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MoDElInG ThE DEVEloPMEnT of MAChInE-BuIlDInG InDuSTry 
on ThE BASIS of ThE fuZZy SETS ThEory

Purpose. To analyze the state of development of Ukraine’s machine­building industry as a whole and its individual sub­sectors 
at the background of modern macro, micro­environment and in the context of new geopolitical situation. The task was set to 
model the development of the industry on the basis of the theory of fuzzy sets and to formulate suggestions for economic coopera­
tion with foreign investors, in particular EU countries in the field of machine­building.

Methodology. The study is based on general scientific methods (analysis, synthesis, comparison, formalization, and others) 
and methods of statistical data analysis. The data regarding the main indicators of engineering enterprises’ activities (the number 
of enterprises, the number of employed workers, average monthly nominal salary of workers, the volume of products sold by ma­
chine­building enterprises), as well as the volume of direct investments from Ukraine to economies of the world for the period of 
2010‒2017, was provided by the State Statistics Service of Ukraine. The apparatus of fuzzy logic (fuzzy sets) was used for studying 
and modeling the development of Ukraine’s machine­building industry in the near future. This is one of the most effective math­
ematical theories aimed at formalizing and processing uncertainty of information.

findings. The paper discusses the development trends of the machine­building in Ukraine for the period of 2010‒2017. Despite 
the fact that in the structure of investments in fixed assets the machine­building complex makes up a large third, it was found that 
during 2010–2017 the number of enterprises and employed workers involved in the field of machine­building was steadily declin­
ing. Using the tools of economic and mathematical modeling based on fuzzy sets, the authors developed a model for assessing the 
level of development of the machine­building industry in the near future. According to the simulation performed, an optimistic 
and pessimistic forecast was developed taking into account and without taking into account the proposed parameters that cur­
rently affect the activities of machine­building enterprises in the context of the new geopolitical situation.

originality. Using the tools of economic and mathematical modeling on the basis of fuzzy sets, a model for assessing the level 
of development of the machine­building industry for the near future was elaborated. Scientific originality is in the selection of 
quantitative and qualitative factors that have a significant impact on the dynamics of the development of machine­building in 
Ukraine. The improvement of the suggested parameters will bring Ukraine’s machine­building to the European and world markets 
and will significantly improve the macroeconomic indicators of the national economy.

Practical value. The model of assessing the state of Ukraine’s machine­building industry developed by the authors will allow 
determining this state taking into account qualitative and quantitative factors, adapting these parameters to the real conditions of 
Ukraine’s economy development and diversify the production volume of machine­building enterprises in the near future.

Keywords: economic development, engineering enterprises, metallurgy, automotive industry, the fuzzy sets theory

Introduction. The processes of globalization have recently 
been gaining high impact and are of an all­embracing nature. 
Today it is important for Ukraine to become an equal partner 
of the world community, but not a raw material appendage of 
highly developed countries. In the modern Ukrainian econo­
my, industrial enterprises, based on their role in creating the 
gross domestic product (GDP), occupy a special place in the 
system of organization of national production. Machine­
building is an important branch of industry. The level of devel­
opment of machine­building is one of the main indicators of 
economic and, above all, industrial development of the coun­
try [1]. Machine­building plays a key role in ensuring the de­
velopment of the state’s economy and is the basis for other 
industries, contributing to or reducing their competitiveness 
both inside and beyond the country. China, Germany, the 
USA, Japan, Hong Kong, Korea, Mexico, France, Singapore, 
Italy, Great Britain, Taiwan are among the leaders in the ma­
chine­building sector in the world. These countries are able to 
independently produce almost all types of machinery, equip­
ment and hardware. Individual countries of Eastern and West­
ern Europe, Brazil, India, Singapore produce only certain 
types of machine­building products, albeit at a rather high 
level [2]. For example, according to the overall foreign trade 
index, Germany ranks second, in terms of commodity ex­
ports ‒ the second, in terms of investment exports ‒ the 

world’s third largest. More than 60 % of commodity exports is 
accounted for machine­building products, followed by prod­
ucts of the chemical industry and some types of food products. 
In comparison with 1995, in 2015 the change of the country­
leader in the machine­building market took place. It became 
China with a market share equal to 17.0 % [3].

Ukraine was also in this group before the beginning of the 
1990s, the machine­building sector of which was the leading 
branch of economy. However, today the reduction of perfor­
mance of domestic machine­building goes in parallel with its 
scientific and technical demission [2].

literature review. Successful functioning of machine­
building enterprises is a key component of the development of 
economies in the world, which is affected by many factors ‒ 
from skilled labor to the problem of environmental protection. 
Therefore, this issue is being studied by many foreign and do­
mestic economists.

Thus, in particular, Jean Tirole, the Nobel Prize winner, 
reveals the essence of relationship between economics and 
politics affecting macroeconomic challenges, analyzes the im­
pact of the digital revolution, innovation and the correct bal­
ance between the market and regulation. According to the 
economist, country­wide economic decisions cannot be un­
derstood without the context of fields such as politics. He 
states that “economic agents react to incentives, some of which 
derive from the social groups to which they belong…” [4]. Ti­
role applies his macroeconomic insight to microeconomic 
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questions like digital platforms and their influence on employ­
ment, intellectual property, competition laws and policy and 
finally, the regulation of network industries. Tirole correctly 
underlines the importance of new technology explaining that 
digitalization has an impact on intellectual property rights, 
competition law, labor law, taxation and regulation in general. 
The digital economy is bringing extraordinary technological 
progress that is giving us better health, as well as more time and 
purchasing power, but it also creates dangers we cannot ignore 
[4]. His scientific reflections are particularly relevant today, at 
the time of intensified competition and the instability of po­
litical and economic systems.

Since the main factor influencing successful activity of in­
dustrial enterprises is the innovative component of their pro­
duction, in this context of scientific interest is the work by 
I. V. Bagrov and T. I. Tyshchenko [5], where they analyze com­
ponents that form the properties of innovative potential of an 
industrial enterprise and provide a methodology for their cal­
culation, which makes it possible to visually and more care­
fully compare the potentials of different industrial enterprises, 
to use formal and heuristic methods of evaluation.

The research [6] reveals peculiarities of innovative devel­
opment of industrial enterprises in 10 regions of Ukraine, and 
reveals a close correlation between the number of innovative 
enterprises and the number of enterprises that spend money 
on domestic research, purchase of machinery, equipment and 
software. Problems are detected and directions of their solu­
tion are determined. This work is of considerable interest from 
a point of estimated relationship between the number of in­
dustrial enterprises and their innovative activity, as well as the 
formulation of tasks that are appropriate to solve to increase 
the innovation activity of machine­building complex. How­
ever, no proposals were made regarding further industrial de­
velopment that would take into account quantitative and qual­
itative parameters of its functioning.

In the paper [7] Hakhovych N. G., Zavhorodnia M. Yu. 
analyze the dynamics of added value in production of ma­
chine­building products in world countries and provide a de­
tailed substantiated retrospective analysis of the development 
of Ukrainian machine­building industry in particular. The 
paper offers solutions for the development of main industries. 
But issues remained unsolved related to ensuring competitive­
ness of Ukraine’s machine­building in an unstable environ­
ment, and the authors do not take into account the factors of 
influence.

Herasymchuk V. G. [8], Korotkyi Y. V [9] analyze trends of 
development of machine­building enterprises of Ukraine, 
conditions of their functioning and development prospects. 
These works are of interest as they actualize analytical data of 
the development of machine­building complex. Information 
that is considered in the works by these scientists can serve as 
the basis for further modeling the development of machine­
building in the regions of Ukraine and economy as a whole.

unsolved aspects of the problem. In today’s high dynamics 
of external environment, Ukrainian industrial enterprises, in 
particular in the field of machine­building, significantly feel 
the pressure of such factors as rising costs, increasing competi­
tion, increasing requirements for quality and nomenclature. 
This, in turn, promotes increased demands concerning pro­
duction flexibility and real­time management. Not all enter­
prises implement a complex strategy for innovation.

Modern scientific literature does not pay enough attention 
to methods of predictive analytics that can be implemented in 
many business processes – from the planning stage to the pro­
duction stage. It is also worth noting that very often quantita­
tive methods are used to construct mathematical models that 
do not allow operating with uncertainty.

Despite the growing interest in the method for modeling 
the development of certain economic systems based on fuzzy 
set theory, the analysis of recent studies and publications 
points to their insufficient implementation.

Thus, the absence of domestic and foreign research studies 
and publications using modern methods of economic and 
mathematical modeling, including fuzzy sets theory, and the 
absence of an optimistic and pessimistic forecast for the devel­
opment of Ukraine’s machine­building, availability of data for 
analysis, which allows identifying and evaluating the influence 
of factors on activities of machine­building enterprises, the 
appearance of new economic models and approaches that af­
fect both production and business environment made it neces­
sary to conduct this research.

Purpose. The purpose of this research is to analyze devel­
opment of Ukrainian machine­building industry as a whole 
and its individual sub­sectors against the backdrop of the 
modern macro­ and micro­environment and in the context of 
the new geopolitical situation. In order to develop suggestions 
for economic cooperation with foreign investors, including 
EU countries, the field of machine­building, the goal was set 
to model further development of the industry based on the 
fuzzy set theory.

Methods. Indicators of Ukraine’s machine­building enter­
prises’ activity are provided by the State Statistics Service of 
Ukraine and analytical reports. All data cover the period of 
2010‒2017. The use of the tools of economic and mathemati­
cal modeling allowed simulating optimistic and pessimistic 
results of the development of Ukraine’s machine­building in­
dustry and investigating the possibility of influence and shift of 
the dynamics of specific indicators.

Very often quantitative methods are used for the construc­
tion of mathematical models. But they do not allow operating 
with uncertainty. However, the efficiency of uncertainty verifi­
cation of information directly depends on the choice of math­
ematical basis justified by mathematical theory. It is worth 
noting that nowadays there are a number of theories intended 
to formalize uncertain information: probability theory, subjec­
tive probability theory, the theory of interval average, multival­
ued logic, fuzzy set theory (fuzzy logic).

The basic ideas of the fuzzy set theory were worked out by 
mathematician L. Zade, that have recently been one of the 
most common areas of research in the field of management of 
economic systems. The theory of fuzzy sets allows effective 
modeling of nonlinear functions of any complexity. The math­
ematical apparatus allows specifying indicators and parame­
ters of the model in the form of linguistic variables, the princi­
pal difference of which from the numerical variables is in the 
fact that their values are not numbers, but words or sentences 
in the natural language [10]. This mathematical theory from 
unified positions allows considering various types of uncer­
tainties using the possibilities of other theories and obtaining a 
qualitatively new, better result. Taking into account that the 
development of machine­building is influenced not only by 
quantitative parameters but also by qualitative ones (unfavor­
able political situation in the eastern part of the country, 
changes in the external strategy of the national economy de­
velopment, low solvency of the population of Ukraine, high 
level of corruption, and others), in our opinion, it is the toolkit 
on the base of fuzzy sets which allows formalizing the task of 
machine­building development.

The main advantages from the use of the analytical appa­
ratus of the theory of fuzzy logic are [11]:

­ ability to use data given unclearly (statistical surveys, and 
so on);

­ fuzzy formalization of evaluation and comparison crite­
ria (using the criteria “majority”, “possible”, “predominant­
ly”, and others);

­ conducting a qualitative assessment of both input data 
and outcomes;

­ rapid modeling of complex dynamical systems and their 
comparative analysis with a given degree of accuracy.

Mathematical modeling using the principles of fuzzy logic 
requires the choice of a method of constructing membership 
functions that will ensure the formalization of fuzzy terms. 
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The fuzzy set theory gives the opportunity to use different 
methods of constructing membership functions. Therefore, it 
is advisable to choose a number of criteria that would help to 
solve the issue of building membership functions. The specific 
type of membership functions is determined on the basis of 
various additional assumptions about the properties of these 
functions (symmetry, monotony, continuity of the first deriva­
tive, and so on), taking into account the specificity of the exist­
ing uncertainty and the real situation. In particular, we pro­
pose fuzzy numbers of input and output parameters with a 
triangular representation of the membership function μ (t).

They are labeled min max( , , ),ct t t t=  where tmin, tmax, tc are 
respectively, the minimum, maximum value and some assess­
ment of the central value (mathematical expectation, modes, 
medians, etc.) of a particular parameter and have a member­
ship function 1.
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For modeling complex dynamic systems MatLab and Sta­
tistica software were used, which have modules that allowed 
processing data on fuzzy sets.

results. The machine­building complex of Ukraine in­
cludes more than 20 branches, 58 sub­sectors, including 
11.267 enterprises (146 large, 1834 medium­sized, 9287 small 
ones), employing about 1.5 million employees [12]. Machine­
building is also of the growing significance for Ukrainian 
economy because of the fact that it includes a significant share 
of the fixed and operating assets value and employs almost 1/5 
of the number of employees in [13]. The machine­building 
complex ranks second after metallurgy concerning the value 
of major industrial and production assets of large and medi­
um­sized industrial enterprises; in the structure of fixed capi­
tal investment, machine­building complex accounts for a 
third part and it ranks third in contributions to the state bud­
get [14].

Ukraine has all the preconditions for machine­building 
development since there is raw material base, workforce and 
good geographical location. But despite this, the volumes of 
machine­building production in 2014 decreased by almost 
three times in comparison with 2004. Domestic products, 
with the exception of their separate types, are not competitive 
both in the world market and in the domestic markets [9]. De­
spite the significant contribution of machine­building to the 
development of the national economy, it should be noted that 
its share in the structure of industry in Ukraine during 2013 – 
2015 (2013 ‒ 8.6 %, 2014 ‒ 7.2 %, 2015 – 6.5 %) [12].

At the same time, the conflict with the Russian Federation 
and breakdown of technological chains with the enterprises of 

the Crimea and Donbas negatively affected the production of 
machine­building products. This was evidenced by the con­
tinuation of the decline in machinery production in 2015 by 
19.3 % and the decrease in trade turnover in the industry. In 
2016, with a general 2.4 % increase in the industrial produc­
tion, machine­building grew by 1.3 %. This is the result of the 
revival of some segments of the domestic market, including 
the production of defense commodities. Experts estimate the 
total amount of defense production at UAH 50 billion, and 
also in recent years, the largest business entity of the defense 
industrial complex ‒ state group corporation “Ukroboron­
prom” has increased production several­fold, reaching $ 600 
million in 2015 [7].

The number of enterprises and the number of employed 
and hired workers in the field of machine­building for 
2010‒2017 are presented in Table 1.

During 2010‒2017 the number of enterprises and employ­
ees in the field of machine­building was steadily declining. 
However, statistics showed steady growth of workers salary in 
the field of machine­building, as well as the increase in the 
volume of sales of machine­building enterprises in the hryvnia 
equivalent, but, taking into account inflationary processes, 
this tendency should be considered as regularity. For example, 
according to the State Statistics Service of Ukraine, the GDP 
deflator for the third quarter of 2015 was at 37.8 %, and infla­
tion in Ukraine in 2015 increased to 43.3 % (State Statistics 
Committee of Ukraine) and reached its maximum for the last 
20 years [15].

Domestic engineering today is experiencing hard times. In 
the period of 2013‒2014, the manufacture of machinery was 
reduced by 17 and 24 % respectively. The largest decline was 
observed in the production of transport machine­building. 
The volume of locomotives production in 2014 decreased by 
62 % compared to 2013. The production of cars in 2014 com­
pared to 2013 decreased by 35 % [9].

According to the data of “Ukrautoprom” in August 2018 
the volume of motor transport production in Ukraine de­
creased by 37 % compared to the corresponding period of 
2017. In August 2018, only 470 units of motor vehicles were 
produced by Ukrainian factories. The largest result was dem­
onstrated by the “Eurocar” plant, which comprised 413 Skoda 
cars. At the same time, in relation to August 2017, the volume 
of large­wheel assembly at “Eurocar” decreased by 27 %. The 
production of trucks was limited to only one car, against 
32 units a year earlier. Manufacturers of buses have been pro­
ducing 56 cars monthly, which is 18 % less than last year.

During January­September of the year 2018, 4544 units of 
motor vehicles were manufactured in Ukraine or 7 % less than 
during the same period of the previous year [16].

During 2017, almost 1 million vehicles with a foreign reg­
istration were imported into Ukraine. Now more than 
246.4 thousand cars with foreign registration stay in Ukraine 
illegally [17].

Table 1
Indicators of activity of machine­building enterprises in the period of 2010­2017 [16]

Years The number of 
 enterprises, units

The number of 
 employees, thousands

Average monthly nominal 
salary of employees, UAH

Volume of sales by mechanical 
engineering enterprises, million UAH

2010 4736 482.3 2243 99 270.5

2011 4791 499.4 2741 130 847.9

2012 4546 520.8 3042 140 539.3

2013 5103 488.8 3229 113 926.6

2014 4460 422.3 3336 101 924.7

2015 4483 370.4 4211 115 261.7

2016 4209 353.6 5344 131 351.8

2017 4481 358.8 7357 167 649.3
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Against the background of negative trends in production of 
domestic automotive engineering, in 2016 AvtoKrAZ com­
pleted obtaining of the international certificate to enter new 
markets. This public joint­stock company produces 33 base 
models, more than 260 modifications and complete sets of au­
tomobile equipment by “KrAZ” for work in all branches of 
economy and the Armed Forces of Ukraine. The enterprise, 
which supplied 70 % of the production to Russia, and received 
from there the same percentage of components, has complete­
ly switched to cooperation with enterprises of Ukraine and 
Europe. In the framework of import substitution the order 
from “AvtoKrAZ” received companies from Uzhhorod, 
Berdychev, Odesa, Lviv, Zhytomyr, and Belarus as well. The 
main component, the engines, today produce: Minsk Motor 
Plant, Deutz, Cummins, Daimler, Fiat, WEICHAI [7]. How­
ever, since August 2016, KrAZ has ceased to disclose informa­
tion about its production volumes.

In conditions of import price increase for high­tech equip­
ment and component parts and significant export­oriented 
policy, machine­building provides about 39.1% of the capacity 
of the domestic market. In the general structure of Ukraine’s 
exports in 2016, the share of machine­building was 11.9 %, 
with an index of 4.34 billion dollars US, which was 9.2 % less 
than the indicator in 2015. For example, in 2017 tractors were 
imported totaling to 2.5 billion dollars. And domestic tractor­
building plants remain underutilized.

At the same time, the industry’s dependence on the im­
port of machine­building products is growing. This is primar­
ily due to the low technological level of domestic production 
[7].

In conditions of liberalization and globalization of the 
economy, accompanied by large­scale transformations of the 
organizational and economic mechanism of management in 
Ukraine, machine­building was one of the sectors that were 
severely affected during the reform process. Although in some 
industries they managed to maintain production potential, but 
the severance of economic ties with other countries ‒ the for­
mer Soviet republics, the lack of an effective state program for 
the development of machine­building, the weakness of regula­
tory norms in protecting domestic producers from unwarrant­
ed imports of machine­building products and so on, led to a 
significant loss of industrial and scientific potential of the in­
dustry. As a result, today in the general structure of domestic 
exports, machine­building reaches only 13‒19 %, and the 
trade balance is negative in almost all commodity groups of 
the industry [3].

In general, it can be said that after 2008 (accession to the 
WTO), the trend of the negative balance increased (Kudri­
achenko, 2009). In recent years (2012‒2017), the growth rate 
of imports from the EU member states was higher than the 
export rate, which resulted in the growth of the negative trade 
surplus. In 2012, the negative balance with the EU countries 
was about $ 9.1 billion, in 2013 ‒ $ 10.3 billion, in 2014 ‒ 
$ 4.1 billion. The negative balance of foreign trade of Ukraine 
in 2015 amounted to $ 2.3 billion. In 2017, the goods were ex­
ported at the sum of 17 billion 533 million dollars, while im­
ports amounted to 20 billion 799 million dollars in currency 
[15].

At this stage Ukrainian enterprises are forced to buy new 
equipment from the EU on prepayment terms. After creating a 
free trade area, equipment can be leased or loaned on very fa­
vorable terms.

It is quite obvious that for today the state support of the 
national producer is insufficient. The government is inclined 
to sign multi­million contracts with foreign suppliers, but lob­
bies the interests of the domestic machine­building complex 
on the world market insufficiently.

However, the research showed that such engineering cor­
porations and enterprises as public joint­stock company 
“FED”, Aton Group, UBC Group, Discovery Drilling 
Equipment focus on modern management methods and tech­

nologies. Newly founded firms adapt to existing realities much 
faster ‒ no matter what they are. In this context, new methods 
for financing and management of machine­building enterpris­
es are most clearly demonstrated. Today the key role is given to 
engineering, company’s CEO, emphasizing the key role of the 
workers and their high qualification [17].

In the context of the new geopolitical situation of the na­
tional economy, the innovative component in production is 
the main component for accelerating the development of the 
machine­building industry. Machine­building is a risky activ­
ity in unstable political and economic systems, influenced by 
many factors of fuzzy, so to speak, blurred nature.

In modeling the level of development of Ukraine’s ma­
chine­building industry, taking into account quantitative and 
qualitative factors, five input parameters (x1, x2, ..., x5) and one 
output parameter (Y ) were identified. The description is given 
in Table 2.

Graphic presentation of the model is shown in Fig. 1.
The level of expenditures for research (by sectors) ‒ indi­

cator x1 – according to the State Statistics Service of Ukraine 
[15] ranges from 19 to 21.3 % (corresponds to a low level of 
influence ‒ term “L”) of total innovation costs in the industry, 
is insufficient and needs significant improvement. The share of 
innovatively active enterprises (by types of economic activity) 
in the total volume of innovatively active industrial enterpri­
ses ‒ indicator x2 ‒ ranges from 18.9 to 22.6 % (corresponds to 
a low level of influence ‒ term “L”). The share of machinery, 
equipment, vehicles and devices in the structure of Ukrainian 
commodity exports ‒ indicator x3 – ranges within 8.1‒36.8 % 
(corresponds to low and medium level of influence ‒ terms 
“L” and “M”).

According to [18], the share of transport engineering in 
the total export volume of machine­building is 12.0 %, the 
share of heavy machine­building is 19.9 %, and the share of 

Table 2
Parameters of the model of the development level 

of machine­building industry of Ukraine

Parameter name Marking

level of development of machine­building in the near 
future

Y

level of conducting scientific research in the field of 
machine­building (research and development) [15]

х1

the number of innovative industrial enterprises [15] х2

share of machinery, equipment, vehicles and devices in 
the structure of Ukrainian commodity exports [18]

х3

level of export of machine­building products [18] х4

updating the legislative and policy frameworks for 
stimulating development of the national machine­
building industry

х5

Fig. 1. Scheme of dependencies of the output parameter “Y” on 
the input parameters “x”

https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/public+joint-stock+company
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precision machine­building is 55.3 % (corresponding to the 
low and medium level of influence ‒ terms “L” and “M”) ‒ 
the indicator x4. That is, to improve the monetary balance of 
the national economy, it is suggested to significantly increase 
the share of exports by increasing the share of heavy machin­
ery, including military equipment. In general, the analysis of 
the legislative and regulatory framework for innovative devel­
opment of enterprises in Ukraine leads to the conclusion that 
the legislator made real steps to form a system of legal regula­
tion of their activity. However, some pieces of legislation re­
main fragmentary, declarative and overly discretionary. 
Therefore, on the basis of the conducted research into the 
legislation concerning the field, it was assessed by authors that 
the indicator х5 ‒ the regulatory and legislative basis for stim­
ulating the development of the national machine­building 
industry ‒ is in the range of medium level of influence 
(30‒65 %). In order to improve the regulatory and legal 
framework, to stimulate the development of the national ma­
chine­building industry, it is proposed to include this qualita­
tive factor in the model for evaluating the development of the 
machine­building.

A range of changes in the input and output parameters of 
the proposed model for determining the level of development 
of the machine­building industry in the near future is present­
ed in Table 3.

For modeling on the basis of the fuzzy set theory a data­
base was formed, which defines the membership functions of 
fuzzy sets that are usually used in fuzzy rules. A fragment of the 
knowledge base is presented in Table 4. After selecting and 
specifying limits according to formalization of the input and 
output parameters of the model on the basis of fuzzy sets, the 
database according to Table 4 was implemented in the Matlab 
software environment.

It should be noted the more rules there are in the database, 
the more accurate the model is.

It is the database and rules of the model we have developed 
to evaluate the level of development of the machine­building 
in the short term that will allow having practical implementa­
tion both at the level of state structures and at the level of pro­
duction of the machine­building. The addition of a rule base 
to a specific plant or a cluster of machine­building will allow 
adapting the model based on fuzzy sets under a real situation. 
The rules and knowledge base can be adjusted. The input pa­
rameters can also be supplemented and modified depending 
on the dynamics of machine­building, favorable or unfavor­
able external and internal factors.

The input parameters according to (1) are suggested to be 
implemented in Matlab software in a triangular form of repre­
sentation, which, to our opinion, is the most appropriate for 
implementation, since the parameters of the model have a 
clear borders and are most suitable to be presented in this 
form. In general, the form of presentation of the input param­

Table 3
The level of influence of input indicators on the determining 
level of development of the mechanical engineering industry 

in the near future

Marking Parameter name
Range of 
indicator 

change, %

Terms 
(level of 

influence), %

Y Level of development of 
mechanical engineering in 
the near future

0–100 L – 0–30
M – 30–65
H – 65–100

х1 share of expenditures on 
scientific research studies in 
the field of machine­building 
of the total amount of 
expenditures on innovations in 
the industry ‒ 19‒21.3 % [15]

0–100 L – 0–30
M – 30–65
H – 65–100

х2 share of innovative enterprises 
by types of economic activity in 
the total volume of innovative 
industrial enterprises – 
18.9‒22.6 % [15]

0–100 L – 0–30
M – 30–65
H – 65–100

х3 share of machinery, equipment, 
vehicles and devices in the 
structure of Ukrainian 
commodity exports – 
8.1‒36.8 % [18]

0–100 L – 0–30
M – 30–65
H – 65–100

х4 level of export of machine­
building products by 
subsectors ‒ 12‒55.3 % [18]

0–100 L – 0–30
M – 30–65
H – 65–100

х5 updating the legislative and 
policy frameworks to stimulate 
the development of the 
national machine­building 
industry

0–100 L – 0–30
M – 30–65
H – 65–100

Table 4
Knowledge base of the model “Determinative level of 

development of the machine­building in the near future”

x1 x2 x3 x4 x5 Y

L L L L M L

L L M L L L

L L L H L L

M L L L L L

L L L L L L

L L L M L L

L M M M L M

L L M H M M

H M M L M M

H M M M L M

H H L L M M

H L M L M M

M H H M L H

M M H H M H

H H M H H H

H H H H H H

Fig. 2. Input and intermediate parameters in a triangular rep-
resentation
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eters can be implemented in trapezoidal, Gaussian and other 
forms of presentation.

The limits of the input parameters were processed on the 
principle of “weights” of the Mamdani module in the Matlab 
software environment. This made it possible to determine at 
what limits: low level (0‒50 %), medium level (50‒75 %) or 
high level (75‒100 %) there falls the initial indicator “Y” ‒ 
the level of development of machine­building in the near fu­
ture. According to the conducted simulation assuming the 
optimistic forecast for the development of the mechanical en­
gineering industry, the initial indicator “Y” is 0.775 (77.5 %), 
which belongs to a high level of development.

Taking into account the factors described above, optimis­
tic forecast for the development of machine­building is pre­
sented in Fig. 3.

Without taking into account these factors (Table 3), the 
prospect of the development of the national machine­building 
industry will be at a pessimistic forecast of 0.35 (35 %), which 
corresponds to a low level of development. That is, for the op­
timistic scenario implementation of the development of the 
machine­building enterprises, it is preferred to take into ac­
count suggested qualitative indicators.

Conclusions. The paper deals with the tendencies of devel­
opment of the machine­building industry in Ukraine for the 
period of 2010‒2017. In spite of the fact that the machine­
building complex in the structure of investments in the fixed 
capital makes more than one third, it was revealed that for the 
period of 2010‒2017 the number of enterprises, employed 
workers involved in the field was steadily decreasing. The main 
factors for stabilizing the situation in machine­building are: 
internal macroeconomic situation, the level of innovation 
management, profitability, scientific and technical potential, 
the degree of participation in international division of labor, 
trade and investment flows, focusing government efforts on 
the development of favorable conditions, quality and efficien­
cy of the system, the state of infrastructure, the state and qual­
ification of labor resources, socio­economic and internal po­
litical situation in the country.

It is also worth noting that the government’s actions aimed 
at protecting and lobbying the interests of the domestic pro­
ducer in the world market are important in stimulating the de­
velopment of the machine­building complex. Development of 
targeted integrated innovation programs is required to imple­
ment this aim. Such programs should take into account the 
forecasts of industrial development, should be based on mod­
ern methods of analysis of the state of machine­building, and 
include the factor of scientific and technical development and 
innovations not only in the technical sphere, but also in the 

managerial one.
We have developed a model for assessing the level of devel­

opment of the machine­building industry in the near future 
using a tool of economic and mathematical modeling based on 
the fuzzy set theory. According to the simulation, optimistic 
and pessimistic development forecasts were estimated. Ac­
cording to the optimistic forecast, that is, taking into account 
qualitative factors, the initial indicator “Y” ‒ the level of de­
velopment of mechanical engineering in the near future is 
0.775 (77.5 %), which belongs to a high level of development. 
Excluding qualitative parameters, the prospects for the devel­
opment of the national machine­building will be at a pessimis­
tic level of 0.35 (35 %), which corresponds to a low level of 
development.

The research has shown that national mechanical engi­
neering manufacturers are now in difficult conditions, but 
state support, development and implementation of innova­
tions, as well as taking into account the qualitative factors of 
the proposed model for determining the level of development 
of enterprises in the mechanical engineering industry, will 
help to improve and diversify the volume of production of 
machine­building enterprises in the near future.
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Моделювання розвитку машинобудування 
на базі теорії нечітких множин
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Мета. Оцінка стану розвитку машинобудівної галузі 
України в цілому та окремих її підгалузей на фоні сучас­
ного макро­, мікросередовища та в контексті нової гео­
політичної ситуації. Для вироблення пропозицій щодо 
економічного співробітництва з іноземними інвестора­
ми, зокрема, країнами ЄС у сфері машинобудування, по­
ставлено завдання здійснити моделювання розвитку га­
лузі на базі теорії нечітких множин.

Методика. Дослідження базується на загальнонауко­
вих методах (аналіз, синтез, порівняння, метод формалі­
зації та ін.) та методах статистичного аналізу даних. Дані 
щодо основних показників діяльності підприємств ма­
шинобудування (кількість підприємств, кількість зайня­
тих працівників, середньомісячна номінальна заробітна 
плата працівників, обсяг реалізованої продукції підпри­
ємствами машинобудування), а також обсяг прямих ін­
вестицій з України до економік країн світу за період 
2010–2017 надані Державною службою статистики Укра­
їни. Для дослідження та моделювання розвитку націо­
нальної галузі машинобудування України на найближчу 
перспективу використано апарат нечіткої логіки (нечіт­
ких множин). Це є одна з найбільш ефективних матема­
тичних теорій, спрямованих на формалізацію та опрацю­
вання невизначеності інформації.

Результати. У роботі розглянуті тенденції розвитку ма­
шинобудівної галузі в Україні за період 2010–2017 років. 
Незважаючи на те, що у структурі інвестицій в основний 
капітал машинобудівний комплекс становить більшу тре­
тину, виявлено, що за період 2010–2017 років кількість 
підприємств, зайнятих працівників, задіяних у сфері ма­
шинобудування, стабільно скорочується. Застосовуючи 
інструментарій економіко­математичного моделювання 
на базі нечітких множин, авторами була розроблена мо­
дель оцінювання рівня розвитку машинобудування на 
найближчу перспективу. Згідно із проведеним моделю­
ванням було розроблено оптимістичний і песимістичний 
прогноз розвитку машинобудування України з урахуван­
ням та без урахування запропонованих параметрів, що 
впливають на даний час на діяльність підприємств маши­
нобудування в контексті нової геополітичної ситуації.

Наукова новизна. За допомогою інструментарію еко­
номіко­математичного моделювання на базі нечітких 
множин розроблена модель оцінювання рівня розвитку 
галузі машинобудування на найближчу перспективу. На­
укова новизна полягає в підборі авторами чинників кіль­
кісного та якісного характеру, що мають суттєвий вплив 
на динаміку розвитку машинобудування України. По­
кращення запропонованих параметрів дозволить вивес­
ти галузь машинобудування України на європейські та 
світові ринки й суттєво покращити макроекономічні по­
казники національної економіки.

Практична значимість. Розроблена авторами модель 
визначення рівня стану галузі машинобудування Украї­
ни дозволить визначати цей стан з урахуванням якісних і 
кількісних чинників, адаптуючи вказані параметри до 
реальних умов розвитку економіки України, та диверси­
фікувати обсяг виробництва підприємств машинобуду­
вання на найближчу перспективу.

Ключові слова: економічний розвиток, підприємства 
машинобудування, металургія, автомобілебудування, тео-
рія нечітких множин
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Цель. Анализ состояния развития машиностроитель­
ной отрасли Украины в целом и отдельных ее подотрас­
лей на фоне современной макро­, микросреды и в кон­
тексте новой геополитической ситуации. Для выработки 
предложений по экономическому сотрудничеству с ино­
странными инвесторами, в частности, странами ЕС в 
сфере машиностроения, поставлена задача осуществить 
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моделирование развития отрасли на базе теории нечет­
ких множеств.

Методика. Исследование базируется на общенаучных 
методах (анализ, синтез, сравнение, метод формализа­
ции и др.) и методах статистического анализа данных. 
Данные по основным показателям деятельности пред­
приятий машиностроения (количество предприятий, ко­
личество занятых работников, среднемесячная номи­
нальная заработная плата работников, объем реализо­
ванной продукции предприятиями машиностроения), а 
также объем прямых инвестиций из Украины в экономи­
ки стран мира за период 2010–2017 предоставлены Госу­
дарственной службой статистики Украины. Для исследо­
вания и моделирования развития национальной отрасли 
машиностроения Украины на ближайшую перспективу 
использован аппарат нечеткой логики (нечетких мно­
жеств). Это одна из наиболее эффективных математиче­
ских теорий, направленных на формализацию и обра­
ботку неопределенности информации.

Результаты. В работе рассмотрены тенденции разви­
тия машиностроительной отрасли в Украине за период 
2010–2017 годов. Несмотря на то, что в структуре инве­
стиций в основной капитал машиностроительный ком­
плекс составляет большую треть, обнаружено, что за пе­
риод 2010–2017 годов количество предприятий, занятых 
работников, задействованных в сфере машиностроения, 
стабильно сокращается. Применяя инструментарий эко­
номико­математического моделирования на базе нечет­
ких множеств, авторами была разработана модель оцен­
ки уровня развития машиностроения на ближайшую 
перспективу. В соответствии с проведенным моделиро­

ванием был разработан оптимистичный и пессимистич­
ный прогноз развития машиностроения Украины с уче­
том и без учета предложенных параметров, влияющих в 
настоящее время на деятельность предприятий машино­
строения в контексте новой геополитической ситуации.

Научная новизна. С помощью инструментария эконо­
мико­математического моделирования на базе нечетких 
множеств, разработана модель оценки уровня развития 
отрасли машиностроения на ближайшую перспективу. 
Научная новизна заключается в подборе авторами фак­
торов количественного и качественного характера, кото­
рые имеют существенное влияние на динамику развития 
машиностроения Украины. Улучшение предложенных 
параметров позволит вывести отрасль машиностроения 
Украины на европейские и мировые рынки и существен­
но улучшить макроэкономические показатели нацио­
нальной экономики.

Практическая значимость. Разработанная авторами 
модель определения уровня состояния отрасли машино­
строения Украины позволит определять это состояние с 
учетом качественных и количественных факторов, адап­
тируя указанные параметры к реальным условиям разви­
тия экономики Украины, и диверсифицировать объем 
производства предприятий машиностроения на ближай­
шую перспективу.

Ключевые слова: экономическое развитие, предприя-
тия машиностроения, металлургия, автомобилестроение, 
теория нечетких множеств
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