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Conepxanue

Onekmpomexnuka, 2025, Ned, cmp. 2-6
Bausinue cpepruyecKkuX HANMOJTHUTE I HA OCHOBE JUOKCUAA KPEMHHS HA

XapaKTePUCTUKH U30JSIIIUOHHBIX MATEPHAJIOB
I'AJIMMOBA A.B., JILICOB H.1O., JEBEJJEBA H.A., MUP3ABEKSH I'.3., KOBAJIEB
J.N.

[IpencraBneHsl pe3ynbTaThl YUCICHHOTO MOJICTUPOBAHMS KOMITO3UTHBIX TUAIEKTPUUECKUX
MaTepuasoB C HAMOJIHUTEISIMU HAa OCHOBE MoKcu1a kpeMHuust. [Ipeqioxena Mmoaens
eAMHUYIHOTO 00beMa MaTepHalia ¢ Pa3IMIHBIM MTPOIICHTHBIM COJEP>)KaHUEM HATOTHUTEIIS.
[Tonmy4yeHsl 3aBUCUMOCTH PA3TIUYHBIX (PU3UUYECKUX TTAPAMETPOB MaTepuasia OT €ro CocTaBa.
[TokazaHbl BO3SMOXKHOCTHU CO3/IaHUS MAaTEPHATIOB C TPEOYEMBIMU TETIOBBIMH, MEXaHHYECKUMU
Y DIIEKTPOU3OJISAIIMOHHBIMY MapaMeTPaMu ITyTEeM HCIIOJIb30BAHUS TUOKCHIA KPEMHUS B
KayeCTBE HAITOJTHUTEIA.

Knroueevle cnosa: KOMIO3UTHBIA TUAJICKTPUK, STTOKCUTHBIN KOMIIAYHT, TUOKCH] KPEMHUS,

MOZACIIMPOBAHUC, U30JIALIUA.

The results of numerical modeling of composite dielectric materials with fillers based on
silicon dioxide are presented. A model of a single volume of material with a different
percentage of filler is proposed. The dependences of various physical parameters of the
material on its composition are obtained. The possibilities of creating materials with the
required thermal, mechanical and electrical insulation parameters by using silicon dioxide as a

filler are shown.

Key words: composite dielectric, epoxy compound, silicon dioxide, modeling, insulation.

Onekmpomexuuka, 2025, Ned, cmp. 7-11

Bansinue (ppaKIMOHHOIO COCTABA HAMOJHUTE/ISI HA CBOMCTBA KOMIIO3UTHBIX



AUIJIEKTPUKOB

JIBICOB H.1O., TAJIMMOBA A.B., MUP3ABEKSH I'.3., IEBE/IEBA H.A.KOBAJIEB
.

IIpencraBieHsl pe3yabTaThl YUCICHHOTO MOACIUPOBAHUS KOMIIO3UTHBIX TUDJIEKTPUKOB C
HAIOJIHUTEIISIMU Pa3Iu4HON npupozsl. [lokazaHo, 4TO OJHOBpEMEHHOE IPUMEHEHHE
HATOJHUTEINS KPYITHOW U MEJIKOW (hpaKIIHii MO3BOJISIET CO3/1aBaTh MaTepUAIIbI C BEICOKON
CTETIEHBIO CTPYKTYPHOU 0THOPOIHOCTH. OnpeieNIeHbl HHTEPBAJIbl, B KOTOPBIX 00bEMHOE
coJiepKaHue KPYIMTHOW U METTKOU (ppakIuii MpaKTUYECKH HE BIUSICT HA MTapaMeTpPhl
MaTepuaa.

Knroueewie cnoea: KOMIO3UTHBINA JUAIEKTPHUK, STMTOKCUIHBINA KOMIIAyH/I, HpaKIIMOHHBIN

COCTaB, MOACIIMPOBAHUC.

The results of numerical modeling of composite dielectrics with fillers of various nature are
presented. It is shown that the simultaneous use of filler of coarse and fine fractions makes it
possible to create materials with a high degree of structural uniformity. The intervals in which
the volume content of coarse and fine fractions practically does not affect the parameters of
the material are determined.

Key words: composite dielectric, epoxy compound, fractional composition, modeling.
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OcHOBHbBIE HATIPABJICHUS YJIY4YIIEHHUS JIEKTPOU30JIAIHOHHBIX XapaAKTePUCTHK
MOJIMMEPOB /ISl IPMMEHEHUsI B BBICOKOBOJBLTHOM 000PY/10BaAaHUU

KOBAJIEB /I.1., BAPMUBO/IOB B.H., TOJIYBEB /I.B., EJIODUMOB C.A., KPYT'JINUKOB
JLA.

PaccMoTpeHbl OCHOBHEIE HANpaBJIeHHs paObOT, HAMPABICHHBIX HA yIyUIICHHE
3IEKTPOU3OJIAIIMOHHBIX XaPAKTEPUCTUK MOJIUMEPOB, UCTIOIB3yEMbIX B KaU€CTBE U30JISLIUN
BBICOKOBOJIbTHOTO 000pynoBanus. [Ipenctasien ananuTuyeckuit 0030p TEXHUUECKUX U
TEXHOJIOTUYECKHUX PELIEHUI MO ONTUMHU3AIMH ITUX MAaTEPUATIOB — TAKUX, KaK PUMEHEHUE
HOBBIX 3MOKCUIHBIX CMOJ, U3MEHEHHUE Pa3MEPOB U CTPYKTYPhI YACTULl HATTOJTHUTENEH.
[IpoBeneHo conocTaBiaeHUE IEKTPOU3OISLUOHHBIX CBOUCTB TPAJUIIMOHHBIX TOJIUMEPOB U
MOJIMMEPOB, UCTIONB3YIOLIUX HAHOHAMOIHUTENH. OTMEUEHO, UTO XapaKTEPUCTUKHU TTOJIMMEPOB

C HAHOHAIIOJHHUTECIAMHA MOT'YT OBITE OOJIEE NpCAIOUYTUTCIbHBI IJIA IPUMCHCHUA B



BBICOKOBOJIbTHOM T€XHUKE. BBIZIETIEHBI OCHOBHBIE HAMPABJICHUS COBEPILICHCTBOBAHUS
[IOJIMMEPOB I10 MOBBILICHUIO AJIEKTPUUECKON U MEXAHUYECKOW MPOYHOCTHU, TEINIOCTOMKOCTH U
TETUIONPOBOIHOCTH.

Knroueevle cnosa: BHICOKOBOIBTHOE 000OPYIOBAHKE, TOJTUMEPHAS U30JISAIHUS, STTOKCHUIHAS

CMOJIa, JICKTPUYECKasd IMPOYHOCTD, TCHJ’IOCTOI\/'IKOCTI), TCILIONPOBOAHOCTE.

The main directions of work aimed at improving the electrical insulation characteristics of
polymers used as insulation for high-voltage equipment are considered. An analytical review
of technical and technological solutions for optimizing these materials is presented, such as
the use of new epoxy resins, changing the size and structure of filler particles. The electrical
insulation properties of traditional polymers and polymers using nanofillers are compared. It
is noted that the characteristics of polymers with nanofillers may be more preferable for use in
high-voltage engineering. The main directions of polymer improvement to increase electrical
and mechanical strength, heat resistance and thermal conductivity are highlighted.

Key words: high-voltage equipment, polymer insulation, epoxy resin, electrical strength, heat

resistance, thermal conductivity.
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Kao0eabHbie My Thl 11 Ka0eJbHBIX JUHUN HanpskeHueM 6—500 kB ¢ mosimmepHoi
uzoasiaueii (O0630p)

BAPHMBOJOB B.H., KOBAJIEB I.1., TOJIYBEB /I.B., EJIOMMMOB C.A., HECTEPEHKO
AA.

PaccmarpuBaroTcst akTyanapHbIE BOIPOCH! ONTUMH3ALMN KOHCTPYKIMU U TEXHOJIOTUN
M3TOTOBIICHUSI KaOeNbHBIX MY(DT I KaOeIbHBIX TUHUHA HanpshkeHueMm 6—500 kB ¢
MOJIMMEPHOH U30JIsSIIMEN. PaccMOTpeHbI crieniainbHble KOHCTPYKTUBHBIE U TEXHOJIOTHYECKHE
pellleHus1, HalpaBJIeHHbIE Ha MOBBIIIEHNE HA/IEKHOCTU KaOeIbHBIX My(T, BKIIOUAIOIINE
BBEJICHUE JIOMOJIHUTENIBHOTO CJI0SI U30JISILIUH, NCTIOJIB30BaHUE CTPECC-KOHYCOB, IPUMEHEHUE
AIEKTPUYECKHU MPOUYHBIX T'eJIe U KUJIKOCTEH, a TaKKe BHYTPEHHHUX SKPAHOB U
MOJIYIIPOBOIAIIMX 00KIanoK. s HanpspkeHuit 1o 35 kB pekoMeH10BaHO TpUMEHEHNE
TEPMOYCAKHUBAIOIIUXCS TPYOOK, MOTYMPOBOIAIIMX OOKIA0K U CIIEUAIU3UPOBAHHBIX
M30JIILMOHHBIX COCTaBOB, AJIsI IMHUK 35 KB 1 BbIIIE B OCHOBHOM ITPUMEHSIOTCS CTPECC-

KOHYCBI, BCTPOCHHBIC 5KPaHbI U CIICIIMAJIbHBIC TIOKPBITH. OTMeueHa Ba)KHOCTD BI:IGOpa



ONTUMAJIBHBIX U30JIALMOHHBIX MaTEPHAJIOB M COBEPIICHCTBOBAHMS METO/IOB pacueTa
AJIEKTPUUYECKON MIPOYHOCTH JIJIs1 00eCIIeUeHUs] HaIe)KHOCTH pabOThl KaOeIbHBIX My (T
BBICOKOT'O 1 CBEPXBBICOKOTO HANIPSHKEHUS.

Knroueevie cnosa: kabenbupie muHIN 6—500 kB, kabenpHBIE MY(DTHI, H30JSIITIOHHBIC
MaTepuasbl, HOJTUMEpPHas U30JISAIMS, paclpeesIeHHue AIEKTPUUECKOTO MOJIs, JIEKTpUIecKas

IIPOYHOCTb.

The current issues of optimizing the design and manufacturing technology of cable couplings
for cable lines with a voltage of 6500 kV with polymer insulation are considered. Special
design and technological solutions aimed at improving the reliability of cable couplings are
considered, including the introduction of an additional layer of insulation, the use of stress
cones, the use of electrically durable gels and liquids, as well as internal shields and semi-
conducting plates. For voltages up to 35 kV, the use of heat-shrinkable tubes, semi-
conducting plates and specialized insulating compositions is recommended; for lines of 35 kV
and above, stress cones, built-in screens and special coatings are mainly used. The importance
of choosing optimal insulating materials and improving methods for calculating electrical
strength to ensure reliable operation of high and ultrahigh voltage cable couplings is noted.
Key words: 6-500 kV cable lines, cable couplings, insulating materials, polymer insulation,

electric field distribution, electrical strength.
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BinsiHue UMNYJILCHOTO 3JIEKTPOMATHUTHOTO BO3/IeiiCTBUSI HA pacnpe/iejieHHe
KBAHTOBOI0 KJIIOYa

BEJIOBA O.C., BOJIOTOB /I.B., KASAHIIEB C.1O., KIIVBKOB A.B., KOJJECHUKOB
O.B., MTAUMIEB I'.I1., APBITIH M.A.

PaccMmoTpeHs! pe3yinbTaThl BO3ICHCTBHS SJIEKTPOMArHUTHOTO TIOJISI SJIEKTPUYECKOTO pa3psaa
Ha paboTy YCTAaHOBKU KBaHTOBOH CBSI3H, UCTIOJIB3YIONICH (ha30BOE KOAUPOBAHHE
unpopmanuu. [Ipu MoaenrpoBaHUN OIU3KHUX PA3psI0B MOJTHHH C IOMOIIBIO T€HEpaTopa
UMITYJTBCHBIX HANPSOKEHUH, 3apEeTrUCTPUPOBAHO CHIDKEHUE CKOPOCTH BBIPAOOTKH MPOCESHHOTO
KITI0Ya U POCT KBAHTOBBIX OMTOBBIX OIMUOOK, OJHAKO UMITYJILCHOE BO3/ICHCTBHE OBLIO

3HAYUTECIBHO KOPOYEC YaCTOTEI (bOpMI/IpOBaHI/Iﬂ KBAaHTOBOI'O KJIr0O4a U MOI'JIO HE OKa3aTh Ha



paboTy JIMHUY CYIIECTBEHHOTO BO3/IeCTBUSA. Kpome Toro, CBOM BKJIa/l B U3MEHEHHUE
M3MepsSIeMbIX TTapaMeTPOB KBAHTOBOH CBSI3M MOXKET BHOCUTH HarpeB 0;10koB KPK B
pe3yNbTaTe MPOJA0KUTETHHON PAaOOTHI.

Knrouegwle cnoea: ycTaHOBKY KBAaHTOBOM CBsI3H, (pa3oBoe KOAUPOBAHUE HHPOPMAIIHH,
KBaHTOBOE pacIpe/ieieHue Kitoua, pazoBoe KOAUPOBAaHUE, COCTOSHUE OIS PU3AIIH,

3JIEKTPOMAarHUTHOE I10JIE, TEHEPATOP UMILYJIbCHBIX HAPKEHUN.

The results of the effect of the electromagnetic field of an electric discharge on the operation
of a quantum communication installation using phase coding of information are considered.
When simulating close lightning discharges using a pulse voltage generator, a decrease in the
rate of generation of the sifted key and an increase in quantum bit errors were recorded,
however, the pulse effect was significantly shorter than the frequency of formation of the
quantum key and could not have a significant effect on the operation of the line. In addition,
heating of the control panel units as a result of prolonged operation can contribute to a change
in the measured parameters of quantum communication.

Key words: quantum communication facilities, information phase coding, quantum key

distribution, phase coding, polarization state, electromagnetic field, pulse voltage generator.
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TopueBas 3j1eKTpryYecKasi MAIIMHA MHTErPAJIbHOI0 UCIIOJIHEHHSA

MOJECTOB K.A., UBAHOB H.C., ETOIKMHA JI.A., KOBAH 10.1.

CraThsl TOCBIIIIEHA YKCIIEPUMEHTATBHBIM UCCIIEOBAHUSM TOPIIEBOH 3IIEKTPHUUECKON
MalIMHbl HTHTETPAJIbHOTO UCTIONHEHUS, B KOTOPO 00beAMHEHBI (QYHKIIMH UHIYKTOPa
CUHXPOHHOTO MarHUTORJIEKTPHUUECKOT0 TeHepaTopa U ero NpuBogHOU TypOuHbL. [IpruBeneHs
OIMHMCAaHNE MAIIOMACIITAOHOW MOJIETTM TeHEPATOPa U PE3yIbTaThl OCIIMILIOTpadrUpOBaAHUS
BBIXOJIHOT'O HampspKeHus. Jlana rpadudeckast HHTepIpeTanus pe3yabTaToB pacueTa
MarHUTHOTO TOJISI MATHUTHOW CUCTEMBI reHepaTopa ¢ momoibo nakera Quick Field mpu
pa3IMYHbIX BapHaHTaxX BBINOJIHEHUS UHAYKTOpa. OnpeneneHsl 001acTi NIPUMEHEHUS
PacCMOTPEHHOM AJNEKTPUUYECKON MaIIUHBI.

Kniouesvie cnosa: TopreBas SNeKTpUIECKasi MAITUHA, CHHXPOHHBIA MAarHUTOAJIEKTPUIECKHIA
reHepaTop, MPUBOAHAS TypOUHA, HHAYKTOP, MATOMAaCIITa0HasT MOJIENb, PACUET MATHUTHOTO

I10JI4.



The article is devoted to experimental studies of an integral end-face electric machine, which
combines the functions of an inductor of a synchronous magnetoelectric generator and its
drive turbine. A description of a small-scale generator model and the results of oscillography
of the output voltage are given. A graphical interpretation of the results of calculating the
magnetic field of the magnetic system of the generator using the Quick Field package for
various versions of the inductor is given. The fields of application of the considered electric
machine are determined.

Key words: end-face electric machine, synchronous magnetoelectric generator, drive turbine,

inductor, small-scale model, magnetic field calculation.
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Pacuer MHAYKTHBHOCTH JApoccesieid Tpex(pa3HOro AaAKTUBHOI0 BbINPSIMHUTEJIS
HANPS)KEHUs] B HEMOJABUKHOI U CHHXPOHHOI CHCTeMaX KOOPAUHAT

BOPOHUH W.I1., BOPOHUH I1.A., bPAHIEBA E.C., AKOBJIEB U.b.

Tpexda3zubie akTuBHBIC BRIpsIMUTETN HanpsokeHust (ABH), kak mpaBuito, CTpOsITCS 1O CXeMe
Tpex(a3zHOro MOCTOBOTO MHBEPTOPA HAMIPSKEHUS U IIUPOKO HCIOJIB3YIOTCS B Pa3IMYHBIX
yCTpoHcTBax anekTponutanus. [IpeodpazoBaTens MokeT 00ecTieunBaTh IByHANPABICHHBIN
MMOTOK PHEPTUU B BBIIPSMUTEILHOM WM HHBEPTOPHOM pexkuMe. B unBeprope
WHAYKTUBHOCTH Ha CTOPOHE MEPEMEHHOTO TOKA MPEJCTABIISIET COO0M UHIYKTUBHOCTD
Harpy3KHu, TO €CTh SIBJIsIeTCs (PaKTUUECKH 3a/1aHHON. B akTMBHOM BhIIpSMHUTEE
MHAYKTUBHOCTH JpOCCeseil, MPUMEHIEMbIX Ha CTOPOHE MIEPEMEHHOI0 TOKa, HE0OX0IUMO
paccuuTaTh MPEIBAPUTETHHO; IIPH pacdeTax clieAyeT 00eceunTs CHH(PA3HOEe COOTBETCTBUE
CUHYCOUJIAJIbHOTO TOKA U HANPSHKEHUS CETH; ONTHUMAJIbHOE COOTHOLIEHUE aMILUTUTY/IbI U
JENCTBYIOLIErO HAIMPSDKEHUS HA IpOCCeNie C HAaPSHDKEHUEM CETH, a TAK)XKE YUECTh BIUSHUE
M3MEHEHHUS aKTHUBHON MOILIHOCTH Harpy3ku. B 3aBUCUMOCTH OT BHIOpaHHOMN CHCTEMBbI
KOOpAMHAT TpeOyeTcsi COOTBETCTBYIOIIEE NPeCTaBICHNE pabOThl peoOpa3oBaTes
MaTeMaTHYeCKOHN MOJEeNbI0. B craTthe ncnonab3oBausl Moaead ABH ¢ skBuUBajIeHTHBIM
npeoOpaszoBanreM o MolTHOCTH. [Toka3zaHbl crlocoOBl BHIOOpA WHIYKTUBHOCTH JpOccereit
ABH 1111 vHBapMaHTHBIX CUCTEM KOOPJIMHAT: HETIOABMUKHOM Tpex(da3HOM U CHHXPOHHOU d/g

CUCTEME.



Knrouegnte cnoea: akTMBHBIN BBIITPAMUTEIIL HAITPSXKCHUA, HCIIOJABUXKHAA CUCTEMA

KOOP/AMHAT, CHHXPOHHAs CUCTEMa KOOPJIUHAT, KOPPEKTOP KO3(PPHUIIMEHTa MOLITHOCTH.

Three-phase active voltage rectifiers (AVR) are usually built according to the scheme of a
three-phase bridge voltage inverter and are widely used in various power supply devices. The
converter can provide bidirectional energy flow in rectifier or inverter mode. In an inverter,
the inductance on the AC side represents the load inductance, that is, it is actually set. In an
active rectifier, the inductance of the chokes used on the AC side must be calculated
beforehand; when calculating, it is necessary to ensure the common-mode correspondence of
the sinusoidal current and mains voltage; the optimal ratio of the amplitude and the operating
voltage on the throttle with the mains voltage, and also take into account the effect of changes
in the active load power. Depending on the selected coordinate system, an appropriate
representation of the converter operation by a mathematical model is required. The article
uses AVR models with equivalent power conversion. The methods of selecting the inductance
of the AVR chokes for invariant coordinate systems are shown: a fixed three-phase and
synchronous d/q system.

Key words: active voltage rectifier, fixed coordinate system, synchronous coordinate system,

power factor corrector.
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OmnpenesieHne ONTUMAJIBHBIX BAPHAHTOB MOJKJIIOYEeHNSI H KOMOMHUPOBAHUSA
KOMIIEHCHPYIOIIHUX YCTPOMCTB B 3JIEKTPUUYeCKOl ceTn HanpsxkeHuem 0,38 kB
IOHIVH M. A, FOH/IMH K.M., UCVYIIOBA A.M.

[IpencraBneHsl pe3ynbTaThl SKCIEPUMEHTAIBHBIX UCCIIEI0BAHUN PA3JIMYHBIX BAPUAHTOB
MOAKITIOUEHUSI TEXHUYECKUX CPEJICTB VISl OTPAaHUYCHHS TOKAa B HYJIEBOM ITPOBOJIE K
¢dbusmaeckoit monenu cetu 0,38 kB. [Ipu uccinenoBannn BapbHpOBAUCH KaK MECTa
MOJIKJIIOUEHUS] TEXHUYECKUX CPEJICTB K CETH, TaK pa3IMUHbIe COUETAHUS UX MOAKIIOUEHHUS K
MOJIENIU CeTU. B KauecTBe TEXHUUYECKHX CPEACTB PacCMaTpUBAIUCH TpaHCc(hopMaTop co
CXEMOM COeMHEHUSI OOMOTOK «3Be3/1a/IBOMHOM 3Ur3ar ¢ HyJIEBBIM IPOBOIOM,
TpaHcpopMaTOpHasi IpyIa «3Be3/a C HyJIEBbIM IPOBOIOM/TPEYTOIbHUKY» U UHAYKTUBHAS

karyuika. [1o pe3ynbpTaraM sKCIIEpUMEHTOB CENaHbl BHIBOJIBI O Hanbosiee paloHaIbHOM



MECTE BKIIFOUEHHUS M1 COUETAaHUU TEXHUUECKUX cpeAcTB B ceTH 0,38 kB npu HeCuMMeTpUYHOU
Y HEJIMHEMHOM Harpyske.
Kniouesvie cnoga: >nexrpudeckue cetu 0,38 kB, KoMIeHCHpYIOLIUE YCTPONUCTBA, IOTEPH

MOIITHOCTH, HECCUMMETPHUA U HCCUHYCONAAJIbHOCTb.

The results of experimental studies of various options for connecting technical means to limit
the current in a zero wire to a physical model of a 0.38 kV network are presented. During the
study, both the places of connection of technical means to the network and various
combinations of their connection to the network model varied. A transformer with a
«star/double zigzag with zero wire» winding connection scheme, a «star with zero
wire/triangle» transformer group and an inductive coil were considered as technical means.
Based on the experimental results, conclusions were drawn about the most rational switching
location and combination of technical means in a 0.38 kV network with an asymmetric and
nonlinear load.

Key words: electric networks 0,38 kV, compensating devices, power losses, asymmetry and

non-sinusoidality.
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Pacyer moreps B TOHKOCTEHHBIX IKPAHAX HHAYKIHOHHBIX JIEKTPHYECKUX MALIMH MPH
BO3/1eHCTBUH CMEIICEHHBIX MATHUTHBIX I10JIei

KMPIOXUWH B.I1., BOPOHIOK 1.H.

[Ipensioxken MeTox pacueTa MOLUIHOCTH, NTEpEJaBa€MON TOHKOCTEHHOMY
AIEKTPONPOBOASIIEMY IKpaHy B paboueM 3a30pe 3JIEKTPUUECKON MAIIMHbI, MATHUTHBIMU
MOJISIMH BO30YX/I€HHS, CIBUHYTHIMH BJIOJIb OCH BPAIICHUS M CMEIIEHHBIMU 110 (ha3e Ha yrodi
B AMamna3zoHe ot HyJs 10 180 anekTpuueckux rpaaycoB. PacueTHbie popMyIibl MoTydeHb! Ha
6a3e ypaBHeHHI MakcBelia JI1sl KBa3UCTallMOHAPHBIX SBJICHUI B IBYMEPHOM MPUOIHKEHUH.
AHanu3 BBINOJIHEH IPU JTOMYIIEHNH, YTO MAarHUTHOE T10JI€, CLETUIEHHOE C SKPAaHOM, B
npezenax Kaxaoi padodeit 30HbI OTpaHUYCHO PACUeTHON JJIMHOM BO3AYIITHOTO 3a30pa
MaIlUHBI, UMEET TOJIbKO PALAUAIBHYIO COCTaBIISAIONIYI0, U3MEHSIOLYIOCS BIOJIb OKPYKHOCTH
BO3JIYIIIHOT'O 3a30pa M0 FTapMOHMYECKOMY 3aKOHY U HEM3MEHHYIO B PaJUalbHOM
HaIpaBJIEHUU; MAarHUTHOE T10JI€ BO30YKEHHS MOCTOSIHHO B IIPEIeIax pacyeTHON AJTMHBI

BO3YIIHOI'O 3a30pa Ka)KHOﬁ aKTUBHOM 30HbI, MArHUTHAA TPOHUIACMOCTH CTAJIbHBIX



Y4acTKOB MarHUTHOM CHCTEMBbI OECKOHEUHO BenMKa. Ha rpaHuIiax akTUBHBIX 30H U JIOOOBBIX
(BBIXOASAIIUX 32 Tpeebl pabodeii 30HbI) YacTel 3KpaHa NPUHATHI TPAaHUYHBIEC YCIOBUS B
BHJI€ OTHOILLICHHs] KOMIIOHEHT HANPS)KEHHOCTHU IEKTPUYECKOIO MOJIs B OKpaHe, 4YTO JaJlo
BO3MOKHOCTb PACCMaTPHUBATh JJIEKTPOMArHUTHBIEC MPOLECCH] B AKTUBHBIX 30HAX DKpaHa U
JI000BBIX YacTsAX He3aBUCUMO. [Ioka3zaHo, 4TO yriI0BOE CMEIEHNE MarHUTHBIX MTOJIEH MOXKET
MPUBOAUTH K CYIIECTBEHHOMY CHIDKEHHIO TMOTEph B 9KpaHe. PazpaboTaHHbIN anroputm
pacdera IO3BOJISIET OLIEHUTD BIMSHUE OCHOBHBIX I1APAMETPOB, ONPEACIIAIOIINX
pacrpezesieHie BUXPEBBIX TOKOB B 3KPAHE U CBA3AHHBIX ¢ HUMU IIOTEPh MOLIHOCTH.
Pe3ynbrarsl pac4eToB yIOBIETBOPUTEIBHO COTIACYIOTCS C ONBITHBIMU JAHHBIMHU.
Knioueesvie cnoga: "HAYKIIMOHHAS 2JIEKTPUUECKas MalllMHA, BUXPEBbIE TOKH, TOHKOCTEHHBIN

9KpaH, JIOOOBBIE YACTH YKpaHa, (pa30BOE CMEIICHUE MOJIeH, CHUKECHUE TTOTEPh.

A method is proposed for calculating the power transmitted to a thin-walled electrically
conductive screen in the working gap of an electric machine by magnetic fields of excitation
shifted along the axis of rotation and phase-shifted by an angle in the range from zero to 180
electric degrees. The calculation formulas are derived on the basis of Maxwell's equations for
quasi-stationary phenomena in a two-dimensional approximation. The analysis was carried
out under the assumption that the magnetic field coupled to the screen within each working
zone is limited by the estimated length of the air gap of the machine, has only a radial
component that varies along the circumference of the air gap according to the harmonic law
and remains unchanged in the radial direction; the magnetic field of excitation is constant
within the estimated length of the air gap of each core. The magnetic permeability of the steel
sections of the magnetic system is infinitely high. At the boundaries of the active zones and
frontal (extending beyond the working area) parts of the screen, boundary conditions were
adopted in the form of the ratio of the components of the electric field strength in the screen,
which made it possible to consider electromagnetic processes in the active zones of the screen
and frontal parts independently. It is shown that the angular displacement of magnetic fields
can lead to a significant reduction in losses in the screen. The developed calculation algorithm
makes it possible to evaluate the influence of the main parameters that determine the
distribution of eddy currents in the screen and the associated power losses. The calculation
results are in satisfactory agreement with the experimental data.

Key words: induction electric machine, eddy currents, thin-walled screen, frontal parts of the

screen, phase shift of fields, loss reduction.
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CoBpeMeHHOE COCTOSIHUE M KPUTHYECKHE TeXHOJOTHH B 00JIaCTH 3JIEKTPOMEXaAHUKH
BABWJIOB B.E.

Ha ocHoBe ananm3a myOauKaruii mokazana rio0aibHasi akTyaTbHOCTh TEXHOJIOTHI
3JEKTPOMEXAHUKH, IPUBEICH AHATUTUYECKUM MaTEPHUAIl O COCTOSTHUN TEXHOJIOTHYECKOTO
CyBEpEeHHTETA B TaHHOU 00s1acT B P® u Mmupe. O6G0CHOBaHBI KPUTUUECKHUE TEXHOJIOTUH JJIS
pazButus snekrpomamuHocTpoerus PO. ChopmynupoBaHbl HaydHBIE TPOOIEMBI
COBPEMEHHOM dJ1eKTpoMexaHuKu. Iloka3ana cTparerndeckas NIpUOPUTETHOCTb TEXHOJIOTUM
AJIEKTPOMEXAHHUKH TSl 00ECTICUCHHS TEXHOJIOTHYECKOTo auaepcTBa Poccuiickoit Denepanmn
u Tekymiee mecto Poccuiickoit @enepanuu B 00J1aCTH CO3/IaHUS dJIEKTPOABUTATENCH 1
3IEKTPOTreHEPaTOPOB.

Knrwouegvlie cnosa: TeXHOIOTUH 3JIEKTPOMEXaHUKHU, HJIEKTPOJIBUTATEIH, JIEKTPOT€HEPATOPHI,

COCTOSIHHUE U ICPCIICKTUBEI.

Based on the analysis of publications, the global relevance of electromechanical technologies
is shown, analytical material on the state of technological sovereignty in this field in the
Russian Federation and the world is presented. The critical technologies for the development
of electrical engineering in the Russian Federation are substantiated. The scientific problems
of modern electromechanics are formulated. The strategic priority of electromechanical
technologies to ensure the technological leadership of the Russian Federation and the current
place of the Russian Federation in the field of electric motors and electric generators is
shown.

Key words: electromechanics technologies, electric motors, electric generators, state and

prospects.
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