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CuMmMeTpupoBaHue Pe;KUMOB PadoThl Tpexda3HbIX JMHUH dJIEKTPONepeaadYn
MOJIYNIPOBOHUKOBBIMH PeryJsiTOPpaMu MOIIHOCTH

[TAH®WJIOB A.1., ACTAIIEB M.T'., HACOB A.B.

[IpencraBien moaxo K pa3paboTKe YIpaBiIsieMbIX YCTPONCTB MOMEPEUHOT0 PEeryIupoBaHuUs IS
ABTOMATUYECKOTO CHMMETPUPOBAHUS PEKUMOB PaOOTHI TPEX(Pa3HBIX JIMHUN AJIEKTpoIepeaadn

C HECHUMMETPUYHBIMH Harpy3kamu. ChopMyrpoBana o01as 3ajada MOCTPOCHUS CHIIOBBIX CXEM
Y OIIPENEIICHUS 3aKOHOB YIIPaBJIeHUs ycTpoiicTBamu. Ha nmpumepe 01HOM 13 BO3MOXKHBIX CXEM
MIOCTPOEHHUS YCTPOKUCTBA MOMEPEUHOIO PErYJIUPOBAHUS TPOIEMOHCTPUPOBAH MOAXO K
ONpENIETICHUIO €€ MTapaMeTPOB U 3aKOHA YIPABJICHUS C IPUMEHEHUEM METO0/1a CUMMETPUYHBIX
COCTABJISIFOLIMX JIJIs1 TOKOB (ha3 B JIMHUM dJICKTponepeiayu U Harpy3ku. [IpencraBnen ananus
AJIEKTPOMATHUTHBIX MPOIIECCOB, MOSACHIIONMN TPUHIUT paboThI ycTpoiicTBa. [Ipemioxkena
MMUTALMOHHAs MOJIENb YCTPOUCTBA U IPUBEACHBI PE3YJIbTATHl MOACIIUPOBAHUS PEKUMOB €€
paboThl IpU HECUMMETPUYHOM Harpy3ke. [IprBeneHbl pe3ynbTaThl SKCIEPUMEHTATBHBIX
UCCJICIOBaHM pabOThI MAKETHOTO 00pa3Iia yCTPOMCTBA B IMHUU JICKTPOIIEPEIauH ITPU
pa3IMYHBIX HAarpy3Kax.

Knroueswie cnoea: TpexdazHble TPEXIPOBOHBIC IMHUU ANIEKTporepeaauu, TpexQasHoie
YEeTHIPEXMPOBOAHBIEC TUHUHU FNEKTPOIIEPENAUH, TOTYTIPOBOAHUKOBBIN PETYIISATOP MOIIHOCTH,

HECUMMETpUYHas Harpy3Ka, KOMIIEHcausi 0OpaTHOM MOCe10BaTEIbHOCTH TOKOB HAarpy3KHU.

An approach to the development of controlled transverse control devices for automatic symmetry
of operating modes of three-phase power transmission lines with asymmetric loads is presented.
The general task of constructing power circuits and determining the laws of device control is
formulated. Using the example of one of the possible schemes for constructing a transverse
control device, an approach to determining its parameters and the control law using the method
of symmetric components for phase currents in power transmission lines and loads

is demonstrated. The analysis of electromagnetic processes explaining the principle of operation
of the device is presented. A simulation model of the device is proposed and the results of

modelling the modes of its operation under an asymmetric load are presented. The results of



experimental studies of the operation of a mock-up sample of the device in a power transmission
line under various loads are presented.

Key words: three-phase three-wire power transmission lines, three-phase four-wire power
transmission lines, semiconductor power regulator, asymmetric load, compensation of the

reverse sequence of load currents.
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K pacueTry cCHMMeTPHPYIOUINX YCTPOCTB A5 TPeX(a3HbIX TPEXNPOBOAHBIX JHHMIT
3JIEKTpOIepeIadn

ACTAIIEB M.T"., TAH®WJIOB /JI.1., YACOB A.B., PAILIMTOB ILA.

PaccMotpeHa 3ajaua CHMMETPUPOBAHUS PEKUMOB paOOThI M KOMIICHCAIINS PEAKTUBHBIX
MOIIHOCTEH B TpeX(a3HbIX TPEXIPOBOIHBIX JHHUSIX dJICKTPOIEPEIauu C TOMOIIBIO
CHMMETPHPYIOLIUX YCTPOMCTB MPH HECUMMETPUYHOM Harpy3ke. OnucaHbl MOJXO/bI K PacueTy
apaMeTPOB CHMMETPUPYIOLIHUX YCTPOUCTB C UCIIOIb30BAHUEM METO/1a CHMMETPHYHBIX
COCTaBIISIOIIMX U OallaHca MOIIHOCTEH. PaccMoTpeHa 3a1a4a cuMMETpHPOBaHUS

PESKUMOB pabOThI JIMHUIA AIICKTPOIIEPEIadn C MOMOIIBIO YIIPABIISICMbIX PEAKTUBHBIX AJIEMEHTOB.
Ha mpuMepe KOHKPETHBIX TapaMeTpOB HECUMMETPUYHBIX Harpy30K MPEICTABICHbI PE3yIbTAThI
pacdeTra U IMUTAllMOHHOTO MOJICIIMPOBAHUS pabOTHI ABYX CXEM MOCTPOCHUS CUMMETPUPYIOIINX
YCTPOMCTB Ha OCHOBE PEAKTUBHBIX JIEMEHTOB - CXEMBI, IOCTPOCHHON Ha OCHOBE JIBYX
PEAKTUBHBIX DJIEMEHTOB JIUIsl CHMMETPUPOBAHUS PEIKMMa paOOThI JIMHUH AJIEKTPOIepeIauu, U
CXEMBI, TOCTPOCHHO! Ha OCHOBE TPEX PEAKTHBHBIX 3JICMEHTOB VISl OJJHOBPEMEHHOT'O
CHMMETPHPOBaHUSI PEKHMa pabOThl M KOMIICHCAIINU PEAaKTUBHBIX MOIIHOCTEH B JINHUU
AIIEKTPOTIEPEAAYH.

Knioueswie cnosa: TpexdaszHpie TpeXIpOBOIHBIE JIMHAHU JIEKTPOIIEPEIadH,

CUMMETPHPYIOIIHE YCTPOHCTBA, METO CAMMETPUYHBIX COCTABIISIONINX, OalaHC MOIIHOCTEH
TpexdazHol TPEXIPOBOIHOW JIMHUHU JIEKTPOINIEpEIaun, KOMIIEHCALUS pEaKTUBHON MOIITHOCTH,

MOACIINPOBAHUC YCTpOﬁCTB CUMMCTPUPOBAHUS.

The problem of operation mode symmetry and reactive power compensation in three-phase
three-wire power transmission lines with the help of symmetrical devices with an asymmetric

load is considered. Approaches to calculating the parameters of symmetrical devices using the



method of symmetric components and power balance are described. The problem of
symmetrization of the modes of operation of power transmission lines using controlled

reactive elements is considered. Using the example of specific parameters of asymmetric loads,
the results of calculation and simulation of the operation of two schemes for constructing
symmetrical devices based on reactive elements are presented - a scheme based on two reactive
elements for balancing the operating mode of a power line, and a scheme based on three reactive
elements for simultaneous balancing of the operating mode and compensation of

reactive capacities in a power line.

Key words: three-phase three-wire transmission lines, symmetrical devices, method of
symmetrical components, power balance of three-phase three-wire transmission line, reactive

power compensation, simulation of symmetry devices.
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YerpoiicTBa cMMMeETPHPOBAaHUS PeKUMOB padoThl TPex(asHbIX YeThIPeXIPOBOAHbBIX
JIMHUH JIeKTponepeaavn

YACOB A.B., TAHO®UJIOB JI.1., ACTAILIEB M.T"., PAILIMTOB IT.A., MOCTOBOM JI.B.
[IpencraBieH nmoaxon K pa3paboTKe yNpaBiIsieMblX YCTPONHCTB MOMEPEUHOTO PEryIMpOBaHuUs AJIs
ABTOMAaTUYECKOTO CHMMETPUPOBAHUS PEKUMOB pabOThI M KOMIIEHCAIIUU PEAKTUBHBIX
MOIIIHOCTEH B TPEX(a3HBIX YETHIPEXITPOBOAHBIX TUHUSIX IEKTPONepeaun ¢
HECUMMETPUYHBIMU Harpy3kamu. ChopmynrpoBaHa 3a/1a4a MOCTPOSHUS CHIIOBBIX CXEM

Y CUCTEM YNPABJICHHS YCTPOMCTBAMU ITONIEPEYHOTO PETYIUPOBAHMS. PacCMOTpeH oauH U3
BAPHUAHTOB MTOCTPOEHUS CHIIOBOM CXEMBbI YCTPOMCTBA. BBINONHEH aHANIN3 DIEKTPOMArHUTHBIX
MPOLIECCOB, MOSICHSIONINIA MPUHIIUI PabOThl yCTPOKCTBA U CUCTEMBI yiipaBieHus. [IpuBeaeHbl
pacyeThl napaMeTpoB AJIEMEHTOB CUIIOBOM CXEMBI YCTPOMCTBA MONEPEYHOr0 PETYJIUPOBAHUS U
pe3yNbTaThl MOAEIUPOBAHUS PEKUMOB PAOOTHI JIMHUU 3JIEKTPOIIEpEeIauyl PU HECUMMETPUUHBIX
Harpyskax.

Knrwoueewie cnosa: TpexdasHble YeTHIPEXITPOBOIHBIE JIMHUU JIEKTPONIEpeau, yCTPOCTBa
CHUMMETPUPOBAHHUS, METOJ CUMMETPUYHBIX COCTABIIAIOIIUX, PETYIIATOP MOIIHOCTH,

KOMIIEHCATOP PEaKTUBHON MOIIHOCTH.



An approach to the development of controlled transverse control devices for automatic symmetry
of operating modes and reactive power compensation in three-phase four-wire power
transmission lines with asymmetric loads is presented. The problem of constructing power
circuits and control systems for transverse control devices is formulated. One of the options for
constructing a power circuit of the device is considered. The analysis of electromagnetic
processes is carried out, explaining the principle of operation of the device and control system.
Calculations of the parameters of the elements of the power circuit of the transverse control
device and the results of modeling the modes of operation of the power transmission line under
asymmetric loads are given.

Key words: three-phase four-wire power transmission lines, symmetry devices, method of

symmetrical components, power regulator, reactive power compensator.
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YerpoiicTBa cMMMeETPHPOBAaHUS PeKUMOB padoThl TPex(asHbIX YeThIPeXIPOBOAHbBIX
JIMHUH JIeKTpolnepeaavu

YACOB A.B., TAHO®UJIOB JI.1., ACTAILIEB M.T"., PAILIMTOB IT.A., MOCTOBOM JI.B.
[IpencraBieH nmoaxon K pa3paboTKe yIpaBiIsieMbIX YCTPONCTB MOMEPEUHOT0 PEryIupOBaHUs s
ABTOMAaTUYECKOTO CHMMETPUPOBAHUS PEKUMOB pabOThI M KOMIIEHCAIIUU PEAKTUBHBIX
MOIIIHOCTEH B TPEX(a3HBIX YETHIPEXITPOBOAHBIX TUHUSIX IEKTPONepeaun ¢
HECUMMETPUYHBIMU Harpy3kamu. ChopmynrpoBaHa 3aa4a MOCTPOSHUS CHIIOBBIX CXEM

Y CUCTEM YNPABJICHHS YCTPOMCTBAMU ITONIEPEYHOTO PETYIUPOBAHMS. PacCMOTpeH oauH U3
BAPHUAHTOB MTOCTPOEHUS CHIIOBOM CXEMBbI YCTPOMCTBA. BBINONHEH aHANIN3 DIEKTPOMArHUTHBIX
MPOILIECCOB, MOSICHSIONIMIA MPUHIIUI PabOThl yCTPOWCTBA U CUCTEMBI yiipaBieHus. [IpuBeaeHbl
pacyeThl napaMeTpoB AJIEMEHTOB CUIIOBOM CXEMBI YCTPOMCTBA MONEPEYHOr0 PETYJIUPOBAHUS U
pe3yNbTaThl MOAEIUPOBAHUS PEKUMOB PAOOTHI JIMHUU 3JIEKTPOIIEpEeIauyl PU HECUMMETPUUHBIX
Harpyskax.

Knrwoueewie cnosa: TpexdasHble YeTIPEXIIPOBOIHBIEC JIMHUU JIEKTPOIEepelaun, YCTpoiicTBa
CHUMMETPUPOBAHHUS, METOJ CUMMETPUYHBIX COCTABIIAIOIIUX, PETYIATOP MOIIHOCTH,

KOMIIEHCATOP PEaKTUBHON MOIIHOCTH.



An approach to the development of controlled transverse control devices for automatic symmetry
of operating modes and reactive power compensation in three-phase four-wire power
transmission lines with asymmetric loads is presented. The problem of constructing power
circuits and control systems for transverse control devices is formulated. One of the options for
constructing a power circuit of the device is considered. The analysis of electromagnetic
processes is carried out, explaining the principle of operation of the device and control system.
Calculations of the parameters of the elements of the power circuit of the transverse control
device and the results of modeling the modes of operation of the power transmission line under
asymmetric loads are given.

Key words: three-phase four-wire power transmission lines, symmetry devices, method of

symmetrical components, power regulator, reactive power compensator.

Onexkmpomexnuxa, 2022, Ne6, cmp.33-38

BiinsiHue MOIIHOI Mpeodpa3oBaTe/IbHONH HATPY3KH HA KAaYeCTBO YHEPIHH aBTOHOMHOI
JIEKTPOIHEPreTHYECKOil CHCTEMbI TPAHCIIOPTHOI0 00bEKTA

EIMM®AHIIEB U.P., )KNJIEHKOB A.A., MAPKOBKHMNHA H.H.

[TpuBeaeHBI pe3yIbTaThl U3MEPSHHUS MTOKa3aTe e KaueCcTBa SJCKTPOIHEPTUH B aBTOHOMHOMN
HIIEKTPOIHEPTETHUECKOM CUCTEME aBTOMapoMa C 3JIeKTpoiBruxkeHneM. [Tutanue rpeOHBIX
JIBUTATEIICH Cy/IHA OCYIIECTBISIETCS Yepe3 MOIIIHBIC THPUCTOPHBIE MPEOOPA30BATEIH YACTOTHI,
BCJICJICTBHE Y€T0 MOIIHOCTh MPEOOpa30BaTEIbHOIN Harpy3KU COU3MEPUMA C MOLITHOCTHIO
aneKTpocTaHni. COM3MEPUMOCTh MOIIIHOCTEH MOy IPOBOHIUKOBOM HAIPY3KH M TEHEPATOPOB
TUIIMYHA JUTS SJIEKTPOIHEPTETUUECKUX CHCTEM COBPEMEHHBIX CYI0B U OypOBBIX MIaThopM, U
KaK MPaBUJIO, TIPUBOIUT K HEOOXOAMMOCTH 00eCTIeUeHHs TpeOyeMBbIX MOKa3aTeleil kKauecTa
AIIEKTPOIHEPTHUH, a CIICAOBATEIILHO, K HEOOXOIUMOCTH pa3padoTku BeE Oomee I3 HEeKTUBHBIX
METOJIOB M CPEJICTB AKTUBHOTO KOHTPOJIS TIPOIIECCOB TEHEPUPOBAHUS M MOTPEOICHHS
HEaKTHBHOMN MOIIHOCTH. B cTaThe OIEHUBAIOTCS MEPCIIEKTUBBI MPUMEHEHUS TACCHBHBIX U
AKTUBHBIX CPEJCTB (PUIBTPAIMH Il CHHYKCHHS BBISIBJICHHBIX HETraTUBHBIX 3()(EKTOB,
HaOJIFOIaEMBIX B JICKTPOIHEPTETUUCCKON CUCTEME CY/THA.

Kniouesvie cnosa: aBTOHOMHbBIE SHEPTOCUCTEMBI, KAUECTBO AIIEKTPOIHEPTUH, TAPMOHUICCKU I

COCTaB, aKTUBHBIN QUIBTP, KOA(DHUIIHEHT MOLTHOCTH.



The results of measuring the quality of electricity in an autonomous electric power system of an
electric motor vehicle are presented. The power supply of the vessel’s rowing engines is carried
out through powerful thyristor frequency converters, as a result of which the power of the
converter load is commensurate with the power of the power plant. The commensurability of the
capacities of the semiconductor load and generators is typical for the electric power systems of
modern ships and drilling platforms, and as a rule, leads to the need to ensure the required
indicators of the quality of electricity, and consequently, to the need to develop more and

more effective methods and means of active control of the processes of generation and
consumption of inactive power. The article assesses the prospects for the use of passive and
active filtration means to reduce the identified negative effects observed in the ship’s electric
power system.

Key words: autonomous power systems, power quality, harmonic composition, active filter,

power factor.
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OnpenesneHne HHTEPrapMOHUK TOKA ACHHXPOHHOI0 ABUIATEJIS ¢ IEPeMEHHOH
MEePUOANYECKOI HATPY3KOH

ABJIEEB b.A., YEPHBIN C.I'., MOUCEEB U.C., )XUJIEHKOB A .A.

CraTbs MOCBsILEHA ONPEAETICHNUI0 HHTEPTapMOHHUK TOKa, BOSHUKAIOLIMX MpU paboTe
ACUHXPOHHOI'0 3JIEKTPOJBUraTeNs C IEPEMEHHON NTEPUOANYECKON HArpy3Kou. B nMuranuonHon
MO/JIEJIH, COCTOSIIEH U3 ACHHXPOHHOTO JIBUTATENS C KOPOTKO3aMKHYTBIM POTOPOM, OJI0Ka
NEePEMEHHOI MepruoInYecKol Harpy3KH, UCTOYHHUKA TPeX(PazHOro HAMPSIKEHUSI U MTOJICUCTEMBI
CIIEKTPAJIbHOIO aHAJIM3a TOKA, ONPEIEICHBI IApaMeTPbl OCHOBHON TAPMOHUKH TOKA.

Haiinena pasHocTh Mex a1y TOKOM (ha3bl cTaTOpa aCHHXPOHHOI'O IBUTATENsl U €0 BbIIEICHHOM
OCHOBHOM rapmMoHuku. [lokazaHo, 4To KpoMe OCHOBHOM TapMOHHMKHU TOKa MpHU paboTe
AJIEKTPOJIBUraTeNs Ha IEPEMEHHYIO IEPUOINYECKYIO Harpy3Ky, B CTATOPE MPOSABIISIFOTCS IpyTHe
IIyJIbCALIUU TOKA, HE SBJISAIOLIUECS HOMEPHBIMA F'APMOHUKAMH OT OCHOBHOM. ITyTém
IIPEICTABJICHU TIOJy4YEHHON PA3HOCTHU B BUJIE TAPMOHUYECKOr0 psfa Pypbe onpeneacHsl
YacTOThI, aMIUIUTYAbI U (pa3bl UHTEPrapMOHUK. [ yMEHbILIEHUSI HHTEPrapMOHUK TOKa JIJIs
YCTPOICTB, paboTaroIMX C IEPEMEHHON MEPHOIUUECKON HArpy3KOoi, MPeaoKeHO
UCIIOJIb30BaTh AKTUBHbIE (DUIBTPBI TAPMOHUK (PUKCUPOBAHHON (PUIBTpALIMU WIH C

ABTOMATUYECKOU MOACTPOUKOM MapamMeTpoB (PUIIbTPAIIHH.



Knrwueswie cnosa: aCI/IHXpOHHHﬁ ABUTATCJIb, IEPEMECHHAA IICPUOINICCKAA HArpys3Ka,

MHTEPTapMOHHKH, BBICIIE TAPMOHUKH, MOJICTUPOBAHNUE, aKTUBHBIN (PUIIBTP.

The article is devoted to the determination of the current interharmonics that occur during the
operation of an asynchronous electric motor with a variable periodic load. In a simulation model
consisting of an asynchronous motor with a short-circuited rotor, a variable periodic load unit, a
three-phase voltage source and a current spectral analysis subsystem, the parameters of the main
harmonic of the current are determined. The difference between the phase current of the
asynchronous motor stator and its dedicated fundamental harmonic is found. It is shown that

in addition to the main harmonic of the current when the electric motor is operating on a variable
periodic load, other current pulsations appear in the stator that are not numbered harmonics from
the main one. By representing the resulting difference in the form of a harmonic Fourier series,
the frequencies, amplitudes and phases of the interharmonics are determined. To reduce the
current interharmonics for devices operating with variable periodic load, it is proposed to

use active harmonic filters of fixed filtration or with automatic adjustment of filtration
parameters.

Key words: asynchronous motor, variable periodic load, interharmonics, higher harmonics,

modeling, active filter.
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¢ (PeKTHBHOCTH AKTUBHOI0 (PHJILTPO-KOMIICHCHPYIOLIEI0 YCTPOMCTBA HA CyHE C
3JIEKTPOABHKEHHEM

KNJIEHKOB A.A., MOUCEEB H.C., CEPEBPAKOB M.IO.

Uccnenyercs 3¢ (HeKTUBHOCTh NPUMEHEHUS aKTUBHBIX (PUIBTPO-KOMIIEHCUPYIOIIUX YCTPOHCTB B
COCTaBE aBTOHOMHBIX JJIEKTPOIHEPIETUUECKUX CUCTEM JUJIS IIOBBILICHUS Ka4eCcTBa
AJIEKTPOIHEPIUH. BOJIBIIMHCTBO TAKMX aBTOHOMHBIX CUCTEM UMEIOT B CBOEM COCTABE
MIPEUMYIIIECTBEHHO MpeoOpa3oBaTeNbHYI0 HAarpy3Ky, CyIIeCTBEHHO BIUSIONIYIO HA KAYECTBO
AJIIEKTPOIHEPIUH B CETH. PaccMaTpHuBaeTCs 2JIEKTPOIHEPreTHUECKask CUCTEMA CyTHA

C 2JIEKTPOJIBUKEHUEM, I /1€ TPEOHBIE AJIEKTPOABUTaTEIH MUTAIOTCS OT CETH NEPEMEHHOTO TOKa
yepe3 TUPUCTOpHBIE peoOpazoBaTenu. [IpemnokeHa TONOIOrUst aKTUBHOTO (DUIIBTPO-

KOMIIEHCUPYIOLIET0 YCTPONCTBA, MO3BOJISIONIAs MOBLICUTH €ro 3¢ (HEeKTUBHOCTL IpH paboTe B



paccmaTpuBaeMoii cuctemMe. PaccMoTpeHs! OX0/1bl K MOBBIIEHUIO 3(PQEKTUBHOCTH
UCTIOJIb30BaHUS (PHIBTPOKOMIICHCHPYIONIETO YCTPOUCTBA 32 CUET alallTHBHOTO YIIPABICHHS.
Kniouegvie cnoea: aBTOHOMHBIE DHEPIOCUCTEMBI, KAYECTBO 3JICKTPOIHEPTUH, TAPMOHUYECKUI

COCTaB, aKTUBHBIA HIIBTP, KOAPHUIIMEHT MOIITHOCTH.

Effectiveness of the use of active filter-compensating devices as part of autonomous electric
power systems to improve the quality of electricity is investigated. Most of these autonomous
systems have mainly a conversion load in their composition, which significantly affects the
quality of electricity in the network. The electric power system of a vessel with electric
propulsion is considered, where the rowing electric motors are powered from an alternating
current network through thyristor converters. The topology of an active filter-compensating
device is proposed, which makes it possible to increase its efficiency when working in the
system under consideration. Approaches to increasing the efficiency of using a filter-
compensating device due to adaptive control are considered.

Key words: autonomous power systems, power quality, harmonic composition, active filter,

power factor.

Onexkmpomexnuxa, 2022, Ne6, cmp.51-55

I/I}]eHTI/I(l)I/IKalH/Iﬂ TFapMOHHMYIECKOIo CoCTaBa TOKOB H Haﬂpﬂmeﬂﬂifl B AaBTOHOMHOM
JHEProcucTeMe NMpM HeCTAOMIbHOM YaCTOTE TOKA

[IOJIEJIEHIOK ILII., YEPHBIM C.I., KAMHOBA T.JI., )KWJIEHKOB A.A.

B crathe paccMaTtpuBaeTcst METOT 1 OCHOBaHHAsi HA HEM CHCTeMa HAOJIIOICHHS B PEKUME
PCATBHOr0 BpEMECHHU MapaMCTPOB 'apMOHUK CHUTHaJId, 4aCTOTAa KOTOPOT'O HE ABJIACTCA
CTaHHOHapHOﬁ. Takas cucrema AKTyaJIbHA, HATpUMCED, IJIA 3a1a4 I/II[GHTI/I(I)I/IKaLII/II/I
TapMOHHUYCCKOI'0 COCTaBa CJIOKHOI'O CUI'HaJIa. Ona BOCTpe6OBaHa IIprU ITPUMECHCHUN aKTUBHBIX
q)HJIBTpOB I TO4aBJICHUS BBICIIIUX FapMOHI/IK NN KOMHGHC&TOpOB JJIs1 KOMIICHCAIIUM CABHUTA
(1)&3 MG)K}Iy OCHOBHBIMU FapMOHI/IKaMI/I HaHpSI)KeHI/ISI 1 TOKA B aBTOHOMHOfI
BHCKTpOBHepFCTI/I‘{CCKOﬁ CUCTCMEC, KOTIa CUCTEMC YIIPABJICHUSA aKTUBHBIM (I)I/IJ'IBTpOM 150) 0%
KOMIICHCAaTOPOM Tpe6yeTc;1 3a1aHUC OTIOPHLBIX CUTHAJIOB, OMPCACIIAIOIINX ITOAABIIACMBIC
COCTaBJIAIOMIME TAPMOHHUYCCKOIr0 CUTHaJIa. HpezmomeH BApHUAHT MMOJTYYCHHA TaKHUX

OIMIOPHBIX CUTHAJIOB B YCJIOBHUAX CymeCTBeHHOI\/'I HECTAOMJIbHOCTH YaCTOTHI TOKA B CETH.



Knrwueswie cnosa: I/II[eHTI/I(bI/IKaHI/IH HECTAllMOHAPHBIX CUTHAJIOB, l"apMOHI/ILIeCKI/Iﬁ COCTaB,

napaMeTpbl TaApMOHUYECKOTO CUTHAA.

Article discusses the method and the system based on it for monitoring in real time the
parameters of the harmonics of a signal whose frequency is not stationary. Such a system is
relevant, for example, for the identification of the harmonic composition of a complex signal. It
is in demand when using active filters to suppress higher harmonics or compensators to
compensate for the phase shift between the main harmonics of voltage and current in an
autonomous electric power system, when the control system of an active filter or compensator
requires setting reference signals that determine the suppressed components of the harmonic
signal. A variant of obtaining such reference signals under conditions of significant instability of
the current frequency in the network is proposed.

Key words: identification of non-stationary signals, harmonic composition, harmonic

signal parameters.

Onexmpomexnuxa, 2022, Ne6, cmp.56-60

Cucrema nojaep:KKu NPpUHATHA pemieHui 11 3G (PeKTHBHOIO yNpaBjIeHUs AKTHBHBIM
(¢puabTPOM B ceTH ¢ Mpeodpa3oBaTeIbHON HATPY3KOM

BOPOHOBA A.B., XK1JIEHKOB A.A., IEMUIOBA K.A.

B cratbe uccnenyercs noaxo K popManu3aliy 3aJauu NOAAEP>KKU IPUHATHS PEIICHUN 115
ONTUMAJILHOTO YNIPaBJIEHHUs aKTUBHBIM (DMIIBTPO-KOMITEH-CUPYIOLIUM YCTPOHCTBOM,
paboTaIOUIMM B COCTaBE aBTOHOMHOM 3JIEKTPOIHEPIeTUYECKON crcTeMe, OCHOBHAsI MOLTHOCTh B
KOTOpOU MOTpedsieTcs: mpeoOpa3zoBaTenbHON Harpy3koi. s mossimenus 3 PekTuBHOCTH
CUCTEMBI YJIyUIIeHUs [T0Ka3aTeseil KauecTBa AIEKTPOIHEPTUH MTPEITIOKEHO BBOJUTH YCIOBHE
MaKCHMH3allMH UCII0JIb30BaHNUsl yCTAaHOBIEHHON MOITHOCTH YCTPONCTBA IIpU

o0ecreyeHnr ONTUMANIBHBIX MMOKa3aTesel kauecTBa. Jlana MaremaTuyeckas IOCTaHOBKA 3a/1a4H
yIOpaBieHUs U pa3padbaThIBaAlOTCS METOAbI U aITOPUTM MHOTOKPUTEPUATILHOW ONTUMU3ALNH JISI
e€ pemreHus. [[ns peanu3anuy MHTEIUIEKTYaJIbHON CUCTEMBI MTOAICPKKH PUHATHS pELICHUN
IIPEJJI0KEHO UCIIOJIB30BaTh anmnapar HEUETKUX MHOMKECTB.

Knroueeswvie cnoea: aBTOHOMHBIE SHEPTOCUCTEMBI, KAUECTBO 3JIEKTPOIHEPTUU, TAPMOHUYECKUI

COCTaB, aKTUBHBIN QUIBTP, KOA((HUIIHEHT MOLTHOCTH, MHOTOKPUTEPHUATIbHAS ONITUMU3ALINS.



The article explores an approach to formalizing the problem of decision support for optimal
control of an active filter-compensating device operating as part of an autonomous electric power
system, the main power in which is consumed by a converter load. To increase the efficiency of
the system for improving the quality of electricity, it is proposed to introduce a condition for
maximizing the use of the installed capacity of the device while ensuring optimal quality
indicators. The mathematical formulation of the control problem is given and the methods and
algorithm of multi-criteria optimization for its solution are developed. To implement an
intelligent decision support system, it is proposed to use the fuzzy sets apparatus.

Key words: autonomous power systems, power quality, harmonic composition, active filter,

power factor, multi-criteria optimization.
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MopaenupoBanue padoThl Tpex(a3HOro TBEPAOTEILHOI0 TPaHCc(hoOpMaTOPa NMPHU U3MEHEHUH
HArpy3KH

HHAPEBA IL.E., ABJAEEB b.A., MAPKOBKHMNHA H.H., EIIM®AHIEB W.P., )KXNJIEHKOB
AA.

PaccmatpuBaercs paboTa Tpex(dasHOro TpeXCTyNeHYaToro TBEPA0TENbHOTO TpaHchopMaTopa
pyU U3MEHEHUU Harpy3ku. [IpuBenena npuHIUNIHANIbHAA cXeMa TpaHchopMaTopa, OMHCaHbI
MIPUHITUIT €r0 PaboThl M 00JIACTh MPUMEHEHHS. PaCCMOTpPEHBI CUCTEMBI YIIPABIECHUS KaXK10TO
0J10Ka, MMO3BOJIAIONINE U3MEHATh PEKUMBI pab0Thl. BX0HOM HHBEPTOP MO3BOJIAET PETYIUPOBATH
HaNpsDKEHUE TIEPBO BCTABKU MOCTOSTHHOTO TOKA U MOBBIIMIATE KOAPPUITUEHT MOIIIHOCTH;
JIBOMHOM aKTUBHBIA MOCT PETYJIHPYET HANPSHKEHUE Ha BTOPOU BCTaBKE; BBIXOJHON HHBEPTOP
KOHTPOJIUPYET aMIUIUTYY, YaCTOTY U (a3bl BEIXOJHOTO Tpex(azHoro HampsukeHus. B makere
MATLAB Simulink BBITTOJTHEHO YHCICHHOE MOJIEIMPOBAHNUE PEXKUMOB TpaHcPopMaTopa.
[IpuBeneHbl OCUUIIOTPaMMBbl TOKA U HATIPSKEHUSL, TOATBEPKIAI0IINE MPABUIIBHOCTh
MPEIJI0KEHHOTO MOAX0/1A.

Knrouegvie cnosa: TBepAOTENbHBIN TpaHCPOPMATOP, CHUCTEMA YITPABICHUS, TBOWHOW aKTUBHBIN

MOCT, HHBEPTOP, BBIIPSIMHTEIb.



The operation of a three-phase three-stage solid-state transformer is considered when the

load changes. The schematic diagram of the transformer is given, the principle of its operation
and the scope of application are described. The control systems of each unit are considered,
which allow changing the operating modes. The input inverter allows you to adjust the voltage of
the first DC insert and increase the power factor; the double active bridge regulates the voltage at
the second insert; the output inverter controls the amplitude, frequency and phases of the output
three-phase voltage. Numerical simulation of transformer modes is performed in the MATLAB
Simulink package. The current and voltage waveforms confirming the correctness of

the proposed approach are presented.

Key words: solid-state transformer, control system, double active bridge, inverter, rectifier.
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JKcIepUMEHTAIbHOe M YncieHHoe ucciaegopanue noreps B BTCII karymkax
NepPeMEeHHOI0 TOKa

3AHET'MH C.10., 3YBKO B.B., UBAHOB H.C., KOBAJIEB K.JI., [IOJI'Y30B B.A.
BrInosiHeHsI UcCiIe0BaHMs IOTEPH AIEKTPUYECKUX MALINH IEPEMEHHOIO TOKA C KaTylIKaMH,
M3TOTOBJICHHBIMU Ha OCHOBE BBHICOKOTEMIIEpATypHbIX cBepXnpoBogHuKkoB (BTCII) BToporo
MOKOJIEHUS. DKCIIEPUMEHTAaIbHbIE UCCIIEJOBAHUSI TIOTEPh MOIIIHOCTH (ITOTEPh )IPOBOJIMINCH Ha
onuHouyHoit BTCII karymike, 3aTeM Ha cOOpaHHOI MarHUTHOW CHCTEME U3 HECKOJIBKUX KaTyIleK
C 00IIMM MarHUTONPOBOIOM, MTPEICTABISIONIMM COOON KOJIBIEBYIO OOMOTKY CTaTopa
ANEKTPUYECKOM MalIMHBL. J[aee noTepr HCCIeq0BAINCH C POTOPOM, YCTaHOBJIEHHBIM

BHYTpH cTaTtopa. B aTom ciyuae kaxxnas BTCII katymika HaXoAUTCS BO BHEIIHEM MarHUTHOM
I10JI€, IIPU 3TOM POTOP B OJTHOM DKCIIEPUMEHTE CTaTUYEH, & B IPYTIOM - IPUBOJUTCS B IBUKECHUE
BHEIIIHUM 3JIEKTPOJIBUTATENIEM, TO €CTh MCIIBITATENIbHBINA CTEH]] pabOTaeT B TeHEPAaTOPHOM
pexume. Bo Bcex skcriepuMeHTax TOK ObLT YUCTO CUHYCOUJAIBHBIM (M HE3HAYUTENbHO UCKaXKEH
TpeThell rapMOHUKOM B TeHEpaTOPHOM pexxumMe). YucineHHoe uccae10BaHue oTeph METOA0M
KOHEYHBIX JIEMEHTOB poBoaAniIochk B ctonke BTCII neHT npu nmpoTekaHnu B HEM IEPEMEHHOTO
TOKA B IPUCYTCTBUU BHEIIIHETO KaK IIEPEMEHHOI0, TaK U IIOCTOSSHHOTO MarHUTHOTO TIOJIEH.
Hannuue Takoil MoJienu BaXXHO IS JIUIIEro IPOrHO3UPOBaHUS IOTEPh Ha IEPEMEHHOM TOKE B
BTCII ycTporicTBax. BBIOJIHEHO KaUECTBEHHOE CPAaBHEHHE PE3YJIBTATOB U3MEPEHUN U

MOZACIINPOBAHUSA TOTCPb IJII HCKOTOPBIX PEKUMOB paGOTBI Ipu YUCTO CUHYCOUAAJILHOM TOKC.



Knrouegvie cnosa: >nexrpuieckas mamuna, BTCII oOMoTka, moTepu Ha mepeMeHHOM

TOKEC, MCTOL UBMCPCHUA MTOTCPb, MOJACIMPOBAHUEC ICPCMCHHOI'O TOKA.

Studies of power losses of alternating current electric machines with coils made on the basis

of high-temperature superconductors (HTS) of the second generation have been carried out.
Experimental studies of AC losses were carried out on a single HTS coil, then on an assembled
magnetic system of several coils with a common magnetic core, which is an annular stator
winding of an electric machine. Further, AC losses were investigated with a rotor mounted inside
the stator. In this case, each HTS coil is located in an external magnetic field, while the rotor is
static in one experiment, and in the other it is driven by an external electric motor, that is, the test
bench operates in generator mode. In all experiments, the current was purely sinusoidal

(and slightly distorted by the third harmonic in the generator mode). Numerical investigation of
AC losses by the finite element method was carried out in a stack of HTS tapes when alternating
current flows in it in the presence of external both alternating and permanent magnetic fields.
The presence of such a model is important for better forecasting of AC losses in HTS devices. A
qualitative comparison of the results of measurements and modeling of AC losses for

some operating modes with a purely sinusoidal current is performed.

Key words: AC electric machine, HTS winding, AC loss, AC loss measurement method, AC loss

modeling.
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