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Due to the instability of renewable energy sources, maintaining the stable operation of microgrids becomes an urgent
and difficult task. energy storage systems can provide uninterrupted power for such Microgrids, but their integration is
accompanied by challenges related to determining the optimal storage parameters. This study presents a method that
allows optimizing the capacity of the energy storage system, taking into account various controller algorithms of the
operation of the prosumer’s microgrid. Purpose. Development of a method for determining the optimal capacity of an
energy storage system to maximize profit from interaction prosumer’s microgrid with the power grid. Two radically
different controller algorithms of microgrid operation are considered: the first is focused on the maximum use of solar
generation, and the second is on the balanced use of all elements of the prosumer’s microgrid system, including storage
and energy consumption. A microgrid was studied using the example of a prosumer, which includes a solar
photovoltaic system, a load profile, an energy storage system and connection to the power grid at a three-zone time-to-
use tariff. In order to evaluate the effectiveness of the selected strategies, an analysis of indicators for winter and
summer days was carried out, which made it possible to reveal the effect of seasonality on the operation of the
microgrid. The proposed method allows to determine the capacity of the energy storage system when designing
individual solar photovoltaic system. References 15, table 2, figures 10.
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Introduction. Microgrids (MGs) are self-contained low-voltage energy systems that are
predominantly used in modern power grids to generate energy from renewable energy sources. microgrids
include Distributed Energy Resources (DERs) based on renewable energy sources such as wind and solar
generation systems, forecasted and stochastic consumers (their Load Profiles), and Energy Storage Systems
(ESS) [1-5]. Prosumer is an active consumer who has a two-way connection with the Power Grid [6, 7].

In turn, the MGs of the prosumer should include a generation system, a load profile, an energy storage
system, a control system and be able to transmit electricity to the power grid in two ways. Also, such systems,
in the case of disconnection from the Power Grid, should be able to operate autonomously for some time.

Due to the inconsistency of the generation of renewable energy sources (RES), the operation of MGs
becomes unreliable, which necessitates the use of Battery energy storage systems that can instantly supply
energy if necessary [6—8]. Unreliability is also driven by demand due to fluctuating loads on the consumer side
and variations in electricity prices [9, 10]. This leads to voltage and frequency fluctuations, and also affects the
stable operation of the system. Such problems can be solved with the help of ESS [1, 2,4, 8, 11, 12].

In recent years, many researchers have been presenting control algorithms for Microgrids based on
advanced electronic devices [7, 13]. These strategies formulate a complex objective function that takes into
account the costs of operating and maintaining generating plants, the cost of exchanging with the grid, as well
as greenhouse gas emissions. However, they are not sufficiently focused on determining the optimal capacity of
the energy storage system. In progress [7, 8, 12, 14, 15] Consumer load management strategies are developed
that include demand-response programs such as incentive or dynamic pricing and direct load management.
While these strategies optimize energy costs, their demand-response programs are mainly aimed at reducing the
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ratio of peak to average demand, i.e., load equalization. However, in the case of MGs, these demand-responds
programs do not significantly improve the cost-effectiveness and reliability of the system.

Therefore, in order to make the Prosumer's Microgrid cost-effective and efficient, it is needed to
develop a strategy for determining the optimal ESS capacity based on the prosumer's load profile, which
focuses on: 1) maximizing the prosumer's profit from interacting with the grid and 2) efficient use of the
Battery Energy Storage System (BESS) taking into account the load that is not provided by renewable
energy. In contrast to existing approaches, the proposed ESS capacity determination algorithm is aimed at
maximizing battery utilization and interaction with the power grid. This is achieved by using a three-zone
time-of-use tariff plan for electricity and developed strategies for the operation of energy storage.

The goal of the paper is development of a method for determining the optimal capacity of the energy
storage system to maximize the profit of the prosumer's microgrid from interaction with the electric power
grid due to different seasons as winter and summer. ]

Subject of investigations. The developed " Hybrid fovertor
model of the prosumer includes a rooftop solar
photovoltaic system with a capacity of 8 kW, the Load
Profile described in the paper [6], ESS with a smart
controller and connection to the power grid.
Mathematical model makes at Matlab. The Single-line
diagram of the developed Prosumer’s Microgrid is
shown in Figure 1.

At Figure 2, a shows a profile of generation
for the summer and winter seasons obtaining from the
SoDa [3], as well as the Load Profiles of a family shown at Figure 2, 5. The load profile is average in the
profiles for the summer and winter seasons of the typical family's working day, generated by LPG [6]. The
family consists of two adults working remotely and two children. The house is equipped with a standard set
of equipment for a comfortable stay and has a gas heating system.
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Basic calculation relationships and assumptions.
Objective function: The objective function presented at formulae (1) is aimed at maximizing the
profit received from the sale of electricity to the power grid. It consists of the sale of electricity to the power

grid (3), the cost of purchasing electricity from the power grid (4) and the cost of using a unit of capacity of
the energy storage system (5).

max Z (Csell ()= Cy, )= C, (¢, )) ) (1)

N =T/AT, 2)
where T is the total duration of the test period of system operation; i is the number of the time period into
which the test period is separeted; N is the number of time periods; AT =0,25 is time period, Ahour;
t,=i-AT is the moment of the beginning of the i-th time period; C,,(¢,) is the total cost of power sold to

the grid for the period ¢, §; C,

1

. () is the total cost of power purchased from the grid for the period ¢, §;

C,...(t.) 1s the total cost of operating the ESS for the period ¢, , $
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Cvell (t) = Psell (Z) : Kencosl (t) : Etariﬂ' : AT s (3)

where P, (t) is power sold to the Power Grid in a period of time ¢, kW; K, . (¢) 1s electricity cost factor as

a function of time #; E, . is electricity tariff, $/kWh.

tariff’
Cbuy (t) = ])buy (t) : Kencast (t) : Etarijf' : AT ’ (4)
where £, (7) is power purchased from the Power Grid over a period of time 7, kW.
Cpun(t)=BC-K,. - AT, )

where BC is ESS capacity, kWh; K. is the cost of using a unit of ESS, $/(kWh-h).

3
KBC=COStb‘”’ 10 ’ (©) ( ceart )
U,-1,-h,

where Cost,, is the cost of one battery, §; 4, is estimated [Fo_ soc;i:.m.w]
battery life-time 10 year, corresponding to 3500 cycles of T
charge/discharge, hour; U, is battery voltage, V; I, is battery
capacity, 4h. /’ gea- Plosd, -{"'“""/
Prosumer’s Microgrid power balance equation: The
installed MGs satisfies the load of the domestic building and il
exports electricity to the power grid. The power balance
equation at each time 7 is given by the formula (7). m
Pgrid ()= Pgen () = Bla () + Byigs (1) (7 J\

where P (7) is generation capacity in time period 7, kW,

P, ,(t) is load power in time period , kW; P, (t) is the | °PE2S=Frimmx |' m<mbpm

charge or discharge power of the ESS in the time period ¢, kW. o
Prpss (1) = ])discharge - Bharge ), Q) /\

where P ]%mﬁ

ischarge (1) 18 the power of the ESS discharge in the time | P3Ess =?dischamax Py
period ¢, kW; P, .(t) is the power of the ESS charge in the | ™ =

harge

time period ¢, kW. ~

All types of power at equations (7), (8) takes as SOC =50C—PpEsst BCJ
constant for a period of time AT, that is, taken as average h
power during this period. SOC=S0Cwin | ¥es

Technical limitations of the Prosumer’s Microgrid: Ppess =0 ‘-_Q\"W
When modeling MGs, it is necessary to take into account the —|—‘ i
>
—

limitations of the ESS operation. The system must not exceed
the limit values of the battery's charge or discharge power to SOC =S0Cqx ‘L'”(

ensure a guaranteed period of operation of the energy storage FBESS -9 'gs@
k—I—J

system. In this study, for simplicity, the charging/discharging
process is considered linear depending on the SOC parameter.
The maximum charging power of the battery is found [ Pgrd =Pgen-Plaad ~ Pa=ss l

by equation (9)
Pasener =08 BC-A[H ], ©)
0<P <P

charge charge.max * (10) (i.ft‘ r>,=’ —
The maximum discharging power of the battery is =
according to equation (11)
})di.vcharge.max = 08 : BC : 1|:h71:| b (1 1) @

Fig. 3
0 < })d[scharge s ])discharge.max . (12)
Limitations on the state of charge of the battery must also be taken into account
SocC ., <SoCc<SsocC,,. , (13)
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where SOC is the state of charge of the ESS battery in relative units; SOC,,, is the minimum permissible
state of charge of the ESS battery; SOC, . is the maximum permissible state of charge of the ESS battery.

Prosumer’s Microgrid Modeling and Management Algorithms. In the work,
the limit values of the state of charge of the battery are taken as SOC , =0.2 and

SOC, .. =1. At Figure 3 shown working algorithm of Prosumer’s Microgrid showed. The

simulation covers two days, 15 minutes increments, all balance equations are calculated
for 192 intermediate points. Only the second day data is involved in the analysis, the first
is used as "calibrated day" due to the inability to determine the initial conditions for the
first day.

Direct controller algorthm (DirC): The "direct" controller algorithm is focused on )
preserving peak generation with the help of ESS and transferring it to the evening and Fig. 4
night hours. The controller algorithm is
implemented by changing modes as shown in
Figure 4.

Case 1. The load power exceeds the
output power of the Solar Photovoltaic System.
There are two options for this mode:

— la. The battery is not completely
discharged. The load is partially provided by its own X
generation, the deficit is covered by the battery.

— 1b. The battery is completely discharged.
The load is partially provided by its own generation,
the deficit is covered by the power grid.

Case 2. The output power of generation
exceeds the load capacity. There are two options
for this mode:

— 2a. The battery is not fully charged. The
load is provided by its own generation, the
exceeds goes to charge the battery.

— 2b. The battery is fully charged. The
load is provided by its own generation, the
exceeds is sold to the grid.

Smart controller algorithm (SmC): The
"smart" controller algorithm is aimed at
maximizing profits from the sale of electricity at
peak times at a three-zone time-of-use tariff. The
controller algorithm is implemented by series
changing modes during the day, as shown in
Figure 5. Here / is hour number in the current
conditions.

Case 1. Dawn from 7:00 a.m. to 8:00 p.m.
There is no own generation, we cover our own
load from the power grid.

Case 2. Morning from 8:00 a.m. to 11:00
a.m. Tariff coefficient K,,...—= 1.5. We cover our
own load with the energy accumulated in the
battery and sell all our own generation to the
power grid. Provided that the battery charge has
dropped to a minimum value, we use our own
generation and purchase energy from the power > .
grid. We do not charge the battery (we use it only ( ®Ed ) Fig. 5
for discharge).

Case 3. Lunch from 11:00 a.m. to 8:00 p.m. Tariff coefficient K,,..,— 1. We use batteries only to
charge from our own generation. Provided that our own load exceeds our own generation, we additionally
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use energy from the grid to cover the deficit. Provided that we cover our own load at the expense of our own
generation, then we use the exceeds energy to charge the battery. If the battery charge has reached its
maximum value, then we sell the excess energy to the power grid.

Case 4. Evening from 20:00 to 22:00. We cover our own load with the energy accumulated in the
battery. Provided that the battery charge has dropped to the minimum value, we use our own generation and
purchase energy from the power grid. We do not charge the battery (we use it only for discharge).

Case 5. Dusk from 10:00 p.m. to 11:00 p.m. There is no own generation, we cover our own load
from the battery and from the power grid. We do not charge the battery (we use it only for discharge).

Case 6. Night from 11:00 p.m. to 7:00 a.m. Tariff coefficient K. = 0.4. We charge the battery to the
maximum value and cover our own load from the power grid. We use the battery only for charging from the mains.

Optimization method. To solve the optimization problem, the Hook-Jeeves direct search method
was chosen. The search starts at the starting point x0, called the old basis, and is carried out along the
coordinate directions. In each direction, in turn, with steps +#, and —,, the conditions for finding a local
solution are checked, after which the new base point is x; with the coordinates obtained as a result of
successful steps.

The direction from the old basis to the new one determines the direction of the search acceleration,
and as the next point of the minimizing series is checked y; = x, + A(x; - x¢). Here, A is the accelerating
multiplier, which is determined automatically in Matlab. If point y1 is successful, it becomes the next point
to explore, otherwise the search continues from point x1. The search ends when the accuracy of the
coordinates reaches less than 107,

This study looked at one type of Prosumer and its load model in winter and summer, as described in
[11]. The installed load capacity of the Prosumer is 10 kW, and the daily consumption throughout the year
varies from 12 to 24 kWh. Simulation of the prosumer's microgrid was carried out for the rated power of the
Rooftop Solar Photovoltaic System of 8 kW, separately for the winter and summer periods of the year. The
duration of the test period of operation of the system 7T at equation (1) was 48 hours, that is, one day.
Numerical simulation and optimization were performed using Matlab.

Given the local nature of the chosen optimization method, the complexity of equation (1) and the
changing simulation conditions, the choice of starting point x0 can significantly affect the results. Therefore,
for verification, the algorithm was run from the starting points x, = 0, x, = 30, xo = 60. These x, values
correspond to the edges and medium of the desired ESS battery capacity range. The results showed that
running from all starting points resulted in the same solution, although the number of iterations differed but
did not exceed 50.

Simulation results. In this model, the cost of electricity is taken as £, =0.1- K [§]. Figure 6 shows

the hourly profile of the zonal pricing coefficient K for a prosumer at a three-zone time-of-use tariff.

To assess the effectiveness of the proposed algorithms for controlling the Prosumer’s Microgrid, it is
considered on the example of the winter and summer seasons. A day (7 =24) is simulated to assess the
effectiveness of the ESS, the modeling step is selected in 15 minutes. The work did not take into account the
limitations of connecting the MGs to the Power Grid.

The following are profiles of the MGs example for the “direct” and “smart” controller algorithm.
Figure 7 shows the SOC parameters of the optimal ESS capacity of smart and direct controller algorithms.
Figure 8 shows the charging / discharging power of the ESS. Figure 9 shows the MGs power that is
transmitted to the power grid.
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Table 1 and Table 2 shows the generalized results obtained for the summer and winter seasons under
different controller algorithms of MGs operation. For each of the controller algorithms, simulations were
carried out at different values of the ESS capacitance. Figure 10 shows the dependence of profit on the
capacity of the ESS for the summer (a) and winter (b) seasons. In economic calculations, the issue of RES
taxation was not taken into account.

Table 1
Controller algorithm DirC SmartC
BC, kWh 0 10 20 11,15 30 55 70 94,5 100
Ps e, kKWh 36,224 | 28,269 | 22,546 | 44,801 | 68,512 | 103,188 124,953 160,395 168,167
Cssen 8 4,373 3,363 2,480 5,975 9,868 15,363 18,759 24,271 25,518
Py, kKWh 12,352 | 4,488 1,855 21,495 | 48,234 | 86,609 110,234 148,554 160,859
Cspuy, $ 1,206 | 0,214 0,076 1,403 3,135 5,732 7,352 9,987 10,940
Ko, $/(kWh'h) 0,004 | 0,004 0,004 0,004 0,004 0,004 0,004 0,004 0,004
Profit, $ 3,168 | 2,268 0,641 3,589 4,088 4,782 5,236 5,954 5,763
Table 2
Controller algorithm DirC SmartC
BC, kWh 0 10 20 5 11,15 15 25 55 94,2
Psen, KWh 4,369 0,000 0,000 7,673 13,823 | 16,057 | 24,807 51,057 85,357
Csseir, $ 0,593 0,000 0,000 1,160 2,109 2,454 3,804 7,854 13,146
Py, KWh 29,201 | 25,838 | 25,231 | 33,745 | 40,049 | 44,254 | 54,504 85,254 125,434
Cspuy, $ 2,888 2,491 2,428 3,055 3,372 3,610 4,124 5,667 7,683
Kpc, $/(kWh'h) 0,004 0,004 0,004 0,004 0,004 0,004 0,004 0,004 0,004
Profit, § -2,295 | -3,372 -4,191 -2,336 -2,245 -2,478 -2,524 -2,661 -2,841
P kW
PékW 3
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4 4
2 2
0 0
) -2
-4 -4
-6 -6
-8 -8
0 3 7 11 15 19 23 0 3 7 11 15 19 23
Time, hour Time, hour
St e Dirc” — SmartC = ==———- DirC
Fig. 8 Fig. 9
10 10
’ M >
=
8 o e S o
g s )(..,q__‘h“.. r:% 5 T
-._.__'....‘ ‘-..__X“.-
b - N S e D
-10 -10 S
=<
-15 -15
0 20 40 60 80 100 0 20 40 60 80 100
BC. kWh BC. kWh
—— SmartC ==r==DirC —¥— SmartC ==X==DirC
a b
Fig. 10

78 ISSN 1607-7970. Texn. erekmpoounamuxa. 2025. Ne 3



In the case of a "smart" controller algorithm, the optimal value of the ESS capacity will be 94.5 kWh.
This is due to the fact that at lower values of the ESS capacity, the amount of energy purchased during peak
hours is quite expensive. Otherwise, if the capacity of the ESS is higher than the optimal one, the cost of
using a unit of ESS capacity makes the use of such systems economically unprofitable.

Based on the results from Table 2, In the winter season, the "direct" and "smart" controller
algorithms are not profitable. This is due to the fact that, unlike the summer season, its own generation falls
sharply. The optimal solution for a "direct" controller algorithm would be the rejection of ESS. In turn, the
optimal value of the ESS capacity according to the "smart" controller algorithm allows us to reduce
spending. It should be noted that the results obtained by the ESS capacity correspond to the goal of obtaining
maximum profit and, when choosing a different management strategy, may differ significantly.

Conclusions. In this work, a detailed study of the influence of seasonality on the optimal capacity of
ESS in prosumer’s microgrid was carried out. The main purpose of the study is to determine the optimal
strategies for ESS management to maximize profits from interaction with power grids in the context of
variable seasonal characteristics of electricity generation and consumption.

The simulation results showed that in winter, when domestic electricity generation is significantly
reduced, the controller algorithms of "direct" and "smart" management do not provide profit. This indicates
that in conditions of low generation, the optimal solution may be to abandon the use of ESS, since the costs
of its operation outweigh the possible benefits.

At the same time, in the summer season, when generation is more stable and higher, choosing a
"smart" controller algorithm can significantly increase profits. If we take into account the limitations of the
power grid connection, then the data of the optimal values of the ESS capacity will change. The next stage of
the study involves determining the impact of constraints, connecting the power of the prosumer’s microgrid
to the power grid, on the optimal capacity of the ESS.

1. Aghmadi A., Mohammed O.A. Energy Storage Systems: Technologies and High-Power Applications. Batteries.
2024. Vol. 10. No 4. P. 141. DOI: https://doi.org/10.3390/batteries10040141.

2. Ali ZM., Calasan M., Aleem S.H.E.A., Jurado F., Gandoman F.H. Applications of Energy Storage Systems in
Enhancing Energy Management and Access in Microgrids: A Review. Energies. 2023. Vol. 16. No 16. P. 5930. DOI:
https://doi.org/10.3390/en16165930.

3. APOLLO cloud statistics. SoDa. URL: https://www.soda-pro.com (accessed at 12.10.2024).

4. Blinov L.V, Parus Ye.V., Shymaniuk P.V., VorushyloA.O. Optimization model of microgrid functioning with solar
power plant and energy storage system. Tekhnichna elektrodynamika. 2024. No 5. Pp. 69-78. DOI:
https://doi.org/10.15407/techned2024.05.069. (Ukr)

5. Elalfy D. A., Gouda E., Kotb M. F. et al. Comprehensive review of energy storage systems technologies, objectives,
challenges, and future trends. FEnergy Strategy Reviews. 2024. Vol. 54. P. 101482. DOI:
https://doi.org/10.1016/j.es1.2024.101482 .

6. Kulapin O., Makhotilo K. Modeling of Prosumer Load Profiles based on behavioral approach. Energetyka:
ekonomika, tekhnologii, ekologiia. 2024. No 1. Pp. 98—105. DOI: https://doi.org/10.20535/1813-5420.1.2024.297584.
(Ukr)

7. Sharma P., Saini K.K., Mathur H.D., Mishra P. Improved Energy Management Strategy for Prosumer Buildings with
Renewable Energy Sources and Battery Energy Storage Systems. Journal of Modern Power Systems and Clean Energy.
Vol. 12. Issue 2. Pp. 381-392. DOI: https://doi.org/10.35833/MPCE.2023.000761.

8. Fedorchuk S., Ivakhnov A., Bulhakov O., Danylchenko D. Optimization of Storage Systems According to the
Criterion of Minimizing the Cost of Electricity for Balancing Renewable Energy Sources. IEEE KhPI Week on
Advanced  Technology  (KhPIWeek), Kharkiv, Ukraine, 05-10 October 2020. Pp. 519-525. DOL:
https://doi.org/10.1109/KhPIWeek51551.2020.9250155.

9. Bouakkaz A., Mena A.J.G., Haddad S., Ferrari M.L. Efficient energy scheduling considering cost reduction and
energy saving in hybrid energy system with energy storage. Journal of Energy Storage. 2021. Vol. 33. P. 101887. DOI:
https://doi.org/10.1016/j.est.2020.101887.

10. Gopee Y., Gaetani-Liseo M., Blavette A., Camillers G., Roboam X., Alonso C. Energy Management System for a
Low Voltage Direct Current Microgrid: Modeling and experimental validation. 48th Annual Conference of the IEEE
Industrial  Electronics Society( IECON 2022), Brussels, Belgium, 17-20 October 2022. Pp. 1-6. DOL:
https://doi.org/10.1109/IECON49645.2022.9968485.

11. Kulapin O., Makhotilo K. Selection of Optimal Battery Capacity of the Household Prosumer. Visnyk Vinnytskoho
Politekhnichnoho Instytutu. 2024. No 4. Pp. 30-36. DOI: https://doi.org/10.31649/1997-9266-2024-175-4-30-36. (Ukr)

12. Hashemi A., Derakshan G., Pahlavani M., Abdi B. Optimal Scheduling of Residential Electricity Demand Based on
the Power Management of Hybrid Energy Resources. Environmental and Climate Technologies. 2020. Vol. 24. Issue 1.
Pp. 580—603. DOI:_https://doi.org/10.2478/rtuect-2020-0036.

ISSN 1607-7970. Texn. enekmpoounamuxa. 2025. Ne 3 79



13. Sharma P., Bhattacharjee D., Mathur H.D., Mishra P., Siguerdidjane H. Novel optimal energy management with
demand response for a real-time community microgrid. /EEE International Conference on Environment and Electrical
Engineering and IEEE Industrial and Commercial Power Systems Europe (EEEIC/I&CPS Europe), Madrid, Spain, 06-
09 June 2023. Pp. 1-6. DOLI: https://doi.org/10.1109/EEEIC/ICPSEurope57605.2023.10194855.

14. Zhao C., He J., Cheng P. ta in. Consensus-Based Energy Management in Smart Grid With Transmission Losses and
Directed Communication. [EEE Transactions on Smart Grid. 2017. Vol. 8. Issue 5. Pp. 2049-2061. DOI:
https://doi.org/10.1109/TSG.2015.2513772.

15. Fouladi E., Baghaee H., Bagheri M., Lu M., Charehpetain G.B. BESS Sizing in an Isolated Microgrid Including
PHEVs and RERs. 2020 IEEE International Conference on Environment and Electrical Engineering and 2020 IEEE
Industrial and Commercial Power Systems Europe (EEEIC/I&CPS Europe), Madrid, Spain, 09-12 June 2020. DOI:
https://doi.org/10.1109/EEEIC/ICPSEurope49358.2020.9160640.

VIIK 621.3
BILIMB CE30HHOCTI TEHEPAIIIi TA HABAHTAJKEHHSI HA OIITUMAJIBHY EMHICTH
CUCTEMM HAKOIIMYEHHS EJEKTPOEHEPTTi MIKPOMEPEKI [TIPOCBIOMEPA

0.B. Kyaanin, A.B. IBaxnos, C.0. ®enopuyk, K.B. Maxorino, 1.0. Januabuenko, O.B. Byjarakos
Haunionanbuuii TexHiyHuil yHiBepenTeT «XapKiBebKU MOTITEeXHIYHMIA IHCTUTYTY,

ByJ1. Kupmivosa, 2, Xapkis, 61002, Ykpaina.

E-mail: andrii.ivakhnov@khpi.edu.ua.

YV 36’a3ky 3 HecmabinvHicmio 6i0HO6MI08AHUX Odicepen eHepeii niompumka cmanoi pobomu MiKpomepexic CMAe
akmyanbHuM i cknaonum 3a80anusm. Cucmemu HaAKONuueHHs. enepeii Mocymo 3abe3neuumu 6e3nepepeHe HCUGIEHHs
Ol maKux MiKpomepesc, npome ixXHs IHmMezpayisi Cynpo8OONCYEMbCSL BUKIUKAMU, NO8 SI3AHUMU 3 BUSHAYEHHAM
ONMUMANLHUX NAPAMEMmpPIE CUCMeM HAKONU4eHHs eHepeii. Y pobomi npedcmagieHo Memoouxy, wo ORMUMIZVE
EMHICMb  CUCMEMU HAKONUYEHMsI eHepeil, 6paxoeylouu pisHi  aneopummu  KOHmponepa Oasi  (DYHKYIOHYS8aHHs
MiKpomepedici npocviomepa. Po3pobreno memoo eusnauenns onmumanbHOi EMHOCMI CUCMEMU HAKONUYEHHS eHepeii
3a05151 Makcumizayii npubymky 6i0 83aemooii 3 mepedicero. Posensoaromucs 06a KapOUHAIbHO PI3HUX al2opummu
KOHmMpoaepa pobomu MiKpoMepedici: nepuull 30cepeddicenuli Ha MaKkCUMAIbHOMY BUKOPUCIAHHI COHAYHOT 2enepayii, a
Opyeuil — Ha 30a1AHCOBAHOMY UKOPUCHIAHHI YCIX eleMeHmi6 CUCmeMu, KUY HAKONUYY8ayi | CNOJCUBAyi eHepail.
Hocnioaceno mikpomepedcy Ha npukiadi npocviomepa, wo GKIUAEC COHAUHY (OMOeNeKMPUUHY cucmemy, npoginn
HABAHMAICEHHSI, CUCTNEM) HAKONUYEHHS eeKmpoeHep2ii ma NiOKIIOYeHHs: 00 eHeP2OMEPENCT 30 MPUZOHHUM MAPUDOM.
3aona oyinku epexmugnocmi obpanux cmpameziii nPO8eOeHO aHALi3 NOKASHUKIE 018 3UMOB020 Md NiMHbO20 OHI8, U0
0a0 MOJICIUBICIb GUAGUMU BNIUE CE30HHOCMI HA poOOmy Mikpomepedici. 3anpononosanuii. mMemoo 0de 3mMozy
BUBHAYAMU EMHICMb CUCHEMU HAKONUYEHHS! eHepeii nid 4ac NpoEKmy8aHHs IHOUBIOYANbHUX (HOMOELEKMPUYHUX
cucmem 2enepayii. bion. 15, Tabn. 2, puc. 10.

Knwwuosi cnosa: wmixpomepexa, MOJCTIOBAHHS HAaBaHTAXEHHs, IPOCBIOMED, CHUCTEMHM HAKOMHMYEHHS eHepril,
BiJTHOBJIFOBaHI JpKepesia eHepril, onmTuMi3arris.
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