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Pedepar:

1. O6’ekT pmocnimkeHHs — npouec GOPMyBaHHS IOPUCTOI CTPYKTYPH BYIJIELLEBUX €JIEeKTPOLHUX MaTepiaiB Ais

CHCTEM HaKOIIMYeHHs 3apsliB. MeTa AucepTaliliHOro NOCiI>)KeHHs I10J19ra€e y BCTAaHOBJIEHHI B3a€MO3B'sI3KiB MK

CTPYKTYpOI0, MOP(OJIOTi€I0 Ta METOJAMU OTPUMAaHHS HAHOIIOPUCTUX BYIJIELIEBUX MaTepiailis i ix

€JIEKTPOXIMIYHMMMU BJIACTUBOCTSIMU 171 ONTHUMI3allii CUCTEM HaKONMYEHHS 3apsay. ONuc MeTo[0J10rii / MeToouKA

IoCimKeHHs: [lyist TOCATHEHHS METH [10CTaBJICHUX 33124 BUKOPUCTOBYBAJIMCS B3a€MOJIOTIOBHIOBAJIbHI METOIH, a

came: azicopO1iiliiHa MopoMeTpisl, CKaHylo4a eJIeKTPOHHA MIKPOCKOIIisl, KoMOiHalliliHe po3ciloBaHHSs CBiT/Ia, X-

npoMeHeBUi GJIyOpeCLIEeHTHUM aHai3, MaJOKyTOBe X-ITPOMEHEBE PO3CilOBaHHS, iMIIe[JaHCHA CIIEKTPOCKOIIis,



LMKJIIYHA BOJIbTAMIIEPOMETPIsl, XPOHOIIOTEHLIIOMETPisl, METOLU Bi3yaslisalii Ta MAaTEMaTUYHOTIO MOJEJIIOBAHHS
eKCIlepuMeHTaIbHUX JaHux. CrelianbHi iHCTpyMeHTH Ta anaparypa: copbomeTp Quantachrome Nova 2200e, X-
npomeHesi gudpaxkromeTpu Shimadzu XRD-7000, imnenancuuil cnekrpometp Autolab PGSTAT 12 /FRA-2,
yJIbTpa3BykoBuil gucneprarop Y3JH-A. [IporpaMmHe 3a6e3Me4yeHHs, sIke BUKOPUCTOBYBAJIOCH IIifl, 4ac OINpPalLlOBAaHHS
OTPUMaHUX AaHuX abo s nmpoBeneHHs nociimkenHs: Quantachrome NovaWin 11.0., Match, FullProf, 12 /FRA-2,
MS Excel 2016, OriginPro 8.5. TeopeTuyHi i IpakTUYHi pe3yJbTaTu: Pe3yJIbTaTh MOXYTb OYTU BUKOPUCTaHI IIpU
CTBOPEHHI €JIEKTPOIiB HOBOTO ITOKOJIIHHS [IJIS1 €JIEKTPOXIMIYHMX KOHJIEHCATOPIB i3 MMiIBUIIEHOIO IMTOMOIO €MHICTIO
Ta CTabiNbHICTIO. 3alIPONIOHOBAHI MiXOAY 10 PETYJIIOBAHHS IOPUCTOI CTPYKTYPU i MOpQOJIOTii ByryeneBux
marepiaiB 3a6e31eyyi0Th MOKJIMBICTb ONTHUMI3allii iXHbOI TEKCTYPHU I1iJ, KOHKPETHI 331a4i eHepreTUKy, COpOLiMHIX
i KaTani3aTOpHUX TexHOJIOrii. OTpUMaHi 3aKOHOMIPHOCTi (POPMyBaHHS MIKpO- Ta M€30II0p € OCHOBOIO [1J1s
PO3pOOKU BUCOKOE(EKTUBHUX iepapXiYHUX HAHOCTPYKTYPOBAHUX MaTePiasliB AJis1 CUCTEM 30€piraHHs Ta
nepeTBOpPeHHs eHeprii. HoBru3Ha: KOMIIZIEKCHO JOCIIIKEHO €BOJIIOLII0 MIKPO- Ta ME30IIOPUCTOI CTPYKTYpHU
aKTMBOBAaHMX BYIJIELIEBUX MaTepiajiB 3 CHPOBUHU POCIMHHOTO MOXOIKEHHS Y 3aJIEXKHOCTI BiJl TEMIIEpATypH Ta
TPUBAJIOCTi TEPMIUHOI aKTUBAllii; BCTAHOBJIEHO B3a€MO3B’I30K MiXX (PpaKTaIbHOIO PO3MIiPHICTIO IIOBEPXHI Ta
IIOPUCTOIO TEKCTYPOIO MaTepiasiB, 1[0 BU3HAYa€ ixHi afcopOLiliHi Ta €J1IeKTPOXiMiUHiI BJaCTMBOCTI; BUBHAUEHO, IO
PETYJIIOBaHHS TEMIIEPATyPH 1 TPUBAJIOCTI aKTUBALLil J03BOJIsIE KEPOBAHO 3MiHIOBATH CIIiBBiIHOLIEHHS MiKpO- Ta
Me3onop, GOpMYIOUM iepapXidyHy CTPYKTYPY 3 BUCOKOIO IUTOMOIO IJIOLIEI0 I0BEPXHi; BUSIBJIEHO BILJIMB TUILY
CTPYMOIIPOBiIHOI 106aBKM HA IUTOMi €MHICHI XapaKTEPUCTUKU MaTepialy Ta MiHiMi3allil0 BHyTPilIHbOTO OIOPY;
OOGI'PYHTOBAHO B3a€MO3B'SI30K MiXK YaCOM, TEMIIEPATyPHUM PEKMMOM T€PMIUHOI aKTUBallii Ta TUTOMUMU
€HepreTMYHUMU XapaKTepUCTUKAaMU OTPUMaHMMU HAaHOMIOPUCTUMU ByIJlelleBUMU MaTepiasamu. EQekTuBHiCTh
BIIPOBA)KEHHS: OTPUMaHi MaTepiasv MaloTh IIEPCIIEKTUBY BUKOPUCTAHHS Y IPUCTPOSIX FreHepallii Ta HAKOMWYEeHHS

€JIEKTPUYHOI eHeprii. [aymy3p BUKOpUCTaHHS: €HEPTETHKA, €JIEKTPOHIKa, MaTepialo3HaBCTBO.

2. Object of the study - the process of forming a porous structure in carbon electrode materials for energy storage
systems. The aim of the dissertation research is to establish correlations between the structure, morphology, and
synthesis methods of nanoporous carbon materials and their electrochemical properties in order to optimize
energy storage systems. Description of research methodology: To achieve the research goals, complementary
methods were employed, including: adsorption porometry, scanning electron microscopy, Raman spectroscopy, X-
ray fluorescence analysis, small-angle X-ray scattering, impedance spectroscopy, cyclic voltammetry,
chronopotentiometry, as well as visualization methods and mathematical modeling of experimental results. Special
tools and equipment used: Quantachrome Nova 2200e sorbometer, Shimadzu XRD-7000 X-ray diffractometers,
Autolab PGSTAT 12 /FRA-2 impedance spectrometer, and UZDN-A ultrasonic disperser. Software used during data
processing and /or research: Quantachrome NovaWin 11.0, Match, FullProf, 12 /FRA-2, MS Excel 2016, OriginPro
8.5. Theoretical and practical results: The results can be used in the development of next-generation electrodes for
electrochemical capacitors with enhanced specific capacitance and stability. The proposed approaches to
controlling the porous structure and morphology of carbon materials enable the optimization of their texture for
specific applications in energy, sorption, and catalytic technologies. The identified patterns of micro- and
mesopore formation serve as a foundation for the development of highly efficient hierarchical nanostructured
materials for energy storage and conversion systems. Novelty: A comprehensive study of the evolution of micro-
and mesoporous structures in activated carbon materials derived from plant-based raw materials, depending on
the temperature and duration of thermal activation; A correlation was established between the fractal surface
dimension and the porous texture of materials, which determines their adsorption and electrochemical properties;
It was found that by regulating activation temperature and duration, the ratio of micro- to mesopores can be
controllably modified, forming a hierarchical structure with a high specific surface area; The influence of the type
of conductive additive on the specific capacitance characteristics and minimization of internal resistance was
identified; A relationship was substantiated between time, thermal activation regime, and the specific energy
characteristics of the obtained nanoporous carbon materials. Implementation efficiency is the obtained materials
show promising potential for use in devices for the generation and storage of electrical energy. Fields of

application is energy, electronics, materials science.
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