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AHaJIMTHYeCKAs MO/IeJIb ACHHXPOHHOTO IBUTATEJNISl ¢ KOPOTKO3aMKHYTHIM POTOPOM B
¢popmate 3D

ADOAHACBEB AA.

PaccMoTtpena ananuTueckasi MOJENIb aCHHXPOHHOTO IBUTATENsI ¢ KOPOTKO3aMKHYTHIM
POTOPOM, OCHOBaHHAsI HAa PEIICHUU TPEXMEPHOTO yYpaBHEHUs Jlarmmaca B 4aCTHBIX
MIPOM3BOIHBIX METOJIOM pa3felieHuUs] IEPEMEHHBIX IS BIOKEHHBIX APYT B APYTa MOJIBIX
LIMIMHIPOB KOHEYHOMN JJIMHBI, TPAaHUYHbIE YCIOBUS JUIsl KOTOPBIX COBIAAAIOT C TPAHUYHBIMU
YCIIOBUSIMA MarHUTHOTO TOJIs, BBI3BAHHOTO TOKaMU OOMOTOK CTaTopa U poTopa u
HABEJICHHBIMH HAMAarHUYEHHOCTSAMHU B ()ePPOMATHUTHBIX y9acTKaX 000UX CeplIeUHHUKAX.
AKTHBHBIC YaCTH ACHHXPOHHOTO JABUTATEIS IIPH SJCKTPOMATHUTHOM pacyére pa3ouBaroOTCs
Ha CTPYKTYPHO OJTHOPOJHBIE (IT0 TEOMETPUHU U MaTEPHAITY CPEJIbI) MOJIbIC ITUITUHIPHI (TOPHI):
sipMa CTaTOPHBIX U POTOPHBIX CEPJCUHUKOB, BO3YIIHBIN 3a30p, CTATOPHBIE U POTOPHBIE
3yOuel. [locTossHHBIE METOAA pa3/ieeHus] IEPEMEHHBIX HAXOIATCS U3 PEIICHUS CUCTEMBI
JMHEWHBIX anreOpandecKux ypaBHEHHI, MaTpHIla KOTOPOM B pacCMaTpUBAaEMOM IpUMeEpe
uMeeT pazmep 8 x 8. DieMeHTaMu MaTpPUIbl ABISIOTCS MOAUPUIIMPOBAHHBIE (QYHKIIUU
beccens (Mudenbna n Maknonanbaa). AHaTU3UPYETCS paclpeieieHue MarHUTHOM
MHIYKIIMHU B BO3/YIIIHOM 3a30p€ JIBUTATEIIA, COACpIKaIee 3yOoUaTblie Myabcaliy U
HEPaBHOMEPHOCTh MHAYKLUH I10 JUTMHE CEpACYHUKOB CTaToOpa U poropa. BeimoiaHeH pacyér
ANIEKTPOMArHUTHOTO MOMEHTA JIBUTaTels.

Knrouegwle cnoea: acuuXpOoHHBIN ABUraTeNlb, TPEXMEPHAs aHATUTHYECKAs MOJIETb,
paszeneHne NepeMEeHHbIX, HeM3BECTHBIE TIOCTOSIHHBIC, HWIHHApUYeckue pyHkuuu beccens,

MHIYKLHUS B BO3AYIIHOM 3a30p€, JJIEKTPOMArHUTHBII MOMEHT.

An analytical model of an asynchronous motor with a closed-loop rotor is considered, based
on the solution of the three-dimensional Laplace partial differential equation by the method of
separation of variables for hollow cylinders of finite length nested in each other, the boundary

conditions for which coincide with the boundary conditions of the magnetic field caused by



currents of the stator and rotor windings and induced magnetization in the ferromagnetic
sections of both cores. In electromagnetic calculation, the active parts of an asynchronous
motor are divided into structurally homogeneous (in geometry and material of the medium)
hollow cylinders (tori): yoke of stator and rotor cores, air gap, stator and rotor teeth. The
constants of the method of separation of variables are found from the solution of a system of
linear algebraic equations, the matrix of which in the example under consideration has a size
of 8 x 8. The matrix elements are modified Bessel functions (Infeld and McDonald). The
distribution of magnetic induction in the engine air gap is analyzed, which contains jagged
pulsations and uneven induction along the length of the stator and rotor cores. The
electromagnetic torque of the engine is calculated.

Key words: asynchronous motor, three-dimensional analytical model, separation of variables,
unknown constants, cylindrical Bessel functions, induction in the air gap, electromagnetic

moment.
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Cnoco0 oTcTpPOKH TOKOBBIX IyCKOBBLIX OPraHOB AUCTAHIMOHHOM 3a1IUTHI OT KaYaHU
U ACHHXPOHHBIX PEKMMOB YJIEKTPUYECKOH CHCTEMBI

BYJIBIYEB A.B., LTIAJIUMOB A.C.

PaccmoTpen cioco6 oTcTpoiiku mapaMeTpoB cpadaThiBaHUS U(PPOBHIX MYyCKOBBIX OPTraHOB
JUCTAHIIMOHHOW M BHICOKOYACTOTHBIX 3aIIUT, PEaripyroluX Ha MpUpaIleHus] BEKTOPHBIX
3HAYEHUW TOKA, OT KAYaHUW U aCUHXPOHHOr0 Xoa. [IokazaHo BIMsSHHE HECTALIMOHAPHBIX
MEPEXOIHBIX PEKUMOB IEKTPUUECKOU CUCTEMBbI HAa TOBEACHUE AJITOPUTMOB U3MEPEHUS
MpHUpalIeHU MyCKOBBIMU OpraHaMH OJIOKMPOBKH MPU KauaHUSAX pa3Horo tuma. [IpuBeneHs
pe3yNbTaThl CPAaBHUTEILHOTO HCCIEA0BAHUS YYBCTBUTEIFHOCTH UM POBBIX U3MEPUTEIBHBIX
OpPraHOB HA OCHOBE JIMUCKPETHOTO npeodpazoBanust Pypbe U HEPEKYPCUBHBIX (UIBTPOB,
KOTOpBIE MOTYT OBITh HCIIOJIb30BAHBI MPU IPOSKTUPOBAHUHU U BHIOOpE TTapaMeTpOB
cpabatbiBanus GYHKIIUN PEICHHON 3aIIHTHI.

Knrouegwle cnoea: peneiinas 3amunra, IMCTaHIIMOHHAS 3alIUTa, OJIOKHPOBKA MPU KayaHUIX,

MpHUpalieHus ToKa, mapaMeTpbl cpabaTbIBaHUSI.

A method for adjusting the operation parameters of digital triggers of remote and high-

frequency protections that respond to increments of vector current values from oscillations



and asynchronous running is considered. The influence of non-stationary transient modes of
an electrical system on the behavior of algorithms for measuring increments by locking
starting organs during swings of various types is shown. The results of a comparative study of
the sensitivity of digital measuring instruments based on the discrete Fourier transform and
non-recursive filters that can be used in the design and selection of parameters for the
operation of relay protection functions are presented.

Key words: relay protection, remote protection, swing blocking, current increments, response

parameters.
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JAByXynaKkoBOYHbIEC TEPMOCTONKHE 3JIEKTPOU30/ISAIIHOHHbIC JJAKOKPACOYHbIE
MaTepHaJbl HA OCHOBE NMOJMMeTHI(EeHHTICHIOKCAHOBOI CMOJIbI M PA3JIHYHBIX
AJIKOKCHCHJIAHOB

BACWJIBEB A.b., [IATBAHOBA A.O., KUPUJIJIOB A.A., UBAHOBA K.1O., KY3bMHWH
M.B., KOJIMILKMH O.A.

PaccMoTpeHsl yTH yiydIlIeHus SKCIUTyaTallMOHHBIX XapaKTEPUCTHK JIBYXYIaKOBOUHBIX
TEPMOCTOMKHUX 3JIEKTPOU3OJISLIMOHHBIX JIJAKOKPACOYHBIX MAaTEpUAJIOB HA OCHOBE
MOJIMMETUI(PEHUIICUIOKCAHOBOM CMOJIBI M Pa3JIMYHbIX aJIKOKCUCUIIAHOB. Y CTaHOBIJICHBI
ONTHMAaJIbHbIE COOTHOILIEHUSI KOMIIOHEHTOB CMECH, 00ECIIeUNBAIOIINE JOCTUKEHHE
MaKCUMaJIbHO 3 (EKTUBHBIX PE3yIbTATOB. Y CTAHOBIIEHO, YTO BHEAPEHHE ATKOKCUCUIIAHOB B
Ka4yecTBE OTBEpIUTENEH MOoINMeTHII(HEHUICUIIOKCAHOBOW CMOJIBI IIPUBOIUT K
CYILLIECTBEHHOMY YJIYUIICHHUIO JUAJIEKTPUUECKHUX U HKCILTyaTallMOHHBIX XapAaKTEPUCTUK
[TOJIy4a€MBbIX JaKOBBIX MOKPBITUM, YTO CBUJETEIBCTBYET O 3HAUNTEIBHOM MOTEHIMAJIE TAKOTO
MIO/IX0/1a AJIs1 ONITUMHU3ALMN TEXHOJIOTMUECKUX apaMEeTPOB U YIyUIIECHHUS
JKCIUTYaTallUOHHBIX CBOMCTB JIAKOKPACOYHBIX MOKPBITUI. Pe3ynbpTaTel HCcciie0BaHUN
MOATBEPKIAI0T MEPCIIEKTUBHOCTH UCIIOIB30BaHUS AJIKOKCUCHIIAHOB JIJIS YIy4IlIeHUs (PU3HKO-
MEXaHUYECKHUX XAPAKTEPUCTHK JBYXYINAKOBOYHBIX TEPMOCTOMKHUX JEKTPOUIOIALIUMOHHBIX
JIAKOBBIX MOKPHITUH. OTMEUEHO 3HAYUTENBbHOE MOBBIIIEHUE TEPMOCTAOMIEHOCTH U
MEXaHUYECKON MPOYHOCTH, YTO AEJAET JJAKOKPACOYHBIE TIOKPHITHS Ha UX OCHOBE
KOHKYPEHTOCIIOCOOHBIM Ha PBIHKE MaTepUaJioB JJIT 00paOOTKHU U aHTUKOPPO3UOHHOU
3aIUThl METAINIOKOHCTPYKIIUMA, TOIBEPTalOIINXCs BO3ACUCTBUIO (PU3UKO-MEXAaHUUECKUX U

BBICOKHX TEMIIEPaTypPHBIX Harpy3o0K.



Knrouesnie cnosa: JABYXYIIAKOBOYHBIC TepMOCTOﬁKHe SJICKTPOU3OJIAIMOHHBIC JTAKOKPACOYHBIC
MaTcpurailbl, HOJII/IMeTI/IJI(l)CHI/I.HCI/IJIOKCB.HOBaSI CMOJ1a, aJIKOKCHUCHJIAHBI, (1)I/I3I/IKO-

MCXAaHUYCCKHUEC U 3JICKTPOU3OJIAIIMOHHBIC CBOIiCTBA.

Ways to improve the operational characteristics of two-pack heat-resistant electrical
insulating paint and varnish materials based on polymethylphenylsiloxane resin and various
alkoxysilanes are considered. Optimal ratios of the components of the mixture have been
established, ensuring the achievement of the most effective results. It has been established that
the introduction of alkoxysilanes as polymethylphenylsiloxane resin hardeners leads to a
significant improvement in the dielectric and performance characteristics of the resulting
varnishes, which indicates the significant potential of this approach to optimize technological
parameters and improve the performance properties of paint coatings. The research results
confirm the prospects of using alkoxysilanes to improve the physical and mechanical
characteristics of two-pack heat-resistant electrical insulating varnishes. A significant increase
in thermal stability and mechanical strength was noted, which makes paint and varnish
coatings based on them competitive in the market of materials for processing and corrosion
protection of metal structures exposed to physico-mechanical and high temperature loads.
Key words: two-pack heat-resistant electrical insulating paint and varnish materials,
polymethylphenylsiloxane resin, alkoxysilanes, physico-mechanical and electrical insulating

properties.
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HccaenoBanue MaruuTHOro noJisi llI-od0pa3Horo 3/ieKTpoMarHuTa nepeMeHHOro TOKa B
NMPOrpaMMax KOHEYHO-3JIEMEHTHOI'0 aHAJIN3a

3AXAPOB B.A., PYCCOBA H.B.,TAJJAHMHA H.A., UBAHOBA C.I1., APKA/IBEB B.B.
[IpuBeneHb! pe3yapTaThl MOJEIUPOBAHUS U pacyeTa apaMeTpoB MarHUTHOro moss -
00pa3HOro 3JEKTPOMArHuTa NEPEMEHHOTO TOKA B MPOrpaMMax KOHEUHO-3JIEMEHTHOTO
anamu3a FEMM 4.2 u COMSOL Multiphysics. M310xeHa MmaremaTuyeckasi MOJIeIb pacueTa
MIOJIS1 METOJIOM KOHEUHBIX 371eMeHTOB. [locTpoenne Tonorpaduieckoil 1 30HHON KapTHH
AJIEKTPOMArHUTHOTO TIOJISI IPOBENIEHO B Cpejie MPOrpaMMBbl aHaIu3a (PU3HUUECKUX MOJIe
FEMM 4.2. C ucnonas30BaHUEM BCTPOEHHBIX CPEACTB MOCTIPOLECCOpPa TPOTPAMMHOM Cpebl

BBIIIOJIHEHO UHTETPUPOBAHUE 110 TEH30PY HATSKEHUs. MakcBeiia v ONpeeIeHbl



AJIEKTPOMArHUTHBIE YCHIIUS TIPU H3MEHEHUH IIUPUHBI pabodero 3a3opa. [locTpoeHa Tsarosast
XapPaKTCPUCTHUKA UCCIICAYCMOTI'O 3JICKTPOMAaruura Jis1 OTACJIbHO B3ATOI0O MOMCHTA BPCMCHU.
OHpe,Z[GJIeHLI ONTUMAJIBHBIC YHCJIA Y3JIOB KOHCYHBIX 3JICMCHTOB B CXCMC IJIA 3(1)(I)GKTI/IBHOI‘O
MozaemupoBanus. B cpene nmporpammel COMSOL Multiphysics mocTpoeHa 30HHas KapTHHA
pacrpeiesieHus MarHUTHOM WHAYKITUH 110 cedeHuto [11-00pa3Horo anekTpoMaraura,
BPCMCHHBLIC 3aBUCHUMOCTHU IMOTOKOB U 3JICKTPOMArHUTHBIX CUJI B SKPAHUPOBAHHBIX U
HCOKPAHUPOBAHHLIX YaCTAX MArHUTOIIPOBOAA. HOI[TBCp)K,Z[eHa MpaBHUIILHOCTDb
(YHKIIMOHHPOBAHUS MCCIIEyEMOTO AIIEKTPOMAarHUTHOTO YCTPOHCTBA O YCIIOBHIO
OTCYTCTBUS BUOpanuu sikopsi. ClieaHbl BEIBOBI O TPUMEHEHHH IPOTPaMM KOHEUHO-
AJIEMEHTHOTO aHallu3a B IPOSKTUPOBAHUH AJICKTPOMArHUTOB TIEPEMEHHOTO TOKA.
Kniouesvie cnosa: MmarHuTHAS CUCTEMA, DIIEKTPOMATHUTHOE T0JI€, MATHUTHBIA TTOTOK, METO/T

KOHEUHBIX JIEMEHTOB, METOJI TpaHUYHBIX 37eMeHToB, FEMM 4.2, COMSOL Multiphysics.

The results of modeling and calculating the parameters of the magnetic field of a W-shaped
alternating current electromagnet in the finite element analysis programs FEMM 4.2 and
COMSOL Multiphysics are presented. A mathematical model for calculating the field using
the finite element method is described. The topographic and zone patterns of the
electromagnetic field were constructed in the environment of the FEMM 4 physical field
analysis program.2. Using the built-in postprocessor tools of the software environment,
Maxwell tension tensor integration was performed and electromagnetic forces were
determined when changing the width of the working gap. The traction characteristic of the
investigated electromagnet is constructed for a single moment in time. The optimal numbers
of nodes of finite elements in the scheme for effective modeling are determined. In the
environment of the COMSOL Multiphysics program, a zone pattern of the distribution of
magnetic induction over the cross section of a W-shaped electromagnet, time dependences of
fluxes and electromagnetic forces in the shielded and unshielded parts of the magnetic circuit
is constructed. The correct functioning of the electromagnetic device under study has been
confirmed under the condition of the absence of vibration of the armature. Conclusions are
drawn about the application of finite element analysis programs in the design of alternating
current electromagnets.

Key words: magnetic system, electromagnetic field, magnetic flux, finite element method,

boundary element method, FEMM 4.2, COMSOL Multiphysics.
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DJleKTPpHYECKHe PesKMMBbI pecypcocieperalommx TeXHoJa0ruii popmoodpazoBaHus
MAIINHOCTPOUTEJIbHBIX 3aT0TOBOK

KOBAIJIEB B.I'., TAPACOB B.A., AOAHACBHEB B.B.

HccnenoBanbl HavanbHbIE PEKUMBI 3JIEKTPOIUIAKOBOW HAIUIABKY ISl TOTYYEHUS
OCECUMMETPUYHON TpyOHOI 3ar0TOBKH ¢ BHYTPEHHUM yiupenueM. [lokazano, 4to
pacipeiesieHHe BbIACISIEMON TEINIOBOM SHEPTUHU B IIUIAKOBOM BaHHE BIIASIET HA
(dbopMHpOBaHHE KaYECTBEHHOTO CILIaBieHUs. HaTypHBIM SKCIIEPUMEHTOM MOATBEPHKACHO, UTO
Ka4yeCTBEHHOE CILIaBJieHnEe (HOPMUPYETCs MPHU MPEBBIIMICHUH TOPIla TPYOHOU OCHOBBI Ha 10—
12 MM Hazl ypoBHEM JlopHa (1oaaoHa). [lokazaHo, 4TO CKOPOCTH 3JIEKTPOIUIAKOBOW HAIIABKU
3HAYUTEIBHO OOJbIIE, YeM CKOPOCTh M3BECTHBIX aITUTHBHBIX TEXHOJIOTHH.

Knroueevie cnosa: hopmooOpazoBaHne MAIIMHOCTPOUTEIBHBIX 3aTOTOBOK,
AJIEKTPOIIJIAKOBBIE YCTAHOBKH, SJIEKTPOIILIAKOBBIE TEXHOJIOTHHU, SJIEKTPUUECKUE MO,

SJICKTPHUYCCKUC PCIKUMBI, SJICKTPOLIJIAKOBAas HAIlJIaBKa, pecypcoc6epe>KeHHe.

The initial modes of electroslag surfacing for obtaining an axisymmetric tube billet with
internal broadening are investigated. It is shown that the distribution of the released thermal
energy in the slag bath affects the formation of high-quality fusion. A field experiment has
confirmed that high-quality fusion is formed when the end of the pipe base is 10-12 mm
above the level of the mandrel (pallet). It is shown that the rate of electroslag surfacing is
significantly higher than the rate of known additive technologies.

Key words: shaping of machine-building blanks, electroslag installations, electroslag

technologies, electric fields, electric modes, electroslag surfacing, resource conservation.
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DJIeKTPOU30JISIIIMOHHBIN JIAK HA OCHOBE MOJUMETHI(EeHUICHIOKCAHOBOM CMOJIbI U
AKpPUJIOBBIX CONOJHMEPOB

JIVKUH A.B., TATbAAHOBA A.O., KUPUJIJIOB A.A., UBAHOBA K.10., KY3bMUH
M.B.



PaccmoTpeHbl criocoOBI ONTUMU3AIMH TEXHOJIOTHIECKUX XapaKTEPUCTHK
ANEKTPOUZOIIAIUOHHOTO TEPMOCTOUKOTO JlaKa Ha OCHOBE MOJIMMETHI(EHIUICUIOKCAHOBOM
CMOJIBI U aKPHJIOBBIX COTIOJIMMEPOB. Y CTAHOBIICHO, YTO YBEIIMYCHHE IO aKPHIIOBBIX
TUICHKOOOPAa3yIOMIMX B COCTAaBE MOJIMMETHII(DEHUICHIIOKCAHOBOM CMOJTBI TPUBOIMT K POCTY
BSI3KOCTH, CHIDKEHUIO TUNIOTHOCTH M YCKOPEHHIO BBICHIXaHUS JIAKOBBIX COCTaBOB. BBeneHre B
MOJIMMETUI(PEHIIICUIIOKCAHOBYIO CMOJTY COTIOIMMEPOB METHIIMETaKpHIIaTa U
OyTHJIMeTaKpuiIaTa MPUBOIUT K POCTY CpPEIHEH MOJIEKYISIPHOM MACChI TAKOBBIX COCTABOB,
CHIDKEHHIO 3JTACTUYHOCTH M MPOYHOCTH MOKPBITHS, YMEHBIIIEHHIO TBEPIOCTH TOKPBITHI.
[Toka3zaHo, YTO OKPBITHS, TOJTYYECHHBIE C IPUMEHEHHEM B KQ4eCTBE IJICHKOOOPa3yIOIIIX
cononumepoB Degalan LP 65/12 u Haxkpun SP 652, o6agaoT HauMeHbIIeH XpyNKOCThio. B
pe3ynbrate puznyeckas Moau(UKaIHs MOTUMETHIPEHIUICUIOKCAHOBON CMOJTBI
BBICOKOMOJICKYJISIPHBIMHU aKPUJIOBBIMU COTTOJTMMEPAMHU MTPUBOANT K YBEITHUCHHUIO (PH3HKO-
MEXaHUYECKUX U Ae()OpMaIIOHHO-IPOYHOCTHBIX CBOMCTB.

Kniouesvie cnosa: >nekTpon30IISIIUOHHBIN JIaK, TOTUMETHI()EHUICHIOKCAHOBAs CMOJIA,
AKPHUJIOBBIE COTIOIUMEPHI, (PU3UKO-MEXaHUYECKHUE U DJICKTPOHU3OIISAIIMOHHBIE CBOWCTBA,
TEPMOCTA0MIILHOCTh, MOJIEKYJIIPHO-MAaCCOBOE paclpe/ieiICHNE, TeIbITPOHUKAIOIIAs

xpomarorpadun, MK-cnekrpockonusi.

The methods of optimizing the technological characteristics of an electrically insulating heat-
resistant varnish based on polymethylphenylsiloxane resin and acrylic copolymers are
considered. It has been found that an increase in the proportion of acrylic film-forming agents
in the composition of polymethylphenylsiloxane resin leads to an increase in viscosity, a
decrease in density, and an acceleration in the drying of lacquer compounds. The introduction
of methyl methacrylate and butyl methacrylate copolymers into polymethylphenylsiloxane
resin leads to an increase in the average molecular weight of the varnish compositions, a
decrease in the elasticity and strength of the coating, and a decrease in the hardness of the
coatings. It is shown that the coatings obtained using Degalan LP 65/12 and Dacryl SP 652 as
film-forming copolymers have the lowest brittleness. As a result, the physical modification of
polymethylphenylsiloxane resin with high molecular weight acrylic copolymers leads to an
increase in physico-mechanical and deformation-strength properties.

Key words: electrical insulating varnish, polymethylphenylsiloxane resin, acrylic copolymers,
physico-mechanical and electrical insulating properties, thermal stability, molecular weight

distribution, gel-penetrating chromatography, IR spectroscopy.
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Oco0eHHOCTH TECTUPOBAHUS YCTPOICTB CHHXPOHU3UPOBAHHBIX BEKTOPHBIX H3MepeHuii
B ACHHXPOHHOM pPeKHUMe IHEProCucTeMbI

OEJIOTOB A.A., AHTOHOB B.U., IOHA H.A., MOKEEB A.B., BbIYKOBA A.B.,
JIMUTPEHKO A.M.

OnHUM U3 TECTOB MPU MOBEPKE YCTPOMCTB CUHXPOHU3UPOBAHHBIX BEKTOPHBIX U3MEPEHUI
SIBJISIETCS] UICIIBITAHKME B YCIIOBUSIX aCUHXPOHHOTO PEKUMa dHEpProcucTeMsl. B ctangaprax mno
BEKTOPHBIM U3MEPEHUSIM CUTHAJIBI YIIOMSHYTBIX TECTOB HOPMUPYIOTCS B BUJIE
MOJYJIUPOBAHHBIX CUTHAJIOB C pa3eNbHON MOIYIALNEN aMIUIUTY bl U (ha3bl B
OTpaHUYEHHBIX MPEJeIiax, B CBA3M C UEM PETJIAMEHTUPYEMBINM CTaHIapTaMU CUTHAI
3HAUYUTENIbHO OTJIMYAETCS OT CUTHaja B peaJibHOM aCHHXPOHHOM pexxume. boiee Toro, npu
MPUOIHKEHNUHN AJIEKTPUUYECKOTO LIEHTPA KauaHUM K PACIIONIOKEHHUIO YCTPOHCTBA
CUHXPOHU3UPOBAHHBIX BEKTOPHBIX U3MEPEHU, MOJIENIb CUTHAJIA, IOJYYEHHOIO B
COOTBETCTBUU CO CTaHJIAPTOM, TE€PSET JOCTOBEPHOCTH MPE/ICTABIICHUS CUTHAJA
ACUHXPOHHOTO peXuMa. /{7151 MOBBIIIEHUs pEJIEBAHTHOCTH MOJIENIM CUTHAJIA MpoIeccaM Mpu
ACUHXPOHHOM PEKHUME MPEUIOKEHO UCTIOIb30BaTh JJIs1 TECTUPOBAHUS CUTHAI
JBYyXYaCTOTHOI'O aCUHXPOHHOTO PEKUMA. XapaKTEpUCTUKU MOJIENIEH COMOCTABIISIOTCS Ha
OCHOBE TMOHATHS BEKTOPHOM OIIMOKU MOJIENIEH, OLIEHUBAIOIIEH pa3inyie MeXAy HUMH, KaK
abCOIFOTHOE PACCTOSIHIE MEXKAY UX TEOPETUICCKUMHU CHHXpPOBEeKTOpamu. OTKa3 OT
WCIIOJIb30BAHUS JUIS OIICHKU PACXOXKACHUS MOJEIICH TOHSATHS MTOJTHOW BEKTOPHOW OIMOKU U
BBEJICHUE HOBOI'O MOHATHS OIIUOKU MOJIETIEH BhI3BaHbI HEOOXOJUMOCTBIO CPaBHEHHUS
TEOPETUYECKUX CUHXPOBEKTOPOB, a HE U3MEPEHUMN yCTpoilcTB. ComocTaBieHHE
TEOPETUUECKUX CUHXPOBEKTOPOB, COOTBETCTBYIOIIUX MOJEIISAM U3 CTAaHAAPTOB U
JIBYX9aCTOTHOTO aCHHXPOHHOTO PEKMMa, B paMKaX MEpbl BEKTOPHOH OIMOKH Mozenei
MOKA3bIBAET, YTO UX OTJIMYHUE YXKe MPHU MPETyCMOTPEHHBIX CTaHAapTaMH Kod¢dduimenTax
Moy siuu npesbimaet 10 %, 9To moaTBepKaaeT He0OXO0AUMOCTh MOJACPHHU3AITUN
CYILECTBYIOIIMX MOAXOA0B K TECTUPOBAHUIO YCTPONCTB CUHXPOHU3UPOBAHHBIX BEKTOPHBIX
U3MEPECHUM.

Kniouegvie cnoga: 31eKTpO’HEPreTUUECKAS CUCTEMA, ACHHXPOHHBIN PEXHM,
CUHXPOHU3UPOBAHHBIE BEKTOPHBIE U3MEPEHNUS, YCTPOHCTBO CUHXPOHU3UPOBAHHBIX

BEKTOPHBIX U3MEPEHUM.



One of the tests in the verification of synchronized vector measurement devices is a test in
asynchronous mode of the power system. In the standards for vector measurements, the
signals of the mentioned tests are normalized in the form of modulated signals with separate
amplitude and phase modulation within limited limits, and therefore the signal regulated by
the standards differs significantly from the signal in real asynchronous mode. Moreover, when
the electric swing center approaches the location of the synchronized vector measurement
device, the signal model obtained in accordance with the standard loses the reliability of the
asynchronous mode signal representation. To increase the relevance of the signal model to
processes in asynchronous mode, it is proposed to use a two-frequency asynchronous mode
signal for testing. The characteristics of the models are compared based on the concept of the
vector error of the models, which evaluates the difference between them as the absolute
distance between their theoretical synchro vectors. The refusal to use the concept of total
vector error to evaluate model discrepancies and the introduction of a new concept of model
error are caused by the need to compare theoretical synchro vectors rather than device
measurements. A comparison of theoretical synchro vectors corresponding to models from the
standards and dual-frequency asynchronous mode, as part of the vector error measure of the
models, shows that their difference already exceeds 10% at the modulation coefficients
provided by the standards, which confirms the need to modernize existing approaches to
testing synchronized vector measurement devices.

Key words: electric power system, asynchronous mode, synchronized vector measurements,

synchronized vector measurement device.

Onekmpomexuuka, 2025, Ne§, cmp. 50-55

O MexaHHYeCKOH MPOYHOCTH MOJTMMEPHBIX H30JAMOHHBIX KOHCTPYKIMIA
ra30HANOJHEHHOI0 BLICOKOBOJBLTHOTO 000PY/10BAHMS

BAPUBOJIOB B.H., KOBAJIEB JI.1., TOJIYBEB /I.B., KPYT'JIUKOB /I.A., TPAYJIbIHb
C.B.

PaccMoTpensr ocoOeHHOCTH 00ecrieue sl BRICOKOW MEXaHMYECKOM MPOYHOCTH MOJIMMEPHBIX
M30JISIIIMOHHBIX KOHCTPYKIIUH Ta30HATIOITHEHHOTO BEICOKOBOIBTHOTO 000y 1I0BaHUSI.
[Ipoananu3upoBaHbl OCHOBHBIE (PaKTOPHI, BIUSAIONINE HA MEXaHUUECKYIO TPOYHOCTD JIUTHIX
AMOKCUIHBIX U30JATOPOB. [IpoBeneHbI AKCIIEpUMEHTAIbHBIE NCCIIEIOBAHMS BIUSHUS

Pa3NUYHBIX CIOCOOOB YIIYUIICHHUS CLETIJICHUS 3aTMBAEMON METAJUINYECKON apMaTyphl U



KommayHaa. OrnpeaeneHbl ONTUMAIbHBIE TEXHOJIOTHH MOBBIIICHUS aI€3UH STIOKCHIHBIX
KOMIIayHJIOB K METAJJTINUECKOM apMarype.

Knroueswie cnosa: ra30HaNOIHEHHOE BHICOKOBOJIBTHOE 000PYI0BaHUE, TIOJIMMEPHBIC
M30JISIIIMOHHBIE KOHCTPYKIIUH, JINTHIE STIOKCUIHBIC N30JIATOPbI, MEXaHNYECKas IPOYHOCTH,

MeTaJlJIn4ecKasi apMaTypa, aare3us.

The features of ensuring high mechanical strength of polymer insulating structures of gas-
filled high-voltage equipment are considered. The main factors influencing the mechanical
strength of cast epoxy insulators are analyzed. Experimental studies have been conducted on
the effects of various methods for improving the adhesion of cast metal fittings and
compounds. Optimal technologies for increasing the adhesion of epoxy compounds to metal
fittings have been determined.

Key words: gas-filled high-voltage equipment, polymer insulation structures, cast epoxy

insulators, mechanical strength, metal reinforcement, adhesion.

Onexmpomexnuxa, 2025, Ne§8, cmp. 56-60

JIaBMHHO-CTPHMEPHBII Mepexo] B KOPOTKUX BO3AYUIHBIX IPOMEKYTKAX B TBEPAOH
H30JIALIUH

T'AJIUMOBA A B., BEJIOI'JIOBCKHI A.A., KOBAJIEB JI.1., IEBEJJEBA H.A.,
JIBICOB H.1O., TEMHUKOB A.T'.

PaccMmoTpeHo BiMsiHUE CBOMCTB TBEPAOTO IUAJIEKTPUKA HA PA3BUTHE Pa3psiia B BO3AYIIHBIX
IIPOMEXYTKAX, OTPAHUYECHHBIX TBEPAOU N30JISIMEH. BBINOIHEH aHanu3 BIMSHUS
JOUBJIEKTPUUECKON IIPOHULIAEMOCTH TBEPAOTO JUAIEKTPUKA U TOJIIMHEI €T0 CJI0S B
MEXIJIEKTPOJHOM IPOMEXYTKE Ha (HOpMUPOBAHHE CTPUMEPHOTO pa3psija B BO3AYIIHBIX
3a30pax IIpH MPAKTUYECKU OJHOPOJHOM NIEKTPUUECKOM Ioje. [IpuBeneHs! pe3ynbraTsl
YHMCJIEHHOTO MOZCINPOBAHNUS, BBIIIOJIHEH UX AHAJIU3 ¢ TOYKU 3PEHUS Pa3BUTHS pa3psAHbIX
MPOIECCOB B CTPYKTypax ¢ TBEPAOU U3OJSALMECH.

Knioueesvie cnoga: TBEpaast U301, BO3AYIIHBIE IPOMEXYTKH, CTPUMEPHBIN pa3ps,

HaBI/IHHO-CTpI/IMepHInlﬁ nepexon, MaTeMaTuicCKOC MOJACIIMPOBAHUC.



The influence of the properties of a solid dielectric on the development of a discharge in air
gaps bounded by solid insulation is considered. The effect of the dielectric constant of a solid
dielectric and the thickness of its layer in the interelectrode gap on the formation of a streamer
discharge in air gaps under an almost uniform electric field is analyzed. The results of
numerical modeling are presented and analyzed from the point of view of the development of
discharge processes in structures with solid insulation.

Key words: solid insulation, air gaps, streamer discharge, avalanche-streamer transition,

mathematical modeling.

Onexmpomexnuxa, 2025, Ne8, cmp. 61-64
MoneaupoBaHue pa3psiAHbIX SIBJE€HHI B NPOTSKEeHHbIX e eKTax H30JsIIHU JUTHIX

HIUHOIIPOBOAOB

TAJIUMOBA A B., TY C., KOBAJIEB JI.1., KIIYBKOB A.B., BEJIOI'JIOBCKHI1 A A.,
JIBICOB H.IO.

Bce Oornee mmpokoe UCTIOIb30BAHUE B 3JEKTPOTEXHUYECKUX YCTAHOBKAX HTMHOIPOBOJIOB C
TBEPJIOM TUTOM M30sALMel BEAET K HEOOXOAUMOCTH pa3pabOTKH MOJXOA0B K AMArHOCTHKE U
KOHTPOJIIO MX TEXHUUYECKOTO COCTOSHUS, a TAKXKE K BBISIBIICHUIO M aHAJIN3Y (DAKTOPOB,
CIOCOOCTBYIONIUX 00Pa30BAHMIO U3OJISIMOHHBIX Ae(EKTOB H OTKa30B 000PYI0BaHUSA.
PaccmarpuBaeTcss MOAETHMPOBAHKE PA3PSAHBIX SBICHUH B MPOTSHKEHHBIX IeeKTax TBEPAOH
M30JIALUH [TUTHOIPOBO/IOB, OLIEHUBACTCS 3HAUEHUE aKTUBHOM MOIIIHOCTH, CITIOCOOHOM
BBIJICIUTHCS HA TaKUX Ae(EKTax, U aHATU3UPYIOTCSA CIIOCOOB! UX AUArHOCTUKH U
MOHHMTOPHHTA.

Knioueesvie cnoga: MMHONPOBOBI, TUTAs U30JALUSA, AMATHOCTUKA U30JISLUY, TIOTEPU B

HU30JIA1IUH, YUCIICHHOC MOJCINPOBAHUC.

The increasing use of solid cast-insulated busbars in electrical installations leads to the need
to develop approaches to the diagnosis and control of their technical condition, as well as to
identify and analyze factors contributing to the formation of insulation defects and equipment
failures. Modeling of discharge phenomena in extended defects of solid insulation of busbars

is considered, the value of active power capable of being released on such defects is



estimated, and methods of their diagnosis and monitoring are analyzed.
Key words: busbars, cast insulation, insulation diagnostics, insulation losses, numerical

modeling.

Onekmpomexnuka, 2025, Ne8, cmp. 65-72

Bausinue (ppakumoOHHOI0 COCTABA MOJTHUMEPHOIr0 U30JSAIIHOHHOT0 MAaTepHAaJia Ha
3J1eKTPO(PU3NYeCKHE U TeIJIOBbIe XaPAKTEPUCTUKHU IHEPreTHYECKOr0o 000py/10BaHUS
KOBAJIEB JI.1., TOJIYBEB /1.B., EJI®OVIMOB C.A., KPYT'JIUKOB JI.A., XKYJIMKOB
C.C.

[IpencraBieHa MeTOIMKA OIEHKU BIHMSHUS (PPAKIIMOHHOTO COCTaBa HAMMOJIHUTENCH Ha
ANEKTPOPU3NUECKHE U TEIUIOBBIC CBOMCTBA NMOJMMEpHOH n3osiuu. Ha ocHoBe
CTaTHUCTUYECKH IKBUBAJICHTHON PEKOHCTPYKLIMU MUKPOCTPYKTYPHI CHOPMUPOBAH 0OBEMHBIIM
AJIEMEHT, JIJIs KOTOPOT'0 METOJOM KOHEUHBIX 3JIEMEHTOB PEIICHbI CTAllMOHAPHBIE 33/1a4u
TEIUIONPOBOJHOCTH U JIEKTPOCTATUKH. ['OMOreHn3anus JIOKaJIbHBIX MOJIEH JaET

s pexTUBHBIC TTApaMETPBl KOMITO3UTA (IUIICKTPUICCKYIO TPOHUIIAEMOCTb,
ANEKTPONPOBOIHOCTD, TEIUIONPOBOAHOCTh, TEIJIOEMKOCTh, INIOTHOCTH), KOTOPBIE Jajiee
HCIOJIB3YIOTCSI B MAKPOMOJIENIN CEKLUI MIMHONIPOBO/1a HOMUHAJIBHBIM HarpsbkeHueM | u 10
kB.

Knrouegwle cnosa: rnextpodusnueckre v TEIIOBbIE XapaKTEPUCTHKU YIHEPTETUYECKOTO
00opynoBaHus, MOJMMEPHBIN KOMITO3UT, (PPAKIIMOHHBIN COCTaB HAIIOJIHUTEIS,
IUBJIEKTPUUECKAs IPOHULIAEMOCTD, AIEKTPOIPOBOIHOCTb, TEIIONPOBOAHOCTD, IIOPOT

MEPKOJIAIUA, YUCIICHHOC MOACIIMPOBAHUC.

A method for assessing the effect of the fractional composition of fillers on the
electrophysical and thermal properties of polymer insulation is presented. Based on a
statistically equivalent reconstruction of the microstructure, a volumetric element has been
formed for which the stationary problems of thermal conductivity and electrostatics have been
solved using the finite element method. The homogenization of local fields provides effective
composite parameters (dielectric constant, electrical conductivity, thermal conductivity, heat
capacity, density), which are further used in the macromodel of busbar sections with rated

voltages of 1 and 10 kV.



Key words: electrophysical and thermal characteristics of power equipment, polymer
composite, fractional composition of filler, dielectric constant, electrical conductivity, thermal

conductivity, percolation threshold, numerical modeling.

Onekmpomexuuka, 2025, Ne8, cmp. 73-77

CTOHKOCTH CTEKJIOHATIOJIHEHHOT0 KOMIIAYH/Ia B Cpejie 030HA

HIMEJIEB A 4., JIBICOB H.1IO., TUMO®EEB E.M., TAJIUMOBA A.B., CMOPOJIUH
AN.

Pa3paboTka 1 Mpon3BOJACTBO U3OJSIMOHHBIX U TEPMETU3UPYIOIINX MATEPUATIOB, YCTONYHUBBIX
K BO3JICMCTBUIO arpeCCUBHBIX CPE/l, TAKMX KaK 030H, OCTAETCS aKTyaIbHOM 3a/1auei,
0COOCHHO B YCJIOBHSIX AKCIUTyaTallMl 000pYyI0BaHUS Ha OTKPHITOM BO3/1yX€ U B
030HOTE€HEpUPYIOMIUX ycTaHOBKax. CylIecTBYIOT Ba MOJIX0/1a K CO3/1aHUI0 030HOCTONKOM
W30JISIAH — UCTIOIh30BAHKUE 3AIIUTHRIX TOKPBITHH U pa3paboTKa KOMIIAYHIOB, YCTOHYHUBBIX K
030HY IPU COXPAHEHUU HEOOXOJUMBIX MEXaHUYECKHUX U AUIIEKTPUUYECKUX CBOMCTB. Llenn
CTaTbU — MCCIIE0OBAHNE BIMSHUS COACPKAHUS HATIOJIHUTENS U TEXHOJIOTUH 3aJIUBKU Ha
CTOUWKOCTB K 030HY CHEIMAIBLHO pa3pab0TaHHOTO CTEKIOHAMIOIHEHHOTO 3AIMBOYHOTO
KoMmayHja. M3ydaemslilt MaTepuan npeiHa3HayeH AJisi IPUMEHEHHUS B U30JISILIMOHHBIX
KOHCTPYKILHUSAX, SKCILUTYaTUPYEMBIX B CpeJie 030Ha BHICOKOW U CBEPXBBICOKON KOHIICHTPAIUH.
B kauecTBe KpuTepusi CTOMKOCTH MPUHATA JOJITOBPEMEHHAs IPOYHOCTh MaTepuaia npu
usruoe.

Kniouesvie cnosa: CTEKIOHATIONHEHHBIM KOMIIAYH/T, 030HOCTOHKOCTbD, UCIIBITAHUS HA U3THO.

The development and production of insulating and sealing materials that are resistant to
aggressive environments such as ozone remains an urgent task, especially in the conditions of
outdoor equipment operation and in ozone-generating plants. There are two approaches to
creating ozone—resistant insulation - the use of protective coatings and the development of
compounds resistant to ozone while maintaining the necessary mechanical and dielectric
properties. The purpose of the article is to study the effect of filler content and filling
technology on the ozone resistance of a specially designed glass—filled filling compound. The
studied material is intended for use in insulating structures operated in an environment of high

and ultrahigh concentration of ozone. The long-term bending strength of the material is



accepted as a criterion of durability.

Key words: glass-filled compound, ozone resistance, bending tests.

Onekmpomexuuka, 2025, Ne§, cmp. 78-81

Oco0eHHOCTH TeIJIOBOI0 pacyeTa KOJJIEKTOPHBIX MUKPOABHUIaTe/Iei OCTOSIHHOI0 TOKA
€ MOCTOSTHHBIMH MATHUTAMM M MOJIBIM IKOpPEM

BCTOBCKUI C.A., IAXOMOB A H., COJIJATOB A.B., AOAHACBHEB C.H.
[Ipennoxena MareMaTH4ecKasi MOJENb TEIIOBBIX IIPOLIECCOB Il MUKPOIBUTATEIEH
IIOCTOSIHHOT'O TOKA C OCTOSIHHBIMU MarHUTaMu U MOJBIM IKopeM. MoJienb 1o3BoJseT
BbIOpAaTh MaKCUMAaJIbHO JOMYCTHUMYIO TNIOTHOCTh TOKA B TIOJIOM SIKOpE JIBUTATENS HA
HA4YaJIbHOM JTalle MPOCKTUPOBAHUS, YUECTh BIMSHUE TEMIIEPATyphl HA IOBEPXHOCTU MarHuTa
Ha CBOICTBA HEOJMMOBOTO MarHUTa U MOJIyYUTh 00JIee BEICOKUE IKCILTyaTallHOHHbIE
nokaszaTesu JBurarens B 1enoM. Ilpu pazpaboTke MozenM NCIOIB30BATIACh IPOTpamMMa st
pelIeHns 3a/1a4 BIYMCIUTENBHON TuaporazoauHamuku AnsysCFX Ha ocHOBe meTona
KOHEUHBIX 00BEMOB.

Knrwuegwie cnosa: KOINEKTOPHBIM MUKPOIBUIaTENb OCTOSHHOTO TOKA, IIOCTOSTHHBIE

MarHMThl, MOJIbIN SIKOPb, TEIIOBOM pacueT, nporpamma AnsysCFX.

A mathematical model of thermal processes for direct current micromotors with permanent
magnets and a hollow armature is proposed. The model allows you to select the maximum
allowable current density in the hollow armature of the motor at the initial design stage, take
into account the influence of temperature on the surface of the magnet on the properties of the
neodymium magnet and obtain higher performance of the motor as a whole. When developing
the model, a program was used to solve the problems of computational fluid dynamics
AnsysCFX based on the finite volume method.

Key words: DC collector micromotor, permanent magnets, hollow armature, thermal

calculation, AnsysCFX program.



Onekmpomexnuka, 2025, Ne§, cmp. 82-85

MaremaTu4eckoe MOJAeJIMPOBAHNE 030HATOPA ¢ HUWIHHAPUYECCKMMU JIEKTPOAAMH
MAKCYJ1OB /I.B.

PaccMoTpena KOHCTPYKIIHMS 030HATOpPA C KOAKCHAIIBHO PACHOI0KEHHBIMU HUIHMHIPUUYECKUMHU
ANEKTPOAAMH, JUIL KOTOPOIl pa3paboTaHa MaTeMaTHYecKas MOJEIb ra30pa3psaHOro mpoiecca,
MO3BOJISFOIIAST OTIPEICIIUTh U3MEHEHNE MOIITHOCTH OAphEPHOTO pa3psiia, TeMIIepPaTyphl,
JABJICHUS U COCTaBa Ia30BOM CMECH BOJIb Pa3psAHOTO MPOMEKYTKA C YUETOM B3aUMHOTO
BIIUSTHUS TUX MapaMeTpoB. J{Jis mpoBepKHU pe3ynbTaToB MOJIECIUPOBAHUS ObUIM MTPOBEIEHBI
AKCIIEPUMEHTAIbHBIE UCCIIEJOBAHMS.

Knioueevie cnoga: CUHTE3 030HA, 030HATOP C KOAKCUAIIBHO PACIOJI0KEHHBIMU AIEKTPOJIAMH,

ra3opaspsiIHble IPOIECChl, OaphepHBIN pa3psi.

The design of an ozonator with coaxially arranged cylindrical electrodes is considered, for
which a mathematical model of the gas discharge process has been developed, which makes it
possible to determine the change in barrier discharge power, temperature, pressure, and
composition of the gas mixture along the discharge gap, taking into account the mutual
influence of these parameters. Experimental studies were conducted to verify the simulation
results.

Key words: ozone synthesis, ozonator with coaxially arranged electrodes, gas discharge

processes, barrier discharge.

Onekmpomexuuka, 2025, Ne§, cmp. 8§6-89
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