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Abstract — The research addresses the issues of
development the active mechanisms to manage the national
economy sectors innovation development taking into account
their pace of technological progress and resource potential
proportionality. The study is based on the idea about relative
importance of different sectors of the economy in innovation
terms in the process of overall economic development. The
main issues and cases of different economic models of
emergence and diffusion of innovations and analytical support
of innovation and technological changes management through
the development of integrated development strategies were
considered. As key component of improved multiplicative
dynamic model of J. Tinbergen production function the
parameter of technological progress, which reflects the level of
innovation development of the national economy, was
considered. Based on research results Tinbergen's production
function equation for the Ukrainian industry was obtained.
The equation obtained is reliable and statistically significant, as
it is described by high statistical estimates.

Keywords — innovation, dynamic model, priority sector,
technological progress, production function

I. INTRODUCTION

Analytics of innovation trajectories and demand of
macroeconomics in the national security context requires to
manage the technological component of the economy and its
innovation development, as well as the appropriate structure
of innovation supply, which enables effective strategic
decisions making. This is due to the fact that in the current
context, numerous risks are associated with the structural
backwardness of the economy in a number of parameters and
increased raw material nature. This has led to a high level of
import dependency of some industries, the loss of number of
industries, sectors and products with high value and relevant
markets. In the future, the inertia of technological
backwardness and the lack of measures to develop the
innovation and technological ecosystem threatens to further
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situation worsen.

The technological paradigm problem is in the focus of
researchers began to appear from the middle of XX century,
and is not yet sufficiently developed, because there is a wide
range of studies of technical system itself, which are
incomplete without taking into account the system context of
modern innovations.

Basic methodological groundwork to evaluate the
national economy innovation development under conditions
of technological progress is laid by such scientists as
Tinbergen J. [1], Solow R. [2], MoroneylJ. R. &
Ferguson C. E. [3] and others. Today, ideas regarding
evaluation of either national economy innovation
development in general and its definite sectors in particular,
play a significant role. The Clark-Fisher model is a
theoretical justification for the dynamics of relative
importance of different sectors of the economy in terms of
job creation in the process of overall economic development.
In our study we propose to consider the innovation
dimension of relative importance of different sectors.

From main points of evolutionary theory and based the
green industrial dynamics analysis on author of research [4]
concludes that the sectoral characteristics are important to
innovations.

Research [5] deals with the role of cultural and creative
industries for thr fostering the innovations and growth in
wider economy. In the paper, the factors of creative economy
were combined with evolutionary analysis in order to
understand in which sectors the cultural and creative
industries can foster innovation processes in wider economy.
To consider the role of creative industries relatedness and
clustering in economic growth a panel data analysis were
applied. It has shown that to promote growth creative
industries development the presence of high degree
relatedness in other sectors is required.
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According to [6] industrial structure models allows
predict  employment growth and  economy-wide
characteristics. The findings of study [7] prove the
importance of industrial structure for employment changes,
economic performance and industrial  development
understanding.

In study [8] sector or subsystem approach to formulation
of models of system dynamics was described. This approach
incorporates the interaction matrix concept to assist such
models formulation. A discussion of the limitations and
possible alternatives to sector approach concludes the paper.

From the point of [9], regional industry structure impacts
on R&D resources conversion into innovation products
(services). The main conclusion for policy makers deals with
the results of cross-level analyses of Norway. Is has shown
that innovation performance from R&D investments is
stronger in regions with specialized structure than in regions
with diversified structure.

Within the conditions of projects hierarchical and
dynamic complexities the innovation analytics tasks are
significantly expanded. In the research the decision model is
regarded as predictive tool with the purpose of explaining the
projects dynamic behavior [10].

E.g. in research [11] two components of industry
evolution (market evolution pace and technology evolution
pace) were considered. This article [12] examines the
technological diversity effect, capacity and knowledge flow
on industrial innovation development.

According to [13] new industrial innovation policy
methodology requires system industrial diversification to
promote fundamental structural changes in economy through
the transformative activities.

Scientists-economists have not enough studied problems
of national economy sectors innovation development, taking
into account compliance with technological progress and
technical substitution marginal rate. Therefore the main
objective of research is to develop active mechanisms to
manage the Ukrainian national economy sectors innovation
development taking into account their pace of technological
progress and resource potential proportionality.

Il. SECTOR INNOVATION DEVELOPMENT MODELS
COMPOSITION FRAMEWORK

Numerous studies show that different economic models
are characterized by different patterns of emergence and
diffusion of innovations, as well as different nature of
relationship between the innovation activity of companies,
the results of their production and economic activity,
competitiveness in domestic and foreign markets [14]. This
aspect substantially complicates the solution of the following
tasks, which underlie our proposed methodology: radical
technological modernization of traditional sectors and
scientifically-based determination of interconnected national
innovation priorities, which will be consistent with
motivational and resource-based organizational and
economic mechanisms; review of state participation
mechanisms in economy to accelerate technological
modernization of the basic sectors and formation of globally
competitive  corporations and inter-sector  high-tech
complexes; implementation of digital transition by
expanding the use of digital technologies in major sectors of

Advances in Economics, Business and Management Research, volume 99

the economy, the creation of infrastructure and the system of
regulation of the IT economy, which takes on a special role
in Industry 4.0 conditions; modernization of technical
regulation system, creation a new standardization and
certification system according to innovation economy
conditions.

As part of the network effects formation, we note the
potential of Quintuple Helix model, which is the framework
for broader interdisciplinary analysis of medium and long-
term development based on innovation. In the context of
institutional dynamics, the principle of strategic orientation
of innovation economic development of sectors should be
noted. A stable unidirectional balance of the ways of
development of economy and society with their natural
environments is very important for the qualitative efficiency
of further progress. The Quintuple Helix model emphasizes
that the natural environment needs to be conceptualized to
identify further strategies for developing innovation systems.

Thus, we believe that Quintuple Helix model allows to
analyze the barriers to technology transfer and the global
innovation gap, because technology is part of a general
industrial structure that determines the extent to which
innovation is diffused and used effectively. Among the main
findings from the analysis of the Quintuple Helix model that
affect the strategic aspects of development and analytical
framework we can underline:

1) globalization as an expansion of the space of
opportunities, alternatives and sources of information. It is
manifested through the internationalization of innovation
networks of different types and levels (research type,
technology transfer, social, professional, industrial and social
relations, etc.), as well as the dynamics of the global market.

Open Innovation are the factors of this aspect and
accelerate the technological series of events, the diversity of
innovation environment and systems, global partnerships and
the management of knowledge chains.

2) evolution of innovation systems, which is manifested
in increasing the intensity of innovation communications as a
result of innovation process complexity, the diversity of
communication channels. This facts result in thechansing in
the innovation analytics bases.

Based on our previous research [15-16] and studies [17;
18], we propose a methodology for analytical support of
innovation and technological changes management through
the development of integrated development strategies within
the national development strategies. This methodology is
based on necessity of identifying the mechanisms based on
maximizing the relationship between the technological
paradigm and the cross-industry technological trajectory.

I1l. MULTIPLICATIVE DYNAMIC MODEL VERIFICATION

During the evaluation of the national economy sectors
innovation development there is another important
requirement — consideration of compliance  with
technological progress and resource potential proportionality.
Compliance with the requirements to the methodic provision
of national economy sectors innovation development
evaluation (case of Ukraine) is provided by the authors
approach for multiplicative dynamic model of Tinbergen J.
production function [19] application:
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Q=A-K*.L”.¢" (1)

where Q — an amount of production realization (goods,
works, service) by business entities in the sector, min UAH;
K — factor of the physical capital (value of total assets in the
enterprises of the sector), min UAH; L — factor of the human
capital (number of the workers, engaged in the sector),
thousand persons; parameter A — free member (humeric
value of Q, if & = =y =0); parameter « — coefficient of
production realization amount elasticity by the physical
capital factor (percent growth of Q with increase in K by
1%); parameter S — coefficient of production realization
amount elasticity by the human capital factor (percent
growth of Q with increase in L by 1%), with f=1- ¢,
parameter y — parameter of the technological progress
(coefficient of the production realization amount elasticity by
the technological progress; e — Euler number (base of the
natural logarithm); t — factor of the technological progress
(serial number of the year).

Having processed the appropriate statistical information,
we received the following equation of Tinbergen J.
production function for industry in Ukraine:

Q — 12,692 . K0,344 . L0,656 . eO,lSl—t (2)

The economic interpretation of the received equation (2)
is: if total assets of the industrial enterprises (physical
capital) are increased by 1%, the realized industrial
production (goods, works, service) will be grown by 0.34%;
if the number of workers, engaged in industry (human
capital), is increased by 1%, amount of realized industrial
production (goods, works, service) will be grown by 0.66%.
Technological progress parameter » = 0.131 in formula (2)
means, that Ukrainian industry receives extra growth +0.13%
of production realization as a result of compliance with
technological progress and innovation activity efficiency.

Therefore we can talk about its intensive development
and extended reproduction. The received equation is accurate
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and statistically significant, because it is described by high
statistic  evaluations, particularly multiple correlation
coefficient is R=0.988, determination coefficient — R?=0.977,
F Fisher criterion — F=253.0, Student’s t-test —t =23.4.

One can conclude that human factor prevails over capital
in the Ukrainian industry, that is why industrial production is
more hand-operated, than automatized production, because
the return on labor (human capital) far exceeds the return on
physical capital. It is shown by marginal rate of technical
substitution (MRTS):

MRTS __aL :_w:_o,524L (3)
B-K 0656 K K

Formula (3) demonstrates that labor costs to compensate
decreasing for 1 unit of the capital are twice as small as
capital cost. It means that for Ukrainian industry saving of 1
min of total assets is equal to extra involving of 524 engaged
workers and, accordingly, saving of 1 thousand workers may
be substituted by 2096 thousand UAH of physical capital.
The received results prove low level of industrial production
mechanization and automatization in Ukraine, but intensive
development and extended reproduction.

Therefore, domination of human capital over physical
capital, which is equal to larger cash alternative cost (in our
case approximately 2:1), can be interpreted as its high value
in the industry of Ukraine.

In order to realize the task, initial statistic and
intermediate calculation data were analogically formed (see
table 1-2) for each of the given economic activity, and
information was statistically processed. Therefore, the period
for research was three years shorter from 2005 to 2016,
owing to absence of official statistic data on State Statistics
Service official site for 2002—-2004 [20-23].

Results of Tinbergen J. production functions modeling to
receive actual values of technological progress parameter and
calculations of marginal rate of technical substitution are
demonstrated in the table 1.

TABLE I. RANGING OF NATIONAL ECONOMY SECTORS IN UKRAINE BY TECHNOLOGICAL PROGRESS PARAMETER (LEVEL OF THE INNOVATION
DEVELOPMENT)

Type of economic activity A a p y MRTS R t R? F
1. Agriculture, hunting and forestry 8.733 | 0.227 | 0.773 | 0.225 | -0.293 | 0.991 |23.4| 0.982 |246.8
2. Construction 46.418 | 0.113 | 0.887 | 0.153 | -0.127 | 0.979 |15.4 | 0.959 |106.3
3. Industry 12.692 | 0.344 | 0.656 | 0.131 | -0.523 | 0.988 | 23.4 | 0.977 |253.0
4. Education 9.356 | 0.242 | 0.758 | 0.117 | -0.319 | 0.994 | 28.0 | 0.987 |354.0
5. Health care and social assistance 2527 | 0.577 | 0.423 | 0.107 | -1.361 | 0.997 |43.1| 0.995 |837.0
6. Transport! wa_lrehousmg, postal and courier activities, information and 18560 | 0292 | 0.708 | 0.097 | -0.412 | 0.996 | 37.7 | 0.993 6379
telecommunications
7. Temporary placement and organization of food 4.633 | 0.482 | 0.518 | 0.091 | -0.932 | 0.975 |13.9]| 0.951 | 874
8. R(_eal estate, p_ro_fesm_onal, suent_lf_lc and te_chmcal activities, activity in 1301 | 0697 | 0303 | 0.065 | 2301 | 0.978 |14.7 | 0.956 | 972
the field of administrative and auxiliary service
9. Wholesale and retail trade; repair of motor vehicles and motorcycles 2.815 | 0.923 | 0.077 | -0.034 | -12.038 | 0.985 | 18.1 | 0.970 |147.4
10. Financial and insurance activities 138.586 | 0.333 | 0.667 | -0.040 | -0.500 | 0.639 | 2.8 | 0.408 | 34

Analogically let us make calculations to form
Tinbergen J. production function in order to receive
technological progress parameter and to find marginal rate of
technical substitution for other sectors in national economy,
according to [9]: agriculture, hunting and forestry;
construction; wholesale and retail trade; repair of motor
vehicles and motorcycles; temporary placement and

organization of food; transport, warehousing, postal and
information and telecommunications;

courier activities,

financial and insurance activities; real estate, professional,
scientific & technical activities, activity in administrative and
auxiliary service field; education, healthcare and social
assistance.
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Ranging of national economy sectors by technological
progress parameter enables to define the most and the least
innovationly developed sectors from them.

In the national economy of Ukraine three sectors —
agriculture, hunting and forestry (technological progress
parameter y = 0.225), construction (technological progress
parameter y = 0.153) and industry (technological progress
parameter y = 0.131) are the most innovationly developed
and such ones, economic activity of which corresponds
technological progress. Financial and insurance activities
(technological progress parameter y = —0.04), wholesale and
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retail trade; repair of motor vehicles and motorcycles
(technological progress parameter y = —0.034) are the least
innovational developed sectors in the national economy and
such ones, which lag behind technological progress.

In order to finish analysis it is reasonable to compare the
received actual values of MRTS and parameter y in every
sector of national economy with critical values (MRTS < -1,
y<0), having formed matrix “Marginal rate of technical
substitution and Technological progress parameter” based on
the data of Table 1 (fig. 1).

L350

Quadrant 2 Agriculture, huntingand Quadrant 1
Health care and social forestry
assistance 0,400 ]
Construction
0,150 Industry
=
ey Real estate, professional, [ Education
scientific and technical g&u Transport. warehousin
activities, activity in the port, ) &
. . postal and courier
field of administrative and C ) ctivities. inf & d
% awxiliary services odso activities, informationan
Temporary placement and telecommunications
- organization of food
5 .
8 -15,000 -11,000 -6,000 -1,p00 4,000 9,000 14,000
n
) -0, 59 Financial and insurance
Wholesaleland retail activities
= trade; repair of motor
vehiclesand motorcycles -0,400
-0,4s0
-0,400
Quadrant 3 -0,450 Quadrant4

Marginal rate of technolegical substitution (MRTS)

Fig. 1. Positioning of national economy sectors on matrix “Marginal rate of technical substitution and Technological progress parameter”

Data from fig. 1 show that quadrant 1 of the proposed
matrix comprise 6 sectors of national economy, particularly:
agriculture, hunting and forestry (y=0.225; MRTS =-
0.293); construction (y =0.153; MRTS =-0.127); industry
(y=0.131; MRTS = -0.523); education (y = 0.117; MRTS = —
0.319); transport, warehousing, postal and courier activities,
information and telecommunications (y=0.097; MRTS =—
0.412); temporary placement and organization of food
(y=0.091; MRTS =-0.932). Innovation development of the
national economy sectors, included to the quadrant 1, are
characterized by the compliance with technological progress,
since technological progress parameter is y>0, therefore
agriculture, hunting and forestry turned out leader of the
innovation development. Another peculiarity of the national
economy sectors from quadrant 1 of matrix “Marginal rate of
technical substitution and Technological progress parameter”
is dominating of human capital over physical capital —
mostly in construction (substitution of 1 min UAH of total
assets is equal to 131 workers and vice versa — substitution of
1 thousand workers is equal to 7.7 mIn UAH of total assets),
and the least — in the sector of temporary placement and
organization of food (substitution of 1 min of total assets is
equal to 932 workers and vice versa — substitution of 1
thousand workers is equal to 1.1 min UAH of total assets).

Quadrant 2 of the matrix “Marginal rate of technical
substitution and Technological progress parameter”, which is
characterized by compliance with technological progress and

dominating of physical capital over human capital, comprises
2 sectors of national economy — health care and social
assistance (y = 0.107; MRTS = -1.361, i.e. to substitute 1 min
UAH of total assets it is necessary to involve additionally
1361 persons, and to substitute 1 thousand workers it is
necessary additionally to involve 735 thousand UAH of total
assets); real estate, professional, scientific and technical
activities, activity in administrative and auxiliary service
(y=0.065; MRTS =-2.301, i.e. to substitute 1 min UAH of
total assets it is necessary additionally to involve 2301
persons, and to substitute 1 thousand workers it is necessary
additionally to involve 735 thousand UAH of total assets).

Sector of wholesale and retail trade, repair of motor
vehicles and motorcycles (y =-0.034; MRTS =-12.038) is
included to quadrant 3 in “Marginal rate of technical
substitution and Technological progress parameter” matrix,
and is characterized with lagging behind technological
progress and dominating of physical capital over human
capital (substitution of 1 mIn UAH of total assets is equal to
12038 persons, and substitution of 1 thousand workers is
equal to 83 thousand UAH of total assets).

Financial and insurance activities sector (y =-0.040;
MRTS =-0.500) is included to quadrant 4 in the matrix
“Marginal rate of technical substitution and Technological
progress parameter”’, innovation development of which is
characterized by lagging behind the technological progress
and dominating of human capital over physical capital, since
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substitution of 1 min of total assets is equal to 500 workers
and, accordingly, substitution of 1 thousand workers is equal
to 2 min of total assets value.

IVV. CONCLUSION

A general conclusion is made concerning the conceptual
bases of optimization modeling of innovation processes at
the branch level. It is shown that the sectoral transformation
mechanisms by the impact of technological progress factor
are intended to ensure transformation of the economic
system. The proposed conceptual framework for modeling
industry innovation processes is based on the fact that the
task of innovation management is combinatorial, and its
complexity increases with the increase in the number of
projects or the planning horizon expansion. Therefore, to
solve this problem, it is advisable to use algorithms that
successfully work with big data, capable to solve the
multicriteria problems and flexible to account the possible
factors and criteria.

A key component of improved multiplicative dynamic
model of J. Tinbergen production function is technological
progress parameter, which reflects the level of innovation
development of national economy. In the course of the study,
Tinbergen's production function equation for the Ukrainian
industry was obtained. The equation obtained is reliable and
statistically significant, as it is described by high statistical
estimates. In conclusion suggestion is made that the given
improved multiplicative dynamic model can be used for the
composition of integrated indicator of innovation priority
sector of the national economy. It is based on the use of
standardized indicators and weighting coefficients of
normalized indicator. The scheme of calculation of
weighting coefficients for each index within the integral
indicator of industrial production technological development
level is proposed.
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