O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0822U100009
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpaunii: 03-01-2022

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Koxxymko FOuig BitaniiBHa

2. Kozhushko Yuliia Vitaliivna

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi ceniaabHOCTI: 171

Ha3Ba HayKOBOIi CIeniaJIbHOCTI: Esexrponika Ta TesekomyHikaii. Enekrponika

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 17-12-2021

CnenianbHICTB 32 OCBITOXO: EjleKTPOHHI cucTeMM

Micue po6otu 3,qo6yBaqa: HanjionasnpHui TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [Tepemoru, 6ya. 37, M. Kuis, 03056, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIIudp cnenianizoBaHoi BYUEHOI pagH (pa30Boi Cleliaai3oBaHOi BY€HOI pagu):. 1d 26.002.061

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoo KeHHS: npocrekt [lepemory, 6yx. 37, M. Kuis, 03056, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrekt [Tepemory, 6yx. 37, M. Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHX PYOPHK: 45.37

Tema guceprauii:
1. ITepeTBOpIoBayi esieKTpoeHeprii ri6pUAHNX EMHICHUX HAaKOIINYYBaviB JJIsl CUCTEM 3 IMITyJIbCHUM HaBaHTaXKEHHSIM
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Pedepar:

1. TlepeBa>kHa 6i/bIIICTh IOPTATUBHUX IPUCTPOIB Ta CUCTEM MAa€ CKJIAAHUI HEJHIMHUI XxapaKTep
€HEeprocroXKuBaHHS. [>kepesia )KUBJIEHHS TAKUX ITPUCTPOIB, a CUCTeMU HAaKOIMY€eHHs eHeprii B Microgrid Ta
BITPOBIll i COHSIYHIl reHepallii eJleKTpoeHeprii NOBUHHI 3a0e31eyyBaTy CepeIHIO Ta [1iKOBY IIOTY>KHiCThb
HaBaHTaXEHHS, a TAKOX, 3a/1aHi MacO-rabapyuTHi NOKa3HUKY Ta BUCOKi NOKAa3HUKU €Heproe(eKTUBHOCTI.
[TomupeHUM € BUKOPUCTAHHS Pi3HUX TUIIIB aKyMYJISTOPHUX B SIKOCTi HAKOIIMYYBAUiB €HEPrii [JIs1 TaKUX IPKEPel
>KMABJIEHHS], OCKIJIbKM BOHU XapaKTE€PU3YIOThCSI BUCOKOIO IMTOMOIO IiJIbHICTIO eHeprii. [IpoTe 3HayHM MiKOBUN
CTPYM HaBaHTaXEHHs, SIKA [T€PEBUILY€E HOMIHAJIbHUI CTPYM AB, MOXKe CIIDUYMHUTYA CKOPOYEHHS IXHbOTO TEPMiHY
eKCIulyaTalii Ta oripieHHs ix eHepreTUYHUX XapakTepUCTUK. BukopucranHg KoMmbiHallill HakoNuyyBaya 3
BMCOKOIO IIiJIbHICTIO MOTYKHOCTi Ta HAKONMYYBaya, 110 XapaKTePU3yEeTbCSI BUCOKOIO MIiNIbHICTIO €HePrii Moke 6yTh

e(peKTUBHUM BUPIlIEHHSIM ITPO6JIeMU TOPTAaTUBHOTO €HEeProKUBJIEHHS Ta 306epiraHHs eHeprii B cucremMax



Microgrid, cOHS4HOI Ta BiTpOBOI €HepreTUkU. TakuM YMHOM, 3aCTOCYBaHHS riOPUIHNX €EMHICHUX HAaKOIIMYyBadiB
eHeprii Ha OCHOBI aKyMyJIITOpHUX 6aTapei (AB) Ta cynepkonzpeHncaropis (CK) nJist cucteM aBTOHOMHOTO
€HEProXMBJIEHHS Ta [TIOPTATUBHUX IIPUCTPOIB, B OCTAHHI DOKHU, CTa€ NEPCIEKTUBHUM HAIPSIMOM JOCIiIKeHb. [lle
OJIHi€I0 NMEePCIEKTUBHOIO rajay33l0 3aCTOCYBaHHs HakonuuyBauiB Tuny Ab ta CK e mxepesa >kKuBjieHHs1 06J1aHaHHS
17151 KOHTaKTHOT'O MiKpO3BapIOBaHHS, SIKi TAKOXK XapaKTEPU3YETbCS iMITYJIbCHAM CIIOKMBAaHHSM CTPYMY BUCOKO]
aMmIutiTygu. [bkepesa KyBJIeHHs I0OYA0BaHi Ha OCHOBI TOIOJIOTI] 3 IPOMDKHUM HaKOIIMYEHHSIM eHeprii ToTpebyoTh
HaKOIIM4yBayiB, 110 OAHOYACHO XapaKTEPU3YIOTbCS BUCOKOIO MIIJIbHICTIO IIOTY>KHOCTI Ta eHeprii. I posnoginy
€Heprii MK TaKMMM HaKONIMYyBaYaMHU 3aCTOCOBYIOTBCS IOJATKOBI KOJIa IIEPETBOPEHHS €JIEKTPOEHEPTii. B po6oTi
POBIJISIHYTO [1epeTBOPIOBaYi €J1eKTPOeHEePTil riOpUIHUX €EMHICHUX HAaKOMIMYyBayiB, 1110 3aCTOCOBYIOTHCS B CUCTEMAX
3 IMITyJIbCHUM €HEPrOCIIOKUBAHHAM, Ha [IPUKJIaJi €HEProCIIOKUBAHHA [J1s peaisallil Ipolecy KOHTaKTHOTO
MiKpo3BapoBaHHs1. HaykoBa HOBM3HA OLEP>KAaHUX PE3yJIbTaTiB. BAOCKOHANIEHO TOMOJIOriI0 Ti6pUIHOTO €EMHICHOTO
HaKoNMYyBaya eHepril 3a paXyHOK BUKOPHCTaHHs [1I€PETBOPIOBAaYa MOCTIMHOTO CTPYMY, PETYJIIOBAJIbHI
XapaKTEPUCTUKU SIKOTO JO3BOJISIIOTh PO3MMPUTH (PYHKIIOHAIbHI MOKJIMBOCTI TAKUX HAKONUYYBaydiB B CUCTEMAX 3
iMITyJIbCHUM CIIOKMBaHHSIM CTPyMY HaBaHTaXEHHS. Briepie 3aliporioHOBaHO MaTeMaTU4Hy MOJeJIb ri6pugHOro
€MHICHOr0O HaKONMYYyBaya €Heprii 3 IepeTBOPIOBAYEM, SIKUI 3a6e3Iedye po3MoIil eHeprii MiX eMHICHUMUA
€JIEMEHTaMU, sIKa BPaxOBYye Iapa3nTHI IapaMeTPU KOMIIOHEHTIB CXEMHU [TEPETBOPIOBAYa Ta JO3BOJISIE
[IPOaHAJIi3yBaTU CTIMKICTh CUCTEMU B BUBHAYEHOMY Jialla30Hi IONyCTUMUX 3HAYEHb [1apaMeTpiB Mmopesi. Briepiie
3aIPONIOHOBAHO CIIPOLIEHY MaTEMATUYHY MOZEJb FiOpUIHOrO EMHICHOTO HAaKOIIMYyBaya, sIKa 32 PaXyHOK
3MEHILIEHHS KiJIbKOCTi peaKTUBHUX KOMIIOHEHTIB TOIOJIOTi 103BOJIsIE 3HU3UTHU MOPSILOK CUCTEMU OUpepeHLiNHNX
PIiBHSIHB i Bij[IOBiIHO CIIPOCTUTU aHaJli3 CUCTEMU. BIIOCKOHATIEHO METOIUKY CUHTE3Yy PEryJsITopa, 1ka 6a3yeTbCsl Ha
MeTO/li XapMTOHOBA, 1I0 BPaXOBYy€ PO3KU/JL, [TapaMeTpiB KOMIIOHEHTIB CXeMU [IEPETBOPIOBaYa Ta JO3BOJISIE
[IPOaHaJIi3yBaTU CTIMKICTh CUCTEMU B BUBHAYEHOMY Jiala3oHi JOMYyCTUMUX 3HAYEHb [IapaMETPiB MOJEI.
3anponoHOBAaHO CUCTEMY BUPIBHIOBAHHS HAIIPYTX KOMipOK CyIIEPKOHIE€HCAaTOPHOTO MOAYJIIO TiGPUAHOTO
€MHICHOTO HaKONMYYBaya, gKa 3a JOIIOMOTOI0 IIEPETBOPIOBAYA MIOCTIHOTO CTPYMY [J03BOJIS€ 3a6€3[1€YUTU
HeOOXiJIHi 3Ha4€HHS TOYHOCTI BUPiBHIOBAaHHS HAIIPYT'd HAa KOMipKax TaKOTro MOJYJIIO 32 YMOB iMITyJIbCHOTO
CIIO)KMBAHHS CTPYMY HaBaHTaKeHHs. [IpakTnyHe 3Ha4eHHs. TeopeTnyHi pe3yJbTaTi JOBEIEHO A0 PiBHS
IIPAKTUYHOTO 3aCTOCYBaHHS. PO3p06JI€eHO Ta BUIIPOOYBAHO NIPOTOTUII [1I€PETBOPIOBaYa riGPUIHOrO EMHICHOTO
HaKoIlIM4yBaya eHeprii. B pe3ysbTaTi JOCIiIKEeHb 3alIPOIIOHOBAHO CXEMU IIEPETBOPIOBAYIB IJ151 PO3IIOLiNy €Heprii
MiX €MHICHMMHU HAaKONMYYBa4yaMU €Heprii, 0 J03BOJISI€ PO3MUPUTHU (PYHKIIOHAIbHI MOKJIMBOCTI TaKUX
HAKOIMYyBaviB [IPY iMIIyJIbCHOMY €HEPrOCIIOKMBAaHHI BUCOKOI ITOTYXHOCTI. PO3p06sieHO MIKpOIIPOLIECOPHY
CUCTEMY K€pPYBaHHS IIEPETBOPIOBAYEM TiOPUAHOrO EMHICHOTO HaKOIMYyBaya, SIKa J03BOJIsIE€ 3a0€31€YNTH TTOXUOKY
perymoBaHHs Hanpyru CK He ripme 5% Ta cTpymy Ab Ha HOMiHa/JIbHOMY PiBHi 3 TOXMOKOIO He ripme 15% mniz yac
npouecy 3apsny CK Ta iMnysibCHOMY CITOXKMBAaHHI CTyMy HaBaHTaXXeHHs. PO3p06JieHO TpOrpaMHuil KOJ, SIKUU

peastizye 3arIpOIIOHOBAHUI aJIFOPUTM KepyBaHHS IlepeTBOPIOBaYeM TiOpUIHOTO €éMHICHOTO HaKONUYyBaya.

2. The vast majority of portable devices and systems have complicated and nonlinear power consumption
characteristics. The power supplies of these devices and systems, as well as the energy storage of the Microgrid
and wind or solar power generation, have to provide average and peak load power, required weight and size, high
energy efficiency. Various battery types are typically utilized in these power supply systems due to the high energy
density of the cell. However, the high peak load current that is significantly greater than the nominal battery
discharge current could lead to battery life cycle reducing and deteriorating cell characteristics. The hybridization
of high power density storage and high energy density storage could be an effective solution to the problem of
power supply portable devices and energy storage in Microgrid, solar and wind energy systems. Thus, the
implementation of hybrid energy storage systems based on batteries and supercapacitors for self-contained power
supplies and portable systems is becoming a new promising research field in recent years. Another perspective
area of battery supercapacitor energy storage application could be power supplies of a micro resistance welding
equipment, that also have pulsed power consumption. Energy storage that is simultaneously characterized by high
power and energy density is required for micro resistance welding power supplies based on capacitive discharge
topology. Auxiliary DC-DC power converters are used for energy distribution between battery and supercapacitor.



This work focuses on the DC-DC converter of hybrid energy storage that is used in a system with pulsed current
consumption on the example of welding current for micro resistance welding technology. Novelty of the obtained
results. The topology of a battery supercapacitor energy storage has been improved by means of a DC-DC
converter, which allows extending the functionality of such energy storage in systems with pulsed load current
consumption. The mathematical model of a battery supercapacitor hybrid energy storage with a DC-DC converter
that considers the components parasitic parameters and variations of the component parameters within the
tolerance region has been proposed. The simplified mathematical model of the battery supercapacitor energy
storage with DC-DC converter, that due to reducing the number of passive components of the topology allows
reducing differential equations system order and simplifies the analysis of the system accordingly. The method of
regulator synthesis based on Kharitonov's method, which considered the tolerance parameters of the components
and allows to analyze the stability of the system in a certain range of allowable values of the model parameters has
been improved. The voltage equalization system of the supercapacitor module cell of hybrid energy storage, that
due to utilizing a DC converter allows providing the necessary values of the accuracy of cells voltage equalization
of the module during pulse current consumption has been proposed. The practical importance. The theoretical
results could be practically applicable. The proposed prototype of the hybrid energy storage system with a DC-DC
converter is experimentally verified. As a result of the work, a schematic of the DC-DC converter that is applied for
energy distribution between battery and supercapacitor is proposed. The DC-DC converter allows extending the
functionality of such hybrid energy storages, which is used in systems with high current pulse load. A
microprocessor control system of the DC-DC converter for hybrid energy storage is designed. The proposed
control system allows ensuring the uncertainty of the supercapacitor voltage regulation is not worse than 5% and
the battery discharges current regulation at the nominal value with uncertainty not greater than 15% during the
supercapacitor charging process and consumption the pulse load current.
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