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1. IligBUIEHHS IKOCTi €JIEKTPUYHOI €HEPrii B MEPEXi 3 COHSIYHMMU €JIEKTPOCTAHLISIMU B PESKUMI 3HIDKEHHS

reHepOBaHOI 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. MeToto gucepTalifiHOi pOOOTH € MiABUIEHHS TOKA3HUKIB SIKOCTi €JIeKTPUYHOI €HePTii reHepOBaHOi COHSIYHOIO
€JIEKTPOCTaHIIi€l0 10 TpUPa3HUX eJIEKTPUYHNIX MEPEK B PEXKMMI 3HUKEHHS TeHEPOBaHOi MOTYXHOCTi. O0'eKT
IIOCJIiIKEHHS — MPOLeC repenadi eJIeKTPUYHOI eHeprii 10 Tpu@asHUX eTeKTPUIHUX MePeK COHIYHUMU
€JIEKTPOCTAHILIISIMU B PEKUAMIi 3HMKEHOI FeHEPOBAHOI MOTYKHOCTI. [IpeIMeT NOCIIiI)KEHHS — [IapaMETPH SIKOCTi
€JIEKTPUYHOI €HePrii B Mepeskax 3 COHIYHMMU €JIEKTPOCTAHLIIMU B PEXKUMI 3HVKEHOI T€HEPOBAHOI IIOTY>KHOCTI.
OTprMaHO NOAAJIBIIOTO PO3BUTKY METOM, HEIIPSIMOIO BUBHAYEHHS] TOYKY MAKCUMAJIbHOI IIOTYKHOCTI COHSIYHUX

NaHeJse, SIKUK BiiPi3HA€ThCA BiJl BilOMUX BUBHAYEHHSIM MaKCUMAaJIbHOI BUXiHOI HAIIPYTX y3rOJKyBaJIbHUX



NepeTBOPIOBaYiB IpU (PiKCOBAHOMY 3HAY€HHi BUXiJHOTO CTPYMY, IO JAa€ MOXKJIUBICTb CIIPOCTUTU CUCTEMU
KepyBaHHS (POTOEHEPreTUYHOI CUCTEMH, allapaTHY peaslisaliilo CUCTEMHU KePYBaHHS Y3rOIKyIUUMU
[IEPETBOPIOBAYaMHU Ta 3HMXKYE ii BApPTICTh. 2. Briepiie 3arpornoHOBaHO METO, KOMIIEHCALITHOTO KEPYBaHHS
Y3rOIPKyIOUMMU [IEPETBOPIOBAYAaMU COHSIYHUX €JIEKTPOCTAHIIIN, 10 peasi3ye B3a€EMHY CMHXPOHI3allilo KaHaJIiB
KepPyBaHHS OKPEMUX Y3rOKYIOUMX [IEPETBOPIOBAYIB B CUCTEMI BiIOOPY ITOTY>KHOCTI Ta Ha BiJMiHY Bif| BifOMUX
3a0e3revye B3aeMHY KOMIIEHCALlil0 NyJIbCalliil HAaIIPyTy B JIaHIli IOCTIHOTO CTPYMY COHSYHOI €J1eKTPOCTaHLii Bif
OKPEMUX y3TrOPKyIOUMX [1€PEeTBOPIOBAYIB, 110 J03BOJISIE AOCIITY 3HVKEHHSI 1yJ1bCallill HANPyTH B JIAHIi IOCTIHOTO
CTPYMY, UMM JOCSTA€EThCS NOJAJIbIIe TOKPAIEHHS SIKOCTi €JIEKTPOEHEPTii FeHepOBaHOI 10 TPU(Pa3HOi eJIeKTPUIHOI
Mepexi. 3. Briepiue 3anpornoHOBaHO METO[, YaCTOTHO-aAAlITUBHOTO KEPYBAaHHSI MEPEKEBUM IHBEPTOPOM HAIPyru
COHSIYHO] eJIeKTPOCTaHLisl, SIKW Ha BiIMiHY Bif] BilOMUX [,03BOJIsIE 3a0€311€UYNTH TOKPAIeHHI TOKa3HUKY SIKOCTi
€JIEKTPUYHOI €eHEPTii reHepoBaHoi 70 TpU(A3HOI €JIEKTPUYHOI MEPEXi B PEXXUMI 3HIKEHHS F€HEPOBAHO]
NOTYXXHOCTI. 4. [Toganpmmii pO3BUTOK OTPUMAaB METOJ, yIIpaB/liHHA TpUQa3HUM iHBEPTOPOM CTPyMY 3
cunycoiganpHoi M, sxuil BinpisHseTbCs Bifl iCHYIOUMX Y KOpeKii 3aBgaHHs Pa3HUX CTPYMIB Mepexi, 10
I03BOJISIE 3HU3UTHU IyJIbCallil IOTY)XKHOCTI Y JIaHIIi IOCTIHOTO CTPyMy iHBepTOpa, pu po6oTi ®EC Ha NOTYKHOCTI y
JIaHILi MOCTIMHOTO CTPYMY iHBepTopa , mpu poboti OEC Ha HecumeTpuyHy TpudasHy mepexy, Ha 50 % Ta
KoedilieHT HesiHIMHUX CIIOTBOPEHb MEPE>KHUX CTPYMiB Ha 60 % Ha BiIMiHY Bif cuCTeM yIIpaBiliHHS, HE
BPaXOBYIOTb HECUMETPIiI0 MEPEKEBUX HAMPYT. 5. Briepie po3pobaeHo meTos Bu3HayeHHs napamerpis LC ¢inbTpa
inBepropa Hanpyru OEC, 10 npatoe B pe>XMi aBTOHOMHOTO [I)KepeJla )KUBJIEHHS, SKUI Ha BiIMiHY Bif] iCHyIOUMX
I03BOJIsSIE BUBHAYUTU NapameTpu (PisbTpa, 3 ypaxyBaHHsAM dactoTu LM mopynsuii iHBepTOpa, JOMyCTUMOro
CTPYMY KJIIOUiB iHBEpTOpA Ta BUMOT IIapaMeTpiB SIKOCTi BUXiTHOI Hanpyru 3 Koe@illieHTOM rapMOHINHNX
CIIOTBOPEHb MeHIIe 5%. JIOCTOBIpHICTb TEOPETUYHUX JUCEPTALiHUX JOCiI>)KEeHb MiTBEPAXKEHO eKCIIepUMEeHTaMU
Ha 006J1aIHaHHI KOHCTPYKTOPChKOro 610po TOB «AKYTEK». EkcrieprMeHTasbHi pe3ysibTaTh 0Ka3aau BUCOKY
ePeKTUBHICTb PO3pOOJIEHNX METOIiB Ta IHCTPYMEHTIB 7151 IIOKPAaLeHHS [TI0Ka3HUKIB SIKOCTi eJIeKTpoeHeprii
reHepPOBaHOI MEPEKEBUMY iHBEPTOPAMM HAIIPYTH, 110 BIUVIMBAIOTh HA JOJATKOBI BTPATU B €JIEKTPUYHUX MEPEKax
Bifl BULIMX FaPMOHIK CTpyMiB. BUKOpUCTaHHS pO3pO0JIEHNX METOIiB NO3BOJIAJIO 3HAYHO MiABUIIATH ITOKA3HUKU
SKOCTI €JIEKTPOEHEPTii, FeHEPOBAHOI B MEPEXKI Ta 3HUBUTU IIYCKOBi CTPyMU IepeTBOPIoBaya. [IpakTuyHe 3HaYE€HHSA
OTPMMAaHUX PE3yJIbTATIB [1JI51 €JIEKTPOEHEPreTUYHOI ray3i [ossrae B HACTymHOMY: 1. PO3p06JIeHO METOUKY
PO3paxyHKy OCHOBHMX I1apaMeTpiB [10CiI0BHOI (POTOEHEPreTUYHOI CUCTEMY, L0 3abe3redye epenady
€JIEKTPUYHOI eHeprii 70 Tpu@asHoi e1eKTPUIHOI MepeXi. 2. 3aTPONIOHOBAHO METOIUKY KOMIIEH CAllii MyIbcalliit
HaIpYTY y JaHLi IOCTIHHOTO CTPYMYy COHSIYHOI eJIeKTPOCTaHLii, 1o 3a6e3redye oKpalleHHs TOKa3HUKIB SIKOCT]
€JIEKTPUYHOI eHeprii reHepoBaHoi 10 TpudasHOi eJIeKTPUYHOI Mepexi. 3. 3allpONIOHOBAaHO METOIUKY KEePyBaHHS
MmepexxeBuM iHBepropom Hanpyru OEC, mo 3abe3nedye NigBUIeHHS IOKa3HUKIB SKOCTi €JIeKTPUYHOI €HEPTii B
peXUMi 3HIKEHOI reHepOBaHOi NOTY>KHOCTI. 4. Po3po6:eHi imiTauiiiHi KOMITIOTepHI MOZeTi COHSTYHUX
€JIEKTPOCTAaHILi}, 110 AO3BOJISIIOTh IPOBOIUTU AOCIIIKEHHS [IOKa3HUKIB SIKOCTi €JIeKTPUYHOI €eHeprii, TpOBOIUTH
BM3HAUEHHS BTPAT MIOTY>KHOCTI B CUJIOBUX [1IEPETBOPIOBAYAX COHSIYHUX €JIEKTPOCTAHLLSIX, OCTIiI)KyBaTH Ta
IIPOBOJIUTY aHaJli3 po6OTH PeryysaTopiB Ta iHmi focimKeHHs. 5. PO3p0o6ieHO MeTOOuKy BU3HAUEHHS [IapaMeTpiB
LC ¢inbrpa inBepropa Hanpyru QEC, 1m0 npaiioe B peKMMi aBTOHOMHOTO JpKepeJla )KUBJIEHHS, SKa JO3BOJIS€E
BM3HAUUTU NapaMeTpu PinbTpa, 3 ypaxyBaHHsM yactotu IIM monysnsnii iHBepTopa, LONyCTUMOrO CTPYMY KJIIOUiB
iHBepTOpa Ta BUMOT IIapaMeTpiB SIKOCTi BUXiIHOI HANPyTry 3 KOe(illieHTOM TapMOHINHUX CIIOTBOPEHDb MEHIIE 5%.
PesynbraTu gucepTauitHoi po6otu BukopuctaHi Ha TOB «AKYTEK» npu po3po61i MepeskeBUx iHBEPTOPiB HAIIpyru
Ta [I€peTBOPIOBAYIB YaCTOTH 3 IOKPAlleHUMU ITIOKa3HUKAaMU SIKOCTi BUXiIHOI HAaNpyry (akT PO BIIPOBAI’KEHHSI Bif
15.04.2024 p.) Ta B HaBYaILHOMY IIpoleci Ha kadeapi «Ilepenaya enekTpuyHoi eHeprii» HaljioHasbHOro TEXHIYHOTO
yHiBepcureTy «XIII» (akT npo BnpoBamxenHs 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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Kopg 3a €IPIIOY: 02071168

Micue3Haxoa KeHHS: By Spociasa Myzporo, 6yz. 25, Xapkis, XapkiBchkuil p-H., 61025, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Bsiacue IlpizBuuie Im's I1o-0aThKOBI:
1. Kysnuk Bosogumup Bonogyumuposuy

2. Volodymyr Kulyk

KBasigikanis: n. 1. u., mou,., 05.14.02

InenTudikarop ORCHID ID: 0000-0002-7594-5661

JoparkoBa inHdpopmamnist:

IToBHE HafIMCHYBaHHH Iopl/l,ql/l'-ll-loi OCOOM: BiHHUIbKUIT HAI[IOHAIbHUIA TeXHIYHUI yHiBEpCUTET
Kopg 3a €IPIIOY: 02070693

Micuesnaxo;perHﬂ: ByJI. XMeJIbHUIIbKE 1I0ce, 6yz. 95, Binnung, Binuuuskuil p-H., 21021, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Josramok OkcaHa MuKoJjaiBHa

2. Oksana M. Dovgalyuk

KBasigikanis: k.r.u., gor., 05.14.02

InenTudikarop ORCHID ID: 0000-0003-1994-619X



JoaparkoBa iHdpopMamuist: https://www.scopus.com /authid /detail.uri?authorld=57201913914;
https:/ /www.webofscience.com /wos /author /record /171527,
https:/ /scholar.google.com.ua/citations?hl=uk&user=UP8balgAAAA]

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TeXHIYHMI YHiBepcuTeT "XapKiBChKuii

MOJITEXHIYHNAN iHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. JanunbueHko JImutpo OsexciioBnd

2. Dmytro Danylchenko

KBasigikanis: . . 1., gou., 05.14.02
InenTudikarop ORCHID ID: 0000-0001-7912-1849

JoparkoBa iHdopmanist: https://www.scopus.com/authid /detail.uri?authorld=57200139784;
https://scholar.google.com.ua/citations?hl=uk&user=AwPg3m8AAAAJ

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUii
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InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI [llepuenko Cepriit IOpiioBry
rOJIOBH pajgu

Byacue IlpizBumie Im's I1o-6aTbKOBI [llesyenko Cepriii FOpifiosuy
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizasibHUH 32 MiATOTOBKY llenect IMnTpo AHZIPiIOBIY

00JIiIKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




