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Conepxanue
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ABTOMATH3alUsl MOHTAKA NPOBOI0B BbICOKOBOJILTHOI JTHHUM TATOBOIO
3J1eKTPOCHAOKEHHS HA NIePEMEHHOM TOKe

BAJIEP M.II., KVJIUKOB A.A.

[TpuBeneHa Moienp MEXaHU3UPOBAHHOTO MOOUIIBHOTO MOHTa)KHOI'O KOMILJIEKCa sl
MOHTa’ka MPOBOJOB BO3AYLIHOM JIMHUHU, COCTOSIIEr0 U3 KpaHa-MaHUIYJIATOpa AJIsl IoABECa
IPOBOJOB M KPYTHUJIBHON MAaIIMHBI JJIs1 IOBOPOTA BO3AYIIHOW JIMHUM Ha 60 rpagycoB Mexay
oTmopaMu, KOTOPKI 0asupyeTcs Ha miatrdhopMe, CHOCOOHOH JIeTKO TepeMenIaThCsl BIOb
CTPOUTENIFHON TpacChl. MOHTaKHBIM KOMIUIEKC CO3/1a€T BO3MOYKHOCTh OECIIPEPHIBHOTO,
0e3pa3phIBHOTO M OJHOBPEMEHHOTO MOHTa)Ka BCEX TPEX MPOBOJIOB IIECTHIIATOBOM
TPAaHCIIO3UIUH BO3AYIIHOW BBICOKOBOJIBTHOM JIMHUM HA KaXJ 0N OIIOPE 110 BCEU €€ JJIMHE B
aBTOMATHYECKOM pexnuMe. Takasi TEXHOIOTUs MOHTaXa M03BOJIAET 3HAUUTEIbHO COKPATUTh
BpeMs Ha IPOU3BOJACTBO CTPOUTENbHBIX pa0OT, YMEHBIIUTh BIUSHUE YEI0BEUYECKOTO
(akTOpa 1 MOBBICUTH 0€30MACHOCTH BHIMOJHEHUS MOHTAXA.

Knrwoueesvle cnosa: troBas ceTb KeJIe3HBIX JOPOT, MOHTAX ITPOBOIOB, MOOWIIbHBIH

MOHTAaKHBII KOMILICKC, TPAHCIIO3UIIUA BOSZ[YHIHOﬁ BBICOKOBOJBTHOM JTHHHU.

A model of a mechanized mobile installation complex for the installation of overhead line wires
is presented — a mechanized complex consisting of a manipulator crane for hanging wires and a
torsion machine for turning the overhead line by 60 degrees between supports, which is based on
a platform that can easily move along the construction route. The mechanized complex creates
the possibility of continuous and simultaneous installation of all three wires of a six-step
transposition of an overhead high-voltage line on each support along its entire length in
automatic mode. This installation technology will significantly reduce the time for construction
work, reduce the influence of the human factor and improve the safety of installation.

Key words: railway traction network, wire installation, mobile installation complex, transposition

of an overhead high-voltage line.
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BJiiusiHMe MPOrHO3a PaccorjacoBaHus HA Ka4eCcTBO YNPaBJIeHHs B 3aMKHYTBIX
AaBTOMAaTHYEeCKHX CHCTeMAax
BAPAHOB JLA., [TYJOBUKOB O.E., BAJJAKHA E.IL
Paspabotana meronuka onpeneneHus 3pPEeKTUBHOCTH UCTIONb30BaHUS IPOrHO32
paccoriacoBaHus B 3aKOHaX IMU(POBBIX ABTOMATHYECKUX CHCTeM ynpasieHus. [Iporuos
paccoriacoBaHts peaTu3yeTcs IKCTPANOIITOPOM, PAaOOTAIOIINM B peaIbHOM BPEMEHH U
ucnons3yronieM (M + 1) npeapiaynux 0TCYETOB PACCOTTACOBAHUS, ANPOKCUMUPOBAHHBIX
MHOrowieHaMu YeObIleBa, OpTOrOHaJILHBIMU Ha MHOKECTBE PAaBHOOTCTOSIIUX TOYEK 1O
METO/y HaUMEHBIINX KBaJIpaTOB. BHIMOIHEH aHAaIN3 BIMAHUS Ha KAYECTBO YIPaBJICHUS
nononHenus [N ]] 3akoHa ynpaBieHHs] COCTaBIAIONIEH MPOrHO3a PACCOTIaCOBaHUS.
Kntouegvie cnosa:udpoBeie aBTOMAaTHUECKHE CHCTEMBI YIIPABICHNUS, KAYECTBO YIIPABICHUS,

nporHo3 paccornacoBanusi, [I1M/[-3akoH ynpaBieHus, MHOro4IeHbl YeObiiena.

A technique has been developed for determining the effectiveness of using the mismatch forecast
in the laws of digital automatic control systems. The mismatch is implemented by a real-time
extrapolator using (M+1) previous mismatch readings. Mismatch readings are approximated
many Chebyshev roots orthogonal on a set of equidistant points using the least squares method.
The analysis of the influence of the quality of the PID control with prediction carried out.

Key words: digital automatic control systems, control quality, mismatch prediction, PID control,

many Chebyshev roots.
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CucremMa aBTOMATHYECKOT0 YIIPaBJIeHHs CUJIOBBIM MOJIYNPOBOIHHKOBBIM
npeodpaszoBartesieM JJIsl TEMJI0BO30B € KOJIJIEKTOPHBIMH TATOBBIMHU ABUIATEISIMH
EBCEEB B. 10., CABOCBKHH A.H.
PaccMmoTpensl cTpyKTypa, IPUHIUIT PaObOThI M MPEUMYIIECTBA TPAH3UCTOPHOTO
npeoOpa3oBates Il TEIUIOBO30B C KOJUIGKTOPHBIMH TATOBBIMU JIBUTATEIsIMU. [IpuBeneHa

(GyHKIMOHATIBHAS CTPYKTYPa CUCTEMBI aBTOMAaTHUECKOTO YIPaBJICHUS peoOpa3oBaTesieM JUIs



peXuMa TATH, a TAK)KE MaTeMaTHYECKasi MOICNIb MPUBO/IA, UCTIOJIb30BAHHAS ISl pACUETOB.
[IpuBeneHb! pe3ynbTaThl MATEMATHYECKOTO MOJCIIUPOBAHUS PAOOTHI TATOBOTO IPUBOJIA B
CTallMOHAPHBIX U JUHAMHYECKUX peKuMax. PaccCMOTpEHbI 3JIEKTpOMarHUTHbIE U
AJIEKTPOMEXAHHYECKHUE TIPOIECCHI, MPOUCXOIAIINE B TATOBOM IPUBO/IE TIPH MTOTHOM
BO30Y)KJICHHH, a TAK)KE NMPU YCHWICHUH U ociabiieHnn Bo30yxaeHus. CaenaHbl BBIBOIBI O
paboTOCTIOCOOHOCTH MPENTIOKEHHOM CUCTEMBI aBTOMATUYECKOTO YITPABJICHUS TATOBBIM
MOJTYTIPOBOTHUKOBEIM MpeoOpa3oBaTeieM.

Knwueswie cnosa: TAToBbIN NPUBOJ, KOJUIEKTOPHBIM TSATOBBIM ABUTATENb, CUCTEMA
ABTOMATHUYECKOTO YIPaBJICHUS, TPAH3UCTOPHBIN IPeoOpa3oBaTeb, MOJICTUPOBAHHIE,

MaTEMaTU4dYCCKasg MOACIb.

The structure, operating principle and advantages of a transistor converter for diesel
locomotives with collector traction motors are considered. The functional structure of the
converter automatic control system for traction mode is given, as well as the mathematical model
of the drive used for calculations. The results of mathematical modeling of traction drive
operation in stationary and dynamic modes are presented. The electromagnetic and
electromechanical processes occurring in the traction drive at full excitation, as well as with the
amplification and attenuation of excitation, are considered. Conclusions are drawn about the
operability of the proposed system of automatic control of a traction semiconductor converter.
Key words: traction drive, collector traction motor, automatic control system, transistor

converter, modeling, mathematical model.
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CpaBHUTe/IbHASI XaPAKTEPUCTHKA IJIEKTPONPHUBOAOB C CUCTEMON BEKTOPHOT0 YIIPABJIeHHUS
ACHHXPOHHBIM JIBUTaTeJIeM

MHBKOB 10.M., KOCMOJAMMWAHCKHWH A.C., [TIYTAYEB A.A., YVIIPUHA H.B.,
®AJIEVMKNH T.H.

[TokazaHa akTyaabHOCTh IPUMEHEHUS AMEKTPOINPUBOOB C CUCTEMaMU BEKTOPHOTO yIPaBIIECHUS
ACUHXPOHHBIMU JIBUTATEIISIMU Ha TATOBOM IOJBMXHOM cocTaBe. JlaHa cpaBHHUTENbHAS OLIEHKA
3JICKTPOTIPUBOJIOB C ATOPUTMAMH IIMPOTHO-UMITYJILCHOM M TIPOCTPAHCTBEHHO-BEKTOPHOM

MOAYJIALMK HAIIPAXKCHHUA aBTOHOMHOI'O HHBEPTOPA B COCTABE CUCTEMBI BEKTOPHOT'O YIIPABJICHUA



acCMHXpOHHOTO ABUrarens. CHHTe3MpoBaHa CHCTEMa BEKTOPHOT'O YIIpaBJIeHUs C OpUEHTAIUeH 1o
MOTOKOCIIETUICHUIO POTOpa, MpUBeeHa ee (yHKIIMOHAIbHas cxema. Pazpaborana
MareMaTnidecckKasa MoA€CJIb U q)YHKI_[I/IOHaJIBHaH CXEMa CUCTCMBI YIIPABJICHHUA ABYXYPOBHCBOI'O
ABTOHOMHOT'O MHBEPTOPA HAMPSKEHUS, peau3yIolias alrOpUTMbI TPOCTPAHCTBEHHO-BEKTOPHOI
Moxayssiiuu. Pa3paboTanubie cxeMbl coOpaHbl B mporpaMMHOM komruiekce MATLABSimulink;
MO0 U3BCCTHBIM U PAHCC aHp061/IpOBaHHbIM MaTEMAaTHYCCKHUM 3aBUCUMOCTAM TAaKXE 006paHa
CHCTEMaA YIPaBICHUI HHBEPTOPOM, PEaIU3yIOIIas MUPOTHO-UMITYJIHCHYIO MOIYIIALUIO.
[TpuBeneHbl pe3ynbTaThl MOACIUPOBAHUS ISl SJIEKTPOIPUBOJIA C ACHHXPOHHBIM JIBUTATEIEM
MomrHOCThIO 110 kBT, MOZI€)Th KOTOPOTO YUHTHIBAET OTEPU B OOMOTKAX CTaTopa M poTopa U B
MarHUTOIIPOBOJIE CTATOPA; BHITIOIHEH aHAJIN3 SHEPreTHYECKON Y(PPEKTUBHOCTH U BIUSHUS
croco6a MOAYJISIIIK HA TTOKA3aTeH Ka4eCTBa dJIEKTPOIPUBO/IOB.

Knroueswvie cnoea: acuHXpoHHBIN ABUTaTeNb, BEKTOPHOE YIIpaBICHUE, MOIYJISALUS, TOTEPU

MOIIIHOCTH, KOA(P(UIIUEHT rapMOHUYECKIX NCKAXKEHUI, KOMITBIOTEPHOE MOJIETTUPOBAaHUE.

The relevance of implementation of induction motor electric drives with vector control system in
the traction rolling stock is shown. The aim of the investigation to be presented is to give a
comparative assessment of voltage source inverter electric drives with algorithms of pulse width
and space-vector modulations integrated in the vector control system of induction motor. Vector
control system with orientation to rotor flux linkage is developed, its functional diagram is given.
A mathematical model and functional diagram of the control system of a two-level voltage
source inverter which implements space-vector modulation algorithms has been developed. The
developed schemes and topologies are assembled in the MATLAB Simulink software package;
according to known mathematical dependencies, the control system of a two-level voltage source
inverter which implements pulse width modulation is also assembled. The results of simulation
are presented for the 110 kW induction motor electric drive; the mathematical model of the
induction motor takes into account power losses in stator and rotor windings and in stator iron
and typical nonlinearities of saturation and resistances. Analysis of energy efficiency and
influence of modulation technique on electric drive quality indicators depending on induction
motor control system and rated power of induction motor is highlighted.

Key words: induction motor, vector control system, modulation, power losses, total harmonics

distortion, computer simulation.
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JMarHocTika TAroBbIX JIEKTPOABUTIaTeJIel JIEKTPONOABUKHOI0 COCTABA €
HCIO0/1b30BAHNEM HCKYCCTBEHHbIX HEHPOHHBIX ceTel

KOCMOJIAMHUAHCKMUIA A.C., THBKOB FO.M., MEHII[IKOB U.A., BATAILIOB C.U.
[IpencraBieHsl pe3yabTaThl UCCIEAOBAHUN B 00JAaCTH TUArHOCTUPOBAHUS TSATOBOTO
anekrpoasuratens 1J[T.003.11 snektponoes3na nepemeHHoro Toka cepun D131 ¢ momouisio
MOJICJIMPOBAHMSI aBAPUIHBIX PEXUMOB (PYHKLIIMOHUPOBAHUS SIIEPHOM HelipoHHOI ceTn. Ha
OCHOBaHUU aHalln3a rpaduka nceB1oCHeKTpa MOIIHOCTH, BHIIOJTHEHHOTO € TIOMOIIIBIO

1 poBoit 00pabOTKH OCIUIITIOTPaMMBI KPUBOH TOKa B makete nmporpamMmmbl MATLAB,
IIOJIyY€HBI B BUJIE TAaOJIUIIBI AUCKPETHBIE 3HAUEHUS YACTOTHBIX COCTABIISIFOIINX
JOTapu(pMHUECKOTO CHEKTPa TOKAa B OOMOTKE SIKOPSI M COOTBETCTBYIOIME UM 3HAYCHUS
MOIIIHOCTH CHUTHAaJa, CIy>KaIllKe JUIsl KJIaCTEPU3aLUU OTKA30B TSATOBOIO AJIEKTPOIBUTaTENs
anekTponoesaa. Hane:KHOCTh TATOBBIX 3JEKTPOABUTaTENIEH ¢ MOBBIIIEHHBIM OTPaOOTaHHBIM
pecypcoM mpeasiaraeTcsi OIEHUBAThH C MMOMOIIIbIO siIepHON HelipoHHOM ceTu B makete MATLAB.
PesynbTaTom uccienoBaHus TMarHOCTUYECKOIO IPOLEcca ¢ UCII0Ib30BaHUEM KilacTepU3aluu
OTKa30B TATOBOTO 3JIEKTPOJBUTATENS SBISIETCS OlleHKa 3(P(HEKTUBHOCTH MPAKTUYECKOTO
MCIIOJIb30BAaHMS UCKYCCTBEHHOW HEMPOHHOM CETH C S/IEPHOM CTPYKTYPOl B 3a7a4ax
JMarHOCTUPOBAHUS B 3aBUCUMOCTH OT TEXHUUYECKOT'O COCTOSIHUS TSTOBOT'O JIEKTPOABUTATENS HA
TEKYIIMA MOMEHT 3KCILTyaTaluH.

Kniouegvle cnoga: TATOBBIN SIIEKTPOJABUTATENb, TEXHUYECKAsl TUArHOCTHKA, SAEPHAS

HEUPOHOBAS CETh.

The results of research in the field of diagnostics of the traction electric motor 1DT.003.11 of the
electric train of alternating current of the EP3D series by means of modeling of emergency
modes of functioning of the nuclear neural network are presented. Based on the analysis of the
power pseudospectrum graph performed using digital processing of the current curve waveform
in the MATLAB program package, discrete values of the frequency components of the
logarithmic current spectrum in the armature winding and their corresponding signal power
values are obtained in the form of a table, serving for clustering failures of the traction electric
motor of an electric train. The reliability of traction motors with an increased spent resource is
proposed to be evaluated using a nuclear neural network in the MATLAB package. The result of
the study of the diagnostic process using clustering of traction motor failures is an assessment of
the effectiveness of the practical use of an artificial neural network with a nuclear structure in

diagnostic tasks, depending on the technical condition of the traction motor at the current



moment of operation.

Key words: traction electric motor, technical diagnostics, nuclear neural network.
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DJIEeKTPOMAarHUTHbIE MPOIECCHI B CHJIOBOI cXeMe 3JIEKTPOB03a ¢ YNPaBJsieMbIM
npeodpaszoBaresieM B030y:KIeHUSs

MUXAJIBYVYK H.JIL., CABOCBKMH A.H., YYUNH A.A.

Jlns ynydiieHus: yeJaoBHM CLETIIEHHSI KOJIEC 3JIEKTPOBO30B C pelbCaMt Mpeaiaraercs
HUCIIOJIB30BAaTh TAT'OBBIC ABUT'AaTCIIN C HE3aBUCUMbBIM BO36y)KI[CHI/ICM. C sront IICJIBIO B CHUJIOBOI
CXeMe AJIEKTPOBO3a 0JHO(AZHO-TIOCTOSHHOTO TOKA MPEIaracTcs HCIOIb30BaTh YIPABIIIEMbIC
npeoOpa3oBaTesy BO30YKICHUs, ITYHTHPYIOIINE KaXIyl0 00MOTKY BO30ykaeHus. [IpuBenena
CUJIOBas CXeMa AJIEKTPOBO3a, MaTeMaTH4eCcKasi MOJIEb CUJIOBOM MU 3JIEKTPOBO3a,
MIO3BOJISIONIAs BBIIOJHUTH UCCIIEAOBAHUS pabOThHI YIPaBIseMOro npeodpazoBaTess
B036y)KI[€HI/I§I. HpeﬂCTaBﬂeHbI PE3yJbTaTbl MATECMATUUICCKOTO MOACITIUMPOBAHUA
3JICKTPOMArHUTHBIX TPOIECCOB IIPH paboTe yIpaBIsieMoro nmpeodpasoBaresst BO30YKICHUS B
HOpPMAaJIbHOM PEXUME BO30YKICHHUS, peKUMaxX MOAMUTKY U OTIUTKH. [IpeanoxkenHoe perieHue
N03BOJIsIET 00ECIIEYUTh IUIABHOE HENPEPHIBHOE YIIPABICHHE TOKAMU BO30YKICHHS TATOBBIX
JIBUTATEJICH B peKUMaxX HE3aBUCHMOT'O M MOCIIeI0BATEIBHOTO BO30YKACHU O€3 pa3pbiBa
CUJIOBOI! LIETIH U TIOTEPH CUJIBI TATH.

Kntroueswvie cnoea:nnekTpoBo3, TATOBBIN ABUTaTeNb, TPAH3UCTOPHBIN Mpeodpa3zoBaTelb,
yIpaBJIsieMblii IpeoOpa3oBaTeib BO30YKICHHS, HIEKTPOMArHUTHBIE MTPOIECChl, MaTeMaTHIeCKast

MOACIb.

To improve the conditions of coupling of the wheels of electric locomotives with rails, it is
proposed to use traction motors with independent excitation. For this purpose, it is proposed to
use controlled excitation converters shunting each excitation winding in the power circuit of a
single-phase-DC electric locomotive. The power scheme of an electric locomotive, a
mathematical model of the electric locomotive power circuit, which allows performing research
on the operation of a controlled excitation converter, is given. The results of mathematical
modeling of electromagnetic processes during operation of a controlled excitation converter in

the normal excitation mode, recharge and discharge modes are presented. The proposed solution



allows for smooth continuous control of the excitation currents of traction motors in independent
and sequential excitation modes without breaking the power circuit and loss of traction force.
Key words: electric locomotive, traction motor, transistor converter, controlled excitation

converter, electromagnetic processes, mathematical model.

Onexmpomexnuxa, 2022, Ne9, cmp. 43-46

IToaxox kK NPpOrHO3HMPOBAHMIO BBIX0/A TATOBBIX YJIEKTPOABUIaTEJICH U3 CTPOS
CUJIOPEHKO B.T'., KYJIATYH M.A., MUXAIJIOB C.B.

PaccmoTtpeHsl mokasareny, BIUSIOINE Ha COCTOSHUE TSATOBOIO JIEKTPOABUIaTENs
JIEKTPOIIOABUKHOTO COCTaBA U UCIIOJIb3yEeMbIE Il IPEIUKTUBHON TUATHOCTUKH B paMKax
MHTEJJIEKTYaJIbHOU CUCTEMBI YIIPABICHUS IPOU3BOACTBEHHBIMU PECypCaMU TOPOACKUX
PENBbCOBBIX TPAHCIIOPTHBIX CUCTEM IIPU PELICHUH CIEIYIOIINX 3a]a4: OLCHKN COCTOSTHUS
000pyI0BaHUS TPAHCIIOPTHOTO CPECTBA, MPOTHO3UPOBAHUS €r0 pab0TOCIIOCOOHOCTH U
NPUHATHS pEIIeHUs] 0 HEOOXOJMMOCTH HEIIAHOBOTO OCMOTPa M pEMOHTA; YCOBEPILICHCTBOBAHHS
npoliecca cocTaBieHHs rpaguka 000poTa MOABUKHOIO COCTaBa U €ro afanTaluy 1Mo
JUHAMUYECKH N3MEHSIOIINECS YCIIOBHS; MOBBIIEHNS (P PEKTUBHOCTH YIIPaBICHUS
AIIEKTPONOIBM)KHBIM COCTaBOM, @ UMEHHO, TOBBILICHUSI YPOBHS Pa0OTOCIIOCOOHOCTH U
CHIKEHUS BEPOSATHOCTH HETUIAHOBOI'O PEMOHTA U pa3Mepa U3AEepKeK Ha peMoHT. lIpennoxen
BapHaHT HCIOJIb30BAHUS TAPAMETPOB TOKA SIKOPsI B KAYECTBE NIOKA3aTelsl, BIUAIONMIETO HA
COCTOSIHUE TATOBOT'O JIEKTPOABUTATENS DJIEKTPOIIOABHKHOTO cocTaBa. COCTOSHUE TATOBOTO
JIEKTPOJBUraTENsl OLICHUBAETCS HA OCHOBE CPABHEHUS CEKIIUM, HA KOTOPBIX BBIIIOJIHAJICA
HETIAHOBBIM PEMOHT U T€X, HAa KOTOPBIX TAKOTO peMOoHTa He Obu10. [IpoBenen 0630p
HCIIOJIb3YEMBIX HA JKEJIE3HOIOPOKHOM TPAHCIOPTE CUCTEM NPEIUKTUBHON TUAarHOCTUKH JUIS
JIOKOMOTHBOB.

Knrouesvie cnoea: ropoaCKoi penbCOBBI TPAHCIIOPT, MHTEIIEKTYAJIbHOE YIIPABIECHUE, TATOBBIN

SJICKTPOABUIATCIIb, TOK AKOPS.

The indicators affecting the state of the traction electric motor of an electric rolling stock and
used for predictive diagnostics within the framework of an intelligent system for managing the
production resources of urban rail transport systems in solving the following tasks are
considered: assessing the condition of the vehicle equipment, predicting its operability and

deciding on the need for unplanned inspection and repair; improving the process of scheduling



the turnover of rolling stock and its adaptation under dynamically changing conditions;
improving the efficiency of electric rolling stock management, namely, increasing the level of
efficiency and reducing the likelihood of unplanned repairs and the amount of repair costs. A
variant of using the parameters of the armature current as an indicator affecting the state of the
traction motor of an electric rolling stock is proposed. The condition of the traction motor is
estimated based on a comparison of sections on which unplanned repairs were performed and
those on which there was no such repair. The review of predictive diagnostics systems used in
railway transport for locomotives is carried out.

Key words: urban rail transport, intelligent control, traction electric motor, anchor current.
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ABTOMATHYECKHI KOHTPOJIb U3JI0MA PeJIbCOB HA YyYACTKAX € JIEKTPOTATOM NMepeMeHHOTr0
TOKA

[ITAMAHOB B.U., JEHEXXKHWH /1.B.

YBenuueHne CKOpOCTH U MHTEHCUBHOCTHU JABUKCHUS TSXKEJIOBECHBIX TI0€3/10B Ha HanboJsee
3arpy’KeHHBIX JIEKTPUPUIIMPOBAHHBIX YUaCTKaX >KEJIE3HBIX JOPOT MPUBOAUT K POCTY
BEPOSITHOCTH M3JI0MA PEIHCOB M MOBBILIAET TSKECTh MOCIEICTBUN MTPU TAKUX U3JIOMaX.
Pazpaboran criocob KOHTPOJIS H3710Ma PEeIbCOB HAa TAKUX YJacTKaX W OJIMH U3 BaPHAHTOB
TEXHUUYECKOH peann3au 3TOro crnocoda, KOTopblie 00eceunBaloT KOHTPOJIb U3JI0Ma PEIbCOB
HE TOJIBKO JIJIS CIIy4aeB MOJIHOTO pa3phiBa penbcoB. OnpeaeneHbl 0COOEHHOCTH U3MEHEHUS
ACUMMETPHUU TATOBOTO TOKA B PEJIbCOBOM JIMHUU MPU U3JIOME PEJIbCa B OJJHON U3 PEIbCOBBIX
HuTel. Eciu u3noM penbca mpoucxouT Mo MOABUKHBIM COCTaBOM, TO BO3HUKAET CKAYOK
ACUMMETPHUU TATOBOTO TOKA B OCBOOOXKJAIOIIEICS OT MOJBUKHOTO COCTaBa YaCTH PEIbCOBOM
JIMHHUM TIPU YXOJI€ TOCJIeAHEN KOJIECHOM mapbl Moe3/1a 3a TOYKY u3JioMa peiibca. Ha BerxomHom
JUTS TIo€3/1a KOHIIE PeNTbCOBOM 1IENMU WIIM Y4acTKa PEIbCOBOM JTUHUM AaCUMMETPUS TATOBOTO TOKa
U3MEHSETCS CKAYKOM, KOT/Ia MOCIISIHSS KOJIeCHAs Tapa Mmoe3/1a OCBOOOXKIAET UX. DTH CKAYKU
ACUMMETPHUH TATOBOTO TOKA U 00eCreYnBaOT BO3MOXKHOCTh (PUKCHUPOBAThH U3JI0M PEJibCa.
[TpenycMOTpeHBbI MEpHI 10 UCKIIOYEHHIO JIOKHOTO KOHTPOJIS U3JIOMa PENIbCOB MPU KOPOTKUX
3aMBIKAHUSAX B KOHTAKTHOW CETU U MPHU T'PO30BBIX pa3psiaax.

Knrouegvle cnosa: u310Mbl pelibCOB, KOHTPOJIb, TOCTOSIHHBIN U MEPEMEHHBIN TSATOBBIE TOKU B

peiIbCax, aCUMMETPHUS TATOBOI'O TOKaA, aBTOMaTHYCCKHI KOHTPOJIb.



An increase in the speed and intensity of heavy trains on the busiest electrified sections of
railways leads to an increase in the probability of breaking rails and increases the severity of the
consequences of such fractures. A method has been developed for monitoring the fracture of rails
in such sections and one of the options for the technical implementation of this method, which
provide control of the fracture of rails not only for cases of complete rupture of rails. The
features of the change in the asymmetry of the traction current in the rail line during the break of
the rail in one of the rail threads are determined. If the break of the rail occurs under the rolling
stock, then there is a jump in the asymmetry of the traction current in the part of the rail line that
is being released from the rolling stock when the last wheelset of the train goes beyond the point
of the rail break. At the train's exit end of a rail chain or section of a rail line, the asymmetry of
the traction current changes abruptly when the last wheelset of the train releases them. These
jumps in the asymmetry of the traction current and provide the opportunity to fix the break of the
rail. Measures are provided to exclude false control of rail breakage in case of short circuits in
the contact network and in case of lightning discharges.

Key words: rail breaks, control, direct and alternating traction currents in rails, asymmetry of

traction current, automatic control.
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Bb10op 3TanoB MogepHU3AIUU TATOBbIX MOACTAHIIUI JJUHUN METPONOJUTEHOB
I'PEUMIITHUKOB B.A.

OcHoBHbIE TPeOOBaHUS, KOTOPBIEC MIPEABSIBISIOTCS K CUCTEME TATOBOTO AJIEKTPOCHAOKEHUS
METPOIIOJUTEHA — 3TO HAIEKHOCTh, OecTiepe00MHOCTh M SKOHOMUYECKasl 1esiecoo0pa3HocTh. [1o
Mepe pa3BUTHS, POCTa MPOTAKEHHOCTH, BBO/Ia B paO0OTY HOBBIX CTaHLUMN, TSITOBBIX MOJCTaHIIHM,
y4acTKH U 0OBEKTHI, BBEIEHHBIC B paOOTy 3HAYUTEILHOE BpeMs Ha3al, TPEOYIOT MOICPHHU3AIUH.
J1Jist 5TOTO HY)KHO pacCUMTaTh B COBPEMEHHBIX YCIOBUSX MapaMeTpbl pabOThl CUCTEMBI TITOBOTO
AEKTPOCHAOXKEHUS M KOPPEKTHO BbIOpATh BCE CUIIOBBIE 3JIEMEHTHI U 00opyaoBaHue. OqHaKO
0o0Jiee BayKHBIM BOIIPOCOM SIBJISIETCS BHIOOP 3TAITHOCTU MOJIEpHU3alMU. BaxkHO COXpaHUTh Bce
y4aCTKH METPOIOJIUTEHA B paboTe, 4TOOBI MOACPHU3AIINS HE 3aTPOHYJIA COLUATbHBIC U
HYKOHOMHYECKHUE aCIEeKThI )KU3HU TOpoa. B cTaThe 3TamHOCTh MOICPHU3ALIMN METPOTIOTUTECHA
JETaIbHO M3Y4YeH C MPaKTUYECKOW CTOPOHBI C MPUBJICUEHUEM peabHbIX apaMeTPOB
(GYHKIIMOHUPOBAHUSI TATOBBIX MOACTAHLIUN METPONOIUTEHA U JJaHbI KOHKPETHBIE

PEKOMEHIalN K.



Knrwueswie cnosa: MCTPOIIOJIMTCH,CUCTEMA TATOBOI'O 3J'ICKTpOCHa6}KCHI/I$I, TAroBasd IoACTaHIIUA,

MOJICPHU3AIHS 3JICKTPOCHAOKEHHSI, MATPUYHBIM METO pacuéra.

The main requirements that apply to the traction power supply system of the metro are
reliability, continuity and economic feasibility. With the development, the growth of the length,
the commissioning of new stations, traction substations, sites and facilities put into operation a
considerable time ago, require modernization. To do this, it is necessary to calculate the
parameters of the traction power supply system in modern conditions and correctly select all
power elements and equipment. However, the more important issue is the choice of the stages of
modernization. It is important to keep all sections of the metro in operation so that modernization
does not affect the social and economic aspects of city life. In the article, the stages of
modernization of the metro are studied in detail from the practical side with the involvement of
real parameters of the functioning of traction substations of the metro and specific
recommendations are given.

Key words: metro, traction power supply system, traction substation, modernization of power

supply, matrix calculation method.
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OOHapy:keHHe HEUCIIPABHOCTEH B U3MEPUTEJbHBIX LENsIX CHCTEM KeJIe3HOI0POKHO M
aBTOMATUKH U TeJleMeXaHUKHM [JIs1 o0ecriedeHUus1 0€30NaCHOCTH ABUKEHNS M0e310B
BECTEMBAHOB I1.0.

CoBpeMeHHBIE CHCTEMBI JKEJIe3HOI0POKHON aBTOMATUKH U TEJIEMEXaHUKU 00ECTICUNBAIOT
JBUKEHHE MOE3/J0B C MUHUMAaJIbHBIM HHTEpBaJIOM BpeMeHH. Peenne o 6e30macHoil TucTaHuu
MeX]y Moe3/1laMy IPUHUMAETCS OCJe U3MEPEHUs TapaMeTpOB JBMKEHHS (CKOPOCTH M TeKyIIei
KOOpAMHATHI) U (POPMHUPOBAHHS HA UX OCHOBE YIPABISIONMUX CUTHAIOB. OMNOKY U
HEUCTIPABHOCTH JIATYMKOB U COOTBETCTBYIOIIUX COSAMHUTEIBHBIX Ka0enen (M3MepUTeIbHBIX
Heneil) MOTyT MPUBECTH K OMACHBIM CUTYallMsSIM U BIUSIOT B 11€JIOM Ha 0€30MacCHOCTh ABM)KEHUS
noe310B. PaccMOTpeHbl OCHOBHBIE aJITOPUTMBI, TO3BOJISIONINE aBTOMAaTHUECKU BBISBIISATH
HEUCIIPAaBHOCTHU U BOBPEMSI IIEPEBECTU CUCTEMY B 3alIUTHOE cocTosiHue. KomnyecTBeHHas
OIIeHKa 0a3upyeTcs Ha ONPEACTICHIUHN BEPOSTHOCTH JIOKHOTO OTKa3a U BEPOSTHOCTU HE
oOHapyXuBaeMoro oTkasa. Jljis onpezeneHus: TpaHUl] BO3SMOKHOTO U3MEHEHHSI TEKYIIIETO
3HAYEHUS U3MEPSIeMOI BEIMUMHBI MIPEAIaraeTcsl pelaTh HeSIBHYIO 3a/1a4y HaXOXKIACHUS
COOTBETCTBYIOIIETO apaMeTpa B IONYCTUMBIX Ipe/iesiaX Npy 3aJaHHBIX BEPOSITHOCTU HE

O6Hapy)KI/IBaCMOF 0 OTKa3a U BECPOATHOCTHU JIOKHOI'O OTKa3a. HOJIy‘-IeHBI pCIICHUA IJIA



HECKOJIBKHX 3aKOHOB pacIpeeiIeHUsI H3MEPSIEMOT0 CUTHaIA IIPH N3BECTHOM INIOTHOCTH
pacrpeneneHust BEpOSITHOCTH OTPEIIHOCTH peoOpa30BaHusl aHAJIOTOBOM BEIMYHHEI B

G poByIO HOPMY; CUUTACTCS, YTO MMOTPEIIHOCTH NMPEOOPA30BAHUS U H3MEPSAEMBbII CUTHAI HE
3aBUCAT JAPYT OT JpyTa.

Knrouegvie cnosa: cucteM 5xene3HOJOPOKHON aBTOMATHKH U TeJIEMEXaHUKH, 0€3011acHOCTh
JIBYDKEHUS TT0€3710B, HHTEPBAJIbHOE PETYIMPOBAHHE JBMXKEHUS TT0€310B, BEPOSITHOCTD JIO)KHOTO
0TKa3a, BEPOSITHOCTh HE OOHAPYKMBAEMOTO OTKA3a, IJIOTHOCTh PAaCHpeeTICHNs TOTPEUTHOCTH

npeoOpa3oBaHusl, IFIOTHOCTh PACIPEICICHUsT KOHTPOJIUPYEMOTO CUTHAIA.

Modern systems of railway automation and telemechanics ensure the movement of trains with a
minimum time interval. The decision on the safe distance between trains is made after measuring
the movement parameters (speed and current coordinates) and forming control signals based on
them. Errors and malfunctions of sensors and corresponding connecting cables (measuring
circuits) can lead to dangerous situations and affect the overall safety of train traffic. The basic
algorithms allowing to detect malfunctions automatically and to put the system into a protective
state in time are considered. The quantitative assessment is based on determining the probability
of a false failure and the probability of an undetectable failure. To determine the boundaries of a
possible change in the current value of the measured value, it is proposed to solve the implicit
problem of finding the corresponding parameter within acceptable limits for given probabilities
of undetectable failure and probability of false failure. Solutions have been obtained for several
distribution laws of the measured signal at a known probability distribution density of the error
of converting an analog quantity into a digital form; it is assumed that the conversion error and
the measured signal do not depend on each other.

Keywords: railway automation and telemechanics systems, train traffic safety, interval control of
train traffic, probability of false failure, probability of undetectable failure, density of the

conversion error distribution, density of the controlled signal distribution.
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IHoBbimenne HeprodGpGpeKTHBHOCTH ACHHXPOHHOI'0 TAT0BOI0 YJIEKTPONPUBOAA
JIOKOMOTHBOB

®EJISIEBA T'.A., MTHBKOB 10.M., HAJITOUYEI A.T'., KOHOXOB JI.B.
[Ipoananu3upoBaHa mpobdiieMa CHUKEHUSI aKTUBHON COCTABJISIONIEH TOKA CTaTOpa U
3HEProdPPeKTUBHOCTH ACHHXPOHHOTO 3JEKTPONIPHBO/IA IPH YMEHBIICHUU HATPY3KH,

onpeﬂenéH HpC,Z[HO‘-ITHTCJIBHBIﬁ KpI/ITepI/Iﬁ ONTUMHU3AIIUN CUCTCMBI YIIPABJIICHUS TATOBBIM



3JIEKTPONPUBOJOM JJIOKOMOTHBA, MTPE/ICTaBIeHa METOIMKA pacyéTa 3aBUCUMOCTH
MOTOKOCIIETUICHUSI CTaTopa OT TOKa CTaTOpa, ONTUMU3UPOBAHHOMN MO KPUTEPUIO MUHUMYyMa TOKa
CTaTOpa aCUHXPOHHOTO ABUraTens. [1o npuBeneHHON METOIUKE pacCUMTaHa ONTUMAJIbHas
3aBUCHUMOCTH MMOTOKOCIIETUIEHUS OT TOKa 171 TaroBoro asuratens AJ[917Y XJI1, npumensemoro
Ha POCCUMCKHUX TEIIOBO3aX, BHITIOJHEHA alMIPOKCUMAIIHS PACCUUTAHHOM 3aBUCUMOCTH,
npusenensl rpaduku KITJ mpu 00braHOM U 3HEPro3((HEeKTUBHOM YIIPABICHUH
AIIEKTPOTIPUBOAOM; TIPH MaJIbIX Harpy3kax u sHprodddexruBHoM ynpasnenun KI1J1 neurarens
yBenuuuBaercs Ha 12 %.

Knroueswvie cnoea: nOKOMOTUBBI, ACHHXPOHHBIHN JIBUTaTENb, PETYIUPOBaHUE MOTOKOCHEIUICHUS

CTaTopa, MUHUMYM TOKa, S3HEPro3(hHeKTuBHOCTS.

The problem of reducing the active component of the stator current and the energy efficiency of
an asynchronous electric drive while reducing the load is analyzed, the preferred criterion for
optimizing the control system of a locomotive traction electric drive is determined, a method for
calculating the dependence of the stator flow coupling on the stator current optimized by the
criterion of the minimum stator current of an asynchronous motor is presented. According to the
above methodology, the optimal dependence of the flow coupling on the current for the traction
engine AD917UHL1 used on Russian locomotives is calculated, an approximation of the
calculated dependence is performed, efficiency graphs are given for conventional and energy-
efficient electric drive control; with low loads and energy-efficient control, the efficiency of the
engine increases by 12%.

Keywords: locomotives,asynchronous motor, regulation of stator flow coupling, minimum

current, energy efficiency.
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IKCIEePUMEHTAJbHAS OILEHKA Ka4eCTBA 3JIeKTPUYECKOH IHEPruM B ceTAX COOCTBEHHbIX
HY’K]l COBMEILEHHO! TATOBOM MOJACTAHIIUN METPOIOJUTEHA

INEBJIIOT'MH M.B., 'OJIMIIBIHA A.E., BEJIOB M.H., IIVIETHEB /1.C.

PaccMoTpeHbl OTBETCTBEHHBIE TOTPEOUTENN COOCTBEHHBIX HYXKJ COBMELICHHOMN TATOBOM
noactannuu (CTII) meTpononmmTeHa 1 0COOCHHOCTH WX PaOOTHI C YUETOM BIUSHUS TATOBOM
Harpy3Ky U BHEIIHUX BO3MYIIeHUI. Onucanbl KpUTEPUH OLIEHKU KayecTBa JIEKTPUUECKOM
SHEPIUu Npu nutaHuu norpeduteneii cooctBeHubix Hyxa CTII. Jlns oneHku kauecTBa

BHGKTqueCKOﬁ OHCPIuM NMpeACTaBJICHBI SKCIICPUMCHTAJIBHBIC 3aMCPhI B LICTIAX



3JIEKTPOCHAOKEHUSI COOCTBEHHBIX HYX Ha NBYX AercTByromux CTII paznuaHoit MOIIHOCTH.
[IpuBenens! ocuMIIOrpaMMBbl TOKOB M HAMPSDKEHUN B PEKUME PEAIbHOTO BPEMEHH B TeueHue 24
yacoB.KauecTBeHHO U KOTMUECTBEHHO MMOKa3aHa KpaifHe HepaBHOMEpHasI 3arpy3ka TpexQa3Hoit
CUCTEMBbI COOCTBEHHBIX HYXJ, HECTaOUIBLHOCTh YpOBHEH HamnpshkeHus no ¢azaM Ha muHax 0,4
kB CTII, paccunTansl moka3aTeay HECUMMETPHH 110 TIPSIMON U 0OpaTHOM
nocJyeoBaTeabHOCTAM. CTaTUCTUYECKHM aHANIU3 Pe3yJbTaTOB HKCIIEPUMEHTAIIbHBIX 3aMEPOB
MOKa3aJl HECOOTBETCTBUE KAUECTBA YJIEKTPUUECKON YHEPTHH IEKTPOCHAOKEHHUS COOCTBEHHBIX
nyxna CTII. IIpensioxenbl cpeacTBa NOBBIIMICHUS HAIC)KHOCTH U KQ4eCTBA AJIEKTPOIHEPIUU C
MOMOIIbIO 3B€HA MOCTOSSHHOTO TOKAa U MCIIOIb30BAaHUEM HAKOIUTEINS SHEPTUU B BUJIE
coOCTBEeHHOM akkymyssiTopHoit 6atapen CTII.

Knrouegvle cnosa: MeTponoauTeH, KAYECTBO JIEKTPUUECKONU SHEPTUH, TATOBAs MOACTAHIINS,

COOCTBEHHEIE HYXBI, SKCIICPUMCHTAJIBHBIC 3aMCPHI.

The responsible consumers of their own needs of the combined traction substation (CTS) of the
metro and the features of their work, taking into account the influence of traction load and
external disturbances, are considered. The criteria for assessing the quality of electrical energy in
the power supply of consumers for their own needs of the CTS are described. To assess the
quality of electrical energy, experimental measurements are presented in the power supply
circuits of own needs on two operating CTS of different capacities. Waveforms of currents and
voltages are shown in real time for 24 hours. Qualitatively and quantitatively, the extremely
uneven loading of the three-phase system of its own needs, the instability of voltage levels in
phases on 0.4 kV CTS tires, the asymmetry indicators for the forward and reverse sequences are
calculated. The conducted statistical analysis of the results of experimental measurements
showed a discrepancy in the quality of electrical energy for the CTS's own needs. The means of
improving the reliability and quality of power supply with the help of a direct current link and
the use of an energy storage device in the form of its own CTS battery are proposed.

Key words: metro, electric energy quality, traction substation, own needs, experimental

measurements.
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