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A Cluster-Based Approach to Assessing Competition in the
Transport Sector
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Abstract Competitive analysis requires objectivity and comprehensiveness, necessitating the use
of mathematical and statistical methods. This research examines the competitive environment of
the Russian transport sector by conducting a comprehensive analysis of the 21 largest transport
enterprises in Russia. Utilizing cluster analysis through Ward's method and K-means algorithms,
the research categorizes the industry into four distinct competitive groups: competitive
superiority, sustainable competitive position, crisis competitive position, and competitive parity.
Through this segmentation, the strengths and weaknesses of each group are evaluated, providing
valuable insights into the industry's landscape. The standout market leader identified is JSC
"Russian Railways", recognized for its dominant position as the primary railway company in
Russia. This research contributes to the field through its innovative application of clustering
algorithms in analyzing the competitive dynamics of Russian transport enterprises.

Keywords Competitive Analysis ¢ Transport Sector ¢ Clustering ¢ Russian Enterprises ¢ Sectoral
Economics

JEL Classification L91 « D41 « C38
Introduction

In modern conditions, achieving economic success is associated with the constant maintenance of
a high level of competitiveness. It is necessary to consider the characteristics of the company for
the correct positioning of its competitive advantages and orientation of its activities to increase its
competitive potential.

Presenting its specific advantages and disadvantages enables managers to determine further
actions for the future development of the enterprise, assess potential competitors, and develop
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strategic goals.

Therefore, ensuring the competitiveness of organizations is achieved mainly not only through
new production technologies, but also through new management methods. In this regard, there is
a need for competitive analysis of the industry [1].

Utilizing mathematical and statistical methods in segmentation studies enables a more objective
and thorough analysis. This paper explores cluster analysis, one of the most commonly used
methods in this area.

The purpose of this paper is to analyze the competitive environment of Russian transport
enterprises using clustering algorithms.

Methodology
Segmentation, regardless of the method used, aims to identify stable groups (people, markets,
organizations), each of which combines objects with similar characteristics.

Cluster analysis is a system of classification tools for multivariate observations based on the
definition of the concept of distance between objects with subsequent partitioning into groups, or
clusters [2].

Clustering is also used to determine in which niche it is better to position your product. The
data from analytical research allows you to build a kind of "navigation map", based onwhich you
can determine the level of competition in different segments. Such a map allows, for example, to
identify new markets for which you can develop and promote your solutions.

The general formulation of the cluster analysis problem consists in the following: it is necessary
to divide the analysed set of objects 0 = {04, 05, ... 0,}, which are represented in the form of an
object-property matrix X,., or a matrix of pairwise comparisons of objects y,., into a relatively
small number of groups or classes that are homogeneous in a certain sense.

At the first stage of competitive analysis using clustering algorithms, it is necessary toconduct
a general review of the industry and the competitive environment of theanalysed economic entity
in order to determine:

1. Object of research - the list of competitors of the enterprise (recommended >20);

2. Subject of research - factors of the competitive environment (recommended >6), grouped
into several of the categories, for example:

e Finance;

Buyers;

Suppliers;

Personnel;

Market Share;

Products;

Technological support, etc.

The benchmark for finding competitors is the main type of activity (OKVED) and operationin
similar markets.

Factors of the competitive environment should be either quantitative or qualitative, transformed
into dummy variables. The data analysed should be relevant, reliable and collected for each facility
from open sources of information.

The raw data should be presented in the form of a matrix X of the object-property type.

If the initial attributes by which the objects are classified have different units of measurement,
it is necessary to switch to standardised variablesx in one of the following ways (f9cr_r_nulae 1-6).

¥t ==L (1) xp=—" (2) x = (3)
a | e o
x=_—1_ (4 X =_L(5) Xy = %y - 100(6)
y xminj Yy 100

In formulae 1-6:
e x; is the initial value of the j-th attribute at the i-th observation object;
o x;.*j is the normalised value of the initial j-th attribute at the i-th observation object;
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o X is the average value of the j-th attribute;

e S isthe sample standard deviation of the j-th attribute;
®  XmayjiSthe maximum value of the j-th attribute;

®  Xpminj ISthe minimum value of the j-th attribute.

The prepared data should be clustered using various algorithms. In order to determine the
optimal number of classes, one or more methods should be applied:

e Conduct hierarchical clustering and estimate the number of classes using the d

e  Estimate the optimal number of classes using quantitative methods (optionally - Kalinski
and Harabaz index, Duda and Hart index, "rocky scree” method, elbow, silhouette, etc.);

e Apply expert judgement to the number of classes that is optimal from the point of view of
interpretation within the competitive analysis.

Clustering by a hierarchical procedure, among other things, allows to identify outliers (classes
into which only one object falls). If outliers are not caused by objective factors (e.g., the presence
of a monopolist on the market), the structure of objects of the study should be revised, excluding
outliers and replacing them with other objects.

Based on the understanding of the optimal number of classes, clustering is carried out directly.
The results of clustering by each method should be compared (class numbers should be unified),
average values of attributes in clusters and partitioning quality functionals should be calculated.
The most common variant of partitioning quality functional calculation is the sum of squares of

distances from each object to the cluster centre (formula 7).
P

Q(S) =32 3 d*(0, X(D)) —» min (7)
=1 0;€8;

To interpret the clustering results according to the best method, it is recommended to construct
a graph of average values of indicators in each cluster. Based on the graph, characterise the objects
that fall into each class and perform a comparative analysis of the classes. As a result of the
comparative analysis, each class can be given a name.

The results of cluster analysis allow for a detailed competitive analysis, namely:

e Determination of the position of the analysed economic entity among competitors;

e Comparison of the factors of the competitive environment of the analysed entity and
competitors;

e ldentification of the reasons for the identified level of competitiveness of the company;

e Assessment of the impact of the identified level of competitiveness on the overall level of
economic security of the company;

e Proposal of recommendations to strengthen or change the competitive position of the
economic entity.

Results

Comepetitive analysis by means of clustering was carried out on the example of the Russian
transport industry. The largest representatives of the industry in various industry segments,
presented in Table 1, were selected as objects of research.
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Table 1 List of objects of competitive analysis

Industry segment Companies
OKVED 49.20. Railway transport 1. JSC "RUSSIAN RAILWAYS"
activity: freight traffic 2. PJSC "PGK"

3. OO0 GAZPROMTRANS

4, OO0 BALTTRANSSERVICE

5. JSC RUSAGROTRANS

6. JSC "NEFTETRANSSERVICE"
OKVED 52.29. Other auxiliary 7. PJSC TRANSCONTAINER
activities related to transportations 8. FITLLC

9. LUKOIL-TRANS 00O

10. OO0 "BUSINESS LINES"
11. OTLKERA JSC.

OKVED 51.21.2 Carriage by air 12. OO0 "ATRAN"
freight transport not subject to 13. AVIASTAR-TU AIR COMPANY OO0
schedule 14. VOLGA-DNEPR AIR COMPANY OO0

15. AK AIRBRIDGECARGO LTD.
16. AVIAKON CITOTRANS JSC
OKVED 51.10.1 Carriage by air | 17. SIBERIA AIRLINES JSC
passenger transport subject to | 18. JSC "URAL AIRLINES" JSC
schedule 19. VICTORY AIRLINES LTD.
20. JSC "ROSSIYA AIRLINE"

21. PJSC AEROFLOT

Source: authoring

The following factors of the competitive environment are chosen as the subject of the study:

e Finance (X1 - Current Liquidity Ratio, X2 - Financial Leverage Ratio);

e  Customers (X3 - Revenue, X4 - Return on Sales);

e Suppliers (X5 - Period of Accounts Payable Eepayment, X6 - Autonomy Ratio);

e Personnel (X7 - Number of Personnel).

The analysed data are relevant, reliable and collected for each object from open sources of
information. The initial data in the form of matrix X of type "object-property" are presented in
Table 2.

Table 2 Object-property matrix for cluster analysis

Object Finance Customers Suppliers Personnel

X1 X2 X3 X4 XS5 X6 X7

1 0,37 0,52 1963 646 793 7,90% 105,38 65,71% 696 300

2 2,77 0,14 88 587 023 19,94% 46,81 87,35% 305

3 1,31 0,68 66 337 872 0,50% 76,28 59,64% 174

4 1,18 1,95 25099 151 21,83% 9,17 33,93% 566

5 1,47 2,94 32 250 466 10,03% 131,5 25,37% 48

6 1,20 2,68 78 584 072 5,59% 38,53 27,15% 818

7 0,36 4,50 134 106 156 18,23% 47,49 18,17% 5056

8 0,87 8,54 63 967 270 5,86% 109,12 10,48% 611

9 2,56 0,34 43 692 795 11,54% 61,12 74,41% 1286

10 2,05 2,53 40 569 860 4,13% 41,24 28,29% 4314

11 1,98 0,76 64 851 415 10,47% 21,72 56,77% 64

12 1,48 2,07 8 823 653 3,42% 62,19 32,59% 146
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13 1,44 3,57 12 595 310 1,63% 58,12 21,87% 417
14 5,37 0,69 18 875 859 25,20% 66,97 59,36% 1569
15 2,40 0,57 184550642 | 36,26% 38,66 63,88% 616
16 2,15 0,84 3322 231 21,75% 37,07 54,41% 178
17 1,35 2,76 155963762 | 32,75% 49,19 26,57% 2329
18 1,22 1,82 95 664 065 6,95% 46,3 35,45% 1675
19 2,55 1,25 67573318 1,53% 49,74 44,42% 718
20 0,92 14,20 119 950 402 -3,76% 87,48 6,58% 3490
21 1,38 28,92 378657216 | -18,35% 91,37 3,36% 14 222

Source: authoring

These initial attributes, according to which the classification of objects is carried out, have
different units of measurement. Therefore, they were standardised for further analysis.

Using Ward and K-means methods, clustering was carried out. The objects were partitioned
into 4 clusters. The quality function of partitioning was 41.78 and 43.54 respectively. Based on
the calculations performed, it can be concluded that the best classification is the one obtained by
Ward's method.

To interpret the results of clustering by Ward's method, we plot the average values of indicators
in each cluster. The results are presented in Figure 1.
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Figure 1 Graph of average values of indicators in each cluster
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Source: authoring
Let's proceed to consider the objects in clusters and characterise them. The results are

presented in Table 3.

Table 3 Composition of clusters

i \//\

X6

X7

Ne Companies Characteristics
1 = JSC "RUSSIAN RAILWAYS" Competitive superiority
» PGK
= OO0O LUKOIL-TRANS
9 = JSC OTLK ERA Sustainable competitive
= 00O "VOLGA-DNEPR AIRLINE" position
= JSC AK AIRBRIDGESCARGO
= JSC AK AVIAKON CITOTRANS
= JSC RUSAGROTRANS
3 : ‘IJ_SL(g:I;(gsiya Airlines Crisis competitive condition
= PJSC AEROFLOT
= OO0 GAZPROMTRANS
4 = OOO BALTTRANSSERVICE Competitive parity

= JSC"NEFTETRANSSERVICE"
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PAO TRANSCONTAINER

OO0 "BUSINESS LINES"

ATRAN LLC

AVIASTAR-TU AIR COMPANY OO0
SIBERIA AIRLINES JSC

JSC "URALSKIYE AIRLINES" JSC
VICTORY AIRLINESLTD.

The first cluster "Competitive Excellence” includes JSC "Russian Railways". The company is
characterised by the highest values of the following indicators: revenue (X3), period of repayment
of short-term accounts payable (X5), number of personnel (X7). In addition, JSC "Russian
Railways" also has a high autonomy ratio (X6). However, it has the lowest current liquidity ratio
(X1) and debt/equity ratio (X2).

Based on the data obtained, the following conclusion can be made:

e Revenue for 2021 was 1,963,646,793 thousand rubles, and the organisation employs 696.3
thousand people. Accordingly, JSC "Russian Railways" can be classified as large by the criteria
of business size.

e The current liquidity ratio is a measure of the organisation's solvency, its ability to repay
current liabilities. It is below the norm (below 1), it indicates probable difficulties in the repayment
of the organisation's current liabilities [3].

e The debt-to-equity ratio for JSC "Russian Railways" is 0.522. The value lies in the corridor
from 0.5 to 0.7, is considered optimal and indicates the stability of the state [4].

e As for the autonomy ratio, it should be noted that the value of the indicator is optimal
(65.71%). The generally accepted normal value of the autonomy ratio in Russian practice is 0.5
and more (optimal 0.6-0.7).

e The organisation is characterised by a high period during which the organisation uses
borrowed funds, relative to other companies. Too high an indicator leads to complication of co-
operation with suppliers and increase in the price of supplies. So to avoid this, it is necessary to
maintain the liquidity of the company and avoid delinquencies.

The second cluster, which included 6 companies, has the highest values of current liquidity
ratio (X1), return on sales (X4), and autonomy ratio (X6). But at the same time this cluster is
characterised by the minimum debt to equity ratio (X2). Companies in this cluster can attract more
borrowed funds to improve their specific positions.

But it is also worth noting the lowest short-term payables ratio compared to other clusters. This
makes the companies attractive to suppliers. Accounts payable repayment period is the period
during which a company makes full payment of its creditors' bills [5]. It can be assumed that this
is due to early payment to take advantage of discounts provided for this purpose, or simply to
minimise the risk of penalties for late payment. Thus, the class includes companies with a stable
competitive position.

The third cluster includes such companies as JSC RUSAGROTRANS, LLC FIT, JSC Rossiya
Airlines, and PJSC AEROFLOT. The companies in this cluster have a high debt-to-equity ratio
(X2). This indicates that the companies are losing their financial independence and their
financial position is becoming extremely unstable. It is also worth noting the autonomy ratio
(X6). Organisations are dependent on borrowed sources of financing, thus their financial position
is less stable. The class can be called “crisis competitive state™.

The fourth cluster includes 10 companies. The cluster does not have particularly distinctive
indicators, is characterised by average values of most factors, due to which the companies of this
class have competitive parity.

Conclusion
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Competitive analysis of the company's environment is a key tool for assessing the economic
security of the company. The presence of a company's competitive advantages ensures its stable
position in the industry.

In this study the competitive analysis of 21 largest transport enterprises in Russia was carried
out using cluster analysis by Ward's method and k-means. It was determined that it is optimal to
divide this industry into 4 competitive groups - competitive superiority, sustainable competitive
position, crisis competitive position and competitive parity. Clustering into 4 classes allowed us to
assess the strengths and weaknesses of each group of companies.

The market leader was the railway company JSC "Russian Railways", which was singled out
as a separate class. This is due to the fact that JSC "Russian Railways" is the key railway company
in Russia, the largest railway carrier, owner and builder of public railway infrastructure.

Further research could explore the impact of external factors on the competitive positioning of
these companies, as well as delve into strategies for enhancing competitive advantages and
addressing weaknesses within each group. Additionally, investigating the long-term sustainability
of these competitive positions and potential shifts in market leadership dynamics could provide
valuable insights for strategic decision-making in the transport industry.
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Improvement of the exploitation performance of light vehicle internal

combustion engines by addition of hydrogen fuel
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Abstract Transport is one of the main elements of development of our country. Development
prospects of our country largely depend on the possibility of fueling vehicles. The increasing cost
of petroleum-derived liquid hydrocarbon fuels, the depletion of their reserves, and the problems
of environmental pollution are forcing humanity to conduct scientific research to reduce
transportation or to develop new ways to provide alternative fuel energy for car engines. The
internal combustion engine, which is the main energy device of motor vehicles, requires solving
fuel and environmental problems. A promising way to solve the fuel and environmental problems
of the internal combustion engine is to use hydrogen fuel.
Keywords hydrogen, gasoline, alternative fuel, alcohol, natural gas, energy, methanol, ethanol.
JEL codes Q01 ¢ Q4 » Q56 » Q57

1 Introduction

Resolution PR-4422 of the President of the Republic of Uzbekistan dated August 22, 2019 "On
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