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STUDY OF THE ELECTRIC MAGNETIC PROCESSES IN SEMICONDUCTOR
CONVERTER WITH NINETEEN ZONED REGULATION
OF THE OUTPUT VOLTAGE

3pobneno ananiz enekmpomacHimHux npoyecie 6 eneKMpUdHUX Koaax 3 Hanienposionukosumu komymamopamu. Cmeo-
PEHO MamemMamuyHy Mooens Osl AHANI3Y eNeKMPOMASHIMHUX NPOYeCi8 Yy HANIBNPOGIOHUKOBUX NePemEopIosaiax 3 WUpomHo-
IMAYIbCHUM pe2yo8antam uxionoi nanpyau. Hasedeno epaghixu, wo 6iododpasicaiomsv enekmpomazHimui npoyecu 8 enexm-
puunux xonax. Ilposedeno cucmemnuii ananiz eneKmpomMasHimHuUx npoyecia y MooyIayitinomy HanignposioHUKO80OMy nepem-
60pI0BAYI 3 0€6 AMHAOYAMUSOHHUM Pe2YIOSAHHAM BUXIOHOI HANPpYeU 3 AKMUBHO-IHOYKIMUGHUM HABAHMAXCEHHAM. [ocTi-
021CeHO eneKMpPOMAsHIMHI npoyecu y HanienpPoiOHUK08OMY nepemeopiosayi mooyisayitnozo muny. Kuouegi enemenmu oynu
npUtiHAmMI 10eanbHUMU.

Knrouogi cnosa: enexmpomaznimui npoyecu, 8uxioni Hanpy2a ma cmpym.

Puc.: 3. Bion.: 3.

Coenan ananuz s1eKkmpoMAHUMHBIX HPOYECCO8 6 INEKMPUHECKUX YensAxX ¢ NOAYNPOEOOHUKOBLIMU KOMMYMAmopamu.
Coszoano mamemamuyeckyro MoOeb Olid AHANU3A IEKMPOMASHUMHBIX NPOYECCO8 8 NOYNPOBOOHUKOBbIX NPeoOpa308amensx
C WUPOMHO-UMNYIbCHBIM PESYIUPOBAHUEM BbIXOOH020 Hanpsdicenus. [Ipusedeno epaguku, KoOmopvle Ompaxcaiom >1eKmpo-
MazHUmHble npoyeccol 6 sneKkmpuieckux yensx. [Iposedeno cucmemmsiil aHanu3 21eKMPOMASHUMHBIX NPOYECCOB 8 MOOYIIs-
YUOHHOM NOTYNPOBOOHUKOBOM npeobpazosameneti ¢ 0esAmHAOYAMUIOHHBIM DeSYTUPOSAHUEM bIXOOHO20 HANPANCEHUS C
AKMUGHO-UHOYKMUBHOU Haepyskou. Hcciedosano snekmpomazHumuble Rpoyeccol 8 NOIYNPOGOOHUKOBOM npeobpazosamere
Mooynayuonnozo muna. Kniouegwie snemenmor Obiiu npuHsAmul u0eanrbHuIMU.

Knroueswie cnosa: snekmpomaznummuvle npoyeccyl, 8bIX0OHblE HANPANCEHUE U MOK.

Puc.: 3. Bubn.: 3.

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.
The system analysis of the electromagnetic processes is organized in inflexion of the semiconductor converters with nineteen
zoned regulations of the output voltage with actively-inductive load. Study of the electromagnetic processes is organized in
work in semiconductor converter inflexion type. Key element were ideal.

Key words: electromagnetic processes, output voltage and current.

Fig.: 3. Bibl.: 3.

VYenixu y po3BUTKY HamIBOPOBITHUKOBOT TEXHIKH [O3BOJISIIOTH BHKOPHUCTOBYBAaTH B
[IEPETBOPIOBAJIbHUX YCTAHOBKAX JIAHKY BHUCOKOI YacTOTH 3 YacTOTOK MEPEeKIIOUEHHS
BEHTIJIIB 3HAYHO OUIBIIOI BiJ] YaCTOTH 3MIHHOI HAaImpyrd MPOMHUCIOBOI Mepexi. Y poboTax
[1-3] noka3aHa JOULIbHICTh BUKOPUCTAHHS CTPYKTYp neperBoproBayiB yactotu (1Y) 3 oxn-
HOKPATHOIO MOJYJIAIIEI0 I Y9ac MOOYAOBH CHCTEM BTOPHHHOTO €JIEKTPOTIOCTAYaHHS IS
KOMILJIEKCIB J1IIarHOCTUKHU €JIEKTPOMEXaHIYHUX MPUCTPOIB 13 PI3HOMAHITHUM BHJIOM BXIIHOL
eHeprii. ¥ 1iil po60OTi NPOBOAUTHCS aHAIII3 aCMEeKTYy BUKOpHUCTaHHS Tiel xk cTpykrypu [TY sk
JAHKK BHUCOKOi YacTOTH, IO CTOCYeTbcid NOOYIOBUM ¥ aHami3y IEepeTBOPIOBAYIB s
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€JIEKTPOMEXAHIYHUX KOMILJIEKCIB 13 MIMPOTHO-IMITYJIbcHUM perymtoBaHHsaM (LIIP) nmocriiinoi
HaIpyry Mpy JeB’ ATHAALSITU30HHOMY KEpyBaHHI.

Meto1o pob0TH € BUKOPUCTaHHS METOy OararonapaMeTpUuHuX (YHKIIII 3 BUKOpUCTaH-
HaM naketa MATHCAD st ananizy eIeKTpOMAarHiTHUX HPOLECIB Yy €JIEKTPUYHUX KoJax 3
HaIIBIIPOBIIHUKOBUMHM KOMYTAaTOpPaMH 3 J€B’SITHAAUATU30HHUM PpErYIIOBaHHSAM BUXIIHOL
HaIpyry.

CrpykTypHa cxema HamiBnpBigHukoBoro neperBoproaya (HIIIT) noka3zana na puc. 1. Ha
CTpYKTYpHil cxemi no3HaueHi: CMAB, CMBC, CMCA — cunosi moayistopu (CM) niHIHHUX
Hanpyr AB, BC 1 CA BinnoBigHo, BB — BucokoyactoTHuil Bunpsmisy, H — HaBaHTaXXeHHSL.
Cyxkynaicts CM, NIKIIOYEHUX O €HEPTeTUYHOI MEepEXi MapajiebHo 13 € JHAHUX 110 BUXOAY
MOCJIIOBHO, SBJISIE COOOI0 JIAHKY BUCOKOT YaCTOTH IEPETBOPIOBAYA.

i (i, 1) i (Jj,t)
A ¢—>, — Y N,
u,(j,t) CMA4B uZM(jat)V
ig (1)
B & N >
CMBC up(t)| | BB [Jus (1)) H
Cc &
CMCA i, (1)
«—

Puc. 1. Cmpyxmypua cxema nepemeoprosaua

Takum ymHOM, KoxkeH CM Mae y cBoemy ckiaiai N 1HBEPTOPIB BUIIPSAMIIEHOI HAmpyru
(IBH), ne N — 1ie uncio iHBEpTOPIB.

CTBOpeHHsI MaTeMaTUYHOI MOJIEJIl MepeTBOPIOBaYa nepeadadyae po3poOIeHHS MaTeMaTH-
YHOIO 3a0€3MeYEHHsI, CIPOMOYXKHOTO IIPOBECTH aHAIII3 HOTO €JIEeKTPOMAarHiTHUX MpPOLECIB Bil-
HOCHO €HEprii, IKa T€HEepYy€eThCs, 3 YPaXyBaHHIM XapaKTepy HaBaHTaXEHHS, EHEprii, SiKa npu
LbOMY CIIOKMBAETHCS, @ TAKOK EHEPIii, sIKa NEPETBOPIOETHCS B OKPEMHUX JIaHKaX 1 OKPEMUMHU
€JIEeMEHTaMU NIEPETBOPIOBAYA.

Ilin duac ckiagaHHd MareMaTU4YHOI MOJEIl TepeTBOpIoBavYa 13  KOMII IOTEPHOIO
OpI€HTAlI€l0 11 3aCTOCYBaHHS BHUKOPHUCTAEMO METOJ OaraTormapaMeTpUYHUX MOIYJIOHUUX
¢byHKLIM, skuil nependadae TONEpeAHE MPEACTABICHHS AJTOPUTMIYHOTO  PIBHSHHS
neperBoproBaya. [Ipy 1npoMy mpuiiMeMo Takl MPHUIYIICHHS: BXIJHA €HEpPreTHYHa Mepeka
CUMETpUYHa Ta ii BHYTPILIHINA OIip TOpIBHIOE HYIIO, TpaH3ucTopu i aioau IBH € ineansuumu
KIIOYaMH, y3TO/DKYBalbHI TpaHcopmaropy HE MawTh BTpaT, a HaBaHTaKEHHs
[IEpEeTBOPIOBAYa MA€ €KBIBAJICHTHUN aKTUBHO-1HIYKTUBHUN XapakTep.

s cTpykTypa mA03BOJISiE pealidyBaTH OaraToKaHaIbHUN  CIOCIO MEepeTBOPEHHS
rapaMmeTpiB €JeKTPOMArHiTHOI eHeprii Mepexi, 3a akoro B CM 31CHIOETbCS pO3ralyKeHa
MOJLYJISIisT MUTTEBHX 3HAUEHb TONIEPEAHBO BUIIPSAMIICHUX JIHIHHUX HANPYT u, (/,¢) , 9ACTOTH

®), Tpu(da3zHOT EHEePreTHYHOI MEpeX i BIAMOBIAHUMHU E€KBIBAJIGHTHUMH MOJYTIOIOUYNMH
BIUTMBAMU \|/( p,N ,t), 4acTOTH ). Y pe3yabTaTi Takoi omeparlii Ha BUXo/1 KoxkHoro 3 IBH
(bopMyeThecs TPOMOY/IbOBaHa HAIIPyTa
. 1 . .
MZM(p’]’t): k_u](/’t)d)(]’t)\lj(p’Nat)’ (1)
T

nei =1, 2,3 — HoMmepH (a3 eHepreTU4HoOi Mepexi; k. — KoedileHT TpaHchopMallii TpaHC-
dopmaropa; p=1, 2,3, ..., N — HOMepH 30H perymoBaHHs; ¢(j,/) — QyHKI] IpIMOKYTHOTO
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CHHYCa, K1 30IratoThCsl 32 4acOM 3 IMOJIOKEHHSM JIIHIHHUX Halpyr Mepexi; u,(j,f) — MUTTEB]

3HAYEHHS BX1IHOT HAPYTU MEPExI.
OyHKI1I11 TPAMOKYTHOTO CHHYCA MO/Ial0ThCS, K

i—1)2
¢(j,t)=sign{sin(w¢—%+%}} , (2)
a MUTTEB1 3HAUEHHS BX1IHOT HAIPYTU MEPEXkK1 NPEICTaBICH] Y BUTJISAAL
i—1)2
u,(j,t)=~3U,, sin[wlt—%+%j, 3)
U,,, — amIunTyaHe 3HadeHHd (a3HOI HANpyrw, a BUXIJAHA HANpyra u, (t) ITOJAETHCS
BHUpa3OM
1 19 3 .
uy (1) == 2 24 GO V(P N, 0w )

T P=l j=I
ne v(t) — QyHKIisS TpIMOKYTHOTO CHHYCA, IO 30Ira€ThCsl 32 YaCOM 3 TMOJIOKEHHSAM BUXITHOL
HAIMpYTH U, (t) JIAHKHM BHCOKOT YaCTOTH MEPETBOPIOBAYA.
V(1) =sign(u, (7)) . &)
CrpyM HaBaHTa)KE€HHS 3HAWJEMO, SIK PEaKIll0 OJHOKOHTYpHOTO RL—naHLiora Ha Jii0 Ha-

npyru (5). g nporo nudepeHiiagbHe piBHSIHHS, CKIaJ€HEe JJI BUXIIHOIO KOHTYpY IepeT-
BOpPIOBaya, MPEJCTaBUMO Y BUTIIAI1

u,(t) R
D(tay):dT_zyOa

I€e Y — BU3HAYACTHCA 3 IMOYATKOBMX YMOB; R 1 L — BiINOBIAHO aKTUBHHMM OMIP 1 iHAYKTHUB-

(6)

HICTh HAaBaHTA)KECHHSL.
Pimenns (6) BITHOCHO CTpyMy HaBaHTa)K€HHS BU3HAUMMO YHCIOBUM METOJIOM y BUIJISAL
MaTpHuIli

i,(t) = tkfixed (y,0,k,s,D), (7)

1€y — BEKTOp NOYaTKOBUX yMOB; 0, k — yacoBuii IHTEpBaJl PIIIEHb; S — KUIBKICTh TOYOK Ha
4acOBOMY IHTEpBaJIi pillieHb; D — BeKTOp GYyHKIIS AU(epeHIIITHIX PIBHSAHb.

YacoBi JiarpaMu CTpyMy HaBaHTa)KE€HHS B KOOPAMHATaX BUXIAHOI HANPYrd NEPETBOPIO-
Baua, noOynoBaHi 3a BupazoMm (7) mis AeB’SITHAALSITA30HHOTO PEryIIOBaHHS, MPEICTaBICHI
Ha puc. 2.

u,iA i,(t) u, ()

\4

Puc. 2. Yacosi diacpamu cmpymy i Hanpyeu HA8aHMANCeHHst Ma XIOHUX CIPYMI6 IH8epMOpIE
Y Koopounamax NiHitiHUX Hanpye eHepeemuynol mepeici

BxiaHuii cTpyM BUCOKOYAaCTOTHOIO BUIIPSAMIISIYA MA€ BUTJISL
(1) =i, (V) - (®)
Jljis BU3HAYEeHHS BXITHUX CTPYMIB IHBEPTOPIB i-X (a3 JUIsl KOXKHOI p-1 30HU PETYITIOBAHHS
Bpaxyemo, 10 i, () IpoTIKa€e B 3arajlbHOMY KOHTYp1 Bcix CM.
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[Ipu uboMy B 3arajibHOMY BUTJISL

LOV(P, N,09(/,1)
ke

Jliia Bu3HaueHHs BXigHUX CM y BcboMy Jiana3oHi perystoBaHHS BUXITHOT HAIPYTH Mif-

cyMyeMo Bx11H1 cTpymu BianosigHux IBH. BpaxoByrouu (9), 3aranpHuil Bupas Juisd BXIIHUX
ctpymiB CM nogamo y BUTIISIL

L, =i j,0)+i(2,j,0)+i (3, j,0)+...+i(19, j,1), (10)
ne i(1,j,0), i(2,j.0), i(3,j,t), i,(19, j,t) — BXiIHI CTpyMU IHBEPTOPIB i-X (a3 A NepIloi, Apy-

roi, TPeThO1 Ta J€B’ ITHAILATOT 30H PEryIIOBaHHS
Ctpymu i-X (a3 eHepreTuuHO1 MEPEKi 31 CITIBBIIHOIIECHD

io (Le)=1i (L1)—i (3,1)
iy (2.6)=1,(2.¢) =i (L1)
io(3.8)=10(3,¢)—i (2,1) . (11)

Yacosi giarpamMu BXIIHUX CTPYMIB i-X (a3 eHepreTuuHoi Mepexi B KoopauHarax (azHHX
Hanpyr, nodynosati 3a (11) i AeB’ITHAAUATU30HHOTO PEry/IIOBaHHs, IPe/ICTaBIIeH1 Ha puc. 3.

u, (i,0)] : uy (1,1)
i (irt) o (11) e~ R

i(p,j,t) = ©)

S B e P
P ST ~— p

Puc. 3. Yacosi diacpamu éxionux cmpymis i-x ¢paz enepeemuunoi mepesici 6 KoopouHamax QasHux Hanpye

CucreMHuU# MiIX14 10 aHAI3y I03BOJISIE HA APYyromMy HOro eTarli, 1110 XapakTepu3ye BIUIUB
IiJ] Yac pyXy CUCTEMH 30BHILIHIX 1 BHYTPILIHIX (PaKTOpIB, IPOBECTU YTOUHEHHS MOMEPEaHIX
JOCTII)KEeHb, OEpy4H /10 yBaru HOBI NPUIYLIEHHS, HAIPUKJIA, BITHOCHO HE1/1€albHOCTI BHY-
TPIIIHIX ONOPIB KJIIFOUOBUX E€JIEMEHTIB.

[Tomanpmii yTouHEHHS M1 4ac MOJAEIIOBAHHS MPOLIECIB MOXKYTh BITHOCUTHUCH J0 ypaxy-
BaHHS BHYTPIIIHIX [TapaMeTPIB MEPEK1 AKUBJICHHSI HI0JI0 IXHIX €KBIBAJIEHTHUX OINOPIB Ta IH-
JOYKTUBHOCTEH, 3MIHU BHYTPIIIHIX apaMeTpiB HaBaHTa)KEHHS Ta KOMIUIEKCHOTO aHaIlI3y
MIPOLIECIB L1010 BIUIMBIB MOXKJIMBUX 30BHIIIHIX Ta BHYTPILIHIX (haKTOPIB.

BucnoBku i npono3uuii. [TinTBepmxeHO TOIUIBHICTF BUKOPUCTAHHS ITPOTPAMHOTO TaKe-
ta MATHCAD pu14 aHani3y eJIeKTpOMarHiTHUX MPOLECIB Ta ONTUMI3aLlii TapaMeTpiB HaIliBII-
POBIIHUKOBHX IE€pEeTBOpIOBaYiB. Takuil MiAXiJ JO3BOJILE€ 3MEHILUTH HECTAOUIbHICTD PEXKUMIB
Yy TEXHOJIOT'TYHOMY HaBaHTA)XXEHH1 Ta pEXXUMIB CIIOKUBAHHSI €JIEKTPOCHEPT1i B11 MEPEX1 eNeK-
TPOKUBJICHHS.

VY nonanpiioMy MOKHa MPOBECTH MOJIENIIOBAHHS Yy ACKUIbKA €TaliB 3 PI3HUMHU [10YATKO-
BUMHU TpuUIyimeHasmMu, posrisigatoun HIIII sk cuctemy 31 CBO€I0 CTPYKTYpPHOIO MOOYI0BOIO,
10 BU3HAYA€E BHYTPIIIHI BIUTUBH B CEPEIOBHIII HAJICUCTEMH 31 CBOIMH CUCTEMaMHU, K1 330BHI
BruiMBaroTh Ha HIIII.
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