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O®OPMHUPOBAHUE CUHYCOUNJAJIBHOI'O HANIPS2KEHUS
PASHOTHUIIHBIMA UICTOYHUKAMU SHEPTUN

PaCCMompeHa npo6ﬂeMa NOOKIIOYUEHUsT  OONOJHUMENIbHBIX — UCTOYHUKOS oHepeuu K cemsiam
3]l€Kmp0CHa6DfC€HM}l. Ha ocnosanuu mooenu cucmemvl ¢ HECKOIbKUMU UCMOYHUKAMU U UCHOJIb306AHUS
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CHJIOBAS SJIEKTPOHUKA U QJIEKTPOSHEPT'ETUKA

PA3ZHBIX PEdNCUMO8 ee pabomvl, NPedaodcer Cnocob (QOpMUPOBAHUs CUHYCOUOATLHO2O HANPSANCEHUS NpU
VCA0BUU MUHUMUSAYULU UCKAIICEHUS €20 (DOPMBL U YUCIA KOMMYMAYULL KITTOUEBbIX INEMEHNO8.

Knroueswle cnosa: cunycoudanvroe HanpsiceHue, UCHOYHUK NOCMOSHHO20 HANPANCEHUS, UCTNOYHUK
NOCMOAHHO20 MOKA, AMAAUMYOHO-UMAYIbCHASA MOOYIAYUSL.

Posenamnyma npobaema niokaoueHHs: 000amKosux 0xcepei eHepeii 00 Mepedic enekmponoCmaianHs.
Ha niocmasi modeni cucmemu 3 0eKiibKoMa 0xceperamu i GUKOPUCTIAHHS PIZHUX pedcumis it pobomu,
3aNpPONOHOBAHUL CNOCIO POPMYBAHHI CUHYCOIOANbHOT HANPY2U 34 YMOBU MIHIMI3ayii CHOMBOPEHHS 11020
opmu i yucna KomMymayitl Kio4oeux eiemMenmie.

Knrouoei cnosa: cuHycoinaibHa Harpyra, JHKEpPEIo MOCTIHHOT HAPYTH, KEPEIO MOCTIHHOTO
CTPYMY, aMILTITY THO-IMITyJIbCHA MO TYJISAIIiS

Beenenne

B HacTosiiee BpeMsi peXUMbI pabOTHI JAOMOJIHUTEIBHBIX UCTOYHUKOB SHEPTHHU, HOIKIIOYAEMBIX K
LEHTPAJILHOM AIIEKTPOCETH, M UX A0JA B 00IIeM 00beMe MOCTAaBOK 3JIEKTPOIHEPTUU HE PErilaMeHTHPYIOTCS,
YTO CBSI3aHO C HEOONBIIONW YCTAaHOBICHHON MOIIHOCTHIO JOMOTHUTEIHHBIX UCTOYHUKOB. Kak mokasan ombIT
CTpaH C PAa3BUTBIM PBIHKOM BO300HOBJISIEMOW 3HEPreTUKH, IpH JocTkeHuu noiu B 10-20 % ot
CYMMapHOIo 00beMa D3JIEKTPO’HEPrHH, UX BIMSHHE HAa PEKUM LEHTPAJIbHON SHEProceTd CTAaHOBUTCS
CYIIECTBeHHBIM [ 1].

IMocTranoBKka 3a/1a4u U HeJIb PadOTHI

B amekTpocersix OCHOBHOH TeHepaTtop OSJEKTPOIHEPTUH paboTaeT B PEKUME HCTOUYHHKA
HANPSOKEHUS W 33J]aeT MapaMeTphl HANPSHKEHUS, a Tak)Ke PEXUMBI padOThI CUCTEMBI, TIPH STOM OCTaJIbHbBIE
VCTOYHUKH paboTaroT B PEKMME HCTOYHUKOB TOKa. [lo3TOMy CeThb ¢ JOTOIHUTEIHHBIMH HCTOYHUKAMHU
MOJKHO TMPEACTaBUTh MOJIENIBIO, COCTOSINEH U3 OJTHOTO MJICAIbHOTO UCTOUYHMKA HApsKeHUs £, n uealbHbIX
WUCTOYHHUKOB TOKa J;-J,, KOTOpBIE C MOMOIIBI0 n+1 Kitoda S;-S,+; MOAKIIOUAIOTCS MApaJIIEIbHO K Harpys3ke
Ry. B 3aBUCHMOCTH OT CONpPOTHBIIEHUS HArPy3KH BO3MOXKHBI HYETHIpE peknMa paboThl CHCTEMBI: 1)
xoJocToro xoaa (Ry — «); 2) KopoTkoro 3ambikanus (Ry — 0); 3) crabunuzanun HanpspkeHus (0 < Ry <
0); 4) crabunuzauuu Toka (0 < Ry < 00). B pexumMax crabuian3aluy HaNpsDKEHUS M TOKA K Harpy3Ke MOTYT
MOJIKITIOYAThCA 00a TUITAa HCTOYHUKOB. B pexrmMe X0JI0CTOro X0/1a HCTOYHHUKA TOKA OTKITIOUEHBI, a B PeKUME
KOPOTKOTO 3aMbIKaHHUsI OTKJIIOYEH HCTOYHUK HampspkeHus. [lyig OONbIIMHCTBA HArpy30K HCIIOJIB3YETCs
PEKUM CTaOMIIM3AIMN HAMIPSDKEHHUS, TOITOMY AaJbHEHIINN MaTeprall n3jaraeTcsi IPUMEHUTEIBHO K 3TOMY
pexxuMy paboThl.

Crioco0 opMHUpOBaHHS HAPSDKEHUSI HA HArPy3Ke TMPH HCIOIb30BAHUH PA3HBIX BUJIOB MO JISIHH [2]
BBIOMpAeTCs MCXOAs W3 CIEAYIOIUX KPUTEpUEeB W orpaHudeHuii: 1) obOecriedeHrue HEOOXOIMMOTO
JIeHCTBYIOMIETO 3HaUeHUs HanpspkeHus Uc; 2) MUHAMU3aIUs KoJmiecTBa kKommyTtaruil N kimtoueit S;-S,45 3)
MUHUMH3AIMI UCKaXEeHUS (DOPMBI HANpSHKEHHs, KOTOPOE OIICHWBAETCS C IMOMOIIBIO KBaJpaTHYECKOH
om0k ¢ [3]. B CBSI3M ¢ OTHOCUTENIBHOW MPOCTOTOH METOJa, aHaIUu3 PEKUMOB PabOTBHl CHUCTEMBI
paccMmarpuBaeTcs )i Cilydas aMIUIATYTHO-UMITYJIbCHON MOYJISIUH.

Pe:xxum craduau3zanuu HanpsokeHusi. B pexxume craObunm3zaniyi HampsDKEHUS  HCIIONB3YETCS
WUCTOYHUK HamnpspkeHust E, KOTOpbId (QopMUpyeT OJHY CTYNEHb HalpsKeHHs, W WCTOYHHKH TOKa,
MO3BOJISIOLIHME JIOMOJHUTENBHO copmupoBath M u3 2" BO3MOXHBIX CTyIEHEH Toka J;, IS KOTOPBIX
BBINOJIHSETCS. HEPABEHCTBO:

JsiRy <Ucy > (1)
rae Ug, — aMITIUTyJHOE 3HAUYEeHUE TIEPEMEHHOTO HAIPSHKEHUSI.
[Ipu wucnons3zoBanun K = M+] cryneHedd, KOdQPUIMEHT TapMOHHMK K HaNpsHKCHUsT Ha Harpyske
olieHuBaeTcs 1o gopmye [3]:

K= \/(7[/((4]( +2)sin(m/(4K + 2))))2 -1, ()

a KOJHMYECTBO KOMMyTamui kimtoueli N Haxomurtcs B amarazoHe N = 4(M+1).. 4n'(M+1). Tlockonbky B
peXrMe CTaOWIM3allii HANPSDKEHHsT K Harpy3Ke TOIKITIOYaloTcs 00a THIa HCTOYHUKOB, a B PEXHUME
XOJIOCTOTO XOJla U KOPOTKOT'O 3aMbIKAHUS — KaKIBIA THII MCTOYHUKOB IO OTICIBHOCTH, IEIECO00pa3HO
paccMoTpeTh 0COOCHHOCTH Pa0OThI CUCTEMBI B TPAHUYHBIX peKUMax Ry — o u Ry — 0.

B pexnme cTradmiau3anuy HANPSKEHHSA XO0JOCTOr0 X0Ja K BBIXOAY IpeoOpazoBaTelss KaxJble
MOJITICPUO/Ia MOAKIII0YACTCS HCTOUHUK HanpspkeHust £ Ha Bpewmst £;=0..7/2, ¢ momenTa ¢; = 0.25T - 0.5¢; o ¢,
= 0.25T + 0.5¢t. YcnoBue crabwiM3anuu JCHCTBYIONIETO0 3HaueHWsl HampspkeHus Uc OnuchIBaeTCs

CJICAYIOIIHM BBIPAKCHUCM!
Ue=y2T |7 Edr. 3)
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CTP.106
3HaueHus mapaMeTpoB E U f;, IPU KOTOPBIX MCKakeHHE (OPMBbI HANPSHKEHUS MUHUMAJIbHO, HAXOISATCS M3
YCIJIOBUSI MUHMUMHM3AIIMU 1IEJIeBON (DYHKI[UH, B KAUECTBE KOTOPOU BHIOPAHO 3HAUCHHUE KBAJAPATUUYHON ONIHMOKH
5, HCIIOJIb3YA BBIPAKCHUC!:
(1 . 2 2 .
07 = [}/ (N2U csinfon) di+ [} (B -N2U csinen)? di +

[IPH ATOM HapaMeTp ¢; HAXOUTCSI C TIOMOIIBIO ypaBHEHUs (3):

IT/2

” (\/Echin(a)t))Z dt => min. (4)

t=(Uc/EY -0.5T. (5)
U3 yenosust do/dt = 0, ONyd4eHO TPaHCIEHACHTHOE ypaBHEHHE:
Sin(0.577-22)-260s(0.57z-22)-22:0, (6)

rae z = Uc / E, U3 KOTOPOr0 pacCUMTHIBAIOTCS 3HAYCHHMs mapamerpos: E = \2:Ug, t; = T/4. TIpu 5ToM B
PEKUME XOJIOCTOrO X0Jla HaNpsDKEHHE Ha Harpy3ke nuMmeet jaeiicTBytomee 3Hauenue Uc npu kodduuuenrte
rapMoHUK Kr ~ 48 % ¢ KoJM4ecTBOM KoMMyTauuil kiaroueit N=4. B pexxume ctabunnzanuy HarpspKeHHS 3a
CYeT JIOTIOJHHUTEIBHBIX CTyNEHeH HamnpsokeHus, (OPMUPYEMBIX HWCTOYHMKAMHM TOKa, 3HAYCHHE
k03 duireHTa rapMOHUK 3HAYMTEIBHO MEHBIIIE.

JIMTe1bHOCTh CTyNeHell TOKa B peXHMe KOPOTKOr0 3aMBIKAHHMA ONPEENSIeTCS aMILTUTYI0N
curHana J,,, KOTOPBIA GOPMHUPYETCS MPHU 3aIaHHBIX 3HAYCHHSIX CTYINEHEH TOKAa ¢ MHHHMAJLHON OIMHOKOM.
[Ipu ycnoum #n>2 3HadeHue J,, OMpENEIsIeTCsS 3HAYCHHEM MAaKCUMAIbHOW CTYyNEHHW TOKA J, = Jyuqc. s
BBIUMCIICHUS JUIUTENBHOCTH MOAKIIOUEHUS KaX /101 CTyNeH! TOKa Jy; K Harpy3Ke BBIIOJHSIOTCS CIeTyoIne
Iary:

1. OcymecTBIsIeTCS] paHXUPOBaHUE KOMOWHAITAH COCTOSHUHN KiTtodueH S;-S,, B TOpsIKe BO3pacTaHUs
CYMMAapHOI'0 TOKa HCTOYHHUKOB Jy;:

Jzi= 2 Sk Ik - (7
k=1
2. PaccunThIBatoTCS MOMEHTHI ¢ KOMMYTAIIUU KITIOUYeH Tipu miepexoe oT k-1 1o k yposus Toka [3] mo
thopmyre :
t, = arcsin((JZk e M2, )) . (8)

3. OnpeaensroTcss KOMOMHAIIMH KITFOUEH, TIPH KOTOPBIX UTUTEIBHOCTD CTYTICHH CYMMAapHOTO TOKa 1) =
fi-t;.; HA TIOPAJIOK MeHbIIe 3HaueHns 7/2"", u MCKIII0UaroTCs U3 MOCIIe10BaTeILHOCTH, ChOPMUPOBAHHOM Ha
mare 1.

B aToM pexume Tox Gopmupyercs u3 M cTyreHel ¢ KOIMYSCTBOM KOMMYTAIHi Kitoueit N = 4M..
4n*M, xod3pPUIIMEHT TADMOHHK OlleHUBaeTcs 1o Gopmyie (2).

@®opMUpOBaHHE HANPSKEHUS] PA3HOTHINHBIMM HCTOYHHKAMM B PEXKUME CTaOMIM3alUU
HATIPSDKEHHSI 3aKTF0YAeTCs B COBMECTHOM HCITOJIb30BaHUHM MCTOYHHUKOB C TapaMeTpaMH, PacCYUTAaHHBIMU
JUIS. peXMMOB XOJIOCTOTO XO/a U KOPOTKOTO 3aMbIKaHUS ¢ yueTtoMm orpanudeHus (1). Ilpu Beramcienun
MOMEHTOB KOMMYTallMU CTyneHed 1o ¢opmyne (8) He olecreunBaeTcs CTaOMIM3aLUs HANPSHKEHUS,
MO3TOMY JIONOJTHHUTEIHHO HEOOXOJAWMO peryJHpoBaTh IIMPUHY OJHOW WM HECKOIBKHX CTYICHEeH.
Od4eBHIHO, YTO HAWMEHBIIMHA TPHUPOCT OMMOKH HAONIONAETCS TIPU PETYJIMPOBAHUM CTYINEHH C
MaKCHMAaJbHON aMIUIMTY0H E, MOCKOJBKY Ha 3TOM Y4YacTKe CHHYCOHWJAIbHOE HANpsHKEHHE WM3MEHSETCS
Haubosee 1iaBHO. [10ATOMY UIMTENBHOCTH CTYIIEHH #; UCTOYHHUKA £ B DTOM pEXHME PAaCCUUTHIBACTCS W3
ypaBHEHUS:

M
Ry Jsi(t, -1, )+ E?-0.5t,=UZ-0.25T . )
k=1
BriBoabI
B cratbe mpemioxkern crnocod (HOpMHpPOBAHUS HANPSDKEHHMS IIPU  BKIIOYEHHUM HECKOJBKUX
Pa3sHOTHUIIHBIX UCTOYHHUKOB 3HEPIHH MapajljiesIbHO Harpy3Ke, KOTOPBIH MO3BOJISIET YMEHBIINUTL KO3((GUIUEHT
TapMOHUK IUTAIOLIETO HANPSDKEHUS W TOBBICUTH 3(P(QEKTUBHOCTH PabOTBHl CUCTEMBI 32 CUET YMEHBIICHUS
KOJIMYECTBA KOMMYTAlUH KITIOUYEH.
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SINUSOIDAL VOLTAGE GENERATION BY ENERGY SOURCES OF DIFFERENT TYPE

V.Ya. Zhuykov, Ye.V. Verbiskiy, Ye.S. Osipenko
National technical university of Ukraine «Kyiv polytechnic institute», faculty of electronics, department of
industrial electronics, Kyiv, Ukraine.
e-mail: valery.zhuikov@gmail.com, verbitskiy@bigmir.net, ekateryna.osypenko@gmail.com

The problem of additional energy sources connection to power network is considered. The method of
sinusoidal voltage forming subject to minimization of the distortion and the number of switch commutation
based on the system model with several energy sources and different operation modes using is developed.

Key words: sinusoidal voltage, DC voltage source, DC current source, pulse-amplitude modulation.
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