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¢ PeKTHBHOCTH KOHCTPYKTHUBHBIX PellIeHHH TOKONMOABOAAa IPH MOACPHU3ALNHA
PYAHOTEPMHUYECKOM NeYu

AJIN®EPOB A.H1., TOPEBA JLIL

PaccMOTpeH ONbIT IPOEKTUPOBAHKS BTOPUYHOTO TOKOMOIBOJA PYAOBOCCTAHOBUTEIIBHON €YU C
KpYTJIOM BaHHOM, IPEIHAa3HAYCHHOW JUIs 3aMEHBI IIe4U C NIPSAMOYTO0IbHOM BaHHOU. [Ipu aTOM
UCTOYHUK MTUTAHUS AAJIEKO HE BBIPA0OTal CBOU pecypc paboThl, U 3aMEHa €ro He
npeanonaraiack. TpaauiMOHHbIE KOHCTPYKTUBHBIEC PEIICHUSI KOPOTKOW CETH KPYTJI0i
PYZIOBOCCTAaHOBUTENILHOM MeUH, 00eCeunBalolue YIOBIETBOPUTEIbHBINA YPOBEHD €€
AIIEKTPUYECKUX [TapaMETPOB, MIPEAINONATAIOT IPUMEHEHUE CXEMbI BTOPUUHOT'O TOKOIIOIBOJA
«TPEYroJIbHUK Ha IEKTpoJax». JleMOHTHpOBaHHAs MI€Ub UMENA CXEMY BTOPUYHOIO
TOKOTIOJIBOJIA «3Be3/1a Ha TpaHchopMmaTope». bbuin pazpaboTaHbl HOBbIE KOHCTPYKTHBHbBIE
penieHust, 6azupyrommecs Ha o0nuX GU3NIECKUX 3aKOHOMEPHOCTAX (HOPMUPOBAHHS
3JIEKTPOMArHUTHOTO TIOJII CUCTEMBI IPOBOIHUKOB € TOKaMu. VX mpuMeHeHnue odecneunino
JIOCTaTOYHO BBICOKUM YPOBEHb BBOJIMMOUN aKTHBHOM MOLIHOCTH, YTO MO3BOJIUIIO TAKKE
YMEHBIIUTh ACUMMETPHUIO UHIYKTUBHOI'O CONMPOTUBIIEHUSI BTOPUYHOTO TOKonoaBoAa ¢ 58 go 10
% 10 CpaBHEHUIO CO cTapoy neysto. [Ipu uccnenoBaHny UCOIB30BANICA METO YACIEHHO
MOJICJIMPOBAHMS B CIICIIMATIM3UPOBAHHOM MporpaMMHOM obecrieueHnd ANSY'S ¢ uHTerpanueii B
HET0 T€OMETPUYECKON MOJEIN U3 CUCTEMbBI aBTOMAaTU3UPOBAHHOTO IPOEKTHPOBAHHSI.
Kniouegvie cnoga: pynHOTEpMUYECKas M1€Yb, BTOPUYHBINA TOKOMOIBO/I, aKTUBHOE U

WHAYKTHUBHOC COIIPOTUBJICHM, ITOJIE3HAA MOIIIHOCTD.

The experience of designing a secondary current supply for an ore recovery furnace with a round
tub designed to replace a furnace with a rectangular tub is considered. At the same time, the
power supply has far from exhausted its working life, and its replacement was not expected.
Traditional design solutions of a short network of a round ore recovery furnace, providing a
satisfactory level of its electrical parameters, involve the use of a secondary current supply

circuit «triangle on electrodes». The dismantled furnace had a secondary current supply circuit



«star on transformer». New design solutions have been developed based on the general physical
laws of the formation of the electromagnetic field of a system of conductors with currents. Their
use provided a sufficiently high level of input active power, which also made it possible to
reduce the asymmetry of the inductive resistance of the secondary current supply from 58 to 10%
compared with the old furnace. The study used the method of numerical modeling in specialized
software ANSYS with the integration of a geometric model from a computer-aided design
system.

Key words: ore-thermal furnace, secondary current supply, active and inductive resistances,

useful power.

Inekmpomexnuka, 2024, Ne5, cmp. 8-13

Oco0eHHOCTH MepeHoca MOIITHOCTH MexKay (pa3amMu AyroBoi cTajieniaBUJIbHOM MeYu
BUKEEB P.A.

[IpencraBneHsl pe3yabTaThl MOICTHPOBAHUS IIEKTPUICCKUX PEIKUMOB PaOOTHI AJEKTPOIICHH
JCII-10017 ¢ pa3nuuHbIM KOHCTPYKTUBHBIM UCIIOJIHEHUEM BTOPUYHOTO TOKOTIOABOAA —
TPUAHTYJUPOBAHHBIM U KOILJIAHAPHBIM BapUaHTaMH ¢ TOKOBEAYIIUMHU pykaBamu. [lomydeHsl
3aBUCHUMOCTHU KO3 PUITMCHTOB aCUMMETPUHU MOIITHOCTH JYTOBBIX Pa3psioB B ATHX MeYax Mpu
CUMMETPUYHOM M HECUMMETPUYHOM TOKOBBIX pexkumax. [lokazaHo CylecTBEHHOE BIUSHUE
HECUMMETPUYHOIO PeKHUMa Ha KO3(PPHUIIMEHT aCHMMETPUN MOIIIHOCTH YT B 3THUX Meyax.
Knroueswvie cnoea: nyrosas crajieriaBuiIbHasl eyb, IEPEHOC MOIIHOCTH 10 (a3zawm,

K03(pPHULHUEHT aCUMMETPHH MOILITHOCTH TyTOBBIX Pa3psIOB.

The results of modeling the electrical modes of operation of the DSP-10017 electric furnace with
various designs of the secondary current supply — triangulated and coplanar variants with
current-carrying sleeves. The dependences of the power asymmetry coefficients of arc
discharges in these furnaces under symmetric and asymmetric current modes are obtained. The
significant effect of the asymmetric mode on the power asymmetry coefficient of the arcs in
these furnaces is shown.

Key words: arc steelmaking furnace, phase transfer of power, power asymmetry coefficient of

arc discharges.
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BBICOKOCKOPOCTHOM MHOIOCTYIIEHYATHIH 3JIeKTPOMATHUTHBIN YCKOPUTEIb

HEHMAH B.IO.

PaccmoTtpena kinaccndeckast CxeMa MHOTOCTYIIEHYATOT O 3JIEKTPOMArHUTHOIO YCKOPUTEIIS IS
METaHUsI MACCUBHBIX (PEPPOMATHUTHBIX TEJ CUJIAMU OJTHOHAIIPABICHHOTO OETyIIEero
MarHUTHOTO noJis. M310keH noaxon K pa3paboTke UMUTAIIMOHHON TUHAMUYECKON MOJIeTTH
yckopuresst. OCHOBY MOJIETIH COCTABISIIOT AU depeHIaTbHbIe YpaBHEHUS, OTPAXKAIOLIIE
JUHAMHYECKOE COCTOSIHUE DJICKTPOMEXAHUYECKON CUCTEMBI YCKOPUTEJIS, PEIICHUE I KOTOPBIX
MOJIYYeHO MeToAaMu CTpykTypHOoro monaenupoBanusi B MATLAB Simulink. [Ipeanoxen coco6
yIpaBiIeHUs], 00eCIIeUnBAIONINN yBETMUEHIE KOHEUHOW CKOPOCTH METAeMOro (eppOMarHuTHOTO
TeNna. Y CTAaHOBJIEHO BIMSHUE YMCIIA [10CJIE0BATEIBHO YCTAHOBIEHHBIX CTYIIEHEH
JNIEKTPOMAarHUTHOTO YCKOPHTENS HA KOHEYHYIO CKOPOCTh METAEMOTI0 TEJIa U JaHA UX
KOJIMYECTBEHHAs oLeHKa. Ha mpumepe mecTucTyneH4aTol KOHCTPYKIIUK IEKTPOMAarHuTHOTO
YCKOPUTEIS TOJIy4E€Hbl BPEMEHHBIE TUarpaMMbl, OTpa)karolife JUHAMUYECKUE XapaKTePUCTUKU
BapHaHTa UMUTALMOHHON MOJEIH.

Knrouegvie cnoea: MHOTOCTYTIEHYATBIN 3JIEKTPOMATHUTHBINA YCKOPUTEIb, METAEMOE
(eppoMarHuTHOE TeJ0, IMHAMHUYECKasi MOJIe/lb, MAaTHUTHOE 101, CTPYKTYpHOE

MOACIIMPOBAHUC.

The classical scheme of a multistage electromagnetic accelerator for throwing massive
ferromagnetic bodies by forces of a unidirectional traveling magnetic field is considered. An
approach to the development of a simulation dynamic accelerator model is described. The model
is based on differential equations reflecting the dynamic state of the electromechanical
accelerator system, the solution for which is obtained by structural modeling methods in
MATLAB Simulink. A control method is proposed that provides an increase in the final velocity
of the thrown ferromagnetic body. The influence of the number of sequentially installed stages of
the electromagnetic accelerator on the final velocity of the thrown body is established and their
quantitative assessment is given. Using the example of a six-stage electromagnetic accelerator
design, time diagrams reflecting the dynamic characteristics of a variant of the simulation model
are obtained.

Key words: multistage electromagnetic accelerator, a thrown ferro-magnetic body, dynamic

model, magnetic field, structural modeling.
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JluHamMu4eckasi MojeIb UMIYJIbCHOTO 3JIEKTPONPHUBO/IA ¢ YIIPABJIEHHEM MO MOJT0KEHUI0
Ooiika

HEWNMAH JI.A., HEUMAH B.1O.

[IpennoxeHa UMUTALMOHHAS TMHAMUYECKAs! MOJIENIb UMITYJIbCHOTO 3JIEKTPOMAarHUTHOT'O
MIPUBO/IA C YIIPABIECHUEM TI0 TIOJIOKEHUIO 0OliKa, pean30BaHHAs METOJaMH CTPYKTYPHOTO
monenupoBanusi B MATLAB Simulink ¢ ncnonp3oBanremM 4nCIeHHBIX METOI0B. B Monenu
YUUTHIBAIOTCS HEJIMHEHHBIE CBOMCTBA MPUMEHSIEMBIX MarHUTHBIX MaTepUaoB, TOTOKU
paccestHUS U OTepy PHEPTHH B SJICKTPOMEXaHUUYECKOM cucTeMe 3IIEKTPOIIPUBO/IA.
Hcnonb30Banne MOIETH ISl aHATTN3a AJIEKTPOMEXAHUIECKUX MTPOLIECCOB H KOPPEKTHPOBKH TIPH
BBIOOPE OCHOBHBIX JIEMEHTOB KOHCTPYKITUH ITO3BOJISIET MOBBICUTH KAYE€CTBO MPOCKTHPOBAHUS
OJIHOKATYIIEYHBIX JIEKTPOMArHUTHBIX IPUBOJIOB C YIIPYTUM peBepcoM Ooiika. [IpuBenena
KOJIMYECTBEHHAs OLIEHKA Pe3yJbTaTOB UMUTALMOHHOTO MOoJIeupoBaHus. OTMEUYEHO, U4TOo
MPOIECC YIPABICHUS KHHETUYECKOW SHEPTHEl Ha BBIXOJIE HMITYJIbCHOTO JJIEKTPOIPUBOIA
1esiecoo0pa3Ho OCYIIECTBIIATh B IEpHOA pabouero xona Ooiika.

Knwuesvie crosa: TMHEWHBI UMITYJIBCHBIN 3JIEKTPONPUBO/L; YIIPABICHUE MO MOJIOKEHUIO

0oiiKka; TUHAMHUYECKasi MOJIETh; UMUTAIIMOHHOE MOJICTTUPOBAHUE.

A simulation dynamic model of a pulsed electromagnetic drive with control by the position of
the striker is proposed, implemented by structural modeling methods in MATLAB Simulink
using numerical methods. The model takes into account the nonlinear properties of the applied
magnetic materials, scattering fluxes and energy losses in the electromechanical system of the
electric drive. The use of the model for the analysis of electromechanical processes and
adjustments in the selection of basic structural elements makes it possible to improve the design
quality of single-coil electromagnet drives with elastic striker reverse. A quantitative assessment
of the simulation results is given. It is noted that it is advisable to control the kinetic energy at
the output of a pulsed electric drive during the working stroke of the striker.

Key words: linear pulse electric drive; control by the position of the striker; dynamic model,

simulation modelling.

Inekmpomexnuka, 2024, Ne5, cmp. 24-31
NMutannoHHoe MOIeIMPOBAHNE CYOCMHXPOHHOI0 PE30HAHCA ABTOHOMHOI'0 JHEpPropaiiona

€ ra30TYpOMHHOM YyCTAHOBKOM



BEJIKOBA /1.H., AHOCOB B.H.

PaccmarpuBaercst OJJMH U3 MPOOJIEMHBIX BOIIPOCOB SKCIUTYaTalluud 0OBbEKTOB paclpe/ieIeHHOM
TeHepaIuu — MOBBIIICHHAS] BAOPOAKTUBHOCThH BAaJIOB TCHEPUPYIOIIEH YCTAHOBKH aBTOHOMHOM
3JIEKTPOIHEPreTHIecKoi cuctemMbl (ADIC), 4TO MPUBOIUT K OTKIIOUYEHHUIO Ta30TypOMHHON
yctanoBku (I'TY) anTuBuOpannonHoit 3amuroii. [Ipoananu3npoBaHbl OCHOBHBIE IPUYHHEI,
BBI3BIBaIONIME CyOCHHXpOHHBIN pe3oHanc B ADIC. [Ipencrasnena moaens ADIC Ha OCHOBE
I'TY, cunoBoro Tpanchopmaropa, TMHEHHBIX U HEIMHEHHBIX HAarpy30K. I1oiaydeHsl pe3yabTaTel
MMHUTAIMOHHOTO MojenupoBaHusa ADIC ¢ THPUCTOPHBIM BBIIPSIMUTENIEM B KAU€CTBE
HEJIMHEWHOI Harpy3KH U UCCJIEI0OBAaHO BIUSHUE MapaMETPOB )KECTKOCTU M MHEPIIUOHHOCTH
MEXaHMYECKOM COCTABIISIIOLIECH Y3HEPTOCUCTEMBI.

Knroueswvie cnosa: aBTOHOMHAS HJIEKTPOIHEPTETUUECKAS CHCTEMA, Ta30TypOUHHAs YCTaHOBKA,

CyOCHHXPOHHBIN PE30HAHC, TUPUCTOPHBIN BHINPSAMUTENb, UMUTAIMOHHOE MOJEITUPOBAHNE.

One of the problematic issues of the operation of distributed generation facilities is considered —
increased vibration activity of the shafts of the generating unit of the autonomous electric power
system (AES), which leads to the shutdown of the gas turbine unit (GTU) with anti-vibration
protection. The main causes of the subsynchronous resonance in the AES are analyzed. An EES
model based on a GTU, a power transformer, linear and nonlinear loads is presented. The results
of simulation modeling of AES with a thyristor rectifier as a nonlinear load are obtained and the
influence of stiffness and inertia parameters of the mechanical component of the power system is
investigated.

Key words: autonomous electric power system, gas turbine installation, subsynchronous

resonance, thyristor rectifier, simulation modeling.

Onexmpomexuuxa, 2024, Ne5, cmp. 32-35

[Iyabcanum 31eKTPOMATHUTHOTO MOMEHTA CHHXPOHHBIX JIBUTraTesieil ¢ BO30y KIeHueM 0T
MOCTOSIHHBIX MATHUTOB 0€eCna3oBoii KOHCTPYKUUH

T'EMHPUX I'.0., LIEBYEHKO A.®.

Cratbs noCBsIIEeHA UCCIEIOBAHUIO MYIbCALUNA SJIEKTPOMAarHUTHOTO MOMEHTA, BOSHUKAIOIINUX B
0ecra3oBbIX MATHUTOAJIEKTPUUECKUX CUHXPOHHBIX MamnHax. [loka3zaHo BIUsHNE HTUPUHBI
MarHuToB U ¢opmbl pactpeneiaeHuss MJIC craTopa Ha ypoOBEHb MyJIbCAIlUNA AJIEKTPOMArHUTHOTO

MOMCHTA.



Knroueswie cnosa: 6ecnazoBbie OJICKTPUYCCKUEC MAIlIMHBI, MArHUTOJJICKTPUUCCKOC B036Y)KI[CHI/IC,

NpoOHBIE OOMOTKH, ITYJIbCAIIMTH MOMEHTA.

The article is devoted to the study of pulsations of the electromagnetic moment arising in phase-
free magnetoelectric synchronous machines. The influence of the width of the magnets and the
shape of the stator MDS distribution on the level of pulsations of the electromagnetic moment is
shown.

Key words: phase-free electric machines, magnetoelectric excitation, fractional windings,

moment pulsations.
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AHaan3 (pa3HoOro HANPSKEHUs] ACHHXPOHOT0 IBUTaTeJIsA PeryJupyemMoit
IJIEKTPOMEXaHUYeCKOH CHCTEeMbI

I'PEYKHWH B.B., TEMJISIKOB A.A., KABEIIHUKOB B.M., TIOITOB M1.JI., TEMJIIKOBA
3.C.

B snexkTpuyeckux cucremax yrnpapieHHs ABUraTeNIIMU HampsbkeHue, GopMupyemoe
npeoOpa3oBaTeISIMU YACTOThI, YACTO COJCPIKUT BBICIIINE TAPMOHUKH, KOTOPHIE MOTYT BBI3BIBAThH
MOTEPU B JIEKTPUUYECKON MAITMHE U, B KOHEYHOM CUETE, PUBECTH K €€ TIEPETPEBY.
Hanpspkenue, renepupyemoe npeodpazoBaTesieM 4YacTOThI, MOKET HE COOTBETCTBOBATh
CTaHaapTam, 4To TpeOyeT 0co00ro BHUMAaHUS MIPHU pa3paboTKe ABUTATENeH, MpeIHa3HaYeHHBIX
JUTSL ICTIOJIB30BAHUS ¢ TAKUMU TpeoOpa3zoBaTesisiMi. B cTaThe BBIMOJIHEH aHAINU3 HAMIPSHKCHHS Ha
BBIXOJIC U3 NMPEo0pa30BaTeNs YaCTOTH B COOTBETCTBUH C TPEOOBAaHUSAMU T'OCYIapCTBEHHOTO
CTaHJapTa, Mpe/iCTaBlIeHa AIEKTPUUYECKas CXeMa, o KOTOPoil coOMpaiich JaHHbIE, U 1aHbI
PEKOMEH/IALIUHU 10 TPOSKTUPOBAHUIO ABUTATENICH, IpeIHa3HAYEHHBIX JIJIs1 paOOTHI C
npeoOpa3oBaTeIsIMU YaCTOTHI.

Knrouegvle cnosa: perynupyemasi 3JIEKTpOMEXaHUYECKask CUCTEMA, aCHHXPOHHBIN JBUTATENb,

YaCTOTHBIN MPeoOpa3oBaTeilb, FTaApMOHUYECKHI COCTaB.

In electric motor control systems, higher harmonics are often present in the voltage generated by
frequency converters, which can cause losses in an electric machine and, ultimately, lead to its
overheating. The voltage generated by the frequency converter may not meet the standards,

which requires special attention when developing motors designed for use with such converters.



The article analyzes the voltage at the output of the frequency converter in accordance with the
requirements of the state standard, presents the electrical circuit according to which data was
collected, and provides recommendations for the design of motors designed to work with
frequency converters.

Key words: adjustable electromechanical system, asynchronous motor, frequency converter,

harmonic composition.
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IIpuMeHeHre MATHUTONPOBOASAIIEI0 KJINHA B KOHCTPYKIMH CTATOPA CHHXPOHHBIX
SIBHOIIOJIFOCHBIX MAIIIMH € IPO0HON-3y0110BOMH 00MOTKOM

[IOTIOB M.JI., TOIIOPKOB JI.M., BABULIKHIA I .1O.

Hepenko onnum u3 TpeGoBaHMM, BEIABUTAEMBIX PU MPOESKTUPOBAHUH CUHXPOHHBIX MAIIUH C
JJIEKTPOMArHUTHBIM BO30YKJIEHUEM, SBIIETCS HEBBICOKAsi CKOPOCTh BpallleHuUs Baja, HO HE
BCETJa MPEICTABISAETCS BOZMOKHBIM CIIPOCKTUPOBATh MALIMHY C OOJIBIINM KOJIHYECTBOM
MOJIFOCOB B TpeOyeMbIx rabaputax. [Ipumenenue npoOHOI 3y0I10BOi OOMOTKH TO3BOJISIET
COKpPATUTh KOJIMYECTBO 3yOIIOB HA CTAaTOPE, YTO, B CBOIO OUYEPEb, TO3BOJISIET YMEHBIIUTh
JUaMETp PACTOUKH CTaTOpa M CIIPOCKTUPOBATH MAIIMHY B TpeOyeMbIX rabapurax. B npoOHbIx
3yOIIOBBIX 0OMOTKAX KaTyIIKa OXBATHIBAET OAMH 3yOel], h3-3a Yero MpoIecC €€ N3BICUCHHS
HaMHOTO TIPOIIe, YeM B CTaTOpax ¢ TPaJAUIIMOHHBIMH paclpeieIeHHBIMA OOMOTKaMH, YTO
MOBBILIAET PEMOHTONPUTOJHOCTh MAIIMH ¢ TaKUMU oOMoTkamu. Emie Gonee ympocTuTh
W3BJICYEHHE KaTYIIKH MOYKHO, C/I€JIaB a3kl TOJIHOCTBIO OTKPBITBIMH, HO B TAKOM CJIy4dae
BJIMSIHUE 3y04aTOCTH CTaTopa Ha pachpe/esicHHe MarHUTHON MHIYKIIMK OKaXKkeTcst Oosee
CUJIbHBIM, YEM IPU MOJIY3aKPBITHIX a3aX, YTO MOKET MPUBECTH K Py HETaTUBHBIX
NOCJIEACTBUM OT YBEIMUEHHUS MTOTEPD A0 HapylleHus cunyconnanpbHoctu D/[C. B Takom ciyuae
YMEHBUINTh UCKa)KEHHE KPUBON MarHUTHOW MHIAYKLMHU B BO3JYIIHOM 3a30p€ MOKHO, IPUMEHUB
B KOHCTPYKIMH CTaTOPA KJIMH U3 MarHUTONPOBOAIIET0 MaTepuaa. B cratbe paccMOTpeHbI
BOIIPOCHI ITPOEKTUPOBAHUS MTOJFOCA POTOPA SIBHOMOJIIOCHON MAIIMHbI ¢ APOOHOM 3y0I10BOI
00OMOTKOH C OTKPBITBIM [1A30M CTaTopa. B 4acTHOCTH, pacCMOTpPEHBI pa3InUHble KOHPUTYpPAIUH
MIOJIFOCA POTOPA B COYETAHUU CO CTATOPOM C OTKPBITBIMU Ta3aMHU, MAarHUTOITPOBOAAIIMM KIMHOM
u 0e3 Hero.

Knroueswle cnosa: CHHXpOHHBIC SIBHOIIOJIFOCHBIE MAIITUHBL, APOOHAs 3y0110Bass 0OMOTKa, pOTOp,

MIOJIKOC POTOPA, OTKPBITHIN 123, MATHUTOIIPOBOASALINNA KITUH.



Often, one of the requirements put forward when designing synchronous machines with
electromagnetic excitation is a low shaft rotation speed, but it is not always possible to design a
machine with a large number of poles in the required dimensions. The use of fractional tooth
winding allows you to reduce the number of teeth on the stator, which, in turn, allows you to
reduce the diameter of the stator bore and design the machine in the required dimensions. In
fractional tooth windings, the coil covers one tooth, which makes the extraction process much
easier than in stators with traditional distributed windings, which increases the maintainability of
machines with such windings. It is possible to simplify the removal of the coil even more by
making the slots completely open, but in this case the effect of stator serration on the distribution
of magnetic induction will be stronger than with semi-closed slots, which can lead to a number
of negative consequences from increased losses to a violation of the sinusoidal EMF. In this
case, it is possible to reduce the distortion of the magnetic induction curve in the air gap by using
a wedge made of a magnetically conductive material in the stator design. The article considers
the issues of designing the rotor pole of a single-pole machine with a fractional tooth winding
with an open stator groove. In particular, various configurations of the rotor pole in combination
with a stator with open slots, a magnetically conductive wedge and without it are considered.
Key words: synchronous single-pole machines, fractional tooth winding, rotor, rotor pole, open

groove, magnetically conductive wedge.
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MeTonuka nepecuera napamMeTpoB NOrPYKHbIX ACHHXPOHHBIX IBUTaTe/Ieil, padoTalomX B
HEHOMMHAJIbHBIX pPe:KMMAax

TOIIOPKOB JI.M., IOMAXHWH E.A., PAXPEEBA B.B., JIJOBAYEBA A.C., YWYCOBUTHUH
I'H.

PaccmoTrpens! MeTobl pacyéTa HEHOMUHAJIBHBIX PEKUMOB paOOThl ACHHXPOHHBIX JBUTATENCH,
MPUMEHSIEMbIX Ha CKBAKHHAX C MHAUBHUIYaJIbHBIMU XapaKTePUCTHUKAMHU. MTPEJICTABICHbI
pe3yABTAThI UCCIIEIOBAHMIA, HATIPABIICHHBIX HA MOMydyeHUe KO (HUIIMEHTOB, HEOOXOIUMBIX IS
TATBHEHINETO CO3JaHMsI METOIa PACYETOB HECHOMUHAIBHBIX PEXKUMOB PaOOTHI.

Knroueswvie cnoea: 3neKTpOoABUTATENN JIIsl OTPYKHBIX HACOCOB, HCHOMUHAJIbHBIE PEKUMBI

paboThl, AEPEUTHHT, AIPEUTHHT.



Methods for calculating non-nominal operating modes of asynchronous motors used in wells
with individual characteristics are considered. The results of research aimed at obtaining the

coefficients necessary for further creation of a method for calculating non-nominal operating
modes are presented.

Key words: electric motors for submersible pumps, non-nominal operating modes, deriving,

uprating.
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Onpenesienne napaMeTrpoB 0ygepHOro HAKONMMUTEJISI AIEKTPoOdyca ¢ y4eToM JAerpajanuu
JIMTHEBOT0 AKKYMYJIAATOPA

JEJZIOB C.1., IIYPOB H.U., LITAHT A.A., BHYKOB C.A., CUHTM31H N.N.

[TpoBeneHa oreHKa YHEPro€MKOCTH Oy(hepHOr0o HAKOMUTEIS SHEPTUH TSATOBOM SHEPTrOYCTAHOBKHU
37eKTpoOyca ¢ yUeTOM JIerpajaliiy JUTHEBOro akKymyiasTopa. CHHTE3UpOBaHA UMUTAIIMOHHAS
MO/JIEJIb YHEPTEeTHUECKOM ycTaHOBKH 351ekTpodyca B cpeie MATLAB Simulink, conmocraBneHst
MEXIy COOOH pe3ysbTaThl MOJCTUPOBAHUS YHEPrOyCTAaHOBKU Oe3 Oy(epHOoro HaKOMUTeNs U ¢
OydepoM pazTuIHOM SHEProEMKOCTH Ha 0a3e JINTUH-TUTAHATHOTO aKKyMmyJisaTopa. BHeapenue
O0ydepHoro HakonuTenst SHepruu ¢ nose B 14,47% ot oO1ieil SHeproeMKOCTH HaKOMTUTENS
MO3BOJIUT YBEJIMYUTH PECYPC aKKymyssiTopa Ha 32,7%.

Knroueswie cnosa: >nextpodyc, 6ydhepHblii HAKOMUTENb, KOMOMHUPOBAHHAS YHEPTETHIECKAS
YCTaHOBKA, TUTHI-KeNe30-(hochaTHBI aKKyMYJISTOP, TUTUH-TUTAHATHBIN aKKyMYJISITOP,

MOACIIMPOBAHUC.

The energy intensity of the buffer energy storage of the electric bus traction power plant has
been assessed, taking into account the degradation of the lithium battery. A simulation model of
an electric bus power plant has been synthesized in the MATLAB Simulink environment, and
the results of modeling a power plant without a buffer storage and with a buffer of different
energy intensity based on a lithium-titanate battery have been compared. The introduction of a
buffer energy storage device with a share of 14.47% of the total energy consumption of the
storage device will increase the battery life by 32.7%.

Key words: electric bus, buffer storage, combined power plant, lithium-iron-phosphate battery,

lithium-titanate battery, modeling.
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CHukeHHe YPOBHSI TADMOHUK B TPEXyPOBHEBOM 01HO()a3HOM aBTOHOMHOM HHBepTope 0e3
ucnosab3osanus HIMM

TYPOB H.U., MATEX C.B., JIUCULILIH I1.C., ABPAMOB E.1O., JIATBIIIEB P.H.
PaccMmoTpeH aBTOHOMHBIM MHOTOYPOBHEBBIN 01HOGa3HBIN HHBEPTOP 0€3 ncnoas3oBanus [ITNUM
U EMKOCTHBIX JISIUTEJICH HAMIPSDKEHUS, KPUBAsl BEIXOIHOTO HAMPSHKEHHS KOTOPOTO MPHUOIKeHa
K CUHYCOHJIE U COOTBETCTBYET COBPEMEHHBIM HOPMaM KauecTBa IEKTPUYECKON SHEPTUuu IS
cereit 0,38 kB. I1o cpaBHeHuto ¢ uHBepTOpamu, ucnoiaszyonumu [IIUM, npennaraembiii
WMHBEPTOP O1aroiapsi KCIOIb30BAHUIO MAJIBIX YaCTOT MEPEKITIOYCHHS CUIIOBBIX
MOJIYIIPOBOJTHUKOB Ha YPOBHE MPOMBIIIEHHON YacToThl 50 ['1] 1 oNTUMAanbHOM IPUMEHEHUN
aMIUTUTYJI Pa3HBIX YPOBHEH HE OyJEeT cO3/aBaTh 3HAYUTEIBHBIX JJIEKTPOMATHUTHBIX TIOMEX, U
BBI3bIBaTh YCKOPEHHBIN U3HOC M3OJISIIIUY MTOAKII0YaeMoro obopyaoBanus. MccinenoBanus Ha
MaTeMaTHU4ecKoi 1 PU3NUeCKON MOJIESIX MOKA3aJIl BO3MOKHOCTD MOJIYY€HUS TPEXYPOBHEBBIM
ABTOHOMHBIM HHBEPTOPOM, IIOCTPOCHHBIM Ha 0a3e TPEXCTEPKHEBOI0 MarHUTOIPOBOIA
TpaHchopmaTopa ¢ nacCUBHbBIM LC-QUIBTPOM, COASPKAIIUM ITOCIEA0BATEIbHBINA pe30HAHCHBIN
KOHTYD, HaIlpsDKEHUS ¢ JOMyCcTUMBIM 11 cereit 0,38 kB koaduimenTom rapMoHuK Ha ypOBHE
K., =6,36%.

Knrwoueswie cnosa: muoroypoBHeBblit uHBepTOp, LIIM, rapMoHuKy, MOy SIS, OalaHCUPOBKA

Harpy3Ku.

An autonomous multilevel single-phase inverter without the use of PWM and capacitive voltage
dividers is considered, the output voltage curve of which is close to a sine wave and corresponds
to modern standards of electrical energy quality for 0.38 kV networks. Compared with inverters
using PWM, the proposed inverter, due to the use of low switching frequencies of power
semiconductors at an industrial frequency of 50 Hz and the optimal use of amplitudes of
different levels, will not create significant electromagnetic interference, and cause accelerated
wear of the insulation of the connected equipment. Research on mathematical and physical
models has shown the possibility of obtaining a three-level autonomous inverter, built on the
basis of a three-core magnetic core transformer with a passive LC filter containing a sequential
resonant circuit, voltage with a permissible harmonic coefficient for 0.38 kV networks at the
level.

Key words: multilevel inverter, PWM, harmonics, modulation, load balancing.
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NMuTanuoHHas MoJe/Ib U CHCTeMAa YIIPABJICHUS 3apPAAHON CTAaHIMEH C HAKOIHUTeJIeM
JHEePruu

IITAHI" A.A., KPABYEHKO /I.IT., AHAPUAIINWH C.H., EPEHIEHKO H./I., AbLPAMOB
E.IO.

Bce Oornee mupokoe NCIIOIB30BAHUE SIECKTPOTPAHCIIOPTHBIX CPEACTB MPUBOAMT K
HEOO0XOMMOCTH pacIIMpeHus 3apsaIHoi HH(pacTpykTypsl. be3 yuera coctosiHMs
9HEPrOCUCTEMBI 3TO MOKET IIPUBECTH K JEPHUIUTY MOLTHOCTH CUCTEM JIEKTPOCHAOKEHUS U
JIOKaJIbHBIM IEeperpy3kaM B ceTu. B craTbe mpeaioskeH crnocod CHUKEHUS! MECTHOTO
BO3/ICHCTBUS 3JIEKTPO3APSAIHBIX CTAHLIUN HA CETh ITyTEM MHTETPALlUU B CXEMY
AJIEKTPOCHAOKEHUS aKKYMYJISTOPHOM O6aTtapen B kauecTBe OyhepHOTO HAKOMUTEIS IS
CHIJKEHMSI TUKOB MOTPeOIeHUs AIeKTpoIHeprun. PazpaboTaHa MMUTALIMOHHAS MOZEIb
AIIEKTPO3aPSIIHON CTAaHLIMH, BKJIIOYAOIAs 1Ba OCHOBHBIX aeMeHTa: DC-DC npeobpaszoBaTens u
aKKyMYJIITOpHYIO OaTapero. MeToJJ0M CHCTEM MOAYUHEHHOTO PEryIUpPOBAHNS BBITIOJIHEH CUHTE3
CHUCTEMBI aBTOMATUYECKOTO YIIPABICHUS MIEKTPO3aPSIAHON CTAHINNU JJI PEKUMOB 3apsiia
IIOCTOSTHHBIM HAIIPSDKEHHUEM M IIOCTOSHHBIM TOKOM. CHHTE3UPOBAHHAS CUCTEMA YIIPABICHUS
YJIOBJIETBOPSIET TPeOyEeMbIM MOKa3aTEsIM KauecTBa.

Knrouegvie cnoga: >nextpo3apsiHas CTaHIIMSL, HAKOIIUTENb YHEPTUH, TUTUH-HOHHAS

aKKyMYJIITOpHas 6arapes, mpeoOpa3oBaTen MOIIHOCTH, TTOHMKAIOITII TIpeoOpa3oBaTeb.

The increasing use of electric vehicles leads to the need to expand the charging infrastructure.
Without taking into account the state of the power system, this can lead to a shortage of power
supply systems and local overloads in the network. The article proposes a way to reduce the local
impact of electric charging stations on the network by integrating a battery into the power supply
scheme as a buffer storage device to reduce peaks in electricity consumption. A simulation
model of an electric charging station has been developed, which includes two main elements: a
DC-DC converter and a rechargeable battery. The synthesis of an automatic control system of an
electric charging station for charging modes with constant voltage and constant current was
performed using the method of subordinate control systems. The synthesized control system
meets the required quality indicators.

Key words: electric charging station, energy storage, lithium-ion battery, power converters, step-

down converter.
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