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This paper reports a study of the main key components
of influence on the stability of transportation enterprises
in the market. A model for evaluating the effectiveness of
innovation activity in the transport industry, which takes
into account indicators of expenditures on innovations,
has been built. It makes it possible to determine the effec-
tiveness of introduced innovations, which indicates the
appropriate level of innovation potential and the ways that
the enterprise must take to increase it. The main directions
of innovative development of transportation enterprises
were investigated.

The assessment of the economic stability of transporta-
tion enterprises in the market has established that the cur-
rent state of development of enterprises is characterized by
a weak level of their innovative activity.

A systematic approach to the introduction of innova-
tive technologies by a transportation enterprise in the mar-
ket has been devised. This approach makes it possible to
determine the required level of enterprise stability and to
Jorm a relationship between the level of innovative tech-
nologies and their stages of implementation under condi-
tions of environmental variability. This makes it possible to
increase competitive advantages, improve the efficiency of
production and economic activity of enterprises.

The practical implementation of the proposed model
Jor evaluating the effectiveness of innovation activity in
the transport industry has been carried out, which made it
possible to allocate the most important indicators of inno-
vation activity for the enterprise. These include specific
efficiency of innovation; unit costs of innovation; innova-
tive potential of the enterprise (defined as the proportion
of own innovative developments). According to the study
results, it is determined that the specific efficiency of inno-
vations (SEI) exerts the greatest influence, which, with an
increase by 1 %, provides an increase in financial stabili-
tyby 1.48 %
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1. Introduction

The development of world transport infrastructure is one
of the priority directions for ensuring sustainable develop-
ment of both the global economic system and the economy as
a whole. As one of the key infrastructure sectors, transport
provides the necessary conditions for the life of the inter-
national community, the implementation of socio-economic
and geopolitical tasks of the country on the way to integra-
tion into the world economic system.

Transport is an intersectoral system that determines
the conditions for the reproduction of a particular country
in accordance with the level of its development, and also
guarantees the unity of the economic space and the dynamic
development of the country’s economy, the competitiveness
of its subjects in the world market.

Modern transformation processes taking place in the
transport infrastructure create conditions for modernization
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and integration, ensure the country’s leadership on the glob-
al economic platform. This is manifested through the possi-
bility of using the transit potential of the country, the unique
economic and geographical position under the influence of
integration processes, through systematic and integrated
approaches aimed at the growth of the national economy.
On the way to increasing the competitiveness of the
economy, the strengthening of innovation activity becomes
of paramount importance. This is due to the fact that gradual
structural changes and significant renewal of real sectors of
the economy are key to ensuring sustainable economic devel-
opment. Modern economic conditions determine the objective
need to increase the level of flexibility and adaptability of the
functioning of transportation enterprises and ensure their
appropriate level of stability. The use of innovative technol-
ogies and processes, the development and implementation
of innovative types of products makes it possible to take a
leading position in the market, provide products with a high




degree of knowledge intensity and novelty, thereby making it
competitive in the world market. That is why the definition
of modern problems and the substantiation of practical rec-
ommendations for the direction of transportation enterprises
to innovative development are of particular relevance. The
use of innovative technologies in all processes of its activity
is also becoming relevant, which will ensure the stability of
functioning in the market in today’s changing environment.

2. Literature review and problem statement

Paper [1] determined that the stability of the enterprise
characterizes its state, which ensures stable functioning and
progressive development of the enterprise under the negative
influence of the external environment. However, there is no
focus on a systematic approach to solving this issue. It is
also advisable to consider the features of the functioning of
individual components of the innovative potential of the en-
terprise in accordance with the conditions of its functioning.

Study [2] proposed to define the enterprise stability as an
activity aimed at stimulating the innovative activity of the
enterprise. It is noted that enterprises can receive addition-
al benefits from the provision of new types of services, the
creation of innovations and their development in production
in order to obtain a new or improved production technology.
However, there are unresolved issues related to achieving the
effective functioning of the enterprise and ensuring its effec-
tiveness, which becomes possible only on the basis of proactive
and coordinated actions of management in accordance with
the development strategy. As part of this, it is advisable to en-
sure the flexibility of the enterprise depending on changes in
the external environment, as well as the formation of rational
processes based on the innovativeness of their development.

Paper [3] formed the enterprise stability as a way of
doing business, existing in close connection with innova-
tion and commercializing new ideas and technologies of the
enterprise on an innovative basis, as well as generating new
knowledge. The company is in constant modernization and
restructuring of the management system, capital invest-
ments in the creation of new technologies. However, there
is no determination of the volume of investments in the
development and implementation of innovations, as well as
determining the effectiveness of the results obtained. That
is why enterprises are of particular importance for the im-
plementation of continuous monitoring of the dynamics of
performance indicators of the enterprise under the influence
of changes in the parameters of innovative development.

The authors of work [4] identified strategic directions
of development of the transport sector and proposed to use
new innovative technologies for traffic management both in
domestic and international markets. The emphasis is formed
on the development of value propositions and the use of op-
portunities for the stability of enterprises in the long term on
the basis of innovative development. However, the work does
not define the mechanism and limiting capacity of enterpris-
es to finance innovations.

Under modern business conditions, it is innovative tech-
nologies that make it possible to form an innovative enterprise.
Paper [5] determined that the market of transport services is
formed under the influence of the latest achievements of tech-
nological progress through further computerization and digi-
talization, automation of all processes by modernizing existing
basic technologies. However, it is not highlighted how several

technological processes can be combined together, and how, on
their basis, the formation of stability of enterprises takes place.

The study of the features of the transport services mar-
ket as an environment for the functioning of transportation
enterprises requires an understanding of the essence of the
object, market entities, functions, as well as the conditions of
existence and development that determine the specifics of the
management of transportation enterprises. It should be noted
that the level of functioning of enterprises is significantly in-
fluenced by the orientation to consumer requirements and the
formation of supply in accordance with demand. That is why,
paper [6] defined the conditions of formation, functions, and
principles of development of the market of transport services.
However, the work does not take into account methodological
approaches to determining and forecasting the results of the
enterprise, depending on the proposed components.

In work [7], it is noted that a modern transportation en-
terprise is a complex system, the effective functioning of which
requires a comprehensive optimization of all processes and
characteristics. Which is achieved only through the introduc-
tion of both technological and organizational and marketing
innovations in all spheres of its activity. Based on the above,
it can be argued that it is expedient to direct the activities of
the enterprise to an innovative path of development and the
creation of flexible organizational structures. This encourages
business leaders to increasingly apply the principles of reorga-
nization of financial and economic relations to increase the level
of competitiveness of the enterprise on the basis of innovation.

One of the ways to solve the problems of innovative devel-
opment in the transport industry should be an effective state
innovation and investment policy, which is aimed at developing
new methods of introducing innovative technologies. The need
to analyze modern trends in innovative development and fea-
tures of their application at transportation enterprises. That is
why, work [8] identified the possibilities and necessity of inno-
vation in transportation enterprises, but the work does not take
into account the assessment of the effectiveness of transporta-
tion enterprises from the introduction of innovations.

The use of innovations plays an important role for the
development of the transport industry as a whole, and for
transportation enterprises, which will improve the quality
of services, increase productivity and quantity of transporta-
tion. And as a result, increasing market share, entering new
markets and reducing production costs. In [9], a theoretical
and methodological approach to the formation of the nation-
al innovative transport hub as a system of state regulation of
innovative development of transport infrastructure is pro-
posed. Its implementation will ensure that the level of their
provision and infrastructure development is brought closer
to European standards. On the basis of the above, it can be
argued that ensuring socially responsible innovative devel-
opment of transport infrastructure is becoming important.

In [10], it is indicated that for the successful management
of a transportation enterprise it is necessary to use innova-
tive technologies to automate its activities. The author of the
work admits that automation tools improve the distribution
and management of inventory, make it possible to automate
supply chain management processes as much as possible,
which contributes to improving the quality of customer
service, warehouse management, interaction with suppliers.
However, it is not highlighted what approaches will allow
the company to successfully implement, use, and further de-
velop innovative technologies, which ensures the formation
of stability of enterprises.



However, measures and ways to form the stability of
transportation enterprises in the introduction of innovative
technologies, through the development of a systematic ap-
proach, were ignored. This will allow forming sustainable
long-term competitive advantages and increasing the level
of competitiveness of the transportation enterprise. This
indicates the feasibility of conducting research into the use
of innovative technologies based on taking into account
financial opportunities to ensure an appropriate level of
stability of transportation enterprises in order to achieve
the desired goal.

3. The aim and objectives of the study

The aim of this study is to develop an approach to the
formation of stability of transportation enterprises through
the introduction of innovative technologies. This will pro-
vide an opportunity to stimulate their innovation activity
and constant modernization of the technological state on the
basis of innovation.

To accomplish the aim, the following tasks have been set:

— to develop the concept of an approach to the formation
of stability of transportation enterprises

— to form the main directions of innovative development
of transportation enterprises in the market;

—to apply a mathematical model for evaluating the ef-
fectiveness of innovation activity in the transport industry;

—to assess the level of economic stability of transpor-
tation enterprises in the market and determine the level of
their innovation.

4. The study materials and methods

The object of research is the process of forming the
stability of transportation enterprises based on the intro-
duction of innovative technologies. The hypothesis of the
study was that the formation of stability of transportation
enterprises directly necessitates the use of innovative de-
velopment, in particular innovative technologies, which
will increase the profitability of the enterprise, effective
functioning in the market and will make it possible to obtain
sustainable competitive advantages in the strategic period.
The assumptions made in the study necessitated the use
of certain methods that can be divided depending on the
directions of our research: theoretical; analytical; research;
pragmatic. The theoretical group of methods used in the
study includes formalization, grouping and graphic — in the
development and justification of the introduction of innova-
tive technologies by transportation enterprises. Financial,
economic, regression and statistical analysis — to define
and generalize trends in the level of innovative potential of
transportation enterprises. A set of general scientific and
special methods of cognition is used, namely: system analysis
and synthesis, theoretical generalization and comparison.
These methods were used to determine the level of stability
of transportation enterprises, which is achieved in assessing
the sources of available resources of the enterprise and the
level of its innovative development.

Based on the substantiation of theoretical-methodolog-
ical, conceptual, and applied provisions, an analysis was
carried out on the possibility of their application in practice
for transportation enterprises. To verify the results of the

formation of stability of transportation enterprises based on
the introduction of innovative technologies, the data from
the State Statistics Service of Ukraine were used.

5. Results of the study on the formation of stability of
transportation enterprises in the market using innovative
technologies

5. 1. Development of the concept of an approach to
the formation of stability of transportation enterprises

In today’s changing environment, enterprises must fol-
low an innovative path of development. This is due to the
fact that it is the principles of innovation management,
based on the effective use and implementation of innovative
technologies, that make it possible to adapt to changes in the
transport services market. Achieving the desired synergistic
interaction between the company’s strategy and financial
goals is one of the ways to ensure its stability as a whole.

The development of a strategy and innovative develop-
ment programs in line with EU standards is a tool to achieve
these goals, which should support fair and efficient transpor-
tation prices. It is also effective to introduce multimodality,
digitalization, digital innovative technologies in the field
of transport and logistics. Digital innovative technologies
contribute to the creation of a multimodal transport system
and form an innovative potential that creates new jobs,
increases GDP and economic well-being of the population.
The development and integration of the transport network
eliminates existing barriers in the market and facilitates the
interaction between various electronic systems and techno-
logical standards in order to optimize processes and services
for providing services to consumers. One of these is digita-
lization, which creates a competitive advantage, finding new
and retaining existing customers in the industry.

The main prerequisite necessitating the use of innovative
technologies by transportation enterprises in the market
include:

— intensification of competition and attempts to maxi-
mize profits;

— increase in consumer demand for services; the need to
form a positive image and reputation of the enterprise;

— introduction into the process of providing services of
scientific inventions and developments to improve the effi-
ciency of the enterprise.

Long-term competitive advantages arise only when an
enterprise continuously improves its innovative technologies
with their widespread use.

Given the complexity and importance of applying inno-
vative technologies for transportation enterprises, there is
an objective need to form a management system that would
cover all stages of the innovation process. She also contrib-
uted to the efficient use of resources, controlled all stages,
implemented measures and solved the main tasks to ensure
the enterprise stability.

To this end, achieving a high level of stability of trans-
portation enterprises in the market is possible through the
use of innovative technologies, which reduces the level of
financial risk and guarantees solvency, increases the efficien-
cy of using equity. Consequently, the formation of a certain
level of economic stability can be the key to a stable increase
in the profitability of doing business, ensuring creditworthi-
ness, competitiveness and investment attractiveness of the
enterprise in the market.



The introduction of innovative technologies by trans-
portation enterprises makes it possible to increase compet-
itive advantages, improve the efficiency of production and
economic activity in general, since the transport industry is
one of the priority sectors of the economy. The prerequisites
for the formation of stability of transportation enterprises,
which are directly influenced by both macroeconomic
factors and the consumer sector, have been determined.
An important factor in the formation of stability of trans-
portation enterprises is the increase innovative potential
through the establishment of assessment principles: finan-
cial condition, factors of influence and components of in-
novative potential, formation of a value chain of innovative
technologies, strategies and forms of technology transfer.
With this in mind, Fig. 1 shows a structural and logical
scheme of transportation enterprises with the use of inno-
vative technologies.

The enterprises engaged in the introduction of inno-
vative technologies should be aware of the need for a sys-
tematic approach to the evaluation of innovative projects
and programs and their management, depending on their
nature, these tasks should be considered at the appropriate
levels of management. With this in mind, Fig. 2 shows a
block diagram of a systematic approach to the introduction
of innovative technologies of transportation enterprises in
the market.

The systematic approach considers the economic sta-
bility of transportation enterprises as a set of interrelated
components that ensure their sustainable development. This
is manifested through the establishment of interdependent
relationships between the level of innovative technologies
and their stages of implementation, as well as the formation
of stable structural links between them under conditions of
environmental variability.

Prospects for further developments on the formation of
stability of transportation enterprises are the phased intro-
duction of innovative technologies, optimization of parame-
ters and terms of development of new products to ensure its
competitiveness.

For transportation enterprises, it is possible to distin-
guish the stages of introduction of innovative technologies
depending on their complexity and science intensity, adap-
tation of new technologies to the existing capabilities of the
enterprise, which will ensure competitive advantages:

— development of innovative technologies capable of en-
suring sustainable development of the enterprise;

— installation of innovative technologies of leading en-
terprises of the industry to the conditions of this enterprise,
which adopted this technology, as well as adaptation of prod-
ucts to the market in which the company intends to compete;

— technological leap is aimed at both the production of
new products and the search for new technologies [11, 12].
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Fig. 2. Block diagram of a systematic approach to the introduction of innovative technologies of transportation
enterprises in the market

The use of innovative technologies in the management of
a transportation enterprise is an important competitive tool
to ensure its economic stability in the market. It can be ar-
gued that the innovation-oriented enterprise in its activities
is characterized by the following areas:

— conducts research and development (or purchases new
innovative projects in a relatively wide range);

— transfers significant financial resources to innovation
activity;

— constantly introduces new scientific and technical
solutions;

—has a significant share of innovative products and
technologies, and constantly implements them in its activ-
ities [13].

The introduction of the proposed approaches to enter-
prise management, taking into account the requirements of
the services market, industry and regional characteristics, is
a priority task for achieving the efficiency and competitive-
ness of the transport industry in the region.

5. 2. Directions of innovative development of trans-
portation enterprises in the market

Innovative development of transport is to create condi-
tions for economic growth, increase the competitiveness of
the national economy and the quality of life of the population.
This is achieved through providing access to safe and modern
transport services, transforming the geographical features of
the country into its competitive advantages [14, 15].

The rapid development of the service sector is a con-
dition for the successful development of the national
economy. Some sectors of the service sector, including
the transport industry, have acquired key importance
for the functioning of the economy and socio-economic
development of the country. Among those, Ukraine has
a fairly advantageous geographical location on the Eur-
asian continent, which made it possible to form a strong
transport hub in the country, through which important
trade and transport routes pass. But at the present stage,
the transport system of Ukraine has many problems, the
main of which is the inconsistency of the technological
and technical level of domestic transport with Euro-
pean requirements. Also, the lag in the development of
transport services, low level of service, unsatisfactory
level of transportation safety, significant environmental
burden of transport on the environment. All this affects
the decline in the competitiveness of transport in world
transportation markets. The solution of these problems is
possible through the introduction of innovative technol-
ogies by transportation enterprises, which will positively
affect the development of the transport system of Ukraine
and ensure the enterprise stability [16].

Thus, analyzing the statistics of passenger transporta-
tion in Ukraine for 2017—-2021, we note that road transport
is the most common type among passengers. Since it has
a fairly extensive infrastructure and the greatest mobility
among all types of local passenger transport (Fig. 3).
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Fig. 3. Dynamics of the number of passengers transported in 2017—2021

As evidenced by the dynamics of the number of pas-
sengers transported during 2017-2021 by all modes of
transport (Fig. 3), the largest reduction in passenger traffic
occurred in rail, air, and road transport. In particular, the
fall in passenger traffic is influenced by a number of negative
factors, including the global pandemic Covid-19 and border
closures, restrictions on travel in the regions of Ukraine and
in cities.

Existing and new challenges and threats require con-
tinuous improvement of institutional mechanisms for reg-
ulating the passenger air transportation market, including
competitive environment, staffing, financial performance,
consumer protection, national security, and individual pas-
senger security [17].

In the structure of passenger turnover, the largest share
of passengers transported falls on road transport, the share
of which was 42 % in 2021 (Fig. 4). At the same time, there
is a tendency to fall in the level of passenger turnover in
railroad transport and a simultaneous increase in the share
of passengers transported by air [18].

We believe that the modernization of road transport
should be associated with the integrated development of
roads, trunk networks, taking into account the directions of
territorial development of the regions. Also, increasing the
density and capacity of backbone networks, improving the
comfort and safety of transport services [19].

Thus, while rail transport accounted for 27.5 % of pas-
senger traffic in 2018, in 2019 this position was taken by air
transport, whose share in the structure of passenger turn-
over was 28.2 %, and rail transport — only 26.5 %. This trend
indicates a redistribution of the passenger transportation
market, which is largely due to the discrepancy between the
quality of railroad transport services and modern passenger
requirements [20]. For railroad transport, significant prob-
lems arise due to moral and physical deterioration of rolling
stock and vehicles, high capital intensity, material consump-
tion and energy intensity of services.

That is, in general, we can state negative trends in the
activities of transportation enterprises, associated, among
other things, with the influence of world factors, as well as a
low level of technological potential and innovative develop-
ment in enterprises. In order to increase the competitiveness
of transport services, it is necessary to organize and imple-
ment a nationwide innovation program aimed at increasing
the investment potential of the enterprise. Introduction of
innovative technologies developed on a scientific basis with
the use of new knowledge, subject to compliance with the
advanced world technical market of high-tech products.

Innovative activity at the transportation enterprise
should be aimed at solving the following tasks:

—ensuring high quality of transport services; timely
execution of orders and transportation;

— ensuring the safety of transportation of both passen-
gers and cargo;

— improving the comfort of passenger transportation;
introduction of modern information systems; use of en-
ergy-saving technologies, increasing the environmental
friendliness of transport services [21].

So, the directions of intensification of innovative devel-
opment of the transport industry are:

— continuation of the introduction of innovative tech-
nologies and developments by business entities in transport;

— involvement of IT industry companies in cooperation
to develop new business models for transportation enterpris-
es, optimization of implementation processes of compatible
innovative projects in transport, programs for the creation
and provision of electronic transport services and electronic
logistics services;

— development of leasing relations directly between ve-
hicle manufacturers and transportation enterprises without
involving unnecessary intermediaries in the process of pur-
chase and sale;

— stimulating the development of innovative activity of
transportation enterprises.
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3. 3. Mathematical model for evaluating the effective-
ness of innovation activity in the transport industry

An important factor in the development of innovation in
the transport industry is the level of financing. And this very
factor is the main obstacle to their innovative development.
Innovation activity is stopped every year by hundreds of
transportation enterprises. The main inhibitory factors for
the implementation of innovation activity were a lack of both
own and attracted financial resources, insufficient support
of the state and imperfection of the legislative framework.
Also, the lack of fundamental and lack of applied research in
the industry, low demand for innovation, significant riski-
ness and long payback periods of innovations [7].

To assess the effectiveness of innovations in the trans-
port industry, data on the costs of invested innovations were
used (Table 1).

The main source of financing for innovation activity of
transportation enterprises in the market is own funds of
enterprises and state grants. It is clear that such a volume of
financial resources is not enough for full-fledged innovative
development. Table 2 gives the amount of own funds that
enterprises invest in innovations and research.

Table 1
Expenditure on innovation, UAH million
Modes of transport | 2017 | 2018 | 2019 | 2020 | 2021
Transport
(in general), ware- | 5 1550133050 | 1780 | 2,364.2 | 1,876.1
housing, postal and
courier activities
Land and pipeline | goq5 |4 0459 | 6742 | 3760 | 3982
transport
Air transport 1,009.0 | 1,159.0 | 1,234.1 | 1981 |1,023.4

Note: the buy/sell rate of USD at the time of calculation was in
2017 — UAH 26.6/26.8 UAH; in 2018 — UAH 27.2/28.05; in 2019 —
UAH 23.7/24.6;in 2020 — UAH 27.8/28.1;in 2021 — UAH 27.12/27.5

Table 2
R&D at own expense, UAH million
Modes of transport | 2017 | 2018 | 2019 | 2020 | 2021
Transport
(in general), ware- 1y 1985 4 9597 [ 1,251.2{ 1,257.3 | 1,109.2

housing, postal and
courier activities

Land and pipeline

transport 8.2 71 8.9 9.2 10.1

Air transport 90.3 98.2 109.7 | 1123 | 78.3

After analyzing the trends of innovation activity of trans-
portation enterprises in Ukraine (Table 3), it can be argued
that in recent years the number of innovatively active en-
terprises has decreased threefold. This indicates the pres-
ence of significant problems and a low level of innovation
development, which negatively affects the competitiveness of
products and the development of the economy as a whole [22].

Table 3
Number of innovatively active enterprises

201712018 | 2019 | 2020 | 2021

Modes of transport

Transport (in general), warehous-
ing, postal and courier activities

Land and pipeline transport 309 | 294 | 124 | 66 | 72
Air transport 10 10 6 3 3

557 | 568 | 345 | 133 | 145

Quite an important characteristic of the effectiveness of
innovation is the indicators of the volume of sold innovative
products. Thus, the change in the volume of sold innovative
products by a third is determined by the costs of domestic
research and the cost of purchasing machinery, equipment
and software, which are given in Table 4.

Table 4
Volume of sold innovative products (goods, services),
UAH million
Modes of transport | 2017 | 2018 | 2019 | 2020 | 2021
Transport
(in general), ware- |y pgg o | 4 3141 | 1 543.1 | 1,602.3 | 987.2
housing, postal and
courier activities
Land and pipeline |45 4 | 4145 | 9345 | 5122 | 3043
transport
Air transport 987.3 | 980.7 | 998.5 |1,002.4 | 834.8

The indices of expenditures on innovations for the period
2017-2020 were calculated, as well as the dependence of the
share of innovatively active enterprises and volumes of sold
innovative products on costs (Fig. 5).

On the basis of correlation analysis, a correlation matrix is
obtained, where x1 — expenditure on innovation, xo — number
of innovation active enterprises, x3 — volume of sold innova-
tive products (goods, services), Table 5.

After checking the significance of the correlation co-
efficients with a significance level of at least 0.95, we can
conclude that there is a significant direct relationship be-



tween the cost of innovation and the volume of innovative
products sold. At the same time, the number of innovatively
active enterprises in the industry is decreasing, which leads
to an increase in the share of sales volumes of innovative
products (Fig. 6).

Table 5

Correlation matrix of innovative products sold
(goods, services)

vative potential of the enterprise (defined as the specific
number of in-house innovative developments, UAH million).
Table 6 gives the results of the specific value of sales volumes
of innovative products.

This model is adequate with a reliability level of at least
0.985 (determined using the F-Fisher relation), while the
coefficient of determination of the model is 0.99976, which
also indicates its high reliability and the ability to use it for
forecasting.

Indicator X1 X9 X3 Table 6
X 1 ~0.87826 | 0.736177 Indicators of innovation activity for the aviation industry, UAH million
X9 —0.87826 1 0.736177 Year 2017 | 2018 | 2019 | 2020 | 2021
x3 0.736177 | 0736177 1 Modes of transport
Transport (in general),
Specific | warehousing, postal and 2.76 2.64 1.42 1.88 1.79
According to the study, it is the aviation in- |efficiency courier activities
dustry that is the most efficient and attractive for | of inno- 'y, g g sipeline transport | 127.46 | 147.21 | 7575 | 40.68 | 42.03
investment, but there is a problem that there are | vations -
quite a few investment-active enterprises. Air tra.nsport 1283 | 1180 | 11.25 | 1764 | 16.04
To model the relationship between the main | [no. | 1ransport (ingeneral),
indicators of innovation (Table 6), methods of re- | vative warehousing, tp'olssal and | 215 | 221 | 363 | 945 | 745
gression analysis were applied, and the following | potential courier activiies
model was built: of the en-| Land and pipeline transport | 0.03 | 0.02 | 0.07 | 0.14 | 0.10
terprise Air transport 9.03 | 9.82 | 18.28 | 37.43 | 38.01
SEI=-9.9797+2.7937-PV1+7.8819-1P, ) Transport (in general),
Unit warehousing, postal and 233 | 231 | 447 | 12.05 | 12.23
where SEI — specific efficiency of innovations | costs of courier activities
(ratfio OfdiIl'nO};’ation ICJZSIE; tO.Hr.ese)ar;}{];mlume.S ingova— Land and pipeline transport | 0.40 | 0.39 | 1.89 | 7.76 | 6.59
performed in-house, million); — unit ion -
costs of innovation (UAH million); IP — inno- Air transport 98.73 | 98.07 | 166.42 | 334.13 | 245.98
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So, on the basis of the study, three main indicators were
formed that characterize the level of innovation, namely:
SEI — specific efficiency of innovations; PVI — unit costs
of innovation; IP — innovative potential of the enterprise.
These indicators are interrelated and make it possible to
determine both the innovative potential, knowing the levels
of the specific weight of the effectiveness of innovations and
unit costs, and vice versa. Also, these indicators serve to as-
sess the integral indicator of the effectiveness of innovation
activity and to determine the stability of transportation en-
terprises in the market. However, it should be noted that in
the current realities of Russia’s military aggression against
Ukraine, it is impossible to predict the number and real
volume of innovations in the transport industry. Therefore,
this model can be used as a key tool for the implementation
of innovation policy in the postwar period and the period of
industry development.

5. 4. Assessment of the level of economic stability of
transportation enterprises in the market and determining
the level of their innovation

Under modern economic conditions, ensuring the eco-
nomic stability of transportation enterprises is one of the pri-
ority tasks, which makes it possible to function effectively in
achanging external competitive environment. Assessment of
the economic stability of transportation enterprises is a set
of actions and tasks to determine the main indicators char-
acterizing its condition. In accordance with the level of func-
tioning, there are planned, planned or desirable, depending
on the influence of external and internal factors. It can be ar-
gued that if an enterprise has a high level of financial stabil-
ity, then it has more advantages over other enterprises. After
all, it has more opportunities to attract investment, obtain
loans and ensure a high level of qualification of personnel,
and therefore has less risk of becoming bankrupt.

To assess the level of economic stability of transportation
enterprises, we propose to tread the following stages:

Stage 1. Formation of a list of indicators of production
stability:

(k1 ko, ..., Ry),

where &y — capital security;

ko — labor productivity;

k3 — coefficient of renewal of PF (fixed assets);

k4 — coefficient of validity of PF.

Stage 2. Formation of the list of indicators of financial
stability:

(fb f2’~-~) fm)v

where f; — measure of risk (coefficient of variation of net
income);

f» — net working capital;

f3 — coefficient of autonomy;

/4 — current liquidity ratio;

/5 — return on equity ratio;

Fs — profitability of products sold.

It should be noted that the set of indicators can be
supplemented or changed by each enterprise or group of
enterprises, depending on the purpose and methodology of
analysis, available statistical data, etc.

Stage 3. Normalization of indicators. This procedure is a
prerequisite for calculating integral indicators since it reduces

indicators to dimensionless values from the range [0, 1], and
also makes it possible to compare multidirectional indicators,
without which the formation of an integral index is impossible.

Normalization is carried out by comparing sample sta-
tistical values with certain reference values (maximum,
minimum, or average).

Stage 4. Determination of weighting coefficients for each
indicator: (uy, Mo,..., 1y) — a set of weights for indicators of
production stability, (A, Ag,..., Ay) — a set of weights for indi-
cators of financial stability.

Weighting coefficients can be determined by the method
of expert assessment, based on statistical data or methods of
factor analysis.

Stage 5. Calculation of integral stability indicators:

— integral indicator of production stability:

=Sk
i=1

— integral indicator of financial stability:
f :Z;\‘ifi‘
i=1

Stage 6. Calculation of values of key indicators of inno-
vation:

x1 — share of sold innovative products in the total volume
of sales;

X9 — unit costs of innovation;

x3 — specific efficiency of innovations;

x4 — innovative potential of the enterprise (specific num-
ber of in-house innovative developments).

To determine the value, subject to known values of other
quantities, you can use formula (1).

Stage 7. Determination of threshold values, that is, the
establishment of limit values, going beyond which leads to
negative consequences in the activities of the enterprise, in
particular, forms the threat of risks of various nature.

To determine the threshold values of stability indicators,
it is advisable to use methods for establishing functional de-
pendences (macro/microeconomic, analytical or statistical
equations). Also, the methods of Akhiezer-Holtz, information
theory, the “golden section”, macroeconomic models that ade-
quately reflect the development of the industry as a whole and
the impact of various positive and negative factors on it.

In the study, the method of determining optimal solu-
tions in a matrix game was applied [23, 24]. Accordingly,
each component (production stability, financial stability,
efficiency of innovation, and innovation potential) was
represented in the form of a matrix, the columns of which
contained normalized values of individual indicators, and
rows — a period of time. This matrix is reduced to an opti-
mization problem, the solutions to which are the frequencies
of optimal mixed strategies, which can be considered as a set
of weights necessary for the formation of an integral index.

In this case, the lower and upper optimal values were
determined as such fluctuations in integral indicators that
do not lead to the exit of the system from the state of ho-
meostasis. According to the procedure used, these values
could vary in the range not exceeding 20 % deviation from
the optimal value.

In order to practically implement the proposed method-
ology, the threshold values of the studied stability indicators
for the transport industry of Ukraine in general and air
transport in particular were determined, Table 7.



Table 7 To better reflect the relationship between the main in-

Integral thresholds for stability indicators dicators of enterprise stability and indicators of innovative

development, a correlation analysis is carried out, the calcu-

) Lower | Lower | Upper Upper lations of Whi.Ch are given i‘n Table 10. o

Indicator threshold | oPtimal [optimal |\ i0 © The matrix of correlations between the main indicators

value | value of stability and the indicator of innovation of development

Integral indicator of | og 0 | (5768 | 0.6232 1 make§ it p_ossible to COI}Clu.df% that indicators o_f pr.oduction

production stability and financial stability significantly depend on indicators of

- innovative development. Macroeconomic models built on

Ir}fgf;ﬁ;?f;;ﬁitﬁiy()f 03682 | 0.5161 | 0.6640 t the basis of analysis allow us to draw the following conclu-
Specific efficiency of sions, Table. 1. .

‘nnovations 0.2145 | 0.3908 | 0.6699 1 To confirm the effectiveness of the proposed model, cal-

- . culations were performed for 3 enterprises of the transport

Innovative potential | yoqa | 4071 | 07424 1 industry, Table 12.
of the enterprise These studies were fully confirmed when analyzing the

The calculated threshold values allow for a comprehen-
sive assessment of the stability of a transportation enter-

prise, taking into account
its innovative development.

The model for evaluat-
ing a transportation enter-
prise using the proposed al-
gorithm can be represented
as a four-dimensional ma-
trix. For convenience, we
present it in the form of
a combination of two ma-
trices — a matrix of com-
prehensive assessment of
production and financial
stability (Table 8) and a
matrix of innovative devel-
opment (Table 9).

The stability of equilib-
rium is understood as the
ability of the enterprise to
maintain the existing state
of production and financial
development, provided that
even minor external neg-
ative influences can sig-
nificantly worsen the main
indicators of production
and financial stability. The
stability of operation is un-
derstood as the ability of
the enterprise to keep the
main indicators of activity
within acceptable limits in
the process of dynamic de-
velopment. The stability of
homeostasis characterizes
the ability of an enterprise
to respond quickly to neg-
ative impacts, counteract
risks, and restore balance.
Stability of development
means constantly main-
taining optimal indicators
of production and financial
activity under conditions of
constant external and in-
ternal changes.

enterprises of the transport industry, which indicates the

sufficient importance of introducing innovations that are
directly related to the enterprise stability in the market.

Table 8
Matrices of comprehensive assessment of production and financial stability
Integral indicator of production stability
Indicators ke[0:0.2840) | ke[0.2840; 0.3768) | ke[0.3768; 0.6232) | ke[0.6232; 1]
e[0: 0.3682) Critically Unstable condition Equilibrium sta- | Stability of
s unstable state ¢ bilit functionin,
Integral Y 8
indica- . Unstable Equilibrium sta- | Stability of func- | Persistence of
tor of Je0.3682; 0.5161) condition bility tioning homeostasis
financial Equilibri Stabili _ : T
1¢ . quilibrium tability of func Persistence of Stability of
stability | /¢[0-5161;0.6640) stability tioning homeostasis development
£e[0.6640; 1] Stability of Persistence of Stability of devel- | Stability of
v ’ functioning homeostasis opment development
Table 9
Matrices of complex evaluation of innovative development
Specific efficiency of innovations
Indicator [0:0.2145) | [0.2145;0.3908) | [0.3908;0.6699) | [0,6699; 1]
Innovative [0; 0.2298) Critically low Low Satisfactory Average
p:}f:gflltair?f [0.2298; 0.4071) Low Satisfactory Average Sufficient
prise [0.4071; 0.7424) Satisfactory Average Sufficient High
[0.7424; 1] Average Sufficient High Very high
Table 10

Matrix of correlations between the main indicators of stability and the indicator of innovative
development

Indexes Production stability | Financial stability | Innovative development
Production stability 1 0.961043 0.873131
Financial stability 0.961043 1 0.873131
Innovative development 0.873131 0.885437 1
Table 11

Generalized data for assessing the impact of investments on the effective indicator of
enterprise stability

Model

Definition

Conclusion

The dependence of
production stability on
the specific efficiency of

investments

level of 0.1

k=0.2840+1.0267-SEI, the stan-
dard error of the model does not
exceed 0.01 with a significance

With an increase in the specific efficiency of
investments by 1 %, the integral indicator
of production stability will increase by an

average of 1.03 %

The dependence of
financial stability on
the specific efficiency of

investments

level of 0.1

/=0.3682+1.4785-SEI, the stan-
dard error of the model does not
exceed 0.03 with a significance

With an increase in the specific efficiency of
investments by 1 %, the integral indicator
of financial stability will increase by an
average of 1.48 %




Table 12

Calculation of integral indicators of stability

Types of enter- Production Financial Innovative Investment Conclusion
prises stability stability potential efficiency
Enterprise 1 0.4309 0.4256 0.4478 0.3870 Stability of functioning at an average level of innovative
development
Enterprise 2 0.5987 05599 0.6012 0.2965 Stability of horneostgsm with an average level of innova-
tive development
Enterprise 3 0.1583 0.1480 0.1399 0.1899 Critically unstable state at a critically low level of inno-
vation development

6. Discussion of results of ensuring the stability of
transportation enterprises with the application of
innovative technologies

There are a large number of procedures for improving
and shaping the enterprise stability, which are proposed by
researchers of our time [1-10]. All of them are integral and
contain a significant number of components for calculation,
others — on the contrary, few. In contrast to the existing
approaches, in this paper a systematic approach to the in-
troduction of innovative technologies by transportation
enterprises in the market is proposed (Fig. 2). This approach
makes it possible to establish qualitative and quantitative
characteristics that determine the degree of effectiveness of
management and functioning.

To ensure the effective functioning of transportation
enterprises, prerequisites for the formation of stability with
the use of innovative technologies have been formed. The
influence of factors and components of innovative potential,
as well as the form and strategy of transfer of innovative
technologies, which makes it possible to determine the effect
of modernization of transport infrastructure and assessment
of existing innovative potential (Fig. 1).

Our approach to ensuring the stability of transportation
enterprises makes it possible to determine the volume of
sales of innovative products using innovative technologies.
During the study, using mathematical tools, an assessment
of the level of innovative potential and the feasibility of the
results obtained to determine the stability of transportation
enterprises were carried out. On the basis of further deci-
sions on the reorganization or introduction of new innova-
tive technologies in the activities of the enterprise.

The study of economic stability of transportation en-
terprises allowed us to determine the most important for
their functioning volumes of specific efficiency of inno-
vations (SEI), the whole procedure for calculating the
stages of approach is given in Tables 7-12, as well as the
calculation.

As a result of the assessment of the stability of trans-
portation enterprises, it is determined that the level of in-
novative development has the greatest influence, a detailed
analysis is given in Table 12. It is possible to draw a number
of important conclusions about the effectiveness of innova-
tions in the activities of enterprises and their orientation to
the relevant sources of investment resources.

Therefore, it can be argued that the current state of de-
velopment of transportation enterprises in the market using
the presented model makes it possible to draw a general con-
clusion about the weak level of their innovative activity. The
application of the integrated assessment model based on the

developed indicators makes it possible to form further ways
to increase the innovative potential, as well as determine
the problems of stability of transportation enterprises in the
market and directions for their solution.

However, in the study on the introduction of innovative
technologies for the formation of stability of enterprises,
only transportation enterprises were used. This, accordingly,
limits the field of research on practical use and outlines the
scope of further research in the direction of applying the
proposed methods and practical recommendations for enter-
prises in other industries.

The disadvantage of the study is that the effectiveness of
the proposed recommendations is confirmed by the feasibil-
ity and practicality of their implementation in the activities
of enterprises that have a certain level of funding for the
application of innovations and innovative technologies in all
production processes.

In the future, it is advisable to investigate the mutual
influence of all components of the innovative potential of
transportation enterprises to improve the activities of func-
tional areas, develop appropriate strategies and implement
innovation and investment opportunities to ensure sustain-
able competitive advantages.

7. Conclusions

1. A concept of approach to formation of stability of
transportation enterprises through introduction of inno-
vative technologies has been developed, which will deter-
mine the level of their innovative development, as well as
ways to increase it. The main prerequisites and factors
influencing the stability of transportation enterprises
are determined, a systematic approach is proposed, which
takes into account the principles, types and reasons for
using innovative technologies, as well as ways to finance
them. The developed concept gives advantages to the pro-
posed approach as it provides an opportunity to rationally
use time when describing the relationship between the
results of the use of innovative technologies and the costs
of achieving them.

2. The main directions of formation of stability of trans-
portation enterprises are investigated, among which the
main ones are highlighted: ensuring high quality of trans-
port services, ensuring the safety of transportation of both
passengers and cargo, constant modernization and automa-
tion of service provision processes. At the same time, the
following aspects of activation of innovation activity of
transportation enterprises such as conducting research and
development of new innovative technologies and products,



allocating funding for the development of R & D, increas-
ing the investment attractiveness of enterprises, attracting
specialists from IT-industry, the use of modern business
technologies.

3. A mathematical model for evaluating the effectiveness
of innovation activity in the transport industry to ensure the
stability of transportation enterprises has been proposed,
which makes it possible to provide the necessary level of
innovative flexibility of enterprise and independence in the
application of innovative technologies. The model is a linear
regression equation that relates the specific efficiency of
innovations with two input variables: the unit cost of inno-
vation and the innovative potential of the enterprise. It is
found that with an increase in the unit costs of innovation
by UAH 1 million, the specific efficiency of innovations will
increase by an average of UAH 2.794 million, and with an
increase in the share of own innovative developments by
UAH 1 million, the specific efficiency will increase on aver-
age by UAH 7.882 million. We also substantiated the exis-
tence of a significant direct correlation between the costs of
implemented innovative products and the cost of innovation
in the transport industry and the number of innovation-ac-
tive enterprises. At the same time, the relationship between
the last two indicators turned out to be the opposite, which
may indicate that in the period 2017-2021 the number of
innovatively active enterprises decreased while the volume
of innovative products sold grew.

4. The economic stability of transportation enterprises
was assessed by determining indicators of production and
financial stability, as well as innovative potential of en-
terprise. It was found that with an increase in the specific
efficiency of investments by 1 %, the integral indicator of

production stability will increase by an average of 1.03 %,
and with an increase in the specific efficiency of investments
by 1 %, the integral indicator of financial stability will in-
crease by an average of 1.48 %. On the basis of the proposed
methodology for calculating integral indicators, a model
of comprehensive assessment of production and financial
stability, as well as innovative development, has been built.
Testing of the proposed model for transportation enterprises
led to the conclusion that among the three studied enterpris-
es, one is in a state of homeostasis at an average level of in-
novative development, the second is in a state of stability of
functioning with an average level of innovative development,
and the third is in a critically unstable state with a critically
low level of innovative development.
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