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2. Power Balance Control in an Electric Power System with Partially Decentralized Generation

Pedepar/anoTanis:

1. Incepranis Ha 3000YTTSI HAYKOBOTO CTyIeHs AokTopa ¢inocodii 3a cnenianpHicTio 141 «EnekTpoenepreTuka,
€JIEKTPOTEXHIKA Ta €JIEKTPOMEXaHIKa» B rayjysi 3HaHb 14 «EjeKkTpuyHa iHKeHepisa». BIHHULbKMI HalllOHAIbHUN
TeXHIYHUM yHiBepcureT, Binaung, 2026. lucepTaniiny po60Ty IPUCBIYEHO BUPILIEHHIO aKTyaJIbHOI'O HAyKOBO-
IIPUKJIAJIHOTO 3aBJIaHHS BIOCKOHAJIEHHS KEPYBaHHS 6aJlaHCOM €JIEKTPOEHEPTii B €JIEKTPOEHEPTreTUYHMX CUCTEMAX
i3 4acTKOBOIO JeleHTpaslizallielo FeHePYBaHHS. AKTYaJIbHICTb OCIIiI>KEHHS 3yMOBJIEHA 3pOCTAHHSIM YaCTKU
BiZJHOBJIIOBAaHUX JyKEPEJI €HEPrii, HEPIBHOMIPHICTIO iX reHepyBaHHS, PO3BUTKOM PO3IOIiIEHOI EHEPIETUKU Ta
HEOOXIiJIHICTIO MiIBUIIEHHS IHYYKOCTi, KEPOBAHOCTI ! CTIMKOCTi €JIeKTPOeHEePreTUYHUX CUCTEM. Y POOOTi
IOCTiIKeHO 0COOIUBOCTI GOPMYyBaHHS 6ajIaHCy €JIeKTPOEHEPTii 3a 3HAYHOI iHTerpalii COHIYHUX i BITPOBUX
€JIEKTPOCTAHLil, [IPOAHAJIi30BaHO TEXHIUHI Ta PEKUMHI OOMEKEHHSI €JIEKTPUYHUX MEPEXK, @ TAKOK BU3HAYEHO POJIb
JIOKAJIbHUX €JIEKTPOEHEPreTUYHNX CUCTEM Y 3a6€3M1eUeHHi y3roI)KEHHSI IIPOLECiB FTeHePYBaHHS i CIIOKMBAHHSI.

[TokaszaHo, 110 NMO€eHAHHS PO3NOiIEHUX IPKepes FeHepyBaHHsI, CUCTeM HaKOIIMYEeHHS eHeprii, KepOBaHUX



HABaHTaXEHb i 3aC06iB aBTOMATU30BAHOTO KEPYBAHHS MifBuIly€e e(EeKTUBHICTh BUKOPUCTAHHS €HEPreTUYHUX
PECYPCiB Ta 3MEHIIYeE 3aJI€KHICTh OKPEMUX JiJSTHOK MEPEXKi Bif LLEHTPasi30BaHOTO €JIEKTPOIIOCTAaYaHHSI.
Po3pobsieH0 MmaTeMaTUYHY MOJIEJb OLiHIOBAaHHS 3aC00iB 6a/laHCYBaHHS PEKMMIB €JIEKTPOEHEPreTUYHUX CUCTEM i3
BiJHOBJIIOBAHMMU JIK€peJIaMu eHeprii. Mozesb 3a6e3nedye KOMIJIEKCHE BPaxyBaHHS TEXHIYHUX, PEKMMHUX Ta
€KOHOMIYHMX [TapaMeTpiB i jae 3MOry IIOPiBHIOBATH aJIbTEPHATHUBHI CIIOCOOU Pe3epBYBAaHHS MOTYXHOCTI Ta
KOMITIeHcallii HepiBHOMipHOCTI reHepyBaHHs. OCOOJIMBICTIO 3aIIPOIIOHOBAHOIO MiIXOly € BUKOPUCTAHHS BiJHOCHUX
[IOKa3HMKIB, 1110 103BOJIS€ 3MilICHIOBATH OOI'PYHTOBAaHMI BUOIp 3aC00iB 6alaHCyBaHHS HaBiTh 32 HEIIOBHO]
indopmauii npo ixHi BapTiCHI XapakTepUCTUKU. YJOCKOHAJIEHO MifXif 40 OLiHIOBaHHS BIJIMBY 3aCO6iB
OaslaHCyBaHHS Ha PEXXUMHI [1apaMeTpy eJIeKTPOeHePreTUYHOI CUCTEeMU. BiH I'PYHTY€EThCS HA [TOPIBHSAJIBHOMY
aHasli3i pe3yJsbTaTiB MOJEJI0BaHHS 6ajIaHCy MOTY>KHOCTI, PO3IIOJiy [I0TOKIB aKTUBHOI Ta peakTUBHOI IIOTY>XHOCTI,
BTpaT €JIEKTPOEHEPTii Ta PiBHIB HAIIPYTU B €JIEKTPUUHIN Mepexi. BusHaueHo CTpyKTypy iHpopMaLiliHOro
3abe3reyeHHs! PO3PaxyHKiB, 0 Nependavae 36ip, nepeBipKy, HOpMalisallilo Ta iHTerpaliio JaHux [Ipo NapameTpu
Mepexi, Ipkepesia reHepyBaHHS, rpadikyi HaBaHTaKEHHs 1 TeXHiIYHI 0OMe>KeHHs o61aiHaHHs. OOGIpyHTOBAaHO
IOLi/bHICTh BUKOPUCTAaHHS JaHux SCADA, aBTOMaTHU30BaHUX CUCTEM KOMEPLiHOro 00J1iKy eJIeKTpoeHeprii Ta
JIOKaJIbHMX CUCTEM MOHITOPUHTY. MOZEI0BaHHA BUKOHAHO B IIporpaMmHomy Komiuiekci DIGSILENT PowerFactory
I.JIs1 TECTOBOI 14-By3JI0BOI €JIEKTPOEHEPTETUYHOI CUCTEMU. 32 PE3yJIbTaTaMU PO3PAXYHKIB YCTAJNIEHUX PEKUMIB
BM3HAUY€HO 0aJIaHC aKTUBHOI Ta peakTUBHOI OTY>KHOCTi, BTPATH €JIEKTPOEHEePrii, pO3M0Jis MOTOKIB MOTY>XHOCTI Ta
piBHi Hanpyru. BcTaHOBJIEHO, IO BIPOBAIKEHHS JIOKAJIBHUX JPKEPEJI FeHEPYBaHHS CIIPUsie ONTUMIizallii
[IOTOKOPO3IOiNY, MOKPAIIEHHIO PEKMMHYX [TapaMEeTPiB MEPEXKI, MiABUILEHHIO €HEPreTUYHOI aBTOHOMHOCTI Ta
eeKTUBHOCTI BUKOPUCTAHHS BiTHOBJIOBAHUX JKepeJl eHeprii. OTpruMaHi pe3ysbTaTé CTAaHOBJISITh HAYKOBO~-
METOJMYHY OCHOBY [17151 BLOCKOHAJIEHHSI KEpyBaHHS1 0aJIaHCOM €JIEKTPOEHEPTii B yMOBaxX 4aCTKOBOI elleHTpai3allii
reHepyBaHHS. 3allpOIIOHOBaHI MOieJli, MeTOIY Ta aJITOPUTMHU MOXKYTb OyTH BUKOPUCTAHI Mif| Yac MPOEKTYBaHHS i
MOJepHi3alii JIOKaJIbHUX eJIeKTPOeHePreTUYHNX CUCTEM, BU6OPY 3ac006iB 6asiaHCYBaHHS, PO3POOJIEHHS CUCTEM

KEepyBaHHS HaKOIIM4YyBayaMy eHeprii Ta HaBaHTaKEHHSIM, a TaKOXX YIIPOBAaI)KEeHHsI TexXHoJoriil Smart Grid.

2. Dissertation for the degree of Doctor of Philosophy in speciality 141 “Electric Power Engineering, Electrical
Engineering and Electromechanics” within the field of knowledge 14 “Electrical Engineering”. Vinnytsia National
Technical University, Vinnytsia, 2026. The dissertation is devoted to solving a relevant applied scientific problem of
improving electricity balance management in electric power systems with partially decentralised generation. The
relevance of the research is determined by the increasing penetration of renewable energy sources, the
intermittent nature of their power generation, the development of distributed energy resources, and the need to
enhance the flexibility, controllability, and resilience of electric power systems. The dissertation investigates the
specific features of electricity balance formation under high penetration of solar and wind power plants, analyses
the technical and operational constraints of electrical networks, and determines the role of local electric power
systems in coordinating power generation and consumption. It is demonstrated that the integration of distributed
generation sources, energy storage systems, controllable loads, and automated control systems improves the
efficiency of energy resource utilisation and reduces the dependence of individual network areas on centralised
power supply. A mathematical model has been developed for evaluating the means of balancing the operating
conditions of electric power systems with renewable energy sources. The model provides an integrated
assessment of technical, operational, and economic parameters and enables comparison of alternative methods of
power reserve provision and compensation for generation variability. A distinctive feature of the proposed
approach is the use of relative indicators, which makes it possible to select appropriate balancing resources even
when complete information on their cost characteristics is unavailable. The approach to assessing the impact of
balancing resources on the operating parameters of an electric power system has been improved. It is based on a
comparative analysis of simulation results for the power balance, active and reactive power flows, electrical energy
losses, and voltage levels in the electrical network. The structure of the data required for the calculations has been
defined and includes the collection, validation, normalisation, and integration of data on network parameters,
generation sources, load profiles, and equipment operating constraints. The feasibility of using data from
supervisory control and data acquisition systems, automated electricity metering systems, and local monitoring



systems has been substantiated. The simulations were performed using the DISILENT PowerFactory software
package for a test 14-bus electric power system. Based on steady-state load-flow calculations, the active and
reactive power balance, electrical energy losses, power flow distribution, and voltage levels were determined. It
was established that the integration of local generation sources contributes to the optimisation of power flows,
improvement of network operating conditions, enhancement of energy autonomy, and more efficient utilisation of
renewable energy sources. The obtained results provide a scientific and methodological basis for improving
electricity balance management under conditions of partially decentralised generation. The proposed models,
methods, and algorithms can be applied to the design and modernisation of local electric power systems, the
selection of balancing resources, the development of control systems for energy storage facilities and controllable
loads, and the implementation of Smart Grid technologies.
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