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The technical and economic processes of the Local Grid, regional electricity system comprising small modular
reactor nuclear power plants, renewable electricity generators, and electricity storage systems are investigated.
Smart grid technologies are used in the management of such a system. In relation to the electricity system, the
Local Grid acts as a consumer or producer of electricity depending on the price situation in the wholesale market
and its own ability to balance the volume of electricity generation-consumption.

The Local Grid market is considered to be perfect, otherwise the wholesale electricity market is characterized
by imperfect competition. The mathematical model of the Local Grid is offered. The presented model adequately
reproduces the characteristics of the interaction between the local market and the wholesale market.
The mathematical model is generated in the form of the commitment problem for small modular reactors and
electricity storage systems. The model reflects the technological limitations for the loading modes of small
modular reactors and units of the energy storage system, which operate in the modes of direct and reverse energy
conversion. In particular, the model reflects the shunting modes and start-shutdown modes of small modular
reactors and charge-discharge modes of energy storage system units, which together determine flexibility of the
operation modes for the entire power system. The commitment problem of small modular reactors of a nuclear
power plant, units of the electricity storage system, and transmission lines connecting the Local Grid with the
power system is a mixed integer programming problem with an objective function of minimized system costs.

Cluster integer functions are used to reduce the dimensionality of the problems of mathematical modeling the
loading modes of the Local Grid in the descriptions for the sets of the same type small modular reactors, as well
as the same type energy storage units. The Local Grid model reproduces the modes of its disconnection from the
system operator's network to increase nuclear safety in the event of a natural disaster or hostilities. The results of
computational experiments on modeling the commitment modes of the local electrical grid are presented.

The experiments used standard data on the volume of electricity consumption and its production from
renewable energy sources. The results of the computational experiment confirm the adequacy of the suggested
mathematical model for the Local Grid. The presented model is suitable for the use both independently - to
analyze Local Grid functioning - and in combination with the models of electric power industry - to determine the
impact of the Local Grids on the electricity system.

The article is developed based on the results of the research carried out under target program “Support of
State-Priority Research and Scientific and Technical (Experimental) Solutions of the Department of Physical and
Technical Problems of Energy of the NAS of Ukraine for 2022 - 2023" with program expenditure classification code
6541230 (applied research).
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Up-to-date integrated solutions to reduce
the negative environmental impact of conventional
power generation technologies are implemented

The analysis of present energy supply systems by reducing fossil fuel production and introducing
implies economic, environmental and safety studies. renewable and nuclear energy technologies.

Introduction

. [DEPXABHE MIANPUEMCTBO
[LEPXKABHUI HAYKOBO-TEXHIYHUI
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Over the last decade, the efficiency of solar and
wind power generation technologies has improved
significantly, and their implementation has become
widespread. The rate of development of solar and
wind power plant (SPP and WPP) capacity is now con-
strained by the variability of their electricity produc-
tion due to changes in weather conditions. Balancing
variable capacities in the power system requires the
involvement of additional shunting generating units
that run on fossil fuels, which leads to negative envi-
ronmental consequences.

Conventional nuclear power industry uses pow-
erful units that cover the base load. Nuclear units
are predominantly not involved in capacity control.
An additional constraint on the development of nu-
clear energy is the high requirements for production
safety. Increased requirements are placed both for the
reliability of power units and for the reliability of NPP
connection to the system operator’s grid.

The development of small modular reactors capa-
ble of participating in load regulation allows forming
Local Grids that provide a cost-effective and environ-
mentally friendly power supply to consumers in the
region and are resistant to system faults.

The design of up-to-date small modular reactors
provides a high level of nuclear safety, including sim-
plicity of the design and minimum number of com-
ponents, resistance to loss of connection with the ex-
ternal grid, and ability to work in the island mode [1].

Modular reactors are designed to participate in
load regulation. This is achieved by shutting down
one or more modules, maneuvering the load of indi-
vidual modules, bypassing the steam turbine directly
to the condenser [2].

When the Local Grid is disconnected from the
power system, an NPP equipped with small modular
reactors will automatically switch over to the power
supply of the allocated area covered by the Local Grid.

The use of electricity storage systems in Local
Grids provides additional operational flexibility of
such systems.

This architecture also has the advantage of reduc-
ing power losses due to reduced power flows in the
high-voltage transmission lines.

The development of efficient small modular reac-
tor technologies, intensive development of renewable
energy sources (RES), as well as grid equipment, smart
metering, data transmission systems and control meth-
ods, all described by term Smart Grids, are leading to
changes in the structure of the energy system and the
interaction of agents in the energy market.

Local Grids, including consumers, small modular
reactors, renewable energy sources and energy storage
systems, are balanced energy systems of consumers-
producers. Depending on the level of market prices,
the level of domestic consumption, as well as the
capabilities of generating capacity and storage systems,
local grids can act as both consumers and producers.
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In the wholesale electricity market, there may be
imperfect competition [3], while in Local Grid, due
to the closer connection of producers to consumers,
effective pricing mechanisms are assumed to operate.

Research has paid considerable attention to the
possibility of sharing nuclear and renewable energy
sources, as well as to the interaction of local networks
with the grid and the wholesale electricity market.

Prospects for the joint use of small modular reactor
NPPs with renewable energy sources are investigated
in [2]. However, the authors have not studied the op-
eration modes of such a system and peculiarities of
its interaction with the wholesale electricity market.

The possibility of decomposing an entire electric-
ity market into a Top-Level Market and a set of lower
tier markets operating within the boundaries of indi-
vidual Local Grids has been investigated in [4].

In [5], the behavior and interaction of local net-
work operators are studied using game theory meth-
ods. At the same time, the simplified representation
of local grids as a system of the consumer and uncon-
trolled generators of the electric power is considered.

To reduce the dimensionality of mathematical
modeling problems for commitment modes of the
same type generating units of power systems in [6],
cluster variables were used instead of traditionally
used binary variables.

The unitcommitment model of loading generating
units on the cyclic forecasting horizon (UCC-model)
has been proposed in [7]. The UCC model reproduces
unit-loading modes on a cyclical weekly forecast
horizon and does not require initial conditions, as
it establishes a relationship between the states of
generating units at the end and beginning of the
forecast horizon.

The UCC model adequately reflects the loading
modes for generating units of NPP, thermal power
plants (TPP), powerful combined heat and power
plants (CHP), hydro power plants (HPP) and energy
storage systems, including powerful hydro pump
storage plants (HPSP). The UCC model is a multi-node
model and takes into account the limitations for the
volume of electricity transmission by interconnection
power lines. The UCC model takes into account
system-wide requirements for the placement of
primary and secondary power reserves on loaded
units, including energy storage systems.

The UCC model is a tool to analyze the adequacy
of shunting power in the tasks of medium- and long-
term forecasting of power system development in
terms of increasing electricity production of wind and
solar power plants.

The mentioned research results were used to de-
velop the model of functioning of the Local Grid in
market conditions.

Consider the work of the Local Grid, which includes:

consumer;

NPP with small modular reactors;
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uncontrolled RES generator;

electricity storage system.

Each of the listed members may represent a set of
producers and/or consumers of a similar type. It also
provides a link between the Local Grid and the Top-
Level Market.

The work of the Local Grid is provided on the basis
of the following provisions:

RES ensure the production of electricity with
minimum variable costs with no emissions into the
environment. The load of this producer (generator) is
determined solely by weather conditions;

NPP with small modular reactors provides the main
part of electricity production and participates in load
regulation;

energy storage facility balances supply and de-
mand, taking into account the technical limitations of
the generating equipment, consumption schedules,
and the price level in the upstream market;

if the Local Network lacks its own generation,
electricity is sourced from the grid and the price of
electricity for consumers on the Local Grid is the
sum of the prices on the upstream market and the
transmission price;

if the price on the upstream market rises signifi-
cantly, it becomes feasible to supply electricity from
the Local Grid to the wholesale market, with the price
of electricity for Local Grid customers being set equal
to the price on the external market.

At its core, the task of modeling the Local Grid in-
cluding small modular reactors, renewable energy
sources and an energy storage system is similar to the
problem of optimal unit commitment [8-11].

The following is a mathematical model of the Local
Grid, which reflects the technological constraints for
the loading modes of the small modular reactors and
energy storage system units. The model reproduces
the shunting and start-shutdown modes of the small
modular reactors, as well as the charge/discharge
modes of the energy storage units.

The commitment problem of small modular reactors
of NPPs, power storage system units, as well as trans-
mission lines connecting the Local Grid with the power
system is presented as a mixed integer programming
problem with the target function of minimized system
costs. To reduce the dimensionality of the tasks of math-
ematical modeling for loading modes of the Local Grid,
cluster integer functions are used in the descriptions of
the sets of single-type small modular reactors, as well as
of the single-type energy storage units.

Mathematical description of Local Grid model

A. Model parameters:

t — the number of the time interval of the weekly
forecast period

T — set of numbers t
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z —the number of the weekly forecast period

Z — set of numbers z

N — the whole number of SMRs ready to operate
in load mode

S —the whole number of ESS ready to operate in
pump or generator mode

T, —the number of the extreme right time interval
of the weekly period

¢* — the cost of SMR startup

C — operating costs under minimum SMR load

¢ — the coefficient of elasticity of operating costs
to the load of the SMR

P — the minimum load of the SMR

P —maximum load of the SMR

c*” — the cost of SMR shutdown

P*Y —the lower allowable load limit of the SMR
during its startup

P*? — the upper permissible load limit of the SMR
before its shutdown

AP —the value of the maximum increase in
load on the SMR

AP®" _the value of the maximum reduction of
the load on the SMR

n” — efficiency of ESS equipment operated in
pump mode

n° — efficiency of ESS equipment operated in
generator mode

¢’ — specific operating costs for ESS operation in
pump mode

c® — specific operating costs of ESS operation in
generator mode

g — the maximum amount of energy that ESS can
store

g — the minimum amount of energy that ESS can
store

p” —maximum ESS load under the operation in
pump mode

p°® — maximum ESS load under the operation in
generator mode

™ — specific operating costs for the production
of electricity from RES

Pr™ — the prices in the Top-Level Market

Pr™° — the transmission price

H — the maximum allowable load of transmission
lines connecting the Local Grid to the power system.

B. Model variables:

Cost — operating costs for electricity production
by the SMR

Cost® — costs for SMR startup

Cost*® — costs for SMR shutdown

Cost™" — operating costs for electricity genera-
tion from RES

Cost® — operating costs for ESS, which operates in
generator mode

p — the load of the unit in generation mode

p™" — the load of RES

Cost™ — the cost of electricity purchase in the
Top-Level Market
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Income — the income from electricity sale to the
Top-Level Market

p™ — the load of purchase in the Top-Level Market

p™ — the load of sale to the Top-Level Market

| — the load of consumption

p — variable load of the SMR

u —integer function that characterizes the state
of the G SMRs and takes a value uc{0,1,---,N} if u
SMRs are operated in load mode

x —integer function that characterizes the state
of the G SMRs and takes a value x €{0,1,---,N} if x
SMRs are operated in shutdown mode

y —integer function that characterizes the state
of the G SMRs and takes a value y €{0,1,---,N} if y
SMRs are operated in startup mode

p” — the load of ESS operated in pumping mode

p° — the load of ESS operated in generator mode

g — the amount of energy stored at the ESS

u” —integer function that characterizes the state
of the S ESSs and takes a value u” €{0,1,---,S} if u”
ESSs are operated in pump mode

x” — integer function that characterizes the state
of the S ESSs and takes a value x” €{0,1,--,S} if x”
ESSs are operated in the stop of the pump mode

y” — integer function that characterizes the state
of the S ESSs and takes a value y” €{0,1,---,S} if y°
ESSs are operated in the start of the pump mode

u® — integer function that characterizes the state
of the S ESSs and takes a value u® €{0,1,---,S} if u®
ESSs are operated in generator mode

x® —integer function that characterizes the state
of the S ESSs and takes a value x° €{0,1,---,S} if x°
ESSs are in the stop of the generator mode

y® —integer function that characterizes the state
of the S ESSs and takes avalue y° €{0,1,---,S} if y°
ESSs are in the start of the generator mode

h, —binary function, which takes a value of 0
when the load of purchase in the Top-Level Market
occurred and a value of 1 when the load of sale to the
Top-Level Market occurred.

C. The objective function of the UCC optimiza-
tion problem

Operating costs of electricity production in the
power system are minimized

Cost, + Cost* +Cost,* +
> |Cost} + Cost™ +

vteT

— min. (1)

Cost®™ —Income,

D. Balance of electricity production and con-
sumption

Balance of electricity production and consump-
tion is represented by equations

RnW Ext

i +p +pl+pE =1 +p] +p", VteT. (2)

0<p <hH, VteT. 3)
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0<p™ <(1-h)H, VteT. 4)

E. Operating costs for SMR
Operating costs for SMR

Cost,=Cu, +¢p,, VteT, (5)
p.<(P—P)u, VteT, (6)
p,=Pu,+p,, VteT. (7)

F. The mode of SMR operation

The mode of SMR operation is described by the
system of relationships between the binary functions
of its state, which has the form

Y, —X,=u,—u,,, VteT, t=], 8
Yi— X, =U — U, )

Ye+x. <N, VteT, (10)

u <N, VteT. (11)

G. The cost of SMR startup
The cost of SMR startup is calculated by the
formula

Cost}! =c"y,, VteT. (12)

H. The cost of SMR shutdown
The cost of SMR shutdown is calculated by the
formula

Cost® =c*x,, VteT. (13)

I. The current maximum attainable load of the
SMR

The current maximum attainable load of the SMR
is limited by the maximum installed capacity or its
allowable load before shutdown

P <Py +APPU +PYy,, (14)
VteT, t=1;
ptSpTO+AP“”uTO+PSUyt, t=1. (15)

The unit load is limited from the top by its current
maximum achievable load

p, <Pu,, VteT. (16)

J. The current minimum achievable load of the
SMR

The SMR load is limited from the bottom by its

current minimum achievable load

p, >Pu,, VteT. (17)
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The current minimum achievable load of the SMR
is limited by the technical capabilities to reduce its
load during shutdown

P, >p . —AP®"u —PPx, VteT, t=1; (18)
p, = p, — AP u —PPx,, t=1. (19
K. Description of ESS
Operating costs of ESS are determined by the
formula

Cost? :c”<1—np)pf —cG<1—nG)pf, teT. (20)

Energy balances of ESS are represented by
equations

G
qr—qH:"?PPtP—,;—rG, VteT, t=1. 21

Complemented by the conditions of weekly
cyclicity of accumulated energy

4o =3y, - (22)

The amount of stored energy is limited by the
energy consumption of its storage systems

Sq<q,<Sq, VteT. (23)

The operation of ESS in the mode of direct
conversion of stored energy into electrical energy is
described by the following relationships between the
binary functions of the state of the systems:

yo—x=u’—u’, VteT, t=], (24)
WX =0 -y, (25)
ye+x2<S, VteT, (26)

u® <S, vterT. (27)

The operation of ESS in the mode of inverse
conversion of electrical energy into another form of
energy suitable for its accumulation and storage is
described by the following relationships between
binary functions of the state of the systems:

yo—x"=ul —u",, VteT, t=1,  (28)
Yy =X =uj —ur, (29)
yl+x0 <S, VteT, (30)

uf <S, VteT. (31)
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The inability to operate ESS simultaneously in
the modes of direct and reverse energy conversion is
reflected in the limitations

ul +uf <S, VteT. (32)

Generating equipment of ESS, working in the
mode of direct conversion of stored energy into
electricity, has limited load, i.e.

pf <uip®, p; >0, VteT. (33)

Load limitations of ESS are also taken into account
during their operation in the mode of inverse energy
conversion

pl <ulp®, pf >0, vteT. (34)

L. Description of RES power generation systems
Operating costs for the production of electricity
from RES are calculated by the formula

Cost/™ =c"™p™™, teT. (35)
The projected maximum volumes of electricity
production from RES are determined on the basis of
retrospective models of the respective power plants.
M. Purchase of electricity in the Top-Level
Market system
The cost of electricity purchase in the Top-Level
Market system

Cos ttExt _ (Pl,tnJr Pr,TSO ) ptExt. (36)

N. The sale of surplus electricity to the Top-
Level Market system

The income from electricity sale to the Top-Level
Market system

Income, =Pt p/™. 37)

Peculiarities of Computer Simulation of
Local Grid System and Results of Computer
Experiment

To perform computational experiments, the pro-
posed mathematical model of the Local Grid system as
a mixed integer programming problem (1) - (37) was
implemented in IBM ILOG CPLEX Optimization Studio
Version 20.1 using the OPL optimization programming
language. The following computer experiments were
performed using the obtained computer model.

The simulation is carried out for a week period with
hourly process detail under the following conditions.

The pattern of electricity consumption is standard
for an average city and varies in the range from 83.1
to 197.2 MW.

S
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The price of electricity on the Top-Level Market
changes according to the formula:

Prt =0.15/,—12, VteT.

The load of the RES varies depending on the
weather conditions in the range from 2.2 to 103.9 MW,
its cost of electricity generation is 5 $/MWh.

SMR and ESS characteristics are reflected in
Tables I and Il respectively.

The Local Grid has been simulated for two modes
of operation:

operation under normal conditions, synchronous
with the power system. Maximum allowable load of
transmission lines that connect the Local Grid with
the power system: H=75MW. Figure 1 presents the
graph of electricity demand coverage in the Local
Grid by various sources of generation and import
for synchronous mode. The difference between the
consumption and production curves corresponds to
the capacity of the export and charge of the ESS;

operation under emergency conditions, in the
island mode. During the operation in the island mode
H=0MW, the curves of electricity consumption and
RES production remain unchanged. Figure 2 presents
the graph of electricity demand coverage for the
island mode.

The simulation results of the Local Grid system for
synchronous and island modes of the Local Grid are
shown below in Figure 3 and Figure 4.

Figure 3 presents the changes in SMR load, power
flow from the external energy system and to the
external energy system.

The figure shows that the disconnection of
the Local Grid from the power system leads to a
certain destabilization of the SMR operation mode
due to the cessation of external power flows.

power, MW

300
250
200
150
100

50

Table 1 — SMR characteristics [1, 12]

N 2
v 1093.1 $/StartUp
c 835 $/h
¢ 3 $/MWh
P 19.25 MW
P 77 MW
c*® 1337.5 $/ShutDown
pv 19.25 MW/h
p® 77 MW/h
AP™ 57.75 MW/h
AP 57.75 MW/h
Table 2 — ESS characteristics [12].
S 2
n” 0.85
n° 0.85
c 25 $/MWh
c* 25 $/MWh
q 75 MWh
q 0 MWh
p’ 20 MW
p° 15 MW

TWOM~ T OO~ T OM~E TGO OEM~E T 0O T DM T u
T NN TTIODOOON~ODONNOOO ™~ MMNMNMMT T TIOWOOthH
EEEE T T —————
EmRES COESS == NPP | port — Consumption

Figure 1 - Electricity consumption and production during the week
in the Local Grid system for synchronous mode
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power, MW
250

mmRES CJESS NPP ——Consum ption

Figure 2 - Electricity consumption and production during the week
in the Local Grid system for the island mode

power, MW

180

160

140 f

120 rf Wy

100

wew Export = = =Import ——SMR  — —SMR Island

Figure 3 - Electricity production by the SMR, the supply of electricity
from the outside power system and supply to the outside power system

Figure 4 - Weekly graphs of the stored energy level in the Local Grid system
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At the same time, if the installed capacity structure of
the local grid is chosen reasonably, the schedules of
the SMR meet the design requirements [1].

The value of ESS charge is shown in Figure 4.
Obviously, when the local grid is disconnected from
the power system, the instability of the storage system
increases, but due to the limited operation time of the
Local Grid in the island mode, this should not lead to a
rapid depletion of its resource.

An analysis of the economic characteristics
of Local Grid operation indicates the following.
Under synchronous operation weekly costs are
$318.6 thousand, at the same time, weekly revenues
from electricity sales to the wholesale market are
$38.9 thousand. Consequently, the value of the
objective function is $279.7 thousand. Under the
island mode of operation weekly, costs make up
$304.3 thousand, with zero revenues from supply to
the external market. That is, synchronous operation of
the Local Grid is more efficient.

Conclusion

Reducing the environmental impact of power
industry requires the development of renewable and
nuclear power generation technologies. At the same
time, the dependence of RES on natural conditions
and increased safety requirements for nuclear power
generation limit the combined generation of these
technologies.

The development of small modular nuclear reactor
technology has increased the safety of production
at the plant level, has significantly reduced the
requirements for the reliability of the NPP connections
with the power system, while dramatically improving
the maneuvering characteristics of nuclear power.

The combined use of small modular nuclear
reactor technology, renewable energy sources and
energy storage to supply power to consumers in a
particular region provides:

efficient and environmentally friendly electricity
generation;

increase of production safety at nuclear power
facilities and security of power supply to consumers
during local power grid outages.

reduction of network losses and simplification of
power system recovery after system accidents.

Local Grids form a new class of participants, which,
depending on external market price conditions and
the supply-demand balance in the local grid, can act
as a buyer or seller of electricity.

In order to account for the interaction of Local
Grids with the wholesale market and to analyze the
operation of local networks in isolated mode, the
energy system is decomposed, with the wholesale
market as the top level and the set of Local Grids as
the lower level.
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The mathematical model of the Local Grid is
generated in the form of a load problem for small
modular reactors and power storage systems, provides
a comprehensive analysis of its operation modes in
market conditions.
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MartemaTuuHa mogenb NoKaibHOI Mepexi 3
AEC Ha manux mogynbHUX peakTopax

Cayx C. €., Bopucenko A. B.

[HCTUTYT Npobniem MofentoBaHHA B eHepreTui
im. I. €. TyxoBa HAH YkpaiHu, m. Kuis, YkpaiHa

Y uin cTatTi QOCNIAXKYIOTbCA TEXHIKO-eKOHOMIYHI
npouecn ¢yHKUIOHYBaHHA «JIOKanbHOI enekTpuy-
HOI Mepexi» — perioHanbHOI enekTPOoeHepreTUYHOI
cuctemn y cknagi AEC Ha manmnx mopynbHUX peak-
TOpax, reHepaTopax eneKTPU4YHOI eHeprii, AKi Bu-
KOPWUCTOBYIOTb BiAHOBMIOBAHI [XKepena eHeprii, a
TaKOXK aKyMynATOPIB eNeKTpUYHOI eHepril. B ynpas-
NiHHI TaKoOK CUCTEMOI 3aCTOCOBYIOTbCA TEXHONOTril
«Po3ymHux Mmepex» . CTOCOBHO efleKTpoeHepreTUyYHoi
cnctemn «JloKanbHa enekTpmyHa mMepeka» BUCTYMae
AK CNOXKNBAY abo AK BUPOOHWK eNEKTPUYHOT eHepril,
3aneXKHO Bif KOH'IOHKTYPW LiiH Ha ONTOBOMY PUHKY Ta
BIACHOT CMPOMOXKHOCTI LWofAo 6anaHcyBaHHA obcsaris
BUPOOHMLTBA-CMOXNBAHHA eNeKTpoeHepril.

PnHOK «JloKanbHOI enekTPUYHOI Mepexi» BBaXka-
€TbCA AOCKOHANNM, a ONTOBUIN PUHOK eNeKTpoeHep-
ril XapakTepusyeTbcA HeJOCKOHANIO KOHKYPEHLI€lo.
3anpornoHoBaHO MaTemMaTuyHy Mopgenb «JloKanbHOI
eNeKTPUYHOI Mepexi». HaBegeHa mogenb afekBaTHO
BiTBOPIOE OCOOGNMBOCTI B3aEMOSIT JIOKANIbHOTO PUHKY
3 OMNTOBVM PUIHKOM. MaTemaTnuHa mofens chopmMoBa-
Ha y BUrNAfi 3a4ayi 3aBaHTa>KeHHA Manunx MOAYNbHUX
peakTopiB Ta CUCTEM aKyMYJTIOBaHHA eneKkTpoeHepril.
B mogeni BinobparkeHO TeXHOJOriUHi 0OMEXEHHsA Ha
pPeXrMM 3aBaHTaXKEHHA MannX MOZY/IbHNX PEAKTOPIB i
6NOKIB CMCTEMU aKyMYJTOBaHHA eHeprii, fKi NpaLioTb
Yy pexumax npsaMoro Ta 3BOPOTHOrO MepPeTBOPEHHSA
eHepri.

30KpemMa, mMopesib BigoOpaka€ MaHEeBpPOBi pe-
XKUMW Ta PEXMMU NYCKY-3YNMUHKN MannX MOZYSIbHNX
peakTopiB Ta peXrnMu 3apagkaHHA-PO3PALXKaAHHA
6/IOKIB aKyMyNOBaHHA eNIeKTPOEHEPTil, fiKi CYKyrnHO
BM3HAUalOTb THYUKICTb peXnMiB  YyHKLiOHYBaHHSA
BCi€i eHeprocuctemn. 3afiaya 3aBaHTaXKEHHA Masnux
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mMoZynbHUX peakTopis AEC, 6nokis cuctemun aky-
MYNIOBAHHA eneKTPOeHeprii, a TaKoX JiHiN enekTpo-
nepefavi, Wo MOEHYIOTb «JlOKanbHY €NeKTPUYHY
MepeXy» 3 eHeprocUcTeMolo, € 3aflayeto 3MilaHoro
LifIOYNCeNbHOro NPOrpamyBaHHs 3 LiiIbOBO GYHKLi-
€10 CUCTEMHUX BUTPAT, AKi MiHIMI3yloTbCA.

3 MeTOl 3MeHLIeHHA PO3MIPHOCTI 3ajay maTe-
MaTUYHOTO MOAENIOBAHHA PEXUMIB 3aBaHTaXeHHA
«JloKanbHOI eneKTPUYHOI Mepexi» B Oonmcax MHO-
KUH OOHOTUMHUX Manux MOAYNbHUX peakTopis, a
TaKOX OJHOTUMHKX ONIOKIB aKyMyNlOBaHHA eHepril
BMKOPUCTAHO KnacTepHi uinouncenbHi ¢yHKuii. Mo-
Zenb «JloKanbHOI enekTpUYHOI Mepexi» 3abesneuye
BiATBOPEHHA pexumiB ii Big'€QHAHHA B4 Mepexi
CMCTEMHOrO orepatopa 3 MeTol MiABULEHHA Adep-
HOI 6e3neKy B yMOBaXx CTUXIMIHOMO finxa abo BOEHHKIX
Zin. HaBepgeHo pe3ynbraTyi 06UMCIIOBaNIbHUX eKcre-
PVIMEHTIB 3 MOJENOBaHHA PEXMMIB HaBaHTAXKEHHA
«JIoKanbHOT eNeKTPUYHOI MepeXKi».

B ekcnepumeHTax, onncaHux y cTaTTi, BUKOpUCTa-
Hi TMMNOBI AaHi WoAo 06CAriB CNOXUBAHHA €NeKTPO-
eHeprii Ta il BUpOOHMUTBA 3 BiAHOBMIOBAHUX OPKEPEs
eHeprii. Pe3ynbtatm 06uMcniOBaNbHOrO eKcnepu-
MEeHTY NiATBEPAXYIOTb afeKBaTHICTb 3anpornoHoOBa-
HOI MaTemMaTU4YHOI mogeni «JIoKanbHOI enekTPUYHOT
mMepexi». HaBeeHa mogenb npuaaTHa AnA BUKOPU-
CTaHHA AK CAMOCTINHO — Ans aHani3y GpyHKLiOHYBaHHA
«JIoKanbHOI eNneKTPUYHOI MepeXi», Tak i B KOMMIEeKCi
3 MOZeNAMUN eneKkTPOeHepreTuky — 3 MEeTO BU3Ha-
YeHHA BNIMBY «JIOKanbHUX €NEeKTPUYHMX MepeXx» Ha
eNleKTpOeHepreTUYHy CUCTeMY.

CraTTa nigrotoBneHa 3a pe3ynbTaTaMu [OCHi-
OXKeHb, AKi BUKOHYIOTbCA 3a LiSIbOBOIO NPOrpamotro
«[igTpyMKa npiopuTeTHNX ANA OepxaBu HayKOBUX
JOCNigXeHb i HAYKOBO-TEXHIYHUX (eKCnepuMeHTanb-
HUX) Po3poboK BigaineHHA ¢i3nKO-TEXHIUHKX NpO-
6nem eHepretukn HAH YkpaiHu Ha 2022 - 2023 pp.»
3 KOIOM NporpamHoi Knacuodikauii BuaaTkis 6541230
(npuknagHi gocnigeHHs).

Knioyosi crnoBa: nokanbHa mepeXka, Manum Mo-
OYNbHUIA pPeakTop, CUCTEMA aKyMYJIIOBaHHSA eNeKTpo-
eHeprii, Mogenb, 3ajava 3aBaHTaXKeHHA NOTY>KHOCTI.
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