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B.B. MUXAHJIEHKO, B.A. CBATHEHKO, IO.M. YVHAK, B.I. FAYHHChKHH

JOCJIIKEHHS ITPOLHECIB Y IIEPETBOPIOBAYI 3 YHOTUPU30HHUM PEI'YJIIOBAHHSM
HAIIPYT'U I EJIEKTPOMEXAHIYHUM HABAHTAKEHHAM

Po3po6sieH0 HOBI MaTeMaTH4YHI MOJENI EIEeKTPOMATHITHUX MPOLECIB y TpU(a3HHX EJIEKTPHYHHX KOJIAX HAIBIPOBIAHMKOBUX IEPETBOPIOBAUIB 3
GaratokaHaJIbHIM 30HHHM PEryIIOBaHHAM (a3HHX HAmpyr 63 ypaxyBaHHs CHEPIeTHYHHX BTPAT y HAIiBIPOBIJHHKOBHX KOMYTAaTOPAX UL IIBHAKOL
OLIIHKU BIUIMBY MApaMeTpiB HABAHTAXKEHHsI Ha PiBeHb 1 HopMy BuXifHOI Hampyru. Y Wil CTaTTi NPOBEICHO aHaNi3 eJIEKTPOMATHITHHUX MPOLECIB B
€NIEKTPUYHUX KOJIaX HAIMIBIPOBIIHUKOBUMH 3 KoMyTaTtopami. CTBOPEHO MaTeMaTHYHy MOJENb I aHaji3y eJIeKTPOMArHiTHUX MPOLECiB B HAIIBII-
POBiTHUKOBHX IIEPETBOPIOBAUaX 3 IIMPOTHO-IMITYJIbCHIM PETYIIIOBaHHAM BuXinHoi Hanpyru. HaBexeno rpacdiku, mo Bix 06paxkaroTh elIeKTpoMarti-
THI IIPOLECH y €IEKTPHYHUX KoiaxX. CTaTTs NPUCBSIYCHA PO3BUTKY METOJ[a OaraTornapaMeTpHYHuX (QYHKIiH HUIIXOM PO3pOOKU HOBUX MAaTeMaTHYHHUX
Mozienelt Ta BU3Ha4YeHHs QYHKLIH 1 aNrOpUTMIYHUX PiBHIHD [UIs aHATI3Y 32 [iJCHCTEMHUMH CKJIAJIOBUMH €JICKTPOMArHITHHX MPOLIECIB Y PO3rayxe-
HHX CJIEKTPUYHHUX KOJaX 3 HaMiBIPOBIIHHKOBIMH KOMYTaTOpaMH i JJAHKAMH 3 CHHYCOIJaIbHUMH, OCTIHHUMH 1 IMITyIbCHUMH Hanpyramu. HamiBm-
POBITHUKOBI KOMYTaTOPH MOXKYTh BUKOHYBATH BHCOKOYACTOTHE 3MiHEHHs CTPYKTYPH EJIEKTPUYHUX KiJl i IUPOTHO-IMITYJIECHY MOIYJISLI0 (pa3HUX 1
JHIAHUX HAampyr Tpu(azHol Mepexi eNeKTPOKUBIICHHS, BUKOHYIOUH PETy/IIOBaHHS BHXIIHHX HAIPYr HaMiBIPOBIAHMKOBUX MEPETBOPIOBAYIB Mapa-
METpiB eIeKTPUIHOI eHeprii.

Ki1r040Bi cj10Ba: e1eKTpOMArHiTHi IpoOLecH; BUXIHI HANpyra Ta CTPyM; JIBUI'YH HOCTIHHOIO CTpyMy; METOA GaraTonapaMeTpHIHIX MOIY/IIOF0UHX (yH-
KIIiH.
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HCCJIEJOBAHUE ITPOLIECCOB B [IPEOBPA30OBATEJIE C YETUPE3OHHBIM PET'YJIUBAHUEM
HAIPYKEHUS U DJJEKTPOMEXAHUYECKOM HATPY3KOM

Pa3paboTaHO HOBBIC MaTEMaTHYECKHE MOJICIIN JICKTPOMArHUTHBIX IIPOLIECCOB B TpeX(asHbIX EKTPUUECKUX LICTISIX MOJIYIIPOBOIHUKOBBIX IIpeodpa-
30BaTeNleld ¢ MHOTOKaHAJILHBIM 30HHBIM PETyJIHpoBaHHEeM (ha3HBIX HAIPsHKEHUH Oe3 ydeTa IoTeph B MONYIPOBOAHHKOBEIX KOMMYTATOpax JUIsl OBICT-
POIii OLICHKM BJIMSHMS [apaMeTPOB HArpy3Kd Ha YpOBEHb U ()OPMy BBIXOAHOIO HAMpsDKEHWS. B 3Toil craThe MPOBEJCH aHAIN3 3IEKTPOMATHUTHBIX
IIPOLIECCOB B DNIEKTPUUECKHUX LIEMAX C HOIYNPOBOIHUKOBBIMU KoMMyTaTopaMu. Co3[jaHa MaTeMaTHuecKas MOJEINb I aHaJIN3a dJIEKTPOMArHUTHBIX
IIPOLIECCOB B MOJIYIIPOBOJHUKOBBIX NIPE0OPa30BaTENAX C IIMPOTHO-UMITYJILCHBIM PETYIHPOBAaHHEM BEIXOJHOrO HanpspkeHHs. [IpuBeneHsl rpaduki,
KOTOpbIE IIOKa3bIBAIOT 3JICKTPOMATHUTHBIC IPOLECCH B EKTpUUECKMX Hemnax. CTaThs MOCBSIIEHA Pa3BUTHIO METOJA MHOTOMNAPaMETPHYCCKHX
(yHKIHM# myTeM pa3pabOTKN HOBBIX MATEMaTHYECKUX MOJEINCH U onpeencHus GpyHKIMil 1 alrOpUTMHYECKUX yPAaBHEHMIT [T aHAIIM3a OJICUCTEMBI
COCTaBILIOIIMM 3JIEKTPOMAarHUTHBIX MIPOLECCOB B Pa3BETBIEHHBIX JIEKTPHYECKUX LEISIX C MOJYIPOBOAHHKOBEIMH KOMMYTAaTOpaMH U 3BEHBSIMH C
CHHYCOHMAJIbHBIMU, MOCTOSHHBIMH M HMITYJIbCHBIMH HANpPsDKCHUSIMH. [10MynpOBOJHUKOBBIE KOMMYTaTOPbl MOTIYT BBIIOJHSTH BBICOKOYACTOTHOE
HU3MEHEHUE CTPYKTYPHI AIEKTPUYECKUX LENEeH U MIMPOTHO-UMITYJIBCHYIO MOIYJIALUIO (ha3HBIX M JIMHEHHBIX HANpPsDKEHUH Tpex(da3zHoil ceT 31eKTpo-
ITUTaHKS, BBIIONIHSS PETyINPOBaHIE BEIXOJHEIX HAIPSHKEHUH ITOIyIIPOBOJHIKOBEIX IpeoOpa3oBaTeliell mapaMeTpoB MIEKTPUIECKOIl SJHEPTHH.

KiioueBble cl10Ba: 3JICKTPOMAarHUTHBIC MPOLIECCHI; BBIXOAHbIC HAMPSDKCHUE M TOK; JBUrATEb IIOCTOSHHOIO TOKA; METO MHOTrOINapaMeTpHde-
CKUX MOAYIUPYIOLIHX HYHKIHH.
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RESEARCH OF PROCESSES IN A CONVERTER WITH FOUR-ZONE 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 eleven zoned regulations of
the output voltage. Atrticle 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.
Key words: electromagnetic processes; the output voltage and current; the engine of the direct current; method multivariable modulating function.

Beryn. [lepeTBopeHHS eJIeKTPUYHOT €HEprii,N03BOIIsIE
BUKOPHUCTOBYBATH B IEPETBOPIOBAIFHUX YCTaHOBKaxX
JAHKY BHCOKOi YacTOTH 3 YaCTOTOI0 MEepPeKITIOYeHHS
BEHTIJIIB 3HAYHO OUITBIIOI BiJ 9aCTOTH 3MIiHHOI HAIllpyTH
npomucioBoi mepexi [1-10]. ¥ pobotax [1-4] mokaszaHa
JIOLITbHICTE BHKOPHUCTAHHA CTPYKTYp IEpEeTBOPIOBAYiB
gactotd ([TY) 3 OAHOKpPATHOIO MOAYJAIIEID TPHU
1oOy/ZOBl CHCTEM BTOPHWHHOTO EJICKTPONOCTAYaHHS ISt

KOMIUIEKCIB J1IarHOCTHKH €JICKTPOMEXaHIYHHUX MPUCTPOIB
i3 pi3HOMaHITHUM BHIOM BXiZHOI eHeprii. Y naHii poOoTi
MIPOBOJUTHCA aHAN3 AacCleKTy BHKOPHCTaHHA Ti€l X
ctpyktypu ITH mnst enekTpoMexaHIYHUX KOMILIEKCIB i3
IIMPOTHO-IMIybcHUM perymoBadHaM (IIIP) mocrifiHoi
HATPYyTH IPH YOTUPU3OHHOMY KEepyBaHHI.

MeTo10 po60TH € aHAII3 EIEKTPOMATHITHUX MPOLECIB
B CJEKTPUYHMX KOJAaX 3  HaIliBIPOBIIHUKOBHMH
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MepeTBOpIoBaYaMu i po3poOka MaTeMaTH4HOi MoJei
MIepEeTBOPIOBaYA 3 ENCKTPOMEXaHITHIM HaBaHTAXCHHSM.

AHaJi3 eJleKTpOMAarHiTHHX mpoueciB. Y3araabHeHa
CTPYKTYpHa cXeMa IepeTBOpIOBada IMoKa3aHa Ha puc. 1.
Ha crpykrypHiii cxemi mo3naueni: CM4 , CMB, CMC —
cuoBi Monysstopu (CM) dasaux 4, B i C BiamosigHO,
BB — BucokouactotHuid Bunpsamisid, H — HaBaHTakeHHS;
D — gBuryH nocriitHoro crpymy. Cykynsicte CM, miak-
JIOYEHHUX JO EHEepPreTHYHoi Mepexi mnapajesbHo 1
3’€THAHUX 110 BHXOJY IOCIIJJOBHO, IIPEACTABISIE COOOIO
JIAHKY BHUCOKOI 4aCTOTH TIepEeTBOPIOBaya.
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Puc. 1. CrpykrypHa cxema HIIII

CcMC [

AHaJ3 TEXHIKO-CKOHOMIYHUX TIOKAa3HUKIB pi3HOTO
BU/ly BHKOHAaBYMX €JEMEHTIB CIIJAKYIOUYMX CHCTEM Ha
OCHOBI BHUCOKOMOMEHTHHUX JBUI'YHIB HOCTIHHOTO CTpyMY
(AIIC) cepiii 211 ta IIB i Tpuda3Hux acHHXpPOHHUX JIBHU-
TYHIB cepii 4A, sKi BUIYCKAIOTHCS IPOMHUCIOBICTIO Ce-
piitHO [4], TTOKa3yrOTh, IO 32 YMOBH OJHAKOBHX IOKa3-
HUKIB 32 Macoo Ta TabapuTaMu B Jlialla30Hi MOTYKHOCTEH
Bix 100 BT 1o 500 kBT, y cHiAKyIOYHX cHCTEMax IOLiIb-
Hitre BukopuctoBysatu JI1C.

[Mpn cxyagaHHi MaTeMaTH4HOI MOJIEeNi TIepeTBOPIOBaA-
4ya 3 KOMITIOTEPHOIO OPIEHTAII€I0 ii 3aCTOCYBaHHS BUKO-
pucTaeMo MeTol OaraTtonapaMeTpUYHHX MOJYJTIOFUYMX
¢byHkuii [5], sxuii nependavae nonepeaHe NpeICTaBICH-
HSl aITOPUTMIYHOTO PIBHSHHS nepeTBoproBaya. [Ipu 1po-
My TOpHUIMEMO TaKi NPHITYLICHHs: BXiJHa €HEPreTHYHa
Mepexa CUMETpUYHa i T BHYTpILIHIN OmNip IOPIBHIOE HY-
J0, TPAH3UCTOPH 1 JIOMW IHBEPTOPIB BHIPSIMIICHOI Ha-
npyru (IBH) mpencraBisioThcs iealbHUMH KITFOYaMH,
Y3TrOJUKYBaJIbHI TpaHC(HOPMATOPH B KOXKHIM 3 30H pery-
JIFOBaHHS BUXIJHOI HAIPYTH HE MalOTh BTPAT.

[IpoBeneHHST CHCTEMHOTO aHaJIi3y eJEKTPOMAarHiTHUX
npoueciB y moayisiniiiHomy HIIIT 3 Gararo3oHHUM pery-
JIFOBaHHSIM BHXI1JTHOT HaIPYTu 3 HABAaHTXKEHHSM Y BUIJIS-
ai ATIC 3 mociimoBHEM 30yKEHHSM, 3 ypaxyBaHHAM
TaKHUX 03HAK CHCTEMHOTO IiIXOAY 0 aHami3y [4], K mimi-
CHICTP Ta BIUIMB MiJ 4ac il pyXy 30BHIIIHIX i BHYTPIIOIHIX
(hakTopis.

Hamnpyry na naBantaxenni HIIII 3naxoaumo 3 Bupazy
BUTY

1 N=4 3
ug(t)=7= > > wli. hali.h(n N.thygg(t), (1)

kr 33 i3
ne ui(i, t) — MuTTeBi 3HavYeHHs (a3HUX HANPYT MEPexi,
ye(i, t) — GyHKLUIT IPIMOKYTHOrO CHHYyCa, IO CIHiBHaja-
IOTh 32 9acoM 3 IIOJIOKEHHSM BiAMOBITHUX (ha3HUX Ha-
mpyr. N =1, 2,..., N = 4 — HOMepH 30H PEryJIOBaHHS;

y(n, N, t) — MHOXHMHA €KBIBaJEHTHHX MOJIYJIIOIOYUX
BIUIMBIB i—X iHBepTopiB CM; yee(t) — QYyHKIS IPAMOKY-
THOTO CHHYCa, IO CITBIaJae 33 4acoM 3 IOJIOXKCHHAM
Harpyru Up(t); kt — xkoedirtient Tparchopmartii.

AIIC, mo 3amae Buximamit crpym HIIII, ommcyerscs
CHCTeMOI0 anreOpaiuyHuX piBHSAHB [4]
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ne iy, (t), IH, (t), ni(®), Ns1(t) — cTpy™m sikops Ta KyTOBA
uBuKicTs o0epranus JAIIC na k-omy Ta B k+1-omy inTe-
pBaJi BiATIOBITHO; €ch, €a — BIAHOCHI MaIiHHS HAPYTH Ha
OIiTKax i 0OMOTII AKOPS; €wm, €mo — BITHOCHI MOMEHTH
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UH(t .
OIIOpYy Ha Bally, C(t):? — BIAHOCHE€ 3HAYCHHS Ha-

npyru Ha sikopi; Un(t) Ta E — BiAmoBiqHO MUTTEBI 3HAYCH-
Hi BuxigHoi Hampyrm HIIII Ta mporm EPC;

2T,
a :sa+—b, ag =gy +Tl':4; Tan Ta Tm — enexrpo-

al
At
MarHiTHa Ta MeXaHiuHa IOCTiiHiI yacy nBuryHa, At — iH-
TepBaJli Yacy, 3a SKUMH MPOBOISATHCS PO3PaXyHKH.

Cucrema (2) BHpILIyETBCS 3a JOMOMOIOK METOAY
NIPUMIACOBYBAaHHS 3 TMONEPEAHIM 3alHCOM IOYaTKOBHX
yMoB mpu t = 0 Ta NPHUNYLIEHHSIMHU BiJJHOCHO JiHIHHOT
3aJIeXKHOCTI MOMEHTY OIIOPY Ha Baly JBUTYHA Bij IIBUJ-
KOCTi 00epTaHHs [3] 1 TiHeapU30BaHOT KPHBOi HAMArHidy-
BaHHS.

Hiarpamu ctpymis kona sikops JAIIC s Bumaaky 4o-
TUPU30HHOTO peryiroBaHHs BuximHoi Hanmpyru HIIII Ha-
BesieHi Ha puc. 2. Kpusa 1 BigoOpaxae cTpym Koua sikopst
B nporieci mycky JAIC mig i€ MakCHMaabHOT BETMYUHU
Harpyru (3), a kpuBa 2 — CTpyM Kouia SIKOpsl B ITpoleci
nycky JIIC nix aieto Hanpyru (3) 3 YOTUPU3OHHUM ILIH-
poTtHo-iMnynbcHuM peryiroBanHsaM (ILIP) 3a niniliHEM

i, (©
u, (1)
Puc. 2. liarpamu ctpymiB kouna sikopst AI1C

Buxinauii ctpyM i2(t) 3HaX0IUMO 3 CITiBBiTHOLICHHS
ip(t) =iy, (Dwps(t)- @)

Bxiani ctpymu i1(n, i, t) 3HAX0AMMO 3 BHpasy

i)~ 2Ol voNY @

Jns BU3HAYCHHS CTPYMIB i—X (ha3 Mepexi y BCbOMY
JiamasoHi perymoBaHHsa BuxinHoi Hanpyru HIIIT mixcy-
Myemo BXifgHi crpymu IBH, mo GepyTh y4acTs y mpomeci
perynoBaHHsA BUXIJHOI HAaNMpyrH B KOXHIA 3 I—# ¢a3i.
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3aranpHuil BUpa3s I CTPyMIB i—X (a3 Mepexi momamo y
BUTJIAIL
i(i,t) =i @i,t)+i(20,0)+...+ig(N,i,t),  (5)

ne (1, i, t), i1(2, i, t), i1(N, i, t) — BximHi cTpymu iHBEpTO-
piB i-x ¢a3 Ha iHTepBanax mepiuoi, apyroi, Ta N = 4-i
30HHU PETYJIFOBaHHS.

Jiarpamu BXiJHHMX CTPpyMIB Ta Hampyr, nmoOyJaoBaHi
3a (5), mpencrasieHi Ha puc. 3.

Iy (L,1)

u, (2,1), 1
i(2,t)

u,(3,t),
i,(3,t)

Puc. 3. Jliarpamu BXifiHHX CTPYMiB i-X (a3
Mepexi B KoopauHartax (a3HuX Hanpyr

BucHOBKH 3a pe3yJbTaTaMu AOCTiIKeHHs. Y Il
po6oTi OyJI0 BUKOHAHO aHaNi3 eJeKTPOMArHiTHUX Ipole-
CiIB B CJIEKTPUYHHX KOJIAX 3 HAIIBIPOBIIHUKOBUMHU
MepeTBOpIOBaYaMu. bysio CTBOpEHO HOBI MaTeMaTH4Hi
MOJIEJ HaiBIIPOBITHUKOBUX IEPETBOPIOBAYIB 3 BHCOKO-
YaCTOTHUM [IMPOTHOIMITYJIbCHHM  DETYJIIOBaHHAM  IX
BUXIJTHOI HATIPYTH TPU 3MiHI MMapaMeTpiB HaBAaHTAXKCHHS
B IHMPOKMUX MeXaX, fAKi JO3BONWIM IiABHUIIUTH
MIBUAKO/IIO €JIEKTPOTEXHOJIOTTYHUX CHCTEM.
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