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CTa0tnIu3upOBaHHBINH HCTOYHHUK MMUTAHUS YCTPOMCTB JKeJIe3HOI0POKHOH AaBTOMATHKH
BECTEMbBAHOB I1.®., BAHBIIINH A.E.

Biansanane OJICKTPOMAarduTHBIX IIOMEX Ha pa60Ty arrmapaTHbIX CPEACTB MUKPOIIPOUECCOPHBIX
YCTpOﬁCTB }I(GHGBHO,HOPO)I(HOI;'I ABTOMATHUKH U TCIICMCXaHNWKH, B TOM YHCJIC Ha
MHUKPOIPOIIECCOPHBIE CUCTEMBI YIIPABICHHS, IPUBEIIO K HEOOXOIUMOCTH HATH HOBBIE
TEXHUYECKHE PELICHUs 0 00ecredeHnIo 6ecrepeOoiHOro U HaJIe)KHOTO BTOPUYHOTO MTUTAHUS
YCTpOﬁCTB. Ha ocHose YHUBCPCAIBbHBIX MECTOOO0B OIIMCAHUA Pa3JINIHbIX (bHBquCKI/IX IIponeccoB
IMOJIY4YCHO ,Z[I/I(b(i)epeHHI/Ia.]'IBHOG YpaBHCHHE, KOTOPOEC OIMHMCBIBACT CTa6I/IJ'II/ISaI_[I/IIO HaIIps>XKCHUA
IIUTaHUA Ha OCHOBC ,HBYXKOHTypHOfI CUCTCMbI aBTOMATHYCCKOI'O PCryJInpOBaHUAA. B IEpBOM
KOHTYPC pCUHICHUC ITPUHUMACTCA Ha OCHOBC CPAaBHCHUSA 3aJaHHOI'0 HAIIPSIDKCHU A ITUTAHUS C
TEKYIIUM €T0 3HAYCHUCM, BO BTOPOM KOHTYPE CPAaBHUBACTCA 3aIaHHOC 3HAYCHHUEC CKOPOCTU
W3MEHEHUS HaIpsDKEHUs (TIEPBOM MPOU3BOIHON) ¢ ee orleHKOM. [IpuBOAMTCS MpUHIIMITHAIBHAS
CXEMa CUHTE3WPOBAHHOI'0 CTA0MIM3aTOpa HANPSKEHUS] IUTAHUS U PE3YNIbTAThI €T0
mozenupoBanus B cpene Multisim Education Edition, National Instruments Corporation
Electronics Workbench Group. [Toka3zansl siBHBIE IPEUMYIIIECTBA IPEATIOKEHHOTO PEIICHUS 110
CPAaBHCHHUIO C U3BCCTHBIM CTa6I/IJ'II/ISaTOpOM KOMIICHCAIITMOHHOI'O TUIIA. BBIﬁOp ImapaMeTpoB
MPEIIOKEHHOTO YCTPOMCTBA MO3BOJISIET O0ECIIEYUTh HHBAPUAHTHOCTh K U3BECTHBIM BUAAM
BHCIIHUX BOSMYIIAOIIUX BOBI[GfICTBI/IfI 110 OCIISAM IMUTAHUA allllapaTHBIX CPCACTB
MUKPOIIPOLICCCOPHBIX CUCTEM YIIPABJICHUA ABHKCHUCM ITOC310B. KiroueBrie cioBa: YCTpOﬁCTBa
)I(eJ'IeBHO,Z[OpO)KHOﬁ ABTOMATUKHU, MUKPOIIPOLIECCOPHBIC CUCTEMBI YIIPABJIICHUA, ABYXKOHTYPHOC
ABTOMATHYCCKOC PEryJIMpOBaHUC, CTa6I/IJ'II/I3aIII/I$I HAIIPSXKCHUA [TUTAHWUA, MHBAPUAHTHOCTD K
BHCIIHUM BO3MYIIICHUAM.

Knrwuesuoie cnosa: YCTpOfICTBa )KeJ'Ie3HOI[0p0>I(H0171 ABTOMATHUKU, MUKPOIIPOLECCOPHBIC CUCTCMbI
yHpaBJICHUA, ABYXKOHTYPHOC aBTOMATUYCCKOC PEryJIMPOBAHUC, CTa6I/IJ'II/ISaLII/I$I HAITPAKCHU A

MMUTAaHUA, MTHBAPUAHTHOCTb K BHCITHUM BO3MYIICHUAM.

The influence of electromagnetic interference on the operation of the hardware of
microprocessor devices of railway automation and telemechanics, including microprocessor
control systems, has led to the need to find new technical solutions to ensure uninterrupted and
reliable secondary power supply of devices. Using the principle of analogy on the basis of
universal methods for describing various physical processes using a mathematical apparatus, a
differential equation is obtained that describes the stabilization of the supply voltage based on a

two-circuit automatic control system. In the first circuit, the decision is made based on



comparing the set supply voltage with its current value, and in the second circuit, the set value of
the voltage change rate (the first derivative) is compared with its estimate. A schematic diagram
of a synthesized power supply voltage stabilizer and the results of its modeling in the Multisim
Education Edition, National Instruments Corporation Electronics Workbench Group
environment are presented. The obtained results showed clear advantages of the proposed
solution in comparison with the known stabilizer of the compensation type. The choice of
parameters of the proposed device makes it possible to ensure invariance to known types of
external disturbing influences along the power supply circuits of the hardware of
microprocessor-based train control systems.

Key words: railway automation devices, microprocessor control systems, dual-circuit automatic

regulation, power supply voltage stabilization, invariance to external disturbances.
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IMapameTpuyecKuii AaHAJIU3 U3MEHEHUI TOKOB NMUTAOIIEH JUHUH TATOBOH CeTH
MOCTOSIHHOT'0 TOKA ¢ UCIOJb30BAHUEM HEHPOHHBIX ceTei

I'PEUMIIIHHWKOB B.A., KYPOB H./I., KYPOB /I.A.

CoBpeMEeHHBIE MHUKPOITPOILIECCOPHBIC TEPMHUHAIIBI, KOHTPOIHPYIOIINE COCTOSTHUE 000Dy IOBAHHS
MUTAIOIMIUX JIMHUH TSITOBOM CETH MOCTOSIHHOTO TOKa, 00€CTIEUNBAIOT BEICOKUN YPOBEHD 3aIUThHI
OT KOPOTKHX 3aMBbIKAHUHM U HEJIOIIYCTUMBIX IIEPErpy30K. BHEApEHUE ITUX YCTPOUCTB ITO3BOJIMIIO
HE TOJBKO COKPATHTh KOJMUYECTBO JIOKHBIX CpadaThIBAHUN, HO U YBETUYUTH YYBCTBUTEIHLHOCTD
1 OBICTPOJICHCTBHE 3AITUTHI, & TAK)KE BBECTH PAJI JOTMOTHUTENBHBIX (GyHKIMHA. [ToBBITIICHIE
KauecTBa pabOThl MUKPOITPOILIECCOPHBIX PEJICUHBIX 3alTUT CTAIIO BO3MOXHBIM OJlaroaps
IIOCTPOEHUIO AIITOPUTMOB, KOTOPHIE B CAMOM IIPOCTOM BUJIE€ YUUTHIBAIOT XAPAKTEP U3MEHECHUS
TOKa B 3alUIIAEMOH LIETIH, & HE TOJBKO €r0 BEJIMYMHY, KaK 3TO CAEIAHO B MAKCHUMAaJIbHON
TOKOBOM 3amure. Pa3Butrem noaxozaa, CBA3aHHOTO C YYETOM XapaKTepa U3MEHEHHS TOKOB,
SIBJISIETCS MOMCK HOBBIX MMAPAMETPOB 3TOr0 U3MEHEHH S, TO3BOJISIOIIUX C YYETOM
OTPAaHUYEHHOCTU OBICTPOACHCTBUSI MUKPOKOHTPOJIIIEPOB TEPMUHAIOB HE TOIHKO Ka4eCTBEHHO
OTIPEIeNIATh aBAPHITHBIE MPOIIECCHI, HO U JIETATBHO KJIaCCU(PHUIIMPOBATH MPOIIECCHI,
MPOUCXOJISIIINE B TATOBOW CE€TH. J{J1 MOMCKa B3aUMOCBS3€H, TapaMETPUUECKOTO aHAIIN3a,
BBISIBJICHUS paHee HEU3BECTHBIX 3aBUCUMOCTEN B OOJBITNX 00BhEMAX TAHHBIX IIUPOKO
UCTIONB3YIOTCSI HeMpOHHBIE ceTH. braromaps cnocoOHOCTH 0000IIeHHSI METOT HA OCHOBE
MAIIMHHOTO 00y4YeHUs CIOCOOEH BBHIMOJIHUTH KJIACTEPHU3AIUIO JIFOOBIX TUTIOB JaHHBIX. B cTaThe

OIMHMCAHBI UCCIICAOBAHUSA JIIMTCIBbHBIX 3aMCPOB TOKOB MMUTAOIINUX JIMHUH TATOBOM CETH



IIOCTOSTHHOT'O TOKA C IIOMOILBIO HEWPOHHBIX CETEH U ONPECIICHBI HOBBIE TaPAMETPBHI,
KA4eCTBEHHO XapaKTEPU3YIOLUEe U3MEHEHHS TOKOB IS YIIYYIICHHS PAacllO3HABAHUS AaBapUMHBIX
PEXKUMOB TEPMUHAIIAMHA MUKPOIIPOLIECCOPHBIX 3AILMT IIUTAIOIICH JIMHUU TATOBOU CETH.
Knrwouesvie cnosa: METpONONUTEHBI, CHCTEMA TATOBOIO AJIEKTPOCHA0KEHUS ITOCTOSHHOTO TOKA,

peneinHas 3aiuTa, HEHPOHHBIE CETH.

Modern microprocessor terminals that monitor the condition of the equipment of the supply lines
of the DC traction network provide a high level of protection against short circuits and
inadmissible overloads. The introduction of these devices allowed not only to reduce the number
of false alarms, but also to increase the sensitivity and speed of protection, as well as introduce a
number of additional functions. Improving the quality of operation of microprocessor relay
protection has become possible due to the construction of algorithms that, in their simplest form,
take into account the nature of the current change in the protected circuit, and not only its value,
as is done in overcurrent protection. The development of the approach associated with taking
into account the nature of the change in currents is the search for new parameters of this change,
which, taking into account the limited speed of the terminal microcontrollers, not only
qualitatively determine emergency processes, but also classify in detail the processes occurring
in the traction network. Neural networks are widely used to search for relationships, parametric
analysis, and identify previously unknown dependencies in large amounts of data. Due to its
generalizability, the ML-based method is capable of clustering any type of data. The article
describes the study of long-term measurements of the currents of the supply lines of the DC
traction network using neural networks and defines new parameters that qualitatively
characterize the changes in currents to improve the recognition of emergency modes by terminals
of microprocessor-based protection of the supply line of the traction network.

Keywords: subways, DC traction power supply system, relay protection, neural networks
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IHoBbimenune 3HeprodGpGpeKTHBHOCTH TATOBBIX 3JIEKTPONPHUBOAOB C ACHHXPOHHBIMH
ABHUIaTeJsIMM U CUCTEMOI BEKTOPHOI'0 YIIPABJICHUSA

MHBKOB FO.M., KOCMOJJAMHUAHCKHI A.C., ITYTAUEB A.A., MOPO30B C.B.
[TpuBenena ¢pyHKIMOHATBHAS CXEMa M KPATKO ONMUCAH MPUHLIUI pabOThl CUCTEMBI YIIPABICHHS

TATOBBIM J3JICKTPOIIPHUBOJAOM C ACHHXPOHHBIMU ABUT'aTCIISAMHU, O6eCHe‘IHBaIOHIGI>'I q)OpMI/IPOBaHI/Ie



3aJIaHMsl HA MOMEHT JIBUTATEIsI, HCXOS U3 JEHCTBYIONTUX OTPAHMYCHUH SHEPTeTUUECKOU
YCTaHOBKH JJOKOMOTHBA. CHHTE3UPOBaHbI JOPMYITBI 33JaHUS HA TOK CTaTOpa U
MOTOKOCIIETUICHHE POTOpa, 00ECIIeYNBAIONINE YMEHBIIICHHE TOTEPh MOIIIHOCTH B ACHHXPOHHOM
JIBUTATEJIE, B 3aBUCUMOCTH OT PEKUMOB €ro padoThl.JlJIs MPOBEPKU aIeKBAaTHOCTH MOTYyYEHHBIX
dbopMys1 mpUMEHEHa CUCTEMa BEKTOPHOTO YIPABJICHUS ACHHXPOHHBIM JIBUTATEJIEM C
OpUEHTALIMEN KOOPAMHATHBIX OCEH MO MOTOKOCIEIUVICHUIO POTOPA; B CHIIOBOM KaHAJIe
AJIEKTPOIIPHBO/IA UCIIOJIb30BaH JIBYX YPOBHEBBI aBTOHOMHBIN MHBEPTOP HANPSIKEHUS C
MIPOCTPAHCTBEHHO-BEKTOPHON MoayIsiiiueit. [IpuBeseHbI pe3ynbTaThl MOACIUPOBAHUS
3JICKTPOTIPUBOJIA C ABUTATENIeM MOITHOCThIO 637 KBT. [Toka3zaHno, 4To HauOObIIIEE YMECHBIIICHHE
MOTEPb MOLTHOCTH MPOUCXOIUT IIPHU YaCTOTaX BPAIEHUS, OJIM3KUX K CBOEMY HOMUHAIBLHOMY
3HAYCHUIO, HE 3aBUCUMO OT 3HAYEHUS MOMEHTA COMPOTUBIICHHUS.

Knroueeswie cnoea: TAroBbIil 3JEKTPONPUBO/, ACUHXPOHHBIN ABUTATEb, BEKTOPHOE yIIPaBICHHE,

IMOTOKOCILICIUICHUE POTOpPA, IOTCPpHU MOIHOCTHU, MOJACIIUPOBAHUC.

A functional diagram is given and the principle of operation of the traction electric drive control
system with asynchronous motors is briefly described, which ensures the formation of a task at
the time of the engine, based on the current limitations of the locomotive's energy setting. The
formulas for setting the stator current and rotor flow coupling are synthesized, which ensure a
reduction in power losses in an asynchronous motor, depending on its operating modes.To check
the adequacy of the obtained formulas, a vector control system for an asynchronous motor with
the orientation of the coordinate axes along the flow coupling of the rotor was used; a two-level
autonomous voltage inverter with space-vector modulation was used in the power channel of the
electric drive. The results of modeling an electric drive with a 637 kW motor are presented. It is
shown that the greatest reduction in power losses occurs at rotation frequencies close to their
nominal value, regardless of the value of the resistance moment.

Key words: traction electric drive, asynchronous motor, vector control, rotor flow coupling,

power loss, modeling.
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CoBmecTHasi padoTa 1IeCTH- U IBEHAAIATUNYJILCOBBIX BHINPSIMUTEIbHBIX arPEraToB Mpu

MOACPHU3ALHUHU TATOBbIX NOoACTAHIMH

BJIACOB C.I1., TOJIMLBIHA A.E., TPEYNIITHUKOB B. A, KYPOB H. 1.



[Ipu omHOBpEeMEHHOM pabOTe pa3HOMYIBCOBBIX CXEM BBIMPSIMIICHHS Ha TATOBBIX IMOJICTAHITUIX
METPOIIOJIUTEHOB MOATAIHAS 3aMEHA BBITPSIMUTEIBHBIX arperaToB MPUBOAUT K MEperpy3KaM U
JaKe K OTKITIOYCHHIO M BBIXOY 000OpPYIOBaHUs U3 CTPOsi. PerienneM mpo0iieMbl MOXKET CTaTh
M3MEHEHUE BTOPUYHOTO HANPSHKEHUS TpeoOpa3oBaTeIbHbIX TpaHchopmatopoB. Kak mpaswuiio,
JUISL CAMOTO TSDKEJIOTO CiTydasi, KOT/Ia OJUH U3 BBIIPIMUTEICH — JBEHAIIATUITYJIBCOBBIM, a
OCTaJIbHBIE — IIECTUITYJILCOBBIC, TAPAHTUPOBAHHOE PEIICHUE MTPOOIEMBI 1a€T MOHUKEHUE
BTOPUYHOTO HAIPSHKCHUS HAa TPpeoOpa3oBaTeIbHOM TpaHCHOpMaTOpe, MUTAIOIIUM
JIBEHAIIATUITYJIbCOBBIN BRIIPSMUTEIb, HA 2,55 %. [Ipu TakoMm moaxo/1e HalpsyKeHUE Ha IMHAX
TATOBOM MOJICTAHIIUN OCTACTCSI HOMHUHAIBHBIM. VI3MEHEHNE BTOPUYHOTO HAIIPSHKEHUS TpeOyeTcs
TOJIbKO Ha MEePUOJ] OJTHOBPEMEHHOM pabOThl Pa3HOMYJIBCOBBIX CXEM BBINPSMIICHUS [IPU
MOJICpHU3AIMHU TATOBBIX MojicTaHlui. [10 OKkOHUaHUM MOJIEPHU3ALIMU, KOT/Ia BCE BHIPSIMUTEINN
OyIyT OTHOTUITHBIMHU, BTOPHUHOE HAIPsHKEHHUE Ha TpaHchopMaTopax HEOOX0IMMO BEpHYTh K
HOMHHAIILHOMY. B cTaTbe 3TOT BOMPOC pacCCMOTPEH € MPAKTUYECKONH CTOPOHBI HA OCHOBE
PEATBHBIX MMapaMeTPOB (PYHKIIMOHUPOBAHUS TATOBBIX MOJICTAHIIUI METPOIIOJIUTEHA U IaHBI
KOHKPETHBIE PEKOMEHAAIINH.

Knrouegvle cnosa: MeTpoOIOIUTEH, CHCTEMA TATOBOTO JICKTPOCHAOKEHHUS, TATOBAs MOJICTAHIIHS,

BLIHpHMHTCJ’IbHHﬁ arperar, COBMCCTHasd pa60Ta, CXCMbI BLIIIPAMIICHUS.

With simultaneous operation of multi-pulse rectification schemes at traction substations of
subways, step-by-step replacement of rectifier units leads to overloads and even to disconnection
and failure of equipment. The solution to the problem may be a change in the secondary voltage
of the converter transformers. As a rule, for the most severe case, when one of the rectifiers is a
twelve — pulse, and the rest are six — pulse, a guaranteed solution to the problem gives a decrease
in the secondary voltage on the converter transformer feeding the twelve-pulse rectifier by 2.5-5
%. With this approach, the voltage on the tires of the traction substation remains nominal. A
change in the secondary voltage is required only for the period of simultaneous operation of
multi-pulse rectification circuits during the modernization of traction substations. At the end of
the modernization, when all the rectifiers are of the same type, the secondary voltage on the
transformers must be returned to the nominal one. In the article, this issue is considered from the
practical side on the basis of the 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, rectifier unit, joint work,

rectification schemes.
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JKCcNnepUMEeHTAIbHOE UCCIIeI0OBAHNE ABTOHOMHOI'0 X012 3JIEKTPOINOABUKHOIO COCTABA
METPOMOJIUTEHA

[NEBJIFOT'MH M.B., XKEJITOB K.C., INIETHEB J.C.

[TpoBeneH u onucad MacITaOHBIN SKCIIEPUMEHT 10 aBapUHHOMY (aBTOHOMHOMY) X011y
ANEeKTpOonoABUKHOTO coctaBa (DI1C), mpuBoAMMOro B ABUKEHUE IIPHU MIOMOIIN SHEPTUH,
3armaceHHoi B 00pTOBOM HakomuTele Ha 6a3e cynepkoHaeHcaTopoB. O003HAYEHBI TPOOIIEMBI,
HEraTUBHBIN 3PPEKT KOTOPHIX MOKHO CBECTH K MUHUMYMY ITyTeM IPUMEHEHHS HAKOMUTEeH
SHEPrUU B CHCTEMaXx 3JIEKTPOCHAOKEHUSI METPONOIUTEHOB U BCEX JKEJIE3HBIX T0pOT B 1eiaoM. C
MOMOIIIbIO0 HATYPHOTO IKCIIEPUMEHTA B PEABHBIX YCIOBUAX IKCILTyaTallMd METPOIIOJIMTEHA,
BBITIOJTHEHA OI[EHKA HEOOXOMMOMN YHEPTHH, TPeOyeMOH /il aBapHITHOTO (aBTOHOMHOT'0) X012
Hogeitmero JI1C merpononuTeHa — BOCbMUBAaroHHOro cocrasa 81-775/776/777 «MockBa-
2020».

Knroueewle cnosa: MeTponoauTeH, 3JIEKTPONOABIKHON COCTaB, O0PTOBOM HAKOTTUTENb SHEPTHH,

CYNEPKOHJIEHCATOP, aBapUIHBINA (ABTOHOMHBIN) XO/I, IKCIIEPUMEHT.

A large-scale experiment on the emergency (autonomous) running of an electric rolling stock,
which was driven by energy stored on an onboard storage device based on supercapacitors, was
conducted and described. The problems are identified, the negative effect of which can be
minimized by using energy storage devices in the power supply systems of subways and all
railways in general. With the help of a full-scale experiment in real operating conditions of the
metro, an assessment of the required amount of energy required for the emergency (autonomous)
running of the latest electric rolling stock of the metro eight-car train was made 81-775/776/777
«Moscow-2020».

Key words: metro, electric rolling stock, on-board energy storage, supercapacitor, emergency

(autonomous) running, experiment.
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Moaeb cCOBMELICHHOM TATOBOM MOACTAHIMU METPOIOJIUTEHA € Y4€TOM TATr0BOM HAIPy3KH

U noTpeduTesieii COOCTBEHHBIX HYXK]



KJIAYKO JI.M., IEBJIKOI'MH M.B., BEJIOB M.H., TOJIMLIbIHA A.E.

PaccMoTpensr ocoOeHHOCTH PabOTHl TOTpeduTeNel COOCTBEHHBIX HYXKI COBMEIIICHHON TATOBOM
noactaniuu (CTII) ¢ yuerom BiusHuS TATOBOM Harpy3ku. [IpencraBnena Muemocxema
UMHUTaMOHHON Mojienu peanbHor CTII MockoBckoro merpononuteHa. Onucanbl OCHOBHBIE
00BEKTHI HCCIIeI0BAaHUS — IOTPEOUTENN TpaHC(HOPMATOPOB MOTOPHBIX TPUBOIOB, OCBEIICHHUS,
CITyKOBI IIEHTpAIN3aHK U OJIOKUPOBKH 1pu MoaenupoBarnn padbotel CTII B komIuiekce ¢
Y4aCTKOM TSTOBOM CETH C MOE37aMHU M CUCTEMOM BHEIIHETO 3JIeKTpocHa0keHusl. KauecTBeHHO U
KOJIMYECTBEHHO MOKa3aHbl HECTAOMIIBHOCTh YpOBHS HanpspkeHus Ha muHax 10 (20) kB CTII, a
Tak)ke ypoBeHb HecuMMeTpuH. [1o106HbIE OcIMIIOrpaMMbl IPUBEIEHBI 7151 KOHEYHOTO
MOTPEeOUTENSI — MOTOPHOTO MPUBOJIA C AHATIOTMYHBIMU OTKJIOHEHUSIMU IO KAYECTBY
AIIEKTPUYECKOI dHEPTUH. BrIMoIHEHA cTaTUCTHYECKas 00paboTKa pe3yIbTaTOB MOJICIIUPOBAHMSI.
[TpennoxkeHo TEXHUUECKOe PEIIeHNEe — UCII0JIb30BAHKE 3BEHA IMOCTOSIHHOTO TOKA C
HAKOMUTEISIMU YHEPTHH ISl TOBBIIICHHUS TTOKa3aTeNiel AJIeKTPOCHA0KEHHSI OTBETCTBEHHBIX
norpedureneil coocreHubix Hyx CTII.

Kniouesvie cnosa: METpOIIONIMTEH, CHCTEMA TATOBOTO 3JICKTPOCHA0KCHHUS, TATOBAS MTOICTAHITHS,

COOCTBEHHEIE HYXbl, UMUTAOUOHHOC MOJCIIUPOBAHUEC, HAKOIIUTECIIb DHCPIUU.

The features of the work of consumers of their own needs of a combined traction substation
(STP), taking into account the influence of the traction load, are considered. The mnemonic
diagram of the simulation model of the real STP of the Moscow metro is presented. The main
objects of research are described — consumers of motor drive transformers, lighting,
centralization and blocking services when modeling the operation of STP in combination with a
section of the traction network with trains and an external power supply system. The instability
of the voltage level on the 10 (20) kV STP tires, as well as the level of asymmetry, are
qualitatively and quantitatively shown. Similar waveforms are given for the final consumer-a
motor drive with similar deviations in the quality of electrical energy. Statistical processing of
the simulation results was performed. A technical solution is proposed — the use of a direct
current link with energy storage devices to increase the power supply indicators of responsible
consumers of their own needs of the STP.

Key words: metro, traction power supply system, traction substation, own needs, simulation

modeling, energy storage.
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MuHuMH3aIMs Pacxo/ia JHEPTrUN HA TATY M0€3/10B BHEYJIUYHOT0 FOPOJACKOr0 TPAHCIOPTA
BAPAHOB JI.A., CUIOPEHKO B.I', BAJIAKUHA E.I1., CAOPOHOB A.N.
PaccmatpuBaroTcst MeTo1bl 3HEProdd(HEeKTUBHOCTH INIAHUPOBAHUS U YIIPABJICHUS JBUKCHHEM
M0E3/10B BHEYJIIMYHOT'O FOPOJICKOr0 TpaHcnopTa. [IpuBeneHs! pe3yabTaThl peleHus 3a1au
BBIOOpA PHEPTrOONTUMAIBHON MOCJIEI0BATEILHOCTH PEKUMOB YIIPABJICHHS TIOE€30M MPU
JBU>KEHUHU T10 TIEPETOHY MPH 3a/IaHHBIX BPEMEHH X01a, CKOPOCTHBIX OTPAaHUYCHUSIX JIJIsl TOE3/I0B
C PEeKyIepaTUBHBIM TOPMO30M, SJHEPrOONTUMATILHOTO paclpeiesieHusl BpeMEeHH X0/1a 10 JTUHUU
Ha BpEMEHa XO0Ja 10 neperoHam. BeinonHen ananus 3Hepro’pHEeKTUBHOCTH BHEIPEHHUSI TOE3/10B
HOBOT'O TTOKOJICHHSI C pEKYIIepaTUBHBIM TOpMOxeHHeM. [IpuBeieHbl pe3yabTaThl BHEAPEHUS
HHEPrOONTUMAIIBHBIX CIOCOOOB YIPABJICHHSI U MOE30B C PEKYIIEPATHBHBIM TOPMOKEHUEM H 0€3
HEro 1o AaHHbIM 3Kcruryatauuu B 2007-2019 rr. Ha npumepe MOCKOBCKOTO METPOIOIUTEHA.
[TpensoxeHsl U onucaHbl SHEProdPPEKTUBHBIE AJITOPUTMBI YIIPABICHUS ABH)KCHUEM MOE3/10B
JUTSL TICHTPAJIM30BAaHHBIX MHTEIUIEKTYabHBIX CUCTEM YIIPABJICHUS TPU KOMIIEHCUPYEMBIX
BO3MYIIEHUSX, AJITOPUTMBI YIIPABIICHUS JIJIsl IEPHOJIA TTOCIIC TUKBUAAIIUN PUUKH OOJIBIINX
c6oeB aBmxenus. [lokazana nepcrneKTUBHOCT M SHEProd(P(EeKTUBHOCTD IJIAHOBBIX TPaQUKOB
JBUXKEHHS 0€3 CBePXPEKUMHBIX BBIIACPKEK IPU BHEPEHUU [IEHTPATU30BAaHHBIX
WHTEJUICKTYAJIbHBIX CUCTEM YIIPaBIEHUS JBUKEHUEM T10€3]10B.

Knrouegvle cnosa: BHEYTUYHBIN TOPOJCKON TPAHCIIOPT, MUHUMU3AIIMS PAcX0/1a SHEPTHH HA TATY

oe340B, OIITUMAJIBHOC YIIPABJICHUC, PECKYIICPATUBHOC TOPMOKCHUC.

Methods of energy efficiency of planning and control of train traffic of off-street urban transport
are considered. The formulations and results of solving the problems of choosing an energy-
optimal sequence of train control modes when moving along a track at a given running time,
speed limits for trains with a recuperative brake, energy-optimal distribution of running time
along the line for running times along the tracks are presented. An analysis of the numerical
values of the results of solving problems is presented. An analysis of the energy efficiency of
introducing a new generation of trains with regenerative braking has been carried out. The results
of the introduction of energy-optimal control methods and trains with and without a recuperative
brake according to operation data in 2007-2019are presented. on the example of the Moscow
metro. Energy-efficient algorithms for controlling the movement of trains for centralized
intelligent control systems with compensated disturbances, control algorithms for the period after
the elimination of the causes of large traffic failures are proposed and described. The perspective
and energy efficiency of the planned traffic schedules without over-mode exposures is shown

when introducing centralized intelligent train traffic control systems.



Key words: off-street urban transport, minimization of energy consumption for train traction,

optimal control, regenerative braking.

Onekmpomexnuxa, 2021, Ne9, cmp. 34-40

KoHuenuus 1 nepcrneKTUuBbl TEXHHYECKOT0 PA3BUTHS 3JIEKTPOIHEPreTHKHU
7KeJIe3HO/I0POKHOT0 TPAHCIIOPTA

BAJIEP MLIL.

O06ocHOBaHa KOHLIETILINS U IIEPCIIEKTUBBI TEXHUYECKOTO PAa3BUTHS FIEKTPOIHEPTETUKU
KeJIe3HOI0POKHOIO0 TpaHcnopra. [lokazaHo, 4TO IPUMEHEHHE CUCTEMBI AJIEKTPUUYECKOH TSTU Ha
0J1HO()a3HOM ITEPEMEHHOM TOKE COIIPOBOKIAETCS 3HAUUTEIILHBIMU 3aTPyJHEHUAMH,
CBSI3aHHBIMH C 00€CTIeYeHIEM Ka4yeCTBEHHOTO 0TOOPA AIIEKTPOIHEPTUHU OT MUTAIOIINX
YHEProcucTeM (HECUMMETpPUEH, HECUHYCOUAATBHOCTHIO M OOJIBIIUM MOTPEOICHUEM pEeaKTUBHON
SHEPIrUH), CUIbHBIMU 3JIEKTPOMAarHUTHBIMH BIMSHUSMU HA CMEKHBIE YCTPOICTBA U HU3KUM
Ka4eCTBOM BBINPSAMIIEHUS OJJHO(A3HOT0 IEPEMEHHOI'0 TOKA Ha JIEKTPOIIOIBUKHOM COCTaBE.
OTUX HEOCTATKOB JIMILIEHA CUCTEMA TATOBOIO 3JIEKTPOCHA0XKEHUS TOCTOSHHOIO TOKA U IIPU
OJIMHAKOBBIX WJIM COM3MEPUMBIX HAIIPSDKEHUSAX B TSTOBOM CETH B 3THUX CHCTEMAX, CUCTEMA
TATOBOI'0 AJIEKTPOCHAOKEHUSI IOCTOSIHHOTO TOKA MMEET 3HAUMTebHbIE TpeumMyiiectsa. [Ipu
HOBBIILIEHUH CKOPOCTH ABMKEHMSI 110e3/10B 10 400 KM B 4ac ¥ MaKCHMaJIbHOM YBEJIMYEHUHU
Ipy30I10TOKa HauboJee ONTUMAIbHBIM YPOBHEM HAIPSDKEHUS B TATOBOM CETH MOCTOSTHHOTO TOKA
apisiercs HanpsbkeHue 24 kB. IloBbllieHre HOMMHAIBHOTO HANIPSKEHUSI B TATOBOM CETH BBILIE
24 xB, nanpumep 10 30 kB, orpannueHo kputepusiMi SKOHOMHUYECKOH 11en1ecoodpazHocTH. s
3TOH cucTeMbl Hanbosee 3PPEKTUBHBIMU ABISIOTCS 24-1TyJIbCOBBIE CXEMBI BBINPSMIICHUS;
CO3J1aHUE BBHINPSAMUTEILHO-MHBEPTOPHBIX arperaToB ¢ YMCIOM IyJbcaluil Oomblie 24-x
MPEJICTABIISIET CIOXKHYIO TEXHOJOTUYECKYIO 3a/1auy U HelleaecooO0pa3Ho M0 TEXHUKO-
HKOHOMUYECKUM pacyeTaM. [IprBeneHa MmeToquka onpeeneHuss FTapMOHUYECKOT0 COCTaBa
BBINPSAMIIEHHOTO HAIIPSDKEHUS C YIETOM HEMIEHTUYHOCTH COITPOTUBIIEHUH THPUCTOPOB
(TMOI0B) M HECUMMETPHH yIIpaBlieHHs TuprcTopamu. Hanuune B kax10M U3 6J10KOB 6OJIBIIOTO
YHCJIa 3JIEMEHTOB CO CIIy4aHbIM pa30pocoM MmapaMeTpOB MO3BOJISIET CUUTATh, YTO MJIOTHOCTD
pacrpezeneHus 3aepKKU UMITYJIbCOB YIIPABJIEHUS TUPUCTOPAMHU MOTUUHSIETCS HOPMaIbHOMY
3aKOHY. AHAJIN3 BEPOATHOCTHBIX XapaKTEPUCTUK HEKAHOHUYECKUX TapMOHHUK IPOBENIEH C
y4eToM paz0dpoca napaMeTpoB JIEKTPOHHBIX KOMIIOHEHTOB, O JUUHSIOLIETOCS 3aKOHY
paBHOMEpHOM MI0THOCTU. [TokazaHo, YTO MaTeMaTUYECKOE OXKUIaHUE 3aJIePKKU OTKPHITHS

ouepeHOro 0J0Ka TUPUCTOPOB, AUCIIEPCHUIO U IPYTHE YUCIIOBbIE XapaKTEPUCTUKHU CIETyeT



OTIPEENIAThH C TOMOIIBIO TUHEAPU3AIMUY METO/1a XapaKTePUCTUYECKUX (PYHKIIUH.
Knrouesnie cnosa: >nexTpodHEpreTUKa TPAHCIIOPTA, CUCTEMA TSITOBOTO dJIEKTPOCHAOKEHUS,

9JICKTPOMAarHuTHass COBMCCTUMOCTD.

The concept and prospects of technical development of the electric power industry of railway
transport are substantiated. It is shown that the use of an electric traction system on a single-
phase alternating current is accompanied by significant difficulties associated with ensuring
high-quality selection of electricity from the power supply systems (asymmetry, non-
sinusoidality and high consumption of reactive energy), strong electromagnetic influences on
adjacent devices and poor quality of rectification of single-phase alternating current on electric
rolling stock. The DC traction power supply system is devoid of these disadvantages, and with
the same or comparable voltages in the traction network in these systems, the DC traction power
supply system has significant advantages. With an increase in the speed of trains to 400 km per
hour and a maximum increase in freight traffic, the most optimal voltage level in the DC traction
network is 24 kV. Increasing the rated voltage in the traction network above 24 kV, for example
to 30 kV, is limited by the criteria of economic feasibility. For this system, the most effective are
24-pulse rectification schemes; the creation of rectifier-inverter units with a number of pulsations
greater than 24 is a complex technological task and is impractical according to technical and
economic calculations. A method for determining the harmonic composition of the rectified
voltage is given, taking into account the non-identical resistances of thyristors (diodes) and the
asymmetry of the control of thyristors. The presence in each of the blocks of a large number of
elements with a random spread of parameters allows us to assume that the distribution density of
the delay of the thyristor control pulses obeys the normal law. The analysis of the probabilistic
characteristics of non-canonical harmonics is carried out taking into account the spread of the
parameters of electronic components, which obeys the law of uniform density. It is shown that
the mathematical expectation of the delay in opening the next block of thyristors, the variance
and other numerical characteristics should be determined using the linearization method of
characteristic functions.

Key words: electric power industry of transport, traction power supply system, electromagnetic
compatibility.
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CoBeplieHCTBOBAHHE AJTOPUTMOB YNPABJIEHUSI CKOPOCTHI0 IBUKEHHS JIMHHOCOCTABHBIX
rpy30BBbIX M0€3/10B

JKYXUH H.O., ITYIOBHUKOB O.E.

OaHUM K3 CITOCOOOB MOBBIIICHHUS TPOITYCKHOM U TIPOBO3HOM CITOCOOHOCTH JKEJIE3HBIX JOPOT
SIBIISIETCS] MICTIOJIb30BAHUE TPY30BBIX MOE30B MOBBIIICHHONW MACChI U JIUHBL. C 1ENbI0
MOBBIIICHUS 0€30MTACHOCTH JBYKCHUS JJIs YIIPABJICHHS TAKMMH MTOE3]]aMH IPUMEHSIOTCS
cucTeMbl aBToMaTtndeckoro ynpasiieHus (CAY) cKOpOCThIO, YYUTHIBAIOIINE OCOOCHHOCTH
IIPOIIECCOB, MTPOTEKAMOINUX B JKEJIC3HOIOPOKHOM cocTaBe. M3BectHa CAY CKOpPOCTHIO,
peanu3yromnias pa3roH (TOPMOKEHHE) Moe3/1a C U3MEHEHHEM CHJIBI TSATH WM TOPMOYKCHHSI B JIBA
dTama. ITO YMEHBIIAET BOZHUKAIOIINE B TTOE3/€ MPOOJIbHBIC TUHAMIUYECKHUE CUITBI, HO B PsIlie
CJIy4aeB MPUBOJUT K 3aTATMBAHUIO NIEPEXOAHBIX TporieccoB. [Ipemioxkena
ycoBepuieHcTBoBaHHass CAY CKOPOCThIO, B KOTOPOH B 3aBUCHMOCTHU OT CTETIICHH
PaCTSDKCHHUS/COKATHUS TI0e3/1a TIepe]] HadaaoM Pa3roHa/TOPMOKEHHUS aBTOMATHYECKU BhIOUpaeTcs
PEXHMM pa3roHa/TOPMOKCHHS — B OJIMH HJIK JiBa dTana. OIHO3TAITHBIA pa3roHa MPUBOIUT K
TIOBBIIIICHUIO MPOITYCKHON CIIOCOOHOCTH KEJIE3HBIX IOPOT K SKOHOMHH SHEPTOPECYPCOB HA TATY
II0€3/10B.

Knioueswie cnosa: Tpy30BOi 110€3/1, CUCTEMA aBTOMATHYECKOTO YIIPABJICHUS, CUCTEMA
ABTOBEJICHUS, JMHAMHKA TPY30BOTO MOE3/1a, PETYISATOP CKOPOCTH, IPOAOTHHBIC CHIIBI,

0€e30I1aCHOCTD JABUMOXKXCHUA.

One of the ways to increase the capacity and carrying capacity of railways is the use of freight
trains of increased weight and length. In order to improve traffic safety, automatic speed control
systems are used to control such trains, taking into account the peculiarities of the processes
occurring in the train. There is a known automatic speed control system that implements
acceleration (braking) of a train with a change in the traction force or braking in two stages. This
reduces the longitudinal dynamic forces that occur in the train, but in some cases leads to a delay
in transients. An improved automatic speed control system is proposed, in which, depending on
the degree of stretching (compression) of the train before starting acceleration (braking), the
acceleration (braking) mode is automatically selected — in one or two stages. The use of one-
stage acceleration of the train leads to an increase in the capacity of railways and savings in
energy resources for train traction.

Key words: freight train, automatic control system, auto driving system, freight train dynamics,

speed controller, longitudinal forces, traffic safety.
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IepcnexTuBbl npuMeHennss BTCII-TexHo0ruii 1J1s1 3J1eKTPO3HEPreTHYECKOr0 KOMILJIEeKca
TPaHCIOPTHBIX CPE/ICTB

TATYHUKO I1.C., MTHBKOB I0.M., ®EJIIEBA I'.A., BE33YBEEHKO A.1.

PaccmoTpeHsl 001eMupoBBIe TEHICHIIMY Pa3BUTUS TPAHCIOPTHBIX CPE/ICTB, YKa3aHbI OCHOBHBIC
IyTH MOBBIIICHUS YHEPT03(PPEKTUBHOCTH IPe0Opa30BaTENbHON TEXHUKH, PACCMOTPEHA
BO3MOXXHOCTH BHEJJPEHUS TEXHOJIOTUH BBICOKOTEMIIEPATYPHOU CBEPXIPOBOJMMOCTH B CHIIOBBIX
SHEProyCTaHOBKAX BO3AYIIHOTO TPAHCIIOPTA, IPUBEICHBI PE3YJILTAThl KCIIEPUMEHTAIBHBIX U
AQHAJTMTUYECKUX MCCIICAOBAHNH MPOBOISIINX CBOMCTB MOJIEBBIX TPAH3UCTOPOB NPU
(GYHKIIMOHUPOBAHUY B CPEJIE KUAKOTO a30Ta.

Knrwoueswvie cnosa: >nextpudrkanus TpaHCIIOPTHBIX CPEICTB, KPHOTCHHOE OXJIaX/ICHUE,

BBICOKOTEMIICpATYpHAast CBEPXIUPOBOAUMOCTD, UCCIICAOBAHUC MOH'TpaHSI/ICTOpOB.

The global trends in the development of vehicles are presented, the main ways of increasing the
energy efficiency of conversion equipment are indicated, the possibility of introducing high-
temperature superconductivity technologies in power plants of air transport is considered, the
results of experimental and analytical studies of the conducting properties of field-effect
transistors when operating in liquid nitrogen are presented.

Key words: vehicle electrification, cryogenic cooling, high-temperature superconductivity,
MOSFET research.

Onekmpomexnuxa, 2021, Ne9, cmp. 52-56

IIporuo3upoBanue BbIX0A U3 CTPOS TATOBBIX JICKTPOABHUIaTe el JJIEKTPONOABHKHOIO
€OCTaBa ’KeJIe3HbIX I0POrc UCIO0Ib30BaHNEM ITy0OKHX HeHPOHHBIX ceTei

CUJOPEHKO B.I'., KYJIATYH M.A.

PaccMoTpeHnsl Bonmpockl opraHu3anuy NIpeJUKTUBHOM THarHOCTUKHU, UCTIOIb3YEMOH B
MHTEIJIEKTYaJIbHOM CUCTEME YIIPABIIEHUSI IPOU3BOJCTBEHHBIMU PECYPCAMU TOPOJCKUX
penbcoBbIX TpaHcnopTHbIX cucteM (I'PTC) mpu pemieHuu crieayromux 3a1a4: OLEeHKH
COCTOSTHUS dJeKTponoaBmkHOro coctaBa ' PTC, npornosupoBanus ero paboTocnocoOHOCTH U

MMPUHATHA PCILICHUS O HeO6XO,I[I/IMOCTI/I BHCIIJIAHOBOT'O OCMOTpa U pCMOHTA,



YCOBEpLIEHCTBOBaHUA rpaduka 000poTa MOJABUKHOTO COCTaBa U €ro aJanTaluy Mo
JTUHAMUYECKHU N3MEHSIOIINECS YCIIOBHSI; MOBBIICHUS Y(PPEKTUBHOCTH YIIPABICHHS
ANIEKTPONoABMKHBIM cocTaBoM [ PTC, a UMEHHO — MOBBIIEHUS! YPOBHS pab0TOCIOCOOHOCTH H
CHW)KCHHSI BEPOSITHOCTH BHEILIAHOBOI'O PEMOHTA U U3/I€P>KEK Ha peMOHT. [Ipemioxken anroputm
pacuéra BEpOSATHOCTH BBIXO/A U3 CTPOS TATOBOIO AJIEKTPOJBUraTelsl U CUHTE3UPOBaHa
apXUTEKTypa aBTOKOIMPOBIIUKA, PELIAIOIIET0 3Ty 3a/a4y. JTOT aJITOPUTM IO3BOJIUT
OIIpENENATh CIHMCOK AJIEKTPOABUraTeIe ¢ aHoMalbHbIM cocTosiHueM. ITpoBenen 0630p
MCIIOJIb3YEMBIX HA KEJIE3HOJOPOKHOM TPAHCIIOPTE CUCTEM NPEIUKTUBHON TUAarHOCTUKU.
[IpencraieH nepeyeHb NPU3HAKOB, UCIOIb3YEMBIX /7151 00y4EeHUsI HEUPOHHOMN CETH.
Kniouegvie cnoga: 3neKTpONOIBUKHON COCTAB, TOPOJACKON PEJIBCOBBIN TPAHCIIOPT, TATOBBIN

SJICKTPOABUTATCIIb, MHTCIUICKTYAJIbHOC YIIPABJICHUC, Hef/’IpOHHBIe CCTH.

The issues of the organization of predictive diagnostics used in the intelligent production
resource management system of urban rail transport systems (URTS) in solving the following
tasks are considered: assessing the state of the electric rolling stock of the URTS, predicting its
performance and deciding on the need for an unplanned inspection and repair; improving the
rolling stock turnover schedule and its adaptation to dynamically changing conditions; to
increase the efficiency of the management of the electric rolling stock of the URTS, namely, to
increase the level of efficiency and reduce the probability of unplanned repairs and repair costs.
An algorithm for calculating the probability of failure of a traction motor is proposed and the
architecture of an auto-encoder that solves this problem is synthesized. This algorithm will allow
you to determine the list of electric motors with an abnormal state. The review of predictive
diagnostics systems used in railway transport is carried out. A list of features used for training a
neural network is presented.

Key words: electric rolling stock, urban rail transport, traction electric motor, intelligent control,

neural networks.

Onexkmpomexnuxa, 2021, Ne9, cmp. 57-61

IIpuHIUIIBI HODMHPOBAHMS YPOBHS NOMeX OT TATOBOI'0 TOKA NP padoTe NPUEMHUKOB
aBTOMATHKH U TeJIeMeXaHUKH

[ITAMAHOB B.J.

OcHoBHOM pUUYNHON cO0€B B paboTe PeIbCOBBIX LIENEH U anmaparypbl aBTOMaTHYECKOM



JIOKOMOTHBHOW CUTHAJIM3ALUU HAa Y9ACTKAX C DJIEKTPOTATOU SBIIAETCS BIUSHUE aCUMMETPUN
TATOBOI'0 TOKA B PENbCOBBIX JMHMX. [IpenenbHo nonyctuMoe 3Hau€HNE aCCUMETPUU
cocraBisieT 4% IpU IepeEMEHHOM TATOBOM TOKE B pesibcoBoil tuHuu 300 A u 6% npu
JJEKTPOTATE MOCTOSHHOIO TOKAa. Takoe HOpMUPOBAaHUE yCTapeIlo, TaK KaK, HAIPUMED,
MIEPEMEHHBIN TATOBBIM TOK IIPU JIBH>KEHHUH TSHKEIIOBECHBIX M0€3/10B MOXKET focturartsh 800 A,
BbI3bIBasl IPONOPLMOHATIBHOE YBEIMYEHUE TOKA aCUMMETpuUU. [Ipu ncCnoab30BaHUH KOJIOB C
6ecrokoBbIMH HHTEepBasIaMu 110 80% cOoeB B paboTe paccMaTprUBaeMbIX YCTPONCTB BO3HUKACT,
KOIJja TOK B 0OMOTKE NPUEMHOT0 UMITYJIbCHOTO pelle, CO3/JaBaeMblii TIOMEXaMHU OT TSATOBOTO
TOKA, MPEBBIIIAET TOK OTIAaNaHusA KOPS 3TOr0 pene. B Takux cilydasx yBeJIMYeHHE CUTHAJIBHOTO
TOKA HE MOBBIIIAET YCTOMUMBOCTH paObOTHI 3TOM anmnaparypbl; OCHOBHON CIIOCOO MOBBIILIEHUS
YCTOMYMBOCTH — YMEHBIIIEHUE BEPOSATHOCTH TOTO, YTO TOK, CO3/[aBa€Mblii TOMeXaMu, OyeT
6oJblIe TOKA OTHAJaHUsI IPUEMHOTO pesie. ITO MOKHO 00eCIeUUTh MPU MOMOIIHU (PUIIBTPOB C
ay4qieil 3¢ (peKTUBHOCTBIO MIIM IPUMEHEHUEM JJOTIOJIHUTEIbHON (QUIBTPALIMH TOMEX, A TAKKE
HCTIOJI30BaHUEM Pa3HBIX CIOCOOOB KOMIIEHCAIIMH ITOMEX HJTH YBEJIMYCHHEM KO3 uIeHTa
BO3Bpara IIPUEMHBIX pelle.

Knroueevie cnosa: aBToMatndeckas IOKOMOTUBHAs CUTHANIM3ALNSA, aCUMMETPUS TATOBOTO TOKA,

OTHOIICHUC CI/IrHaJI/HOMCXa, HOPMHPOBAHUC.

The main reason for failures in the operation of rail circuits and automatic locomotive signaling
equipment in areas with electric traction is the influence of the asymmetry of the traction current
in the rail lines. The maximum permissible value of the asymmetry is 4% for alternating traction
current in a 300 A rail line and 6% for direct current electric traction. Such rationing is outdated,
since, for example, the alternating traction current when moving heavy trains can reach 800 A,
causing a proportional increase in the current of asymmetry. When using codes with non-current
intervals of up to 80% of failures in the operation of the devices under consideration occur when
the current in the winding of the receiving pulse relay, created by interference from the traction
current, exceeds the armature drop-off current of this relay. In such cases, an increase in the
signal current does not increase the stability of the operation of this equipment; the main way to
increase stability is to reduce the probability that the current generated by interference will be
greater than the drop — off current of the receiving relay. This can be achieved by using filters
with better efficiency or using additional interference filtering, as well as using different methods
of interference compensation or increasing the return coefficient of receiving relays.

Key words: automatic locomotive signaling, traction current asymmetry, signal/interference

ratio, rationing.
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OnbIT penieHnst KOCBEHHOM 32124 MPOYHOCTH BEHTHJIBHOT0 JIEKTPOABUIATES C
0COOEHHOCTSIMHU pacipeaeeHusi MACC MPHU BO3/IeiiCTBUN HA HET0 CHHYCOUIATbHOI
BHOpauMu

HNIIYTHUHOB B.B., PYCCKHUX A.H.

OrnucaH OMBIT MTPOBEICHUS] BUPTYAIbHBIX UCIIBITAHUN HA CHHYCOUAABHYIO BUOPAITHIO
BEHTHJIBHOTO DJICKTPOJIBUTATENS ¢ TOCTOSITHHBIMU MarHutamu B CAE-cpene. Pemena kocBeHHas
3aJ1a4a MPOYHOCTH IIPH CHHYCOMIAIBLHOM BHOPAIIMH 3JICKTPOJABUIATENS C COCPEIOTOUCHUEM
Macc B IPOTHBOIOJIOXKHON CTOPOHE OT MECTa KPEIJICHUS DJICKTPOABHUTATENS K YTOJIbHUKY.
[TpenoxkeHo KOHCTPYKTUBHOE PEIICHHE TTPOXOKIACHHS CUCTEMBI «YTOJIBHUK —
AJIEKTPOJIBUTATEIbY YePe3 PE30HAHCHBIC YACTOTHI IIPH YCIOBUU TEXHOJIOTHYHOCTH YrOJBHUKA.
[TpoBeneH aHaTU3 3aBUCHMOCTH aMILTUTY bl KOJICOAaHUH OTBETCTBEHHBIX YacTel
AJIEKTPOJIBUTATEIISI OT MEXaHMUECKUX CBOMCTB MaTepHaja UCIBITATeIbHOTO YIOJIBHUKA, (POPMBI
YrOJIbHUKA, KOJTMYECTBA OJTHOBPEMEHHO MCIBITBIBAEMbBIX JICKTPOJIBUTATEIICH Ha BUOPOCTEH]IC.
[TpemnoxkeHa onTUMAIbHAS TT0 YACTOTHBIM M aMIUTHTYIHBIM XapakTepucTukam Gopma
UCIIBITATEIFHOTO YTOJBLHUKA JUISI TPOBEICHUST HATYPHBIX UCIIBITAHUN DJICKTPOJIBUTATEIICH CO
CMEIIIEHHBIM IIEHTPOM Macc.

Knrouesnie cnoea: BEHTUIIBHBIN 3JIEKTPOJABUTATENb C TOCTOSHHBIMA MarHUTaMU, BUPTYaJIbHbBIE

HCIIBITAHUA, CHHYCOWUJaJIbHAA BI/I6paIII/I$[, PE30HAHCHBIC YaCTOTHI, HCHBITATETbHBIN YIr'OJIbHHUK.

This article describes the experience of performing virtual sinusoidal vibration tests on a
brushless permanent magnet DC motor in a CAE environment. An indirect problem of strength
is solved for sinusoidal vibration of an electric motor with a concentration of masses in the
opposite side from the place of attachment of the electric motor to the square. A constructive
solution is proposed for the passage of the «square-electric motor» system through the resonant
frequencies, provided that the square is manufacturable. The analysis of the dependence of the
vibration amplitude of the critical parts of the electric motor on the mechanical properties of the
material of the test square, the shape of the square, the number of simultaneously tested electric
motors on the vibration stand is carried out. The optimal shape of the test square in terms of
frequency and amplitude characteristics is proposed for carrying out field tests of electric motors
with a displaced center of mass.



Key words: brushless permanent magnet DC motor, virtual tests, sinusoidal vibration, resonant

frequencies, test square.
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MeTtoauka onpeneseHus aMILIMTYAbI IPUHYKICHHON NePHOAUYECKOI COCTAB/ISIIOLIEH
NepPexXoJHOr0 TOKA KOPOTKOI'0 3aMbIKAHMS

MBAHOB H.A., TIOBAPCKHM JI.P., PYBLIOB A.A., TY3JIYKOBA E.B.

[Tpenosxkena MeTouKa ObICTPOTO M CEJIEKTUBHOTO ONPEIEICHUs aMILTUTYAbI IPUHYKICHHON
NEPUOANYECKON COCTABIISIONIEH TEPEX0AHOI0 TOKa KOPOTKOIO 3aMbIKAaHUs, B TOM YHCIIE, IPU
HaJIMYUU [IOMEX U CIOPAJMUECKUX HaChIIEHUH TpaHcpopmaTopoB Toka. [Ipu yactore 3amepos
Toka 4-5 k' MUHUMAJIbHOE BpEeMsl ONPEeICHHs aMIUTUTY Il ¢ OrperHocThio £(10-15) %
COCTaBJIET 2—3 MC OT Hayajua KOPOTKOI'O 3aMbIKaHUs, €CJIM BPEMsI 1O IEPBOT0 HACBILICHUS
TpaHc@opMaTopoB Toka He MeHee 4—5 Mc. Mcnonp30BaHne METOAUKH 1EIeco00pa3Ho B
COBPEMEHHBIX YCTPOMCTBAX 3aIIUTHI U YIIPABJICHUS, B KOTOPBIX HEOOX0AUMO OBICTPOE U
CEJIEKTUBHOE OIpeJIeJIEHUE aMIUIUTY/ bl IPUHYKACHHOM NEepUOINYecKOil cocTaBIstoIei
CBEpXO0JIBLIOTO MEPEXOHOrO TOKa KOPOTKOTO 3aMBIKAHHUS.

Knrouesvie cnoea: >nexTpuueckue CeTH, yCTPOICTBAX 3alUThl U YIIPABJIEHUS, TOK KOPOTKOTO

3aMBIKaHUs, aMILIUTY1a IEPUOJIUYECKON COCTABIISAIOMIECH.

A method is proposed for the rapid and selective determination of the amplitude of the forced
periodic component of the transient short-circuit current, including in the presence of
interference and sporadic saturation of current transformers. At a current measurement frequency
of 4-5 kHz, the minimum time to determine the amplitude with an error of +(10-15) % is 2-3
ms from the beginning of the short circuit, if the time to the first saturation of the current
transformers is not less than 4-5 ms. The use of the technique is advisable in modern protection
and control devices, in which it is necessary to quickly and selectively determine the amplitude
of the forced periodic component of an ultra-large transient short-circuit current.

Key words: electrical networks, protection and control devices, short-circuit current, the

amplitude of the periodic component.
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DJIEeKTPOMAarHUTHbIE MPOIECCHI B 3aPS/IHOM yCTPoiicTBe Ha (6a3e Moc/ie10BaTeILHOT0
PE30HAHCHOT0 HHBEPTOPA

BAHJSEB B.B., KOIIEJIOBUY E.A.

PaccMoTpeHbl 0COOCHHOCTH pabOThI 3apsTHOTO YCTPOHCTBA BBICOKOBOJIBLTHOTO €MKOCTHOTO
HAKOMUTEIISl YHEPTUH Ha 0a3e TPAH3UCTOPHOTO MOCIIEI0BATEILHOTO PE30HAHCHOTO HHBEPTOpa B
peKUMe CTabUIN3aliy HanpspDKEeHUs Ha HakonuTenne. C MOMOIIbI0 MAaTEMAaTUYECKOW MOIETTH
YCTaHOBJICHBI IPUYUHBI U 00JIACTH CYIISCTBOBAHMS aHOMAIBHBIX PEKUMOB PaOOTHI 3apsTHOTO
YCTPOMCTBA MPH CTAOMIIM3AIIMH BBIXOJHOTO HAIIPSDKEHHUS, COITPOBOKIAIOIINECS HACBIIIICHHEM
MarHMTONPOBO/IAa BEICOKOBOJIBTHOTO TpaHC(OpMaTopa, TOKOBOM MEperpy3Koil TpaH3UCTOPOB U
MPEBBIIICHHEM HAIPSDKCHUS Ha DJIEMEHTaX PE30HAHCHOTO KOHTYpa. [IpemioxeH anropurm
yIIpaBJICHUS] TPAH3UCTOPAMHU HHBEPTOPA, HCKITIOYAIOIIUI 3TH PEKUMBI.

Knrwuesovie cnosa: eMKOCTHBINM HAKOIUTEIb YHEPTUH, 3aPSIHOE YCTPOHUCTBO, PE30HAHCHBIN

UHBEPTOP, BEICOKOBOJIBTHBIN TpaHC(hOpMATOp, HACHIIIICHHE MarHUTOIIPOBOIA.

The features of operation of the charger of a high-voltage capacitive energy storage device based
on a transistor serial resonant inverter in the mode of voltage stabilization on the storage device
are considered. With the help of a mathematical model, the causes and areas of the existence of
abnormal modes of operation of the charger during the stabilization of the output voltage,
accompanied by saturation of the magnetic circuit of a high-voltage transformer, current
overload of transistors and excess voltage on the elements of the resonant circuit, are established.
An algorithm for controlling the transistors of the inverter, excluding these modes, is proposed.
Key words: capacitive energy storage, charger, resonant inverter, high-voltage transformer,

magnetic circuit saturation.
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