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1. 'neBny K.M. OnjiHI0BaHHS y3TOIKEHOCTI PEKMMIB MIKPOMEDEXK 3 JIOKAJIbHOIO reHepalielo eJIEKTPUYHOI eHeprii. —
Kgasnigikaniiina HayKoBa npalisl Ha [paBax pyKonucy. JlucepTraiis Ha 3100yTTsl HAyKOBOTO CTYII€HsI JOKTOpa
dinocodii y ranysi 3HaHb 14 EnexTpuyHa iHxkeHepis 3a cnenianpHicTio 141 EnexkTpoeHepreTuka, eJIeKTpOTexHika Ta
eJIEKTpOMeXxaHika. HaljioHasipHU TEXHIYHMI YHIBEPCUTET YKpaiHy «KuiBCbKU MOJIITEXHIYHUI IHCTUTYT iMeHi
Irops Cikopcekoro», Kuis, 2026. Cy4yacHUI PO3BUTOK €JIEKTPOEHEPIETUKY XapaKTePU3yeTbC aKTUBHUM
BIIPOBA/P)KEHHSIM BiTHOBJIIOBAaHUX [KepeJl eHeprii, LnPpPpOBUX TEXHOJIOTiH KePyBaHHS Ta IeleHTPaTi30BaHUX
€HepreTMYHUX CUCTEM. 3pOCTaHHS YaCTKU PO30CepeiKeHOi reHepallii, ycTaHOBOK 30epiraHHs eHeprii Ta iHmux
THYYKUX PECYPCiB IPU3BOAUTD O CYTTEBUX 3MiH Y CTPYKTYPi Ta NpUHIUNAX QyHKIIOHYBaHHS
€JIEKTPOEHEPreTUYHUX cucteM. OCO6IMBOI aKTYaIbHOCTI Lii IPOLIeCH HabyBalOTh Y MiIKpDOMEPEXKaX, SKi

PO3IJIAIAI0THCS K BKJIUBUY iHCTPYMEHT ITiIBUILIEHHS HAZIIMHOCTI €JIEKTPOIIOCTAYaHH, €HEPTreTUYHOI CTIMKOCTI Ta



€(eKTUBHOTO BUKOPUCTAHHSI JIOKAJILHAX PECYPCIB. Y MEXKax €BpPOINENChbKOT0 €HEPreTUYHOIO NIEPEXOAY 3POCTAE
POJIb aKTUBHUX CIIO>KMABAYiB, JIOKAJIbHAX €HEPreTUYHUX CIIIJIbHOT i MEXaHi3MiB THY4KOro 6alaHCyBaHHS. YHACIIiIOK
LIbOTO TPaAUIiiHa LeHTPaJli30BaHa MOZEJb ITOCTYIIOBO TPAaHCHOPMYETHCS Y JELEHTPAIi30BaHy CUCTEMY 3
JIOKAJIbHUM KEPYBaHHSIM peXuMamu po6oTu. Taki 3MiHU CYyIPOBOKYIOTbCSI 3POCTaHHSIM KiJIbKOCTi PEKMMHUX
IepPeXO/IiB Ta MiBUIIEHHSIM JUHAMIYHOCTI IIpoLeciB GyHKLIOHYBaHHS MiKpomepesK. OCco6I1BOI BaKIIMBOCTI
HabyBae 3a6e31e4yeHHs! y3roJpKeHOCT] pesKuMiB POOOTHU IpKepeJl JIOKaJIbHOI reHepallii, CucTeM HaKOIW4YeHHsI eHepril
Ta crio>xupauiB. HecrabinpHicTb reHepatiii Big BJE, HEpiBHOMIPHICTb €J1€KTPOCIIOXUBAHHS Ta LIMPOKE
3aCTOCYBaHHS CUJIOBOI €JIEKTPOHIKU [IPU3BOASTD IO BUHMKHEHHS! YMCJIEHHUX NIEPEXiJHMX PEXMUMIB, 10
CYIPOBOJIKYIOTBCS 3MiHOIO CIIBBiTHOLIEHb MK HAIIPYTOIO i CTPYMOM, IOSIBOIO JOLATKOBUX PEAKTUBHUX CKJIQJOBUX
Ta 3MiHOIO HAIIPSIMKIB IIOTOKiB IIOTY>KHOCTI. [CHYyI0Ui MifX0au 10 aHasi3y pe>KUMiB [TepeBaXXHO 06a3yl0ThCs Ha
OLIiHIOBaHHi OKpEeMUX NapaMeTpiB y (PiKcoBaHi MOMEHTHU 4Yacy. BoHU 003BOJISIIOTh BU3HAYaTU 3HAYEHHS HAIIPYIY,
CTPYMY 4H IIOTYKHOCTI, OJJHaK HE BPAxOBYIOTb CTPYKTYPHI BiIMiHHOCTI MK peXxMMaMU Ta IUHAMIKy iX 3miHu. Lle
YCKJIQHIOE CBOEYACHE BUSIBJIEHHS 3HUKEHHSI Y3rOIPKEHOCTI peXXuMiB QyHKIiOHyBaHHS Mikpomepek. Oco611BO
aKTyaJIbHOIO 15l IPOGJIEMA € 17151 HU3bKOBOJIbTHUX MIKPOMEPEXK i3 JIOKQJIbHOIO TeHepalli€lo, 1€ PeKUMU MOXYTb
3MiHIOBATHCS 3 BUCOKOIO YaCTOTOIO IiJ] BIUIMBOM KOJIMBAaHb FeHepallii, HABAHTaXKEHHS Ta POOOTH CUCTEM
HaKOIWYEeHHS eHepril. Y 3B's3Ky 3 M BUHMKaE NIOTpebda y HOBUX ITiTX0AaxX 10 aHai3y peXKUMIB, sIKi BpaXOBYIOTb He
Jialle OKpeMmi napaMeTpy, a i B3aeMO3BSI3KU Ta IUHAMIKYy ix 3MiH. JlucepTaniliina po60oTa NpUCBsYEHA PO3B'SI3aAHHIO
HAyKOBO-IIPUKJIAIHO]I 3a/1a4i OL[iHIOBAaHHS y3TOIKEHOCTI PEXXUMIB pOO6OTH MiKpOMEpPEXK B yMOBax HeCTabibHOI
reHepatii Ta HepiBHOMIPHOTO CIIOXKUBaHHA €JIeKTpoeHepril. OCHOBOIO JOCIIIPKEHHS € CTPYKTYPHUI aHarli3
IAHAMIYHUX 3MiH €JIEKTPOMArHiTHUX IIapaMeTpPiB MepeXi 1715 KiJIbKiCHOTO ONUCY BiIMIHHOCTEN MiXK XapaKTE€pPHUMU
pexxumami ii QyHKLiOHyBaHHS. [I7151 HOCSATHEHHS I0CTaBI€HOI METH PO3PO0JIEHO MAaTEMAaTUYHY MOJIEJIb
(popMyBaHHS PEXUMIB pOOOTH MIKPOMEPEXKI, 10 IPYHTYETHCS HA aHAai3i 3MiH HANpyTu Ta CTPYMY Ha MOCJIiOBHUX
4acoBUX iHTepBasax. Ha ii OCHOBI 3alIpONOHOBAHO iHTETrpasIbHUM MOKa3HUK CTPYKTYPHUX BiAXUJIEHb PEXKUMIB, SIKAN
IIO3BOJISIE KiJIbKICHO OLIiHIOBATH CTYIIiHb iX y3ro/i>KeHOCTi. HaykoBa HOBU3HA POOOTHU I10JIsITrae y pO3pO0JIeHHiI
iHTErpaspHOrO NOKa3HMUKA CTPYKTYPHUX BilXUJIEHb PEKMMIB MIKPOMEPEXKI, IKUI, Ha BiIMiHY Bill TpaguLIiMHUX
iIX0AiB, BpaXOBy€e He JIMILIE BEJIMYNHY OKPEMUX BiIXUJIEHb €JIEKTPOMArHiTHUX IapaMeTpiB, a i1 B3a€MO3Bs130K Ta
IVHaMiKy [1iepexo/iiB Mk pexkxumamu. lle 103Bosisie 6iblll IOBHO XapaKTepu3yBaTu npolieck GOpMyBaHHS PEKUMIB
Ta BUSIBJIATU NNOTEHLINHO NPO6JIEeMHi CTaHU (PYHKLIOHYBAaHHSI CUCTEMU. Y POOOTI BUKOHAHO aJITOPUTMIYHY Ta
IIPOrpaMHy peasisalilo 3alIpONOHOBAHOrO niAxony y cepenosumax Python ta Excel, npoBeneHo uncesnpHe
MOJEJIIOBaHHS PESKMMIB POOOTU MiKpOMEPEeXXi Ta NOCJIiIKeHO JIiHIAHY | KBaapaTuiHy GOpMHU iHTErpasbHOTro
IIOKa3HMKa. BcTaHOBIIEHO, 11O JiHiMHA opMa € 3pyYHOIO [J1s1 3arajbHoi iHKeHEPHO] OLiHKU PEXKUMHUX BilXUJIEHb,
TOZ] SIK KBaJlpaTM4yHa 3a6e3Meuye MiIBULLEHY YyTIMUBICTb 10 KPUTUYHUX PEXUMIB. [I[pakTYHE 3HaUYEHHS
Pe3yJIbTaTIB MOJIATA€ Y MOKIMBOCTI BUKOPMCTAHHS 3alIPOIIOHOBAHOTO MiAXOy /1JIs1 aHali3y peXXUMiB po60TH
MIKpOMepEX i3 JIOKaJbHOIO reHepallielo, BUSBIIEHHS IPO6JIeMHUX YaCOBUX iIHTE€pPBaJliB Ta OOIPYHTYBaHHS KEPYIOUNX
BIUJIMBIB 1010 ONTAMI3alii po60TU CUCTEM HAaKOIIMYEHHS €HePrii i Jykeper 3 iHBepTOpHUM iHTepdericoMm. OTpuMaHi
Pe3yJIbTaTu MOXKYTb OYTH BUKOPUCTaHI Mif, Yac JOCIiIPKEHHS Ta ONTUMIi3allii pexkuMiB PyHKI[iOHYBaHHS
MIKpOMEpEeX, pO3PO06JIEHHS aJITOPUTMIB KEPYBaHHS JIOKaJIbHUMU €HEPreTUYHUMU PECYPCaMU Ta MiIBULLEHHS
eeKTUBHOCTI eJIEKTPOIIOCTavYaHHs CIIOKMBayviB. Kilo4oBi cjioBa: Mikpomepeska, yCTaHOBKU 30epiraHHs eHeprii,
Y3rOJKEHICTh PEXKUMIB, IHTErPAJIbHMI [TOKA3HUK, CTPYKTYPHI BiIXWUJIEHHS PEXUMIB, EHEPIeTUYHI CIIiZIbHOTH, 3MiHHA

reHepariis, HepiBHOMIpHE €JIEKTPOCIIOKMUBAHHS, BiJHOBJIIOBaHI JKepeJia eHeprii, IKiCTb €JIEKTPUYHOI eHeprii.

2. Hilevych K.M. Evaluation of operating mode coordination of microgrids with local electrical energy generation. -
Qualification scientific work as a manuscript.Dissertation submitted for the degree of Doctor of Philosophy (PhD)
in the field of knowledge 14 Electrical Engineering, specialty 141 Electric Power Engineering, Electrical Engineering
and Electromechanics. National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv,
2026. The modern development of the electric power sector is characterized by the increasing integration of
renewable energy sources, digital control technologies, and decentralized energy systems. The growing
penetration of distributed generation, energy storage systems, and other flexible energy resources significantly
changes the structure and operating principles of power systems. These trends are particularly important for



microgrids, which are considered an effective solution for improving power supply reliability, energy resilience,
and the utilization of local energy resources.The transition toward decentralized energy systems is accompanied
by a growing number of operating state changes and increasing dynamics of power system processes. In
microgrids, maintaining the coordination of operating conditions among local generation sources, energy storage
systems, and consumers becomes a critical task. Variable renewable generation, uneven electricity consumption,
and the widespread use of power electronic converters result in frequent operating condition changes, variations
in voltage-current relationships, additional reactive power components, and changes in power flow directions.
Existing methods for power system analysis are mainly based on evaluating individual electrical parameters at
specific time instants. Although such approaches provide information about voltage, current, and power levels,
they do not adequately account for structural differences between operating conditions and their temporal
evolution. This limits the ability to identify decreases in operating condition coordination within a microgrid. This
dissertation addresses the scientific and practical problem of assessing the coordination of microgrid operating
conditions under variable generation and uneven electricity consumption. The proposed approach is based on the
structural analysis of dynamic changes in electrical parameters to quantitatively describe differences between
characteristic operating states. A mathematical model of microgrid operating condition formation was developed
using the analysis of voltage and current variations over consecutive time intervals. Based on this model, an
integral indicator of structural deviations was proposed to quantify the degree of operating condition
coordination. The scientific novelty of the research lies in the development of an integral indicator that considers
not only the magnitude of individual electrical parameter deviations but also the relationships and transition
dynamics between operating states. This enables a more comprehensive assessment of microgrid operating
conditions and facilitates the identification of potentially critical operating scenarios. The proposed approach was
implemented in Python and Excel and validated through numerical simulations. Both linear and quadratic forms of
the integral indicator were investigated. The results showed that the linear form is suitable for general engineering
assessment, while the quadratic form provides higher sensitivity to critical operating conditions. The practical
significance of the obtained results lies in the possibility of applying the proposed approach to identify problematic
operating periods, support control decisions for energy storage systems and inverter-based generation sources,
and improve the overall efficiency and reliability of microgrid operation. Keywords: microgrid, energy storage
systems, operating condition coordination, integral indicator, structural deviations, energy communities, variable

generation, uneven electricity consumption, renewable energy sources, power quality.
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BaacHe IlpizBume Im's I10-6aTbKOBI [Torios Bonopmmup Annpifiosnd

TOJIOBYIOYOTO Ha 3acCiiaHHi

BianoBizanbHMil 32 NiATOTOBKY l'nesny KareprHa MukosaiBHa
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




