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1. Introduction

The energy market of Ukraine demands constant oper-
ational control to provide consumers with necessary energy 
resources in the required amount and at affordable price. The 
study of management model gains particular relevance in the 
context of European integration of Ukraine. High-energy 
intensity and low competition in the energy market led to 
the need to reform the fuel-and-energy complex of Ukraine 
and to introduce a market approach to its management. 
Since electricity market liberalization is a strategic direction 
adopted by the developed and developing countries, substan-
tiation and transparency are the prerequisites for creation 
of competition in the energy sector of Ukraine. The model 
of management of energy market processes in the modern 
energy space should take into consideration the interconnec-
tion of processes of functioning, characteristics, and market 
parameters. It will help to solve actual issues of energy secu-
rity in the region in conjunction with the development of a 
criterion for efficiency of using energy resources, as a com-

ponent of the criterion for optimal management. The search 
for optimal management of processes in the energy market 
requires a reasonable choice of the most suitable methods 
for the given objects. When arguing about the management 
of energy market processes, it is necessary to take into 
consideration several shortcomings and imperfections of 
its functioning in a market-based approach, which requires 
detailed study and continuous improvement. In this regard, 
methodological approaches to constructing a market model 
of functioning of the Ukrainian energy sector are in demand. 
The general result of the introduction of a market approach 
to the management of the fuel-and-energy complex will be 
the transformation from a problematic sector that requires 
constant state support into a modern, efficient, competitive 
sector of the national economy, capable of sustainable devel-
opment over a long-term prospect.

Existing models of centralization and monopoly of the 
Ukrainian energy market do not take into consideration the 
market character of process management. This leads to ob-
jective difficulties in the management of demand and supply 
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Розроблено систему диференцiальних рiвнянь, якi опису-
ють рiвень пропозицiї енергетичних продуктiв (виробництво 
та iмпорт) та попиту на них (споживання). В рiвняннях вра-
хованi фактори цiни на паливно-енергетичнi ресурси, експор-
ту, iмпорту, а також взаємний вплив обсягiв виробництва 
одних видiв енергоресурсiв на iншi. На основi побудованої сис-
теми здiйснено розрахунок обсягiв видобування, виробництва 
та споживання паливно-енергетичних ресурсiв. Отримано 
нормальну систему лiнiйних диференцiальних рiвнянь першо-
го порядку, яка описує залежностi мiж 7 ресурсними складо-
вими паливно-енергетичного комплексу (газ, нафта, мазут, 
вугiлля, уран, електроенергiя та теплоенергiя).

Для ефективного функцiонування енергетичного ринку 
необхiдна обґрунтованiсть i прозорiсть в управлiннi про-
цесами, що вiдбуваються в його системi у виглядi взаємодiї 
пiдсистем. Запропонована цiлiсна система диференцiаль-
них рiвнянь дозволяє оцiнити можливостi енергозабезпе-
чення енергетичного ринку вiдповiдно до запитiв спожи-
вачiв на основi даних про рiвень запасiв на початку року 
та виробництва i споживання за минулий рiк. Завдяки цiй 
моделi можна здiйснювати прогнозування добових рiвнiв 
споживання та пропозицiї енергетичних ресурсiв, причому 
враховано сезоннiсть виробництва теплоенергiї. Зважаючи 
на чималу кiлькiсть рiвнянь та залежних змiнних, розв’язок 
системи знайдено чисельним методом. Для цього викори-
стано розрахунковi формули методу Ейлера з кроком h=1. 
Розв’язок отриманий у виглядi протабульованих значень 
функцiй виробництва чи споживання вiдповiдних енергоре-
сурсiв. В результатi розрахункiв, побудовано графiк вiдпо-
вiдних залежностей параметрiв системи диференцiальних 
рiвнянь. Для розрахункiв використано систему комп’ютер-
ної алгебри wxMaxima. 

Економiко-математичне моделювання процесiв управ-
лiння енергетичного ринку корисне тому, що дозволяє пара-
метрично описати кiнцевий стан енергетичного ринку 
України та вiдкриває додатковi можливостi прогнозуван-
ня з врахуванням стохастичних явищ цiни та температури

Ключовi слова: енергетичний ринок, ринкова модель 
управлiння, лiбералiзацiя, емерджентнiсть, енергетична 
безпека, паливно-енергетичнi ресурси, ринкова кон'юнктура
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processes in the context of European integration. Modeling 
of energy processes with calculation of the optimal price for 
energy resources and development of a mechanism for unin-
terrupted supply of fuel-and-energy resources is a necessary 
research in order to ensure energy security. However, imper-
fection of effective management and a lack of a fair market 
price for fuel-and-energy resources requires continuous im-
provement of models for assessment of the interconnection of 
demand and supply processes in the market under conditions   
of its dynamic development. Recommendations for modeling 
the processes of functioning of the energy market require 
an expanded and in-depth study in the context of European 
integration, therefore, a mathematical apparatus and algo-
rithms for its realization need constant improvement. Under 
such conditions, the topics of the study into modeling of the 
Ukrainian energy market management processes are rele-
vant and necessary.

2. Literature review and problem statement

Paper [1] investigates functions of demand and supply 
of the energy market under conditions of uncertainty. The 
authors proposed a model of oligopolistic competition in the 
energy market and investigated a function of the balance of 
the market through a system of differential equations. How-
ever, despite the benefits of such a study, the question about 
a search for an optimal market price for energy resources 
remains open.

Authors of work [2] developed approaches to a use of 
stochastic differential equations for assessment of risks and 
elimination of shortcomings of the energy market.

Authors of study [3] assessed functioning of the energy 
market through a prism of a market approach to its man-
agement. Differential equations for assessment of local and 
global stability of the market and stability of its optimal 
management deserve attention here.

Papers [4, 5] investigated elasticity of supply and de-
mand in the energy market and an algorithm for estimation 
of elasticity of supply of energy products. Such developments 
can help to assess a degree of monopoly in a similar market in 
Ukraine, which is necessary in the context of its reformation.

The system of supply and demand equations can become 
an important element of the theory of formation of a market 
model of the Ukrainian energy system. Authors of study [6] 
built a market model for the energy market and convinced 
that it is possible to assess the electricity market fully in 
the context of the main factors of cost, demand, supply, and 
price management only. Here the demand for electricity is 
an individual amount of energy, which consumers are ready 
and able to buy per a certain period. Factors, which influence 
electricity in the market conditions may be: prices for alter-
native energy sources, consumer income, level of consumer 
awareness about possibilities of using alternative energy, 
and others.

Market supply of goods (electricity) is the amount of 
goods that individual companies are ready and able to offer 
for sale over a certain period of time. The main determinants 
of the market supply of energy can be: a purpose of a compa-
ny in the industry, a price for a unit of electricity, a price for 
other related energy sources, a price for factors of produc-
tion, state of technology, expectations, etc. Major economic 
processes such as supply, demand and fuel consumption are 

relatively predictable, but combined with political and regu-
latory factors, as well as under an influence of financial spec-
ulation, energy pricing becomes more difficult to predict.

Paper [7] considers 10 major factors, which influence 
energy prices. It is possible to include them to development 
of market models of the energy sector.

Authors of study [8] developed a model for calculation 
of electricity prices, based on the principle of supply and 
aimed at establishing of a balance. The model includes latent 
supply and demand curves, which can change over time, and 
calculates prices obtained at the intersection of two curves 
at any given time.

Paper [9] considered a model of competition in the elec-
tricity market and an effect on a balance of the supply func-
tion. It indicated that continuous balance is unattainable 
under conditions of an infinite set of goods.

Study [10] presents the methodology for market assess-
ment and market behavior study with a use of models con-
structed through ordinary differential equations [10].

In the above papers, authors did not consider the energy 
market as an integral system. They focused on one of the 
types of energy resources, or if they investigated several re-
sources, they did not study the interaction of these resources 
at all, although it is obvious that availability of coal, black 
oil, and gas prices is influencing, that is, on a level of current 
extraction, production, and on a level of consumption. In ad-
dition, they did not consider the energy market as a system, 
which changes continuously in time. Instead, it is precisely 
this assumption makes possible to use the approach to mod-
eling of production levels (supply) and consumption levels 
(demand) through a system of differential equations, which 
bind these resources into a single whole.

3. The aim and objectives of the study

The objective of the study is to develop a mathematical 
model for management of the energy sector of Ukraine’s 
economy based on the principle of market liberalization and, 
on this basis, to construct a system of differential equations 
for assessment of processes of production and consumption 
of fuel-and-energy resources.

We set the following tasks to achieve the objective:
– investigation of the interaction of processes and sub-

jects in the energy market in terms of a market approach to 
their functioning in the context of European integration;

– development of a system of differential equations, 
which describe dynamics of states of the energy system 
throughout a year, such system will give possibility to eval-
uate processes of the energy market through a prism of a 
market approach to its management;

– using numerical methods to find a solution to the Cau-
chy problem (the initial problem) of a constructed system 
of differential equations that shows dynamics of production 
or consumption of the corresponding energy resources 
throughout a year in Ukraine;

– management of the system of the fuel-and-energy com-
plex by a market approach to investigate a ratio of supply-de-
mand processes of the energy market;

– consideration of a variety of possible alternatives for 
development of a market situation and performing of a struc-
tural detailing of components of the energy system of the 
fuel-and-energy complex for a coherent process management.
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4. Materials and methods to study the energy market

The methodological basis for the study is official statis-
tical data [11], reporting analytical data [12, 13]. Methods 
for processing of the information are abstraction, analysis, 
synthesis, description, interpretation, and others. We built 
a normal system of linear differential equations of the first 
order that describes production and consumption of the corre-
sponding energy resources. We used the Euler 
method [14] to find an approximate solution of 
the system. We set the initial condition taking 
into consideration stocks at the beginning 
of the year of the respective fuel-and-energy 
resource and a volume of production or con-
sumption during this period divided by 365. 
We sought a solution of supply equations 
(production and import) of fuel-and-energy 
resources in the form of tabulated values of 
the production function of the corresponding 
energy depending on time. We constructed 
a graph of appropriate dependence based on 
these solutions. We used the computer algebra 
system wxMaxima for calculations.

To ensure effective management in the  
development of the energy market of Uk- 
raine, it is necessary to develop a system 
of economic and mathematical models and 
management processes, which includes:

– models of dynamics of the world energy 
market: sales of energy products in regions 
of the world; structure of world trade of an 
energy product; world reserves of energy re-
sources and production, consumption, trade, 
as well as world prices for fuel-and-energy 
resources;

– models of dynamics of the structure of 
export and import of energy in Ukraine in 
the main categories: gas, coal, atomic energy, 
coal, uranium, electricity;

– models of dynamics of the fuel-and-energy complex of 
Ukraine: extraction of fuel resources; structure of produc-
tion of energy products; estimation of indicators of market 
concentration by types of an energy product.

5. Application of a systematic approach when studying 
the energy market

The energy market of Ukraine combines branches for ex-
traction of fuel-and-energy resources (fuel industry), conver-
sion to other types of energy (electricity and petrochemical 
industry), transportation and distribution of energy resourc-
es between consumers (power systems, pipeline systems, 
provision of heat and electricity to the population).

There are specific management problems to be resolved 
under conditions of liberalization of the energy market of 
Ukraine in each of these functional subsystems. Therefore, 
we must base the methodology for assessment of a state, 
performance and trends of the Ukrainian energy market on 
a systematic approach. Such an approach makes it possible 
to obtain a comprehensive assessment of functioning and 
development of the energy market as a complex dynamically 
developing system. The main characteristics of the study are 
the accounting of systemics of objects and processes of the 

energy market in terms of integration into the European en-
ergy space and formation of a market model of management. 
Competition should become a basis for its development, high 
dynamism, and the global nature of functioning of the en-
ergy space, which integrates the energy market of Ukraine.

Fig. 1 presents the main areas of systems analysis and 
assessment of development of the energy market, including 
forecasting modeling.

We should carry out analysis and evaluation of a state, 
performance and trends of the Ukrainian energy market 
development according to the principle of systemics of the 
investigated object. We can present a systemic study of 
the energy market as a generalized economic-mathematical 
model, which is a basic component of its cognitive model. 
Such a model reflects a conceptual framework of the study, 
which takes into consideration dynamics over time and mul-
tivariant trends in development of a market situation under 
conditions of globalization.

Based on the systematic approach of organization of pro-
cesses of management of the energy market, in the following 
sections, we will formulate methodological provisions of its 
analysis and evaluation and construct the “supply-demand” 
model and a system of economic-mathematical models of 
processes of management of the energy market of Ukraine 
under conditions of globalization. A level of detailing, intel-
lectual and information capabilities of the study determine a 
composition and quality of tools used for modeling and fore-
casting. Fig. 2 shows systems connections and dependences 
of economic and mathematical models. 

The market model must accurately respond to needs of 
the energy market and expand a structure of alternative 
energy sources. Consumers can gradually replace the most 
expensive resource with an alternative source of energy 
by choosing energy supplies. This, in turn, develops the 
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Fig. 1. Structure of the system of processes of management of the energy 
market of Ukraine (FER * – fuel-and-energy resources)
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structure of the energy market. Competition and alternative 
supply of fuel and energy resources can provide uninterrupt-
ed supply. The market approach to management proposed 
in this study is fundamentally open in nature and involves 
possibility of its further development.

6. Study of solutions to the system of differential 
equations and their graphical interpretation

We described the processes of formation of the “sup-
ply-demand” market relation for all types of energy resources 
by dynamic economic and mathematical models. A base of 
such models is the system of differential equations of the first 
order; its left part represents a rate of change of the studied 
economic indicators.

The proposed approach provides an opportunity to 
evaluate available supply and demand for fuel-and-energy 
resources quickly. Such evaluation indicators contribute to 
calculation of forecast values of supply and demand, which 
are a basis for making managerial decisions on ensuring un-
interrupted supply and differentiation of energy resources.

Let us assume that the demand for fuel-and-energy 
depends on several consumers N at time t. To characterize 
consumers of the energy market we use coefficients of activ-
ity and passivity, nn and nc that is, ( ), , ,n cN N n n t=  as well 
as ( )1 2 3, , ,N dS n n n n=  are structural characteristics of con-
sumers, where ( ), 1,2,.....,in t i d=  is a specific weight in the 
structure of electricity consumption by groups of consumers: 
industry; agriculture, transport, construction, communal 
consumers; other non-industrial consumers; population. De-
mand determines consumption, and supply – production of 
fuel-and-energy resources. All variables and parameters of 
the equations below are dependent on time t ‒ the number 
of days per year in the study period. We denoted a volume of 
production of energy products as Оi, for 

( )1, 2,......, ,iO i r r m= = + +  

the following production function takes place:

( )1 1 2 2 1 1, ,......, ; ,......, ; ,i i i i is s is s ig gO f Q Q Q Q Q t+ += α α α α α  (1)

where Qi, i=1, 2,..., s, s are the volumes of production of fuel- 
and-energy resources Qi in Ukraine; Q j, j=s+1, s+2,..., g,  
g are the volumes of production of fuel-and-energy resources 
Qi abroad; 0≤аik≤1 is a share of the volume of fuel-and- 
energy resources Qk, k=1, 2,…, g consumed for production of 

a final energy product Оi, і=r+1, r+2,..., m; fі is a 
production function for energy product Оi, which 
expresses the constituent aspects of production of 
energy products.

Some of energy products go as exports from 
Ukraine and imports fully meets the rest of the 
domestic demand.

In the vector form, we use the following des-
ignations: 

( )1 2, ,...., ,mO O O O=  ( )1 2, ,...., ,mЕ Е Е Е=

( )1 2, ,...., ,mI I I I=  ( )1 2, ,...., ,mа а а а=  

– volumes of production, exports, imports and con-
sumption standards of all types of fuel-and-energy 
products in Ukraine.

Then, we will also apply functional expressions 
for production of fuel-and-energy resources in 
Ukraine

( ), , , , ,i iO O N a E i t=    (2)

where i=1, 2,..., m,

( )П, , ,j j QQ Q I t=     (3)

where j=1, 2,..., s, and IQ is the import of the corresponding 
fuel-and-energy resource.

The proposed approach implies the principled openness 
of a model, which means that we can change several param-
eters in equations (1) to (3) for any other set of fuel-and-en-
ergy resources in the market.

All these parameters depend on time t in general. In 
addition, a use of any other market indicators that reflect 
both internal and external processes and connections of the 
market of energy products: economic, social, environmental, 
etc., is possible.

Expressions (1) to (3) represent decomposition, analyt-
ical and formalization components of modeling and are a 
basis of a synthetic model of the energy market.

We can describe the dynamics of change in the volumes 
of production of Оi product in Ukraine by the differential 
equation:

( )( ),i
i i i i i i

dO
k a N b O

dt
= + δ − ∆ −    (4)

with initial conditions (output of Оi product at the begin-
ning of the study period):

0 0| ,i t iO O= =      (5)

where Ei=δi·Оi, Ii=∆i·Оi, are the volumes of export-import 
of Оi product. δi, ∆I, are, respectively, the shares of export- 
import in relation to the volume of Оi product produced in 
the country, which depends on both Оi and time t. A ratio 
of values δi, ∆I characterizes market position of Ukraine in 
the world in relation to Оi product; ki is a coefficient, which 

Energy market of Ukraine 

Consumers Sellers 

Structure Quantity Structure Quantity

Capability

FER consumption 

Structure Volume

FEC* of Ukraine Export 

FER volume FER structure 

by energy output by ecology by complexity of 
production

by social 
importance 

Energy potential of renewable energy resources 

Fig. 2. Structure of the system assessment of a state of the energy 
market of Ukraine (FEC – fuel-and-energy complex*)
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reflects dynamics of the market balance for Оi product; bi is 
a coefficient of Оi product’s overrun of supply over demand 
close to one (supply, in our opinion, has to exceed a demand 
a little due to the social orientation of the energy market).

Components on the right part of equation (5) with the 
plus sign represent demand for Оi product (consumption and 
export), with the minus sign ‒ supply (production by the fu-
el-and-energy complex of Ukraine’s and a volume of imports).

In the general case, we can relate values of parameters δi, 
∆I, ki and bi to regulated parameters of a model of functioning 
of the energy market of the country.

Consumption of fuel-and-energy resources that is not 
produced in Ukraine can be provided only at the expense 
of imports. If production of Оi product stops in Ukraine, 
including for export, from the time t0, then we assume that 
all parameters in an equation (5) are equal to zero, including 
a value of Оi0.

Let us describe a structure and consumption of elec-
tricity and other energy resources by groups of consumers 
(industry, agriculture, transport, construction, communal 
consumers, other non-industrial consumers, and the popula-
tion) in differential equations: 

Let us assume that VVPr is the share of GDP of Ukraine 
in the r-th economy sector. Accordingly, we denote Qi(t) – a 
volume of energy production in Ukraine: Q1 ‒ coal, Q2 ‒ oil, 
Q3 ‒ gas, Q4 ‒ uranium; Q5 ‒ black oil, Q6 ‒ electricity, Q7 ‒  
thermal energy. We determine a volume of production per 
year as ( ) ( )0365 .Q Q−

Equation of the supply of coal will take the form:

7
1

1 1 16 6 17 7 1 1
1

,r r i
r

dQ
q Q Q Q VVP

dt =

 
= ⋅ α ⋅ + α ⋅ + γ − ∆ − β  ∑  (6)

where γr1 is the share of coal consumed for r sector, α16 is 
the share of coal consumed for electricity, α17 is the share of 

coal consumed for thermal energy, 1
1

1

I
Q

∆ =  is the share of im 
 
ports of coal in the volume of its supply by the fuel-and-ener-
gy complex of Ukraine; і1 is the volume of coal imports; β1 is 
a coefficient of advance of the supply of coal Q1 over demand 
close to one, β1≥1, β1→1.

The following equation represents volumes of oil supply: 

7
2

2 2 25 5 2 2 2
1

,r r
r

dQ
q Q Q VVP

dt =

 
= ⋅ α ⋅ + γ − ∆ − β  ∑  (7)

where γr2 is the share of oil consumed for r sector, α25 is 
the share of oil spent for black oil and other types of fuels; 

2
2

2

I
Q

∆ =  is the share of volume of oil imports in a volume 
 
of its supply of fuel-and-energy complex of Ukraine; І2 is the 
volume of oil imports; β2 is a coefficient of advance of supply 
of oil Q2 over demand close to one, β2≥1, β2→1.

The gas supply takes the form:

7
3

3 3 36 6 37 7 3 3 3
1

,r r
r

dQ
q Q Q Q VVP

dt =

 
= ⋅ α ⋅ + α ⋅ + γ − ∆ − β  ∑ (8)

where γr3 is the share of gas consumed for r sector, α36 is 
the share of gas consumed for electricity production, α37 is 
the share of gas consumed for thermal energy production, 

3
3

3

I
Q

∆ =  is the share of oil imports in a volume of its ex- 
 
traction by the fuel-and-energy complex of Ukraine, І3 is the 

volume of gas imports; β3 is the coefficient of advance of sup-
ply of gas Q3 over demand close to one, Β3≥1, β3→1.

The equation of uranium supply is as follows:

7
4

4 4 46 6 4 4 4
1

,r r
r

dQ
q Q Q VVP

dt =

 
= ⋅ α ⋅ + γ − ∆ − β  ∑  (9)

where γr4 is the share of uranium consumed for r sector, 
α46 is the share of uranium spent for electricity production,  
 4

4
4

I
Q

∆ =  is the share of uranium import volume in the volume 

of its extraction by the fuel-and-energy complex of Ukraine, 
І4 is the volume of uranium import; β4 is a coefficient of ad-
vance of the supply of uranium Q4 over demand close to one, 
Β4≥1, β4→1.

Equation of supply of black oil takes the form:

7
5

5 5 56 6 57 7 5 5 5
1

,r r
r

dQ
q Q Q Q VVP

dt =

 
= ⋅ α ⋅ + α ⋅ + γ − ∆ − β  ∑ (10)

where γr5 is the share of black oil consumed for r sector, α56 
is the share of black oil consumed for electricity production, 
α57 is the share of black oil consumed for thermal energy  
 
production, 5

5
5

I
Q

∆ =  is the share of black oil import volume 

in a volume of its extraction by the fuel-and-energy complex 
of Ukraine, І5 is the volume of import of black oil, β5 is a 
coefficient of advance of supply of black oil Q5 over demand 
close to one, Β5≥1, Β5≥1, β5→1.

The equation of the supply of electricity is as follows:

7
6

6 6 67 7 6 6 6
1

,r r
r

dQ
q Q Q VVP

dt =

 
= ⋅ α ⋅ + γ − ∆ − β  ∑  (11)

where γr6 is the share of electricity consumed for r sector, 
α67 is the share of electricity consumed for heat production, 
 6

6
6

I
Q

∆ =  is the share of electricity import volume in the 

volume of its extraction by the fuel-and-energy complex of 
Ukraine, І6 is the volume of import of electricity, β6 is a co-
efficient of advance of supply of electricity Q6 over demand 
close to one, Β6≥1, β6→1.

Equation of the supply of thermal energy is as follows:

7
7

7 7 7 7 7
1

,r r
r

dQ
q Q VVP

dt =

 
= ⋅ γ − ∆ − β  ∑   (12)

where γr7 is the share of thermal energy consumed for r sec- 
 
tor, 7

7
7

I
Q

∆ =  is the share of thermal energy import volume in 

the volume of its extraction by the fuel-and-energy complex 
of Ukraine, І7 is the volume of import of thermal energy, 
β7 is the coefficient of advance of supply of thermal energy 
Q7 over demand close to one, Β7≥1, β7→1. For thermal 
energy ∆7=0.

We model an equation of demand for fuel-and-energy 
resources. We assume Di(t) to be the volume of fuel-and-en-
ergy consumption.

( )
7

1

,i
i ri r i i i i

r

dD
k VVP b D

dt =

 
= ⋅ λ + −δ + ∆ −  ∑   (13)

where δi is the share of exports relative to a volume of fuel- 
and-energy product produced (extracted) in Ukraine, 
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i
і

i

E
Q

δ =  is the share of exports relative to the volume of 
 
product i produced (extracted) in Ukraine, ( )0iQ  are the  
fuel-and-energy reserves i at the beginning of a year, ( )0 0,iD =  
ki is a coefficient that reflects dynamics of a market balance 
for a fuel-and-energy product i, λri is the share of fuel-and-en-
ergy resource i consumed by r sector.

( ) ( ) ( )1 22 ' ,i ii
a aa

i ii t it iE t RE Y E t= α ⋅ ⋅ ⋅    (14)

( ) ( ) ( )1 22 ' ,i ii
a aa

i ei t ut iI t RE Y I t
−= α ⋅ ⋅ ⋅    (15)

where REt is the relative price for an imported fuel-and-en-
ergy product, that is

( )
( ) ,imp

t
ukr

p t
RE

p t
=

( )impp t  is the price of imported fuel-and-energy resources; 
( )ukrp t  is the price of the national fuel and energy resource; 

Yit is the real GDP abroad; Yut is the real GDP in Ukraine; 
αii and αei are coefficients of proportionality; ( )iE t  and ( )iI t  
are the volumes of export and import of the corresponding 
energy resource for the previous period of time.

We obtain the following system of equations:
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  ⋅ + α ⋅ + γ − ∆ − β   

  

= ⋅ α ⋅ + α ⋅ + γ − ∆ − β   
   = ⋅ γ − ∆ − β  
   = ⋅ λ + −δ + ∆ − ∈  

∑

∑

∑

∑

 (16)

All the parameters included in the system change over 
time.

The components on the right side of an equation, which 
have a plus sign, reflect the demand Q1 product (domestic 
energy production and exports), with the minus sign – the 
supply (domestic production and imports).

Products Qi, i=1, 2,…, s include also Оi, і=1, 2,..., r, there-
fore s≥p.

If we stop to produce Qi product Ukraine, including for 
export supplies, from the time t0, we take all parameters in 
equation (6) to be equal to zero, including a value of Qi0.

Thus, the constructed system of differential equations 
(16) makes it possible to represent formally the dynamics of 
the supply-demand ratio for energy resources over a certain 
period. Each equation reflects a certain aspect of decompo-
sition during the system analysis of the Ukrainian energy 

market, and the system of equations represents a synthetic 
component of the study. It is possible to set a variation of 
parameters of equations by expert way, or normative way, or 
by approximation of revealed trends and changes.

Different combinations of the approaches are possible, 
which give possibility to carry out scenario forecasting of the 
development of the energy market of Ukraine. If Оi product 
or Q j fuel-and-energy product started to be produced only 
from the time t0˃0, then the corresponding initial conditions 
would be Оi|t=0=Оi0 and Qі |t=0=Qі0.

If Оi or Q j fuel-and-energy resources went for export 
from the time t0˃0, then all parameters will be equal to zero, 
including Оi0 and Qi0, which means termination of its pro-
duction in Ukraine.

The obtained solutions to modeling the supply of fu-
el-and-energy resources from the beginning of year t0 to the 
corresponding day tn demonstrate accuracy and adequacy of 
the equations proposed above. In calculations by the Euler 
method, we selected levels of alignment and proportionality 
of the system of differential equations so that simulated pro-
duction or extraction of the corresponding energy resources 
coincided with the 2016 statistical energy balance data.

If we denote right sides of system equations (16) as dQi 

and dPi, respectively, then we obtain the following formulas:

( ) ( ) ( ) ( ) ( )( )1 1 1 1 6 71 , , , ,Q t Q t h dQ Q t Q t Q t t+ = + ⋅  

( ) ( ) ( ) ( )( )2 2 2 2 51 , , ,Q t Q t h dQ Q t Q t t+ = + ⋅  

( ) ( ) ( ) ( ) ( )( )3 3 3 3 6 71 , , , ,Q t Q t h dQ Q t Q t Q t t+ = + ⋅

( ) ( ) ( ) ( ) ( )( )4 4 4 4 6 71 , , , ,Q t Q t h dQ Q t Q t Q t t+ = + ⋅

( ) ( ) ( ) ( ) ( )( )5 5 5 5 6 71 , , , ,Q t Q t h dQ Q t Q t Q t t+ = + ⋅

( ) ( ) ( ) ( )( )6 6 6 6 71 , , ,Q t Q t h dQ Q t Q t t+ = + ⋅

( ) ( ) ( )( )7 7 7 71 , ,Q t Q t h dQ Q t t+ = + ⋅

( ) ( ) ( ) ( )( )1 1 1 1 11 , , ,P t P t h dP Q t P t t+ = + ⋅

( ) ( ) ( ) ( )( )2 2 2 2 21 , , ,P t P t h dP Q t P t t+ = + ⋅

( ) ( ) ( ) ( )( )3 3 3 3 31 , , ,P t P t h dP Q t P t t+ = + ⋅

( ) ( ) ( ) ( )( )4 4 4 4 41 , , ,P t P t h dP Q t P t t+ = + ⋅

( ) ( ) ( ) ( )( )5 5 5 5 51 , , ,P t P t h dP Q t P t t+ = + ⋅

( ) ( ) ( ) ( )( )6 6 6 6 61 , , ,P t P t h dP Q t P t t+ = + ⋅

( ) ( ) ( ) ( )( )7 7 7 7 71 , , .P t P t h dP Q t P t t+ = + ⋅  (17)

The formulas calculated by the Euler method (17) 
provide accurate and adequate calculations of processes of 
functioning of the energy market.

In order to ensure accuracy and adequacy of the mod-
eling, in the equation of calculation of a volume of thermal 
energy supply, we took into consideration seasonality of 
thermal energy production. A piecewise-stable function rep-
resents the corresponding leveling factor q7 in the equation 
for Q7. It is equal to zero for the spring-summer period of 
a year. Fig. 3 reflects the seasonality 3(d) in the form of a 
broken line.
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Similarly, we can build charts for demand for fuel-and-en-
ergy resources for a year. Integration of the data obtained 
from modeling of supply of fuel-and-energy resources from 
the beginning of a year (t0) to the corresponding day (tn) 
is consistent with a graphical abstraction with absolute 
indices of the energy balance of Ukraine’s production and 
consumption of fuel-and-energy resources [11]. The obtained 
solutions offer additional opportunities in the management 
of the end state, namely forecasting taking into consider-
ation stochastic phenomena of price and temperature. It is 
clear that we can also take into consideration seasonality for 

consumption, due to the dependence of leveling factors, pro-
portionality, and the rest on t variable, which specifies time.

7. Modeling the mechanism for maintaining the dynamic 
balance of the energy market

A key position of the conceptual market approach to 
managing processes in the energy sector of the Ukrainian 
economy is a study of the supply-demand ratio. Fig. 4 pres-
ents a mechanism of maintenance of its dynamic balance in 
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Fig. 3. Graphical interpretation of the results of modeling of the supply  
a – coal, b – oil, c – gas, d – uranium, e – black oil, f – electricity, g – thermal energy
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the form of a system archetype of a Cognitive map. Such a 
mechanism includes the ratio of demand and supply of fu-
el-and-energy resources. Development of the energy market 
of Ukraine requires an increase in the supply of fuel-and-en-
ergy resources. Extraction of own fuel-and-energy resources 
and development of renewable energy resources are of prime 
importance in the context of ensuring of the country’s ener-
gy security.

One of the revealed patterns of development of the world 
energy market under conditions of globalization is a growth 
of a role of its management subsystem.

For a more detailed cognitive study of the energy system 
in the context of European integration, we propose a system 
for management of the energy market, which is formalized 
based on a use of conceptual management models. In our 
opinion, insufficient attention to ontological and epistemo-
logical aspects of the market reduces efficiency of manage-
ment and energy business in general.

Fig. 4. Mechanism for maintaining the dynamic balance of the 
energy market

The sign “+” means that an increase in one component 
entails an increase in the other one associated with it, and 
the sign “−” indicates that an increase leads to a decrease.

We propose the following formalized model of the energy 
market management system to manage processes of the fu-
el-and-energy complex system. We can describe it in terms 
of the theory of sets, mathematical logic and optimization 
problems.

We propose modeling of energy market processes as an 
object of theoretical research by the system approach of con-
ceptual models of management.

We can represent the energy market management system 
in the form of an appropriate composition of subsystems ,M

gS  
that are formed of the following functional areas: extraction 
of fuel-and-energy resources ( )1,2,  . ,..,fer

i iS I=  import of 
fuel-and-energy resources ( ).  1,2,. ,..,imp

r rS R=  informational 
provision ( )inf   1,2,  ... ,,j jS J=  supply of energy resources 

( ).   1,  2,  ,...,sup
k kS K=  processing of fuel-and-energy resourc-

es ( ). 1,  2,. ,..,proc
LS l L=  energy consumption by individuals 

( ).  1,2,  ...,ind
M mS М=  and organizations ( ).  1,2,  . ...,  org

n nS N=  
We performed structural detailing of the components in 

dependence with a stage of development of the energy mar-
ket, its hierarchical level (world, regional, etc.) and research 
tasks. Together they form the system of the energy market 
presented in the form of sets:

( ) ( ) ( )
( ) ( ) ( )

. inf . .

. . . .

М fer imp sup
i r j k

i I r R j J k K

proc ind org
l m n

l L m M n N

S S S S S

S S S

= = = =

= = =

 = ∪ ∪ ∪ ∪  

∪ ∪ ∪

∪ ∪ ∪ ∪

∪ ∪ ∪  (18) 

The system MS  unites the subsystems Sg
M,

g G I R J K L M N∈ = × × × × × ×  

formed of the above components of the energy market in 
accordance with its structure. Such an approach makes it 
possible to consider energy management in terms of achieve-
ment of synergies between elements of the system.

An emergent effect of system management is a compo-
nent of competitive advantages of all parties in the energy 
market, the optimal combination of which can provide an 
increase in the overall effect of the system. The sum of 
effects of individual independent elements of the system 
does not provide adaptability and flexibility of system’s op-
eration. Therefore, for a criterial assessment of effectiveness 
of processes to achieve the mentioned effect, each of Sg

M 
subsystems of SM energy market may be given some target 
function fg.

Integration of SM into a holistic system takes the form 
of unifying functions of management of the energy market 
(economic FE, organizational FO, regulatory FR and infor-
mational FI)

( ), , , , ,M M M M MS FE S FO S FR S FI S⊇ < > < > < > < >∪ ∪ ∪  
(19)

In addition, the process involves formulation of a single 
objective of functioning of the public energy market man-
agement system - ensuring a high level of energy security of 
a state. The target function (or set of target functions) FM, 
in particular, can look as some combination of target func-
tions forming its subsystems ,M

gS  for example, with a help of 
target functions fg. Specifically, for the sphere of extraction 
of fuel-and-energy resources ( )1,2,  . ,..,fer

i iS I=  two objective 
functions are definitely important:

1) maximization of extraction;
2) minimization of expenses per unit of the extracted 

resource.
With respect to the import of energy products and fu-

el-and-energy resources ( ).  1,2,. ,..,imp
r rS R=  the target func-

tions will be:
1) minimization of a price of FER on the Ukrainian 

border;
2) maximization of the number of suppliers.
In the sector of information provision ( )inf . 1,2,  .. ,.,j jS J=  

the target function will be:
1) minimization of a monopoly influence of the energy 

supplier on the market.
The sector of supply of energy resources ( )sup. 1,  2,  ...,k k KS =  

can have the following target functions:
1) minimization of expenses for supply of energy resources;
2) minimization of time for delivery of fuel-and-energy 

resources from the place of production and storage to a con-
sumer;

3) minimization of a total time of recovery of a supply 
chain after accidents.

For the sphere of processing of fuel-and-energy resourc-
es ( )1,  2,. ,..,fer

L lS L=  the following may serve as the target 
function:

1) minimization of expenditures of fuel-and-energy re-
sources per unit of finished products.

For the sphere of consumption by individuals ( ).  1,2,  ...,ind
M mS М=

( ).  1,2,  ...,ind
M mS М=  and organizations ( ). 1,2,  ...  ,,org

n nS N=  the 
target function is:

consumers 

Demand

Supply 

Import FEC

Export

+ −

+

+

+

+
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1) minimization of prices for an energy product;
2) maximization of a share of renewable and alternative 

energy sources in the overall energy balance;
3) maximization of energy efficiency.
The corresponding systemic and coordinated restrictions 

of all subsystems of SM system determine a set of possible alter-
natives for development of a market situation. We can define 
target system solutions in the direction of maximization of the 
criterion function FM. Optimization of activity of the entire 
management system requires consistency of restrictions on 
inputs and outputs of all subsystems. Thus, an agreed trans-
formation takes place in determination of their local extrema.

We can apply the proposed model of management of en-
ergy market subsystems at any level of management, whether 
global, national, or regional.

8. Discussion of results of the implementation of the 
market model of management of the energy market

Each energy carrier ‒ gas, electricity, oil, coal, thermal 
energy, has its own specifics of use and mode of delivery. 
First, the market model of management implies a need for 
institutional changes in the management of production pro-
cesses and consumption of fuel-and-energy resources under 
an influence of demand and supply on energy markets. Such 
changes should ensure high-energy efficiency, energy saving, 
openness and transparency of markets, life safety and energy 
supply, synergy and innovative functioning, and develop-
ment of competitive relations.

The liberal energy market involves producers, traders 
and investors both nationally and foreign ones based on free 
and clear market access. Transparent energy market should 
eventually ensure uninterrupted power supply, optimum 
satisfaction of domestic demand and stimulation of national 
energy production. Consequently, Ukraine should move to-
ward an open market where producers operate in the market 
freely, carrying out export operations for profit.

The market approach to management of the energy 
sector of the Ukrainian economy, considered in this study, 
is useful because the proposed economic and mathemati-
cal models specify processes of demand and supply of fu-
el-and-energy resources. The developed system modeling 
helps to assess functioning and development of the energy 
market adequately.

The proposed system of economic and mathematical 
models of management of the energy market on the principle 
of its liberalization gives an opportunity to get an accurate 
assessment of supply and demand of fuel-and-energy re-
sources.

The results obtained using a given approach, taking 
into consideration corrective factors, are fully consistent 
with the absolute indices of production and consumption of 
fuel-and-energy resources of the Energy Balance of Ukraine 
[11]. The system of differential equations is an integral sys-
tem of interconnection of parameters of production, import, 
export, final consumption, and external and internal prices 
for gas, oil, black oil, coal, uranium, electricity, and thermal 
energy.

We decribed processes of formation of the market “De-
mand-supply” ratio for all types of fuel-and-energy resources 
by a conceptual dynamic economic-mathematical model. 
A base of the model is the system of differential equations 
of the first order, the left part of which represents a rate 

of change of the studied economic indicators. The market 
approach takes into consideration qualitative and quanti-
tative characteristics of supply and demand, which reflect 
consumption and production of fuel-and-energy resources, 
exports and imports under an influence of globalization.

The practical significance of the results obtained is that 
the proposed econometric and mathematical models ensure 
accuracy and efficiency in making managerial decisions by 
managing systems. The market approach provides a principle 
of liberalism in management of processes of the energy mar-
ket of Ukraine. The proposed approach involves the principle 
of openness of the energy system.

Further scientific necessity arises for carrying out a 
prognostic analysis of trends in development of the energy 
market in the context of European integration, taking into 
consideration such random factors as air temperature and 
fluctuations of world prices for energy resources. This may 
lead to consideration of a system of stochastic managerial 
equations, which in turn requires additional assumptions 
regarding probabilistic laws of temperature distribution and 
price fluctuations.

9. Conclusions

1. We performed an analysis of the state of the energy 
market in Ukraine based on the systemics of the investigated 
object. We presented the main directions of system analysis 
and evaluation of development of energy market processes. 
The structure of functioning of the energy market reflects a 
conceptual framework of the study in the form of a general-
ized system of processes of functioning of the energy market 
of Ukraine. We developed a model of system connections 
of subjects of the energy market based on the systematic 
approach of organization of management of energy market 
processes. Unlike the existing ones, the market model must 
accurately respond to the needs of the energy market and 
expand a structure of alternative energy sources.

2. We developed economic-mathematical modeling of 
energy market processes based on the principle of a market 
approach. The proposed system of differential equations 
makes possible to assess volumes of supply and demand for 
fuel-and-energy resources accurately. A closed system of 14 
linear differential equations describes dynamics of the ener-
gy system. The system of equations allows us to investigate 
behavior of the dependence of the main macroeconomic 
parameters on a change in a price of imported fuel-and-en-
ergy resources accurately, and to build possible forecasts of 
economic development.

3. We proposed formulas based on the Euler method 
to provide accurate calculations of functioning of energy 
markets. We established that models are adequate because 
the simulated production or extraction of the corresponding 
energy resources coincides with the 2016 statistical data of 
the Energy Balance. Graphical interpretation of the results 
of economic and mathematical modeling shows possibility 
of assessment of Ukraine’s daily supply of oil, coal, black oil, 
thermal energy, electricity, gas, and uranium. Taking into 
consideration corrective factors, calculation of annual sup-
ply volumes of fuel and energy resources by the end of 2016 
reaches the following values: oil ‒ 1,623 thousand tons, coal ‒  
43,000 thousand tons, black oil ‒ 590 thousand tons, heat 
energy ‒ 447,526 TJ, electric power ‒ 164,573 million kWh,  
gas ‒ 705,926 TJ, uranium ‒ 1,100 tons. The presented system 



Control processes

49

of differential equations is an integral system of interconnec-
tion of parameters of production, import, export, final con-
sumption and external and internal prices for gas, oil, black 
oil, coal, uranium, electricity, and thermal energy.

4. We developed a mechanism for maintenance of the 
dynamic balance of the energy market. It includes the 
main components of market functioning: consumers, fu-
el-and-energy complex, import and export. Such a mech-
anism demonstrates the unity of its quantitative and 
qualitative characteristics in formation of the demand for 
fuel-and-energy resources and their supply in the context of 
ensuring of the country’s energy security. We proved that 
the development of national production of fuel-and-energy 
resources has a significant influence on formation of supply 
of energy products.

5. The corresponding system-coordinated restrictions 
of all subsystems of the energy system determined a set of 
possible alternatives to development of a market situation. 
We proposed the model of management of subsystems of the 
energy market in the form of an appropriate combination of 
subsystems for extraction of fuel-and-energy resources, im-
port of fuel-and-energy resources, informational provision, 

supply of energy resources, processing of fuel-and-energy 
resources, energy consumption by individuals and organi-
zations. Together they build the energy market system pre-
sented in the form of sets. Such approach makes possible 
to consider energy management in terms of achievement 
of synergies between elements of the system. We described 
possible target functions of management of subsystems of the 
energy market. We established that optimization of activity 
of the whole management system requires consistency of 
restrictions at inputs and outputs of all subsystems of the fu-
el-and-energy complex. We proved that liberalization of the 
energy market will ensure equality of access to fuel-and-en-
ergy resources and services of electricity networks, as well 
as purchase and sale of fuel and electricity at market prices 
under conditions of market competition.

6. The system of differential equations suggests that 
its application to the market model of management of the 
energy sector of the economy makes possible to estimate 
a level of demand and supply in such models. Taking into 
consideration factors of influence on processes of demand 
and supply contributes to the accurate assessment of a state 
of the energy market.
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