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The oil industry is one of the main components, 
on the effective functioning of which the state of 
not only the Russian, but also the world economy 
depends. In addition to providing fuel and electricity 
for the functioning of enterprises and the life of 
the population, the oil complex contributes to the 
filling of budgets at all levels of the administrative-
territorial division of the country. Being the largest 
exporters and, as a result, one of the main sources 
of state revenue, oil industry companies contribute 
to the formation of an effective structure of the 
national economy. For Russia, as an oil power, its 
oil companies are the engine of the formation of 
the national economy. As a result of the crisis 
phenomena that arose due to variations in oil prices, 
the spread of the COVID-19 coronavirus, a difficult 
economic situation has developed, which has led to 
the need for oil companies to develop investment 
strategies aimed at maintaining and increasing their 
international competitiveness. This actualizes the 
problem of increasing investment of oil industry 
enterprises and related issues of creating and using 
tools for assessing their investment attractiveness for 
potential investors. Currently, investment activity, 
as a process of investing funds in order to generate 
income – is an integral component of the economy 

not only for oil companies. Determining economic 
growth, investment is central to the development 
of an individual economic entity, and for the whole 
country as a whole. There are many definitions of 
«investing». The term «investment» comes from 
the Latin word «invest», meaning «to invest» and 
research in the field of investment activity goes 
back to the distant past. Nevertheless, at present, 
investment is a key factor in economic growth, so 
the analysis of problems and ways of developing 
investment activity is an urgent topic of research, 
the results of which are presented in the modern 
scientific literature as Russian [1-8], as well as 
foreign authors [9-15]. 

The research materials are presented in accordance 
with the following structure. The introduction 
substantiates the relevance of the problem of assessing 
the investment attractiveness of oil companies. The 
second section provides an overview of the literature 
on the problem of investment activity. The third 
section is devoted to the construction of an economic 
and mathematical model for assessing the level of 
investment attractiveness of oil companies based 
on the processing of multipliers. The fourth section 
demonstrates the results of experiments conducted 
on the constructed mathematical model. The fifth 
section contains the main conclusions of the research 
results.

The theoretical and methodological foundations 
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in the field of investment activity are currently 
being studied in detail. Many publications devoted 
to this topical topic can be divided into two classes: 
works based on the application of purely economic 
analysis and research based on the use of a synthesis 
of economic and mathematical approaches and 
methods. Among the works that use the approaches 
of the theory of institutional investment are the 
following articles [16-20]. 

The purpose of this article is to study the 
investment attractiveness of oil companies based on 
the use of methods of economic and mathematical 
modeling, so the analysis of literary sources focuses 
on the work devoted to the use of mathematical 
apparatus. An analysis of the literature sources in 
this area has shown that a large number of studies 
were carried out using the portfolio theory of Harry 
Markowitz, among which the work of Najafabadi Z. 
M., Bijari M., Khashei M. should be highlighted [21]. 
The authors Najafabadi Z. M., Bijari M., Khashei M. 
proposed an approach for using the synthesis of 
time series forecasting methods and neural networks 
in the Markowitz model. The approach of improving 
the Markowitz model proposed in [21] has made it 
possible to increase the efficiency of investment 
decisions. Mathematical models of investment 
portfolio optimization based on the Markowitz 
theory are constructed Li W. C., Wu Y., Ojiako U. 
[22]. Using the constructed model, the study of the 
impact of the annual profitability of organizations 
on the composition of the investment portfolio was 
conducted. The authors Cardin M., Eisenberg B., 
Tibiletti L. [23] investigated and improved the 
Markowitz average-dispersion model, which 
resulted in the proposed extended approach for 
creating an individual optimal asset allocation for 
managing the company's productivity. Similar 
results were obtained by Clara Calvo, Carlos Ivorra, 
Vicente Liern and Blanca Pérez-Gladish when 
improving the Markowitz medium-dispersion 
model for selecting an investment portfolio [24]. By 
introducing additional non-historical information 
into the forecast of the expected return on financial 
assets, the authors of the article achieved an increase 
in the effectiveness of investment decisions. Recently, 
the direction of research of investment systems, as a 
set of economic relations in the implementation of 
investment activities, has been developing. In this 
regard, for dynamic visualization of the financial 
consequences of capital investments, the methods of 
system dynamics have become widespread, allowing 
for the study of investment systems over time and 
depending on the structure of their elements. The 
emergent properties of these systems were revealed 
in [25, 26]. The system-dynamic approach to the 
study of investment systems led to the conduct of 
simulation studies, the results of which are presented 
in the works of Basilio M. P. [27], Hilmola O. P., 
Henttu V. [28]. Recently, scientific publications have 
increasingly addressed the issues of evaluating the 
effectiveness of investment decisions and analyzing 
the effectiveness of investment systems. This led to 

the emergence of a large number of research projects 
using the Data Envelope Analysis (DEA) method. 
Thanks to the use of this method, the authors 
Jothimani D., Shankar R., Yadav S. S. A PCA-DEA 
built a model to support investment decisions on a 
set of activities for the implementation of high 
returns with low risk [29]. The model allows us to 
determine the relative performance of companies. 
The fact that investment decisions belong to the 
class of the most complex decisions and are reduced 
to multi-criteria assessments has led to the need to 
apply interdisciplinary approaches and methods. In 
this regard, the authors Tavakoli M. M., Shirouyehzad 
H., Dabestani R. [30] used the synthesis of the 
hybrid method of analytical network process (ANP) 
and the DEA method for ranking organizational 
units. The model created by the authors is also 
applicable for setting the priorities of criteria not 
only in the analysis of investment activities, but also 
in the management of human resources. Over the 
past decade, a characteristic feature of the use of 
mathematical methods to support decision-making 
in the field of investment activity is the use of a class 
of artificial intelligence methods. Within the 
framework of these methods, the mathematical 
apparatus of mathematical statistics, optimization 
methods and other methods are used when operating 
data in a digital and qualitatively expressed form. 
Among the works using artificial intelligence 
methods, the article Rios-Morales R. [31] is dedicated 
to the topic of mathematical modeling of investments 
in the tourism industry based on statistical and 
machine methods. The author establishes the 
relationship between state policy and investment, 
and builds models for assessing the feasibility of 
investing in the tourism industry. This area includes 
the work of Kaur J. [32], in which the research is 
based on the methods of probability theory for 
evaluating the correctness of investors ' solutions to 
their problems. The need for analytical processing of 
super-large amounts of information accumulated in 
data warehouses in the process of assessing the 
investment attractiveness of firms has caused the 
active use and development of intelligent data 
analysis technologies. This circumstance has given 
rise to a wide range of scientific studies devoted to 
this topic. The development of information 
technologies, combined with the evolution of 
mathematical methods and algorithms, led to the 
emergence of scientific works with original scientific 
results. A multi-criteria mathematical model for 
making investment decisions using data mining and 
machine learning methods is proposed in Kuo-Chih 
Cheng, Mu-Jung Huang, Cheng-Kai Fu , Kuo-Hua 
Wang , Huo-Ming Wang and Lan-Hui Lin [33]. The 
model is built on the basis of the algorithm of the 
investment decision tree when investing material 
assets in stocks. As a result of using a mathematical 
model, an investment decision is evaluated in order 
to reduce investment risks and increase profits. The 
development of data analysis methods necessary for 
the study of evolving economic systems and 
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processes, as well as the increasing requirements for 
investment decisions, required economic research. 
Examples of the use of econometric modeling 
methods for the investment decision-making process 
are the scientific works of Shihong Zeng, and Ya 
Zhou [34] and Tomiwa Sunday Adebayo, Sema 
Yılmaz Genç, Rui Alexan-dre Castanho, Dervis 
Kirikkaleli [35]. The authors have constructed 
equations for estimating economic growth, 
technological level of innovation, and environmental 
pollution. The economic growth equation is based 
on the Cobb-Douglas production function. The 
investment system, which belongs to the class of 
complex dynamic systems, is characterized by the 
insufficiency and vagueness of the information used 
for decision-making, the mathematical processing of 
which causes methodological and theoretical 
problems. In this regard, when building a decision 
support system in the field of investment activity, 
there is a need to process the opinions and arguments 
of professional specialists in the formation and 
selection of investment alternatives based on 
mathematical methods of expert assessments. 
Scientific research on the implementation of the 
Delphic method of expert evaluation in the decision-
making process in the course of investment activities 
was conducted by Wu C. R., Chang H. Y., Wu L. S. 
[36]. When evaluating investment decisions, the 
authors of the article focus on mutual funds. One of 
the main methods of econometric research is factor 
analysis, based on the study of variables that affect 
the final result. The methods of factor analysis 
formed the basis of the studies of Bhadani A. K., 
Shankar R., Rao D. V. [37], the purpose of which was 
to identify factors that affect the provision of mobile 
services focused on making a profit. The use of 
mathematical methods and models is meaningless 
without computer processing as part of information 
technology. Currently, most research is conducted 
in search of forms and methods to improve the 
effectiveness of investment solutions through the 
use of modern information technologies. This is 
confirmed by the work of Schniederjans M. J., 
Hamaker J. L. [38], which proposes a multi-purpose 
approach to assessing investment decision-making 
based on the use of information technologies.

In the practice of making investment decisions, the 
typical circumstances are the absence of quantitative 
values of factors and quantitative dependencies 
between them. In this case, the subject of 
management falls into a weakly structured problem 
situation, in which uncertain factors are described 
by natural language sentences. The solution of such 
a problem situation is not amenable to traditional 
mathematical methods and requires the use of "soft 
computing" tools using the methodology of fuzzy 
systems. The concept of "soft computing" is widely 
used in the works of modern researchers in the 
analysis of economic systems, including investment 
systems. The «soft computing» approach has been 
found useful in solving many investment problems. 
The application of the theory of «soft computing» 

is proposed by the authors Pramanik D., Mondal 
S. C., Haldar A. [39] to reduce investment risk in 
the process of selecting an effective and suitable 
supplier in the supply chain management system. 
In [40], both material and non-material criteria 
used in an integrated fuzzy analytical hierarchical 
process are considered. The authors propose a 
method for estimating fuzzy additive relations with 
fuzzy entropy using linguistic values to solve the 
problem of choosing a supplier in the conditions 
of linguistic uncertainty. At present, in connection 
with the expansion of the range of products sold 
and the emergence of return flows, reverse logic 
has become particularly relevant, the solution of 
problems of which on the basis of fuzzy logic is 
devoted to the research of Agrawal S., Singh R. K., 
Murtaza Q. [41]. To make investment decisions in 
reverse statistics, the authors used the AHP-Fuzzy 
TOPSIS approach. The solution of the problem of 
making investment decisions at a high level based 
on the application of the mathematical apparatus 
of fuzzy logic is proposed in [42-44]. Thus, the 
application of the concept of "soft computing" is 
currently a very popular approach used in the 
creation of information systems in the field of 
investment activity for the conclusion of inferences 
with vaguely defined premises in the form of 
proposals in natural language. This article offers 
economic and mathematical models for assessing 
the investment attractiveness of oil companies, 
based on the application of the mathematical 
apparatus of fuzzy logic. The structure of the 
article is organized as follows. The introduction 
(the first section of the article) substantiates the 
relevance of the problem of assessing the investment 
attractiveness of oil companies and the relevance 
of applying mathematical modeling methods to 
solve it. The second section analyzes the literature 
sources that use mathematical modeling methods to 
support decision-making in an investment situation. 
The third section is devoted to the construction of 
a mathematical model for conducting investment 
activities when building an investment policy. The 
fourth section contains the results of experiments 
conducted with the constructed mathematical model 
and a discussion of their results. In the fifth section, 
the conclusions obtained as a result of the conducted 
research are formulated.

At present, organizations in all countries, 
including oil companies, have fallen into the difficult 
conditions caused by the COVID-19 pandemic. The 
quarantine restrictions adopted to slow the spread 
of the pandemic led to the emergence of many new 
factors associated with a drop in the consumption 
of petroleum products, which negatively affected 
the financial stability and investment attractiveness 
of oil industry enterprises. As a result, the losses 
incurred by oil companies have led to a significant 
reduction in investment in the oil industry. And, as 
you know, investments in such an environment are of 
crucial importance, since they perform the function 
of maintaining the stability of the functioning and 
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innovative development of all parts of the oil sector of 
the economy. The activation of investment activity is 
currently a strategic problem for the economy, both 
the oil industry and the entire country as a whole. 
The need for investment inflows entails the need to 
develop tools for evaluating a set of indicators that 
determine the attractiveness of the investment object 
for a potential investor. Currently, there is a wide 
variety of methods, algorithms, tools and techniques 
that allow you to assess the level of attractiveness of 
an organization for investment in order to bring the 
investor a positive economic effect. In this context, 
the use of mathematical methods for constructing 
economic and mathematical models that can judge 
the degree of investment attractiveness of an 
organization based on a set of economic indicators 
has become widespread. But in most cases, these 
mathematical models operate with quantified 
indicators that identify the state of the economy of 
the investment object in the future. But investment 
economic relations, as a rule, develop in conditions 
of uncertainty, characterized by incompleteness 
or inaccuracy of information in the future. As a 
result, investment decisions are often made in the 
absence of quantitative information about the state 
of the investment object in the future. The use of 
quantitative methods, such as probability theory, 
for such problems in the mathematical apparatus 
is not possible due to the lack of a sufficient 
number of data used in assessing and predicting 
the necessary characteristics. The complexity of 
forecasting the indicators of the investment process 
determined the need to develop and implement 
in the practice of investment activities expert 
procedures that allow assessing the state of the 
investment object in a qualitative form based on the 
professional experience of specialists. The operation 
of qualitatively expressed characteristics in the form 
of natural language words that cannot be processed 
by quantitative methods has determined the need to 
apply the concept of «soft computing».

The concept of «soft computing» was introduced 
by the American mathematician and logician 
Lotfi Zadeh [45], an Azerbaijani genius of world 
significance. This concept includes fuzzy logic, the 
mathematical apparatus of which is the basis for 
the research conducted by the authors of this article 
on the assessment of the investment attractiveness 
of oil companies. The purpose of the research is 
to build a fuzzy mathematical toolkit (the INVEST 
mathematical model) that allows analyzing the 
level of investment attractiveness of oil companies, 
taking into account the factors that affect it. At the 
heart of the construction of the mathematical model 
of INVEST, it is proposed to use a set of indicators 
of the relative characteristics of the business of oil 
companies – multipliers М,  with the help of which 
the investor chooses profitable shares:
          M = {P/E, P/S, EV/EBITDA, DEBT/EBITDA}     (1)
where, P/E (Price/Earnings) - the ratio of the company's 
capitalization to its net profit for the year; P/S (Price 
to Sales) − the ratio of the company's capitalization to 

its revenue; EV/EBITDA – (Enterprice Value/Earnings 
before interest, taxes, depresiation and amortisation) – 
the ratio of the company's value to its profit before 
taxes, interest and depreciation; DEBT/EBITDA – shows 
the company's debt burden relative to cash flow, net 
of depreciation, interest, and taxes; the multiplier 
shows how many years the company will be able to 
pay the debt if its income remains at the same level; 
ROE − a return on equity indicator that shows the 
ratio of net profit to equity.  

Multiple multipliers M = {P/E, P/S, EV/EBITDA, 
DEBT/EBITDA} they are the input data of the 
INVEST mathematical model. The output data is a 
qualitatively expressed measure of the investment 
attractiveness of the MEASURE project. The input 
and output data of the INVEST mathematical model 
are represented by their mathematical abstractions 
in the soft computing methodology class – the 
linguistic variables shown in table 1.

Thus, the task is to build a mathematical model 
of INVEST that displays a set of input data P/E, 
P/S, EV, D/E, ROE in the output: INVEST : P/E × P/S × 
EV × D/E × ROE → ME. Accord-ing to the theory of «soft 
computing», a linguistic variable takes the values of 
natural language phrases, which are the names of 
fuzzy sets. According to the table, the elements P/E, 
P/S, EV/EBITDA, DEBT/EBITDA, ROE multiple multipliers 
M and the output characteristic is de-scribed by 
linguistic variables formally represented by tuples: 
<  P/E, TP/E, UP/E, µP/E >,< P/S, TP/S, UP/S, µP/S >, < EV, TEV, UEV, µEV >,  
< D/E, TD/E, UD/E, µD/E >, < ROE, TROE, UROE, μROE >, < ME, TME, UME, 
µME >. The first components of the listed tuples (т.е. 
P/E, P/S, EV, D/E, ROE, MEASURE) are the names of 
linguistic variables.

Term sets ТP/E, ТP/S, ТEV, ТD/E, ТROE, ТME as sets of 
verbal values of linguistic variables, they describe 
the range of possible scenarios for the development 
of the investment process and are shown in table 
1. Let's describe these scenarios. Indicator P/E, as 
the ratio of the company's equity to the book value 
(assets) of the company, describes the payback period 
of the company in the event of its acquisition in 
its entirety at the moment. Time period TP/E, the 
income required to cover the investment costs is a 
subjective value for each investor. Therefore, in this 
article, the following set of verbal characteristics of 
the term set is proposed to assess the investment 
attractiveness ТP/E = (Under, Norm, Over), meaning the 
following names of fuzzy sets: «underestimation», 
«norm», «overestimation». In view of the individual 
approach of each investor to the payback period, 
universum UP/E fuzzy sets Under, Norm, Over set 
in different limits. But, guided by practice, in the 
fuzzy mathematical model INVEST estimates the 
investment attractiveness of the universe UP/E set by 
a segment UP/E = [0, 20], on which the functions of 
accessories are determined by the method of expert 
assessments   Under

P/E P/Eμ : U [0.1]→ ,   Norm
P E P EU/ /: [0.1]µ →   , 

Over
P E P EU/ /: [0.1]µ → , shown in table 2. From the experi-

ence of analysts, it is known that the coefficient P/E, 
assuming values of no more than 10, it is considered 
an underestimation of the investment object, and 
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from 20 or more − its revaluation. But, depending on 
the type and conditions of investment activity, these 
values can be changed. For this reason, the INVEST 
model was built with a given property of the ability to 
adapt to various variations in the conditions for mak-
ing investment decisions. For the multiplier, the set 
of terms describing possible verbal values is given by 
the same group of verbal values ТP/S = (Under, Norm, 
Over), but with a different universe UPS = [0.3], on 
which, based on the analysts ' practices, the functions 
of accessories were determined  Under

P S P SU/ /: [0.1]µ → , 
Norm
P S P SU/ /: [0.1]µ → , Over

P E P SU/ /: [0.1]µ →  fuzzy sets Under, 
Norm, Over (table 2). Multiplier  EV/EBITDA evalu-
ates the ability of the company that is the object of 
investment to make money. Based on the opinions 
of experts, the investor is interested in the indicator 
EV/EBITDA, taking a value of no more than 15. A 
company is considered undervalued if the coefficient 
EV/EBITDA takes a value of no more than 3 (table 1). 
In accordance with this, the set of verbal values of 
this indicator, as the names of fuzzy sets, is given as 
a set of terms TEV = ( Under, Norm Over) with values 
on the universe UEV = [0,15] and with the functions 
of accessories Under

EV EVU: [0.1]µ → , Norm
EV EVU: [0.1]µ →  , 

Over
EV EVU: [0.1]µ →  . One of the important indicators 

that carry useful information for investors is the 
multiplier DEBT/EBITDA, showing the company's 
debt load, net of depreciation, interest, and taxes. It 
demonstrates how long the company is able to pay 
the debt. In accordance with the expert assessments of 
analysts, the coefficient indicators DEBT/EBITDA with 
small risks, the values from the segment [0.2] should 
be considered, with large risks-from the segment 
[2.3], and with very large risks-in the range of 3 or 
more. Multiplier values DEBT/EBITDA defined by 
a term set TD/E = (Small, Big, Very) verbal risk values 
Small, Big, Very, meaning the names of fuzzy sets, 
respectively, «small», «large», «very large» with semantics, 

Very
D E D EU/ /: [0.1]µ → . An important indicator of an oil 

company is ROE. A set of terms as verbal values of 
the multiplier  ROE, represented by a tuple TROE = 
(Low, Middle, High). The semantics of fuzzy sets are 
defined by membership functions, Middle

ROE ROEU: [0.1]µ → , 
High
ROE ROEU: [0.1]µ →  (table 2).

The output of the INVEST mathematical model 
is a measure of the attractiveness of an oil company 
MEASURE с областью значений TMEASURE = (Small, Big, 
Very) and the scope of the definition UMEASURE = [0.3]. 
Table 2 shows analytical expressions that formally 
describe the semantics of all fuzzy sets of multipliers 
P/E, P/S, EV/EBITDA, DEBT/EBITDA, ROE, MEASURE. 
In the INVEST mathematical model, the mapping is 
INVEST : P/E × P/S × EV × D/E × ROE × ME set as a set 
P = < p1, p2, … , pk >  output rules:

<Rulβ>: if P/E is Ω1 
and P/S is Ω2  and 

EV is Ω3 and 
                               D/E is Ω4 and                           2)

ROE is Ω5 
then ME is Ω6 

where,  <p β>  −  output  rule  number;  Ω i,   i 1.6= − 
qualitatively expressed values of linguistic variables 

P/E, P/S, EV, D/E, ROE, ME listed in table 2.
Due to the large number of output rules RUL  = < 

Rul1, Rul2, …, Rulk >, this article provides a subset of 
them.  

< Rul1 >: if P/E is Under 
and P/S is Under 
and EV is Under 
and D/E is Smal 

and ROE is Low then ME is High
< Rul2 >: if P/E is Norm 

and P/S is Norm and EV is Norm 
and D/E is Big

and ROE is Middle then ME is Middle
.................................................................................................

< Rulk >: if P/E is Over 
and P/S is Over and EV is Over 

and D/E is Very 
and ROE is Low then ME is Low

Built-in set of output rules RUL = < Rul1, Rul2, …., 
Rulk>, implementing the mapping INVEST : P/E × P/S  
× EV × D/E × ROE → ME. It is formed on the basis of 
the knowledge of pro-fessionals from the field of 
investment activity and represents the knowledge 
base of the mathe-matical model INVEST.

Based on the use of the INVEST mathematical 
model, experiments were conducted to as-sess 
the level of investment attractiveness of the oil 
companies Rusneft, Tatneft, Rosneft, Gaz-promneft, 
Lukoil, Bashneft. Table 3 shows the numerical 
values of the multipliers M = {P/E, P/S, EV/EBITDA, 
DEBT/EBITDA}, describing the economic condition 
of the listed companies. 

The data presented in the table served as an 
information basis for analyzing the level of investment 
attractiveness of oil companies based on fuzzy logic 
modeling using the INVEST mathematical model. 
Seven oil companies participated in the experiment. 
The simulation results are shown in table 4.

The experiments made it possible to assess the 
economic feasibility of investing in oil companies, as 
well as to rank them by the level of attractiveness. 
The first place was taken by the oil companies 
Rosneft and Rosneft, the measure of investment 
attractiveness of which is 1.92. Gazpromneft and 
Bashneft have a lower investment potential in the 
given scale. It should be emphasized that the ranking 
was made in the field of subjective opinions of 
experts who formed the knowledge base using fuzzy 
logical inference rules. The INVEST model, which 
has the property of adapting to variations in the 
subjective views of experts involved in investment 
activities, allows you to edit both the membership 
functions of multipliers and the logical rules of 
inference that influence the formation of estimates. 

Ensuring the sustainable development of the 
Russian economy largely depends on the level 
of development of the oil industry. The crisis 
phenomena associated with variations in oil prices, 
as well as the spread of the COVID-19 pandemic, 
have significantly slowed down the development 
of the oil sector of the economy, which entails the 
need to intensify investment in the enterprises of oil 
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companies that are the growth points of the Russian 
economy. Investment activity always requires the 
use of tools that make it possible to evaluate 
organizations in terms of their level of economic 
development and make an effective decision in 
a multi-criteria environment. The economic and 
mathematical model proposed in this article allows 
us to evaluate oil companies based on a set of 

multipliers, the values of which are expressed in a 
qualitative form in natural language. When creating 
the model, the concept of "soft" calculations based 
on the mathematical apparatus of fuzzy logic was 
used. Based on the constructed mathematical model, 
experiments were conducted to rank Russian oil 
companies according to their level of investment 
attractiveness. 

Table 1
Representation of elements of a set of multipliers M by linguistic variables

The multiplier Linguistic variable

Multiplier scenarios

Term-
set

Atomic terms
Name of the 
atomic term

Limits 
of 

changeTitle Accessory 
function

P/E P/E = <P/E, TP/E, UP/E, 
μP/E > TP/E

Under Under
P E/µ Underestimation [0,10]

Norm Norm
P E/µ Norm [10,20]

Over Over
P E/µ Revaluation [20-30]

P/S P/S = <P/S, TP/S, 
UP/S, μP/S > TP/E

Under Under
P S/µ Underestimation [0,1]

Norm Norm
P S/µ Norm [1,2]

Over Over
P S/µ Revaluation [2,3]

EV/EBITDA EV = <EV, TEV, UEV, 
μEV> TEV

Under Under
EVµ Underestimation [0,3]

Norm Norm
EVµ Norm [3,10]

Over Over
EVµ Revaluation [10,15]

DEBT/EBITDA D/E = <D/E, TD/E, 
UD/E, μD/E > TD/E

Smal Small
D E/µ Low risk [0,2]

Big Big
D E/µ Big risk [2,3]

Very Very
D E/µ Very high risk [3,10]

ROE ROE = <ROE, TROE, 
UROE, μROE> TROE

Low Low
ROEµ Low [0,10]

Middle Middle
ROEµ Middle [10,20]

High h
ROE
Higµ High [20,30]

MEASURE ME = <ME, TME, 
UME, μME> TME

Low w
ROE
Loµ Low [0,1]

Middle Middle
MEµ Middle [2,3]

High High
MEµ High [3]

Table 2 
Multiplier membership functions

Multiplier The name of the fuzzy set and the 
membership function Graph of the membership function

1 2 3

P/E

Under

Under
P E

P E
P E

P E P E

P E

/

0, / 0;
1, 0 / 10;
20 / , 10 / 20

10
0, / 20

µ

 <
 < ≤=  −

< ≤


>
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1 2 3

Norm

Norm
P E

P E
P E P E

P E
P E P E

P E

/

0, / 0;
/ ,0 / 10;

10
1, 10 / 20;
30 / ,20 / 30;

10
0, / 30;

µ

 <

 ≤ <

= < ≤
 − < ≤

 >

Over

Over
P E

P E
P E P E

P E
P E

/

0, / 10;
/ 10 , 10 / 20;

10
1, 20 / 30
0, / 30

µ

 <
 − ≤ ≤= 
 ≤ <


≥

 

P/S

Under

Under
P S

P S
P S

P S P S
P S

/

0, / 0;
1, 0 / 1;
2 / , 1 / 2
0, / 2

µ

 ≤
 < ≤=  − < ≤
 >

Norm














>
≤<−

≤<
<<

≤

=

;3/,0
;3/2,/3

;2/1,1
;1/0,/

;0/,0

/

SP
EPSP

SP
SPSP

EP

Norm
SPµ

Over










≥
<≤

≤≤−
<

=

3/,0
3/2,1

;2/1,1/
;1/,0

/

SP
SP

SPSP
EP

Over
SPµ
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1 2 3

EV/ EBITDA

Under

Under
EV

EV
EV

EV EV

EV

0, 0;
1, 0 3;
3,5 , 3 3,5

0,5
0, 3,5

µ

 ≤
 < ≤= − < ≤


>

Norm

Norm
EV

EV
EV EV

EV
EV EV

EV

0, 1,5;
1,5 , 1,5 3;

1,5
1, 3 10;
12,5 , 10 12,5;

2,5
0, 12,5;

µ

 ≤
 − < <

= ≤ ≤
 − < ≤

 >

Over

Over
EV

EV
EV EV

EV
EV

0, 3,5;
3,5 , 3,5 10;

6,5
1, 10 15
0, 15

µ

 <
 − ≤ <= 
 ≤ <


≥

 

DEBT/EBITDA

Small

Small
D E

D E
D E

D E EV EB

D E

/

0, / 0;
1, 0 / 2;
10 / , 2 / 10

8
0, / 10

µ

 ≤
 ≤ ≤=  −

< ≤


>

Big

Big
D E

D E
D E D E

D E
D E EV

D E

/

0, / 0;
/ , 0 / 2;
2

1, 2 / 3;
10 / , 3 10;

7
0, / 10;

µ

 <

 < <

= ≤ ≤
 − < ≤

 >

Very

Very
D E

D E
D E D E

D E
D E

/

0, / 0;
/ , 0 / 3;
3

1, 3 / 10;
0, / 10

µ

 ≤

 < <= 
 ≤ ≤


>
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1 2 3

ROE

Low

Low
ROE

ROE
ROE

ROE ROE

ROE

0, 0;
1, 0 10;
30 , 10 20

20
0, 30

µ

 ≤
 ≤ ≤=  −

< ≤


>

Middle

Middl
ROE

ROE
D E ROE

ROE
ROE ROE

ROE

0, 0;
/ , 0 10;

10
1, 10 20;
30 , 20 30;

10
0, 30;

µ

 ≤

 < <

= ≤ ≤
 − < ≤

 >

High

High
ROE

ROE
ROE ROE

ROE
ROE

0, 0;

, 0 20;
20

1, 20 30;
0, 30

µ

 ≤

 < <= 
 ≤ ≤


>

 

MEASURE

Low

Low
ME

, ME ;
, ME ;

μ
( ME) ME

, ME

0 0
1 0 1
3 2 3

0 30

 ≤
 ≤ ≤=  − < ≤
 >

Middle

Middl
ME

ME
ME ME

ME
ME ME
ME

0, 0;
, 0 1;

1, 1 2;
(3 ), 0 3;
0, 30;

µ

 ≤
 < <= ≤ ≤
 − < ≤

>

High

High
ROE

ME
ME ME

ME
ME

0, 0;

, 0 2;
2

1, 2 3;
0, 3.

µ

 ≤

 < <= 
 ≤ ≤


>
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Table 3
Numerical values of multipliers P/E, P/S, EV/EBITDA, DEBT/EBITDA oil companies

Oil companies
Multipliers

P/E P/S EV/EBITDA DEBT/EBITDA ROE
Russneft 4.36 0.57 2.18 1.55 39.2
Tatneft 5.59 1.15 1.44 0.06 25.8
Rosneft 4.31 0.46 0.91 1.71 20.3

Gazpromneft 3.47 0.56 0.7 0.72 19.4
Lukoil 4.57 0.37 0.75 0.03 16.1

Bashneft 3.66 0.33 0.57 0.58 15.3
Surgutneftegaz 14.5 0.85 0.35 0 2.4

Table 4
Results of the analysis of oil companies regarding their investment potential

Oil 
companies

The level of invest-
ment attractiveness Simulation result

Russneft 1.92

Tatneft 1.84

Rosneft 1.92

Gazpromneft 1.5

Lukoil 1.75

Bashneft 1.5

Surgutneftegaz 1.72

References
1. Gorodnova N.V., Skipin D.L., Peshkova A.A. (2019). Research of the digital potential of 

innovative projects of Russian companies. Economic Relations, 9(3), 2229-2248. 
2. Yakovleva E.A., Platonov V.V., Karlik E.M., Sharich E.E., Yakovleva D.D. (2019). An empirical 

model for the systematization of financial indicators by management functions as the basis for 
establishing the innovative potential of an organization. Leadership and Management, 6(2), 73-90.  

3. Mokina L.S., Sumkina O.V., Shadurskaya M.M. (2018). Analysis of the Application of Investment Tax 
Credit as a Tool for Financing the Innovative Economy in Russian Practice. Creative Economy. 12(1), 59-72.  

4. Shomakhova M.A. (2016). Improving the efficiency of strategic factors in the development of 
investment activities of the agro-industrial complex of the region. Economics, entrepreneurship and law. 
6(4), 397-408. 

5. Karpova V.B., Zaitsev A.V. (2016). The influence of globalization on the formation of factors for 
the development of the competitive environment of enterprises in high-tech industries. Russian Journal 
of Entrepreneurship.  17(18), 2257-2270. 

6. Karpova V.B. (2015). Features of financing investment projects in the field of innovation . Issues 
of innovative economics. 3(2), 33-40.  

7. Lukyanchik A.A. (2015). Mechanisms used by host states for legal failure to fulfill obligations 
under international investment treaties. Economics, Entrepreneurship and Law.  5(4), 181-190.

8. Sansyzbayev, A. (2019). Influence of social partnership to the development of enterprise (on 
the example of oil industry), Entrepreneurship and Sustainability Issues, 7(2), 1613-1627.  http://doi.
org/10.9770/jesi.2019.7.2(57).

Z. F. Mamedov et al. / SOCAR Proceedings Special Issue No.4 (2021) 102-114



112

9. Shitao Gong, С Xin Gao, Zhou Li, Linyan Chen. (2021). Developing a Dynamic Supervision 
Mechanism to Improve Construction Safety Investment Supervision Efficiency in China: Theoretical 
Simulation of Evolutionary Game Process. International Journal of Environmental Research and Public 
Health, 18(7), 3594.  

10. Cong Wang, Zongbao Zou, Shidao Geng. (2021). Green Technology Investment in a 
Decentralized Supply Chain under Demand Uncertainty. Sustainability, 13(7), 3752. 

11. Rachel Shields, Samer Ajour El Zein, Neus Vila Brunet. (2021). An Analysis on the 
NASDAQ’s Potential for Sustainable Investment Practices during the Financial Shock from COVID-19. 
Sustainability, 13(7), 3748.  

12. Henrieta Pavolová, Tomáš Bakalár, Alexander Tokarčík, Ľubica Kozáková, Tomáš Pastyrčák. 
(2021). An Economic Analysis of Brownfield and Greenfield Industrial Parks Investment Projects: A Case 
Study of Eastern Slovakia. International Journal of Environmental Research and Public Health, 18(7), 3472.

13. Dimitris Damigos, Christina Kaliampakou, Anastasios Balaskas, Lefkothea Papada. (2021). 
Does Energy Poverty Affect Energy Efficiency Investment Decisions? Energies, 14(6), 1698.

14.Vasconcelos, V.V. (2021). Social justice and sustainable regional development: reflections on 
discourse and practice in public policies and public budget. Insights into Regional Development, 3(1), 
10-28. https://doi.org/10.9770/IRD.2021.3.1(1).

15. Masood, O., Tvaronavičienė, M., Javaria, K. (2019). Impact of oil prices on stock return: evidence 
from G7 countries, Insights into Regional Development, 1(2), 129-137. https://doi.org/10.9770/ird.2019.1.2(4).

16. Fumin Deng, Yanan Jin, Meng Ye, Shuangyi Zheng. (2019). New Fixed Assets Investment 
Project Environmental Performance and Influencing Factors—An Empirical Analysis in China’s 
Optics Valley. International Journal of Environmental Research and Public Health, 16(24), 4891. 

17. Giamporcaro S., Leslie D. (2018). Responsible investment at Old Mutual: a case of institutional 
entrepreneurship. Emerald Emerging Markets Case Studies, https://www.emerald.com/insight/content/
doi/10.1108/EEMCS-02-2018-0025/full/html

18. Harry Hummels, Marieke de Led. (2014). The emergence of impact investments: The case of 
microfinance. Emerald Group Holdings Limited (EmeraldGroup). Vol. 7, 91-115.

19. Mc Donald, M. B., DeGennaro, R.P. (2016). A review of angel investing research: analysis of 
data and returns in the US and abroad. Studies in Economics and Finance. 33(4), 716-734.

20. Pogodina, T.V.,  Aleksakhina, V.G., Burenin, V.A,  Polianova, T.N., Yunusov, L.A. 2019. 
Towards the innovation-focused industry development in a climate of digitalization: the case of Russia, 
Entrepreneurship and Sustainability Issues, 6(4): 1897-1906. http://doi.org/10.9770/jesi.2019.6.4(25).

21. Roundy, P. T. (2019). Regional differences in impact investment: a theory of impact investing 
ecosystems. Social Responsibility Journal. 16(4), 467-485. 

22. Najafabadi Z. M., Bijari M., Khashei M. (2019). Making investment decisions in stock markets using a 
forecasting-Markowitz based decision-making approaches. Journal of Modelling in Management. 15(2), 647-659. 

23. Li W. C., Wu Y., Ojiako U. (2014). Using portfolio optimisation models to enhance decision 
making and prediction. Journal of Modelling in Management. 9(1), 36-57. 

24. Cardin M., Eisenberg B., Tibiletti L. (2013). Mean-extended Gini portfolios personalized to the 
investor's profile. Journal of Modelling in Management. 8(1), 54-64. 

25. Clara Calvo, Carlos Ivorra , Vicente Liern and Blanca Pérez-Gladish. (2021). Grading Investment 
Diversification Options in Presence of Non-Historical Financial Information. Mathematics. 9(6), 692.

26. Oesterreich T. D., Teuteberg F. (2019). Integrating system dynamics and VoFI for the dynamic 
visualization of financial implications arising from IT and IS investments. Journal of Modelling in 
Management. 15(1), 232-256. 

27. Qureshi M. A.(2007). System dynamics modelling of firm value. Journal of Modelling in 
Management. 2(1), 2-39. 

28. Basilio M. P., Freitas J.G, Milton G. F., Ricardo B. R. (2018). Investment portfolio formation via 
multicriteria decision aid: a Brazilian stock market study. Journal of Modelling in Management. 13(2), 394-417.  

29. Hilmola O. P., Henttu V. (2016). Transportation costs do matter: Simulation study from hospital 
investment decision. Journal of Modelling in Management. 11(2), 560-584. 

30. Jothimani D., Shankar R., Yadav S. S. (2017). A PCA-DEA framework for stock selection in 
Indian stock market. Journal of Modelling in Management. 12(3), 386-403.  

31. Tavakoli M. M., Shirouyehzad H., Dabestani R. (2016). Proposing a hybrid method based on 
DEA and ANP for ranking organizational units and prioritizing human capital management drivers.  
Journal of Modelling in Management. 11(1), 213-239.  

32. Ruth Rios-Morales, Dragan Gamberger, Ian Jenkins, Tom Smuc. (2011). Modelling investment 
in the tourism industry using the World Bank's good governance indicators.  Journal of Modelling in 
Management. 6(3), 279-296.

33. Kaur J. (2018). Investors’ probable solutions to their problems: a study of Punjab. International 
Journal of Law and Management. 60(2), 355-372.  

34. Kuo-Chih Cheng, Mu-Jung Huang, Cheng-Kai Fu , Kuo-Hua Wang , Huo-Ming Wang and 

Z. F. Mamedov et al. / SOCAR Proceedings Special Issue No.4 (2021) 102-114



113

Lan-Hui Lin.  (2011). Establishing a Multiple-Criteria Decision-Making Model for Stock Investment 
Decisions Using Data Mining Techniques. Sustainability, 13(6), 3100.

35. Shihong Zeng,  and Ya Zhou. (2021). Foreign Direct Investment’s Impact on China’s Economic 
Growth, Technological Innovation and Pollution. International Journal of Environmental Research and 
Public Health, 18(6), 2839. 

36. Tomiwa Sunday Adebayo, Sema Yılmaz Genç, Rui Alexandre Castanho, and Dervis Kirikkaleli. 
(2021). Do Public–Private Partnership Investment in Energy and Technological Innovation Matter for 
Environmental Sustainability in the East Asia and Pacific Region? An Application of a Frequency 
Domain Causality Test. Sustainability, 13(6), 3039.

37. Wu C. R., Chang H. Y., Wu L. S. (2008). A framework of assessable mutual fund Performance. 
Journal of Modeling in Management.  3(2), 125-139.  

38. Bhadani A. K., Shankar R., Rao D. V. (2016). Modeling the factors and their inter-dependencies for 
investment decision in Indian mobile service sector. Journal of Modelling in Management. 11(1), 189-212.  

39. Schniederjans M. J., Hamaker J. L. (2003). A new strategic information technology investment 
model. Management Decision. 41(1), pp. 8-17. 

40.  Pramanik D., Mondal S. C., Haldar A. (2020). Resilient supplier selection to mitigate 
uncertainty: Soft-computing approach. Journal of Modelling in Management. 15(4), 1339-1361.  

41. Agrawal S., Singh R. K., Murtaza Q. (2016). Disposition decisions in reverse logistics by using 
AHP-fuzzy TOPSIS approach. Journal of Modelling in Management. 11(4), 932-948.

42. Tanaka H., Okuda T., Asai K. (1976). A formulation of fuzzy decision problems and its 
application to an investment problem. Kybernetes. 1976, 5(1), 25-30. 

43. Ziyadin, S., Streltsova, E., Borodin, A., Yakovenko, I., Baimukhanbetova, E. (2019). Assessment 
of investment attractiveness of projects on the basis of environmental factors. Sustainability, 11(9), 2544.

44. Ziyadin, S., Borodin, A., Streltsova, E., Suieubayeva, S., Pshembayeva, D. (2019). Fuzzy 
logic approach in the modeling of sustainable tourism development management. Polish Journal of 
Management Studies, 19(1), 492–504. 

45. Zadeh L. A. (1975). The concept of a linguistic variable and its application to approximate 
reasoning. Information Science.  8(1), 199-249.

Z. F. Mamedov et al. / SOCAR Proceedings Special Issue No.4 (2021) 102-114



114

Математические модели оценки инвестиционной 
привлекательности нефтяных компаний
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экономический Университет имени Г.В. Плеханова, Москва, Россия

Реферат

Статья посвящена разработке экономико-математического инструментария для 
оценки уровня инвестиционной привлекательности нефтяных компаний. Отмечено, 
нефтяная индустрия является драйвером экономического развития любой страны. 
Распространение пандемии COVID-19 вызвало значительную проблему нестабильно-
сти в Российском нефтяном секторе. Данная проблема носить стратегический харак-
тер и  её решение требует активизации инвестирования  предприятий нефтяного 
комплекса и, как следствие, разработки и использования модельного инструментария 
для оценки уровня инвестиционной привлекательности объектов инвестирования. 
Предложенная в настоящей статье экономико-математическая модель построена на 
основе применения математического аппарата нечёткой логики и позволяет давать 
количественную оценку инвестиционного климата нефтяных компаний при опериро-
вании качественно определёнными характеристиками (мультипликаторами).

Ключевые слова: нефтяные компании; инвестиционная привлекательность; матема-
тическая модель; мягкие вычисления; нечёткая логика.

Neft şirkətlərinin investisiya cəlbediciliyinin qiymətləndirilməsində 
tətbiq olunan riyazi modellər

Z.F. Məmmədov1, S.H. Qurbanov1, E.D. Streltsov2, A.I. Borodin1,3, 
İ. Yakovenko2, A.A. Əliyev3

1Azərbaycan Dövlət İqtisad Universiteti (UNEC), Bakı, Azərbaycan; 
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Novocherkassk, Rusiya; 3G.V. Plexanov adına Rusiya İqtisadiyyat 
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Xülasə

Məqalə neft şirkətlərinin investisiya cəlbediciliyi səviyyəsinin qiymətləndirilməsi 
üçün iqtisadi və riyazi vasitələrin işlənib hazırlanmasına həsr olunub. Qeyd olunur 
ki, neft sənayesi istənilən ölkənin iqtisadi inkişafının aparıcı qüvvəsidir. COVID-19 
pandemiyasının yayılması Rusiyanın neft sektorunda ciddi qeyri-sabitlik probleminə 
səbəb olub. Bu problem strateji xarakter daşıyır və onun həlli neft kompleksi müəssisələri 
tərəfindən investisiyaların aktivləşdirilməsini və nəticədə investisiya obyektlərinin 
investisiya cəlbediciliyinin səviyyəsinin qiymətləndirilməsi üçün nümunəvi vasitələrin 
işlənib hazırlanmasını və istifadəsini tələb edir. Bu məqalədə təklif olunan iqtisadi-riyazi 
model qeyri-səlis məntiqin riyazi aparatının istifadəsinə əsaslanır və keyfiyyətcə müəyyən 
edilmiş xüsusiyyətlərlə (multiplikator) işləyərkən neft şirkətlərinin investisiya mühitini 
kəmiyyətcə qiymətləndirməyə imkan verir.

  
Açar sözlər: neft şirkətləri; investisiya cəlbediciliyi; riyazi model; yumşaq (soft) 

hesablama; qeyri-səlis məntiq.
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