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Conepxanue
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BbIcOK0000pOTHAS YJIEKTPUYECKAS MAIIIMHA ¢ MATHUTONPOBOIOM U3 aMOP(HOro
MArHUTOMATKOI0 MaTepuasa

NCMAT'UJIOB @.P., BABWJIOB B.E., YPABEAXTHUH P.P.

O6ocHoBaHa 11e51ec000pa3HOCTh MPUMEHEHHSI aMOP()HOTO0 MarHUTOMATKOTO Marepuaina (AMM)
B BEICOKOOOOPOTHBIX JIEKTPUYECKUX MamnHax. [IpuBeeHo onrcanue mpoeKTUPOBAHUS
MAaIIMHBI C MATHUTONIPOBOAOM U3 AMM, npuBeaeHbI pe3yabTaThl €€ UCCICNOBAHUS METOJaMU
KOMIIBIOTEPHOr0 MojiepoBanus. [IpuBeneHa pe3ynbTaThl SKCIIEPUMEHTAIBHBIX UCCIIEIOBaHHM
MAIlIMHBI C MATHUTONIPOBOIOM U3 AMM, BanuaupyroTcst pe3yibTaTbl KOMIIBIOTEPHOTO
MOJICTTHPOBAHHUS.

Knroueswle cnoea: BhICOKOOOOPOTHAS NEKTPUIECKAs MAIIUHA, IIOCTOSTHHBIE MATHUTHI,

MarHUTONPOBO/, aMOP(GHBIN MATHUTOMATKANA MaTepual.

The expediency of using an amorphous soft magnetic material (AMM) in high-speed electric
machines is substantiated. A description of the design of a machine with an AMM magnetic core
is given, and the results of its study by computer modeling methods are presented. The results of
experimental studies of a machine with an AMM magnetic core are presented, and the results of
computer modeling are validated.

Key words: high-speed electric machine, permanent magnets, magnetic circuit, amorphous soft

magnetic material.
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JaekTpUuGUIUPOBAHHbIE H THOPUAHBbIE CHIIOBbIE YCTAHOBKH JIeTATEIbHBIX alllIapaToB ¢
BePTHKAJbHBIM B3JI€TOM U MOCATKOI

[NOATY30B A.A., TAPUIIOB U.P., BABMJIOB B.E.

Ha priHke OecnMIOTHBIX JIeTaTeNbHBIX alapaToB pacHIMpsAeTCs MPUMEHEHHE THOPUIHO-
IIEKTPUIECKUX M MOTHOCTHIO JIEKTPHUECKUX TEXHOJIOTHH, YTO CHOCOOCTBYET POCTY TOPOJCKOM

a’pOMOOMIBLHOCTH M IOCTaBKHU TPY30B, HECMOTPS Ha CYIIECTBYIOLINE TEXHOJIOTHYECKHE U



UH(PPACTPYKTYPHBIC BBI30OBHI. JIeTaTenbpHbIe anmapaThl C BEPTUKAIBHBIM B3JIETOM U TIOCAAKON
KIIACCHU(UITUPYIOTCS TIO TUTIAM CHJIOBBIX YCTAHOBOK, BKIJIIOUAs TPAIUIIUOHHEIE BEPTOJIETHI,
CUCTEMBI C pa3/IeIbHBIM TOIBEMOM U TATOH, a TAKXKE pacipeieleHHble ycTaHOBKU. Cpenun
KOHIICTIIINI THOPHIHBIX CHIIOBBIX YCTAHOBOK CYIIECTBYIOT TPY OCHOBHBIE CXEMBI: KJIACCHUYECKAs
¢ OOKOBBIMH POTOpaMH, CXEMa C Pa3IeIbHBIMH JBIKUTEISIMU M MTOCIIEIOBATEIbHAS CXEMa C
MOBOPOTHBIMH KPbUThsIMH. Kaskaast u3 3THX HUX TpeOyeT KOMIUIEKCHOTO MOAX0/1a K YIIPABICHHUIO
Y MHTETPAIMU TTOJICUCTEM, BKITFOUAIOIINX HAKOIUTEIH SHEPTUU U SJIEKTPOIIPUBOIBI C
cUCTeMaMH TepMoperynupoBanusi. OCHOBHBIC HCCIICIOBAHMS COCPEIOTOYCHBI HA ONTHMH3AIAN
pacrpeielIeHHBIX CHIIOBBIX YCTAaHOBOK, YTO 0COOEHHO Ba)YKHO ISl TOPOJICKON a3pOMOOMITBHOCTH
U TPY30IIepeBO30K. BHeIpeHNEe rTHOPUTHO-IEKTPUIECKUX CUCTEM TTO3BOJISIET MPEOI0JIETh
OTpPaHUYCHUS, CBI3aHHBIC C aKKYMYIISTOPHBIMU OaTapesiMu, YBEIMUNBasl JAIbHOCTH MOJIETa U
CHIDKasi BRIOPOCHI BPEIHBIX BEIIeCTB. [ MOpHIHBIC YCTAHOBKH, B KOTOPBIX COUETAIOTCS TETIIIOBHIC
MAaIIMHBI ¥ AKKyMYJISITOPBI, OTKPBHIBAIOT HOBBIE BO3MOYKHOCTH SKOHOMHUH SHEPTHH U CHUKCHUS
OKCIUTYaTaI[MOHHBIX 3aTpaT. ['a30TypOMHHBIC TBUTATEIHN U UCIIOJIb30BAHUE CHKIKEHHOTO
MPUPOJIHOTO Tasa, Mo BCel BUIUMOCTH, MOKHO CUUTAaTh Hambosee F3(h(HEeKTHBHBIM pelIeHUEM
JUTSE MUHIMHU3AIUH SKCIUTyaTallMOHHBIX 3aTparT.

Knrwoueswvie cnosa: THOPUIHO-IIIEKTPUIESCKIE CHIIOBBIC YCTAHOBKH, aKKyMYJIITOpPHBIE OaTapew,

TypOOBAJIbHBIN ABUraTelNb, JIEKTPUUECKAsi MAILIMHA, YJICKTPOIPUBOJI, CHCTEMA OXJIAXKICHUS.

The adoption of hybrid-electric and all-electric technologies is expanding in the unmanned aerial
vehicle market, which contributes to the growth of urban air mobility and cargo delivery, despite
existing technological and infrastructural challenges. Aircraft with vertical takeoff and landing
are classified by types of power plants, including traditional helicopters, systems with separate
lift and thrust, as well as distributed installations. Among the concepts of hybrid power plants,
there are three main schemes: the classic one with side rotors, the scheme with separate thrusters
and the sequential scheme with rotary wings. Each of these systems requires an integrated
approach to the management and integration of subsystems, including energy storage and electric
drives with thermal control systems. The main research focuses on the optimization of
distributed power plants, which is especially important for urban air mobility and cargo
transportation. The introduction of hybrid-electric systems makes it possible to overcome the
limitations associated with batteries, increasing flight range and reducing emissions of harmful
substances. Hybrid installations that combine heat engines and batteries open up new
opportunities to save energy and reduce operating costs. Gas turbine engines and the use of
liquefied natural gas, apparently, can be considered the most effective solution to minimize

operating costs.



Key words: hybrid-electric power plants, rechargeable batteries, turboshaft engine, electric

machine, electric drive, cooling system.
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Pacuer npoyHocTH M KedpopManuii MOAYJIbHOT0 0e3peyKTOPHOIO 3JIEKTPONPUBOAA
SAMAJIOB .M., BAPABAHOB K.A., UJIbACOB /I.P.

PaccmoTrpena KOHCTpYKIUs: MOAYJIBHOTO 3JIEKTPONPUBO/IA, BKIIOUAIOIIAsl TPU CTATOpa U POTOPA,
0o0BbeIMHEHHbIE B OAHOM Kopiryce. [l mpoBepku MpoYyHOCTH U Aedopmaliuii Bajia MpoBEACH
MEXaHUYECKUN aHaJINU3 B MMakeTe Ansys, KOTOPBII MOKa3al, YTo MaKCUMalbHbIe AedopManuu u
HaIPSKEHUsI OCTAIOTCA B IOMYCTUMBIX IIPe/ieNiaX, YTO MOATBEPKAAECT HAJIEKHOCTh U MPOYHOCTh
pa3zpaboTaHHOM KOHCTPYKIIMHU Baja.

Knrouesvie cnoea: MonynbHbIN 0e3peAyKTOPHBII 3JEKTPOIPUBOI, MEXaHUUECKAas IPOYHOCTb,

negopMaIuu, pacyeT, makeT Ansys.

The design of a modular electric drive is considered, including three stators and rotors combined
in one housing. To check the strength and deformations of the shaft, a mechanical analysis was
carried out in the Ansys package, which showed that the maximum deformations and stresses
remain within acceptable limits, which confirms the reliability and strength of the developed
shaft design.

Key words: modular gearless electric drive, mechanical strength, deformations, calculation,

Ansys package.
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HccnenoBanue TenJI0BOro COCTOSIHUS 3JIeKTPOABUIATEJIsI ¢ MATHUTONIPOBOIOM M3
aMoOp(HOro MAarHUTOMAITKOro0 MaTepHaJa

BABWJIOB B.E., UCMATMNJIOB ®.P., YPABEAXTUH P.P.

PaccmoTpeHo TemnoBoe COCTOSIHUE IEKTPOABUTATENSE C MAarUTOIPOBOAOM M3 aMOp(hHOTO
MarHuToMsrkoro mMarepuaia (AMM). Paccmotpens! pusnueckue cBoiictea AMM u
MarHUTOIIPOBOJIA U3 HETO, ONpeeseHbl K03((GUIMEHTHI TeIUIONPOBOAHOCTU. PaccMoTpeH
JIEKTPOJBUTATEINb C TOCTOSIHHBIMM MarHUTaMH U MarHUTONpoBoJoM u3 AMM, npuseieHs!
pe3yNbTaThl €r0 KOMIIBIOTEPHOTO MOAEIMpoBaHus. [IpuBeneHsl pe3ynbTaThl HCCIEI0BaHUS

TCIIJIOBOI'O0 COCTOSAHUS SJICKTPOABUTATECIIA C MOCTOAHHBIMUA MArHUTAMHU U MAaroHuTOIIpoBOI0OM U3



AMM 110 CpaBHEHMIO C TEIIOBBIM COCTOSIHUEM aHAJIOTUYHOIO 3JIEKTPOIBUTATENS C
IIOCTOAHHBIMHY MAarHUTaMH1 U MaI‘HI/ITOHpOBO,Z[OM n3 3HCKTp0T€XHI/I‘{eCKOﬁ cTalin.
Knrwoueswvie cnosa: >neKTpoBUraTellb, IOCTOSHHBIE MATHUTBI, MATHUTOIIPOBO, aMOP(HBIN

MarHUTOMSITKHM Marcpuail, TCIJI0BOC COCTOSIHUC.

The thermal state of an electric motor with a magnetic core made of an amorphous soft magnetic
material (AMM) is considered. The physical properties of the AMM magnetic core from it are
considered, the thermal conductivity coefficients are determined. An electric motor with
permanent magnets and an AMM magnetic circuit is considered, and the results of its computer
modeling are presented. The results of a study of the thermal state of an electric motor with
permanent magnets and a magnetic circuit made of AMM compared with the thermal state of a
similar electric motor with permanent magnets and a magnetic circuit made of electrical steel are
presented.

Key words: electric motor, permanent magnets, magnetic circuit, amorphous soft magnetic

material, thermal state.
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Pacuer 3/1eKTPHUYECKOTr0 MO B HEOTHOPOHOM THIJIEKTPHUKE COTOBOM CTPYKTYPbI
METO/I0M KOHEYHBIX )JIeMEHTOB

MAKCYJ10B JI.B.

[IpumeHeHre MeTo/1a KOHEYHBIX AJIEMEHTOB IS pacuéTa pacupeeieHUs AIEKTPUIECKOTO OIS
pPaccMOTPEHO Ha MPUMEpe 030HATOPA, BKIIFOYAIOIIETO COTOBBINA JUIIEKTPUIECKHIA OJIO0K, B
KaHaJIbl KOTOPOTO B IIAXMAaTHOM TIOPSIIKE BJIOXKEHBI JIBE TPYIIIBI JIEKTPOIOB, TOAKIIOUSHHBIX K
BBICOKOBOJIbTHOMY HCTOYHHUKY NTUTaHUs. [10Kka3aHo, 4TO JUIsi KAHAJIOB, HE TIPUHA/IJICIKAIINX
MOBEPXHOCTHOMY CJIOIO, pacIipe/ie]ICHHE HAMPSHKEHHOCTH 3JIEKTPHUECKOTO OIS HMEET
JBYXOCEBYIO cUMMETpHI0. KpoMe Toro, i BceX KaHAJIOB PO(dUIh KPUBOW HANPSHKEHHOCTH
ANEKTPUUECKOTO TOJIS BJIOJIb JIMHUH, COSTUHSIONICH ONMKANIINe TOYKA BEICOKOBOJIBTHOTO U
3a3eMJICHHOTO 2JIEKTPOJIOB JBYX CMEKHBIX KaHAJIOB, CHMMETPHYEH OTHOCUTEIFHO CEPEIUHBI
ITOW JTMHUU. DTU 3aKOHOMEPHOCTHU MPEJICTABISIIOT HHTEPEC [IJISI ONTUMU3ALNN JAaHHON
KOHCTPYKIIUU 030HATOpA M MCCIEIOBAaHUS Pa3BUTHUS B HEM 0aphepHOTO paspsija.

Knroueswvie cnosa: 030HATOPHI, TUAIIEKTPUK COTOBOU CTPYKTYPHI, pacipeiesiecHue

QJICKTPHUICCKOI'O I10JI4, MAaTEMATUICCKOC MOACIIMPOBAHUEC, METOJ KOHCUHBIX 3JICMCHTOB.

The modeling of the electric field distribution in an inhomogeneous dielectric of a cellular



structure is considered, for example, in the design of an ozonator, when electrodes connected to a
high-voltage power source are staggered into the channels of the dielectric. The simulation
results showed that for channels that do not belong to the surface layer, the electric field strength
distribution has a two-axis symmetry. In addition, for all channels, the profile of the electric field
strength curve along the line connecting the nearest points of the high-voltage and grounded
electrodes of two adjacent channels is symmetrical relative to the middle of this line. These
patterns are of interest for optimizing this ozonator design and investigating the development of
a barrier discharge in it.

Key words: ozonators, dielectric of cellular structure, electric field distribution, mathematical

modeling, finite element method.
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Craprep-reHepaTopbl MHHTETPHPOBAHHOI0 HCIIOJIHEHHS /ISl TA30TYPOMHHBIX IBUTaTes e
(O0630p)

IOIIKOBA O.A., UCMAITJIOB @.P., BABMJIOB B.E., [IOAI'Y30B A.A.,
[IpencraBneH 0630p MAaTEHTHBIX pa3pabOTOK BEAYIIUX (PUPM-TTPON3BOIUTENCH aBHAITMOHHOMN
TEXHUKHA B 00JIaCTH MHTETPUPOBAHHBIX cTapTep-reHepatopos (CI') mist ra30TypOMHHBIX
JBUrarenei. BoInoiHeH KOMITIEKCHBIN aHann3 TeEXHU4YeCcKuX xapakrepuctuk CI', onpenenensl
BO3MOYKHBIE 30HBI HHTErpauun 31ekTpudeckux CI' B ra30TypOUHHBIN 1BUraTeNlb U TUIIHI
ANEKTPUUECKUX MAIIHH JJIs 3TUX Lesneil. [IpuBeneHsl mokasareny TEXHHYECKOTro YpOBHS U
TeHJEHLIUU pa3BUTUs nHTerpupoBaHHbIX CI'. CaenaHbl BEIBOBI O TEKYIIEM TEXHOJIOTHYECKOM
cocrossHuU pazpadorok CI', mpeanokeHbl peKOMEHIAlMK 10 €€ YIyUIIeHUIO.

Knrwoueswie cnosa: ra30TypOUHHBIN ABUraTeNb, HHTETPUPOBAHHBINA CTapTep-TeHEPATOP,

TEXHUYECKUN YPOBEHbB, MATCHTHBIC Pa3pa0d0TKU BEIyLIUX (QUPM.

The review of patent developments of leading manufacturers of aviation equipment in the field
of integrated starter generators (SG) for gas turbine engines is presented. A comprehensive
analysis of the technical characteristics of the SG was performed, possible zones of integration of
electric SG into a gas turbine engine and types of electric machines for these purposes were
determined. The indicators of the technical level and trends in the development of integrated
systems are given. Conclusions are drawn about the current technological state of SG
developments, recommendations for its improvement are proposed.

Key words: gas turbine engine, integrated starter generator, technical level, patent developments

of leading companies.
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OnTuMu3anms BbICOKOCKOPOCTHOM JIeKTPUYECKOl MAIIMHBI ¢ BHEIIHUM POTOPOM MPH
MOMOIIM IFeHeTHYeCKOro aJIropuTMa

EPEMEHKO B.B., TAPUIIOB N.P., 'OPIOXINH M.O., KPACHOIIEPOB JI.T'.
DIIEKTPUYECKHE MAIIUHBI C TOCTOSSHHBIMA MarHUTAMU SIBJISIFOTCSL OJTHUM U3 MEPCIEKTUBHBIX
pelieHuii B 3a1a4ax, rje Heo0XoAuMbl HeOoblne MaccorabapuTHbBIE MTOKa3aTeNu U BBICOKas
ylenabHas MOUTHOCTh. [IpruMepoM TakuxX NpUIOKEHHUH SBISIFOTCS 3JIEKTPUUECKUEe U THOPUIHO-
AIIEKTPUYECKUE CUIIOBBIE YCTAHOBKHU, B KOTOPBIX BBICOKUE YJEIbHBIE XapaKTEPUCTUKH MOTYT
OBITh TOCTUTHYTHI ITYTEM CO3/IaHHs BBICOKOCKOPOCTHBIX MalMH. [1pu 3ToM otHUME 13
KJTIOUYEBBIX SIBJISIOTCS IPOOJIEMBI POYHOCTHU U OXJIaXACHUS. B cTaThe mpuBeaeHBI pe3yabTaThl
ONTUMM3AIMH KOHCTPYKLIUH POTOPA JIEKTPUUECKON MAIIUHBI C IPUMEHEHHEM METOJI0B
ABOJIFOLIMOHHBIX AJITOPUTMOB; OIIPEEIIEHBI TAK)KE OCHOBHBIE 3aBUCUMOCTH BapbUPYEMBIX
[IapaMeTpPoOB OT KPUTEPUEB ONITUMHU3ALINH.

Knroueswvie cnoea: >nexTpuueckie MallliHbl C TOCTOSSHHBIMU MarHUTaMu, MHOTOKpUTepUaIbHast

OIITUMH3aAIUsI, BHEIITHHI poOTOp, CTaTUYCCKAA IMIPOYHOCTh, TCHETHYCCKHUEC aJITOPUTMBI.

Electric machines with permanent magnets are one of the promising solutions in tasks where
small weight and size indicators and high specific power are required. An example of such
applications are electric and hybrid-electric power plants, in which high specific characteristics
can be achieved by creating high-speed machines. At the same time, one of the key problems is
strength and cooling. The article presents the results of optimizing the rotor design of an electric
machine using the methods of evolutionary algorithms; The main dependences of the varied
parameters on the optimization criteria are also determined.

Key words: electric machines with permanent magnets, multi-criteria optimization, external

rotor, static strength, genetic algorithms.
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MopeapoBaHue MATHUTHBIX NOJAUIUITHUKOB ¢ Pa3HOH KOH(Urypauueu na3os B kopmyce
3JIEKTPOMATHHUTA

MAPA®YTAMNHOB III.H., NWJIBACOB /I.P.

PaccmoTpeHs! pa3inyHble KOHCTPYKIIMM MarHUTHBIX IOAIMUITHUKOB. [Ioka3aHo, 4TO OTCYTCTBHE

MMa30B B NOJIOCAX 3JICKTPOMArouTa HECKOJIBKO YBCINYNBACT TATOBYIO MOITHOCTH NOJIIUMITHHUKA,



IIPH BBIOOPE CTANIM ISl OCEBBIX TMOIITUITHUKOB HEOOXOIMMO YUYUTHIBATH HE TOJIBKO UX
MAarHUTHBIE CBOMCTBA, HO U MEXAHUYECKYIO ITIPOYHOCTh JUCKA MOALIMITHUKA.
Knrouegvle cnosa: MarHuTHbIE OAIIUITHAKY, AKTUBHBIA MAarHUTHBIN 1OJBEC, CTATOP, OCEBOU

MarHUTHBIN OAIIMITHHUK.

Various designs of magnetic bearings are considered. It is shown that the absence of grooves in
the poles of the electromagnet slightly increases the traction power of the bearing; when
choosing steel for axial bearings, it is necessary to take into account not only their magnetic
properties, but also the mechanical strength of the bearing disc.

Key words: active magnetic suspension, axial magnetic bearing, simulation.
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Konuenuus pa3padoTku M BHeIpeHUs] MHHTEITPHPOBAHHOI0 AaBHAIMOHHOI0 IreHepaTopa ¢
BHEIIHUM POTOPOM

OXOTHHMKOB M.B.

Hcnonb3oBaHue reHepaTopa ¢ BHEIITHUM POTOPOM IO CPABHEHUIO € KJIACCHYECKUM
UCTIOJIHEHUEM I'eHepaTopa ¢ BHYTPEHHUM POTOPOM MO3BOJISIET IPU PaBHBIX rabapurax
o0ecreunTh POCT yAeIbHbBIX Moka3zatesnei oT 10 10 34% 1 moay4YuTh yIAeNbHYI0 MOITHOCTh
nopsinka 3,87 kBT/kr mo cpaBHeHuto ¢ 2,56 kBT/Kr y reHepaTopa ¢ BHyTPEHHUM POTOPOM. 3a
CYET YBEJIWYEHUS IIJIOIIAM BHEIIHErO POTOPA MOKHO YBEJIMUUTh TEIJIOOTAAUY, TEM CaMbIM
coxpaHsis pabounii TeMrepaTypHbIi 1Mana3oH NOCTOSHHBIX MArHUTOB M 00ecTrieuyuBast
paboToCcTIOCOOHOCTh Beel CUCTEMBI B 11esioM. [Toka3aHo, 9TO MMEIOIIHMIACS TEXHOIOTHUECKUMA
OTIBIT MO3BOJISIET PEAIM30BaTh UACK UHTErPALIMK ABUALIMOHHOTO '€HEepaTOpa BHYTPHU
aBuanmoHHoro asurarens. [logpoOHo npeacTaBieHa TEXHOJIOTHUS COOPKU T'eHepaTopa ¢
BHEIIHUM POTOPOM.

Knrouegwvie cnoea: nHTErpupOBAaHHBIN aBUALIMOHHBIN T'€HEPATOP, BHELLIHUI pOTOD,

MaccorabapuTHBIE TTOKa3aTeIu, TEXHOJIOTHs COOPKH.

The use of a generator with an external rotor in comparison with the classical version of a
generator with an internal rotor allows, with equal dimensions, to ensure an increase in specific
indicators from 10 to 34% and to obtain a specific power of about 3.87 kW / kg compared with
2.56 kW / kg for a generator with an internal rotor. By increasing the area of the external rotor,
heat transfer can be increased, thereby maintaining the operating temperature range of permanent

magnets and ensuring the operability of the entire system as a whole. It is shown that the existing



technological experience makes it possible to implement the idea of integrating an aircraft
generator inside an aircraft engine. The assembly technology of the generator with an external
rotor is presented in detail.

Key words: integrated aircraft generator, external rotor, weight and dimensions, assembly

technology.
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O BO3MOKHOCTH A/IUTHUBHOM NMeYaTH 0OMOTOK 3JIEKTPUYECKNX MAILMH
[TAUXJIMCIIAMOB A.1., UCMATWJIOB ®@.P.

OnHUM U3 MePCIIEKTUBHBIX HATIPABIICHUH MOBBITICHUS () ()EKTHBHOCTH OOMOTOK JIEKTPUIECKUX
ManH (YMEHBIIICHHS TIOTEPh MIEPEMEHHOTO TOKA, CHIDKEHUS 3aTpaT U COKPAIICHUS BPEMEHH Ha
MIPOU3BOJICTBO) SIBJISICTCS JIUTUBHAS TTedaTh 0OMOTOK. OHa TO3BOISIET TOOUTHCA psiaa
yIy4dIIeHUH, HaIpUMeEp, THTETPUPOBATH TOKOMPOBOASIIUE TTPOBOJIA B AUIICKTPHUUCCKUMA
MaTepual, eyararhb MoJible MPOBOJHUKY U3 PA3IMYHBIX MATEPUAIOB IS TOBBIIICHUS
IJIOTHOCTH TOKA M OTBOJIA TEIUIA B DJIEKTPUUECKOW MAIIMHE C BHICOKOH YEIbHON MOIIIHOCTBIO.
AIITUTHBHAS T€YaTh MO3BOJISET TAKXKE MOTydaTh 0OMOTKH 0c000i (OpPMBI, KOTOpasi CHIYKAET
MOTEPU MEPEMEHHOTO TOKA BHICOKOCKOPOCTHBIX JICKTPHUECKUX MAIIMH. B cTaThe BHIOTHEH
0030p myOnuKanuii B 006JaCTH aJyIMTUBHON TIeYaTH OOMOTOK AJIEKTPUIECKUX MAIITHH.
Knroueevle cnosa: >nekTpudeckas MaliiHa, aJJIATUBHAS TIeYaTh, HHTETPAIUs TPOBOJIOB,

T€HJ'IOO6MCH, IMOJIBIC MPOBOAHUKHU, YACIbHAasA MOITHOCTD.

One of the promising directions for improving the efficiency of electric machine windings
(reducing AC losses, reducing costs and reducing production time) is additive winding printing.
This makes it possible to achieve a number of improvements, for example, to integrate
conductive wires into a dielectric material, to print hollow conductors from various materials to
increase current density and heat dissipation in an electric machine with a high specific power.
Additive printing also makes it possible to obtain windings of a special shape, which reduces the
AC losses of high-speed electric machines. The article provides an overview of publications in
the field of additive printing of windings of electric machines.

Key words: electric machine, additive printing, wire integration, heat transfer, hollow

conductors, specific power.
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Pa3zpa6orka mogyasnoro CAIIM assi npuBoAa BO3AYIIHOTO BUHTA

BAPABAHOB K.A., AMAJIOB U.U., LIAPA®YTJNHOB III.H.

PaccMoTpeH MOynbHBIM CHHXPOHHBIA JBUTATENb C IOCTOSSHHBIMU MarHUTaMH JJIs IPUBOJA
BO3/yLITHOTO BUHTA. BBIMOIHEH aHaIN3 CYHIIECTBYIOIINX PEIICHU, OMCaHbl TPEOOBaHUS K
JBUTATEIIO JJIs IPUMEHEHHUS B aBUALIMOHHOHN cdepe, pacCMOTPEHBI OCHOBHBIE TaITbI
MPOSKTUPOBAHUS IBUTATENS; 0CO00E BHUMAHUE YIEIICHO ONTUMHU3AINN €70 KOHCTPYKITUH C
LENbI0 TOCTHKEHUSI MaKCUMaTbHON 3 (EKTUBHOCTH U YMEHbBILIEHUS MACCHI.

Kniouegvle cnosa: npuBoa BO3AYIIHOIO BUHTA, CAHXPOHHBIN JBUTATENb C IOCTOSIHHBIMU

MarauTamMu, CUJIOBasA YCTaHOBKA, ONITUMU3ALIUA KOHCTPYKIIUH.

A modular synchronous motor with permanent magnets for propeller drive is considered. The
analysis of existing solutions is carried out, the requirements for the engine for use in the
aviation field are described, the main stages of engine design are considered; special attention is
paid to optimizing its design in order to achieve maximum efficiency and reduce weight.

Key words: propeller drive, synchronous motor with permanent magnets, power plant, design

optimization.
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O TapudgHOM peryJMpoBaHUHU IEKTPO3aAPSAAHON HHPPACTPYKTYPHI JJIs1 JIEKTPOMOOUIei
BOPOHUNMH B.A., HEIIIIA ©.C., WJIFOIIWH I1.B.

BrimonHeH aHamu3 MoaX010B K Tapu(HOMY PETYIUPOBAHUIO SIIEKTPO3APSTHON
UHGPACTPYKTYPHI AJI SIEKTPOMOOUIIEH € IENbI0 OTPaHUYEeHHSI IEPETPY30K LIEHTPOB MUTAHUS
AJICKTPOCETEBBIX KOMITaHWH. PazpaboTana MMHUTAIIMOHHAST MOJIENb DJICKTPO3aPSTHOM
UHPPACTPYKTYPHI, TO3BOJISAIONIAS MOJISTHPOBATh M3MEHEHHE YPOBHS 3apsiaa OaTapeit
AIIEKTPOMOOMIICH B TEYCHUE CYTOK, a TAK)KE MOBEACHUE BOAUTEICH MPU MX 3apsife ¢ yIeTOM
0COOEHHOCTEHN TOPOJICKOM TIEKTPO3apsATHON HHPPACTPYKTYPHI, BpDEMEHHU CYTOK, MECT
pa3MenIeHHs IEKTPO3apsAIHbIX CTAHLIUN U UX 3arpy>KEHHOCTH, a Takxke Tapuda Ha 3aps
ayeKTpoMoOmIIel. MoienupoBaHue BBHITIOTHEHO C UCTIOIB30BAHUEM METOAA MYJIBTUATEHTHOTO
MOJIeTIMPOBaHUS B iporpammHoi cpene AnyLogic. [IpoBeieHa omieHKa COBMEIICHHOTO
MaKCHMyMa Harpy3KH IIeHTpa MUTAHUS U 3JIEKTPO3apsIHON HHPPACTPYKTYpBI, a TAKKe YPOBHA
JIOXO0JI0B BJIaJIEJIbIIEB 3JEKTPO3aPAIHBIX CTAHLUN PU Pa3IMYHBIX Tapudax Ha MOKYIKY

AIIEKTPOIHEPTUH JIJIsI AIEKTPO3ANPABOYHBIX CTAHLMI M pa3HBIX MOJX0/1aX K BEIOOPY Tapuda Ha



3apsJT AIEKTPOMOOHIIEH.
Knroueswie cnoea: >nexTpoMoOHIIb, JIEKTPO3apSIHAS CTAHIINS, IIEHTP MUTaHUS,

MYJIbTHAr€HTHOE MOJCIIMPOBAHHE, Tapu( HA 3apsi/l HIEKTPOMOOHIIS.

The analysis of approaches to tariff regulation of electric charging infrastructure for electric
vehicles in order to limit overloads of power supply centers of electric grid companies is carried
out. A simulation model of the electric charging infrastructure has been developed that allows
simulating changes in the battery level of electric vehicles during the day, as well as the behavior
of drivers when charging them, taking into account the characteristics of the urban electric
charging infrastructure, time of day, locations of electric charging stations and their workload, as
well as the tariff for charging electric vehicles. The simulation was performed using the multi-
agent modeling method in the AnyLogic software environment. An assessment of the combined
maximum load of the power supply center and the electric charging infrastructure, as well as the
income level of owners of electric charging stations at different tariffs for the purchase of
electricity for electric filling stations and different approaches to choosing a tariff for charging
electric vehicles, was carried out.

Key words: electric vehicle, electric charging station, power center, multi-agent modeling,

electric vehicle charge rate.
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