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Abstract. In the conditions of growing requirements for methods and means of combating negative phenomena of
society, prevention and deterrence of corrupt actions of officials by creating new and editing old normative legal acts can
significantly limit the development of such offenses and have a positive effect on the economic state of the country. The
urgent task is to develop simple and effective methods of modelling and assessing the level of corruption orientation
of normative legal acts. The paper examines the problem of quantitative assessment of the negative phenomenon
of corrupt activity of officials, which can be stimulated by regulatory and legal acts. The purpose of the article was
to improve the methods and techniques of analysis of the process of assessing the quality of normative legal acts
by modelling their corruption orientation. The methods of fuzzy set theory and fuzzy logical inference, as well as
the methods of probability theory are used in the process of modelling the quantitative assessment of the level of
corruption oriented legal acts. The proposed approach makes it possible to simultaneously take into account separate
criteria that are based on subjective assessments and have uncertainties of various natures, and are also characterized
by a large number of them with their inequality and antagonism. At the same time, the modelling process provides the
possibility of using both a clear and unclear representation of the initial data, reduces the influence of subjectivity of
expert evaluation factors of a heuristic nature. There is no need to determine the weight of each individual factor when
forming a global criterion for deciding on the level of corruption orientation of a normative legal act. On the basis of
the obtained values of the global criterion, a decision is made to choose one or another variant of the normative legal
act. The paper examines the stages of implementation of the proposed approach to assessing the level of corruption
orientation of the normative legal act on the reclamation of forestry lands disturbed as a result of amber mining. The
results of the work can be useful in the development of drafts of new legislation, as well as for researchers of methods
of control and management of complex technical and economic systems

Keywords: fuzzy set, membership function, linguistic variable, quality indicator, random variable, membership probability
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o INTRODUCTION

In a state where there is no sufficient control over corrupt
activities, any agreement between private and public sec-
tor entities, by means of which public assets are illegally
transformed into private ones, can occur. This corruption
is often used as a synonym for a high level of legislative
corruption. The performance of the authority’s actions is
based on legislative and regulatory legal acts (RLA), which
establish powers and restrictions on the work of officials.
Some actions may have a corruption component (corrup-
tion risk). Identifying factors that influence the existence
or increase of the corruption risk is a very difficult and

urgent task. Even an approximate solution to such a task
will provide an opportunity to change the RLA for the bet-
ter and prevent corruption offenses. Article 15 of the Law
of Ukraine “On Principles of Preventing and Combating
Corruption” [1] establishes the obligation to carry out an-
ti-corruption expertise of draft regulatory legal acts. The
use of a scientific approach to the formalization of the pro-
cess of such an examination helps to increase its efficiency
and objectivity. The works [2-4] are devoted to the prob-
lem of assessing the state of complex technical, economic,
and organizational systems. Quantitative evaluation of the
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corruption orientation of the legislation occupies a separate
niche, which previously received little attention among the
many studies. To eliminate the negative impact on society,
the main anti-corruption programs are adopted in Article
19 of the Law of Ukraine “On Prevention of Corruption” [1].
A partial implementation of this law is the methodology for
managing corruption risks in the activities of government
bodies [2], which forms the methodology for assessing the
quality of RLAs, and also notes the following: classification
of corruption risks by categories and types; stages of assess-
ment of RLA corruption risks. Quantitative assessments
in [2] take into account only precisely defined discrete data,
which does not make it possible to make a continuous as-
sessment of corruption risks, which are of a vague nature.

In the works [3-4] authors examine the issue of assess-
ing the reliability of the functioning of complex techni-
cal systems under the conditions of extreme impacts and
a shortage of resources for their restoration. At the same
time, methods of forecasting indicators of survivability
of the executive element of the special purpose system
are being developed on the basis of analytical-stochastic
modelling of the conflict situation. The indicator of the
quality of system functioning is the mathematical expec-
tation of the number of executive elements of the special
purpose system that have retained their ability to perform
tasks effectively. According to the results of the study, ob-
taining results is based on statistical and grapho-analyt-
ical modelling of processes, which can take into account
the importance of various parameters only by introducing
their weighting factors of influence on the state of the sys-
tem. At the same time, the value of these coefficients can
change very significantly over time. This can lead to sys-
tematic erroneous results in decision-making. Works [5-6]
are devoted to the solution of an actual scientific and tech-
nical problem - the development of models and methods
of forming project portfolios based on the method of their
actualization, identification and selection of projects based
on the evaluation and prioritization of portfolios. To de-
termine priority projects, a method has been developed,
which is based on the definition of a generalized priori-
ty criterion for each project, the coefficient of its budget
burden and the formation of a ranking table. The basis of
the table formation process is statistical data, which may
not always exist in sufficient volume, and sometimes they
are absent. Otherwise, the ranking process is based on the
judgment of experts, which has a very high level of uncer-
tainty, which is not taken into account when making a de-
cision. In work [7], the issue of evaluating the corruption
orientation of RLA is considered, taking into account the
unclear nature of the factors, but a significant drawback is
that the result of the calculation can only be clear data. In
[8-10], the task of vague assessment of the state of techni-
cal and economic systems is solved, while the possibility of
taking legal concepts into account as a component of the
assessment is not analysed.

Thus, it is problematic to evaluate the corruption of a
regulatory legal act by the usual numerous methods, since
the components of the evaluation system have different
physical dimensions, and many of them are defined only
at the conceptual level. Thus, the authors consider it ex-
pedient to propose to evaluate the corruption of the RLA
using the apparatus of fuzzy set theory and fuzzy logical

conclusion. The essence of the mentioned approach is that,
having conducted a numerical evaluation of the conceptu-
al components from the positions of fuzzy logic, correctly
bring them to the same proportionality, and then, based on
a fuzzy logical conclusion, obtain a systematized conclu-
sion about the effectiveness of the RLA norms. The main
goal of this study is to improve the methods and methods
of analysis of the process of assessing the quality of nor-
mative legal acts by modelling their corruption orientation.
The object of the research is the process of assessing the
corruption orientation of normative legal acts. The sub-
ject of the study is the methods of fuzzy analysis and deci-
sion-making in conditions of data uncertainty.

e MATERIALS AND METHODS

The following scientific methods were used in the study:
methods of the theory of fuzzy sets and fuzzy logical in-
ference, as well as methods of the theory of probabilities.
Assessment of whether fuzzy values of a parameter (indi-
cator) belong to its possible fuzzy states. The state of the
parameter can be represented as a linguistic variable that
has multiple values, from negative to positive. In the pro-
cess of analysing a parameter, its membership in the i-th
fuzzy set should be determined using the membership
function p,(x,), where i is the number of the set by which
this function is defined. It exists on the entire set of values
of the parameter or linguistic variable, x, is the numerical
value of the parameter. It is worth noting that the number
x, can simultaneously belong to one or several states with
different degrees of belonging. It should be noted that the
general membership of the fuzzy parameter x cannot be
less than 1 for any value of x on the set X:

Yisui(x €X) =1, )

where x is the value of the parameter; n is the number of
possible states of the parameter; X is a set of parameter
states; 1i(x) is a membership function of the parameter be-
longing to the i-th fuzzy set.

The consequence of expression (1) is that the i-th
membership function of belonging to the corresponding
i-th state becomes a complement to the set of functions of
belonging to all other states, for example:

S u(x €X) =1~ pp(x €X). )

It is worth noting that there can be no degree of be-
longing to emptiness. But, a situation is possible in which
the variable cannot be determined, then it can be assumed
that x,= NULL or an unknown value. The existence of an
unknown or empty parameter value is possible when it is
impossible to determine it or there is a complete absence
of any statistical data. All possible parameter values of any
complex system will be modelled by a linguistic variable.
At the same time, there cannot be unknown values of lin-
guistic variables. In order to formalize this possibility, the
concept of programming — NULL — membership (belong-
ing) was used [11].

The value of the parameter can be specified by a clear
number x=x when it belongs to one state from a set of ex-
isting states. This state is characterized by the membership
function p (x=x ). However, the value of the parameter can
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be characterized by an interval or a fuzzy number. In this
case, the degree of belonging to each or one of the states,
as well as the probability of making a decision about its be-
longing to the selected state, can be considered as a char-
acteristic of the parameter. The first characteristic belongs
to the theory of fuzzy sets, and the second one to the the-
ory of probabilities. Each of the above concepts describes
the degree of knowledge or ignorance about the true posi-
tion of the parameter. Deciding whether a clear parameter
should belong to any of the states is an event that has a
probabilistic nature, so the probability of belonging to one
or another state can serve as an additional characteristic
of a vague parameter. The probability of belonging of a pa-
rameter that has a clear value x =x, of state M, which has
a membership function p,(x =x,) should be estimated. To
perform this task, the method of dividing a fuzzy number
at the a-level is most often used [12]. The probability that
the parameter x=x belongs to the state M at the level ¢, is
determined in accordance with the expressions:

P, (xy, 0, <, (x=X)), 1 (x=x))=1)=1;
P, (xy 0. < i (x=x,), 0< i, (x=x))<1)=p;
PM(X[)’ a1> M,(X:XO)’ H,(X:XO) >0)=0;
Py (%, 0> = p,(x=x), 4, (x=x))=0)=0 3)

where «, is the i-th alpha level; P, is the probability that
the variable x at the point x, belongs to the state M at the
o-level. It should be noted that, based on the interval ap-
proach, a clear value of the parameter x at the level o, exists
in the interval o, when o, <p, (x=x) and p,(x=x) =1, there-
fore, the probability of belonging to state M is equal to 1.
Level o, can be below the values of the function p,(x=x)<1
and p,(x=x,) < 1, then a clear parameter that has a value of
x, at the level of «, can be attributed to another state, so the
probability of belonging to the state M P, (x,, o) =p,< 1. The
level o, can be above the values of the function u, (x=x,) <1
and p, (x=x,) = 0, then a clear parameter that has the value
x, at the level o, exists in the interval of the level o, of the
given state M, and the probability of belonging to the state
M is equal to 0.

Suppose that the parameter x is a fuzzy number and it
can belong to several fuzzy sets. In this case, the use of the
classical concept of the degree of belonging to a fuzzy state
from a set of states to estimate the parameter does not al-
ways give an objective result [11]. The result of the inter-
section of a fuzzy set (number x) with a set of fuzzy sets
(numbers M, and M,) is a set of fuzzy sets (fuzzy numbers
A and B), which can serve as a basis for evaluating whether
a parameter belongs to one or another state. In [10] fuzzy
numbers A and B are compared, the probabilities of events
P(A<B), P(A=B), P(A>B) are determined. Such character-
istics also do not give an idea of whether the parameter be-
longs to fuzzy states (M1 and M2). In this case, the concept
of belonging has a probabilistic nature, so it can be about
the probability of belonging of one fuzzy number to an-
other. A parameter that is not precisely defined is formally
described by a fuzzy number x. A precisely undetermined
parameter is formally described by a fuzzy number x. This
number is represented by the membership function u(x),
of various shapes - triangular, trapezoidal or any other.
In the general case, both the value of the parameter x and
the membership function are functions of time x(t), u(x, t).

Development Management. 2021. Vol. 19, No. 2

It should be noted that the membership function takes
into account the value of the parameter x when u(x, t) >0
is fulfilled. The occurrence of another condition will be
considered impossible (with a probability equal to 0). In
accordance with the definition of the empty set and the
above-mentioned possible values of the linguistic variable,
such values can be characterized by NULL-belonging. It
can be concluded that the region of possible or admissible
clear values of a parameter that has a membership func-
tion that satisfies the condition u (x, t) >0 with probability
P(x,u(x,t))>0))=1forms fuzzycharacteristicofthe parameter.
To analyse the level of belonging, as well as probabil-
istic characteristics of fuzzy data, the division of numbers
on the a-level is used [10]. At the same time, intervals are
compared, which are determined at a certain a-level of
fuzzy numbers. Based on the results of such a comparison,
it is possible to draw a conclusion about the probability of
belonging or not belonging of one fuzzy number to anoth-
er. The probabilities of a fuzzy parameter belonging to two
fuzzy sets can be determined in accordance with [11] using
the formulas:
P, (x=X)=1, (x=X)p(x=x);
P, (x=X) =11, (X=X)P(x=X). “)
where P, P, , are the probabilities of fuzzy parameter x
belonging to two fuzzy sets; x,is the current value of the
parameter; p(x=x,) is the probability of the event x=x,.. The
probability that the parameter x € x,belongs to the M, state
at the o, level can be determined by the formula [13]:

P, (xex,a)=P(xex)P(x), (5)

where P(x € x)) is the probability that the parameter x be-
longs to the interval x;P() is the probability of the a;-lev-
el; P, (x €x, a) is the probability that the parameter x
belongs to the set M, at the level a. Since the values of a
are chosen randomly, the probability that the level set o, is
chosen is P(a)) =a; -, ,. Then, the probability that the fuzzy
variable x € x, belongs to the fuzzy state M, at all possible
a-levels is determined in accordance with the expression:

Pyq(x € x) = Xj=1(ej — aj_1)P(x € xy), (6)

or
P, (x€x)=a P(XEX) (7)

where n is the number of a-levels. Based on the fact that
@, =U, (x=x) and taking into account expression (4):

P, (X€X)=}, (= X)I(x=X)AP(X=1), (®)

where Ap(x=x,) is the probability of occurrence of the event
x=x, in the interval Ax. Then, the membership of two fuzzy
sets of the fuzzy parameter x is estimated by the clear prob-
ability and is calculated by the formulas:

Pyi(x) = 21:0 P () () Ap (x);
Pz (x) = Y=o b2 ()t () Ap (). )

Moving on to the continuous representation of vari-

ables, the probability of a fuzzy number belonging to two
fuzzy states can be determined:

10
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Py () = [ 13 (Op(x)dp

Pua(x) = [y 2 (x)u(x)dp. (10)
With a uniform distribution of a random variable, the
interval Ap is determined by the formula:
Ap=Ax/(x,-x,), 1)

where x, is the lower limit of the interval [x,, x,] of the pa-
rameter X; , is the upper limit of the interval [x,, x,] of the
parameter x. After replacing the variable according to (11):

1
Xk—Xo

1
Xk—Xo

Py (x) =

Py (x) =

Lo Gu(dx;

[y 12 (ORGOdx,

(12)

The sum of the probabilities of a fuzzy parameter be-
longing to two fuzzy states is equal to 1:

1
Py + Py ==

= o (0 + i )Ipeodx. (13)
Taking (2) into account:

1
Xk—Xo

Pur + Py == —— [ * u(x)dx. (14)

Based on (4):

(15)

[F@dx = xi = xo,
Then the expression (13) is transformed into the form:

pP,+P,=1 (16)

On the basis of the obtained expressions (4), (12), the
probability of fuzzy values of the parameter (indicator)
belonging to its possible fuzzy states is determined. This
makes it possible to formalize conceptual components from
the standpoint of fuzzy logic; to compare fuzzy parameters
of different nature and measurement units; evaluate the
state of parameters in the absence of statistical data.

In order to assess the impact of a regulatory legal act
on the activity of the enterprise, the following assumptions
should be made: the norm of law may or may not be used
for corruption purposes; with an increase in the probability
of using the norm for corrupt purposes, the belonging to
this norm to the set of corrupt ones increases; since there is
no statistic of the membership function p(x) of law norms
to the set of corrupt ones, they should be considered as an

equivalent; the function M(x) of the simultaneous belong-
ing also of norms p(x) to the set of possible non-corrupt
actions is determined according to the expression [14]:

M) =TT1(1-p, x))-

Development of a model for the process of assessing
the corruption orientation of a regulatory legal act. The as-
sessment of the corruption of regulatory legal acts and their
actions requires complex knowledge and the application of
methods of both legal science and sociological, general sci-
entific, statistical and other methods. In modern research,
the theory of fuzzy sets is widely used both in technology
and in economics. It has a developed mathematical appara-
tus and is used to solve complex problems in which statis-
tical data cannot be obtained. However, these methods are
practically not used to analyse RLA corruption. In order to
use fuzzy set methods to assess the corruption of RLAs, it
is necessary to perform the following stages [15]: to deter-
mine the indicators that can affect the level of corruption
of RLAs; to establish the level of influence of the indicator
on the corruption of the RLA; to build indicator classifica-
tion levels; to evaluate the current level of each indicator;
to classify the current level of indicators; to establish the
general indicator of corruption of the RLA; to determine
the current level of the general indicator of corruption of
the RLA. Quantitative analysis of RLA corruption is based
on the selection of objective indicators that describe var-
ious aspects of this phenomenon. They, on the one hand,
influence the assessment of corruption of the RLA, and on
the other hand, assess the level of its maturity [16]. A set of
indicators Y={y} of N number should be formed.

The indicators the level of influence on the corruption
ofthe RLA or the level of significance of each are assigned. To
simplify the evaluation process, it should be assumed that
the indicators have the same weight or have the same effect
on the assessment of the corruption of the RLA. Levels by
which the values of indicators can be classified are formed.
For the ui indicator, which will characterize the probability
of the occurrence of factors contributing to the corruption
of the RLA, the full set of its values is divided into several
subsets: y, - the subset “low level of support for RLA cor-
ruption”; y,, — the subset “average level of promoting RLA
corruption”; y,. — the subset “high level of promoting RLA
corruption”; y, — the subset “very high level of promoting
RLA corruption”. Moreover, it can be assumed by default
that the increase in indicators is connected with the in-
crease in corruption of the RLA. Based on these definitions,
the classification levels for indicators are set (Table 1).

(17)

Table 1. Levels of classification of values of the probability of occurrence
of factors contributing to the corruption of RLAs

Levels of classification

The name of the subset

0.75<y,<1 Very high level of promoting RLA corruption
0.5<y,,<0.75 High level of promoting RLA corruption

0.25<y,,<0.5 Average level of promoting RLA corruption
y,,<0.25 Low level of support for RLA corruption

Source: developed by the author
Table 1 defines the clear limits of the classification

levels of the values of each indicator. When forming fuzzy
levels of classification of indicators, it is necessary to spec-

11

ify their fuzzy subsets with overlapping boundaries. For
example, each of these subsets can be given by a number
that has the form of a trapezoid (Fig. 1).
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Figure 1. Levels of classification of values of the probability of occurrence
for factors contributing to the corruption of RLAs

Source: developed by the author

At the next stage, the probability of the function p(x)
(trapezoid ABCD) (Fig. 1) is determined to each of the pos-
sible states of the factor according to formula (12). At the
stage of establishing the integral indicator of RLA corrup-
tion, it should be defined as the probability of belonging to
one of the states of the set of independent factors accord-
ing to the expression [16]:

Pi=y, I1,p,, =1..Z, (18)
where Z is the number of possible fuzzy states of the inte-
gral indicator; P, is the probability of the integral indicator
belonging to the i-th state; p, is the probability of the j-th
indicator belonging to the k-th state. The Z value is deter-
mined according to the degree of detail of the assessment,
while the level of classification of the indicator values can
be set similarly to Figure 1. But it is also possible to stop on

only three states (low, medium and high). As a result, ac-
cording to each of the states, we will get numbers that char-
acterize the level of promotion of corruption by the RLA.

e RESULTS AND DISCUSSION

The definition of promoting corruption should be consid-
ered using the example of the regulatory legal act on the
reclamation of forestry lands disturbed as a result of amber
mining [17]. At the first stage, a set of individual indicators
that affect the assessment of the corruption of the RLA is
determined. For this purpose, Table 2 shows the responsi-
bilities stipulated by the example of the contract between
the customer and the contractor, and their corruption risks
are assessed. The “Description” column lists the factors
from the source [18]. It should be assumed that the level
of influence of each indicator (factor) on the assessment of
RLA corruption is equivalent.

Table 2. Factors provided by the example of the contract between the customer
and the contractor and assessment of their risks

No. Description

experimental and industrial development

During the geological study, including the experimental and industrial
1 | development of amber, 100% of the discovered amber is recovered during the

Risk

Concealment of the discovery of minerals and
development of land intended for reclamation

2 Reproduction of forests on reclaimed land

Lack of the desired result

3 The possibility of involving third parties and contractors

Transferring responsibility for breach of contract, its
non-fulfilment to third parties

In the course of the work, ensure that employees comply with the
4 requirements of nature protection, forest and land legislation, norms,
rules of labour protection, man-made and fire safety

Non-compliance with norms and rules

5

The Customer does not have the right to make any claims regarding any
property received by the Contractor during the exercise of his powers

Obstructing the work of the customer

Source: developed by the authors basing on [18]

The classification levels of the values of each of the
five indicators in accordance with Figure 1 were con-
structed. The current level of belonging to the promotion
of corruption of each of the indicators is evaluated. To
do this, their membership functions y, (x), i=1, ... 5 were
defined. The first indicator (factor) of concealing the fact
of the discovery of minerals and the development of land
intended for reclamation greatly affects the promotion of
corruption in the RLA.

According to [19-20] it should be determined that
with the probability of using the norm for corruption pur-
poses starting from 0.5, the function of belonging to this
can be set to 1 (i, (x) =1). If this probability is less than

Development Management. 2021. Vol. 19, No. 2

0.5, then the function y, (x) can be considered linear in the
range from O to 1. Then it will have the following form:
o, (x)=2x (Fig. 2).

The formation of the functions of belonging to the
promotion of corruption of each of the last four indica-
tors (Table 2) in view of the absence of information can
be based only on the assumption of its linear dependence
on the probability of occurrence of this event [18].In this
case, this function will have the following form: p, (x) =x
or u(x), i=2, 3,4, 5 (Fig. 2). The results of the calculation
according to formula (12) of the probability of function
1,(x) belonging to each of the possible states or levels of
factor classification are shown in Table 3.
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Figure 2. Functions of belonging to the promotion of corruption

Source: created by the authors basing on [18]

Table 3. Probability of belonging to the factors contributing to the corruption of the RLA
to the levels of classification of the values of y,

Factors contributing to RLA corruption

Levels of classification

Y Y, Vs Vs
Factor 1 0.09 0.23 0.34 0.34
Factor 2 (3,4, 5) 0.072 0.192 0.314 0.422

Source: developed by the authors

An indicator of the promotion of corruption by the
RLA is formed. At the same time, it should be assumed
that it has three states (from a low to a high level of pro-
moting RLA corruption), the classification levels of which
are shown in Table 4.

It should be noted that all membership functions are
defined rather conditionally or on the basis of expert as-

sessments. In order to eliminate such an element of bias
in the definition of membership functions, it is possible
to create several rules for the formation of integral indi-
cators of the level of belonging to each of the three states
of RLA corruption. In the example, two variants of rule
formation are considered. For example, the hard and soft
versions of the rules are shown in Table 5.

Table 4. Levels of classification of the probability of promoting corruption by the RLA

Levels of classification Name of indicator states

0.70.05<y <1 High level of promotion of RLA corruption
0.30.05<y <0.7+0.05 Average level of promoting RLA corruption
y,<0.3+0.05 Low level of promotion of RLA corruption

Source: developed by the authors

Table 5. Rules for determining the probability of belonging to the levels of promoting corruption by RLA

State

High level of corruption

A strict version of the rule

Only one indicator has a high or very high level of

promoting corruption, the others are the norm

A soft version of the rule
Two of the factors have a high or very high level of
promoting corruption, and the others are the norm

Low level of corruption
are not above the norm

Three indicators out of five have a low level
of promoting corruption, the others

Two indicators out of five have a low level
of promoting corruption, the others
are not above the norm

In all other cases

Average level of corruption

In all other cases

Source: developed by the authors

Based on the above considerations, the limit values of
clear intervals of the probability of RLA belonging to low
[P',,—P',,]=[0.219-0.287],medium [P, —P' ,]=[0.38 - 0.42]
and high [P', - P! [0.293 — 0.401] intervals can be
determined.

Determining the corruption orientation of the RLA
requires taking into account heuristic data, which have a
very high level of uncertainty and cannot be formalized by

32] =

means of analytical-stochastic modelling. The lack of the
possibility of obtaining statistical data does not allow the
methods proposed in works [3-6] to be used to solve the
problems of assessing the state of complex systems, which
are characterized by many heuristic indicators. In addi-
tion, predicting changes in some indicators can be very
problematic or simply impossible. Therefore, obtaining in-
itial data for processing the results of assessing the level

Development Management. 2021. Vol. 19, No. 2
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of corruption orientation of the RLA by the methods out-
lined in [7; 9-10] needs additional research. The method-
ology outlined in work [2] is directly devoted to assessing
the corruption risk of RLA, it is based on heuristic expert
assessments and some initial data can be used in this study.

Methodology [2] assesses two components of corrup-
tion risk. This is the corruption risk, which is assessed by
three levels (low, medium or high) and the levels of possi-
ble consequences of the corruption offense (low, medium
or high). Accordingly, the numbers 1, 2, 3 are assigned to

each level (low, medium, high). Corruption risk is defined
as the product of the level of the occurrence of corruption
risk by the level of the consequence of a corruption offense.
At the same time, a scale is established by which the cor-
ruption risk is determined (Table 6) [2].

Table 7 shows an example of applying the method-
ology [2] when determining each of the components and
the overall level of corruption risk in accordance with the
regulatory legal act on the reclamation of forestry lands
disturbed as a result of amber mining.

Table 6. Degrees of corruption risk

Risk level Risk assessment

Low from 1 to 2 points
Middle from 3 to 4 points
high from 6 to 9 points

Source: [2]

Table 7. Determination of the level of corruption risk

Probability of an offense

Consequences of an offense

Degree of corruption

(i related to corruption (points) related to corruption (points) risk el @ L e
Indicator 1 2 3 6 High
Indicator 2 1 2 2 Low
Indicator 3 2 2 4 Average
Indicator 4 3 3 9 High
Indicator 5 2 2 4 Average

Source: developed by the authors based on [2]

According to the rules (Table 5), this regulatory act be-
longs to a high level of corruption promotion for both hard
and soft variants of the formation of the integral indica-
tor, since two indicators have a high level. Based on the re-
sults obtained when determining the intervals [P!, - P! ],
[P'.,-P',], [P, - P',,] during the conducted research, it
can be concluded that this RLA rather belongs to the medi-
um level of promoting corruption.

It should be emphasized that the approach [2] to the
formalization of corruption risks has significant shortcom-
ings in the formation of a global criterion, which can lead
to systematic erroneous assessment results:

« the scale for determining the degree of corruption
risks is not continuous (it is impossible to assess risks
with scores of 5, 7, 8), this reduces the reliability of deci-
sion-making results;

« the results of comparing different degrees of cor-
ruption risks cannot characterize their real difference, for
example, the difference between a high and an average de-
gree of risk is 2 points, and two values of a high degree of
risk can differ by only 3 points;

« a low level of corruption risk for any of the compo-
nents (1 point) does not affect the overall degree of cor-
ruption risk;

« a large number of parameters and a high level of their
uncertainty are not taken into account;

Development Management. 2021. Vol. 19, No. 2

« clear boundaries are established between the differ-
ence in risk levels for all possible assessments, although
the task of assessing the level of corruption risk has a fuzzy
nature.

To eliminate these shortcomings, a fuzzy-set approach
to the analysis of corruption risk of RLA is used. Each data
obtained by processing partially or fully heuristic informa-
tion has a fuzzy nature. Therefore, the representation of
numerical information by an interval or a fuzzy value more
objectively describes the characteristics of the subject area.
However, when forming the membership functions of the
indicators, the level of their uncertainty should also be
taken into account. In view of this, the values of the prob-
ability intervals of RLA belonging to the low [P', - P', ]=
=[0.219 - 0.287], medium [P'_ - P! ] =[0.38 — 0.42] and
high [P', - P',,] =[0.293 - 0.401] levels can be performed
to compare the promotion of RLA corruption. For exam-
ple, having set the membership function p, (x) = u,(x), the
following interval values can be achieved: low [P?, -P?_]=
=[0.196-0.23], medium [P?_ - P*]=[0.385~-0.43] and high
[P, —P%,,]1=[0.34-0.419]. Comparison of intervals can be
performed based on the methodology [12]. Accordingly, the
probability of exceeding one interval over another is deter-
mined [12]. The results of comparing the intervals of prob-
ability values of the RLA belonging to the low, medium and
high levels are shown in Table 8.
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Table 8. The probability of exceeding the intervals

[P 21111_1')2 H2]>[P 11-;!1_1:’ IHZ]

0.06136

[P2c1_chz]>[Plc1_Plcz]

0.68

[P zBl_P 2172]>[P lm_P lBZ]

0.565

Source: developed by the authors

Based on the obtained data, it can be concluded that
the second version of the RLA significantly increases the
promotion of corruption, although it differs in only one
membership function out of five. The considered issue of
taking into account the level of uncertainty of the member-
ship functions of indicators requires additional research
when considering a specific subject area. The example con-
siders the main stages of the process of assessing the level
of corruption promotion of the RLA, as a result of which an
approximate assessment of the regulatory legal act on the
reclamation of forestry lands disturbed as a result of am-
ber mining was obtained, which requires more detailed re-
search. In this way, the process of assessing the level of RLA
in relation to the promotion of corruption is reduced to the
transformation of the membership functions of each of the
corruption factors into a comparison of value intervals.

o CONCLUSIONS

Setting the task of assessing the level of the RLA in relation
to the promotion of corruption is characterized by a large
number and uncertainty of private criteria, their inequality,
as well as antagonism. At the same time, it is very impor-
tant to simultaneously take into account criteria that are
based on subjective assessments and have uncertainties of
various nature. This leads to the need to process partially or
completely heuristic information that cannot be described
by clear numerical values. Therefore, the representation of
numerical information by an interval or a fuzzy value more
objectively describes the characteristics of the subject area.
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MopenioBaHHS npouecy OuiHIOBaHHS
KOopynuinHOI cnpasMOBaHOCTIi HOPMaTUBHO-NPaBOBUX aKTIiB

Muxanno lOpinosuuy Jloces',
OnekcaHapa BonoauMmupiBHa NonoBko?, IOpin IBaHOBMY CKOPIH’

XapKiBCbKMW HaLLiOHANbHMIN EKOHOMIYHMW YHIBepcUTeT iMeHi CeMeHa Ky3Heuda
61166, npocn. Hayku, 9A, M. XapkiB, YKpaiHa

2YKpaiHCbKUIM OepXKaBHUM YHIBEPCUTET 3aM1i3HUYHOIO TPAaHCMOPTY

61050, manpgaH Penepbaxa, 7, M. XapkKiB, YkpaiHa

AHoraiig. B ymMoBax 3pocTalouux BMMOT IO METO[iB i 3ac06iB 6GOpOTbOM 3 HEraTMBHMMM SIBUIAMM CYCITiIbCTBA
npodinakTrka Ta MonepemKeHHs KOPYMIIAHNX MIiii TOCagoBUX OCi6 IIJISTXOM CTBOPEHHSI HOBMX i peJlaryBaHHSI CTapux
HOPMAaTVBHO-TIPABOBUX aKTiB MOXKe CYTTEBO OOMEKMUTU PO3BUTOK TAKMUX MPABOTIOPYIIEHDb Ta TO3UTUBHO BIUIMHYTYU Ha
€KOHOMIUHMIT CTaH JepskaBu. AKTyaabHUM 3aBIAHHSM € PO3POOIEHHS MPOCTUX i e(eKTUBHUX METO[iB MOJETIOBAHHS
i OowiHIOBaHHS PiBHSI KOPYMIIi/iHOI CIIPSIMOBAHOCTI HOPMAaTUBHO-TIPABOBUX akTiB. B po6OTi po3risimaeThes mpobaema
KiJIbKiCHOTO OIIiHIOBAaHHSI HETAaTMBHOTO SIBUIIA KOPYIIIiMHOI MisUIbHOCTI MMOCAJOBUX 0Ci0, sTKa MOXe OYTU CTMMY/IbOBaHA
HOPMAaTUBHO-TIPABOBMMM aKTamu. MeTa CTaTTi — YIOCKOHAJE€HHS METOMAIB i MeTOOMK aHai3y IMpOoIecy OI[iHIOBaHHS
SIKOCTi HOPMaTMBHO-ITPABOBMX aKTiB IIUISIXOM MOZEIIOBAHHS iX KOPYIIIIiAHOI CIIpSIMOBAaHOCTI. B mpotieci momentoBaHHS
KiJIbKiCHOTO OIiHIOBAaHHSI PiBHSI KOPYIILIiMIHOI CIIPSIMOBAHOCTi HOPMATUBHO-TIPABOBMX aKTiB BUKOPVCTOBYIOTHCSI METOAM
Teopii HeUiTKMX MHOKMH Ta HEYiTKOT0 JIOTiYHOTO BMCHOBKY, @ TAKOK MeTO/IM Teopii imoBipHOCTeii. [[pornoHoBaHMi miaXiy,
IIO3BOJISIE OJHOYACHO BPaxOBYBaTM OKpeMi KpuTepii, siKi 3aCHOBaHi Ha Cy6’ €KTUBHMUX OIiHKAX i MalOTh HEBU3HAUYEHICTh
Ppi3HOI IpUpPoOAY, a TAKOXK XapaKTepU3yI0ThCs BEIMKOIO KiJIbKICTIO, IX HepiBHO3HAYHICTIO i aHTaroHicTuuHicrio. [Ipy npomy
Mpoliec MOJETIOBaHHS 3a0e3Meuye MOXKIMBICTb BUKOPUCTAHHS SIK YiTKOTO, TaK i HEUiTKOTO MpeICTaBJIeHHS BUXITHUX
JIaHUX, 3MEHIIYE BIUIMB CY6 €KTMBHOCTI €KCIIEPTHUX OIiHOK Ha (aKTOpU eBPUCTUUYHOrO Xapakrepy. [Ipu dopmyBaHHi
I06TbHOTO KPUTEPII0 MPUIHATTS PillleHHS PO PiBeHb KOPYILifHOI CITPSIMOBAHOCTI HOPMATMBHO-IIPABOBOTO aKTy
HeMae HeoOXiTHOCTI BM3HAYaTy Bary KOXXHOT0 OKpeMoro (akropy. Ha 0cHOBi OTpyMaHMX 3HaU€Hb INT06aIbHOTO KPUTEPit0
MPUITMAETbCS PillleHHST TIPO BMOIp TOrO UM iHIIOro BapiaHTy HOPMAaTUBHO-IIPABOBOTO akTy. Y poOOTi pO3MISIHYTI eTanu
peani3zalii 3alpONOHOBAHOIO MiAXOA4Yy [0 OLiHIOBAaHHS DiBHSI KOPYIILIMHOI CIPSIMOBaHOCTI HOPMaTMBHO-IIPAaBOBOTO
aKTy PO PEKYJIbTUBAIIiI0 3eMeJib JIiCOTOCITOMAaPChKOTO MPY3HAUEHHS, TIOPYIIEHUX B HACTIMOK BUAOOGYTKY GYPIITHHY.
Pe3ynbTaTy pO60TH MOXKYTb GYTU KOPUCHUMM MPYU PO3POO6IIi MTPOEKTIB HOBOTO 3aKOHOJABCTBA, & TAKOXK AJIS JOCTiAHUKIB
METO/iB KOHTPOJIIO i YIIPaBIiHHS CKIaIHNMM TEXHiKO-eKOHOMIUYHMMM CUCTEeMaMM

KirouoBi ¢y1oBa: HeuiTKa MHOXKIMHA, QYHKIIIS IIPUHAIEKHOCTI, IIHTBICTMYHA 3MiHHA, [TOKAa3HYK SIKOCTi, BUTIAAKOBA BEJIMUMHA,
JIMOBipHICTb TPUHAIEXHOCT1

Development Management. 2021. Vol. 19, No. 2 16



Jornal homepage: https://devma.com.ua/en

DEVELOPMENT MANAGEMENT

UDC 656.076:338 Vol. 19, No. 2. 2021 ®

DOI: 10.57111/devt19(2).2021.17-25

Quality management technologies
of railway transport services

Maryna Novikova, Nataliia Kondratenko’, Viktoriia Schevchenko

O.M. Beketov National University of Urban Economy in Kharkiv
61002, 17 Marshal Bazhanov Str., Kharkiv, Ukraine

Abstract. The relevance of the research topic is stipulated by the crisis phenomena that are taking place in the
development of the transport industry of Ukraine, which are caused both by the aggravation of internal contradictions
in the development of subjects of this sphere, and by the influence of external negative factors related to the economic
and political crisis in the country. The purpose of the work was to determine the problems of managing the quality of
services provided in railway transport sector. The features of modern transport services have been determined, the
issue of effective training of personnel in the conditions of using advanced training technologies has been raised,
and the characteristics of the provision of services by JSC “Ukrzaliznytsia” has been provided. Based on economic-
mathematical models, it has been proven that the profit dynamics of railway transport enterprises depends to a large
extent not only on their technical and technological capabilities, but also on socio-economic factors regarding the
need and possibility of using technologies for managing the quality of services. It has been determined that the above-
mentioned discrepancies and problems significantly affect the level of service quality management technology of
enterprises in this sector. A conclusion has been made about the need to increase the efficiency of service quality
management technology of railway transport enterprises based on the use of modern approaches to the comprehensive
study of consumer needs and further improvement of consumer qualities of transport services in order to generate profit,
increase the social significance of railway transport and obtain competitive advantages in the future. The results of the
study can be used to develop a state strategy for regional development, as well as to devise plans and recommendations
for the development of railway transport enterprises at different levels of management
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e INTRODUCTION

As a result of the aggravation of internal conflicts within
the subjects of this sphere’s development as well as the
influence of externally harmful factors linked to econom-
ic and political instability in the nation and the world,
Ukraine’s transport industry is currently facing extremely
challenging times. But the development of transport in-
frastructure, which is essential for nearly all sectors of the
national economy, is closely related to Ukraine’s economic
situation. In turn, in order to develop the railway transport,
it is necessary to resolve concerns with Ukraine’s railway
industry’s integration into the European transport system
and raise the standard of services offered by businesses.
The processes of globalization and Ukraine’s integration
into the global economy necessitate new approaches to
managing Ukraine’s transport system, in which railway
transport has always played a crucial role and continues

to do so. This is due to Ukraine’s significant potential for
transit and one of the largest rail networks in Europe. Ef-
fective management of the level of services, provided by
railway transport companies, promotes national economic
growth and the resolution of several social and economic
issues. The management of railway transport firms must
thus continuously enhance the forms and methods of
management due to the complexity and instability of the
macroeconomic environment.

Although the structure of service quality management
technology in its many forms and techniques is primari-
ly a practical endeavour, there is a substantial theoretical
and scientific foundation for the analysis, which has been
provided in the research of several scientists from both
Ukraine and abroad. In-depth examinations of the evolu-
tion of the idea of BPM (business process management)
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are offered by H.A. Reijers [1]. The practical and theoret-
ical recommendations for using the concept of TQM (to-
tal quality management) were published in the works of
I. Othman [2] and J.L. Roldan [3]. H. Obruch [4] studied
service quality management in transport companies. The
article by M. Garayev [5] examines the essence of trans-
port services at the current stage, when railway transport
of Ukraine is a part of the global transport system. Princi-
ples of the theory of production optimization at the level
of small and medium-sized enterprises have been analysed
by K. Antosz [6]. E. Nedeliakova’s [7-8] research provides
the analysis of current developments in the field of pro-
cess-based quality management. The work of I. Stravinsk-
iene & D. Serafinas [9] is particularly notable as it offers a
systematic investigation and comparative analysis of qual-
ity management principles and business procedure man-
agement. It also looks for the methodical place of business
process administration within the framework of a quality
management system. The potential use of IT tools in the
process of quality management in the field of service deliv-
ery is examined in R. Jankala’s work [10], which is justified
by the dynamism of the service market and the significance
of the service “quality” attribute in the context of ensur-
ing the survival of players in this market. The presence of a
significant theoretical-methodological basis in the field of
organizing the process of quality management technology
determines the relevance and need for a certain structuring
of the accumulated knowledge, as well as the demarcation
of the problem field of the analysed area. The purpose of
this work was to solve the problems of quality management
of railway transport services.

e MATERIALS AND METHODS
The research methodology includes the ontological anal-
ysis of the field of service quality management technology
regarding the methodological toolkit of applied imple-
mentation of the main theoretical developments in this
field, the method of synthesis and predictive assessment of
trends in the development of service quality management
technology in the conditions of the formation of a high-
tech environment. The analysis of service quality manage-
ment technology in the transport industry has been carried
out on the example of JSC (joint-stock company) “Ukrzal-
iznytsia”. The works of Ukrainian and other scientists
served as a theoretical foundation for the present research.

In the course of conducting the study, different meth-
ods were used: statistical analysis, formalization and tech-
no-economic analysis. Tabular and graphic methods were
used to summarize the research data. This made it possible
to visually compare retrospective and prospective values of
quality indicators of railway transport services. A consid-
erable amount of literature was used as research material,
namely 22 sources, including the works of Ukrainian re-
searchers and articles by researchers from other countries
on this and similar issues, in order to consider the vision
of the problem on a global scale and to analyse different
approaches and standards, for which the analytical method
was also used. The report of the State Statistical Service of
Ukraine on the state of transport in Ukraine in 2020 was
also analysed.

Using the methods of analysis and synthesis, vari-
ous international standards have been analysed in detail,
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both in their individual aspects and in general, which has
allowed this study to verify the importance of individual
standards and the feasibility of their application to im-
prove service quality management, using the example of
railway transport companies. In order to draw conclusions
of the study, the abstract-logical method was used, which
is often used in articles that examine a particular sector of
economic activity in the country.

e RESULTS AND DISCUSSION

For the effective organization of product quality manage-
ment at railway transport enterprises and the construction
of a quality management system for them, it is necessary to
have a clearly defined object of management, as well as de-
fined categories of management, that is, phenomena that
make it possible to better understand and organize the en-
tire specified process. The structure of the modern quality
management process consists of the following functions:

1. Quality planning: the aspect of quality management
that focuses on establishing quality goals, identifying the
operational procedures required, and allocating appropri-
ate resources to attain those quality goals.

2. Quality Assurance: the function of quality manage-
ment that focuses on ensuring that quality requirements
are met, offering assurance in this regard.

3. Quality management: the function of quality man-
agement that is directed towards meeting quality specifi-
cations.

4. Quality improvement: a function of quality manage-
ment aimed at increasing the ability to meet expectations
that focuses on enhancing the capability to satisfy quality
requirements [11]. The creation, functioning and develop-
ment of the quality management system are carried out
based on the following principles:

Customer orientation. A key stakeholder for the rail-
way industry is the users of its services. The main cate-
gories of consumers of JSC “Ukrzaliznytsia” services are:
consignors, consignees, railway rolling stock operators and
passengers [11]. The current and future needs and expec-
tations of these main categories of consumers of transport
services depend on the specifics of cargo, regions of the
country, the season for the provision of services and other
factors. The study of the current and future needs of the
main categories of consumers is carried out on an ongoing
basis by the relevant divisions of transport companies. Ful-
fillment of customer requirements is a key objective of the
operational processes of the quality management system
and is ensured through the implementation of a compli-
ance strategy. Particular attention is paid to the process of
designing services based on the study of the current and
future needs of the main categories of consumers [11]. The
implementation of this principle at transport enterprises
is carried out through the standardization of consumer re-
quirements, monitoring their satisfaction and strict com-
pliance with established requirements. Exceeding custom-
er expectations is achieved through the implementation of
a continuous improvement strategy.

Leadership. The leaders of transport companies en-
sure the unity of purpose and direction of the company.
They establish and uphold an internal atmosphere where
employees can actively engage in the organization’s tasks.
The effectiveness of the quality management system is
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determined by the personal responsibility and degree of
participation of managers at all levels of management in
its creation, operation, and development. The leaders of
transport companies at all levels should move from the
system of control, coercion, and punishment to the sys-
tem of setting agreed goals based on the strategic goals of
the company, create an environment for involving all em-
ployees in the process of achieving these goals and provide
them with necessary resources.

Employee engagement. The transport company should
consider its employees as one of the most important stake-
holders and a key resource. The development of compe-
tence and advanced training of personnel is one of the
main tasks of the quality management system. Creation of
conditions in which the company’s employees would feel
economic security, could satisfy their needs for respect,
recognition, and self-realization, which are priority areas
in work with personnel. These priorities, along with per-
sonal motivation and employee loyalty, form the basis for
engaging employees in the process of continuous improve-
ment. The involvement of employees in the activities of a
transport company is achieved through the delegation of
greater independence and authority under greater respon-
sibility and self-control, as well as the creation of an appro-
priate motivational environment.

The process approach is a fundamental principle of the
quality management system. Managing the transport com-
pany’s activities through a system of interrelated processes
ensures the required level of its service quality. Compre-
hending and overseeing interconnected processes as a sys-
tem enhances efficiency of the company’s operations and
ensures the successful achievement of its strategic goals,
as well as the satisfaction of stakeholders’ interests. In ac-
cordance with the enlarged scheme of the integrated pro-
cess model, the processes of the quality management sys-
tem, located in the automated control system for modeling
business processes, include management processes, core
business processes and supporting processes [11]. Process
management is performed by process owners. The quality
management system establishes the roles, powers, respon-
sibilities, and interactions of process owners. A system of
key process performance indicators is established to moni-
tor and manage each process.

Continuous improvement of activities. The principle of
continuous improvement of the transport company’s activ-
ities is implemented through the elimination of the causes
of identified inconsistencies and problems in the compa-
ny’s processes with the help of corrective actions, as well as
through the continuous improvement of process capabil-
ities (the ultimate ability of processes to achieve results).
The main approach to continuous improvement is the
implementation of risk management, which involves the
identification and assessment of risks, as well as the choice
of methods and tools to minimize the identified risks. This
is especially true when it comes to ensuring the security
of provided services [9]. The implementation of the prin-
ciple of continuous improvement also implies the creation
of an internal environment that provides for the opening
of improvement projects, the motivation of employees to
work in project teams and the rewarding of project team
members. Continual improvement can be applied to: indi-
cators of products and services; indicators of the results of
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production processes; indicators of the results of manage-
ment processes [11].

Evidence-based decision making. To obtain objective
evidence, the transport company’s factual data related to
its activities are analyzed using modern methods, such as
Pareto analysis, Ishikawa chart, histogram, special graphs,
etc. [11]. All management decisions in the transport com-
pany are based on the obtained objective evidence, docu-
mented in the prescribed manner.

Relationship management. Management decisions in
the transport company are made based on determining the
satisfaction of interests of all parties involved: sharehold-
ers, state, society, end consumers, suppliers and employ-
ees of the transport company, etc., taking into account the
balance of interests. Satisfying the interests of stakehold-
ers is implemented through a system of strategic planning
and goal setting, considering the balance of interests. The
system of goals and their achievement is guided by the pri-
ority of stakeholders’ strategic interests. Transport compa-
nies build long-term mutually beneficial relationships with
suppliers based on information transparency, improving
the procedure for jointly solving problems related to the
operational and economic characteristics of the products
or services supplied.

In the last quarter of the 20™ century, Europe turned
most actively to solving the problem of Quality Manage-
ment to Quality of Management [12]. The ISO 9000 fam-
ily of standards has been developed to help companies,
regardless of their profile of activity and size, implement
effective quality management systems (QMS). According
to the International Organization for Standardization in
159 countries, over 560,000 certificates have been issued
for quality management systems [12]. The updated version
of the series includes: ISO 9000; QMS; basic provisions and
vocabulary. It introduces quality management systems and
a glossary of terms and definitions.

ISO 9001. QMS. Requirements. It establishes require-
ments for quality management systems. ISO 9004. QMS.
Performance Improvement Guide. The further develop-
ment of the constructed quality management system is
considered to achieve continuous improvement of business
activities and organization management on the principles
of TQM. ISO 19011 Companion standard. It provides the
guidelines for conducting audits of the quality manage-
ment system, as well as the requirements for auditors. ISO
10012 Companion standard. It defines requirements for in-
strumentation and test equipment.

A company capable of presenting a certificate of the
ISO 9000 series has the most undeniable recommendation,
since the certificate for compliance with ISO 9000 stand-
ards is an official confirmation of the quality assurance of
products, works and services [12]. ISO 9000 certification
is a token of the company’s dynamic development, which
suggests its value in the eyes of potential customers and
partners. Almost 100% of IT companies’ offices are deco-
rated with ISO 9000 series certificate, conveying the image
of “companies of the future”. ISO standards are advisory.
However, some standards (for example, on health, safety,
environmental protection) are adopted by several countries
as mandatory [12]. Successful management is achieved
by implementing and maintaining an appropriate man-
agement system that is designed to continually improve
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performance. The purposes of the quality system are as
follows: to improve the enterprise’s activity; to ensure cus-
tomers’ confidence in the quality of the products received.

In accordance with the ISO 9000 family of standards
the quality management system of foreign railways is
based on four principles [12]:

1. Quality standard: development and approval of the
standard; development and approval of the standard for
tools; commissions on quality standards and methods.

2. Quality monitoring: quality monitoring through a
quality information system with operational control; eval-
uation of projects and activities; coordination of quality
projects in the company.

3. Quality audit: audit of production processes on the
instructions of the company’s board; audit of the product
(services) on the instructions of the board.

4. Quality assurance: procurement quality system;
means of quality control; registration of quality change.

The quality monitoring used in operational work im-
plies almost in the first place: monitoring the degree of
customer satisfaction with the company’s services; mon-
itoring the demand for services, including new ones; mon-
itoring the quality of production and operational process-
es (schedule execution, accuracy of arrival, etc.). Quality
monitoring on railways is temporary: daily, weekly, etc.

American railroads have been implementing ISO 9000
series standards since 1996 and are now adopted by almost
all railroad departments. The indicator of one worker per
kilometer of railroad tracks in America is one measure of
performance. The foundation of the United States railroad
quality system is the M-1003 regulation, which is one of
the subsections (subsection “J”) of the Standards and Rec-
ommended Practices Manual (MSRP). This document is up-
dated regularly. The work on its adjustment and updating
is carried out under the general supervision of the Techni-
cal Committees of the Azerbaijan Railways with the active
participation of the Department of Technical Inspections
of the Center for Transport Technologies [13]. Monitoring
is carried out based on automated control systems, which
are available for almost all types of activities. Apart from
performing their specific tasks, these automated control
systems are also included in the quality management sys-
tem through monitoring.

This approach to quality management should be con-
sidered in more detail on the example of one of the largest
US railway companies Norfolk Southern (NS). NS has im-
plemented a Branded Transportation Service Plan, which
aims to increase traffic while maintaining its quality. This
plan is constantly being improved and extended, supple-
mented by several other important quality improvement
tools. These tools include the Automated System for Coal
Transportation Management, which is currently used to
monitor not only coal, but also grain transportation, as
well as the Automated Strategic Management System for
Intermodal Transportation. Another program, the Unified
Traffic Control System, was developed by the company in
conjunction with the General Electric Corporation. It is a
network of dispatcher workstations compatible with other
information systems used on the Norfolk Southern railway.
Currently, the System of Optimal Train Traffic Control is
being prepared for testing. In addition, NS is implementing
the LEADER locomotive computing system, the main task

Development Management. 2021. Vol. 19, No. 2

of which is to increase the efficiency of fuel consumption for
train traction and improve the safety conditions for man-
aging a train during its movement. Ultimately, it is planned
to use the LEADER system as one of the subsystems of the
OTC system. The Norfolk Southern Railroad has an auto-
mated traffic plan (OPA) system, including local traffic. The
automated system for monitoring the implementation of
the local transportation plan is interconnected with an-
other automated system “Firm Station”. There are sever-
al other automated control systems in this direction [14].

The formed information array gives an objective idea
of the quality of service provided by the railway company
to its customers. The accumulated information serves as
the basis for a dialogue between the company and its cus-
tomers on issues of further improvement of service quality.
During the development and further improvement of data
warehouses and the system for measuring the parame-
ters of service quality, the task was to provide managers
of the company “NS” with the possibility of prompt access
to the information they are interested in. Daily and week-
ly reporting becomes the subject of discussion at meetings
on operational issues. The problem of early detection of
malfunctions and defects of the track and rolling stock is
extremely important in terms of the quality of transport
service, safety, and fuel economy. The company continues
to make efforts aimed at timely detection of rolling stock
malfunctions, for which floor sensors are widely used. The
computer system for managing the car fleet receives data
collected by devices that control the profile of wheels, the
impact of the wheel on the rail, and other issues arising
along the way [15].

As early as 1991, Norfolk Southern launched the Qual-
ity Excellence (TQM) program [15]. The program is aimed
at maximum satisfaction of the needs and requests of the
clientele, thus the improvement of service quality within
the framework of this program should be ensured primar-
ily by increasing the personal responsibility of employees
and initiatives “from below”. The key place in the program
is occupied by two concepts: “flexibility” and “ingenui-
ty”. These qualities are necessary for success in a rapidly
changing market environment. Thus, the full programmat-
ic coverage of all activities of the Norfolk Southern com-
pany makes it possible to effectively manage the quality of
work and, therefore, constantly increase the profitability of
the company.

As an example, the quality management system of JSC
“Ukrzaliznytsya” is the basis for organizing and improving
technological and business processes. This system follows
the requirements of the modern standard ISO 9001:2015
“Quality management systems. Requirements” [1] and in-
cludes: the policy reflected in the Regulation on the qual-
ity management system; the system of interrelated and
complementary quality management processes; regulatory
framework, which is a set of documents regulating the qual-
ity management system; an effective organizational mech-
anism, tools, and methods for implementing the require-
ments regulated by the company’s regulatory framework.

The main directions of the Innovative Development
Program of JSC “Ukrzaliznytsia” in the field of the Qual-
ity Management System are determined by the nature of
the economic activity, considering the Development
Strategy of JSC “Ukrzaliznytsia” until 2030 [16] and the
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target Business model. The following areas of the Quality
Management System in the service sector can be deter-
mined [7]: freight transportation (“Transport and logis-
tics” business block); passenger transportation (business
block “Passenger transportation”); quality of internal
technological processes (business block “Railway trans-
portation and infrastructure”); Quality management of
product supplies for the needs of JSC “Ukrzaliznytsia”;
certification of manufacturers of railway products for
compliance with the requirements of IRIS (International
Railway Industry Standard).

The content of measures for accounting and assessing
the quality of transport services in the field of freight traf-
fic in JSC “Ukrzaliznytsia” should be considered in more
detail. The services of the “transport and logistics” busi-
ness block are aimed at the qualitative achievement of key
performance indicators for the innovative development of
JSC “Ukrzaliznytsya”, namely, the level of customer sat-
isfaction, fulfillment of quality standards in the field of
transport and logistics services, the share of contracts in
the field of transport and logistics services for which rea-
sonable claims were made (excluding force majeure), the
total number of contracts in the field of transport and

logistics services, specific number of traffic accidents and
other events related to violation of train traffic safety.

The main criteria are the cost, the complexity of the
services provided, their availability, information content
about their composition and characteristics, the reliability
of transport services, which in turn is determined by the
timeliness of the consignment delivery, its safety, as well as
the risk level of the consignor fulfilling contractual obliga-
tions of the carrier. The quality of transport services is in-
fluenced by the reputation of JSC “Ukrzaliznytsia” as a na-
tionwide carrier of goods, ensuring the delivery of goods to
any destination, including considering compatibility with
other modes of transport in intermodal transportation [16].
Transport product quality management can be viewed as a
comprehensive and coordinated assessment of the quality
indicators of the transportation process and decision-mak-
ing on the best (optimal) transport service for users based
on existing quality standards for transport services and
rail transport resources, considering the effective demand
of the clientele. At the same time, it seems appropriate to
expand the list of criteria for quality indicators that charac-
terize the activities of transport companies from the stand-
point of a systematic approach, as shown in Figure 1.

Criteria for evaluating the
quality of services

Performance indicators
(attribution of costs and results
of the service)

Quality indicators perceived by
the consumer

Indicators of results (target
indicators) of the service
provider)

Figure 1. Criteria for indicators of transport product quality

Source: developed by the author

The whole variety of indicators (measurements) of the
quality of transport products is proposed to be divided into
three groups: the quality of technical means in transport;
the quality of operational work of transport; quality of
transport service for transport users.

The first two groups of indicators are focused on the
third (main) group of final consumer assessments or in-
dicators of the quality of transport service for users: the
first two groups of indicators characterize the production
quality of the internal processes for the implementation
of the transport service, and the third — consumer quality
of the transport service. The quality of transport services
includes the entire range of transport services (cargo oper-
ations, registration of transportation documents, security
and escort of cargo, additional information services, etc.),
including the transportation process itself, movement of
cargo [5]. At the same time, the cost (price) of transpor-
tation is an independent assessment indicator that is not
included in the system of quality indicators but is an es-
sential element in determining the competitiveness of
transport products. Based on ongoing marketing research,
transport companies can observe and analyse the dynamics
of changes in the overall level of quality of transport servic-
es for cargo owners (Fig. 2).
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Figure 2. Dynamics of the average annual values
of the service quality index of JSC “Ukrzaliznytsia”
for the period from 2018 to 2021

Source: developed by the author

According to the presented dynamics, the value of
the quality index, summarizing consumers’ evaluation of
the level of service quality in the market of cargo trans-
portation by mainline railway transport, changed ambig-
uously [19]: there has been a significant decrease in the
overall level of quality (from 57 points in 2018 to 51 points
in 2015), which is due to the “low base” effect (liquidation
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of the inventory fleet of cars of JSC “Ukrzaliznytsya” and
transfer of services for the provision of cars for transporta-
tion to operating companies).

Thus, it seems appropriate to refine the system of
quality indicators to provide a systematic assessment of
customer satisfaction in relation to the parameters of the
operated technical means and implemented technologi-
cal processes. In the future, JSC “Ukrzaliznytsya” also sees
itself as a leader in the European transport and logistics
market by providing high-quality and economically attrac-
tive services [19]. Therefore, the main growth factors that
will allow the implementation of the strategy are as fol-
lows: increasing the attractiveness of freight and passen-
ger transportation by rail transport in Ukraine; increasing
presence in markets outside of Ukraine due to increased
cooperation and direct investments; building an effective

Table 1. A plan to increase labor productivity and reduce the level of depreciation of fixed assets

logistics operator and increasing the share of logistics ser-
vices in the company’s overall portfolio.

The business model of JSC “Ukrzaliznytsya” involves
improving the corporate governance system and introduc-
ing corporate social responsibility, increasing investment
attractiveness for stakeholders, as well as introducing
the basic principles of steel development, which is based
on safety principles that lead to improved technology for
managing the quality of railway transport services. An
equally important indicator of the effectiveness of strategy
implementation will be an increase in labor productivity
per employee and a decrease in the level of depreciation
of fixed assets (Table 1). The results of the implementa-
tion of JSC “Ukrzaliznytsya” development strategy will be
beneficial for all transport market participants: shippers,
passengers, and the state (Table 2).

Indicator
Labor productivity, thousand UAH (per employee) 337 394 459
Depreciation level of fixed assets, %:
ruts 50 49 49
freight electric locomotives 87 81 79
the number of freight wagons exceeding the operation terms 29 27 25

Source: developed by the author

Table 2. Potential benefits from the implementation
of the development strategy of JSC Ukrzaliznytsia in the period 2020-2021

Participants of the market
of transport services

Potential benefit

cargo Satisfying demand for transportation,
namely providing more than 90% of applications;
senders Speed of transportation and fulfillment of delivery terms.
Improvement of wagon circulation by 20% and cargo delivery speed by 15%;
Quality of rolling stock (more than 30% of wagons
passengers and mainline locomotives have been updated).

Source: developed by the author

Summarizing this information, it can be concluded
that, in general, JSC “Ukrzaliznytsya” has sufficient quan-
titative equipment with an operating locomotive fleet. But
most of them, namely approximately 84%, have already
served their useful life. This is due to the fact that the main
number of locomotives was built in 1960-1990, and the lev-
el of renewal of rolling stock has recently been quite low. A
large-scale renewal of the locomotive fleet is currently not
possible primarily due to insufficient financial stability of
Ukraine. For the same reason, foreign manufacturers of lo-
comotives, which have been planning to open their produc-
tion in Ukraine for a long time, are also unable to reach an
agreement with JSC “Ukrzaliznytsya”, because long-term
agreements require stable financial support. In the con-
text of the restructuring process at JSC “Ukrzaliznytsya”,
the company’s management model emphasizes the impor-
tance of recognizing four key processes as the fundamental
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elements for delivering high-quality passenger rail trans-
portation services. These processes encompass infrastruc-
ture, traction services, passenger transportation, as well
as auxiliary functions related to production and services.
Based on the mentioned above, it can be concluded that the
technologies for managing the quality of rail transport ser-
vices should be improved using modern methods of stud-
ying public demand for transport services and further im-
proving consumer qualities of transport services to make a
profit, increase the social significance of rail transport and
obtain competitive advantages.

The quality of services is a complex and diverse con-
cept. Being an abstract category, it is difficult to define and
accurately assess it. Quality is defined as the ability of a
product or service to best meet people’s needs. Today, there
are many ways to explain this concept and measure it. This
is the result of a subjective approach to the assessment of
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this phenomenon, as well as differences in criteria between
producers and consumers. As a result, quality is defined as
the conformity of the provided services with the expecta-
tions of customers or certain established standards. This
is a complex concept that is constantly evolving and im-
proving. In the light of global trends, the quality of rail-
way transport must meet the needs and expectations of
customers. Thus, the determination of the factors affecting
the quality of service, as well as the basic standards that
determine the quality characteristics of the services of
the transport complex, are becoming more and more im-
portant. The system of service quality factors and criteria
must be adaptive and flexible to meet changes in consumer
demands and expectations and meet market requirements
to ensure the industry’s competitiveness in the European
service market. This is due to rapid changes in the lives of
modern consumers of transport services.

The analysis of research by R. Jancal [10], E. Vodovozov
and O. Rudachenko [11], A. Bashan and S. Kordova [12]
showed that the authors do not agree on the development
of technology for managing the service quality of railway
transport enterprises. Such algorithms can be the basis of
a strategy for the development of innovations and invest-
ments in railway transport [20]. The author claims that
this strategy will ensure the stability of the current state
of railway transport enterprises and their ahead-of-the-
line innovative and investment development. The study by
M. Kuzhavsky [19] also considers railway transport as an
important direction for the strategic development of the
country. However service quality management is not fully
considered. As a result, the peculiarity of this study is that
the author’s approach, which uses a conceptual scheme for
determining the predictive values of service quality, based
on economic and mathematical modeling, made it possi-
ble to predict the service quality management algorithm
of railway transport enterprises and to develop measures
aimed at improving this quality. M. Militaru [21] and S. Sa-
hoo [22] investigated the relationship between quality
management parameters and firm performance and iden-
tified the main obstacles to the implementation of quality
management practices in production.

Investments in the industry are an important compo-
nent of increasing the efficiency of quality management of
railway transport enterprises. When diversifying the sourc-
es of investment of railway transport enterprises, priority
should be given to Ukrainian investors in order to preserve
national control and minimize the interference of foreign
companies in the management of the sector. In this direc-
tion, the intervention and support of state authorities are
critically important. In the future, this will contribute to
the development of railway transport in Ukraine. There is
no doubt that assessment and measurement occupy an im-
portant place in the issue of managing the service quality of
railway transport enterprises. Transportation services, like
many others, should be provided in the most cost-effective
way. But now there are no sufficiently effective quanti-
tative methods for objective assessment of the quality of
some railway transport enterprises. In order to improve the
efficiency of managing the service quality of enterprises in
this industry, more attention should be paid to the prob-
lems related to ecology, as well as to the reduction of the
harmful impact of railway transport on the environment.
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The research has a practical aspect for the state, as it
provides an opportunity to improve the quality manage-
ment technologies of railway transport enterprises, to
determine the projected investment volumes in the devel-
opment of the country’s regional development strategy,
and to develop plans and recommendations for the de-
velopment of railway transport enterprises. However, the
improvement of railway companies’ quality management
technologies may lead to the problem of publishing data in
official sources on time. Additionally, it should be remem-
bered that the development of high-speed rail transport
necessitates close coordination with the European Railway
Agency, which oversees rail transport activity in Europe, to
bridge the gap between Ukrainian railways and the tech-
nologically advanced railways of Europe on the path to
Ukraine’s integration into the European Union.

o CONCLUSIONS

To guarantee the quality of railway transport, passengers
must be the first priority for enterprises when developing a
plan for assuring the quality of transportation and logistics
services. That is, JSC “Ukrzaliznytsia” should first have a
thorough understanding of passengers’ needs before offer-
ing solutions to meet them. The recommended solutions
are then assessed and contrasted in accordance with the
degree of advantages in the next stage.

The provision of transportation services to passengers
is based on a variety of business processes related to both
the direct transportation of passengers and the process of
ensuring the effective operation of the entire railway infra-
structure. Four processes — infrastructure processes, trac-
tion service processes, passenger transportation process-
es, as well as auxiliary processes (production and service)
- should be recognized as the foundation for high-quality
passenger rail transportation services, according to the
business model of company management developed during
the restructuring process of JSC “Ukrzaliznytsia”.

Transportation technology development, the coor-
dination of actions of various departments in the railway
transportation service, operational control of transporta-
tion quality, operational corrective, and preventive actions,
as well as marketing, are all related to infrastructure pro-
cesses. The construction of high-quality passenger services
is connected to passenger transportation operations and is
based on intelligent transport service systems.

The maintenance of the railway infrastructure, the
technical conformity of the rolling stock to the transpor-
tation needs, and material and technical supply are exam-
ples of auxiliary processes. Taking into account everything
mentioned above, the primary objectives of quality man-
agement include: systematically matching the level of
transportation quality to the current and anticipated
market needs, as well as exerting deliberate influence on
growing needs; ensuring the competitiveness of railway
transportation on the Ukrainian and international markets
of transport services; defining objectives for enhancing
the current transportation services and developing new
types of related services; discouraging the use of unsafe
or substandard services. The development of a methodical
approach to assessing the level of service management of
railway transport enterprises of Ukraine is the subject of
further research.
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TexHonorii ynpasniHHA 9KicTio nocnyr
3ani3HMYHOIro TPaHCNOpPTY

MapuHa MukonaiBsHa HoBikoBa,
HaTania OneriBHa KoHapaTeHKo, BikTopia CepriiBHa LLleBYUeHKO

XapKiBCbKMI HaLLiOHANbHUI YHIBEPCUTET MiCbKOIro rocnogapcrtaa iMmeHi O.M. BekeToBa
61002, Byn. Maplwana bakaHoBa, 17, M. XapkKiB, YKpaiHa

AHoTauisl. AKTYyalbHICTh TeMM OOCTIIKEHHSI 3yMOBJIEHA KPU30BMMMU SIBUIIAMM, KOTPi BifmOyBarOThCSI Yy PO3BUTKY
TPAHCIIOPTHOI rany3i YRpainu, siki 3yMOBJIeHi SIK 3aTOCTPEHHSIM BHYTPIIlIHIX CyITIepeyHOCTe y PO3BUTKY Cy6’eKTiB Iiei
cdepu, Tak i BIUIMBOM 30BHIIIHIX HeraTMBHMUX (DaKTOPiB, MOB’SI3aHUX 3 €eKOHOMIUHOIO Ta IOJITUYHOI KPU30I0 B KpaiHi.
MeTo10 po6OTH GY/I0 BU3HAUEHHS MPOGIEM YIPaBiHHS SKICTIO TIOCTYT, 0 HAJAIOThCS HA 3ai3HUYHOMY TPAHCIIOPTI.
Bu3HaueHO0 0COBIMBOCTI Cy4aCHUX TPAHCIIOPTHUX IIOCTYT, TOPYILIEHO MUTaHHS e QeKTYBHOI MiATOTOBKM [IEPCOHATY BYMOBaX
BUKOPUCTAHHS TIepeJOBUX TEXHOJOTiii HaBYaHHS, HaJJaHO XapaKTepUCTUKY HaJLaHHS MOCTYT aKilioHepHOTr'0 TOBAPUCTBA
«YKp3anisHuiisi». Ha OCHOBI €KOHOMiKO-MaTeMaTUYHUX MOJeJieii AOBeleHO, 10 AMHaMiKa TMPUOYTKY MiJIPUEMCTB
3ai3HMYHOTO TPAHCIIOPTY 3HAYHOIO MipOI0 3aJIeXKUTh He JIKILEe Bif, /I0r0 TeXHiKO-TeXHOJIOTIUHMX MOKIMBOCTeNH, a i
BiJl COIlia/IbHO-eKOHOMIiUYHUX UMHHUKIB HIOZ0 MOTPEeOY Ta MOKIMBOCTI BUKOPUCTAHHS TEXHOJIOTii YIIPaBJIiHHS SKiCTIO
MOC/TYT. BCTAaHOB/IEHO, IO HASIBHICTb BUIIEBKAa3aHMX PO30iKHOCTEN i Mpo6ieM CYTTEBO BIUIMBAE HA PiBE€Hb TEXHOJOTii
YIIPaBJIiHHS SIKIiCTIO MTOCTYT MiJIMIPUEMCTB IIi€i ranysi. 3po61eHO BUCHOBOK PO HEOOXiTHICTh MigBUIeHHS e(heKTUBHOCTI
TEXHOJIOTii YIpaB/iHHS SKICTIO MOCTYT MiANPUEMCTB 3aJi3HMYHOTO TPAHCIIOPTY HA OCHOBi BUKOPUCTAHHSI CydyacCHUX
MiIXOMiB 0 BCe6IYHOTO BUBUEHHS 3aTIUTIiB CITOKMBAUIB Ta IMOJAJIBIIOTO MiABUIIEHHS CIIOKUBUMX SIKOCTEH TPAaHCIIOPTHUX
TTOC/TYT 3 MeTOI0 GOpMYyBaHHS TTPUBYTKY, MiABUIIEHHS COIia/IbHOI 3HAUYIIOCTi 3a7i3HMYHOTO TPAHCIIOPTY Ta OTPUMAaHHS
KOHKYPEHTHMX TlepeBar y Maii6yTHbOMY. Pe3yabTaTyi JOCTiIKeHHS MOXKYTb OYTM BUKOPUCTAHI IJIST PO3POOKY epsKaBHOI
cTparerii perioHaJIbHOTO PO3BUTKY, & TAKOK OKPEMO JIJIs1 PO3POOKM IJIAHIB i peKOMeH/IaIliil 010 PO3BUTKY IMiJITPUEMCTB
3aJIiI3HMYHOTO TPAHCIIOPTY HAa Pi3HUX PiBHSX YIIPaBJIiHHS

KirouoBi c1oBa: Hi,E[HpI/IGMCTBa, 3aJTli3HMYHA raay3b, CTaHOapT, IPOrHO3YBaHHS, MEHEIP)KMEHT
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