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HanionanbHnii TexHiYHMI yHIBepcHuTeT YKpaiHu

”KuiBcbkuil noJritexniyanii incruryt imeni Iropst Cikopcbkoro”

JOCJIIIZKEHHSA TIEPETBOPIOBAYA 3 IPATHAAUATU3OHHUM
PETI'YJIIOBAHHSAM HAIIPYI'U I AKTUBHO-IHAYKTUHUM
HABAHTAKEHHAM

Metor0 poOOTH € BHKOPWCTAaHHS METOAy OararonapamMeTpudHuX (YHKLiH 3 BHKOPHCTaHHSAM MaKeTy
MATHCAD i anamidy eNeKTpOMarHiTHHUX IIPOLECIiB B €JIEKTPUYHMX KOJaX 3 HaMiBIPOBIIHUKOBUMH
KOMYTaTOpaMH.

VY miii cTaTTi MPOBEIECHO aHaJIi3 eNEKTPOMArHiTHUX HPOLECIB B €IEKTPUIHUX KOJIAaX HAIBIPOBIIHUKOBUMHU
3 komyraropamu. CTBOpEHO MaTeMaTW4Hy MOJENb JUISl aHajJi3y eJIEeKTPOMAarHiTHHX TIPOIECiB B
HaITiBITPOBITHUKOBUX MEpPETBOPIOBaYax 3 HIMPOTHO-IMITYJIbCHUM DEryJIIOBaHHSM BHXinHOI Hamnpyru. HasemeHo
rpadiku, Mo Bix 00paXkaloTh €IEKTPOMArHITHI HPOLECH Yy €IEKTPUYHMX Kojax. CTaThsi MPUCBSIYCHA PO3BHUTKY
Merozna OaraTonapaMeTpHYHUX (QYHKIIA HUIIXOM PO3POOKM HOBHX MaTeMaTHYHHX MOJENed Ta BH3HAYCHHS
(GYHKIIHA 1 QITOPUTMIYHUX PIBHSHB IS aHAIIZY 3a MiJICKICTEMHUMH CKJIQJIOBHMH €JIEKTPOMArHiTHUX TPOLECIB Y
PO3TONYDKEHUX EJEKTPUYHUX KOJIaX 3 HaIliBIPOBIIHUKOBHMH KOMYTAaTOpPaMH 1 JIAHKaMH 3 CHHYCOINAIBHUMH,
MOCTIHUMH 1 IMIYJIbCHUMH HanpyraMmu. HamiBnpoBiIHUKOBI KOMMYTaTOPH MOKYTh BUKOHYBaTH BHCOKOYAaCTOTHE
3MIHEHHS CTPYKTYPH €JIEKTPUYHUX KiJT 1 MIMPOTHO-IMITYJIbCHY MOYJIALIIO Ga3HUX 1 IiHEHHUX Hanpyr TpuxdazHoi
MEpEeXi eIEeKTPOKUBIICHHS, BUKOHYIOUH PETYIIIOBAaHHS BHXIIHHMX HAlpyr HaMiBIIPOBIIHHUKOBUX IIEPETBOPIOBAUIB
rapameTpiB eJIeKTPHUYHOT eHeprii.

Kntouoei cnoga: enexTpoMarHiTHi IIPOLECH, BUXIHI HANpyTra Ta CTpyM, OaraTornapaMeTpuyHi MOIYyIIIOI0U1
(yHKIIT, HaMiBOPOBITHUKOBI KOMYTaTOPH, MOJICITIOBaHHSI.

AmHaii3 BUKOPHCTaHHS €JIEKTPUYHOI €HEprii, a TAaK0XXK PO3BHTOK HAIIBIPOBIAHUKOBOI TEXHIKH JIO3BOJISIIOTH
BUKOPHCTOBYBATH B IIEPETBOPIOBATBHUX YCTAHOBKAX JIAHKY BUCOKOI YaCTOTH 3 YaCTOTOIO IIEPEKIIOUCHHS BEHTHIIIB
3HAYHO OIIBIIOI BiA YacTOTW 3MIHHOI Hampyru TNPOMHCIOBOI Mepexi. PO3BHTOK TEXHIKH J03BOJISIE
BUKOPHCTOBYBATH B IIEPETBOPIOBATBHUX YCTAHOBKAX JIAHKY BUCOKOI YaCTOTH 3 YACTOTOIO IEPEKIIOUCHHS BEHTHIIIB
3HAYHO OLTBIIOT BiJi YaCTOTH 3MIHHOi Hampyrd HPOMHUCIOBOI Mepexi. B Tux BHIaakax, KoM 3a BUMOTaMH
HaBaHT@KEHHS HEOOXiqHO 3a0e3nmeynTH #Oro rajgbBaHidHy pO3B’SI3KY 3 CHEPreTHYHOI0 MEpEKeIo IpH
0araTo30HHOMY pETYJIIOBaHHI BHUXIJHOi HAamlpyr#, B SKOCTI MPOMDKHUX CTPYKTYp AOLIJBHO BHKOPHUCTOBYBAaTH
CTPYKTYpH TICPETBOPIOBAUIB YaCTOTH 3 OAHOKpaTHOW mopyismiero ([T 3 OM). V [1-3] moka3ana MOUMUTBHICTH
BukoprcTanHs cTpyktyp [T 3 OM B IiarHOCTHYHMX KOMIUIEKCAX EJIEKTPOMEXaHIYHHX CHCTEM sl MOOYHOBH
BTOPMHHMX JUKEpET JKUBJICHHS 3 DPI3HAM BHJIOM BHUXiZHOI eHeprii. Y naHili poOOTi HpPOBOIUTHCS aHANI3
BUKOPHCTAHHS Ti€l )X CTPYKTYPH B SIKOCTI JJAHKH BHCOKOT YaCTOTH II€PETBOPIOBAYiB TpH(a3HOi HANPYTH B MOCTIHHY
HaNpyry npy MiAKII0YEHH] CHIoBUX MoaynaTopiB (CM) no ¢a3Hux mpoBOAiB €HEpPreTHYHOI MEpEeXi 1 MHUPOTHO-
immmyniscHnM perymoBaaasaM (ILIP) mocriitHoi Hanpyry npy BUCEMU30HHOMY KepyBaHHi. Take 3’€THaHHS J03BOJISIE
MOKpanmTé (opMy BXiIHUX CTPYyMiB IIEpETBOPIOBaYa 33 paXyHOK BiZICYyTHOCTI B HUX FAPMOHIK, SIKi KpaTHI TPHOM.
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Puc. 1. CtpykrypHa cxema nepeTBoproBaua
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CrpykTypHa cXema IepeTBoproBadya nokaszaHa Ha puc. 1. Ha ctpykrypHiii cxemi nosnadeni: CM4, CMs,
CMc — cuIIOBI MOZIYJSATOPH BiANOBIAHKX (Da3HUX HANPYT, CYKYIHICTh SIKUX IPEJCTaBIsIe cOOOI0 JaHKY BHUCOKOL
4acTOTU nepeTBoproBadya, BB — BucokouacrotHuil Bunpsamisy, H — nHapantaxxenns. Koxuuii 3 CM cknagaerscs 3
N inBepropis BunpsiMieHoi Hanpyru (IBH), sixi BkiroueHi eHepreTHIHIMHU BXOJaMH MapalieNIbHO i HaBaHTaXXeH] Ha
y3rokyBaibHi Tpachopmartopu (TV), 3’enHaHi BTOpHHHUMH 0OMOTKaMH ITOCHIIOBHO.

[Ipn cxmamganHi MaTeMaTH4YHOI MOJIEJi IEPETBOPIOBaYa 3 KOMII'FOTEPHOIO Opi€HTAlLi€r0 i 3acTOCYBaHHA
BUKOPHCTAaEMO METOJ] OaraTrornapaMeTpUYHUX MOAYJIooUnX GYHKOIH [2], sSxuil nependavae momnepenHe
MIPEACTaBICHHS AITOPUTMIYHOTO PIBHSHHS IepeTBOproBada. IIpu 1bOMy NpHHMEMO Taki NMPUITYIIEHHS: BXiJHA
eHepreTMyHa MepeXa CHUMeTpuYHa 1 11 BHYTpImIHIA omip IOpiBHIOE HyIO, TpaH3uctopu 1 miomu IBH
MIPEACTABISIOTHCS 11€THIMH KITI0YaMH, Y3TOKYBAJIbHI TpaHC(HOPMATOPH B KOXKHIH 3 30H peTyJIIOBaHHS BUX1IHOT
HE MaloTh BTpaT, a HABAaHTAXXECHHsI IEPETBOPIOBaYa Ma€ eKBiBAJICHTHUH aKTUBHO-1HIYKTHBHHUI XapakTep.

Taka cTpykTypa [103BOJIsIE peayi3yBaTH OaraToKaHaJbHMH CIOCIO TEPETBOPEHHS IapameTpiB
eJISKTPOMArHiTHOI eHeprii Mepexi, npu skomy B CM 311 CHIOETECS po3rarykeHa MOJYJISMiS MUTTEBUX 3HAYCHb
(a3Hux Hanpyr TpUQa3HOi eHepreTHYHOI MepesKi, YaCTOTH (1, BIAMOBIAHUMH €KBIBJEHTHUMH MOJYJIIOIOUYNMHU

BIUTUBaMHU \y((xp,t), 4acTOTH 2. B pesynprari Takoi omeparii Ha Buxoai koxHoro 3 IBH ¢opmyerscs

IIPOMO/yJIbOBaHa HANpyTa

: | S :
g (Psit) = 210, (OB D@L, 0), (1)
T
ne: i =1, 2, 3 — HoMepH (pa3HUX HAIpyr €HEepreTH4HOi Mepexi, BinnosiaHo 4, B, C; kT — xoedimieHTn
Tpancopmanii y3romkyBaabHoro tpanchopmaropa; p=1,2, 3, ..., n — HOMEp 30HU PEryJIIOBaHHA BUXiJHOL

Harnpyry, 30iraeTbes 3 HoMepoM iHBepTopa CM; d)(i,t )— (GyHKIIT NPSIMOKYTHHX CHHYCIB, SIKi CITIBHAJarOTh 3a
MIOJIOKEHHSAM B 4acOBil 00J1acTi 3 BiAIOBIAHUMY (a3HUX HANIPyTraMH MEpexi:

—1)2
d(i,¢) =sign 4 sin (o]t—(l% ; 2

ae: U, ( i,t )— MUTTEBI 3HAUCHHS (pa3HUX HAIPYT CHEPreTHYHOT MEPEexi:

) ) (i — 1) 21
u,(i,t)=U,, sin O)lt_T ; A3)
— aMIUTITYAHE 3Ha4eHHs (ha3HOT HAPYyTH.

Ulm

ExBiBaneHTHI MOAYITFOIOUI BIUTUBU MIOAaMO BHPa30M

\y(ocp,t) :%Zsign(sin(mztiap(t)—(p)]) ) 4)

e a, (t) — xyru ynpamiHHS, 3a paxyHOK 3MiHH sKHX 3a0esmeuyerhcst LIP BuxigHoi Hampyrm
HepeTBOpIoBaya; () — rnovaTkoBa (a3a eKBIBAJICHTHUX MOJYJIIOIOUUX BILIUBIB.

[Ipn Garato30HHOMY pEryJIIOBaHHI BHXiJHOI Halpyru HepeTBopioBada 3a0e3NeuyeThesl MOYEeproBo 3MiHa
KyTiB ynpaBiiHHS B Aiana3oHi BiJ 0 1o 90°. YMO0BH 3MiHM KyTiB yIPaBJIiHHS Y OKPEMUX 30HAX ITOJIaMO Y BHUIJISIL:

-DT
(Xp(t) =0, sxmo t<(]§—); (xp(t):180° , SIKIIO t>p—TO, a iHakme OLP(l‘)=fH(p,20,l‘) , e

f " ( D, 20,t ) — QyHKIis, KA 33/1a€ 3aKOH 3MiHH Ol » (l‘ ) , IKa 3aJISKUTH BiJl HOMEpA 30HU p 1 iX KIJIBKOCTI

Buxinny wnanpyry u, (t)naHKH BHUCOKOI YacTOTH IIEPETBOPIOBAYa, 3TiJHO 3 HOro CTPYKTYPHOIO

oprasizamie€ro i 3 Bupa3om (1), 3anumemMo cyMoro

:831

= Zk_ uy (L0030 )W (e, 1) (5)

p=l i=l
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a BUXiJIHy Halpyry nepeTsoprosaya U ; (t ) SK BUNPSIMIICHY Harpyry (6) mogamMo BUpa3oM
N=8 3

Z uy (1,090, (e, V(D). (6)

p=l :l

ne: V(t) — QyHKUis IPAMOKYTHOrO CHHYCa, IO CHIBIIAZAE 32 4aCOM 3 IOJNOKEHHSM BHXIAHOI HAmpyrH
Uy (t ) JIAaHKY BHCOKOI YaCTOTH IIEPETBOPIOBAYA
v(t) =sign(u,(?)) - (7)
Yacosi giarpamu Buxizaux Hanpyr IBH u,, ( D>, t) , TAHKH BUCOKOT YacToT U, \f ) imneperBopioaya
Uy (t ) , ToOynoBadi 3a (5) 1 (6) mpy 3MiHI BETMYNHN KyTa YIPaBIiHHI O plo JiHIHHOMY 3aKOHY B KOOpAHMHATaX

Bim yacy ! , mojai Ha puc. 3.
Z[m{ OimbIl  JETANBHOTO  aHaNi3y BUXIAHOI Hampyru TepeTBoproBaya B (5)  IO3HAYMMO

u, (l t ‘ul z Z)‘ i, BpaxoByroun (3) Ta (4), a Takox Te, MmO B (6) W(ocp,t)v(t): o
ANTOPUTMIYHE PIBHAHHS MEPETUIIEMO Y BUTIISII
N=15 .
T .
:— Z Z ,, sin(o,f — izh2n Zs1nn(0)2tiocp(t)—(p) . )
T p=l1 i=l 2

CrpyM HaBaHTa)XEHHS 3HAWAEMO, SK PEaKIif0 OJHOKOHTYpHOro RL—maHmrora Ha aito Hanpyru (6). s
1pOro MudepeHIiagbHe PIBHAHHS, CKIIQJICHE ISl BUXIJHOTO KOHTYPY IT€PETBOPIOBAYa, MPEACTABUMO B BHI1

R
( ) — ud(t) 7 =y, )

Je: ) — BHU3HAYAETHCS 3 IOYATKOBUX YMOB; R 1 L — BIANOBIAHO aKTHBHUI OmIp 1 iHXYKTHBHICTH

HaBaHTaXKCHHSL.
Pimrenns (9) BigHOCHO CTpyMy HaBaHTa)KEHHS BU3HAYMMO YHCIOBUM METOJIOM Y BHTJIS/I MAaTPHUII

i, (1) = tkfixed(y,0,k,s,D), (10)

Je: ) — BEKTOp IOo4aTKoBUX yMOB; 0, k — yacoBuii iHTepBal pilleHb; § — KUIBKICTh TOYOK Ha 4aCOBOMY

iHTepBai pinteHs; D — BekTop QpyHKUis AudepeHIiiHNX PiBHSIHD .
YacoBi JiarpaMu CTpyMy HaBaHTaKCHHS B KOOPJHMHATAaX BHXIJIHOI HAIlpyrd IEPETBOPIOBAYA 1 BHXITHOTO
CTPYMY JIaHKH BUCOKO{ YaCTOTH JJIsl BOCBMHU30HHOTO PETYJIIOBAHHS IPEICTaBIEH] Ha pHC. 2.

u, A iy (D) uy(0)

UHUUUUUUUUUUUUUuu N

Puc. 2. YacoBi giarpaMu cTpyMy HaBaHTaXCHHS B KOOpAWHATaX BUXIJAHOI HAIIPYTH MEpeTBOpIOBaya i
BUXIJJTHOTO CTPYMY JIAHKH BUCOKOi 4aCTOTH
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BpaxoByroun Ty o0cTaBuHYy, 110 Ha iHTEpBajax HyJbOBUX May3 (7) cTpyM HaBaHTaKEHHS MiATPHUMY€ETHCS B
KOHTYpl HaBaHTaKeHHS 1 AioaiB BB 3a paxyHOk eHeprii, sika 3amaca€eTbesi B IHIYKTUBHOCTI 32 MOTEPEAH] [HUKIH

pOBOTH NEPETBOPIOBAYA i 3 CHEPIETHYHOI MEPEXKIi HE CIIOIKUBAETBCSL, TO JUIs BASHAYCHHS BUXIHOTO CTPYMY 1o (t )

JIAaHKW BHCOKOI yacToTy jtoctatHbo (10) nepemuoxurty Ha ¢ynkumito (7), 10 Mae OAMHIYHY aMIUTITYAY i CHiBIIaaae
3a gacoMm 3 (6). Toxi

L () =1, (1) (11)

Jlitst BU3HAYEHHSI BXiJHUX CTPYMIB IHBEPTOPIB KOJKHOI p—i 30Hi PEryJIIOBAHHS BPAXy€EMO, IO [ 2 (t) MIPOTiKae

B 3araibHOMY KOHTYpi Bcix CM, yTBOpEHOMY HOCIiI0BHO 3’ €THAHUMH BTOPUHHAMH OOMOTKaMH Y3rO/KYBaJIbHUX
TpaHcdopMaTopiB i NPUIMEMO 110 yBark aropuTMidne piBHIHHS (6) 1 Te, mo (2), (4) 1 (7) € dyHKIIsIMA OANHIYHOT
aMILTITYTH.

[Tpn upoMy y 3arajgpHOMY BUI

_(0W(0,, 000,
k

il (nslst) (12)

Jns BusHavyeHHs BxigHux CM y BChOMY Jlialia3oHi PETYIIOBaHHS BHXITHOI HAIpyrd MiJIICYMyeEMO BXifHi
ctpymu Bignosinaux IBH. Bpaxosytoun (12), 3aransuuii Bupa3 uisd BXigaux crpymis CM noxamo y BT

N=15
i)=Y i (p.i0), (13)
p=1

ne: I (p, A l‘) — BXimni ctpymu IBH.

YacoBi qiarpamMu BXiJJHUX CTPpYMiB i-X (a3 eHepreTH4HOi Mepexi B KOOpAuHaTax (a3sHuX Harpyr, nodyaosaxi 3a (13), npencrasieHi Ha
puc. 3.

TakyuM 4YWHOM, TIPWBENEHI PE3yNBTATH JOCHIIKEHb IOKa3yloTh €()EeKTHBHICTH IMOJAHHS MaTeMaTHYHOL
MO/IETIi IIepeTBOPIOBaYA BIJTHOCHO HANPYTH HABAHTAXXCHHS , CTPYMY HaBaHTaKEHHS 1 CTPYMiB, IO CIIOKHBAIOTHCS
3 BXiAHOI Mepexi y3arajbpHIOIYMMH (QYHKIISIMH OararorapaMeTpudHOrO BUAYy. Y3arajpHIO4Yi (QyHKIii
OararonapaMeTpHUYHOTO BHAY €()eKTHBHI 1 VISl IHIIMX epeTBOPIOBAYiB MOIYJISIIHHOTO THITY.

JociipKkeHHs TOKa3yIoTh €pEeKTHBHICTh BUKOPHUCTAHHS OararonapaMeTpudHUX MOIYJIOIOUNX (GyHKIUH As
MOJIEITIOBaHHSI 1 pO3paxyHKy €JIeKTPOMArHiTHUX MPOLECIB Y PO3TaTy’KEHHX €IEKTPHYHNX KOJIaX HAIiBIPOBITHUKOBHX
MIepeTBOPIOBaYIB 3 6araT030HHIM BHCOKOYACTOTHUM IIMPOTHOIMITYJIECHUM PEryJIFOBaHHAM iXHBOT BUX1IHOI HAIpyTH
nipu xkuBieHHI RL-HaBaHTa)KeHHS.

u, (i,t),A

i (i.2) _—i(L1)
ul(l,t) ~ —

Lo

i(26)  w(21)

&-Q% _J/\ R
m—— — ~

i(3,1) u (3,7)
é] —
M t

~
A\ 4

A 4

Puc. 3. Hacosi miarpamMu BXiIHUX CTPYMIB Ta HArpyT i-X ()a3 eHepreTHIHOT MEepexi
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BucHoBknu

B pesynbrarti nociipkeHs MOXHA 3pOOUTH BUCHOBOK, IO JIOLUIBHO BUKOPUCTOBYBABTH IPOTPaMHUI MTaKeT
MATHCAD nns asamizy eneKTpOMarHiTHHX NPOLECiB Ta ONTHMI3allil MapaMeTpiB HaIiBIPOBIIHUKOBHX
nepeTBoproBadiB. Takuii miIXiz J03BOJISE 3MEHIIUTH HECTAOUIBHICTh PEXKUMIB y TEXHOJIOTTYHOMY HaBaHTaXXEHHI Ta
PEKUMIB CIIO>KMBAHHS €JIEKTPOCHEPTil BiJl MEpEXi €IEKTPOKUBIICHHS.
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STUDY OF CONVERTER WITH FIFTEEN ZONE REGULATION
VOLTAGEAND ACTIVE-INDUCTIVE LOADS

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 fifteen 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 processes 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 simplification 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 argument are a
system parameters semiconductor commutator, signal of control, phases to network of the power supply and time.
Introduction multivariable function with discrete parameter in algorithmic equations of the analysis formed and
connecting processes in electric circuit of the variable structure allows to reflect change of this structure under
system components, simplifying modeling and analysis of such processes to account of the generalization 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.

Keywords: clectromagnetic processes, output voltage and current, multi parametric modulating functions,
semi-conductor commutators, modeling.
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HaunonajabHbIi TeXHM4eCKH YHUBEPCHTET Y KPAHHBI

”KueBckuii noJiMrexHuyeckuii HHCTUTYT MMeHu Uropst Cukopckoro”

HUCCJEJOBAHUE MPEOBPA3OBATEJISI C
IMATHAIIATHU30HHBIM PEI'YJIMPOBAHUEM U
AKTUBHO-UHJIYKTUBHOMN HATI'PY3KOU

B »TOil cTarbe MNpOBENEHO aHAINU3 DSIEKTPOMACHUTHBIX MPOLECCOB B DIEKTPUYECKHUX LEMIX C
MOJTyIIPOBOJHUKOBBIMU KOMMYyTaTopamMH. CO34aHO MaTeMaTH4eCKyl0 MOJENb I aHaIu3a AJIEKTPOMATHUTHBIX
IIPOLIECCOB B IOJIYNIPOBOJHUKOBBIX NPEOOpa3oBaTeIsIX C IIHMPOTHO-UMITYJILCHBIM PETYJINPOBAHHUEM BBIXOIHOTO
HanpspkeHust. [IpuBeneHo rpaguky, KOTOpHIE OTPaXKAIOT 3JIEKTPOMArHUTHBIE TPOIECCH B AJIEKTPUUECKHUX LETISX.
[Tpn BBIMOTHEHNH PacyeTOB MCIIOIB30BAJICS METOJI MHOTOIIapaMeTpHIecKuX QyHKIHH. MaTeMaTndeckasi MoJeib
npeoOpa3oBaTessl Co3ana ISl MATHAALATHOHHOTO PEryJIMPOBAHUS BBIXOAHOTO HanpspkeHns. CTaThs MOCBSIIEHA
Pa3BUTHIO METO]a MHOTOIIapaMETPHUYECKIX MOAYJIMPYIOMMX (QYHKIHH IyTeM pa3paboTKN HOBBIX MaTEMaTHUECKUX
Mojened ¥ ompefeneHus (QYHKIMH M aJTOPUTMHUYECKHX YpaBHEHUHM Ui aHauu3a I10 TOACHCTEMHBIM
COCTaBJISIFOIIUM MIEKTPOMArHUTHBIX IIPOLIECCOB B PA3BETBIICHHBIX AEKTPUUECKUX LIEISAX € MOIyIPOBOAHUKOBBIMU
KOMMYTaTOpaMH W 3BEHBSIMH C CHHYCOWJAJIbHBIMH, ITIOCTOSHHBIMH ¥ HMITYJIbCHBIMH HAIPSHKCHUSAMHU.
ITomynpoBOAHMKOBBIE ~KOMMYTaTOpbl MOTLYT OCYILIECTBJISAITh  BBICOKOYACTOTHOE H3MEHEHHE CTPYKTYpBI
IIEKTPUUECKHX IETIeH U MMPOTHO-UMITYJILCHYIO MOAYJISIIHIO (ha3HbIX W JIMHEHHBIX HaNpsDKeHNH TpexdaszHoi cetn
JIEKTPOITUTAHNS, PEAIN3ysl PEryJHMpOBAaHUE BBIXOIHBIX HAINPSDKCHUH IOJYTIPOBOAHUKOBBIX IpeoOpasoBaTeseh
MapaMeTPOB NEKTPHUUECKON PHEPTUU.

Knwueevie cnoga: »HIEKTPOMArHUTHBIE IPOLECCHI, BBIXOJHBIC HANPSOKEHUE U TOK, CTPYKTYypa,
MHOTOITapaMeTpUIECKHe MOIYIIHPYIONHe (PYHKIHMH, TOTYIPOBOIHIKOBBIE KOMMYTATOPbI, MO/ICINPOBAHHE.
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