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MHOroypoBHEBbIil KaCKaJIHbII NMpeodpa3oBaTe/ib YACTOThl € CHJIOBBIM MOCJI€10BATEIbHBIM
aKkTUBHbIM QuiabTpoM / A. A. lllaBéaxun, A. B. Xanun // Bicauk HTY «XIII». Cepist: HoBi pimenns
B cydacHHX TexHojorisax. — X. : HTY «XIII», — 2013. — Ne 18 (991). — C. 46-51. — Bi6miorp.: 5 Ha3B.

PosrnsiHyTa cxema 0araTOpiBHEBOTO KacKaJHOTO MEPETBOPIOBAaYa YacTOTH, KOXKHA (haza SKOTo
MICTUTh YOTHPH OJHO(DA3ZHUX 1HBEPTOPU HANPYIH IPU KPAaTHOCTI Hampyru ixHix mxepen 3:3:3:1. Ipu
I[bOMY IHBEPTOPHU 3 OLTBIIOI HANPYTOIO BiAMPAIlbOBYIOTh 337aHy HANPYTy 3 BUKOPUCTAHHAM OaraTopis-
HEBOI IIUPOTHO-IMITYJILCHOI MOJYJIALT, @ IHBEPTOP 3 MIHIMAJILHOIO HAlIPYT'OK0 BUKOPUCTOBYETHCSA SIK CHU-
JIOBUH MOCITIJOBHUM aKTUBHUHN (PLIBTP, IO BIANPALbOBYE HANPYTY MOXUOKH.

KurouoBi cjioBa: GaraTopiBHEBUI NIEPETBOPIOBAY YAaCTOTH, CUJIOBUI aKTUBHUMA (DIIBTP, aBTOHO-
MHHH 1HBEpTOp HANpyry, OaraTopiBHEBa MUPOTHO-IMITYJIbCHA MOJYJISIISL, TAPMOHIYHUM CKIIaf, Koedi-
I[IEHT TAPMOHIK.

The scheme of the multilevel cascade converter of a frequency which each phase contains four
single-phase inverters of a voltage at the attitude of voltages of their sources 3:3:3:1 is considered. Thus
of the inverter with a greater voltage form a preset value of a voltage with use of multilevel pulse-width
modulation, and the inverter with the minimal voltage is used as the power consecutive active filter, ful-
filling a voltage of a mistake.

Keywords: multilevel converter of frequency, power active filter, the independent inverter of a
voltage, multilevel pulse-width modulation, total harmonics distortion, harmonious structure.
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BBICOKO?®®EKTUBHBIN UCTOUYHUK ITUTAHUSA C PEJEMHBIM
YIIPABJIEHUEM

[TpuBeneHs! pe3ynbTaThl MOAEIMPOBAHUS PEKUMOB PaObOThl BHICOKOA(P(PEKTUBHOIO MCTOYHHUKA MHUTA-
HUS C pesieliHbIM yrnpaBieHueM. [loaTBepaeHbpl UHBAPUAHTHOCTh UCTOYHHMKA K JICHCTBUIO BO3MYILE-
HUM, €ro BbICOKas CTENEHb 3JIEKTPOMAarHUTHOW COBMECTUMOCTH C CEThIO U IIMPOKHE (PYHKI[MOHAIbHBIE
BO3MOKHOCTH.

KiroueBble cjioBa: BbICOKOA((EKTUBHBIN, penieiiHOe yrnpaBieHHWe, HHBAPUAHTHOCTb, AJIEKTPO-
MarHMTHas COBMECTUMOCTh, HCTOYHUK TOKA.

BBenenmue

Peub uner o cnenuduueckoli cucreMe mpeoOpa3oBaHUs MapaMETPOB dJICKTpUYE-
CKOM PHEPIHH, pealln3yIoIIel PeXKHUM HCTOYHKMKA ToKa (I1=const).

[TockonpKy coBpeMeHHbIE MPeoOpPa30BaTEIbHBIE CUCTEMbl HaXOISITCS B YCIOBHSIX
MOCTOSTHHO JICUCTBYIONIMX HAa HUX PA3JIMYHOTO POJia BO3MYIIEHHM, a TaKKe BMECTE C
MOTPEOUTEIEM OHM SIBJISIFOTCSA B OOJBIIMHCTBE CIIy4aeB I€HEPATOPaMU BBICIIMX TrapMo-
HUK B C€Th, TO JIOCTM)KEHHE WHBAPUAHTHOCTH K JCHCTBHUIO BO3MYIIEHUM U BBICOKOM
CTETICHU DJIEKTPOMAarHUTHOM COBMECTUMOCTH C CEThIO SABJISECTCA OHHOW U3 BAKHEUIIUX
3a/1a4, TPEOYIOIIUX CBOETO PEIICHUS.

Takum o0OpaszoM, 1moj; BHICOKOH 3(PPEeKTUBHOCTHIO OyaeM MOHUMATh CIIOCOOHOCTH
mpeodpa3oBaTess peann30BaTh MPEACIbHOE OBICTPOICHCTBUE, BRICOKOE Ka4eCTBO CTa0u-
JU3alMY BBIXOJHOW KOOPJMHATHI (TOKA) BO BCEM JUANa30HE PEryJIUPOBAHUS, MaTyIO
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YYBCTBUTEIBHOCTh K JEHCTBUIO KOOPJAUHATHBIX U MAPAMETPUUECKUX BO3MYIICHUH, 3JIEK-
TPOMAarHUTHYIO COBMECTHUMOCTD C CEThIO U MUPOKHE (YHKITMOHATLHBIC BOZMOKHOCTH.

Pemienne 3Tux 3aiax mpeajiarae€Tcs peain3oBaTh MyTeM OOBbEAMHEHUS PEJICUHOTrO
MpUHLININA yIpaBieHus (pemaeTcs 3ajaya ObICTPOACHCTBUSI U MHBAPUAHTHOCTH) U TIPHU-
HYJIUTEILHOTO (OPMUPOBAHUS CHUHYCOWIAIBHBIX TOKOB, MOTPEOISIEMBIX W3 CETH TIPH
cosp=1(pemraeTcs 3a1a4ya SNEKTPOMATHUTHOU COBMECTUMOCTH).

AHaJIM3 npeabIAyIuX uccaenopanuii B [1] paccmoTpena cuctema ctabmim3aiuu
toka (CCT), obecnieunBaroiias MoJydeHHE MpeaesbHbIX MoKa3aTelel CUCTEMBI, OIpe-
nensitoux ee 3pGeKTUBHOCTh. OHAKO BBICOKYIO CTENEHb 3JIEKTPOMAarHUTHOW COBMeE-
CTUMOCTH B 3TOM CUCTEME Pealln30BaTh HEBO3MOXKHO.

B [2] onucana Beicok03((heKTUBHASI CUCTEMa CTA0MIIM3AMU TOKA (MCTOYHUKA TOKa
C MapajuieTbHBIM aKTUBHBIM (PUIIBTPOM, OTBEUYAIONIAas YKa3aHHBIM BbIIIE TPEOOBAHUSM).
OpnHako aJirOpUTM yHpaBICHUS CUCTEMON U COOTBETCTBEHHO €0 peaau3alius 0Ka3aiuch
CJIO’KHBIMH M3-32 HEOOXOAUMOCTH O00ECIICUCHHS COTJIaCOBAHHOIO YIIPaBJICHUS BEHTHIIS-
MU OCHOBHOTO BBIIIPSIMUTEIIS U CUJIOBOTO aKTUBHOTO (DUIIBTPA.

B [3] paccmoTrpena CCT, anroput™ yrpaBi€HUs KOTOPOM pPeaau3yeT pa3lieiibHbIN
MPUHLKI yIpaBieHUs MpoleccaMu (POPMUPOBAHUS TOKA HATPY3KU U MOTPEOIISIEMBIX U3
CETU TOKOB. B 3TOM ciiyuae nocturaercs CylecTBEHHOE YIIPOIICHUE CUCTEMbI YIIpaBiie-
Hust. OHako npu oOpbiBe (aBapuiiHas cuTyainusi) ogHou u3 a3 paboTOCIOCOOHOCTH
CHUCTEMBbI HapyIIAEeTC.

Hear padorsl IIpogeMoHCTpHpPOBAaTH BO3MOKHOCTh TIOCTPOEHUSI  BBICOKO-
3¢ (HEKTUBHON CUCTEMBI CTAOMIIM3ALUY TOKA C PACHIMPEHHBIMU (DYHKIIMOHAIBHBIMU BO3-
MOXKHOCTSIMH, pa3JielbHBIM yIPaBICHUEM TMporieccaMu (POPMUPOBAHUSI TOKA HATPY3KH U
MOTPEOIIIEMbIX TOKOB U3 CETH U MOBBIIIICHHON CTOMKOCTBIO K aBAPUITHBIM PEKUMaM.

MarepuaJj u pe3yabTarhl Uccjaea0BaHuss OyHKIIMOHAIbHAS CXeMa CUCTEMBI CTa-
OmM3aluy npeacTaBieHa Ha puc. 1.

Z0wm »

Puc. 1 — ®yHK1MOHaTBHAS CXEMa CUCTEMBI CTa0MIN3allun

Otmuune stoit CCT ot CCT onucanHo# B [3] 3akiat04aeTcs B TOM, 4YTO KOHJICHCA-
Top CA® COCTOUT U3 JBYX MOCIEI0BATEILHO COCIMHEHHBIX KOHJICHCATOPOB, TOUKA CO-
€IMHEHUSI KOTOPBIX MOJKIIOYEHA K HEUTpaJIk CETH.
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Ha puc. 2 — 4 mokazanbl mporecchbl (pOpMUPOBAHUS TOKAa HArpy3KW M TOKOB TIO-
TPEOJIIEeMBIX W3 CETH IS Pa3IuYHbIX (HanboJiee XapaKTepPHBIX) PEKUMOB paboThl. U3
OCIIUITIOTpaMM ciienyeT, uTo Bo Bcex pekumax CCT He 4yBCTBHTENBbHA K JIEHCTBHIO
BO3MYIIIEHUH U JIEKTPOMAarHUTHO COBMECTHMA C CETHIO.
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Puc. 3 — OtpaboTka: a — CHHYCOMIaJIbHOTO;
O — TPEYroJIbHOT0, 3aKOHA M3MECHECHHS TOKA 3aJIaHHS
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Puc. 4 — Peaknina CCT Ha usMeHeHre TOKa 3aaHUs

Ha puc. 5 mpencrasnen npouecc hopmupoBanusi Tpex(}a3sHOH CHUCTEMBI TOKOB C
BO3MOKHOCTBIO PETYJIUPOBAHMS YaCTOTHl U aMIUTUTYAbl TOKOB MPH MUTAHUUA OT OJIHO-
(daznoit cetu (yactora uaMensiachk ot 40 10 250 I'm).

ISSN 2079-0023. Bicnux HTY «XI1I». 2012. Ne 18 (991) 53



iA[u-3.B ! ! u

o 0.01 0.02 0.03 0.04 005 e 0.06
Puc. 5 — ®opmupoBanus Tpex(azHoil CHCTEMBI TOKOB

[Ipennaraemas CCT obOnaznaeT psiioM BaXXKHbIX CBOMCTB. Tak, Hanpumep, npu oOpbI-
B€ OJHOM U3 (a3 ucrouyHuka nuraHus pexxuM padotel CCT no nenu Harpy3ku He Hapy-
11aeTcs, a UHBAPUAHTHOCTh K JEHCTBUIO BO3MYILIEHUN M 3JIEKTPOMArHUTHAs COBMECTH-
MOCTb C CEThIO COXPAHSAIOTCS (ITOTPEOIIIEMBII IPU 3TOM TOK U3 CETH YBEITUUUTCS, pUC. 6).
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Puc. 6 — Peakuusa CCT Ha 0OpbIB 01HOM (a3bl ceTH

[Ipu oOpwiBe nBYyX a3 MCTOUYHMKA TMUTAHUS pexXUMBI padoThl u cBoiicTBa CCT
TaKXe coxpansitorcs (puc. 7).
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Puc. 7 — Peaxuust CCT Ha oOpsIB ABYX (ha3 cetu

IIpu 06phIBE HEWUTpaIBLHOIO MPOBOJA CHUCTEMa CTAOWIU3AIlMKM TOKA CTAaHOBUTCS
uaentuaHoin ucxoanoi CCT ¢ nocnenoBarenbHbiM CAD [3].
KauectBo hopmMupyeMbIX TOKOB, MOTPEOJIIEMBIX U3 CETH, T.€. YPOBEHBb COJCPIKAHUS
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rapMOHUK B KPUBOM TOKa, OLIEHUM KO3()(PUIMEHTOM TapMOHUYECKHUX COCTABIISIOIIMX
THD, 3aBUCMMOCTB KOTOPOTO OT BeIHM4YHHKI ToKa B Harpy3ke THD=f(l,) npeacrasiena na
puc. 8. 31ech ke MpeICTaBIeHa 3aBUCHMOCTh Kod(uIreHTa uckaxenus toka v=Ff(l,).

N3 puc. 8 cnenyer, yto THD mpakTtuyecku BO BCeM Iuara3oHEe M3MEHEHHS TOKa
Harpy3ku He npeBbimaeT 1% , kodhuirMeHT ucKkakeHus ToKa Vv MPaKTUYECKH paBeH
enunuie. Otcioga K03(QPHUIMEHT MOIIHOCTH, C Y4eTOM Cosp=1, Takke MpPaKTUYECKU
paBeH exuHuIe (y=v-C0Sp).
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Ha puc. 9 npencraBnens! rpaduxu pacrpeaenenus Boicimx rapMoHuk st CCT B
HOPMAaJIbHOM PEKUME padOTHI (@) U B aBapUIHBIX pekuMax (6 — ).
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Puc. 9 — Cniektpsl ceteBbix TOKOB 11 CCT: a — HOpMaJbHBIN PEXUM padOTHI,
6 — 0OpBIB 01HOI (pa3bl; 6 — OOPHIB ABYX (a3; e — 00pBIB HEUTPATBHOTO MPOBOJA

BoiBOABI

Takum 00pa3om, NPeII0KEHHBI UCTOYHUK MUTAHUSL 00JIajaeT MUPOKUMHU (DYHK-
[IUOHAJIbHBIMU BO3MOKHOCTSIMH, MPEJEIbHBIM OBICTPOJACHCTBUEM B OTPAaOOTKE 3aAaro-
IIMX BO3JCHCTBUI, NHBAPUAHTHOCTBIO K ICUCTBUIO KOOPAUHATHBIX U MapaMETPUUYECKUX
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BO3MYILIEHUM M HEKOTOPHIM BHJAM aBAPUMHBIX PEKUMOB, OCTABAsCh NPHU 3TOM DJICK-
TPOMAarHUTHO COBMECTUMBIM C CEThIO BO BCEX PEKUMAX padOTBHI.
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HaBeneHo pe3ynbTaTv MOJEIIOBaHHS PEKUMIB POOOTH BUCOKOE(HEKTUBHOIO JKEpeia KUBJIECHHS
3 perneiiHuM KepyBaHHsM. [linTBepmKeHi iHBapiaHTHICTH JpKepena a0 Aii 30ypeHb, HOro BUCOKHHN CTy-
MiHb EJIEKTPOMArHiTHOI CyMICHOCTI 3 MEPEXero 1 MIMPOKi (PyHKIIOHAIBbHI MOKIUBOCTI.

KirouoBi cioBa: BucokoeeKTUBHUH, peneiiHe KepyBaHHS, 1HBAapiaHTHICTh, €JIEKTPOMAarHiTHa
CYMICHICTb, JJKEPEIIO CTPYMY.

The results of simulation of modes of work of highly effective source of power supply with relay
control. We confirmed the invariance of the source to the action of perturbation, its high degree of elec-
tromagnetic compatibility with the network and extended functionality.

Keywords: highly efficient, relay control, invariance, electromagnetic compatibility, the current
source.

VJIK 620.179

I'. M. CYUYKOB, n-p texH. Hayk, ipod., HTY «XIII»;
M. E. I0O3HAKOBA, acniipant, HTY «XIII»

PA3JIEJIbHO-COBMEIIEHHBIN YMA ITIPEOBPA3OBATEJIb INIbZ
YJBTPA3BYKOBOI'O KOHTPOJIA X KXEJE3HOAOPOKHBIX OCEN

B cratbe mpezacTaBieHa paspaboTka paszaesibHO-coBMelneHHOro OMA mpeoOpa-
30BaTesis, MPUBEJEHA €ro JICKTPUIECKask CXeMa, IPUHIIAI padOoThl, a TAK)KE PE3YIbTAaThI
AKCIIEPUMEHTAIFHOTO UCCIIeI0OBAaHUS TpeoOpa3oBaTEs.

KiroueBble ¢j10Ba: 3JIEKTPOMarHUTHO-aKyCTUYECKUN TpeoOpa3oBaTelib, BBICOKOYA-
CTOTHAsI KaTyIlIKa, TEHEPATOP 30HAMPYIONTUX HMITYJIbCOB.

AKTYaJIbHOCTb Pa00Thl. 3HAUYNTEILHON YacThIO pa3pabOTUYUKOB MPUOOPOB C DJIEK-
TpOMarHuTHO-akyctuaeckuMu (OMA) npeoOpasoBarensiMu cuutaercs, 4ro IMA mpe-
obpazoBarenu (OMAII) 06manar0T HU3KOM YyBCTBUTEIHLHOCTHIO [1]. AHAIN3 U3BECTHBIX
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