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CuMMeTpHpPOBaHME NINHOMAKETOB BTOPHYHBIX TOKOMO/ABOI0B PYAHOTEPMUYECKHUX MeYei
AJIM®EPOB A.M., BUKEEB P.A., TOPEBA JLII., TBO3/IKOB U.T.

[TpoekTrpoBaHUE KOPOTKHUX CETEH PYyTHOTEPMUUECKUX IEeYel JODKHO 00ecTieYnBaTh MUHUMYM
AKTUBHOTO ¥ HHIYKTUBHOTO CONPOTUBIICHUH B X CUMMETpPHIO 110 (pa3am. BzanmHoe
pacrnooKeHre NCTOYHHKA MMUTAHUS U Pab0Uero mpoCTPaHCTBA TaKUX Meueil 00ycIoBIMBaET
pa3HbIe UTMHBI )KECTKOT'O HEMOIBIYKHOTO Y9aCcTKa KOPOTKOM CETH, YTO MPUBOANT K ACHMMETPHH
KOPOTKOH CETH B II€JIOM, HEPABHOMEPHOCTH BBIZICIICHHSI MOIITHOCTH 110 00beMy pabodero
NPOCTPAHCTBA, a 3HAYHUT, HEPABHOMEPHOCTH M3HOCA (PYTEPOBKHU M CHIKEHHUIO
npou3BouTeNbHOCTH. [Tpr Gonbix Tokax (ha3wl pacHICIUISIOT Ha TTapauieIbHbIe TPOBOHUKI
¥ TI0 BO3MOYKHOCTH MEPEIIMXTOBBIBAIOT MOTY(a3bl A1 YMEHBIICHUS UX UHAYKTHUBHOTO
COIPOTHBIICHUS. PaccMaTprBaeMblil y4acTOK KOPOTKOW CETH BBIMOJHSIOT U3 MPSMOYTOIBHBIX
IMH Win TpyoonvH. [IpeanoskeHpl HOBbIe BapUAHTHI TPAHCTIO3UITUH U TIEPEITNXTOBOK
[IMHOTIAKETOB KPYTJIBIX PYAHOTEPMHUYECKHUX TIEUeH C IIeNIbI0 BHIPAaBHUBAHUS HHIYKTUBHOCTH (pa3
0e3 CyIIIeCTBEHHOT'O U3MEHEHHUs rabapuToB MHUHOMAKeTOB. OIIeHKa HOBBIX BAPHAHTOB
NpOBE/ICHA ITyTeM YHCICHHOTO MOJICITMPOBAHUS dJICKTPOMATHUTHBIX IPOIIECCOB, MPOTEKAIOITIX
B DJIEMEHTaX KOPOTKOMW CETH, B ABYMEPHOMU MOCTAaHOBKE ¢ moMoIpio makera ANSYS.
[IpuBeeHBI KOHKPETHBIE MPUMEPHI CAHMMETPUPOBAHUS IIMHOMAKETOB ICHCTBYIOIINX TICUCH.
Knroueswie cnoea: pynHOTEpMUYECKAs TI€Ub, KOPOTKAS CETh, HHIYKTUBHOE COMPOTUBIICHHE,

AKTUBHOC COITPOTHBIICHUC.

The design of short networks of ore-thermal furnaces should ensure a minimum of active and
inductive resistances and their phase symmetry. The relative location of the power source and the
working space of such furnaces causes different lengths of the rigid fixed section of the short
network, which leads to asymmetry of the short network as a whole, uneven power allocation in
terms of the working space, and, therefore, uneven wear of the lining and reduced productivity.
At high currents, the phases are split into parallel conductors and, if possible, the semi-phases are
re-mixed to reduce their inductive resistance. The considered section of the short network is
made of rectangular tires or pipe tires. New variants of transposition and re-loading of busbar
packages of round ore-thermal furnaces are proposed in order to equalize the phase inductance
without significantly changing the dimensions of the busbar packages. The evaluation of the new
variants was carried out by numerical simulation of electromagnetic processes occurring in the

elements of a short network in a two-dimensional formulation using the ANSY'S package.



Specific examples of busbar package symmetry in operating furnaces are given.

Key words: ore-thermal furnace, short network, inductive resistance, active resistance.
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HccnenoBanue pe:kuMa nepeMelIiBaHUA PAcIIaBa aJIOMHUHHUS B MHAYKIHOHHOI CHCTEM C
MOCTOSAHHBIMH MarHUTAMH

MOPEB A.D., AJIU®EPOB A.., KY3HEILIOB B.A.

Jnst 5 heKTUBHOTO TIepeMENIMBaHUs aTIOMUHUEBOTO PAcIlyiaBa Yallle BCEro UCIIOIb3YIOTCS
YCTaHOBKH, TCHEPUPYIOIIUE HU3KOYACTOTHOE OeryIlee 3MEKTPOMarHUTHOE TI0JIe, CO37]aBacMoe
MHOTO(a3HOI 0OMOTKOH, pacroNI0KeHHOUW BOIU3M kuIKkoro Metaia. [Ipumenenne
MepeMEIIaeMbIX TOCTOSTHHBIX MarHUTOB 00ECIIeYMBACT MajIble rabapuThl YCTAHOBKHU, HU3KYIO
CTOMMOCTh HCTOYHHUKA IMUTAHKS, BO3SMOXKHOCTb THOKOTO YIPABIICHUS YaCTOTOM IOJISI B IITUPOKOM
nuanasone u anekrpudeckuid KITJ[ 1o 80%. C moMomibo cucTeMbl BpallaroInXcsi MOCTOSHHBIX
MarHUTOB MOKHO OPTraHU30BBIBaTh B 00hEME METAILNTUIECKOTO paciliaBa KPyITHOMACIITaA0OHbIC U
MeJIKOMacIITaOHbIC TTOTOKU Pa3aIuYHBIX KOH(puUrypanuid. [IpaBuiibHbBIN BEIOOD pexruMa
JBIDKEHUSI paciljiaBa Mmo3BOJIsIET 00eCIIeUnTh PAaCTBOPEHHE BHECEHHBIX J0OABOK, JIETa3alnio
pacruiaBa, cenaparyio YaCTHIl OKHCIIOB U IIJIAKOB, BRIPOBHSATH IO 00BEMY pacIijiaBa €ro COCTaB
U TemIiepaTypy. B cTtaThe npeacTaBieHbl pe3yabTaThl YUCISHHOTO MOACITUPOBAHUS
MarHUTOTHUIPOIMHAMHYECKHUX MPOIECCOB B IIMIMHAPUYECKON BaHHE pacIjiaBa, OXBaueHHON
BpalllaloIIeNcsa CUCTEMOM MOCTOSHHBIX MAarHUTOB. [IpeacTaBieHbl 3aBUCMOCTH aKTUBHOM
MOIIIHOCTH, BBIACIISIIOIICICS B pacIuiaBe, OT CKOPOCTH BPAILEHUS U YUCIIa Map MOJI0COB
MarHUTHOUN CHCTEMBI, PaIMaIbHOTO PaCTIPEeNICHHUs DIEKTPOMArHUTHOM CHITBI M TIOJISI CKOPOCTEH
B pacIuIaBe.

Knroueevle cnosa: nepeMeninBanne pacrjiaBa allOMAHMS, MHIYKIIMOHHBIN Harpes,

Bpalaromeecsa MarnuTHOC IoJie, MOCTOAHHBIC MArHUThl, MATCMATHUYCCKOC MOACITIUPOBAHUC.

For efficient mixing of aluminum melt, installations that generate a low-frequency traveling
electromagnetic field generated by a multiphase winding located near the liquid metal are most
often used. The use of movable permanent magnets provides a small installation size, low cost of
the power supply, the possibility of flexible control of the field frequency in a wide range and an
electrical efficiency of up to 80%. With the help of a system of rotating permanent magnets,

large-scale and small-scale flows of various configurations can be organized in the volume of the



metal melt. The correct choice of the melt movement mode allows to ensure the dissolution of
the added additives, degassing of the melt, separation of oxides and slags, and to equalize its
composition and temperature in terms of the melt volume. The article presents the results of
numerical simulation of magnetohydrodynamic processes in a cylindrical melt bath covered by a
rotating system of permanent magnets. The dependences of the active power released in the melt
on the speed of rotation and the number of pairs of poles of the magnetic system, the radial
distribution of the electromagnetic force and the velocity field in the melt are presented.

Key words: mixing of aluminum melt, induction heating, rotating magnetic field, permanent

magnets, mathematical modeling.
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Pacuer BUOPOAKTHBHOCTH 3JIEMEHTOB KOHCTPYKIIUM CHHXPOHHOI 3JIEKTPOMATHUTHOM
MAIIMHBbI YIAPHOTO /IeiicCTBUS ¢ HHEPIIMOHHBIM peBepcoM Doiika

HEVMAH JI.A., HEUMAH B.1O.

PaccmoTpens! BUOpaloHHbIe TPOLECCHl B KOHCTPYKIIMU YCOBEPIIEHCTBOBAHHON CUHXPOHHOM
3JIEKTPOMArHMTHOM MallluHbI. B pe3ynbTaTe COBMECTHOIO PELICHHS YPaBHEHHI
SJICKTPOMArHuTHOI'O COCTOSAHUS U MOCTYIATCIIBHOT'O ABUKCHU 3JICMCHTOB KOHCTPYKIIUHA
MHOI'OMAaCcCOBOM ME€XaHHUYECKOU CUCTEMEI MoJIiydyCeHa MaTeéMaTuicckas MoACIib JTUHAMUYICCKOTO
COCTOSIHUS MAIlIMHBI B BUJIE CUCTEMBI TU(PepeHnanbHbIX ypaBHEHUH. OCHOBHbBIE pacyeThl
BoimosiHeHsl B MATLAB Simulink metogamu ctpykrypHOro MojaenupoBanus. [1o pesynsraram
MOACIINPOBAHUA TOJTYUCHBI BDCMCHHBIC AUarpaMMbl ITPOAOJIbHBIX KOHCG&HI/Iﬁ HWHCPUUOHHBIX
Macc, yYUTHIBAIOIIKE BIIMSHUE YAAPHOU Harpy3Kku. Iloka3ana npyuHIMNIMaibHas BO3MOXHOCTh
JAIbHENIIET0 UCTIOIb30BaHMS MOJIEINHU I ONTUMU3AIMOHHBIX PACYETOB C IEJIbIO YITYUIICHUS
XapaKTePUCTUK CUHXPOHHBIX JEKTPOMArHUTHBIX MAIllMH, a TAK)Ke JJIs 33]1a4 MPOCKTHPOBAHUSI.
Knroueevie cnosa: CMHXpOHHAs 2JIEKTPOMAarHUTHAs MAlllMHA, YAapHas Harpy3Ka, MHEpLUOHHbIE
MacCcChlI, BI/I6poaKTI/IBHOCTb, MaTe€MaTU4dYCCKasd MOACIb, I[I/IHaMI/I‘ICCKI/Iﬁ pacucT, MCTOAbI

CTPYKTYpPHOTO MOJIEIUPOBAHHUS.

Vibration processes in the design of an improved synchronous electromagnetic machine are
considered. As a result of the joint solution of the equations of the electromagnetic state and the
translational motion of the structural elements of a multi-mass mechanical system, a

mathematical model of the dynamic state of the machine in the form of a system of differential



equations is obtained. The main calculations were performed in MATLAB Simulink using
structural modeling methods. Based on the simulation results, the time diagrams of the
longitudinal oscillations of the inertial masses are obtained, taking into account the impact of the
shock load. The principal possibility of further use of the model for optimization calculations in
order to improve the characteristics of synchronous electromagnetic machines, as well as for
design tasks, is shown.

Key words: synchronous electromagnetic machine, impact load, inertial masses, vibration

activity, mathematical model, dynamical calculations, structured modeling methods.
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AHAJINTHYECKHUI pacyeT U CXeMHasl alMPOKCUMALMS M0l BO30Y:KIeHH s SIBHOMOJIOCHOMN
JIEKTPUYECKOI MAIIMHBI

BJIAHK A.B.

PaccMaTrpuBaeTcst aHaTUTHUECKOE PEIICHHE IBYMEPHOTO MU PepeHITnaIbHOTO ypaBHEHUS B
YaCTHBIX NMPOU3BOJIHBIX IS MOJIS BO30YKACHHUSI IBHOTIOIIOCHON AJIEKTPUUYECKONW MAIIMHBI 1
CHHTE3 Ha OCHOBE ATOTO0 penieHus kackaaHoil A-H-cxemsl 3amernieHus. OcCOOEHHOCTBIO
MOJyYEHHOTO PELICHHS ABISETCA HAIMYHME OJTHOW KyCOUHO-HENPEPHIBHONW COOCTBEHHOM
dbyskun 3aaauu [typma-JInyBuiis B 001acTi 4epeayronuxcs MoJIF0COB U IPOCTPAHCTB
MEXIy TOTI0CaMU U MHOECTBA TNIaakux (yHKIui B o61acTu padodero 3a3opa. [IpencraBnen
pacuer moJist BO30YyXAeHHs TpeMs pa3InYHBIMU METOJaMH: aHATTUTUYECKH, IO KackaaHoi A-H-
CXEMe€ 3aMEIIECHUS ¥ YUCIICHHO.

Knrwoueswie cnosa: >nekTpuuecKue MalIMHbl, CHHXPOHHBIE 3JIEKTPUYECKHE MALTHHBI ¢ 00OMOTKOM
BO30YKJICHHS Ha pOTOpE, T0JIe BO3OYKICHHS; KYCOUHO-HEIPEPhIBHBIE COOCTBEHHBIE (DYHKITUN

3agaun typma-JInyBumis, KackaaHble CXEMbI 3aMEILICHMUS.

In the paper, the analytical solution for the exciting field in the salient-pole electric machine is
considered and the cascade equivalent A-H-circuit is synthesized on the base of this solution. In
the solution, there are the single piecewise continuous Sturm-Liouville eigenfunction (in the
piecewise zone named “poles and air spaces”) and many sinusoidal functions (in the zone of the
air gap). The exciting field’s calculation is offered in three different variants: analytically,
numerically and on the base of the cascade equivalent A-H-circuit.

Key words: electric machines, synchronous electric machines with the rotor’s exciting coil,

exciting field, piecewise continuous Sturm-Liouville eigenfunctions, cascade equivalent circuits.
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AJITOPUTM CHHXPOHH3AINH /ISl 0€3y/apHOT0 NMepeKJII0YeHHsI ACHHXPOHHOTO IBUTATEJIA
MesKIy peodpa3oBaTesieM YacTOThI U MUTAIOIIEH CeThIO

JOMAXUWH E.A, KOTHH [I.A.

PaccmatprBaeTcsi aCHHXpOHHBIN AIIEKTPONPUBOJ Ha Oa3e mpeoOpa3oBaTessi 4acTOTHI C
ABTOHOMHBIM HHBEPTOPOM HAIPSKCHHUS, KOTOPBIA MOXET IPUMEHSTHCS, KaK B COCTaBE CTAHIIUU
YaCTOTHOTO YIPABJICHUS TPYIIION TEXHOJOTHUECKUX arperaTtoB, Tak M B KAY€CTBE OJMHOYHOTO
anekTpornpuBoaa. [Ipeanoxen moaxo, Mo3BOJSIOMNN peain30BaTh QYHKIHIO O0e3y1apHOTO
NEPEKITFOYCHUST ACHHXPOHHOTO JIBUTATEIST MEKAY Tpeo0pa3oBaTesieM YaCTOTHI M MU TArOIIEH
CeThi0. BhIMOIHEH aHaIM3 MPOIIECCOB, CBSI3aHHBIX C MOTEPEH HANIPSHKCHUS TUTAHUS
ACMHXPOHHOM MaruHbl. [IpecTaBieH KpaTKUil aHAINU3 MTPUMEHSAEMbBIX B TPOMBIILICHHOCTH
CMOCOOOB MEPEKITIOYCHHUS ABUTATSILHON HATPY3KHA MEX/TY TUTAOIICH CEThIO U
npeoOpa3oBaTesieM YacTOThI, KPATKO pAaCCMOTPEHBI TPAHUIIBI X TpuMeHeHwust. [IpemtoxkeH
QITOPUTM aBTOMATHYECKOTO Oe3yJapHOTO MEPEKITIOYCHUSI aCHHXPOHHOTO JIBUTATEIIST MEXKIY
MUTAOMICH CEThIO M MTPeoOpa3oBaTeieM YacTOThl. PACCMOTPEHBI CHIIOBAst CXeMa TaKOTo
AJIEKTPOIPUBO/IA, & TAKXKE CTPYKTYPHAsI CXeMa CUCTEMbI YIIPABJICHHUS, TIO3BOJISIFOIIINE
pearn30BaTh MPeUI0KEHHBIE alITOPUTMHYECKUE MTOAXO0bI. [IpecTaBieHa MeToInka paciera
PEryIsTOPOB MO M (Da3bl BBIXOAHOTO HAIPSDKEHHSI TpeoOpa3oBatetst 4acTOThl. BEITOTHEHO
UMHUTALMOHHOE MOJICIIUPOBAHUE aJITOPUTMOB YITPABIICHHUSI, TOITBEPKIAOIICE UX
paboTOCTIOCOOHOCTh U PEATU3YEMOCTb.

Knrouesovie cnosa: acHHXpOHHBIN 3JICKTPONIPHBO/I, YACTOTHOE YIIPABICHUE aCHHXPOHHBIM

3JIEKTPONPUBOJIOM, Oe3y1apHOe NEPEKIIOUEeHUE, CHHXPOHU3ALUS HAIPSKEHUH.

An asynchronous electric drive based on a frequency converter with an automatic voltage
inverter is considered, which can be used both as part of a frequency control station for a group
of technological units, and as a single electric drive. An approach is proposed to implement the
function of shockless switching of an induction motor between the frequency converter and the
supply network. The analysis of the processes associated with the loss of the power supply
voltage of the induction machine is performed. A brief analysis of the methods used in the
industry for switching the motor load between the supply network and the frequency converter is
presented, and the limits of their application are briefly considered. An algorithm for automatic



shockless switching of an asynchronous motor between the supply network and the frequency
converter is proposed. The power scheme of such an electric drive is considered, as well as the
block diagram of the control system, which allows implementing the proposed algorithmic
approaches. The method of calculation of the module regulators and the phase of the output
voltage of the frequency converter is presented. Simulation modeling of control algorithms is
performed, confirming their operability and feasibility.

Key words: induction motor drive, induction motor variable frequency drive, soft switching,

supply voltages synchronization.
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Cnoco0b!1 yJIy4iieHusi FApMOHUYECKOr0 COCTABA MATHUTHOTO TOJISI B JIEKTPHYeCKHX
MAIIMHAX ¢ IPOOHBIMM 3yOLIOBHIMH 00MOTKAMM

BABMIIKHI [1.10., TOITIOPKOB J.M., IIPUCTVII A.I'., TEMJISIKOBA 3.C.
Oco0eHHOCTHIO IPOOHBIX 3YOIIOBBIX OOMOTOK SIBIISIETCSI TAPMOHUYECKUI COCTAaB MAarHUTHOTO
10JIs, B KOTOPOM MPHUCYTCTBYET psAJl HEPaOOUUX rapMOHUK, BbI3bIBAIOIINX HETAaTUBHBIC

a3 dexTl. B cTaThe paccMOTPEHBI CYIIECTBYIONINE CITOCOOBI YIyUIIEHUS TAPMOHUYECKOTO
COCTaBa MarHMUTHOT'O TIOJISl B DJIEKTPUYECKUX MAIIMHAX C TPOOHBIMU 3yOIIOBEIMH OOMOTKAMH.
[IpuBeneHo onucanue KOHCTPYKIUH ¢ peanu3anueil pacCMOTPEHHBIX crtoco6oB. Mx
3(PEeKTUBHOCTH PACCMOTPEHA HA OCHOBE €AMHOM MOJIEIH JIEKTPUUECKON MAITUHBI ¢ 0OMOTKOM,
MMEIOIIIEeH YMCII0 1Ma30B Ha mojtoc u a3y =2/5. IIpoBeneHo cpaBHEHNE PACCMOTPEHHBIX
CIOCOOOB YIYUIIEHUsI TAPMOHMYECKOTO COCTaBAa MATHUTHOTO TOJIsI APOOHBIX 3yOIIOBBIX
00MOTOK MEXIy CO00H, a TaKkKe C KIIACCHUECKON ApOOHOM 3yOI10BOI OOMOTKOIA.

Kntroueswie cnoea: >nexTpuueckasi MalImHa ¢ MOCTOSHHBIMU MarHUTaMH, JpoOHas 3y01oBas

obmoTtka, rapmorrku MJIC, KOHEUHO-3JIEMEHTHBIN aHAJIH3.

A specificity of fractional slot winding is magnetic field space harmonic content which consists
of number of non-working harmonics that cause undesirable effects. Current work presents
existing ways for improve improving magnetic field space harmonic content created in electrical
machines with fractional slot winding. Description of design with the application of the
considered methods is presented. The efficiency of these methods is considered on the basis of a
unified model of an electric machine with q=2/5 number of slots per pole and phase. A

comparison of the considered methods for improving of magnetic field space harmonic content



of fractional slot winding is carried out both with each other and with the conventional fractional
slot winding.
Key words: permanent magnet electrical machine, fractional slot winding, MMF harmonics,

finite element analysis.
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K MeToay mocTpoenusi COBMeieHHbIX 00MOTOK € OJHUM KOMILIEKTOM BbIBO/J0B,
CO3AI0IIUX COTJIACHO M BCTPe4yHO Bpamawmuecss rapmoHuku MJIC pasimnyHoi
MOJIIOCHOCTH

KVYJIMKOB B.II., YECTIOHMHA T.B.

[IpennosxeH MPUHIIKI TOCTPOSHHUSI COBMEIIEHHOW 0OMOTKH MEPEMEHHOTO TOKA C OJTHUM
KOMILJIEKTOM BBIBOJIOB, MArHUTOABMIKYIIAsl CUJIa KOTOPOI UMEET MOJIFOCHOCTh ) U .
[TosryueHbl BoIpaskeHUs U1 MArHUTOABUKYIIEH CUJIbI U BUTKOB (ha3bl COBMEIIEHHONH 0OMOTKH,
CO3/IAIOIIHX COTJIACHO U BCTPEYHO BPAIIAIOIINECS TAPMOHUKYA MAaTHUTOABIIKYIIEH CHITBI
HOJIOCHOCTH Py U P,. [TonpoOGHO paccMOTpeHBI Cilyyan OCTPOEHUSI COBMEIIEHHONH OOMOTKH C
COTJIACHO BPAIIAIOITUMHUCS TapPMOHUKAMH MarHUTOABMKYIICH CHIIBI Pa3HOU MOFOCHOCTH, JaHBI

OCHOBHBIC COOTHOLICHUS JJI1 paCIpCACIICHUS NIPOBOJHUKOB B I1a3aX. HpI/IBe,Z[GHBI

IIPOCTPAHCTBEHHBIE KAPTUHBI COTJIACHO BPAILAIOIINXCS TADMOHUK MarHUTOABUKYIIEH CHIIBI
HOJIFOCHOCTH Py =5 u P, = 3. [IpeuioxkeH KOHKPETHBIH BApUAHT COBMEILCHHOI ABYX (ha3HOM
OOMOTKH.

Knrouesuvie cnoea. coBmeniecHHEBIC O6MOTKI/I, COrJIaCHO M BCTPEUYHO BpallaroImuruecs rapMOHUKA

MarHUTOABIKYIIEH CUJIbI, pacIpe/ie]IeHHe TPOBOHUKOB.

This paper deals with the method of designing an alternating current combined winding with one
set of terminals which creates the magneto motive force with numbers of pole pairs p; and p,.
Equations are obtained for the magneto motive and the combined winding phase turns which

create co-rotating and counter-rotating magneto motive harmonics with numbers of pole pairs p;

and p,. Cases of designing combined winding with co-rotating magneto motive harmonics with

different numbers of pole pairs are described in detail, the main ratios for conductor distribution

over slots are given. Spatial pictures of co-rotating magneto motive harmonics with numbers of

pole pairs p; =5 and p, =3 with different angular frequencies are provided.A separate variant



of the combined two-phase winding is proposed.
Key words: combined winding, co-rotating and counter-rotating MMF harmonics, conductor
distribution.
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Pa3ButuHe Teopum onpenesieHUss HEAKTUBHBIX MOIIHOCTEN B HECHHYCOMIAJIBHOI CeTH
01HO0(}a3HOT0 MePeMEeHHOr0 TOKA

MJATEX C.B., IIYPOB H.H., LITAHI" A.A., Y CSIOI'AH

[Tponomxkas padotsl Fryze S. u Budeanu C.I., uccaenoBarenu CTONKHYINUCH ¢ OITMOKaMU 1
MIPOTUBOPEUYHUSMHU B OIPEICIICHUA HEAKTUBHBIX MOITHOCTEH. OHM ObUTH BBI3BaHBI ()OPMATILHBIM
MEPEHOCOM HEKOTOPBIX TOJIOKEHUH CHMBOJIMYECKOTO METO/a Ha AIEKTPUUECKUE TISTTH C
HECHMHYCOHIaTbHBIMU HANIPSDKEHUSIMU U TOKaMH. B cTaThe MoKa3aHo, 4To ISl HCCIIET0BaHUS
pEXUMOB pabOTHl HECHHYCOHUIATBHBIX CeTel 0THO(GA3HOTO EPEMEHHOTO TOKa HE0OX0UMO
MPEACTABIISITH HAIPSDKCHHS M TOKM Ha KOMIUIEKCHOM TUIOCKOCTH B BHJIE 00OOIIEHHBIX BEKTOPOB,
JUTSL KOTOPBIX CIEAYeT OMPEesATh MapHbIe MPOCSKIIMA Ha OPTOTOHAILHBIE OCH.

Knrouesvie cnosa: peakTuBHasi MOITHOCTh, MOIITHOCTh UCKAKXCHH, TAPMOHHUKH, TPEYTOJIbHUK

MOIIIHOCTEW, 000OIIECHHBIN BEKTOP.

Continuing the work of Fryze S. u Budeanu C.1.F, the researchers encountered errors and
contradictions in the definition of inactive powers. They were caused by the formal transfer of
some provisions of the symbolic method to electrical circuits with non-sinusoidal voltages and
currents. The article shows that to study the modes of operation of non-sinusoidal single-phase
AC networks, it is necessary to represent voltages and currents on a complex plane in the form of
generalized vectors, for which pair projections on orthogonal axes should be determined.

Key words: reactive power, distortion power, harmonics, power triangle, generalized vector.
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JHeprodpPekTUBHBIA TMOPUAHBIN CUJIOBOH (PUJIBTP € ONTUMAJBHBIMH NTApaMeTPaMHu

IIYPOB H.U., LITAHT A.A., MAJIO3EMOB B.B., Y CAOT'AH

B crarbe paccmarpuBaeTcs akTyalbHOCTh pelaeMoi MpoOIeMbl U IPUBOJISATCS KIIFOUEBBIC



ATarbl PEMIEHUS 3a/1a4y [0 ONPEACICHUIO MOIIIHOCTH aKTUBHOW U MACCUBHOM YacTei
THOPUIHOTO CHIIOBOTO (QHIIBTPA, MPEAHA3HAUECHHOTO ISl KOMIICHCAIIUU HEAKTUBHBIX
MOIITHOCTEW B HECUHYCOUIATLHOU CUCTEME C HETMHEHHBIMU BRICOKOYACTOTHBIMU MCKAKCHHSIMH.
Pa3zpaboTtana aHanuTHYeCcKass METOIMKA ONITUMHU3AIIMHA THOPHUIHOTO CUIIOBOTO (QUIIBTPA
NPUMEHHUTEIBHO K CHCTEME JIEKTPOCHAOKEHHS TTOJCTAHIIMH HOBOCHOMPCKOTO METPOTIONHUTEHA.
[IpuBeneHBI OCHOBHBIC PE3YIbTAThI IKCIIEPUMEHTATBHBIX UCCIECAOBAHUN U TIPEUMYIIECTBA
MPUMEHEHUS THOPUIHOTO CHIIOBOTO (PHIIBTPa C ONTHUMAIBLHBIMU MTapaMeTpaMHu 10 CPABHEHHUIO C
BBITTOJIHEHHBIMHU T10 MPHHIIATIAM JTHOO0 IMOJIHOCTHIO aKTUBHOTO, JINOO IMOJHOCTHIO TACCHBHOTO
(bUIBTPOB.

Knroueswie cnosa: pecypcocoepexenue, SHeprodpPeKTHBHOCTh, KAUECTBO IIEKTPOIHEPTHH .
0JI0K KOHJICHCATOPOB, TAPMOHHUKH TOKA, PEAKTUBHAS! MOIIIHOCTb, TUOPUIHBIN CHIIOBOM (DUIIBTD,

AKTHBHBIN CHIIOBON (QUIIBTD.

The article discusses the relevance of the problem being solved and presents the key stages of
solving the problem of determining the power of the active and passive parts of a hybrid power
filter (HSP) designed to compensate for inactive powers in a non-sinusoidal system with
nonlinear high-frequency distortions. As a result of the research, an analytical technique for
optimizing a hybrid power filter has been developed as applied to the power supply system of the
Novosibirsk metro substation. The main results of experimental studies are revealed and the
advantages of using a hybrid power filter with optimal parameters, compared with those made
according to the principles of either fully active or completely passive filters, are presented.

Key words: resource saving, energy efficiency, power quality, capacitor bank, current harmonics,
reactive power, hybrid power filter, active power filter.
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IHoBbImeHne KOJIMYECTBA Pa00UYMX 30H B TPexX(a3HOM BbIIPAMUTE/IE IEPEMEHHOI0 TOKA
MSATEX C.B., LIYPOB H.U., MAJIO3EMOB B.B.

[Toxa3zaHo, uTo coueTanue GpasHbIX U MeK(PA3HBIX HAMPSHKEHUH TPEXIIyueBOM 3Be3/1bI TO3BOJISIET
B HECKOJIBKO Pa3 YBEJIIMYUTH SIKBUBAIEHTHOE KOJMUECTBO pab0UYMX 30H TpeX(Pa3HOTro
BBIIPAMUTENS 0€3 YCI0KHEHUSI €0 cXeMHOro pemeHus. C MOMOIIbI0 METO/1a CTPYKTYPHOTO
CHUHTEe3a MOoJy4YeHa NpocTas cxema Tpex(a3Horo BBIIPSIMUTENS C 30HHO-(Da30BbIM
peryaupoBaHUEM, Y KOTOPOTO KOJIMYECTBO TOCTYITHBIX KOMOWHAIMNA BBIXOTHBIX HATIPSHKECHUN

AJId TIOJTYYCHU A BBITPAMIICHHOI'O HAIMPSPKCHUA OouIbIIIE HCXOAHOI'0 KOJIHUYCCTBA 30H. HpI/I



PETyIMPOBaHUHU BBIIPSMIICHHOTO HANPSDKEHHUS C HCTIOIBb30BaHNEM MEK(a3HBIX HANPSDKEHUH
KOd(GUIMEHT MOIITHOCTH BhIIpsiMutens paBeH 0,92—0,956, uTo comocTaBuMo ¢

K03 PHUIIMEHTOM MOIIHOCTHU TpeX(Pa3HOTro HEYNPABIIEMOT0 MOCTOBOTO BBITIPSIMHUTEIS.
[pennoXeHHBIH TPUHIMIT TIOCTPOCHUS 30HHO-(a30BbIX BHINPSIMUTENCH MO3BOJISET MOTYIUThH
11000€ KOJIMYECTBO 30H, IPHYEM C POCTOM HX YHCIIa EPEX0]l pekuMa padoThI BHIIPSMHUTEIS U3
OJTHOM 30HBI B IPYTYIO CTAHOBHUTCS O0JIee IIIaBHBIM.

Knrwoueswie cnosa: TpexdazHblil BEIIPIMUTETb IEPEMEHHOTO TOKA, pad0YHe 30HbI, 30HHO-

¢dazoBoe perynupoBaHue, KaueCTBO ANEKTPOIHEPTHH, KOID(ULIMEHT MOUTHOCTH BBIPSIMUTEIS.

It is shown that the combination of phase and interphase voltages of a three-beam star allows to
increase the equivalent number of working zones of a three-phase rectifier several times without
complicating its circuit design. Using the structural synthesis method, a simple scheme of a
three-phase rectifier with zone-phase control is obtained, in which the number of available
combinations of output voltages to obtain the rectified voltage is greater than the initial number
of zones. When regulating the rectified voltage using interfacial voltages, the power factor of the
rectifier is 0.92-0.956, which is comparable to the power factor of a three-phase unmanaged
bridge rectifier. The proposed principle of constructing zone-phase rectifiers allows you to get
any number of zones, and with an increase in their number, the transition of the rectifier
operating mode from one zone to another becomes smoother.

Key words: three-phase AC rectifier, working zones, zone-phase regulation, power quality,

power factor of the rectifier.
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