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BapuaTuBHBIH NPOrHO3 TEXHHUYECKOT0 COCTOSIHUSI 000Py10BaHNS BETPO3HEPreTHYECKOM
YCTAHOBKH

KOYEI'AHOB .M., CEPEBPAKOB A.B., CTEKJIOB A.C.

JU1i MUHMMU3alUK pUCKa OIIMOOYHBIX YIIPABICHUYECKUX PEILICHUH, 00YCIOBIEHHBIX
HEBEPHBIMU IIPOTHO3aMHM, PACCMOTPEH KOMIUIEKCHBIN ITOAX0/, UCIIOJIb3YIOIIHNNI HECKOJIBKO
METO0B POTHO3UPOBAHMUS, KAXKIBI U3 KOTOPHIX 0a3UpyeTCst HA YHUKATBHOM
MaTeMaTHueckoM annapate. [IpemiosxkeH cnocod MporHo3upoBaHus KOJTMYECTBEHHON OLIEHKU
TEXHUYECKOTO COCTOSIHUS BETPOIHEPIe€TUYECKON YCTAHOBKH, OCHOBAHHBIN Ha COBMECTHOM
IIPUMEHEHNHU aJallTUBHOM HEMpo-HeueTkoi cuctemsl BbiBoa ANFIS u cetu ¢ monroii
KpaTKoBpeMeHHOM namaThio LSTM a1 nosiydeHus: BApuaTUBHOTO ITPOTHO3a TEXHUYECKOIO
COCTOSIHUSI 00OPYAOBaHMsI BETPOIHEPreTUUECKOM ycTaHOBKH. CpaBHEHHE AAHHBIX PU
OLIMOOYHOM IIPOTHO3€ OHOM U3 CUCTEM MO3BOJISIET OBBICUTH TOYHOCTH ITPOTHO3UPOBAHUS
KOJIMYECTBEHHOH OLICHKU TEXHUYECKOIO COCTOSHHUS.

Knioueesvie cnoga: BETpO3HEPreTHUYECKasi yCTAHOBKA, TEXHUYECKOE COCTOSTHUE,

MIPOrHO3UPOBAHUE, UCKYCCTBEHHAs! HEMPOHHAS CETh.

To minimize the risk of erroneous management decisions caused by incorrect forecasts, an
integrated approach using several forecasting methods, each of which is based on a unique
mathematical apparatus, is considered. A method for predicting the quantitative assessment of
the technical condition of a wind power plant is proposed, based on the combined use of the
adaptive neuro-fuzzy inference system ANFIS and a network with long-term short-term
memory LSTM to obtain a variable forecast of the technical condition of the equipment of a
wind power plant. Comparing data with an erroneous forecast of one of the systems makes it
possible to increase the accuracy of forecasting a quantitative assessment of the technical
condition.

Key words: wind power plant, technical condition, forecasting, artificial neural network.
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KonBeprep Ha 6a3e IBYXKaHAJBHOT0 0€3MOCTOBOI0 BHINPSIMUTEJIA

AJIEIIVH JI.A., YUBEHKOB A.U., TPOONUMOB N.M., IIAJIYXO A.B., MYPAIIIOB
A

CraTbs nocBsilleHa pa3padoTKe U UCCIETOBAaHUIO KOHBEPTOPA, MPETHA3HAYCHHOTO IS
WCTIOJIb30BaHUs B THOPUIHBIX ANMEKTPOIHEPTETUUECKUX KOMITIEKCAX, 3apSATHBIX YCTPOHUCTBAX
aKKYMYIIITOPHBIX OaTapei, 1TabopaTOPHBIX HCTOYHUKAX MUTaHHsI. CXEMOTEXHUYECKOE
pellIeHre, OCHOBaHHOE Ha aJlalTalliy TOMOJIOTUH ABYXKaHAIBHOTO 0€3MOCTOBOTO
BBIIPSMUTEIS 17151 KOHBEpTEpa € ABYXIOJSPHBIM BBIXOJAHBIM HAMPSYKEHUEM U aHATOTHYHbBIM
HA0OPOM KOMITOHEHTOB, TIO3BOJISIET YMEHBIIINTh HOMEHKJIATYPY KOMIIOHEHTHOU 0a3bl U
CTOMMOCTH npeoOpa3oBatens. PazpaboTaHa UMHUTAIMOHHAST KOMITBIOTEPHAST MOJIENb
KOHBEPTOPA, C IOMOIIIbIO KOTOPOH BBIMOJIHEHA aripoOaliysi airopuTMOB yIIPaBICHUS U
MIPOBEJICHBI UCCIIEeIOBaHMS 3(PPEKTUBHOCTH PETYIUPOBAHUS BHIXOJHOTO HAIPSHKEHHUS.
Pe3ynbTaThl HMUTAIIMOHHOTO MOJIETUPOBAHUS TTOKA3aJH, YTO KOAPPUIIUEHT HETUHEHHOCTH
nepenaTouyHor (PyHKIIUK BBIXOAHOTO HAMPSHKEHUS M KO3(DPHUIIMEHT My abcaliuii He MPEeBBICHITN
nonyctuMbix 3HaueHu# (1,5 u 1,25%). McnblTaHus KOHBEPTOpA B COCTaBE OMBITHOTO 00pasiia
TBEPAOTENBHOIO TpaHC(HOpMaTOpa HUZKOTO HAMIPSKEHUS OATBEPAUIN 3PPEKTUBHOCTD
paboTsl kKoHBepTOpa. CpeaHee 3HaU€HUE HANPSKEHUSI COOTBETCTBOBAJIO 3a/IaHHOMY YPOBHIO
BO BCEM JIMaIa30He BXOIHBIX HanpsokeHuid. KordduumeHT mynbcamnuii BEIXOIHOTO
HanpspKeHUs He npeBbimai 2%.

Knroueevle cnosa: KoHBEpTEp, NBYXKAHAIBHBIA 0€3MOCTOBOM BBIIPSIMUTENb, TBEPIOTCIBHBIN

TpaHcGopMaTOp HU3KOTO HAMPSIKEHUS, AITOPUTMBI YITPABICHHUS.

The article is devoted to the development and research of a converter designed for use in
hybrid electric power complexes, battery chargers, and laboratory power sources. The circuit
design solution, based on adapting the topology of a two-channel bridge-less rectifier for a
converter with a bipolar output voltage and a similar set of components, reduces the range of
components and the cost of the converter. A simulation computer model of the converter has
been developed, with the help of which control algorithms have been tested and studies of the
effectiveness of output voltage regulation have been conducted. The simulation results
showed that the nonlinearity coefficient of the output voltage transfer function and the ripple
coefficient did not exceed the permissible values (1,5 and 1,25%). Tests of the converter as

part of a prototype of a low-voltage solid-state transformer confirmed the efficiency of the



converter. The average voltage value corresponded to the set level over the entire input
voltage range. The ripple coefficient of the output voltage did not exceed 2%.
Key words: converter, two-channel bridge-less rectifier, low-voltage solid-state transformer,

control algorithms.
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IIpuMeHeHNEe TEXHOJIOTHIl HCKYCCTBEHHBIX HEHPOHHBIX ceTeil B CHCTeMAaX ylpaBJeHus
JHEProyCTAHOBOK Ha OCHOBE BOJOPOIHBIX TOIJIMBHBIX 3JIEMEHTOB € OTKPBITHIM
KaTO0M

JINITYKWH U.A., ITAJTYXO A.B., CAHHUKOB A.H.

B crarbe npencraBieHsl pe3yapTaThl HCCIEA0BAHUS BO3MOKHOCTH TPUMEHEHUS TEXHOJIOTHI
nuckyccTBeHHbIX HepoHHbIX cerell (MHC) mist nporao3upoBaHus XapaKTEpUCTUK
SHEProyCTAaHOBOK C BOJOPOAHBIMHU TOIJIMBHBIMU 51eMeHTaMu (TD) ¢ OTKPBITBIM KaTOI0M
IIPY U3MEHEHUH NapaMeTPOB OKpyKarolen cpesl. [IpeacraBnensl pe3ynbTaTsl
SKCIEPUMEHTOB B KJIMMaTHYECKON KaMepe N0 UCCIEIOBAHUIO BIUSHUS TEMIIEPATYpPhI
OKpy>Katorei cpeasl Ha TO ¢ moauMepHON TPOTOHOOOMEHHON MeMOpPaHOii, KOTOphIE
MCTOJIB30BaHBI JUIs1 pa3paboTku 0a3 ganubIX Uit o0yuenust MHC. IlpeanoxkeHa apxuTekTypa
pexkyppentHoit UHC aiist mporno3upoBanusi HAaNpsKEHUs M pacxojia Bojgopoaa T3.
Pe3ynbraThl 00ydeHus MOATBEPKAAIOT BOZMOKHOCTh TpuMeHeHus TexHosoruii MTHC mpu
IIOCTPOCHHUHU aJalITUBHBIX CUCTEM YIIPaBJIEHUs SHEPrOyCTaHOBKaMU Ha ocHoBe TO.
Knioueesvie cnoga: 3HEproyCTaHOBKM Ha OCHOBE BOJOPOHBIX TOIUIMBHBIX 3JIEMEHTOB,
CUCTEMBI YIIPaBJIEHUS, UCKYCCTBEHHAs! HEHPOHHASI CETh, IPOTHO3MPOBAHNUE XaPAKTEPUCTHK,

BIIUSTHUE TEMIIEPaTYpBhI.

The article presents the results of a study on the possibility of using artificial neural network
(ANN) technologies to predict the characteristics of open-cathode hydrogen fuel cell (HFC)
power plants when environmental parameters change. The results of experiments in a climate
chamber to study the effect of ambient temperature on thermal power plants with a polymer
proton exchange membrane are presented, which were used to develop databases for the
training of ANN. A recurrent ANN architecture is proposed for predicting the voltage and
flow rate of HFC. The results of the training confirm the possibility of using ANN

technologies in the construction of adaptive control systems for power plants based on HFC.



Key words: power plants based on hydrogen fuel cells, control systems, artificial neural

network, prediction of characteristics, influence of temperature.
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HccaenoBanue pe:xkuMoB padoThl B 3aMKHYTOI djiekTpuueckoi cetu 10 kB ¢
HCTOYHUKOM pacrpe/ieIeHHON reHepalui U THPHUCTOPHBIM PEryJasiTOpoM HaNpPssKeHUs!
COCHHHA E.H., KPAJIMH A.A., BEAPETIMHOB P.11., KPIOKOB E.B., I'VCEB JI.A.
PaccMoTpen noaxos K yrpaBiIeHHIO IOTOKaMHU MOIIIHOCTH B paclpeleUTeIbHON
anextpuueckoii cetu (POC) cpenHero HanmpspKeHUs IPH MMTAaHUK TOTpeOuTenen
AJIEKTPOIHEPTUH OT IEHTpaIn30BaHHOM ekTpudeckoi cetd (I[DC) u 0T uCTOYHUKOB
pacmnipenenennoi reHepanuu (PI'). [IpumeHeHne THPUCTOPHOTO PETYIATOPA HATPSKCHHS
(TPH) B 3aMKHYTO#1 C€TH CpPETHETO HANPSKEHUS MO3BOJISAET MEPEPACIIPEAEIATH MOLTHOCTb,
notpebisemyto oT LIDC u PI'. YnpaBnenue moTokoM MOIIHOCTH Y€pe3 TUPUCTOPHBIN
PEryJsaTOp OCYIIECTBIIAECTCS MYTEM ITONIEPEUHOTO PErYIUPOBAHUS HAIPSHKEHUS —
M3MEHEeHHEeM (ha30BOTO CABHUra MEX]y BXOJHBIM U BHIXOJHBIM HANPSKEHUSMU YCTPOUCTBA.
Jnst oueHKH 3(p(peKTHBHOCTH TONEPEYHOTO PETYIUPOBAHUS C TOMOIIBIO THPUCTOPHOTO
perynaropa npeaaoKeHa MaTeMaTHYeCKasi MOJIENb 3aMKHYTON paclpeieIuTeNIbHON CETH C
UCTOYHUKOM PI', Harpy3koil ¥ TUPUCTOPHBIM perysisiTopoM. Pacuer mapaMeTpoB ceTu
BBIITOJIHEH METOJIOM Y3JIOBBIX OTEHIMAJIOB. VIcCe10BaHbl OCHOBHBIE PEXXUMBI CETU: NIPU
HOMHUHAJIBHOM M MaKCHUMaJbHOM Harpy3Ke M MPHU HEMOCTOSHCTBE BHIPAOOTKHU 3IIEKTPOIHEPTUU
YCTPOMCTBAMU PACIPEAEIEHHONW I'eHepalvu. Pe3ybTaTel HCCIIEI0BAaHUN TTO3BOJISIOT OLICHUTh
BJIMSIHUE TUPUCTOPHOIO PETYIISATOPA HA TapaMEeTPbl PEXKUMOB CETH, N3MEHEHNE ITOTOKOB
MOIIIHOCTH, MTOTEPh B CETH, MPEYCMOTPETh pa3IMuHbIe BApUAHTHI HOTPEOICHUSI aKTUBHOM
motmtHocty u3 [1DC u PT.

Knioueesvie cnoga: >nexrpuueckas cetb 10 kB, ncTouHnk pacnpeneseHHoM reHepanuy,
TUPUCTOPHBIN PETYISATOP HANPSKEHHS, BETPOIHEPreTHUecKasi yCTaHOBKA, (pa30BbIN CABUT

HAIpsKCHUA, YIIPAaBJICHUC ITIOTOKaAMU MOIIMHOCTHU, MaTEMaTH4CCKasd MOACIIb.

An approach to managing power flows in a medium-voltage distribution electric grid (RES)
when powering electricity consumers from a centralized electric grid (CEG) and from
distributed generation sources (RS) is considered. The use of a thyristor voltage regulator

(TVR) in a closed medium-voltage network makes it possible to redistribute the power



consumed from the CEG and the RS. The power flow through the thyristor regulator is
controlled by transverse voltage regulation — changing the phase shift between the input and
output voltages of the device. To evaluate the effectiveness of transverse regulation using a
thyristor regulator, a mathematical model of a closed distribution network with a power
supply, load and a thyristor regulator is proposed. The calculation of network parameters is
performed by the method of nodal potentials. The main modes of the network are
investigated: at nominal and maximum load and with intermittent power generation by
distributed generation devices. The research results make it possible to evaluate the effect of
the thyristor regulator on the parameters of network modes, changes in power flows, losses in
the network, and to provide various options for the consumption of active power from the
CEG and the RS.

Key words: 10 kV electric grid, distributed generation source, thyristor voltage regulator,

wind power plant, phase shift of voltage, control of power flows, mathematical model.
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Ha0aronaresib nepeMeHHBIX COCTOSIHUSI ACHHXPOHHOI0 IBUTaTeJIs1 HA OCHOBE
aaroputma JlroeH0eprepa ¢ cuCTeMOH CKOJIb3SIIIEr0 pesKuMa

JAPBEHKOB A.b., XPAMOB A.E., KYPKHH A.A.

Pa3paborana meroauka cuHTe3a HaOII0AaTeNsl COCTOSIHUS ACHHXPOHHOTO IBUTATENs Ha
ocHOBe anropuTma Jlroen6eprepa, paboTaromiero B pexxuMe cKobkeHus. CHHTe3npoBaH
AJITOPUTM OIPEJICIIEHUS YaCTOTHI BPAIICHUs, MOAYJISI HOTOKOCLEIUICHHUS U yIJia IOBOPOTa
pOTOpa aCHHXPOHHOTO JBUrATENsl, OTINYAIOLIHICS TEM, YTO MPOLIECC ONpPEACTICHUS
HEU3MEPSEMBIX KOOPAMHAT ABUTATENs XapaKTepU3yeTCsl MOBBIIIEHHON TOYHOCTHIO
pacCcUMTaHHBIX IEPEMEHHBIX B CTATUYECKUX U TUHAMHUYECKUX PEeKUMax paboThl C
COXpaHEHHEM YCTOWYMBOCTH PabOThI HAOIIOATENsI IPH U3MEHEHHH aKTUBHBIX
COIIPOTHBIICHUH cTaTopa U poropa aBurarens. Pazpaborana MatemaTniyeckast MOJIENb
HaOII01aTeNsl, BHIIOJHEHBI MMUTAIIOHHBIE HCCIIEIOBAaHUS, KOTOPbIE MOKa3aln
paboTOCIIOCOOHOCTD MpeIaraéMoro ajJropuTMa onpeieieHus Hen3MepseMbIX EPEMEHHBIX
ACMHXPOHHOTO JABUTATENsl.

Kniouesvie cnosa: BEeKTOpHOE YIIpaBJICHNE, ACHHXPOHHBIN IBUTATElNh, HAOTIOAATETH

COCTOSIHUS IBUTATENs, anroput™m Jlroen6eprepa, CuCcTeMa CKOJIb3AIIET0 PEXUMA.



A method for synthesizing an asynchronous motor state observer based on the Luenberger
algorithm operating in the sliding mode has been developed. An algorithm for determining the
rotational speed, flow coupling modulus, and rotation angle of an asynchronous motor rotor is
synthesized, characterized in that the process of determining the immeasurable coordinates of
the motor is characterized by increased accuracy of calculated variables in static and dynamic
operating modes while maintaining the stability of the observer's operation when the active
resistances of the stator and the rotor of the motor change. A mathematical model of the
observer has been developed, simulation studies have been performed, which have shown the
operability of the proposed algorithm for determining immeasurable variables of an
asynchronous motor.

Key words: vector control, asynchronous motor, motor state observer, Luenberger algorithm,

sliding mode system.
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MopayJibHasi cHCTeMa YJIEKTPONUTAHHUA IIy0OKOBOAHBIX 0€CIIMJIOTHBIX aNlIAPATOB HA
0a3e pe30HAHCHBIX HHBEPTOPOB

COKOJIOB B.B., BAHAEB B.B., JAPLEHKOB A.b., XPAMOB A.E., IETYXOB H.M,,
9YTPOB A.A.

[IpennoxxeH MOAYIbHBIN BApUAHT MOCTPOCHUS HAJBOJHOM Y MOJBOIHON YaCTEH CUCTEMBI
AJIEKTPONUTAHUS TITyOOKOBOIHBIX OCCIMIOTHBIX aIlllapaToB, IOCTPOCHHOM Ha 0aze
tpanzuctopusix DC/DC npeobpa3zoBarereii ¢ mociie0BaTeIbHIMU MTOJTYMOCTOBBIMH
PE30HAHCHBIMU MHBEPTOPaMU. BhIsBIEHBI 0COOEHHOCTH pabOThI IOBOIHON YacTH,
coJleprKalleH psa MOAYIEH, TOCIEN0BATEIbHO COCINHEHHBIX 10 BXOIHBIM LICTISIM.
[TpeiosxkeH 1 000CHOBAH BapHaHT YIPABICHHS MOLYJISIMH ITOJABOAHOM YacTH,
o0ecreynBaromuil YCTOHYMBYIO H HAJAECKHYIO Pa0OTy CUCTEMBI SJIEKTPOIIUTAHUS B IIUPOKOM
Iuana3oHe Harpys3ok. [IpuBeneHs! pe3yapTaTbl UMUTALMOHHOTO MOJCIUPOBAHHUS IIPOLIECCOB B
MTOJBOJHON YaCTH CUCTEMBI IIMTAHMS B CTALIMOHAPHBIX U NEPEXOAHBIX PEKUMAX.

Knroueswie cnoea: rmyo0KOBOIHBIE OCCITUIIOTHBIE allapaThl, CUCTEMBI 3JIEKTPOIUTAHUS,
PE30HAHCHBIN UHBEPTOP, BOJbTAMIIEPHAs XapaKTEPUCTUKA, COIPOTUBICHUE HATPY3KH,
BOJIHOBOE COIIPOTUBJICHUE PE30OHAHCHOTO KOHTYPA, CUCTEMAa aBTOMaTHIECKOIO

perynupoBaHusl.



A modular design option for the surface and underwater parts of the power supply system for
deep-sea unmanned vehicles based on transistor DC/DC converters with sequential half-
bridge resonant inverters is proposed. The features of the underwater part, which contains a
number of modules connected in series via input circuits, are revealed. A control option for
the modules of the underwater part is proposed and justified, ensuring stable and reliable
operation of the power supply system in a wide range of loads. The results of simulation
modeling of processes in the underwater part of the power supply system in stationary and
transient modes are presented.

Key words: deep-sea unmanned vehicles, power supply systems, resonant inverter, volt-
ampere characteristic, load resistance, wave resistance of the resonant circuit, automatic

control system.
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Hccnenopanue 31eKTPOAHHAMHYECKHX NIPOLECCOB B CHCTEMAX 3JIEKTPOCHAOKEHHS €
HCTOYHUKOM pacnpee/ieHHON reHepalud HHBEPTOPHOI0 BKIIOYEHHA

KPIOKOB E.B., IOCKYTOB A.A., IIETYXOB A.11.

PaccMoTpena uMHuTalMOHHAs MOJENb BUPTYaIbHOTO CUHXPOHHOIO F€HEpaTOpa B COCTaBe
CHCTEM DJICKTPOCHAOXKEHUS C pacTpe/Ie]ICHHON reneparmeid. Moenb conepKuT O0J10KH
YIPAaBICHUS aKTUBHOM MOIIHOCTBIO U YaCTOTOM, pEaKTUBHOM MOLTHOCTBIO U HANPSKEHUEM, A
Takxke OJIOK BUPTYaJbHON HHEpUUHU. [t olleHKH 3P PEKTUBHOCTH pabOTOCTIOCOOHOCTH
JITOPUTMA BUPTYATbHOTO CHHXPOHHOTO F'€HEpaTopa MPOBEICHO €ro CPAaBHEHUE C OOBIYHBIM
MHBEPTOPOM, KOTOPBIH He criocoOeH 1eMnpupoBaTh KojaeOaHUs YacTOThI U HANPSHKEHUs, U
CHUHXPOHHBIM reHepaTopoM. MoJenupoBaHe TpeX peKUMOB pab0Thl (AaBTOHOMHOE ITUTAHHUE,
napaienbHas paboTa ¢ IeHTPATU30BaHHOM AIEKTPOIHEPTeTUUECKOM CUCTEMOI, CpaBHEHHE C
KJIACCMYECKUM CHHXPOHHBIM IT'€HEPAaTOPOM) MIOKa3aj10, 4YTO BUPTYaJIbHbIN CUHXPOHHBIN
TeHEpaTOp CHUKAET CKOPOCTh U3MEHEHHUS YaCTOThl U aMIUIUTYAY KojeOaHHi, a Takke
YMEHBUIAET AJIUTEIBHOCTh MIEPEXOIHBIX MTPOLECCOB Oaroaps BUPTyaJbHOMY AeMIdepy.
Kniouesvie cnoga: pactipenieneHHasi reHepalus, BUPTyaJlbHbIN CUHXPOHHBIN F€HEpaTop,

nuHamuueckas ycroiunBocth, MATLAB Simulink.

A simulation model of a virtual synchronous generator as part of power supply systems with

distributed generation is considered. The model contains control units for active power and



frequency, reactive power and voltage, as well as a virtual inertia unit. To evaluate the
efficiency of the virtual synchronous generator algorithm, it was compared with a
conventional inverter, which is unable to dampen frequency and voltage fluctuations, and a
synchronous generator. Modeling of three modes of operation (autonomous power supply,
parallel operation with a centralized electric power system, comparison with a classical
synchronous generator) showed that a virtual synchronous generator reduces the rate of
change in frequency and amplitude of oscillations, and also reduces the duration of transients
due to a virtual damper.

Key words: distributed generation, virtual synchronous generator, dynamic stability,

MATLAB Simulink.
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MeTon BbIsiBJIeHUs] KHOEPYrpo3 HAa HM(PPOBBIX MOACTAHIUAX

JIOCKYTOB A.A., KYJIUKOB A.JIL, ITEJIEBUH I1.C., CUMAHOB A.C.

PaccmoTpen oivH U3 MOIX010B 10 OOHAPYKEHUIO KHOEpyrpo3 Ha MU POBOM MOACTAHITIN
MTOCPEICTBOM Pa3pabOTKH U UCCIIEIOBaHMs 0a30BOT0 aJITOPUTMA 0OCCTICUCHUS
MH(POPMAIMOHHOI 0€30MaCHOCTH LIMHBI MPOLIECCa ¢ UCTIOJIb30BaHHEM ()yHIaMEHTAIbHbIX
3aKOHOB JIEKTPOTEXHUKH (3akoHa Kupxroda, Oma, npuHIIUIA CYTIEPIIO3UIIUH, BBISIBICHUS
HebaaHca TOKOB) BO B3aUMOJECHCTBUM C 3aKOHOMEPHOCTSAMU U NpaBUIIaMU
(GYHKLIIMOHMPOBAHUS BBIYMCIUTEIbHBIX CETEN IIM(PPOBOI MOACTAHIIMU, UCTIOIb3YIOIINX
cemuypoBHeBYyIo Mojienb ISO/OSI. [Ipennoxen crioco0 BeIBICHUS KUOEPYTpO3bl HA

UG POBOI OJCTAHIINH, CBA3aHHON C MOJAMEHON U3MEPEHUI TOKOB U HANpPsDKEHUH (CryuHr-
aTakM), a TAKXKe HECAaHKIIMOHMPOBAHHOTO BO3JIEHCTBUSA HA HU(PPOBYIO NIMHY MOACTAaHIIUU WIIN
JTATYNKA U3MEPEHHUH B YCTPOUCTBA 00pabOTKH TOKOB U HAIPSHKEHUH.

Knrueswie cnosa: xputnueckasi uH(popMaonHasi ”HQpacTpyKTypa, HuppoBbIe
MOJICTAHLIUH, KUOEPYTpo3bl, 0a30BbIi anroput™ obecreuyeHus HHPOPMAITMOHHON

0e30macHOCTH, CITy()UHT-aTaKa.

One of the approaches to detecting cyber threats at a digital substation is considered by
developing and researching a basic algorithm for ensuring information security of the process
bus using the fundamental laws of electrical engineering (Kirchhoff's law, Ohm's law, the

principle of superposition, and current imbalance detection) in interaction with the patterns



and rules of operation of digital substation computer networks using the ISO/OSI seven-level
model. A method is proposed for detecting cyber threats at a digital substation related to the
substitution of current and voltage measurements (spoofing attacks), as well as unauthorized
interference with the substation's digital bus or measurement sensors and current and voltage
processing devices.

Key words: critical information infrastructure, digital substations, cyber threats, basic

information security algorithm, spoofing attack.
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O noryomeHuu I HePrum KoJied0aHuii MPOBOA0B BO3YIIHBIX JJUHUM JIeKTponepeIayu
MATHUTOPEOJ0THYeCKHM JAeMIijepom

EPMOJIAEB A.U., ITJIEXOB A.C., TUIIVH U.B.

PaccMoTpeHbl KOHCTPYKLIMS U IPUHLIUI pabOTHl MAarHUTOPEOJIIOTHYECKOTO Jiemiidepa,
MPUBE/ICHBI €T0 CTATUYECKHE U JUHAMHYECKHUE YPaBHEHHUS, HA OCHOBE KOTOPBIX pa3paboTaHa
KOMITBIOTEpPHAs MOZIEJIb €r0 AMHAMUYECKOT0 noBeaeHus. [lonydyeHbl 3aBUCHUMOCTH
paccenBaeMoit 1eMngepoM SHEPrun KoueOaHui OT YaCTOThI HEPUOTUIECKOTO
BO3MYUIAIONIET0 BO3ICHCTBUA NIPU PA3NUUHbIX K03 durmentax nemnduposanus. OnpenesneH
ONTHUMATBHBINA KO3 PuImeHT aemMndupoBaHus MacCUBHOTO neMIidepa, mpu KOTOPOM
JOCTHTaeTCs HaWTydiee BuOporaimeHue B 4yacToTHOM auarnaszone ot 0,1 go 100 I'm;
YCTaHOBJICHO, YTO TPU YIPABICHUH KOAPPHULIHEHTOM AeMI(PUPOBAHNS KOJINIECTBO
MoTJIoIaeMoi 1eMndepoM sHeprun yBenuuuBaeTcs Ha 20-25 % o cpaBHEHHUIO ¢ paboToi
MIPU TTOCTOSTHHOM ONTUMATbHOM K03 HUIIUECHTE IeMIT(DUpPOBaHMUS.

Knrouegwle cnoea: Bo3nylIHbIE IMHUU 3JIEKTPOIIEPEIaYH, IJISICKA IPOBOAOB, H0JI0BA
BUOpAIIKs, TIOTJIONMIEHUE YHEPTUU KOJICOaHHI, MArHUTOPEOJIOTHUECKU aemrdep,

JMHAMUYecKasi MoJielb aeMidepa, ko3 GUIeHT AeMIpUpOBaHHS.

The design and principle of operation of a magnetorheological damper are considered, its
static and dynamic equations are given, on the basis of which a computer model of its
dynamic behavior is developed. The dependences of the oscillation energy dissipated by the
damper on the frequency of the periodic disturbing effect at different damping coefficients are
obtained. The optimal damping coefficient of the passive damper has been determined, which

achieves the best vibration damping in the frequency range from 0.1 to 100 Hz.; It has been



found that when the damping coefficient is controlled, the amount of energy absorbed by the
damper increases by 20-25% compared to operation at a constant optimal damping
coefficient.

Key words: overhead power transmission lines, wire dance, Aeolian vibration, absorption of

oscillation energy, magnetorheological damper, dynamic damper model, damping coefficient.
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XapaKTepuCTUKH YIEKTPUYECKONH MALIMHBI ¢ MATHUTOIIPOBOIOM CJI0KHOM (popMbI U3
MATHUTOMSTKOI0 KOMIIO3UTHOIO MaTepuaJjia

KAYAHOB .M., UBAHOB H.C., LHINPOKOBA M.B., )KYPABJIEB C.B.

PaccmoTpena BO3MOXHOCTbh MCIIOJIB30BAHUSI MATHUTOMSATKAX KOMITO3UTHBIX MATEPUAIIOB JJIS
MarHUTOIIPOBOJIAa TPEXMEPHOU (popMBbI AntekTprueckux MamuH. Ha mpumepe
3JIEKTPOJBUraTeNsl C BHEIIHUM POTOPOM, BO30YK/IEHHEM OT MOCTOSIHHBIM MarHUTOB U
MarHMTONPOBOOM U3 HIMXTOBAHHOM 3JIEKTPOTEXHUUECKOH CTalu pa3paboTaHa KOHCTPYKIIHS
C MarHUTOIIPOBOIOM TpexMepHoi (hopmel u3 Matepuana Somaloy 700 HR 5P, kotopas
o0ecreyrBaeT aHaJOTMYHYI0 MOITHOCT. OLIEHEHbI YPOBEHb HACBIIIICHNSI MAarHUTHOMH 1LIeTH,
NOTEpH B MAIlIMHE, a TAK)KE MaccorabapuTHbIC MapaMeTPhl PACCMAaTPUBAEMON KOHCTPYKIIHH.
Knioueevie cnoga: CHHXpPOHHBIN JEKTPOJIBUIaTENb, TPEXMEPHBIM MAarHUTONPOBO/I,
MAarHuTOMSITKANA KOMIIO3UTHBIA MaTeprai, HACBIIEHUE MAarHUTHOW LIETH, TIOTEPH,

MaccorabapuTHBIE TapaMeTphl.

The possibility of using magnetically soft composite materials for a magnetic circuit of three-
dimensional shape of electric machines is considered. Using the example of an electric motor
with an external rotor, excitation from permanent magnets and a magnetic core made of
mixed electrical steel, a design with a three-dimensional magnetic core made of Somaloy 700
HR 5P material has been developed, which provides similar power. The saturation level of the
magnetic circuit, losses in the machine, as well as the weight and size parameters of the
considered design are estimated.

Key words: synchronous electric motor, three-dimensional magnetic circuit, magnetically soft

composite material, saturation of the magnetic circuit, losses, weight and size parameters.
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Becnepedoiinblii ceTeBOil HCTOYHNK NMUTAHUS C MATKHM NePeKJIIYeHHeM CHI0BBIX
TPAH3UCTOPOB

CEPETMH JI.A., TAHOWJIOB 1., ACTAIIEB M.I"., BAJIAJISIH A.B., POXXKOB A.H.,
KVY3H1H C.IO.

[IpencraBneH UCTOYHUK OecriepeOOMHOTO MUTAHKA Ul YCTPOICTB aBTOMAaTUKHU U CBS3H,
coJiep KalIuii Bce HeoOXouMble OJ0KH A1t paOOThI OT MPOMBIIIIJICHHON CETH, ePeKII0UEeHUS
Ha MTMTaHHEe OT aKKYMYJISITOpHOU OaTapeu, 3apsna 6araper, MOHUTOPUHTA PEKUMOB paOOTHI U
3alMT. B MCTOUHMKE pealn30BaHO MATKOE MEPEKIIOUCHUE CUIIOBBIX TPAH3UCTOPOB B
IIMPOKOM JIMANa30He MUTAIOUINX HANPSHKEHUH U TOKOB Harpy3ku. [IpeacraBieHs
pe3yabTaThl CXeMOTEXHHUUECKOTO MOJICIMPOBaHus B cucteme LtSpice u ncnbsitanuii
OIBITHOTO 00pas31ia, NOATBEPKIAIOIINE ONMCAHHBIIN MOAX0/] K BBIOOPY MapaMeTpoOB CHIIOBOM
CXEMBbl UICTOYHUKA MUTAHUSA TS TOJIy4eHHs] TPeOyEeMbIX XapaKTEpPUCTUK.

Knrouesvie cnosa: nctouHUK OecriepeOOHOTO NMUTaHNS, UHTEUICKTyalbHas CUCTEMA
YIPaBIEHUS, MIATKOE NEPEKIIIOUEHNE TPAH3UCTOPOB, UNCIIEHHOE CXEMOTEXHUYECKOE

MOJCIIMPOBAHHUC.

An uninterruptible power supply for automation and communication devices is presented,
containing all the necessary units for operation from an industrial network, switching to
battery power, battery charging, monitoring operating modes and protections. The source
implements soft switching of power transistors in a wide range of supply voltages and load
currents. The results of circuit modeling in the LTspice system and prototype tests are
presented, confirming the described approach to selecting the parameters of the power supply
circuit to obtain the required characteristics.

Key words: uninterruptible power supply, intelligent control system, soft switching of

transistors, numerical circuit modeling.
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