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1. HaniBpoBiIHMKOBI I1epeTBOPIOBaYi 3 MOKPAIEHUMU MAacOrabapuTHUMU IapaMeTpamu 115l 6€31pOTOBOI 3apsKu

Ha OCHOBI iMII€1IaHCHOI JIAHKU B PE30HAaHCHOMY PE>XKUMI

2. Semiconductor converters with improved mass - dimensional parameters for wireless charging based on Z-
source network in resonant mode

Pedepar:

1. TTaxamok B.I1. HaniBnpoBigHMUKOBI IepeTBOPIOBaYi 3 NOKPALIEHUMU MacOrabapUTHUMU TapaMeTpaMu st
6e37pOTOBOI 3apsAKY Ha OCHOBI iMIIeJaHCHOI JIaHKU B pe30HaHCHOMY pexxumi. - KBasnidikaniiina HaykoBa npalis Ha
IpaBax pykonucy. JlucepTalist Ha 3M00yTTs HAYKOBOTO CTyIIeHs AoKTopa ¢inocodii 3a cneujanbhicTio 141
«EynexTpoeHepreTuka, eJIEKTPOTEXHIKaA Ta eJeKTpomexanika» (014 - EnextpuyHa imxeHepis). - HauionansHun
yHiBepcuTeT “UepHiriBcpka nositexHika”, YepHiris, 2024. [JuceprauifiHa po60Ta IPHUCBsIYE€Ha BUPILIEHHIO
aKTyaJIbHOI'O HayKOBOTI'O 3aBJJaHHS - ONITHMIi3allii mepeTBOpIoBaya, sIK YaCTMHU CUCTEMU 0e3[IpOTOBOI Ilepeadi
€Heprii 3 BUKOPUCTAHHSIM 6araTOOMOTOYHUX PillleHb, 2 CaM€ BUKOPUCTAHHIO iMIIeIaHCHOI JIaHKY 3 MiHiMaJIbHOIO
KUJIbKICTIO HaIIBIIPOBIIHUKOBYX €JIEMEHTIB, IJIIXOM BUKOHAHHS aHaJi3y, PO3PaxyHKIB i BIPOBaIKEHHAM

MIPOrPaMHUX i TEXHIYHUX METOMiB. 3 PO3BUTKOM TEXHOJIOTIH, a TAKOX 3i 301/IbIIIEHHSIM KiJIbKOCTi TOPTAaTUBHUX



€JIEKTPUYHUX [IPUCTPOIB TEXHOJIOTISI 6€30pOTOBOI Nepenadi eHeprii Habysa BUJIMKOI OMYJISIPHOCTI B OCTaHHi
IecaTuiiTTd. Taki CuCTeMM XapaKTEPU3YITLCS BUCOKOIO HAMIIMHICTIO, OCKIJIBKM HE MA€ETh APOTIB i MEXaHIYHUX
poz’eMiB. Lle Takox mizBuiye 6€3Me4YHiCTh TAKUX CUCTEM, JI€ IPUCYTHICTh BUCOKOTO PiBHS BOJIOTOCTI UM iHIINX
(axTOpiB HE BILIMBAE Ha MIPOLieC Nepeadi eHeprii. BiacyTHiCTb HEOOXiZHOCTI B 6€3M0CEPEIHPOMY MEXAHIYHOMY
KOHTAKTi MK IIpuiiMadeM i nepegasadyeM I0O3BOJISIE PO3MICTUTH CUCTEMU N€pefadi €eHeprii B repMETUYHOMY
KOPIIYCi, 1110 AO3BOJIsIE 6araTOKPATHO 30i7bIIUTHU CTIMKICTh TAaKUX NPUCTPOIB 10 OYb SIKUX 30BHIIIHIX YUHHUKIB. He
3BaKalo4yM Ha Te, 10 TeXHOJIOTisl 6€3IpOTOBOI Nepeiayi eHeprii Bxke BimoMa 6isibliie HiXK CTO POKiB, OCHOBHUM
3aBIAHHSIM 3Q/IMLIAETHCS MiHIMi3allisg po3Mipy cucTemMu nnepeadi eHeprii, pa3oM 3i 301/IbIeHHsIM ii HafiiHOCTI Ta
6esnexy. OCHOBHUMU eJIeMEHTaMU, SIKi BU3HA4YaloTh K PO3Mip Tak i LiiHy cucTeM 6e3[IpOTOBOX Ilepeiadi eHeprix €
HAaIliBIIPOBIITHUKOBI i peaKTHUBHI KOMIIOHEHTU. B X0z MaTeMaTUYHOrO aHasi3y, 3 BUKOPUCTAHHAM iMiTalliiHUX
MoJesiell 3B's13aHUX KOTYLIOK, 6YJI0 BU3HAYEHO, 110 3 TOYKU 30PY MifTPUMaHHS (PiKCOBAHOI BUXiIHOI MOTY>KHOCTI i
BUCOKOi €(DeKTUBHOCTI MOXJIMBA peasi3allisl 3B’13aHUX KOTYIIOK 3 MiHIMaJIbHOIO KiJIbKiCTIO BUTKIB, aji€ 3 BUCOKOIO
00'€MHOI0 T'YCTHUHOIO IIOTY>KHOCTI. [IpoanasisdyBaBuy Tonosiorii iHBepTOpiB, B X0/1i 6araTOKpUTePialbHOro
IIOPiBHSIJIBHOTO aHaizy, 6ysia 3allpOIIOHOBaHA TOIIOJIOTISl 3 BUKOPUCTAHHIM iMII€JaHCHOI JIaHKH, SIKa JO3BOJIMIA
3MEHIINUTY BTPATU B HAMIBIPOBIAHMKOBUX €JIEMEHTAaX i 30iIbIINIIa HAIiHICTh CXeMU 3aBJSKU PEAKTUBHUM
KOMITOHEHTaM, 5IKi 0OMEe>XYyIOTb CTPYM BiJl BXiZHOTO pKepesia B pexKuMi IIOBHOI IPOBigHOCTi. Taka Tomooris
MifBUILye BXiHYy HAIIPYTY i JO3BOJIS€ NPALIOBATY 3 HAIIPYraMHU, SIKi B ONUHULI Pa3iB I€PEBUILYIOTh BXiIHY HAIIPYTY.
Lle 103BOJIsSIe BUKOHYBATU llepefady eHeprii Ipy 3MEHIIEHUX 3HAYE€HHIX CTPYMY, TUM CAMMMU 3MEHIIYIOYM BTPATU
B iHIYKTMBHOCTSX i B 3B’13aHMX KOTYIIKaX. BpaxoByioun mo 17151 po60TH 3alpOTIOHOBAHOTO PillleHHS B CUCTEMI
3apsAKy aKKyMYyJISITOPiB € HEOOXiTHUM 3BOPOTHIH 3B'SI30K, SIKUi1 Mae KOMMYHIKaliliHy 3aTPHUMKY i sSIKa MOXe
BIUJIMHYTHU Ha CTabiIbHICTh CUCTEMU KE€PYBaHH:I, OyJI0 3alIpOIIOHOBAHO CUCTEMY K€PYBaHHS 3 BUKOPUCTAHHSIM
npenukropa Cmira. Lle mo3BoIMII0 MiHIMI3yBaTy BIUIMB KOMMYHIKaLiHOI 3aTPMMKMU 1 pO3LIMPUTH Iiara3oH
CTabibHOCTI MPY 3HAYHUX BiIXUJIEHHSIX 3aTPUMKU. 3 MeToo Bepudikailii po60TH 3arporoHOBAHOTO PillleHHS
6e37poTOBOI Ilepefayi eHeprii 6yB po3po06yieHNI eKCIIEPUMEHTaIbHAM MaKeT Majloi IIOTY>KHOCTI, SIKU OyB
[IpOaHaJli30BaHUM NIPU Pi3HUX KOH(QIrypauisx TOMOJIOTiN, TAKUX SIK Pi3Hi [I0JIOKEHHS 3B'S13aHUX KOTYIIOK Y1
KOH(Iryparisi 3 BAKOPMCTaHHSIM JI04ATKOBOTO HAaMiBIPOBIAHUKOBOIO KJII04YA /J1 MiHiMi3auii BTpaT. Takox 6yB
PO3p0o6JIeHNI MaKeT KOHBEHLiOHAJIbHOTO pillleHHs 6e3IpOoTOBOI epenayi eHeprii. Lli pimeHHs 6ynu MopiBHSHI B
CXOXMX YMOBAX, [IPY OJIHAKOBUX BXiIHUX NTapaMeTPax i CIMiBBiAHOLUIEHHIX KOe]illieHTiB 3B's13Ky 3B'$13aHMX KOTYILIOK.

3anponoHOBaHe pillleHHs 10Ka3aJI0 BULY €(DEKTUBHICTB.

2. Pakhaliuk B.P. Semiconductor converters with improved mass - dimensional parameters for wireless charging
based on Z-source network in resonant mode. - Qualification scientific work on the rights of the manuscript.
Dissertation for the degree of the Doctor of Philosophy in specialty 141 - "Electric Power Engineering,
Electrotechnics and Electromechanics". - Chernihiv Polytechnic National University, Ministry of Education and
Science of Ukraine; Chernihiv, 2023. The dissertation is devoted to solving an urgent scientific problem -
optimization of the converter as part of a wireless energy transmission system using multi-winding solutions,
namely the use of an impedance link with a minimum number of semiconductor elements, by performing analysis,
calculations and implementation of software and technical methods. With the development of technology, as well
as the increase in portable electrical devices, wireless power transmission technology has become very popular in
recent decades. Such systems are characterized by high reliability, as they have no wires or mechanical
connectors. This also improves the safety of such systems, where the impact of high humidity or other factors
does not affect the energy transfer process. The absence of the need for direct mechanical contact between the
receiver and the transmitter allows energy transmission systems to be placed in a sealed housing, which can
multiply the resistance of such devices to any external factors. Despite the fact that the technology of wireless
energy transmission has been known for more than a hundred years, the main task remains to minimize the size of
the energy transmission system, while increasing its reliability and safety. The main elements that determine both
the size and price of wireless power transmission systems are semiconductor and reactive components. In the
course of mathematical analysis, using simulation models of coupled coils, it was determined that in terms of
maintaining a fixed output power and high efficiency, it is possible to implement coupled coils with a minimum



number of turns, but with a high volumetric power density. After analyzing the inverter topologies, in the course of
multi-criteria comparative analysis and synthesis, a topology using an impedance link was proposed, which
reduced losses in semiconductor elements and increased the reliability of the circuit due to reactive components
that limit the current from the input source in the full conduction mode. This topology increases the input voltage
and allows operation with voltages that are a few times higher than the input voltage. This makes it possible to
transfer energy at reduced current values, thereby reducing losses in inductors and in coupled coils. Given that
the proposed solution requires feedback in the battery charging system, which has a communication delay and
which can affect the stability of the control system, it was proposed to use a control system using a Smith
predictor. This allowed us to minimize the impact of the communication delay and expand the stability range in
case of significant delay deviations. To verify the operation of the proposed wireless energy transfer solution, a
low-power experimental layout was developed and analyzed under different topology configurations such as
various positions of coupled coils or a configuration using an additional semiconductor key to minimize losses. A
mockup of a conventional wireless power transmission solution was also developed. These solutions were
compared under similar conditions, with the same input parameters and coupling coefficient ratios of the coupled
coils. The proposed solution showed higher efficiency.
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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

Henncos I0piin OsekcangpoBuy

Henuncos IOpiit OsekcaHgpoBuY

JIncenko Harasnig BosogumupiBHa

VkpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



