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1. IligBUILEHHA AKOCTi €JIEKTPUYHOI €HePrii B MEPEXI 3 COHIYHUMU €JIEKTPOCTAHLISIMU B PEKUMI 3HVKEHHS
reHEepOBaHOI MOTYKHOCTI

2. Improving the quality of electric energy in a network with solar power plants in the mode of reducing the
generated power.

Pedepar:

1. MeTot0 gucepTaLifiHOi pOOOTH € MiABUIEHHS TOKA3HUKIB SIKOCTi €JIEKTPUYHOI €HEPTii FeHEPOBAaHOI COHSIYHOIO
€JIEKTPOCTaHLIi€l0 10 TPU(DA3ZHUXK €JIeKTPUYHNX MEPEX B PEXKUMI BHI)KEHHSI TeHEPOBAHOI MOTY>KHOCTi. O0'eKT
IOCTiI)KEeHHS — Ipoliec Nepeadi eJIeKTpUYHOi eHeprii 70 TpUu@asHUX eJIeKTPUYHUX MEPEK COHSTYHUMU

€JIEKTPOCTAHLISIMU B PEKMMI 3HMKEHOI FeHEPOBAHOI MOTYKHOCTI. [IpeIMeT HOCIiIKEHHA — IapaMETPU SIKOCTI



€JIEKTPUYHOI €HePrii B Mepeskax 3 COHAYHMMMU €JIEKTPOCTAHLISIMU B PEXKUMI 3HWXKEHOI T€HEPOBAHOI IIOTY>KHOCTI.
OTpuMaHoO MOJaIbIIOr0 PO3BUTKY METO HENIPSIMOTO BU3HAYEHHSI TOYKM MAaKCUMMAJIbHOI ITOTY>KHOCTi COHSTYHUX
NaHeJse, IKUM BiIPi3HA€ThCA BiJl BiJOMUX BUBHAYEHHSIM MaKCUMaJIbHOI BUXiHOI HAIIPYTX y3roKyBaJbHUX
[IepeTBOPIOBAYiB NP (iKCOBAHOMY 3HAYEHHI BUXiIHOTO CTPYMY, 11O A€ MOKJIMBICTb CIIPOCTUTU CUCTEMU
KepyBaHHS (POTOEHEPreTUYHOI CUCTEMH, allapaTHY peastisaliilo CUCTEMHU KEPYBAaHHS Y3rOIKYIUUMU
[IEPETBOPIOBAYaMHU Ta 3HMXKYE ii BApPTiCTh. 2. Briepiie 3apornoHOBaHO METO, KOMIIEHCALITHOTO KEPYBaHHS
Y3roJIKyIOUMMU TII€EPETBOPIOBAYaMy COHSIYHUX €JIEKTPOCTAHLIIM, 110 peaslidye B3aeMHY CMHXPOHI3allilo KaHaiB
KEPYBaHHSI OKPEMUX y3rOIPKYIOUMX EPETBOPIOBAYIB B CUCTEMI BifiOOPY MOTYKHOCTI Ta Ha BiMiHY Bifl BiZOMUX
3abe3mnevye B3aeMHY KOMIIEHCALIi0 MyJIbCALlill HAIIPYTH B JIaHLi IIOCTIHOTO CTPYMY COHSYHOI €J1eKTPOCTaHLii Bif
OKPEMUX y3TOPKYIOUMX [1€PETBOPIOBAYIB, 0 JO3BOJISIE LOCIATTY 3HVKEHHS I1yJIbCallill HANPYTU B JIAHLi IIOCTIMHOTO
CTPYMY, UMM JOCSITa€ThCs IOJAJIbIIe TOKPAIEHHS SIKOCTi €JIEKTPOEHEPTii FeHepOBaHOI 0 TPU(PaA3HOi eJIeKTPUIHOI
Mepexi. 3. Briepiie 3arpornoHOBaHO METOJ, YaCTOTHO-aAANTUBHOTO KEPYBaHHS MEPEKEBUM iHBEPTOPOM HAIPYIru
COHSIYHOI eJIeKTPOCTaHLisl, KU Ha BiIMiHY Bif] BilOMUX J03BOJIsi€ 3a0€311e4YnTH TOKPAIleHHI TOKa3HUKY SIKOCTi
€JIEKTPUYHOI €eHEPTii reHepoBaHoi 70 TpU(Pa3HOI €JIeKTPUYHOI MEPEXi B PEXXUMI 3HMKEHHS F€HEPOBAHO]
IOTY>KHOCTI. 4. [Tofanpmuii pO3BUTOK OTPUMAB METOJ, YIIPABJIiHHS TPU(PA3HUM iHBEPTOPOM CTPYMY 3
cunycoiganpHoi IIIM, sxuil Binpi3HseThCs Bif iCHYyIOUMX Y KOpeKLii 3aBgaHHs (Ha3HUX CTPYMIB Mepexi, o
I03BOJISI€ BHUBUTH ITyJIbCallil IOTYXKHOCTI Y JIaHIli IOCTiMiHOTO CTPyMy iHBepTOpa, npu po6oTi ®EC Ha NOTYKHOCTI y
JIaHIi MOCTIMHOTO CTPYMY iHBepTopa , mpu poboti ®EC Ha HecumeTpuyHy TpudasHy mepexy, Ha 50 % Ta
Koe(illieHT HeJliHITHUX CIIOTBOPEHb MEPEXKHUX CTPYMiB Ha 60 % Ha BiIMiHY BiJl CUCTEM yIpPaBJIiHHS, HE
BPaXOBYIOTb HECUMETPIiI0 MEPEXKEBUX HAMPYT. 5. Briepie po3pobaeHo MeTo Bu3HayeHHs napamerpis LC ¢inpTpa
inBepropa Hanpyru OEC, 110 npaloe B pe>XUMi aBTOHOMHOTO [I)KEPeJia )KUBJIEHHS, IKUI Ha BiIMiHY Bif] iCHyIOUMX
IO3BOJISIE BU3HAUYUTY NTapaMeTpu (PibTpa, 3 ypaxyBaHHsAM yactotu LM mopynsuii iHBepTopa, LOMyCTUMOTO
CTPYMy KJIIOUiB iHBEpTOpA Ta BUMOT IIapaMeTpiB SIKOCTi BUXiTHOI Hanpyru 3 KoedillieHTOM rapMOHINHNX
CIIOTBOpPEHb MeHIe 5%. [JoCTOBIpHICTh TEOPETUYHUX AYCEPTALiMHUX AOCHiIKeHb NiATBEPI)KEHO eKCIIepUMeHTaMu
Ha o6s1aiHaHHI KOHCTPYKTOpCchKOro 610po TOB «AKYTEK». EkcrieprMeHTasIbHi pe3yabTaTU [10Ka3aau BUCOKY
e(peKTUBHICTb PO3pO6JIEHNX METOIiB T iIHCTPYMEHTIB [17151 IOKPAI|€HHS TIOKa3HUKIB SIKOCTi €JIeKTPOEHepril
reHepPOBaHOI MEPEKEBUMY iHBEPTOPAMM HAIIPYTH, 10 BIUVIMBAIOTh HA JOJATKOBI BTPATU B €JIEKTPUYHUX MEPEKax
Bifl BULIIMX FapMOHIK CTpyMiB. BUKopucTaHHS po3po0JI€eHUX METOIiB NO3BOJINJIO 3HAYHO MiABUIIATH ITOKA3HUKHU
SIKOCTI €JIEKTPOEHEPTii, FeHepOBaHOI B MEPEXi Ta 3HU3UTHU ITyCKOBi CTPYMHU IlepeTBOpIoBaya. [IpakTruiHe 3HaYEeHHSs
OTPMMAaHUX PE3yJIbTATIB [1JIs1 €JIEKTPOEHEPreTUYHOI raysi ossrae B HACTYHOMY: 1. PO3p06JIeHO METOUKY
PO3paxyHKy OCHOBHMX I1apaMeTpiB [10Cif0BHOI (POTOEHEPreTUYHOI CUCTEMY, 110 3abe3redye nepegady
€JIEKTPUYHOI eHePrii 70 TpudasHoi eJIeKTPUYHOI Mepexi. 2. 3aIpONIOHOBAaHO METOAMKY KOMIIEHCAllii My ibcallin
HaIpPYTY y JIaHLi IOCTIHHOTO CTPYMY COHSIYHOI €JIeKTPOCTaHLi, 1o 3a6e3redye MoKpaleHHs TOKa3HUKIB SIKOCTI
€JIEKTPUYHOI eHeprii reHepoBaHoi 1o TpudazHoi esleKTPUYHOI Mepexi. 3. 3allpONIOHOBAHO METOJUKY KepyBaHHS
MmepexxeBuM iHBepTopoM Hanpyru OEC, mo 3abe3nedye MifBUIleHHS TOKa3HUKIB SKOCTi €JIeKTPUYHOI €HEePTii B
peXXUMi 3HIKEHOI reHepOBaHOi NOTY>KHOCTI. 4. Po3po6:eHi imiTaliliHi KOMITIOTepHI MOZesTi COHSTYHUX
€JIEKTPOCTAHILi}, 110 LO3BOJISIIOTh IPOBOIUTU AOCIIIKEHHS IOKAa3HUKIB SKOCTi €/IeKTPUYHOI €eHeprii, TpOBOAUTHU
BM3HAYEHHS BTPAT MTOTY>KHOCTI B CUJIOBUX I1IEPETBOPIOBAYaX COHSYHUX €JIEKTPOCTAHILISX, JOCTIIKYBaTH Ta
IIPOBOAUTH aHaJli3 poGOTH PErysiTOPiB Ta iHII JOCTIIKeHHS. 5. PO3p0o6eHO MeTOAMKY BU3HAUYEHHS [TapaMeTpiB
LC ¢inbrpa inBepropa Hanpyru QEC, 10 npaiioe B pesKMMi aBBTOHOMHOTO JPKepeJla )KUBJIEHHS, SKa JO3BOJISE
BU3HAUUTYU NapaMeTpu PisnbTpa, 3 ypaxyBaHHsaM yacTotu IIM monyssnii iHBepTopa, LONMyCTUMOTrO CTPYMY KJIIOUiB
iHBepTOpa Ta BUMOT [TapaMeTpiB SIKOCTi BUXiHOI HANIPyry 3 KoedillieHTOM rapMOHIMHUX CIIOTBOPEHb MeHIIE 5%.
PesynbTaTu gucepTauiitHoi po6otu BukopucrtaHi Ha TOB «AKYTEK» npu po3po6Li MepeskeBUx iHBEPTOPiB HAlIpyru
Ta IEPETBOPIOBAYIB YACTOTU 3 IOKPAIEHUMU NTOKa3HMKAMU SKOCTi BUXiZHOI HAIIPYTH (aKT PO BIPOBAIKEHHS Bifl
15.04.2024 p.) Ta B HaBYaJIbHOMY IIpoleci Ha kadenpi «Ilepenaya esnekTpuyHoi eHeprii» HaljioHasbHOro TeXHiYHOTO
yHiBepcureTy «XIII» (akT npo BrpoBamxenHs 11.09.2023 p.).

2. The aim of the dissertation is to increase the quality indicators of the electric energy generated by the solar
power plant to three-phase electric networks in the mode of reducing the generated power. The object of research



is the process of transferring electrical energy to three-phase electrical networks by solar power plants in the
mode of reduced generated power. The subject of the study is the parameters of the quality of electric energy in
networks with solar power plants in the mode of reduced generated power. The following scientific results were
obtained as a result of the study: 1. The method of indirect determination of the maximum power point of solar
panels has been further developed, which differs from the known ones by determining the maximum output
voltage of matching converters at a fixed value of the output current, which makes it possible to simplify the
control systems of the photovoltaic system, the hardware implementation of the control system for matching
converters and reduces its cost. 2. For the first time, a method of compensatory control of matching converters of
solar power plants is proposed, which implements mutual synchronisation of control channels of individual
matching converters in the power take-off system and, unlike the known ones, provides mutual compensation of
voltage fluctuations in the DC link of a solar power plant from individual matching converters, which allows to
achieve reduction of voltage fluctuations in the DC link, which further improves the quality of electricity generated
by three-phase. 3. For the first time, a method of frequency-adaptive control of the grid-tie voltage inverter of a
solar power plant is proposed, which, unlike the known ones, allows to ensure improved quality of electricity
generated to the three-phase power grid in the mode of reducing the generated power. 4. The method of
controlling a three-phase current inverter with sinusoidal PWM, which differs from the existing ones in correcting
the task of the grid phase currents, was further developed, which allows reducing power fluctuations in the DC
link of the inverter, when operating the PPES on the power in the DC link of the inverter, when operating the PPES
on an asymmetric three-phase network, by 50 % and the coefficient of nonlinear distortion of mains currents by
60 %, unlike control systems that do not take into account the asymmetry of mains voltages. 5. For the first time, a
method for determining the parameters of the LC filter of a PV power inverter operating in the mode of an
autonomous power supply has been developed, which, unlike the existing ones, allows determining the filter
parameters, taking into account the frequency of PWM modulation of the inverter, the permissible current of the
inverter keys and the requirements for the quality of the output voltage with a harmonic distortion coefficient of
less than 5%. Practical implications of the results for the electric power industry: 1. The method for calculating the
main parameters of a sequential photovoltaic system that transmits electricity to a three-phase power grid has
been developed. 2. The method of compensation of voltage fluctuations in the DC link of a solar power plant is
proposed, which ensures improvement of the quality of electricity generated to a three-phase electrical network.
3. The method of controlling the grid-tie voltage inverter of a PV power plant is proposed, which ensures an
increase in the quality of electricity in the mode of reduced generated power. 4. The simulation computer models
of solar power plants were developed, which allow to study the quality of electricity, determine power losses in
power converters of solar power plants, analyse the operation of regulators and other studies. 5. The methodology
for determining the parameters of the LC filter of a PV power inverter operating in the mode of an autonomous
power supply was developed, which allows determining the filter parameters, taking into account the frequency of
PWM modulation of the inverter, the permissible current of the inverter keys and the requirements for the quality
parameters of the output voltage with a harmonic distortion coefficient of less than 5%. The results of the
dissertation work were used at AKUTEK LLC in the development of network voltage inverters and frequency
converters with improved output voltage quality indicators (implementation act dated 04.15.2024) as well as in the
educational process at the Department of Electric Energy Transmission of the National Technical University of
«KhPI » (act on implementation of September 11, 2023).
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00JIiKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




