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KoHuenuusi 1 0CHOBHbIE Pe3yJIbTaThl Pa3padoTKU ACMHXPOHHBIX JIeKTPOABHUIraTeJiei ¢
BbIEMHBIM CepIeYHHUKOM

BEJIEKEP A.A., 3AXAPOB A.B., KAIIIEHKOB A.B., KYJIPAILIIOB C.B.

[IpencraBieH aNropuT™ U OCHOBHBIE PE3yJIbTAThI Pa3paOOTKHU JIMHEHKH 3JIEKTPOIBUTATENEH
MOAYJIbHON KOHCTPYKIMU. TeXHOIO0THsI TPOU3BOJICTBA CEPICUHUKOB CTAaTOpa MPEAnoaraet
pazaesnbHOe U3TOTOBJIEHNE CTAHUHBI 1 0OMOTAaHHOTO CEP/IEYHHKA CTATOpa C UX MOCIEAYIOIEeH
coopkoii. KOHCTpYKTHUBHBIE 3JIEMEHTHI ABUTATENICH JTMHEHUKH (CTAaHUHBI, TIOIITUTTHUKOBBIC
IIUTHI, MOIYJIH OXJIAXKICHUS, KIEMMHBIC KOPOOKH U JIp.) YHU(PHUIIMPOBAHBI C BO3MOKHOCTHIO
WX KOMOWHUPOBAHUS JJIs ABUTATEICH HECKOIBKUX rabapuToB. [Ipu mpoekTrupoBaHUN
AaKTUBHOM YacTH MPUHSATA KOHIIETIHUA MaKCUMAJIbHOW YHU(PHUKAIIUU TEXHOIOTUYECKOM
OCHACTKH. 3HAUYUTEIIbHOE BHUMaHKE ObLUTO yaeneHo nobimeHuto KIIT/ myreM cHuKeHus
N00aBOYHBIX MOTEPh. AIITOPUTM MPOCKTHPOBAHUS OCHOBAaH Ha KOMOMHHPOBAHHOM
HCIMOJIb30BAHUM MAaT€MaTUYECKUX MOJIEIIEH, OCHOBAHHBIX Ha TEOPHUU LIENIEH, U MOJIETIEH HA
OCHOBE METOJ]a KOHEYHBIX JIEMEHTOB.

Knioueevie cnoga: aCHHXpPOHHBIN IEKTPOJIBUTaTENb, IBUTATEb MOAYIbHON KOHCTPYKIIHH,
YVHH(PUKALKS KOHCTPYKTUBHBIX JIEMEHTOB, allTOPUTMBI IIPOSKTUPOBAHUS, MATEMATHICCKUE

MOACIIN.

The algorithm and the main results of the development of a line of modular electric motors
are presented. The technology of manufacturing stator cores involves the separate
manufacture of the bed and the wound stator core with their subsequent assembly. The
structural elements of the range's engines (bed, bearing shields, cooling modules, terminal
boxes, etc.) are unified with the possibility of combining them for engines of several sizes.
When designing the active part, the concept of maximum unification of technological
equipment was adopted. Considerable attention has been paid to improving efficiency by

reducing additional losses. The design algorithm is based on the combined use of



mathematical models based on circuit theory and models based on the finite element method.
Key words: asynchronous electric motor, modular design motor, unification of structural

elements, design algorithms, mathematical models.
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ACHHXPOHHBIN ABUTaTe/Ib ¢ KOJIbLIEBBIMH 00MOTKAMHU ¢ KEPAMHYECKON H30J1Hel 1A
padoThI B 30HE MOBLINIEHHOW pajuanumn

THUXOHOBA O.B., KYJIAKOB C.JI., MAJIBIIT'H N.B., INTACTYH A.T.

PaccmoTpeHa KOHCTPYKIIHS aCHHXPOHHOTO ABUTaTeNsl ¢ KOJIbLEBBIMA OOMOTKAMH C
KepaMHU4YeCKON M30JISAIHEH, TPeAHa3HAaYeHHOTO I Pa0OThI B YCIOBUSAX MMOBBIICHHOM
panuanuu. Ha npennpusatusx no nepepaboTke SAEpHOTr0 TOIUIMBA /7S IPUBOJA HACOCOB-
JI03aTOPOB UCMOJIb3YIOTCS aCHHXPOHHBIE ABUTATENIN MOIIHOCTHIO 10 20 KBT CO BCBIMHOM
00MOTKO#1 cTaTopa. J{Jst MpouIeHus CpoKa CITy>KOBI ABUTATEIeH X BHIHOCAT 3a MPEJIEIIb
PazMOaKTUBHOM KaMephl, YTO YCIOXKHAET X oOCiTy>KuBaHue. J{Jis KaTyIek ctaropa
IIPeUIaraeTcsi NPUMEHATh KEPAMUYECKYI0 U30JISLHIO, YTO MO3BOJIUT MPOUINTh CPOK CITYXKOBI
ABUraTess 0e3 BBIHOCA €r0 U3 PaJMOaKTUBHOM 30HBL. J{J151 BO3MOXKHOCTH IPUMEHEHNUS
KOJIBLIEBBIX KaTYIIEK pa3padoTaHa HOBast KOHCTPYKIIHSI CTATOPa, B KOTOPOM BpallaroIeecs
MarHUTHOE T0JI€ B IBUraTesie CO3/1aeTCsl C IOMOIIBIO CIeHaIbHBIM 00pa3oM
OpPraHU30BaHHON MAarHUTHOW cUcTeMbl. McribITaHus OonbITHOrO 00pasia ABUraTess MoKa3aiy,
YTO €r0 MaKCUMaJIbHBII MOMEHT MEHBILIE, YEM y IBUTATEIIEH KJIACCUYECKON KOHCTPYKIUU
TOM K€ MOIIHOCTH. B CBA3M ¢ HAJIMUMEM OCEBOM COCTABIIAIOLICH MAarHUTHOI'O IIOTOKA HA
IIapaMeTpbl MalIMHbBI CYHIECTBEHHO BIMSIOT BUXpEBbIE TOKHU. [I0ka3aHbl M3MEHEHUS,
BHECEHHBIE B KOHCTPYKIIMIO IIEPBOT0 ONBITHOI'O 00pa3lia ABUraTesIs C LEIbIO MOBBIIIEHUS €T0
MaKCUMaJIbHOr0 MOMeHTa. Ha nmepBoM 3Tane n3MeHeHus anpoOUpyrOTCs C TOMOIIBIO

UG POBBIX pACUETHBIX MOJIENICH, HA BTOPOM — C IIOMOIIbIO HATYPHBIX UCTIBITAHUH.
Knioueevie cnoga: aToMHbBIE AIEKTPOCTAHLINHN, 30HBI OBBILIEHHON Paualiii, aCUHXPOHHBIN
JBUraTellb, KOJIbLIEBbIE 0OMOTKH, KepaMUUeCKasi U30JISILUs, JIEKTPOMArHUTHbI MOMEHT,

nudpoBast MOJENb, METOJ] KOHEYHBIX DJIEMEHTOB.

The design of an asynchronous motor with annular windings with ceramic insulation,
designed to operate in conditions of high radiation, is considered. At nuclear fuel reprocessing

plants, asynchronous motors with a capacity of up to 20 kW with a loose stator winding are



used to drive metering pumps. To extend the service life of the engines, they are taken outside
the radioactive chamber, which complicates their maintenance. It is proposed to use ceramic
insulation for the stator coils, which will extend the service life of the engine without
removing it from the radioactive zone. For the possibility of using ring coils, a new stator
design has been developed in which a rotating magnetic field in the motor is created using a
specially organized magnetic system. Tests of the prototype engine have shown that its
maximum torque is less than that of classic engines of the same power. Due to the presence of
the axial component of the magnetic flux, eddy currents significantly affect the parameters of
the machine. The changes made to the design of the first prototype engine in order to increase
its maximum torque are shown. At the first stage, the changes are tested using digital
calculation models, at the second — using field tests.

Key words: nuclear power plants, high radiation zones, asynchronous motor, ring windings,

ceramic insulation, electromagnetic torque, digital model, finite element method.
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DJIEKTPOABHKEHHE CY/IHA HA OCHOBE PEAKTHBHOH CHHXPOHHOI MAIIMHBI
npeodpa3zoBaTesi YaCTOTHI

BOPOHIIOB AT, PO3BULIKUI I'.T., [IPOHUH M.B., [JTYIIIAKOB B.B.
PaccMOTpeHBl BO3MOKHOCTH IMOCTPOECHUS CUCTEMBI JJIEKTPOJBHIKEHHUS CyHA HA OCHOBE
PEaKTUBHON CUHXPOHHOI MamIMHbI ¥ IpeoOpa3oBaTess 4acToThl. B mpeobpa3oBarene
HCII0JIb30BaH TPAH3UCTOPHBIA AaBTOHOMHBIM MHBEPTOP HANPSKECHUS U TUOAHBINA WU
TPaH3UCTOPHBIM aKTUBHBIN BBIIPAMUTEIND. [IpennokeHbl anropuTMel ypaBiIeHU
MHBEPTOPOM U JIBUTaTEJIEM C MCIOJIb30BAHUEM TpeX(PazHOro (GUIbTpa HaNPKEHUH
YIPABJIECHUS C MOACTPOUKON 4acTOThI. MoaenmupoBanue yCTaHOBKHU BBIIIOJHEHO 110
METOJOJIOTUHU pacyeTa CUCTEM I10 B3aUMOCBA3aHHBIM IIOJACUCTEMaM, I103BOJISIOIIECH
MHHUMH3APOBATh 3aTPAaThl MAIMHHOTO BPEMEHHU Ha PAacyeThl U aHAJIU3 JJIUTEIbHBIX
3JEKTPOMEXaHUYECKHUX IpoueccoB. OnucaHa CTpyKTypa MOJEJIEH, JaHO
MaTEeMaTHYECKOE OIMCAHUE IEKTPOMEXAaHUYECKUX MpoLeccoB. IIpencrasieHsl
pe3yabTaThl AHAJIM3a YCTAHOBUBIIMXCA U NIEPEXOJHBIX NIPOLIECCOB, B TOM YHUCIIE peBeEpca
rpeOHoro asuratens. PaccMoTpeHbl HEKOTOpPbBIE aBapUIHbIE MIPOLECCHI, a TAKKE

HCKOTOPBIC BO3MOKHOCTH UX MPEAOTBPAIICHHA.



Knrouesnie cinoea: cucteMbl SJICKTPOABMKCHUA CyaAHA, pCAKTHUBHAA CUHXPOHHAas MalllhiHA,

HpCOGp@BOBaTCHL YHaCTOTHI, aKTHUBHBIN BBIIPAMUTCIIb, MOACITIUPOBAHUC.

The possibilities of building a ship's electric propulsion system based on a reactive
synchronous machine and a frequency converter are considered. The converter uses a
transistor autonomous voltage inverter and a diode or transistor active rectifier. Algorithms
for controlling the inverter and motor using a three-phase control voltage filter with frequency
adjustment are proposed. The simulation of the installation was carried out according to the
methodology of calculating systems for interconnected subsystems, which minimizes the cost
of machine time for calculations and analysis of long-term electromechanical processes. The
structure of the models is described, and a mathematical description of electromechanical
processes is given. The results of the analysis of steady-state and transient processes,
including the reverse of the propeller engine, are presented. Some emergency processes are
considered, as well as some ways to prevent them.

Key words: ship electric propulsion systems, reactive synchronous machine, frequency

converter, active rectifier, modeling.
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DJIEKTPONPHUBO/ HA 0a3e ACHHXPOHHBIX JIEKTPUYECKUX MAIIMH Il CIIeNHATbHOI0
CaMOXOJHOT0 NMOJABUKHOI0 COCTaBA

®JIOPEHIIEB C.H., FAIJIA C.B., OPJIOB B.H., )KYPOB H.0., YBAPOB A A.,
[TOJIFOXOBUY B.C.

PaccMoTtpensl pe3ynbTaThl pa3pabOTKU ¥ BHEIPEHHSI KOMILJIEKTOB TSTOBOTO
ANEKTPOOOOPYIOBaHUS Ha 0a3e aCHHXPOHHBIX MOTOP-TEHEPATOPOB, TSITOBBIX ACHHXPOHHBIX
JBUTATENEH JIJIsl SIIEKTPOMEXAHUYECKUX TPAHCMUCCUH CIIEIUATIBLHOTO CAaMOXOAHOTO
MOJIBJKHOTO COCTaBa — MOTOBO30B, aBTOMOTPUC, YKJIAJOYHBIX KPAHOB, MAaHEBPOBBIX
Ter10B030B. [loka3zaHbl MperMyIIecTBa [0 SKOHOMHH TOIUINBA, YIYUIIEHHBIM TSITOBO-
JTUHAMUYECKUM XapaKTEPUCTUKAM, MOBBILIEHHON HA/I€KHOCTH, CHIXKEHHBIM
AKCILTyaTaIMOHHBIM 3aTpaTaM 0 CPABHEHHIO C MOJO0HBIMU COCTaBaMU Ha 0a3e CHHXPOHHBIX

TeHEepaTOPOB U KOJUIEKTOPHBIX 3JIEKTPOABUTATENEH, a TAK)KE COCTABOB C THJIpoIiepeiadeii.



Knrwueswie cnosa: cnienanbHbIi CAMOXOAHBIN MOJABUKHON COCTaB, ACHHXPOHHBIMN

TeHepaTop, ACHHXPOHHBIN ABUraTelb, IPe0Opa30oBaTeb YaCTOTHI.

The results of the development and implementation of sets of traction electrical equipment
based on asynchronous motor generators, traction asynchronous motors for electromechanical
transmissions of special self-propelled rolling stock — motor locomotives, autoworks, laying
cranes, shunting locomotives are considered. The advantages of fuel economy, improved
traction and dynamic characteristics, increased reliability, and reduced operating costs are
shown compared with similar compositions based on synchronous generators and collector
electric motors, as well as compositions with hydraulic transmission.

Key words: special self-propelled rolling stock, asynchronous generator, asynchronous motor,

frequency converter.
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OnbIT pa3padoTKH U MOAECPHU3AUMH KOMILIEKTA JIEKTPUYECKMX MALIMH 51
3JIeKTPOMEXaHN4eCKoH TpaHcMuccnu Tpakropa «beaapyc-3023)

3AMIIEB A.M., 3AXAPOB A.B., KOBEJIEB A.C., MAKAPOB JL.H.

[IpencraBneHa KOHCTPYKIMS KOMIUIEKTA 3JEKTPUUECKUX MAIIMH IS AIEKTPOMEXaHUYECKON
TPAaHCMHUCCHH KOJIECHOTO SHEPrOHACKIIIEHHOTO TpakTopa MOIHOCTHIO 300 J1.c. Kommiekt
COCTOUT M3 MOJIHOCTHIO YHU(UIIMPOBAHHBIX aCHHXPOHHOTO MOTOP-T€HEPATOpa U TATOBOTO
ACMHXPOHHOTI'O JABUraTelsl,. PacCMOTpeHbl OCHOBHBIE TEXHUUECKHUE PELLICHUS, IPUHATHIE TPU
pa3paboTKe AIeKTPUUYECKUX MalliH KoMIuiekTa. [IpuBenena ucropus MoauuKanm
aKTUBHOM YacTH JIEKTPHUUECKON MalllMHbI, 00yCIOBICHHAS SKCILTyaTalliOHHBIMU
UCIBITAaHUSIMU NIEPBON yCTaHOBOUHM cepuu Tpakropa «bemnapyc-3023» ¢
JJIEKTPOMEXAHUUECKOU TpaHCMUCCcUe. [IpuBeeHbl CpaBHUTENIBHBIC XapaKTEPUCTUKU
AIEKTPUYECKON MAIIMHBI IPU PA3IMYHBIX BAPUAHTAX CEPACUHUKA CTATOpa U pOTOPA,
MIPUBEICHBI OKA3aTeN JOJITOBEUYHOCTH, PACCUUTAHHBIE 111 PACCMOTPEHHBIX BAPUAHTOB.
O6ocHOBaHBI MEPCIIEKTUBBI IPUMEHEHUS MOTY3aKPHITHIX [1A30B CTATOPa ¢ BCHIITHON
0OMOTKOM M3 MPOBOJIA KPYTIIOTO CEUSHUS, a TAK)KE JINTON allFOMUHUEBON OOMOTKH pOTOpA.
Knrwueswie crosa: >HEPrOHACHIICHHBIN CENBCKOX03SIMCTBEHHBIN TPaKTOP,
ANEKTPOMEXaHUYECKas! TPAHCMUCCHS], KOMILIEKT TATOBOTO 3JIEKTPOOOOPYI0BaHMUS,

ACUHXPOHHBIN T€HEPaTOp, TATOBBIM ACHHXPOHHBIN JBUTATEIb.



The design of a set of electric machines for the electromechanical transmission of a wheeled
energy-saturated tractor with a capacity of 300 hp is presented. The set consists of a fully
unified asynchronous motor generator and a traction asynchronous motor. The main technical
solutions adopted in the development of electric machines of the kit are considered. The
history of modification of the active part of the electric machine is given, due to operational
tests of the first installation series of the tractor "Belarus-3023" with an electromechanical
transmission. Comparative characteristics of an electric machine with different versions of the
stator and rotor cores are given, and durability indicators calculated for the considered options
are given. The prospects of using semi-closed stator slots with a loose winding made of
round-section wire, as well as cast aluminum rotor winding, are substantiated.

Key words: energy-saturated agricultural tractor, electromechanical transmission, set of

traction electrical equipment, asynchronous generator, traction asynchronous motor.
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O npuMeHeHUN METO0B CTATUCTHYECKOT0 BHIOOPOYHOI0 KOHTPOJIS NMOKa3aTesiei
Ka4ecTBA 3JIeKTPOIHEPTUH B CHCTEMAX MPOMBIIIJIEHHOT0 3J1eKTPOCHAKeHH
KVYJIMKOB A.JI., WJIIOLIWH I1.B., CEBOCTBAHOB A.A.

[TpumMeHeHne METOI0B CTATUCTUYECKOT'O BEIOOPOYHOTO KOHTPOJISI HAIIPABJICHO HA TO, YTOOBI
KOCBEHHBIM 00pa30M BBISIBUTH U3MEHEHHS B pabOTE 3JEKTPONPUEMHUKOB C LIEIbIO TPUHATHUS
CBOEBPEMEHHBIX PEIICHUH P OTKJIIOHEHUH TTOKa3aTenel kadectBa ekrpodHepruu ([1K29)
OT HOpPMaTUBHBIX 3HaueHH. [loka3aHo, 4TO METO/IbI CTATUCTUUYECKOT'O BEHIOOPOYHOTO
koHTpoist [IIKDD Ha ocHOBE OrpaHMYEHHOTO YKcIia HaOII0IeHUH 3a apaMeTpaMu
HaNpsOHKEHUH Ha OTHOCHTEIIEHO KOPOTKOM BPEMEHHOM MHTEPBAJIE, TO3BOJIIOT CPOPMHUPOBATH
3aKJIIOUYEHHE O COOI0IEHNH TPEOOBAaHUH K KaUeCTBY JIEKTPOIHEPIHH Ha JJIUTEIHHOM
MHTEpBaJie BpeMEeHU. MeTOo/Ibl CTAaTUCTUYECKOTO BEIOOPOYHOTO KOHTPOJIS LIEIeCO00pa3HO
IIPUMEHSTh B CUCTEMAaX KOHTPOJISI KA4e€CTBA AJIEKTPO3HEPTUH TPOMBILITIEHHBIX NIPEATIPUATUI
C LIEJIbIO CHUKEHUS TPeOOBaHMM K 000pYIOBAHUIO U KaHAJIaM CBS3H, a TAKXKE 3aTpaT Ha UX
CO3/1aHueE.

Knrouesnte cnoea: cucrtema MMPOMBIINIJICHHOI'O 3J'ICKTpOCH36}KCHI/Iﬂ, IIOKa3aTcJIn Ka4yeCTBa



ANEKTPOIHEPTHH, CTATUCTUYECKUN BEIOOPOUHBIN KOHTPOJIb, CHCTEMA KOHTPOJIS KauecTBa

ANEKTPOIHEPIHH, CBEPXHOPMATUBHOE OTKJIOHEHUE.

The use of statistical sampling methods is aimed at indirectly identifying changes in the
operation of electric receivers in order to make timely decisions when electricity quality
indicators (EQI) deviate from standard values. It is shown that the methods of statistical
sampling control of the EQI based on a limited number of observations of voltage parameters
over a relatively short time interval allow us to form a conclusion on compliance with the
requirements for the quality of electricity over a long time interval. It is advisable to use
statistical sampling methods in power quality control systems of industrial enterprises in order
to reduce the requirements for equipment and communication channels, as well as the costs of
their creation.

Key words: industrial power supply system, power quality indicators, statistical sampling

control, power quality control system, excess deviation.
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PacuyeTHO-3KCIIEpMMEHTAIbHOE HCC/IeI0OBAHUE HANIPSI2KeHMH BOSHUKHOBeHus1t UP B
MaKeTaxX TBEePAOil U30JALNHU

BBIKOBA A.M., )KYMKOB A.B., KOJITAKOBA I1.A., MATBEEB JI.A., ®POJIOB M.B.
Ha makerax TBepaoi H30JSAUH 3JIEKTPOOOOPyIOBaHUA ¢ Ae(heKTaMH B BUJE BO3TYITHON
LMJIMHAPUYECKOH MOJIOCTHU C IIOMOILBIO KOHEYHO-3JIEMEHTHOTO YUCIEHHOTO MOJEINPOBAHNUS
MOKAa3aHO, YTO UCIOJIb30BaHUE TIOHATUS «EMKOCTD Jie(eKTa» HEKOPPEKTHO, TaK KaK IPaHUIIbI
nepeKTHOM 061aCTH HE COBIAAAIOT C HKBUIOTEHIIMATBHBIMU JUHUSIMH 110J1s1. OTCyTCTBHE
ydera peanbHOW KOH(UTYpaIiH SJEKTPHUECKOTO T0JIs B MAaKeTe MPUBOIUT K HEIOMTYCTHMO
O0JbIINM OIIMOKaM pacyeTa HaNpsKEHHOCTHU B 1e()eKTe U, KaK CIECTBHUE, K OIIMOOYHBIM
OIIEHKaM HanpshbKeHus Bo3HUKHOBeHUS1 UP. Pacuer HanpsikeHust BO3HUKHOBeHUs YP o
YCJIOBHIO JJaBUHHO-CTPUMEPHOTO MTEPEX0/1a NPaBUIBHO BOCIPOU3BOINUT BIUSHUAE pa3Mepa
nedexTa, 4To MOATBEPKAACTCS pe3yabTaTaMi U3MepeHHid. PacXoIeHne pacueTHbIX U
AKCIIEPUMEHTAILHBIX PE3yIbTaTOB AOCTUTACT 12 %, 4T0 TpeOyeT NOTMOTHUTEIBHBIX
WCCIICIOBAHUYN U YTOUHEHU S PACUETHBIX COOTHOIICHUM.

Knrouesnie cnosa: TBEPAas U30JIALNAA, I[e(l)eKT H30JIA1UH, MaKEThI, YaCTUYHBIC pa3pAdbl,



HAIps>KCHUEC BOSBHUKHOBCHHA YaCTUYHBIX paspAd0B, METOJ KOHCYHBIX 3JICMCHTOB, PAaCUcT,

9KCIIEPUMEHT.

Using finite element numerical modeling, it is shown on models of solid insulation of
electrical equipment with defects in the form of an air cylindrical cavity that the use of the
concept of «defect capacity» is incorrect, since the boundaries of the defective region do not
coincide with the equipotential field lines. The lack of consideration of the actual
configuration of the electric field in the layout leads to unacceptably large errors in
calculating the strength in the defect and, as a result, to erroneous estimates of the occurrence
of CR. The calculation of the CR occurrence voltage according to the avalanche-streamer
transition condition correctly reproduces the effect of the defect size, which is confirmed by
the measurement results. The discrepancy between the calculated and experimental results
reaches 12%, which requires additional research and refinement of the calculated ratios.
Key words: solid insulation, insulation defect, layouts, partial discharges, partial discharge

voltage, finite element method, calculation, experiment.
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DIeKTPOABHUIATEH A5 THKEJBbIX 0eCIUIOTHBIX JIeTATeJILHBIX ANNAPATOB

KAYAHOB .M., UBAHOB H.C., HIMPOKOB A.A., HINPOKOBA M.B., KOBAJIEB K.JL.,
NHBKOB 10.M.

B rpy30BbIX O€CIUIIOTHBIX JIETATEIbHBIX anmaparax MIMPOKO MPUMEHSIOTCS JBUTATEIH,
paboTaromnye Ha HCKOITaeéMOM TOIUIMBE, OJJHAKO MPOTPECC B PA3BUTHH aKKyMYISATOPHBIX
Oarapell ¥ TOIUTMBHBIX JIEMEHTOB MOKET IIPUBECTH K TOMY, YTO HCIIOIb30BAHUE
ANIEKTPUYECKUX CHIIOBBIX YCTAHOBOK B TaKUX amlaparax cTaHeT Oosiee paroHalbHbIM. B
CTaThe MPHUBEICH 0030 Pa3IMYHBIX AIEKTPOJBUTATENCH, TPUMEHEHHE KOTOPBIX B OynyIeM
OyZieT NepCreKTUBHO B AIEKTPUYECKUX CHIIOBBIX YCTAaHOBKAX TSDKEIIBIX TPY30BBIX
OeCHMIIOTHBIX JICTaTeIbHBIX alnaparoB. PaccMOTpeHbI XapaKTepUCTHKH, KOHCTPYKTHBHBIC
0COOEHHOCTH M PEKUMBI PA0OTHI TAKUX ABUraTesei, KOTOpbIe MOTYT OBITh MOJIC3HBI
pa3paboT4YMKaM JIeTaTeIbHBIX allaparoB U 3JIEKTPUUYECKHUX JBUTraTeNeH, I MOHUMAaHMS UX
XapaKTEePUCTUK U MEPCHEKTUB UX Pa3pabOTKH.

Knrouesnie cnosa: TPY30BEIC OCCIUIOTHEIE JIeTaTeIbHbIE arrmaparel, 3JICKTPUYCCKasd aBUalus,



ABHUAIIMOHHBIC DJICKTPOABUTATCIIN, DJICKTPUUCCKAsA CUJI0BasA YCTAaHOBKA, ABUT'aTCIIU C

paaraJIbHbIM MAarHUTHBIM IMOTOKOM, ABUTATCIIN C OCCBBIM MArHUTHBIM IIOTOKOM.

Fossil fuel engines are widely used in cargo unmanned aerial vehicles, however, progress in
the development of batteries and fuel cells may lead to the fact that the use of electric power
plants in such vehicles will become more rational. The article provides an overview of various
electric motors, the use of which in the future will be promising in electric power plants of
heavy cargo unmanned aerial vehicles. The characteristics, design features and operating
modes of such engines are considered, which may be useful to developers of aircraft and
electric motors to understand their characteristics and prospects for their development.

Key words: cargo unmanned aerial vehicles, electric aviation, aviation electric motors, electric

propulsion system, radial magnetic flux engines, axial magnetic flux engines.

Onexmpomexnuxa, 2025, Ne2, cmp. 75-86

JAnarHocTuyeckue CHCTEMbI M KOMILJIEKCHI J1JIS1 JKeJIe3HbIX I0pOor

O3EPOB A.B., MTHBKOB 0.M., KYPOIITEBA A.Il

MOHHUTOPHHT COCTOSIHUS KEIE3HOAOPOKHBIX aKTUBOB SIBJISETCS] BAXKHOW COCTABJISIOLICH
TEXHUYECKOTO OOCTY)KHBAHUS, HAPABICHHOTO Ha pa3paboOTKy U IJIaHUPOBAHUE ICHCTBUH,
HEOOXOUMBIX TSl PEIOTBPAILICHHUS, BHISBICHHUS M YCTPaHEHUSI COOECB M OTKA30B B
KOHTPOJIMPYEMBIX TIPOIIECcCcax U CUCTeMax. B cTaTke mpencTaBiieH 0030p OTEYECTBEHHBIX U
3apyOeKHBIX TUATHOCTUYECKHX CUCTEM M KOMIUJIEKCOB ISl 5KEJI€3HOI0POKHON
uHppacTpyKTypel. OTMEUEHO, YTO Pa3BUTHE U BHEAPEHUE CUCTEM JMATHOCTUKH JTOJIKHBI
WJITH TI0 YT UHTETPAIMU ¢ CUCTEMaMH 00eCcTICUeHHST O€30MaCHOCTH JIBHXKCHHSI TIO€3/10B.
Knrwueswie cnosa: xene3nbie TOPOru, TUArHOCTUYECKUE CUCTEMBI M KOMIUIEKCHI, CUCTEMBI
MOHHUTOPHHTA, ONITOBOJIOKOHHBIE TEXHOJIOTUH, pOOOTHI, MOIUDHUITMPOBAHHBIC MTOE3a,

MCKYCCTBEHHBIN MHTEIICKT, HU(PPOBOH JBOWHUK.

Monitoring the condition of railway assets is an important component of maintenance aimed
at developing and planning the actions necessary to prevent, identify and eliminate failures
and failures in controlled processes and systems. The article presents an overview of domestic

and foreign diagnostic systems and complexes for railway infrastructure. It was noted that the



development and implementation of diagnostic systems should follow the path of integration
with train safety systems.
Key words: railways, diagnostic systems and complexes, monitoring systems, fiber-optic

technologies, robots, modified trains, artificial intelligence, digital twin.
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