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PacnpenesieHue NoTeHHAJIA B TPYHTE NMPH NAaJeHNU MPOBO1a KOHTAKTHOM ceTH
7KeJIE3HOI0POKHOT0 TPAHCIIOPTA

KM K.K., TAHBIYEB A.1O., BJIAXKKO JI.C.

PaccmoTtpeHo pacnipeenenne NoTeHuana B TpyHTe MPH MaJIeHUU Ha HEro MPOBOAa KOHTAKTHOM
CETH KeJIe3HOI0POKHOr0 TpaHcnopta. [lokazaHo, 4To B ciydae MOCTOSIHHOTO TOKa
pacnpeneleHrne NOTeHIIMaNa U HAPSKEHHOCTH TIPH YIAJICHUH OT MCTOYHHKA SIBIISIETCS PE3KO
HEPAaBHOMEPHBIM, PUYEM XapaKTep HEPABHOMEPHOCTH U3MEHSETCS C TCUEHUEM BPEMEHH.
Bricokas Temriepatypa B MecTe Ma/ieHus IPOBOA MPUBOJIUT K TOMY, YTO BOJIHM3HU 3TOM 30HBI
HAOII0IaeTCsl MUHIMAJILHOE YIeTbHOE COMPOTHBIICHNE TPYHTA, YTO B CBOIO OYEpEb BHI3HIBACT B
JanbHEeHIIeM MPeUMYIIECTBEHHbIM HAarpeB MPUKOHTAKTHON obsacTu. B ciryuae nmoctossHHOTO
TOKA MPHU OOJBIITNX 3HAYCHHUSIX TEMIIEPATYPHOT0 KO3 IHUIIUEHTAa COTPOTUBIICHUS U
MOJIOKUTEIBHON TEMIEepaType OKPYKaoIIel Cpe/ibl, MOCISAHS MPAKTUYECKU HE BIUSIET Ha
3HaUEHUE MOTEHINANIA U TUNIOTHOCTH TOKa. OTpULIaTEIbHBIE TEMIIEPATYPhl OKPYKAIOIIEH CPEIbI
MPHUBOJIAT K OOJIBIIUM 3HAYCHUSIM IEKTPUIECKOro moteHnuana. OqHaKko B MPUKOHTAKTHOM
o0JacTu MOTeHIMAa U3MeHseTcs OoJiee IIaBHO, YTO 00YCIOBIMBAET B ATOM 0071aCTU MEHBIIIHE
3HAYEHUS HAMPSHKEHHOCTH MOJIS U IJIOTHOCTH ToKa. [Ipu ynaneHun ot Mecta KOHTaKTa
HanboJIee OMacCHBIM, TO €CTh MPUBOASAIIUM K OOJIBIIUM 3HAYSCHUSM MOTEHIANIA U
HaIPSHKEHHOCTH JIEKTPUYECKOTO OIS, sIBIsETCs Auanazon temmepatyp ot —2°C mo 0°C. Ipu
MEPEMEHHOM HAIPSHKEHUH pacrpeielieHue TeMIIepaTypsl BIUIyOb TPYHTa OT MECTa MaJeHUS
MPOBOJIA SIBIISIETCS KpailHe HEPaBHOMEPHBIM, IPHUEM C TEYCHHUEM BPEMEHH 3Ta
HEPAaBHOMEPHOCTH ellle 0oJiee YCHIUBAETCA. Y BeIMUEHUE COACpKAHUS BIard B TPYHTE
00yCIIOBIMBAET PE3KOE YBEIMUCHHUE HAMIPSHKEHHOCTH TOJISI ¥ IUIOTHOCTH TOKa B MPUKOHTAKTHOM
obnactu. OgHaKo, B yIaJeHHBIX OT MeCTa MaJACHHsI MPOBOJIA 00JIACTSAX 3TH 3HAYCHHS B OoJiee
CYXOW CpeJie HECKOJIBKO BBIILIE YEM BO BIAXKHOM.

Knrouesnie cnoea: xene3noOpOKHBIA TPAHCIIOPT, KOHTAKTHASI CETh, MaJIeHUE IPOBO/IA,

pacnpeenenre NoTeHIrana, HanpsbKeHHOCTD OIS, TUIOTHOCTh TOKA, XapaKTepUCTUKU TPYHTA.



The distribution of the potential in the ground when the wire of the contact network of railway
transport falls on it is considered. It is shown that in the case of direct current, the distribution of
potential and voltage at a distance from the source is sharply uneven, and the nature of the

unevenness changes over time. The high temperature at the point where the wire falls leads to the

fact that there is a minimum specific resistance of the ground near this zone, which in turn causes
further preferential heating of the contact area. In the case of direct current at large values of the
temperature coefficient of resistance and a positive ambient temperature, the latter practically

does not affect the value of the potential and current density. Negative ambient temperatures lead

to large values of the electrical potential. However, in the near-contact region, the potential

changes more smoothly, which causes lower values of the field strength and current density in

this region. When moving away from the contact point, the most dangerous, that is, leading to

large values of the potential and the electric field strength, is the temperature range from (12K
to 0 [1S. At an al
place where the wire falls is extremely uneven, and this unevenness increases even more over

time. An increase in the moisture content in the soil causes a sharp increase in the field strength

and current density in the contact area. However, in areas far from the place of the wire fall,

these values are slightly higher in a drier environment than in a wet one.

Keywords: railway transport, contact network, wire drop, potential distribution, field strength,

current density, soil characteristics.
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OnrumajibHOe YacTOTHOE yIIPaBjieHHe ACHHXPOHHBIMYU TATOBBIMH 3JIEKTPOABUTATEISIMU
3JIEKTPoNoe3aa

IIETPYIINUH A.JI., TUTOBA T.C., HUKWTHH B.B., MA3HEB A.C.

[TokazaHa BO3MOKHOCTh CYIIIECTBEHHOT'O CHHXKEHHSI TIOTEPh SHEPTUU B ACHHXPOHHOM TSITOBOM
MIPUBOJIC MPHU MIEPEXOTHBIX PEKUMaX pa3roHa M TopMokeHus. Ha ocHoBe pomyiieHui,
COOTBETCTBYIOIINX IMOHATUIO 000OIIEHHON AIEKTPHUUECKON MAIIUHBI, 1 MaTEMaTHICCKOMN
MOJIETM AaCHHXPOHHOTO JIBUTATENS B HETIOBUKHBIX OCSAX O U 3, C MCIIOIH30BAaHUEM MIPUHITUIIA
MaKCHMyMa omnpe/encHa (pyHKIIMOHAIbHAS 3aBUCHMOCTh YaCTOTHI M aMILTUTY/bI (ha3HOTO
HaIpsHKEHUST ACHHXPOHHOTO JIBUTATEINSI, 00eCTIeYrBaloIiasi MUHUMaIbHOE 3HAYCHUE KBaipaTa
MUATAIOIIETO HAMPSDKEHUsI. DTa 3aBUCUMOCTD MTO3BOJISICT CYIIECTBEHHO CHU3UTD JICKTPUUYCCKHE

NOTEPU MOLTHOCTH B aCHHXPOHHOM TSTOBOM JIBUTATENIE IPU NEPEXOAHBIX pexkuMax paboTsl. B



KayecTBe 00bEeKTa MOACIMPOBAHUS BHIOpAH aCUHXPOHHBIHN TATOBBIN ABUTATENb 3JIEKTPONOE3a,
NOJy4YeHbI rpa)uKy U3MEHEHHUS TOKOB, 3JIEKTPOMAarHUTHOTO MOMEHTA U YTIIOBOW CKOPOCTH
JIBUTATEIIS B MPOLIECCE Pa3roHa ¢ aifOPUTMOM YIIPaBJICHUs, 00€CTIEUUBAIOIINM CHIDKEHHE
NOTEPh MOLTHOCTH.

Knroueevle cnosa: >neKTpUYECKUN TTOIBHUKHOM cOCTaB, SHEPTOd(H(PEKTUBHOCTD, ACHHXPOHHBIN

TSATOBBIM JABUTaTClib, OIITUMU3AlIHA.

The article shows the possibility of a significant reduction in energy losses in an asynchronous
traction drive during transient acceleration and deceleration modes. Based on assumptions
corresponding to the concept of a generalized electric machine and a mathematical model of an
induction motor in fixed axes a and B, using the principle of maximum, the functional
dependence of the frequency and amplitude of the phase voltage of an induction motor is
determined, which minimizes the square of the supply voltage. This dependence can
significantly reduce the electrical power losses in an asynchronous traction motor during
transient operating modes. An asynchronous traction motor of an electric train was chosen as the
object of modeling, graphs of changes in currents, electromagnetic moment and angular speed of
the engine during acceleration were obtained with a control algorithm that ensures a decrease in
power losses.

Key words: electric rolling stock, energy efficiency, asynchronous traction motor, optimization
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Oco0eHHOCTH NPOEeKTHPOBAHNSA KOHTAKTHO-aKKYMYJISITOPHOI0O MAHEBPOBOI'0 3JIEKTPOB03a
KOJIITAXYBAH IL.T., EBCTA®BEB A.M., HUKMTHH B.B., 3APU®bAH A.A.,
TAJIAXABE T.3., TAJTAXA/I3E H.B.

PaccMoTpensl BOopockl co3aHUsl KOHTAKTHO-aKKyMYJIITOPHOT'O 3JIEKTPOBO3a ISl MAHEBPOBOM
paboTel. BeiOpaHbl CTPYKTYpa U OCHOBHBIE MTapaMeTPhl TATOBOTO AJIEKTPONPUBOAA, ONPEETICHBI
THUII TSTOBOTO JIBUTaTelIs U €r0 XapaKTepUCTUKH. BBIOTHEHO MaTeMaTHYeCKOe MOJICIIUPOBaHHE
JIOKOMOTHBA B X0JI¢ MAHEBPOBO pabOTHI ¢ cOCTaBOM M 0e3 Hero. OnpeeseHbl OCHOBHBIE
napaMeTphl ABMKCHHUS, Harpy3Ka TATOBOTO 3JIEKTPOOOOPYIOBAHNS, BHITIONHEHA OLIEHKA TATOBO-
SHEPreTUYECKHUX MoKa3aTesield KOHTaKTHO-aKKyMYJISITOPHOTO 3JIEKTPOBO3a.

Knwuesvle cro6a: KOHTAaKTHO-AKKYMYJIATOPHBIN 3JIEKTPOBO3, aCHHXPOHHBIN TATOBBIN

ABUTaTCIIb, TATOBO-OHCPTCTUUCCKHUC PACUCTHI.



The issues of creating a contact-battery electric locomotive for maneuvering work are
considered. The structure and main parameters of the traction electric drive are selected, the type
of traction motor and its characteristics are determined. The mathematical modeling of the
locomotive was performed during shunting work with and without a train. The main parameters
of movement, the load of traction electrical equipment were determined, the traction and energy
indicators of a contact-battery electric locomotive were evaluated.

Key words: contact-battery electric locomotive, asynchronous traction motor, traction and energy

calculations.
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MeTon 1 mporpaMma pac4eTa JHeproeMKOCTH KeJ1e3HO10POKHBIX epPeB030K Ha
JIEKTPUYECKOI TATe

BYPKOB A.T., AT'YHOB A.B., CTEIIAHOBA K.K., UBAHOB M.A.

[Ipennosken MeTof pacuyeTa pacxo/ia MIEKTPUIECKOW SHEPTUM HA NTEPEMELLIEHUE
KEJIE3HOIOPOKHOTO COCTaBa € TPY30M WJIU NMACCAXKUPAMHU, OTIIMYAIOIIUICS BO3MOKHOCTBIO
OIIpeNIeNIEHNUs SHEPTUH JUI pealu3aliy CHIIbI TATU ABMIKYLIMXCS OCeil JIOKOMOTHBa O€e3 yueTa
TEXHOJIOTUYECKUX MOTEPh B YCTPOHCTBAX TATOBOTO 3JIEKTPOCHAOKEHUS U TATOBOTO
anieKTponpuBoza. JlaHo onpeneneHne SHEProeEMKOCTH KaK IIOKa3aTels yIeIbHOro
JIEKTPONIOTPEOIICHUS HAa YCKOPEHUE, TPEOA0IEHNE YKIOHOB U CONIPOTHBIICHUS IBUKEHUIO
10€3/1a, U3MEPSIEMOT0 B BaTT-4acax Ha TOHHY Macchl 10e37a U KUIOMETP MPOWJECHHOTO yTH
(Br'y/Tkm). MeTo OCHOBaH Ha MOJICIMPOBAHUY BM)KEHUS T0€3/]a C UCIIOJIb30BaHUEM
anMpOKCUMHUPOBAHHON KPUBOM CKOPOCTH OT BPEMEHU M (PU3HKO-MATEMaTHYECKOTO PELICHHUs
ypaBHEHHsI JBMKeHUs. B pe3ysbrare nmonydeHa pyHKIMOHATbHAS 3aBUCUMOCTb IIATH
IEPEMEHHBIX — IIPOIIEHHOI'0 PACCTOSHUS, BPEMEHHU JABHKEHMSI, yCTAHOBUBLIEHCS CKOPOCTH,
YCKOPEHHUs U 3aMe]IeHus ABHKeHUs. [lomydeHHble XapakTepUCTUKY JBUXKEHUS 10e3/a
IPUMEHSIFOTCS IPU IPOEKTUPOBAHUU OTJENBbHBIX YUYACTKOB JIMHUU C MHTEHCUBHBIM JIBUJKEHUEM
U OIpEeeNICHIH O’KUAAEMBIX TTOKa3aTesel 3JeKTponoTpedaeHus. s jKene3H010p0KHOM
JVHUH, COCTOSIIEN U3 (PU3NUECKUX NEPErOHOB C 33/laHHBIMU ITapaMeTPaMHU JABHKEHHS 1T0€3/1a,
pa3paboTaHa pacueTHas METOAMKA U ITporpamMma ornpeeeHus: 0000IEeHHOT0 MOKa3aTesa
YIIEIBHOTO 3JIEKTPONOTpedaeHus npoekTupyeMoii muann. ChopmynupoBaHa npouesypa

OTACJIbHBIX 3TAallOB IPOCKTUPOBAHUA BHICOKOCKOPOCTHBIX U TAXKCIIOBECCHBIX JIMHUY Ha



BIIEKTPUYECKOM TSATE.
Knroueswie cnoea: dneKTpuyecKas TAra, YSHEProeMKOCTh TATH, YIEIbHOE IIEKTPOIOTpeOIeHHE,
MOJICJIMPOBAHUE, ANIITPOKCUMAIIUS XapaKTEPUCTUKU JIBUXKEHUS 110€3/1a, TPOCKTUPOBAHUE

BBICOKOCKOPOCTHBIX M TSKEIOBECHBIX MapIIPYTOB.

A method for calculating the consumption of electrical energy for the movement of a railway
train with cargo or passengers, differing in the possibility of determining energy, for the
implementation of the traction force of the moving axes of the locomotive without taking into
account technological losses in the devices of traction electric supply and traction electric
drive, is presented. The definition of energy intensity is given as an indicator of the specific
power consumption for acceleration, overcoming slopes and resistance to train movement,
measured in watt-hours per ton of train mass and kilometer of distance traveled (Wh/t.km).
The procedure is based on modeling the movement of a train using an approximated speed
curve from time and a physical and mathematical solution of the equation of motion. As a
result, the functional dependence of five variables is obtained: the distance traveled, the time
of movement, the steady speed, acceleration and deceleration of movement. The obtained
traffic characteristics are still used when designing individual sections of the line with
intensive traffic and determining the expected power consumption indicators. For a railway
line consisting of separate physical crossings with specified traffic parameters. They have
developed a calculation method and a program for determining the average indicator of the
specific electricity consumption of the projected line. The procedure of separate stages of
designing high-speed and heavy-weight electric traction lines on a railway transport is
formulated.

Key words: electric traction, power consumption of traction, specific power consumption,
modeling, approximation of the characteristics of train movement, design of high-speed and

heavy-weight routes.
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KocBeHHoe onpenesieHne TeMIepaTypbl 00MOTOK ACHHXPOHHOI0 IBUTaTeJIs HA OCHOBE
pacueTra cONpoOTHBJIEHUS] POTOPa

I[TYTAYEB A.A., MOPO30B C.B., MAPUKHWH A.H., KPYUEK B.A.

BeimosHeH aHanu3 CymecTBYIONIMX METOIOB ONPECIICHHs TEMIIEpaTypbl 0OMOTOK

ACUHXPOHHBIX I[BHFaTCJIeﬁ, KOTOpBIﬁ MoKasaJl MICPCICKTUBHOCTL MPUMCHCHUS KOCBCHHBIX



MeTOJI0B 0€3 UCII0JIb30BaHUSI JaTYUKOB Temneparypsl. [Ipeanosxken crocod onpeneneHus
TEeMIEPaTypbl 0OMOTOK aCHHXPOHHOTO JIBUTATENSI HA OCHOBE pacyeTa COMPOTUBICHHS POTOPA IO
CUTHAJIaM OT JIaTYMKOB TOKA U HANIPSDKEHUS CTaTOpa, AaTYUKA YaCTOTHI BpAIlleHUs, THPOPMAITUU
0 YacTOTE TOKa CTaTopa, MapaMeTPOB CXEMBbI 3aMEIlIeHNs B HOMUHAILHOM PEXHUME.
CuHTe3upoBaHbl anredpandeckue ypaBHEHHsI COPOTUBIICHHS pOTOPa, TEMIIEpaTypbl 0OMOTOK
cTaTopa U poTopa MpH MPUMEHEHUH BpallaroIencs AByxha3Hol CHCTeMbI KOOPIMHAT.
J10CTOBEPHOCTH MOTYYCHHBIX POPMYI MOATBEPIKACHA C TIOMOIIBIO MOJICITUPOBAHHS B
nmporpaMMHOM KomIuiekce Matlab, mpu MoaenupoBaHny yuTeHbl MAarHUTHBIE TOTEPU ABUTATENS
Y TUIOBbIE HETMHEIHOCTH cTaTtopa u poTopa. [IpuBeaeHb! 1 MpoaHaTU3UPOBAHBI PE3YIbTAThI
MOJICTTMPOBAHUS B TIEPEXOTHBIX M YCTAHOBUBIIUXCS pexknmax padotel.IlokazaHo, 4To B
YCTaHOBUBIIUXCS PEXKUMAX padOThI OTHOCUTEIbHASI MTOTPEITHOCTh He MpeBbImaeT 7%. J{aHbl
PEKOMEHIALINH IO UCTIOJIb30BAHMIO MPEAJIOKEHHON METOAUKH OIpeIeTICHHs TEMITepaTyphl B
CUCTEMaXx yIpaBJieHUs dJIEKTPOIPUBOJIOB.

Knroueevie cnoea: acHHXpOHHBIN IBUraTellb, CUCTEMA BEKTOPHOI'O YIIPaBJIECHMS, OIIPEIEICHNE

TeMIIepaTypbl 0OMOTOK, MOJICTTUPOBAHHE.

The analysis of the existing methods for determining the temperature of the windings of
asynchronous motors was performed, which showed the prospects of using indirect methods
without using temperature sensors. A method for determining the winding temperature of an
asynchronous motor is proposed based on the calculation of the rotor resistance based on signals
from the current and voltage sensors of the stator, the speed sensor, information about the
frequency of the current of the stator, the parameters of the replacement circuit in the nominal
mode. The algebraic equations of the rotor resistance, the temperature of the stator and rotor
windings are synthesized when using a rotating two-phase coordinate system. The reliability of
the obtained formulas is confirmed by modeling in the MATLAB software package, when
modeling, losses in the engine steel and typical non-linearities of the stator and rotor are taken
into account. The results of modeling in transient and steady-state modes of operation are
presented and analyzed. It is shown that in steady-state operating modes, the relative error does
not exceed 7%. Recommendations on the use of the proposed method for determining the
temperature in the control systems of electric drives are given.

Key words: asynchronous motor, vector control system, determination of winding temperature,

modeling.
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O npuMeHEeHNH TATOBBIX AKKYMYJIATOPHBIX 0aTapeil HA ABTOHOMHBIX NOJACTAHIMAX
TOPOJICKOro 3JIEKTPOTPAHCIIOPTA

CAIIYK T.IL, IITAPAKOB B.A., ITAPAKOBA O.JI, JJEBGEAEBA B.A., MAKAPOBA E.H.
PaccMoTpeHa BO3MOKHOCTB UCIIOIB30BaHUS TATOBBIX aKKYMYJISITOPHBIX OaTapeil, He 10 KOHIa
BBIPa0OTABIINX CPOK CITY>KOBbI, HA aBTOHOMHBIX CTAI[MOHAPHBIX MM MOOUJIBHBIX MOJCTAHIUSX.
ABTOHOMHBIE MTO/ICTAHIIMK MOT'YT paboTaTh B IBYX PEKUMaxX — KaK HCTOYHHUK PE3EPBHOTO
NUTAHUA U KaK CTAaOMIIN3aTOp HANpsKEHUs KOHTAKTHOW ceTH. IIpeanokeHHble MaTeMaTH4YeCcKHue
COOTHOILIEHUS MO3BOJIAIOT IIOCTPOUTh UMUTALIMOHHYIO MOJIENb PA0OThI aBTOHOMHOM MOACTAaHIMH
B pexXHMe cTabmin3aropa HanpspkeHus. [TokazaHo, 4TO IpU MCIIOJIb30BAaHUH TATOBBIX
aKKyMYJISITOPHBIX OaTapeil Ha aBTOHOMHOM MTOJICTAHIIMU BO3MOYKHA KOPPEKIIMS HAPSIKESHUS
KOHTAKTHOM CeTH, IPU 3TOM LIUKJIBI 3apsia-pa3psiia caMux 0arapeidl MUHUMalbHBI U,
COOTBETCTBEHHO, CPOK CITy>KObI TAKUX HAKOMUTEJIEH SHEPTUH 3HAUYMTEIBHO YBEITHUUUTCH.
Knroueevie cnoea: ropoacKoi 371€KTPOTPAHCIIOPT, TATOBBIA ANEKTPONPUBOA, TUTHH-HOHHbBIE
TATOBBIE aKKYMYJISITOpPHBIE OaTaper, CTaOMIN3aIis HallpsDKEHHUSI KOHTaKTHOHM CeTH,

peKymnepaTuBHOE TOPMOKEHIE, UMUTAIIMOHHOE MOJIEIINPOBAHHUE.

The possibility of using traction batteries that have not fully developed their service life on
autonomous stationary or mobile substations is considered. Autonomous substations can operate
in two modes — as a backup power source and as a voltage stabilizer of the contact network. The
proposed mathematical relations allow us to build a simulation model of the operation of an
autonomous substation in the voltage stabilizer mode. It is shown that when using traction
batteries at an autonomous substation, it is possible to correct the voltage of the contact network,
while the charge-discharge cycles of the batteries themselves are minimal and, accordingly, the
service life of such energy storage devices will significantly increase.

Key words: urban electric transport, traction electric drive, lithium-ion traction batteries, voltage

stabilization of the contact network, regenerative braking, simulation modeling.
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AHAJIN3 CBOICTB U YTOYHEHHOE ONpe/IesieHHe XapaKTePHCTHK 3JIeKTPOMeXaHMYeCKHX

MATHUTOpPeoJIoru4ecKux Jemindgepon

KA3AKOB 10.b., MOPO30B H.A., HECTEPOB C.A., ®UJIUIIIIOB B.A.



PaccmaTpuBaroTCs 1 aHATM3UPYIOTCSI CBOMCTBA U XapaKTEPUCTUKHU 3JIEKTPOMEXaHUUECKHUX
MarHUTOPEOJIOTUYECKHX JIEMII(PEepOB, CIOCOOHBIX ONEPATHBHO U3MEHSATH CBOIO KECTKOCTD C
U3MEHEeHHEM ycinoBuil paboTsl. [lokazaHo, 4TO KOppeKTHast pa3paboTKa TaKUX AeMI(EpoB U
YTOYHEHHOE OIpeIeTICHNE UX XapaKTePUCTUK OCIIOXKHSIETCS He0OOX0IMMOCThIO yUeTa
B3aMMOCBS3aHHBIX 3JIEKTPOMArHUTHBIX, THIPOJUHAMHYECKUX U TETIJIOBBIX ITPOLIECCOB.
AHAIM3UPYIOTCS MOAXO/IbI K OIMCAHUIO CBOMCTB MAarHUTOPEOJIOTMYECKHUX IEMII(PEPOB U yUETY
IpoTeKarImuX (PU3NYECKHUX MpoleccoB. PaccMaTprBaloTcss MaTeMaTuyecKie MOJICNN Pa3HOi
cinoxHocTH. [IpencraBieHsl pe3yabTaThl pacueToB MOKa3aTesIed pabOThl M CBOMCTB
MarHUTOPEOJIOHUECKUX 1eMIT(EPOB M0 pa3HbIM MOJIENSIM, IPUBEACHO O0CYKACHHE
IIOJIyYEHHBIX pe3yiabTaToB. IIpuBeneHbl CpaBHUTENBHBIE PE3YNIBTATHl PACYETOB U
HKCIIEPUMEHTAIBHBIX HCCIIeIOBAaHUN CHIIBI CONTPOTHBIIEHUS nemIdepa. BoisiBieHno, 4yro Hanbosee
KOPPEKTHBIE Pe3yNIbTaThl ONPEIEICHUS XapaKTEePUCTUK MarHUTOPEOJIOTUYECKUX JIeMI(epoB, C
pasHuueit He Oosiee 7 % 10 OTHOIIEHUIO K SKCIIEPUMEHTAIbHBIM JaHHBIM, MPU 3HAYUTEIbHBIX
CKOPOCTSIX IBMIKCHUS TOPIIHS 00€CIIEUNBAIOT METO/IbI pacyeTa ¢ y4eTOM B3aMMHOTO BIUSHHS
MarHUTHBIX, THIPOJUHAMHUYECKUX U TEIJIOBBIX IpoleccoB. Heyuér HanpskeHus: HauaabHOTO
CABUTa MarHUTOPEOJIOTMYECKOM CYCIIEH3UU U BIMSIHUS Ha HE€ MarHUTHOTO TOJISI U TEMIIEPaTyphl
MOJKET MPUBOIUTH K Oosiee uem 50%-Hoil MOrpenIHOCTH ONpeAeIeHHs HAYaIbHOTO YCUITHS.
Knrwoueswie cnosa: >neKTpoMeXaHMUECKUIT MarHUTOPEOJIOTHUECKUH nemidep,
MarHUTOPEOJIOTMUECKasl CyCIIEH3Ms], B3AUMHOE BIUSHUE MATHUTHBIX, TUAPOJINHAMUYECKUX U

TEIUIOBBIX MTPOLIECCOB, OMPECIIEHNE XapaKTEPUCTHUK.

The article considers and analyzes the properties and characteristics of electromechanical
magnetorheological dampers, which are able to quickly change their rigidity with changing
operating conditions. It is shown that the correct development of magnetorheological dampers
and the refined determination of their characteristics are complicated by the need to take into
account the interrelated electromagnetic, hydrodynamic and thermal processes. The approaches
to describing the properties of magnetorheological dampers and taking into account the ongoing
physical processes are analyzed. Mathematical models of varying complexity are considered.
The results of calculations of performance indicators and properties of magnetorheological
dampers according to different models are presented, and a discussion of the results obtained is
given. Comparative results of calculations and experimental studies of the damper resistance
force are presented. It was revealed that the most correct results of determining the
characteristics of magnetorheological dampers, with an error of no more than 7% in comparison

with experiments, at significant speeds of piston movement, are provided by calculation methods



taking into account the mutual influence of magnetic, hydrodynamic and thermal processes.
Failure to take into account the stress of the initial shear of the magnetorheological suspension
and the influence of the magnetic field and temperature on it can lead to an error in determining
the initial force more than 50%.

Key words: electromechanical magnetorheological damper, magnetorheological suspension,

mutual influence of magnetic, hydrodynamic and thermal processes, defining characteristics.
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JJleKTpUYeCKHe MOTEPH U JIeKTPOAUHAMMYECKHE YCUJINSI B MATHUTHOM cucTeMe
IJIEKTPUYECKOr0 reHepaTopa ¢ 00MOTKAMH M3 BbICOKOTEMIIEPATYPHBIX CBEPXIPOBOIAIIMX
MaTepHuaJioB

KYPBATOB IL.A., KYPBATOBA E.I1., JEPTAUEB I1.A., IPO3/10B A.A.

Pemienue 3aga4, BOZHUKAIOMIUX TPU MPOEKTUPOBAHUU CBEPXITPOBOISALINX IEKTPUUECKHUX
MalIUH, CTAIKUBAETCA C TPYIHOCTSIMU MOJACIUPOBAHUS SJIEKTPOMArHUTHBIX MPOILECCOB U3-3a
CJIOKHBIX HETMHEHHBIX 3aBUCUMOCTEN KPUTHUECKUX MTapaMeTPOB BHICOKOTEMIIEPATYPHBIX
ceepxnpoBosux (BTCII) neHT oT MarHUTHOM MHIYKIIMH, TEMIIEPATypPhl U TIPOTEKAEMOTO
TOKa. B cTarbe paccMaTpuBarOTCsl BOZMOXHBIE MOXO0/IbI K OMPEICICHUIO TAKMX BAKHBIX
MOKa3aTesiel 3MEKTPUUYECKUX MAIINH, KaK SJIEKTPUUYECKUE TOTEPU B CBEPXITPOBOASAIINX
00MOTKaX U BO3HUKAIOIINE JIEKTPOJAUHAMUYECKUE YCUIIHSI, HA IPUMEPE MPOTOTHUIIA MTOTHOCTHIO
CBEPXIIPOBOAIICH KOHCTPYKIIUU YHUTIOJISIPHOTO CHHXPOHHOTO FeHepaTopa HHAYKTOPHOTO THIIa
JUTSl KHHETUYECKOT0 HAKOMUTENsI 3Hepruu. [IpencraBnenbl METOMKa U paCYETHBIE OLIEHKHU
MOTEPh U SNMEKTPOJUHAMHUECKUX CHII B KaTyIIKax BO30YXJACHUS U 0OMOTKaX cTaTopa mpu
JOTTYCTUMBIX JIJIsl CBEpXIIPOBOIHUKOB TOKaX. MeTouka pacueTa OCHOBaHA Ha alpoOUpOBaHHON
Mozenu ceorictB BTCII maTepuana, onuchiBaronield U3MEHEHUE YACIbHOTO JIEKTPHUYECKOTO
COTMPOTHBIICHUS BOJM3HM KPUTHIECKOTO COCTOSIHUSA, T]IE TEPSETCSI CBEPXITPOBOANMOCTE U
BO3ZHHKAIOT JIEKTPUUYECKUE MTOTEPH.

Knroueewie cnosa: >nextpudeckuii renepatop, ooMotku u3 BTCII sieHT, anekTpudecKkue moTepu,

QJICKTPOJUHAMHUYCCKUC YCUIINUA, MCTOJUKA pacucTa.

When solving problems arising in the design of superconducting electrical machines, they face
difficulties in modeling electromagnetic processes due to complex nonlinear dependencies of the

critical parameters of high-temperature superconducting (HTS) tapes on magnetic induction,



temperature and current flow. The article discusses possible approaches to determining such
important indicators of electric machines as electrical losses in superconducting windings and
the resulting electrodynamic forces, using the example of a prototype of a fully superconducting
design of a unipolar synchronous generator of the inductor type for a kinetic energy storage. The
methodology and calculated estimates of losses and electrodynamic forces in the excitation coils
and stator windings at permissible currents for superconductors are presented. The calculation
method is based on a proven model of the properties of the HTS material, which describes the
change in the electrical resistivity near the critical state, where superconductivity is lost and
electrical losses occur.

Key words: electric generator, windings from HTSP tapes, electrical losses, electrodynamic
forces, calculation method.
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CpaBHHTEILHBIH AaHAJN3 TPEXYPOBHEBOI0 ABTOHOMHOI'0 MHBEPTOPA U ABTOHOMHOTI0
HHBEPTOPA ¢ TPAHCPOPMATOPOM C BPAIIAKIIMMCH MATHUTHBIM I10JIEM B aBapUIHBIX
pexumax

JIMUTPUEB b.®., YEPEBKO A.U., KY3bMUH 1.10.

[TpuBeneHbl pe3ynbTaThl CPAaBHUTENBHOTO aHaIN3a 3 (HEKTUBHOCTH pabOTHI B aBapUHHBIX
pexuMax aBToHOMHOro uHBepTOopa (A) ¢ TpanchopmaTopom C BpamarIMMcsi MarHUTHBIM
nosieM (TBMII) u TpéxypOBHEBOIO HHBEPTOPA, BBHIIIOJHEHHOTO 10 KJIACCUYECKON TOMOJIOTHH C
(UKCUPOBAHHOM HEHUTPAIBbHOM TOYKOM, IPU OTKa3e CHIIOBBIX BEHTHJICH B UX
MOJTYITPOBOJTHUKOBBIX KOMMYyTaTopax. Paspaboransl Maremarnueckue moqenu AU ¢ TBMII u
tpéxypoBueBoro AU B mporpammuoii cpexre MATLAB Simulink u uccrienosana ux padbora Ha
AKTUBHYIO, aKTUBHO-UHIYKTUBHYIO Harpy3KH, a TAK)KE Ha aCHHXPOHHBIN AJIEKTPOIBUTATENb.
PaccMmoTpeHbl BO3MOXKHBIE BapUAHTHI 0TKa3a (00pbIBa) OHOTO CUIIOBOTO BEHTUIIS IS
tpéxypoBHero AU u nByx BenTmien miust AU ¢ TBMII. YcranosieHo, yTo OobIiiee Yucio
CUJIOBBIX BeHTWIIEH, ucnonbzyemoe B AU ¢ TBMII, nenaer Takyro cCXeMOTEXHHUYECKYIO
TOTIOJIOTUIO MHBEPTHPOBaHUs Oosiee HaI&KHOM MpH 0TKa3ax 3TUX BEHTHIIEH Onaromaps
BO3MO>XHOCTH CHUCTEMBI YIIPABJIEHUS IEPEXOIUTh HA PE3EPBHBIN aITOPUTM.

Knrouesvie cnoea: aBTOHOMHBINA HHBEPTOP, TPEXYPOBHEBBIM HHBEPTOP, TPAHCHOPMATOP C
BpAILAIOLIMMCS] MAaTHUTHBIM T10JIEM, aBapUMHBIN pexuM, KO3 (PUIIHEHT TrapMOHUK;

KOX((UIIMEHT HECUMMETPHH 110 OOPATHOM MOCIeI0BATEILHOCTH.



The results of a comparative analysis of the efficiency of operation in emergency modes of an
autonomous inverter (Al) with a transformer with a rotating magnetic field (TRMF) and a three-
level inverter, made according to the classical topology with a fixed neutral point, when the
power valves in their semiconductor switches fail. Mathematical models of Al with TRMF and
three-level Al in the MATLAB Simulink software environment are developed and their
operation on active, active-inductive loads, as well as on an asynchronous electric motor is
investigated. Possible variants of failure (breakage) of one power valve for a three-level Al and
two valves for an Al with a TRMF are considered. It is established that the greater number of
power valves used in the Al with TRMF makes such a circuit topology of inverting more reliable
in the event of failures of these valves due to the ability of the control system to switch to a
backup algorithm.

Key words: autonomous inverter, three-level inverter, transformer with rotating magnetic field,

emergency mode, harmonic coefficient; inverse sequence asymmetry coefficient.
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MarHuTHoOE 1oJie B IyroracuTeJIbHbIX PeaKkTopax ¢ MIVIaBHbIM PeryJIMpoBaHUEM
HEMArHUTHOIO 3a30pa

BAA3UTOB N.P., MEJIBEJIEB B.I'., [IETPOB E.M., [IETPOB M.I.

CTaThs MOCBSIICHA UCCIICIOBAHWIO MATHUTHOTO TTOJISI B HEMAarHUTHOM 3a30p€ MarHAUTOIIPOBOIA
JyTOTACUTEIILHOTO PEaKTOPa B 3aBUCHMOCTH OT U3MEHEHUS BBICOTHI SIMHUYHBIX 3a30POB H
CTaJIbHOHM BCTaBKU. Pe3ynbTaThl HcciaeI0BaHUI MOTYT MCIIOIB30BAThHCS MPHU ONPEACTICHUN
IPSIMBIX 33124 ONPEACTICHUS HHIYKTUBHOCTH PEAKTOPOB B 3aBUCUMOCTHU OT TrabapUTHBIX
pa3MepoB MarHUTOIIPOBOIA M PEIIEHUN 0OpaTHBIX 3a]1a4.

Knrouesvie cnosa. nyroracsimuii peakTop, CTATBHON MarHUTOIPOBOI, HEMArHUTHBIC 3a30PblI,

BBITYYHBAHUC MArHUTHOI'O I10JIA.

The article is devoted to the study of the magnetic field in the non-magnetic gap of the arc-
extinguishing reactor magnetic circuit depending on the change in the height of the individual
gaps and the steel insert. The results of the research can be used in determining the direct
problems of determining the inductance of reactors depending on the overall dimensions of the
magnetic circuit and solving inverse problems.

Key words: arc-quenching reactor, steel magnetic core, non-magnetic gaps, buckling of the

magnetic field.
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IpuHUUN ¥ peKUMBI Pa0OTHI JUHAMUYECKOT0 CTAOUIN3ATOPA HANPSIZKEHUS] AaBTOHOMHBIX
reHepaTopoB

30JIOTOB N.A., IIEBIIOB A.A.

[IpennoxeHa UMUTALMOHHAS. MOJIEITb JUHAMHUYECKOTO CTa0MIN3aTopa HAMPSHKEHUS 1711 CUCTEM
ABTOHOMHOTO 3JIEKTPOCHA0KEHH s, 00ECTIeUNBAOIIast COOTBETCTBHE BBIXOIHBIX MTAPAMETPOB
stux cucteM ['OCT P 54149-2010. Onucano pyHKIIMOHAIEHOE Ha3HAUYEHHUE ITpeoOpa3oBaTeei,
COCTABJISIIONIUX yCTPOUCTBO. [IpeacTaBieH aroputM paboThl yCTPOMCTBA, @ TAK)KE OMMCAHBI
PEXUMBI pabOTHI KIIFOUEBBIX AJIEMEHTOB OJIOKOB ITpeoOpa3oBaTesieii, COCTABIISIONTNX
TUHAMHYECKHIA CTaOMIIN3aTOp HATIPSKEHUS.

Knrouesvle cnoea: aBTOHOMHBIN UCTOYHUK AJIEKTPOIHEPTUH, TMHAMUYECKUN CTaOUIH3ATOP
HaANPSDKEHUs, Ka4eCTBO AJIEKTPOIHEPTUH, GUIBTPOPETYIHUPYIOIIEe YCTPOUCTRO,

(GUIBTPOKOMIIEHCHUPYIOIEE YCTPOHCTBO, aKTUBHBIN (QUIIBTP.

A simulation model of a dynamic voltage stabilizer for autonomous power supply systems is
proposed, which ensures compliance of the output parameters of these systems with GOST R
54149-2010. The functional purpose of the converters that make up the device is described. The
algorithm of the device operation is presented, as well as the operating modes of the key
elements of the converter blocks that make up the dynamic voltage stabilizer are described.

Key words: autonomous power source, dynamic voltage stabilizer, power quality, filter-

regulating device, filter-compensating device, active filter.
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PacnozHaBaHMe NOBPEKICHHOI0 OTBETBJICHHUS NPH OJHOCTOPOHHEM HAOII0ICHUH JTHHUH
JJIeKTponepenaqyu

JIIMEILL 10.41., MAPTBIHOB M.B., HUKOHOB N.IO.

M31m05x€eH noIX0/ K PaCIO3HABaHUIO TOBPEKACHHOIO OTBETBIICHUS JIMHANU DJIEKTPOIIEpEAAYH,
0COOEHHOCTH KOTOPOTO 3aKIII0YAETCS B U3SMEPEHUH OTHOILICHHSI HAIPSKEHUS TEKYIIETO peKuma
K €r0 aBapHifHOI COCTaBJIAIONIEH, a TaKKe MPEACTAaBICHNE 3TOr0 U3MEPEHHUs ToforpadgamMu AByX

TtunoB. Kaxioe oTBEeTBICHNE XapaKTepU3yeTCs CBOMM anpuopHbIM rogorpadom. Ero rmaBHbIit



napameTp — apryMeHT BHYTPEHHETO COMPOTHBIICHHS SJICKTPUIECKOM CETH KaK SKBHBAJICHTHOTO
TreHepaTopa OTHOCUTCIIBHO OTBCTBJICHUS. AJ'II‘OpI/ITM Ppacrio3HaBaHUsS NOBPCIKIACHUS,
peanM3yeMblii B poiiecce HaOI0IeHUs JIMHUN JJIEKTpOoTiepeaadn, o0pa3yeT ABe ONepalnu,
nepBasi U3 KOTOPBIX — MpeoOpa3oBaHue TEKYIIeH HHGOPMAITUK B KOOPIMHATHEIN Toforpad Toro
XKe 3aMepa; 3TO GYHKIHS KOOPAWHATH MECTa MPEAIOoIaraeéMoro oBpexaeHus. Bropas —
orpezieNieHue KOOPAUHAT TOYEK MEPECeUCHHS] KOOPIUHATHOTO rojorpada ¢ anpruopHbIMU
roforpadamu 1 BBISIBICHHE TOW U3 HUX, B KOTOPOH KOOPIMHATHI ITEPECEKAIOUINXCs roorpadon
COBITAJIAIOT, YTO YKA3bIBACT HA MMOBPEKICHHOE OTBETBIICHUE.

Knrwoueswvte cnosa: nuHUS dIIEKTPOTIEpEIadn, OTBETBICHHUS, KOPOTKOE 3aMbIKaHHE,

PaCIIO3HABAHUC.

An approach to the recognition of a damaged branch of a power transmission line is described,
the peculiarity of which is to measure the ratio of the current mode voltage to its emergency
component, as well as the representation of this measurement by two types of hodographs. Each
branch is characterized by its own a priori hodograph. Its main parameter is the argument of the
internal resistance of the electrical network as an equivalent generator relative to the branch. The
damage recognition algorithm implemented in the process of monitoring the power line forms
two operations, the first of which is the transformation of the current information into a
coordinate hodograph of the same measurement; this is a function of the coordinates of the place
of the alleged damage. The second is to determine the coordinates of the intersection points of
the coordinate hodograph with the a priori hodographs and identify the one in which the
coordinates of the intersecting hodographs coincide, which indicates a damaged branch.

Key words: transmission line, branches, short-circuit, recognition.
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PacyeT KOMMYTAaTOPHOT0 HHAYKTHBHO-KOHIEHCATOPHOI0 reHepaTopa

HOCOB I'.B., IYCTBIHHUKOB C.B., KYJIEHIOBA E.O., HOCOBA M.T".

Pa3zpaborana MeTouKa pacyeTa KOMMYTaTOPHOTO WHIYKTHBHO-KOHACHCATOPHOTO T€HEPaTopa,
MO3BOJISIOIIAS OTPEIEINIATh HANIPSKEHUS, TOKH, MOITHOCTH U 3 (EeKTUBHOCTH T€HEpaTopa ¢
Y4ETOM TIapaMeTPOB €r0 3JIEMEHTOB ITPH YaCTOTHO-UMITYJILCHOM PEKUME IICKTPOITTHTAHUS

AKTUBHO-MHYKTUBHOM Harpy3ku. Jl0CTOBEpHOCTh METOAMKH MOATBEPKAACTCS MPUOIMKEHHBIM



COBIAJICHUEM PACUYETHBIX U HKCIIEPUMEHTAIbHBIX 3HAUEHUN HAIPSDKEHUN U TOKOB OIBITHON
Mojenu renepatopa. s noseimeHus 3¢ (HEeKTUBHOCTH TeHepaTopa, HaNpsHKEHUs Ha
KOHJIEHCATOPE ¥ MOIIHOCTH T'€HEPUPYEMbIX UMITYJIbCOB TOKA B Harpy3Ke HE0OX0IMMO
YBEJIMYUBAThH HANPsHXKEHUE UCTOYHHKA, HAMIPSHKEHNE BKIIIOUEHUS JTUHUCTOPOB, YaCTOTY U
CKBa)KHOCTh KOMMYTAIIMH, YHCIIO TIEPUOJIOB 3aPsIIKK KOHJIEHCATOPA, TOCTOSTHHYIO BpEMEHU
MHAYKTUBHOI'O HAaKOIIUTENS U CHU)KATh EMKOCTh KOHJEHCcaTopa. ['eHepaTop npu HanpsKeHUU
UCTOYHUKA 10 48 B 1 yacToTe NMITYIBCOB TOKA B Harpy3ke 1 'y MOXeT UMETh SHEPTUIO
uMmItysbea 1o 12 kJx, cpenHioro MontHocTh 10 12 kBT npu s dexruBHocTH 10 0,89 1
UMIYJIbCHOW MOIIHOCTH A0 35 MBT. B0o3M0OXHO MOJK/IIOYEHHE TeHEpaTOpa K UCTOYHUKY C
HEJ0CTAaTOYHBIM JJIs 3apSAIKN KOHAEHCATOpa YPOBHEM ITOCTOSSHHOTO HaNPsKEHUS, KOraa
HaIpspKEHUE Ha 3apskaeMoM KoHaeHcatope (639-3060 B) MokeT B AecATKY pa3 NPEBBILIATH
HanpsbkeHue uctounuka (12-48 B).

Knroueevle cnosa. KoMMyTaTop, MHIYKTUBHBIA HAKOTIUTENh, KOHICHCATOP, TOK, HAIMIPsHKEHUE.

A method for calculating a commutating inductive-capacitor generator has been developed,
which makes it possible to determine the voltages, currents, power and efficiency of the
generator taking into account the parameters of its elements in a pulse-frequency mode of power
supply of an active-inductive load. To increase the efficiency of the generator, the voltage across
the capacitor and the power of the generated current pulses in the load, it is necessary to increase
the source voltage, the switching voltage of the dinistors, the switching frequency and duty
cycle, the number of capacitor charging periods, the time constant of the inductive storage, and
reduce the capacitance of the capacitor. A generator with a source voltage of up to 48 VV and a
current pulse frequency in a load of 1 Hz can have a pulse energy of up to 12 kJ, an average
power of up to 12 kW with an efficiency of up to 0.89 and a pulse power of up to 35 MW. It is
possible to connect the generator to a source with an insufficient DC voltage level for charging
the capacitor, when the voltage across the charged capacitor (639-3060 V) can be tens of times
higher than the source voltage (12-48 V).

Key words: switch, inductive storage, capacitor, current, voltage.

Onexmpomexnuxa, 2021, Ne10, cmp. 81-85
IHonmkarommii npeodpazoBaTesib IHEPreTUYECKON YCTAHOBKH HA 0a3e TOMJIMBHbBIX

3JIEMEHTOB JJI51 0eCIIUJI0THOIO JIETATEeJIbHOI0 anmnapara



BYPIIEB 10.A., [TABJIEHKO A.B., BACIOKOB 1.B., [TY31H B.C., )KUBOJJEPHUKOB
A.B.

PaccmoTpen noHmxkaronmii mpeodpa3oBareb HaNpsHKEHUs! SHEPTeTHUECKONW YCTaHOBKH
KUJIOBAaTTHOT'O KJlacca MOIIHOCTH Ha 0a3e TOIUTMBHBIX 3JIEMEHTOB ISl OECITMIIOTHOTO
jerarenbHOro amnmnapara. [Ipennoxena cxema 3amerieHus npeodpa3oBaressi, yYUThIBAIOIAs
ANEKTPUUECKUE MTPOLIECCH] B CTEKE TOIIMBHBIX 3JIEMEHTOB, BUXPEBBIE TOKU B MPOBOISIINX
CTPYKTYpax M Mapa3suTHbIC UHIYKTUBHOCTU. BBINOTHEH CpaBHUTENBHBIN aHATIU3 PEKUMOB
paboThl mpeoOpa3oBaTesel C pa3IMIHON cXeMOoTeXHUKOU. [IpeayioxkenHa cxema MoHMKAIOIIETO
O6ecTpancopMaTopHOro Tpexha3zHoro mpeodpa3oBaTeIsi HAMPSHKEHHS C OOIIMM JIPOCCENIeM Ha
Tpu Pa3el. [TokazaHo, 4TO B OTIUYHE OT KIIACCUYECKUX CXEM IS TPEJIOKEHHOH TpexazHoii
cXeMblI IpeoOpa3oBaTelis ¢ OJHUM APOCCEIEM MHIYKTUBHOCTh U Macca APOCCelisi MOT'YT ObITh
CYIIIECTBEHHO CHIDKECHBI TPAKTUUYECKH 0€3 MOTEePH KauyecTBa paboThl MpeoOpa3oBaTesi, 4TO
MO3BOJIUT YMEHBIIUTH BEC U rabapuThl KOHCTPYKIUHU, CHU3UTH ITOTEPU SHEPTHH B IPOCCEIIE.
Knrwoueswie cnosa:npeodbpa3zoBareinb HAIPSKEHUS, JHEPTeTHUECKasT YCTAaHOBKA, TOTUIMBHBIN

3JIEMEHT, OECIIMIIOTHBIN JeTaTebHBIN anmapar.

A step-down voltage converter of a kilowatt-class power plant based on fuel cells for an
unmanned aerial vehicle is considered. A converter replacement scheme is proposed that takes
into account electrical processes in the fuel cell stack, eddy currents in conducting structures, and
parasitic inductances. A comparative analysis of the operating modes of converters with different
circuitry is performed. A scheme of a step-down transformer-free three-phase voltage converter
with a common three-phase choke is proposed. It is shown that, in contrast to the classical
schemes for the proposed three-phase converter circuit with one choke, the inductance and mass
of the choke can be significantly reduced almost without losing the quality of the converter,
which will reduce the weight and dimensions of the structure, reduce the energy loss in the
choke.

Key words: voltage converter, power plant, fuel cell, unmanned aerial vehicle.
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MopennpoBanue padoThbl TUTHI-MOHHBIX AKKYMYJISITOPHBIX 0aTapeil B cucreMe
3JIEKTPOCHA0KEHUSI ABTOHOMHBIX 00beKTOB

YEPHOB A.E., MAJIEEB P.A., 3YEB C.M., HIBELIOB A.C., KYKCA B.B.
PaccmoTpens! ABa BapraHTa MOZEIIECH TUTUNH-HOHHBIX aKKYMYJISTOpHBIX O6atapeit (AB).

HOKaBaHO, YTO MaT€MaTU4dCCKasa MOACIb Ha OCHOBE CXCMbI 3aMCIICHU S ABJISACTCA camMoi



pacrpocTpaHeHHOM, TPOCTOM IS peaTn3allii ¥ THOKOM C TOYKU 3pEHUS MaCIITAOMPOBAHUS IS
MOJIEJIMPOBaHUs cielMaIbHbIX siBJIeHUN B AB. [lapameTpsl Moienu sBISIFOTCS
HECTAIMOHAPHBIMHU, TIOJIBEP)KEHHBIMU CTAPEHUIO OaTapeu, Bapualliy OT COCTOSIHUS 3apsiia u
temneparypbl. Hanbomnee nepcnekTHBHBIM HAalpaBICHUEM COBEPLICHCTBOBAHMS MOJENEH st
HOBOT'O MTOKOJICHUSI CUCTEM YIPaBIIEHUS ABISIOTCSA (PU3HUECKHUE MOJIENH, KOJTUYECTBEHHO
OINMCHIBAIOLIUE JIEKTPOXUMHUUECKHE siBJIeHus. [loka3zaHo, 4TO 0JHOUACTHUYHAs
AIIEKTPOXUMUYECKAs MOJIENIb MOXKET OBITh MPE/ICTaBIICHa B BUJIE CXEMbI 3aMEILICHHUS, HMEIOIICH
CXOJICTBO C MAaTEMaTUYECKON MOJEIIBIO.

Knrouesvie cnoea: nutuii-ioHHas akKyMyJIITOpHas OaTtapes, cucTeMa KOHTPOJIS U yIIpaBJIeHHUs,

MaTeMaTU4ICCKass MOJICJIb, TOK U BpCMA paspsa, MacCOOOMEH.

This article provides an overview of two variants of lithium — ion battery models. It is shown that
the empirical model based on the substitution scheme is the most common, simple to implement
and flexible in terms of scaling for modeling special phenomena in AB. The parameters of the
model are non-stationary, subject to both the aging process of the battery, and variations on the
state of charge and temperature. The most promising direction for improving models for a new
generation of battery management systems is physical models that quantitatively describe
electrochemical phenomena in a battery. It is shown that a single-particle electrochemical model
can be represented as a substitution scheme that is similar to the empirical model.

Key words: lithium-ion battery, monitoring and control system, mathematical model, discharge

current and time, mass transfer.
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