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IHoBbimenne 3(pGpeKTHBHOCTH PA0OTHI JIEKTPOTEXHNYECKOH CHCTEMBbI 00PaTHOM
TATOBOH PeJIbCOBOM CeTH

T'OPEJIMK A.B., TPUIIIEYKO C.B., JIVHEB C.A., MAKCHMOB H.A., CIEPAHCKUIA
I.B.

CraTbst MOCBsIILIEHA COBEPIIICHCTBOBAHUIO CXEM KaHAJIU3aI[1 00pPaTHOTO TSATOBOTO TOKA B
CHCTEME TATOBOI'0 JIEKTPOCHAOKEHHS JKEJIE3HOIOPOKHOTO TpaHcHopTa. [ cHIDKEeHUs
HEraTUBHOI'O BIMAHUS OOPAaTHOIO TSATOBOIO TOKA Ha pabOTy 3MEKTPUUECKUX PEIbCOBBIX
IIeTIeH JKEJIE3HOJOPOKHONW aBTOMATHUKH TIPEIJIOKEHO TPUMEHEHNE B 00paTHOM TATOBOM
PENBCOBOM ceTH (PUIBTPYIONIETO YCTPOKWCTBA, BHIIIOJHEHHOTO HA OCHOBE APOCCEIIb-
TpaHchopmaTopa cepuitHoro npousBoacTBa. CHopMymupoBaHbI MOKA3ATENN A OLECHKH
BO3MO>XHOCTH TAKOTO MPUMEHEHHUs. JlaHbl pEKOMEHJAIMH 110 PeaIu3aluy NPeIJI0OKEHHOTO
PEILICHNUS C LICJIBIO CHIKEHUS HETIPOU3BOAUTENIBHBIX IIOTEPh MIEKTPOSHEPTHH B
AJIEKTPOTEXHUYECKOH CUCTEME TATOBOTO 3JIEKTPOCHA0KEHHUS M oOecreueHust 0€301MacHOCTH
JBUKEHMSI I0€3/10B.

Knrwouesvie cnosa: >nexTpuuecKie pebCoBbIE LENH, pocceib-TpaHchopMaTop, 0OpaTHast

TATOBasA PEIbCOBAsA CETh, YETHIPCXIIOJTKOCHHUK.

The article is devoted to the improvement of reverse traction current sewerage schemes in the
traction power supply system of railway transport. In order to reduce the negative effect of
reverse traction current on the operation of electric rail circuits of railway automation, it is
proposed to use a filtering device based on a mass-produced choke transformer in the reverse
traction rail network. Indicators have been formulated to assess the possibility of such an
application. Recommendations are given on the implementation of the proposed solution in
order to reduce unproductive losses of electricity in the electrical traction power supply
system and ensure train safety.

Key words: electric rail circuits, choke transformer, reverse traction rail network, four-pole.
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MeTtoab! 1 AJITOPUTMBI HHTEPBAJBLHOI0 PeryJIMPOBaHUS IBHAKEHHS BHICOKOCKOPOCTHBIX
1oe3/10B

BECTEMbBAHOB I1.D.

JIuHeliHag nucTaHuMsa MEXAY BBICOKOCKOPOCTHBIMU MOE3JaMU MPU CKOPOCTH IBUkeHUs 360
kM/4yac gocturaetr 60 kM npu 10 MuHyTHOM MHTEpBane ABwKeHus. [Ipu Takol nuHeiHON
JUCTAaHIMU TOPMO3HOM IIyTh I10€37a Ha MOPSAJOK MEHBIIIE JIMHEHHON TUCTAHLIUH, YTO
MIO3BOJIIET YIIPOCTUTH CUCTEMY MHTEPBAIILHOTO perynupoBanus. [Ipeanaraercs B aToM
Ccllyyae UCIOJIb30BaTh IPUHIUI [10JyaBTOMATH4YECKOH O10KupoBKHU. [Ipn ymeHnbleHnn
MHTEpBaJIa ABMKEHUS MEXy M0€31aMU 10 2—3 MUH TOPMO3HOMW IyTh 110€3/]a CTAHOBUTCS
COM3MEPUM C JIMHENHOW qucTaHuuen. Kak nokasano MoaenupoBaHue, OpraHu3anus
JBMKEHUS C PETYJISITOPOM Ha OOPTY JJOKOMOTHBA, UCIOJIB3YIOIIUM 3aKOH yIPaBJIEHUS 110
YCKOPEHHIO, IO3BOJISIET 00ECTIEUUTh 0€30M1aCHOCTh IBUKEHHUS TI0€3/10B B aBaPUIHHBIX
CUTYalUsAX, KOT/1a BIIEPENN UAYIIUH 10€3]] MPAaKTUYECKH MITHOBEHHO OCTaHABIIMBAETCS
(cKOpOCTh IBMKEHMS paBHA HYJII0, MMUTALMS CX0/1a 110€3/1a). PaccMOTpeHHbII 3aK0H
YIPaBJIEHUS TAKXKE MO3BOJISIET 00ECIEYUTh YCTOWYMBOCTh IBUKEHHS HECKOIBKUX MOE3/10B,
IOBYOKYIIMXCA ¢ MUHMMAJIBHBIM HHTEPBAJIOM; B YaCTHOCTH MOJAEIUPOBATIOCH ABH)KCHHE IIATH
noe3noB. CrucreMa ynpasieHHs NIO€3JaMH I0JDKHA PEAyCMaTpPUBaTh BO3MOXHOCTh
aBapUITHBIX OCTAaHOBOK MOE3/I0B U 00ECTIeYNBATh PEKOH(PUTYPALMIO Ha OOIBIINI HHTEpBaI
11 o0ecriedeHns: 6e30MacHOCTH JBMKEHUS MTOE3/10B.

Knrwuegwie cnosa: BBICOKOCKOPOCTHOM IO€3]1, aBTOMAaTUYECKasl JIOKOMOTHBHAS
CUTHAJIM3alus, 3aKOH YIIPABJICHUS 110 YCKOPEHUIO, MHTEPBAJI BPEMEHU MEXAY MOE3/1aMH,
panuokaHa, peabCOPOBOIHBINA KaHAJl CBSI3H, I10JyaBTOMAaTH4ECKast OJIOKUPOBKA,

yCTOﬁ‘-IHBOCTI: JABMOXKCHUSA ITOC300B.

The linear distance between high-speed trains at a speed of 360 km/hour reaches 60 km with a
10-minute travel interval. With such a linear distance, the braking distance of the train is an
order of magnitude smaller than the linear distance, which simplifies the interval control
system. In this case, it is proposed to use the principle of semi-automatic locking. When the
travel interval between trains is reduced to 2-3 minutes, the stopping distance of the train
becomes commensurate with the linear distance. As the simulation showed, the organization

of movement with a regulator on board the locomotive, using the acceleration control law,



makes it possible to ensure train safety in emergency situations when the train in front stops
almost instantly (the speed is zero, simulating a train derailment). The considered control law
also makes it possible to ensure the stability of the movement of several trains moving at a
minimum interval; in particular, the movement of five trains was simulated. The train
management system should provide for the possibility of emergency stops of trains and ensure
reconfiguration for a longer interval to ensure train safety.

Key words: high-speed train, automatic locomotive signaling, acceleration control law, time
interval between trains, radio channel, rail-line communication channel, semi-automatic

blocking, train stability.
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Metoauka ananu3a GQyHKINOHMPOBAHUSA PEryasiTopa CKOPOCTH 3JIEKTPONOABHKHOIO
COCTaBa NMPH CIAYYAHHOM BO3MYIICHUHU

BAPAHOB JL.A., [IYIOBUKOB O.E., JIET' KA B.1.

PaccmoTrpena meTonnka aHann3a KauecTBa yIpaBIeHUsI CUCTEMbl aBTOMaTHYECKOTO
YIpaBJIEHUS! CKOPOCTHIO MPU HAJTMUMHU BO3MYILEHUS B BUJIE CIy4aiiHOTO MPOpUIIs MyTH,
IIPEACTABICHHOIO KaK CTALlMOHAPHBIN ['ayCCOBCKMI MPOLECC C U3BECTHBIMU
ABTOKOPPEISAIIUOHHON (QYHKITUEH U CTIEKTPATIbHON TUIOTHOCTHI0. OCYIIECTBIICH BHIOOD
dhopmupyromero GuibTpa, HEOOXOAMMOTO /IS MTOJIYYCHHS CITydaiHON QYHKIIHH C
3aJJaHHBIMH CTAaTUCTHYECKUMU napameTpamu. [IpoBeseHo MoaenrpoBanre paboThl CHCTEMBI
aBTOMATUYECKOT'O YIPABJIEHUSI CKOPOCTBIO IIPH IBUKEHHUM 110 OJHOW U3 MOIYYEHHBIX
peannzanuii caydaitHoro npoduss myTy ¢ JalbHEHIINM aHAIU30M MOJYUYE€HHBIX Pe3yIbTaTOB.
Knioueevie cnoga: Bo3mylieHne, KauecTBO ynpasienus, [11 3akon ynpasienus, nokazarenu
KayecTBa, CKOPOCTHOM 3JIEKTPOIIOE3], CTALIMOHAPHBIN CIyJaiHbIi mporece, GOopMHUPYIOLTHA

¢GuIbTp, TUPPOBBIE ABTOMATUYECKHE CUCTEMBI YIIPaBIICHUS.

A method for analyzing the control quality of an automatic speed control system in the
presence of a disturbance in the form of a random path profile, represented as a stationary
Gaussian process with a known autocorrelation function and spectral density, is considered.
The choice of the forming filter necessary to obtain a random function with the specified
statistical parameters is carried out. A simulation of the operation of an automatic speed

control system when driving along one of the obtained implementations of a random path



profile is carried out with further analysis of the results obtained.
Key words: disturbance, control quality, PI control law, quality indicators, high-speed electric

train, stationary random process, forming filter, digital automatic control systems.
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THAroBbI TOK B PeJIbCOBBIX JJUHUAX KAK HCTOYHMK MH(OpManuu 00 U3JjioMe pejbca
HTAMAHOB B.H1., JEHEXKHWH [.B.

Jlnst oOHapyXeHHS U3JI0OMa PENIbCOB UCIIONB3YIOT Pa3IMYHbIE CUTHATIBHBIE TOKHU, HAIIPUMED,
TOK pebCOBBIX Lienel. B To jke BpeMst Ha y4acTKax ¢ 3JIEKTPOTATOU IPU JBUKEHUU [TOE310B
B PEIIbCOBBIX JINHUAX BCETJa €CTh TATOBBIM TOK, KOTOPBIM MOKHO UCIIOIb30BaTh B KAYECTBE
CUTHAJIBHOTO TOKa. CHIHAJIOM O BO3HMKHOBEHUH U3JI0MA PEIbCOB MOXKET OBITH
CKa4uKoOOpa3HOe YBEIUYCHHE aCUMMETPUH TATOBOTO TOKa. B cTaThe mpuBeIeHB HEKOTOPHIE
pe3yabTaThl UCCIEAOBAHUM TOTO, KAK U3MEHSAETCS aCUMMETPUs IIEPBOM U TPEThE FrapMOHUK
IIEPEMEHHOTO TATOBOIO TOKA HA KOHIIAX PEJIbCOBOM LIENU MPHU U3JI0Me penbca. McecnenoBanus
IIPOBEJICHBI ITPY PA3HBIX JUIMHAX PENbCOBBIX LENEH, IPU Pa3HbIX 3HAYECHUAX TATOBOTO TOKA B
PENBbCOBOI IMHUY U NIPU Pa3HbIX BUJIAX ACHMMETPHUH CONPOTUBIIEHUN PEILCOBBIX HUTEH B
Hel. [1oka3aHo, 4TO U3JIOM pelbca Pe3KO YBEIMYUBAECT OTHOCUTEIIBHYIO aCUMMETPHIO
MIEPEMEHHOTI'0 TATOBOI'0 TOKA Ha KOHIIAX penbcoBbIX Leneil. [Tokaszano, uTo 3T0T criocod
o0ecneyrBaeT CBOEBPEMEHHOCTh U IOCTOBEPHOCTh OOHAPYKEHUS U3JI0Ma peJIbCa.
Knioueesvie cnoga: penbCoBble JIMHNN, U3JIOM PEIILCOB, PACIPEEIIEHUE TSATOBOIO TOKA,

ABTOMATHYECKUI KOHTPOJIb.

Various signal currents, for example, the current of rail circuits, are used to detect the fracture
of rails. At the same time, in areas with electric traction, there is always a traction current in
the rail lines that can be used as a signal current. An abrupt increase in the asymmetry of the
traction current may be a signal of the occurrence of a rail fracture. The article presents some
results of studies of how the asymmetry of the first and third harmonics of alternating traction
current at the ends of a rail circuit changes when the rail breaks. The studies were carried out
at different lengths of rail circuits, at different values of the traction current in the rail line and
at different types of asymmetry of the resistances of the rail threads in it. It is shown that the

fracture of the rail dramatically increases the relative asymmetry of the alternating traction



current at the ends of the rail circuits. It is shown that this method ensures timely and reliable
detection of a rail fracture.

Key words: rail lines, rail breakage,traction current distribution, automatic control.
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JHepreTu4eckKu 3G (PeKTUBHBIN JTEKTPONPHBOJA C CHCTEMOH BEKTOPHOI0 yIIPABJICHHA
CHHXPOHHBIM PeaKTHBHBIM JIBUraTe/IeM

MHBKOB [0.M., KOCMOJJAMHUAHCKMIA A.C., ITIYTAYEB A.A., YYTIPMHA H.B.
[TpuBeneHb!I pe3yabTaThl aHAIKU3A IEPCIICKTUBHBIX HANIPAaBICHUN Pa3pabOTKH U UCCIIETOBaHUS
TATOBBIX JIEKTPOIIPUBOJIOB, I0KA3aHA AKTYaJIbHOCTh IPUMEHEHUS! CHHXPOHHBIX PEAKTHUBHBIX
neurateneit (CPJI). [IpuBeneno matemarnyeckoe onucanue CPJl B nByxdaszHoii cucteme
KOOpJMHAT, BPAIIAIOIIEHCsl CHHXPOHHO ¢ poTopoM. CHHTE3UpOBaHa CUCTEMa BEKTOPHOTO
ynpasienus: CPJl, BeiBeieHbI Iepe1aTOYHbIE (PYHKIUHU 3aMKHYTBIX KOHTYPOB PEryJIHMPOBAHUS
IBYX MPOEKLUI TOKOB OOMOTKH CTAaTOPa, JaHbl PEKOMEH/IALIUH 110 PAaCUeTy PEryIsaTOpOB TOKa
1 4acToThl BpaueHus. [lonydeHsl aHanuTHYeckue GopMyJibl 3a/JaHUSI Ha MPOEKIIUU TOKOB
0OMOTKH cTaTopa B QyHKLMHU 3aJJaHUs HA 3JI€KTPOMArHUTHBIN MOMEHT, IPUMEHEHHE
KOTOPBIX MO3BOJISIET MUHIMHU3UPOBATH TOK OOMOTKH CTaTOpPa BO BCEM IUANa30HE H3MEHEHUS
4acTOThI BpaleHus. IIpuBeneHsl pe3yapTaTbl KOMIBIOTEPHOTO MOAEITUPOBAHUS
3JIEKTPOIPUBO/IA C ABUTaTEeM MOITHOCTRIO 102 kBT, moaTBep kaaromnme
paboTOCIOCOOHOCTD MPEIOKEHHBIX PEHICHUH M0 MUHUMU3AIMK TOKA. Y CTAHOBJIEHO, YTO B
30HE ITOCTOSTHCTBA MOMEHTA BEIOOPOM ONTUMANIBHBIX 33/1aHUI Ha TOKK OOMOTKHU CTaTtopa
MO>KHO JOOMTHCS yMEHBILIEHHS TOKa cTaTopa Ha 29,7% 1o CpaBHEHHUIO € peKUMOM paboThI ¢
MOCTOSIHHBIM 3a/IaHMEM Ha MPOEKIUI0 TOKa OOMOTKH CTaTopa Ha OCh d IPU YMEHbILIEHUU
Harpy3Ky HUKEe HOMUHAJIBHOTO 3Ha4eHHs. B 30He mocTosHCTBA MOIITHOCTH 3P PeKT
YMEHBIICHUS TOKA PEHEOPEKUMO MaJl IO CPAaBHEHUIO C KIIACCUYECKUM BAPHAHTOM CHUCTEMBI
BEKTOPHOI'O ynpasieHus. [[aHa cpaBHUTENbHASI OLIEHKA TIOJIYyYEHHBIX PE3YJIbTaTOB C
pe3yJibTaTaMU UCCJIEIOBaHUA APYyTruX cucteM ynpaniieHus: CPJ] u CHHXpOHHBIX ABUTAaTENEH C
BO30Y>KJEHHEM OT MOCTOSIHHBIX MarHUTOB.

Knrouegwle cnoea: CHHXpOHHBIN PEaKTUBHBIN JBUTATENb, CHCTEMA BEKTOPHOTO YIIPABIICHUS,
MUHUMU3aLUS TOKA, IOCTOSHCTBO MOMEHTA, IOCTOSIHCTBO MOIIIHOCTH, KOMIIbIOTEPHOE

MOZJCIIMPOBAHUC.



The results of the analysis of promising areas of development and research of traction electric
drives are presented, the relevance of the use of synchronous jet engines (SJE) is shown. A
mathematical description of the SJE in a two-phase coordinate system rotating synchronously
with the rotor is given. The SJE vector control system is synthesized, the transfer functions of
closed circuits for regulating two projections of stator winding currents are derived, and
recommendations for calculating current and speed regulators are given. Analytical formulas
for specifying the projections of stator winding currents in the function of specifying the
electromagnetic moment have been obtained, the use of which makes it possible to minimize
the current of the stator winding over the entire frequency range. The results of computer
simulation of an electric drive with a 102 kW motor are presented, confirming the operability
of the proposed solutions for minimizing current. It is established that in the zone of moment
constancy, by choosing the optimal settings for the stator winding currents, it is possible to
reduce the stator current by 29.7% compared with the operating mode with a constant setting
for the projection of the stator winding current onto the d axis while reducing the load below
the nominal value. In the zone of constant power, the effect of current reduction is negligible
compared to the classical version of the vector control system. A comparative assessment of
the results obtained is given with the results of the study of other control systems for remote
control systems and synchronous motors with excitation from permanent magnets.

Key words: synchronous jet engine, vector control system, current minimization, torque

constancy, power constancy, computer simulation.
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Pac4yér 601b1MX 3JIEKTPHYECKHUX CXeM IIyTeM NapauieJIbHOI0 pacyéra moacxem
I'PEUMHIHUKOB B. A., IET'JIOB P.B., KOPOJIb IO.H., TABPUKOB B.T.
MogenupoBaHie CUCTEM TATOBOTO 3JIEKTPOCHA0KEHUS BBIOJIHAETCA AJIs1 OOJIBIINX
MIOJIUTOHOB JIEKTPUDUIIUPOBAHHBIX JKEJIE3HBIX JJOPOT — MarCTPATIBHBIX AIEKTPHUECKUX
JKEJIE3HBIX TOPOr WX JIMHUU B LEJIOM Il METPOIIOJIUTEHOB. BO3MOXKHOCTH BBIYUCIUTEIBHON
TE€XHUKU U TEOPETHUYECKHE HapaOOTKH MO3BOJISIOT PACCUMTHIBATh KBa3MyCTAaHOBUBLIMECS
PEXHUMBI C IPUEMIIEMBIM BPEMEHEM OKHJAHUs, OJHAKO CIEKTP 3a1ad JAJIs IPOrPaMMHBIX

KOMIIJICKCOB I10 pacqéTy CUCTEM TATOBOI'O BJIGKTpOCHaG)KeHI/ISI YBCIIMYHNBACTCA, HGOGXOILI/IMBI



pacy€ThI MEPEXOIHBIX MPOLIECCOB U 3JIEKTPOMArHUTHOM COBMECTUMOCTH, YUET PEaabHOTO
HaIIpsDKEHUs Ha TOKOIIPUEMHUKE 3JIEKTPOIIOABUKHOIO COCTaBa, PaCUET aBApUNHBIX PEKUMOB
C YY€TOM TITyXUX U AYTOBBIX KOPOTKUX 3aMbIKAHUU U T.J., YTO MMO3BOJIUT pellaTh 3a7auu,
CBSI3aHHBIE C BHIOOPOM aJI€KBaTHOM YCTABKH 3alIUTHBIX YCTPOMCTB, C OLIEHKOW BIUSHUS
TreHEepaTOPHBIX PEKUMOB PaOOTHI FIEKTPOMOIBUKHOTO COCTaBa Ha OTKIIIOYAIOIIYIO
CIIOCOOHOCTH OBICTPOICHCTBYIOIIUX BHIKIIFOUATENICH, 0€30MMaCHOCTHIO IPOX 0K ICHUS
ANEKTPOBO3a HU3OJIMPYIOIIETO COMPSHKEHUS MO TOKOM, Pacu€TOM HEOOXOIUMOI MOIITHOCTH
peakTopa U mapaMeTpoB GUIBTP-yCTPOUCTB U T.1. IIpu Takux ycioBusx pacdér BHOBb
CTAHOBUTCS TPYAOEMKON BBIUMCIUTENILHOM 3a/1aueii. BO3MOKHOCTH MOBBIIIEHUS CKOPOCTH
pacy€ToOB KPOIOTCS B IPUMEHEHUH MapajlyieIbHbIX BHIYMCICHHM, KOTJIa YBEIIMUEHUE CKOPOCTH
Pacy€ToOB MPOUCXOIUT KakK 3a CYET OJTHOBPEMEHHOTO BBINIOJIHEHUS HECKOJIBKUX PACUYETOB, TAK
1 3a CYET TOTO, YTO OOITHIT OOBINON 00BEM TaHHBIX IEITUTCS HA YaCTH M 00pabaThIBaeTCs B
HECKOJIbKUX MapauieNIbHbIX pacyéTax, TO €CTh IPOUCXOAUT YMEHbIIEHHE 00bEMa PACUETHBIX
JAHHBIX JUIS KaXX0T0 U3 MapaJljIeIbHO BBIMOIHAEMBIX pacu€ToB. Takol MoaXo NPUMEHUM U
MIpHU pacuérax JIEKTPUUECKUX cXeM. B cTaThe MpUBOAUTCS ONMKMCAHUE METOJUKH YCKOPEHUS
Pacy€TOB JIEKTPUUYECKUX CXEM IyTEM MMAPAJUIEIBHOrO pacy€éTa MoJACXEeM Ha MpUMepe
4eThIpEX (Ha3HOr0 MOBBILIAIOIIETO MOJIYIPOBOJIHUKOBOTO IIPeoOpazoBaTeis ¢ IIaBaoIuM
YepeI0BAaHUEM.

Kniouesvie cnosa: cuicrema TATOBOTO DIIEKTPOCHAOKESHHUS, TATOBASI MTOACTAHIIUS, pacyeT
ANEKTPUYECKUX CXEM, CIIOCO0 MapayieNbHBIX BIYUCIEHUH, METO IPOCTPAHCTBA COCTOSHUM,

MCTO/ Y3JIOBBIX IOTCHIIMATIOB.

Modeling of traction power supply systems is performed for large landfills of electrified
railways — mainline electric railways or the line as a whole for subways. Computing
capabilities and theoretical developments make it possible to calculate quasi-steady-state
modes with an acceptable waiting time, however, the range of tasks for software systems for
calculating traction power supply systems is increasing, calculations of transients and
electromagnetic compatibility are needed, taking into account the actual voltage at the
pantograph of electric vehicles, calculating emergency modes taking into account blind and
arc short circuits, etc., which will allow solving tasks related to the selection of an adequate
setpoint of protective devices, with an assessment of the influence of the generator modes of
operation of electric rolling stock on the breaking capacity of high-speed switches, the safety
of passage of the electric locomotive of the insulating coupling under current, the calculation

of the required reactor power and filter device parameters, etc. Under such conditions, the



calculation again becomes a laborious computational task. The possibilities of increasing the
speed of calculations lie in the use of parallel calculations, when an increase in the speed of
calculations occurs both due to the simultaneous execution of several calculations, and due to
the fact that the total large amount of data is divided into parts and processed in several
parallel calculations, that is, there is a decrease in the amount of calculated data for each of
the calculations performed in parallel. This approach is also applicable to the calculation of
electrical circuits. The article describes a technique for accelerating the calculations of
electrical circuits by parallel calculation of subcircuits using the example of a four-phase step-
up semiconductor converter with floating alternation.

Key words: traction power supply system, traction substation, calculation of electrical circuits,

parallel computing method, state space method, nodal potential method.

Onekmpomexnuka, 2025, Ne9, cmp. 40-47

MopenupoBaHue aCHHXPOHHOTO BUIaTeJIs METOAOM IepeMeHHbIX MPOCTPAHCTBA
COCTOSTHM I

II[ETJIOB P.B., BEJIELIKUI C.B., IEBJIKOTMH M.B., TPEUUIITHHMKOB B.A.
PaccMoTpeHo MoenupoBaHie aCHHXPOHHOTO ABUTaTENsl METOIOM MEPEMEHHBIX
MIPOCTPAHCTBA COCTOSTHUH, aJIEKBATHOCTh MPEUIOKEHHOTO METOa NMOKa3aHa ¢ MOMOIIIbIO
pacu€ToB PHEPreTUUECKOM YCTAHOBKH AJIEKTPOIOBHXKHOTO cocTaBa. [loka3aHo, 4To Takon
MOJIXO/1 MOKET OBITh IPUMEHEH JIJIs1 paCu€TOB CUCTEMBI TATOBOTO JIEKTPOCHAOKEHUS C
MOAPOOHBIM BOCIIPOU3BEICHHEM ITPE0OPa30BATEIBHBIX CUCTEM U CUCTEM TATOBOTO
ANEKTPONPUBOAA.

Knrouegwle cnoea: aciHXpOHHBIN ABUTaTENb, PACUET SJIEKTPUUECKUX CXEM, MOJIEIIMPOBAHUE,
YPaBHEHUS IIPOCTPAHCTBA COCTOSTHUH, 3JIEKTPOIIOIBUKHOM COCTaB, CUCTEMA TSTOBOTO

ANEKTPOCHAOKEHHUS.

The simulation of an asynchronous motor by the method of state space variables is
considered, the adequacy of the proposed method is shown by calculations of the power plant
of an electric rolling stock. It is shown that this approach can be applied to calculations of a
traction power supply system with a detailed reproduction of converter systems and traction

drive systems.



Key words: asynchronous motor, calculation of electrical circuits, modeling, equations of the

state space, electric rolling stock, traction power supply system.
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OueHka YIHEProeMKOCTH TeIUIOBOT0 HAKOMUTEJISl JHEPTrUM HA TATOBOM MOJACTAHIINH
METPOIOJIUTEHA VIS IPUeMa N30bITOYHON YHEPTUH peKynepannu

[IEBJIIOI'MH M.B., O'AHOB C.B., EPMOJIEHKO /I.B.

PaccmoTpena 3amava onpeesieHnsi SJHEProeMKOCTH TeTUIOBOTro HakoruTels sHeprun (THD),
YCTaHOBJICHHOTO Ha TATOBOU MOACTAHIIMK METPOTIOIUTEHA, JUIS IpreMa U30bITOYHON
SHEPTHH PeKyIepaluu Mpu TOPMOXKEHHUH JIeKTponoaBmxHoro cocrasa (I11C). Onucano
pacmnpenenenue Toka pexkyneparuu I1IC — na tary npyrux IOIIC, codctBennbie Hyx b1 JI1C,
a Taxke Ha TopMmo3Hbie peocTtaThl DIIC. [lepeunciieHbl OCHOBHbIE TEXHUYECKUE PEIICHUS IS
npreMa U30BITOYHON YHEPTHH PEKyIepallii B BUE PA3TUYHOTO pOa HAKOMUTEICH YHEPTHH,
MPUBEJCHBI ApIyMEHTHI B 063y THD Onaromaps ux mpocToTe, BHICOKOW MOLTHOCTH U
SHEPrOE€MKOCTH, CPABHUTEIIBHO HEBBICOKOM LieHe. Onucad npuHuu aericteus THO u
BO3MOJKHBIE THIIBI XJIaJar€HTa JUIsl AKKYMYJIMPYIOIIETO 3JIEMEHTA HAKOIIUTENS, B TOM YHUCIIE, C
TerioeMKkuM (pa3oBbIM niepexo1oM. [TorydeHbl 3aBUCUMOCTH TOKA TSTOBOM MOJICTAHITUH, &
TaK)Xe TOKa, HAMPSHKEHUS U MPUHUMAEMON SHEPTUU €MKOCTHOTO HAKOMHTEIIS SHEPTHH B
¢bynkun Bpemenu. [pennoxensl MaTeMaTndecKue BIPaKEHUS ISl ONIPeIeICHUS
cocTapiomux sHepruii THD B 3aBUCUMOCTH OT BPEMEHH CYTOK, TEKYIIErO 3amaca HEPruu
THD B pexume pealibHOr0 BpEMEHH € YYETOM HauyalabHOTO (MUHUMAJIBLHOTO) YPOBHS 3amaca
SHEPTHUH, a TAKXKE C YIETOM MpreMa H30BITOUHOM SHEPTUU PEKYIIEPAIMH U TTapaUIeTLHOTO
rpoliecca rnepeay 3Hepruu B Terorpaccy. OnpeneneHo, 4To B yCIOBHUAX
¢dbyakunonupoBanus THD, ¢ yueToM cpeaHeit MomHOCTH 000TrpeBa MOMEIIeHN A, paBHOH 75
kBT, o6mas sreproemkocts THO nomkHa coctaBisaTk okoio 4000 MJIx.

Knroueswie cnosa: TaroBast CeTb METPOIOIUTEHA, CUCTEMA TATOBOT'O 3JICKTPOCHA0KEHUS,

SHEPTrUs peKynepalnu, TerI0BOM HAKOMUTENb SHEPTHH.

The problem of determining the energy intensity of a thermal energy storage device (TPE)
installed at a metro traction substation for receiving excess energy recovery during braking of
an electric rolling stock (EPS) is considered. The distribution of the EPS recovery current is
described — for the thrust of other EPS, the EPS' own needs, as well as for EPS braking

rheostats. The main technical solutions for receiving excess energy recovery in the form of



various kinds of energy storage devices are listed, arguments in favor of TPE are given due to
their simplicity, high power and energy intensity, and relatively low price. The principle of
operation of TPE and possible types of refrigerant for the storage element of the storage tank,
including those with a heat-intensive phase transition, are described. The dependences of the
current of a traction substation, as well as the current, voltage, and received energy of a
capacitive energy storage device as a function of time are obtained. Mathematical expressions
are proposed for determining the components of the TPE energy depending on the time of
day, the current TPE energy reserve in real time, taking into account the initial (minimum)
energy reserve level, as well as taking into account the intake of excess energy recovery and
the parallel process of energy transfer to the heating main. It is determined that under the
operating conditions of the TPE, taking into account the average heating capacity of 75 kW,
the total energy consumption of the TPE should be about 4000 MJ.

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

thermal energy storage.

Onekmpomexnuka, 2025, Ne9, cmp. 52-57

Cucrema pacnpenejieHHOI0 3J1eKTPOCHA0KeHNSI MOTOPHBIX MPUBOAOB COOCTBEHHBIX
HY?K METPOIIOJIMTEHA OT TATOBOM CeTH

BEJIELIKMI C.B., TPEUMIITHUKOB B.A., EPMOJIEHKO /I.B., IIEBJIFOTIH M.B.
PaccmoTpena BO3MOXKHOCTb MUTAHUS TIOTPEeOUTENe COOCTBEHHBIX HYXK[I OT TSTOBOM CETH
MeTpononuTeHa. [loka3zaHo, YTO TEXHHUKO-DKOHOMUYECKHH 3((EKT OT MpeaIaracMoro
pereHust OyeT CKIaIbIBAThCS 3a CUET CHIKEHUS M30BITOYHOM SHEPIUH peKyNepatyy npu
TOPMOYKEHHUH MOE3/10B, CHIIKEHUS IOTEPh SHEPTUU MIPH AIEKTPOCHAOKEHUN HETATOBBIX
noTpeOuTeneil TOKOBEYIIMMH CPECTBAMHU 00Jiee BBICOKOT'O CEUEHHsI U Ha 00Jiee BBICOKOM
HaNpsDHKEHUH, TIOBBIIICHUSI Ka4eCTBA 3JIEKTPOCHA0KEHUS 110 HANIPSKEHUIO 32 CYET
UCIOJIb30BAHUS YIPABISIEMbIX IIpeoOpa3oBaTenell 3Hepruy, MOBBIICHUS HAJIS)KHOCTU
anekTpocHabxenus. [IpeacTaBieH peaqbHbI y4aCTOK JIEKTPOIHEPTETHIECKON CHCTEMBI
«COKOJIBbHUYECKOW» TMHUU MOCKOBCKOIO METPOIIOJINTEHA B MIPEENIaxX OJHON
MEXIOCTAHIIMOHHOM 30HBI C PACIIONIOKEHUEM TATOBBIX U TOHU3UTENBHBIX IIOJICTAHIIHM, a
TaK)Ke DIEKTPOIHEPTETUYECKUX CBA3CH MEKIY HUMU C LIEIbIO OLICHKH JIOKAIIMOHHBIX
napaMeTpoB NMUTaHUA OTpeOuTeneil coOCTBEHHbIX HYX . [IpeacTaBiena npuHIMNUaNbHas

cxema IpeJiaraeMoi pacripeielIeHHON CUCTEMbI MUTaHUs HEKOTOPBIX MOTpeduTenen



COOCTBEHHBIX HYXJ OT TATOBOW CETH METPOIOJIUTEHA, HA KOTOPOH OTPa’KeHBI
CYIIECTBYIOIIUN U TIpeJTaraeMblii BAPHAHTHI 3JIEKTPOCHAOKEHNU . BBIBEI€HBI 3aBUCUMOCTH
OTIpe/ieNICHUs] CYTOUHBIX MTOTEPh YHEPTHH B Kabesie Mpu MUTaHUU CyIecTByomei tuaueii 0,4
KB 1 nutanuu ot TAroBou cetu 825 B, pacnipeneneHus n0Jei Toka peKynepaiuu Ha
noTpedIieHne TATOBOM Harpy3KH U COOCTBEHHBIX HY K] 3JIEKTPOIIOABIKHOTO COCTaBa, a TakK
e CHIDKEHUS M30BITOYHON SHEPTUU PEKyIepali B TOPMO3HBIX peocTtaTax. 1o
MpeABAPUTENILHOM OLIEHKE MPU UCIIOJIb30BAHUU MPEAJIAraeMOoil CUCTEMBI PacpeaesIEeHHOTO
MUTAHUS OT TSATOBOM CETH 3a CUET CHIXKEHUS U30bITOYHON SHEPTUH PEKyIepaluu, MOXKHO
COKOHOMMTH JOTIOJHUTENBHO enle 3-7% 3Hepruu, Hayuen Ha Ty MOoe3/10B, a TAKKEe CHU3UTh
IIOTEpPHU SHEPTUH B MOABOAAIINX JIMHUAX HA 87,5%.

Kniouesnvie cnosa: METpoONOIUTEH, CUCTEMA TATOBOTO AJICKTPOCHAOKEHUS, TATOBAs CETh,

noTpeduTenu coOOCTBEHHBIX HYXK/I, JHEProcOepexeHue.

The possibility of supplying consumers with their own needs from the traction network of the
subway is considered. It is shown that the technical and economic effect of the proposed
solution will be achieved by reducing excess energy recovery during train braking, reducing
energy losses during power supply to non-traction consumers with current-carrying means of
a higher cross-section and at a higher voltage, improving the quality of voltage power supply
through the use of controlled energy converters, and improving the reliability of power
supply. The real section of the Sokolnicheskaya electric power system of the Moscow Metro
line is presented within one inter-substation zone with the location of traction and step-down
substations, as well as electric power connections between them in order to assess the location
parameters of power supply for consumers of their own needs. A schematic diagram of the
proposed distributed power supply system for some consumers of their own needs from the
traction network of the subway is presented, which reflects the existing and proposed power
supply options. The dependences of determining the daily energy losses in a cable when
powered by an existing 0.4 kV line and powered by an 825 V traction network, the
distribution of the proportions of the recovery current for the consumption of the traction load
and the own needs of the electric rolling stock, as well as the reduction of excess energy
recovery in brake rheostats are derived. According to preliminary estimates, when using the
proposed distributed power supply system from the traction network by reducing excess
energy recovery, it is possible to save an additional 3-7% of the energy used to pull trains, as

well as reduce energy losses in the supply lines by 87.5%.



Key words: subway, traction power supply system, traction network, consumers of their own

needs, energy saving.

Onexmpomexnuxa, 2025, Ne9, cmp. 58-65

MomHocTh, pad0Ta U JHEPIrus JIEKTPUIECKON U MEXaAHNYECKOI KoJ1e0aTeJbHbIX
cucTemM

CABOCBKUH A.H., AYJIH B.A.

Ha npumepe cucteMsl ¢ 0JTHOM CTENEHBI0 CBOOOIBI PACCMOTPEHBI CLIOCOOBI pacyéra
HHEPreTUYECKUX XapAKTEPUCTHK KOJIEOATEIBHBIX MPOLIECCOB B JIEKTPUUECKHUX U
MEXaHMYEeCKUX cucTteMax. /Iy aHanu3a UCIoIb30BaH anmnapaT YaCTOTHBIX XapaKTEePUCTUK,
0000IIEHHBIX TAPMOHUYECKUX CUTHAJIOB, a TAK)KE CITOCOOBI aHAJIM3a JICKTPHUECKUX CHCTEM.
OmnpeneneHbl aHATUTHYECKUE BBIPAKEHHS I aKTUBHON M PEaKTUBHOI MOIIHOCTH BHELTHEH
U BHYTPEHHHX CHJI, 00eCIeurBaloye ycaoBre 0aganca MOIHOCTEH KoebaTeIbHOMI
cuctembl. [TokazaHo, 4To KO3 PUIIMEHTH MOUTHOCTH M PEaKTUBHON MOUTHOCTH CUCTEMBbI
3aBHUCST OT YaCTOThI U 3aTyXaHus B cucteme. [IpeanokeHo 3agauy OoNTUMH3AIUHN TApaMETPOB
CHCTEMBI pacCMaTpUBaTh KaK 3a/1ady MUHUMU3AINH €€ aKTUBHON MOIIHOCTH.

Knrueswie cnosa: xonebarenbHas CUCTEMA, aKTUBHAS M pEaKTHBHAS MOILITHOCTH, YHEPT U,
pabora, ko3 PUIMEeHT MOIITHOCTH, KO PHUITMEHT peaKTUBHON MOIIHOCTH, OaslaHC

MOIITHOCTEM.

Using the example of a system with one degree of freedom, methods for calculating the
energy characteristics of oscillatory processes in electrical and mechanical systems are
considered. The analysis uses the apparatus of frequency characteristics, generalized
harmonic signals, as well as methods for analyzing electrical systems. Analytical expressions
for the active and reactive power of external and internal forces are determined, providing a
condition for balancing the power of the oscillatory system. It is shown that the coefficients of
power and reactive power of the system depend on the frequency and attenuation in the
system. It is proposed to consider the problem of optimizing the system parameters as a
problem of minimizing its active power.

Key words: oscillatory system, active and reactive power, energy, work, power factor, reactive

power factor, power balance.
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HNHTen1ekTyabHAS ABTOMATU3HPOBAHHAS CHCTEMA MPOTHO3UPOBAHUS H3HOCA
KOHTAKTHOM CeTH HA YJIeKTPU(PUIMPOBAHHBIX MOJTUTOHAX MATHCTPAIBHBIX JKeJIe3HBIX
aopor

NKOHHHMKOB A.C., CAOPOHOB A.N.

PaccMoTpeHnbl BOpOChl IMArHOCTUKHA COCTOSHUS 3JIEMEHTOB KOHTAKTHOM ceTh. [IpoBenéH
aHaJIN3 2JIEMEHTOB KOHTAKTHOW CETH, BBISBICHBI (DaKTOPBI, MPUBOISINNE K ACTpaialliu
KOHTAKTHOU CCTH, ONPCACIICHO MHOKCCTBO U3MCPACMBIX ITaPpaMETPOB, BHICTYIIAIOIINUX B
KayecTBE MHIUKATOPOB, CUTHAJIM3UPYIOUIUX O OJM30CTH HEAOMYCTUMOIO U3HOCA 3BEHHEB
HH(PPACTPYKTYPHI KEIE3HOTOPOIKHOTO YHEPTOCHAOKEHHS ¥ CTIOCOOCTBYIOLITUX
CBOEBPEMEHHOMY IIJIAHUPOBAHUIO PEMOHTHO-BOCCTAHOBUTENILHBIX paboT. OnpeaeneHbl
B3aMMHOC BJIMAHHUC U3MCPSACMBIX IaAPaAMCTPOB KOHTAKTHOM CETH U UX BIUAHHE HA
paboToCoCOOHOCTh KOHTAKTHOM ceTu. [loaroToBeHa BHIOOpKA TaHHBIX JJI 00yUEHUS
HWCKYCCTBEHHOW HEUPOHHOM CETH, MPEIHA3HAYCHHOW 1JI MPEIUKTUBHON JUATHOCTUKHU
CTETICHH U3HOCA KOHTAKTHOMW CETH.

Knrwouegvie cnosa: maructpanbHbI€ JKeJI€3HbIE JOPOTH, U3HOC KOHTAKTHOM CETH,
MHTEJUIEKTyallbHAsl aBTOMAaTU3UPOBaHHAs CUCTEMa IPOrHO3UPOBaHus, TexHojorus vehicle-to-

everything, coop u o0paboTKa JTaHHBIX.

The issues of diagnostics of the state of the elements of the contact network are considered.
The analysis of the elements of the contact network has been carried out, the factors leading to
the degradation of the contact network have been identified, and a variety of measurable
parameters have been identified that signal the proximity of unacceptable wear of the railway
power supply infrastructure and contribute to the timely planning of repair and restoration
work. The mutual influence of the measured parameters of the contact network and their
effect on the operability of the contact network are determined. A sample of data has been
prepared for training an artificial neural network designed for predictive diagnostics of the
degree of wear of the contact network.

Key words: mainline railways, wear of the contact network, intelligent automated forecasting

system, vehicle-to-everything technology, data collection and processing.
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IIpsimoe ynpaBJjieHMe MOMEHTOM YeTbIpPeX(pa3HOro TAroBOro BeHTUJIbHO-HHIYKTOPHOI0
3J1eKTPONPHUBO/Ia ¢ MAKCHMAJIBHBIM MCI0JIb30BaHHEM HANPSIKEHUS] CHII0BOIO
HMCTOYHHKA NMUTAHUSA

KPACOBCKUI A.B., BACIOKOB C.A.

PaccMoTpeHbI BO3MOKHOCTH HCTIONIB30BAHUH MIPSIMOTO YIPABJIECHHSI MTHOBEHHBIM MOMEHTOM
BEHTHJIbHO-UHIYKTOPHOTO JIBUTATEIIS JUISl TSATOBBIX 3JIEKTPOIIPUBOIOB. BBISABICHBI IPUYKHBL,
110 KOTOPBIM IPH OOBIYHON pa30MBKe B CUCTEME YIPABJICHUS OHOTO 000poTa poTOpa Ha
BOCEMb PaBHBIX CEKTOPOB, OTPAaHUYCHHE MYJIbCAINH MOMEHTa BO3MOXKHO TOJIBKO B
OTHOCHTEJIbHO HEOOJIBIIIOM JTHANTa30HE MaJIbIX CKOPOCTEH, a JUIS €r0 PACIINPEHUS
HE00XO0AMMO Ype3MEpHOE YBEIIMUCHUE HAMIPSHKEHUS! CUJIOBOTO UCTOYHHKA MUTAHUS.
ObocHoBaHa 11e1ec000pa3HOCTh YBENUYCHHS KOJIUYECTBA CEKTOPOB 10 12 mpu
COOTBETCTBYIOIIEM H3MEHEHHHU HX YIJIOBBIX Pa3MEpOB. YTIOBBIC MTOJIOKECHUS HaYasa
HEePEKITIOYCHUS] CMEXHBIX (ha3 MPEUI0KEHO U3MEHATh B 3aBUCHMOCTH OT 331JaHHOTO 3HAYCHUS
MOMEHTa U CKopocTH nBurareis. [IpeaioskeHHbIe MephI TTO3BOJISIIOT 00ECIeYUTh KOPPEKTHYIO
paboTy anropuTMa KOMIEHCALUH ITYJIbCAIIM MOMEHTA MPH JIIOOBIX COYETAHUAX 3aJaHHBIX
3HAYEHUH MOMEHTA M CKOPOCTH JIBUTATENS B MIPEAeIax UX HOMUHAJIBHBIX 3HAYCHUH ITpH
JONOJTHUTEIBHOM 3arace M0 HaNpsHDKEHUIO CUIIOBOTO UCTOYHMKA UTaHus He Ooisee 10%.

3¢ (heKTUBHOCTH NPEATIOKEHHBIX PELICHUH OATBEPKICHA UMUTALMOHHBIM
monenupoBanueM B cpeae MATLAB Simulink.

Knioueevie cnosa: BeHTHIHLHO-UHAYKTOPHBIN JIBUTATENb, IYJIECAIIMA MOMEHTA, TIPSIMOE
yIpaBJIeHNE MOMEHTOM, HANPsDKEHUE CHIIOBOTO HCTOYHMKA IIUTAHMS, TTOJIOKECHUE Hadaa

nepeKtoueHus a3, pe3yabTaTbl MOICIUPOBAHUS.

The possibilities of using direct control of the instantaneous torque of a valve-inductor motor
for traction electric drives are considered. The reasons have been identified why, with the
usual breakdown of one rotor revolution into eight equal seconds in the control system, the
limitation of torque pulsations is possible only in a relatively small range of low speeds, and
for its expansion, an excessive increase in the voltage of the power supply is necessary. The

expediency of increasing the number of sectors to 12 with a corresponding change in their



angular dimensions is substantiated. It is proposed to change the angular positions of the start
of switching adjacent phases depending on the setpoint of the torque and the speed of the
motor. The proposed measures make it possible to ensure the correct operation of the torque
ripple compensation algorithm for any combination of set torque and motor speed values
within their nominal values with an additional voltage margin of no more than 10% for the
power supply. The effectiveness of the proposed solutions is confirmed by simulation
modeling in the MATLAB Simulink environment.

Key words: valve-inductor motor, torque pulsations, direct torque control, voltage of the

power supply source, the position of the start of phase switching, simulation results.

Onekmpomexuuka, 2025, Ne9, cmp. 87-92

basoBbie Tonosorun kBasu-lIIMM npeodOpa3oBartelieii MOCTOSTHHOTO HATIPSIZKEHUS
BOPOHMH .I1., BOPOHUH I1.A., BOHJAPEHKO JI.A.

KBa3upe3zoHaHcHbIE IpeoOpa3oBaTeNH MO3BOJIAIOT YMEHBIIUTh YaCTOTHO-3aBUCHMYIO YacTh
MOTEPh SHEPTUH, UTO CIIOCOOCTBYET PEUICHUIO MPOOJIEMbI TTOBBIIICHUS pa00del 4aCTOTHI.
W3BecteH psia kiaccoB npeoOpa3oBaTeiell, HCTIONb3YIOIIUX SBJICHHE KBAa3U-PE30HAHCA C
MEPEKIIIOUCHHUEM TIPU HYJIEBBIX TOKAX U HAMPSHKEHUAX, ONTUMAIbHBIE CXEMbI KOTOPBIX
MOCTPOCHBI Ha OCHOBE 0a30BBIX Tonosioruit ummyascHbIX [IHMM-nipeoOpazoBareneii myrem
MIPOCTOM 3aMEHBbI CHJIOBOTO KJII0Ua pe30HaHCHBIM. OJHaKO B TaKHX MPeoOpa3oBaTENIIX
MIPUMEHSAETCS, KaK MMPaBUJI0, YACTOTHBIA METOJ YIPaBJICHUS, UMEIOIINN PsJ] HEAOCTATKOB.
[Tepexon k pexuMy MUPOTHO-UMITYIBCHOM MOJIYJISILUU C IIOCTOSTHHOM 4aCTOTOMN
KOMMYTaIlM{ BO3MOKEH JIUIIb IPU BBEJCHUU B CXEMY JOTOJHUTEIbHBIX KIIFOUEBBIX
KOMITOHEHTOB, UTO YCJIOXKHSET KaK CHJIOBYIO YacTh KBa3UPE30HAHCHOTO ITpeodpa3oBarers,
TaK U CUCTEMY €ro yrpasieHus. B ctaTbe paccMoTpeHbl 6a30BbIE TOMOJIOTHH TOHMKAIOIIETO
u noBbImaromero kazu-11IMM npeobpazoBareneii, B KOTOPHIX 00€CIIEUUBAIOTCS
€CTECTBEHHBIH MPOIIECC TPEPHIBAHUS PE30HAHCA U NEPEXO K PEXKUMY YIIPABICHHUS 110
Meroay LIIMM ¢ mocTossHHON 4acTOTON KOMMYTAIUK 0€3 TPUMEHEHHUST KaKUX-JIM00
JOTIOJTHUTEIBHBIX aKTUBHBIX MM MACCUBHBIX KOMIIOHEHTHI LIEIH.

Knroueevie cnosa: xsazu-111MM nipeoOpazoBaresu, NOBBIIAIOIINNA TPe0Opa3oBaTeb,

MOHMKAIOIUI TpeoOpa3zoBaTesb, Ppe30HAHCHBIN KOHTYP.



Quasi-resonant converters can reduce the frequency-dependent part of energy losses, which
helps to solve the problem of increasing the operating frequency. A number of classes of
converters are known that use the phenomenon of quasi-resonance with switching at zero
currents and voltages, the optimal circuits of which are based on the basic topologies of
pulsed PWM converters by simply replacing the power switch with a resonant one. However,
such converters usually use a frequency control method, which has a number of
disadvantages. The transition to pulse width modulation mode with a constant switching
frequency is possible only when additional key components are introduced into the circuit,
which complicates both the power part of the quasi-resonant converter and its control system.
The article discusses the basic topologies of step-down and step-up quasi-PWM converters,
which provide a natural process of resonance interruption and transition to a PWM control
mode with a constant switching frequency without the use of any additional active or passive
circuit components.

Key words: quasi-PWM converters, step-up converter, step-down converter, resonant circuit.
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