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RESEARCH ON THE ELECTRIC MAGNETIC PROCESSES
IN SEMICONDUCTOR CONVERTER WITH TWENTY FOURTH ZONED
REGULATION OF THE OUTPUT VOLTAGE

Ilpogedeno ananiz enekmpoMazHimHUx npoyecié y eiekmpuiHux Koaax 3 HAniénpoGiOHUKOGUMU KOMYMAmMopamu.
Cmeopeno mamemamuyny Mooeib OJis AHANI3Y el1eKMPOMASHIMHUX NPOYeCi8 Yy HaNi6NnPOBiOHUKOBUX NePemBopIosayax 3 -
POMHO-IMNYIbCHUM pe2yNioganHam 8uxionoi nanpyeu. Hasedeno epaghixu, wo 6idobpadcaioms erekmpomazHimui npoyecu 6
enekmpuynux konax. IIposedeno cucmemHull aHaui3 eleKmpoMaeHiMHUX NPoYecia y MOOYIAYIIHOMY HANIBNPOBIOHUKOBOMY
nepemeopioeayi 3 086a0YAMUYOMUPUIOHHUM DeSYIOBAHHAM GUXIOHOI HANPY2U 3 AKMUGHO-IHOYKMUGHUM HABAHMAICEHHSIM.
Jlocniooiceno enexkmpomacHimui npoyecu y Hanienposi OHUKOBOMY NePemeoprosayi Mooysyitinozo muny. Kmovosi enemenmu
Oyu nputiHami i 0eanbHUMU.

Knrouosi cnosa: enekmpomaznimui npoyecu, 8uxioHi Hanpyaa ma Cmpym, Haniénpoei OHUKOBUL nepemeoprosat.

Puc.: 3. bion.: 3.

IIposeden ananus 1eKMpOMASHUMHBIX NPOYECCO8 6 DNEKMPUYECKUX YENaX ¢ NONYNPOBOOHUKOBLIMU KOMMYMAMOPAMU.
Co3z0ana mamemamuieckas Mooensb O AHANU3A DNEKMPOMACHUMHBIX NPOYECCO8 8 NOTYNPOBOOHUKOBLIX NPeobpa308amensix
C WUPOMHO-UMRYTILCHBIM Pe2YIUPOSAHUEM BbIXOOH020 Hanpsvicenus. IIpueedenvl epaguku, Komopsie ompaxicaom 31eKkm-
pomazrummuble npoyeccol 6 anekmpuieckux yenax. Ilposeden cucmemmviii ananu3s 1eKmMpoMASHUMHBIX NPOYECCO8 8 MOOYIS-
YUOHHOM NOTYNPOBOOHUKOBOM npeobpazosamereli ¢ 08a0YaAMU4emblpEX30HHbIM PeCYIUPOSAHUEM GbIXOOHO20 HANPAICEHUS C
AKMUBHO-UHOYKMUSHOU Hazpyskou. Hccredosanvl dnekmpomacHumusle npoyeccyl 8 NoaynpoBoOOHUKOBOM npeobpazosamerne
Mooynayuonnoz2o muna. Knioueguvle anemenmot Obliu npuHAmMsl UOEATbHBIMU.

Knrouegvie cnoea: snekmpomazHummsie npoyeccsl, 8bIX0OHble HANpsadicenue U MoK, NOIYnPOSOOHUKOSbLI NPoedpa306amens.

Puc.: 3. buén.: 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 twenty
fourth 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, semiconductor converter.

Fig.: 3. Bibl.: 3.

Beryn. Po3BUTOK HamiBIIPOBIAHUKOBOI TEXHIKH JO3BOJISIE BUKOPHCTOBYBATH B MEPETBO-
PIOBAJIbHUX YCTAHOBKAX JIAHKY BUCOKOI YaCTOTH 3 YAaCTOTOIO NMEPEMHUKAHHS BEHTHJIIB 3HAYHO
OUTPIIOT BiM YAcCTOTHM 3MIHHOT HANPYTd NMPOMHCIOBOI Mepexi. Y poborax [1-3] mokazaHa
JOLIBHICTh BUKOPUCTaHHS CTPYKTYp neperBoproBaviB yactotu (I14) 3 ogHOKpaTHOIO MOIY-
JSILIEI0 TIpU TOOYA0BI CHUCTEM BTOPMHHOI'O €JIEKTPONOCTaYaHHs JJIs1 KOMIUIEKCIB 1IarHOCTUKU
€JIEKTPOMEXAHIYHUX TPUCTPOIB 13 PI3HOMAHITHUM BHUJIOM BXiHOI eHeprii. Y miii poboTi
NPOBOANTHCSA aHAJ3 aCHEeKTy BHKOPHUCTAHHS Tiel * cTpykTypu IIY sK JTaHKM BUCOKOi
YaCTOTH, IO CTOCYEThCS MOOYJOBM i aHaNi3y HEpETBOPIOBAYIB IS €JICKTPOMEXaHIYHHX
KOMIUIEKCIB 13 IMPOTHO-iMITysnbcHUM perymoBanHsM (ILIP) mocriiiHoi Hampyru npu
JBAILATHYOTUPU30HHOMY KEepYyBaHHI.
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MeToro po6oTH € BUKOPHCTAaHHS METOAy OaraTonapaMeTpuuHUX (YHKIIH 3 BUKOPUCTaH-
HsaMm naketa MATHCAD st aHanmizy eeKTpOMarHiTHUX MPOLECIB Y €JIEKTPUUYHUX KOJax 3
HAIIBIIPOBITHUKOBUMH KOMYTAaTOpaMH 3 ABAILISATHYOTHPH30HHUM PETYIIOBAHHAM BHXIiTHOI
HaIpyTH.

[Ipy MMPOTHO-IMITYIBCHOMY DETYJIIOBAaHHI BHUXIAHOI Hamlpyrd HEpeTBOPIOBaYa CHIIOBI
KJIIOYi iHBEPTOPIB HANPYTH 32 YMOB iXHBOTO YHPABIIHHS IMITyJIbCAMU HANpPYTH TUIY «Me-
aHap» OepyTh y4acTh y JIBOX IMPOIECax MEPETBOPEHHS €HEPril, a caMe — y CIIOKUBaHHI eHep-
rii HaBaHTa>KeHHSIM (Y MPOBIIHOMY CTaHi 3HAXOJATHCS BIAMOBIIHI apU TPAH3UCTOPIB 1HBEP-
TOpa HamNpyru) Ta PO3CISIHHI eHeprii B KOHTypi HaBaHTaxeHHS (y MPOBLAHOMY CTaHi
3HaXO0JAThCS BIJAMOBIIHI IapH, 10 CKIAAAIOTHCS 3 TPAH3UCTOPIB Ta 110/1B).

CtpykTypHa cxema HamiBIpBiIHHKOBOTO neperBoproBada (HIIIT) nmoka3ana Ha puc. 1. Ha
CTpYKTypHiil cxemi mo3HaueHi: CMA, CMB, CMC — cunosi moaynsaropu (CM) ¢a3aux Ha-
npyr A, B i C BianoBigno; BB — BucokouactoTanii Bunpsmisid; H — HaBanTaxkeHHs. CyKyTi-
HicTe CM, MIAKITIOUEHUX 70 €HEPTeTHYHOI MEPEX1 MapajebHo 1 3’€JHAHUX 0 BHUXOY TOC-
JIJIOBHO, SIBJIsI€ COOOIO JIAHKY BHCOKOT YaCTOTH NIEPETBOPIOBAYA.
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Puc. 1. Cmpyxmypna cxema nepemsopiosaua
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Takum umHOM, KokeH CM Mae y cBoeMmy ckiaai N iHBEpPTOpIB BHUIIPSMIICEHOI HAIPYTH
(IBH), ne N — 11e KUIbKICTh IHBEPTOPIB.

ITlin dyac cknazaHHA MaTeMAaTUYHOI MOJEN1 IEepeTBOpIOBava 13 KOMII IOTEPHOIO
opieHTali€l0 ii 3aCTOCYBaHHS BHUKOPHUCTAEMO METOJ| OaraTornapaMeTpYHUX MOIYJIIOIUUX
GyHKIIH, sAKWid Tependadae IMOMEpEeNHE TPEACTABICHHS aJITOPUTMIYHOTO  PIBHSIHHS
neperBoproBaya. Ilpu npomy npuiiMeMo Taki NMPUIIYIIEHHS: BXiJHA €HEpreTMyHa Mepexa
cuMeTpuyHa 1 1i BHyTpiIHIA omip JOpiBHIOE HYyIO, TpaH3uctopu 1 paiogu IBH
MIPEJICTABISIOTHCS 1I€aTbHUMH KITIOYaMH, Y3Tr0o/DKyBallbHI TpaHC(POpPMATOPH HE MAIOTh BTpAT,
a HaBaHTa)XKEHH: IepeTBOPIOBaYa Ma€ €KBIBAJICHTHUM aKTUBHO-IHIYKTUBHUNA XapakKTep.

Taka cTpyKTypa J03BOJII€ pealli3yBaTH OaraToKaHaJdbHMH CIOCIO IEpeTBOPEHHS
napaMeTpiB eJIeKTPOMArHiTHOI eHeprii Mepexi, 3a skoro y CM 31iliCHIOETbCS po3raidyKeHa
MOJYJISALIS MUTTEBUX 3HAYEHb MOIEPEIHBO BHNPAMICHHMX (a3sHUX HANPYT u, (i,t) , 9aCTOTH

®], Tpuda3HOi EHEePreTUYHOI MEpPEXKi BIAMOBIMHUMH €KBIBaJEHTHUMU MOIYJTIOIOUNMHU
BILTUBAMU \I’( p,N,t), YacTOTH ,. Y pe3ysibTaTi Takoi omepamii Ha HaBaHTAXCHHI

dbopmyerses Hanpyra u, (¢)

0 (1) =2 SO M

nei=1,2,3 —Homepu (a3 eHepreTuuHoi Mepexi; k, — koediieHT TpaHChOpMaLl TpaHC-

dopmaropa; p=1,2,3, ..., N— HOMepH 30H perymoBanus; ¢(i,¢) — QYHKIIi IPIMOKYTHOTO
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CHHYyCa, 10 30iraloThCs 3a 4acoM 3 MOJIOKEeHSIM (a3HUX Hampyr mepexi; u,(i,f)— MUTTEBI

3HAYCHHS BX1JIHOT HAIIPYTH MEPEKI.
@yHKIIiT MPIMOKYTHOTO CHHYCa MOIAI0THCS SIK

) ) —1)27

¢(i,t) =sign4sin a)lt—% , (2)

a MUTTEB1 3HAYEHHS BX1JIHOT HAIIPYTH MEPEXK1 MPEJACTABIICH] Y BUTIISIII
: . (j-1)2x

u,(i,t)=U,, sin wlt_T , 3)
e Uy, — aMIuliTyHe 3Ha4eHHs ¢a3Hoi Hanpyru; v(f) — QyHKIIS NPSIMOKYTHOTO CHHYCa,
sKa 30ira€TbCs 3a 4acoM 3 MOJIOKEHHSIM BHUXIIHOT Hampyru uz(t) JIAHKU BUCOKOI 4acTOTH
NepeTBOPIOBAYA

V(1) =sign(u,(1)) . 4

CtpyMm HaBaHTa)KEHHS 3HAHAEMO, SIK PEaKIIl0 OJHOKOHTYpHOro RL—JaHIora Ha Jif0 Ha-
npyru (4). Ans nporo nudepeHiiagbHe pIBHSAHHS, CKJIAJEHE JUIsl BUX1IHOTO KOHTYpPY IEpeT-
BOPIOBaYa, MPEJICTABUMO Y BUIJISI

Dty =202y, 5)

1€ Y — BU3HAYAEThCA 3 IOYATKOBUX yMOB; R 1 L — BIANOBIAHO aKTMBHMI OMIp M IHIYKTHB-
HICTb HaBaHTAXKEHHS.
Pimenns (5) BiTHOCHO CTpyMy HaBaHTa)KEHHS BU3HAYMMO YHCIIOBUM METOAOM Y BHUTIISAII
MaTpuIli
i,(t) =rkfixed(y,0,k,s,D), (6)

Jie ¥ — BEKTOp Mo4aTKoBUX yMOB; 0, kK — yacoBUil iHTEpBal PILIEHb; S — KUIBKICTh TOYOK Ha
4acoOBOMY IHTEpBaJi pilieHb; D — BeKTOp GYHKISA TU(epeHIIIHHUX PIBHSIHb.

Yacosi giarpaMu CTpyMy HaBaHTa)X€HHS B KOOPAMHATAX BUXIIHOI HApPYTd NEPETBOPIO-
Baya, MoOynoBaHi 3a BUpazoM (7) Ui 1BaIIATHYOTHPU3OHHOTO PETYIIOBAHHS, IPECTaBICHI
Ha puc. 2.

u,i

Y

Puc. 2. Yacosi diaepamu cmpymy i Hanpyeu HA8AHMANCEHHS A 8XIOHUX CIMPYMIB IHGepMOpI8
Y KOOpOUHAmMax QasHux Hanpye eHepeemudnol mepexici

BxinHuil cTpyM BUCOKOYACTOTHOTO BUIPSAMIIYA MA€ BUTJIS
(1) =i, (V) - (7
Jlns BU3HAUEHHS BXIIHUX CTPYMIB IHBEPTOPIB i—X (a3 Al KOXKHOT p—I 30HH PeTyJIIOBaHHS
BPAXY€EMO, 110 i5(f) MPOTIKA€E B 3araibHOMY KOHTYp1 Bcix CM.

iz(t)W(paNa t)(l)(l’ t) .
kT

i(p,i,t) = ®)
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Jlnst BU3Ha4YEeHHS CTPYMIB i—X (a3 eHepreTHYHOI MEPEki y BCbOMY Jlialia30H1 peryJIroBaH-
HSl BUX1IHOT HANpyryd BUKOHAEMO JI0/IaBaHHs BXIHUX CTPYMIB IHBEPTOPIB BCiX 30H peryiro-
BaHHS B KOXKHIHN i~ (a3i. BpaxoByroun piBHsSHHS (8) 3aranbHUN BUpa3 Ui CTpyMiB i—X (a3
€HEePreTUYHOI MEPEXK1 TOJITAMO Y BUTJISIII

i(i,t) = Z i(p,it), )

Ie i ( D,i, t) — BX1JIHI CTpyMH 1HBEPTOPIB i—X (ha3 i n-1 30HU PETryIIOBAaHHS.

Yacosi niarpaMu BXIIHUX CTPyMIB i—X (a3 eHepreTHyHoi Mepexki B KoopAuHaTax (pa3HuxX
Hanpyr, noOyjoBaHi 3a (9) i ABaIUATUYOTUPU30HHOIO PETYJIIOBAaHHS, NpPEJCTaBICHI Ha
puc. 3.
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Puc. 3. Hacosi diaepamu 6xionux cmpymie i—x ¢haz eHepeemuyHoi mepedsici 8 KOOpOUHAMAx QasHux Hanpye

JocnimxeHHs MoKa3yloTh €(eKTUBHICTh BUKOPUCTAHHS OararonapaMeTpuuHUuX MOJYIIIO-
10YMX (YHKIHA A7 MOJETIOBaHHS 1 pO3paxyHKy €JeKTPOMArHiTHUX MPOLECIB y po3raityxe-
HUX €NEKTPUYHHUX KOJaX HAIiBIPOBIAHUKOBUX MEPETBOPIOBAUIB 3 0araT030HHUM BHCOKOYAC-
TOTHUM IIHPOTHOIMITYJIbCHUM DPETYJIIOBAaHHSAM IXHBOI BUXITHOI HANIPYTH NpH KuBIEeHHI RL-
HaBaHTAKEHHS.

Kpim yka3aHux CHiBBIAHOLIEHb 1 Aiarpam, po3pobieHa MOJeNb J03BOJIS€ aHaJi3yBaTH
(dbopMH BUXITHUX HANPYT 1 CTPYMIB OKPEMHUX CHIIOBUX MOIyJiB. [lokazaHo, 110 B €JIEKTPUY-
HUX KOJaX IEepeTBOPIOBAYIB 3 IIMPOTHO-IMIYJIbCHUM PETYJIOBAHHAM BUXITHOI Hampyru J0-
LUJIHO BUKOPUCTOBYBATH 1HBEPTOpU Ui (pOpMyBaHHsS MPOMDKHOI BUCOKOYACTOTHOI HAIpPy-
ru. bararomapamerpuyni ¢yHkIii Tpe6a BU3HAYaTH 3 JUCKPETHUMH IapaMeTpaMH, SKi B
aJITOPUTMIUHUX PIBHSHHAX aHATI3y €JeKTPOMArHITHUX MPOIIECIB Y KOJIaX 3MIHHOT CTPYKTypHU
3 HAaIIBIPOBIIHUKOBUMHU KOMYTaTOpaMH BiI0Opa)xaroTh il 3MIHEHHS 3a MiICUCTEMHUMHU
CKJa0BUMU. Lle crpoliye MOAeTIOBaHHS Ta aHali3 eJIeKTPOMArHiTHUX MPOIECiB y Koyax 3a
PaxyHOK y3arajbHEHHS CUCTEMH PIBHSHbB IS MHOXKHH IIUX CKJIAJOBHX 1 €JIEMEHTIB MpH il
30BHIIIHIX (aKTOPIB.

Bukopucranus OararonapaMeTpuYHUX MOAYJIIOIOUUX (QYHKIIH y MaTeMaTUYHUX MOJIENIAX
€JICKTPOMATHITHHUX TPOIIECIB Y €NIEKTPHYHUX KOJIaX 3 HAMIBIPOBITHUKOBUMH KOMYTAaTOpaMH
J03BOJIsIE (DOPMasi30BaHO BU3HAYATH CTPYMH B KOJIaX IHBEPTOPIB Ta IHIIUX HAMIBIPOBIIHU-
KOBHUX JIAHOK KOXXHOT'O 13 CHMJIOBUX MOJYJIB BUIPSIMJICHHX Hampyr. Takox (opmaiizoBaHO
MOYKHA BU3HAYaTH QJITOPUTMHU YIIPABIIHHSI KOMYTaTOpaMH B KOJaX CHUJIOBUX MOJYJISATOPIB
JTHIMHUX Hanpyr TpudazHOi Mepexi eJIEKTPOKHUBIICHHS, IO CIPOIIYE TMiIBHINCHHS SKOCTI
3HAKOIOCTIMHUX Hampyr y mpoueci ¢opMyBaHHs Ta 0araTo30HHOTO PEryJrOBaHHs BHUXITHHX
CHUHYCOITHHX 1 3HAaKOMOCTIHUX HATPYT.

Ha npyromy etamni aHasni3y MOKHa IPOBECTU YTOUHEHHS MONEPEHIX JOCTIIKEHb, Oepyun
JI0 yBaru HOBI MPUITYIIEHHS, HAMMPUKIIaA, BITHOCHO HE1/I€aIbHOCTI BHYTPIIIIHIX OMOPIB KIIFO-
YOBUX €JIEMEHTIB.
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[Toganpui yTOYHEHHS MiJ 4aC MOJEJIIOBAHHA IPOLECIB MOXKYTh BIJHOCHUTHUCH JIO ypaxy-
BaHHS BHYTPIIIHIX MMapamMeTpiB Mepexi *KUBJIECHHS 100 TXHIX eKBIBaJEHTHUX ONOPIB Ta iH-
QYKTUBHOCTEH, 3MiHM BHYTPINIHIX NapaMeTpiB HABAaHTAXKEHHS Ta KOMIUIEKCHOTO aHaIi3y
MPOIIECIB MO0 BIUIMBIB MOKJIMBHX 30BHIIIHIX Ta BHYTPINIHIX (aKTOpiB.

BucHoBk¥ i npono3unii. [linTBepHKEHO JOIUIBHICTh BUKOPUCTAHHS MIPOrPaMHOI0O HaKe-
ta MATHCAD pn71s1 aHamisy eJIeKTpOMAarHiTHUX MPOIEeCiB Ta ONTUMIi3allil HapaMeTpiB HaIiBII-
POBITHUKOBUX MEepPETBOPIOBaUiB. Takuii MAX11 J03BOJISE 3MEHIIIMTH HECTAOUTHHICTh PEKUMIB
y TEXHOJIOTTYHOMY HaBaHTa)KEHHI Ta PEKUMIB CIIOKHBAHHS €JIEKTPOCHEPTii Bil MEpExXi eJeK-
TPOXKUBJICHHS.

VY nopanpiioMy MOXHa MPOBECTH MOJEIIOBAHHS y JEKUIbKA €TaliB 3 PI3HUMHU MOYATKO-
BUMM IpunyiieHHsamy, posriasaaroun HIII sk cucremMy 31 CBO€IO CTPYKTYPHOIO MOOYI0BOIO,
1110 BU3HAYa€ BHYTPILIHI BIUIMBHU, B CEPEIOBUIII HAJICUCTEMH 31 CBOIMU CUCTEMAaMH, SIKi 330B-
Hi BrtuBaroTh Ha HIIII.

Po3BunyTO MeTOn OaraTomapamMeTpUYHUX MOAYJTIOIYMX (YHKIH y YacTHHI pO3pOOKH
HOBHUX MaT€MaTHYHUX MOJIEJeH 1 airOPUTMIUHUX PIBHSAHB BITHOCHO (PYHKIIH 13 CHCTEMHUMHU
JUCKPETHUMH MapaMeTpaMH HaMiBIIPOBIAHUKOBUX KOMYTATOPiB, HAMPYT 1 KyTIB YIpaBIIiHHS,
a3 Mepexi KUBJIEHHS 1 4acy Ui aHaji3y eJeKTPOMArHITHUX MPOLECIB y €NEeKTPUYHHUX KO-
JaxX 3MIHHOI CTPYKTYpPH 3 HamiBIPOBIJHUKOBUMHU KOMYTAaTOpaMH Ta JaHKAMHU 13 CUHYCOIIHU-
MU Ta TOCTIHHUMH HANpyTaMH.

Lle coporrye cucTeMHUN aHaI3 yCTAJICHUX 1 MEPEXIHUX MPOLECIB Y PO3raTyKEHHUX eJie-
KTPUYHUX KOJaX HaIlIBIPOBIIHUKOBUX IE€PETBOPIOBAYIB 3 BUCOKOYACTOTHUM HIMPOTHO-
IMITYJIbCHUM PETYJIOBAHHAM iX BUXITHUX HaIPYT.

Po3po0neno HOBY MaTeMaTHYHy MOJIEb YCTAJICHHUX 1 MEPEXIAHUX MPOLECIB Y €IEKTPUU-
HUX KOJaX HaIIBIPOBIAHUKOBUX MEPETBOPIOBAYIB MOAYJISAIIMHOTO TUITY 3 OaraToKaHaJbHUM
30HHUM BHMKOPHCTAHHSM JIHIHHUX Hampyr Tpu(a3zHOi Mepeki >KUBJIEHHs 0e3 ypaxyBaHHS
BTpAT €JIGKTPOEHEPril y KOMyTaTOpax Ha MepIIOMY €Tarli MOJICIIOBAHHSA JUIS CIIPOIICHHS PO3-
paxyHKIB 1 IIBUAKOTO OI[IHIOBAaHHS BIUIMBY NapamMeTpiB HaBaHTa)XEHHS Ha XapaKTEePUCTUKU
PEryJIbOBaHMX BUXIIHUX CUHYCOIIHUX 1 MOCTIHHUX HAIPYT.

Takuil miaxin 3abes3neyye MBHIKE BU3HAUYCHHS AJTOPUTMIB YIPABIIHHSA KOMYTaTOpPaMHU
IpYU MIIKJIFOYEHHI HaIIBIPOBITHUKOBUX MEPETBOPIOBAYIB JI0 JIIHIHHUX HANpPyr MEpexi KUB-
JICHHSI Ta MIABUILIECHHS SIKOCTI 3HAKOIOCTIHHUX HANpYT MU 0araTo30HHOMY pEryJtOBaHHI BU-
X1JTHOT HaNpyTH.
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