polarity of the vibration response depends on the polarity of an external
electrical pulse. The shock responses are formed at the beginning of the leading
and trailing fronts of an external electrical pulse and have opposite signs. In this
case, effect of the smooth changes in the magnetic field created by the flow of
electric currents through the conductor turns out to be insignificant when studying
the vibration processes corresponding to the elastic deformation region of the
conductor material.

Keywords: electrical impulse, shock, vibration, deformation, electroplastic
effect, relaxation, metal

PABPABOTKA MIJ HNEPEMEHNIUMBATEJIA C HNOIIEPEYHBIM
MAT'HUTHBIM IIOTOKOM JIA PAZHBIX CXEM BKJIIOYEHUA

T.A. bosikoBa, A.A. AB1yJIOB



B cratbe mpencTtaBiieHbl  pe3ydAbTaThl  TPEXMEPHOTO  MOJEIMPOBAHUS
ANIEKTPOMArHUTHBIX ~ MPOLECCOB B MarHutoruapoguHamuueckom  (MID)
nepeMelmBaresie ¢ MonepeyHbIM MarHUTHBIM TIOTOKOM, PACHOJI0KEHHOTO ¢ OOKOBOM
CTOPOHBI IJIABWJIbHOW Meur Ha pacctostHud 400 MM OT paciiiaBa aqtOMUHUS. Y POBEHb
paciuiaBa B BAHHE B 3aBUCUMOCTH OT CTAJIMU TEXHOJIOTMUYECKOTO MPOLIEcca N3MEHSETCS
ot 0,1 1o 0,8 m. [enbio paboOTHI ABIAIOCH ONPEAETICHUE OCHOBHBIX T€OMETPHUUECKIX
pa3sMepoB U MapaMeTpoB pabOThl MHAYKTOPA, KOTOpPhIC B JANbHEHIIIEM MOTYT ObITh
UCIOJIb30BaHbl MpH pa3paboTke pabodero mnpoekra MIJl mnepemermmBaTes.
M3HayanmbHO Tmipu  pa3paOOTKe ObUIM TPHUHATHI OrPaHUYEHUS] B MaKCHUMAJIbHOM
JOIYCTHMOH TUIOTHOCTH TOKA B OGMOTKE U BEIMUHMHE TOKA Ha a3y paBHbIC 5 A/MM’ U
750 A COOTBETCTBEHHO, YTO OOYCJIOBJIEHO HCIOJIb30BAaHHEM BO3IYIIHON CHUCTEMBI
OXJIQXJICHUS U TTapaMeTpaMu CYIIECTBYIOIINX MTPOMBIIIICHHBIX HCTOYHUKOB IMATAHUSL.
HccnenoBanusi MNpPOBOAWINCH C W3MEHEHMEM YacTOThl IHTAIOIIETO OOMOTKY
HanpspkeHust oT 0,1 mo 1,5 I'm u pa3nuuHbIX ypoBHSIX paciuiaBa merawia. MI/I
nepeMelBareib pa3padoTaH ¢ JIByMs BapHaHTaMH OOMOTKH sl pabOThl OT
HanpsokeHust 220B mpu Ttoke 750 A wu  Hanpsbkenmun 380B  mpu  TOke
435 A. IlpumeHeHue OOMOTKH, pacCUMTaHHOM Ha paboTy Ha OoJiee BBICOKOM
HaMpPsDKEHUH, TIO3BOJISIET CYIIECTBEHHO YMEHBIIUTh MaccOrabapUTHBIC MapaMeTphl
MHJIYKTOpA 32 CUET CHIKEHUSI 00beMa HEOOXO MO Me/TH.

Kirouesie ciioBa: MI'/I-niepemeninBanue, onepeyHblii MarHUTHBINA OTOK

DEVELOPMENT OF AN MHD AGITATOR WITH A TRANSVERSE
MAGNETIC FLUX FOR VARIOUS SWITCHING SCHEMES

T.A. Boyakova, A.A. Avdulov

The article presents the results of a three-dimensional modeling of
electromagnetic processes in a magnetohydrodynamic (MHD) agitator with a
transverse magnetic flux located on the side of the melting furnace at a distance
of 400 mm from the aluminum melt. The level of the melt in the bath varies
from 0,1 to 0,8 m depending on the stage of the technological process. The
purpose of the work is to determine the basic geometric dimensions and
parameters of the inductor, which can be used in the development of the
working design of the MHD agitator. Initially, during the development process,
restrictions were adopted in the maximum permissible current density in the
winding and the current per phase equal to 5 A/mm? and 750 A, respectively,
due to the use of an air cooling system and the parameters of existing industrial
power supplies. The investigation was carried out with a change in the
frequency of the voltage feeding the winding from 0,1 Hz to 1,5 Hz and various
levels of the metal melt. The MHD agitator is designed with two winding
options for operation from the voltage of 220 V at the current of 750 A, and the
voltage of 380 V at the current of 435 A. The use of the winding designed to
operate at a higher voltage can significantly reduce the mass and size
parameters of the inductor by reducing the volume of the copper required.



Keywords: MHD stirring, transverse magnetic flux

AHAJIM3 TNOIJIOMEHUA CBY JJEKTPOMAT'HUTHOI'O MOJIA
OTBEPXKAEHHBIMMW [TOJUMEPHBIMH KOMIIO3UIIMOHHBIMH
MATEPUAJIAMU B 3ABUCUMOCTH OT IVIOTHOCTH IHIOTOKA
JHEPT'UHN

N.B. 3;100uHa, H.B. bekpenes, /[.B. Kongpatos

Ha ocHoBe wu3y4yeHHs] HHTErpajbHOWM TeMIepaTyphl MOBEPXHOCTH OOpPAa3IOB
OTBEPKJICHHOTO YIJIe- U CTEKJIOIIaCTHKa B Ipouecce Bo3zaeiicteus Ha Hux CBY
AJIEKTPOMArHUTHOIO MOJII B KaMepe Jy4eBOIO TUIA C HEOIPaHUYEHHBIM 00BEMOM
onpezaeneHo BiausHUe MIoTHOCTH moToka (III1D) CBY »sHeprum Ha ypoBeHb
NOTJIOLIEHHOW HEOAHOPOJHBIMH IO COCTABY U CTPYKTYpE MaTepuagaMu MOIIHOCTH.
Ycranosneno, uro 11119 n Temneparypa HarpeBa MaTepualioB ¢ MOTPEMIHOCTHIO HE
Beimie (10-13) % ommceiBatoTCS CTENEHHBIMU (QyHKIUsAMH. [Ipyu 3TOM 3HavYeHUE
[III9 oxHO3HAYHO OMNPEAEIAETCS PACCTOSHMEM OT IUIOCKOCTH  PacKpbIBa
U3ITYYaIoOUIEro pynopa 10 0o0beKTa Bo3AeucTBUA. MI3MeHeHne TemnepaTrypbl HOCUT
OoJiee CIOXKHBIN XapaKTep W MPEJICTaBIsACT COOOM JIMHMIO, OJIM3KYIO K CHHYCOHJE,
HanoxkeHHoW Ha rpaduk IIID. MakcuMymbl W MHUHUMYMBI TEMIIEpPaTypbl
JIOCTaTOYHO XOPOIIO KOPPEIUPYIOT C IIYYHOCTSMU M Y3JIaMH 3JIEKTPOMAarHUTHOU
BOJIHBI. [IoKa3aHO, YTO [JIs yIJIeIyIacCTMKa JaHHAs 3aBHCHMOCTb MEHEE BBIPAXKECHA,
4YTO CBSI3aHO CO CIIOKHBIM XapakTEpOM IEepepaclpeiesieHuss U IOINIOIIECHUS
MomHocTh CBY  wu3nyueHus B JUAICKTPUYECKONM MATPUIE, apMUPOBAHHOM
pa3HOHANpPABICHHBIMUA MPOBOAAIIMMHU CcTpykTypamu. Ilpu pazpadorke CBY
TEXHOJIOTHI U 000pyoBaHUs Jjisi 00pabOTKM OTBEP)KIICHHBIX MATEPUAJIOB, B TOM
YUCJI€ KOMITO3UIIMOHHBIX, IS TOJIydeHHs Tpedyemoro sddexra HeoOXOoauMo
YUUTBIBaTh PACHOJIOKEHUE OOBEKTa BO3AECUCTBHUSI OTHOCUTENIBHO MYYHOCTH (y371a)
AJIEKTPOMArHUTHOW BOJIHBI MU OTHOCHUTEIBHO IUIOCKOCTH PACKpPbIBA HM3JIyYaOILIEro

pyrmopa.

KiroueBble  cnoBa:  NOJMMEPHBIE  KOMIO3WLIMOHHBIE — Marepuansl, CBY
AIIEKTPOMArHUTHOE TMOJIEe, IUAJIEKTPUYECKUN HarpeB, CKUH-3PQEKT, MIOTHOCTh
MIOTOKA SHEPIUH, NOTJIOMIEHHAA MOIIHOCTh, TEMIIEPATYpa

ANALYSIS OF ABSORPTION OF THE MICROWAVE
ELECTROMAGNETIC FIELD BY CURED POLYMER COMPOSITE
MATERIALS DEPENDING ON THE ENERGY FLUX DENSITY

1.V. Zlobina, N.V. Bekrenev, D.V. Kondratov



Based on the study of the integral surface temperature in the samples of
cured carbon fiber and fiberglass in the process of their exposure to the
microwave electromagnetic field in a beam-type chamber with an unlimited
volume, the effect of the flux density of microwave energy (EFD) on the level
of power absorbed by materials heterogeneous in composition and structure was
determined. It has been established that the EFD and the heating temperature of
materials with an error not higher than (10-13) % are described by the power
functions. In this case, the value of the EFD is determined by the distance from
the opening plane of the radiating horn to the object of impact. The temperature
change is more complex and presents the line close to the sine wave
superimposed on the graph of the EFD. The temperature maxima and minima
correlate well with the antinodes and nodes of the electromagnetic wave. It is
shown that for carbon fiber this dependence is less pronounced, which is due to
a complex nature of the redistribution and absorption of microwave radiation
power in the dielectric matrix reinforced with multidirectional conductive
structures. When developing microwave technologies and equipment for
processing the cured materials, including composite materials, in order to obtain
the desired effect, it is necessary to take into account the location of the affected
object relative to the antinode (node) of the electromagnetic wave and relative
to the opening plane of the radiating horn.

Keywords: polymer composite materials, microwave electromagnetic field,
dielectric heating, skin effect, energy flux density, absorbed power, temperature

METO/, ONIPEJAEJEHUA ®A30BOM MOTIPEIIHOCTHU IUDPOBBIX
JATYUKOB TOKA U HAINPAXKEHUA C HECTAHIAPTHBIM
IMPOTOKOJIOM HEPEJAYN JAHHBIX U OTCYTCTBHUEM METKH
BPEMEHMU

M.A. CaBunbix, /I.B. ByxTosiposa, C.B. Ilonomapes

B nannoit pabore paccmoTpeHa 3adada KOHTpoJsisi (Pa3oBOM MOTPEIIHOCTH
TUGPOBBHIX JATYUKOB TOKA M HAMPSHKCHUS, BBIIAIONINX W3MEPHUTEIbHBIC JAHHBIC CO
CTPOrO 3aJlaHHOM TICPUOJWYHOCTHIO, HO HE HMEIONIMX METOK CHHXPOHH3AINN
BPEMEHH, B OTJIMYME OT IM(PPOBBIX ATYMKOB TOKA M HAIPSDKEHUS, WMEIOIINX
CTaHIapTHBIA TpoTOKON Tiepefaun naHnueix MOK 61850-9.2LE. Tlpennoxken meron,
OCHOBAHHBIN Ha 00pa0OTKE COXPAHEHHBIX CHTHAJIOB (IIM(POBBIC OCITHILIIOIPAMMBbI)
C MOCIEAYIONMMHA  MaTeMaTHYeCKUMU pacuetamu. [[ns peanuzanum  MeTojna
TpeOyIOTCS 3aJaTYMKU TOKA W HAMNPSHKCHUS, TCHEPHUPYIOIIME CHUHYCOUJTAITHLHBIC
CUTHAJIBI B TMANa30HAX, COOTBETCTBYIONIUX Pa0OYNM JTUaria30HaM KOHTPOJIUPYEMOTO
JaTYuKa, YIPaBIIEMbIA IUQPPOBOM KIIOY JUIsI KOMMYTAIlMM TIOTOKa JaHHBIX C
BO3MOKHOCTBIO €r0 CHHXPOHHU3AIMK C TeHepaTopaMy TOKa W HANPSHKCHUS, a TaKKe



yCTpOiicTBO cOopa U 00pabOTKM IM(PPOBBIX AAHHBIX (HApPUMEp, MEPCOHATBbHBIN
KOMIIBIOTED).

KroueBrle ciioBa: ¢>a3013a51 MOTPpCHIHOCTL, MCTOJ KOHTPOJIA, IIPOTOKOJI IICPpCAAIN
JaHHBIX, HH(i)pOBOfI JaTYUK TOKA U HAIIPAKCHUSA

DETERMINING PHASE ERRORS OF DIGITAL CURRENT AND
VOLTAGE SENSORS WITH A NON-STANDARD DATA TRANSFER
PROTOCOL AND ABSENCE OF A TIME STAMP

M.A. Savinykh, D.V. Bukhtoyarova, S.VV. Ponomarev

The main objective of the paper is the problem of phase error control for
digital current and voltage sensors that produce data with a strictly specified
frequency, but do not have time stamps, unlike digital current and voltage
sensors that have a standard data transmission protocol IEC 61850-9.2LE.
A method based on processing of stored signals (digital oscillograms) with
subsequent mathematical calculations is proposed. To implement the method,
the current and voltage generators are required to generate sinusoidal signals in
the ranges corresponding to the operating ranges of the monitored sensor; a
controlled digital key for switching the data transmission channel with a
possibility for its synchronization with current and voltage generators, as well as
a device for collecting and processing the digital data (for example, a personal
computer).

Keywords: phase error, control method, data transmission protocol, digital current
and voltage sensor

AHAJ/IN3 METOAOB MOHUTOPHUHI'A COCTOAHHUA KAPBUI-
KPEMHUEBBIX ITIOJIEBBIX TPAH3UCTOPOB

B.A. lInencr, U.N. PactBopoBa, H.B. KpacHoB

B crarbe paccMOTpeHBI OCHOBHBIE TPUYMHBI M MEXaHW3MBbI HM3HOCA KapOWa-
KPEMHHUEBBIX TOJIEBBIX TPAH3UCTOPOB C M30aupoBaHHBIM 3aTBOpoM (SiC MOSFET).
[IpencraBieHbl OCHOBHBIE MApaMeTPbl, KOTOPbIE MOTYT CIIY>KUTh HMHIUKATOPaMHU
COCTOSTHHSI TPAH3UCTOPA, ¥ MPUBENICHHI OCHOBHBIE OCOOCHHOCTH M OTPaHUYCHUS TIPU
UX TMPUMEHEHWU B JIaHHOM KauyecTBe. Ha OCHOBE MpHBEIECHHBIX MapamMeTpPOB
paccMoTpeHbl HauOojiee 3(PPEKTUBHBIE W TEPCIEKTUBHBIE METOAbl MOHHUTOPHHTA
coctostust SiC MOSFET.

KntoueBbie cnoBa: SiC  TpaH3UCTOp, MEXaHU3M M3HOCA, MOHUTOPHHT,
MOA3aTBOPHBIN OKCH/JI, CUJIOBOM TTpeoOpa3oBaTesb



ANALYSIS OF MONITORING TECHNIQUES FOR CONDITIONING
SILICON CARBIDE FIELD-EFFECT TRANSISTORS

V.A. Shpenst, I.1. Rastvorova, N.V. Krasnov

The article considers the main reasons and mechanisms for degradation of
silicon-carbide metal-oxide-semiconductor field-effect transistors
(SICMOSFET). The main precursors of the SICMOSFET condition are also
presented, as well as their important application specifics and limitations. Based
on these parameters, the most efficient and perspective SICMOSFET condition
monitoring methods are reviewed.

Keywords: SICMOSFET, degradation mechanism, monitoring, gate oxide,
power converter

AHAJIN3 3ATPAT DHEPIOHOCHUTEJEN HA COBCTBEHHBIE
HYXKJIbl MOJACTAHIIMU C YYETOM YTWIM3ALMU TEILJIOBOM
JHEPT'UN CUJIOBBIX TPAHC®OPMATOPOB

M.A. Ha3zapos, A.FO. XpeHHNKOB

B naHHOM cTaTbe mpelCcTaBJICHBI PE3yIbTAThl 3aTPAT YHEPTOHOCUTEIICU HPHU
HMCTOJb30BAHUN  PA3JIMYHBIX CHUCTEM  yTWIW3AIMH  TEMJIOBOM  SHEPrUHU
TpaHC(OPMATOPHOrO Macja C Yy4eTOM H3MEHEHHUs TeMmIepaTypbl BO3ayXa B
TEYEHHE T0Jla, a TAKKE WU3MEHEHHS MapaMETPOB Macja B 3aBUCUMOCTHU OT €ro
TEMIIEPATYPHI.

KintoueBbie cnoBa: sHeprocoepexeHue, COOCTBEHHBIE HYXIbl MOJCTAHIIUM,
HEeProdPHEeKTUBHOCTD, CHUKEHUE TTOTEPh

ESTIMATING MAIN UTILITY COSTS FOR THE OWN NEEDS OF A
SUBSTATION WITH ACCOUNT FOR UTILIZATION OF HEAT OF
POWER TRANSFORMERS

M.A. Nazarov, A.Yu. Khrennikov

This article presents estimations of main utility costs when using various
systems for utilization of thermal energy of the transformer oil, taking into
account the changes in air temperature over the entire year, including the
changes in oil parameters depending on its temperature.



Keywords: energy saving, substation

auxiliary needs, energy efficiency, loss
enhancement
OKCIIEPUMEHTAJIBHOE HNCCIEJOBAHUE BJIMAHUSA

HECOOCHOCTH CTATOPA U POTOPA HA ®OPMHUPOBAHUME
KPUBOU ®A3ZHOI'O CTATOPHOI'O HAIIPSIXKEHU S

A.C. CakconoB, B.H. Ko310Bckuii

B crarbe mNpUBOIATCS pE3yJbTaThl 3KCIEPUMEHTAIBHON MPOBEPKUA BIUSHHS
HECOOCHOCTH CTaTopa M poTopa Ha ()OPMHPOBAHME KPHUBOM (ha3HOrO CTATOPHOTO
HalpsDKEHUsT  aBTOMOOWJIBHOTO TeHeparopa. Pe3ynbraTbl, NOJTy4YE€HHBIE B XOJ€
HKCIIEPUMEHTA, TIOKA3AJIU, YTO TI0J] BIMSHUEM HECOOCHOCTH CTaTOpa U pOTOpa KPUBAs
(Ga3HOro CTAaTOPHOIO HANpPsDKEHUs aBTOMOOWJIBHOTO TIeHepaTropa HCKaXKaeTcs
BCJIEJICTBHE HEPABHOMEPHOT'O paclpeAeIeH!ss MArHUTHOW MHAYKLIUU B IPOCTPAHCTBE
BO3/IYLIHOTO 3a30pa 3JIEKTPOMEXaHWYECKOro mpeobOpasoBatens. Ha ocHoBanuu
HOJTYYEHHBIX SKCIIEPUMEHTANIBHBIX JIAHHBIX CJETaH BBIBOJ O TOM, 4YTO MO (opme
KpUBOI (PA3HOTO CTAaTOPHOIO HAIPSDKEHHS BO3MOXKHO JIMAarHOCTUPOBATh HAIMYKE
HECOOCHOCTH CTaTopa M pPOTOpa C MOCJIEAYIOIIMM OIPENEICHUEM BEPOSTHOCTU
0€30TKa3HOM PadOThI MOAIIUITHUKOBBIX Y3JI0B FEHEPaTOpa.

KitoueBble cioBa: aBTOMOOWMIJIBHBIN TEHEpPaTOp, HECOOCHOCTH, TMOMIIUITHUKOBBIC
y3J1bl, BEPOSITHOCTh O€30TKa3HOU PadOThI

EXPERIMENTAL STUDY OF STATOR AND ROTOR
MISALIGNMENT EFFECTS ON FORMATION OF THE
STATOR PHASE VOLTAGE CURVE

A.S. Saksonov, V.N. Kozlovskiy

The article presents the results of experimental verification of the stator and
rotor misalignment effects on formation of the stator voltage curve of an
automobile generator. The results obtained during the experiment showed that
under the influence of the stator and rotor misalignment, the phase stator
voltage curve of the automobile generator is distorted due to uneven
distribution of magnetic induction in the space of the air gap of the
electromechanical converter. Based on obtained experimental data, it is
concluded that the shape of the phase stator voltage curve allows to diagnose
the misalignment in the stator and rotor which, in its turn, can help to
determine the probability of trouble-free operation of the generator bearing
units.



Keywords: car generator, misalignment, bearing unit, probability of trouble-free
operation

CUCTEMA YIIPABJIEHUA BOAO3ABOPHBIM Y3JI0OM

A.A. Kotwkos, /I.B. IIbsaH3un

B pabore mnpuBeneHbl pe3yibTaThl pa3paOOTKH CHUCTEMBI YIPaBICHHUS
B0/03a00pHBIM y37oM. IlIpencraBrneHa ¢yHKIIMOHAIbHAs CXeMma YIPaBIICHUS
BO/1I03a00pHBIM y3JIOM M OMHCAaHbl MPUHIHNBI €€ paboTbl. Ocoboe BHUMAaHHE
yJIeJIEHO MOCTPOCHUIO MIKada yrpaBlieHHs] HACOCHOW CTaHIMEH BTOPOTo Moabema
BO/03a00opHOr0  y3na. Takke  NIpPHUBEIEHO  ONUCAaHUE  Pa3pabOTaHHOTO
IPOrpaMMHOr0  OOECreueHUuss MUKpPOKOMIIbIOTEpa W  NaHeIW oreparopa
BOJ103a00PHOTO Y3I1a.

KiroueBsie ciioBa: BO103a00pHBIN y3€J1, HACOCHAsl CTaHIMS, IIKaQ yrnpaBiIeHUs,
aBTOMaTH3AIIH

WATER INTAKE CONTROL SYSTEM

A.A. Kotiukov, D.V. Pyanzin

The paper presents the results of designing the water intake control system.
The functional scheme for the water intake control unit is presented, and the
principles of its operation are described. The focus is made on the construction
of the control cabinet to the second lift pumping station of the water intake
facility. A description of the developed microcomputer software and the
operator panel to the water intake unit is also provided.

Keywords: water intake unit, pumping station, control cabinet, automation

AHAJIM3 YCTOMYUBOCTH CUCTEMbI YIIPABJIEHUSA
SJEKTPOMATHUTHBIM NOJAIIUITHUKOM C YUETOM BAPUAIIMU
ET'O TAPAMETPOB

A.B. Crapuxos, /I.FO. Pokano, B./l. KocTiokoB

B craree mnocraBieHa 3aJa4a aHaIn3a YCTOI\/JI‘—II/IBOCTI/I QJIICKTPOMAIrHUTHOI'O
IMOAIIMITHHUKA IIPHU CMCIICHHK POTOpPa OT LCHTpPA MarHUTHOM CHUCTEMbI M Bapualnnu
TOKOB IIPOTHUBOIIOJIOXXHEBIX OJICKTPOMAIrHUTOB. HpI/IBCIICHBI Mar€éMaTHu4dcCKasa MOJCIIb
pagrualIbHOroO J3JICKTPOMArHMTHOTO ITOAIIMITHHUKA, €TO0 paC‘IéTHaSI cxXeMa C y‘IéTOM



CMEIIEHUSI TIEHTPa MAarHUTHOW CHCTEMBI OTHOCUTEIILHO OCH BpAIllEHUS, CTPYKTYpHAs
cxema TPEXKOHTYPHOU CHUCTEMBI yrpaBiieHUs] U (GOpMYJIbI ISl pacueTa mapaMeTpoB
perymsitopoB.  OmpenienieHbl  HACTPOWKUA PETYISATOPOB Ui  KOHKPETHOTO THTIA
AIICKTPOMArHUTHBIX TOMIIMITHUKOB. Hailiena mepenarounas (pyHKIMsS 3aMKHYTOU
CHCTEMBI  YMpaBICHHUS  DJICKTPOMArHUTHBIM  IOMAIIMITHUKOM,  YYWTHIBAIOIIAS
BapUaIMi0 €ro TmnapaMeTpoB B (QYHKIUM CMCIICHHS U HAYalbHBIX TOKOB
AIIEKTPOMArHUTOB. JlokazaHa YCTOWYIHBOCTD CHCTEMBI yIIPaBICHUS
AIIEKTPOMArHUTHBIM TIOAIIUITHAKOM B TPEXKOHTYPHOW CHUCTEME YIIPABICHHS TpU
J1000M TOJOKEHUH POTOpa OTHOCUTEIBHO IIEHTpa MAarHUTHOM B Mpenenax
CTPaXOBOYHBIX MOJIIIMITHUKOB W BBHIOOPE TMApaMETPOB PETYJSITOPOB IO W3BECTHOU
MeToauke. [TokazaHo, 9TO MPU CHMKCHUH HAPSHKEHHSI TATAHKS AIIEKTPOMArHUTHOTO
MOAIIUITHUKA Ha 16 % yCTOMYMBOCTH CUCTEMBI YIPABIICHUSI COXPAHSIETCA.

KmroueBrle cnoBa: 3J'I€KTpOMEIFHHTHBII>i IMOAIIWITHHUK, HAIIPsSKCHUC [IUTAHWA,
nepecaaTodHasn (I)YHKHI/UI, CMCHICHHUC POTOPA, CUCTCMaA YIIPABJICHUA, YCTOﬁqHBOCTB

ANALYZING STABILITY OF THE ELECTROMAGNETIC BEARING
CONTROL SYSTEM WITH ACCOUNT FOR THE BEARING DYNAMIC
CHARACTERISTICS

A.V. Starikov, D.Yu. Rokalo, V.D. Kostyukov

The article aims to analyze electromagnetic bearing stability under the rotor
displacement from the center of the magnetic system and variation in the
currents of opposite electromagnets. A mathematical model for a radial
electromagnetic bearing, its design scheme, taking into account the
displacement of the center of the magnetic system relative to the axis of
rotation, a block diagram of a three-loop control system, and formulas for
calculation of the regulator parameters are presented. Regulator settings for a
specific type of electromagnetic bearings are determined. The transfer function
of a closed control system for an electromagnetic bearing is found, which takes
into account variations in its parameters as a function of the displacement and
initial currents of the electromagnets. A well-known method id used to prove
stability of the electromagnetic bearing control system in a three-loop control
system for any position of the rotor relative to the center of the magnetic
bearing within the safety bearings and the choice of regulator parameters. It is
shown that when the supply voltage of the electromagnetic bearing is reduced
by 16 %, stability of the control system is preserved.

Keywords: electromagnetic bearing, supply voltage, transfer function, rotor
displacement, control system, stability

I'MBPUIHASA MHUKPOCETbH JJIA
SJEKTPOCHABXEHUSYACTOTHO-PEI'YJIMPYEMOM YCTAHOBKHA



OXUIAZKJIEHUS I'A3A
N.N. Aptioxos, I0.I'. lllep6akos, C.B. MoJiot, A.U. 3emuoB

B crarbe paccMOTpeHa BO3MOYKHOCTh MCIOJB30BAaHUS SHEPIrUM COJHIA IS
AIIEKTPOCHAOXKEHMSI YCTAaHOBKM OXJIAXKJCHUS Ta3a C YaCTOTHO-PEryIUpyeMbIM
AIIEKTPONPUBOAOM BEHTUIATOPOB. I peasin3ayu 3TOW UAEH NMPEAIaracTcs Co3Aarh
TMOpPUIIHYI0O MHKPOCETb, B KOTOPOH MOIIHBIA MCTOYHUK IMOCTOSHHOTO TOKa,
nonyyaromui sHepruo u3 cetd 50 ', wHTErpupoBaH uepe3 mnpeoOpazoBaTeiv
HaMpsHKEHMsI C TPYIIION COJIHEYHBIX MACCUBOB. Pe3ynbTaToM SBIISIETCSI YMEHBLICHHUE
pacxoza mpuodpeTaeMoii IEKTPOIHEPTUH.

KitoueBble coBa: cuctema 3JIeKTPOCHA0XKEHNS, OXJIAXKACHUE ra3a, BEHTUISITOPBI,
YaCTOTHO-PETYJIMPYEMBIN JIEKTPONPUBO/I, COTHEYHBIE MOAYIIN

HYBRID MICROGRID FOR POWER SUPPLY
OF AFREQUENCY-CONTROLLED GAS COOLING UNIT

I.1. Artyukhov, Yu.G. Scherbakov, S.V. Molot, A.l. Zemtsov

The paper considers a possibility for using solar energy to power supply a gas
cooling plant with a frequency-controlled electric drive of fans. To implement this
idea, a hybrid micro-grid is proposed, where a powerful direct current source, which
receives power from the 50 Hz grid, is integrated via voltage converters with a group
of solar arrays. The result is a reduction in the consumption of purchased electricity.

Keywords: power supply system, gas cooling, fans, variable frequency drive,
solar modules



