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Pozensaoaemocs kepysanHsa mpughasHum napanervbHuM aKkmusHumM Qitbmpom, aKuil iHIHCEKmMye KOMReHCYIouUll Cmpym 00
PO3N0OINEHOT MepeCT eeKmpPONnOCMAYantsl, HACTIOKOM HAS8HOCNT HENIHIIHO20 HABAHMAINCEHHS 8 AKIl € CHOMBOPEHHS
napamempis enexkmpoerepeii. Qinbmp cKi1adaemvcs 3 HaniGNPOGIOHUKOBO20 THBEPMOPA HANPY2U HA NOBHICMIO Keposa-
HUX KIIOYax, €MHICHO20 Haxonuyyeawa ma npumaymmoiovoi RL-nanxu. Ilposedeno Oexomnosuyiro 06 ’ekma
00CHIOMNCEHHST 30 MEeMRAMU PYXi6 OUHAMIMHOL cucmemu. J{BOSBUMIDHA NOBEPXHs KOG3AHHs € NIHIUHOIO KOMOIHAYIEIO
KOMNOHEHMIB 0808UMIPHUX BEKMOPI6 NOXUOKU KOMIEHCAYIIHO20 CMPYMy ma Nepuioi NoXiOHOI NOXUOKU Yb0o2o cmpymy.
Jlna 30inbutents weuoKoOii npoyecy CriOKY8auHs 3 NOCMIUHOI HANPY2OH HAKONUYYBAIbHO20 KOHOEHCamopa AaHKU
NOCMITIHO20 CIMPYMY SUKOPUCIIAHO MOOUDIKOBAHUL ANCOPUMM CKPYYYBAHMS, AKUL 3a0e3neyye acuMnmomuyHy cmitl-
Kicmb. 3a0s YHUKHEHHS. 6NAUGY 30YpeHHs V GUeNAOl 2APMOHIYHUX KOMNOHEHMIE BUNPAMAEHOT HANPY2U HA napamempu
KOMNEHCYIY020 CIpYyMY, KOHMYPU KepPYy8aHHA NOCMILIHOI HANpyeu ma CmpyMy 36 S3aHO 3 GUKOPUCHAHHAM itbmpa
Yebuuesa opyeo2o pooy. [na niomeepoxceHHs meopemudHux npunyujeHb nooy008aHo iMimayiiny mooens ma npoaua-
J308AHO pe3ynemamu Yupposux excnepumenmis. BuKoOHaAHo NOpiGHAHHS 3anpONOHO8AHOI cmpamezii 3 mpaouyiiHum
I-pezynosanusm 3a KpumepisimMu mpusailocmi nepexiono2o npoyecy ma Koe@iyicHmom 2apMOHIYHUX CNOMEOPEHb )
cmpymi, AKull choxcusacmuca 3 mepeoici. biom. 24, puc. 5.

KaouoBi ciioBa: mapanenbHUil akTHBHUE (INbTp, KOB3HUH DPEXHM, IOBEPXHS KOB3aHHS, KOMIICHCAI[IMHUI CTpyM,
UIBHTKOJTiSL.

Beryn. 3 nmovarky 21-ro CTONITTS B CBITI CIIOCTEPIra€ThbCsl 3HAUYHE 3POCTAHHS K KUTBKOCTI
HEJHIMHUX HaBaHTAXXEHb, TAK 1 iX ,,AKOCTI” 3 TOYKH 30py T'€HEPYBaHHSI HUMU HECHHYCOITHUX CTpY-
MiB, SIKi IPU3BOJATH 70 3HAYHOTO MOTIPIIEHHS MOKa3HHUKIB SIKOCTI €JIEKTPOCHEPrii B €JIEKTPOCHEP-
TeTUYHHUX CHCTeMax. Y Meplry 4epry A0 TaKuX ,,[ITKIIHUKIB” CIIiJl BIAHECTH HaIIBIPOBITHUKOBI TIe-
peTBOpIOBadil Pi3HUX BUAIB. BOHM CTiiikOo 1eMOHCTPYIOTh CBOI MOYJIMBOCTI 3 BILTUBY Ha 1HIII Mepe-
TBOPIOBAY1 B ITil caMmiil MEpeKi TaKUM YWHOM, III0 BCE YACTIle TXHS rpyroBa poOOTa cTae HEMOXK-
JIMBOIO caMe BHACHIIOK 3HAYHOTO TMEPEBUIIICHHS PiBHIB JOMYCTUMHUX 3aBaj Ta CIIOTBOPEHbH SK B JIO-
KaITbHUX CETMEHTAaX MEPEXK, Tak i B mobampHOMY MacmTadi. OKpiM TOTO, CTPYMH, SIKi TCHEPYIOThCS
HEeTHIMHIMH HaBaHTAKEHHSIMU, 3[IHCHIOIOTH y)K€ HECIPUSTIMBUN BIUIUB Ha Maibke Oyab-ske 00-
JaTHAaHHSA, i €THAHE JI0 Ii€l )X MEepexi, B TIepIIly Yepry Ha KOCHHYCHI KOHJICHCATOPH, TpaHcdop-
MaTOpH Ta JBUTYHHU 3MIHHOTO CTPYMY, COPUYUHSIOUM IOJATKOBI BTPATH, NEPErpiB Ta MepeBaHTa-
KCHHsI. BUThII BMCOKOYACTOTHI TapMOHIYHI CKJIAJIOBI HECHHYCOIMHUX CTPYMIB 37aTHI €(PEKTHBHO
TeHepyBaTH 3aBaJly JiHISAM 3B’ SI3KY, PO3MOAITICHUM BUMIPIOBAJILHIUM CUCTEMaM, MEIUYHOMY Ta Hay-
KOBOMY OOnagHaHHIO [ 1—4].

["apMOHIYHI BUKPHUBIECHHS B PO3MOALIEHUX CHCTEMaxX IeHepallii Ta CIOXXHUBAHHA MOXKYTh
OyTH PUTIYMJICHI 3a JOMOMOTOO IMAaCUBHOI Ta akTWBHOI Qinbrparii. JJoOpe Bigomo, Mo macuBHA
¢binprparnis € focuth €(EeKTUBHUM 3aCO00M MPUTIYMIICHHS, SKIIO TUHAMIKA T€HEpyBaHHs CIIOTBO-
PEHb HEBEJIHKA, TOOTO y pa3i yCTaJeHOTO XapaKTepy MPOIEeCciB y Mepexi. AJie macuBHi (QiabTpH 1M0-
TaHo MPHUCTOCOBAHI AJisi OOPOTHOM 31 CIIOTBOPEHHIMHU, MTAPAMETPU SIKUX 3MIHIOIOTHCS CTOXACTUYHO 1
JOCTaTHBO MBHIKO. ToMy TXHS €(pEeKTHBHICTh 3HWKYETHCS OMHOYACHO 31 3pOCTAHHSAM KUTBKOCTI He-
JTIHIMHUX HaBaHTAXXEHb KJIacy ,,HaMiBIPOBIAHUKOBUIN MEPETBOPIOBAY”’, 10 SKHUX Yy MEPIILY Yepry Ciija
BITHECTH JiOHI Ta TUPHUCTOPHI BUIPSMIISIUI, THPUCTOPHI PEryISTOPH HANPYTH, €IEKTPOIIPHBOAN
MOCTIIHOTO Ta 3MIHHOTO CTPYMIB, 1 HAaBiTh TPYNOBI CIOXHUBAYl TUIY ,,0()iCHI MPUMIIIEHHS, K1 Ha-
CUYCHI PI3HOMAHITHOIO €JICKTPOHHOK TEXHIKOI. 3pocTaroda KUIBKICTh HENIHIMHUX HAaBaHTAXKCHbD,
SIK1 MIAKITIOYAI0ThCSI O MEPEXKi CHOXKMBada CTOXACTUYHO, 1HXKEKTYIOUM CTPYMH CHOTBOPEHHS He-
CTaOUTLHOTO TAPMOHIYHOTO CKJIAy, BUMarae 30UTbIICHHS IMBHIKOCTI peakilii (iasTpyrodoro oda-
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JHAHHS Ha CIIOTBOPEHHS 3 TAKUMHM XapakTepucTukamu [ 1—4].

[MapanensHi aktuBHI QinsTpu (ITAD) 3anumaroTbes HAMOLTBIT €()EKTUBHIM Ta JIEBUM TEX-
HIYHUM pIIIEHHSM, CIPSAMOBAHUM Ha HIBEIIOBAHHS HETAaTUBHOTO BIUIMBY HECTATUYHMX HENIHIHHUX
HABaHTaXXCHb, HAABHUX y MEPEXi CIOKKMBaya, Ha MOKa3HUKH SKOCTI €JIEKTPOCHEPTii B Miil Mepexi.
o cyrreBux mnepesar [IAD® y mopiBHSHHI 3 MacMBHUMHU (iIbTpamMH CIiJ BiIHECTH 3/[aTHICTh HE
TUTBKH OOPOTHOM 3 TAPMOHIKAMHU CTPYMY Ta MOXIIMBICTh KOMIIEHCAIlll PEaKTUBHUX CTPYMIB, ajie i
BIZICYTHICTb SIBUII] PE30HAHCHOTO XapakTepy, SKI MOXKYTh BUHMKATH BHACIIOK pOOOTH MAacUBHHUX
¢ineTpiB. 3amavam moOynosu kepyBaHHs [TAD Ta iX OKpeMHM acmeKTaM MPOIOBKY€E MPUCBSIIYBa-
TUCh JOCTAaTHHO BENMKa KUIbKICTH myOmikamiii [1, 5, 6]. JIns kepyBaHHS CHIOBUMH MEPETBOPIOBA-
yamu TpudasHux [TAD y Garatbox KOHQIryparisix MmUPOKO 3aCTOCOBYIOTHCS CHCTEMH KEpyBaHHS
(CK), moOymoBaHi 3 BUKOPHUCTaHHSM SIK HOBITHIX aJIBTEPHATMBHUX METOIB, TaKUX SK (a33i-Jo-
JDKUK, BEHBIIET a00 HEWPOHHO-MEPEXKEBUX, TAaK 1 Maibke KIACUYHHX, SIK TO IPOCTOPOBO-BEKTOPHA
mUpoTHO-iMIyIbcHa Moyt (LLIIM), omHo- Ta 1BOTaKTHE KepyBaHHS, KOB3HI PEXXHUMH [5, 6].

ITocTanoBka 3aga4yi. CuiloBy cXeMy €JIEKTpUYHY CHCTEMH, sika ckiagaerbea 3 IGBT-
imBepTopa 3 RL-(dineTpoM Ha BHXOII Ta HAKONMWYYBaJIbHUM KOHICHCATOPOM, JIIHIMHOI Mepexi
KHUBJICHHS 00MEXEHOT MOTY>KHOCTI i HEeMHIHHOTO HaBaHTAXXEHHS, HABEACHO Ha puUC. 1, e MpUIHATI
Takl Mo3HaueHHsA: Lg;, Lp;, L R, Ry, Rji (i=a,b,c) — IHAYKTHBHOCTI Ta akTUBHI ONOPU MeEpExi
’KUBJICHHSI, HEJIIHIIHOTO HaBaHTAXEHH: Ta (UIbTpa BiINOBIAHO; E;, U, — MutTTeBl 3HaueHHs EPC ta
HAIpyT MepexKi; lg;, I1;, Iy — CTpyMH Mepeski, HEeNHIITHOTO HaBaHTaKeHHs Ta BUXiaHui ctpyM [TAD;
I,, I; — cTpyMHu B JIaHKaX MOCTIHOTO cTpyMy HemiHiliHoro HaBaHTaxeHHs Ta [IAD; C, Cp —
€MHOCTI B JIaHKaX TMOCTIMHOTO CTpyMy HelNiHiiHOro HaBaHTaxeHHS Ta [IAD; U,; — mocriiftHa
Harpyra Ha ¢insTpoBoMy KoHAeHcaTopi [TAD.

Nonlinear
C, | B
Load n

5|
Inverter

Jf@s J@S Id==Cdc

[Tpu mobynoBi CK ITA® HeoOximHO BUpINTyBaTH Taki 3a1adi: TCHEPYBaHHS 33/IaHHS CTPyMY
KoMneHcauii 3 6axaHuMu napamerpamu; ¢popmyBaHHA [TAD-oM 1[BOTO KOMIEHCALIHHOTO CTPYMY,
SKUI 1HXKEKTYBAaTUMETBhCSI B MEPEXy; MIATPUMAaHHS Takoi BeIMUMHU Uy, fKa HEOoOXigHa Iyid
dbopmyBaHHS cTpyMmy [4].

SIKmIo BBaXkaTH, 110 HE BCi 3MiHHI CTaHy CXeMH Ha pUC. | TOCTYIHI JUIsi BAMIPIOBaHHS, TO B
3araJlLHOMy BUNAJKy JUIsl KOHCTpytoBaHHs cucteMu kepyBaHHs (CK) ITA® noTpi6HO BUMiproBaTu
B peabHOMY 4aci 3ajJeXHO Bif oOpaHoi cTparerii kepyBaHHs BedMIMHHU Uy, Igi, 11 I, U, 1s T2
4acTOTY MEpeXi , MapaMeTpu HAaBaHTAXXECHHS Ta MEPEeXi >KUBJIEHHS BBaXKAIOTbCS HEBIJOMHUMH, a
napametpu Ry, Ly ta Cy. ITA® — Binomi. Tomy Taki CK MokHa BijHECTH 10 Kjlacy KOMOIHOBaHUX,
KepyBaHHS B SKHX BiJI0YBa€ThCS K 3a BIIXUICHHSIMU, TaK 1 32 BUMIpIOBaHUMU 30ypeHHsIMU. biok-
cxema onHi€l 3 MOKIMBHUX CTPYKTYp Takoi CK [TA®D ckansipHOTO THITY Ma€ 3arajlbHUi BUIIISA, IKAN
300pa)keHO Ha pHC. 2, e MPUIHATO TaKi MO3HAYeHHA: abc—afl Ta af/— abc — NaHKU IEPETBOPEHHSA
KOOpAWHAT, abc—mt — NaHKa BU3HAYCHHS KyTOBOTO PO3TAIIyBaHHS MPOCTOPOBOTO BEKTOpa Ha-
npyru Ug; ¢insTp HebGakaHuX 30ypeHb y curHani Ai.s CKIaJOBOI 3aJaHHS CTPyMy, @ TAaKOX IOKa-
3aHO PETYNIATOPH CTPYMy Ta BEJIUYMHU IMOCTIMHOI HANpYTH; PENCiHI eIeMEHTH 3 TiCTePE3UCHOIO
XapaKTepPUCTUKOIO, sIKi (hopMytoTh curHanu IGBT-kmouamu iHBepTOpA.

OpnHi€r0 3 BUMOT 10 KOHTYpPY KEpYBaHHS MOCTIMHOIO HANpyToO JIAHKHU, 3 SIKOi (hOpMy€eThCs
amIuIiTyna Aiy.r OMHIET 31 CKIaAOBUX CUIHATY 3aaHHs CTPYMY, € MiHIMalbHUI piBeHb (a0 MOBHA

Puc. 1
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BIICYTHICTB) y IIbOMY CHTHajJi KOMIIOHCHTIB TMEpeXigHUX TPOIECiB, 3apa3oM 1 TapMOHIK
(dbyHIaMEHTaIBHOT YacTOTH ® (4acToTu Mepexi) [7]. HacTkoBO Taki BUMOTH 1100 miaTpuManHs Uy,
MOXXHAa 3aJIOBOJIbBHUTH 30UTbIIEHHAM €MHOCTI KoHaeHcatopa Cg. IIpoTe 3HauHe 301MBIICHHS
emHocTi Cyz HE € TPUAHITHUM [UISIXOM, OCKUIBKM Yy IIbOMY BHITAJKy 3HAYHO 3POCTAIOTh
MacorabaputHi nokasHuku [TAD. BBaxkaeTbcsi TakoXK, 10 KIOYOBUM IMAPaMETPOM, 32 JIOTTOMOTOIO
SKOTO MOKHA BIUIMHYTH Ha pO3Max IyJbcalii MOIYNALINHOI CKIaJ0BOi HANMpyrd B TOUYKaX
npuenHanHs [TAD no mepexi, € IHAyKTUBHICTh RL-QuibTpa. 30UIbIIEHHS Ly 103BOJISE 3MEHIINTH
BEJIMYMHY BIIXWICHHS, MPOTE MPHU I[HOMY BIJIIOBIIHO 3HMXXYETHCS HOMEp HAWBHIIOI TapMOHIKU
CTPYMIB HEJIHIMHOTO HaBaHTaxeHHs, ki [IAD 3maren xommencyBatu. OKpiM  IHOTO,
CHOBUIbHIOEThCS MBUAKOMIS [IAD, a HOCATHEHHS KOMIIPOMICY HE 3aBXKIU € MOXIUBUM a0o
MPUHHATHUM 3 TOYKH 30pY 30UTbIIIEHHS MacorabapuTHUX Moka3HUKiB [TAD.

OCKibKH XapaKTEPUCTUKH KOHTYpPY KEpyBaHHS HAMpyrow Oe3mocepeHbO BIUIMBAIOTH HA
mBUAKICTh peakiii [TAD Ha cTpuOKonomiOHy 3MiHYy HaBaHTa)K€Hb, TO, OKPIM ITHUPOKO PO3IMOBCIO-
mxeHoro [1l-perynsTopa [8, 9], 3acTocoByrOThCs i iHIN TEXHI4HI pimieHHA [5—7], mepeBaru Ta He-
JOJIIKHM SIKUX BigoMi. OKpiM TpaguIliiHOTO KOHTpoJiepa 3 mianeHbkuM [ll-perymstopoMm Hampyrw,
3aCTOCOBYIOTBHCSI KOHTPOJIEPH 3 PO3pUBHUM KepyBaHH:M [10, 11]. 3acTrocyBaHHS KOB3HOTO peXUMY
TIEPIIIOTO MOPSIKY MPHU BiJICIIIKOBYBaHHI HANPYTH HA KOHACHCATOP1 3aTHE 30UTHIITUTH MIBUIKOIO
[TA® [12]. Bennuuna Uy Mae OyTH TOCTAaTHBOIO JUIS TOTO, 100 YMOBH iICHYBaHHSI KOB3HOTO PEXH-
My B KOHTYpPi CTpyMy BHKOHYBAJIHUCH Yy BCiii poOouiil o0macti cuctemu kuBiieHHs. Ha Biaminy Bifg
i7IeaIbHUX YMOB, 32 SIKMX BBa)XaeTbCs, M0 aMIuIiTyaa Uy 3MIHIOETHCS JOBOII MOBLIBHO, B pPealib-
HUX CHUCTEMax ISl HampyTra He MOke OyTH 1/1ealIbHO 3IVIaHKEHO0, OCKIIbKH eHepris 3 eMHOCTI Cye
BHUKOPUCTOBYETHCS /I KOMIICHCAIlli CTIOTBOPEHB BiJl HENMIHIHHOTO HAaBAaHTAXCHHS Ta MiATPUMKH
Koe(ilieHTa MOTYKHOCTI. Xoua B cepeqHboMy MoXUOKa HANPyTu 8y= Ugerer - Uye B yCTaIEHOMY pe-
KHMI € BEJIMUNHOIO HE3HAUHOIO y MOPIBHAHHI 3 Ugere Y HIM MOXKYTH MaTU Miclie 30ypeHHs, 00yMo-
BJICHI XapaKTepoM HaBaHTa)KE€HHS. ToMy Ul MPUTIyMIICHHS Mapa3uTHUX CKJIaJOBUX 30ypeHHSs, Ha-
SIBHUX Y BUXITHOMY CUTHaMI peryastopa Uy, y pi3HUX TEXHIYHHUX PILICHHSAX 3aCTOCOBYIOTHCS J0/1a-
TKOBI 1HTETPATOPH, OJTHO- Ta JBOJIAHKOBI (D1IJILTPU MEPIIOTO MOPSIIKY, PE30HAHCHI JIJAHKK a00 (HUTbT-
pu OinbIn ckiagHol cTpyKTypH [13, 14], HaSIBHICTD SIKMX BPaxOBY€THCS MPH IMITallIHHOMY MOJEIIO-
BaHHI Ta €KCTICPUMEHTAIBHUX JIOCIIKSHHSX.

Meta pobotu nossirae B moOynoBi Takoi crparerii kepyBanHs [IAD, sika 3abe3neuye miarpu-
MaHHsI OJJMHUYHOTO KOe(illi€HTa MOTY)XKHOCTI Ta MiHIMI3y€ BIUIMB HETIHIHHOTO HAaBaHTAKEHHS Ha
TapMOHIYHUHN CKIIaJ CTPYMY, SIKMH CIIOKUBAETHCS 3 MEPEXi KHUBJICHHS, 30epiraioun rnpu oMy BH-
COKY IIBHIKO/IIO Ta TOYHICTh, TPUTAMaHHI CHCTEMaM KepyBaHHs, 110 po3p00IeH] 3 BUKOPUCTAHHSIM
METO/IiB TEOPii CUCTEM 31 3MIHHOIO CTPYKTYPOIO (KOB3HUX PEKUMIB).

Po3B 'si30k. KomneHncyroui ctpymu, siki iHXKEKTYIOThCsl [TAD, mMoxyTh OyTH ommcaHi 3a
JI0TIOMOT010 cucteMu audepenuiansaux piBHsaHb (CIP) y cucremi koopauHar o-f:

ilfa :_Rilfa _LUga +Udc U fo (1)
dr | LBl LyUgp| Ly usp
ne lpp — KOMIIOHEHTH JIBOBHMIPDHOTO BEKTOpa KOMIIEHCALIMHOIO CcTpymy; U,,p — KOMIIOHEHTH

JIBOBUMIPHOTO BEKTOpA HANpPYTHM Mepexi >KuBineHHs; R~=R,=Rp, L/~=L,=Lg — akTUBHUI omip Ta
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IHIYKTHBHICTh Ha Buxozi iHBepTopa ITAD; 1y, s — KOMIIOHEHTH ABOBUMIPHOTO BEKTOpa KEpyBaHHS,
SIKi BHACJTIIOK HasIBHOCTI KJIFOYOBOTO TIEPETBOPIOBAYA MIPUPOIHO € PO3PUBHUMH.

3Bakaroud Ha Te, 1IJ0 MUTTEBI BEJIMYUHU CTPYMIB, HasiBHI B IHAYKTUBHOCTAX (LIBTPA, BUKO-
PUCTOBYIOTBCS JUIsl YTPUMaHHS Takoro piBHS mocTiiHOi HanpyTu Uy, SIKUH J03BOJSIE TEHEPYBaTH
KOMITEHCAIlIiHI CTPyMH HEOOX1THOI aMIUTITyAH, AJS JJAaHKU TMocTiiHoro ctpymy ITA® e cnpasen-

JIMBUM PIBHSHHS
T
dUg, 1 1

dt Cac Cac

Ifa Ucao

, (2)
Iyp| |uep

€ Ucq,p — KOMIIOHEHTHU JIBOBUMIPHOTO BEKTOpA KEPYBaHHs, sIKI HE TOTOXKHI Uy z 3 (1).

Ockinbku (azosi mBuakocti B CIAP (1) Ta (2) icTOTHO BiAPI3HSAIOTHCS, IPH CHHTE31 Kepy-
BaHHS MOXHA BJATUCh JI0 NMPHHLUMY JeKoMNo3uuii pyxiB [15, 16] 3 BUKOpHCTaHHIM MPUPOTHUX
BJIACTUBOCTEH 00’€KTa, B T.4. 3a JOTIOMOTOIO PO3PUBHOTO KepyBaHH: [16]. B ocHOBI Takoro migxomy
JCKUTh PO3JUICHHS BEKTOpa 3MIHHUX CTaHy Ha IPylH KOMIIOHEHTIB Ta MOCIHIIOBHE IXHE BHUKOpPHC-
TaHHS B SIKOCTI KEPyIOUMX BIUIMBIB. 3a/1adqy MpsMOi KOMITeHcarlii 30ypeHb BHACIIIOK HAsIBHOCTI He-
TiHIHHOTO HABAHTA)KCHHS BUKOHYE KOHTYD CIIJKYBaHHS 3a CTPYMOM 3 KEPYBAHHSM Uf,p, @ 3ajady
HiATPUMAaHHS YMOB iICHyBaHHs KOB3HOTO pexxumy B CIIP (1) BUKOHY€ KepyBaHHS Uq p.

CuHre3 peryasTopa HAanpyru. 3apaauTu npobiaeMi, sKa BUHUKAE BHACTIIOK CYTEPIIO3UIIiT
B 3MIHHIN /; KOMIEHCYIOUOTO CTPYyMy Ta CTPyMY 3apsijia HaKOIUYyBaJIbHOTO KOHAEHCATOpa, MOXe
miaxig, skuid BUKopucTaHo B [17] mist pereHeparuBHOro Bumpsimisiva. Llei minxin monsarae B
IHIIIFOBaHHI KOB3HOTO PEXUMY JIPYyroro mopsaky s crabimizamii Uy TUISIXOM BBEIEHHS
QITOPUTMIB «CKpPY4yBaHHs» ab0 «IOABIMHOTO CKpy4yBaHHS» (B AHIIOMOBHIHM JiTeparypi BOHHU
orpumanu Ha3Bu Twisted Ta Super Twisted Algorithms, ckopoueno STA [18-20] a6o STW).

3amis 30UTbIICHHS MIBUAKOAIT 0a30BOTO BapiaHTa pPEryisTopa 3 alrOPUTMOM IOJBIHHOTO
ckpyudyBaHHs [18, 21] A0MOBHUMO HOTO MOJaHKOM -10y. Moau(ikoBaHUN TAKUM YHHOM aJITOPUTM
MaTuMe BUIIISA

Ay ==y sign (3 ) +v-ndys < =—asign(3,). ()

1 32 BUKOHAHHS YMOB Ai,ef| <y, 1+ vi<vy,m | du | <y Ta n,y>0 3abe3mevye aCHMITOTHYHY CTIUKICTh
y METpPHUL TOXUOKH | du | + | doy /dt | KOB3HOTO PEKUMY JIPYyroro nopsaky [21].

Cunre3 peryasitopa ctpymy. OCKUIBKH BiJ] XapaKT€pPUCTUK KEPyBaHHS CTPYMOM 3HAYHOIO
MIpOIO 3aJIeKUTh 3arajibHa e(heKTUBHICTh poOotu [TAD, TO icCHY€e TOCUTH BEIHMKA KUIbKICTh TEXHIY-
HUX pilieHsb [22], mepeBaru Ta HeIOMIKU SKUX BigoMi. BuOip Ti€i uum 1HIIOT cTparerii KepyBaHHS KO-
HTYpOM cTpyMy Oyne oOyMOBICHHMI MPIOPUTETHICTIO BUMOT 110 xapakTepucTtuk [IAD. [Ipumycose
BBEJICHHSI KOB3HOTO PEKHMMY 3/aTHE 3a0E3MEYUTH BHCOKY IMIBHUAKOAIIO [23] mpu ciiakyBaHHI 3a
KOMIEHCALIHHUM CTPYMOM, TOMY BBEIEMO JBOBHUMIPHHUI BEKTOp HOro MOXMOKH 3BUYHHM YHHOM
Oup=lfiefap-Lfops Ifefo,p — 334aHHS IBOXKOOPIMHATHOIO BEKTOpa KoMIEHcaliiHoro crpymy ITAD.
Xoda B cHCTEMi 3 OJHOJIAHKOBUM RL-(DiasTpoM MOKHA 3a0e3rneunTu Oa)kaHWil XapakTep pyxy 30-
Opax<yro4oi TOUKH 32 PaXyHOK KOB3HHMX PEXKHMIB MEPUIOTO MOPSIIKY, BUKOPUCTOBYIOUHU JIUILE Bij-
XHUJICHHSI BUX1HOI KOOpAUHATH [23], BBaXKAETHCS, IO OUIBIN CKJIa/JHA MOBEPXHS KOB3aHHS 37aTHA
MOJIIIIINTH XapaKTePUCTUKU KOHTYPY cTpyMy. BpaxoByrouu 1ie npumyIieHHs, Bupa3 AJjisg IBOBUMIp-
HOI MOBEpPXHI KOB3aHHS B MIANPOCTOPl MOXMOOK MOXHA 3allUCaTH B CUCTEMI KOOpIUHAT 0-f y BH-
mAal JIHIAHOT KoMOiHaIi moxuOKM Ta 11 MOX1iIHOT

Sap=0up +T10p> 4)
Jie T | — CTaJa, sika BU3Havae 0akaHy IIBHJIKOJIIIO peakilii Ha 30ypeHHsI Ta TOUYHICTh BiANpPAIFOBAHHS.
Ockinbku Oa’kaHUI BEKTOP KOMIIEHCAIIITHOTO CTPyMY MO)KHA BU3HAYHUTHU SIK

T . . . T
‘Ifref-a,lﬁefﬁ‘ = I:Alref coswt =1, A, smwt—le ,

ne Al — aMILIITyAa 3aJaHHs CTPYyMY, 33 PaXxyHOK sKoi popmyerbest Uy Take, o |Uge|>3/2-sup|Uy|;
® — KpyroBa 4acToTa MEpEexi, 3 ypaXyBaHHSIM MPUHIIMITY JEKOMIO3MILIi 32 TEeMIaMU PyXiB y CHC-
TEMI, SIKILO MPUITYCTHTH, O Uy, 3MIHIOETHCS HA0AraTo MOBUIBHIILIE, HIXK /r, MOXKHA BUKIIIOUUTH I1O-
X1/1HI KOMIIOHEHT 3aJlaHHs 3 (OpMyIH (4), 110 1aCTh MOXJIUBICTh 3alIUCATH:
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Sq =86 —T (0 — 115 ):  Sp=8p+7 (wdiy +1p), (5)

ne Ai,= Ai,cos ot, Aig= Ai,.Sin of BIIIOBIIHO.

VY enextpuuHiii cxemi (puc. 1) HeMae MOXIJIMBOCTI 0e3MOCEpeHOr0 BUMIPIOBAHHS
KOMIIOHEHT ILa,ﬁ, a 1/eaibHa omepallisi B3SATTSA MOXIAHOI IOAO CHUTHANIB CTPYMy HE MOXe OyTH
peainizoBaHa ¢izu4HO [24], ToMy, 11100 HE MEPEXOAUTH JO JUCKPETHUX CHCTEM, BUKOPHCTOBYIOTH
HaOmwkeHi GpopMysu, HAUTPOCTIMHMIA BUTIISAA OAHIET 3 SIKUX Ha 1HTEpBajaxX HEMEPEPBHOCTI MOXKHA
OIMCATU TAKUM PIBHIHHSIM:

%ILG’B zi—?(lﬂzjlm,ﬁdt)_l, (6)

ne T >> 1; >0 — KOHCTaHTa, Ky B €-OKOJI1 TOUYKH PO3PUBY CIIiJI 3aMIHUTH CTaJIO T,/€, T/> €>0.

[Ticas poOTro 3acTOCY€EMO CcTparerito mpsimoro kepyBanHs [13], sika mependadae BUMipIOBaHHS
Ta BUKOPUCTAHHS [14p 3aMICTb [y, 1 nepenuiemo (1) 3 ypaXyBaHHSIM HEPEXOay J0 CTPyMy MEpexi
Loo =110, -1f0, p y BEKTOPHO-MATPUYHOMY BHIVISAL]

d IgOL Ig(x Fa(t)
t

Elg(x =az; L +as; FB( )

ne as=(RR)/(Li+Ly), ass=1/(Li+Ly), Fop(t)=(Egup +RALap+Ld1,p) — 30ypenns, sike € obmesxke-
HUM, u=-a3Uq[ sign(S,), sign(S/;)]T.
VY pe3ynbTari OTpUMYEMO PIBHSHHS BUILY

; (7)

g

-1 -1
Sy =84 — 11| 0,45 —1—2(1”2 [Tradt) s S=0p+7 | 0y, +Z—2(1+1:2 [1gat) | ®)
1 1

10 J]a€ MOXKJIMBICTh BUKOPUCTAHHS MOBEPXHI KOB3aHHS (8) 3amMicTh (5) Ta Aa€ 3MOTY YHUKHYTH 3a-
CTOCYBaHHS OIeparlii mpsMoro oOYMCICHHS MOX1HOI, SKa B 17eai He MOXke OyTu peasizoBaHa (]i-
3u4HO [24], a Ui mporpaMHoOi peasnizaiii HaBiTh CyYaCHUMU IU(PPOBUMH CUTHAIBHUMU IPOLIECO-
paMHu € BKpail ,,HEIPUEMHOIO .

Pesyabratn MoaenoBaHHA. OCKUIBKM CHHTE3 PETYJISATOPIB MPOBOIUTHCS 3a MPHUITYIIEHb
ineanpHOCTI CK Ta crimoBoi cxemu, HeoOXigHA MepeBipka HAICKHOTO (PYHKITIOHYBAaHHS CHCTEMH 3a
YMOB, SIKi BpaxoBYIOTh AMHAMi4HI HeifeanbHOCTi. [ 1boro po3poOieHo iMmiTauiiiHy MOIelNb
cuctemu 3 [TAD, Ha skiii mpoBeneHo nudpoBe imiTalliiHe MoaenoBanHg. Ha puc. 3—5 HaBeneHo
MIPUKJIaN PE3ybTaTiB U(POBOTO MOJCTIOBAHHS JUIS TAKMX ITapaMEeTPiB CUIOBOI YACTUHH CUCTEMH:

— TpudaszHa Mepexka kuBieHHs Hanpyrowo Uy =230B Ta yactortoro 50 I'n, iHIyKTHBHICTb Ta
AKTUBHHH OITIp SKOT O0UHMCITIOIOTHCS, BUXOASYH 31 CTpyMiB K3 /=2 KA Ta cos@=0.1;

— 3agaHHs Hanpyru Uy, = 690 B 3 nomycTumMoro noxuodkoro | 6U| <v,=0.1;

— €MHICTh KOHJEHCATopa OOYUCIIOETHCSA, BUXOISYM 3 BEJIUYMH HOMIHAIBLHOTO HENiHIHHOTO
HaBaHTaXXEHHsI, a00 OepeThes cepiiinoo Cy=3300 Mrd;

— BUXIIHUH QUIBTp 3 apoceneM, MajliHHA Hanpyru Ha skoMy He mepeBuinye 8 % (50 I'n) Ta
HOMiHaJNbHUM cTpyMoM 32A (inaykTtuBHicTIO L=1.8 MI'H Ta onopom R=0.06 Om);

— TapaMeTpH JIHIMHOTO RL-HaBaHTa)KEHHS BHPAXOBYIOTHCS, BHXOASYM 3 33J[aHUX BEIUYUH
nmoBHOT OTYHOCTI 10 KBA Ha HOMiHaNBHIN HaMpy3i Ta 4acToTi Mepexi 3 cos@=0.5, i JOPIBHIOIOTH
R=31.74 Om, L=5.85 mI'&;

— TapaMeTpH aKTHBHOTO R-HAaBaHTA)XCHHS BHPAXOBYIOTHCS, BUXOISYM 3 3aJaHUX BEIUYUH
noBHOT moTy>xHOCTi 10 KBA, Ha HOMiHaJBHIN Hanpy3i JOPiBHIOIOTH R=14.49 OmMm;

— TapaMeTpu HemiHiitHOTro HaBaHTaxeHHs Bianosigatots [IY DANFOSS 3 P,,,=7.5 kBT;

— koeiuient Hecumerpii U,/U,<<0.1.

[Tapametpu CK Ta HanmamTyBaHHs KOE(III€EHTIB PEryIsTOPIB:

— A=V2, 0=V2/ Cy, T2 =480, 1,=1/36/w;

—  insTp Yebumena II-pomy 3 yactoramu ©;=5m, ;=7 Ta areHtoamiero -401b Ha 9acToTi 6.

Jlns  TOpiBHSHHS ~ HaBeNEHO pe3yabratd ans  TpaguuidHoro  Ill-perymsaropa 3
HaJIAIITYBaHHIMH, SIKI HAOMIKAIOTh mporec A0 anepioguanoro wCy., Cy/4 a)z, MIPOIOPIIIHOT Ta
IHTErpanbHOI YaCTUHU BIAMOBITHO.
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Puc. 3
n
§ i § Fundamental {50Hz) = 44.35 , THD= 2.97% Fundamental (50Hz) = 44,20 , THD= 3.04%
. — T T T T T T T T T T
o4
0,35
. BEmr
E 02 1 £
: :
"‘i 018 1 5
! o E 400 L B0 1000 L 1 toatot) R 2000 0 0 40 500 B0 1000 1200 100 1800 1800 200
Frequency (Hz) Frequency (Hz)
Puc. 4

Ha puc. 3 a maBeneno rpadiku Hanpyru Uy, TOXUOKH Hanéﬂmef Oy, CHUTHAJI BUXOIY
perynstopa Ai,,r 3 KepyBaHHAM (4) Ha Tpbox iHTepBanax: [0, 0.03] ¢ — niHiiiHe RL-HaBaHTa)KEHHS,
Ha inTepBami [0.03, 0.11] ¢ — BMUKaeThCs HENiHIMHE HaBaHTakeHHs, a Ha [0.11, 0.16] ¢ go HUX
JI0Aa€ThCsl akTUBHE R-HaBaHTaxkeHHs. Ha puc. 3 6 rpadiku mia tux camux 3miHHux ains CK 3
rpamuuiianM4II-peryasropom. Y 060X BHIAmKax CIIKYBaHHS 3a CTPYMOM BinOyBaeThcs 3
BUKOPHCTaHHSIM NoBepXoHb KoB3aHHA (8). Ha puc. 3 B Hanpy3i Uy MOMITHI apa3uTHI TapMOHIUHI
CKJIQJIOBI 3 qaCToG)fo 60, IKi BXKe Bi}(}m Ha BUXO.I peﬁynﬂTopa @IAI@H Alye) . 0 . 1 5 C

JlocmipKeHHS 32 JOMOMOTOI0 IMITaIiiiHOT Moaeni miarBepauay, mo CK 3 acuMITOTHYHUM
aJTOPUTMOM CKPYYyBaHHS IMOKa3y€e OUIBINY IIBUIKOII0, HIXK Tpaautiitaui [1I-perynsatop.

Ha puc. 4 HaBeeHO CHEKTpaNbHUMN CKIJIAJ] CTPYMY MEpEXi IICs 3aBEpLICHHS MEPeXiIHOro
nporiecy npu po6oti TpaaumiitHoro Ill-perynstopa (a) Ta 3anpornoHoBaHOTO KepyBaHHs (5) (0) y
BHIIJIKy KOMOIHOBAHOTO HABAaHTA)XCHHs (HEINiHIIHE Ta JiHiliHe RL-HaBaHTAKEHHS).

A 4o
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Ha puc. 5 naBeneHo orpumani rpadiku CTpyMy Mepexki, KOMIIEHCAIIHHOTO CTpyMy Ta
CTpYMY HENiHIHHOTO HaBaHTAKEHHS JIJIsl 3alPONOHOBAHOTO KEPyBaHHS (5) Ta KOB3HOTO PEKUMY B
KOHTYPI CTPyMY 3 MOBEPXHSAMHU KOB3aHHS (§).

30inpmenns mBuakoil ITAD na maitke 40 % mpusseno no 30inpmenas THD Ha Benmnmunny
0.07 %, npoTe 3HU3MIIO aMILTITyau 5-i Ta 7-1 rapMOHiK y nopiBHsAHHI 3 [1I-perynstopom, 3MicTUBIIN
MakcumyM y Oik 11-i Ta 17-i.

BucnoBku. [linTBep/keHO TEOPETUYHE MPUIYIIECHHS, IO IPUMYCOBE BBEICHHS B CHCTEMY
kepyBaHHA [TAD KOB3HOTO PEeKUMY 3[aTHE MiABHIIUTH IIBUAKOIIIO TOPIBHIHO 3 PETYISATOPAMH,
SIK1 MaIOTh IVIa/ICHBbKY XapakTepucTUKy. [lokazaHo MOXKIIMBICTh peanizallii cTparerii CiiKyBaHHS 3a
KOMICHCALIHHUM CTPyMOM, B SKId [ OOYMCICHHS TOBEPXHI KOB3aHHS BHUKOPHCTOBYETHCS
nmoxuOka CTpyMmMy Ta ii MoxijgHa, BU3HAUCHA 3a CHPOIICHOI Gopmyior. Bukopucranas ¢inerpa
YeOumieBa apyroro poay MiHIMI3yBajlo BIUIMB HAsBHHUX Yy pEalbHIM CHCTEMi Mapa3sUTHUX
TapMOHIYHMX CKJIQIOBHX (yHIaMEHTaJIbHOI YAcTOTH B HANpy3i Ha HAKOMHYYBaJbHOMY
KOHJICHCATOP1 Ha 3aJaHHs Ta (opMyBaHHs KOMIleHcamiiHoro crpymy. [lokaszaHo, 110 3acTocyBaHHs
QITOPUTMY ACHMITOTHYHOTO CKPY4YyBaHHS Ha 0a3i KOB3HOTO PEKUMY JIPYToro MOpsIKy B KOHTYpi
CIIJKYBaHHS 3a HAlpyrold HE TEHEpye HEOYiKyBaHMX KOJMBAJIbHUX IPOLECIB, BIACTHBHUX
PEryIATOpaM 3 KOB3HUMH PEKHUMAaMH MEPIIOTO TOPSIKY.
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VK 621.314.58

YBEJIMYEHMUE BBICTPOJAENCTBUSI KOHTYPA OTCJEXKWUBAHUS HAITPSI)KEHU S
HAKOIIUTEJIbHOI'O KOHAEHCATOPA TPEX®A3HOI'O ITAPAJUIEJIBHOI'O AKTUBHOI'O ®UJIBTPA
K.I. Jenucenko, I.C. Kytpanb, B.O. Jlecuk, T.B. MbIcak, KaH7. TeXH. HAyK

Hucrutyt anexkrpongunamuku HAH VYkpaunsl,

mp. [To6ensr, 56, Kues, 03057, Ykpauna

Paccemampusaemes ynpagnenue mpexgasnvim napaiieibHblM aKmMUGHsIM (QUIALINPOM, KOMOPLLL UHICCKMUPYem KoM-
NEeHCAYUOHHBLI MOK 6 cemb nompebumens, UMelowel UCKANCEHUs NAPAMEmMPO8 INLeKMPOIHEPSUU 6CIEOCMEUe HATUYUSL
HenuHelHou Hazpysku. Quibmp cocmoum u3 noaynpoSOOHUKOB020 UHEEPMOPA HANPSIICEHUS, eEMKOCIMHO20 HAKONUMEISL
u 00HO38eHH020 RL-ghunempa. [Ipogedena oexomnosuyus 06veKma Uccied08aHuUsl N0 MEMNAM OBUNCEHUL OUHamMude-
cKoll cucmemvl. J{8yMepHAsL NOBEPXHOCHb CKONbICEHUSL AGNACMCA TUHEUHOU KOMOUHAYUel KOMNOHEHMO8 O8YMEPHbIX
8eKMOpPo8 nocpewiHocmu moka RL-gpurempa u 08ymepHOU nepeMeHHOU, NOTYYeHHOU nymem 6e0eHUsl @ CUCHEMY
CKONb3AUC20 PEHCUMA BMOPO20 NOPAOKA, NPU BO3HUKHOBEHUU KOMOPO20 IMA NEPEMEHHAS. CINAHOBUMCSL IKEUBALCHINOM
nepeoil NPou3B00HOU no2pewnocmu moka. Jis cmabuau3ayuu ROCMOSHHO20 HANPANCCHUS HAKONUMENS UCHONb306AH
MOOUPUYUPOBAHHBLIL AN2OPUMM CKDYUUBAHUS, 0DECNeuusaiowull AcCUMNMoOmMu4eckyio ycmouuueocmo. Bo usbexcanue
GUAHUSL BOIMYUCHUL 8 6UOE 2APMOHUHECKUX KOMNOHEHMO8 bINPAMICHHO20 HANPANCEHUS HA NAPAMEmpPbl KOMNEHCU-
PYIOue20 moka KOHmypbl YNpasieHus NOCMOSIHHO20 HANPINCEHUS U MOKA CEA3AHbL MeHCOy COOOl ¢ UCNONb306aAHUEeM
Gunempa Yebviwesa 6mopo2o pooa. J{is noomeepicoOenusi meopemuyeckux 6b160008 NOCMPOCHA UMUMAYUOHHAS MO-
0enb U NPOAHANUUPOBAHBL  Pe3yTbMambl YUPPOSHIX IKCREPUMEHMO8. Boinonneno cpasHenue npeonodicentoil cmpame-
euu ¢ mpaouyuonnvim IH-pecynuposanuem no Kpumepusm npoooIiCUMeNbHOCIU RePexoOH020 npoyecca i Kodpgu-
YUEHMA 2apMOHUYECKUX UCKANCEHUTI 6 TMOKe, KOmopblil nompebnsemcs u3 cemu. bubmn. 24, puc. 5.

KiwueBble ¢JI0Ba: mNapaulelibHBI  aKTUBHBIA  (UIBTP, CKOJB3SIIUA PEXUM, [OBEPXHOCTh  CKOJBXEHHUS,
KOMIIEHCAIMOHHBIH TOK, IEKOMIIO3HUIIHS JIBUKEHUH, OBICTPOICHCTRIE.

INCREASING THE SPEED OF THE TRACKING VOLTAGE CIRCUIT OF A THREE-PHASE PARALLEL
ACTIVE POWER FILTER STORAGE CAPACITOR

K.I. Denisenko, L.S. Kutran, V.O. Lesyk, T.V. Mysak

Institute of Electrodynamics of the National Academy of Sciences of Ukraine,

pr. Peremohy, 56, Kyiv, 03057, Ukraine

It’s consider the control of a three-phase parallel active filter, which injects a compensating current into the distributed
power supply network, due to the presence of a nonlinear load in which there is a distortion of the power parameters.
This filter consists of the semiconductor voltage inverter on fully controlled switches, the capacitive storage and the RL-
filter. The decomposition of the object of study according to the rates of motion of the dynamic system was performed.
The two-dimensional sliding surface is a linear combination of the components of the two-dimensional compensation
current error vectors and the first derivative error of this current. To increase the performance of the DC voltage form-
ing process, the modified twisting algorithm to provide asymptotic stability was used. In order to avoid the effect of
disturbance in the form of harmonic components of the rectified voltage on the compensating current parameters, the
DC voltage and AC current control circuits using a second-mode Chebyshev filter are connected. To confirm the theo-
retical assumptions, a simulation model was constructed and the results of digital experiments were analyzed. The com-
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parison of the proposed strategy with the traditional Pl-regulation by the criteria of the duration of the transition proc-
ess and the harmonic distortion coefficient in the current consumed by the network is made. References 24, figures 5.
Key words: Shunt active power filter, sliding mode, compensating current, sliding manifold, movies decomposition.
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