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B.B. MUXAHJIEHKO, 0.C. YAPHAK

AHAJII3 EJIEKTPOMATHITHUX ITPOLECIB Y HEPETBOPIOBAYI 3 JECATU30HHUM
PETI'YJIIOBAHHAM HAIIPYT'U I EJIEKTPOMEXAHIYHUM HABAHTAKEHHSAM

Po3pobiieHO HOBI MaTeMaTH4Hi MOJENI €NeKTPOMArHITHHX MPOLECIB y TpU(A3HUX EIEKTPUYHHX KOJAaX HAMiBIPOBITHHKOBHX IEPETBOPIOBAYIB 3
GararokaHaJbHAM 30HHHM DETYIIOBaHHSAM (Da3HHX HAmpyr 0e3 ypaxyBaHHS CHEPIeTHMYHMX BTPAT y HAMiBIPOBIJHHKOBHX KOMYyTaToOpax s MIBHUAKOL
OLIIHKY BIUIUBY IapaMeTpiB HABAHTAXKCHHS Ha PiBeHb 1 (HopMy BUXiAHOI Hampyru. Y Iii CTaTTi IPOBEACHO aHAII3 €IEeKTPOMATHITHUX IPOIECIB B
CJIEKTPUYHUX KOJAX HAMiBIPOBIIHUKOBUMU 3 KoMyTartopamu. CTBOPEHO MaTeMaTH4Hy MOJETb [UIi aHali3y eJIeKTPOMAarHiTHUX IpONECiB B
HAIBIPOBIAHUKOBHX IIEPETBOPIOBAYaX 3 IIMPOTHO-IMITYILCHHM pETyIIOBaHHSAM BHXigHOI Hampyru. HaBemeno rpadiku, mo Bixm o0paxkaroTb
@JIEKTPOMArHITHI IPOLECH Y eIeKTPUYHUX Konmax. CTaThs MPHUCBSYCHA PO3BUTKY METOAa OararormapaMeTpHYHUX (QYHKLiH HUIIXOM PO3POOKH HOBHX
MaTeMaTUYHHUX MOJENel Ta BU3HAYCHHs (YHKLIH 1 anrOpUTMIUHMX PIBHSAHB JUII aHAM3y 3a MiACHCTEMHHMH CKIIaJOBHMHU EIECKTPOMArHITHHX
MPOLIECIB Y POTOMYMKCHHUX CICKTPHYHUX KOJNAX 3 HAMiBIPOBIJHUKOBUMH KOMYTaTOPAMH i JIAHKAMH 3 CHHYCOiJIbHIMH, IIOCTIHUMH 1 iIMITyJIbCHUMH
Hanpyramy. HamiBIpoBiJHHKOBI KOMMYTAaTOpH MOJKYTh BUKOHYBaTH BHCOKOYACTOTHE 3MIHECHHS CTPYKTYPH EICKTPUYHHUX Kil i IIMPOTHO-IMITYIbCHY
Monysuito $asHux i JiHEeWHHX Hampyr TpuxdasHoi Mepexi eIeKTPOXKHUBIICHHS, BUKOHYIOYHM PETYIIOBaHHS BUXITHUX HAMpyr HAIliBIPOBIIHHKOBHX
IIePETBOPIOBAYiB IAPAMETPIiB €IEKTPUIHOI eHeprii.

K104o0Bi cj10Ba: eneKTPOMArHiTHI IPOIECH; BUXIAHI HAampyra Ta CTPyM; ABHIYH IOCTIHHOTO CTpyMy; METOJ OaraTomapaMeTpHYHHX MOJIY-
JIFOI0YUX (PyHKIIIH.

B.B. MUXAHJIEHKO, O.C. YAPHAK

AHAJIM3 QJIEKTPOMATHUTHBIX ITPOLNECCOB B ITIPEOBPA3OBATEJIE C JECATU30HHBIM
PET'YJIMPOBAHWUEM HATIPSI)KEHUS U DJIEKTPOMEXAHUYECKOW HATPY3KOU

Pa3paboTaHO HOBBIE MAaTEeMaTHYECKHE MOJCTH JICKTPOMATHHTHBIX IIPOIECCOB B Tpex(as3HBIX DIEKTPHUCCKHX IEMAX IOTYIPOBOTHUKOBEIX
npeoOpa3oBaresiell ¢ MHOTOKaHAIbHBIM 30HHBIM PErylipoBaHHeM (a3HbIX HANpsOKCHUH 6e3 ydeTa moTeph B MOMyHPOBOAHUKOBBIX KOMMYTATOpax AJIst
OBICTPOIl OLCHKH BIUSHHSA I1ApaMETPOB HArpy3Kd Ha ypoBeHb ¥ ()OpMy BBIXOJHOTO HANpsDKeHHsA. B 3ToH cTaThbe NPOBENCHO aHAIN3
JNEKTPOMATHUTHBIX IPOIECCOB B MEKTPHUYESCKHUX IEMAX C IOIyIIPOBOAHUKOBEIME KOMMYTaTopaMu. Co31aHO MaTeMaTHIeCKyI0 MOJENb A aHaIu3a
3JIEKTPOMArHUTHBIX ITIPOLECCOB B IONYIPOBOJHUKOBBIX MPEOOPa3oBaTeNsixX C IIHPOTHO-UMITYJIbCHBIM PErYITHPOBAHHEM BBIXOMHOTO HATPSKCHHMS.
IMpuBeneno rpaduky, KOTOPHIE OTPAXKAIOT YIEKTPOMATHUTHBIE IPOLECCH B DIEKTPUISCKUX HelsiX. [IpH BBHIIONHEHHN PacyeToB UCIIOIB30BANICS METOR
MHoOromapamerpudeckux (QyHKIuHd. MaremaTndeckas MoAenb IpeoOpa3oBaTeNs CO3MaHA Uil ACCATH30HHOIO PETYIHPOBAaHUS BBIXOTHOTO
HanpsbkeHus. CTaThs MOCBAIICHA Pa3BUTHIO METO/Ia MHOTONIAPAMETPUUYECKUX MOAYIMPYIOINX (QYHKIHUH ITyTeM pa3paOOTKH HOBBIX MaTeMaTHYECKHUX
Mozeneil u onpenencHus GyHKIUN H aITOPUTMUYECKHUX yPaBHEHUH I aHAIN3a MO MOACHCTEMHBIM COCTABIIONINM IeKTPOMArHATHEIX IIPOIIECCOB
B Da3sBETBICHHBIX OJJIEKTPUYECKUX LEMAX C MHOMYNPOBOJHUKOBHIMU KOMMYTAaTOPaMH H 3BCHBSIMH C CHHYCOHIAJBHBIMH, IIOCTOSHHBIMH U
HMITYJbCHBIMH HanpsbkeHUsiMU. I1omynpoBogHHKOBBIE KOMMYTAaTOPBl MOTYT OCYILECTBIIATH BEICOKOYACTOTHOE U3MEHEHHUE CTPYKTYPBI DJIEKTPHIECKHX
Herneid ¥ IIMPOTHO-MMITYIbCHYIO MOAYISINUIO (ha3HBIX U JIMHCHHBIX HANpsDKeHHH Tpex(asHOW CeTH SIEKTPOIMTAHHS, peanusys peryIHpoBaHHE
BBIXOJTHBIX HATPSDKEHUH IOTyIPOBOAHUKOBEIX IpeoOpa3oBareneil mapaMeTpoB dIEKTPHICCKON YHEPTUH.

KumioueBble ¢/10Ba: 3J6KTPOMAarHUTHBIE MPOLIECCHI; BHIXOAHbBIE HANPSKEHHUE U TOK; JBUraTeb MOCTOSHHOIO TOKA; METOJ MHOronapaMeTpuye-
CKUX MOIYNUPYIOMHUX (yHKIHIL.

V.V. MIHAYLENKO, O.S. CHARNYAK

ANALYSIS OF ELECTROMAGNETIC PROCESSES IN A CONVERTER WITH A DECONDON
VOLTAGE REGULATION AND ELECTROMECHANICAL LOAD

The new mathematical models of the electromagnetic processes is designed in three-phase electric circuit of the semiconductor converters with many-
server zoned regulation phases voltages disregarding losses in semiconductor commutator for quick estimation of the influence parameter loads on
level and form of the output voltage. mathematical model of the semiconductor converter is also used for study of the connecting processes in semi-
conductor converter with actively-inductive load. Will develop the method multivariable function, what fall into algorithmic equations of the analysis
formed and connecting processes in furcated electric circuit with semiconductor commutator and reactive element, toward account of the particulari-
ties of the use phase and linear voltages to network of the power supply. Analysis of the electromagnetic processes is organized beside this article in
electric circuit with semiconductor commutator. Mathematical model is created for analysis electro-magnetic processes in semiconductor converter
with width pulsed regulation of the output voltage. The broughted graphs, which reflect the electromagnetic processes in electric circuit. Method
much parametric functions was used when performing calculation. The mathematical model of the converter is created for twenty zoned regulations
of the output voltage. Article is devoted to the development of a method of multi-parametric modulating functions by means of working out of new
mathematical models and definition of functions and the algorithmic equations for the analysis on sub-system components of electromagnetic pro-
cesses in electric circuits of variable structure with sinusoidal, direct and pulsing voltage. Introduction of functions with discrete parameters in the
algorithmic equations for analysis of processes in circuits with semiconductor commutators simplifies modeling on subsystem components. The
mathematical model of steady-state processes and transients in electric circuits of semiconductor converters of modulation type with multi-channel
zonal use of phase and line voltages of a three-phase network of power supplies is developed. The mathematical model of electric circuits of thyristor
shapers of electro-discharge pulses for the analysis and the matching of capacitors charging modes with decrease several times of electric resistance of
technological load is also created. The obtained results have a great value for development theoretical electrical engineering in a direction of simplifi-
cation of calculations of electromagnetic processes in electric circuits with semi-conductor converters of the electric power. The Electromagnetic
processes in electric circuit under width-pulse regulation possible to analyse with use the algorithmic equations multivariable function, which argu-
ment are a system parameters semiconductor commutator, signal of control, phases to network of the power supply and time. Introduction multivaria-
ble function with discrete parameter in algorithmic equations of the analysis formed and connecting processes in electric circuit of the variable struc-
ture allows to reflect change of this structure under system components, simplifying modeling and analysis of such processes to account of the gener-
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alization of the got equations. Except specified correlations and diagrams designed model allows to analyse forms of the output voltages and current

of the separate power modules.

Key words: electromagnetic processes; the output voltage and current; the engine of the direct current; method multivariable modulating func-

tion.

Beryn. SIkicHe nepeTBOpeHHS €JIEKTPUYHOI eHeprii,
JI03BOJISIE BUKOPHCTOBYBAaTH B IEPETBOPIOBAILHUX YCTa-
HOBKaX JIAHKY BHCOKOI YacTOTH 3 YacTOTOIO IEPEKIIo-
YeHHS BEHTIIIB 3HAYHO OiNBIIOI BiX 9acTOTH 3MiHHOL
Hampyru mpomuciioBoi mepexi [1-10]. ¥V poborax [1-4]
MOKa3aHa JOIIIbHICTh BUKOPUCTAHHS CTPYKTYP MEPETBO-
proBauiB yactoT (ITH) 3 0MHOKPATHOIO MOIYJIAIIEIO TIPH
moOya0BI CHCTEM BTOPHUHHOTO EIEKTPOINOCTAYaHHS IS
KOMIUIEKCIB JIIarHOCTHKH €JIEKTPOMEXaHIYHHUX MPUCTPOIB
i3 pI3HOMaHITHUM BHIOM BXIHOI eHeprii. Y paHii pobori
NIPOBOANTBCSL aHaNI3 acleKTy BUKOPHCTaHHS Tiel X
crpykrypu IIU mis enekTpoMexaHIYHUX KOMIUIEKCIB i3
LIMPOTHO-IMITyJIbcHUM peryitoBanHsM (IIIIP) nocriitnoi
HAIpyTy MPH AECATU30HHOMY KEpyBaHHI.

MeTo10 podoTH € aHai3 eIEKTPOMArHiTHUX HpoLie-
CIB B CICKTPUYHHX KOJIAX 3 HAMIBIPOBIIHUKOBHMH
MEPETBOPIOBAaYaMHU 1 po3poOKa MaTeMaTU4YHOI MOJEIi
MIEPEeTBOPIOBAaYA 3 EIEKTPOMEXaHIYHUM HABAaHTAKCHHSM.

AHaJ3 eJIeKTPOMATHITHUX mNpoIeciB. Y3araib-
HEHa CTPYKTypHa CXeMa IIepeTBOpIOBada ITOKa3aHa Ha
puc. 1. Ha ctpykrypHiii cxemi no3Haueni: CMA4, CMB,
CMC - cunosi Momymsitopu (CM) dasaux 4, B i C
BianoBigHo, BB — BucOkowacToTHMI Bumnpsmisy, H —
HaBaHTaXCHHs; D — MBUryH mocCTiiiHOTO cTpyMy. CyKyT-
Hicte CM, miJKIIIOYEHUX O €HEepreTHYHOI Mepexi mapa-
JICNBHO 1 3’€JHAHUX 110 BUXOMY TOCIIJOBHO, MPEICTABIISIE
c000F0 JTAaHKY BUCOKOT YaCTOTH MIEPETBOPIOBAYA.
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Puc. 1. CrpykrypHa cxema HIIII.

JociipkeHHs] TEXHIKO-eKOHOMIYHUX TTOKa3HHUKIB pi-
3HOTO BUJ/ly BUKOHABYMX €JIEMEHTIB CIIJKYIOUHX CHCTEM
HA OCHOBI BHCOKOMOMCHTHHMX [IBUTYHIB IOCTIHHOTO
crpymy (AIIC) cepiii 2I1 Ta 1B i TpudasHux acHHXpOH-
HUX JBUTYHIB cepii 4A, sIKi BUITYCKalOTbCS TIPOMHUCIIOBIC-
TIO cepiiiHo [4], MOKa3yloTh, IO 32 YMOBH OJHAKOBHUX
MTOKa3HHKIB 32 MAacoIO Ta rabapuTamMu B Jiana3oHi MOTYX-
Hoctei Big 100 Bt mo 500 xBrt, y criigkyouux cuctemax
norineHime sukopucroBysaru JT1C.

IIpu cxnamaHHi MaTeMaTHYHOI MOJEINI TEPEeTBOPIO-
Baya 3 KOMITIOTEPHOIO Opi€HTAI€I0 ii 3aCTOCYBaHHS BH-
KOPUCTAaEMO METOJ| OararornapaMeTpUYHUX MOJYJIFOFOUMX
GbyHKuii [5], skuil nependavae monepeaHe MpeacTaBiIcH-
HS aITOPUTMIYHOTO PiBHSHHS nepeTBoproBaya. [Ipu upo-
My HIpHUMMEMO Taki NPHUIYLICHHS: BXiJHa €HEpPreTH4Ha
Mepeka cuMeTpudHa 1 11 BHYTpIlIHINA Omip JOPIBHIOE HY-
JII0, TPAH3WUCTOPH 1 JIOAW iHBEPTOPIB BUIPSMIICHOI Ha-
npyru (IBH) mpencTaBisioThCs inealbHUMHU KITFOYaMH,
Y3roJKyBaJIbHI TpaHCc(hOpMaToOpu B KOXKHIH 3 30H pery-
JIFOBaHHS BUXiJJHOT HANIPYTH HE MAIOTh BTPAT.

[IpoBeneHHsT CHUCTEMHOTO aHali3y eJIeKTPOMAarHiT-
HUX mpoueciB y MmoxyisiuiiiHomy HIIIT 3 Gararo3oHHMM
PETYJIIOBaHHSIM BHUXIJHOT HAaNpyrd 3 HABAHTAXKCHHIM Y
urisaai JIIC 3 mocnigoBHUM 30YyIDKEHHSIM, 3 ypaxyBaH-
HSIM TAaKMX O3HAK CHUCTEMHOTO MiJIX0XMy N0 aHami3y [4], sk
LUTICHICTD Ta BIUIMB IIiA 4ac ii pyXy 30BHIIIHIX 1 BHYTpi-
IHIX (aKTopiB.

Hanpyry na naBantaxenui HIIII 3naxoaumo 3 Bu-

pasy BUIY
N=10 3

uyy (1) =ki > 2w OV GO N, W) (1)
T n=l i=l

ne  uy(i,t) —MHTTEBI 3HaYCHHS (Pa3HUX HAIIPYT MEPEXI,

WYg(@i,t) — QyHKUii OPAMOKYTHOrO CHHyca, IO
CITIBITAJAIOTh 332 9acOM 3 ITOJIOKCHHSIM BiJMTOBITHHUX (a3-
HUX HaImpyT;

n=1,2, ..., N=10— HOMepH 30H peryIOBaHHS;

Y(n,N,t) — MHOKMHA CKBIBAJICHTHUX MOJYJIIOIOUUX
BILTUBIB i—X iHBepTOpiB CM,

Wpp(f) — OQyHKIiA NPIMOKYTHOrO CHHYyCa, LIO
CHIBIIAIA€ 32 9aCOM 3 MOJIOXKEHHAM HANPYTH Uy (t) ;

kt — xoeoimieHT Tparchopmariii.

ATIC, mwo 3anae Buxiguuid crpym HIIII, onucyetbes
CHCTEMOIO anreOpaiuHuX piBHSIHBG [4]
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ne in (t), in+1 (t), ny (t), N4 (t) — CTPYM sIKOps
Ta KyToBa MBHUAKICTH obepranHsa JIIC na k-omy Ta B
k +1-omy iHTEepBai BiAMOBIIHO;

€.h» €, — BIAHOCHI MaJiHHA HAaNpyTH Ha IIITKax i
oOMoTII SIKOPST;

€M EMo — BIIHOCHI MOMEHTH OTIOPY Ha Baly;

— ug (1)

c(t)

— BIJHOCHE 3HAYCHHS HANPYT'H Ha KO-
pi;
ug (t) Ta E — BIANIOBIZHO MHUTTEBI 3HAYEHHS BUXI-

nuoi Hanpyru HIIII ta mpotu EPC;

2T, 21
@ a =8M+TM ;

01:€a+

T,

ub Ta Tyg — €NEeKTpOMarHiTHa Ta MEXaHiuHa Ioc-
TiliHI Yacy JABHUTYHa,

At — iHTepBanM yacy, 3a SIKMMHU IPOBOJSTHCS PO3-
paxyHKH.

CucreMa (2) BUpINIYETHCS 3a JIOTIOMOTOI0 METOIY
MPUMACOBYBAHHS 3 IIONEPEIHIM 3alllCOM ITOYaTKOBUX
yMOB 1pH ¢t = ( Ta NPHUNYLIEHHSIMH BITHOCHO JiHIHHOT
3aJIeKHOCTI MOMEHTY OIIOPY Ha Bajy JBUTYHA BiJ| IIBHA-
Kocti obepranHs [3] 1 niHeapu30BaHO! KPUBOT HAMArHivy-
BaHHI.

Hiarpamu ctpymiB kona sikopst AIIC mnst Bunanky
JIECATH30HHOTO peryiroBaHHs BuxigHoi Hampyru HIIII
HaBeneHi Ha puc. 2. KpuBa 1 BimoOpaxkae cTpyM Kkoiia
sikopst B mporieci mycky JIIC mig miero MakcuMambHOL
BENTMYMHN HanpyTH (3), a KpuBa 2 — CTPyM KoJia sIKOps B
nponeci mycky JAIIC mig miero Hanpyru (3) 3 AeCSITH30H-
HUM IIUPOTHO-IMITylbcHUM perymoBandsm (IIIP) 3a
JHIAHAM 3aKOHOM.

Buxinuuii ctpyM i (f) 3HaXOAUMO 3 CHIBBiAHOIICH-

Hs
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Puc. 2. liarpamu ctpy™miB koma sikops AT1C

Jnst BU3HaueHHs cTpyMiB i—X (a3 Mepexi y BcboMy
niama3zoHi perymioBaHHs BuximgHoi Hampyru HIIIT mincy-
Myemo BXinHi ctpymu IBH, mo 6epyTs ydacTs y mporeci
pPETYJIOBaHHS BUIXiTHOI HANpyrw B KOXKHIM 3 i—H dasi.
3aranpHUI BHpa3 s CTPYyMiB i—X (a3 Mepexi mogaaMo y
BUTJIIAIL

W@ =4 QLD+ 20L0+. . F(Ni1), 5)
ge (i1, §(2,i,t), §(N,i,t) — BXiiHI CTpyMH iH-
BepTopiB i—X (a3 Ha iHTepBamax mepmoi, Apyroi, Ta
N =10 -1 30HU perynoBaHHs.

Jiarpamu BXiJHHMX CTPyMiB Ta Hampyr, nmoOyJoBaHi
3a (5), mpencTaBieHi Ha puc. 3.
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Puc. 3. [liarpamu BXiZHHX CTPYMiB i-X a3
MepeKi B KOOpANHATaX (a3HUX HANpPyT

BucHOBKM 3a pe3yJibTaTaMH JOCTiiKeHHS. Y
JaHHI poOO0Ti OyJI0 BUKOHAHO aHAJI3 €JIEKTPOMArHITHUX
MIPOLIECIB B €IIEKTPUIHHUX KOJIAX 3 HAIiBIPOBIIHUKOBUMH
nepeTBoproBadamMu. CTBOPEHO HOBI MaTeMaTH9HI MOJEIi
HaIliBIIPOBITHUKOBUX TIEPETBOPIOBAYiB 3 BHCOKOYAC-
TOTHUM  IIAPOTHOIMIYJIBCHAM  PETYJIIOBaHHAM  iX
BUXIZIHOT HANpPYrH NMpU 3MiHI MapaMeTpiB HaBaHTa)KCHHS
B IIMPOKUX MEKaxX, SKi JO3BOJIWIIA  ITiIBUIIATU
MIBUAKO/IIO EJIEKTPOTEXHOJIOTIYHUX CUCTEM.
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