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Provision of optimal dispatching scenarios
for regional power systems in the face of uncontrollable power shortages

Abstract. As of 2023, substantiation of the criteria for optimal load balancing of territorial energy islands in the face of
uncontrolled power shortages due to unpredictable failure (destruction as a result of military bombardment) of the upper
(trunk) level energy infrastructure is relevant. The research aims to substantiate approaches to ensuring the controlled
operation of regional power systems under conditions of power shortages. The study applied the theory and methods
of mathematical analysis of complex multicomponent systems in the form of mixed Boolean linear programming.
A Mathematical Programming Language and modelling methods of the NEOS server based on the Gurobi solver were
used to describe the modes of operation of power grids. A proportional power distribution method between load nodes of
the post-emergency network configuration was used to determine the direction of electricity transit with the least losses.
An algorithm and a program for solving the problem of addressing flows and power losses in multi-node regional power
systems are proposed. The optimisation problem is formulated in the form of a mixed Boolean linear programming model
with the criterion of minimising the power momentum, considering balance constraints and upper limits on the power
between supply and load nodes. The developed transport matrix made it possible to find the optimal power distribution for
emergency and post-emergency modes according to the criterion of minimum network losses. Algorithms and scenarios
for the response of dispatching services were formed, considering the capacity of power grids and determining temporary
power supply schemes, the configuration of which will ensure the “survivability” of energy islands. The levels of efficiency
of the Boolean linear programming model associated with the connectivity of the cycles of the transport problem and
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Provision of optimal dispatching scenarios for regional power systems...

the order of traversal of its vertices for test examples depending on the constraints imposed on the components of the
network structure are established. The process of tracking electricity flows will allow for establishing routes connecting
specific electricity supply nodes with load nodes and determining their shares in covering the energy island’s demand

under conditions of power shortage

Keywords: moment minimisation criterion; energy island; transport matrix; Boolean linear programming; load balancing

INTRODUCTION

The basic chain of functioning of the current integrated
power system of Ukraine consists of generation facilities, a
transmission system (trunk power grids), a distribution sys-
tem (distribution networks of lower voltage classes) and end
consumers. Disruption of this basic pathway of electricity
supply in wartime and in the context of the russian aggres-
sor’s bombing of the energy infrastructure leads to disrup-
tion of existing electricity supply schedules, power short-
ages due to reduced generation and the impossibility of its
transportation through trunk and distribution networks.

Some of the generating capacities are destroyed, shut
down or located in the occupied territories. Power plants
located near the frontline under artillery fire have a spe-
cial mode of operation. All this leads to a power shortage
and a limited electricity consumption schedule compared
to peacetime.

Following A. Izvoshchikova (2022), the amount of
damage to the electricity infrastructure reaches 40-50%
of power facilities. This indicates an existing systemic
problem, which is a shortage of capacity due to damage
not only to power plants but also to trunk grids. It is the
transmission system that has suffered the most damage.
In this situation, the problem of energy supply needs to be
addressed at the network level. To a large extent, distribu-
tion system operators cannot transport electricity through
trunk grids which is the main reason for the power short-
age and leads to the introduction of electricity consump-
tion limits in regional grids.

Since the damage is uneven and random, outage plans
are formed accordingly. This circumstance greatly compli-
cates the work of distribution system operators’ dispatch
services. The situations described above require not only
a limited allocation of capacities permitted by the upper
dispatch level but also changes (in most cases) in the con-
figuration of the distribution network. This, in turn, leads
to abnormal grid operation modes and incorrect operation
of relay protection and automation.

H. Nosova (2022) noted that the most famous black-
outs in history were in the United States (New York, 1977)
and Brazil (1999). In recent years, the most famous mass
blackouts have occurred in the United States — in California
(2019) and Texas (2021).

X.Zhu et al. (2020), ]. Naughton et al. (2021) and S. Bru-
no et al. (2022) devoted their research to the issues of en-
suring optimal scenarios for the dispatching of regional
power systems, in which they revealed this problem to a
certain extent, but without considering the conditions
of uncontrollable power shortages. As for the analysis of

studies indirectly related to the issue of substantiating
approaches to ensuring the resilience of regional power
systems under conditions of power shortages, the mate-
rial of Y. Jiang et al. (2018), R. Rai & K. Nagasaka (2018),
H. Shang et al. (2020) indicates the expediency of a detailed
consideration of the formation of algorithms and scenarios
for the response of dispatch services, taking into account
the capacity of power grids and the definition of temporary
power supply schemes, the configuration of which will en-
sure the “survivability” of energy islands.

J. Xu et al. (2020) pointed out that extreme weather
events cause power outages in active distribution systems
and proposed a multi-stage switching strategy based on dy-
namic programming (DP), taking into account both island-
ing and fault reconfiguration and found a trade-off between
minimising the overall power deficit and minimising the
number of switching operations throughout the duration
of the event, However, they did not track the power flows to
establish the routes connecting specific power supply nodes
to load nodes and determine their share in covering the
energy island’s demand under power shortage conditions.

V. Hosseinnezhad et al. (2018) formed an optimal sys-
tematic strategy for restoring the distribution network after
emergencies due to serious failures and developed a two-
stage solution procedure using graph theory and adjusting
the results but did not consider the proportional distribu-
tion of power between load nodes of the new (post-emer-
gency) network configuration, which allows determining
the direction of electricity transit with the least losses.

Therefore, the issue of ensuring optimal scenarios for
the dispatching of regional power systems in the face of
uncontrollable power shortages is relevant.

The research aims to develop and substantiate ap-
proaches aimed at ensuring the controlled operation of
regional power systems in cases of power shortages. For
this goal, it was necessary to create algorithms and scenar-
ios for the response of dispatch services that consider the
capacity of power grids and determined temporary power
supply schemes.

MATERIALS AND METHODS

The theory and methods of mathematical programming
are used to provide optimal scenarios. The optimisation
problems are formulated in the form of mixed Boolean
linear programming problems. The AMPL modelling lan-
guage was used to describe them. The Gurobi solver (n.d.)
with NEOS Server (n.d.) was used to solve the optimisa-
tion problems.
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The study used the proportional division method. The
method is based on the fact that power flows and total losses
between nodes are divided equivalently to power moments
PL. The disadvantages of this method are that it ignores
the unfair distribution of losses between the nodes of the
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trunk network and the distribution system, in particular,
the imbalance of losses of the base and balancing nodes.

A network consisting of n nodes and m branches was
considered. Figure 1 shows a generalised block diagram of
the distribution of power flows in a regional power system.
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Figure 1. Generalised block diagram of power flows distribution in the energy island network

Source: compiled by the authors

To solve the problem of distributing power flows, it
was necessary to record the initial data to be used in the
calculation, namely the columnar incident matrices M
specify the power of the nodes of set A, the demand of the
load nodes of set B and the value of the power transmitted
in each branch of the graph, otherwise, the values are zero.
In this study, several incident matrices M were considered
for five nodes of set A, each of which can be a balancing
node and thus form a new (temporary) configuration of the
power grid, and ten load nodes of set B. Incident matrices
M establish the relationship between nodes and branches
of a directed network graph. The notation used is that each

ap

element of the M, matrix is located at the intersection of
the i-th row (corresponding to the i-th node) and the s-th
column (corresponding to the (i-j)th branch).

The optimisation problems (Bila et al., 2022) were
solved using the Gurobi solver available on the NEOS
server. To describe the models of linear Boolean pro-
gramming problems (Fourer et al., 2003), we used the
modelling language AMPL (A Mathematical Program-
ming Language).

Figure 2 shows a graphical interpretation of the con-
figuration of the possible distribution of power flows in
the model power system, described below.
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Figure 2. Graphical interpretation of the possible distribution of power flows in a model power system

Source: compiled by the authors
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To solve this problem, the power grid is represented as
a directed graph, which is a set of nodes and branches con-
nected. Tracing the power transmission paths between the
nodes of set A (the backbone network) can be performed
in two directions: using the main power supply scheme
(forward tracing) and using temporary schemes (backward
tracing). Power transfers between the nodes of set A and
the load nodes of the energy island (set B) are allowed in
any direction, provided that the 1st Kirchhoff law is ful-
filled, and the grid capacity is not exceeded.

The initial data and corresponding notation for the
mathematical model are:

O a set of nodes of a higher voltage class (supply
nodes) A;

O a set of nodes of a lower voltage class (load nodes) B;

O the set of links (branches of edges) of “supply
nodes - supply nodes” E, ,cAxA;

O the set of links (edge) of “supply nodes - load nodes”
E,,cAxB;

O the level of the capacity limit of “supply nodes” a, Vi€ A;

0 load nodes’ demand b, Vi€ B, Y ,a.<3. b;

O lengths (branches of network) of “supply nodes —
supply nodes” d*, V(i,j) EE,,

O lengths (branches of network) of “supply nodes —
load nodes” d;%, ¥(i,)) EE,;

O upper 11m1ts of flows along the edges of the supply
nodes-supply nodes network x;, V(i,j) EE, ,

O upper limits of flows along the edges of the supply
nodes-load nodes network y:?,, V(i,/) EE,, .

Instead of an undirected graph, an oriented graph was
considered, as shown in Figure 2.

The unknown (variable) flows along the branches for
the edges of the supply nodes - supply nodes network are
represented as follows:

xi;zo, IEA,jEA, (i,))EE,,
Xl.,f>0, i€A,jEA, (,))EE,,,

and unknown (variable) flows along the branches for the
edges of the supply nodes — load nodes network:

y;>0,i€A,j€B, (i, €E,,,
yl.lf>0, IEA,jEB, (i,j)EE,,.

Accordingly, the Boolean variables (1 — open branch,
0 - closed branch) will have the form:
">0V1,i€A,jeA, (i,))€EE,,,
“20V1,i€A,jeA, (i,))€EE,,
OV1,i€A,j€EB, (i,j))EE,,
“>0V1,i€A,j€EB, (i,j))EE,,.

+

\\I A\ \V A\

SN ol

Reconciliation of the power deficit by adjusting power
flows in the energy island to find optimal flow distribution
points and aims to determine the conditions for meet-
ing the demand of load nodes while minimising power
moments and considering the connection between nodes
with zero power (idling):

M* = min {Z(L J)EEn dAA(x” + xu) + Z(l])GEAB d (yu + yl]) + Z(l])EEAA S(Xl] + XU) * Z(l])eEAB ‘S( ;)} )

xv.XY

under the following limitations:
O supply nodes must use the entire capacity limit
(A-balance);

L iesaa i —

) demand at load nodes may not be fully met (B-im-
balance):
Yiperas (Vi — ¥ij) < by, Vj € B. 3
Flows can only be sent along the edge branches E,, in
one direction without violating the set limit:
xf Sxf XX, i €A €A ())EEpg,
xUSx XX, i€Aj€EAQJ) EEy 4)
1,i € A,j€AC(,)) € Egy.

X++XU <

Similarly for edge branches E,:

Vi Syt XY],i€Aj€B,(i,)) € Egp,
Vi <y XY;j0,i € A,j €B,(i,)) € Eyp, (5)
Yj+Y;<1i€Aj€B,()) € Epp.

In the objective function (1), a small number ¢ is used
to consider the connection between nodes with zero power
(idling) (in the calculations the ¢=0.001 is used).

Xi7) = Xjitjiveran (55

%5i) + Ljitipeeas (Vi) — ¥ij) = ai Vi € 4, (2)

The algorithm for distributing active power flows in-
cludes several stages:

O drawing up a replacement scheme for the power sup-
ply system;

O generating information on the nodes of sets A and B
(generation limits and demand of the energy island’s load
nodes) and branches (distances between nodes and the val-
ue of the design capacity of the networks);

O creating incident matrices based on the targeting of
nodal supply and demand;

O calculation of options for power distribution, con-
sidering the constraints;

O analysis of the results obtained justification of the
choice of the optimal solution and response scenario of
the dispatch service to ensure the survivability of the
energy island.

For the numerical implementation of the mathe-
matical model for the power grid scheme of the energy
island shown in Figure 1, the initial data given in Table 1
were used.
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Table 1. Parameters of the power scheme segment

Node designation A, A, A, A,
Capacity, MVA 700 650 500 450
Node designation B, B, B, B, B, B, B, B, B,
Capacity, MVA 630 400 250 160 160 250 250 500 250
Nodes AA, AA, AA, AA, AB, AB, AB, AB, AB,
Lengths L, km 90 110 140 95 13 7 9 15 20
Nodes AB, AB, AB, AB, AB, AB, AB, AB, AB,
Lengths L, km 15 5 20 15 22 15 20 6 11
Nodes AB, AB, AB, AB, AB, AB, AB, AB, AB,
Lengths L, km 18 6 17 10 7 17 3 18 13

Source: compiled by the authors

From the nodes of the higher voltage class A, a certain
power P, . is transferred from the grid to the load nodes of
the energy island B.. It is worth noting that in the above
example, the demand of load nodes B, is set as the value of
the total reduced load connected to one network class with
the length L, .. and the average electrical distance from the
nodes’ vertices A, to the point of flow distribution.

RESULTS

Normal modes are managed following the dispatch sched-
ule. This should ensure the required reliability of power sup-
ply to consumers, power quality and maximum efficiency.

An integrated power system allows for the full use of
dispatch management tools for electricity production and
consumption, and the transfer of excess energy production
from one region to another, although this is not the only rea-
son why the system should be unified. If the integrity of the
power system is compromised, there is a need to ensure the
survivability of individual energy islands that are formed
around existing generation facilities or trunk grid substations.

The resilience of regional power systems should be un-
derstood as a rather complex task, namely, to comply with the
power consumption levels of energy islands, considering the
power limit of the generation system and considering the ca-
pacity of the networks involved in the region’s power supply.

In 2020-2022, many studies use both matrix and graph
algorithms for solving transport problems. A solution to
the addressability problem using a matrix approach was
obtained by V. Kaplun & V. Osypenko (2020). The solution
to the problem of optimal resource allocation allows trac-
ing the paths of power transmission from power supply
nodes (substations of trunk grids) to load nodes of the en-
ergy island (regional distribution system network) by using
the proportional method.

The worst-case scenario for an uncontrolled increase
in the power deficit is a partial or complete breakdown of

the power system. For example, as a result of one or more
system failures, automation is triggered, a large number of
consumers are cut off almost simultaneously, and load vol-
umes are sharply reduced. This, in turn, leads to the shut-
down of some power plants that are technologically unable
to instantly reduce their generation levels. The shutdown of
generating capacities causes the next group of consumers
to be disconnected, as the frequency in the power system
decreases. This process is chain-like and leads to a complete
blackout of consumers. In the best-case scenario, it is pos-
sible to preserve energy islands with power plants that have
gone offline as a result of timely separation from the grid.

Configuring distribution system circuits and determin-
ingthe duration of connection ofload nodes (energyislands)
tothegridisanon-trivialtaskofbalancingmicrogrid systems
with an individual set of end users. Damage to power equip-
ment as a result of terrorist attacks requires a non-stand-
ard set of real-time solutions from dispatch services.

It is in such circumstances that the development of
scenarios to ensure the resilience of microgrid systems and
the “survivability” of energy islands by optimising algo-
rithms for dispatch services to respond to uncontrollable
power shortages due to unpredictable failure of the back-
bone energy infrastructure is extremely relevant.

Several realisations of the mathematical model al-
lowed us to obtain directional graphs of the distribution of
energy flows and the value of the efficiency of this distribu-
tion, provided that the studied structure operates normally
(M"=40020). These calculations do not consider the power
losses in the cross-sections of the wires, but the study of
the objective function is based on the criterion of the mini-
mum power moment in the branches, which is proportional
to the losses.

The simulation results under normal operating condi-
tions of the structure under study between nodes A, and
load nodes B, are shown in Table 2 and Table 3, respectively.
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Table 2. Results of modelling power flow between A, nodes

X, , MW
A, A, 0 0 0 0 800 35
A, A, 0 0 0 0 800 70
A, A, 0 0 0 0 800 50
A, A, 0 0 0 0 800 25
A A 0 0 0 0 800 65

Source: compiled by the authors

Table 3. Results of modelling power flow between nodes A,
and load nodes B, under normal operating conditions of the studied network structure

Network A Network B
note note

y;H MW y;, MW

A, B, 180 0 1 0 180 13
A, B, 180 0 1 0 180 7
A, B, 180 0 1 0 180 9
A, B, 180 0 1 0 180 15
A, B, 80 0 1 0 180 20
A, B, 180 0 1 0 180 12
A, B, 180 0 1 0 180 15
A, B, 80 0 1 0 180 5
A, B, 80 0 1 0 180 20
A, B, 180 0 1 0 180 15
A, B, 170 0 1 0 180 11
A, B, 140 0 1 0 180 22
A, B, 0 0 0 0 180 15
A, B, 160 0 1 0 180 20
A, B, 180 0 1 0 180 6
A, B, 80 0 1 0 180 10
A, B, 40 0 1 0 180 25
A, B, 70 0 1 0 180 18
A, B, 170 0 1 0 180 6
A, B, 140 0 1 0 180 17
A, B, 70 0 1 0 180 7
A, B, 130 0 1 0 180 17
A, B, 70 0 1 0 180 3
A, B, 0 0 0 0 180 18
A B 180 0 1 0 180 13

ot
<

Source: compiled by the authors

An alternative representation of the modelling re- the balance between the power flows entering the nodes
sults for optimising flows through given network sections A, from the power system trunk grids and the flows trans-
is shown in Figure 3. In this case, the optimal power flow  mitted to the distribution system operators’ networks B..
distribution was obtained with the value of the objective =~ The levels of transmitted capacities are indicated on the
function M"=40020. It is worth noting that in this case, corresponding edges of the graph (Fig. 3).
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Figure 3. Results of mathematical modelling under
the condition of the normal operation of networks
Source: compiled by the authors

The variant with a complete de-energisation of the
input lines supplying a certain node A, but with preserva-
tion of its operating state, while keeping the limits of oth-
er nodes A, unchanged, is shown in Figure 4. The optimal
flow distribution with the value of the objective function
M’ =26590 is obtained. It is worth noting that in the ab-
sence of a power supply to a certain node A, an imbalance
between supply and demand of the studied segment of the
power system arises (shown in red in Fig. 4).
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Figure 4. Results of mathematical modelling under the
condition of limiting the power of node A,
Source: compiled by the authors

The variant of the mathematical model implemen-
tation with complete de-energisation of the input lines
of the energy island supplying a certain node A, while
maintaining its operating state and the condition of pro-
portional change in the power of other nodes of the main
grid is shown in Figure 5.
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Figure 5. The results of mathematical modelling under
the condition of limiting the power of node A, and deter-
mining the power flows between other nodes A,

Source: compiled by the authors

The resulting value of the objective function for this
case is M"=49790. It is worth noting that in the absence
of a power supply to a certain node A, and a proportional
increase in the power of other nodes of the trunk grid, there
is a complete satisfaction of demand from the load nodes.
The proposed mathematical model does not consider ap-
proaches to the optimal distribution of upper (trunk) lev-
el flows, provided that the flow in a node is limited by the
minimum loss criterion. At the same time, a proportional
increase in the capacity of all operable nodes by the capac-
ity of the node that is out of service was assumed.

DISCUSSION

N. Cai et al. (2012) proposed a model that, due to short-
term energy shortages in extreme conditions such as earth-
quakes, tsunamis and hurricanes, flexible dispatch through
an efficient energy transmission network, which focuses on
the minimum energy recovery time by optimising energy
dispatch based on the developed MILP (mixed integer line-
ar programming) model under uncertainty of the initial in-
formation, but this model does not consider the efficiency
of the selected supply in terms of minimum losses.

A. Ranjan & L. Hughes (2014) investigated the rela-
tionship between energy security and the diversity of ener-
gy flows in the power system using a set of energy security
indicators and the Shannon-Wiener diversity index but did
not propose an algorithm and program to solve the prob-
lem of addressing flows and power losses in multi-node
regional power systems. T. Kulko et al. (2017), V. Bodunov
et al. (2018), and A.F. Zharkin et al. (2021) solved a topo-
logical problem with variable parameters in the form of a
Pareto-optimal region but did not consider the possibility
of the presence of a closed mode of operation of the elec-
tric power system in the structure.

Machinery & Energetics. Vol. 14, No. 2




Provision of optimal dispatching scenarios for regional power systems...

G. Fotis et al. (2023) conducted a similar analysis,
which pointed to the possibility of a large-scale blackout in
a country of the United European electricity transmission
system or, even worse, a blackout in a large area of the Eu-
ropean continent, especially given the energy crisis due to
the war in Ukraine in the winter of 2022-2023. The authors
also investigated how to avoid such a situation and com-
piled a list of reactions of the system operator in the event
of a blackout. In contrast to the proposed approach, a fast
and reliable restoration strategy based on the A* algorithm
is used, and the effectiveness of the proposed solutions was
tested using the classic IEEE-39 and IEEE-68 circuits.

The study of H. Bila et al. (2022) describes mathematical
programming problems and numerical methods for solving
them using NEOS Server based on various solvers, which
are further used to solve linear Boolean programming
problems for the well-known m-travelling salesman prob-
lem and a multi-extreme nonlinear programming problem.
The Gurobi solver is available on the NEOS Server and
the AMPL modelling language is used for computations.

AV. Prakhovnik et al. (2010) analysed the national
power system of Ukraine and pointed out the inefficient
generation and distribution infrastructure and proposed a
radically new approach to developing a strategy for meeting
the demand for dispatchable electricity production, name-
ly traditional centralised generation, decentralised and
alternative energy sources, as well as the use of so-called
manoeuvrable loads, such as electric heating systems. The
authors used game theory and elements of fuzzy set theory
as mathematical methods to solve the problem, taking into
account the uncertainty of information and the multi-cri-
teria nature of the problem, but it should be noted that this
approach is suitable for solving problems of optimising the
structure and increasing the efficiency of electricity sup-
ply under normal operation of the electricity system and
allows finding solutions for situations of rapid emergency
changes in the mode parameters to a limited extent.

Based on the material of E. Rosales-Asensio et al. (2022)
proposed a new approach to power system resilience,
which consists in describing and implementing operating
modes in the form of transactional power systems, which
aim to increase resilience to disasters and failures, while
at the same time making it possible to supply electricity
to the largest number of consumers. The authors pointed
out that when analysing the power system structure for re-
silience, it is necessary to consider the needs of its critical
users (such as control centres, fire stations and hospitals).
To assess the resilience of the power system, they intro-
duced “bonus points” for those systems that should con-
tinue to provide electricity to their critical users under any
circumstances and assessed the resilience indicators taking
into account these innovations, but it should be noted that
the introduction of the so-called “bonus points” can signif-
icantly distort the operation of a particular power system
and requires high expertise of the specialists responsible
for their distribution.

A. Van Deventer et al. (2010) presented an analysis of
cost-effective dispatching of emergency reserves with a
particular focus on matching supply and demand. The de-
mand is proposed to be balanced by the electricity market
and the supply by the use of open-cycle gas turbines. As
the reserve stock decreases and demand increases annual-
ly, this problem is growing. Reserves are designed to meet
failures in the power system to ensure normal frequency.
The categories of reserve according to auxiliary require-
ments are instantaneous, regulatory, ten-minute, addi-
tional and emergency, but the article pays little attention
to the formation of the optimal structure of the power sys-
tem according to the minimum cost criterion.

The study of B. Zhang et al. (2018) proposed an inte-
grated intelligent monitoring platform for the operation of
a dispatch service centre with a cloud server as the brain
and land, sea, aviation and thematic services as the end
services. In the context of the study, the Internet of Things
technology, wireless sensor network technology and radio
frequency technology are applied to realise the interaction
between devices to complete automatic data collection and
automatic remote transmission. The service centre based
on cloud computing performs intelligent control, deci-
sion-making and tasks such as scheduling, distribution,
data processing, data publishing and platform author-
isation, which the research on this platform will provide
some suggestions for future intelligent monitoring, but it
is not indicated how monitoring of parts of the system will
ensure the integrity of the power system structure in an
emergency and optimise energy flows.

X. Zhou et al. (2015), the authors investigated the in-
dicators of quantifying the risk of the emergency reserve
allocation scheme and proposed a coordination method
for allocating emergency reserves in the power grid, which
considers the cost-benefit ratio. The proposed method first
analyses the impact of factors such as regional cost-benefit
ratio, probability of an outage and cost of reserve on the al-
location of emergency reserve in the power grid, as well as
the risks caused by the allocation of emergency reserve and
insufficient reserve. The effectiveness and feasibility of the
proposed allocation method are tested using the standard
IEEE 118 scheme, and it should be noted that the proposed
mechanism should be used in the normal operation of the
power structure since in a critical state it is desirable to al-
locate the available reserves to eliminate a possible situa-
tion of loss of power system stability.

The proposed method of finding optimal points of
power flow distribution for normal and limited modes and
its implementation for typical cases of power supply of en-
ergy islands proves that this approach can be used as an
additional tool of the decision-making system in the oper-
ational dispatch control of regional power systems.

CONCLUSIONS

The system of operational dispatch control in the face of
unforeseen damage to the energy infrastructure requires

Machinery & Energetics. Vol. 14, No. 2

4



a long time to develop adequate responses and scenarios
to ensure the resilience of regional power systems. This
imposes significant limitations on the development of
timely management decisions by central and regional dis-
patching systems.

A mathematical model of optimisation based on mixed
Boolean linear programming is proposed according to the
criterion of minimising the power momentum, considering
balance constraints and upper limits of the power of sup-
ply nodes and loads. The possibilities of solving the opti-
misation problem using the Gurobi solver available on the
NEOS server are investigated using examples. The levels
of efficiency of the Boolean linear programming model are
established following the selected characteristic cycles of
the transport problem under the specified restrictions on
the components of the network structure.

Given the same cross-sections, the optimal values of
the objective function may be achieved with different dis-
tributions of flows through the cross-sections of the net-
work wires. As a rule, this will occur in cases where there
is no balance between the energy flows from supply and
load nodes. In this case, it will be necessary to modify

V. Kaplun et al.

the mathematical model by considering the proportional
distribution of capacities in the energy island network ac-
cording to the criterion of minimising losses from power
outages for the relevant categories of consumers.

This model does not consider the idle mode for a par-
ticular section of the network (setting the correct minimum
flow on a branch). This can be considered in the further im-
provement of the software implementation of the model
by introducing restrictions that guarantee non-zero lower
limits of power flow, considering the network capacity.

An important area for further research is the adapta-
tion of the described transport problem to analyse the total
flows in the oriented edges of the graph and to control the
addressability of flow distribution between any nodes of
the upper (backbone) and lower levels.
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3a6e3neyeHHa oNTUMaJIbHUX CL,eHapiiB AucneTyepusauii perioHaslbHUX eHeprocucTemM
B YMOBax HeKepoBaHoro AediuuTy NoTy)>XHOCTI

AHoTauiq. Cranom Ha 2023 pik BXXIMBUM € OOTIPYHTYBaHHS KPUTEPiiB ONTUMATbHOCTI 6aaHCyBaHHSI HABAHTAXKEHHS
TepUTOPiaJbHMUX €HEeProoCTPOBiB B yMOBax HeKepOBaHOTO AediluTy MOTYKHOCTI BHACTILOK Hemepen6auyBaHOTO
BUXOMY 3 JIaAy (PyiiHYBaHHS BHACAiLOK BOEHHUX 60MOapayBaHb) eHepreTUUHOi iHDpacTpyKTypu BepXHbOTO
(marictpanbHOro) piBHS. MeTo10 gocaigskeHHs 6y/0 O6TPYHTYBAaHHS MiAXOAIB 1100 3a6e3MeueHHs] KepOBAHOTO
¢dbyHKUiOHYBaHHS perioHaJIbHMX eHeProcUCTeM 32 YMOB IedillUTy MOTYKHOCTi. B po60Ti 6y/10 3aCTOCOBAHO TEOPilo Ta
MeTOAM MaTeMaTUUYHOTO aHasi3y CKIaJHMUX 6araTOKOMIIOHEHTHUX cucTeM Y GopMi 3MilaHoro 6ysneBoro JiHiiiHOTO
MporpaMyBaHHs. 1151 OIMCY pekUMiB pPOOOTH eleKTpoMepek 6y70 BUKOPUCTaHO MOBY MofentoBaHHsl A Mathematical
Programming Language Ta metonu monentoBaHHs NEOS-cepBepa Ha 6a3i conBepa Gurobi. B jocnimkeHi 3acTocoBaHo
MeTO[, IIPOIOPIIifiHOr0 PO3MOLIMY MOTYKHOCTI Mik By3/1laMy HaBaHTaskeHHS MicasiapapiitHoi koHbirypartiii Mepeski ajist
BU3HAUEHHS HaIlpSIMYy TPaH3UTY eJleKTpoeHeprii 3 HaliMeHIIMM BTpaTaMy. 3allpOIIOHOBAHO aJITOPUTM i Tporpamy
IJ1s1 PO3B’SI3yBaHHS 3a/1a4i aJpeCHOCTI MOTOKIB i BTpAT MOTYKHOCTI Y 6araToBy3/I0BUX pPerioHaIbHMUX €HeprocucTeMax.
ChopmynpoBaHa 3amava onTumisauii y dopmi mozesni 3MilraHoro 6y/eBOro JiHiiiHOTo MporpaMyBaHHS 3 KpUTepieM
MiHiMi3alii MOMEHTY IOTYKHOCTi IIpM BpaxyBaHHI 6a/aHCOBUX 0OMeXXeHb Ta BepXHiX 'PaHUIb Ha TOTYKHOCTI Mik
By3/IaMU [IOCTAYaHHS Ta HABAaHTaskeHb. Po3po6iieHa TPaHCIIOPTHA MAaTPULS JO3BOMMIA 3HAXOAUTY OTITUMATbHUIA
pPO3MO/Aia MOTYKHOCTI A1 aBapiliHMX Ta MicasgaBapiiHUX PeXXUMiB 32 KpUTEPieEM MiHiMaJlbHUX MepeXeBUX BTPaT.
CdopMoBaHO aIrOPpUTMU Ta CLieHapii pearyBaHHS OUCIIETYEPCHKUX CIYKO 3 ypaxyBaHHSIM IPOITYCKHOI 3JaTHOCTI
eJIeKTPUIHMX MepeX Ta BU3HAUEHHS TMMUYACOBMX CXeM eJIeKTPOIIOCTaYaHHs, KOHGITypallist SKux J03BOMUTh 3a6e3MeunTu
«KUBYUiCTb» €HePrOOCTPOBiB. BcTaHOB/IEHO PiBHI eheKTUBHOCTI Mozesi 6y/1eBOro JTiHiTHOrO MporpaMyBaHHS, OB SI3aHUX
3i 3B’I3HiCTIO [MKIIiB TPAHCIIOPTHOI 3a4a4i Ta MOPSIAKOM 00XO/Ly 110r0 BepIINH JJIsI TECTOBUX MPUKIALIB B 3a/I€5KHOCTI
BiJl 06MeXXeHb, SIKi HaKIaAAI0ThCsI Ha KOMIIOHEHTH CTPYKTYpU Mepeski. [Ipoliec BifcTeskeHHSI TIOTOKIB eleKTpoeHeprii
IO3BOJIMTH BCTAHOBJIIOBATU MAapUIPYTH, SIKi 3B’I3YI0Th KOHKPETHI By3/1M ITOCTaYaHHS eeKTpoeHeprii 3 By3jiaMu
HaBaHTasKeHHs, | BUBHAYATH IX YACTKM Y IIOKPUTTI IIOMIUTY €eHEPTOOCTPOBA 32 YMOB AedilluTy MOTYKHOCTI

Knio4oBi cnoBa: kpurepiit MiHimizamii MOMEHTY; eHeproocTpiB; TpaHCIIOPTHA MaTpulis; OyneBe JiHiliHe
MporpamMyBaHHs; 6alaHCYBaHHSI HAaBAHTaKEeHHS
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