Onekmpomexnuxa, 2022, Ne3, cmp. 1-1

Conepxanue

Inekmpomexnuxa, 2022, Ne3, cmp. 2-9

HUnentudgukanus mnapaMeTpoB cxeM 3aMelleHUs YeThIPEXIMOJIOCHUKOB 110 U3MEPEeHUsIM Ha
TPAaHUIAX UX KACKAHOTO COeIMHEHUS

KOPOBKUMH H.B., MMHEBUY T.I'., COJIOBBEBA E.b.

[IpencraBnen MeTo HACHTU(UKAITMN BHYTPEHHUX MTapaMETPOB COCTABHBIX
YETBHIPEXTIOJIOCHUKOB 110 U3MEPEHUSIM TOJIBKO CO CTOPOHBI BXOJIHBIX M BBIXOJHBIX 32KUMOB B
peXUMax X0JI0CTOr0 X0J1a U KOPOTKOTO 3aMbIKaHUs. MeTO1 O3BOJISIET ONMPEEIISTh TapaMeTphl
KAaCKaJHO COSMHEHHBIX 3BEHbEB UYETHIPEXITOFOCHHUKA C UCTIOIB30BAHUEM TOJIBKO JTMHEHHBIX
npouenyp. [IpuBeneHs! pe3yIbTaThl UCCIIEIOBAHNUS TOYHOCTH METO/Ia TIPH MCTIOIB30BaHUHT
AKCIIEPUMEHTANIbHBIX J1aHHbIX. [I0Ka3aHOo, YTO TOYHOCTH ONPEEICHHS BHYTPEHHHUX MTapaMeTPOB
YETHIPEXIOIFOCHUKOB MOYKET OBITh CYIIECTBEHHO MOBBIIIEHA TPU UCTIOTH30BAHUU JIJISl PACUCTOB
YCPEIHEHHBIX DKCIIEPUMEHTAIBHBIX JaHHBIX. [Toka3zaHa BO3MOXKHOCTh 3HAYUTEIILHOTO
YBEJTUYCHUSI TOUHOCTH OTPEIEIICHUS BHYTPECHHUX MTapaMEeTPOB YETHIPEXITOTFOCHUKOB 3a CUET
BBIOOPA YACTOTHI, HA KOTOPOU MPOU3BOISATCS H3MEPEHUSI.

Knrouegvie cnosa: 4eThIpeXnOIIOCHUKH, KACKaTHOE COEIUHEHUE, CXEMbI 3aMEIICHUS,

uAeHTU(DUKAIMS TapaMeTPOB, U3MEPEHHE MTapaMETPOB.

A method is presented for identifying the internal parameters of composite four-terminal blocks
by measurements only from the input and output terminals in idle and short-circuit modes. The
method makes it possible to determine the parameters of cascaded four-pole links using only
linear procedures. The results of the study of the accuracy of the method using experimental data
are presented. It is shown that the accuracy of determining the internal parameters of the
quadrupole can be significantly increased when using averaged experimental data for
calculations. The possibility of a significant increase in the accuracy of determining the internal
parameters of the four-pole devices due to the choice of the frequency at which measurements
are made is shown.

Key words: quadpolars, cascade connection, substitution circuits, parameter identification,

parameter measurement.
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Be3naTunkoBoe BeKTOPHOE yIIPaBjieHHe BEHTHIbHBIM 3JIeKTPONPUBOAOM Ha OCHOBE
aJanTUBHOIO pacuupeHHoro puabrrpa Kaamana

BEJIOB M.IL., BEJIOB A.M., HI'VEH BAH JIAHb

PaccmoTpeHo mprMeHeHne afanTUBHOTO paciiupeHHoro ¢uibtpa Kanmana B kauecTe
ONTUMAJIFHOTO HAOIOAATENsSI ISl BOCCTAHOBIICHUS DJIEKTPOMEXaHUIECKIX KOOPIUHAT B
cucTeme 0e31aTINKOBOTO BEKTOPHOTO YIPABICHHSI BEHTHILHBIM JJICKTPOIPUBOIOM.
[TpuBoaUTCS MaTeMaTHYeCKOE OMMCAHNUE B BUJIE TUCKPETHOM BEKTOPHO-MaTPUYHOU MOJIETU
BEHTUJILHOTO AJIEKTPONPUBO/Ia HA OCHOBE CHHXPOHHOTO JIBUTaTelIs C TOCTOSIHHBIMUA MarHUTaMu,
MPEACTABICHHOTO BO Bpalllaollelicss CHHXPOHHOU cucTeMe KoopauHat potopa. [Ipennaraercs
MOJIXOJ K CHHTE3y aJroOpuTMa aIallTUBHOTO paciuIupeHHoro ¢mibrpa Kanmana npu
MCIOJIb30BaHUU PACUIMPEHHON TMHEapu3aluy 1 MOCIe10BaTeIbHOIO peKypcuBHOro Mmeroaa. C
IEJIBI0 POBEPKU PabOTOCTIOCOOHOCTH aIallTUBHOTO paciuperHHoro ¢uiabTpa Kanmana mmst
OIICHKH YTJIOBOW CKOPOCTHU U YTJIOBOTO MOJIOXKEHHS POTOPA MPHU PA3TUIHBIX PEKUMAX PaOOTHI
BEHTHJILHOT'O JIBUTATENs BBITIOJIHEHO MosienupoBanue B cpene MATLAB/Simulink.

Knrouegvie cnosa: BEHTWIBHBINA 3JIEKTPONPUBO/I, ATaITUBHBIN paciupeHHbid Gribtp Kanmvana,

0e31aTuynKoBasi CUCTEMa, BEKTOPHOE yIpaBJICHHE.

The paper deals with the application of optimal state observer based adaptive extended Kalman
filter to estimate electromechanical coordinates in the sensorless vector control of permanent
magnet synchronous motor (PMSM motor). The mathematical state space model of PMSM
motor is represented in rotating synchronous rotor coordinate. The next section describes
mathematical approach to synthesis adaptive extended Kalman filter using extended linearization
and sequential recursive method. In this work, designing and testing of adaptive extended
Kalman filter are implemented on Matlab/ SIMULINK environment to estimate the rotor
velocity and position of PMSM motor under different working mode.

Key words: permanent magnet synchronous motor, adaptive extended Kalman filter, sensorless

system, vector control.
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IHoBblIeHNE TUHAMUYECKONH TOYHOCTH U IHEPro3(p(PpeKTUBHOCTH CHHXPOHHOT0
3JIeKTPONPUBO/A CPeACTBAMM A1aNITUBHOIO YIIPABJIeHHA

KY3HELIOB B.E., IVKNYEB A .H.

I/ICCHGI[OBaHBI AJITOPUTMBI AJAIITUBHOI'O YIPABJICHUA IJId YIIYUIICHUS TUHAMUYCCKUX



HOKa3aTesel KauecTBa MePEeXO0HBIX MPOLECCOB MIEKTPOIPHBOAA B YCIOBUAX HETMHEHHOCTH
AIIEKTPOMEXAHMUECKOM XapaKTePUCTHKN CUHXPOHHOTO JIBUTATENs C MOCTOSTHHBIMU MarHUTaMH
IIpY BEKTOPHOM YIIPABICHUH, H3MEHEHUH MTapaMeTPOB U ICHCTBUN BHEIIHEH HATPY3KH.
VirydieHue IMHAMUYECKUX XapaKTePUCTHK HJICKTPOIIPHUBO/IAa COBMEIACTCS C PEIICHUEM 33/1a41
CHIDKCHUS TTEPEHANPsDKCHUH Ha 32KUMaxX CHHXPOHHOTO AJIEKTPOIIPUBO/IA TIPH €0 paboTe B
o0acTH, 6JIM3KON K HOMUHAJIBHBIM 3HAUEHHUSIM CKOPOCTH M HAarpy3KH 3a CUET JeHCTBUS
a/IalITUBHOTO YIIPABJICHHS IO TBYM TOKOBBIM KaHanaM. CHIDKEHHUE MepeHanpshHKeHUH 6maroaapst
alalITHBHOMY JITOPUTMY TOJIBKO B INHAMUYECKOM PEXXHME MO3BOJISIET TOBOPUTH O CIIOCO0E
HOBBIIICHUS SHEPro3()(HEeKTHBHOCTH IEKTPONPUBOAA B 00JIACTH MAKCUMAIBHBIX 3HAYCHUH
CKOpPOCTH ¥ MOMEHTA 3a CYET CHIKEHHUSI OPOCKOB HampspKeHHs nHBepTopa. [IpuBeneHs
pe3ynbpTaThl KoMIbloTepHOTO MoaenupoBanus B cpene MATLAB Simulink, kotopsie
CBHJICTEIBCTBYIOT HE TOJIBKO 00 YIy4IICHUH JUHAMHYECKUX CBOWCTB JIEKTPOIPHBOAA IO
CKOPOCTH, HO ¥ 00 YMEHBIIICHUN YPOBHS HANPsDKECHHUS Ha CTaTOPE P Pa3rOHE M TOPMOXKEHUH
JIBUTATEIIS B YCIOBUSAX OTPAHUYCHUS HANPSHKEHUS] MHBEPTOPA M MOMEHTA, YTO YJIy4IlIaeT
9HEeprod(HPeKTUBHOCTD yIPaBICHUS.

Kntouegvle cnosa: citHEXpOHHBIHN JIBUTATENb C TOCTOSHHBIMA MarHUTaMH, aJallTUBHOE

yIpaBlieHUE, TMHAMUYeCKasi TOYHOCTh, SHEPrO3(PPEKTUBHOCTD, ITEPEHATIPSKEHHUSL.

Adaptive control algorithms have been studied to improve the dynamic indicators of the quality
of electric drive transients under the conditions of non-linearity of the electromechanical
characteristics of a synchronous motor with permanent magnets under vector control, parameter
changes and the action of an external load. Improving the dynamic characteristics of the electric
drive is combined with solving the problem of reducing overvoltages at the terminals of a
synchronous electric drive when it operates in an area close to the nominal values of speed and
load due to the action of adaptive control over two current channels. The reduction of
overvoltages due to the adaptive algorithm only in dynamic mode allows us to talk about a way
to increase the energy efficiency of the electric drive in the area of maximum values of speed and
torque by reducing the voltage surges of the inverter. The results of computer simulation in the
MATLAB Simulink environment are presented, which indicate not only an improvement in the
dynamic properties of the electric drive in terms of speed, but also a decrease in the voltage level
on the stator during acceleration and braking of the motor under conditions of limiting the
voltage of the inverter and torque, which improves the energy efficiency of control.

Key words: synchronous motor with permanent magnets, adaptive control, dynamic accuracy,

energy efficiency, overvoltage.



Inekmpomexnuxa, 2022, Ne3, cmp. 23-28

Ync/ieHHOE HCCIIeI0BAHNE CeITUMEHTAMHU 0JIATOPOIHBIX METAJLIOB IIPH OCTEKJIOBBIBAHUM
BbICOKOAKTHBHBIX 0TX0/10B B HHAYKIMOHHOM MeYH ¢ XOJ0AHbIM THIJIEM

CKPUT'AH U.H., JIOITYX JI.b., BABUJIOB A.B., MAPTBIHOB A.Il.

[IpencraBnena MmaTeMaTH4YeCKas MOJCNb IBF)KCHHS TBEPBIX YACTHUIL B pacIijiaBe
OOPOCUITMKATHOTO CTEKJIA MPY UHAYKIIMOHHOM TIIaBKe B XOJIOAHOM TUTIe. MccnenoBano
MPOCTPAHCTBEHHOE PACIPEICIICHNE U OCAKICHNUE YaCTUI] OJIaTOPOTHBIX METAJUIOB B
MIPOMBINTUICHHBIX UHAYKIIMOHHBIX MIeYaX ¢ KOHWYECKUM M TUIOCKUM JTHOM. [TokazaHo
MIPEUMYIIECTBO MEYU C KOHUYECKUM JTHOM ISl YACPKaHUSI TUCIIEPCHBIX YaCTHI] B PacIIaBe BO
B3BELIEHHOM COCTOSIHUM U YAAJICHUS UX CO CIIMBAEMbIM CTEKJIOM. [lomydeHHbIe pe3yabTaThl
MOATBEPKIECHBI SKCIIEPUMEHTAIBHO.

Knrouegvie cnosa: iHIyKIIMOHHAS TJIABKA, XOJIOIHBIN TUT€Ib, BHICOKOAKTUBHBIE OTXOMbI,

6J'Ial"OpOI[HI)IC MCTaJJIbI, YNCJICHHOC MOACIIMPOBAHUC.

A mathematical model of the motion of solid particles in a borosilicate glass melt during
induction melting in a cold crucible is presented. The spatial distribution and deposition of noble
metal particles in industrial induction furnaces with conical and flat bottoms has been
investigated. The advantage of a furnace with a conical bottom for holding dispersed particles in
the melt in a suspended state and removing them with drained glass is shown. The results
obtained have been confirmed experimentally.

Key words: induction melting, cold crucible, highly active waste, precious metals, numerical

modeling.
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IIporpaMMHBIi KOMILIEKC IS HCCIeI0BAHUSA 3JIEKTPOMATHUTHOIO IOJISA NIPH
TPAHCKPAHUAJIBbHOW MATHUTHON CTUMYJIALMU

I'OHYAPOB B./I., EBJAKOBA E.T"., AIIKAP/IH P.B.

Pa3pa0otan nporpaMMHbIi KOMIIJIEKC JUIsl UCCIIEAOBAHUS paclpeieleHus 3JIEKTPOMArHUTHOTO
II0JIS1 TEPANIEBTUYECKOr0 HHTYKTOpa MPU IPOBEICHUH UMITYJIbCHON TPAaHCKPAHUAIBHOU

MarHuTHOM CTUMYJIALUU. OcHoBa MNporpaMMHOT'O KOMIIJICKCA — MaTEMAaTUYICCKast MOJICIIb



3JIEKTPOMArHUTHBIX MPOLECCOB, TPOUCXOISAIINX B UMITYJILCHON CUCTEME (MCTOYHUK SHEPTUU —
cHCTEMa COTJacoBaHMs — TOKOBBIH KOHTYP WM UHAYKTOP — OMOJIOTUYECKUN OOBEKT).
I'eoMeTpust MOIETTH TOJIOBHOTO MO3Ta OMPEAEIISETCS C MOMOIIBI0 MaTeMaTHIeCKOH 00paboTKH
CHUMKOB MarHMUTHO-PE30HAHCHOM ToMorpaduu. YucineHHas peaansaius MaTeMaTHIECKON
MO/JIEJIH TO3BOJIIIIA IOYYUTh pacipeieleHle HHAYKIIMH MarHUTHOTO TOJISl ¥ INIOTHOCTH TOKa B
MOJIeJIM TKaHEeH ceporo U 6eIoro BemecTBa MO3Ta IIPH MPOU3BOILHOM (POpPME UMITYJILCHOTO TOKA
UHyKTOpa. Pe3ynbTrarhl, mosydeHHbIe I ONPENeIEHHOTO TUITA HHAYKTOpa, (POpMBI U
JUIUTETTLHOCTH UMITYJIbCa TOKA, TO3BOJIAIOT ONPEACIUTh 00JIaCTH, B KOTOPBIX OyAyT
Ha0JI0/1aTHCS MAKCUMAaJIbHbIE 3HAYEHUS IJIOTHOCTH TOKA B MOJIEJIM MO3Ta.

Knroueesvie cnosa: TpaHcKkpaHuallbHas MarHUTHAs CTUMYJIALUS, TEPAIEBTUUECKUI UHIYKTOP,

YHUCJICHHOC MOJCIIMPOBAHUC.

A software package has been developed to study the distribution of the electromagnetic field of a
therapeutic inductor during pulsed transcranial magnetic stimulation. The basis of the software
package is a mathematical model of electromagnetic processes occurring in a pulsed system
(energy source — matching system — current circuit or inductor — biological object). The
geometry of the brain model is determined using mathematical processing of magnetic resonance
imaging images. Numerical implementation of the mathematical model made it possible to
obtain the distribution of magnetic field induction and current density in the model of gray and
white matter tissues of the brain with an arbitrary shape of the pulse current of the inductor. The
results obtained for a certain type of inductor, the shape and duration of the current pulse, allow
us to determine the areas in which the maximum values of the current density in the brain model
will be observed.

Key words: transcranial magnetic stimulation, therapeutic inductor, numerical simulation.
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IlepexoaHbie M CTAMOHAPHBIE PEKUMbI pA00THI HCTOYHUKOB MUTAHUS LIS
3JIEKTPOTEXHOJIOTHYECKUX YCTAHOBOK

BJIMHOB K.1O., BJIMHOB 10.1.

PaccmaTpuBaroTcs HecTallMOHAPHBIE U IEPUOAMYECKUE CTAIIHOHAPHBIC PEKUMBI PAOOTHI
ncrounnkoB nutanus (UI1). B mepBom citydae pemaeTcst HadayibHas 3a1a4a wid 3aaada Koy,
BO BTOPOM — KpaeBasl 3a/1a4a B KJIACCHYECKOU MMOCTaHOBKE. OIpeeneHbl OCHOBHBIE 3JIEMEHTHI
CUJIOBBIX CXEM, KOTOpbIE NpUBOAAT Ipu aHanu3e I k HenmMHeHbIM cucTemMam

nuddepeHMaIbHbIX YPaBHEHUN U TPYJHOCTSIM UX pemieHud. [loka3anbl Mosienu 3aMereHust



BEHTWJICH — TMOJI0B, TAPUCTOPOB, TPAH3UCTOPOB JIJIS1 PA3TUIHBIX 0a3UCOB (hOPMHUPOBAHMS
CUCTEM ypaBHEHHMIA — 0a3rca MePeMEeHHBIX COCTOSHUS U OJJTHOPOIHOTO Oa3rca y3I0BbIX
noteHnuanoB. CHopMyTHpoOBaHbI YCIOBUS OTYyUEHUS] CUCTEMbI HETMHEHHBIX alTeOpandecKux
ypaBHEHUH TSl pEeIIEHUs KPaeBOU 3a/1aUu C IEIbI0 00ECTICUCHHSI CTAIIMOHAPHBIX PEKUMOB
pa6otsr UIT u mocnenytomero ananusa ycroiunBoctu cxeM UII. TIpenyioxeno BBOAUTH B
CUCTEMY YPaBHEHMI HapsALy C TOKaMU, HAIIPSLKCHUSAMU, TIOTCHIIMAIAMY CXEMBbI TAKXKE U 3apaHee
HE U3BECTHBIC BPEMEHA KOMMYTAlMKU BeHTUIeH. [IpuBeneHsl CTpYKTYpbl MaTpHULL ISl PELLICHUS
KpaeBbIX 3a71a4 B YIIPOIIECHHOM U MPEIOKEHHOM TOJIX0/1aX. BhIMoMHEeHO cpaBHEHUE
pPe3yIbTaTOB PEIICHUs HauaJIbHOM M KpaeBO# 3a7a4 Ha MpUMeEpe pacueTa HHBEPTOpa ¢
YABOCHUEM YACTOTHI U IMOAAMHU BCTPEUHOT'O TOKA, KOTOPOE MOKA3aJI0 XOPOIIYI0 KOPPEIALIHIO
000MX MMOIXOI0B.

Knrouegvie cnosa: >neKTPOTEXHOIOTHIECKUAE YCTAHOBKH, UCTOYHUKHY TTUTAHUSA,
HECTAIlMOHAPHBIN U CTAllMOHAPHBIN peKUMBI, 3a7a4a Koy, kpaeBas 3aa4ya, MOJI€]Ib BEHTHIIEH,

0a3uc NepeMEeHHbBIX COCTOSHUS, OHOPOIHBIN KOOPINHATHBIN Oa3uc.

Non-stationary and periodic stationary modes of operation of power supplies (IP) are considered.
In the first case, the initial problem or the Cauchy problem is solved, in the second - the
boundary value problem in the classical formulation. The main elements of power circuits that
lead to nonlinear systems of differential equations and difficulties in solving them in the analysis
of IP are determined. The models of substitution of gate — diodes, thyristors, transistors for
various bases of formation of systems of equations — the basis of state variables and the
homogeneous basis of nodal potentials are shown. The conditions for obtaining a system of
nonlinear algebraic equations for solving a boundary value problem in order to ensure stationary
modes of operation of the IP and subsequent analysis of the stability of the IP circuits are
formulated. It is proposed to introduce into the system of equations, along with currents,
voltages, potentials of the circuit, also unknown switching times of the valves. The structures of
matrices for solving boundary value problems in the simplified and proposed approaches are
given. The results of solving the initial and boundary value problems are compared using the
example of calculating an inverter with frequency doubling and counter-current diodes, which
showed a good correlation of both approaches.

Key words: electrotechnological installations, power supplies, non-stationary and stationary
modes, Cauchy problem, boundary value problem, valve model, basis of state variables,

homogeneous coordinate basis.
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I[IpuMeHeHMe HEIIPOHHOI ceTH YNIPABJIEHUS CJIeIAIIMMH 3JIeKTPONPUBOAAMHM IBUKEHUS
HUKHUX KOHEYHOCTeH IK30CKeIeTa

KO3JIOBA JLIIL., BEJIOB M.II., YbIOHI" ./1.

[IpencraBien anropuT™ ynpaBieHHUs CIEIAIIUMH 3JIEKTPOIPUBOIAMH JIBUKEHHUS YTIIOBOTO
MIOJI0KEHUS CYCTaBOB HMYKHUX KOHEYHOCTEN IK30CKEJIETa C IPUMEHEHUEM HEUPOHHOU CETH JJISt
KOMIICHCAIIMU BO3JECHCTBUN CTOXAaCTUUECKUX BHEIIHUX BO3MYILEHUN, HEOTPEIETECHHBIX
napamMeTpoB TMHAMUYECKOW MOJICTH ¥ HEIMHEWHHBIX 3JIEMEHTOB B BUJIC TPEHUS U yIIPYTOCTH.
Crnioco6 yrpaBieHus ¢ UCIOJIH30BAaHUEM HEUPOHHOM CeTH, 00JIa a0 BO3MOKHOCTSIMHA
00y4YeHUs U aanTaluy, MO3BOJSET 0 HOBOMY IOJONTH K UCCIIEIOBAHUIO, & TAKKE ITO3BOJISIET
aJanTUPOBATh MOJEIH C JIIOOBIMH OIIMOKaMu 0e3 MHPOPMAITUHN O CTPYKTYpe HEMTMHEHHOTO
ob6bekTa. [locTtpoeHa MmaTemMaTH4eCcKasi MOJICNIb TMHAMHUKHU JIBUYKEHUS SK30CKeETeTa (JIBE HOTH C
MATHIO 3BEHBSIMU) C YUETOM HEJIMHEHHBIX JIEKTPOIIPUBOAOB. Pe3ynbpTaTsl SKCIIEpUMEHTa
MOJTyYeHBI JJTsl WIUTFOCTPAIuU dPPEKTUBHOCTH MPEATI0KEHHON CTPATETUH YIIPABICHUS B
nporpamme MATLAB Simulink, B Tom uncie o cpaBHeHuto ¢ 06braabiM [T /[-perynsropom.
Knwuesvie cnosa: 5k30CKeNeT, HEHPOHHAS CETh, HETMHEWHBINA AJIEKTPOIPUBOI, HHXKHUE

KOHCYHOCTH.

An algorithm is presented for controlling the tracking electric drives of the angular position of
the joints of the lower extremities of the exoskeleton using a neural network to compensate for
the effects of stochastic external disturbances, uncertain parameters of the dynamic model and
nonlinear elements in the form of friction and elasticity. The control method using a neural
network, which has learning and adaptation capabilities, allows a new approach to the study, and
also allows you to adapt the model with any errors without information about the structure of a
nonlinear object. A mathematical model of the dynamics of the exoskeleton movement (two legs
with five links) is constructed taking into account nonlinear electric drives. The experimental
results were obtained to illustrate the effectiveness of the proposed control strategy in the
MATLAB Simulink program, including in comparison with a conventional PID controller.

Key words: exoskeleton, neural network, nonlinear electric drive, lower limbs.
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PacyeTr TOKOB KOPOTKOI'0 3aMbIKAHHS B CY/IOBBIX 3JIEKTPOIHEPreTHYECKUX CHCTEMAX C
pacnpeaesieHueM 3JIeKTPOIHEPTrUN HA MOCTOSIHHOM TOKe

I'PUT'OPBEB A.B., BACUJIBEB A.1O., MAJIBIIIEB C.M.



[TpuBenena meToauKa pacueTa yAapHbIX TOKOB KOPOTKOTO 3aMBIKAHUSI B CYIOBBIX
IIEKTPOIHEPIETUYECKUX CUCTEMAX C PACIIPENEIEHUEM IEKTPOIHEPTUH HA ITIOCTOSIHHOM TOoKe. B
TaKUX CUCTEMaxX IeHEPHPOBAHUE U MOTPEOICHUE SIIEKTPOIHEPTUH OCYIIECTBISIETCS Ha
NIEPEMEHHOM TOKE, B TO BpEMsI KaK paclpeziesieHue — Ha IIOCTOSIHHOM Toke. JleiicTByromue
CTaHJAApTHI AJI PACUETOB TOKOB KOPOTKOT'O 3aMBIKaHHsI B CHCTEMaX ITOCTOSSHHOTO U
MEPEMEHHOT0 TOKA B 3TOM CJIy4yae HE MOTYT ObITh MCIIOJIb30BAHbI 10 PsiAy NpuyuH. B aTux
CTaHJapTaxX HE YYUTHIBAIOTCA ClIeU(UIECKHUE HCTOYHUKH MOAMUTKH TOYEK KOPOTKOTO
3aMbIKaHHS U IEPEMEHHAs 4YacTOTa BPAIlCHNUsI BEHTUIIbHBIX T€HEPATOPOB IIPH Pa3INYHbIX
pexuMax padoThl. DINEKTPUUECKUE IBUTATEIN IEPEMEHHOTO TOKA MPU MMUTAHUH OT CETH C
pacnpenesIeHueM IEKTPOIHEPTUH Ha IIOCTOSIHHOM TOKE Y€pe3 aBTOHOMHbBIE HHBEPTOPHI
OCYIIECTBIISIIOT MOAMUTKY TOYKH KOPOTKOTO 3aMbIKaHHs Ha CTOPOHE IMOCTOSIHHOTO TOKA.
KonzgeHncaropHble 1 akKyMyJISITOpHBIE OaTapeu, MOJKIIOUEHHBIE K CUCTEME C pacipe/iesieHneM
AJIEKTPO3HEPTUH HA TIOCTOSIHHOM TOKE, SIBJIIOTCS JOTIOJHUTEIbHBIMA HCTOYHUKAMU OAIUTKA
MECTa KOPOTKOTO 3aMbIKaHUA. B cTaThe npeasioskeHbl 3J1EMEHTHI METOAUKHU PAcYeTa TOKOB
KOPOTKOT'O 3aMbIKaHUS B CyJIOBBIX CHCTEMax C paclpeielieHueM 3JIeKTPOIHEPTur Ha
MOCTOSIHHOM TOKE, YYUTHIBAIOILIUE BCE PEXKUMBI IKCIUTYaTaIl[Ul U TOTIOJTHUTEIbHbIE UCTOUYHUKU
HOJIIMUTKHA TOYKH KOPOTKOTO 3aMbIKaHUs. [Ipemioxken crnocod onpeaeneHuss MakCUMaIbHOTO
3HAUEHUs yJIapHOI'O TOKAa B paCUETHOM TOUKE KOPOTKOTO 3aMbIKaHMsI CyA0BOM
3JIEKTPOIHEPreTUUECKON CUCTEMBI.

Knroueeswvie cnoea: cyoBble 3JIEKTPOIHEPTETUUECKUE CUCTEMBI, CUCTEMBI 3JIEKTPOIBUXKEHUS,
rpeOHbIe ANEKTPHUUECKUE YCTAHOBKH, MOJIYIIPOBOAHUKOBBIE IPe0Opa30BaTesin, TOKH KOPOTKOTO

3aMbIKaHUs, pacyeCT.

The method of calculation of shock short-circuit currents in marine electric power systems with
direct current distribution of electricity is given. In such systems, the generation and
consumption of electricity is carried out on alternating current, while the distribution is carried
out on direct current. The current standards for calculating short-circuit currents in DC and AC
systems in this case cannot be used for a number of reasons. These standards do not take into
account specific sources of short-circuit points recharge and variable rotational speed of valve
generators in different operating modes. AC electric motors, when powered from the mains with
direct current electricity distribution through autonomous inverters, supply the short circuit point
on the DC side. Capacitor banks and accumulator batteries connected to a system with direct
current power distribution are additional sources of recharge of the short circuit site. The article
proposes elements of a methodology for calculating short-circuit currents in ship systems with

direct current electricity distribution, taking into account all operating modes and additional



sources of short-circuit point recharge. A method is proposed for determining the maximum
value of the shock current at the calculated short-circuit point of the ship's electric power system.
Key words: marine electric power systems, electric propulsion systems, rowing electrical

installations, semiconductor converters, short-circuit currents, calculation.
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TunoBast MArHUTHAsI XaPAKTEPUCTHKA 3JIEKTPHUYECCKUX MALINH

I'AJIVHUH C.A., CUTHUKOB M.A., JJOBOBHY A.3.

K HenmocTaTkam COBpEMEHHBIX MAKeTOB MojienupoBanus, Takux kak MATLAB Simulink, moxHO
OTHECTU HEBO3MOKHOCTh pacueTa MarHUTHOM XapaKTEPUCTUKH 3JIEKTPUUECKON MaIlIMHbI Ha
OCHOBE NaCMOPTHBIX TaHHBIX. OTCYTCTBHE 3TOM (PYHKIIMU HETaTUBHO CKA3bIBAETCSI HA TOUHOCTH
MOJIeNY B 11eJIoM. B cTaThe omucan mpocToit v 3PGEeKTUBHBIN METOJ] pacueTa MarHUTHOM
XapaKTEPUCTHKH JIFOO0H 3JEKTPUUECKOI MaIlIMHbI HA OCHOBE YHHUBEPCAIbHON MarHUTHOM
XapakTepuCcTUKU. IIpuBeneHs! pe3yapTaThl CPABHUTEIBLHOTO aHAIN3a IIOJYyUYEHHOW METOIUKH,
MO3BOJISIOIINE CYAUTh O €€ TOUHOCTH U JOCTOBEPHOCTH.

Kniouegvie cnoga: >neKTpuyeCcKre MAILIMHbBI, MATHUTHAS XapaKTEPUCTHUKA, MOJEITUPOBAHKE,

MATLAB Simulink.

The disadvantages of modern modeling packages, such as MATLAB Simulink, include the
inability to calculate the magnetic characteristics of an electric machine based on passport data.
The absence of this function negatively affects the accuracy of the model as a whole. The article
describes a simple and effective method for calculating the magnetic characteristic of any
electric machine based on a universal magnetic characteristic. The results of a comparative
analysis of the obtained methodology are presented, allowing us to judge its accuracy and
reliability.

Key words: electric machines, magnetic characteristic, modeling, MATLAB Simulink.

Inexmpomexnuxa, 2022, Ne3, cmp. 58-63

HccaenoBanue cucteMsbl ynpapieHUus: TPEX(Pa3HbIM AKTHBHBIM BBINPSIMHUTEIEM
HaNpPsSKeHUst

JIMJJIO A.B., CKAKVYH A./l.

B makere MATLAB Simulink paccmoTrpena moaens Tpéx$a3zHOro npoMBIIUIEHHOTO aKTHUBHOTO

BBIIIPSIMUTEIS HAIIPSKEHUS C CUCTEMOM BEKTOPHOIO yIIpaBieHus. B aToil cucreme



UCITOJIB3YETCS ABYXKOOPAMHATHAS OPTOTOHAIbHAS CUCTEMA KOOPIUHAT, & TAK)KE€ OPUTMHAJIBHBIN
OJIOK BBIACTICHUS HECYIIEH YaCTOThI, TOCTPOCHHUE KOTOPOTO OCHOBAHO Ha 3aMEHE

QG epeHIIMPOBAHNS HHTETPUPOBAHUEM M TPUTOHOMETPHUECKUMHU MTPE0OPa30BAHUAMHU, YTO
MIOJIOKUTENBHO BIMSIET NP annapaTHoW peanu3auud. [IpuBeneHbl pe3ysbTaTbl KOMIBIOTEPHOIO
MOJIETUPOBAHUS, CBUIETEIbCTBYIONINE O PA0OTOCIIOCOOHOCTH CUHTE3UPOBAHHOM CUCTEMBI.
Knroueeswvie cnoea: akTUBHBIN BBIIPSIMUTEND HANPSKEHUS, CUCTEMA YIIPABJIEHUsI, BEKTOPHOE

ynpasinenue, MATLAB Simulink, [T /I-perynsTop, mpeoOpa3oBarenb 4acTOTHI.

In the MATLAB Simulink package, a model of a three-phase industrial active voltage rectifier
with a vector control system is considered. This system uses a two-coordinate orthogonal
coordinate system, as well as an original carrier frequency allocation unit, the construction of
which is based on replacing differentiation with integration and trigonometric transformations,
which has a positive effect on hardware implementation. The results of computer modeling are
presented, indicating the operability of the synthesized system.

Key words: active voltage rectifier, control system, vector control, MATLAB Simulink, PID

controller, frequency converter.

Onekmpomexnuxa, 2022, Ne3, cmp.

ABTOpBI HOMepa

Onekmpomexnuxa, 2022, Ne3, cmp. 66-66
becnasoB Bukrop SIkoBiaeBuu

(K 85-meTust co aHs poKIeHUS)

Onekmpomexnuxa, 2022, Ne3, cmp. 67-67
H3scnas bopucosny Ilemkos

(Hexpouor)

Inekmpomexnuka, 2022, Ne3, cmp. 68-69
Hcaax SIxoBiieBn4 bpaciaBckuii

(Hexkpouor)



