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aKyMYJISITOPHUX 6aTapeil OCTaHHIM 4acoM Ay>Ke CTPIMKO 30i/byeThbCsl. CUCTEMU KEPYBAaHHS aKyMYJISITODHUMU
6aTapesiMU 3aCTOCOBYIOThCA B YCiX Cy4aCHUX aKyMyJISTOPHUX GaTapesx. [X OCHOBHOM 3anavero € e(peKTUBHeE i
TpUBaJle BUKOPUCTAHHS aKyMyJIATOPHOI 6aTrapei. Po6oTa cucTremu KepyBaHHS 6€3110CEPEAHBO BILIMBAE HA PECYPC
aKyMYJISITOPHUX 6aTapeil. MogepHizallisg HassBHMX CUCTEM KEPYBAHHS € OJHUM 3i HIJIIXiB 30i/bLIE€HHS 3araJlbHOro
pecypcy aKkyMyJISITOPHUX 6aTapei Ta yIOBIIbHEHHS IIPoLecy X nerpazauii. ¥ nepuomy posisii IpoBeieHo aHai3
TUIIIB Cy4acHUX aKyMyJISITOPHUX 6aTapell Ha OCHOBI JIiTiio Ta AOCiIPKEeHO iX XapaKTeprUCTUKU. BUKoHaHO orisy
€KBiBaJIEHTHUX cxeM 3amimeHHs AB. [IpoaHasnizoBaHO 0CO6IMBOCTI Oy/I0BYM Ta 3aCTOCYyBaHHS AD B
€JIEKTPOTPAHCIIOPTI Ta CTAlliOHAPHUX HAKONMYyBavyax eHeprii. JlociimkeHo 6ymoBy Ta QyHKIii cuCTeM KEPYBaHHS
AB. TIpoBeneHo knacu@ikariiio Ta IOpiBHSJIbHUM aHai3 MeTOiB 6anaHcyBaHHs AB. V pyromy pospini HaBeneHo
aHasi3 npuuuH perpagauii Ab. [IpoBeneHo aHasi3 cepeHbO 10O60BOro NPOOIry eneKTpoMobins. PosrisHyTo
IOOCJIiIKEHHS y SIKMX HaBOJSTbCSI €KCIIEPMMEHTAJIBbHI Ta PO3PaxyHKOBI 3HAUEHHS 3aJIEXXKHOCTI pecypcy Ab Big,
rMOVHY pO3psly Ta Aiaras3oHy PiBHA 3apsiay y SKOMy BinoyBaeTbcst po6oTa AB. HaBeeHO po3paxoBaHi 3Ha4€HHS
MO>KJIMBOTO 306iIbIIEHHS pecypcy Ab mIsIxoM BUOOPY ONTUMAJILHOTO YaCTKOBOTO LIMKJTY. 3allpPOIIOHOBAHO MOKJIMBI
pillIeHHs MO0 BIPOBAIKEHHS iHTEJIEKTya/IbHOI CUCTEMU BUOOPY YaCTKOBOI'O LIMKJIYy HA IIPUKJIAJi CUCTEMU
KepyBaHHS AB esleKTpoMo6iis. Y TpeTbOMY pO3[isi pO3IJISIHYTO TOIOJIOTI akTMBHUX 6anaHcupiB Ha ocHoBi DC-DC
IIEPETBOPIOBAaYa. 3aIIPOIIOHOBAHO MOKPAI€HY TOMOJIOTiI0 aKTUBHOTO 6aJIaHCHPa, 3 MOKJIMBICTIO BUKOPUCTAHHS B
6araro cekuiiHux AB. [IpoBeieHO MOIe/IIOBaHHS Yacy 6ajaHCyBaHHS [J1s1 MOKJIMBUX METO/IB 6ajlaHCYBaHHS y
NOKpallleHiil TOIOJIOrii aKTUBHOTO 6aaHcupa. [IpoBeileHO MOAEI0OBaHHS MOXUJINBUX 110 BUKopucTanHg DC-DC
IIEPETBOPIOBAYIB y MOKPAlEHiil TONOIOrii aKTUBHOTO 6ajlaHCHpa, Y IporpamHomy cepenosuli PLECS. Pesynbratu
MOJIeJIIOBaHHS 3a0€31e4yIoTh MifI PYHTs 1J1s1 BuUbopy nesHoro tuiy DC-DC nepeTBopioBaya sl IPaKTUYHOIO
3aCTOCYBaHHS. Y YETBEPTOMY PO37iji po3p0o06JIEHO CXEMY Ta IPYKOBaHYy IJIATY [1Ji IPOTOTUITY aKTUBHOTO
6aslaHcupa 3 MOKpalleHOI0 TOIIOJIOTIEI0 4J1s1 3ACTOCYBaHHS B 6araToceKuitHux AB. CTBOpEHO NPOTOTHII, SIKUM
BCTaHOBJIEHO B AB enieKTpomo6isis. [IpoBefeHo eKciepuMeHTaIbHE AOCIIiIKEHHSI MOKJIMBOTO 30ibLIEHHS pecypcy
AD m151XOM BUKOPUCTAaHHS aKTUBHOTO 6ajlaHCHpa 3 IIOKPallleHMMU XapaKTeprucTukamu. Kiro4oBi cioBa:
aKyMyJISITOpHa 6aTapesi, CUCTEMA KePyBaHHS aKyMyJISITOPHOIO 6aTapeeto, €(peKTUBHICTD, €JIeKTPOMOOIIb, NiOpUIHMIA
HaAKONMYYBa4 €JIEKTPOEHEPrii, 3apsaIHNI IPUCTPIil, AKEPEJIO CTPYMy, aKTUBHE OaJIaHCYyBaHHS, CUCTEMA KEPYBaHHS,
[IEPETBOPIOBAY €JIEKTPOEHEPTii, IHBEPTOP, iIMITyJIbCUA KEPYBAHHS, NiarHOCTHKA HECIIPABHOCTEH, KOMYTallis

TPaH3UCTOPIB, [IOTY>KHICTb BTPAT.

2. Lipko D. O. Battery Management Systems with Battery Life Extension Functionality. - Qualification Scientific
Work as a Manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 171 Electronics - National
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" MES of Ukraine, Kyiv, 2025. In the
dissertation, the actual scientific and practical problem of extending the service life of accumulator batteries
through the use of new means of power and information electronics is solved. The obtained new scientifically
based results in the aggregate are significant for the development of battery management systems with an active
balancing method, which can be used in batteries with a modular structure. In recent years, the production of
electric vehicles, stationary energy storage devices and various portable devices has been growing significantly.
This contributes to the fact that the production of lithium-ion batteries has been increasing very rapidly recently.
Battery management systems are used in all modern battery packs. Their main task is the efficient and long-term
use of the battery. The operation of the control system directly affects the resource of batteries. Modernization of
existing control systems is one of the ways to increase the total life of batteries and slow down the process of their
degradation. The first chapter presents an analysis of modern lithium-based battery types and their
characteristics. An overview of equivalent circuit models of battery packs is provided. The structural features and
applications of battery packs in electric transport and stationary energy storage systems are analyzed. The design
and functions of battery management systems are examined. A classification and comparative analysis of battery
balancing methods are conducted. The second chapter analyzes the causes of battery degradation. An evaluation
of the average daily mileage of electric vehicles is provided. Studies presenting experimental and calculated values
of battery lifespan dependence on depth of discharge and charge level range are considered. Estimated values of
potential battery lifespan extension through the selection of an optimal partial cycling strategy are presented.



Possible solutions for implementing an intelligent partial cycle selection system within an electric vehicle battery
management system are proposed. The third chapter discusses the topologies of active balancers based on DC-DC
converters. An improved active balancer topology is proposed, suitable for multicell battery packs. Modeling of
balancing time for various balancing methods in the improved active balancer topology is performed. Modeling
possible DC-DC converters for use in the improved active balancer topology is conducted, providing justification
for selecting a specific DC-DC converter type in further research. The fourth chapter presents the design and
printed circuit board (PCB) layout for a prototype of an active balancer with an improved topology for multicell
battery packs. The prototype is assembled and integrated into an electric vehicle battery pack. An experimental
study is conducted to evaluate the potential increase in battery lifespan due to the use of the improved active
balancer. Keywords: battery, battery management system, efficiency, electric vehicle, hybrid power storage,
charger, current source, active balancing, control system, power converter, inverter, control pulses, fault

diagnosis, transistor switching, power loss.
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