Onekmpomexuuka, 2026, Ne5, cmp. 1-1

Conepxanue
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Biiusinue reoMeTpHYecKHX MapaMeTPOB H MATEPHAJIa TeNI0BOI MHIIIEHH HA
pacnpesie/ieHHe TeIlJIa Mo/ BO3/1eiicTBHEM 3J1eKTPOHHOI0 NMy4Ka

TJIMHCKUM A.B., BE3BEPJIA A.A., HEXOPOIIIEB A.B., JAHLIEB B.A., TOHYAPOB
AJL

PaccMoTpeHbl 3aKOHOMEPHOCTH pacipeesieHusl TeIia B YTHIN3allHOHHOW MUILICHH TIPH
BO3/ICHICTBUY JIEKTPOHHOTO ITyYKa C YUETOM Pa3INYHBIX TeOMETPUIECKUX ITapamMeTpoB. B
Ka4ecTBe MaTeprasia MUIICH! BEIOpaH BOIb(paM, YTO MO3BOJISIET MUHUMH3HPOBATh €&
pa3mepsl. JlJ1s OIIeHKH TEIUIOBOrO MOBEICHHS MUIIEHHU pa3paboTaHa MaTeMaTudecKast
MOJIeJIb, Ha KOTOPOI MCCIIEI0OBAHO UMITYJILCHOE BO3JIEHCTBHE AJIEKTPOHHOT'O ITy4YKa.
Pe3ynpTaThl YMCICHHOTO MOAEIUPOBAHHMS, COIIOCTABICHHBIE C KCIIEPUMEHTAILHBIMU
TaHHBIMH, TIOKA3aJI1, YTO MOJIENb aJieKBaTHA. MOeIh MO3BOIAET ONPEEIUTh ONTUMAJIbHEIE
pa3Mepsl U MaTepual MULICHU JJIsl IPUMEHEHUS B CUCTEMAaxX TUArHOCTUKU 3JIEKTPOHHOTO
Jayd4a. Y CTaHOBIICHO, YTO ONITUMANIBHBINA MAMETp MHUILIEHH, UCXOIs U3 3aJaHHBIX TPeOOBaHUH,
paseH 120 mm, BeicoTa — 100 mm.

Kniouegwie cnoga: >nexTpOHHBIN MTy4OK, YTHIN3ALMOHHAS MUIICHbD, TETIOBOE
pacripenielieHue, MaTeMaTHIeCKOe MOICTIMPOBAHNE, TEOMETPHUUECKIE TTapaMeTPHl,

TCpMHUYCCKaA YCTOP'IHHBOCTB, JUAarHoCTHKa.

The patterns of heat distribution in a recycling target under the influence of an electron beam
are considered, taking into account various geometric parameters. Tungsten was chosen as the
target material, which minimizes its size. To evaluate the thermal behavior of a target, a
mathematical model has been developed on which the pulsed effect of an electron beam has
been studied. The results of numerical simulation, compared with experimental data, showed
that the model is adequate. The model allows us to determine the optimal size and material of
the target for use in electron beam diagnostic systems. It is established that the optimal

diameter of the target, based on the specified requirements, is 120 mm, height — 100 mm.



Key words: electron beam, recycling target, thermal distribution, mathematical modeling,

geometric parameters, thermal stability, diagnostics.
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ObecneyeHHe CUMMETPUYHOIO IBYIOJAPHOro HanpsizkeHust 270 B B nepcrneKTUBHBIX
CHCTEMAaX IJIeKTPOCHAOKEHUs] MOCTOSTHHOT0 TOKA

AJIEKCEEB A.O., ITIEBLOB I.A., IEHKHWH B.T., IIUIIIOB .M., TPOLLNMH IL.A.
[Ipennoxensl crnocoObl 00ecredeHnss CHMMETPUYHOTO JIBYHOJISIPHOTO BBIXOAHOTO
HanpspkeHus +270 B B IEpCIIeKTUBHBIX CHCTEMaX AJIEKTPOCHAOKEHHSI TTOCTOSTHHOTO TOKA.
[TpuBeneHs! pa3paboTaHHBIE CTPYKTYPHBIE U CXEMOTEXHHUECKUE PEIICHUS, PE3yIbTaThI
MMUTAIMOHHOTO KOMIIBIOTEPHOTO MOJISTHPOBAHMSI, TOATBEPKAAIOIINE PAOOTOCIIOCOOHOCTh
MPEJIOKEHHBIX PEUICHH, a TAK)KE UX IOCTOMHCTBA U HEJTOCTATKHU.

Knroueevle cnosa: neratenbHBIN anmapar, THOpuHas cunoBas ycranoBka, BTCII,
MEPCIIEKTUBHBIC CUCTEMBI DJIEKTPOCHA0KECHHUS, TOBBIIICHHOE HanpspkeHue +270B,

Tpex(azHbIi KOPPEKTOP KOI(PPHUIIHEHTa MOITHOCTH.

Methods for providing a symmetrical bipolar output voltage of +270 V in promising DC
power supply systems are proposed. The developed structural and circuit solutions, the results
of computer simulation, confirming the operability of the proposed solutions, as well as their
advantages and disadvantages are presented.

Key words: aircraft, hybrid power plant, high-power equipment, advanced power supply

systems, increased voltage +270V, three-phase power factor corrector.
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3apsiiHOe YCTPOCTBO eMKOCTHOI0 HAKONMTEJISI JHEPTHH € J03UPYIOIIHUMH
KOH/JIEHCATOPAMH U «MATKOID» KOMMYTalHell CHI0BBIX TPAH3UCTOPOB

BAHSEB B.B., KOITEJIOBUY E.A.

PaccmoTpens! nporiecchl koMMmyTanuu cuiaoBbix MOSFET-TpaH3uCTOPOB B IPETIOKEHHOM
CXEMe 3apsSAHOr0 YCTPOMCTBA EMKOCTHOTO HAKOMUTEIS SHEPTUHU Ha 6a3e MOTyMOCTOBOIO

TPaH3UCTOPHOTO IpeoOpa3oBaTes C JOZUPYIOUUMH KOHAeHCaTOpaMu. [lomydeHbl OCHOBHBIE



pacyeTHbIC COOTHOIIEHUS /TSl BLIOOpA IMapaMeTpOB DJIEMEHTOB CHaOOEPHBIX IIeTeH,
MIO3BOJISIIOIIMX PEAIN30BaTh PEXKUM «MATKOW» kommyTanuu cuitoBbix MOSFET-
TPAH3UCTOPOB HA BCEM ITUKJIE 3aPSAAKH HAKOUTENS MIPU MOCTOSIHHOM YacToTe paboThI
3apsaHOro ycTpoiicTBa. [IpuBeaeHbI MeTOANKA pacyeTa apaMeTpoB 3JIEMEHTOB CHaOOEpPHBIX
1enei 1 pe3yibTaThl MOJIETFHOTO U HATYPHOTO SKCIIEPUMEHTA, MTOITBEPIKIAIOIIIE €€
JIOCTOBEPHOCTb.

Kniouesvie cnoga: 3apsiiHOE YCTPONCTBO, EMKOCTHOM HAKOIUTEIb SHEPTUH, JO3UPYIOLIHE
KOHJICHCATOPBbI, «MSTKas» KOMMYTAIHs CUJIOBBIX TPAH3UCTOPOB, CHAOOEPHBIN KOHEHCATOD,

MHTEPBAJIBI 3apAIKH, MOJICIUPOBAHHUE, IEPETPEB CTPYKTYPHI TPAH3UCTOPA.

The switching processes of power MOSFET transistors in the proposed scheme of a charger
for a capacitive energy storage device based on a half-bridge transistor converter with
metering capacitors are considered. The basic calculation ratios for selecting the parameters of
the snubber circuit elements have been obtained, which make it possible to implement the
«soft» switching mode of power MOSFET transistors throughout the charging cycle of the
drive at a constant frequency of the charger. A method for calculating the parameters of
snubber circuit elements and the results of a model and field experiment confirming its
reliability are presented.

Key words: charger, capacitive energy storage, metering capacitors, "soft" switching of power
transistors, snubber capacitor, charging intervals, modeling, overheating of the transistor

structure.
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HoBblit MeXaHH3M NPOSABJICHUA F€OMArHUTHO-HHAYIUPOBAHHbIX TOKOB

CHUBOKOHbD B.II.

OO1enpUHITHIM TOIX0A0M K OIIEHKE MOCIeICTBUN MPOTEKAaHUSI TEOMarHUTHO-
uHaynupoBanHbiXx TokoB (I'MT) B sHepreTuyeckux cucreMax MPUHATO CYUTATh U3MEHEHHE
peXHMa CHIIOBOTO TpaHC(hOopMaTopa, U Kak CIEICTBUE, €T0 Mepexo B HeMMHEHHBIN pexuM. B
paMKax 3TOro IOAXO0Aa BO3MOKHBI pa3iandHble MexaHu3Msl nposiiaeHus I UT: B Bune
TEIUIOBBIX MTOTEPh, IPUBOISIINX K HATPEBY AIEMEHTOB KOHCTPYKIIUU TpaHC(HOPMATOPOB;
Jerpajaluuy JUAJIEKTPUYECKUMX CBOMCTB MaTEPHUAIIOB, UCIIOJIb3YEMBIX B YCTPONCTBAX;

TEHEPALMH BBICIIUX FapMOHUK TOKa U T.1. Ilockonbky npu Hannuuu I'UT cunosoi



TpaHcGopMaTOp paccMaTPUBAETCS, KaK HEJTMHEHHBIN 3JIEMEHT, MOXKHO TPEINOI0KUTh, YTO
HapsAIy C reHepalel BRICIIMX TapMOHHUK BO3MOXKHBI U CIEHU(UIECKHE TIPOLIECCHI, B TOM
qucie, MOy ISIMOHHBIE. /11 IpOBEpKU 3TOM TMIOTE3bI B KAYECTBE MOIYITHPYEMOTO
Kos1e0aHusl UCIIOB3YIOTCSl TAPMOHUKH TOKa, TeHEpUpYyeMble TpaHC(HOPMaTOPOM.
MonynupyroomuM KoineOaHueM BBICTYIaeT FreOMarHUTHO-UHAYIIUPOBAHHBIN TOK, HCTOYHUKOM
KOTOPOTO SIBJISIOTCS TEOMAarHUTHBIE MyJbcanuu. Habmoqenns Bo BpeMsi CUIIbHOM MarHUTHOM
Oypu 10-12 mas 2024 r. nokaszajiu BO3MOXHOCTb peaTn3alii MOIYISIIIMOHHOTO MEXaHU3Ma
nposisnieHus: ' U'T u BnepBbie MO3BOIMIN 3aUKCUPOBATEH B €T0 COCTaBE T€OMarHUTHHIE
nynbcaryu Pc3. MoxHO npeanoiokuTh, 9To 6osee MomrHbie coctapisromnue ['UT,
00yCJIOBJICHHBIE, HAIPUMEP, TeOMarHUTHBIMH ITyJbcalusiMu PcS5, B couetannu ¢
MOJTYJISIITHOHHBIMU TPOLIECCAMU CIIOCOOHBI MOAYJIMPOBATH TOK, MPOTEKAIOLINHA B IEPBUYHON
00MoTKe 0J109HOTO TpaHChOpMaTOpa, YTO MOXKET CKa3aThCS Ha PEKUME TeHEPUPYIOIICH
CTOPOHBI. DKCIEPUMEHTAIbHbIE JAHHBIE MOTYYEeHbI ITyTeM OECKOHTAKTHOIO MOHUTOPHHTA
BBICOKOBOJIbTHOM JInHUU 220 kB MyTHOBCKO# ['e09C, ocy1iecTBasIEMOr0 ¢ IOMOLIBIO

NpEaAIOKCHHOT'O MCTOAA.

Knrouesnie cnosa: TCOMAarHuTHO-MHAYIHUPOBAHHBIC TOKH, BEICIINE TapMOHUKU,

FCOMArHvuTHLBIC MYyJIbCAlUU, MO YJIALINAA.

A generally accepted approach to assessing the effects of geomagnetic-induced currents (GIC)
in energy systems is considered to be a change in the current of a power transformer, and as a
result, its transition to a nonlinear mode. Within the framework of this approach, various
mechanisms of GIC manifestation are possible: in the form of heat losses leading to heating of
transformer structural elements; degradation of the dielectric properties of materials used in
devices; generation of higher current characteristics, etc. Since, in the presence of GIC, the
power transformer is considered as a nonlinear element, it can be assumed that along with the
generation of higher harmonics, specific processes, including modulation, are also possible.
To test this hypothesis, current harmonics generated by a transformer are used as a modulated
oscillation. The modulating oscillation is a geomagnetic-induced current, the source of which
is geomagnetic pulsations. Observations during a strong magnetic storm on May 10-12, 2024
they showed the possibility of implementing the modulation mechanism of the GIC
manifestation and for the first time made it possible to record geomagnetic pulsations of Pc3
in its composition. It can be assumed that the more powerful components of the GIC, caused,

for example, by geomagnetic pulsations of Pc5, in combination with modulation processes,



are capable of modulating the current flowing in the primary winding of a block transformer,
which may affect the mode of the generating side. Experimental data were obtained by
contactless monitoring of the 220 kV high-voltage line of the Mutnovskaya GEO Power
Plant, carried out using the proposed method.

Key words: geomagnetic-induced currents, higher harmonics, geomagnetic pulsations,

modulation.
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Pan:xnpoBanue kabeabHbIX JuHHI 6—10 kB nia popmMupoBanusi nporpaMmbl
PEKOHCTPYKIIMH HA OCHOBE METO/10B MALIMHHOI0 00y4YeHH s

TYJIbCKWM B.H., BAHUH A.C., BYCJIOB B.B., TABJIVIIIEB JI.M.

YBenuuenue GU3NIecKoro n3Hoca kabenbHbIX THUN 6—10 KB nemaet akTyanbHBIM
MIPOTHO3UPOBAHKME OTKA30B U IJIAHUPOBAHUS PEKOHCTPYKIIMH JIMHHUMA JU1s 00eCcTIeYeHU s
HaEKHOCTH paclipe/leInTeNbHbIX ceTeil. Llenb uccnenoBanus — pazpaboTka MeToaa
MIPUOPUTE3ALMH PEKOHCTPYKIIMU KaOEIbHBIX JMHUN Ha OCHOBE IKCILIYaTallMOHHBIX JaHHBIX C
IIPUMEHEHHEM AJITOPUTMOB MAIIMHHOTO 00yueHus. VccinenoBaHue BBIOIHEHO HA Habope
JaHHbIX 110 8198 MHMAM, BKIIIOYAIOLIEM aBapUNHYIO CTaTUCTUKY, OOLINE XapaKTEPUCTUKH
Kabenel, pe>KUMHBIE TTapaMeTpPbl, Pe3yIbTaThl UCIIBITAHUNA. J{J1s1 TPOrHO3UPOBAHHUS
MPOTECTUPOBAHBI CJICTYIONINE AITOPUTMBI MaIMHHOTO 00y4eHus: Logistic Regression, SVM,
SVR, RandomForest, GentleBoost, LSBoost, RUSBoost. [Ipenioxeno ucnosb30BaHuE ABYX
noKaszaTeJiel OIIeHKH KadecTBa MPOrHo3a — «3axBar 0TKa30B» U « [OUHOCTH 0TOOPay,
paccYUTaHHBIX OTHOCUTEIBHO JIMHBI C(POPMUPOBAHHOTO CIIMCKA Kabemnel 1 nepekianku. B
CBSI3U C T€M, YTO 3TU MOKA3aTEeNH SABJISIFOTCS KOMIPOMUCCHBIMU (ITOBBIIIEHUE TOYHOCTH
0oTOOpa MOXKET COMPOBOKAATHCS CHIKEHUEM 3aXBaTa OTKA30B), IPU BEIOOPE HAMITYUIIICH
MOJIENIN TPEASIOKEHO UCTIONb30BaTh UX TapMOHHYecKkoe cpeanee. Monens Random Forest
[I0Ka3ajia HaWTy4IlIue Pe3yJIbTaThl 10 Ka4e€CTBY MPOTHO3a, II03BOJIUB BBIABUTH 6,5, 9,7 1 12,6
% OyayuImx OTKa30B 3a MPOrHO3HBIN MEpUO/I TPU rojia pu BeIOOpe k nepeknanake 1, 2 u 3 %
COBOKYITHOM MPOTSXKEHHOCTH KaOenbHOH ceTH. Pe3ynbTaTsl moaATBEpKAAIOT 3G (HEKTUBHOCTh
MAaIIMHHOIO O0y4YeHHUs JJIs OBBIIIEHHSI TOYHOCTH MPOTHO3UPOBAHUS U ONTUMU3ALMH
IPOTpaMM PEKOHCTPYKIIMH KaOEeIbHBIX JTMHUH.

Knroueswie cnosa: pactipeienurenbHble ceTH, kKabenbHble TuHuK 6—10 kB, mporno3uposanue

OTKa30B, paHXUPOBAaHKE, MAIIMHHOE 00y4YeHHE, ¢ poBas TpaHcHopMaIus.



The increase in physical wear of 610 kV cable lines makes it relevant to predict failures and
plan line reconstruction to ensure the reliability of distribution networks. The purpose of the
research is to develop a method for prioritizing cable line reconstruction based on operational
data using machine learning algorithms. The study was performed on a dataset of 8,198 lines,
including emergency statistics, general cable characteristics, operating parameters, and test
results. The following machine learning algorithms have been tested for forecasting: Logistic
Regression, SVM, SVR, randomForest, GentleBoost, LSBoost, RUSBoost. It is proposed to
use two indicators for assessing the quality of the forecast — «Failure capture» and «Sampling
accuracy», calculated relative to the length of the generated list of cables for re-routing. Due
to the fact that these indicators are a compromise (an increase in sampling accuracy may be
accompanied by a decrease in failure capture), it is proposed to use their harmonic mean when
choosing the best model. The Random Forest model showed the best results in terms of
forecast quality, making it possible to identify 6,5, 9,7, and 12,6 % of future failures over the
forecast period of three years when selecting 1, 2, and 3 % of the total length of the cable
network. The results confirm the effectiveness of machine learning to improve forecasting
accuracy and optimize cable line reconstruction programs.

Key words: distribution networks, 610 kV cable lines, failure prediction, ranking, machine

learning, digital transformation.
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O TpaguIIMOHHOM M (PU3MKO-MATEMATHYECKOM Pac4éTe MATHUTHOIO MOJIS
3JIEKTPUYECKO MAIIMHBI METO/IOM pPa3/e/ieHUsl epeMeHHbIX

ADOAHACBEB AA.

MarauTtHoe 1nose B AIeKTPUYECKUX MallliHaX MOTYT ObITh ONMCAHO Ha 0a3e rpaHuYHbIX
(bU3MKO-MaTEMaTHYECKUX 3a]1a4, pelIaeMbIX METOI0OM pa3/ielicHus epeMeHHbIX Dypbe.
AKTHBHAas 00JIaCTh AJIEKTPUICCKONM MAIIMHBI Pa30UBAETCS HA COBOKYITHOCTh MPUMBIKAFOIINX
JPYT K IpYTy TOPU3OHTAIBHBIX OECKOHEYHBIX MOJIOC M B YUCIIO UCTOYHMKOB MarHUTHOTO
T0JIs1 BBOJSTCSI HAMATHUYEHHOCTH (DEpPOMArHUTHBIX y4aCTKOB. BEKTOpHI MOJIs Ha rpaHULIaX
TOPU30HTANBHBIX TOJIOC JOJKHBI YOBIETBOPATH IBYM U3BECTHBIM YCIOBHSM: CKaJSIPHBIE
MarHUTHbIE MOTEHIIMAJIBI 1 HOPMaIbHbIE COCTABIISIONINE MATHUTHON MHIYKIIUU HE
MpeTepHeBaloT CKayka (pa3peiBa). ECii MarHUTHBIE TUCTHI 0OMOTOK SJIEKTPHUYECKOM
MaIIMHBI IO COO0paXKEHUAM YA00CTBA pacy€Ta pacnojaraioTcs Ha TpaHUIax yKa3aHHBIX

II0JIOC, TO MAarHUTHBIC ITIOTCHIMAJIbI HAa I'paHUuIlax 6y,Z[YT HMETh CKAa4OK Ha BEJIMYUHY ITOJTHOT'O



TOKa MarHATHOTO JINCTA. [ OpU30HTANIBHBIE ITOJIOCHI CONEPKAT OJHOPOJHBIE DJIEMEHTBI
pacu€THOil 0bnacTu: sipMa cepAeYHUKOB, OCHOBAHUS MIOJIOCOB, 3yOIIOBbIE CIIOM CTATOpa U
poTOpa, BO3AYLIHBIN 3a30p. BhINIOIHEHNE TPAaHUYHBIX YCIOBH IO3BOJSET ONPEIEIUTD
HEU3BECTHBIC NOCTOAHHBIE Dypbe, KOTOPBIE CONEPIKATCS B BEIPAKCHUAX U CKAIIIPHBIX
MarHMTHBIX TOTEHIIMAJI0OB U MAarHUTHBIX NHAYKIMHA B PACCMATPUBAEMBIX I10JI0CAX.
[IpemyiaraeMbiM aHATUTHYECKUM METOJIOM PACCUUTAHO MAarHUTHOE T0JI€ B aKTUBHOM 00yacTu
Casno-1llymenckoro ruaporeseparopa.

Knrwuegvie cnosa: >nexrpudeckas MallHa, MArHUTHOE T10JI€, METO Pa3fciICHUs

nepeMeHHbIX Dypbe, pacyer.

The magnetic field in electric machines can be described on the basis of boundary physical
and mathematical problems solved by the method of separation of Fourier variables. The
active region of an electric machine is divided into a set of horizontal infinite bands adjacent
to each other, and the magnetization of ferromagnetic sections is introduced into the number
of sources of the magnetic field. The field vectors at the boundaries of the horizontal bands
must satisfy two known conditions: scalar magnetic potentials and the normal components of
magnetic induction do not undergo a jump (discontinuity). If, for reasons of convenience of
calculation, the magnetic sheets of the windings of an electric machine are located at the
boundaries of these bands, then the magnetic potentials at the boundaries will have a jump by
the amount of the total current of the magnetic sheet. The horizontal stripes contain
homogeneous elements of the design area: the yokes of the cores, the bases of the poles, the
tooth layers of the stator and rotor, and the air gap. The fulfillment of boundary conditions
makes it possible to determine unknown Fourier constants, which are contained in expressions
for scalar magnetic potentials and magnetic inductions in the bands under consideration. The
proposed analytical method has calculated the magnetic field in the active region of the
Sayano-Shushenskoye hydrogenerator.

Key words: electric machine, magnetic field, Fourier variable separation method, calculation.
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Koppexknus ynpasiienusi 6eCKoJJIeKTOPHBIM ABUTraTe/ieM MOCTOSTHHOIO TOKA € Y4€TOM
BJIMSIHMA 1edeKToB

HUKUTHH IO.P., TPE®ONJIOB C.A.



Paccmotpena monens 6eckormuiekTopHoro asuratens nmocrosiaaoro Toka (bBAIIT) ¢
KOPpPEKIMeH yrpaBieHus I UCCIICAOBAHMS BIUSHHS U3MEHEHHS CONPOTUBIICHUSI OOMOTOK,
BBI3BAHHOT'O MEXKBUTKOBBIM 3aMbIKAHUEM U MOBBIILIEHUEM TEMIIEPATYPhl, HA TOYHOCTh
ynpasieHus. Monens npeaycMatpuBaet koppekuuto ynpasienus BT npu gedekrax u
MTOBBIIICHUS TEMIIEPATYPBI, YTO MPUBOJUT K U3MEHEHUIO ITApaMeTPOB BUraress. BnusHue Ha
TOYHOCTH YIPABJICHUS JBUTaTeNIEM OCYIIECTBISIETCS KOPPEKIUeH epe1aTOYHON (PyHKIIUH.
Beixonnsie napamerpst b/IIIT n3menstorcs B mporecce pa3roHa Inpu MOCTOSTHHOM
ycKkopeHuu. [l MpakTUYeCKUX 3a7a4 MPeAIaraeTcsl UCI0JIb30BaTh KOPPEKTUPYIOIIEE 3BEHO,
KOTOpOE MO3BOJISIET MUHUMHU3UPOBATh U3MEHEHUE BhIXOAHBIX MmapamMeTpoB b/IIIT, Takux kak
YIJI0Basi CKOPOCTb BpAIIEHUs] U Bpalllaroluii MOMeHT. Cuctema ynpasieHus 03BOJISET
OOHApYXUTh HATMYNE NePEKTOB U COOOIIUTH 00 3TOM, €CIIH JeTpagaius napaMeTpoB
JOCTUTAET OMPEJEIEHHOTO MOPOroBoro 3HaueHus. [lonydyeHHble pe3ynbTaThl MOT'YT ObITh
WCIIOJIb30BaHbI JJIS IOCTPOEHHUS TUAarHOCTUYECKUX CUCTEM, HEUTpaIu3aluy BIUSHUS
BHEILHEH cpefibl, n3MeHeHus: HacTpoek napamerpoB b/IIIT B cucreme ynpasieHus.
Knroueswvie cnosa: 6ecKOMIEKTOPHBIN IBUTATENb MOCTOSIHHOTO TOKA, MOJIEIMPOBAaHUE,

yIpaBiieHUE, KOPPEKIHS NepeaaTouHoN (yHKIUH.

A model of a brushless DC motor (BDCM) with control correction is considered to study the
effect of changes in the resistance of windings caused by an inter-turn short circuit and an
increase in temperature on control accuracy. The model provides for correction of the BDCM
control in case of defects and temperature rise, which leads to a change in engine parameters.
The effect on the accuracy of engine control is carried out by correcting the transfer function.
The output parameters of the BDCM change during acceleration with constant acceleration.
For practical tasks, it is proposed to use a correction link, which minimizes the change in the
output parameters of the BDCM, such as the angular velocity of rotation and torque. The
control system allows you to detect the presence of defects and report it if the degradation of
the parameters reaches a certain threshold value. The obtained results can be used to build
diagnostic systems, neutralize the influence of the external environment, and change the
settings of the BDCM parameters in the control system.

Key words: brushless DC motor, modeling, control, correction of the transfer function.
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Pa3paboTka KOHCTPYKIMH M MO/IeJIH JIEKTPOMEXaHHUYECKOr0 reHepaTopa KoJedaHuii
AJIS1 MCCJIeOBAHUSA BUOPOYCTOMYNBOCTH ACHHXPOHHBIX IBUTraTe e

Cwmupnos A.1O., Epmonaes A. ., [lnexos A.C., Yepnos E.A.

CraTbs nocBsillieHa pa3paboTKe reHepaTopa MEXaHUUYECKUX KoJIeOaHU, TpeJHa3HaYeHHOTO
JUTS. ICCTIeTIOBAaHUS BUOPOYCTOMYMBOCTH aCHHXPOHHBIX nBurateneid. ChopmynupoBaHbl
TEXHUYECKHE TPeOOBAHUS K JIEKTPOMATHUTHOMY I€HEPAaTOPy MEXaHUYECKUX KoJeOaHui.
[IpennoxxeHa KOHCTPYKIMS YCTPOHUCTBA, OCHOBaAaHHAS HA JIMHEWMHOM IIarOBOM MHAYKTOPHOM
JIBUTATEJe, B KOTOPOM OJaroaapsi HEOJHOKPAaTHOMY IIEPECEUEHHIO 3a30pa MEXKAY
MHIYKTOPOM (CTATOPOM) U OJBMXKHOM YacThIO (IKOPEM), 00ECIIEUNBAIOTCSI BEICOKHE
yZelIbHbIE CUJIOBBIE XapakTepucTuku. Ha ocHOBe ceTOUHBIX (KOHEUHO-3JIEMEHTHBIX ) MOJIEeH
BBITIOJTHEHBI PACUETHBIE UCCIICIOBAHUS SJIEKTPOMAarHUTHOTO TeHepaTopa Ui JOCTUKEHUS
HauOOJIBIIICH KPYTHU3HBI U JIMHEHHOCTH XapaKTEPUCTUK Pa3BUBAEMOM CHIIBI.
KoHkpeTn3npoBaHO COOTHOIICHHE ITUPUHBI PePPOMATrHUTHBIX KOJIEI] 3yOII0BOM 30HBI U
HEMAarHUTHBIX MPOMEXKYTKOB MeX 1y HUMU. HalifleHo onTuManbHOe COOTHOIICHHE JITIst
paccTosTHUST MeXy KoJibllaMH, paBHOE (0,36 OTHOCHUTEIHHO OOIICH TTUHBI 3y0II0BOTO
JieNieHus, 00eCIeurBaloIee XOPOUIyo TUHEHHOCTh XapaKTePUCTUKH CUJIbI B 3aBUCUMOCTH OT
cMmenieHus kojen. [lokazano, 4To mpu yMEHbBIIEHUH 3TOI0 COOTHOIICHUSI MAarHUTHAs CUjla
yBenuuuBaercs Ha 25-30%, HO ee 3aBUCUMOCTb CTAHOBUTCS HEJIMHEHHOM.

Knroueevle cnosa: nuHeHbIN ABUTATEIb, TEHEPATOP MEXAHHUYECKUX KOJICOAHU, BUOpAITHs,
3yO110Bast 30Ha, GeppOMarHUTHBIE KOJIbIIA, JIIEKTPOMArHUTHAS CHJIa, METOJ KOHEUHBIX

9JICMCHTOB.

The article is devoted to the development of a mechanical oscillator designed to study the
vibration resistance of asynchronous motors. The technical requirements for an
electromagnetic generator of mechanical vibrations are formulated. A device design based on
a linear stepper inductor motor is proposed, in which, due to the repeated intersection of the
gap between the inductor (stator) and the movable part (armature), high specific power
characteristics are provided. Computational studies of an electromagnetic generator have been
performed on the basis of grid (finite element) models to achieve the greatest steepness and
linearity of the characteristics of the developed force. The ratio of the width of the
ferromagnetic rings of the tooth zone and the non-magnetic gaps between them is specified.
The optimal ratio for the distance between the rings is found, equal to 0.36 relative to the total

length of the tooth division, which ensures good linearity of the force characteristic depending



on the displacement of the rings. It is shown that as this ratio decreases, the magnetic force
increases by 25-30%, but its dependence becomes nonlinear.
Key words: linear motor, generator of mechanical vibrations, vibration, tooth zone,

ferromagnetic rings, electromagnetic force, finite element method.
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IMpororun undposoii tuddepeHIHANBHON 3aIIUTHI ¢ YJIYYIHIEHHONH OTCTPOMKOM OT
PeXUMOB € ITyOOKHM HAChINIEHHEeM TPaHC(POpPMATOPOB TOKA

KVYJIMKOB A.JI., PEAOCOB /1.C., AHHEHKOB E.O.

PaccmoTpena npo6iiema HEKOPPEKTHBIX cpabaTbiBaHUi 1 poBoi auddepeHnansHoMl
3aIUThl, BEI3BAHHBIX TNTyOOKHUM HACBIIIEHHEM TPaHC(POPMATOPOB TOKA, MPU BHEITHUX
KOPOTKHX 3aMbIKaHUSX. B kauecTBe anbTepHATUBBI 3aMeHe TpaHC(HOPMATOPOB TOKA
npeuIokeHa MoAU(UKAILKs allTOPUTMOB 3aIUTHI ¢ IpUMEHeHHeM audepeHnanbHo-
(azHoro Oprana u OJIOKUPOBKH IO aNIePUOANIECKON COCTABISAONMIEH U HepeHIInaTLHOTO
toka. [IpoBeaeHo nmurarnmonnoe moaenmupoBanne B MATLAB Simulink, Bxmrogaroree
Habop u3 800 pexKUMOB C pa3HBIMU HAYAJILHBIMU YCIIOBUSIMH JIJISI KOXKIOTO U3
PacCMOTPEHHBIX THIIOB 3aIIUTHI, B TOM YHUCIIE MPH Pa3IMYHBIX TapaMeTpax UCTOYHUKOB U
TpaHchopMaTopoB ToKa. [IpeaoxKeHHbIe YCOBEPIICHCTBOBAHHS MTOJTHOCTBHIO HCKIIIOYAIOT
cpabaTbIBaHUA MIPH BHEIIHUX 3aMbIKAHUSX, HE3HAUUTEIHHO YBEIMUUBAsS BPEMsI
cpabaTbIBaHUA [IPU BHYTPEHHUX MOBpexAeHusAX. Ha ocHOBe Monienu co3jaH mMpoTOTUI
3ammThl Ha waTgopme NationallnstrumentsCompactRIO, ycnenHo ucnbITaHHbIH ¢
ucnoJsib3oBanueM ycrporictea PETOM-61. HaTypHble SKClIepMMEHTHI OATBEPIUIH

3¢ PEeKTUBHOCTD MPEIIOKEHUS: B 25 OIMBITAX ¢ OCTATOYHON MHAYKIIUEH TpaHCHOpMaTOpOB
Toka 70 100 % OT MHIYKIIMU HACBHIIIEHUS TPOTOTUIT paboTasl KOppekTHO. [l mpakTHyecKon
peanu3any peKOMEH0BaHO PUMEHEHNE YCTPOMCTB 3alUThI ¢ IPeoOpa3oBaTEeNIIMU TOKa
JUTSL U3MEPEHUS allepUOAMYECKON COCTAaBIIAIOLIEH, HAIPUMED, ¢ JaTYMKaMK XOJIa.
Knroueevie cnosa: nuddepennnanpaas 3amura, uddepeHnranbHo-(ha3HbIiA OpraH,

HackIeHne Tpancopmaropa toka, MATLAB Simulink.

The problem of incorrect operation of digital differential protection caused by deep saturation
of current transformers during external short circuits is considered. As an alternative to

replacing current transformers, a modification of protection algorithms using a differential-



phase switch and blocking by the aperiodic component of the differential current is proposed.
A simulation simulation was performed in MATLAB Simulink, which includes a set of 800
modes with different initial conditions for each of the considered types of protection,
including for different parameters of current sources and transformers. The proposed
improvements completely eliminate tripping in case of external short circuits, slightly
increasing the response time in case of internal damage. Based on the model, a protection
prototype based on the Nationalinstmentscompactrio platform has been successfully tested
using the RETOM-61 device. Field experiments have confirmed the effectiveness of the
proposal: in 25 experiments with residual induction of current transformers up to 100% of
saturation induction, the prototype worked correctly. For practical implementation, it is
recommended to use protection devices with current converters for measuring the aperiodic
component, for example, with Hall sensors.

Key words: differential protection, differential-phase control, saturation of the current

transformer, MATLAB Simulink.
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MartemaTH4ecKue MeTObI AHAJIM3Aa Ka4ecTBA JIEKTPHUYECKOil JHEPIuU B cUCTeMax
3JIEKTPOCHAOKeHNSI MPOMBIIIJIEHHBIX NpeInpusiTHi

CEBOCTBAHOB A.A., DUTACOB A.H.

dopMHUpOBaHUE UHTEIUICKTYATbHBIX CHCTEM JJIEKTPOCHA0KCHUS U BHEJIPEHUE
BO300HOBJISIEMBIX HCTOYHUKOB SHEPTUH 3aMETHO O0OCTPSIOT MPOOIEMBI, CBSI3aHHBIE C
coOmoieHreM TpeOOBaHMM K Ka4eCTBY 2JIEKTPUUECKON dHepruu. [yt IpUHSTHS pelIeHus O
JOTMTYCTUMOM YPOBHE MTOMEX B AJIEKTPUUECKON CETH MPOMBIILICHHBIX MPEANPUITHI U
coOroieHns TpeOOBaHUH K IIEKTPOMArHUTHONW COBMECTUMOCTH MUTAOIIEH CETH U
TEXHOJIOTUYECKHUX MOTpedUuTeseil, mpeagaraercsi HCoiab30BaTh 000OIIEHHbIE TOKA3aTeNHy,
o0ecrnieunBaroIIye KOMIUIEKCHBIN aHAJIW3 TapaMeTPOB MUTAIOIIETO HAMIPSKEHUS B CUCTEME
anekTpocHaOxkeHus. [I[puMeHeHre TakuX oKa3aTeNel MO3BOJIUT OIICHUTh TIPEIETbHBIC
YPOBHH MOMEX ISl MOHUTOPUHTA Ka4eCTBA MPOIYKIIUU U KaUeCTBA SJEKTPUUYECKON SHEPTUU
B peaJlbHOM BpeMeHU. B cTaTtbe mpUBOISATCS Pe3ysIbTaThl OLIEHKH KauecTBa 3JIEKTPHUUECKON
SHEPTrUH, MOJTYYCHHbIE Ha OCHOBaHUU IIpeoOpazoBanus Kinapk, MOHATHS KOTEPEHTHOCTH
curtHaioB u kapt lllyxapra. OueHka ypoBHSI HCKaXEHHSI KaueCTBA AIEKTPUUECKON SHEPTrUun
BBITIOJTHEHA 110 Pe3y/IbTaTaM HHCTPYMEHTAILHOTO 00CIICIOBAHUS CUCTEMBI

ANEKTPOCHAOKEHHS MPOMBIIINIEHHOTO MPEANPUATUS MeTaJuTyprudeckoit otpaciu. [lokaszano,



YTO MCIOJIb30BaHHE 00OOIIEHHBIX MTOKa3aTeNel Ul ONpeAeIeHNs yPOBHS
AJIEKTPOMAarHUTHOM COBMECTUMOCTH IIO3BOJIIET COKPATUTh BPEMsI IPUHATHS PELIEHUSI O
peain3alyy CXeMHO-TEXHUYECKUX MEPOIIPUATHI 110 MOBBIIIEHUIO Ka4€CTBA MIEKTPO3HEPTUU
B ITPOMBIIIJICHHON CETH U UCKIIIOYUTh HHIMBUIYaJIbHYIO OLICHKY ITOKa3aTeleH,
onpeaeneHubix ['OCT 32144-2013.

Knroueswvie cnosa: cucteMbl 3IEKTPOCHAOKEHHS TPOMBIIIIICHHBIX TPEINPUATHNA, KAYeCTBO
AJIEKTPUUYECKON IHEPTUH, KOA(DPUIIMEHT B3aUMHON KOPPEISLINH, IPOCTPAHCTBEHHBIH BEKTOP,

kaptsl [lyxapra.

The formation of intelligent power supply systems and the introduction of renewable energy
sources significantly exacerbate the problems associated with compliance with the
requirements for the quality of electrical energy. To make a decision on the permissible level
of interference in the electrical network of industrial enterprises and compliance with the
requirements for electromagnetic compatibility of the supply network and technological
consumers, it is proposed to use generalized indicators that provide a comprehensive analysis
of the parameters of the supply voltage in the power supply system. The use of such indicators
will make it possible to estimate the maximum interference levels for monitoring product
quality and electrical energy quality in real time. The article presents the results of evaluating
the quality of electrical energy based on the Clark transform, the concept of signal coherence
and Schuhart maps. The assessment of the level of distortion of the quality of electrical
energy was carried out based on the results of an instrumental examination of the power
supply system of an industrial enterprise in the metallurgical industry. It is shown that the use
of generalized indicators to determine the level of electromagnetic compatibility makes it
possible to reduce the decision-making time on the implementation of circuit-technical
measures to improve the quality of electricity in the industrial network and eliminate the
individual assessment of the indicators defined by GOST 32144-2013.

Key words: power supply systems of industrial enterprises, quality of electric energy,

coefficient of mutual correlation, spatial vector, Schuhart maps.
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Jemn¢upoBanue KoJe0aHU yIapHbIX HHEPUHOHHBIX NPUBOI0B BPAaIIaTeJIbHOT0 THIIA

I'VJISIEB I1.B.



[Ipennoxena maremMaTuyeckasi MOJIeIb UHEPIIMOHHOTO MPUBOJA B BUJI€ CUCTEMBbI

i epeHIMaIbHBIX YpaBHEHUH, ONMCHIBAIOIIEH MTHE30MPUBO KaK YCTPOUCTBO C
COCpPEIOTOYEHHBIMU NapamMeTpaMu. Mojelib pacCMaTPUBAET MbE303JIEMEHT B BUJI€ YIIPYTOTro
AJIEMEHTA C BHYTPEHHUM MEXaHHUYECKUM COMPOTHUBIICHUEM, HATPYKEHHOTO C OJTHOTO KOHIIA
WHEPIIMOHHOW Macco U AeMIepom, C IPYyroro — MacCor 1 AJIEMEHTOM CYXOTO TPECHHUS.
Pe3ynbrathl MOJENUPOBAHMS MTOKA3aIIM, YTO OOPATHBINA X0/ BBI3BAH KOJIEOATETEHBIM
XapaKTEepPOM IMEPEXOIHBIX MPOIECCOB B IpHuBoae. OLIEHEHO BIUSHUE HA MEPEXO0IHBIN Mpolecce
MEXaHUYECKOTO COIPOTUBIICHUS MMbE303JIEMEHTA, CHIIBI CYyXOro TpeHHUs, KodpduimeHTa
nemiupoBaHusi Ha CBOOOTHOM KoHIIe. [|J1s1 yMEeHbIIIeHUsI OOpaTHOTO X0/1a MPEI0OKEHO
MCIOJIb30BaTh AeMII(PUPOBAHUE CBOOOIHOTO KOHIIA MThE303IEMEHTA WIIH MThE302JIEMEHTA B
11e10M. BBIMOTHEeHA TpakTHYeCcKas peain3alysi HEKOTOPhIX BApHAHTOB AeMII(PUPOBAHUS —
MACCUBHOTO JIeMI(HUPOBAHUS B Ba3€JIMHOBOM Maciie U I'yCTOi cMa3Ke, 1 aKTUBHOTO
ANIEKTpOAUHAMHUEcKoro neMrdupoBanus. [lonrBepxaeHa paboToCmocoOHOCTh
MPEIOKEHHBIX PEIICHHIA, TOKa3aHO, YTO AEMII(PHPOBAHIE TO3BOJIMIIO B MSITh Pa3 YMEHBIIUTh
oOpartnbIit xo. [IpenmouTUTENEHBIM BApUAHTOM SIBIISIETCS AeMIT(pHpOBAHIE CBOOOTHOTO
KOHIIA ITb€303JIEMEHTA; 3TOT BApUAHT 1eMI(UPOBAHUS PEATM30BaH B KOHCTPYKIIUU
aKTUBHOTO 3JIEKTPOIUHAMHUYECKOTO AeMIdepa ¢ aBTOHOMHON CUCTEMON PeryIupoBaHus, B
KOTOPOI MarHUT >KECTKO CBsI3aH CO CBOOOIHBIM KOHIIOM IMTbE302JIEMEHTA, a Mapa
COJICHOMJAJIbHBIX KAaTYIIEK — C BAHTOM IPUBO/IA.

Knroueevle cnosa: iHEPIIMOHHBIN MHE303ICKTPUIECKUN TTPUBOJI, OOPATHBIN X0, KOJIeOaHNs,

MEePEXO/IHBIN Mpoliecc, MOJAEIUPOBaHUE, JeMII(PUPOBAHUE.

A mathematical model of an inertial drive is proposed in the form of a system of differential
equations describing a piezoelectric drive as a device with concentrated parameters. The
model considers a piezoelectric element as an elastic element with internal mechanical
resistance, loaded at one end with an inertial mass and a damper, and at the other with a mass
and a dry friction element. The simulation results showed that the reverse stroke is caused by
the oscillatory nature of the transients in the drive. The influence of the mechanical resistance
of the piezoelectric element, the dry friction force, and the damping coefficient at the free end
on the transient process is estimated. To reduce the reverse stroke, it is proposed to use
damping of the free end of the piezoelectric element or the piezoelectric element as a whole.
The practical implementation of some damping options has been carried out — passive
damping in petroleum jelly oil and thick grease, and active electrodynamic damping. The

efficiency of the proposed solutions was confirmed, and it was shown that damping made it



possible to reduce the reverse stroke by five times. The preferred option is to dampen the free
end of the piezoelectric element; this damping option is implemented in the design of an
active electrodynamic damper with an autonomous control system in which a magnet is
rigidly connected to the free end of the piezoelectric element, and a pair of solenoid coils to
the drive screw.

Key words: inertial piezoelectric drive, reverse gear, oscillations, transient process, modeling,

damping.
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