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Pedepar/aHoTanis:

1. Incepranjiiina po60Ta IpUCBIYeHA BUPIlIEHHIO HAYKOBO-TIPUKJIALHO]I 3a1ay4i mifgBuiieHHs e(PeKTUBHOCTI,
HAJiHOCTI Ta CTI!IKOCTi 4aCTOTHOTO PETYJIIOBAHHS IiOpUIHUX €HEPrOCUCTEM 3 ra30TypOIHHUMU YCTaHOBKaMU Ta
aKyMyJISTODHMMM HaKONMYyBaYyaMy €HEPrii. AKTyasIbHiCTb POOOTH 3yMOBJIEHA HEOOXIIHICTIO aZJeKBaTHOTO
MaTeMaTU4HOrO ONUCY AMHAMIYHUX BJIACTUBOCTEN ra30TypPOiHHUX YCTAaHOBOK, YCKJIAIHEHHSM MIPOLIECIB 4aCTOTHOTO
peryyioBaHHs B 6araToOMallHHUX €HEProCUCTeMax, 3HWKEHHSIM iX iHepLiliHOCTi Ta NoTpe6oio MigBUILEHHS
IMHAMIYHOI 11 aBapiiHOI CTIMKOCTI LIJISIXOM iHTerpauii akyMyJISTOPHUX CUCTEM. ICHYIOUI MiAXOAU HELOCTAaTHBO
BPaxXOBYIOTb B3a€MO/IiI0 IMHAMIUYHUX MPOLECIB ra30TypOiHHUX arperariB, 0COOJIMBOCTI PO3IOLiNY PEryI0BaIbHUX
BIUIMBIB Ta OOMEXEHHS aKyMYJISITOPHMX HAKONM4YyBadiB. MeTO po60TH € MifBuIlleHHS €(PEeKTUBHOCTI Ta
HaZIiiHOCTi 4aCTOTHOTO PETYJIIOBAHHS IJISIXOM CTBOPEHHS y3arajibHEHUX JMHAMIUHMX MOJeJIel Ta30TypPOiHHUX
YCTaHOBOK, PO3PO06JIEHHS iMiTalliiHMX Moeslell 6araTOMallMHHUX €HEPrOCUCTEM, YIOCKOHAIEHHSI METO/IB
PO3MOIily peryJoBajbHUX BILIMBIB Ta OOIPYHTYBaHHS iepapXiuHUX CTPYKTYp KEPYBaHHS riOpUIHUMNA

€HEProCcHMCTEMaMN 3 yPaxyBaHHIM OOMEXEHb aKyMYJISITOPHUX HAKONMYYBayiB y MeKaX MOZEJIbHO-OPi€HTOBAHOTO



[IPOEKTYBaHHS. Y MEePUIOMY PO3[1ijli BAKOHAHO aHajli3 MaTeMaTUYHUX MOJiesiell ra30TypOiHHUX YCTaHOBOK, METOJIiB
aBTOMAaTH30BaHOTO KEPYyBaHHS 4aCTOTOIO Ta CIIOCOOIB MiflBUIIEHHS CTIHKOCTi €HeProCUCTEeM 3 aKyMYJISITOPHUMU
HaKOIM4YyBayamu. BcTaHOBJIEHO OOMEKEHICTh iCHYI0UMX TiXO/iB I0A0 aJeKBAaTHOCTI MOJIEJIIOBAHHS IIEPEXiHUX
IIPOLIECiB, BpaxyBaHHS AUHAMIYHMX XapaKTE€PUCTUK arperaris, 3HaKy 30ypeHHs Ta 0OMe>XeHb HaKOIIMYyBayiB, 1110
OOI'PYHTOBY€ HEOOXiIHICTb PO3POOJIEHHSI KOMITJIEKCHUAX MOJIeJIell i MeTOMiB KepyBaHHS. Y Ipyromy po3fini
PO3p0o06JIEHO y3arajabHeHy AMHAMIYHY MOJIeJlb Ta30TypOiHHOI yCTaHOBKY 3i 30Ccepei’)KeHUMU ITapameTpaMu. Mozesnb
OXOILJIIOE B3aEMOIIOB'S13aHi MiICUCTEMU POTOPA, KAMEPH 3rOPSIHHS Ta ra30BUX 00'€MiB i ONUCYe iHepLiliHi, TeNnI0Bi
Ta MacOOOMIHHI MTpoLeCH TPY MaJIKX BiIXUJIEHHSX Bifl pOO0YO0i TOUKU. YIOCKOHAJIEHO ITapaMeTpuU3aliilo Moerti
IapaMeTpiB NepexiJHUX IIPOLIECiB BiJl, HOMiHaIbHOI IOTY>KHOCTI. Lle 3a6e3neunsio MO>KJIMBICTh MaclITaOyBaHHS
MoJeJIi 1711 YCTAaHOBOK Pi3HOI MOTY>KHOCTI Ta ii BUKOPUCTAHHS Y 337,a4ax CUHTE3y CUCTEM aBTOMATUYHOTO
peryaoBaHHs. Y TPETbOMY PO3[iJii po3pobiieHo imiTauiiHy Mofesb 6araToMalmHHOI €eHeprocUCTeMU Ha OCHOBI
yHi(piKOBaHUX NTapaMeTpHU30BaHUX MOZesiel Ta30TypOiHHUX YCTaHOBOK 3i CITiJIbBHUM YaCTOTHUM KOHTYPOM.
JociKeHo BIVIUB PE>KUMIB POOOTU YCTAaHOBOK, HABAaHTAXKEHHSI Ta rapsidoro pe3epsy, a TAKOXK CTPATETil po3Nnominy
30ypeHb Ha SIKiCTb YACTOTHOTO PETYJIOBaHHS. YIOCKOHAJIEHO aJITOPUTM PO3IOJiIY PEryoBalbHUX BILIUBIB 3
ypaxyBaHHSM IMHAMIYHMX XapaKTepUCTUK arperaris Ta 0OIPyHTOBAHO JOLIJIBHICTh aallTUBHOIO BUOOPY CTpaTerii
3aJIEXKHO Bif 3HaKy AUCOaNaHCy aKTUBHOI IIOTY>KHOCTI. Y YeTBEpTOMY PO37iJi po3p00JIeHO MaTeMaTH4Hi Ta
imiTanifiHi Mozei ri6puIHOI eHEProCUCTEMH 3 Ta30TYPOIHHMMU YCTAHOBKAMU Ta aKyMYJISTODHUMUA
HaKOINMYyBayaMHu, iHTETPOBAaHUMMU y KOHTYP IIEPBMHHOIO YaCTOTHOT'O PETyJI0OBaHHS. BpaxoBaHO AUHAMIKY
HaKOIM4yBaya, OOMEKeHHs 32 CTAaHOM 3apsify, MOTY>KHICTIO Ta €HEPreTUYHOIO EMHICTIO. YIOCKOHAJIEHO CTPYKTYPY
CHACTEMU KEePYBaHHS Ha OCHOBI iepapXiYHOrO PO3MO0Ainy (PyHKLIN MK IIBUIKOIIOUMM aKyMYyJISITOPHUM KaHAJIOM i
ra3oTypOiHHMMM YCTAaHOBKaMHU, a TAKOXK PEasi30BAaHO aJIFTOPUTM BiJHOBJIEHHS] €HEPreTUYHOT0 CTaHy HAaKOIIMYYyBaya.
JocrinkeHo anbTepHATUBHI MapasiesibHi Ta KOMOIHOBaHi CTPYKTYpH KepyBaHHs. OTpUMaHi pe3yJbTaTh
MiATBEpAUIN MiIBUILIEHHS JUHAMIYHOI Ta aBapiliHOI CTiKOCTi, 3MEeHIIeHHSI BiIX1UIeHb YaCTOTHU Ta e(peKTUBHile
BMKOPHMCTaHHSI aKyMYJISTOPHOTO HaKONMYyBaya y IEPBMHHOMY PEryJitoBaHHi. OTpMMaHi pe3ysbTaTy 3a0e31e4nin
IOCSITHEHHS [TOCTABJIEHOI METU IUCEPTALiITHOrO JOCJIiIKEHHS Ta CTBOPUJIM HAyKOBO-METOJIUYHY OCHOBY IIJISI
nigBuIeHHS e(PEeKTUBHOCTI i1 HaJiiHOCTi aBTOMAaTHM30BaHOTO KEPYBaHHS YaCTOTHUMU PeKMMaMU Cy4acHUX

riopuHAX €HEPrOCUCTEM.

2. The dissertation is devoted to solving a scientific and applied problem of improving the efficiency, reliability, and
frequency regulation stability of hybrid power systems with gas turbine units and battery energy storage systems.
The relevance of the study is determined by the need for an adequate mathematical description of the dynamic
properties of gas turbine units, the increasing complexity of frequency regulation processes in multi-machine
power systems, the reduction in their inertia, and the need to improve dynamic and emergency stability through
the integration of battery energy storage systems. Existing approaches do not sufficiently account for the
interaction of dynamic processes in gas turbine units, the specifics of regulation action allocation, and the
operational constraints of battery energy storage systems. The aim of the study is to improve the efficiency and
reliability of frequency regulation by developing generalized dynamic models of gas turbine units, simulation
models of multi-machine power systems, improved methods for allocating regulation actions, and hierarchical
control structures for hybrid power systems that account for the constraints of battery energy storage systems
within the framework of model-based design. The first chapter presents an analysis of mathematical models of gas
turbine units, methods of automated frequency control, and approaches to improving the stability of power
systems with battery energy storage systems. The limitations of existing approaches in terms of the adequacy of
transient process modeling, consideration of the dynamic characteristics of generating units, disturbance
direction, and energy storage constraints are identified, substantiating the need to develop comprehensive models
and control methods. The second chapter develops a generalized dynamic model of a gas turbine unit with lumped
parameters. The model incorporates interconnected subsystems of the rotor, combustion chamber, and gas
volumes and describes inertial, thermal, and mass-transfer processes for small deviations from the operating
point. The model parameterization approach is improved by generalizing simulation results and obtaining



dependencies of model coefficients and transient-process parameters on the rated power of the unit. This
provides the possibility of scaling the model for units of different capacities and applying it to the synthesis of
automatic control systems. The third chapter develops a simulation model of a multi-machine power system based
on unified parameterized models of gas turbine units with a common frequency control loop. The influence of unit
operating modes, load, hot reserve, and disturbance allocation strategies on the quality of frequency regulation is
investigated. The algorithm for allocating regulation actions is improved by considering the dynamic
characteristics of the units, and the feasibility of adaptive selection of the allocation strategy depending on the
sign of the active power imbalance is substantiated. The fourth chapter develops mathematical and simulation
models of a hybrid power system with gas turbine units and battery energy storage systems integrated into the
primary frequency regulation loop. The dynamics of the energy storage system and constraints related to state of
charge, power, and energy capacity are taken into account. The control system structure is improved through
hierarchical allocation of functions between the fast-acting battery channel and gas turbine units, and an
algorithm for restoring the energy state of the storage system is implemented. Alternative parallel and combined
control structures are investigated. The results confirm improved dynamic and emergency frequency stability,
reduced frequency deviations, and more efficient utilization of the battery energy storage system in primary
frequency regulation. The obtained results enabled the achievement of the stated aim of the dissertation and
provided a scientific and methodological basis for improving the efficiency and reliability of automated frequency
control of modern hybrid power systems.
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Biacue I'Ipi3Bmue Im's T1o-6aTHLKOBI ToukoHnoruu Bosmogumup Muxanjaosud

rOJIOBYIOYOrO Ha 3acigaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

SABopcbkuyt OsiekcaHap BosmoguMuposuy

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



