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ABSTRACT

Analysis of the simulation results showed that too many indicators eliminate differences
in an levels of entrepreneurship model the investment attractiveness of the regions, therefore,
when conducting analytical work, it is advisable to detail the direction of investment. So, if we
consider the level of investment attractiveness of the regions by factors, we can identify clear
leaders. It is proved that in assessment the investment attractiveness of territorial units, it is
necessary to take into account the factor "Security of investment activity" (criminogenic,
environmental, political). The last two factors should be attributed to such indicators as tourism
potential and national self-awareness of the population of the region, which can be expressed in
linguistic form and investigated using fuzzy logic apparatus.

Keywords: Entrepreneurship Model, Investment Attractiveness, Fuzzy Logic Apparatus,
Infrastructure, Hierarchical System, Rating.

JEL Classifications: 12, F6

INTRODUCTION

The regional aspect of the investment attractiveness assessment of territories is
widespread in world practice. Studies of the economic development of individual regions are
conducted in many countries of the world. The United States regularly publish indices that
characterize state ratings based on certain criteria and have a different focus: political, economic,
and environmental. Various consulting companies and economic publications systematically
monitor information on the situation in national and regional investment complexes based on
public sources and investment attractiveness ratings of regions that are constantly represented by
Standard & Poor's, Moody's Investors Services and Fitch IBCA.

Investment decisions on the selection procedure are extremely complex. They are based
on a multivariate, multi-criteria assessment of a number of factors and trends that, as a rule,
operate in different directions. Therefore, the investment attractiveness assessment of the
territory is an important aspect of making any investment decision. The consequences for both
the investor and the economy of the region and the country as a whole depend on its correctness.
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The more complex is the situation, the more the experience and intuition of the investor should
be based on the results of the assessment of the investment climate in countries and regions.

REVIEW OF PREVIOUS STUDIES

An important role in the process of substantiating the strategy of investment activity of
economic agents is played by the analysis of methods and problems of assessing and predicting
the investment attractiveness of territories, which is formed under the influence of a number of
factors and, ultimately, manifests itself in the ability to attract investment resources (Tetiana et
al., 2018).

Studies of the investment attractiveness of individual territories are conducted in many countries
around the world.

Comparative assessments of the investment climate of the countries of the world are
calculated for more than forty years.

One of the first in this area is the study of the Harvard Business School. For comparison,
an expert scale was used, which consisted of the following characteristics of each country: the
legislative framework for investors, the possibility of capital outflow, the stability of the national
currency, the political situation, the level of inflation, the possibility of using national capital
(Milosavljevi¢ et al., 2018).

In the United States, there were developed the state ratings based on statistical maps. It is
based on basic assessments of the political infrastructure, demography, and dynamics of the
economic movement. The statistical map provides data on all the states in the form of four
summary indices: economic efficiency, business activity, potential for economic development of
the territory, and tax policy conditions (Bose et al., 2016).

A number of international organizations, such as the World Economic Forum, the
Institute of Management in Lausanne, the World Bank and the Institute of Technology in
Georgia (USA), offer developing of methodologies for assessment of the competitiveness of
countries.

The method of rating analysis of the investment attractiveness of Russian regions was
developed by analysts of the Expert, the Russian magazine (Zheltenkov et al., 2017). It is based
on a combination of expert and statistical approaches. The use of more than a hundred statistical
indicators of regional development, an analysis of about a thousand published legislation acts
relating to the field of investment activity in Russia are provided. The assessment of the
contribution of each factor to the investment climate was carried out on the basis of a survey of
Russian and foreign experts.

Despite the considerable amount of publications devoted to the study of the investment
attractiveness of the regions, the issues of systemic assessment of regional factors remain
insufficiently developed, as well as the use of tools for business analytics analysis and adaptation
of the quantitative and qualitative components of the model the investment attractiveness
assessment of regions. From these positions, the fuzzy logic apparatus has remained virtually
unused to the present time.

METHODOLOGY

To achieve target goal, general scientific and special methods of scientific knowledge
were used: theoretical generalization (to determine the theoretical foundations and directions of
study); analysis, synthesis, abstraction and formal logic (to determine and clarify the economic
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essence and content of the conceptual apparatus); systematic approach, logical modeling-to
identify factors and classify statistical indicators of investment attractiveness of regions;
comparison, grouping (for statistical data processing); table-graphic (to illustrate the phenomena,
processes and patterns studied); economic and statistical methods, namely: multidimensional
means, analytical grouping, index, cluster analysis, ranking, distribution series analysis; fuzzy
logic apparatus (for assessing the investment attractiveness of regions).

The rating approach based on surveys, as is clear from its name, is based on a survey of
economic entities in a given region, which determines the extent and direction of influence of
certain factors. In the future, the survey data are grouped and on the basis of the integral
indicator, the overall rating of the region is determined. It is this technique that is widely
implemented in the practice of the world's leading consulting and analytical agencies. As an
advantage of this method, one should mention the possibility, along with determining the general
place of the region, to analyze the respondents’ answers according to the information needs of the
investor. However, the use of this approach leads to a significant cost of study and the emergence
of problems with the formation of a representative sample by region.

The use of the fuzzy logic apparatus allows the formalization of heterogeneous
information (deterministic, interval, statistical, linguistic), which increases the reliability and
quality of the solutions obtained (Tetiana et al., 2018a).

The principles of the fuzzy logic apparatus provide the possibility of maximum
consideration of expert information, which often prevails or turns out to be the only possible
information in solving real practical problems, this is especially important for economic and
financial problems.

The use of fuzzy logic apparatus is effective where: there is only (or predominantly)
expert linguistic verbal information; there is a heterogeneous information in content and sources
(qualitative and quantitative from various experts); statistical information is lacking or not
credible; it is necessary to take into account new significant factors that may arise in the future; it
is difficult to collect the necessary amount of information (Hilorme et al., 2018).

The fuzzy logic conclusion technique allows to assess the initial indicator, the value of
which is assessed in the form of a fuzzy set. The fuzzy logic model, together with the
defuzzification procedure, makes it possible to monitor the change in the initial indicator with
variation (change) of the factors influencing this indicator. Such an approach may be of interest
to both specialists in economic and mathematical modeling, as well as economists who use
computers to make management decisions.

RESULTS AND DISCUSSIONS

The task of modeling of the investment attractiveness of regions on the basis of the fuzzy
logic theory is that each set of quantitative values, qualitative or linguistic descriptions of the
input parameters correspond to one of the selected factors: iX (i=1, ..., 5), which, if necessary,
can be minimized into an overall assessment of the investment attractiveness of Y.

The structural model of investment attractiveness of the regions is presented in
accordance with the chosen factors includes five models (Janton-Drozdowska & Majewska,
2016): market attractiveness; cost and quality of labor; availability of necessary infrastructure;
availability of natural resources; security of investment activity.

Despite the constant scientific search, the system of indicators for the investment
attractiveness assessment of Russian regions requires clarification and specification in terms of
its adequacy to national statistical measurements.
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The problem of a complex assessment of the investment attractiveness of the economy of the
regions of Russia is the absence of this system of indicators in the methodology of national
statistics.

Despite this, in order to summarize and adapt the indicators used by international
organizations, a comparative analysis should be carried out at the first stage. For this, it is
necessary to build an appropriate information matrix (Table 1), which consists of four columns:
the first one contains the name of the factor of investment attractiveness; the second-relevant
indicators (names of groups of indicators); the third-indicators that are advisable to use at the
regional level. In general, it is possible to identify 23 indicators for the regional level based on
the study of the following key information sources (Saidi & Hammami, 2016; Dorozynski &

Kuna-Marszatek, 2016; Kwilinski, 2017:2018a:2018b:2018¢:2018d).

Table 1

IDENTIFICATION OF INDICATORS OF A HIERARCHICAL ASSESSMENT OF THE INVESTMENT
ATTRACTIVENESS OF TERRITORIAL UNITS OF A REGION

Factors Indicators Statistical indicators characterizing territorial units
Market size Gross regional product, million USD (X11).
Market attractiveness Purchasing power Gross regional product per person, USD (X12).
(X1) Market growth Volume index of gross regional product, in prices of the
potential previous year, % (X13).

Price and quality of labor
(X2)

Labor costs

Average monthly nominal wage of employees, USD (X21).

Production capabilities

Number of employees, thousand people (X22).

Health

Number of visits per shift in outpatient clinics per 10
thousand of population (X23).

Education

Number of students of higher educational institutions with
accreditation per 10 thousand population (X24).

Availability of the
necessary infrastructure
(X3)

Power industry

Electricity production, min kW/h (X31).

Transport

Density of public roads with hard surface km per 1000
square km (X32).

Total share of hard-surface roads, % (X33).

Density of public railway tracks, km per 1000 square km
(X34).

Operating length of public railway tracks, km (X35).

Communication (per
100 population)

Number of main telephone sets (X36).

Number of cellular subscribers (X37).

Number of Internet subscribers (X38).

Availability of the natural
resources (X4)

Agricultural resources

Avrea of agricultural land owned and used by agricultural
enterprises and households at the end of the year; thousand
hectares (X41).

Exploitation of natural

Export of mineral fuels; oil and products of its distillation,
thousand USD (X42).

resources Exports of ore, slag and ash, thousand USD (X43).
Natural landscape tourism potential (X44).
Criminal Crime rate, cases per 10 thousand people (X51).
Security of investment _ Emissions qf pollutants into the_ air fromzstationary and
activity (X5) Ecological mobile sources of pollution, t/km* (X52).
Waste generation per square km, t (X53).
Political National identity of the population (54X).

According to the UNCTAD methodology, revised and improved in 2012, 4 basic factors
of investment attractiveness of a certain territory were identified World Investment Report
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(2012): market attractiveness; price and quality of labor, in particular, their availability;
availability of necessary infrastructure; availability of natural resources.

The formalized hierarchical relationship between input indicators, factors and output
variable (integral indicator) is presented in Figure 1.
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FIGURE 1
HIERARCHICAL TREE OF LOGICAL CONCLUSION: HIERARCHICAL
CLASSIFICATION OF FACTORS AFFECTING THE INVESTMENT
ATTRACTIVENESS OF REGIONS

There are two ways to create hierarchical fuzzy systems. The first method is to perform a
fuzzy conclusion for intermediate variables (X1, X2, X3, X4, X5) with the subsequent transfer of
clear values of these variables in fuzzy systems of the next level of the hierarchy. The
disadvantage of this method is that the operations of defuzzification and fuzzification are
sequentially performed on intermediate variables. The fuzzy results of intermediate logical
conclusions defuzzificate, then these clear values are passed to the input of fuzzy systems of the
next level of the hierarchy, and they fuzzificate, that is, they become fuzzy. So, for intermediate
variables, you need to set the membership function. In addition, it is necessary to ensure the
equivalence of a fuzzy set before and after defuzzification and fuzzification operations. The use
of this method is advisable in the case when an investor needs to identify investment-attractive
regions depending on various purposes and directions of investment.

In the second method, the defuzzification and fuzzification procedures of intermediate
variables are not performed, and the result of the conclusion in the form of a fuzzy set of
direction is passed to the fuzzy conclusion system of the next level of the hierarchy. So, in order
to describe intermediate variables in a hierarchical fuzzy knowledge base, it is enough to specify
only a term set, without defining the membership functions.

It should be noted that too many indicators eliminate the differences in the levels of
investment attractiveness of the regions, therefore, when conducting analytical work, it is
advisable to detail the direction of investment. So, if we consider the level of investment
attractiveness of the regions by factors, we can identify clear leaders.

The use of hierarchical fuzzy knowledge bases allows to overcome the "curse of dimensionality™.
With a large number of inputs, it is difficult for an expert to describe causal relationships in the
form of fuzzy rules.
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This is due to the fact that no more than 7 £ 2 notion-signs can be simultaneously stored
in a person’s memory (Nguyen et al., 2018). Consequently, the number of input variables in one
knowledge base should not exceed this number. Later studies have shown that knowledge bases
are rational when the number of inputs does not exceed 5-6. Therefore, with more input
variables, it is necessary to classify them hierarchically (Nakashydze & Gil'orme, 2015;
Karpenko et al., 2018).

Summarizing the analysis, it should be noted that today there is a wide variety of
approaches to investment attractiveness assessment.

The result of our study complements the existing study. The method of rating analysis of
the investment attractiveness of Russian regions was developed by analysts of the Expert, the
Russian magazine (Zheltenkov et al., 2017). It is based on a combination of expert and statistical
approaches. The use of more than a hundred statistical indicators of regional development, an
analysis of about a thousand published legislation acts relating to the field of investment activity
in Russia are provided. The assessment of the contribution of each factor to the investment
climate was carried out on the basis of a survey of Russian and foreign experts.

CONCLUSIONS

Among the scientific and practical recommendations to improve the investment
attractiveness of the regions, it should be distinguished:

Information and analytical support for the formation of the investment image of the
region, including through building of the relevant information matrices of the distribution of
regions on the factors of investment attractiveness, the development of directories of companies
and investment projects.

Support of investment processes by local authorities, for example, by reducing the rent
for land in depressed regions, as well as the provision of incentives for budget subsidies for the
interest rate on loans.

Development of statistical passports of investment attractiveness of the regions according
to the unified in a single form.

Formation of a financial investment infrastructure (special funds which activities provide
opportunities for obtaining state guarantees from regional administrations, insurance companies,
business centers, etc.).

Improvement of information support for the development of international economic
integration.

Ensuring of the stability of state investment legislation, its immutability over a long
period of time (this plays a major role in decision on the issue of investment by a foreign
investor).
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