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Abstract

The research objective is to develop an approach to production diversification
for oil companies under unstable global economy, changeful supply and de-
mand for energy sources, and high oil prices. The study method is correlation
and regression analysis that allows identifying the impact of certain factors on
performance. The paper proposes an algorithm of such analysis that provides
awareness, assessment, and risk reduction. Given that renewable power gen-
eration is seeing fast growth, diversification has become a promising direction
for oil companies’ development. It allows balancing risk and economic effi-
ciency, assessing risks and making a forecast of future financial flows.

Keywords: business processes, capital increase, product diversification, stra-
tegic management, vertical integration.
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Investigando Desarrollo Sostenible de Compania Diversificada por Anali-
sis de Correlacion y Regresion

Resumen

Aqui se tiene por objetivo desarrollar un enfoque a la diversificacion de
produccion en compaiiias petroleras en medio de inestabilidad econdmica
global, oferta y demanda variables de fuentes energéticos y precios petrole-
ros altos. Se realiza el estudio por andlisis de correlacion y regresion que
permite evaluar el impacto de algunos factores en los resultados econdm-
icos. Aqui se propone un algoritmo de este analisis que facilita concienci-
acion y evaluacion y reduccion de riesgos. Dado que se ve un crecimiento
rapido de la generacion de energias renovables, la diversificacion se ha
hecho un area de desarrollo prometedora para compafiias petroleras y per-
mite equilibrar riesgos con eficacia econémica, evaluar riesgos y pronos-
ticar flujos financieros.

Palabras clave: procesos comerciales, incremento de capital, diversifi-
cacion de productos, gerencia estratégica, integracion vertical

1. Introduction

With the development of economic relations, economists began to pay in-
creasing attention to the problem of ensuring sustainable development of
various economic systems.

It is important to study economic processes at the level of the main actor of
any national economy — a company. It is necessary to find out at this level
of management what are the prospects and the potential of each business
entity in maintaining sustainable and efficient development of the national
economy. It should be noted that the sustainable development of the na-
tional economy depends on solving these problems (Niazyan, 2015). The
concept of diversification was acknowledged as a strategy that reduces the
risk of market activity in adverse conditions and ensures better sustaina-
bility of a company (Ovsyannikov, 2017). At the same time, they all agree
that the essence of diversification lies in the simultaneous development of
many unrelated types of production, expansion of the range of manufac-
tured products, and re-orientation of sales to new markets.

Analyzing the definitions of diversification, one may can notice that some
of them focus on the very goal of diversification, i.e. reducing risks and
losses of income or capital, while others focus on the ways to achieve the
goal, i.e. acquiring a securities portfolio, expanding the scope of activities,
penetrating new product markets, developing other areas of production,
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etc. However, diversification has not been studied as an ongoing real-time
market process that takes its course in actual life in the system of industrial
entrepreneurship (Diversifikatsiya, n.d.).

2. Materials and methods

At the present stage, the company carries out its activities in a specific
space-time context, in accordance with the current law; in other words, it
acts as an economic unit. From the viewpoint of systems approach, each
economic unit is a complex system of elements that united by a multi-
tude of links to each other and also to the external environment. For the
proposes of this research the company is viewed as a system, since the
sustainability of the company is being analyzed and, therefore, it is advisa-
ble to present it as a combination of manufacturing, financial, managerial,
marketing, environmental and socio-economic sustainability.

Modern economists consider diversification of production, in particular, in
the context of macroeconomic stabilization of the economy, with an em-
phasis on economic restructuring in order to achieve independence (Bob-
kov and Evseeva, 2017).

Based on this, diversification can be defined as one of the economic strat-
egies used in manufacturing entrepreneurship to expand the scope of ac-
tivity of an economic entity by launching new goods or services that are
unrelated to its core business but are produced using the internal reserves
of the available fixed assets (Makhnushina and Shinkevich, 2014). The
main content of this strategy is scientific, technical, organizational and
commercial activities aimed at discovering new useful goods and services
and putting them into production (Deberdieva, 2014).

Today, the problem of transition to diversification remains acute, since it is
still poorly understood in economic theory and in practice. Let us note that
the first theoretical insights appeared in the first half of the 20th century,
however, to this day there is no clear comprehensive concept that could ca-
ter to companies that want, or have to, diversify (Dalby and Smit, 2004: 1).
The foundation for the theoretical developments was the practical expe-
rience accumulated by companies. However, this experience was ambig-
uous and could not provide a comprehensive concept of diversification
(Telegina, 2008). Thus, the theoretical foundations of diversification still
lack uniformity and universality.

In Russia, practical and theoretical experience in this area has not been
gained yet. There are only a few examples of diversification, which can
hardly be called successful. The available concepts of diversification, de-
veloped outside Russia, spark interest but often fail to be useful in local
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conditions (Tarnavskiy, 2009).
Consider the main stages of the development of diversification (Baumung,
2012):

The 1960s and the 1970s went down in history as a period of di-
versification of production and active expansion of companies in Europe
and, in particular, in the USA. Also, mergers and acquisitions were rather
active. If considered from a theoretical view point, this process was the
manifestation of the advantages of large-scale production, i.e. synergistic
effect. The synergistic effect is an improvement of efficiency arising from
integration, merger and acquisition of elements into a coherent whole due
to the systemic effect of emergence. The concept of synergy was intro-
duced by Igor Ansoff in order to identify the strategic advantages that arise
from the merger of two or more companies into one large enterprise and
are aimed at reducing the long-term average production costs.

The late 1970s and early the 1980s brought about a general struc-
tural crisis. A significant number of large corporations and conglomerates
were exposed to negative trends and suffered heavy losses. The policies
aimed at integration and large-scale diversification proved to be disastrous,
since the redundancy and lack of control of any action entails negative
consequences. Accompanied by demolition of established structures and
management methods in the companies and deteriorating skill level of
management personnel and manufacturing personnel, excessive diversi-
fication turned out to be as dangerous as excessive specialization (Kumar
et al., 2012). As a result, the policy of mergers and acquisitions was harsh-
ly criticized, and the very possibility of developing a scientifically based
strategy in this area was called into question.

The criticism of diversification policy gradually mellowed by the
end of the 1980s. Major companies with large amounts of capital began to
experience difficulties in increasing their market share further on the world
stage. They chose to resort to diversification as a method of rational distri-
bution of investments and mitigation of possible risks. Today, survival in
conditions of instability, improvement of sustainability efforts and mitiga-
tion of risks are the main challenges of entrepreneurship in any country.
In light of the factors affecting the diversification process and the criteria
for diversification effectiveness, this paper proposes a method of imple-
menting the diversification.

3. Results and Discussion
In modern market conditions, any business entity seeks to strengthen its
position in the market and adapt to the constantly changing market envi-
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ronment. Specialized companies diversify, turning themselves into mul-
ti-sector conglomerates, which constituent units are not interconnected
functionally.

Lacking experience and knowledge on diversification options, many com-
panies immediately resort to this strategy, instead of studying it in detail.
Such poorly planned transition attempts contribute nothing to the devel-
opment of the company, leading to negative consequences. Therefore, it is
necessary to have reliable information in the policy.

Diversification expands the range of manufactured products or provided
services and, as a result, curtails the company’s dependence on the life
cycle of a certain product. This, in turn, increases the efficiency of the
business entity and provides a more sustainable growth.

Presently, there are no sufficient grounds to assert that there is a systematic
link between the diversification strategy and the efficiency of the compa-
ny. However, if the transition to diversification is approached reasonably,
this may be a prerequisite for improving the efficiency of some units. For
example, if costs within an industry are inherently fixed, then they can be
broken down into different areas with large sales and hence the unit costs
can be reduced.

An important condition for increasing efficiency in diversification is
the availability of promising competences that are of strategic interest
(Chagarbiyev, 2018). In the production with the possibility of wide use
of key competencies, diversification of the company’s activities opens up
new opportunities in the R&D field (Regnér and Zander, 2011). Conse-
quently, the expansion of the company can create a critical mass of re-
sources, improving the competitiveness of the company.

One of the advantages of a diversified company is the possibility of joint
achievement of common goals. The result of such consolidated effort aris-
es from synergistic effect, i.e. the cumulative effort is greater than the sum
of the individual efforts. Thus, the majority of large companies increase the
profitability of their newly acquired enterprises by improving their man-
agement systems and financial control, as well as by reorganizing these
enterprises into specialized divisions. In turn, this gives a positive result,
consisting in the sharing of resources and experience. The likelihood of
achieving this result is higher if the divisions operate in related industries.
One of the fundamental criteria for diversification is the costs necessary
for transition, which sometimes requires additional sources of funding.
The company must accurately calculate the amount of profit that it plans to
receive if the diversification strategy is implemented (Akhmetshin et al.,
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2018a). Thus, it is possible to compare the possible profit with the costs
associated with the new production. Investing into any business project is
always a risky undertaking; therefore, to attract investment, it is necessary
to develop a financial model of the project (Harper and Viguerie, 2002).
The system of investment efficiency indicators incorporates the interna-
tional experience that each participant in the investment process needs,
especially if they are for novices (Telegina, 2008). Investment should ob-
viously be made in those projects that can give the maximum effect.

The effectiveness of diversification involved making optimal decisions
that help identify factors that have a negative impact on this process, with
the aim of eliminating them or adapting to them. Such factors are usual-
ly categorized into external and internal. The internal environment of the
company is its ‘organism’, while the external environment is the condi-
tions for the company operations, regardless of the nature of its activities.
The scientific literature describes various sets of factors of the internal
environment and the business (external) environment, which affect the
functioning and further development of the business entity in many ways.
Not only the analysis of marketing opportunities, but also the analysis of
environment can be foundation for planning and implementing a diversi-
fication strategy. The most common tool of analyzing the external envi-
ronment is SWOT-analysis, which identifies the strengths and weaknesses
of the company, as well as the threats and opportunities it may face. After
SWOT-analysis, the Ansoff matrix is compiled to strategically determine
the positioning goods on the market. It helps systematize the available in-
formation about the market and the company’s products, rationally choose
the direction of business development and take into account the resource
potential of the economic entity (Akhmetshin et al., 2018b).

In today’s market conditions most companies adhere to traditional forms
of organizational change, which focus only on the internal environment,
often remaining blind to the impact of external market factors. As a result,
the company’s potential gets inefficiently distributed over the divisions,
whose activities are to some extent decentralized, and this creates addi-
tional costs in implementing the diversification strategy.

Companies often face difficulties with solving problems in due time. In
this regard, it is necessary to develop a system of measures to improve
the management of diversification and to harmonize the diversification
goals and the economic interests of the company (Nemchenko et al., 2014;
Buckley, 2018). In addition, it is also necessary to identify the main criteria
of the commercial effectiveness of diversification.
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Modern entrepreneurship needs structure diversification, factoring in and
grouping the most urgent problems. Such problems should be solved com-
prehensively through system analysis and diagnostics, with subsequent
implementation in the process of company operation.

Therefore, taking into account the criteria of commercial efficiency of di-
versification, we propose the following procedure for implementing a di-
versification strategy:

At the first stage, the company identifies the important technical problems
that are associated with the modernization of production and reflect the
strategic goals of diversification. These problems should be identified by
analyzing the development directions of the company.

At the second stage, the company plans key activities that are aimed at
achieving the strategic goals of the company; the key activities should be
in line with the prioritized directions of diversification.

At the third stage, the company structures the actions aimed at the imple-
mentation of the diversification strategy; as a result, the company develops
a set of organizational and technical measures, including the main activi-
ties for the transition to diversification.

The main criteria for the economic efficiency of diversification are such
indicators as obtaining additional financial results in the form of revenue
from the sale of products; profits derived from the activities of the business
entity, taking into account the time costs associated with the development
and implementation of the diversification strategy.

Thus, taking into account the above criteria for assessing the economic
efficiency of the diversification strategy, one can determine how accept-
able are the decisions taken on the development and implementation of the
diversification strategy for the operating company.

Creating a pool of development directions that the prioritized directions of
diversification can be chosen from, is one of the criteria for the effective-
ness of diversification of the company. It contributes to the rational alloca-
tion of available financial resources in the process of its implementation.
Considering the analyzed factors affecting the diversification process, as
well as the criteria for its effectiveness, we propose the following method-
ology for diversification: at the first stage, it is necessary to determine the
priority directions of the enterprise’s development; at the second stage, the
diversification process is structured, taking into account the characteristic
features of the economic entity; at the third stage, the directions of using
innovations are determined as the main form of using priority directions
of ongoing diversification; at the final stage, it is necessary to create a



Raisa H. Azieva
2906 Opcion, Afio 35, Especial N°22 (2019): 2899-2921

mechanism for implementing the diversification strategy in the enterprise.
In light of the above factors affecting the diversification process and the
criteria for diversification effectiveness, this paper proposes a method of
implementing the diversification: first, it is necessary to determine the pri-
oritized directions of company development; second, the diversification
process is structured, taking into account the characteristic features of the
economic entity; third, the company chooses the directions of innovation
as the main form of the prioritized directions of ongoing diversification;
fourth, it is necessary to create a mechanism for implementing the diversi-
fication strategy in the company (Kononenko, 2015).

At present, sustainable (long-term) development is of particular impor-
tance for economic entities operating in conditions of tough competition
and dynamic environment. The sustainable development can be achieved
by competent strategic management, efficiency of business processes,
increase in the capital of the company, diversification of production and
other activities (Kadachiev, 2013; Shabaltun and Lemanova, 2016). These
factors have a significant impact on the formation of the market capitali-
zation of the company.

PJSC LUKOIL (hereinafter Lukoil) is one of the world largest vertical-
ly diversified oil and gas companies. The main activities are exploration,
production, processing and selling of petroleum and petroleum products.
Lukoil’s business model rests on the principle of effective vertical integra-
tion to ensure its sustainable development through diversification of risks
(PJSC LUKOIL, 2012; 2018).

Lukoil’s development strategy is based on diversification, which con-
tributes to strengthening Lukoil’s competitive advantages in the interna-
tional market (Kadachiev, 2013). In turn, this plays an important role in
the development of the oil industry and, therefore, the national economy.
Lukoil cultivates new business segments, which makes it possible to use
its resources with maximum efficiency. The company pursues several
directions, such as diversification of energy resources, including the de-
velopment of alternative energy sources; modernization of fixed assets in
order to increase the beneficial use of raw materials and the production of
high-quality products; and access to foreign markets.

Despite this, Lukoil focuses on the exploration and production of tradition-
al hydrocarbon energy sources oil and gas, i.e. adheres to the strategy of
vertical diversification.

A diversified portfolio of energy sources, including oil, gas, power gen-
eration and renewable energy, ensures the sustainable development of the
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company, the reliability of energy supply and the contribution to the sus-
tainable development of society.
Market capitalization can be taken as an integral indicator of Lukoil’s sus-
tainable development. However, let us first name the factors (indicators)
that determine it. The following financial and economic coefficients (indi-
cators) affect the amount of capitalization:

current liquidity that is calculated as the ratio of current assets to
short-term liabilities, shows the company’s ability to repay current (short-
term) liabilities with current assets only, i.e. characterizes its solvency;

autonomy ratio (financial independence) that is calculated as the
ratio of equity to the value of all assets and shows how independent the
company is from its creditors;

flexibility (current assets to equity) ratio that shows the company’s
ability to maintain the level of current assets at the expense of equity;

asset turnover ratio that shows efficiency of use of all company’s
assets and is calculated as the ratio of revenue to the average annual value
of assets;

asset profitability ratio that characterizes the return on the use of
all assets and is calculated as the ratio of net profit to the value of all assets;

dividend yield that is calculated as the ratio of dividend per share
(per year) to the price of share and indicates the investment attractiveness
of the company;

coefficient of validity of fixed assets is calculated as the ratio of
the residual value of fixed assets to their total initial value (Ermolovich,
2014).
The figures for calculating the above coefficients were taken from Lukoil’s
consolidated financial statements for 2008—2017; see Table 1. The calcu-
lated coefficients are given in Table 2.
The calculations show that the average current ratio for the studied period
is 1.73; the optimal value being 1.5-2.5. This suggests that the company
is solvent and can easily repay its short-term liabilities from the working
capital.
The average autonomy ratio is 0.7, which means that the majority of the
company’s assets are formed from its own funds (70%), while the rest
(30%) is covered by borrowed funds. Thus, the company’s dependence on
creditors is small, which increases its investment attractiveness.
The average coefficient of validity of fixed assets is 0.93, which indicates
a good technical condition of fixed assets; therefore, the company does not
require significant costs for repair and renovation.
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The average flexibility coefficient is 0.34; the optimal value being 0.2—0.5.
This suggests that the company is able maintain the required level of cur-
rent assest at its own expense.

The average turnover ratio for the analyzed period is 1.33, which means
that for every ruble of used assets there is 1.33 rubles of revenue.

The average asset profitability ratio is 0.12, i.e. for each 100 rubles invest-
ed in the assets of the company, there are 12 rubles of net profit.

The above ratios fall into the optimal range, which positively affects Lu-
koil’s capitalization (Fig. 1).

Fig. 1 shows that in 2009 Lukoil’s capitalization increased by 76%, or by
623 billion rubles, compared to the previous year. This leap happened due
to the commissioning of two photovoltaic power plants, which convert
solar energy to electricity, in Russia and Serbia in 2009 (conglomerate
diversification) (Akhmetshin et al., 2018a).

In 2011, American multinational energy corporation ConocoPhillips,
which had owned a 20.8% share in Lukoil’s share capital, withdrew from
the company, having sold all its shares. This adversely affected the overall
market value of the company, and it fell by 33 billion rubles. However,
in 2012, Lukoil bought out 12.6% of its shares, paying 5.82 billion USD
for them. As a result, the total value of its shares increased by 253 billion
rubles, or by 17.5%.

In 2014, Lukoil took another step to conglomerate diversification by
launching commercial production of diamonds in Arkhangelsk Region.
The investments in this project amounted to about 1.2 billion USD. The
project revenue was about 190 million USD a year. This decision strength-
ened the company’s position in the stock market; as a result of the increase
in non-core assets of the company, its market value increased by 103 bil-
lion rubles.

In 2016, Lukoil’s market capitalization increased significantly by 938 bil-
lion rubles, or 47%. This uptrend was due to its acquisition of about 250
gas stations in Belgium, Luxembourg and the Netherlands (vertical geo-
graphic diversification).

The period from 2011 to 2016 produced a positive trend; however, in 2017,
the level of capitalization decreased by 97 billion rubles because Lukoil
sold the Arkhangelsk-based diamond mining subsidiary and European di-
amond trader Grib Diamonds.

When analyzing the interrelation of sustainable development indicators, it
is necessary to apply the actual data of Lukoil and the factors of external
environmental for the period 2008-2017, which, in our opinion, had a sig-
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nificant impact on the efficient operation and sustainable development of
this company (Table 4).
Let the capitalization (market value) be the performance criterion (y),
which characterizes the company’s sustainable development, the compa-
ny’s; then the factors that determine criterion y are the average annual
USD rate (X1), inflation (X2), dividend yield (X3) and profit (X4).
Based on the data presented in Table 4, we perform the following calcula-
tions (Soroka, 2012):

find the parameters of the multiple linear regression equation us-
ing the ordinary least squares (OLS) method and build a multiple linear
regression equation;

find partial elasticity coefficients;

find standardized regression elasticities;

find paired and inter-factor correlation coefficients;

estimate the resulting equation based on the determination coeffi-
cient and Fisher’s F-test;

estimate the statistical significance of the multiple correlation co-
efficient using Student’s t-test;

estimate the resulting model based on the average approximation
error.

Now let us implement the above algorithm:
Step I. To find the parameters of the multiple regression equation, we use the OLS method that
consists in minimizing the sum of squares of deviations of the performance criterion (y) values

from the theoretically calculated values (9):

z Ly =1,)F = min(1)

Ustng this method, we build a system of normal equations; the solution of the system of normal
equations makes 1t possible to obtain estimates of the regression parameters. Consider a linear
model of multiple regression:

Y =a+bxy +boXy +baXs +bhyxy + 6 (2)
where v 1s the dependent variable; a,b; are the regression parameters (coefficients); x; are the

independent variables; and ¢ 1s the deviation estimate.

Next, we find the partial derivatives of the first order:
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SR o
{a = —ZZ Ly —a—=byxy = boxg = = bpy) = Oa—bl

= —ZZ xl(_}’ —-a- blxl - b:.\’g S sse = bmxm)

as

.
= —ZZ Lix(y = @ = Dyxy = boXy — o= bypXy,) = 0(3)

Using mathematical devices, we obtain the following system of linear normal equations to find

the parameters of a linear multiple regression equation (Prokazin and Dolgopolova, 2019):

fna+ bLZ "y, +b, Z bk by Y ik

+h, z “xyx, + by z

Xy, o by Z Pl = Z iy (4)

Since this 1s a four-factor model, the system takes the following form:
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fna+b, Z Ty by Z Fixy 4 by Z e Z .....

The calculated values of the system elements are given in Table 5.
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With the substituted values, the system will take the following form:

{10a + 403,42b, + 889b, + 56,14b; +3,82b,
= 18,28403 2 + 18381,63b, + 3502,2b, + 2410,02b; + 160,64b,
= 815,888,9a + 3502,2b, + 870,29b, + 492,62b; + 32,97b,
= 153,5956,14a + 2410,02b, + 492,62b, + 334,78b; + 21,77,
= 108,323,820 + 160,64b, + 32,97b, +21,77h; + 1,51b, = 7,23(6)

Having solving this system of linear equations by the Gauss method, we
obtain the following values of the parameters of linear multiple regression
equation: a=1.92; b_1=0.04; b_2=-0.096; b_3=-0.005; b_4=-2.19.
Thus, we obtain the following multiple regression equation:
y=1,92+0,04x 1-0,096x 2-0,005x 3-2,19x 4 (7)
Therefore:

if the USD rate increases by one percentage point, the growth of
Lukoil’s capitalization is 40 billion rubles;

if the inflation decreases by 1%, Lukoil’s capitalization increases
by 96 billion rubles;

if the dividend yield decreases by one point, Lukoil’s capitaliza-
tion increases by 5 billion rubles;

if the profit decreases by 1 trillion rubles, Lukoil’s capitalization
increases by 2.19 trillion rubles.
Step 2. We calculate the partial elasticity coefficients . The elasticity coef-
ficients show by how many percent the result will change on average when
the corresponding factor changes by 1% with constant values of all other
factors.
The partial elasticity coefficients are calculated by the formula:

Xi
3.’(’;‘= b:' ) ?, (8)

The positive/negative value of the elasticity coefficient corresponds to the value of the regression coefficient for a
given factor in the regression equation and reflects the direct or inverse relationship between them and the result.
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where 3, 15 the partial elasticity coefficient; b, is the parameter of linear multiple regreszion
equation (regression coefficient); and ¥,y are the mean values of the factor and parformance

Thus, we obtam:
5, =h, %_0.04-%_033
3, =b %:-0.096-?:—2: 027
5. = ,.1=f=-o.oos-9—i:g;-"=-o.01s;
3, =0, -x=‘: =15 %: =046,

The USD rate ha: a greatar impact on Lukoil's markst velue, 1e if the USD rate grows by 1
point, the average capitalization increazes by 0.83%. Since the elazncity coefficiant is less than
1, the effect on the perfomancs cnterton is insiznificant,

Step 3. We calculate the standardized ragression elasticities by the formula:

g=b-209
a,

where (15 the standardized regrezsion elasticity cosfficient; b 13 the paramstar of the linear
nultiple regrassion equation; and ara ¢, . ¢, the variance: of x and y.

The variance is calculated by the formula:
a, :Ji-
Subsututng the corraspondmz value: in this formula, we obtam vanances x, and ):
a,, :JE-
= ly2_
a., ‘\;L
a,, :\}’-&-
= |2
g, = x°-
o \JI_
0,= [y -
=

Naxt, we calculate the standardizad regreszion elasticities:



Raisa H. Azieva

2914 Opcion, Ajio 35, Especial N°22 (2019): 2899-2921
g =b, "_ =004 104":13 =035
g =b %:-0.096 %_- 44
g, =b, Z—: -ooos-%: 0,011
8, =5, %:-2 19-8:%: 025
The standardized elesticities show that

. if the USD rats changes by | pomt with the other factors remaming unchanged, then the
capitalization wall changa by 830 billion rubles on average;

. if the inflation rate changes by 1% with the other factors ramaming unchanzed. then the
capitalization will changa by 440 billion rubles on average;

. if the dividend vield changes by | pomt with the other factors ramaining unchanged,
then the capitalization will change by 11 billion rubles on avaraze;

. if the profit changze: by 1 billion ruble: with the other factors remaming unchanged, the
caprtalization wall changa by 230 billion rables on average.

Srep 4 We find peired and puter-factor comelation cosfficients. The paired comelation

cozfficient is calculated by the formula (Prokazin and Dolgopolova, 2019):

Xy =Xy
tm:—J = l|j11i

Uzing this formula, we obtain the following value: of the paired comzlation coefficiants:
ny-=x-y 8158-(4034+183) _

e Y SR S W
Ly-%-y 1536-(889+183)
p, mmm— 2= 2 = 052
g, 0, 2834051
_my-xy_1083- (5614183
TG e, 14+ 61 =087
Xy-%ey 07240384183
N T e - OOTe0RL - 0o

The srongest comelation is obsarved between the capitalization and the USD rate. Their
comelation coefficient iz aqual to (.39, which mdicate: a song pozitve relation between the
vanables. Hance if the USD rate chanze: by 1 point with the other factors ramaining
unchanged, then the capitalization will changs by 880 billion rubles. Thers 15 a 2ood negative
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relation betwean the capitalization and the inflation. If the inflation rate dacreases by 1%, the
capitalization mcreaze: by 32 billion rubles. The comelaton coefficient between the
capitalization and the dividend wield 12 0.67, wihich suggest: that there 12 & good positive
relation betwean these indicators. If the dividend visld mncreaze: by 1 point, the capitalization
incraazes by 670 billion rublas. Thare is also a zood positive relation between the capitalization
and the profit. If the profit incraaszes by 1 billion rubles, the capitalization increasas by 380
billion rubles.

Smularly, we find the inter-factor correlation cozfficient (Prokazin and Dolzopolova, 2018):

XX =X X
r._ = ——-—[12|
(x| 0"‘ -7

Conzaquently, wa obtam the following values of inter-factor cosfficients:

_nX-Xc¥ 35020 - (4034+839)

_ = == =-02
s =0 1552+ 282 0t
L oEmoxom 241-d034e561)
T e e 145214 77
_NXo=Xc X 1606- (4034+038) _
T S Y A
BaXs =X X 4926 (B89 5614)
e 233+ 14 =-016
_EN-nn 33-(8834038
N ¥ P X/ A
L oEN-n I 28-(56144038)
Iyxg < ox, .ay‘ - 1.4.037 = Vs

Step 3. We eztimate the resulting equation bazed on the detanmination coefficient and Fisher's F-
test.

Az can be zean, the multiple corrlation coefficient 12 R = 0.36; therefors, the detzmmination
cosfficient is8° = 0,93, Thus, the obtzined linear modsl explains 23% of variations of the
perfonmance criterion y. This indicate: 2 2ood s2lection of factors, and 7% of vanations of the
perfonmance critzrion ) can be explainad by other factors unaccountad for m the model

Naxt, we test the significance of the muluple regression squation usmg F-diztibution. The
formula for Fizher's F-test iz a: follows:
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where B° 1z the detemunation coefficient; n 1z the munber of obzervations; m 12 the munber of
independent variables; and —m - 1 iz the number of degrees of freedom.
Substitutng the comresponding value: in this formula, we obtam:

093 10-4-1
1-09: 4
The tabulated value of Fisher's F-test 1z £, = 5,19at significance level o = 0,05 and degrees of
freedom 54 n-m=-0.IfH = (b=0,H = (b=0),thenF > F = H F<F =H. Ascan
be seen F > F, 12 1661 > 519, Thic indicates that the regresson equation 13 statzucally
significant e, hvpothesis H, on the significance of the ragression squation is accepeed.

Srep 6. We estimate the saustical zignificance of the muluple comslation coefficiant uzing
Student’s t-tezt. The formmla 1= &< follows:

R-m=Z 5

=1329+125=1661

F=

e

— (1

VIR
where R 12 the muluple correlation coefficiant; n — 2 12 the number of dezrees of Teadom; and
R? 1z the determination coefficiant.
Naxt, we obtain:

g WS VIE_0%-8_ar 10,26
\'m A 0,265

The tabulatad value of Student's t-tast 12 r, =2.31 at sizmificance level of p = 0,05 and 2 given
number of degrees of freedom 8(n - 2). If ¢ > ¢, = H thent < ¢ = H . Smcat >t 1e
10.26 > 2,31, therefora, it can be concluded that the multiple comelation coefficiant of iz
statzncally sizmificant, 1.2, hypothesis A, on the siznificance of the regreszion equation 13
accepted.
Step 7. We estimate the razulting model bazad on the average approximation error. The average
approximation ermor is calculatad by the formula:

-t/
) EI1+|» - 100%(15)

Subzututing the value: of the factor varisble: mto the regreszion equation, wes obtain the
calculatad (modalad) values of the performance cnterion §); 2e2 Table 7.
The approximation amor i@ 2 = 9.47. The allowabls approxmmation emor should not excead

10%.
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Following the OLS method, let us test the model for multicollinearity.
Multicollinearity is a violation of one of the basic conditions that form
the basis of the linear multiple regression model. It is a linear dependence
between the factor variables included in the model. If the correlation co-
efficient between the independent variables is r_(x_i x_j )=0,7, then the
model has multicollinearity.
The main reasons why it is undesirable to include multicollinear factors in
the model are the following:
the hypothesis of the insignificance of the multiple regression
coefficients H 0 can be confirmed; however, the regression model itself,
when tested using Fisher’s F-test, happens to be significant, and this indi-
cates an overestimation of the value of the multiple correlation coefficient;
the obtained estimates of the coefficients in the multiple regres-
sion model may be significantly overestimated or have incorrect positive
or negative value;
adding or excluding of one or two observations from the baseline
data has a significant impact on the estimated coefficients of the model;
the multicollinear factors included in the multiple regression mod-
el make it economically worthless.
To test Model 7 for multicollinearity, we construct a table of paired corre-
lation coefficients.
As can be seen from Table 8, factors x 1 and x 3 overlap (r | x 1
x_3=0.71), i.e. the model has multicollinearity. Therefore, it is advisable
to include factor x_1 in the analysis since the correlation of factor x_1 with
the performance criterion y is stronger than the correlation of factor x_3,
ie.r (yx_1)=0.89>r (yx 3)=0.67. It is necessary to eliminate factor x 3
and replace the table values of factor x_3with those of factor x_4.
Eliminating one factor (dividend yield), we obtain a new three-factor cor-
relation-regression model:
y=atb 1x 1+b 2x 2+b 3 x 3+¢(16)
To find the parameters of the regression model (regression coefficients),
we fill a table with the baseline data (Table 9).
Using the same mathematical tools as for the four-factor model, we ob-
tain the following values of the regression equation parameters: a=1,89;
b 1=0,04; b_2=-0,096; b_3=-2,16. Consequently, the multiple regression
equation takes the following form:
y=1,89+0,04x 1-0,096x 2-2,16x 3 a7
By calculating the paired correlation coefficients of the modified model,
we obtain the values given in Table 10.
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Based on the obtained values (Table 10), it can be stated that there is no
multicollinearity in the model. A strong positive relation is observed be-
tween the capitalization and the USD rate, the correlation coefficient being
0.89.

Let us evaluate Equation 17 on the basis of the determination coefficient
and Fisher’s F-test. To do this, we calculate the linear multiple correlation
coefficient in Excel (Data Analysis / Regression).

The multiple correlation coefficient is R=0.96, therefore, the determina-
tion coefficient is R"2=0.93. Thus, the obtained linear model explains 93%
of variations of the performance criterion y. This indicates a good selection
of factors, and 7% of variations of the performance criterion y can be ex-
plained by other factors unaccounted for in the model.

Next, we test the significance of the multiple regression equation using
F-distribution. Using Equation 13, we obtain:

F=0,93/(1-0,93)-(10-3-1)/3=13,29%2=26,58

The tabulated value of Fisher’s F-test is F_1=5.19at significance lev-

el 0=0.05 and degrees of freedom 6;3 (n-m-1). Therefore, F>F T, i.e.
16.61>5.19. This indicates that the regression equation is statistically
significant, i.e. hypothesis H 1 on the significance of the regression equa-
tion is accepted.

Next, we estimate the statistical significance of the multiple correlation
coefficient using Student’s t-test (Equation 14):
t=(0,96-N(10-2))/(1-0,93)=(0,96:V8)/N0,07=2,72/0,265=10,26

The tabulated value of Student’s t-test is t T=2.31 at significance level of
p=0.05 and a given number of degrees of freedom 8 (n-2). Since t>t T,
i.e. 10.26>2.31, therefore, it can be concluded that the multiple correla-
tion coefficient of is statistically significant, i.e. hypothesis H 1 on the
significance of the regression equation is accepted.

Finally, will evaluate the resulting Model 17 based on the average ap-
proximation error (Table 12).

The permissible approximation error should not exceed 10%, and in our
case it is A=9.59.

4. Conclusion

Capitalization can be influenced by many factors of both internal and
external environments. The correlation-regression analysis can be used to
identify the impact of certain factors on the performance criterion, i.e. on
market capitalization.
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Recently, multiple regression has become widely used in economic re-
search. It can be applied to solving problems related to regulating supply
and demand, enterprise profitability, securities profitability, production
costs, determining macroeconomic indicators and issues. Today, multi-
ple regression is the predominantly used method in econometrics. The
main task of multiple regression is to create a model of many factors and
to estimate the impact of each factor separately and collectively on the
performance criterion.

Fig. 2 shows the deviations of the actual value of capitalization from

the modeled ones. The multiple correlation coefficient is R=0.96, which
points to a close positive relation between the dependent variable and

the factor variables in the aggregate. There are practically no deviations
between the actual and the modeled values of the performance criterion
(or they are insignificant). The determination coefficient is R_2=0.93, and
the average approximation error is 9.59%. This is the result of a qualita-
tive selection of factors (independent variables) of the regression model
that fairly accurately describe trends in the performance criterion, i.e.
93% variation in capitalization occurs due to the variation of the factor
variables, and the remaining 7% can be explained by factors unaccounted
for in the model.

Since the average approximation error does not exceed the permissible
level, the resulting model is adequate and can be used in further studies.
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Fig. 1. Dynamics of market value of PJSC LUKOIL for the period
2008-2017
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Fig. 2. Deviations of the actual market capitalization of PJSC LUKOIL
from the obtained model; darker grey — actual values of performance
criterion; lighter grey — modelled values of performance criterion.

Tables
Table 1. Performance of PJSC LUKOIL in 2008-2017 (trillion rubles)
(Azieva et al., 2019)
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Table 2. Financizl and economic coefficients conoibuting to the intasral coefSciant of
zustainable davealopment
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Cosfficient
Aszzat Aszat
; Cuwrrant | Autonomy | of validity | Flexability | Dividend .
Year umover | profitabilicy
liquidity ratio of fixed ratio | viald (%) ratio ratio
assets
2008 148 0.70 0.93 031 336 1.64 0.12
2009 1.3 0.71 0.94 032 344 120 0.12
2010 121 0.71 0.93 033 3.73 126 0.1+
20111 212 0.74 0.93 033 4359 1.50 0.1
2012 183 0.75 0.94 033 438 1.50 0.1+
2013 178 0.72 0.93 030 333 137 0.08
201« 1.60 0.73 0.90 028 7.36 143 0.06
2015 175 0.64 091 038 6.90 123 0.08
2016 151 0.64 092 038 6.90 1.0¢ 0.08
2017 136 0.67 092 037 7.00 1.16 0.10
n 173 0.70 0.93 034 339 133 0.12
opt. | [1.5-2.3] | [0.6-0.7) =05 [02-0.5) >0 >0 =0
Table 3. Largast Russian companie: by capitalization at the beginning of 2018

Rating Company Capitalization, bln USD

1 Sherbank 84311

2 Gazprom 33348

3 Roneft 33304

4 Lukoll 48053

5 Novatzk 35343

Table 4. Bazeline data for building a corralation-rezraszion model of sustainable devalopmant
of PISC LUKOIL (PJSC LUKOIL, 2018)

Year

Capitalization

(million rubles)

USDRUB | Inflation (%)

Dividend vield

%)

Profit

(mllion
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rubles)

2008 0.817 24.86 e 3.36 032

2002 1440 31.83 133 344 0.31

2010 1481 3036 88 3.73 0.33

2011 1448 2839 6.1 439 0.3¢

2012 01 31.08 70 4.88 0.42

2013 1.733 31.8% 6.7 5.53 0.33

2014 1.892 38.61 114 7.36 0238

20135 1.993 61.07 120 6.1 0.47

2016 2.933 66.08 6.5 6.94 0.42

2017 2.836 3819 52 7.28 0.51
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Tablz 6. Regreszion statistics
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Results

Nultiple R

0.063423221

F. squars

0.028188136

Nomnalizad R squars

Standard ervor

Chzervation:

Tablz 7. Deviations of the actual values of the performance cterion from the theorstically

calculatad ones

, . V=7 <rn
¥ 3 y-4 f— 100
.l
] 032 1.00 018 02

2 Lad 122 0.22 1344
3 143 130 -0.02 136
B 143 164 -0.18 13.28
5 L70 131 0.19 11.28
6 174 1381 -0.07 223
7 1.39 1.73 0.16 858
8 2.00 2.16 -0.16 811
e 283 190 -0.03 183
10 1.34 261 0.23 3.08
z 1828 18.16 0.12 04.63
n 183 1.82 0.01 e47
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Table 8. Pairad and inter-factor correlation coefficients

y xX, X x, X,
¥ 1.00 0.88 -0.52 0.67 0.58
X 0.8¢ 1.00 -021 0.71 0.65
X, -0.52 -021 00 -0.16 -0.3
X, 0.67 0.71 -0.16 1.00 034
X, 0.58 0.65 -0.3 034 1.00

llé:u

Table 9. Bazeline data for building a three-factor comrelation-regrezsion model Q\au, 2

Capitalization Profit

. USDRUB Inflation (%)
Year | (trillionrubles) (trillion rubles)
y X, X; X

2008 0.317 2486 118 0.34
2002 1.440 3183 133 031
2010 1481 30.36 8.3 0335
2011 1.448 2038 6.1 03¢
2012 1.701 31.08 7.0 0.42
2013 1.735 3185 6.7 033
2014 1.302 3861 114 028
2015 1.903 61.07 12 0.47
2016 2033 66.08 6.3 0.42
2017 2336 3828 5.2 0.51
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Table 10. Pairad and irer-factor comelation coefficients

2929

l'”‘ Bz, T LA T,
0.82 -0.52 0,58 -0.21 0,65 -03
Table 11. Regreszion statistics (Hamilton, 200%)
Rezults
MNuluple 0.863404467
R square 0.623148167
Normalizd R square 0.89222225
Muluple 0211383345
Obzervations 10

Table 12. Deviation: of the actual valuas of the parformance criterion from the modsl

It ¥ 3 y -4 })%| 100
T ) 01 010 yEID)
3 jEn ) (3 6
3 1% 150 002 T
z 15 & 00 FEFH
3 170 53 i3 1083
3 7 182 008 %
7 180 Y5 5
3 300 37 018 %01
g 303 300 i p73)
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10 284 263 021 732
z 1828 1825 002 0388

.t

n 183 183 000 83
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