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Abstract. This article discusses the optimal management of the distribution of 
the net income of an oil and gas company, taking into account risks. The utility 
function for the investigated enterprise acts as an optimality criterion. The control 
parameter is the distribution of the shares of net income for its optimal 
distribution in the selected areas. As a numerical implementation of the proposed 
algorithm, the activity of a catch oil and gas enterprise in the period 2018-2022 
is considered. The optimal distribution of the received net income is given taking 
into account the discount rate and deductions to the State budget of Ukraine. The 
proposed algorithm can be used for optimal management of the company’s 
financial activities. 
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1 Introduction 

An existing enterprise of the oil and gas complex in modern conditions should pay 
special attention to risk management. The main goal of the company is to maximize 
profit. Achievement of this task will be possible only if all risks affecting the operation 
of the enterprise are considered. The authors [10; 46] show that the SARS-CoV-2 
coronavirus that causes the COVID-19 leads to uncertainty in various areas of 
economics, finance, risk management, social development, etc. They review scientific 
materials, according to the study the impact of COVID-19 on global health security, 
business risk management and other areas. 

Risk management needs to be coordinated across the organization. All types of risk, 
both internal and external, should be managed in a comprehensive manner. One of the 
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approaches to reduce the risk of an enterprise is to predict the occurrence of a risk event 
and take appropriate measures to reduce it. Here the problem arises in the allocation of 
appropriate funds to prevent a risk situation. This study allows you to obtain the optimal 
distribution of cash flows required to reduce possible risky transactions. The total 
amount of necessary funds is taken as a part of the profit received, i.e. the optimal 
distribution of the company’s profits also takes into account measures to reduce the 
degree of risk at the enterprise. The ability to optimally manage risky operations allows 
top management to obtain financial stability, competitiveness and stable profitability of 
an oil and gas company. 

2 Literature review 

Socio-economic instability, which is manifested at the present time, suggests that 
enterprises should devote the most important role to risk management in order to ensure 
a stable financial and economic condition of the enterprise. Ernst & Young reports the 
most important types of risks that occur in the activities of an oil and gas company [37; 
48]. In [45], an analysis of the activities of oil and gas companies from the Fortune 500 
list is carried out: ExxonMobil, Chevron, ConocoPhillips, Baker Hughes, Valero 
Energy, and Frontier Oil Corporation. The authors deeply analyze the types of risks that 
exist in the activities of these companies, including those associated with an increase in 
production capacity. This analysis allowed to diversify the risk portfolio and improve 
the financial stability of the company. 

Many economists pay special attention to the problem of risk management and in 
their works reflect the basic concepts of the methodology and practice of risk 
management. To assess the external risks of foreign economic activity of an enterprise 
in [31], it is proposed to apply a three-dimensional model for assessing and identifying 
risks, as well as to use a tabular description of the enterprise’s activities. The authors in 
[40] presented a scientific approach for assessing the external economic security of an 
enterprise. The main mechanisms for managing the anticipated risks and the stages of 
the implementation of the task are proposed. This approach allows a comprehensive 
approach to assessing the external economic security of an enterprise. 

In [16], the authors consider synergetic models in the management of oil and gas 
companies. The types of models for describing and predicting oil and gas development 
are analyzed – exponential, logistic, allometric, Kohlrausch, hyperbolic are analyze. It 
is proved that synergetic models more fully and adequately describe the processes that 
take place in the integrated systems of strategic management of oil companies. 

The technology of teaching risk management using a business game is considered in 
[6]. It is believed that in order to improve the qualifications of employees of the 
enterprise, it is necessary to use interactive methods of training, which will make it 
possible to further reduce operational and other types of risks. In [49], the authors 
explore the possibility of applying the theory of dynamic knowledge creation for 
training corporate employees. To obtain the most productive result, it is proposed to 
combine the relationship between dynamic knowledge creation and the learning process 
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at the enterprise. This approach leads to a decrease in the operational risk of the 
enterprise. 

The authors of [7] propose a methodology for considering alternative strategies for 
controlling business processes associated with risk reduction. The characteristics of the 
methods of risk research, as well as their level of practical use are given. In [5], a 
discrete dynamic problem of managing the innovation process at an enterprise is 
considered, taking into account risks. To manage technological innovations at the 
enterprise, a phase vector of three components is built. The constructed model makes it 
possible to predict data when constructing optimal processes. The innovation process 
at the enterprise, described by the discrete dynamic model [3], is investigated. The 
proposed algorithm assumes the management of parameters of the influence of the 
activities of the enterprise, as well as the consideration of various risks. The model of 
operational management of the enterprise activity based on the task of adaptive 
management has been developed. Optimal management of investment flows of an 
enterprise is considered in [35]. 

For enterprise management, an algorithm for modeling a multi-criteria function was 
proposed [27]. A system of indicators has been built that allows evaluating the activities 
of an enterprise based on an integrated index. This indicator is based on a partial utility 
function. The proposed methodological approach takes into account the main 
characteristics of the enterprise’s activities with the possibility of their classification 
and systematization. In [14], the issues of the emergence of diversification risks at the 
enterprise are considered. Analysis of factors is carried out. which affect these risks in 
the economic activities of the enterprise. The systematization of the causes of the 
emergence of risks and their possible consequences, depending on the strategy of the 
enterprise is carried out. 

In [25], the political risk to security in an oil and gas company is considered. The 
authors show that there are risks at different levels: transnational, national and the level 
of human security. Investing in an oil and gas company depends on the risk 
management strategy. Due to the increased frequency of terrorist attacks in oil and gas 
companies, it is proposed to pay more attention to the risk of political security and apply 
an integrated approach to risk management. 

In [20], an approach to risk assessment is proposed, taking into account the 
properties of emergence and re-emergence in the process of risk assessment to prevent 
and predict the risks of the activities of oil and gas enterprises. Taxonomic procedures 
and methods of factor analysis were identified, taking into account the properties of 
emergence, which will allow for a comprehensive assessment of risks and create a 
foundation for their assessment and forecast of their dynamics. 

One of the methods of risk prevention is to eliminate the source of risk through 
specific measures. A narrow approach is to prevent risk through insurance premiums. 
The insurer is the initiator of this approach. Insurance companies create an optimization 
portfolio of financial instruments taking into account risk minimization [21; 36]. 

In [28], an approach was developed to assess the index of economic stability of an 
enterprise, based on an integral indicator. For the study, the authors used fractal analysis 
in combination with elements of the theory of a fuzzy set. The proposed method makes 
it possible to assess the effective activity of an enterprise in conditions of incomplete 
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information. In [9], the authors suggest paying special attention to risk management 
issues. This is due to the fact that business decisions are always made in the presence 
of certain types of risk and optimal risk management leads to their reduction. This is 
especially true for long-term investment in an oil and gas company, since the amount 
of investment may exceed US $ 1 billion. 

The authors of [11] use Vector Autoregressive (VAR) and Vector Error Correction 
Models (VECM) to study the impact of a jump in oil prices on stock returns in 12 
European countries that import oil. It was shown that the real profitability of stocks 
depends on the reasons for the jump in oil prices. The performance of most European 
stock markets is negative in relation to the change in oil prices and is mainly determined 
by oil supply shocks. 

The amount of products produced in the oil and gas complex should be optimal from 
the point of view of its implementation. If this condition is violated, an imbalance 
occurs in the country’s energy system. In [15], the authors used an improved 
methodological approach to assess the energy independence of the country and regions. 
In studies, to analyze the energy dependence of some fear of the world, the coefficient 
of covering consumption by the production of fuel and energy resources was used. On 
the basis of the integral indicator of energy independence, a comparative analysis of the 
regions by the level of energy was carried out. The authors in [8] investigated the 
volatility of the stock market and the oil market. They considered volatilities of two 
types: implied and realized volatilities. It is shown that the relationship between 
volatility is present only for implied volatility. 

An in-depth analysis of the financial risk of manufacturing companies is presented 
in [17]. It is shown that Chinese listed companies have gone bankrupt due to market 
competition. This happened due to the crisis of financial risks, which becomes more 
and more complex with the development of society. The authors propose a new concept 
of financial risk in a manufacturing enterprise, which involves risk management 
mechanisms. 

The work [13] is devoted to a comparative analysis of the complexity of traditional 
stock indices and social responsibility indices using the example of Dow Jones 
Sustainability Indices and Dow Jones Industrial Average. A comprehensive assessment 
of complexity reveals the nature of the effectiveness of social responsibility indicators 
and opens up new opportunities for investor risk management. 

In [18], the risks associated with the redistribution of rental relations between the 
state, the region and the mining company are considered. The identified risks were 
grouped using the expert method and their importance was assessed. The results 
obtained suggest the optimization of the use of natural resources, taking into account 
the risk minimization strategy. The work [47] considers the counterparty risk associated 
with its default. The authors propose a model for quantifying credit adjustment without 
the assumption of independence between default and exposure. An analysis of the 
activities of corporations to ensure their competitiveness is presented in [24]. In modern 
conditions, with the advent of new information and innovative technologies, both the 
level of competition in the financial market and the transformation of risks are 
increasing. The development and practical implementation of innovative projects 
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should be integrated into a dynamic competitive business environment and rely on 
advanced information technology. 

The authors in their work [26] analyzed the impact of enterprise risk management 
on the financial performance of 12 companies. It has been shown that the best indicators 
of profitability, liquidity and productivity improvement of a company occur when there 
is oversight of the enterprise risk management department by the company’s Board of 
Directors. Depending on the size and complexity of the company, a more complex 
enterprise risk management framework needs to be employed. Particular attention is 
paid to the relationship between enterprise risk management and the audit committee, 
senior management and the chief risk officer [30]. To study the mutual influence, a 
non-experimental correlation approach was used. Based on correlation and regression 
analyzes, it is shown that the effectiveness of enterprise risk management depends 
significantly on the opinion of the risk director, the presence of an audit committee and 
the support of senior management. In [22; 23], attention was paid to modeling the 
assessment of the tax consciousness of tax subjects under conditions of uncertainty and 
risk. Based on the results of the study, the optimal combination of tax structural 
components of consciousness is calculated to maximize its level and reduce tax risks 
arising in the process of functioning of the state and taxpayer organizations. 

The activity of any enterprise, especially oil and gas, is aimed at increasing the 
economic potential of the country. One of the main indicators is GDP. Forecasting and 
control of its components are presented in works [29; 34]. To predict macroeconomic 
indicators, artificial intelligence methods are widely used, in particular, neural networks 
and elements of the theory of fuzzy logic [32]. Noteworthy is the original approach to 
modeling the economic indicators of different countries, when initially all countries are 
segmented into a number of clusters based on key features, each of which unites 
countries according to the type of behavior. And already within the framework of each 
individual cluster, forecasting models of the studied macroeconomic indicators are 
built. This approach can be used in modeling and forecasting the performance 
indicators of an oil and gas company. 

One of the main criteria for the operation of an oil and gas enterprise is resource 
security [39], which consists of economic actors, environment and purposeful economic 
process. Risk analysis and management is carried out in order to optimize national 
resource security. Based on the research, a comprehensive mechanism for supporting 
innovative research and the safety of technological resources was developed. 

In modern conditions, new information technologies come to the fore in production 
activities. One of the areas of product implementation is electronic commerce [42]. The 
authors assess the impact of e-commerce on enterprise profits. A comparative analysis 
of traditional enterprise trade and electronic commerce is carried out. The work 
developed a model of price competition between companies. A model of a mixed 
strategy of a company for the sale of goods is considered. In [44], the Salop model with 
symmetric product differentiation is considered to analyze the expansion of the e-
commerce market. The paper shows that the seller’s income increases proportionally 
with the number of buyers. The analysis of advertising costs increases cubically with 
the number of buyers. The analysis of the optimal advertising costs in the competitive 
equilibrium model with free access is carried out. The ability to predict product sales is 
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possible based on the Bass model [33]. This model allows you to get the maximum 
profit for the enterprise at the best price. 

In [41], based on the definition of the integral indicator, a model of socio-economic 
development is investigated. The research uses the methods of factorial, correlation and 
regression analyzes, as well as the method of expert estimates. The proposed algorithm 
allows you to efficiently analyze data and obtain adequate integral indicators, incl. and 
at the enterprises of the oil and gas complex. 

A comprehensive study of enterprise innovation processes is especially relevant in 
the current Industry 4.0 environment [4]. This paper proposes an algorithm for creating 
a model for managing innovation at an enterprise based on a multi-criteria optimization 
problem. In a comprehensive study of enterprise risks, it is necessary to take into 
account the risks associated with IT technologies [2]. Informatization and 
computerization of production processes suggests that this type of risk is relevant and 
its study requires due attention. For the successful operation of an enterprise, it is 
necessary not only to produce products, but also to find consumers. For the prompt 
processing of information at the enterprise, it is necessary to have software that allows 
the creation and processing of large volumes of information. In [19], a technology for 
storing and processing data is proposed. 

In [43], a three-level information system for managing business processes was 
developed. The web-application includes the necessary functional blocks for e-
commerce. This system allows for electronic interaction between sellers and buyers. 

Analysis of the scientific, theoretical and practical results of the study shows that it 
is necessary to conduct additional research on the integrated management of enterprise 
risks in order to optimize them. 

The methodological basis of this research is the following scientific research 
methods: statistical analysis; correlation and regression analysis; factor analysis; 
simulation modeling; optimization theory; the Pontryagin maximum principle. 

3 Discussions and results 

The result of this study is to find the optimal management of the distribution of the net 
profit of an oil and gas company. The study of historical data allows you to obtain a 
regression equation that reflects the dependence of the company’s net profit P(t) on 
independent variables. The indicators reflecting the areas of use of net profit act as 
independent factors. Let’s represent the regression equation in the form: 

 푃(푡) = 푎 + ∑ 푎 푋 (푡) (1) 

where a0 – is the free term in the regression equation; ai – regression coefficients 
(푖 = 1,푛); 푋 (푡) – independent variables (푖 = 1,푛).We will assume that the resulting 
linear regression equation for independent factors is adequate and its coefficients are 
significance. 

Thus, we get that on the basis of historical data it is possible to predict the received 
profit of the company for future periods. To do this, you need to use the regression 
equation (1). To obtain the necessary predicted data for independent variables, it is 
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necessary to use the laws of distribution of these variables, as well as external and 
internal factors of influence on the operation of the enterprise. 

The task is to determine the optimal use of net profit for transferring the system from 
the initial state to a given final state. The objective function is the utility function of the 
investigated enterprise. The management parameters are the shares of net profit aimed 
at achieving the assigned task. To solve the problem of optimal management of the 
distribution of the company’s net profit, it is necessary to solve the following system of 
equations. 

1. A system of differential equations: 

 ( ) = 휇 푋 (푡) + 푉 (푡) , (푖 = 1,푛) (2) 

where 휇  – rate of change of the i-th studied variable 푋 (푡); 푉 (푡) = 휈 푃(푡) – 
management functions; 휈  – control parameters (0 ≤ 휈 ≤ 1,  푖 = 1,푛 ;∑ 휈 ≤ 1). 

2. Initial conditions: 

 푋 (푡 ) = 푋  (3) 

3. The utility function for the enterprise: 

 ∫ 푒푥푝( − 훿 푡){1 −∑ 푒푥푝[ − 휈 (푡)푃(푡)]}푑푡 + ∑ 푏 푋 (푇) → 푚푎푥 (4) 

where 푏  – coefficients of the variables under study at a finite time T (obtained from the 
transversality condition); 훿 = 푙푛( 1 + 푖) – interest accrual rate; i – interest rate 
(discount) (%). 

As a result, we obtain a mathematical model of the optimal distribution of the 
company’s net profit. It is assumed that the independent variables are transferred from 
a given initial state to a given final state along an optimal trajectory with respect to the 
control parameters. To solve the resulting system (1) – (4), we use the Pontryagin 
maximum principle [1; 38]. 

Let us find a solution to the problem posed for the case of distribution of net profit 
in four directions and a linear regression equation. The main areas of use of net profit: 
X1 – capital investment; X2 – deductions for social events; X3 – costs of monitoring the 
operation of underground gas storage (UGS); X4 – deduction to the State budget of 
Ukraine. In the model, we assume that the deduction to the State Budget of Ukraine is 
a constant percentage of the company’s net profit. In the further listed implementation, 
we will consider several possible options (30%, 40%,45%). 

To solve the problem, we construct the Hamiltonian function: 

 퐻(푡) = ∑ 훹 (푡)(휇 푋 (푡) + 휈 (푡)푃(푡)) + 푒 1 −∑ 푒 ( ) ( )  (5) 

where 푃(푡) = (1 − 휈 )휋(푡); 훹 (푡) – auxiliary functions found from the system of 
differential equations (6): 

  

( )
= −{휇 훹 (푡) + (1 − 휈 )푎 [∑ 훹 (푡)휈 (푡) + 푒 푒 ( ) ( )]}, 푗 = 1,3 , (6) 
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Auxiliary functions must satisfy the transversality condition: 

 훹 (푇) = −푏 , (푖 = 1,3) (7) 

The optimal control parameters are as follows: 

 휈∗ = − ( ( ))
( )

, (푖 = 1,3) (8) 

As a numerical implementation of the proposed algorithm, we will consider the 
activities of a conditional oil and gas enterprise. We will use the results of their 
activities in 2018 as initial data. Consider the options for distributing the company’s net 
income for a five-year period. To solve this problem, it is necessary to set the numerical 
values of the independent variables in 2022. The initial data for the calculation are 
presented in table 1. 

Table 1. Oil and gas enterprise activity data, thousand UAH 

 Indicators 2018 
 

2022 

π(t) Net income 329939 1250138 
X1(t) Capital investment 80000 179920 
X2(t) Contributions to social events 70092 105348 
X3(t) Costs of control over the 

operation of USG 
48475 116340 

X4(t) Deduction to the State Budget 
of Ukraine, (30%) 

98981 375041 

Consider several options for the optimal distribution of net profit, depending on the 
fixed amount of distribution to the State Budget of Ukraine and the discount coefficient. 
For the numerical implementation, we assume that the initial conditions (3) have the 
following form: 푋 (2018) = 1, (푖 = 1,3). We transform the regression equation (1) to 
the form: 

 휋(푡) = −0,3277 − 0,0364푋 − 1,0299푋 + 2,3941푋  (9) 

Table 2 shows the optimal distribution of net profit in three areas, taking into account 
the discount rate equal to zero and deductions to the State Budget of Ukraine of 30% 
of the net profit received. 

Table 2. Dynamics of financial flows of an oil and gas company 2018-2022 (훿 = 0, 휈 = 0,3)  

Indicators 2018 2019 2020 2021 2022 
π(t) 1 1,305 1,851 2,669 3,789 
X1(t) 1 1,141 1,388 1,754 2,248 
X2(t) 1 1,059 1,161 1,308 1,503 
X3(t) 1 1,155 1,431 1,841 2,400 
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Table 3 shows the optimal share distribution of net profit for the proposed areas of use 
without taking into account the discount coefficient when deducting 30%, 40% and 
45% of the company’s net income to the State Budget of Ukraine. 

Table 3. Share distribution of net income of an oil and gas company 2018-2022 (훿 = 0) 

Indicators 2018 2019 2020 2021 2022 
 흂ퟒ = ퟎ,ퟑퟎ 

 0 0,099 0,139 0,145 0,136 

 0 0,042 0,060 0,063 0,060 

 0 0,107 0,153 0,160 0,150 
 흂ퟒ = ퟎ,ퟒퟎ 

 0 0,099 0,122 0,111 0,094 

 0 0,047 0,059 0,054 0,046 

 0 0,166 0,205 0,189 0,159 
 흂ퟒ = ퟎ,ퟒퟓ 

 0 0,125 0,177 0,184 0,173 

 0 0,053 0,077 0,080 0,076 

 0 0,137 0,194 0,203 0,191 
 
Table 4 shows the optimal distribution of the share distribution of net income according 
to the proposed variables and the trajectory of financial flows, taking into account the 
intensity of interest accrual and contributions to the State Budget of Ukraine of 30% of 
net income. 

Table 4. Dynamics of financial flows of an oil and gas company 2018-2022 (훿 = 0,05; 
 휈 = 0,30) 

Indicators 2018 2019 2020 2021 2022 

 1 1,399 1,983 2,772 3,789 

 1 1,213 1,488 1,831 2,248 

 0,134 0,137 0,125 0,110 0,096 

 1 1,134 1,263 1,387 1,503 

 0,137 0,088 0,055 0,034 0,021 

 1 1,227 1,531 1,919 2,400 

 0,131 0,145 0,138 0,124 0,110 

 
Tables 1-4 show the optimal distribution of the company’s net income in the period 
2018-2022 depending on the deductions to the State budget of Ukraine and the discount 
factor. Analysis of the results obtained shows that the maximum share of deductions 
from net income excluding discounted flows falls on 2021, and taking into account the 
discounting factor falls on 2018. 

)(1 t
)(2 t

)(3 t

)(1 t
)(2 t
)(3 t

)(1 t
)(2 t
)(3 t

)(t
)(1 tX
)(1 t
)(2 tX
)(2 t
)(3 tX
)(3 t



77 

4 Conclusions 

From the point of view of economic efficiency, the developed model makes it possible 
to optimally distribute the profit of the enterprise, within the limited financial resources, 
to manage environmental risks. The cost of managing environmental risks does not 
increase compared to traditional profit sharing approaches. The developed model is 
applicable both for the entire system of enterprise risks that are interconnected and for 
individual environmental risks and industrial groups. This is achieved by taking into 
account in the model the amount of damage, and not the amount of risk. The use of the 
developed model will reduce the costs of risk management by 10-15% in conditions of 
uncertainty and, accordingly, increase the profit of the enterprise by 15-20%, which 
will generally increase environmental sustainability. It should be noted that losses from 
environmental disasters are the largest and most difficult to predict. Therefore, the 
optimal distribution of profits for risk management and efficiency from investment in 
safety will not only reduce costs, but also reduce the likelihood of unforeseen 
consequences that may affect the environment. 

In this paper, we consider the problem of optimal management of the company’s net 
income. The distribution of net income occurs in the most important areas of its use. 
One of the main directions is the use of the obtained profit to prevent possible damage 
from various risks. In this setting, a mandatory deduction to the State Budget of Ukraine 
is assumed. Optimal management of the company’s income is simulated, with these 
deductions of 30%, 40% or 45%. Tables 2 and 3 show the distribution of net income 
for the period up to 2022 excluding the discount factor. Table 4 shows the dynamics of 
financial flows and the share distribution of the net income of the conditional oil and 
gas company, taking into account the discount factor and deductions to the State Budget 
of Ukraine in the amount of 30% of the net profit (훿 = 0,05; 휈 = 0,3). 

This mathematical model can be used as a guideline for the adoption by the top 
management of the enterprise of a long-term plan for its development. 
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