ISSN 1813-5420 (Print). EHepreTuka: ekoHomika, rexHosorii, ekosoria. 2017. Ne 3
YK 621.311:681.5

I.B. I'nagpb, kaHA. TEXH. HAYK, JOLL.
S1.B. banaJaa, acucr.
IBaHo-®paHKiBCcHKUI HANIOHAJILHUI TeXHIYHUI yHiBepcuTeT HAQTH i rasy

BILIUB COHAYHUX EJEKTPOCTAHIIN HA HU3bKOBOJILTHI
PO3ITOAIJIBHI MEPEXI

Ipoananizo8ano nNOKA3HUKU eNeKMPOMASHIMHOL CYMICHOCMI NIOKIOUYEHOI 00 HU3bKOGOIbMHOL Mepeici
COHAYHOT enekmpocmanyii. 32i0H0 3 GUMIPAHUMU eKCNEPUMEHMATLHO MUMMEBUMU SHAYEHHAMU CIMPYMIG | Hanpye,
SKI 2eHepyIombCsl 3a O0NOMO2010 COHAUHUX eNeKMPOCMAanYill, 00YUCIeHO CINPYMU 8UWUX 2apMOHIK. Pesynomamu
BUMIPIOBAHHA NOKA3ANY, WO HAAGHICMb POMOENEKMPULUHUX CUCIEM ) MEPEIICT MOdHCe NPU3BECTU 00 SHUNCEHHS
napamempis AKOCMI HANPY2U HCUGIEHHS, MAKUX K KOTUBAHHS HANPY2U, KOeDIYicHMI8 2ApMOHIYHUX CNOMBOPEHD,
Gnixepa wnanpyeu i Koegiyicnma nomysxcHocmi. 3poOieHO NOPIGHAHHA OONYCMUMUX 3HAYEHb OCHOBHUX
napamempis eneKmpuuHoi enepeii 3 excnepumeHmanvHumu Oanumu. IIoKa3aHo UMOGIpHICMb BUHUKHEHHS
KOJIUBHUX eHep200OMIHHUX NPOYeci8 ma HeoOXIOHICMb eKCNepUMeHMANbHO20 GUSHAYEHHS IMNEOAHCY MepediCl.
Knrouosi cnoea: coHAYHA ENEKTPOCTAHINSA, IHBEPTOpP, MOKA3HHKH SKOCTi, €JIEKTPOMAarHITHA CYMICHICTB,
PEaKTHBHA MOTYXHICTh, €HEProe(heKTUBHICTE.

3pocTalo4rii HONKT Ha COHSTYHI €JIeKTPOCTaHIIii, KpiM KOPUCTI [UIsl HABKOJIMIIHBOTO CEPEIOBUINA, 3yMOBUB
posrisin (haxiBUSIMU-CHEPreTHKaMU MUTaHHS 1010 BIUIMBY JaHHUX €JIEKTPOCTAHIIIN Ha SIKICTh €IEeKTPOeHepPTii Ta
HaJiiHICTh eHeprocucTeMu. IlinkaroueHHs 10 Mepexi (OTOETEKTPUIHUX JPKEPeE, SIKi MAlOTh Y CBOEMY CKJIJi
IHBEPTOPH, MOXKE MPHU3BECTU O 30UIbIICHHS BTpAT, 3MIHH IEPETOKY MOTYXKHOCTEH, (epope3oHaHcy, (iikepy
HaNpyrd, BTpaTh KOOPIWHALII CHCTEMH 3aXHUCTy, a SIK HACIiJIOK — JI0 BIIKJIIOYEHb crokuBauiB. Kpim Toro,
(hOTOENEKTPpUYHI CUCTEMH MOXKYTh CIPHYMHATH TApPMOHIMHI CKJIaJOBi, a Bapiallil COHSIYHOI pamiamii MOXYTb
BUKJIMKaTH KOJMBAaHHS NOTYKHOCTI TeHEpyBaHHSI 1 HAIIPYTH.

CrabimpHICTh B MEpexXi MOXKe JOCATATUCH 3a JorioMoroto Smart Grid, ki epeKTHBHO KepPYIOTh MPOIECaMU
BUPOOHHMIITBA 1 CIIO)KMBAHHS €JIEKTPOCHEPTii 3 OTPIMaHHAM MaKCHMAJIbHOI BUTOZM BiJ HasBHUX pecypciB. s
HOBOTO ITOKOJIIHHSA COHAYHHX iHBepPTOpiB PV HeoOXimHO 301TpITyBaTH PiBEHD iHTENIEKTYaNi3allii Ipy iHTeTparii B
MEpEXy 3a paXyHOK 30UIbIICHHS KiJBKOCTI KOHTPOJILOBAaHUX MapaMeTpiB Ta YHUKHEHHS PEXHMIB 3 HU3BKOIO
e(peKTUBHICTIO Ta EJIEKTPOMATHITHOI CyMiCHiCTIO. TakoX INpH MiAKIIOYEHHI COHSYHOI eNIEKTPOCTaHIil 10
€HEeprocucTeMy HEOOXIJIHO MPOBOJUTH NONEPEJHE MaTeMaTH4HE MOJETIOBAHHS PEXUMIB POOOTH IPHU Pi3HUX
mapameTpax MEpexXi, a 3a MOXIHBOCTI — EKCICPUMEHTAJIbHI JOCTIMKCHHS Ha HAasBHICTh TapMOHIYHHX
CIIOTBOPEHb. YCKIIQJHIOE TIPOLIEC MOJICNIOBAHHS JMHAMIuHa 3MiHA IapaMeTpiB Jpkepena reHepamii Ta
HaBaHTAXXEHHSI, 110 HAWO1IbILIE TIPOSIBIISIETHCS B JIOKAIBHUX Mepexkax. B 1inomy, cucteMa iHBepTOp-Mepexa MoKe
OyTH mpeJCcTaBIeHa 3a JIOIOMOTOI0 €KBIBaJIEHTHOI CXEMH, 300pa’keHOT Ha PUCYHKY 1.
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Pucynok 1 — Cxema 3amimmeHHs iHBepTOpa Ta Mepexi

Ha mizncTaBi ekBiBaJI€eHTHOI CXeMH, BUXITHUN CTPYM IIEPETBOPIOBaYA, SIKHA MOXKe OyTH IepeTBOPEHUH
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[IpoTe npu 1oMiHyBaHHI B MEPEXi HEJIIHIHHOIO HABaHTAXXCHHS J1aHi PIBHSIHHS HE 3aBXKJM aJeKBaTHI 1 He
MOXYTb OYTH BUKOPUCTaHi NP PE30HAHCAX Ta IHIIMX BUCOKOYACTOTHHX SBHINAX. TaKoX AaHUH «iMIleaHCHUH
METOI» HEe MOXXe OyTH 3acTOCOBaHMU [Is OAHO(MA3HUX COHAYHMX JDKEpEeN JIOKANbHOI reHepamnii, Tomy
PEKOMEHI0BAHO BUKOPHCTOBYBATH METO/IM aHaJi3y CUTHAIIIB «TapMOHIHHOT JIiHeapu3amii».
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ne Hi (S) - mepenaBanbma QynKuito emHicHOrO cTpymy, L - BUXiIHa iHIXYKTUBHICTS, Vdc - Hampyra IIHHU
noctiiftHoro cTpymy, Ip | - Koedirient mocunenns netm $asu asromiacrporoBanms dactord (PAIY), skuii

BUKOPHCTOBYETHCS TSI CHHXPOHi3awii 3 Mepexero, |., @ - ammmityna i GpazoBuit KyT BUXIIHOTO CT .
1

Januii MeToJ TO3BOJIAE aHANI3YBaTH KPUBI CTPyMY 3aJIe)KHO Bifl XapaKTEPHUCTHK IepeTBopioBada. [l
Oi7IBII MOBHOTO aHAaJi3y MPOMOHYETHCS CHUMYJISITOP 3 €KCHEPHMEHTAIBHUMHU JOCHIIKEHHAMH Ta MOJKIHBICTIO
MOJICTIIOBAHHS PEXHMIB MEpEeXi, 3aCTOCOBYIOYM T'€HEpaTopy T'apMOHIHHHMX CHOTBOpeHb. Taki BHMipIOBaHHS
JTO3BOJISITH BiIOOpA3UTH HASBHI MPOLIECH TIPH Pi3HUX YacToTax [1].

I[Tpu nocnigkeHHI poOOTH COHSIYHOT eneKTpocTaHLii motyxkHictio 4 MBT y ceni Pagua Ha [Ipukapnarri 3a
JIOTIOMOT'0I0 TIEPSHOCHOTO 1H(GOPMAIliHHO-BUMIPIOBAILHOTO amapatHo-nporpamuoro komiiekcy (IBAIIK) 6ymno
MPOaHAai30BaHO CHEPreTUYHI Moka3Huku Ha muHax 0,4 kB omniei 3 TII 1000 kBA, sika BiIa€e COHAYHY
EHEepriro B Mepexy. Po3poOiieHuii BUMIpIOBAJIBHUI OPUCTPId MOOYIOBaHUN 3a JOMOMOIOI0 3aCTOCYBaHHS
TEXHOJIOTI BIpTyaJbHUX MPUIIAAIB i cepenoBuina rpadiuroro nporpamysanus LabVIEW mae B cknani HoyTOyk
Ta KOHCTPYKTHBHO 3aBEpILIEHI By3JIK 3 HOPMOBAaHUMHU METPOJIOTTYHUMH XapaKTEPUCTUKAMH (TPH JiaBaui Hanpyru
CV3-1000 ta Tpu maBavi CTpyMy THITY CTPYMOBHUX KIIIIIiB 3 aHanoroBuM BuxogoM ATA-2502, axi npuegnaHi 10
BxomiB 16-po3pssmroro ALITT NI USB-6210). OcranHiit 3a momomororo mmmHN USB 3’€qHY€EThCS 3 TOPTaTHBHOIO
EOM i3 BCcTaHOBIIEHUM MIPOTPaMHIAM 3a0€3IIEUCHHSM, IKe peaii3ye 3untyBanHs iHpopmarii 3 AL, po3paxyHOK
i Bizyamizamito [IAE Ta po3pobnenuit iHTepdeiic. [Iporpamne 3abe3meueHHs MICTUTh BENHUKY KiUIBKICTh
MiATIPOTpaM CTaHAAPTHUX ANTOPUTMIB IUPPOBOI 00pOOKH cUTHANIB (IIBHIKE TTepeTBOpeHH Dyp’e, BUSHAUCHHS
CepeHbOKBAIPATHYHOT0 3HaueHHs, 1MppoBi (inbTpu Ta iH.), migmporpaM Bizyamizauii iHdopmauii Ta
3amicyBaHHs y (aiin Ha xopctkoMy nucky EOM, a Takox iHTepdeiic BipTyanbHOro npuiaay ta 6JI0K-CXeMH, sKa
€ AITOPUTMOM HOTO (PyHKIIIOHYBaHHSL.

BuMmiproBaHHS TPOBOAMIINCS B CEPIIHI IPH MAKCUMAaJIbHOMY PiBHI COHAYHOT 1HCOJIALIT, TPOTE BUPOOIICHHS
eJIEKTPOEHEPTii CYNPOBOKYBAIOCS BIJKIIOUEHHSMH TI€BHUX IPYyI IHBEPTOPIB, SIKI BigOyBajHCsl CHOHTAHHO i
BILUIMBAJIM Ha KUIBKICTh BUPOOJIEHOI aKTHBHOI moTyxHocTi. Ha pucyHky 2 300paxeHo rpagik 3MiHH aKTHBHOI
MOTY>KHOCTI COHSYHOTO DKepena (B KOXHIN (a3i Ta cymapHe), SKAH YMOBHO MOXKHA PO3JUIMTH HA YOTHPH
nepioau. Ha mepuiomy erari BinOyBaeThcst BAPOOJICHHS eNIeKTpoeHeprii BcimMa rpymnamu inBepropis (480 kBT), m1o
CYNPOBOJIKYETHCS 3HAYHUMH KOJIMBaHHSAMH BeJIMIMHY BHPOOIeHoi eneprii. Ha HacTynmHOMYy eTari MU BilIMKHYJIH
TIOJIOBMHY HAaBaHTa)KCHHS 1 OTpUMaJIH NIPAKTUYHO NMPSAMONIHIHHNHN Tpadik BUpoOiTKy enektpoeHeprii (350 kBT).
Ha tpersomy eranmi Oyno BBIMKHeHO 4/6 HaBaHTaKEHHS, B pe3yJbTaTi 4YOro BEJMYMHA BUPOOIJICHOTO
HaBaHTaXeHHs 3pocia 1o 400 kBT, a rpadik 3anummuBcs npsmouniHiiiHuM. Ha yeTBepToMy eTami BBIMKHEHO 5/6
HABaHTAXXCHHS, 10 HECYTTEBO 30UTBIINIO BEIMYMHY BHPOOJICHO! €NEeKTpOeHeprii, a KOJWBAaHHS BEIUIMHU
BHUPOOJICHOT €IeKTPOeHeprii MOBEPHYJIOCS Ha MONEepeAHild piBeHb. |HTEHCHBHICTh KOMMBAHHSA 301IBIIYETHCS 3i
3pOCTaHHIM aKTHBHOI MTOTYXHOCTI TeHepyBaHHs [2].
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Pucynok 2 — I'padik 3MiHH aKTHBHHX MOTYXKHOCTeH Ha mmHax 0,4 kB
MiACTaHI{ COHTYHOT eNEKTPOCTAHIIIT
ExcniepuMeHTanbpHO J0Ka3aHO, IO MPaBWIBHAUN BHOIp TpaHC(hopMaropa Ta HOro Ipymnd 3’€IHAHHS Mae
BAYIIUBY POJIb MIPHU CYMIiCHIH POOOTI MKepena reHepamii 3 Mepexkero, sKi HeoOXiTHO BpaXxOBYBAaTH BIACHHUKAM
enekrpocTaniii. [lpu 3MiHiI Tpynu 3’ €qHaHHA TpaHCPOPMATOPIB HA NaHil eNEKTPOCTAHIIT iIHBEPTOPH IIEpecTaTn
BIZIMUKATHCS 1 IOTYKHICTh TeHepaLii 3pocia 10 HOMiHaJIbHOT.

Ha pucynky 3 306paxkeno rpadik 3MiHM peakTHBHY MOTYXHIicTh 3cyBy Q = ul, Sil’]q[)1 , Ky MOJKHa

KOMIICHCYBAaTH KOH/ICHCATOPHUMH OaTapesiMH, CHHXPOHHMMH KOMIIEHCATOpaMH a00 HEIOBaHTaKCHUMH
CHHXPOHHHMH €JIEKTPOJBUTYHAMH B pPEXHMi Nepe30y/)KeHHS, Ta pEakTHBHY HOTY)XXHICTh CIIOTBOPEHHS

n
T = U I . , AKa CIIPUYUHCHA BUILIUMHU T'AapMOHIKaMH1 CTPyMY 1 IJI1 KOMIIEHCAIIll K01 HGO6X1,I[H1 CIICI1aJIbH1
1
i=2

(UTBTPO-KOMIIEHCYBANIBHI TPUCTPOi. PeakTHBHA MOTY)KHICTH 3CYBY B JaHOMY BHITQAKy MAa€ BiJl'€MHHI XapakTep,
a MiKK TIPaKTUYHO CUMETPHYHI 3 MIKaMH TOTYKHOCTI CIIOTBOPEHHsI. PiBeHb CIIOKMBAaHOT PEaKTUBHOI MOTYXHOCTI
3CyBY NPaKTUYHO HE3MIHHHWH, aje Ma€ Pi3Ki 3MiHH IIiI 4ac BIAKIIOUEHHS YAaCTHHH IHBEPTOPIB Ta 3a IHIIMX
MEePEXiJHUX MPOLECIB.
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Pucynox 3 — I'padiku 3MiHM peaKTHBHOI HOTY>KHOCTI 3CyBY Ta CHOTBOPEHHS

IIpoanainizyBaBiIM 3MiHY MUTTEBHX 3HA4Y€Hb HANPYT 1 CTPYMIB B TPbhoX (hazax, 3MIHH YaCTOTH CTPyMy
iHBepTOpa Ta aHaNi3 TapMOHIHHOTO CKiIaay cTpyMiB (asu A iHBepTopa 3a jomomororo cepemosumia LabVIEW
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Oyio po3pobieHo miamporpaMu mogparMeHTHOT 00pOOKH CHTHATY JUIA PO3paxyHKy Koe(illieHTiB HECUMETpii Ta
HecuHycoimHOCTi. IlpM BUMIpIOBaHHSAX Ha 3aTHCKadaxX IMiJCTaHIII COHAYHOI €JEKTPOCTAHIl KoedimieHT
HECHUMETpii CTpyMy nocsraB B okpemi mepiogu 17 %, mo mepeBHINye IOMycTHME 3Ha4eHHS. lIpu mpomy
Koe(illieHT HecuMeTpii Hampyr He nepeBuinyBaB 5 %. Hampyra mae 4iTko BUpakeHy CHHYCOIOHY (GOpMY,
HaTOMICTh B popMi cTpyMy (a3u A IpHUCYTHI rapMOHIHHI CKJIaJ0BI.
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Pucynok 4 — I'padik 3MiHHE KOe]ilieHTIB HECUMETPIii CTPYMIB Ta HaPyT COHAYHOT
€JIeKTPOCTAHIII{

BaxmiBrUM MOKa3HUKOM €NIEKTPOMATHITHOI CYMICHOCTI € cyMapHHN KOe(illieHT TapMOHIHHUX CIIOTBOPECHB
(THD). Sk i ouikyBanocs, MakcuMainbsHi 3HadeHHss THD Oynu BUMipsiHi mig 9ac poOOTH MpH HU3BKiH aKTUBHIM
MOTYKHOCTI, Y TOH 4ac sIKk MiHIMaJIbHI 3HAYEHHSI CIIOCTEPIiranucs, Koiu iHBepTopu PV npaitoBanu npakTHIHO IpH
HOMIHaJIBHIH MOTY)KHOCTI. 3HAYESHHSI CyMMapHOTo KoedilieHTa rapMoHiiiHUX criotBopeHs crpymy THDI mix wac
reHepariii cTaHOBWIO Oyu3bko 5 %, NMPOTE NpU BIIMHKAHHIX iHBepTOpiB 30inbInyBanoch no 14 %, mo He
BianoBigae HopmoBanuMm ['OCT 13109-97 3naueHHsIM.

KonuBHI 3MiHM pPEakTHBHOI MHOTYXXHOCTI (DOTOETIEKTPUYHUX CHCTEM MOXYTh BHUKJIMKATH IIBUJIKE
NEepEeMHUKaHHs KOHJCHCATOpiB. Y 3B'SI3Ky 3 LUM, MiKH HaNpyrd 1 KOJNHMBaHHS MOXYTh BigOyBaTucs 3
Henepea0adyBaHOK aMIUTITYIO0 i TpuBaiicTio. Lle Moke MpH3BECTH 10 BUXOAY 3 JIaAy YyTJIMBE CICKTPOHHE
oOnagHaHHsA a0o MiHiMIi3alifo TpuBaiocti pobotu. TakuMm YmHOM, Oa)kaHO 3MEHINUTH iCHYBaHHS KOJHBHUX
nporeciB. CydacHi KOHCTPYKIIi iHTEIIEKTyaJbHUX iHBEPTOPIB MOBHUHHI MaTH (PYHKII KOHTPOIIO PEaKTHBHOI
HOTY)KHOCTI Ta 3a0e31euyBaTH Kpally KOMIICHCANIIo, [0 TPYHTYEThCS HAa CUCTEMHHX IapameTrpax i norpebax B
PO3IOIIBHIN MEpexi.
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INFLUENCE OF SOLAR POWER PLANTS ON LOW-VOLTAGE DISTRIBUTION NETWORKS
It is analyzed indexes of electromagnetic compatibility of a solar power plant connected to a low-voltage
network. According to the experimentally measured instantaneous values of currents and voltages generated by
solar power stations, the currents of the higher harmonics are calculated. The measurement results showed that
the presence of photovoltaic systems in the network can lead to a decrease in the quality parameters of the supply
voltage, such as voltage fluctuations, harmonic distortion factors, voltage flicker and power factor. A comparison
of the admissible values of the main parameters of electric energy with the experimental data is made. The
probability of occurrence of oscillating energy-exchange processes and the need for experimental determination
of the network impedance are shown.
Key words: solar power station, inverter, quality indicators, electromagnetic compatibility, reactive power,
energy efficiency.
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HNBano-PpaHkoBckMii HAUMOHAJBHBIH TeXHUYECKU YHUBepcUTeT HepTH M raza
BJIMSIHUE COJTHEUHBIX DJIEKTPOCTAHIIMI HA HU3KOBOJIbTHBIE
PACHPEAEJUTEJBHBIE CETHU
IIpoananusuposansl nokasamenu 2NeKMpPOMASHUMHOL COBMECMUMOCU NOOKNOYEHHOU K HU3KOBOIbIMHOT
cemu coaneynou anexmpocmanyuu. Co21acHO UMEPEHHbIM IKCNEPUMEHMANbHO M2HOBEHHbIMU 3HAYCHUAMU
MOKOG U HANPAJICEHUH, 2eHEPUPYeMbIX C HOMOWLIO CONHEUHbIX INEKMPOCMANYUL, EbIYUCIEHO MOKU 6bICUUX
eapmonuk. Pesynomamul usmepenus noKasaiu, 4mo Haaudue QomodNeKmpuieckux cucmem 6 cemu Modicem
NPpUBECmU K CHUIICEHUIO NAPAMEmpPO8 KA4ecmea HANPANCEeHUs NUMAHUSA, MAKUX KaK KONeOaHus HanpsiceHus,
KO3 huyuenmos eapMoHuYecKux uckasxicenutl, uuxepa Hanpsicenus u Kodgguyuenma mowrocmu. Coenano
cpagHeHue OONYCIMUMbIX 3HAYEHUN OCHOBHBIX NAPAMEMPOS INEKMPUYECKOl IHepeUU € IKCHEePUMEHMATbHBIMU
Ooannvimu. Tloxazano 6eposmHOCMb  803HUKHOGEHUS.  KONEOMOWUXCA — eHepeOOOMEHHbIX — Npoyecco8 U
HeobX00UMOCMb IKCHEPUMEHMATLHO20 ONPeOeNeHUs UMNEeOaHCAa Cemu.
Knrwouegvle cnoea: conHedHasi 3JIEKTPOCTAHIMS, WHBEPTOP, MMOKA3aTeNM KadecTBA, 3JIEKTPOMAarHUTHAs
COBMECTUMOCTh, PEaKTHBHASI MOIIIHOCTh, YHEPTro3((PEKTUBHOCTb.
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