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IMPROVING THE EFFICIENCY OF HYBRID POWER SUPPLY
SYSTEMS THROUGH THE INTEGRATION
OF ENERGY STORAGE SYSTEMS

The paper analyzes the improvement of efficiency in hybrid power supply systems of enterprises through
the integration of photovoltaic generation and energy storage systems with different dispatch control algorithms.
Four operating scenarios are considered: grid-only power supply, the use of photovoltaic installations only, a
hybrid mode with storage of excess generation in the energy storage system, and a mode with forecast-oriented
charging of the energy storage system during off-peak tariff periods. The modeling was performed with hourly
discretization, taking into account seasonal load profiles, solar generation, and battery degradation costs.
Efficiency was evaluated based on total electricity costs, import and export volumes, as well as self-consumption
and self-sufficiency indicators. The obtained results indicate that the integration of energy storage systems
significantly increases the utilization of on-site generation and reduces grid dependence, while the application of
tariff-oriented control algorithms provides additional economic benefits without altering the structure of solar
energy consumption. At the same time, the proposed approach is applicable not only to systems with strongly
differentiated electricity tariffs, but also to enterprise power supply conditions typical of Ukraine, where the
economic effect of storage may be determined to a greater extent by increasing local renewable energy utilization,
reducing dependence on external supply, and improving operational flexibility.

Keywords: hybrid power supply system, photovoltaic generation, energy storage system, dispatch control,
self-consumption, self-sufficiency.

Introduction

The rapid transformation of the electric power sector, driven by the need to reduce greenhouse gas
emissions, enhance energy resilience, and decrease dependence on fossil fuels, has led to a growing role of
renewable energy sources (RES) in the structure of electricity generation. In the coming decades, a further increase
in installed capacity based on renewable technologies-primarily photovoltaic (PV) systems and wind turbines-is
expected. A significant driver of this process has been the substantial cost reduction of photovoltaic modules and
power conversion equipment over the past decade, which has ensured the competitiveness of solar energy
compared to conventional generation [1].

At the same time, the large-scale deployment of RES in distributed electrical networks and industrial power
supply systems is accompanied by a fundamental limitation associated with the intermittent and stochastic nature
of generation. In solar energy systems, daily cycles, meteorological conditions, and seasonal variations are decisive
factors, leading to a mismatch between the electricity production profile and the load schedule. In the industrial
sector, where continuity and quality of power supply directly affect technological processes, such discrepancies
necessitate capacity reservation and improved controllability of energy flows. In this context, the development of
local energy systems and microgrids naturally involves the integration of energy storage systems (ESS) [2].

The application of ESS within hybrid power supply systems (HPSS) expands operational optimization
capabilities by enabling the accumulation of excess generation, load leveling, and controlled temporal
redistribution of energy. Through ESS, functions such as peak shaving, load shifting, increased utilization of on-
site renewable generation, and cost reduction via managed electricity imports under multi-zone tariffs can be
implemented. However, the effectiveness of HPSS depends not only on the proper sizing of PV capacity and ESS
energy capacity, but also on the quality of dispatch control algorithms, which should be based on a formalized
mathematical model of the system [3]. Studies indicate that simplified or economically inconsistent control
strategies lead to underutilization of RES potential, accelerated degradation of electrochemical storage elements,
and reduced investment attractiveness of projects [4].

The problem of optimal power flow management in both autonomous and grid-connected hybrid systems
remains an active area of research. The typical dispatch problem involves determining, at each time step, whether
charging or discharging the ESS is appropriate, defining the volume of grid imports and exports (where permitted),
and selecting operating modes of backup generation sources in order to minimize total costs while satisfying
technical constraints. Historically, the scientific literature has established several basic heuristic strategies that
have served as a foundation for further development of optimization methods [5]. One of the simplest approaches
is the load-following strategy, in which the external grid or local generator compensates only the difference
between demand and current PV generation, while ESS charging is allowed exclusively from surplus solar energy.
Although this strategy increases the share of “clean” energy in the charging balance, it often results in prolonged
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operation of the ESS near the minimum state of charge, reducing supply reliability in the presence of load
fluctuations or power interruptions [2,5]. An alternative is the cycle-charging strategy, which involves intensive
ESS charging when the system is forced to engage the grid or a backup generator; however, excessive charging
during nighttime or morning hours may reduce the system’s ability to absorb daytime PV surpluses, leading to
curtailment or undesirable exports under unfavorable conditions. Further development has led to combined
dispatch strategies with adaptive switching between these modes depending on the system state and expected
demand, enabling cost reduction while maintaining a high RES share in the energy balance [5]. Nevertheless, a
common drawback of rule-based strategies is their reactive nature: they are formed based on current measurements
and only limitedly account for future changes in generation and tariffs, thereby reducing economic efficiency under
variable electricity pricing [6].

In grid-connected operation, two main economic logics typically dominate HPSS exploitation: increasing
the share of on-site generation in load coverage and reducing costs through controlled load shifting according to
tariff structures. These approaches define different and sometimes conflicting control objectives [7]. The
effectiveness of solar generation utilization is appropriately assessed through self-consumption and self-
sufficiency indicators, reflecting the share of locally used PV energy in total generation and the share of load
covered by on-site (including stored) generation, respectively. In a self-consumption-oriented mode, the ESS
primarily performs a buffering function: it charges during PV surplus and discharges during solar generation
deficits. The economic rationale lies in avoiding electricity purchases at retail tariffs for each additionally utilized
kilowatt-hour of on-site generation. However, research results indicate that, given the high cost of ESS, an isolated
focus on self-consumption may be characterized by an excessively long payback period in the absence of additional
monetization mechanisms or cost compensation [8].

Another approach involves the use of multi-zone tariffs or dynamic pricing, where ESS control is aimed at
cost minimization by charging during low-price periods and discharging during high-price hours to substitute
expensive imports; if export is allowed, additional revenue may also be generated. According to certain studies,
under specific conditions such tariff-oriented operation can significantly reduce the payback period of ESS
investments, especially given the ongoing decline in capital expenditures [6,9]. However, it has also been shown
that intensive use of tariff mechanisms may increase the total volume of bidirectional grid exchange in the long
term, potentially intensifying peak power flows and conflicting with the objective of locally reducing the load on
distribution infrastructure [10]. Moreover, combining tariff-oriented control with self-consumption maximization
requires reserving part of the ESS capacity: excessive morning discharge aimed at savings or export may result in
insufficient available capacity to absorb peak daytime PV generation. Therefore, HPSS dispatch requires a
formalized balance of objectives through appropriate selection of objective functions and constraints.

A key factor limiting intensive ESS operation is the degradation of electrochemical elements, which
accompanies each charge—discharge cycle and leads to gradual loss of usable capacity and increased internal
resistance [4,11]. Ignoring degradation costs in optimization problems results in excessive cycling for marginal
short-term gains, while the long-term consequence is accelerated depletion of ESS lifetime and increased
replacement costs [12]. ESS wear is typically divided into calendar degradation, dependent on time, temperature,
and average state of charge, and cycling degradation, determined by the number of cycles, depth of discharge, and
current loading regimes. The literature commonly presents approaches integrating degradation into optimization
models via generalized energy throughput indicators and the introduction of a specific “degradation cost,”
preserving linearity and computational tractability for dispatch problems. More detailed physicochemical models
are also applied, providing higher accuracy in aging description; however, their nonlinearity significantly
complicates long-horizon optimization and usually requires simplification or post-assessment use [12].

The limitations of reactive rule-based control strategies have stimulated a transition toward proactive
approaches using solar generation and load forecasting. In such systems, forecasted PV output and demand values
serve as inputs for optimization over a rolling planning horizon, ensuring adaptation to expected conditions and
improved robustness against forecast errors [13]. One of the most widely used tools is model predictive control,
where the optimization problem is solved for a specified time horizon, but only the first control action is
implemented, followed by data updating and recalculation [14]. Forecast utilization allows, on the one hand,
advance release of ESS capacity before expected daytime PV surpluses and, on the other hand, planned charging
during low-tariff periods only to the extent necessary for peak-hour coverage, thereby reducing unnecessary losses
and degradation.

Given the multidimensional nature of HPSS dispatch problems, characterized by multiple energy sources,
time-varying tariffs, power conversion constraints, and ESS degradation processes, a significant portion of studies
relies on mathematical optimization methods. To address forecast uncertainty, stochastic formulations are applied,
while in cases of significant nonlinearity, metaheuristic methods capable of generating compromise solution sets
are used. Nevertheless, publication analysis reveals fragmentation of approaches: some works focus primarily on
self-consumption, others on tariff-oriented control, whereas the integration of local solar generation, tariff
components, and ESS degradation within a unified, practically applicable linear model remains insufficiently
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covered. Certain comprehensive formulations minimizing degradation with high accuracy often require substantial
computational resources, complicating their application in real dispatch systems of industrial facilities.

The objective of this study is to evaluate the impact of integrating photovoltaic generation and ESS on the
operational performance of a power supply system. To this end, four operating scenarios are compared: grid-only
power supply, power supply using only PV installations, a hybrid mode with ESS used exclusively for storing
excess PV generation, and a mode with ESS charging during off-peak tariff periods, taking into account self-
consumption and self-sufficiency indicators.

Mathematical Formulation of the Problem

An enterprise is considered whose power supply can be organized according to different scenarios:
exclusively from the external grid; with the use of a photovoltaic (PV) installation; within a hybrid system
including an energy storage system (ESS) used solely for storing excess solar generation; and within a hybrid
system with generation forecasting and active tariff-based charging optimization. The formalization of these
scenarios is carried out within a unified mathematical model by introducing appropriate structural and algorithmic
constraints. It should be emphasized that, in this study, the dispatch problem is not formulated as a purely
instantaneous real-time optimization based only on the current measured values of load, PV generation, and battery
state of charge. Instead, the considered approach corresponds to short-term operational planning on a rolling
horizon. At each decision step, forecasted values of load and PV generation, together with known tariff parameters,
are used to determine the economically justified charging, discharging, import, and export schedule over a finite
optimization horizon. After solving the optimization problem, only the first control action is implemented, and the
procedure is repeated at the next time step using updated input data. Therefore, the objective function is written in
an integral discrete form over the planning horizon, which is consistent with predictive dispatch rather than with
a purely real-time control strategy.

Let the discrete time horizon of analysis be defined by the set t € {1,2, ..., T} with a time step At. The
known or forecasted quantities are the enterprise load L;, PV generation PV,, the electricity import tariff c,"", and,
if applicable, the export tariff ¢, **. The control variables are the charging power PSh, discharging power PAS, grid
import P, and grid export PP,

The general power balance equation is given by

L, = PV, + PYs — pth + p™P — p=P,

The ESS state-of-charge (SOC) dynamics are described by

nenPhAt  PASAt

)
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SOCt+1 = SOCt +
subject to the constraints
SOCpin < SOC; < SOChax
0<pPh<ph, 0<pdis<pds
The economic objective of minimizing total electricity costs without accounting for battery degradation is
defined as

T
= 3 (R R ae
t=1

To account for battery degradation, a specific degradation cost is introduced:

Cdeg — Cbat
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and the corresponding degradation cost component is defined as
T

Jaeg = Z cde8 (P + pAs)At.
t=1
The generalized objective function then takes the form
Jeot =17 +]deg-
The performance indicators of solar generation utilization are defined as
_ Xt Pyeom
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where PVE™ denotes the portion of PV generation used to supply the load without export to the grid,
including energy previously stored in the ESS and consumed within the enterprise.
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In this study, the indicators SC and SS are not included directly in the optimization objective. Instead, they
are used as post-optimization performance metrics for evaluating the quality of the obtained operating mode from
the standpoint of local renewable energy utilization. The self-consumption indicator SC characterizes the share of
generated PV energy that is consumed within the enterprise without being exported to the grid. The self-sufficiency
indicator SS reflects the share of the total load supplied by local PV generation, including the part previously stored
in the ESS and later consumed on-site. Their joint analysis together with the total operating cost makes it possible
to distinguish between two different sources of efficiency improvement: an increase in the internal use of PV
generation and a reduction in costs due to tariff-oriented temporal redistribution of electricity imports.

For the comparison to be methodologically consistent, all scenarios are evaluated for the same enterprise
load profile and under the same external tariff conditions.

The reference scenario without local generation and storage is formalized as a particular case of the general
model under the conditions PV, = 0, P* = 0, P31 = 0, and PP = 0. In this case, the power balance reduces to
L, = PP, and the objective function reflects only the cost of electricity purchased from the grid.

The scenario with PV generation but without ESS is described by setting P" = 0 and P3's = 0. In this
operating mode, PV generation is first used to cover the enterprise load, while any excess energy may either be
exported to the grid or curtailed, depending on the adopted boundary conditions.

The hybrid buffer scenario with ESS is characterized by the prohibition of charging from the grid.
Accordingly, the charging power is limited by the instantaneous PV surplus:

P < max(0, PV, — Ly).

In this case, the ESS performs the function of buffering excess PV generation in order to increase self-
consumption and self-sufficiency, while tariff arbitrage is excluded by construction. Discharging is permitted only
when the load exceeds current PV generation.

The predictive tariff-oriented scenario extends the previous case by allowing controlled charging of the
ESS from the grid during low-tariff periods when this is economically justified and does not violate the battery
constraints. In this case, the scheduling of ESS operation is performed using forecasted values of PV, and L, over
the rolling horizon. The expected daytime energy deficit may be estimated as

Edef = Z max (0, L, — PV,)4t,
tETday

and this quantity may be used to determine the target charging level before the beginning of the higher-
tariff period. In contrast to the buffer mode, this scenario allows the ESS to perform not only renewable energy
buffering but also tariff-based load shifting.

Thus, the proposed unified mathematical formulation makes it possible to represent, within a common
framework, a reference grid-supplied case and three operating scenarios with fixed technical parameters of PV
generation and ESS but different dispatch logic. The model is used to determine the operating schedule that
minimizes the short-term operating cost on a rolling horizon, while the indicators SC and SS are used to evaluate
the degree of local renewable energy utilization achieved by each scenario.

Simulation Results and Analysis

To ensure a consistent comparison, the simulations for all scenarios were carried out using the same hourly
load data set, PV generation profiles, and tariff parameters. The installed PV capacity was kept unchanged across
all scenarios involving photovoltaic generation. The simulation was performed for the aggregated load of two
enterprises. For comparison, four scenarios were considered: the baseline case, a PV-only option without an ESS,
a hybrid option where the ESS is used solely to store excess PV generation, and a hybrid option with predictive
control that allows ESS charging during minimum-tariff hours. The evaluation was based on total electricity costs,
import/export volumes, and the self-consumption (SC) and self-sufficiency (SS) indicators.

It should also be noted that the present study focuses on the operational comparison of dispatch strategies
and operating configurations for fixed equipment parameters. Capital expenditures related to the installation of PV
panels and ESS are not included in the optimization objective. Accordingly, the obtained results should be
interpreted as an assessment of operating efficiency rather than as a full life-cycle investment appraisal. A
comprehensive economic evaluation including capital costs, payback period, and net present value is considered
a subject for further research.

Tables 1-2 summarize the results for the summer and winter periods. For the summer period, the transition
from the baseline scenario to the PV-only option reduces costs to 48.97% of the baseline level, accompanied by
an increase of SC to 45.40% and SS to 55.07%.

Adding an ESS operated in the mode of charging only from PV surplus leads to a further cost reduction to
36.15% of the baseline level and increases SC to 54.45% and SS to 66.05%. Compared to the “PV without ESS”
option, grid imports decreased, indicating effective capture of part of the PV surplus and its subsequent use to
supply the enterprise load. The mode with ESS charging during minimum-tariff hours in summer demonstrates
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practically identical values of SC and SS and similar energy balances, while total costs decrease slightly relative
to the buffer mode. This is consistent with the fact that under a summer profile, where a significant share of demand
is covered by PV and the ESS, the additional economic benefit from grid charging is limited.

Table 1 — Comparison of scenarios for the summer period

. Costs, % of | SC, Ss, Import, Export,
Scenario Costs, UAH baseline % % KWh KWh
Grid-only power supply 182 648 504 100.00 0.00 | 0.00 | 34182798.00 0.00
PV without ESS 89433 877.51 48.97 45.40 | 55.07 | 15356732.84 | 22638045.07
PV and ESS (store PV | (134715 g7 36.15 54.45 | 66.05 | 11605255.04 | 18483 960.86
surplus only)
PV and ESS (charging
during minimum-tariff 65790728.74 36.02 54.45 | 66.05 | 11605255.04 | 18483 960.86
hours)
Table 2 — Comparison of scenarios for the winter period
. Costs, % of | SC, SS, Import, Export,
Scenario Costs, UAH baseline % % KWh KWh
Grid-only power supply | 211993 984.40 100.00 0.00 | 0.00 | 34182798.00 0.00
PV without ESS 144359 145.50 68.10 78.90 | 32.31 | 23138419.88 | 2953433.89
PVandESS (store PV | 157 6061040 | 6024 | 97.24 | 39.82 | 2057118277 | 11152774
surplus only)
PV and ESS (charging
during minimum-tariff 123506264.70 58.26 97.24 | 39.82 | 20571182.77 | 111527.74
hours)

For the winter period, baseline costs are higher and the effectiveness of PV without an ESS decreases: costs
amount to 68.10% of the baseline level, while SS equals 32.31%. This corresponds to lower winter PV output and
weaker alignment between generation and load profiles. At the same time, SC for the “PV without ESS” scenario
increases to 78.90%, which is explained by relatively small PV surpluses: a large portion of generated energy is
consumed immediately and export remains comparatively low. Integrating an ESS in buffer operation increases
SC t0 97.24% and SS to 39.82% and reduces costs to 60.24% of the baseline level. Particularly indicative is the
sharp reduction of exports in the hybrid buffer scenario, which implies near-complete absorption of PV surpluses
by the ESS and their use within the enterprise. The mode with ESS charging during minimum-tariff hours in winter
provides an additional cost reduction to 58.26% of the baseline level, with unchanged SC and SS. Therefore, under
winter conditions, the economic effect is mainly driven by the temporal redistribution of imports according to
tariffs, whereas the contribution of PV to load coverage remains limited by the physical generation conditions.

A graphical interpretation of SC and SS for the three non-baseline scenarios is shown in Figs. 1-2. In
summer, the ESS effect appears as a simultaneous increase in both SC and SS, corresponding to a higher share of
on-site utilization of generated energy and reduced grid purchases. In winter, a characteristic situation is observed
where SC approaches 100% in the hybrid scenarios while SS remains significantly lower, reflecting insufficient
PV generation relative to the load demand.
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Figure 1 — Self-consumption indicator by scenario for the summer and winter periods
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Figure 2 — Self-sufficiency indicator by scenario for the summer and winter periods

To illustrate the scenario with ESS charging during minimum-tariff hours, it is useful to consider
representative daily profiles of the state of charge and charging/discharging power (Figs. 3).

16 of

bour of cay

Figure 3 — Daily state-of-charge profile SOC (summer period with ESS charging during minimum-tariff hours)

These profiles show ESS charging in the morning hours, followed by maintaining a high SOC level during
the daytime period and discharging in the evening interval that corresponds to higher tariffs. The absence of
differences in SC and SS between the two hybrid scenarios is explained by the fact that the additional energy
obtained from the grid during charging does not increase the locally consumed solar generation PV °™, but it
reduces costs by replacing expensive imports during high-tariff hours.

Overall, the simulation results confirm that PV deployment is the determining factor for cost reduction in
the summer period, whereas ESS integration substantially increases SC and SS and reduces import volumes by
converting excess PV generation into a useful energy resource for on-site demand. In winter, the ESS ensures near-
complete utilization of PV surpluses and a moderate increase in SS, while the additional economic effect is
achieved through tariff-driven import redistribution enabled by charging during minimum-tariff hours.

Conclusions

This work provides a comprehensive analysis of the efficiency of hybrid power supply systems for
enterprises with photovoltaic generation and energy storage systems under different dispatch strategies. Based on
hourly simulations that account for seasonal load and generation profiles as well as multi-zone tariffs, the impact
of integrating PV installations and ESS on the economic performance of the system and on the self-consumption
and self-sufficiency indicators was investigated.

The results confirm that PV deployment is the key driver for reducing electricity costs, particularly in the
summer period characterized by high generation output. At the same time, the use of ESS significantly improves
the utilization of generated solar energy by storing surplus energy and subsequently using it to supply on-site
demand. In summer, this is reflected in a simultaneous increase of both SC and SS and a reduction of grid import
volumes, whereas in winter the ESS ensures near-complete internal utilization of PV generation, although the self-
sufficiency level remains limited by physical generation shortages.

It was additionally found that the forecast-oriented strategy allowing ESS charging during minimum-tariff
hours improves the economic performance of the hybrid system without changing SC and SS. This indicates that
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efficiency improvements in hybrid systems are achieved not only by increasing the share of renewable generation,
but also through optimizing ESS operating modes with consideration of time-differentiated electricity prices and
battery degradation costs.

At the same time, the results should be interpreted within the scope of the adopted research design. The
paper compares operating scenarios for fixed PV and ESS parameters and focuses on operating cost minimization
together with post-optimization assessment using the self-consumption and self-sufficiency indicators. Therefore,
the obtained conclusions characterize the operational effectiveness of different dispatch strategies rather than the
full investment attractiveness of alternative system configurations over the entire life cycle. These conclusions are
also relevant to the conditions of Ukrainian enterprises, where the economic effect of ESS may be determined not
only by tariff differentiation, but also by increasing self-consumption of PV generation and reducing grid
dependence.

Further research should focus on deepening the analysis by accounting for uncertainty in generation and
load forecasts, refining ESS degradation models with consideration of operational factors, and solving the problem
of optimal sizing of PV installed capacity and ESS energy capacity within a multi-criteria optimization framework
that includes techno-economic and network constraints.
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NIABUINEHHSA ECPEKTUBHOCTI I''bPUIHUX CUCTEM
EJIEKTPOIIOCTAYAHHA 3A PAXYHOK 3ACTOCYBAHHSA
YCTAHOBOK 3BEPITAHHS EJTEKTPOEHEPTII

Y pobomi npoananizoeano niosuujenns eghekmusHocmi 2iOpUOHUX cucmeM eNeKmpOnOCmAa4aHHs
nionpuemMcme wiiaxom inmezpayii pomoenreKmpuyHoi cemepayii ma cucmem HAKONUYEHHs eHep2ii 3 pizHuMU
aneopummamu OUCnemuepcoko2o Kepysamus. Pozenanymo womupu cyenapii pobomu: eiekmponocmaianHs
MinbKU 60 306HIUHLOI Mepedicl, BUKOPUCIMAHHS Jue (HOMOeNIeKMPULHUX YCMAHOBOK, 2IOPUOHULL pedcum i3
HAKONUYEHHAM HAOIUWKOGOI 2eHepayii 6 cucmemi HAKONUYeHHs eHepeii ma pedicum i3 npocHO3HO-0PIEHMOBAHUM
3apAONCAHHAM YCNAHOBOK 30epicanhs enexmpoenepeii. MooeniosanHs UKOHAHO 3 NO20OUHHOIO OUCKPEMU3AYIEI0
3 YPAXY8AHHAM Ce30HHUX 2PAIKIE HABAHMANICEHHS, COHAUHOL 2eHepayii ma eapmocmi de2padayii aKymyismopHol
bamapei. Epexmugnicms oyinio8anacs 3a cymapHumu sumpamamu Ha elekmpoenepeiio, obcsaeamu iMnopmy ma
eKxcnopmy, a maxodic 3a NOKAZHUKAMU 6ACHO20 CNOJICUBAHHA ma camo3abesneuenns. Ompumani pezynomamu
NOKA3YI0Mb, WO IHme2payis cucmem HAKONUYeHHs eHepaii iCMmomHO NiO8UUYE PigeHb GUKOPUCIAHHSA IOKATbHOL
2eHepayii ma 3MeHWye 3aNeHCHICMb 8i0 Mepedici, Mool AK 3aCMOCY8AHHS NPOSHO3ZHO-OPIEHMOBAHUX AN2OPUMMIE
Kepy8anHs 3a0e3neuye 000amKo8uil eKOHOMIYHUIL echekm 6e3 3MIHU CIMPYKMYPU BUKOPUCAHHS COHAYHOT eHepel.
Boonouac 3anpononosanuii nioxio € npuoamuum 01 yMO8 e1eKmpoOnoOCmayanHs nionpuemcms 6 Yxpaiui, oe
ehexm 8i0 BUKOPUCMAHHA HAKONUYYBAUIE MOJice 000AMKOBO BUIHAHAMUCA NIOBUWEHHAM PIGHS JIOKANLHO2O0
BUKOPUCMAHHS 8I0HOBII0BAHOT 2eHepayii ma 3MeHULeHHAM 3ANeHCHOCMI 810 308HIUHBLO20 eNeKMPONOCAYAHHS.

KuawouoBi cinoBa: 2iopuona cucmema enekmponocmavanus, pomoeieKmpudna 2enepayis, yCmaHosKa
30epicanns enepeaii, oucnemuepusayis, camocnoNCUBAHHS, CAMO3abe3neueHicby.
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