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1. «OnrtuMiszanis rpadikiB BUpOOHUIITBA €JIEKTPOEHEPTii IriIpoeeKTPOCTaHLil B CyYaCHUX PUHKOBUX YMOBAX
¢dyHkuionyBaHHsg OEC Ykpainu»



2. Optimization of Electricity Production Schedules of Hydropower Plants under Modern Market Conditions of the
IPS of Ukraine

Pedepar:

1. Po3p’13aHO HAyKOBO-IIPAKTUYHi 3a/1a4i MOJIEJIIOBAaHHS IPOLeCiB PYHKIIOHYBAHHS MiPOTEXHIYHNX KOMILJIEKCIB
«Bogocxosume - 'EC» B ym0oBax KOHKYPEHTHOIO PUHKY €JIEKTPUYHOI €Heprii IJIIXOM Y OCKOHAJIEHHS iCHYIOYMX Ta
PO3p0O06JIEHHS] HOBUX MOJieJiell, MeTO/iB Ta 3aCc00iB iMiTallilHOro MofiesI0BaHHs QYHKIHN ekcIlTyaTallii BOJOCXOBUILL
17151 BUDOOHMITBA €JIEKTPUYHOI eHeprii Kackagamu 'EC 3 ypaxyBaHHAM ocobimBocTeit GyHKUioHyBaHHS OEC
Ykpainn. Po3po6sieHo JiHilHI Ta HesliHiIHI MOZesli ONTUMAaJIBHOTO PO3NOIily HasIBHUX FiPOTEXHIYHNX PECYPCiB
L7151 BAPOOHUIITBA €JIeKTPUYHOI eHeprii y rinpoTexHiyHux Bysnax «Bogocxosuie — I'EC». Po3po6JieHO KOMITIOTEPHY
[IpOrpamy KOPOTKOCTPOKOBOTO [IJIAHYBAHHS AisIJIbHOCTI EHEPrOreHEePyI040i KOMIIaHil Ha PUHKY €JIEKTPUYHOI
eHeprii, sKa GopMye ONTUMAJIbHUN 32 EKOHOMIYHMMU Ta HEEKOHOMIYHUMU KPUTEPisiMU rpadik nponosunii
€JIEKTPUYHO]I €Heprii y PUHKOBUX CETMEHTAX BUXOMSUN i3 PUHKOBOI KOH'IOHKTYPH, HasIBHUX BOJHUX PECYPCiB Ta

TEeXHIYHOTrO cTaHy Kackauis 'EC B YkpaiHi.

2. The dissertation solves the scientific and technical problem of short-term planning of optimal schedules for the
release of electric energy from dam hydroelectric power plants in Ukraine, which ensures the maximization of the
economic effect of the operation of hydroelectric power plants in the electricity market, taking into account the
technical and technological limitations of hydroelectric units and the available volumes of hydro resources. A
review of the features of hydropower in the structure of production capacities of the IPS of Ukraine was carried
out. An analysis of domestic and foreign scientific publications was carried out in terms of planning the operation
of complex hydraulic complexes. The conclusion is drawn that the implementation of a short-term planning
system for hydropower facilities under the liberalized electricity market model of Ukraine requires the
development of a formalized mathematical optimization model. This model must be based on economic criteria of
technological processes at HPPs, while adhering to all technical requirements and environmental standards. The
problems of planning the water resource balance in the reservoirs of the Dnipro cascade hydropower plants were
considered. A specific task of daily adjustment of reservoir filling levels is highlighted. The solution of this task
determines the daily available volume of water resources, the distribution of which for electricity generation
across individual hours of the day must be carried out with consideration of hourly market prices. A mathematical
model structure was developed for the economically optimal allocation of available water resources for electricity
production within the hydrotechnical unit «Reservoir - HPP». The following main structural levels of the
constructed mathematical model were identified: Hydropower unit level, HPP level, reservoir level, level of the
HPP cascade and the hydropower company level. The objective function of maximizing the generating company’s
income from electricity production and sales on the electricity market, in line with the aggregated planned HPP
load schedule, was formalized. The peculiarities of accounting for water balance within the HPP cascade were
analyzed. The main system of constraints at the hydropower company level was determined. The problem of
multiple solutions arising in specific groups of hours with identical market prices in the linear model of the
functioning of the «Reservoir - HPP» hydrotechnical unit is investigated. The conditions for the existence of such
a set of solutions were identified and formalized. It is proposed to use an additional non-price optimization goal,
namely, equalization of HPP loading schedules for hours with the same market prices. Three variants of formalisms
have been developed for the implementation of the additional non-price criterion: 1) organization of the second
optimization step with the aim of equalizing the generator loading schedules in a group of hours with the same
market prices; 2) use of a penalty function with non-zero values of penalties for unequal loading of generators in a
group of hours with the same market prices; 3) use of a penalty function in the form of the cost of electricity losses
in generators. The achievement of the global extremum was experimentally validated when applying an additional
nonlinear objective function with a non-price criterion and its equivalent penalty function. Solutions to the
problem of optimal distribution of available hydro resources for electricity production at hydroelectric power
plants using the quadratic function of the cost of electricity losses in hydroelectric power plant generators were
investigated. The effect of equalizing the load schedules of hydroelectric power plant units for hours with the same



market prices has been experimentally confirmed. The dissertation outlines prospects for further development of
the proposed mathematical models.
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