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Abstract. The efficiency increasing of railway transport functioning is a main factor in the economic
growth of the national economy. Material reserves are the main factor that defines the strategy of the
enterprise and influences on the economic optimization level of logistic connections in general. Waste on
deficiency and expense of storing the taken out from the main turnover material reserves redouble the
economic situation. In this research the sources of the arising an uncertainty by taking a decision about
economic optimization of logistic connections and working out methods of need determination in
conditions of a certain uncertainty that will be led to improvement of the economic effectiveness of
activity are determined. The best methods that may be used for this purpose are analysis of temporary
series, multiple regression and correlation analysis, pattern recognition. The paper presents the results of
research that allow, based on the built neuro-fuzzy model, to evaluate the dependence of macroeconomic
indicators of the national economy of Ukraine on the indicators characterizing its economic situation in
order to improve the control efficiency of logistics systems. The built neuro-fuzzy model, unlike existing
models, allows reproducing the complex nonlinear dependences.

1. Introduction

The economic situation of the state, its development and
stability to effectively integrate into the world economic
community depends on its resource potential and its ef-
fective use. The resource potential includes natural envi-
ronment, raw materials, quantity and quality of man-
power, intelligent and industrial potential created at the
time of economic state assessing, as well as availability
of infrastructure for its development.

The paper presents the results of research that allow,
based on the built neuro-fuzzy model, to evaluate the
dependence of macroeconomic indicators of the national
economy of Ukraine on the indicators characterizing its
economic situation in order to improve the control effi-
ciency of logistics systems. The built neuro-fuzzy model,
unlike existing models, allows reproducing the complex
nonlinear dependences.

2. Development of mechanism for
monitoring economic situation and
development prosepcts of the country
based on modelling of macroeconomic
processes using intelligent
technologies

The efficiency increasing of railway transport function-
ing is a main factor in the economic growth of the na-
tional economy. Material reserves are the main factor
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that defines the strategy of the enterprise and influences
on the economic optimization level of logistic connec-
tions in general. Waste on deficiency and expense of
storing the taken out from the main turnover material
reserves redouble the economic situation. In this research
the sources of the arising an uncertainty by taking a deci-
sion about economic optimization of logistic connections
and working out methods of need determination in con-
ditions of a certain uncertainty that will be led to im-
provement of the economic effectiveness of activity are
determined. The best methods that may be used for this
purpose are analysis of temporary series, multiple re-
gression and correlation analysis, pattern recognition.

In international practice, there are several approaches
to determining the socio-economic condition of the state
and the prospects for its positive development. However,
numerous theoretical studies do not provide a complete
picture of the state development; while determining its
prospects, they use, as a rule, the production functions
such as [1]:

w=s(L4) (M

where L — state labour potential;
A — productive assets owned by the state.

Indicators of a number of studies have different focus
(economic, technical, technological, social, etc.), which
complicates the task of determining the development
vector. That is why the purpose of this work is to devel-
op a mechanism for monitoring the economic situation
and development prospects based on modelling of mac-
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roeconomic processes using intelligent technologies. At
present the existing approaches to determine the state of
the country include the following ones. The position of
each of the states that make up the International Mone-
tary Fund (IMF) is assessed by the indicator system that
includes more than 20 indicators of economic, environ-
mental and social conditions [2]. Herewith the indicators
are grouped according to such classification features as
poverty and social sphere state (population, GNI per
capita, poverty, urban population, life expectancy, infant
mortality, child malnutrition, access to improved water,
illiteracy, general primary education), level of key eco-
nomic indicators (exports of goods and services, gross
domestic investment, gross national savings, current ac-
count balance, interest payments, total debt, total debt
service), long-term development trends (GNI growth rate
per capita), economy structure (agriculture, industry,
production, services, private consumption, state con-
sumption, imports of goods and services), level of prices
and public finances (consumer price, GDP deflator level,
current revenues, current budget balance, total sur-
plus/deficit), trade conditions (total exports, total
imports, food, fuel, ore and metals, production), external
payments position (balance of resources, net income, net
operating transfers, financial instruments, changes in net
reserves, reserves, exchange rate), foreign debt level
(total debt to maturity, long-term external debt, short-
term debt, total debt to maturity on the World Bank
loans, total debt to maturity on the International Devel-
opment Association loans, total debt service, official
grants, private lenders, foreign direct investment, portfo-
lio property, transactions, payments to maturity, princi-
pal debt repayment, net flows, interest payments, net
transfers). Since the level of indicators listed above by
country has a great difference, the IMF proposed a clas-
sification of countries. Namely, with the analytical pur-
pose the IMF divides countries by groups of income, i.c.
by gross national income per capita into the following
groups: low-income countries (GNI per capita of less
than 745 dollars), the countries with income below aver-
age (746 - 2975 dollars), countries with incomes above
the average (2976 - 9205 dollars) and those with high
income (9206 dollars or higher).

The study of interrelation between the growth rate of
GDP per person and its level (Fig. 1) confirms the need
for country division into income groups prior to analys-
ing other indicators, such as economic growth. The rela-
tionship between the growth of GDP per capita and the
level of GDP is confirmed by sufficiently high coeffi-
cient of multiple correlation R’ (0.5278) [3]. Dependence
is characterized by the following equation:

AGDP =-2,3841-In(x)+27,832 )

where AGDP — growth rate of GDP per capita (%);
X — GDP per capita ($ / person).

That is, the higher the level of GDP per capita, the
lower the growth rate. It follows that, to assess certain
result, the growth performance analysis should be con-
ducted within each classification group.

Furthermore IMF classifies countries by region (geo-
graphic location) and by level of foreign debt.

Classification of countries in terms of foreign debt
involves the grouping of countries with low, average,
moderate and high level of debt.

Herewith the average level of debt means that the ra-
tio of the present value of debt to gross national income
exceeds 80% or the ratio of the present value of debt to
exports exceeds 220% [1].

This classification is proposed by UNO within Devel-
opment Program [4]. According to this program such tasks
include the following: elimination of poverty and famine;
provision of basic primary education; stimulation of gender
equality; reducing child mortality; improvement of maternal
health; control of AIDS, malaria and other diseases;
maintenance of ecological balance; global partnership for
development; achieved common indicators (population,
GNI, GNI per capita, literacy, final birth rate, life expectan-
cy, aid, reducing foreign debt, increasing investment and
trade in % to GDP).

¥ =-2.3841"Ln(x) + 27.832
R’ =0.5278

Annual GDP growth (%)

0 10000 20000 30000 40000 50000 60000
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Fig. 1. Dependence of GDP growth rate on GDP per capita

One of the most influential international financial or-
ganizations is Multilateral Investment Guarantee Agency
(MIGA), which insures foreign investment (direct and
portfolio) and ensures their return in the event of insol-
vency of the country-borrower in the amount of 90% of
the investment, giving such guarantees for 15-20 years
[4]. Activities of the above Agency are associated with
the risk of a particular country. In this context, Multilat-
eral Investment Guarantee Agency analyses the country
in terms of these commitments, determining the com-
mercial, political and economic risks in each country,
and guarantees the return of foreign investment [5].
Classification of factors that characterize the state of the
country in terms of investment risk is presented in Fig. 2.
Herewith the Multilateral Investment Guarantee Agency
divides all countries in terms of political risk into seven
groups (risk increases from the first to the seventh
group), level of commercial risk — into three groups (A,
B and C, where the most risky countries are those of
group C), risk of war, expropriation and government
action - into seven groups (the seventh one has the high-
est risk).

The process of creation of the European Union de-
manded determining the development indicators, which
control an objective identity of any country in the group
of countries that may enter the union without creating
imbalance in the costs of countries-participants for stabi-
lization of the EU economy as a whole.
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Fig. 2. Indicators of investment risk in the country economy
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These indicators include the inflation rate (which
must not exceed by 1.5% the average inflation rate of
three EU countries characterized with highest price sta-
bility); the state budget deficit (which must not exceed
3% of GDP at the ratio of public debt to GDP of no more
than 60%); the level of long-term interest rates should
not be higher than 2% of the average level of the index
in three EU countries that have achieved the highest
price stability [6].

Continuing analysis of approaches to the assessment
of country position and prospects of its development, it
should be noted that, in order to monitor key growth
indicators, each country develops a system of national
accounts, which makes it possible to track a series of

interrelated processes and phenomena in the economy
(volume and structure of production, income, consump-
tion, capital and finance formation) [7].

3. Classification of economic security
factors

In the current research [8-10] the economic security fac-
tors (Figure 3) are divided into three groups: economic
independence; economic stability and strength; ability
for self-development and progress.

Economic security factors

Economic independence

Economy stability and
strength

Ability for self-development and
progress

Self-determined policy mak-

State control over national
resources

Ensuring strength and
ing reliability of all ele-
ments of the economic
system

Ability to choose its own
development model

Ability to directly pursue and
protect national interests

Protection of owner-

I ship

State regulation of the econ-

omy Creati_ng guarantees for Ability to carry out moderni-
| effective business ac- zation of production

tivities

Ability to use national com-

Ability to implement effec-

petitive advantages to ensure
the country's equal participa-
L1 tion in international trade

Slowing down the ]
destabilizing factors

tive and innovative invest-
ment policy

Fig. 3. Classification of economic security factors

The first group includes such factors as the country's
ability to form its economic policies, the ability to con-
trol the national resources, the ability for state regulation
of the economy and the ability to use national competi-
tive advantages to ensure the country's equal participa-
tion in international trade.

Apparently, it is necessary to specify these factors
and find the indicators that would characterize the level
of these factors.

The second group of factors in contemporary studies
includes those affecting the economy stability and
strength. Namely, the ability of a country to ensure
strength and reliability of all elements of the economic

Ability to develop the intel-
lectual and spiritual potential
of the country

system; protection of ownership; country’s guarantees
for effective business activities; the ability of a country
to slow down destabilizing factors.

The third group of factors included those providing
self-development and progress. Namely, the opportunity
and the ability to choose its own model of development;
the ability to promote and protect its own national inter-
ests; the ability to modernize production, to pursue inno-
vative and effective investment policy, to develop the
intellectual and spiritual potential.

All these factors are qualitative in nature (ability, op-
portunity, etc.) and can be measured only using the ex-
pert method. However, indirectly the level of these fac-
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tors can be identified with the help of indicators that an-
swer the question whether the goal is reached, or wheth-
er there are conditions for its achievement. Table 1
shows the indicators, which, in our opinion, can indirect-
ly determine the state's ability to develop.

Each of the above approaches to assess the economic
situation of the country is complementary and designed
for specific purposes (country’s solvency assessment, its
reliability for investors, stability of its economy). The
indicators used for the specified purpose are the result-

ant, may be used as those for control of the country posi-
tion and do not include factors subject to management on
the level of current (operational) solutions. In other
words, these are the indicators that characterize the result
of average and long term development. To ensure opera-
tional control is necessary to determine the factors that
affect the resulting indicators, level of influence of these
factors on them and create operational tasks directed at
positive current results in achieving the average and

long-term goals.

Table 1. Indicators characterizing the level of economic security factors

Factor

Factor level indicator

1 Economic independence

1.1. Self-determined policy making

1.1.1. Capital share of the state and national investors in the
economy (incl. by activities)

1.2. State control over national resources 1. 2.1. Share of resources controlled by the state and national
investor in the economy (incl. by activities)
1.3. State regulation of economy 1. 3.1. Share of budget intended to finance the material produc-
tion sectors (industry, agriculture, construction)
1.4. Ability to use national competitive advantages 1.4.1. Share of export of certain goods and services in world
to ensure equal participation in international trade
trade 1.4.2. Exports in % of GDP
1.4.3. Balance of visible trade of countries
2 Economy stability and strength
2.1. Ensuring strength and reliability of all elements | 2.1.1. Financial stability of enterprises of the country’s economy
of the economic system 2.1.2. Labor productivity in the economy
2.2. Protection of ownership 2.2.1. Economy structure by form of ownership
2.3. Creating guarantees for effective entrepreneuri- | 2.3.1. Labour productivity by form of ownership
al activity
2.4. Slowing down the destabilizing factors 2.4.1. Inflation rate in the country
3. Ability for self-development and progress
3.1. Ability to choose its own development model 3.1.1. Place of the country in the world economy by key indica-

tors

3.2. Ability to directly pursue and protect national

3.2.1. Place of the country in the world economy by key indica-

investment policy

interests tors
3.3. Ability to carry out modernization of production | 3.3.1. Gross national income per capita
3.3.2. Exports in % of GDP
3.3.3. Balance of visible trade
3.3.4. Export structure
34. Ability to implement effective and innovative 3.4.1.Gross national income per capita

3.4.2. Exports in % of GDP
3.4.3. Balance of visible trade
3.4.4. Export structure

3.5. Ability to develop the intellectual and spiritual
potential of the country

3.5.1. Science expenditure level
3.5.2. Culture expenditure level
3.5.3. Education expenditure level

The state of socio-economic security is affected by the
stability of the national currency, the level of balance of
payments deficits, the level of internal and external debt.
This, in turn, depends on the export potential of the coun-
try and the nature of exports (raw materials, products of
processing industry, high technology, services). Export
volumes enable the country to develop import without
negative consequences for the national currency. The level
of imports indicates the country's integration into the
world economic community, the openness of its economy.
The restraint of import growth indicates the inability of
the country to develop its export potential and provide
excess growth rate of exports of goods and services over
their imports. Therefore, when describing the socio-

economic development, it is advisable to analyse the
above figures. The increased indicator of exports of goods
and services as percentage of GDP indicates the innova-
tion direction of the country’s economy development, its
increased competitiveness in the global market for goods
and services, demand for the national currency of the
country.

Analysis of economy of Ukraine conducted according
to [7] shows the following. Dependency of GDP growth
rates on the tax burden change (incl. and escl. subsidies)
and tax revenue are characterized (with high impact coef-

ficient: R* > 0,8) with polynomial dependencies, indicat-
ing the significant fluctuations in these indicators. The
same can be said of the relationship between GDP and
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inflation, which can be approximated by a polynomial
curve (R’=0,5235). The most stable character among the
set dependencies is shown by GDP dependency on net
capital inflow, which is characterized with the third degree
polynomial dependence at R> =0,77. This shows that the
impact of factors on these indicators of the country’s
economy development as a complex system is character-
ized by a complex nonlinear dependencies of its outputs
on inputs with fuzzy statistical information. Therefore, to
build and analyse the model of impact of macroeconomic
factors on these indicators it is advisable to use the neuro-
fuzzy technology [12 - 14].

As the resultant indicators, we considered the gross
national income (GNI) and the gross domestic product
(GDP) per capita, as these indicators are the most gener-
alizing when determining the economic situation of the
country. The factors affecting the level of GDP per capi-
ta include the following: inflation level (X1), tax burden
(X2), tax revenue share in the budget revenues (X3), real
interest rate on deposits (X4), exports of goods and ser-
vices as percentage of GDP (X5), import of goods and
services as percentage of GDP (X6).

Inflation level (X1) characterizes the rationality of
many processes in the economy. However, given that,
according to classical theory [11], inflation is a manifes-
tation of the cost crisis (increased cost of production of
goods and services) or production volume crisis (produc-
tion slump and the associated emergence of deficit and
higher prices), the inflation indicator requires more in-
depth study to identify factors that led to this level.

The tax burden (X2) is an indicator that should be
optimized: positive impact of this factor on output has its
upper limit, whereupon the share of shadow economy
increases, tax revenue to state and local budgets reduces,
net capital inflows to countries decreases. Establishing
the optimal level of this indicator requires a detailed
study of the country’s tax system.

The tax revenue share in the budget revenues (X3) on
the one hand characterizes the efficiency of the tax sys-
tem of the state and on the other hand - the centralization
of functions assumed by the state and local budgets
(public administration, defence, health and environmen-
tal protection, development of science, education, cul-
ture, state participation in programs supporting the de-
velopment of certain economic sectors, subsidies to loss-

GDP =F(X1, X2, X3, X4, X5, X6, X7, X8),

We start building the explicit model (3) by forming the
fuzzy productive knowledge base, which is a set of fuzzy
expert linguistic rules of IF-THEN type that bind together
the linguistic evaluations of input variables (X1, X2, X3,
X4, X5, X6, X7, X8) and output variable of GDP. Lin-
guistic evaluations will be obtained on the basis of statistic
data set out in Table 2.

To build the explicit model (3), we formalize the lin-
guistic evaluations "Low", "Lower than average" and
others using the membership functions. We set these
functions in the following form [14]

making industries). The study of these processes is the
subject of special researches.

An important indicator of the country’s position is
the real interest rate on deposits (X4). As it is known, the
deposit rate is the lower margin of investment efficiency.
In addition, the real deposit rate is an indicator that de-
termines the feasibility of forming the capital as invest-
ments into the banking system and hence the availability
of credit resources in the country, which is an important
component of successful activity of enterprises. Study if
this indicator consists of two parts: study of factors af-
fecting inflation, and study of efficiency of the country’s
banking system.

Exports of goods and services (X5) describes the ex-
port potential of the country and, affecting its economic
state, in turn, depends on the availability of innovative
infrastructure, competitiveness of domestic enterprises,
development of foreign trade, the level of its liberaliza-
tion enshrined in law.

Imports of goods and services (X6) show the open-
ness of the economy and the competition level. Indices
of exports and imports are consolidated in the index of
balance of goods and services, which should be positive.
The study of these indicators by the structure of exports
and imports, as well as certain types of similar products
(e.g., metal, grains, etc.) allows ascertaining the effec-
tiveness of export and import activities, pricing policy of
the companies, deficiencies in the regulation of foreign
trade.

4. Development of gdp dependence
model in relation to the selected
macroeconomic factors

At the first stage of model building we analyse the rela-
tionship between inputs (X1, X2, X3, X4, X5, X6, X7,
X8) and outputs (GDP), according to available annual
data of the State Statistics Committee of Ukraine, the
National Bank of Ukraine, for the period 10 years [7,
15], which are listed in Table 2.

Let us consider the GDP dependency model in rela-
tion to the selected macroeconomic factors X1, X2, X3,
X4, X5, X6, X7, X8 as the following:

1=1,..8. 3)

1
u)=—-0—

where ,uT (x) is the number in the range [0,1], which
describes the subjective measure of x value compliance
with fuzzy term ( "low", "lower than average" et al.), b
and ¢ parameters, first selected by an expert and then
configured to experimental data: » - coordinate of max-
imum of the function x” (x), herewith u’ (b)=1, ¢ -
factor of concentration - extension of the function

' (x).
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Table 2. Annual data of key macroeconomic indicators

Years GDP X1 X2 X3 X4 X5 X6 X7 n)1(1r81
UAH/person | % p.a. % min. UAH | mln. UAH | min. § UAH
Year 1 15959 139.7 0.12 0.8 -5.4 60455.9 34740.4 896.9 4159.9
Year 2 1843.8 110.1 0.1 0.7 24.2 59552.5 35219.5 1438.2 6447.8
Year 3 2041.8 120.0 0.1 0.8 23 93601.7 55197.0 2063.6 2113.7
Year 4 2624.0 119.2 0.1 0.8 1.5 122205.9 67599.6 2810.7 1965.3
Year 5 3492.2 125.8 0.07 0.6 -16.6 106200.0 97643.0 3875.0 -969.3
Year 6 4236.3 106.1 0.05 0.7 4.7 113245.0 109924.0 4801.0 593.4
Year 7 4724.1 99.4 0.05 0.7 7.5 124392.0 114501.0 5924.0 -1635.4
Year 8 5640.2 108.2 0.05 0.7 -0.2 154394.0 147525.0 7566.0 506.7
Year 9 7327.2 112.3 0.04 0.7 -4.4 211248.0 185318.0 9606.0 11009.0
Toear 9095.1 110.3 0.04 0.7 23 227252.0 | 223555.0 | 17311.0 | 7806.3
As an example, Figure 4 shows the membership functions for X1 variable.
: z 3 a0

7\

2540 = 11283 126.27 1 3'.-,r‘t|
109.475 119.55 129.625 H

LA

Fig. 4. Membership functions of X1variable values for corresponding fuzzy term:

L - low, LA — lower than average, A - average, H - high

Next, using the membership functions and the tech- where GDP, - value of GDP variable in the range D, ,
nology [12 - 14] we introduce, according to [12], the B
model (3) in an explicit form k=1,..,5 (model (5, 6,7, 8, 9))

5

zdk:u(GDPk)

GDP=40———— )

> ulGDR,)

k=l
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HGDE)=

1,

ity (X1)- 135 (X2)- 135 (X3): phpyc(X4)- sy (X5)- sy (X6)- 1 (XT)- gt (XB)+

in+ ot g o(X1)- 5 (X2)- 130 (X3)- 1ty (X)- g5y (X5)- phspy (X6)- 1 (X7)- g1 (X8)+ ©
+ W3ﬂ1c(X1) “Hop (XZ) "Hsp (X3) : :u4HC(X4) : IUSH(XS) “Hon (X6) : ﬂ7H(X7) ‘ ﬂch(Xg) +
+ Wyl c(X1)- 15 (X2)- 135 (X3) typyc(X)- s (X5)- s (X6)- 11757 (XT)- iy (X8)
HGDB)
1
it (1) X2t (03 () s c5) Ot ()t (8) ey
+ WﬁﬂlH(Xl)‘ top (X2): ﬂ3c(X3) : /U4C(X4) : IUSHC(XS) : /U6HC(X6) : /U7H(X7) : ﬂgH(XS)
#GDR)
L
— mie (013 (02) s (O3 (00 05 Mg (X6) e i 9) L
TWethy (X 1) o (X 2) ﬂsc(X 3) :u4HC(X 4) ﬂsc(X 5) Hec (X 6) ﬂ7Hc(X 7) Mg (X 8)
UG =Wty (X1)- 151y (X2)- 1130 (X3)- 1 (X4)- 1155 (X5)- p155(X6)- 110(X7)- 1135 (X8B) (®)
#(GDFS’ ) = Wloﬂch(Xl) “Hon (X2) : :U3C(X3)' #4HC(X4) “Hsp (X5) “Hep (X6)' Hp (X7) “Hge (XS) )

Here w; is the number in the range [0, 1], which de-

scribes a subjective measure of expert’s confidence with
respect to the statement with the number i from the
knowledge base, that is the significance of the i —th
rule.

It should be noted that use of the model (4) allows re-
liable assessment of the impact of changes in selected
indicators on GDP. And the better the initial values for b,
¢, w parameters are selected, the closer to the experi-
mental data the model (3) will be.

In order to obtain the model (4), rather close to the
experimental data, one conducts its setting, i.e. selects
such b, ¢, w parameters, which ensure minimal deviation
of distance A between the model (theoretical ones, de-
rived from model (4)) and the experimental data. A val-
ue, which is the standard deviation of the theoretical out-
put from the experimental one, is used for model setting
quality assessment.

To set the model, we used the gradient method modi-
fication in the case of undifferentiated functions, the so-
called Shor’s r-algorithm [12] with precision
£=0.001.

Let us consider the impact of certain factors on the
level of gross domestic product (GDP) per capita. As it
is known, the inflation level (X1) causes a negative im-
pact on GDP level. Herewith there are two ways of the
negative impact of inflation on GDP. First, if during
GDP calculation the inflation is not taken into account,
the GDP indicator, as well as other cost indicators, in-
creases without quality positive change in the country’s

economy, only due to price rise. On the other hand, high
inflation is the indicator of inefficient functioning of the
economy, which is manifested in relatively high cost of
production of goods and services or their deficiency due
to lower production volumes. The results of the analysis
carried out by means of neuro-fuzzy technologies show
that in Ukraine GDP per capita declines with rising infla-
tion, which corresponds to the second of the above ways
of inflation impact on GDP. Growth of export of goods
and services (X5) has a positive effect on GDP per capi-
ta, as it indicates the rise in production of competitive
goods and services, liberalization of foreign trade for
enterprises, increased demand for the national currency
in the global currency market. However, one should not
be limited to the analysis of total exports. During de-
tailed analysis of the impact of export on GDP it is nec-
essary to examine its structure, identify the raw material
and high-tech components of exports, focus on the level
of services export growth. It should be noted that in
Ukraine, according to the State Statistics Committee of
Ukraine, as of 2005 the raw material component of ex-
port of goods makes 13.7%, 8.8% are for export of the
plant products, 40.9% of exports are non-precious metals
of products thereof [5]. Herewith the export of instru-
ments and equipment is 0.4%, vehicles and road equip-
ment 4.8% and mechanical equipment - 8.3% [5]. Re-
garding export of services, 32% of them are transport
services of pipeline transportation [5]. In view of the fact
that in recent years the structure of export has not
changed, the export growth does not lead to qualitative
changes in GDP (Fig. 5).
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Fig. 5. GDP dependence on inflation and exports of goods and services

Therefore, at the moment, in order to increase GDP,
it is necessary to restructure the export potential of the
country. Growth of import of goods and services (X6) is
the objective consequence of integration processes and
globalization of the world economy. If the import vol-
umes are accompanied by GDP growth, this shows the
positive effects of the country’s integration into the
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world economic community and that export is growing
more rapidly than import. According to the analysis car-
ried out using neuro-fuzzy technology, in Ukraine when
import (X6) increases, GDP per capita remains virtually
unchanged, indicating a lack of effective export potential
formation policy. The growth of budget deficit has also
the negative impact on GDP (X8) (Fig. 6).
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Fig. 6. GDP dependence on budget deficit and import of goods and services

The level of gross national income (GNI) per capita
reflects the level of labour productivity in a country, the
level of wages and income, falling to an average distri-
bution per citizen through the existing distribution
mechanisms in the country. Together with other indica-
tors, defined as the average, it is characterized by a num-
ber of disadvantages associated with the lack of consid-
eration of the distribution structure. However, it is gen-
erally recognized indicator that characterizes the welfare
of the country as a whole. This is confirmed by compara-
tive analysis of the socio-economic condition of the
countries according to the World Bank data [2].

Gross national income per capita first of all is affect-
ed by the development of entrepreneurship in the coun-
try, which is directly related to tax burden (X2), real in-
terest rate on deposits (X4) and direct investment in
Ukraine (X7). The positive impact of foreign invest-
ments on GNI depends not only and not so much on their
volumes, but on the effectiveness of their use. Therefore,
Fig. 7 shows in these days a decline in efficiency of for-
eign investment coming into the country and not accom-
panied by the latest technology in the manufacturing
sector.
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Fig. 7. GNI dependence on tax burden rate and amount of direct investment into the country

Real deposit rate according to the analysis (Figure 8)
does not affect GNI, which is connected, first of all, with
low capacity of the financial sector, which has been de-
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veloping only since 1991 and is not directed at invest-
ment financing of the companies.
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Fig. 8. GNI dependence on tax revenue share in budget revenues and real deposit interest rate

In addition, the present regulatory policy does not
sufficiently encourage the banks to bring interest on de-
posits into conformity with inflation level, as evidenced
by the high variability of this indicator. The tax revenue
share in the budget revenues (X3) in turn depends on the
tax burden (X2), but the growth of this indicator also
shows the development of business and the reduction of
the shadow economy. Objectively (X3) also depends on
the degree of centralization of value added distribution in
the country. In Ukraine, as shown in Fig. 8, X3 is not
accompanied by GNI growth, indicating the shortcom-
ings of distribution mechanism and lack of effectiveness
of the tax system.
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Thus the above research results allow, first, on the
basis of the built neuro-fuzzy model, to evaluate the de-
pendence of macroeconomic indicators, namely GDP per
capita and gross national income per capita, on the indi-
cators characterizing the economic situation of the coun-
try. Herewith this neuro-fuzzy model, unlike existing
models, allows reproducing the complex nonlinear de-
pendences.

Secondly, it is advisable to direct further research at
determination of the hierarchy of factors and, on this
basis, disclosure of economic events occurring in the
country.
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