ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, exonozis. 2019. No 2

Table 11. The incorporation of renewable energy reduces the cost of generation in both the SSB and DSB as
demonstrated in Table 11.

4 Conclusion

Slack bus modeling for distribution power flow analysis has been studied and investigated. Firstly, the
distribution power with a DSB model has been studied. Secondly, scalar participation factors to distribute uncertain
real and reactive power system losses have been used for three phase power flow calculations. Finally, renewable
energy sources including wind and solar generators have been incorporated in the system as distributed generators
and the cost of generation has been compared to that of a system without renewable energy. The DSB provided a
realistic approach to analyzing a power system as compared to the SSB and emerged as a more realistic technique
to be employed in deregulated distributed generation systems involving renewable energy. The DSB has an effect
of distributing the system losses thereby allowing dispersed generators to adjust their outputs appropriately to meet
the load and loss requirements of the network. This is achieved through application of participation factors
combined participation factors based on the generation capacity. The algorithm developed has been found to be
robust and can be implemented in larger systems. The developed DSB can be applied in; capacitor placement and
sizing, network reconfiguration, distributed system expansion and service restoration.
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HauionanbHuii Texniynmnii yniBepcurer Ykpainu « KuiBcbkuii nosirexHiyauii incruryt imeni Irops
CikopcbKoro»

JOCHIIKEHHSA EJJEKTPOMATHITHUX IMTPOLECIB Y
INIEPETBOPIOBAYI 3 OANMHAAIATU30HHUM
PEI'YJIIOBAHHSAM HAIIPYT'H

Merolo poGoTH € po3poOka MaTeMaTHuHOI MOJei HamiBIPOBIJHUKOBOIO NeEpeTBOpioBaya 3
BUCOKOYAaCTOTHUM IUPOTHO-IMITYJIbCHUM NEPETBOPEHHSAM NapaMeTpiB eJNeKTPUYHOT eHepril 3 BUKOPUCTAHHIM
nakety MATHCAD.

V 1iii cTaTTi NPOBEIECHO aHaJi3 eIEKTPOMArHiTHUX IPOLECIB B €JEKTPUYHUX KOJIaX HAIiBITPOBITHUKOBUMHU
3 komyraropamu. CTBOpPEHO MaTeMaTH4YHy MOJAENb JJIsI aHali3y eJNEeKTPOMAarHiTHHX TIIPOIECiB B
HalliBIPOBITHUKOBHUX II€PETBOPIOBAYAX 3 IIUPOTHO-IMITYJIbCHUM PETYJIIOBaHHSIM BuXiqHOI Hampyru. HaBeneno
rpadiky, o BiJ 00paxaloTh €JIEKTPOMATHITHI NMPOLECH y eIeKTpUYHUX Kojiax. CTaThsl MPUCBSUCHA PO3BUTKY
Merosia OaraTonapaMeTpuYHUX (QYHKIIH HUIIXOM PO3poOKM HOBMX MaTeMaTHYHUX MOJENed Ta BH3HAYCHHS
(hyHKIIH 1 aNTOPUTMIYHUX PiBHSAHB AT aHAJI3Y 3a IMiICHCTEMHUMH CKJIaJOBHMH EIEKTPOMAarHiTHUX HPOIECIB Y
PO3TONY/DKEHUX eIeKTPHYHUX KOJIaX 3 HaIiBIIPOBITHUKOBUMH KOMYTAaTOPaMH 1 JJaHKaMH 3 CHHYCOIZaJIbHUMH,
MOCTiHMMH 1 IMITyJIb.CHIMH Hanpyramu. HamiBIpoBiATHHKOBI KOMMYTaTOpH MOKYTh BUKOHYBAaTH BHCOKOYAaCTOTHE
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3MIHEHHSI CTPYKTYPH €IEKTPUIHUX KiJl 1 IMUPOTHO-IMITYJIbCHY MOIYJIAIIO (Da3HHX 1 JIIHEHHUX HanpyT TpuxdazHoi
MEpEexXi eJICKTPOKHUBIICHHS, BUKOHYIOUH PEryJIIOBaHHS BUXIJHUX HANpYr HAMIBIPOBIIHUKOBUX IIEPETBOPIOBaYiB
napaMeTpiB eJIeKTPUYHOI eHepril.

KarouoBi cjioBa: enekTpomarHiTHi IpoLleCH, BHXIJHI Hampyra Ta CcTpyM, OaraTomapameTpu4Hi
MOJIyJTIO04i (DYHKIIIT, HaIiBIPOBITHUKOBI KOMYTaTOPH, MOJICITIOBAHHSI.

3MiHH y IEPEeTBOPEHHI eNIEKTPUYHOT SHEPTil, a TAKOK PO3BUTOK HAIIBIIPOBIIHUKOBOI TEXHIKU JJO3BOJISIOTH
BUKOPHCTOBYBAaTH B IIEPETBOPIOBATBHUX YCTAHOBKaX JAaHKY BHCOKOI YacTOTH 3 YacTOTOK IEPEKIIOYCHHS
BEHTHWIIB 3HAYHO OLIBIIOI0 BiJ YacTOTHM 3MiHHOI HampyTH MPOMUCIOBOI Mepexi. B THX Bumamgkax, kKoim 3a
BUMOTaMH HAaBaHTa)KEHHS HEOOXiTHO 3a0e3MeunTH HOTro raibBaHIIHy PO3B’SI3KY 3 CNEKTPHIHOI0 MEPEKEI0 MpH
0araTo30HHOMY PEryJIOBaHHI BHUXiTHOI HAIllPyTH, B SIKOCTI MPOMDKHHUX CTPYKTYp JAOIJIFHO BHKOPHUCTOBYBATH
CTPYKTYPH IEPETBOPIOBAUIB YaCTOTH 3 OxHOKpaTHOIO Moxyrmieto (ITY 3 OM). V [1-3] moka3zaHa qOUiIBHICTR
BUKOpUCTaHHS CTpYKTyp [T 3 OM B HiarHOCTHYHHX KOMIUIEKCAX EJICKTPOMEXaHIYHUX CHCTEM JUIA MOOYIOBH
BTOPUHHHX JDKEpET JKMBJICHHS 3 DPI3HMM BHAOM BHXiJHOI eHeprii. Y naHii poOOTi NPOBOJUTHCS aHaNi3
BUKOPHCTAHHSI Ti€l ) CTPYKTYPH B SIKOCTi JIAHKM BHMCOKOI YacTOTH IE€pETBOPIOBadiB Tpu(a3sHOI Halpyrua B
MOCTIHHY HanpyTy MpY HiIKII0YeHH] CHI0BUX MoaysTopiB (CM) o JTiHIHHHX MPOBOAIB €IEKTPUIHOI MEpPEKi 1
MIMPOTHO-IMITyIbcHUM perymoBanHsaM (ILIP) mocriiiHol Hampyru nmpu onMHAIUATH30HHOMY KepyBaHHI. Taxe
3’€IHaHHS J03BOJISIE TOKpAIIUTH (POPMY BXIJIHHUX CTPYMIB IIEPETBOPIOBaYa 3a PaXxyHOK BiJICYTHOCTI B HHUX
TapMOHIK, SIKi KpaTHI TPHOM.

CrpykTypHa cXxeMa IepeTBOproBaya mokazaHa Ha puc. 1. Ha ctpykrypHiit cxemi nmo3radeni: CMyp, CMpc
, CM¢4 — cuJOBi MOIYISATOPH BIANOBIOHHUX JIHIHHUX HAMPYT, CYKYNHICTh SIKUX MPEACTABIsIE COOOK JIAHKY
BHUCOKOI 4acTOTH MepeTrBoproBaya, BB — BucokouactotHui Bunpsimissy, H — HaBanTaxkenHsa. Koxuuit 3 CM
ckiamaetses 3 N iHBepTOpiB BupsiMiieHoi HanpyrH (IBH), siki BKiTFOUEHI eNeKTPUIHAMHI BXOJAaMH TapaieIbHO i
HaBaHTaXXCHI Ha y3Tro/KyBalbHI TpaHchopmaropu (TV), 3’enHaHi BTOpHHHIMH 0OMOTKaMH TOCITiTOBHO.

[Tpu cxiagaHHi MaTeMaTHYHOI MOJIENi MEPETBOpIOBaYa 3 KOMITIOTEPHOIO OpieHTali€eto ii 3acTocyBaHHs
BUKOPUCTAEMO METOJ] OararomapaMeTPpUYHUX MOIYIIOIYMX QYHKINN [2], skuil mepembavae mMomepemHe
MPE/ICTAaBIICHHS ATOPUTMIYHOTO PIBHAHHS NepeTBoproBaua. [Ipu mpoMy mpuitMeMo Taki MPUIYIIEHHS: BXigHa
eJIEKTPUYHA Mepeka CHUMETpHUYHa 1 ii BHYTpIIIHIA omip JOpiBHIOE Hymo, TpaHzucropu 1 niogu IBH
NPE/ICTABISIOTECS 1JeaJbHUMH KJIFOYaMH, Y3TOJUKYBalbHI TpaHC(OPMATOPH B KOXKHIW 3 30H pETyJIIOBaHHS
BUXIZIHOT HE MalOTh BTPAT, @ HABAHTA)KEHHSI [IEPETBOPIOBaYa Ma€ eKBIBaJICHTHUH aKTHBHO-1HIYKTUBHHI XapakTep.

Lo (I, t) i, (j,1) i (t)

¢—>. — —
u,(j,t) CMAB | Uy, (J,t)v
. 40
CMBC N BB A H
| \}\\
& Ug ()
CMCA T U2

Puc. 1. CtpykTypHa cxeMa IepeTBoproBaya

Taka CTpyKTypa [O3BOJISE peali3yBaTH OaraToKaHajdbHHW CHOCIO TEPETBOPEHHS MapaMmeTpiB
eJIeKTPOMAarHiTHOI eHeprii Mepexi, mpu skomy B CM 31iHCHIOETECS pO3TaTyKeHa MOIYJISMiS MUTTEBUX 3HAYCHD
TNHIAHUX HATIPYT TpU(a3HOT CHEPTETUIHOT MEPEXKi, YACTOTH ®1, BiIMOBITHAMH €KBiBaJJCHTHUMHU MOIYJIIOFOUAMH

BILIMBaMU \y(otp,t), 4acToTH . B pe3ympraTi Takoi omepamii Ha Buxoai koxkHoro 3 IBH ¢dopmyeTscs

POMO/TyJIbOBaHa HaNpyra

(P2 118) = -G OKOW(et, D) o
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ne: j=1, 2,3 — HoMepH JIiHIMHUX HAIPYT EHEPreTUYHOI Mepeski, Binnosiano AB, BC, CA; k'r —koedimenTn
TpaHcdopmanii y3rojukysansHoro Tpancdopmaropa; P=1,2, 3, ..., N — HOMep 30HH PEryJIFOBAHHS BHXiIHOI
Harpyru, 30iraeTbcs 3 HomepoM iHBepropa CM; (I)( j,'[) — (hyHKIIT IPSIMOKYTHUX CHHYCIB, 5IKi CIIIBIIaJal0OTh 32
TMIOJIO’KEHHSIM B 4acOBii 00J1acTi 3 BIANOBITHUMHY JTiHIHHUMH HapyraMu MepesKi:

¢(j,t) =sign sin[mﬂ+%—%j ; @

ze: Ul( J ,t) — MUTTEBI 3HaYEHHSI JTIHIHHUX HAIPYT €HEPreTUYHOT MEepexi:

u(j,t)=U,, Sin(ooltJrg_%} )

U 1m — aMILITyJHE 3HaYeHHs (a3HOI HALIPYTH.

ExBiBasIeHTHI MOYJIIOIOY] BILTUBH MTOJIaMO BUPA30M
1 . .
\u(ap,t) =Ezzlﬂgn(sm(oaztiocp(t)—(p)]) , @)

ne OLp(t) — KyTH YIpaBIiHHA, 32 PaxyHOK 3MiHM sikux 3abesneuyerbcst LIIP BuxigHol Hampyru

neperBoproBada; () — mouarkoBa (a3a eKBIBAJICHTHUX MOJY/IOIOUUX BILIUBIB.

[Tpu GaraTo30HHOMY peryJroBaHHI BUXIAHOI HAlpyTrH MEpeTBOPIOBaYa 3a0e3Meuy€eThCs II0YEProBO 3MiHA
KyTiB ynpaBIiHHA B Aianas3oHi Big 0 1o 90°. YMoBH 3MiHM KyTIB YIIPaBIiHHS y OKPEMHUX 30HAX [OJAMO y BUIJISII:

Otp(t):O , AKILO t<(l§_—l)T; a, (t) =180" , sxmo t>p—T20, a inaxme O (t) = fu(p,zo,t) e

fu( P, 20,t) — pymkis, sxa 3anae 3akon 3mimE O b (t) , AIKa 3aJIeKUTh BiJl HOMepa 30HHU P 1 iX KiIbKOCTI

Buximny wnanpyry U, (t) JIAHKK BHCOKOI 4YacTOTH IIEPETBOPIOBaYa, 3TiHO 3 HOro CTPYKTYPHOIO
oprasizaiti€ro i 3 Bupazom (1), 3anmiiemMo cymMoro
N=20 3 1 . .
U ()= 2, 2 w000 Do) ©)
p=1 =1 T
a BUXijHy Hanpyry nepersoproada Uy (t) SK BUIIPAMJICHY Hampyry (6) mogaMo BUpa3oM
N=20 3 { ) )
Uy (1) = 2 2=t G0oCi D (e, v ©®)
p=1 j=1 Py
ne: V(t) — (yHKIIS TPSIMOKYTHOTO CHHYCA, IO CHIBIAJA€ 33 YacCOM 3 ITOJIOKECHHSIM BHXIJTHOI Harpyru
u, (t) JIAHKW BHCOKOI 4aCTOTH IIEpETBOPIOBaYa
v(t) =sign(u, (1)) - (")

Yacopi miarpamu Buxigmmx Hanpyr IBH U, ( p, j,t) , JaHKM BHUCOKOI 4acTOTH Uz(t) i
nepersoproBaua Uy (t) , noOynoBaui 3a (5) 1 (6) mpu 3MiHI BEJIMYMHU KyTa YNPaBIiHHSI p 1o JiHIHHOMY

3aKOHy B KOOpIMHATax Bix wacy U , mojani Ha puc. 3.
Jus  Oimpll  geTambHOTO — aHai3y BHXIJHOI Hampyrd repeTBoproBada B (5) MO3HAYMMO

Ul(j,t)(l)(j,t) :|Ul(j,t)| i, BpaxoByioun (3) Ta (4), a Takox Te, mo B (6) (o, V(1) Z‘\V(Otp,t)‘ ,
ITOPUTMIYHE PIBHSAHHS MEPEIMIIEMO Y BUIIISAIL

1 N=20 3
Ug (t)zi & [Z
T b

=t

Ui, sin(wlug_m

D sin ”(wztiap(t)—(P)D- ®)

CrpyM HaBaHTa)XXEHHsI 3HAIIEMO, SK PEaKIif0 OJHOKOHTYpHOro RL-maHmtora Ha niro Hanpyru (6). s
1100 Au(epeHItiabHe piBHAHHS, CKIIaJeHe A1 BUXITHOTO KOHTYPY IIEpETBOPIOBaYa, MPEACTaBUMO B BUAI
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D(t ) _ ud(t) _E
v Y) = L L Yo. 9)
Ie: yo — BHU3HAYA€THCS 3 MOYATKOBHX yMOB; R i L — BiAmoBimHO akTHBHWE omip i iHOYKTUBHICTB
HaBaHTA)KEHH.
Pimenns (9) BiTHOCHO CTpYMy HaBaHTa)KCHHS BU3HAYMUMO YHCJIIOBUM METOJIOM Y BUTJISIII MATPHIIL

iq (t) = rkfixed(y,0,k,s, D), (10)
ne: Y — Bektop mouarkoBux ymoB; 0, k — qacoBuii iHTepBal pilieHb; S — KiIbKICTh TOYOK HA YaCOBOMY
iHTepBai pimens; D — BekTop QyHKIA TUpEepeHITITHNX PIBHIHD .
Yacosi miarpamMu CTpyMy HaBaHT@XCHHS B KOOPAWHATAX BUXITHOI HAIIPYTH MEPETBOPIOBAYA 1 BUXiTHOTO
CTPYMY JIAHKH BHCOKOI YaCTOTH JUIsl OXUHAAITH30HHOTO PEryJIIOBaHHS NpeCTaBIeH] Ha puc. 2.

u,iA iy (1) Ug (D)

.

L]

Puc. 2. Hacosi miarpaMu cTpyMy HaBaHTa)XEHHs B KOOpAWHATaX BHUXIIHOI HAPYT'H NEpEeTBOpIOBayYa i
BUXIZHOTO CTPYMY JIAHKH BHCOKOi 4aCTOTH

BpaxoBytoun Ty 00CcTaBUHY, 10 Ha iIHTEpBajJax HyJbOBUX Nay3 (7) cTpyM HaBaHTaXXEHHS MiATPUMYEThCS
B KOHTYpi HaBaHTa)keHHs 1 J1ioiB BB 3a paxyHok eHeprii, ska 3anacaeTbCs B iHAYKTHBHOCTI 32 MONEPEHI [IUKIH

po6oTH IIepeTBOPIOBaYA i 3 €IEKTPUIHOI MEPexki He CIIOKUBAETHCS, TO ISl BA3HAYSHHS BUXigHOTO cTpyMy o (t)

JIaHKW BUCOKOI YacToTH octatHbo (10) nepemuoxutH Ha GyHkuito (7), 0 Mae OIMHAYHY aMIUTITY/LY 1 CliBHaiae

3a yacoM 3 (6). Toxi
i, () =iy (Ov(t) (12)

Jns BU3HAaY€HHs BXIJIHMX CTPYMiB iHBEPTOPIB KOXHOI p—i 30HI perymoBaHHs Bpaxyemo, mo I9 (t)

NPOTIKa€ B 3araJlbHOMy KOHTYpi Bcix CM, yTBOPEHOMY IOCHIZOBHO 3’€IHAaHHMMH BTOPHHHUMH OOMOTKaMH
y3roKyBaJbHUX TPaHC(HOPMATOPIB 1 MPUIMEMO O yBarw alropuTMidHe piBHAHHSA (6) 1 Te, mo (2), (4) 1 (7) €
(HhYHKIISIMA OJMHUIHOT aMIDTITYIH.
[Tpu upoMy y 3araibHOMY BHI:
o B(O(eg, 0)6(),1)
L(n, j,t)= . (12)
T
st BuzHauenHs BxigHux CM y BCcbOMY Jiiana3oHi peryiroBaHHsS BUXIAHOI HAIIPYTH MiJICYMYEMO BXiJHI

crpymu Bianoinuux IBH. BpaxoBytouu (12), 3aransHuii Bupa3 st BXigHux ctpyMmis CM nogamo y BUIIISIAL
N=20

()= i(p i), (13)

p=1

Ie: il( P, ] ,t) — Bxigni crpymu IBH.

UYacosi marpaMu BXiTHUX CTpyMiB BimoBimarx CM, oGyosaHi 3a (13), pencrasneti Ha puc. 3.
BxigHi cTpyMu nepeTBOproBada 3HAXOJUMO 3 CIiBBiIHOIICHb

i@ t) =i @Lt)-K(B1)
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i10(2,1) =1,(2,1) -1, (L, 1)
i1o(31) =i (3,1)—iy(2,1) (14)

L(L1) wm_vl
[T

,(2,1)

L,(3,1)]

Puc. 3. YacoBi giarpaMu BXiTHHX CTpyMiB BinnoBigaux CM

YacoBi miarpamMu BXimHHX CTpyMmiB iI-X (a3 eneKTpu4HOi Mepexxi B KoopauHatax (a3sHHX Hampyr,
noOyaoBai 3a (14), mpeacrasieHi Ha puc. 4.

TakuM YWMHOM, TPUBEICHI PE3yabTaTH IOCIIKECHb ITOKa3ylTh €(EKTHBHICTh HMOAAHHA MaTeMaTHYHOI
MOJIET TIEpEeTBOPIOBAYA BITHOCHO HAIIPYTH HABAHTAXEHHS , CTPYMY HaBaHTAXXCHHSI 1 CTPYMIB, IIIO CITO’KUBAIOTHCS
3 BXIZHOI Mepexi y3araibHIOIYNMH (QYHKIIIMH OaraTomapaMeTpUYIHOTO BHUAY. Y3aralbHIOYi (YHKIIi
OaraTomapaMeTpHYHOTO BUAY €(DEKTUBHI 1 U IHIIUX MEPETBOPIOBAYiB MOIYJIAIIIHOTO THITY.

JocimKeHHs TTOKa3yoTh e()eKTHBHICTh BUKOPHUCTAHHS OaratornapaMeTpHIHNX MOAYIIOI0UYNX (PYHKITN I
MOJICJIIOBaHHS 1 PpO3paxyHKy eJEKTPOMAarHiTHUX TPOLECIB Yy pPO3Trally)kKeHHX  EJNEKTPUYHHX  KOJax
HaITIBIIPOBIJTHUKOBUX TIEPETBOPIOBAYIB 3 0araTO30HHUM BHUCOKOYACTOTHUM HIMPOTHOIMIYJILCHUM DPEryJIIOBaHHSIM
TXHBOT BUXI/IHOT HANIPyTH NpH XuBJeHHI RL-HaBaHTa)KEHHS.

Uy (i, ) _
ill(;)(i,t) ipo(L1)

ulO (1,t)>/_\
D N ~— _—

ip(21)  Uy(21)
—1 S
:I/\ —

— ~— i

Puc. 4. Yacosi miarpamMu BXiJIHHX CTPYMIB Ta HATPYT I-X (a3 eNeKTPUIHOI MEPEKi

A 4

—
\ 4

A\ 4

BucnoBku. IliaTBepmKeHo MOLUIBHICTE BUKOpUCTaHHS mporpamHoro naketry MATHCAD nanst ananmizy
@JIeKTPOMArHiTHUX TPOIECIB Ta ONTUMI3alii mapaMeTpiB HaIMiBIPOBITHUKOBHUX MEpeTBOpIOBadiB. Takuil miaxin
JIO3BOJISIE 3MEHIIUTH HECTAOIIbHICTh PEXHMMIB Yy TEXHOJIOTIYHOMY HABAHTAXXEHHI Ta PEXHUMIB CIIOKMBAaHHS
@JIeKTPOEHEePTii BiJ] MEpPeXKi eNeKTPOKUBICHHS.
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STUDY OF THE ELECTROMAGNETIC PROCESSES IN CONVERTER WITH
ELEVEN ZONE REGULATION VOLTAGE

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 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.

Key words: electromagnetic processes, output voltage and current, multi parametric modulating functions,
semi-conductor commutators, modeling.
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HauuonanbHbliil TexHM4Yeckuii yauBepcurer YkpanHbl «KueBckuii noauTexHun4ecKkuii MHCTUTYT
umenn Uropst Cukopckoro»

NCCIEJOBAHMUME 2JIEKTPOMAI'HUTHBIX TPOOHECCOB B
INPEOBPA3OBATEJIE C OAUHAJAUATHU3OHHBIM
PEI'YJIUBAHUEM HAIIPSKEHUSA

B oar10if craThe MNPOBENCHO aHAIM3 HICKTPOMATHUTHBIX IPOIECCOB B JICKTPHUYECKHX IEMAX C
MOJYTIPOBOJHUKOBBIMHA KOMMYyTatopamMu. Co34aHO MaTeMaTHYECKy0 MOJEIb ISl aHAJIN3a 3JIEKTPOMAarHUTHBIX
MPOLIECCOB B MOJYNPOBOJHMKOBBIX MPeo0pa3oBaTeNsiX ¢ IMHPOTHO-MMITYIbCHBIM PETYIMPOBAHUEM BBIXOJHOTO
HarpspkeHus. [IpuBenieHo rpaduky, KOTOPBIE OTPAXKAIOT AJICKTPOMAarHUTHBIE MIPOLECCH] B ANIEKTPHUECKUX LIETIAX.
[Tpu BBINOIHEHUH PACYETOB HCIIOIB30BAJICS METOJ] MHOTOIIapaMeTpuIeckuX GpyHKIuil. MaTemaTnueckas MoJesb
npeoOpa3oBaTeis co3laHa Uil OAMHAIIATU30HHOTO pEryJIUpOBaHHs BBIXOAHOrO HampspkeHus. CraThs
MOCBSILEHA Pa3BUTHIO METOJa MHOTONApaMETPUUECKUX MOIYJIUPYIOUIMX (YHKIHMHA IyTeM pa3padOoTKH HOBBIX
MaTeMaTHYeCKHX MoJiejed M ompenencHuss (QYHKUMA M aNrOPUTMHYECKUX YPaBHEHUI J/UIsi aHanmu3a Mo
MOJCUCTEMHBIM COCTaBJISIOIIUM 3JIEKTPOMAarHUTHBIX IIPOLIECCOB B PAa3BETBICHHBIX 3JIEKTPHUUECKUX LEMSIX C
MOJYIIPOBOJHUKOBEIMM KOMMYTAaTOpaMH M 3BEHBSAMH C CHHYCOMJAJIBHBIMHU, IOCTOSHHBIMH U HMMITYJIBCHBIMU
HanpsoKeHUsIMH.  110JTynTpOBOHUKOBEIE KOMMYTATOPBI MOTYT OCYHIECTBISITH BBICOKOYACTOTHOE H3MCHEHHE
CTPYKTYPBI UIEKTPUUECKUX LENEeH M MIMPOTHO-UMITYJIbCHYIO MOZYJISIHIO (ha3sHbIX M JIMHEWHBIX HaNpsDKCHUH
Tpex(}azHON CeTH AIEKTPONHUTAHHMS, PEATH3Ysl PETYINPOBAHUE BBIXOAHBIX HANPSDKEHUH IMOITYIIPOBOAHUKOBBIX
npeoOpa3oBaTeneii mapaMeTpoB NEKTPHIECKON SHEPTUH.

KnarodeBble cjI0Ba: 3JICKTPOMAarHWTHBIE IIPOLIECCHI, BBIXOJIHBIC HAINPSXKEHHE M TOK, CTPYKTYpa,
MHOTOTIapaMETPUIECKUE MOIYIUpYONIHe (PyHKINH, TOTYIPOBOIHUKOBBIE KOMMYTATOPBI, MOAEINPOBAHHE.
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AJITOPUTMHU 3AXUCTY EJIEKTPOJABUI'YHIB 3ACOBAMHU CYYACHHUX
CUCTEM JIATHOCTYBAHHS iX CTAHY

Tpaouyitini npucmpoi’ 3axucmy eiekmpoOsueyHié 8 NOGHIU MIpi He SUPIULYIOMb 3A60AHHSA 3AXUCMY 6I0
NEePeBaAHMAINCEHb, YUIKOOICEHb CUN0B020 JHCUBUILHO2O KabDento, Nepekocy (AasHux cmpymie, noe'ssanux i3
BHYMPIWHIMU a8apismu 08USYHA AOO 3 NOZIPULeHHAM onopy i3oaayii oomomok. Pexomenoayii, euxnaoeni ¢ [I1VE
CMOCOBHO 3aXUCTY eNeKMPOOBUSYHIB, He 8PAX0BYIOMb CYUACHUX BUMO2 U000 HAJIUHO20 3aXUCMY 08USYHA BI0
nepezpieanHs 0OMOMOK CMAmMopa, 3yMO81eHO20 HeCUMEMPIEI0 HANPYau HCUBTEHHS, NOUWKOONCEHHAM cucmemu
OXOJIOOJCEHHA | MEXHONO0IUHUMY NEePeBaAHMANCEHHAMY, HeCUMempIcio NOGIMPAHO20 3A30pPY, BUKIUKAHOIO
SHOUWLYBAHHAM NIOWUNHUKIG, 3AKTUHIOBAHHAM POMOPA. 3acmocy8anHs Cy4acHo20, HAIUHO20 Ul eheKmusHO20
3aXUCMY 8i0 ABAPIUHUX PeIHCUMIE POOOMU D0360JIAE 3HAYHO CKOPOMUMU KITbKICMb | 4aCcmomy agapiinux cumya-
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