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Abstract

This article deals with the determination of the stages of development of Ukrainian industries with regard to
the factors driving innovation. Based on an analysis of literary sources carried out, the most common indicators
of the stages of development of industries have been identified, and it is proposed to classify them into
structural, volumetric, dynamic, and innovation ones, given the specificity of the relevant statistical data
regarding Ukraine. Calculations have shown that most industries are in a declining phase in terms of the
majority of volumetric and innovation criteria. In some industries there are positive trends to intensify the
innovation activity of businesses, while the chemical and engineering industries, which have the highest level of
technological development, are in a decline phase.
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Introduction
The global financial crisis has shown that the real economy, as opposed to the financial sector, is more stable
and that it creates most of the products and jobs in developed countries.

The process of deindustrialization of the Ukrainian economy has been going on for more than two decades. In
the period 2001-2016, the share of industry in GDP declined by 10 percentage points. Only low- and medium-
technology production — the manufacture of food, the manufacture of basic metals, and mining —
demonstrated the highest rate of development and relative stability. At the same time, a continuous reduction
in the volumes of production, investment, and employment has been observed in the engineering industry,
which belongs to high-tech industries. The European Commission called on the governments and societies of
EU member states to restore industry as the main driving force of economic and social development. As
highlighted in the relevant communiqué, a strong manufacturing base will be the key to restoring Europe’s
economy and competitiveness in the coming years, because industry provides the largest multiplier effect in
the economy of countries as a whole, creating the largest volumes of added value. That is why, in EU countries,
there are widely used various forms of government support for the development of a new type of industry,
which are intended to restore and maintain the EU leadership in global industrial production in the long term.

The deepening crisis in Ukraine’s industry does not allow the execution of simultaneous reconstruction in all
directions, therefore, when providing support the government should take into account the state the stage of
development, and potential of each specific industry in the economy.

The need to determine the stages of the development of industry in order to form an effective industrial policy
is noted both by national [1] and foreign [2] researchers.

Thus, the purpose of the study is to determine the stages of development of Ukrainian industries with regard
to the factors driving innovation.

Literature review
In modern literature, from 3 to 6-9 stages of development of industry are distinguished. The traditional life
cycle model is associated with the development of M. Porter and includes four stages of development:
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introduction, growth, maturity, and decline (crisis). Many researchers follow this approach. A detailed analysis
of the characteristics of the four stages of industry development is presented in [3, 4]. Unlike Porter’s
approach, the Moore model is based on consumer requirements for products in an industry, and it comprises
three phases: functionality, reliability, and convenience, which correspond to the improvement of technologies
in order to satisfy consumer needs.

Given the possibility of different scenarios of industrial development when technologies become obsolete, the
decline phase can end in the complete disappearance of an industry, or its transition to a new state of
equilibrium (with a much smaller production volume) with the old technology being preserved.

Existing approaches to defining the concept of a life cycle and the correlation of stages, mostly for
characterising the development of an enterprise, are studied in detail in the work of O. Matiushenko [5].

In general, approaches to determining the stage of development of an industry can be divided, depending on
the preferential use of individual indicators, into the following groups:
= quantitative approaches, which primarily consider the volumes of factors involved and the results of
production;
= innovative approaches, which are based on the assumption of the leading role of innovations in the
development of an industry;
= complex approaches, which use a wide range of indicators to assess an industry’s stage of
development;
= individual approaches, which have a limited scope of use due to the specificity of an industry.
With a quantitative approach, the most applicable are indicators of production, sales, investments,
employment, resources, etc.

S.Smirnova [6] considers the development of industrial clusters and proposes the use of methods of
multivariate analysis to determine the stage of their life cycle. The feature space to characterise enterprises
and clusters includes the following indicators: the current state of the market; the forecast state of the market;
the intensity of competition; the availability of raw materials; and the availability of labour resources.

Based on the concept suggested by M. Porter, N.Rychyhina determines the development stages of the
manufacture of textiles [7] and engineering [8] using the following main criteria: the number of enterprises; the
production volume in physical and monetary terms; the number of employed; the number of equipment
upgrades; the introduction of advanced technologies; the number of newly developed products (in the most
recent period); and financial results.

The reasons for skipping one of the stages of the life cycle (“closing up”, decline) by industries with a high
degree of vertical integration, which do not experience any exit from the market, are analyzed in [9] using the
example of the manufacturing of jet engines for civil aviation. The high degree of vertical integration of the
network of engine and aircraft manufacturers prevents mass entry into and exit from the industry and provides
a certain degree of stability. A life cycle analysis is based on the number of manufacturers and their production
links. It should be noted that, at the stage of introduction of this industry, the main role was played by the
experience of industry producers for the purpose of military aviation, which created large entry barriers for
other potential participants. The features of such industries should be taken into account when analyzing the
stages of their life cycle.

Innovative approaches to assessing the stage of development of an industry (known as the Abernathy-
Utterback model), based on the leading role of innovation in economic development and the change of
technological modes, focus on expenditure on R & D, and innovation, the volume of new and innovative
products, the R & D intensity of an industry, etc., the degree of specialization / unification of equipment and
products [10]. The peculiarity of each stage in terms of the origin of innovations is shown in [11], which points
to the introduction of innovations at the early stages of development from other technologically related
industries, in contrast to the later stages, where innovations have an endogenous origin.

An original approach to assessing the level of innovation development of an industry is proposed in [12], where
authors distinguish between innovation potential and innovation activity, with innovation potential being
adjusted in accordance with the level of innovative risk that reduces the potential. The authors use a uniform
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scale to identify the level of innovation activity in different situations. Thus, the main criterion for determining
the stage of development of an industry is the level of its innovational activity. The disadvantage of this
approach is that among the singled out situations (stages), namely: “introduction”, “formation”, “smooth
implementation” and “stability”, there is no general crisis stage (decline). Thus, the indicators of innovational
activity are not enough to determine the stage of development of an industry if they are not analysed in long-
term dynamics.

Innovative processes are considered by S. Kuznetsov as the key factor in altering the stage of an industry’s life
cycle [13]. The main idea of defining the cycles of an industry is based on the hypothesis of the exhaustion of
innovations, i.e., the decrease in efficiency of the available technologies, which leads to the decline of the
industry. However, a higher innovational activity in industries related to the selected one (in the author’s
research — the forestry industry) can extend the maturity and efficiency of the industry.

Within the framework of an innovative approach, some researchers suggest using the idea of the existence of
two types of threats of obsolescence — the threat to core activities and the threat to core assets — to define an
industry’s life cycle [10]. Obsolescence of core activities refers to the key factors that ensured the industry’s
profitability in the past, the obsolescence of core assets (competitiveness) is associated with knowledge,
brands, patents, etc., which ensure the uniqueness of the organization in the market.

Comprehensive assessments include a variety of indicators that are usually combined into an integral indicator.

To assess the level of technological development of industries, L. Strelkova and S. Kabanov [14] propose the
use of 20 indicators, which are grouped as follows: the efficiency of using fixed assets; innovative products and
new technologies; organizations that implement technological innovations and their co-operation; use of
human resources in the field of R & D; the operating costs associated with technological innovation; and
intellectual property. The methodology involves the construction of an integral indicator of the level of an
industry’s technological development as a weighted sum of sub-indices.

Based on an analysis of 21 manufacturing industries in six European countries, the authors [15] investigated the
innovational activity of new and existing firms at different stages of their life cycle. The initial assumption was
the endogenous nature of economic growth associated with investing in R & D to create innovation. The
authors distinguished two types of innovations (aimed at increasing t efficiency and qualitative characteristics)
and determined the conditions of using one or another type at different stages of a firm’s life cycle by the
method of stochastic boundary estimation. Determining the stages of an industries’ life cycle is based on panel
data on production volume, value added, investment, labour costs and expenditure on R & D. The
interpretation of quadratic models of panel data on countries’ sales volumes (presented as logarithms) allows
the determination of the stages of growth and maturity of an industry. The first derivative of these models
makes it possible to determine the degree of maturity: industries with the highest degree of maturity are oil
refinery, textile production and shipbuilding; with the lowest degree of maturity — production of computer
equipment, communication equipment, pharmaceuticals and the precision instruments industry.

Some researchers have suggested identifying the stages of the life cycle of industries in terms of the quadrants
of the BCG matrix. The transitions between the stages correspond to the transitions between quadrants [16],
which allows consideration of regression processes in industries.

Regional features of the life cycle stages of the mining industry are associated with the exploration, use and
exhaustion of stocks, as well as the availability of innovative technologies, as described in [17]. The difference
in the life cycle stages of the industry in different regions affects the duration of the life cycle stages of the
entire industry. The main criterion for determining the stages of the life cycle is the average annual increase in
the volume of production, which is the largest in the stage of growth, and approaches zero in the maturity
phase.

It is proposed to use economic and mathematical modeling for distinguishing the stages of growth — slow and
rapid. Based on the data on gross revenue, capitalization, the number of employees, current liquidity, financial
leverage, and taking into account the industry affiliation of a company, in [18] a probit-model of the transition
of a company to the stage of rapid growth was constructed. In the paper it is shown that a decrease in the
likelihood of transition to the stage of rapid growth is typical for industrial enterprises, which is mainly due to
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the growth of debts hindering rapid growth. A detailed analysis of empirical methods to identify the stages of
the life cycle of industries or products is given in [19].

Grebel et al. [20] focus on the peculiarities of the life cycle stages of the knowledge-oriented industries that
arose in the late 20" century. The authors note that the concept of a life cycle, which was developed during the
20" century, has a very limited application in relation to new industries. A peculiarity of the development of
such sectors is the simultaneous existence of large, highly differentiated firms, those oriented towards new
technologies, which interact with state research institutes within a single innovation space. Due to this, the
diffusion of knowledge and innovation is moving at a faster rate. The dynamics of the life cycle for knowledge-
oriented industries is determined by the processes of transferring knowledge and technologies. Thus, the main
criteria for determining the stage of the life cycle are the emergence and degree of implementation of new
technologies, the specialization of new and reorientation of existing firms, as well as the growth rate of new
knowledge. A quantitative measure may be the number of new patents (growth index), and the degree of
concentration in the industry.

M. van Dijk [21] presents an empirical examination of differences between the dynamic and structural
characteristics of industries that are in different stages of development, using the example of the Dutch
economy. The formulated hypotheses are based on the Klepper innovative model of the life cycle of an
industry, which implies a dynamic increase in the return on technological changes and takes into account the
innovative opportunities and scale of the firm. The survey covered a period of 15 years and considered more
than 10 thousand firms, of which 2.8 thousand existed throughout the period and provided more than half of
the jobs and volume of sales. The list of indicators that were investigated for each firm comprised: the number
of hired workers, sales volume (including re-exports), gross output, gross intermediate consumption, gross
value added, indirect taxes, labour costs (including deductions to social funds), and gross profit.

To determine what stage of the lifecycle an industry is in, M. van Dijk [21] uses only two indicators: the growth
rate of the total number of firms, and the growth rate of gross sales during the period under study. To assess
an industry’s stage of development by rate of growth/decline, we used the scale to estimate the significance of
the deviation from zero “significantly smaller than zero”, “zero”, “significantly greater than zero”, which was
tested using the Student’s criterion. At present, the approach is not applicable to determine the stages of
development of Ukrainian industries, as it involves a large sample of data on the primary elements of industries

— businesses — over a long period of time.

Thus, the list of indicators used to determine the stage of development of different economic sectors (including
manufacturing ones) is wide enough (Tab. 1).

Table 1. Indicators of the stages of development of industries used in global practice

Industry structure Production activity Innovation activity
Number of enterprises Volume of production (sales) Innovation activity of enterprises
(including large and small ones)

Rate of change in the number of Rate of change in volumes of production Expenditure on innovation activity
enterprises
Degree of concentration in the Financial results Expenditure onR & D
industry
Share of the industry in the Export volumes Number of implemented innovative
domestic market technologies
Risk level Depreciation of fixed assets Number of patents received
Share of small enterprises Volume of capital investments Volume of sales of innovative products
Level of competition Product turnover

Volume of orders

Dynamics of prices for products

Profitability

Structure of capital

Number of employees

Source: Author’s
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The first set of indicators reflects an approach in which the main emphasis is placed on the rate of growth
(decrease) in the number of firms over a certain period, the time when the number of firms is the greatest and
the number of years when the growth (decrease) in the number of firms is observed. It should be noted that
different methods allow the definition of a different number of stages of development of the industry — from
two (growth — fall) to five.

The second group corresponds to Porter’s quantitative approach. Therefore, the main focus is on volumes of
resources, the efficiency of use, results, and the number of employed used as an additional criterion.

The formation of the third group of indicators is based on the suggestion that the innovational activity is high at
the initial stages and is low at the stage of stability and decline. Moreover, the phase of introduction and the
phase of decline of innovation is predominantly inherent in small businesses. For identification, direct
indicators (the volume of sales of innovative products) and indirect ones (including the number of patents,
expenditure on R & D) are applied. To use them, a targeted survey of business entities is necessary [19]. It is
the activity in obtaining patents that is considered as a sign of the stage of technological development of an
industry [22].

The possibilities of using certain indicators to determine the stages of development of Ukrainian industries are
limited by the availability of relevant information for a long period of time. Therefore, in the case of Ukraine,
the criteria shown in Figure 1 will be used.

Criteria for determining the stages of development of an industry

Structural Volumetric Dynamic Innovative
Number of enterprises | | Volume of production of | | Industrial production | | Volume of innovative
key goods index products
Share of small and

medium-sized —1 Number of employees

enterprises Rate of growth / Volume of innovat.ive
decrease in employment — products sold outside
Ukraine

—— Investment volume

Rate of growth /
— decrease in investment
volumes

—— Financing innovation
Volume of direct foreign

investments

The rate of growth /
L— decrease in the number Number of innovation-
of enterprises active enterprises

Fig. 1. Classification of criteria for identifying the stages of the life cycle of Ukrainian industries
Source: Author’s

The structural and volumetric criteria for determining the stages of development of industries are used to carry
out a preliminary analysis and calculate dynamic indicators. Dynamic indicators are calculated in the form of a
chain and basic rates of growth (increase) are used for the formal definition of the development stage.
Innovation criteria are used to assess the technological level and potential of development of an industry at the
current stage. In view of the significant influence of inflationary processes, preference should be given to
physical indicators or to those that are assigned in the same comparative base.

Thus, assessing the stage of development of Ukrainian industries according to the proposed criteria will make it
possible to simultaneously reveal the main problems of the development of industries, with regard to their
place in the country’s economy, social impact, and the degree of technological development.
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Assessing the stages of development of Ukrainian industries
To determine the features of the stages of development of Ukrainian industries based on the criteria presented
in Figure 1, the data of the State Statistics Service of Ukraine for 2001-2015 [23, 24, 25, 26, 27] were used.

To determine the stage of development of Ukrainian industries an approach described in [21] was used, which
is based on estimating the rates of growth / decline in the quantitative characteristics of businesses. According
to this approach, to provide an absolute quantitative characteristic, the rate of growth/decline for a certain
period of time is determined and then the hypothesis regarding the significance (non-significance) of the
deviation of the rate of change from zero using Student’s criterion is tested as follows:

Table 2. Deviation of the rate of change from zero using Student’s criterion where tis the rate of change of the quantitative
indicator; t is the calculated value of the Student’s t-criterion, t=1.75 — the critical value of the Student’s criterion at a level
of confidence probability of 0.05.

Rate of change (1) Student’s criterion
significantly smaller than zero (t<<0) t<-1.75
approximately equal to zero (t =0) -1.75st<1.75
significantly greater than zero (t >>0) t>1.75

Source: Author’s

The calculations were carried out for the types of industrial activity the data on the development of which is
available for at least 10 years. Due to the change in the classification of types of economic activity and the
limited list of industrial activities, the assessment of the development stage was carried out by aggregate types
of activity.

Figure 2 presents the dynamics of the number of mining enterprises, which demonstrates that during the
period 2001-2007 there was an increase in their number due to the expansion of non-energy mineral
extraction.
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Fig. 2. Dynamics of the number of mining enterprises
Source: Author’s
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Since 2008 , a general decrease in the number of enterprises involved in this type of activity has been
observed, mainly due to the fall in the number of enterprises specialising in the mining of hard coal and lignite
(from 280 to 157).

The dynamics of the number of enterprises in some types of manufacturing industries is shown in Figure 3. In
general, manufacturing also experienced a decrease in the number of enterprises, including the largest types of
industrial activity.
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Fig. 3. Dynamics of the number of enterprises in the manufacturing industry by the largest types of industrial activity
Source: Author’s

The results of calculating the rate of change in the number of businesses by selected industrial activities
showed that two periods can be distinguished in the dynamics of the number of enterprises in almost all types
of industrial activities. The first period — from 2001 to 2007 (for some industries, the period from 2001 to
2005) — is characterized by an increase in business activity and, in most cases, positive rates of increase in the
number of businesses. The second period — from 2008 to 2015 (or from 2006 to 2015) — is characterized by a
decline in business activity, a decrease in the number of enterprises, and negative rates of change in almost all
industries. The largest decrease was recorded in 2014, which is partly due to excluding the data on the
Autonomous Republic of Crimea from the calculation. However, the total number of enterprises of various
industries in the AR of Crimea did not exceed 3 % of the total number of enterprises in the country, while the
fall reached 9-14 %, i.e., it was significantly higher than the objectively conditioned.

The analysis of the calculated values of the Student’s criterion confirms the significant fluctuations in the
number of businesses during the two periods under consideration. To determine the current stage of the
development of the industries, the rates of change in relation to the reference year of 2001 were used. The
results of the calculations showed that only three industries (non-energy mineral extraction, production of
rubber and plastic products, and manufacture of basic metals) are in the growth stage by the number of
businesses. At the same time, Ukrainian industry, as a whole, is in the maturity phase (although it displays
negative dynamics) while the manufacturing industry, in particular high-tech engineering, is in the decline
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phase. Thus, it once again confirmed the need to take measures for the reconstruction and revival of national
industry.

It should be noted that since at the beginning of the second period in the industries whose phase was
identified as “maturity”, a decrease in the number of businesses was observed, this phase is closer to
“overmaturity”, i.e., it results from negative dynamics.

The preliminary analysis of the dynamics of employment in the industries based on the data on the number of
staff in 2001-2015 showed a steady decline in employment rates in all types of industrial activities in favor of
service industries, as shown in Figure 4.
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Fig. 4. Dynamics of the average number of staff in Ukrainian industry
Source: Author’s

The analysis performed of the chain rates of change in the number of employees by industry showed that the
total trend in all sectors of the economy is determined by the negative rate of change in employment, while no
rate that is significantly greater than zero was observed throughout the period under study. The only exception
is wood processing; the pulp and paper industry, and publishing; the manufacture of rubber and plastic
products and the manufacture of basic metals in the periods from 2003 to 2007 and from 2010 to 2011.

The results of the assessment of the rate of change in relation to the reference year of 2001 make it possible to
state that all industries are in the phase of decline.

To analyse the stage of development of industries by volume of production, data was used regarding the
production volumes of certain key homogeneous types of industrial products in physical terms for 2003-2006.
A preliminary analysis of the data concerning such groups of products as finished steel, mineral fertilizers,
sugar, etc., starting from1990, showed that in almost all industries there was a sharp decline in production in
the period 1990-1996, even the production of oil decreased by 40 % over the 5 years. Thus, it should be noted
that since 1995-1996, the manufacturing of most products has reached a new equilibrium level after the crisis
and a new, shorter, life cycle has begun. In the cycle, there is no period of introduction, and the growth rate
was not high. To determine the current stage of development of industries, the data regarding the period from
2003 to 2016 were used.
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Chain rates of change in the volume of production suggest the presence of different stable and unstable trends
in the development of industries. The most positive changes were observed in 2011, which is due to a gradual
decrease in the impact of the global financial crisis of 2008-2009. Only one of the considered positions — the
manufacture of synthetic dyes — demonstrated a positive growth rate throughout the whole period. A decline
in the production volume of oil and sugar was also observed in 2013 and 2015. As evidenced by the data
obtained as a result of calculating the Student’s criterion, the growth rate was significantly greater than zero
for most product positions. At the same time, in 2013-2014, the situation changed to the opposite, and the rate
of change was significantly smaller than zero.

The basic rates of change in the production volumes in 2016 as compared to 2003 were used to assess the
stage of development of the industries. The aggregation of the rate of change was carried out using the
weighted average for all product positions that relate to a particular type of industrial activity:

a
7 ZZWﬁTw
JjeJ;
where 7/ is the aggregate rate of change for industry i;

jis the product position,
Jiis the set of product positions that are relevant to industry i;
w;; is the weight coefficient, which is equal to the normalised value of the correlation coefficient of the rate
of change in the production volume of product of type j and the index of industrial production in industry i;
7;is the rate of change in the production volume of product .

The results of calculating the aggregate rates of change in the production volume of industries and the
assessment of the stage of the industries’ development showed that national industry in general and mining
and manufacturing in particular are in the stage of maturity. This is due to the aggregation and mutual
compensation in the rate of change in various types of industrial activity.

Only two industries — the manufacture of food products, beverages and tobacco products, and the
manufacture of wood products and paper — are in the growth stage. Among mining industries, extraction of
energy minerals is in the decline phase, primarily due to the loss of capacity in some districts of the Donetsk
and Luhansk regions. The manufacture of coke and refined petroleum products, of chemicals, and engineering
are in the decline phase as well. The significant decrease in the production volume in most positions of the
engineering industry has had a considerable negative impact, since it is a high-tech one and should be among
the industries of the real sector in the post- and neo-industrial economy. The positive trend is that the
manufacture of electrical, electronic and optical equipment is in the stage of maturity, mainly due to a
significant increase in the production volume of measuring equipment in recent years, mainly for the needs of
housing and communal services. However, in most product positions of this type of engineering, there are also
negative trends towards decline.

Investments in fixed assets, as a rule, differ considerably from the stages of the life cycle of an industry. For the
analysis of investment processes, indices of investment in fixed assets were used, which made it possible to
eliminate inflationary effects.

The calculations based on the Student’s criterion show that in 2007 and from 2011 to 2012 investments
significantly increased, while in 2014-2015, to the contrary, a significant decrease in the volume of investments
in all industries was observed. At the same time, the growth of investments for the whole of the period under
study was also significant.

It has been determined that a vast majority of industries are in the growth stage, with the exception of the
manufacture of coke and refined petroleum products, whose stage of development is identified as decline. The
data on the degree of depreciation of fixed assets contradict this conclusion, since throughout the period under
study, the degree of depreciation was constantly increasing, or remained unchanged in all industries. The only
exception is the metallurgical industry and the mining of metal ores. However, this is the result of the exclusion
from the calculations of a part of the businesses which use considerably obsolete technologies that are located
in the Donetsk and Luhansk regions. This indicates the ineffectiveness of investment in fixed assets, which is
carried out only to replace the retired or completely operationally unserviceable assets. Thus, the application
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of this criterion to determine the stages of development of the Ukrainian industries is currently inexpedient,
since it does not make it possible to make an objective assessment.

The analysis of the innovation component of Ukrainian industries was carried out in terms of the number of
enterprises engaging innovation activity, the volumes of innovation products sold, incl. outside Ukraine, and
expenditure on innovation activity. Since, starting from 2015, the data on their innovational activity include
only the results of businesses with the number of employees totaling not less than 50 persons, direct
comparison with the previous years is incorrect. Therefore, to identify the trends, the data for 2005-2014 were
used.

In general, during 2005-2014, the number of industrial enterprises engaging innovation activity had a weak
growth trend (Fig. 5), but in the high-tech chemical industry, there was a slowdown in the innovational activity

of businesses. A sharp decline (from 38 % to 28.6 %) occurred in the manufacture of coke and refined
petroleum products.

Share of innovative-
active enterprises, %
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—®— Manufacture of chemicals and chemical products, basic pharmaceutical products and
pharmaceutical preparations
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Fig. 5. Dynamics of the share of businesses engaging in innovational activity by separate types of industrial activity
Source: Author’s

A positive trend is the increase in innovational activity of engineering enterprises from 22 % in 2005 to 26.9 %
in 2014.

The analysis of the correlation interactions showed a close connection between the innovational activity of
engineering enterprises and businesses in the chemical industry (0.81), the manufacture of plastics (0.74) and
the manufacture of food products (0.86). The interaction among the rest of the industries is medium, with the
exception of the manufacture of furniture and other products, the correlation with which is absent (0.08).
Thus, we can assume that intensification of innovational activity in one industry can contribute to an increase
in the share of innovational activity of businesses in other industries.
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In general, in terms of the number of innovation-active businesses, the vast majority of industries are in the
maturity phase, with the exception of the manufacture of coke and refined petroleum products, which is in
decline.

In order to identify the trends and significance of changes in the innovational activity of enterprises in various
industries, an estimation of the difference in the average values for the two sub-periods using the Student’s
criterion was carried out.

In terms of the share of volumes of realised innovative products in the total volume of sales, both for Ukrainian
industry as a whole and for most of its individual industries, a significant decrease was observed. Critical
changes in the dynamics of the volumes of innovative products took place in 2008-2010. In this case, the
indicator decreased almost 2 times across the industries, except the manufacture of chemical and
pharmaceutical products, where the volume decreased 5 times.

Similarly, the share of innovative products sold abroad in the production volume of most industries declined
considerably. The period 2013-2014 appeared to be critical, which is largely due to the loss of traditional
product markets in Russia and the CIS countries.

Testing the hypotheses about change in the stages of development showed that a change in the stage from
maturity to decline took place in the mining industry and most manufacturing industries. Only in several
industries, such as the manufacture of textiles, the manufacture of coke and refined petroleum products, and
non-specific engineering, such changes were not observed, which allows the determination of their stage of
development as maturity. But the dynamics of the volume of innovative products is very volatile in these
industries, which creates the risk of transition to the phase of decline.

The financing of innovational activity also had some unstable dynamics during 2005-2014. To carry out the
analysis and exclude inflationary effects, the data on the amount of financing were deflated using producer
price indices. The dynamics of the expenditure on innovational activity is shown in Figure 6.
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Fig. 6. Dynamics of the expenditure on innovational activity in Ukrainian industry
Source: Author’s
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As can be seen, manufacturing industry faced a reduction in expenditure on innovational activity. A burst of
financing was observed only in the supply of electricity, gas, water, etc. in 2011-2012.

A detailed analysis of the rate of change in expenditure on innovational activity shows that the stage of
development of the national industry in general and the manufacturing industry in particular is characterised as
decline. The mining and quarrying industry, the manufacture of food, and the manufacture of textiles are in the
stage of maturity. Two manufacturing industries — the manufacture of wood and the products of wood, and
manufacture of furniture are in the stage of growth, as the expenditure on innovational activity has increased
significantly.

The generalised results of the identification of the stage of the industries’ development by all the applied
criteria are shown in Table 3.

Table 3. Identification of the stages of the industries’ development based on the system of criteria

Criteria
Type of industrial Volume.of Innovation- Volume of Financing of | Generalised
i Number of | Number of | production . sales of . N
activities . active . . innovation stage
businesses | employees of key . innovative ..
enterprises activity
products products
1 2 3 4 6 7 8 9
. . . . . . risk of
Industry maturity decline maturity maturity maturity decline decline
Mining and . . . . . . risk of
. maturit decline maturit maturit maturit maturit .
manufacturing ¥ ¥ y ¥ ¥ decline
.. . . . . . . risk of
Mining and quarrying growth decline decline maturity maturity maturity decline
Extraction of fuel and . . . . . . risk of
. decline decline decline maturity maturity maturity .
energy minerals decline
Extraction of minerals, rowth decline maturit maturit maturit maturit risk of
except fuel and energy g ¥ ¥ ¥ ¥ decline
Manufacturing decline decline maturity maturity maturity decline decline
Manufacture of food .

. . . . . risk of
products, beverages| decline decline growth maturity decline maturity decline
and tobacco products
Manufacture of
textiles, wearing .

. . . . . . risk of
apparel, leather,| decline decline maturity maturity maturity maturity .

decline
leather products and
other materials
Manufacture of
leather, leather risk of
! lin lin rowth maturi maturi maturi .
products and  other decline decline growt! aturity aturity aturity decline
materials
Manufacture of wood
and of products of . . . . . .
P decline decline decline maturity decline growth decline
wood and cork, except
furniture
Pulp and paper risk of
production, publishing| decline decline maturity maturity decline growth decline
activities
Manufacture of coke
and refined petroleum| decline decline maturity decline maturity decline decline
products
Manufacture of
chemicals and chemical| maturity decline decline maturity decline decline decline
products
Manufacture of rubber .
. . . . . . risk of
and plastic products growth decline maturity maturity decline decline decline
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Type of industrial Criteria Generalised
1 2 3 4 6 7 8 9
Manufacture of other risk of
non-metallic  mineral| maturity decline — maturity maturity growth decline
products
Manufacture of basic
metals, fabricated .

. . . . . risk of
metal products, except| growth decline maturity maturity decline decline decline
machinery and
equipment
Engineering decline decline decline maturity decline decline decline

Manufacture of
computer, electronic| decline decline decline maturity decline decline decline
and optical products
Manufacture of
mac'hmery and decline decline maturity growth maturity decline nSk.Of
equipment not decline
elsewhere classified
Manufacture of . . . . . . .
. decline decline decline maturity decline decline decline
vehicles
Supply of electricity, gas, .
. . . . . risk of
steam and air| maturity decline decline growth maturity growth decline
conditioning

Note. * The investment component is excluded from the final calculation due to the inadequacy of identifying the
development stages of the industries.
Source: Author’s

Summary and conclusions

The results of the assessment of the development stages demonstrate that almost all industries have passed
the maturity phase and are on the verge of maturity and decline, or are already in the phase of decline, both by
the majority of volumetric criteria and by innovation criteria.

The presence of a certain potential for innovational development is confirmed by the fact that in terms of the
innovational criteria the industries that specialise in the manufacturing of wood and the products of wood are
in the phase of growth. In some engineering industries (the manufacture of machinery and equipment not
elsewhere classified), there are positive growth trends in the innovational activity of businesses. In general, the
chemical and engineering industries, which have the highest level of technological development, are in the
decline phase.

Thus, the trends revealed in the development of the national industry as a whole and the identification of the
stages of development of individual industries makes it possible to draw a conclusion on the low level of
efficiency of the Ukrainian economy, which is the result of long de-industrialization and the transition of most
industries to the phase of decline. The reconstruction of industry should be aimed at technological upgrading,
the activation of innovational activity, the stimulation of employment by attracting investment to create high-
tech industries and fundamentally upgrade the existing ones.
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