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Conepxanue

Onexkmpomexnuxa, 2026, Ned, cmp. 2-5

Pacuer 1onycTUMBIX HANPSZKEHHOCTEH 3JIeKTPHYECKOT0 M0JIA U30JISITOPOB
BbICOKOBOJIbTHBIX YCTPOHCTB BHYTPEHHEH YCTAHOBKHA HA HOMUHAJIbHOE HanpsikeHue 35
KB u BbILIE

KOBAJIEB J1.1., BAPMUBOJIOB B.H., 'OJIYBEB /1.B., TAPACOBA T.II., KPYT'JINKOB
JLA.

OmnpeneneHbl OCHOBHBIE YCTIOBHS K OCOOEHHOCTH PaOOThI MOJMMEPHOI U30JISIIUN
BBICOKOBOJIbTHBIX YCTPOMCTB BHYTPEHHEHW YCTAaHOBKH HampsikeHneM 35 kB u BeIe.
[TpuBeneHbI KpUTEPUU BBIOOPA KOHCTPYKITUH MOJMMEPHBIX U30JISITOPOB U pacdera ux
ANEKTPUYECKON MpouHOCTH. [IpencTaBieHbl OCHOBHBIE COOTHOLICHHUS JIJIsl BRIOOpa
JOMYCTUMBIX HAIIPS’KEHHOCTEH MOJIsl BHYTPU TBEPAOTO AMAIEKTPHUKA M HA €ro IOBEPXHOCTH.
Knrouegwle cnosa: nonvivepHasi U30IS1HS BBICOKOBOJIBTHBIX YCTPOICTB BHYTPEHHEH
YCTaHOBKHM HampsbkeHueM 35 kB u Bhile, 1omycTuMas HalpsXKEHHOCTh AJIEKTPUUECKOTO

IOJIA, SJICKTPUUICCKAs MPOYHOCTD, JICKTPOCTATUICCKOC SKPAHUPOBAHUC TpOI>'IHOI>'I TOYKH.

The main conditions and features of the polymer insulation of high-voltage indoor devices
with a voltage of 35 kV and above are determined. The criteria for choosing the design of
polymer insulators and calculating their electrical strength are given. The basic relations for
the choice of permissible field strengths inside a solid dielectric and on its surface are
presented.

Key words: polymer insulation of high-voltage indoor devices with a voltage of 35 kV and
higher, permissible electric field strength, electrical strength, electrostatic shielding of the

triple point.

Onekmpomexnuka, 2026, Ne4, cmp. 6-10
Bausinue TeMnepaTypbl Ha 3JIEKTPUUYECKYI0 POYHOCTD JUTOH 3MOKCUAHON M30JI UM

BBICOKOBOJIbTHOT0 000pPY/10BaHUs



BAPUBO/JIOB B.H., ’)KYJIMKOB C.C., KOBAJIEB /I.1., AKUHVH H.A., 'PAYJIbIHb
C.B.

PaccMoTpeHO BiMsIHUE TEMIIEPATYPBI HA AIEKTPUYECKYIO IIPOYHOCTD JIMTON SIIOKCUHON
M30JISILUY IPUMEHHUTENBHO K YCIOBUSM €€ padoThl B BBICOKOBOJIBTHOM 000PYIOBAHUU.
Onucana pusnyeckas KapTHHA MEXaHHU3Ma BIIMSHUSA TEMIEPATyphl HA JIEKTPUUECKYIO
IIPOYHOCTH MOJIMMEPOB. IIpencraBiieHbl pe3ysbTaTsl SKCIEPUMEHTAIBHBIX UCCIIEIOBAaHUN
3aBHCHMOCTH DJIEKTPHUUECKON MPOYHOCTH 00Pa3IIOB AMOKCHIHOMN H30JISAIUHU C 3IUTOM
METaJUTMYECKOW apMaTypoi, GOpMUPYIOIIEH MPH BO3ICHCTBUHM BHICOKOTO HATIPSIKCHHSI
c1ab0HEOAHOPOIHOE ANNeKTpuyeckoe nose. [lokazaHo, kak MeHsIeTCs AIeKTpUYecKas
MIPOYHOCTH TAKUX 00PA3LIOB MPU U3MEHEHUH CTPYKTYPBI U3OJISAIUH U3-32 IOSABICHHUS TPELIHH
U OTCJIOCHUH, BBI3BIBAIOIIUX YACTUYHBIC Pa3psbl.

Knrouegwle cnoea: BbICOKOBOJILTHOE 000PYIOBAHHE, JTUTHIE STTOKCHUIHBIE U30JIATOPSI,

AIIEKTPUYECKAs IIPOYHOCTH, FA30HATIOTHEHHOE 000py/I0BaHNE, METAILTHYECKAs apMaTypa.

The effect of temperature on the electrical strength of cast epoxy insulation in relation to its
operating conditions in high-voltage equipment is considered. The physical picture of the
mechanism of temperature influence on the electrical strength of polymers is described. The
results of experimental studies of the dependence of the electrical strength of epoxy insulation
samples with embedded metal fittings, which form a weakly uniform electric field when
exposed to high voltage, are presented. It is shown how the electrical strength of such samples
changes when the insulation structure changes due to the appearance of cracks and
detachments causing partial discharges.

Key words: high-voltage equipment, cast epoxy insulators, electrical strength, gas-filled

equipment, metal fittings.
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MoaenupoBaHnue BJIUSIHUS yAapa MOJIHHU B MOJTHHEOTBO/I HA MIOMEXH B
PACNOJI0KEHHBIX NM00JH30CTH BOJOKOHHO-ONTHYECKHX JHHHAX

BEJIOBA O.C., BOJIOTOB J.B., KASAHILIEB C.1O., KUBIHIAPT.K., TEMHHKOB A.T".,
TTAMMIIEB T'.IT., YEPHEHCKU JL.J1.

BrinonneHo MosienupoBaHue BIUSHUA yapa MOJHHH B MOJTHHEOTBOJ] Ha TIOMEXHU B
PacIoI0KEHHBIX TTOOIM30CTH BOJIOKOHHO-ONITHYECKNX Kabelsix. PaccMoTpens! ciryuan

HUCITIOJIb30BaHUA 6p0HI/IpOBaHHOFO 1 NIOJTHOCTBIO JUBJICKTPUUCCKOI'O Ka6eJ'IH; OKCIICPUMEHTEI



BBITIOJTHEHBI [T PA3IMYHBIX KOH(PUTYPALUHA IEKTPOJTHBIX CUCTEM MPH PA3TUNIHON JITHHE
Kabesst ¥ ero BeicoTe Hax 3emiiei. [lokazano, 4To OpoHs Kabesst MOKET BBIIOJIHATH POJIb
kietku Papajes, SKpaHUPys KaOelb OT BO3ICUCTBUS ANEKTPUIECKOTO TOJISL.
3aperucTpupoBaH 3PHEKT IKPAaHUPOBAHUS IJICKTPUIESCKOTO TOJIST HUKHUM CTEP)KHEBBIM
AJIEKTPOIOM, MOJICIIUPYIOIIUM MOJIHUEOTBOI. B citydae TIIMHHOTO, TTOJTHOCTHIO
JTUDIIEKTPUYECKOT0 KaOest HaOI01am0ch OBICTPOE U3MEHEHUE COCTOSIHUS TTOJISIPU3AIIAN
Mepe1aBaeMoro CUrHaia, To eCTh APGEKT SKPAaHUPOBAHHSI BO3BBIIIAIOIIIMCS 3a3eMIICHHBIM
00BEKTOM OBLIT HEIOCTATOUYEH.

Knroueswle cnoea: BOTOKOHHO-ONITHYECKAS JIMHUS CBSA3H, TCHEPATOP UMITYJIbCHBIX

HaNpsDKeHUH, 3JIeKTpOMarHuTHoe noJie, a¢ ekt Keppa, cocTosHuE MONIpU3aIMH.

A simulation of the effect of a lightning strike in a lightning rod on interference in nearby
fiber-optic cables has been performed. The cases of using armored and fully dielectric cables
are considered; experiments have been performed for various configurations of electrode
systems with different cable lengths and its height above the ground. It is shown that the cable
armor can act as a Faraday cage, shielding the cable from the effects of an electric field. The
effect of electric field shielding by a lower rod electrode simulating a lightning rod is
recorded. In the case of a long, fully dielectric cable, a rapid change in the polarization state
of the transmitted signal was observed, that is, the shielding effect of a towering grounded
object was insufficient.

Key words: tiber-optic communication line, pulse voltage generator, electromagnetic field,

Kerr effect, polarization state.
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Bausinue 3a3em/ieHUs1 MOJTHHEOTBOAA HA Pa00TY NMOA3eMHBIX BOJTOKOHHO-ONITHYECKUX
JIMHUU CBSA3M

TEMHHUKOB A.T'., BEJIOBA O.C., ’)KYJIUKOB C.C., KASAHILIEB C.10., MUJIOCEP/IOB
A.N., JIBICOB H.IO., TEKEHOB A.C.,

[Tpu moa3eMHOI MPOKIIaJKe BOJIOKOHHO-ONTUYECKUX JTUHUM CBSI3U BOJIM3H 3a3€MIICHHBIX
O0OBEKTOB OHU MOTYT OBITH MTOABEPKEHBI BO3JACHCTBUIO TOKOB MOJTHUY, CTEKAIOIINX C
3a3eMIIUTENICH ITUX 00BEKTOB. Pa3psia MOTHUU U €T0 SJIEKTPOMAarHUTHOE M3ITYyYCHHE
CIOCOOHBI BBI3BAaTh U3MEHEHHS COCTOSIHUS MOJISIPU3ALIMU CUTHAJA, Iepe1aBaeMoro 1o JMHUU

CBSI3U, U BHECTH IOMEXH B €ro padoTy. DKcrepuMeHTaMu Ha GU3UYECKOI MOJIeNu oKa3aHa



BO3MOJKHast HEA(P(PEKTHBHOCTH MOJTHUEOTBO/IA MPHU €0 3a3eMJICHUU B TPYHTAX C OOJIBIITIM
YACIBbHBIM COMPOTUBIICHUCM: pa3psJ C BBICOKOBOJIbTHOI'O JJICKTPOJa MOXKCT HC
NEPpCXBATBIBATHCA MOACIIBIO CTCPIKHCBOT'O MOJIHUCOTBOJA U YCPC3 BCPXHUC CJIIOU I'PYHTA
MOPa3UTh PACIIOJIOKEHHYIO Ha TITyOWHE XOPOIIO 3a3eMJICHHYIO METAITHYECKYTO
KOHCTpyKIHto. Takum 00pa3om, MpH MPOKIIAAKe MOI3EMHBIX BOJIOKOHHO-OMTHYECKIX
KaOeNbHBIX TUHUN B TPYHTE C BBICOKUM Y/IEIBHBIM COMPOTHUBICHUEM HEOOXOIUMO YIUTHIBATD
BO3MOXHOCTb OpUCHTAIUU MOJIHUU Ha MCTAJNIMYCCKYIO 6pOHIO caMoro Ka6en51 WM Ha
METAJUTMIECKHUE DIIEMEHTHI KOHCTPYKIIHA, pactojoKeHHbIe BOM3H Kabens. Kpome Toro,
TOKH, CTEKAIOIINE Yepe3 3a3eMIISIONINE YCTPOHCTBA, MOTYT OKa3aTh KOCBEHHOE BO3CHCTBUE
Ha MOJA3CMHBIC JIMHUHA CBA3U, CO3[JaBasi MHTCHCHUBHOC JJICKTPOMArHUTHOC IOJIC; POCT
HANPSKEHHOCTH AJIEKTPUYECKOTO MOJISI MOXKET MPUBECTH K TIOBOPOTY TUIOCKOCTH
MOJISIPHU3ALINY TIEPEIaBaeMOT0 CHTHAJIA M, COOTBETCTBEHHO, IIOMeXaM B paboTe KaHala CBSI3H.
Knrouesvie cnosa: nonzeMHasi BOJIOKOHHO-ONTHYECKAs! JIMHUS CBS3U, 3a3EMIICHUE
MOJIHUCOTBO/J A, SJICKTPOMArHuTHOC MOJIC, COCTOSAHUC MOJIApU3alIUU, TCHECPATOP UMITYJIbCHBIX

HaIpsHKEHUN.

When laying fiber-optic communication lines underground near grounded objects, they may
be exposed to lightning currents flowing from the grounding conductors of these objects.
Lightning discharge and its electromagnetic radiation can cause changes in the polarization
state of the signal transmitted over the communication line and interfere with its operation.
Experiments on a physical model have shown the possible inefficiency of a lightning rod
when it is grounded in soils with high resistivity: a discharge from a high-voltage electrode
may not be intercepted by a rod lightning rod model and hit a well-grounded metal structure
located at a depth through the upper layers of the soil. Thus, when laying underground fiber-
optic cable lines in the ground with high resistivity, it is necessary to take into account the
possibility of lightning orientation on the metal armor of the cable itself or on metal structural
elements located near the cable. In addition, currents flowing through grounding devices can
have an indirect effect on underground communication lines, creating an intense
electromagnetic field.; An increase in the electric field strength can lead to a rotation of the
plane of polarization of the transmitted signal and, consequently, interference in the operation
of the communication channel.

Key words: underground fiber-optic communication line, lightning conductor grounding,

electromagnetic field, polarization state, pulse voltage generator.
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MopenupoBanue H Bepu(pUKANHUA NOJTUMEPHBIX H30IHOHHBIX KOMIIAYH/0B
EJI®OMMOB C.A., CEPTEEBA A.D. HECTEPEHKO A.A., KOBAJIEB JI.1.,
MVYPAIIKMHA T.H.

Omnmcan npoiecc MOAETHUPOBAHUS U SKCIIEPUMEHTAILHON BepU(UKAILIMH TapaMETPOB
ITOJIMMEPHOI'0 KOMITO3ULIMOHHOTO U30JIALMOHHOIO KOMIIAyH/1a, IIPUMEHAEMOTO B
BBICOKOBOJIbTHOH TexHUKe. Ha ocHOBE MpecTaBUTENbHOIO 00bEMA IOCTPOEHA
TOMOTCHU3MPOBAHHAS pacueTHast MOJIeNb; MOJIeNb dKcnopTupoBaiack B STEP ¢hopmat u
paccYnThIBaIaCh METOJJOM KOHEUHBIX 3JIEMEHTOB IS orpeiesieHus 3(p(peKTUBHBIX 3HAUCHHI
€, 0 U tg0 NpH U3MEHEHUH (PPAKIIMOHHOIO COCTaBa HanoJIHUTEN. M3roToBneHs!
nabopaTopHble 00pa31bl C pa3IMYHBIMU TUIIAMH HATIOJIHUTENS IPU (PUKCUPOBAHHBIX
00BEMHBIX JIOJIIX KOMIOHEHTOB M IPOBEJCHO COMOCTABIICHHE PACUETHBIX M U3MEPEHHBIX
XapaKTEepUCTHK. [[11s1 corlacoBaHusi MOAEIH C SKCIIEPUMEHTAIbHBIMU IaHHBIMH BBITIOJTHEHA
napaMeTpudeckas UASHTH(PHUKAIMS CBOMCTB (a3 ¢ UCMOIb30BAaHUEM JIMHEHHOT O MpaBuiia
OCpeIHEHHS 110 0OBEMHBIM JOJISIM U BBEJICHUEM KOPPEKTUPYIOMIMX KOI(P(PUIIMEHTOB K
HCXOJHBIM IIapaMeTpaM KOMIIOHEHTOB.

Knioueesvie cnoga: NonuMeEpHbIN U30JIALUOHHBIN KOMIIAYH, KOMIIO3ULIMOHHbBIE AUAJIEKTPUKH,
YHUCIEHHOE MOJICIMPOBAHUE, METO/] KOHEYHBIX 3JIEMEHTOB, IPEJCTaBUTEIIbHBIA 00BEM,

BepU(pUKaLKS SKCIIEPUMEHTOM.

The process of modeling and experimental verification of the parameters of a polymer
composite insulating compound used in high-voltage engineering is described. Based on the
representative volume, a homogenized computational model was built; the model was
exported to STEP format and calculated using the finite element method to determine the
effective values of €, o and tg when the fractional composition of the filler changes.
Laboratory samples with different types of filler were made with fixed volume fractions of
components and the calculated and measured characteristics were compared. To align the
model with experimental data, parametric identification of phase properties was performed
using a linear volume-fraction averaging rule and the introduction of correction coefficients to

the initial component parameters.



Key words: polymer insulating compound, composite dielectrics, numerical modeling, finite

element method, representative volume, experimental verification.
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HoBble KOMIO3UTHBIE IMOKCHIHbIE KOMIAYH/IbI € YJIY4YIIEHHbIMH MeXaHHYeCKUMH
XapaKTePUCTUKAMHU JUIS YJIEKTPOTEXHHYECKHUX MPUMeHeHUit

IF'AJINMMOBA A.B., EJIOMMOB C.A., KPYTJIMKOB JI.A., AKUHIMH H.A., TKAYEHKO
C.H.

[IpencraBieHsl pe3yabTaThl pa3padOTKH CEPUH HOBBIX ATIOKCHIHBIX KOMIO3UIIMOHHBIX
KOMIIAYHJIOB JIJIS JIEKTPOTEXHUYECKUX IPUMEHEHHUH C aKIICHTOM Ha MOBBIIICHUE
MEXaHHYECKUX XapaKTEPUCTUK MPU COXPAHEHUH TPEOYEMBIX IIIEKTPOHU3OJISIIUOHHBIX
coiicTB. CopmupoBaHa enHas SKCIIEpUMEHTaIbHAs cepusi 00pa3oB, U3TOTOBIEHHBIX MO
OJIMHAKOBOI TEXHOJIOTUU Ha OCHOBE SMIOKCHIHOIN MAaTPHIIbI C BApbUPOBAHUEM THUIIA
HATIOJIHUTEJIS, TOTIOTHUTEIHHO U3TOTOBJICH 0a30BbIi 0Opasen 0e3 HanoaHuTenei. [IpoBenén
KOMIUIEKC MCTIBITAHUH SJICKTPUUYECKUX MAPAMETPOB, a TAKIKE MEXAaHUIECKUX XapPAKTEPUCTUK
(pactspxenue u cxxatue). [lomydeHsl 3HaYeHUS TEKTPOPU3UIESCKUX U IPOIHOCTHBIX
MoKasareseu st BceX KOMIO3UIIMIA, BHIIOJTHEHO COMOCTABICHNE BIUSHUS PUPOIBI U
Mopooruu HaroJIHUTENEeH Ha TapaMeTpbl MaTepUaIOB.

Knrouesvie crosa: smoKCUIHBIC KOMTIAYHIBI, TOJTUMEPHBIE KOMITO3UIIMOHHBIE MaTepUAITbI,

MCXaHHUYCCKHEC CBOﬁCTBa, QJICKTPpHUYCCKAA U30JIIIMA, HATTOJHUTCIIA, UCIIBITAHUA.

The results of the development of a series of new epoxy composite compounds for electrical
engineering applications with an emphasis on improving mechanical characteristics while
maintaining the required electrical insulation properties are presented. A single experimental
series of samples was formed, made using the same technology based on an epoxy matrix
with varying types of filler; additionally, a basic sample was made without fillers. A set of
tests of electrical parameters, as well as mechanical characteristics (tension and compression)
was carried out. The values of electrophysical and strength parameters for all compositions
were obtained, and the influence of the nature and morphology of fillers on the parameters of
materials was compared.

Key words: epoxy compounds, polymer composite materials, mechanical properties, electrical

insulation, fillers, tests.
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KaauOpoBka uMUTALMOHHON Moae M Tpex(daszHoro TpancdopmaTopa no
IKCNEPUMEHTAJBHBIM OCHM/IJIOTPAMMaM HaNpPsSiZKeHNi U TOKOB X0JIOCTOr0 X012
TUXOHOB A.1., KPACOBCKUI A B., CTYJIOB A.B., [IOJIOEHBII A.B. CHUTBEKO
N.C., UICAEBA M.B., OBCJIHHNHKOB A.T'.

[TpemioxeH MeTo 1 KATMOPOBKA UMHUTAIIMOHHON MOJIeNH TpeX(a3zHoro TpaHchopmaropa co
CTEpKHEBBIM MAarHUTOIIPOBOAOM IO ONBITHBIM OCIIJIJIOTPAMMaM TOKOB M HaIIPSIKEHUI,
MO3BOJISIOMINN BOCIIPOM3BOIUTH C MOBBIIIEHHON JOCTOBEPHOCTBIO BUJ] OCIIMILIOT PAMM
(a3HBIX TOKOB B PEKUME YCTaHOBHBILIETOCS XOJIOCTOr0 X0a ycTpoiicTBa. KannOpoBaHHas
MOJIETIb MOYKET MCIIOJIb30BaThCs B KauecTBE UG POBOro ABOWHUKA PEAIbHOTO
TpaHcpopmaTopa, B TOM YUCIIE, A JUATHOCTUKH MOBPEXKICHUN MarHUTHOW CUCTEMBI
ycTpoicTBa 6€3 ero JeMoHTaxka 1 pazdoopku. [IpenyioskeHHbIN anropuT™M KaauOpOBKH
MOJIeTIell OCHOBAaH Ha TCHETUYECKUX alITOPUTMAX PEIICHUS CUCTEMbI HETMHEWHBIX YpaBHEHUH
JUIS pacueTa KpUBBIX HAMArHUYMBAHUSI 3JIEMEHTOB MarHUTHOM cUCTEMBI TpaHcpopMaTopa.
Anroput™m peanuzoBal B cpene MATLAB Simulink ¢ nucrons3oBannem OUOIMOTEKH
SimPowerSystems. ComnocTaBieHue pe3yiabTaTOB MOJEIMPOBAHUS C SKCIIEPUMEHTATLHBIMHU
JaHHBIMH TIOKA3aJ10, YTO KaJIMOpOBaHHBIE MOJIeNN O0Jiee TOCTOBEPHO, YeM U3BECTHBIE
MO/IEJIH, BOCIIPOU3BOIAT XapaKTep U3MEHEHUS TOKOB U HAIIPSHKEHU, B YaCTHOCTH, CpeJIHEe
OTKJIOHEHHE PACUETHBIX KPUBBIX OT HKCIIEPUMEHTATIbHBIX OCHUIIOTPAMM TOKOB HE
npessimaet 10 %.

Knroueswie cnosa: TpexdazHblii TpaHCPOPMATOP CO CTEPIKHEBBIM MarHUTOIIPOBOJIOM,

MMUTAIIMOHHOE MOJIeIMpOBaHue, reneTnueckue anroputmbl, MATLAB Simulink.

A method is proposed for calibrating a simulation model of a three-phase transformer with a
core magnetic circuit based on experimental current and voltage waveforms, which makes it
possible to reproduce with increased reliability the type of phase current waveforms in the
steady-state idle mode of the device. The calibrated model can be used as a digital twin of a
real transformer, including for diagnosing damage to the device's magnetic system without
disassembling it. The proposed model calibration algorithm is based on genetic algorithms for
solving a system of nonlinear equations for calculating the magnetization curves of the
elements of the magnetic transformer system. The algorithm is implemented in the MATLAB

Simulink environment using the SimPowerSystems library. A comparison of the simulation



results with experimental data has shown that the calibrated models reproduce the pattern of
current and voltage changes more reliably than the known models, in particular, the average
deviation of the calculated curves from the experimental current waveforms does not exceed
10%.

Key words: three-phase transformer with a core magnetic core, simulation modeling, genetic

algorithms, MATLAB Simulink.
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Amop¢dHbIe MATHUTOMSATKHE MAaTEePHAJIbI 1JI1 IPUMEHEHNS B JJIEKTPUYECKUX MAIIIHHAX:
CBOICTBA M MapaMeTpbl

NCMATUJIOB @.P., OXOTHUKOB M.B., IEMHUH A.10., YPASEAXTHH P.P.
PaccmoTpensr cBoiicTBa aMOop(HBIX MAarHUTOMSATKUX MaTepuaiioB (AMM), Mpou3BOIUMBIX B
Poccun u 3a pyoexxom. [lpuBenensl kpuBble HaMarHuuuBaHust AMM, BbINOJIHEHA UX
AKCTPAIOJISIMS 111 HEKOTOPBIX Mapok AMM, paccMOTpEHbI UX yAETbHBIE TIOTEPH.
Brimonnena Bepudukarus napameTpoB AMM, momydeHHBIX ITyTeM KCTPATOJISIIIIH.
[IpuBeneHbI BHIBOMBI O pe3yiibTaTax Bepudukanuu mapamerpoB AMM, moqydeHHBIX
METOJIOM SKCTPATIOJISIIUHU U MPEJIOKEHBI aKTyaTbHbIC HAPABICHUS sl OYTyIIIX
HCCIICIOBAHUM.

Knrouegwle cnoea: 3nexTpruueckie MalllMHbl, MATHUTOMSITKHE MaTepHalibl, aMOp(HbIE

MAarHuTOMATKUEC MaTCpHraJibl, KpuBasi HAMarHu4uBaHUs, YACIbHBIC IIOTCPH.

The properties of amorphous magnetically soft materials (AMM) produced in Russia and
abroad are considered. The magnetization curves of AMM are given, their extrapolation is
performed for some AMM grades, and their specific losses are considered. Validation of the
AMM parameters obtained by extrapolation has been performed. Conclusions about the
results of validation of AMM parameters obtained by extrapolation are presented and relevant
directions for future research are proposed.

Key words: electric machines, magnetically soft materials, amorphous magnetically soft

materials, magnetization curve, specific losses.
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OO0MeHHBIE KOTe0aHNS MOLIIHOCTH NIPH ACHMMETPHH B KaHAJIaX BO30Y:KIeHHUS TH3e/Ib-
TeHEePATOPHBIX arperaToB CyA0BbIX JJIEKTPOIHEPreTHYECKUX CHCTEM
I'EPMAH-T'AJIKUH C.I'., IMUTPUEB b.®.

PaccmoTrpena npo6Giema cTaTH4eCKO HEYCTOMYMBOCTH CYJIOBBIX JIEKTPOIHEPTETHUCCKUX
cucreM (COIC). [TokazaHo, 4To 3Ta MpobiIEeMa CBA3aHa C ACUMMETPHUYHON pabOTON KaHAIOB
BO30YKJICHHSI TU3EJIb-T€HEPATOPHBIX arperaTton, padOTAIONIMX MPH MapaJUIeIbHOM
BKJIIOUEHUHU Ha OO0IIy0 Harpy3ky. Pacuer ocHOBHBIX XapakTepuctuk COOC npu
HECUMMETPUYHOM peXHUME pabOThI OCYIIECTBIAETCS Ha 0a3e TeOMETPUUECKUX COOTHOIIECHUI
BEKTOPHBIX TUarpaMM. PaccuntanHble 3aBUCIMOCTH TOKa3aJId HaJIMUue 00JIacTu
cratnueckoil HeycroitunBoctd CIIC npu aCUMMETPHUX KaHAJIOB BO30YKICHUS.
Junamuyeckue mpoiiecchl B paccMarpuBaeMoid COIC pacCMOTPEHBI C UCITOIB30BAHUEM
MMHUTALMOHHON Mojenu. Pe3ynbraTsl MOJEIUpOBaHMs TOATBEPIMIN HATMYNE OOMEHHBIX
3JIEKTPOMArHUTHHIX Kosebanuit B CODC npu acCUMMETpHUHU B CCTeMaXx BO30YKICHHUS.
Kniouesvie cnoga: cynoBas 2E€KTPOIHEPIrETUUECKASI CUCTEMA, TU3EIb-T€HEPATOPHBIN
arperat, CAHXpOHHBII F€HepaTop € 3JEKTPOMATHUTHBIM BO30YXK/I€eHHEM, KOJICOaHUs

MOIIIHOCTH.

The problem of static instability of shipboard electric power systems (SEES) is considered. It
is shown that this problem is related to the asymmetric operation of the excitation channels of
diesel generator sets operating with parallel switching on the total load. The calculation of the
main characteristics of the FEES in an asymmetric mode of operation is carried out on the
basis of geometric ratios of vector diagrams. The calculated dependences showed the presence
of a region of static instability of the SEES with an asymmetry of the excitation channels.
Dynamic processes in the considered SEES are considered using a simulation model. The
simulation results confirmed the presence of exchange electromagnetic oscillations in the
SEES with asymmetry in the excitation systems.

Key words: marine electric power system, diesel generator set, synchronous generator with

electromagnetic excitation, power fluctuations.
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DJIeKTPOreHepaTophbl 1JIs HOBBIX MAPOra3oBbIX HUKJIOB € KHCJIOPOAHBIM CTOPAHUEM



TOIJIMBA
JIABYTUH A.A., BOPUCOB [0.A., KOCOI1 A.A., KPEICOB A B.

OnHo 13 Haubosee MEePCIEeKTUBHBIX PELICHUI MPoOIeMbl BEIOPOCOB YIJIEKHCIIOrO Ta3a B
aTMocdepy CBSI3aHO C TEXHOJIOTHEN KUCIOPOIHOTO CKUTAHUSI TOTUIMBA U UCTIOJIb30BAaHUEM B
kadectBe padouero tena CO, u H;O B CBEpXKpUTHUECKOM COCTOSIHUU. ITO TpeOyeT perieHus
psi/ia CIIOKHBIX TEXHUUYECKUX MPOOIeM, B YaCTHOCTH, TPE0OPa30BaHUs MEXaHUYECKOM
SHEPI'UH, TeHepUpPyEeMOil TypOHHOI, B AJIEKTPOIHEPTHI0. BrIcoKas MI0THOCTH paboyero Tena
MPUBOJUT K TOMY, YTO ONTHUMAaJIbHASl 4YaCTOTA BPAIICHUs TYPOMHBI Jake IPU MOIIHOCTSIX,
M3MEPSIEMBIX COTHSIMU METraBaTT, 3HaunTeaIbHO npeBbimaeT 3000 06/muH. Mcnonb3oBanue
MEXaHMUYECKOT0 PEYKTOpa, IEPENAOIIEr0 TAKUE MOLIHOCTH IIPU TAKUX YaCTOTAaX BPALLEHUS,
OTrPaHUYEHO BO3MOXHOCTBIO €ro co3AaHus. PaccMoTpeHa BO3MOYKHOCTD CO3aHMs
BBICOKOYACTOTHOT'O reHepaTopa O0JIbIIONH MOLUTHOCTH C CUCTEMOM NMpeoOpa3oBaHUsI TOKA.
[TokazaHo, 4TO cO3/MaHME PIEKTPOTCHEPATOPA MOIITHOCTRIO Oostee 60 MBT ¢ wacToToi
BpameHus 6onee 24000 06/MHH SBIIIETCS peaTbHOU 3aauei.

Knroueswie cnoea: BBICOKOOOOPOTHBIN MHIYKTOPHBIN T'€HEPATOP, KUCIOPOTHOE CIKUTAHUE

TOIUIUBA, TeHEpaIus deKTprudecTBa, yruiausanusa CO;.

One of the most promising solutions to the problem of carbon dioxide emissions into the
atmosphere is related to the technology of oxygen fuel combustion and the use of CO2 and
H2O0 in a supercritical state as a working medium. This requires solving a number of complex
technical problems, in particular, converting the mechanical energy generated by the turbine
into electricity. The high density of the working fluid leads to the fact that the optimal turbine
rotation speed, even at capacities measured in hundreds of megawatts, significantly exceeds
3,000 rpm. The use of a mechanical gearbox that transmits such power at such rotational
speeds is limited by the possibility of its creation. The possibility of creating a high-frequency
high-power generator with a current conversion system is considered. It is shown that the
creation of an electric generator with a capacity of more than 60 MW with a rotation speed of
more than 24,000 rpm is a real task.

Key words: high-speed inductor generator, oxygen combustion of fuel, electricity generation,

CO2 utilization.
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TBepaoTebHBIH KOHTAKTOP AJIS 3J1eKTPOTEXHHYECKMX KOMIIJIEKCOB MNOCTOSIHHOT0 TOKA
BOJIBCKUI C.1., COPOKUH JI.A., CKOPOXO/] 10.10.

B 21eKTpOTEXHNYECKUX KOMIIIEKCAX MOCTOSHHOTO TOKA HIMPOKO MCIIONB3YIOTCS
JIEKTPOMEXaHNYECKUE KOHTAKTOpBI. TBEepHOTEIbHBIE KOHTAKTOPHI HA Oa3e
MOJIYIIPOBOTHUKOBOTO CHIIOBOTO Kitoua (buronsipaoro tpansuctopa, IGBT, MOSFET u 1.1m)
SBIISIIOTCS aJIbTEPHATUBHBIM BapUaHTOM. B OONbIIMHCTBE TBEPAOTEIBHBIX KOHTAKTOPOB
ITOCTOSIHHOT'O TOKa OTCYTCTBYIOT BCTPOEHHBIE LIENU 3aLIUTHI 110 HAIPSKEHUIO U TOKY,
MI03TOMY pa3paboTYMKaM MPUXOJUTCSA IPOEKTUPOBATh BHEIIHUE 3aLUTHBIE LIEMH, 4TO,
YCIIO’KHSIET UCIIOJIb30BAHNE TBEPIOTEIBHBIX KOHTAKTOPOB B 3JIEKTPOTEXHUUECKUX
koMIuiekcax. C yueToM BO3MOXHBIX MHAYKTUBHOCTEN B LIENAX IEKTPOTEXHUYECKUX
KOMIUIEKCOB IIOCTOSHHOI'O TOKA MPEJIOKEH PACUYET MapaMETPOB BCTPOCHHBIX 3aIIIMTHBIX
Lene TBEpAOTEIbHOTO KOHTAKTOpa NOCTOSTHHOTO TOKA. [IpencTaBien MakeT KOHTaKTOpa ¢
ucnosbs3oBanueM SICMOSFET u BCTpOEHHBIX 3allUTHBIX LIETIEH; KOHTAKTOP UMEET
ympasienue o CAN untepdeiicy. cnpiTanus Ha MakeTe HOATBEPAMIN TOCTOBEPHOCTh
IIPEJIOKEHHBIX PACYETHBIX BBIPAKEHUH U1 ONIPENEICHMS IAPaMETPOB BCTPOSHHBIX
3aIUTHBIX LIENEH.

Kniouesvie cnoga: 3neKTpOTEXHUUECKUIM KOMITJIEKC IIOCTOSIHHOTO TOKA, TBEPAOTEIbHBIN
KOHTAKTOP MOCTOSTHHOTO TOKa, CHaOOepHast 3allUTHAs 1IeTlb, KJIaMIIepHas 3alllUTHAs 1IeTlb,

SICMOSFET.

Electromechanical contactors are widely used in DC electrical engineering systems. Solid-
state contactors based on a semiconductor power switch (bipolar transistor, IGBT, MOSFET,
etc.) are an alternative option. Most solid-state DC contactors do not have built-in voltage and
current protection circuits, so developers have to design external protection circuits, which
complicates the use of solid-state contactors in electrical engineering complexes. Taking into
account possible inductors in the circuits of DC electrical complexes, the calculation of the
parameters of the built-in protective circuits of a solid-state DC contactor is proposed. A
contactor layout using SICMOSFET and integrated safety circuits is presented; the contactor
is controlled via a CAN interface. Tests on the mock-up confirmed the validity of the
proposed calculation expressions for determining the parameters of the built-in protective
circuits.

Key words: DC electrical engineering complex, DC solid-state contactor, snubber protection

circuit, clamp protection circuit, SICMOSFET.
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MeTtoa 3Kkcnpecc-oeHKH IHeProdpPeKTHBHOCTH YCTAHOBKH 3JIEKTPONIPUBOJIHOTO
LHEHTPO0EKHOT0 HACOCA MTPU YACTOTHOM peryJiupoOBaHUM

MUIITYPUHCKUX C.B., CEMEHOB A.C., KYXAPUVYK A.B., CMUPHOB M.O.

C noObrueit HeTH YCTaHOBKaMH 3JICKTPOIIPUBOIHOTO IIEHTPOoOexkHOTO Hacoca (YOIIH)
CBs3aHa Tpo0semMa SHepreTuIecKoi 23 (HEKTUBHOCTH MTPH YaCTOTHOM PETyJIUPOBAHUMU.
CymecTByrorue MeTo bl orieHkH dddextuBHOocTH YIIIH BecbMa TpynoéMku, nx
MIPUMEHEHHUE VISl PELICHUs 3a/1a4 ONIEPATUBHOTO YIIPABJICHUS U TIaHUPOBAHUS
TEXHOJIOTHYECKUX PEKUMOB 3aTPYAHUTENIBHO M3-3a TIOCTOSIHHO MEHSIOIIMXCS MapaMeTpOB
TEXHOJIOTHYECKOro Mpoliecca. B cratbe mpeacTaBieH Moaxo/1, HO3BOJISIOMUN OBICTPO U €
BBICOKOW TOYHOCTBIO OIEHHUBATh YHEpreTHIecKyro d¢dexruBrHocth YIIIH npu nx

(G YHKITMOHUPOBAHWH B MEPHOUICCKOM pekume. KimroueBolt 0COOCHHOCTBIO SBISETCS
BBICOKAs CTEMEHb MPAKTUUYECKON MPUMEHUMOCTH KakK B MOJEBBIX YCIOBUSIX, TAK U JJIs
MHTErpaluy NpeCTaBIEHHOTO METO/Ia B CUCTEMbI aBTOMAaTU3UPOBAHHOTO YIIPABICHUS U
QJIITOPUTMBI TOMOUTY MPUHATHUS PELICHUH I IPeANpUsATHil HeTerazoa00bIBatoIEH
otpaciu. PazpaboTaHHasi MOTHHOMUAIBHAS 3aBUCHMOCTE TIO3BOJISIET OMEPATHBHO OMPEICIISATh
KaK MPUBEJICHHBIN AeOUT, TaK U YACTHHOE AIEKTPONOTPEeOICHHIE, YTO CYIIECTBEHHO
YIPOIIAET NPAKTHUECKOEe MPUMEHEHNE METO/Ia U MOBBIIIAET €r0 YHUBEPCAIbHOCTD JIS
Pa3IMYHBIX PEKUMOB dKcIuryaTtanuu Y I1[H.

Knroueswie cnosa: noopua HeTH, YCTAHOBKHU 3JIEKTPOIPUBOIHOTO IEHTPOOESIKHOTO HACOCA,

YaCTOTHOE PETyJIMpPOBaHKE SHEpreTryeckas 3ppeKTuBHOCTS.

The problem of energy efficiency with frequency control is associated with oil production by
electric centrifugal pump installations (ECPI). The existing methods for evaluating the
effectiveness of ECPI are very time-consuming, and their use for solving operational
management and planning tasks is difficult due to the constantly changing parameters of the
technological process. The article presents an approach that makes it possible to quickly and
accurately assess the energy efficiency of ECPI when they operate in a periodic mode. The
key feature is the high degree of practical applicability both in the field conditions and for the
integration of the presented method into automated control systems and decision-making

algorithms for enterprises of the oil and gas industry. The developed polynomial dependence



makes it possible to quickly determine both the reduced flow rate and the specific power
consumption, which greatly simplifies the practical application of the method and increases its
versatility for various operating modes of the ECPL

Key words: oil production, electric centrifugal pump installations, frequency control, energy

efficiency.
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MeToanka IKCIepUMEHTAIBHOTO ONpeaeIeHUsI MATHUTHBIX XapaKTePHUCTHK JIMCTOB
craropa

JEPTAYEB I1.A., KY3HELIOB E.A., KYPEATOBA E.I1., BEHIIEPEB M.C.

CraThsl OCBsIIIIEHA OIICHKE MAarHUTHBIX CBOMCTB 3arOTOBOK JIJISl CTaTOpa TeHepaTopa mpu
MIPOU3BOICTBEHHOM KOHTpoJie. O00CHOBaHA PUMEHHUMOCTb MPEIIOKEHHBIX METOJIOB C
UCTIOJIb30BaHUEM pa3pabOTaHHBIX MOJIENICH KOHTPOJISI HA OCHOBE pacdera pacripeaeIcHus
ANEKTPOMArHUTHOTO TIOJISI METOIOM KOHEUHBIX AJIEMEHTOB B POTPAMMHOM O0ECTICUCHUN
COMSOLMultiphysics. BeimosHeHb! 3KCIIEpUMEHTAIBHBIE UCCIIEIOBAaHMS IO OTPEICICHUIO
CBOWCTB JIUCTOB CTaTOpa M UX COOTBETCTBUIO JACHCTBYIOIINM CTAaHIAPTaM C LEITbIO
000CHOBaHUS MPEIIOKEHHBIX METOAUK. [y TucToB cTaTopa u3 cranu 2412 onpeaeieHsl
HavaJbHAas KpUBas HAMarHUYMBaHUs, CTATHYECKAs M JMHAMUYECKas TICTIM MarHUTHOTO
TUCTepe3nca, yAelbHbIe MATHUTHBIC TOTepH. [IpennoKeHHBII METO/T TAKKE MOXKET OBITh
MPUMEHEH JUTS Pa3IMYHbIX JIEKTPUYECKUX MAIIUH B MPOLIECCE H3TOTOBJICHUS U
o0CITy>)KUBaHUSI.

Knrwouesnie cnosa: 3aroToBKH IS CTaTOpa reHEPATOPA, TPOU3BOJICTBECHHBIH KOHTPOJIb CTaIIH,

Mar"HuTHBIC CBOMCTBA CTaJIk, YACIIbHBIC MAIrHUTHBIC ITIOTCPH.

The article is devoted to the evaluation of the magnetic properties of workpieces for the
generator stator during production control. The applicability of the proposed methods using
the developed control models based on the calculation of the electromagnetic field
distribution by the finite element method in the COMSOLMultiphysics software is
substantiated. Experimental studies have been carried out to determine the properties of stator
sheets and their compliance with current standards in order to substantiate the proposed
methods. The initial magnetization curve, static and dynamic magnetic hysteresis loops, and
specific magnetic losses were determined for stator sheets made of steel 2412. The proposed

method can also be applied to various electrical machines during the manufacturing and



maintenance process.
Key words: blanks for the generator stator, steel production control, magnetic properties of

steel, specific magnetic losses.

Onekmpomexnuka, 2026, Ned, cmp. 87-90

ABTOpBI HOMepa



