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INTRODUCTION

The key to successful activity of complex socio-economic and technical systems is their
constant updating, adaptation to the changing conditions of the external environment, and
appropriate self-regulation of the internal structure, processes, and technologies. Scientific and
methodological developments offered in the monograph, measures for strategic development, the
use of modeling and information technologies, project and program management technologies will
all contribute to the improvement of existing processes and the development of new ones. This is
what determines the relevance of the studies presented.

The monograph was prepared by the author team:
Borysenko О.;
Danshyna S., Fedorovich O., Djakons D.;
Fedorovich O., Uruskyi O., Kosenko V., Pronchakov Yu.;
Gavrilenko I., Karpenko N., Litvinov A.;
Gybkina N., Sidorov M., Storozhenko O.;
Kovtun T., Smrkovska V.;
Kuznichenko V.;
Lisovska L., Mrykhina O., Dzyubyk A., Terebukh А.;
Malanchiy S., Antonenko S., Hutsa O.;
Malyeyeva O., Litvinenko D., Artiukh R.;
Nechayeva I.;
Nevliudov I., Omarov M., Chala O.;
Novoselov S., Sychova O.;
Petrenko V., Fonarova T., Bushuiev K.;
Ramazanov S., Honcharenko О., Makarenko М.;
Romanenkov Yu., Pronchakov Yu., Zieiniiev T.;
Rossoshanska O., Biriukov O.;
Shefer O., Halai V., Topikha B.;
Timofeyev V., Jakushik I., Khrustalev K., Khrustalova S.
The publication is recommended for undergraduate and graduate students, specialists in
economics, management, information technology and project management higher education
institutions.
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SYSTEM OF METHODS OF DIAGNOSTICS OF INNOVATIVE
DEVELOPMENT OF THE ENTERPRISE
Borysenko О.
The theory and practice of diagnostic analysis of innovative activity of the enterprise has a
large number of methods for its evaluation, but none of them is universal in the new economic
conditions. The paper identifies that one of the problems of quality information and analytical
support for the management of innovative development of the enterprise is the lack of a systematic
approach to the formation of methodological support for its diagnosis. This negatively affects the
timely diagnosis of negative trends and the results of management decisions on innovative
development of the enterprise. Based on the analysis of existing interpretations of the concept of
"innovative development of the enterprise" in scientific works, it is proposed to clarify the concept
of "diagnostics of innovative development of the enterprise". Based on the analytical review of
approaches to the diagnosis of innovative development of the enterprise and evaluation methods
used in their context, an approach to the formation of a system of methods for diagnosing the
innovative development of the enterprise, which takes into account the scale and objectives of its
activities.

Introduction
The innovative development of many enterprises not only in Ukraine, but also
around the world in today's conditions has slowed down in the face of organizational
problems caused by a pandemic that has spread throughout the world. At the same
time, neither their organizational and legal form, size, scale and types of activity, nor
the taxation system matter. The key to the economic development of the enterprise
was not only the need to introduce innovative products, but also the use of nonstandard, innovative approaches to organizing the work of all personnel of the
enterprise. In such conditions, timely diagnosis of negative trends and results of
decision-making on innovative development of the enterprise becomes problematic.
The lack of a clear system for monitoring the innovative development of enterprises
slows down the adoption of effective and timely management decisions. Despite the
8

fact that the theory of diagnostic analysis of innovative activity of the enterprise has
a large number of methods for its evaluation, however, none of them is universal in
the new economic conditions.
In the scientific literature, the work of many scientists is devoted to the study
of problems and prospects of innovative development of the enterprise.
The expediency of using various methods to assess the level of innovative
development of the enterprise has been studied by such domestic scientists as:
Karyuk V.I. [1], Lepeyko T.I. [2], Maslak O.I. [3], Mykytyuk P.P. [4],
Radionova I.V. [5], Sidorchuk I.P. [6] and others. The analysis of internal factors of
innovative development of the enterprise is covered in the work of foreign authors
Christensen K. and Raynor M. [7], as well as the works of Skrynkovsky R.M.,
Pavlovsky G., Kostyuk N.R., Koropetsky O.O. [8], Kobrina L.Y. [9],
Mykolaychuk I.P.

[10],

Bondarenko

M.I.

[11].

Various

theoretical

and

methodological issues of diagnostics of the state of the enterprise are presented in the
works of Voronkova A.E., Zagorna T.O. [12], Hetman O.O., Shapoval V.M.,
Kryvovyazyuk I.V., Shvydanenko G.O. [13]. Recently, researchers have paid
considerable attention to the improvement of diagnostic methods as one of the
elements of the enterprise management system. But, despite the sufficient level of
elaboration of the outlined issues, the problem of lack of a systematic approach to
the formation of effective tools in the form of a set of methods for diagnosing
innovative development as one of the elements of enterprise management system,
which would allow for dynamic monitoring in accordance with the scale and
objectives of its activities. Therefore, the purpose of the work is the analysis and
systematization of modern methods of diagnostics of innovative development of the
enterprise.

Analysis of approaches to diagnostics of innovative development
of the enterprise
Management of innovative development of the enterprise is aimed at
increasing the efficiency of its activities, which requires economic diagnostics and
9

analysis, effective control, planning and forecasting. The organization of diagnostics
as the main component of management of innovative development of the enterprise
allows not only to reveal crisis phenomena, but also to establish tendencies and
potential

opportunities

in

uncertain

conditions

of

managing.

Existing

methods of diagnosing innovative development are characterized by sufficient
diversity. The reason for this, in our opinion, is the ambiguity in the interpretation of
the concept of "innovative development of the enterprise". Thus, some scientists
formulate this concept as the development of the innovation process, others equate
the innovative development of the enterprise to changes in the innovative potential
of the enterprise. Some believe that it is a set of relationships that arise in the course
of purposeful increase of economic efficiency and competitiveness, or a means of
using new opportunities (ideas, resources, etc.) to maintain or gain a new competitive
advantage [14]. At the same time, most are inclined to believe that the innovative
development of the enterprise leads to qualitative changes [9, p. 152].
More fully, this concept is defined as "… the process of directed natural change of
the enterprise, which depends on the innovation potential of the enterprise and the
source of which are innovations that create qualitatively new opportunities for further
enterprise in the market by implementing the ability to find new solutions, ideas and
inventions" [4]. But in our opinion, this concept should be considered
as "… a complex process that brings in line with the external internal capabilities of
the enterprise on the basis of constant search and use of new areas and ways to
implement existing and future opportunities" [15]. Based on the synthesis of the
concepts of "innovative development of the enterprise" and "diagnostics", which is
presented in the educational literature [12; 13] is proposed to diagnose
the innovative development of the enterprise to understand the process of timely
recognition of signs and identification of negative (critical or crisis)
phenomena in the management system of innovative development of the enterprise
on the basis of local changes and established dependence of internal
capabilities.
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Diagnosis as a research process is characterized by the object, purpose, task
and methods [12, p. 22]. Comparing the existing approaches and methods of
assessing the level of innovative development of the enterprise, recently covered in
the works of scientists, it can be stated that they differ in almost
all respects:
– the purpose and objectives of the assessment (monitoring the creativity of
collective intelligence of staff; identifying and solving problems (existing, possible)
inhibition of innovative activity of staff in the context of ensuring the effective
functioning and development of the enterprise; increase the validity of innovative
projects);
– objects of evaluation (innovation potential of the enterprise; competitiveness
of

the

enterprise;

phases

of

innovative

development;

innovation process; efficiency of the enterprise activity; market value of the
enterprise, etc.);
– in terms of innovation potential by its components (ability and effectiveness
of innovation potential, by types of enterprise resources; intellectual capital;
personnel, etc.);
– a set of groups of indicators that reflect certain objects of evaluation, their
number in the group, types of indicators and the method of their calculation or
collapse;
– factors influencing innovation and enterprise development.
In most cases, an integrated indicator is used to assess the level of innovative
development of an industrial enterprise, using the formulas of either the geometric
mean or arithmetic mean or the product of the integral coefficients by groups of
relevant objects of evaluation and their respective weights. Also, methods of
economic and mathematical modeling, methods of expert evaluations and evaluation
scales are almost always used. This approach is complex. Comparative analysis of
approaches to the diagnosis of innovative development of the enterprise is presented
in table 1, which allows to determine the positive and negative factors of their
application.
11

Table 1
Comparative analysis of approaches to diagnostics of innovative development
of the enterprise (compiled by the author)

By the level of competitiveness
of the enterprise

Approach
1

Evaluation
Set of
methods
indicators
2
3
4
5
Andrushkiv V.,
The
level
of Retrospective,
Competitiveness
Ivanov Yu.,
competitiveness as a analytical
and indicators for inKuzmin O.,
benchmark of IRP
forecasting methods depth analysis of
Oberemchuk V.,
the internal state
Porter M.,
of the enterprise
Samulyak V. [16]
in the dynamics
Authors

Complex by the level of capacity development

Ivanova N. [2]

Samulyak V.,
Feschur R.,
Fedonin O. [2]

Object of study

Elements of innovation Analytical methods,
potential:
market, index method
production,
personnel,
investment
Components of potential Methods
of
assessment of the
lowest potential on
the principle of "weak
link"; retrospective
analysis
and
forecasting

Kasyanova N. [2] Components of financial, Methods of financial
production,
marketing, analysis; method of
labor,
information, the sum of places
investment
and
innovation, management
potential
1) Otenko I.,
Tsopa N. [2];
2) Soboleva T.O.
[17]

Maksymenko
[2]

1) Components
of
innovation potential.
2) Components
of
capacity,
own
and
external
resources;
additionally a synergetic
component
through
innovation activity
I. Elements of production
potential

12

Methods of statistics,
retrospective,
analytical methods
and
forecasting,
EMM, retrospective,
analytical
and
comparison methods

Comparative
indices
by
elements
of
potential
Key indicators
for
all
components of
the potential or
indices

Continuation of the Table 1

Complex in the level of development of innovation potential

1

2
3
1) Yefimova S.A., Innovative potential
Grinko T.V.
enterprise personnel
[18, p.34].
2) Yeresko I.G.
[19]

Myasnikov V.O.
[20]

Complex by IDE level

Maslak O.I.,
Sokurenko P.I,
Collected O.M.
[3]

Sidorchuk I.P. [6]

4
of Forecasting
methods;
index,
verbal-numerical
scales (Harrington's
scale), methods of
index folding, EMM

Innovative
potential
through
components:
ability (human capital,
organizational
and
managerial
structure,
social, informational and
scientific and technical
components) and capacity
effectiveness (material and
technical, production and
technological,
financial
and economic, marketing
and
environmental
components)
IDE
by
elements:
innovation
potential;
adaptability
to
market
conditions;
efficiency of innovation
activity; ability to ID;
enterprise flexibility
IDE by elements: LS;
production
and
sales
potential; organizational
and managerial level of
production;
research
activity;
intellectual
potential; financial and
economic support of ID;
market
opportunities;
effectiveness of innovation
13

Methods
of
multidimensional
statistical analysis
for
integrated
assessment; methods
of
expert
assessments
and
EMM

Methods
of
statistical analysis,
analytical,
expert
methods,
forecasting; scale of
gradation of the state
of the integrated
indicator
qualitative
and
quantitative
analyzes; scoring of
IDE elements; expert
assessments;
methods
of
convolution of the
integrated indicator

5
Main indicators
(indices) specific
to the sphere of
activity:
innovation
intensity;
intellectual,
professional
development of
the educational
level of the staff;
technical
and
technological
equipment
of
labor
and
others
Indicators that
reflect
the
quantitative
indicators of the
components of
the potential

ID indicators by
its components,
an
integrated
indicator of the
IDE

Average industry
standards
and
averages; IDE
element
coefficients;
integrated
indicator IDE

Continuation of the Table 1

System by IDE factors

Process by stages of the life cycle of the
enterprise

1

2
1) Adizes I.,
Greiner L.,
Kizim M.,
Lippit D.,
Ponomarenko V.,
Tridid O.,
Schmidt W. [2];
2) Kalishenko V.O.,
Martyusheva L.S.,
Tereshchenko O.V.,
Verba D.V. [19];
3) Doroshuk G.A.,
Pechkurova A.E.
[21]
1)
Skrynkovsky
R.M.,
Pavlovsky G.,
Kostyuk N.R.,
Koropetsky O.O.
[8, p.250].
2) Kobrin L.J.
[9, p.153]

Competence
approach

Structured approach by IDE
resources

Proshak V.V. [19]

1) Mykolaychuk I.P.
[10];
2) Leszek Kozioł
et al. [22]

3
Innovative
potential
through the level of use of
innovative resources at the
stages of the life cycle of
the enterprise

IDE factors:
1) ID; innovative activity
of staff; provision of the
enterprise with intangible
assets; property for ID;
promotion of innovative
products on the market.
2) External: the state,
competitors, suppliers and
consumers.
Internal:
financial;
staffing;
technical-technological
and
organizationalmanagerial components;
marketing support
Resources for IDEs by
their types

IDE
through
the
competence
of
the
enterprise on the elements
of innovation potential
and ID factors

14

4
Qualitative
and
quantitative analyzes,
method of dynamic
programming,
methods
of
forecasting;
EMM
methods

5
Coefficient of
production
intensification,
the share of
growth in output
due to intensive
and extensive
factors;
indicator of the
proportion
of
intensity,
indicators of the
"portrait" of the
enterprise

Forecasting methods;
index
accounts,
expert methods, index
collapse
methods,
graph
analytical
method,
DEAanalysis

Key
relative
indicators and
their dynamics
of changes

Methods of analogy,
qualitative
and
quantitative methods
of
analysis,
regression-correlation
and cluster analysis,
expert
methods;
methods
of
multifactor
comparative analysis
of the main indicators
of innovation, EMM
EMM
methods;
expert assessment, the
method
of
competitive profile of
the enterprise, GAP,
SWOT-analysis

Key
relative
indicators
by
types
of
resources and
their dynamics
of change

Key
relative
coefficients by
elements
of
innovation
potential, main
ID factors and
competencies

End of the Table 1

Functional-parametric approach

1

2
3
Boyarova E.A. [23] Functional centers of
responsibility as centers of
reproduction, expanded
and innovative: industrial
production
personnel,
production
financing,
means of production,
tangible assets, intangible
assets,
personnel,
business,
innovation
assistance,
internal
financial and investment
support, financial business
relations, investment and
partnership
relations,
financial and economic
security

4
Quantitative
and
qualitative methods
of
forecasting,
balance sheet, EMM,
functional analysis,
dynamic ratio of
changes in results

5
Structured
indicators
of
performance of
economic
functions and
economic return
with
preliminary
transformation
of
qualitative
parameters of
economic
functions
(economic
return)
into
indicators of the
level of their
performance
(receipt)

Abbreviations: IDE - innovative development of the enterprise; ID - innovative development; IP
- innovative project; EMM - economic and mathematical modeling; LS - logistics

The use of the approach to diagnosis by the level of competitiveness of the
enterprise, on the one hand, allows to identify key factors of success of the enterprise
on the basis of a sufficient list of indicators for comparison with competitors. On the
other hand, there are: the lack of unambiguous approaches to assessing the level of
competitiveness of enterprises through a wide range of proposed methods and a
certain static assessment of the competitive position of the enterprise when compared
with others [2, p. 138].
The most common is an integrated approach using different methods of index
approach to information processing. This allows you to use: the method of analogies
to calculate the integrated indicator of assessment of innovation potential, the use of
a matrix of individual indicators and the rate of return of innovation potential;
methods for assessing individual components of innovation potential using a graphanalytical method. On the positive side, the evaluation indicators cover the necessary
areas of activity of the enterprise, which allows to identify both reserves in the
innovative development of the enterprise and the conformity of the existing potential
15

to the degree of innovative development, as well as to define the boundaries between
goals and opportunities.
At the same time, such an approach requires a significant amount of input data
for evaluation, which not only burdens the time and resources, but also complicates
the choice of optimal methodology. This also applies to the system approach, which
differs from the objects of research (factors influencing innovation development) and
the system of indicators.
Within the process approach, the most informative methods are: assessment of
individual components of innovation potential by calculating the "portrait" of the
enterprise and assessing a more complex system with calculations of the resulting
indicators of its use, production intensification coefficients and indicators of
"efficiency ratio". The structural approach allows to deepen an estimation of resource
components of innovative potential in the course of calculation of efficiency of
innovative activity of the enterprise, to carry out an estimation of a certain component
of innovative potential with use of the standardized coefficients of factors of
influence. At the same time, these standardized indicators limit the areas of decisionmaking on the correspondence between the goals and opportunities for innovative
development of the enterprise.
The competency approach to diagnostics of innovative development of the
enterprise deserves special attention. In fact, a model of innovation development
management is created, which is directly related to the information-analytical
system, which ensures the adoption of effective innovation decisions. However, the
subjectivity of the data obtained through methods of assessing the innovation
potential and root competencies of the enterprise, distorts the process of making
effective management decisions.
The functional-parametric approach to diagnostics in operation development in
the process of functioning of innovation-oriented enterprise, which is aimed at
integrating economic and managerial diagnostics into a single system of economic
and organizational decision-making and allows not only to identify specific results
of enterprise development control influence through the centers of responsibility
16

(provision, reproduction, expanded and innovative reproduction) [23]. The methods
involved require careful selection of information and the establishment of standards
or standards of dynamic changes in interdependent (interrelated) indicators, which,
despite the quality of the diagnostic results, complicates the process.
Despite the fact that the number of methods of information processing,
identifying problems of innovative development of the enterprise is quite large, but
in fact, modern analysts use in their professional activities a small number of such
tools. This is justified not only by the competencies of the analyst, but also by the
scope and scale of the enterprise, its organizational and legal form, financial
capabilities, etc. That is, there is no single system of methods for diagnosing the
innovative development of the enterprise and for each enterprise such tools will be
unique.

Suggestions on the research topic
The choice of methods for diagnostics of innovative development of an
enterprise within the framework of a particular approach should be based on the
following criteria:
– they should provide comprehensive coverage not only of all elements of the
enterprise's innovative potential, but also of innovative projects and their
implementation;
– to avoid excess subjectivism by using the methods of expert estimations;
– by applying the selected methods, the most significant internal and external
factors affecting the innovative development of the enterprise should be determined;
– developed models and methods should reflect the integral result of
interaction of resource components not only of innovative potential but also of
innovative projects and impact factors (external and internal), taking into account
time.
It is proposed to select the methods of information processing for the process
of diagnostics of innovative development according to the principles of
systematization and complexity in accordance with the scale and purpose of the
17

enterprise (fig. 1). This approach will create an effective system for monitoring the
innovative development of the enterprise. In this case, the analyst, depending on the
scale of activities and objectives, as well as the availability of information will be
able to choose the type of diagnosis that will be most appropriate: rapid diagnosis or
complex (detailed), or use both.

DIAGNOSIS OF INNOVATIVE DEVELOPMENT OF THE ENTERPRISE (IDE)

COMPLEX
DIAGNOSTICS

EXPRESS DIAGNOSTICS

Innovative projects and
components of the innovative
potential of the enterprise. Their
relationship and coordination

Timely recognition of signs and
nature of IDE trends based on the
identification of factors leading
to crisis phenomena and
obtaining preliminary estimates
of the current state of IDE

Identification of measures aimed
at eliminating adverse factors

OBJECT OF
DIAGNOSTICS

PURPOSE OF
DIAGNOSTICS

TASKS OF
DIAGNOSTICS

Elements of the IDE
management system, their
relationship and
coordination

Deep understanding of the
current situation and
definition of
transformation strategy in
the IDE

Identification of specific
measures to achieve the
planned results

DIAGNOSTIC METHODS:
analytical, expert, dynamic programming and linear programming

QUALITATIVE
METHODS:
- expert assessments;
- Delphi method;
- script method;
- Felix-Riggs method;
- Harrington's nomogram;
- Forsyth technologies.

COMBINED METHODS:
- simulation dynamic modeling;
- situational modeling;
- structural-linguistic modeling;
- neural network modeling.

QUANTITATIVE METHODS:
- linear combination of partial
(group) indicators with weights;
- geometric mean product of
time indicators;
- method of the sum of places;
- methods of multidimensional
statistical analysis.

Fig. 1. The process of diagnosis of innovative development of the enterprise
(compiled by the author on the basis of [12; 20])
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Rapid diagnostics is the initial stage to the transformations that must take place
in the enterprise in order to eliminate critical phenomena that slow down the
implementation of innovative projects and improve the current state of innovation
potential. At the same time, diagnostic methods are selected on the principle of
minimizing the number of indicators and the complexity of their calculation. At the
same time, due to comprehensive diagnostics, a comprehensive understanding of the
current situation is formed, which allows to develop a strategy of transformations in
the management system of innovative development, and to determine a list of
specific measures to achieve the planned results. The selection of methods will
depend on the current management system and the peculiarities of the business
conditions of the enterprise. Comprehensive diagnostics should be carried out not
more often than once a year and when the existing (or absent) system of monitoring
the current state of innovative development does not allow to identify the main
problems, their causes and determine the sequence of their solution.
This is due to the fact that the reliability of the results of such diagnostics is
due to the large number of scientifically sound system of indicators (criteria), which
should comprehensively reflect the specifics of the object of study, taking into
account the impact of external and internal factors. processing.

Conclusions
It was found that in the theory of diagnostic analysis there is no single
understanding of the concept of "diagnostics of innovative development of the
enterprise", which in practice complicates the process of selecting effective methods
for monitoring the innovative development of enterprises and slows down effective
and timely management decisions. Based on the generalization of existing in
scientific works interpretations of the concept of "innovative development of the
enterprise" and "diagnostics" under the diagnosis of innovative development of the
enterprise it is proposed to understand the process of timely recognition of signs and
identification of negative (critical or crisis) phenomena dependence of conformity of
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internal possibilities of the enterprise to external. This approach allows to define the
purpose, object and objectives of the diagnosis more clearly.
Carrying out a comparative analysis of modern approaches to the diagnosis of
innovative development of the enterprise and the methods used in their context
allowed to identify their disadvantages and advantages. It is established that they
differ in almost all respects: purpose and tasks; objects of evaluation; a set of
indicators and methods of their calculation or collapse; factors influencing innovative
development. The most common is a comprehensive approach based on methods for
assessing the level of development of innovation potential of the enterprise by its
components. Among the new approaches there is a competency approach due to
which a direct connection with the information-analytical management system is
formed, which ensures effective decision-making and functional-parametric, which
integrates economic and managerial diagnostics. But these approaches also have
their drawbacks.
It is established that for each enterprise the system of methods of diagnostics
of innovative development should be unique. The approach to formation of system
of methods of diagnostics of innovative development of the enterprise which
considers scales and the purposes of its activity and includes two types of diagnostics
is offered: express diagnostics and complex diagnostics. This approach will create
an effective system for monitoring the innovative development of the enterprise. The
outlined main criteria for selection of evaluation methods allow streamlining the
processes of information retrieval and analysis, and selected according to these
criteria evaluation methods and models, will improve the quality of research on the
formation and use of elements of innovation potential and projects, but also
management efficiency.
The obtained results can be the basis for improving the management system of
innovation processes in the enterprise. We consider the development of a strategy
and the choice of the optimal variant of innovative development on the basis of
qualitative diagnostic analysis to be a promising direction of further research.
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FORMALIZATION OF THE PROCESSES OF PROJECTS FOR THE
DEVELOPMENT OF HIGH-TECH ENTERPRISES
Danshyna S., Fedorovich O., Djakons D.

The paper considers the problems of regulating the processes of projects for the
development of high-tech enterprises. An approach to the formalized representation of processes
based on set theory, graph theory and functional modeling has been developed. As an example, the
problem of formalizing the process of creating technological project documentation is considered.
For this, a set of input, output data, regulatory documents and basic operations, update and exit
functions are formed. It is noted that all implementations of the update function form a single
process database. For a separate implementation, it is shown how the input data is refined based
on the requirements of regulatory documents, templates of technological documents are formed,
an algorithm and a web-oriented module for accessing the database to select a set of document
templates are presented. The function of outputs has been formed. Its tabular and graphical
representations made it possible to move to a functional model of the process, which determines
the sequence of its implementation and the rules for converting input information into output,
taking into account the requirements of regulatory documents.

Introduction
In the context of increasing economic integration between countries and a
simultaneous increase in the aggressiveness of competition methods in sales markets,
economic ties become more complicated, scientific and technological progress
accelerates, the role of consumers in the formation of the properties of the final
product increases, and technological advantages become a necessary condition for
increasing productivity and improving the efficiency of cost management in
production of goods and services [1]. World leaders (Japan, Germany, Switzerland,
China, France, USA, etc.) effectively implement national innovation strategies, form
science-intensive and high-tech industries, and contribute to the development of
industry within the framework of Industry 4.0 [1], [2].
In order not to lose competitiveness, not to lack financial resources and avoid
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technological degradation, domestic enterprises adapt to changes in the internal and
external environment, turning "... into flexible, open interactive structures for rapid
response to changes in consumer demands and world market conditions, devoid of
the industry principle of production organization and clear structuring of the
processes of creation, market entry, production and service of final products"
[p.p. 4, 3]. All this requires companies to constantly implement development projects
related to improving management methods, developing marketing functions,
decision-making, control, communications, and so on. The stages of development
and creation of prototypes of high-tech products in the conditions of interaction of
various enterprises require special attention of managers of high-tech enterprises [1],
[2]. Managing such projects is a complex task of organizing a continuous process of
preparing new products that are characterized by technological novelty based on
modern scientific achievements [1], [4].
Project preparation - technical preparation of production combines a complex
of scientific, project, technological and managerial work on the creation and
development of new products and the introduction of new technologies. Project
activities provide that when creating high-tech products, it is necessary to develop
individual technical solutions in order to ensure optimal (in terms of time and
resources) the technological readiness of production in accordance with the
requirements of the customer or the market. These types of work are carried out at
the initial stages of the product life cycle and go through interrelated stages of project,
technological and organizational preparation of production. As a result, a set of
documents is formed, which determines the project, operational and repair features
of high-tech products. The presence of such documentation is a prerequisite for the
sale of these products on the market; it is also considered as an additional factor that
ensures an increase in production efficiency and quality, an increase in labor
productivity and, as a result, an increase in competitiveness [2], [5]. However,
according to statistics, most of the errors that require revision and / or project changes
and, as a result, lead to a change in the timing and cost overrun of the project, are
associated with the initial stages of the product life cycle. At the same time, the
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elimination of these errors accounts for almost half of the labor costs of the later
stages of the project and up to 36% of the cost of changes [5] - [7]. Therefore, the
directions related to the formalization of the processes of technical preparation for
the production of high-tech products in the implementation of enterprise
development projects in order to ensure a common understanding of the
requirements, reduce project errors, coordinate the interaction of structural units,
identify areas of responsibility and, ultimately, increase the efficiency of project
management, are relevant.

Generalized approach to formalizing processes
Modern requirements for project activities provide for a reduction in the cost
of project work and an increase in the quality of project documentation while
reducing the time for its development. The quality of project documentation is
understood as the degree of compliance of its characteristics with the customer's
requirements, normative and technical documentation and technical specifications
for development [8]. At the same time, the level of quality of project documentation
is determined by the number of inconsistencies present in it and, as a consequence,
by the additional labor intensity associated with the need to eliminate them [6], [8].
This means that the quality of project work depends on inconsistencies found in the
process of document control, and is characterized by the frequency of their
occurrence [5], [9], the value of which is:
FH =

Hi
100% ,
H

(1)

where Hi – number of inconsistencies of the i-th type in the documentation set; H –
total number of inconsistencies.
In their works, specialists from the National Institute for Strategic Studies [3]
and their foreign colleagues [5], [8], [10] emphasize the effectiveness of the
introduction of digital technologies and information systems to support the
development and production of prototypes. This allows you to reduce the value of
FH, and the ability to automate the processes of creating project documentation
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almost completely solves the problems of routine, improves quality, reduces the labor
intensity and resource intensity of its development, shortens the stages of project and
technological preparation of the production of high-tech products, reduces the time
of projects for the creation of prototypes.
As part of the technical preparation of production, as an example, consider the
process of creating project documentation, the development of which at a high-tech
enterprise involves the introduction of an information system aimed at automating
project work. Such systems, based on the concept of a single source, allow you to
create and maintain up to date a single database of projects, which, within the
allocated budget, provides a quick technological readiness of production for the
manufacture of new products [10]. Unfortunately, the development of such
information systems is associated with certain difficulties, among which one can
single out [10], [11]:
– lack of a unified approach to describing the processes of creating project
documentation;
– the need to combine in a single document many documents containing a
significant amount of text and graphic information, the volume of which is often
hundreds and thousands of pages;
– the presence of partial or complete duplication of information in different
documents when describing the same objects;
– limited use of the modular approach, widely used in the creation of software
systems, due to the fact that the project documentation is a text in a natural language
with its own lexical and grammatical rules, established traditions, considerations of
stylistics and aesthetics;
– the need for constant updating of the received project documentation at all
stages of the product life cycle by repeatedly making amendments, additions and
changes to documents consisting of many separate files, etc.
The ISO/IEC 12207 standard in the life cycle of information systems separates
the stages of project and writing of program code, which allows at the initial stages
of development to analyze the subject area, form a conceptual model of the system
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with a description of the main functions performed [11].
We represent the conceptual model of the process of creating project
documentation in the form [11]:
I _ Pr = (V, Z, ϕ, A, O, ψ ) ,

(2)

where V = {v1, v 2 ,..., v n } is a lot of input data required to create project documentation
for high-tech products in the context of the project under consideration;
Z = {z1, z 2 ,..., z k } – a set of documents regulating the process; ϕ – update function, the

implementation of which is associated with the refinement of input data depending
on the requirements of regulatory documents; A = {a1, a 2 ,..., a j} – many functions
(operations) that implement the process of creating project documentation;
O = {o1, o 2 ,..., o m } – a lot of outputs from the process of creating project

documentation; ψ – function of outputs, the execution of which produces
the output.
The composition and type of project documentation is regulated by a number
of state standards, which stipulate requirements for the project and content of this
type of documents [12]. These elements form data modules in a single centralized
repository - a database (library) of the development project obtained when the update
function is implemented [11]:
ϕ:V× Z → V ,

(3)

which, in addition to clarifying the input data, involves determining the type, form
and procedure for preparing project documentation in accordance with the
requirements of regulatory documents.
The most convenient way to represent the function ϕ is enumeration, when for
each element of the set V, implementations of the function are formed:
v1 = ϕ( v1, z1) ;

v1 = ϕ( v1, z 2 ) ;

……………...;
v n = ϕ( v n , z k ) .
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For example, the requirement of the technical assignment "one-off production"
entering the input of the process (2), when implementing the function ϕ, taking into
account the requirements of state standards governing technological documents, is
transformed into the input requirement "development of a route map of the
technological process", the form, type and content of which is standardized.
Accordingly, if the terms of reference provide for the creation of a set of additional
documents, then the input data – elements of the set V-is also refined taking into
account the normative documents.
Thus, the implementations of the function ϕ are the basis for projecting
templates and styles when creating project documentation. For them, a text is written,
on the basis of which documents are formed with a certain degree of readiness. This
allows reusing project data (forms, templates, texts, drawings, pictures, etc.) by
“connecting” and publishing them in files of different formats. At the same time, it
is enough to correct a section, figure, table, paragraph, any other fragment that should
appear in several places, if necessary, once in a single source [13]. A single change
to a template, for example, a user manual, is enough for all documents of this type to
be changed as needed after processing.
After the refinement as a result of the execution of the function ϕ of the input
data, the process (2) is implemented by performing certain functions (operations)
during the formation of the mapping [11]:
ψ:V×Z → O,

(4)

unambiguously determining what will be the output of the development project
process depending on the inputs

V = {v1, v 2 ,..., v n } and certain operations

A = {a1, a 2 ,..., a j} .

In this case, it is convenient to represent the function ψ in tabular or graphical
form.
Output table is a tabular representation of a function ψ, in which each row
corresponds to one function (operation) a j (j = 1,2, ...), and a column corresponds to
one admissible input element of the set V. In a cell at the intersection of a row and a
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column, an operation a j is indicated to be executed if the input received an element
v n (n = 1,2, ...) and an output element o m (m = 1,2, ...), which appears as a result of

the operation a j [12].
State diagram is a graphical representation of the output function using a
directed graph, the vertices of which correspond to functions (operations)
aj

to

(j = 1,2, ...), edges correspond to transitions from one process operation
another,

edge

weights

to

elements

vn

(n

=

1,2,

...),

along

which there is a transition from the execution of one operation a j to another,
and elements o m (m = 1,2, ...), which will appear as a result of the operation
aj

[12].
The proposed approach to the formalization of development project

management processes for a visual presentation allows the use of methods of
functional modeling methodology IDEF 0 [11], [13]. Thus, the set-theoretical
description of the process (2) allows it to be presented in the form of a context
diagram, the ICOM codes of which identify the sets V = {v1, v 2 ,..., v n } , Z = {z1, z 2 ,..., z k }
and O = {o1, o 2 ,..., o m } , and the graphical representation of the output function is
transformed

into

child

diagrams

(functional

models)

describing

the

sequence of the process implementation (2) [11]. We also note that the proposed
approach is suitable for describing any development project management
processes if:
– the process is described at the level of setting the dependence of the values
at its output from the values at its input;
– the sets V, Z, O are finite;
– set A is finite, but due to the complexity of connections between operations,
it is recommended to limit its power to the range from 2 to 6 (otherwise, it is advisable
to represent the process as a set of hierarchically organized subprocesses, the
formalized description of which for a certain level of hierarchy occurs in accordance
with the proposed approach).
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An example of formalization of processes in the tasks of developing
technological project documentation
All project documentation is divided into two types [12]:
– technological documentation that fixes the entire cycle of creating high-tech
products from technical specifications and preliminary design to the successive
stages of its implementation;
– design documentation containing a list of documents describing the principle
of operation, the specifics of operation, maintenance, repair and disposal
of products.
Due to the specifics of the content of each type of documentation, we will
focus on the process of creating technological documentation.
In accordance with expression (2), we define the set:
1. Input data of the process V , which consists of: v1 - terms of reference for
the development of high-tech products, containing the basic requirements for a
sample, a set of technical documentation, rules for sample acceptance, etc.;
v2 - design
v3 - data

documentation
from

the

sales

for

a

sample

department

about

of
the

high-tech
planned

products;
production

volumes.
2. Regulatory documents, Z, consisting of: z1 - requirements of the "System
for the development and launching of products (SDLP), Unified system for design
documentation (USDD)" and "Unified system of technological documentation
(USTD)"; z2 - industry standard recommendations; z3 - development project
management plan.
3. Output data of the process О, the elements of which are: o1 - technological
and organizational solutions; o2 - set of technological documentation; o3 - the results
of testing the structure for manufacturability.
Let's get a context diagram - a graphical representation of the process (2) when
creating technological documentation, taking into account certain sets (fig. 1).
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Fig. 1. Graphic representation of the process (2) when creating technological
documentation

Thus, technologists and production workers, when performing the process of
creating technological documentation, taking into account the requirements of
regulatory documents from the set Z, must transform the requirements of the
technical assignment based on design documentation and production volumes into
technological documentation with the development of organizational and
technological solutions based on the results of working out the structure for
manufacturability, which will ensure manufacturing of high-tech products.
To determine the update function ϕ we will analyze the requirements of
GOST 2.103-68 and GOST 3.1102-81. They determine the structure and volume of
technological documentation, which depend on a number of factors, the main of
which are [11]:
1. Type of production, depending on which the documentation is distinguished
for a single (with a production volume of about ten products), serial (with a
production volume of up to a thousand products) and mass (with a production volume
of more than a thousand products) production;
2. The stage of development, depending on which documentation for the
production of a prototype or documentation for serial (mass) production is formed;
3. The level of detail, which determines either route, route-operational, or
operational description of the technological process.
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There are also technological documents:
– auxiliary - documents used in the development, implementation and
operation of technological processes (operations);
– basic - documents that completely and unambiguously define the
technological process, containing generalized information necessary to solve one
(complex) engineering, economic planning and organizational task. Documents of
this type share:
– for documents of general purpose (map of sketches, technological
instructions, etc.);
– special-purpose documents (route map, technological process map, bill of
materials, etc.).
All these data are contained in a variety: the type of production depends on its
volume, the stage of development is indicated in the terms of reference, which
additionally provides a list of the necessary technological documentation, etc. But
each of these requirements in conjunction with the input data will lead to the
formation of a different set of technological documentation, different technological
and organizational solutions, will determine a different procedure for testing for
manufacturability. As a result, a set of implementations of the update function (3) is
formed - a unified database of the process of creating technological documentation.
Fig. 2 shows an algorithm for accessing the database to select a specific
implementation of the function ϕ when generating templates for technological
documents (here blocks 1, 2 and 3 have an identical structure, therefore, the structure
of only one of the blocks is presented in detail).
The algorithm provides for accessing a single database to select document
templates from it based on the following characteristics:
– type of production;
– documentation development stage;
– the nature of the description of the technological process;
– additional technological documents.
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Fig. 2. Generalized scheme of the algorithm for accessing the unified database of
the process of creating technological documentation

Selection menu of the description of
technological process

Selection menu of the
documentation development stage

Production type
selection menu

Selection menu of the
additional documents

List of the generated documents

Download button of the
generated documents

Fig. 3. Interface of the web-based module for generating templates for
technological documentation
33

In accordance with the algorithm, a web-oriented module is implemented for
the automated generation of templates for technological documentation, the interface
of which is shown in fig. 3. Other implementations of the ϕ function are presented in
the same way, forming not only the structure of a single database, but also its main
content.
A

unified

system

of

technological

documentation,

in

particular

GOST 3.1102-2011, defines the rules for the development of documentation and the
main stages of its creation, the analysis of which makes it possible to form a set A.
Set A consists of the following elements: a1 - the function of forming
technological and organizational solutions; a2 - the function of developing
technology for the manufacture of high-tech products; a3 - the function of testing the
structure for manufacturability. The execution of each of the listed functions of the
set A ends with the formation of a certain set of output documents recorded in the set
O. This allows to represent the process model in the form of a graph (fig. 4, a),
the vertices of which a j ( j = 1,...,3 ) are defined by the set A, the edges show the
sequence of these functions, the weight of the edge is determined by the input and
output data from the sets V and O. By the graph we write the table of outputs
(fig. 4, b)

Process input

Process
functions

v1

v2

v3

а1

а1|o1

а2|o1

а3|o1

а2

-

а2|o2

а3|o2

а3

-

а2|o3

а3|o2

a - graph

b - table of outputs

Fig. 4. Formal presentation of the process of creating technological documentation
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From the formal representation of the process, it can be seen that, for example,
to obtain the output o2 when the function a2 is executed, the output o1 is needed,
obtained when the function a1 is executed by generalizing the input data v1 and v2, as
well as the output o3, obtained from the function a3.
Based on fig. 4 for clarity and facilitation of people's perception of information
flows of the process of creating technological documentation while observing the
rigor and formality of the image [13], [14], we represent the process under
consideration as a functional model (fig. 5), combining its verbal and formalized
description.

Fig. 5. Functional model of the process of creating technological documentation

Thus, the considered example showed the possibility of creating a unified
approach to describing project management processes. Their formalization allows
the introduction of a modular principle, which, in particular, in documentation tasks,
allows one to abstract from unnecessary detail, systematize information flows,
combine the results of individual functions into a single system, involve different
specialists in the implementation of individual process elements, allowing parallel
development, redesign technical documentation in service for all participants in the
development of high-tech products.
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Conclusions
For a timely response to changes in the internal and external environment,
high-tech enterprises need constant development aimed at improving various
approaches and methods of management, decision-making and control. At the same
time, approaches aimed at maintaining the stages of development and release of
prototypes of high-tech products are acquiring special significance. Considering the
high "cost" of mistakes at these stages, development projects, in particular, their
processes aimed at reducing the frequency of FH in the design documentation and
reducing the cost of design work, are relevant.
Focusing on the technological preparation of production, the work proposes
an approach to formalization of processes based on set theory, graph representation
and functional modeling. Its implementation on the example of the process of
creating technological documentation of the project showed the following
advantages:
– the possibility of "integral" presentation of the process;
– the ability to systematize heterogeneous input data coming from different
sources (standards, regulatory and technical documents, organizational process
assets, etc.), and their unified presentation;
– the possibility of typing the output data of the process;
– introduction of a modular approach based on dividing the process into
separate functions and implementation;
– through the use of graph and functional modeling, increased visibility, better
perception of the structure of the process, the sequence of its execution.
Thus, the proposed approach to formalizing processes can be considered as the
basis for their regulation to ensure technical and organizational interaction in projects
for the development of high-tech enterprises. The resulting process models can be
used in artificial intelligence systems, expert systems in the development of
multivariate design solutions, and their formalization not only at the project level,
but also at the level of organizations will allow successfully creating high-tech
products.
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SYSTEM MODELING OF GOALS AND DIRECTIONS IN PROJECTS OF
INNOVATIVE DEVELOPMENT OF HIGH-TECH ENTERPRISE
Fedorovych O., Uruskyi O., Kosenko V., Pronchakov Yu.

The publication sets and solves the urgent task of forming goals and directions of innovative
development of high-tech enterprises. The subject of research is the process of development
management. The object of research is project-oriented system development management. Due to
the complexity of the problem to be solved, the study is conducted in two stages: systematic
decomposition of the goals of innovative development with the assessment of feasibility and costs;
choice of the direction of reform in the conditions of limited possibilities. The purpose of the study
is to substantiate the goals and choose the direction of innovative development of high-tech
enterprise. Modern methods of system analysis are used to substantiate development goals,
lexicographic and integer optimization to choose the best direction of development; hierarchical
base of precedents for forming decisions to choose goals; agent simulation modeling to assess the
dynamics of time, costs and risks of the innovation development project.

Introduction
The production of high-tech products, in conditions of increasing competition
in the markets, requires a careful analysis of the goals of reforming high-tech
enterprises in the short term, taking into account the limited opportunities [1, 2].
Existing methods of strategic planning are focused mainly on the long term in terms
of stable inflow of financial resources [3, 4]. Dynamic changes in the market situation
associated with the stochastic behavior of markets for high-tech products require new
approaches that allow at an early stage of formation of goals of reforming the
production system, assess the feasibility of modernization, risks of measures taken
in limited opportunities (financial costs, terms of implementation). To manage
projects to create high-tech products, it is necessary to improve and create new
methods of organization management, based on a process approach, which uses
modern methods of project management. [5, 6]. Particular attention is paid to the
management of the process of innovative development of the organization because
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ensuring competitiveness requires constant improvement not only of production
processes but also of project management processes for the creation of modern hightech products.
World practice indicates a number of possible areas of development, the choice
of which is related to the specifics of the sphere of activity of the organization, its
capabilities and willingness to reform. Therefore, the topic of the proposed
publication is relevant, related to the management of innovative development of
high-tech enterprises to ensure its competitiveness. The purpose of the work is to
conduct a study to assess the implementation of strategic goals of the enterprise and
the choice of direction of innovative development in conditions of disabilities. The
following stages for research of innovative development of the high-tech enterprise
are allocated:
1. Systematic decomposition of the goals of innovative development with an
assessment of feasibility and costs.
2. Choice of the direction of reform in the conditions of limited possibilities.
The global goal of a developing enterprise is analyzed, which is decomposed
into sub-goals of lower levels, as a result of which a hierarchical structure of goals is
formed. Decomposition of goals is carried out depending on the capabilities of the
enterprise. Both ready-made solutions from the experience of production
development and new solutions are used to select solutions related to the
implementation of the strategic goals of the enterprise. This allows to optimize
financial costs and to reduce the time to meet the goals of modernization. To
substantiate the choice of the current direction of reform, external experts are
involved, who assess many possible areas of development, taking into account the
state and level of maturity of the organization, readiness for reforms, existing
business process model, financial opportunities for development processes.
Due to the complexity of the research task, modern methods are used in the
work: system analysis for decomposition of development goals, project-oriented
management of innovative development, lexicographic subordination, integer
optimization, agent modeling, hierarchical base of precedents.
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1. Systematic decomposition of the goals of innovative development with an
assessment of feasibility and costs
Given the complexity of the task of reforming a modern enterprise in a
dynamic change of environment (economic, political, social, etc.), the global goal
associated with the modernization of the production system can be represented as a
set of strategic goals that must be decomposed in accordance with the requirements
system analysis. The division of the goal into sub-goals at each level of
decomposition allows to specify the requirements and tasks for the modernization of
production. Theoretical-multiple description of strategic goals and their
decomposition can be presented as follows (1):

{Сuj } = {С1u+1},...,{Сiu+1},...,{Сnu+1} ,
u

where

{Сuj } is

decomposition;

(1)

a subset of the goals of the u-th level of the global goal of

{Сu+1
j }

– subset of nested goals (sub goals) u+1-th level of

decomposition for the j-th goal; u – decomposition level number; nu – the number of
targets at the u-th level of decomposition.
To achieve each separate goal, it is necessary to assess the relevant resources
in the form of costs, terms (time) and the risk of its implementation.
These requirements can be represented as (2):
Quj = w uj , t uj ,rju ,

(2)

where Quj is a tuple that describes the requirements for the goal Сuj ; w uj – cost
requirements; t uj – requirements for terms; rju – risks of fulfilling the goal.
We will use, for the analysis of a tree of the purposes which is formed at
reforming of the enterprise, the world and domestic experience which
can be presented in the form of base of precedents (BP). In this case, the
structure of the global goal of the reforming enterprise will consist of three types of
goals:
– goals that were used and have experience of positive solution (GP);
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– existing goals that need to be adapted to the selected goals of the modernized
enterprise (GM);
– new goals that are missing in the world practice of reforming (GN).
Each precedent (existing decision) can be represented as an element of the BP
with a set of requirements for the implementation of the goal Сuj . Let's present the
BP to find ready-made reform solutions in the form of a hierarchical base of
precedents (HBP), which corresponds to the structure of the global goal of the
enterprise and contains many solutions for enterprise modernization.
Requirements for the implementation of any goal can be formed using a tuple
QSu , which represents a certain problem situation that needs to be resolved in the
j

process of enterprise modernization. You can solve this problem by searching for
ready-made solutions in HBP. To do this, the values available in HBP are compared
with the values QSuj (problem situation) taking into account the corresponding level
of decomposition of the global goal in HBP.
We will search for "relatives" according to the characteristics of the existing
goals at the u-th level of HBP decomposition to fulfill the set goal of modernization.
If the solutions found in HBP at the u-th level do not satisfy the management of the
enterprise, then the decomposition and transition and search for ready-made
solutions at the next (u+1) level of decomposition of the goal.
Thus, to achieve the goals of enterprise modernization, it is necessary to
conduct an iterative procedure for finding ready-made solutions in multilevel HBP
in the form of a set М uj . The choice of the constructed decision requires lexicographic
subordination of precedents in the set М uj . Lexicographic subordination is based on
sequential optimization and is used in the problem of choosing the best option from
a given set (in this case

М uj ).

In this case, all modernization requirements are set in a

linear order of importance, for example:
w uj , t uj ,rju ,
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where in the first place are the requirements for costs, in the second - the timing of
the goals, in the third - the risks of the goal.
You can use qualitative estimates that can be provided by enterprise
development managers in the form of values of linguistic variables, for example
[7, 8]:
A is an excellent value,
B is a good value,
C is a satisfactory value,
D is a bad value.
Many precedents with ready-made solutions

М uj ,

from which the search for

the best solution for the modernization of the enterprise can be presented in the form
of "words".
For example:
1. В А В.
2. А В А.
3. А А С.
4. А В С.
5. В А С.
By subordinating them (sequential optimization), the best solution can be
identified:
3. А А С.
2. А В А.
4. А В С.
1. В А В.
5. В А С.
In this example, the third option corresponds to the best solution for upgrading
the enterprise for the goal Сuj .
We present a method of finding solutions to achieve the global goal of the
enterprise, which is modernized in the form of the following stages:
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1. Zero level of decomposition will represent the global goal of production
modernization. At the first level of decomposition, a set of goals for modernization
of the enterprise is formed.
2. The search for ready-made solutions (precedents) is carried out in HBP for
the first level of decomposition of the global goal (later for the u-th level).
2.1. HBP allocates a set М uj with ready-made solutions for each j-th goal.
2.2. Lexicographic subordination of "words" in

М uj

and selection of the best

variant of the decision on modernization is carried out.
3. Forecasting the assessment of costs, terms and risks for modernization
according to the found ready solution. Taking into account the peculiarities and
condition of the enterprise, the requirements are adapted to clarify the estimates of
costs, terms and risks.
4. If the obtained values for costs, terms and risks satisfy the managers of the
enterprise, then the formation of a list of measures to achieve this Сuj goal.
5. If the costs, time and terms do not meet the requirements of the enterprise,
the goal Сuj is decomposed into a sub-goal of the lower (u +1) level of the global
goal with the search and evaluation of a set of ready-made solutions at the next level
of decomposition.
6. Step 2-step 4 are repeated for each goal, taking into account the possible
levels of decomposition of the global goal.
7. If the managers of the enterprise do not see the point in the decomposition
of a separate goal (sub-goal) Сuj , then the search for ready-made solutions for it (the
goal is new and has no analogues) is not carried out. A list of activities related to the
implementation of the new goal (sub-goals) is formed.
8. Costs, terms and risks are assessed for the new purpose Сuj . It should be
noted that due to the novelty of the goal, the risks for its implementation, costs and
terms increase sharply.
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9. If the goal is unattainable due to the limited capabilities of the enterprise, it
is removed from the list of goals.
Assessment of the feasibility of the target tree built (hierarchy of the structure
of the global goal) is based on the values of risks, as well as the possible costs and
timing of measures to implement the goals that have been formed.
To do this, it is necessary to proceed to the probable presentation of risks. Each
rju

risk of the j-th goal (sub-goal) of the u-th level, taking into account the opinion of

experts, receives a probabilistic assessment in the form (3):
Pju = 1 − rju ,

(3)

where rju is presented on a scale (0÷10).
Then to assess the feasibility of the R project to modernize the enterprise,
taking into account the constructed whole tree, it is necessary (4):
R
=

m  nu

∏ ∏(


u =1  j=1



)

1 − rju  ,

(4)



where n u is the number of formed goals (sub-goals) of modernization at the u-th
level; m is the number of levels obtained after the decomposition of the global target.
If the value of the global goal is satisfied by the management of the enterprise,
then the assessment of the costs W and the timing of the implementation of the
modernization project (5-6):
W=

Т=

m nu

w uj ,
∑∑
u =1 j=1

(5)

m nu

t uj .
∑∑
u =1 j=1

(6)

Taking into account the limited capabilities of the enterprise, the final
conclusion is made regarding the realization of the global goal of the developing
enterprise, which is associated with the modernization of the enterprise. Then, after
assessing the implementation of strategic goals, you can proceed to the choice of
direction of enterprise development.
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2. Choice of the direction of reform in the conditions of limited possibilities
There are a number of areas of development of the organization, which have
proven themselves in the practice of project management. These include:
1. Improving management processes.
2. Training (advanced training) of staff.
3. Use of high-tech equipment (robotics, informatization, automation, etc.).
4. Improving business processes.
5. Improving the quality of products.
6. Reducing the life cycle of high-tech projects.
7. Improvement and optimization of logistics processes.
This list can be extended, because modern challenges and threats in the
economy lead to the search for new relevant directions of development.
The choice of directions is not necessarily limited to one. It is possible, as often
happens, the choice of several areas that can be implemented both sequentially and
in parallel. But in most cases, the choice of areas depends on the limited capabilities
of the organization (finances, deadlines, the current economic situation, etc.).
To justify the choice of areas of development of the organization, we use the
assessments of experts that can be obtained during the external audit of the
organization [9, 10]. In this case, each expert will be asked to assess the direction of
development (or a list of areas, in the case of choosing several) on a specific scale
(for example, 0÷10). The expert assessments are then averaged and entered in the
final table. For effective purposeful choice of the direction of development we will
use a method of planning of experiments in the form of the plan of full factorial
experiment (FFE). In this regard, the number of experiments (in our case, these are
conditional experiments that involve expert assessments) is determined by a full set
of possible combinations (combinations) of factors. Therefore, if n directions of
development are chosen to estimate, the number of possible combinations will be
N=2n. In the plan xj - corresponds to the choice of the j-th direction of development;
yi is an average estimates of the i-th combination of directions of development. With
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the help of FFE plan and using its calculation formulas, it is possible to obtain the
following nonlinear regression dependence (7):
y = b0 + b1 ⋅ x1 + b2 ⋅ x 2 + b3 ⋅ x3 + b12 ⋅ x1 ⋅ x 2 +

+b13 ⋅ x1 ⋅ x3 + +b23 ⋅ x 2 ⋅ x3 + b123 ⋅ x1 ⋅ x 2 ⋅ x3 .

(7)

In this dependence, the coefficient b j indicates the influence of the xj-th factor
(direction of development), as well as b jk and b jke the influence of combinations of
factors. Here is an illustrated example of the choice of directions of development,
limited to three factors (possible directions of development). Let x1 correspond to the
direction associated with improving the quality of products, x2 - reducing the life
cycle of high-tech projects, x3 - improving and optimizing logistics processes. After
the experts evaluate the possible directions of development, we get the next FFE
plan, filled with estimates (on a scale of 0 ÷ 10) (fig. 1).
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Fig. 1. FFE Plan with expert assessments of development directions

Let’s use the FFE calculation formula and obtain the following regression
dependence (8):
=
y 5,125 + 2,375 ⋅ x1 + 0,875 ⋅ x 2 + 1,375 ⋅ x3 +
+0,125 ⋅ x1 ⋅ x3 + 0,125 ⋅ x 2 ⋅ x3 − 0,125 ⋅ x1 ⋅ x 2 ⋅ x3 .
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(8)

From here it becomes clear that the greatest influence on development of the
organization, in this case, has the direction connected with improvement of quality
of production.
After choosing the current direction of reforming the organization, it is
necessary to assess the resources for the implementation of the development project
and further optimize costs.
Systematic presentation of the development project in the form of a sequence
of stages leads to a multiplicity of options for selection and justification of resources.
Therefore, we will use existing optimization models based on the plurality of
solutions and the choice of the optimal among them. Integer (Boolean) linear
programming will allow to estimate resource costs both for separate criteria of
optimization, and for search of the compromise decision taking into account possible
contradiction of criteria. As the main criteria for assessing the reform of the
organization we will use: financial costs - W, project implementation time - T, the
risk of the reform project - R.
We form a representation of optimization criteria in the form of objective
functions:
1. Costs – W (9),
=
W

M nj

∑∑ wij ⋅ xij ,

(9)

=j 1 =i 1

where w ij – costs for the i-th option of allocating funds at the j-th stage of the project
of reforming the organization; xij – selection of a possible i-th option for allocating
funds for the j-th stage of the reform project; n j – the number of possible options for
allocating funds at the j-th stage of the project; М – number of project stages.
2. Time of implementation of the reform project – Т (10),
=
T

M nj

t ij ⋅ x ij ,
∑∑
=j 1 =i 1

(10)

where t ij – the time of implementation of the j-th stage of the reform project for the
i-th option of allocating funds.
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3. Risks of implementing the reform project – R (11),
=
R

M nj

∑∑ rij ⋅ xij ,

(11)

=j 1 =i 1

where rij – the risk of implementing the j-th stage of the reform project taking into
account the i-th option of allocating funds.
The following statement of the problem of resource optimization in the
implementation of the reform project is possible:
1. Optimization of individual (local) criteria.
2. Multicriteria optimization to find a compromise solution.
As an example, consider the optimization of financial costs for the
implementation of the reform project.
Need to find min W :
W
=

M nj

∑∑ wij ⋅ xij ,

=j 1 =i 1

when the following conditions (restrictions) are met:
T ≤=
T' , T

M nj

∑∑ tij ⋅ xij ,

=j 1 =i 1

R ≤=
R', R

M nj

∑∑ rij ⋅ xij ,

=j 1 =i 1
nj

where

∑x

ij

=1

for all j, which means the obligatory choice of a variant from the set

i =1

of possible ones; T ' – admissible term for implementation of the project of reforming
the organization; R ' – allowable risk of the reform project.
As a result of local optimization according to separate criteria we will receive
optimum values W*, T*, R* taking into account restrictions W ' , T ' , R ' .
To carry out multicriteria optimization, it is necessary to form a complex
criterion K, which receives local criteria W, T, R.
Let us use the additive convolution of criteria (12), which is often used in
practice:
(12)
K = α W ⋅ W + αT ⋅ T + α R ⋅ R ,
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where

W ,T, R

– normalized value of criteria taking into account the local

optimization (13):
W=

W − W*
, T = T − T* , R = R − R * ,
W '− W*
R '− R *
T '− T*

(13)
3

where

αW ,

αT ,

α R – significance ("weight") of individual criteria,

1.
αe =
∑
e=1

When conducting multicriteria optimization minK must be found (14),
M nj

αW ⋅
K=

∑∑ wij ⋅ xij − W*

=j 1 =i 1

W '− W*

+

M nj

+αT ⋅

∑∑ tij ⋅ xij − T*

=j 1 =i 1

T '− T*

+

(14)

M nj

+α R ⋅

∑∑ rij ⋅ xij − R *

=j 1 =i 1

R '− R *

.

The final conclusion on the choice of the current direction for the reform of
the organization should be made after modeling the reform project, taking into
account the allocated resources [11].
Let's use agent simulation modeling, which will allow to simulate project
actions taking into account the temporal and spatial representations of the project of
reforming the organization.
To do this, you need to form the following set of agents:
1. Agent simulator of the beginning of the reform project.
2. Resource allocation agent for the j-th stage of the project.
3. Time delay agent for the implementation of the j-th stage of the project.
4. Risk assessment agent during the j-th stage of the project.
5. Agent for collecting statistics during the project.
6. Modeling process control agent (system time, event lists).
7. Agent of the description of separate stages of the project.
8. Agent of project implementation results.
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Here is a brief description of the modeling process.
First, a description of the reform project is made in the form of a sequence of
stages of implementation. The Agent of the description of separate stages of the
project is used. Control is then handed over to the modeling process control Agent,
who generates the first event related to the initiation of the reform project. The reform
project initiation Agent is used for this purpose. Control is then passed to the agents
associated with the j-th stage of the project (initially for the first stage). The time
delay for the j-th stage is simulated, costs and risks are estimated. The time delay
Agent, the resource allocation Agent, and the risk assessment Agent are used for this
purpose. Next, the events related to the completion of the j-th stage and the transition
to the j + 1 stage are planned. Statistics on resource allocation and project risk are
collected.
After the implementation of the last stage of the project, the results are
determined in the form of:
– the actual time (term) of the project;
– costs associated with the project;
– the final risk of the project.
The obtained modeling results will allow to forecast the implementation of the
reform project, to assess the expected and actual design results, which will allow a
more reasonable transition to the planning of deadlines, costs in the implementation
of the enterprise reform project.

Conclusions
The publication solves the problem of forming strategic goals and direction of
reforming a developing enterprise. Possible solutions are formed in the form of
elements of a hierarchical base of precedents (HBP), which correspond to the tree of
strategic goals of the developing enterprise. For each decision to modernize
production, an assessment of certain costs, terms and risks of implementation has
been done. Purposeful search for ready-made solutions for modernization is carried
out using the method of lexicographic subordination of options. In case of absence
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of ready decisions on modernization of the enterprise the estimation of expenses and
terms of achievement of the new purpose in the conditions of the increased risk is
carried out. After constructing the tree of strategic goals, the assessment of feasibility
was carried out on the basis of the values of risks of individual goals.
The main directions of reforming related to ensuring the competitiveness of
the organization in the market of high-tech products are substantiated.
Purposeful search in the problem of resource optimization is used. The
optimization problem is carried out on the basis of integer (Boolean) programming
in two views: local and multicriteria optimization. Costs, project terms and the risk
of successful project implementation were used as criteria for assessing the allocated
resources and the success of the reform project. For multi-criteria optimization, the
significance of individual criteria was assessed. A simple additive convolution of
local criteria was used as a complex criterion. The agent modeling method was used
to assess the correctness of the chosen reform option. A set of agents has been
formed, with the help of which all stages of the development project are simulated.
This takes into account the time factor, the costs of the organization and the risks of
individual stages.
The results of agent modeling will allow to make a final conclusion about the
expediency and relevance of the choice of direction of development for the
subsequent project management of the reform.
The scientific novelty of the publication is the creation a method by which the
goals and directions of innovative development of high-tech enterprises are formed.
The proposed approach allows at the stage of preliminary study of the
development of the organization to choose the goals and current direction of reform,
taking into account the state of high-tech enterprise, readiness to implement reforms,
as well as limited opportunities in the face of challenges and threats in the economy.
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DIAGNOSTICS OF FUNCTIONAL RELIABILITY OF PIPELINE
SYSTEMS
Gavrilenko I., Karpenko N., Litvinov A.

Analytical models of diagnostics of functional reliability of pipeline systems are formulated
in the work. They can be used in the design of an automated system for diagnosing the reliability
of pipeline systems (ASDR), which provides a single information space for timely and coordinated
support for management decisions in the workplace of technicians and repair personnel of
structural units of the pipeline system. The problem of cost minimization is formulated, which is
solved by numerical optimization methods and graphical method. ASDR allows to carry out the
comparative analysis of alternative structures of a pipeline network on criterion of functional
reliability.

Introduction
For all actors involved in the pipeline system, the problem of reliability is
controversial. Thus, producers and consumers of the target product, on the one hand,
want the pipeline system to be reliable, and on the other - that transport services are
cheap. Operators, on the one hand, seek to ensure the reliability of the system in the
future at the appropriate level, and on the other - to allocate as little financial, material
and labor resources to achieve and maintain this level.
Conflict resolution can only be achieved by finding a compromise value of
current reliability that would satisfy all subjects of the system equally. The
compromise value must not be lower than the minimum value stipulated by all parties
in bilateral contractual obligations. However, the deviation from the minimum
allowable value in the direction of increase should be insignificant, because the
increase in reliability for existing systems, even at one hundredth of a percent, is
associated with high resource costs. Therefore, among the reliability indicators we
can distinguish two main ones that affect the functioning of the pipeline system and
which we call functional reliability [1]:
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– maintainability, which determines the property of the system to continuously
transport the target product to consumers during maintenance work in order to restore
the technical reliability of structural elements of the system, which they lose during
long-term operation due to wear or aging;
– the probability of uninterrupted supply of the target product to a particular
consumer or group of consumers over a period of time, which determines the
objective ability of the system to meet its purpose [2]. Improving the functional
reliability of pipeline systems (PS) is one of the most important tasks facing operators
and in which all stakeholders of the transportation system are interested.
The reliability of PS is set at the design stage and maintained at the stage of
construction and commissioning. However, over time, the reliability of individual
structural elements decreases, which leads to the need for rapid diagnosis of the
reliability of PS in order to make appropriate management decisions and measures
to maintain reliability at a given level.
This can be realized only by developing a diagnostic system that collects data
on the state of individual elements of PS and the calculation of functional reliability,
using appropriate methods and models. In general, such a system will be a subsystem
of the automated dispatcher control system of the entire PS.

Main part
In the general case, the automated system of reliability diagnostics (ASDR)
should be a subsystem of the automated process control system of the whole PS [3].
The main purpose of creating ASDR is:
– monitoring and forecasting the technical condition of the pipeline as a whole
and its elements;
– monitoring of the resource of the pipeline and tank farms;
– planning and control of current, medium and capital repairs.
The actual basis for the implementation of ASDR is the executive
documentation; factory catalogs and technical passports of the equipment;
retrospective statistical material; experience in operating the existing pipeline;
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information coming from control sensors installed at critical points of the pipeline
network.
ASDR is designed to provide a single information space for timely and
coordinated support for management decisions in the workplaces of technicians and
repair personnel of structural units of the PS.
Since the automated process control system PS is generally a multi-level
system, the functional structure of ASDR is considered as a system to support
management decisions at each level of management.
It includes the implementation of a sequence of the following steps: data entry;
data analysis; Data Processing; development and selection of optimal plans;
performance control.
For the successful operation ASDR requires operational monitoring of the PS,
timely detection of critical areas and emergency areas, maintenance and repair
work [4]. These works are performed by emergency crews. Therefore, the task of
calculating their optimal number arises. Since applications for repair work are
received at random times, to perform the task of calculating the optimal number of
repair crews, it is necessary to involve mathematical methods of queuing theory.
From the database "Prehistory" it is possible to estimate intensity of receipt of
requests for a call of repair crews λ and average time of elimination of the next
accident τ. Let the number of repair crews be n. Then the process of eliminating
emergencies on the pipeline system can be described by a multi-line queuing system.
The total flow of applications for maintenance of the pipeline system at the entrance
of a specialized organization is formed as a superposition of many flows for
maintenance from buildings. Therefore, according to the queuing theory [5] it is
Poisson (simpler), in which the probability that during the τ time will arrive exactly

(λτ ) k − λτ
e , and the
k queries is described by the Poisson formula Pk (τ ) =
k!
distribution of time between the arrival of neighboring applications is exponential
with the distribution function A(t ) =
1 − exp(−λt ) . The distribution of the time of
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liquidation of pipeline accidents can also be chosen exponential with the distribution

1 − exp(− µt ) , where µ = 1 / τ is the intensity of service requests. With
function B(t ) =
the exponential distribution law, the whole system will rely on the most difficult
mode of operation [6].
That is, we obtained the so-called Markov multilinear queuing system, the
study of which was conducted in [7]. If we denote the workload of one team by

ρ = λ / µ , then its main characteristics of the developed model are as follows:
– the probability that all crews are free:


 n−1 ρ i
ρn
p0 = ∑ +

 i =0 i! (n − 1)!(n − ρ ) 

−1

(1)

at ρ / n < 1 ;
– the probability that all crews are busy and there are no queues for service is:

ρ n  n−1 ρ i

pn = ⋅  ∑
n !  i =0

ρn

−1

 ρ
, < 1.
+
i ! n(1 − ρ / n)(n − 1)! n

(2)

The average waiting time for a request to start service is:

Tq
=

pn
ρ
, < 1.
µ n(1 − ρ / n) n

(3)

Accordingly, the load factor of teams to service requests (as a percentage) can
be represented as:
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Now, having the basic indicators of system, it is possible to carry out tasks
concerning optimum service of requests for a call of repair crews.
From the standpoint of a specialized organization that serves PS, you need to
minimize costs, while adhering to certain restrictions, namely: the deviation of the
actual time of repair from the normative should not exceed the value Tkr , and all
requests to eliminate accidents must be fulfilled. This means that the organization
has a certain margin of capacity to service emergency calls.
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It is possible to minimize costs within the developed model only due to the
number of teams nm , aiming at their maximum load. So, we have a mathematical
programming problem that looks like: to find nm , which maximizes the function k z
when the constraints Tq < Tkr and λ / (nµ ) < 1 are met.
It is possible to formulate a problem differently: to find nm which minimizes
function Tq at performance of restrictions k z > kmin and λ / (nµ ) < 1 where kmin is
the minimum level of loading of crews on service of accidents on PS. Both problems
can be solved by numerical optimization methods.
Given the low accuracy of approximation of the laws of distribution, the tasks
can be solved graphically. Fig. 1 shows graphs of the start time of the repair request
(in hours) depending on the number of repair crews and the load per crew, with a
normal repair time of 10 hours.

Fig. 1. Graphs of delay time of the beginning of repair

By setting the load per team and the minimum delay time, you can find the
desired number of teams on the charts. So, with a delay time of 0.2 time and a
workload of 0.8, the minimum number of teams is three.
The development of the system of functional reliability diagnostics is based on
the division of PS into emergency repair zones and replacement of the PS structure
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by the macrostructure of emergency repair zones (ERZ), which completely inherits
the functional reliability of the system. For this reason, in the future this analytical
method of calculating the functional reliability of PS will be called the ERZ method.
Let's consider its main provisions.
The ERZ method consists of seven consecutive steps [8]:
1. Formation of a mathematical model of a pipeline transport network with a
complex topological structure in the form of a weighted graph.
2. Dividing the initial weighted graph of the pipeline network into subgraphs
(macroelements), each of which corresponds to one ERZ.
3. Calculation of technical reliability of ERZ as an independent macroelement
in the operation of PS.
4. Converting the initial weighted graph of a large-dimension network to a
weighted macrograph ERZ of small-dimension (replacing the micrograph of each
ERZ with a single vertex).
5. Construction of a simplified ERZ macrograph in relation to a specific
consumer of the pipeline network.
6. Construction of a calculation model of the functional reliability of the
pipeline network for a specific consumer.
7. Formation of a mathematical model of functional reliability of the network
relative to a particular consumer using the classical methods of the theory of
reliability of technical systems and direct calculation of functional reliability.
A mathematical model is formed for each consumer О Спk of the pipeline

{ }

system k ∈ 1, K [9]. Here K is the total number of consumers. If several consumers
receive the target product from only one zone, then the corresponding mathematical
models of functional reliability coincide.
The following initial data are used to form a mathematical model of functional
reliability in relation to the consumer О Спk :
– calculation model of functional reliability in relation to the consumer О Спk ;
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– weight function р at the vertices of the ERZ graph, which determines the
technical reliability of each ERZ network;
– weight function ра on the edges of the graph ERZ, which determines the
technical reliability of the shut-off valves of the network.
If the calculated model of functional reliability for an arbitrary consumer О Спk
consists only of series-connected and parallel-connected elements (no bridge
connections), then the process of forming a mathematical model corresponds to the
algorithm shown in fig. 2.

Start

1

Calculation model
for the consumer Оk,
weight function
р and р а

Selection of the
section U[p] with the
same connection of
elements in the
calculation model

2

3

Consistent.

Section
type

U[p]?

4

Calculation of the
functional
reliability of the
section U[p] by
the formula

PUf =

5

n

∏ pi

Calculation of the
functional reliability
of the section U[p]
by the formula

PUf = 1 −

i =1

6

Parallel

n

∏ (1 − pi )
i =1

7

Replacing the
U[p] section with
one element with
equivalent
reliability Р

The calculation
model consists of
one element?

Yes

No
8 The desired
End

reliability

P fk = PUf

Fig. 2. Scheme of the algorithm for building a mathematical model of functional
reliability of the network in relation to a particular consumer
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As follows from the algorithm, the formation of a mathematical model of the
functional reliability of the network in relation to the consumer О Спk is a cyclical
process of replacement in the calculation model of sections U[ p ] with the same
connection of elements by one element with equivalent reliability.
n

Equivalent reliability is calculated by the formula PUf = ∏ pi (in the case of
i =1

n

series connection of elements) or by the formula PUf = 1 − ∏ (1 − pi ) (in the case of
i =1

parallel connection of elements). Here n is the number of elements in the same type
of fragment; рi - the probability of trouble-free operation of the element of the
pipeline network corresponding to the i-th element of the fragment. The value рi is
selected according to the weight functions р and р а of the ERZ graph.
The cyclic replacement process continues until the computational model
f
consists of only one element. The calculated formula РU for the reliability of this

element will be the desired mathematical model of the functional reliability of the
network in relation to the k-th consumer of the system [10]:
Pk f = РUf ,

k = 1, К .

(5)

The value Рkf indicates the probability that the pipeline network provides the
target product from the source to the k-th consumer of the system for a certain period
of time (usually one year).
Under this example, the initial data are as follows:
– calculation models of functional reliability, which are determined in the
previous stages;
– weight function р on the vertices of the graph ERZ;
– weight function ра on the edges of the graph ERZ.
The work of the algorithm for constructing mathematical models in the
example gives the following results (generated mathematical models):
– relating the first consumer О Сп1 :
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P1 f = р а1 р а 2 ×

× [1 − (1 − p1 pa 3 p3 pa 5 p5 pa 7 pa 9 p8 pa16 pa11 p10 pa19 pa13 p9 pa18 pa12 p7 pa15 ) ×
× (1 − р 2 р а 4 р 4 р а 8 р а 7 р 6 р а14 )] р а10 ;

(6)

– relating the second consumer О Сп2 :
P2f = ра1 ра 2 [1 − (1 − р1 ра 3 р3 ра 5 ра 6 )(1 − р2 ра 4 р4 ра 8 ра 7 )] ;

(7)

– relating the third consumer О Сп3 :
P3 f = р а1 р а 2 [1 − (1 − р1 р а 3 р3 р а 5 р а 6 р5 р а17 р а11 р10 р а19 р а 9 р8 р а16 ) ×

× (1 − р2 ра 4 р4 ра 7 ра 8 р6 ра14 ра10 р7 ра15 ра12 р9 ра18 )] ра13 ;

(8)

– relating the fourth consumer О Сп4
P4f = р а1 р а 2 [1 − (1 − р1 р а 3 р3 р а 6 р а 5 р5 р а17 ) ×

× (1 − р2 ра 4 р4 ра 7 ра 8 р6 ра14 ра10 р7 ра15 ра12 р9 ра18 ра13 р10 ра19 ра11 р8 ра16 )] ра 9 ,

(9)

where р а1 , р а 2 ,..., р а19 – the value of the weight function ра ; р1 , р2 ,..., р10 – the value
of the weight function р .
Calculations of functional reliability by mathematical models (6) - (9) in the
example give the following values: P1 f = 0,935 1 ; P2f = 0,975 6 ; P3 f = 0,923 2 ;
P4f = 0,931 6 .

Conclusions
The obtained mathematical models can be used not only to calculate the
specific value of the indicator of functional reliability, but also to analyze them in
order to further improve the design of the network. Only the general appearance of
the model can lead to conclusions about the feasibility of new changes in the structure
of the network. Thus, all models (6) - (9) show a weak point in the design of the
network associated with the latches а1 and а2 . If the failure of any section does not
lead to the cessation of transportation of the target product to at least one consumer,
the failure of the latch а1 or а2 leads to a general cessation of transportation of the
target product in the network. According to model (6), if the latch а10 fails, the
transportation of the target product to the consumer О1 (and only to him) becomes
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impossible. Similarly, models (8) and (9) indicate that failure of the latch а13 or а9 ,
leads to the cessation of transportation of the target product accordingly to the
consumer О 3 or О 4 .
Therefore, the analysis of only the type of models (6) - (9) leads to the
conclusion that it is necessary to preserve the latches а1 and а 2 , as well as the desired
reservation of latches а9 , а10 and а13 . In the latter case, to correct the situation, it is
enough to attach to each latch in series another, the same.
The PS system reliability diagnostics system and the ERZ method in particular
bring the greatest benefit to the design of new PS, which allows for a comparative
analysis of alternative structures of the pipeline network on the criterion of functional
reliability.
REFERENCES
Samoilenko, М. I., Gavrilenko, I. O. (2009), Functional Reliability of Pipeline Transportation
Systems, Kharkiv, KHNUM named after O. M. Beketov, 184 p.
2. Rudachenko, A. V., Baikin, S. S. (2008), Operational Reliability of Pipeline Systems :
Tutorial, Tomsk, Publishing house of the Tomsk Polytechnic University, 118 p.
3. Bogdanov, E. A. (2006), Fundamentals of Oil and Gas Equipment Technical Diagnostics :
Tutorial, Moscow, Higher School, 279 p.
4. Karaev, R. A., Levin, A. A. (1975), Collection and Transmission of Information in Automated
Control System of Pipelines, Moscow, Energy, 175 p.
5. Kleinrock, L. (1975), Queueing systems. Volume 1 : Theory, New York, A Wiley-Interscience
Publication, 426 p.
6. Wentzel, E. S. (2018), Theory of Probabilities : Tutorial, Moscow, USTITIA, 658 p.
7. Litvinov, A. L. (2018), Theory of mass service systems : Tutorial, Kharkiv, KHNUM named
after O.M. Beketov, 141 p.
8. Samoylenko, N. I., Gavrilenko, I. A., Senchuk, T. S. (2015), "Creation of mathematical models
for ordering graph edges of the pipeline distribution network", Eastern-European Journal of
Enterprise Technologies, Vol. 3, No. 4 (75), P. 21–25. DOI: 10.15587/1729-4061.2015.42811
9. Gavrilenko, I. (2017), "Mathematical and digital modeling of one of the stages of the pipeline
network functional reliability calculation", ScienceRise, No. 6, P. 25–28. DOI: 10.15587/23138416.2017.103624
10. Gavrilenko, I. (2018), "Modeling of processes of detection of insignificant shut-off valves in
the calculating the probability of a probability of no-failure operation of emergency repair
zones", Mathematical models and the latest technologies of management of economic and
technical systems : Collective monograph edited by V. Timofeyev, I. Chumachenko, Kharkiv,
314 p.
1.

63

DOI: https://doi.org/10.30837/MMP.2020.064

A STUDY OF THE STRUCTURE OF FINANCING AND THE CONDITION
OF THE HEALTH CARE SYSTEM OF THE EUROPEAN UNION IN THE
CONTEXT OF THE 2020 PANDEMIC
Gybkina N., Sidorov M., Storozhenko O.

The problem of classification of the member states of the European Union in the XXI century
on some indicators of financing and a state of their systems of public health services, and also on
some indicators of demographic structure of the population is considered. The principal
components method and the cluster analysis method were used for the solution. This allowed to
compress the space of the studied features without losing informativeness and to reflect on the
plane of the division of the studied countries into clusters in terms of highlighting the general trends
in the state of their medical field. To study the nature of the impact of the studied indicators on the
course of the COVID-19 pandemic, the method of regression analysis was used. The ratio of deaths
from COVID-19 to those cured of the disease was used as an indicator of the development of the
pandemic. Among the many factors using stepwise regression those that have the greatest impact
on this indicator were selected.

The state of the health care system as an indicator of quality of life
The level of development of the health care system of each population is one
of the characteristics of quality of life. The United Nations and the World Health
Organization recommend that the level of funding for this system be closely
monitored with a view to reaching as many sections of the population as possible.
[25, 27].
The state of the medical sector is characterized by a large number of socioeconomic indicators that describe the amount and structure of funding, the
peculiarities of national legislation and the organization of the health care system in
each country. In the developed countries, the stable state of the health care system
allows maintaining the volume and quality of health care at an acceptable level.
But in the early 2020, health systems around the world faced an unprecedented
challenge - the COVID-19 coronavirus pandemic, which can be seen as testing their
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viability in critical conditions. According to the events of the first half of 2020, in a
few days the spread of the infection in some countries has reached incredible
proportions. Such a sharp increase in infections has jeopardized the state-of-the-art
health care systems, including the most developed countries in the world, including
the United States, France, Britain, Italy, Spain, and so on. The additional burden on
the medical system is that COVID-19 often leads to complications and fatalities in
the elderly and people with chronic diseases [27].
For this reason, research has recently become relevant in which various
methods, in particular mathematical, are used to analyze the dynamics of the spread
of COVID-19. Among the works on this topic, a large group consists of articles that
use mathematical models based on differential and difference equations of epidemic
distribution, time series analysis, autoregression [3, 4, 10, 17, 18, 21 - 23, 26]. In
addition, some authors consider the problem of a pandemic in terms of its impact on
various spheres of life, especially the economy [5, 15].
Therefore, it is of interest to conduct a statistical analysis of indicators that
characterize the level of funding of the medical sector and the age structure of the
population, in relation to the statistics of coronavirus incidence. Note that the
absolute number of infections or deaths from COVID-19 is not an adequate indicator
of the complexity of the situation in the country, as it does not take into account the
total population. Therefore, relative indicators will be more significant. One of these
is the ratio of deaths caused by COVID-19 to the number of patients treated for the
disease.
Since the factors that characterize the state of funding, the level of medical
care and quality of life are usually very many, it is advisable to use methods to reduce
the dimension (principal components method), classification methods (cluster
analysis) and regression analysis methods (stepwise regression).
Here is a brief description of each of these methods.

Description of some methods of multidimensional statistical analysis
When working with large data sets and when analyzing systems that are
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characterized by a large number of parameters, there is a need to compress the data
without losing their informativeness about the description of the system. This
problem is solved by methods of reducing the dimension, in particular, the method
of principal components. The essence of the principal components method is to
construct on the basis of the whole set of initial data some subset of generalized
indicators, and the number of generalized indicators used in the future is usually
chosen much less than the dimension of the space of initial factors. The method
analyzes the structure of the covariance (correlation) matrix of indicators and on the
basis of this analysis identifies linear combinations of initial features with the largest
contribution to the total variance. The algorithm of the principal components method
is given, for example, in [1, 2, 7, 8, 19, 20].
Cluster analysis solves the problem of classifying the analyzed objects and
allows you to divide the set of these objects into groups (clusters). Cluster analysis
algorithms are based on processing a matrix of distances between objects calculated
from a selected metric. One of the most frequently used methods of cluster analysis
are probabilistic methods, in particular, the k-means method, the k-median method,
and so on. Algorithms of these methods of cluster analysis are considered, for
example, in [9, 12 - 14].
Another important task of statistical analysis is to study the presence and type of
relationship between the initial factors and the response given by the system in the
experiment. The fact of the relationship of variables can be established using correlation
indicators, and the construction of a specific type of relationship between these variables
is the task of regression analysis. The most commonly used regression analysis
procedure is based on the application of the least squares method and allows to construct
the dependence (in particular, linear) of the response on all factors that were considered
in the experiment. The quality of this dependence can be described by several indicators,
among which the multiple coefficient of determination is preferred. In the presence of a
large number of factors, some of them may be dependent or related to each other, so in
this case it is advisable to use a step-by-step regression algorithm [6, 16], which allows
to choose only the most significant for the studied response.
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Application of the principal components method and clustering to the analysis
of the financing structure of health care systems in the countries of the
European Union
The European Union is made up of a large number of countries whose political,
economic and social status varies greatly from country to country. Therefore, we will
further focus on the analysis of the problem described in the introduction for EU
member states.
First, let’s study the specifics of financial investment in the EU health care
system through the consistent application of component and cluster analysis
procedures. As initial data for this analysis we will consider some economic indicators
that characterize the distribution of funds, and demographic indicators,
in particular:

X 1 – Current health expenditure (% of GDP);

X 2 – Current health expenditure per capita (at current prices);
X 3 – Domestic government health expenditure (% of current health
expenditure);

X 4 – Domestic public health expenditure (% of GDP);
X 5 – Domestic public expenditure on health (%of public expenditure);

X 6 – Domestic public health expenditure per capita (current prices);
X 7 – Domestic private health expenditure (% of current health expenditure);

X 8 – Domestic private health expenditure per capita (current prices);
X 9 – External health expenditure (% of current health expenditure);
X 10 – External health expenditure per capita (current prices);

X 11 – Actual expenses (%of current health care expenses);
X 12 – Actual expenses per capita (at current prices);

X 13 – Number of doctors (per 1000 people);
X 14 – Number of nurses and midwives (per 1,000 people);
X 15 – GDP per capita (at current prices);
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X 16 – GDP at current prices);

X 17 – Population aged 0-14 years (% of the total population);
X 18 – Population aged 15-64 years (% of the total population);

X 19 – Population aged 65 and over (% of the total population);
X 20 – Population, total.
Here n = 27 is the number of EU member states in 2017; р = 20 - the number
of indicators that were selected for the study. The values of the selected indicators
for each EU country in 2017 are taken from [24].
Cluster analysis aims to identify similarities in the financing systems of the
medical sector, and the previous application of the principal components method will
make

it

more

visible.

The

calculation

formulas

of

the

principal

components method are given in [7, 19]. The initial data are pre-normalized in order
to bring them to one scale, because the initial information is presented
in different units (US dollars, interest, quantity, etc.), and on the basis of normalized
data is built a correlation matrix (table 1). Since the correlation matrix
is symmetric, table 1 shows only the diagonal values and the values above the main
diagonal.
As in previous works [7, 19, 20], we will display the results of the analysis in
two-dimensional space, so for further clustering we will use two main components of
the principal components method, which describe 59.77% of the contribution to the
total variance. The first two maximum eigenvalues λ of the correlation matrix and
their corresponding eigenvectors L have the form:

λ1 =7.64004 ;
( −0.265927; − 0.338643; − 0.226118; − 0.319254; − 0.292187;
L(1) =
−0.340892; 0.225778; − 0.258257; 0.0102735; − 0.0389634; 0.262345;
−0.219748; − 0.0649413; − 0.285099; − 0.271841; − 0.145929;
−0.120987; 0.11647; − 0.0126471; − 0.120437)T ;

λ 2 =4.31387 ;
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L(2) =
( −0.35066; 0.109332; 0.0335511; − 0.178047; − 0.123892; 0.117308;
−0.0441984; 0.0426999; 0.407052; 0.398625; − 0.0606547; 0.0266198;
−0.226555; 0.0899394; 0.289816; − 0.192328; 0.191783; 0.335022;
−0.411905; − 0.197509)T .

Then the values of the first two main components (which are integral indicators
based on the original set of indicators) take the form:
y (1) = −0.265927 x1 − 0.338643x2 − 0.226118 x3 − 0.319254 x4 − 0.292187 x5 −
−0.340892 x6 + 0.225778 x7 − 0.258257 x8 + 0.010274 x9 − 0.038963x10 +
+0.262345 x11 − 0.219748 x12 − 0.064941x13 − 0.285099 x14 − 0.271841x15 −
−0.145929 x16 − 0.120987 x17 + 0.116470 x18 − 0.012647 x19 − 0.120437 x20 ;
y (2 ) = −0.235066 x1 + 0.109332 x2 + 0.033551x3 − 0.178047 x4 − 0.123892 x5 +
+0.117308 x6 − 0.044198 x7 + 0.042700 x8 + 0.407052 x9 + 0.398625 x10 −
−0.060655 x11 + 0.026620 x12 − 0.226555 x13 + 0.089939 x14 + 0.289816 x15 −
−0.192328 x16 + 0.191783x17 + 0.335022 x18 − 0.411905 x19 − 0.197509 x20 .

According to the obtained ratios, the position of the EU member states in the
(1)
(2)
coordinate system is calculated ( y , y ) :

Austria: (-2,327; -0,318);

Latvia: (3,979; 0,079);

Belgium: (-3,309; 0.264);

Lithuania: (2,524; -0,396);

Bulgaria: (3,934; -1,460);

Luxembourg: (-2,120; 8,510);

Croatia: (1,479; -0,457);

Malta: (0.256; –0.580);

Czech Republic: (0.568; -0.499);

The Netherlands: (-2,151; 0.147);

Denmark: (-3,873; -0,071);

Poland: (2,787; 0.372);

Estonia: (1,739; -0,233);

Portugal: (0.979; –1.871);

Finland: (-2,713; -1,180);

Romania: (2,583; 0.225);

France: (-3,188; -1,208);

Slovakia: (1,835; 1,037);

Greece: (2,525; -1,381);

Slovenia: (0.658; –0.255);

Hungary: (2,795; -0,171);

Spain: (–0.093; –1.099);

Italy: (–0.613; –2.297);

Sweden: (-4,693; -0,507).

Ireland: (-3,186; 2,580);
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Table 1
Correlation matrix of indicators for the main components method
X1
X1
X2
X3
X4
X5

X6
X7
X8
X9
X 10

1

X2

X3

X4

X5

X6

X7

X8

X9

X 10

X 11

X 12

X 13

X 14

X 15

X 16

X 17

X 18

X 19

X 20

0,659 0,171 0,893 0,667 0,620 –0,161 0,679 –0,390 –0,319 –0,311 0,621 0,355 0,433 0,272 0,375 –0,017 –0,505 0,431 0,449
1

0,438 0,739 0,653 0,989 –0,443 0,823 0,206 0,298 –0,577 0,732 0,128 0,717 0,885 0,266 0,380 –0,143 –0,146 0,196
1

0,588 0,502 0,537 –0,999 –0,029 0,0005 0,190 –0,855 –0,037 0,064 0,488 0,421 0,221 0,150 –0,160 0,029 0,174
1

0,765 0,755 –0,580 0,531 –0,327 –0,194 –0,627 0,499 0,303 0,574 0,406 0,408 0,086 –0,500 0,356 0,447
1

0,650 –0,492 0,538 –0,381 –0,241 –0,584 0,389 0,239 0,624 0,413 0,333 0,312 –0,386 0,104 0,338
1

–0,543 0,728 0,231 0,338 –0,619 0,680 0,127 0,719 0,891 0,265 0,377 –0,151 –0,137 0,190
1

0,028 –0,027 –0,215 0,854 0,034 –0,059 –0,489 –0,436 –0,216 –0,151 0,145 –0,015 –0,168
1

0,036 0,050 –0,294 0,771 0,112 0,556 0,655 0,217 0,312 –0,103 –0,131 0,181
1

0,967 0,014 0,111 –0,191 0,034 0,578 –0,180 0,029 0,599 –0,519 –0,219
1

X 11

–0,160 0,097 –0,170 0,140 0,662 –0,130 0,021 0,554 –0,475 –0,165
1

X 12

0,018 0,031 –0,605 –0,525 –0,184 –0,274 0,104 0,104 –0,269
1

X 13

0,196 0,412 0,585 0,284 0,124 –0,095 –0,007 0,017
1

X 14

–0,143 –0,017 0,236 –0,383 –0,323 0,535 0,076
1

X 15

0,648 0,269 0,535 –0,259 –0,156 0,055
1

X 16

0,125 0,414 0,154 –0,416 0,008
1

X 17

–0,286 –0,243 0,401 0,614
1

X 18

–0,151 –0,570 –0,206
1

X 19

–0,726 –0,188
1

X 20

0,300
1
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The application of cluster analysis (k-median method with 5 clusters based on
Euclidean metrics) to the results of the principal components method allowed to
visually display the location of countries and identify separate groups of countries
that can be considered somewhat similar in the studied indicators. A graphical
illustration of the location of countries in the two-dimensional plane and their
division into clusters is shown in fig. 1.

Fig. 1. Clustering by the method of k-medians (5 clusters) of EU countries
according to some indicators that characterize the financing and condition of their
health care systems

To indicate the countries in fig. 1 used two-letter abbreviations of their names
in accordance with the system ISO 3166-1 alpha-2, defined in ISO 3166-1, which is
part of the international standard ISO 3166: AT - Austria, BE - Belgium,
BG - Bulgaria, CY - Cyprus, CZ - Czech Republic, DE - Germany, DK - Denmark,
EE - Estonia, ES - Spain, FL - Finland, FR - France, GR - Greece, HR - Croatia,
HU - Hungary, IE - Ireland, IT - Italy, LV - Latvia, LT - Lithuania,
LU - Luxembourg, MT - Malta, NL - Netherlands, PL - Poland, PT - Portugal,
RO - Romania, SE – Sweden, SL – Slovenia, SK - Slovakia.
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As you can see, the results of component and cluster analysis take into account
the characteristics of individual EU countries. In particular, Luxembourg stands out
in a separate cluster due to the peculiarities of its political and economic situation,
which affects all spheres of life in the country, including the medical sphere.
Countries that have been in a difficult economic and political situation in recent
years (Italy, Portugal, Spain) are also in a separate group, so it can be considered that
this

affects

their

health

care

systems.

Consistent

application

of

component analysis and cluster analysis allowed to establish the similarity of the
state of health care systems and other EU countries according to the analyzed
indicators.
Next, we will examine the effectiveness of the medical industry in the context
of the coronavirus pandemic COVID-19 for EU member states. In response, we will
consider the ratio of the total number of deaths from coronavirus in each country to
the number of people who were cured of the disease (hereinafter "lethality/cure").
Both of these indicators are taken on the selected date (17.07.2020) for the entire
period of observation since the beginning of the pandemic, assuming that in the
future the mortality and morbidity rates will change slightly over time, i.e. the system
has reached a saturated state.
We will use the factors X 1 , X 2 ,..., X 20 given above as input data. Since their
total number is large, we will use step-by-step linear regression to build a regression
model. Statistics for selected factors and response are taken from [11, 24]. Still,

p = 20 , n = 27 .
We will perform calculations according to the algorithm given, for example,
in [6, 16]. Before applying the method, all initial data were normalized in order to
bring them to one measurement scale. The correlation matrix of factors

X 1 , X 2 ,..., X 20 used to construct stepwise regression is given above in table 1. The
correlation coefficients between the response and the factors X 1 , X 2 ,..., X 20 have the
form:
72

(0.223; 0.239; − 0.128; 0.091; 0.115; 0.155; 0.129; 0.502; − 0.053; − 0.034;
−0.216; 0.036; − 0.010; 0.135;0.149; − 0.126; 0.049; − 0.053; 0.010; 0.014).
The step-by-step regression procedure at the significance level α =0.15
revealed that the greatest influence on the "lethality/cure" response was due to
factors:

Х 8 – Domestic private health expenses per capita (at current prices);
Х 12 – Actual expenses per capita (at current prices);

Х 17 – Population aged 0-14 (% of total population);
Х 20 – Population, total.
The model of linear multiple regression corresponding to this dependence has
the form:

−2.22045 ⋅ 10−16 + 1.47999 x8 − 1.05681x12 − 0.34544 x17 − 0.30775 x20 .
yˆ =
The quality of the constructed regression model can be assessed using the table
of regression analysis (table 2).

Table 2
Table of variance analysis
Source of

Sum of

Degrees of

variance

squares

freedom

Regression

18.48458

Remainder
Full

Mean square

F - ratio

4

4.62115

11.939

8.51542

22

0.38706

27.00000

26

The multiple coefficient of determination is R 2 = 0.684614 , therefore, in the
constructed model 68.46% of the variation of the response is explained by the
variables Х 8 , Х 12 , Х 17 , Х 20 selected by the stepwise regression procedure, which
indicates the acceptable quality of the model.
Analyzing the obtained results, we can see that the coefficients for the
variables Х 12 , Х 17 , Х 20 are included in the constructed regression model with a
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negative sign. This means that an increase in each of these variables with a constant
value of all other variables leads to a decrease in response, i.e. in terms of
"lethality/curability" either the proportion of patients who die will decrease or the
proportion of those treated will increase. Thus, it follows from the model that the
variables Х 12 , Х 17 , Х 20 positively affect the dynamics of the process. The variable

Х 8 is included in the regression model with a positive sign, i.e. its increase will
negatively affect the response. This can be explained by a complex and multilevel
relationship between the variables analyzed.
It should be noted that the selected variables are linearly related to other
variables, in particular,

X 17 + X 18 + X 19 =
100%

Х 2 = X 6 + X 8 + X 10 where Х 8 = X 2 − X 6 − X 10 ; and
where from

X 17= 100% − X 18 − X 19 . Therefore, the

constructed regression can also be written through the variables Х 2 , Х 6 , Х 10 , Х 18 ,

Х 19 . In this case, the sign of the coefficient before all new variables, except Х 2 , will
change to the opposite, which will correspond to the change of the direction of
influence on the response from positive to negative (or vice versa, respectively).
Note that the multiple linear regression, built on all factors X 1 , X 2 ,..., X 20 , will
look like:


yˆ ( x ) = 4.01236 ⋅ 10−7 + 2.30722 x1 − 18756.72041x2 − 1538.94463x3 −
−4.00017 x4 − 0.21200 x5 + 15451.06976 x6 − 1540.15232 x7 + 4183.44722 x8 −

−37.19776 x9 + 147.58759 x10 − 1.00525 x11 − 0.31234 x12 − 0.57789 x13 +

+0.03213x14 − 3.50467 x15 − 0.14067 x16 − 2.31391 ⋅ 107 x17 − 2.76483 ⋅ 107 x18 −

−3.32613 ⋅ 107 x19 − 0.07258 x20 .
This model corresponds to the value of the multiple coefficient of
determination R 2 = 0.928916 , therefore, selected by stepwise regression 4 variables

Х 8 , Х 12 , Х 17 , Х 20 are almost 74% of the coefficient of determination of the general
regression model, i.e. the other 16 variables in the general model account for only
26% of the response.
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Analysis of the obtained results
The statistical analysis procedures used in the work today are quite promising
methods of processing and analysis of complex, multidimensional, multidimensional
and multidimensional data. The authors attempted to apply these methods to identify
patterns in the data describing the state and financing of the medical sector, in
particular, in the crisis, which was the pandemic of the coronavirus COVID-19 for
all countries.
The integrated application of component analysis and cluster analysis has
made it possible to group EU countries by the level of funding for the health care
system, some indicators of its state and demographic indicators, as well as to
establish similarities in these indicators for different countries. The obtained results
are in good agreement with the general conclusions made by the authors in previous
works [7, 20] and are in line with generally accepted trends. Preliminary application
of component analysis additionally allows to significantly reduce the number of
analyzed variables without losing informativeness, and its results can be used in other
statistical procedures.
Another way to reduce the set of features is not to combine them into integral
indicators, but to choose the most significant of the whole set of initial features under
consideration. The use of stepwise regression allowed many variables describing the
financing and state of the health care system, as well as the age structure of the
population, to select those that have the most significant impact on the medical
response to COVID-19 and to analyze their significance. Note that the choice as a
response to an indicator different from that considered in this paper, will lead to the
selection of another group of the most significant initial features. In the case of a
large set of initial features, stepwise regression allows to reduce the time for further
work with the constructed model by significantly reducing the variables used in it.
Summarizing the results of the study, it should be noted that the analysis is not
exhaustive. Rather, it can be seen as an initial step in a comprehensive (involving
experts not only in applied mathematics but also in medicine, economics, sociology,
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etc.) analysis of the causes and consequences of the COVID-19 pandemic in 2020,
in particular in terms of responsiveness health systems of individual countries to
critical situations caused by mass morbidity and complications of diseases with a
high rate of spread.
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MODELING OF ECOLOGICALLY-ORIENTED CLOSED LOGISTICS
CHAINS
Kovtun T., Smrkovska V.

The article considers the issues of modeling ecologically-oriented logistics chains (supply
chains) that meet the modern principles of the circular economy, which arose in response to the
eco-destructive impact of the existing model of industrial economy on the environment. The concept
of circular economy is characterized by taking into account the environmental aspects of logistics,
which has led to the creation of closed logistics chains of reverse logistics, which originate and
end in the natural environment and create reverse material flows.
Approaches to the creation of closed logistics chains are considered: organizational, flow
and process. Each of the processes reflects one aspect of the essence of the logistics chain. Models
of the ecological chain from the standpoint of each of the approaches are presented, which are
based on the model of the circular economy proposed by the Ellen McArthur Foundation. The
composition of the main participants of the closed logistics chain is determined from the standpoint
of the organizational approach. A flow model is built, which takes into account direct and reverse,
including rotary, material flows. The return flows are determined, and the logistic loops
corresponding to them are constructed.

Introduction
The dynamic development of logistics as a science and the experience of
practical implementation of the logistics approach have led to the assertion that
logistics is strategically important in modern business. This is supported by the
results of the use of logistics principles in the practice of management of Western
companies: the cost of transportation and storage is reduced by 15-20%; the level of
stocks decreases by 50%; the duration of the working cycle is reduced by 50–70%
and the delivery of products to the consumer by 25–30%; 100% fulfillment of
contractual obligations is ensured [1].
Logistics as a field of practice makes a negative contribution to the current
state of the environment. The change of the worldview paradigm of mankind to
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sustainable ecological-oriented development has led to the emergence of areas of
logistics that meet the needs of today in creating a circular (closed) model of the
economy.
The modern concept of logistics, which is actively developing and has recently
been influenced by greening, is the management of supply chains (logistics chains) Supply Chain Management [2; 3]. L.M. Zaretska, I.I. Mukhina, А.V. Smirnova,
M.Yu. Grigorak, Yu.V. Varenko, J.-P. Rodrigue, B. Slack, C. Comtois, Su-Yol Lee,
Robert D. Klassen reveal the application of an ecological approach to the
management of logistics chains. Models of the logistics chain with reverse material
flows are presented in the works of such authors as M.N. Grigoriev, O.P. Dolgov,
S.O. Uvarov; S.S. Ali, D.A. Karkh, S.W. Potapova, С.А. Shakhnazaryan,
A. Tambovtsev, T. Tambovtseva, K.O. Dzyubina, A.V. Dzyubina, V.A. Falovich
and others.
Ideally, the formation of a circular economy model should lead to compliance
with the principle of zero waste, which is possible through the introduction of
mechanisms of reverse (reverse) logistics and the creation of environmentallyoriented closed logistics chains.

Presentation of the main material
1. Closed supply chains
In the general sense, the logistics chain - a system of business processes
implemented in the system of relations of interacting partner companies, integrated
in the direction of flow from the source of raw materials to the final consumer [4].
As an object of management, the logistics chain is a complex mesologistic system,
which includes micrologistics systems of enterprises - participants in the chain,
which are integrated with each other.
In accordance with the needs of greening logistics, it is necessary:
first, to extend the logistics chain from the initial supplier and the final
consumer to the natural environment, where waste products that have no further
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consumer value, even as secondary material or energy resources, must return with
the least damage to the environment, and create a complete logistics chain [5];
secondly, take into account the return flows at each stage of the logistics chain
from the extraction and processing of raw materials through the production and
distribution of finished products to their final use or disposal, considering the
logistics chain as a feedback system [6].
In this way, the logistics chain will change its linear structure and become an
environmentally-oriented closed-loop supply chain, which is a complete supply
chain with feedback. Management of such chains has different interpretations, but
the ultimate goal is to reduce the eco-destructive impact on the environment (table 1).

Table 1
Interpretation of environmentally-oriented supply chain management
Ecological supply chain management
Green К., Morton В. and New S. [7]
Innovative actions in the field of supply chain management and production supply, which can
be considered in the context of environmental protection.
Green Supply Chain Management
Dan Bin, Liu Fei [8]
Modern management concept, which comprehensively considers the impact of the supply chain
on the environment and the efficiency of natural resources.
Godfrey R. [9]
Practical actions to improve and control the ecological indicators of the supply chain.
Ali S.S. [6]
A type of management that effectively takes into account all environmental aspects and resource
utilization.
Srivastava Samir K. [10]
Integrated thinking in the field of supply chain management, which takes into account the
environmental impact factor and includes product design, search and selection of suppliers and
materials for its manufacture, direct production process, distribution of finished products among
customers, and product management after its end cycle.
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End of the Table 1
Environmentally friendly supply chain management
Yan Zhang W. E. [11]
Is a comprehensive method of environmental management, which would consider the entire life
cycle of the product from the extraction of raw materials to the final consumer.
Closed-loop supply chain management
V. Daniel, R. Guide Jr. [12]
Design, control and management of the logistics system in order to create the maximum added
value of the product throughout its life cycle with the subsequent return of this value in different
types and quantities over a period of time.
Supply chain management with feedback
Ali S.S. [6]
An effective, efficient and economically optimal strategy aimed at supporting environmentally
friendly methods of work in the industrial sector.

Eco-oriented management of logistics chains requires the use of modern
approaches. Analysis of research by logistics specialists [3; 13-15] allowed us to
identify the following approaches to modeling logistics chains: organizational, flow,
process. The main difference between the approaches is the understanding of the
essence of the chain and the elements that form it.

2. Organizational approach
The composition of the participants in the logistics chain may differ depending
on the business area, product characteristics, logistics processes, functions and
operations performed in the system, and so on. The following elements are offered
as participants of the ecologically-oriented logistics chain:
– suppliers, manufacturing companies, warehouses, distribution centers, end
users, collectors, repair companies, collapsible companies, recycling [16];
– suppliers, production, warehouse, distribution center, service center,
consumer collection center, defective goods collection center, decomposition center,
product recycling plant [17];
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– enterprise-producer, enterprise-intermediary, consumer, enterprise-service
center, enterprise-point of waste reception (returnable packaging), enterpriseprocessor of waste (returnable packaging) [18];
– production, wholesale intermediary, retail intermediary, consumers,
enterprises for the collection of secondary raw materials, enterprises for the
processing of secondary raw materials [19];
– suppliers, factories, warehouses of finished products, area of the "first
buyer", collection centers, equipment points, utilization centers, zone of "second
buyer" [6];
To create a closed-loop logistics chain with feedback, we use the participants
and processes used in the circular economy model proposed by the Ellen McArthur
Foundation [20]. According to this model, the main participants in the chain include:
resource supplier, parts manufacturer, product manufacturer, service provider,
consumer / user, collection center, repair center, disassembly center, recycling
center.
Eco-oriented logistics chain consists of two chains: forward and reverse,
depending on the direction of movement of the material flow. Participants in the
direct chain may not be in the reverse, and vice versa. There are participants in both
the direct and reverse chains. The conditional link that divides the complete chain
into direct and reverse is the consumer/user of the product. The direct chain starts
with the resource supplier and ends with the consumer/user of the product, the
reverse chain begins with the consumer/user of the product and ends with the
recycling center (fig. 1).

3. Flow approach
The flow approach determines the object of management in logistics material
and related flows. The complete logistics chain considers the management of not
only direct material flows, but also flows moving in the opposite direction to the
direct material flow.
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resource provider

parts
manufacturer

product
manufacturer

service provider

Direct circuit
consumer/
user

Reverse circuit
recycling center

repair center

parsing center

collection center

Fig. 1. Complete logistics chain

The need to take into account the movement of inventory in the opposite
direction has led to the emergence of feedback and backward (reverse) material flows
as an object of reverse logistics management [21; 22]. Reverse material flow is a set
of inventory, attributed to a certain time interval and directed in the direction from
the source of its consumption to the source of education in order to restore usefulness
or withdrawal from circulation [18].
Reverse material flows may include raw materials, finished products, goods,
packaging, reusable or damaged packaging, production and consumption waste, and
so on. These may be products that have lost their marketable value, marketable form,
which serve as material resources of processing organizations, i.e. secondary material
resources.
There are also differences in the definition of the essence of return and return
flows. Backward flows (from the word back) are directed in the direction opposite to
the direct flow to the places of their processing for further involvement in economic
circulation. Thus, for reverse flows, the direction of movement is opposite - the
opposite of the direct.
Return material flows (from the word return) consist of returned goods,
containers, packaging, etc. by one party to the other, to the address of the supplier,
seller. Return flow is a commodity flow that is organized and sent by the recipient to
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the address of the supplier at the agreed time, form of payment and quality of goods
[23]. That is, in the process of spatial movement are goods of improper
quality, defective, damaged, warranty, recalled by the manufacturer and so on.
In the same form, or after recovery, they enter a new cycle of sales and
realization.
Thus, there is a difference between return and reverse flows, which is
expressed in the nature of their occurrence and purpose. As part of the reverse flows,
in addition to the return flows, there are also material flows that are subject to
recycling or disposal. It is proposed by analogy with [18] to call them recycling and
recycling.
The flow model of the ecologistic system is shown in fig. 2.

Ecologistic system
Direct material flow
material and energy resources, work in progress, finished production, goods

Reverse material flow
- return flow (returned products, goods, containers, packaging)
- recycling and utilization (secondary material resources, production waste, consumption waste)

Fig. 2. Material flows of the ecologistic system

4. Process approach
The basis of the circular economy is formed by closed (complete with
feedback) supply chains that provide an integrated environmental and economic
effect throughout the life cycle of the product by restoring the value of products,
materials and resources. The object of management in a closed logistics chain in the
process approach are logistics business processes at the level of micro-, meso- and
macro-logistics systems).
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Logistic organization of business is based on the integration of individual
production and commercial functions into a single system of material movement,
strengthening

coordination

and

cooperation

of

individual

entities

in the process of achieving a common goal - ensuring maximum economic efficiency,
which is achieved through system-wide optimization of business processes [24].
The system of business processes of the logistics chain is a sequence of
interconnected processes carried out by different companies - members of the chain
[24]. A necessary condition for the successful operation of the logistics chain is the
harmonization of the principles of process and flow approaches. It is proposed to
form chains of processes according to the direction of flow. In this case, the logistics
process

is

seen

as

an

element

of

the

value

creation

process.

The boundaries of the process are determined by the possibility and feasibility of
measuring the result of the process [4] and may be limited to the logistics
system of an individual enterprise or extend to other participants in the logistics
chain.
The introduction of the circular economy model, which requires the closure of
the logistics chain by creating a feedback system, has led to the use of processes that
are not typical of linear logistics chains. The development of the concept of circular
economy has led to the formation of frameworks ("3R", "4R", "6R", "9R"), which
include processes that close the logistics chain:
– recover (recovery, return) - the process of collecting products and
components at the end of use, disassembly, sorting and cleaning for use in subsequent
life cycles [25];
– recycle (recycling, recycling) - the process of returning waste, discharges
and emissions into the processes of techno genesis [26], reuse of waste for the same
purpose, as well as the return of waste after appropriate treatment in the production
cycle [20];
– refurbish (renewal, repair) - restoration and renewal of an old but serviceable
product [27];
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– remanufacture (update, modification) - the process of restoring the product
to bring it into working order by replacing or repairing major components or
components [28];
– repurpose - reorientation, use of a failed product and its parts in a new
product with a second purpose [29];
– repair (repair, correction) - repair and maintenance of a defective product
for use in accordance with the original purpose [30];
– reuse implies that a product is reused for original or new purposes in its
original form or with some changes and minor improvements [31];
– reduce (reduction, decrease) involves the reduction of the use
of resources and energy at the stages of planning and production of
the product, and the reduction of emissions and waste at the stage of its
use [30];
– rethink (rethinking) - increasing the intensity of product use (e.g., sharing)
[27].
– refuse - reduction of excessive consumption of products due to the complete
abandonment of their functionality by transferring their functionality to other
products [27];
– redesign - the process of developing next-generation products that use
components, materials and resources extracted from the previous life cycle or
previous-generation products (redesign to use as many extracted components and
parts as possible without losing functionality) [27].
Among the presented processes of the circular economy should be noted the
processes related to reverse logistics and involved in the organization of
reverse flows to create feedback in a closed logistics chain. Such processes
include recover, recycle, refurbish, remanufacture, repurpose, repair, reuse.
Due to these processes, which can be called circular, there are logistic loops between
the participants in the logistics chain, providing feedback in closed logistics chains
(table 2).
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Table 2
Reverse processes of a closed logistics chain
Logistic chain of the circular process
The recover process creates two loops in the logistics chain, because after disassembling the
products, the products and their components can go to the parts manufacturers and product
manufacturers.
resource
provider

parts
manufacturer

product
manufacturer

service provider

consumer/
user

recover
parsing center

collection center

The processes of refurbish (update, repair) and remanufacture (update, modification) create two
loops, as products from consumers can come both to the repair center through the collection
center and directly.
resource
provider

parts
manufacturer

refurbish
remanufacture

product
manufacturer

service
provider

repair center

consumer/
user

collection
center

The reuse process creates two loops because it involves reusing the product for original or new
purposes in its original form or with some changes and minor improvements.

resource
provider

reuse

parts
manufacturer

product
manufacturer

consumer/
user

repair center

collection
center
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service
provider

End of the Table 2
The repurpose process creates three logistic loops, as the path of the failed product to the
manufacturer goes through the collection center or collection center and repair center, and parts
of the product move through the disassembly center.
parts
manufacturer

resource
provider

repurpose

product
manufacturer

service
provider

consumer/
user

repair center

collection
center

parsing center

The repair process (repair, maintenance) creates a single logistical loop, as the repair and
maintenance of a faulty product for use in accordance with the original purpose requires the
participation of the repair center.
resource
provider

parts
manufacturer

repair

product
manufacturer

service
provider

repair center

consumer/
user

collection
center

The largest number of logistics loops creates the process of recycle (recycling, remaking) - ten
loops. The process of returning waste, discharges and emissions into the production cycle can
be carried out by almost all elements of the environmental chain.

resource
provider

parts
manufacturer

recycle

product
manufacturer

service
provider

repair center

consumer/
user

collection
center

parsing center
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In addition to the reverse processes in the circular economy model,
there are two processes: energy recovery and landfill, which are recyclable
and aimed at the safe recycling of waste that cannot be used in another, more efficient
way.

Conclusions
The ecological chain as an object of management is a complex system based
on the integration of individual links - the micrologistic systems of the participating
companies that form the chain. Integration into a single system of participants in the
environmental chain is carried out by promoting material flows in both forward and
reverse directions. Thus, the linear model of the logistics chain becomes irrelevant,
it is replaced by a closed model, in which not only direct but also feedback between
the participants of the chain is possible. The closed logistics chain is complete
because it begins at the place of receipt of natural resources and ends at the place of
their utilization and disposal.
The application of organizational, flow and process approaches to modeling
allows to take into account the peculiarities of the essence of the chain and the
elements that create it. The integration of these approaches leads to the creation of a
logistics chain that takes into account aspects of the modern vision of the circular
economic model and reduces the negative impact on the environment.
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DISCRETE MARKOV CHAINS IN EXCHANGE MODELS
Kuznichenko V.

The paper considers a stochastic approach to the analysis of discrete linear exchange
models. Discrete linear exchange models are described by Markov chains, using Z-transformation.
On the basis of this approach, discrete models of deficit-free, deficit and generalized (mxn size)
exchange models are obtained. A two-level balance exchange model was created with a different
number of participants at each level. At these levels, participants in vertically adjacent channels
of distribution of goods in supply chains can be located: producers-consumers, distribution
intermediaries. When the volume of supplies changes in proportion to the equilibrium distribution
at the upper level, the ratio of the amount of benefits received at the lower level will remain. In this
case, each recipient of the lower level knows his share of the distributed goods, which contributes
to a more efficient organization of the exchange process. The technique used is of interest for
creating multilevel models of distribution channels.

Introduction
Human entrepreneurial activity is always associated with the exchange of
various goods (values). The beginning of the exchange process was trade, both within
the country and between states. Currently, it is an important component of the socioeconomic development of countries and plays a significant role in their integration
into the international community. Any business entity deals with the planning of
commodity-cash flows. The description of complex dynamic processes involves the
use of mathematical methods, on which the quality of the constructed models
depends. In this regard, the improvement of exchange models is of great interest for
planning the economic activities of enterprises and the country's economy as a whole,
and their further development and the creation of more improved models is an urgent
task.
The main issues in exchange models are the issues of determining the
equilibrium state, the time (number of steps) for which the system comes to an
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equilibrium state and the study of the dynamics of the system's transition from state
to state that leads to it.
One of the approaches to studying exchange models is based on solving
recurrent systems of linear equations, linear differential equations through finding
the eigenvalues and eigenvectors [1-8].
The next approach is based on the study of stochastic models [9-15].
One of the directions of the stochastic approach to the study of exchange
processes was developed on the basis of discrete Markov chains [16-20].
This approach makes it possible not only to determine the equilibrium states
of the system, but also to observe the dynamics of the system's displacement from
the initial state to the equilibrium state.
The next step was the development of continuous deficit-free and scarce
models, both without control and with external control, building a multi-level balance
exchange model with a different number of participants at each level.

1. Deficit-free and deficit exchange models
One of the ways to construct a discrete deficit-free linear exchange model
(linear model of international trade) was Leontiev's balance model "Input - Output"
[21]:
AX + Y = X

where

X ,Y

,

(1.1)

̅ the columns vectors of size nx1.

If Y = 0 , then equation (1.1) takes the form (1.2):
AX = X

(1.2)

and is a linear exchange model. Matrix A was called the structural trading matrix,
which has the following properties:
1. All elements of this matrix are non-negative ( ∀i, j, aij

≥ 0 );

2. The sum of all elements of each column of matrix A are equal to 1
n

( ∑ aij = 1, ∀j = 1, n ).
i =1
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It is clear that if the vector X is normalized, then the solution (1.2) will be
the eigenvector of the matrix A for λ = 1 .
It is easy to see that the transposed matrix A satisfies the conditions:
n

L = AT ;0 ≤ aij ≤ 1, ∑ a ji = 1, ∀i = 1, n ,

(1.3)

j =1

then the transposed equation (1.2) takes the form:
pL = p

(1.4)

where p = ( X 0 )T = ( p1 , p2 , ..., pn ) , X 0 = ∑ p i = 1 .
n

i =1

This means that the matrix L is a stochastic transition matrix (in one step) from
state i to state j of the Markov chain. To determine the Markov chain, it is also
necessary to specify some initial distribution of the random variable ξ

= p (0)

Equation (1.4) after n steps takes the form:
p (n) = p (n − 1) L = ... = p (0) Ln .

(1.5)

Applying the Z-transformation to equation (1.5), we obtain:
z −1 ( H ( z ) − p (0)) = H ( z ) L ,

where

p ( n) ↔ H ( z ) ,

from which it follows that

H ( z ) = p (0)( I − zL) −1 ,

(1.6)
where I is an

identity matrix, and ( I − zL) −1 ↔ Ln . Thus, expanding the matrix ( I − zL) −1 into prime
factors, we obtain an analytical solution to the problem.
Note 1. The matrix Ln can always be represented as a sum of two summonds:
Ln  S  T (n)

(1.7)

Note 2. The matrix S for an ergodic process is always a stochastic matrix, each
row of which contains the final distributions of the Markov chain. This matrix is
called stationary because it does not depend on n.
Note 3. The matrix S coincides with the matrix L(∞) → Ln , n → ∞ .
Note 4. For an ergodic process, the matrices T(n) describe the behavior of the
process during the transition period. They are matrices multiplied by coefficients of
the form α n , nα n ,... and so on. Naturally, these terms are infinitesimal with increasing
n, since they correspond to a decreasing geometric progression with α ˂1. These
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matrices are also interesting in that the sum of their elements for each row is equal
to zero. Matrices with such properties are called differential.
2. Deficit exchange model
Now let's go to the description of the deficit model of exchange between n
partners.
Let xi is a total supply of goods (values) of exchange possessed by the i-th
exchange partner;

x ′j

is a total demand for goods (values) of the j-th exchange

partner.
In this case
n

xi = xi1 + xi 2 + ⋅ ⋅ ⋅ + xin = ∑ xik ,

i = 1, n ;

(2.1)

k =1
n

x ′j = xi1 + xi 2 + ⋅ ⋅ ⋅ + xin = ∑ xkj ,

j = 1, n .

(2.2)

k =1

Equation (2.1) is the supply equation, and (2.2) is the demand equation, and it
is clear from the problem statement that
xij ≥ 0, xi >0, x j >0.

The total consolidated budget D of these n partners will be equal to:
n

D = ∑ xi
i =1

n

= ∑ x ′j .

(2.3)

j =1

The matrix X = ( xij ), (i, j = 1, n ) represents the distribution of budgets between
n exchange partners and has the form:
 x11

x
X =  21
⋅⋅⋅

 x n1

⋅⋅⋅
⋅⋅⋅
⋅⋅⋅ ⋅⋅⋅
xn 2 ⋅ ⋅ ⋅
x12
x22

x1n 

x2 n 
.
⋅⋅⋅ 

xnn 

(2.4)

Let
aij′ =

xij
, (i, j = 1, n )
x ′j
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(2.5)

is a part of the budget that the j -th exchange partner spends on the purchase of goods
(values) from the i -th partner, and
aij =

xij
xi

, (i, j = 1, n )

(2.6)

is a part of the budget that the i -th partner receives in the form of goods (values) from
the j -th partner.
Let's compose a matrix A1 from the coefficients (2.5):
 x11
 '
 x1
 x 21
 '
A1 =  x1
 ...
 ...
x
 n'1
 x1

x12
x 2'
x 22
x 2'
...
...
xn 2
x 2'



  a'
  11'
  a 21
 =  ...
 
 ...
...  
x nn   a n' 1

x n' 

x1n
x n'
x
... ... 2'n
x2
... ... ...
... ...

... ...
... ...

a12'
'
a 22
...
...
a n' 2

... ... a1' n 

... ... a 2' n 
... ... ...  .
... ... ... 
' 
... ... a nn


(2.7)

The transposed matrix A1T is called the transition matrix from the supply vector
to the demand vector.
The matrix A2 composed of the coefficients (2.6) is called the transition matrix
from the demand vector to the supply vector:
 x11

 x1
 x 21

A2 =  x 2
 ...
 ...
 x n1

 xn

x12
x1
x 22
x2
...
...
xn 2
xn

... ...
... ...
... ...
... ...
... ...

x1n
x1
x2n
x2
...
...
x nn
xn



  a11
 a
  21
 =  ...
 
  ...
  a n1



a12
a 22
...
...
an2

...
...
...
...
...

... a1n 

... a 22 
... ...  .

... ... 
... a nn 

(2.8)

From the construction of matrices (2.7) - (2.8) follows that the sum of the
elements of the matrix A1 in each column is 1, and the matrix A2 has the sum of the
elements in each row equal to 1.
Note that in order the exchange between partners to be balanced and deficitfree, the following equalities must be met:
xi = x ′j ,

i = j,
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(i, j = 1, n) .

(2.9)

Using matrices (2.7) - (2.8), we obtain the matrix equations:

 x1
,
D

where p = ( p1 , p 2, ⋅ ⋅⋅, p n ) = 

 x'
q = (q1 , q 2 ,⋅ ⋅ ⋅, q n ) =  1 ,
D

p A2 = q ,

(2.10)

q A1T = p ,

(2.11)

x 
x2
, ... n  and
D
D
x' 
x 2'
, ... n 
D
D

determine the vectors of states of distribution of goods (values) between partners
depending on supply and demand, respectively.
Substituting in (2.10) instead of
q

its expression from (2.11), and instead of

p

its expression from (2.10) into expression (2.11), we obtain:
p




q





А2 A1T = p
n

∑p
k =1

k

А1T A2 = q
n

∑q
k =1

k

;

=1

=1

(2.12)

.

(2.13)

The matrices A2 A1T and A1T A2 will be called the supply and demand matrices,
respectively. These matrices are stochastic and under the initial conditions
q (0)

p ( 0)

and

form Markov chains for supply and demand models.
Note that in the case of a balanced deficit-free exchange, the limiting states of

the matrices A2 A1T and A1T A2 coincide ( p ∗ = q ∗ ). Thus, to study the behavior of a
balanced deficit-free exchange, it is enough for us to have either the exchange supply
matrix A2 A1T or the exchange demand matrix A1T A2 .
Note 5. Let’s add a vector

f

to equation (1.5), then we get:
p (n) = p (n − 1) L + f

The vector

f

.

(2.14)

will be considered as a vector of administrative redistribution of

goods (values). For the redistribution process to converge, the condition should be
n

met:

∑f
i =1

i

= 0.
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To find an analytical solution to equation (2.14), we apply the
Z-transformation.

3. Two-level exchange model
Consider a direct supply chain (a simple distribution channel of goods
(values)): "sellers (producers)" - "buyers (consumers)" [22]. Let Pj0 the number of
"sellers" be at the top zero level ( j = 1, m0 ), and the number of "buyers" at the first
level ( i = 1, m1 ). Each "seller" distributes the goods (values) between the "buyers"

Pi1

in accordance with contracts that take into account the possibility of changing the
supply volumes while maintaining shares between them. "Buyers" exchange goods
(values), carrying out a flow of exchange to "sellers". Matrices of paired comparisons
of the volumes of goods (values) in relative terms from "buyers" to each "seller" are
presented in table 3.1.
Table 3.1.
Pairwise comparison matrices for level 1 participants relative to each level 0
participant
Pj0

P11

P21

P31

…

Pm11

Sum

V ( Pj0 , P1 )

P11

1

x1 j

x1 j

…

x1 j

x1 j * t j

x1 j

x3 j

x2 j
P21

1

x2 j
x1 j

P31

1

x1 j

x2 j * t j

x2 j

x3 j

x3 j

x3 j

…

x2 j

X 0j

xm1 j
x2 j

X 0j

xm1 j
…

x3 j * t j

x3 j

x2 j

x3 j
X 0j

xm1 j

…

…

…

…

…

…

…

…

Pm11

xm1 j

xm1 j

xm1 j

…

1

xm1 j * t j

xm1 j

x1 j

x2 j

x3 j

1
1
1
+
+
+ ... +
xm1 j
x1 j x2 j x3 j
0
X j = x1 j + x2 j + x3 j + ...xm1 j

Sum

tj =

100

X 0j * t j

1

X 0j

In the Table 3.1

is the amount of goods that the i -th "buyer" transfers to the

xij

j -th "seller" or vice versa (the j -th "seller" transfers the goods (values) of exchange

to the i -th "buyer"), V ( Pj0 , P1 ) are eigenvectors of the matrices Pj0 . For all tables of
distribution of exchange between participants of

and

0

1

levels, the following

equalities are fulfilled:
m1

∑x
i =1

ij

m0

∑x

=X ,
0
j

j =1

ij

=X ,
1
i

m0

∑X
j =1

m1

0
j

= ∑ X i1 = D
i =1

Matrices of paired comparisons of the received goods (values) between the
"sellers" in relation to each "buyer" are presented in table 3.2.

Table 3.2
Pairwise comparison matrices for level 0 participants relative to each level 1
participant
Pi1

P10

P20

P30

P10

1

xi1

xi1

P20

xi 2

P30

xi 3

Pm00

…

xi1

…

xi 2

xi1

xi1 * t i

xi1

X i1

xi 2

X i1

xim0

1

xi 3

V ( Pi1 , P 0 )

xi 2 * t i

xi 2

xi 3

xi1

Sum

xim0

xi 3

xi 2

1

…

…

xi 3 * t i

xi 3

xi 3

xim0

xi 2

X i1

…

…

…

…

…

…

…

…

Pm00

xim0

xim0

xim0

…

1

xim0 * t i

xim0

X i1 * t i

1

xi 2

xi1

xi 3

1
1
1
1
+
+
+ ... +
xi1 xi 2 xi 3
xim0
1
X i = xi1 + xi 2 + xi 3 + ... + xim0

Sum

ti =

Here

V ( Pi1 , P 0 )

X i1

are eigenvectors of matrices Pi1 .

Using the found eigenvectors V ( Pj0 , P1 )
construct matrices V ( P 0 , P1 ) and V ( P1 , P 0 ) :
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( j = 1, m0 ) and V ( Pi1 , P 0 )

(i = 1, m1 )

 V T ( P10 , P1 ) 
 T 0 1 
 V ( P2 , P ) 


0
1
V ( P , P ) =  V T ( P30 , P1 )  ;


...
 T 0 1 
V ( Pm0 , P ) 

(3.1)

 V T ( P11 , P 0 ) 
 T 1 0 
 V ( P2 , P ) 


1
0
V ( P , P ) =  V T ( P31 , P 0 )  .


...
 T 1 0 
V ( Pm1 , P ) 

(3.2)

The stochastic matrix C ( P 0 ) size m0 * m0 is calculated by the formula:
C ( P 0 ) = V ( P 0 , P1 ) *V ( P1 , P 0 ) .

(3.3)

The stochastic matrix C ( P1 ) size m1 * m1 we calculate using the formula:
C ( P1 ) = V ( P1 , P 0 ) *V ( P 0 , P1 ) .

The vector of global priorities

W (P 0 )

(3.4)

is found from the system of equations:


W (P 0 ) = W (P 0 ) * C(P 0 )

m0

w j (P 0 ) = 1
.

∑
=
1
j

W ( P 0 ) = w1 ( P 0 ), w2 ( P 0 ), w3 ( P 0 ), ... , wm0 ( P 0 )


(

(3.5)

)

The vector of global priorities

W ( P1 )

is found from the system of equations:


W ( P1 ) = W ( P1 ) * C ( P1 )

m1

w j ( P1 ) = 1
.

∑
j =1

1
1
1
1
1

W ( P ) = w1 ( P ), w2 ( P ), w3 ( P ), ... , wm1 ( P )

(

(3.6)

)

The vectors of global priorities W ( P 0 ) , W ( P1 ) determine the equilibrium points
of the systems of distribution of goods (values) in the two-level balance model at
each level.

Conclusions
The paper considers a stochastic approach to the analysis of discrete linear
exchange models: deficit-free, deficit, generalized with an external control vector,
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two-level balance exchange model. These models are described by Markov chains
using Z-transformation, which allows to obtain an analytical form of solving
problems. This technique allows to describe the models: international trade, the
implementation of budget projects, financial interaction of enterprises in the regions,
logistics supply chains and many other models.
A significant difference between the probabilistic approach is that there is no
need to use the theory of eigenvalues and eigenvectors, since matrix expressions are
simpler and that the fundamental matrix allows direct probabilistic interpretation, in
contrast to eigenvalues.
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COMPETITIVE PRICING MODEL FOR R&D PRODUCTS TRANSFER
Lisovska L., Mrykhina O., Dzyubyk A., Terebukh А.
The preconditions and modern features of the use of methodical approaches to pricing are
considered, as well as the expediency of using the methods of comparative approach, in
particular - competitive pricing, in order to form prices for R&D products. Pricing approaches
and methods are analyzed for the purposes of concluding agreements on the transfer of R&D
products. It is noted that the competitive pricing method used for traditional products does not give
correct results in the case of pricing on R&D products. The ratio of possibilities of application of
current methodical approaches to pricing with levels of readiness of R&D products is estimated.
A model of competitive pricing for R&D products is proposed, which is based on taking into
account the indicators of usefulness of R&D products, the cost of their implementation and
maintenance. Within these indicators, a number of indices and coefficients are substantiated, which
allow to clarify the price of R&D products in a changing competitive environment and adjust the
price of R&D products, taking into account its features as an innovative product. To apply
competitive pricing on R&D products, a system of equations has been formed, which allows to
determine the optimal price of the product in specific terms of the transfer agreement. The author's
model was tested on a number of R&D products developed at Lviv Polytechnic National University.
The results are substantiated using the universal mathematical editor Mathcad.

Introduction
The spread of the influence of the IVth Industrial Revolution and the
popularization of the concepts of the knowledge economy in recent years have led to
the need for countries to reconsider approaches to the generation and market launch
of R&D products. The relative predictability of the development of innovation
processes, characteristic of the world economy a few decades ago (in particular,
described by the theories of J. Kitchin, V. Kondratiev, K. Zhuglyar and others) is
currently objectively impossible. For example, in the chain "generation of R&D
products - convergence of R&D products - generation of new R&D products" the
intervals between the emergences of new products were reduced to 2-3 years. This is
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happening against the background of globalization and growing competition, marked
by the digitalization of the world economy.
According to the statistics of the Ministry of Education and Science of
Ukraine [1], during 2014 - 2018, 18,121 agreements on technology transfer were
concluded for a total amount of UAH 494.24 million. The largest number of contracts
was concluded in 2014, but the largest amount of funds under the concluded contracts
was received in 2017 - UAH 144.52 million [1]. However, with the tendency to
increase the amount of funds received under technology transfer agreements, there is
a simultaneous decrease in the number of concluded agreements, i.e. the average cost
of one technology transfer agreement increases: the highest average cost of one such
agreement was reached in 2017 - UAH 45.18 thousand, the lowest average cost was
noted in 2014 - UAH 12.20 thousand [1]. The imbalance between the generation of
R&D products by Ukrainian businesses and the number of transfer agreements
indicates a decrease in the level of competitiveness of the technological sector of the
country’s economy in both the domestic and international arenas.
Insufficient development of interaction of innovatively active business entities
on the basis of R&D products transfer in Ukraine is evidenced by the data of the
Innovation Index of the European Innovation Scoreboard. Thus, according to this
index, low indicators of development of the innovation environment of Ukraine in
2017 are "communications and entrepreneurship" (9.5%), "innovation environment"
(4.1%) [2]. Experts [3] note that Ukraine loses the competitiveness of its innovation
potential in the final stages of the innovation cycle, where the commercial result from
the transfer of R&D products should be ensured.
One of the problematic issues, the unresolved issue of which slows down the
transfer, commercialization and effective market launch of R&D products, and,
accordingly, the innovative development of the subjects of their transfer, lies in the
plane of pricing. Successful competition of innovatively active enterprises in modern
markets is impossible without an effective methodological justification of
competitive prices for R&D products developed by them. This problem necessitates
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the revision of current requirements and approaches to the development of
methodological maintenance for competitive pricing for R&D products, which
would meet modern market demands.

1. Literary review on the research topic
Unlike pricing on R&D products by cost and revenue approaches, competitive
pricing, which belongs to the group of methods of comparative approach, contributes
to the most accurate and adequate determination of the place of R&D products on
the market, which, accordingly, contributes to the success of transfer agreements. At
the same time, effective pricing of R&D products by a competitive method is
possible only if the ability of appraisers to gather a variety of different information
not only about the R&D product being evaluated, but also its analogues.
At present, the scientific community has developed a significant number of
works, which addresses the issue of competitive pricing for R&D products. In
particular, some methodological developments for the evaluation of R&D products
are proposed in the works of F. Barillas and J. Shanken [4], who consider comparing
asset pricing models; Z. Chen and co-authors [5], which substantiate approaches to
competitive personalized pricing.
A number of publications of scientists present the author's vision of price
formation by competitive methods within certain types of economic activity. For
example, D. Vlasic and co-authors [6] suggested competitive pricing in marina
business, MA Ülkü and J. Hsuan in [7] proposed competitive pricing of modular
products for green consumers, Y.- J. Chen and co-authors [8] competitive pricing
strategies in social networks have been studied. Competitive pricing is also studied
on the basis of types of interaction of economic entities, which is discussed in
particular in the justification of Z. He, T. C. E. Cheng and co-authors [9] evolutionary
location and pricing strategies for service merchants in competitive online-to-offline
markets.
A number of developments in the field of methodological maintenance for cost
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estimation of R&D products were carried out by N. I. Chukhray and scientists in the
works [10, 11], P. M. Tsybulev [12], G. A. Androschuk and S. A. Davimuka [13].
Thorough methodological developments based on econometrics are presented
in studies by A.N. Sadigh and co-authors [14], where a game theoretical approach to
coordination of pricing, advertising, and inventory decisions in a competitive supply
chain is proposed, and M. Ghoreishi and scientists [15], who offer joint pricing and
replenishment decisions for non-instantaneous deteriorating items with partial
backlogging, inflation- and selling price-dependent demand and customer returns.
The basis for the development of methods and models of competitive pricing
for R&D products was carried out by us in [16], where we developed a methodical
approach to assessing the readiness level of technologies for the transfer, and in [17],
where consumer aspects in assessing the suitability of technologies for the transfer.
Peculiarities of technical and technological parameters of R&D product, which
became the object of approbation of the developed methodology, were investigated
in [18].
The analysis showed that the justification of the price of the R&D product
when concluding an agreement on its transfer is often seen as a tool for finding a
compromise and establishing a partnership in the innovation process.
Most current models of competitive pricing for R&D products are based on
the principles of pricing for traditional market goods, and therefore provide for the
calculation of the competitiveness index, which takes into account the quantitative
or qualitative characteristics and indicators of the price of the object. Since, we
consider it incorrect to transfer methodological approaches to the pricing of
traditional products to R&D products, as R&D product is a special innovative
product, which is evidenced by the following features: embodies the original new
knowledge; contains elements of intellectual property; a variety of R&D products is
created and provided based on the specifics of industry and market factors; the
expected effect of the transfer of R&D products is associated with significant risk,
such products can have a significant level of added value and bring profits; time
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parameters of R&D products development are much longer, in comparison with a
traditional product; the life cycle of R&D products is much shorter than that of
traditional products.
From these points of view, it is important to develop a method of competitive
pricing for R&D products on the basis of a comparative methodological approach for
the purposes of their transfer.

2. Theoretical and methodological principles of competitive pricing for R&D
products
The special innovative nature of R&D product requires the transformation of
scientific and technical achievements of its developers into a competitive, market
advantage with adaptation to the needs of a particular consumer. One of the most
important factors in the effectiveness of the commercialization of R&D products is
a clear understanding of its nature, types and forms. This is crucial when pricing
R&D products and concluding agreements for their transfer to the business
environment.
Applying pricing models to traditional products for R&D products will not
give an adequate result, as there is a risk of ignoring many important situational
factors of the changing market environment. At present, not enough methods and
models have been developed to provide a flexible mechanism for competitive pricing
of R&D products and to facilitate their effective transfer to the business environment.
The lack of such developments causes problems for the subjects of interaction within
the transfer agreements, namely: the inability to establish an adequate contract price
for R&D products during their transfer to the business environment; complicated
consideration of a number of important indicators of R&D products (in particular, in
terms of their implementation and development); inefficiency of pricing strategies
for R&D products (overestimation of prices for R&D product in some cases, in others
- underestimation, which leads to loss of profit); dependence of R&D products
projects "on the shelves", etc.
109

It is advisable to develop a method of competitive pricing within a comparative
methodological approach, which would allow you to adjust the price of R&D
products, taking into account its features as an innovative product.
To perform this study, the relationship between the possibilities of applying
current methodological approaches to pricing with the levels of readiness of R&D
products (levels of technological readiness of TRL is based on [16, 17]) (table 1).

Table 1
Correlation of methodological approaches to pricing with levels of
technological readiness of R&D products
Methodological

TRL

TRL

TRL

TRL

TRL

TRL

TRL

TRL

TRL

approaches

1

2

3

4

5

6

7

8

9

Expensive
Profitable
Comparative
(market)
Combined

The methods of the cost approach are based on the use of indicators of costs
incurred by developers to develop an R&D product, so their use can be justified in
various forms and at all levels of technological readiness of R&D products. Instead,
the methods of the income approach should be used for pricing at above-average
levels of readiness R&D product (from TRL 6). Given that revenue methods involve
the calculation of expected cash flows (benefits to the consumer), the factors and
conditions of use of the R&D product must be justified.
The methods of comparative methodological approach involve comparing data
on the technical level of R&D product, so they need thorough information
maintenance from the stage of initial evaluation of the effectiveness of the idea and
technology (TRL 3). Methods of combined methodological approach to pricing can
be applied at different levels of technological readiness of R&D products.
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The essence of the competitive method is to determine the market value of
R&D products on the basis of selling prices of objects of comparative utility by
making adjustments to these prices that take into account the significant differences
between analogues and the object of evaluation. One of the priority tasks of using
this method is to determine the recommended price range (corridor) for the R&D
product. Further adjustment of the price within the specified corridor is the subject
of negotiations between the parties to the transfer agreement.
Agreeing on the criteria for selecting the base of comparison is one of the most
difficult stages, because the place of origin, financial security, place of sale, and time
of sale - these are the factors that significantly affect the value of the transaction and
are significantly differentiated. Therefore, their influence in competitive pricing can
be taken into account through the justification of the criteria for choosing a
comparative base. The approach of P.N. Tsybulev [12] confirms that the
determination of the market value of R&D products as objects of industrial property
on the basis of existing analogues is possible only with a proper comparison of goals,
parameters, scope and conditions of rights, as well as the characteristics of the
assessed objects and analog.

3. Substantiation of the competitive pricing method for R&D products
transfer
The author's method of competitive pricing for R&D products includes the
following stages and sequence of calculations.
The first stage involves determining the price of an R & D product (P1) due to
adjusting the price of an analog for the R & D product's utility index:
P1 = P𝑎𝑎 × Іut ,

(1)

where Pa is the price of an analog that is selected for the comparison base, UAH;
Іut – utility index, non-dimensional val.

The R&D product is chosen as an analogue, which corresponds to the design
solution (designed design) in the field of application and functional purpose and is
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widely represented in the selected market. To calculate Iut we use the expression:
Іut = Іq × 𝐶𝐶1 × 𝐶𝐶2 ,

(2)

where Iq - a comprehensive indicator of quality, non-dimensional val.,
C1 - coefficient of innovation R&D product, C2 - coefficient of environmental
friendliness R&D product.
The complex quality indicator (Iq) is determined by comparing the quality
indicators of the R&D product and the selected analogue.
A system of indicators of technical level and quality is used to determine Iq.
It contains the following groups: indicators of purpose; reliability indicators; safety
indicators; indicators of standardization and unification; ergonomic indicators.
The number of indicators to be evaluated will determine the reliability of the
results and the level of readiness of the R&D product. The complex quality indicator
of R&D product is determined by the method of arithmetic weighted average of the
expression:
Іq = ∑m
i=1 Ci × q i ,

(3)

where m is the number of unit indicators (parameters) adopted to assess the quality
of R&D product, units; qi - weighting factor of each of the parameters in terms of
their impact on the technical level and quality of R&D product (set by experts),
while:
∑m
i=1 q = 1,0,

(4)

where Ci - partial quality indicators determined on the basis of comparison of
numerical values of unit indicators of R&D product and analog by expressions:
Ci =

Ppri
Pai

, or

Ci =

Pai

Pprі

,

(5)

where Ppri, Pai - quantitative values of the i-th unit quality indicator, respectively,
R&D product and analogue.
The coefficient of innovation (C1) characterizes the level of radical changes in
R&D product and allows to determine the degree of change of the basic principles or
functional parameters of R&D product relative to the selected analogue. The value
of the innovation coefficient is determined according to table 2.
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Table 2
The value of the coefficient of R&D product innovation
Level of R&D product

Value

Coincidence with the analogue in most parameters, the level of

1.05

improving innovation
The coincidence with the analogue is insignificant, the level of

1.1

combined innovations
Significant improvement of basic principles

1.15

Technology solves a new problem or an existing problem in a new

1.25

way (no analogue)

The environmental coefficient (C2) allows to assess the level of change in the
impact of R&D product on the environment relative to the analogue - any
consequences of using R&D product for the environment, including consequences
for the safety of human life and health, flora, fauna, biodiversity, soil, air, water,
climate, landscape, natural areas and objects, historical monuments and other
material objects or for a combination of these factors, as well as the consequences
for cultural heritage sites or socio-economic conditions that are the result of change
these factors. The value of the coefficient of environmental friendliness experts
choose from table 3.
Table 3
Value of the R & D product's environmental coefficient
Level of impact of R & D product

Value

Worsens

0.6

Slightly worsens

0.85

Does not change

1

Slightly improves

1.1

Improves

1.3

Calculations and pricing of expression (1) should be carried out at the initial
and intermediate levels of technological readiness of R&D product.
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The second stage of the model involves taking into account in the price of
R&D product parameters of the introduction of R&D product from a potential buyer
and therefore to determine the price (P2) the expression:
P2 =

Pa ×Іut
Cimp

,

(6)

where Cimp is the implementation cost index, non-dimensional val.
The implementation cost index is determined by the expression:
Cimp =

C3
,
Cimpa ⁄Cimpn

(7)

where C3 – the complexity coefficient of implementing R & D product,
Cimpa – the cost of implementing an analog for a potential buyer, UAH,
Cimpn – the cost of implementing R & D product for a potential buyer, UAH.
The

value

of

the

implementation

complexity

coefficient

is

selected

from table 4.

Table 4
Value of the R&D product implementation complexity coefficient
The level of impact of R & D product

Value

Complicates

1.02

Makes slightly worse

1.04

Does not change

1

Makes slightly easier

1.02

Makes easier

1.07

Determining the price of an R&D product by expression (6) can be performed
at the middle and final levels of readiness of R&D products.
The third stage of the proposed model is the calculation of the price, which is
taken as the agreed price for the R&D product (P3). At this stage, we consider it
necessary to take into account an important factor for the development of
R&D product - maintenance R&D product, which may include a set of necessary
services of a recommendatory nature in the field of staff training, marketing,
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technical and technological maintenance and more. It is the presence, conditions and
level of maintenance that determines the buyer's decision in today's technology
market.
P3 =

Pа ×Iut

Cimp +Cmain

Cmain =

,

(8)

C4
,
Cmaina ⁄cmainn

(9)

where Cmain – maintenance cost index, non-dimensional val., Cmainа – costs of
analogue maintenance for a potential buyer, UAH, Cmainn – costs of R&D product
maintenance for a potential buyer, UAH
The maintenance completeness coefficient is selected from the data in table 5.

Table 5
Value of the R & D product tracking completeness coefficient
Feature of R&D product

Value of coefficient

Complete maintenance

1

Partial maintenance

0,5

Then, a competitive method for determining the price of R & D products by
forming a number of interrelated price components can be represented as a system
of equations:
P1 = Pa × Іut
Pa × Іut
P2 =
Cimp
⎨
Pa × Іut
⎪P3 =
Cimp + Cmain
⎩
⎧
⎪

The developed model of competitive pricing is tested on the examples of R&D
products developed at the National University "Lviv Polytechnic". Price calculations
for R&D products based on the author's method of competitive pricing were
performed

using

the

universal

mathematical

Fig. 1 presents a fragment of such calculations.
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editor

Mathcad.

Fig. 1. Calculation of the price for R&D products on the basis of the author's
method of competitive pricing using the universal mathematical editor Mathcad
(fragment)

Table 6 presents the results of price calculations for R&D products,
determined on the basis of the author's method of competitive pricing - C1, C2
and Cn.
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Table 6
The results of the calculation of prices for R&D products of the National University
"Lviv Polytechnic" by the author's method of competitive pricing, UAH.
Pа

P1

P2

Pn

15000

12352

8886

15635

∆ (Pn –Pa)

245

201.68

98.86

106.31

-138.69

245

245.64

95.95

104.08

-140.92

4. Technology of OSL dosimetry means

16700

30728

15708

19434

+2734

5. Mobile robotic platforms: MRP-05

20000

294800

158738

259753

+59753

5548

6279

3286

3286

-2262

14000

12352

8886

15635

-6466

Names of developments
1. Making knives for grinding PET bottles
2. Continuation of the life of machine parts
by surfacing under a layer of flux
3. Restoration of machine elements during
modification of the welded roller

"Borsuk" and MRP-07 "Kubik"
6. Autonomous system for detection of
smoke and leakage of carbon monoxide

0

+635

7. Forecasting and Provision of the Given
Value of Initial Contact Resistance of the
Heterogeneous and Homogeneous and
Sections During the Spot Condenser
Resistance Micro-Welding

The results listed in Table 6 are illustrated in fig. 2 (on the example of
development No. 1).
Indicators of prices that fell into the shaded in fig. 2 range, can be
recommended as a negotiation between sellers and buyers of this R&D product.
For table 6, in the case of a positive value of ∆ (options 1, 4 and 5), when the
calculated difference between the price of the evaluated R&D product and the price
of the analogue is positive, negotiations at the conclusion of the agreement may be
conducted to reduce the transaction price. In cases of negative value of ∆ (options 2,
3, 6 and 7), developers need to review the terms of the agreement to increase the
usefulness of the development, improve the conditions for providing a support
package. Such measures should increase the competitive attractiveness of the R&D
product in relation to the selected analogue and transfer conditions.
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16000

14000

12000

∆ = 635
10000

8000
Pa

Pn1

Pn

Pn2

Fig. 2. Price chart for R&D product "Manufacture of knives for grinding PET
bottles"

Conclusions
The competitive method of pricing occupies a special place in the system of
methods of comparative approach. This method allows the most comprehensive and
systematic consideration of a set of factors that, on the one hand, form the internal
attractiveness of R&D products for customers by assessing the usefulness and cost
of implementation, and on the other, take into account the real conditions of the
competitive environment.
Indicators of internal attractiveness of R&D products as a result of the
innovation process should take into account, in addition to indicators of technical
level and quality level, also indicators of innovation, environmental impact on the
environment. Due to the growing complexity and technological excellence of modern
R&D products, when determining the purchase price, it is necessary to take into
account the complexity of development and costs of the buyer when implementing
R&D product in the business model of the entity. The process of implementing an
R&D product can be significantly affected by the package of support services
provided by the developer or specialized organizations.
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In the considered model of specific pricing it is expedient to continue research
taking into account branch differences which affect indicators of innovation of R&D
product and identification of a direction and force of influence of a brand of the
developer of R&D product as the share of cost of a brand is considerable in cost of
R&D product.
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MANAGING TEAM RELATIONSHIPS IN THE IMPLEMENTATION OF
THE ENTERPRISE IMPROVEMENT PROJECT
Malanchiy S., Antonenko S., Hutsa O.

The system of team relationship management during the implementation of the project to
improve the activities of the enterprise raises a number of issues that are currently insufficiently
studied. In particular, the differences that arise during the implementation of projects to improve
the activities of the industrial enterprise; features of the project team performing such a project;
opportunities to improve this management system. The article analyzes: knowledge about the
specifics of project implementation at existing enterprises; features of the structure and functioning
of project groups in such projects; components related to relationship management in the project
team. Ways to improve the relationship management system in the project team are proposed.

Introduction
The problem of researching ways to improve the relationship management
system in the project team in the implementation of the project to improve the
activities of an industrial enterprise is actually a number of issues.
First, it is necessary to identify or state the differences that arise during the
implementation of improvement projects in the industrial enterprise (as opposed to
projects that are formed and implemented, so to speak, in the "free space"). Such
differences not only exist, but also significantly affect the course and success of the
project.
Secondly, it is necessary to understand the features of the project team that
implements such a project, to identify or state the specifics of the relationship in the
project team and the features of their management system.
Third, it is necessary to identify opportunities to improve this relationship
management system, if it is appropriate and possible.
The listed tasks in a complex have never been solved yet; at least, it was not
possible to find the sources devoted to such subject. And taking into account the fact
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that a growing number of enterprises, especially enterprises with foreign investment,
following the best practices of the world, are beginning to use the project approach
in their activities, the topic is relevant and its relevance will only grow over time.

Analysis of publications
It is believed that the best results are achieved by those projects and
organizations that take full account of the influence of stakeholders and competently
build their relationships with all stakeholders, which creates value for all parties, not
just project owners. In publications and research, attention is paid to various aspects
of the project's interaction with stakeholders, but all these sources give a fragmentary
account of the problem, do not give a complete picture of the process as a whole. It
is important for the manager to see and present the whole process in order to
understand the relationship and importance of consistent actions and tasks aimed at
managing stakeholders.
Analysis of the publications of the studied subject area shows that attention is
paid to various aspects of interaction with stakeholders, including: identification of
the most important actors and assessment of potential problems [3, 4, 5, 8];
consideration of stakeholders in terms of power, impact on the project [4, 5, 9];
therefore, how the success of the main actors will be measured, the criteria of success
[2, 9]; action planning and liaison with stakeholders [1, 4, 6, 7] and others.
Therefore, a large number of publications, on the one hand, and the locality of
the issues addressed in them on the other, necessitates to summarize, systematize and
present the whole set of tasks as a single process of interconnected sequential actions
so that project managers can see and control the whole problem.

The purpose of the work
The purpose of the work is to develop proposals for ways to improve the
relationship management system in the project team in the implementation of the
project to improve the activities of industrial enterprises.
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To do this, it is necessary to perform the following tasks:
– to analyze knowledge about the specifics of project implementation at
existing enterprises;
– to determine the features of the structure and functioning of project groups
in such projects;
– to identify components related to relationship management in the project
team;
– to suggest ways to improve the management system of such relations.
The main research methods in the work are observation, analysis of secondary
sources of information, expert analysis, theoretical analysis, systematization,
grouping, generalization of results, calculation and analytical research methods, etc.
The scientific novelty of the results is that for the first time analyzed the cultural
components of the relationship in the project group, proposed a tool for analyzing
the affiliation of individual members of the project group to a particular business
culture, created a test that can determine a person's predisposition to a particular
course of action. It is determined by the person's attitude to the speed of obtaining a
clear result and his attitude to risks.
The practical application of the obtained results is that it becomes possible to
make management decisions that contribute to a better distribution of people on the
project, prevent or effectively extinguish conflicts caused by differences between the
worldviews of project team members.
The object of study is the relationship in the project group in the
implementation of the project to improve the activities of industrial enterprises.
The subject of the study is the system of relationship management in the project
group in the implementation of the project to improve the activities of industrial
enterprises.
The research hypothesis is the existence of relationships in the project team
and the project team with elements of the project environment that affect the project
parameters (timing, quality, etc.), but are not taken into account in existing research
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methods of relations in the project group and outside it, and therefore not managed
variables. Conscious management of such relationships can reduce conflict in the
project team and promote a clearer division of responsibilities and authority among
project team members. This will increase the efficiency of the project team, as well
as the efficiency of management of individual groups of works and the project as a
whole.

Research results
The current ISO 21500, considering the subject area of project management
and groups of processes at different stages of project deployment, does not give a
complete picture of the stakeholder management process
Defining and satisfying the requirements of the parties to the project result
forms the final profile (boundaries) of the project: the work to be performed and the
image of the project product. The product description answers the question: what
exactly will be obtained at the end of the project. Product presentation is a set of all
characteristics of the project result. The basis on which performance of requirements
to the maintenance of a product, its characteristics, properties and functions
according to what the product will be accepted after completion of the project will
be estimated is formed.
The formal structure is created to manage the relationship with the main forces
around the project. Its functions depend on a number of factors: the flow of projects,
the list of stakeholder groups, their interests and which interaction operations it will
take control of, among those that the main actors have identified as the most
important. The choice of alternative (in each case) will determine: communication
requirements; legitimacy, legality; urgency of response; multivector activity, etc.
It must be assumed that:
1. The actions of stakeholders are determined mainly by external factors (laws,
rules, instructions, personal motives, etc.) and are not subject to management "from
the project".
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2. The stakeholder is limited in his actions only by the deadlines for
consideration of documents is not motivated to reduce them, and often these
deadlines are generally delayed.
3. The project manager, who has no connection and skills to interact with
stakeholders, has no power to influence the situation and any of his interactions with
stakeholders may end either successfully or unsuccessfully, and then the actions will
have to be repeated, and possibly not the last time.
4. The project manager is interested in starting the project on time and reducing
the time for its preparation.
Based on these objective realities, we can describe the solution to the problem
of obtaining approvals and permits in the form of the equation of random wandering.
For an ordinary untrained performer (or project Manager), or for the case of a
project in a new country with a priori unknown structures of the consent-permission
system, the random walk will be symmetrical and for the number of steps (units of
time) n, according to the theory, it is most likely to pass only the square root of n
steps to the goal, and in order to reach the goal, it will need n2 steps.
For example, if it is necessary to perform 10 consecutive conciliatory and
permitting works with an average standard duration of every 10 days, it probably
takes about 100 days to obtain the necessary documents.
Usually such terms will seem to the customer too long and for all these works
to accelerate process, less time will be taken away.
So, if in the case considered by us, let's assume the project manager will be
defined for it 45 days (nine weeks), then even with the maximum probability he could
pass only 6 [1] instances of coordination from 10 necessary.
Let's estimate on an example of the same 10 instances the minimum possible
time for which the given set of tasks can be executed if to put them on the prepared
formal structure intended for management of mutual relations in the project.
Assuming that a trained, involved specialist is able to pass each instance in just
1 day, then given the risks and taking into account the calendar of officials (usually
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5 working days + 2 days off), even the most trained and motivated performer is
unlikely to solve the problem of 10 instances in less than 18 days. However, this will
save time (45-18 = 27 days) for the project.
Performing tasks related to the approval system will help the specialist to save
a lot of time for the project. Moreover, the amount of time saved is easy to measure
and can serve as an indicator of the effectiveness of relationship management.
Improving the process involves the development of procedures for the analysis
of external and internal forces: identification of stakeholders; assessment of
importance, impact; goals and values, power; potential threats; presentation of
product and project content; measuring the effectiveness of relationship
management; building a convenient communication system.
Building a convenient communication system involves: interim reports on the
actual development of events and the current state of work; achieved intermediate
results, values of criteria important for the interests of actors; intermediate supplies
of part of the product. That together determines the frequency (frequency) of
reporting and dissemination of information.
It is shown that the success of interaction management can be assessed through
time control. The key to success lies in finding a solution (conditions) to reduce
interaction time.
It is shown on the example of conciliation and permitting works that: actions
of stakeholders are determined mainly by external forces (laws, rules, instructions,
and personal motives). Stakeholders are limited in their actions only by the deadlines
for consideration of documents and are not motivated to reduce them; the project
manager is interested in starting the project on time and any reduction of time for
interaction with external factors can significantly affect the start time of the project
and the overall duration of work.
It is shown that for an unprepared performer the interaction time is subject to
the equation of random wandering.
If the interaction management is put on the formal side, then the whole set of
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tasks will be completed much faster.
In addition, time is easy to measure and can serve as a quantitative measure of
the success of interaction management in the presence of the structure and
without it.

Analysis of the significance of project stakeholders
Mitchell R.'s typology was used to analyze the project stakeholders, which is
an extended version of the A. Mendelow model. Based on this model, an algorithm
of significance analysis for any of the project stakeholders was developed. A
calculation formula is proposed to determine the weight (significance) of the
stakeholder, which uses weighted average expert assessments of the parameters:
power, legality and urgency. It is proposed to present the project model in the form
of sequential design of such fuzzy models; the projection of the previous one is the
basis for the next. This project presentation allows assessing not only the degree of
achievement of the project objectives, but also the degree of possibility of achieving
the objectives of each of the key stakeholders.
It is believed that a balanced scorecard is just a way to reflect the results of the
organization, but in fact this approach helps to combine the strategy of the
organization with individual projects, resulting in increased productivity. One of the
most important categories of a balanced scorecard is internal processes, which can
be divided into innovation, improvement of existing processes and after-sales
service. At the same time, when introducing innovations in the organization, it is
necessary to remember about the key indicators which help to measure efficiency of
these innovations.
In order for employees to be motivated and prepared to perform their duties,
employers must closely monitor three points: employee qualifications, information
and staff motivation. Improving these parameters leads to faster execution of routine
processes and improve the quality of services. The use of a system of balanced scores
means that each of these categories must have key indicators by which to assess the
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effectiveness of management in a particular area. In our case, there are two main
types of indicators - resultant and motivating. The values of the first type of indicators
are determined by the results of work, and the second - is a guideline to which the
organization should strive and which can affect the value of the resulting indicators.
As you know, today among Ukrainian project managers one of the most
discussed topics is models and theories relating to stakeholders [10-12]. It has long
been known that the best results are achieved by those projects and organizations that
take full account of the influence of stakeholders and competently build their
interaction with all their stakeholders [13], which creates value for all parties, not
just shareholders.
In this case, the classic mechanisms of stakeholder management, taken from
strategic management, cannot be translated into project management, as project
management is rather tactical in nature and requires rapid, proactive action and
equally rapid management of stakeholders.
The authors believe that it is more appropriate to assess the success of the
project from the point of view of various stakeholders, where the resulting indicator
is the degree of their overall satisfaction. This logic of expanding the factors that
determine the success of the project leads to the understanding that it is most
appropriate to assess the success of the project from the standpoint of all
stakeholders, analyze them, balance their interests and manage them.
A. Friedman and S. Miles include in the list of stakeholders consumers,
employees, local community, suppliers and distributors, shareholders, media, society
as a whole, business partners, future and past generations, members of the scientific
community, competitors, civil society, and representatives of stakeholders with their
interests, investors, public authorities.
We will combine two lists of project stakeholders, dividing them into internal
and external, and identify the key interests of each of the parties.
The project is influenced by:
– its internal stakeholders directly involved in the project implementation
128

(project manager, project management team, project team members, project
management office if available, project investors, project suppliers);
– external environment of the project, internal environment of the company
within which the project is implemented (creditors of the company, company
shareholders, company management, business partners, employees, future
generations, past generations, stakeholders, internal corporate consumers);
– the external environment of the company, all the business environment in
which the organization operates (external consumers, local community, media,
society as a whole, the scientific community, competitors, civil society, public
authorities).
A. Mendelow analyzes stakeholders depending on their interests and their
power, and, accordingly, on the ability to influence the activities of the enterprise
and the desire to do so. An integrated indicator is the influence of a stakeholder,
determined by multiplying power and interest. An extension of Mendelow's model
is the typology of R. Mitchell [9]. The typology is based on three factors: legality,
significance and urgency, i.e. legal legitimacy to give instructions, the strength of the
stakeholder's influence on the company, the minimum required speed of responses
to stakeholder inquiries. The parties, which have only one characteristic, are hidden,
inactive. Stakeholders who have two characteristics are waiting. Stakeholders who
have all three characteristics have the greatest influence.
Analysis of business cultures is a relatively new area of research. Therefore,
there are not so many sources related to the culture of entrepreneurship. It is
possible to indicate only the Russian work [14], which corresponds the least to our
tasks, and the earlier, but also more interesting German work [15]. As a basis for
analysis and research, we take the classification of business cultures, presented in
[16], which is based on research performed by Rolf Ruttinger, but is not limited to
them.
According to these works, there are four types of business cultures - depending
on the speed of turnover and the level of risk (see fig. 1).
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Fig. 1. Enterprise Crop Types
The speed of turnover determines how soon the feedback signal will come
from the market and it will be found out whether the decision was made correctly.
Risk is an assessment of the probability of losses and their magnitude in the
event of an incorrect decision. This means, first of all, risky decisions and actions
related to the functioning of the market.
As you can see, both parameters are quite market in nature. They require
certain ways of doing business, making and implementing decisions within the firm;
each culture involves staff with well-defined personal characteristics. This leads to
the formation of different cultures of entrepreneurship. Let's talk about them in more
detail.
Trade culture
This culture is characterized by a high rate of turnover with low risks. Trade
culture is formed in trade and sales organizations, in insurance companies and in the
sale of other "one-time" services, in part - in advertising and computer manufacturers.
In many organizations, the divisions for advertising, sales, and supply have the trade
culture.
A typical representative of a commercial culture is a small shop or stall.
Culture is characterized by:
– the speed of turnover is high - the proceeds come every day, you can
immediately see the results of decisions;
– risks are low - unsuccessfully invested in the goods of one name cannot ruin
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the entrepreneur, he compensates for losses due to other - "running" goods;
– success depends more on the number of contacts with consumers than on the
quality of these contacts, and is measured by sales: one unsuccessful contact - not a
tragedy, and one successful - success, but also, as a rule, small;
– employees - energetic people who are able to actively act, try, communicate;
they are usually friendly, attractive, eloquent, with a sense of humor, but without
great spiritual demands;
– communications are developed - the spirit of collectivism, a sense of
involvement in the case is formed;
– team members willingly meet during non-working hours, hold joint
seminars, picnics, meetings, excursions;
– the team game is well conducted - the need to communicate with consumers
is compounded by the need to share experiences and sales technologies;
– management decisions are simple - it is easier to put a new product in the
window and try to "go - will not go" than to conduct marketing research;
– the main factor of motivation is belonging to a successful team - financial
incentives are not always of paramount importance for employees;
– projects in trade culture are usually short-term, stakeholders who form tasks
constantly interfere in the course of the project, on the move changing not only the
parameters, but sometimes - and the task of the project.
The main disadvantages of this culture are the following:
– quantity prevails over quality - the desire to sell faster leads to the fact that
the consumer's problems that arise in connection with the purchase of goods are not
given due attention;
– the focus is on short-term success - winning today is more important than its
long-term consequences, which will come "not yet";
– low resistance to crises - employees lack the endurance, patience and nerves
to overcome obstacles, it is easier for them to leave than to worry about solving the
problem;
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– own department is more important for employees than the company;
– leave the company not one by one, but whole units at once;
– employees do not grow old - staff turnover is high, in some companies the
staff changes almost completely during the year, so there is no one to develop the
culture.
Speculative culture (culture of profitable terms)
This culture is characterized by a high rate of turnover with risks of medium
and high degrees. Speculative culture is formed wherever there are quick profitable
transactions with securities, means of payment, raw materials, etc. However,
elements of this culture are in such areas as fashion, cosmetics, professional sports,
advertising, financing of risky projects.
Within organizations, elements of speculative culture can be found in supply,
marketing and venture capital.
A typical representative of this culture is a stockbroker.
Culture is characterized by:
– the speed of circulation of funds is high - almost every day there is a chance
to win (or lose!), It is important not to miss it;
– in this culture they like quick deals and quick money;
– risks are high - in one day you can get rich, in one night - go bankrupt;
– success - usually has a financial form: in the form of winnings, bonuses,
rewards or profit shares; dexterous employees are also given credit in the form of the
creation of cults of "stars" and personalities;
– employees - speculative culture attracts, first of all, young (or spiritually
young) vain people with a pronounced individualism, inflated arrogance and
propensity to risk (sensitivity and emotionality cannot be shown, even if they exist),
promotes the development of militant and aggressive, firmness in decision-making,
ability to live in conditions of constant competition;
– communications are short and most effective - on the stock exchange, for
example, communicate mainly with gestures and short remarks;
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– team play is not conducted - in this culture "everyone for himself", feverish
activity and constant competition do not allow the development of stable and mature
groups, staff turnover is very high;
– the result depends on a large number of uncontrolled variables, it contributes
to the development of employees a huge number of all sorts of superstitions,
superstitions and rituals that "bring success";
– management decisions, recognized as modern, become a ritual - others
should have the impression that everything is thought out, everything is done to
ensure success and avoid failure;
– the main factor of motivation is a quick and big reward, of course - money
and "stardom";
– projects for speculative culture are generally unacceptable - very short
deadlines and high risks.
Speculative culture is a good testing ground for business skills. But it is a bad
place for permanent work, where, due to constant nervous tension, people often get
severe chronic diseases.
The main disadvantages of speculative culture are the following:
– it is focused on making a profit without productive work - you can
"speculate" only what has already been created;
– the interests of the consumer are completely ignored - your win is more
important, no matter at whose expense it was not achieved;
– reward stimulates the worst qualities of the employee - myopia, aggression
and individualism are rewarded;
– failures are not talked about - they "did not exist";
– culture is practically not broadcast - individualism, like the passion for
bachelor life, is not inherited.

Administrative culture
This culture is characterized by slow feedback at low risk. Strategically, all
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organizations belonging to the administrative culture are aimed at service, service.
An administrative culture is being formed in public services, in provision, at
enterprises in well-established and protected industries (including education), in
large administrative firms, administrations of all levels, and in part in banks and
insurance companies. Within the organization, the administrative culture is inherent
in the structures aimed at servicing production processes: planning, administrative,
control units, accounting services.
A typical representative of this culture is any structure of administrative
management, higher education institution (HEI).
Its main parameters:
– the speed of turnover is low - the results of today's decisions may be fully
manifested in years and even decades;
– risks are low - the official-administrator risks little, making this or that
decision - all the same on a way of this decision to realization there are still many
executors on whom it is always possible to transfer responsibility for result;
– employees - mostly neat and thorough people, at the same time careful,
picky, meticulous, submissive and able to adapt;
– success does not depend on what has been done, but on what has not been
done - as long as everything works fine, there are no claims, and this in itself is
considered a success; troubles begin when something goes wrong (we pay attention
to problems with heat or electricity only when they exist);
– in the life of the company there are no successes or failures - reasons for
holidays, joy and pleasure - internal events: anniversaries, promotions, birthdays,
vacations and so on;
– communications are detailed and emphatically hierarchical - there are lists
of functional duties and responsibilities, it is not customary to go to the top boss
"through the head" directly and so on;
– team play is conducted without enthusiasm, as needed - the cooperation of
employees is relative and is associated mainly with the performance of official
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functions;
– management decisions are multi-stage - the procedure is more important than
the result, decision-making takes a long time, all issues are recorded, the decisions
themselves are insured on all sides so as not to be "extreme" if something goes
wrong; there is a well-established system of document circulation and preservation
of documentation to prove his innocence if necessary;
– the main factor of motivation is recognition - titles and titles are more
important than money, because they allow you to occupy a higher position in the
hierarchy;
– projects in administrative culture are difficult to start, but once the project is
accepted and approved, it can, in many cases, lead to results, especially if we
remember that culture is focused on the process, and the result is the result of a wellorganized process.
The main disadvantages of this culture are the following:
– the administrative system and, consequently, the culture (but not necessarily
the people who work there) have a bad reputation, although everyone knows that
without administration, it is associated with bureaucracy, absurdity, inefficiency and
inability to do what is necessary, which is true sometimes observed;
– the process is more important than the result - the system requires the
implementation of all orders (both reasonable and meaningless), performance
appraisal is often issued on formal grounds, there is almost no relationship between
result and remuneration, promotions depend more on experience than on actual
success;
– employees live in an "artificial" world - many criteria for the quality of
decisions are artificial or formal, the internal assessment of the importance of events
often does not coincide with the external, some decisions cannot be explained to the
environment;
– the organization forms and broadcasts an artificial culture, detached from
real life - the lack of results that are directly observed, can and often leads to
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formalism, bureaucracy, the pursuit of "indicators" - to the detriment of the case;
– great inertia - it takes a lot of time to make any decision, and once the
decision is sometimes very difficult to cancel (try to prove to the official that you are
alive, if according to the documents you died!).

Investment culture
This culture is characterized by slow feedback at high risk. Has a strong focus
on the future.
Investment culture is formed in mining companies, banks, investment
companies and funds, in construction, in part - in the military-industrial complex and
in the manufacture of means of production (machine tools, engineering). Within
organizations, the investment culture may include units that determine the long-term
strategy of the organization: senior management, development departments,
investment management departments, design and engineering services, and so on.
A typical representative of this culture is a design bureau that develops large
projects.
The main points of the investment culture are:
– the turnover rate is low - large investments are made over a number of years,
and the criterion for the correctness of the investment - the end result - appears only
after these terms;
– the risks are high - the cost of drilling, say, one oil well is millions of dollars,
and if there is no oil - all these funds are wasted, because neither use this well nor
"rearrange" it elsewhere is impossible;
– employees - thorough, careful, careful people who work patiently and
persistently, attach great importance to experience, authority and professionalism:
those who hold high positions, risk not only their careers but also the future of their
enterprise;
– job growth of employees is stretched in time - the process of gaining
credibility is as long as the terms of investment, patience is needed for job growth,
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impatient go by themselves;
– success is better perceived from the outside - in the company itself it is a
natural consequence of long hard work of the whole team, because the company itself
is already busy with the next projects;
– communications are developed - employees communicate often, discuss
everything in detail, behave politely and cautiously at joint meetings;
– team play is conducted amicably - joint decisions made in conditions of
uncertainty unite people, everyone understands the interdependence;
– management decisions are careful - of course, decisions are made at the top,
are subject to very careful verification - no mistakes can be made; once the
agreements and decisions are made, all parties involved in the project are complied
with;
– the main motivating factor is the reliability of the workplace - a person
working in the investment culture must be sure that his situation will not deteriorate,
at least until the end of the project, and with good work and much longer; a slow
career involves promotion on real merit, recognition must be earned;
– projects in the investment culture are performed best, because employees
usually have a good understanding of the dependence of project implementation
(achievement of project results) on each of them.
In an investment culture, careers, products and profits do not grow fast, but
everything that is created is reliable.

It accelerates the great discoveries and

development of science, but does so extremely slowly.
The main disadvantage of the investment culture is its sensitivity to short-term
market changes and related problems of current liquidity.

Project-recommendation part
Based on all the above, it was considered appropriate to develop a prototype
test that would diagnose the propensity of each member of the project team to a
particular business culture and would determine the characteristics of the project
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team in relation to the culture of the project it is working on. In this paper, we will
consider only four "basic" cultures.
A simple (for the respondent) test, however, has a complex (in terms of
processing the results) interpretation. To determine the respondent's propensity for
a certain course of action, it is necessary:
1. Separately determine his propensity for quick action and risk.
2. Separately determine the respondent's affiliation to a particular culture (for this
you only need to look at his answers to the relevant pairs of questions).
3. Compare the results of the first and second items described above, and make
a final opinion about the respondent's ability to function successfully in terms of
interaction with representatives of a particular business culture.
There are, of course, attempts to use tests. For example, V. A. Spivak suggests
using the test of psychological atmosphere in the group according to A. F. Fiedler
[17], but it is clear from the list of variables that we are not talking about the culture
of entrepreneurship here (see table 1).

Table 1
Psychological Atmosphere Test in a Group from A.F. Fidler
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

1

2

3

Friendliness
Consent
Satisfaction
Productivity
Warmth
Collaboration
Mutual support
Enthusiasm
Interest
Success

4

5

6

7
Enmity
Disagreement
Dissatisfaction
Unproductivity
Coldness
Inability
Hostility
Indifference
Boredom
Inefficacy

In the test points (cells) are marked according to the Ch. Ostud’s scale. The
average profile which is considered as an estimation of psychological atmosphere in
collective is formed.

The total amount of points divided by the number of
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respondents gives an integrated assessment.
In order to improve the quality of the test, experts on these issues, certified
project managers Antonenko S.V. and Mazurkevich O.I. were invited to work. They
provided their advice and comments on the developed test.
Initially, tables of semantic units were created from the descriptions of
cultures, which would characterize these cultures (tables 2-5).

Table 2
Trade Culture (TC)
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Scale
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

TC
TC
TC
TC
TC
TC
TC
TC
TC
TC

Interpreter
Young
Active
Going for experiments
Friendly
Attractive
Eloquent
Humor
Important team support
Tend to make quick decisions
Tend to make simple decisions
Willing to try new in practice
Sense of belonging
The spirit of collectivism
The spirit of society
Willing to communicate
Exchange views
Possibility of joint entertainment during non-working
hours
Competition
Meetings
Meeting
Seminars
Excursions
Party
Wit competitions
Choral singing
Work stories in free time
Belonging to a successful team is more important
than financial incentives
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Text

Source

End of the Table 2
28.
29.
30.
31.
32.
33.
34.

TC
TC
TC
TC
TC
TC
TC

35.

TC

36.

TC

37.
38.
39.
40.
41.
42.

TC
TC
TC
TC
TC
TC

43.

TC

Quantity is more important than quality
Success is not measured by risk
Successes are celebrated
Dominated by thinking of short-term success
Cannot withstand crises
Do not age - high fluidity
The success of the work depends on the number of
contacts with customers and the persistence in
finding deals
A separate agreement in principle does not lead to
bankruptcy
In a short time you can see what is on the market and
what is not
Without great spiritual inquiries
Lead a good team game
Great desire to act
Success is measured by sales
Financial incentives do not always work
Feel the connection, first of all, with the team and
less - with the company
Collectively move from one "set of jobs" to another

Table 3
Speculative culture = culture of profitable terms (SC)
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Scale
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC

Interpreter
Quick use of chances
Young people
Individualists
High arrogance
Honorable
Fighting traits
Aggressive traits
Firmness in decisions
Competitiveness
Excitement
Sensitivity (-)
Emotionality (-)
Communication is tight
Communication is fast
Cooperation is relative
Team game - disgusting
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Text

Source

End of the Table 3
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC

31. SC

Febrile activity
Inclination to superstition
Quick deals
Quick receipt of money, result
Do not talk about failures
"There were no failure"
Creation of cults ("stars", personalities)
Methods - rituals!
Constant voltage
"God will give the day - God will give food"
Tendency to thrills, adrenaline
Desire to be aware, (rapid change)
The stage on which the actors play
The main motive - the rapid receipt of large profits
without effort
The main motive -making a large profit without work

Table 4
Administrative Culture (AC)
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Scale
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC
AC

Interpreter
Accuracy
Thoroughness, Fundamentality
Caution
Meticulousness
Pedantry
Ability to adapt
Thoughtful decisions
Insure the decision
Communication is thorough
Respect for the hierarchy
Important how to do
Not too important what to do
Important form
Less important result
Automatic promotion in career positions
Protocol records
Document storage system - to prove innocence
The procedure is more important than the result
All orders are carried out, including nonsensical ones
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Text

Source

End of the Table 4
20. AC
21.
22.
23.
24.
25.
26.

AC
AC
AC
AC
AC
AC

27.
28.
29.
30.
31.

AC
AC
AC
AC
AC

32. AC

Trained relations with the outside world (due to the
inability to explain the meaning of what is being done)
Important titles (more important than money)
Bureaucracy
Thoroughness
Streamline actions
Implement management actions
An important stage in your career is a reason to
celebrate
Anniversary - an occasion to celebrate
Career promotion - a reason to celebrate
Birthday is an occasion to celebrate
Dismissal - a reason to celebrate
Occasion for celebration - the employee himself (out of
activity)
Fear of mistakes

Table 5
Investment Culture (IC)
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Scale
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC

Interpreter
Future orientation
Activities at high risk
Thoroughness
Caution
Patience
Persistence
The solution is at the top
Decisions are subject to careful review
Without rights for error
Great value of experience
Respect for authority
Respect for professional knowledge
Preservation of once adopted agreements
Saving once made decisions
Communication is frequent
Discussion of everything in detail
Politeness in communications
Obvious interdependence
Authority is gained for a long time
Professional growth is slow
Everything that is created is reliable
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Text

Source

The first thing that catches your eye is the unequal number of characteristics
that describe each culture - from 43 to 22. In addition, it is intuitively clear that each
such characteristic has its own "weight" and these "weights" are not the same for
different characteristics within each culture.
Then the approach was changed and statements were formulated that would
characterize each of the cultures in such parameters as feedback rate and risk.
Some

of

these

statements

concerned

only

one

of

the

parameters

(i.e., did not characterize any one culture), and some - both, ie, allowed to identify a
person's

propensity

for

a

particular

culture

of

entrepreneurship.

Only 14 such statements could be formulated, which is not enough for a full-fledged
test (table 6).

Table 6
Combined Affirmation
No.
Affirmation
1.
You believe that success is mainly caused by activity, speed of action
2.
You think it's often easier to try than to wait for research
3.
You believe that risk is a noble thing, and those who do not take risks do not drink
champagne
4.
You think it's important to belong to a successful team
5.
It is good to work in a team that you are happy to meet during non-working hours
6.
You prefer to work alone, when the result depends only on you
7.
You have mascots for success
8.
You believe that success comes from the long work of the whole team
9.
You believe that most decisions require careful preparation
10. You believe that the crisis must be endured without changing jobs
11. You believe that the documentation should be kept carefully so as not to be found
guilty
12. You believe that you need to follow all the instructions of management - still the
responsibility will fall on him
13. You believe that once the agreements are made, they must be kept
14. You believe that authority is gained over a long period of time and deserves respect

For each of the test statements, the affiliation of the answers to a certain
business culture was determined (table 7).
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Table 7
Belonging of Answers to a Particular Culture of Entrepreneurship
No.
Affirmation
1. You believe that success is mainly
caused by activity, speed of action
2.

You think it's often easier to try
than to wait for research

3.

You believe that risk is a noble
thing, and those who do not take
risks do not drink champagne
You think it's important to belong to
a successful team

4.

5.

6.

It is good to work in a team that you
are happy to meet during nonworking hours
You prefer to work alone, when the
result depends only on you
You have mascots for success

TC
-V
↑R
↓
-V
↑R
↓
-V
↑R
↓
+V
↑R
↓
+V
↑R
↓

SC
+V
↑R↑

AC
-V ↓
R↓

+V
↑R↑

-V ↓
R↓

+V
↑R↑

-V ↓
R↓

You believe that success comes
from the long work of the whole
team
You believe that most decisions
require careful preparation

-V ↑
R↓
-V ↑
R↓

-V ↑
R↑

+V
↓R↓

10.

You believe that the crisis must be
endured without changing jobs

-V ↑
R↓

-V ↑
R↑

+V
↓R↓

11.

You believe that the documentation
should be kept carefully so as not to
be found guilty
You believe that you need to follow
all the instructions of management still the responsibility will fall on
him
You believe that once the
agreements are made, they must be
kept
You believe that authority is gained
over a long period of time and
deserves respect

8.

9.

12.

13.

14.

Culture

ТК-1

+V
↑R↑
+V
↑R↑
-V ↑ + V
R↑ ↓R↓

7.

IC
+V
↓R
↑
+V
↓R
↑
+V
↓R
↑

СК-1

+V
↓R
↑
+V
↓R
↑
+V
↓R
↑
АК-1

+V
↓R↓
+V
↓R↓

+V
↓R
↑
+V
↓R
↑
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ІК-1

Notes

From this table we see that the scores given by the respondents are interpreted
differently in different cases. Thus, the answers to questions 4 and 5, 6 and 7, 11 and
12 and 13 and 14 are aimed at identifying the respondent's closeness, respectively,
to the trade (TC), speculative (SC), administrative (AC) or investment (IC) business
culture. In these cases, only the coincidence of the answer with the "key" multiplied
by the corresponding coefficient is subject to interpretation. Otherwise, the answer
is not interpreted.
Let's make the necessary calculations for two options. We will see the
following: option 1 in table 8, and option 2 in table 9.

Table 8
The Results of Calculations (Version 1)
No.
1.

2.

3.

4.

5.

6.

7.

Affirmation
You believe that
success is mainly
caused by activity,
speed of action
You think it's often
easier to try than to
wait for research
You believe that risk
is a noble thing, and
those who do not take
risks do not drink
champagne
You think it's
important to belong
to a successful team
It is good to work in a
team that you are
happy to meet during
non-working hours
You prefer to work
alone, when the result
depends only on you
You have mascots for
success

- -3 -2 -1 0 1 2 3 TC TC SC SC AC AC IC- IC
- + - + +
+
1

1

1

1

1

1

1
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End of the Table 8
8.

9.

10.

11.

12.

13.

14.

You believe that
success comes from
the long work of the
whole team
You believe that most
decisions require
careful preparation
You believe that the
crisis must be
endured without
changing jobs
You believe that the
documentation
should be kept
carefully so as not to
be found guilty
You believe that you
need to follow all the
instructions of
management - still
the responsibility will
fall on him
You believe that once
the agreements are
made, they must be
kept
You believe that
authority is gained
over a long period of
time and deserves
respect

1

1

1

1

1

1

1

If we perform the calculation under option 1, the respondent will equally likely
belong to either a trading or an investment culture. But, having checked the results
of option 2, we see that it is still largely inclined to the investment culture. From the
point of view of the project team, this is interesting, because it is
possible to expect from him informed decisions and thoughtful work on the
project.
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Table 9
The Results of Calculations (Version 2)
No.
Affirmation
1.
You believe that success is mainly
caused by activity, speed of action
2.
3.

4.
5.

6.
7.
8.

9.
10.
11.

12.

13.
14.

TC
SC
AC
IC Culture Notes
+
+
V↑ R↓ V↑ R↑ V ↓ R V↓ R↑
↓
You think it's often easier to try than
+
+
to wait for research
V↑ R↓ V↑ R↑ V↓ R↓ V↓ R↑
You believe that risk is a noble thing,
- V↑
+
+
and those who do not take risks do not R↓ V↑ R↑ V↓ R↓ V↓ R↑
drink champagne
You think it's important to belong to a
+
ТC-1
successful team
V↑ R↓
=+8
It is good to work in a team that you
+
are happy to meet during non-working V↑ R↓
hours
You prefer to work alone, when the
+
SC-1 =0
result depends only on you
V↑ R↑
You have mascots for success
+
V↑ R↑
You believe that success comes
+
+
from the long work of the whole
V↑ R↓ V↑ R↑ V↓ R↓ V↓ R↑
team
You believe that most decisions
+
+
require careful preparation
V↑ R↓ V↑ R↑ V↓ R↓ V↓ R↑
You believe that the crisis must be
+
+
endured without changing jobs
V↑ R↓ V↑ R↑ V↓ R↓ V↓ R↑
You believe that the documentation
+
АC-1
should be kept carefully so as not to
V↓ R↓
=+4
be found guilty
You believe that you need to follow
+
all the instructions of management V↓ R↓
still the responsibility will fall
on him
You believe that once the agreements
+ ІC-1
are made, they must be kept
V↓ R↑ =+8
You believe that authority is gained
+
over a long period of time and
V↓ R↑
deserves respect
TC-2 SC-2 AC-2 IC-2
=0 =+4
=+5 =+9
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Its shortcomings will be the non-perception of speculative culture
(zero according to the first option) and, not surprisingly, its insufficient
perception of the "native" (seemingly) trade culture (zero according to the second
option).
These data are very difficult to detect when forming a project team, but they
lead to problems during the project. Therefore, the author considers it necessary to
continue the experiments and eventually offer a new, brought to mass use, Test of
Communal Team Unity (STU).

Conclusions
The paper solves current problems related to the management of processes of
interaction with project stakeholders, reducing the time to solve problems that
usually arise in the initial stages of the project and began to study the means of
managing the cultural factors of the project.
The scientific novelty of the work is as follows:
1) it is shown that many problems associated with the project implementation
lie in the field of environment. To succeed, the manager must study and try to
manage, or influence the external forces on which the result depends.
2) it is shown that the means of managing environmental factors include both
organizational measures and process development strategies. To determine the
formal organization that supports the interaction, it is proposed to use the structuring
of the process in order to identify important from the point of view of customers, and
the success of the project of interdependence operations.
3) one of the characteristics of the quality of the management process is
proposed to use the indicator of the achieved level of interaction of process
participants. A mathematical description of the characteristic we need is given, which
evaluates the achieved level of control and influence. The indicator determines the
total value of all time spent on interaction with important people and organizations
in the project environment.
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4) an increase in the level of control and influence is accompanied by an
increase in the cost of performing these functions and a simultaneous decrease in
losses that are possible in the absence of such control (influence).
A graphical interpretation of the integrated cost-loss curve due to the
achieved level of control (impact) is given. The possibility of the existence of the
optimal value (or close to the optimal) of the costs of managing stakeholders is
shown.
5) it is shown that the main task of decision-making is to find a compromise
between achieving the desired level of control (influence) and the overall
organizational costs. The model of counter dynamics of change of losses and
expenses

owing

to

strengthening

of

control

of

factors

of

external

environment is presented graphically. The integral curve of interdependence
of the accepted decisions directed on strengthening of the power (influence)
and reduction, as a result, of risk of losses from uncontrollability of process is
resulted.
6) both models indicate the effectiveness of the decisions made and can be
used in the calculations and analysis of project actions, showing whether the
decisions were made correctly and to what extent in terms of the interests of actors
interested in the project.
7) to analyze the stakeholders of the project, it is proposed to use the typology
of R. Mitchell, which is an extended version of the A. Mendelow model.
8) on the basis of this model the algorithm of the analysis of significance for
any of the interested parties of the project is developed.
9) a calculation formula is proposed to determine the weight (significance) of
the stakeholder, which uses weighted average expert assessments of the parameters:
power, legality and urgency.
10) the presentation of the project model in the form of consecutive designing
of similar fuzzy models is offered, the projection of the previous of which serves as
the basis for the further. This project presentation allows to assess not only the degree
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of achievement of the project objectives, but also the degree of possibility of
achieving the objectives of each of the key stakeholders.
That

is,

knowing

the

parameters

of

the

models

by

which

they are characterized, we can begin to implement them in the form of analysis
tools.
It also becomes possible to make management decisions that promote
a better distribution of people on the project, prevent or effectively extinguish
conflicts that are caused by differences between the worldviews of project team
members.
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MANAGEMENT OF STAKEHOLDERS IN TRANSPORT SYSTEM
DEVELOPMENT PROJECTS CONSIDERING THE POSSIBLE
COMMUNICATION CONFLICTS
Malyeyeva O., Litvinenko D., Artiukh R.

The subject of research in the work are the processes of project stakeholder management.
Attention is paid to solving the tasks of forming the circle of the main stakeholders for projects of
development of transport systems and analysis of their interests. The stakeholder harmonization
method uses a formalized view of the relationship between their interests and project objectives
based on a value approach. The dynamic stakeholder map model according to the stages of the
project life cycle allows to obtain a quantitative assessment of the success of stakeholder
management. To resolve possible conflicts between stakeholders, the optimization problem of
determining a compromise price for resources with multiple suppliers is used. Based on the
developed ones, it is possible to confidently determine the effectiveness of the stakeholder
management strategy and adjust the work with them in a timely manner. Practical use of the
described problems will help to optimize and improve communication management processes in
the project taking into account zones of possible conflicts.

Introduction
The project-oriented approach has recently proven to be an effective
mechanism that allows you to effectively manage large-scale projects in the
implementation of complex tasks involving the use of significant resources and
active intersectoral cooperation [1, 2]. The results of recent research indicate that the
project approach develops opportunities for the application of a new system of
knowledge, technology that allows to solve the problem of creating values, and also
helps to solve problems in conditions of limited resources [3]. In search of further
ways to develop the theoretical basis of project management, scientists often agree
that this path should be based on models and methods of analysis of structural
properties of project management systems [4, 5].
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Active development of transport systems in Ukraine, their reorganization in
view of the occupation of parts of territories and ambitious goals of Ukraine's
transport strategy until 2030 [6], approved by the government in 2018, form new
challenges in project management and force to rethink and improve management
approaches projects and take into account the sectoral characteristics of the transport
sector in the management of such projects. The complexity and complexity of
transport systems development projects force to improve and optimize project
management processes and look for new ways to solve problems related to
stakeholder management, risks and other processes specific to the project-oriented
approach.
During the formation and implementation of projects for the development
of transport systems, it is important to use the latest methods and technologies of
project management. The use of advanced developments in the field of project
management will allow the state to increase the pace and quality of project
implementation, which in turn will lead to a qualitative economic leap and accelerate
the pace of overall economic and social development of the state and separate
regions.

1. Interaction of participants in organizational structures of project
management
The content of the project sets requirements for the optimal organizational
structure of the project in terms of division of responsibilities, responsibilities and
labor for the project. All the diversity of organizational structures can be represented
in the form of a continuum, the boundaries of which indicate possible solutions
for the division of labor - vertical (functional-administrative) division of
labor and horizontal (design-target). The classic version of the division of labor into
vertical processes is a functional organizational structure. The general advantages
and disadvantages of the functional organizational structure are presented in
table 1 [7].
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Table 1
Advantages and disadvantages of functional organizational structures
Advantages
Stimulates

business

and

Disadvantages
professional Stimulates functional isolation

specialization
Reduces duplication of effort and increases Increases the number of cross-functional conflicts
resource efficiency in functional areas

and reduces the effectiveness of achieving
common goals

Improves coordination in functional areas

Increases the number of interactions between
participants in end-to-end, horizontal processes,
reducing the efficiency of communications

Helps to increase the manufacturability of Functional manufacturability does not contribute
operations in functional areas

to solving complex problems

Employees have the prospect of career When attracting employees to implement the
growth and professional development

project, motivation decreases

Within functional organizational structures, mechanisms can sometimes be
used to enhance horizontal integration and thus somewhat smooth out the negative
aspects of functional structures.
The most commonly used mechanisms of horizontal integration of functional
structures are intermediaries and teams. The simplest elements of horizontal
connections can be organized in the form of so-called intermediaries. Usually
mediators act at the lower levels of the hierarchy and prevent the development of
differences at an early stage of their development. Quite broad powers may be
delegated to teams, but committees of a purely advisory nature may also be
established.
A project-target structure is superimposed on the vertical functional structure,
forming a matrix organizational structure for full-fledged horizontal integration.
Types of matrix organizational structures have advantages and disadvantages listed
in table 2.
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Table 2
Advantages and disadvantages of matrix organizational structures
Advantages

Disadvantages

The project and its goals are in the center of There are conflicts between design and
attention, as well as the needs of the customer

functional structures

The advantages of functional structures for There is a need to coordinate the activities of
optimizing activities in functional areas and the several projects
use of resources for several projects are
preserved
Staff concerns about careers after the end of the There is a problem of division of powers
project are reduced

between project managers and functional units

It is possible to "adjust" the organizational The principle of single-headedness is violated,
structure from weak to strong matrix

which causes many conflicts

Matrix organizational structures are effectively used to achieve simultaneous
vertical, functional specialization and design-target horizontal integration.
In addition to the system of relations between the participants and the content
of the project, the external environment imposes certain requirements on its
organizational structure. The more mobile and dynamic the external environment
of the project, the more flexible and adaptable its organizational structure should
be. Any organizational structure can be implemented in different possible
adaptations.
Reporting roles, responsibilities and relationships in the project can be
distributed both between individuals and between groups of people. Individuals and
groups of persons may be part of the organization - the executor of the project or may
take an external position in relation to it.
In most projects, much of the organizational planning is done as part of the
early stages of the project. However, the results of this project should be reviewed
regularly throughout the life cycle in order to confirm their suitability for the current
situation. If the original organization is not effective, it should be reviewed
accordingly.
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There are organizational interfaces for communication of project participants formal and informal reporting relations (technical or interpersonal).
The interaction of performers has certain limitations, which are caused by:
– the structure of relationships;
– the level and degree of responsibility of project participants under the
concluded agreements;
– preferences of participants;
– personal characteristics of performers.
The distribution of roles and responsibilities may vary over time. At the same
time, you should analyze the degree of involvement of participants in the project.
Often, a matrix of responsibility allocation is used for this purpose, taking into
account the structural decomposition of work (WBS).

2. Harmonization of stakeholder interests of transport systems development
projects
For the successful implementation of the project it is necessary to identify the
main participants whose interests can significantly affect the achievement of project
goals and results. The main participants in the project usually include [8]: customer,
investor, project manager, contractor, contractor, project management team,
authorities. In addition, project participants may include sponsors, competitors,
consumers of project products, consulting and legal organizations.
Management of stakeholders in transport systems development projects plays
one of the key roles in the success of the project [9]. Transport systems development
projects have a number of features because they are an important factor for the
development of the region as a whole, and sometimes may even have an international
impact. In addition, during the implementation of such projects, significant changes
often occur in the usual space for local residents. Such changes can carry both
social and environmental risks. The concept of "public value" was developed by
M. Moore [10].
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Another special participant in the project of development of transport systems
is the representation of the authorities of the region or the state. Government
representatives should support the project at all stages of the life cycle, as well as
protect the interests of some stakeholders over others. The interests of the community
should be the main ones, but the state interest and protection of legality, regularity,
environmental friendliness and economic feasibility of construction should not be
excluded. Establishing communication with the public, simplification and assistance
in obtaining permits, the overall positive political will for the project can significantly
eliminate a large number of risks.
Another important stakeholder in the transport systems development project is
the regulatory body, of which there may be several. It works closely with government
agencies and ensures the interests of the state in the field of both quality requirements
for construction and documentation, as well as requirements for environmental and
industrial safety.
Other important stakeholders include the project investor, the project manager
and his team, as well as contractors, subcontractors, general contractors and general
suppliers.
Regular interaction of the project team with stakeholders throughout the
project reduces the risk of the project, facilitates changes in the early stages of the
LC of the project, reducing time and increasing the likelihood of successful
achievement of project objectives.
Among the methods that allow you to form and analyze the characteristics of
stakeholder groups can be identified a method of compiling matrices of the ratio of
characteristics of power, interests and influence. Stakeholders are grouped on the
basis of their level of authority, interest in project results, ability to influence the
achievement of the end result and cause changes in the planning or implementation
of project work. Another method that is more suitable for complex relationships in
the project (including for transport infrastructure projects) is the method of
stakeholder analysis, which involves building a model of features (Mitchell's model).
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This model describes stakeholder groups based on an assessment of their level of
power, urgency and legitimacy.
Project stakeholder management processes include [11, 12]:
– identification of project stakeholders;
– participation of project team members in involvement and communication
with stakeholders;
– adjusting the composition of stakeholders taking into account the risks of
the project;
– communication with stakeholders whose interests are related to obtaining
specific project results;
– using the value of stakeholder involvement and communication.
The information that can be used to include stakeholders in a group with
common interests is: general requirements, expectations, opportunities to influence
the final results of the project, the phase of the project life cycle when the stakeholder
has the greatest impact.
It should be noted that the interests of the formed groups may be contradictory,
as well as not at all stages of the life cycle to meet the objectives of the project.
Therefore, there is a task of balancing the interests of different groups and
harmonizing interests with the objectives of the project.
A comprehensive method of balancing the interests of stakeholders involves
the following steps [8]:
– determine the patterns and impact of the project environment, as well as
select experts who will be involved in determining the list of stakeholders, as well as
in assessing their characteristics;
– identify the most complete range of project stakeholders;
– identify the interests of stakeholders;
– determine the importance of each stakeholder in terms of external, internal
factors of the project and in view of the project objectives;
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– determine the degree of influence of stakeholders in terms of their own
characteristics, based on the current state and capabilities of the stakeholders
themselves;
– determine the emotional attachment of stakeholders to the project.
– build a matrix of balance of interests of stakeholders;
– determine the relationship of project objectives to the interests of
stakeholders;
– defining tactics and strategies of interaction with each stakeholder and their
group;
– Include stakeholder activities in the project schedule.
To formalize the method, the total set of project stakeholders is denoted by
S = {Si}, i = 1, n .We denote the set of interests of individual groups of stakeholders
I = {Ij}, j = 1, m .
The degree of interest of each stakeholder is measured by the value xij, with
x ij ∈ [ −1,1] , i = 1, n , j = 1, m . (Table 3).

But on the basis of xij we cluster stakeholders, i.e. we group them by interests.
For each interest group we identify more interested, less interested and opposed
people.

Table 3
Stakeholder interest matrix
I1

I2

…

Im

S1

x11

x12

…

x1m

S2

x21

x22

…

x2m

…

…

…

…

Sn

xn1

…

xnm

xn2
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The set of stages of the project LC is denoted by E = {el}, l = 1, t . The
coefficients of influence of stakeholders on the project are denoted by the elements
of the matrix K = || kil ||,, where kij is the degree of influence of the i-th stakeholder
on the l-th stage of the project LC, t is the number of stages of the project LC,
k il ∈ [ 0,1] .

Thus, the procedure of harmonization of interests of stakeholder groups taking
into account the degree of their interests and impact on the project will be formally
presented in the form of reflection

{s ( k

11 , x11

1

) ,..si ( k il , x ij ) ,..sn ( k nt , x nm )} ⇒ I .

Characteristics of stakeholders can be supplemented by estimates of emotional
propensity G = {gi}, where each element has three subsets gi = {gi1, gi2, gi2},
gi1 - the degree of emotional propensity of the i-th stakeholder to use their power,
gi2 - to urgently solve project problems, gi2 - to the use of legitimate means,
gik ∈ [ 0,1] . Then

{s ( k , x , e )} ⇒ I ' , i = 1, n , l = 1, t ,
i

il

ij

ik

j = 1, m , k = 1,3 .

The harmonization procedure is based on stakeholder satisfaction assessments.
The goals of the project are denoted by the multiple C = {C1, C2… Cp}. The
degree of compliance of the interests of stakeholder groups with the objectives of the
project is denoted by values yhj , h = 1, p , j = 1, m , y hj ∈ [ 0,1] .
Thus, it is possible to solve the problem of assessing the degree of
realization of the project objectives and make decisions on attracting additional
project participants or neutralizing the opposing parties at certain stages of the life
cycle.

3. Stakeholder management at project life cycle stages
After the identification of stakeholders and their analysis, an initial stakeholder
engagement plan is developed, which is updated at the stages of the project LC to
reflect the emerging changes.
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At all stages of LC, the project is affected by the external environment and
itself affects its condition. Therefore, it is proposed to review the indicators of
stakeholders at each stage of the project life cycle.
For example, at the planning stage of a transport systems development project,
important contractors are design contractors and permitting government
organizations that must approve the project. In the next stages, these project
participants either have too little influence and significance for the project, or
disappear altogether.
Stakeholder maps are usually used to analyze stakeholders in tabular form or
in the form of a block diagram [12, 13]. The model of a dynamic stakeholder map,
which corresponds to the specific stages of the project life cycle, allows to move the
entire system of interaction with stakeholders from one position to another quickly
and without much loss.
Formally, the proposed model can be represented as follows.
Denote the total set of stakeholders S = {Si}. At separate stages of LC subsets
are formed: Sk ⊂ S . In this example, k = 3. At each stage, there is a change in the
state of a subset of stakeholders:
Sk (t) → Sk +1 (t + 1) .

The state of a subset of stakeholders is determined not only by its composition,
but also by the relationships of communications between them, which can be
specified as a matrix A = a i j . For example, a subset of stakeholders is formed for
the first stage
S = {S1, S2, S3, S4, S5},
where S1 is the investor, S2 is the designer, S3 is the local government, S4 is the
population, S5 is the central government.
The matrix of relationships between them is shown in table 4. The table also
shows the relationship of the project management team (S0) with all participants.
Note that the elements of the matrix a i j reflect the intensity of communications
and the level of influence on the performance of work or decision-making on the
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project, i.e. they are a tuple of two values: a i j = aIi j , aVi j which are the parameters
of the stakeholder map.
Table 4
Relationship of stakeholders in the initiation and planning stages
S0

S1

S2

S3

S4

S5

S0

-

a01

a02

a03

a04

a05

S1

a10

-

a12

-

-

-

S2

a20

a21

-

a23

-

-

S3

a30

-

a32

-

a34

a35

S4

a40

-

-

a43

-

-

S5

a50

-

-

a53

-

-

In addition, the intensity parameter is a symmetric matrix of values:
aI
=
i j aI ji , ∀i, j ,

and the influence level parameter often has different values relative to the diagonal:
aVi j ≠ aVji .

When changing the map of stakeholders, it is important to pay attention not
only to the relationship between stakeholders and changes in their number, but also
to changes in their qualitative and quantitative characteristics. Therefore, the
project manager should pay attention to any significant changes in the stakeholder
circle and involve the team in reviewing project management decisions based on
these changes.
Each stakeholder can be characterized by the following parameters:
– loyalty to the project;
– relevance for the project;
– involvement in the project;
– impact on the project.
Thus, we have a set of stakeholder parameters:
R = P, Ac, Z, V
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The given list of parameters is not final and may vary depending on the project
and its requirements, but, in turn, it is sufficient for most projects and can be
successfully used to assess both stakeholders individually and manager interaction at
different stages and situations in project.
For each of these parameters, a semantic scale of values is proposed, which
characterizes the intensity of the manifestation of the corresponding characteristic.
The scale is the distribution of parameter values into sectors with quantitative or
qualitative value.
In addition to the actual positions of stakeholders, it is important to understand
the desired characteristics for each stakeholder and the importance of such a position
for the project. Table 5 shows an example of loyalty to the stakeholder project with
the desired position, where Pni is the actual position, Pai is the desired position,
i = 1, m . Thus, on the plane you can place both the actual values of the characteristics

of the stakeholder, and its desired position for the project.

Table 5
An example of a scale of stakeholder loyalty to a project with the desired
position
Stakeholder Opponent Neutral

In general for the project

Ready to

Most

implementation

support the

interested

project
S1

Pn1

S2

Pa1
Pn2, Pa2

…….
Sm

Pnm

Pam

Together, scales with quantitative or qualitative indicators make it possible to
depict the situation graphically in the form of a four-dimensional tesseract, each of
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the

axes

of

which

would

be

a

characteristic

of

the

stakeholder.

Within such a tesseract, you can place both the points of the actual
positions of stakeholders, and the desired positions. The vector from Pn to Pa reflects
the goal that the manager must achieve in the process of managing project
stakeholders.
Since the value of Pn may change over time and at different stages, it is
possible to determine the actual movement of the stakeholder in the body
of the tesseract. This motion will form a vector from Pn to Pr and may
often not coincide with the vector Pn to Pa. Thus, the angle between the vectors (α)
will show the deviation from the desired results. Ideally, this angle should
be zero.
When managing stakeholders at specific stages of the project LC should take
into account the different impact of indicators on the results of work, which
can be expressed by a coefficient of importance

ki .

The coefficient of importance

multiplied by the cosine of the angle and will quantify the deviation of the
characteristics of the stakeholder from the desired values on a scale in the range
[-1, 1]. Here, a score of 1 gives an ideal result, and -1 is the exact opposite trend.
By constructing tesseracts of deviations for each stakeholder, it is possible to
investigate

the

success

of

their

management

both

according

to

individual characteristics and in general for global evaluation. Thus, the quantitative
assessment of the success of stakeholder management is calculated by the
formula:
n

ER =

∑ ki cos αi
i =1

n

,

where n is the number of stakeholders at the stage of the project LC.
This approach allows you to evaluate the work of the manager in some areas
of stakeholder management, and in general.
The application of this approach is possible and effective only if the following
rules are followed:
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1. At the project initialization stage, it is important to correctly select all
stakeholder characteristics that are significant for the results of the transport systems
development project, correctly determine the importance factors for each of them,
and choose an effective rating scale that would give unambiguous estimates. On the
other hand, it guaranteed a sufficiently detailed assessment.
2. At each stage of the life cycle and at all stages of the project, it is important
to monitor project priorities, ie to review whether project priorities have shifted in
stakeholder management and whether the composition and importance of
stakeholder projects themselves has changed.

4. Stakeholder communication and conflict analysis
There is an innovative component in transport systems development projects,
which can be implemented using the ideas of project participants and increasing the
overall innovative activity of stakeholders. It is here, as a result of communication
processes, that stakeholders self-organize, when joint efforts are higher than the
efforts of an individual performer. Thus the synergetic effect due to:
– common values;
– interpersonal skills;
– internal interdependence;
– coherence and cooperation, organizational culture;
– motivation for joint activities.
Project communication management consists of five stages [14]:
1. Creation of the concept of communications management in the early stages
of the project.
2. Communication planning to determine the information and communication
needs of project participants.
3. Analysis of communications during the project.
4. Completion of project communications management.
5. Decision-making on further use of the project communication means.
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Types of communication are divided according to the composition
of

stakeholders

as

follows:

interpersonal

communication,

group

and

mass [15]. Communications in a group of stakeholders belong to the type
of group communications in which information is disseminated through
communication networks. These networks are centralized with respect to the project
manager. In turn, centralized structures are divided into: frontal, radial and
hierarchical.
Internal communications of stakeholders belong to the group of functional
relations - these are the processes of communication of a specialist who is
authorized to perform a function within the whole project, with other project
participants.
In the analysis of communication processes for the project implementation, the
following types of interactions are of the greatest interest (table 6):
– planned formalized communications that reflect the standardized exchange
of information during the project;
– vertical uplink communications to transmit information in written and spoken
forms;
– vertical downlink communications to monitor project implementation;
– horizontal communications to disseminate information.
The communication process involves a dynamic change in the stages of
formation, transmission, reception, decryption and use of information in both
directions in the interaction of communicators. The communication model
reproduces the components and functional characteristics of the communication
process in the form of a diagram.
All the variety of models of the communication process in projects can be
divided into two large groups: linear and nonlinear models.
The main linear models of communication are [16, 17]:
1. The Lasswell model is both a model for the study of the communication
process and a detailed plan of the actual communicative action.
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Table 6
Communications that are investigated during the project implementation
Direction of
communication

Vertical
ascending

Vertical
descending

Horizontal

Function of the communication process

Method of
information

Emotional

Information

expression

transfer

-

-

+

-

-

-

+

Nonverbal

-

-

-

-

Written

+

-

-

-

Speech

+

-

-

-

Nonverbal

-

-

-

-

Written

+

-

-

+

Speech

+

-

-

+

Nonverbal

-

-

-

-

Control

Motivation

Written

-

Speech

exchange

2. The Shannon-Weaver model is abstracted from the meaning of the
transmitted information, focusing entirely on its quantity, measuring the number of
transmitted signals.
3. M. de Fleur's semiotic model of communications proceeds from the fact
that in the process of any information interaction the information invariant is
transformed from its pragmatic aspect into the semantic aspect, and then into the
syntactic one.
Among the nonlinear models of communications are the following:
1. Theodore Newcomb's nonlinear model of communication has the form of
an equilateral triangle, the vertices of which correspond to the communicator, the
communicator and the social situation.
2. Circular model of communication R. Maletske, in which a person
simultaneously and constantly acts as a source and as a recipient of information.
A common disadvantage of existing models is that they are qualitative rather
than quantitative, and do not reflect the obvious dependence of the complexity of the
work performed on the communication processes required for their implementation.
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Conflicts are inevitable in the project's communication environment with
stakeholders. Sources of conflict can be the processes of resource allocation,
scheduling, defining authority and responsibility, as well as interpersonal
communication. Successful conflict management saves time on negotiation
processes.
A combination of the following characteristics of stakeholders should be taken
into account when identifying areas of possible conflict: interest, rights, property,
knowledge, contribution.
To determine the possibility of conflict, the characteristics of stakeholders
should be analyzed and divided into groups according to the project objectives. By
comparing the interests of individual groups, it is possible to identify areas of
possible conflict and work out compromise solutions.
Factors influencing conflict resolution methods include:
– the importance and intensity of the conflict;
– limited time available to resolve the conflict;
– the relative power of the stakeholders involved;
– the importance of maintaining interest in the project results;
– motivation to resolve the conflict in the long or short term.
One of the important characteristics of stakeholders is the level of their
involvement in the project. The following scale can be used to classify levels of
stakeholder involvement:
– unaware (UN) - unaware of the project and its potential impact;
– resists (RE) - aware of the project and its potential impact, but has
objections to any changes;
– neutral (NT) - aware of the project, does not support the changes, but does
not object to them;
– supports (SU) - aware of the project and supports its work and end results;
– leader (LE) - aware of the project, potential impact and actively involved in
ensuring the success of the project.
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The difference (discrepancy) between the current and desired levels for each
stakeholder serves as a basis for determining the level (intensity) of communications
required for the effective involvement of stakeholders. To determine the degree of
inconsistency, it is necessary to determine the degree of conflict of interest of
stakeholder groups.
With the help of Vienna diagrams, you can display the relationship of interests
of these groups and display two areas between which conflicts may arise (fig. 1). The
whole area of stakeholder groups is divided into two parts, respectively on the right
- a positive attitude to changes in the project, on the left - a negative attitude.

_

Negative

+
UN

Positive

E

SU
C

RE
LE

A
B

NT
D

Fig. 1. Zones of possible conflicts between stakeholder groups

The degree of difference in the involvement in the project, and accordingly,
the degree of possible conflict with stakeholders is indicated in the figure by
horizontal segments, the length of which is proportional to the degree of discrepancy
between the elements of the groups. Let’s define five degrees of inconsistency
(possible conflict) in the linguistic scale: A - strong, B - significant, C - medium,
D - small, E - insignificant.
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From the point of view of decision-making tasks in the conditions of
uncertainty taking into account the conflicting parties the specified degrees of
discrepancy can be presented in the form of the table (matrix) (table 7).

Table 7
The degree of discrepancy between the interests of the conflicting parties
Stakeholder groups

LE

SU

NT

UN

RE

A

B

C

D

NT

B

C

D

E

UN

C

D

E

E

The use of game theory models is effective for decision-making in managing
conflicts of stakeholders [18]. In project management, it is applicable to the analysis
of strategic management problems in the context of competition, cooperation, risk
and uncertainty [19]. As an example for transport infrastructure development
projects, we can mention organizational decisions regarding cooperation and creation
of joint ventures, identification of leaders and performers, suppliers of material
resources, estimation of project completion time, etc. Game theory can be used in the
practice of communication between the project team and stakeholders to help the two
parties achieve a "win / win" situation".
The experience of managing transport development projects shows that in
many cases central and local governments have different interests, sometimes
conflicting. For example, the implementation of national road construction projects
requires the use of land owned by the local community. At the same time, the local
community may have its own vision for the use of the relevant plots, taking into
account the interests of the residents of the territory. In this case, at the stage of
project initiation, local governments and central executive bodies should be involved
in the communication (negotiation) process as stakeholders who have their own
interests and may be subject to the risks of the project. Otherwise, local governments
and local communities should establish communications with private business to
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attract investment resources of private business for the implementation of transport
infrastructure projects.
If we consider the process of satisfying the interests of the population and
describe the interaction of the parties in terms of game theory as "seller - buyer", the
"seller" will be local governments and private business, and "buyer" - the population
of this community.
Thus, three game models can be described between the five stakeholders
(fig. 2):
1) central authorities and local governments have a conflict of interest
regarding the allocation of territories for the construction (development) of transport
infrastructure;
2) local governments (together with territorial communities) find a
compromise solution with representatives of private business to attract investment;
3) local governments (together with representatives of private business) find a
compromise solution with the inhabitants of the surrounding areas, taking into
account their interests (satisfaction of transport requirements and living
conditions).
Note that two of these situations are described by models of the coalition
game.
In the general case, it is impossible to predict how the benefits will be
distributed between the parties, i.e. the participants may not reach a mutually
beneficial agreement from the standpoint of compliance with the Pareto
principle. Thus, it is advisable to use game theory, which analyzes the decisionmaking of the subjects (players) in situations where the result is influenced by other
subjects.
To prevent conflicts in the management of stakeholders, it is necessary to
decide on the optimal behavior of the parties in a potential conflict situation. Among
the various areas of game theory will be appropriate to use models of cooperative
play [20].
171

Central
authorities

Territorial
interests

Territorial
communities

Local
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Investment
interest
Consumer
interests
Private
business
entities

Residents of
the
surrounding
areas

Fig. 2. Examples of conflicts of interest between stakeholders with the formation of
coalitions

Denote by N the set of all players, N = {1, 2, 3, ..., n - 1, n}, and by K - any
subset of it. Unions of players in the subset K form a coalition, which then acts as a
single player and acts against the other players who are not in the coalition. Coalition
K can guarantee itself the value of the maximum guaranteed win of the players of
coalition K (denote it v(K)). After the game, the winnings v(K) are distributed among
the coalition members [21].
The problem of redistribution can be solved by various methods. One of them
(the Neumann-Morgenstern solution) allows us to define a negotiating set. This
defines the guaranteed win for each of the participants as the price of the game, which
he receives in case of withdrawal from the coalition. The difference between the gain
of the coalition v(K) and the sum of its guaranteed winnings is the so-called effect of
cooperation. This additional effect can be shared by agreement between the
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participants. The second way to redistribute the effect is to distribute it in proportion
to the guaranteed gains of the coalition members. But on the contrary: a smaller share
of the guaranteed gain corresponds to a larger share of the effect - such a distribution
is called compensatory.
There are five main methods used to resolve conflicts, the essence of which is
presented in table 8 [22].

Table 8
Conflict resolution in terms of game theory
Stakeholder

Project team

strategy

strategy

Evasion

Avoidance

The essence of the decision

Winning or
losing sides

Deviation from the actual or potential

Temporary

conflict situation, postponement of the

equilibrium

problem to a later date
Adaptation

Smoothing

Emphasizing common positions instead of

Loss of one

areas of contradiction, abandoning one's

side

position in favor of the needs of others
Compromise

Coercion

Cooperation

Settlement

Finding solutions that will be to some

There are no

extent satisfactory for all parties

winners

Lobbying someone's point of view at the

One wins, the

expense of others

others lose

Problem

Combining different points of view and

Both sides win

solving

perspectives, willingness to cooperate and

Adoption

open dialogue

The last three categories of conflicts (compromise, coercion and cooperation)
can be described using game theory.
Consider the problem of resolving conflicts of interest in the interaction of
resource managers and suppliers, the result of which is the decision to compromise
on resource prices [23]. We formulate an optimization problem in the form of a game
of two people with opposite interests.
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Let's mark:
U = (u1 , u 2 , , u n ) - vector of mixed strategy of resource manager (player A) on

supplier selection ui;
Z = (z1 , z 2 , , z m ) - vector of mixed supplier strategy (player B) for the choice of

supplied resources zj.
The condition is fulfilled for component strategies
m

n

u ∑
=
z
∑=

i
=i 1 =j 1

j

1.

where u i ≥ 0 , i = 1, m , z j ≥ 0 , j = 1, n .
The price of the game:
n

m

ν =∑∑ a iju io z oj ,
=j 1 =i 1

where а ij – the price of the i-th resource from the j-th supplier, u o – optimal strategy
of the resource manager (probability of choosing a supplier), z o - optimal supplier
strategy.
For

the

value

ν

to

be

the

price

of

the

game,

and

u o and

z o - the optimal strategies, it is necessary and sufficient to perform the following

inequalities:
m
o
∑ a iju i ≥ ν, / j = 1, n ,
 i =1
n
o
∑ a ijz j ≤ ν, / i = 1, m,
 j=1

1
z oj = , / j = 1, n ,
m

 Uo = 1
∑ i

With the help of game theory models it is possible to determine the optimal
decisions about the pricing policy for new products, plans to capture new markets,
cooperation of enterprises, the distribution of project work, etc. [24]. Thus, the
provisions of game theory can be used for all types of decisions, if their adoption is
influenced by other actors.
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Conclusions
Consideration of the main features of transport systems development
projects and their differences in relation to projects in other industries allowed to
determine the range of stakeholders given the specifics of these projects.
The comprehensive method of balancing the interests of stakeholders is
based on the main achievements of modern science of project management and
focuses on the use of the most relevant and effective methods of analysis and
evaluation of project stakeholders. A formalized representation of the relationship
between stakeholder interests and project objectives in the form of matrix models
will formalize and structurally present the main components of the stages of
working with project stakeholders.
An analysis of the composition of project stakeholders in relation to the stages
of its life cycle has been done. Models have been created that allow evaluating the
means of working with stakeholders and determining the correctness of the adopted
strategy by the project management team.
The application of game theory for decision-making to resolve possible
conflicts of stakeholders is substantiated. The optimization problem of determining
the compromise price for resources with multiple suppliers is formulated.
Correct use of the developed models will allow to define precisely and
confidently correctness of strategy on management of stakeholders and in due time
to correct work with them in the conditions of possible conflicts of interests.
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MODERN TOOLS FOR REGIONAL DEVELOPMENT PROGRAMMING
Nechayeva I.
Changes in the role of regions, state regional policy require changes in approaches and
tools for regional development management. An effective tool for regulating regional development
is programming and program-target method. The main (not always effective) source of funding for
regional development programs in Ukraine is the state budget. The experience of implementing
regional development programs in the EU and the peculiarities of implementing Integrated
Territorial Investments (ITI) are useful for Ukraine. The paper considers the role, features and
advantages of ITI as a tool for regional development.

Introduction
Due to the changing role of regions in the economic development of states,
regional policy on the goals, geographical coverage, governance and instruments of
regional development has undergone significant changes.
The key elements of the regional development policy of the old paradigm
were:
– infrastructure projects in depressed and peripheral regions;
– job creation through industrialization, which is based on state aid;
– investment strategies aimed at supporting and attracting subsidiaries of
leading international firms [1].
Three interrelated factors are driving new changes in regional policy:
– recognition that due to regional peculiarities the policy should be developed
and formed at the regional level;
– as a result of various combinations of social, cultural, economic and political
factors, there is a growing trend towards decentralization of various competencies
related to the spheres of development;
– the processes of globalization and European integration play a key role in
the development of strategic methods to promote regional economic development
(table 1) [1; 2; 3].
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Main part
Regional development is a process of social, economic, environmental,
humanitarian and other positive changes in the regions [4]. Regional development
includes such concepts as socio-geographical location; territorial division and
integration of labor; structure, specialization and level of concentration of production
and services, their complexity and proportionality; processes of agglomeration and
polarization of social activity; competitiveness of regions, their export potential and
external relations [5, p. 9].

Table 1
Paradigm of regional development policy change

Goals

The old paradigm

A new paradigm

Temporarily compensates for the

Using the untapped potential of regions to

shortcomings of the location of increase regional competitiveness
lagging (depressed) regions
Unit

of

Administrative units

Functional and economic areas

Strategies

Sectoral approach

Integrated project development

Tools

Subsidies and state aid

Combining soft and hard capital (capital,

influence

labor market, business, environment,
social capital and networks)
Subjects of

Central government

Other levels of government

influence

Regional development management is based on the performance of specific
functions and compliance with basic principles (table 2) [6; 7; 8].
One of the main functions of regional development management is forecasting
and planning of regional development, as the development of a strategy for economic
and social development of the region and the formation of economic and social
development of the region and / or other content programs.
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Table 2
Functions and principles of regional development management
Functions of regional

Principles of regional development

development management
1.

2.

3.

determining

the

economic

and

level

management
of 1.

social 2.

management system;

and analysis of the current 3.

streamlining the range of regional governance;

situation;

optimization of the ratio of centralization and

4.

forecasting and planning of

decentralization in the process of regional

regional development;

governance;

organization

formation and use of adequate and reliable

of

regional 5.

motivation

management information on the basis of effective
of

regional

development;
5.

organization of information flows;
6.

maximizing the result of regional management

control of the process of

while minimizing resource costs;

economic

decentralization;

and

social 7.
8.

partnerships;

regional 9.

subsidiarity;

development of the region;
6.

consistency of all elements of the regional

development of the region

management;
4.

scientific validity of management decisions;

regulation
development

of

10. mobility and adaptability;
11. allocated competence

An effective tool for economic regulation of regional development is
programming, which has certain features (fig. 1) [9].

Fig. 1. The main features of regional development programming
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One of the main methods of programming is the program-target method that
is the method of indicative management and planning, based on market approaches
to managing socio-economic change in society. In contrast to directive planning,
indicative management ensures equal and competitive interaction of all business
entities, their direct involvement in the management process.
Indicative management and planning involves the development of
management decisions based on clear quantitative and qualitative parameters that
must be achieved within a certain period of time. During the indicative planning are
determined: the characteristics of the desired state of a particular control object in the
so-called reference points (indicators) and the characteristics of ways and means to
achieve this desired state of the control object (regulators) [10, p. 54].
The use of program-targeted approach is appropriate in the practice of
managing socio-economic development of the state, region, territory and
municipalities, in the formation of budgets at various levels, in the process of solving
problems of enterprise development (table 3).

Table 3
Levels of program-target management
Levels
State

Content
Statement of general principles of using the program-target approach.
Support in the implementation of the program-target method at the
regional and municipal levels. Legal regulation of the use of the programtarget method at the regional and municipal level.

Regional

Creating conditions for the implementation of targeted programs at the
regional and municipal levels. Support in the implementation of the
program-target method at the municipal level. Reporting on the
implementation of targeted programs to public authorities.

Municipal

Implementation of targeted programs at the municipal level. Regular
reporting on the implementation of targeted programs to regional and state
authorities.
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The program-targeted approach should be based on a scientifically sound
formulation of the development goals of the region. It requires target orientation,
comprehensiveness of measures, determination of terms of their realization, targeting
and establishment of sources of formation of resources. In methodological terms, the
starting point for managing the development of the region on the basis of the
program-target approach is to set a reasonable main goal of the regional development
program.
Any region is a multi-purpose system. Therefore, the implementation of the
main goal involves the achievement of many sub-goals and objectives, the solution
of which is a means to achieve it.
To form and specify the goal, it must be divided into components in the form
of a goal tree. The system of goals should have a clear hierarchical structure,
according to which the achievement of more specific of them serves as a means of
achieving more general goals (fig. 2).

Fig. 2. Fragment of the "tree of goals" of the process of forming the program of
regional development (adapted from [11, p. 54]
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The realization of the goals requires the development of a program for the
development of the region. A regional development program is any state program aimed
at stimulating the industrial and economic development of regions that are in a state of
stagnation or in which a significant part of the population experiences long-term
unemployment. Measures taken may include: providing loans, grants and tax benefits
to private enterprises moving to such areas; assistance in the development of energy,
transport and sanitary facilities; as well as various degrees of centralized control over
the construction and expansion of enterprises [12].
Regional development programs are priorities selected by national and regional
authorities and are operational programs implemented during a specific programming
period. Regional development programs support a wide range of projects, from
improving transport and telecommunications to helping small and medium-sized
enterprises [13]
Regional development programs, as a rule, gave results and effects that differ
significantly in terms of relevance, effectiveness, sustainability and efficiency.
The main obstacles and favorable factors for the successful operation and
implementation of regional development programs are given in table 4 [12].
The practice of developing and implementing regional development programs
should take into account a number of fundamental methodological positions:
– clarification of the place and role of targeted programs in the development
and implementation of regional policy, taking into account their effectiveness;
– formulation of mandatory requirements for regional development programs
both in terms of content of measures and technology of implementation;
– the need for variant development of targeted program measures in terms of
increasing resource security and increasing efficiency;
– assessment of program opportunities for the implementation of regional
policy priorities and justification of the feasibility of competitive selection of
programs;
– calculation, establishment and evaluation of the achievement of target
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indicators of program development of the region;
– organization of control over the implementation, effectiveness and
efficiency of target programs;
– specification of responsibility for the implementation of targeted programs,
taking into account the achievement of planned parameters;
– organization of interprogram (interproject) coordination.

Table 4
The main obstacles and favorable factors for the successful implementation of
regional development programs
Obstacles

Favorable factors

- various incentives and interests;
- lack

of

national

- extensive consultations with national and

commitment regional actors (governments, international

(responsibility) and consultations;

agencies, civil society), as well as national

- lack of coordination and gaps in responsibility;
national-regional relations;

- effective institutional arrangements, such as

- sectoral segmentation;

UNDP regional development centers, and

- limited

opportunities

for

regional effective policy arrangements (e.g., timing of

support;

accountability structures);

- unsatisfactory

programming

implementation,

and

- links between national and regional programs;

planning,

- determining the added value of the regional

implementation, resource levels and their approach and comparative advantages of
allocation,
management

as

well

as

(including

indicators and monitoring).

knowledge institutions;
baseline

- selection of the best financing mechanisms,
such as grants and loans for large projects

These measures can be considered as a tool of regional policy only if a number
of mandatory conditions are met: legitimacy, normative programs, reality,
variability, specific goals and objectives, controllability and responsibility of
individuals and organizations for the use of resources, individual tasks and the
program as a whole.
The main methodological principles are implemented through the stages of
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programming (table 5).
Table 5
Stages of regional development program elaboration
Stages

Characteristics of the stage

programming

priority problems are formulated that require the application of the software
method for their solution

identification

a decision is made to develop a program aimed at solving the priority
problem

structuring

the structure of measures is developed and approved, business plans of
projects are developed

efficiency

the decision on approval of the program is made

assessment,
adjustment
financing

the decision on financing is made

software

normative-legal, informational and personnel support of the program is
formed

realization
evaluation

implementation of the program
of

achieved results

the results of the program implementation are analyzed, and the decision on
continuation, continuation, termination of its implementation is made

The most important stage is the financial support and investment of the
program and projects that shape it.
The main source of financial and investment support for regional development
programs in Ukraine is the state budget, the instruments of which should stimulate
the economic development of the regions: a subvention for socio-economic
development of territories and the State Fund for Regional Development. However,
there are some problems:
– most regions do not spend the funds provided for them due to lack of quality
projects and their late submission to the government;
– projects funded by the SFRD create a burden on the budget.
Instead of stimulating the economy, they have become an additional burden
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on local budgets; as subventions for socio-economic development are managed by
the Ministry of Finance, there are opportunities for political intervention in the
distribution of funds [14].
As mentioned above, globalization and European integration processes play a
key role in developing strategies to promote regional economic development. The
study and analysis of the EU's experience in the field of regional policy allows us to
identify important issues and problems:
– regional policy requires a long-term strategic vision of the goals to be
achieved. EU programs are characterized by both sectoral and geographical
approaches;
– there must be an objective or "non-political" method of attracting and
allocating resources, i.e. it must be clear how funds are attracted and distributed
within programs or regions;
– a system that combines co-financing and partnership, strengthens property
rights;
– it is important to separate the legal field, which establishes a wide range of
rules governing the implementation of the strategy, from individual project
decisions;
– decisions should be made to support integrated programs (i.e. to support
related actions in the areas of infrastructure, human resources and business
development) or to support individual projects;
– there is a problem of dependence on grants, or on a combination of grants
and forms of support with reimbursement;
– recognizes that adequate formal and informal institutional capacity is critical
to successful program management;
– monitoring and evaluation of actions is necessary in order to be able to
demonstrate the value created for beneficiaries and taxpayers;
– the issue of conditionality of programs is important: respect for open markets
in the EU (rules of competition for state aid, rules of open public procurement);
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respect for environmental policy and regulations; respect for the principle of equal
opportunities; an approach based on partnership and democracy;
– transparency of the strategy and program implementation process [15, p. 14].
In our opinion, the experience of implementing the Integrated Territorial
Investments (ITI) instrument in the EU is useful.
The ITI is a tool designed to increase the effectiveness of the implementation
of EU cohesion policy (2014-2020). In financial programming, cohesion policy
focuses on financial interventions, taking into account specific types of territories.
The territorial approach involves moving away from the perception of the area
through the prism of administrative boundaries, taking into account internal
potentials, challenges and obstacles to development [16]
The ITI was proposed by the European Commission (EU) in order to carry out
comprehensive interventions not only territorially but also thematically.
The development and use of this tool is designed to support and implement
both

thematically

diverse

and

complementary

and

interrelated

projects

[ibid].
This tool should support the sustainable development of urban areas, designed
to encourage local governments to cooperate, motivate them to solve the problem
together. Thanks to ITI, cities and their functional areas are included in the
management of operational programs and can implement large-scale projects tailored
to their needs. The main goal of ITI is to ensure long-term cooperation of members
of local governments in a particular functional area through cooperation in the
implementation of projects that should solve socio-economic problems. Due to its
structure, ITI is a tool that can help unlock untapped potential at the local, city and
regional levels [17].
ITI plays an important role in the development of cities and functional areas
of cities due to:
– directing support to urban areas, playing a key role in the system of
settlement of territories or areas with structural problems (contributing to the
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achievement of regional policy goals, national regional development strategy and
development strategy of individual territories);
– identification of individual needs of urban areas and implementation of more
effective policies in the form of comprehensive support (implementation of the
territorial approach in practice will have a lasting effect);
– promotion of thinking from the point of view of a certain territory and its
functional zone (functional approach);
– building a multilevel management system and supporting cooperation of
local governments in functional areas,
– promoting the effectiveness of development policy (by integrating various
instruments directed at the national and regional levels and disseminating strategic
thinking to the operational level of ongoing projects) [ibid].
The analysis allows us to identify the main features of ITI (fig. 3).

Fig. 3. Features of Integrated Territorial Investments (ITI)

In general, positive assessments of the results of ITI implementation are given
in [18; 19; 20; 21].
In particular, in [22] the author states: "Integrated territorial investments have
become a fact and allowed to develop cooperation between the central points and
neighboring municipalities It should be emphasized that integrated territorial
investments have become a part of the political and meaningful landscape of large
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cities and their surroundings. The effects of cooperation in these areas should be
presented as "a good practice" at both European and national levels, which should be
an impetus for the continuation of this tool in the next programming period for 20212027.
The ITI concept provides an incentive to implement, implement and further
extend to other areas of the new integrated approach, which includes, in addition to
the logic of relationships, also intensive cooperation of actors and principles based
on evidence and territory. This requires not only the provisions laid down in the
documents, but also a change in thinking when it comes to development, since
otherwise resources are spent mainly on infrastructure, instead of investment in
human capital [23].

Conclusions
Changes in state regional policy, in particular, the focus on decentralization in
regional governance, European integration and globalization processes have led to
changes in the approaches and tools used to manage regional development.
An effective tool for regulating regional development is programming and
program-target method, which allows to ensure equal and competitive interaction of
all business entities, their direct involvement in the management process; involves
the development of management decisions based on clear quantitative and qualitative
parameters over a period of time.
In Ukraine, the main source of funding for regional development programs is
the state budget. However, the use of budget funds is not always effective: due to the
lack of quality projects and their late submission to the government, the funds are not
spent in full and on time; projects at the expense of the SFRD create a burden on the
budget; become an additional burden on local budgets; there are opportunities for
political intervention in the distribution of funds.
For Ukraine, the experience of implementing regional development programs
in the EU and the features of implementing Integrated Territorial Investments (ITI)
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as the implementation of an integrated territory development strategy, which
provides for key investments to solve the problems of this area with more than one
priority axis, one or more programs that are funded by European structural and
investment funds, is useful.
The main advantages of the ITI concept are the following: targeted support of
territories (regions); identification of individual needs of certain territories and
implementation of a more effective policy, which is considered in the form of an
integrated approach; promoting thinking in the categories of the smallest territorial
units (urban area) and functional environment; building a multilevel system of
governance and strengthening cooperation between local governments in all
functional areas; decentralization of decision-making at the regional and local levels;
unlocking untapped potential at the local, city and regional levels.
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THE MODELING OF PROGRESS OF PRODUCTION DEFECTS IN
SURFACE LAYERS OF FUNCTIONAL OPTICAL COMPONENTS OF
MOEMS
Nevliudov I., Omarov M., Chala O.

The subject of this research is modeling the process of development of manufacturing
defects in the surface layer of functional optical components of micropotoelectronic systems
(MOEMS). The aim is to visualize the processes of development of manufacturing defects; increase
the accuracy and reliability of the information received; reducing the labor intensity of developing
a technological process for manufacturing functional optical components MOEMS, by creating
special software. The task is: analysis of the physical and technological features of the production
of MOEMS functional optical components substrates, previously developed mathematical models,
the choice of an operating system and programming language, an integrated development
environment for modeling the development of manufacturing defects of the surface layer of
MOEMS functional optical components based on the developed software. The methods used are:
computer data processing methods using the Linux operating system (UBUNTU), the Python 3.8
programming language, the PyCharm integrated development environment. The following results
were obtained: it is proposed to use a developed software product to simulate the development of
manufacturing defects in the surface layer of MOEMS functional optical components that allows
you to visualize the process of degradation processes in the development of manufacturing defects
in the surface layer of MOEMS functional optical components, improve the accuracy and reliability
of the information received; and reduce the complexity of developing technological processes for
manufacturing such components. This software product has a residual high accuracy due to the
use of modern methods of computer data processing and a high-level programming language, the
ability to choose both existing manufacturing processes, using the features of the source materials,
and adjusting physical and technological parameters and creating corrected manufacturing
processes for a given object, to obtain two-dimensional visualization of processes in time and
prediction of degradation processes, due to the use of developed mathematical models.
Conclusions. Scientific novelty of the results A mathematical model of the development of
manufacturing defects of the surface layer of functional optical components MOEMS has been
developed, which differs from the known ones in that it takes into account the occurrence of a
random variable of a component of the model with the possibility of prediction, which allows, on
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the basis of the developed software, to visualize the process of development of manufacturing
defects, to increase the accuracy, reliability of the received information; to reduce the complexity
of the technological process of manufacturing functional optical components MOEMS.

Introduction
The scientific field of low-dimensional semiconductor structures is a rapidly
developing part of the science of materials, which has significant technological
applications [1-6]. At the moment, the scientific world is studying silicon - as the
main material for substrates in electronic devices, MEMS and MOEMS.
This is especially important for three reasons. First, because silicon is not
capable of emitting visible light, even at cryogenic temperatures. Second, lightemitting nanostructures can be easily fabricated without the help of any expensive
lithographic or epitaxial technique, which is a common approach for producing nanosized structures. Third, silicon is the most technologically important material known
to mankind and dominant in microelectronics. [7-9].
If we consider the field of technology, equipment and production of electronic
equipment, then silicon is the basis for substrates of electronic products, functional
components of microelectromechanical (MEMS) and microoptoelectromechanical
systems (MОEMS). Such systems are now widely used in a variety of devices,
ranging from special space applications to consumer electronics.
Such components are the main functional elements of the above systems, and
the accuracy and adequacy of the device as a whole depend on their correct, laid
down initial parameters.
Control and test operations that are part of the structure of modern
technological processes cannot give a complete guarantee of the absence of defects
in the production of this type of components and their behavior over time, taking into
account the operating conditions [9-10].
Most of the defects arise precisely because of defectiveness and (or) the
presence of impurities in the initial materials of substrates or substrates of substrates
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of functional optical components of MOEMS and during the process of their
manufacture [9-12].
Therefore, we decided to consider the defects of the substrates of the layers
and sublayers of the functional optical component of the MOEMS, as the main and
primary source of defectiveness of the component of the MOEMS.
The problem is that at the stage of production of starting materials it is unlikely
that it is possible to trace the defectiveness of structures and the dependence of
physical and technological parameters that directly affect the quality and conformity
of the output characteristics of MOEMS components; the factor of kinetics of
degradation processes in materials, which manifests itself in time and, partially,
depends on the operating conditions of the product.
In this regard, scientific and practical problems are now relevant and timely,
which are associated with the prediction, prediction and management of defect
formation of layers and sublayers of functional components of the MOEMS, which
are solved by monitoring parameters, the development of defects inherent in
production, which in turn do not always worsen parameters of microsystems [9-12],
on the contrary, over time, can even improve with the right approaches in design and
production and certain operating conditions [13-18].
Prediction and control of defect formation served as the basis for the
development of a promising scientific direction in technologies for the production of
semiconductors, materials and electronic devices and was named defect engineering
[19-20].
We have developed a mathematical model for the development of
manufacturing defects in the surface layer of substrates of functional components
MOEMS [20].
A mathematical model based on these basic manufacturing defects that arise
in the surface layer of substrates of functional optical components of MOEMS, in the
technological processes of their production, taking into account dynamic processes.
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The developed mathematical model takes into account the emergence of a
random component of the model with its predictive ability [20].
The results obtained must be taken into account [20] when developing
technological processes for the production of electronic devices, in particular,
microsystems based on MOEMS components.
We continued our research. On the basis of a mathematical model developed
by us [20], in order to reduce the complexity of solving the problem of data analysis,
it was decided to simulate the development of manufacturing defects in the surface
layer of optical functional components, and create our own software product for this
purpose.
The use of such a software product will allow not only to visualize a part of
the technological process of manufacturing the substrate of the functional component
of MОEMS (in terms of predicting and predicting defect formation), but also will
improve the accuracy; the reliability of the information received; and will reduce the
labor intensity and cost of developing a technological process for the manufacture of
such objects as a whole.

Substantiation of physical and technological processes of the technological
process for the production of optical surfaces of functional components of
MOEMS, which affect defect formation
A typical MОEMS manufacturing process consists of several manufacturing
processes, which, as a rule, are independent from each other and separated in space
and time.
Figure 1 shows a typical manufacturing process for a MEMS optical switch.
The manufacturing processes for the manufacture of microelectromechanical
switches consists of eight main groups or stages.
Their differences are due to the functional, design and technological features
of the components. In turn, the composition of the component base of information
transmission systems is characterized by a significant variety both in terms of the
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principles of operation, design, and in the technological processes of their production
used [21-25]. Such technological processes are diverse; we will focus on this typical
version.

Fig. 1. Typical manufacturing process for a MOEMS switch
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Of greatest interest to us is the first stage of the optical switch manufacturing
process.
The first group is made up of TPs for the production of starting materials for
substrates of optical functional elements MOEMS. It is at this stage that the
component substrate is formed and, as a rule, coatings are applied to its base, usually
metallized.
These technological processes are characterized by high complexity, but at the
same time group execution and mass production, thoroughness of finishing and
typing, underdeveloped nomenclature, high level of manufacturability and
automation

of

production,

high

reliability

and

constantly

decreasing

cost [7-8].
But it should be noted that the further development of the component base and
initial materials is in the direction of synthesis and convergence, the use of new
materials, stricter requirements for their parameters, reduction of defects in substrates
and forming layers, stabilization and improvement of the accuracy of the
technological process, automation of production using machine control on all
production processes.
It is at this first stage that it becomes possible to predict and predict defects in
the structures of substrates, their layers and sublayers.
Defectiveness, that is, the layer of the reacted substance of the sublayer of the
substrate (μm), appears with time (t) and does not always lead to a deterioration of
the parameters laid down by the technological process.
If we consider the control parameter of the reflectivity of the functional mirror,
the coefficient of loss for reflection-re-reflection of the optical signal, then this
parameter changes with time towards a decrease, under certain conditions of
manufacture and operation.
Let us consider the list of manufacturing defects of substrates of functional
optical components of micropotoelectronic systems on which the mathematical
apparatus of the model [20] was built, the considered processes will be entered in
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table 1. It should be noted that we have considered only truly significant
technological processes.
Table 1
List of manufacturing defects of substrates of MOEMS functional components
[7-8, 20, 11-12, 26-28]
No.

1

Technological
process

Fabrication of the
substrate and
epitaxial layer,
including the
evaporation rate of
the material

Defects

The cause of the
defect

Failure mechanisms

Crack propagation
and migration

Cracks

Partial separation of
sublayers

Inhomogeneities

Impurities
Scratches
"Dome-shaped" or
bulging dome

Diffusion
emissions
3

4

Diffusion

Oxidation (as a
special case of
diffusion)

Changing the aspect
ratio.
Mechanical stress Ratio of the maximum
size to the minimum size
no more than 2)
Concentration of
Partial separation of
elements in the
sublayers
base area
Violation of diffuse
Careless attitude
profiles
Contamination of
the substrate with
Punctures
impurities
Diffusion over
existing
dislocations,
Changing structure
parameters
local fusion of
the master alloy
with impurities

Areas of excessive
diffusion

Dislocations at
the edges of
diffusion regions

Reducing structure
stress, deformation

Cracks

Etching oxide

Regions of parasitic
diffusion

Parasitic diffusion

Oxide defects

Cracks, holes
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To control the occurrence of such defects, there is a fairly wide variety of nondestructive testing methods [29, 30]. To control the surfaces of the
functional components of micrototoelectronic systems, we proposed a tested
method [31].

Description of the software product
Using the data in Table 1 and [20], it was decided to develop a specialized
software product for predicting the development of manufacturing defects in optical
functional components of the MOEMS.
The software product was developed based on the Linux operating system
(UBUNTU).
Linux kernel, includes one or another set of utilities and programs of the GNU
project, and possibly the use of other components.
In favor of this choice was the fact that, like the Linux kernel, systems based
on it are usually created and distributed in accordance with the development model
of free and open source software. Linux systems are distributed mostly free of charge
in the form of various distributions - in a form that is ready for installation and
convenient for maintenance and updates - and that have their own set of system and
application components, both free and, possibly, proprietary. In our case, the choice
fell on Linux (UBUNTU).
Not unimportant is that Linux runs on many processors of various architectures
such

as

x86,

x86-64,

PowerPC,

ARM,

Alpha

AXP,

SPARC,

Motorola 680x0, SuperH, IBM System / 390, MIPS, PA-RISC, AXIS CRIS, Renesas
M32R, Atmel AVR32, Renesas H8 / 300, NEC V850, Tensilica Xtensa, many
others [32].
Among
high-level

the

variety

general-purpose

of

programming

programming

languages,

language

we

Python

chose
3.8,

for

the
a

number of obvious reasons. It is a programming language focused on
improving developer productivity and code readability. The Python core
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syntax is minimalistic. At the same time, the standard library includes a large set of
functions.
Python supports structured, generic, object-oriented, functional, and aspectoriented programming. The division of programs into modules is supported, which,
in turn, can be combined into packages.
The reference implementation of Python is the CPython interpreter,
which supports most of the actively used platforms [32], as we have chosen.
It is distributed under the free Python Software Foundation License,
which

allows

including

you

proprietary

to

use
[32].

it

without

There

is

restriction
an

in

interpreter

any

application,

implementation

for the JVM with the ability to compile, CLR, LLVM, other independent
implementations [32].
We used an interpreter based on the language C - CPython, as supplied by
default for the Linux operating system (UBUNTU).
We chose PyCharm - an integrated development environment for the Python
programming language.
This framework provides code analysis tools, a graphical debugger, a unit test
runner, and supports web development with Django.
PyCharm is a cross-platform development environment that is compatible with
Windows, MacOS, Linux. PyCharm Community Edition (free version) is licensed
under the Apache License and PyCharm Professional Edition (paid version) is
proprietary software [6,32].
With the help of the developed software, the interface of which is shown in
Fig. 1, we managed to reduce the labor costs of solving the problem of predicting
and predicting manufacturing defects in substrates of functional optical components
of MOEMS, not only to visualize part of the technological process of manufacturing
a substrate of a functional component (in terms of predicting and predicting defect
formation), but also to improve accuracy; the reliability of the information received;
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development of a technological process for the manufacture of such objects in
general.

Fig. 1. Software for predicting and predicting and predicting manufacturing defects

The program has in its arsenal of functions for selecting a standard TP for an
enterprise and the ability to adjust the parameters of the technological process of
manufacturing a planned object (fig. 2), there can be up to 50 such tabs.

Fig. 2. Tabs for the selection of TP production for prediction and prediction and
prediction of manufacturing defects

You can create new projects, save them and change the parameters, with the
help of adjustments, the possibility of changing each parameter individually or
adjusting the parameters of the manufacturing process is presented, to predict
defectiveness and equipment in production conditions. Fig. 3 shows the program
window and a graphic representation of one of the parts of the technological
process.
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Fig. 3. Graphical representation of the technological process of corrosion
Conclusions

A mathematical model of the development of manufacturing defects of the
surface layer of functional optical components MOEMS has been developed, which
differs from the known ones in that it takes into account the occurrence of a random
value of the component of the model with the possibility of prediction, which allows,
on the basis of the developed software, to visualize the development of
manufacturing defects, to increase the accuracy and reliability of the information
received; reduce the labor intensity of the manufacturing process of functional optical
components MOEMS.
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AUTOMATED SYSTEM OF TECHNOLOGICAL PREPARATION OF
PRODUCTION
Novoselov S., Sychova O.

Technological preparation of production is one of the main stages of creation of industrial
products. The level of the TPP today determines the timing of new products, its quality and
competitiveness. Therefore, the issues of TPP automation become especially relevant. The analysis
of the general principles of the organization of technological process of manufacturing of a product
is carried out. The basic requirements to the uniform information space of technological
preparation of production are defined. The software architecture was developed and its operation
was simulated using UML language. Established the main set of data that requires storage and
processing: inventory, part, process operation card, part manufacturing technology, specification.
The basic requirements to software means of automation of technological preparation of
production are formulated.

Introduction
The need to improve the efficiency of the CCI is explained by the fact that the
design of technological documentation in most cases significantly (from two to five
times) exceeds the complexity of the development of design documentation. A
tangible increase in the efficiency of the CCI in comparison with its existing level is
possible only if the following conditions are met:
– availability of a single information space for specialists of the design and
technological services of the enterprise;
– increasing the speed of development and validity of the plans of the Chamber
of Commerce and Industry, continuous monitoring of their implementation;
– meaningful assistance to employees of the technological service of the
enterprise during all stages of the development of technological documentation based
on the use of mathematical methods and ideas of artificial intelligence, the use of
modern computer technology.
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These conditions are implemented in the automated system of technological
preparation of production (ASTPP). ASTPP is a hardware-software system, but it's
hardware and software parts are not equivalent. The core of any enterprise's ASTPP
is the software of this system. First of all, it ensures the fulfillment of these
conditions. This circumstance is explained by the fact that the software accumulates
the knowledge of the most experienced specialists and scientists in the field of
mechanical engineering technology. First of all, the use of such knowledge also
provides the required increase in the efficiency of TPP.
The purpose of this work is to describe the methodology of software
development for automation of creation, analysis and accounting of design and
technological documentation at the production plant.
1. Analysis of the general principles of technological preparation
of production
Technological process (TP) is a complex relationship of different mechanisms,
resources, characteristics and indicators. For the most efficient work of the
production enterprise it is necessary to organize the technological process in such a
way as to obtain a rational combination of labor of workers with the material
elements of production.
The division of labor necessarily presupposes its connection, since each partial
work acquires a certain meaning only in combination with other partial works (fig.
1). Therefore, the specialization of labor is complemented by its cooperation.

Fig. 1. Production of products at enterprises
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Technological design consists, first of all, in choosing the most economical
method for obtaining blanks and parts for given specific conditions, establishing a
rational sequence of processing operations, assigning the necessary production tools
and regulating their use, as well as determining the labor intensity and cost of the
manufactured product. The technological process should be designed so that
equipment, tools, fixtures, raw materials, production areas are used most fully,
correctly and rationally, which, accordingly, will allow the production plan to be
fulfilled at the lowest material costs.
In industrial enterprises, the basis for the production of certain products is a
production line, which is a combination of machine (machines, devices,
devices) and human (labor) resources. Raw materials and materials enter the
entrance, and then, by performing certain operations using the existing
equipment, the finished product is obtained at the exit, i.e. such products and
materials, the process of work on which in this production cycle is fully completed
(fig. 1).
The production line has a sequential structure for the placement of its elements,
so the failure of one of them entails a failure of the entire system. This leads to
production downtime and unforeseen economic losses, as well as a shift in the lead
time, which negatively affects the company's reputation and can lead to a decrease
in the competitiveness of the product.
In the technological process, all its constituent operations are located in time
space, i.e. a strictly defined amount of time is allocated for the performance of each
individual work. Accordingly, the time intervals between the execution of operations
(T1, T2, T3 ... Tn) also differ from each other (see fig. 2).

Fig. 2. Time distribution of technological process operations
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The entire life cycle of any manufactured product is accompanied by a wide
variety of information. To improve the efficiency of production management, the
integration of automated processes and related data is necessary. The issues of
integrating information resources, without the solution of which effective preparation
of production is impossible, are very important in creating a single information space
for an enterprise. Note that most often this integration is based on the parallel use of
PDM (Product Data management) and ERP (Enterprise Resource Planning) systems,
simultaneously with external corporate directories and classifiers.
At present, a fairly large number of various systems of this kind have been
developed, and powerful means of integrating these systems, including with
computer-aided design systems, make it possible to meet the requirements of
enterprises. These systems allow:
– to manage the storage of data and documents (organization of electronic data
storages, management of version levels and changes);
– to manage workflows and processes, as well as the product structure
(defining and modifying the structure, supporting versions and design options);
– to automate the generation of samples and reports, the ability to display
messages about any information contained in the database;
– to provide secure access to information, defining the rights of individual
users or their groups.
Unified Information Space (UIS) of TPP is implemented by means of a PDM
system and uses a network of automated workstations as a platform. It allows:
– to accept and store the product design in electronic form; effectively monitor
the current state of TPP products; to ensure the integrity, consistency and absence of
duplication of data; to organize quick authorized viewing of all models and
documents; to ensure the prompt exchange of information between ASTPP users; to
ensure the rapid passage of design and technological changes; automate the processes
of workflow management in the TPP area; ensure informational consistency of all
ASTPP subsystems; maintain openness of ASTPP, ease of adaptation to changing
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production conditions; provide information exchange with systems that support
various stages of the product life cycle.
UIS TPP contains:
– information about parts and assembly units of the product;
– information on the technological processes of manufacturing the product;
– information about equipment and means of technological equipment;
– normative and reference information;
– planning and accounting information.
Fig. 3 shows the product life cycle.

Fig. 3. Product life cycle
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UIS is the basis of ASTPP, since both target and native ASTPP functions are
implemented in its environment (target functions correspond to the tasks for which
ASTPP is created, and its own functions correspond to the tasks that must be solved
in ASTPP to ensure target functions
ASTPP includes:
– software component - includes the supply of CAD / CAM, CAE and PDM
systems, application development, database configuration, etc. This also includes the
supply of tools for visual modeling of TIP business processes;
– technical component - includes the supply of tools that form the ASTPP
technical platform (servers, AWP computers, computer networks). This support can
be resolved by the engineering firm through partnerships with computer hardware
vendors;
– information component - provides the enterprise with the information
necessary for making organizational and technical decisions of the project
(comparative characteristics of various systems, information on the progress of
ASTPP projects at other enterprises, etc.);
– methodological component - includes the transfer to the enterprise of various
methodological materials for the implementation of the project (for example, the
methodology for using the UML language for modeling business processes, methods
for solving various TIP problems using CAD/CAM and SAE systems, a method for
building a single TIP database, etc.) and conducting appropriate training;
– the engineering component - helps the enterprise to more quickly implement
the ASTPP components by directly solving individual TIP tasks by the engineering
firm using the supplied software systems (for example, designing a specific mold in
a CAD/CAM system, modeling the hot stamping process of a given part in the CAE
system, etc.);
– personnel component - assistance to the enterprise in filling the gap in
specialists required to participate in the ASTPP project. Such assistance can be
carried out by an engineering firm, in particular, through close contact (partnership)
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with the departments of universities that provide training for students in the necessary
specialities.
The main task of PDM is to support an electronic description of a product
(product) at all stages of its life cycle. This support should ensure the solution of the
following tasks:
– project management: management of work, procedures and documents
within the project, control over the implementation of the project;
– planning and scheduling of works;
– distribution of access rights to information between individual project
participants or their groups;
– organization and maintenance of distributed archives of design,
technological and management documentation (electronic archives);
– management of changes in documentation: control over versions of
documents, keeping records of work with documents, registration sheets of changes
and notifications;
– fixing the standard stages of the passage of documents, control over the
passage of documents by stages;
– integration with CAD/CAM systems and their applications used in the
design;
– project integrity control;
– search for the necessary information in the project based on requests.
A large number of different types of data used in ASTPP require the definition
of

some

general

criteria

that

all

these

data

must

satisfy.

In other words, you need to define the underlying data model. Only in this case it
will be possible to build unified and efficient mechanisms for storing
and processing information. Consider the following when choosing a basic data
model.
ASTPP is created and used by a large number of specialists who solve various
problems. Therefore, the data model should be organized so that all specialists can
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effectively use the results of each other's work and, if necessary, make their own
changes to the model.
The ASTPP creation process is iterative, so the model should, on the one hand,
allow for consistent refinements, and on the other, be resistant to changes in the
subject area. This means that when modifying the subject area, only a certain
minimum required set of model elements should change.

2. Development of architecture and simulation of the program
Three groups of functions can be seen in the software systems in the
boundaries of the architecture of the architecture, which are organized for the latest
development:
– the function of the introduction and presentation of the gifts (you will not be
able to communicate with the user);
– applied functions, characteristic for a given subject area;
– functions of resource management (file system, base of data, etc.).
Execution of these functions is mainly provided by software, which can be
represented as interconnected components, where:
– the graphical component is responsible for the user interface;
– the application component implements the algorithm for solving a specific
problem;
– resource management component provides access to the necessary
resources.
The client-server architecture defines the general principles of organization of
interaction in the network, where there are servers, nodes-providers of some specific
functions (services) and clients, consumers of these functions.
The two-tier architecture is used in client-server systems, where the server
responds to client requests directly and in full, using only its own resources. That is,
the server does not call third-party network applications and does not access third-
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party resources to execute any part of the request. Fig. 4 shows the architecture of
the software system being developed.
This architecture assumes that a graphical shell with a set of required functions
(client process) is loaded on one or more computers, and the server process on
another. We will use a separate computer with the Linux operating system and the
Postgresql database management system as a server.
It is recommended to use a computer network to exchange information
between the components of the architecture. In this model, one process can work
independently of another, perform certain tasks and share the computational load. At
the same time, each of the clients can handle different tasks or perform different
functions. For example, on one PC the function of formation of the specification can
be loaded, on the second the operator can fill directories with new details, and on the
third - to create technologies of manufacturing of details.
Thus, the general architecture of interaction between the components of the
software system can be represented in fig. 4.

Fig. 4. General architecture of interaction between components of the software
system

We will use UML diagrams to model the behavior of the software system. To
model the behavior of the software system at the logical level in the UML language
can be used several canonical diagrams: states, activities, sequences and cooperation,
each of which focuses on a particular aspect of the system.
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Unlike other diagrams, a state diagram describes the process of changing the
states of only one class, or more precisely, one instance of a certain class, that is, it
simulates all possible changes in the state of a particular object. In this case, the
change in the state of the object can be caused by external influences from other
objects or from outside. State diagrams are used to describe the object's response to
such external influences.
Fig. 5 shows a state diagram for modeling the program.

Fig. 5. State diagram for modeling the program
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As can be seen from Fig. 5 in order to develop the technology of manufacturing
parts it is necessary to go through the following stages:
– creation of auxiliary directories;
– creation of an inventory directory;
– creation of the DTD directory;
– creation of a specification directory;
– creation of technology.
The transition from stage to stage can be carried out only after the completion
of all established operations at each stage.
Consider the order of all stages.
At the first stage it is necessary to create all auxiliary directories.
Only when all of them are ready you can move on to creating a directory of
goods and materials. As mentioned earlier, a complete description of each material
should be added to the goods directory.
At the end of the inventory description, proceed to the creation of the
DTD directory. At this stage it is necessary to fill in all the characteristics
of the part or assembly unit. If the designer has not yet been able to
choose the material for the manufacture of the part, it can be omitted,
but it will not be possible to create the technology of manufacturing this part
without it.
Next, when all the characteristics of the part are specified, you can proceed to
create a specification. At this stage, you can copy a previously created specification,
or add all items yourself.
With the addition of all positions, you can proceed to the creation of
technology. At this stage, it is necessary to specify all manufacturing operations, and
specify the necessary coefficients and parameters. Also, to complete the
creation of technology, it is necessary to finally specify the material of manufacture
of the part. After completing all these stages, we can assume that the technology is
created.
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3. Development of a program for automation of accounting for design and
technological documentation
The main objects, the characteristics of which must be described: inventory;
detail; technological operation card; part manufacturing technology; specification.
Each entity has a set of fields associated with an object.
The general structure of the database is presented in fig. 6. As you can see
from this figure, the database structure includes 31 tables.

Fig. 6. General structure of the database
218

Data structure modeling was performed in an automated PowerDesigner
environment. PowerDesigner allows you to model the data structure at the design
stage,

offers

metadata

management

techniques

and

contains

a

unique

technology for analyzing the relationships of models. While supporting
leading

modeling

and

metadata

management

techniques,

PowerDesigner

also lets you work with any type of model in a single integrated environment,
and

the

PowerDesigner

metadata

repository

helps

interact

with

all

company stakeholders for faster response to changes in the existing business
environment.
The program must have the necessary forms to work with the data presented
in the design section of the DBMS structure. Fig. 7 shows an example of a form for
displaying data from the inventory directory.

Fig. 7. Form for displaying data from the inventory directory

Fig. 7 shows that the form has two areas: an area with a list of inventory in the
form of a tree; area displaying the characteristics of the selected inventory. In the
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inventory list area, the data search interface in the inventory table by short or full
name is implemented.
Fig. 8 shows a form for adding and editing inventory characteristics.

Fig. 8. Form for adding and editing inventory characteristics

Three areas are organized on this form: the area of editing the main
characteristics; area for editing the technical dimension; inventory area.
In the first area, you can use the text input fields to add the required
inventory characteristic. In the area of editing the technical dimension with the
help of marks, you can specify which parameters are used to measure the
inventory.
For example, in fig. 8 sheet steel is measured using the parameters
length and width. To protect against incorrect data entry, as well as possible
avoidance of filling in some fields, the OK button appears only after entering
all the necessary data and the fields that have not yet been filled in are highlighted in
red.
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Fig. 9 shows a form for working with the directory of design and technological
information.

Fig. 9. Form for working with the directory of design and technological
information.

In this form, you can see three main areas: a list of DTDs in the form of a tree;
detail information; collection unit specification. There are also four bookmarks on
the form: design documentation; detailed specification; technology; preview
thumbnail details. The view of the "Technology" tab is shown in fig. 10. In this figure
you can see that the tab "Technology" contains the following areas: a list of
technologies; list of orders; list of operations for the selected technology; list of
performers for the selected operation.
When adding a new operation, you must fill in the following fields:
– general information about the transaction, which includes: transaction
number; the name of the site; the name of the operation; name of equipment.
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Fig. 10. "Technology" tab view

Data on rationing, which include: discharge; number of workers; preparatory
and final time of technological operation; rationing unit; artificial time of
technological operation (Tpc); formula for calculating Tpc; additional data included
in the formula; list of additional materials; sketch details.
An appropriate form was developed to create the specification.

а)

b)

Fig. 11. Form for creating specification (a) and example of giving a new
position to specification (b)
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Fig. 11a shows the appearance of this form. As can be seen from fig. 11a, this
form allows the designer to see all items of the specification in the form of a list. All
positions are divided into groups, each of which is in the appropriate tab. There are
six such tabs: documentation; assembly units and parts; standard products; other
products; materials; components.
When adding a new item to the specification, a special dialog box is used,
which is shown in fig. 11b. The following interface components are present in this
form: DTD list; field for displaying the format of the drawing of the part (not
editable); field for displaying decimal number (not editable); field for displaying the
name of the part (not editable); field for entering the zone; position input field; field
for entering the number of parts; comment input field.

Conclusions
The proposed method of creating an automated production management
system reduces the time to perform operations on inventory accounting and design
documentation. Due to the creation of a single information space of technological
preparation of production, all documentation is within the scope of operational access
and can be used to manage the product life cycle.
The software architecture was developed and its operation was modeled using
the UML language on the example of a state diagram. As a result of preliminary
analysis and modeling of the software system, established the main set of data that
requires storage and processing: inventory, part, process operation card, part
manufacturing technology, specification.
It is proposed to use the automated PowerDesigner environment to model the
data structure. The paper shows an example of a database structure and the necessary
set of tables for storing information. The program is written in the C # programming
language using Microsoft Visual Studio. The program has eight main forms for
working with data, which are presented in the section of designing the DBMS
structure.
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Thus, we can conclude that a single information space creates the basis for the
successful operation of ASTPP, for the effective organization of joint, coordinated
work of designers, technologists and other specialists of TPP enterprise. As a result,
the following are provided:
– acceleration of TPP processes due to parallel work and electronic data
exchange between specialists;
– improving the quality and reliability of information due to the transparency
of the system and mutual control of participants in the design process;
– accumulation and storage of information in electronic form;
– no unnecessary duplication of information;
– flexibility of the created ASTPP, convenience of its development and
adaptation to changing production conditions.
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MODERN ASPECTS OF INVESTMENT AND APPROACHES TO ITS
ASSESSMENT
Petrenko V., Fonarova T., Bushuiev K.

The authors explore modern aspects of investments in the economy. Substantiate the
possibilities of using artificial intelligence based on neural networks (NM) to make investment
decisions in domestic enterprises. As a result of the research, the priority areas of investment are
identified and recommendations on approaches to the evaluation of investment decisions using a
neural network are provided.

Introduction
The complexity and versatility of the problems associated with the financing
of modern projects require the development of appropriate evaluation methods, basic
criteria and appropriate economic tools for investment decisions. The
implementation of artificial intelligence in the information system of the enterprise
will improve the process of evaluation and selection of investment projects.
However, the use of the latest information technologies should be considered as an
important area of investment, which also requires appropriate performance appraisal.
The intensification of the complexity and instability of economic processes
necessitates the improvement of the company's information system so that it provides
an assessment of all possible alternatives and selects the most effective investment
decisions, taking into account possible risks.
The aim of the study is to study the role of investment in the modern economy
and approaches to the evaluation of investment decisions based on neural networks
to obtain competitive advantages and increase the efficiency of the enterprise.
The relevance of the study is due to the need for an integrated assessment of
investment decisions in order to justify the implementation of the most effective
project to achieve this goal, as well as reduce risks in its implementation.
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Researchers such as J. Keynes, S. Fisher, K. McConnell, J. B. Thompson,
D.A. Harrison, V. Komarov, M. Kagalovsky, I. Blank, S. Lazarev, A. Kostrov,
A. Filipenko, V. Ponomarenko and others studied the theory of investment and its
role in economic development.
The investment decision-making process is closely linked to the definition of
quantitative and qualitative relationships between performance indicators and
requires the use of certain modeling methods. Information-intellectual technologies
(IIT) are the last stage of development of analytical technologies which on the basis
of models, algorithms, mathematical theorems allow to estimate values of unknown
characteristics and parameters according to known data. Thus, informationintelligent technologies can be defined as a formed, constantly modifying complex
of technical, methodical, informational and software, which on the basis of tools and
methods of information processing implements monitoring, analysis, forecasting,
identification, motivation, stimulation and decision-making [1]. Neural networks are
one of the classes of intellectual information processing for complex evaluation of
investment decisions.
The founders of artificial neural networks are W. McCulloch and W. Pitts [2],
who proved that with the help of threshold neural elements it is possible to implement
the calculation of any logical functions. D. Hebb [3] developed a mathematical basis
for learning a number of neural networks. F. Rosenblatt [4] proposed and
investigated a model of a neural network, which he called a perceptron. In 1969,
M. Minsky and S. Pipert [5] published a monograph "Perceptrons", which gave a
mathematical analysis of the perceptron, and shows the limitations inherent in it.
T. Kohonen [6] developed and investigated how self-organizing neural networks.
A number of authors D. Rummel-Hart, D. Hinton and R. Williams have proposed an
algorithm for reverse propagation of error, it is of the greatest interest because it is
an effective tool for training multilayer neural networks of direct propagation [7].
NN are rapidly gaining more and more areas for their application, especially
in the economic sphere. This is facilitated by their flexibility, ability to learn, which
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provides developers with a large number of opportunities to predict and model
different alternative scenarios in a changing economic environment.
The main purpose of neural networks is that based on the analysis of large
amounts of information that reflects individual cases, the general patterns for
recognizing new cases are determined. Neural networks are Bayesian classifiers that
operate in the absence of knowledge of the probability distribution function.
Knowledge, recorded as the weight of several hundred interneuron connections, is
not at all amenable to analysis and interpretation by man. The most famous software
products for the implementation of neural network systems are Brain Maker by
California Scientific Software, Neural Works Professional by Neural Ware, AN Sim
by SAIC [1]. After all, the analysis of scientific works allows us to conclude that
there is a wide range of possible applications of neural networks from evaluating the
effectiveness of investment to personnel decisions.
The application of information-analytical systems for decision-making was
studied by both foreign and domestic scientists: S. Bratushko, M. Demidenko,
V. Sytnyk, S. Subbotin, L.V. Shchavelev and others [8]. Problems of building the
information system of the enterprise are covered in the works of O. Frolenko,
J. Panukhnyk, O. Sokhatska, but the improvement with the use of neural networks
has not been sufficiently considered.
The authors of this study addressed the issue of improving the MIS of the
enterprise on the basis of NN (see, for example, [9]), but did not take into account
aspects of forecasting macroeconomic indicators of the enterprise, which can
influence the development and implementation of investment projects. In [10], the
authors conducted a study of a mathematical model for forecasting macroeconomic
indicators of Ukraine's economy, but did not use NN to predict the processes of the
internal environment, such as, for example, forecasting the cost of engineering
services.
Thus, the need to develop a methodology for evaluating investment decisions
by means of NN is obvious. In practice, such a methodology will provide an
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opportunity to justify the feasibility of investment decisions, reduce the risks of
implementation and implementation of investment projects, taking into account the
impact of the market environment.

Research methodology
There are different approaches to the interpretation of the concept of
"investment", but according to the authors the most successful is given in [11],
namely: investment is defined as the cost of formation, replacement (full and partial)
and/or increase in available capital. The classification is given in table 1.
According to the international method of economic analysis, the main
classification feature of investments is the object of investment. Real investment
objects are:

Table 1
Classification of investments [11, p.346]
Classification criterion

Forms of investment
- real (tangible and intangible assets);

By object of investment

- financial (securities (stocks, bonds, treasury bonds), cash
deposits)

By its role in reproductive

- renovation investments (source: depreciation);

processes

- net investment (source: savings)

By appointment

- reconstruction;
- new construction

On time

- short-term (payback period up to 1 year);
- medium-term (up to 3 years);
- long-term (over 3 years)

By subjects of investment

- private;
- state;
- mixed;
- foreign
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1) tangible assets: fixed assets (machinery, equipment, buildings and
structures for industrial purposes), housing, inventories (goods deposited by firms as
an insurance stock of raw materials, work in progress and final products;
2) intangible assets: intellectual property (patents, licenses, know-how,
software), land use rights and other resources, property rights, staff training costs,
etc. [11, p. 347].
It should be noted that at the present stage of economic development the role
and importance of human capital as one of the areas of real investment is growing.
There is a need to quantify human capital in investment decisions, due to
factors such as the leading role of man in social production; the importance of human
resources compared to material resources; recognition of man as the main
source of ideas, knowledge, their accumulation, renewal and the possibility of
implementation. Given these factors, human capital is one of the main objects for
investment.
It should be borne in mind that in different sections of science and different
fields of practice, the content of the concept of investment has its own characteristics,
namely:
– in macroeconomics, investment is part of the total costs, consisting of the

cost of new means of production, investment in housing, and the growth of
inventories. That is, investment is the part of GDP that is not consumed in the current
period, and provides capital growth in the economy;
– in the theory of production, and in microeconomics in general, investment is

the process of creating new capital (means of production, human capital);
– in financial theory, investment is understood as the acquisition of real or

financial assets, i.e., it is today's costs, the purpose of which is to obtain future profits
[12, p. 8].
The size and dynamics of fixed capital investment are influenced mainly by
income factors. The logic of making investment decisions at the micro level is based
on the following considerations.
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First, the goal of any business is to maximize profits. The investment project
will bring additional income only if the return on it exceeds the cost of its preparation
and implementation [11, p. 350]. The most universal from the standpoint of the
sphere of use in the investment process is the monetary form of capital. Therefore, it
is important to identify sources of capital financing. Investment activity can be
carried out both at the investor's own expense and borrowed. The most common
external source is a bank loan. The price of borrowed money is bank interest. In other
words, the lower is the interest rate, the higher is the expected profit, and, as a
consequence, the investment activity of the entrepreneur increases.
The bank interest rate is formed in the conditions of market relations. The
various investment resources, goods and instruments used by the enterprise in the
process of investment as an object of purchase and sale form a special type of market
- investment, the elements of which are supply, demand and price, and in which
certain subjects of market relations operate. The investment market is formed by the
whole system of market economic conditions, closely related to other markets (labor
market, consumer goods and services market, etc.) and operates under the influence
of various forms of government regulation [12, p. 9].
Second, investments involve a preliminary consideration of various alternative
investment opportunities in any business and the choice of the most profitable of
them. That is, it is important to solve the problem of evaluating investment
alternatives, their selection and selection of the most effective.
The theoretical and methodological basis of the study under consideration are
scientific methods of economic theory in the field of investment using an abstractlogical approach in the study of economic processes and phenomena, in particular
such as:
– scientific generalization that is a set of successive actions to summarize
specific individual facts into a single whole in order to identify typical features and
patterns inherent in the phenomenon under study in determining the nature and
classification of investment projects,
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– the dialectical method, which requires consideration of economic
phenomena and processes in their continuous movement, relationships and
interaction in determining the place and role of investment activities among other
activities of the enterprise,
– the genetic approach involves the study of the origin and formation of an
economic phenomenon or process, as well as its derivation of each subsequent state
from the previous in the study of world experience and determining stages of
development of methods of analysis of investment projects based on the dialectic of
unity and integrity,
– the metaphysical method requires a focus on the static state of the object of
economic research, outside of its connections with other objects, on its functioning,
and not on its development. These requirements are more appropriate to the
functional approach, according to which the economic object under study is assigned
the status of a function, and the influence of objects on it – the variable arguments.
The use of mathematical tools makes it possible to establish a functional relationship
between them, in particular, the degree of function changes depending on changes in
arguments [13, p. 115] when establishing mathematical dependencies of the
influence of factors in the evaluation of an investment project;
– scientific abstraction, that is, the formation of images and models of
economic reality through the use of cognitive procedures of distraction and
replenishment in the development of economic and mathematical models for
analyzing investment projects in enterprises and calculating investment performance
indicators,
– theoretical provisions of system analysis in the decomposition of the
functioning of the business entity into different subsystems and groups of indicators;
when developing methods of analysis of investment projects in enterprises,
– economic-mathematical modeling involves the construction of various
dynamic models of the object, which allow to draw appropriate conclusions about
the probable future characteristics of the object [13, p. 127] when building an
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explanatory model that allows you to simulate market situations within alternative
scenarios. The causal structure is established, one or more scenarios are developed
and for each selected scenario the efficiency of investments is estimated. The causal
structure is established and tested experimentally, under conditions that are subject
to objective observation and measurement;
– methods of fuzzy modeling in the construction of neural networks for the
assessment of various alternative investment opportunities in any objects of
economic activity and selection of investment decisions;
– methods of economic analysis in substantiating the choice of evaluation
subsystems;
– methods of statistical analysis in the processing of quantitative indicators;
– expert intuitive method involves the use of expert information in the absence
of data on the development of the object in the past or the absence of historical
analogues in assessing and ranking the input parameters of a comprehensive
evaluation system of the investment project.
In summary, it should be emphasized that the results of applied economic
modeling is not a ready-made project of the desired solution, but a certain way of
organizing, organizing a huge amount of information that helps in decision-making
[13, p. 150].

Research results
Innovation and investment activity, as part of the overall strategy of enterprise
development, must change, i.e. be transformed in accordance with the economic
situation.
As you know, the process of innovation management consists primarily of
planning innovative projects in the enterprise. This means that at this stage it is
necessary to determine what innovations are needed, to make decisions on selfdevelopment by the R&D department, or, more appropriate, to invest in relevant
innovations. The information system must have an appropriate innovation marketing
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subsystem, in order to study the best practices of leading companies based on the
benchmarking approach. The manager receives comprehensive information and
decides which innovations should be purchased and which will be developed at the
enterprise. The second stage is the evaluation of investments, i.e. decision-making
on investments for each innovation project under consideration (fig. 1).

Fig. 1. The scheme of evaluation of investment decisions in the process of
innovation management

The approach to the evaluation of investment decisions in the process of
innovation management, which is presented in fig. 1, has a number of features that
should be noted.
Therefore, in order to evaluate investment decisions based on neural networks,
it is necessary, first, to start with the restructuring of the enterprise information
system and the creation of appropriate infrastructure. Second, to provide access to
the study of the innovation market, i.e. the assessment of all possible alternatives for
procurement based on technology transfer, as well as the ability to assess the
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integration of their own developments with the purchased ready-made solutions.
Third, it is the evaluation of investment decisions using artificial intelligence based
on neural network technologies. Its presence allows to accelerate the selection and
selection of innovations, which in turn ensures their dissemination and rapid
implementation in key areas of the enterprise. Fourth, the analysis of property rights
and intellectual property. It is important that the legal mechanism allows for their
implementation and that it is possible to ensure the protection of intellectual property.
It is obvious that the rapid spread of new technologies and entry into the markets of
high-tech products are impossible without the development of standards. This is the
only way to ensure the rapid introduction of technologies and innovations in
production, rapid commercialization of the results of intellectual activity and
obtaining specific economic effects [14]. Fifth, minimizing the risks of innovation.
Sixth, it is an assessment of investment in human capital, which takes into account
its efficiency and the price paid by the company for attracting individual human
capital. The application of an economic approach to the assessment of human capital
creates the conditions for a transparent and informative basis for accounting and
analysis. This in turn creates the conditions for the development of investment
programs for the development of individual human capital of each individual
employee.
Feedback is also important to assess the achievement of competitive advantage
as

a

result

of

investing

in

a

relevant

innovation

project.

As can be seen from fig. 2, in the current conditions it is no longer enough that the
efficiency indicators were higher than the initial investment, they should be much
higher, at least three to four times higher, and only in such conditions
it is possible to continue current and make new investment decisions or innovative
projects.
Among the most common simulation computer systems that can be used to
assess the effectiveness of investment projects are: Comfar (UNIDO) - the first
investment analysis program that appeared on the domestic market of software
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products and became a benchmark for the development of other software packages,
Project Expert Professional (firm PRO-INVEST CONSULTING - (hidden) AltInvest (firm ALT - (hidden) "Investor", "Analyst" (firm INEK) and other "closed"
and "open" software packages. "Closeness" means impossibility of changes by the
user of formulas and algorithms according to which calculations take place in a
software package (Comfar, Project Expert packages). The "open" include packages
implemented on the basis of spreadsheets in the appropriate environment, where the
user has the ability to modify formulas [1].

Fig. 2. Innovation and investment activities in the conditions of transformation
processes at domestic enterprises [15]
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Investments in innovative projects can really change the quality of life of
people, give impetus to further intellectual development, the ability to solve nonstandard problems. Therefore, it should be borne in mind that the implementation of
the investment project may be not only economic effect, i.e. profit, but also important
social, reputational effects, increasing brand prestige, customer loyalty, increasing
staff competence, i.e. increasing the value of the company through intangible assets,
which include in particular intellectual and human capital.
Therefore, considering the directions of investment decisions, investments in
human capital become especially important. The authors propose to use the
capabilities of neural networks for accounting and evaluation of human capital, as a
key factor in supporting decision-making that would ensure the successful operation
of the enterprise. According to the authors, when evaluating investment decisions
should choose those that, among other things, lead to the harmonization of human
relations and organizations develop creative abilities, so that their creative behavior
is organized by the use of limited resources in harmony with natural processes. That
is, it is necessary to motivate the generation of new ideas and relevant goals. The
information system must, on the one hand, assess the significance and quality of
investment in innovation in comparison with the goals that were originally set. On
the other hand, he must be able to formulate a conclusion in such a way that it
contains an incentive to start creating a new innovation, i.e. the process of developing
the level of creative achievement must be continuous [17]. This is the fundamental
difference between the proposed solutions for improving the information system
from traditional systems, continuous stimulation of creative motivation.

Conclusions
1. The essence of investment definition is studied and specified.
Their classification is analyzed. Features of investments at different levels of
economic and practical activity and in different sections of science are determined.
The logic of making investment decisions at the macro level and modern
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aspects of investment areas and approaches to assessing their effectiveness are
determined.
2. The directions of further researches with use of scientific methods of the
economic theory in the field of investment are formulated.
3. Neural networks and the possibility of their implementation in the
information system of the enterprise are investigated. A scheme for evaluating
investment decisions in the process of innovation management has been developed,
which includes a subsystem of analysis and forecasting based on neural networks.
Also takes into account the assessment of investment in human capital.
Such

a

system

will

ensure

more

informed

decisions,

eventually

leading to an increase in the value of both tangible and intangible assets of the
enterprise.
4. It is proved that the ability of NN to learn on the basis of input data on
innovation and investment projects will allow the trained neural network to make
estimates of investment project indicators, take into account the risks of
implementation and consequences of the project, which allows to take appropriate
measures to minimize them.
5. Upgrading the information system of the enterprise in accordance with the
modern development of information technology will lead to more informed
investment decisions and on this basis to obtain greater profits of the company, which
will ensure sustainable development of the enterprise, based on competitive
advantages and increase and increase human capital.
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THE PROBLEM OF SUSTAINABILITY OF THE DEVELOPMENT OF
AN INTEGRATED MAN-MADE SYSTEM IN AN INNOVATIVE
ECONOMY AND "INDUSTRY 4.0"
Ramazanov S., Honcharenko О., Makarenko М.
An integrated sustainable development model as a set of models for the development of
integrated

information

systems

for

environmental-and-economic

and

socio-humanistic

management of different socio-organizational systems, especially for technogenic economic units,
has been shown. The sustainable development issue has been studied in terms of 7 main (capital)
assets that support functioning of socio-environmental-economic systems. Sustainable
development concept, global measurement system for the sustainable development and sustainable
development level have been defined. The presented methodology for the formation of
humanitarian component of technogenic regional production (TRV) uses available statistical data,
is described by the humanitarian index and included in the quality index (QIM) and harmonization
models; the use of sequential pattern mining algorithm for identification of relationships in TRV
QIM allowed to disclose practicable correlations between the indexes; the statistical data
distribution is based on KVEED DK 009:2005 and KVEED DK 009:2010 classifiers of economic
activities. Application of these methods will improve efficiency of managerial decisions in the
technogenic regional production management, maximize benefits from the use innovations and
define strategic innovative directions for regional development.

Introduction, relevance and justification
In today's difficult conditions and with the development of the modern
economy there is a need to reconsider the problems of sustainable development. This
is due to the increasing impact on the economy and performance of individual
countries and regions of globalization and uncertainty and risk factors. The concept
of sustainable and safe development of the state as a whole and individual regions
allows to ensure stable and balanced development of four sectors: economic,
environmental, social and spiritual and moral unity on the basis of innovative socio-
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humanitarian technologies, combining the principles of economic efficiency, social
security and environmental safety.
At present, the issues of environmental-economic and socio-humanitarian
safe and sustainable development of civilization have come to the forefront of
scientific research and public consciousness in general. Mankind has reached the
point where modern civilization, often called technogenic-consumer, has found its
hopelessness, when it is necessary to seriously reconsider its basis and consciously
choose another, spiritual and environmental, development strategy, otherwise
humanity may be destroyed from Earth due to global systemic crises that have
erupted in recent years. To solve this problem, humanity needs to abandon a number
of stereotypes and direct the vector of civilizational development to the formation
of the sphere of mind ("noosphere" according to V. I. Vernadsky). The formation of
the noosphere-environmental imperative is associated with the formation of a
society that is able to ensure the coevolutionary and viable development of
civilization for planetary integrity. Sustainable and safe development is impossible
without the spiritual, cultural and educational improvement of man himself. The
new model of civilizational development, which implements non-traditional
environmental, economic and demographic imperatives, must have a deeply
humanistic social orientation. Such an approach to understanding the noosphere
requires the creation of a new model of science, which should be based not only on
a rational-intellectual approach to the ecosystem, but also based on its spiritual and
cultural components. At the same time, the most important problem is the
integration of science, education and innovative technology based on the noosphere
paradigm of sustainable development.
Why integration? In the history of mankind, in the history of countries in the
Eurasian space, there have been many different crises, conflicts, wars, cataclysms
that have threatened the existence of life on Earth. But each time Mankind found
the strength to combine intellectual, material and spiritual capabilities, which
ensured the preservation and development of life on Earth in all sorts of challenges.
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Now the world is once again in a global crisis, and once again the integration of
opportunities is needed, especially the important accounting in the integrated system
of humanitarian components.
Why, first of all, do we need the integration of science, education and
technology?
As a result of this integration, we get the answer to the question "How?" to
preserve the development of mankind in the conditions of various and
multidimensional external (space), internal and hybrid threats. The answer to the
question "How?" provides for the development of a developed system of
measurement (measures) that combines science, education and technology.
Fundamental rules of integration of values of science, education and
technologies are:
a) harmonization: science - education - technologies are integrated and form a
holistic system, if compliance with their basic principles and laws is ensured by
eliminating gaps in the dimension; b) innovation; c) fundamentality: the use of
fundamental knowledge and results of the noosphere paradigm of sustainable
development.
All the world's scientific schools aim to preserve the Earth for future
generations. However, to achieve this goal, they offer different methods. For
example, the western school is the control of population growth (the strategy of the
"golden billion"), the eastern school is the observance of dogmas (the strategy of
Eternal Life), and our school is the transition to the noosphere, i.e. the strategy of
creating a noosphere model of sustainable development.
The innovative model of sustainable and safe development of societies and
the world as a whole must be built on the basis of an integrated paradigm of socioenvironmental and economic unity and socio-humanitarian technologies. The object
of study of systems analysis, synthesis, innovative technologies of modeling and
management in this case is the system "Creator - Man - socio-humanitarianenvironmental-economic environment" [1].
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The problem of studying the sustainable and safe development of the state as
a whole and individual regions in socio-environmental and economic systems with
humanitarian components, i.e. on the basis of integration of 4 spheres of activity
and functioning of modern complex systems in innovative economy (presented both
in phase space and in ESTI space - "education - science - technology - innovation"),
as well as in modern science in general, is the main and relevant. Only the
integration of methods of modeling socio-economic, environmental, cultural,
spiritual and other processes can ensure the sustainability and viability of the entire
system [1-7].
The general scheme of the integrated model of sustainable and sociohumanitarian development of the global (world) system, which the author calls the
noosphere model of development, can be represented as an integrator:
S  En  Ec  So  H u  ESTI , i.e. as an integrated "4-single" system in which the

subsystems are Ec - economic system, En - environmental system, So - social
system, H u - humanitarian system; X (t , r ) - state of the integrated system S ; in the
space of variables (t , r )  [T  R 3 ] ; X 0 - the state of the system S at the initial time
t0 ; W is the set of disturbing environmental factors;

ESTI

- education, science,

technology, innovation or, in particular, R&D [3-7].
Thus, the system (model) of sustainable development is the integration of 1 +
2 + 3 + 4, and NMSD - can be called a noosphere model of sustainable development
("civilization model") and is defined as a set (1.4-1.2), (1.2- 2.3), (2.3-3.4), (1.43.4), which defines a system with integral properties [2, 3].
It should also be borne in mind that at present the evolution of humanity as a
global system, as well as the evolution of any open nonequilibrium system, obeys
the laws of nonlinear dynamics and synergetics. The merger of technologies of
artificial intelligence, robotics, the Internet of Things, autonomous means, 3-D
printing, blockchain, biotechnology causes the fourth industrial revolution, i.e.
"Industry 4.0" [4, 5, 7, 9, 13].
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Important technological bases for the development of "Industry 4.0" are
computer-integrated systems (CIS), computer-integrated production, application
systems: CAD, CAE, CAM, CAPP and others, as well as important issues of
digitalization of the industry, strategy, criteria and the principles of creating
intellectualized and integrated systems. In [8] an intelligent integrated information
logistics system of environmental and economic monitoring, modeling and
management (SEEMM) of a technogenic industrial enterprise (production system,
which is presented in the form of 3 aligned management structures), operating in
conditions of instability, was developed.
The digital economy has created favorable conditions for the implementation
of the concept of "Industry 4.0" as a new level of organization of production and
management of the value chain throughout the life cycle of products. The fourth
industrial revolution is a mixture of technologies of the physical, digital and
biological worlds, which creates new opportunities and affects political, social and
economic systems. According to the German economist K. Schwab, the qualitative
difference between the fourth revolution and the third is the synergetic effect that
arises from the merging of different technologies: computer, information,
nanotechnology, biotechnology, and others. This leads to the blurring of the
boundaries between the physical, digital and biological (including human) worlds
[4, 9, 13]. The favorites of the "Industry 4.0" concept will be biotechnology,
nanotechnology, robotics and mechatronics, new medicine and new nature
management, development and use of the capabilities of the individual and the team
at a new, higher level. About development, reforms, modernizations, about
innovative technologies and that today the world is moving, moving to the sixth
technological

mode,

i.e.

to

the

NBIC

(nanotechnology,

biotechnology,

information technology, cognitive technology) [4]. The phrase "convergent
technologies" refers to a synergistic combination of the four main "NBIC" (nano-bioinfo-cognies) areas of science and technology, each of which is currently progressing
rapidly.
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But socio-humanitarian technologies (SH) refer to man, to practice,
to society ... to morality, morality, values, to culture. And these are more
philosophical problems. That is, now we must focus on NBIK + SH - technology.
As well as at those that will be able to organize and ensure this breakthrough
into the future [2, 6, 7].
Thus, on the basis of the system-synergetic approach the question of
aggravation of the global crises caused by technogenic civilization is considered,
the question arises: whether it is possible to leave these crises, without changing the
basic system of values of technogenic culture? Mankind has a chance to find a way
out of global crises, but this will have to go through an era of spiritual
reformation and the development of a new system of values. The modern paradigm
of the world community's exit from the systemic crisis and the transition
to safe and sustainable development is, first of all, an innovative way of
development based on modern innovative, information and convergent
technologies, based on new knowledge as the main resources of development, based
on socio-humanitarian technologies, and also on the basis of active transition
according to the 6th, and then to the 7th technological ways of development and
"Industry 4.0".

The purpose of the work
The purpose of this work is to study the problem of sustainability of integrated
man-made system in an innovative economy and "Industry 4.0" and the development
of methods and methodologies for assessing the level of sustainable development of
the state as a whole and individual regions allows stable and balanced development
of four sectors: economic, environmental, social and spiritual and moral unity on the
basis of innovative socio-humanitarian technologies, combining into a holistic
system the principles of economic efficiency, social security and environmental
security.
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Presentation of the main material
Carrying out a comprehensive analysis of the sustainability of regional
development involves the use of criteria and indicators that allow to obtain a reliable
assessment of its level, direction and intensity of change. However, to date,
economics has not finally developed approaches to justify their choice, methods of
calculation, determination of patterns of development, etc. The main disadvantage of
the existing methodological provisions is that they do not allow to fully assess the
sustainability of the region, the degree of influence of various factors on the level of
its change and discrepancies with the limit values. Different views among scholars
dealing with the problem of sustainable development of the region are manifested in
the choice of criteria that should be the basis for assessing the sustainability of
development.
We will note that the general scheme of integration model of steady safe
environmental and economic and social and humanitarian development of system
is presented in [1-3, 6, 7].

The main factors of sustainable development of the region. The paradigm of
sustainable development, which provides for a dynamic process of successive
positive changes that ensure the balance of economic, social and environmental
aspects, should be the basis for the formation of approaches to solving the problems
of territorial entities. This is especially relevant today, when the focus of economic
reforms is shifting to the level of regions and strengthening their role in the
implementation of economic policy. The priority approach in the implementation of
reforms at the regional level should be the belief that the development of the territory
should not be equated with its economic development. It is impossible to consider
the region developing steadily only on the basis of increase of economic indicators.
Sustainable development should be aimed at achieving a high quality of life, with a
positive dynamics of the set of indicators. The priority of the new stage of economic
change is the innovative modernization of the regional economy.
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It is believed that the term "sustainable development" is inherently innovative,
because for the continuous, stable operation of any system in changing
environmental conditions, it must constantly increase the degree of organization,
adapting to these changes, i.e. generate new forms and mechanisms of stability
support.
The transition to sustainable development requires radical transformations, at
the center of which is the socialization, greening and humanization of all major
human activities, changing his consciousness and creating a new "sustainable
society". Such changes must take place purposefully, consciously, taking into
account socio-economic, political, technical and other conditions. In general, the
level of sustainable development of the technogenic region is due to the interaction
of a number of groups of factors of socio-economic, environmental and innovative
nature.
Socio-economic factors include: production and resource potential (labor,
material, financial, raw materials, fixed capital, etc.), market (factors of demand,
supply and distribution; interpenetration of regional, national and world markets),
strengthening the social function of the state, income level (propensity to consume,
save, invest), education and health care, social protection, level and quality of life,
level of environmental awareness.
The environmental aspect of sustainable development implies the rational use
of natural resources (subsoil, extraction of natural resources, forest, water, land
fertility, wildlife) on the principles of their economy, efficiency of recreational
capacity and investment in environmental activities. This approach to sustainability
means the maximum reduction of their use, the search for substitutes, the widespread
introduction of resource-saving technologies.
Innovative factors include intellectual potential (ideas and knowledge, which
later turn into new sources of raw materials and power; information), scientific and
technical potential (substitution technologies, technological activity), investment in
innovation.
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Thus, sustainable development means that the socio-economic system ensures
the dynamic stability of its properties, applying, at the same time, the whole set of
factors that affect the level of competitiveness of the region's economy.
As criteria for assessing the above factors can be identified a system of
indicators that characterize the sustainable development of the man-made region.
Leading international organizations are developing indicators of sustainable
development: the United Nations, the World Bank, the Organization for Economic
Cooperation and Development (OECD), the European Commission, the Scientific
Committee on the Environment (SCOPE), and others. Among individual countries,
the experience, scale, duration and complexity of developing a system of sustainable
development indicators in the United States and the United Kingdom should be
particularly noted. These countries began this work at the governmental level in the
mid-1990s.
Recent developments include research and implementation of sustainability
indicators for countries such as Denmark (sustainable development indicators),
Germany (environmental indicators for public information) and Canada (sectoral
sustainability indicators for agriculture).
In Germany, a special "environmental barometer" (EB) has been developed,
which covers only 6 key indicators. EB is intended for both the public and highranking officials. On the basis of 6 EB indicators the aggregate indicator - an index
of a condition of environment (DUX) by means of which it is easy to analyze a
condition of environment for the general public is constructed. This index is regularly
(monthly) shown on one of the leading German TV channels. It is also included in
the annual economic reports of the German Government (Ministry of Finance) and
in the environmental reports.
Although the development of indicators of sustainable development is still far
from complete, but already proposed draft indicators for systems of different scales:
global, regional, national, local, sectoral, even for individual settlements and
enterprises.
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The concept of sustainable development and some research results.
Theory and practice show that at the turn of the century the teachings of
V. I. Vernadsky on the noosphere proved to be a necessary platform for the
development of a threefold concept of sustainable environmental, socio-economic
development. Generalizations of this concept were made at the UN World Summits
in 1992 and 2002, which were attended by more than 180 countries, many
international organizations and leading scientists. Thus, the new concept
systematically combines three main components of sustainable development of
society: economic, environmental (environmental) and social.
The economic approach is to optimize the use of limited resources and apply
natural, energy and resource-saving technologies to create a flow of total income
that would ensure at least the preservation (not reduction) of the total capital
(physical natural or human) with which this total income is created.
At the same time, the transition to the information society leads to a change in the
structure

of

total

capital

in

favor

of

human

capital,

increasing

the intangible flows of Finance, information and intellectual property. Already these
flows exceed the volume of movement of material goods by 7 times
[ru.wikipedia.org].
The development of a new, "weightless" economy (knowledge economy) is
stimulated not only by the scarcity of natural resources, but also by the growth of
information and knowledge that acquire the value of a sought-after commodity.
From the point of view of ecology, sustainable development must ensure the
integrity of biological and physical natural systems, their viability, on which
depends the global stability of the entire biosphere. Of particular importance is the
ability of such systems to self-renew, and adapt to various changes, instead of
maintaining a certain static state or degradation and loss of biological diversity. The
social component is focused on human development, on maintaining the stability of
social and cultural systems, on reducing the number of conflicts in society. Man
must become not an object but a subject of development. He must take part in the
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processes of formation of his life, making and implementing decisions, monitoring
their

implementation.

Equitable

distribution

of

benefits

among

people

(reduction of the so-called GINI index), pluralism of opinion and tolerance in
relations between them, preservation of cultural capital and its diversity,
especially the heritage of non-dominant cultures, are important to ensure these
conditions.
Systematic coordination and balancing of these three components is a huge
task. In particular, the relationship of social and environmental components leads to
the need to preserve the equal rights of present and future generations to use natural
resources. The interaction of social and economic components requires the
achievement of justice in the distribution of material goods among people and the
provision of targeted assistance to the poor. Finally, the relationship between
environmental and economic components requires a cost assessment of man-made
impacts on the environment. Solving these challenges is the most important
challenge today for national governments, authoritative international organizations
and all the progressive people of the world.
The problem of sustainable development on the basis of the "hexagon" of
fixed assets (capital), supported by the activities of SEEMM. The main assets that
support the viability of integrated SEEandHS are the following 7 factors:
S - Social capital; Ф - Financial capital; N - Natural capital (land, water, etc.);
K

-

Physical

capital

(fixed

assets);

L

-Labor

resources

(labor);

H - Human (intellectual) capital; I - Institutional factor (resource).
The generalized production-technological function (PTF) can be represented
in general as a nonlinear function:

Y (t )  F[ K (t ), L(t ), H (t ), N (t ),(t ), S (t ), I (t ); c ] .

It can be used to study sustainable development.
The level of sustainable development (SDL) will be assessed using the index
I sdl , which is calculated as the sum of indices for four dimensions (areas): economic
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( I ), environmental ( I ), social ( I ) and humanitarian ( I ) with the
soc
eco
ecl
hum
appropriate weighting coefficients, that is:
I sdl  1 Ieco  2 Iecl  3 I soc  4 I hum , 1  2  3  4  1, i  0.

In turn, each of the indices I , I , I and I will be calculated using
hum
eco
ecl
soc
well-known in international practice indices and indicators.
When using the arithmetic mean form of construction of the generalizing
indicator at decrease in social and economic indicators and increase in
environmental it is possible leveling of a threatening situation. Therefore, the
content of the considered indicator is more consistent with the geometric mean
value, which reflects the proportionality between the indicators. In addition, the
considered indicators will reflect the real situation in the region. The level of
sustainability of economic development of the region can be calculated by the
following formula:

I sdl  4 [1I eco2 I ecl3 I soc4 I hum ] .
In

particular,

for

example,

the

level

of

sustainability

of economic development of the region can be determined by the following
formula:

Ieco=

5

I n × I u × I Φ × I m × I np ,

where I
- the level of sustainability of economic development of the region;
eco
I n - level of production component of regional development: innovation, labor,

financial and natural resources;

Iu - the level of innovation component of regional

development; I - the level of the financial component of regional development;

Im

- the level of the labor component of regional development; I np - the level of

natural resource component of regional development.
This construction of the indicator will reflect the importance of each of the
considered components: environmental-environmental and socio-humanitarian
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subsystems

(spheres)

in

the

performance

of

the

target

function.

A change in any of the private indicators leads to a change in the value of the
aggregate indicator and captures a change in the steady state of the region.
In the general case, all indicators change over time, i.e. have a certain
dynamics.
Simple conditions for sustainable development (SD) are defined as follows.
1) Condition of weak stability:
dF [⋅]
dt

where

≥0

or

Ft 1 []  Ft [] ,


Ft [⋅] ≡ F [ K (t ), L(t ), H (t ), N (t ), Φ (t ), S (t ), I (t ), c ].
2) Condition of strong stability:
dF 
dt

 0, N  N  N
C

S

dN C
≥ 0 or N tC1  N tC ,
dt

and

where N C - critical part of natural capital, and N S - natural capital, which can be
replaced by artificial.
For example, given critical natural capital N C , sustainable development can
be supplemented by a time limit on depletion of this value. For a time-decreasing
production function, the arguments of which are aggregated variables: labor - L,
capital - K and natural - resource N, we will have the ratio:

Ft ( K , L, N )  Ft 1 ( K , L, N )
or, in the general case


F ( K (t ), L(t ), H (t ), N (t ), Φ (t ), S (t ), I (t ), c ) ≤
 ,
F ( K (t + 1), L(t + 1), H (t + 1), N (t + 1), Φ (t + 1), S (t + 1), I (t + 1), c )

and it also requires compliance with the condition of not decreasing in time the value
of N C , i.e.
capital

N

=
N t N tC + N tS ,

as well as the condition of partial replacement of natural

by artificial N S (or non-renewable resource for renewable resource):

N t  N tC  N tS .
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The integrated level of sustainable development for all capital (resources) can
be defined, for example, in the case of linear dependence as
Ysdl=
(t ) c1K (t ) + c2 L(t ) + c3 H (t ) + c4 N (t ) + c5Φ(t ) + c6 S (t ) + c7 I (t ),

where c1 , c2 , c3 , c4 , c5 , c6 , c7 weighting (normalizing and scaling) coefficients.
In the general case, the integral level of sustainable development can be
represented as a nonlinear function:

=
Ysdl (t ) Fsdl [ K (t ), L(t ), H (t ), N (t ), Φ(t ), S (t ), I (t ); c ] .

Private versions of the PTF model:
а) Mankiw–Romer–Weil model. Option of accounting for human capital H in
the production function (PF), along with physical capital (K), labor (L) and natural
(N) resources:

Y (t )  K  (t )  H  (t )  [ A(t )  L(t )]1 ,
where α , β > 0 ,     1 ;

H ; A(t )

- function of scientific and technological

progress. Note that α - the share of capital provided by investment growth (capital
costs); similarly

.

b) Model of accounting for all fixed assets:
Y (t ) A(t ) K α (t ) ⋅ Lβ (t ) ⋅ H γ (t ) ⋅ S ρ (t ) ⋅ Φ q (t ) ⋅ N τ (t ) ⋅ I υ (t ) ,
=

1 The following
where ,  ,  ,  , q,  ,   0 and α + β + γ + ρ + q + τ + υ =
notations are also used here: K - physical capital, L - labor (labor), H - human capital,
S - social capital, F - financial capital, N - natural resources (land, water, etc.), A(t)
is a function of the level of scientific, technical and technological development, for
S
example, A(t )  aT (t ) , where T (t ) - volume of innovative technologies

(resources).

The system of global dimensions of sustainable development (in the
designations of the authors) [10]. An important problem in implementing the concept
of sustainable development is the formation of a system of measurements (indices
and indicators) for quantitative and qualitative assessment of this very complex
253

process. The main requirements for this system of measurements are its completeness
of information and the adequacy of the presentation of the interconnected triad of
components of sustainable development. Well-known international organizations
and numerous scientific teams are currently working in this direction, but
unambiguous coordination of this system of measurements has not been achieved
yet.
Here is a system of measurements of sustainable development, proposed by
the Institute of Applied Systems Analysis of NTU "KPI" [10].
The level of sustainable development will be assessed using the corresponding

I sdl index, which is calculated as the sum of indices for three dimensions: economic
(I

eco

), environmental ( I ) and social ( I soc ) with the appropriate weighting
ecl

coefficients. In turn, each of the indices I , I and I soc will be calculated using
eco ecl
well-known in international practice indices and indicators.
Of course, all indicators that affect the components of these indices, as well as
these indices themselves, are measured in different units and have different
interpretations. Therefore, they are reduced to a normalized form so that their
changes, as well as changes in the indices themselves, were in the range from 0 to 1.
In this case, the worst values of these indicators will correspond to numerical values
close to 0, and the best - will bring these values closer to 1. This rationing allows you
in the form of the average
to calculate each of the indices I , I , I soc and I
hum
eco ecl
sum of its components with the appropriate weighting coefficients.
1. The index of economic dimension ( I

eco

) will be formed from two global

indices:
o the index of competitive development (hereinafter - the index of
competitiveness - I c ), developed by the organizers of the World Economic Forum
(World Economic Forum). This index is calculated annually for 117 economies of
the world and is published in the form of the so-called "Global Competitiveness
Report". We will use this report for 2005 - 2006 [www.weforum.org]). The
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competitiveness index is formed from the following three indicators: the indicator of
technological development of the country; indicator of civic institutions and indicator
of macroeconomic environment. In turn, these three indicators are calculated based
on the use of 47 data sets on the state of technology transfer and
innovation development, the level of information and communication technology
development, the level of R&D spending, the level of foreign investment, the level
of business independence from government, the level of corruption in the
country, etc.;
o index of economic freedom (
intellectual

center

of

the

), which was developed by the
Heritage

Foundation

[www.heritage.org/research/features/index]. It is published annually in the Wall
Street Journal. The index of economic freedom is formed from the following ten
indicators: the country's trade policy; fiscal burden from the government;
government intervention in the economy; monetary policy; capital flows and foreign
investment; banking and financial activities; pricing and remuneration policies;
private property rights; regulatory policies; informal market activity. These ten
indicators are calculated based on the use of 50 sets of various economic, financial,
legislative and administrative data.
According to the results of data processing for 2005, we present a list of the
ten best countries in the world, based on the index of economic measurement (table 1
look [10, 11] and [www.weforum.org]).
The achievements of these countries are due to the optimal combination of
such important factors of economic development as the level and quality of
innovation, priority research support, significant foreign investment, with perfect
legislation in the field of business taxation and high technology, effective protection
of private property, especially intellectual, low corruption, the orientation of
countries' policies to create economies on the model of "welfare for all" instead of
the model of "indifference to the natural market". Finland, Denmark, Iceland and
Sweden demonstrate this development strategy most clearly.
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The G8 countries, with the exception of the United States and the United
Kingdom, are inferior to the group of leaders in terms of qualitative characteristics
of economic development. In particular, they lose significantly to leaders in the
quality and scale of innovation, levels of commercialization of science, almost twice
less funding for research in high technology, have relatively outdated and less
flexible legislation in the field of taxation and development of high-tech business.
According to the efficiency and progressiveness of their economies, they are quite
compactly placed (except for Russia) in the following sequence: USA – the 5th place
( I eco = 0.537), Great Britain – the 9th place ( I eco = 0.542), Canada – the 15th place
( I eco = 0.525), Germany – the 16th place ( I eco = 0.510), France – the 19th place
( I eco = 0.438), Italy – the 20th place ( I eco = 0.410), Russia – the 98th place ( I eco =0.319).
The group of post-socialist countries, which at the beginning of their
independence had approximately equal starting conditions, as of 2005 turned out to
be quite "scattered" in the rating table according to the index of economic dimension.
Thus, Estonia ranks the 12th ( I eco = 0.533), the Czech Republic – the 29th
( I eco = 0.459), Slovakia – the 37th ( I eco = 0.428), Hungary – the 40th ( I eco = 0.423),
Latvia – the 41st place ( I eco = 0.420), Poland – the 46th place ( I eco = 0.400), Bulgaria
– the 61st place ( I eco = 0.366), Moldova – the 87th place ( I eco = 0.325), Ukraine – the
91st place ( I eco = 0.319). Naturally, these countries are in the process of restructuring
all components of their economic and social systems. Those of them who quickly
transformed production, science, education, business into a market, innovative model
of the economy, are more likely to show positive changes. These are, first of all,
Estonia, the Czech Republic, Slovakia, Hungary, Latvia, Poland. As for Bulgaria,
Moldova and Ukraine, this process is slower.
2. Environmental Measurement Index ( I ecl ) will be assessed using the wellknown ESI (Environmental Sustainability Index), calculated by the Center for
Environmental Law and Policy at Yale University (USA) for 146 countries as of
2005 [www.yale.edu/esi]. The ESI index is formed of 21 environmental indicators,
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which, in turn, were calculated based on the use of 76 sets of environmental data on
the state of natural resources in the country, the level of environmental pollution in
the past and today, the country's efforts to manage environmental conditions
characteristics and more.
The ESI index quantifies a country's ability to protect its environment, both in
the current period and in the long run, based on the following five criteria: the
existence of a national environmental system; possibility to counteract
environmental influences; reducing people's dependence on environmental
influences; the country's social and institutional capacity to respond to environmental
challenges; the possibility of global control over the environmental state of the
country. In addition, this index can be used as a powerful tool for decision-making
on an analytical basis, taking into account the social and economic dimensions of
sustainable development.
The G8 countries, with the exception of Canada, are not world leaders in terms
of environmental protection and have rather mediocre ESI index values.
In particular, Canada ranks the 6th place (ESI = 0.644), Japan – the 30th place
(ESI = 0.573), Germany – the 31st (ESI = 0.569), Russia – the 33rd (ESI = 0.561),
France – the 36 (ESI = 0.552), USA – the 45th (ESI = 0.529), Great Britain – the
65th (ESI = 0.502), Italy – the 69th (ESI = 0.501). This is due to the priority desire
of these countries to increase GDP, compared to environmental measures, and the
rather intensive use of natural resources.
It is interesting to compare a group of post-socialist countries that were in
approximately

the

same

environmental

conditions

in

the

late

1980s.

Now Latvia is in the 15th place (ESI = 0.604), Estonia - in the 27th (ESI = 0.582),
Slovakia - in the 48th (ESI = 0.528), Hungary - in the 54th (ESI = 0.520),
Moldova - on the 58th (ESI = 0.512), Bulgaria - on the 70th (ESI = 0.500),
the Czech Republic - on the 92nd (ESI = 0.466), Poland - on the 102nd
(ESI = 0.450), Ukraine - at the 108th (ESI = 0.447).
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From the above data we see that there are significant differences between
countries both in the state of the environment and in long-term trends in its changes.
The level of economic development of a country, expressed in terms of GDP per
capita at purchasing power parity, does not necessarily guarantee a better state of its
environment. In this regard, significant factors were: low population density,
economic capacity to overcome environmental challenges and the quality of
management of environmental measures and development of natural deposits.
3. The index of the social dimension ( I SOC ) is formed by averaging three global
indices:
o Index of Quality and Safety of Life ( I q ), developed by the international
organization Economist Intelligence Unit [www.en.wikipedia.org]. This index is
formed using the following nine indicators: GDP per capita at purchasing power
parity; average life expectancy of the population; rating of political stability and
security of the country; the number of divorced families per 1,000 population; level
of public activity (activity of trade unions, public organizations, etc.); differences in
latitude between warmer and colder regions of the country; unemployment rate in
the country; the level of political and civil liberties in the country; the ratio between
the average wages of men and women.
o Human Development Index ( I hd ), used by the United Nations
Development Program [www.hdr.undp.org/reports/global/2005]. It is formed with
the help of the following three indicators: the average life expectancy of the country's
population; level of education and standard of living of the country's population,
measured by GDP per capita at purchasing power parity (GDP per capita).
o Index of a knowledge-based society, or K-society ( I ks ), developed by
the United Nations Department of Economic and Social Development - UNDESA
[UN publication No.E.04.II.S.1,2005]. This index is determined by three main
indicators: intellectual assets of society; prospects for the development of society and
the quality of society, which, in turn, are formed by 15 data sets on the level of youth
education and information, investment climate in the country, corruption, inequality
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of material and social benefits (GINI-index), the level of child mortality, etc. The list
of the ten best countries in the world according to the index of social dimension is
given in [10].
The success of this group of countries in achieving the best social standards of
living is formed not only by high welfare (expressed in terms of GDP per capita at
purchasing power parity). More importantly, these countries pursue consistent
policies aimed at harmonizing the main factors influencing social development. They
reached 1.2-1.5 times lower than in the G8 countries, inequality of society (expressed
by the GINI index). These countries have very low defense spending and some of the
world's highest spending on health, education, media and communications. As a
result, they have a high rating of political stability, a significant level of political and
civil liberties, a very low level of corruption, low infant mortality, and a relatively
high life expectancy.
We see that, with the exception of Japan, the G8 countries are not among the
top ten in the index of social development. They are located quite compactly in the
first - third tens of the rating table. The only exception was Russia. We have the
following sequence of countries: Japan - 8th place ( I SOC = 0.792), USA - 14th place
( I SOC = 0.779), Canada - 15th place ( I SOC = 0.777), Germany - 16th place
( I SOC = 0.776), Great Britain - 17th place ( I SOC = 0.773), Italy - 21st place
( I SOC = 0.759), France - 24th place ( I SOC = 0.754), Russia - 81st place ( I SOC = 0.520).
The concentration of great wealth in these countries does not automatically ensure
high social standards of living. They are characterized by higher defense spending,
much higher than the preliminary group, inequality of society, lower rating of
political stability and lower average level of education, except for Japan, 1.3-1.5
times higher infant mortality (in Russia it is higher four times compared to other
members of this group).
The group of post-socialist countries over the past 20 years has been
characterized by significant stratification in the level of social development. They
have the following ratings: Czech Republic – the 28th place ( I SOC = 0.702),
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Hungary – the 32nd place ( I SOC = 0.686), Slovakia - 34th place ( I SOC = 0.673),
Poland - 36th place ( I SOC =

0.664), Estonia - 44th place ( I SOC = 0.657),

Latvia - 47th place ( I SOC = 0.649), Bulgaria - 49th place ( I SOC = 0.627),
Ukraine - 72nd place ( I SOC = 0.554) , Moldova - 78th place ( I SOC = 0.553).
It is fundamentally important that the countries of this group, which became
members or candidates for EU membership, achieved much higher social standards
of living, compared to Ukraine and Moldova, which moved up in the ranking table,
respectively, to 72nd and 78th place. Due to the low rating of political stability,
uncertain social and economic policies of the last two countries, they are significantly
behind the first in almost all indicators of the social dimension, except for some
educational indicators and indicators related to civil liberties.
Comparison of countries according to the index of sustainable development
from 3-indices. The Sustainable Development Index ( I sd ) will be calculated by the
formula:

I sd  0.43  I eco  0.37  I ecl  0.33  I soc ,
in which scaling factors are used to ensure equal weight of economic, environmental
and social dimensions in the index of sustainable development.
Methods of forming the humanitarian index ( IDX HUM or I hum ) [11,12].
The problem of forming an assessment of the level of sustainable development of
regions, enterprises or the country as a whole using indices and indicators does not
leave the pages of domestic and foreign publications, but to date in this direction has
not been developed a single concept.
An urgent problem is the formation of a methodology for calculating the
humanitarian index, which has an available statistical basis and, along with other
indices, can be used in modeling and to assess the level of sustainable development
of regions. Therefore, the task is to develop a methodology for forming a
humanitarian index to assess the level of sustainable development of the region.
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The scheme of formation of the humanitarian index is shown in fig. 1.
The basis for the formation of the humanitarian index are directly the input data,
which in some way are aggregated into parameters. The parameters
are aggregated into indicators, and the indicators already make up the humanitarian
index:
{Incoming data} ⇒ {Parameters} ⇒ {Indicators} ⇒ Humanitarian index
Fig. 1. Humanitarian index formation scheme
Here symbol " ⇒ " means the algorithm of transformations (aggregation,
calculations).
The information base for the formation of the humanitarian index was the data
of the State Statistics Service of Ukraine for the period from 2000 to 2014.
87 items of input data were selected, which were aggregated into 22 parameters. The
parameters were aggregated into 10 indicators, and the indicators, in turn, were
aggregated into one humanitarian index.
In order to be able to compare regions without being too subjective, the values
of all input data were calculated per capita of the permanent population (p.p.) of a
particular region for a particular year.
Input standardization was performed, after which the "worst" value of the input
data corresponded to the value "0", and the "best" - the value "1". When the "best"
value of the input data corresponds to their largest value, standardization is carried
out according to the formula:
IDiOR ( REG j YRk )

ID ( REG j YRk ) =
ST
i

(1)

OR

max ( IDi ( REG j YRk ))
REG
j

i  1...87, j  1...27, k  2000...2014 ,
where ID ST – standardized input data values, IDOR – original input data values,
REG

– region,

YR

– year.
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In the case when the best values of input data correspond to their smallest
values, standardization is carried out according to the formula:
IDiOR ( REG j YRk )

ID ( REG j YRk ) = 1 −
ST
i

(2)

OR

max ( IDi ( REG j YRk ))
REG
j

=
i 1...87,
=
j 1...27,
=
k 2000...2014
where ID ST – standardized input data values, IDOR – original input data values,
REG

– region,

YR

– year.

"Preliminary" weighting coefficients were calculated for the input data
WC PR ( ID ST
j ( REG j )) using the principal components method. The "preliminary"

weighting coefficients were reduced to a single value by the mean formula:
WC ( IDiST ) 

where

WC

 WC

PR

( IDiST ( REG j ))

j

27

, i  1...87, j  1...27,

(3)

– input data weighting coefficients, WC PR – "preliminary" weighting

coefficients of input data, ID ST – standardized input data values,

REG

– region. The

sum of the input data weighting coefficients for each parameter is always equal to
one.
Regarding the calculation of parameter values, the parameter value is equal to
the sum of the values of all input data included in it, multiplied by the corresponding
weighting coefficients.
For example:
PRM
=
1 ( REG j , YRk )

3

∑ ID

( REG j YRk ) ⋅ WC ( IDiST ),

(4)

PRM 4 ( REG j , YRk )   IDiST ( REG j YRk )  WC ( IDiST ),

(5)

i =1

ST
i

18

i 9

PRM
=
12 ( REG j , YRk )

44

∑ ID

i = 40

ST
i

( REG j YRk ) ⋅ WC ( IDiST ),

j  1...27, k  2000...2014 ,
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(6)

where

PRM

– parameter, ID ST – the standardized values of the input data,

WC – the weighting coefficients of the input data,
YR

REG

– region,

– year.
A total of 22 parameters are used. As with the input data, "preliminary"

weighting

WC PR ( PRM i ( REG j )) were

coefficients

calculated

for

the parameters using the principal component method. The "preliminary"
weighting coefficients were also reduced to a single value by the mean
formula:
WC ( PRM j ) 

 WC

PR

( PRM i ( REG j ))

j

,

27

(7)

=
i 1...22,
=
j 1...27 ,
where

WC

– weighting coefficient of the parameter, WC PR – the "preliminary"

weighting coefficient of the parameter,

PRM

– parameter,

REG

– region. The sum

of the weighting coefficients of the parameters for each indicator is always equal to
one.
By calculating the values of the parameters according to the scheme shown in
fig. 1, the calculation of indicator values follows.
The values of the indicator are the values of the parameters included in it,
multiplied by the corresponding weighting coefficients. Here are some of the
formulas:
3

IDT1 ( REG j , YRk )   PRM i ( REG j , YRk )  WC ( PRM i ) ,

(8)

i 1

=
IDT4 ( REG j , YRk )

14

∑ PRM ( REG , YR ) ⋅ WC ( PRM ) ,

i =10

i

j

k

(9)

i

22

IDT10 ( REG j , YRk )   PRM i ( REG j , YRk )  WC ( PRM i )

(10)

i  21

=j 1...27,
=
k 2000...2014 ,
where

WC

– the weighting coefficient of the indicator, WC PR – the "preliminary"

weighting coefficient of the parameter,

IDT
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– indicator,

REG

– region,

YR

– year.

For the indicators, "preliminary" WC PR ( IDTi ( REG j )) weighting coefficients
were calculated using the principal components method. The "preliminary"
weighting coefficients were reduced to a single value using the average value
formula:
WC ( IDTi ) 

 WC

PR

( IDTi ( REG j ))

j

,

27

(11)

i  1...10, j  1...27,
where

WC

– the weighting coefficient of the indicator, WC PR – the "preliminary"

weighting coefficient of the indicator,

IDT

– indicator,

REG

– region. The sum of

the weighting coefficients of the indicators that make up the humanitarian index is
always equal to one.
The value of the humanitarian index is equal to the sum of the values of all
indicators included in it, multiplied by the corresponding weighting coefficients, and
is calculated by the formula:
10

IDX

HUM

( REG j , YRk )   IDTi ( REG j YRk )  WC ( IDTi ),

(12)

i1

=
j 1...27,
=
k 2000...2014 ,
where IDX HUM – humanitarian index,
of the indicator,

REG

– region,

YR

IDT

– indicator,

WC

– weighting coefficient

– year. For the regions of Ukraine for the period

from 2000 to 2014, the values of humanitarian indices IDX HUM were calculated, and
for five regions of Ukraine the values of the indices are given in [11, 12].

Conceptual model of sustainable development index and harmony index
formation, that is shown in fig. 2, connects the indices that are part of it with
mathematical

relations

and

performs

their

algebraic

"convolution".
The conceptual model of formation of regional economy indices in the context
of components (fig. 3) combines data of different nature, i.e. economic,
environmental, social and humanitarian.
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Fig. 2. Conceptual model of sustainable development index and harmony index
formation

Fig. 3. Conceptual model of formation of regional economy indices
in the context of four components

In this way, it reflects the interrelationship and balance between these four
inseparable components of the regional economy. The IDX SD 3 or IDX SD 4
Sustainability Index and the IDX G 3 or IDX G 4 Harmony Index are calculated by their
IDX EC , IDX EN , IDX SOC and / or IDX HUM components.

The algorithm for forming the IDX SD 4 Sustainable Development Index and the
IDX G 4 Harmony Index for the regional economy, which contains four components:
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economic, environmental, social and humanitarian, is similar to the algorithm for
forming indices, which contains three components and is given in [2, 11].
If we modify this formula and apply it for a regional economy that has four
components, we get:
IDX G 4  arccos[0.5) IDX EC  IDX EN  IDX SOC  IDX HUM )] /
[( IDX EC ) 2  ( IDX EN ) 2  ( IDX SOC ) 2  ( IDX HUM ) 2 ],

(13)

where IDX G 4 is the harmony index, IDX EC is the economic index, IDX EN is the
environmental index, IDX SOC is the social index, and IDX HUM is the humanitarian
index.
To determine the values of weighting coefficients during the formation of TRV
indices, preference was given to the calculation method of the main components,
because, unlike expert methods, it lacks a subjective component and its use does not
require the cost of expert services.
When modeling indices for a regional economy containing three components,
three indices are used: economic IDX EC , environmental IDX EN and social IDX SOC ,
and if we consider a regional economy with four components, then the humanitarian
index IDX HUM is added to the above three indices. These three or four indices are
used to calculate the values of the IDX SD 3 or IDX SD 4 sustainable development indices
and the IDX G 3 or IDX G 4 harmony indices.
IDX

indices and WC3 weighting coefficients for calculating the sustainable

development index for the regional economy, which contains three components, the
following: economic index IDX EC ,

WC3 ( IDX EC ) = 0.3438 ;

environmental index

IDX EN , WC3 ( IDX EN ) = 0.3396 ; social index IDX SOC , WC3 ( IDX SOC ) = 0.3166 .

In turn, if the regional economy contains four components, then the weighting
coefficients of WC4 change: economic index IDX EC ,
environmental

index

WC4 ( IDX SOC )  0.2607 ;

IDX EN ,

WC4 ( IDX EN )  0.2463 ;

humanitarian index IDX HUM ,

WC4 ( IDX EC )  0.2608 ;

social

index

IDX SOC ,

WC4 ( IDX HUM )  0.2322 .

The assessment of the level of sustainable development of the regional
economy is based on the fact that it contains four components - economic,
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environmental, social and humanitarian. Therefore, the total array of input statistics
is also divided into four components. The basis for the distribution were the types of
economic activity of the subjects according to the NACE. It should be noted that the
source of input data was the data of the State Statistics Service of Ukraine.
Input statistics cover the period from 2000 to 2014. Over these years, the
structure of NACE has changed: until 2012 there was a valid NACE DK 009: 2005,
and since 2012 and to this day a valid NACE DK 009: 2010. Comparison of input
statistics for modeling by two classifiers requires a redistribution of economic
activities that correspond to the components of the regional economy. Therefore, the
following method of comparing NACE DK 009: 2005 and NACE DK 009: 2010 for
the correct formation of the arrays of input data corresponding to the components of
TRV [2, 12].
When calculating the sum of the weighting coefficients of economic IDX EC ,
environmental IDX EN , social IDX SOC and humanitarian IDX HUM indices, which make
up the index of sustainable development IDX SD 3 or IDX SD 4 , is equal to one.
The values of the IDX SD 3 and IDX SD 4 sustainable development indices are
calculated as the sum of the values of their constituent indices multiplied by the
respective weighting coefficients. For a regional economy containing three
components, the formula is as follows:
IDX SD 3 ( REG j YRk ) =
IDX EC ( REG j YRk ) ⋅ WC3 ( IDX EC ( REG j YRk )) +
+ IDX EN ( REG j YRk ) ⋅ WC3 ( IDX EN ( REG j YRk )) +

(14)

+ IDX SOC ( REG j YRk ) ⋅ WC3 ( IDX SOC ( REG j YRk )).

For a regional economy containing four components:
IDX SD 4 ( REG j YRk )  IDX EC ( REG j YRk )  WC4 ( IDX EC ( REG j YRk )) 
 IDX EN ( REG j YRk )  WC4 ( IDX EN ( REG j YRk ))  IDX SOC ( REG j YRk ) 

(15)

WC4 ( IDX SOC ( REG j YRk ))  IDX HUM ( REG j YRk )  WC4 ( IDX HUM ( REG j YRk )).

In formulas (14) - (15) IDX EC - economic index; IDX EN - environmental index;
IDX SOC - social index; IDX HUM - humanitarian index; WC3 and WC4 - weighting

coefficients;

REG j

- region, j  1...27 ; YRk  year ,
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k = 2000...2014 .

For the regions of Ukraine for the period from 2000 to 2014, the values of the
IDX SD 3 and IDX SD 4 sustainable development indices and the IDX G 3 and IDX G 4

harmony indices were calculated. For five regions of Ukraine, the selective values of
the indices are given in [2, 12]. Note that the higher the value of the harmony index,
the more uneven development of the components of the regional economy, i.e. in
some priority areas.

Conclusions
The integration model of sustainable development is shown as a family of
models for the creation of integrated information systems of environmental,
economic and socio-humanitarian management of various socio-organizational
systems and especially economic objects of man-made nature to ensure sustainable
and viable development. The economic approach to modeling sustainable
development is considered, which consists in the optimal use of limited resources
and applies natural, energy and resource-saving technologies to generate aggregate
income. At the same time, the transition to the information society leads to a change
in the structure of aggregate capital in favor of human, increasing intangible flows,
flows of information and intellectual property.
The problem of sustainable development through 7 main assets (capital) that
support the viability of socio-environmental and economic systems is considered.
The concept of sustainable development, the system of global dimensions of
sustainable development and the level of sustainable development are defined.
The method of formation of the humanitarian component of TRV with the
use of available statistics, which is described by the humanitarian index and is
included in the models of quality condition indices (IQC), is presented; the method
of searching for sequential templates for determining the dependencies in the TRV
IQC, which allowed to identify useful patterns in the indices; the method of
distribution of statistical data according to the components of the TRV on the basis
of the types of economic activity of economic entities according to NACE DK 009:
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2005 and NACE DK 009: 2010. The use of methods will increase the efficiency of
solutions in the management of man-made regional production, increase the
efficiency of the use of innovations and identify areas of innovation strategies of the
regions.
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PARAMETRIC SETTING OF THE MODIFIED WADE FORECAST
MODEL
Romanenkov Yu., Pronchakov Yu., Zieiniiev T.

The problem of parametric setting of the modified Wade forecast model is considered. The
similarity of the predictive models of Brown and Wade is analytically evaluated. Critical regions
are determined on the extended admissible set of the smoothing parameter, within which the quality
of the Brown and Wade models is significantly different. Recommendations are given regarding
the parametric tuning of the Wade predictive model based on retrospective analysis by criterion.
The necessity of independent parametric tuning of Brown and Wade models is shown. An example
of the practical use of the proposed recommendations is given. The results allow the user to
intelligently select and tune the specified predictive models.

Introduction
Modern technologies for analysis and forecasting of time series include dozens
of classical methods [1], as well as an impressive number of their modifications [2].
Their diversity can be estimated by the theoretical and methodological base
of classification of forecasting methods, one of the variants of which [3] is shown
in fig. 1.
Despite the variety of complex models and methods tested in practice, simple
and reliable one-parameter models do not lose popularity, including the model of
simple exponential smoothing or Brown's model [4, 5].
The predictive estimate in Brown's model is determined by the exponential
weighted value of the time series:
ŷt = α yt −1 + α (1 − α ) yt − 2 + ... + α (1 − α )

n −1

yt − n =

n

∑ α (1 − α )
i =1

i −1

yt −i ,

(1)

where ŷt is an estimation (forecast) of the time series value for a time point t ;
yt −1 , yt − 2 , ..., yt − n – the values of the series at the corresponding times; n – sample

length of the time series; α – smoothing parameter.
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Fig. 1. Theoretical and methodological basis for the classification of forecasting methods [3]
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Brown's recurrent formula for smoothing the time series [5] can be obtained
by grouping from the formula (1):

(

ˆy=
α yt −1 + (1 − α ) α yt − 2 + α (1 − α ) yt −3 + ... + α (1 − α )
t

n −1

)

yt − n= α yt −1 + (1 − α ) ˆyt −1 , (2)

where ŷt −1 – estimate for the previous point in time ( t − 1) .
The smoothing parameter is usually selected from the classical range of
admissible values =
K c {α : 0 ≤ α ≤ 1} , which ensures the convergence of the sum of
the sequence of weight coefficients in the formula (1)
α , α (1 − α ) , ..., α (1 − α )
{ak }k =1 =
n

n −1

(3)

to one.
The classical range can be extended to K=
{α : 0 ≤ α ≤ 2} without violating
ext
the convergence conditions [8, 9]. In this case, sequence (3) changes from being
constant on the interval α ∈ [ 0, 1] to alternating on the interval α ∈ (1, 2]
Let’s consider the function of the sum of the sequence (3) on the number of its
elements n on the extended set K ext of the smoothing parameter α (fig. 2):
n

S n =∑ α (1 − α ) =1 − (1 − α ) .
i

n

i =1

Fig. 2. Dependence of the sum of the coefficients of the Brown model on the
smoothing parameter α and the number of elements of the series n on the
extended set K ext
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(4)

Fig. 2 shows that the sum of the coefficients in formula (1) is close to unity
not in the entire range K ext . In order to correct this feature, a modification was
proposed by R. Wade [5–7]. It consists in multiplying Brown's predictive estimate
by the coefficient
kW =

1
n

∑ α (1 − α )

(5)

i −1

i =1

to ensure that the sum of the weighting factors is equal to one.
The modified Wade model has the form
n

n

yt −i ∑ α (1 − α ) yt −i
=i 1 =i 1
.
=
=
ŷt k=
W
n
n
i −1
−
−
α
1
1
(
)
−
α
α
1
)
∑ (

∑ α (1 − α )

i −1

i −1

(6)

i =1

When using a model of the form (6), the user faces two main tasks: the
estimation of the similarity of the Brown and Wade models, as well as the choice of
the smoothing parameter. Moreover, both problems should be solved on the extended
set K ext .
Estimating the similarity of the Brown and Wade models
Since the predictive estimates in models (2) and (5) differ by a coefficient
kW =

1
, it is its closeness to unity that determines the degree of similarity of the two
Sn

models. Let us estimate it analytically, transforming dependence (4) as follows
S n′ =1 − 1 − α ,
n

(7)

i.e. by mirroring a group of growing branches relative to a unit level (Fig. 3).
In fig. 3, in addition to dependence (7), a plane is shown at the level of 0.995,
which the author of the modification R. Wade himself recommended as the boundary
of the transition from the modified model to the classical one [5]. It cuts off the region
of parameters in the plane (α ,n ) , within which the predictive estimates of the two
models differ by less than 0.5%.
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The boundaries of this area can be found analytically from the relation
1 − 1 − α ≥ 0.995 .
n

(8)

Fig. 3. Dependence of the similarity coefficient Sn′ (α ,n ) of the Brown and Wade
model on the smoothing parameter and the number of elements of the series on the
extended set K ext

Thus
1 − α ≤ 0.005
n

(9)

or finally
1 − ( 0.005 )

1/ n

≤ α ≤ 1 + ( 0.005 )

1/ n

The area satisfying (10) is shown in fig. 4.
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.

(10)

Рис. 4. The area on the parameter v plane, within which the predictive estimates in
the Brown and Wade models coincide by more than 99.5%

Thus, the similarity of the two predictive models (2) and (5) can be estimated
graphically analytically. For example, from fig. 3 and 4, it can be seen that short time
series ( n ≤ 15 ) when choosing the smoothing parameter 0 < α ≤ 0,3 and 1,7 ≤ α < 2 the
difference between the models is significant and Wade's modification makes
practical sense.

Parametric synthesis of the Wade model
The choice of the smoothing parameter is proposed to be carried out on the
basis of the hypothesis of retrospective analysis [10]. It consists in the assumption
that the quality of the retrospective forecast estimates obtained for the values of the
time series in the past points in time tends to be preserved at the next point in time.
In this case, the quality of the retro-forecast can be evaluated analytically using
statistical criteria for the quality of predictive models [12], for example, by the sum
m

of squares of errors m of the latest ( m < n ) retro-forecasts SSE = ∑ ei2 . To do this, you
i =1

need to solve an optimization problem of the following form [11]
=
SSE (α )

m

∑ et2−i (α ) → min, α ∈ K ext .
i =1
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(11)

Expressions for errors et −i (α ) for the modified Wade model can be written in
general form using the expression (6):
n −1

∑ α (1 − α )

et −1 (α=
) ˆyt −1 (α ) − yt=
−1

i =1

i −1

1 − (1 − α )

n−2

∑ α (1 − α )

et − 2 (α=
) ˆyt −2 (α ) − yt=
−2

i =1

yt −i −1

n −1

i −1

1 − (1 − α )

− yt −1 ,

yt −i − 2

− yt − 2 ,

n−2

(12)

...
n−m

et − m (α=
) ˆyt −m (α ) − yt −=
m

∑ α (1 − α )
i =1

i −1

1 − (1 − α )

yt −i − m

n−m

− yt − m .

Since SSE (α ) is a rational function, the solution to problem (11) always exists
on an extended set K ext without including the extreme points 0 and 2.
The values of the smoothing parameter found from (11) can be used for the current
forecasting.
Thus, for the parametric tuning of the Wade model, the methods used for the
classical Brown model can be used, in particular, the retrospective analysis
technology.
Example
Let’s consider the time series [11] (table 1).

Table 1
Initial time series
1

2

3

4

5

6

7

8

9

10

11

12

15,0

16,3

16,4

16,2

15,8

15,4

15,0

15,7

15,4

15,2

14,9

14,7

8

1

4

8

9

9

8

8

8

2

1

1

t

yt

To solve problem (11), we will depict dependencies SSE (α ) for Brown's
model - and for Wade's model - SSEW (α ) (fig. 5).
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Fig. 5. Graphs of retrospective dependencies SSE (α ) for the brown and Wade
models: a) for m = 3 , b) for m = 2

Analysis of graphs allows us to make the following practical conclusions.
1) Optimal values of the criterion smoothing parameter for the two models do
not match:
α *B = 1,694 , αW* = 1,360 , m = 3 ,

(13)

α *B = 0, 267 , αW* = 1, 297 , m = 2 .

(14)

This means that the parametric tuning of the considered models should be
performed independently.
2) On the interval 0,5 < α < 1,5 , the quality of the two models by the criterion
coincides, which is due to the high degree of similarity of the models in this interval.
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3) The Wade model is superior in quality to Brown's model only in the critical
areas α < 0, 25 and 1,75 < α , while the optimal values of the smoothing parameter are
in the vicinity of the value α = 1,3 .

Conclusions
The problem of parametric tuning of the modified Wade forecast model is
considered. The similarity of the predictive models of Brown and Wade is
analytically evaluated. Critical regions are determined on the extended admissible
set of the smoothing parameter, within which the quality of the Brown and Wade
models is significantly different. Recommendations are given regarding the
parametric tuning of the Wade predictive model based on retrospective analysis by
criterion SSE . The necessity of independent parametric tuning of Brown and Wade
models is shown. An example of the practical use of the proposed recommendations
is given. The results allow the user to intelligently select and tune the specified
predictive models.
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APPROACH TO THE CALCULATION OF CONSOLIDATED RATINGS
FOR THE TASKS OF MANAGING HIGHER EDUCATION
INSTITUTIONS
Rossoshanskaya О., Biryukov O.
Since the beginning of the XXI century, more and more educational institutions began to
pay attention to their representation in various regional and international ratings. This stimulated
the emergence of new ratings and methods of calculating them. Educational institutions use ratings
as one of the tools for managing their development, monitoring the correctness of the chosen path,
promoting their image and increasing competitiveness. However, the unresolved issues of correct
processing of the indicators used to calculate the ratings leads to the emergence of contradictions
in the assessment of the quality of educational institutions, obtained from various ratings.
The article proposes an approach to the calculation of consolidated ratings, which is based
on the application of the method of standardizing indicators and the operator of multiple layouts
of four types of averages for these indicators. Based on the data of the consolidated rating of higher
education institutions in Ukraine in 2020 on the example of the nomination "TOP 10 Best Private
Universities of Ukraine", a significant difference in the structure of rating lists is shown, based on
different approaches to calculating the rating. It was found that the proposed approach provides
more reliable information for a holistic view of the level of activity of an educational institution.
This allows us to recommend the proposed approach for constructing secondary and derived
ratings based on existing ones to significantly reduce the likelihood of system errors inherent in
each particular rating.

Introduction
The history of rating (ranking) of higher education institutions originates from
the United States [1]. It can be divided into three main stages. The first stage
(1870 - 1982) is characterized by a number of statistical studies, the results of which
became available to the General public. First of all, it is the publication of
annual reports with statistical information and classification of educational
institutions, carried out by the US Bureau of education. Regularly, works began
281

to

appear

in

which

data

related

to

the

activities

of

educational

institutions was analyzed. The emphasis was done on the staff, the achievements of
leading scientists, the structure of the disciplines studied, the assessment of
scientific

results,

the

ranking

of

the

reputation

of

universities

and

professional schools. The beginning of the second stage is considered the
publication in 1983 of the list of the 50 best US universities in the
US News & World Report, which continues to be published now.
The appearance of the list initiated a number of studies on the independent
assessment of universities by various organizations and the media [2].
Some of the research results began to be published systematically. Basically, these
publications were aimed at applicants and their parents, who faced the
question of choosing an educational institution. Therefore, in most cases, the ranking
of

universities

was

carried

out

at

the

sectoral

or

national

levels.

The practice of building individual international rankings, for example,
universities
stage in

in

the

Asia-Pacific

the development

of

region,
the

was

practice

recorded
of

[1].

ranking

The

third

universities

is

associated with the construction of global (world) rankings. Since 2003,
the Academic Ranking of World Universities - ARWU has been compiled annually.
In

2004,

the

Webometrics

rating

appears,

in

2005

-

QS-THES,

in 2006 - The Top 100 Global Universities, in 2007 - Performance Ranking of
Scientific Papers for World Universities-PRSP, in 2010 as independent competing
The World University Rankings (THE) and "Quacquarelli Symonds" (QS),
etc. [1,2]. The information summarized in such ratings is focused to a greater extent
not

on

potential

development

of

applicants,
a

strategy

but

on

decision-makers

regarding

and

the

implementation

of

the

operational

activities of educational institutions, as well as the formation of an environment
for their activities within the framework of existing government policies.
This situation is a logical consequence arising from the processes of
economic globalization (including the market for educational services),
informatization,

and

digitalization.

Now
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it

is

possible

to

remotely

access educational resources at any time convenient for users. The transition of
civilization to a higher technological order has increased the understanding of the
role of universities as one of the most important links in the creation and
implementation of innovative developments. This is reflected in the set of structural
components of the ratings. They began to pay more and more attention to
indicators that characterize not only the quality of educational (academic) activities,
but also research, as well as international cooperation. Thus, today ratings, in
essence,

at

various

levels

(national,

global)

describe

the

competitive

environment of the education sector [3]. At the same time, the analytical
processing

of

ratings

helps

to

understand

the

place

of

a

particular

educational institution in it and to outline guidelines for its further
development.
The constant change in competitive conditions also leads to a change in the
format of universities' activities from "University 1", in which the key category is
"learning," to "University 4" with the key categories "creativity, ecosystem,
business" [4]. We have found that with the transition to higher formats, the share of
process activities in universities decreases, while project activities increase. The
increasing complexity of the context of activities, an increase in the number of multientity (in content and target orientation) projects implemented by universities, leads
to the fact that within the framework of the formats "University 3, 4" requires a
transition to the methodology of portfolio management of their activities. This
statement is based on a significant number of publications in this direction, both
theoretical and practical, by foreign [5, 6] and domestic authors [7-9]. In the
formation of portfolios, an important role is played by the correct definition of
strategic goals, key criteria and descriptors, for which the components of the rating
components and their values for specific educational institutions can serve as
benchmarks. However, at the same time, it is necessary to process a large number of
ratings of a paEIE scale, differing both in the methodological basis and in the number
of factors taken into account [10-12]. Today, to improve the quality of ratings, an
International Group of Experts (International Ranking Experts Group - IREG) has
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been created, which periodically holds conferences on topical issues related to the
compilation of ratings. As part of the activities of this group, the principles of ranking
educational institutions have been developed, recommendations are constantly being
issued

for

consumers

of

academic

ratings,

and

competitions

are

announced for conducting scientific research in the development of new rating
systems [13].
Analytical processing of ratings is most often carried out in the direction of
analyzing their components (factors). As a rule, they have different scales and units
of measurement [14, 15]. The second direction is associated with the comparison of
various ratings, their averaging (compilation of secondary, consolidated ratings),
including taking into account changes in their structure in dynamics [1, 12, 16].
Today, the most controversial issues remain related to the procedures for
standardizing and aggregating the data used [17-19], which determined the
problematic of our study.

1. Approaches to data normalization and aggregation
The traditional algorithm for constructing ratings of educational institutions
consists of sequentially performed operations of standardization, aggregation and
ranking [18]. There are several different approaches to implementing each of these
operations. Normalization is used to bring data to a dimensionless form within a
single range. This makes it possible to compare and combine different types of data
and indicators that characterize various aspects of the activities of educational
institutions. Aggregation allows you to combine several indicators to obtain a
complex indicator. Quite often, a weighting procedure is used for this - assigning
different weight coefficients to indicator values. Ranking involves the distribution of
indicators in ascending or descending order and assigning a corresponding rank to
each

position.

In

the

process

of

constructing

ratings

based

on

multidimensional ranking (using a number of complex indicators), the
standardization and aggregation procedures can be repeated several times at different
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levels (the level of formation of complex indicators, groups of indicators, clusters,
etc.) [1].
In [19], four mathematical models for data normalization are analyzed. The
models are based on various ratios of current values to the maximum or minimum
value from the studied data set. Based on the analysis of the advantages and
disadvantages of the models, the authors recommend normalizing the data to a range
that is determined by the difference between the maximum and minimum data values.
When maximizing the normalized indicator, the normalized value of the indicator is
calculated by the formula
(max xi − xi ) / (max xi − min xi ) ,
Хi =

(1)

and upon minimization – by the formula
1 − (max xi − xi ) / (max xi − min xi ) .
Хi =

(2).

A more complex method of standardization involves the use of the Zaggregation procedure
z

Х=
( xi − x ) / σ
i

.

(3)

Based on the tables of the standard normal distribution, the values obtained by
formula (3) are converted into a 100-point scale, equivalent to the percentage grading
system [1].
There are several problems with weighted aggregation. The first is related to
the justification of the values of the coefficients. The second is with the ability to
compare and analyze the results of ratings calculated for different years. To take into
account changes in the external environment, the calculation models are periodically
updated.
To avoid the listed aggregation problems, we have proposed to use an
approach based on the application of the operator of multiple collation
of four types of means [20]. Mathematically, the operator can be represented
as:
Gi = ij Qak,r ,h ,g ( Х ij ) ,
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(4)

where Gi is a final rating score for the i-th educational institution, i = 1, 2, … N; Х ij
- the normalized value of the j parameter for the i-th educational institution, which
are
ij

used

in

the

first

step

of

the

layout,

j

=

1,

2,

…

Q;

Qak,r ,h ,g - operator of convolution of values of arithmetic mean (a), quadratic (r),

harmonic (h), geometric (g); k- the number of layout iterations of the four averages
that were obtained at the previous layout step.
The operator is based on the property of convergence of means when
calculating their limits. For convergence, i.e. to obtain mean values that do not differ
from each other, it is enough to carry out from three to five iterations. As practice
has shown, the use of this operator allows one to obtain a single integrated
assessment, which integrally reflects the features of changes in the studied data set
and the nature of their scatter [21]. This approach, in our opinion, is more systemic
and holistic in comparison with approaches based on the weighing operation during
aggregation.
Based on this, to calculate the rating of educational institutions based on a
known set of indicators and their values, we proposed using the method of data
normalization to the range (formulas (1), (2)) and the method of multiple matching
of four types of averages (formula (4)).

2. Calculation of the consolidated rating in the framework of various
approaches
Let's check the applicability of the proposed approach on the example of the
consolidated TOP-200 rating of the information and educational resource
"Osvita.ua" (IER "Osvita.ua"). It is calculated on the basis of three national ratings
of higher educational institutions of Ukraine - "Top-200 Ukraine", "Scopus", "EIE
points per contract" [22]. To determine the advantages and disadvantages of different
approaches to calculating the rating, we will restrict ourselves to a comparative
analysis using the example of the nomination "TOP 10 Best Private Universities of
Ukraine" (table 1).
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Table 1
Consolidated rating in the nomination "TOP 10 Best Private Universities of
Ukraine" IER "Osvita.ua"

Place in
the
overall
rating

EIE points per contract

Scopus

Final points

1
Ukrainian Catholic University (UCU)
Alfred Nobel University (UAN)
Lviv University of Trade and Economics
(LTEU)
Poltava University of Economics and
Trade (PUET)
Lviv Medical Institute (LMI)
Kyiv Medical University (KMU)
Kharkiv Humanities University "People's
Ukrainian Academy" (KHU)
Interregional Academy of Personnel
Management (IAPM)
University of Economics and Law
"KROK" (KROK)
Concordia Ukrainian-American
University (UAUC)

Place
among
private
educational
institutions

TOP 200 Ukraine

Name of the educational institution

Place in the overall
rating Indicators for
calculating the
consolidated rating
according to the method
of IER "Osvita.ua"

2
1
2

3
82
89-90

4
129
119

5
1
53

6
177
146

7
307
318

3

101-105

176

74

87

337

4

106

117

102

128

347

5
6

111-112
113-114

201
191

11
10

148
161

360
362

7

117

151

40

177

368

8

120

106

158

109

373

9

125

87

135

156

378

10

127

190

14

177

381

It should be noted that the methodology for constructing a consolidated rating
(like some others on the basis of which it is calculated) does not provide for
standardization operations, and aggregation is performed by simple summation of
the ranks.
To normalize the values of the ratings included in the consolidated TOP-200
rating, we will normalize the data array of the Top-200 Ukraine, Scopus and EIE
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points per contract for all educational institutions included in it. For this we use
formulas (1) and (2). The normalization results are shown in fig. 1.

1 – "Top-200

Ukraine",

2 – "EIE

points

per

contract",

3 – "Scopus";

N – number of educational institutions, Х – normalized values of indicators

Fig. 1. The nature of changes in the normalized values of indicators of the
components of the consolidated rating of Ukraine TOP-2020

As can be seen from Fig. 1, the nature of rating changes is nonlinear and
different. This is reflected in the normalized values of indicators Х (values) that
correspond to the same place in different ratings. For example, for R40, the values
Х

for "Top-200 Ukraine", "Scopus" and "EIE points per contract" are 0.611, 0.3597

and 0.2065, respectively (Fig. 1). At the points on the curves that correspond to R40
(Fig. 1), the nature of the dependence of the values of normalized indicators on the
number of places in the rating changes. R40 divides the entire rating scale in the
proportion of 20: 80. This corresponds to the Paretto principle. The randomness or
regularity of the appearance of such a place in the ratings requires additional
research. Each rating has several (3-10) leaders, who have a much greater difference
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between the indicators of nearby educational institutions than between others located
lower in the rating.
To determine the normalized values of the components of the ratings "TOP 10
Best Private Universities of Ukraine", the values of their places in the overall rating
and the corresponding normalized values of the indicator were used (table 2).

Table 2
Calculation of a consolidated rating based on normalized indicators in the
nomination "TOP 10 Best Private Universities of Ukraine"
Normalized indicators for calculating the
Place
Place in
consolidated rating
Name of the among
the
educational private
overall
max[4,5,6]EIE points
institution educational
Final
rating TOP 200
per
Scopus
Place min [4,5,6]
institutions
points
Ukraine
contract

1
UCU

2

3

4

5

6

7

8

9

1

82

0,2526

1,0000

0,0000

1,2526

1

1,0000

UAN

2

89-90

0,2767

0,3059

0,0435

0,6261

2

0,2624

LTEU

3

101-105

0,0656

0,2407

0,1304

0,4367

10

0,1751

PUET

4

106

0,2945

0,1799

0,0652

0,5396

7

0,2293

LMI

5

111-112

0,0000

0,5659

0,0435

0,6094

4

0,5659

CMU

6

113-114

0,0226

0,5667

0,0217

0,6111

3

0,5450

KhHU

7

117

0,1535

0,3597

0,0000

0,5133

8

0,3597

IAPM

8

120

0,3392

0,0608

0,0978

0,4978

9

0,2784

KROK

9

125

0,4235

0,1094

0,0435

0,5763

5

0,3800

UAUC

10

127

0,0245

0,5516

0,0000

0,5761

6

0,5516

* Data of the information educational resource "Osvita.ua".

The final score in the consolidated rating (column 7 of table 2) (aggregation
procedure) was determined by analogy with the methodology of IER "Osvita.ua", i.e.
by summing up the points of the rating components. According to the analysis of the
table 2, for eight out of ten educational institutions their places in the consolidated
rating (column 8) have changed in comparison with the rating of IER "Osvita.ua"
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(column 2). The correlation coefficient between the final scores (columns 7 of table 1
and table 2), equal to 0.62, indicates that there is no direct relationship between them.
Therefore, it can be assumed that different calculation methods reflect different
entities.
Based on the normalized values of the indicators (columns 4-6 of table 2) using
the operator of layout of four averages (formula (4)), the final score of the
consolidated rating was calculated (column 6 of table 3).

Table 3
Calculation of the consolidated rating with the performance of the aggregation
operation based on the layout procedure for four averages within the
nomination "TOP 10 Best Private Universities of Ukraine"

Name of the
educational
institution

Place
among
private
educational
institutions

Indicators for calculating the consolidated rating
using the four-average layout procedure
TOP 200
Ukraine

EIE points
per contract

Scopus

Final
points

1
UAN

2

3

4

5

6

1

0,2767

0,3059

0,0435

0,131

PUET

2

0,2945

0,1799

0,0652

0,125

KROK

3

0,4235

0,1094

0,0435

0,122

IAPM

4

0,3392

0,0608

0,0978

0,113

KMU

5

0,0226

0,5667

0,0217

0,105

LTEU

6

0,0656

0,2407

0,1304

0,104

UCU

7

0,2526

1,0000

0,0000

0,100

LMI

8

0,0000

0,5659

0,0435

0,061

UAUC

9

0,0245

0,5516

0,0000

0,059

KhHU

10

0,1535

0,3597

0,0000

0,049

According to the value of the final score, a new order of arrangement of
educational institutions in the rating "TOP 10 Best Private Universities of Ukraine"
has been made.
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3. Analysis of calculation results
For the convenience of analyzing the ranking results for three approaches, a
table 4 was compiled. As you can see, the largest changes in the rating list, in
accordance with the calculations, which used the four-averages matching procedure,
were undergone by educational institutions that had a fairly large difference between
the maximum and minimum values of the normalized indicators (column 8).

Table 4
Comparison of the places of educational institutions in the consolidated rating
"TOP 10 Best private universities in Ukraine" calculated according to
different approaches

"С"
using the four-average
layout procedure

"А"-"В"

"А"-"С"

"В"-"С"

1

2

3

4

5

6

7

8

UCU

1

1

7

0

-6

-6

1,0000

UAN

2

2

1

0

1

1

0,2624

LTEU
PUET

3

10

6

-7

-3

4

0,1751

4

7

2

-3

2

5

0,2293

LMI

5

4

8

1

-3

-4

0,5659

KMU

6

3

5

3

1

-2

0,5450

KhHU
IAPM

7

8

10

-1

-3

-2

0,3597

8

9

4

-1

4

5

0,2784

KROK

9

5

3

4

6

2

0,3800

UAUC

10

6

9

4

1

-3

0,5516

IER " Osvita.ua "

max [4,5,6]min [4,5,6]

Name of
the
educational
institution

"А"

"В"
by the sum of the normalized
values of the indicators of the
rating components

The place of the educational
Difference between
institution in the consolidated rating,
places in the
calculated according to the methods: consolidated rating
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From table 2
column 9

The correlation coefficient between the deviation of the rating calculated
according to the method of IER "Osvita.ua" and using the layout operator (column 6)
and the inverse difference between the maximum and minimum values of the
normalized indicators (column 8) is 0.86. Such a rather large value of the coefficient
indicates that deviations are associated with the difference in indicators, which is
well taken into account by the layout of the four averages. This is the advantage of
the method and its distinctive feature. The method, unlike the others, is sensitive to
educational institutions that have zero normalized values. Such educational
institutions are located at the end of the rating list compiled with its use (table 3).
Their initial entry into the leaders of the consolidated rating suggests the possibility
of manipulating the calculation method.

Conclusions
The results of our research allow us to draw several particular conclusions.
Regional and international rankings are increasingly used in the management
of institutions of higher education in almost all countries of the world. The
emergence in the world of a new profession of ranker, (compiler of ratings), the
active work of the guild of national and international appraisers of universities
indicates that rating technologies will gradually enter the daily activities of all
educational institutions. Therefore, it becomes necessary to radically improve the
entire toolkit of rating technologies.
First of all, it is relevant to develop universal procedures for normalization and
aggregation that could be used for any type of indicators and any kind of ratings. One
of the options for solving this problem can be an approach to aggregation, which is
based on the use of the multiple-set operator. This will allow to get away not only
from the disadvantages of using weighting factors, targeted inclusion in the rating of
indicators beneficial to certain stakeholders, but also will make it possible to establish
the presence of links between different ratings.
Practical verification of the application of this approach on the example of the
nomination "TOP 10 Best Private Universities of Ukraine" of the consolidated rating
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of TOP-200 Ukraine of the information educational resource "Osvita.ua" showed the
impossibility of manipulating the calculation method to improve the positions of
educational institutions.
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SCIENTIFIC AND PRACTICAL IMPLEMENTATION OF METHODS FOR
IMPROVING THE QUALITY OF COMPUTER-INTEGRATED
INFORMATION SYSTEMS
Shefer O., Halai V., Topikha B.

The practical realization of potential opportunities of computer-integrated information systems
(CIIS) that are currently considerably higher than their real approachable technical characteristics is
one of the main tasks of modern theory and practice of information systems. The following are some
specific technical suggestions and methods for the physical implementation of a scientifically based
adaptive nonlinear distortion compensation (ACNLD) algorithm. The insertion of artificial main and
supportive entrances into the scheme of non-linear adaptive compensators allowed using the general
theory of adaptive systems for their synthesis. The practical usage of synthesized following such a
principle ACNLD according to the created recommendations allows to significantly increase the
indices of quality of CIIS in the real conditions of their functioning, comparing with the already known
ones. An additional advantage of proposed adaptive method of expansion of linear dynamic diapason
(LDD) is an improvement of all-weather of CIIS and increasing of probability of identification of radio
local maps of locality captured in different weather conditions without any additional changeovers.
Except for this, a flexible reserve for the noise immunity of CIIS is being fulfilled that allows taking into
consideration the possible improvements of means of radio electronic struggle. Synthesized ACNLD
are considerably free from many drawbacks of linear determined means of expansion of dynamic
diapason of radio receiving devices (RRD) and also they have simpler apparatus realization. Except,
in a process of projection of ACNLD a considerably less volume of a priori information about the
parameters of LDD is needed for the calculation of already known schemes of depression of non-linear
distortions. The transferring functions of adaptive filters of ACNLD are quite quickly gather at the nonlinear transferring function of radio device (RD) provided that an effective convergence can be seen
only with the presence of the inner noises at least unless they exceed the non-linear distortions by the
level.

Introduction

The possibilities of practical implementation of potential characteristics of
computer-integrated information systems (CIIS) are significantly limited by a
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number of internal (instability of the parameters of the systems themselves, limited
dynamic range of receiving devices) and external factors (non-stationary in time
conditions for radio signal propagation, interference at the CIIS input).
A significant factor that substantially affects the quality of CIIS functioning in
terms of both active and passive electronic countermeasures is the the limited
dynamic range of trransmitting devices (TD) due to the nonlinearity of their
amplitude characteristics (AC).
Nonlinear processes in real TDs are little studied and are one of the most
difficult to use. In this regard, one of the most important current tasks aimed at
improving the quality indicators of CIIS is the expansion of the dynamic range of
their TD. Nonlinearity of AC real radio-electronic devices is the main obstacle to the
practical creation of invariant automatic control systems (ACS).
There are known methods for extending the linear dynamic range TD based
on nonlinear matching of the dynamic range of input effects with a relatively narrow
dynamic range of output signals, so their application is accompanied by irreversible
loss of information, a decrease in the range of CIIS and significant amplitude and
phase nonlinear distortions. This leads to a substantial decline in the quality of
information and telecommunication systems (y some cases, their accuracy is much
lower accuracy CIIS TD linear due to the nonlinearity AC), a significant degradation
of noise immunity.
Optimal, in principle, known linear methods of expanding the dynamic range
belong to strict (that is, permanently enabled) protection measures, since
deterministic filters with a priori defined and constant y-time parameters are used. In
this regard, these methods are very sensitive to unavoidable debugging errors,
hardware implementation, and temporary non-stationary parameters of real devices.
As a result, the known linear methods have insufficient accuracy in suppressing
nonlinear distortions and function satisfactorily only in a relatively narrow dynamic
range of input effects, outside of which they are ineffective and can introduce
additional distortions.
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Until now, studies have usually been conducted under the conditions of
introducing fairly serious assumptions about simplification and have not sufficiently
taken into account the specific features of the passage of a mixture of radio signals
and interference of complex multi-stage TD.
Therefore, it is very relevant at present to develop adaptive ways to extend the
linear dynamic range of CIIS, which would be free from the above-mentioned
disadvantages of known deterministic linear methods. At the same time, from a
practical point of view, the most appropriate and promising is the synthesis of
adaptive schemes for compensation of nonlinear distortions. This is due to the fact
that these schemes are the simplest, have the highest potential accuracy
characteristics and do not reduce the reliability of CIIS, since failure of the
compensating filter does not lead to TD failure, in contrast to the known adaptive
interference compensators y linear TD, which in this context are only conditionally
called linear.

1. Synthesis of an adaptive algorithm for compensation of nonlinear
distortions in radio devices of computer-integrated information systems (CIIS)
Known linear adaptive compensators are characterized by the presence of the
main and reference inputs, which receive a mixture of the useful signal and
interference, respectively [1]. In this case, the interference in the reference input is
correlated only with the interference signal from the main input and is statistically
related (or less correlated) with the useful signal. To be able to directly use the
mathematical apparatus of adaptive systems theory [1] and to formalize the problem
of adaptive compensation of nonlinear distortions, we will conditionally represent
the output i input of a one-dimensional RD as the main and reference inputs of a
nonlinear adaptive compensator, respectively. These inputs will be referred to as
adaptive compensators of non-linear distortions (ACNLD) [1]. Then the General
block diagram of a one-dimensional ACNLD (fig. 1) is equivalent to a classical linear
adaptive compensator [2].
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Fig. 1. General block diagram of a one-dimensional ACNLD: MC-main chanel;
SG-reference signal generator; RS-reference schema; Res-receiver of the signal

Indeed, the input signal X is only statistically related to the output signal Y
and is not correlated with the internal noise N of the given RD.
It is obvious that the ACNLD structure is completely uniquely determined by
the method of describing nonlinear processes RD [2, 3] and the algorithm for solving
the problem of adaptive compensation of nonlinear distortions [4].
The output signal of a one-dimensional nonlinear RD as truncated by the first
m members of the Volterra series according to [5, 6] can be represented as
m

k

k =1

i =1

Y ( f1 ,..., f m ) = Yc ( f1 ,..., f m ) + N ( f ) = ∑ H k ( f1 ,..., f k )∏ X ( f i ) + N ( f ) .

(1)

Then, according to the modified CMC method [7], it follows from the method
of "nonlinear input signals" that for one-dimensional RD, the General reference input
ACNLD is separated into the reference signal generators at m reference inputs, each
of which is affected by a separate reference signal of the form [7]
k

X k = X k ( f1,..., f k ) = ∏ X ( f j ) , k=1, 2, … m.
j =1
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(2)

It can be shown that the reference signal X(⋅) is quite strongly correlated only
with

the

k-th

order

component

of

the

output

signal

RD,

that

is

k

Yk ( f1 ,..., f m ) = H k ( f1 ,..., f k )∏ X ( f i ) , and it is significantly interconnected, in a
i =1

statistical sense, with other components of the output signal Y(⋅) (k≠j) [8].
Therefore, at the ACNLD input, the signal component of the output signal
Y (⋅) is completely suppressed (up to the error of truncation of the Volterra
cores by the first m members), while the internal noise N (⋅) passes without
changes [9].
It should be noted that the requirement for complete statistical independence
of signals is too strict and unjustified [10]. Adaptive compensators work well enough
under the condition of strong correlated signals in the main i reference inputs.
If the useful response is an n-th order component of the output signal, then
removing the adaptive filter from the ACNLD, which is affected by the reference
signal Xn (⋅), at the output of the ACNLD, in addition to the internal noise RD N (⋅),
we will also have the signal Yn (⋅) [11]. Physically, this means the suppression
(compensation) of nonlinear distortions of y-RD [12]. The ACNLD structure can be
significantly simplified if all adaptive filters are removed, except for the one that
receives the reference signal Xl (⋅), where l is the order of the most dangerous
nonlinear distortions for this RD [9].
The optimal solution to the adaptive compensation problem is usually
physically impossible to implement, since it involves instantaneous measurements
and time averaging of a significant number of autocorrelation coefficients of input
effects, their mutual correlation with error signals (reference signals), as well as highorder matrix inversions, which is very difficult [11].
In this regard, the scientific and practical interest is the definition of a quasioptimal solution, which, together with comparable simplicity, is implemented
physically, has a fast convergence y time to the optimal solution [1, 12]. For this
purpose, we present the output signal of an adaptive device, which is a fundamentally
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nonlinear system with non-stationary parameters in time [13], as truncated by the
first m members of the Volterra parametric series [6, 15]
m

k

m

k =1

j =1

k =1

∑ Wk ( f1 ,..., f k ) ∏ X ( f j ) = ∑ Wk (t ) X k ,

(3)

where Wk(⋅) is a k-order parametric NTF (transfer function of the k-th adaptive
filter).
The output of the ACNLD generates an error signal ε(⋅), which, assuming the
relative smallness of noise N(⋅), is equal to [1]
m

m

k =1

k =1

ε (t , f1 , f 2 ,...) = ε (t ) = Y − ∑ Wk (t ) X k ≅ Yc − ∑ Wk (t ) X k .

(4)

In the process of regulating the transfer function of the k-th (k=1,2,...,m) active
filter in the complex differential form of the record has the form [1, 12, 15]
dWk (t , f1 , f 2 ,..., f k ) dWk (t )
=
= 2ek µε (t )X k⊗ ,
dt
dt

(5)

where µ is a positive constant (the transmission coefficient of the OS chain), which
determines the stability and speed of ACNLD rearrangement; εk – the proportionality
coefficient, numerically equal to one; the sign ⊗ - denotes a complex conjugate
value.
Generalizing the algorithm obtained above to the case of a multidimensional
ACNLD, we can state that its structure and the structure of the reference
signal generator are uniquely determined by the method of nonlinear input
signals.
Similarly we can find a discrete version of the quasi optimal mean square
method of ACNLD construction error [1, 12,15].

Wk ( j + 1, z1 ,..., z k ) = Wk ( j , z1 ,..., z k ) + 2ek µε (t )X k⊗ ,

(6)

where j – discrete time; zi (i=1,2,...) – arguments for a multidimensional z-transform.
Taking into account the advantages of analog ACNLD, which allow
suppressing nonlinear distortion directly in TD y real-time, and not in the process of
further processing [16], it is advisable to focus on analog ACNLD.
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Let's define the error of ACNLD compensation in the following form

Vk (t , f1 ,..., f k ) = Vk (t ) = H k (t , f1 ,..., f k ) − Wk (t , f1 ,..., f k ) .

(7)

Repeating the arguments similar to those given in [95] and omitting the
intermediate calculations, it is not difficult to see that lim Vk (t ) = 0 , ∀k ∈ [1,..., m] .
t →∞

In turn, this means that lim Wk (t , f1 ,..., f k ) = H k ( f1 ,..., f k ), ∀k ∈ [1,..., m] .
t →∞

Consequently, the transfer functions of adaptive ACNLD filters converge in
time to NTF RD. It is found that effective convergence is observed as long as the
internal noise of the ACNLD does not exceed in magnitude the nonlinear distortions
that are compensated.
Synthesized ACNLD can be used to improve the quality characteristics of a
wide class of CIIS I ACS, in particular, to improve the spectral characteristics of
radio transmitting devices, frequency multipliers i synthesizers, to increase the
stability of AC TD I repeaters for various purposes, and to optimize ACS by nonlinearity criteria [17]. In addition, it is advisable to develop ACNLD-based adaptive
measuring devices of a fundamentally new type designed for direct measurements of
nonlinear distortions, as well as identification in the broad and narrow sense of
nonlinear dynamic systems [17].
As a result of the conducted synthesis, the principal confirmation of the
possibility of adaptive solution of the problem of y RD distortion compensation was
obtained [1, 12]. In order to develop a scientifically based design methodology for
ACNLD it is necessary to conduct a study of their qualitative characteristics.

2. Method for evaluating the dynamic characteristics and accuracy of ACNLD
taking into account internal noise and imperfect parameters of elements of
computer-integrated information systems (CIIS)
Dynamic properties of adaptive compensators are usually characterized by a
constant time of adaptation (adjustment) of adaptive filters τ [18]. Usually, the
realignment occurs exponentially, and the ACNLD adaptation time is determined by
the following expression
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τ ACNLD =

kτ m
,
4 µ Pn

(8)

where Рn is a nonlinear distortion compensation power; kτ – coefficient of
proportionality.
The accuracy of adaptation is limited by errors in the gradient estimation ω1,
as well as compensation errors due to delayed adjustment of adaptive filters ω2 [19].
For ACNLD the specified errors are defined as follows [18]:

1 kω 2σ n2
ω2 =
,
µ 4σ min

ω1 = kω1 µPn ,

(9)

where σn, σmin – accordingly, the standard error of nonlinear distortions and the
minimum standard error of adaptation; kω1, kω2 – coefficients of proportionality.
The necessary speed and accuracy of ACNLD adaptation can be provided by
an appropriate choice of the transmission coefficient µ of the feedback circuit [12,
17, 18]. However, expressions (9) impose contradictory requirements for the value
µ. Therefore, the highest quality of adaptation can be provided by choosing the
optimal value µ, which is found by equating the right parts of expressions (9) and is
determined by the formula

µ opt =

kω 2σ н2

4kω1σ min Pн

.

(10)

The real achievable values of the adaptation time constant τ ACNLD are
usually in the range of ones and tens of NS to ones of ISS. Therefore the main focus
of the ACNLD development process should be on ensuring that the specified
ACNLD accuracy requirements are met [12].
For ACNLD, the integration error in the k-th channel leads to a compensation
error defined as [12, 18]:
lim Wk (t ) = H k + ∆H k ,

t →∞

where ∆Hk is an error proportional to the error of integration.
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(11)

In the process of studying the effectiveness of adaptive compensators, the
influence of only the external non-correlated influence of a non-ideal optimal
adaptive filter is usually taken into account [20]. However, all real radio elements are
"noisy" [11], which makes it relevant to analyze the influence of internal ACNLD
noise on its efficiency.
The efficiency of linear adaptive compensators, provided that their inputs are
affected by external uncorrelated signals [2, 43, 95] can be written as follows
Θ=

[ν mainin + 1] ν refin + 1

ν mainin + ν maininν refin + ν refin

.

(12)

Expression (12) allows us to evaluate the impact of internal ACNLD noise on
its efficiency, this allows us to make an important practical conclusion that internal
ACNLD noise does not lead to a decrease in the quality of functioning of RD [21].
In cases where the internal noise of the ACNLD exceeds the level of non-linear
distortion is suppressed, the value Θ=1, which is physically equivalent to the
automatic shutdown of the ACNLD and, accordingly, the autonomous mode of RD.
The unavoidable nonlinear properties of real elements have a significant
impact on the quality characteristics of adaptive compensators [11]. This is
particularly important for ACNLDS that are directly designed to suppress nonlinear
y RD distortions.
Given the insufficient degree of study of these issues in the known literature,
it is necessary to analyze the influence of non-linearity of AX real ACNLD elements
on the qualitative characteristics [22]. Imagine the output signals of real devices
reduced to the k-th power, the feedback circuit amplifier i multipliers adaptive filters
y as Volterra series [6]

(хk )+ = β1 x + β 2 x 2 + ... + β k x k + ... ,

(13)

(µε )+ = µ1ε + µ 2ε 2 + ... ,

(14)

(Z k )+ = a10 (xk )+ + a10 (µε )+ + a20 [(xk )+ ]

2

(Z k )+ = b10  1 ( y1 )+  + b01(xk )+ + b20  1 ( y1 )+ 
S



S
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[

+ a11 ( xk )+ (µε )+ + a02 (µε )+
2

[

]

2

1

+ b11  ( y1 )+  ( xk )+ + b02 ( xk )+
S



+ ...

(15)

]

(16)

2

+ ...

where

(xk )+ , (µε )+ , ( y1 )+ , ( y2 )+ , (Z k )+

– the output signals of real devices

of raising to the k-y degree, the feedback circuit amplifier, the first multiplier of the
K-th adaptive filter, the second multiplier of the k-th adaptive filter (k-th adaptive
filter), respectively; βi , µ j , aij , bij – NTF of the specified ACNLD elements
respectively.
As follows (14), the non-linearity of the AX amplifier of the ZZ circuit leads
to a restriction of the upper limit of the dynamic range for the output ACNLD εmax
[6, 23]. The acceptable level of non-linear distortion y amplifiers circle ZZ can be
determined from the specified upper level of the dynamic range behind the
output ACNLD εmax spec, for narrow-band and wide-band amplifier, respectively, we
have


kµ ε max spec

,
,
1

µз ≤
2
(1 − kµ ) ε max spec 

µ2 ≤

µз ≤

1

ε max spec

2

1

(17)

where kµ – the coefficient that determines the ratio between the permissible levels
of nonlinear distortion of the second and third orders (0≤ kµ≤1) and depends on the
bandwidth of the amplifier circuit ZZ.
Nonlinear properties of the reduction in k-th degree lead to distortion
of the output signal of the k-th adaptive filter [12]. It follows from formula (13)
that
∞

(Wk (t ))+ = Wk (t ) + ∆Wk (t ) ≅ Wk (t ) + ∑ [β iWk (t )],
i =1
i≠k

(18)

where [βiWk(⋅)] – has a meaningful sense of a t-order NTF and defines the dynamic
range limit of the ACNLD on its input.
Component βjWk(⋅) causes distortion of the output signal of the j-th
(neighboring) channel ACNLD; component βnWk(⋅) leads to the distortion of the
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useful component of the output signal RD, the components of βiWk(⋅) (i≠k, k+2,n,j)
increases internal noisy of ACNLD [24].
To estimate the distortion of the signal component of the output signal RD, we
determine the signal-to-noise ratio in the reference input ρ ref in of the ACNLD as
follows
m

∑ β W ( t )X
ρ refin =

ln

l =1
l ≠n
m

l

∑ β W ( t )X
ll

l =1
l ≠n

l

l

,

(19)

l

Then the signal-to-noise ratio at the output is equal [1]
ρ out =

1

ρ refin

.

(20)

Accordingly, the distortion of the signal component of the RD output signal at
the ACNLD output can be defined as
ε=

ρ refin
,
ρ mainin

(21)

where ρ mainin – the signal-to-noise ratio at the RD output, which is determined, in this
case, according to such a formula

ρ mainin =

Hn X n
m

∑H
k =1
k ≠n

k

.

(22)

Xk

The signaling component in the ACNLD reference input also causes changes
in the spectrum of nonlinear creatures that are compensated, and [1]

{SY }out = {SY }mainin ρ mainin ρ refin ,

(23)

where {SY }out ,{SY }mainin – the range of nonlinear creators that are compensated at the
output of ACNLD and at the output of RD, respectively.
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Requirements for the level of nonlinear derivatives of the n-th order can be
determined from the maximum allowable value ρ refinal , as at [1]
β п ≤ ρ refinal .

(24)

The results obtained above can be used not only for ACNLD, but also for the
analysis of qualitative characteristics of a wide class of adaptive and self-adjusting
systems, taking into account internal noise and nonlinear properties of their elements
[25].
In order to expand the linear dynamic range of the CIIS, we use the results of
the study of the characteristics of accuracy characteristics and dynamic
characteristics. Let the linear dynamic range RD be equal to
D1 =D1in =20lg

′
X max
Y′
≅ D1out =20lg max ,
′
′
X min
Ymin

(25)

′ , Ymin
′ ( X max
′ , Ymax
′ ) – lower (upper) limit of the dynamic range RD to
where X min
the input and output, respectively.
Suppose that it is necessary to extend the dynamic range RD to the value D>
D1, where
D =Din =20lg

X max Ymax
> 1.
≅
′
′
Ymin
X min

X max
Y
≅ Dout =20lg max ,
′
′
X min
Ymin

(26)

ACNLD design should start with the choice of simulator (subtraction device),
the dynamic range of which D∑ should be not less than D, that is

where ε ∑

min

(ε ∑

D∑ ≥ D , at ε ∑
max

min

′ ; ε∑
≤ Ymin

max

≥ Ymax .

(27)

) – lower (upper) limit of the simulator range (subtraction

device).
Define the requirements for the accuracy of ∆int integration. Since nonlinear
distortions of the k-th order are practically and expediently suppressed only to the
nonlinear distortions of higher (in the first place (k +2)-th) orders [4], for CIIS
cascades [18]
∆ int 1 ≤ ∆H 3 spec ≤ H 5
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,

(28)

and for coherent detectors and frequency converters
∆ іnt 2 ≤ ∆H 31 spec ≤ H 51

.

(29)

In a number of cases the optimum value uopt ≡ µ1opt lies in the range from 0,1
to 10, and for cascades µ1opt ≤ 1, and for final and convertible cascades µ1opt ≥ 1
[18].
The required dynamic range ACNLD D2 can be determined from the following
inequality [12]

D2 ≥ D − D1 .

(30)

This leads to an important practical conclusion that to construct ACNLD
relative to the problem of extending the linear dynamic range of CIIS, you do not
need silent elements with ideal parameters and those that are not physically possible
to implement.
However, the final and reliable conclusion about the practical implementation
and performance of ACNLD, as well as their real qualitative characteristics and
capabilities can be made on the basis of experimental confirmation of the main results
of theoretical analysis of the accuracy characteristics and dynamic characteristics of
nonlinear adaptive compensators. In this regard, it is necessary to conduct
experimental tests of the ACNLD.

3. Experimental study of the ACNLD model (CIIS)
This experiment should be carried out on the example of expanding the linear
dynamic range of a narrow-band amplifier, since RD of this type make the main
contribution to nonlinear distortion in CIIS [25]. Given that the dynamic range of
narrowband amplifiers is limited mainly by third-order nonlinear distortions [18], the
choice of the specified RD allows simplifying the ACNLD structure (when l=3) and
obtaining experimental results that will have a clear physical interpretation and
concrete practical significance.
Having took into consideration the mentioned more precise definitions, a
development of ACNLD of the third row were carried out. A coefficient of
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transferring of the narrow-band magnifier that was constructed on the basis of the
micro scheme TL071 is equal to 10 (on the central frequency of the passing strip –
100 kHz) [26, 27]. Multipliers were built on the integral micro schemes MC1496
[26, 27]. The necessity of using of auto compensation of the constant component
constructed on the basis of an integral micro scheme LM118, is conditioned by the
presence in the outgoing signal of the micro scheme MC1496 a considerable (up to
5 V) constant component that can break the normal work of the next cascades [26,
27]. Besides, for the improvement of conditions of coordination of cascades to the
exit of micro schemes LM118 connected emitting repeaters that are constructed on
the transistors NTE101 [26, 27]. A magnifier of the circle of reverse connection
ACNLD, integrator and counter (a device of subtraction) are built with the help of
micro schemes LM118 of emitted repeaters collected on the basis of transistors
NTE101 [26, 27].

Fig. 2. Functional scheme of experimental installation

Taking into consideration given the need to measure the dynamic range of the
narrowband amplifier, it is advisable to use the standard methodic to experimentally
determine the dynamic range of electronic amplifiers with a decrease in
sensitivity [10]. This methodic is based on measuring the amplitude characteristics
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of the amplifier. At the same time, the upper limit of its dynamic diapason is
considered to be the value of the input (output) signal, which corresponds to the point
of the graph of the amplitude characteristic of the amplifier, which defines on the
axis of the ordinate from the ideal linear input-output dependence at a distance that
corresponds to the sensitivity of the measuring RD [26, 27].
For the metrological support of this measurement methodic, it is necessary to use
an input signals’ generator and an output voltage meter, in the process of
measurement it is also recommended to control the shape of the output signal and its
spectral characteristics [2, 11].
According to this, a set of measuring instruments with the technical
characteristics of developed ACNLD model is needed to carry out this experiment.
A set must include: the high-frequency signal generator MG3695C; micro voltmeter
B3-57; oscilloscope SDS1072CNL and spectrum analyzer C4-25. Following that the
MC1496 and LM118 micro schemes require a constant voltage of ±9 V and for
TL071 micro schemes ±9 V it is advisable to use two power sources B5-8.
Based on the above clarifications, an experimental installation was
developed, the functional scheme of which is presented in fig. 1 [3, 27].
During the checking the performance of the ACNLD model, the switch P1 was set
to position 2, and the switch P2 was moved from position 1 to position 2 and back.
To provide a visual representation of the effect of inhibition of nonlinear distortions
using ACNLD, as RD, at this stage of the program's implementation of the
experiment, a transistor frequency multiplier on 3, constructed on transistors
NTE101, was used. In this case, the frequency of the input monochromatic signal
was 100 kHz, and its amplitude was 0.5 V. The spectrographs of the signal at the
output of the subtracting device when (P2-2) is disconnected and (P2-1) connected
to the ACNLD taken from the screen of the spectrum analyzer C4-25. Here, the
first harmonic of the output signal of the frequency multiplier for the convenience
of observation is combined with the beginning of the reference. The
obtained experimental results can be physically interpreted as the suppression of
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large nonlinear distortions on the background of a weak useful signal
without distorting it. Following this, the first, second, fourth, fifth, etc.
harmonics of the output signal of the frequency multiplier can be considered as a
useful

signal

[27].

The

comparison

of

spectrographs

also

confirms

the theoretical conclusions that the potential accuracy of inhibition of nonlinear
distortions of the third order is limited by nonlinear distortions of higher (first of
all - fifth) orders.
To study the effect of the internal noise of the ACNLD model on the quality of
its

operation,

the

switches

P1

and

P2

were

locked

in

position

2.

As the RP, a narrowband amplifier was used [26, 27]. It should be noted that the
output voltage of the generator MG3695C was set at the level of sensitivity of the
narrowband amplifier (~ 1 μV) at a frequency of 100 kHz. In order to increase the
accuracy and reliability of the results at this stage of the program implementation of
the experiment a low-noise adder, constructed on the TL071 micro scheme was used
as a subtraction device. This adder has a level of internal noise ≈ (0.6-0.8) μV in the
frequency band (2.0-2.5) kHz, which is more than 20 dB lower than the amplitude of
the minimum output signal of the amplifier equal to (8-10) μV in the same band of
frequencies relative to the central frequency of 100 kHz [26, 27]. With the help of
microvoltmeter В3-57, the signal voltage was measured at the output of the ACNLD
model. It was about 10 μV.
Then the switch P1 was transferred from position 2 to position 1, the 2nd position
of the switch P2. Having convinced by the indicators of the device B3-57 that the
internal noise of the subtraction device did not practically affect the output of the
narrowband amplifier, the switch P1 was locked into position 2, and the switch P2
moved from the 2nd position to the 1st. In this case, the voltage of the output signal,
controlled by the microvoltmeter B3-57, did not change and was 10 μV.
Results of measurements of AC of the narrowband amplifier, performed
according to the standard method of experimental determination of the dynamic
range of the amplifier to reduce their sensitivity [28, 29], are presented in fig. 3
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Fig. 3. Measured АC of the narrow-band RD with the compensator of obstacles
with the 3rd order: solid line – АC of the narrow-band RD with the compensator;
dotted line – АC of the narrow-band RD with the unplugged compensator;
(measured meanings are marked with the circles)

To measure the dynamic range of the narrowband amplifier, the switch P1 was
set to the 1st position. In this case, the width of the linear dynamic range of this
narrowband amplifier was 63.5 dB.
In the process of measuring the dynamic range of the ACNLD layout, the switch
P1 was transferred to the 2nd position with the 1st position of the switch P2. In this
case, the width of the linear dynamic range of the ACNLD layout was 100.75 dB.
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The incomplete gain (the theoretically expected result is 60-67 dB) is
explained by the irrational use of the dynamic range of the ACNLD itself (first of all,
its multiplier MC1496, whose dynamic range in some cases reaches 70 dB). Indeed,
the necessary level of internal noise ACNLD should be 1-1. 2 mV theoretically
justified, and in reality it has the order of 40 mV. Therefore, the upper limit of the
acnld dynamic range was insufficient, which led to incomplete practical
implementation of the potential features of the developed ACNLD layout.
The most important conclusions of the theoretical analysis of the
characteristics of accuracy and dynamic characteristics of ACNLD and the main
principles were experimentally confirmed. This is a proof of correctness of
theoretical researches of qualitative characteristics of ACNLD of computerintegrated information systems.

Conclusions
1. The introduction of the main and reference inputs into the nonlinear
adaptive compensator circuit allowed to use a general system for their synthesis.
Practical use of synthesized according to this principle of ACNLD and in accordance
with the developed recommendations, allows to significantly increase the quality
indicators.
2. The application of the proposed practical recommendations does not lead to
a decrease in the reliability of CIIS, both in hardware (failure of the ACNLD does
not entail a failure of the TD), and in the functional sense (ACNLD are automatically
disabled in cases when their application does not improve the signal-to-noise ratio at
TD).
3. An additional advantage of the proposed method is improvement of the allweather CIIS and increasing the probability of identifying radar maps of the area
taken under various conditions without additional changeover. At the same time, a
flexible margin for CIIS noise immunity is provided, which allows taking into
account possible improvements in electronic countermeasures for the expected
period of CIIS operation.
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4. Synthesized ACNLDS are largely free from many of the disadvantages of
linear deterministic ways to extend the dynamic range of TD, and also have a simpler
aperture implementation. The ACNLD design process requires significantly less a
priori information about TD parameters to calculate nonlinear distortion suppression
schemes.
5. The quality characteristics of ACNLD are uniquely determined by the level
of internal noise and by the degree of non-ideal parameters of real ACNLD elements.
Since the internal noise of the ACNLD does not lead to an additional deterioration
in the quality of the TD, compared to its autonomous operation, the maximum
achievable dynamic range of the ACNLD is equal to the sum of the dynamic ranges
of the RD and of the ACNLD itself.
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NUMERICAL CRITICAL IDENTIFICATION PROCEDURE
Timofeyev V., Jakushik I., Khrustalev K., Khrustalova S.

The article discusses the solution to the problem of monitoring and control of objects under
arbitrary, but limited external disturbances.
A computational procedure based on the target inequality method is proposed, the
advantage of which is the simplicity of computational implementation. The research results can be
used to solve a wide class of monitoring and control problems.

Introduction
In monitoring and control tasks, a situation often arises when a closed
monitoring and control system, which is under the influence of an external disturbing
signal (external, reference signal, interference, signals from other objects, variations
in environmental parameters, etc.), must maintain the characteristics

control

object (object output signal, control error, etc.) within some a priori set boundaries
so that
v(t, w) ≤ E ∀ t ∈ R ,

(1)

where t - is continuous or discrete time. In the event that violation of inequality (1)
is in principle unacceptable, for example, leads to catastrophic consequences, the
control law that ensures rigid maintenance (1) is called critical, and the control
system that implements it is called critical [1].
In everyday practice, critical management tasks are encountered quite often,
and among the most characteristic are the following:
- in the tasks of air traffic control, the aircraft must constantly be inside a rather
narrow air corridor, leaving the boundaries of which, in principle, is not permissible];
- a catalytic converter, the presence of which in a car is required by the
legislation of most civilized states, works effectively only in situations where the
characteristics of the air-fuel mixture are maintained within tight boundaries;
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- in telecommunication systems, the tracking accuracy by the communication
satellite system is set in the form of a narrow error range;
- in biomedical systems, the control parameters of the controlled organism
must be within the boundaries that guarantee stable vital activity.
In the general case, the problem of maintaining the output signals of the control
object within the given boundaries arose quite a long time ago and a number of
approaches were developed to solve it. So in [2], a statistical approach was proposed
that maximizes the probability that the outputs of the object will not go beyond
certain boundaries for arbitrary random inputs. There is a known method based on
the set-theoretic approach [3], using the concept of a "target tube", inside which the
phase variables of an object under the influence of unknown but restrictive
disturbances must remain. An efficient computational algorithm implementing this
approach was proposed in [4], and the solution to the problem was extended to
nonlinear multidimensional objects.
This article discusses a group of numerical algorithms that implement various
procedures and techniques for critical control. This is, first of all, the procedure of
moving boundaries. The main requirements that determined the choice of this
particular approach are accuracy, ease of implementation and the possibility of
working in real time.
In the general case, the goal of any feedback control system is to ensure the
required behavior of the object by appropriate processing of input and output signals,
calculation of control actions and their delivery to the executive bodies. The main
problem in this case is the projection of the regulator itself, from a theoretical point
of view, it is a formal algorithm, the result of which is the numerical value of the
control signal.
In design usually considers many criteria and subgoals, many of which are
competing or even contradictory. Therefore, when designing, it is extremely
important to be able to take into account the trade-off between different criteria. It
is important to note that although many different criteria have been proposed within
the framework of control theory, there is no universal criterion that takes into account
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all possible requirements for the quality of processes occurring in the system.
Therefore, the developer of the monitoring and control system must choose a
criterion or criteria that take into account his often-subjective ideas about how this
system should behave. Moreover, for an arbitrary criterion chosen at random, there
is always a control algorithm that provides an extremum for this criterion. In
practice, however, usually used criteria related to the accuracy of regulation or
tracking, efficiency in terms of speed, performance, noise immunity, costs, stability,
etc. These criteria usually represent some functions of the input and output signals or
states of the control object, while the signals are usually assumed to be stochastic
processes with some a priori given probabilistic structure. The most commonly used
hypothesis is the Gaussian distribution of useful signals and interference. It is on this
hypothesis that the popular LCG problem], the H -optimization problem and the
2

classical stochastic control theory [5,6] are based. In practical problems, Gaussian
processes are not so common, and their use is mainly associated with mathematical
convenience.
An optimization problem H

∞

is associated with less restrictions on the

statistical nature of signals, which requires only that the signals of the object be
square integrable and have limited energy.
Greater flexibility in the design of control systems can be achieved by
assuming that the signals belong to a certain functional space. This space can be
determined by setting boundaries for the amplitudes, rate of change, energy, and
other characteristics of the signals. Such a description of signals is much simpler
than a statistical one, has a clear physical meaning and, in general, facilitates the
process of designing a monitoring and control system.

Main part
The inequality method can be implemented using various numerical
algorithms, the most effective of which, in our opinion, is the procedure of moving
boundaries [7].
So, let the system of inequalities be given
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J i ( p) ≤ ε i

∀ i = 1, 2, ... , n,

(2)

where εi are real numbers, p=(p1 ,p 2 ,...,p n )T is a vector whose elements are parameters
of the synthesized controller; J i - are real functions of

p,

which are either control

criteria or constraints imposed on phase variables.
Each inequality J i (p) ≤ ε i of system (2) defines a set of points Si in N dimensional space R N such that
=
Si

{p : Ji (p) ≤ εi } .

(3)

The boundary of this set is determined by the equation
J i (p)=ε i .

(4)

A point p ∈ R N is a solution to system (2) only if it belongs to each of Si , i.e.
crossing
n

S =  Si .

(5)

i =1

The moving boundaries procedure is a recurrent algorithm that provides
iterative motion from an arbitrary starting point p0 to some feasible point ps
belonging to the set (5).
Let us denote p k the state of the vector of parameters at the

k -th

cycle of

calculations, and Sik - the set formed by the inequality
J i (p) ≤ J i (p k ) ,

(6)

J i (p) = J i (p k ) .

(7)

and bounded by the equation

A test step is carried out from a point p k to a certain point p k , while, if for
each i = 1, 2,...
J i (p)=J i (p k )

(8)

k

closer to (4) border Sik , then the point p is taken as a new point p k+1 . After a series
of successful steps the boundary Sik coincides with Sik for each

i=1,2,...,n , which gives

a solution to the problem. Formally, this procedure can be written as follows:
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n

Sk =  Sik ,

(9)

i =1

Sik =
{p : J i (p) ≤ ε ik },

i =
1, 2, ..., n,

(10)

ε , if J i (p k ) ≤ ε i , i =
1, 2, ..., n,
ε ik =  i
k
J i (p ) otherwise,


(11)

the trial point is recognized successfully
p k+1 =p k

(12)

only in case
J i (p k ) ≤ ε ik ,

i=
1, 2, ..., n.

(13)

if any of inequalities (13) fails, a new test point p k is described and the procedure is
repeated again. With each new successful point p k+1 , the border S k+1 is pulled closer
and closer to the border of the admissible set S . The iterative process continues until
the boundaries Sk converge to S , i.e. until the condition is met
ε ik =ε i ,

i = 1, 2, ..., n.

(14)

In principle, any of the nonlinear programming algorithms can be used to find
sample points; although from a computational point of view, the scheme proposed
by Rosenbrock seems to be preferable.
Let us introduce a system of orthonormal vectors V r =1,2,...,N

and the

corresponding step parameters e j . The sample point is calculated according to the
relation
p k =p k +e jVjr ,

(15)

in this case, if p k successful, it is e j replaced by 3e j . Otherwise ( p k unsuccessful)
e j is replaced with -0.5 e j . If the test is successful, j it is replaced by j+1 and (15) is

repeated. One iteration of the procedure consists of N samples, after the last of which
( j=N ) is assumed j=1 and j=1 , i.e. proceeds to the next step. If successful steps
alternate with unsuccessful ones, the vector
which is calculated as follows.
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Vr

will be replaced

V r+1 (j=1,2,...,N) ,

We introduce a parameter d j equal to the sum of successful values e j at the r
-th stage and calculate
a 1 = d 1 V1r + d 2 V2r + ... + d N VNr ,

r
r
 a 2 = d 2 V2 + ... + d N VN ,

.


.


.


a N = d N VNr ,


(16)

after which we orthogonalize the system of vectors a j using the Gram-Schmidt
procedure:
b

b1 = a 1 , V1p +1 = 1 ,

|| b1 ||

 b = a − a T V r +1 V r +1 , V r +1 = b 2 ,
2
2
2 1
1
2

|| b 2 ||

.


.

.

N −1
bN

T
r +1 r +1
r +1
b N = a N − ∑ a N Vk Vk , VN = || b || .
k =1
N


(17)

Thus, at the initial stages at r=0 , e j and VjT are chosen rather arbitrarily.
However, with an increase r , the rate of convergence Sk to S increases, since the
vectors VjT are oriented in the directions of maximum change in the tuned
parameters

p.

It is convenient to write this procedure as the following sequence of steps.
1. Set limits ε i (i=1,2,...,n) and maximum number of iterations N m .
2. Set p=p0 . Calculate J i (p) (i=1,2,...,N) . If J i (p) ≤ ε i ∀ i , then the starting point
satisfies all constraints, i.e. is valid. The problem has been resolved.
3. Set

e 0j =0,1 p j

if

p j ≥ 0,1 (j = 1, 2,.., N ) ,

Set
V1 =(100...000)T ,
V2 =(010...000)T ,
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set e0j =0,01 if

p j ≥ 0,1 (j = 1, 2,.., N ) .

VN-1 =(000...010)T ,

VN =(000...001)T .

Put ε i' =ε i if J i (p) ≤ ε i (i=1,2,...,n) .
Put L=0, r=0 .
4. Put e j =e0j and d j =0 .
5. Start a new iteration. Put L=L+1,j=1 .

6. Generate test point p=p+e
j Vj
.

Calculate J i (p) (i=1,2,...,n) .
Check inequality J i (p) ≤ ε i' (i=1,2,...,n) .
If successful, go to 7.
If unsuccessful, go to 8.


7. Put p = p, d j = d j + e j , e j = 3e j .
Put εi' =J i (p) if J i (p) > εi
Put εi' =εi

if J i (p) ≤ εi

Check equality

εi' =εi

(i =1, 2,..., n) .

(i =1, 2,..., n) .
(i =1, 2,...n) .

If the condition is met, the problem is solved. Otherwise, go to 9.
8. Drop ~p and put ei = −0.5ei . Count the successes and failures for each Vi
Reinitialize vectors Vi
r= r + 1

(i = 1, 2,..., N) according to expressions (16) and (17), set

and go to step 4.

9. If j = N , go to item 5.
If j < N , put j= j + 1 and go to 6.

Conclusions
The article discusses the solution to the problem of monitoring and controlling
objects under arbitrary, but limited external disturbances.
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A computational procedure based on the target inequality method is proposed.
The research results can be used to solve a wide class of monitoring and control
problems.

REFERENCES
1.

Timofeyev, V. (2004), "On some problems of synthesis of critical control systems", Radio
electronics. Informatics. Control, No. 1 (11), P. 160–162.

2.

Simankov, V. S., Khalafyan, A. A. (2009), System analysis and modern information
technologies in medical decision support systems, Moscow, BinomPress, 362 p.

3.

Shelestov, A., Kussul, N. (2008), "Using The Fuzzy-Ellipsoid Method For Robust Estimation
Of The State Of a Grid System Node", Cybernetics and System Analysis, Vol. 44, No. 6, P.
847–854.

4.

Usoro, P. В., Schweppe, F. C., Wormley, D. N., Gould, J. A. (1982), "Ellipsoidal set-theoretic
control synthesis", ASME J. Dyn. Syst. Meas. & Control, No. 104, P. 331–336.

5.

Bacastov, T., Kussul, N. (2009), "Redefining geospatial intelligence", American Intelligenct
Journal, P. 38–40.

6.

Boguslaev, A. V., Oleinik, Al. A., Oleinik, An. A., Pavlenko, D. V., Subbotin, S. A. (2009),
Progressive technologies for modeling, optimization and intelligent automation of the stages
of the life cycle of aircraft engines : Monograph, Zaporozhye, Motor Sich OJSC, 468 p.

7.

Timofeyev, V. (2003), "On one approach to the synthesis of a critical regulator dynamic
system", Automobile Transport, Issue 13, P. 269–271.

323

Scientific publication

INTELLIGENT
COMPUTER-INTEGRATED INFORMATION TECHNOLOGY
IN PROJECT AND PROGRAM MANAGEMENT
Collective monograph
edited by I. Linde, I. Chumachenko, V. Timofeyev

VIEDĀ DATORINTEGRĒTĀ
INFORMĀCIJAS TEHNOLOĢIJA
PROJEKTU UN PROGRAMMU PĀRVADĪBĀ
Kolektīvas monogrāfija
I. Linde, I. Chumachenko, V. Timofeyev
zinātniskajā redakcijā

Parakstīts iespiešanai 2020-27-08. Reģ. № 27-08.
Formats 60x84/16 Ofsets. Ofseta papīrs.
20,1 uzsk.izd.l Metiens 300 eks. Pasūt. № 144.
Tipogrāfija "Landmark" SIA, Ūnijas ieja 8, k.8, Rīga, LV-1084.
Reģistrācijas apliecības numurs: 40003052610. Dibināts: 28.12.1991.

