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The efficiency of work of a large part of the motor
transport enterprises of Ukraine is unsatisfactory. For
the most part, this situation is associated with signi-
ficant wear and tear of the fixed assets of enterpris-
es, both rolling stock and the production and technical
base. One of the ways to solve this problem is techni-
cal development. Under modern conditions, techni-
cal development requires a systemic approach, which
involves a comprehensive renewal of rolling stock and
the production and technical base, taking into account
all the interrelationships between these subsystems.
To solve this problem, a model of technical development
of motor vehicle enterprises was developed in the work,
which allows to identify promising strategies, and for
their implementation to form and research technical
development projects. To select the optimal technical
development project, the objective function is substan-
tiated in the work, which includes a technical indica-
tor — the technical readiness ratio and economic indi-
cators — net present value and the payback period of
the project. The selection of the optimal project is pro-
posed to be carried out on the basis of the <worst case
methods>. Using this method, the weighting coefficients
of the objective function criteria were determined,
which corresponded to: for the coefficient of technical
readiness — 0.333, for the net present value — 0.556,
Jfor the payback period — 0.111. Based on the developed
models and algorithms, strategies were determined and
technical development projects of the Vinnytsia branch
of the private enterprise «Avtotranskom»> were deve-
loped. Based on the developed objective function and
the <worst case method» the optimal technical deve-
lopment project among the developed ones was deter-
mined. Implementation of this project allows to increase
the technical level, work efficiency and competitiveness
of the enterprise

Keywords: technical development, rolling stock,
production and technical base, technical operation of
cars, commercial operation of cars, strategy of tech-
nical development, complex motor vehicle enterprise,
decision-making, technical readiness, efficiency of use
of rolling stock
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1. Introduction

Today, a significant number of combined motor transport
enterprises, created in Soviet times, are in a difficult techni-
cal and economic situation. As a result of transition processes
to a market economy that took place after the collapse of the
Soviet Union, the global economic crisis of the 2000s, there
was a significant decline in the production by industrial
enterprises in many sectors of the national economy. Accord-
ingly, the demand for transportation decreased significantly,
as a result of which a large part of the offer of motor transport
companies became redundant. Trying to solve the current
problems, the managers of these motor transport compa-
nies quite often made decisions aimed at survival, without
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thinking about the strategic development of the companies.
The sale of rolling stock and production equipment that was
effective at that time for nothing leads to the loss of produc-
tion capacity, investment resources, and qualified personnel,
but does not solve the existing problems.

However, after the aforementioned economic crises, with
the implementation of reforms, the economy of Ukraine is
beginning to recover. The development of production leads to
an increase in the volume of transportation, and therefore to
the inevitable development of the transport industry. How-
ever, the adopted inefficient decisions led the motor transport
enterprises to significant physical wear of the main produc-
tion assets, and especially the rolling stock. Having outdated
rolling stock and production and technical base, such motor




transport enterprises become uncompetitive. The lack of own
resources for development makes it impossible to update
these enterprises, and the lack of understanding regarding
the development of development projects — the attraction
of investments.

Moreover, the events of recent years, namely the Covid-19
pandemic and the full-scale Russian invasion of Ukraine, be-
came an additional negative factor that affected the country’s
economy as a whole and the transport industry.

One of the ways to solve these problems is the technical
development of motor transport enterprises, which involves
updating the main production assets, which is based on the
optimization of measures for the development of rolling stock
and the production and technical base based on the study
of the relationships between these subsystems. That is, it is
a complex of measures aimed at increasing the efficiency of
the operation of the motor vehicle enterprise, based on the
optimized simultaneous renewal of the rolling stock with
the corresponding necessary measures for the renewal of the
production and technical base.

The process of finding strategies and developing projects
for the technical development of a motor vehicle enterprise
is quite complex because it requires the presence of an effec-
tive algorithm and an economic-mathematical model of the
functioning of the enterprise during their implementation.
At the same time, for each strategy of technical development,
several different projects of their implementation may be
proposed, which will differ by certain measures of technical
development (for example, updating the fleet of cars with dif-
ferent models, etc.). An effective algorithm for substantiating
strategies and developing technical development projects will
allow for the development of a management solution from the
analysis of the current state of the motor vehicle enterprise
and the formation of a strategic plan to the adoption of a spe-
cific decision on the relevant technical development projects.

Therefore, studies aimed at the development of models
and methods for determining optimal strategies and projects
of technical development of motor vehicle enterprises under
modern conditions are relevant.

2. Literature review and problem statement

Scientific works on the development of motor trans-
port enterprises usually consider either general issues of
organization and management of development processes or
consider individual components of development separately
from others. Most of the work related to technical deve-
lopment considers either the renewal of rolling stock or the
improvement of the system of maintaining the rolling stock
in a working condition. Although the authors of these works
indicate a close relationship between these two problems,
there are practically no thorough works that integrate these
two problems.

In study [1], the issue of managing strategies of sustainable
innovative development of transport enterprises of Ukraine
in modern conditions is considered. The authors propose re-
structuring and transformation of motor vehicle enterprises
as a mechanism for implementing the strategy of sustainable
development. The work substantiates the system of sustain-
able development management indicators from the standpoint
of preventive anti-crisis management. However, the developed
recommendations for the implementation of innovative sus-
tainable development of transport enterprises are too general

and do not give an answer as to how to determine this or that
strategy. The proposed system of indicators is actually focused
on the assessment of management mechanisms, and not on the
technical condition of the main production assets.

The problem of choosing cars when updating the fleet
of trucking enterprises is considered in[2]. The authors
analyzed the existing criteria and methods for choosing the
rolling stock of trucks quite well, pointing out the advantages
and disadvantages of each of them. As a result, the authors
proposed a method of choosing trucks when updating the
fleet of motor vehicle enterprises, which eliminates many
of the shortcomings of the existing criteria when using
them separately. However, the proposed methodology does
not consider the issue of maintaining new cars in working
order and the problems that may arise at the motor vehicle
enterprise. Moreover, not taking into account the state
and capabilities of the production and technical base when
buying new cars can lead to an incorrect assessment of their
operating costs, which can lead to a loss of profitability.

In work [3], the issue of renewal of rolling stock in motor
transport associations is considered. However, this method
imposes restrictions on the minimum accounting number of
rolling stock, which must be at least 200 units. Taking into
account the fact that under modern conditions there are
almost no motor vehicle enterprises with the number of 200
or more cars, this makes it impossible to apply this method
for many existing motor vehicle enterprises. Moreover, this
method only allows one to determine the required total
carrying capacity of the rolling stock fleet, and the update is
performed by any cars of this type produced by the industry,
without taking into account their compliance with the exist-
ing production and technical base and economic effect.

In work [4], the authors consider the issue of updating the
rolling stock of the motor vehicle enterprise, taking into ac-
count the attraction of additional investments. The method of
updating the rolling stock of a motor vehicle enterprise deve-
loped by the authors corresponds to modern economic condi-
tions in Ukraine and makes it possible to assess the impact of
economic risks on the overall efficiency of the operation of the
motor vehicle enterprise. The main drawback of the work is
that when purchasing new cars, the issue of the possibility of
maintaining them in working condition is not studied, which,
if a significant development of the production and technical
base is necessary, will significantly affect the final result.

Paper [5] investigates the issue of readiness of motor
transport enterprises for economic development and their
financial stability. The authors have developed a two-compo-
nent methodical approach that makes it possible to optimize
the assessment of enterprises’ readiness for development
based on the calculation of the integral indicator of invest-
ment adequacy and the level of material costs. The research
carried out by the authors showed that for many motor
transport enterprises there is a problem of excessive material
costs. This can be explained by the obsolescence of rolling
stock and the production and technical base of such enter-
prises. The main drawback of this approach is that it is based
exclusively on financial indicators and does not study the
issue of the real technical condition and technological level
of rolling stock and the production and technical base of the
motor vehicle enterprise.

In [6], a study of the factors affecting the technological
equipment of the production and technical base of the motor
vehicle enterprise was carried out. Based on the method of
expert evaluations, the authors established that the most



significant factors in the selection of innovative technolo-
gical equipment are the productivity of the equipment, the
capacity and specialization of the motor vehicle enterprise,
and the technical safety of the equipment. However, the work
lacks any quantitative and qualitative indicators by which
new equipment can be evaluated according to the proposed
factors. Therefore, accordingly, it is not clear how this ap-
proach will increase the efficiency of the use of rolling stock
of a motor vehicle enterprise.

Work [7] considers the diversification of the production
activity of a motor vehicle enterprise as a strategy for its
development. The author offers two types of diversification
strategies. The first type of strategies is related to the de-
velopment of the transportation system, when a trucking
company introduces a new type of transportation that
was not performed before. The second type of strategies is
aimed at the development of the production and technical
base and is related to the provision of car service services.
However, when developing the strategy of the first type,
the author does not study the issue of the need to develop
the production and technical base for the new rolling stock.
When developing a strategy of the second type, it is
unclear whether the company plans to provide transport
services in the future, because the rolling stock remains old
and inefficient.

Therefore, our review of the literature revealed the ab-
sence of thorough scientific works that consider the problem
of technical development of motor vehicle enterprises, which
would investigate the interrelationships between the renewal
of the component subsystems of these enterprises and could
correspond to modern business conditions. This, in turn,
requires solving a significant number of scientific and me-
thodological, organizational, technical, and economic tasks
related to the formation and implementation of strategies
and projects of technical development of motor transport
enterprises.

3. The aim and objectives of the study

The purpose of this study is to increase the efficiency of
the use of rolling stock of motor transport enterprises based
on the definition and implementation of optimal projects of
their technical development. This will make it possible to
improve the competitiveness and profitability of a motor
vehicle enterprise under modern business conditions.

To achieve the set goal, the following tasks must be solved:

— to build a mathematical model of the technical deve-
lopment of motor vehicle enterprises based on a systemic
approach, which makes it possible to investigate the interre-
lationships between the renewal of the rolling stock of motor
vehicle enterprises and the corresponding renewal of its
production and technical base;

— to justify the criteria for evaluating the effectiveness
of projects of technical development of motor transport en-
terprises;

— to develop an algorithm for modeling projects of tech-
nical development of motor vehicle enterprises;

— to justify the method and devise a methodology for
evaluating projects of technical development of motor trans-
port enterprises;

— to model technical development projects on the exam-
ple of the Vinnytsia branch of the private enterprise «Avto-
transkom» and determine the optimal one.

4. The study materials and methods

As mentioned above, one of the ways to increase the
efficiency of the work of motor transport enterprises under
modern conditions is technical development, i.e., updating
the main production assets of enterprises, namely their active
and passive parts. With regard to motor vehicle enterprises,
technical development primarily involves updating the rolling
stock with more modern and efficient models of cars, taking
into account ensuring their maintenance in working condition.

Thus, the object of our study is the technical develop-
ment of motor transport enterprises and its influence on the
efficiency of the use of rolling stock.

Under market economic conditions, in contrast to planned
and administrative ones, technical development requires the
use of a strategic approach, which involves looking at the enter-
prise as an «open» system, the main prerequisites of which are
not inside but outside this system. This, in turn, involves the
use of strategic management methods to analyze the company’s
performance and develop technical development strategies.

The definition of the technical development strategy will
be carried out based on the results of the modeling of its im-
plementation projects, which involves the use of economic and
mathematical modeling of technical development projects with
the help of electronic computers. To determine the initial data
of the simulation, it is most appropriate to use the methods of
mathematical statistics and probability theory. Since the defi-
nition of the optimal project of technical development requires
an assessment based on several criteria of optimality, it necessi-
tates the application of methods of fuzzy multi-criteria analysis.

5. Results of investigating the technical development
of motor transport enterprises

5. 1. Mathematical model of technical development of
motor transport enterprises

To study the functioning of complex organizational and
technical systems to which a motor vehicle enterprise be-
longs, and to facilitate decision-making, economic-mathe-
matical modeling has become widely used. An economic-
mathematical model is a description of an object (subject,
process, or phenomenon) in the form of a set of mathematical
expressions (equations, inequalities, etc.), compiled for the
purpose of studying its properties. The process of research
using a mathematical model is called modeling.

Formal statement of the problem. Let there be a certain
motor vehicle enterprise that plans its further development
based on the fact that the profit does not increase but remains
constant or even decreases. It is necessary to find and justify
such a strategy for further development that would increase
the efficiency of the motor transport enterprise.

To describe the model, we introduce the following notation:

—i=1,s — number of the technical development strategy
of the motor vehicle enterprise;

— j=1,n — technical development project number within
strategy s,

—k=1m — index of brands of rolling stock of the en-
terprise;

—t=1,T — temporary stages of implementation of the
technical development project;

— I — the initial investment required for the pur-
chase of the &-th type of rolling stock under the j-th project
of strategy i;




- H,.]’ZB — initial investments necessary for the develop-
ment of the production and technical base of the enterprise
for the k-th type of rolling stock under the j-th project
of strategy i;

— Py — profit from the performance of transport work by
the k-th type of rolling stock under the j-th project of stra-
tegy i in the ¢-th time period;

— r— discount rate for the term of strategy implementation;

— Rjjx — the resource intensity coefficient, which charac-
terizes the need for material resources to perform the trans-
port work of the k&-th type of rolling stock according to the
j-th project of strategy i

— Kj; — restrictions that may occur during the implemen-
tation of the jth project of strategy i;

— Wikt — volume of transport work performed by the &-th
type of rolling stock under the j-th project of strategy i in
the #-th time period,;

— Cjp — the tariff for the performance of transport work
by the k-th type of rolling stock under the j-th project
of strategy i;

- Cj — the average market tariff for the performance of
transport work by the £-th type of rolling stock.

Using the entered notation, we write down a number of
the following dependences.

Initial investments required for the implementation of
the j-th project of strategy i:

H,=Y 15+ 1P (1)
k k

Necessary resources for the implementation of the j-th
project of strategy i:

ARij = z};, Z Rijku/zjkt' (2)
t

Total profit from the implementation of the j-th project
of strategy i:

1
P = P, ————1II. —max. 3
Y ;Z l]k[(1+r)t Y )

The tariff for the performance of transport services for
the transportation of the &-th type of rolling stock should not
exceed the average market values because under other con-
ditions this type of transportation becomes uncompetitive
for the enterprise. Taking into account this tariff limitation
and limitations on the possibility of attracting resources,
it is possible to write down a system of limitations when
modeling projects of technical development of motor trans-
port enterprises:

u/ijkt 2 0;

Pl.]. — max;

Hi]. <1 . (4)
AR, < K;

C.,<Cr.

(i

The above limitations most fully characterize the effec-
tiveness of the possible implementation of the j-th project of
the strategy and technical development of the motor vehicle
enterprise. As you know, investment projects are associated
with attracting additional funds from both internal and
external sources, and given the volume of these funds, they
are mainly external. The search for external investments is

a rather complex process that requires a separate study, and
therefore will not be considered further in this study. How-
ever, it should be noted that the maximum amount of initial
investment attraction objectively also has limitations.

Thus, the set of equations and inequalities (1) to (4)
represents a generalized economic-mathematical model
of technical development projects of the motor vehicle
enterprise.

5. 2. Criteria for determining the optimal project of
technical development of a motor vehicle enterprise

Modeling of technical development projects involves the
determination of indicators on the basis of which their com-
parison and selection of the optimal one will be carried out.
This, in turn, poses the task of substantiating performance
criteria, which will contain indicators that assess both the
increase in the technical level of the enterprise and its profit-
ability. Thus, the determination of the optimal technical de-
velopment project is a multi-criteria optimization task based
on the technical and economic indicators of the operation of
the motor vehicle enterprise.

In this regard, we justified the use of one technical and
two economic criteria for evaluating the effectiveness of
technical development projects of motor transport enter-
prises. As a technical criterion, the use of the coefficient of
technical readiness (oi7) is substantiated, as economic crite-
ria — payback period (Tp), and net present value (NPV).

The selection of the optimal project, among the set of
possible projects of technical development according to dif-
ferent strategies of technical development, when applying
amulti-criteria approach, is carried out with the help of an ob-
jective function. In the process of performing the optimization
task, such values of the design parameters should be found at
which the objective function has a minimum (or a maximum).

For the proposed performance indicators, the optimiza-
tion objective function can be written as follows:

U= f(o,, NPV,T,). (5)

At the same time, the change in the main parameters and
limitations of the objective function can be defined as follows:
0., —> max;
NPV — max;
T, — min; (6)
T, <1,

NPV >0.

where T}, — planned project implementation period, years.

5. 3. Modeling algorithm

To determine technical development strategies based on
the modeling of projects that implement these strategies,
it is most appropriate to use mathematical modeling. The
essence of the developed model is reduced to the description
of the organizational and production processes of the motor
vehicle enterprise during the implementation of the relevant
technical development projects, which makes it possible to
determine the indicators of its work that take place at each
time interval. We take the value of the simulation interval
equal to one year.

The justification of the strategies is based on the deve-
loped modeling algorithm, the generalized block diagram of
which is shown in Fig. 1.
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Fig. 1. Algorithm for modeling projects of technical development of motor transport enterprises

Modeling according to this algorithm is as follows:

In module 1, the initial data is entered. First of all, these
are data on the number of cars of each brand and their tech-
nical and operational characteristics, maintenance, and repair
costs. In addition, data on the costs of carrying out transport

work, volumes of transport, and the profit that each car brings
to the motor transport company are required.

Module 2 performs the procedure of analyzing the ef-
ficiency of the motor vehicle enterprise and formulating
possible strategies for technical development.



It is expedient to evaluate the efficiency of the enter-
prise according to known methods of evaluating the pro-
duction and economic activity of the motor vehicle en-
terprise [4, 8—12]. It is best to use SWOT analysis to find
strategic areas of enterprise management and formulate
technical development strategies. It provides an opportunity
to investigate the strengths and weaknesses of the motor
vehicle enterprise in order to adapt to the changing oppor-
tunities and threats of the external environment [13—-16].

Based on the data obtained from the implementation of
module 2, module 3 formulates the most appropriate stra-
tegies for the technical development of the motor vehicle
enterprise, which are determined by the markets (or market
segments) of transport services for which they are offered.
Thus, as a result of the implementation of the given module,
we obtain a set of strategies for the technical development S:

S={s,8, .5}, )

where sy, s, s3, ... , s; — technical development strategies;
iis the technical development strategy number.

Module 4 identifies possible ways to reduce costs for ma-
terials and spare parts, overhead costs, etc.

Modules 5 and 6 form project numbers j according to
strategy i and time step , respectively. The project number is
assigned depending on both the proposed technical develop-
ment strategies (directions of development) and alternative
rolling stock options that can be used to implement these
strategies. Therefore, a double system of designations is used
for technical development projects, which consists of the
number of the strategy s and the number of the project of the
implementation of this strategy i:

B={by,,byyr.syjubyy, by by by by by 8)

where by, by, .., bj — technical development projects;
i — strategy number; j is the number of the i-th strategy im-
plementation project (this index is used to identify alterna-
tive projects within the same strategy).

Module 7 analyzes the technical condition of the rolling
stock of a motor vehicle enterprise.

Module 8 determines the need to replace the rolling
stock that is at the motor transport company. In that case, if
renewal of the rolling stock is recognized as necessary, then
control is transferred to module 10 and the necessary invest-
ments for renewal of the rolling stock are determined.

If a decision is made about the impracticality of replacing
the fleet of cars, then the management from module 8 passes
to module 9, in which the search for other ways of increas-
ing the efficiency of the motor vehicle enterprise is carried
out. As a rule, this is a search for internal reserves of cost
reduction, so if there is such an opportunity, then control is
transferred to module 18, and if there is no such possibility,
then control is transferred to module 30.

Module 10 determines the working time of the main
means of production according to the project in the ¢-th step.
First of all, it is the operating time of motor vehicles that will
be purchased in the future, which determines the total profit
of the motor vehicle enterprise. The calculation is based on
known productivity formulas [4, 8,9, 14].

The group of modules 10—17 is intended to determine the
path of development of the production and technical base for
the implementation of the project b;. This is quite important
because the existing production and technical base was crea-

ted and developed for the rolling stock that is operated at the
enterprise at the present time, and therefore may not meet
the needs of new cars.

Determination of optimal measures for the development of
the production and technical base is one of the defining issues
in the development of technical development projects. Pro-
ceeding from the fact that for any technical development pro-
ject, it is necessary to create an optimal structure of the produc-
tion and technical base, which ensures the maximum economic
efficiency of technical development, measures for the deve-
lopment of the production and technical base are determined.
At the same time, it is necessary to take into account the ba-
lance between the costs of developing the production and tech-
nical base and the cost of maintenance and repair of cars. This
can be ensured both through the centralization of production
within the motor vehicle enterprise and through cooperation
with other motor vehicle and auto service enterprises.

Module 11 calculates the production program of the mo-
tor vehicle enterprise for maintenance and repair of rolling
stock and the main indicators of the production and technical
base according to technical development projects. Based on
the results of the calculations, the needs of the enterprise
in the areas of the territory, production-warehouse, and ad-
ministrative-household premises, posts, production workers,
technological equipment, etc. are determined.

In module 12, an analysis of the technical condition of the
production and technical base of the motor vehicle enterprise
is performed, the condition of technological equipment, build-
ings and structures, provision of areas, posts, technological
equipment, the level of mechanization and other indicators
of the condition of the production and technical base are an-
alyzed. Based on the results of the calculation and qualitative
analysis of the structural and technological requirements of
the new rolling stock for the production and technical base,
the ability to provide the existing production and technical
base to support new cars in a working condition is determined.

Module 13 is designed to determine the optimal structure
of the production and technical base, which ensures the grea-
test intensification of the latter’s development. Thus, within
the limits of one enterprise, it is not always advisable to per-
form all types of maintenance and repair work for cars. The
optimal structure of the production and technical base should
include only those units whose production costs are lower
than the costs of paying for the same types of work in coope-
ration with car service or other motor vehicle enterprises.

Determination of the optimal structure of the production
and technical base, in our opinion, should be carried out on
the basis of the definition of the limit volume of the /-th type
of work (Ty;) of maintenance and repair of rolling stock. The
value of Ty corresponds to such a volume of work, in which
the costs of their implementation at the own production
and technical base are equal to the costs of carrying out the
same work by a car repair or car service enterprise [14, 17].
Therefore, if the estimated labor intensity for the /-th type
of work (7T7) is not less than the corresponding labor intensi-
ty Ty, then it will be appropriate to perform this type of work
on its own production and technical base. According to the
same principle, it is possible to create such a structure of the
production and technical base, in which the enterprise will
be able to provide certain maintenance and repair services
to other enterprises.

Next, modules 14—17 determine the necessary form of
development of the production and technical base according
to the project, taking into account the determined structure



of the rolling stock of the motor vehicle enterprise and the
optimal structure of the production and technical base.

Thus, module 14 determines to what extent the existing
production and technical base corresponds to the required
structure and is sufficiently effective. If the existing produc-
tion and technical base mostly meets these requirements,
then control is transferred to module 15, if not (technolo-
gically incompatible rolling stock, outdated equipment, etc.),
then control passes to module 16.

If the existing production and technical base is mostly
able to provide support for the new rolling stock, then logical
operator 15 determines whether it is sufficient for the exist-
ing production and technical base to modernize (minor up-
date) the production and technical base. If a decision is made
about the need to modernize the production and technical
base, then control is transferred to module 18, and if not, then
control is transferred to module 16.

Module 16 determines whether it is sufficient to carry
out technical rearmament/re-equipment of the production
and technical base to meet the needs of the motor vehi-
cle company in servicing and repairing new rolling stock.
In the event that there is not enough technical rearmament
to maintain the new rolling stock, then control is transferred
to unit 17, which checks the conditions of reconstruction.
If it is sufficient to carry out this measure, then control is
transferred to module 18.

Module 17 checks the conditions for the reconstruction.
If the need for reconstruction is met, control is transferred to
module 18. Otherwise, control is transferred to module 30.

Also, in modules 10—17, the technical specialist (expert
or group of experts) of the enterprise, determining the form
of development of the production and technical base, forms
a preliminary list of measures for its development. Prelimi-
nary volumes of material and other resources are determined
for the selected measures of development of the production
and technical base. This point is very important since the
amount of initial investment in the development of the pro-
duction and technical base, and accordingly the effectiveness
of the technical development project itself, will depend on
the accuracy of determining the amount of these funds.
Therefore, under certain conditions, it may be appropriate
at this stage to involve additional experts from specialized
scientific and consulting organizations.

In modules 18 to 23, technical and economic calculations
of the efficiency of the company’s rolling stock are carried out
for each project bj in terms of brands and according to the
corresponding time steps.

Module 24 determines the present value of future cash
flows from the implementation of project b;.

Module 25 determines the total costs for the implemen-
tation of the project by, that is, the amount of all necessary
investments for the implementation of the project (see
formula (1)).

Module 26 determines the numerical values of technical
and economic indicators of the objective function (5) of sub-
stantiation of strategies and definition of projects of technical
development of the motor vehicle enterprise.

Logical operator 27 determines whether project b; meets
the limitations of the objective function of substantiating
strategies and defining technical development projects, name-
ly Tp<Tipy, NPV>0, II<Il,y, or not. If at least one of these
conditions is not met, then control is transferred to module 29,
which screens out this project, if all restrictions are met, then
this project is accepted for further consideration, and control

is transferred to module 28, which forms a plan for the imple-
mentation of the technical development project b;; (or portfo-
lio of technical development) to form a decision.

Modules 30 and 31, respectively, check whether all given
time periods and all available projects have been considered.
In the event that all time periods or all possible projects have
not been considered, control is returned to modules 6 or 5.
If all possible projects have been considered, control is trans-
ferred to module 32.

Module 32 forms an array of projects B, which were in-
vestigated in the simulation process, and outputs the results.
Based on the further evaluation of these projects, the optimal
strategy of technical development and the corresponding
project of its implementation will be determined.

5. 4. Substantiation of the method for choosing the
optimal technical development project

Decision-making on determining the optimal develop-
ment strategy in real production systems takes place under
the conditions when the goals, limitations, and consequen-
ces of possible actions are not precisely known. The deci-
sion-making task, in its general form, can be described by a set
of permissible choices (alternatives) and a preference ratio set
on this set, which reflects the interests of the decision-maker.

The relationship of preference for a set of alternatives can
be described in two ways:

1) using the utility function;

2) in the form of a binary relation of preference. A utility
function usually takes the form of mapping a set of alterna-
tives onto a number axis. Not every preference relation and
not on any set of alternatives can be described by a utility
function. In some cases, this relationship can be described by
a finite set of utility functions, and then the relevant deci-
sion-making tasks are multi-criteria.

In this case, a set of criteria for choosing the most rational
strategy (project) can be represented in the form:

C={c,Cyri}, 9

where C is a set of criteria for choosing the optimal devel-
opment strategy (project); ¢; — constituent criteria of the
set C (objective function); [ is the criterion number of the
set C (objective function).

Decision-making tasks that use utility functions are
mathematical programming tasks. The optimal solution to
such problems is the choice of an admissible alternative on
which the utility function takes the maximum (minimum)
value. Ambiguity in the statement of the mathematical pro-
gramming task can be contained both in the description of
a set of alternatives and in the description of utility functions.
Tasks in which many alternatives and (or) utility functions
are vaguely described are called tasks of fuzzy mathematical
programming.

In decision-making models under conditions of uncer-
tainty, the Bellman-Zade principle [18,19] is often used,
according to which the optimal strategy (project) is deter-
mined according to the following principles:

1. Each criterion ¢ is given in the form of a fuzzy set de-
fined on the universal set of projects B (8).

2. A fuzzy set of potentially good solutions b, is formed
by intersection of fuzzy sets of criteria.

3. From a fuzzy set of potentially good solutions, the
strategy (project) with the highest degree of appropriateness
is selected, and this project is optimal.



Based on this, the best strategy (project) is sought within
the cross-section (M) of fuzzy sets of criteria:

b, €eD=c,Nnc,N...Ng,. (10)

Expressions (9), (10) are valid in the case when the im-
portance of all the criteria forming the set is the same. If this is
not the case, then the Bellman-Zade principle is usually used
together with the Saati method of hierarchies [20], which al-
lows finding measures of membership of elements of fuzzy sets
using the procedure of pairwise comparisons of projects. Such
a method of multi-criteria selection of the best development
project under conditions of uncertainty, which is called the
«worst case method», is proposed in [19]. The basis of this
method is the principle of intersection of fuzzy Bellman-Za-
deh criteria and Saati’s 9-point scale of linguistic assessments.

In this case, the set of criteria (10) must be written in
the form:

c={(a)" (o) )}

where py is the weight of the criterion p,.
Then each criterion ¢; € C={cy, ¢y, ..., ¢;} should be inter-
preted as a fuzzy set defined on the universal set of projects

(11)

B={b11, b12, vy b21, eny blj} in the form:
_J(eb)" (on)” (o))"
C = b y b y ney b , (12)

11 12 ij
where 0);. are degrees of membership of projects (oﬁj within
fuzzy sets c;.

Degrees of ownership of projects are numbers in the
interval [0; 1], which can be considered as project weights
relative to the criteria c;.

At the same time, the condition must be fulfilled:

o}, + oy, +..+ o) =1. (13)
Based on this, formula (10) will take the form:
b, €D=(c,)" n(c,)” n.n(c))". (14)

In the theory of fuzzy sets, the intersection operation is
replaced by the minimization operation: M — min. Then the
set of potentially good solutions will take the form:

min{(@},)" ... (o)}
b11 ,
uy
N min{(@})" .. (o)) } | 5
b
min{(o})"..(0})" }
bij

The optimal (best) project by, is the project from the set
of potentially good solutions (b, € D), which has the maxi-
mum weight, i.e.:

b 1 \Mt 9 \H2 1\
o(b,.)=maxminf(w} )" (01)" . (0} }
1/:1,2,...,m

(16)

To determine the weight of each project included in the
fuzzy set (12), we shall use the method of structural analysis of
systems [21], according to which the reliability of the system
is distributed among its elements according to the ranks that
characterize the importance of the elements from the point of
view of reliability. Thus, the sum of project weights (13) will
be distributed among projects according to their ranks. Taking
this into account it can be assumed that the higher the weight

. . T
of the project u),], the higher its rank g;;, i.e.:
(‘)11 (’)iz wfg (ij
71271:... =..= 7 (17)
4y Gy Q/g 4q;

where q is the rank of the project bje B in relation to the
criterion ceC o o~ the weight of the worst project by, €B
in relation to the criterion ¢;€ C; ¢/ . 1s the rank of the worst
project by, € B with respect to the criterion ¢; € C.

Based on relation (19), we represent the weights of all
projects in terms of the weight of the worst project:

l l /

o =d
(’)11 q“ ) 912 yeens O =G
/g /g 4y

(18)

The weight of the worst project according to the criterion
¢; can be determined from condition (13), substituting the
received project weights (18) into it:

1 1
= = T (19)
q11 4 2 q12 4. 4 Lom qnm z qlzj
qu qu qu it j=1 g

Thus, on the basis of formulas (18) and (19), it is possible
to determine the weight of each project through the ratio of
the rank of the project g; to the rank of the worst project g
At the same time, the condition qu / qug >1 is fulfilled for all
values (i=1, ..., n, j=1, .., m).

To calculate project weights, it is necessary to determine
the ratio of ranks qf]. / q’fg. For this purpose, the method of
paired comparisons by Saati [19, 20] has become widely used
in world practice, according to which a rank ratio scale is set
for each criterion ¢;e C:

[1,if b matches with b/g,
3,if bij. slightly better than bfg,
qf]. 5,if b.l. better than bl ;

Q}g 7,if b much better than &' s
9,if b} absolutely better than bj,;

|2, 4,6, 8 —intermediate values.

By substituting the received rank ratios into formu-
las (18) and (19), project weights mﬁj are determined accord-
ing to the criterion ¢;.

Determination of the weight of the criteria p; of the
fuzzy set (9) is performed on a similar basis. That is, assum-
ing that the higher the weight p; of the criterion ¢; € C, the
higher its rank J;, by analogy with relation (17), the follow-
ing equality must be fulfilled:

Moo M W

j1 J2 Jq ...—7[,

where p, is the weight of the least important criterion;
Jg is the rank of the least important criterion.

(20)



Taking into account the need to fulfill the condition
Wit+pot.. =1 by analogy with (18) and (19), the weight of
the least important criterion and other criteria is determined
according to the following dependences:

1 1

= = , 21

S T A T o
-]q -]q -]q 1:1Hq

R A S /) 29

o=y 2 =, Sy =i 5 (22)

The determination of the ratio of criteria ranks is per-
formed according to a similar scale of pairwise comparisons.

By substituting the obtained rank ratios into formulas (21)
and (22), we determine the weight ; of the criterion ¢;.

Fuzzy sets (12) defined on the universal set of projects are
formed based on the obtained weights of criteria p; and pro-
jects . Next, performing the intersection operation of the ob-
tained fuzzy sets (15), we determine the set of potentially good
solutions D and the optimal project according to formula (16).

Taking into account the above methodology, we shall
determine the weight of the criteria for the objective func-
tion (5) proposed by us. We indicate the criteria:

— ¢ — coefficient of technical readiness;

— ¢y — net present value;

— ¢3 — payback period.

The least important criterion of the objective function
is the payback period (c3). Based on Saati’s linguistic eva-
luations J,/J,=3, J,/J;=5, J;/J;=1and formula (21), its
weight will be equal to:

1

= =0.111.
3+5+1

My

The weight of the other criteria of the objective function
according to formula (22) will be equal to:
3

3+5+1

W, =0.333;

h= 351
Given the weighting coefficients of the criteria, the objec-
tive function can be written as the set:
C= {OLOA333 NPV0.556 To.m}
=\Y%r »Ip .
5. 5. Modeling of technical development projects and
determining the optimal one
Modeling of technical development projects was carried
out on the example of Vinnytsia branch of PE «Avtotranskoms.

The assessment of the adequacy of the model was
performed on the basis of a comparison of the results of
modeling the performance indicators of the private enter-
prise «Avtotranskom» with actual data for 2017-2020. The
simulation results showed a discrepancy of up to 5 %, which
indicates that the model corresponds to the real object.
After that, the development and modeling of technical
development projects of the private enterprise «Avtotrans-
kom» was carried out.

An analysis of work efficiency was conducted for this
enterprise, which revealed negative trends in its production
and economic activity.

According to the results of the SWOT analysis, the
following strategies for the development of the enterprise
were proposed:

— strategy 1 — development of transportation of oil pro-
ducts (development of the fleet of gasoline trucks);

— strategy 2 — development of transportation of mineral
building materials (development of dump truck fleet).

To implement these technical development strategies,
the following technical development projects of the motor
vehicle enterprise were proposed:

— project 1. 1 — modernization of the fleet of gasoline
trucks with gasoline trucks on the Dongfeng DFZ5250 chas-
sis (capacity 16.5 m?) — 24 units;

— project 1. 2 — modernization of the fleet of gasoline
tankers with DAF FT CF85.430 road trains (semi-trailer
gasoline tanker 32 m?®) — 12 units;

— project 1.3 — modernization of the fleet of gasoline
trucks due to the purchase of Dongfeng DFZ5250 cars,
124 units, and DAF FT CF85.430, 6 units;

— project 2. 1 — modernization of the fleet of dump trucks
due to the purchase of JAC N350 vehicles (carrying capacity
13 tons) — 20 units;

— project 2. 2 — modernization of the fleet of dump trucks
due to the purchase of 15 units of KrAZ-65055 vehicles (car-
rying capacity 18 tons).

The results of the calculation of efficiency criteria by
projects are given in Table 1.

To choose the optimal project, on the basis of the per-
formed scientific and methodological developments, fuzzy
sets of potentially good solutions were formed. The least
important project according to the criterion o is project 1.1,
according to the NPV criterion — project 2.2, and according
to the criterion Tp — project 1.3. Based on Saati’s linguistic
assessments, the ratio qu / q}g for criteria for the projects is
determined (Table 2).

Table 1
Project performance indicators
Indicator Project 1. 1 Project 1.2 Project 1.3 Project 2. 1 Project 2. 2

Dongfeng — 3 . DAF - 6 units, JACN350 — | KrAz-65055 —

1. Number and brand of cars to be purchased 24 tnits DAF — 12 units Dongfeng — 12 units 20 units 15 units

2. Coefficient of technical readiness 0.86 0.89 0.87 0.90 0.91

3. Thegmount of investment provided for by the 1075000 1155000 1124600 854500 714600

project, euros

— for rolling stock 1020000 1080000 1050000 800000 660000

— for the production and technical base 55000 75000 74600 54500 54600

4. Present value, EUR 1340456.7 1490546.9 1396248.2 1105344.4 898774.5

5. Net present value, euros 265456.7 335546.9 271648.2 250844.4 184174.5

6. Payback period, years 2.67 2.58 2.68 2.57 2.65




Table 2
The ratio of project ranks on the Saati scale
Project Criterion ar NPV T
Project 1. 1 1 4 2
Project 1. 2 3 7 3
Project 1.3 2 5 1
Project 2. 1 4 3 3
Project 2. 2 5 1 2

Formulas (21) determine the weight of the worst project
according to the criterion ¢;, and formula (20) determines the
weight of all other projects. The results of our calculations
are given in Table 3.

Table 3
Weight of projects by performance criteria (u)ﬁ,)
Projen Criterion ar NPV T,
Project 1. 1 0.0667 0.2000 0.1818
Project 1. 2 0.2000 0.3500 0.2727
Project 1.3 0.1333 0.2500 0.0909
Project 2. 1 0.2667 0.1500 0.2727
Project 2. 2 0.3333 0.0500 0.1818

Based on this, the weight of each project was deter-
mined, taking into account the weight of the criteria ((Dﬁj W,
calculated earlier. The results of our calculations are given
in Table 4.

Table 4

Weight of projects taking into account the weight
of criteria ((},)")

Project Criterion o035 NP6 ToM
Project 1. 1 0.4055 0.4090 0.8274
Project 1. 2 0.5848 0.5581 0.8656
Project 1.3 0.5109 0.4629 0.7661
Project 2. 1 0.6437 0.3486 0.8656
Project 2. 2 0.6934 0.1893 0.8274

Performing the operation of intersection of fuzzy sets (15)
D=0, NPV NT,, we obtain the fuzzy set of the solution:

D {0.4055. 0.5581 0.4629 0.3486‘0.1893}
b11 7 b12 , b13 , b21 7 b22

6. Discussion of results of investigating the technical
development of motor transport enterprises

The technical development of the motor vehicle enter-
prise is aimed at increasing the efficiency of the use of vehicle
fleet, which is ensured by the use of more efficient rolling
stock and optimization of the structure of the production
and technical base. For the implementation of technical de-
velopment in practice, we developed a mathematical model,
a modeling algorithm, substantiated the criteria system and

management decision-making methodology. On the basis
of scientific and methodological developments, modeling of
technical development projects of the Vinnytsia branch of
the private enterprise «Avtotranskom» was carried out and
the optimal one was determined.

In the course of research, an analysis of the main indica-
tors and results of modeling of technical development pro-
jects was performed (Table 1).

As can be seen from Table 2, project 1. 2 has the highest
value of the coefficient of technical readiness among the
projects according to the strategy for the development of
the fleet of gasoline trucks, and project 1. 1 has the lowest.
At the same time, project 1. 2 exceeds project 1. 1 by ap-
proximately 3 %, which is related with greater reliability
of DAF cars compared to Dongfeng cars. The value of the
coefficient of technical readiness for project 1.3 is between
the two previous projects due to the use of a combined fleet
of rolling stock. Among the projects under the dump truck
fleet development strategy, project 2. 2 has a higher technical
readiness factor, which is approximately 1% higher than
project 2. 1. This is due to the difference in the average daily
mileage, which, accordingly, affects the total downtime park
in maintenance and repair. For the same reasons, it is imprac-
tical to directly compare the coefficient of technical readiness
for projects of different strategies.

When comparing the volumes of initial investments by
projects (Table 1), it can be seen that the most estimated is
project 1.2. The volumes of its initial investments exceed
the volumes of project 1. 1 by 1.07 times, and project 1. 3 by
1.03 times. 1.35 times — project 2. 1 and 1.62 times — project 2. 2.
If we compare the net present value of these projects, it will
be the largest in project 1. 2, which indicates the greatest
commercial effect during its implementation, which will
exceed the corresponding amount of project 1.1 by 26.4 %,
project 1. 3 by 23.5 %, project 2.1 by 33.8 %, and almost twice
that of project 2. 2.

The payback period of all projects is approximately the
same and is within 2.5-3 years (Table 2). Projects 2. 1 and
1.2 have the lowest values, the values of which are 3-4 %
better than other projects. Considering the implementation
period of 8 years, such a difference is insignificant.

Analyzing the fuzzy set obtained by formula (15), we can
conclude that the best technical development project will
be project 1.2, which provides the enterprise with optimal
performance indicators.

It should be noted that under project 1.2 we receive the
most modern rolling stock, which most fully (among pro-
jects 1. 1-1. 3) meets the needs of the transportation process,
namely: fuel supply to the network of OKKO gas stations in
Vinnytsia oblast and neighboring regions. This is due to the
fact that although the range of transportation of oil prod-
ucts varies from small to quite long, the average distance of
transportation is quite large (about 150 km), which allows
project 1. 2 to prevail over project 1.3, which provides for
the use of two types rolling stock for transportation over
different distances. That is, the low efficiency of the use of
road trains on short distances of transportation in project 1. 2
is compensated by a sufficiently high average distance of
transportation, which makes this project, although not ideal,
but still the most optimal given the market requirements.

The implementation of technical development strategies
allows the enterprise to strengthen its position on the market
of transport services and improve its competitiveness. This
is primarily achieved by selecting and using a fleet of rolling



stock that has higher technical readiness and better meets
the conditions of transportation. The purchase of new cars
requires enterprises to invest funds in updating or expand-
ing the fleet of rolling stock. In addition, with the purchase
of new cars, the issue of VTB development to maintain
the rolling stock in working order necessarily arises. These
measures require the involvement of additional investments
in technical development, which will significantly affect
the final result.

In this study, in contrast to[2, 3, 10, 11], the economic
efficiency of technical development projects is determined
using the net present value method, which, compared to profit
or costs, more fully corresponds to modern market conditions.
In comparison with work [5], this study showed that taking
into account measures to update the production and technical
base when updating the rolling stock significantly affects the
efficiency of the development of the motor vehicle enterprise.

As aresult of the research, a technical development project
was developed in the current work, which takes into account
the interrelationships between the renewal of rolling stock and
the development of the production and technical base of the
motor vehicle enterprise. According to the simulation results,
it was determined that project 1. 2 is the most effective.

The main drawback of this study is a superficial study
of the issue of cooperation in the maintenance and repair of
rolling stock of the enterprise with car service or other motor
vehicle enterprises. Further research in this area may allow
development projects to be formed under the conditions of
cooperation or outsourcing of these works, which will al-
low for the development of more effective measures for the
development of the production and technical base. Another
shortcoming of this study is a superficial assessment of the
availability of attracting investment and other resources
during the implementation of technical development projects.
However, this problem is studied in detail in other works, for
example [4, 5].

7. Conclusions

1. A mathematical model of the technical development
of the motor vehicle enterprise was built, which takes into
account the interrelationships between the renewal of the
rolling stock and the corresponding development of the
production and technical base of the enterprise. This model,
under conditions of limited resources, allows determining the
optimal measures for the systematic renewal of the rolling
stock and the production and technical base, providing the
enterprise with the greatest profit.

2. The system of criteria, which most fully evaluates the
effectiveness of technical development measures, has been
substantiated, and the objective function of determining the
optimal technical development project of the motor vehicle
enterprise was constructed. The objective function includes
a technical indicator — the coefficient of technical readiness

of the car fleet, and economic indicators — the net present
value and the payback period of the project.

3. An algorithm for modeling technical development
projects has been developed, which allows identifying pro-
mising strategies for technical development and devising
effective projects for their implementation under modern
economic conditions. This algorithm, using the relationships
between the renewal of rolling stock and the development
of the production and technical base, allows one to form
possible projects for the technical development of the mo-
tor vehicle enterprise. As a result of modeling, a number of
effective technical development projects are obtained. For
each project, performance indicators of the motor vehicle en-
terprise and the value of efficiency criteria were determined.

4.1In order to determine the optimal project of technical
development, it is proposed to use the «worst case method»,
which is based on the principle of Bellman-Zadeh fuzzy sets in
combination with Saati’s 9-point scale of linguistic assessments.
The weighting coefficients of the objective function criteria
were determined, which are 0.333, 0.556, and 0.111 for the
technical readiness factor, net present value, and payback
period, respectively.

5. Using an example of the Vinnytsia branch of the pri-
vate enterprise «Avtotranskom», modeling of the proposed
technical development projects was carried out in order to
determine the performance indicators of the enterprise, the
criteria for the effectiveness of the objective function, and
to determine the possibility of implementing the projects.
On the basis of the proposed method of choosing the op-
timal strategy and technical development project, it was
established that the most effective is project 1.2, which
implements the strategy of increasing the company’s pres-
ence in the market of transportation of petroleum products.
Project 1. 2 has the highest value of the net present value
and one of the best indicators of the coefficient of technical
readiness and payback period among the proposed technical
development projects.
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