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OIITUMIBALIA YACY 3APAAY/PO3PAAY KOHAEHCATOPIB AKTUBHOI'O
OIJIbTPA 1T YAC KOJIUBAHDb HAIIPYI'U

Po3pobuaieHo pezyasmop Hanpyau Ha KoHOeHcamopax 0/ CXeMu Kepye8aHHsl Napa/ie/ibHUM dKMUEHUM Piabmpom
Ha ocHoel dq-meopii 3 6/10KOM KO83HO20 yCepeJHeHHSI CmpyMy 6 KOl KepyeaHHs cmpymom I,. BiH micmumb 610K

3ampumku, yugposulii pinbmp HudxicHix yacmom nepuiozo nopsidky FIR a6o IIR (e 3asexcHocmi 8id sapiaumy po3aasiHymoi
cxeMu) ma 640K «Sgn», wjo cmabinizye euxioHull cuzHaa CXemy Kepy8aHHS HANPYy20H HA KOHOEHCamopi MOXCAU8o
peasizyeamu nosHicmio 8 yugpogomy eapiaHmi o6po6KU CusHAAYy ma 8uKopucmosyeamu 3amicmbv aHa.n0208020 PID
pezyssimopa, wo Habazamo egekmugHiuie 3a HeobxioHocmi adanmayii cxemu do pexcumy HasaHmaxceHs. biabwicmb
aHanozosux Pinempie cmpascoaroms 8i0 hazoeux cnomeopeHHs, KOAU CUZHAAU HA PIHUX 4ACmomax 3ampumyromascsi Ha
pi3Hy eeauuuHy. Xoua ye ece we npucymte 8 yugposux IIR-gpinompax. FIR-gpinbmpu 3a3euuail po3apobseHi K «aiHiliHa
dasa», wo osHauae, wo ginbmp He mae gasosux cnomeopeHsv. Pazosi cnOMEOpeHHs BUHUKAIOMb Yepe3 me, Wo CUu2HaAU
pisHoi wacmomu 3ampumyrombsbcsi ho-pisHomy npu nepemuHi Pinempa. faa IIR ¢pinbmpie HeobxioHO 88edeHHs
dodamkoegozo koediyienma, akuti 6yde pezyar08amu 2pynosy 3ampuMKy, npoms2oM Akoi gisbmp sampumyeamume cuzHal
neeHoi wacmomu. ko eu pobume me xc came 043 FIR-pinompa, eu nobauume npsmy 20pu30HmMAabHy JiHil0, Ye 03HAUAE,
Wo 8cCi cueHaAU 3ampumyomscsl Ha4 00HAKO8Y 8eAu4uHy, wo dobpe ma 3abesneyums Kpawy skicmo cueHany. baok «sgn» ne
8nausae Ha npoyec nidmpuMaHHs Hanpy2u Ha KOHOeHcamopax ma weudKicmbs nepexioHux npoyecis, iio2o poab nosseae y
nocuseHHi KomneHcayitiHoi 30damHocmi pezysssmopa Hanpyau 3a donomozor girbmpayii yugposozo cuenany. BubpaHuli
dinomp 3a donomozorw asmomamuyvHoi cma6inizayii Hanpyeu Ha KoHOeHcamopi 3a6e3neuye cmabiibHUll hpoyec
3apsdy/po3psdy koHdeHcamopa i eucokuli pieeHb KomneHcayii euwjux 2apMoHik 6e3 3HauHoi dodamkoeoi ceHepayii
akmusHoi nomyscHocmi 8 mepedxcy. IIpu 8ukopucmaHHi 8 KOHMekcmi AHA/I0208UX cUCmMeM pea/abHO20 Hacy yugposutl
¢inomp iHOOi Mae npobsemamuyuHy 3ampuMky (pi3Huys e uaci mixc 8xodom i 8uxodom), W0 NO8’s13aHO 3 aHA/1020-
yugposum ma yugpo-aHa.n0208umM nepemeopeHHsIM ma 3241a0xcy8arHsaM. [lokazaHo, wo 3a donomozoio onmumizayii uacy
3aps0y/po3psdy kKoHOeHcamopa cu/i08020 AKMUBHO20 (inbmpa ModxcHa docsizmu MiHIMaabHOI mpusasocmi nepexioHo20
npoyecy 3a MIHIMA/bHUX 3HAYEHb 2APMOHIYHUX CNOMBOPEHb.

Katouosi caosa: enekmpuyHa mepedica, 8UWi 2apMOHIKU, peaKmueHa NOmyxcHicms, cuio8uii akmusHull ginbmp,
pezay/1simop Hanpyau, 610k 3ampumku, yugposuii gpinbmp.
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OPTIMIZATION OF CHARGE / DISCHARGE TIME OF ACTIVE FILTER
CAPACITORS DURING VOLTAGE FLUCTUATIONS

A voltage regulator on capacitors has been developed for the control circuit of a parallel active filter based on dq-theory with a
block of sliding averaging current in the current control circuit i_d. It contains a delay unit, a digital low-pass filter of the first order FIR or
IIR (depending on the variant of the considered scheme) and the unit "sgn"”, which stabilizes the output signal. The voltage control circuit on
the capacitor can be implemented entirely in digital signal processing and used instead of the analog PID controller, which is much more
effective if you need to adapt the circuit to the load mode. Most analog filters suffer from phase distortion when signals at different
frequencies are delayed by different amounts. Although it is still present in digital IIR filters. FIR filters are usually designed as a "linear
phase"”, which means that the filter has no phase distortion. Phase distortions occur due to the fact that signals of different frequencies are
delayed differently when crossing the filter. For IIR filters, it is necessary to enter an additional factor that will regulate the group delay,
during which the filter will delay the signal of a certain frequency. If you do the same for the FIR filter, you will see a straight horizontal line,
which means that all signals are delayed by the same amount, which is good and will provide better signal quality. The unit "sgn" does not
affect the process of maintaining the voltage on the capacitors and the speed of transients, its role is to enhance the compensatory capacity
of the voltage regulator by filtering the digital signal. The selected filter, by automatically stabilizing the voltage on the capacitor provides a
stable charge / discharge process of the capacitor and a high level of compensation of higher harmonics without significant additional
generation of active power in the network. When used in the context of real-time analog systems, the digital filter sometimes has a
problematic delay (input-output time difference) due to analog-to-digital and digital-to-analog conversion and smoothing. It is shown that
by optimizing the charge / discharge time of the capacitor of the power active filter it is possible to achieve the minimum duration of the
transient process with the minimum values of harmonic distortions.

Keywords: electric network, higher harmonics, reactive power, active power filter, voltage regulator, delay unit, digital filter.

IMocTaHoBKa MPOOJIeMH Y 3araJIbHOMY BHIJISATI
Ta ii 3B’5130K i3 BAsKJIMBMMH HAYKOBUMH Y MPAKTHYHUMM 3aBAAHHAMU
BripoBa/pkeHHST HamiBIIPOBIHUKOBOI TEXHIKM B EJIEKTPOEHEPIETHKY 3aroCTPUIIO IMPoOieMy SKOCTi
€JICKTPUYHOI €HepTii y 3B’5A3KY 3i 301IbIICHHSM BUIIUX TAPMOHIK CTPyMy 1 Hanpyru. Taki IpUCTpPOi, IK THPUCTOPHI
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PEryJIATOpH HANpyTrH, KEPOBaHi BHIIPSIMIIYi, IIEPETBOPIOBAaYl YaCTOTH i aBTOHOMHI iHBEPTOPHU HAINPYTH I'eHEPYIOTh
TapMOHIKH, YaCTOTH SKUX MEPEeBUILYIOTH 1 KI'1I.

Jnist mokpalleHHs IMOKa3HUKIB SIKOCTI €JeKTPUYHOI eHeprii Ta 3MEHIIECHHS BIUIMBY BHIIMX TapMOHIK Bce
YacTille BUKOPHCTOBYIOTh cuiioBi akTuBHI QinbTpu (CAD) [1, 2]. EdextuBHicts poboti CAD 3a pi3ko 3MiHHHX
HABAaHT)KCHb 3HAYHOK YAaCTHHOKIO BH3HAYA€THCS aBTOMATHYHHM pPETYISTOPOM IIATPUMAaHHS HAIpyrd Ha
KOHZIeHcaTopax [3, 4].

B [5] po3po0sieHo mpuCTpiii perysIroBaHHs HANPYTH Ha KOHJIEHCATOpaxX, B sIKIH MOEIHYIOThCS aHAJIOTr0Ba Ta
mudpoBa peaizarii.

@opMyTI0BaHHSA Wijlel cTaTTi
MeToro poOOTH € TOKpaIleHHsS SKOCTi eJIEKTPOCHEprii 3a paXyHOK MiABHINEHHS IIBUIKOIII MPHUCTPOIO
peryoBaHHs HAPyTH Ha KOHJIEHCATOPaxX aKTUBHOTO (ibTpa 3 BUKOPUCTAHHAM HUPPOBOI peaizarii.

Pe3yabTaTH gocaigKeHb
Cucrema kepyBaHHi CAQ® gami1 KOMIIGHCAIil BHIIMX TapMOHIK Ta pEaKTHBHOI ITOTY)XHOCTI Oyia
3MOJIeNIbOBaHa B cepenoBulli Simulink maketry npuxiaanux mnporpam Matlab (puc. 1). Cuctema KepyBaHHS
CKJIQIA€THCS 3 TAaKUX OJIOKIB: OJIOKIB MPSIMOTO Ta 3BOPOTHOTO NMEPETBOPEHHS CTPYMIB Ta HAIPYT 3 CHCTEMH (hasHUX
KOOpJMHAT B CUCTEMY KOOPIMHAT MUTTEBUX CUMETPUYHUX cKianoBux abc/af0 ta af/dq [2], 6ioka dpopmyBaHH:
CTpyMy KOMIICHCAL], peryJsTopa Halpyry Ha KOHICHCATOPaX.

Ctpym
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Puc. 1. ®ynkuionanbHa cxema cucreMu KepyBanns CAD

Junst mopemoBanns podot CA®D B pexxumi  KOMIIEHCALIT peaKTHBHOI MOTYKHOCTI BUKOPUCTaHa MOJIENb 3
Tpuha3sHUM HENIHIHHAM HABaHTa)XEHHAM 1 JOAATKOBUM Tpu(a3HUM HaBaHTAXEHHSIM [6]. Xapakrepucruka
€JIEMEHTIB JIOCIIAHOT MoJeli: omip cucteMu >kuBieHHs 18.4+j17.1 MOwm, omip Ha CTOPOHI MOCTIHHOTO CTPyMYy
HENHIHHOTO HaBaHTaXCHHS (BUIpsSMIDTY, cxema JlapioHoBa) — 12+71,256 Om, omip cuMmeTpudHOTO TpH(a3HOTO
HaBaHTaxeHHS — 104710 Om, omip Tpuda3sHOro HakHAy HaBaHTaXeHHS — 5+j3 OM. [HIyKTHBHICTH, SKa BBIMKHEHA
nociigoBHo 3 ¢inbrpoM L = 2,2MI'H. /IBa KOHIOEHCATOpH, 110 BBIMKHEHI IMOCIIJOBHO Ta MalOTh MapaMeTpaMu:
emuictb C= 4000 mx®, wnanpyra wu,.= 3008, Ugerer = 600 B. Hakun  TtpugasHoro HaBaHTaxeHHs
BizOyBaeTscst B MoMeHT 4acy 0,06 ¢, a ckuj — B MoMeHT yacy 0,12 c.

Ha Bxizn 6:10ka 3BOPOTHOTO TIEPETBOPEHHSI CTPYMiB (puc. 1) mocTynae curaain

idosc, (t) = Ald (t) - id (t) H (])
ae Ai,(t) — 3HaYeHHs mpupocTy cTpymy 1,(f), mo 3ymosnennii Binxunenns nanpyru U, (f) Bix 3agasoro
3HaueHHs U deref 3
Bu3HaueHHs CKIaHUKA MyJIbCAI[iH CTPYMY 3/iHCHIOETHCS 3a JOMIOMOTOK BUPA3Y:

iL,O)=i,O)-1,(), (2)

i,(t) — ckmagHuUK mmynbcariii ctpymy i, (¢) .

t
ne 1, = 6 j i,(t)dt — ycepennene 3naueHus ctpymy i,(?) .
t-T/6
st peanizanii perymnsropa Hanpyru, Oyjo po3risiHyTO JiBa BapiaHTH cxeMH KepyBaHHs Ha 0a3i FIR ta IIR
¢dinpTpiB. Po3pobiieHy On0K-cXeMy TMEpIOro BapiaHTa peryisiTopa Hampyrd 300paxeHo Ha puc. 2. B mepromy
BapiaHTi BUKOPUCTAHO €IEMEHT 3aTPUMKH, GinbTp HIKHIX yacToT FIR Ta 6mok «sgn». @inmeTp HmxkHIX gacToT FIR
(GinbTp 31 CKIHYCHHOIO IMITYJIBCHOIO XapaKTEPHCTHUKOI0) Ma€ TPAHCIIOHOBAHY CTPYKTYpy Ta 3aTPUMKY, sKa
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PETYJIFOETHCS IIiT Yac 3pOCTaHHS Ta CIaJaHHs CHTHATY 3a TOIMIOMOIOI0 AUCKPETHOTO iHTerparopa dacy. JomaTkoBuit
OJIOK «SgNn» BHKOPHCTOBYETHCS ISl OOMEXKEHHS BUXIAHOTO CHTHATY O OJMHUYHOI aMIUTITyId Ta MOKpPAIICHHS
KOMITEHCAITi1 BUIIMX TapPMOHIK.

X, (Aiy) 3aTpHMEA e JIRGIBID Biok “sgn”
@ | e Y(Aiy)
[ i >
i \b1/ \bo/ | Z/|Z| '
i \A\'/.r \\/‘ 3
| SO
, P Z + e

Jluckpernnit
IHTErpaTop vacy

Puc. 2. Biok-cxemMa nepuioro BapiaHta peryJsiTopa HANpyru

B nmepmomy BapiaHTI e(eKTHBHICTH POOOTH peryJsaTopa HAampyrd Ha KOHJEHCATOpax 3aJeXHThb BiJ
HanmamTyBadb FIR ¢imprpa. B pesympraTi mimbopy kxoedimieHTtiB be=-0,3 Ta bi=1 z — mepeTBOpeHHs nepeaaToyHol
(YHKIIT IKOTO MOYKHA TTOJIATH Y BUTIISI

Yor(z) =03+ z™! _—0,3-(z-3,333)
X (2) 1 z '

Buakoxis FIR ¢inprpa € Bumoro, Hixk [IR ¢dinpTpa, TOMy BiH MOXKe Kpamie po3aiisaT yacToTa. OIHIE0 3
HaMBaXXTUBIMIHX 0co0mMBoCTeH KOHCTPYKLIT FIR dinbTpa € fioro aBToHOMHA podorta [7].
[Mepenarouny QyHKIIIO peryssTopa HampyrH AJIs IepIIoro BapiaHTa MOXKHA IPEJCTaBUTH Y BUTIISAL

Y (2) ~ (Z—|Z|)'(0,3-Z—1)-(Z350 —z110)
X,(2) - 2! -|z|-(z—1)

3aTpuMKa BapilOEThCS B 3aJICKHOCTI Bij KoedinieHTa mepenavi ¢imbTpa B Mexax 350 — 260 TakTiB (10
BIZINIOBiIa€ TIOKAa3HUKY cTerneHi 351 — 261), ska perymoeTbes JUCKPETHAM 1HTETPATOPOM Yacy Ta BUKOHYE (DYHKITIIO
KOMITEHCATOPa MepeperyIfoBaHb CUTHANY IIUIIXOM 3MiHM KiJIBKOCTI TaKTiB 3aTPUMKH. TpHrep, M0 BUKOPUCTOBYETHCS
JUTSL CKHJJAHHS CTaHIB JI0 TOYaTKOBUX YMOB, HAJAIITOBAHUI HA 3pOCTar0uuii a0o cragamit ppoHT [§].

IHTerpaTop, AKHil Peryioe 3aTpUMKY, Mae Hy/IbOBY TepeJady Ha MOCTiiiHOMY cTpymi. Moro nepenatouna
GbYHKILIsSI Mae Takui BUTIISIL

3

4

-1
Y, (2) _ 1 __z
-1
Xyy(z) z=1 1-z
OTKe, CHIHAIl Ha BUXOJIi iHTErpaTopa BU3HAYAETHCA K CyMa IIOTOYHOTO BHXIJHOTO CHUTHATY 3 HE3HAYHOIO

3aTPUMKOIO Ta BXIJIHOT'O CUTHAIY Ha MONEPEeIHbOMY KPOLIi.
DyHKIIO «SgN» MOXKHA TPEICTABUTH Y TAKOMY BUIJISLI

(&)

z/ |Z| z#0;
sgnz = (6)
0, z=0.
IIpu upomy
z/|z|=cos@+ jsinp=e", (7)
ac ¢ =arg z — apryMeHT KOMINICKCHOI'O YHuCJIa Z.

Touka z = 0 € TOYKOIO PO3PHUBY MEPIIOTO POAY, OCKIILKM MEXi 3JiBa i CIpaBa BiJ HyJsS JIOPiBHIOIOTH,
BiAmoBinHO, +1 Ta -1. Bupa3 (7) € ogHUM 3 MOXJIMBHX y3aralbHEHb (QYHKIN{ CIrHyMy Ha IJIOIINHI KOMIUIEKCHHX
YHCEIL.

Ilpu z # 0 pe3ynbratoM (QYHKUII SgN Z € TOYKAa OAUHUYHOrO Koja. CeHc LbOro y3araibHEHHs IOJIATrac B
TOMY, 11100 32 JIOIIOMOTOI0 pajilyc-BEeKTOpa OJMHUYHOT JOBKHHH MOKA3aTH HAMPSMOK Ha KOMILUIEKCHIN IJIOLIHHI, 110
BianoBinae unciy z. llelt HanmpsAMOK y IOIIPHUX KOOpAMHATAX 3a1a€ KyT . HeBu3HaueHuil HanpsAMOK, 110 BIANOBiJae
yrciy z = 0, BUpakaeThCs HyTbOBUM 3HAYCHHSIM (YHKIIIL.

Ha puc. 3 moxaa mobaunTH pe3ynbTaT BUKOPUCTAHHS (QYHKIIIT «SgNn» BiAHOCHO BX1AHOTO CHTHAIY.

VY npyromy BapiaHTi BHKOpUCTaHO ¢inbTp HikHIX yacToT IIR (¢pineTp i3 HECKIHUEHHOIO IMITYJIBCHOIO
XapaKTEePUCTUKOIO), SIKUH CKUIAETHCS M0 PIBHIO 3aTPUMKHU 4yepe3 OJIOK JMCKPETHOTO iHTerparopa 4acy. B npyromy
BapiaHTi BIAMIHHICTb PEryJIATOpa HAIpyTH Bix nepioro BapianTa nossirae B [IR ¢inbTpi, sikuit mBuame peanizyerses i
3aIlyCKaEeThCs, HAIIPUKIIAJ, y BOYJOBaHiil CHCTEMI peaJlbHOTO 4acy.

Hust nanoro IIR ¢inbrpa nmeproro nopsiiky Oyia po3pobieHa MakCUMAaJIbHO e(eKTHBHA CTPYKTYpa, siKa
MIATPIMY€E OIMHWYHY aMIUNTYAHY XapakTePUCTHKY, ale 3 HEMOJIMBICTIO MiATPUMYBATH MOCTIHHHMNA KoedilieHT
migcwieHHs. ToMy, UIs BHpIIIEHHS i€l TpoOiieMu Oyiio BUPIMIEHO CKHIATH (QUIBTP MO PIBHIO 3aTPUMKH 4epe3
JNUCKPETHUM YacOBUU iHTErpaTop, sSKWid epeKTHBHO MinTpuMye KoedimieHT mimcuieHHs. B pesynbrati miadopy
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xoediuientis b =0,75, a;, =0,75 ta @ =1 g z — nepersopenns, IIR ¢insTp Oysme miATPUMyBaTH OJUHHYHY

aAMIUTITYJHY XapaKTePUCTHKY.
Aig

ST

| :

| Uﬂ.“'ﬂ""ﬁrna,ﬁ_».a.nﬂhf
okl ARARRRAARA

-5

—
———

-10

.15 - / |
L | | | . l L |
0,02 0.04 0,06 0.08 0,1 0,12 0,14 0,16 0,18 tc 0.2

Puc. 3. I'padik peakuii curaamxy ﬁid Ha podoTy 0JIOKY «Sgm»

Yr(2)  0,75+z"  (2+1,333)0,75
X,p(z) 140,752 z+0,75

[lle omMH MOMEHT, Ha SKHWHA CIiJ 3BepHYTH yBary, mo i IIR ¢iTbTpiB BHIIOTO MOPSAAKY XapaKTepHa
HecrTilika pobota cuctemu, Toni sk FIR dinprpu 3aBxmu ctabimphi. [IR QinmbTpr MynmpTH(YHKIIOHANEHI Ta MalOTh
mapaMeTpH, SKi MO>KHA 3MIHIOBATH, II00 IIBUIKO 3MIHUTH XapaKTePUCTHKH PiIbTpa.

ImnynecHa xapaktepuctika IIR ¢dinbTpa € 3aracatouoro ekcrionenroro. PiBusHHs IIR ¢inbTpa nepimoro
MOPSAKY MOXKHA 3aIUCaTH Y BUTIIS Z-TIEPETBOPEHHS

Y [2]= A=) [2] 4727 v [ 2] ©)

(®)

ne 0=y<1
[Meperpymyemo, 11100 OTpUMaTH MepeaTodHy QYHKII0

Gz)= 2w 177
xp(z) 1=v-z
IIR ¢ineTp Mae crpykrypy npsimoi ¢opmu Il Ta motpebye nuiie N oquHHIB 3aTPUMKH, 1€ N € MOpsSAKOM
(huTBTpa — MOTEHIIHHO BIIBIYI MEHIINM, HiK 11t ipsiMoi popmu 1. 1o cTpyKTypy OTpHMYIOTH IUISIXOM 3MiHH TOPSAKY
YHCeNbHUKA Ta 3HAMEHHHMKA MpsMoi (opMH I, OCKUIBKM BOHM HACIpaBIi € JBOMa JIHIHHAMH CHCTEMaMH, 1
3aCTOCOBYETBCS BIIACTHBICTh KOMYTaTHBHOCTI. Biiok-cxeMy apyroro BapiaHTa perysisitopa HalpyTH TIOKa3aHo Ha puc. 4.

. (10)

JluckpeTHMit 1HTErpaToOp vacy

biok “sgn”
)(j Aj 3aTpuUMKa T e Y. (A
o d) 30 _ o( la’)

b—hZ/|Z|4N+>—>

IIR ¢insTp
Puc. 4. Biok-cxema Ipyroro Bapianra peryJisitTopa Hanpyra

[epenarouny ¢yHKHi0 3aMKHEHOTO KOHTYpy peryistopa Hampyru 3 IIR ¢inptpom B z — meperBopeHHi
MOKHa TIPEJICTABUTH Y BUTIISII

2 2 3
Y,(2) 56-|Z|—56-Z+21-Z -|Z|+14-z -21-z —14-Z-|Z|
- 350 2 ‘
X,(2) 2% |2|-(10-2—40-z* +30)
Ilicast mocmi/pKeHHS TEpHIOTO Ta JAPYroro BapiaHTiB CXeMH KEpyBaHHS pETylsaTopa HalpyrH Ha
KOHJIEHCATOpaX eKCIIEPHIMEHTAILHO BCTAHOBIICHO MOJKIIMBICTh PeryiroBaHHs KoeditienTta miacuienas [IR ¢inetpa ta

nocTiitHmiA koedirient nepenadi FIR dinprpa B Mexax 0,75 — 0,85 [9]. Ile no3Bosse eheKTUBHO KOMIICHCYBATH BHIIT
TapMOHIKH Ta 3a0e3MeuyBaTH MiHIMAJIbHE TIEPEPETYIIFOBAHHS HABAHTAXKCHHS ITiJ] 9ac MepeXiHOro npouecy (puc. 5).

(11)
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AKTUBHUHA (QUIBTp Tpamioe B peXHWMi KOMIEHCAIil peaKTHBHOI IOTY)XHOCTI Ta BHIIHMX TrapMoHik. [Tpu
MIepeBEICHHI HOT0 B PEXHM JIUIIIE KOMIICHCAI] BUIINX TapMOHIK BiOyBa€ThCS 3HAYHE 3pOCTAaHHA KOMIICHCAIIHHOT

3IaTHOCTI B MOPIBHSHHI 3 MIONIEPEIHIM PEKUMOM.
Hns moOymoBu TpadikiB 3aJeKHOCTI 3MiHM OCHOBHHX ITapaMeTpiB CHCTEMH Bil dYacy MOJEITIOBAHHS

NOTPiIOHO: BU3HAYMTH AaKTUBHY 1 PEaKTHUBHY IIOTY)KHICTB, CTPYM MEpEki Ta CepeAHbOKBaJApaTUYHE BiIXHMICHHS
AKTHBHOI Ta PEaKTHBHOI OTY)KHOCTI, SIKE MOYKHA 3HAUTH Uepe3 iX e)eKTUBHE 3HAUCHHS Ha IEepioji.

1 ¢,
P=|—- 1)dt; = 12

{06 owiHWTH 3aranbHUH piBEHb IyJbcalliii MOTPIOHO 3HANHTH CepeAHBOKBAJPATUYHI BIIXWICHHS 32

o,=P'-P*; 0,=\0;-0". (13)

EdexTuBHHI TIepio] MepexiJHOTo MPOoIeCy € MiHIMAIBHUM JIJIS 3a0€3MeYCHHS MAaKCUMAIBHOT IIBUIKOIT TIi T
Yac KOJIMBaHb HanpyTH. ['padiku s KOXKHOTO 3 BapiaHTIiB iIEHTHYHI 3 TOXHOKOI0 MeHIe 1%.

JA0IOMOTI' 010 BUpasy.
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Puc. 5. I'padixku 3Minn napamMeTpiB eJ1eKTPHYHOI MepesKi: a) AilicHa AKTHBHA Ta PeaKTHBHA IOTYKHOCTI NMicJIsi KOMIIeHcanii; 0) cTtpym
Mepe:ki mic/isi KoMneHcauii BULIUX FAPMOHIK; B) cepeIHbOKBAIPATHYHI BiIXU/JIEeHHSI aKTUBHOI T2 PEAKTUBHOI MOTY:KHOCTI MiJ yac 3MiHK
HABaHTAKEHHSI

I'padik 3MiHM HampyTH Ha KOHIEHCATOPI HA PUCYHKY 6 OJHAKOBHUH I TBOX BapiaHTIB. 3 pUCYHKY 6 MOKHA
3pOOUTH BUCHOBOK IIPO BHMCOKY IIBHJKOIIO PEryJsiTopa Hampyrd NpH MiHIMaJbHUX KOJMBAHHSIX HAlpyrd Ha
KOHzeHcaTopi. [MOMHa npoBally HANpyrd Ha KOH/EHCATOPI BM3HAUYA€THCS €MHICTIO KOHJEHCATOpa Ta MOXKe OyTH
3MeHIIIeHa 301IBIIEHHSIM EMHOCTI KOH/IEHCATOPA, aJle 32 paxXyHOK 3MEHIICHHS IIBUIKO/IIT Ta 3pOCTaHHS IIOXHOKH.
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Puc. 6. 'padik 3MiHN HANIPYTH HA KOH/IEHCATOPAX

[Tixg wac moxenroBanus Oynu BukopuctaHi IGBT Tpan3ucTopw, ki Habarato Jerur B KepyBaHHI Ta TipIi B
AKICHUX XapakTepucTukax. B manonotyxanx CA® moxna Bukopuctaty MOSFET TpaH3ucTOpH, 110 IPOIOHYIOTH
Kpallli sIKiCHI TTOKa3HUKH.

PesynbraT MozeIOBaHHS IIPH BUKOPHUCTaHHI 000X (PIIBTPIB I KOMIEHCaMii peakTUBHOT HOTYXHOCTI Ta
BUILMX TapMOHIK HAaBEAEHO B TaOJMI. 3HAUCHHS CyMapHOro KoedilieHTa KOMIIEHcallil TapMOHIYHUX CIIOTBOPEHB
CTPYyMY KEPYETHCS 3a TOMIOMOT 00 Koe(illieHTa mepenadi KOKHOTo 3 (QUIbTPIB.

PesynbraT MOENIOBaHHS PU BUKOPHCTaHHI 000X (QUIbTPiB MPAKTUYHO OJAHAKOBI (JIUB. TAOJIUIIIO).
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Tabmmms 1

PesyabraTn MogenoBanHsi CA®D B peskuMi KoMIIeHcalil peaKTHBHOI MOTYKHOCTI Ta BUIIUX TAPMOHIK
3HaueHHs (i3MIHUX BEJTUYHH JUII CHMETPUIHOTO PEKUMY Iy Ip Ic
AMIITYIHI 3HAUYEHHS CTPYMIB MepeXi HaBaHTaKEHHS (A) 103,8 103,8 103,8
KoedirrieHT HeTHIHHOTO CIOTBOPEHHS CTPYMiB HaBaHTaXeHHS (%) 8,52 8,52 8,52
AMIITY1HI 3HaUE€HHS CTPYMIB Mepexi micist komrencaii (A) IIR 93,75 93,89 93,82
KoedirienT HeniHifHOTO cioTBOpeHHs cTpyMiB Mepexi (%) IIR 0,72 0,71 0,73
AMIiTY1HI 3HaUEHHS CTPYMIB Mepexi micist komnencauii (A) FIR 93,78 93,89 93,79
KoedirienT HeniHiHOTO cnoTBOpeHHS cTpyMiB Mepexki (%) FIR 0,72 0,72 0,72

BucHOBKH 3 JaHOT0 AOCTiM:KeHHS i MepCNeKTHBYU NOJAJbIINX PO3BIIOK Yy TaHOMY HANpPsAMI

Po3pobnennii perymarop Hampyru, mo Mmictute FIR a6o IIR ¢imbTpu, MokHA BHKOPHCTOBYBATH IS
onTUMizanii yacy 3apsy/po3psily KOHJCHCATOPIB 3a JIOTIOMOTOI0 OJIOKY 3aTPUMKH, SIKa PETYIIOETHCS IHTErpaTopoM
Yacy 3aJIS)KHO BiJI BHIIQJIKy Ta OJIOKOM «Sgny», IO CTaOLIi3y€ BUXIAHWI CHUrHaJ Ta 3MEHIIy€e aMILNTynu 5 ta 7
rapMOHIK, BiJIIOBIHO, B 4 Ta 6 pa3iB. J{J11 MOKpaleHHs] KOMIIEHCAIIMHOT 3/1aTHOCTI aKTUBHOTO (iJIbTpa BUKOHAHO
HaJlalITyBaHHs OJIOKa KOB3HOTO YCEPEAHEHHs CTPyMYy Ha IOCTY TapMOHIKY Y pa3i CUMETPUYHOTO HaBaHTa)KEHHS,
mo 3abe3rnedye 3MEHIICHHS aMIUNTYAM 5 Ta 7 TapMOHIK B JiBa pasu. 3aJeXHO Bil NOTpeO BUPOOHMITBA €
MOJKJIMBICTh BHOOPY €(eKTHBHIMIOrO BapiaHTa: 1) Brcoko cenektuBHi IR QinpTpu, aKxi MOXXyTh OyTH peani3oBaHi
3a JIOTIOMOTOI0 KOHCTPYKIIH HU3BKOTO MOPSAKY Ta MOXYTb MPAIIOBATH Ha BUCOKHMX MBUAKOCTAX; 2) FIR dinpTpH,
AKi 3a3BHYail MalOTh HU3BKAU KOC(IIEHT Ta piBeHb MOMIIIOK apH(PMETHIHOTO OKPYIJICHHS i ToOpe BU3HAYCHHI
IIyM KBAaHTYBaHHS IS 3aCTOCYBAaHHS B HU3bKOBOJIBTHUX TPH(PA3HUX EICKTPUIHNX MEPEkKax.
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