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1. Incepraniiina po60Ta IpUCBIYeHA BUPIMIEHHIO BayKJIMBOTO Ta aKTyaJIbHOTO HAYKOBOTO 3aBAAHHS — ONTHUMI3aii
MacorabapuTHUX NapaMeTpiB IEPETBOPIOBAYA Y CKJIATi CUCTEM €JIEKTPUYHOTO KUBJIEHHS HA OCHOBI
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IKEpeJl «3eJIEHOI» eHePreTUKu. [IpoTe came COHAYHA reHepalis JEMOHCTPYE CTAIUM Ta IUHAMIYHUI picT
IIPOTATOM OCTAaHHIX JeCSATUITh. Taki cucTeMy HaflijIeH] pSaioOM CYTTEBUX IE€PEBar, TAKUX SK: MOKJIUBICTb
po3MillleHHs O6ynb-7e 6€3 NPUB'I3KU 10 reorpadiyHMX YMOB, BiICYTHICTb LIKiJIMBUX BUKUZIB B IIpoLieci reHepallii
€Heprii, BilCyTHICTb PyXOMUX YaCTUH, MOXKJIMBICTb MOHT&XY Ha OyJ1b-5IKi TBEPZi TOPU30OHTAJIbHI UM HAXUJIEHI
MIOBEPXHI, BKJIIOYAKYX JAXU KUTJIOBUX OYAMHKIB, MOXJIMBICTb POOOTH SIK HA LIEHTPali30BaHY €JIEKTPOMEPEXKY, TaK i
B aBTOHOMHOMY pekrMi. OIHUM i3 KITI0UOBUX €JIEeMEHTIB CUCTEMU COHSYHOI eHepreTUku okpiMm BiacHe DEIT e
HaMiBIPOBiIHUKOBUI IEPETBOPIOBAY, 110 3a0e3Ieuye IepETBOPEHHS €HEeprii IOCTIMHOrO CTPYMY B 3BUYHU /1714
NoOGYTOBUX NPUJIAZIB 3MiHHUN cTpyM. Ocob6uBicTIO po60TH NepeTBopioBaya 3 QEII B SIKOCTI IKepeJia HallPyTy €
KOJIMBaHHS BXiJHOI HAllpyry B LIMPOKOMY Jialla30Hi Ipy 3MiHM 30BHIlIHIX yMOB. BapTicTs, rabapuTHi po3mipu, maca,
METaJIOEMHICTb TaKUX [1IEPETBOPIOBAYiB ITPOMOPLiIHI IX MAKCMMAaJIBHIN IIOTY>KHOCTI. B X0A1 aHani3y HasgBHUX
KOMEPLIMHUX pillleHb 0yJI0 BU3HAYEHO, L0 BUCOKA BapTiCTh Ta 3HaYHi MacorabapuTHi napameTpu NOJiOHNX
IIEPETBOPIOBAYIB CIIPUYMHEH] 3HAYHOIO METAJIOEMHICTIO TACUBHUX €JIEMEHTIB, CTPUMYIOTh OiJIbII IKUPOKE
BIIPOBAJPKEHHS MMOIOHNX CUCTEM. 3a pe3yJIbTaTaMHU TIOPiBHAIBHOTO aHaJIi3y Ta MAaTEMAaTUYHOTO MOZEIOBAHHS
psALy pilieHb 6yJI0 06paHO SIK HAaNOIIbII IEPCIIEKTUBHY KOMOIHOBAHY TOIIOJIOTIIO 3 BUCOKOYACTOTHOIO iMITyJIbCHOIO
YaCTUHOIO T2 HU3bKOYACTOTHUM JIQHLIIOKKOM PO3ropTKU. OyHKILIOHAIBHO 3alIPONIOHOBAHA iIMITyJIbCHA YAaCTHHA
reHepye CTpyM 10 32 (OPMOIO BiITIOBilae MOIYJII0 CUHYCOIAY, a JIAHIIIOKOK PO3TOPTKU 3abe3Ievye 3MiHy 3HAKy
BUXinHOI Hanpyru. [Ipy 1bOMYy aKTUBHI KOMIIOHEHTH iMITyJIbCHOI YACTUHU IPALIOIOTh 3 BUCOKOIO YaCTOTOIO
KOMYTALlil0 B I€CSITKU KiJIOTepLl, a KJII0Ui JIAHLII0’KKA PO3rOPTKY KOMYTYIOTBCS 3 4aCTOTOK MEPEKEBOi HalpyTH.
Taknii po3nofin g03BOJIMB ONTUMI3yBaTH MapaMeTpyu TPAH3UCTOPIB BilIOBIIHO 0 YMOB POOOTU B KOXKHIi1 3 JIaHOK,
BUXOJISIYM 3 OUiKyBAHOT'O PO3IIOJiNY CTATUYHUX Ta JUHAMIYHUX BTPAT, 4 TAKOK 3MEHIIUTH BapTiCTb KOMIIOHEHTIB
JIAaHLIIOKKA PO3rOpTKU. ByJl0 3alIpONIOHOBAHO 3aMKHEHY CUCTEMY KepyBaHHS II€PETBOPIOBAYEM 3 TPUPIBHEBOIO
IIMPOTHO-iMITyJIbCHOMIO MogysLieto (IHIM). Cucrema kepysaHHs (CK) peastizye NOCTiiHMI MOHITOPUHT CTPYMY Ta
Hanpyru QEIT Ta BUXigHOTO CTPyMy [€PETBOPIOBAYA IO J03BOJIIE€ €(PEKTUBHO MiATPUMYBAaTH (POPMY BUXiZHOTO
CTPYMy Ta HalPyry B LIMPOKOMY Jiana3oHi 3MiHU BXigHoi Hanpyru. CK ¢popmMye nieKinbKa rpyIn CUrHajiB KepyBaHHs
L7151 Pi3HUX YAaCTHH [1IepPETBOPIOBaYa: BUCOKOYacTOTHI [IIM-curnanu 3 pazoBUMU 3CyBaMU [J1s1 KEPyBaHHS
napasesbHMMUY JIAHKAMU iMITyJIbCHOI YaCTUHU Ta HU3bKOYACTOTHI CUTHAJIM [IJIs1 KEPYBaHHS KJII0YaMHU JIAHLIIOKKA
PO3ropTKU. [1j1s1 NOPiBHSIBHOTO aHasizy e(peKTUBHOCTI 0OPaHOTO MiTXo4y 3 YepryBaHHAM (a3 Ta JIaHILII0KKOM
PO3rOpTKHU 6yJI0 pO3p0O0JIEHO MaTeMAaTUYHY MOJI€JIb BTPAT B HANliBIPOBiJHUKOBUX eJleMeHTax. JlaHa Mozesb
IO3BOJISIE OLIHIOBATU CTaTAYHi Ta AMHAMIYHI BTPAaTU B TPAaH3UCTOPAX 3 BPaXyBaHHSM KiJIbKOCTi apajiejIbHUX
MO[IyJIiB, TapaMEeTPiB KJII04iB, IOTY>KHOCTi IEPETBOPIOBAYA, BXiHOI HANIPYTU. BUXOASYM 3 OTPUMaHUX 32
pesyibTaTaMy MAaTEMaTUYHOTO MOJIEJIIOBAHHS JaHKX, ONITUMAJIbHUM € 3aCTOCYBaHHS JIBOX IapajleJIbHUX MOMYIIB.
3a yM0OBHU 3acToCyBaHHs Tpbox MoayiB KK]I Ta eHeprisl B KOTylIKax iHIyKTUBHOCTI He 3a3HAIOTh CYTTEBUX 3MiH, 3a
YMOBH YCKJIQJIHEHHSI CUCTEMU KePyBaHHS Ta 30i/bIIE€HHS PO3MipiB IpYKOBaHOI IJIaTH IepeTBOploBaya. 3a
pe3yJbTaTaMU aHAJIITUYHOTO OIJIy, MATEMAaTUYHOrO Ta iMiTallifHOrO MOJIEJIIOBAHHS IJIS1 IOJAJIBIIO] IPAKTUYHO]
peasizallii Ta HaTypHUX €KCIIEPUMEHTIB Oys10 06paHO TOIOJIOTIIO 3 ABOMA NapajiesIbHUMU JIAHLIIOKKaMU iMITyJIbCHOI
JIAHKU Ta JIaHLI0)KKOM PO3rOpTKU. PO3p06JIEHO Ta peali3oBaHO €KCIIEPMMEHTAIbHUI MaKeT II€PEeTBOPIOBAYA
noTy>XHicTio 1 KBT 1m0 103B0JIsI€ OLiHNTY e(EeKTUBHICTh 3aIIPOTIOHOBAHOI TOIOJIOTI B Aiana3oHi NOTy>KHOCTI Bif 160
BT 10 1 kBT. MakcuMasbHa €KCIIEPUMEHTAJIbHO JOCITHYTa €(PEKTHMBHICTb B PEKMMI MiABUILEHHS HAIPYTU CKJIaZlae
noHap, 96% npu noTtyxHocTi noHag 450 BT, B pexxuMi 3HM>KEHHS HaIpyry oHaf 97% 3a NOoTyXKHOCTI oHaz, 650 Br.
EKcriepyMeHTaIbHO OTPUMAaHI PE3YJIbTaTH [IOBHICTIO MiITBEPIKYIOTh TEOPETUYHO OYiKyBaHi Ta OTprMMaHi 3a
pe3yJbTaTaM¥ MaTeMaTUYHOTO MOZEIOBAaHH.PO3p0o6IeHa MaTeMAaTUYHA MOJIEJIb € YHiBEPCATIbHUM iHCTPYMEHTOM
OLIiHKM e(PEeKTUBHOCTI 0OpaHOro MiAXoLy AJ1s1 IEPETBOPIOBAUIB IAHOIO Kjlacy Ta cpepu 3aCTOCYBAaHHS, 110
BiIKpMBae€ IJISIX OJ1s1 MOJAJbIIMX AOCTIIPKEHDb Ta MoAu(iKallii iHBEPTOPIB 3 INMPOKMM Aialla30HOM PETYJIIOBAHHS

BXiZTHOI IOTY>KHOCTI Ta ONTUMI30BaHNMU MacorabapuTHUMU ITapaMeTPaMHu.

2. The dissertation is devoted to the solution of an important and relevant scientific task - photovoltaic (PV)
converter mass and size parameters optimization. Specifically, the inverter as part of autonomous stationary
power supply systems by means of review, analysis, comparison, calculations, justification of the choice and
implementation of complex scientific and practical technical and software methods and tools. The expansion of



renewable energy sources in a global generation has been growing over the past decades. Systems based on
photovoltaic (PV) cells provide a relatively low percentage even among other sources of "green” energy. However,
solar generation shows steady and dynamic growth over recent decades. Such systems are endowed with a
number of significant advantages, such as placement possibility without reference to geographical conditions, the
absence of harmful emissions in the process of energy generation, such systems don’t include any moving parts,
installation possibility on any horizontal or inclined surface (including the roofs of residential buildings), the
possibility of working both on the centralized power grid and in autonomous mode. One of the key elements of the
solar energy system, in addition to the PV, is a semiconductor converter, which provides the conversion of direct
current energy into alternating current, which is commonly used for household appliances. A feature of the
operation of the converter with PV as a voltage source is the fluctuation of the input voltage in a wide range when
external conditions change. The cost, overall dimensions, weight, and metal capacity of such converters are
proportional to their maximum power. It was determined that the metal-intensive passive components contribute
a large part of the high cost and the bulky size of such converters. Which, in turn, restrains the further expansion
of this type of system. The most metal-intensive components of the converter are inductors and radiators. Their
size and mass are proportional to the energy flowing or dissipated by these elements. As a result of the analysis, a
number of approaches to reducing the mass and size parameters of the inductor coils by reducing the energy per
coil were revealed. Inductor current reduction for the DC/DC stage of the converter can be achieved by parallel
connection of several DC/DC cells. Such an approach based on current dividing was determined as the most
promising. The switch control signals contain phase shifts which provide some time gap between the transistors
opening in different cells. The results of comparative analysis and mathematical simulation indicate that the most
promising topology includes a high-frequency DC/DC stage and low-frequency unfolding circuit. The proposed
DC/DC stage generates a module of sinusoidal waveform and the unfolding circuit only reverses the direction of
the output current. At the same time, the switches of the DC/DC stage work with a high switching frequency of 64
kHz, and the keys of the unfolding circuit are switched with the frequency of the mains voltage. Such functional
division makes possible optimization of the transistor parameters according to the operating conditions in each
converter stage, based on the expected allocation of static and dynamic losses, as well as to reduce the cost of
unfolding circuit components. Due to the features of PV cells as a voltage source, the converter control system
requires some flexible algorithm to operate with the dynamic illumination changes and partial shading of the PV
panel. Modern control systems provide algorithms for monitoring the maximum power point (MPP) of the PV. Such
an algorithm makes it possible to optimize the power extraction from the solar panel under the condition of partial
shading by load adjusting. A modified algorithm for tracking the global maximum power point (GMPP) was
proposed, which allows for increasing the speed of the system up to three times. The speed increase allows for
minimizing energy losses during the reconfiguration of the optimal operating point of the system. A three-level
pulse-width modulation (PWM) closed-loop converter control system was proposed. The control system (SC)
implements constant monitoring of the current and voltage of the PV and the output current of the converter.
These parameters monitoring allows to effective maintain the form of the output current and voltage in a wide
range of the input voltage changes. The SC generates several groups of control signals for different parts of the
converter: high-frequency PWM.
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TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi

OisSIIBHOCTI

Henncos IOpiit OnekcaHgpoBuY

JIncenko Harasis BosogumupisHa

VKpIHTEI

[Opuenko TeTsHa AHaTOJIiBHA



