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MANAGEMENT PROBLEMS OF INNOVATIVE TECHNOLOGIES

Andrii V. Stasyshyn', Markian M. Oliskevych?, Valeriy A. Kozytskyy?

The article focused on the innovative technologies management problems investigation. The endogenous distribution of economic
factors for research and development sectors have been evaluated in order to study the accumulation process of innovation and
technologies. The research methodology is based on the system dynamics approach that gives the advantage to delve in dynamic
problems for complex economic and social issues taking into account information and material delays as well as feedback and
endogenous causality. The computer simulation model has been built to describe the dynamic of innovative technologies a-nd to
perform the sensitivity analysis in order to investigate how change in different parameter of system affect the economic growth and
its dynamic properties. The simulation results confirm that management policy decisions can change dramatically if parameters are
influenced by unpredictable shocks but the behavior of technological growth does not depend on initial conditions of system if an

effective management policy has been provided.
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Introduction. The technologies and innovation
production is a crucial factor of economic stability and
development for every country [1]. It is important to
investigate how the allocation of resources for knowledge
production is determined and what types of technologies
are available. Innovative technologies are obtained as one
of the type of knowledge in research and development
sector and are used by all economic agents that include
government and business. Many different types of
technologies and knowledge have impact on economic
growth and business cycle smoothness. However, the
determinants of the accumulation of different types of
innovation and technologies are different. Moreover, the
competitive market forces cannot completely control the
distribution and production of knowledge that produce
innovative technologies. It depends on the nature of
knowledge, as well as on such economic institutions that
regulate all property rights. The degree of exclusivity
affects how the distribution and development of knowledge
differs from perfect competition. We can not expect that
there is only one theory of knowledge growth but we can
investigate the main factors that affect its accumulation and
implementation. Scientists confirmed various nonlinearity

" Andrii V. Stasyshyn, PhD (Economics), Associate Professor,

and asymmetric dynamics in important macroeconomic
variables that evaluated economic growth and technological
development in Ukraine as well as in EU countries [2; 3].
Literature review. V. Kozyk, O. Mrykhina,
O. Koleshchuk and T. Mirkunova (2018) investigated the
transmission of innovative technologies from education
institutions to the business and developed the instruments
for decision makers how to start effective research in
Ukraine [4]. Z. Aralica (2020) developed the applications
related to the vital technologies in Croatia and emphasized
the importance of the innovations as a necessary tools
in creating of government policy management [5].
M. Oliskevych and I. Lukianenko (2020) discussed
asymmetric behavior in fluctuations of unemployment and
technologies development during the economic cycle over
the past decade [6]. C. Ganguli, S. Shandilya, M. Nehrey,
M. Havryliuk (2023) emphasized the significant growth of
the cyber environment and defensive mechanisms fulfil the
online safety [7]. W. Wereda (2022) focused on the role of
modern technologies in producing contemporary innovative
enterprises in Poland [8]. M. Odemis (2022) studied the
effectiveness of the innovative technologies that was used
in business operating and discussed how beneficial they
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were in the hospitality businesses in Turkey [9]. Scientifics
estimated the different types of models that combined
evaluation of long-term relationships and investigation of
short-term dynamics to describe the growth of important
economic indicators [10; 11]. L. Guryanova, O. Bolotova,
V. Gvozdytskyi and O. Sergienko (2020) investigated the
increasing of management efficiency in corporate systems
taking into account a large number of destabilizing factors
to support the long-term stability in proactive contour
of technologies management. J. Kraciuk, E. Kacperska,
K. Lukasiewicz and P. Pietrzak (2022) conducted a cluster
analysis and evaluated the implementation of innovative
energy technologies in EU countries [12]. A. Kaminskyi,
M. Nehrey and M. Komar (2020) focused on study of
investment risk evaluation [13].

The purpose of research. We develop and analyze
a model to investigate an endogenous distribution of
economic factors for research and development sectors
in order to evaluate the accumulation of innovative
technologies and provide an effective management policy.

Materials and methods. The model takes into account
that the accumulation of knowledge is created in a separate
research and development sector of the economy and the
whole amount of resources such a capital and labor are
distributed between two sectors. Research and development
sector generates new ideas and produces new innovative

technologies. Production function includes capital,
accumulation of labor and technology that are combined
deterministically to form technological improvements.
To model technological progress we add additional variable
to explore extra information, because we are interested in
growth in long run. We also add a shift parameter to the
production function to investigate the sensitivity properties
and estimate the impact of parameter changes on the
research and development achievement.

The production functions is presented as a Cobb-
Douglas function. However, the sum of the elasticities is
not necessarily limited to one. As in the Solow’s model,
the share of output and labor fractions are exogenous and
constant in the resource and development sector. The main
variables of the model are following: capital (C), labor (L),
technology (7) and production (X). There are two sectors
of economy. The first sector produces goods and services
and the second sector is responsible for creating innovative
technologies. The production of goods uses y, fraction of
labor and technological sector uses labor fraction 7—y;
respectively. The production sector uses x share of capital
to produce new goods, and the / — u. share of capital is
used for research. Both sectors have access to the whole
amount of current amount of technologies T.

Therefore, the model includes following equation

X(0) = e COT [TO w L@V, 0<f<1, (1)
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where /—p represents the elasticity of cspital in the
production sector, and S is the elasticity of the efficient
labor force.

The development of innovative technologies depends
on the amount of capital and labor involved in the
development and research sector. Therefore, the model is
expanded be the following equation:

T'(0 =G [(I-u0) COY [ = p)LOT T2,
G>0,p>0,7>0. 2)

In equation (2), J is the elasticity of knowledge, 7 is
the elasticity of labor, p is the elasticity of capital in the
research and development sector. Parameter G defines
how the technology growth depends on previous existing
resources.

The available stock of knowledge has an impact on the
achievement of research and is reflected by the parameter
d that can be positive if previous discoveries can give tools
and ideas (0 > 0) as well as negative because the simplest
discoveries can be created in the beginning. When certain
stock of knowledge is greater than zero, it is difficult to
create new innovative discoveries and therefore ¢ < 0.
Thus, in equation (2) J can have any value. The new capital
depends on the production output, capital stock, savings
rates and depreciation rates.

To be able to test different policy, we built a system
dynamic model that represents model relationships
(Figure 1).

We obtain the growth rate of innovation (z;) that can be
determined by the equation

() =T()/ T() = G (1 —p )" (L)Y (T ()
and equation for growth rate of the 7;:
o () (=nn+(©0-1)7(0). “)
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In result, the derivative of growth rate of innovative
technologies can be described by the equation

o/ () =nnr()+(0-1) (t(V) . )

To represent the dynamics of the system that is stemmed
from the model and is based on equations (1) — (5), we
built system dynamic model for growth rate of innovative
technologies (Figure 2). Computer simulation process has
been conducted by the Stella Architect software program.

Results. We investigate the propensities of the growth
for the main system variables for different values of the
elasticity of knowledge 6 (6 <1,0>1,and 6 = 1).

In case 06 < I, 7, is displayed as a function T.
The production function for technologies takes into account
only positive values of 7, because 7, is larger than zero.
For 6 < 1 there is 7;(t) > 0 for small positive values of z;,
and 7' (t) < 0 for large values. We obtain that 7, converges
to some equilibrium level, and this does not depend on the
initial conditions of the system (Fig. 3).

We can conclude that the growth rate of technologies
is an increasing function of population growth rate.
Favorable population growth has an important impact
on the sustainable growth of production per employee.
In countries with faster population growth the increase in
production per worker is not higher on average and the
share of labor force in the research and development sector
does not affect the long-term growth. It is expected that the
growth of labor force dedicated to technological progress
will lead to long-term development.

The results of modelling show that if elasticity of
knowledge increases the growth rate of innovative
technologies turn in exponential growth pattern and the
technological progress became faster (Figure 4). We also
observe much faster growth of capital (Figure 5).
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Figure 2 — System Dynamic Model of Innovative Technologies Growth
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Figure 3 — The dynamic of growth rate of innovative technologies for different initial conditions
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of elasticity of knowledge
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In case 0 = 1, the current information is quite productive
in creating new knowledge. New knowledge is proportional
to the stock. 7, increases with time and there is a positive
population growth. There is no adaptation to a balanced
development path. The economy will continue to expand
no matter where it starts. In this case, the goods produced
in the economy are used only for consumption. Thus, x, is
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part of society’s resources allocated to the production of
goods for current consumption.

The third case (J > 1) is similar to a situation where
new knowledge stock is always larger than the current
stock. Knowledge in the production of new technologies
is so useful that every small rise in its stage leads to much
more new knowledge. Therefore, when the accumulation
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Figure 5 — Dynamics of capital growth for different levels
of elasticity of knowledge

Source: Evaluation of the authors

of knowledge begins, the economic growth begins. There
is a significant effect of increasing the share of the labor
force involved in research and development sector.
The faster 7, grows, the faster its growth rate increases.
Conclusions. Innovation technologies management
serves for getting an impact on the economic agents and the
innovation process in order to encourage the creation and
implementation of innovations that have practical value for
the organization and produce the competitive advantages.
The pattern of innovative technologies growth is particularly

important in the situation with uncertainty and high risk
that we observe during the war in Ukraine. The managing
of innovation processes includes methods of processing
information, making efficient decisions, generating
innovative ideas, developing effective sequences, creating
new products, influencing consumers. Most of them are
brought about by research and development sector of
economy, caused by the accumulation processes in result
of empirical research as well as practical experience of
entrepreneurs and managers.
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MPOBJIEMHU YIPABJIIHHS IHHOBAIIIMHUMHA TEXHOJIOT IIMUA

Awuapiii BacuaboBuu Cracumun', Mapkisin MupociaaBopuy QuickeBuy?,
Bauiepiii AuapiitoBuu Ko3nupkmii’

Cmamms npucesuena 00CTiONCeHHI0 NPoOeM YRPAGIIHHS [HHOGAYIIHUMU MEXHONO02IAMU. 3 Memor GUGHEHHS Npoyecy po3po-
OneHHs: Ma HAKONUYEHHS THHOBAYIUHUX MEeXHONOSITYHUX 3HAHD 30IUCHEHO eHOO2eHHUL AHAI3 PO3NOOLTY eKOHOMIYHUX (aKmopis y pi3-
HUX CeKmMopax eKOHOMIKU, 30KpemMa ceKmopi 00cniodxcens i po3pobok. Memooonozisi 0ocniodcennss 6azyemuvcs Ha nioxooi cucmemuoi
OUHAMIKU, AKUL 0AE 3MO2Y CUCIMEMHO 8USYAMU OUHAMIKY CKAAOHUX eKOHOMIYHUX | COYIanbHUX NpobieM, 8paxosyiouu IHpopmayitini
ma mMamepianvHi 3aMpUMKU, a MAKoXHC Nenii 360POMHUX 38 A3KI6 Ma eHO02eHHI NPUUUHHO-HACTIOK06I cniesioHowenHA. 1100ydoeano
KoM TomepHy iMimayitiny mMooensb 01 ONUCy OUHAMIKY IHHOBAYIIHUX MEXHON02IU, NPOBEOeHO aHANI3 YYMAUBOCT eKOHOMIYHUX 3MIiH-
HUX cUCmeMu Ha 3MIHY PI3HUX napamempis, Wo SU3HAYAIOMb eKOHOMIUHEe 3DOCMANH Md MeMAU pOCmy MEexXHON02IYHUX IHHO8AYIU.
Vnpaeninna innosayitinumu npoyecamu 8Kuouae memoou oopooKu ingopmayii, nputinamms epeKmusHUX pilleHsb, 2eHepyB8anHs IHHO-
sayitiHux ioeil, po3pooneHHs eQeKmusHUX NOCIi008HOCMell, CIBOPEHHS HOBUX NPOOYKMIS, 3aNpPOBAONCEHHS CYUACHUX 3AC00i6 6NAUBY
Ha cnoocugauis. binbuwicms 3 HUX PO3POONAIOMbCA Y HAYKOBO-0OCTIOHUYLKUX CEKMOPAX eKOHOMIKU NOPSO 3 HeNnepepeHuM Npoyecom
HAKONUYEHHS 3HAHDb, U0 OMPUMYTIOMbCA 8 PE3VIbIMAmMi eMRIPUYHUX O0CTI0NHCEHb A NPAKMUYHO20 00C8I0Y NIONPUEMYIE | MeHeOdcepis.
Pesynomamu modentosanns 3ac8iouyoms, ujo YRpasiiHCoKi pilleHHsl peazyloms Ha 3MIHY Rapamempis, sKi 3a3Harms Henepeodayy-
BAHUX WOKIE, ane OUHAMIKA MeXHON02IYHO20 3POCIAHHA He 3ALedCUmb 6i0 NOYAMKOBUX YMOE CUCEMU 34 YMOBU 3aNPO6AOICEHHS
ehexmusHoi nonimuxy nyoniuHo2o ynpasninHa. Biomax, innosayitini mexnono2ii ompumyomscs AK 00UH i3 6udie 3HAHb ) CEKMopi
00Ci0MHCEHb MA PO3POOOK | BUKOPUCIOBYIOMbCA BCIMA eKOHOMIYHUMU AEHMAMU, BKIIOYAIOYU 0epxcasy ma OisHec, a KOHKYPEHmHI
PUHKOSI CUNU He MOJICYMb NOGHICIIO KOHMPONIOSAMU NPOYECU PO3NOECIOONCEHH MA SUPOOHUYMEBA 3HANY, AKI CIMEOPI0IOMb IHHO-
sayitini mexuonoeii. Xapaxmep po3eumxy iHHOBAYIIHUX TEXHONO02I 0COOIUBO BANCIUBUI CbO20O0HT, Y CUMYAyii He8UIHAYeHOCI ma
BUCOKO2O PUBUKY, NPOOIeM Ma GUKIUKIG, SIKI MU CHOCmepieaemo nio uac eitinu 6 Yxpaini.

Knrwuosi cnosa: mexrnonoeis, inHogayis, cucmemMia OUHAMIKA, NPpoOReMU YPAGIIHH, IMIMAYIliHA MOOeb.
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