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DC-DC npeobGpa3oBare/ib B cOCTaBe YIPABJISeMOro CTAllMOHAPHOI0 HAKONMTEJIsI JHePIruu
B CHCTeMe TSr0BOI0 3JIeKTPOCHA0KEeH!s] MeTPONOJIUTEeHA

BECTEMbBAHOB I1.®., BEJIOB M.H.

VYnpapisieMble HAKOMUTEIN YHEPTUNU SABJISIOTCSA NEPCIEKTUBHBIM METOJIOM HOBBIIIEHUS

3P PEKTUBHOCTH CUCTEM TATOBOTO AEKTpocHaO)eHus. [IpeodpazoBaTenb MOCTOSHHOTO
HAIpPsOKEHUS] — HEOThEMJIEMasl YaCTh KOHCTPYKIIMM HAKOMHUTENsI, HE00X0oauMast s
COIVIACOBAHUS pPabOThl HAKOMUTEIS C CUCTEMOM TATOBOT'O 3JEKTPOCHAOKEHHSI U BBIITOJIHEHMS
QJITOPUTMOB yIpaBieHus. B craThe paccMOTPEHBI HECKOIBKO CXEM MpeoOpa3oBaTes, CUCTEM
TeHepalyy yIpaBJsSIOIMX CUTHAJIOB, @ TAKXKE MPEI0KEHbI UX MaTeMaTH4eCKUe MMUTAIUOHHBIE
MOJIENIH, BEITIONHEHHBIE ¢ ToMoIbio maketa MATLAB Simulink, 6ubanoreku
SimPowerSistems.

Knwoueswvie cnosa: METpONONINUTEH, CUCTEMA TATOBOTO 3JICKTPOCHA0XKEHUS, HAKOIIMUTEIHN SHEPI U,

DC-DC npeobpa3zoBatenu, 3HeprodhHeKTUBHOCTb.

Controlled energy storage is a promising method of increasing the efficiency of traction power
supply systems. The DC voltage converter is an integral part of the drive design, necessary to
coordinate the operation of the drive with the traction power supply system and to perform
control algorithms. The article discusses several converter circuits, control signal generation
systems, and also offers their mathematical simulation models made using the MATLAB
Simulink package, the SimPowerSistems library.

Key words: subway, traction power supply system, energy storage, DC-DC converters, energy

efficiency.
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OnTuMasbHble MapaMeTpbl 00PTOBbIX HAKONUTEIeH IHEPTUH FJIEKTPONOIBUKHOT O

cocTaBa METPOIIOJIUTCHA



IIJIETHEB A.C., BECTEMbAHOB I1.®.

[Ipemnoxena MeToIMKa OLIEHKH IMapaMeTPOB ABTOHOMHOT'O X0/1a 3JIEKTPONOIBUKHOTO COCTaBa,
BKITIOYAIOIIAs aHAJIU3 MACChI COCTaBa, CKOPOCTHBIX PEKUMOB M HATPSIKEHUST OOPTOBBIX
HAKOIUTENEH YHEPTUU. MeToIMKa O3BOJISIET ONPEAEIIUTh ONITUMAIIBHBIE XapaKTEPUCTUKHU
HaKomuTeNeH Al o0ecreueHus: aBapuitHOro0 1 MaHEBPOBOT'O X0/1a, YUYUTHIBAsI MapaMeTphI
CUCTEMBI TSTOBOTO 3JIEKTPOCHAOKEHHUSI U 0OCOOCHHOCTH KCILTyaTaIllii METPOTIOTUTEHA.
PaccMoTpeH cuenapuil aBapuitHOTO OTKIIFOUEHUS AJIEKTPOIHEPTUH, KOT1a HAKOIIUTEIb
o0ecrieunBaeT aBTOHOMHOE JIBIKEHHUE COCTaBa K OV KauIell CTaHINy U 0€301acHOM
3BAKYAaIMM NaccaXxupoB. [IpuBeIeHbI 3KCIEpUMEHTAIbHBIE TAHHBIE, I0ITBEPKAAIOLINE

3¢ (EeKTHBHOCTH UCTIOIH30BAHUS HAKOIIUTES JIJIS IIOBHINICHUS HAJC)KHOCTH U O€30MMaCHOCTH
IKCIUTyaTaI[Mi MeTporoianTeHa. [lokazaHo 4yTo MprUMEHEeHNEe HAaKOMHUTEIs Ha OOpTy cocTaBa HE
TOJIKO CIIOCOOCTBYET 3(PPEKTUBHOMY NOBTOPHOMY HCIIOJIb30BAHUIO SJHEPTHH, HO U MOBBILIAET
0€30MacHOCTh MACCAXUPOB B aBApUUHBIX cUTyauusx. [IpemioxkeHHas METoIMKa OIICHKU
napamMeTpOB HAKOMUTEINS YUUTHIBAET peabHbIC MAPAMETPBI CUCTEMBI TATOBOTO
AIIEKTPOCHAOKEHHSI, YTO 00ECTIEYNBAET BHICOKYIO TOYHOCTh M HAJIE)KHOCTh PACUETOB.
Knroueswvie cnoea: MeTponoanTeH, CUCTEMA TATOBOTO ANEKTPOCHAOKEHUS, S7IEKTPONOIBUKHOM

cocTaB, 00PTOBOI HAKOMHTEIb YHEPTHH, SHEPTOIDPEKTUBHOCTD.

A method for estimating the parameters of the autonomous running of an electric rolling stock is
proposed, including an analysis of the mass of the composition, speed modes and voltage of on-
board energy storage devices. The technique allows us to determine the optimal characteristics of
storage devices to ensure emergency and maneuvering, taking into account the parameters of the
traction power supply system and the specifics of the operation of the subway. The scenario of
an emergency power outage is considered, when the storage device provides autonomous
movement of the train to the nearest station for the safe evacuation of passengers. Experimental
data confirming the efficiency of using the storage device to improve the reliability and safety of
subway operation are presented. It is shown that the use of a storage device on board the train not
only contributes to the efficient reuse of energy, but also increases the safety of passengers in
emergency situations. The proposed method for estimating the parameters of the storage device
takes into account the real parameters of the traction power supply system, which ensures high
accuracy and reliability of calculations.

Key words: subway, traction power supply system, electric rolling stock, on-board energy

storage, energy efficiency.
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TpéxnpoBoaHasi cucTeMAa TATOBOI0 3JIeKTPOCHA0KEHHSI METPOIOJIMTEHA
I'PEUMIIIHUKOB B. A., IIIETJIOB P.B., BEJIEIIKUI C.B., TABPMKOB B.T..

[TokxazaHo, yTO TPEXIPOBOAHAS CXEMa MUTAHUS CUCTEMBI TATOBOTO 3JIEKTPOCHAOKEHUS
METPOMOJUTEHA TOJNBKO 3a CYET MEPENOAKITIOYSHHSI MUTAIOIIUX JTUHUH MOBBIIIAET
3HEProdPpPekTUBHOCTH MeTpornonTeHa. COKpalieHne CyMMapHOTO pacXo/a JIeKTPOIHEPTUN
TATOBBIMH IOJCTAHIMSIMU Ha TECTOBOM Y4YaCTKE U3 CEMM TATOBBIX MOJCTAHLIUN B TEUEHUE
MOJIEJIBHOTO BPEMEHH, PaBHOI'O JIBYM 4acam, COCTaBWIO 2,9 %, yMEHbIIEHUE TIOTEPh SHEPTHUHU B
KOHTaKTHOM U XOJJOBOM peJibcax cocTaBuiIo 6,3%, MOBBIILIEHNE MUHUMAJILHOTO HAIPSHKEHUS B
TAroBOM ceTH cocTaBwiio 10-25 B. OTu cBUAETENBCTBYET O NEPCIEKTUBHOCTH JAIbHEUIIIETO
U3y4YeHHsI TAHHON CUCTEMBI, TPOPAOOTKH BOMPOCOB MOAUDUKALINY SIIEKTPOTIOABHKHOTO
cocTaBa JJisl 3alUThI OT MEPETNOIIOCOBKU U pabOThl YCTPOICTB CUTHAIM3AIMH, LIEHTPATU3aLuu U
OJIOKHPOBKH.

Knrwoueswvie cnosa: METPOTIONUTEH, CUCTEMA TATOBOTO 3JICKTPOCHA0KEHUS, TATOBAs MOACTAHITHS,

TPEXTPOBOIHAS CXEMa MUTAHUS, SHEPrO3PPEKTUBHOCTb.

It is shown that the three-wire power supply scheme of the traction power supply system of the
subway increases the energy efficiency of the subway only by reconnecting the supply lines. The
reduction in total electricity consumption by traction substations in the test section of seven
traction substations during the model time equal to two hours was 2.9%, the reduction in energy
losses in the contact and running rails was 6.3%, the increase in the minimum voltage in the
traction network was 10-25 V. These indicate the prospects for further study of this system,
working out the issues of modification of electric rolling stock to protect against reverse polarity
and operation of alarm, centralization and blocking devices.

Key words: subway, traction power supply system, traction substation, three-wire power supply

circuit, energy efficiency.
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O noBbIIEHUH YHEPreTHYeCKO 3(PPEeKTUBHOCTH EHTPATU30BAHHOT0 JIEKTPOCHAOKEeHUS
MoCKOBCKOro METPOINOJIUTEHA

BEJIELIKWI C.B., TPEUMIIIHUKOB B.A., KOBAJIEB K.JI., IIEBJIFOI'MH M.B.

Ha mpumepe cucteMsl TATOBOTO 3JIeKTpocHa0keHus1 Apoarcko-IIokpoBcKoi TuHUM
MOCKOBCKOT0 METPOTOIMTEHA PACCMOTPEHA 11eJ1ec000pa3HOCTh MEPEBOIa € ABYXCTOPOHHEH

pa3eNbHON CXEMBI AJIEKTPOCHAOKEHHUS TATOBOM CETH Ha Y3JIOBYIO CXEMY ITOCPEICTBOM



YCTAHOBKH ITOCTOB CEKIIMOHUPOBAHUS U ITYHKTOB MapalIeIbHOTO COCTMHEHNUS. BBIoTHEeH
aHAJIU3 TSATOBOM CETH HA MPeIMET BO3MOKHOCTH MOJAKITIOUYCHHUS TOCTOB CEKIIMOHUPOBAHUS. 3a
KPUTEPUU OBUITH MPUHATHI TPOTSKEHHOCTh MEKITOICTAHIIMOHHBIX 30H C IICHTPAIU30BAaHHON
CHUCTEMOM DJIEKTPOCHAOKEHUS, a TAK)KE CBOOOHBIC IUIOIIAIN B HA3€MHOM U, 0COOCHHO, B
MOJJ3EMHOM YacTsIX METPOIOJITeHA. BrIOpaHs! 1Ba HanboIIee MOAXOIAIINX YIaCTKa TATOBOM
CETH Ha MEXIIOICTAHIIMOHHBIX 30HAX TOJICTAHIIMA. BEIMOTHEHO UMUTAITMOHHOE MOJICTUPOBAHUE
paboThI CUCTEMBI TATOBOTO 3JIeKTpocHa0)keHus1 Apbatcko-ITokpoBckoii muHUU 0e3 TOCTOB
CEKIIMOHUPOBAHHS U C X HCIIOJIH30BAHUEM Ha BEIOPAHHBIX yYaCTKAX TATOBOM CETH.
[IpencraBieHbl JaHHBIE 110 YJIEKTPOIHEPTETUIECKUM PACX0IAM TATOBBIX ITOJACTAHIINN, & TAKKE
0 MTOTEPSIM IIEKTPOIHEPTHH B TATOBON CETH MPH PA3TUYHBIX CXEMaX AJIEKTPOCHAOKECHHUS.
[IpuBeAeHBI OCIUILIOTPAMMBI HATIPSKEHUS DJIEKTPOTIOBUKHOTO COCTaBa B (DYHKIIMU BPEMEHH
NP PA3IMYHBIX CXEMax JICKTPOCHA0KEHUS TATOBOM ceTu. [Ipu cTratucTdeckoit 06padoTke
BBISIBIICHO, YTO B COBOKYITHOCTH TIO ABYM MYTSIM 3()()EKT OT UCTIONB30BaHUS IOCTOB
CEKIIMOHUPOBAHUS TI0 YPOBHIO HANIPsDKEHUsS Maio 3aMmeTeH. [1o pe3ynbpraraM CTaTUCTHYECKOM
00pabOTKH JaHHBIX UMUTAIMOHHOTO MOJICTHPOBAHUS MOKAa3aH TEXHIUKO-9KOHOMHYECKUN

3G PEKT OT HCIIOIL30BAHUS IOCTOB CEKIIMOHUPOBAHUS HA JBYX MEXKITOACTAHIIMOHHBIX 30HAX.
Knroueswvie cnosa: METPOTIONNTEH, CUCTEMA TATOBOTO 3JICKTPOCHA0KEHUS, CEKITMOHUPOBAHHE

TSATOBOM CCTH, IOCT CCKIIMOHHUPOBAaHUS, ITYHKT apalJICJIbHOI'O COCANHCHUA.

Using the example of the traction power supply system of the Arbatsko-Pokrovskaya line of
the Moscow Metro, the expediency of transferring from a two-way separate power supply
scheme of the traction network to a node scheme by installing sectioning posts and parallel
connection points is considered. The analysis of the traction network for the possibility of
connecting the sectioning posts was performed. The criteria were taken as the length of inter-
substation zones with a centralized power supply system, as well as free areas in the above-
ground and, especially, in the underground parts of the subway. Two most suitable sections of
the traction network in the substation inter-substation zones have been selected. A simulation
simulation of the operation of the traction power supply system of the Arbatsko-Pokrovskaya
line without partitioning posts and using them on selected sections of the traction network was
performed. Data on electric power consumption of traction substations, as well as on
electricity losses in the traction network under various power supply schemes are presented.
The oscillograms of the voltage of an electric rolling stock in a function of time for various
power supply schemes of the traction network are given. Statistical processing revealed that,
in combination, in two ways, the effect of using partitioning posts in terms of voltage level is

not noticeable. Based on the results of statistical processing of simulation data, the technical



and economic effect of using partitioning posts in two substation zones is shown.
Key words: metro, traction power supply system, partitioning of the traction network,

partitioning post, parallel connection point.
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JHepreTu4ecKHe XapakTePUCTHKH JJIeKTPONPHUBOJA € CHCTEMOI PSIMOT0 yIIpaBJIeHUs
MOMEHTOM CHHXPOHHOIO ABHUIaTeJIsl ¢ BO30YK/IeHHEeM OT OCTOSIHHBIX MATHUTOB

MHBKOB [0.M., KOCMOJJAMHUAHCKMI A.C., IIYTAUEB A.A., YYTIPMHA H.B.
[Toka3aHa akTyaabHOCTb pa3paOOTKU U UCCIIEOBAHUS CUCTEM NPSIMOTO YIPABICHUS MOMEHTOM
CHHXPOHHOT'O JIBUTaTessl ¢ BO30YKICHHEM OT MOCTOSAHHBIX MarHuToB (C/IIIM).
MaremaTrueckoe onucaHue paboThl 3JEKTPONIPHBO/IA BHIIIOJIHEHO B ABYX(a3HOU cucTeMe
KOOPAMHAT, B KOTOPOU MpUBEAEHA SKBUBajeHTHas cxema 3amenienus C/AIIM, yuuTteiBaronias
IIOTEPU B MArHUTONIPOBOJIE CTATOPA U MarHuTax poropa. IIpuseneHsl pe3ybTaTel
KOMIIBIOTEPHOI'0 MOJIETIMPOBAHUS YJHEPIETUUECKUX XapakTepucTuk AByx Tunos CIIM (c
OJIMHAKOBBIMH U PA3HBIMH MHAYKTUBHOCTSIMH CTaTOpPa MO OCSAM dg) B COCTaBE IEKTPOIIPUBOA C
CHUCTEMOM MPSMOT0 YIPAaBJICHUS MOMEHTOM, B KaU€CTBE KOTOPBIX BbIOpaHa 3aBUCUMOCTb TOKa
O0OMOTKHM CTaTopa OT MOTOKOCLEMJIEHHs CTaTOpa. Y CTAHOBIIEH SKCTPEMAIbHBIN XapaKTep 3THX
3aBucumocteil. s 1ByX THIOB MarHUTHOH cuctembl CJ/IIIM BbIBeeHBI anredpanyecKue
BBIPKEHUS JUIsl OTNpeIeTICHNS 3aJaHNs Ha MIOTOKOCILICTUICHHE CTaTopa, 00eceuynBaromume
MHUHUMYM TOKa OOMOTKH cTaTopa. Pa3paboTaH alropuT™ Moucka MUHIMYyMa TOKa OOMOTKH
cTaTopa ¢ NOMOUIBIO JOIOJHUTENbHBIX CUTHAJIOB 3aJaHMs Ha OTOKocueruieHue. [Ipusenena
(GyHKIMOHATIBHAS CXEMa 3JIEKTPOIPUBOJIA C CUCTEMOM MPsIMOTro yrpasienuss MmomenTom CIIM,
conepskauias [IM-perynsatopsl B KOHTypax peryJnpoBaHUsl MOMEHTA U TOTOKOCUEIUICHNUS,
BBIXOHBIE CUTHAJIBI KOTOPBIX SIBJISIFOTCS 334AI0IIUMU AJIs1 CUCTEMBI IIPOCTPAHCTBEHHO-
BEKTOPHON MOJYJISIIMY HANpsKEHUs: 0OMOTKH ctatopa. [IpuBeneHs! pe3yabTaThl
MOJICJIUPOBAHMSI AJIEKTPOIIPUBOA € MPEAJIOKEHHBIMH aNreOpanyecKUMH BBIPAKEHUSIMU U
pa3paboTaHHBIM aJTOPUTMOM TOMCKA 33/1aHUS Ha TOTOKOCLEIUICHHE, 00ECTIeYMBAIOIIUM
MUHHMYM TOKa OOMOTKH CcTaTopa. Y CTaHOBJIEHA pab0TOCIIOCOOHOCTh BCEX MPEIOKEHHBIX
penieHui, Ipyu 3TOM TTOMCKOBBIN alrOpUT™M oArHAKOB 11t o6oux turoB CJIIIM u o6ecnieunBaet
MHUHMMH3ALUIO TOKa OOMOTKH CTaTOpa B 00EUX 30HaX PETyIMPOBAHUS, B TO BpEMsI KaK
anreOpanyecKkre BHIPAKCHUS 3aaHUS HAa MOTOKOCHEIUIEHHE CTaTOpa OTIMYAIOTCS IS Pa3HBIX
tunos C/IIIM u obecrieunBaoT MUHUIMYM TOKa OOMOTKH CTaTOpa HE BO BCEM JHara3oHe

HN3MCHCHHUA YaCTOThI BPAIICHM.



Knrouesvie cnoea: >nexTpornpuBo/I, CUCTEMA MIPSIMOTO YIIPaBICHUS MOMEHTOM, CUHXPOHHBIN

ABUTaTCIIb, IOCTOSHHBIC MAI'HUTBI, IPOCTPAHCTBCHHO-BCKTOPHAA MOAYJIALHA, MOJACIUPOBAHHUC.

The relevance of the development and research of systems for direct torque control of a
synchronous motor with excitation from permanent magnets (SMPM) is shown. The
mathematical description of the operation of the electric drive is performed in a two-phase
coordinate system, which shows an equivalent SMPM replacement circuit that takes into account
losses in the stator magnetic circuit and rotor magnets. The results of computer simulation of the
energy characteristics of two types of SMPM (with the same and different inductors of the stator
along the dq axes) are presented as part of an electric drive with a direct torque control system,
the dependence of the stator winding current on the flow coupling of the stator is selected. The
extreme nature of these dependencies has been established. For two types of magnetic SMPM
system, algebraic expressions are derived to determine the stator flow coupling task, providing a
minimum of the stator winding current. An algorithm has been developed to find the minimum
current of the stator winding using additional signals for flow coupling. A functional diagram of
an electric drive with a direct torque control system SMPM is presented, containing PI regulators
in the torque control and flow coupling circuits, the output signals of which are the setting
signals for the system of spatial vector modulation of the voltage of the stator winding. The
results of modeling an electric drive with the proposed algebraic expressions and the developed
algorithm for searching for a flow coupling task that provides a minimum of the stator winding
current are presented. The operability of all proposed solutions has been established, while the
search algorithm is the same for both types of stator coils and minimizes the current of the stator
winding in both control zones, while the algebraic expressions of the stator flow coupling task
differ for different types of stator coils and provide a minimum of the stator winding current not
in the entire frequency range.

Key words: electric drive, direct torque control system, synchronous motor, permanent magnets,

spatial vector modulation, modeling.

Inexkmpomexnuxa, 2024, Ne9, cmp. 32-36

CpaBHUTe/ILHAS XapAKTEPUCTHKA ABTOHOMHBIX HHBEPTOPOB HANPSI:KEHHUS IS
HCTOYHHKOB OecrepedoilHOro MUTAHUSA

KOCMOJIAMHUAHCKMIA A.C., THBKOB FO.M., ITYTAUEB A.A., CHPOTCKWI M.C.
[Tokazana akTyaJIbHOCTh pa3paObOTKU U UCCIICIOBAHUS TPEXYPOBHEBBIX aBTOHOMHBIX

uHBepTOpoB HanpspkeHus (AVH) mis Tpexda3HbIX MPOMBIIUIEHHBIX HCTOYHUKOB



6ecnepedoiinoro nmutanus (UBIT). YcranosneHo, uto Hanbosee NepCrneKTUBHBIMU TSI
npumeHenus B coctase UBII sBisttores TpexypoBHeBbie AVTH ¢ ¢pukcupyromumMu 1no1aMu u
AWH T-tuna. [IpuBenens! cTpykTypbl ogHo# (a3sl AUH ¢ puxcupyrommmu quogamu 1 AUH
T-tuna, nano MaremMaTn4yeckoe OMUcaHue GYHKLINN NEePEKITIOUEHHs TOJTyITPOBOAHUKOBBIX
KJIF04Eel 3TUX UHBEPTOPOB, B TOM YHCIIe 00ECIIEUNBAIOIINX YMEHbIICHHNE KOMMYTALIMOHHBIX
NOTEPh B AMHAMUYECKUX peXUMax s noaynpoBogaukoB AH T-tuna. B kauectBe kputepues
cpaBHeHMs 3¢ dexkTuBHOCTH paboThl AVTH BBIOpaHbI MOTEPH MOIIHOCTH B MOJIYTIPOBOAHUKOBBIX
KJIF04ax U KO3 PUIUEHT rapMOHNYECKUX UCKaKeHUH BbIXOHOTO ToKa. [IpeacraBnena
MaTeMaTH4YecKasi MOZEIb pacyeTa oTeph MOIIHOCTH B YCTAHOBUBIIMXCS U AMHAMUYECKUX
pexxumax paboThl U K03(umeHTa rapMOHNYECKUX UCKaXEHUH BBIXOJHOTO TOKa. [IprBeneHs
3aBHCUMOCTH BBIOpAaHHBIX MOKa3aTesnei kayectBa paboTsl AMH 0T yacToThl KOMMYyTaITUH
HOJYIPOBOJIHUKOBBIX KIFOUEH U KO3((DUIIMEHTA MOAYIISALUN BBIXOJHOTO HAIIPSKEHUS IS
Pa3HBIX PEKUMOB paOOTHI M MOIITHOCTEH HArpy3ku. Y craHoBieHo, uto AUH T-tuna
obecnieunBaet 6onee 3pPexkTuBHOE MPEoOPa30BAHKE ITEKTPOIHEPTHH BO BCEM JTHATIA30HE
U3MEHEHHS YacTOT KOMMYTAlUU ¥ KO3 UIIMEHTa MOAYIISALUH, IPH ITOM C POCTOM YaCTOTHI
KOMMYTAIIMU pa3HuIia B motepsax momuoctu mexay AUH T-tuna u AUH ¢ duxcupyrommmu
JMOJJAMU BO3PACTAET; U3MEHEHNE Pa3HUIIbI B IOTEPSAX MOIIHOCTHU OT KO3 (PUIIMEHTa MOLYIIALUN
BhIpa)keHO c11a0o0. [Ipu mpuMeHeHnN CUHYCOUIANbHOM IMPOTHO-UMITYJIBCHOM MOTYJISIIHH
HanpspkeHus oda paccMatpuBaeMbix Tuna AMH nokasanu oguHakoByio 3¢ (HEKTUBHOCTH 110
KpPUTEpHIO KO PUIMEHTa TApPMOHUYECKMX UCKAXKEHUH BBIXOIHOTO TOKA, IPU 3TOM HX
IPEUMYIIECTBO 110 OTHOLIEHHUIO K ABYXypoBHEBOMY AVH Bo3pacTaer ¢ yMeHbILIEHUEM HArpy3KU
¥ YMEHBIICHHEM YaCTOThl KOMMYTAIIHH.

Knrwoueswvie cnosa: nctouHuk OecriepeO0MHOTO MUTaHKs, aBTOHOMHBI HHBEPTOP HAIPSDKEHUS,
CHUHYCOUJATIbHASI MOAYJISALIUS, TIOTEPH MOIIHOCTH, KOA(PPUIIMEHT FrapMOHUUYECKUX UCKaKEHUH,

KOMITBIOTCPHOE MOJCIUPOBAHUC.

The relevance of the development and research of three-level autonomous voltage inverters
(AIS) for three-phase industrial uninterruptible power supplies (UPS) is shown. It was found that
the most promising for use in the UPS are three-level AIS with fixing diodes and T-type AIS.
The structures of one phase of the AIN with locking diodes and the AIN T-type are given, a
mathematical description of the switching functions of the semiconductor switches of these
inverters is given, including those providing a reduction in switching losses in dynamic modes
for the AIN T-type semiconductors. The power losses in semiconductor switches and the
harmonic distortion coefficient of the output current were selected as criteria for comparing the

efficiency of the Al. A mathematical model for calculating power losses in steady-state and



dynamic operating modes and the harmonic distortion coefficient of the output current is
presented. The dependences of the selected indicators of the quality of the Al operation on the
switching frequency of semiconductor switches and the modulation coefficient of the output
voltage for different operating modes and load capacities are shown. It was found that the T-type
AIN provides more efficient conversion of electricity over the entire range of switching
frequencies and modulation coefficient, while with increasing switching frequency, the
difference in power losses between the T-type AIN and the AIN with locking diodes increases;
the change in the difference in power losses from the modulation coefficient is weakly
expressed. When using sinusoidal pulse-width voltage modulation, both types of AIS under
consideration showed the same efficiency according to the criterion of the harmonic distortion
coefficient of the output current, while their advantage over the two-level AIS increases with
decreasing load and decreasing switching frequency.

Key words: uninterruptible power supply, autonomous voltage inverter, sinusoidal modulation,

power loss, harmonic distortion coefficient, computer modeling.
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O mMeToanke MCCIeOBAHUSA TATOBOI0 3JIEKTPONPHBOIA JIOKOMOTHBOB B Pe:KUMAX
npeaeabHbIX YCHJINH

®EJISIEBA T'.A., MTHBKOB 10.M., TAPACOB A.H., TATYMKO I1.C., KHUEH]IO K.X.
PaccmoTtpens! mpobiieMa peaan3annu 3JIeKTPOIPUBOIOM JIOKOMOTHBOB IIPEIEIbHBIX 110
CIETUICHHUIO TATOBBIX M TOPMO3HBIX YCUIJINH, MPUYUHBI BOSHUKHOBEHHSI aBTOKOJI€0aTEIbHBIX
MPOLIECCOB B TSTOBOM TPAaKTE U MPUBEJEHBI UX PE3YJIbTATH MOJICIMPOBAHUS, JaHa
KJIacCHU(UKaLKs OCHOBHBIX aJITOPUTMOB YIIPABIICHHUS, UCTIOJIB3YEMbBIX B pEeXKUMAaX MpeleabHbIX
yeunuit. [lokazaHa 1enecoo6pa3HOCTh U MOSICHEHBI IPUHLUIIBI COBMEIICHUSI POTPAMMHBIX
KOMIUIEKCOB ISl OTPa0OTKH Ha MOJIETISIX allTOPUTMOB YIIPABJICHUS SJICKTPOIPUBOJIOM B
peXMMax MpeeNbHBIX YCHUINNA, 000CHOBaHA NEPCIIEKTUBHOCTh PA3BUTHSI METOIUKHI
MOJICJIMPOBAHHUS HA OCHOBE COBMEIICHHS IPOrPaMMHBIX KoMIiekcoB SimInTech u
Universalmechanism.

Knroueswle cnoea: TATOBBINA SICKTPONPUBOI, THHAMUYECKHE HATPY3KH, 3alIUTa OT OYKCOBaHUS,

AJITOPUTMBI YIIPABJICHUS, MOJEIUPOBAHNE, IPOIPAMMHBIE KOMIIJIEKCHI.

The problem of the implementation of traction and braking forces by an electric locomotive
drive is considered, the causes of self-oscillatory processes in the traction tract and their

modeling results are presented, the classification of the main control algorithms used in the



modes of marginal forces is given. The expediency is shown and the principles of combining
software complexes for testing electric drive control algorithms in extreme effort modes on
models are explained, the prospects for the development of modeling techniques based on the
combination of SimInTech and Universalmechanism software complexes are substantiated.
Key words: traction electric drive, dynamic loads, slip protection, control algorithms, modeling,

software complexes.
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DoT03/IeKTPpHYecKasi MaHe b KAK JONOJHUTEIbHbIA HCTOYHUK IHEPTrOCHAOKEHH I
MacCcaKUPCKOro BaroHa

BYIJIAEB H.A., ®EJISIEBA I'.A., UTHBKOB 10.M., TATYHUKO II.C.

PaccMOTpeHBI THUIIBI CUCTEM DJIEKTPOCHA0KEHHS MMaCCaKUPCKUX BarOHOB, MPUBEICHA METOIUKA
pacuéTa TOKa ¥ MOITHOCTH ()OTOIIEKTPUUECKON TTAaHETN B 3aBUCUMOCTH OT HAINPsKEHUS Ha
BBIXO/I€, BBITIOJTHEHO MOJICTMPOBAHUE JIJISI OTEYECTBEHHON (POTORIEKTPUIECCKON TTAaHEIN
SIP330Bt1-24 (5BB) PERC, noka3aHa afieKBaTHOCTb MOJIEJIM HA OCHOBE CPAaBHEHUS PE3YyJIbTaTOB
pacuéTa ¢ TEXHUYECKOU JOKYMEHTAITUEH, TOCTPOCHBI 3aBUCHUMOCTH BBIXOIHBIX MTapaMeTPOB
(bOTOAEKTPUUYECKON TTAHEH OT HAIIPSKEHUS ISl PA3JIMYHBIX YCIOBHM OKPYKAIOIIEH CPEeIbl,
MOKa3aHa BO3MOKHOCTh MCIIOJIB30BaHUsI (POTOIIEKTPHUECKUX TTAHEIEH B Ka4eCTBE
JIOTIOJIHUTEILHOTO UCTOUYHMKA MTUTaHUS TACCAKUPCKOTO BaroHa

Knroueevie cnosa: >nexTpocHa0KEHHUE MACCAKUPCKOTO BaroHa, OTEUECTBECHHBIC

boTorNeKTprUYEeCcKUE MaHEH, PacUET JIEKTPOIHEPT U, MOJEIUPOBAHHE.

The types of power supply systems for passenger cars are considered, a method for calculating
the current and power of a photovoltaic panel depending on the output voltage is presented,
modeling for the domestic SIR330W-24 (5BB) PERC photovoltaic panel is performed, the
adequacy of the model is proved based on comparing the calculation results with technical
documentation, the dependences of the output parameters of a photovoltaic panel on voltage for
various environmental conditions are constructed Wednesday, the possibility of using
photovoltaic panels as an additional power source for a passenger car is shown.

Key words: passenger car power supply, domestic photovoltaic panels, electricity calculation,

modeling.
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CucremMa TenjaI0BOro HaAKOMUTEJISI JHEPIUU HA TATOBOM NMOJACTAHIMA METPOINOJIUTEHA sl
YTHJIM3AIUH W30bITOYHON SHEPTUHU peKynepanuu

OI'AHOB C.B., KOBAJIEB K.JI., IIEBJIFOI'IH M.B.

[TpuBeneHbl TaHHBIE MO OLIEHKE 00BEMOB U30BITOUYHOM SHEPTUU PEKYIEPALIMH B CUCTEME
TATOBOTO AJIEKTPOCHAOXKEHHSI MOCKOBCKOTO METPOTIONUTEHA U TEXHUYECKUM CPEJICTBAM T10 €€
YTHJIM3ALKU C TOMOIIBIO PA3IMYHOIO PoJia Hakonutenen sueprun. [IpeacraBieHbl KOHCTPYKIUS
TEIUIOBOTO HAKOMUTENS SHEPTUU U PUHLUITHAIbHASI CXeMa €ro MOJKIIOUEHHUS K TATOBON CETH.
OrnucaHbl OCHOBHBIE 3JIEMEHTHI KOHCTPYKIINH, CUCTEMbI YIIPaBJIeHHsI, 0COOEHHOCTHU XJIaJjareHTa
Y TIPUHIIUT PaOOTHI BCEH CUCTEMBI TEIUIOBOTO HAKOMUTENS SHEPTUU. VICTIOTB30BaHbI PE3yIbTaThI
AKCTIEPUMEHTAJIbHBIX UCCIIEIOBAHUMN CTAIIMOHAPHOT'O HAKOMUTEIIS SJIEKTPUUECKON IHEPTUU JIst
YTHJIM3AIUN U30BITOYHON YHEPTUH PEKYIIEpAIIUU Ha JICHUCTBYIOIICH TATOBOW MOACTAHITIN
MockoBckoro MetpornonuTeHa. [IpuBeneHsl oclMUIOrpaMMbl TOKA U HATIPSKEHUST HAKOTIUTENS B
peXHMe peallbHOTO BPEMEHH B TEYCHUE CYTOK, a TAK)XKE PE3yIbTaThl CTATHCTHYECKON 00pabOTKI
sHepro3arpat. [IpuBeneHa MeToIMKa OIIEHKU CPEeIHEN SNMEKTPHUUECKON MOITHOCTH OTPEOICHUS
M30BITOYHON SHEPTHH PEKYIIepalii, KOTopas B MOCIEAYIOLIeM peodpa3yeTcs B TEIJIOBYIO
sHepruto. Ha ocHOBaHMM SKCTIEpUMEHTANIBHBIX JAHHBIX BBITIOJHEHA OLEHKA BO3MOXKHOM
TUTOMIA/IA OTOIUICHUS MMOMEIIEHUI METPOTIOIUTEHA 33 CYET U30BITOYHON SHEPTUH PEKyIepaluu
IPU TOPMOKEHUH TOE30B.

Knroueswie cnoea: TIroBasi CeTb METPOIIOJIUTEHA, CUCTEMA TSATOBOTO 3JIEKTPOCHA0KEHHUS,

SHEPrus peKyrnepauu, TeI0BO HaKOMUTENb SHEPTUH, SJHEPTOCOEepEKEHNUE.

The data on the assessment of the volume of excess energy recovery in the traction power supply
system of the Moscow metro and technical means for its utilization using various types of energy
storage are presented. The design of a thermal energy storage device and a schematic diagram of
its connection to the traction network are presented. The main design elements, control systems,
features of the refrigerant and the principle of operation of the entire thermal energy storage
system are described. The results of experimental studies of a stationary electric energy storage
device for the utilization of excess energy recovery at an operating traction substation of the
Moscow Metro are used. The oscillograms of the current and voltage of the storage device are
presented in real time during the day, as well as the results of statistical processing of energy
consumption. A method for estimating the average electrical power consumption of excess
energy recovery, which is subsequently converted into thermal energy, is presented. Based on
experimental data, an assessment was made of the possible heating area of the subway premises

due to excess energy recovery during train braking.



Key words: traction network of the subway, traction power supply system, energy recovery,

thermal energy storage, energy saving.
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BricokoyacToTHOE cMH(A3HOE HANIPSKEHUE KAK NPUYUHA MOBPEKACHUS MOAUITHUKOB
TATOBBIX JJIEKTPOABUIaTE el

JIMTOBYEHKO B.B., ITYJOBUKOB O.E., HA3APOB /I.B., POTAHOB B.H., [IIAPOB B.A.
AHaJII/I3 MMPpOLCCCOB B CHJIOBBIX 3JICKTPUUCCKHUX LCIAX TATOBOTO ITPUBOJA 3JICKTPOIIOC31a
MOCTOAHHOI'O TOKA C aCUHXPOHHBIMHU ABUT'AaTCIIAIMU MOKAa3aJl, YTO HaI/IGOHI:IJ_II/Ie 3HAYCHUA
cuH(}a3HOTO HANIPSHKEHUST BOSHUKAIOT MPHU MTYCKE ACHHXPOHHOTO TATOBOTO JBUTATEIIS
3JIEKTpomnoe3aa. B 3ToM pexxrMe NoAMUITHUKOBBIE TOKH U UX YaCTOTa MOTYT JIOCTUTaTh
MaKCHUMAaJILHBIX 3HAUEHUH U 6BITI> HpI/I‘II/IHOfI MOBPCIKACHHUA MMOAIIHUITHUKOB TATOBBIX HBHFaTGHeﬁ.
HyTeM MAaTCMaTUYCCKOTIO UMUTALIMOHHOI'O SKCIICPUMCHTA OIIPCACIICHBI q)aKTOPBI, BBI3BIBAIOIIIUEC
MOBPEXKICHUSI TIOIIITUITHUKOB TATOBBIX JIBUTATEJICH MPH BO3ACHCTBUU CHH(A3HOTO HAIIPSHKCHHUS.
IToka3zaHo, 4TO MPUMEHEHUE MOTOPHO-SIKOPHBIX MOJIIUITHUKOB C 3aIUTHBIM JTUAJICKTPUIECKUM
IMOKPBITUCM SBJIACTCA 3(1)(1)CKTI/IBHI:IM MCTOOM CHUIKCHHS MOBPCKAACMOCTHU IMOJIINUITHUKOB
6J1aroz[ap51 CMKOCTHOMY COIIPOTHUBJICHUIO U YMCHBIICHUIO TCM CAMBIM MOAIIUITHUKOBOI'O TOKA,
OJIHAKO OCHOBHBIM CPEJICTBOM CHHM>KEHHUS BRICOKOYACTOTHBIX TOKOB SIBJISIETCSI HAJIJIEXKaIast
cucreMa 3a3zeMieHusl. Heo6XoamumMo yMeHbIaTh aKTHBHOE COMPOTUBIICHUE M MHAYKTHBHOCTh
3a3CMJIAIOICTO MPOBOJA IMYTEM 3a3C€MJICHUA OCTOBA TATOBOI'O ABUTAaTCIId HA OCb HpHBOHHMOﬁ 15001
B JIBIDKEHHE KoyiecHOU napsl. Kpome Toro, Mmydry, nepearonryto Bpalaoni MOMEHT OT
TSATOBOTO JABUTATENS K PEAYKTOPY, PAllMOHAIBHO BBIMOJIHSIThH U3 JIEKTPUYECKH HEMTPOBOASIINX
MaTepHaIOB.

Knrouegvie cnosa: >nexTponoes ] NOCTOSHHOIO TOKA, aCHHXPOHHBIN TSATOBBIN JBUTATENb,
MOTOPHO-AKOPHBIC MOANIUITHUKH, ITOBPCIKIACHUC IMTOAIIUITHUKOB, BLICOKOYAaCTOTHOC CI/IH(I)aSHOG

HaIpsKCHUE, CUCTEMA 3a3€EMIICHH .

An analysis of the processes in the power electric circuits of the traction drive of a DC electric
train with asynchronous motors has shown that the highest values of common-mode voltage
occur when the asynchronous traction motor of an electric train is started. In this mode, the
bearing currents and their frequency can reach maximum values and cause damage to the

bearings of traction motors. By means of a mathematical simulation experiment, the factors



causing damage to the bearings of traction motors when exposed to common-mode voltage are
determined. It is shown that the use of motor-armature bearings with a protective dielectric
coating is an effective method of reducing bearing damage due to capacitive resistance and
thereby reducing bearing current, however, the main means of reducing high-frequency currents
is an appropriate grounding system. It is necessary to reduce the active resistance and inductance
of the grounding wire by grounding the backbone of the traction motor on the axle of the
wheelset driven by it. In addition, the coupling transmitting torque from the traction motor to the
gearbox is rationally made of electrically non-conductive materials.

Key words: DC electric train, asynchronous traction motor, motor-anchor bearings, bearing

damage, high-frequency common-mode voltage, grounding system.
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3ammTa JUHUH NPOA0JIbLHOIO0 JJIEKTPOCHAOKEHHS OT 3JIeKTPOMATHUTHOIO BJAMSIHUSA
TATOBOM CeTH

BAJIEP M.I1. , EPMOJIEHKO /1.B., KYJIUKOB A A.

BrImonHeHO MOIETMPOBAaHUE U UCCIIEI0BAaHUE 3JIEKTPOMArHUTHOTO BIUSHUS TSATOBOM CETH Ha
CMEXHYIO IPOJOJIbHYIO JINHUIO AIEKTPOCHAOKEHHS B peKHMaxX X0JI0CTOro X0/1a, Harpy3KH,
KOT'JIa Ha MIEPErOHe UMEETCS IEKTPOIOIBIIKHOM COCTAB, U PEKUME KOPOTKOTO 3aMBIKAHHUS B
TATOBOU ceTr. MoenupoBaHUe SJICKTPOMATrHUTHOTO BIIMSIHHSI BBITIOJIHEHO METOJIOM
3epKATBHBIX U300pKEHUH, TSI KOTOPOTO HEOOXOIMMO OBLIIO peruTh ypaBHeHHs JI’ AmamOepa B
WIMHIPUYECKUX KOOPAUHATaX. AHAIN3 U CHHTE3 HECUMMETPUU HaNPSHKEHUH U TTOTOHHBIX
AIIEKTPUYECKUX MapaMeTpoB B (Pa3HBIX IPOBOJIAX, MOSBISIONICICS B pe3ybTaTe
AIIEKTPOMArHUTHOTO BO3JICHCTBUS TATOBOM CETH, TOBOPUT O BO3MOKHOM TPEBBIIIICHUN
HOPMUPOBaHHBIX 3HaueHMH cormacHo [OCT-32144-2013, ocobeHHO B YCIOBHSIX, KOTa
BBICOKOBOJIbTHAS JIMHUS YCTAHABIMBAETCS HA OMOPAaxX KOHTAKTHOU ceTH. [IpennoskeHsl MeTo bl
CHI)KEHHSI HECUMMETPUH AJIEKTPUYECKUX MTapaMeTPOB BO3AYIIHOM JIMHUU TPOA0IHHOTO
AIIEKTPOCHAOKEHHSI, BOSHUKAIOICH M3-32 SJICKTPOMArHUTHOTO BIIMSIHHSI TATOBOW CETH.
Haubonee s3¢pexTrBHOI sBNSETCA 3a1IUTa JIUHUI TPOJOIBHOTO 3JIEKTPOCHAOKEHHS OT
3IEKTPOMArHUTHOTO BJIUSHUS TATOBOM CETH Ha OCHOBE TPAHCIO3UIMH POBOJOB BO3AYIIHOMN
BBICOKOBOJIbTHOM JINHUU 3JIEKTPOCHA0KEHHUS.

Knrwoueswvie cnosa: taroBast ceTh, IJMHAU IPOJIOIBHOTO 3JIEKTPOCHA0KEHUS, SJIEKTPOMAarHUTHOE

BJIUAHUC, HCCUMMCTPUS HaHpH)KeHHﬁ, TPAHCIIO3ULIUS TPOBOJOB.



Modeling and investigation of the electromagnetic effect of the traction network on the adjacent
longitudinal power supply line in idle mode, load when there is an electric rolling stock on the
stage, and short circuit mode in the traction network are performed. The simulation of
electromagnetic influence was performed by the method of mirror images, for which it was
necessary to solve the D'Alembert equations in cylindrical coordinates. The analysis and
synthesis of the asymmetry of voltages and linear electrical parameters in phase wires, resulting
from the electromagnetic action of the traction network, indicates a possible excess of the
normalized values according to GOST-32144-2013, especially in conditions when the high-
voltage line is installed on the supports of the contact network. The methods of reducing the
asymmetry of the electrical parameters of the overhead line of longitudinal power supply arising
from the electromagnetic influence of the traction network are proposed. The most effective is
the protection of longitudinal power supply lines from the electromagnetic influence of the
traction network based on the transposition of wires of an overhead high-voltage power supply
line.

Key words: traction network, longitudinal power supply lines, electromagnetic influence, voltage

asymmetry, wire transposition.
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IlepcrieKTHBHBbIE HCTOYHUKHM MUTAHUSA A1 MOTOPBATOHHOIO NMOABHKHOI'0 COCTABA
BOJIPUKOB JI.1., UTHbKOB [O.M., ®AIEUKWH T.H.

PaccMoTpeH BapraHT MOJICpHHU3AINH SKCIUTyaTHPYIOLIETOCs! MOTOPBAarOHHOTO TIOABHKHOTO
COCTaBa MyTeM NPUMEHEHUS MYJIbTUTOIUTUBHBIX HAKOIUTEICH JIEKTPOIHEPTUH JIIS
aBTOHOMHOTO X0/Ia 110€3/1a Ha ONpeAeIEHHOE PACCTOSIHUE, UCIIOJIb30BAHMSI SHEPT U
pEeKyIepalny 1 yMEHbIICHUS BPeIHBIX BHIOPOCOB B ropojckoit uepre. [lpu nepurure sneprun
WM aBapUIHOMN CUTYyallny HaKOIIUTEIb JIOJDKEH KOMIIEHCHPOBATh €0 U3 BHYTPEHHUX
SHEPTreTHYECKUX PE3EPBOB BaroHa.

Knrwoueswvie cnosa: MOTOpBAaroHHBIN TOJBUKHOM COCTaB, KOHTaKTHAsI CE€Th, HAKOIIUTEIb

AIIEKTPOIHEPIUH, CYIIEPKOHIEHCATOP.

The option of upgrading the operating motor car rolling stock by using multi-fuel electric power
storage devices for autonomous train travel over a certain distance, using energy recovery and
reducing harmful emissions in the urban area is considered. In case of a shortage of energy or an

emergency, the storage device must compensate for it from the internal energy reserves of the



car.

Key words: motor car rolling stock, contact network, electric power storage, supercapacitors.
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IIporno3upoBanue aHomMa/uil B padoTe TATOBBIX JJIEKTPOABUIaTeJIeH

CUAOPEHKO B.I'., KYJIATH M.A.

CraTbs noCBsIIIeHa aHAIN3Y, 000OLIEHNIO U PA3BUTHUIO OIBITA PELICHUS 33/1a4 IPEIUKTUBHON
AQHAJIUTUKH, KOTOPBIE CYILIECTBEHHO BIUAIOT Ha 0€30IaCHOCTb ABMKEHU. [IpuMeHeHre HOBBIX
METPHUK Ka4eCTBa OLEHKH pabOThl MOEIH, NCTIOIb30BAHUE «CKPBITHIX)» MPU3HAKOB paOOTHI
TSATOBOTO AJIEKTPOJBUTATENS ISl OLIEHKHU €T0 COCTOSIHUS, COUETAaHUE PA3ITUYHBIX METOJIOB
MAaIIMHHOTO 00Y4YeHHUs O3BOJISIFOT TOBBICUTH KAaUeCTBO paboThI Mozesei. PaccMoTpeHs! 3Tamnsl
paboThI MOAEH: NTOKa3aH crlocod GOpMUPOBaHMS IPU3HAKOB U MHOKECTBA UCXOHBIX JAHHBIX;
BbIOpaHa METpHKa KauecTBa pabOThl aJITOPUTMA U HHTEPBAJIOB HAOIIOACHUHN; TIPEATIOKEHBI
pa3IMyHbIe CTIOCOOBI IIOCTPOCHUS AITOPUTMA OIIEHKH COCTOSIHUS TATOBBIX JIEKTPOJBUTATENICH U
IPOBE/IEHO CPABHEHHUE PE3YJIbTATOB UX PAOOTHI C peabHbIMU JaHHBIMU. [Toka3aHbl
BO3MOXHOCTH UCIIOJIb30BAHUS PE3YJIbTATOB Pa0OThl aBTOKOAUPOBIIUKA, BO3MOKHOCTH
pacipeHust 06JacTi IPUMEHEHHUSI paHee BBEICHHBIX METPUK B paMKax BHOBb BBE/ICHHBIX,
B)XHOCTb MCIOJIb30BAHUS B KAUECTBE UCXOAHBIX TAHHBIX HE TOJIBKO PE3YJIbTaTOB
IEKTPOTEXHUYECKUX U3MEPEHNUH, HO M TMATHOCTHUECKUX COOOICHUH.

Knrwoueswvie cnosa: >neKTpOBO3bI, TATOBBIE AIEKTPOABUTATEINN, IPEIUKTUBHAS aHAIUTHUKA,

MAalIMHHOC 06yquHe, ABTOKOJUPOBIIIHUK.

The article is devoted to the analysis, generalization and development of experience in solving
predictive analytics problems that significantly affect traffic safety. The use of new quality
metrics for evaluating the operation of the model, the use of «hidden» signs of the traction motor
to assess its condition, and a combination of various machine learning methods can improve the
quality of the models. The stages of the model operation are considered: the method of forming
features and a set of initial data is shown; the metric of the quality of the algorithm and
observation intervals is selected; various methods of constructing an algorithm for evaluating the
condition of traction motors are proposed and the results of their operation are compared with
real data. The possibilities of using the results of the auto-encoder operation, the possibility of
expanding the scope of previously introduced metrics within the framework of newly introduced
ones, the importance of using not only the results of electrical measurements, but also diagnostic

data as input data are shown.



Key words: electric locomotives, traction motors, predictive analytics, machine learning, auto

encoder.
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CucreMa aBTOMaTH4Y€CKOTI'0 YNIPABJIEHHUS] CKOPOCTHI0O MPUTOPOIHOTO JIeKTPoIoe31a
BAPAHOB JI.A., JIETKA4 B.1., ITY IOBUKOB O.E.

PaccmoTrpena Mozenb cucTeMbl aBTOMAaTHYECKOTO YIPABICHUS CKOPOCTHIO IBHUKEHUS
3JEKTPONOEe3/1a ¢ IepeMeHHOM cTpykTypoil. [loe3n Monenupyercs kKak MHOTOMaccoBasi CUCTEMA,
U3MEPUTENIbHBIN TPaKT CKOPOCTH MOJAETUPYETCS C YUETOM YCPEIHEHUs, BpeMEHHOM
TUCKPETH3AIMK U KBAaHTOBaHUS M0 ypoBHIO. [Ipemmaraercst puiubTparius morpenHocT!
KBAaHTOBAHUS 110 YPOBHIO (DUIBTPOM HIDKHUX 4acTOT. [[puMeHEH 3aKOH yIpaBIeHUs C
MEPEMEHHOM CTPYKTYpPOl: MPOMOPIHUOHAIBHBIN WIIM MPOMOPIHOHATIBHO-UHTETPATIbHBIN C
MPOrHO30M paccoriacoBanus. [IpoBenena ontumuzanus Ko3GGUIMEHTOB PETYIATOPA 1O
BBIOpaHHOMY 0000IIEHHOMY KpuTepuio. Mcmonb3yercs oOpMUpPOBaHHE YITPABISIONTUX
CUTHAJIOB, MTO3BOJISIFOIIEE YIYUIIUTh TUHAMUKY CHCTEMbI. AHATTU3UPYIOTCS PE3YIIbTATHI
MMUTAIMOHHBIX SKCIIEPUMEHTOB, TO3BOJISIONINE OLEHUTH () PEKTUBHOCTD PETYIATOPA.
Knroueswvie cnoea: cKOpoCTHOM 3JIEKTPONOE3, CUCTEMAa aBTOMATHUECKOIO yIIpaBJICHHUS,
KaueCTBO YNPABJICHUS, TAPAMETPUUECKUN CUHTE3, IOKA3aTeIu KauecTBa, IPOTHO3

paccoriacoBanus, ¢punbTp barrepsopra.

A model of an automatic speed control system for an electric train with a variable structure is
considered. The train is modeled as a multi-mass system, the speed measuring path is modeled
taking into account averaging, time sampling and level quantization. It is proposed to filter the
quantization error by a low-pass filter. The law of control with a variable structure is applied:
proportional or proportional-integral with a mismatch forecast. The optimization of the regulator
coefficients was carried out according to the selected generalized criterion. The formation of
control signals is used to improve the dynamics of the system. The results of simulation
experiments are analyzed to assess the effectiveness of the regulator.

Key words: high-speed electric train, automatic control system, control quality, parametric

synthesis, quality indicators, misalignment forecast, Butterworth filter.
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