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O. AVRUNIN, O. VLAsov, V. FILATOV

MODEL OF SEMANTIC INTEGRATION OF INFORMATION SYSTEMS
PROPERTIES IN RELAY DATABASE REENGINEERING PROBLEMS

The subject of research is methods of semantic integration of subject areas of heterogeneous information systems and distributed
databases. This class of systems are created on the basis of database technologies, are widespread and used in all areas of economic
activity. Such systems are characterized by high complexity of design, maintenance and modification. The purpose of the research is
the development of a subject area model based on the semantic properties and relationships of data elements; development of effective
technology of integration of information resources of heterogeneous computer systems on the basis of technology of management of
database systems; research and formalization of classes of inhomogeneity of data structures aimed at solving the problem of
determining the types of information objects. Development of tools for the design and maintenance of application problems for the
integration of heterogeneous information systems and distributed databases. Results: the analysis of existing methods and models of
integration of subject areas on the basis of semantic properties and connections of data elements is carried out; developed an effective
mathematical model, technology and algorithm for semantic integration of information resources of heterogeneous computer systems
for relational databases; investigated and formalized classes of inhomogeneity of data structures aimed at solving the problem of
determining the types of information objects; the model is developed and means of the logical description of properties of
information objects for definition of border of the considered subject area are investigated. Conclusion: the article considers a
formalized infographic model of the subject area, which focuses on the semantic relationships between information objects of
databases. An axiomatic approach to the description of the subject area is formulated, which allows to consider the problem of
modeling the relations of the elements of the subject area in the form of a set of rules that determine the existence of data elements.
On the basis of the analysis of structures and models of databases of information systems the general approach to construction of the
universal technology focused on the decision of problems of management of heterogeneous information resources of computer

systems is defined.

Keywords: data model; data semantics; database; data integration; heterogeneous information system.

Introduction

Database-based information systems have gone from
cumbersome systems organized as shared systems to
flexible distributed intelligent information systems.
Among the many factors that contribute to such progress
are the improvement of the basic tools of database systems
- programming and data management systems. This, in
turn, is based on the achievement of theoretical research in
the field of data modeling, methods of designing logical
and physical structure, non-procedural data processing
languages.

Research conducted by the authors of the article is
aimed at creating systems for integrating and managing
information resources of distributed computing systems.
Integration means the management of heterogeneous
information, which will allow organizing access to
heterogeneous data contained in the generated structures
data files and databases.

The solution to the problem of integrating
heterogeneous information resources begins with attempts
to integrate heterogeneous databases (DB). The direction
of integrated or federated heterogeneous information
systems appeared in connection with the need to share
data based on different models and managed by different
database management systems (DBMS). One of the
options for solving the problem of integrating
heterogeneous databases is to provide users with the
ability to see the global schema of the domain. A global
schema view is usually implemented in some data model,
and supports automatic conversion of global data
manipulation statements to statements understood by the
corresponding local DBMS. With the strict integration of
heterogeneous data, local systems lose their autonomy.

Since users of information systems often do not agree to
lose local autonomy, nevertheless wanting to be able to
work with all local DBMS in one language and formulate
queries with simultaneous indication of different local
databases, recently much attention has been paid to
research in the field of multi-databases. Systems of this
class do not support the integrated database global
schema, and special methods are used to access objects of
local systems. As a rule, in this case, only data sampling is
allowed at the global level, which allows you to maintain
their autonomy.

As a rule, it is necessary to integrate heterogeneous
data distributed in a computer network. This makes
implementation much more difficult. In addition to its
own integration problems, it is necessary to solve all the
problems inherent in distributed DBMS: global
transaction management, network query optimization, etc.
For the external presentation of integrated and multi-
databases, the relational data model is most often used.
Therefore, the inclusion of a local relational DBMS into
an integrated system is much easier and more efficient
than the inclusion of a DBMS based on another data
model.

Features of solving the problem of semantic
integration

Among the reasons leading to the disagreement of
information resources are the following:

1. Heterogeneity, distribution and autonomy of
information resources of the system. The heterogeneity of
resources can be syntactic or semantic (either different
types of semantic rules are used, or different aspects of the
domain are detailed and / or aggregated). A purely

© O. Avrunin, O. Vlasov, V. Filatov, 2020
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realizable heterogeneity of information resources is also
possible, due to the use of different computer platforms,
operating systems, database management systems,
programming systems, etc.

2. Needs for the integration of information system
components. Obviously, the most natural way to organize
a complex information system is its hierarchically nested
construction. More complex function-oriented
components are built from simpler components that could
be designed and developed independently, which creates
heterogeneity.

3. System reengineering. After the creation of the
initial version of the information system, the process of its
continuous alterations inevitably follows, due to the
development and change of the corresponding business
processes.

4. Solving the problem of legacy systems. Over time,
any computer system becomes an object of attention for
the organization that operates it, since it constantly has to
solve the problem of embedding outdated information
components into a system based on new technology and
solving new problems.

5. Extension of the life cycle of the information
system. The longer the information system functions, the
more needs arise to change and / or add components
designed and developed to meet new challenges.

There is no problem if from the very beginning the
information system is designed and developed as an open
system, when all components are interoperable.
Unfortunately, in practice, such an implementation is
difficult to achieve. For various reasons, there are needs
for the integration of independently and differently
organized information and computing resources.

The development of views on information resources
is their representation in the form of a set of typed objects
that combine the ability to preserve information content
(their state) and information processing due to the
presence of certain methods applicable to the object.

The main conclusion from the above analysis is that
the problems of integrating heterogeneous information
resources are relevant when considering the functioning of
information resources, and at the same time it is required
to use reasonable combinations of architectural,
information and organizational solutions.

General approach to semantic modeling in data
integration

By a data model we mean a formalized
representation that allows you to implement data
interpretation in accordance with the specified
requirements. The concept of a model is closely related to
the concept of abstraction. The abstraction of a system is a
model of this system, in which some details are
deliberately omitted [1].

The most general and rigorous concept of a model is
defined in mathematics. By the model we mean the basic
set of objects O and the set of relations D on O. Thus,
the model M can be represented by the pair

M =<0O,D>. (1)

In contrast to a mathematical model, models in
information technology must include not only structural
but also operational specification. For modeling a subject
area, the most acceptable abstraction is algebraic systems
that combine, in addition to a set of objects O and
relations between objects D, also a set of operations
(functions) Q defined on the main set O. In this case, the
model views can be specified by three elements

M =<0,D,Q2>. 2)

To formalize the presentation of databases, the term
"model" is usually used, implying a triplet <O,D,Q >
given the definitions introduced. Although, for a more
detailed presentation of data semantics, this model will
include rules describing possible states of the domain. It is
not possible to present a database in a strict mathematical
form, and even more so, some fixed subject area is not
possible due to the severity of abstractions in the
description of the mathematical model. That is, in a
mathematical model it is impossible to express the
meaning of objects from R,D and Q. In reality, when
designing, it is possible to use several types of models.
Each model is defined by different types of relationships
between objects of the subject area [2].

One way to establish links between objects is to
categorize them. Objects of the same category are
considered similar, and the similarity characteristics are
usually specified by the category properties. In accordance
with the level of requirements for data categorization,
models are divided into two types: strongly typed - in
which it is assumed that all objects should be assigned to a
category; weakly typed — not bound by any assumptions
about categories [3—4]. For example, in the TEACHER
category, with a strongly typed model, all objects must
have the same type of structure, which in this case cannot
be true, since full-time, part-time workers, payroll, etc.

Unlike strongly typed models, weakly typed models
provide data and category integration. It is convenient to
provide the realization of such possibilities using the
predicate calculus. Many models use predicate calculus to
represent knowledge that is not implemented by the
underlying means of the model. Modeling using predicate
calculus assumes working with linear texts, and can be
written both in the usual mathematical notation and in
programming languages such as PROLOG or DATALOG.
Thus, predicate calculus is not overly complex and poorly
structured. With this approach, the emphasis is placed on
ensuring the universality of the description tools without
regard to artificial restrictions on the typing and
categorization of data. The model defines the rules
according to which the data is structured. However,
structural specifications do not provide a way to fully
interpret the semantics of the data and how it is used.
Operations on objects and data must also be defined. For
example, the objects of the model, depending on the
allowed operations, can be added, removed or changed,
and also, using operations on data, the values of objects
that are not explicitly specified in the model can be
obtained [5].

Considering the domain model, we define the
properties that it displays. Let's distinguish two classes of
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properties: static and dynamic. Static properties include
properties that are invariant in time, they are always valid
and unchanged. Dynamic properties are characterized by
possible changes in the subject area. Any model must
represent these two classes in some way. We will assume
that the set of objects is determined by the requirements of
the subject area. The choice of acceptable
implementations of objects or links between them is set by
specifying restrictions in the form of a set of rules that
determine the dependencies between objects and possible
extensions of the domain, that is, a set of output
(calculated) objects.

Using the previously introduced designations, we
define a model M as a set of objects O, aset of rules L,
and a set of operations Q. The rules will be set in the
form of implications (the symbol "<« " is read as "if-
then™)

0« 0,0,,..0 3)

L] n?
where O; are domain objects of i =1+n.
Rules (3) determine that if all objects O; are

included in the set O, then O must also be included in
O. The rules L, generating additional objects O;, with

the help of operations € (in this case, the operation of
adding) specify an extended set of objects S, including
both specified and derived objects. Thus, the model can be
defined as

M =<0,L,5,Q>. (4)
Definition. The database DB(O,L) is a set of

objects O reflecting the properties of the subject area and
a set of integrity L constraints that determine the
acceptable state of the database. In this case, the operating
specification is determined by the data model used in the
development of the database structure. The extension of
the carrier O built according to the given rules L will be
called the semantics of the database in the notation S .
Two databases are equivalent if the rules L; and L,

determine a one-to-one correspondence  between
semantics S; and S, .

Example 1. Let a set of objects be given:

O = (Full name, Subject, Grade), and a set of rules,

L =(Average mark « Full name, Assessment;
Number of passed exams «— Full name, Subject).

Then, taking into account the fact that the presence
in the S an object "Average mark" depends on the
presence in O the objects "Full name", "Grade", and
"Number of passed exams" depends on the presence in O
the objects "Full name" and "Subject"”, you can build an
extension:

S =(Full name, Subject, Grade, Average mark,
Number of passed exams), reflecting all possible objects,
both static and obtained as a result of performing
operations on a set O. Obviously, to assess the
information state of the subject area, it is necessary to
analyze the set S .

In the considered context of the representation of the
data model, we will define how a set of objects in the
domain O — let's call it a carrier, a set of rules L —

integrity constraints. In this case, such restrictions are
understood as the semantic properties of the carrier, which
adequately reflect the dependencies between the objects of
the subject area.

Example 2. Let the database DB, be defined by the

set O, = (Full name, Subject Grade) and a set of rules:
L, = (Average mark « Full name, Grade; Number

of passed exams « Full name, Subject),
and DB, is defined by the set O, = (Full name,

Mathematics, Physics, History) and a set of rules:
L, = (Average mark « Full name, Mathematics;

Average mark « Full name, Physics; Average mark «
Full name, History; Number of passed exams « Full
name, Mathematics, Physics, History).

Accordingly, the extensions for DB, and DB, will
look like

S; = (Full name, Subject, Grade, Average mark,
Number of passed exams),

And accordingly

S,= (Full name, Mathematics, Physics, History,
Average mark, Number of passed exams).

It is intuitively clear that for DB, and DB, can be
reflected the same information if you detail some objects,
in particular, clarify what is included in the "Subject",
what is a set of objects "Mathematics,” "Physics",
"History" and how to get the "Grade™ object.

If in the rules for DB, and DB, add the rules from

Lll u LIZ.

L, = (Mathematics, Mathematics, Physics, History
<« Subject),

L£= (Subject « Mathematics, Physics, History;
Grade « Full name, Mathematics; Grade« Full name,

Physics; Grade <« Full name, History), then the
extensions S; u S, would be the same, that is,

S, =S,= (Full name, Mathematics, Mathematics,

Physics, History, Subject, Grade, Average mark, Number
of passed exams).

Thus, having carried out the decomposition in the
first case, the "Subject" object, and in the second,
generalized the "Mathematics, Physics, History" object,
performing the aggregation of the "Grade" object, using

the appropriate rules L'l and L'2 for this, we come to the
conclusion about the equivalence of DB, and DB,. In

what follows, we will require that, when defining a set L,
all objects of the subject area be detailed by the rules of
generalization, decomposition or aggregation [6—7].

Research and development of a model for integrating
subject areas of information systems

In the general case, generalization can be represented
as an abstraction, in which a set of objects with common
semantic properties is considered as one generalized
object. In turn, decomposition is an abstraction in which
one object can be replaced by a set of independent objects,
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the totality of which expresses the semantics of the
original object. In addition, an abstraction of the
aggregation type is possible, in which an object is
constructed from other objects and represents a semantic
refinement or extension of the original object. On the
other hand, an aggregate can act as an object that connects
other objects, the semantic individuality of which in the
considered subject area is not obvious [8-10].

Considering such an abstraction, many individual
differences between objects can be ignored. So in the
example, a lot of names of objects can be abstracted as a
generalized object "Subject”. This abstraction neglects
individual differences between subjects, such as the fact
that subjects have different names, are read by different
teachers and listened to by different students. In turn,
"Grade" is an aggregated object that includes semantically
identical values for pairs of objects of the type "Full Name
«» Mathematics", "Full Name «» Physics", "Full Name «»
History", which is expressed by additional rules
(extension rules).

The correctness of operations in the analysis and
construction of the semantics of the database is
determined by the assumption that each representation of
a domain element and a set of requirements are complete
and consistent [11-13]. This means that all objects are
defined and that no additional detail is required within the
views. Thus, the following conditions must be met:

1. The set of objects is complete in terms of the
requirements of the subject area.

2. All objects have unique names (exclusion of
homonymy).

3. Generalization of identical objects is not required
(exception of synonymy).

Data research has mainly dealt only with aggregation
(for example, Codd normal forms), and generalization has
been largely ignored. The reason was that in simple
models, generalization could be dispensed with by
choosing a specific approach each time that was
appropriate for a given case. Artificial intelligence
research on knowledge bases, by contrast, has mainly
dealt with generalization (e.g. Quillian's semantic
networks), while aggregation has not been used. The
opposite abstraction of decomposition was not considered
at all when describing data structures [14].

The combination of the principles of generalization
and aggregation decomposition can extend the data
representation model using the methods used in artificial
intelligence [15, 16].

When analyzing the structure of a database schema,
it is essential to be able to explicitly represent the types of
abstractions. This allows you to ensure that the naming
conventions for objects are consistent with the database
media. In particular, explicit naming of objects provides
the following capabilities:

- applying operations to modified objects;

- replace a set of objects with a generalized or
decomposed representation;

- specify the specification of links between objects

Let's go back to the extension rules from L; and L, .

As a result of applying these rules, objects that were not
explicitly specified, but actually present in the subject area

("Subject”, "Grade", "Mathematics", "Physics", "History")
were included in the semantics. Objects included in the
data carrier, as well as those obtained as a result of object
detailing (generalization, decomposition, aggregation) and
constituent elements of semantics are called extensional
objects.

In addition to the rules expressing generalized,
decomposed, and aggregated objects, when describing a
subject area, rules can be specified that define a set of
calculated objects. Such objects are initially absent in the
medium and are formed as a result of performing final
functions, using simple or complex arithmetic operations,
logical values, etc. [18-21]. An example of obtaining
calculated objects is discussed above.

So the set L contains the rules "Average score «
Full name, Grade", "Number of passed exams ¢« Full
name, Subject”, while the objects "Average score" and
"Number of passed exams" obviously cannot be present in
the DB extension, but they can be obtained as a result of
performing arithmetic operations on the values of the
objects "Full Name", "Grade", "Subject". Objects that are
not explicitly specified in the database media, but obtained
(calculated) based on the rules for expanding the database
and constituting the elements of the database semantics,
are called intensional objects. Thus, when obtaining the
semantics of the database, it is necessary to take into
account two types of rules: generating extensional and
intensional objects. For greater detail of the subject area,
the rules that generate various types of objects will be

divided into two sets L% and L™ extensional and
intensional, respectively [22].

It should be noted that if the division of rules into
extensional and intensional is of practical importance,
namely, during their formation, different construction
logic is used, then the general inference logic is used in
the construction of semantics, after which the operation of

combining elements $* and S™ is performed. The
division of semantics into two types enhances the clarity
of the process and in some special cases may be of
practical importance.

Analyzing the set S, one can draw attention to the
obvious redundancy of objects, that is, the simultaneous

presence in syntactically different S objects expressing
the same semantics, thus, the third condition for the
adequacy of the representation of the semantics of the
subject area is violated, namely the emergence of
synonymy.

Synonymy can arise mainly in the construction of
extensional semantics, since it is during generalization,
decomposition or aggregation that semantically
unambiguous objects can arise, and synonymy can be
between one object and the union of many objects. For
example, the "Supplier" object expresses the same as the
"Address" « "Name" objects.

To exclude such a situation, when forming the rules
for generalization, decomposition and aggregation, we
will add compensating (excluding) rules of the form
{— Supplier «Address, Name}. (Here the symbol "—"
denotes the absence of an element in the set.) Moreover, it
is obvious that the simultaneous presence of mutually
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exclusive objects violates the logic of representing the
subject area.
In this case, it is possible to construct an intensional

semantics S™ for any variant of extensional semantics

S® according to the given intensional rules L™ . This
fact indicates the need to consider separately two types of
rules when building a domain model — extensional and
intensional rules. In turn, the general semantics S in the
model should reflect one state of the subject area at a
particular moment in time. Although during the operation
of the system the ability to dynamically change S
depending on changes in the requirements of the
subject area or users must be taken into account,
this issue is resolved at the stage of managing the
database.

Thus, based on the introduced notation, the
representation of model (4) will be written as

M =(0,L%, ", Q,9). (5)

To confirm the correctness of the considered
examples, describe the subject area, we describe the
formal modeling apparatus based on the logic of first-
order predicates.

Formal model for representing data semantics

Declarative specifications, formulas of propositional
calculus, or first-order predicate calculus can be used as a
means of defining the structural component. Data objects
that meet the specified conditions constitute the valid state
of the database [23-25].

We will consider a database as a set of predicates. In
this case, the predicate will be considered as a functional
statement. In contrast to arithmetic and logical functions,
where the range of values and the range of changes in type
arguments is the same, that is, homogeneous, the range of
values of a function for predicates is logical, and the range
of changes of arguments is subject. Thus, the predicate is
a non-homogeneous function and can be used to simulate
[26].

In predicate logic, an atomic formula is an
elementary object with a truth value. An atomic formula
consists of a symbolic notation for a predicate and a term.
In general, the predicate can be represented as a formula

p(t) , where p is the designation of the predicate, and t

is the term. The number of terms determines the
dimension of the predicate, that is, in this case, the
predicate p is unary. Essentially, a predicate is a function

that returns a Boolean value, true or false, depending on
the value of a term.

In the context of database theory, the predicate will
be considered as an information component that reflects
the value of the corresponding object. In other words, if
A is some data object, then

True,te A
)= —M—M—. 6
P) {False,teA ©)

This representation can be used to describe the
semantics of data. For example, for a relational model,

when the structure of an information component (table) is
defined by a relation of the form

p = DomA x DomA, x...x DomA, , @)

where DomA, — set of valid attribute A, values or attribute
domain A (i=1+n), p represents a set n of tuples in O

(A_1, A 2, .., A n) media expressing the semantics of the
database.

In this case, the predicate model represents the
conjunction of a finite set of predicates corresponding to
the relation scheme of a relational database presented in
the form

P=p(t) &p,(t) &...& py(t,), (8)
where p;(t;) is a predicate corresponding to property (6)
and 1<i<n, P- a set of objects expressing data
semantics. Then the support can be represented as a set of
unary predicates:

O(pi(ty) & po(ty) &... & P, (t,)) 9)

where predicate p;(t;) corresponds to property (6),
1<i<n and displays the values of the corresponding
objects of the subject area. Let’s fix some alphabet 9
containing constants, variables and predicates For a unary
predicate p, a formula p(t) will be called a positive literal

I, and a formula — p(t) a negative literal —1. A base

literal is a positive or negative literal that does not contain
variables. Thus, the set (9) will represent the extension,
and will be written as

o 1y, ly.) - (10)

The semantics of the database will be determined by
a set of rules of the form

L={l<1b.l,.), (12)

.1, are literalsand m>1.

The rule can be read as the expression " if I;,1,,...,1,

where | «I;,1,,..

is executed, then | is executed and expresses the
intensional properties of the data. The condition for
allowing objects in semantics S is that if all literals
L, l5,....1,, are included in O, then | can be included in
S . If this condition is not met and the literal being
defined as | is included in S without defining literals
L. 1,,...1,, then data consistency may be violated. The
main condition for correctness is the compatibility of
objects in S . Compatibility consists in the absence of the
same positive and negative literal.

Thus, for the predicate model, we will also consider
two types of rules defining extensional L®™ and
intensional L™ , and the general set of rules, respectively,
as L=L"UL®™ . Itis assumed that the elements O may
change depending on the data requirements, and it is
necessary to adjust the rules describing the subject area,
no matter what the relationships between objects, their
details, and possible final operations are. However, the
data semantics should automatically change in accordance
with changes in O and L. Modification of a set O is
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defined by the operation of adding or deleting a literal |,
at execution of which S remains the same.

In other words, adding a literal means that | must be
present in the semantics of the modified database, and
deleting means that | should not be included in the
semantics of the modified database, and the simultaneous
presence of positive and negative literals is not allowed
[27-30].

Algorithm for calculating database semantics

Based on the introduced concepts and assumptions,
we can conclude that the information content O can be
expanded in accordance with its semantics S by means of
the given rules L. Thus, the problem of calculating
semantics S arises, and S must be calculated with each
change of O elements. Let’s consider the calculation
algorithm S .

Algorithm:

Input data: Database DB(O,L).

Output data: database semantics S .

Method: calculate the literal sequence S according
to the following rules.

1.s%is 0.
2. s" is s' plus a set of literals I, such as in L
there is a certain rule I« u leS'. As

$=S%c..cS'c..c Aand A of course, finally there
will be achieved such i, that S'=s"!. That is
Si _ Si+1 _ Si+2 = ...

3. Thus, there is no need to perform calculations
after 8", if ' =g,

Algorithm is finished.

Let’s consider an example illustrating the above
algorithm.

Let O ={A,B} and
L={A/B«C;C« A B,C«<D:AC,D<«B;
D« E,G; B E«C;C,G« B,D; C,E« AG}.

Consider S°=A,B. For calculating S' find rules that

have on the right side either separately literals A or B,
or a pair A, B together. There are two such rules C < A

and A,C,D « B . Attaching literals C and D to S° and
we believe that $* = A/B,C,D.
To calculate S?, look for the right-hand sides of the

rules in which the right-hand sides contain literals
A,B,C,D,G either separately or together. These

requirements are met by the rules C,E <~ A,G .

Thus, we have S°=AB,C,D,E,G — the set of all
literals. Therefore, further computation will not change the
semantics, since S®=S%*=..=S. As a result, the
semantics of the original database DB(O,L) corresponds

S ={AB,C,E,G}.

Let two databases DB, (0O;,L;) and DB,(O,,L,) are
given. We will say that DB; and DB, are equivalent (in
designation DB, = DB, ) if their semantics S, =S,S are

equal. To check the equivalence, it is necessary for each
rule X <Y from the set of rules L, to check whether the

left parts of these rules are contained in S, ; in this case,

algorithm 1 can be used to calculate the semantics. If it
turns out that some literals in L, do not belong S, , then

obviously S; #S,. If every literal from the left side L;
belongs to S, , then every literal from S; will also belong
S,, and if the converse statement is also true, then the
statement S; =S, is also true.

Thus, when comparing two databases, it is necessary
to compare their semantics. Moreover, if its semantics did

not change during modification, then we can
assume that the information content also remained
unchanged.

Conclusions

The article deals with a formalized infological model
of the subject area, which is focused on semantic relations
between information objects of databases. The main
components of the domain model are highlighted and
formal definitions are given to the basic entities: a set of
information objects, the relationship between information
objects (rules of logical existence), a support system for
structural and information integrity. An axiomatic
approach to the description of the subject area is
formulated, which allows us to consider the problem of
modeling the relations of the elements of the subject area
in the form of a set of rules that determine the existence of
data elements. Based on the analysis of structures and
models of information systems databases, a general
approach to the construction of a universal technology
focused on solving problems of managing heterogeneous

rules contained in S'. We find C,G<« B,D. thus informz_nion resources of computing systems s
) 3 ) determined.

S“=AB,C,D,G. Tocalculate S”, we are looking for
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MOJIEJIb CEMAHTUYECKOM HHTET' PAIIMA CBOMCTB HH®OPMAIMOHHBIX
CUCTEM B 3AJJAYAX PEMH) KEHUPUHTI' A PEJIALHIMOHHBIX BA3 TAHHBIX

IIpenmeToM wmccrienoBaHMs — SIBISIIOTCS — METOABI  CEMAHTHYECKOH  MHTETpalMM  IpPEAMETHBIX 001acTel  IeTeporeHHBIX
MH(OPMAIIMOHHBIX CHCTEM M paclpeleleHHBIX 0a3 MaHHBIX. Takoro kiacca CHCTEMBI, CO37aBaeMble Ha OCHOBE TEXHOJIOTHH 0a3
JIaHHBIX, HAIUTH IIMPOKOE PAacHpOCTPaHEHHWE U NPHMEHEHHE BO BceX cdepax XO3sHCTBEHHOW MAesATeNbHOCTH. Takue CHCTEMBI
XapaKTepU3yloTcsl OOJBIIOH TPYIOSMKOCTBIO IIPOCKTUPOBAHMSA, CONPOBOXKIACHHA W Moxupukauuu. Ileasl0 IpOBOAMMBIX
HCCIIeI0OBaHUI ABIAETCS pa3paboTKa MOJAENH MPEeIMETHOH 00JacTH HAa OCHOBAaHMH CEMAHTHYECKHX CBOWCTB M CBf3€H IEMEHTOB
JIaHHBIX; pa3paboTka 3G(HEKTHBHOM TEXHOJIOTMH MHTErpali HHGOPMAILIMOHHBIX PECYPCOB FETEPOTCHHBIX BBIYMCIUTEIBHBIX CHCTEM
Ha OCHOBE TEXHOJIOTWH YIIPaBJICHUsS CHCTeMaMH 0a3 JaHHBIX; HCCIeIOoBaHUE M (OopMan3anis KIacCoB HEOTHOPOIHOCTH CTPYKTYP
JTaHHBIX, HAIlPaBJICHHBIX Ha pelleHHe 3aJadd OIpeeleHHs THIOB HH(OPMAIMOHHBIX 00BEeKTOB. Pa3zpaboTka MHCTPYMEHTAIBHBIX
CPE/ICTB TIPOCKTUPOBAHMS M CONPOBOXKACHMS IPHUKIANHBIX 3a7ad HHTETPAldM TeTepPOreHHBIX HH(OPMAIMOHHEIX CHCTEM U
pacnperneneHHbIX 0a3 TaHHBIX. Pe3yabTaThl: IIPOBEJEH aHAIM3 CYLIECTBYIOIIMX METOJOB M MOJeleld WHTEeTpaluy NPEeIMETHBIX
00J1acTH Ha OCHOBAaHHU CEMAHTHIECKHX CBOUCTB M CBS3€H 3/1€MEHTOB JaHHBIX; pa3paboTaHa 3((GeKTHBHASI MaTeMaTHIECKast MOJETb,
TEXHOJIOTHS M aJTOPUTM CEMAaHTHYECKOIl MHTerpanuy MHGOPMAIMOHHBIX PECYpPCOB T'€TEPOTCHHBIX BBIUMCIUTENBHBIX CHCTEM IS
PEISINHOHHBIX 0a3 JaHHBIX; HCCICIOBaHBI M (POPManM30BaHBI KIACChl HEOTHOPOJHOCTH CTPYKTYP HAHHBIX, HAMpPaBICHHBIX Ha
pelIeHne 3aady ONpEeeNICHUs] THUIOB WH(OPMAIMOHHBIX O00BEKTOB; pa3paboTaHa MOJETb M HCCIECHOBAHBI CPEICTB JIOTHYECKOTO
OIMCaHMsl CBOWCTB MH(OPMALMOHHBIX OOBEKTOB JUIS ONpeNeieHHs] TPAaHUIBI paccMaTpuBaeMoil HpenMeTHoi obOiactu. BeiBoa: B
CTaThe paccMOTpeHa (opManu3oBaHHask HHPOIOTHYECKAst MOJIEIb IIPEIMETHON 00J1acTH, KOTOpasi OpHEHTUPOBAaHA Ha CEMAHTHIECKHE
OTHOIICHUSI MEXAy HHGPOPMAIMOHHBIMH OOBekTaMHu 0a3 naHHbIX. ChopMyIHpoBaH aKCHOMATHYECKHH MOAXOX K OIMCAHUIO
MIPeIMETHOI 001aCTH, KOTOPHII IMO3BOJISIET PACCMOTPETH IIPOOIEMY MOACITUPOBAHUS OTHOIICHHUH AJIEMEHTOB MPEIMETHOM 00IacTH B
BHUJie Ha0Opa MPaBMII, OTPEIEISAIONINX CyIIECTBOBAaHNE IEMEHTOB JaHHBIX. Ha 0oCHOBaHMM aHanmM3a CTPYKTYp M Mojelnel 6a3 JTaHHBIX
MH(OPMAIIMOHHBIX CHCTEM ONpEZeNeH OOLMii MOAX0A K MOCTPOCHUIO YHUBEPCATbHON TEXHOJIOTHH, OPHEHTHPOBAHHON HA pEIICHHE
3aj1a4 yIpaBlIeHUs TeTepOreHHBIMU HH(OPMAIHOHHBIMH PECYpPCaMH BBIYUCIUTETBHBIX CHCTEM.

KniodeBble cj10Ba: MOZIENb JaHHBIX; CEMAHTHKA JaHHBIX; 0a3a JaHHBIX; HHTETPalUs JaHHBIX; T€TePOreHHas HHPOPMaIUOHHAS
cucrema.

MOJIEJIb CEMAHTUYHOI IHTEIPALT BIACTHBOCTEN IHOOPMALIAHUX
CHUCTEM B 3AJAYAX PETH)KAHIPUHTY PEJISIIIITHAX BA3 JIAHUX

IIpenMeToM 1OCHI/UKEHHS € METOQM CEMAHTHYHOI iHTerpauil NMpeAMEeTHHX o0nacTel reTeporeHHUX iHGOpMaliiHUX CHCTEM i
po3nonineHux 0a3 gaHux. Takoro Kjiacy CHCTEMH CTBOPIOIOTHCS Ha OCHOBI TEXHOJIOTiH 0a3 MaHWX, 3HAWIUTK MIHUPOKE MOIIUPEHHS i
3aCTOCYBaHHs y BCiX cepax rocrnoaapcbkoi MisibHOCTI. Taki CHCTeMH XapaKTepU3YIOThCS BEUKOIO TPYAOMICTKICTIO MPOEKTYBaHHS,
cynpoBoay i moaudikaiiii. MeTow MPOBEACHUX TOCTIHKEHb € PO3poOKa MOAET MpeAMETHOI 00acTi Ha MiACTaBi CEMaHTHUYHUX
BJIACTHBOCTEH 1 3B'SI3KiB €NIEMEHTIB JaHHX; po3poOKka edeKTHBHOI TEeXHOJNOTIi iHTerpamii iHGopMaLifHUX pecypciB reTeporeHHuX
00YHCITIOBAIBHUX CHUCTEM HA OCHOBI TEXHOJIOTIi YNpaBNiHHA CHCTeMaMH 0a3 JaHWX; MOCIDKeHHS 1 (opMamizamis KiaciB
HEOJHOPITHOCTI CTPYKTYp AaHHX, CHPSMOBAaHHX Ha BUPILNICHHS 3aBJaHHS BH3HAYCHHS THUIIB iHPOpMamiifHuX 00'ekTiB; Po3poOka Ta
JTOCTIDKEHHS 3aC001B JIOTIYHOTO OIMUCY BIACTHUBOCTEH iH(QOpMamiiHUX 00'€KTiB IJI1 BU3HAYEHHS KOPAOHY PO3TIIIHYTOI MPEIMETHOL
obmacti. Po3poOka iHCTpyMEHTaJIbHMX 3acO0IB IPOEKTYBaHHS 1 CyNpoOBOMYy MNpPHUKIAJAHUX 3a7ad iHTerpamii reTeporeHHHX
iHpopMaLiifHUX cUcTeM i po3nojiteHHX 0a3 naHuX. Pe3yabTaTm: mpoBeieHO aHali3 iCHYIOUMX METOIIB i Mopenel iHTerpamii
MpeaIMEeTHHX 00JacTi Ha MiJICTaBi CEMaHTHYHUX BJIACTUBOCTEH 1 3B'SI3KIB €JIEMEHTIB JaHMX; po3polieHa eeKTHBHA MaTeMaTHYHA
MOJIeJTb TEXHOJIOTiSl 1 aNropuTM CeMaHTH4HOI iHTerpauii iHpOpMaIiiHUX pecypciB TeTepOreHHHX OOYMCIIIOBAJIBHHX CHUCTEM JUIS
pensuiitHuX 06a3 maHuX; JOCHiIKeHi i (hopMali3oBaHi KIIaCH HEOAHOPIAHOCTI CTPYKTYp JaHUX, CIIPSIMOBAaHUX HAa BHPIMICHHS 3aBIaHHSI
BU3HAUEHHA THUMIB iH(QOpMAIiHHUX 00'€KTiB; poO3poOJIeHa MOIEeNb 1 JOCHIIKEHO 3aco0iB JIOTIYHOTO OIMMCY BIIACTHBOCTEH
iHpopMaLiitHUX 00'€KTiB s BU3HAYCHHS KOPIOHY PO3TISHYTOI MpeaMeTHOI oOmacti. BHCHOBOK: B CTarTi po3IITHyTa
(dopmamnizoBaHa iH(POJOTIYHA MOAETHh MPEAMETHOI O0NacTi, sKa Opi€HTOBaHA HAa CEMAHTHYHI BiIHOCHHH MK iH(POpPMAaLiiHHUMHU
o6'ektamu 6a3 nanux. CHopMyIp0BaHO aKCIOMATHYHM MiAXi/ 10 ONKCY TIPEAMETHOT 00JIacTi, SIKMiA 103BOJISIE PO3IIITHYTH MPOOIeMy
MOJICIIOBAHHS BiIHOCHH €JIEMEHTIB IMPEAMETHOI 00J1acTi y BUIIIsAI HA0OPY MpaBuMII, 0 BU3HAYAIOTh ICHYBAaHHS eJIeMEHTIiB TaHux. Ha
IHiJCcTaBi aHami3y CTPYKTYp i Mojeneit 0a3 gaHuX iHOpPMaLiHHUX CHCTEM BH3HAYEHO 3aralbHUM MigXia 40 moOyIOBH yHiBEpCaIbHOL
TEXHOJIOTi], Opi€HTOBaHOT Ha BHpILICHHS 3aBIaHb YNPABIiHHA TI'eTEPOreHHUMHU iHQOPMAIIHHUMHE pecypcaMy OOYHMCIIOBATBHHUX
CHCTEM.
Knaiwouosi ciioBa: Mozenp JaHUX; CEMAaHTHKA TaHHUX; 0a3a JaHUX; iHTErpallis JaHUX; TeTeporeHHa iHpopMarliiiHa cucTema.
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V. BESKOROVAINYI

COMBINED METHOD OF RANKING OPTIONS IN PROJECT DECISION SUPPORT
SYSTEMS

The subject of research in the article is the process of ranking options in project decision support systems. The goal of the work is to
create a method for ranking options to improve the efficiency of decision support systems by coordinating the interaction between
automatic and interactive procedures of computer-aided design systems. The following tasks are solved in the article: review and
analysis of the current state of the problem of ranking options in design decision support systems; decomposition of the problem of
project decision support; development of a combined method of ranking options, which combines the procedures of technologies of
ordinalistic and cardinalistic ordering; development of a method of minimax selection of options from a set of effective for the
procedure of expert evaluation. The following methods are used: systems theory, utility theory, optimization and operations research.
Results. As a result of the analysis of the modern methodology of decision support, the existence of the problem of correct reduction
of subsets of effective design options for ranking, taking into account factors that are difficult to formalize, knowledge and experience
of the decision maker (DM), has been established. The decomposition of the problem of supporting the making of design decisions
into the tasks of determining the goal of designing an object, forming a universal set of design decisions, identifying sets of admissible
and effective decisions, ranking and choosing the best design option for decision makers has been performed. A combined method for
ranking options has been developed, which combines the procedures of ordinalistic and cardinalistic ordering technologies and allows
you to correctly reduce subsets of effective design solutions for ranking decision makers. A method of minimax selection of options
from a set of effective ones for the expert evaluation procedure of decision makers has been developed, which allows improving the
quality of the assessment. Conclusions. The developed method expands the methodological foundations of automation of processes
for supporting multi-criteria design decisions, allows for the correct reduction of the set of effective alternatives for the final choice,
taking into account factors that are difficult to formalize, knowledge and experience of decision makers. The practical use of the
results obtained due to the proposed procedure for determining the set of effective solutions will reduce the time and capacitive
complexity of decision support, and due to the use of the maximin procedure for selecting options in the synthesis of the estimation
model — to improve the quality of design solutions.

Keywords: design automation; multicriteria evaluation; effective solutions; comparative identification; project decision support;
utility theory.

Introduction

Increasing the requirements for the functional
characteristics of anthropogenic objects, which are
operated in various spheres of human activity, leads to the
complexity of technologies and means of their design [1].
Within the methodology of the system approach to obtain
effective and sustainable design solutions, it is advisable
to jointly solve the problems of structural, parametric and
technological optimization of objects at all major stages of
their life cycles [2]. However, most of these problems are
combinatorial in nature and are solved by a set of
functional and cost indicators in terms of incomplete
definition of goals and data [3-4].

The most complex objects of design and
management are organizational and technical systems,
which are characterized by significant structural
complexity and contain, along with traditional technical
components, active (organizational) elements [5]. In
territorially distributed technical and organizational-
technical  objects  (service  systems, logistics,
telecommunications, monitoring, etc.) cost and functional
characteristics are significantly dependent on their
topology (territorial organization) [6-7]. The processes of
design, development planning or reengineering of such
objects are even more complex due to the fact that they
include in addition to the above traditional synthesis
problems the problem of their topological optimization [8-
10]. This leads to the need to generate and analyze super-
powerful sets of alternatives. However, the vast majority
of decisions generated using automatic procedures are
inefficient, and the choice of the implementation of the

design object is made by the decision maker (DM), who is
able to analyze and make a choice among only a few
options [11].

At the same time, it is often not possible to
substantiate a single scalar criterion for assessing
efficiency, which would fully characterize the alternatives.
Based on this, DM evaluates the effectiveness of the
alternative as a whole based on the analysis of some set of
contradictory criteria, each of which characterizes some of
its partial properties [12-14]. Evaluation of the
effectiveness of alternatives is traditionally carried out
using the theory of utility. The decision-making process
for choosing the best project option is carried out using
the methods of individual or collective expert evaluation
[15-17]. The above raises problems of coordination of
interaction between automatic and interactive design
procedures of computer-aided design systems. One of
them is the problem of forming and correctly reducing the
set of effective alternatives for the final choice, taking into
account factors that are difficult to formalize, knowledge
and experience of DM.

Analysis of the problem and methods of its solution

In the first stages of formalization, the essence of the
problem of project decision-making can be represented by

the logical expression "necessary s°" or formally
<—,8°> (where s° is the optimal project decision) [18].
In this case, the decision-making situation d (formally
<d,—>) is usually not defined clearly enough. To move

© V. Beskorovainyi, 2020
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to the decision-making task of the form, the problem is
decomposed into a set of auxiliary problems of the form:

"given <d,—>, necessary <d,s*>", i.e.
<<d,->,<d,s’>>, or "given <-—,s°>, necessary
<d,s®>" ie <<—,8°>,<d, s’ >>.

In the subsequent stages, the problem of making
design decisions can be presented as a system Pr,
consisting of the set of tasks [19]:

Pr =<Tasks, Rels >, Tasks ={Task; }, i=16, (1)

where Tasks — the set of tasks obtained as a result of
decomposition of the problem; Rels —the set of
relationships between tasks that determine the scheme of
their relationships on input and output data; Task, — goal

setting; Task, — formation of a universal set of design
solutions S" ; Task, — selection of a set of valid solutions
ScSY; Task, — selection of a subset of effective
solutions S® =S = SY; Task, —decisions s e S® ranking;
Task, — choosing the best design solution s° € SF.

The task of determining the goal Task, is to
establish the set and importance of indicators (partial
criteria) of effectiveness k(s), i=1,m, which

adequately characterize the design solutions [6, 20]. It
determines  the relationship  between  functional
k;(s)eQ(s) and costly k(s)eC(s) characteristics

k(s), i=1,m of the design solutions. The generalized

functional effect (3(5) of the object S in the general case
is a non-decreasing function of the amount of resources to
achieve it (cost) Q(s)=F[C(s)] (where Q(s) and
6(5) are generalized scalar estimates of the effect and

costs S; F is an operator that reflects the strategy of
resource use, which is determined by the construction
option of the S object).

The problem of determining the universal set of

design solutions SY (Task,) is combinatorial in nature
and can have computational complexity from O[2"] to
O[n!] . Its solution is carried out based on the specifics of

the projected object and the design task. In practice,
methods of directed search are widely used, which allow
to significantly reduce the set of alternative solutions that
are generated and analyzed in the process of designing
objects [21].

The problem of determining the set of admissible
solutions S = SY (Task,) is to remove from the universal

set SY of a subset of solutions S that do not satisfy the
constraint of the problem to be solved S = S" \S [6]:

ki(s)Zkj Vki(s)eQ(s), k(s)<k’ Vk(s)eQ(s).(2)

The task of selecting a subset of effective design
solutions SfcS (Task,) is to remove from the

admissible set S = SY of subsets of inefficient solutions

S° < S. Thus the variant of the design decision s© € S¢
is called effective if on a set S of admissible design
decisions there is no decision s e S for which inequalities
would be fair [22]:

k(s)>k(s®),if k(s)—>max, 3)

k(s)<k(s®),if k(s)—>min (4)

and at least one of them was strict.

Depending on the features of the problem, methods
are used to solve it: discrete choice, weight [23], pairwise
comparisons, Carlin, Hermeyer [22], evolutionary search
[24-26].

Methods of discrete choice and pairwise
comparisons allow to correctly select subsets of effective
solutions, but have a relatively high time complexity.

A subset of effective variants S* < S by the Carlin
method is found by combining solutions s° and i=1,m

that optimize each of the partial criteria by solving a set of
parametric programming problems [22, 27]:

s =argmax{P(s)=Y 45(s)},  (5)
heA={4:4>0 vi=Im, Y4=1}, (©)

where & (s) — the value of the utility function (normalized
value) of the i-th partial criterion; A4, — weighting factor
of the i -th partial criterion.

The subset of effective design solutions S < S by
the Hermeyer method is determined by combining options

s, i=1,m that optimize each of the local criteria by

solving a set of parametric programming problems [22-
27]:

st =arg max{ P(s)=min 4&(s)}, ™
AeA={A:2>0 Vi=1m, Zm:/llzl. (8)

To reduce the time complexity of the methods of
pairwise comparisons, Carlin and Hermeyer use
procedures for selecting subsets of suboptimal Pareto
solutions S’ for which the condition is satisfied

Sf =S’ S [28]. They are implemented by the methods
of "sector" or "segment" and provide for a set of
acceptable solutions S ={s} to pre-determine the best
options for each of the partial criteria k', i=1,m.

Hyperplanes are drawn through the points k', i=1,m

lying on the boundary of the set of admissible solutions
S ={s} in the area of partial criteria. Hyperplanes will

divide variants into subsets that fall into a sector S; oS¢

or segment S, oS, respectively, and those that are
inefficient in the sense of (3)-(4):
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s=s/US", s/NS" =g; ©)

s=s,US", siNS =o. (10)

Among evolution, the most popular method is based
on a genetic algorithm with non-dominant sorting NSGA-
Il [29]. It is used to determine the Pareto front on
acceptable sets of ultra-large size and has the ability to
give convergence to the front and a good distribution of
solutions across the front. To accelerate the rate of
convergence of genetic algorithms to the Pareto
front, a method of reducing the number of target
functions based on the principal components method is
used [30].

The ranking of solutions (Task,) and the choice of

the best design solution s° € SF (Task, ) is based on the

paradigm of utility maximization within the framework of
ordinalistic or cardinalistic approaches [23]. When using
the ordinalistic approach, the ordering of a small set of
effective solutions se SF is carried out by DM. When
using the cardinalistic approach, a generalized efficiency
criterion P(s) is formed; it is used for scalar evaluation

and selection of the best design solution:

s® =arg maExP(s).

seS

(11)

At the same time, in both approaches, it is
considered that each of the design solutions is assigned a
value of some of its value P(s), which determines their

order [19]:
VsveS:s~ve P(s)=P(v);
S~VveP(s)>P(v);
SV« P(s)=P(v).

(12)

To solve these problems, methods of comparative
identification [11, 19] or expert collective assessment
[31-35] are used, which give quite satisfactory results on a
set of effective low-power solutions. In this case,
the model of generalized utility based on
the Kolmogorov-Gabor polynomial is used as a universal
one [11, 19, 36].

Research results

According to the results of the review of the current
state of the problem of project decision support, it is
established that:

- most design tasks are multi-criteria and have a
combinatorial nature;

- the process of solving them involves the generation
and automatic analysis of huge numbers of design
solutions;

- the vast majority of solutions generated in the
design process are ineffective according
to Pareto;

- methods of allocating subsets of effective solutions
have a high time and capacitive complexity and, based on

the peculiarities of design tasks, give subsets of enormous
power;

- evaluation of the effectiveness of design solutions
is traditionally carried out using the theory
of utility;

- the process of making a final decision is carried out
using the methods of expert evaluation, in the process of
which only a small number of project decisions can be
analyzed.

There is a need to correctly reduce subsets of
effective design solutions for ranking, taking into account
factors that are difficult to formalize, knowledge and
experience of DM.

The aim is to develop a combined method of ranking
options in project decision support systems, which will be
based on the procedures of ordinalistic and cardinalistic
ordering.

As a result of decomposition of the problem of
obtaining stable and effective system solutions for
complex design objects at the | -th (lower) level, we will

highlight the tasks [6]: Task, — definition of the principles
of object construction; Task, — choice of object structure;
Task, — determination of the topology of elements and
connections; Task; — choice of operating technology;
Task, — determination of parameters of elements and
connections; Task, — evaluation of efficiency and

selection of design solutions.

The scheme of system optimization of the object on
the selected set of tasks can be presented in the form of a
tuple [37]:

SysOptS = <Tasks, InDat, Res, DesDec, ProcDec >, (13)

where: Tasks =<Task!' >, i=16 — an ordered set of

tasks; InDat — set of input data tasks; Res is a set of task
constraints; DesDec is a set of design optimization
solutions; ProcDec — a decisive procedure that assigns a

non-empty subset {DesDec’}, i=16 to each npair
<InDat?,Res’ > .
The number of design solutions Card (SY)

increases nonlinearly with increasing dimension of the
problem (the number of partial criteria for evaluating
solutions m, the number of elements of the design
object n, the number of types of elements,
the number of possible locations of elements, etc.). It is
known that the power of a set of effective solutions is
much less than the power of a set of acceptable solutions
Card(SF)<<Card(S).

Table 1 shows examples of increasing the capacity of
the universal set of acceptable Card (S" ), subsets of

effective design solutions Card (SF) and reducing the
relative capacity of the subset of effective solutions
0S = Card (S¥)/ Card (S* ) in the task of structural and

topological optimization of a three-level centralized object
on four indicators (m=4).
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Table 1. Estimation of capacities of sets of admissible and effective design decisions

n 15 20 25 30 35 40
Card (SY) 3,27-10% 1,04-10° 3,35-107 1,07-10° 3,44-10%0 1,09-10%2
Card (SF) 7,53-10? 9,12:10° 5,7-10% 1,18-108 2,06-107 8,79-107
oS 0,023 0,0087 0,0017 0,0011 0,0006 0,00008

To solve the problem of ranking solutions from the
sets S ={s} acceptable in design automation systems, a

combined expert-machine method is proposed. It involves
the sequential implementation of the following stages:
selection on the set of allowable subsets of effective

options S® 'S, Card(S®)<<Card(S); determining
the preferences of experts on the importance of different
properties of options seS®, which are assessed by

partial criteria k;(s), i=1,m; parametric synthesis of the
generalized utility function P(s); ranking of options

using the synthesized generalized utility function
P(s)>P(v) <> s>V Vs,veS®; selection on a subset

S® of a subset of some of the most effective options
S'cSF, card(S’)<<card(S®); determining the ranks
of a subset of the most effective options.

Taking into account the limitations of the problem
and the use of directed search methods can significantly
reduce the set of acceptable solutions S relative to the
universal set of solutions SY, which leads to a
corresponding reduction of the subset of effective
solutions S®. However, in practice, the allocation of a

subset of effective solutions S® S, storage and
processing of information about it is quite problematic.
Based on this, it is proposed not to select a subset
SF of the set of acceptable solutions, but to form it in the
process of generating options. This allows not only to
significantly reduce the amount of memory to
store the characteristics of options for a set of

It is proposed to determine the advantages of DM by
parametric synthesis of the generalized utility function of
solution variants based on the Kolmogorov-Gabor
polynomial. [11, 19]:

P(5)= 3 AE(S)+ DD A& (S (5)+

.o D
+; ZZ Ap&i (), (8)&(s)+...
;(s)=Ei(s)=%, i—Im,  (15)

where P(s) — generalized scalar assessment of the

effectiveness of the solution s€S®; m — number of
partial criteria; 4, 4;, 4, — coefficients of importance of
criteria k(s), i=1,m and product of criteria k(s),
k,(s), k(s); 0<&(s)<1, i=1,m — the value of the
utility function of the partial criterion k(s), i=1,m fora
solution s; k;(s), k", ki — accordingly, the value of the
partial criterion for the solution s, the best and worst
value of the criterion k,(s), i=1,m.

Function (15) requires a minimum number of
machine operations to calculate its values among common
functions [20]. For a more accurate nonlinear (S- and
Z-shaped) approximation of estimates of the usefulness of

the values of partial criteria, it is proposed to use a
universal gluing function, which is the best in terms of the

indicators  k,(s), i=1m, but also the computer complex indicator "accuracy-complexity” among the
time to install a subset of effective solutions. common [38]:
5(b1+1)[1—£b1/[b1+@m,osk(s)sia;
Ka
&(s)= (16)

a+(1-a)(b, +1)><><[1—[b2 /(bz +

where &(s)=k(s); ka,a — normalized values of the
coordinates of the gluing point, 0<k.<1, 0<a<1;
b, , b, — coefficients that determine the type of dependence
on the initial and final segments of the function.

The value k-, i=1m for (15) should be
determined on the whole set of admissible solutions
S ={s}. Their definition only on a subset of effective S*
leads to the fact that the worst values of the utility

Mmi <k(s)<1,
1—Ka

functions of partial criteria &(s), i=1,m (15) and (16)
will be equal to 0 [11]. In this case, the property of
universality of the model constructed on the basis of the
Kolmogorov-Gabor polynomial (14) disappears and it is
transformed into the classical additive model.

The number of summonds N in model (14) is
determined by the required accuracy of restoring the
benefits of DM. To determine the parameters of model
(14) we will use the technology of comparative
identification [11, 36].
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The unreasonable choice of solutions for the
parametric synthesis of model (14) reduces the accuracy
of determining the advantages of DM, which is given by

the values of the weight coefficients, 4, 4;, ﬂ,”.l ,-.oo TO

increase the accuracy of identifying the advantages of
DM, we select among the effective subset of a given
number of the best options S’ < S by criterion:

s'=arg max min&,(s).
segE Iism

(17)

DM on the basis of requirements to the design
decision and subjective estimations forms the binary
relation of strict advantage on pairs of options [39]:

R(S')={<sv>:sveS' s>v}. (18)

Given the possibility of scalar estimation of solutions
(14), for relation (18) we make a system of inequalities:

P(A,5)>P(A,v), s,veR(S"), (19)

where A — the desired vector of parameters of the
generalized utility model (14).
Let’s enter the notation:

51(X)'§1(X):§m+1(x)’ /11,1 =A’m+1’ 51(X)'§2(X):§m+z(x)7
A, =4 (20)

me2 9 <o *

The maximum number of terms of model (14) is
N=C" -1 (where n is the given degree of the

polynomial). Taking into account the accepted notation
(20), model (14) can be presented in the classical additive
form:

P(25)= 34 4(5). @

Then the problem of parametric synthesis of the
generalized utility function (21) is reduced to determining

the vector of weight coefficients [4 ], i=1,N, which

satisfies the formed system of inequalities and
normalizing conditions:
N —
A =1 420, i=LN. (22)
i=1

Taking into account (21) we present a system of
inequalities (19) and equations (22), in the form:

nj(/l)zii, gj(s)—iﬁ,I &(v)>0, <s,v>eR(S"),

j=1n’, (23)

where n'=Card R(S') — the power of the set of the
established ratio of strict advantage (19).

The first part of the system (23) are homogeneous
inequalities defining the set of planes that pass through the

origin, and the second part acts as a normalizing condition
and defines the cutting plane.

The obtained system of inequalities and equations
(23) can have innumerable solutions or be incompatible (if
there are contradictions in the advantages of DM). The
problem of determining stable estimates of the vector of
weights of model (21) can be reduced to finding the
Chebyshev point [11, 19, 39].

Let’s introduce an additional variable A,,, in the

system of constraints (23) and require that the conditions
7;(A)< Ay, J=1,n" are satisfied. Then the search for
the Chebyshev point of system (23) is reduced to solving
the problem:

Ay, —> Min;

17,(A)+ Ay.1 >0,

N
el A)=D 4 =1, 420,
i=1

j=1n’,

i=1,

If the system of inequalities (24) is compatible, then
the indicator variable is

r=mﬁin m?xnj(ﬂ)go, (25)
and the obtained solution A° will be as resistant as

possible to possible shifts of the constraint planes
(variations of DM advantages). If the system of constraints

(24) is incompatible, then >0 . In this case, for the
system of DM advantages, given by the binary relation
R(S") (18), there is no vector of weight coefficients of
partial criteria [ 4 ] that satisfies the conditions (24).

At the next stage, the values of the generalized utility
function P(A°,s) (21) are calculated for all effective

variants s € S® with the set values of weight coefficients
[A°], i=1,N . This allows the ranking of the whole set
of effective options using the values of the synthesized

generalized utility function.
At the last stage, based on the quantitative evaluation

of options P(A1°,s), seS®, asubset S° € S* of a given

o

number n° of the best options is selected. With
Card(S°)<<Card(S®) . After that, DM, using the

methods of expert evaluation or lexicographic
optimization, makes the final choice of the best option
s°eS°,

Conclusions

In the process of analyzing the problem of project
decision support, it was found that most design tasks are
multi-criteria and combinatorial, and the final decision-
making processes are carried out using expert evaluation
methods by analyzing only a small number of options. In
practice, this leads to the problem of correctly reducing
subsets of effective design solutions for ranking, taking
into account factors that are difficult to formalize,
knowledge and experience of DM. As a result of
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decomposition of the problem of support of design
decisions the tasks of definition of the purpose of
designing of object, formation of universal set of design
decisions, allocation of sets of admissible and effective
decisions, ranking and a choice of the best design decision
are allocated.

To coordinate the interaction between automatic and
interactive design procedures of automated design and
control systems, a combined method of ranking options is
proposed, which combines the procedures of ordinalistic
and cardinalistic ordering technologies. It involves the
sequential implementation of the stages of formation of a
subset of effective options, determining the preferences of
experts on the importance of individual properties of
options, which are evaluated by partial criteria, parametric
synthesis of generalized utility function, ranking options
using synthesized generalized utility function, selection of

subsets of multiple options and several ranks of the
options selected in this way. Parametric synthesis of the
generalized utility function, built on the basis of the
Kolmogorov-Gabor polynomial, is proposed to be carried
out using the method of comparative identification on a
set of alternatives with maximum values of indicators.

The developed method expands the methodological
principles of automation of support processes for multi-
criteria design solutions, allows to correctly reduce the set
of effective alternatives for the final choice, taking into
account factors that are difficult to formalize, knowledge
and experience of DM. The practical use of the obtained
results due to the proposed procedure for determining the
set of effective decisions will reduce the time and capacity
complexity of decision support, and through the use of
maximum selection in the synthesis of the evaluation
model that is to improve the quality of design decisions.
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KOMBIHOBAHUM METO/] PAH)KYBAHHSI BAPIAHTIB Y CHCTEMAX
HIATPUMKHU ITPUUHATTA IPOEKTHUX PIIEHD

ITpeaMeToM OCII/UKEHHSI B CTATTI € MPOLIEC PAH)KyBaHHs BapiaHTIB y CHCTEMax MiATPUMKH NPUUHSITTS NPOEKTHHX pinreHb. MeTa
poOOTH — CTBOpEHHS METOJY paH)KyBaHHS BapiaHTIB Ui MiJABHIICHHS ¢()EKTHBHOCTI CHCTEM MINTPUMKH TPHAHATTSA PIIICHb 3a
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PaxyHOK Y3TOZKEHHS B3a€MOJIl MiXK aBTOMATMYHUMHM # IHTEPaKTUBHHMH IPOLIELYPAaMU CHCTEM aBTOMAaTH30BaHOTO NPOEKTYBAaHHS.
VY crarTi BUpINIYIOTHCS HACTYIHI 3aBJAHHS: OTJDII 1 aHAi3 CyYacHOTO CTaHy HpOOJEMH paH)KyBaHHS BapiaHTIB y CHCTEMax
MiATPUMKN TPUHHATTS TPOEKTHHUX pIlIeHb; JEKOMIIO3MIUS NPOOIEeMH MIATPUMKH HPUHHATTS TPOEKTHHX pillleHb, pO3poOKa
KOMOIHOBaHOTO METOJy paHXXyBaHHS BapiaHTIB, SIKHH 00’€IHye HPOIENYPH TEXHOJOTIH OpIMHAIICTHYHOTO Ta KapAWHATICTHYHOTO
BIOPSIKYBaHHS; pO3poOKa MeTomy MIiHIMakCHOrO BHOOpY BapiaHTIB 3 MHOXHHH €(QEKTHBHHX [UIS IPOLEAYpPH EKCIEPTHOTO
OIIHIOBAaHHA. BUKOPHCTOBYIOThCA Taki MeTOAU: Teopii cucTeM, Teopil KOPHCHOCTi, ONTMUMi3alii Ta NOCTIKEHHA OIepaLiil.
Pesynpratu. 3a pesynbraTaMu aHajily Cy4acHOi METOHOJIOTI] MIATPUMKH HPUHHATTS pillleHb BCTAHOBJICHO iCHYBaHHS MpoOJIeMu
KOPEKTHOTO CKOPOYCHHS MiJMHOXMH ©(pEKTUBHUX MPOEKTHUX BapiaHTIB AJsI PAH)KyBaHHS 3 ypaxyBaHHAM (aKkTOpiB, IO BaKKO
mignaroTees Gopmaiisauii, 3HaHb 1 JOCBiAy ocobwu, mo npuiiMae pimenns (OIIP). Bukonana mpexommosuuis mpoOiIeMu MiITPUMKH
NPUHHATTS TIPOEKTHHUX pIlleHb Ha 3afadi BU3HAUYEHHS METH NPOEKTYyBaHHA 00’€KkTa, (OpMyBaHHS YHIBepCaIbHOI MHOXHHH
MIPOEKTHUX PpillleHb, BUJUICHHS MHOXHH JIOMYCTUMHX Ta e(EeKTHBHHUX pillleHb, pamkyBaHHA Ta BuOopy OIIP Haiikpamoro
MIPOEKTHOTO BapiaHTy. Po3poOneHo KOMOIHOBaHMH METOA pPAH)KyBaHHS BapiaHTIB, SKHH 00’€IHYe TPOLEAYypH TEXHOJOTIH
OPAMHANICTUYHOTO Ta KapJUHAJICTHYHOTO BIOPSAKYBAaHHS Ta JO3BOJISIE KOPEKTHO CKOPOYYBATH ITIIMHOKHH e(EKTHBHHUX MTPOEKTHUX
pitens mis pamxyBanus OITP. Po3po6ieHo Meron MiHIMakcHOro BHOOpPY BapiaHTIB 3 MHOXHHH €(EKTUBHUX Ul MPOLELYpU
€KCIEPTHOrO OLIHIOBAHHSA 0CO00I0, IO NpHUiMae pillleHHS, SKUH [J03BOJISE IMiIBHUILYBATH SKICTh OLIHIOBaHHA. BHCHOBKH.
Po3po6iennii MeTon pO3IMIMPIOE METOAOJOTIUHI 3acagyl aBTOMATH3allii HpoLEciB MiATPUMKH OaraTOKpUTEpiaJbHUX NPOEKTHUX
pillleHb, O3BOJSE 3IIMCHIOBATM  KOPEKTHE CKOPOUCHHS MHOXHHH C€(EKTUBHMX aJbTEPHATHB OIS OCTaTOYHOrO BHOOpPY 3
ypaxyBaHHSM (DaKTOpiB, IO BaXKKO MiAIaloThes Qopmamizamii, 3HaHs 1 gocBigy OIIP. IlpakTnyHe BHKOPHUCTAHHS OTPHMAaHUX
Pe3yNbTaTIB 32 paxyHOK 3aIPOIIOHOBAHOT IPOIEYpH BH3HAUYCHHS MHOXXHMHH €(EKTUBHHUX PillleHb JO3BOJHTH CKOPOUYBATH YacOBY H
€MHICHY CKJIaJJHOCTI HiITPUMKHN HPUHHSATTS pillleHb, a 32 paxyHOK BUKOPUCTaHHS MAaKCHMIiHHOTO BifOOpY BapiaHTIB HpPH CHHTE3i
MOJIEJTi OI[IHFOBAHHS — IMiBUIIUTH SKICTh MPOEKTHUX PIllICHb.

KnrouoBi cioBa: aBTOMaTH3allis NPOEKTYBaHHS; OaraTOKpUTepiajlbHE OLIHIOBAaHHS; €(EKTHBHI pIlICHHS; KOMIIapaTopHa
ineHTH}IKaLisA; TIATPUMKA IPUHHATTS MPOEKTHUX PIllIEHB; TEOPisi KOPUCHOCTI.

KOMBUHHUPOBAHHBIA METO/I PAHXKUPOBAHUSI BAPUAHTOB B CHCTEMAX
INOJAEPXKKHU NPUHATUSA IIPOEKTHBIX PEHIEHUN

IIpenmeToM HcCIEIOBAHUSA B CTAaThe SBISAETCS MPOIECC PAHKHUPOBAHUS BAPUAHTOB B CHCTEMAaX IMOJICP)KKH HMPUHATHS HMPOEKTHBIX
pemrennii. Heas paGoTel — co3gaHHe METOAA PAHKHPOBAHHUS BAPHAHTOB IS MOBBIMICHUS 3()(EKTUBHOCTH CHUCTEM IOAAEPKKH
MPUHATHSA PEHICHHI 3a CUET COTNACOBAHUS B3aMMOMACHCTBHS MEXIy aBTOMATHYECCKHIMHU M WHTEPAaKTUBHBIMHU IPOIEAypaMU CHCTEM
aBTOMATH3UPOBAHHOTO MNPOCKTHPOBaHUA. B cTaThe pemarorcs ciiefyromue 3agadd: o030p M aHAIM3 COBPEMEHHOIO COCTOSHUS
poOJIeMbl paHKUPOBAaHHE BApHAHTOB B CHCTEMax HOAJCPKKH IIPHHATHS IPOSKTHBIX PELICHHH; JEKOMIO3ULMS MPOOIeMbl
TIOJJICP’KKH TIPUHSTHSL NPOEKTHBIX PpEIIeHUH; pa3paboTka KOMOMHMPOBAHHOTO METOJa PAHXMPOBAHHS BapHUAHTOB, KOTOPBIH
00BEANHSET MPOLELYPhl TEXHOJIOTHI OPANHATUCTUYHOTO U KapAMHATMCTHYHOTO YIOPSAIOUSHNU; pa3paboTKa MeToja MUHIMAaKCHOTO
BBIOOpa BAPHAHTOB U3 MHOXKECTBA AP (PEKTUBHBIX AJI MPOLIEAYPHI SKCIEPTHOTO OlleHHBaHUs. VICTIONb3yIOTCSl TAKHE METOABL: TEOPUH
CHUCTEM, TEOPHM IIOJIE3HOCTH, ONTHUMM3AIMM W HccienoBaHus omepaiuil. Pesdyabrarbl. B pesynbrare aHanuza coBpeMeHHOM
METO/JOJIOTHN MOAJEPKKH TPHHATHS PEIICHHH YCTAHOBIEHO CYIIECTBOBAHHWE MPOOIEMBI KOPPEKTHOTO COKPAIICHUS MOAMHOMKECTB
3¢ PeKTHBHBIX MPOEKTHBIX BAPHAHTOB JUIS PAHKUPOBAHUS C y4eTOM (PaKTOpOB, TPYIAHO IOJNAIONIMXCS (hOpMalM3aluy, 3HAHUH 1
ombITa NHna, npuHuMatomiero peuierus (JIIP). BremonHena nexoMmo3unus mpoOaeMbl TOAAEP KKH TPUHATHS TPOCKTHBIX PElIeHUH
Ha 3aJa4d OIpeIeseHHs] LEeNH IMPOEKTHPOBaHUS O00BbEeKTa, (HOPMUPOBAHMS YHUBEPCATBHOTO MHOXKECTBA INPOEKTHBIX pEIICHUH,
BBIZIEJICHHSI MHOXKECTB JIONYCTUMBIX M 3((GEKTUBHBIX pEIleHUH, pamkupoBanus U Bbibopa JI[IP mydinero mpoexkTHOro BapuaHTA.
Pa3zpabotan KOMOWHHMPOBaHHBIH METOJ  DPAH)KMPOBAHHS BApHAaHTOB, KOTOPBIH OOBEAMHSET MPOLEAYPHI  TEXHOJOTHI
OpMHAIMCTUYHOTO M KapIUHATMCTHYHOTO YIOPSIOYEHHS W IO3BOJSIET KOPPEKTHO COKpAaIlaTh IMOJAMHOXKECTBA 3(dEeKTHBHBIX
MIPOEKTHBIX perieHui st pamkuposanus JI[IP. Paspaboran MeTog MHHIMaKCHOTO BBIOOpa BapUAHTOB M3 MHOKECTBA d(PPEKTUBHBIX
IUTS TIPOIIEAYPHI dKcTepTHOTO onleHnBanus JI[IP, KOTOPEIA MO3BONISET MOBBICHTH Ka4ecTBO OleHMBaHUA. BhIBoabl. PazpaGoTaHHBII
METO/] PaCIIAPSAET METOJOTOTHIECKHE OCHOBBI aBTOMATH3AINH TIPOIIECCOB MOAAEP KK MHOTOKPUTEPHAIBHBIX MMPOESKTHBIX PEIICHHUH,
MO3BOJISIET OCYIIECTBISITh KOPPEKTHOE COKPAIIEHHE MHOXKECTBA 3P (PEKTHBHBIX aNTbTEPHATHB ISl OKOHYATEIEHOTO BBIOOpA C YIEeTOM
(axTopoB, TpyaHO noanatomuxcs Gopmannzanuy, 3Hanui u onsita JIIIP. [TpakTHueckoe UCOIB30BaHUE MOTYUCHHBIX PE3YJILTATOB
3a CYeT MNpPEMJIOKEHHON IpOLeIypbl ONpe/eNeHUss MHOXecTBa A(P(EKTUBHBIX pPEIICHHI IO3BOJUT COKpAllaTh BPEMEHHYIO H
E€MKOCTHYIO CJIOKHOCTH NMOJAEP’KKU NPUHATUS PELICHUH, a 3a CYeT UCMOJIb30BAHUS MAKCUMHHHOW IpOleaypbl 0TOOpa BapUaHTOB
IIPYU CUHTE3€ MOJICIIN OLICHUBAHUS — MIOBBICUThH KAU€CTBO MIPOEKTHBIX PELIeHUi.

KnroueBble ci10Ba: aBTOMATH3aIMs IPOSKTUPOBAHNS; MHOTOKpHUTEpHAlbHAS OI[EHKA; d(Q(QeKTHBHBIE PEIIeHNs; KOMIIapaTopHa
nAeHTH(GUKANWS; TOAAEepKKa IPUHATHS IPOSKTHBIX PELISHH; TEOPHsI MOIE3HOCTH.
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A. BONDAR, S. ONYSHCHENKO

EXPERIMENTAL STUDIES OF A MODEL FOR OPTIMIZING THE PORTFOLIO OF
A PROJECT-ORIENTED ORGANIZATION BASED ON THE ENTROPY CONCEPT

The subject of the research is the optimization of the composition of the project portfolio based on the entropy concept. The aim of
the study is to experimentally test the model for optimizing the portfolio of a project-oriented organization and substantiate its
applicability in practice in management processes to ensure their effectiveness. Research objectives: forming a model taking into
account the accepted value of the organization; formation of initial data on the organization and alternative projects; portfolio
optimization by model and interpretation of results. Research methods: system analysis, functional analysis, operations research.
Results. A model has been developed for forming a portfolio structure from projects of two categories — operational and
development; the optimization criterion is to minimize the discrepancy between the desired and actually provided value of the
organization. The restrictions take into account the maximum allowable energy limit and the minimum allowable value limit. As a
result of the study, the applicability and adequacy of the model for optimizing the portfolio structure of a project-oriented organization
were substantiated. The model makes it possible to obtain solutions on the optimal structure of a portfolio of projects in terms of its
value under given resource constraints (in the form of a share of total energy and output energy) and energy entropy. The studies
substantiated the possibility of adjusting the model in terms of the optimization criterion (maximizing value, minimizing energy
entropy) and adding restrictions on the maximum permissible border of information entropy and energy efficiency. Conclusions. The
model under consideration is characterized by wide practical application, taking into account its possible adjustment without changing
the basic essence, taking into account the specifics of a particular field of activity or organization. The practical use of the main
indicators of the entropy concept - information entropy, temperature, energy entropy, which characterize the state of organizations,
allowing to identify hidden problems before they are reflected on the traditional indicators of organizational performance is
demonstrated. Taking this into account, the structure of the project portfolio is being formed within the framework of the considered

approach.

Keywords: project; portfolio; model; energy entropy; information entropy; energy efficiency.

Introduction

The specificity of project-oriented organizations is
that their current activities and development are carried
out through projects [1]. The effectiveness of project-
oriented management is justified both in theoretical
studies [2] and in applied works related to specific types
of activities (for example, [3]).

The project portfolio of these organizations forms
the final result, which, in the context of modern project
management methodology, represents the value of the
organization [4, 5], which can be calculated both in the
form of economic indicators and in the form of indicators
characterizing, for example, the market status of the
organization.

The allocation of the organization's resources
between portfolio projects and the formation of its optimal
structure allows the organization to build its current
activities and development in such a way as to maximize
value under certain resource constraints and the desired
state.

The entropy concept of managing organizations [6-
11] puts forward new requirements that must be taken into
account in the processes of optimizing a portfolio of
projects in order to ensure not only economic efficiency,
but also the sustainability of the organization [12] in the
context of information and energy entropy.

Analysis of recent research and publications

A significant number of works are devoted to the
problem of forming the optimal composition of portfolios
of project-oriented organizations [13-20]. International
standards for project portfolio management [13] set a

certain benchmark for theoretical research.

Most of the works, for example [14, 15], focus on
ensuring the achievement of the strategic goals of
organizations, which is the essence of the core value of
portfolios. In some works (in particular, [16]), the
dynamics of the state of the organization is taken into
account and the portfolio of projects is also considered in
the form of a dynamic structure. In [17], approaches were
proposed to the formation of a portfolio taking into
account risks.

Thus, it can be argued that the instrumental basis for
the formation of the optimal composition of project
portfolios in the form of models and methods has been
sufficiently developed in modern research.

Nevertheless, as mentioned above, the new entropic
concept of managing organizations, which assesses their
state by means of energy entropy [10-12], forms a new
approach to optimizing the composition of the project
portfolio. In particular, ensuring high economic
performance without a corresponding increase in control
over the external environment (controlled part of the
external environment) [11], which is expressed in a
gradual decrease in information entropy, as well as an
increase in the efficiency of the use of total energy
(resources), will not lead the organization to the required
stable state. in a modern turbulent environment.

In [12], on the basis of the entropy concept of
management of organizations, a model was developed that
allows one to determine the optimal composition of a
project portfolio that meets the requirement of balance in
terms of the value-entropy ratio. Justification of the
reliability and practical applicability of this model is
impossible without appropriate experimental studies,
which is the essence of this study.

Thus, the aim of this study is to experimentally test

© A. Bondar, S. Onyshchenko, 2020
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the model for optimizing the portfolio of a project-
oriented organization and justify its applicability in
practice in management processes to ensure their
effectiveness.

Results

The model for optimizing the composition of a

portfolio of projects provides for the following
management parameters:
x®={1,0} i=1n, x2'={1,0} j= im, (1)

selection of development projects and current activities
from a variety of alternative options, T,,T, — accordingly,

the duration of the life cycles of these projects,
0=1,K-T, + 1,i= In and v= LK-T, +1,;= =I,m — alternative

K-Tj+1

n
t=1 [Il o=1

where V'(t)
composition, V,,(t),V,,(t), accordingly, the contribution to
the value of organizing projects of each category.

— value provided by current portfolio

n KTj+1

z z V.g(t) xdev i

i=l =1

Condition for the maximum allowable value of
energy entropy:

S(t, x5, x;,) < S™(), t=1K. 4)

The formation and formalization of the energy

entropy of an organization is presented in detail in [10],

where the energy entropy of an organization is determined

on the basis of its energy parameters and information

¥ V0 3 >

options for starting projects of two categories under
consideration. Taking into account that K is the end of the
portfolio planning period, the values K-T;+1, K-T,;+1

characterize the latest start of the project, so that its life
cycle falls within the planning period of the portfolio K.

After the implementation of projects of current
activities, there are no qualitative changes in the state of
the organization, after the implementation of development
projects, certain "leaps" of the state are formed, for
example, the information entropy decreases or the share of
possible use of total energy increases (that is, the part of
free energy that can be directed to the implementation of
New projects).

The objective function ensures that the discrepancy
between the actual and desired V™(t) values of the

organization is minimized:

2

K—Tj+1
L 2 VL0 VO )| > min @
v=1 dev Leur
Yo Ty
Condition for ensuring the minimum value
boundary:
K—TJ'H -
D V@)XV )2 V™ 0).1=1K. ()
=1
entropy, which are formed as a composition

corresponding to the characteristics of projects:
H,(t),H ,(t) —information entropy;

U, (t),U,(t) —total energy;

Eo (1), Ef5(t) —output energy;

ED (1), E ° (t) —incoming energy.

Limitations on available resources in the form of

total energy (potential) and  output energy:
n K-Tj+1 m KTj+l L
> UMY D U @)X U™ @) =1K, (5)
=1 0=1 j=1 v=I
n K-Tj+1 m K—Tj+[ -
> OES®-xr Y. D EX@)-x SE™@),=LK. (6)
i=1 0=I =1 v=I
Conditions for the selection of projects (that is, at least one project must be selected):
n K-Tij+1 m KT +17
Z Z xdev >]Z Z cur>1 @
i=1 0=1
In addition, from the many options for a K-Tj+1 kT o
project from the point of view of its start, only one Z x5 < 1,i=1,n; Z X< Lj=1m. 8)

should be selected (or none, therefore the sign "less
or equal™):

K-Tj+1 KTj+1 -

Z x5 < 1Li= 1n; z x5 < Lj=1m. (7)

o=1 v=1I

0=1 v=1

Model (1) - (8) provides the formation of a portfolio
of projects in accordance with the conditions and criteria
described above.

Let us consider the application of this model to
optimize the project portfolio of a specific organization
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(the "Transmarine” company), which operates in
the field of sea transportation, providing services
for both cargo delivery and storage, and the formation of
groupage shipments. The company has many
branches, its own storage sites and warehouses, vehicles.

In accordance with the current composition of

the portfolio of projects, the forecast of the state and
performance of the organization under consideration is
characterized by the following indicators (table 1, fig. 1),
the prospective period of consideration is 8 years. The
energy parameters of the organization are considered in
conventional units, 1 c.u = 1 million dollars.

Table 1. Forecast of the energy parameters of the organization in accordance with the current composition of the project portfolio

. Total Input Output Information Energy Temperature, Energy
Time energy, energy, >
energy, U - entropy, H efficiency, n T entropy, S
Ein Eex
0 12
1 13,5 55 4 2 1,125 0,3125 25,920
2 15,5 6 4 2 1,148 0,3189 30,291
3 16 55 5 2,5 1,032 0,2294 45,818
4 17 6 5 2,5 1,063 0,2361 46,750
5 18,5 6,5 5 2,5 1,088 0,2418 49,950
6 19,5 6 5 3 1,054 0,1952 69,344
7 20 5,5 5 3 1,026 0,1899 76,390
8 21 6 5 3 1,050 0,1944 77,318
Current energy parameters
25
20
15
10
5
0
1 2 3 5 b 7 8
==@==Total energy, U === |nput energy, Ein Output energy, Eex

Fig. 1. Forecast dynamics of the organization's energy parameters

Under the value of the organization, in this case, we
take the growth of the organization's energy (profit),
which is formed as the difference between the incoming
and output energy flows. Thus, the value of the
organization:

V(t) = EM(t) - E¥(t),t =1,8. 9)

On the basis of the predicted values of the dynamics
of the organization's energy parameters
U (t),E™(t),E™(t),t =1,8, the predicted values of the
indicators of its state - information entropy, temperature,
energy entropy - were calculated (fig. 2).

It should be canceled that the forecast of the state of
the organization, on the one hand, cannot be identified as

"bad": in accordance with current projects, the information
entropy gradually increases, respectively, the temperature
decreases, while the energy entropy increases (fig. 2c), the
reason for this is an increase in the total energy of the
organization U (t) (fig. 1) despite the fact that the output

E*(t) and input E™(t) energies remain practically

unchanged. Thus, in the organization there is an
accumulation of “potential” energy, which is not
converted into “kinetic" energy, which ensures the

movement of the organization to new states in terms of
value. Due to this, there is a general downward trend in

energy efficiency on average E"(t). The value of the
organization is also gradually decreasing (fig. 3).
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Temperature, T

0,4000
0,3000
0,2000 .-\_b_\__ﬁ.a
0,1000
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1 2 3 4 5 6 7 8
a)
Energy entropy, S
100,000
80,000
60,000
40,000
20,000
0,000
1 2 3 4 5 6 7 8
c)

Fig. 2. Forecasted values of indicators of the state of the organization

Information entropy, H

4
3
2 '_/—.—/._._.
1
0
1 2 3 4 5 6 7 8
b)
Energy efficiency, n
1,200
1,150
1,100
1,050
1,000
0,950
1 2 3 4 5 6 7 8
d)

Organization's value

2,000
1,800
1,600
1,400
1,200
1,000
0,800
0,600
0,400
0,200
0,000

1 2 3 4

Fig. 3. Forecasted dynamics of the organization's value

Thus, despite the apparent absence of problems in
the organization, the entropic concept of management
allows you to "reveal” the deep problems that lead to the
growth of energy entropy, which can gradually "destroy"
the organization.

To avoid this, the organization should supplement its
portfolio of projects to address these issues. For this, three
alternative operational projects (current activities) and
three development projects are proposed for consideration,
their main characteristics are presented in tables 2, 3. Note

5 6 7 8

that the energy parameters of projects reflect annual
values (total for the year), and informational entropy and
energy entropy refer to the beginning of each year.
Therefore, their last (zero) value for projects refers to the
end of the last year of the project life cycle.

As the effect of development projects on the state of
the organization (without limiting the generality), a
decrease in information entropy was taken:

AH, =-0,5;AH, = —1; AH, = —0,8. (10)
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The main conditions that were taken into account
when forming the project portfolio structure were the
following:

- minimum
vmMt)=2,

- the output energy of the organization can not
exceed 40% of the  total energy, i.e.

> (ETM+E©)<0,4-U();

- the part of the total energy of the organization that
is distributed between projects can not, respectively,

exceed 60%, i.e. Y (U, ()+U, (1)) <0,4-U(t).
]

The following results were obtained for the given
conditions:

- all three alternative projects of current activity
should be included in the portfolio, respectively, in 4, 4
and 6 years of the period under consideration, that is, in
the latest possible start. This is due to the fact that, as
previously indicated, the current activities of the
organization are characterized by not bad indicators, the
problem is, first of all, in the accumulation and non-use of
total energy;

- the first and third development projects should be
started at the very beginning of the period in question in

limit values of the organization

Organization's value

’ ‘ _f’/‘ /x\""-.b /’P‘j

3 v -
25 /

2 3 4 5 5] ! 8
e Cijrent valie  ==@==Paortfolio value Value boundary
Comparison of energy entropy dynamics
Fli}
0
50 &,
p_..--"-'-r-“‘h &
-::I — 4 -
(.'—C""'..‘-ro'__- H‘\\‘ﬁ
30
20
10
i}
1 ! 3 5 7 B
s=f==Current energy entropy === Portfolio energy entropy Smax

order to eliminate the problem of accumulating and not
using common energy. The specificity of the second
development project is that it does not provide for the

receipt of input energy E,' =0, although it provides the
maximum reduction in information entropy (AH, =-1).

Note that experimental calculations were carried out
for two variants of the optimization criterion: the first
corresponded to (2), the second (taking into account the
accepted energy gain in the form of value) - maximization
of the organization's value. The results were the same.
Thus, despite the fact that in [12] it was declared as an
optimization criterion the minimization of the discrepancy
between the total value and the desired value,
nevertheless, in cases where the value can be interpreted
as an increase in energy, the approach implemented within
the framework of this research.

So, as a result of the formation of the structure of the
project portfolio in accordance with the results of
optimization, the predicted values of the results of
activities and the state of the organization will be as
follows (fig. 4).

Comparison of energy efficiency for the current
portfolio and for its new structure is shown in fig. 5,
temperature in fig. 6.

Energy parameters of portfolio

25

=) =@=Fin Eex

Comparison of information entropy dynamics

#—/‘--.___‘-‘-‘-
— f"’f
—— /

2 3 4 5 b 7 8

=== Cyrrent information entropy

== Portfolio information entropy

Fig. 4. Forecast values of the company's performance and condition for the proposed portfolio structure




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 4 (14)

Energy efficiency

0,95
0,9
2 § 4

=i "y rrent Energy efficiency

3 b ) a2

=== Pryrtfolio Energy efficiency

Fig. 5. Comparison of energy efficiency for the current portfolio and for its new structure

[:rg!.ﬁ"f.f.11i:||| temperature comparson

|

2

e Urrent temperature

=== Portiolio temperature

Fig. 6. Comparison of the organization temperature with the existing and new project portfolio structure

The proposed portfolio structure will provide the
required level of value for the organization (and,
moreover, not below its minimum allowable boundary).
The increase in information entropy and energy entropy
within the permissible limit is associated with the
implementation of new projects, which naturally affects
these indicators. But after the implementation of projects,
the energoentropy will reach a value lower than it would
have been without new projects. The information entropy
will return to the "before the new portfolio" level. The
temperature increased significantly, which indicates a
stronger control over the "external structure™ of the
organization [11]. So, the model made it possible to form
a new structure of the project portfolio, which ensures the
fulfillment of the necessary conditions and the
achievement of the set result in relation to the value of the
organization.

Experiments at varying the initial data also
confirmed the accuracy of the obtained optimization
results and the adequacy of the model. In particular,
changes were made in the current dynamics of
information entropy and requirements for the lower
boundary of value, which led to the priority of the
implementation of projects of current activities and to the

postponement of the implementation of development
projects.

Conclusions

As a result of the study, the applicability and
reliability of the model for optimizing the portfolio
structure of a project-oriented organization was
substantiated. The model makes it possible to obtain
solutions for the optimal structure of a project portfolio in
terms of its value under given resource constraints (in the
form of a share of total energy and output energy) and
energy entropy. The studies substantiated the possibility
of adjusting the model in terms of the optimization
criterion (maximizing value, minimizing energy entropy)
and adding restrictions on the maximum permissible
border of information entropy and energy efficiency.

Thus, the developed model (1) - (8) is characterized
by wide practical application, taking into account its
possible adjustment without changing the basic essence,
taking into account the specifics of a particular field of
activity or organization.

The practical use of the main indicators of the
entropy concept [10-12] - information entropy,
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temperature, energy entropy, which characterize the state  before they are reflected on the traditional indicators of
of organizations, allowing to reveal hidden problems the effectiveness of organizations.
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EKCHEPUMEHTAJIBHI JOCJIKEHHS MOJIEJI ONITUMIBAIIL CKJIALY
IHHOPT®EJIA HPO€KTHO-OPIV€H'Ij.()BAHOi OPl:AHI3A]_[Ii HA BA3I
EHTPOIIIMHOI KOHIEIIII

IIpenmeToM oCHi/DKEHHS € ONTHMI3aIlisl CKIamy MopTdens HpoeKTiB Ha 0a3i eHTpomiiHOI KoHmemmii. MeTol0 IOCTIKeHHS €
eKCIepHMEHTAIbHA MEepeBipKa MOJAENI ONTHMi3alii ckiamy mopTdens NPOEKTHO-OPi€HTOBAHOI OpraHizauii i OOIPyHTyBaHHS ii
3aCTOCYBaHHsI Ha MPAKTHLI B MpoOLecaX YMpaBIiHHS Ui 3a0e3nedeHHs iX epeKTHBHOCTI. 3aBAaHHM OCIIHKEHHS: GopMyBaHHS
MOJIeNIi 3 ypaxXyBaHHAM NPHUHATOI IIIHHOCTI OpraHizauii; (opMyBaHHS BUXITHHUX JAHUX 110 OpraHi3alii i albTepHaTUBHUM IPOEKTAM;
onrtuMizaiisi mopTdens 3a MOACIUIIO i iHTepHpeTallis pe3yiabrarTiB. MeToaM IOCIiKEHHS: CHCTEMHHUI aHawi3, (QyHKIiOHATbHHUI
aHai3, JOCIiKeHHs onepaniid. PesyasTaTn. Po3pobieno Mozxens hopMyBaHHS CTPYKTYpH HOPTQENs 3 MPOEKTIB IBOX KaTeropid -
orepanifHuX i PO3BUTKY, KpUTEpiii onTuMizarii - MiHiMi3amis po30LKHOCTI O6axaHoi 1 GakTHIHO MOCSHKHOI IIHHOCTI OpraHi3arii.
OOMexeHHsS BPaxoBYIOTh MaKCHMAIBHO JOIyCTHMY MEXY €HEprOHTpOIi i MiHIMAJIbHO JOIyCTHMY MEXy IIIHHOCTI. B pe3yibrarti
MIPOBEAEHOTO JOCIIKEHHSI 0OIPYHTOBaHA MOXJIMBICTH 3aCTOCYBAHHS 1 JOCTOBIPHICTH MOJENI ONTHMI3allii CTPYKTypH mopTQerst
MIPOEKTHO-OPIEHTOBAHOI opraHizauii. Mozaenb N03BOJIIE OTPUMYBATH PIMICHHSA MO ONTUMAJbHIA CTPYKTYpi MOPT(heENs MPOEKTIB 3
TOYKHU 30py HOro WiHHOCTI MpH 3aJaHUX OOMEXEHHSAX MO pecypcax (y BUIJISALI YaCTKM 3arajbHOi eHeprii Ta BUXiOHOI eHeprii) 1 mo
eHeproeHntpomii. J{ocTmiKeHHsI TOBENM MOXIIHUBICTE KOPUTYBAaHHS MOJENi 3 TOYKH 30pY KPHUTEpil0 ONTHMi3awii (MakcHMizalis
LIHHOCTI, MiHiMi3allisg €eHepProeHTPOIii) 1 JONOBHEHHS OOMEXEHHIMH 110 MaKCUMAaJIbHO JOIMYCTHMOI Mexi iH(popMaLiitHoi eHTpomii 1
eHeproedexkTuBHOCTI. BHcHOBKH. Mozenb, IO pO3IIIIAETHCS, XapaKTepH3YEThCS LIMPOKMM IPAKTHYHHMM 3aCTOCYBaHHIM 3
YpaxyBaHHSIM MOXKJIMBOTO 1i KOPHT'YBaHHs 0€3 3MIHHM OCHOBHOI CyTi 3 ypaXyBaHHSM CHElH(}IKH KOHKpPEeTHOI chepH HisiIbHOCTI abo
opranizamii. IIpoJeMoHCTpOBaHO NpaKTHYHE BUKOPUCTAHHS OCHOBHHX IIOKa3HUKIB EHTPOMIHHOI KoHIenmii - iHpopmamniitHoi
EHTpOIIii, TEMIIEpaTypH, eHEPrOeHTPOIIIl, SIKi XapaKTepH3yIOTh CTAaH OpraHi3alliif, JO3BOJITIOUM BHABILITH NPUXOBaHI MpoOJieMu 10 1xX
BiTOOpakeHHsI Ha TpaIWLIHUX NOKa3HMKaX e(eKTHBHOCTI opraHizamiii. 3 ypaxyBaHHSAM LBOTO 3AIHCHIOETHCS (HOPMYBaHHS
CTPYKTYPH MOPTQETS MPOEKTIB B paMKaX PO3TIITHYTOTO MiAXOIY.
Kuro4oBi c10Ba: poexT; mopTderb; MoaeNb; EHEPTOCHTPOIIIS; iHpopMaIlliifiHa eHTPOIIis; eHEProePEeKTUBHICTb.

3KCHEPUMEHTAJBHBIE HCCJIEJOBAHUSA MOAEJM ONTUMU3ALIUA
COCTABA IOPT®EJISI IPOEKTHO-OPUEHTUPOBAHHOM OPI'AHU3AIIMU HA
BA3E SHTPOIIMMHOM KOHIENIIUA

IIpenMeToM wmccienoBaHHs SBISETCS ONTHMH3AIMs COCTaBa MOpTQerns NPOeKTOB Ha Oa3e HSHTpomuitHON koHuemwy. Ileanio
HCCIIEIOBaHMsl SIBISIETCS. HKCIIEpUMEHTANIbHAS TPOBEpPKa MOJENM ONTHUMHU3AIMM COCTaBa MOPTQENs NMPOESKTHO-OPUEHTHPOBAHHOM
OpraHM3allui ¥ O0OOCHOBAaHME €€ TMPHMEHHMOCTH Ha NPaKTHKE B IpOIeccaxX YIpaBIeHHS A obecredeHHs UX 3(Q(HEKTUBHOCTH.
3agaum uccnenoBaHus: (GOPMUPOBAHNE MOJEIH C YIETOM NPUHATON IIEHHOCTH OpraHM3anuy; (GOPMUPOBAHNE UCXOJHBIX JAHHBIX IO
OpPTaHM3alMU U aNnbTePHATUBHBIM IIPOEKTaM; ONTHMH3AIMA MOpPTdens 1Mo MOZENM M HMHTEPIpeTalHs pe3yibTaroB. MeToabl
WCCIIETOBAHNS: CHUCTEMHBI aHaimu3, (YHKIUOHAIBHBIM aHaIW3, HCCIeAoBaHHWE omnepanuii. PesyasTaThl. Paspaborana monens
(OpPMHUpOBaHUS CTPYKTYphl MOpPT]ENs M3 NMPOEKTOB JBYX KATETOPWUH — OMNEPAllMOHHBIX W Pa3BUTHUs, KPUTEPHH ONTHMHU3ALUH —
MHUHUMH3AIUS PACXOXKACHHS JKelaeMoil M (akThueckn obOecrnedynBaeMoil LEeHHOCTH opraHu3anuu. OrpaHHYeHHs YYUTBHIBAIOT
MaKCHMAaJIbHO JOIYCTHUMYIO IPaHHIly SHEPrOHTPOIIMM U MUHUMAJIBHO JOMYCTUMYIO I'paHUIly LIEHHOCTH. B pe3ynbrare npoBeqeHHOro
HccleloBaHUsT O0OCHOBaHAa TPUMEHMMOCTh M QJIeKBaTHOCTh MOJEIH ONTHMM3AIMU  CTPYKTYphl MOPT(eEns MpOeKTHO-
OPHEHTHUPOBAHHON OopraHm3anuyu. Mozaens Mo3BOJSIET MOMydYaTh PEIICHHUS 0 ONTHMAIbHON CTPYKTYpe MOPTQENT MPOSKTOB C TOUKI
3pEeHUs €ro IEHHOCTH IpHU 3aJaHHBIX OTPAaHWYEHHSAX MO pecypcaM (B BHAE JONM OOIMIEH SHEPrHH M HCXOAMIEH SHEPTuH) W II0
sHeprosHTponmu. MccnenoBannss 0OOCHOBAIM BO3MOXHOCTH KOPPEKTHPOBKH MOJEIH C TOYKH 3PEHUS KPUTEPHS ONTHMM3AINU
(MakcHMU3aIMs EHHOCTH, MUHUMH3AIHS SHEPTOYHTPOINH) U TOMOTHEHUS] OTPAHIMYECHHSAMH 110 MAKCUMAIBHO JOITyCTHMON TPaHHIe
nH(OpMaIMOHHOI SHTponMH W dHeprodddekTuBHOCTH. BbIBOABI. PaccmatpuBaemass Mozenb XapaKTepH3YeTCsl MIMPOKHM
MPAaKTUYECKUM MPUMEHEHHEM C y4YeTOM BO3MOXKHOW €€ KOPPEKTHPOBKM 0e3 M3MEHEHWs] OCHOBHOW CYTH C YY€TOM CIenu(pHKU
KOHKPETHOH c(epbl AesTEIbHOCTH WX opraHn3anuy. [IpoJjeMOHCTpUpOBaHO MPAaKTHYECKOE HCIIOIb30BAaHNE OCHOBHBIX MOKa3aTeleH
SHTPONUHHON KOHLENIMH — WH(POPMALMOHHON SHTPOIMH, TEMIEepaTypbl, SHEPrOIHTPONNH, KOTOPbIE XapaKTepHU3yIOT COCTOSHHE
OpTaHM3aINi, TO3BOJASA BBIABIATH CKPBITHIE HPOOJIEMBI IO MX OTPAXKEHHWS HA TPAAWIMOHHBIX ITOKa3zaTelmsix 3(pdexTnBHOCTH
opraam3anuii. C y4eToM 3TOTO OCYIIECTBISICTCS ()OPMHPOBAHHE CTPYKTYpHI MOpPT]Ens MpPOoeKTOB B paMKax PacCMaTpHBAEMOTO
MOAXO0a.
KuiroueBbie c10Ba: mpoeKT; HOpTdhens; Moaeb; S3HEPTOIHTPONHS; MHYOPMAIIMOHHAS SHTPOIHS; SHEPr03(QPEKTHBHOCTS.
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OPTIMIZATION OF INFRASTRUCTURE PROJECT PRODUCT PARAMETERS

The subject of the research is the means of determining the optimal set of parameters for the products of infrastructure projects. The
aim of the study is to increase the efficiency of the implementation of infrastructure projects through the use of the developed model
for substantiating the optimal parameters of their products. To achieve this goal, the following tasks have been solved: determination
of the main options for "autonomy" of infrastructure projects; formalization of the dependences of the time, value and economic
characteristics of infrastructure projects on the parameters of their products (infrastructure object) and the development of a
conceptual model for optimizing these parameters; development of a mathematical model for optimizing the parameters of products of
this category of projects. The following methods are used: system analysis, functional analysis, operations research. Results: it was
found that the parameters of the product of infrastructure projects, on the one hand, ensure its commercial relevance, on the other
hand, they determine the characteristics of the project (cost, risks, life cycle duration, etc.), which forms a complex system of
requirements and restrictions for product parameters. As a result of the study, a conceptual and corresponding mathematical model for
optimizing the parameters of an infrastructure project product has been developed for two situations: 1) for a situation of an
"autonomous" infrastructure project, in which the infrastructure object being created does not imply commercial use, or its creation
and commercial use is carried out within the framework of one project; 2) for a situation of two interconnected by means of a project
infrastructure object - the creation of an object and its management (commercial use). Modeling is based on formalized dependences
of the value, time and economic characteristics of the project on the parameters of its product. Conclusions: the model allows to
determine at the initial stage of project development, within the possible range of variation, that set of parameters of its product that
provides maximum value for stakeholders both when creating an infrastructure object and in the future when managing (operating) it.

Keywords: value; autonomy; infrastructure object; model.

Introduction

Analysis of literature and research

Infrastructure projects are an integral part of the
development of a city, region, country, and their main
purpose [1] is to provide the necessary conditions for the
life of citizens, including electricity and gas supply,
transport links, etc.

The product of infrastructure projects is an
infrastructure object that can be described by a certain set
of parameters. This product, on the one hand, must satisfy
the interests of stakeholders, on the other hand, the
parameters of the project product determine its cost, the
duration of certain stages of the life cycle, etc. Thus, the
need to balance the "needs to be obtained" with "how to
get it" leads to the formulation of the problem of
optimizing the parameters of the products of infrastructure
projects.

In [2], it was suggested that all projects can be
divided into two categories from the point of view of the
certainty of the project product: the first category is
projects in which the product parameters are clearly
known and set; the second category is projects in which
product parameters are set as a result of a comprehensive
analysis of possible options within specified limits.

Infrastructure projects can fall into both categories.
But more often the second way is used when only a
thorough study and analysis of a certain conceptual option
allows setting the required set of parameters. For example,
when deciding on the modernization of the port terminal,
it is necessary to decide on what capacity should be
calculated, what depths at the berths should be provided,
what should be the lengths of the berths, whether a
railway line is needed and how long, etc. Thus, at the
stage of initiating an infrastructure project, the parameters
of its product are established. For this, appropriate models
can be used that take into account the "all consequences”
for a specific set of product parameters.

The development of a modern theoretical basis for
project management is aimed not only at the sectoral
specialization of projects, but, first of all, at the
development of new concepts and methodologies (for
example, [3-5]), which give impetus to the development
of appropriate methods and models. Research is carried
out related to transport and logistics projects (for example,
[6-8]), and, naturally, special attention is paid in modern
works to infrastructure projects (for example, [9-14]).
Particular attention is paid to the value of infrastructure
projects and, in particular, in [11, 12], the contribution of
an infrastructure project to the development of modern
socio-economic systems is studied. In [9, 10], time
management methods for infrastructure projects were
proposed based on a hybrid methodology that combines
classical and new approaches to the implementation of the
stages of the project life cycle. The stakeholder
management of such projects was studied in [12].

Despite the relevance of the study of issues related to
infrastructure projects, it should be noted that almost no
attention is paid to the products of these projects,
although, as mentioned earlier, for many such projects at
the initial stages there is a need for additional research to
justify the best (optimal) set  parameters of the
infrastructure facility. In particular, in [2], a similar
approach was used to optimize the product parameters of
the fleet replenishment project, in [15] - to optimize the
parameters of the port terminal development project.

Taking into account the above, we believe that this
idea can be used as the basis for research in the framework
of the development of infrastructure projects.

Thus, the purpose of this study is to increase the
efficiency of the implementation of infrastructure projects
through the use of the developed model for substantiating
the optimal parameters of their products.

© N. Vereshchaka, 2020
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Results

Conceptual model for optimizing product
parameters of an infrastructure project. The specificity
of infrastructure projects is that they can have varying
degrees of autonomy. At the same time, the concept of
"autonomy", that is, independence, isolation of a project,
is not necessarily associated with the entry of this project
into a portfolio or program. In this case, the lack of certain
autonomy for the infrastructure project means, first of all,
that the project is the basis for the implementation of the
other projects, the products of which depend on the
product of the infrastructure project. For example, as a
result of many infrastructure projects, a tangible "product”
is created (an infrastructure object: a bridge, a road, a
ferry crossing, a port terminal, etc.), the management of
which is a separate project for the company (companies),
which receives the right to manage (operate) this object.

Thus, in such situations, there are two separate
projects, the composition of the stakeholders of which,

generally speaking, may overlap (for example, the future
operator company participates as one of the investors in
the infrastructure project), fig. 1.

At the same time, the characteristics of an object
created in an infrastructure project affect the results of the
project for managing this object. Such a "tandem" of
projects is an example of the lack of complete autonomy
for an infrastructure project in terms of the dependence of
the parameters of its product and the product of an
interconnected project. Let us characterize this thesis in
more detail.

As a result of implementation of the infrastructure
project the object of infrastructure (product of the project)

with parameters {P,| i:1,_n} is created. The composition

of this set includes both quantitative and qualitative
characteristics of the object (for example, reliability,
durability, etc.) and is determined by the specifics of the
infrastructure object.

STAKEHOLDERS OF THE
INFRASTRUCTURE PROJECT

MANAGEMENT PROJECT

STAKEHOLDERS OF THE

______
_—— -

VALUE of the project
{ci(P,. P k=1K}

! - !

-

_____
_____

VALUE of the project
{C,* (P} Py )| 1= ﬁ}

parameters {Pz ‘ i= 1!”}

INFRASTRUCTURE
PROJECT

N
PROJECT OF MANAGEMENT (operation) |
of an infrastructure facility \
PRODUCT: MATERIAL OBJECT, Parameters of the

MANAGEMENT OBJECT
{P| i=1,n}

J

Project PRODUCT parameters
. N
{PJ- (PprosPy )i = 1,J}

Fig. 1. Infrastructure project and related infrastructure facility management project

The value, as you know, is a universal characteristic
of the project implementation results from the point of
view of stakeholders, and for each of them the value of the
project can vary significantly (the achieved high value for
one stakeholder may not mean high value for another
stakeholder at all); in addition, the "measure" of value can
also be different for each stakeholder (for example, for
one - the costs of the project, for the other — increasing the
attractiveness of the region, for the third — the financial
result, etc.). Thus, different levels of stakeholders of

infrastructure projects have different levels of project
value, which are the corresponding "reflectors” of the
project results from the point of view of stakeholders'
goals. Naturally, the value of an infrastructure project C,

depends on the parameters of its output product (that is,
according to the results of the implementation of the
infrastructure project):

Cy =C(P)=C (R, M) k=LK, ()
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where K is a number of stakeholders in the infrastructure
project; B ,i=1,n — infrastructure project product
characteristics; n — the total number of allocated
characteristics of the project product. So, if the qualitative
characteristics of the infrastructure facility are lower than
the required (planned) ones, then, naturally, the project
goal cannot be considered achieved, and, consequently, its
value in fact decreases. (1) allows to take this into account,
moreover, (1) allows, for example, on the basis of factor
analysis, to establish what exactly and how influenced the
decline in value, if it happened.

The product (infrastructure object) obtained as a
result of the implementation of an infrastructure project
becomes an object of management (operation) in the
corresponding project, which further determines the

characteristics of the product of this project P;, j =1J

(where J is the number of distinguished characteristics of
the product of the infrastructure object management

project) and its value Cr,l =1, L for each stakeholder:

P =17, @

=1L,

where L is a number of stakeholders in the infrastructure
facility management project. For example, the depths
reached at the berths and on the approach channels to the
port (characterized within the set of parameters of the

infrastructure project {P,| i:1,_n} product) determine the

characteristics of the transport service (services) provided
at a given port terminal (in particular, services for loading /
unloading on ships of a certain size, which the terminal
can receive at the berth, which is included in the set of
parameters for the product of this project - the project for

managing the infrastructure object — {PJ*| j=1,_.J}).

Thus, the relationship between products and results (in the
form of value) of an infrastructure project and an
interconnected infrastructure project management project
is identified. The conceptual model for optimizing the
parameters of an infrastructure project product is as
follows (fig. 2).

Relationship of parameters

P(P.Py,...P).j =1,

S *min * *max . _
Pj SPJ- SPJ SJ=LJ

} Limits of variation

V,

Project value
o P, )

k=LK

Investment costs

J(P1 ,Pz,...,Pn) |

Limits of variation T

PR (PTy< P, < PR,

Product
parameters of the
related project

(ﬂ*,PZ”‘,...,Pj)

Project risks

(R Py ).

Project
implementation time

T(P1 P, ,...,Pﬂ)

i=Ln

Limits of
variation

Pl_mm SPI- Spimax,

AT(P1 PP )

AC, (P1 Py P, )

By costs
I(Pl Py .. P, )sfm

<

By risks
(R Py B, )< arme,

By time
T(P1 Py P, )STmax

k=LK

By value
Ce(R PP, Hees

M(P1 Py ...P, )gAT“m,

OPTIMIZATION CRITERION

Fig. 2. Conceptual model for optimizing product parameters of an infrastructure project
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A model for optimizing product parameters for
an infrastructure project. Naturally, the parameters of
the project product cannot be of an arbitrary level, and for
each project, taking into account its specifics, certain
restrictions are formed:

R™ < p <B™ i=1n,

(4)

where characterize, respectively, the

minimum and maximum permissible boundaries of the
project product parameters. Note that in some cases,
individual parameters of the products of infrastructure
projects may be interrelated. For example, a certain depth
of an approach channel without its corresponding width is
meaningless. Therefore, this kind of relationship should be
taken into account in the form:

Pmin pmax
i A

P,=P,(B ,...,P(P ),veU,, 5)

where U, is a set of project product parameters that
depend on other parameters, ¢, is the number of
parameters affecting a specific parameter B, .

Varying the parameters of the product of an
infrastructure project P allows to vary the main
characteristics of this project, and, above all, the cost of
the project (the size of the required investments) | :

|(P)=|(P1,P2,...,Pn). 6)

The project implementation time T is also
determined by a set of product parameters:

T=T(P1 ,Pz,...,Pn). @)

Project risks also naturally depend on product
parameters. If from the whole variety of project risks at
the stage of their aggregated consideration, we single out
the risks of an increase in implementation time AT, an
increase in investment costs Al , and a change in value
towards deterioration AC, (for example, if the value is

the increase of attractiveness, then there is a decrease in
value; if the value is a decrease in cost, then it excesses,
etc.). Thus, the parameters of the project product
determine the magnitude of the risks:

Al = Al (P1 Py P, ),AT:AT(Pl Py, P, )
. (8)
X

AC, = AC, (Pl Py ... P, ),k:l

Each project is associated with certain restrictions in
terms of cost, time, risks, etc., therefore, based on the
above dependencies, the following system of project
restrictions is formed:

- by project costs (size of investment)

I(P)=I(Pl,P2,...,Pn)£Imax; 9)

- by implementation time

T:T(Pl ,PZ,...,Pn)STmaX; (10)
- by value
G (Pl Py P, )2 QMM k=1K,  (12)
- in terms of acceptable risks
Al = Al (P1 Py, Py )sm max
AT:AT(Pl ,P2,...,Pn)SATmaX, (12)

ACy = ACy (Pl Py, Py )SAC{“&X,kﬂ,—K.

For a situation of a completely autonomous project,
the presented system of restrictions is complete, reflecting
the basic requirements and characteristics.

For a project that is associated with a subsequent
management (operation) project, the constraints associated
with the further commercial operation of the
infrastructure facility should be taken into account. For
example, with a relatively insignificant increase in
investment, the parameters of the approach channel for
ships of significant size can be achieved, but further entry
of ships into the port is not advisable due to, for example,
the lack of the ability to process such size of shiploads in
the port, or the demand for such a size parties in the
region, etc. That is, the commercial operation of the
infrastructure object imposes its own limitations that must
be taken into account. Otherwise, the created
infrastructure facilities are either used ineffectively, or
their use is generally not advisable and these facilities
gradually replenish the set of abandoned facilities.

Thus, restrictions are formed on the parameters of
the project product associated with its further commercial
operation:

lein(Pj*) <p gplmaX(P;),iZH,j:l'_J' (13)

which are established through the presence of relationships
between the products of projects (infrastructure and
management):

P =P (AP, ) 1 =1 14)
and based on the constraints on the product parameters of
the infrastructure facility management project:

P <Py <™, j=1J. (15)

The optimization criterion, as a rule, is one of the
value indicators [15], for example, the one that most
closely matches the mission and the main goal of the
project (that is, the value from the standpoint of the main
stakeholder). If the project is autonomous (that is, it
provides for both the creation and management of an
infrastructure facility), then the indicator of economic
efficiency (for example, the NPV of the project) acts as
the "main" value. For such projects, the system of
restrictions can also be supplemented with restrictions
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related to efficiency (for example, profitability, payback
period, etc.):

E :E(P1 Py, Py )g(z)E*, (16)
where £ — used performance indicator, and E* — its
limiting border — maximum or minimum, depending on the
essence of the selected indicator.

So, the model for optimizing the parameters of the
product of an autonomous infrastructure project includes
the following restrictions: (4), (9) — (12), (16) objective
function (the value of the first stakeholder is conditionally
selected as the main one):

z =C1(Pl Py By ) > max
R Py Py

(17)

If the project is partially autonomous, then the model
for optimizing the parameters of the infrastructure project
product includes constraints (4), (9) — (13), and objective
function (17).

As a result of optimization, the parameters of the

project product B ,P,,..,B, are established, which

characterize its certain physical characteristics (length,
width, depth, height, etc.), operational characteristics
(throughput, operating costs, service life before capital
repairs, etc.), as well as quality characteristics (reliability,
etc.).

Integral consideration of infrastructure project
products and infrastructure facility management
project.

In situations where the future operator of an
infrastructure facility acts as one of the investors in the
project for the creation of this facility (which is typical for
such projects), his interests are represented in both
projects, and, consequently, the integral optimization of
the parameters of the products of both projects is logical
for such a situation. In the above approach, the "interests"
of an interconnected project when optimizing the
parameters of an infrastructure project product were taken
into account only as constraints (15). Integral optimization
of these parameters is a separate task.

Since each project has its own goals and limitations,
the optimization of the parameters of the products of each
project is formally carried out within the framework of a
separate optimization model. Nevertheless, there are
interests of the above-mentioned investor, which are
associated with both projects. Thus, in addition to two
optimization models for each project, a model can be
formed that optimizes the integral interests of the
investor with some integral constraints for the two
projects.

So, the model for optimizing the parameters of an
infrastructure project product is formulated above.
Let’s consider a model for optimizing product parameters
of an infrastructure facility management project

(P 1i=17}.
For this project, generally speaking, investments may
not be used, and the main investments are made in the

process of creating an infrastructure facility. Nevertheless,
many infrastructure facilities in the field of water transport
(for example, port terminals) are characterized by the fact
that construction and hydrotechnical works are carried out
as part of the creation/reconstruction of the facility,
that is, the "immovable" basis of the infrastructure
facility is being created. At the same time, in
the process of operating, the equipment is equipped with
reloading equipment, which also requires certain
investments.

Therefore, in the most general case, we will assume
that within the framework of the infrastructure object
management project investments are

I *(P*) =1 (Pl*,P;,...,Pf). If borrowed funds are used

for investments, then corresponding costs arise
Ry (1) =Ry (AP ,...Py),  which  are  also
determined by the terms of use of borrowed funds and
shares of own funds (which is not emphasized in this
work, since it goes beyond the scope of
the study).

In addition, the operating costs R® of an object
depend not only on the parameters of the object,
but also on the parameters of the product (for example,
transport services), but also on the intensity of
operation, that is, on the demand Q, which depends
on the parameters of the product, therefore it
is fair:

R*=R/(PR,R,,...P, )+
+R; (R, P ..., P, Q(R P P)) =
=R(R P, ., R )+ R (R P ),

(18)

where R{ and R5 accordingly, operating costs, which

depend on both the "object" and the equipment/personnel
associated with it.
The income from the object

D® =D®(R,P,,..,Py) is also determined by the
demand Q(P,P,,...P;) and the parameters of the

product (in this case, the service) P ,P; ..., P} .

Accordingly, the profit of the operator of the
infrastructure facility is formed as:

(R ,Py,.. B B ,Py,...,P))=D°(B P, ,.... Py)

e (19)
—Rf(Pl ,P2 ,...,Pn )—RS(Pl ,Pz,...,PJ).

It should be noted here that the above has been
established P;(Pl,Pz,...,Pn),jzl,_J, however, some

Pl*, PZ*PJ* are actually independent of B ,P,,...,P; .
Therefore, in (19), the parameters of the products of both
projects are indicated as parameters on which the profit
depends.

The project of management (operation) of an
infrastructure facility is certainly associated with certain
risks, which, first of all, are manifested in a decrease in
profits AI7 due to an excess of planned operating costs
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AR® and a decrease in income AD. Thus

AII(B, ,Py,... By B ,Pj,... Py) is formed.
As an optimization criterion, an indicator of the

economic efficiency of projects can be used (as the main
value for an operator for such projects), for example
NPV (R ,P,,... P, ,Pl*,P;,...,P;), which is formed
from income, operating costs, investment costs (if any),
as well as the share of own funds invested in
this project.

Thus, the model for optimizing the parameters of the
product of the project of management (operation) of the
infrastructure object is as follows:

Obijective function:

NPV(R Py, By B Py PY) = max  (20)
R \P;... P}

The limitation on the capacity/throughput (other

similar characteristic) of the infrastructure object,
MM MM respectively, the lower and  upper
boundaries, are established on the basis of the

concept and experience of the commercial use of this
object:

M™ <M (P Py, By B Poye Py) S MM (21)

Limitation on the desired profit is 77™" and its
allowable decrease is AIT™" :

II(B ,Py,..Py B, Py,... P}) > 1™"; (22)

AII(B, ,Py,... By B, Py,....P) < AIT™®;  (23)

| max

Investment restriction, where is the maximum

allowable level:

I(Pl,PZ,...,PJ)SImaX; (24)

Restrictions on acceptable values of control
parameters:

P <P <A™, =1, (25)

Two comments should be made on this model:
1. When considered locally (that is, without taking
into account the integral interests of the operating

company in two projects), B ,P,,..., B, actas exogenous

parameters, and only the parameters Pl*,P;,...,PJ*

of the product of this project are subject to
optimization.

2. When solving the problem, the duration of the
project is not considered, a certain value of which is
implied in (20). In (21) — (23), the considered indicators
are referred to the annual time interval, which is
traditional.

Integral consideration of two projects from the
position of an investor-operator presupposes the presence

of an "integrating" model, in which two local models are
components.

One of the approaches used in such situations is that
the criteria of local models are transformed into
constraints, the lower bound of which is determined either
on the basis of a target task within the project, or on the
basis of a solution corresponding to the optimal value
when solving a local problem. For example, if, as a result
of the solution according to model (20) — (25), the value

of the criterion for the optimal plan NPV °P! is obtained,

then as the lower bound in the integral model, the value
can be used

NPV ™MiN =) . NPV Pt (26)

where 0 <A <1 is a coefficient specifying the permissible
decrease in the optimal value of NPV in the local
model. A similar approach is used when determining
the lower bound for the criterion in the local model

for optimizing the parameters of an infrastructure
project product C{™". The scheme of forming a model
for the integral consideration of two projects

(infrastructural,
managing an
follows (fig. 3).

Such an integral consideration of the two projects
allows us to take into account the specifics of the
commercial operation of the infrastructure facility at the
stage of its actual design (fig. 4).

The optimization criterion is the NPV indicator,
taking into account the fact that the "trend” of projects is
investment and provides for the commercial use of the
facility:

and an interconnected project for
infrastructure object) is as

NPV (P ,Py,.... By, B, Py,...P}) > max. (27)

Model control parameters are product parameters of
both projects: P ,P,,...B,, P .,P,...P;. The
limitations of local models are fully included in the
integral design consideration model. Objective functions
of two local models are transformed into integral
constraints:

2y =GR BBy ) 2™, (28)

Z, =NPV(R, ,Py,... P, . B, Py,... P}) > NPV (29)

In addition, integral restrictions provide for a limit
on investment resources S:
11(R PPy )+ 12 (R P5 P ]S (30)

The main risk of the investor is the "shortfall” in
profit, which causes a decrease in the efficiency of

investments, that is ANPV appears, and so there
is a natural limitation on the acceptable level
of risk:

ANPV (R, ,Py,... Py, B ,Py,.... P}) < ANPV ™ | (31)
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Since the parameters of the projects' products are
interrelated (in any case, some of them), the model should
take into account the functional dependence of these
parameters:

P =Pj(R,Py. By, j =11 (32)

Note that the presented concept of forming an
integral model can be used for other "trends" of projects,
taking into account their specificity. This model is

universal in nature, since the industry specificity is
manifested only in the structure of indicators,
and not in their essence. As a result of optimization
according to model (27) - (32), the values of
the optimal parameters of project products (infrastructural
and interconnected with it) are determined, at which the
interests of the investor are ensured from the point of view
of NPV, subject to existing restrictions, either external or
related to the requirements of investors.

INVESTOR-OPERATOR

Integral criterion

NPV(P, ,Py,..,P, . B . Ps,...P}) —> max

Integral constraints
Zy = NPV(D ,Pa,...P, P, Py,.... P} )= NPY'™ID

2=Ci(R BB, )z C"
£ % £
I (Pl Py, P, )+12(Pl ,Pz,...,PJ)gS

ANPV(P, ,Py,..,P, P, Py,...P}) < ANPY™

Local model 1

(R Py By ) <
A[:A[(Pl ,PQ,...,Pn)gNmaX,
AT:AT(PI PP, )gAT“‘aX,
ACk = ACK (P Py yees By ) < ACP™

T=T(R Py | < T

<, (P1 Py....P, )zC,{f‘m

‘Pimll’l SPI SPimale-zl n

2 2

Local model 2

(Rl ) S 15
M"Y S (B By B . Py ) S M
P ,..P, B, P> 11"
ATI(B ... P, B . Pr) < AT

PN <P PIMN =

Project product parameters

R .P5,....B,

Project product parameters
#

PPy, P

* b .
Pl =P/(B.Py....P,). = LJ

Fig. 3. Scheme of the formation of a model of integral consideration of two interrelated projects




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 4 (14)

Project for creating an
infrastructure object

Cl (Pl >P2 >"'=Pn )

il
Pl -,
Ve > /

Infrastructure object
management project

Designing the
parameters of the
mfrastructure object

Infrastructure object life cycle

Fig.4. Accounting the specifics of the commercial operation of an infrastructure facility at the design stage

Conclusions

In this study, a mathematical model has been
developed for optimizing the parameters of an
infrastructure project product for two situations: 1) for a
situation of an "autonomous” infrastructure project, in
which the created infrastructure object does not imply
commercial use, or its creation and commercial use is
carried out within the framework of one project; 2) for a
situation of two interconnected by means of a project
infrastructure object — the creation of an object and its
management (commercial use). Modeling is based on
taking into account the dependences of the value, time and
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ONITUMIBALIA TAPAMETPIB IIPOAYKTY IHOPACTPYKTYPHOI'O ITPOEKTY

IIpenmeToM 1OCHi/UKEHHS € 3acO0M BH3HAUEHHS ONTHMAIBEHOTO HAOOpy MapaMeTpiB NPOAYKTIB iH(PaCTPyKTypHHX IPOEKTIB.
MeTo10 OCH/UKEHHS € MiIBHIIEHHS e(EeKTUBHOCTI peaiizamil iHQpacTpyKTYypHHX HPOEKTIB 32 paxyHOK BHKOPHCTaHHS MOJEIi
OOIpYHTYBaHHSI ONTHMAJBHHUX NapaMeTpiB 1X MpoxyKTiB. I DOCATHEHHS TaHOi METH BHpIIICHI HACTYIHI 3aBAAHHS: BH3HAYCHHS
OCHOBHHX BapiaHTiB "aBTOHOMHOCTI" iHPAaCTPYKTYypHHX MPOEKTiB; (hopMai3amis 3aIeKHOCTEH YaCOBHX, IHHICHUX Ta EKOHOMIYHHUX
XapaKTEePHUCTHK 1HYPACTPYKTYPHUX HPOEKTIB BiJ MapaMeTpiB iX MpoAykTiB (00'ekta iHPpacTpykTypH) i po3poOka KOHIENTYaIbHOL
MOJelNi ONTUMi3amii JaHWX MapaMeTpiB; po3poOka MaTeMaTH4YHOI MOJET ONTHMIi3alii HmapaMeTpiB MPOAYKTIB JaHOI KaTeropii
MPOEKTiB. BUKOPHCTOBYIOTHCS HACTYIIHI MeTOAM: CUCTEMHHI aHai3, QyHKLIOHANEHIN aHali3, JOCTIIKEeHHS onepaniil. Pe3yabraTu:
BCTAHOBJICHO, IO IapaMeTpU IPOAYKTY I1HOPAaCTPyKTypHHUX MPOEKTIB, 3 OJHOro OOKy, 3abe3ledyroTh HOro KOMepLiiHy
3aTpe0yBaHICTh, 3 IHIIOTO OOKY - 00YMOBIIIOIOTH XapaKTEPUCTUKH IPOEKTY (BapTiCTh, PU3HUKH, TPUBATICTH )KUTTEBOTO MUKIY 1 T.IL.),
mo ¢opMye B KOMIUIEKCI CHCTEMY BHMOI 1 OOMEXeHb M IapaMeTpiB NPORyKTy. B pesynpraTi HOCHiIKEHHS PO3poOIEeHO
KOHIIETITYaJIbHY 1 BIIIOBIIHY MaTeMaTH4Hy MOJENb ONTHMIi3amlii mapaMeTpiB MPOXYKTY iH(PAaCTPyKTYpHOTO INPOEKTY UIS ABOX
cutyaniid: 1) i curyamii "aBTOHOMHOTO" 1H()PACTPYKTYPHOTO MPOEKTY, MPHU SKill CTBOPIOETHCS 00'€KT iHPPACTPYKTYPH, KU HE
nepeadavae KOMEpIiiHe BUKOPUCTAaHH, a00 H0ro CTBOPEHHS 1 KOMeEpIliiiHe BUKOPUCTAHHS 3AIMCHIOETHCS B paMKaxX OJHOTO MPOEKTY;
2) nns cuTyarii TBOX B3a€MOIIOB'A3aHUX 3a JIOTIOMOTOI0 00'€eKTa iHPPACTPYKTYPH MPOEKTY — CTBOPEHHS 00'€KTa 1 yHpaBIIiHHSI HUM
(xoMepIiifHOro BHKOpUCTaHHA). B ocHOBI MopmemoBaHHS — (opMmalizoBaHi 3aleXKHOCTI I[IHHICHHX, YacOBHX 1 EKOHOMIYHHX
XapaKTepPHUCTHK IPOEKTY BiJ MapaMeTpiB foro npoaykry. BHCHOBKH: MoJenb H0O3BOJISIE HA OYATKOBOMY €Talli pO3pOOKH MPOEKTY
BU3HAYNTH B PaMKaxX MOJKJIMBOTO Jialla30oHy BapilOBaHHS TOH Halip mapameTpiB HOro HMpPOAYKTY, SKHi 3a0e3rnedye MaKCHMAaIbHY
LIHHICTB JUISl CTEHKXOJIIEPIB K IIPH CTBOPEHHI 00'eKTa iHYPACTPyKTYpH, TaK i B IIOJAIBIIOMY IIPH YIIPaBIIiHHI (ONIepyBaHHi) iM.
Knrwo4oBi cioBa: 1iHHICTH; aBTOHOMHICTh; 00'€KT iIHGPACTPYKTYPH; MOJIEITH.

ONnTUMM3AIUSA TAPAMETPOB ITPOAYKTA HTHOPACTPYKTYPHOI'O
ITPOEKTA

IIpeaMeToM HccneIOBaHUs SBISIOTCS CPEICTBA OMPEACNICHHs ONTHMAIbHOTO Habopa MapaMeTpoB MPOAYKTOB MH(PACTPYKTYpPHBIX
npoektoB. IleJplo uccnenoBaHUs SBISETCS MNOBBILICHHE S(Q(EKTUBHOCTH peann3alni MHPPACTPYyKTYPHBIX IIPOEKTOB 3a CHET
UCIOJIb30BaHMS pa3pabaThiBaeMOil MOJIENN 0OOCHOBAHUS ONTHMANIBHBIX MAPAMETPOB UX MPOIYKTOB. JIJIs TOCTHIKEHUS JTaHHOM 11eNH
PEIIeHBI ceayIomye 3aAa4n: ONpeeiCHHe OCHOBHBIX BapHAHTOB "aBTOHOMHOCTH" MHQPACTPYKTYPHBIX MPOEKTOB; (HOpMaTH3aIUsL
3aBHCHMOCTEH BPEMEHHBIX, LIEHHOCTHBIX M SKOHOMHYECKHMX XapaKTePUCTHK HHQPACTPYKTYPHBIX NPOEKTOB OT IMapaMeTpoOB HX
MPOIYKTOB (00BeKTa MHPACTPYKTYpHI) U pa3pabOTKa KOHLENTYAIBHOW MOJENH ONTHMH3ALMU JaHHBIX NapaMeTpoB; pa3paboTka
MaTeMaTHYeCKOH MOJIETIM ONTHMHU3AINK [TApaMeTPOB MPOIYKTOB TAHHOH KaTeropuu NpoekToB. Mcronb3yoTes clieayomye MeToAbI:
CHCTEMHBIH aHaimu3, (QYHKIMOHANBHBIM aHalM3, HCCIEOBaHUE onepanuii. Pe3yabTaThl: yCTaHOBIICHO, YTO MapaMeTpbl NPOAYKTa
HH(PACTPYKTYPHBIX IPOEKTOB, C OJHOI CTOPOHBI, 0OECHEYMBAIOT €r0 KOMMEPUECKYI0 BOCTPEOOBAaHHOCTB, C JPYroil CTOPOHBI —
00yCIIaBIMBAIOT XapaKTEPHCTUKH TPOEKTa (CTOMMOCTb, PUCKHU, HPOJOKUTEIBHOCTh KU3HEHHOTO IIMKJIA U T.II.), 4TO GOopMHpYyeT B
KOMIUJIEKCE CHCTeMy TpeOOBaHMH M OTpaHHYEHMIl Ui HapaMeTpoB MPOAyKTa. B pesynbrare HcciemnoBaHus paspaboTaHa
KOHIIENTyaJbHasi U COOTBETCTBYIOI[Asl MaTeMaTHYeCKasi MOJieb ONTHMH3AIMK NTapaMeTpoOB MPOAYKTa HHYPACTPYKTYPHOTO TPOEKTA
Ul BYX CHTyauuit: 1) 1ms cuTyauun "aBTOHOMHOTO" HH(PAaCTPYKTypHOTO NpPOEKTa, HPH KOTOPOH CO3/aBacMbIii OOBEKT
MHQPACTPYKTYpbl HE MpeAnojaraeT KOMMEPYECKOe HCHONIb30BaHME, JIMOO €ro Co3JaHue M KOMMEPYECKOe MHCIOIb30BaHHe
OCYIIECTBIAETCS B paMKaxX OJHOTO MPOEKTa; 2) Ul CUTyaldH JABYX B3aUMOCBS3aHHBIX MOCPEICTBOM O00BEKTa MH(PACTPYKTYPHI
NpPOEKTa — CO3JaHUsl 00BEKTa M YIPABICHUs UM (KOMMEPUECKOTO HCIOJIb30BaHMs). B ocHOBe MonenupoBaHus (popMaan30BaHHbIC
3aBUCHMOCTH LICHHOCTHBIX, BDEMEHHBIX ¥ 9KOHOMHYECKHX XapaKTePUCTHK MPOEKTa OT MapaMeTPOB ero NpoAayKkTa. BeIBoabI: Mozenb
MO3BOJISIET HA HA4yalbHOM OJTale pa3pabOoTKH MPOEKTa ONpPENeIHTh B paMKax BO3SMOXKHOTO JHAIla30Ha BapbUPOBAHHS TOT HaOOp
apaMeTpoB €ro MpoJIyKTa, KOTOPBIH oOecreynBaeT MaKCHMaJbHYIO LEHHOCTh Ui CTEHKXOJIEpPOB KaK IPH CO3/aHUH OOBEKTa
UHPPACTPYKTYPBI, TaK U B JAIbHEHIIEM TIPU yIIPaBICHUH (OTIEPUPOBAHUN) HM.
KiroueBbie cJI0Ba: IEHHOCTh; aBTOHOMHOCTB; 00BEKT HH(PACTPYKTYPbI; MOJEIb.
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HYBRID MANAGEMENT OF PROGRAMS OF TERRITORIAL SYSTEMS
DEVELOPMENT PROJECTS BY MEANS OF CONVERGENCE MECHANISMS

Introduction. Implementation of program projects of social and economic development of the territories of Ukraine is inefficient,
with overspending of the budget and completion not at the set time. This is due to the use of reactive project management
methodologies that do not take into account the complexity of project implementation, the turbulence of the project environment. The
lack of hybrid mechanisms for managing project programs of socio-economic development of territories based on the convergence of
different methods of project management is an unresolved problem. The implementation of socio-economic development project
programs is carried out using the mechanisms of financial regulation of territories on the basis of the "recipient-donor" model.
Therefore, the development of mechanisms for hybrid management of project programs of socio-economic development of territorial
systems based on the convergence of key methods of project management is an urgent scientific task. Purpose. The purpose of the
work is to develop mechanisms for hybrid management of program projects of socio-economic development of the regions of Ukraine
using the tools of financial regulation, public-private partnership and convergence of these mechanisms. Methods. The methods of
hybridization and convergence of project management methodologies are used in the article. Results. Based on research, it is proved
that the implementation of program projects of socio-economic development of territories requires the use of various components of
project management through hybridization and convergence. The terminological base of project management has been expanded by
introducing new definitions "hybrid project management of socio-economic development projects”, "convergence of project
management mechanisms". Processes of management of program projects of social and economic development of territories, on the
basis of model "recipient-donor” are formalized. Conclusion. The analysis of current trends in the implementation of complex
programs of socio-economic development projects has shown the ineffectiveness of existing project management methodologies
associated with the lack of mechanisms for hybrid project management based on convergence of best practices in project management
projects. A convergent model of hybrid management of projects of socio-economic development of territories by means of
identification of the main challenges and problems in the life cycle of the regional system is developed, which takes into account
indicators of project success in the program based on analysis of project management best practices.

Keywords: hybrid management; convergence; program; projects of socio-economic development; management mechanisms;
territorial systems.

Introduction

The implementation of programs for socio-economic
development of territories takes place in a complex socio-
cultural multi-project environment with elements of
turbulence, risks and uncertainty, as well as under the
influence of external and internal political factors.

In Ukraine, the implementation of programs of
socio-economic development projects of territorial
systems is inefficient in terms of compliance with the
established budget, time frame, as well as the final
expectations of the final stakeholders and project users.
First of all, this is due to the use of classical project
management methodologies that are not flexible in a
complex multi-project environment and do not take into
account the turbulence of the project environment.

Most programs of projects of socio-economic
development of territorial systems are implemented on the
basis of the model "recipient-donor" with a load on local
and state budgets. Best practices in project management
with international experience are characterized by the
convergence of different project management methods
that form the methodology of hybrid project management
using scientifically sound metrics of combination of key
stakeholders in the investment phase of the project:
government, regional government, community,
international funding, funding, own funds of enterprises of
the region, funds of public projects.

The scientific works of many scientists, in particular
V.M. Burkov, S.D. Bushuyev, V.D. Gogunsky,
1.V Kononenko, H. Tanaka, O.B.Zachka, S.K.Chernova,
I.VV. Chumachenko and others are devoted to the issue of

hybrid management of complex programs of projects of
social and economic development of territorial systems.
However, in the known literature there are relatively few
works in which research would be focused on various
aspects of such an important area of program management
of socio-economic development projects in conditions of

uncertainty as hybrid project management using
convergence mechanisms.
In particular, in [1-6] the peculiarities of

identification and management of infrastructure projects
are considered. The application of hybrid management
methodology for infrastructure projects, features of their
hybridization and problems of multilevel hybrid
management are described. In [7, 10] the mechanisms of
convergence of project management methodology and
their system model are considered. The main standards
and guidelines for project management, programs and
project portfolios are described in [8-9]. Principles of
formation of portfolios of projects of improvement of
systems of safety, their theoretical approaches in
management of safety of projects of development of
difficult systems are described in works [11-13]. The
study of the process of application of office project-
oriented management and formalization of factors
influencing infrastructure projects is described in studies
[14-15]. In [16] the peculiarities of the functioning of
hybrid organizations and the processes of their
management are described. Features of the functioning of
hybrid peace projects are described in [17]. Selective
linking in response to competing institutional logics in
hybrid organizations is described in [18].

The main and general disadvantage of existing
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research is the lack of implementation of a convergent
approach with hybridization of key mechanisms of project
management. The study of innovative methods of project
management of territorial systems development projects,
in particular, hybridization and convergence of best
practices of project management requires a scientifically
sound system of metrics for the success of such projects.
There is a need to use analytical and experimental
research to develop effective mechanisms for hybrid
management of project programs of socio-economic
development of territories based on the convergence of
best practices of project management.

Research methods are to apply the mechanisms of
convergence of best practices in program management of
complex projects, which will form a new paradigm of
hybrid program management of projects of socio-
economic development of territories.

Research results

Based on theoretical research, it is proved that the
implementation of programs of  socio-economic
development projects, which occurs under the influence of
environmental turbulence and the dynamics of changes in
multiproject environment, taking into account the different
nature of factors, requires different components of project
management through hybridization and convergence.

The terminology base of project management has
been expanded by introducing new definitions of “hybrid

project management of socio-economic development
projects”,  “convergence of project ~management
mechanisms”, which complement existing methodologies
in terms of regional development program management
and take into account best project management practices..

Definition 1. Hybrid project management of socio-
economic development projects is a combination of
project management mechanisms with the integration of
the values of key stakeholders of the program to the
holistic mission of the territorial system, provided by the
convergence of best practices of project management.

Definition 2. "Convergence of project management
mechanisms" - the formation of a set of methods and
models of project management for the development of
complex systems based on the integration of project
management methodologies and best practices of project
management in the focus of regional project programs.

The existing processes of management of programs
of projects of social and economic development of
territories which are realized on the basis of model
"recipient-donor" with identification of key stakeholders
of an investment phase of the project are formalized: state
bodies, regional authorities, community, and international
financing funds, grant organizations, sponsorship funds
enterprises of the region, funds of public projects.

Literary and information analysis showed that most
regional programs for the development of socio-economic
systems are implemented in the model "recipient-donor”
with a specific burden on local and state budgets (table 1).

Table 1. The "Recipient - Donor" model in the implementation of programs of projects for the socio-economic development of

territorial systems

Donor (investment fund of the socio-economic development project program)
Recipient (regional Public-private Cross-border
territorial system) Local budget State budget partnership International funds
) programs
projects

Territorial system 1 K, K, Ks K. K

K K K K K
Territorial system n K. K., K. K, Kes

where K; is an attraction coverage ratio for the i-th territory of the j-th program project financing fund.

In the existing realities for successful application of
the best practices of project management it is necessary to
develop mechanisms of hybrid management of programs
of projects of social and economic development of
territories taking into account metrics of co-financing
according to realities of the multiproject environment.

For the most profitable and cost-effective
implementation  of  projects of  socio-economic
development of territories with a high rate of return, it is
necessary to diversify financial resources and stakeholder
entities in order to strengthen convergence, including and
private business and its interests. This approach diversifies
not only the sources of funding, but also the risks that will
be shared between different stakeholders and their interest
to act more synergistically to address them, the possibility
of more flexible solutions to funding irregularities,
optimization of resource consumption, non-compliance

with agreed deadlines, etc. Such a mechanism is effective
and feasible in the application of Ukrainian legislation and
correlates with the paradigm of public-private partnership
for Sustainable Development 2030 (People First PPPs),
which allows to initiate such projects by both public
authorities and private business.

To date, there are a number of obstacles to the actual
implementation and enforcement of such convergence
methodologies through:

- Low awareness of potential opportunities.

- Lack of pilot projects.

- Lack of experience in implementing similar
projects in Ukraine in general in their full cycle.

- Lack of qualified specialists and potential investors
to finance and attract such projects.

- Involvement of international technical assistance
for project management and structuring.
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Participation of private
business

Participation of public
authorities

Involvement of
international experts

Regulatory and legal
framework

Launch and implementation of a pilot
project

Projects based on best convergence
practices in Ukraine

Convergence
synergetics

Diversification of sources of financing, diversification of risks, more flexible management of
deadlines, overcoming irregular financing, optimization of resource consumption

Fig. 1. Model-scheme of factors influencing obstacles to the implementation of convergent methodologies in the management of

territorial systems development projects

The model scheme is based on the launch and
implementation of pilot projects for the development of
territorial systems by means of convergence mechanisms,
which is formed from the components of attracting private
business, public authorities and the help of international
experts. Let's represent the expression as a tuple (1).

Lz =(Ib;la;le), (1)

where Lz — launch and implementation of a pilot project;
Ib — private business participation; la — participation of the
public authorities; le — participation of international
experts.

When implementing a pilot project for the
development of territorial systems, the influence of factors
of convergence synergetic and the requirements
of the regulatory framework put forward for its
regulation, projects are selected based on the best
convergence practices in Ukraine, which is written by the
expression (2).

(K}t =Pk, @)

where Pk — projects based on best convergence practices
in Ukraine; Sk — convergence synergetic; Jk — regulatory
and legal framework.

However, it should be borne in mind that at this
stage, the implementation of convergence projects is not
possible without taking into account the ongoing process
of diversification. It is accompanied by the financial

component of the project; overcoming the irregularity of
funding; emerging risks; flexible deadline management;
optimization of resource consumption, which is described
by the expression (3).

{skj

{Pk}| < Dk , at this Dk e (ki; kin; kin +1) , ©)
{3k}

where Dk — the process of diversification of funding
sources; overcoming its irregularity, the risks that arise;
flexible deadline management; optimization of resource
consumption.

Project management of territorial  systems
development is a complex organizational and technical
process. The process is complicated by the constant
change in the impact of the project environment, the need
to adapt different atypical (hybrid) approaches, project
management methodologies, programs and project
portfolios and the need to take into account
in the planning process of this type of project
convergence factors. On the basis of the system analysis
the model of hybrid management of the program of
projects of development of territories is constructed
(fig. 2).

The model is based on the parameters of the
convergence coefficient. In the context of hybrid
management, the convergence factor is a tool that
provides processes for managing programs and projects
for the development of territorial systems and their
interaction with stakeholders.
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Fig 2. Model of the structure of objects and subjects of hybrid management of the program of territorial development projects

The main stakeholders of the territorial development
project implementation program will be the following
components: government, community, international funds,
and sponsorship and public-private partnership projects.
Thus, formally stakeholders of the hybrid management
program of territorial development projects can be written
as an expression (4).

Sh =(Gv; Lo; If ;Sr; Ph), (4)

where Sh — stakeholders of the territorial development

project program; Gv — authorities; Lo - local
communities; If — involved international funds;
Sr — sponsors; Ph — public-private partnership
projects.

Whereas the parameters of the convergence factor
directly depend on the application, in the process of
planning and implementation of best practices in project
and program management; standard structured projects
and programs and their interaction with stakeholders so
the process dependence of elements of hybrid
management of the program of projects of development of

territories is formed. We describe the formed dependence
of the expression (5).

Kij{Sh} < (Pi|1Ii), (5)
where Pij — programs, territorial development project; 77ij
— best practices in project management, programs and
project portfolios.

The influence of the parameters of the convergence
coefficient on the program of territorial development
projects is carried out throughout the life cycle. However,
the greatest impact with the maximum possible positive or
negative consequences is carried out at the planning stage.
The solution to this impact lies in the context of
identifying the main challenges and problems faced by the
project in the life cycle of the regional system. Taking into
account these features and the impact of convergence
coefficient parameters on the project, a convergent model
of hybrid project management of socio-economic
development of territories by means of identifying the
main challenges and problems in the life cycle of the
regional system (see fig. 3).
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Fig. 3. Converged model of hybrid management of projects of socio-economic development of territories by means of identifying the

main challenges and problems in the life cycle of the regional sys

tem,

where F1 — initiation phase; F2 — planning phase; Fs — implementation phase; F4 — launching phase.
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The model is based on the possible development of
the project during the life challenge on the way to success.
The model is built in the system of ordinates of the project
life cycle time and the level of efficiency of the program
of socio-economic development of the territorial
development project. The hybrid impact of the project
environment forms the problems of system functioning in
the context of the regional component of project
implementation and the impact of challenges of adaptation
of the project and program management system. The
regional component of implementation includes: features
of the territory, turbulent environment, thermo-historical
component, socio-economic component, etc. We describe
the regional component of the expression (6).

(6)

where Rs — problems of regional systems; Sp — success of
the project of socio-economic development of territories by
identifying the main challenges and problems in the life
cycle of the regional system.

Taking into account the challenges that arise in the
life cycle of the implementation of programs of
development projects in the conditions of hybrid
management, we write the dependence (7),

Rs = [Sp], at this Rs e (Si;Sin; Sin+1) ,

Ca = [Sp], at this Ca e (ai;ain;ain+1) (M

where Ca — the process of influencing the challenges of
applying the provisions of the methodology of project and
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program management and their transformation into a
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development. It should be taken into account that the
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of socio-economic development. Quantitative indicators of
Si and Ca values will depend on both the regional features
of the project implementation and the parameters of the
convergence factor, and at different stages they will
interact within 1 block of the process, or 2 or more at the
same time.

Conclusions

The informational and literary analysis of current
trends in the implementation of complex programs of
socio-economic development projects in Ukraine showed
the ineffectiveness of existing project management
methodologies associated with the lack of mechanisms for
hybrid project management based on convergence.

A convergent model of hybrid management of
projects of socio-economic development of territories by
means of identification of the main challenges and
problems in the life cycle of the regional system is
developed, and takes into account indicators of success of
projects in the program based on analysis of best practices
of project management.
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I'IbPUJHE YIIPABJIHHSA IPOTPAMAMM ITPOEKTIB PO3BUTKY
TEPUTOPIAJIBHUX CUCTEM 3ACOBAMU MEXAHI3MIB KOHBEPTEHIIIT

IToctanoBka mpoOsaemu. Peanizaiis mporpaM MPOEKTIB COLIAIBHO-EKOHOMIYHOTO PO3BHTKY TEpUTOpPi YKpaiHu BigOyBaeThcs
HeeeKTUBHO, 3 MEepEeBUTPAaTaMH OIOJDKETY Ta 3aBEpIICHHSIM HE y BCTaHOBICHHH 4ac. I{e MOB’s3aHO 3 BUKOPHCTAHHSIM PEaKTHBHHX
METOOJIOTiH yIpaBIiHHSA MPOEKTaMH, IO HE BPaXOBYIOTh CKIIATHICTH peali3allii MpoeKTiB, TypOyIEHTHICTh IPOEKTHOTO OTOYEHHS.
BincyTHicTh TiOpHIHHX MeXaHI3MIB YIpaBIiHHS MPOTpaMaMé IPOEKTIB COMIATbHO-EKOHOMIYHOTO PO3BHUTKY TEPHUTOpiii HA OCHOBI
KOHBEPreHIlii Pi3HUX METOJIB YIPaBIiHHS NMPOEKTAMH € HEBUPINICHOI MpobieMoro. Peamizamis mporpam MpPOEKTIB COIiajbHO-
€KOHOMIYHOTO PO3BHTKY BiZ0OYBa€eThCs 3 BUKOPHUCTAHHSIM MeEXaHi3MIiB (piHAHCOBOTO PETYJIOBaHHS TEPUTOPiH Ha OCHOBI Mozeni
"perumient-gonop”. ToMy po3poOieHHs MeXaHi3MiB TiOpPUAHOTO YIPABIiHHA TPOrpaMaMH IPOEKTIB COLIAIbHO-EKOHOMIYHOTO
PO3BHUTKY TEPHTOpiaJIbHUX CHCTEM Ha OCHOBI KOHBEPI€HII KIFOYOBUX METO/IB MPOEKTHOTO MEHEKMEHTY € aKTyaJIbHOI HAyKOBOO
3agadero. Merta. Mera poboTH TomsArae y po3poOri MexaHi3MiB TiOPHIHOTO YNpaBIiHHS NPOrpaMaMU TPOEKTIB COLIATBHO-
€KOHOMIYHOTO PO3BHUTKY pErioHiB YKpaiHHM 3 BHKOPUCTAHHSM IHCTPYMEHTIB (DiHAHCOBOTO PETYIIOBaHHS, MyOIiYHO-IPHBATHOTO
napTHEpPCTBa Ta KOHBEPreHIil ux MexaHizmiB. MeToamn. Y poOOTi BUKOPHCTaHO METO/M TiOpUIM3alli Ta KOHBEPIeHIiT METOI0JIOT i
yhOpaBiiHHA Tmpoektamu. PesyasTraTtm. Ha miacrtaBi nmocnmifkeHb [OBEICHO, IO peaji3aliss MporpaM IPOEKTIB COLIAbHO-
€KOHOMIYHOTO PO3BHUTKY TEPUTOPIii, MOTpedye 3aCTOCYBaHHS Pi3HMX KOMIIOHEHT IIPOEKTHOIO MEHEMKMEHTY, HUIIXOM TiOpuau3anii
Ta KOHBepreuuii. PosmmpeHo TepMiHoiOriuHy 0a3y YOpaBIiHHS NPOEKTAMM LUBIXOM BBEIACHHS HOBHX O3HA4YeHb ' TiOpuaHe
VIPaBIiHHS TPOTPAMOI0 IIPOEKTIB COIMIATFHO-EKOHOMIYHOTO PO3BUTKY TEPUTOpiH', "KOHBEpPreHiisi MeXaHi3MiB yIpaBIiHHS
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npoekramu’. @OpMaITi30BaHO MPOLECH YIPABIIHHSA MPOTPaAMaMK MPOEKTIB COLIABHO-CKOHOMIYHOTO PO3BUTKY TEPUTOPIiii, HA OCHOBI
Mmozeni "peuumient-noHop”. BucHoBku. IIpoBeneHMil aHami3 CydacHHMX TEHICHLIM peami3alil CKIagHUX MPOTpaM IPOEKTIB
COLIIAIFHO-€KOHOMIYHOTO PO3BUTKY 3acBiYMB HEE(EKTHBHICTDh MiIOYMX METOJOJOTiH HPOEKTHOTO MEHEKMEHTY, MOBS3aHUX 3
BIICYTHICTIO MeXaHi3MiB TiOpUIHOTO YNpPaBIiHHSA NPOEKTaMH HA OCHOBI KOHBEPIEHI] KpaIlUK MPaKTHK YIPaBIiHHS MPOTpaMu
MIPOEKTIB TEPUTOPIATEHOTO PO3BUTKY. P03p0o0ieHO KOHBEpPreHTHYy MoJenb TiOpHIHOTO YIPaBIiHHA IPOEKTAMH COLIAIBHO-
€KOHOMIYHOTO PO3BHUTKY TEpHUTOpii 3acobaMu ineHTHGIKalil OCHOBHHX BHKIIHKIB Ta MPOOJIEM B XXHTTEBOMY LUKII perioHaNIbHOI
CHCTEMH, 1[0 BPAaXOBY€ IHANKATOPH YCIIiXy IIPOEKTIB B IpOrpaMi Ha OCHOBI aHAJI3y KPAIUX MPAKTUK MIPOEKTHOTO MEHE)KMEHTY.

KmiouoBi cioBa: riGpuaHe ynpaBiiHHS; KOHBEPIeHIIis; POrpaMa; IPOEKTH COLiAIbHO-eKOHOMIYHOTO PO3BHUTKY; MEXaHI3MH
YOPaBIiHHS, TEPUTOPIANBHI CUCTEMH.

I'MBPUIHOE YIIPABJIEHUE ITPOI'PAMMAMM ITPOEKTOB PA3BUTUSA
TEPPUTOPHUAJIBHBIX CUCTEM CPEJCTBAMUN MEXAHU3MOB
KOHBEPI'EHIIMHU

IMocranoBka mpoGiemMbl. Peannsaius MPOrpaMM MPOEKTOB COMHATBHO-3KOHOMHYECKOTO pPa3sBUTHS TEPPHTOPHI YKpauHbI
OPOUCXOMUT HEeIDPEKTUBHO, C TepepacxofaMi OropkeTa M 3aBEpIICHHEM HE BO YCTAHOBJICHHOE BpeMs. OJTO CBA3aHO C
HCIIOJIb30BAHAEM PEAKTUBHBIX METOJONOTHH YIPABJICHHS IIPOIKTAM, HE YUYHMTHIBAIOT CIOKHOCTh DEATH3ANUA POEKTOB,
TYpOYJIEHTHOCTh MPOEKTHO OKPYKeHHss. OTCYTCTBHE THOPHIHBIX MEXaHU3MOB YIPABIEHHS MPOTPAMMAMH TIPOEKTOB COIHAIBHO-
9KOHOMUYECKOTO pPAa3BUTHS. TEPPUTOPHII HA OCHOBE KOHBEPIEHIUM DA3IUYHBIX METOJOB YIPABICHHS I[IPOJIKTaM SBIACTCS
HEpeLIEeHHON npobieMoil. Peanusalust mporpamMm MPOEKTOB COLUAIBLHO-3KOHOMHYECKOTO PA3BUTHSI IPOMCXOAHUT C UCIONb30BAHUEM
MEXaHU3MOB (DHHAHCOBOTO PETYJIMPOBAHKSA TEPPUTOPUIT HA OCHOBE Mozeny "penunueHT-10Hop". [IoaToMy pa3paboTKa MEXaHU3MOB
TUOPHIHOTO YIPABJICHHUS MPOTPAMMaMHU IIPOEKTOB COIHATHHO-DKOHOMHYECKOTO Pa3BHTHS TEPPUTOPUATBHBIX CHCTEM Ha OCHOBE
KOHBEPTEHIMM KIIFOYEBBIX METOMOB MPOEKTHO MEHEDKMEHTA SIBIAETCS aKTyalnbHON HayuHoW 3amauedl. Llean. Llenb paGoTsl
3aKJIF0YAETCs B Pa3pabOTKe MEXaHU3MOB THOPHIHOIO YIPABIEHHUS MPOrPAMMAMH IIPOCKTOB COLHATIBHO-3KOHOMUYECKOTO PA3BUTHSL
PErHOHOB VKpauHbl ¢ UCIONB30BAHUEM HHCTPYMEHTOB (DMHAHCOBOTO DPEryJIMPOBAHHS, TOCYAAPCTBEHHO-YaCTHOTO MApTHEPCTBA U
KOHBEPIeHLMH 3THX MeXaHu3MoB. Meroabl. B pafoTe HCHONB30BaHbl METOAbI I'MOPUAM3ALU W KOHBEPIEHIUH METOIOJIOTHIA
yhpasieHus mposkram. Pesyabrarel. Ha OCHOBaHMM HCCIENOBaHHM IOKAa3aHO, YTO PEalH3alys IIPOrPaMM MPOEKTOB COLHUATIBHO-
9KOHOMHYECKOTO DasBUTHs TEPPUTOPUiA, TpeOyeT TNPUMEHEHUs pa3IHYHBIX KOMIIOHEHT IPOEKTHO MEHEKMEHTA, IyTeM
TUOPHAN3AINN M KOHBEPTeHIMH. Pacmper TEPMUHONIOTHYECKYIO 6a3y YIIpaBJIeHHs MPOIKTAM ITyTEM BBEICHUSA HOBBIX ONpPEIETCHHI
"rubpuaHOE yIpaBleHne MPOrPaMMO MPOEKTOB COIUAIBHO-YKOHOMUYECKOTO Pa3BUTHA TEPPUTOPHiA”, "KOHBEPTeHIMsA MEXaHU3MOB
ynpasienus nposkram’. GopMann3oBaHa MPOLECChl YIPABICHHS IIPOrPaAMMaMH MPOEKTOB COLMAIBLHO-9KOHOMHUYECKOTO Pa3BUTHSL
TEPPUTOPUI HA OCHOBE MOJENH “perunueHt-1oHop". BoiBoabl. [IpoBeleHHBIN aHAIN3 COBPEMEHHBIX TEHIECHIMH peaan3anuu
CIOXHBIX [POrPaMM MHPOEKTOB COLHMAIBLHO-IKOHOMUYECKOTO PasBHTUs MOKa3al Hed(P(EKTUBHOCTb NEHCTBYIOLIMX METOIOJIOTHIA
[POEKTHO MEHEKMEHTA, CBA3AHHBIX C OTCYTCTBHEM MEXaHU3MOB I'MOPHHOTO YNPABJIEHHS IIPOIKTAM HA OCHOBE KOHBEPIEHIUH
KPaUIUK TPAKTHK YIIPABJIEHHs POrPAMMBI MPOEKTOB TEPPUTOPUAIBHOTO pa3BUTHs. Pa3paboTaH KOHBEPIEHTHYIO MOJIETb THOPUIHOTO
YOPaBIEHUs] TIPOIKTAM COIMATHLHO-DKOHOMHUYECKOTO PA3sBUTHs TEPPUTOPHUIM CPENCTBAMH HMIACHTU(DUKAIMHA OCHOBHBIX BBI30OBOB U
npobsieM B KU3HEHHOM IMKJIE PETMOHAIBHOW CHCTEMBI, YYHTBHIBAIONIEH HHAMKATOPHI ycIexa IPOEKTOB B MPOTpaMMe HA OCHOBE
aHaIN3a JyYNINX TPAKTUK TPOEKTHBIX MEHEKMEHTA.

KaroueBble ca0Ba: TUOpUIHOE yOPAaBIEHHE; KOHBEPIEHUMs; NPOrPaMMa; MPOEKTHI COLHATIbHO-IKOHOMUYECKOTO PA3BUTHSL;
MEXaHU3MBbI YIIPABIICHHS; TEPPUTOPHATIBHBIE CUCTEMBL.
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J. O. 30JI0TAPLOB

PO3NIOAIVIEHA CUCTEMA ABTOMATU30BAHUX OBYUCJIEHDb HA BA3I1
XMAPHOI IHOPACTPYKTYPU

CTaTTa NpUCBSUCHA TEOPETHYHOMY JOCTIDKEHHIO Ta pO3pOoOIl PO3MOAiICHOT CUCTEMU aBTOMAaTH30BaHUX OOYHCIIEHb Ta aHANi3y Ha
6a3i xmapHoi iHdpacTpykTypu. [IpeamMeToM MOCHiIKEHHS € TCOPETHUYHI Ta MPAKTUYHI 3acagy MOOYJIOBH CHCTEM aBTOMATH30BAaHHX
PO3paxyHKiB Ta aHaji3y, L0 3aCHOBaHI Ha KIIE€HT-CEPBEPHIH apXiTeKTypi Yy pO3MoIiUIeHid iH(QpacTpykTypi Ha 0a3i XMapHHX
TexHoJorii. MeTo10 cTarTi € po3poOKa Ta OOTPyHTYBaHHS NMPAKTHIHUX PEKOMEHIAIIH 1010 GOPMYBaHHS iHPPACTPYKTYPH CHCTEMH
aBTOMAaTH30BaHUX OOYNCIIEHb, BHOOPY 1i CKIIAJOBHX €JIEMEHTIB Ta iX KOMIIOHEHTIB. 3aBJaHHA pPOOOTH: BHSBUTH HEOOXiITHI
CTPYKTYpHI €JIEMEHTH CHCTEeMH aBTOMAaTH30BaHMX OOYHCIICHb Ta HAaJaTH ISl KOXKHOTO 3 HHUX aHaNi3 CKIaJOBHUX KOMIIOHCHTIB Ta
(YHKIIOHAIBHOTO HaBaHTa)XCHHS, IIOCTABUTH KOHKPETHI 3aadi A1 OOy IOBH KOXKHOTO i3 HUX Ta OOIpyHTYBaTH BHOIp IHCTPYMEHTIB
JUIsL X BHpIIIEHHSA. Y XOZi JIOCHUKEHHS BHKOPHCTAaHO METOAM CHCTEMHOTO aHaji3y Ui AEKOMIIO3HMLIl CKJIAJHOI CHCTeMH Ha
€JIEMEHTH Ta KOKHOTO €JIeMEeHTa Ha ()YyHKLIOHANbHI KOMIIOHEHTH. Y pe3yJibTaTi AOCIiMKEHHS BCTAHOBJIECHO, IO iHQPACTPYKTypa
CHUCTEMH Ma€ CKJIAJaTHCA 3: €IMHHX iHILiaTopa OOYHUCICHb Ta IICHTPa OOYHCIICHBb, KaHATIB 3B 53Ky 13 KII€HTAMH, Ta KiHIIEBUMH
KIIIEHTaMH, 110 OOpOOISAIOTh pe3yibTaTh. Ycsl CHCTEMa Ma€ IMpaIioBaTh y peaJbHOMY a00 OJM3BKOMY IO PEalbHOTO Yaci, 0 Mae
OyTH HOCSITHYTO 4depe3 oOpoOKy MOAii omepamiiiHOi cHCTeMH Ta 30BHIIIHIX cepBiciB. Kanamm 3B’s3Ky MaroTh OyTH MaKCHMajbHO
VHIBEpCATbHUMH Ta HaJaBaTH IIMPOKI MOXIJIMBOCTI KIIEHTaM JJisi JOCTYIy 10 AaHux. KiHIIEBI KJII€HTH MalTh OyTH JBOX THIIIB:
TIOBHOIIIHHI JUIsl THYYKOI Ta iHAMBiXyansHOT 0OpOOKYM JaHHX, Ta CIPOLIEHI /Ul iHTErPOBAHOTO CEpEeOBHINA y3aralbHeHOI 00poOKH
JIAHUX Y MOOUThHOMY a00 JIECKTOMHOMY Opay3epi. 3a OTpUMaHHMU PEKOMEHAIISIMHA PO3POOJICHHUI OJIMH i3 BapiaHTIB TaKOl CUCTEMH,
TM0Ka3aHi IPUHIMIIK HOro poOOTH Ta HaBeleHi pe3yabTaTu. BucHoBKH. Po3polbiieHi TeopeTHyHi Ta MPaKTUYHI OCHOBH JUTS peasizamil
CHCTEM DO3MOJIICHHX aBTOMATH30BAaHUX OOYMCIICHb Ta aHaJi3y Ha 0a3l XMapHUX TexHoJorid. [lokazaHO MiIBUINEHHS HAAIHHOCTL
30epekeHHS pe3yJIbTaTiB MOJICIIOBAHHA y Takid cucTeMi depe3 iX MOTpiiiHe OyONMrOBaHHS 3aBASKU: JIOKAIBHOMY CXOBHILY,
BUKOPHUCTAHHIO 30BHIIIHIX 0a3u gaHuX Ta (aitmoBoro cepsicy. HamgaHi 1oBOAM 11010 MiABHIICHHS 3pyYHOCTI Ta THYYKOCTi y 00poOIi
pe3yabTaTiB uyepe3 MOXKIIMBICTh BUKOPUCTAHHS CTOPOHHIX aHANITHYHUX NOJATKIB, IO MIATPUMYIOTh 3aBaHTAKEHHS HAHUX 13 TaKHX
mkepen. [Toka3zaHa eKOHOMIYHA BUTO/Ia Bil BUKOPHCTAaHHS olicaHoi cucTeMu. HaBeneni MaitOyTHI nutsixu ii BIOCKOHAJICHHSI.

KunrouoBi ciioBa: XMapHi TEXHOJIOTI; po3noaiieHa iHppacTpyKTypa; XMapHi aBTOMaTH30BaHi 00YNCIIEHHS; EKOHOMIS pecypciB
Ta KOIUTIB; iTepaliiHi anrropurmu; Mathematica.

Beryn OJIM3BKOMY /IO PEaIbHOTO Yaci.

3amadi, [0 CTOATh IMepeli TaKMMH KOMaHIAMHU
MOXXYTh MIHSTHCS, & 3 HUIMHU 3MIHIOETbCS W po3pobieHa
cucteémMa, 10 TMpU3BOJAUTL 10 BUTpAT KOH_ITiB Ha

JlocArHeHHs cy4acHOI PUKIIAJHOI HAYKU € 3HAYHOIO
MIpOI0  pe3y/nbTaroM poOOTH  KOJIEKTHBIB  BYEHHX,

JIOCIIIIHUKIB Ta IH)KEHEPIB, 4acTO MDKIUCUUILTIHAPHUX.
[MpumipoM Takoi B3aeMOJIl MOXYTh CIYXHTH pOOOTH
MOTOYHOTO POKY [1-7], y KOXHil 3 SKuX mpuiiMana y4acTb
3Ha4YHa KIJBKICTh CHEMIAIICTIB, 10 HajeXajld HE TUIBKHA
JI0 pI3HUX OpraHi3aimiif, a # 4acto A0 pi3HUX HAMPSIMKIB
nocnipkeHs. HaouyHo BHIHO, IO OTPUMAaHHA IHX
pe3yibTaTiB  CTAJ0O  MOXIMBAM  TUIBKH  3aBJISIKH
MixtmpodecioHanbHI Kooneparrii.

OcoOiuBicTIO Takol B3aemMoiil € Te, 0 KOXKEH
BUKOPHCTOBY€E 3BUYHI y #oro o0macti IHCTPyMEHTH
PO3pOOKH, TOCIIIKECHHS Ta aHATi3y, [0 BAXKO MMOETHATU
y oaHy cucremy. Tomy mix wac BaxiauBux abo
JNOBrOTPUBAJIMX JOCHIKEHb y Takid rpymi, 1100
OpraHizyBaTH pobory, PO3pOOITIOIOTHECS abo
BIIPOBA/KYIOTHCS CIIEiaNi30BaHi CHCTEMH B3a€MOJii IS
nepenadi pe3ynbTaTiB MK ydacHukamu. Lli cucremm
YacTO CTBOPIOIOTHCS OpraHi3amisMH I1iJ] KOHKPETHI 3a/1adi
1 TOMy A7l KOXKHOTO BUMNAAKYy OyIyTh BiIpi3HATHCS B
cuity O1bIIOT Pi3HULI Y 3a/1auax KOMaH[ Ta iX CTpyKTypi.

KpiM TOro y chOromHilHiX yMoOBax JIOAW, IO
OepyTh  Oe3mocepefHIO  y4acTh y  KOMAaHIHHX
JOCIIJKEHHSIX, MOXKYTh OyTH SIK PO3IOAIJICHI MO CBITY, B
TOMY YHCJi 32 YaCOBHMH TOSICAMH, TaK i 3HAXOAUTHUCH Y
OJTHOMY MiCTi aie 6e3 MOXKIIMBOCTI OyTH pa3oM i3 iHIIHMHU
yuacHukamu. L{o6 opramisyBatm iX KOMGOPTHY
B3AEMOJIII0 TaKOX PO3POOIIOIOTHCS aHANOTIUHI CUCTEMH,
o JI03BOJISIIOTH 0OMiHIOBaTHCS pe3yabTaTaMu
JOCIT/KEHb Y aBTOMaTHYHOMY PEXHMi y peabHOMY abo

HEBUPOOHHYI MPOLIECH.

Po3Butox Ta BAOOcKkOHanmeHHA xMmapHHX laaS
TEXHOJIOTiH JT03BOJISE MIMIATH A0 BUPIMNICHHS W€l 3a1a4i 3
iHmoro OOKy — HE KYIyBaTH Ta BOJOIITH IOPOTOIO
TEXHIKOIO I TOOYIOBU 1HPPACTPYKTYpH Ta CICMCHTIB
CHUCTEMH, a OpeHAyBaTH iI Ha TOTpiOHWI dac y
noTpiOHOMY 00’eMi i3 TOTPiIOHMMHU pecypcamu. Y pasi
3MiHM NOTpeO Taka iHPPACTPYKTypa 1 pecypcH KOKHOTO
eIeMEHTY MOXYTh OyTH 3MiHEHI 3a JIYCHI XBUJIMHHU.
Co0iBapTicTh BOJIOMIHHSA HEH €, BOYCBHIb, 3HAYHO
MEHIIOK Ta MPHHOCUTH HaHOIJIbLIy €KOHOMIIO KOIITIB Y
pasi yactoi 3MiHM 3aJia4, 10 CIPUYHHSIIOTH ICTOTHY 3MiHY
KoHpirypamii iHppacTpyKTypH, abo IpU HEPETYIAPHOMY
il BUKOpPHCTaHHI dYepe3 MOXJIMBICT BHKIIOYCHHS SK
IH(QPaCTPYyKTypH LIIKOM TaK 1 OKpEeMHX ii eleMEHTiB.

VBara miei crarri npuaiieHa npobiemi moOyn0BU
CHCTEMH aBTOMATH30BaHHWX OOYMCIICHb JUI BHUIAIKY
BUKOPHUCTAaHHS iTepallifiHuX aaroputMiB nporpamu [8-11]
i3 OIHUM IHIIIATOPOM OOYHCICHb i3 BUKOPUCTAHHIM Yy
SIKOCTi OOYHCIIOBAILHOTO IIEHTPY SApa MaTeMaTHYHOTO
nporecopy Wolfram Mathematica [12] ra 6a3i xmapHOTO
IaaS cepsicy, 1m0 BpaxoBy€e TaKy Ba)KIHMBY CKIIAIOBY JJIs

BiJIaJICHOTO BUKOHAHHS AK ABTOMAaTH30BaHUH
Harsig 32 IPOLECOM  PO3PaxyHKIB i3  MHTTEBUM
CHOBIIICHHSAM Ta pPO3paxoBaHy Ha BHUKOPUCTAHHS

MaKCHMaJIbHO IIHPOKOTO CIEKTPY KIHLEBUX KIIEHTIB,
KOKeH 3 SKHX TIIOBMHEH MaTh 3MOTY aBTOMAaTH4HO{
00poOKM pe3ynbTaTiB OOYMCIECHHS y ONM3bKOMY [0

© [. O. 3onotapsos, 2020
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pearsHOTO Yaci.

MerToro 1i€i cTaTTi € po3podka Ta OOTPYHTYBaHHS
NPakTHYHUX  peKOMeHJaumid  moxo  (OpMyBaHHS
iHppacTpyKTypu Takoi cucTteMmH, BUOOpY 11 CKIIalOBHX
€JIEMEHTIB Ta iX KOMIIOHEHTIB. 3aBIaHHS — BUSIBHTH
HeoOximHi 11 CTPYKTYpHI €JEMEHTH Ta HaJaTH
JUIl KOXKHOTO 3 HHX aHalli3 CKJIaJOBUX KOMIIOHEHTIB
Ta  (YHKIIOHANEHOTO  HaBaHTaXEHHs,  [TOCTaBUTH
KOHKpeTHi  3amadi g 1moOyJoBH  KOXKHOTO i3
HUX Ta OOIpyHTyBaTH BHOIp IHCTPYMEHTIiB mis iX
BHPIIICHHS.

ITepanifini anroput™Mu oOpaHi dYepe3 Te, IO iX
0coONMMBICTIO € "mpupomHa" 3MATHICTH O 30epeKCHHS
CTaHy MICJIs 3aKiHYEeHHsI KOXHOI iTepauii — pe3yibTaTH
ycixX paHilie oOYHMCIEHUX iTepaliii MoxkHa 30epiratu Ta
3aBaHTa)XyBaTH, THM CaMHM HOBHICTIO BiJIHOBJIIOBAaTH
30epeKeHnit CcTaH TporpaMu Uil TIEBHOTO  KPOKY
anroputMmy. Heiteparliiini  ajqroputMu, 10 34aTHI
30epiraTh CBill CcTaH Ta pe3yJbTaTH IPOMDKHUX
o0YmCIeHp UIA  aHami3y, TaKoX MOXYTb OyTu
BHKOPHCTAHI.

Marematnuauii  mpomecop Wolfram Mathematica
OyB oOpaHWii Yepe3 BHYTPIIIHIO MOOYIOBY 3a KII€HT-
CEpPBEPHOIO  apXIiTeKTyporo: KiieHT Mathematica Ta
sapo  WolframKernel, Ta mratdopMoHe3anexKHICTh
cepBepy.

Bukitanemo TeopeTHYHi OCHOBH ISl TOOYIOBU TaKo1
CHUCTEMU Ta pe3yjbTaT, M0 € OJHUM 13 MOXJIHMBUX
BapiaHTiB 11 peaizauii.

CKJ’IaJIOBi CHCTEMH ABTOMATH30BAHUX 00YMCJIEHb

Jdnst  noOymoBHM  CHCTEMH  aBTOMAaTH30BaHHUX
oOurcieHp iTepariiiaumu anroputMamu y Mathematica
MMO3HAYNMO TpoOjeMu, Mo MarTh Oyt Bupimeni. Lle
OynyThb, HO-TIEpIIE, 3allyCK Ha BHUKOHAHHS IPOTpaMu y
simpi Mathematica enmuHNM iHIIATOPOM OOYHCIICHb Ta
aBTOMATUYHUHA  Harisil 3a  KOPEKTHOI  PoOOTOrO
siIpa i3 CIOBIMIEHHSM iHiniaTopa oOumciens. [lo-apyre,
30epeKeHHs] Ta Tmepenada pe3yJbTaTiB [0 KIiHIEBUX
KJI€HTIB 51 oOpoOKM Ta aBTOMaru3aiis 00poOKH Ha
TaKHX KII€HTaX.

Hns pO3B’sI3aHHSA
chopmymroeMo  3amadi  y
€JIEMEHTIB 32 HaIlPaBJICHHSIMH.

[HimiaTop oO4YHCIEHP Ma€ 3aXWIICHUN MEpEeKEBUI
JIOCTYI JI0 IEHTPY OOYNCIICHb, y aBTOMAaTHYHOMY PEXHUMI
30epirae jmokymMeHT Mathematica micist KOXKHOTO BHBOJY
MPOMDKHUX PE3yJIbTaTiB YH 1HILIOTO.

Llentp oOumcieHp Hajgae 3aXUINEHUH MepexeBHi
JOCTYN JJIs  iHII[iaTopa OOYHUCIICHb, Ma€ 30BHIIIHE
MPOTOKOJIOBAHHS pobotu porpamH, MUTTEBO
criopimae mpo 36ii y mporeci oOumcieHHs, 30epirae

MOCTaBIEHUX npobyieM
BUDJISJI  XapaKTEPUCTUK

pe3ynbTaTd  OOYHCIIEHHS KOXHOI iTeparii, OYHIIae
3aiiMaHi  pecypcd KOMIT'IOTepa TICis  3aKiHYSHHS
00YHCIICHB.

Kanan 3B’a3ky 13 KiieHTamu, M0 0OpOOIAIOTH
pe3yibTaTé mepenae 'y OJIM3BKOMY JI0 pPEeaJbHOTO daci
pe3yibTaTé OOYHMCIICHHS KOXKHOI iTepamii Ta NpOTOKOJ
poboTH IIporpaMu J10 KiHIEBUX KIIIEHTIB.

Kiientn 00YHCITIOBAIEHOT CHCTEMH, 1110
00poOIIIOTE JaHi y OJU3BKOMY IO peajbHOTO daci,
MarTh MOXJIMBICTH aBTOMAaTHYHOTO aHAJI3y Yy CHCTEMI
Mathematica, CTOpOHHIX JoOJaTKaXx Ta IUIATHOPMO-
He3aJIe)KHOMY CEePEIOBHIIII.

OOpaHHsT XMapHHX TEXHOJIOTIH JuIsi OOYHCIIECHb
MaroTh HAaCTYIIHI NepeBaru: TaKkWUi cepBep MOXe OyTH
MIBUAKO  PO3TOPHYTHH,  IIBHJKO  3MiHEHa  HOro
KOH(Iryparis Ha Ty, IO 3aJ0BOJIBHSIE TOTPeOaM MMOTOYHOL
3ajadi, MBHAKO KIOHOBAaHWH JUIA  HapajelbHOTO
00YHNCIICHHS ACKITBKOX 3a/1a4. Y SKOCTI MOTYKHOCTEH OyB
o0paHMil ONTMH 13 CBITOBHUX JIiJIEPIB XMApHUX TEXHOJIOTiH
DigitalOcean, ne Oymu po3TalioBaHi: cepBep OOYHCICHD
i3 sapom Wolfram Mathematica 11.3.0 for Linux x86 (64-
bit) [12] na 6a3i OC Ubuntu 20.04 LTS x64, cepsep 6a3
mannx  MySQL  8.0.20 Community Server Ha
tii camii OC, BeO-cepBep Ha 0a3i Apache 2.4.29
(Ubuntu) Ta d¢peiimBopky Laravel 6 [14] Ha Tiii
camiii OC.

brok-cxema cucTeMH aBTOMAaTH30BaHHX OOYHCICHD
NokasaHa Ha puc. 1.

PobGota cucTeMH TOYHMHAETBCA 13 MiOKITIOYCHHS
kimieaTa Mathematica Ha KOMITIOTEpi, INO IHIIIIOE
o04YHnCIIeHHS, 10 cepBepa 00YKCIEeHb Ta 3allyCK IPOrpaMu
y sapi Mathematica Ha BUKOHaHHSI.

®doHOBUN TpoIleC HarisAga4a KOHTPOJIIOE POOOTY
aapa Ta y pas3l HOro amapiiiHOi 3yNHMHKH BiJIpaBisie
CrioBillleHHs1 Ha e-mail iHimiaTopa OOYHMCICHH Ta Yy
npuBatHy rpyny Slack, no sxoi MawoTe goctyn yci
3aliKaBJieHi 0COOH.
pe3ynpTaTH  30epiraloThCcss y CHEMIaNbHO BUAUICHHN
JOKaJbHIA AUPEKTOPii Ha cepBepi 0OUHCIIeHb, a (OHOBHI
npouec (aitmoBoro Harmsgmava iX y peaJbHOMY daci
AaBTOMAaTHYHO 3aBaHTaXye, IO-TIepIle, Yy CIeialbHO
BUINICHY TUpeKTopito Ha cepepi Dropbox wepe3 web-
API, no-nmpyre, y Buaineny 6azy nanumx Ha MySQL-
cepepi. AHajorivHuM obpazom HPOXOAUTH
3aBaHTXXEHHS IIPOTOKONY pOOOTH IpOrpaMu — JIOT-
(aiinis.

OOpoOka Ta Bizyawi3alis Mpolecy OOYHUCICHb Y
OMM3bKOMY 110 pEajbHOr0 dYaci Ha  KJIIEHTCHKHX
KOMIT FOTepax peasli3yeThbesl [BOMa HIISIXaMU: IO-TepIle,
yepe3 KiieHT Mathematica abo iHmMHA aHATITHIHUN
JIOJIATOK, 0 00poOroe Qaiimm, orpuMmani i3 Dropbox y
JOKIBHY JHUPEKTOpil0 KOMIT'IoTepa, Io-Apyre, depes
Opay3ep, IO MWIOKIIOYAa€ThCS JO BeO-cepBepy, MIO
3’€THYIOTBCS 13 CepBepOM 0a3u JTaHuX.

Uepes MyJIbTH-KITIEHTHY apxXiTeKTypy, IO BiX
caMoro TIOYaTKy TPHCYTHS y BeO-cepBepi, KUIBKICTh
KITIEHTIB, IO MiAKIIOYAIOTHCS depe3 Opaysep, oOMexeHa
JIMIIE TTOTY)KHICTIO cepBepa Ta Moke OyTH TiJIBHINEHA 3a
morpebu. KpiMm Toro, i KijbKicTh BeO-cepBepiB, IO
MIKITIOYa€ThCS 10 €IMHOT 0a3M JAaHUX TEX OOMEXYEThCS
TUIBKH TTOTY>KHICTIO OCTaHHBOI.

JIis  KIIEHTIB, MO I €THYIOTBCS Yepe3 CepBic
Dropbox, He oOMexeHa HE TUITBKH KUTBKICTh IOMIOHHX
KOMIT FOTEpIB-KIIIEHTIB, ale #W KUIBKICTh 3aITyIleHHX
JIOZIATKIB, IO MOXYTh OOpOOJIOBATH IapayieNibHO Ti XK
caMi JaHi pi3HUMHU CIIOCOOAMH.
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Puc. 1. HeKOMHOZ}I/IHiH CUCTEMH aBTOMAaTH30BaHUX O0YHCIIEHb Ha CprKTyle CICMCHTH

PosrimsgHemMo  Jgami  KOXHUM
JIOKIagHIIIe.

1. IniniaTop 06uncieHb

Mae mepexeBuil 1ocTyI uepes ssh-kaHai 10 HEHTPY
0o0uYHMCIIeHb 13 BUKOPUCTAHHSM KIIOYIB ACHMETPHUYHOTO
mupyBaHHs, [0 TapaHTyIOTh IOBHY O€3IEYHICTh
riepesiadi KOMaH]| Ta MPUHHATTS Pe3yJbTaTiB BiJl cepBepa
00YHnCIIeHB.

UYepes Te mo mix yac podotu nporpama Mathematica
BUBOJMTh Y CBI JOKYMEHT pe3yJIbTaTH BHKOHAHHS
pi3HMX omeparmii: OOYHCIEHHs, TPOTOKOJI pOOOTH,
rpadikd, TPOMDKHI 3HAYEHHS 3MIHHHX 1 Take IHIIE,

— mo0 YHHKHYTH iX BTpaTd y pasi 30010 BKIOYCHE

CICMCHT CHCTCMU

aBTOMaTHYHe 30epekeHHs (aimy oOgHMM 3  JIBOX
CI10cO0iB:
-3a JIONOMOTOK0 YCTAHOBKM Ol JTOKyMEHTa

NotebookAutoSave [13] y 3HaueHHs True HaCTyIHOIO
KOHCTPYKII€IO: SetOptions[EvaluationNotebook([],
NotebookAutoSave -> True],

-depe3 pydHe 30EpeKEHHs 33 JIOHNOMOIO0
NotebookSave [13] y Micusax mporpamu 0OpaHHX
KOPHCTYBaueM.

Iepmwmii crioci6 36epirae ¢ailn micas KOKHOI 3MIiHK
Ta MIAXOAUTH Uil BUIIAJKIB HEBEIMKOI 4YacCTOTH 3MIHHU
JIOKyMeHTa. SIKIIo Xk Iporpama reHepye 0arato BUBOIY y
JIOKYMEHT, TO TaKHH MiAXi1 MOXE ICTOTHO 1 CITOBUTEHUTH.
Y TakoMy pa3i pPEKOMEHIYETbCS BHUKOPHCTOBYBATH
JIpyTHH c1ioci0, Ta 30epiraTi JOKyMeHT KOKHHH pa3 micis
BUBOJY BaXJIMBOTO MAaKeTy pe3yJbTaTiB OOYHCIICHb,
HaIpHKJIa], micisl KOXKHOI iTepallii a0 KpOKY ajIropHTMY.

2. CepBep 00unc/ieHb

Hamae kimieHTaM 3axWIIEHANH MEPEKEBHHA TOCTYII
yepe3 ssh-kaHam, II0 BHUKOPUCTOBYE ayTeHTH(IKAIIIO
BUKJIFOYHO 33 KJIFOYaMH aCUMETpUYHOro mudpysanus. Lle
3amofirae BWITQJKaM BTpaTh abo 3aryOiieHHS MapoJiiB
JOCTyny, abo HempaBOMIPHOMY JIOCTYIy uepe3 ix
KPaJiKKy.

Bnpoeaodiswcenna npomoxonioeanns (JIOTYBaHHS) Y
nporpamy Mepeciiaye IBi METH: BUSBUTH MOTOYHUI KPOK
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BHKOHAHHSA aNTOPUTMY W BU3HAYHUTHU Yac i MiCIe TIOMIUIKA
y BHIaAKy 30010 B poboTi abo mpu aBapiiiHOMY
3aBepmieHHi. Ili 30BHINIHIM TPOTOKOJIIOBAHHSAM  CIIiJ
PO3YMITH 3alMC Y TaKe CXOBHIIE JaHUX, IO HE 3aJIC)KUTh
BiJl mporpamMu OOYHCIICHHS: CTOPOHHIN (aiii, 6a3a naHuX,
Elasticsearch, iHmmii komm’1oTep i Take iHIe.

Jnst moOynoBM Takoro MexaHi3my oOpaHuil BapiaHT
3amucy y (aiin depes3 Te, IO TaKWil CHOCIO JOCTaTHBO
HaJiHHUH, TIATPUMYE JerKe AyOIroBaHHs, Ta He MoTpedye
HEOOIPYHTOBAHOTO YCKJIQJHEHHS CHUCTEMH. Y Has3By
(hafimy BKJIIOWEHO ATy W 4ac i3 TOYHICTIO JO TOJWH, Ha
MOMEHT 3JiicHeHHs 3amucy: : "log " + mata y ¢opmati
"Pik.Micsiip. [lens Tomuan" + posmmpenHs "txt". Ile
O3HAaYae, Mo KOXKEH Jac CTBOPIOETHCS HOBHA JIOT-(aill, Ta
3aIMC TePEeHOCUTHCS 0 HBOro. Taka Ha3Ba yHIKalbHA Y
pamMKax JUpeKTopii, a ¢aiim i3 Ha3BOW y TaKoMy
¢dbopmMaTi AaTH JIETKO COPTYBAaTH Ta IIYKAaTH Cepel HUX
notpiOHuil. I3 QyHKUiOHATBHOI TOYKM 30py 1€ Jae
MOJJIMBICTh KOXXEH Yac BHIAIATH a00 MEPCHOCHTH B
apxiB crapuil Jor-aiia 1A aHami3y Ta Ha0YHO OaYyHTH,
I0 T[porpamMa Mpamoe, IUBISIYUCH Y JUPEKTOPI0
IIPOTOKOJIFOBAHHS pOOOTH.

Jlor-¢aiin BigkpHuBa€eThCS MPOTPAMOI0 IS JO3AMUCY
y pexkuMi cristbHOTO goctymy (read shared mode), mo mae
3MOTY YHUTaTH Hel ¢ail CTOPOHHIMH TOJATKaMH IS
aHaJi3y I gac 3amucy. Y npoMy Qaimi 30epiraroTbes:

- gac MoJii ¢ TOYHICTIO 0 MiNliCeKYH]I,

- Ha3Ba Ioii,

- iHpopMalliss TpPo YCHIMHICT il
3aBepIICHHS.

[ToTpiOHO 3BEepHYTH yBary Ha Ba)kJIHMBICTb 3aIluCy
PO YCHIMIHICTh KOYKHOTO €Tary MOl OKPEMHM PSIKOM,
a He NAaKeTHWH 3amuc Npo BCIO MO0 IIKOM — Yy
MPOTHBHOMY BHUNAIKY ITIPH CEPHO3HOMY 3001 pAIOK PO
BCIO TIO/IIF0 MOXE 30BCIM HE 3aIHCATHUCS Y JIOT-(haiii, THM
CaMHUM pO3MIUPIOIOYN O00JACTh MOMIYKY ITOMIJIKH IS
pO3poOHUKA.

Tekcr xonyerbest y UTFS, tomy mo e no3Boiisie
30epiraTd pa3oM i3 3BHUYaWHUMH CHMBOJAMH TaKOX
crewialibHi, 110 YacTO MOJIETIIY€E YUTAHHS JUIS HayKOBI.
IIporpama y Mathematica HajmamTOBaHa TaKHUM YHHOM,
o Jjgomae KoxHuU psagok y ¢dopmari StandardForm,
BHIIEPEKAIOYN HOTO JIaTOr0 i yacoM y dopMmarti "aa-MMm-
pppp uu:xx:cc.mc". @opmar StandardForm rapanTtye, 1o
yci cUMBOJIM OyZIyTh APYKOBaHUMH Ta cepell HUX He Oyze
CITy’)kOOBHX IaHWX, IO BIAHOCATHCA IO BHYTPIITHHOTO
¢dopmary Wolfram Mathematica.

30epercenna pe3yipmamie BUKOHAHHSA KOXHOL
iTepanii mepeciijye BI METH: 3aXMCTHTH BXXE OTPHMaHi
pe3ynpTaTH  o0YMCICHb Binm 300iB Tpu  OOYHCICHHI
HACTYITHHUX, Ta CTBOPUTH MOXJIMBICTb PYYHOI 3YIHHKH i
3alyCKy MpOrpaMy y JIOBUIBHHI MOMEHT 4acy, a TaKoxX
MOHOBJIEHHS ii poboTm micisa amapiitHoro 36010. Ilo
TaKOX IIiJIBUIY€E BiIMOBOCTIHKICTh MPOTPaMU B IIJIOMY.
VY 3aranbHOMY BHIIQAKY, 30epiraHHs pe3yibTaTiB y
30BHIIIHIA TaM’sTi TakoX [03BOJsE 0€3 TpPyAHOIIB

3amycky abo

MEPEHOCUTH  pe3ynbTaTH  (4acTkoBo abo  Bci) i
MPOJOBKYBAaTH BUKOHAHHSI NOpPOTpaMHd HA  IHIIHX
KOMI'IOTepax.

ExcniopryBaHHS ~ TPOBOAMTHCSA  3pa3y  JBOMa

nusixamu: ¢yskuiero DumpSave [13] — y ¢aiin nammy

JUIS  HAWIBHOIIOTO  3BOPOTHOTO  3aBaHTAXEHHS ¥y
Mathematica, ta ¢ynkimiero Export [13] — y TekcToBOMY
dbopmari  nmngs oOpoOKM  CTOPOHHIMH  JOJaTKamw.
PesymbTaTil KOXKHOT iTepallii 3aIHCYIOTECS 0 OKPEMOTO
(atiny, a He MOAIOThCs Y 0JIMH (Y KiHEIb). Y OCTAaHHBOMY
BUMAJKY 301 mij yac 3amucy 1o ¢aiimy 3poOuTh HOro He
NPUIATHAM JI0 BUKOPHCTAHHS, KpiM Toro (aiin mamiry
MoXxe OyTH CTBOPEHHH e OIWH pa3 B CHIYy CBO€EI
npupoau Ta HE Moxe Oyt Moan(iKOoBaHHWM, wIIe
nepesanucanuii 3HoBy. Tpeba 3a3HaumTH, IO 32 MOTPEeOH
eKCIIOPTYBaTH MOJXKHA TaKOXK 1 B IHIN IwiaTdopMo-

He3anexHi (Qopmati, MmO MATPUMYIOTECS (QYHKIIEIO
Export.
MexaHi3M  30epeeHHS  IMOBHHEH  3a3JlaJieTiah

HiITPUMYBaTH aBTOMATHYHE PO3ALICHHS 33 3HAYCHHSIMH
BXIJHMX TIapaMeTpiB  OOYHCIeHb, MO0 yHHUKHYTH
iytaHuHy. lle nocsiraetbest 3a JONMOMOTOIO CTBOPEHHS
BUJIIJIGHOT TUPEKTOPIi IS KOHKPETHOT 3aJa4i, Ha3Ba SKOi
MICTUTh ~ 3HAa4eHHs  IapaMeTpiB  OO4YMCIeHb,  Je
nepeOyBaloTh mnamnku 3 Jor-aitnamu, pesysibTaTamMu
iTepaniii, 3araJbHUMH pe3yJIbTaTaM{, ESKCIIOPTOBAHUMU
rpadikamu i Tomy monidne. Kpim Toro pekomeHayeThcs
HaJaTH KOPUCTYBAYeBi MOMKIIMBICTD 3CEPEIUHU IPOTrPaMH
JO/IaBaTH B KiHEIpb Ha3BH NUPEKTOPii KOPOTKY CTPOKY
JeAKoi  Cyk00Boi  iHopmariii: mpo THIM MaWOyTHIX
00YHCIICHb, JOJATKOBI XapaKTEpHUCTUKH 1 Take iHmIe. 3
MPaKTUKHU [15], HaliMEeHYBaHHS BUTJISLY
"Param1Vall Param2Val2 ... AdditionalStr" 3pydne ms
Ki1acudikauii pe3yabTaTiB 00YHCICHb OAHIEI0 TPOTPAMOI0
OJHi€T 3a/1a4i 13 PI3HUMU BX1THUMU MapaMeTpaMu.
Mummeee cnogeiwiennn npo 30iii 'y npoueci
obuucnenns. Bukonanus nporpamu y siapi Mathematica
94acTo MEPEBHUIIYE NCKIIbKA TOAWH Ta HABITh MHIB. [1i yac
OOYHCIICHb SIIPO MOXKE aBapiiHO 3aBEPIUMTHCh: 4Yepe3
HecTady OIEpaTUBHOI IaM’sITi, BHYTPIIIHBOTO 30010 Yy
anroputMax Mathematica, 3000 y poOoTi Mepexi Ta
iHmoro. Y TakoMy pa3i 3py4HO MAaTH MEXaHi3M
ABTOMAaTUYHOIO CHOBINIEHHS NPO TaKy CHUTYyaLilo.
KoHTpoutoBaTH Lie 3cepeAnHH MaTIaKeTy HEMOXKIUBO, 60
SIIPO  — OCHOBHUH HOro T1eHTp OOpoOKH KOMaH]
KOpHUCTYBaya, i Maike BCl omepaii MmpoxoasTh 3a Horo
yuacti. ToMy po3poOieHO CTOpOHHIH aomaTok Ha 0asi
bash-ckpurnrie aBTOMaTHYHOTO pearyBaHHs Ha 3amyCK Ta
3akputTs siapa Mathematica — mpouecy WolframKernel.
Moro inest ck1agaeTsest 3 JoaaBanHs GOHOBOT 3a1adi, 110
- TIpW 3aIlyCKy sapa OJHOKPATHO CTBOPIOE aitm "~

/mathkernel.run", 1110 MICTHTD PID mporecy
WolframKernel OTpUMAaHUI KOMaH/I010 "pgrep
WolframKernel", Ta Biamnpasise crnosimieHHs Ha e-mail Ta
y Slack [16],

- TIpH 3aBEpIICHHI YCIX slep BUAANAE mel ¢ain ta
BiJIMTpaBJIsi€ iHIIIE CTIOBiMIEHHS Ha e-mail Ta y Slack.

Jnsa BigmpaBku e-mail BukopucToByeThCs Mailutils
3.7, nns BimmpaBieHHA crioBimeHHs y Slack — cTBOpeHnit
nmomatok y Slack Ta po3pobnenuit bash-ckpunt mmst
poboTu i3 ioro BeO-API.

BaxnuBuMm 3ayBakeHHSM € Te, IO JIO OJHOTO
cepBepy OJHOMOMEHTHO IIiJKJIIOYAETHCS TIIBKH OJIMH
KJII€HT-1HINIaTOp, IporpaMa sSKOro y Mporeci BUKOHaHHS
MOXeE 3alyCKaTh JeKiibKa saep Uil TapajelbHUX
obuncnenb. Tomy cHrHajaoMm aBapii CIyXKHTb 3aKpUTTS
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ycix mporeciB sapa, a PID BHKOPHUCTOBYETBHCS ISt
OJTHO3HAYHOTO BU3HAYCHHS KOPEHEBOTO MPOILIECY.

Ouucmka 3aimanux pecypcie nicia 3aKiHUeHHs
npozpamu. HanpukiHii poOOTH mporpamMu 3aKpUBAETHCS
simpo Mathematica, 00 3BUTBHUTH OINEpPATHBHY IaM'sITh
JUI IHIIAX JOJATKiB Ha cepBepi. s 1boro ciayxuth
¢ynkuist Quit [13], mo miaTpUMYye MOBEpPHEHHS KOy
3aBepUICHHS OTOYEHHIO uepe3 cBild apryment. I[lpu
3aKpHUTTI sIpa TyOJSAThCS BCl BU3HAYEHHS (QYHKIIH i
JaHuX, SIKI B HbOMY Oyinm, i He Oynu 30epekeHi B
30BHIIHIA  TaM'ATi 9 MOTOYHOMY  IOKYMEHTI
Mathematica.

3. Kanaa 3B’s3KYy i3 KJIi€HTaMH, 10 00pOOJISIIOTH
pe3yJbTaTn

Jlns aHamizy Ta OOpOOKM pe3ysIbTaTiB OOYHMCICHHS
iTepariif JogaTkaMyd Ha CTOPOHHIX KOMII'IOTepax (aiiim
LUX pe3y/bTaTiB MOBUHHI 30epiraTucs Ha:

- HOCIi, JocTynmHOMY 30BHI (3 Mepexxi LAN To1110),

- iHIoMy komm’totepi y Mepexi LAN, 30BHIIHBOMY
cepBici TorIo.

[epuuii BapiaHT € OUTBIN CTAOLTBHUAM, HAAIMHUM Ta
MPO30pUM JJIsl ToJaTka, 00 JIOTiYyHO Ta (Pi3UYHO BiH HE
BiIPI3HAETHCS BiJ 30€piraHHs y 3BHUYAWHINA, HEAOCTYIHIH
30BHI, JOupekTopii. pyrwmii — OiIbIIe MiAXOIUTH IPH
BEJIUKIH KITBKOCTI 3BEPHEHD JI0 Pe3yJIbTaTiB 00YHCIICHbD 13
CTOPOHHIX KOMM'IOTepiB. JIoriuHO BiH TaKOX HE
BIIPI3HAETBCA UIS  JoJaTKa, ajne (i3UIHO 3HAYHO
CKIIQIHIIINN 1 depe3 Iie OUTbIN HeHaMiHHUNA. AJjie BiH Ja€e
MOXKITMBICT 30€pITrlIM OJIMH pa3 pe3ysbTaTd O0UHCIICHHS
30BHI, 0OpoONATH iX pI3HUMH AHATITUYHHUMH Ta
CTaTUCTUYHMMHU  NPOTPAMHHMH  KOMIUIEKCaMH,  He
TypOyrOUl OOYMCIIOBAIBHUN JIOJATOK Ta PO3BAHTAXKHTH
cepBep BiJ 3BepHEHD i3 Mepeki. TakoK OCTaHHI BapiaHT
Jae OUThITy TapaHTif0 30epeXeHHs NaHUX TpU (Pi3UdHIN

aBapii.
[Ipu moOymoBi cucTeMH BUKOPUCTAHWH TiOpHIHUIA
MiAXig — JaHi Ta TPOTOKOIH POOOTH 30epiraroThes

JIOKaJbHO 0€3 JOCTYITY i3 30BHIMIHIX cucTeM. CIerianbHo
CTBOpEHHH T0aTOK Ha 0a3i bash-ckpumTis:

- ny6umroe 1x y cxoBuiie Dropbox uepes web-API,

- Ioja€e 1X BMICT micist po30opy (mapcuHry) mo 6a3u
naanx MySQL Ha cTOpoHHBOMY cepBepi.

ABTOMaTHYHE BHSBJICHHS II0SBU HOBUX (haiiiiB
3acCHOBaHE Ha CIYKOOBOMY CHCTEMHOMY JIOJaTKy
inotifywait [17], mo mpu reHepyBaHHI CHCTEMOIO MOJIT
3aKiHUCHHS 3amIucy 10 (ailiry Ta Horo 3aKpUTTS 3aIlycKae
BHIIIE Omucany o0poOKy. KirrouoBa dacTrHa CKpUNTY, IO
BiZINOBIi1a€ 32 00poOKy moxaii, HacTynHa: inotifywait -m -r
-q --format "%f" -e close_write "$DIR" | while read FILE,
ae "$DIR" — nuisix 10 TUPEKTOPIi ATk HArJISTaHHS.

Komn oGuuncnenHs oxHiel itepamii 3aiiMae 3Ha9HUI
4ac y JIOJIaTKy € MOJJIMBICTh BKIJIFOUWTH BiINpaBICHHS
crioBiteHHs y Slack micnst KOXKHOTO J0JaBaHHs Gainy y
JUPEKTOPi0 pe3yibTaTiB iTepariif, o A03BOJITE KOXKHIN
3amikaBleHiH 0co0i 6aunTH Tporpec po3paxyHKy. Aje
TaKy MOXIIMBICTh HE PEKOMEHIYEThCS BUKOPHUCTOBYBATH,
SIKIO 9ac OO4YMCIIeHHs iTepanii meHme 15 xBwimH, 060
MOBIZIOMJICHHSI TIPUXOIATH Jy’)KE€ 4YacTo Ta HE MaloTh
CeHCY.

IlepeBarn BuKopucTaHHs cepBicy Dropbox s
nyOmroBaHHS — pe3ynbTariB  oOumcneHb Ta  (aiiiB

MPOTOKONy POOOTH y TOPIBHSAHHI i3 BHUKOPUCTAHHIM
CBOTO BIIACHOTO CepBepy /s pO3poOJIeHOT CcHCTeMU
HACTYTIHI:

- CHHXpOHI3alliZ i3  TPUCTPOEM  KOPHCTyBada
MIPOXOJIUTH aBTOMATHUYHO YV (OHI Ta MalyKe MHTTEBO, IIPH
bOMY (OPMYETBCSl JIOKAJIbHA HE3aJeXHA KOIs JaHHX,
mo 3aBkau 30epiraerTecs, a 3BepHEHHS 10 HeEl He
HaBaHTAXYIOTh cepBep o0uncieHHs Ta cepBep Dropbox,

- UIs IOCTYIy MoTpibeH nuie ponatok Dropbox abo
Opay3zep Ha cMapTQOHi, IUIaHIIeTi, HOYTOYIli, KOMIT FoTepi
TOLIO.

4. KiienTn
00po0aAI0TH 1aHi

3acHOBaHI Ha BUKOPHCTaHHI KaHAIIB 3B’S3Ky, IO
OIMCaHl BHINE, 1 SK HACHIAOK, 3MIMCHIOIOTH aHaji3
pe3ynbTaTiB 00YHMCIIEHh KOXKHOI iTeparmii OJHUM 3 JBOX
IUTIXIB, KOKEH 3 SKUX Ma€ sK CBOi NepeBarn TaK i
HEJIOJIKH.

[Mepmmii — Ha mepcoHansHOMY Komm'totepi i3 OC
Windows 10 i3 miakmodeHoro gupextopiero Dropbox,
4yepe3 OJHOMMEHHHI KIIE€HT, Yy SKOCTI BiIAaJEeHOI0
qupekropii Ta Wolfram Mathematica 8, mo npu nossi
HOBUX (aiimiB y Hif yuTae iX Ta 00poOisie. besmeka

00YHCIIOBAJIBHOI  CHCTEMH, IO

OasyeTbcs Ha BOYJOBaHHX MOJMIIHMBOCTAX  KIEHTY
Dropbox.

Moro mepesarm OdYeBHMAHI: JOCTYm 1O BCiX
BOYMIOBAaHMX AaHANTHYHHX (QYHKIIIH MaTeMaTHYHOTO

MPOIIecopy, PI3HOMAaHITHI 3aco0uW O0OpOOKHM Ta aHami3y,
3MiHa QJITOPUTMIB OOpOOKM Ta aHauily MOoxe OyTH
npoBeJieHa IHIUBINyanbHO Ta y OyAb-fKUil uac 3a
noOaXxaHHSIM KOPUCTyBa4a, MOXIIHMBICTH OOpOOKH OyIib-

SKAM  IHIIMM  TPOrpaMHUM  3a0e3leueHHs M  3a
noba’kaHHIM KOPHUCTyBaya.
Hemomiku:  moTpiOHE  CTOPOHHE  TIpOTpaMHE

3a0e3IeueHHs, a IOCTYIl A0 Pe3ybTaTiB TAKOro aHaJI3y €
TITBKH HA TOMY KOMIT IOTEpI, Ie BOHU OTpHUMaHi.

Hpyruit — po3poOienuii BeO-I0MATOK, 3aCHOBAHHN
Ha Laravel (Bepcist moBu mporpamyBanHs PHP 7.4), mo
00po0IIOE 3amUTH Ha OTPUMAHHS BeO-CTOPIHOK depe3
Opay3ep KiHIIEBOTO KOpHCTyBaua, Ta Biamosimae Ha API-
3alUTH Uil OTPUMAaHHsS Ta aBTOMATHYHOIO OHOBJICHHS
JIAaHUX 4epe3 MexaHi3M ajax. AyTeHTudikaiis 3acHOBaHa
Ha KJIACMYHOMY MiJIXOXi: BXiJ 3a JIOTIHOM Ta IapoJieMm,
00po0OKa i3 BHKOPHCTAHHSIM cookie Ta ceciii, IPOTOKOJ
3’e¢nnanns HTTPS.

Moro mepeBaru: J0CTYI € y KOKHOIO KOPHCTyBaua,
0 Ma€ JOCTY, i3 OyAb-AKO1 YaCTUHU CBiTy 4yepe3 Oyab-
SIKHIA TIPHUCTPild, IO Mae BCTAaHOBJICHUH Opay3ep, TaKokK
BiZICyTHE HAaBAaHTA)XEHHS HA KIIEHT Ha 0OpPOOKy HaHUX —
yBeCh aHaJli3 IPOXOANTH Ha BeO-cepBepi.

Hemomiku: gyke Manuifi CHEKTp aHANITHIHHX
omepamiif, SKAMH MOXIUBO OOpoOIIoBaTH naHi, y
MOPiBHSIHHI i3 crhemnianxizoBaHUM MaTeMaTUYHUM
3a0e3medeHHs M, a I O00poOKM  MOXyTh OyTh
BUKOPHUCTAaHI TiIBKYU 3a37aJIeTiIb 3alporpaMoBaHi Ha BeO-
CepBepi aJrOPUTMH aHATI3Y.

OxpeMo Tpeba B3yNMHHTHCS Ha BHKOPUCTAHHX
TEXHOJIOTISIX Ta BIAMITHTH, IO MOBa IIPOrpaMyBaHHS
PHP, ¢peiimBopk Laravel, CYBJ] MySQL o0paHi Tiibku
gepes3 Te, 10 MiJl 9ac PO3POOKH CUCTEMH BOHH BUSIBHIIHCS
HaWOUIbII TNPHUAATHUMH 32 IIBHIKICTIO PO3POOKH Ta
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posropranHsi. Takoro 3’ CaMOro pe3yiabTaTy MOXKHA
OCATTH OyAb-IKAMH 1HITUMH aHAJIOTIIHUMHE 3ac00aMu.

JemMoHcTpanisa podoTu

Jnis  memoHcTparlii poOOTH TOO0YIOBAaHOI CHCTEMHU

oOpanmit PO3paxyHOK 3amadi 00YHnCIICHHS
PO3MOBCIOJDKEHHS  iMITylibey  Eifpi 'y omHOMipHOMY
IUTOCKOIIIAPYBaTOMY cepeoBHIL METOJIOM

anpoKcUMyunX QyHKIH [9]. VBech npoliec 004nCIeHHs
BeleThCA JUIA BiApi3Ky HOopMoBaHoro uacy t=[0, 10] ta

17 Cur: 42¢ - 450
{207.969, Null}
{1275}

{1275, 2}

step 0

step

Tt8.5-9.

HOpMoOBaHOoTO mpocTopy X=[0, 1], KpOKOM MOMEITOBaHHS
h=0.02.

PosrissHeMo oGumnciieHHs itepartii Nel7 mist Bigpisky
gacy t=[8.5, 9.0]. Lle o3Hauae, 110 Ha MMONIEPETHIX iTeparlis
IUIs Biapizky dacy t=[0, 8.5] pe3ynabTaTH Bke OTpHUMaHi,
30epekKeHi JIOKaJbHO Ta BIAMANCHO. PHUCYHKH, MIO
HaBeJIeHI HI)KYe OTPUMaHi y OJJHAKOBHH Hac.

Ha kiienTi-iHimiaTopi oO4YMCIEHHS — BHBIJL Y
JokymeHTi Mathematica mokasanuii Ha puc. 2. Taki x
caMe CTPOKM 3alUCYIOThcs [0 (ailily HpOTOKOIy
pobotu.

g L g Ll

g La g

d a1

Puc. 2. Busin y noxymenti Mathematica na kiienTi-inimiaTopi o04ucIeHHs

Ha cepBepi oOOuYMCIEHHS, IIO pO3TAlIOBAaHUH Y
XMapHOMY cepefioBHILi, y ssh-koHcoui y Toii ke yac Oyze
HACTYIIHUW BWBIN, MOKa3aHW{d Ha puc. 3. Bumno, sk
GbaiiyoBUil  Harisga4  OTPUMYE  CHOBIIIEHHS — TIPO
CTBOpEHHsI HOBOro (ailly pesynbTaTiB iTepaii, 110 Mae

New iteration results found B1 Airy NL Tt6.5-7.0.txt:

Ha3By Burisny "Bl Airy NL Tt* *-**.txt", ne 3ipouxu
— e uudpu, Ta aBTOMaTHYHO 3aBAHTAXKYE IX 10 CEepBicy
Dropbox pa3om i3 J0AaBaHHSAM 3amucCiB 10 0a3u JaHHX.
AHAJIOTIYHUM YHHOM TMPOXOJUTh 00pOOKa CTBOPEHHS Ta
3MiHH (ailsliB MPOTOKOIY POOOTH.

» Dropbox: Uploading "~/math/2d/Airy/Airy NL/eel _eel3 ho.02_Tt10_T06_Xo0/B1 Airy NL_Tt6.5-7.0.txt" to "/math/B1_Airy NL Tt6.5-7.0.txt"... DONE

» MySQL: Adding records for time interval '6.5 - 7.0'... DONE

New iteration results found B1 Airy NL Tt7.0-7.5.txt:

» Dropbox: Uploading "~/math/2d/Airy/Airy NL/eel ee13 ho.02_Tt10 Te0 Xe0/B1 Airy NL Tt7.0-7.5.txt" to "/math/B1 Airy NL T7.0-7.5.txt"... DONE

» MySQL: Adding records for time interval '7.0 - 7.5'... DOIE

New iteration results found B1 Airy NL Tt7.5-8.0.txt:

» Dropbox: Uploading "v/math/2d/Airy/Airy NL/eel_eel3 h0.02_Tt10 TA0 Xo6/B1 Airy NL Tt7.5-8.0.txt" to "/math/Bl Airy NL Tt7.5-8.0.txt"..

» MySQL: Adding records for time interval '7.5 - 8.0'... DOIE

New iteration results found B1 Airy NL Tt8.0-8.5.txt:

=1

» Dropbox: Uploading “~/math/2d/Airy/Airy NL/eel_ee13_ho.02_Tt10 60 X00/B1 Airy NL_Tt8.0-8.5.txt" to "/math/B1 Airy NL_Tt8.0-8.5.txt"... DONE

» MySOL: Adding records for time interval '8.8 - 8.5'... DOIE

Puc. 3. Busig y ssh-koHconi ¢aiinoBoro Haryisiiada Ha cepBepi 00urciIeHb

OxnH 3 KIi€HTIB, 1O 00poOmOE pe3ysbTaTH
o0uncineHb Ma€ HAacTynHUH (QparMeHT BHBOLY Yy
nmokyMeHTi Mathematica, mo HaBeJeHHd Ha puc. 4 — 3a
JIOTIOMOT0I0  po3po0iieHoi  ¢yHKii Oyayerscst rpadix

BUXiZHOT XBWi (CyLiUIbHA JIiHIS) Ta OTpUMaHOi IpH
po3paxyHkax (IyHKTHpHa JIiHis) Ha TOBHIH oci
mozentoBanus t=[0,10].
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File Edit Inset Format Cell Graphics

Evaluation

Palettes Window Help

L

PrintGraphsT[plotColor, 0.2];

el3_h0.02_Ttl0_TO0_X00

Puc. 4. O6po0OKa pe3y bTaTiB HA KIIIEHTI y MaTeMaTHyHOMY mporiecopi Mathematica

O®parMeHT BHUBONY BeO-KI€HTY, OTpPHUMAaHUHA Y
Opay3epi KOMIT'IOTepa, HaBEICHWUN HIDKYE Ha pHC. S:
3BEpXy — 3HAUYCHHS MapaMeTpiB MOICIIOBAHHS, JIIBOPYY —

O I progress...

step
step
step
step
step

A 10

0
1
2
3
4

step 0.5
{79.922,Null}
07 0.0
-+
step 0
step 1
step 2 05
step 3
step 4
step 5
-1.0
0

MPOTOKONI POOOTH, TPaBOpPyd — Tpadik MOIEIHOBAHOT
(hyHKIIIi.

2d — Airy — NL — &=1, £;=3, h=0.02, T=10, Tg=0, X,=0

Puc. 5. BuBin o6po6iiennx Ha Web-cepBepi pe3ynbTaTiB Ta IpoTOKOIy poOoTH y Opay3epi Ha KITi€HTI

IlepcneKTHBH MOAATBIIOTO PO3BHTKY CHCTEMHU

[epciekTBamu MOJaJIBIIIOTO PO3BHTKY
po3pobneHoi cucteMu OauAThCS HACTYIHI IMPOTpamHi
BAIOCKOHaseHHs. [linBuineHHs Oe3meku 30epekeHHs
OTPUMaHUX pPE3yJIbTATiB, MO BIANIPABISAIOTHCS  Ha
30BHIIIHE cxoBume Yy Dropbox, uyepe3 mnomnepeane
muppyBaHHS aCHUMETPUYHUMH Kitoyamu. /[t Ouibin
PETEeTHHOTO MOHITOPHHTY poOoTH sinpa Mathematica nHa
cepBepi 00UNCIIeHs BUKOPUCTOBYBATH TaKUH MapaMmeTp SIK
HaBaHTAKCHHS Ha LIEHTPAJIbHUI TPOLIeCcop.

BucHoBkn

VY poboti po3pobieHi Ta OOrpyHTOBaHI NMPAKTHUHI
OCHOBM  JUId  peaii3amii CHCTeMH  PO3MOAUICHUX

aBTOMATH30BaHUX OOYHUCIICHb Ta aHaJi3y Ha 0a3i XMapHOI
IHQPACTPYKTYpH, IO CKIAJAETHCS 3: KIEHTa-iHiIiaTopa
obuncnenb, 1eHTpa oOumcieHp Ha ©0asi  sjpa
MmarematuyHoro nakery Wolfram Mathematica, xananiB
3B 53Ky 13 KIIIEHTaMu, 10 OOpOOJSAIOTH pe3ysbTaTH, i3
BUKOPUCTAaHHAM (aiimoBoro cepricy Dropbox, cepsepis
6a3u maHuxX Ta BeO-cepBepy; Ta KIIEHTIB, IO aHATI3YIOTh
Ta OOpOONIOIOTh PE3yJbTaTH 3a JOMOMOTOI0 MATIMAaKETy
Mathematica abo iHTerpoBaHOTO cepenoBuina y Opaysepi
KOMIT 10Tepa abo cmapTdoHa.

[Minxomu, ommcani y cTarTi, 10 (OPMyBaHHA
CHUCTEMH JO3BOJHIIM, IO-TIePIe, MiABHIIUTA HAIIHHICTH
30epeXEeHHS Pe3yNbTaTiB OOYHCIICHHS 4epe3 iX MOTpiiiHe
JyOJIIOBaHHS: JIOKAIbHI (aiiny Ha cepBepi 0OUUCIIEHb, 1X
Komii 3aBaHTaXkeHi N0 cepsicy Dropbox Ta 3anmcu Ha
CTOpOHHIH cepBep 6a3u nanux. [lo-apyre, aHanizyBatu Ta
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0o0poOnATH nMaHi pIi3HUMH 3aco0aMH Ta Ha PI3HUX
cepBepax, 10 MaloTh JOCTYN 0 IHUPEKTOpii y cepsici
Dropbox abo 6a3u gaHux, Ta 3pOOUTH MapaieTbHUMH BCi
mporiecu 0OpoOKH pe3yNIbTaTiB Ha KiHIICBUX KITI€HTaX, 0e3
moOyAyBaHHS Yepr 3a MPIOPUTETOM Ta OYiKyBaHHA. [1o-
TpeTe, HANaromguTH KOMMOPTHHHA JUIS KOpHCTyBada
MUCTAHI[ITHUNA  KOHTPOJIb  MPOLECY OOYMCICHb Ta
pearyBaHHs Ha 3001 B poOOTI siipa, Ta HarisaaTH 3a
MporpecoM Ta OOpPOOKOI0 PEe3yNbTaTiB Yepe3 OyIab-sKuid
cmaptdon abo miranmer. Yepes iTepauiitHuii anropurm
OporpamMu CTaj0 MOXJIMBUM I€pepHBaTH OOYUCICHHS Y
cepenuHi, SKIIO TporpaMa Jae BOYCBHAb HEBipHI
pe3yJIbTaTH, HE OYIKyIOYM ii 3aKiHYEHHS, IO MOXKE
€KOHOMHTH BII TOAWH TO TW)KHIB B 3aJIEXKHOCTI BIN

ExoHoMiuHa BHTOJIa BiJl BHKOPHUCTAHHS OIHCAHOI
CHCTEMH JOCSITA€THCS 3aBIISIKH MaKCHMaIbHIN
aBTOMaTH3aIllil, MO MPU3BOAUTH IO ITiJABHINEHHS SKOCTi
mpami JOCHiAHHUKIB dYepe3 MiHiMi3alifo HEBHPOOHHUIOTO
BUKOPHUCTaHHA POOOYOro 4acy. 3aBIsSKH BHKOPHCTAHHIO
XMapHUX TEXHOJIOTIH co0iBapTicTh BOJIOZIHHS
IHQpaCcTPyKTypoIO CHUCTEMH € 3HAYHO MEHIIOK Y
MOPIBHSHHI 13 PEAIbHOI0 TEXHIKOIO Ta 3BEIEHa JI0 4acy
peanbHOro ii BUKOPMCTAaHHSA, a 4ac Ta BUTpaTU Ha il
Moaudikaniro HaliMenmn. Haii0inplnry eKOHOMI0 KOIITIB
OmMCaHa  CHUCTeMa  JacTb  NIPH  HEPETyISIPHOMY
BUKOPHCTaHHI a00 y pas3i dYacTtoi 3MiHM 3amad, MIo0
CHPUYHHSIOTH iCTOTHY 3MiHYy KoHiryparii
iHPPACTPYKTYPH.

CKJIAJHOCTI 3a1a4i.
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PACIIPEJIEJIEHHASI CHCTEMA ABTOMATHU3UPOBAHHBIX BBIYMCJIEHA HA
BA3E OBJIAYHOU UH®PACTPYKTYPBI

CraThsl NOCBSILCHA TEOPETHYECKOMY HCCIEA0BAHUIO U Pa3pabOTKe paclpeeeHHOH CUCTeMbl aBTOMAaTH3UPOBAHHBIX BBIYUCICHUH U
aHaymM3a Ha Oase oOnayHOW MH(pPacTpykTypbl. IIpeamMeToM HcclIeoBaHUS SBISIOTCS TEOPETHYECKHE M NPAKTHYECKHE OCHOBBI
MIOCTPOCHUSI CHUCTEM AaBTOMAaTH3HPOBAHHBIX BBHIYMCICHMH W aHAIM3a, OCHOBAaHHBIX HA KIMEHT-CEPBEPHOW apXUTEKType B
pacnperneneHHOi HMHQpacTpykType Ha 0Oa3e oOnauHbIX TexHosorud. Ileablo cratbm siBisieTcst pa3paboTka W OOOCHOBaHHE
MIPAaKTUYECKUX PEKOMEHIAIMi K (hOPMUPOBAHMIO HH(PACTPYKTYPHI CHCTEMBI aBTOMAaTH3HPOBAaHHBIX BBIUMCIECHHH, BBIOOpY ee
COCTaBHBIX OJJIEMEHTOB M WX KOMIIOHEHTOB. 3ajada paOOoTH: BBIIBHTH HEOOXOIWMBIE CTPYKTYPHBIE JJIEMEHTHl CHCTEMBI
aBTOMATH3UPOBAHHBIX BBIYMCIEHHH M MPOBECTH IS KKIOTO M3 HUX aHAIN3 COCTAaBIAIOIINX KOMIIOHEHTOB M ()YHKIHMOHAIbHON
Harpy3KH, IOCTaBUTh KOHKPETHBIC 3aJa4H JUIs OCTPOCHHUS KayKJIOT0 M3 HUX U 000CHOBATh BHIOOP MHCTPYMEHTOB I UX peleHus. B
XOJIe MCCIIE0BaHNs MCIIOIb30BaHbl METOABI CUCTEMHOTO aHAJIN3a JUIS ACKOMIIO3ULIMU CIOXHOM CHCTEMBI Ha 3JIEMEHTBI ¥ KaXXJ0ro
3NIeMEHTa Ha ()YHKLIMOHAJIbHbIC KOMIIOHEHTHL. B pe3ysbTaTe HCCIEIOBAHUS yCTaHOBIEHO, YTO MH(PACTPYKTypa CHCTEMBI JIOJDKHA
COCTOATH U3: CAMHBIX WHUIMATOpPA BBIYMCICHUH M LEHTPa BBIYMCICHHI, KaHAJIOB CBA3M C KIMEHTaMM, M KOHCYHBIMH KIHECHTaMH,
KOTOpBIe 00pabaTEIBArOT pe3ynbTaThl. Bes cucTema nomkHa paboTaTe B pealbHOM WM OIM3KOM K pealbHOMY BPEMEHH, UTO JOJDKHO
OBITH JOCTHTHYTO depe3 00paboTKy COOBITHI OIEpalMOHHOM CHCTEMBI M BHEIIHHMX CEpBHCOB. KaHaibl CBSI3M JOIKHBI OBITH
MaKCUMAaJIFHO YHHBEPCAIBGHBIMU M IPEJOCTABIATE IIHPOKHE BO3ZMOXKHOCTH KIIMEHTaM JJI JHOCTyIa K JaHHBIM. KoHeYHBIe KIMeHTHI
JOJDKHBI OBITH JBYX THIIOB: HOJHOICHHBIE [UII THOKOM ¥ WHIMBUIYAIBHOW OOpaOOTKM IaHHBIX, W YIPOLICHHBIE [UIS
WHTETPUPOBAHHON cpembl OOOOUmIEHHOH O0OpaOOTKM MJaHHBIX B MOOWIBHOM WM JECKTOMHOM Opaysepe. Ilo momy4eHHBIM
pPEKOMEH/AMAM pa3paboTaH OJMH M3 BapHAHTOB TAKOH CHCTEMBI, NOKa3aHbl NPUHLMIBI €ro pabOThl M NPUBEICHBI PE3YJIbTAaThl.
BbiBoabl. Pa3paboTaHbl TEOPETUYECKHE M NPAKTHYECKUE OCHOBBI IS Pean3allii CUCTEMbI PaclIpe/ieNICHHBIX aBTOMATH3HPOBAHHBIX
BBIYHMCIICHUH U aHalM3a Ha 0a3e 00JavyHbIX TeXHOJIOTHil. IToKa3aHO MOBBILICHUE HA/ISKHOCTH XPAHEHHS PE3y IbTaTOB MOCIMPOBAHUS
B TaKOH cHcTeMe uepe3 UX TpoiHoe TyOnupoBaHue Oiarogapsi: JJOKaIbHOMY XPaHIIIUILY, MCIONIB30BAaHUIO BHEITHUX 0a3bl TAHHBIX U
¢aitnoBoro cepsuca. IIpenocraBieHbl DOBOIBI IO IIOBBIMICHUIO YHOOHOCTH M TMOKOCTH B 00paboTKe pe3yJbTaToB Onaronaps
BO3MOYKHOCTH HCIIOJb30BaHHsI CTOPOHHHUX AHAJMTHYECKHX IPHIOKECHUH, KOTOpBIE MOAJMECPKUBAIOT 3arpy3Ky MAAHHBIX W3 TaKHX
nuctoyHukoB. [loka3aHa OJKOHOMHMYECKash BBITOJAa OT WCIOJB30BAaHMS OIMCAHHOW cucTeMbl. [lokaszaHel Oynymue IyTH ee
YCOBEPILICHCTBOBAHMSI.

KitoueBble cj10Ba: 00JIagHbIe TEXHOIOTHH; paclpeieieHHass HHPPACTPyKTypa; aBTOMATH3UPOBAHHBIC BEIYUCIICHHUS; SKOHOMHUS
PECYpCOB U ICHET; UTepallMOHHBIE aNropuTMBl; Mathematica.

THE DISTRIBUTED SYSTEM OF AUTOMATED COMPUTING BASED ON CLOUD
INFRASTRUCTURE

The article is devoted to theoretical research and development of a distributed system of automated calculations and analysis based on
cloud infrastructure. The subject of the research is theoretical and practical principles of building automated calculation and analysis
systems based on client-server architecture in a distributed infrastructure based on cloud technologies. The purpose of the article is to
develop and substantiate practical recommendations for the formation of automated computing system infrastructure, the choice of its
elements and their components. Tasks of the study is to identify the necessary structural elements of the system of automated
calculations and provide for each of them an analysis of components and functional load, set specific tasks for the construction of
each of them and substantiate the choice of tools for their solution. The methods of system analysis to decompose a complex system
into elements and each element into functional components were used during the study. The study found that the system infrastructure
should consist of: a single computing initiator and computing center, customer communication channels, and end customers who
process the results. The entire system must run in real time or near real time mode that must be achieved through the handling of
operating system events and external services events. Communication channels should be as versatile as possible and provide
customers with ample opportunities to access data. The end customers should be of two types: powerful for flexible and individual
data processing, and simplified for the integrated environment of generalized data processing in mobile or desktop browsers.
According to the received recommendations one of variants of such system is developed, principles of its work and results are shown.
Conclusions. The theoretical and practical foundations for the implementation of a system of distributed automated computing and
analysis based on cloud technologies have been developed. An increase in the reliability of storing the simulation results in such a
system through their triple duplication is shown due to: local storage, using of external databases and external file service. Arguments
are given to increase the convenience and flexibility in processing the results due to the possibility of using third-party analytical
applications that support getting data from such sources. The economic benefits of using the described system are shown. The future
ways of its improvement are given.

Keywords: cloud technologies; distributed infrastructure; automated cloud calculations; saving resources and funds; iterative
algorithms; Mathematica.
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C.T. Kiiko

AJJAITUBHE YIIPAB/IIHHS HOPT®EJAMHU NPOEKTIB EHEPT'O3BEPEKEHH S
HA METAJIYPI'TMHOMY IIIIAITPUEMCTBI

Ha cporogsi akTyanpHOIO € mpoGiieMa CTBOPEHHSI Ta BIPOBAPKCHHS METOJONIOTIYHHX OCHOB YIIPaBIiHHS MOPT(HEISIMU MPOEKTIB
€Hepro30epeXeHH Ha METANyprifHUX HiIANPUEMCTBAX, 3 YPaxyBaHHAM CTPATEeTIYHUX LiJeld, 0OMEKEHOCTI pecypciB 1 PH3HKIB.
Bupimenns miei mpo6iaeMu yCKIaaHAEThCS THM, IO Tpeda BpaxoBYBaTH Oe3JIiU B3a€MOIIOB'SI3aHUX MOTOKIB €HEPropecypciB, BUMOT,
IiIed 1 cTpareriii MOBEAIHKH OKPEMHUX MiJPO3JUIB METATYPrifHUX MiANPHUEMCTB, a TAKOX JUHAMIKY BUPOOHMYMX IIPOIECIB TOIIO.
IIpenMeToM mOCTIIKEHHS CTATTi € aJaNnTHBHI METOIM YIPaBIiHHS MOPT(EIIMH NPOEKTIB €HEpro30epesKeHHs] Ha MEeTaIypriifHuX
mignpueMcTBax. MeTor maHOl po0OTH € CTBOPEHHS METOJIB (OpMyBaHHS Ta aJaNTHBHOTO YIPABIiHHS HMOPTQEIeM IPOEKTIB 3
YpaxyBaHHSIM CTpATeTiYHUX I[iJIel MeTalypriifHOTO MiANPHEMCTBA OO0 eHepro30epekeHHs Ta eHeproedekTHBHOCTI. BupintyroTscs
HACTYIHI 3aBJAaHHS: aHATi3 Ta IOPIBHSAHHS TPaJWIIHUX Ta aJalTHUBHUX IIPOIECIB YNPABIIHHSA IPOEKTAMH; OIHC OCHOBHUX
MOJIOXKEHb METOJOJIOTIi MPEeJUKTUBHOI aJanTaiii HpH YHpaBliHHI TOpTdeneM eHepro30epiralouux NPOEKTIB MeTalypriiHOro
MiATNPUEMCTBA; JETANbHUA pO3IJA eTamiB Meroxy (GOpPMyBaHHS Ta peatisamii HOpTQENns TMPOEKTIB eHepro30epekeHHS
METaJIypriifHOTO MiANPHEMCTBA; PO3TJLI PE3yNbTATiB OLIHIOBAHHSA BaXKJIMBOCTI KPHUTEpiiB IMpHU OOIPYHTYBaHHI IPIOPUTETIB
EGHEepPreTHYHOI CcTpaTerii MiANpUEMCTBA; OOTOBOPEHHS pe3yibTaTiB (OpMyBaHHS mporpamu eHeprozoepexeHHs Ha [IpAT
" Irinpocrerncrais”. MeToan TOCTiPKEHHS: METOAN MOPT(HETLHOr0 MEHEPKMEHTY, METOIM IIPOTHO3YBaHH, €KCIEPTHO-aHAIITHYHI
Meroau. OTpuMaHo Taki pe3yJabTaTi: [IpoBeneHo 0OrpyHTYBaHHS JOLUIBHOCTI BUKOPHCTAHHS aJallTUBHOTO YNPABIIHHS IPOEKTAMU
eHepro30epekeHHs1 Ha MeTalnypriiHoMmy miampueMcTBi. OmNucaHi eTanmy CTPATEeriyHOTO IUIAHYBaHHS OO SHEPro30epeKeHHs Ta
eHeproedekTHBHOCTI, MeTox (OpMyBaHHS Ta peaiizauil MopTdens MPOEKTIB eHepro30epekeHHs MeTaTypriiHOro IiANpHEMCTBA.
PosrnsHyTO pe3ynpTaTM BUKOPHUCTAHHSA pO3pOOIEHHX METOAIB NpH (OpPMyBaHHI mporpamu eHepro3oepexenHs Ha [IpAT
" Tuinpocnencrans”". BucnoBku: [1o0ynoBa cucreMu MEHEIKMEHTY MPOEKTIB Ta MPOrpaM €HEepro3OepekeHHs Ha METalypriitHUX
MiAPUEMCTBAX NOTPeOye BUPILICHHS 3aBJAHHS NMPEIUKTHBHOI aHAJMITUKU €HEPrOCIOKHWBAHHSA Ta SAKOCTI IMaJHBHO-CHEPTETHYHOTO
OayaHCy 3 MOAANBLIOK peali3alliel0 agaNTHBHUX MEXaHI3MiB IUIaHyBaHHS, MOHITOPHMHTY Ta YHPABIiHHS 3MiHaMH, OI0 JO3BOJIIE
Ol edpekTHBHINIE (OpPMyBaTH Ta peani3oByBaTH HOPT(ENb MPOEKTIB eHEPro30eperKeHHss Ha METATyprifHUX HiINPHEMCTBAX Ta
CIPHATH IiJIBUIIEHHIO €HeProe()eKTHBHOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI IiJINPUEMCTB METaIypriiiHol rany3i Ykpainu.

KmrouoBi cioBa: mnoprdens mPOEKTIB; NPEAWKTHBHA aJanTallis; YIPaBIiHHSI eHEpro30epeKeHHsIM; MeTalypriiHe
MANPUEMCTBO, IUIAHYBAaHHS €HEPTOCIOKUBAHHS.

IHocranoBka npodaemu

AHaJIi3 0CTaHHIX J0CTiIKeHb i myOJikaui

Mertanyprifini  TATPHEMCTBA €  BEIUKUMH
CHOXKMBauaMHM €JIEKTPUYHOI 1 TeryioBoi eHeprii [1], Tomy
BUpIIICHHS 3aJiau eHepro30epekeHHsT HEMOXJIMBO 0e3
PO3pOOKH KOMIUIEKCHOT MporpaMu i moptderns NpOeKTIB
32 OCHOBHHUMHM HANpsIMKaMH EHEPro30epeeHHs 3
000B'SI3KOBOI0 KOOPAMHALIEID iX 3 MPOrPamMoi0 PO3BUTKY
OCHOBHOTO BHUpOOHMITBA. ['OcTpoTa BHUpIIEHHS LUX
IIUTaHb ISl METaJdypriiHoOi Tamys3i YKpaiHM BUKJINKaHA
HEOOXIIHICTIO TIOJIIIIEHHS €KOHOMIYHOI CTaOlIBHOCTI
MiATIPUEMCTB, IIJBHIICHHS KOHKYpPEHTOCHPOMO>XKHOCTI
TIPOAYKIIIT Ta 3MEHIIEHHIM 3aJIEKHOCTI BIJIT
MOCTa4YaJIbHUKIB €HEPrOPECYpCiB.

3aranbpHa MeTa IiJIBUIEHHS eHeproe()eKTHBHOCTI Ha
MIANPHEMCTBI  peasi3yeThCsl Ha OCHOBI  yIpaBJIIHHS
nopTdernem eHepro30epiraroynx MIPOEKTIB, K1
CIIPSIMOBaHI Ha BUKOHAHHS TAaKUX 3aBJaHb: ONTHUMI3aIlis
€HepreTH4Horo OamaHcy; MiHIMI3aIlil  CIIOKMBaHHS
E€HepropecypciB; ONTUMI3allis eHeproeeKTUBHOCTI T iH.

TakuM  4YnMHOM, yNpaBIiHHSA  TNPOEKTaMH  Ta
porpamMaMn CTa€  OCHOBOIO E€HEpro30epexeHHs Ta
PO3BUTKY  MeTalypriiHmx  migmpuemctB.  OjHak,
0co0ONMMBOCTI, TOB’s3aHI 3 HEOOXIJHICTIO BPaxOBYBaTH
0e3miy  B3a€MOIIOB'I3aHMX IOTOKIB  €HEPropecypcis,
BHMOT, [IJICH 1 CTpaTeTiil MOBEAIHKH OKPEMUX MiAPO3ILTIB

METANypriiHUX  MANPHEMCTB, a TaKOX JHHAMIKY
BHPOOHWUYMX TIPOIECIB, TPHU3BOJATH OO HEOOXiTHOCTI
3MIHM ~ TPaJumiHHOTO  MiAXOAYy A0  YNPaBIiHHA
nmopTens MU TPOEKTIB 1 Tepexoay 10 aJanTHBHUM
dhopmam.

TpagumiiHi  TpomecH  YIpaBIiHHSA — IPOEKTAMH
BKJIFOYAIOTh eTanu TUIaHyBaHHS, BUKOHaHHS,
MOHITOPUHTY, KOHTPOJIO 1 OLIHKH MpoekTy. SIKmo B
pe3yabTaTi OMiHKKA Oyae BUSABICHO, MO HIOCh MIIIUIO HE
Tak, Lle HaBYaHHS MOXe OyTH BUKOPHCTaHO B MalOyTHIX
npoekTax. 3rizno PMBOK [2] ynpasniHHS mopTdenem
NPOEKTIB Mae Ha yBa3l SIK NPOBEAEHHS aHaji3y BCiX
MPOEKTIB OpraHi3alii OKpeMo, Tak i MPOBEACHHS aHAII3Y
XapaKTepPUCTHK  BCi€l  CYKYHHOCTI  TIPOEKTIB,  IIO
peanizyloThesi B Opraizalii, 10 JI03BOJIIE BPaxOBYBAaTH
PU3UKK CHUTBHOI peaiizamii TpoekTiB 1 QopmyBarn
30aaHCcoBaHi TOpT(heri B IKOCTI €EKTUBHOTO MEXaHI3MY
peaizaliii cTpaTeriyHux IMijicil opraxisartii.

IIpu 1pOMy, OCHOBHHMH IpOOJIEMaMM YIIPABIiHHS
noprdesieM TPOEKTIB B YMOBaX HEBH3HAUEHOCTI €:
(hopmyBaHHS e(heKTUBHOTO MOPTQEINS MPOEKTIB; PO3IMOAIT
pecypciB MK mpoekTamu Toptdens; (HopMyBaHHS
e(eKTHBHOTO  KaJleHAapHOTO  rpadika  BUKOHAHHSI
NPOEKTIB TOPTQenst; OOJMK BIUIMBY HEBH3HAUYEHOCTI B
yIpaBiliHHI TOPT]EIeM MPOEKTIB.

ToMy, OCKIJIbBKM METOI0 YNpaBIiHHS HOpTdeneM €
BUOIp  Halikpamoro HaOOpy  KOMIIOHEHTIB, IO
HiATPUMYIOTH IMIANPUEMCTBO B JIOCSTHEHHI CTpaTeTriqHUX
IiJIeH, cTpaTerisi MOBMHHA CTHUMYJIOBATH IiJrOTOBKY
"HacTynHOTO HWKIy mnoptdemns". Moxke TpamuTHCS Tak,
IO CTpaTeris He sICHa, HE TOTOBa JI0 BHUKOPHCTAHHS,

HecTabilbHA 1 TOMI  MOTPIOHO  TMEPEXOAWTH O
aJanTUBHOTO YIPaBIiHHA HOpTdeaeM mpoekTis [3].
JilficHo, y THIOBOMY TIPO€KTI MiCIsI eTaImy
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HIIIFOBaHHS Ta IJIAHYBAHHS yYYaCHUKW 3HAIOTh, IO 1 5K
oTpiOHO pobuTH, MO0 3a3HaUYeHA MeTa Oyia MOCIATHYTA,
TOMY YIPaBIiHHA TAKUM MPOEKTOM 3IA€THCS MIPOCTIIINM.
VY mpoekTi, KA HE BHU3HAYAE HOTO YCIIXy NPOTITOM
OUTBIIIOT YAaCTHHW CBOTO JKMTTEBOTO IHKIY, BHUHHUKAE
norpeda BNPOBAAWTH iHIIE pimeHHs. Taki motpedu
MOXYTb OyTHW 3aJ0BOJIEHI LUIIXOM BIIPOBAUKECHHSA
aIaliTUBHOTO YTNpaBiiHHA [4].

Y gnocmijpkeHHi [5] mpoaHami3oBaHi  iCHYyrOUi
NPakTUKH NOPT(HENBHOT0 YNpaBiiHHA B OyIiBeNbHIN
chepi 1 po3rISIHEMO  OCOOTMBOCTI  BIPOBAHKCHHS
KOHIIEMIil 1HTEJNEKTyaIbHOTO YIpPaBIiHHS MOpTHEIeMm.
ABTOpH HaroJonIyloTh Ha HEOOXiJHOCTI aJanTHBHOTO
3MiHH TIOPTQeNs 1 IUTaHyBaHHA MpH 3MiHI MPodiiaro
PHU3UKY TIPOEKTIB MiCH iX 3aITyCKy.

ABTOpH B pO0OTI [6] aKICHTYIOTh yBary Ha TOMY,
IO IpU OI{HII PH3MKIB EHEepro30epiraloumx IMPOEKTIB
HEOOXITHO BPaxoBYBaTH HANpsIMKH €HEpPro30epiratndux
3ax0/iB. BOHM BBaXKaroTh, II0 IS IMOJIMIIEHHS OIIHKH
PU3HMKIB  €Hepro3depiraroynx MNPOEKTIB  HEOOXiqHO:
BU3HAYUTH  OCHOBHI  HampsMKH  JISUIBHOCTI IO
EHepro30epiraloyrM IMPOEKTAM; 3aCTOCOBYBATH OCHOBHI
eTaly aNrOpUTMy YIPaBIiHHA PHU3WKaMH, IO BH3HAYa€
KiHIIEBY ©(EKTHBHICTh €HEPro30epiraloumx IMPOEKTIB;
BpPaxOBYBaTH B3aEMOJIII0 CIOKHWBAYiB, CHEPTOKOMIIAHIH i
Jep’KaBH B TPOIECI BUABJICHHS Ta OIIHKH pPH3HKIB;
BH3HAYMTH Ha 3aKOHOJIABYOMY PiBHI METOJIOJIOTIIO OLIHKH

pU3HKIB  eHepro3oepirarounx  MpoekTiB.  [Ipobimemu
YIPaBIiHHS PU3MKaMH HAa METaIypriiHUX MiANPUEMCTBA
pO3MIISIAIOTECS  TakoX B pobori  [7].  ABTopom

NPE/ACTaBJICHA KOHIEIIsl 1HTETPOBAHOTO  YIPABIiHHS
PH3HKaMU METaIypriiHOTO MiINpPHEMCTBA, 3aCHOBaHA Ha
aHali3i I'pOLIOBUX IOTOKIB, OCKUIBKM KOXHA pPU3UKOBA
MOJIisl 3HAXOAWTH CBOE BioOpakeHHS Ha (HiHAHCOBHUX
pe3ysbTarax miJIpHeMCTBA.

BimnosigHo mo crammapry PMBok [2] amanTuBHI
XKHTTEBI IUKJIN MPOEKTIB CIPSIMOBAaHI Ha pearyBaHHs Ha
BHCOKI DiBHI 3MiH i BHUMAararTh IOCTIHOTO BHCOKOTO
CTYTICHS 3aITy4eHOCTi 3aIliKaBJICHUX CTOpiH.
[TinkpecnioeTbesi, 10 aJAaNTUBHI METOIU € TaKOXK
ITEpaTUBHUMHU 1 IHKDEMEHTHUMH, aJie BIIPI3HSAIOTHCS TUM,
1o iTepauii BiIOYBarOThCS AyKe IIBUAKO 1 (ikcoBaHi 3a
TEepMiHaMH 1 BapTICTIO.

AIaNTUBHUA MEHEKMEHT Mae (GopMmy 1 MeToau
YIPAaBJIiHHS, SIKI Jal0Th CHUCTEMI MOXKJIMBICTH 3MiHIOBATH
napaMeTpd, CTPYKTypy  Kepyroduoi miacucTteMu i
peTyIIATOpa B 3aJICXKHOCTI Bi TpaHchopMarlii BHYTPIilTHIX
napaMmeTpiB 00'ekTa ab0 30BHIIIHIX 30ypeHb, a TaKOX Bij
3MiH cTpareriunux minei [8]. B agantuBHOMY ynpasiiHHI
JIOMAETHCSL 1€ OAMH KOHTYp, KpiM BCIX IHIIMX, SIKHHA
HaMaraeTbCs 3pO3yMIiTH, 1O TIie 3a 00'€KT, AKUM
yHpaBiIsieMo, TOOYyAyBaTH OUIBII TOYHY MOAETH i OUIBII
aJIEKBaTHO MPHUKIIAIATH J0 HbOI'O KEPYIOUHi BILJIHB.

BinmoBigHO ajmanTUBHE TUIAHYBaHHS — CHCTEMa
IUTaHyBaHHSA, AKa Tepexdadae KOpETyBaHHS IUIaHIB TPH
3MiHI SKHX-HeOyab TapamMeTpiB CEepeloBHINA, B SKOMY
3IIIHCHIOETHCS TISUTBHICTD, IO TUIAaHYEThCs [9].

[Mpouecu ananTUBHOTO YHPABIIHHS MOXYTb OYyTH
aktuBHEMH 1 macuBHuMU [10] (puc. 1). OcHOBHa MeTa
MIACHBHOT'O aJalTHBHOTO YNPABIiHHS — BKIIOUYUTH IPOLEC
HaBYAaHHA B ICHYKOYl IIIXOAM 1O  YIPaBIiHHS.

Indopmartiss, oTpumMaHa Ha KOXHIM iTepallii TMPOEKTY,
MOX€ BUKOPHCTOBYBATHCS B HACTYNHUX iTeparisx. Takum
YUHOM, PHU3HMK 1 HEBH3HAYCHICTh, IOB'SA3aHI 3 KOXKHOI
iTepaiiero, MOXyTh OyTH 3Ha4yHO 3MeHIICHi. [lacuBHE
aJlaliTUBHE YINPABIIHHSI BHUKOPHCTOBYEThCA SK YacTHHA
THY4KOro migxony (agile).

Mera axkTHBHOTO aJalTHBHOIO YNpPaBIiHHA —
HAaBYMTHUCS LUISIXOM EKCIIEPUMEHTIB BH3HAYaTH Kpary
CTpaTerilo yInpaBliHHs.

[Mpouec mnounMHaeTbcss 3 TeHepalii TiMoTe3w, sKa
BKJIOYa€e B cebc BHOIpP KUIBKOX albTEPHATHUB CTpATETii.
HacTtymHuii Kpok — CTBOpEHHS IEKiTbKOX Mojenei. Ha
MPAKTHUI 1[I MOJENI 3a3BWUall MPEICTaBISAIOTH COOOI0
rpadikd IpoEKTY 3 HAOOPOM PHU3UKIB 1 HEBU3HAYCHOCTEH
JUTSI KOHKpeTHOI iTepamii. Bei anbrepHaTHBHI MOAEII CITij
OIIIHIOBATH 3a  JOMOMOIOI  KiJbKICHOTO  aHai3y.
PesynpraTramMu 1bOro aHaiizy € TpPUBAIICTh, BapTICTh,
HMOBIpHICTh JOTPUMaHHS TEPMIHIB 1 IHIII TapaMeTpu
iTepauii, sIKi MOXYTh JAOIIOMOITH BHOpaTH aJbTEPHATHBU
JUISl BAKOHAHHSL.

JletanpHi JOCTIKEHHsT aJaNTUBHOIO YIPABIIHHS
npoektamMu HaBeneHo y [11]. Ha Bigminy Bij iTepauii,
a/laliTHBHA MOJIEJNIb y aBTOpa CKJIANAeThCs 3 psiny a3, ki
MOBTOPIOIOTECS. B IHUKJI, 13 HUKIOM 3BOPOTHOTO 3B'SI3KY
MCIsl  3aBepIICHHS KOXKHOTO IWMKIy. KoxkeH muxi
3aCHOBAHMI Ha HENOBHOMY Ta OOMEXEHOMY DPO3YMIHHI
pimenns. I[lpu mboMy KOKEH IIMKJI "BUMThCA" Ha
MOMepeNHIX [UKJIaX 1 IUIlaHy€e HACTYMHUH IHKI,
HAMaral4nuch CXOJUTHCS JI0 NPUHHSATHOTO pIllIEHHS.
ABTopoM Takox BBeneHo moHsTTA Adaptive Project
Framework, 1o Bkjroyae IBi YacCTHHU: HAaCTPOIOBaHHS
MPOEKTY Ta BUKOHAHHS ITPOEKTY.

BpaxoByroun 0COOITHBOCTI MPOEKTIB
€Hepro30epe’keHHsT Ta OTOYYIOYOro Cepe/loBHINA Ha
METaNypriiHUX MiANPHEMCTBAX JAOIIIBHO 3IIHCHUTH
mepexij caMe J10 aJlaliTUBHOTO YIIPABITIHHS MPOEKTaMH.

IIle omHa ocoOMMBICTh IUIAHYBAHHS Ta KOHTPOJIIO 32
peaiizariero MIPOEKTIB eHepro30eperKeHHs e
HEOOXIJHICTh MPOTHO3YBaHHS BUTPAT €HEPrOpecypciB Ta
MOCTIHHOTO ~ MOHITOPUHTY  CHEpProCIOKMBaHHS  Ta
eHeproe(eKTUBHOCTI Bijl peai3alil MpoeKTiB.

HasiBHicTb B 00’€KTi yNpaBiliHHS HPOLECIB, IO
MOTPeOyIOTh HPOTHO3HOTO MOJICNIIOBAHHS HAKIIANAE CBOT
0COOJIMBOCTI Ha METOJIOJIOTII0 YIPABJIiHHS BiINOBIIHUMU
npoektamud. Y poboti [12] Momymi, 10 BHKOHYIOTH
3aBIAaHHS  NPOTHO3YBAaHHS  EHEPrOCHOXMBAaHHA  Ha
METaNypriiHOMYy IJIPUEMCTBI BKIIOYEHO Y  CKJIAJ

CHUCTEMHU CHEepProMeHeKMeHTy. B pobGoti [13] mms
MiABUIIEHHS e(QEKTUBHOCTI  YNpPaBIiHHSA  TEXHIYHHM
00CITyTOBYBaHHSIM B OyIiBEeTbHIX MPOEKTAX
MIPOIIOHYETHCS BUKOPHCTOBYBATH MIPOTHO3HE
MO/ICITFOBAHHSI.

KpiMm TOro cmig  BiAMITHTH, IO  BEJHKI

OaraToHamioHaJBHI KOHCAJTHHIOBI (DipMH 3aCTOCOBYIOTH
MiAXiA, O0 Mae Ha3By IPOTHO3HA aHAIITHKA IPOEKTIB
(PPA), sxuii mepenbadae Ha OCHOBI aHANITHII BEIHKHX
JITaHUX BUKOHATH OILIIHKY PH3MKIB IPOEKTY, 3a0€3MEUNUTH
NPOTHO3YBaHHA TOTEHIIHHMX pPH3HUKIB 1 BH3HAYUTH
HeraiiHi  BHUNpaBJIEHHS, SKI  MOXYTb  HOJNIIIIUTH
HPOJIYKTUBHICTh Ha Oy/Ab-SIKOMY €Tarli )KHUTTE€BOTO IHKITY
MPOEKTY.
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TobTro mig TPOTHO3HOI AHATITHKOK IPOEKTY
PO3YMIIOTHCSI KUIBKICHI 1HCTPYMEHTH 1 METOAH, SKi
oprasizaiii MOXyTb BHKOPHUCTOBYBATH JIsI TIPAaBHIBHOTO
VIOpaBJIiHHA  PU3UKAMH  TPOEKTY 1  OTpHUMaHHS
MaKCHMaJIbHOI BiJiIadi Bil BEIMKHUX 1 CKJIQJHUX MPOEKTIB,
SIKUMH € TIPOEKTH EHEPro30epeKCHHS Ha METaIypriitHOMY
iATPUEMCTBI.

Mera crarTi. He3Bakarounm Ha BENMKY KiJBbKiCTh

myOmikarid, TNPUCBAYCHWX  Teopil  opradizamii i
VIOpPaBIiHHA BHUPOOHHUIITBOM, HAa CHOTOAHIIIHIA E€HBb
BIICYTHI MeETOAOJOTiA  (OpMYyBaHHA  ITOCHIIOBHOCTI

€JIEMCHTIB TEXHOJIOTIYHHUX IIPOIECIB METTypriiHOTO
BUPOOHMIITBA JUISi NIPIOPUTETHOrO BUOOPY peanmizamii Ha
HHUX €Hepro30epiralounx MpOEKTIB.

Mepernsg, BAOCKOHaNEHHS

v
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‘ Peanisauia i OujiHKa pe3synbTaTiB
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ANaHyBaHHA [ifopmysania - [BIEEES Thens T npoekTis > i koHToons | || BYKOHaHHA npoekTis
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TpaguuiitHuid nigxig
Mepernag, BLOCKOHANEHHA
AnantusHe HaBYaHHA .
v Ynp: peani npoek'risllop'nbenn
f ITepauisa i ITepauin OujiHKa pe3synbTaTiB
CrpateriuHe yT.OHHeHHH BUMOT pay ITgpalﬂlﬂ < .P L C! pesy. ¢
NNaHVBaHHS i popmysanHa | NNaHYBaHHA | peanisauii npo- MOHITOPUHTY — BUKOHAHHA NPOEKTIB
Y noptdens noptdens ekTiB nopresn i KOHTPOAIO noprdens
MacuBHO-aganTMBHKMI Nipxig,
Mepernag, B4OCKOHANEHHS
AfanTusHe HaByYaHHA
1
Yn aBl|IHH.ﬁ ea.m:zz-lJ i€l0 NpoeKTis noptdens OujHka
A A q
y S r— y MogentoBaHHA ~>| Peanizauia r__y pesynbTatis
CrparteriuHe leHepauis MoHiTopuHr
P > idopmyBaHHa [P i pau MogenioBaHHs : PURT || BVIKOHaH.Hﬂ
nNAaHyBaHHA nopTéens rinores i KOHLijonb npoexTis
MogentoBaHHA b—-b‘ Peanizauig O ‘__, noptdens
AKTUBHO-aAanTMBHUIA Nipxia,
Mepernag, B4OCKOHaAEHHS
AfanTiBHe HaBYaHHA
v |
AfanTUBHE NNaHYBaHHA YnpasniHHA peanisauieto npoektis noptpena ]
v -P‘ MogentoBaHHaA F-PI Peanizauia O ’: Oujnka ]
i . . e3yNbTaTiB
CrpaTeriyHe QLA nwor leHepaujis MoHiTopuHr Pesy
B VBaHHA P idopmyBaHHA [ rinotes 3 —» MogentoBaHHA DO H BUKOHaHH#
y noptdena _" F _>‘ — U npoeKTis
¢ MogentoBaHHs Peanizania O ‘__> noprdens
NpeanKTMBHUIA ) Mpodinb cknagHocTi ¢ i
aHani3 3a faHnumm npoekTy noprdena
npouecy ynpas- NpeaUKTMBHUI aHaNi3 HEProCNOXMBaHHA
NiHHA nopTdenem npoekTis noprdens MOHITOpUH i MogentoBaHHs
npoeKTis KOHTPO/Ib [P eHepro-
edeKTUBHOCTI €HeprocnoXnBaHHA CNOXXMBAHHA
MpepguKTUBHA aganTauis
Puc. 1. [TopiBHAHHS MiAXOAIB O YIPaBIiHHS MOPTdENIEM POEKTIB
B ymoBax ko notpiOHO MOMIMIIEHHS €KOHOMIYHOT Tomy icHye HeOOXimHICTP pO3pOOKH METOIB
CTaOlIBHOCTI METANyprifHUX IMANPUEMCTB YKpaiHW, QopMyBaHHA TOPTQENass NPOEKTIB 3  ypaxyBaHHAM
MiABUIEHHS KOHKYPEHTOCIIPOMOXKHOCTI MPOAYKII Ta  CTpaTerivyHMX I[iJIeH MEeTalTypriiiHOTO MiIMPHEMCTBA MO0
3MEHILIEHHS 3aJIeKHOCTI Bif [IOCTAa4YaIbHAKIB ~ €Hepro30epekeHHs Ta  CGHeproe(eKTUBHOCTI, IO
E€HepropecypciB, iCHye MPOTUPIUYS MiX HEOOXiAHICTIO  NO3BOJSLIM O 3ilicHIOBaTH OaraTOKpUTEepiiHUN BHOIp
peauizarii porpam eHepro3oepexeHHs Ha  TPOEKTIB, BPAaxXOBYIOUH NPH IHOMY Pi3HOMAHITHICTh
METaNypriiHUX  MiAIPHEMCTBAX 1  HEJOCKOHANICTIO  3aBAaHb, 1[0  BHPINIYIOTbCS HAa  METANyprilHUX
HAyKOBO-OOIPYHTOBaHHX 3aCO0iB JOCATHEHHS Ii€]l METH y  MiANPHUEMCTBAX, IUIAHYBaHHS peaji3amii MpOeKTiB B
BUTJISIAI MOjeNed 1 MEeTOAIB yHpaBiiHHA NOpTQENsIMH  pI3HOMY  YacOBOMY  aclieKTi, B3a€MO3B'A3KIB  Ta
MIPOEKTIB €HEPro30epekeHHs, B SKUX IOBHOIO MIpOI0 HE  KOOPIWHAIUNHHX  y3rO/DKCHb, MO  ICHYIOTh  MIiX

BpaxOBYETbCS ~ 0O€31i4  B3aEMONOB'I3aHUX  IOTOKIB
€HEepropecypciB, BHUMOT, HiJIeH 1 CTparerid MOBEIIHKU
OKpEeMHX MiIPO3AITIB METATyprifHUX ITJIPHEMCTB, a
TaKOX JMHaMiKa BUPOOHUYIHX MPOIIECIB.

MPOEKTAMH, a TAKOXK MEXaHI3MHU (hiHAHCYBaHHS.

HaykoBa rimote3a MOCHIIKCHHS IPYHTYEThCS Ha
NpUITYyIIeHH], 110 1o0ynoBa e(QEeKTUBHOI CHCTEMH
MEHEDKMEHTY IPOEKTIB Ta MPOrpaM eHepro30epeKeHHs
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Ha METaNypPTiiHUX IMANPUEMCTBAX, sika Oyae O0asyBaTHcs
Ha NMPEIUKTUBHIA aHATITHIN €HEPTOCIIOKUBAHHS Ta SIKOCTI
MATUBHO-EHEPTETHYHOTO Oamancy  # BKJIFOUATH
B3a€MO3aNIe)KHI ~ aJaNTHBHI  CHUCTEMH  IUTaHYBaHHS,
MOHITOPUHTY Ta YIPaBIiHHA 3MiHAMHU JO3BOJUTH O1IBIIT
eexTuBHinie (opMmyBaTd Ta peanizoByBaTH MopTdensb
NIPOEKTIB  €HEepro30epe’keHHss  Ha  METallypriiiHuX
MIAPUEMCTBAX Ta CIPUATH M1 IBUIIICHHIO
€HEeproe()eKTUBHOCTI ~ Ta  KOHKYpPEHTOCHPOMOXHOCTI
MAPUEMCTB METATYPriiHOI ray3i YKpaiHu.

[pequxTHBHA afanTalis OpU ynpasJinHi noptdenem
eHepro3oepiraloyux NpoeKTiB MeTaJIypriiiHOro
niANpUeEMCTBA

IIpononyetscs METOJI0JIOT 15T TPEIUKTUBHOT
amanramnii [14] ans ynpaBiiHHA TOPTPEIIMH TPOEKTIB
€Hepro30epeKeHHs] Ha METANyprifHUX MiANPUEMCTBAX,
mo 0a3yeTbcs Ha  B3a€EMOMOB'SI3aHUX  aJalTHBHUX
cUcTeMax IUIAaHyBaHHS, MOHITOPUHTY 1 YIpaBIiHHS
3MiHAMH Ta JI03BOJSIE Ha OCHOBI IPOTHO3YBaHHs
€HEProCIOXKUBaHHS I CKIaJHUX  TEXHOJOTIYHUX
MPOIICCIB | BUPOOHUIITB, a TAKOK MOJCIIOBAHHS 1 OI[IHKU

SIKOCTI  MaJUBHO-CHEPreTHYHOrO OalaHCcy, B yMOBax
OOMEXEHOCTI ~ pecypciB 1  pHU3MKIB  3iHCHIOBATH
¢bopMmyBaHHsA 1 BimOip JUIA  peami3aiii  IPOEKTIB

€HEepro30epeKeHHS MPU Y3TOKCHHI NPIOPHUTETIB Oi3HEC-
cTparerii i crparerii e€HeproeeKTHBHOCTI
METaTypriiHOTO i APHUEMCTBA.

[Mepmmit MOIyITb IPEIUKTHBHOTO aHANI3y (IHB. pHC.
1) 3paiiicHioe O0OpOONEHHS JMaHUX IMOJO peaisarlil
MPOEKTIB  CHEPro30EpPEeIKEHHS 3 METOH  BHPIIICHHS
HACTYITHUX 3aBJIaHb: BHSBJICHHS PHU3UKIB IPOEKTIB Ta
MPOTajMH B KOHTPOJII HA PaHHBOMY €TaIli, ITiJBUIICHHS
HMOBIPHOCTI JJOCSITHEHHSI LijIel B 00JacTi sIKOCTI 1 Oi3Hec-
mijleld,  3a0e3MeYeHHs  MOCTIHHOrO  KOHTPOJI  Ta
YOpaBIiHHS BHUTpPAaTaMHU IS TPOEKTIB, sKi CXWIBHI O
PH3HKY HepeBUTpaT Ta iH. [Jisl HbOro BUKOPUCTOBYETHCS
0a3za  maHWX  YCHIIIHO  3aBEpIICHUX  IPOEKTIB
€Hepro30epekeHHsT Ha MIAMPHUEMCTBI (Ileé Mae 0coOJHBe
3HaYCHHS TOMY, IO JEdKi TPOEKTI AaHAJOTidHI ae
BHKOHYIOTBCS IUTSI PI3HUX ITiIPO3/ILTiB/IIEXiB).

BukopucTaHHsi Takoro MOAYIO TMPEIUKTHBHOTO
aHai3y Ja€ MOXKJIMBICTh 320€3MeYNTH 00'€KTUBHY OLIIHKY
BHYTPIIIHBOI CKJIATHOCTI 1 MOMIIMBOCTEH MO peasizauii
MPOEKTIB MOPTPEITIO, & TAKOXK 3PIIOCTI ICHYFOUUX 3ac00iB
KOHTPOJIO 1 MOJETl yNpaBiiHHS INPOEKTaMH  Ha
mignpueMcTBi. [lopiBHIOIOUM TOTOYHI piBHI 3a ycima
eJIEMEHTaMH YTpPaBIiHHA TPOEKTAMH 3 HEOOXiTHUMHU
NIPOTHO30BAHMMH  DIBHSAMHM, JaHUH MOIYJIb  MOXeE
JIOTIOMOI'TH BHSBUTH KOHKPETHI HPOTaJIMHH, MPUXOBaHI
MepeIIKOAN 1 BIJIICYTHI €JIEMEHTH YNPABIIiHHI B TaKHX
KaTeropisx, sk OI0KeTyBaHHsI, TJIAHyBaHHS, YIPABIiHHI
pU3MKaMH Ta MOXJIMBOCTI TmpoekTHOoro odicy. Ile

JI03BOJISE MiATPHEMCTBY BU3HAUUTHU KOHKpETHI
MOJINIIEHHS Ta YNPaBIIHCHKI pIMIeHHS, $AKI MOXYTh
T ABHIITUTH HMOBIpHICTB yCmixy IIPOEKTY
€HEepro30epeKCHHS.

@opMOI0  BHpIIIEHHS  OCHOBHOTO  IPOTHUPIYYA
mporuecy peaizarii noptgens MIPOEKTIB

E€HEepro30epeXeHHs] Ha METATypriiHOMY TMiAMPHEMCTBI i
IHCTPYMEHTOM OpTraHi3amii eHeproeKOHOMIUYHUX 3B'S3KiB
MiX nporecaMmu €HEePTOCIOKUBAHHS Ta
E€HEPro30epeKCHHS € MeXaHi3M MIPETUKTUBHOT
(porHo3HO1) amanTallii Mpyu KOMIUIEKCHOMY YIIpaBJIiHHI
€HEeproCHOXKMBAaHHAM ~ METAIypPTidHHOTO  MiANPHEMCTBA.
TyT BHKOPUCTAHO JAPYIHA MOAYJH MPEIUKTHBHOTO
aHawizy.

[Mo-nepue, e NpeNKTHBHA aHaIITHKA
€HEproCIOXKUBaHHS Ta SIKOCTI IMaJIMBHO-EHEPTETHYHOTO
Oamancy.  Ilo-gpyre,  BaxiuMBe  3HAYCHHS  [pH
IUHAMIYHOMY  aHaji3i Ta  (QopMyBaHHI  TAJIHBHO-
E€HEPTETUYHOTO OamaHcy Ha MeTaIypriiHOMY
MiIIPUEMCTBI Mae caMe OJIOK aJalTHBHOTO 3BOPOTHOTO
3B'AI3Ky, IO 3IIACHIOE KOHTPOJIb EHEPTOCIIOXHBAHHS 1
KOHTPOIIb JOCATHEHHS ILiJIeH €HepPreTHYHOi MpOorpaMu Ta
IIeH peaizaiii MPOEKTIB €HEPro30epekeHHs, 1o 0ysI0
Bigibpano mo moprdento [15].

3a JI0MOMOroI0 BiMOBIIHUX YIPaBIiHCHKUX PillIeHb
1€ BIUIMBAE Ha (OpPMYBaHHS JUHAMIYHUX HOPMATHBIB JUIs
VIOpaBIiHHSA  IJICUCTEMOI0  EHEProCHOXXHBaHHS, Ha
ONTHMANBHY NOOYJOBY €HEPreTHYHHX XapaKTEPUCTHK i3
3aJIaHOI0 TOYHICTIO 3a KPHTEPIEM MIHIMyMy TEXHIKO-
€KOHOMIYHHUX BTpaT, Ha BUPIIICHHS 3aBIaHHSA MiHIMi3amii
3arajpHOi TTOMHITKA MPOTHO3Y CIIOXKUBAHHS
E€HepropecypciB, Ha  aHali3  E€HEProepeKTUBHOCTI,
PO3MOINT PEeCypCiB Ul MPOrpaMu EHEPro30epeIKeHHS Ta
KOpETyBaHHS IIPIOPUTETIB SHEPIreTUYHOI CTpaTeril.

Takum 4nHOM, (OPMYETHCS THYYKHH aJanTUBHUN
MEXaHi3M ONTHMi3auii eHepreTMYHUX aKTUBIB  JUIs
MIATPUMKH BHCOKO1 OLIIHKH SIKOCTI MaJIUBHO-
€HEepPreTUYHOro OaJlaHCy METaJTypriiHOro MiJIPHEMCTBA,
mo 3a0e3neyye y3ro/pKeHHS e(EeKTUBHOT eHepreTHYHOI
CTpaTerii Ta cTpaTerii pO3BUTKY Oi3HEC-TIPOIIECiB.

Eranu ¢opmyBanus Ta peasizauii noprdgest npoexkTiB
eHepro30epeskeHHs MeTAJYPriliHOr0 NignpueMcTBa

Po3risiHeMo (hyHKIIOHYBaHHS aJanTHBHHUX CHCTEM
TUTAaHYBaHHS, MOHITOPHHTY 1 YIPaBIiHHSA 3MiHAMHU Ha yCix
eramax (OpMyBaHHS Ta peaizamii MOPTQENs TMPOEKTIB
€Hepro30epeKeHHs MEeTAIyPriiHOTO MiANPHEMCTBA.

1) nepummii eran — BU3HAYEHHsI LiJIeil 1 MpiOopUTETIB
EHepreTUYHOi cTparerii MeTalypriiHoro mHilNpUEMCTBA
(puc. 2). Ha upomy erami akueHT poOuThecs B Oik
CTpaTerivyHoro IJIaHyBaHHs, OOIPYHTYBaHHS NPIOPHUTETIB
€HEepreTUYHOI MOJITUKY 1 HAlOLIbII BaXKJIMBUX HAIPSIMKIB
€KOHOMIYHOTO PO3BHUTKY HiampueMmcTBa. EHeprermuna
CTpareris MeTalyprifHOro MiJIpHeEMCTBa OyayeTbcs Ha
OCHOBI KOHIIENTYaJbHOTO TIJXOLY JIO KOMIUIEKCHOTO
VIpaBIiHHSA  EHEPrOCIOKMBAHHSIM  METallypriiHOrOo
MiANpUEMCTBA, Ha aHalizi  (axkTopiB Ta pe3epBiB
eHeproe(eKTUBHOCTI, YypaxyBaHHI BHMOI' YYacHHUKIB
PUHKY TmanuBa 1 eHeprii, iHTepeciB BHPOOHHKIB i
MOCTaYaIbHUKIB ~ €HEPropecypciB, BHUMOI  YYaCHHKIB
PHUHKIB METaIypriifHOI MPOAYKIii, IPOMHCIOBOI ONITHKA
MIANPUEMCTBA, 10 HAmpaBieHa Ha 3a0e3neydeHHs
JIOBTOTPHBAJIOTO 1 CTIHKOTO PO3BUTKY HOTO €KOHOMIYHOTO
CTaHy, JIep)KaBHOI MiATPUMKH METalypriifHoi ramysi
VYkpainu.
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Enepretnuna ctparteriss 0e3yMOBHO TIOB’si3aHa 3
e(heKTHBHUM BHKOPHUCTAHHIM E€HEepropecypciB
MeTaTypriiHOTO BHPOOHUIITBA, (hopMyBaHHIM
ONTHUMANBHOT CTPYKTYpH CHCTEMH YIpaBIiHHS

€HEProCMOKMBAHHSIM, IO TOBHHHA BHKOPHUCTOBYBATH
€JIMHY CHUCTEMY IIUJICH, 3aBJaHb, MPUHIIMIIIB i MTOKA3HHUKIB
edpexTuBHOCTI. CIIiJi BpaXOBYBaTH, 1[0 BEJIMKUHN BIUIMB Ha
PO3BUTOK METaNyprii Halae JWHAMIKA IiH HA TIEPBUHHE
MAJIMBO — CHEPIeTUYHE 1 TEXHOJIOT yHe. ToMy MpH OIiHITI

eekTUBHOCTI BapiaHTiB QopMyBaHHA 1 peamizauii
MporpaMH 1O C€KOHOMil TmajguBa 1 eHeprii s
METaIypTiiHOTO  MIANPUEMCTBA  CIiJi  BpaxOBYBaTH

piBeHb IIiH 1 TapudiB Ha MaJMBO Ta CHEPTiI0, IMOMUT i
MPOTIO3UITiI0 Ha TPOAYKINIO 1 IaJIWBHO-CHEPTeTUIHI
pecypcH, IOCTYII 10 PUHKY PEeCcypcCiB i HOBHX TEXHOJOTIH
TOIIO.

Haii6inpuri npobiaeMu npu yIpaBJiHHI
€HEProCIOKMBAHHAM 1  (OpPMyBaHHI  EHEPreTHYHOI
MOJITUKY METaJIypriffHOrO MiNPUEMCTBA BUHUKAIOTH MPH
BU3HAYCHHI MPIOPUTETIB 1 IIeH JUIs  IiJABUIICHHS
eHeproe)eKTUBHOCTI Ta eHepro3bepexxeHHs. [IpiopureTn
€ 0a30BMM TMOHATTSAM 1 CTPYKTYPHUM €JIEMEHTOM
E€HEPreTHYHOI TOJITHKH 1 TPEICTaBISIOTH  CO00I0
HalKpall Ha KOXXHOMY eTami ii peamizamii HanmpsMKH i
(hopMH TiSUTBHOCTI OpraHiB yHpaBJIiHHSA, IO PETYIIOIOThH
MAJTMBHO-CHEPTeTHYHUH GaaHc METaIypriiHOTO
BUPOOHHMIITBA. Jhciinizadics CJIOBaMH, TIPIOPUTETH
XapaKTepu3yloTh B arperoBaHOMYy BHIJIIII  OCHOBHI
HampsiIMKH Ta BIIMIHHI XapaKTEPUCTUKH EHEPreTUYHOT
cTparerii MeTalTypriiHoro HiANPUEMCTBA Ha
JoBrocrpokoBuii mepioa. [lpuknagamu  npiopureTiB
€HepreTUYHOI CcTparterii MeTalypriifHOro MiJnpHeMCTBa
MOXYyTh  OyTM  HACTymHi:  CTillke  3a0e3medeHHs
€HEePTropecypCcaMu; T IBUIICHHS e(pEKTHBHOCTI
BUKOPHCTAaHHS €HEPrOpecypciB Ta CTBOPEHHS HEOOXITHUX
YMOB AJIsI €Hepro30epeXeHHs; 3MEHIICHHS! HEraTUBHOTO
BIUIMBY Ha HABKOJIMIIHE CEPEJIOBUINE TPH 3HIKEHHI
CHEProCIOKMBAHHSI ~ METaIypriiHOTO  MiANPUEMCTBA;
MM ABUIIIEHHS piBHA €HEepreTUIHOL HE3aJIEKHOCTI
METalIypridHOro MiANpUEMCTBAa TOIIO. B mepury uepry,
YIOPaBIiHHS ~ SHEPrOCIIOKMBAHHSIM  HAIpaBJIeHO  Ha
palioHaJibHE BHUKOPHCTaHHS EHEPIeTUYHHX pecypciB
MeTalypridHuMu  mifgnpuemctBamu. [lix  edeKTHBHUM
€HEProCI0KUBAHHIM po3yMmieTbCst fioro
pPe3yJbTATUBHICTh 3 TO3HUIlI JOCSITHCHHS IMOKA3HUKIB
€HeproeeKTHBHOCTI, a TAaKOX peali3amis KOMIUIEKCY
3aX0/iB a00 ii, 10 BXKHUBAIOTHCSA [JIs1 3a0e3leUeHHS
Ol e(EeKTHBHOTO BUKOPUCTAHHS MaJIUBHO-
€HEePreTUYHUX PECypCiB.

SIK TO BUAHO 3 CXEMH, BU3HAUCHHS NPIOPUTETHUX
po6IeM MOXIIUBE JIUIIE Ha 6a3i ITHO0KOTro i BCeOIIHOTO
aHami3zy yCiX TIPOIECiB  TIANPHUEMCTBA, a TaKOX
chopMOBaHNX Ha [AaHOMY IIJIPUEMCTBI E€KOHOMIYHHMX
TEHJACHIH, sKi OyAyThb XapakTepu3yBaTH IIpoIec
(hopMyBaHHSI SKOCTI TAJWBHO-CHEPTETUIHOTO OallaHCy
MeTaypriiHOTO MiAIPHEMCTBA.

Ha puc. 2 115 KOXKHOTO 3 NIPiOPUTETIB MpeJICTaBIEH]
HOrO METPUKH Ta iHIUKATOPH 3 3a3HAYCHHSIM HAIPAMKY
3MiHM (30UIBIICHHS/3MEHIICHHS) TpH SKOMY IaHUH
NIPIOPUTET €HEPreTUYHOI MOJITHKM HaOyBa€ Ba)KIMBOCTI.

Hampuxman, as npiopurery, sSIKAid OB'SI3aHUHN 31 CTIHKAM
3a0e3MedeHHsIM  eHepropecypcaMu  METpUKaMH €
HacTymHi: nedinut (GopMyBaHHS TPUOYTKOBOI YaCTHHH
MATMBHO-EHEPTETUYHOTO OaJlaHCy; CTYIIHb 3aJICKHOCTI
E€HEPTOCIIOKMUBAHHS BI HaIIHHOCTI 30BHIIMIHIX
MOCTa4YaJIbHUKIB €HEepPropecypcis; IHTEHCHBHICTh
€Hepro30epeKeHHs; PiBeHb paIliOHAJIBHOCTI CTPYKTYpH
MaJIMBHO-EHEPreTHYHOr0 OanaHcy MiJIPHEMCTBA; PiBEHb
EHEepPreTUYHOr0  MEHEDKMEHTY  Ha  MiANPUEMCTBI.
InmukaTopamu (TOOTO KOJIM CIIOCTEPIraeThCsl BiAMOBITHUI
TPEH), SAKI IMIBHILYIOTh BaXIJIUBICTh IBOTO TMPIOPUTETY
mpu  (GopMyBaHHI EHEPreTHYHOI CTpaTerii € Taki:
30UTBIIICHHSI TEMITIB 3pOCTaHHS TIOCTAaBKH SHEPTOPECypCiB;
30UTBITICHHS TEMITiB 3pOCTaHHS CITO’KUBaHHS
EHepropecypciB;  30UTBIICHHS  TEMIIB  3pOCTaHHSA
3amaciB  €HepropecypciB;  30UTbIIEHHS  KUTBKOCTI
CHEPropecypciB, 3 SKHMH BimOyBarThCs  mepedoi
MOCTaBOK; 3MEHIICHHS TEMIIiB 3POCTaHHS BHPOOJIEHOT
npoaykiii. Crig BIAMITUTH, 110 B OCHOBI C€(EKTHBHOI
€HepreTUYHO{ cTparerii HIINPUEMCTBA  JIEKUTH
IHAMBIya bHUIl HAOlp YMHHUKIB, SIKI MOBUHHI OyTH B
MOJIi 30py CHEPrOMEHEKMEHTY MiIPUEMCTBA, OCKIIBKU
3 YacoM IIiJ] BIUIMBOM THX 4YH IHIIHX (aKTOpiB
dbopmyeTbcsi  TOTEHITIAN  eHepro30epekeHHsA, 1 BiH
MOBHHEH OYTH CBOEYACHO PEayi30BaHUI IUIS ITiIBUIICHHSI
KOHKYPEHTOCIIDOMOXKHOCTI ~ Ta  CTaJOr0  COMiaJbHO
€KOHOMIYHOTO PO3BHUTKY ITiAIIPUEMCTBA.

AHAIOTIYHO METPUKHU Ta IHIUKATOPH HABEICHO IJIS
IHIIMX KOHKPETHUX MPHUKIIAIIB MPIOPUTETIB SHEPreTUIHOT
cTparerii MeTasypriifHOro miJnpHeMcTBa.

OOrpyHTYBaHHS NPiOpUTETIB EHepreTU4HO1
cTparerii  MeTanypridiHOro ImiJIPHEMCTBA  JIOLIJIBHO
MPOBOJIUTH B JIeKLIbKa KPOKIB: BUSIBJICHHS
MEePIIOYEePTOBUX €HEePrOeKOHOMIUHIX pobiemM
METaNyprifHOro  MiANpHEMCTBa,  BHOIp  0a30BHX
HaNpsMKIB, 32 SKHUMHU Jaii Oyzae chopMoBaHHA TOPThHETh
eHepro30epiralounx MPOEKTIB, BHU3HAYCHHS BEKTOPY
Ba)XXJIMBOCTI Ta PAaH)XyBaHHS IPIOPUTETIB EHEPreTUIHOT
cTpaTerii 3a JOMOMOTOK eKCHepTHHX METOMdiB. Y
noptdenb OyayTh BHOCHUTUCS SIK OKpEeMi MPOEKTH
NporpamMH  €Hepro30epeKeHHsl, TaKk 1 MPOEKTH KOTPi
B3araji HampaBjie€HI Ha BJIOCKOHAJEHHS MNOTOYHOL
JUSUTBHOCTI Ta E€KOHOMIYHUN PO3BHTOK METaTypriliHOro
HIANPUEMCTBA.

2) npyruii eram — IJIaHyBaHHS 1 (OpMyBaHHS
mopTdenss TMpoekTiB  eHepro3bepexeHHsa. O0'ekTamu
nopTdemnro/mporpaMu eHepro3zoeperkeHHs Ha
METaIypriiHOMy MiANPUEMCTBI € TpOILeC YIpPaBJIiHHS,
BUPOOHUITBO (TEXHOJOTisI) i KOMYHAIBHE TOCIIOAAPCTBO.

OcHoBOMO aJanTUBHOI CHCTEMH TUTAHYBaHHS
nmopTdens TPOEKTIB eHepro30epexeHHs € MmoOy0BaHi
Ha T ITPUEMCTBI MeXaHi3Mi Ta BIAMOBIIHI
AaBTOMATH30BaHI CHCTEeMH M OONIKYy 1 KOHTPOJIO
€HEProCloXKUBaHHS, 6e3mepepBHE OIIiHIOBAaHHS
e(eKTHBHOCTI BUKOPUCTAHHS PECYPCHOTO MOTEHIIANTy B
mporecax — JTiSUIbHOCTI  MiANPUEMCTBA,  IJIAaHYBAaHHS
BU/IATKOBOI 1  mMpuOYTKOBOI  YaCTHHHM  HNAJMBHO-

CHEPreTUYHOro OallaHCy Ta OIHIOBAHHS HOTO SIKOCTI 1
0e3yMOBHO OaratopiBHEBE MPOTHO3YBaHHS
EHEePrOoCIOKHBAHHS.
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OcobOnuBy  poib Yy  BHABJICHHI pe3epBiB
€HEepro30epeKCHHS BiJirpac JMHAMIYHA OIliIHKA SIKOCTI
MaJMBHO-EHEPTETUIHOTO OalaHCy, TOMY IO caMe BiH
XapakTepusye HeoOXiHI e(pEeKTHBHI EHEProeKOHOMIUHI
3B'I3KM  TIPOIIECIB  MANMPHUEMCTBA Ta  Ja€  3MOTY
MEPEBEPTITH IUTICHICTh CHUCTEMHU CHEPIrOCIOKHBAHHS
MiANPUEMCTBA 1 PE3YJbTaTUBHICTH  €HEPreTHYHOL
MOJITUKY. BHyTpimHi  pesepBn mnpu  QopMyBaHHI
MaJMBHO-EHEPreTUYHOrO  OajlaHCy  MOXYTh  OyTH
NIPUXOBaHI Y Hee()EKTUBHOMY BHKOPUCTAaHHI BUIATKOBOI
JacTHMHHM OayiaHCy a00 HM3BKIH YacTIli BHKOPHUCTAHHS
pecypco30epirarounx TEXHOJOTiH TNpuH  BUPOOHMIITBI
MPOAYKIii Tomo. B3aragi OCHOBHUMH HampsMKaMH 3a
SIKHMHU  3IHCHIOETBCS TOIIYK IPOEKTIB-KaHAMIATIB Ha
BKJIFOUCHHS J0 TIOPTQENI0 € BUHATOK HEpaIlioOHaJLHOTO
BUKOPHCTAHHS ~ CHEPropecypciB,  yCyHEHHs  BTpar
€Hepropecypcis, I IBUIIICHHS e(eKTHBHOCTI
BUKOPHCTAHHS €HEPropecypciB, BUKOPUCTAHHS BTOPUHHOT
€Heprii, 110 BUPOOJIAETHCS B OCHOBHOMY BHPOOHUIITBI Ta
iHIIIE.

®opmyBaHH e(EeKTHBHOrO IOPTQEIs MPOEKTIB
3BOJIUTBCSL 710 TOTO, 100 BU3HAYMTU TaKUW MOPSIOK
BiZIOOPY TMPOEKTIB, IO JO3BOJISIE BPAaxyBaTH, SK BIUIMB
30BHIITHLOTO CEPEJOBHUINA, TaK I PU3UKIB BHYTPINTHHOTO
CepeloBUINIA  MiJIPHUEMCTBA, a s HiANPUEMCTBA
3a0e3neunTn MaKCHMAaJIbHY rapaHToBaHy
eHeproeekTUBHICTh. EHeproeeKTHBHICTh BiTOMBAETHCS
yepe3  CIIBBIIHONICHHS  pe3yJbTaTiB  BUPOOHHYOL
JISUTHHOCTI Ta BUTPAYCHUX HA iX TOCATHEHHS CKOHOMIYHO,
TEXHIYHO 1 TEXHOJIOTIYHO OOIPYHTOBaHUX OOCSTIB
CHePreTHYHUX PECYpCiB B YMOBax eHepro3oepirarodoi
iHTeHcudikamii MPOMHUCIOBOrO BHPOOHHMILTBA. BaxuBy
poib  TYyT  Bifirpae  MOJACTIOBAaHHS Ta  aHAaJI3
pealizoBaHOCTI TPOEKTIB eHepro3oepexkeHHs. OCHOBOIO
TaKOTO aHaNi3y € OOIPYHTYBaHHS MOMJIMBOCTI peaii3aril
MPOEKTY, & TAKOXK CTYMIHb BIUIMBY Ha [[IHHOCTI MPOTpaMH
€Hepro30epeIKeHHSI. Kpim TOTO, BU3HAYAETHCS
JNOCTYIHICTh ~ €Hepro3oepiraloymx  TEXHOJIOTiH  Ta
oONamHAaHHSA, IO HEOOXiAHI M peaizamlii IMPOEKTY,
MOXIIMBICTh X OCBO€HHS Ta e€(EeKTUBHOI eKCIUTyaTauii B
KOHKPETHHX yMOBax. [TobynoBa alalITUBHUX
MEXaHI3MiB MpiopuTe3allii, onTuMisailii Ta 0agaHCyBaHHS
noprellto  MPOEKTIB  mependavyae  pPerysroBaHHS
€KOHOMIYHMX 1 EHEepreTMYHHX MOKa3HUKIB (IPOLECiB)
Ha  MIJIPHEMCTBI 332  JONOMOroK  peasizauii
eHepro30epiraloynx  MPOEKTIB  [UII  BUTPUMYBaHHSI
OCHOBHHX CIIBBIJHOIICHb TEMITiB 3POCTaHHS MOKAa3HUKIB

e(pCKTHUBHOCTI B JUHAMIYHOI MOJENI OIIHKK SIKOCTI
MAIMBHO-CHEPT € TUIHOTO Oamancy METaIypriiHOTO
MiATPHEMCTBA.

3) Tperiii eTam — MOHITOPHMHI Ta YIIPaBIiHHA

peamizaiiero moptdenss TPOEKTIB  E€HEePro30eperKeHHS.
Came TyT Mm 0a4MMO pPO3IJLIHYTI paHilme MOIydi
MIPEIUKTHBHOTO aHami3y. [lepmuii mae 00'eKTHBHY OLIHKY
BHYTPIITHBOT CKJIAJHOCTI 1 MOXKJIMBOCTEH MO peaizamii
MIPOEKTIB TOPT(ENIO, a TAKOXK 3PLIOCTI iICHYI09YHX 3aco0iB
KOHTPOJIIO 1 MOJEN yNpaBIiHHSA IPOEKTaMH Ha

mianpueMcTBi. Jpyruii Momyme — 1€ TpEeITUKTHBHA
aHaNITHKa EHEpProCIOXHMBAaHHA Ta SKOCTI IaJMBHO-
eHepretuuHoro Oamancy. IloOymoBaHi mpeANMKTHBHI

MEXaHi3MHU J03BOJISIOTh TOTYBAaTH YIPABIIHCHKI PIillICHHS
TOMi, KOJM B)KE€ 3'IBISIOTHCA BIAMOBIAHI 3HAYEHHS
IHAWKATOpPIB Ta CHUTHANH, 3a SKAMH MOJXKHA IIOMITHTH
paHHI 03HAKW HACTAaHHS BKIUBUX TMOJINH B €HEPTeTHIHOT
cuTyaii  Ta I8 OPUHHATTS — [ONEpeKyBalbHOTO
VOPAaBIiHHS  CHEPrOCIOXKUBAHHAM Ta  pPeali3ali€io
MPOEKTIB CHEPro30epeKECHHS.

Pesynerat,  omepkaHi  mpW  MPOTHO3YBaHHI
CHEPrOCIOKHUBAHHS, CIy’)KaTh IONCPEAHLOK 0a30BOIO
iHpopMalli€ero Ha BCIX eTanax IUIaHyBaHHS Ta YIPaBJIiHHS
MPOLIECOM CHEPrOCIOXKUBAHHS MiANPUEMCTBA. [IpH iboMy
aJJalTUBHUMA CHEPTeTHYHUN MEHEDKMEHT Mae (opmy i
METOIM MOPT(HETHHOTO YIPABIIHHA, IO A€ CHUCTEMI
MOXJTUBICTh ~ 3MIHIOBAaTH  TapaMeTpH  IJCUCTEMH
TUTaHYBaHHS Ta peaii3arlil MPOeKTiB eHepro30epekeHHs 1

OJJHOYACHO  PEryJTOpPiB  EHEproclioXKMBaHHA  Ha
METaNypridiHOMy MIANPHEMCTBI B 3aJISKHOCTI  Bij
TpaHcopmanii  BHYTpIIIHIX  MapaMeTpiB  MpPOLECIB

€HeprocroXuBaHHs a00 30BHIIIHIX ¢akropiB (WiH 1
TapudiB, TOMUTY 1 MPOMO3ULIi EHEPropecypciB, MUTOMUX
HOPM TOIO), @ TAKOX BiJ 3MIHM CTpaTeriuHuX IIeH i
NPIOPHUTETIB.

Sk MexaHI3MHM amanTHBHOI 3MIHM B CHCTEMI
[UIAHYBAHHS PO3IJSIIAIOTHCS  HACTYIHI: KOPHUIYBaHHS
po3knamiB  (Tak B 3alNEKHOCTI BiI  pe3ysbTaTiB
MO/ICTIFOBAHHS [EPCIEKTUBHOTO EHEPrOCIOKUBAHHS 1
JIOCATHEHHS LITHOBUX ITOKAa3HUKIB €HEProe(eKTHBHOCTI
30IBIIYETHCSI 200 3MEHINYETHCS TPUBATICTH €TalliB
NPOEKTIB); 3MiHa  mpiopuTeTiB  (TyT  3MIHIOETHCS
IUTAH  HE3aBEepIICHHX  poOIT B 3aleKHOCTI  Bif
pe3yabTATIB  aHATI3y TOMEPEIHIX eTamiB peai3ariil
MPOEKTIB CHEPro30CepeIKEHHS 1 HAa OCHOBI JMHAMIYHOT
OIIHKK  SKOCTI  MAJMBHO-CHEPIeTHYHOTO  OaslaHCy
METaypriifHOTO MiATPHIEMCTBA); TIePEPO3IIO LT
pecypciB i iH.

IIpukaan OUiHIOBAHHS BaKJIUBOCTI KPUTePiiB npu
OOIPYHTYBaHHI NpiopuTeTiB eHePreTHYHOI cTpaTerii
MiANPUEMCTBA

Jlnst BUpilIeHHS 3aB/IaHb IUTAaHYBAHHS Ta YIPaBIIiHHA
mopTdeneM TPOEKTIB EHEPro30epekeHHs, a TaKOXK
enepromenepkmenty  Ha [IpAT "ainpocmericrans"
BIPOBA/PKEHO Iy HHM3KY aBTOMAaTH30BaHUX CHCTEM,
SOpOM  TIpM  LOMY  BHCTYNAa€  KOPIIOpaTHBHA
iHpopMmaliiiHa cucrema ynpasininHs Ha 0a3i SAP ERP

(ECC 6.0). Ile mossomse IIpAT "Quinpocmericrans"
IIECTIPSIMOBAHO peaizoByBaTu KOMILIEKCHY
CGHEPreTUYHY TMporpaMy, sKa OXOIUTIOE  HACTYITHI
HANpSIMKK: PO3BUTOK BIIACHOI CHEPreTHYHOi 0a3w;
PO3BHTOK i BJIOCKOHAJICHHS CUCTEeMH  OOJIKy
EHEepPropecypcis; i ABUIIICHHS e(eKTUBHOCTI
BUKOPUCTAHHS eHepropecypcis CIIO)KHBaYaMH,
CKOPOYCHHS BTpar npu TPaHCIIOPTYBAHHI
€HEePropecypcis; MOHITOPHHT CITOYKUBAHHS
E€HEPropecypciB; MOJIEPHI3AIlis TEXHOJIOTIYHUX MPOIIECIB 1
arperaTiB; BIOCKOHAJICHHS EHEPreTHYHOTO OajlaHCy
M ANPHEMCTRA; 3Ty deHHS MePCOHAY B

eHepro3oepirarody JisUTbHICTb.
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VY ckiani mporpaMHOTO KOMIUIEKCY € MOYJTh OLIHKA
BaXJIMBOCTI, KM NpU3HAYCHUH U1 GOpMyBaHHS KIaciB
MOPIBHIOBAHMX O00'€KTiB, BU3HAYCHHS CKIIAAY 3HAUYIIHX
BJIACTUBOCTEH [UIA TOPIBHSUIBHOI OWIHKH OO'€KTIB MiX
c00010 i BU3HAUCHHS BEKTOPIB Ba)KJIMBOCTI BIACTUBOCTEH
1 IpIOpPUTETY NOPIBHIOBAaHHUX 00'E€KTIB.

CucrtemMa BUKOPHCTOBYETHCS JJIsl BEJIHUKOTO KOJa

MIPIOPUTETIB €HEPTeTUYHOI cTparterii mianpuemcrsa. s
OIIIHKM BajXUTMBOCTI BHUKOPUCTAHMH METOJ  aHali3y
iepapxiii, B OCHOBi SIKOT'O TIOKJIaJIeHa MOPIBHSIIbHA OITIHKA
CY/DKeHb  eKCIepTiB 3a  IIKaJoK  [epeBar  Ipo
nmopiBHIOBaHUX o00'ektax. Ha puc. 6 mnpencraBieHi
pe3yabTaTH OOTPYHTYBaHHS MPIOPHUTETIB CHEPreTUYHOT
cTparerii MeTalypridiHoro miJNPUEMCTBA Yy BHIJISAIL

3aBlaHb, TaKUX SK: OOIpyHTYBaHHA NpIOPUTETIB  JiarpaMd i3  3a3Ha4YeHHSAM  HaWOUIbII  BaXKIMBOI
€HEepreTUYHOI CcTparerii MmigNpHeEMCTBA; NPIOPUTH3alLis  anbTepHaTHBH. HalOimblly BaXKIMBICTH Ma€ TaKUi
KpUTEpiiB eHeproe()eKTUBHOCTI; BigOIp TMPOEKTIB B  HANPSAMOK, SK BJIOCKOHAJIECHHS OOJIQJHAHHS 1 DPEXHUMIB
noptdenb; OIiHIOBaHHSA pHU3MKIB Ta iHmI. Ha puc. 5  pobotw, partioHagbHe BHKOPHUCTAHHS TTaJTUBHO-
HaBEICHO TPHUKIA] DPO3B'A3aHHSA 3a1ad OOTPYHTYBAaHHS  CHEPTETHIHHX pecypciB i €IIEKTPOCHEPTIi.
HEDBDMH [ Pesynetar LI CrpasouHmkm

HaxrauTe kHonky "TlocTponTs”, yTobbl

COOPMUPOBATE MEpapKMID. HakmuTe

kHomky "O4dcTiTe", 4Tofbl O4MCTHTL BCE T | e

Y3kl B Aepese. HaxmMuTe npaeyio

KHOMNKY MBIWUM Ha ¥3Ne ANA BeINONHEHKWA

CPaBHEHWA

Ba (OBocHoBaHME NPUOPWTETOE SHEPrETMYECKON CTPATEMMM METANNYPrUYECKOrD MPELNPUATAR A

- K4 - 3neprootaava - 0,0424

YeTounBoe oBeCneyeHWe SHEprOHOCUMTENAMW METaNNYPryeckoro npeanpuaman - 0,1375

= K1 - [evuT dhopMApoBaHUA NpVKOAHOI YACTW 3HEproBanaca M 3aEMCUMOCTs 3HEpronoTpeGneHna oT Hae
----- J Yeroiuneoe ofiecneyerie SHEDrOHOCHTENAMW METannyprieckoro npegnpuatia - 0,0012

----- J MNosbiwenre spdekTMBHOCTH Mcnonesosanma 1JP - 0,0028

----- J ¥YMEHBLEHWE HEraTMBHOT 0 BOSAEACTEMA SHEPTETMKN Ha OKPyXawLyio npupoaHy cpeny - 0,0006
----- o TNoBbiueHMe yPOBHA SHEPreTMYECKOA HE3ABMCHMOCTI METANNyprieckoro npeanpuamia - 0,0053
E—]'ij' K2 - MHTEHCWMBHOCTE 3HEprocBepexeHnA M paLMoHanEHan cTpykTypa T3E6 npeanpuamin - 0,0424

----- J YeToiuneoe oBeCneyeHle SHEPrOHOCHTENAMW METannyprieckoro npegnpuaTia - 0,0168

----- J ToseiweHne sddek TMBHOCTW MenoneaoeaMA 13F - 0,0092

----- J YMeHbWEHWE HEraTMBHOMD BOSAEACTENA SHEPrETHKM Ha OKpYXaIoWyo npupoaHye cpeny - 0,0037
----- J TNoBbiueHWe YPOBHA SHEPrETMYECKOA HE3ABMCHMOCTW METANNYPriMeckora npeanpuAia - 0.0127
E—]';i' K3 - PauwoHaneHoC T cTpyKTypRl 3HepronoTpeGnerna - 00424

----- J Yetolwneoe oBecneyeHne sHEproHOCHTENAMA METannyprideckoro npeanpuatia - 00075

----- J MNoBbiweHwe sppekTMBHOCT McnonksosaHuA TIP - 0,0161

----- W YMeHbWEHWE HeraTMBHOMO BOSASACTENMA SHEPTETHKH Ha OKPYXSIOW Yo NpupoaHye cpeay - 0,0041
----- J ToBelLeHWE YPOBHA SHEPreTMYECKON HE3aBMEMMOCTW METaNNyprimeckoro npeanpuaTiA - 0,0142

----- J YcTolwneoe oBecneyeHne 3HEProHOCHTENAMW METaNNyprideckoro npeanpuaTia - 00075

----- o MNoBbiwene spdekTMBHOCTH Mcnonssosadma T3P - 0,0053

----- J ¥YMEHBLIEHWE HEraTMBHOT O BOSAEACTEMA SHEPTETMKN Ha OKPYXaLyio npupoaHy cpeny - 0,0067

----- o TNoBbiweHHe YPOBHA SHEPrETMYECKOA HE3EBMCHMOCTA METANNYPryeckoro npeanpuAmia - 0,0188 v

Oanee

Hasan

Puc. 5. Pe3ynpTaTyt HOPiBHAIBHOT OL[IHKY BOKJIMBOCTI KPUTEPIiiB/ajJbTepHATHB NPH OOTPYHTYBaHHI NIPIOPUTETIB €HEPreTHIHOT

cTpaTerii manpueMcTBa

PesysibTaTH eKcriepUMeHTIB

Po3pobiiena indopmariiiiHa TEXHOJIOTISI JTO3BOJISIE
ineHTH(iKyBaTH, aHaJi3yBaTH 1 BiZOMpaTH icHyro i 1
MEPCIEKTHBHI TPOEKTH 3 METOI BHOOpY HaMOLIBII
3HAUyIUX 3 HasIBHUX. Y TIPOIECi aHalizy CcucTema
ABTOMATUYHO JI03BOJISIE OMTHUMI3yBaTH TOPTQENb, 1Moo
HampaBUTH 00MEXEHi pecypcH Ha HaHOIIbII IPIOPUTETHI
uimi. Bymo mpoBeneHO eKCHepHMEHTaIbHI JTOCIHIIKSHHS
METOJIB TIJIaHyBaHHS EHEPrOCHOXHWBAHHSI Ha OCHOBI
peaJbHUX JaHUX 3 BHUPOOJICHHS METANONpPOAYKIi i
€JIEKTPOCIIOKUBAHHS BUPOOHUYMMU Hizpo3aiaMu
IMpAT "IninpocneucTans".

Amnpobanisi po3pobJIeHNX Mojenel 1 KOMI'FOTepHUX
3aco6iB B I[IpAT "Jlnimpocmencranp" mokazama, 110
MOXIMBE €(EeKTHBHE YHPABIiHHA €Heproe(eKTHBHICTIO

Ha OCHOBI YIpaBIiHHA MporpaMaMu 1 TOPTherIMu
mpoekTiB. Tak B mepiox 3 2019 mo 2020 pik Ha
i ATIPHEMCTBI Oyno  peami3oBaHO MPOEKTIB 3

eHeproz0epekeHHs] Ha 3arajpHy cymy 1756 THc. rpH.
Jani o010 AOCATHYTOI €KOHOMIi MaTMBHO-CHEPTeTHIHUX
pecypciB  HaBemeHo |y Taba. 1. Y mporpami
eneprosoepesxkenus [IpAT "Ininpocrencrans" HaiOLIBIT
KaIliTAIOMICTKUMHU TPOEKTAMH € TPOEKTH 3 OHOBJICHHS
00aTHaHHS.
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Tabéauns 1. [Ipoepama enepeosdepexcenns [IpAT "/Jninpocneycmans" 2019-2020pp.

ExoHoMisi ma1MBHO-eHePreTHYHUX pecypcis
y TOMY YHCJIi:
Enekrpo-
eHepris,
MJIH.

BapricTh
3eKOHOMJIEHHX

Bceboro

BapricTs, IIpupon-

. TemnoBa
HHI ras,

Enepro3oepirarounii npoexr | Crpok 3€KOHOM-

THC. TPH. eHepro-
pecypcis,

THC. TPH. Ky0.M kBTt*rog

JIeHO, THC. T.
YM. HaJuBa

eHepris,

MJIH.
THC. I'kan

[IpoBeneHHs 2019 - 0,252 1220 0.7
opraHizarifHmx 3ax0/iB
1010 CKOPOUYCHHS
MIPOMDKIUIAaBOYHHUX ~IIPOCTOIB
Oyropux meded (y T.4. HO
MiATOTOBII 3aBaJIKH,
3a0€3MEeYCHHIO pobotu

JIOTIOMDKHUX MEXaHi3MiB)

KOMILIEKCY

[IpoBeneHHsA TEMIOTEXHIYHOT 2019 200 0,012 100 0,010
HAJIQJKA TEPMIYHHOI Tedi Ta
KiNBIEBOI M€Yl KOBaJILCKOI'O

exy

[IpoBeneHHs TEMIOTEXHIYHOT 2019 30 0,001 15 0,001

HAJTAJKH YCTAHOBKU CYLIKA
kimris "MAIIEKO" CIILI-2

[IpoBeneHHs TEMIOTEXHIYHOT 2019 140 0,008 70 0,007

HaJIaIKU YCTaHOBOK
"HELIOS" TAOM

BnpoBamxkeHHs 2019 40 0,36 1745 1,0
MEPETBOPIOBAILHOT TEXHIKH B
3IKHOCTI Bl  PEeXHUMIB

poOOTH yCTaTKyBaHHS

PerymoBanHs 2019 50 0,216 1045 0,6
MEPETBOPIOBAYIB

HamarHigyyBaHHg mammH [TIA
CTaHy MpPOKAaTHOTO IeXy B
pexuMi poGotn Ha

XOJIOCTOMY XOJti

THPUCTOPHHUX

[IpoBeneHHs TEMIOTEXHIYHOT 2020 1060 0,094 530 0,081

HalaJKd KaMEepHUX medei
KOBAJIECHKOTO TIPECOBOTO
LEeXy

[IpoBeneHHs 3axoniB MIOAO 2020 180 0,56 3640 3,1

3MIHH CXEMH
TEIIONOCTAYaHHS

BukopucranHs YCTaHOBKH 2020 56 0,126 823 0,7
yrimizamii terma KPP mis

motped I'BC

Bceboro 1756 1,377 9188 0,099 1,6 3.8

BucHoBku IUTAaHYBAaHHS, MOHITOPDHMHTY 1 YHpaBIiHHA 3MiHAMH Ta

JIO3BOJISIE HA OCHOBI IPOTHO3YBaHHS E€HEPrOCIOKHUBAHHS
JUIS CKJIAJIHUX TEXHOJIOTIYHUX IMPOIECIB i BUPOOHUITB, a
TAaKO)X MOJEIIOBAHHSA 1 OLIHKM SIKOCTI

AHami3 TpaIuIiHHUX Ta aJaNTUBHUX TIPOIECIB

YIIpaBJIiHHS MPOEKTAMHU MOKa3aB JIOIIIBHICTh MaJIMBHO-
BHUKOPHCTAHHS MPOTHO3HOI AHATITUKU I €(PEKTUBHOro  CHEPreTHIHOIO GamaHcy, B yMOBaXx OOMEKEHOCTi
VIpaBIiHHA  pU3HKAMH  TIPOEKTY i  OTpUMaHHs PECYpCiB i pu3MKiB 3xilicHioBatn  (dopmyBaHHA i
MaKCHUMAIbHOT Bi/[Taui BiJl BEIMKUX i CKIIAJHUX TIPOEKTiB, BIIOIp Ui  peanmizaiii MPOEKTIB  €HEPro30€pEKEHH
SIKUMH € IIPOEKTH €Hepro30epexeHHst Ha MeTallypriiHomy — TIPH Y3rOJDKEHHI  IpiopuTeTiB  OizHec-crparerii i
I IPHEMCTBI. cTpaterii eHeproepeKTHBHOCTI MeTaJypriiHOTO
3amponoHoBaHO METOI0JIOT10 yIIpaBIliHHA TiINPHEMCTBA.
noprhenamu MPOEKTIB €HEPro30epeKeHHS Ha HetansHuii  posrnsn — eramiB  (popMyBaHHA — Ta
MeTaNyprifHUX  MiANPHEMCTBAX, KA BiApi3HAeTbCcA ~ peamisamii  TOPTens MNPOEKTIB  eHepro3bepexeHHs
(opMyBaHHAM TapajWTM{ NPEIUKTHBHOI afanTarii, o METATYPTiiHOTO  MANPHEMCTBA  JO3BOJIE  3POOHTH

6a3y€TBC$[ Ha B3a€MOIIOB'sI3aHUX aJallTUBHUX CHCTEMax

HaCTyHHi BUBO/IM:
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- MOJEIIOBAHHS Ta OLIHKA SKOCTI MaJUBHO-
CHEPreTUYHOTO OaJlaHCy MiANMPUEMCTBA JIO3BOJISIE 3a
JIOTIOMOT OO BUXIJTHUX IUHAMIYHUX HOPMAaTHBIB
OTpUMAaTH MEBHY CHCTEMY MOXIJHHUX JWHAMiYHHX
HOPMAaTHBiB TUTS aJlalITHBHOTO peryJroBaHHs
SHEePreTUYHUX AaKTHUBIB METaypriiHOro MiJANPHEMCTBA,
mo 3abesnedye peamizanito  e(peKTUBHOI  cTparerii
€HEPrOMEHEDKMEHTY METAIypriiHOTrO MiNPUEMCTBA MPH
BiIOOpI TPOEKTIB Uil  CTPATEriyHOro  IIaHYBaHHS
i/IBUILCHHST eHeproeeKTUBHOCTI Ta €Hepro30epekeHHs
BHPOOHUIITBA;

- pamKHpyBaHH IiJICH, OLIHIOBaHHS MPUBAOIUBOCTI
Ta peai3yeEMOCTi MPOEKTHHUX il CTUMYIIOIOTH 10 BHOOPY
THX TIPOEKTIB, sSIKi OyAyTh MaKCHMAadbHO ITIHHAMH IS
E€HEepreTHIHOI CTpaTerii MONpHEMCTBA 1 MIHIMI3YIOTh
PH3HKY;

- BCI MPIOPUTETH CHEPTrEeTHYHOI MOJITHKH MOB'I3aHi
MDK c000l0, BHOIp KOHKPETHHX NPIOPHUTETIB IS
peasizawii IICUITIOE ix CHPSIMOBAHICTh Ha
pe3yJIbTaTUBHICTL y cdepi EHEeproMeHEeDKMEHTY 3a
paxyHOK CYMyTHiX e(eKTiB B 30HaX B3aeMoii 1 301IbIIye
MOXIIMBICTh ~peanizailii MNoJajblIMX MpPIOPUTETIB Y
MalOyTHROMY LTS ITiATIPHEMCTBA;

OCHOBHMII ~ BHCHOBOK  IIOAO  OOTPYHTYyBaHHS
MIPIOPUTETIB Ta OIIHKU €HEPTETHYHOT TIOJITUKH TTOJIATAE B
ToMy, 10 Tpeba pOOWTH aKIEHT Ha pamKyBaHHS

MpiOpUTETIB 1  BH3HAYEHHSA  IIJIe B paMKax
11070.4 MIPIOPHUTETIB, 1110 MOXE 3IHCHIOBATUCS
eKCIIepPTHO-aHAITHYHUMHE ~ METOJaMH  IIpu  BimOopi

NPOEKTIB 3  TiJIBUIIEHHS

CHEepro30epeKeHHS.
Po3poliniennii  mporpaMHO-METOANYHUA KOMIUIEKC

YIpaBJIiHHS NOPTHENIMH MTPOEKTIB EHEPro30epekeHHs Ha

CHEpProc)eKTUBHOCTI  Ta

METAIYPriiHUX  MANPUEMCTBAX  MICTUTh y  coOi
CYKyTIHICTb MIPOTPaMHOTO, iH(opMaIiiHOTO,
MaTeMaTUYHOTO, OpTaHi3allifHOr0O Ta  METOJUYHOTO

3a0e3meueHHsT UIsi BUKOHAHHS pOOIT 13 MOHITOPUHTY
CHEPrOCIOKUBAHHA Ta SAKOCTI NAJIMBHO-CHEPTETUYHOTO
OaylaHCy, TIIaHYBaHHS Ta  KOHTPOJIO  peajtizaimii
NPOEKTIB  Ta  NpOrpaMH  €Hepro30epekeHHs  Ha
METaNypridiHoMy  HiINPHUEMCTBL.  3a  JIONOMOTOIO
PO3pO0JICHOTO MPOrPAMHO-METOJUYHOTO KOMILIEKCY OYJ10
MIPOBE/ICHO OLIIHIOBaHHS BUKOHAHHS I[IJILOBOTO
BUKOPHCTAaHHS €HEPreTUUHHX pecypciB micis peaiizauii
NpOeKTIB 1 3axoniB 3 eHeprozoepexxeHHss Ha [IpAT
" uinpocnerncrans"
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AJAIITUBHOE YIIPABJIEHUHU ITOPT®EJIEM ITPOEKTOB
IJHEPI'OCBEPEXEHHUA HA METAJIJTYPITHYECKOM ITPEAIIPUATHN

Ha ceromHsimmHu#l JeHb SIBISETCS aKTYaJIbHOM NpoOieMa CO3JaHus M BHEAPEHUS METOJOJOTHYECKUX OCHOB YIPABIICHHUS
MopTQENnsIMH TPOCKTOB 3JHEProcOEPeKECHUS] Ha METALTYPrHYECKHX TNPEANpPUATHIX, C Y4YETOM CTpPATErHYeCKuX Ielei,
OTPaHMYEHHOCTH PECYpCOB M PUCKOB. PemieHune 3Toi MpoOIeMbl OCIOXKHAETCA TE€M, YTO HY)KHO YYHUTHIBATH MHOXECTBO
B3aUMOCBSI3aHHBIX TIOTOKOB 3HEPropecypcoB, TpeOOBaHWi, IeJed M CTpaTerdil NMOBEJCHUS OTACIBHBIX IO/pa3/IeIeHHH
METaJUTyprU4eCKUX HPEANpPHUATHH, a TakKe IWHAMUKY IPOM3BOJCTBEHHBIX mpoueccoB u T.1. Ilpeamerom wncciienoBaHus
CTaThbu SIBISIIOTCS aJaNTHBHBICE METONBI YINpPABICHUS MOPT(HENIIMH IMPOCKTOB 3HEProcOCPEeIKEHHUsS Ha METaJLTYypPrUueCKUX
npeanpusThsax. Lesibio JaHHOW paOOTHI SBISETCS CO3/IaHHE METOIO0B (OPMHUPOBAHUS U aJAITHBHOT'O YIPABICHHS TOPTheaeM
MPOEKTOB C  yYETOM  CTPATETMYECKHUX IIeJed  METAUIyprUuecKOro MPEANpUSATHS [0  JHEProcOCPekKCHUI |
sHeprodddexTHBHOCTH. PemaloTcs ciemyromme 3aJadM: aHAIU3 U CPaBHEHHE TPATUIUOHHBIX W aJalTHBHBIX MPOIECCOB
yIpaBJIeHUsS TMPOEKTAMH; ONUCAHHWE OCHOBHBIX TMOJIOKCHUI METOMOJOTMH MPEIUKTUBHOW aJanTaldd TpU yNpaBlIeHUU
noptdeneM 3HeprocOEeperaromux MPOEKTOB METAJUIyPrHYECKOro MPENIpHUsITHS; eTalbHOE PacCMOTPEHHE 3TAllOB METOHa
(dhopMHpOBaHUS M peanu3aluy MOpTdens MPOEKTOB SHEProcOepekeHHsT METALTYPrHYECKOro IMPEINpHUsITHS; pacCMOTpEHHE
pe3yJbTaTOB OLICHKH Ba)KHOCTH KPUTEPHUEB MpPU OOOCHOBAHHMU IMPHOPUTETOB SHEPreTHUECKOW CTPATErnH MPEANPHUSTHS,
obcyxneHue pe3yibTaToB (HOpMHpPOBaHUS Tporpammbl 3Heprocoepexenus Ha YAO "/Inenpocnenctans'. MeToabl
HCCIICIOBAHUS: METOMABI MOPT(QEILHOTO MEHEPKMEHTA, METOABI MPOTHO3UPOBAHUS, DKCIEPTHO-aHAIMUTUYECKUE METOJBI.
[lonyyensl cnemytomue pe3yiabTaTbl: [IpoBeneHo o0ocHOBaHME 11€7€COO0PA3HOCTH HUCIIOJIB30BAHMS — aJJalITUBHOTO
yIpaBJIeHUST MPOEKTaMH HSHEProcOEpEeKEHUs Ha METAUTypru4eckoM mpeanpustud. ONMUCaHbl ATalbl CTPATETHYECKOTO
IUIAHUPOBAHUS [0 YHEProcOeperKeHNIO B dHEProdPHEKTUBHOCTH, METOA (OPMUPOBAHMS M Pealn3alyd mopTdens mpoeKToB
9HEpProcOepekeHUs] METAILTYPrUUeCKOro MPeAnpUsIThUs. PaccMOTpEHBI pe3ysibTaThl HCHOJIb30BaHHs pa3pabOTaHHBIX METOI0B
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npu (GopMHpOBaHMM Tporpammbl 3Heprocoepexxenus Ha YAO "[luenpocnerncrans". BwiBoabl: IlocTpoeHne cucteMsl
MEHE/DKMEHTa MPOCKTOB M MPOTPaMM JHEProcOepeKeHrss Ha METAJUTypPTHYSCKUX NPENIPHATHIX TPeOyeT pelIeHUs 3a/1aud
NPEAUKTUBHON aHAIUTHKUH DHEPronoTpeOleHnss W KadecTBa TOIUIMBHO-DHEPIreTHUECKOro OamaHca ¢ MOCIeAyromen
peanu3anyeil alanTUBHBIX MEXaHW3MOB IUIAHHPOBAHUS, MOHUTOPHHIA W yNpPaBIEHHS M3MEHEHHSMH, YTO IO3BOJISIET Ooiee
3 dekTHBHO (HOPMHUPOBATh U PEATM30BBIBATH MOPT(ENb MPOCKTOB YHEProCcOSPESIKECHHUSI Ha METAJUTYPrHUSCKUX MPEANPUATHIX
U CIOCOOCTBOBATH TMOBBIIICHHIO ASHEPro3()(YEKTUBHOCTH M KOHKYPEHTOCIHOCOOHOCTH MPEAIPHUITHH METaTypruuecKon
0Tpaciu YKpauHbL

KioueBble ciaoBa: moprdens NpPOEKTOB; MNPEAMKTHBHAs — aJanTallysl; YOpaBICHUS  dHeEprocOepexeHueM;
METaJUTypruuecKoe MpeANpUsITHE, TNIAHUPOBaHHE dHEPTOMOTPEOICHHS.

ADAPTIVE PORTFOLIO MANAGEMENT OF ENERGY SAVING PROJECTS AT A
METALLURGICAL ENTERPRISE

Today, the problem of creating and implementing methodological foundations for managing portfolios of energy saving
projects at metallurgical enterprises is urgent, taking into account strategic goals, limited resources and risks. The solution to
this problem is complicated by the fact that it is necessary to take into account the many interrelated flows of energy resources,
requirements, goals and strategies of behavior of individual subdivisions of metallurgical enterprises, as well as the dynamics
of production processes, etc. The subject of the article is adaptive methods of portfolio management of energy saving projects
at metallurgical enterprises. The purpose of this work is to create methods for the formation and adaptive management of the
project portfolio, taking into account the strategic goals of the metallurgical enterprise for energy saving and energy efficiency.
The following tasks are solved: analysis and comparison of traditional and adaptive project management processes; description
of the main provisions of the methodology of predictive adaptation in the management of the portfolio of energy-saving
projects of the metallurgical enterprise; detailed consideration of the stages of formation and implementation of the portfolio of
energy saving projects of the metallurgical enterprise; consideration of the results of the assessment of the importance of the
criteria in substantiating the priorities of the energy strategy of the enterprise; discussion of the results of the formation of the
energy saving program at PJSC "Dneprospetsstal”. Research methods: portfolio management methods, forecasting methods,
expert-analytical methods, risk management methods. The following results were obtained: The substantiation of expediency
of use of adaptive management of energy saving projects at the metallurgical enterprise is carried out. The stages of strategic
planning for energy saving and energy efficiency, the stages of formation and implementation of the portfolio of energy saving
projects of the metallurgical enterprise are described. The results of the formation of the energy saving program at PJSC
"Dneprospetsstal” were considered. Conclusions: Building a management system for energy saving projects and programs at
metallurgical enterprises requires solving the problem of predictive analysis of energy consumption and fuel and energy
balance with subsequent implementation of adaptive mechanisms for planning, monitoring and change management, which
allows more efficient formation and implementation of energy saving projects and projects. to promote the increase of energy
efficiency and competitiveness of the enterprises of the metallurgical industry of Ukraine.

Keywords: project portfolio; predictive adaptation; energy saving management; metallurgical enterprise, energy
consumption planning.
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A METHOD FOR IMPROVING THE QUALITY INDICATORS OF A DISTRIBUTED
FORENSIC INFORMATION SYSTEM

Subject of research: the process of monitoring the quality indicators of a computer network of a forensic information system using
methods for increasing the frequency resolution of acousto-optic spectrum analyzers. The aim of this work is the possibility of
increasing the QoS indicators of a computer network by achieving the potential accuracy of estimating the frequencies of two
simultaneously arriving radio pulses using the super-Rayleigh resolution method in acousto-optic spectrum analyzers (AOSA). The
following tasks are solved in the article: analysis of various information systems of forensic examination and the tasks that they solve;
analysis of the use of acousto-optic spectrum analyzers to determine the parameters of the transmitted signal in a distributed forensic
system; derivation of an analytical expression for evaluating the potential accuracy of the frequency detuning value of two pulses. The
following methods and models are used: models and methods of systems theory (based on the information approach), models and
methods for constructing distributed systems and their components in accordance with various hierarchical levels of their organization
and operating conditions; models and methods of theories of propagation and interaction of electromagnetic waves with wave
structures of various physical nature. The following results were obtained: The analysis has established that forensic information
systems are distributed in nature and impose high requirements on the quality of the functioning of telecommunications equipment of
the corresponding computer networks (CN). To meet these requirements, it is necessary to improve the systems for monitoring,
protecting and transmitting information in the corresponding CN, which is impossible without solving the problem of monitoring
signal parameters. Research has been carried out on the use of AOSA to ensure control over communication channels of computer
networks. It was found that most of the AOSA frequency resolution methods have limitations associated with the Rayleigh criterion,
which significantly limits the potential for frequency separation of pulses. The use of the method of super-Rayleigh resolution of
narrow-band pulses in terms of their arrival time is proposed. An analytical expression is obtained to estimate the potential accuracy
of determining the value of the detuning in the frequency of two pulses. Conclusions. The forensic information system is a complex
heterogeneous distributed system. To improve the efficiency of its functioning, it is necessary to control the parameters of the signal
propagating in the network. The use of the super-Rayleigh resolution method in AOSA will increase the resolution of AOSA by
increasing the frequency resolution of two non-simultaneous radio pulses of long duration.

Keywords: distributed information system; computer network; acousto-optic spectrum analyzer; QoS indicators of computer
networks; resolution; super-Rayleigh resolution.

Introduction

At the moment, in the modern world, there is a
colossal amount of ready-to-use information and
computing resources that were created at different times.
Different approaches were used to develop them. Almost
always, when developing a newer information system, you
can find and use ready-made in their functions, ready-
made components that are already working. The problem
is that compatibility requirements were not taken into
account when creating them. These components do not
understand each other; they cannot work together. It is
desirable to have a mechanism or set of mechanisms that
will make such independently designed computing
resources compatible. The main task of such information
and computing resources is, first of all, facilitated access
to remote resources and control over the sharing of these
resources (computers, files, data in a database (DB). Such
resources include a variety of distributed information
systems (DIS).

A set of computers connected by communication
channels can be considered as a software module
(application), executed within a separate process. Users
and applications work consistently in DIS regardless of
where and when this interaction occurs. To do this, DIS
must have characteristics such as hiding from users the
differences between computers and how they
communicate. Another important DIS characteristic is the
way in which DIS provides a consistent user (and
application) experience. DIS must meet the following
requirements: - transparency; - openness; - flexibility; -

scalability (extensibility). These requirements fix two
essential points: the autonomy of the DIS nodes and the
presentation of the system by the user as a single structure.
In this case, the main DIS link is software. Diverse
software is rapidly developing and penetrating into all
spheres of human activity. Forensic expertise is no
exception.

The distributed nature of forensic information
systems and the importance of information processed by
the system impose increased requirements both on the
structure of the system itself and on the quality of data
transfer between various subsystems. A large number of
studies have been devoted to overcoming these problems
[1-12].

A significant place in these studies is occupied by
the analysis of the impact of the quality of
telecommunications equipment on the functioning of DIS
forensic examination. The studies carried out in these
works have established that in order to increase the
efficiency of the DIS forensic examination, it is necessary
to ensure a high quality of functioning of the computer
network of the information system, which is not possible
without improving the corresponding equipment [9 - 17].

Consequently, the improvement of existing systems
for the transmission of information and the design of new
telecommunication systems is an urgent task to improve
the quality of service for the entire IP of forensic
examination.

The purpose of this article is to analyze existing
models and types of forensic information systems and the

© M. Mozhaiev, P. Buslov, 2020



ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 4 (14)

possibility of increasing the QoS indicators of a computer
network by achieving the potential accuracy of estimating
the frequencies of two simultaneously arriving radio
pulses using the super-Rayleigh resolution method in
acousto-optic spectrum analyzers.

1. To solve this problem, it is necessary to solve a
number of specific problems:

2.To analyze the various forensic information
systems and the tasks they solve.

3. To conduct an analysis of the use of AOSA to
determine the parameters of the transmitted signal in a
distributed forensic system.

4. To obtain an analytical expression for evaluating
the potential accuracy of the frequency detuning of two
pulses.

5. To develop a method to improve the efficiency of
a distributed information system

Main part

1. Analysis of the construction and functioning of
forensic information systems

Forensic expertise, varied in form and content, is
impossible without the use of a variety of sources of
information. These are documents in various information
systems, including databases. When selecting information,
the principles of reliability, relevance, necessary
sufficiency and completeness are observed. The principles
of creating information systems include simplicity,
openness, interactivity, structure, functional distribution,
integration, security and automation.

Expert systems are a line of research in the field of
artificial intelligence for the creation of computing
systems capable of making decisions similar to the
decisions of experts in a given subject area [3]. The
functioning of a database in forensic science is based on
the principles of operational replenishment and relevance,
sufficient speed in the search and processing of data,
compliance of answers with search queries, as well as
ensuring the protection of information. When
investigating the situation of an emergency situation (ES),
analyzing material evidence, as well as studying an
investigative or operational situation, a systematic
approach, game theory, queuing, fuzzy sets and other
modern approaches to processing complex and diverse
information are used. The decision in forensic
examination is made in several stages: modeling, building
scenes and processes; analysis of situations based on these
models; forecasting their changes. Increasingly, modeling
is carried out on the basis of three-dimensional models
and even using the so-called augmented reality. In
traceology and in image analysis, such a model makes it
possible to unambiguously identify an object. The
objectivity of the examination with such information
support is fully realized.

The use of a database in forensic science involves
the collection, accumulation, storage, processing and
analysis of information. When collecting information, as a
rule, special equipment is used, scanners, digital cameras
and video cameras, sound recording devices. In some
cases, it is still not possible to digitize the information

used in the examination. In this case, bullet sleeves, casts
of footprints, full-scale collections, etc. are used. Their
accumulation, systematization, search and identification is
also based on the database. As the main carrier of large
amounts of information used to store these databases, the
most effective use of hard drives. Sometimes database
copies are stored on external hard drives or "in the cloud"
on servers that provide access to them over the Internet
around the clock. Currently, there are many reference and
information funds. The overwhelming majority of them
are database-based and are automated information
retrieval systems. Forensic institutions [3] use reference
and information funds, built in relation to specific types of
expertise, as well as for various objects or research
methods. However, they are all implemented in the form
of automated information retrieval systems based on a
database, and are part of the forensic registration system.
This system includes subsystems called forensic
accounting. Accounts are classified by purpose and
features of registration objects.

Thus, the study showed that there are effective
information systems in practically all areas of information
support for forensic examination. These information
systems have a distributed and heterogeneous nature and,
in order to ensure the main indicators of the quality of
functioning, they place high demands on the quality of the
functioning of the telecommunications equipment of the
corresponding computer networks (CN). After all, it
cannot yet be stated that information systems for the
provision of forensic expertise (ISPFE) have the
properties of artificial intelligent systems that expert
systems possess.

To solve this complex problem, it is necessary to
make efforts in all aspects of ISPFE functioning, including
to improve the quality of QoS CN. The next section of our
article will analyze possible ways to improve QoS through
the use of modern methods for determining the parameters
of the signal propagating in the network.

2. Analysis of the possibility of using AOSA to
determine signal parameters in a computer network.

To successfully solve the problem of electromagnetic
compatibility of a large number of currently existing
various communication, radio navigation and radar
complexes, it is necessary to determine the parameters of
radio emission sources as accurately as possible, in real
time. The task of measuring the parameters of propagating
signals is complicated by the fact that modern radio
engineering complexes during operation can change the
basic parameters of radiation, such as: frequency, pulse
duration, pulse repetition period, and many others. For
operational recognition and determination of radio signal
parameters, processing methods using acousto-optic
interaction are increasingly used. This is due to the
specific capabilities of such methods: parallelism, high
speed and frequency of optical signal processing, etc. [4,
17, 18].

The above possibilities are implemented in acousto-
optic  spectrum analyzers (AOSA), which are
distinguished by their simplicity of design and parallel
processing of signals in a wide frequency band and
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practically in real time [4]. The advantages of using
AOSA for solving spectral analysis problems and
expanding the bandwidth of simultaneously analyzed
frequencies necessitate a deeper analysis of the resolution
of these devices.

Analysis of a number of works [4, 7, 14, 17, 18]
devoted to the theory of development of devices for
acousto-optic conversion and signal processing allows
stating the contiguity of such characteristics of frequency
accuracy as the accuracy of reading the radio signal
frequency and resolution for the class of devices under
consideration. In this case, the resolving power of an
acousto-optic spectrum analyzer is understood to be its
ability to resolve two close frequency components of the
analyzed spectrum or two adjacent in frequency radio
emission [7, 14, 17]. Resolution is quantitatively defined
as the minimum frequency interval between two radio
emissions or spectrum components, at which they are
reliably separated. The characteristic of the frequency
readout accuracy allows one to judge with what accuracy
the frequency interval between adjacent frequency
components or the true value of each of them can be
measured [4].

Indeed, in the practice of designing and constructing
acousto-optic and, in particular, optical devices for
spectral analysis, the resolution and frequency readout
accuracy are determined by the parameters of the
instrumental function formed by these devices and the
selected resolution criterion. In most cases, to characterize
the frequency accuracy of the device, the concept of the
Rayleigh criterion is introduced, to determine which the
case is considered when the input of an acousto-optic
transducer is affected by two harmonic signals spaced
apart in frequency by a value of Af [4, 17]. This happened
historically, by analogy with the resolution of most optical
instruments, for example, telescopes. In this case, two
optical signals are formed in the focal plane of the device,
the intensity distribution of each of which along the plane
of the photodetector is described by an apparatus function
of the form sin2 (x)/x2, and the linear distance Ax
between the maxima of zero orders is proportional to Af.
According to the criterion under consideration, the
resolution limit of two signals in a diffraction-limited
optical system is reached if the maximum of the zero
order of one signal coincides with the minimum of the
first order of the second. Thus, the resolution limit and the
accuracy of the signal frequency reading according to the
Rayleigh criterion are ultimately determined by the device
itself, namely, it is inversely proportional to the width of
its instrumental function.

The analysis of the resolution criterion considered
above, given in [4], shows that it is, in essence, focused on
qualitative observations, and the value of the resolution
obtained on the basis of such a definition does not
correspond to modern requirements for measuring
technology. So, for example, the well-known opinion that
the limit of the resolution and accuracy of the signal
frequency reading is determined by the properties of the
device and, in particular, by the width of the generated
instrumental function, when investigating the procedure
for restoring the input from an inaccurately known output

turns out to be incorrect for a wide class of input signals
with a finite spectrum.

The inconsistency of the Rayleigh concept of
resolution with the results of experiments with
quantitative measurements led to a wide discussion of the
very concept of resolution and an analysis of the
corresponding criteria. The results of research in the field
of the theory of resolution and presented in [4, 17, 18]
allow us to say that the resolution limit and the accuracy
of measuring the frequency reference becomes not a
property of the device itself, and is determined, in
particular, not by the width of its instrumental function,
but by the accuracy of reading output process. In turn, the
accuracy of recording the output signals under ideal
experimental conditions is determined by fluctuation
processes in the equipment. Therefore, only the
fluctuation limit of resolution is insurmountable, due to
objective physical phenomena (discreteness of the charge,
the quantum nature of optical radiation, etc.). Thus, the
frequency accuracy of existing acousto-optic spectrum
analyzers, the choice of the parameters of photodetectors
of which was based on the principles of Rayleigh
resolution, can be significantly improved by using special
procedures for recording and processing optical signals,
taking into account their statistical properties due to the
nature of their formation.

Recently, in papers [17, 18] devoted to the problem
of increasing the resolving power of acousto-optic
spectrum analyzers, other physical principles have also
been applied. For example, [17] proposed a technique for
increasing the resolution of acousto-optic spectrum
analyzers taking into account the nonlinear nature of
acousto-optic interaction. In this case, the analysis of the
acousto-optic interaction proceeding in acousto-optic
spectrum analyzers was carried out without integration
over time, which leads to smoothing of fluctuations.

In most cases, the frequencies of radio pulses
measured in AOSA are so close that it is not possible to
distinguish them using either the Rayleigh criterion or
other methods. But in pulsed radar there is a method of
super-Rayleigh resolution of narrow-band pulses in terms
of their arrival time. The basis of this method is the
noiseless idealization of the signal mixture and its
analytical representation by a polynomial, the degree of
which is equal to the number of signal sources, and the
roots are uniquely related to their parameters.

3. Evaluation of the potential accuracy of
determining the frequency detuning of two pulses.

It is well known, that in most of the currently
existing AOSA, the signal is sequentially read from a line
of photosensitive elements. Thus, we can assume that
there is a vector containing N measurements at points
X, -, Xy Of @& random variable distributed according to

Poisson's law n={n,n,,..,n,}. Each element of the
measurement vector is characterized by mathematical
expectation M(ni) and variance D(n,), and.

M(n,)=D(n;)=b, i=12,..,N.
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It is known [10] that b, are functions of the
parameters a, x;, A :

. Sln( ( +A/)) N Sin(a(x—%)) 2
| alery) a(x-%) )

where a — is the parameter characterizing the diffraction
properties of the spectrum analyzer, and the unknown is
the parameter A, characterizing the frequency detuning of
the two analyzed pulses.

In (1), the amplitude is assumed to be normalized to
unity, since taking it into account in the future has no
difficulties.

Fig. 1, and fig. 2 show the possible form of the mean
value of the vector n, determined by dependence (1)
at the values a=x and a =0.5, respectively (the value

A=1).

1)

|
Y
i

b(i,10) 1

x(i)
Fig. 1. The average value of the vectornat a=rx

If the samples are independent of each other, their
distribution will have the form:

ZSm( ( +A/))
@ (x+8)

+25in(a(x. —A/))
@[ -8)

Note that the expression for calculating the variance
does not contain the second derivatives of bi. In practice,
the true values of A are unknown, so they are replaced
with appropriate estimates. However, here we do not
consider the issues of obtaining estimates for the unknown
parameter and for the purposes of analyzing the
dependence of the potential accuracy on the value of the
unknown parameter, we will assume that it is known
exactly.

We studied the dependence of the value of the root-
mean-square error in estimating the detuning of two
pulses in frequency o, on the detuning A at various

sampling rates of the parameter x. Discretization of the
parameter x was carried out on the interval [-

27T 1a,27T la], i.e.

joint

o, /oA =

where

X :—2—7z+i4;z/aN ,
a

i=1,2,...,N; where N is the number of samples on the

N
P(an)= I1 P(bn,), @
i=1
where
P(b.n)= b 3
(ilni)_ ni! . ()

It is required to determine the potential estimation
accuracy of the parameter A.

2 =
L ~—
e \\\.
- ™~
b(i,10) 1 .
0 |
-2 0 2
x(i)

Fig. 2. Average value of vector nat a = 0,5

The potentially possible variance of the parameter

A estimation is determined based on the Rao-Cramer
inequality. It is equal to the reciprocal of the expected
value (i.e., averaged over realizations) of the second
derivative of the logarithm of the distribution function (2),
taken with the opposite sign [14]:

- N
J ==0%(nP(A,n)/0A* =1/ (Ab /1oAY b, (4)
i=1

where the bar above the expression means the averaging
sign,

[ (x +A/)cos( (x+%))—(a%)8in(a(x+%))]+
[ ( A/)cos( (x—%))—(a%)sm(a(x—%))}

selected interval. The research results for a= 7T are
shown in fig. 3 and fig. 4, and in fig. 5 and fig. 6 - for
a=0.5. The number of samples was chosen equal to 10
and 100.

0.4 |

o(j) 02 .

I
0 0.5 1

A())
Fig. 3. Dependence of a; on the detuning value A at N = 10,
a=T
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Fig. 4. Dependence of g, on the detuning value A at N = 100,
a=T
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Fig. 5. Dependence of g, on the detuning value A at N = 10,
a=05
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Fig. 6. Dependence of g, on the detuning value A at N = 100,
a=0/5

Analysis of figs. 3 - 6 shows that the dependence of
the root-mean-square error in estimating the detuning in
frequency on its value is periodic. This is natural, since
the terms in (4) are also periodic functions. However, as
the value a decreases, the periodicity in the selected
interval becomes less noticeable (figs. 1, 2), which
explains the difference in the nature of the curves in figs.
3, 5. With a small number of discrete (N =10, fig. 3, 5)
and a small detuning 4 = 0.4, the root mean square error
of the estimated parameter is commensurate with its value.
This means that reliable estimates are unlikely to be
obtained under these conditions. With an increase in the
number of samples on the selected interval (N = 100, figs.
4, 6), the value of the root-mean-square error is less than
10% of the value of the estimated parameter over the
entire interval.

4. The method of increasing the efficiency of a
distributed information system

The results obtained in the previous part of the
article allow us to propose a method for controlling the
frequency of the signal propagating in the ISPFE
information transmission channels. As noted above, this
method is based on the use of super-Rayleigh resolution of
narrow-band pulses, which provides up to 12% increase in
the frequency measurement accuracy in comparison with
known methods. Thus, it is possible to propose a method
for increasing the operability of a distributed information
system, which is based on the use of AOSA, the optimal
processing of a signal functioning in the ISPFE computer
network, which leads to a significant improvement in the
resolution and, in turn, leads to a decrease in information
loss caused by electromagnetic problems, compatibility
and synchronization of pulses in the investigated computer
networks.

Conclusions

The article carried out studies of the forensic
information system, which confirmed that this system is
distributed and heterogeneous, which explains the
complexity of the complete automation of this system. As
part of the analysis, it was found that for the effective
functioning of the forensic information system, it is
necessary to fulfill rather stringent requirements for the
computer network that provides information exchange.

It is proposed to monitor the efficiency of the
computer network of the forensic information system
based on the determination of the main parameters of the
signal, which ensures the transmission of information in
communication channels.

When monitoring the frequency of pulses
propagating in communication channels, the article
proposes the use of acousto-optic spectralizers, which
provide fairly high frequency resolution values.

As a result of the analysis of the classical (Rayleigh)
approach to determining the resolution of AOSA, it was
found that the frequency resolution can be significantly
improved by applying special procedures for recording
and processing optical signals, taking into account
their statistical properties due to the nature of their
formation.

The article substantiates the possibility of using
super-Rayleigh  frequency resolution of pulses in
acousto-optic spectrum analyzers. An expression is
obtained for estimating the potential accuracy of the
frequency detuning of two pulses. Analysis of potential
accuracy calculations shows that for the practical
use of the idea of super-Rayleigh frequency resolution of

pulses in acousto-optic spectrum analyzers, it is
necessary to provide the required sampling
frequency.

The article proposes a method for increasing the
efficiency of a distributed information system, which is
based on the use of AOSA, the optimal processing
of a signal operating in the ISPFE computer
network.
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METOJ HIIBULITEHHA IIOKA3ZHHUKIB AKOCTI PO3IOJILJIEHOT
IHOOPMAIIMHOI CUCTEMH CYAOBOI EKCIIEPTU3HU

[peamer nocmiKeHHA: TPOLIEC KOHTPOJIIO MOKA3HUKIB SIKOCTI KOMIT'TOTEPHOT Mepexi iH)opManiiHOi CHCTEMH CYIO0BOi eKCIICPTH3H
13 3aCTOCYBaHHSIM METOIB MiJIBUIIEHHS PO3ALIEHOI 3AaTHOCTI 110 YacTOTi aKyCTOONTHYHHX aHalli3aTopiB cuekrpa. MeToio poboTh €
MOXJIMBICTD MiJABUIIEHHS IOKa3HUKIB QOS KOMI'IOTEpHOI Mepexi 3a PaXyHOK JOCSATHEHHS IOTEHILIIHOI TOYHOCTI OLIHIOBAaHHS
9acTOT JBOX PaJiOiMITyJIbCIB, IO MPHUAIUIN OJJHOYACHO, IPH BUKOPHCTaHHI METOAY HOHAAPETIESBCKOTO JJO3BOIY B aKyCTOONTHYHHIX
anamizatopax crekrpa (AOAC). Y craTTi BHpPINIYIOTBCS HACTYNHI 3aBJAHHS: aHAI3 pi3HUX IH(QOpPMAIHHUX CHCTEM CyIOBOi
eKCHEePTHU3U 1 3aBlIaHb, AKI BOHH BHPILIYIOTh; aHANi3 BUKOPHUCTAHHS aKyCTOONTHYHHX aHAJI3aTOpPIiB CHEKTpa I BHU3HAYECHHS
MapaMeTpiB CUTHAITY, IO MEPEAAEThCS B POMOAUICHOI CHCTEMI CyJOBOI €KCHEPTHU3H; BUBEICHHS aHATITUYHOTO BUPA3y UIS OLHKH
MOTEHLIHHOI TOYHOCTI BETMYUHU PO3JIaay IO YaCTOTi ABOX IMITYJIbCiB. BUKOPHCTOBYIOTHCS Taki MeTOAM i MoJieJIi: MOJETi Ta METOI!
Teopii cucreM (Ha 0a3i iHpopmamiiiHoro minxomy), Mojeni i MeTogu MOOYNOBH PO3MOAITIEHMX CHUCTEM 1 iX KOMIIOHEHTIB Yy
BIATIOBITHOCTI 3 PI3HUMH i€papXiYHUMHK PIiBHSAMH IX OpraHisamii Ta yMOB eKCIUTyaTalii; MoJedi i METOOH Teopiil IMomMpeHHs i
B3a€MO/II] €IEeKTPOMArHITHUX XBHJIb 3 XBIJILOBHUMH CTPYKTYpaMH pi3HOI ¢i3ndHOi nmpupoau. Bynmn oTprumaHi HacTymnHI pe3ynbTaTH:
[IpoBenenuit aHaNi3 BCTAHOBHB, IO iH(OPMAIiHHI CHCTEMH CYI0BOI €KCIIEPTH3H MAIOTh PO3IIOUICHUH XapaKTep i BUCYBAIOTh BUCOKI
BUMOTH [0 SKOCTi (DYHKI[IOHyBaHHA TEJIEKOMYHIKAIllifHOrO oONajHaHHS BIANOBIAHMX KoMm'torepHHX Mepex (KM). [l
3abe3neyeHHs UX BUMOT HEOOXiTHe BIOCKOHAICHHS CHCTEM KOHTPOIIIO, 3aXHCTy i mepenaui iHdopmauii B BimnoBimaux KM, ske
HEMOXJIMBO 0e3 BHpIMICHHA MpoOJIeMH KOHTPOJIO MapaMmeTpiB curHaimy. [IpoBemeHo mocmimkenHs BukopuctanHi AOAC s
3a0e3MeYeHHs] KOHTPOJIO HajJ KaHAJlaMH 3B'A3KYy KOMITIOTEPHHX MeEpeX. BcTaHOBIICHO, 0 OiTBLIICTE METOMIB IOKPAIIeHHS
posninbHoi 3matHOCTI AOAC Mae oOMeXeHHs, MOB'A3aHi i3 3aCTOCYBaHHAM KpuTepito Peres, mo icTOTHO oOMexXye MOTCHUIHHY
MOXJIMBICTH TOJUTY IMITYJIBbCIB MO YacTOTi. 3alpOIIOHOBAHO BHKOPHUCTAHHS METOJMY HMOHAAPETICeBCKOTO JTO3BOJY BY3bKOCMYTOBHX
IMITyJIbCIB 110 Yacy iX npuxoxy. OTpUMaHO aHATITHYHUI BUpa3 JUIS OLIHKY ITOTEHIIHHOT TOYHOCTI BU3HAYEHHS BEJIMYUHH PO3JIaLy 110
4acToTi MABOX IMIyJsbCiB. BucHOBKH. [HdopmariiiHa cucTeMa CymOBOI €KCIIEPTH3HM € CKIAaJHOI Te€TepPOTreHHOI PO3MOAIIeHOT
cucreMoro. Jlns migBuieHHsS eheKTHBHOCTI ii (QyHKIIOHYBaHHS HEOOXIMHO 3/iIMCHIOBATH KOHTPOJb 33 MapaMeTpaMy CUTHAIY, IO
TIOIINPIOETECSA B Mepexi. Bukopucranus Merony noHaapeneeBckoro 103Boiy B AOAC 103BONHTH HIJBHIINTH PO3IUIBHY 3/1aTHICTh
AOAC 3a paxyHOK iIBUIIEHHS 03BOJIy N0 YAaCTOTi ABOX PaAiOiMITyIbCiB, IO MPUHILIA HEOJHOYACHO, BEJIHMKOI TPHBAIOCTI.

KuarouoBi ciaoBa: posmoxineHa iHopMariifHa cucTeMa; KOMI'IOTEpHA MeEpeka; aKyCTOONTHYHHN aHaIi3aTop CIEKTPY;
moka3HuKU Q0S KOMI'IOTEpPHUX MEPEXk; pO3AUIbHA 3JaTHICTh; IOHAIPEIEeEBCKHINA O3B

METO/I ITOBBIINEHUSA IIO!CAISATEJIEFI KAYECTBA PACHPEJIEJTEHHOM
NHOPOPMALIMOHHOU CUCTEMbBI CYAEBHOU SKCIIEPTHU3bI

Ipeamer uccnenoBaHus: MPOLECC KOHTPOJIA MOKa3zaTeled KauecTBa KOMIBIOTEPHOW CeTH MH(POPMALMOHHON CHUCTEMBI CyAeOHOM
9KCIIEPTHU3El C IPHUMEHEHHEM METOZOB MOBBILICHUS pa3pellaroniell CIOCOOHOCTH IO YacTOTe aKyCTOONTHYECKHX aHAIN3aTOPOB
crektpa. Lleapio paboThl sBIsIETCS BO3MOXHOCTH IOBBIIMICHMST MOKasateneld QO0S KOMIBIOTEPHOH CETH 3a CYET JOCTHIKEHHS
MOTEHIMAIIBHOW TOYHOCTH OIIEHHMBAHUS YacTOT ABYX OJHOBPEMEHHO IMPUILEIIINX PaJHOMMITYJIbCOB IPH HCIIOIB30BAHUH METOMA
CBEPXPINIEEBCKOTO Pa3pellieHns] B aKyCTOoONTHYecKHX aHamus3aropax crnekrpa (AOAC). B craTee pemarorcs cleyroliie 3axayqm:
aHaIN3 PA3IMIHBIX WHOOPMAIMOHHBIX CHUCTEM CyAeOHOHW SKCTIEpTH3bI M 3a[ad, KOTOpPHIE OHM PENIAIOT; aHaIHW3 HCIIOIb30BaHUS
aKyCTOONTHYECKNX AHAIN3aTOPOB CHEKTpa Ul ONpeNeNeHHs MapaMeTpoB INepelaBaeMoOro CHTHalla B PacIpefeNeHHON CHCTeMe
CyneOHON SKCIIEPTH3BI; BHIBOJ AHATHTHIECKOTO BBIPKEHMS JUIS OLEHKH MOTCHIHMAIBHOM TOYHOCTH BEIMYHHBI PACCTPOWKH MO
9acToTe JBYX HMIYJIbCOB. Mcmomp3yloTcs chemyiome MeToAbl M MOJeTH: MOJENM M METOAsl Teopuu cucteM ( Ha 0Oase
HWH(OPMAIIMOHHOTO T0JIX0/a), MOJEIM M METOJbl MOCTPOCHHS PACIpEIeTIeHHBIX CHCTEM M HX KOMIIOHEHTOB B COOTBETCTBHH C
Pa3IMYHBIMHU HePapXHMUYECKUMHU YPOBHIMHU MX OPTaHU3aLMH U YCIOBHI IKCIUTyaTalluK; MOJIEIN U METO/IbI TEOPHI PaCpOCTpaHEHHs U
B3aUMOJICHCTBHUS DJICKTPOMATHUTHBIX BOJIH C BOJIHOBBIMH CTPYKTypaMu pa3iM4YHONM (H3WYecKoi NpHupoabl. Beumm mosydeHs!
Clieylolue pe3yJbTaThl: [IpoBeIEHHBI aHaNIN3 YCTAaHOBWI, YTO HH(MOPMALMOHHBIE CHUCTEMBI CyIeOHOH SKCIEpTH3bl MMEIOT
pacmpernienieHHbI XapakTep W MPeAbSBIAIOT BBICOKHE TPeOOBaHHMS K KadecTBY (YHKIMOHHPOBAHUS TEIEKOMMYHHKAI[OHHOTO
obopynoBaHHus CcOOTBeTCTByIOmmMX KoMmmbioTepHblx cereit  (KC). [dna obecmedeHust 3Tux TpeOOBaHWH  HEOOXOIMMO
COBEpIICHCTBOBAHNE CHCTEM KOHTPOIIS, 3aIIUTHI M Tepenadn mHdopmamuu B cooTBeTcTBylomux KC, koTopoe HEBO3MOXXHO Oe3
petreHus mpoOIeMbl KOHTPOIIS MapameTpoB curHana. I[IpoBenensr uccnenosanms ucnons3oBannst AOAC st odecriedeHust KOHTPOIIS
HaJl KaHaJlaMU CBSI3U KOMITBIOTEPHBIX CeTel. YCTaHOBJEHO, YTO OOJBIIMHCTBO METOAOB paspemreHus no dacrotre AOAC umeer
OTpaHMYEHHMs, CBS3aHHBIE C NPUMEHEHHEM KpuTepusi Pajes, 4To CyLIECTBEHHO OrpaHUYMBAEeT MOTEHIHANBHYI0 BO3MOXHOCTb
pasliefieHus HMIyJbcoB Mo dactore. IlpenokeHO HCIONB30BaHME METOAA CBEPXPAIEEBCKOTO PAa3pEIIeHUs] y3KOMOJIOCHBIX
UMITYJIbCOB TI0 BPEMEHU UX NPUXOJa. l'[onyl{eﬂo AHAJIMTUYECKOC BBIPAXKCHUE I OLCHKU l'lOTeHLlI/IaJ'II)HOI\/'I TOYHOCTHU OINPCACICHUA
BEJINYMHBI PACCTPOHKH II0 YacTOTE IBYX HMITYJIBCOB. BbIBoABI. MHpopManmoHHas cucreMa CymeOHOI SKCIEpTH3BI SBISETCS
CJIOXKHOW TeTepOreHHOH pacnpeneneHHOW cucteMoil. [lnst moBslmeHns 3((GEKTUBHOCTH ee (DYHKIIMOHHPOBAHMS HEOOXOANMO
OCYIIECTBIATh KOHTPOJIb 3a NapaMeTpaMH CHTHANIA, PAaCHpOCTPAHSIONIErocs B CeTH. Vcroib3oBaHME METOJa CBEPXPINECBCKOTO
paspemenus B AOAC 1mo3BOJIIT MOBBICHTH pa3pemaroniyio crnocodHocTs AOAC 3a c4eT HOBBIMIEHHUS pa3penieH s 0 9acTOTe ABYX
HEOJHOBPEMEHHBIX PaJAHOUMITYJIECOB OONBIION JUTUTEIFHOCTH.

KirodeBble cjioBa: pacnpeneieHHas HHGOPMAIMOHHAs CHCTEMa; KOMIIBIOTEpHas CETh; aKyCTOONTHYECKHIl aHaIM3aTop
CIeKTpa; nokaszatesn QOS KOMITBIOTEPHBIX CeTeH; pa3pelIarolias ClIoCOOHOCTh; CBEPXPAIEEBCKOE Pa3pelIeHHueE.
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MODELING THE IMPACT OF THE TRANSPORT PROVISION OPTION ON
PROJECT RISKS

The subject of the research is the formalization of the influence of the option of transport provision of the project on its risks. The
aim of the study is to improve the efficiency of project management processes by identifying and formalizing the risks associated
with the transportation of the project. Tasks of the study: to characterize the impact of transportation on the project; to describe
formally the dependence of expenses on options for transport provision of projects; to develop a formation scheme and a method for
assessing the risks of excess costs and loss of time for the project under the influence of the transport option. The following methods
are used: system analysis, functional analysis. Results: project risks are formed under the influence of many factors, and transport
provision is one of the components of this set. The set of characteristics of the project, which are influenced by transport provision -
cost, risks, duration, quality, and result, has been established and characterized. At the same time, the alternatives and variability of
transport provision form a corresponding impact on the project risks. In this study, under the option of transportation, a combination
of a specific type and type of vehicle, its characteristics (for example, carrying capacity) and conditions of use in the project
(purchase, lease or service from project suppliers) are accepted. The transport provision of the project is considered for three levels:
separate work, time period, and project as a whole. For each of the levels, the following is established: the volume of necessary
transport services; the number of vehicles required; costs for each option of transportation. Mathematical expressions are obtained for
the magnitude of the potential risks of the project in the form of time losses and additional costs associated with the options for
transport provision. Additional costs are determined by the loss of time, the characteristics of the vehicle, the cost structure depending
on the conditions for using the vehicles. Conclusions: The formalizations obtained make it possible to quantify the impact of
transport options on project risks. These results are the basis for the further development of a model for choosing the optimal option

for transport provision for the project, implying a set of specific vehicles, terms and conditions of their use in the project.

Keywords: vehicle; risks; project; assessment; costs.

Introduction

Most of the projects being implemented are
associated with the creation of material objects, which are,
in fact, the products of these projects, which implies the
formation of an appropriate logistics system and the need
for transportation. Depending on the specifics of the
transport infrastructure and the availability of vehicles, the
parameters of the project product and the timing of its
receipt, that is, the duration of the project life cycle, can
be adjusted. For example, in infrastructure projects, the
specifics of the terrain and transport infrastructure
determine the parameters of the project product and the
mode of work on the project. Thus, the development of
the project and its planning should be carried out in
accordance with the need to transport the logistics of the
project.

Transport provision, along with other processes in
the project, allows for variation both by the type of
vehicles and their characteristics, and by the condition of
their use in the project. By the terms of use in the project
we mean the purchase of vehicles, their lease for the
period of the project or the period of work related to
transportation, or the receipt of services from project
suppliers. Such combinations — the type of vehicle, its
characteristics and conditions of use in the project - form
alternative transport options that affect the project as a
whole. Establishing this impact on project risks is the crux
of the problem addressed in this study. Despite the fact
that the issues of transport provision of logistics and
optimization of the parameters of the delivery of goods are
sufficiently discussed and investigated in modern
research, nevertheless, projects are characterized by
specific structures and a system of requirements,
which determines the specificity of the impact

of transport provision on them. Note that this problem,
despite its relevance for most of the projects being
implemented, is practically not represented in modern
studies.

Analysis of literature and research

The theory of project management is enriched with
new approaches both in the global aspect (for example,
[1, 2]) and in terms of individual areas of knowledge.

The alternative options for transport logistics in
terms of the characteristics of vehicles and their use on the
example of sea transportation and large exporters was
investigated in [3,4], with the main focus on the
exporter's transport costs. Projects related to the
development of transport and infrastructure has certain
specificity; therefore, this problem is actively addressed in
modern research, for example, [5-11]. In addition, the
development of the concept of project-oriented
management determines the use of a project-based
approach to the organization of cargo delivery [12].
Transport provision for projects of logistics systems is
mentioned in [13] as an element that may or may not be
included in the project product, but further this issue does
not receive any development.

Some works that relate to transportation issues in the
project are related to field development projects (for
example, [14]), but these studies are aimed at optimizing
the routes of bypassing drilling platforms by specialized
marine vessels, that is, in fact, they are considering the
already selected option of transportation for the level of
operational management of transportation processes.

Any processes associated with projects correspond to
one of the areas of knowledge in project management
[15], and, in particular, risk and risk management is one of

© S. Rusanova, 2020
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them. Since the variation of transport provision
determines not only the costs of the project, but also its
risks, it should be noted that this issue, in principle, has
not been studied in scientific works. The ideas of the
formation of regularities in transport costs presented in [3]
can be taken as a basis.

Statement of the purpose of the article. Based on
the foregoing, the purpose of this study is to improve the
efficiency of project management processes by identifying
and formalizing the impact of the transport option on
project risks.

Based on the goal, the objectives of the study are:

1) to characterize the impact of transportation on the
project;

2) to describe formally the dependence of costs on
options for transport provision of projects;

3) to develop a formation scheme and a method for
assessing the risks of excess costs and loss of time for the

project under the influence of the option of transport
provision

Results

So, each project allows for an alternative in
transportation, and the choice of the best option should be
carried out taking into account the interests of the entire
project. In contrast to the problems of choosing transport
provision in transport logistics, where, as a rule, the main
criterion is transport costs provided that the necessary
parameters of transport services are provided, the project
arises (fig. 1):

a) additional requirements related to the timing of
the project and project tasks, that is, taking into account
the project life cycle and the duration of project work;

b) the need to take into account the impact of
transport services on the entire project, and, therefore, on
its cost, risks, quality, and result.

Transport provision option for the project

. Transport provision costs
Terms of execution of work on the
»/  project related to transportation
Risks of timely completion of
project work related to transportation
B
Risks of exceeding the cost of
» transport provision

Quality of transport provision

Project implementation costs

Project duration

Timeliness of the project

Projects risks

Project quality -

Project result (efficiency)

PROJECT

Fig. 1. Influence of transport provision on project characteristics
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Cost indicators, although they are dominant
when choosing a transport option, nevertheless, each
option contributes to the risks of the project,
and in practice, the choice of the best option
is based on a cost-risk trade-off. Therefore, it
is important to assess the magnitude of the
risks from the point of view of the entire project.

As alternative options for transport provision of
projects, we will consider the following combination

(c2.b):
- kind of vehicle k =1,K ,
- type of vehicle g =1,G, ,

- vehicle characteristics CJ = (Clgl,cfz,..., CEYK ) .

Terms of use in the project: purchase of vehicles
b=1, rental of vehicles b=2, transport service as a
service from suppliers b =3.

Note that the transport provision of the project
involves three levels of consideration: work, time period,
project as a whole. This decomposition is determined by
the variety of projects, primarily in terms of scale and
duration in time. Therefore, depending on the specifics of
the project, one or another variant of the level of
consideration of the transport provision of the project is
selected.

Risk assessment is carried out after the sequential
solution of the following tasks: establishing the volume of
necessary transport services, determining the number of
necessary vehicles, determining the costs for each option
of transportation.

Establishing the volume of necessary transport
services. The network schedule of the project (work

Aj.ii=1n=1j=2,ni# ) is the basis for obtaining
information about the volumes of required traffic, as a
result, the following is formed: QI?U.— the volume of
transport services for a specific project work for each type
and type of vehicle used in the project; QI? (tuT 'tBT) —the
volume of transport services for the project for a specific
period of time [tar'tﬁr} 1:1,_\;; v — the number of

allocated time intervals within the project life cycle;

Table 1. Costs by options for project transportation

Q*E — the total volume of transport services

for the project with a specific type and type of vehicle.
Determining the number of vehicles required. The
characteristics of the vehicle determine its "performance”

Pk?j (carrying capacity) in the specific conditions of the

considered transport service (transportation distances,
empty/ballast trips/transitions, loading/unloading
intensity, the need for additional stops, etc.):

P = RGO k=1K,g=1G,i=Ln-1j=2,n (1)

Carrying capacity Pk?j (CJ) determines the number
of vehicles of each type and type le’ij required to

perform transport services for the project:
g
Qui i

g (0
Rij (C)

k=1K,g=1G,,i=Ln-1j=2,n. (2)

9 _
Nyij =

If the conditions of transport services for works of
one time interval [ta g ] are practically the same, that

is Pk?j = Pkg,Aij e[tar,tﬁt ] the number of vehicles for

the project time period (taking into account rounding):
9 X (ta, tp,)
Nk (o, 1) = 509 . L N
RI(C 1o 115.) @)
k=1K,g=1G,,t=1v.
In this case, the carrying capacity naturally depends
on [tat g ] The total number of vehicles of each type

and type for the project as a whole:

v
NIt 115 |,
Z MG trtﬁf)w @)

i=1 J=2 =1

n-1 n
v S5 -
k=1K,g=1G.

The formalization of transport costs is summarized
in table 1.

Transport support costs over a period of

- A..
Transport support costs of the project | Transport support costs of work time [t tg, |
b=3
g gy g g g7 Hn9 d 97 H9
R* (G O™, Rebij (G i) Rep (Ck ™ O vau, 1B, )
k=1K,g=1Gy, k=1K,g=1Gy, k=1K,g=1Gy,
y=1I¢ y=1r8,i=1n-1j=2n y=1T8x=1y
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The end Table 1.

b=2

R*& (G000 1) = Rebi (G- O i) =
RHR (S0
+RN8 (GLT), k=1K,g=1Gy,
k=1K,g=1Gy i=ln-1j=2.n

RO (8 09y, T (O
= Riepij (Ci + G ) *+ R (Cic i)

9 (9 o9 _
Rib (GO vl 1) =
=RP (.00 +
+Rep (Gt 1)
k=1K.g=1Gp =Ly

b=1

g g g 9 — g 9 H9 ;. —
R*kb (Ck ‘Q*k’Tk F) = Rkbij(Ck ,QkijltuyF)—

Ol
:R*kg (CI?’Q*E)+ =R§gij(c|?,QEij)+

R*P9 (c2,1? PY (9 1) 4 RINVY
+ !(b( ki) +Riepij (G +1ij) + R
FRAME (P, b=1k=1K,g=1G,
k=1K,g=1G i=Ln-1j=2,n

(@3.F),

9 (9 N9 _
Rib (€O sta 1, F) =
=Ryp (GO0 + RED (CR 1t 15 ) +

+RI™S (3, F),

k=1K,g=1Gy,t=1y

Accepted designations: Tkg— vehicle rental period;
R operating (maintenance) costs; ReJ ,b=2 payment
of rent; £°(C%.5), f°(Cdot0 .15.), f.2(C. 1.2)
respectively, rental rates of vehicles for work duration t;; ,
time period and the project as a whole; F =(F,..,F, ) —

conditions of financing when purchasing a vehicle;
R™2 .b=1 —investment costs; RY,b =1 — fixed costs

of vehicles; y =1,1“EJ — transport service provider index

(for b=3).

The main project risks associated with transport
support are overspending (i.e. exceeding budget limits)
and failure to meet the deadlines for project work and the
project as a whole. At the same time, the loss of time can
also be estimated as additional costs (including fines for
delays in obtaining the project product, etc.). The risk is
determined not only by the characteristics of vehicles (for
example, an old ship implies a high risk of breakdowns
and the need for unscheduled repairs), but,
first of all, by the conditions of their use in the project. For
example, when renting or purchasing vehicles,
the project management system gets full control over
transportation, but at the same time increases
the degree of responsibility for the vehicle (for example,
the need to pay for repairs). Let's look at this
issue in more detail for each variant of transport support
of the project from the point of view of the terms of use of
vehicles.

For the use case of transport services from suppliers,
that is, for b=3, the main risk is the risk associated
with the choice of the supplier. As a rule, the
level of costs, in this situation, is relatively
constant, and the main risk lays in the failure to
meet the deadlines for the delivery of vehicles, etc., that
is, delays in the provision of transport services.
Thus, the main risk in this situation can be

expressed in the form Aty b=3,i=1n-1j=2,n for
those works that use transport support, and the volume of
transport services Ql?ij is compared to them, this

generally involves the use of several types and types of
vehicles. Therefore, within the framework of the transport
service of a specific work, several types and types of
vehicles can take part, and the possible increase
in the time for performing the work is, in principle, a
function of their characteristics, that is

Atijb :Atijb(clg’k Zl,_K,g :1,Gk),b:3.

When choosing the option of transport provision for
b=3 the alternative arises, first of all, from
the point of view of the company supplying transport

services, so let’s supplement the characteristics of the
vehicle with the index of belonging to a certain supplier —

CEY . Taking this into account, a possible increase in the

time of project work under the influence of the transport
factor has the form:

Atl]b =Atub(C|?Y,k=1,_K,g=ﬁ,Y=ly_rE)ab=3 (5)
It should be noted that this value can be

estimated at the stage of project preparation and the
beginning of its implementation only by an e

xpert  way, where the experience of an
expert on the results of transport services
for similar  projects serves as the initial

information.
An increase in the time of work execution by an
amount At;;, allows in accordance with the network

schedule of design work, taking into account time
reserves, critical path, etc. to determine the impact At;;,

on the duration of the life cycle of the project T and, in

particular, the time of receipt of the project product prmd ,

that s, to set the values T,”*%, AT :
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d d . A .
Aprro _ AprI’O (Atijb'l zl,n—l,] =2, n), (6)
ATy, = ATy (Atijy,i=1,n—1,j=2,n),b=3.

Any delays in the course of project work, as a rule,
lead to additional financial costs for the project ARy, :

ARy = ARy (AT, AT Aty

. @)
i=1n-1j=2,n),b=3.

Note that in (7) additional project costs AR are, on
the one hand, the results of an increase in the duration of
the project, on the other hand, the result of not
completing the project on time, that is, delays in receiving

the project product prmd and completing the project
ATy (for example, penalties, loss of favorable time to

market with the project product). Thus, not
only direct costs, but also indirect ones, in
the form of loss of commercial opportunities

with the project product, form ARy, that is, (7) can be
clarified:

ARy = AR (ATy) + AR, (AT,P0%) +
+AR3(Atijb (Ckgy),k ::L,_K,g 21, Gk! (8)
y=1Tp,i=1n—1 j=2n)b=3.

For the option of leasing vehicles, that is for b =2
the main risk is associated with the excess of the planned
costs for work, time period and project, respectively, by
the values:

09 (~9 ~HY 09 (-~ g
ARG (GO AR (G O) AR (G2, 0™).
Moreover, the level of these values is specific for a
particular type and type of vehicle, in addition, the

characteristics of a vehicle Ckg determine not only a

possible increase in operating costs (for example, an "old"
vehicle requires additional costs for fuel, lubricants, minor
repairs, etc.), but also possible loss of time due to a
malfunction of the wvehicle, which, as in the above
situation, leads to an increase in the duration of the
project. In contrast to (5), for the situation with the rental
of a vehicle, the increase in the duration of the work is not
associated with suppliers, but exclusively with the
characteristics of vehicles:

Atijb :Atijb(clg’k:lv_K-g:l,Gk),b:Z_ )

Taking into account the more complex cost structure
for this option of transport provision, the risk of increased
costs ARy is associated with two components — one is

formed under the influence of a possible increase in the
time for work AR! (similar to the option b=3
considered above), the second - under the influence of risk
factors associated with operating a vehicle temporary

ownership) AR".
Thus, additional project costs in case of using rented
vehicles:

AR, =AR'+AR",b=2,
AR' = AR (ATy) + AR, (AT, +

+AR3(Atijb(CE),k=1,_K,g =1,G,i=1n—-1,j=2,n); 10)

K Gy
AR" = kZ > & -AR¥E (G, 0%,
=1g=1

where &E >0 is a coefficient that reflects the share of

possible increase in operating costs for each type and type
of vehicle. Establishing this ratio goes beyond project
management, but is determined by transport specialists,
taking into account the specifics of each type and type. In
general, this coefficient depends not only on the specifics
of the type and type of vehicle, but also on its

characteristics Ckg (for example, the use of an old truck

naturally has a great chance of causing an increase in
operating costs, including for minor repairs, than a new
one), that is &2 (CJ) . As AR*] (CJ,0*7) is associated
with each vehicle, then when forming the final value of
additional costs in (9) this is taken into account as a sum
for all vehicles.

For the option of purchasing vehicles for the project,
that is at b =1, the risks of a possible increase in the time
parameters of the project are similar for the option b=2.
At the same time, the risks of an increase in project costs
are maximum, since in addition to the risks
of an increase in operating costs as for b =2, there is a
risk of an increase in investment costs (for
example, if a loan was used in foreign currency, and the
exchange rate changed significantly during the
implementation of the project; or due to the inability to
complete the next payment on the loan, penalties are
charged).

Thus, additional project costs in case of using the
purchase of vehicles:

AR, = AR'+AR" +AR™ b =1,
AR = ARy (ATy) + ARy (AT,P0%) +
+AR3(Atiy (C0) k=1 K,g =1,Gy,i=Ln-1,j=2,n); (11)

K Gy
r (0]
AR =kzlzl g8 -R*g (C2,0%0),
=19g=

G
ARinV_izk g.R*ian (Cg F)
—k ‘ 1€k ko \Cx 1)

= g:

where the coefficient gg >0 determines the possible

increase in investment costs, and in the general case it
depends on the financing conditions, that is, it can be

represented as ¢} (F).

A diagram of the influence of the transport option on
the project risks in terms of time and costs is shown
in fig. 2.
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Fig. 2. Scheme of the formation of risks of excess costs and loss of time for the project associated with various options for transport
support of projects
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Conclusions

Project risks are formed under the influence of many
factors, and transport provision is one of the components
of this set. At the same time, the alternatives and
variability of transport provision form a corresponding
impact on the project risks. A project transport option is a
combination of specific types and types of vehicles, their
characteristics (for example, carrying capacity) and the
conditions for their use in the project (purchase, lease, or

transport service from project suppliers). Mathematical
expressions have been obtained for the magnitude of the
potential risks of the project (in the form of time losses
and additional costs) associated with the options for
transportation.

The results obtained are the basis for the further
development of a model for choosing the optimal option
for transport support for the project, implying a set of
specific vehicles, the terms and conditions of their use in
the project.
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MOIAEJIOBAHHSA BIIJIMBY BAPIAHTY TPAHCIIOPTHOI'O 3ABE3SIIEUEHHS HA
PU3UKU ITPOEKTY

[peamerom nocruimkeHHs € (opmanmizaiisi BIUIMBY BapiaHTy TPAaHCIOPTHOTO 3a0e3leueHHs MPOEKTY Ha Horo pusukd. MeToro
JOCIIJDKEHHS € IiABUIICHHS e(eKTUBHOCTI IPOILECIB YIPaBIiHHSA MPOEKTAMH 33 PaXyHOK ifeHTH}IKamil Ta dopmaiizamil pHU3HKiB,
TIOB'SI3aHMX 3 TPAHCIIOPTHUM 3a0€3IEUEHHSAM IPOEKTy. 3aBHAHHSA JOCHI/DKEHHS: OXapaKTepH3yBaTH BIUIMB TPAHCIOPTHOTO
3a0e3neyeHHs Ha XapaKTePUCTHKHM IPOEKTY; (OpMajli30BaHO OIMCATH 3aJeXKHICTh BUTPAT 3a BapiaHTaMH TPAHCIOPTHOTO
3a0e3neyeHHs MPOEKTIB; po3pobuti cxeMy QopMyBaHHS 1 MeTOX OLIHKM pHU3NKIB MEpPEeBUIICHHS BUTpAaT 1 BTpaT
yacy 3a IPOEKTOM I BIUIMBOM BapiaHTH TPAHCIOPTHOTO 3abe3neueHHsA. BUKOPUCTOBYIOThCS Taki METOAM: CUCTEMHHMI aHai3,
GbyHKIIOHABHUIT aHaNi3. Pe3yJbTaTH: pU3HKN POEKTY (GOPMYIOTHCS i BILTUBOM Oe3itidi pakTopiB, i TpAHCTIOPTHE 3a0e3NeUeHHs €
OJIHIEIO 31 CKJIANOBHUX Il MHOKMHH. BCTaHOBIEHO 1 OXapaKTepH30BAaHO CYKYIHICTh XapaKTEPHCTHK IMPOEKTY, Ha sIKi BIUIMBAE
TPaHCHOPTHE 3a0e3Me4YeHHs] — BapTiCTh, PH3UKH, TPUBATICTh, SKICTh, 1 pe3ynbTar. [Ipu 1boMy albTepHATUBHICTH 1 BapiaTHBHICTh
TpPaHCIOPTHOTO  3a0e3nedeHHs (GOPMYIOTh  BIANOBIAHMM  BIUIMB HAa PHU3UKH IPOeKTy. B maHomMy  mociijkeHHI
i BapiaHTOM TPaHCHOPTHOrO 3a0e3ledeHHs NPHUHHATAa KOMOIHAIlisT KOHKPETHOTO THUITy 1 BHAY TPaHCHOPTHOTO 3acoly, Horo
XapaKTepUCTHKH  (HANpHKIal, BaHTAXKONIIHOMHICTS) 1 YMOBM BHKOPDHCTAHHS B TIpOeKTi (mpuaOaHHs, opeHma abo
MOCNIyra BiJ] IOCTAaYaJbHUKIB MPOEKTy). TpaHCropTHe 3a0e3NedeHHs INPOEKTy PpO3MNITHYTO JUIl TPhOX pIBHIB: OKpeMa
po0ora, nepio 4acy, MPOEKT B wioMy. [y KOXKHOTO 3 PiBHIB BCTAHOBIEHO: 00CAT HEOOXiTHOTO TPAHCIIOPTHOTO OOCIYrOBYBaHHS;
KUIBKICTh HEOOXiZHHMX TPAHCHOPTHHX 3ac00iB; BUTPATH IO KOXXKHOMY BapiaHTy TpPaHCIOPTHOTO 3abe3nedeHHA. OTpUMaHO
MaTeMaTH4YHI BHpa3W U1 BEMUYMHH MOTEHHIHHUX pU3MKIB MPOEKTY y BHINIAAL BTpaT dYacy 1 JOZATKOBHX BHTPAT,
MOB'A3aHUX 3 BapiaHTaMU TPAHCIIOPTHOrO 3a0e3meuyeHHs. J[0JaTKOBI BUTPATH BU3HAYAIOTHCS BTPATAMH 4Yacy, XapaKTCPHUCTHKAMH
TPaHCIOPTHOTO ~ 3aco0y, CTIPYKTYpOIO BHTpaT B 3aJISKHOCTI Bil yMOBM BHKOPDHCTAQHHS TPAHCIIOPTHUX  3acOOiB.
BucnoBkn: OtpuMani (opmalizarii J03BOJISAIOTh KUTBKICHO OLIHWTH BIUIMB Ha IPOEKT Ha PiBHI PU3HKIB BapiaHTIB TPAHCHOPTHOTO
3a0e3neyeHHs NpoeKTiB. [laHi pe3ynbTaTH € 0a300 U1 IMOJAIBINOI PO3pOOKM MOJeNi INoJ0 BHOOpPY ONTHUMAIBHOTO BapiaHTa
TPaHCIOPTHOTO 3a0e3NeYeHHs MPOEKTY, IO MAae€ Ha yBa3i CYKYIHICTh KOHKPETHHX TPAHCIOPTHUX 3aco0iB, TEPMIHM i yMOBH IX
BUKOPHCTAHHS B IIPOEKTI.
KurouoBi ci10Ba: TpaHCIOPTHHUI 3aci0; PU3UKH; POEKT; OIIHKA; BUTPATH.

MOJAEJIMPOBAHMUE BJIUSAHUSA BAPUAHTA TPAHCIIOPTHOI'O
OBECIIEYEHMUS HA PUCKU ITPOEKTA

IIpenmeTom uccnenoBaHus ABIAeTCs (hopManu3anyst BIUSHUS BapHaHTa TPAHCHOPTHOTO OOECTIeUeHUs MPOEKTa Ha €ro PHUCKH.
Lenblo nccienoBaHus SBISIETCS MOBBIMICHHE 3(Q(EKTHBHOCTU IIPOIECCOB YNPABICHUS NPOEKTAMU 3a CUeT HACHTH(UKAIUH U
(dopManm3ayu PHUCKOB, CBA3aHHBIX C TPAHCHOPTHBIM oOOecHedeHHeM IPOeKTa. 3aJa4uM HCCIENOBAHHA: OXapaKTepU30BaTh
BIMSHHAE TPAHCIIOPTHOrO ofecnedeHns Ha MPOEKT, (HOPMANM30BAaHO OMKCATh 3aBUCHMOCTh pPACXOJOB IO BapHaHTaM
TPaHCIIOPTHOTO OOECTIeUeHUsl TPOEKTOB; pa3paboTaTh cXeMy (OPMHPOBAaHUS M METOJX OLEHKH pPHUCKOB MPEBBINICHHS
pacxoloB M INOTEph BPEMEHH IO TPOEKTy IO/ BIMSHHEM BapHaHTa TPaHCIOPTHOro obecredeHus. Vcrmoip3yroTcs ciemyronme
METOABI:  CHUCTEMHBIIl  aHanmu3, (QYHKIMOHANBHBIA  aHanu3. Pe3yabTaThl:  puCKM  TNpoekTta  (GOPMHPYIOTCS  IOJ
BIIMSIHIEM MHOXECTBA (haKTOPOB, U TPAHCIOPTHOE 0OECIIeUeHHE SBIACTCA OJHOIM U3 COCTaBIIAONIEH 3TOr0 MHOKECTBA. Y CTAaHOBIIEHA
U O0XapaKTepH30BaHa COBOKYITHOCTh XapaKTEPUCTHK IPOEKTa, Ha KOTOPHIE OKA3bIBAae€T BIMSHUE TPAHCHOPTHOE OOecredeHne —
CTOMMOCTB, PHCKH, MPOJOIDKUTENHOCTh, KadeCTBO, M pe3yabTaTr. Ilpum STOM anbTepHATHBHOCTh UM BapHAaTHBHOCTH
TPaHCIOPTHOTO obecnedeHnss (OPMHUPYIOT COOTBETCTBYIOIIEC BIHMSHHE HAa pHUCKH TIPOEKTa. B [aHHOM HCCIEIOBaHUH
MOJ BApPHAHTOM TPAHCIOPTHOTO oOOecHmedeHWs TpuUHATA KOMOWHAIMS KOHKPETHOTO THIA W BHAA TPAHCHOPTHOTO
CPe/ACTBA,  €ro0  XapaKTepUCTHKU  (HampuMmep,  TPy30MOIBEMHOCTb) W YCJIOBHS  HCIOJB30BaHMS B IPOEKTE
(mpuoOpeTeHue, apeHJa WIH yClIyra OT IOCTABIIMKOB Ipoekrta). TpaHcmopTHoe obecreueHHe MPOeKTa PacCMOTPEHO IS Tpex
YPOBHEH: oTnenbHas paboTa, Mepuoj BPEMEHH, NPOEKT B LENOoM. [l Ka)KA0ro M3 yPOBHEH YCTAHOBJIEHBI: 00bEM HE0OXOJUMOTro
TPaHCIIOPTHOTO 00CITY)KUBaHMs; KOJINUECTBA HEOOXOJMMBIX TPAHCIIOPTHBIX CPEACTB; PACXObI MO KaXXIOMY BapHAHTY TPAHCIIOPTHOTO
obecnedenms. [lomydeHsl MaTeMaTHYeCKHe BBIPOKCHUS [UI  BEIMYMHBl MOTCHIMAIBHBIX PHCKOB TPOEKTa B  BHAE
MOTeph BPEMEHM U JOMOJHUTENBHBIX 3aTpaT, CBS3aHHBIX C BapHaHTAMU TPAHCIIOPTHOTO obecredeHns. JlomosHUTeIbHBIE
3aTpaThl  OMPENEINSIOTCS  MOTEePSAMH  BPEMEHM, XapaKTepHCTHKaMM  TPAaHCHOPTHOTO  CPEACTBAa,  CTPYKTypoH  3aTpar
B 3aBUCHMOCTH OT YCIOBHS HCIONB30BaHHUS TPAHCIOPTHBIX CpeAcTB. BbiBoabl: IlomydeHHsle QopMann3anuy IMO3BOJSIOT
KOJIMYECTBEHHO  OLIGHWTh  BIWSIHAE  BapUaHTOB  TPAHCIIOPTHOrO  oOecrieyeHWs] Ha  PUCKH  TPOeKToB.  JlaHHBIE
pe3ynbTaThl SBIAIOTCA 0a30il s JanmbHeimed pa3pabOTKM MOJAENH MO BHIOOPY ONTHMAJbHOTO BapUaHTa TPAaHCIOPTHOIO
obecrieyeHus MPOeKTa, MoJpa3yMeBaoLIeii COBOKYITHOCTh KOHKPETHBIX TPAHCIIOPTHBIX CPEJICTB, CPOKU M YCIIOBHUS X HUCIOJIB30BaHUs
B IIPOEKTE.
KunioueBble c10Ba: TpaHCIOPTHOE CPEJICTBO; PUCKH; IIPOEKT; OIIEHKA; PACXOJIBI.
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COGNITIVE MODELING OF KNOWLEDGE MANAGEMENT MECHANISMS IN
THE TRAINING OF SPECIALISTS

The subject of research in this article is knowledge management in the training of specialists in project-oriented organizations, in
particular, higher education institutions. The purpose of the work is to develop a cognitive model of knowledge management for the
formation of educational programs in the training system. Objectives of the study: to consider the concepts and mechanisms of
knowledge management of organizations; to form a cognitive model of the knowledge management mechanism; to consider system
indicators of cognitive model; to analyze the structural features of the cognitive model. The following methods are used in the work:
project management methodology (knowledge management areas), system approach, cognitive and graph models. Results. The article
provides a definition of "knowledge management", discusses the conditions under which the necessary knowledge and information
will be available to perform tasks. The issue of consideration the specifics and features of the educational institution is discussed.
Knowledge management methods are used in the construction of the educational process at the university. The main functions in the
practical activities of the organization are given: mediation, export, internalization, cognition. Forms of practical implementation of
knowledge management are also considered: educational organization, knowledge library and strategic awareness. The article also
considers the possibility of the main provisions of the theory of knowledge management in the educational process, as improving the
quality of training is the goal of any educational system. The article develops a cognitive model of the knowledge management
mechanism, on the basis of cognitive analysis revealed useful patterns that reflect the influence of factors of different physical nature
on the results of training. Conclusions. Cognitive modeling can be the key to rapidly improving the effectiveness of knowledge
management in training. The classical approach to knowledge management requires a high level of employee involvement in relevant
processes, as they need to identify knowledge, share it, record it and apply it. Cognitive modeling can reduce this requirement as it
streamlines the processes of identifying, capturing, storing, and sharing knowledge. In addition, they increase the applicability of
knowledge by offering appropriate context for the student. The accumulated experience of cognitive modeling of complex
organizational management systems allows on a fundamental basis to approach the study of knowledge management mechanisms in
the training of specialists. It is proposed to use the obtained results to configure knowledge management mechanisms in order to
improve the quality of training.
Keywords: knowledge management; cognitive technologies; educational process; educational programs; cognitive analysis.

Introduction

Currently, a new direction has appeared in
management — the theory of knowledge management.
Knowledge management is a developing area of scientific
and practical activities, the purpose of which is to
systematize the work with intellectual resources (assets)
and accumulated experience. We cannot manage
knowledge in the traditional sense, but we can, according
to B. Gates, create such conditions when the necessary
knowledge and information will be available at the right
time to the right people to perform the necessary tasks.
Individuals' knowledge can be expanded and deepened,
i.e. managed, for example, by building different formats
of training with teachers, tutors or self-study.

Cognitive knowledge management mechanisms can
be the key to rapidly improving the effectiveness of
knowledge management. Cognitive technologies allow to
automate the processes of identification, fixation and
exchange of knowledge.

The choice of knowledge management methodology
will be productive in the development of educational
programs for higher education.

Analysis of recent publications

The existing publications investigate the methods,
models and mechanisms of project-oriented management
of educational activities of higher educational institutions
[1].

Thus, in [2], factors that affect the results and

possibilities of introducing key competencies into the
activities of an organization are analyzed, and a general
algorithm for the transition from direct to dual
competence is proposed.

The article [3] analyzes the influence of the
requirements for scientific and pedagogical workers,
enshrined in licensing conditions, on the parameters of the
educational process in a higher educational institution.
The degree of sufficiency of these factors for the
preparation of a graduate competitive in the labor market
is analyzed. A cognitive model based on indicators used to
assess an educational institution during licensing and
additional indicators characterizing a competitive graduate
and student achievement during the educational process is
proposed.

The work [4] provides a brief overview of the
cognitive approach to modeling and management. A class
of management tasks is identified, for the solution of
which it is advisable to use cognitive modeling. A method
of forming a strategy for solving semi-structured problems
based on cognitive models as applied to socio-economic
systems is presented. Some directions of further
development of the cognitive approach are indicated. The
article [5] offers a functional diagram of the cognitive
model.

In knowledge management, artificial intelligence
methods are also used: neural network [6] and ontological
approaches [7]. The technologies of knowledge formation
in the distance education system are being developed [8,
9.

Thus, as a result of the analysis of the achievements
of scientists in the field of knowledge management of the

© Lb. Chernova, L. Chernova, 2020
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system of training specialists [10 - 14], we found that in
the project management methodology, the component
associated with the management of knowledge itself is
insufficiently studied

The purpose of the work and problem statement.
Today, one of the urgent problems is to apply the theory
of knowledge management in the construction of the
educational process in a modern university, taking into
account the specifics and characteristics of an educational
institution. Knowledge management should perform the
main functions in the practical activities of the
organization: the formal presentation and analysis of
knowledge management mechanisms (KMMs), a toolkit
of cognitive maps is used.

The purpose of the work is to develop a cognitive
model of knowledge management for the formation of
educational programs in the system of training specialists.

Research objectives:

- to consider the concepts and mechanisms of
knowledge management organizations;

- to form a cognitive model of the knowledge
management mechanism;

- to consider the systemic indicators of the cognitive
model;

- to analyze the structural features of the cognitive
model.

The paper uses the method of using areas of
knowledge in project management methodology for the
introduction of project management mechanisms and tools
into the practical activities of educational institutions.

Presentation of the main material

There is every reason to believe that knowledge
management in university education should be understood
as a process that combines the processes of training,
education, professional development of staff and teachers,
and the formation of specialist competencies. All these
processes combine knowledge if we consider knowledge
in its integral form.

Researchers of the problem of knowledge in modern
science consider it expedient to single out a type of
knowledge that is complex in nature - the so-called living
knowledge. They can be defined as personal knowledge
based on understanding (theory) and skill (practice),
which are constantly included in human activity and are
the basis for its development (human competence). This
knowledge is the source of the formation of new
theoretical and practical knowledge and can be formalized
and transferred for use by other people, i.e., there is a
diffusion of knowledge.

The knowledge management process should go
simultaneously on three main objects: people, processes
and technologies [10]. The object "people" involves the
establishment of contacts and interaction between people
with knowledge (these are students, teachers, employees,
employers involved in teaching). The object "processes" is
associated with the development of procedures for the
exchange of knowledge, mechanisms for motivating and
attracting people to participate in the exchange of

knowledge (these are basic educational programs,
advanced training, the creation and use of the possibilities
of the educational environment of the university, the
organization of the educational process based on modern
scientific and educational provision, research of teachers
and students, monitoring the quality of education, etc.).
The object of "technology" is focused on the development
of technological infrastructure for the preservation of
experience and communication (databases of libraries and
electronic resources that support educational courses and
disciplines, internal networks and other IT solutions in the
university, the use of the latest educational technologies in
the educational process). Knowledge management in
relation to these three objects will provide a real
opportunity to build a personal model of education for
each student, when, given the same information sources,
the student learns to choose what he needs to solve a
specific problem. Explicit "traditional” knowledge,
recorded in the educational program in "didactic units",
combined with the implicit personal knowledge of the
teacher, will become the basis for a new personal
knowledge of the student. It is this approach that increases
the value of an individual, since everyone becomes a
bearer of unique knowledge and unique experience built
using this knowledge. This once again emphasizes the
subjectivity of knowledge. In this case, it is the
development of human potential that will be the most
important resource in the construction of an educational
program, i.e. the educational program will create
conditions for the development of the potential of each
person.

The formalization of implicit knowledge is an
essential element of knowledge management. The task of
reflecting tacit knowledge in various educational
programs for the training of a specialist (from basic
educational to the curriculum of a discipline or course)
becomes extremely urgent. It can be solved with the help
of mentoring, training or the formation of professional
communities, that is, in the course of face-to-face
synchronous communication. The importance of solving
such a problem, which is to create conditions for the
exchange of professional non-formalized knowledge in
the company, is constantly emphasized in the manuals on
knowledge management.

We believe that the choice of knowledge
management methodology will be productive in the
development of educational programs for higher
education. This is due to the fact that the process of
knowledge management should go simultaneously on
three main objects: people, processes and technologies
[10]. The object "people™ involves establishing contacts
and interaction between people with knowledge (these are
students, teachers, employees, employers involved in
teaching). The object "processes" is associated with the
development of procedures for the exchange of
knowledge, mechanisms for motivating and attracting
people to participate in the exchange of knowledge (these
are basic educational programs, advanced training, the
creation and use of the possibilities of the educational
environment of the university, the organization of the
educational process on the basis of modern scientific and
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educational provision, scientific research of teachers and
students, monitoring the quality of education, etc.). The
object of "technology" is focused on the development of
technological infrastructure for the preservation of
experience and communication (databases of libraries and
electronic resources that support educational courses and
disciplines, internal networks and other IT solutions in the
university, the use of the latest educational technologies in
the educational process). Knowledge management in
relation to these three objects will provide a real
opportunity to build a personal model of education for
each student, when, given the same information sources,
the student learns to choose what he needs to solve a
specific problem. Explicit "traditional” knowledge,
recorded in the educational program in "didactic units",
combined with the implicit personal knowledge of the
teacher, will become the basis for a new personal
knowledge of the student. It is this approach that increases
the value of an individual, since everyone becomes a
bearer of unique knowledge and unique experience built
using this knowledge. This once again emphasizes the
subjectivity of knowledge. In this case, it is the
development of human potential that will be the most
important resource in the construction of an educational
program, i.e. the educational program will create
conditions for the development of the potential of each
person.

The most important factor linking the organizational
process in a production company, as well as the
educational process in a University, is the presence of a
certain experience in obtaining knowledge from the
subjects of these processes (employees at the enterprise,
students and teachers at the University), mastered in the
process of obtaining systematic education. Therefore, they
have more or less formed the ability to acquire knowledge
and act in accordance with the task being solved (i.e., key
competencies). This means that general approaches to
their further education will be based on these
competencies. Moreover, the level of their formation will
ultimately determine the success of educational and
professional activities.

In modern conditions, knowledge management is of
particular importance in the activities of any
organizations, including educational ones. It contributes to
the creation of a special culture of this organization - in
particular, about that part of the corporate culture that
encourages employees to constantly exchange important
knowledge (this is both scientific discoveries and the
tactics of communicating with a "difficult” client), to the
creative growth of members of the professional
community, to critical relation to one's own experience
and "collective" knowledge, etc. It is this part of the
culture that serves as the key to the successful
development of an organization or university. “In the ideal
world of business, every member of an organization has
easy access to the knowledge of their colleagues.
Employees willingly share their know-how, and the
organization is developing rapidly thanks to the
continuous flow of new knowledge”- this is the picture
painted by well-known researchers of knowledge
management theory [11]. However, in the real world of

business, the opposite happens most often: knowledge is
not shared, but reliably stored and protected. How to
convince people to share their knowledge? Knowledge
management must answer this question. The way to solve
this problem is to establish mutual connections between
people and manage processes and technologies.
Knowledge management should perform basic functions
in the practice of an organization: mediation,
internalization, exportation and cognition [15].

Mediation provides people with access to the
knowledge available in the organization (institution),
brings together those who are looking for certain
knowledge and those who currently have such knowledge.
Universities as educational institutions have always
performed such an intermediary function: they collected,
stored, created and provided access to the necessary
knowledge to everyone who needed this knowledge.

Export is the establishment of a link between
previously unrelated knowledge by placing it in an
external storage and further systematization based on
certain criteria. At the same time, one should take care of
the constant replenishment of knowledge, of the
translation of implicit knowledge into explicit
(formalized) ones. In the conditions of the university
educational process, there is a mechanism for scientific
conferences, laboratories, the work of project groups and
teams, refresher courses, and other communities that solve
the problem of exporting knowledge through its
formalization. The main role in the implementation of the
function of exporting knowledge in the university belongs
to libraries, electronic databases and resources of various
kinds, which are constantly being replenished and
expanded. However, as practice shows, while there are
certain difficulties for employees, teachers and students
using these resources. The factors contributing to the
occurrence of these problems require more detailed study.

Internalization is a query-based knowledge
extraction process. It will be ineffective until knowledge is
presented to the user in a form that is convenient for his
perception. To solve this problem, you can use the
interpretation of data and information (for example, tables,
graphs, brief summaries, etc.), as well as filtering
knowledge (by analogy with the mechanism for presenting
the required information through Internet search
resources).

Cognition is the transformation of knowledge into
action, when, on the basis of the presented available
knowledge, a solution corresponding to a specific task is
developed. In this case, the authors consider cognition as a
practical implementation of knowledge that participated in
the three previous procedures. In our opinion, it is this
aspect of knowledge management in a modern university
that is most weakly expressed. This is objectively
connected both with the relative remoteness of the results
of education, and with the vastness and complexity of the
range of tasks that have to be solved in the educational
process, with the predominance of often intuitive
solutions, which is the exclusive ability of human
intelligence, while it is impossible to give any recipes and
develop algorithms activities. At the same time, this is a
very important process for the development of
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professional competencies of a future specialist: after all,
it is precisely situational tasks of a high degree of
uncertainty that he will have to solve in the changing
contexts of professional activity.

These four functions are based on a knowledge
management model in which the main task is to teach
employees to share their knowledge.

From the point of view of using the theory of
knowledge management in a modern educational
institution, the forms of practical implementation of
knowledge management are attractive [6]. These include:
Learning Organization, Knowledge Library and Strategic
Awareness:

The learning organization is the pinnacle to which
educational institutions, including universities, are striving
today. A learning organization is an organization that
knows how to create, acquire and disseminate knowledge
and changes its behavior in accordance with new
information, with original opinions and modern thought
patterns. Its mission is to develop a commitment to the
innovative spirit of the entire organization - thus acquiring
the ability to cultivate a collective knowledge that is less
at risk of loss if employees leave. In a learning
organization, activities are aimed at developing the
intellectual potential of employees, self-training and
advanced training mechanisms are used for the constantly
changing context of activities and new professional tasks.
We are seeing something similar at the present time in the
university teaching community, when more and more
employees appear who strive to constantly acquire new
knowledge, learn, but they need this knowledge to solve
specific problems, and not just "for the future". Thus,
there is a real embodiment of the idea of continuous
education, education throughout life.

The "knowledge library" approach aims to improve
the organization's ability to manage new projects and
processes. It is based on the creation of a corporate
knowledge base intended for the accumulation and
dissemination of data on the most effective methods, as
well as on previously implemented projects. In this case, it
becomes possible to use these results in further projects
(the experience of appointing a "chronicler" is also
known, which describes everything that happens during
the development and implementation of a project, another
example is the creation of electronic resources available to
all employees of a company or educational institution).

Strategic awareness involves working with large
amounts of information and the ability to shrewdly and in
a timely manner to extract knowledge from these stores.
At the university, such repositories can be created for
interaction with employers, for the implementation of
recurring projects or for the development of educational
and methodological support of the educational process at
departments, in directorates of educational programs, in
dean's offices of faculties. This knowledge will
undoubtedly be important in the development of
interdisciplinary disciplines and courses, the number of
which will constantly increase and the content will expand
in connection with the transition to competence-based
programs and new standards of higher professional
education.

Cognitive modeling methods are a fairly effective
tool for analyzing poorly structured systems. The
specified class of systems includes the systems of
educational training of specialists.

Thus, cognitive maps can be used to formally
represent and analyze knowledge management systems
(KMS) [16]. They are a way of displaying cause and
effect relationships, which are usually represented as a
directed graph:

G =<EW >,

where E ={ej,e,,....e,} is a set of systemic factors called

concepts; W — a binary relation at a set E, which defines a
set of links between its elements.

Elements €; and €; are considered to be related by
the relation W, which is denoted as e; We; , if a change in

the meaning of the concept €; (cause) leads to a change in
the meaning of the concept e; (influence). Thus, the

cognitive model displays the concept €; of a cause on an
influence €;. If we consider the concept of the intensity

of influence, we come to the concept of a fuzzy cognitive
map. It expands the concept of a traditional (clear)
cognitive map and reflects the fact of differences in the
intensity of mutual influence between concepts. Let us
define the indicator of the intensity of influence in the

form of a fuzzy matrix A={a;},i=1n,j=1n, the
elements of which determine the direction and intensity of
influence between the concepts €; and &, :

a; =a(ee;),

where &; is a normalized indicator of the intensity of

influence between concepts €; and e; .

Thus, we have the characteristic function of the ratio
A, which has a number of special properties [16]. Let’s
note that a; €[-1 1], that is, the intensity indicator is

characterized by an intermediate degree of positive or
negative influence.

Let us display the object under study in the form of a
weighted directed graph, the vertices of which correspond
to elements of the set E (concepts), and the arcs
correspond to nonzero elements of the relation W, i.e. a
causal relationships. Each arc has a weight given by the
corresponding value a;; . Let’s represent the relation W in

the form of a cognitive matrix A=||aij ||,i,j=1,_n of

dimension n x n (n is the number of concepts in the
system), which is the adjacency matrix of the given graph.

The current state of the system is determined by the
values of all FCM concepts. The target state of the system
is determined by a set of values for a set of target
concepts.

Here are the calculation formulas for the system
indicators of the cognitive model [16].
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The consonance of the influence of the i-th concept The intensity of the influence of the i-th concept on
on the system is calculated as the average value of the the system:
consonance of the influence of individual concepts:

n zaij
X Rl (5)
Hi=J:; , L) n

aj — the intensity of the influence of the i-th concept on
where ¢; — the consonance of the influence of the i-th

ij the j-th concept.
concept on the j-th concept. Impact of the system on the j-th concept:
Consonance of the influence of the system on the j-th .
concept: Z a;
" P=tl—. (6)
. 2-Ci n
i=1
Hj = I n_ @) The main indicator is the centralization of the impact
of the i-th concept:
Dissonance of the i-th concept impact on the system: ] )
$ o Z aj — Z aj
B Z_ldij EP=R-P =2 L )
D =+, (3) f

A thorough analysis of the subject area is carried out,
where d;; — dissonance of the influence of the i-th concept ~according to the results of which a set of factors
(concepts) that have the strongest influence on decision-
making on knowledge management are identified (table
1). The whole set of concepts characterizes the following
aspects of the educational process:

on the j-th concept.
Dissonance of the impact of the system on the j-th
concept:

n - individual characteristics of students;
Zdij - informational and methodological support of the
D_j i (4) learning process;
n - learning outcomes;

- external factors influencing the learning process.

Table 1. Grouping and characteristics of cognitive model concepts

No. | Concept name | Concept characteristics
Individual characteristics of students
1 Basic mathematical Has a noticeable effect on the system. In the process of targeted training, this concept is
knowledge and skills subject to development, which can create the necessary conditions for achieving a tangible
positive effect in training.
2 Motivation It is considered as a significant factor in the learning process model.
3 Cognitive style Determines the student's ability to successfully master the educational program, has a

significant impact on the system.

Information and methodological support of the learning process

4 Qualification of teaching staff | Significantly strengthens the system through the implementation of a scientifically based
policy of personnel management and the introduction of innovative technologies for
improving the qualifications of the teaching staff.

5 Science school Creates conditions for preserving and developing traditions and maintaining the high status
of the university.
6 Innovation in the educational | The impact on the system is relatively small, since the power of the concept's influence on
process the system can be explained by the cyclical renewal of the methodological systems of

education. At the same time, the renewal period can reach (depending on the specifics of
the university) 3-4 academic semesters.

7 Teaching staff income The impact on the system is manifested in many aspects. This issue affects the interests of
the teacher as the leading subject of the learning process and requires a delicate study.
8 Study load (classroom hours) | Relatively weakly affects the system, the differentiated approach of the administration to

the definition of the teaching load of the teacher, taking into account the volume and quality
of the scientific, methodological and educational work performed by him, will create
conditions for the activation of individual work with students. On the contrary, strict
normative methods of planning the workload will limit the teacher's opportunities in
matters of professional development and level the conditions for the growth of the
professional competence of university graduates.
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End the Table 1

Learning results

9 Special mathematical It forms the basis for the formation of students of professional competence, including
competencies (knowledge mathematical knowledge, abilities, skills, ways of thinking and acting, as well as the ability
and skills) of a graduate to acquire new mathematical knowledge, abilities, skills, ways of thinking and activity, as

well as the ability to acquire new mathematical knowledge and use them in further
professional activities.

10 Formation of professionally Allows the student to get a set of intellectual, personal, behavioral qualities of knowledge
important qualities and skills that make it possible to act adequately in any situation.

(knowledge and skills) of a
graduate
11 Readiness of the graduate to The key component of the system, which is interpreted as a set of knowledge and skills of a

solve professional problems

special kind, a way of performing professional activities, the integrated implementation of
knowledge, skills, know-how and relationships in known or new work situations that allow

you to set and achieve goals for transforming situations.

External factors

12 The demand for a university
graduate in the labor market

It can be assessed as a fairly balanced factor. The level of demand for university graduates
achieved in the labor market has a positive effect on concepts 2, 5 and 7 and, as a result,
corrects the vector of further improvement of the learning process.

It should be borne in mind that the selected factors
are interdependent. Therefore, the model of fuzzy
cognitive maps is a fully connected graph.

To formalize the procedures of cognitive analysis in
knowledge management, it is necessary to present a
sequence of procedures for transforming the initial matrix

A=a[.i, j=L1n into a transitively closed cognitive

matrix containing the information necessary to determine
the system characteristics of the FCM [17].

Fig. 1 shows the graph of the network cognitive
model of the knowledge management mechanism.

Fig. 1. Graph of network cognitive model of knowledge management mechanism

Based on the results of the analysis, it is possible to
draw conclusions about the greatest positive effect from a
coordinated change in the group of model concepts that
provide a sustainable impact on the system through cause-
and-effect relationships. For example, in fig. 1 one can
distinguish such sequences of influence of concepts:
"3>1—>9—-511"u"5—>4—->7—>10"

Critical analysis and assessment of the organization's
knowledge management potential contribute to decision-
making in project management of the development of
educational institutions.

Conclusions

The formal representation of the knowledge
management mechanism in the form of a cognitive map
allows to generalize and systematize the accumulated
research experience in order to identify patterns and
quantify the impact of the most significant factors in the
training process.

As a result of the cognitive analysis of the FCM, a
group of factors (concepts) was identified, the coordinated
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change (adjustment) of the characteristics of which can  are considered as a promising direction in projects for the
provide a significant increase in the quality of training. development of higher education.

The results obtained can become the basis for further
research on knowledge management mechanisms, which

References

1. Piterska, V., Lohinov, O., Lohinova, L. (2020), "Conceptual model of project-oriented management of educational activities of higher
education institutions”,  Innovative  Technologies and Scientific ~ Solutions  for  Industries, No.1(11), P.59-67.
DOI: https://doi.org/10.30837/2522-9818.2020.11.059

2. Chernova, L. (2019), "Key competence as a basis for innovation projects management", Innovative Technologies and Scientific Solutions
for Industries, No. 1 (7), P. 113-120. DOI: https://doi.org/10.30837/2522-9818.2019.7.113

3. llyin, O. O. (2017), "Cognitive model and method of management of indicators of professional activity of educational and pedagogical
workers for increase of competitiveness of graduates of university", International Scientific and Practical Conference World science,
ROST, Vol. 1, No. 8, P. 41-49.

4. Avdeeva, Z. K., Kovriga, S. V., Makarenko, D. I., Maksimov, V. I. (2007), "The cognitive approach to management" ["Kognitivnyy
podkhod v upravlenii"], Problems of management, No. 3.

5. Magazov, S. S. (2000), "Functional diagram of the cognitive model" ["Funktsional'naya skhema kognitivnoy modeli"], Artificial
Intelligence, Vol. 3, P. 257-262.

6. Parzhin, Yu., Kosenko, V., Podorozhniak, A., Malyeyeva, O., Timofeyev, V. (2020), "Detector neural network vs connectionist ANNs",
Neurocomputing, VVol. 414, 13 November 2020, P. 191-203. DOI: https://doi.org/10.1016/j.neucom.2020.07.025

7. Malyeyeva, O., Nosova, N., Fedorovych, O., Kosenko, V. (2019), "The semantic network creation for an innovative project scope as a
part of project knowledge ontology", CEUR Workshop Proceedings, No. 2362, available at : http://ceur-ws.org/Vol-2362/paper27.pdf

8. Chukhrai, N., Mrykhina, O. (2017), "Developing technologies on the basis of knowledge transformation chains", Innovative Technologies
and Scientific Solutions for Industries, No. 2 (2), P. 145-154. DOI: https://doi.org/10.30837/2522-9818.2017.2.145.

9. Malieieva, J., Kosenko, V., Malyeyeva, O., Svetlichnyj, D. (2019) "Creation of collaborative development environment in the system of
distance  learning”,  Innovative = Technologies and  Scientific ~ Solutions  for  Industries, No.2(8), P.62-71.
DOI: https://doi.org/10.30837/2522-9818.2019.8.062.

10. Marinicheva, M. K. (2008), 100% Knowledge Management: A Guide for Trainees [Upravleniye znaniyami na 100% : Putevoditel' dlya
praktikantov], Moscow: Alpina Business Books, 320 p.

11. Koulolos, T. T., Frappaolo, K. (2008), Knowledge Management [Upravleniye znaniyami] / Transl. from English, Moscow, 224 p.

12. Tesla, Yu. M., Khlevna, Yu. L., Yegorchenkova, N. Yu. (2016), "Knowledge management in meta-methodology of project management"
["Upravlinnya znannyamy v meta-metodolohiyi upravlinnya proektamy"], Project management and production development: Coll.
Science, Lugansk : Published by SNU. V. Dalia, No. 4 (60), P. 53-61.

13. Bushuev, S. D., Bushueva, N. S. (2003), "Project management methodology as a universal model of knowledge" ["Metodolohyya
upravlenyya proektamy kak unyversal'naya model’ znanyy"], Project management and production development. Coll. Science, Lugansk :
Published by SNU. V. Dalia, No. 3 (8), P. 5-12.

14. Babayev, I. A. (2004), "Tools for modeling knowledge in project management" ["Ynstrumenty modelyrovanyya znanyy v upravienyy
proektamy"], Project management and production development. Coll. Science, Lugansk : Pblished by SNU. V. Dalia, No. 2 (10), P. 10—
24.

15. Glubokova, E. N. (2009), "Knowledge management as a basis for building the educational process in a modern university" ["Upravleniye
znaniyami kak osnova postroyeniya obrazovatel'nogo protsessa v sovremennom universitete"], Bulletin of the Russian State Pedagogical
University named by A.l. Herzen, SPb., No. 100, P.48-56.

16. Silov, V. B. (1995), Making strategic decisions in a fuzzy environment [Prinyatiye strategicheskikh resheniy v nechetkoy obstanovke]:
monograph, Moscow, INPRO-RES, 228 p.

17. Smirnova, E. E., Nadezhdin, E. N. (2016), "Fuzzy cognitive model of the mechanism for the formation of professional competencies of
the future bachelor of economics” ["Nechetkaya kognitivnaya model' mekhanizma formirovaniya professional’nykh kompetentsiy
budushchego bakalavra ekonomiki"], Information of education and science, No. 1 (29), P. 175- 184.

Received 06.11.2020
Bioomocmi npo asmopis / Ceedenust 06 asmopax / About the Authors

Yepuona Jlio6aBa CepriiBHa — KaHAUIAT TEXHIYHUX HayK, HarioHanmpHHI yHiBepcHTET KOpaOieOymayBaHHS iMEHi anMmipana
MakapoBa, goueHT kadenpu iHGOpMaLifHMX YNpaBISAIOYMX CHUCTEM Ta TexXHoNorid, MuxonaiB, VYkpaina; email:
19chls92@gmail.com; ORCID: https://orcid.org/0000-0002-0228-6677.

YepuoBa Jlio6aBa CepreeBHa — KaHIUIAT TEXHWYECKHX HayK, HaIMOHaNbHBIN YHHBEPCHTET KOpaOIECTPOECHHS WMEHH
agMupana MakapoBa, TOLIEHT Kadenpsl HHPOPMAIMOHHBIX YIIPABISIONINX CHCTEM 1 TexHonorui, Hukonaes, YkpanHa.

Chernova Liubava — PhD (Engineering Sciences), Admiral Makarov National University of Shipbuilding, Associate Professor
of the Department of Information Control Systems and Technologies, Mykolaiv, Ukraine.

Yepuona Jliogmuina CepriiBHa — 1OKTOp TeXHIYHMX Hayk, HamioHanbHUI yHiBepcuTeT KopabieOymyBaHHs iMeHI agMipana
MakapoBa, jgomeHT Kadeapu iHGOPMALMIHHUX  YNPaBISIOYMX CHCTEM Ta TEXHOJOrid, MukonaiB, VYkpaina, email:
lyudmylachernova@gmail.com; ORCID: https://orcid.org/0000-0002-0666-0742.

YepuoBa Jlronpmuna CepreeBHa — KaHAWAAT TEXHMYECKUX HayK, HalmoHanbHBIN yHHBEpCHTET KOpabiIeCTpOCHUS MMEHU
anMupaia MakapoBa, npenoaaBartelis Kadeapsl HHPOPMAMOHHBIX YIPABILSIIOIIMX CHCTEM U TexHonoruii, Hukonaes, YkpanHa.

Chernova Lyudmyla — PhD (Engineering Sciences), Admiral Makarov National University of Shipbuilding, Lecturer of the
Department of Information Control Systems and Technologies, Mykolaiv, Ukraine.



https://www.sciencedirect.com/science/article/abs/pii/S0925231220311322?via%3Dihub#!
https://www.sciencedirect.com/science/journal/09252312
https://www.sciencedirect.com/science/journal/09252312/414/supp/C
https://doi.org/10.1016/j.neucom.2020.07.025
http://ceur-ws.org/Vol-2362/paper27.pdf

ISSN 2522-9818 (print)

CyuacHuii cman HayKkogux 0ocriodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 4 (14) ISSN 2524-2296 (online)
KOT'HITUBHE MOAEJIOBAHHSA MEXAHI3MIB YIIPABJIIHHA 3HAHHSIMU ITPU
nIaAroToBUI ®AXIBIIIB

[peamer pocmiukeHHs B AaHi CTaTTi — yHpaBliHHA 3HAHHAMH [PU MiATOTOBIHI (aXiBLiB B IPOEKTHO-OPIEHTOBAHUX OpraHi3allisX,
30KpeMa, BUIMX HaBYAIBHHUX 3aKiajgaXx. Mera poOOTH — pO3pOOHUTH KOTHITHBHY MOJENb YNPABIIHHA 3HAHHAMHM Ul (OpPMYBaHHI
OCBITHIX IIPOrpaM B CUCTEMI HiATOTOBKM (axiBIiB. 3aBIaHHS AOCIIHKSHHS: POSIIISIHYTH MOHATTS 1 MEXaHI3MH yNPaBIIiHHS 3HAHHAMH
oprasizariif; chopMyBaTH KOTHITHBHY MOJENb MEXaHi3My YNpPaBIiHHSA 3HAHHAMH; PO3IJISHYTH CHCTEMHI IIOKa3HUKH KOTHITHBHOI
MOJIEITi; TIPOBECTH aHANI3 CTPYKTYPHUX OCOOIMBOCTEH KOTHITUBHOT MOZIENTi. Y pOOOTi 3aCTOCOBAHO METOIM: METOJIOJIOTIs YIIPaBITiHHS
npoekTaMy (YHpaBJiHHS 3HAHHSAMHM), CHCTEMHHH MinXin, KOTHITHBHI i TpadoBi Moneni. Pe3yasratm. Y crarTi HaBOIUTHCS
BU3HAUYCHHS ''yIPaBIIiHHA 3HAHHAMH'', PO3TJIAAI0THCS YMOBH, KOJIM IOTPIOHI 3HAaHHS 1 iH(OpMaIis CTaHYTh HOCTYITHI Ul BUKOHAHHSI
3aBAaHb. PO3MSIHYTO MUTAHHS ypaxXyBaHHs CrelH(iki Ta 0COOIMBOCTEH OCBITHHOTO 3aKiIaay. 3aCTOCOBYIOTHCS METOM YIIPABIiHHS
3HaHHSAMH B MOOYZOBI OCBITHBOTO Ipolecy B yHiBepcureTi. HaBemeHo ocHOBHI (yHKIIi B NMpakTH4HIM AiSUTBHOCTI OpraHizarii:
MIOCEPEHUNTBO, EKCIIOPTYBAaHHs, IHTEpHANi3allis, IMi3HaHHSA. Takox po3riasHyTi (GopMM NpakTHYHOI peaii3amii yHpaBIiHHS
3HAHHSAMHM: HaBUaJbHA OpraHizamis, 0i0iioTeka 3HaHb 1 cTpareriyHa OOI3HAHICTb. Y CTaTTi TaKOX PO3ITIBIIAETHCS MOXKIHBICTH
OCHOBHHX ITOJIO’KEHB TeOpii yIpaBIIiHHSA 3HAHHAMH B OCBITHROMY IPOIIECi, TaK sSIK MiJABUIIEHHS SKOCTI MiJTOTOBKH (haXiBI[iB € METOIO
OyIb-K01 OCBITHBOI CUCTEMH. Y CTaTTi po3poOieHa KOTHITUBHA MOJIENIb MEXaHI3My YIIPaBIiHHS 3HAHHSAMH, Ha OCHOBI KOTHITUBHOTO
aHaJIi3y BUSBJICHI KOPHCHI 3aKOHOMIPHOCTI, 5IKi Bi10OpakaroTh BIUTUB (aKTOPiB Pi3HOI Pi3HYHOI IPUPOIH HA PE3yIbTATH MiATOTOBKU
¢axiBuiB. BucHoBku. KOTHITHBHE MOJEIOBAaHHA MOXKE CTaTH KJIIOYEM [0 IMIBHIKOTO IMiABHIICHHS €()EKTHBHOCTI YNPaBIiHHSA
3HaHHAMH TIPH MAroTOBHI ¢axiBmiB. Kiacmynuii miaxix [0 yNOpaBuiHHA 3HAHHSAMH BHMara€ BHCOKOTO pPiBHS 3aJy4€HOCTI
CHIBpOOITHUKIB Y BiMOBIHI MPOLIECCH, OCKIILKU iM HEOOXiTHO CaMOCTIHHO BHSBIISITU 3HAHHS, OOMIHIOBATHCS HUMH, (iKCyBaTH X 1
3acTocoByBaTH. KOTHITMBHE MOJETIOBAHHS MOXKE 3HHM3UTH IF0 BUMOTY, OCKUIBKH JJO3BOJISE YHOPSIKYBaTH IPOLECH BUSBICHHS,
¢ikcanii, 30epiranHs Ta OOMiHy 3HaHHAMH. KpiM TOro, BOHHM IiJBHIIYIOTH 3aCTOCOBHICTh 3HaHb, HPOIIOHYIOUH BiIIOBIIHI 3
ypaxyBaHHSIM KOHTEKCTy CTyJeHTa. HakonwdeHuH MmOCBiA KOTHITMBHOTO MOJICTIOBAaHHS CKJIAJHUX OpTraHi3alliiHUX CHCTEM
YOpaBIiHHS JO3BOJISIE HA IPUHIUIIOBIH OCHOBI MIAIWTH 10 TOCTIHKEHHS MEXaHI3MiB yIIPaBIiHHS 3HAHHSAMHU MIPU MiATOTOBII (haxiBIIiB.
OTtpuMaHi pe3yIbTaTH MPOIOHYETHCS BUKOPUCTOBYBATH ISl HATAIITYBaHHSI MEXaHI3MiB YIPaBIiHHS 3HAHHIMH 3 METOIO ITiIBUIIECHHS
SIKOCTI MIATOTOBKH.
KurouoBi ciioBa: ynpapniHHS 3HaHHSMH; KOTHITHBHI TEXHOJIOTI]; OCBITHIH MpOIIeC; OCBITHI MPOrpaMy; KOTHITUBHHUI aHAII3.

KOI'HUTUBHOE MOJAEJIMPOBAHUE MEXAHU3MOB YIIPABJIEHUSA
S3HAHUSAMMU ITPU ITIOATOTOBKE CIIEHHUAJIMCTOB

IIpeamer uccrienoBaHUs B JaHHON CTaThe — yNPABICHUE 3HAHUSAMH MPH MOATOTOBKE CHCIUAIUCTOB B TPOEKTHO-OPHUEHTUPOBAHHBIX
OpraHu3alMsAX, B YaCTHOCTHU, BBHICIIMX y4cOHBIX 3aBelncHusAX. Lleab pabGoThl — pa3paboTaTh KOTHHUTHUBHYIO MOJENb YIPAaBICHUS
3HaHUAMHU U1 (OPMHUPOBAHUS 00pa30BaTEIBHBIX MNPOTPaMM B CHUCTEME IOJATOTOBKM CICIUAIMCTOB. 3adayM HCCICIOBaHUS:
paccMOTpeTh TOHATHA W MEXaHM3MbI YIPABJICHHUS 3HAHUSAMH OpraHu3aluii; cHOpMHPOBATh KOTHUTHBHYIO MOJETh MEXaHH3Ma
YIpaBJIeHHs] 3HAHUSAMHE, PACCMOTPETh CHCTEMHBIE TIOKA3aTeNl KOTHUTUBHOM MOJIEINH; - TPOBECTU aHATIH3 CTPYKTYPHBIX OCOOSHHOCTEH
KOTHHTHBHON Mojenu. B pabore MpUMEHEH METObI: METOOJIOTHS YIPABICHUS MPOEKTaMH (00JACTH YIpPABICHUS 3HAHUSIMH),
CHCTEeMHBIH IT0/IX0/l, KOTHUTHBHBIE U rpad)oBbie Moaenu. Pe3ybTaThl. B cTaThe mpuBOAKTCS ONpeeneHie ypaBieHre 3HAaHUAMHA ",
paccMaTpUBAIOTCS YCIOBHUS, KOTAa HY)KHBIC 3HAHHS U MHPOPMAIUS CTaHYT MOCTYITHBI [T BBIMOJIHEHUS 3a1a4. PaccMOTpeH BOMpoc
yueTa CHeu(pUKA U 0COOCHHOCTEH 00pa30BaTENbHOTO yupexkacHUs. [IpUMEHSIOTCS MeTOIbI YIPaBICHUS 3HAHUSIMU B MMOCTPOCHUHU
00pa3oBaTeNpHOTO Mpollecca B yHUBepcuTeTe. lIpuBeneHbl OCHOBHbIE (YHKIHMH B MPAKTHIECKON IESITEIbHOCTH OPTaHW3AIlUH:
MMOCPETHUIECTBO, AIKCIIOPTUPOBAHWE, WHTEPHAIM3ALMS, MO3HAHHE. Tarke pacCMOTPEHBI (OPMBI TMPAKTHYECKON peaan3aluu
yIpaBieHus 3HaHUAMH: O0ydaromias opraHu3aimus, OMOIMOTeKa 3HAHWN W CTpPAaTerHmdecKas OCBEIOMIICHHOCTh. B craThe Takxke
paccMaTpHBaeTCsl BO3MOXKHOCTh OCHOBHBIX IOJIOKEHHI TEOPHU YIMpPABICHUS 3HAHUSIMH B 0Opa30BaTENbHOM MPOIECCe, TaK Kak
MOBBINICHAE KAyecTBa TMOATOTOBKU CIICIHATIMCTOB SBJISETCS IENbI0 JII000i oOpasoBaTenbHOW cucTeMbl. B crathe pa3paboTana
KOTHUTHBHAsI MOJICTh MEXaHU3Ma YIIPABJICHHs 3HAHHSIMHU, HA OCHOBE KOTHUTHBHOTO aHAJIN3a BBIABJICHBI MOJC3HBIC 3aKOHOMEPHOCTH,
KOTOPBIC OTPaXKalOT BIHSIHHE (HAKTOPOB PA3NUYHON (PU3MUYCCKON MPUPOMBI HAa PE3yNbTAThl MOATOTOBKH CIEIHAINCTOB. BBIBOIBI.
KoOrHuTHBHOE MOJEITUPOBAHUE MOXET CTaTh KIHOUOM K OBICTPOMY MOBBINICHUIO 3(G(GEKTUBHOCTH YIPABICHHS 3HAHUSAMH TPH
MOJrOTOBKE CHEIHAINCTOB. Kiaccuueckuii MOAXOA K YIPABICHHIO 3HAHUSMH TPeOYET BBICOKOTO YPOBHS BOBJICYCHHOCTH
COTPYJHHUKOB B COOTBETCTBYIOIINE IPOIECCHI, MOCKOJIbKY UM HEOOXOIMMO CaMOCTOSITEIbHO BBISIBIATH 3HAHUSI, OOMEHHUBATHCS MMM,
(HUKCHPOBATH UX M MPUMEHSTh. KOTHUTHBHOE MOETHPOBAHIE MOXKET CHU3UTD 3TO TPeOOBaHME, MOCKOIBKY MO3BOJSIET YIIOPSIIOYHUTH
MPOLIECCHI BBISBIICHUS, (DUKCAILIH, XPAHEHHUs 1 0OMeHa 3HaHUsMH. KpoMme TOTro, OHH MOBBIIAIOT IPUMEHUMOCTD 3HAHHH, TIpeiaras
MOJXOMAIAE C YYETOM KOHTEKCTa CTyJeHTa. HaKOIUIEHHBIH OMBIT KOTHUTHBHOTO MOJEIMPOBAHUS CIIOXKHBIX OPraHU3aI[MOHHBIX
CHUCTEM yl'lpaBJ'IeHHﬂ IIO3BOJISIET Ha HpHHHHHHaﬂbHOﬁ 63,36 HO}IOf/’ITH K HCCJIICAOBAHUKD MCXAaHU3MOB praBJ’leHI/IS{ 3HAHUAMU TIpU
HO/ATOTOBKE CrenuanucToB. [lomydeHHble pe3yibTaThl NMPEAaraeTcsi HCIOJb30BaTh Uil HACTPOMKH MEXaHW3MOB YIIPABICHUS
3HAHUAMMU C LICJIBIO ITIOBBIIICHUS Ka4eCTBA IMTOATOTOBKH.

KiioueBble cJiOBa: yrpapieHHE 3HAHWSIMH; KOTHUTHBHBIC TEXHOJIOTMH; OOpa30BaTeNIbHBIA Mpolecc; o0Opa3oBaTelbHbIC
MPOrPaMMBbl; KOTHUTHBHBIN aHAIIH3.
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A. P. IIEMKYC

PO3POBKA CUCTEMU ABTOMATHYHOI'O PYXJINBOI'O KEPYBAHHS
MPOILIECOM PEKTU®IKALIIT

[peamer. Cucrema aBTOMaTWYHOTO PYXJHMBOTO KepyBaHHA mpomecoM pekTudikanii. Mera. IlinBuiieHHS NOPOXYKTUBHOCTI 1
eHeproeeKTHBHOCTI TPOIeCy peKTUdIKAIil HIIIXOM PO3POOKH CHCTEMH aBTOMATHYHOTO KepyBaHHS, sika Iepeadadae pyXiuBi
Kepyloui BIUIMBH Ha MPOLEC, a TaKOX MOCIIKCHHS MEepeXiJHUX MpOLECiB B pO3pOOJICHIH CHCTEMi NIPH OCHOBHUX 30ypEHHSX.
3aBpannst. Po3poOka cucteMn aBTOMaTHYHOTO PYXJIMBOTO KePyBaHHS MPOIEcOM peKTH(ikamii, po3paxyHOK IepexiTHuX MpOIeciB B
po3poOeHiii cucTeMi, BU3HAYEHHS 1 OIliHKa MOKa3HUKIB SKOCTi KepyBaHHSA. Merogun. Meroau imitamiiHoro mudgposoro
MOJICITIOBaHHS pOOOTH aBTOMAaTHYHOI cucTeMHn KepyBaHHs. Pe3yabTaT. Po3pobieHo ciucteMy aBTOMaTHYHOTO KepyBaHHS MPOIECOM
pextudikarii, mo mepexdavae TUCKPETHI 1 HENEPEepBHI PyXJIMBI Kepyrodi BIUIMBH. J{MCKpPETHI BIIMBH MOJATAIOTh Y 3MiHAX TOYKU
BBEJICHHS XUBJICHHS B KOJIOHY; HETIEpEpBHi — B 3MiHI CIIiBBITHONIEHHS BUTPAT IOTOKIB )KUBJICHHS, III0 IIOJAIOTHCS B BEPXHIO 1 HIDKHIO
YaCTHHU YCTAHOBKHU. TakoX BUKOPUCTOBYIOTHCS TPAAMLIITHI Kepyodi BIUTMBH LUIIXOM 3MiHHM BHTpPAT TEIUIOHOCIS B BUIIAPHUK Ky0a i
3pouryBaHHsA. ONTHMaNbHI TpaguLiiiHI 1 PyXJIMBI KepyIOdi BIUIMBH PO3PAXOBYIOTHCS OOUYMCIIOBAIBHUM KEPYIOUHUM IPHUCTPOEM 3a
HOPMAJIi30BaHUM KPUTEpieEM 3 BUKOPHCTAHHSAM HEINIHIIHOI MPOTHO3YIOUOi MOJEN 1 peali3yloThesl IUITXOM BIUIMBIB Ha BHKOHABUi
mpucTpoi Ha JiHIAX MOJa4yi MOTOKIB JKMBIEHHSA, 3pPOLIYBaHHA B KOJIOHY 1 TEIUIOHOCIA B BumapHuK. CHcTeMa mepexndadae
BUKOPHUCTAHHS aJICKBAaTHOI MaTeMaTHYHOI MOJIEI, ISl YOTO BUKOHYEThCS ii mepiomuyHa ieHTuhIKaIis i 3MHCHIOETECS KOHTPOJIb 32
XOJ/IOM TIPOIIECY LUISIXOM JOAATKOBOTO BHUMIPIOBAHHS TEMIIEPATypHOIO NMPOdITI0 KOJOHM, TEMIEPaTypu i THCKY Ha KOHTPOJBHIHN
Tapini. 3 METOI0 MATPUMKH MaTepialIbHOTO OajaHCy 3a PiIMHHOIO 1 MapoBoio (azamu IependadeHo cTadimi3amilo THCKY BBEpXY
KOJIOHH, PIBHIB B €MHOCTSX JUI1 300py AUCTIIIATY i KyOOBOrO HPOJYKTY LUIIXOM 3MiHM BUTPAT XOJIOJJOAreHTY B KOHIEHCATOD,
IUCTUIIATY 1 KyOoBoro mponaykry. Ha mpuxnazi pextrgikaniiiHol KOJIOHH A MOALTY CyMillli METaHOI-BOJIa METOIaMH IMiTalifHOTO
IU(PPOBOrO MOAETIOBAHHS TOCHIKEHO MPaLe3AaTHICTh 3aPOIIOHOBAHO] CHCTEMU aBTOMATUYHOTO PYXJIMBOTO KepyBaHH:. 30ypeHHS
HOJISITAIM 'y 3MiHAX BUTpATH, CKJIamy 1 TeMIepaTypH >KUBJICHHSI. BHCHOBKM. J[0BeEHO, 110 BUKOPUCTAHHSA PO3POOJICHOT CHCTEMH
JTO3BOJISIE€ MiABUIIUTH TEXHIKO-€KOHOMIYHI MOKa3HUKH TMPOIecy peKTU(IKaIii 1 MONINIIUTH SKICTh KepyBaHHA. Pe3ynbratn MOXyThb
BUKOPHUCTOBYBAaTHCh B XIMIuHIH, HadTOXIMIYHIH, HadTOmepepoOHii, Xap4yoBiii MPOMHUCIOBOCTI UIsI KepyBaHHS Ta OITHMIi3allii
nporeciB OiHapHOi, 6araTOKOMIIOHEHTHOI peKTH(iKail.
Kunrouosi ciioBa: pextudikariss; pyximBe KepyBaHH; IPOTHO3YI0Ya MOJIEIb; IEPEXiTHI MPOIECH; TapijKa )KUBJICHHS.

Beryn 3aCTOCOBYIOTh CHCTEMH PO3MOALICHOTO [9] Ta PyXJIUBOrO
[10] kepyBaHHS LUIIXOM MEPEMIIIEHHS J)Kepesl PeHOBHHU
i eHeprii B mpoCTOPOBOi 00JacTi amapatiB. 3aCTOCYBaHHS
JMAHUX il J03BOJIAE BIUIMBATH HA BHYTPIIIHI MPOIECU

Iporec pexTudikarii € OMHAM 3 OCHOBHUX CITOCO0IB
PO3MIICHHS PIAKAX 1 Tra30BHX T'OMOTEHHUX CYMIIICH,

KOMIIOHCHTH SIKMX PO3PI3HSIOTBCSA 3a TeMIlepaTypaMu
KHITIHHS, X KOHIIGHTPYBAaHHS, 3aXUCTY HaBKOJMIITHBOTO
cepenoBumia [1]. CyTHicTh mpoIriecy MOJSIra€ B
0araTopazoBUX BUTIAPOBYBaHHSIX piauHHOL i
KOHJICHCAIlisIX TapoBoi (a3, sKi pyXaroThCs MPOTUIIEIKHO B
CHeIiaJbHAX amaparaX KOJOHHOTO THumy. [limBumieHi
BHUMOTH JI0 SIKOCTi MPOJIYKTIB, 10 OAEPXKYIOTHCS, 1 BUCOKA

CGHEPrOEMHICTh  Tporecy  pekTudikamii BHU3HAYAIOTH
HEOOXITHICTE PO3POOKH  BHCOKOC()EKTUBHUX CHCTEM
KepyBaHHS [2].

Ha  nmocmimxeHHs ocobnmuBoCTEH nporecy

pektudikamii sk 00’€kTa perysioBaHHS Ta pPO3POOKY
CHCTEM KepyBaHHs CIIPSIMOBaHA BEJIMKA KiTbKICTh POOIT.
Cepen iCHylOUWX pillleHb MOMJIMBO YMOBHO BHIIJTUTH
cTalimi3yroui cuCTeMH perymioBaHHA [3], cucteMu
YIpaBIiHHS i3 3aCTOCYBaHHSM IIPOTHO3YIOUMX MOENeit
[4], weiipomHmx wMepex [5], ekcrpeManbHi [6],
GaraTokoHTYpHi [7] Ta pobacthi cuctemu [8]. Ix 06 emmye
TpaaMLiiHuI croci0 peanmizamii Kepyrouux BIUIMBIB, SIKHH
HoJIATae B 3MiHaX BUTPAT MaTepialbHUX Ta €HEPTeTHYHUX
noTokiB. OZIHaK BUMYIIEHI 3MiHH ()JIETMOBOTO 4yHcia abo
BUTpAT KiHIIEBUX NPOIYKTIB 3HWKYIOTH HPOIYyKTHBHICTH
KOJIOHH, a 30UIBIIEHHS MapoBOTO MOTOKY — 3POCTaHHSA
c00iBapTOCTI MOMALTY.

MOXXITUBOCTI  MiJBUIICHHS TEXHIKO-€KOHOMIYHHX
MOKa3HUKIB TPOLECYy HE BHUYEPIYIOTHCS BUKOPHUCTAHHIM
BKa3aHWX KepylouMx BIUIMBIB. B ocTaHHi pokum uis
00’ekTiB 3 pPO3NOAIICHUMH MapaMeTpamMH YCIIIIHO

o0’exkta B HEOOXIAHIN TO4YLI, sIKa TepeMillyeThcs 1 B
mpoctopi, i B 4daci. Po3poOka cucreMu aBTOMAaTHIHOTO
KepyBaHHS TIIpolecoM pektudikamii, B Kl pazoMm 3
TPaIULIfHUIMU BUKOPUCTOBYIOTBCS 1 PYXJIMBI BIUIMBH Ha
HPOIIEC, € AKTyaJbHOI HAYKOBOIO 3a1a4€lo.

AHaJIi3 0CTaHHIX J0CTaiTKeHb i myOJikauin

B sikoCTi pyXIIMBOTO KEpYIOUOro BIUIMBY Ha IMPOLEC
pekTudikanii Moxe BHKOPHCTOBYBATHCS 3MiHa HOMepa
TapiNKK XKUBJIEHHs KoJoHHU [11]. Y npoMy BUNaaKy TOYKa
BBEJICHHS CHUPOBHMHH 3MIILYETHCSI 32 BUCOTOIO amapary, a
nepeMillleHHsT HOCHTh JUCKpPEeTHHH XapakTtep. Buoip
TaKOTO BILUTUBY OOTPYHTOBAHHIA THUM, IO HOTO 3iHCHEHHS
He TOTpidye IOMATKOBMX BHUTpPAT MaTepialbHUX abo
EHEepPreTUYHUX pecypciB, a TEXHIYHa peamizalis Mae
MiHIMQJIBHY CKJIQJHICTb. B sIKOCTI pyXJIMBOTO BIUIMBY 3
HENepepBHUM  XapakTepoM  IepeMillleHHs  MOoxe
BUKOPHCTOBYBAaTHCSl TEPEPO3NOIUT TMOTOKY SKHUBIICHHS
MDK KOHTAaKTHUMH TIPUCTPOSIMH KOJIOHH B PI3HUX YACTKaX.

B HampsiMKy pyXJIMBOTO KepyBaHHS IPOLIECOM
pektudikamii  TpoOBEAEHO  IMITAIiiHI  JOCIIDKEHHS
TEXHOJIOTIYHUX OCHOB 1 CTaTHYHHX XapaKTEPHCTHK
pekTU(IKAMITHNX KOJIOH, SKi JOBEJM JOIUIBHICTh 1
e(eKTHBHICTh BUKOPHCTAHHS PYXJMBUX BIUMBIB [12].
Takox po3poOJieHO MaTeMaTHYHy MOJAENTh Tpolecy i
ITOPUTMH, IO JI03BOJISIIOTH MPOTHO3YBAaTH ONTHMAaJIbHI
CTalllOHapHI PEXXUMH 1 PO3paxOByBaTH Kepyrodi BILUIMBH,
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sKi ix 3abe3meuyroTh [13]. PesymbraT migBOAATH IO
3aBIaHHA PO3POOKH CHCTEMH aBTOMAaTHYHOTO KEepyBaHHS
mporiecoM pekTudikamii 3 BHKOPHCTAHHIM PYXIIHBHX
KepYIOUYHX BIUTUBIB.

Bimomutii cnioci6 [14] aBTOMAaTHIHOTO pETyIIOBaHHS
peKThdiKamiiHOi KOJOHH 3 JBOMa NOTOKAaMH >XHMBJIECHHS
IUIAXOM 3MIHM  CHIBBIIHOUICHHS BUTPAT  IOTOKIB
CUPOBUHM B KOJIOHY B 3aJIeKHOCTI BiJ 3aJaHUX
IPaHUYHUX MAKCUMAJBHOI i MiHIMAJIbHOT TMTOMUX BUTpAT
3pOIIYyBaHHs, @ TaKOX IUIIXOM PEryJIIOBaHHS BHUTpPATH
TEIJIOHOCIST B KyO B 3aJIGKHOCTI BiJl BEIMYWHU THUTOMOT
BHTPATH MIAPOBOTO MOTOKY B HIDKHIH CEKIlii KOJOHH.

[IpoTe BHUKOpHCTaHHA TSI KEPyBaHHSA IMPOIIECOM
pekTudiKaIii TUTOMUX BUTPAT MapH 1 3pOIIyBaHHS, SKi
MPUMUMAIOTHCS TIOCTIHHAMH 332 BHCOTOIO KOJIOHH, HE
JO3BOJIIE BECTH TIPOIEC B ONTHMAIBHOMY PEXHMI.
[Ipouecu BunapoByBaHHS 1 KOHAEHCAll HAa KOXHOMY
KOHTaKTHOMY  TpPHCTpoi  amapary  MawTh  Di3HY
IHTEHCHBHICTb 1 BIJIHOIICHHS BUTPAT MapH i 3pOIIyBaHHS
JI0 BUTPATH XXMBJICHHS CYyTTEBO 3MIHIOIOTHCS 32 BHCOTOIO
KOJIOHHM HaBiThb B TOMY BHUIAAKy, KOJH TeMIIEpaTypH
MOTOKIB CHUPOBUHHU CTab11i30BaHo. Takox
HEOJHO3HAYHHM € BIUIMB Ha PO3JAUIOBY 3IaTHICTh
KOHTAKTHUX MPUCTPOIB BEPXHBOI YACTUHH KOJIOHH 1
SIKICTB ~ KIHIIEBUX TPOIYKTIB 3MIiHA CIIiBBITHOIICHHS
BHTpAT MOTOKIB CHPOBHHH, SKi, KpIM TOTO, MAalOTh Pi3HY
TeMIiepatypy. Takosk HEJOJIKOM BiJOMOTO CIIOCOOY €
BIICYTHICTh pEKOMEHMIAI IMOJ0 BHOOPY BEIHYUH
MUTOMUX BUTpPAT MapoBOrO MOTOKY 1 3pOLIyBaHHSI, SIKi
HeoOxinHO 3amaBaTH. {1 po3paxyHKy iX ONTHMaJbHHUX
3HAUeHb  HEOOXIZHO  BUKOPHUCTaHHS  IPYHTOBHOTO
MaTeMaTHYHOTO 3a0e3nedeHHs i BIZINOBITHOTO
YCKJIaJHEHHsI KOHTPOJIIO 33 apaMeTpaMH IpoLecy.

3amporoHoBaHo  cmoci6  [12]  aBTOMaTHYHOTO
KepyBaHHS TMPOLECOM peKTU(IKalii NUIIXOM 3MiHA
CIIBBITHOIICHHS BUTPAT MOTOKIB CHPOBUHH, IO TTOJAIOTH
Y BEPXHIO 1 HMKHIO YaCTHHH KOIIOHHW, B 3aJIGKHOCTI BiJX
BUTpATH 1 CKJIAy CHPOBHHHU. BUTpaTy mapoBoro moToky B
KOJIOHI PEeTyIOI0TH HUITXOM 3MiHH BHTPATH IPil0Y0i apu
B Ky0 KOJIOHH, TIPH I[bOMY PETYJIIOBaHHsS BUTPATH MapH B
KyO KOJIOHM 1 CHIBBIIHOIIEHHS BUTPAT HOTOKIB CUPOBHHH
3MIMCHIOIOTh 32  JONOMOIOK  OOYMCIIIOBAJIBHOTO
KEpYyIUOoro MPUCTPOIO 3a CKIIAJIOM, BUTPATOI CUPOBHHU B
KOJIOHY, TEMIeparypold mapd B Ky0 KOJOHHM 1
TEMIIEpaTyporo Ky0oBoro mnpoaykry. PiBeHb KkyOoBoro
MPOAYKTY  CTAaOUT3YIOTh IUIIXOM 3MIHH  BHTPATH
KyOOBOTO TIPOIYKTY, THCK Yy KOJIOHI CTa0LIi3yIOTh
LUIIXOM 3MIiHM T0J[a4dl XOJIOJOAareHTy y XOJOAWIbHHK-
KOHJICHCATOp 1 BUTPATy JUCTHIIATY CTAOIMi3yIOTh IUIIXOM
3MiHHM BUTpaTH JTUCTUIATY.

Hemomikom BKkazaHoro cmocoly € KepyBaHHS
MaTepialbHUM HaBaHTAKEHHSIM peKTH(]IKamiifHOI KOJIOHU
TIIBKK 32 TapoBOI0 (Da30i0 MUIAXOM 3MIHH BHTPATH
TEIJIOHOCISI B BUIIAPHUK Ky0a. B oMy BHIIanKy BUTpaTa
pimuHHOI (a3m (3pomIyBaHHS) BCTAHOBIIOETHCS HE HA
ONTHMAJLHOMY PpiBHI, a 3 OISOy Ha HEoOXimHYy
MIPOJXYKTUBHICTh Tpouecy 3a auctwisitoM. KpiMm Toro,
crnoci0 He BpaxoBye CHEPreTHYHE HaBaHTAKECHHS
IpoLecy, Tak SK 3alpolOHOBaHA MOJENb HE MICTHThH
PIBHSHHS TEIIOBOro OajaHCy. YCKIaIHEHHS MOJEN, 110
BUKOPHCTOBYETBHCS  JUII  PO3PAXYHKIB  ONTHUMaJIbHHUX

CTaIliOHapHUX PEXKHUMIB poOOTH KOJOHH, BHU3HAYAE
HEOOXITHICTh KOHTPOJIIO OUIBIIOT0 4YHCIa ITOKAa3HUKIB
MpoIecy, IO HEoOXiAHO BpaxyBaTH TMPH PO3pooIi
YIOCKOHAJIEHOI  CHCTeMH  KepyBaHHSA. Takox  He
nependadeHo MPOIEAYpY MapaMeTPpUIHOI iMeHTU]IKAIil
MOJIeJTi, B TOW Yac SK HEBHMIipIOBaHI MOKA3HUKH MPOIECY
MOJYTh 3MIHIOBATUCH B 3HAYHHX MEKaX 1 MPU3BOJIUTH JI0
BTpPAaTH HEOOXITHOI TOYHOCTI MOJENTI, a, 3HAYUTh, MO
30UIBILICHHS] €HEPTOBUTPAT 1 3MEHILIEHHS IPOIYKTUBHOCTI
nporuecy.

MeTto10 podOTH € TiIBHINCHHS MPOAYKTHBHOCTI i1
EHEProe(EKTUBHOCTI TMpPOLECy peKTU(IKAMI MUITXOM
pPO3pOOKH CHCTEMH aBTOMATHYHOIO KEpYBaHHsS, SKa
nepenbadae TUCKPETHI 1 HETEpEepBHI PYXJHBI Kepyrodi
BIUTMBM Ha TMpolec i Mo30aBlieHa BKa3aHWX HEIOJIKiB
BIJOMHUX CHCTEM KEpYBaHHS, a TaKOX JOCIIKCHHS
MepexiJIHMX TpoLeciB B PpO3pOOJIeHId cucrteMi InpH
OCHOBHHX 30ypEHHSX Ha IPOIIEC.

3aBaaHHs poOoTH:

1. Po3pobka cHuCTEeMH aBTOMATHYHOTO KEpyBaHHSI
mporiecoM pexTudikarii, 1o nepeadaydae: po3paxyHOK 3a
MPOTHO3YIOYOK  HENIHIHHOI ~ MOJEIUII0  MPOIECY
ONTHUMANBHUX TPAAMIIHHUX 1 PYXIHUBHX KEPYIOUUX
BIUTUBIB 1 iX peaizallirto Ha MaTepiaabHiI MIOTOKH amapary,
MEePIOUYHY 1IEHTU(IKAIO MOJENI 33 BUMIPIOBAIBHOIO
iHQopMaIli€l0 IMOJ0 IMOTOYHMX ITOKA3HHKIB IPOIIECY,
CTaOUTI3aif0  OKPEeMMX IIOKa3HHKIB JUIS IiATPUMKH
MarepiallbHUX Ta €HEPreTHYHUX OajJaHCiB BepXy 1 HHU3Y
KOJIOHH.

2. Po3paxyHOK mepexifHuX MpoLeciB B po3po0IIeHiit
CHUCTEMI aBTOMATHYHOI'O PYXJIMBOI'O KEPYBaHHS IIPOIECOM
pextudikarii, OIiHKa Mpane31aTHOCTI CHCTEMH IUIIXOM
IOCHiKeHHs i1 cTiKocTi 1 BHW3HAYEHHSA IIOKa3HHKIB
SIKOCTI KepYBaHHSI.

Marepiauu i meToau

Ha pwuc.1 mnpencraBieHo po3poOiieHy cucTeMy
ABTOMAaTHYHOTO KEpPYBaHHS HPOLECOM peKTudikamii, 1o
nepei0ayae BUKOPUCTaHHS PYXJIMBHX KEPYIOUUX BILIUBIB.

[Ipomnec pektudikarii MPOBOAUTHCS B KOJNOHI 1,
OCHAIIIEHOT BHITAPHUKOM 2, KOHICHCATOPOM 3, €MHICTIO
Uit 300py aucTWiATy 4, Kepylo4yHM IIPHCTPOEM 5,
JATYUKOM PIBHS KyOOBOrO MPOAYKTY 6, pPEryysiTopoM
piBHSI KyOOBOTO NMpPOAYKTY 7, BUKOHABYMM IIPUCTPOEM 8
Ha JIiHIT BiIBOJYy KyOOBOIrO IPOAYKTY, AaTYUKOM THUCKY 9
HaBepXy KOJIOHHM, peryiasaropoM TucKy 10 HaBepxy
KOJIOHH, BHUKOHaBUMM TpucTpoeM 11 Ha miHIl mopmaui
XOJIOI0AreHTY B KOHJEHCATOp, IaTYuKOoM piBHA 12 B
€MHOCTI JuIsl 300pYy AUCTWIIATY, PETYJSATOPOM BHUTpatn 13
JICTHIISITY, BUKOHABYMM NPUCTPOeM 14 Ha miHii BigBomy
MUCTHJIATY, JaTYuKaMu BuTpatu 15, ckmagy 16 i
Temrieparypu 17 >KMBIIEHHS, TaTYMKOM THUCKYy 18 B miHil
mojadi >KMBJICHHS, NAaTYNKOM THUCKY |9 BHHM3Y KOJIOHH,
mataukamu Temmeparypu 20a — 20n Ha KOHTaKTHHX
MPUCTPOSIX KOJIOHH, TATYUKOM TemrepaTypH 21 KkyboBoro
3aNUIIKY, AaTIWKaMu Temrmeparypu 22 i Tucky 23 Ha
KOHTPOJBHIA  Tapinmi, [JaT4ukoM BHTpath 24 i
TeMIepaTypu 25 3pollyBaHHS, NaTYUKOM BHUTpaTtu 26
TEIIOHOCISI B BUIIAPHHUK, JaTYUKaMu Temneparypu 27 1 28
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oja4i 3pOIIyBaHHS B KOJOHY, BUKOHABYHUM IIPHUCTPOEM
33 Ha JiHIi MOKAaYi TEMJIOHOCIS B BHUIAPHUK, NAaTYNKAMH
BuTpaT 34 i 35 KyOOBOTO MPOAYKTY 1 AUCTHIIATY.

TETJIOHOCIS 710 1 MicTsl BUMAPHUKA, TATIUKaMH TUCKY 29 i
30 B miHIAX MOAAYi 1 BIABOY TETUIOHOCIS BiJ] BUIIAPHUKA,
BHKOHAaBYMMH MPUCTposiMU 31a — 31m Ha miHiAX momadi
KUBIICHHS B KOJIOHY, BUKOHABYUM HPUCTPOEM 32 Ha IiHil
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D — monpHa BUTpaTa JUCTUIITY, KMOJB/TO; F — MombHa BUTpara, KMOJIB/TO/, MOJIbHA BUTpPATa KUBJICHHS, KMOJIB/Tox; F| — MonbHa
BUTpaTa 3pOIyBaHHsI, KMOJIB/TOT; hy — BicTanp Mixk TapiKaMmu, M; j — HOMep KOHTAKTHOTO HPHCTPOI0; L — MonbHa BUTpaTa
piavHHOI (a3u, kMob/roa; Nf — HOMep TapiJiKi KHBJICHHS, BETUYHHA TUCKPETHOTO PYXJIUBOTO KEPYHOUOro BILUTHBY; P — Tuck, MIla;
Q — Butpara Temna, kJ[x/rom; ( — KoeiIlieHT Mepepo3NOALTY KUBJICHHS, BEIMYHHA HETIEPEPBHOTO PYXJIUBOTO KEPYHOUOT0 BILTUBY,
KMOJIL/KMOJIB; t — Temnepatypa, °C; U — piBenb, M; V — MOJIbHA BUTpaTa NapoBoi (Basu, KMoIb/Tox; 06’ eM, M3, W — MoJIbHA BUTpaTa
KyOOBOT'O MPOJYKTY, KMOJIB/TOJI; X — MOJIbHA KOHIIEHTpAIlisi KOMIOHEHTA B PiMHHIN (a3i, KMOJIB/KMOJIB; Y — MOJIbHA KOHLICHTpAIlis

KOMITOHEHTA B TIApOBiil (a3i, KMOIB/KMOIB; ff — Koe(illieHT MacoBiaadi, o po3paxoBaHU Ha OJUHHIIIO €(PEeKTUBHOT IO
Tapinku, KMoJb/(M? Tox); i — ePEKTUBHICTH MACOIIEPEHOCY HA KOHTAKTHOMY IIPHCTPOi 3a Mepdpi; 7 — uac, c.

Hwxni ingexcu: d — mapamerp muctisry; f — mapamerp sxusnenns; fl — mapamerp 3porryBanms; | — mapamerp KOMIIOHEHTa CyMili,
10 PO3IIISAAETHCS; | — MapaMeTp [iTbOBOr0 KOMIOHEHTa cyMili; pr — mpodiie; W, 0 — mapameTp KyGOBOTO MPOLYKTY; IapameTp

BUITapHUKA Ky0a KOJIOHH; T — MapaMeTp TEIUIOHOCI.

Puc. 1. Cucrema aBTOMaTHYHOTO PYXJIMBOTO KePyBaHHS IPOIIECOM peKTH(ikamii

B pexuMi KepyBaHHSI HENEPEPBHO KOHTPOJIIOETHCS
HAIXOJUKEHHS Yy KOJIOHY OCHOBHHMX 30ypeHb, IO
MOJIATAalOTh Yy 3MiHaX BHUTPATH, CKIALy, TEMIIepaTypu
JKUBIICHHSI, TUCKY B JiHIT mojadi >xusieHHs [15]. Takox
BUMIPIOETHCSI THCK B KOJIOHI 1 TeMIiepaTypa 3pOLIyBaHHS.
BinnosigHa BuMiproBasipHa iH(poOpMAaIis Bix gaTymkis 15 —
18, 9, 19 i 25 HagXoaWTh N0 KEpYyIOHOro INPHUCTPOIO 5,
KA pO3paxoBye 1 3aCTOCOBYE Kepylodi BIUIMBH, IO
3a0e3MeuyroTh ONTUMAIBHUI PEXHUM pOOOTH KOJIOHH.

JMCcKpeTHI pyXJWBI BIUIMBH TIONATAIOTh B 3MiHAX
TOYKH BBEJICHHS JKUBJCHHS B KOJIOHY, HENEpepBHI —
CITIBBIIHOIIEHHST BHUTpPAT JIBOX TIOTOKIB CHpPOBHHH.
[lepexmroueHHS HOMepa TapiiKd S>KHUBICHHS MOJXIJIHBO
po3risgaTd  AK  OKPEMHM, TIpaHWYHMM  BHUIIAJOK
MEPEepO3NOIITy CHPOBHHM MDK TapiikamMu. 3 IbOTO
BUXOJUTH HEOOXI/IHICTH PO3POOKHM TiNBKU OJIHIET CUCTEMH
KepyBaHHS, B sIKiil 3aCTOCOBYIOTbCsS ab0 AMCKpeTHi, abo

HETepPepPBHI PYXJIMBI Kepyroui BIUIMBU B 3aJIC)KHOCTI Bif
KIJIBKOCTI TIOTEHIIWHMX MICIb BBEICHHS CHUPOBHHH B

xomony Ny .

OpHouacHe KepyBaHHS JBOMa MOKAa3HUKAMU HU3Y
KOJIOHH, 10 BHU3HAYaAIOTh MIPOAYKTHUBHICT i
EHeproEMHICTh  NPOIleCYy — BHTpaTaMH  KyOOBOTO
MPOAYKTY 1 TEIJIOHOCISI B BHIIAPHHUKY — CKJIATAE CYTTEBI
TPYJAHOILII, TaK SIK B I[bOMY BHIIaJKy MaTepiajbHUi
OaylaHC JOTPUMYBATHMETHCS TIILKM TIPH JIOCSTHEHHI
YCTAJICHOTO CTaHy, a B IEPEXiIHOMY peXHMi KyOOBHii
3aJINIIOK, 110 MICTUTBCS BHH3Y KOJIOHH,
HaKOIMYYyBaTUMEThCSI a00 BUCHa)XKyBaTUMEThbCs. SIKIIO K
IILOBUM ~ KOMIIOHEHTOM €  JIUCTHIAT, TO  HOTro
ONTUMAIILHUI BIAOIp TaKOXX MOXIUBHHA TUTBKHA ITiCIISA
JIOCSITHEHHS CTalllOHAPHOTO PEXHMY POOOTH KOJOHH. Y
IIOMY BHIIQJIKy IIPOIIOHYETHCS Y BiAIMOBib Ha 30ypeHHS,
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110 HAaJiHILIO B KOJIOHY, 3MiHIOBAaTH ONTHMaJIbHUM YHHOM
MarepiaibHe 1 CHEepPreTHYHE HABAHTAKEHHS KOJOHH
LIIIXOM KepyBaHHS BHTPATaMH TEIUIOHOCIS B BHIIAPHUKY
F,i ¢mermn Fl, mo nomaerscs Ha Bepx amapary. Taki

3MIHHM BUTpAT PiJUHHOI 1 TapoBoi (a3 3a BUCOTOIO KOJIOHU
MaloTh  [ONEpPE/KYBAIBHUH  XapakTep 1  CYTTEBO
MTOKPAIITYIOTh MTOKa3HUKH IKOCTI KepyBaHHS.

Binbopy KiHIIEBUX MPOIYKTIB BepXy 1 HU3Y KOJOHH
3MIHCHIOIOTHCS 3 JOTPUMAHHIM MaTepialbHOTO OaylaHcy
KIHIIIB amapary i3 3a0e3leueHHsSM ITOCTIHHOTO pPiBHS B
30ipHUKY IHUCTWIATY 1 B KyOoBifi emHocti. KoHTyp
ABTOMAaTHYHOTO peryiroBaHHs 6 — 8 piBHeM KyOoBOro
3aJIMIIKY 3a0e3redye BUKOHAHHS MaTepialbHOro OajaHcy
3a piAMHHOI (a30l0 HU3Yy KOJOHM IUIAXOM 3MIHU
BUTpaTu KyOoBOro mHponykry. KoHTypu aBTOMaTHYHOTO
peryiroBaHHs THCKOM 9 — 11 HaBepXy KoJOHH 1 piBHeM 12
— 14 B emHOCTI ans 300py IMCTHIATY 3a0€3MEUYYIOTh
MarepialbHUH OaJlaHC 3a MapoBOIO 1 PiAMHHOIO (hazamu
BepXy KOJOHH HUIAXOM 3MIiHH BHUTPAT XOJOJOAreHTy B
KOHJCHCATOp 1 TUCTHIATY BigmoBimHO. JlaHi KOHTYpH
crabimizamii mpu3HadYeHi I Oe3aBapiHOTO BEACHHS
IpoIiecy B JUHAMIYHHX PEeXKUMax pOOOTH MpH Tepexofi
O ONTHMANBHOTO CTAI[iOHAPHOTO pEXHUMY. 3aBIaHHS
peryastopam 7, 10, 13 BuH3Ha4alOTh BIANOBIAHO JIO
TEXHOJIOTIYHOTO PETJIAMEHTY.

Po3paxyHOK ONTUMaJbHUX BEIMYMH KEPYHOUHX
BIUIMBIB, @ TaKOX iX peasti3allisi Ha Ipolec 3A1HCHIOEThCS
3a JOIMOMOTOI0 KEpyKUoro NPHCTPO 5 1 HeNiHiHHOT

MIPOTHO3YH0UOT MaTeMaTU4HOI MoJe mporiecy
pexTurdikarii.
Mogens  sBiasE COOOK  CYKYIHICTH  CHCTEM

HENIHIHHUX pIBHSAHD, IO NPUBOIUTH y BIANOBIIHICTH
BEKTOpaM OCHOBHHUX 30ypeHb 1 KEepyHOUYHX BIUIMBIB (B
TOMY YHCII 1 PyXJIMBUX) BEKTOP BHXIIHUX KOOpPIMHAT.
MaremaTtiyHa  ONMKC  KOJOHM  BKJIOYae€  MOJENi
KOHTaKTHOTO  TPHUCTPOIO,  BUIApHHMKAa  Kyba i
KOHJICHCATOpa, 10 CKIIQJAIOThCS 3 PIBHSHB 3arajbHOTO
MarepiaipHOro OallaHcy, MarepialibHUX OallaHCiB 3a
OKpEMHMMH  KOMIIOHEHTaMH,  TEIUIOBOro  OaiaHcy,
AITOPUTMIB  pO3paxyHKy  (a3oBoi  piBHOBaru 3
ypaxyBaHH;IM e(peKTUBHOCTI Macomepeaadi Ha Tapijikax, a
TakoX OalaHCOBMX pIBHAHb Bci€i KomoHm [16].
Po3paxyHok pekThQikamiifHOi KOJOHM 1 BH3HA4YCHHA Il
CTaTHMYHUX XapPaKTEPUCTHK IPOBOAUTHCS IIOTApiI4acTo
a0 ITOKOMITIOHEHTHO

LV.%.%.Qq.T = fW,Q,.P.F.X,q.N¢ T, Pty ty, 7). (1)

PospaxyHok 1 peamizamiss KepyluumxX BIUTUBIB
3IMCHIOIOTBCS KEPYIOUMM TPUCTPOEM 32 MOJEIUIIO
mpouecy 1 oOOpaHMM ONTHUMI3alifHUM KpUTepieM 3
BpaxyBaHHSIM HEOOXiZHMX OOMEXEHb Ha SIKICTBb Xw,nzmin
(a60  Xdnzmin), TPOAYKTHBHICTE Wmin (260  Dmin),
c00iBapTicTh Quw,max KIHIIEBUX MPOJIYKTIB i BUMIPIOBAJIBHOT
iHpopManii, o0 HAAXOJUTh 3 00’ €KTa KEPyBaHHS.

B [13] po3pobaeHo mMeTonu i anropuTMu CTaTHIHOI
onTHMi3allii Tmporecy pekTudikamii i3 3acToCyBaHHIM
PYXJIHMBUX KEpYIOUHMX BIUIMBIB 33 HOPMaJli30BaHUM
KputepieM. Po3paxyHOK HOMEpYy ONTHMAIbHOI TapijKu
xuBIeHHS Nropt 200 CIIBBIJHOIIEHHS BHUTpAaT MHOTOKIB
CHUPOBUHH opt, @ TAKOXK ONTHMAIBHUX BUTpAT Teria Quw,opt

B BUIAPHKKY 1 utermu Flopt 3miHCHIOETBCS 3 OJJHOYACHUM
BpaxyBaHHSAM IPOAYKTUBHOCTI IpOIeCy i €HeproBUTpaT
Ha Horo BeneHHs. [Ipu 1BOMY TakoX BHU3HAYAIOTHCA
ONTHMAJIbHI KOHIICHTpAIiifHi, TETUIOBUH NpoQiii KOJOHH,
BUTpPaTH  MaTrepiaIbHUX  TIOTOKIB  Ha  KOXXHOMY
KOHTAKTHOMY MPHUCTPOI KOJIOHU 1 TCIIOBE HABAHTA)KCHHS
nednermaropa

N f,opt >’ qopt* Flopt'Qw,opt*Qd J E,\7, K| ' yi 't_ =

o 2
= f(Nf’Fva 1tf vpf vtfllPvrli1Wmin’Qw,max’Xw,nz,min)-

B sKocTi He3aNeHUX 3MIHHUX I PO3paxyHKY
00paHO OCHOBHI KOHTPOJIbOBaHi 30ypeHHsI Ha TpoIec i
napaMeTpH, BEMYUHU SIKMX PO3PaxOBYIOTHCS B IIpolLeci
iIeHTUdIKail MOJeNi: BHUTpaTa, CKJIaj, TeMIeparypa
[IOTOKIB JKMBJICHHS, THUCK B JIHIl MOJa4i >KHUBICHHS B
KOJIOHY, TeMIleparypa 3pOIIyBaHHs, Mpodiii THCKY B
KOJIOHI 1 e()eKTHBHOCTEH KOHTAKTHHX MPHCTPOIB amapary.

Temneparypy JKUBJICHHS MOXITBO
BUKOPUCTOBYBATH B SKOCTI IIPYroro CTyIeHS cBOOOIH
PYXJIMBOTO KEpYIOYOro BIUIUBY, HOTO I1HTEHCHBHOCTI,
OJTHAK IIe TiABUIIYE PO3MIPHICTh ONTHUMI3aIliiHOT 3a1a4i.

KonTponr 3a mpomecoM 3HiHCHIOETBCS MIIIXOM
BHMIpIOBaHHS TemrepaTypu (23) 1 Tucky (22) Ha
KOHTPOJBbHIA  Tapimmi. IIporHo3oBaHi 3a MOJCIUIIO
TEeMIlepaTypHi  TOKa3HUKM  TOBHMHHI  30iraTtuch 3
BCTaHOBJICHOIO TOYHICTIO 3 iH(OpMali€to, 0 HAIXOAUTh
Big matumky 23. SIKIio 111 BUMOTra HE BHKOHYETHCS, TO
BUIIOBHIOETHCS TIPOLIElypa MapaMeTpUyHOl ineHTudikamii
MPOTHO3YI0Y0i Mojeni mpouecy [17].

Inenrudikanis HOJISITaE y BU3HAYCHHI
HEBUMIPIOBaHUX TapaMmeTpiB Mojeni — e(heKTUBHOCTEH 3a
Mepdpi KOHTaKTHHX TPHCTPOIB. s 49oro mOmaTKOBO
BUMIPIOIOTECSL TeMIlepaTtypHuil npodins amapary (20a —
20n), BuTpaTH KiHIEeBUX nponykriB (34 i 35), mepeman
THCKY y KoJoHi (9, 19)

mitlleiiyiit_: f(VV,QW,N_f ltile lt_flﬁf |tf||td1§|t_pr)' (3)

3MiHa TOYKHM BBEJICHHS CHPOBHHH B KOJIOHY a0o0
CHIBBIIHOIICHHS  BHUTpPAT TIOTOKIB CHPOBWHH, MIO
MOJAIOThCS B BEPXHIO 1 HWKHIO YaCTHHU KOJIOHH,
3IIMCHIOETHCS KEPYIOYMM NPHCTPOEM LUISIXOM BIUIMBY Ha
BuKoHaBui mpuctpoi 3la — 31m. [lpm mnepexmrodeHH]
HOMEpPY TapUIKK KUBJCHHS OJHOYACHO BIIKPUTO TiIBKH
OJIMH BEHTHJIb, NPU Iepepo3nonini — asa (mpu 3MiHi
KEpYIYOro CUTHAIY OJWH 3 HHUX BiJKPUBAETHCS, a IHIIUI
— 3aKPHBAETHCS).

OnTtuManbHa BUTpaTa (IerMu po3paxoBYeETHCS i
3a0e3Meuy€eThCsl KepyIUnUM MPUCTPOEM 3 BUKOPHUCTAHHSIM
iHpopMamii NMpo NOTOYHY BHUTPATy 3pOLIYBaHHS, IO
HaJIXOMUTh BiJM Jaryvka 24, OUIIXOM BIUIMBY Ha
BUKOHYIOUYMH MpUCTPiit 32.

OntumanbpHa  BHTpaTa Temla  3a0e3MedyeThes
IIISIXOM 3MIHM BUTpaTH TEIUIOHOCIS B BUMApHUK. [lis
I[LOTO BUMIPIOETHCS MOTOYHA BHUTpata (26), TeMreparypu
(27, 28) Temmonocis m0 i micas BUMapHUKa, THCK (29, 30)
B JIHISX TOAadi 1 BiABOAY TEIUIOHOCISA, TeMIieparypa
KyOboBoro mponykry (21). 3 BHUKOpPHCTaHHAM WX
MOKAa3HUKIB KepyIUHid MPUCTPIH PO3paxoBy€ MOTOYHY
KUJIBKICTh TeIJIa, IO BHUTPAYAEThCS B BUIAPHUKY, I
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BINMOBIIHAM YWHOM 3MIiHIOE BHUTpaTy TEIUIOHOCIS
[UIIXOM BIUIMBY Ha BUKOHYIOYHH PUCTpiit 33.

Pe3yabTaTH g0caigxKeHb Ta iXx 00roBopeHHs

3 BHUKOPWCTAHHSAM aJIanTOBAaHOI IS JOCHTIHKESHHS
PYXJIMBHX KEpPYIOUHMX BIUIMBIB TUHaMidHOT Moxeni [16]
mporiecy pekThu(ikarmii JOCHiKEHO MepexiaHi pekKuMH
poOOTH KOJIOHM ISl MOAULY CyMillli METaHOJ-BOJA NP
3aCTOCYBaHHI  PO3pOOJICHOI CHCTEMH KEpyBaHHSA 1
OCHOBHHMX 30ypeHHSX Ha IpOIeC 31 CTOPOHM BUTPATH,
cknany i remnepatypu xusneHHs (puc. 2 — 10).

Komona, mo  gocmimkyerbcs,  MicTuth 18
KOHTaKTHUX TPUCTPOiB, BHUHOCHI KHUIIATHIBHUK 1
nepnermarop. KoHmeHTpariss MeTaHONy B JKHUBICHHI
cragoButh 0,273 wMois. dyacTtku. IlokasHMKH, 10
BU3HAYAIOTh PETJIAMCHTOBAHHN PEXHM POOOTH KOJOHH:
Nt = 9, Qv = 6,4 T'l'xron, D = 62,8 xMonbp/rox,
F = 229,3 kmonnw/rop, tr = tkum, Py = Pi=0 = P=18 =1 atm,
tr = tam te = txum, Py = 3060,5 xmMomw/(M%rom),
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By = 142,82 kmons/(m?-Tox). L{iTb0BIM KOMIIOHEHTOM €
METaHOJI, & IPOJYKTOM — JTUCTHIIAT.

Pospaxynku npoBoamincs 3 KpokoM AT, 110 CKIaAaB
0,05 c. BukopucTaHo HACTYIHI BEIHMYWHU KOE(Dilli€HTIB
HAJTAINTYBaHHS MOJIENi: PIiBeHb B KyOOBi €MHOCTI i
30ipauKy ¢uermu Uy = Ug = 0,3 M; piBeHb Ha KOHTAKTHHX
npuctposix Uj = 0,04 m. Bincranp Mix Tapinkamu
hy = 0,2m. Tlpu MomemOBaHHI TEPEXiTHUX TMPOIECIB
BPaxOBYBAaBCs YaC PO3PaXYHKY ONTUMAILHUX KEPYIOUHX
BILJIUBIB.

B sKocTi pyXiMBOro Kepyldoro BIUIMBY OOpaHO
3MiHy HOMEpa Tapilku >kuBJIeHHSA. [lpm MozemoBaHHI
mouatkoBuit pexmm (Nf = 8, Qw = 5,7504 T'JIx/ron,
FI = 94,72 xMonb/rom) po3paxoBaHO 3a aarOPUTMaMHU
CTAaTHUYHOI ONTHUMI3alii Mporecy 1 periaMeHTOBAaHHMH
MOKa3HHUKaMu KosioHW. KOHIeHTpalliss MeTaHoly B
JCTHIIATI Xd,n; ckiazae 0,97 MoJ1. 4acTku.

Ha puc. 2 — 4 nmpencraBieHO pe3ynbTaTH
PO3paxyHKIB MEPEXiTHUX MPOIIECIB B CUCTEMI KepyBaHHS
MpU  JCCATUBIICOTKOBOMY IOJATHOMY 1 Bil’€MHOMY
30ypEeHHI 32 BUTPATOIO YKUBJICHHS.
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Puc. 2. [lepexinHi mporecu 3a KaHAJIAaMH "BUTpaTa )KHUBJICHHS — KOHIICHTPAIIisI METaHOY B TUCTWIIATI" (@) 1 "BUTpaTa )KUBJICHHS —
BUTpaTta AUCTWIATY" (6) MpH TOAATHOMY 1 BiZl’€MHOMY JECSTHBIICOTKOBOMY 30ypEHHI 32 BUTPATOIO KHBJICHHS
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Puc. 3. Iepexinni nporecu 3a KaHaTaMH "BUTpaTa )KUBIICHHS — PiBeHb B KyOOBiit eMHOCTi" (a) 1 ""BUTpaTa )KUBJICHHS — PIBEHb B
36ipHuKY ¢urermu” (0) npu JOAATHOMY 1 Bii’€MHOMY JECSTHBIICOTKOBOMY 30YpEHHI 32 BUTPATOIO KUBIICHHS
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Puc. 4. [lepexinHi mpoliecu 3a KaHAJIAMH "BHTpPaTa KHUBJICHHS — THUCK HaBEpXy KOJOHU" () 1 "BUTpaTa )KUBJICHHSA — TEMIIepaTypa Ha
5-i Tapinmi" (0) mpu JOJaTHOMY 1 BiJl’€eMHOMY JECATHBIACOTKOBOMY 30ypEHHI 32 BUTPATOO KUBIICHHS
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Ha puc. 5 — 7 mpeacraBieHO pe3yibTaTH PO3PAXyHKIB MEPEXiTHUX IPOIECIB B CHUCTEMiI KepyBaHHS TNpH
JECATHUBIICOTKOBOMY HOAATHOMY i BiZl’ €eMHOMY 30ypeHHI 3a CKJIaZOM JKHUBJICHHS.
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Puc. 5. Iepexinni nporecu 3a KaHaTaMH "CKJIAJT )KUBJICHHS — KOHIIEHTPAIisI METaHOJy B AUCTHIIATI" (@) 1 ""CKIIal )KUBICHHS —
BUTparta AUCTWIATY" (6) IpH 10AaTHOMY 1 BiZl’€MHOMY JIECSTHBIICOTKOBOMY 30ypeHHI 3a CKJIaIOM JKHBJIECHHS
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Puc. 6. [Tepexinni npomecu 3a KaHaIaMH "CKJIaJl )KUBJICHHS — PiBEHb B KyOOBii eMHOCTI" (@) i "CKJIa]] )KMBJIEHHS — PiBEHb B 30ipHUKY
¢ermu" (0) mpu AOIATHOMY 1 Bil’€MHOMY JIECATHBIICOTKOBOMY 30YpEHHI 3a CKIIaI0M KUBICHHS
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Puc. 7. Iepexinni nporecu 3a KaHaIaMH "CKJIaJl )KMBJICHHS — THCK HaBepxy KoyioHH" (a) 1 "cKiiaj )KMBICHHS — TeMIeparypa Ha 5-it
Tapini" (6) npu 10AaTHOMY i BiJl’€MHOMY JIeCATHBIACOTKOBOMY 30ypEHHI 3a CKJIaJ0M JKUBIICHHS

Ha puc. 8 — 10 mpeactaBieHO pe3yiabTaTH PO3PAXYHKIB MEPEXiJIHUX MPOIECIB B CHCTEMI KEepPyBaHHS IpH
I’ SITHBIICOTKOBOMY JIOJJATHOMY 1 BiJl’€MHOMY 30YypEHHI 3a TEMIIEPaTypOIO KUBJICHHS.
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Puc. 8. [lepexinHi mporecu 3a KaHAJIAMH "'TeMIIepaTypa KHUBJICHHS — KOHIICHTpAIlis METaHOY B TUCTWIIATI" (a) 1 ""Temmeparypa
JKUBJICHHS — BUTpaTa TUCTWIATY" (0) IpH JOAaTHOMY 1 Bill’ €MHOMY I’ SITHBIZICOTKOBOMY 30ypEHHI 32 TEMIIEPATyPOIO KUBICHHS
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Puc. 9. [lepexinni mpoiiecy 3a kaHaJaMK "TeMIiepaTrypa *HUBJICHHS — PiBeHb B KyOoBiii eMHOCTI" (a) 1 "TemnepaTypa *KHUBJICHHS —
piBeHb B 30ipHUKY (uermu” (6) IpHu JOAATHOMY 1 Bil’eMHOMY I’ ITHBIICOTKOBOMY 30ypEHHI 3a TEMIIEPaTypOIO KUBICHHS
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Puc. 10. Iepexinui nporecy 3a KaHaJaMH "'TeMIlepaTypa )KUBICHHS — THCK HaBepxy KoJOHU" (a) 1 "TeMIiepaTypa )KUBICHHS —
Temreparypa Ha 5-if Tapini" (6) mpu 1oJaTHOMY 1 Bil’€EMHOMY I’ SITHBiJICOTKOBOMY 30ypEHHI 3a TEMIIEPATYPOIO KUBJICHHS

PesynbTaTii  pO3paxyHKIiB J03BOJIAIOTH TOCIIIUTH
0COOJNMBOCTI MEpexXimHUX TpoLeciB B  pPO3poOIIeHil
CHCTEMI aBTOMAaTUYHOT'O PYXJIMBOTO KEPYBaHHS IIPOLIECOM
pekTudikanii i BA3HAYNTH TOKA3HUKH SIKOCT1 KEPyBaHHS.

3MiHM ~ OCHOBHOTO  IIOKa3HWKa  Mpouecy  —
KOHIICHTpAIlil METaHOIy B IHCTWIATI — B TEPEXiTHOMY
PEeKHMI MarOTh aNepioANYHUI XapakTep HE3aJISKHO Bif
TOTO, 32 IKUM KaHaJIOM HaJaiiiuio 30ypenus (puc. 2, 5, 8).

[ligBUIIEHAS BUTPATH KUBICHHS CYTTEBO 30LIBIIYE
HaBaHTaXXCHHS KOJIOHH 32 DiIUHHOIO (a30r0 1 piBHI B
emHOCTsIX (puc. 3). Perynsitopu piBHIB 30ULIBIIYIOTH
BUTpaTH  KIHIEBUX NPOAYKTIB 1  NPOAYKTHBHICTH
yCTaHOBKH (pHC. 2). BuXia IUCTHIATY MiJBHIIYETHCS 1
npu  301IbLICHH] KUIBKOCTI LIJIBOBOIO KOMIIOHEHTY B
KUBJICHHI (pUC. 5), mpoTe B I[bOMY BHIAJIKy BHTpaTa
KyOOBOTO MPOJYKTY 3HIKYETHCS.

ABTOMaTHYHE  KepyBaHHS 13  3aCTOCYBaHHSIM
PYXJIMBHAX KEpYIOUMX BIUIMBIB TIPH JIECATHBIIICOTKOBOMY
30ypeHHI 3a BHUTPAaTOI0 >KHMBJIECHHS XapaKTEePU3yeThCs
HACTYITHUMHU TOKa3HUKaMHU SIKOCTi: JIMHaMiduHa NOXHOKa
3a KaHaJoM "BHTpaTa  KHMBJCHHS — KOHLEHTpALis
MeraHoiy B auctuiaTi" He mepesumnye 0,26% (puc. 2).
Yac perymoBaHHS CTaHOBHTH 1 romumHy (pme. 2) i
CITIBCTaBHUW 3 YacOM BCTAaHOBIIEHHS KOHIIEHTpAIlid i
TeMIepatyp mpu 30ypeHHsx Ha mpoiec [16].

B sKocTi KOHTPONBHOTO 00paHO 5-Wif KOHTAKTHUI
npucTpiii konmonu. JlomaTHi 30ypeHHsI 32 BUTPATOIO i

CKJIaJIOM  JKUBJICHHS  TPU3BOMATH  JO  3HWKCHHS
TEMIIepaTypu Ha JaHii Tapiimi, IO IOB’S3aHO 3
MJIBUIIEHHSIM  KUIBKOCTI  JIETKOTO  KOMIIOHEHTa  —

MeraHoiy (puc. 4, 7). 3BopoTHa cuTyauis B pasi

Bil’eMHOr0 30ypeHHs, KOJIM KOHIEHTpAlis JaHOTo
KOMITOHEHTA 3HWKY€EThCS.
[TinBuieHHsT ~ TeMmmepaTypu  JKMBJICHHS,  SIKe

MOJAETbCS B KOJOHY Yy BHIJISNI KHIUITYOI  DiJMHMU,
BU3HAYa€ BUIAPOBYBAHHSA HOTO YAaCTWHM 1 30UIbIICHHA
HaBaHTAXXECHHS KOJIOHU 3a MapoBOiO (ha3010 OJTHOYACHO 3i
3HIDKCHHSIM ~ HaBaHTAXEHHS 3a  pimmHHOW.  [lpm
I’ ATHB1JICOTKOBOMY Mi/IBUILICHHI TEMIEPATYPH KUBJICHHS
yacTka piguHHOI (hasu ctaHoBUTH 0,741. Takuii cyTTeBHi
BIUIMB Ha TEIUIOBHU OanmaHc peKTH(]iKamiifHOI KOJOHU
NPU3BOJUTH JO 3HIKCHHS pIiBHS B KyOOBiil €MHOCTI i
migBuieHHsT B 30ipHMKY ¢uermu (puc. 9), icTOTHO
30UIBIIYIOYM BHUXIA JUCTWISATY TPH 3HAYHOMY MaJiHHI
KOHIIEHTpaIlii MetaHoiay B HboMmy (puc. 8). Ile Bumarae
3HAYHI 32 BEJIMYMHAMHU KEPYIOYi BIUIMBH, IO MOJIATAIOTH,
B IIepIly 4epry, B 3MiHaX TOYKU BBEJCHHS XXHMBJICHHS B
KOJIOHY 1 BUTPATH XOJIOJJOAr€HTy B KOHAEHCATOP.
BukopucranHs ajekBaTHOI MaTeMaTHYHOI MoIemi
JUISl TIPOTHO3YBaHHS ONTHMAJIBHHMX CTaTUYHHUX PEKUMIB
NpOLECy, 3aCTOCYBaHHS PYXJIMBUX KEPYIOUMX BIUIMBIB,
10 MOJATAIOTH y 3MiHaxX TOYKH BBEJICHHS CHPOBHHHU B
KOJIOHY a00 CHiBBiJHOIIEHHS BHUTPAT MOTOKIB CHPOBHUHH,
IO TIO/IAIOTHCS B BEPXHIO 1 HIDKHIO YaCTUHU KOJIOHH,
OJTHOYACHO 13 IIUM PO3paxyHOK 1 peastizaiisi TpaIulliiHuX
KEpyIOUUX BIUIMBIB, IIO IOJISITAIOTh B 3MiHAX BUTpAr

TEIUIa B BHIAPHUKY 1 3pOIIYBaHHA B KOJOHHY,
pPO3paxXyHOK ONTHMAajJbHUX KEPYIUWX BIUIMBIB i3
3aCTOCYBaHHSM  METOJIB  ONTHUMIi3amii, 3IiHCHEHHS
KOHTPOJIO 3a TMPOIECOM KEPYBaHHS  JTO3BOJISIOTH

MiABUIINUTA TEXHIKO-€KOHOMIYHI IMOKAa3HHKH TMpPOLeCy 1
MOJNIMNIIUTH  SKICTh KEPYBaHHSA. 3aBISKH KOHTPOJIO
OCHOBHHX 30ypeHb Ha TPOIEC KEpPYyrdi BIUTUBU
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pealizyloThcss A0 TOTO, SK Il 30ypeHHS BHKIUKAIOTH
3HAYHI 3MIiHH PEKUMY pPOOOTH 1 IOKa3HHWKIB KOJIOHH;
ONTHMAJIbHE HABAHTAKEHHS KOJOHM 3a MNapoOBOK 1
pimuHHOIO  (da3zamMu  3a0e3MedyeThCs  ONHOYACHO 13
HAIIXOJKEHHSIM 30ypEeHHSI.

BucHoBKM Ta MNEPCHEKTUBH NMOAAJIBIIOI0 PO3BUTRKY

1. Po3pobiieHo cucTeMy aBTOMaTHYHOTO KEpyBaHHS
npouecoM  pekTHikamii, sKa 3acTOCOBYE PYXJIMBI
KEpYHoUi BIUIMBY, JO3BOJISE MiJBUIIUTH MPOYKTUBHICTB 1
€Heproe()eKTUBHICTh porecy i nependavae:
ineHTH(iKalio napaMeTpiB MPOTHO3YIOUO0i MaTEMAaTHYHOT
MoOZeNi 3 BHUKOPHCTAHHSM BHMIipIOBabHOI iH(OpMarii
I0JI0 TTOTOYHHX IMOKA3HHKIB MPOIECY 1 TeMIepaTypHOTO
npoilto  yCTaHOBKHM; CTaOLTi3aIlil0 THCKY HaBEpXy
KOJIOHH, PIBHIB B €MHOCTAX JUIsI 300py IUCTHIATY i
KyOOBOTO TPOJYKTY; PO3PAXYHKH KEPYIOUUM MPUCTPOEM
ONTHMAIBHUX 32 HOPMAT30BaHMM KPHUTEPIEM 3HAYCHD
PYXJMBHX 1 TpaauliMHUX KEpyIuYuX BIUIMBIB; iX

3aCTOCOBYIOTHCSI PYXJIMBI KEpYyrOUi BIUIMBH, O3BOJISIOTH
BiI3HAYUTH JOMYCTHUMi BEIMYMHU TIOKa3HUKIB SIKOCTI
KEpyBaHHS — 4acy PeryJlOBaHHS, AMHAMIYHUAX TOXHOOK,
MOKa3HUKa KosuBaimbHOCTI. [IpoBegeHe MOJIENOBaHHS
MUHAMIYHHX PEXUMIB 1 HOTO pe3yiabTaTH TOBOJATH, IO
3aCTOCYBaHHS PYXJIUBUX KEPYIOUHX BIUIMBIB pa3oM i3
TPaAMLIHHUMH  JO3BOJIAE  3MIHIOBaTH  IIPOCTOPOBY
KOOpJMHATY HAIXOIKCHHS B  KOJOHY O KUBJICHHS,
BCTAHOBJIIOBATH ONTHUMAJIbHI MaTepialbHE Ta CHEPTECTHYHE
HABAaHTAXXCHHSA YCTAHOBKM IUISXOM 3MIiHM  BHUTpaT
MapoBOTO 1 PIIMHHOTO TIOTOKIB YCEpeaWHI amapara.
3aBOsSKH IbOMY 3a0€3MMeUyIOThCS CTAIiOHAPHI PEXHMH
MpoIeCy,  HEOOCSOKHI — NMPU  3aCTOCYBaHHI  JIWIIIE
TPAJIMIIHHAX ~ KEPYIOUMX  BIUIMBIB,  IiABUIIYETHCS
MIPOAYKTUBHICTE 1 €Hepro30epekeHHs peKTU(IKAIiiTHIX
amaparis.

Po3pobiniena cuctemMa MOXke BUKOPHUCTOBYBAaTHCh B
XiMi4HiM, HadTOXiIMiuHil, HadTOMEpepoOHiil, Xap4doBiii
MPOMUCIIOBOCTI JJIsl KepyBaHHs Ta ONTHMIi3allii mporecis
OinapHOi, OararokommoHeHTHOI pekTHdikarii. [Tomanbii

3aCTOCYBAaHHS LLIAXOM BIUTMBIB HAa BMKOHABYi mpucTpoi  JMOCHDKEHHS — MOJNATaloTh B PO3pOOLI  CHCTeMH
Ha JIHISX [OJa4i IMOTOKIB JKUBJICHHS, 3pOIIyBaHHS B  ONTHMANbHOIO  PYXJIMBOTO  KEPYBaHHA  NPOLECOM
KOJIOHY 1 TEIIOHOCIS B BUIIAPHHUK. pektudikamii, CHCTEMH aBTOMAaTHYHOTO  KEpyBaHHS

2. Pe3ynbTaTé JOCTiKEHHS MEPEXiHUX mpoleciB B [POLECOM CKIaHOI peKTh(iKaLil.

PO3pO0IeHill cUCTeMi aBTOMAaTHYHOI'O KepyBaHHS, B SIKii
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PABPABOTKA CUCTEMbBI ABTOMATHYECKOI'O TIOJABHUKHOI'O
YIIPABJIEHUSA TPOHECCOM PEKTUDPUKALIUA

IIpenmer. CucremMa aBTOMaTHYECKOTO IOABIDKHOTO  ympaBieHHs mpoueccoM  pekTudukamuu. Ileab. IlosbimieHue
MIPOM3BOJUTENLHOCTH M 9HEprod(@(EeKTUBHOCTH TIIpolecca peKTH(GUKAIUH IyTeM pa3pabOTKH CHUCTEMBI aBTOMAaTHYECKOTO
yIpaBiieHHs, KOTOpas MpelycMaTpuBacT IMOABUKHBIC YIPABIAIONINE BO3ACHCTBUS Ha MIPOLECC, a TAKKE UCCICA0BAHUS EPEXOIHBIX
IIPOLIECCOB B pa3pabOTaHHOM cHCTEMe IIPU OCHOBHBIX BO3MYIIEHWsX. 3ajaun. PazpaboTka CHCTEMBI aBTOMAaTHIECKOTO ITOIBIXKHOTO
YIpaBIeHHs] IPOLECCOM PEKTH(HKAIMK, pacdeT IepeXOJHBIX IPOIECCOB B pPa3pabOTaHHOH CHCTEMe, OIpe/eNieHHEe M OLeHKa
mokasaresieli kadecTBa ympasieHus. Metoabl. MeTobl MMHUTALMOHHOTO HH(POBOTO MOJCIHUPOBAHUS PabOThl aBTOMATHYECKOM
cucteMbl ympapieHus. Pe3yabrarhl. PaspaboraHa cucrteMa aBTOMAaTHYECKOTO YIPABICHUS IPOLECCOM PEKTU(UKAIMH,
MpelyCMaTPUBAIOIIAs JAUCKPETHBIE U HETPEPhIBHBIE IIOJABIDKHBIE YNPABIAIONINE BO3AeHCTBUA. JIUCKpEeTHBIE BO3JICHCTBUS
3aK/II0YA0OTCS B M3MEHEHMSAX TOYKM BBOJA MHUTAHUS B KOJOHHY; HENPEPHIBHbIE — B M3MEHEHHUH COOTHOIIEHHS PACXOJOB MOTOKOB
MUTaHYUsI, KOTOpbIE MOJAIOTCS B BEPXHIOI U HIDKHIO YaCTU YCTAHOBKU. Takke HCIONIB3YHOTCS TPAJULUOHHBIC YIIPABIIOLIUE
BO3JICHCTBUS ITyTeM H3MEHEHHs pacXoJ0B TEIUIOHOCHTENs B WMCHAapHTeNnb Kyba m opomieHus. ONTUManbHbIE TpaJulMOHHBIC H
MOJIBIDKHBIC YNPABIIOIIUE BO3ACHCTBUS PACCUUTHIBAIOTCS BBIUUCIUTEIBHBIM YIPABIAIONIMM YCTPOHCTBOM 3a HOPMAalIM30BaHHBIM
KPUTEPHUEM C HCIIOJIb30BAHUEM HEIMHEIHOM MPOrHO3UpYIOLIEH MOAENU U peamu3yOTCs IIyTeM BO3JCHCTBUN Ha HCIOIHUTEIIbHBIC
yCTpOHCTBA Ha JMHMAX IOJAYM MOTOKOB TUTAHMS, OPOIIEHHS B KOJOHHY M TEIUIOHOCHTENs B wucmapuTens. Cucrema
IIpeyCMaTpUBaET UCIIONb30BaHNE aJIeKBaTHON MaTeMaTHYECKON MOJIEIH, JUIS YETO BBINOIHAETCS €€ MEpHOANYECKas HACHTU(DHUKAIINL
U OCYIIECTBIISICTCS KOHTPOJIb 3a XOJAOM TIIpoIlecca ITyT€M JAOMOIHUTENFHOTO HM3MEPEHHUs TeMIIepaTypHOro HPOQHIS KOJIOHHEL,
TeMIIepaTypsl U JaBICHHUs Ha KOHTPOJIBHOH Tapenke. C Hepio MoAepkaHus MaTepHaIbHOrO OanaHca Mo KUAKOW U MapoBoil ¢azax
IIpeyCMOTpeHa CTaOMIN3aINs IABICHUS BBEPXY KOJOHBI, YPOBHEH B @MKOCTSAX Ul cOOpa AUCTHILIATA U KyOOBOTO MPOIYKTA ITyTeM
H3MEHEHUs] pacXo/I0B XJaJareHTa B KOHAEHCATOp, AUCTHIUIATAa U KyOoBoro mponaykra. Ha mpumepe pekTH(UKAIOHHON KOJOHHBI
IUIs pa3[eeHusl CMECH METaHOJI-BOJa METOJAaMH MMUTAIMOHHOTO LU(POBOro MOAEIMPOBAHUS HMCCIEL0BaHa PabOTOCIIOCOOHOCTD
NIPEJIOKEHHON CHCTEMBbI aBTOMATUYECKOTO YIPABICHUS C UCIIOIb30BAHUEM ITOJIBIKHBIX YIPABIIAIOMIKX Bo3AeHcTBUNA. Bo3myienus
COCTOSUTH B H3MEHEHUSX pacxojlia, COCTaBa W TeMIIepaTypsl IHTaHHA. BeiBoabl. [loka3aHo, YTO HCIIONB30BaHUE Pa3pabOTaHHOW
CHCTEMBI TTO3BOJISIET TTOBLICUTh TEXHUKO-I)KOHOMHUYECKHE MOKA3aTeNH Mponecca peKTHOUKANY U YIydIIUTh KA9eCTBO YHPaBICHUS.
Pe3ynpTaThl MOTYT HCIIONB30BATHCS B XUMHYECKOM, HepTexumMmdeckoii, HedrenepepadaThIBaroIIei, MUIIEBOH TPOMBIIUICHHOCTH IS
YIpaBIeHHs U ONTUMH3AIMH MIPOLECCOB OMHAPHOH, MHOTOKOMIIOHEHTHOH peKTH()UKAIIIH.

KniodeBble cjioBa: pekTH(UKAIWSA; MOABIKHOE YIPABIEHHE, NPOTHO3UPYIOIIAsi MOJENb; MEePEXOIHbIE MPOIECCH; TapelKa
MIUTaHUSL.

DEVELOPMENT OF A SYSTEM OF AUTOMATIC MOBILE CONTROL OF THE
DISTILLATION PROCESS

Subject. System of automatic mobile control of distillation process. Objective. Improving the productivity and energy efficiency of
the distillation process by developing an automatic control system that provides mobile control effects on the process, as well as the
study of transients in the developed system during major disturbances. Tasks. Development of a system of automatic mobile control
of the distillation process, calculation of transients in the developed system, definition and evaluation of quality control indicators.
Methods. Methods of simulation digital modeling of automatic control system operation. Results. A system of automatic control of
the distillation process has been developed, which provides for discrete and continuous mobile control actions. Discrete effects are
changes in the point of introduction of feed into the column; continuous — in changing the ratio of the flow rates of feed flows
supplied to the upper and lower parts of the installation. Traditional control effects are also used by changing the heat carrier flow rate
in the cube evaporator and irrigation. Optimal traditional and mobile control effects are calculated by the computing control device
according to the normalized criterion using a nonlinear predictive model and are realized by influencing the actuators on the supply
lines of feed flows, irrigation in the column and the heat carrier in the evaporator. The system involves the use of an adequate
mathematical model, for which its periodic identification is performed and the process is monitored by additional measurement of the
temperature profile of the column, temperature and pressure on the control plate. In order to maintain the material balance in the
liquid and steam phases, it is planned to stabilize the pressure at the top of the column, the levels in the distillate and the cubic product
receivers by changing the flow rates, of refrigerant to the condenser, distillate and cubic product. Using the example of a distillation
column for separating a methanol-water mixture, the operability of the proposed automatic mobile control system is studied by digital
simulation methods. The disturbances consisted of changes in the flow rate, composition, and temperature of the feed. Conclusions. It
is proved that the use of the developed system allows to increase the technical and economic indicators of the distillation process and
to improve the quality of management. The results can be used in the chemical, petrochemical, oil refining, food industries to control
and optimize the processes of binary, multicomponent distillation.
Keywords: distillation; mobile control; predictive model; transient responses; feed tray.
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DR. ADEPOJU ADEOBA ASAOLU

DETERMINANTS OF CAPITAL STRUCTURE IN NIGERIAN OIL AND GAS
SECTOR

Subject matter: The Oil and Gas sector no doubt is Nigeria’s topmost foreign exchange earner and determines the country’s gross
domestic products (GDP) as well as the yardstick for Nigeria’s national annual budget metrics. The prime of place of this sector’s
performance makes its funding (capital structure) very vital to the respective companies and overall performance of the economy.
Goal: This study therefore examines the determinants of capital structure decisions in the Oil and Gas sector. Tasks: Ultimately, the
outcome of this study would benefit the Oil and Gas companies in making their capital structure decisions on preferred source of
capital (loans or equity or a combination), the sector as a whole in terms of capacity and the regulatory authority in their assets
performance monitoring. Method: The investigation has been performed using panel data procedure for a sample of seven Qil and
Gas companies listed on the Nigerian Stock Exchange during 2008-2019. The study uses leverage as the dependent variable and five
explanatory variables namely, liquidity, size, tangibility, non-debt tax shield and profitability. The study employed infoview (9.0)
statistical software which assisted greatly in the understanding of the behaviour of variables used and the final results. Results: The
results show that Liquidity has a negative relationship with leverage unlike other variables that have positive and relationship with the
dependent variable. The relationship established between liquidity and leverage confirms that most of the companies under review
look inwards in their financing activities (and may consider external financing for critical expansion and tax savings), our findings
further reveal that the relationships between the variables is in tandem with the pecking order theory. Conclusions: The research
concludes that there exists a relationship between leverage (capital structure) and the various determinants above. The research
recommends that policy makers should consider the restructuring of the equities market to pave ways for more participatory financing
especially now that the investors’ confidence is gradually building up, develop the bonds market and also seek flexible conditions for

accessing loans especially to the larger firms in the oil and gas industry.
Keywords: capital structure decision; liquidity; size; tangibility; Non-Debt Tax Shield (NDTS) and profitability.

Introduction

Capital Structure succinctly put refers to the
framework through which a corporation finances its
assets, using the combination of debt, equity, and hybrid
securities. Capital structure is very important to a firm
because it guarantees its fluidity either in financing its
existing operations or in expanding its frontiers. A firm
may not be able to achieve its objectives without the right
financing mix. However, one important consideration in
the selection of the best-fit capital structure for any firm is
its level of efficiency, that is not just pooling funds
together to finance a company’s assets or capital, but it
has to be at optimal level. This is the capital structure that
minimizes a firm’s cost of capital, maximizes market
value, and increases shareholder’s wealth (Pouraghajan &
Malekian 2012).

Broadly speaking, capital structure is viewed
differently from one firm to another. It is the assignment
of debt and equity into a firm’s financing profile. While
debts are funds generated by borrowing, equities represent
funds generated from sale of stocks. It could also be
described as various combinations of debt and equity or
hybrid securities for maximum value derivation at
minimal overall cost.

To decide the capital structure therefore certain
variables are to be taken into consideration. In the light of
this, many theories (for example pecking order, trade-off,
and free cash flow theories, among others) are in place to
help financial managers achieve the ultimate goals of the
firm.

The risks associated with equity appear higher to
investors than the risks lenders take for creating debts.
Overall, in term of measures of risks and costs, equity is
higher than debt.

While some firms promote either of debt or equity,
others opt for optimal mix of debt and equity. Firm
specific factors (internal factors/ factors native to each
firm) and macroeconomic factors could influence the
combination of debt, equity and hybrid securities of firms.
The justifications for choosing any of the options depend
on perceived inherent benefits. A good consideration for
debt is tax shelter enjoyed because interests on loans are
tax deductible, others may choose equity due to ‘double-
barrel’ benefits of capital appreciation and bonuses,
among other benefits. One thing common to capital
structure strategies is that firms crave for efficiency, hence
the essence of optimal capital structure, that is, capital
structure decision that delivers maximum value or returns
at minimal cost.

A major objective of a firm is the maximization of
the wealth of its owners through positive returns on their
invested funds. In their quest to achieving this feat, firms
perform their financing and investment decisions in the
most effective and efficient ways. This in effect suggests
that the ability of a firm to attain an optimal mix of debt
and equity could positively affect the performance of the
firm and supports the maximization of shareholders’
wealth.

One challenge that firms face is the need to make
correct financing decisions in respect of the right mix of
debt and equity.

While optimal capital structure is important in
harnessing the frontiers of a firm, the same goes for
existing firms wishing to expand their frontiers in order to
remain competitive. Applying the right decision is critical
not just for the maximization of returns to the various
organizational stakeholders, but also because of the
impact such a decision will have on the organization’s
capability in dealing with its competitive environment

© Adepoju Adeoba Asaolu, 2020
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(Ogebe, Ogebe & Alewi, 2013).

The financial manager would therefore have to
determine the best combination of equity and debt that
would enhance the wealth of the shareholders and
minimize the cost of capital. Ramadan and Ramadan
(2015) revealed that most profitable firms rely less on
borrowing to finance their cash needs and this invariably
supports the pecking order theory which confirms an
inverse relationship between borrowing and profitability
of the firms. Lemma and Negash (2014) on their part
found out that a more profitable firm tends to adjust its
capital structure more regularly than the less profitable
ones. The right combination chosen by the financial
manager is crucial to guaranteeing the going concern
status of a firm, because employing a wrong mix could
seriously hinder the performance and survival of the
business (Onaolapo & Kajola, 2010).

Whenever a firm has to contend with financial deficit
that impacts on its financial condition, the manager is
expected to make a managerial decision that would help to
maintain the viability of the firm. Sources of capital
include retained earnings, debt, and equity; retained
earnings are the cheapest funding source as it does not
have explicit costs in the same way as funds obtained
externally. When the firm uses debt to finance investment,
it increases costs and the firm is exposed to a financial
risk. Therefore, right decisions should be taken on the
firm’s debt structure, maturity, decision on mixed debt to
certain parties or to the investor, and other types of debt
contracts (Morellec, 2001).

If a firm uses equity as part of its capital structure,
either ordinary share or preferred share, then the
shareholders of those stocks are the owner of the firm.
Unlike stocks, debt has a due date. Repayment of stocks is
not necessarily required since stocks are liquidated if the
firm goes bankrupt or in extreme cases if firms wind down
by the compulsion of law. Issuing new stocks may reduce
the authority of the old owners in the firm, this is however
expected to be properly managed such that existing owner
do not feel threatened. The cost of the issuance of stocks
is the dividend which will be distributed to shareholders.
Furthermore, interests paid on debt can be
treated as tax-deductible expenses, but dividend payment
on common stock and preferred stocks are not tax-
deductible.

The concept of capital structure takes its root from
the curtain-raising work of Modigliani and Miller (1958)
on capital structure irrelevancy hypothesis which is based
on an unrealistic Arrow-Debreu environment (complete
market, absence of transaction and bankruptcy costs and
no taxes) which have opened the door to plethora of
researches that present the real world scenarios; this paper
is therefore intended to contribute to this topic which is
fundamental to finance. On the whole, there is yet to be a
universally acceptable model on this crucial subject. Most
of the researches conducted on capital structure concluded
that there is an optimal capital structure that is affected by
a variety of internal and external factors.

This study therefore is an attempt to contribute to the
subject of capital structure by researching into the
determinants of capital structure and by extension its

importance in arriving at optimal structure
especially in the Oil & Gas sector.

Issues of capital structure have been widely revised
in Nigeria. However, literature on capital structure on Qil
& Gas reported mixed / inconclusive findings. The
conflict in findings is believed to be as a result of different
methodologies used, the period of research and paucity or
incomplete data, among other reasons. The methodology
used in this study and the approach is therefore designed
to reduce the gap identified as stated above in earlier
studies.

capital

Theoretical bases

This section addresses issues relating to capital
structure theories and their impacts on returns/
performance. The prime of place of capital structure is
such that firms need to constantly dissect their portfolios
of debt, equity, and hybrid securities to finance assets,
operations, and future growth. In reality however, capital
structure may be highly complex with numerous sources.
Two schools of thought are captured in the extant
literature namely; relevance or traditional theory and the
irrelevancy theory. There are several definitions allotted to
the concept of capital structure, for example, Jensen and
Meckling (1979) define capital structure as the sources of
financing, particularly the proportions of debt
(leverage/gearing) and equity that a business uses to fund
its assets, operations and future growth. In a similar vein,
Ross (1997) defines capital structure as the combination
of debt and equity in long term financing of a company's
operation. Capital structure according to Pandey (2004) is
the proportionate relationship between long-term debt and
equity. Equity is also defined to include share-capital,
share premium, reserves and surplus (retained earnings).
Equity is a good source of capital to business, specifically,
funds from the stock market has been a source of capital
for the corporate sector. Horne (2002) defines capital
structure as the proportion of debt instruments, preferred
and common stock on a company’s balance sheet. Broadly
speaking capital structure can be classified into two
categories namely; Pure Equity Capital Structure which is
when a firm’s assets are financed by equity only (no
borrowing), the capital structure is termed as pure equity
capital structure and the firm is called an unlevered firm.
Secondly, Mixed Capital Structure, here firm employs
both equity and debt capital to finance its assets, the
capital structure is termed as mixed/hybrid capital
structure and the firm is called a levered firm.

The specific mix of debt and equity which
maximizes the value of a firm is called the optimal capital
structure. The current trend is that most companies have
mixed capital structure because of two main advantages of
debt financing: (i) lower cost and (ii) interest payments
being tax-exempted. However, excessive leverage may
prove to be counterproductive because of high probability
of bankruptcy.

In the foundational theory (genesis) of capital
structure, David Durand (1959) in one of his earliest
works identified two extreme approaches (views) namely
net income (NI) approach and net Operating Income
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(NOI) Approach. These theories were based on the
following assumptions: perfect capital markets (no
information, transaction and bankruptcy costs), no
corporate taxes (relaxed later on), no growth in operating
income (constant EBIT), 100% dividend pay-out ratio,
firm’s capital structure changeable by selling debt to
repurchase stock on by selling stock to retire debt,
homogeneous expectations of investors and cost of debt
(Kd) remaining constant irrespective of the debt level in
the capital structure.

As earlier said, the theory of capital structure which
has its origin in the irrelevance theory of capital structure
by Modigliani and Miller (1958) with its attendant
unrealistic assumptions has caused researchers to test the
MM claims and juxtapose same with real world situation
bearing in mind the relationship between capital structure
and firm specifics in different countries and different
sectors due to the prime of place of capital structure to the
firms. This has invariable culminated in various other

theories such as the pecking order theory, the static trade
of theory, the agency costs theory and bankruptcy theory,
dynamic trade-off theory, substitution theory, neutral
mutation, cash-flow, signaling and market timing of
capital structure.

Quite a number of existing literatures on capital
structure hinge on the determinants of capital structure.
Booth, Aivazian, Demirguc-Kunt and Maksimovic (2001)
in their investigation of the determinants of capital
structure across ten developing countries, opine that the
firm’s capital structure decisions in developing economies
are affected by the same factors that affect that of
developed economies. Pandey & Singh (2015) in his study
analyzed the firm-specific and country-specific
determinants of capital structure for firms in four
developing countries and asserts that firm specifics affect
the individual capital structures of the different firms as
well as the country specifics.

Capital
Structure
Theories

Traditional

Theories

Tax Benefit

Approach

Net

Net Operating
Income

Approach

Miller’s

Argument

Traditional
Approach

Fig. 1. Schematic Presentation of Capital Structure Theories
Authors’ Modification (Tewara, 2016)

There are quite a number of factors that determine
capital structure which could be narrowed down to market
forces, industry type, and size of the firm, government and

Income Modi:glaini . Bankruptey
Approach Miller Static Boii
Approach Trade-off
Theory
Theory

Dynamic
Trade-off
Theory

Cost-
Based

Theories

Profitability

Theories

Agency cost
Theory

internal policies of the firm. Floatation and other direct
costs, ownership structure, profitability, corporate tax and
bankruptcy costs (Tewara, 2016).




Cyuacnuti cmamn HayKo8ux 00CaiodceHb ma mexnonozii 6 npomuciosocmi. 2020. Ne 4 (14)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Market

Forces

Floatation
and other
direct cost

Ownership

Structure Personal Income

Tax (Interest,

income &
Dividend

Industrial

type

Management’s

internal Policies

Profitability

Capital
Structure

Corporate Tax

Bankruptcy

costs

Fig. 2. Factors determining Capital Structure / Conceptual Framework

Source: Author’s adaptation (Tewara (2016).

The data used in this empirical analysis were sourced
from the Nigerian Stock Exchange (a very trusted source
of data in Nigeria), while firm specific reports were
extracted from the annual report/ audited financials of the
firm used in the study. It is comprised of seven (7) leading
Oil & Gas firms in Nigeria and the data was collated over
the period of eleven (11) years, that is, 2008-2019. The
period covered pre and post-global financial meltdown
which invariably gives a true reflection of the mean
performances of the firm under review.

Methodology /Model Specification

As earlier stated, the objective of this study is to
identify the effects of liquidity, size, tangibility non-debt
tax shield and profitability on capital structure decisions
of the listed companies in Nigerian oil and gas industry.
The dependent variable used is the leverage of the selected
firms, while the explanatory variables were liquidity

Table 1. Explanation & bases of variables

(measured by current ratio), size, tangibility, non-debt tax
shield and profitability. Panel data analysis is used to
generalize the results (Eriotis, Vasiliou, Ventoura-
Neokosmidi, 2007). This will enable us consider the
effects of such data to estimate the results. Pooled least
square is used to estimate the association between the
studied variables. Thus, the following model emerged in
the following functional form:

LV = F(LQ, SZ, TN, NDTS, PR). 1)

The econometric form of equation 1 is represented
as:

LV = g + alLQit + aZSZit + a3TNit + (2)
+a4NDTS;; + a5 PRit, 4.
A priori expectations: o, a5,a3,04,05 >0 (non-
negativity assumption).

Variable Factor used

Signalling property

1 2

3

Leverage Ratio (LV)

Leverage ratio is the firm’s ratio of total debt
(short term and long term) to total assets

Leverage ratio assists with the evaluation of a
firm’s debt situation/ level. Its importance stems
from the fact that firms depend on the mixture of
debt and equity to finance their existing or proposed
operations. Therefore, a good knowledge of the
amount of debt or debt instruments held by the firm
is useful in evaluating whether it has the capacity to
meet up with its debt obligations when they fall due
and to hint ahead of when to raise the red flag
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The end Table 1

1 2

3

Liquidity (LQx)
year t

Current ratio, that is, liquidity of firm i in

Liquidity is a measure of a firm’s financial strength.
The going concern status of any organization is
guaranteed by it. It is an important explanatory
variable for leverage. A firm with sufficient liquidity
is likely to make the best capital structure decision

Size (SZi)
firm per year.

Size of firm i in year t; total assets of the

It is also a good explanatory variable for leverage
ratio. Large firms are able to hold more debt rather
than small firms, because large firms have higher debt
capacity. According to Rajan and Zingales (1995),
larger firms are likely to be more diversified and fail
less often. Thus, size may be an inverse proxy for the
probability of bankruptcy

Tangibility (TNit)

assets Fixed asset Total Assets

Tangibility of firm i in year t (measured
as the ratio of total net fixed assets to total

The agency cost theory models suggest that the
conflict between lenders and shareholders create an
incentive for shareholders to invest in a sub-optimal
way. A measure of tangibility employed in Huang and
Song (2002) is fixed assets divided by total assets

Non-debt tax shield
(NTDS#i)

to total assets)

Annual depreciation Total Assets

Non-debt tax shield of a firm i in year t
(measured as ratio of annual depreciation

Non-debt tax shields are other items apart from
interest expenses, which contribute to a decrease in tax
payments, such as the tax deduction for depreciation.
According to Modigliani and Miller (1958), interest
tax shields create strong incentives for firms to
increase leverage. Therefore, where there are non-debt
tax shields, they would serve as substitutes for the tax
benefit of debt financing (DeAngelo and Masulis,
1980).

Profitability (PRit)

Total Assets)

Profitability of firm i in year t (measured
by the ratio of Total Earnings Before
Interest and Tax to total assets, that is,
Earnings Before interest and Tax (EBIT)

There are conflicting effects of profitability on
leverage for example, Myers and Majluf (1984), using
the pecking order, predicts a negative relationship
between profitability and leverage. The reason is that
the pecking order theory suggests firms will use
retained earnings first as investment funds and then
move to bonds and new equity only if necessary.
Therefore, it is believed that profitable firms tend to
have less debt. Jensen (1986) predicts a positive
relationship if the market for corporate control is
effective. However, if the market is ineffective. Jensen
(1986) predicts a negative relationship between
profitability and leverage. A measure of profitability
equals earnings before interest and tax divided by total
assets

Source: Author’s compilation (2019)
Results

In order to realize the objective of the study, two
general methods are used in the empirical analysis of data.
The preliminary analysis (which comprises of the
descriptive and correlation analysis) of the data is first

Table 2. Descriptive Statistics of All Variables

conducted to provide background analysis on the data and
to generate the initial characterization of the data used in
the study. Thereafter, the panel multiple regressions were
conducted using the ordinary least square (OLS) method.
The data were analyzed using E-view 8.0 econometric
software. The results are presented below:

Variables LV LQ TN PR Sz NDTS

1 2 3 4 5 6 7
Mean 0.577 0.943 0.354 0.122 16.833 0.148
Median 0.669 0.900 0.300 0.091 17.640 0.036
Maximum 1.010 1.980 0.911 0.673 20.890 0.759
Minimum 0.030 0.041 0.001 -0.277 11.760 0.001
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The end Table 2.

1 2 3 4 5 6 7
Std. Dev. 0.277 0.354 0.175 0.153 2.239 0.221
Skewness -0.538 0.377 1.070 1.177 -0.632 1.786
Kurtosis 2.054 4,987 4.585 5.730 2.587 4.715
Jarque-Bera 5.382 11.854 18.636 34.119 4.637 41.202
Probability 0.067 0.003 0.000 0.000 0.098 0.000
Sum 36.354 59.414 22.290 7.685 1060.520 9.316
Sum Sq. Dev. 4.753 7.782 1.905 1.458 310.852 3.032
Observations 63 63 63 63 63 63

Source: Computation by the Author, 2018.

Correlation Analysis.

The initial patterns of relationship among the variables can

variables.

Table 3. Pearson Correlation Statistics

be observed based on the correlation among the

LV LQ TN PR SZ NDTS
LV 1.000000
LQ 0.030534 1.000000
TN 0.139117 -0.026132 1.000000
PR 0.202960 0.260333 0.477206 1.000000
Sz 0.260248 -0.275628 0.088462 -0.209232 1.000000
NDTS 0.117204 -0.146347 -0.027904 -0.209716 0.052574 1.000000
Source: Computation by the Authors, 2018.
Table 4. Pooled Regression Result
Dependent Variable: LEV
Variables Coefficient Std-Error T-ratio Prob.
c 0.5192 0.4439 1.1695 0.2472
LQ -0.0650 0.1112 -0.5835 0.5619
TN 0.1846 0.2506 0.7365 0.4645
PR 0.2958 0.2530 1.1690 0.2474
Y4 0.0005 0.0235 0.0218 0.9827
NDTS 0.2369 0.2104 1.1262 0.2649
AR(-1) 0.4035 0.1186 3.4038 0.0012
R-squared 0.2111
R 0.1265
F-statistic 2.4971

Source: Computation by the Authors, 2018.

Discussion of results

There are limitations in terms of methodological
weaknesses in timing or period, mode of analysis and the
method of estimation. Attempts are made in this study to
use stronger methodology that captures the relationships
between the dependent and independent variables used,
for example, model pooled regression analysis applied in

this study is good and has the capacity to resolve the
issues of omitted variables. Also, the study relies on
secondary data from the Nigerian Stock Exchange,
therefore likely errors from this background are possible.
However, the integrity of the Nigerian stock exchange
where data were obtained minimizes such.

A corollary of above point is data constraints or
incomplete data availability in capital structure studies in
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emerging capital markets like Nigeria, but it has been
greatly managed in this study as data were collated for the
period they were complete. This also goes for the
problems of omission of variables. Lastly, to resolve the
limitation of simultaneity, the models employed presents
greater depth.

The table 2 above presents the results for the
descriptive statistics for all the variables. The dependent
variable LV has a mean value of 0.57 with a maximum
and minimum value of 1.00 and 0.02 respectively. The
standard deviation 0.27 is low and suggests that LV over
the years exhibits low deviation from the mean. Our
findings from above results show that the discrepancies
from the mean for independent variables are
very large. It suggests that the variables over the years
exhibit high deviation from the means. None of the
kurtosis is equal to 3, an indication that the distribution is
not normal. All the variables except (LV and SZ) Jarque-
Bera are statistically significant at 5%. This also shows
both normality and non-normality of the variables
distribution.

From table 3, the co-efficient of correlation of all the
variables are examined. However, of particular interest to
the study is the correlation between the dependent variable
(LV) and the explanatory variables. As observed, positive
relationships/association exist between LV & LQ
(r=0.0305), LV & TN (r=0.1391), LV & PR (r=0.2029),
LV & SZ (r=0.2602) and LV & NDTS (r=0.1172, the
coefficient of all the independent variables are low
indicating that an increase in each of the variables may
also be associated with an increase in LV.

On the association among the independent variables,
we can observe that a positive correlation exist between
the following variables: LQ and PR; TN and PR; TN and
SZ; SZ and NDTS. However, a negative correlation was
found between: LQ and TN; LQ and SZ; LQ and NDTS;
TN and NDTS; PR and SZ; PR and NDTS. All the
coefficients are quite low. It is important to note that
correlation analysis does not necessarily imply the
existence of functional relationship but a mere association.
This suggests that there might be multicollinearity in the
model.

Lastly, the results from pooled regression analyses as
presented in table 4 above show adjusted R-square of
approximately 13%, indicating that about 13% change in
dependent variable (LV) is explained by changes in the
explanatory variables (LQ, TN, PR, SZ and NDTS). The
f-statistic value of 2.50 is significant at the 5% level,
which implies that the independent variables put together
were able to explain the dependent variable (LV). The
Durbin Watson statistic of 2.2092 (=2) shows that there is
no serial correlation in the estimated model, thus making
it amenable for policy perspectives. On the basis of the
individual statistical significance of the model, as shown
by the probability value, the result reveals that TN, PR,
SZ, NDTS and LQ are not significant determinants of
leverage. In terms of the a priori sign, tangibility (TN),
profitability (PR), size (SZ) and non-debt tax shield
(NDTS) were correctly signed (positive), therefore the
positive sign exhibited by the coefficients indicate that
increase in the variables will enhance the choice of oil and

gas companies’ capital structure. However, liquidity (LQ)
was wrongly signed (negative) contrary to our a priori
expectation, this means that there exists a negative
relationship between liquidity and leverage in developing
countries due to high level of corruption, political risk,
severe information asymmetry, agency cost and the fact
that the market is less developed. Furthermore, we
discovered that tangibility was positively and
insignificantly related to leverage. The implication is that
tangibility is not a strong factor that influences leverage of
listed oil and gas companies in Nigeria. Profitability was
found to be positively related to leverage, although not
significantly, the implication of this is that stable
profitability is a strong weapon against insolvency and
bankruptcy. Also, it was found that the size
of the chosen firms was positively related to leverage.
Growth trajectories in terms of size, profitability follow
the same direction and invariably with high
level of profit stability in a firm, the likelihood of
bankruptcy is slim. Non-debt tax shields was discovered
to be positively and insignificantly related to leverage.
However, we do not support excessive leverage because
of its implications in the likely event of bankruptcy.

Arising from our findings, the significance of the
studies cannot be overemphasized; it offers guidance
platform to oil and gas sector in the selection of their debt-
equity mix, that is, capital architecture. Also, it could be a
ready working tool in the hands of the regulatory bodies
regulating the Oil and Gas sector in Nigeria. We are also
of the opinion that the applications of our findings have
the capacity to reduce the information asymmetry between
various stakeholders in the sector.

On future direction of research, we suggest
expansion of the scope in terms of increasing the sample
size, period covered and the number of performance
indicators. This could as a matter of fact include unquoted
oil and gas firms. Also, we strongly recommend the
application of dynamic programming to explore optimal
capital structure (because capital structure cannot be static
in terms of its determinants and direction of optimality).
This is because it has the capacity to break
down complex problems as found in capital structure into
sub-problems. It also could prove a vital tool in
determining optimal capital structure at every stage of
firms’ growth.

Conclusion and recommendation

The result of our study reveals that all our
explanatory variables are not significant determinants of
leverage. However, the positive relationships of TN, PR,
SZ, NDTS and LQ to leverage emphasize the importance
of the variables. This also conforms with the pecking
(hierarchy) order theory that good returns on investment
(ROI) or equity (ROE) makes firms consider looking
inwards more for their financing because of easier access
to funds, equity is also used to spread risks among
shareholders and firms might require some debt financing
for expansion or diversification purposes, especially for
their perceived higher capacity to contain debt and
minimal threat to their going concern status due to well
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diversified huge assets. It appears to be the reason why
mergers and acquisitions in the oil and gas industry in
Nigeria have so far been successful to great extents. The
values of the selected companies are quite huge at the
stock exchange, hence the positive relationship with
leverage, this supports the trade-off theory that argue that
larger firms have higher borrowing (debt absorbing)
capacity. Nigeria is a developing country with attendant
information asymmetry and existence of moral hazard
couples with adverse selection.

Policy makers should increase the level of
information distribution, develop the capital market more
to reduce imperfection and set a reasonable liquidity
threshold appropriate for firms and guide them on best
approaches to liquidity management. They may also

consider the restructuring of the equities market to pave
ways for more participatory financing especially now that
the investors’ confidence is gradually building up.
Secondly, better development of bond market will be a
good one for oil and gas companies because it fits well
into their production cycle. Also, we suggest more flexible
conditions for accessing loans to the larger firms because
of their high absorptive capacities in debt repayment; this
is to counter the present high interest paid and not so
friendly tenor of facilities given. However, we do not
support excessive leverage because it could be sine qua
non to bankruptcy. Therefore, there should be a proper
balancing of financing options or optimal capital structure
for oil and gas industry with guaranteed maximized
returns at minimized cost.
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HaiiBaxknuBinie micue B IisUTBHOCTI LBOTO CEKTOpa 3aiiMae iforo ¢iHaHcyBaHHs (CTPYKTypa KamiTaty), [0 € IyXe BaIJIUBUM JUIs
MMOKA3HUKIB BiJIOBIIHUX KOMIIaHIN 1 3arajlbHAX MOKa3HHKIB CKOHOMIKW. 3aBJaHHA: B KiHIEBOMY MiJICyMKY pPe3yJIbTaTH I[OTO
JIOCIIIKEHHS TIPUHECYTh KOPUCTh Ha)TOra30BUM KOMMAHISM HPH NPUHHATTI PilIeHb NPO CTPYKTYpY KalliTalay HIIOAO HMEepeBaKHOTO
JpKeperna KamiTady (TI03MKH, BIACHHH KamiTan abo iXx koMOiHamisl), ceKTopa B LUIOMY 3 TOYKH 30pY IOTYXHOCTI 1 PEryJrorodoro
OpraHy IiJi 4ac MOHITOPHHIY e(eKTHBHOCTI cBOiX akTuBiB. Metoa: JIOCHi/UKEHHSI MPOBOIMIOCS 3 BHKOPHCTaHHSIM IPOLENYPH
MaHeNbHUX JaHHUX JUIS BUOIPKH 3 CEMHU HA(TOra30BHX KOMIIaHIH, 10 KOTUPYIOThCS Ha HirepiichKii ¢ponmosiii Oipxi mpotsirom 2008-
2019 pp. y HOCHiKEHHI BUKOPUCTOBYETHCS KpEAUTHE IUIeYEe B AKOCTI 3aleKHOI 3MIHHOI 1 M'ITh MOACHIOIOYMX 3MiHHHX, a came
JKBIAHICTb, PO3MIp, BIOUYTHICTh, O€3M0BrOBUH MONATKOBHH 3aXHCT 1 NPUOYTKOBICTB. Y IOCHIIKEHHI BHKOPHUCTOBYBAJIOCS
CTaTUCTUYHE MporpaMmHue 3adesnedeHHs infoview (9.0), sike Iy’e AOMOMOITO B PO3yMiHHI HOBEIiHKHM BUKOPHUCTOBYBAaHHUX 3MiHHHX 1
OCTaTOYHUX pe3ynbTaTiB. PedyabTaTu: PesynbraTy mMOKa3yroTh, IO JTIKBIAHICTE Ma€ HETAaTUBHUH 3B'SI30K 3 KPEIUTHHUM IUI€YeM, Ha
BIIMiHY BiJl IHINMMX 3MIHHHX, SIKI MAalOTh TMO3UTHBHUH 3B'SA30K i3 3aJIC)KHOI 3MIHHOK. 3B'S30K, BCTAHOBICHUI MIX JIKBIJHICTIO Ta
JIeBEPUJUKEM, MIATBEPIUKYE, IO OUIBIIICTh PO3IMIITHYTHX KOMIIaHIH y CBOIH (iHAHCOBIH MisSUIBHOCTI AMBIATHCS BeepenauHy cebe (i
MOXYTh PO3IJISATH 30BHINIHE ()iHAHCYBAHHS IUIsI KPUTHYHOTO DPO3IIMPEHHS Ta SKOHOMIl IOJATKiB), HAIli Pe3yJibTaTH TaKOoX
MOKa3yIOTh, 10 B3a€EMO3B'I30K MK 3MIHHUMH 3HAXOIUTHCS B TaHAEMI 3 Teopi€elo iepapxii. BucHoBku: J{ociikeHHS TPU3BOIUTE A0
BHCHOBKY, L0 iCHYy€ B3a€MO3B'SI30K MIX JIEBEpUIKEM (CTPYKTYpOIO KalliTaly) 1 pi3sHUMH AeTepMiHaHTaMH, 3a3HAYCHUMH BHIIE. Y
JIOCTIDKEHHI PEKOMEHAYETHCS, 00 AUPEKTUBHI OPraHU PO3TVIHYIHM PECTPYKTYpPHU3ALil0 PUHKY aKIlii, 1100 MPOKJIACTH LUIAXH AJIS
OinpIoro maioBoro QiHaHCyBaHHS, OCOOIMBO 3apa3, KOJIM I0Bipa iHBECTOPIB IOCTYIIOBO 3pOCTa€, PO3BUBATU PHHOK OOJIramii, a
TaKOX ITyKaTH THYYKi YMOBH JJIS TOCTYILY IO KPEIUTIB, OCOOIMBO A OLIBIINX KOMITaHIH. y HaTOra3oBii ramysi.

KunrouoBi ciioBa: pilieHHs Ipo CTPYKTYpy KamiTally; JIKBIIHICTB; pO3Mip; peaibHICTh; HojaTkoBui muT 6e3 dopry (NDTS) i
IpUOYTKOBICTB.

D®AKTOPBI, OIIPEJAEJIAIOIIUE CTPYKTYPY KAIIMTAJIA B HE®TEI'A30BOM
CEKTOPE HUT'EPUU

IIpenver: Hedrera3oBslii cekTop, HECOMHEHHO, SBISIETCS KPYIMHEHIIMM HCTOYHHMKOM IOCTYIUIGHHMH WHOCTPaHHOW BaIOTHI B
Hurepun wm ompenpenser BanoBoil BHyTpeHHMH mnpoaykt (BBII) crpanbl, a Takke sBIseTCS KpUTEpHEeM Ui HOKasarelel
HAaMOHAIBEHOTO rofoBoro Oromkera Hurepnu. BaxHelimee MecTo B AESATENBHOCTH 3TOTO CEKTOPA 3aHUMAET ero (PMHAHCHPOBAHHE
(CTpyKTypa KamuTana), sBISIOIIEECs O4YeHb BAKHBIM JUI IIOKa3aTelell COOTBETCTBYIOIIMX KOMIAHMH M OOIIUX MOKa3aTenel
9KOHOMHKHU. 3ajauu: B KOHEUYHOM HUTOTre pe3ynbTaThl TOT0 HCCIEOBAHUS HPHHECYT II0Jb3Yy HEe(Tera3oBBIM KOMIAHHAM IIPH
MPUHATHN PEIICHUI 0 CTPYKType KaluTajla B OTHOIICHHH MPEANOYTHTEIFHOI0 HCTOYHIKA KanuTana (Ccyabl, COOCTBEHHBIH KaluTal
WM NX KOMOWHAIHS), CEKTOpa B IIEJIOM C TOYKH 3PEHHUS] MOIIHOCTU U PETYJINPYIOIIEro opraHa npyu MOHUTOpHHTe 3¢ deKTHBHOCTH
cBoux akTHBOB. MeTtoa: VccnenoBaHue NpoOBOJHIOCH C MCIIOIB30BAHUEM IIPOIEAYpPHI MAHEIBHBIX JAHHBIX JUISI BHIOOPKH U3 CEMU
HedTera3oBBIX KOMIAHHWH, KoTupylomuxcs Ha Hurepwmiickoit ¢onmoBoit Oupxe B Teuenne 2008-2019 rr. B ucciemoBanmn
HCTIOB3YETCsl KPEANTHOE IUIEU0 B Ka4eCTBE 3aBUCHMOM NEPEMEHHOI U ISITh OOBSICHSIOMNX ITEPEMEHHBIX, @ HIMEHHO JIMKBUHOCTD,
pa3Mep, OCsS3aeMOCTb, HEJONITOBas HAIOroBas 3alluTa U NPHOBUIBHOCTb. B HCCIeoBaHMM HCIOIB30BATOCH CTATHCTUYECKOE
nporpaMMHoe obecrieuenue infoview (9.0), KoTopoe OYEHB MOMOTJIIO B NMOHMUMAaHHH TOBENCHHS HCIIONB3YEMBIX NEPEMEHHBIX H
OKOHYATENbHBIX Pe3yNnbTaToB. Pe3yJbTaThl: Pe3ynbTaTsl MOKa3bIBAIOT, YTO JUKBUIHOCTH HMEET OTPHIATENBHYIO CBA3b C KPEIUTHBIM
IUIEYOM, B OTIWYHE OT JPYTHX II€PEMEHHBIX, KOTOpbIE HMEIOT IOJOXKHTENBHYIO CBA3b C 3aBUCHMOI mepeMeHHOH. CBs3b,
YCTaHOBJIEHHAs] MEXy JIMKBHIHOCTBIO ¥ JIEBEPHIDKEM, MOATBEPIKAACT, YTO OOJNBIIMHCTBO PACCMATPHBAEMBIX KOMIIaHHMH B CBOEH
(MHAHCOBOH JIESTENILHOCTH CMOTPST BHYTpPb ce0si (M MOTYT paccMaTpuBaTh BHeIIHee (UHAHCHPOBaHHME I KPUTHYECKOTO
paciMpeHnsl ¥ SKOHOMHHU HAaJIOTOB), HAIIW PE3YJIbTAaThl TAaKXKe IMOKA3bIBAIOT, YTO B3aUMOCBS3b MEXIY IEPEMEHHBIMU HAXOAUTCS B
TaHzeMe ¢ Teopuel uepapxuu. BeiBoanl: MccnenoBanue NpuBOIUT K BBIBOAY, YTO CYLIECTBYET B3aMMOCBSA3b MEXIY JICBEPHDKEM
(CTpyKTypoil KamuTana) W pa3IMYHBIMH JeTePMUHAHTAMH, yKa3aHHBIMH BBIINIE. B HcclieoBaHNM PEKOMEHIYETCS THPEKTHBHBIM
OpraHaM pPacCMOTPETh PECTPYKTYPH3ALHUIO PBIHKA AKIUH, YTOOBI MPOJOXKUTH ITyTH IS OOJBINEro JOJICBOTO (MHAHCHPOBAHHUSA,
0CcOOEHHO ceidac, Korja JA0BepHe HHBECTOPOB MTOCTEHNEHHO PACTeT, Pa3BHBATh PHIHOK OOJIMTALHi, a TAakke UCKAaTh THOKUE yCIIOBUS
JUTSL TOCTYTIA K KPEAUTaM, 0COOEHHO U1t OoJiee KPyIMHBIX KOMITaHHI B He(hTerazoBoi OTpaciu.

KunroueBsbie ci10Ba: penieHue o CTpyKType KaluTaia; JIMKBUAHOCTD; pa3Mep; pealibHOCTh; Hajoroseli mut 6e3 nonra (NDTS) u
MPUOBLTEHOCTS.
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A MODEL OF CLOSED CIRCUITS FORMING IN A LOGISTICS SYSTEM WITH
FEEDBACK

The subject of the research in the article is the reverse flows of material resources within the circular processes of closed supply
chains of the logistics system with feedback. The aim of this article is to develop a model of the formation of reverse material flows
using the processes of circular economy, which will achieve maximum efficiency of the logistics system. To achieve this aim it is
necessary to solve the following tasks: to determine the essence and study the evolution of the circular economy through changes in
the frameworks that form it; develop a graphical model of a logistics system with feedback, which is based on the implementation of
circular processes; develop a mathematical model of the logistics system with feedback and conduct experimental calculations
confirming its adequacy. Methods of systems analysis, operations research, namely linear programming (distribution problem is
solved by the simplex method) are used to solve the tasks set in the study. The following results were obtained: the essence of the
circular model of the economy, the evolution of its economic frameworks and the processes that are part of them were studied; the
graphical model of the logistics system with feedback was presented by means of circular processes; a mathematical model of the
logistics system with feedback was created. Conclusions. The concept of a circular economy is based on the principles and objectives
of the concept of sustainable development and emphasizes the need to close logistics systems, i.e. to create logistics systems with
feedback. The tools for the implementation of its concept are closed supply chains, which include direct and reverse material flows.
Closed circuits are created through the use of circular processes, which create logistics loops that provide feedback between the
participants in the chain and allow you to organize the reverse flow of products, their components, raw materials and materials. The
application of operations research methods allows to create a mathematical model of the task of optimizing return material flows and
to distribute material resources by loops, so that the total cash flows of the logistics system reach the maximum value and

ecodestructive impact on the environment by creating return flows of secondary material resources was minimal.
Keywords: circular process; closed logistics chain; logistics loop; reverse material flow.

Introduction

At the beginning of the XXI century, the problem of
unsustainable development of modern civilization has
acquired a new qualitative state and reached its limit. An
economy built on the principles of technocracy and non-
equivalent socio-natural exchange is incapable of ensuring
long-term sustainable development for humanity. Today,
the biosphere is unable to fight human activity, it has
begun irreversible changes. Mankind produces 2,000
times more organic waste than all of nature [1]. It has
already become clear that the contradictions between the
ever-growing needs of society and the limited capabilities
of nature threaten the continued existence of man as a
species.

A harmonious alignment of the components of
sustainable development that ensures economic growth,
social stability and environmental balance in the long term
can be achieved thanks to the introduction of the
principles of circular economy, which has recently
received increased attention from specialists around the
world. The transition to a circular economy is becoming
global, and the benefits of implementing this concept are
becoming increasingly apparent. According to experts, in
2025, the circular economy can annually provide an
increase in the income of the global economy of more
than 1 trillion US dollars. In addition, the transition to a
circular economy will create huge opportunities for
modernizing production and introducing industrial
innovations, ensuring annual GDP growth of 7% [2].

The existing linear model of the economy is not
perfect, as it constantly requires the involvement of
additional primary resources, which, passing through the
man-made system, produce a large amount of waste. The
circular economy takes into account the biological and

technical cycles of resource circulation and the potential
benefits that can be obtained at different levels of these
cycles, it involves the transition from a linear model of the
economy to a closed cycle economy [3]. Ideally, the
formation of a closed model of the circular economy
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 environmentally-oriented closed logistics chains.

Analysis of recent research and publications

The study of the essence of the circular economy, its
processes and business models is currently given some
attention by scientists, but it cannot be considered
sufficient, because this concept is not just a new direction
of scientific thought within economics, but is an
interdisciplinary approach, the main task of which is to
create a theoretical basis for changing the worldview of
mankind to a more humane in relation to the environment.

For the first time, the circular economy was
recognized as a promising direction of economic
development in the Report of the Club of Rome "The
Limits to growth™ [4], published in 1975 and contains the
results of analysis of possible civilization potential
population growth, scale of use of natural resources,
environmental problems.

In 2015, the European Commission addressed the
European Parliament and the Council of Europe, socio-
economic and regional committees with a report "Closing
the loop — An EU action plan for the Circular Economy"
[5], in which the concept of circular economy was
substantiated. The modern concept of logistics, which is
actively developing and has recently been influenced by
greening, taking into account the principles of the circular
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economy, is the management of supply chains (logistics
chains) - Supply Chain Management.

Such scientists as Yu. V. Varenko, M. Yu. Hryhorak,
L. M. Zaretska, E. V. Krykavsky, I. I. Mukhina,
A. V. Smirnova, C. Comtois, Robert D. Klassen,
Su-Yol Lee, J.-P. Rodrigue, B. Slack, etc. disclose the
issues of applying an ecological approach to logistics
chain management in their works. Models of the logistics
chain with reverse material flows are presented in the
works of such researchers as: S. S. Al
V. V. Bezkorovainy, E. M. Bukrinskaya, D. O. Gobov,
M. N. Grigoriev, K. O. Dzyubina, A. V. Dzyubina,
O. P. Dolgov, D. A. Karkh, O. V. Myasnikova,
S. V. Potapova, A. Tambovtsev, T. Tambovtseva,
S. 0. Uvarov, V. A. Falovich, S. A. Shahnazaryan etc.

The importance of taking into account environmental
requirements in the optimization of logistics structures by
solving in conjunction with traditional logistics problems
of optimizing return material flows from consumers to
places of production or disposal within the reverse
logistics is noted in [6]. In [7], the scope of activity, which
is identified as logistics of recycling and utilization, is
defined within logistics, and its goals and main logistic
functions are outlined. In [8] the necessity of transition to
the closed-loop economy is noted and the issues of
transformation of logistics systems are considered, the
conditions of realization of logistics of interaction of
system participants in the conditions of construction of
circular economy are revealed, the structure of closed
supply chain is developed. In [9] the peculiarities of direct
and reverse material flows are considered, the expediency
of introduction of reverse logistics tools into the logistics
activity of the enterprise is substantiated, the basic models
of reverse material flows functioning in modern economic
conditions are formed, the peculiarities of return and
utilization recycling are revealed. In [10] the key
parameters of the closed loop of the supply chain are
investigated, the need to coordinate the reverse logistics
strategy with the life cycle of the product, seasonality of
demand for it, with the pricing strategy for refurbished
goods and the level of after-sales service; the conditions
for allocating part of the closed loop of the supply chain
for outsourcing are outlined. In [11] an integrated and
generalized scheme of logistics network with feedback,
due to which it is possible to reach a compromise between
costs in this network and eco-destructive impact on the
environment, presents a mathematical model for solving
integrated multicriteria multi-link direct and inverse
logistics. The paper [12] presents mathematical models
and methods for solving problems of transport route
optimization in closed logistics systems, taking into
account many topological and logistical constraints,
including a proposed solution for network optimization for
transporting direct and reverse product flows, which will
increase the efficiency of closed logistics systems.

Despite the existing research on the organization of
direct and reverse flows within the reverse logistics,
traditionally these tasks are considered separately, which
does not allow for general optimization of material flows
and achieve a synergistic effect for participants in the
logistics system.

The aim of this article is to develop a model of the
formation of reverse material flows using the processes of
circular economy, which will achieve maximum
efficiency of the logistics system. To achieve this aim it is
necessary to solve the following tasks:

1. Define the essence and explore the evolution of
the circular economy through the change of frameworks
that form it.

2. Develop a graphical model of the logistics system
with feedback, which is based on the implementation of
circular processes.

3. Develop a mathematical model of the logistics
system with feedback and conduct experimental
calculations confirming its adequacy.

Task solving

Circular processes in the model of circular
economy.

There are two approaches to defining the essence of
a circular economy: resource-oriented (flow-oriented) and
economic-oriented (systemic).

According to the flow approach [13-16], the circular
economy is based on the use of closed flows of materials,
energy and waste, which can be achieved through the
reuse of product, components, raw materials and supplies.

The systems approach [17-19] presents the circular
economy as a model of the economic system, which is an
element of the man-made system and is based on the reuse
of materials, which will preserve natural resources, and
considers creating value for system elements.

The most commonly used and taking into account
the above approaches to determining the essence of the
circular economy is the interpretation of the circular
economy provided by experts of the Ellen MacArthur
Foundation [2], according to which the circular economy
is an economy that has a renewable and closed character,
provides for the creation of a continuous development
cycle that preserves natural capital and increases its
value, increasing the return on resources by optimizing
their use.

The circular economy is an alternative to the
traditional linear economic mechanism, as it is
characterized by a closed nature of resource use and
recovery. Unlike the traditional model of economy, which
works on the principle of "take, make, use, waste", the
circular economy offers a fundamentally new sustainable
model based on the principle of "take, make, use, repair or
recycle, reuse". The circular model is a good way to save
resources and materials, reduce the negative impact on the
environment and sustainable economic growth.

In modern conditions, the transition to a circular
economy is possible due to the closure of the resource
cycle and the creation of closed supply chains. This
opportunity first appeared due to the introduction of
recycling — the process of returning waste to the
production process, which was one of the first processes
of the circular economy. In the process of developing the
concept of circular economy, the framework conceptual
structures were formed - frameworks, which as the ideas
of circularity were transformed: "3R", "4R", "6R" and
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"9R" [20; 21]. Stages of evolution of the circular economy
and their corresponding circular processes are presented in

Table 1. Characteristics of circular economy framework processes

table 1 [13].

The level of
circulation of the Framework Process characteristics
economy [20]
First level - 4R, 6R, 9R Recover (recovery, refund) —the process of collecting products and components at the
useful end of use, disassembly, sorting and cleaning for use in subsequent life cycles.
use of raw materials 3R, 4R, 6R, 9R Recycle (recycling, processing) — the process of returning waste, discharges and
emissions into the processes of techno genesis. Reuse of waste for the same purpose,
as well as the return of waste after appropriate treatment in the production cycle.
The second level is the 9R Refurbish (update, repair) - restore and update an old but serviceable product.
extension of the 6R, 9R Remanufacture (update, modification) - the process of restoring the product to bring it
service life of the into working order by replacing or repairing major units or components.
product and its parts 9R Repurpose (reorientation) - repurposing, using a product that has failed and its parts in
a new product with a second purpose.
9R Repair (repair, correction) — repair and maintenance of a defective product for use in
accordance with the original purpose.
3R, 4R, 6R, 9R | Reuse implies that a certain product is reused for original or new purposes in its
original form or with some changes and minor improvements.
The third level - smart | 3R, 4R, 6R, 9R Reduse (reduction, diminution) involves the reduction of the use of resources and
production and use of energy at the stages of planning and production of the product, and the reduction of
products emissions and waste at the stage of its use.
9R Rethink (rethinking) — increasing the intensity of product use (for example, sharing).
9R Refuse (refusal) — reduction of excessive consumption of products by completely
abandoning their functionality by transferring their functionality to other products.
6R Redesign — the process of developing next-generation products that would use
components, materials and resources extracted from the previous lifecycle or products
of the previous generation (redesign to use as many extracted components and parts as
possible without losing functionality).

Implementation of circular economy frameworks
involves the transformation of business interactions, in
particular, through the implementation of economic
strategies of industrial symbiosis and industrial
metabolism, according to which the interaction between
elements of the man-made system can be carried out at the
micro, meso and macro levels in cascade resources, when
waste from one production is a raw material for another,
thus ensuring the reduction of eco-destructive impact on
the environment.

Graphic model of a logistics system with feedback

To create a model of a closed logistics system
(logistics system with feedback), which includes closed
(complete) logistics chains; we use participants and
processes used in the model of circular economy, which is
proposed by the Ellen McArthur Foundation [2].
According to this model, the main participants in closed
circuits are: resource provider, (RP), parts manufacturer
(PM), product manufacturer (PM), service provider (SP),
consumer / user (CU), collection center (CC), repair
center (RC), sort center (SC), utilization center (UC).

Eco-oriented closed logistics chain consists of two
chains: forward and reverse, depending on the direction of
material flow. Participants in the direct chain may not be
in the reverse, and vice versa. There are participants in
both the forward and reverse chains. The conditional link
that divides the complete chain into direct and reverse is
the consumer / user of the product. Within a complete
logistics chain, the direct chain begins with the natural
environment and 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 and the natural environment.

The implementation of the concept of a circular
economy, which is based on the creation of closed
logistics systems, which requires the closure of logistics
chains by creating feedback systems, has led to the use of
processes that are not typical of linear logistics chains.
Among the processes of circular economy should be noted
processes related to reverse logistics and involved in the
organization of reverse flows to create feedback in a
closed logistics chain: 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
(fig. 1).

The largest number of logistics loops is created by
the process of recycle (recycling, recycling) — 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.

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.

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

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.

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

|
m RP > DM > PM » SP
N > 7R T o Tk ] =)
‘\ - 1 - - '
A% \ > I |
S o, |
I , ,\\/ i = 1’ |
R DT / |
= 3 ' I
O RC % ; i cu
N
M
E
N e
I
= " recycle e > repair repurpose— — — —» recover
= = > yefurbish/ remanufacture — — » reuse — — — » utilization
Fig. 1. Logistics system with feedback
The reuse process creates two loops because it logistics chain (utilization center), 1. - natural

involves reusing the product for original or new purposes
in its original form or with some changes and minor
improvements.

In addition to the reverse processes in the circular
economy model, there is a process of utilization, which
aims to safely recycle waste that cannot be used in
another, more efficient way.

Mathematical model of a logistics system with
feedback

The essence of the mathematical model is the
formation of reverse material flows, which allow to close
the supply chain through the organization of circular
processes and achieve the maximum value of the total
cash flow from their implementation. To solve this
problem, the method of linear programming of economic
and mathematical modeling (distribution problem) is used.

Assume that the movement of material flow is
carried out from link i to link j of the logistics
chain. The designations of the chain links
are as  follows: i={lI 1l loileiloileei i Taeiloc s
F={9e 35 dow i Jow i sp i o i e dse i e due | where

Ueilo Tow i Towilsoi leu o {3613t o Jou i s deu |
participants in the direct logistics chain, {1 ;!
{ouidecidsei Jaciduc

logistics chain. Chains begin and end with the following
elements: 1., (Jg) — first participant in the direct

logistics chain (resource provider), 1., (Jq, ) — last direct
chain participant and first reverse chain participant
(consumer / user), — last participant in the reverse

— sets of
4

ccr SC;IRC;IUC}’

— sets of participants in the reverse

environment.

The objective function of the mathematical model is
the total cash flows from the organization of the reverse
(recycling and utilization) flow of material resources in
the logistics chain

Uc (JRC P L
CF= [ 5 zch“m,Xi?.ﬂfiu,uij%max, O
i=ICU \Jj=JRP p=1 I=1
|
where Xijp — the amount of product (material flow)

coming from the link i ( I and enters the link j

CU' RC)
of the logistics chain (j=1J,:J,) through the loop |
(1-EL
flows generated by the movement of a unit of material flow
from the link i ( to the link j of the logistics

) of the circular process p (p 1 P) Cf P _ cash

cu» IUC&)

chain (j=J,,;J, ) through the loop | (I =LL) of the
circular process p(pzl;_P); U, — the amount of
products that are disposed of from the link i ( U,IRC) of

the logistics chain; Cf," — cash flows generated by the

disposal of a unit of material flow in the chain i
( (A RC) of the logistics chain.

- Restrictions:

- for the return or utilization of all products entering
the links of the reverse logistics chain, taking into account
that
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)

where @; — the number of products that arrive in the link
j (i=Jidxc) of the reverse logistics chain, we will

accept that @, =h; Vi=j, then

(=

RC L

ZP:ZXPI +U, =D

j=JRP p=1 1=1

®3)

where b, — the number of products that come out of the
link i (i =131, ) of the reverse logistics chain.

- on non-exceeding the capacity of the links of the
reverse logistics chain

IRC P L
> ZZX”' <g;, @)
i=ICC p=1 I=1

where §; — the number of return products in which there
is aneed for the link j (j=1J.J,. ) of the logistic chain.

- for the needs of the links of the direct logistics
chain in the reverse material flow

ICU

Q)

Table 2. Logistics loops of reverse logistics chains

where hj — the number of return products in which there is

RP?

a need for the link ] (j:J qu) of the logistic chain.

- for the maximum volume of product utilization in
the links of the direct logistics chain

uj < kdj 'Xij ) (6)

where k; — utilization coefficient in the link j of
material flow (j=J,,;J;, ) received from the link i of the
direct logistics chain (i=1¢;1,).

- for the maximum volume of product utilization by
the links of the reverse logistics chain

JRC JSp
5 k[ S j

j=cu j=JRP

()

where kr — utilization coefficient in the reverse logistics

chain.

Due to the use of the proposed mathematical model
it is possible to solve the problem of optimization of
reverse recycling and utilization of material flows in the
logistics system, which will achieve the maximum value
of total cash flows from the introduction of circular
processes.

Experimental calculations of the corresponding
distribution problem, which were performed by the
simplex method, confirmed the adequacy of the model and
allowed to distribute the material flows in the same way as
presented in table 2.

Circular process Logistics loop Reverse material flow (tone)
1 recover 11 CuU CcC SC PM
600 600 600 600
12 Ccu cc SC DM
0 0 0 0
2 refurbish/remanufacture 21 CuU RC PM
0 0 0
22 CU CcC RC PM
0 0 0 0
3 reuse 31 CuU CcC SP
0 0 0
32 Cu cC RC SP
1000 1000 1000 1000
4 repurpose 41 CU CcC PM
0 0 0
42 CuU CcC RC PM
0 0 0 0
43 CU CcC SC DM
600 600 600 600
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End the Table 2.

5 repair 51 CU CcC RC CU
2000 2000 2000 2000
6 recycle 61 CuU CcC SC RP
500 500 500 500
62 CU cC RP
0 0 0
63 CuU RC CC SC RP
0 0 0 0 0
64 CuU RC CC RP
0 0 0 0

When solving the problem, all the restrictions were
met and the maximum value of the objective function
(total cash flows) was reached - 43602.5 USD. At the

feedback within closed logistics chains, within five
circular processes: recover, reuse, repurpose, repair, and
recycle. The utilization process is also taken into account

same time, logistics loops were created, providing (fig. 2).
|
ﬁ RP » DM —> PM > sP
N % e TE f - >
1
A% - i
I S i
- . 5 !
R — !
a5 /
(0] RC ¥ __ ] s
~ o
~ / ,—”
N ok 8 7
M ~I ‘,¢" 4/...."
I,¢’< //
E U T R
N ,a”’ / B \/A/‘:‘:
ﬂ’/ R ———— cc
—» recycle - > repair repurpose
— — » reuse — - ——» recover — — — ¥ utilization

Fig. 2. Experimentally obtained closed logistics system

Conclusions

The concept of a circular economy is based on the
principles and objectives of the concept of sustainable
development and emphasizes the need to close logistics
systems, ie to create logistics systems with feedback. The
tools for implementing the concept of a circular economy
are closed supply chains, which include direct and reverse
material flows. There are closed chains due to the use of
circular  processes:  recover, recycle, refurbish,
remanufacture, repurpose, repair, reuse, which create
logistics loops between the participants in the logistics
chain. Logistics loops provide feedback between the
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MOJIEJIb ®OPMYBAHHS 3AMKHYTHX JIAHITIOT'IB B JIOTICTUYHINA
CUCTEMI 31 3BOPOTHUM 3B’SA3KOM

IIpeamMeToM [OCHIIKEHHS B CTaTTi € 3BOPOTHI IOTOKM MAaTepialibHUX PECypCciB B MeXax LHPKYJSIPHHX IMPOLECIB 3aMKHYTHX
JIAHIIOTIB OCTAYaHb JIOTICTUYHOI CUCTEMH 31 3BOPOTHHM 3B’s13k0M. MeTo10 1aHO0i CTaTTi € po3poOka Mosesi (OpMyBaHHS 3BOPOTHHX
MaTtepiajJbHUX IOTOKIB 3 3aCTOCYBAaHHSM MPOLECIB LUPKYJISIPHOT EKOHOMIKH, II0 JO3BOJHUTH JOCATTH MaKCUMAaNbHOI eeKTHBHOCTI
(GYHKIIOHYBaHHS JIOTICTUYHOI cucTeMu. J{JIs TOCATHEHHS MOCTaBICHOI METH HEOOXIITHO BHPIIINTH HACTYIHI 3aBJAaHHS: BH3HAUYUTH
CYTHICTh Ta JOCIIJUTH €BOIIOIII0 HUPKYISIPHOI €KOHOMIKH Yepe3 3MiHy (peHMBOpKiB, MO ii yTBOPIOIOTH;, pO3poOUTH TpadidHy
MOJIeNIb JIOTICTUYHOI CHCTEMH 31 3BOPOTHHM 3B’SI3KOM, sika 0a3ylOTbCS Ha BIPOBA/PKCHHI LMPKYJSIPHUX IPOLECIB; PO3POOHTH
MareMaTHYHy MOJIENb JIOTiCTHYHOI CHCTEMH 31 3BOPOTHMM 3B’S3KOM Ta IIPOBECTH EKCIIEPUMEHTANbHI PO3PaxyHKH, IO
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MiATBEPDKYIOTh 11 afeKBaTHiCTh. J[Jisi BUpIIICHHS MOCTABJICHUX 3aBIaHb B JOCIIKEHHI BUKOPHCTOBYIOTHCS METOAM CHCTEMHOTO
aHamizy, IOCHIJDKEHHS oOIlepamilf, a came JIHIHHOTO TNporpamMyBaHHsS (pO3MOIUIPHA 3afada BHUPIIIYETHCS CHMILIEKC-METOIOM).
OTpHMaHO HACTYIHI pe3yJIbTATH: JOCITIIKEHO CYTHICTh IUPKYISIPHOI MOJEN eKOHOMIKH, €BOJIONLII0 ii ()peMBOPKIB Ta MPOLECiB,
IO BXOMATH N0 iX CKJIALy; 3a JOIOMOTOI0 IMPKYJSIPHHX IPOIECIB INPEACTABIEHO TrpadidyHy MOAENh JIOTICTHYHOI CHCTEMH 3i
3BOPOTHUM 3B’S3KOM; CTBOPEHO MAaTeMaTHYHy MOJENb JIOTICTHYHOI CHCTEeMH 31 3BOPOTHHM B’s3KoM. BucHoBkm. Kormemmis
LUPKYJSIPHOI €KOHOMIKH 0a3y€ThCsl Ha MPUHIMIIAX Ta [UIAX KOHIEMII] cTaJoro po3BUTKY Ta HAroJolrye Ha HeOOXiAHOCTI 3aMHUKaHHS
JIOTICTUYHUX CHUCTEM, TOOTO CTBOPEHHI JIOTICTHYHMX CHUCTEM 31 3BOPOTHHM 3B’S3KOM. [HCTpyMeHTOM peamizaiii KOHLIEMHIii
BUCTYIAIOTh 3aMKHYTiI JIAHIIOTH IOCTAaBOK, 1O CKJIAAy SKHUX BXOIATH IpAMi Ta 3BOPOTHI MaTepiajbHI MOTOKH. BHHHKAIOTH
3aMKHYTI JIQHLIOTW 3aBISKM BUKOPHCTAHHIO LHPKYJISAPHUX MPOLECIB, SKi CTBOPIOIOTH JIOTICTHYHI MHeTHi, sKi 3abe3nedyroTsh
3BOPOTHUII 3B’S30K MDK y4YacHHKaMH JIaHIIOTa Ta JO3BOJAIOTH OPraHi3yBaTH 3BOPOTHHI MOTIK INPOAYKTIB, IX KOMIIOHEHTIB,
CHPOBHHHM Ta MaTepiasliB. 3aCTOCYBaHHS METOMIB JOCHIIKEHHS oOIlepamniii JO3BOJSIE CTBOPUTH MaTeMaTHYHYy MOJETb 3aBJaHHI
onTHMi3amii 3BOPOTHHX MarepiaJbHHX IIOTOKIB Ta pPO3MOAUINTH MaTepialnbHi pecypcd 3a TeTSIMH, TaKAM YHHOM,
mo0 3arajbHi MOTOKM TPOINOBHX KOIITIB JIOTICTHYHOI CHUCTEMH JOCSINIM MaKCHMAaJbHOTO 3HAYeHHS, a EeKOJECTPYKTHBHHIL
BIUIMB HAa HABKOJMIIHE CEPEOBHIIC 3aBASKM CTBOPEHHIO 3BOPOTHHX IOTOKIB BTOPDHMHHHMX MaTepiajbHUX pecypciB OyB
MiHIMaJIbHUM.

KnrouoBi ciioBa: nupKyspHU# Mpoliec; 3aMKHY THH JIOTICTUYHUH JIAHIIOT; JIOTICTUYHA TIETJIS; 3BOPOTHHH MaTepiaJbHUI MOTIK.

MOJAEJIb ®OPMUPOBAHMU A 3AMKHYTI)IXHI_[EHEI?I B JIOTUCTUYECKOM
CUCTEME C OBPATHOH CBA3bIO

IIpenmeToM wuccienoBaHMS B CTaTbeé €CTh OOpaTHBIE MOTOKM MAaTepHANBHBIX PECYPCOB B paMKaxX NUPKYJSIPHBIX HPOIECCOB
3aMKHYTBIX IEeTeil TOCTaBOK JIOTUCTUYECKON CHCTEMBI ¢ 00paTHOH cBa3bio. Llesiblo maHHOI cTaThu SBISETCS pa3paboTKa MOJETH
(opMupOoBaHUST OOPAaTHBIX MaTEePUAJIbHBIX MOTOKOB C IPHUMEHEHHEM IIPOLECCOB IUPKYJISIPHON SKOHOMHKH, YTO ITO3BOJIUT JOCTHYb
MaKCUMAaIBHOH 3P (eKTUBHOCTH (YHKIMOHHPOBAHUS JIOTHCTHIECKON CHCTEMBI. [l TOCTH)KEHHUS TTOCTABICHHOH el He00XO0MMO
PELIUTh CIEAYIOIUE 3ada4yM: ONpPEJeNUTh CYIIHOCTh M MCCICIOBATh 3BOJIIOLUIO LUPKYJIAPHOM SKOHOMHMKM IIyTEM H3MEHEHUs
obpasyromux ee (peiiMBopkoB; paspaboraTh rpaduuecKkyro MoIeib JIOTHCTHYECKOH CHCTEMBI C OOpaTHOH CBA3bIO, KOTOpAs
6a3upyroTCcs Ha BHEAPEHUH NUPKYISIPHBIX MPOIECCOB; Pa3paboTaTh MaTeMATHIECKYIO MOJETb JJOTUCTHIECKOH CHCTEMBI ¢ 00paTHOMI
CBSI3bIO M IIPOBECTH AKCIEPHMEHTAIbHBIC PAcUeThl, MOATBEPKIAIOMINE €€ aJeKBaTHOCTh. [l pelleHus] MOCTaBICHHBIX 3a1ad B
HCCIIEI0BAaHUN HCIONB3YIOTCS METOAbl CHCTEMHOTO aHAIN3a, UCCIIENOBAHMS OINEepaliii, a UIMEHHO JITHEHHOTO MPOTPaMMUPOBAHHUS
(pacmpenenuTenbHas 3afada peIIaeTcs CHMIUIEKC-MeTonoM). llomydeHsl crnemyiomue pe3yJbTaThl: HCCIEAOBAaHA CYIIHOCTb
LUPKYJSIPHONH MOJIENH SKOHOMHUKH, IBOJIIOINY ee (ppeiMBOPKOB M IPOIECCOB, BXOMIMX B UX COCTaB; C MOMOIIBIO HUPKYJISIPHBIX
IPOLIECCOB NpEACTaBlIeHa rpadudecKkas MOJENb JIOTUCTHYECKOW CHCTEMBI C OOpaTHOW CBA3bIO; CO3JaHAa MaTeMaTHYecKas
MOJIEJb JIOTUCTHYECKON CHCTEMBI ¢ 00paTHOW Bs3ku. BeIBoabl. KOHIENIMS IUPKYISIPHON YKOHOMUKH 0a3upyeTcsi Ha NPHHINIAX H
LeJMAX KOHLENIMU YCTOHYMBOIO Pa3BUTHSA U IOAYEPKUBAET HEOOXOAUMOCTb 3aMbIKaHHMs JIOTMCTMYECKHX CHCTEM, TO €cCTb
CO3JJaHUM JIOTHCTUYECKHX CHCTEM C OOpaTHO# CBs3bI0. VMHCTpyMEHTOM peanu3alniy KOHLEHIMH BBICTYMAIOT 3aMKHYThIE LU
MOCTaBOK, B COCTAB KOTOPHIX BXOJAT MpsIMbIe W OOpaTHblE MaTepHalbHbIE IIOTOKH. DBO3HHKAIOT 3aMKHYTHIE IENH
Graromapsi CTIOIB30BAHHIO MUPKYISIPHBIX MIPOLECCOB, KOTOPHIE CO3AAI0T JIOTHCTUYECKHE TIETIIH, KOTOphIe 00ecednBaroT 00paTHyIO
CBSI3b MEXIy YYaCTHHKAaMH II€H M II03BOJIIIOT OPraHM30BaTh OOPATHBIH IOTOK TPOAYKTOB, WX KOMIIOHEHTOB, CBIPBS H
MarepuanoB. [IpuMeHeHHEe METOJOB HCCIIEIOBAHMS ONEpamui MO3BOMSIET CO34aTh MAaTeMaTHYEeCKYl0 MOMAENb 33[add
ONTHMHU3ALMKM OOpaTHBIX MAaTepPHANBHBIX IOTOKOB M  PaclpeAeNuTh MaTephajbHble pecypchl MO NETISIMH, TaKHM
o0Opa3oMm, 4YTOOBI OOLIME TOTOKH JICHESKHBIX CPEICTB JIOTHCTUYECKOH CHCTEMBI JOCTHITIM MaKCUMAJIBHOTO 3HAueHus, a
9KOJIECTPYKTHBHOE BIMSHUE HA OKPYXKAIOLIYI0 cpely Onaromaps Co31aHHI0 0OpaTHBIX TOTOKOB BTOPUYHBIX MAaTepUAIIbHBIX PECYPCOB
OBUI0 MUHMMAJIBHBIM.

KnroueBble c10Ba: MUPKYISIPHBII MPOIECC; 3aMKHYTas! JIOTUCTHYECKAs LeTIh; IOTHCTUYECKas! TIETIIsT; OOpaTHBIM MaTepHaIbHBIH
MOTOK.
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MODERN APPROACHES FOR INTEGRATED REPORTING PREPARING IN
UKRAINE

In modern conditions, the possibilities of Accounting Reporting do not meet the tasks of contentment the information needs of users
of accounting data, which are aimed at obtaining evidence of the stable and sustainable functioning of both the business entity and the
region where it operates, and the state as a whole. The subject of the article is the different approaches to the preparation of integrated
reporting and features of the formation of indicators. Integrated corporate reporting defines a single format for providing interested
consumers with information about the company's activities, risks and potential for quality services, covers financial and non-financial
reporting and discloses the effectiveness of economic, environmental and social activities of the company, ensuring transparency of
information on business risks and management. At present, enterprises in Ukraine compile a report that combines financial indicators
and indicators that characterize some important social aspects — Management Report. The paper considers the concept of cost
reporting, the key idea of which is to achieve greater informativeness of accounting indicators through corporate reporting and the
development of standards of non-financial information that reflects the industry specifics of the enterprise. The purpose of the work
is a detailed consideration of the essence of integrated reporting, problems of its compilation, analysis of existing approaches to the
formation of indicators of integrated reporting of different companies taking into account the needs of users, justification of indicators
included in integrated reporting. The study used a set of methods and approaches, such as dialectical, synthesis and comparative,
systemic. The article solves such tasks as analysis of functions and components of integrated reporting, analysis of the Management
Report and indicators that form it, determining the features of its preparation by different companies, the basic principles of integrated
reporting in accordance with the international standard of integrated reporting. The obtained results are a detailed analysis of the
indicators of the management report and the introduction of prerequisites for the effective formation of such indicators. Conclusions:
Further development of integrated reporting should focus on such important aspects as the development of a system of financial and
non-financial indicators, methods of obtaining information, generalization of various management systems (management accounting,
monitoring, analysis of financial stability) in the preparation of internal integrated reporting.
Keywords: integrated reporting; management report; financial reporting; social reporting; non-financial indicators.

Introduction

In modern requirements it is very important to focus
on contentment the information needs of different groups
of users of credentials in order to make informed and
timely management decisions while ensuring stable and
sustainable operation of both business and regional
development, state stability in general, which led to the
search other concepts and models of reporting
information.

In modern conditions, the image of enterprises is
very important, which consists of many factors.
Stakeholders pay attention first of all to the reliability of
enterprises, which is measured not only by the criteria of
economic efficiency, but also the ability to solve social
problems of both their own workers and the region.
Indeed, a very important indicator of the enterprise is its
social activity; as such events are not only evidence of
enterprise development, but also the ability to provide
certain benefits to society.

Analysis of the problem and existing methods

Social events should be reflected in corporate non-
financial social reporting, the purpose of which is to
provide information on social activities to stakeholders.
Non-financial reporting should reflect the social
responsibility of the business, ie what measures the
company takes to inform the public about the
environmental and social measures. According to
Davydyuk T.V. corporate social responsibility is a
philosophy of long-term development that allows you to
harmoniously combine successful business with basic [7].

But there is also a need for aggregate information, both
financial and social, that is integrated into integrated
reporting. Problems of integrated reporting have been
studied in the works of such scientists as Serafeim G. [8]
Robert G.E. [9], loana D., Adriana T. [9], Adams K.A.
[10], Lee K.W. [11], Martin K. [12], Kuzina R.V. [6],
Kostyrko R.O. [3], Gnilitskaya L.V. [2], Bezverkhy K.V.
[1], Davidyuk T.V. [7], Karpushenko M.Yu. [4, 5] and
others.

Integrated reporting is a relatively new phenomenon
in the world of corporate reporting, which has gained
significant momentum over the past ten years. It is a
process based on integrated thinking that results in the
organization's periodic integrated report on value creation
over time and related messages on aspects of value
creation.

According to Bezverkhy K.V. the purpose of
integrated reporting can be defined as providing
information to all interested users to make management
decisions about the company's ability to create value in
the short, medium and long term, as well as providing
information to stakeholders about the capital used and
influenced by the entity [1].

According to R. V. Kuzina, the task of integrated
reporting is to strengthen accountability and responsibility
for a wide capital base (financial, industrial, intellectual,
human, social), understanding the relationship between
them [6].

According to R. A. Kostyrko, the purpose of
integrated reporting is to provide financial and non —
financial information on the distribution of financial
capital, taking into account key factors that affect the
potential of an enterprise to create value over a certain
period of time, which allows interested users to assess

© T. Momot, M. Karpushenko, Tang Linlin, 2020
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future economic benefits [3].

In our view, from a stakeholder perspective, an
integrated report is a concise statement of how an
organization's strategy, management, performance, and
prospects in the context of its  external
environment create value in the short, medium, and long
term.

Goals and objectives of the study. The purpose of
the article is a detailed consideration of the essence of
integrated reporting, the problems of its preparation
and justification of indicators included in integrated
reporting.

Materials and methods of research

The theoretical and methodological  bases
of the study were the scientific works of leading
domestic scientists and foreign economists on the
problems of forming a system of integrated
reporting in enterprises. During the study such
general and special economic methods as: abstract-logical
(to systematize the available theoretical material),
empirical (for ~a  comprehensive  assessment
of the development and improvement of reporting),
comparative analysis (when comparing integrated
reporting of enterprises), graphical (to visualize results)
were used.

Research results and their discussion

In foreign practice, the components of integrated
reporting are regulated by international standards, such as
Sunshine standards; GRI; AA1000; ISO 26000, SA8000.
Among them, the most well-known list of quantitative
indicators is the system of GRI indicators, which is used
in the formation of social reporting of any format, as well
as Progress Reports [4]. Integrated reporting, as evidenced
by most researchers, performs a number of important
functions, and contains in accordance with international
standards the following components of integrated
reporting (fig. 1):

Summarizing recent research, it can be stated that
integrated corporate reporting defines a single format for
providing interested consumers with information about the
company's activities, risks and potential for quality
services. It covers financial and non-financial reporting
and discloses the performance of economic,
environmental and social activities of the enterprise,

which ensures the transparency of information
in terms of business risks and their management.
Integrated reporting contains information

on financial, industrial, intellectual, social and natural
capital and focuses on the strategic course and future
prospects.

Taking into account the modern needs of the time,
the main prerequisites for the formation of integrated
reporting are as follows:

1) society's attitude to value has changed, which in
turn leads to a change in the level of expectations
from corporate reporting. There is a growing need
on the part of financial market participants to understand
the impact of the business model of the enterprise
on the creation of added value in the future. There is a
need to provide financial and non-financial information to
all stakeholders in order to ensure transparency of the

enterprise;
2) the traditional form of corporate reporting on
performance indicators does not meet modern

requirements in connection with the historical valuation of
the enterprise. The new approach should be based on
current value, the forms of which vary over time, and
recently the actual fair value. The existing model does not
adequately reflect intangible assets — most intangible
assets created "within" the company do not pass the test
for recognition of assets in accordance with
IFRS and therefore are not shown on the company's
balance sheet;

3) integrated reporting provides reliable information

for business evaluation by investors, partners,
management and analysis of the company's
impact on capital, which will have a decisive
impact on strengthening the role of business
in society;

4) the need to disclose information on the areas of
sustainable development strategy of the enterprise,
the  implementation of which  will  contribute
to the growth of value added in the short, medium and
long term.

The most interesting position of integrated reporting
is the concept of cost reporting, the key idea of which is to
achieve greater informativeness of accounting indicators
through corporate reporting and development of standards
of non-financial information that reflects the industry
specifics of the enterprise. Based on this, the authors
proposed a three-level model of integrated
reporting, which determines the interaction and
responsibility of all participants in the process of
compiling, disseminating and using reporting information
(fig. 2).

The practical implementation of the three-tier
reporting model leads to the transition from the concept of
financial reporting to the concept of integrated
reporting, which aims to combine financial
information, environmental impact on business and social
aspects in a clear, interconnected and comparable
format.

Sustainability  information in the form of
environmental and social data is a relatively new area that
is increasingly being reported by more and more firms
around the world. Not only the number of companies
reporting  sustainability information is  growing,
but also the number of investors using this information.
Although sustainability data can be relevant at
any time, it is often argued that they are primarily
informative  about the long-term  prospects of
the business.
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Fig. 1. Functions and components of integrated reporting

spreparation of open financial reportings based on generally
accepted standards (international or national)

escompilation on the basis of industry standards for assessing
the functioning of enterprises belonging to the relevant
type of economic activity, developed on a voluntary basis

einformation on cost factors specific to a particular
company (development and security strategy, risk
management approaches, personnel incentive policy,
criteria for evaluating the performance of individual
segments and the enterprise as a whole

Fig. 2. Three-level model of integrated reporting

At present, enterprises in Ukraine compile a report  Guidelines for the preparation of the Management Report

that combines some financial indicators and indicators that
characterize some important social aspects. It is for the
integration of financial and social indicators into one
report as part of the reporting for 2018 in Ukraine was
introduced Management Report, which together with the
financial statements forms integrated reporting. This
report must be prepared by large and medium-sized
enterprises and reported annually. The Ministry of
Finance of Ukraine by order of 07.12.2018 approved the

(hereinafter — guidelines) [16], which identified ten areas
that should contain this report (fig. 3):

Analyzing the components of the Management
Report, we can conclude that it contains a very wide list of
indicators that reflect the financial components,
environmental ~ components,  social ~ components,
development prospects, corporate governance, enterprise
development, innovation and research and others.
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Fig. 3. Components of the Management report

However, the constituent indicators contained in  "Ukrhydroenergo”, SE "State Expert Center of the
these groups are not specified in detail in the Guidelines, Ministry of Health of Ukraine”, PJSC "Obolon", ALC
so their specification and the order of presentation are at  “Zhytlobud-2", it was established that the list of specific
the discretion of the enterprise. indicators that contained in the Management Report

As a result of the analysis of the Management contains the following indicators and information
Reports of PJSC "Mondelis Ukraine”, PJSC (table 1).

Table 1. Information contained in Management Reports

Directions

Indicators and information

Organizational
structure and
description of the
enterprise

Organizational structure, strategy and goals, scope of activities by geographical location and industry,
information about products and services, market share of the company in different segments

Results of activities

PJSC "Mondelis Ukraine™ - net income, cost, other operating income, administrative expenses, selling
expenses, other operating expenses, financial result from operating activities

PJSC "Ukrhydroenergo" -electricity, electricity sales, net income, EBITDA, net profit, return on assets,
amount of assets, cost of goods sold, return on assets, return on equity, return on assets, indicators of non-
current and current assets , dividends, credit policy

SE "State Expert Center of the Ministry of Health of Ukraine" - net income, taxes and mandatory payments
PJSC "Obolon" - revenue, gross margin, gross margin ratio, EBITDA, financing costs, net profit, sales
ALC "Zhytlobud-2" - the structure of assets, the structure of liabilities, the structure of financial results

Liquidity and
liabilities

PJSC "Mondelis Ukraine™ - loans, capital liabilities, liquidity risk.

SE "State Expert Center of the Ministry of Health of Ukraine™ - liquidity ratio.

PJSC "Obolon" -cash flow, loans, working capital.

ALC "Zhytlobud-2" - the most liquid assets, fast-liquid assets, slow-liquid assets, difficult-to-liquid assets,
the most urgent liabilities, short-term liabilities, long-term liabilities, fixed liabilities, current liquidity ratio,
absolute liquidity ratio, intermediate liquidity ratio.

Environmental
aspects

PJSC "Mondelis Ukraine™ - permit for the use of water resources, permit for the use of pollutants in the air,
waste sorting system.

PJSC "Ukrhydroenergo" - environmental monitoring systems, environmental protection measures,
implementation of environmental projects, the amount of capital investment and current expenditures on
environmental protection, environmental payments, environmental services, measures to reduce air
emissions, waste management, land use and biodiversity , volumes of water use, volumes of water use and
accrued fee for water use. Measures taken by the company in the field of responsible water use. Measures
aimed at saving energy resources.

SE "State Expert Center of the Ministry of Health of Ukraine". Raw materials used by enterprises in their
activities. Consumption of thermal and electric energy VVolumes of use and pollution of water resources
Volumes of air pollution. Use of vehicles. Fines and penalties for non-compliance with environmental
legislation. Costs for the improvement of technical equipment and the use of environmentally friendly
technologies, other environmental measures of the enterprise.

PJSC "Obolon" -environmental policy, the main activities of PJSC "Obolon" in the field of ecology and
environmental protection Emissions of greenhouse gases and pollutants, Expenditures on environmental
protection measures

ALC "Zhytlobud-2" - the principles of environmental policy, areas of environmental policy, the main
elements of environmental policy.
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End the Table 1

Social aspects and
personnel policy

PJSC "Mondelis Ukraine™ - description of suppliers, terms of employment, characteristics of working hours,
remuneration system, features of training and staff development health insurance contract.

PJSC "Ukrhydroenergo" - features of the collective agreement, personnel policy, staff structure in terms of
professional characteristics, staff structure by gender, number of employees and the share of women in
management positions, total number of dismissed by category, number of employees with disabilities, salary
fund, its growth, wage structure, organization of work with young workers, organization of employee
training, number of trainees, advanced training, social protection and welfare, funding of social facilities,
employee awards, specialized training programs, information on the amount of costs on labor protection

SE "State Expert Center of the Ministry of Health of Ukraine™ - the number of employees, including women,
the level of education of employees, the system of remuneration, labor protection, training

PJSC "Obolon" - number of employees, staff turnover, gender composition, qualifications, composition by
age, wages, surcharges and allowances, employee training

ALC "Zhytlobud-2" - the number of employees, including women, types of incentives, the functions of the
department of labor protection, training, prevention of corruption.

Risks PJSC "Mondelis Ukraine" - credit risk, assessment of expected credit losses, market risk, liquidity risk,
interest rate risk, coronavirus risk

PJSC "Ukrhydroenergo" - financial risks, liquidity risks, currency risks, interest rate risks, external risks,
internal risks

State Enterprise "State Expert Center of the Ministry of Health of Ukraine" - a list of threats

PJSC "Obolon" -market risks, political and government risks, legal risks, personnel risks, currency risk,
interest rate risk, liquidity risk, credit risk.

ALC "Zhytlobud-2" - increase in the cost of materials, works and services, strengthening of competition,
change of the legislation, violation of terms of commissioning

Research and PJSC "Mondelis Ukraine" - research areas,

innovation PJSC Ukrhydroenergo - development and innovations of HPPs and PSPs
SE "State Expert Center of the Ministry of Health of Ukraine" - participation in conferences and recent
publications
PJSC "Obolon" - a list of research and innovations
ALC "Zhytlobud-2" - implemented in the construction of development, own author's technologies,
description of production and fixed assets, fleet of construction machinery and mechanisms, horizontal
heating system, reinforcement system, formwork systems.

Financial Mondelis Ukraine PJSC - a share of the company's investments in another company

investments PJSC "Ukrhydroenergo" - investment activity

SE "State Expert Center of the Ministry of Health of Ukraine" - the amount of deposit transactions
PJSC "Obolon" - a list of investments
ALC "Zhytlobud-2" - a list of enterprises in which investments were made

Development
prospects

PJSC "Mondelis Ukraine™ - areas of strategic development

PJSC "Ukrhydroenergo™ - the amount of capital investment, plans for the short term

SE "State Expert Center of the Ministry of Health of Ukraine" - strategic directions and goals
PJSC "Obolon" -development strategy

ALC "Zhytlobud-2" - a list of the most famous built objects and objects under construction

Corporative
management

Management bodies, their composition and powers, corporate governance strategies; convocation and holding
of general meetings of shareholders; structures of shareholders and their shares in the share capital; owners of
securities with special control rights and description of these rights; activities of the enterprise in relation to
operations with own shares; main characteristics of the internal control system; dividend policy; prospects for
development and improvement of corporate governance; policy of the enterprise in relation to administrative,
managerial and supervisory bodies of the enterprise.

From the table 1 it can be concluded that each
company differently forms indicators of integrated
reporting and understands the content of such reporting at
its discretion. There is no uniform interpretation of the
direction, the established list of issues that form this
direction. That is, in order to compile the Management
Report, the company must gather the views of
management and stakeholders and determine which
priority issues should be included in this report.

To select indicators and the order of their
presentation, it is advisable to use the International
Standard for Integrated Reporting [15], which establishes
the following principles of its preparation:

1. Strategic focus and forward-looking focus - The
integrated report should include an analysis of the
organization's strategy and an explanation of how the

strategy relates to the organization's ability to create value
in the short, medium and long term, as well as its use and
impact on capital.

2. Information connectivity - An integrated report
should provide a holistic picture of the combination,
relationship, and interdependence between factors that
affect an organization's ability to create value over time.
The connectivity of information and the overall usefulness
of an integrated report are enhanced when it is structured,
well presented, written in clear and understandable
language.

3. Stakeholder Interaction — The integrated report
should include an analysis of the nature and quality of the
organization's relationship with key stakeholders,
including how and to what extent the organization
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understands and takes into account their legitimate and
legitimate needs and interests.

4. Materiality — the integrated report should disclose
information on issues that have a significant impact on
performance appraisal.

5. Conciseness — the integrated report must be
concise. In the integrated report, the organization strives
for a balance between brevity and other guiding
principles, especially completeness and comparison.

6. Reliability and completeness - an integrated report
should include all essential facts, both positive and
negative, in a balanced form and without significant
errors. The accuracy of information is affected by its
balance and the absence of errors. Reliability is enhanced
by mechanisms such as full-fledged internal control and
reporting systems, interaction with stakeholders, internal
audit or similar functions, and independent external
certification. In some cases, it may make sense to include
a description of the mechanisms used to ensure reliability
in the Integrated Report. The information included in the

The purpose of reporting

Choice of standard

Integrated Report is by its very nature the most important
information for conducting commercial activities.
Accordingly, if a factor is important for running a
business, then the cost of obtaining information about it
should not be a barrier to proper assessment and
management of this factor.

7. Consistency and comparability - the information
contained in the Integrated Report should be presented on
a basis that is constant over time, and in such a way that it
can be compared with other organizations, in cases where
this is essential for the organization's own ability to create
value over time.

That is, the process of selecting indicators should be
based on these principles and takes into account all
relevant aspects of reporting.

The process of preparation of integrated reporting is
quite complex, and as a result, taking into account the
requirements of the international standard for integrated
reporting [15], it is advisable to provide for the following
stages (fig. 4):

* Coordinating the purpose of reporting

*Defining the standard or format according to which the company will
prepare the report

Formation of a working group

Preparation of the report

Formation of training algorithm

Reporting template and design

Public and professional verification

Publication and distribution of the report

Develop a strategy for disseminating the
report to key stakeholders, as well asa
communication strategy

Fig. 4. The process of preparing integrated reporting

+ Establishment of a cross-sectoral working group from different
departments to prepare a report

* Analysis of information and coordination of key issues of information
disclosure.

*Involve stakeholders to identify significant issues to be addressed in
the report.

* Description of the training algorithm

* Coordination of key issues of the report, drafting the textual part of
the report
*Formulation of the title of the report. its structure

* Conducting public and professional verification ofreporting in
accordance with the Account Ability standard or internal audit of non-
financial reporting

* Create an electronic or printed version of the report. Development of
stylistics and design of reporting, a separate mini-site with a report on
the company's portal.

* Choice of the place of presentation of the integrated reporting after its
publication, participation in ratings, competitions, reviews, registers
of the corporate reporting

Conclusions

Thus, the paper considered the essential aspects of
integrated reporting and considered the indicators of the
Management Report as a Ukrainian version of integrated
reporting, formed the basic principles of reporting and
methodological approaches to the formation of its
indicators.

It is proved that integrated reporting is aimed at
harmonization of financial and non-financial indicators,
which allows to provide a comprehensive approach to
quality information and analytical support of all
stakeholders to assess the company's ability to generate
value over time and the potential of sustainable
development, taking into account strategic, economic,
financial, environmental and social aspects of the
enterprise.
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According to the results of the study, the further
development of integrated reporting should be aimed at
such important aspects as the development and refinement
of the system of financial and non-financial indicators,
methods of obtaining information, generalization of
various management systems (management accounting,

integrated reporting. In addition, it is important to develop
software applications for the formation of integrated
financial statements of the enterprise using modern
information and communication technologies, which will
facilitate the prompt receipt of analytical information for
informed management decisions and ensure interaction

monitoring, financial stability analysis) and internal  with stakeholders.

References

1. Bezverkhy, K. V. (2017), "Approaches to Determining the Purpose of Integrated Reporting", Problems of Accounting and Analytical
Support of Business Management: Materials of the Il All-Ukrainian Scientific-practical Conference, October 26, 2017, Poltava. P. 94-96.

2. Gnylytska, L. V. (2016), "Modern Approaches to the Quintessence of Public Reporting of the Enterprise in the Context of Ensuring its
Economic Security", Problems of Theory and Methodology of Accounting, Control and Analysis. Ser.: Accounting, Control and Analysis,
Vol. 1, P. 48-65.

3. Kostyrko, R. O., Prozorov, D. V. (2017), "Integrated Corporate Reporting - a Tool for Sustainable Development of Enterprises"”, Bulletin
of the Volodymyr Dahl East Ukrainian National University, No. 2 (232), P. 44-49.

4. Karpushenko, M. (2018), "Social Reporting as an Indicator of the Enterprise Development"”, Innovative Technologies and Scientific
Solutions for Industries, No. 1 (3), P. 91-95.

5. Karpushenko, M., Shakhverdyan, D. (2019), "Integrated Reporting as a Source of Assessment of Enterprise Activity", Business Inform,
No. 3, P. 265-269.

6. Kuzina, R. (2016), Formation of the System of Corporate Reporting: theory, methodology and organization: dis. ... Dr. econ. Sciences:
08.00.09 "Accounting, analysis and audit", Odessa, 591 p.

7. Shigun, M., Davydyuk, T. (2011), "Corporate Social Reporting as a Prospect of Informing about Human Capital of Domestic
Companies", Bulletin of the Zaporizhia National University, No. 1 (9), P. 173-179.

8. Serafeim, G. (2015), "Integrated Reporting and Investor Clientele", Journal of Applied Corporate Finance, No. 27.2, P. 34-51.

9. Robert, G. (2013), "One Report: Integrated Reporting for a Sustainable Strategy”, P. 115-121.

10. loana, D., Adriana, T. (2014), "Research Agenda on Integrated Reporting: New Emergent”, Theory and Practice Procedia Economics
and Finance, Vol. 15, P. 221-227.

11. Adams, C. A. (2015), "The International Integrated Reporting Council: a Call to Action", Critical Perspectives on Accounting, P. 23-28.

12. Lee, K. (2016), "The Association Between Integrated Reporting and Firm Valuation", Review of Quantitative Finance and Accounting,
No. 47, P. 1221-1250.

13. Martin, K. (2014), "The Potential Impact of COSO Internal Control Integrated Framework Revision on Internal Audit Structured SOX
Work Programs", Research in Accounting Regulation, No. 26, P. 110-117.

14. "Sustainability Reporting Guide", available at : https://www.globalreporting.org/resourcelibrary/Russian-G4-Part-One.pdf

15. "International Standard for Integrated Reporting”, available at : http://edu.inesnet.ru/wp-content/uploads/2014/05/13-12-08-THE-
INTERNATIONAL-IR-FRAMEWORK .docx_ en-US_ru-RU.pdf

16. "Methodical recommendations for compiling a management report”, available at: https://zakon.rada.gov.ua/rada/show/v0982201-
18#Text.

Received 18.11.2020

Bioomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

Momot Tersina BasepiiBHa — 1OKTOp €KOHOMIUHMX Hayk, Hpodecop, XapKiBCbKHil HalliOHAIBHUI YHIBEPCHTET MiCHKOTO
rocrogapctea iM. O. M. bekertoBa, 3aBigyBau kadeapu (iHaHCOBO-eKOHOMIYHOT Oe3meku, oOmiky i ayauty, XapkiB, YKpaiHa;
email: tvmomot@gmail.com; ORCID: https://orcid.org/0000-0001-7397-3565.

Mowmot TaTbsina BajepbeBHa — JOKTOpP SKOHOMHUYECKHX HaykK, mpodeccop, XapbKOBCKHIA HAIMOHANBHBIA YHHBEPCHUTET
ropozckoro xosstiictBa um. A. H. bekerosa, 3aBemyromas kadeapsl (pUHaHCOBO-3KOHOMUYECKOI O€30MacHOCTH, y4yeTa W ayauTa,
XapbKoB, YKpauHa.

Momot Tetiana — Doctor of Sciences (Economics), O. M. Beketov National University of Urban Economy in Kharkiv, Head of
the Department of Financial and Economic Security, Accounting and Auditing, Kharkiv, Ukraine.

Kapnymenko Mapisi FOpiiBHa — KaHANAT €KOHOMIYHUX HAyK, JOUEHT, XapKiBCbKUI HAI[lOHATHLHUN YHIBEPCHTET MiCHKOTO
rociogapctBa iM. O. M. bekeroBa, momeHT kadenpu (iHaHCOBO-eKOHOMIUHOI Oe3mekw, oOmiky i ayxury, XapkiB, YKpaiHa;
email: mariamarial864@gmail.com; ORCID: https://orcid.org/0000-0001-9280-4812.

Kapnymenko Mapusi FOpbeBHa — KaHAHWZAT SKOHOMUYECKUX HAYK, NOLEHT, XapbKOBCKUII HAllMOHAIBHBIN YHUBEPCUTET
ropojckoro xo3siicrsa uM. A. H. Bekerosa, noreHT kadenps! GHHAHCOBO-I)KOHOMHUYECKOH 0€30IIacCHOCTH, y4eTa U ayJuTa, XapbKoB,
YkpauHa.

Karpushenko Maria — PhD (Economics Sciences), Associate Professor, O. M. Beketov National University of Urban
Economy in Kharkiv, Associate Professor of the Department of Financial and Economic Security, Accounting and Audit, Kharkov,
Ukraine.

Tan Jlinain — XapkiBCbKHi HaliOHAJNBHUM yHIBepcUTET Mickkoro rocmozapcrBa iM. O. M. BekeroBa, acmipanTt kadeapu
(binancoBo-eKOHOMIUHOI Ge3neku, 00Ky i ayauty, Xapkis, Ykpaina; email: |_c-ukr@hotmail.com; ORCID: https://orcid.org/0000-
0003-0523-0932.

Tan Jlunaun — XapbKOBCKHI HAIMOHAIBHBIN YHHBEPCUTET TOPOJCKOTO Xo3siictBa uM. A. H. bekeroBa, aciupaHT kadeapsl
(MHAHCOBO-3KOHOMHUUECKOM 0€30MacCHOCTH, Y4eTa 1 ayiuTa, XapbKoB, YKpauHa.

Tang Linlin — O. M. Beketov National University of Urban Economy in Kharkiv, PhD Student of the Department of Financial
and Economic Security, Accounting and Auditing, Kharkiv, Ukraine.

127



https://www.globalreporting.org/resourcelibrary/Russian-G4-Part-One.pdf
http://edu.inesnet.ru/wp-content/uploads/2014/05/13-12-08-THE-INTERNATIONAL-IR-FRAMEWORK.docx_%20en-US_ru-RU.pdf
http://edu.inesnet.ru/wp-content/uploads/2014/05/13-12-08-THE-INTERNATIONAL-IR-FRAMEWORK.docx_%20en-US_ru-RU.pdf
https://zakon.rada.gov.ua/rada/show/v0982201-18#Text
https://zakon.rada.gov.ua/rada/show/v0982201-18#Text

128

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 4 (14)

CYYACHI IIIIXOIM1 1O CKJIAJAHHS IHTETPOBAHOI 3BITHOCTI B YKPAIHI

VY cydacHHX yMOBaX MOJKJIMBOCTI OyXranTepchKoi 3BITHOCTI HE BiJIIOBIJAalOTh 3aBJaHHSIM 3aJOBOJICHHS iH(GOpMaLiifHUX MOTped
KOpHCTYyBadiB OONIKOBHX JAHHX, SIKi CHPSIMOBaHI Ha OTPHMAaHHS CBIUEHb INOJO CTa0IIBHOTO Ta CTIHKOTO (YHKIIOHYBAaHHS SK
cy0’€eKTa TOCIIOIApPIOBAHH, TaK i peTioHy, e BOHO (yHKITIOHYE, TaK i Aepxasu B nioMy. IIpeamMerom IociiKeHHS CTATTi € pi3HI
MiAXOMU 10 CKJIAJaHHs iHTETPOBAHOI 3BITHOCTI Ta 0COOMMBOCTI (popMyBaHHs MOKA3HUKIB. [HTErpoBaHa KOpPIOpaTHBHA 3BITHICThH
BU3HAYa€e €IMHUI (opMaT HaTaHHs 3al[iKaBICHUM CHOXHBayaM iHQopMmarii mpo MisUIbHICTH MiANPHEMCTBA, PU3UKH 1 MMOTEHIiaT
HaJaHHs SKICHUX TOCIYT, OXOIUTIOE (hiHAHCOBY i He(iHAHCOBY 3BITHICTh Ta PO3KPUBAE MOKA3HUKH PE3YIbTATHBHOCTI €KOHOMIYHOT,
€KOJIOTIUHOI 1 COIiaTbHOI AISIIBHOCTI MiANIPUEMCTBA, 110 3a0e3Medye Ipo30opicTh iHpopMarlii B 4acTuHi Oi3HEC-PU3HKIB 1 YIIPaBIiHHS
HuMu. Ha cydacHnit MoMeHT B YkpaiHi HmiIpHeMcTBa CKIAIaloTh 3BIT, IKuil 00’ €qHy€e B c00i (iHAHCOBI MOKA3HUKH Ta ITOKAa3HUKH,
IO XapaKTepPH3yIOTh NEsKi BaXIIMBI COIIaNbHI acleKTH - 3BIT IPO yIpaBIiHHI. B poOoTi po3risHyTa KOHIIEMIIs 3BITHOCTI IPO
BapTICTh, KIFOYOBOIO IJIE€I0 SIKOT € JOCATHEHHsS OLTBIIOT iHPOPMATHUBHOCTI OyXraaTepChKHUX IMOKAa3HHKIB IUIIXOM KOPIOPAaTUBHOTO
3BITYBaHHS Ta pO3pOOKH CTaHIapTiB HediHaHCcoBOI iHpOpMaIlil, o BigoOpaxae ramys3eBy crenudpiky manpuemcrsa. Mera poboT —
JIeTaJbHUI PO3IIIA CyTHOCTI IHTETPOBAHO 3BITHOCTI, MpoOieM ii CKIagaHHs, aHaJi3 ICHYIOUHX HiIX0AIB 0 GOpMyBaHHS MOKa3HUKIB
IHTETPOBaHOI 3BITHOCTI PI3HMX KOMIIAHIH 3 ypaxyBaHHSM IOTpPe0 KOPHUCTYyBadiB, OOIPYHTYBaHHS IMOKA3HHUKIB, IO BXOAATH /0
iHTerpoBaHoi 3BiTHOCTI. [lif Yac HOCHiIKEeHHS 3aCTOCOBYBajacs CyKyIHICTh METOMIB Ta MiAXOJiB, TAKUX K MiaICKTUYHUN, CHHTE3Y
Ta MOPIBHAJIBHUN, CUCTEMHHUH. B CTaTTi BHpIIIyIOTbCS Taki 3aBJAaHHSA, SK aHali3 (QYHKUIH Ta CKIAZOBHX IHTETPOBAHOI 3BITHOCTI,
aHaii3 3BITY 3 YHpaBIiHHS Ta IOKAa3HUKIB, SKi HOro (OpMYyIOTh, BU3HAUCHHS OCOOIMBOCTEH HOTO CKIIAQJAHHS PI3HUMH KOMITAHIsIMH,
OCHOBHI IPHHIMIH (OPMyBaHHs IHTErpOBAaHOI 3BITHOCTI 3TiTHO J0 MIKHApOJHOTO CTaHAAPTY iHTErpoBaHoi 3BiTHOCTI. OTpHMaHi
pe3yJbTaTH — IIPOBEJCHUH AETaJbHUU aHalli3 IOKAa3HHUKIB 3BITY NPO YIPABIIHHS Ta 3alPOBA/KEHHS IEPEeAyMOB e(EeKTHBHOTO
(opMyBaHHS CKJIaIy TaKHX IOKa3HUKIB. BHCHOBKM: motanbIMii pO3BUTOK iHTETPOBAHOI 3BITHOCTI IIOBHHEH OyTH CHPSIMOBaHUN Ha
Taki BaXJIMBI aCHEKTH, SK PO3poOKa MOOMpAIfOBaHHS CHCTEeMH (iHAHCOBHX 1 He(iHAHCOBUX IOKA3HUKIB, METOIU OTPUMAaHHSI
iH(popMaLii, y3araJbHEHHA Pi3HUX CHUCTEM 3a0e3NeueHHs YNpaBIiHHS (YHPaBIiHCHKOTO OOJIIKY, MOHITOPUHTY, aHali3y (iHaHCOBOL
CTIMKOCTI) B MpoIieci MATOTOBKH BHYTPIIIHBOI IHTErPOBAHOI 3BITHOCTI.

KurouoBi ciioBa: iHTerpoBaHa 3BITHICTB; 3BIT 3 yHpaBliHHA; (iHAHCOBa 3BITHICTH; coOLianbHa 3BITHICTH; HE(iHAHCOBI
MIOKa3HHUKH.

COBPEMEHHBIE ITOJIXObl K COCTABJIEHUIO UHTETPUPOBAHHOM
OTYETHOCTHU B YKPAUHE

B cOBpeMEHHBIX YCIIOBHSX BO3MOXHOCTH OyXTalTepcKOM OTYETHOCTH HE COOTBETCTBYIOT 3ajadyaM  yIOBJIECTBOPEHHUS
HH(OPMAIMOHHBIX IOTpPeOHOCTEll MONb30BaTeNeil yYeTHBIX JAHHBIX, KOTOpHIC HANpaBICHbl Ha MOJYyYCHHE CBHICTEIHCTB
OTHOCHTENIHO CTa0MJIBHOTO M YCTOHYMBOrO ()YHKIMOHHPOBAaHMWS KaK CyOBEKTa XO3SHCTBOBAaHMS, TaK W pErHoHa, TAE OHO
(GYHKIMOHHpPYET, Tak U rocymapcrsa B menoM. Ilpeamerom ncciemoBaHHs CTaTbU SIBISIOTCS pa3HbIE MOAXOMABI K COCTABICHUIO
HUHTETPUPOBAHHOW OTYETHOCTH M OCOOEHHOCTH (OPMHPOBAHUS TIOKa3aTenedl. HTerpupoBaHHas KOPIOpPATHUBHAS OTYETHOCTH
onpefeNnsieT eJuHBI (OopMaT MPETOCTaBICHHS 3aHHTEPECOBAHHBIM ITOTPEOUTENsIM HMH(POpPMAIMU O AEATENFHOCTH HPEIIPHATHSA,
PHCKH ¥ MOTEHIMAJ MPEIOCTABICHNsI KAYeCTBEHHBIX YCIIYT, OXBAThIBaeT (PMHAHCOBYIO M HE()MHAHCOBYIO OTYETHOCTH M PACKPHIBAET
MOKA3aTeNIl  Pe3yNbTAaTUBHOCTH SKOHOMHYECKOH, SKONOTHYECKOH M CONMANbHON JEeSITeNbHOCTH NPEeINpHATHS, obOecrnednBaeT
MpO3payHoOCTh MH(OPMAIMK B YacTH OW3HEC-PHCKOB M yIpaBieHHs HMMH. Ha Texkymuii MOMeHT B YKpanHe NpeInpusiTHs
COCTaBIISIIOT OTYET, OOBEIUHAIONMI B ceOe (PMHAHCOBBIE ITOKA3aTeIN U MOKa3aTeld, XapaKTepr3yIoIue HEKOTOPbIE BaKHBIE aCIIEKTHI
- Otyer 00 ynpaeieHun. B pabore paccMoTpeHa KOHLEMIMsS OTYETHOCTH O CTOMMOCTH, KIIFOUEBOH HJeell KOTOpOH sBiseTcs
JOCTH)KEHHEe Oouibllied MH(MOPMATUBHOCTH OyXTaNTEePCKUX IOKa3aTeleil IMyTeM KOPHOPAaTHBHOTO OTYETHOCTH M pa3paboTKH
CTaHIApPTOB HEe()WHAHCOBOW WH(OPMAINK, OTpaxkaromeil oTpacieByro crenuduky mpeanpustus. Lleas paboTel — merambHOE
pacCMOTpEHHE CYNIHOCTH WHTETPUPOBAHHON OTYETHOCTH, MPOOJIEM €€ COCTaBICHHSA, AaHAIN3 CYNIECTBYIONIMX MOAXOJ0B K
(OpMHPOBaHMIO TIOKa3aTelell WHTETPUPOBAHHOW OTYETHOCTH Pa3UYHBIX KOMIIAHHH C YYeTOM IOTPeOHOCTEH IIOJIb30BaTeNe,
000CHOBaHHE TIOKa3aTelel, BXOIIIINX B MHTETPHPOBAHHON OTYETHOCTH. B HMCcIenoBaHNM NMPHMEHSIACh COBOKYITHOCTh METO/IOB U
MOAXOMO0B, TAKUX KaK JHANECKTHYECKHH, CHHTE3a, CPaBHHUTENbHBIH, CUCTEMHBIH. B craThe pemraloTcs Takue 3agayd, Kak aHalu3
(GYHKIMI M COCTaBISIFOLIIMX WHTETPUPOBAHHOW OTYETHOCTH, aHanmn3 OTyeTa MO YNpaBICHHIO M TIOKa3areliel, KOTOpBIE €ro
(GOpPMUPYIOT, OIpe/ielieHne OCOOSHHOCTEl €ro COCTaBICHHUsS Pa3TMYHBIMH KOMIIAHHMSMH, OCHOBHbBIE HPHUHIUIBI (HOPMUPOBAHUS
HWHTETPUPOBAHHOW OTYETHOCTH COTJIACHO MEXIYHApOAHOMY CTaHIApPTy MHTETPHPOBAHHOI oTdeTHOCTH. [loiyueHbl pe3yiabTaThl —
MIPOBEIEH JAETANBHBIM aHaIW3 ITIOKa3aTeledl oT4eTa o0 yNpaBIeHWH M BHEAPEHUM IPEANOCHUIOK 3((EKTHBHOTO (HOPMHUPOBAHHS
COCTaBa TaKWX MOKa3arenel. BuIBOABI: fambHEHIIee pa3BUTHE WHTETPUPOBAHHOW OTUETHOCTH JIOJDKHO OBITh HAIIPABICHO Ha TaKWe
B)XHBIE AaCINEKTHl, Kak JopabOTKa CHCTeMBI (MHAHCOBBIX M HE()HHAHCOBBIX IIOKa3aTeNeH, pa3paboTka METONOB ITOTYyYCHHUS
nHdopmarmy, 0000IIEeHNe pPA3NMUYHBIX CHCTEM OOECTICUeHUs] YIpaBleHUs (YIpaBIeHYECKOro ydeTa, MOHHTOPHHTA, aHalHu3a
(MHAHCOBOH YCTOWYMBOCTH) B IIPOLIECCE OATOTOBKH BHYTPEHHEH HHTETPUPOBAHHON OTYETHOCTH.

KiioueBble €10Ba: HHTETPUPOBAHHAS OTYETHOCTH; OTYET IO YHpaBjieHHIo; (MHAHCOBAsK OTYSTHOCTh, COLMANIbHAS OTUYETHOCTb;
He()MHAHCOBBIE TOKA3aTEeNH.
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CYYACHHM CTAH TA OCOBJIMBOCTI PO3BUTKY PUHKY JIOTICTUUYHHX
MOCJIYT B YKPAIHI

[IpeameroM nOCHIIKEHHA B CTAaTTI € JOTICTHYHI HOCHyrd. MeTa MOCTI/KEHHS MOJSra€e y BHUBYEHHI Cy4acHOTO CTaHy Ta
0COONMMBOCTEH  PO3BUTKY PHHKY JIOTICTMYHHX HOCIYr B YKpaiHi. B craTTi BUpilIyloTbCs HACTyNHI 3ajgavi: BU3HAUCHHS CYTI
JIOTICTUYHUX TOCIYT, BU3HAUEHHS (PAKTOPiB BIUIMBY Ha PUHOK JIOTICTUYHHUX MOCTyT. MeToaM JOCITiKEHHs, BAKOPUCTaH] y mpoLeci
HaNMCaHHs CTaTTi, HepeadavyaloTh 3aCTOCYBAaHHS TaKWX 3aralbHUX METOJIB MOCITIDKCHHS, SK y3aradbHEHHS Ta IOPIBHSIHHS.
Pe3yabTaTn mocmimkeHHA. Y CTaTTi NPOBENCHUH aHaNi3 HAyKOBOI JTepaTypH, SIKMH JaB 3MOTy BH3HAUMTH, IO BITYM3HSIHA
JIOTICTHKA JEMOHCTPYE TO3UTHBHI TEHAEHIII PO3BHUTKY, 3MIHCHIOE BaroMuil BIUIMB Ha €KOHOMIYHMI IOTEHMIaJl KpaiHH, CTUMYIIIOE
PO3BUTOK CYMDKHHX, B3a€MOIIOB sI3aHUX Taly3eil. Xoya pUHOK JOTICTUYHHX MOCIyT YKpaiHH i mepe0yBae B CTaii pO3BUTKY, & TEMITH
HOro 3pocTaHHS 3HAYHO IOBUIBHINII MOPIBHAHO 3 IHIIMMHU KpaiHaMH, IPOTE BiH € MOTCHIIHHO KOHKYPEHTOCIPOMOXKHHUM. Y maHii
po0GoTi OyB IpOBEICHU OIS TEOPETUYHHX ACIEKTIB OpraHisauii i MPOeKTyBaHHS JOTICTHYHHUX CUCTEM y CyYacHHUX yMoBax. [lanuit
aHai3 JaB 3MOTY aBTOPY BH3HAYMTH, HACKUIBKH TICHO BITYM3HSHHH PHHOK JIOTICTHYHUX IIOCIYT IIOB’SI3aHUH i3 PO3BUTKOM
TOPTOBENBHUX MEpPEX Ta ENeKTPOHHOI TopriBmi. CHHparoynchk Ha JOTICTUYHY CTpATeTilo, BU3HAUCHI €Tamd BIPOBAHKECHHS
JIOTICTUYHOI CUCTEMH B KpaiHi. {1 mojaismoro po3BUTKy cepu mociayr HEOOXiTHUM € BUPIMIEHHS KOMILIEKCY B3a€MOY3TOKEHIX
3aBHaHb: ()OPMYBAHHS CHPUATIMBHX YMOB JUIS IIANPHUEMHHUIBKO! IISTIBHOCTI y CEKTOPI MOCIYT; CTBOPEHHS EKOHOMIYHOIO Ta
NIPAaBOBOTO CEpPENIOBUINA; BIOCKOHAJICHHS Aii MEXaHi3My MICIIEBOTO CaMOBpPSIyBaHHS; 3aJy4eHHs IPOMaad O aKTHBHOI ydacTi y
BU3HAYEHHI NPIOPUTETHUX HANPSIMIB 3pOCTaHHS PUHKY mociyr. BucHoBkm. Peamizaris crparerii mepexomy cdepu mociyr Ha
IHHOBAIIHO-IHBECTHIIIHHY MOJeNb PO3BHUTKY JacTh 3MOTY aKTHBI3yBaTH BCi BHAW E€KOHOMIYHOI IISUTBHOCTI Yy BHPOOHMIITBI Ta
peamnizamuii mociyr, cTaHe OJHI€IO 31 CKIaJOBUX YACTHH €KOHOMIYHOI Oe3MeKn KpaiHH.
KurouoBi ciioBa: noricTuka; mpoBaiizep; eneKTpoHHa TOPTIBIIA; CHCTeMHU miaxin; [HTepHeT-0i3Hec.
IHocranoBka npodaemu

CHUCTEM Ha HiI[HpI/I€MCTBaX HaJIC)KHMUM  YMHOM  HE

JIOCHiPKeHo. Majo yBard TPHIAUICHO TPaKTHYHUM

VkpaiHi BHXOAWTP Ha HOBHH piBE€Hb PO3BHTKYy  ACIEKTaM (dhopMmyBaHHS JIOTiCTUYHOT CUCTEMHU

JIOTICTUYHHUX TOCNIYT, IO MPHU3BOAWTH JO 3POCTaHHS HiAOPMEMCTB, BIICYTHI WiTKi peKOMeHJamii IoJ0

KOHKYpEHIii Ha KBami(ikoBaHi JOriCTMYHI mOCTAyrH. METOIMKH il edekTMBHOTO (opMyBaHHs Ha UHUX
AKTHBHHHA PO3BUTOK CJIICKTPOHHOI KOMEpIIii Ha TMij dJac iANPUEMCTBAX.

rinobaiizanii CBITOBOrO pHHKY 1 3pOCTaHHS 0OCSTiB

TPAaH3UTHHX TIEPEBE3EHDL YEPE3 HAIly JEPKABY CBiIUUTE, Herupiuieni cki1agoBi 3araianHoi npodaeMu

PO JOLIJBHICTh PO3BUTKY JIOTICTUYHOTO PHHKY, SIK

OJHI€T 13 MPIOPUTETHUX Tally3el eKOHOMIKH. YKpalHChKHUii
JIOTICTUYHUH PHUHOK PO3BHMBAETHCS, OJHAK TEMIH IOTO
PO3BUTKY 3HAa4HO MEHII, IOPIBHSHO 13 PO3BUTKOM
CBITOBOTO PHHKY JIOTICTHKH, CaMe€ TOMY JOCIiJDKEHHS
Cy4acHOTO CTaHy Ta IIEPCHEKTHB pPO3BUTKY PHHKY
JOTICTUYHMX ~ TOCHyr  YKpailHM €  HaJ3BHYaiHO
akTyajibHuM [1].

BukopucTaHHS TOTICTHIHHX METO/IB B EKOHOMIUHIH
JISTIBHOCTI Cy4acHOTO MiIIPHEMCTBA JI03BOJISIE 3MEHIIUTH
KUIBKICTh OllepaliiHUX Ta IHIMIMX BHUTpaT. BuBYaroum
Cy4acHMH CTaH Ta TIEPCHEKTHBU PO3BHUTKY PHHKY
JIOTICTUYHMX TOCIYT JIO3BOJIUTH IOCHIJOBHO 1 CYTTEBO
MOJIIIIIUTH CTAH EKOHOMIKH Y KpaiHH.

AHaJni3 ocTaHHiX JocaifKeHb i mydJaikaniii

BuBueHHA HayKOBOi JiTepaTypi, MO0 BUBYEHHS
Cy4acHOTO CTaHy JIOTICTHKM B YKpaiHi, NOKa3aB, IO
HAyKOBII PO3IJIOAalOTh 4Yepe3 3apyObKHUI  J1OCBiA
3aCTOCYBaHHS JIOTICTHYHUX IIiIXO/AIB Ha BUPOOHHUMX
mianpueMcTBax. 3akopponuMmu HaykoBisimu K. Kibpose,
JI. MipotinuM, b. AHIKiHEM B cBOiX poOoTax pO3IJIsIHYTO
npoOiemu  (QOpPMyBaHHS  JIOTICTHYHHX  CHUCTEM  Ha
mianpueMcTBax. Cepen ykpaiHCHKUX (haxXiBIiB BaXKIMBUH
BHECOK y PO3BHUTOK JIOTicTHKH 3pobmimn €. KprukaBcekuid,
H. Yyxpaii, M. Oxnaagep, B. Huxomaituyk, 1. CmipHOB.
OpHak, HU3KY NHTaHb 100 (HOPMYBAHHS JIOTiICTUYHUX

3a JI0IIOMOT 00 JIOTICTHYHHUX CUCTEM 3a0€31eUy€EThCs
MOJKIJIMBICTh 3HIDKCHHS BHTpPAT Ha TPAHCIOPTYBaHHS,
CKJIa{lyBaHHS Ta CKOPOYEHHS Yacy Ha JOCTaBKY IPOIYKIIi1
BiJl BUpOOHHKA 10 crioxuBada. OmHAK mpodiieMa MmoJsTae
B TOMY, IO BIPOBA/DKCHHS JIOTICTHYHHX CHCTEM Ha
MATIPHEMCTBAX e HE JIOCHUTH PO3BHHYTO.
Haiipo3BUHEHIIIMM KOMIIOHEHTOM BITYH3HSHOI CHCTEMHU
JIOTICTUKA € CBO€YACHICTh IIOCTABOK BaHTaXiB, a
HafiMEHII PO3BHHEHHM — SKICTh TOPTOBENBHOI Ta
TPAHCHOPTHOI IHQPACTPYKTYPH.

@opMyaTOBaHHA Iijeil craTi. Mertoro cratTi €
BUBYCHHS CY4acHOI'O CTaHy Ta OCOOJIMBOCTI PO3BHUTKY

PHUHKY JIOTICTHYHUX TOCIYT B YKpaiHi.

Buksag 0CHOBHOTO MaTepiany A0CaiIzKeHHsI

Po3BuTok puHKY norictuku Oynp-sikoi KpaiHu, y
TOMY 4HCli i YKpaiHu, 3aJIeKUTh Bil CTaHy ii €KOHOMIKH.
Moro omepatopn 3abesnedyroTh B3a€MOJI0 yYACHHKIB
€KOHOMIYHMX  BIIHOCHH,  TIOB’SI3YIOTb ~ BHPOOHWUI
JIAHIIOTH, JIOTICTHYHI JIAHIIOTH TIOCTABOK, JAIOTh 3MOTY
TOBapaM 3HAaWTH CBOiX MNOKynuiB. OOcArM HalaHuUX Yy
cthepi JoricTUKK TOCHYT Oe3MmocepeHhO 3ajekKaTh Bif
piBHSA aKTHUBHOCTI X CIIOKMBAYiB, IUHAMIKHA
BHPOOHHUIITBA, BHYTPINIHBOI Ta 30BHIIIHBOI TOPTiBi [3].

[TigmpuemMcTBa MOTPEOYIOTH HOBUX MOXKIIMBOCTEH, a
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TaKOX IMAHCIB JJIA 3pOCTaHHS KOPUCTI Ta e(eKTiB, sKi
MOB’sI3aHi 3 JISUTBHICTIO Ha MDKHAPOJHHX PHHKAaX, IO
MOCTIHO 3MiHIOIOTECS. OmHa 3 MOXKIHMBOCTEH, sKa
BHXOJIUThH 3a (PYHKIIOHAIbHI MEXi IiINpPUEMCTBA, — II&
3a0e3MmeueHHs]  BiAMOBITHOTO PIiBHA  0OOCIYyTrOBYBaHHS
kiieHTa. OOCIIyroByBaHHs KIli€HTa 00’ €IHY€E JIOTICTHKY i
MapKeTHHT, BUPA3HUKOM YOr0 € iHTerpoBaHa JIOTiCTHKO-
MapKeTHHIoBa KoHIemnuis. Bapro 3a3Haunrty, mo MapTin
Kpicrodep, oOmMH 3  OCHOBOIOJOXHHUKIB  IOHATTS
"MapKeTHHIoBa JIOTiCTHKA", HE HAaBOAUTH TOYHOTO
BH3HAUEHHS y CBOiX mpamsgx [16]. Ane 3a3Hadae, 10
MapKEeTHHTOBA JIOTICTHKA 30CEpeKeHa Ha TOMY, SKHM
9YUHOM  OOCIYroBYBaHHS  KIIEHTIB  MoXke  OyTH
BUKOPUCTAHO MJIS OTPUMaHHS KOHKYPEHTHHX IIepeBar.
BoHa mparse kepyBaTH B3aEMOJIE€I0 MiXXK MapKETHHTOM i
JIOTICTHKOI0 3 METOI0 Y3TODKCHHS IEePCIIEKTUBHUX
cTparerii 'y KOHTEKCTi OiNbII IIHPOKOTO JIAHIFOXKKA
MOCTaBOK.

Sk crBepmkye II. Bmeiik [14], us KoHIemiis
CKJIIAJIA€ThCs 3 IHTErpaifii JABOX KOHIICIHINH, 3 OIHOTO
OOKy, JIOTICTUKHM SIK KOHIEMNII] YaCTKOBOI'O YIPaBIiHHS,
OpIEHTOBAHOI HAa MOCTAa4YaHHS, a 3 1HIIOr0, — MapKETHHIY,
SIKHA OpPIEHTOBAaHWN PUHKOBOKO KOHICIIIIE0 YIPABITiHHS
mignpueMctBoM.  OOMIOBI  KOHIENIIi  ympaBIiHHSI
CTHKAIOTHhCS Y HAHBAXKIIMBIIIOMY MICIIi, SKAM € PHHOK, IO
JIETEPMIHY€E CTpATETil TISUTBHOCTI MiIPUEMCTBA HA PUHKY

KOHIIETIi € BHKOPUCTAHHS MOTEHIaTy 1 MOXJIHBOCTI
MiIIPUEMCTBA, MO0 JOCATTH YCHiXy Ha PUHKY 1 HamaTH
TON piBeHb OOCIYrOBYBaHHS KIIEHTA, IO BHUMAaraeThCsl.
OTxe, MOJKHA CKa3aTH, IO A0 OOCIyroByBaHHS KIIi€HTa

HAJICKUTh TAXOMWTH HE TIIBKA 3  TIEPCIEKTHBH
MapKeTUHTy, aji¢ W 3 TEepPCHCKTHBH JIOTICTHKH, a
chopMybOBaHA ~ CTpaTeris  MOBHHHA  3a0e3MeYuTH

JIOCSITHEHHSI HaWBHUIIOTO pPIiBHS 3aJOBOJICHHS IOTped i
BUMOT KJi€HTa. 3 JIOTICTUYHOI TOYKM 30py IiA
00CIIyroByBaHHsIM KJIi€HTa MaeMoO Ha yBa3i yMiHHS a0o
YiTKY 34aTHICTh IIOJI0 €()EKTHOTO 3aCTIOKOEHHS OYiKyBaHb
KIi€HTa, TOJIOBHE, IMOJO Yacy 1 MICII ITOCTaBOK
MPOAYKTIB, IIO 3aMOBIIAIOTHCS, 3 BHUKOPUCTAHHSIM YCiX
JIOCTYTTHUX (hOPM JIOTICTHYHO]I IisutbHOCTI [15].

Buxoasun 13 3a3HayeHMX 3aJEKHOCTEH, MOKHA
BUAUIMTH (HaKTOpH, IO BIUIMBAIOTH HA PO3BUTOK
JIOTICTUYHOTO PUHKY HAmoi KpaiHW B JaHMH dYac Ta
chopMyBaTH TNOTOYHI TEHAEHIIT Ha JOTICTUHYHOMY PUHKY
(tabn. 1) [4]. KoHKypeHTHa CHTyallis CTana J0JaTKOBUM
CTUMYJIOM JUIS PO3BUTKY Ta BJIOCKOHAJIEHHS pOOOTH
HIiANPUEMCTB CEPBICHUX MOCIYT YKpaiHH, IMOIIYKY HOBUX
CHOXXUBauiB, (POPMyBaHHS aCOPTUMEHTY IOCIYT AJIS BCiX
BEPCTB HACEJICHHS 3 BIANOBIZHUMHM IJISI HUX ILiHAMH Ha
nociryr. OCHOBHUM (haKTOpOM pocTy cdepH CepBiICHUX
MOCIYT € CTaH 1 pIBeHb PO3BHTKY IHHOBAIiH, IO
MOKPAIIIY€ SKICTh JIOTICTAYHOTO 0OCITyTrOBYBaHHSA [7].

30yTy 1 3a0e3medueHHS.

OpHak MeTor0 000X X

Tabauus 1. @axmopu 6niugy ma po3sumKy puHKy 102iCMU4HUX nociye 8 Yxpaini

DakTOopH, 110 BILIMBAIOTH HA PO3BUTOK

Ne . .
JIOTICTHYHOI'0 PMHKY Y KpaiHu

[oToyHi TeHaeHLIT HA JOTiICTHYHOMY PUHKY

1 Jlunamika YKPaiHCBKOTO TIPOMHCIIOBOTO
BupoOHuuTBa. Y 2018-2019 pokax crocTepiraeTbes
3pOCTaHHS 3araJIbHUX OOCSTiB BUPOOHMIITBA, aine Iie
II0KBaBJICHHS CTOCYEThCSI HE BCIX TPYII TOBapiB.

3HMKEHHS TOBapooOiry, oOyMOBJICHE HEraTHBHHM BIUIMBOM KPH30BHX SIBHII,
3Minunocs 3 2017 poky mporecoM 30iIbIIEHHS 00CATIB BaHTAXOINEPEBE3EHb 10
MpUYKHI CTabimi3alii eKoOHOMIUHOI cuTyarii B kpaini. ¥ 1 kBaprtani 2017 poky
3pocTaHHs 00OpOTY BaHTaXiB cKiIaB Maibke 10% B IOPIBHSHHI 3 aHAIOTTIHUAM
MEePioJIOM MUHYJIOTO POKY.

2 OOcsrH BHYTPINIHBOI ONTOBOI Ta po3ApiOHOT TOpTiBIIi
TaKOXX OCTaHHIM YacoM MalOTh TEHACHIUIO JI0
301IbIICHHS.

VYV mepmomy miBpidui 2019 poky BigMideHO HESAKHIl IEPepo3MOIi YacTOK
BaHTAXXOIIEPEBE3CHb MK BHIAMH TPAHCIIOPTY. Y IeH mepiof, B MOpIBHSHHI 3 1
niBpiuusaM 2018 poky, BinOynocs 3HIKeHHS Ha 1,5% 9acTKH 3ai3HHIN, a YacTKa
TPyOOIPOBiTHOTO TpaHCHOpTY 30inbInmIacs Ha 1,4%. TakuMm 4WHOM, TIPAKTUYHO
BECh 3POCTAHHS BaHTAXXOOOIry MpPHUIaB HA aBTOMOOUIBHUI TPAHCIOPT, OCKIIBKU
0o0csirM mepeBe3eHb IHIIMMH HOro BuaamMu He 3MiHWucs. CTarHaiis pUHKY
3aJII3HHYHHUX IIepeBe3eHb MOSICHIOETHCS ITiABHIICHHSIM Tapu(iB Ha Ii MOCIYTH B
MMO€AHAHHI 3 TEXHIYHOT 3HOIICHICTIO PYXOMOT'O CKJIAIy.

3 CraH 30BHIIIHBOI TOpTiBii. HacmigkoMm ckopoueHHsS
BUPOOHMIITBA, 3HWXEHHS KypCy  HAaIliOHAIbHOI
BAJIOTH, 3arocTpeHHs BigHocuH 3 Pociero crano
CKOpOYEHHs1 00cAry ekcropty. Pasom 3 Tum, micns
2016 poxy movaocst 3pOCTaHHS IMITOPTY.

B Vkpaini, sk i B iHIIMX KpaiHax CBITY, 3pOCTa€ MOMYJISPHICTh NPHIOAHHS
TOBapiB B iHTepHeT-MarasuHax. OIHMM 3 TOJOBHHUX IepeBar TaKUX IOKYIIOK,
0COOJHBO BaXKJIMBUM B YMOBAX 3HMKCHHS PEalbHHUX JOXO/IB HAIINX TPOMAJsH, €
MEHIIa I[iHa TOBapiB B TOPIBHAHHI 3 TPAaJUUIHHUMU TOPrOBUMH TOYKaMH. 3
PO3BHTKOM Mepexi IHTepHeT-Mara3uHiB 30UIBIIYETHCS 1 IONMT HAa IIOCIYTH
JIOTICTUYHUX KOMITaHIH 3 TOCTaBKH TOBApiB 3 HHX SIK BCEpEeIUHI KpaiHM, TaK i 3-3a
KOp/IOHY.

4 3aranpHe 3HWKCHHS JOXOJIB YUYaCHHUKIB €KOHOMIYHOT
JISUTBHOCTI 3MYIIY€ 1X 0 MiHiMi3alii CBOIX BHTpaT, B
TOMY YHCJIi 1 32 paXyHOK JIOTICTHYHUX HOCIYT.

CriocTepiraloTbCsl TO3WTHBHI 3MiHH B CEKTOpI HAJaHHS CKIAACBKHX ITOCIYT.
ExoHOMIUHI TpyZHOLII TONEpeNHIX POKIB 3MyCHiIM OaraTb0X OpeHIapiB
CKOPOTHTH BUTPATH Ha IIi I NUIIXOM Mepei3ny Ha IUION CXOBHIL HUKYOT
sxocti. Ilpore akTtuBi3amis Ttopriemi B 2018 pomi mnpu3Bena 10 IOYATKY
BITHOBJICHHS 1 CKJIAJCBKOTO PHHKY, SIK€ TPOAOBXKHIOCS 1 mami. [Ipuyomy
OpeHIapsiMU OinblIe MOJIOBMHU CKJIAJICBKUX NpUMIlIeHb € piteinepu. Tomy 3
MiIBUIICHHSIM  KYITBEIBHOI CHPOMOXKHOCTI HACEJEHHS OYIKYEThCS HOJaIbIIe
30UIBIICHHS MOMUTY Ha CKJIAACHKI mociyrd. Pasom 3 TuM, OyIiBHHUITBO HOBHX
CKJIAICBKUX mpuMitnenb B mepiox 2017-2019 pokiB 3amHIIAETHCST HEBEIHKAM 1
3JIiIHCHIOETBCS TIEPEBAXKHO ijI TOTPEON KOHKPETHNX KOMIIaHii B popmarti built-to-
suit [3].

JloricTHKO-MapKEeTUHTOBA ~ KOHIICTIIIIS

mIOA0 SKOCTI O0OCITyroByBaHHS,

MIpUILIsE
Oinplly yBary IiHIWBITyaJbHUM 3allUTaM CIIOKHUBAYiB,
MOYajal TPUCTOCOBYBATHCS JO OUIBII >KOPCTKUX BUMOT
Tak SIK B CY4YacHHX

BHMOTaxX Ha PUHKY JIOTICTUYHUX TOCITYT MOKHA MOOAYUTH
TEHICHII1 3pOCTaHHSI BUMOT CIIO’KMBAYiB 10 BiTHOIICHHIO
10 TX KOMITIIEKCHOCTI 1 SIKOCTI.
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OCHOBHMMH TIapaMeTpaMH SKOCTI JIOTiICTHYHOTO
00CITyTOBYBaHHS CIIO’KUBAYiB BBAXKAIOTh:

1) yac 00poOkK 3aMOBIEHb (Yac BiJ OTPUMAaHH
3aMOBJICHHSI [OCTA4ajJbHUKOM JI0 JIOCTaBKH TOBapy
3aMOBHHKY);

2) rapaHTOBaHY JIOCTaBKY 32 OYyb-sSKUX YMOB;

3) HasBHiCT ~ TOBapy Ha cCKiIami 1  ioro
BiJIBAHTAXXCHHS 32 TIEPIIIOI0 BUMOTOK CIIOYKHBAYA;

4) MakCUMaJbHY BIANIOBIIHICTE BHUKOHAaHUX
3aMOBJIEHL BUMOI'aM CIIOKMBAYa;

5) HasiBHICTH ~ HEOOXITHMX  MOTYKHOCTEH  UIS

BHKOHAHHS JIOCTPOKOBHX 3aMOBJICHB;
6) 00’ €KTUBHICTB ITiH HA JIOTICTHYHI ITOCIIYTH;

Tabuuus 2. Pieni nocicmuunozo cepgicy Yrpainu

7) HasiBHICTH iH(OpPMALIHHUX CHCTEM IIPO pPiBEHB,
CTPYKTYpPY BHTPAT Ha JIOTiICTUYHE OOCITyTOBYBaHHS;

8) 3pyUHICTh PO3MIIIEHHS 3aMOBIICHb y JIOTiICTHYHIN
CHCTEMI,

9) cTymiHp JOCTYIMHOCTI BHKOHAHHS 3aMOBIECHHS B
JIFOYii JIOTICTHYHIH cucTeMi;

10) HasiBHICTh B JIOTICTUYHIA CHUCTEMi MO>KIHBOCTI
HaJIaHHS MOCTIHHUM KIIIEHTAM TOBapHHUX KPCIUTIB;

11) BucOKuil piBeHb TEXHOJIOTI] BaHTa)XoNepepoOKu
1 IKOCTI YIIaKOBKHU TOBapy [7].

Ha cydacHoMy erami po3BHUTKY PHHOK JIOTiCTHYHHX
mocayr VYKpaiHM TIpeACTaBICHHMH Ha BCIX PIBHAX
JOTiCTHYHOTO cepBicy (Tadm. 2) [7].

. . . . Ha3zsa xomnanii B
PiBennb Hazpa XapakTepucTHKa PiBHIB JIOTICTHYHOTO cepBicy .
Ykpaini
1PL "JloricTnaHUH 1€ BUJ] JIOTICTUYHOTO CepBicy, KOJIM BCi JOTICTUYHI pOLiecH
iHCOpCHHT" 3/IIHCHIOIOTHCS OE3MOCePEeIHBO BIACHUM
BaHT)XOIEPEBI3SHUKOM Ha BIACHOMY TPAHCIIOPTi, TOOTO BCs
JIOTICTHKA ITiIIPUEMCTBA € aBTOHOMHOIO
2PL YacTkoBuit BH/I JIOTICTUYHOT isSTIBHOCTI, KOJIM CKJIalyBaHHS, ICPEBE3CHHS "Igraiim", "JleniBepi",
JIOTiICTUYHUHI BiZIOyBa€eThCS 13 3ATyYCHHSM CTOPOHHIX KOMITaHiH, ane mpu "Hosa Ilomra",
ayTCOPCHUHT [bOMY KepyIOTh JaHIIOrOM IOCTaBOK camocTiiHo. Ha "MictEkcnpec"”
Cy4JacHOMY eTarli B YKpaiHi OiTbIIicTh KOMIaHIH HaTal0Th
nepeBary came I1bOMy BUJLy JIOTICTHYHOTO CepBicy.
3PL Kommnekcauit TOM PiBEHB JIOTICTUYHOTO CEPBiCy, KOJIHM BIaCHHUK BaHTaxy caM | "['pann Jlorictuk",
JIOTICTHYHHHI B)KE HE 3aiiMa€ThCs 30BHIIITHBOIO JIOTICTUKOI0. 3PL- "VBK", DHL, NEOLIT,
ayTCOPCHHT npoBaiigepu — 11e 6araronpodiabHi JOriCTUYHI IpoBaliepH, "Black Sea Shipping
1[0 MAIOTh BHCOKONpOQeciiiuuii mepconan. Bouu 3aiimaroteest | Service Ltd."
JIOCTABKOIO TOBapy, KOHTPOJIEM IIPOXOPKSHHS MUTHHII,
NaKyBaHHSM, (hacyBaHHSIM TOBapy TOLIO
4PL InTerpopanmii BUJI JIOTICTHYHOTO CEPBICY, KON MiAIPUEMCTBO-3aMOBHHUK HE "Mertpo Kem enn Keppi"
JIOTiCTHYHUH JIMIIIE 3aJydac ayTcopcepa JUisl BUKOHAHHS (QYHKIIN — METRO MGL Logistik
ayTCOPCHHT TPaHCIIOPTHOI JIOTICTUKH, ale i nepenae oMy 3amadi 3 GmbH
NPOEKTYBAaHHS Ta YNPaBIIiHHS JAHIFOTAMH TIOCTABOK Ta
JIOTiCTUYHUMH Oi3HEC-TIpoIiecaMy Ha IiIMPUEMCTBI
5PL BipryansHa sorictuka JIOTiCTUYHUN CEpBIC, SIKUH OXOILTIOE BECh KOMITIIEKC Ha xansb, Ha TepuTopii
JIOTICTUYHUX MOCIYT TII00aIBHOTO iH(OpMaIiiiHO- VYkpaiHu mpejicTaBieHi
TEXHOJIOTTYHOTO MPOCTOPY. JIUIIE TPAHCHAI[IOHAIbHI
4PL- Ta SPL-npoBaiinepu
3a piBHeM edekTHBHOCTI POOOTH JIOTICTUYHOI  MO3MII B JaHOMY CerMeHTi puHKY. lle MOsSCHIOETHCS

cucreMu Ykpaina 3aiimae 61-me micue cepen 160 xpain
cBiTy. Ha myMKy ekcriepTiB, JIOTiCTHYHA cucTeMa YKpaiHu
nporpecye. Ile  sckpaBo  IeMOHCTpye  JUHaMika
HAlliOHANBHOTO 1HJEKCY e(QEeKTUBHOCTI JIOTICTHKU. Y
IMOTOYHOMY pOI BiH gocsr 2,98 Oamu. 3a omiHKaMu
CaitoBoro 0aHKy [5] HalpO3BHHEHIIINM KOMIIOHEHTOM
BITYM3HIHOI CUCTEMH JIOTICTHKH € CBOEYACHICTh TIOCTAaBOK
BaHTaXiB, a HaWMEHII pO3BHHEHMM —  SIKICTb
TOPTOBEJBHOI Ta TPAHCHOPTHOI IHYPACTPYKTYPH.

VY 3arajbHOCBITOBOMY €KCHOPTi Ta IMIIOPTI BCiX
BWJIIB TIOCIYT 4YacTKa TPAHCIIOPTHUX IIOCIYI CTAHOBHUTH
npubnuzno 24% (5,5 tpma mon. CIIA). 3Buuaiino,
MOCTa4YaJIbHUKU TPAaHCIIOPTHO-EKCIEAMIIITHUX TOCIYT Ha
CBITOBHMH PHHOK IPOTPAIOTH 32 BapTiCHAMM TOKAa3HUKAaMHU
eKCIIOpTepaM TOBaPiB, ajie TUTbKH HAHOUIBIITHM.

Haiibinpmum mocta4aIbHUKOM JIOTICTHIHHX MTOCTYT
e CIUIA. Ix exkcnopt ckirangae o6mu3pko 80-90 mupna mod.
CHIA. Ane BOHM ¥ IMIOPTYIOTH TpPaHCIIOPTHO-
eKCIIeIMIIIHI NocIyrk Ha pik Ha cymy B 90-100 mipa
non. CIIA. IIpote nocrynoBo CIHIA Brpauae migupyrodi

pSIOM €KOHOMIUHHMX (aKTOPIB Ta aKTHBHHM PO3BHUTKOM
JIOTICTHKH B TPOBIJIHUX €BPONEHCHKUX KpaiHax. Takox 1o

HaWOUIBIINX  EKCIIOPTEpIB JaHWX MOCHYr Yy CBITI
BigHOCsAThcs Himeuunna (25-26 mupa gon.  CIIIA),
SAnonis  (40-45 wipn  gon.  CHIA), a Ttakox

BemukoOpuranist, Himepmanmm, 'oHkonr (22-28 wupn
non. CILIA), Kopes Ta ixmmi [6].

OnHOOCIOHMM  JIiJepOM B IMIIOPTI JIOTICTHYHHX
mocayr Takox € CLIA. Cuigom 3a CIIIA 3a obcsramu
IMIOPTY TPAHCHOPTHHUX MOCIHYr WAyTh: HimewumHa —
52 mipx pon. CIIA (7,56% punky); SAnonis — 42,3 mupn
nmon. CIIA (6,24% punky); BenmukoOputanis — 35,8 mapn
nmon. CIIA (5,21% punky); @panmis — 29,5 mupa o
CIIOA (5,01% punky); Hauis — 23,9 mupa moa. CIHA
(3,48% punky); Iamis — 31,1 mupa mon. CIIA (3,47%
puHKy); Pecmybmika Kopes — 29,9 mupn gon. CIHOA
(3,41% punky); Itamis — 22,6 mapx non. CIHA (3,3%
purky); Himepmanau — 16,6 mupa mon. CHIA (2,41%
PHHKY) Ta iHII. (JaHi HaBeIEHI B CEepeIHbOPIYHOMY
00cs3i) [2].
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Jligupyrodi mo3uilii 3a3HaUYeHUX KpaiH Ha CBITOBOMY
PUHKY TOKYIKH 1 NMPOXaXy TPAHCIOPTHHUX IOCIYyT, Ha
MKy TPOBITHUX BITYM3HSIHUX aBTOPIB, MOSICHIOIOTHCS
aKTUBHOIO  y4YacTI0 JaHWX KpaiH y  CBITOBOMY
TOBapOOOMiHi, B MDKHAPOJHOMY TOJILTI TIpalli.

YacTka ynpaBiaiHCHKOi JIOTICTHKH W KOMILIEKCHUX
JIOTICTUYHHUX  MOCIYT  30UIBIIYIOThCA, 1  OLIBIICTD
MiANPUEMCTB HAIAIOTh TIEpeBary BCeOiIuHIM omTumizarii
CBOE€T JisUTBHOCTI.

Ha cywyacHomMy eranmi B CBITI CIIOCTEpIraeThCs
TEHJEHIS BUHUKHEHHSA JIOTICTHYHMX KOMIIAHINA Ta
IIEHTPIB, SIKi TMPOIOHYIOTh KOMIUICKCHI (DYHKITIOHATBHI
pimenHa. Bouu mossratots y HamaHHi 3PL-mocnyr i
aKTHBHOMY PO3BHUTKY YETBEPTOrO Ta II'AITOTO pPiBHIB
JIOTICTHYHOTO  ayTcopcuHry. Crmig 3a3HaYuTH, IO
MaKCHMaJIbHUH TIONMUT CrocTepiraeTbess B [IiBHIUHIN
Amepuui  ta  €Bpomi. Ilpm 1pomy  Haiibinblie
KopucTyBauiB mnociyraMmu 3PL  omepatopiB BHSBICHO
cepel KOMIIaHIH, L0 TPauUoTh Yy cdepl BHCOKUX
texHouorii (16%), npomucioBoro BupodHunTBa (13%) i
BUPOOHHUIITBA MPOA0OBOJbunX ToBapiB (13%). Haiimenmie
KOPHUCTYIOThCS IOCIyraMH ayTCOPCHHTY KOMMaHii, IIo

3MIACHIOIOTh  NisIbHICTE B oOmacti  ¢iHaHCIB 1
TEJICKOMYHIKaIIii.

BiTun3HsHAa JIOTICTHKa JEMOHCTPYE IO3WUTHBHI
TEHJEHII PpO3BUTKY, 3IifCHIOE BaroMHMii BIUIMB Ha

E€KOHOMIYHMH TOTEHIial KpaiHW, CTHMYJIOE PO3BHTOK
CYMDKHHX, B3a€MOIIOB’SI3aHUX Taly3ed. Xouya pPHHOK
JOTICTUYHMX TOCIHyr YKpaiHu 1 mepeOyBae B cranuil
PO3BHUTKY, a TEMIIM WOTO 3POCTAaHHS 3HAYHO MOBUIBHIIII
MOPIBHSHO 3 IHIIMMH KpalHaMH, IPOTE BiH € MOTEHIIHHO
KOHKYPEHTOCIIPOMOKHHUM. TpaHCOPTHO-JIOTICTHYHUA
KOMIUIEKC YKpalHM — IIe CTpaTeriyHo BaXIIUBHUA Ta
BaroMuii CETMEHT KpaiHU B MOJITHYHOMY, €KOHOMIYHY Ta
couianbHOMY acnekrax. Jlorictuka YKpaiHu CTaHOBUTH y
BaJIOBOMY BHYTPIITHBOMY HPOJYKTi KpaiHu Osmsbko 12%,
IIPU [bOMY CTBOPIOIOYM PO0OO0Ui MicIs Ul HACEICHHS y
posMmipi 7% Big 3arasbHOI  KiJIBKOCTI  3aiHATOTO
HaceneHHs [9].

B 2019 poui Ha pWHKY CKIAACBKOI HEPYXOMOCTI
MiATBEPINIACH TEHIEHIIS 10 3POCTaHHS, sKa
po3moyanack me B KiHm 2018. OcHOBOIO pyIIiHHOIO
CHJIOI0 CTaJIO 3arajbHe BiJHOBICHHS TIIOMUTY 3 OOKY
PHUHKIB po3piOHOI TOPTIBIi Ta JIOTICTHKH, IIEHTPAITi3aIlist
(mepemilleHHs1 TpaBIB 3 PErioHiB 10  CTOJIHIII),
MOKPAIICHHS YMOB OpPEHIM Yy BUDIANI  SKICHHX
MPUMIIICHb, IO CHPUSIO 3POCTAHHIO OOCSTY BaJlOBOTO
MOTJIMHAHHS Ta 3MEHIIIEHHS BaKaHTHOCTI [8].

Y mepionm Kpu3u Bce OUIbIIE  JIOTICTUYHHUX
OIIepaTopiB IMOYaId PO3BHBATH IIOCIYTY AayTCOPCHUHTY
CBOTO TIEPCOHAITy Ha CKJIaJiaX KJIi€HTa. SIKIOo po3TisTHyTH
CTPYKTYpY OOCATY TUIONI, siIKa (OPMYETHCS 13 IUIONI, IO
nepeOyBalOTh y BIACHOCTI Ta B OPCHII JIOTiICTUYHUX
omeparopiB, Ta IUIOO], Ha SKAX IPOBOAUTHCS
00CITyroByBaHHA KJIi€HTa Ha HOro » CKIami, TO IICH
MOKAa3HUK € OubliuM 32 (aKTHYHI IUIONM, sIKi
JIOTICTUYHHUI omepaTop OpeHaye abo Mae y BiIacHocTi [3].

Cepen HaWOIIBIIMX JIOTICTUYHHX OINEPaTOPIB, SIKi
JIOMIHYIOTB y CEKTOPI 32 00CAraMi OpeHI0BaHOT TIONII Ta
HassBHUX IUIOLI Y BIJIACHOCTI, MOXXHAa BHIUIMTH I SITIPKY
KOMIIaHiH, siIka B OCHOBHOMY CKJIQIA€ThCSI 3 MI>KHAPOIHUX
KOMITaHiH Ta OnHi€l yKpaiHChKOI KOMITaHii, sKi
npencraBieHi B Tadn. 2. [ToTpiOHO BiA3HAYWTH, IO I
gac kpuzoBux 2015-2016 pokiB, JIOKadbHI oOmepaTopu
MOCTYTIOBO  BIZBOIOBAJM CBOIO YACTKy Ha PHHKY.
VkpaiHcbki KOMITaHii, SKi MOXKHa BUAUINTH Ha JTaHUH
MomeHT e Business Group, ZAMMLER, Logistic Plus,
VYBK Ta "HII JloricTux" [10].

IIpoTe, mepeBa)xHO, caMe JIOKAIBHUM JIOTICTHUYHUM
mpoBaiiiepaM BIIACTHBE IHMTAaHHS KOOPAMHAIIT mil SIK
BCEpeMHI KOMIaHil, Tak i 3 kmieHTamu. IlocTymogo,
JIOKQJIBHI  ONEepaTopy CKJIAJaloTh OUIbII  CepHO3HIITY
KOHKYPCHIIIF0 MDKHAPOJHUM JIOTICTHYHUM KOMITaHisIM.
Cepen Takux MPEICTaBHUKIB BITYM3HSIHHUX IIPOBAUICPIB,
MOXHAa BIA3HAYUTH TPyHy JIOTICTHYHUX KOMIIaHIN
ZAMMLER, sxa Ha [maHuii MOMEHT Haja€ cTabiIbHO
XOpOIIMKA  CepBiC Ta CTPIMKO HApomye oOcCsITH
opeHaoBanux miom [11].

Tabauus 3. Haubinvwi nozicmuuni onepamopu 3a 06Ccs120M 61ACHOT Ma OPeHO08AHOT nAoWi, HA AKIL 30TUCHIOIOMbCA T02ICIMUYHT

onepayii [12]

OO0csr nJiouli: BJIacHoI, B OpeHai, cKIaxy
HazBa ILitoma, m2 KJII€EHTA, AKA 00CIYIrOBY€THCS JIOTiICTUHYHHM Tun
onepaTropom, M2
ZAMMLER 75 000 75 000 JlokanmbpHa
Kuehne+Nagel 67 000 123 000 MixHapoHa
Raben 53 000 73000 MixuxapoaHa
Ekol 58 000 58 000 MixHapoHa
FM Logistic 55 000 55 000 MixnapoHa
YBK 50 000 50 000 JlokanbHa
LogisticPlus 27 000 27 000 JlokanbHa
HIT Jlorictuk 27000 27000 JloxansHa
puskiB. IIlo cTocyeThcsi MIKHAPOTHHUX JIOTiCTHYHUX
Tpagumiiino soricTuyHi koMmMmadii B YKpaiHi  omeparopiB, TO IXHIMH KIIIOYOBHMH XapaKTEPHCTHKaMHU
IIPUCYTHI B OCHOBHOMY B KweBi Ta 3aiiMaloTh BENMKI  3aJUINAIOTBCS ~ BHCOKI  CTaHAApTH  KOPIOPATHUBHOI
IJIONTi, TIPOTE B pErioHax JaHWK TPEHJ MPEACTaBICHUH  KyJIbTYPH, MPOIETYPHOCTI Ta SKOCTI mocuyr [12].
HabaraTo HIKYUMH [OKa3HUKaMM SK IUIOII, TaK i Bapro 3a3HauMTH, [0 YKpAiHCBKI JIOTiCTHYHI
pi3HOMaHITHICTIO caMuX KommnaHid. lle moB’A3aHO B KOMMaHii TOYalmM pO3BMBATHCh B  OCTaHHI  POKH

mepimry uepry i3 ciabmmM pO3BUTKOM peTiOHAJIBHUX

aktuBHime. [ToTpiOHO BiA3HAYMTH, IO MiJ Yac KPU30BHUX
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2015-2016 pokiB, JOKaJbHI OIEPATOpH IOCTYIIOBO
BiIBOIOBAJIM CBOIO YacTKy Ha pUHKY. YKpaiHCBKi
KOMITaHil, sIKI MO)KHAa BHIIIMTA HA JaHWHI MOMEHT I
Business Group, ZAMMLER, Logistic Plus, YBK Ta "HII

Jlorictuk". Ilpore, mepeBaxxHO, caMe JOKAJIbLHUM
JIOTICTHYHUM mpoBaiiiepam BJIACTHBE MMUTaHHS
KOOpAMHAINI Miii SK BCEpPEeNUHI KOMIAaHIii, TaKk 1 3

kiieHTamu. [locTynoBo, JOKaNbHI ONepaTopy CKIIAIAroTh
OipII  CEepHO3HINly  KOHKYPEHII  MDKHapOIHHM
JIOTICTUYHMM KoMmaHisiM. s mpuknamy, yKpaiHCBKi
KOMITaHii BXX€ 3apa3 pO3MIAJAIOTh HOBI HANPSIMKH IS
PO3BHUTKY, III0 IEMOHCTPYE TOTOBHICTh IHBECTYBAaTH B HOBI1
npoektTn Ta (Qopmath. Ajke, OIHIEIO 13 TepeBar
JIOKAaJbHOI ~ JIOTICTHYHOI ~ KOMIIAHII €  MOXKJIMBICTB
MIBUAKOTO TMPUUHATTS pimieHb Ha wicmi. Cepem Takux
MPEACTaBHUKIB ~ BITYM3HAHUX  TpOBaimepiB, MOXKHa
BiZI3HAYMTH TPyIy JiorictuuHux kommanii ZAMMLER,
sIKa Ha JaHWH MOMEHT Hajae CTaOLIbHO XOPOIIMH CepBic
Ta CTPIMKO Hapoulye oOcsird opeHnoBaHux mmiom. Ilo
CTOCYETBCSl MDKHApOJIHHX JIOTICTUYHHUX OIEpaTopiB, TO
iXHIMH KIIIOYOBHMH XapaKTEPUCTUKAMU 3JIUILAIOTHCS
BHUCOKI CTaHAApTH KOpPHOPAaTHUBHOT KyJIbTypH,
MIPOLIEAYPHOCTI Ta IKOCTI mociyT. Hampukiam, HaBiTh mmif
yac Kpu3W, MiKHaponmHuii mpoBadimep FM Logistic

Taéauus 4. Buou nocicmuunux nociye 014 inmeprem-6isnecy [3]

MPOJOBXKYBaB OYIIBHHUIITBO CKJIAJCHKUX O0’€KTiB 1 Ha
JaHUHd MOMEHT, BaKaHTHICTb B CKJIAIACHKUX KOMIUIEKCAX,
SKi 3HAXONATHCS Y BIACHOCTI NpoOBaiiepa, € HYIJHOBOIO
[12].

BiTUu3HSIHMNA PUHOK JIOTICTUYHHX TIOCIYT TiCHO
MOB’SI3aHUI 13 PO3BHTKOM TOPrOBEIBHHX MEpek Ta
€JIEKTPOHHOT TOPriBili. BaknMBUMM YMHHUKaMU BIUIUBY €
301IBILIEHHS KUIBKOCTI Mara3uHiB 1o TepuTopii Ykpainu i
BIZICyTHICTh ~ MOJJIMBOCTI ~ CaMOCTIHHO  YHpaBISTH
JIAHIIOTaMM TIOCTaYyaHHs, a TaKOX HEJOCTAaTHs KiTbKICTh
npodecifHuX 1 JOTICTHYHHUX (PO3MOIINIBYHX) IEHTPIB i3
PI3HUMH TeMIIEPaTyPHUMH PEXKUMAMH.

3pocTaHHs 00CATIB TOPTiBII Uyepe3 Mepexy [HTepHET
Ha piBHI 25-35% mpoTATOM IEKUTPKOX OCTaHHIX POKIB
3aCTaBWJIO PUHOK JIOTICTHYHUX MOCIYI 3allpOIIOHYBATH
30BCiM HOBI TTociyTy st [HTepHeT-0i3Hecy (Tadu. 4).

bypxnuBuii  pO3BUTOK  E€JIEKTPOHHOI  TOPTIBIi
3YMOBHUB 3pOCTaHHs KOHKYPEHII MK TpaauUiiiHUMH i
HOBUMH (OpMaTaMu IMpOJAAXIB TOBapiB Ta IMOCIYT, IO
CIOHYKa€ KOMIMaHil JO TMOCTIfHOrO TIOIIYKy HOBHUX
JIOTICTUYHUX pillIeHb 11010 (GOpM i TEepMiHIB IOCTaBKH,
KOMIUIEKTAlii 3aMOBJEHb  CIIOKMBAYiB, YHpPaBJIiHHI
3amacamu, 30epiraHas i po3NOIiICHHS TOBapiB.

Ha3ssa nocayru Cermenr Komnuexc nocayr OcHoBHi rpasui
Excnpec-ngocraBka Cerment B2B Moxe mnepexbayaT SK KIACH4HI TpaHCIOPTHI Ta | "YkpmomTa", "Hosa
BaHTaXIB eKCIIeIMTOPCHKI MOCIYIH, TaK 1 KI€HTO-OpieHTOBaHI | momTa", "eniBepi",

iHIUBigyanmi30BaHi  pimieHHs, 1m0  CcTBOproloTh | "Mict ekcmpec”, "Iu-
JIOJIATKOBI 3pyYHOCTI i BUTOJIM ISl KITI€HTIB TaiiM" Ta iHIIi
Kyp’epcpka nocraBka | 3me6inpmoro JocTaBka xopecnoHAeHIi1 abo ToBapiB y Halikopormi | "DHL", "FedEx",
cerment B2C TEepPMiHU "TNT™, "UPS"
[omroBa noricTrka 3ne0inpImoro JocTaBka JuCTiB, OaHIEPOIIEH 1 TOCHIIOK "YxprmomTa" Ta
cerment C2C TIpHUBaTHI TOTI-TOB1
orneparopu
Oyndpinment Oxpemuit  cerment | [lependauae 3a0e3neyeHHs BUCOKOTO pieas | "Hosa nomira",
CKJIQICBKUX TIOCIYr | OpraHi3amii TeXHOJIOTIYHHMX TporeciB y uenrtpax | "ZAMMLER",
ISt IaTepHeT- | 00poOIEHHS 3aMOBJIEHB KITIEHTIB "Raben", "Mict
MarasuHiB Excmpec”, "Denka
Logistics", "FM
logistic”
Hanpsm sharing | Cepsgic npamoe | [arepHeT-uiaThopMa s 00’eA-HaHHS BIACHUKIB | -
economy (€KOHOMIKH | MEpeBaKHO B | BaHTaXy i MEpeBi3HUKIB, 110 BUKOHYIOTh MIKMICBHKI Ta
CIIIJILHOTO cermenti C2C, ane | MDKHApOIHI TEpeBE3CHHs, 1 Ja€ 3MOTY IMIBHAKO i
KOPHCTYBaHHS) BKE €  CrnpoOu | 3pydHO BHOpATH MepeBi3HUKA
BIPOBAAUTH  TaKy
HOCIyTY B
cermentax B2C Ta
B2B
Orxe, y mporeci MiSIbHOCTI CyO0’€KTIB PHHKY  €BPOJIOTICTUKH, BHBYATH IpaBHia (YHKIIOHYBaHHS Ha

JIOTICTHYHHX MoCIyr HEeoOXiTHO 3aiicHIOBaTH
MOHITOPUHI €KOHOMIYHOTO CEpPEeIOBHINA W BiCTEKYBaTH
3MiHM, $Ki B HbBOMY BifOyBalOTbCS, HPOTHO3YBaTH
HACJIJIKK TpPSIMOTO Ta OINOCEPEIKOBAHOTO  BILIMBIB
CYKYITHOCTI 30BHINIHIX 1 BHYTPINIHIX YHHHHUKIB, IO
BU3HAYAIOTh YMOBU (YHKI[IOHYBaHHSI Ta PO3BHTKY HOTO
y49acHUKIB. ['paBIli pHHKY JOTICTHYHHX MOCIYT TaKOX
BHMYIIIEHI 3BEPTATUCS IO  JOCBiLy  cydacHoi

PUHKY JIOTiCTUYHUX TOCIYT W OCOONMBO CTaHIApTH Ta
3aIUTH KIIEHTIB MO0 SIKOCTI JIOTICTHYHHX TTOCIYT.

Jis cy4acHOro CTaHy pHHKY IOCIYT XapaKTepHi
Taki 0COOJIMBOCTI:

a) pO3BUTOK Ta €(eKTUBHA isUTbHICTh MAaJIUX
TOCIIOTAPCHKUX YTBOPEHb;
0) cymepednuBe CTaHOBHIIIE Majoro

MiATPHEMHUNTBA Yepe3 3aJieKHICTh Bix (hiHaHCYBaHHS
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Iep)kaBH Ta il HECTIPOMOXKHICTh HaIaBaTH CTaOUIbHY
(iHAHCOBY HIATPHUMKY;

B) BHCOKI TIOKa3HWKH JisIIBHOCTI
T ATIPHEMCTB;

r) 30UIpIIEeHHS O00CATY peaiizamlii MOCIyr depes
3pocTaHHs NOMUTY Ha Hux [11].

Jdnst  mopanpmioro  po3BUTKY — cdepu  mociyr
HEOOXITHUM € BUPIIICHHS KOMIUIEKCY B3a€MOY3TO/PKEHUX
3aBmaHb:  (OPMYBaHHS  CIOPHUATIMBHX  YMOB  JJIS
MiAMPUEMHULBKOT  JISTIBHOCTI Yy CEKTOpI  IOCIYT;
CTBOPEHHS EKOHOMIYHOTO Ta MPaBOBOTO CEPEIOBHIIA,
BIOCKOHAJIEHHS it MEXaHi3My MICIIEBOTO
CaAMOBpPSIyBaHHSA; 3aJyudeHHS TPOMAaW [0 AaKTHBHOI
y4acTi y BU3HAYCHHI NMPIOPUTETHUX HAMPSAMIB 3pOCTaHHSI
PUHKY TIOCIYT; CTBOPEHHS pEATbHUX MOMIINBOCTEH
KO)KHOMY MIATIPHEMCTBY JOCTYIy IO BHPOOHHYIX,
MarepiallbHO-TEXHIYHUX Ta  (IHAHCOBHX  PECYypCiB;
HOAJbIIHH PO3BUTOK KOMepLiiHOT CHCTEMU
iH(OpMaIliHHOTO 3a0e3neueHHs M ATPHEMHHUIBKOT
ISUTBHOCTI; 3aCTOCYBaHHS MEXaHI3My MapTHEPCTBA IS
CTUMYJIFOBaHHS ~ PO3BUTKY  IEPCICKTUBHUX  BHIIB
JUSTBHOCTI Y cepi Mocyr; 341HCHEHHs 3aX0/IiB y ranmysi
IHBECTHUINIHOT TIONITHKA Ta CHIPHUSHHSA I1HHOBAIIHHOMY
IHBECTYBaHHIO MIANMPUEMCTB; MIATPUMKA B IEPCICKTUBI
Ha BIAMOBITHIN HAYKOBiH OCHOBI PO3BHTKY MEPEKEBUX Ta
KIACTEPHUX  CTPYKTYp  O€3MOCepeHbO0  CEepBICHOTO
xapaktepy  (TpaHCIOPTHO-JOTICTHYHI,  TYPHCTHYHO-
pekpeatiiiti, Ky1bTypHO-po3BaxanbHi) [13].

Jna YkpaiHu akTyalbHUM € NIPUCKOPEHUN PO3BUTOK
i, BIJNOBIIHO, EKCHOPT TYPUCTHYHHX, (IHAHCOBHX,
JIOBUX, HAYKOBO-AOCIIAHUX, OyAiBenbHHX mociyr. Lls
chepa 30BHINTHBOSKOHOMIYHOT IisUTHOCTI € CepHO3HUM
MOTEHLIAJIOM JJIsl 301JbLICHHS] eKCIOPTY KpaiHW i TOMY
3aciayroBye mpiopureTHoi yBaru. CyTTeBe pO3MIMPEHHS
y4acTi YKpaiHu y CBITOBiH TOPTiBIi MOCIyraMu motpedye
pO3poOKH BIAMOBIMHOI CTpaTerii MiSUIBHOCTI B CHUCTEMI

KOJICKTUBHHUX

Crnucok Jitepatypu

MDKHapoOAHOTO Toxiury mpari. Peamizamis crparerii
nepexoay cdepu IMOCIyr Ha iHHOBAI[iHHO-IHBECTHIIHHY
MOJIETIb PO3BUTKY [acTh 3MOTY AaKTHBI3yBaTH BCi BHIM
€KOHOMIYHOT MisUTbHOCTI Y BHPOOHHWIITBI Ta peajtizamii
MOCITYT, CTaHE OJHIEI0 31 CKIIAIOBUX YaCTHH CKOHOMIYHOL
Oe3neku KpaiHu.

3pocTaHHs 3aliKaBJIEHOCTI y BHpIlIEHHI NpoOiem
"mepiroi Ta ocTaHHKOI MW" CHPHUAIO OUIBII BHCOKHM
TEMIIaM PO3BHUTKY JIOTICTUYHUX TIOCIYT, IOSBI HOBHX
TEXHOJIOTiMl MICBKOI J/IOCTaBKH TOBAapiB, peayi30BaHUX

gepe3  eNEeKTPOHHI  KaHamw  mpoaaxiB.  EkcrmepTtu
BB@XAIOTh, IO B HAHOMMKUIA MEPCIIEKTHBI MH CTaHEMO
CBiIKaMH  iHBepcii  IHCTHUTYIIOHANBHOI  CTPYKTypH
rioGanbHoi joricTuku [3].

BucnoBox

Bupiniyroun TpaHCHOPTHI MpoOJieMH, HEOOXiJTHO
BHKOPHCTOBYBaTH TEOPETUYHI i METO/I0JIOT19Hi
JOCSITHEHHST B 00JjacTi JorictiyHMX mociyr. [Ipote
Ba)XXJIUBO 3aCTOCOBYBATH HE TIJIBKH HAsBHI JOCSTHCHHS,
ale 1 BHUPOOMTH CBOIO TpPaHCIOPTHY CTpaTerito i
BU3HAYUTU TOJIOBHI i MPHUHIMIIH. Hdna  Ykpainu
aKTyaJIbHUM € IIPUCKOPEHHUH PO3BHTOK [HTEpHEeT-Oi3Hecy
B JIOTICTHYHIH AisutbHOCTI. L OisbHICTH € cepHo3HUM
MOTEHIIIAJIOM JJIs1 30UTBIICHHS €KCIOPTY KpaiHd i TOMY
3aciyroBye mpioputeTHoi yBaru. CyTTe€Be pO3IIUPEHHS
yJacTi YKpaiH# y CBITOBi# TOPTiBIII MOCIyraMu MoTpedye
PO3pOOKH BIAMOBIMHOI CTpaTerii MisUIbHOCTI B CHUCTEMi
MDKHapoOJAHOTO TOauTy mpari. Peamizamis crpaterii
nepexoay cdepu MOCayr Ha IHHOBAIlHHO-1HBECTHIIHHY
MOJIETIb PO3BUTKY JIaCTh 3MOI'Yy aKTHBI3yBaTW BCi BHAU
€KOHOMIYHOI MisJIBHOCTI y BHPOOHHUUTBI Ta peaiizarii
MOCJIYT, CTaHEe OJHIEI0 31 CKJIaIOBUX YACTUH €KOHOMIYHOT
6e3nexu kpainu [13].
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COBPEMEHHOE COCTOSAHUE 1 OCOBEHHOCTHU PA3ZBUTHUS PBIHKA
JJOTHCTHYECKHUX YCJIYI' B YKPAUHE

IIpeaMeToM HCCIEIOBAaHUS B CTAThH €CTh JIOTHCTHYeCKHe ycayrH. Lledn MccienoBaHMs 3aKII0YaeTCs B M3YyYEHHH COBPEMEHHOTO
COCTOSTHUSI U OCOOCHHOCTH pa3BUTHS PBIHKA JIOTHCTHYECKHX YCIyr B YKpawHe. B cTaTbi peIIAlOTCs CICAYIONHE 3adaqM:
OIpeNeICHHEe CYTH JIOTUCTHYCCKUX YCIYr, ONpeAciicHHE (HAaKTOpOB BIMSHUS HA PBHIHOK JIOTHCTHYECKHX yciyr. MeToasl
UCCIICIOBAHMS, HCIIOIb30BaHHBIC B IPOLECCE HANWCAHWS CTaThH, IMPEAYyCMATPUBAIOT MPUMECHEHHE TAaKUX OOIIMX METO/O0B
UcclieoBaHus, Kak 0600meHie 1 cpaBHeHHe. Pe3yabTaThl nccnenoBaHus. [IpoBeIEHHbIH B CTaThe aHAIN3 HAyYHOH JIUTEpPaTypHl,
MO3BOJIAI ONPEENHTh, YTO OTEUSCTBEHHAs JIOTHCTHKA IEMOHCTPUPYET MOJIOKHUTENbHbIC TEHACHUMH Da3BHTHS, OCYIIECTBISET
3HAYUTENBHOC BIMSHHE Ha YKOHOMUYECKUH MOTEHIMAT CTPaHBI, CTUMYJIHPYET PAa3BUTHE CMEKHBIX, B3aHMOCBS3aHHBIX OTpAciei.
XOTs1 PHIHOK JIOTHCTHYECKUX YCIYT YKpawHbl M HAXOOHUTCS B CTAOUHM PAa3BHTHs, a TEMIIBl €r0 POCTA 3HAYMTENHHO MEIUICHHEE I10
CPaBHEHHIO C APYTHMH CTPaHAMH, OJHAKO OH OCTAeTCsl MOTECHIHMAIbHO KOHKYPEHTOCIOCOOHBIM. B maHHOM pabGoTe 6bUT MpoBeaeH
0030p TEOPETHYECKUX ACIEKTOB OPraHM3all{ U MPOCKTUPOBAHHS JIOTHCTHYCCKUX CHCTEM B COBPEMCHHBIX YCIOBHSIX. DTOT aHAIH3
MIO3BOJIHJI aBTOPY ONpPEACIUTh, HACKOIBKO OTEUECTBEHHBIH PHIHOK JIOTHCTUYECKHX YCIIYT TECHO CBsI3aH C Pa3BUTHEM TOPTOBBIX ceTel
U DICKTPOHHOH TOoproiu. ONUpasch Ha JIOTHCTHYECKYHO CTPATETHIO, ONPEICICHBI JTAlbl BHEAPCHHS JIOTHCTHYCCKON CHCTEMBI B
crpane. Jlist qaneHeiiero pa3suths cdepbl yeIyr HeoOX0IMMO pEIIeHHE KOMIUIEKCa B3aUMOCOIIAaCOBAaHHBIX 3a/1a4: (hOpMUPOBaHHUE
OMaroNpUATHBIX YCIOBHI U1 TPEANPUHHMATENBCKOM JESTENBHOCTH B CEKTOpEe YCIOyr; CO3JaHHE OSKOHOMHYECKOW |
[PaBOBOH CpeIbl; COBEPLICHCTBOBAHHE MCHCTBHS MEXaHM3Ma MECTHOTO CaMOYMpPABJICHUsS; NpPHUBICYCHHE OOIIECTBEHHOCTH K
aKTHBHOMY YYacTHIO B OIPEACICHHM NPHOPUTETHBIX HANpPaBIeHHH pocTa pbIHKA yciyr. BeiBoabl. Peammsamms crpareruu
nepexoga cdepbl ycIyr Ha HHHOBAaUMOHHO-WHBECTHLUHOHHYIO MOZIENIb PAa3BUTHS TO3BOJIMT AKTHBHU3MPOBATH BCE BHIBI
9KOHOMHYECKOH JICATEIILHOCTH B TPOHM3BOJCTBE M PCANH3allMH YCIyr, CTAHET OJHON M3 COCTaBHBIX YacTell SKOHOMHYECKOM
0€30I1aCHOCTH CTPaHBbI.
KiroueBbie cjI0Ba: JIOTHCTHKA; TIPOBaii/iep; AICKTPOHHAs TOPTOBIISL; CHCTEMHbIN moaxo.; HTepHeT-0u3Hec.

CURRENT STATE AND FEATURES OF LOGISTICS SERVICES MARKET
DEVELOPMENT IN UKRAINE

The subject matter of the article is logistics services. The goal of the work is to study the current state and features of the
development of logistics services market in Ukraine. The following tasks are solved in the article: determination of the essence of
logistics services, determination of factors of influence on the logistics services market. The research methods used in the process of
writing the article involve the use of such general research methods as generalization and comparison. Results. The article analyzes
the scientific literature and statistics, which allowed to determine that domestic logistics shows positive development trends, has a
significant impact on the economic potential of the country, stimulates the development of related, interconnected industries.
Although Ukraine's logistics services market is under development and its growth rate is much slower than in other countries, it is
potentially competitive. This paper reviews the theoretical aspects of the organization and design of logistics systems in modern
conditions. This analysis allowed the author to identify the domestic market of logistics services closely related to the development of
trade networks and e-commerce Based on the logistics strategy, the stages of implementing the logistics system in the country are
determined. For further development of the service sector it is necessary to solve a set of mutually agreed tasks: the formation of
favorable conditions for business in the services sector; creation of economic and legal environment; improving the mechanism of
local self-government; involvement of the community in active participation in determining the priority areas of growth of the
services market. Conclusion. The implementation of the strategy of transition of the services sector to the innovation-investment
model of development will allow to intensify all types of economic activity in the production and sale of services, will become one of
the components of the economic security of the country.
Keywords: logistics; provider; e-commerce; system approach; Internet business.
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B. SHEREMETA, N. CHUKHRAY

USING THE BLUE OCEAN STRATEGY BY UKRAINIAN CINEMA NETWORKS IN
UNCERTAIN ENVIRONMENT

The subject matter of the article is ukrainian film distribution market. In today's world, the movie rental market is a sector of the
economy that has recently shown a trend of stable growth. This process in most European countries is associated with the introduction
of the latest digital cinema technology, increasing the level of wealth of the population and the high popularity of multi-screen
cinemas. Film distribution is a mechanism to support the development, promotion of national cinema, one of the main forms of leisure
and intercultural dialogue. The goal of the article is to determine the feasibility of applying the blue ocean strategy by Ukrainian
cinema networks to support the trend of dynamic development of the industry. After all, an effective concept of management in
uncertain conditions can be a strategy of "blue ocean”, the principles of which are considered in the article on the example of market
participants in market cinemas of Ukraine. The following tasks were solved: construction of a new strategic canvas for state cinemas
of Ukraine; search for new value for cinema visitors; analysis of the foreign market of cinemas. The following methods used are:
methods of analysis and synthesis, systemic, structural method in the article were summarized approaches to choosing a methodology
for strategic enterprise management, taking into account the contemporary challenges of economic change in the world. The following
results were obtained — the directions and possibilities of application of the "blue ocean" strategy by Ukrainian cinema networks as a
tool of strategic success in the field of cinema were developed; the paper proposes a new strategic outline of cinema networks of
Ukraine on the basis of a survey of 160 cinema spectators; a strategic plan for state and municipal cinemas has been developed, based
on an updated four-action model; benchmarking of the world's leading cinemas was conducted, on the basis of which practical
recommendations for the development of Ukrainian cinemas of various forms of ownership were formed; proposals for the creation of
a "blue ocean" for companies engaged in the provision of services for the demonstration film products in Ukraine were presented.
Conclusion: studies of the use of the "Blue Ocean" strategy have shown that this process is impossible without creating a new value

for the consumer.

Keywords: blue ocean strategy; movie rantal market; value added; strategic canva; four actions framework; benchmarking;

cinema’s management; competition.

Introduction

The turbulence of the modern macroenvironment in
the 21st century creates many new challenges for the
management of Ukrainian cinema networks. In the
scientific literature, the concept of "VUCA environment"
is increasingly used, which is associated with instability,
uncertainty, complexity and ambiguity of the environment
in which organizations operate. In such circumstances, the
need for organizations to implement new management
tools and, accordingly, "VUCA-solutions" becomes
relevant.

The introduction of quarantine in the first quarter of
2020 in many countries triggered the onset of the global
financial and economic crisis. The main feature of the
quarantine crisis is that people sit at home and many
establishments are forcibly closed. Therefore, all costs
associated with moving and contacting people are
minimized. The crisis phenomena of enterprises providing
entertainment services to the population are felt
especially.

Obviously, during the quarantine, one should expect
a decrease in the income of most entertainment
companies, including the cinema market actors. However,
as soon as quarantine is lifted, some experts also predict a
decline in demand for cinema services [1], as consumers
will be curtailed by economic uncertainty to cut costs,
even if they have sufficient funds. At the same time,
according to other experts [1], many consumers who do
not receive quarantined services will form a pent-up
demand that is realized later.

As today the cinema market has more features of
oligopoly, the question of development of state,

communal and separate private cinemas which are not
competitive is actualized. Problems of low efficiency of
economic activity of such cinemas are caused not only by
the lack of modern technologies that provide quality
demonstration of film product, but also at the expense of
internal factors, first of all, low level of management.

Absence of specific guidelines, mission and target
development of national state, communal cinemas, as well
as the possibility of recognizing the influence of its
external environment and the correct reaction to it. This
complicates the ability to adapt or actively influence the
environment, creating in today's environment the situation
that most movie theaters are closed.

In this regard, there is a need for a detailed study and
analysis of foreign experience regarding the methods of
cinema management, the formation of strategic
management in order to adapt it to the current conditions
of leading ukrainian networks. Among the modern
management approaches proposed by scientists at the
beginning of the 21st century is the "Blue Oceans"
strategy. This tool enables managers to respond quickly to
changes in the market and generate new creative solutions.

Literature review

Back in 1994, scientist Henry Mintzberg, in his work
"Rise and Fall of Strategic Planning" [2] argued that the
process by which strategies are created must be
reconceive - by emphasizing informal learning and
personal vision - and the roles that can be played by
planners. A quarter of a century has passed since the
publication of this monograph, and the role of G.
Mintzberg's conclusions on changing approaches to
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strategic management of a modern enterprise has become
even more relevant.

As for the activities of enterprises in an uncertain
environment, the book "Singularity Management: from
linear to exponential” poses a pressing question: "lIs the
company ready for an unprecedented acceleration of
scientific and technical developments? Innovation and
scientific breakthroughs face each other. The most
important thing is not that the company has a plan, but
only its adaptation to the developing circumstances" [3].

Chairman at Saatchi & Saatchi Worldwide (1997-
2014) and Publicis Groupe Head Coach Kevin Roberts
published book "64 Shots: Leadership in a Crazy World".
In this book easily can find a term for crazy time - VUCA,
which means Volatile, Uncertain, Complex, and
Ambiguous. VUCA is an acronym used by the US
Military. It was the response of the US Army War College
to the collapse of the USSR in the early 1990s. Suddenly,
there was no longer the only enemy, resulting in new ways
of seeing and reacting [4]. According to K. Roberts, the
traditional idea of leadership where leaders simply
strategize, give orders, and try not to make mistakes is
dead. But the eternal optimist, Roberts is not worried. On
the contrary, he likes feeling super-VUCA - vibrant,
unreal, crazy, and astounding.

In order to win in the VUCA world, it is necessary to
focus not so much on the new, but on creating new value
for consumers [4]. That is why the Blue Ocean Strategy is
an effective tool to support the successful operation of
businesses in a VUCA environment. This new VUCA
environment, as Friedman notes, is taxing even the most
able of leaders who may find their skills growing obsolete
as quickly as their organizations change in this volatile,
unpredictable landscape.

Leadership agility and adaptability are now required
skills if organizations are to succeed in this VUCA world.
As Horney, Pasmore, and O’Shea, authors of "Leadership
Agility: A Business Imperative for a VUCA World" note,
to succeed, "leaders must make continuous shifts in
people, process, technology, and structure. This requires
flexibility and quickness in decision making." [5]. Nathan
Bennetta and G. James Lemoine (2014) showed how
leaders can appreciate the differences among each of these
challenging situations in order to properly allocate scarce
resources to preserve and enhance organizational
performance [6].

HR and talent management professionals must
reframe  leadership  development  activities to
accommodate the faster-paced VUCA world and to focus
less on behavioral competencies and more on complex
thinking abilities and mindsets. Leadership development
should be focused on learning agility, self-awareness,
comfort with ambiguity, and strategic thinking [7].

The book "Blue Ocean Strategy: How to Create an
Indisputable Market Space and Make Competition
Irrelevant” presents an analytical framework and tools to
promote the organization's ability to systematically create
and capture "blue oceans" - exploring new market areas.
The methodology and algorithm for applying this strategy
in practice in modern conditions are clearly described: "As
the need to create blue oceans increases, several driving

forces are hidden. Technological development has
significantly increased production productivity, which
allows suppliers to produce unprecedented volumes of
products and services. Thus, supply is increasingly
exceeding demand in various industries. The situation is
complicated by globalization trends. As trade barriers are
being erased between countries and regions, and
information about products and prices is spreading around
the world, niche markets and monopolies are constantly
disappearing [9, p. 19]".

The Blue Ocean Strategy is a simultaneous pursuit of
differentiation and low cost in order to open up new
market space and create new demand. This can be
achieved by creating a "value innovation". It is created
through a series of strategic moves resulting in a product
or service substantially different from any other offering.
These strategic moves also function to lower costs to the
producer of the product or service, creating value for both
the buyer, the company, and its employees, thus, opening
up new and uncontested market space. The goal of value
innovation is not to compete, but to make the competition
irrelevant by changing the playing field of strategy.

According to experts, the tool "blue ocean™ can be
used in all industries from typical consumer goods to
B2B. Kim Chan offers an alternative approach to the
existing strategic planning process, based not on drawing
up a spreadsheet document, but on drawing a strategic
canvas [8].

Aithal, P. S. describes that blue ocean strategy
supports to create uncontested market space, make the
competition irrelevant, create and capture new demand,
break the value/cost trade-off, align the whole system of a
company's activities in pursuit of differentiation and low
cost [9].

Highlight of the earlier unresolved parts of the general
problem. Aim of the study.

The turbulence of the modern macroenvironment,
which is observed in the XXI century, generates many
new challenges for business management. In the scientific
literature, the term "VUCA environment" is increasingly
used, which is associated with instability, uncertainty,
complexity and ambiguity of the environment in which
organizations operate. Under such conditions, the need to
introduce new management tools and, accordingly,
"WVUCA solutions" into the activities of organizations
becomes relevant.

The turbulence of the macroenvironment is
exacerbated by new modern challenges - the quarantine
crisis. The introduction of quarantine in the first quarter of
2020 in many countries caused the beginning of the global
financial and economic crisis. The main feature of the
quarantine crisis is that people are sitting at home, and
many institutions are forcibly closed. Therefore, all costs
associated with moving and contacting people are
minimized. The enterprises that provide entertainment
services to the population are especially affected by the
crisis. Obviously, the crisis will consist of two stages:
quarantine and typical, which will begin after the end of
quarantine. Each of them can be expected to fall in
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consumption, investment, exports and possibly budget
expenditures — traditional components of aggregate
demand.

During the last 10 years before the pandemic caused
by COVID-19, the cinema market of Ukraine was actively
developing due to the opening of multi-screen cinemas.
As today the cinema market has rather features of
oligopoly, the issue of development of state, municipal
and separate private cinemas which are not competitive is
actualized. The problems of low efficiency of economic
activity of such cinemas are caused not only by the lack of
modern technologies that provide quality demonstration of
the film product, but also due to internal factors, primarily
low level of management.

Prior to the quarantine crisis, there was a constant
dynamics of the industry, which manifested itself in the
emergence of newer technologies, increasing the
efficiency of individual cinema networks and expansion of
markets. Today in world practice one of the generally
accepted approaches to ensuring the efficiency and
competitiveness of management enterprises in the long
run in an unstable aggressive market environment
advocates strategic management. Lack of specific
guidelines, mission and target development of domestic
state and municipal cinemas, as well as the ability to
recognize the influence of its external environment and
the correct reaction to it. This complicates the ability to
adapt or actively influence the environment, creates in
today's conditions, the situation is that most cinemas are
closed.

In this regard, there is a need for detailed study and
analysis of foreign experience in cinema management
methods, the formation of strategic management with in
order to adapt it to modern conditions of leading domestic
networks. Among the modern management approaches
proposed by scientists at the beginning of the XXI
century, there is a strategy of "blue oceans ". This tool
allows managers to respond quickly to market changes
and generate new creative solutions. It is a well-developed
development strategy and its effective implementation is
the key to the success of Ukrainian cinemas.

The purpose of the article is to form
recommendations on the use of the blue ocean strategy by
domestic cinema networks as a tool to achieve their
strategic success.

Materials and methods

The VUCA world has replaced the SPOD world.
SPOD is an acronym in the first letters of the following
words: Steady, Predictable, Ordinary, Definite [10]. In the
SPOD world, SPOD strategies were used, and by
effectively selecting a strategy from the arsenal, the most
correct goal was achieved with a high level of efficiency
under certain conditions.

Neither an organization's leadership nor its strategies
are spared in today's VUCA world. Experiences, dogmas
and paradigms must all come under scrutiny; it is no
longer a case of finding the one way or the management
tool: standards give way to individuality. The increase in
volatility, uncertainty, complexity, and ambiguity means

that managers must seek new orientations and take a fresh
approach to management. Only then managers can
guarantee positive results in changed circumstances.

Rapid changes taking place in political, economic,
social and technological fronts are making the
organizational world increasingly VUCA. Critical factors
for success in this world depend on practicing: sound
business fundamentals; innovation; fast-paced response;
flexibility; change management; managing diversity — at
both local and global level; market intelligence; and
strong collaboration with all relevant stakeholders —
employees, customers, suppliers, shareholders and the
broader society [11]. Leaders leading Millennials face
challenges with specific textures: convergence of traits,
processes and outcomes with a leadership enriched by
schools and theories immersed in a VUCA world where
resiliency is a scarce commodity. Raising, building, taking
advantage of the dynamism that each individual possesses,
educating from the positive and toward the positive, is a
benefit of a "Cloud Leader" in a VUCA world where
Millennials have a strong presence [12].

The VUCA world challenges managers to find their
own way, in particular through the construction of the
"blue ocean”. The "Blue Ocean" is all industries that do
not exist now, an unknown market space that is free from
competition. Here, demand is created and not the subject
of a fierce struggle [8]. Formation and implementation of
the "blue ocean™ strategy should be the main task of
strategic management of the organization, which involves
the choice of strategic conception and implementation
according to its strategic planning, focused on a new
market niche. Blue Company offers a unique product or
service, using a large number of growth opportunities that
are both profitable and fast. There are two ways to create
"blue oceans” [13]:

1) creation of a completely new industry;

2) creation of "blue space™ inside the "red ocean”

With the SPOD environment, key strategic thinking
efforts have been made to compete with the Red Ocean
strategy - when the market is pre-determined and
businesses have to compete within the established
framework. The main indicator of a "red" environment is
a fierce competition, and the higher it is, the lower the
potential profit and higher costs [4]. The Blue Ocean
Strategy assumes that you do not need to beat the
competition. Value innovation is created instead.
Compared to simple innovations, which are usually
accompanied by high costs and no guarantees that the
updated product or service will be in demand among
consumers, "value innovation" indicates the need for a
synthesis of novelty, practicality and low costs. The
potential value created by a new product or service
provided by a firm is determined by the difference
between its (monetary) benefit, in view of the firm's
customers, and the production cost of the unit of
production for the firm. How much this potential value
can be used as a market opportunity depends on the firm's
success in gaining competitive advantage over other firms
in the market.

To gain a competitive edge, a firm must outperform
its competitors in value creation [14]. Analyzing the state
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of ukrainian competition, we can see that the main focus
of ukrainian cinema networks is mainly on one of the
three existing value innovations for the consumer. The key
to the success of the "Blue Ocean" strategy is the
combination of these three components. But not always
using one of the three possible values provides the
company with the expected results. The question arises as
to how such a management system is capable of providing
businesses with increased chances of survival, commercial
success and sustainable development.

The effectiveness of implementing the "Blue
Oceans" strategy is explained by Maslow's hierarchy of
needs [15]: physiological - fully provided in developed
countries, and are not a priority in the emergence of this
concept; security needs - depending on the person's
environment, environment, or social factors that may
appear suddenly; cognitive needs - in fact, they are
predetermined by a new market orientation in marketing,
because today people are interested in learning something
new through the glut of monochrome products and
services; the needs for love, aesthetics, social community,
respect, self-realization, creativity, transfer of experience
to generations are not priorities. In these circumstances, it
is advisable to consider several behaviors: firstly, to focus
all efforts on the secondary consumer properties of the
service, transforming them into a new "added value";
secondly, to meet the needs of consumers with a more
successful technology that will be unmatched and create a
new market space. The implementation of the "Blue
Ocean" strategy creates the significant economic and
cognitive barriers that prevent other competitors from
repeating the same path for at least the next 5-10 years.
This is due to the fact that imitation requires them to
radically change the entire system of their activities, and

organizational policy in general can prevent a potential
competitor to switch to another business model, which is
determined by the strategy of the "blue ocean".

The following research methods became the
methodological basis of the research: methods of analysis
and synthesis, systemic, structural method - to study the
theoretical foundations of the implementation of the blue
ocean strategy for the development of cinemas in an
unstable environment; graphic modeling - to display the
results of the study. The information base of the study was
scientific works of Ukrainian and foreign economists,
which highlighted the basics of enterprise strategy
development and evaluations of its effectiveness, as well
as official electronic sources of statistical data.

Study results and their discussion

The main tool for the diagnosis and construction of
the "blue ocean" strategy is a strategic outline, which
reflects the current state of affairs in a known market
space [8]. Strategy canvas is both a tool to diagnose and
build an exciting "blue ocean" strategy. It has two tasks.
Firstly, it reflects the current state of affairs in a known
market space. This allows us to understand where the
competitors are investing, what are the characteristics of
products that are the subject of competition within the
industry, which is service, delivery, and what competing
offers customers receive in the market [16]. Fig. 1 shows a
strategic outline for Ukrainian movie market actors
providing movie screening services. Horizontally, there
are factors that compete for and where investments in
cinema networks go.
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Fig. 1. Strategic canva of Ukrainian cinema networks
* developed by the authors

In order to determine the direction in which changes
should be made to cinema networks, was conducted a test
survey of movie theaters using Google Forms. In
developing the questionnaire, were aimed at answering the

following key questions: Who are the main visitors to
cinemas?; What additional services do they wish to
receive?; What factors affect them when choosing a movie
theater network to visit?. The survey was conducted to




Cyuacnuti cmamn HayKo8ux 00CiiOdcenb ma mexnonozi 6 npomuciosocmi. 2020. Ne 4 (14)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

improve the service of movie viewers in today's
environment. Cinema visitors were offered a questionnaire
consisting of 14 closed-ended questions. The survey was
attended by 160 respondents. The sample size is 113
people, given that the confidence probability ("accuracy")
is 95% and the confidence interval (“error") is 5%.

The survey was conducted from October 23, 2019 to
November 24, 2019 via an online survey. As a result of
the marketing research, it turned out that the main factors
for the choice of cinema for visitors is the affordable price
and repertoire.

The factors that underpin the strategies of most
cinema networks, such as contemporary interiors,
technology and high levels of service, have proven to be
the least important for the consumer. Once the key factors

consumer must be developed, taking into account the
following questions: what factors should be eliminated;
what factors need to be reduced compared to existing
industry standards; what factors need to be raised; what
factors you need to create. Ukrainian cinema networks are
invited not to address the traditional competition factors
and to enhance only those that are relevant to the
audience. You need to create a strategic profile that is out
of competition. Therefore, according to practical research,
ukrainian cinemas are encouraged to focus on individual,
consumer-relevant factors such as affordable price and
interesting repertoire, which means ease of choice, and
refuse to purchase the latest equipment that complicates
the choice of cinema visitor. The new strategic canvas
offered to Ukrainian film market businesses is shown in

have been identified, a new "value curve" for the fig. 3.
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Fig. 3. The updated strategic canva of domestic cinema network
* developed by the authors

The Four Actions Framework is based on the ERRC
Grid model to create a new value curve. Using this tool,
the company can better understand which factor to focus,
which to eliminate, which to create and which use to
reduce [17]. To change the elements of value for the
consumer when working on a new value curve, we will
create a model of four actions for cinema networks (fig.
4). In fact, the implementation of the "Four Actions
Framework" and the "Strategy Canvas" is complementary
to the third alternative strategic tool called "Eliminate-
Reduce-RaiseCreate Grid". Through this matrix, the
companies try to answer the key questions of the "Four
Actions Framework" and draw a new value curve. As it
has already been explained, the value curve is related to
the focus of the company on certain value creating factors
and helps distinguish them from the general profile of the
competitors in the industry. The distinction is namely
achieved through four steps: eliminate, reduce, enhance
and create value. The cost curve also contributes to the
creation of company’s mission indicating as basic
elements those related to value growth [18].

Another analytical model applicable to SMEs for
developing a "Blue Ocean" strategy is the "Six Paths
Framework". With its help, the SMEs should be able to
examine more closely the alternative businesses
(industries), the strategic groups and the customer groups,
the proposals for additional products and services, the
functional-emotional orientation of the industry and even
the temporal development. This will give a clearer view of
how businesses can break up market boundaries and find
"Blue Oceans" [19].

As shown in fig. 4, in order to eliminate the
problems between differentiation and low costs and create
a new value curve, it is necessary to answer four main
questions concerning the strategic logic and business
model inherent in this area: What industry-specific factors
should be addressed?; What factors should be significantly
reduced compared to typical industry standards?; What
factors should be significantly improved compared to
typical industry standards?; What factors that have never
been proposed in the industry should be created?

The first question makes you realize the need to
abandon the factors that have long been the subject of
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competition in industry. The second question forces only complicate the struggle for victory over competitors.
us to determine which products or services

Change the interior
of a movie theater

Create loyalty

Cancel cooperation program;

with small

o New value
distributors

Create additional
vacation options

Location of cinemas
should be closer to the
city center

Fig. 4. A four-act model for cinema
* developed by the authors

1. Choosing methods for implementing the Blue Ocean Strategy
Creating a new product or service by combining it with existing offerings in another industry

"

2. Analyzing the elements of the blue ocean strategy
Building a strategic outline; forming a table of four actions

L2

3. Assessment of risks from the implementation of the Blue Ocean Strategy
SWOT analysis

U

4. Calculation of required indicators:

.2 .2

Net present value; Absolute liquidity ratio;
Internal rate of return; Total coverage ratio;
Profitability Index; Autonomy coefficient;
The payback period of investments Ratio of attracted and own funds;
{'—‘} The coefficient of maneuverability of own funds
Is strategy implementation effective? @

Ability to resist to change and profit

No Yes

If the internal rate of return If the internal rate of return is °
is> the discount rate, then <the discount rate, then the net

the net present value is> 0 present value is <0

Entrance to an already

@ @ Yes existing market space;

strategy review

Entrance to an already
existing market space;

strategy review @

Implementation of the Blue Ocean Strategy

Providing the company with competitiveness

Fig. 5. The decision-making algorithm regarding the expediency of implementing the Blue Ocean strategy
* developed by the authors on the basis of [23-26]
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The third question makes us see the trade-offs that the
industry is forcing consumers to make and get rid of them.
The fourth question helps to identify completely new
sources of value for buyers, create new demand and change
the system of strategic pricing adopted in the industry
[8]. According to the strategy canvas, you can catch the
known market competition situation intuitively. This
allows you to understand where the competition is
investing and which factors are the focuses of this industry
currently. The horizontal axis captures the elements in the
process of production [20]. Social infrastructure is a
collection of industries and businesses that ensure a normal
human life. These are social and cultural sites, housing and
communal infrastructure, businesses and organizations
related to health care systems, education, pre-school

education, businesses and organizations involved in
recreation and leisure, retail, catering, sports and wellness
facilities, etc. [21]. The location and development of social
infrastructure is influenced by a large set of factors that,
depending on the origin and socio-economic content, form
the following groups: economic, demographic, social,
urban, natural and climatic and others [22]. The rational
location of social infrastructure contributes to improving
the socio-economic development of the country.

Benchmarking results of the leading foreign cinemas
are summarized in the table 1. The examples in the table
show that the "Blue Ocean" strategy is not aimed at
limiting the provision of services at higher prices, but at
generating new demand by increasing value for the
consumer at an affordable price.

Table 1. Creation of blue oceans by movie theaters / separate foreign cinemas (benchmarking results)

The name of the cinema

The blue ocean
created a new one
player or already

present in the market?

The driving force
the blue ocean was
creating new ones
technologies or new ones
values?

Was there an industry
attractive at times
creation of blue
the ocean?

"'Sci-Fi Dine-In"

cinema restaurant located in Los Angeles,
USA concept: retro cafe and movie theater
located at Disney Hollywood Studios,
instead of chairs - cars, viewers serve
traditional American dishes - burger and
milkshake

New

New values * Attractive

""Cinema City" Present
the cinema contains 26 cinemas, each of
which is unique and designed for a specific

genre of film.

New values Attractive

Boat movie theater in Paris New
the pool is used in the daytime for its
intended purpose, and in the evening - as a

place for the demonstration of films

New values Attractive

"OLYMPIA"

the main idea of this cinema is to create a
sense of home comfort by using double
beds instead of standard chairs

New

New values Attractive

""Secret Cinema"" New
the cinema does not simply show the film,
but literally immerses the audience in the
course of events, for example, by showing

" Shawshank Redemption™ from the lattice
or inviting viewers to take part in the ghost
tampering in "Ghost Hunters", all cinema
events are known only to the selected circle,
have registered on the website Secret
Cinema

New values Attractive

""Cinémathéque Francaise" Present
In addition to the cinema, the world's largest
movie archives, which have been storing
works since the Lumiere brothers and the
birth of cinema, and that are constantly
being updated with new tapes, the museum

also stores memorabilia from cult films.

New values Attractive

"Planeta Kino" Present
Cinema bars allow you to buy pop-corn

with more than 18 different flavors

New values Attractive

* The fact that the driving force is new values does not mean the lack of technology. Rather, it means that the technologies involved

have previously been applied in this or that industry
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As can be seen from the results of the article, the
blue ocean strategy is well suited for use by cinema
networks. It is advisable to highlight its main advantages
or the key benefits and rules of applying the "Blue Ocean"
strategy:

1) move away from competition, creating new value
for customers;

2) searching for the "blue ocean", it is necessary to
carry out in detail the analysis of all players of the
industry, knowing their main strategic priorities and
building their business completely different from their
priorities;

3) take the best of each sector in the market and
minimize unnecessary;

4) the strategy developed must have a focus on
something specific, centered and to which maximum
efforts are made, which already entail everything
else;

5) successful implementation of the strategy is
possible only when it is understood, when everything is as
transparent as possible and everyone knows where the
enterprise is going, what its goals are;

6) visualization of the strategy, so that at any given
time it is possible to compare whether resources are
properly spent. You can use the strategic outline
curve;

7) large volumes resulting from value innovation
lead to the rapid cost reductions;

8) creating value innovation ensures the high profile
of your brand.

It is advisable to suggest the following ideas for the
realization of the "blue oceans" by the ukrainian state /
communal cinemas:

- "Pet friendly" concept;

- opening a branded restaurant on the territory
of the cinema in which to prepare dishes from cult f
ilms;

- the possibility of celebrating birthdays;

- reorganization of existing one- and two-room
cinemas into thematic ones (translation of films only in
the language of the original, black and white films,
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possibility of choosing a movie by a cinema visitor,
"children's cinema", etc.);
- creating your own online cinema on a personal site;
- opening of a cinema-hostel.

Conclusion and perspectives of further development

The main idea of the article was to determine the
feasibility of applying the blue ocean strategy by
Ukrainian cinema networks. The film distribution industry
is exactly the place where you should show creativity,
intuition, as well as use and analytical tools, one of which
is the blue ocean strategy. Applying a blue ocean strategy
will allow cinemas to generate new ideas that neither
consumers nor marketers can offer research. The
application of these concepts requires the avoidance of
standard and habitual thinking, forcing a change
in logic.

The developed concepts of the blue ocean strategy
will help ukrainian state cinema networks to reach a new
level and be able to compete with large private cinemas.
After all, they need the greatest help from outside experts,
as the film distribution industry is quite young in Ukraine,
and the number of relevant publications is very limited.

Choosing a strategy based on the identification and
strengthening of the key factors of competition in
accordance with the selected stages of this process will
allow ukrainian cinemas to increase the efficiency of the
activity and thus to ensure a high level of competitiveness
in the future. The focus of further research is to
substantiate the ability to sustain and update the "blue
ocean" strategy in a VUCA world. The authors of the
"Blue Ocean" strategy argue for the achievement of
"cloudless market space", but the practice shows that it is
equally important to preserve it, since creating a new
niche with established profitable business will attract new
competitors. So, that will turn the "blue oceans" into
"reds". Therefore, the subject of further research will be
the methodology of building relationships with the target
audience so that, according to Robert Klein's statement,
that is "to be with your customers on the same wave ...
and be with them on the equal footing".
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BUKOPUCTAHHSA CTPATETITL "BJJAKUTHOI'O OKEAHY" YKPATHCbKUMH
KIHOMEPEXAMMU Y HEBUBHAYEHOMY CEPEJOBHUIII

ITpeameToM CTaTTi € — YKpalHCBKHI PUHOK KiHOTIPOKaTy. Y Cy4acHOMY CBIiTi pHHOK MPOKAaTy (ibMIB — ILie CEKTOp SKOHOMIKH, KU
OCTaHHIM YacoM JEMOHCTPYE TEHICHIII0 CTa0UIbHOTO 3pocTaHHsA. Llel mporec y OLIBIIOCTI €BPOMEHCHKUX KpaiH MOB’s3aHUH 13
BIIPOBA/DKEHHSIM HOBITHIX TEXHOJIOTiH IU(POBOro KiHO, MiIBUIICHHAM piBHS OaraTtcTBa HAcEJCHHS Ta BUCOKOK IOMYJIIPHICTIO
OaraToekpaHHUX KiHOTeaTpiB. KiHOmpokar € MeXaHi3MOM MIATPUMKHA PO3BUTKY, TPOCYBaHHS HAI[IOHAIFHOTO  KiHO,
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OJIHI€I0 3 OCHOBHHUX (hOpM JO3BULIA Ta MDKKYJIBTYpHOro Iiamory. MeTa cTaTTi — BU3HAYUTH AOLIIBHICTH 3aCTOCYBaHHS CTpaTerii
"OIaKUTHOTO OKeaHy" YKpaiHCHbKMMHU KiHOMepe)KaMH AJIs MiATPUMKU TEHAEHILIi AMHAMIYHOTO PO3BUTKY Taiysi. Amxe eeKTHBHOIO
KOHIICMIII€I0 YHpPaBIiHHSI B HEBU3HAUCHHX yMOBAaxX MoOXe OyTH cTparerisi "OJAKUTHOTO OKeaHy", NPUHIMIHN SKOI PO3TILIHYTI
B CTarTi Ha TpPHKIANl YYacHUKIB pPHHKY KiHOTeaTpiB VYkpainu. OCHOBHMMH 3aBJAaHHSIMH CTaTTi € 1oOyZoBa HOBOTO
CTPATeTiYHOTO IIOJIOTHA Ui JEp)KaBHUX KiHOTeaTpiB YKpaiHH; ITONIyK HOBOTO 3HAYEHHS IUIS BiJBiXyBadiB KiHOTEaTpiB; aHaui3
30BHIIIHBOTO PHHKY KiHOTeaTpiB. MeToan, IO BHUKOPHCTOBYIOTHCS: METOAM aHaJli3y Ta CHHTE3y, CHUCTEMHHH, CTPYKTYpHHUH
Meron. Y craTTi OyiM y3aranpHEHi HMiIXOIu A0 BHOOPY METOJOJIOTii CTpaTeridyHOro YNpaBNiHHS IIANPHEMCTBOM 3 ypaxyBaHHIM
CyyacHHX HpoOJIeM €eKOHOMIUYHMX 3MiH y cBiTl. OTpuMaHi HacTymHi pe3yJbTaTH — PO3POOJIEHO HAmpsIMKU Ta
MOJKJIMBOCT] 3aCTOCYBaHHs cTpaTerii "OJakUTHOTO OKeaHy" YKpaiHCHKMMHU KIHOMEpEKaMH SK iHCTPYMEHTY CTPATeriyHOro yCmiXy B
raimysi KiHO; Yy CTaTTi IpONOHYEThCS HOBHH CTpaTeriyHuil IJIaH KiHOMepe)k YKpaiHM Ha OCHOBI omuTyBaHHS 160 rismadis
KiHOTeaTpiB; po3po0IEHO CTpaTeriyHuii IUIaH Jep>KaBHOT'O Ta MYHIIHUNAIPHUX KIHOTEaTpiB Ha OCHOBI OHOBICHOI MOJENI YOTHPHOX
Iiif; TpoBeneHo OeHYMapKiHT TPOBITHHUX CBITOBUX KIHOTEAaTpiB, HA OCHOBI SIKOTO C(OPMOBAHI MPAKTUYHI PEKOMEHJAI] II0J0
PO3BUTKY YKPAiHCHKHX KiHOTEaTpiB pi3HUX (OpM BIaCHOCTI; OyiHM MpecTaBiIeH] MPOIO3HIIT 00 CTBOPEHHS "OIaKUTHOTO OKeaHy"
UL KOMIIaHif, IO 3aiiMaroThCS HAJAHHAM MOCIYT 3 JEeMOHCTPAIiHOI KiHOMpoAyKmii B VYkpaiHi. BHCHOBOK: mocmimKeHHS
BUKOPUCTAHHS cTpaTerii "ONakUTHOro OKeaHy" IOKa3ajgd, IIO L€l Npolec HEMOXIMBHH 0e3 CTBOPEHHS HOBOI WIHHOCTI UL
CIIOXKHUBAYA.

KnrouoBi ciioBa: cTparteris 01akUTHOTO OKeaHy; PHHOK KiHONPOKATY; JA0/aHa BapTiCTh; CTpaTeriyHa KaHBa; MOJEIb YOTHPHOX
Nili; TOpiBHAUIBHUI aHAI3; yIPaBIiHHA KIHOTEaTpOM; KOHKYPEHIIis.

HNCHOJb30BAHUE CTPATET'UHU I'OJTYBOI'O OKEAHA YKPAUHCKUMHA
KNHOCETAMMU B HEOIIPEJAEJIEHHOU CPEJE

IIpeameT cTaThy - YKPaUHCKUH KHHOMPOKAaT. B cOBpeMEHHOM MHpe PBIHOK IpOKaTa (PHIBMOB — 3TO CEKTOP 3KOHOMUKH, KOTOPHIH B
MoCNIeTHee BpeMs AEMOHCTPHPYET TEHICHIMIO CTAaOMIBHOTO pocTa. DTOT Ipouecc B OOJBIIMHCTBE €BPONEHCKHX CTpaH CBS3aH C
BHEJ]PCHUEM HOBEHIIMX TEXHOJOTHMH NH(POBOrO KHHO, MOBBHILICHHEM YpPOBHS OJaroCOCTOSHMSI HACEJICHWS W BBICOKOU
TOMYJSIPHOCTBI0  MHOTOPKPAaHHBIX KHHOTEaTpoB. KHHONpPOKAT — 3TO MeXaHW3M MOJJCP)KKH Pa3sBHTHA, IOIYJSPH3ALIN
OTEUECTBEHHOTO KHMHO, OJIHA M3 OCHOBHBIX (hOpM J10Cyra M MeXKyIbTypHOro auanora. Lleas craTtbu — onpenenuts BO3MOXKHOCTD
NPUMEHEHNsS YKPauHCKUMH KHHOCETSIMH  CTpaTerWM ToilyOoro oOkeaHa I HOANCPKKH TEHACHIMH JUHAMHYHOTO
pasButHsa oTpacid. Benp >¢dexTuBHON KOHIeENIMeH yNpaBlIeHHsS B HEONPENEICHHBIX YCIOBHAX MOXET OBITh CTpaTerus
"romy6oro okeaHa", MPUHIUITEI KOTOPOH PaCCMOTPEHBI B CTAaThe HAa MPUMEPE YYAaCTHHKOB PhIHKAa KHHOTEAaTpOB YKpauHbL. B craThe
pelIeHs! CIeayIONHe 3aJa4): IOCTPOSHUE HOBOTO CTPATETHYECKOTr0O MOJIOTHA ISl TOCYJAPCTBEHHBIX KHHOTEATPOB Y KPAaWHBI; MOUCK
HOBOW IEHHOCTH JUIS MOCETUTENIeH KWHOTeaTpa; aHaliHu3 3apyOeXHOTO PBHIHKAa KHHOTEaTpoB. VICIIOIB30BaHBI CIEIYIOMINE METObI:
METOJbl aHaNM3a M CHHTE3a, CHCTEMHBIH, CTPYKTYpHBIH MeTon. B craTbe ObUIM 00OOIIEHBI MOIXOABI K BBIOOPY METOIOJIOTHH
CTPATerMYecKOro YIpaBJICHHS NPEIIPHATHEM C YYETOM COBPEMEHHBIX BBI30BOB OSKOHOMHYECKMX WM3MEHEHHH B MHUpeE.
IMonyueHs! cnenyronye pe3yabTaThl — pa3pabOTaHbl HANPABICHUS U BO3MOXKHOCTH NPUMEHEHHs CTpaTerHy '"ToiyOoro okeaHa"
YKPaMHCKUMH KHHOCETSIMM KaK WHCTPYMEHTa CTPaTerM4eckoro ycmexa B cdepe KHHO; B CTaTbe Ipeyiaraercss HOBBIN
CTpaTeTHUYeCcKuil TUIaH KMHOCETeH YKpawHBI Ha OCHOBE ompoca 160 mocerurenell KWHOTEATPOB; pa3padOTaH CTPATETHUECKUN TUIAH
TOCY/IapCTBEHHBIX M MYHHUIMITAIBHBIX KHHOTEATPOB, OCHOBAHHBIM Ha OOHOBIEHHOH MOJENM W3 YeThIpeX AEHCTBUA; MPOBEICH
OEHUYMApKUHT BEAYIINX KHHOTEATPOB MHpA, HA OCHOBE KOTOPOTO C(HOPMHPOBAHBI MPAKTHYECKHE PEKOMEHJAINH IO Pa3BUTHIO
YKPaWHCKHX KHHOTEATPOB Pa3IMYHBIX (OPM COOCTBEHHOCTH; HPEICTABIICHBI MPEIUIOKEHHS 110 CO3/IaHHI0 '"Toyboro okeana" st
KOMITaHWH, 3aHMMAIOUIMXCS OKa3aHWEM YCIyr [0 JIeMOHCTpallMM KHHOIPOAYKIMM B YKpawHe. BBIBOX: ucciemoBaHMs
ucrosip3oBanus crparerun "onmy6oif okeaH" mokasaiaM, YTO JTOT NPOLECC HEBO3MOXKEH 0€3 CO3JaHMs HOBOW IEHHOCTH JUIS
noTpeOuTeNs.

KiroueBbie cioBa: crparerust roiyOoro okeaHa; pHIHOK KHHOINPOKAaTa; 100aBIEHHas CTOMMOCTbB; CTpaTernyeckas KaHBa;
MOJIENb YeThIpeX AeHCTBHI; CPaBHUTEIBHBIN aHAIN3; MEHEXKMEHT KHHOTEeaTpa; KOHKYPEHIIHSI.
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HEMPOMEPEXEBUI OBYUCJIIOBAY 3A 115 BITHOBJEHHSA BTPAYEHOI
TH®OPMAIIII 31 IITATHUX AATYUKIB BOPTOBOI CUCTEMHY KOHTPO.TIO 1
JIATHOCTHUKHU ABIAHIMHOI'O IBUT'YHA TB3-117

[peamerom nocmimKkeHHsA B CTaTTi € apiauifHuii ABUryH TB3-117 Ta MeToanM KOHTPOJIIO 1 AIarHOCTUKM HOTO TEXHIYHOTO CTaHy.
Meta pobotu — po3poOka HeilpoMepekeBOro OO0YMCIIIOBAaYa 3aiJis BiAHOBICHHS BTpaueHOi iH(oOpMarii 31 IITAaTHUX AATYMKIB
OOPTOBOI CHCTEMH KOHTPOJIO 1 TIarHOCTHKH TEXHIYHOTO cTaHy aBiamiiiHoro asuryHa TB3-117 B pexxumi peanbHoro vacy. B crarti
BUPIIITYIOThCSl HACTYIIHI 3aBJAHHSI. BiJHOBJICHHS BTpadeHoi iHpopMaIli aBTOacOLIaTUBHOIO HEHPOHHOIO MEPEKEI0 MPH OJUHOYHIN
BIZIMOBI JaTuKKa, BiIHOBJICHHS BTpaueHOi iHpopMaIlii "onTHMaIbHO' aBTOACOLIaTHBHOK HEHPOHHOK MEPEKEI0 y pa3i OAMHOYHHX
BIZIMOB JIaTYMKiB OOPTOBOI CHCTEMH KOHTPOJIO i AiarHOCTUKH, BiHOBIICHHs BTpaueHoi iH(opMmarii aBT0aCOIiaTHBHOIO HEHPOHHOIO
Mepexero 1 OOPTOBOIO CHCTEMOIO KOHTPOJIIO 1 JIarHOCTUKY 3 JaTYHKa PEecTpalii TeMIepaTypH IrasiB mepea TypOiHO KoMIpecopa y
pa3i Horo BiAMOBH. BHKOPHUCTOBYIOTBCS Taki METOIOHM: METOAM Teopii HMOBIpHOCTEH 1 MaTeMaTHYHOi CTaTUCTHKH, METOIU
HeWpoiHhOopMaTHKH, MeToau Teopii iHpopMamiiiHuX cucteM Ta 00poOku maHux. OTpHMaHO HACTyIHI pe3yabTaTH: Po3B’s3aHo
aKTyaJbHy 3aJady BiJHOBJICHHS BTpaueHoi iH(poOpMamii 3i IITaTHUX JATYMKIB B PEXKHMI peasbHOro dvacy. JlocimimkeHo pi3Hi
apXiTEeKTypH OOYHCIIIOBAYiB i aTOPUTMH BiTHOBICHHS. [IpornoHyeThCs i1HXKEHEepHa NpolLeaypa BiTHOBICHHs BTpadeHol iHdopmarii 3
BUKOPHUCTaHHSIM HelpooOunciroBadya. Y pe3yibTaTi BHKOPHCTaHHS HeiipooOuMciioBada 3a0e3nedeHO edeKTHBHE 1 sIKicHe
BiZTHOBJIEHHS iH(OpMaIii 31 ITaTHUX JaTYMKIB B yMOBaxX OOPTOBOi CHCTEMH KOHTPOJIIO i AIarHOCTUKH aBiariiHoro asuryna TB3-117.
BuchHoBku: BukopucTtaHHS aBTOACOLIaTHBHOI HEHPOHHOI Mepexi y OOpTOBiM CHCTEMi KOHTPOJIO 1 JIarHOCTHKH AJS BiJIHOBICHHS
iH(popMaLii J03BOJIsE 3a0€3MEUUTH BiIMOBOCTIHKICTh BUMIPIOBAIBHIX KaHAJIB CHCTEM YIIPABIiHHS, 30KpeMa aBiallifHOTO JABUTYHA
TB3-117. OcHOBHOI TepeBarol0 BUKOPHCTaHHS HEWPOHHHX MEPEX y pamMkKax OOpTOBOi CHCTEMH KOHTPOJIO 1 JIarHOCTHKU €
MOJKJIMBICTh HABYAHHS 1 JOHABUAHHA Yy PEKUMI PEabHOTO Yacy 3 ypaxXyBaHHSIM IHIWBIIyaJdbHHUX XapaKTEPUCTUK KOHKPETHOTO
IBUTYHA. BinHOBIEeHHS iH(opMaIil py BiAMOBI JaTYHKIB 32 JOMOMOTOI0 aBTOACOIIaTHBHOI HEHPOHHOI MepeiKi 3abe3neuye moxuoKy
BiTHOBJICHHS JaHWX He Ounbine 0,45 % y pasi oguHOYHMX BiMOB i He Oinbine 0,6 % y pasi mojBiiHUX BigMoB. [Ipu 1pboMy dac
OJIHOTO LUKy BiJHOBJICHHS JaHUX CTaHOBUTH 1589,544 Hc mns oGuucmroBaua Raspberry Pi NanoPi M1 Plus i 196,246 He — mns
crenianizoBaHoro Heiipornpornecopa Intel Neural Compute Stick 2, mo 3agoBonsHsie BUMoram 00opToBoi peaiizaunii y ckiaai 60pToBoi
CHCTEMH KOHTPOJIIO i 11aTHOCTHKH.
KurouoBi ciioBa: aBiauiiiHuii IBUTYH; aBTOACOIIaTUBHA HEHPOHHA MEPEKa; BiTHOBICHHS; JaTIUK.

Beryn pyWHYBaHHS JIoTIaTeH TYpOiHU.

Tomy OoproBa cHCTeMa KOHTPOIIO 1 AiarHOCTHKH

V npoueci ynpapiiHHA €KCILIyaTali€lo CKIAJHOIO (BCK]I) TtexniyHOrO aBiamiifiHoro nBuryHa TB3-117

TEXHIYHOTO ~ 06’€¢KTa  3iCHIOEThCS  Ge3mepepBHHMii ~ [OBMHHA MaTH BHCOKY CTIHKICT 10 BLIMOB, 110
KOHTPOJIb i JIarHOCTMKA HOTO mHapameTpiB 3 MeToro  3a0€3EUyeTbCss y  MNPOLECi  BUKOHAHHS — ONEpauii:
NPUIHATTS pilleHHs TIpo ioro (akTHYHMii cTaH. Y ~ BWIBJIEHHS CTaHy BiJMOBHW; JIOKali3alis —BiIMOBH;
Tpoleci TOMbOTY BEPTONHOTY GIOK CHHXPOHi3alii JaHuX  BIIHOBIEHHS NPAale3AaTHOCTI.

3MilicHIOE  Oe3nepepBHUI 3amuc 1 aHali3 MHOXWHH BusiBNeHHS  BiAMOBM  CHCTEMHM — KOHTPOIIO i

rnapameTpiB, M0 XapaKTepU3yITh [TUHAMIKY CHIIOBOL
ycTaHOBKH JitasibHOTO amapary (CYJIA) 1 6nu3pko
JIBOXCOT JMCKPETHHX MapaMeTpiB. 3a roJHHY IOJbOTY B
6oproBy 0a3y manux (BJI) 3ammcyerbcst Oumbmie 3500
nmapaMeTpiB. Y IHMX yMOBaX CYTTE€BOIO 3HA4YECHHS Mae
HAJIHHICTP  KOHTPOJBHO-BUMIPIOBANBEHOI  amapaTypH,
OCOOJMBO TATYUKIB, BIIMOBH SIKMX y CHCTEMI yIpaBIiHHI
aBiamiifHUM ABuryHOM |[1], Hanpukian, aBuryHom TB3-
117 y cknani cunoBoi yctaHOBKH BepTonboTy Mi-8MTB,
TIPU3BOJIATE /10 TSHKKHUX HACIIiJIKIB, OCKUIBKH 1€ TI0B’I3aHO
i3 JIOCTPOKOBUM 3aBEPIIEHHSM MOJIBOTHOTO 3aBIaHHA ab0
3 TepeldacHUM 3HATTSAM JBHTYHa 3 OOpTY JITaIbHOTO
amapary. Bimomo, mo 15...20 % BimMOB aBiariiHUX
JIBUTYHIB aCOIIIOETHCSI 3 BiIMOBOIO JAaTUHKIB.

Buxin 3 mamy naTduka B OIHOMY 3 BUMIpIOBaJIbHHX
KaHaJIiB — HaWOIIbII Ba)kKKa BIAMOBA, IO MOKE HOCHTH
KOpOTKOYacHMi abo TpuBaNWii Xapakrep, HaIpUKIa,
BiZIMOBa JIaTYMKA YAaCTOTH 00EPTAaHHS MOXE NPU3BECTH JI0
BU/Ia4i TTOMWJIKOBOTO CHTHAIIy pETYJSITOPY YacTOTH
oOepTaHHs Ha MiJBUINEHHS BUTPAaTH NajuBa (MaJIMBHUH
Hacoc — Jlo3yBallbHa ronka) [1] mo kamepu 3ropsiHHS
JIBUTyHa, a IIe, y CBOI 4epry, — J0 ii pyHHyBaHHS
(mporapy CTiHOK Kamepu 3rOpsiHHA) abo TepMidHOro

JIIarHOCTUKH TEXHIYHOrO asiariiiHoro asuryna TB3-117
3MIACHIOETBECS HAa  OCHOBI  BHMOTH  MaKCHMaabHOI
mBuakonii. Tomy mpu po3poOIi TaKuX CHCTEM OIHHUM 3
MUTaHb € aHAJI3 BUMIPSHUX 3 IBUTYHA JaHUX.

AHaJIi3 iCHYI0UMX JKepes Ta NOCTAHOBKA 3a1a4i
JOCJIIIKEeHb

Po3B’s13aHHs maHOT 331241 Oe3M0CepEHBO TTOB’ I3aHE
3 BHUABJIEHHSAM BIJIMOB JaT4YMKIB 1 BIJHOBIIEHHSIM
yTpadeHoi iHpopmarii 3 HAX Ha OCHOBI BHKOPHCTAHHS
HEHPOMEpEKEBUX METOMIB Ta IH)KEHEPHOI METOIWKH, IO
peamizye TakKy TMOCHIIOBHICTh KpOKIB: CTaTHCTUYHA
00poOka maHux (eram momepenHboi 0OpoOKHM); BUOIp
apxiTektypu HedpoHHoi Mepexi (HM); Bubip ii
CTPYKTypH; BHOIp anroputMy HaB4aHHs HM; HaBwaHHS
HM; tectyBanns HM; epextuBHOCTI podotn HM.

OmHUM 3 HEHPOMEpEKEBUX METOJIB PO3B’s3aHHSI
3ajaul BIHOBJICHHS BTpa4YeHOi iH(popMarii €
BUKOpUCTaHHS HM sk MaTeMaTH9HOT MOJIEN aBialliifHOTo
meuryna TB3-117, orpumanoi B mporeci imeHTUdiKarii
XapaKTEepUCTHK aBialliifHOTO JBUTYHA.

VY [2-6] KOHCTaTy€ThCS MOXJIMBICTH BiJHOBIIECHHS
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BTpadueHoi  iHdopmamii 3  JaTYMKIB  aBialliiHUX
razotypOinanx geuryHiB (I'T/I), ame pasom 3 THUM
BIICYyTHS METOAWKA, Ha OCHOBI SKOi 3TIHCHIOETHCS
BIIHOBJICHHS  BTpadeHUX JgaHuX. Y [7] Oyna
3alpOMOHOBaHA METOJMKA 1 CTBOPEHO MPOTrpaMHe
3a0e3neueHHs JUIs TOPOIECY BiMHOBICHHS BTPavyeHOT
inpopmanii 3 natuukiB I'T/l y cxiani 60pTroBoi cucremu
HOr0 KOHTPOJIIO 1 JIarHOCTHKH.

OTxe, aHaNi3 CydyacHUX OOPTOBHUX CHCTEM TOKAa3ye,
IO CHEKTP 3ajady, 0 BHUPIIIYIOTHCS HUMH, OE3MepEPBHO
3pocTae. Ile TOACHIOEThCSA TOCTIHHUM BIOCKOHAJCHHIM
aBialliifHOTO JBWTYHA 1, SK HACTIJIOK, BUKOHYBAaHHX HHM
(GyHKIIH, a TakoX BIANMOBIAHMM 30UTBIICHHSIM YHCIIA
KOHTPOJIBOBAHUX 1 JIIarHOCTOBAHUX MapaMeTpiB Ha OOpTy
nmoBiTpstHOTO cyaHa [8]. OmHak, pa3oM 3 THM, TpH
BEIMKOMY DI3HOMAHITTI BHKOHYBaHMX 3a7ad, iCHYIOTh
MEBHI CKJIQJHOCTI:

- oOMexxeHi  oOumcimoBanbHI  pecypen  (00csr
OTepaTuBHOI MaM’sITi, MIBHIKOiS, TOYHICTh OTPHUMAaHHUX
pe3yJbTariB);

- TpynHoIi Qopmanizamii KIACHYHHX aITOPUTMIB
KOHTPOJIIO Ta JIarHOCTHKH 1, K HACIIJOK, IX MPaKTUYHOT
peauizamii;

- HCOOXITHICTh peayizallii IMepepaxoBaHUX BHIIEC
aNTOPUTMIB Ha MOBI HU3BKOTO PiBHA (acemMOiep);

- TPYAHOILI BiTHOBJICHHS iH(poOpMamii mpu BigMOBI
JIATYUKIB.

Po3podka apToaconiaTuBHOI HelipOHHOI Mepexi

OnHi€lo 3 KIIOYOBHUX 3a]ad, IO PO3B’S3yIOThCS Ha
00pTy JITAIBHOTO arapary, € BUSIBJICHHS MapaMeTPUIHHUX
BIIMOB JaTYMKIB (merpamaifii iX XapakTepHCTHK). Y
[[bOMY BHIIQJIKy MOXE, SK MPaBUJIO0, BUKOPUCTOBYBATUCS
METOJ Ma)KOPUTAPHOTro KOHTPOJO [9]. CyTHICTH MeTOay
Ma)XOPUTApHOTO KOHTPOJIIO MOJSIra€ B TOMY, LIO SIKIIO
cepell MaTYMKIB OIWH 3 HHX Ma€ XapaKTePUCTHKY,
BiIMIHHY BiJ €TaJlOHHOi, TO BBEACHHSI JOJATKOBOTO
KaHATy BHUMIPIOBAHHS y BHUIJIAAI MaTeMaTHYHOI MOJEINi
O3BOJISIE  OOYMCIIOBATH CEpPeNHE 3HAYCHHS JaHOTO
BAMipy (Me[iaHy) i THM CaMHM BiJHOBJIOBATH BTPAYCHY 3
maTduka iHpopmarmiro. Po3B’s30k 3amadi  BiTHOBJICHHS
iHpopMalii 3 BHKOPHCTaHHSIM HeEHpOMepeKeBOi Moaeni

JIBUTYHA JIEKOMIO3Y€ThCS Ha JBI Mif3afadi: 3amada
ineHTudikarii MaTeMaTHIHOT MoJe, 3amada
BiJHOBJICHHS iHpopmarrii. Po3B’sa3anus 3a/1a4i
BiJIHOBJICHHSI iHpopmarrii i3 BUKOPUCTAHHAM

HEHpOMEpEKEBUX TEXHOJOTiH 3a JOMOMOTOI METOAY
Ma)KOPUTAHOT'0 KOHTPOJIIO HaBeneHo y [8—10].

[HOIMM anbTepHATHBHUM ITiAXOIOM JIO BiTHOBIICHHS
iHpopMmalii €  BHKOPHUCTAaHHS Ui IUX  IfUel
aBToacomiaTMBHOI HeWpoHHoi Mmepexi (AHM), o
BOJIOJIi€ BJIACTUBICTIO CTHCKY 1 ITOJIAJIBIIOTO BiTHOBJICHHS
inpopmanii. Bigomi pobotm [2, 11], B skux moKazaHa
MOXUMBiCTh BUKopucTaHHI AHM nang  BigHOBIEHHS
BUMipsHOI  iHopMmamii 3a  TepMoOra3oJUHAMIYHUMHU
mapametpamu I'T/]. Pazom 3 TnMm B mux po6oTax BiACYTHI
METOJUKH iX TOOYIOBH Ta pPEeKOMEHallii 1moa0 BHOOpY
CTPYKTYpH i anroput™miB HaBuaHHI AHM.

Ha puc. 1, a npuBenena apxirekrypa AHM [10], mo
CKIIQIA€ThCA 3 Tphox ImapiB. [Ipu oMy AHM 3mificHroe
JI3epKajbHEe BiMOOpPaKEHHS BEKTOPY BXIMHUX NaHUX Ha
camoro cebe. CtucHeHHS iH(poOpMAIll 3IIHCHIOETBCA Yy
MPUXOBAaHOMY  Imapi  HEHPOHHOI  MepexXi, 3BaHUM
"rop;ioM", BiJHOBIEHHS iH(oOpMaii 3aifCHIOETBCS Y
BUXITHOMY mapi. ITpunnunosa MOXITHBICTh
BUKODHCTaHHS ~ CTUCHYTOTO  BiJIoOOpakeHHS  CKJaJae
OCHOBY METOJy TOJIOBHHX KOMIIOHEHT. KirtouoBum
MOMEHTOM y BuOOpi cTpyktypu AHM € Bu3HaueHHA
ONTHMAJILHOI KITBKOCTI HEHPOHIB y "Topii".

Ha puc. 1, 6 HaBeneHO Tpadik 3aJIeKHOCTI TTOMUIKH
BiTHOBJICHHS 1H(OpMaIIii MepeKero MpH BiIMOBI OJTHOTO 3
JatyukiB  (y [OaHOMY BHWIIQAKy, JaT4dKa YacTOTH
oOepTaHHs pOTOpa KOMIIPECOpa) Bijl KITBKOCTI HEHPOHIB y
ropiai AHM. Tlo oci abcmuic Ha puc. 1, 6 BigkmageHUi
BIIHOCHHH pO3MIp TOpJia — BIJHOIIGHHS KiJBKOCTI
HEHpPOHIB B TOPIi J0 KIUIBKOCTI BXITHHUX/BUXITHHUX
HelipoHiB (4 HeWponu). Sk BugHOo 3 puc. 1, 0O,
ONTHMAILHUN PO3MIp TOpJia Y JaHOMY BHUIIAJKY JOPIBHIOE
0,8, TOOTO KiNbKICTh HEHUPOHIB y Tropii (MPUXOBAHOMY
mapi AHM) no-BuHHA JOpPiBHIOBATH TPHOM.

0.25

0,225
- 0.2
0,175
0,15
0,125
0.1
0,075
0.05
0.025
0
02 03 04 05 06 07 08 09 1
Bigxomenns sneroCT] HElIPOHEE B 'Topai’ 10 KUBKOCT] BX{IHHX HellpOHIE

BemrunHa rmoxitOrt sinHoBIeHHA, %0

0

Puc. 1. AHM: a — apxitekrypa AHM; 6 — I'padixu 3anexnocteit
MOMMUJIKH HaBYaHHS HEHPOHHOI MEpexi BiJ| YnciIa HEHPOHIB
npuxoBaHoro mapy [10]

IMopsin 3 mnuranHAM BHOOpY cTpykTypun AHM,
Ba)XXJIMBUM €TallOM € eTal BiJHOBIEHHS iH(opmarii 3a
pesynbTataM (QYHKIIOHYBaHHS L€l HEMPOHHOI Mepexi.
v JIaHii poborTi BUKOPHUCTOBYETBCSI X1,
3anporoHoBanni 'y [383] 1 300paxkenuil y Burisaai
(hyHKIIOHAJTFHOI CXEMH Ha puC. 2.
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ABTroacoliaTuBHa

\

Curnanu HEWpOHHA Mepexa
3 JATYHKIB Cucrema
A aBTOMaTH30BaHOI'O .
DABTIHS Jlo BUKOHABYOT'O MEXaHi3My
;./Bil; {HHOTO ——® aBialiiHOr 0 ABUT'YHA
. TB3-117
Y JIBUI'yHa
TB3-117
Cucrema
Crex ‘ o
- > JIOITyCKOBOT'O >
mam’siti
KOHTPOJIFO
A
Puc. 2. dynxuioHansHa cxema BinHOBIeHHS iH(opMmanii Ha ocHoBi AHM [10]
Cursaim 3 JaTYNKiB OJHOYACHO HAAXOIATH O CTEKy  Jajii Tmepedae 11 OO0 CHCTEMH aBTOMAaTH30BAaHOTO

1 cHCTeMH JOMYCKOBOTO KOHTPOJIO, MIO 3/iHCHIOE
KOHTPOJIb BUMIPSHUX 3HAYCHD 3 JATUMKIB. SIKIIO CHTHAIN
3 JaTYMKIB 3HAXOMAATbCS B TMOJI JIOMYCKYy, TO BOHH
OC3MEepelIKOIHO  MEPeqarThes  Jajli B CHUCTEMY
YIpPaBIiHHS, $Ka 3IiHCHIOE YNpaBIiHHSA BUKOHaBUYUMH
MexaHi3Mamu (BM), mo BmiuBaroTh Ha ABUTYH. Y pasi,
SIKIIO OYy[TB-SIKOTO 13 CHTHAIIB JaTYNKIB BUXOIUTH 3a II0JIC
JIOIYCKY, TO CHUCTEMa IOMYyCKOBOT'O KOHTPOJIIO BHIIYy4a€e
OCTaHHE 3HAYEHHS [[bOTO CUTHAJY 31 CTEKY 1 mepesae ioro
Ha BiamoBimHWi BXig AHM, sixa BimHOBIIOE iH(pOpMATITiTO i

ynpasmiaas (CAY) aBianitinum neurynom TB3-117.

Pe3yabTaTh 10CaiTKeHb

Ha puc. 3 nmoxa3aHuii mnpouec BiJHOBJICHHS
inpopmamii 3 gatumkiB Ha ocHoBi HM. Ocrtanus
BKITIOYA€ThCs Oe3mocepenubo Mixk matuukamu J(1...JIn [7]
(abo B 3aranpHOMY iH(GOpPMAIITHOMY KaHai) i CHCTEMOIO
yIpaBiiHHS aBialiifHuM asuryHom TB3-117.

Kepyrounii ABiauiiHuit
MeXaHi3M > ABUT'YH B Harumiu
TB3-117
A
Cucrema ABTOAacoIiaTHBHA
YIIpaBITiHHS HEHpOHHA Mepeka b

Puc. 3. OyHKmioHanpHa cxeMa ynpaBiiHHs aBiamidauM asuryHoM TB3-117 Ha ocHOBI aBToaconiaTuBHOI HelipoHHOT Mepexi (AHC)

IlepeBaraMn  3ampoNOHOBaHOI  (YHKLIOHAJIBHOT
cxemu (puc. 3) € mpocrora ii peamizalmii Ta MpPo30picTh
podotn AHM vy ckmami cucreMu ympaBmiHHA. s
00uYHnCIIeHHs] TOXUOKK BiIHOBJIEHHS BTPa4yeHOl 3 JaT4HKIB
iH}opMarlii BUKOPUCTOBYETHCS 3aJI€KHICTh BUTIISIILY:

e= | realvaxlue — NWa

- -100%;
max,. —min

1)

value

ne  realawe —  peansHe
nwavalue —  BinHOBIEHe

3HA4YCHHA
3HAa4YCHHA

rapameTpa;
rapameTpa;

e. %

MaXvalue, MiNvalie — MAKCUMAaJbHE 1 MiHIMAJIbHE 3HAYEHHS
mapamerpa.

I'padix BimHOBIEHHS BTpadeHOi iHpopmanii AHM
MpY BIMOBI OJHOTO 3 IITATHUX JATYUKIB aBiaI[iiiHOTO
meuryna TB3-117: T, - temmneparypu rasis mnepen

TypbiHOI0 Kommpecopa (14 3mBoenux Ttepmomnap T-102)
MoKazaHuid Ha puc. 2=4, ne | — 3HAYEHHs MapaMmeTrpa,
2 — 3HaYCHHs IapaMeTpa 3a JO0INOMOrOK HEHpPOHHOT
Mepexi, 3 — 3HaUYeHHS TapaMeTpa, OTPIMAHOTO 3 JaTYHKa.

0.25
0.20
0.15
0.10
0.05

f, C

0

0 6.0 12.0

18.0 24.0 30.0

Puc. 4. BinnosnenHst BrpadeHoi iHGopMallii aBToacoI[iaTHBHOI HEHPOHHOIO MEPEKEIO MPH OMHOYHIH BiIMOBI JaTUYHKa

TeMIlepaTypH ra3is nepes TypOiHOI0 KoMmpecopa (0OpHBi)
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HenonikoMm paHOro MigXoay € BHCOKAa TIOXHOKa
BiHOBIICHHS OJMHOYHHX BigMoB gaTumkiB BCKJ:
MoxXnOKa BITHOBIICHHSA 3HAa4YeHHS 3 JATYUKIB y pasi
00puBy ckianae 4,5...5,0 %, a mpu MOCTYTOBIi BiAMOBI —
10 5,5 %.

[HmuM  migxomoM 70  BIiHOBICHHS  BTPaYeHOT
inpopmamii 3 patumkie BCKJ[ Ha ocHoBi AHM e

npamrorodoi AHM nis mporiecy BiJHOBIEHHS BTpadeHoi 3
nmataukiB  BCKJl indopmamii. JlocmikeHHS MeEToIy
TOJIOBHUX KOMITOHEHT J03BoJisie ToOymyBatn AHM
ONTUMAJBLHOI CTPYKTYpPH, BHUKOPHUCTAHHS SIKOT JJIS
pO3B’sA3aHHA  JaHOI  3amadi  3MEHIIye  MOXHOKY
BiZIHOBIICHHS BTpauyeHoi iHpopmanii 3 naTunkis BCK/I.
I'padik npouecy BiHOBIEHHS BTpaueHol iHpopmarii

BUKOpHCTaHH: Oydepa (cTeka mam’sTi) 3auist 30epexkenHs 3 garuukiB  BCKJ/l  "ontumansHoi" AHM y pasi
OCTaHHBOT'O NMPABWJILHOTO 3HAYEHHS 3 BI/IMOBUB JIaTYHKA. OJIMHOYHMX BIJIMOB JaT4MKiB (iX OOpHBi) MpHUBEACHUH Ha
Leit migxin OyB posmmsiHytudd y [4, 7, 12]. Ha puc. 5, ne 1 — 3HaueHHs napamerpa, 2 — 3HA4YEHHS
BimMiHy Big [2-6] y HHX PpO3DIISTAETHCS METOJ  BiAHOBICHOI'O CHTHAIY 3a JOIIOMOTOI0 HEHPOHHOI
BHU3HAYCHHS ONTHMAaJbHOTO po3mipy ropma AHM, ame wmepexi, 3 — 3HaueHHA mapamerpa, OTPHMAaHOTO
Oyma BiACyTHA IHKeHepHa METOIWKAa OTPHMaHHSA 3 JaT4HKa.
e. %
0.25
0.20
0.15
0.10
0.05
f,c
OO 6.0 12,0 18.0 24.0 30,0

Puc. 5. BinHosnenns BrpadeHoi inpopmanii "ontumansaoi” AHM y pasi oquHouHux BigMoB gaturkis BCK]]

ExcriepuMeHTaNbHI TOCHIPKEHHS 3 "ONTHMAaIbHO"
AHM cBiguaTh, M0 MOXHOKA BIJHOBICHHS HEIO
BTpadeHoi iHpopmanii 3 parumkiB BCKJl y pasi
OJIMHOYHHUX BIiIMOB cTaHOBUTH 1,5...2,0 %, a mpu ix
MTOCTYTIOBUX BiqMOBaxX — He mepeBuinye 2,5 %. [logampire
3MEHIIICHHS TIOXUOKHU BiJHOBIICHHS BTPAueHOi 3 MaTYHUKIB

BCK]I iH(popMarii 30INCHIOETHCSA Ha OCHOBI
BUKODHCTAHHS  JIOTIKA  BUSIBIICHHS  BiJMOB, IO
imeHTHdiKye BIIMOBY Ta 130JIO€ JATYHK, SIKUH
BiIMOBWB.

Jdnst migBumieHHs e(eKTHBHOCTI Ta 3MEHIICHHS
MOXUOKH BiZTHOBJICHHS BTpa4yeHol iHpopmanii

MPOTIOHYEThCSI TaKe BJIOCKOHAICHHS ICHYIOUMX paHille
T AXO/TIB:

- 3amUc JaHuX BUMIpIOBaHb 10 Oydepy (crek-
nam’siTi) 3AIHCHIOETBCS  O€3NepepBHO:  SIKIIO  JATYHK
CIpaBHMH, TO 3aIMCYETHCS IIOKA3aHHA 31 CHPaBHOTO
JaTydka, B IHIIOMY BHNAAKy — HOTO BiJHOBJIEHE
3HAYCHHS;

- Py BUSBJICHHI BIMOBHM JlaT4MKa HEHPOHHA
Mepexa (QYHKIIOHY€e BiAIIOBIAHO IO TaKOi IMOCIiTOBHOCTI
KPOKIB!

1 Orpumatn BuUXigHI [aHi 3 [JaTYUKIB (3aMicTh
napameTpa BiJJMOBHB JaT4WKa HOTrO MOMEPEHE 3HAUCHHS
3 Oydepa), 3a7aTH MaKCUMaIIbHY KiJbKICTh 009YHCIeHb d, 1
BXKe IpoBeieHux oduncieHs g = 0.

2 OO04MCIUTH B EMYJIATOPI BUXOIU HEWPOHHOT
Mepexi i 36imbumT napamerp q Ha 1 (q =q +1).

3 3amumcarM BHXiJHI JaHI 3 JaTYHKIB (3aMicTh
napaMeTpa JaTdMka, II0 BiJIMOBMB, HOTO HOMNEpeIHE
3HaueHHs 3 Buxoxy AHM).

4 Sxwo q < d, To nepeiiti 10 Kpoky 1;

5 [Inakmie 3aBepIIMTA OOYHUCICHHS 1 BHAATH
pe3yapTaT  CHUCTEMi  yHOpaBIiHHA 31  30epeKCHHAM
BiJTHOBJICHOTO 3HAa4YCHHs B Oydep.

6 BukopucTOBYBaTH J0JATKOBY HEHPOHHY MEPEKY
s giarHoctukd  (HMJI) mapamerpiB — aBiamiitHOTO
meuryHa TB3-117 (B skocTi aiarHOCTHYHOI HEHPOHHOI
Mepexi BHKOPHUCTOBYETBCS  TMEPCENTPOH 3  OJHUM
MPUXOBaHUM Irapom) [13, 14].

VYnockoHaneHa (QpyHKI[IOHAIEHA CXeMa BiJTHOBJICHHSI
BTpadeHol iHpopmanii 3 matumkie BCK]l mokazana Ha
puc. 6, e CYIIBHOK JIIHIEI HABEACHI KaHAIW repeaadi
JAaHUX, a MYHKTHPHOIO — CHUTHAIM BiIIMOBIIHHUX KOMAaH

yIpaBJIiHHS.

Tak, SKIIO CHCTEMOIO KOHTPOJIO B ILITATHOMY
pexumi  poborn BCKJ] He BusiBieHa  BigMoBa
JlaT4hKa, TO JaHMMH BHCTYIA€ IOTOYHE 3HAYCHHS 3
Jatauka.  [Ipy  BHABICGHHI  BiAMOBM  JaT4YHKa
3amuc 1o Oydepy  (crek-mam’sTi)  3MIHCHIOETHCS

Ha ocHOBI oOumcienr AHM. Ilpm mpoMy BigMoOBa
JlaTYnKa BUSIBIIIETHCS BOY/IOBaHOKO CHCTEMOIO
JIOITyCKOBOTO KOHTPOJIO, IO B pa3i BHUXOIYy IOKa3iB
JaTI9UKa 32 MEXI TOJsI JOMYCKY OTOJIONIYE OCTaHHIN

HECIPaBHMM 1 IS BiAHOBIEHHS WOTO 3HAYCHHS
BUKOPHUCTOBYE  OCTaHHE 3HAYEHHsS, IO  3aIHcaHe
B Oyep.

I'padix mporecy BiZHOBIEHHS BTPAadeHOI 3 JaTUMKa
T,  indopmarii
(MozepHi30BaHOT0) MAX0My 300paxena Ha puc. 7, ge 1 —
3HAUeHHS TMapamerpa, 2 — 3HAYEHHS BiTHOBJIEHOTO
CUTHAJTy 3a JOMOMOTOI0 HEHMPOHHOI MEPEexi, 3 — 3HAYCHHS
napameTpa, OTPUMAHOTO 3 JaTYHKa.

AHC H©Ha OCHOBiI 3ampOTNOHOBaHOTO
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Cursaanm 3
IATYUKIB

ABToacomiaTuBHA
HEWpOHHA Mepexa

A

Cucrema KOHTPOJIIO

CucreMa KOHTPOIIIO JOMYCKiB

Cucrema aHajizy 1aHUX HEHPOHHOT
MEpEexKi JIaTHOCTUKU TlapaMeTpiB

A
Bydep - -+
Hefiponna Mepexa 1iarHOCTUKHU |«
napaMeTpiB aBiallifHOrO ABUT'YHA
TB3-117 (mepcenTpon) »-

Biox sorikm: ynpaBmiHHsA
PO3paxyHKOM i BHadi pe3yIbTaTy

OO0poOJIeH] CUTHAIH 3

JIaTYNKIB, 1110

HaAXOISATh JO CUCTEMU

YIIPaBITiHHS

: OO0poOJIeH] cUTHAIH 3

! JIaTYNKIB, 1110

* HaJIXOASATh JI0 CUCTEMH
YIIPaBIiHAS

Puc. 6. YockoHaneHa (pyHKIIOHaJIbHA CXeMa BiTHOBIIeHHs BTpadeHoi indopmarii y BCK/]

e, %

0.25
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0.15
0.10
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0

0 6.0 12,0

18.0 24.0

Puc. 7. Binnosnenns BrpaueHoi inpopmarnii AHM i BCK/ 3 narunka Tz‘ y pasi fioro BitMOBH

[MoxuOka BiMHOBNCHHA BTpadeHOi iH(popMamii 3
«
BIIMOBMB JaTuMka |, y pasi #oro oGpuBy i mnpu

NoCcTynoBiit BigmMoBi He porsryBasia mo 0,25 %. Tomy
3rigHo 3 [15] mpomoHyeThCS Taka iH)KEHEpHa METOIUKA
CTBOPEHHS, HAaBYAaHHS 1 TECTYBaHHS HEHPOHHHX MeEpex
JUI1 BIZHOBJIIGHHS BTpadeHOi iHpopMamii 3 HJaTYHKIiB
BCK/l: momepemHs o00poOka maHWX (HOpPMYyBaHHS,
KamiOpyBaHHS, ONU(POBYBaHHS) Ui HaB4YaHHA HM:
CTaTUCTHYHA 00poOKa MaHWX [JIsI BHABICHHSA TPYyOHX
MOXMOOK BHMIPIOBaHHSA; MAacIITa0yBaHHS IaHUX; BUOIp
apxitektypu HM; Bubip crpykrypu HM; mns AHM
po3Mip Topia BHOMPAETHCS BUXOASIYM 3 PE3yIbTATIB
KOBapiallifHOro aHaji3y, B OCHOBY SIKOTO IIOKJaJICHO

MEeTOJ] TOJOBHHMX KoMmmoHeHT [4]. Bubip Qynkmii
aKTHBAMii OyIo PO3TISIHYTO y [7]; Juist
HECaHKI[IOHOBaHOTO JIOCTYILY po3mip OJIHOTO

NIPUXOBAHOTO IIapy BHOMpAETbCS PIBHUM 32 PO3MIp
BXITHOTO Imapy, (YHKIsS aKTHBALii JIOTICTWYHA; BHOIp
ITOPUTMY HaBYaHHS; HaB4aHHA HM; TecTyBaHHS; OliHKa
e(EeKTUBHOCTI pPO3pOOJICHUX HEWPOHHUX MEpex Juls
mporiecy BimHOBIEHHS BTpadeHoi 3 matumkiB BCK]]

iH(popMarIii.

BucHoBKH

Buxkopuctanas AHM y BCK]] ans BigHOBIECHHS
iHpopMamii 103BoNsE 3a0€3MEYUTH  BiIMOBOCTIHKICTH
BUMIPIOBAJIbHAX KaHAJIB CHCTEM YIPaBIiHHA, 30KpeMa
aBiamiitnoro neuryna TB3-117. OcHOBHOIO TmepeBaror
BUKOPUCTAHHS HeWpoHHHX Mepex y pamkax BCKJ[ €
MO>KITUBICTh HABYAHHSI 1 IOHABYAHHS Y PEKUMI PEATLHOTO
4acy 3 ypaxyBaHHSM IHIMBIJIyallbHUX XapaKTEPUCTUK
KOHKPETHOTO IBUT'YHA.

BigHoBnenHs iHopmarii mpu BiIMOBI JaTYMKIiB 3a
nmormomororo  AHM 3abesnedye mOXHOKY BiTHOBICHHS
naHux He Oumbme 0,45 % y pa3i OAMHOYHHUX BiZMOB 1 HE
6inbme 0,6 % y pasi moxsiitHux BiaMoB. IIpu oMy uac

OMHOTO LUKy  BiJHOBJEHHS  JaHHUX  CTAHOBHUTH
1589,544 uc ms obunciroBada Raspberry Pi NanoPi M1
Plus 1 196,246 HC — I  CHENialli30BaHOTO

neiiponporecopa Intel Neural Compute Stick 2 [10], mo
3a/I0BOJIBHAE BHUMoOraM OOpTOBOI peamizamii y ckmani
BCK/I.
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HEWPOCETEBOM BBIYUCJIUTEJD JJIs BOCCTAHOBJIEHUS MOTEPSIHHON
NHOOPMALUUA U3 IITATHBIX JATYUKOB BOPTOBOU CUCTEMBbI
KOHTPOJISA U JIMATHOCTUKU ABUAIITMOHHOT O IBUT'ATEJISA TB3-117

IIpenmerom wuccienoBaHHUS B CTaThe SIBIISIETCS aBUAIMOHHBIA aBuratenb 1B3-117 ¥ MeTOnbl KOHTPOJIS U JUArHOCTUKH €ro
TeXHUYIECKOoro cocTosiHus. Ileb paboThl — pa3paboTka HEHPOCETEBOTO BHIYMCIUTENS Il BOCCTAHOBJIECHUS MTOTEPSHHON HH(OpMAIIH
U3 IITATHBIX JaTIUKOB OOPTOBOIl CHCTEMBI KOHTPOJIS M JUATHOCTUKHM TEXHUYECKOTO COCTOSHHS aBHAllMOHHOTO apuratens TB3-117 B
peXMMe pearqbHOrO BpeMEHHM. B craTbe pemaoTcs CleAyloliue 3aAadyd: BOCCTAHOBJIEHHME YTpaueHHOH HHGpOpMaLuH
aBTOACCOIIMATHBHOW HEHPOHHOW CEThI0 MpPU OAWHOYHOM OTKa3e JaTyhKa, BOCCTAHOBJECHHE NOTEPSHHOM HH(OopManuu
"onTHMaNbHON" aBTOACCONMATHBHON HEHPOHHON CEThIO B CIIydae OJAMHOYHBIX OTKA30B JATYMKOB OOPTOBOIl CHCTEMBI KOHTPOIS M
IUAarHOCTHUKH, BOCCTAHOBJICHHE TIOTEPSIHHOM HH(GOPMAIIUH aBTOACCOIMATUBHON HEHPOHHOM CeThIO M OOPTOBOM CHCTEMO#T KOHTPOIIS U
JUAaTHOCTUKU C JaTYMKa PETHUCTpAllUd TeMIIepaTyphbl Ta30B Iepel TypOHHON KoMIIpeccopa B Cilydae e€ro oTkasa. Mcmomib3yroTcst
CIIeIyIOIIHE METOIBI: METOIBI TEOPUHU BEPOSITHOCTEI! M MaTeMaTHIECKOI CTATUCTUKM, METOIbI HEHPOMH(POPMATUKH, METOIBI TEOPUI
MH(OPMAIIMOHHBIX cCUCTEM U 00pabOTKH AaHHBIX. [lomydeHs! crieqyromue pe3ybTaThl: PelieHa akTyansHas 3aada BOCCTAHOBIECHHS
MOTEPSIHHOM WH(OpPMAIlMKM CO INTATHBIX JaTYMKOB B PEXHME PEATbHOT0 BpeMeHH. lcclienoBaHBI pa3iMYHBIE apXUTEKTYpPHI
BBIYHCIIUTENIEH W aJTOPUTMBI BOCCTaHOBIIEHHUs. [IpetaraeTcs HH)KeHepHass METOANKa BOCCTAHOBJICHUS IIOTEPSHHONW MH(OpMAIHHU ¢
HCTIOIB30BaHIEM HEHPOBBIUUCINTENS. B pe3ynbraTe HCIonbp30BaHUs HEHPOBBIUUCINTENS oOecnedeHo 3G (heKTUBHOE U Ka9eCTBEHHOE
BOCCTAHOBJICHHE MH(OPMAIMU CO INTATHBIX JaTYNKOB B YCIOBHSAX OOPTOBOI CHCTEMBI KOHTPOJISI M JAWATHOCTHKHM aBHAMOHHOTO
neuratenst TB3-117. BeiBoasl: lcmonp3oBaHHe aBTOACCOLMATHBHOW HEHPOHHOW ceTH B OOPTOBOM cHCTeME KOHTPONIS U
JUAaTHOCTHUKHU JUI BOCCTAHOBJICHUS MH(OPMALIUH IMO3BOJISIET 00ECIEYUTh OTKA30yCTOWYMBOCTH M3MEPUTENBHBIX KAaHAJIOB CHCTEM
YOpaBIeHHs, B YaCTHOCTU aBHAIIMOHHOTO apurartesisi TB3-117. OcHOBHBIM NMPEHMYLIECTBOM HCHONB30BaHUS HEHPOHHBIX CeTed B
paMKax OOpPTOBOH CHCTEMBI KOHTPOJISL ¥ JUATHOCTUKH SBJIAETCS BO3MOXKHOCTh OOYyUCHUSI ¥ OOYUCHHUIO B PEXKUME PEabHOTO BPEMEHH
C Y4eTOM HHIVBHAYaJbHBIX XapaKTePHCTHK KOHKPETHOTO JBHUrarens. BoccTaHoBieHHMe MH(OpMalUy HpH OTKa3e IaTYUKOB C
TIOMOIIBIO ABTOACCOLIMATUBHON HEHPOHHOW CeTH OOecleynBaeT IOTPEIIHOCTh BOCCTAHOBIICHUS HaHHBIX He Oonee 0,45 % mpum
OIMHOYHBIX OTKa3ax U He 6onee 0,6 % mpu IBOHHBIX OoTKa3ax. [Ipy 3TOM BpeMst 0JTHOTO LMKJIa BOCCTAHOBJICHUSI TaHHBIX COCTABIISIET
1589,544 uc nns Berauciurens Raspberry Pi NanoPi M1 Plus u 196,246 He — ansl crielMain3upoBaHHOTO Helpomnporeccopa Intel
Neural Compute Stick 2, uto yzmoBieTBopseT TpeOOBaHHSM OOPTOBOIl peanu3alid B COCTaBE OOPTOBOWM CHCTEMBI KOHTPOIS U
JIMarHOCTHKH.
KirodeBble c10Ba: aBUallMOHHBIN JBUTIATelb; aBTOACCONUATHBHAS HEHPOHHAS CETh; BOCCTAHOBIICHHE; NATUHK.

NEURAL NETWORK COMPUTER FOR RECOVERING LOST INFORMATION
FROM STANDARD SENSORS OF THE ON-BOARD SYSTEM FOR CONTROL AND
DIAGNOSTICS OF TV3-117 AIRCRAFT ENGINE

The subject matter of the article is TV3-117 aircraft engine and methods for control and diagnostics its technical condition. The goal
of the work is the development of a neural network computer for recovering lost information from standard sensors of the on-board
control and diagnostics system of TV3-117 aircraft engine technical state in real time. The following tasks were solved in the article:
recovering of lost information by an auto-associative neural network in case of a single sensor failure, recovering of lost information
by an "optimal" auto-associative neural network in case of single sensor failures of the on-board control and diagnostic system,
recovering the lost information by an auto-associative neural network and an on-board control and diagnostic system from the gas
temperature registration sensor before the turbine compressor in case of its failure. The following methods were used: methods of
probability theory and mathematical statistics, methods of neuroinformatics, methods of the theory of information systems and data
processing. The following results were obtained: The urgent task of recovering lost information from standard sensors in real time
has been solved. Various computer architectures and recovery algorithms were investigated. An engineering technique for recovering
lost information using a neurocomputer is proposed. As a result of the use of the neurocomputer, effective and high-quality
information recovery from standard sensors was ensured under the conditions of the on-board control and diagnostics system of TV3-
117 aircraft engine. Conclusions: The use of an auto-associative neural network in the on-board control and diagnostics system for
information recovery makes it possible to ensure fault tolerance of the measuring channels of control systems, in particular, the TV3-
117 aircraft engine. The main advantage of using neural networks as part of an on-board control and diagnostics system is the
possibility of training and learning in real time, taking into account the individual characteristics of a particular engine. Information
recovery in case of sensor failure using an auto-associative neural network provides data recovery error of no more than 0.45 % for
single failures and not more than 0.6 % for double failures. At the same time, the time of one data recovery cycle is 1589.544 ns for
the Raspberry Pi NanoPi M1 Plus calculator and 196.246 ns for the specialized Intel Neural Compute Stick 2 neuroprocessor, which
meets the requirements of onboard implementation as part of an onboard control and diagnostic system.
Keywords: aircraft engine; auto-associative neural network; recovering; sensor.
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I. NEVLIUDOV, V. YEVSIEIEV, N. DEMSKA, S. NOVOSELOV

DEVELOPMENT OF A SOFTWARE MODULE FOR OPERATIONAL DISPATCH
CONTROL OF PRODUCTION BASED ON CYBER-PHYSICAL CONTROL SYSTEMS

The subject of research in the article is production management processes based on cyber-physical systems. The purpose of the work
is to automate the management of production processes using the cybernetic component and analyze the results. To achieve this goal,
it is necessary to solve the following tasks: develop an analytical and logical model of the CPPS development management process
taking into account the requirements specified in the terms of reference for the development CPPS; to present the analytical and
logical structure of connections in the form of a model of interaction of the main windows and all the necessary graphical elements for
the implementation of the full-featured interface of the developed CPPS; to carry out experimental researches of efficiency and
practical approbation of the received theoretical results, by comparison of classical methods and the developed ones. Results: The
targets, physical and cybernetic components of the CPPS development management process were combined in a single information
space from the beginning of development to its implementation. The process of checking the achievement of the main goal of CPPS
development has been automated, which makes it possible to make changes and manage the CPPS development process at any level
and stage of the proposed technology. The process of managing the development of the cybernetic component is automated on the
basis of synthesized algorithms of functioning using the GUI elements of object-oriented programming languages, which made it
possible to increase the flexibility of the proposed architecture and technologies for automating the CPPS development process and to
reduce the development time of the cybernetic component. Conclusions: the proposed models and methods will not only automate the
process of managing the development of CPPS from scratch, but will also make it possible to automate the process of managing the

development of the cybernetic component for the modernization and improvement of existing CPPS.
Keywords: Industry 4.0; Cyber-physical Production Systems; technological process; analytical-logical structure of relations;

control; "OSCEM".

Introduction

Trends in the development of the modern world
require a revision of approaches to the use of high
technology and their role in areas of human activity.
Increasing the amount of information, increasing the
requirements for its accuracy and timely submission for
analysis and decision-making, in real time, are forcing
changes in approaches to industrial technologies. Current
trends in the field of production automation and data
exchange in industrial technologies have different names,
but they all belong to the same process [1-2]. We are
talking about a new, more rational production [3-4], which
uses revolutionary for modern industry cyber-physical
systems, Internet of Things technology and cloud
computing.

"Smart production”, related to Industry 4.0, involves
the optimization of production processes through
innovation, control of physical processes, creating a
virtual copy of the physical world, as well as more
accurate and timely decisions [5-9]. Processes in such
production are guided by cyber-physical connections that
allow real-time decision-making and feedback between
planning and actual production [10]. Due to the rapid
development of Cyber-physical Production Systems
(CPPS), the  world is  paying  significant
attention to various aspects of their formation and
operation [11-12].

These systems provide tools to overcome complexity
and provide flexibility, integration with existing
management systems, but there are no appropriate
management architectures that would provide flexible
adaptation during their operation, as well as theoretical
provisions [13] that would allow moving from the analysis
of these features to the synthesis of cyber physical
systems. Consequently, in order to achieve the practical

implementation of CPPS, a systematic methodology of the
process of management, collection, processing and
application of data for CPPS is being developed. This is
due to the fact that CPPS can be successfully implemented
only when all the processing criteria and application
methods for various data are developed, the sequence of
the development process is determined taking into account
their existence in real time due to the nature of the
production process.

Problem statement and research purpose

In this paper, we propose to interpret the CMMI
(Capability Maturity Model Integration) model with a
consistent decomposition of the main goal of CPPS
development, as a set of sub-goals and objectives for each
hierarchical level of CPPS development management
architecture, which must ultimately meet the goal
developing CPPS.

To conduct experimental research and verify the
correctness of the proposed solutions in this work, based
on the developed automation system for managing the
development of complex CPPS, it is necessary to develop
fragments of cyber-physical production  systems
and compare the results with existing standard approaches
to cyber-physical production systems or their
fragments.

Research and analysis of the obtained results

Based on the requirements set by the customer
to the developed “Integrated system of operational
and control of production of the enterprise
(OSCEM)" we will define the "main goal” (Aim;) and
tasks (Task;) of CPPS development, which are presented
in table 1.
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Table 1. Definition of Aim; and Task; at the initial stage of the process of managing the development of the cybernetic component

"OSCEM"

Aimi Task;

Sub_Sk G(AE0fS);

Production

Current orders

Order archive

Changes in orders

Final product

TCD Acceptance

Adding materials

Acceptance of economic works

Reception of overtime

Warehousing
operations

Purchase of materials

Purchase of goods and materials

Return to suppliers

Sale of goods

Sale of goods

Return to buyers

Warehouse management

Transfer to the warehouse

Admission from the warehouse

Write-off of goods and materials

Write-off of unusable goods and materials

Guides

Enterprise

The structure of the enterprise

Employee map

Position

Discharge

Integrated system of
operational dispatching control
management of the enterprise's

Inventory guide

Trademark

Dimensions

Unit

production

CDT guide

Format

Devices

Technological operations

Descriptions of technological operations

Changes in technology

Counterparty guide

State

Region

City

Type of enterprise

Analysis

Order

Execution of current orders

Completion of the order

Filter by dates

Selling

Sales made

Open sales

Filter by dates

Storage

Quantity in stock

The number of defects in the warehouse

Filter on products

When analyzing, we can decompose Aim; on Task; by
levels: multisystem (MS’%), subsystems (Sub_Sx) and
groups (G(AEofS);)), while the atomic element (AEOfS);
for G(AEofS); will be the elementary graphic element / or
event that is caused by the user as a reaction of the
cybernetic component to an action or flow of input /
output information.

Based on the results of Aim; decomposition (table 1)
it is possible at the initial stage to form the analytical-
logical structure of the developed CPPS, which
determines the main functions and properties that will

determine the future number of visual graphics
(Formy™®r Form,®2¢ of CF; elements) and connection
between them (fig. 1).

At the next stage of "OSCEM" development, it is
need to define the necessary and sufficient set of AEofS;
for each G(AEOofS);, which describes Sub_Sy and allows to
achieve Taskj in accordance with the requirements of the
customer's TT. To do this, the developer, based on the
analytical-logical structure (fig. 1), describes all AEofS;
and their relationships. Here is an example of a fragment
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of the choice of AEofS;and Task; for = "Guides", Sub_Sx =
"CDT handbook" for G(AEofS); = "Device 1" (fig. 2).
Based on the results obtained in Tablel and the
analytical-logical structure of connections "OSCEM",
presented in fig.1, for Task; = "Guides", Sub_Sx = "CTD
Guide" for G(AEofS); = "Device 1", namely the fragment

of selection AEofS; for G(AEOfS); = "Device 1" — "Part 1"
— "Design documentation" and "Technology", we define
that the following hierarchy of HMI (Human machine
interface) of communications for "OSCEM" will be
logical (fig. 2).

enterprise's production (OSCEM)

Integrated system of operational dispatching control management of the l

Current orders || TCD Acceptance

Purchase of
materials

| Sale of goods

{ Enterprise |

| Orders || Sales \

Warehouse
Management

Order archive
Changes in orders
Finished products

Write-off of materials
Purchase of inventories
| |Recept\on fromihe
warehouse
Products’ sale
Return to customers

Return to suppliers

Y

Enterprise structure

| Reception of overtime

|
|
|
I
|
l
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c
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o

Enterprise type
Filter by dates

L
©
w
@
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£=}

—
=}
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=
=
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=1

o

Filter by dates

Execution of current orders
Completion of the order

Quantity in stock 14

the warehouse

h 4
Transfer to

| Descriptions of technological oper,]<—

Realized sales

Quantity of defects in stock

I

| Inventory debiting | | Unusable inventory debiting

G(AEofS),

Fig.1. Analytical and logical structure of "OSCEM" relations

| Technological operations |<—

Filter on products L

| Changes in technology |<— .

| Devices |<——>| Format|

"General Information"
"Technical specification of the assembly unit”

G(AEOfS),
: "Device 1" "Detail 1" "Design documentation”

: "Detailed specification”

: "Technology"

: . "Preview"

I "Detail n"

 "Device n"

» "General Information”

H» "List of technological operations”

> "Workpiece size and cutting tolerance"
—» "Operation information”
>
+

"Equipment”
"Additional materials"

Fig. 2. The fragment of selection AEofS; for G(AE0fS); = "Device 1" — "Part 1" — "Design documentation" and "Technology"

According the requirements of the customer's TT, it
is necessary to determine the "parameter name" and
"values" included in each AEofS;. Table 2 shows the
parameters selected by the developer and the type of value
for G(AEofS); = "Device 1" — "Part 1" — AEO0fS; =
"Technology"”, which were approved by the customer and
allow to achieve the goal and requirements of TT for the
developed  "System of operational  dispatching
management of the production enterprise "OSCEM".

The next step in the development management
process is to present the analytical and logical structure of

relations "OSCEM" (fig. 1) in the form of a model of
interaction (table 2) of the main HMI windows, it should
be noted that in this case it is necessary to use industrial
design requirements:

- convenience and ease of providing access to basic
functions and forms of data (placement of controls,
content, design of output messages and input formats);

- minimization of steps of access to the internal
functionality of the developed system by means of the
user interface.
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Table 2. Interaction models G(AEofS); = "Device /" — "Part 1" — AEofS; = "Technology"

AEO0fS; Parameters Value type
"General information" Order name Texts
Part / assembly name Text numbers
The main material Numbers
Number of parts (pcs) Numbers
Number of billits per 1 workpiece Numbers
Part weight (kg) Numbers
Workpiece weight (kg) Numbers
"List of technological operations" Area Texts
Operation Texts
Equipment Texts
Development Numbers
Number of works Numbers
Party Logically
Unit of norm Numbers
Preparatory / final time, Tpf Numbers
Time per unit, Tun Numbers
"Workpiece size and cutting tolerance" Length (mm) Numbers
Width (mm) Numbers
"Transaction information™ Date Date
"Equipment" Name Texts
Number Numbers
"Additional materials" Name Texts
Unit of measurement Numbers
Number Numbers
Based on the above requirements, it was decided to  (Formrecoy_CAD  Eorm ASUPY the developer builds the

implement HMI using the main window of the application

(Form s and auxiliary windows

directoty _ CAD
techn

ASUP

s FOrMyc")
through graphical elements CD;/"",...,CD/*"" located on

(Form which will be called

master

Form,s,» Dby the event initiated by the user or

system. For convenience of representation of structure of
communications  "OSCEM"  between the main

window  Formyss  and  auxiliary  windows

graphic model of communications of Windows Form on
the basis of the improved methodology Constant
(tab. 1-2). Let’s present in table 3 the designation and
description of auxiliary (called) Windows Form, all other

elements will be implemented within the main window
Formjss based on GUI elements (Graphical user

interface) — Panel, GroupBox, etc.

master

Table 3. Designation and description of Windows auxiliary Forms from the main window Form ,gs

write-off

Marking Description
Form/sor TCD Acceptance
ASUP Purchase of invento
Form purchase i
Form ASIUP Sale of goods
sale
Form ASUE’ Transfer to the warehouse
transfer
FormAsYP Admission from the warehouse
reception
Form ASuP Write-off of inventory

ASUP
Form write-off _TMC

Write-off of unusable inventory

Form/5°

Inventory guide

ASUP
Form directory_CAD

CDT guide

ASUP
contractors

Form

Guide of contractors

Form directory _ CAD

techn

Part manufacturing technology
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Therefore, all Task;, Sub_Sk, G(AEofS);, which are
not shown in the graphical structure model (fig. 3), will be
implemented in the main GUI window "OSCEM"

master

(Formges ) according to the analytical-logical structure

master

—»| Form

of relationships (fig. 1) using the following graphic
elements, presented in table 4.

The graphical model of the Windows Forms
relationship structure in "OSCEM" is presented in fig. 3.

ASUP
B ; I i (ToQIBUHtiON) e,
C l)| ASUP C D ;S uP C D.:I SUP C D: SUP C D;SUP C D[;,,gu P C D;‘S['l/‘ :"C D;SUF! C D;s(,'r C D“:] SUP
: 3 ) ¢ —i
A4 l A 4 $ y
ASUP ASUP ASUP ASUP ASUP
F ()4 m( iccept F orm sale F OYi meWC FO rmdire('mlj'_(f AD FO r’ncumrac{olx
cechn C D érectory 4D
\4 \ 4 v CD| ; X v
TMC
Asup AsuP ASUP G n+3 directory CAD AsUP
F o mm-epum; FO 77711 ransfer FO rm purchase Formleclm B FO rm“"'"i"“ﬂ
- & asup CD;
C D"e ept CDH [7 Pt , F orm write-off | TMC 6 D;u{-/m G ”M' Z
CD 2 C D w r/)lu*uf/ _rMc
Y Y Y \4 Y Y \ 2 Y \4 Y

Fig. 3. The graphical model of the Windows Forms relationship structure in "OSCEM"

master

Table 4. Selecting graphical GUI elements to implement user access to Taskj, Sub_Sk ma G(AEofS)j with the form Form g5

Marking Name of the graphic element

Description

master

Form .qp Windows Forms

Main GUI window "OSCEM"

Task; TabControl

The control is used to display multiple tabs (TabPage),
similar to the separators in the notebook or labels in a set of
folders of the file block

Graphical user interface element designed to accommodate
several other elements (buttons, menus) for quick access

Sub_Sk ToolBar (ToolStrip)

Graphical user interface element designed to accommodate
several other elements (buttons, menus) for quick access

G(AEO0fS); ToolButton (ToolStripButton)

The child element ToolBar (ToolStrip) is highlighted as a
button with an image

Label

Displays text that cannot be modified by the user

Panel Edit

Designed to enter user data and is a single-line field

DBGrid

Displays data from the database and allows to make and save
changes

AEofS;
DBMemo

Is a multi-line text editor that allows you to edit the text of
the window, the information of which is stored in the
database

GroupBox
DBListBox

Allows the user to select one or more items from a predefined
list of information stored in the database

AEOfS; Button

Represents a standard button that the user can press to
perform an action

Graphic element Panel serves as a container (parent
component), which combines a group of controls, input /
output and playback of information.

GroupBox is a container with a frame and an
inscription, which unites a group of related controls.

Based on the developed analytical and logical
structure of connections (fig. 1) and selected graphical
elements of the GUI (table 4), we present the
implementation of the GUI "Main Control Menu"

(Form ;&5e — Task ; — Sub_S, — G(AE0fS ) ; — AEOfS )
in the form of a graph (fig. 4).

ImageList is a non-visual component that is a set of
images of the same size that can be referenced by indexes
to display them in ToolButton.

Based on the above solutions (fig. 1-2), as well as
selected graphical elements (table 4) and the graph of the
implementation of the GUI of the main window
"OSCEM" (fig. 3), you can make a mathematical
description of the structure of the main window
"OSCEM" ( Forma5). A fragment of the mathematical
representation of the implementation of Windows Forms

master

(Form xgp ) is presented in (1).
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Forntyzy

(TabControl) m "

....... o B & Lt
Task, Task, Task, Task, |
(TabPage 1) (TabPage 2) (TabPagc 3) (TabPage_4)§
v v v o

Sub S, ' Sub_S, Sub_S, Sub_S,
(ToolStrip 2) (ToolStrip_3)

-
o

S,
w»n
S
o

=

i G(AEofS)l .

: ('Tonl%tanuttmn 1-) (ToolStripButtion 2)

DBMemo_1

Fig. 4. Graph of implementation of GUI "Main contro

Based on MP%" the developer sets the values that
should belong to the parameters that specify all the
necessary properties of the main GUI window "OSCEM"
and specifies the name "Linguistic Variable" in
Formyas' (Form,g,, PE)[(M

rpASUP i ASUP e ASUP. 1

P master
ASUP

ASUP

(ToolStrip_4)

G(AEofS), :

:4— ImageList
(ToolStripButtion J) i

AEofS,

(1"()")"”“ ory Lw)

master

I menu" of the main window "OSCEM" (Form,gs

(Open_BD, Close_BD), which allows to set the action on
the event (Events) "Load" and "Form Closed", i.e. to
connect to the database (DB) and disconnect from the
database, respectively.

=Form_ ASUP;mpfSUP B

ASUP ASUP
"”P3 3 B

mpASUP

)

ASUP

pl ASUP = false;mp,

3AZSUP =./img/icon. png;mpézsup s

mPGA45UP :Default;MPlAfUP :100;mp6ASSUP

psup ™)
=708,582:mpS > =ASUP; praser

melASUP "Open_BD"me/ >

[(MES

ASUP

(PPasue )]

ASUP

=Close _BD

The next step is to add in (1) a mathematical
description of the GUI parameters of the TabControl
element (CD1ASUP) according to the graph of the

1
pey

( EAmaster

ASUP

)]

implementation of the GUI "Main Control Menu" of the
main window "OSCEM" (fig. 4).

=TabControl _ ASUP, pc::ll_'4 ,=Top; pc:]l'9 s pc% ,p 43~ false;

CFusue [(CD*™)(PC)
p%a pcl pcl =true; pcl =81,25; pcl

17680,237 pcl =llist_ ASUP;

N
@)

51

27741 20
Based on the proposed example of a mathematical
description [13-15] and similarly (1) and (2), the
developer can specify all the parameters, values and
events necessary for the implementation of the analytical-
logical structure of relations "OSCEM" (fig.1) for all GUI
elements are presented in table 4 according to the
developed graph of implementation (fig. 4).
Let’s consider example

of the

(PHASUP )]

directory _CAD directory _CAD
IVIEtechn E echn

"Technology" (Formaie®”-*") and all the necessary

graphic objects CD;™, ..., CD" for input / output and
display the necessary information in accordance with
table 2 and fig. 2. Expression (3) describes the parameters
for creating an empty visual window "Technology"

creation a visual window

an ( Form dir;ctory7CAD ) "OSCEM"
. t .
presentation of parameters, values and e
directory _CAD directory _CAD
events MPechn + PBechn \ for
ASUP ASUP
directory _ CAD directory _ CAD mp3 =Form_ ASUP; mp
Formlechn (Formlechn PE)[(MPtechn ) N
mpéASUP ‘mpéASUP ,mpéASUP ’mpf(SSUP:"ue;mpéASUP ASUP plASUP ASUP ~ false: mp:§\ZSUP Jimg techn. prg;
®)
mpéAZSUP ,mpélSUP =Default; mplASUP =100; mpéA?’SUP 708,582; mp7AlSUP =Jlerans; (PPdlrectory CAD )]
techn

techn _.. "
Edlrectory CAD mel ="PostBD

techn

(M )

CAD
(S

)
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Element AEofS; "General information™ is a visual
element which belongs to Form"ev-CA> “and contains a

techn

set of necessary interface elements (CD1®™, ..., CDy®)

CRaen [(CD™)(PCS™) —

pc]é ,pr:]('s‘pcll2 ,pcl ,pclg :aINone;pc]é ,pclzia,pc]é?):false;pc% :Close;pc%O:chefault;

for data management. Let’s add (3) a mathematical
description of the element (4):

POk 3 PCh PGk 1 PG Py

1372774174246~ ~""20"7"35"7"36"""37

AN

—1:pc1 ,pcl .pcl ,pcl ,p(%g,pcég.pcjzls.pcjs'l:false:pc]él:true:p%szchrag:p%s:derag;

A pr%7 =deanuaI;pc]£‘4 ="Copy"; pc]5'0 =328;p<:]5'2 =75;pc]3' =button _ copy

4)
(PP™) A

ce]é ="Copy_to_clipboard"

A(CEF™) (EA™)

(4) describes the parameters (visualization) and
events (the reaction of the graphic object to the user's
interaction with it) of reaction to a single click on the
Booton interface element, which initializes the "Linguistic
variable" - Copy_to_clipboard, in the name of which in
the knowledge base (KB) the search for a code fragment
to implement the functions of copying data to the
clipboard is done.

Thus, we can present the structure of any visual
window and all the necessary graphical elements for the
implementation of a full-featured interface developed by
CPPS.

<Form_ASUP>

To simplify the manipulation of large volumes of
records and connections of all GUI elements, all the logic
and sequence of constructing an example of mathematical
descriptions (1-4) including: parameters, structure and
events of graphical interface elements hidden from the
developer and implemented at the kernel level
"Automation of CPPS development management
process”. Consequently, (1-2) can be represented as the
following record, based on the mathematical model
presented below.

{?** Creating the main form with the specified parameters and events for creating and closing the form **?
[Name=Form_ASUP; ControlBox, MaximizeBox, MinimizeBox, Showlcon, ShowInTaskbar =true; TopMost, Locked,
Localizable, AutoSize = false; Icon=../img/icon.png; Cursor, Language = Default; Opacity=100; Size=708,515; Text=

ASUP] [Load= Open_BD; FormClosed=Close_BD]

}
# TabControl_ASUP

{?** Creating a TabControl GUI with the specified parameters using the non-visual ImageList component **?
[Name=TabControl_ASUP; Alignment=top; AllowDrop, Locked, Multiline=false; Enabled, TabStop, Visible=true;

ItemSize=81,25; Size=680,237, ImageList=Ilist. ASUP]}

#TabPage_directory
?** Description of bookmarks "Guides" **?

{[Imegelndex=12; Text=Guides; Size=192,67;Locked=false]}

# ToolStrip _CAD
?** Explanation **?

{n

?** Explanation **?

}

#PictureBox_logo
{?** Explanation **?

# ToolStripButton _dir_CAD

{1 0113

[Name=PicBox_ OSCEM; BorderStyle=None, ImageLocation=../img/logo.jpg; Location=10,98; Size= 200,200]

}

}
</ Form_ASUP>

The results of the compilation of the generated
program code in Visual Studio 2019, based on the
developed system "Automation of the CPPS development
management process” of the main window "OSCEM", are
presented in Fig. 5. As can be seen from fig. 5 this
implementation of HMI on the basis of the selected GUI

elements allows to implement the convenience of access
to the required functionality, in accordance with the
analytical and logical structure of connections "OSCEM"
(fig. 1). Fig. 6 shows the use of GUI elements from table 4
to implement Task;, Sub_Sy, G(AEOofS); of the access levels
to the functionality "OSCEM".
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Fig.6. Fragment of implementation of Task;, Sub_Sk, G(AEofS); levels of access to the "OSCEM" functionality

Based on the results obtained (fig. 5) and the
functionality requirements in TT, this implementation of
the GUI "Main Control Menu" of the main window

"OSCEM" ( Form o) will be unchanged and fixed, and

ASUP
all other elements AEofS; will be placed on the Panel

Windows Form in accordance with the graphical model of
the link structure (fig. 4).

Here are examples of implementing the HMI
interface "OSCEM" "Guides"—"CDT Guide", based on
the GUI element Panel, which contains all the visual

elements in the framework Formjeos" (fig. 7).
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Let's give, as an example, the result of a compiled
window (Windows Form) implementation of an interface
based on GUI elements (fig. 4, tables 2, 4) for

“Technology" (Formaey-CA2y " For example (fig. 8)

Windows with "CDT Guide" are called separately when
the user selects TabControl "Technology" and information

in DBGrid (table 4).
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Fig. 8. Example of implementing the "Technology" window ( Form

Based on the obtained scientific results, to check the
correctness of the decisions made, studies of the
development management process of the "Integrated
System of operational dispatching control management of
production of the enterprise" (OSCEM) were conducted
on the basis of the system "automation of development
management processes CPPS™ and the classical method of
the development management process, which were
conducted in parallel with another group of developers, as
part of the implementation of a scientific topic
commissioned by the enterprise.

Table 5. Classic "OSCEM" development management process

directory _CAD
techn )

For clarity of the received results of the conducted
experiment by classical process of management of
development "OSCEM" the comparison table (table 5) on
the following parameters and criteria was constructed:

- stages, sub-stages;

- time of the beginning of each substage (from the
beginning of initialization of process of management of
development);

- duration of each stage in days;

- the amount of work in hours, provided that the
length of the working day is 8 hours.

Project stages Substages Start time, days Duration, days Volume, hours
Initialization General statement of project tasks 0 15 120
Definition of requirements 0 10 80
Definition of specification 3 15 120
Definition of TT 4 40 320
Planning Goal setting 15 30 240
Clarification of results 25 34 272
Determining the composition of works 32 40 320
Formation of the calendar plan 40 47 376
Risk assessment 5 70 560
Development Configuration definition 40 64 512
Technical ways to achieve the goal 53 20 160
Realization Creating an interface 65 40 320
Writing code 70 70 560
Metric control 80 60 480
Testing Testing 120 30 240
Verification of compliance with TT requirements 140 34 272
Correction of comments and errors 170 30 240
Monitoring and | Implementation 200 23 184
completion of Correction of comments and errors 220 30 240
the project -
Support of project results 240 40 320
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Based on the obtained experimental data during the
development of "OSCEM" by the classical method of the

control process (table 5), a Gant chart was constructed,
which is shown in fig. 9.
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Fig. 9. The process of managing the development of "OSCEM" by the classical method

Accordingly, for the convenience of presenting the
results, the process of managing the development of
"Integrated system of operational and control of enterprise
production" (OSCEM), based on the proposed models
implemented in the system "Automation of CPPS
development ~management processes”, was built
table 6 according to the following parameters and
criteria:

- stages, sub-stages;

- time of the beginning of each substage (from the
beginning of initialization of process of management of
development);

- duration of each stage in days;

- the amount of work in hours, provided that the
working day is 8 hours.

On the basis of the received experimental data
(table 6) the Gant chart (fig. 10) of process of
management of development "OSCEM" by means of the
developed system is constructed.

Table 6. "OSCEM" development management process based on the system "Automation of CPPS development management

processes"
Project stages Substages Start time, days Duration, days Vﬁétr;le’

Target Setting the main goal 0 15 120
Defining sub-goals 15 20 160
Defining tasks for sub-goals 30 31 248
Mathematical description of elementary problems 59 50 400

Physical Defining the functions of each level 108 20 160
Development of an organizational and technical 120 8 64
structure

Cybernetic Development of an infological structure 128 10 80
Development of an information structure 138 14 112
Development of control algorithms 149 19 152

Development Developing a CPPS description in the modeling 165 10 80
language
Updating the code and HMI interface 173 30 240
Checking whether the main goal has been achieved 200 5 40

Testing and Testing 205 15 120

monitoring Implementation and monitoring 219 10 80
Support service 220 40 320
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Fig. 10. "OSCEM" development management process based on the system "Automation of CPPS development management

processes"

For convenience of comparison of the data received
during experimental researches during OSCEM
development we will construct the petal diagram in which
we will designate through 1,2,..., n substages of
development and volume of hours spent on each of them
for the developed management process presented in fig.
11a, and the classical (fig. 11 b).

As can be seen from fig. 11 the developed automated
control process, implemented in the system "Automation
of control processes for the development of CPPS", has a
number of advantages over the classical method of
control, that is:

a)

- the number of stages and sub-stages in the
developed technological process of CPPS development
management is less than in the classical method;

- the developed system "Automation of CPPS
development management processes” can reach the

maximum amount of time required to solve problems in
the sub-stage "Mathematical description of elementary
problems™ - 400 hours.

We will combine the obtained experimental results
for the classical and developed control method, by
superimposing the obtained data in the form of a petal
diagram presented in fig. 12.

b)

a) the developed CPPS development management process; b) the classic method of managing the development of CPPS
Fig. 11. The amount of hours spent at each sub-stage of the "OSCEM" development management process
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@ Classical management process

@ Developed management process

Fig. 12. Diagram of comparison of costs of volume of hours at use of classical and developed process of management of development

"OSCEM"

Also, on the basis of the system "Automation of
CPPS development management processes" the following
solutions were developed for:

- automation of TP management in production:

1) "Voice control of the robot RM-01" (author's
certificate Ne57666 dated 17.12.2014);

2) Programming and remote control of the mobile
robot “"Programming robots"” (author's certificate Ne59439
dated 24.04.2015);

3) Automated system for designing the technological

process of manufacturing accelerometers "AsSAM"
("AsSAM")  (author's certificate Ne 65348 from
16.05.2016);

4) "Module of automated design of technological
schemes of assembly of robots" Mach-CAM " (author's
certificate Ne 74619 from 13.11.2017);

5) "Automation of computer vision and video stream
processing for mobile robots” (author's certificate Ne
80306 dated 16.07.18);

- automated systems of TP
standardization:  Standardization  system
(author's certificate No57667 dated 17.12.2014);

- automated systems of design training: "Module of
automated design of robots" Max-Robotics "(copyright
certificate Ne 74642 from 13.11.2017);

- automated non-destructive testing systems:
"Program for determining the synchronous control of
temperature regimes of boards in the production of"
QUAcontrol  "(copyright certificate Ne59980 from
04.06.2015);

- software development system for computer-

design  and
"NORM"

integrated system of technological preparation of
production: "Automated software design system for
corporate  information  systems of technological

preparation of production" "CAD-Programming Code"
(author's certificate Ne 74576 from 09.11.2017).

Conclusions

Based on the proposed models, in this work, to test
and verify the correctness of research decisions, a system

"Automation of CPPS development management
processes” was developed. Given that the developed
system allows not only to automate the process of
managing the development of CPPS from scratch, but also
allows you to automate the process of managing the
development of the cyber component for the
modernization and improvement of existing CPPS.

Introduction of technologies of automation of
processes of management of development of CPPS will
allow:

- to combine the target, physical and cybernetic
components of the CPPS development management
process in a single information space from the beginning
of development to its implementation;

- automate the process of verifying the achievement
of the main goal (TT requirements) of CPPS development,
which allows to make changes and manage the process of
CPPS development at any level and stage of the proposed
technology;

- automate the process of managing the development
of the cybernetic component (HMI) based on synthesized
algorithms using GUI elements of object-oriented
programming languages.

- increase the flexibility of the proposed architecture
and technologies for automating the CPPS development
process, which reduces the development time of the
cybernetic component by expanding the database

"ContainerSolutions”,  which  contains  ready-made
program code.
During the study, a number of comparative

experiments were conducted, which showed:

- time for system development, based on the system
"Automation of CPPS development management
processes”, was reduced by 2.5 times compared to the
classical method,;

- the number of stages of the CPPS development
management process based on the classical method is 25%
more than in the proposed one;

- the amount of hours spent on the development of
the system "Automation of CPPS development
management processes” decreased by 2.4 times.
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The obtained scientific results can be useful to The results of scientific and theoretical research are
developers of CPPS, software and hardware modules in  implemented in the educational process, in the production
the field of SCADA, ERP, MES systems, departments of  process of a number of public and private enterprises, as
ACS of enterprises for modernization of existing CPPS, as  well as the stated solutions are protected by copyright
well as specialists in automation of complex CPPS certificates.
development management processes.
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PO3POBKA ITPOI'PAMHOI'O MOAYJISAA OIIEPATUBHO-JUCIIETYEPCBKOI'O
KOHTPOJIIO BUPOBHUILITBA HA BA3I KIBEP-®I3UYHUX CUCTEM
KEPYBAHHAA

I[IpeameroM noCHiUKEHHS B CTaTTi € TPOLIECH KepyBaHHSA BUPOOHHLTBOM Ha 0a3i kibep-dismunux cucreM. Merta poboTu —
aBTOMATH3aIlisl KepyBaHHS BUPOOHUYUMH MIPOLIECAMH 32 IOTIOMOT'00 KiIOEpHETHYHOI CKIIaZ0BOI 1 aHali3 OTPUMaHUX pe3ybTaTiB. st
JIOCSITHEHHSI TOCTaBJICHOI METH HEeoOXigHe BHpINIEHHS HACTYIHHUX 3aBAAHb. PO3POOHUTH AHANITHYHO-JOTIYHY MOJETb HpoLecy
ynpaBiiHHA po3pookoio CPPS 3 ypaxyBaHHSM BUMOT 3a3Ha4€HHX B TEXHIYHOMY 3aBJaHHI Ha po3pobmoBansauid CPPS; npencraButn
AHATITHYHO-JIOTIYHY CTPYKTYpY 3B'SI3KiB y BUTJISIII MOJICII B3aEMOIil OCHOBHUX BIKOH 1 BCIX HEOOXIMHUX rpad)ivHUX CJICMEHTIB IS
peadizaiii moBHOQYHKITIOHATBHOTO iHTEpdeiicy po3podmroBanoi CPPS; mpoBecTr ekcriepuMeHTabHI TOCTIPKCHHS e()eKTHBHOCTI Ta
MPaKTUUHY amnpoOamil0 OTPUMAHHUX TEOPETUYHUX pe3yJbTaTiB, HUIIXOM MOPIBHAHHSA KIACHYHUX METOMIB Ta PO3POOJICHUX.
Pesyabratu: OO0'emHano 1mineoBi, ¢i3W4Hi Ta KiIOGpHETHYHI CKIagoBiI mporecy ympaBiiHHA po3podku CPPS B eamnomy
iH(pOopMaLifHOMY TpPOCTOPi BiI MOYATKy pPO3POOKM A0 HOTo BIPOBAIKECHHS. ABTOMATH30BAaHO MPOLEC IEPEBIPKH JOCATHEHHS
roJoBHOI MeTu po3pobku CPPS, sxuii 1a€ MOMXIIMBICTD BHOCUTH 3MiHH 1 KepyBaTH mporecoM po3podku CPPS Ha Oyap-skoMy piBHI 1
eTari 3arporoHOBaHOT TEXHOJIOTIi. ABTOMAaTH30BaHO MPOIIEC YIPABIiHHS PO3POOKH KiOCPHETHYHOT CKIIQJIOBOI HA 0a3i CHHTE30BaHUX
aNropuTMIB QyHKIiOHYBaHHS 3 BUKopHcTaHHAM GUI exeMeHTIB 00'€KTHO-Opi€EHTOBaHUX MOB IPOTPaMyBaHHs, [0 aJI0 MOXKJIMBICTh
30UTBIIMTH THYYKICTh 3alpOINOHOBAHOI apXiTEKTYpH 1 TeXHOJOTril aBToMmarHm3amii mpouecy po3pooku CPPS Ta ckoporutn wac
PpO3poOKN KiGepHETHYHOI CKJIagoBOi. Pe3ynbraTh HayKOBHMX 1 TEOPETHYHHX JOCHI/UKEHb BIIPOBA/KEHO B OCBITHIM mporecc, y
BUPOOHUYMIT TpoLieC Py Aep>KaBHUX 1 MPUBATHUX IIAMPUEMCTB, TAKOXK BUKJIAJICHI PIlIEHHS 3aXUIIECHI aBTOPCHKUMH CBiJOLTBAMHU.
BucHOBKH: 3amponoHOBaHI MOJETI Ta METOOU JO3BOJSTH HE TUIBKM aBTOMAaTHU3yBAaTH IpoOIeCc ympaBiiHHA po3poOkoro CPPS 3
"Hynsa", a # DacTh MOXJIMBICT ABTOMATHU3yBAaTH MPOLEC YIPABIIHHSA PO3pOOKOI0 KiOEpHETHYHOI CKIamoBOi AN MoAepHizamii i
yAOCKOHaJIeHHs Bike icHyrounx CPPS.

Kawuori ciaoBa: Industry 4.0; Posymue BupoOHuuTBO; Cyber-physical Production Systems; TeXHOJOTiYHHH MpoOIIEC;
aQHANITHYHO-JIOTIYHA CTPYKTypa 3B's3KiB; ynpasiinas; "OSCEM".

PA3PABOTKA INTPOI'PAMMHOI'O MOJAYJIA OHNEPATUBHO-AUCIHETYEPCKOI'O
KOHTPOJIA MTPOU3BOACTBA HA BA3E KUBEP-OU3NYECKUX CUCTEM
YIIPABJIEHHUA

IIpeqmeToM mccienoBaHMs B CTaThe SBISIOTCS MPOIECCH YIPaBICHHS MPOMU3BOACTBOM Ha Oasze kubep-¢usmdecknx cucrteM. Llean
paboTBI — aBTOMAaTH3aIMs YIPaBICHHUs IMPON3BOACTBEHHBIMH IIPOIECCAMH C TIOMOIIBI0 KHOSPHETHIECKOI COCTABISIOMIEH U aHaIN3
MOJTyYSHHBIX PE3yJbTaToOB. JlJI1 JOCTIDKEHHs IIOCTaBJICHHOW LeNM HEeoOXOAMMO pelleHHe CIeAyIoInX 3agad: pa3paboTaTh
AHATUTHYCCKU-JIOTHYESCKYI0 MOJIeTIb Tpoliecca yrpasieHus pa3padbotkoit CPPS ¢ yueTom TpeOoBaHMiT yKa3aHHBIX B TEXHHYCCKOM
3agaHuyu Ha paspabareiBaeMblii CPPS; npeacTaBuTh aHaINTHYECKHU-ITOTHYECKYIO CTPYKTYPY CBs3€il B BUE MOJIEIH B3aUMOJCHCTBUS
OCHOBHBIX OKOH ¥ BCEX HEOOXOJUMBIX TpaQUYecKHX OJJIEMEHTOB JUI pealu3aldy IOJHOQYHKIHMOHAIEHOTO WHTepdeiica
paspabartsiBaemoii CPPS; npoBecT skcnieprMeHTanbHbIe nccienoBaHus 3Q(EKTUBHOCTH M IPAKTHUECKON anpoOaliy MoyYeHHBIX
TEOPETHIECKUX Pe3yIbTaTOB, MyTEM CPaBHEHMS KIACCHYECKHX METOAOB M paspaboraHHbIX. Pe3yabTaTbl: OObenAMHEHHI IIENEBHIC,
¢usnueckre W KHOSpHETHYECKHE COCTABISIONIME Tpolecca ympasieHus pazpabotku CPPS B emwHOM wHOpManmoHHOM
MIPOCTPAHCTBE OT Hadalda pa3pabOTKM IO €ro BHEIPEHHS. ABTOMATH3MPOBAaH IIPOIECC IPOBEPKH JOCTIDKCHMS TIABHOHM Ienn
pa3pabotku CPPS, KOTOpEI JaeT BO3MOXXHOCTh BHOCHTH H3MEHEHHS M YIIPABIATH IporeccoM pa3padotku CPPS Ha mobom ypoBHE 1
JTane mpeiaraéMoil TeXHOJIOTMH. ABTOMATH3UPOBAH IPOIECC yNpaBlIeHUs pa3paboTKH KHOSpHETHYECKOH COCTaBIIONIEeH Ha Oase
CHHTE3MPOBAHHBIX aJIrOPUTMOB (GYHKIHOHUPOBaHHUs ¢ ucrojib3oBaHueM GUI ameMeHTOB 0OBEKTHO-OPHUEHTHPOBAHHBIX SI3BIKOB
HIPOrPaMMHPOBAHHS, YTO MO3BOJIMJIO YBEIUYUTh MMOKOCTh HPEUIOKCHHON apXUTEKTYphl U TEXHOJOTHI aBTOMATH3alUK Ipolecca
pazpabotku CPPS u cokpaTuth BpeMsi pa3paboTKu KHOSPHETHYECKOH COCTABIsIIONICH. BBIBOABI: NpesI0XKEHHBIE MOACIH U METOIbI
MO3BOJIIT HE TONBKO aBTOMAaTM3MPOBATh Mpomecc ympasiaeHUs paspaborkoii CPPS ¢ "Hyma", HO W 1acT BO3MOXHOCTB
aBTOMATH3MPOBaTh  IIPOIECC  yHpaBieHHWs  pa3paboTKoil  KHOEpHETHYeCKOH  COCTaBISIOmEH Uil  MOAEPHH3AIMH U
YCOBEpPIIEHCTBOBAHNS yike cymecTBytomux CPPS.

KumnroueBsie cioa: Industry 4.0; Cyber-physical Production Systems; texHomorn4eckuii nporecc; aHaIHTHIECKH-IOTHYEeCKast
CTpYyKTYypa cBis3eii; ynpasnenue; "OSCEM".
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O. M. UePHSK, H. A. COPOKOJIAT, 1. B. KAHUIIbKA

T'PA®OAHAJITUYHHUI METO/] BUBHAUEHHSI KOMILIEKCHOI'O
MMOKA3HUKA IKOCTI OB’EKTIB KBAJIIMETPII

IIpenMeToM NOCHIDKEHHS B CTAaTTi € METOA BU3HAYEHHS KOMIDIEKCHOTO IIOKa3HMKa SKOCTI 00’€KTIB KBamiMerTpii, sKi MaroTh
TIOKA3HUKU SIKOCTI 3 PI3HUMH OIWMHMILIMH BHMipIoBaHHSI. MeTa poOOTH — 3alpONOHYBAaHHS METOIY BH3HAUCHHS KOMILIEKCHOTO
MOKa3HUKA SKOCTI OaraTOKpHTepialbHHX 00 €KTiB KBaJTiMeTpil, 3aCTOCOBYIOUM METOAM IHTErpyBaHHA. B cTaTTi BHpimIyeThes
HACTYIHE 3aBJAHHSI: [IOCIIIUTH MOJXIIMBICTh OL[IHIOBaHHS SKOCTI 00’€KTiB KBamiMeTpil rpadoaHamiTHYHHM METOAOM, TOOTO
3aCTOCYBaTH MPHUHIUI BU3HAUCHHS IUIOIII Ta 00’€My miJ KpUBOJIHIMHMMH MOBEPXHSIMHU SK Ha IUIOIIMHI, TaK 1 B MPOCTOpi, SKi
CTBOPEHI LUIIXOM O0’€IHAHHS OIIHOK OJMHUYHUX IIOKa3HHUKIB SKOCTI Ha Oe3po3MipHii mMmKami. BUKOPHUCTOBYIOTBCS MeETOAM:
MaTeMaTH4YHO! CTATHCTHKH; KBadiMeTpii. OTpUMaHO HACTYIHI pe3y/JbTATH: NPOBEICHO aHaNi3 HAyKOBOI JiTepaTypd 3 HHTaHb
OIIHIOBAaHHA AKOCTI 00 €KTIB KBalTiMeTpii B YACTHHI ICHYIOUMX MAaTEMAaTHYHHUX 3aJISKHOCTEH MK BUMIpPSHUMH HMOKa3HHUKAMHU SIKOCT1
Ta iX OIiHKOIO Ha Oe3po3mipHil mkami. [TokasaHo, mIo, SIK IPaBWIO, MaTEMATHUYHI 3aJEKHOCTI MAlOTh HENIHIHHHN XapakTep 1 ix
JOCIIJDKEHHST 3BOJATHCS IO PO3POOJICHHS YHIBEpCATEHUX METOJWK, SIKi MOKHa OyJo OM 3acTOCOBYBaTH 10 00’€KTiB KBaIiMeTpil
HE3AJICKHO BiJl 1X MPHPOIH, CKIATHOCTI, BAXIUBOCTI Ta iHIie. JIOCHiIKeHHs, sKi MOB’s3aHi 3 HENIHIHHUMHU 3aICKHOCTIMH MiX
BUMIPSIHUMH TIOKa3HUKAaMU SKOCTI Ta IX OLIHKaMH Ha 0e3p0o3MipHill IIKaJIi MOBHHHI 0a3yBaTHCS Ha ieoJIorii SKoCTi Ta MaTH (i3ndHe
MosicHeHHs. Maroun OMHUYHI TOKA3HUKH SKOCTI y €auHii (0e3p03MipHiil) MIKaji OIiHIOBaHHS, 3aIlPOIIOHOBAHO BH3HAYATH €IWHUI
KOMILICKCHUH MOKAa3HUK SKOCTI 00’€KTy KBAIIMETpii 13 3aCTOCYBaHHIM METOMIB iHTETpyBaHHS. 3allpONOHOBAHO 3HAWTH IUIOILY ITij
JIaMaHOIO KPHBOIO, IKa OyAy€eThCS BHACTIIOK 00’ €THAHHS OL[IHOK MOKA3HHUKIB SIKOCTI Ha 0€3p0o3MipHii MIKaJi IPOTArOM MEBHOTO Yacy
crocTepekeHb. Tak K OOYMCIICHHS BH3HAYCHHX iHTerpamiB 3a ¢opmynor HeioToHa-JleliOHIa HE 3aBXKAM MOJMIWBO, TO IS
BUPIIICHHS NMPAaKTHYHUX 3aBJaHb, JOCHUTH 3HATH HaOJMKEHEe 3HAYCHHs MEBHOTO IHTErpajly 3 3aJaHHM CTYIEHEM TOYHOCTI, TOMY
TIPOTIOHYETHCSI 3aCTOCOBYBAaTH METOJM YUCEIIBHOTO iHTETPYBaHHS, METO/AN: NPSIMOKYTHHKIB Ta Tparmeriif. 3arpornoHOBaHO METOANKY
BU3HAYEHHS y3araJbHEHOTO MOKa3HMKAa SKOCTI 00’€KTy KBaJIiMeTpii, SIKy MOXXHa BBa)KaTH YHIBEpCAIbHOIO, TaK SIK ii MOXHa
3aCTOCOBYBATH JUIs 0araTOKpHUTEPiaIbHOTO OLIHIOBAHHS SIKOCTI 00’€KTiB KBasiMeTpii pi3Hol npupoau. BucHoBkm: /Iy BU3HaYeHHS
KOMILJIEKCHOTO TIOKa3HUKA SKOCTI 0araTOKpHTEpialibHUX 00’€KTiB KBAJIMETpii MPOMOHYETHCS 3aCTOCYBATH IHTETPYBaHHS METOIOM
CepelHiX NPAMOKYTHHUKIB. 3allpOMIOHOBAHO METOAWKY BHU3HAYCHHS KOMIUICKCHOTO MOKa3HHKAa SKOCTI 00’€KTy KBamiMeTpii 3
3aCTOCYBaHHSM iHTETPYBaHHS, SIKa BPAXOBY€E OTPUMAHHS OL[IHOK OAWHIHYHHX ITOKa3HHUKIB SKOCTI.
KurouoBi c10Ba: 00’ €KT KBaIiMETpii; MOKA3HUK SKOCTi; MATEMAaTUYHI 3aJISKHOCT1; METOA NPAMOKYTHHKIB; METOJ] TPAIICIIii.

Beryn HEOOXITHO TMPOBEIEHHS PAAY HAYKOBUX JOCITIKEHb, 3

METOI0 JIOCATHEHHS X YHIBEpCANBHOCTI Ta MOYKIHMBOCTI

BupoGHMITBO SIKICHAX TOBAapiB — akTyajbHe  3aCTOCYBaHHS JUls OIIIHIOBAHHS SKOCTI 00’€KTiB pi3HOI
3aBJaHHs HAILlOHAJILHOI €KOHOMIKH Vkpainu, Tak gk 1e IIpHUpOaH.

O/HA i3 yMOB 3a0e3MeYeHHS KOHKYPEHTOCIPOMOXKHOCTI s BusHaueHHs MeToly O0’€IHAHHA  OLIHOK

MPOAYKIIT HAI[IOHANEHUX BUPOOHUKIB Ha €BPOIMEHCHKHIX
Ta MDKHApOTHHX pHHKax. Jlns 3a0e3medeHHs SKOCTI
MPOAYKIT Ha BUPOOHUITBI ICHYE psI 3aBHaHb, IS
BHpIMICHHS SKUX HEOOXiTHO 3aCTOCOBYBaTH CydYacHi
METOJ¥ BHMIPIOBAHHS, OI[IHIOBAHHS, aHAJIi3yBaHHS 3
METOIO YNPAaBJIiHHS TEXHOJIOTIYHUMH TPOLIECAMH.
Ipoayxkitisi xapaKTepU3y€eThCsi HAOOPOM MOKA3HUKIB
SKOCTi, SIKI MalTh PpI3HI OIMHULII Ta Jiana3oHH
BUMIPIOBAaHHS, TOMY HEOOXiJHO BOJIOAITH ab0 BEJIHKOIO
KUIBKICTIO METOMIB OI[iHIOBaHHSA iX $KOCTi, ab0 OJHMH,

BUMIPSHUX TOKAa3HHUKIB SKOCTI YV €IUHY (KOMILICKCHY)
OIIIHKY HEOOXIHO BPaxOBYBaTH OCOOJHBOCTI MOHSATTS
"skicTh". SIKICTh — II€ BJIACTHUBICTh 00’€KTY BIAMOBiIATH
YCTAQHOBJICHMM YH BHMOTraM croxuBauda. [Ipu domy
CIHOXXKMBay CBOI BHMOTH MOXE MPEACTABIATH PI3HUMHU
JOCTYIIHUMH ~ crmocobamu  (yroja, KOHCTPYKTOPCBHKA
JIOKyMEHTallis, Ta 1H.) Ta MOXKE 3MIHIOBATH IX 3 4acoM.
[Moka3sHWK SKOCTI MOXE 3MIHIOBATUCS BiA HYIA [0
OIIMHMWII, TPH YOMY, SKIOIO BiH IOPIBHIOE HYIIO, TO
NPOIYKIIsl SBISIETbCS OpakoBaHOIO. BBakaeTbcs, 10

yHiBepCaNbHUH, AKMH Mir OM 3aCTOCOByBAaTHCS muisi  HOKAa3HMK  SKOCTI HE MOXE DIBHATHCA  OJIMHMILI,
00’€eKTiB KBaJTiMeTpii pisHOi mpupoau. B aHoMy Bumaaky @ MOXe NPHOMMKYBaTMCS /0 Hel  MakCHUMalbHO
mig 06’exToM KBamiMeTpii pisHOi mpupomu posymiemo ~ Ommsbko.  Taki  ocoGmuBocTi  MOHATTA  “SKicTh"
pi3Hi BMOM NpOAYKIii, $Ki MalOTh pi3Hi mokasHukm  OOYMOBJIOIOTH BHOIp MareMaTM4HOIO —amapaty Ipu
AKOCTI 31 CBOIMM OJMHHMIAMM Ta JianasoHamu  OLIHIOBaHHI  sKOCTI ~ OO’€KTIB  KBamMeTpii  pi3HOI
BHMipIOBaHHS. MIPUPOIH.

Jlns po3poONEHHS Takoro METOLY HeOOXimHO TakuM YWHOM, JUIS OIIIHIOBAHHS SIKOCTI 00’ €KTiB
BUPIIINTH JAEKiNIbKa BAKIUBHX 3a/1a4, CEPEL AKHUX: KBaJIIMETpil  aKTyaJdbHUM  SBIIIETHCS  TPOBEACHHS

- BU3HAYUTH BHJ 3aJIGKHOCTI MK BUMIpSHMM  KOMIUIEKCY — HAyKOBHX  JIOCHI/DKEHb, —IIOB’S3aHMX 3

3HAYECHHS ITOKa3HUKA SKOCTI 00’€KTy KBasliMeTpii Ta Horo
OIIIHKOIO Ha 6e3po3MipHil mIKai;

BU3HAYCHHSIM YHIBEPCAIBHOI MaTEeMaTHYHOI 3aJIe)KHOCTI
MDK ~ BUMIPSHAMHM  TIOKa3HMKaMHM  SIKOCTI Ta  iX
OLIIHKOI0 Ha 0e3po3MipHiil mKaji, Ta BUKOPHCTOBYIOUH

- 3aMpPOTMOHYBATH  METON  O0’€HAHHS  OI[IHOK
BUMIPSIHAX ITOKa3HUKIB SIKOCTI y €nuHy (KOMIUIEKCHy) OTPHUMaHl  OUIHKW, po3poOiieHHs  TpadoaHaTITHIHOTO
OIIHKY. METOAy OTpPHMaHHS KOMIUIGKCHOI  OINIHKH  SIKOCTI
Jns  epekTHBHOrO 3acTOCYBaHHS MAaTEMATHIHHUX 00’eKTy.

3aJIe)KHOCTEH TIpH OI[IHIOBaHHI O00’€KTIB KBaJiMeTpii
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AHAaJi3 MeToaiB BU3HAYEHHS KOMILIEKCHOI0
NMOKA3HUKA AKOCTi

PesynbTath aHaizy HAyKOBOI JTepaTypu 3 NMUTaHb
OIlIHIOBAaHHS SIKOCTI 00’€KTiB KBaJiMETpii IiITBEPIHIIH,
0 ISl OTPUMAHHS KOMIUIEKCHOT OITIHKH SKOCTI 00’ €KTYy
BHpIIIYEThCS MBI 3amavi, a came, JUIsI OTPUMAaHHSA
KOMIIJIEKCHOI'O ITOKa3HHKa SKOCTI HeoOXigHo, m100
OJIMHUYHI MOKA3HUKH MAaJH €JIUHI OJMHUII BUMIPIOBAHHS,
a 1 X OTpUMaHHS NOTPiOHI 3HAHHS NMPO HENHIHHICTD iX
OIIIHOK 3 OJMHHUIIIMH BUMIpPIOBaHHS. AJDKE BIZIOMO, IO
BUMIpSIHI MOKa3HUKH SIKOCTi 00’ €KTIB, SIK IPaBUIIO, MAIOTh
pi3HI IIKany BUMIPIOBaHHS 1 HE JIIHIIHO MOB’s3aHi 3 X
0e3pO3MIpHOIO OIIHKOIO, IO Yy CBOIO Yepry MoTpedye

HAYKOBUX JIOCTIDKEHb 100 BHAY MaTeMaTHYHUX
3aJICKHOCTEIA.
JocmmkeHHs, SKi TOB’S3aHI 3  HENHIAHUMU

3aJICKHOCTSMH MK BUMIPSHIMH MOKa3HUKAMH SKOCTi Ta
iX oIliHKaMK Ha 0e3po3MipHil IIKaji MOBUHHI Oa3yBaTHCS
Ha 1J1e0JIOTi] SIKOCTI Ta MOBUHHI MaTH (i3UUHE MMOSICHEHHS.
Cepenl TakuxX 3aJeKHOCTEH € BIiOMI 3aJIEXKHOCTI,
BuBeZicHI ['Hemenko [1], Ta MawTh BIIHONICHHA MO
CeKCTPEMAJIbHUX  CTATUCTHK. BHKOPUCTABIIM  TEOPilO
EKCTPEMaJIbHUX CTATHCTHK 1 3aIPONIOHOBAHI MaTeMaTH4HI
3aJeKHOCTI [ 'HEMEHKO, aMEPUKAHCBKHHM  JOCIITHUK
XappiHTTOH 3aMpoIOHyBaB METOUKY
0araTOKpHUTEpiaIbHOTO  OI[IHIOBAaHHSA O00’€KTIB  pPi3HOL
npuponu [2] sxy y mogansmomy [. I'. AsrampmoB [3]
3aCTOCOBYBaB y CBOIX JOCHI[DKEHHSX B  Tramysi
kBamiMeTpii. OTke, y  METOmUII,  po3poOJcHIii
XappiHrTOHOM, MaTeMaTHYHA 3aJICKHICTh OIIHOK SIKOCTI
BiJl iX BHMIPSHHMX [OKAa3HHUKIB BH3HAYAE€THCS MOJEIUTIO
€KCIIOHEHI[IaJIbHOTO THUITY:

F(x) = exp(— exp(—x)) (o< X <0).

1)

Jns oTpuMaHHS OIIIHOK ITOKAa3HWKIB SKOCTI Ha
0e3po3MipHiii 1mkami, aBTopu [4,5] BUKOPHCTOBYBaH
3QJIEKHOCTI:

a)F (x) = exp(—exp(—x));

6)F(x) = 1 —exp(—exp(x));

8)F (x) = (exp(—exp(—x)) + 1 —exp(—exp(x)))/ 2.

)

Ty, 4nm iHIY 3aJeXHICTh aBTOPH IPONOHYBAIIN
BHOWpATH eKCIEPTHUM MeTofoM. Bubip oxHiel i3
3aJICKHOCTEH 3alie)kaB BiJl TOrO, Ha CKUIBKH ITOKa3HHUK
SIKOCTI SIBJISIBCSI BAYKIIMBUM JJIS1 OTPUMAHHSI KOMIUIEKCHOTO
mokasHuka. ToOTo, SIKIIO MOKAa3HHWK SKOCTI OyB MEHII
BaXIMBUM, TO 3aCTOCOBYBAIM 3aJIeXkHICTh (20), sKIIO
3HAYHO BAXJIMBUM, TO 3aCTOCOBYBAIM 3aJI€KHICTH (2a).
3aexHICTh (2B) SBISETHCS CEPEIHIM 3HAYEHHSIM MiX
JIBOMa 3aJIeKHOCTSIMH.

e wmoxmuBO Oyno 3pobWTH Uepe3 MPHUHITUI
cuUMeTpii, IKUM XapakTepusyeTscst Moaenb (1). I'pacdiuno
MaTeMaTH4YHI 3aJIe)KHOCTI MOKa3aHo Ha puc. 1, 3 SKOTO
BUIHO, MO0 BHOIp Tiel YW IHOIOI  3aJEKHOCTI
3MeHIIye, ab0 30UIbIIy€e OLIHKY SKOCTi Ha Oe3po3MipHii
TITKAJTI.

BukopucroByroun NpuUHIMN CUMETpii, aBTOpU [6]
3alpONOHYBAIM OTPUMATH 1€ JBI 3aJIe)KHOCTI Ta

3aCTOCYBIN iX IS OaraTOKpUTEPiaIbHOTO OIIIHIOBAHHS
SIKOCT1 y HaBYaJIFHOMY 3aKJIaJIi.

3anexHicTs 20 H F(X)

0.6
3anexHIicTh 2a

3anexHicTs 2B

4 x

Puc. 1. MaTemaTiyHi 3aJIe)KHOCTI MK BUMIPSTHUM 3HaUCHHSIM
[TOKa3HHUKa SKOCTI Ta HOTO OLIIHKOIO

F(x) = 3exp(—exp(—x))+1—exp(—exp(x)) 7

3
2 3)
Ta
exp(—exp(—x)) + 3(1—exp(—exp(x)))
F.(x)= . @4
4

B pesynpraTi NpOBEACHHX JIOCHTIIKCHb, OYIH

OTpYMMaHi  3aJeKHOCTI, sAKI  JaBald  MOXJIMBICTh

OTPUMYBATH OIHKH TIOKAa3HHUKIB SKOCTI OyAb SKOTO
00’€eKTy KBaIIiMeTpii Ha Oe3p0o3MipHIl IIKaJi.
Astopu [7,9] 3acTOCOBYBaNM HIIMIA BUJI 3aJI€KHOCTI

JUIs  OTPHUMAHHS  OIIHOK IOKA3HUKIB  SKOCTI  Ha
0e3po3MipHiil mIKajli, sika Mae BUI:
k
X —X
_ i imin
Fx - ’Ximin < Xi < Ximax’ (5)
Xi max Xi min
Je X, — JificHe 3Ha4YeHHS MOKa3HUKa SKOCTi; X; ..
MiHIMaJbHE 3HAYEHHS I[MOKA3HMKA SKOCTI; X

1 max
MaKcHMallbHe 3HAYCHHS MOKa3HUKa SKOCTi; K — mapamerp
dopMu, KU BU3HAYAETHCS EKCHEPTHHM MeTojgoM. Ha
pUC. 2 TOKa3aHO BHUJ 3aJIKHOCTEH B 3aJICKHOCTI BiJ
MOKa3HWKa Tapamerpy (opMu, SKHH Ha3HAYAETHCS
EKCIIEPTHAM METOJIOM B 3alIe)KHOCTI BiJl BaKIMBOCTI
OJIMHUYHOTO TTOKA3HUKA SKOCTI.

1 = —
0.8 : g - |
L~ =
0.6
A
0.4 /’%
. // L~

o =
50 50.1 50.2 50.3 504 50,5 50,6 50.7 50.8 50.9 51

Puc. 2. Buj 3aiexHoCTEN B 3JIEKHOCTI BiJ] TOKAa3HUKA
napamerpy Gopmu
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Yacro, s OTpUMaHHS OI[IHOK TTOKa3HUKIB SKOCTI Ha
0e3po3MipHIN KA 3aCTOCOBYIOTH MeTon SAW (mpocte
aTUTHBHE 3Ba)KyYBaHHS) [10,11], mpu IKOMY
3aCTOCOBYIOTh BaroBi KOCQIIiEHTH IS OAWHHYHUX
MTOKa3HHKIB SKOCTI, SKi TeX HA3HAYAIOTHCSI EKCIICPTHHM

METOJIOM. Takox 3aCTOCOBY€ETHCS METOJI
0araTOKpUTEpPiaJbHOTO  OIIHIOBAHHS, TpPU  SKOMY
3aCTOCOBYETHCS CTAJOHHE 3HAUCHHS SKOCTI — METOJ
TOPSIS [12,13]. Moro Takox 3aCTOCOBYIOTh TSt

BHU3HAYCHHS KOMIUICKCHOTO IMOKAa3HUKA SKOCTI 00’ €KTIB
kBamimerpii. [14,15]. Jlna omiHIOBaHHS TIPOIECIB Yy
COIIAJIbHUX ~ JOCTI/DKEHHSAX  9acTO  3aCTOCOBYIOTHCS
meromu: PROMETHEE (Merom opranizamii pedTHHTY
repeBar TS OILIIHKH 30aravyeHHs); MOORA
(GaraToImi;bOBa ONTHMI3AIlisl 3a JIONMOMOTOI0 aHATI3Y
BimHOoCcWH); WASPAS (3BakeHa CYKYIHICTH OIIIHOK
MOKa3HUKA SKOCTI)pi3HUX colianbHux 00'extiB [16-18].
Jlyis OTprMaHHS KOMITJICKCHOT OIlIHKH TOKa3HUKIB SIKOCTI
00’€eKTIB KBaJIIMETPii 3aCTOCOBYIOTH CepellHi 3HAUYeHHS iX
MMOKAa3HHWKIB, YacTO 3  BHUKOPHUCTAaHHSIM  BaroBHX
koedirienTiB. Takuil miaxin HE 3aBXKIM NMPUAHATHHNA IS
OLIIHIOBaHHS  SKOCTI ~ O0’€KTiB, TOMYy HE MOXE
po3risAaTHCs K €IUHUE  MOXJIMBHH, TOMy €
HEOOXITHICTE Y po3po0Ii HOBHUX METOMIB Ta METOIHK

OTpUMaHHS KOMIUIEKCHOTO ITOKa3HHWKa SKOCTI 00’€KTiB
KBaJIMeTpii, IO XapaKTepPH3YIOTHCS PiI3SHOMAaHITHICTIO
MTOKA3HUKIB IX SKOCTI.

Mertoro podoTu € 3aMpONOHyBaHHS
rpaoaHaTITHYHOTO METOJYy BHU3HAYCHHS KOMILIEKCHOTO
MOKa3HUKAa  SKOCTI  OaraToKpurepialbHUX  00’€KTiB
KBaJiMeTpil.

Bupimenns 3aB1anas

Marouu OJMHUYHI TIOKAa3HHUKH SKOCTI Yy €IUHIN
(6e3po3mipHiil) miKami OLIHIOBAHHS, MOXXEMO BH3HAYUTHU
€IMHUH  KOMIUIEKCHHMH IIOKa3HMK SIKOCTI 00’ €KTy
KBaJIIMETPii, I 9OTO MPOMOHYETHCS 3aCTOCYBAaTH METOM
iHTeTpyBaHHS. SIKIIO BHMIpIOBAaTH TIOKa3HUK SIKOCTI
MPOTSTOM IIEBHOTO Yacy, TO OTPUMAEMO YACOBHH PSAI.
Skmo o0’eqHAaTH 3HAYEHHS OLIHOK ITOKAa3HUKA SKOCTi Ha
YacOBOMY psiy, TO OTPHUMAEMO JIAaMaHy JiHIilO, SK
MoKa3aHo Ha puc. 3. SKmO BUMIpIOBaTH JAEKiJIbKa
MOKa3HUKIB  SIKOCTI MpOTSArOM IIEBHOTO 4Yacy, TO
OTPUMAEMO JAEKiJTbKa 4aCcOBUX DsAIB 1 IpH 00’ €HAHHI 1X
3Ha4eHb OTPHMAEMO JIaMaHy MOBEPXHIO, SIK IOKa3aHO
Ha puc. 4.

0,78

0,76

P
0.74 V4

0,72
0,70 /

0,68

0,66

0,64

0,62

O11iHEA TOKAa3HHKA AKOCTIL

0,60
1 2 3 4

5 6 7 8 9 10

Kpok BEMipIOBAaHHA IMOKA3HHKIB AKOCTI 3 TaCOM

Puc. 3. YacoBuii ps[ OI[IHOK MOKAa3HUKIB SKOCTI

Puc. 4. YacoBuii psi1 AEKITBKOX OIIHOK MOKA3HUKIB SIKOCTI

To6T0, MPONOHYETHCS 3HAUTHU TIONTY T/ JIAMaHOIO
KpHUBOIO, sika OyayeTbcs BHACHIZOK 00 €THAHHS OLIHOK
MOKa3HUKIB SKOCTI Ha O0€3pO3MipHIM IIKalli HpOTArOM
MIEBHOT'O Yacy CIocTepekeHb. JIJisi IbOro € 0JIHAa BaXIIMBA
YMOBa, a caMe HeoOXi/lHO, MOOM yCi KA MalH €IUHY
0e3po3MipHy OIWHHIO BuMiproBaHHsA. OpHa 13 IIKaa

(OY) xapakrepu3yeTbecsi 0€3p0O3MIpPHICTIO, TaK SIK OI[iHKH

oTpuManu  0e3po3MipHy  OAMHHIIO  BUMIpPIOBAaHHS,
3aCTOCOBYIOYH MAaTeMaTH4HI 3aJI€XKHOCTI.
Jns  orpumanHs  Ge3po3mipHoi mkamu  (OX)

. . 1
HEeOOXiIHO BU3HAYMTH KPOK iHTerpyBaHHs h=— , me n —
n
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KUIBKICTh BUMIPSTHUX 3HA4€Hb OJHOTO TOKAa3HUKA SIKOCTI
00’exTy 3 yacoM. JIJI1 OTpUMaHHS O€3pO3MIipHOI IIKAIH
(OZ) HeoOXimHO BW3HAYHMTH KPOK IHTETPYBAHHSA, SKHMA
3aJI€KUTH BiJ KUIBKOCTI OJMHMYHHX ITOKA3HHKIB SIKOCTI,

1 L .
T00TO K =—, J1€¢ M — KUIbKICTb OAUHHWYHUX IMOKA3HUKIB
m

SIKOCTI 00’€KTy KBamiMeTpii. Y pe3ynbTaTi MpOBEACHHX
MEepeTBOPeHb IIKaT OTPUMAIId CHUCTEMY KOOPAMHAT 3
0e3pO3MIpHUMH IIKAJIaMH, TOOTO y Ci IIKaJIM MalOTh MEXi
(0 — 1), mo nae MOXIMBICTH 3PYYHO 3aCTOCOBYBATH
ICHYIOi CIIpOIIIeHI METOT! 1HTErPyBaHHS.

OOuncIeHHS BU3HAYCHHUX 1HTETPATiB 32 (HOPMYIIOI0
Hrrorona-JleiOHima He 3aBXIH MOKIUBO, TaK SK. OaraTo
HiJiHTerpaNbHUX (YHKIII HE MArOTh MOXITHUX y BUIJISII
eleMeHTapHuX (YHKIiH, ToMy B OaraTbox BHIagKax
BaXKO 3HAMTH TOYHE 3HAYCHHS MEBHOTO iHTErpamy. Ale
4acTo, IS BHPIIICHHS MNPAKTHYHUX 3aBAaHb, TOCUTh
3HATH HAOMMKEHE 3HAYCHHS [EBHOTO IHTErpamy 3
3aJaHUM CTYIEHEM TOYHOCTI. Y TakoMy BHIIAJKy MOXKHA
3aCTOCOBYBAaTH  METOJM  YHCEJIbHOTO  IHTErpyBaHHS,
METOJIU TMPSIMOKYTHHKIB Ta Tpareilii, meroau CimrcoHa,
mapadoI Ta iH.

Po3risiHeMO JOKJIaHO METOJA MHPSMOKYTHHKIB IS
HAOJIDKEHOTO OOYHMCIICHHS TMeBHOro interpamy [19].
Slkmo BiApi3ok iHTerpyBaHHs [a; b] po3ouTH Ha piBHI

YaCTHHH JNOBXMHH N Todukamm: a=Xx,, X =X, +h,
X, = X, +2h X, Xog = % + (n-1) h,
X, =%+ nh =Db, i B sxocri Touok ¢& BuOparu
cepelMHH  elleMeHTapHuX BiapiskiB  (h=x_; X)),
i=1,2,...,N, TO MOKHA 3aIMCATH IHTETPAJT Y BUIJISAII:

[ 4 h

j f (x)dx ~ hzll F(x.+3) (6)

. iz

@opmyiny (6) Ha3uBalOTh (OPMYIIO METOLY
cepenHIX NpsSMOKYTHHKIB yepe3 crocid BuOopy Touok &i 3

(b-3)

UTIOCTpalliss METOAY Cepe/iHIX NPSIMOKYTHHKIB IOKa3aHO
Ha pHUC. 5.

AbcomnroTHa moxubka (OpMYIJIM NMPSIMOKYTHHMKIB Ha
BiZpi3ky [a; b] mOpiBHIOE CyMi HOXHMOOK Ha KOXHOMY
eJlleMeHTapHoOMYy iHTepBayi, Tomy [19]:

5 = Zn: ]'I [f (x)- f (xil +2Ddx. ()

i=1 xi-1

KpPOKOM po30utTs Biapiska [a;b] — h= . I'padiuna

PosrnsiHeMo  TOKMAagHO ~ METOJ  Tpamemid s
HaOJMKEHOTO  OOYHMCIEHHS BH3HAYEHOTO iHTErpaly.
dopmyna g HaONMKEHOTO OOYMCIICHHS IHTerpaiy

METOAOM Tpar[euii/i Ma€ BUI:

b

jf(x)dm%.(f(xo)ui f(x)+f(x). (8)

a

IToxu6ka,
CKIIaJIae:

NP 3aCTOCYBaHHI METOAy Tparemii

-y (b-a)’
|Gn| < MAX, [arh) | f (X)| W

©)

I'padiuna imocTparis MeToxy Tpareriii moka3aHo Ha
puc. 6.
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Puc. 5. I'padivyna imocTpamnis METOLy cepenHiX MPsIMOKYTHHUKIB

B 4

0 a X X; X b

Puc. 6. I'padivna imocTparlis METoOIy Tparerii

To#l, yu iHmIKI MeTOA IHTETrpyBaHHS MOXE MaTH
Miclie Ui BU3HAYEHHS KOMILIEKCHOI'O IOKa3HUKA SIKOCTL
B 3aJIEXKHOCTI BiJf CTYNEHIO pO3CIIOBaHHA OIIHOK
OIIMHIYHUX TOKa3HHKIB SKOCTi, TOOTO BiJ iX amcmepcii.
YuMm Oinplie CTYHiHb iX pO3CiIOBaHHSA, THM OijbIna
MoXuOKa TMpHU 3aCTOCYBaHHI METOLY HPSIMOKYTHHKIB.
ToMmy BUOIp TOrOo UM IHIIOTO METOLY IHTETPYBaHHS
3MIMCHIOEThCS Y KOKHOMY BHIIQJIKy OKPEMO EKCIEPTOM-
JIOCITi THMKOM.

Jlis iHTerpyBaHHS YacOBOI'O PSIIy IMPOIMOHYETHCS

BHKOPHCTOBYBaTH  (OPMyNy, 3aCTOCOBYIOYH  METOJ
CepenHiX MPSIMOKY THHKIB!
X.
e
S=>f(x) [ dx (10)
i=1 X 1

2
Jns 00’exTiB KBasmiMeTpii, AKi XapaKTepPHU3YIOTHCS
JIEKUIbKOMa TOKa3HUKaMM SIKOCTI JJIsi BU3HA4YECHHS iX
KOMIUIEKCHOTO ITOKAa3HMKa IPOTATOM IIEBHOTO TEpiony

yacy  BUMIpDIOBaHHS iX  OJAMHMYHHNX  TOKa3HHKIB
MPOTIOHY€THCS 3aCTOCYBATH (HOPMYITY:
X1 Y o1
i+= j+=
n m 2 2
V=zzf(xiyj)j dx j dy, (11)
i=1j=1 X1 Y o1
|—E j-=
nei=1,2,..n;j=1,2,..m.
B Takomy Bumagky oOTpuMaemMo 00’eM  Imif

KPUBOJIHIHHOIO IOBEpXHEIO, Mo 1 Oyae SABIATHCA
KOMIUIEKCHIM TTOKa3HUKOM SIKOCTi 00’ €KTy KBaIiMeTpii.
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HaykoBa HOBHM3Ha  3alpOIIOHOBAHOTO  METOAY
MoJIArae y TOMY, LIO BIEPIIE MPOIMOHYETHCS BH3HAYATH
KOMITICKCHUH TOKa3HWK SKOCTI TPU OIliHIOBaHHI SKOCTI
OaraToKpuTepialbHUX 00’€KTiB KBaiMeTpil
rpad0aHANITHYHAM METOIOM. 3allpONOHOBAHUN METOJ
Ma€ Taki epeBary HaJl iCHyIOUAMHU:

- BUCOKA TOYHICTh, TaK SK MOXHOKOI METOIY
SIBIIIETBCS TIOXMOKA BU3HAYCHHS 1HTErpaity. 3MEHIIYIOYH
KpOK IHTETpYyBaHHS MOXKHA 3MCHINYBAaTH MOXUOKY
MeEToxy;

- YHIBEpPCAJIbHICTh, a/PK€ MOYKHA 3aCTOCOBYBATH JIJIS
0araTOKpUTEPiaTbHOTO OIIHIOBAHHA 00’€KTiB KBaJTiMeTpii
pizHOI IpUPOIH.

- IPOCTOTa y 3acTOCYBaHHI Ta MpPOTpaMyBaHHI 3

B pe3yibTari 00’€JHAHHS OIHOK TMPOTATOM TIEBHOTO
MIPOMIXKY 4acy.

Kpok 5. BukopucToByroun bopmyiry (1)
BH3HAYAIOTh O00’€M 1IN JIAMAHOKO IUIOINMHOIO, SKa
OynyeTbess B pe3yibTaTi 00’€THAHHS YCiX OIHOK YCiX
MOKA3HUKIB SIKOCTI MPOTATOM IEBHOTO MPOMDKKY Uacy.

BennunHa 00’eMy mij J1aMaHOIO TUIOLIMHOIO Oyne

SBJISITUCS ~ KOMIUIEKCHOIO ~ OIIIHKOIO  SIKOCTI  00’€KTy
KBaJiMeTpii 3 4acom.

Taky METONMKY MOXXHAa 3acTOCOBYBAaTH IS
0araTOKpHUTEpiaIbHOTO  OIIHIOBAaHHS  SIKOCTI 00’ €KTiB

KBaJIIMeTpii pi3HOI IPHUPOAH.

BucHoBkH

METOIO aBTOMATH3allii pO3paxyHKiB.

[TponoHyeTbess METOA BHU3HAYEHHS KOMILIEKCHOTO
MOKa3HUKa SIKOCTI 00’ €KTy KBaJIMETpil, AKUI CKIaJaeThCs
3 psIIy KPOKIB:

Kpok 1. Bumiprototbest  iCHI TOKa3HUKH SIKOCTI
00’€KTy KBaJIIMETpIii B OAMHULISAX HOTO BUMIPIOBAHHSI.

Kpok 2. BukopuctoByroun oy i3 3anexHocten (1-
4) abo (5) BU3HAYAIOTH OI[IHKHA KOXHOI'O IOKa3HUKA

Jlnist BU3HAYCHHS KOMIUIEKCHOTO TOKa3HHUKa SKOCTI
OaraTokpHTepiaTbHUX 00’€KTIiB KBaJTiMeTpil
MPOMOHYEThCSA  3aCTOCYBATH  IHTEIPYBAaHHA  METOIOM
CepeHiX MPIMOKYTHHUKIB.

3anpornoHOBaHO METOJ BU3HAYCHHsSI KOMIUIEKCHOTO
MOKa3HHUKA SIKOCTI 00’€KTy KBaJIMETpii 3 3aCTOCYBaHHIM

IHTErpyBaHHs, SKHH BpaxoBY€ OTPUMaHHsS OLIHOK
AKOCT1 Ha 0€3pO3MIpHIiH IIKai. OJUHUYHHUX MOKA3HUKIB SIKOCTI.
Kpoxk 3. Bynayrore  yacoBuil psii 3MiHM  OLIHKH 3anponoHoBaHUR METOJ MOXKHA BBaXKaTu

KOXKHOTO IOKa3HHKa SKOCTI 3
MOKa3aHOMY Ha pHC. 3.

Kpox 4. BukopucToByodu hopmyy (10)
BH3HAYAIOTH IUIOMTY MiJ JIAMaHOIO JIiHI€T0, KA OyIyeThCs

4acoM Yy BUIUSAL,  yHiBepCcaibHHM, OCKiNbKM HOTO MOMKHA 3aCTOCOBYBATH

JUIsT 6araToKpUTepiadbHOTO OIIHIOBAHHS SIKOCTI 00’ €KTiB
KBaJIMeTpii pi3HOI IPUPOIH.
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TPA®OAHAJIMTUYECKUA METO/I OITPEJIEJTEHUS KOMILJIEKCHOI'O
ITOKA3ATEJIAA KAYECTBA OBBEKTOB KBAJIMMETPUU

IIpenmeToM HcciIeoBaHUS B CTaThe SIBIAETCS METOJ] ONpeeTeHNs KOMILUIEKCHOTO TOKa3aTels KauecTBa OOBEKTOB KBAaIUMETPHH,
KOTOpBIE MMEIOT II0Ka3aTelM KayecTBa C PasIMYHBIMU equHUIaMK n3MmepeHus. Lleqb paboTHl — NMPEIoKUTh METOJ| ONpeeIeHHs
KOMIUTEKCHOTO TIOKa3aTelsl KayecTBa MHOTOKPHTEPHAIEHBIX 00BbEKTOB KBAJIMMETPUY, IPUMEHSSI METOIbI HHTETpUpoBaHus. B cratbe
pemraercst ciemyromas 3ajAada; MCCIeIoBaTh BO3MOXKHOCTh OIIEHMBAHUS KadecTBAa OOBEKTOB KBAIMMETPHH TIpadoaHaTUTHIECKUM
METOJIOM, TO €CTh HPUMEHHTH IPHHIMI OIpEAeNICHUs IUIOMAAN W o0beMa II0J KPHBOJMHEHHBIMU ITOBEPXHOCTAMH, KaK Ha
IUIOCKOCTH, TaK U B IIPOCTPAHCTBE, CO3JAHHBIX ITyTeM OOBEIMHEHHs OLIEHOK €IMHHYHBIX IOKa3aTeNlel KadecTBa Ha Oe3pa3MepHOM
mkane. Mcrnone3yloTcs MeToAbl: MAaTeMaTHUECKOW CTaTHUCTHKH; KBaIMMETpUH. [lodyueHbl ciemyromiue pe3yJbTaTbl: MPOBEICH
aHalINM3 HAy4HOH JUTEpaTyphl IO BOMPOCAM OLEHKU KauecTBa OOBEKTOB KBAJTMMETPUH B YAaCTU CYMIECTBYIOMIMX MaTeMaTHYECKUX
3aBHCUMOCTEH MEXIy M3MEPEHHBIM ITOKa3aTelIsM KauecTBa M MX OIEHKe Ha Oe3pasmepHoil mikaine. Ilokas3aHo, 4To, Kak HMpaBHIIO,
MaTeMaTHIEeCKHe 3aBHCHUMOCTH HMMEIOT He JIMHEHHBIH XapakTep M WX HCCIENOBAaHMS CBOMATCA K pa3padOTKe yHUBEPCAIBHBIX
METOJIMK, KOTOPbIe MOXKHO OBUIO OBl MPUMEHATh K 00bEeKTaM KBaJMMETPHUHU HE3aBUCHMO OT MX HMPHPOMBI, CIOXHOCTH, BA)KHOCTH M
npouee. Viccnenosanusl, CB3aHHbIE ¢ HEJIMHEHHBIMU 3aBUCUMOCTSIMH MEXAY U3MEPEHHBIM I10Ka3aTeIsIM KauecTBa U X OLCHKAMU Ha
Oe3pa3MepHOM IIKajge MOJDKHBI 0a3MpoBaThCS HAa HIEOJOTMH KadecTBa M MMeTh (usmueckoe oObsicHeHwe. MMes enuHMYHBIC
MOKa3aTesId KauecTBa B eAMHOM (Oe3pa3sMepHOit) IIKalle OLIEHUBAHUS, MPEUIOKEHO OMPENeNsTh eJUHBII KOMIUIEKCHBIH MOKa3aTelb
KadecTBa 00BEKTa KBAIMMETPUM C IMPUMEHEHHEM METOJ0OB MHTErpupoBaHud. lIpenoxkeHo HalTH miiomags moj JOMaHOH KpHBOM,
KOTOpasi CTPOHTCS B pe3ylbTaTe 0OBEAMHEHHs OLEHOK ITOKa3aTeslel KauecTBa Ha Oe3pa3MepHOH IIKane B TEUCHHE ONPEAEICHHOTO
BpeMeHH Ha0moaeHuid. Tak Kak BRIYMCICHHE ONPEIeICHHBIX HHTErpaioB mno ¢popmyie HeoTona-JIefiOHNIa HE BCeraa BOZMOKHO, U
4acTo, JUISl pelIeHHs] MPaKTHUSCKUX 3a/ad, JOCTATOYHO 3HATh NMPUONMKEHHOE 3HAYEHHE ONpENelIeHHOTO MHTerpaja ¢ 3aJaHHOU
CTENEHbI0 TOYHOCTHU, [OITOMY IIpeAsaraercss MPUMEHATh METOJbl YUCICHHOI'O HHTCTPUPOBAHUSA, METOABL: IPSIMOYIOJbHUKOB U
tpanenui. [IpemnoxkeHa Meroauka onpeneneHHs oOOONIEHHOro IOKa3aTelsl KauyecTBa OOBEKTa KBAJTUMETPUH, KOTOPYIO MOXHO
CYNTaTh YHUBEPCAJIBHOMN, TaK KaK €€ MOKHO IMPUMEHSTh ISl MHOTOKPUTEPHAILHOTO OIIEHHBAHUS KauecTBa OOBEKTOB KBAJIMMETPUU
pasnuyHOi mpuponsl. BeiBoawsl: [l ompeneneHHsT KOMIUIEKCHOTO IIOKa3aTels KadecTBa MHOTOKPHTEPHAIBHBIX OOBEKTOB
KBAIUMETPUM TIPEATaracTcsi NPHUMEHHTh HHTETPHPOBAHHE METOJOM CpeIHHX MPsSMOYTOJIBbHHKOB. IIpemnoskeHa MeToauka
OTIpEeNeHNs] KOMIUICKCHOTO MOKa3aTelsl KauecTBa OOBEKTa KBAIUMETPHH C NPUMEHEHHEM HWHTETPHUPOBAHMS, KOTOPAs yUHTHIBACT
MIOTy4YEeHUsI OLICHOK €AMHNYHBIX TTOKa3aTeNeil kauecTna.

KniodeBble c10Ba: 00BEKT KBAIMMETPHH; MOKA3aTeNlb KaueCTBA; MATEMaTHYECKUE 3aBHCHMOCTH; METOJ MPSMOYTOJIbHHUKOB;
METOJ1 TpamneIuii.

GRAPH ANALYTICAL METHOD FOR DETERMINING THE COMPLEX QUALITY
INDICATOR OF QUALIMETRY OBJECTS

The subject of research in the article is a method for determining a complex quality indicator of qualimetry objects that have quality
indicators with different units of measurement. The purpose of the work is proposing a method for determining a complex quality
indicator of multicriteria objects of qualimetry, using integration methods. The article solves the following task: to investigate the
possibility of assessing the quality of qualimetry objects by graph analytical method, ie to apply the principle of determining the area
and volume under curved surfaces both on the plane and in space, created by combining estimates of unit quality indicators on
dimensionless scale. The following methods are used: mathematical statistics; qualimetry. The following results were obtained: the
analysis of scientific literature on quality assessment of qualimetry objects in terms of existing mathematical relationships between the
measured quality indicators and their assessment on a dimensionless scale was carried out. It was shown that, as a rule, mathematical
dependences are nonlinear and their research is reduced to the development of universal methods that could be applied to objects of
qualimetry, regardless of their nature, complexity, importance, etc. Research that involves nonlinear relationships between measured
quality scores and their estimates on a dimensionless scale should be based on quality ideology and have a physical explanation.
Having single quality indicators in a single (dimensionless) rating scale, it is proposed to determine a single comprehensive quality
indicator of the object of qualimetry using integration methods. It is proposed to find the area under the broken curve, which is built as
a result of combining estimates of quality indicators on a dimensionless scale over a period of observations. Since the calculation of
definite integrals by the Newton-Leibniz formula is not always possible, to solve practical problems, it is enough to know the
approximate value of a certain integral with a given degree of accuracy, so it is proposed to use methods of numerical integration,
methods: rectangles and trapezoids. A method for determining a generalized indicator of the quality of the object of qualimetry, which
can be considered universal, as it can be used for multi-criteria assessment of the quality of objects of qualimetry of different nature.
Conclusions: To determine the complex quality indicator of multicriteria qualimetry objects, it is proposed to apply integration by the
method of average rectangles. The method of definition of a complex indicator of quality of object of qualimetry with application of
integration which considers receipt of estimations of unit indicators of quality is proposed.
Keywords: qualimetry object; quality indicator; mathematical dependencies; rectangle method; trapezoid method.
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ENERGY STATES OF PARTICLES IN A QUANTUM SIZED STRUCTURE WITH A
COMPLEX SHAPED BAND DIAGRAM

The subject of research in the article is the energy spectrum of a multilayer quantum sized structure with an energy profile of a
complex shape. The goal of this work is to study the interaction of quantum-confined and quasi- continuum energy states of particles
under the action of an external stationary electric field applied perpendicular to the planes of quantum confinement. The following
tasks were solved in the article: The spectrum of eigenfunctions and eigenvalues of particle energy is determined, both in the area of
the quantum confinement and in the area of the quasi-continuum. The definition of the eigenfunctions takes into account the fact that
the phase of the eigenfunctions changes due to the motion of particles over the quantum well. The following methods were used to
solve the set tasks: quantum mechanical modeling of stationary states in a structure with an energy profile of a complex shape;
methods of the theory of small perturbations for describing the interaction of particles in such a structure. The following results were
obtained: the basic calculation relations of the mathematical model of the energy states of particles and quasiparticles in quantum-
limited and quasi-continuum states were obtained within the framework of the quantum-mechanical approach. The interaction of
energy states of particles and quasiparticles in each of the bands between quantum-confined and quasi-continuum states is described
depending on the external influence. The theory of small perturbations is applied in the paper to assess the degree of interaction.
Conclusions: Analysis of the results of modeling the energy spectrum of a structure with two quantum wells, calculated for an
unperturbed state and for the case of external action in the form of a stationary electric field, leads to the following conclusions: in the
absence of an external field acting on the considered quantum well structure, electrons and holes located above the separation barrier
are characterized by a non-monotonically increasing spectrum of energy states. In this case, the particles are predominantly localized
above the quantum wells; the action of a constant external electric field on the structure under consideration leads to the manifestation
of the quantum-limited Stark effect both for solitary and for multilayer periodic quantum well structures. In this case, the
delocalization of the wave functions and the shift of the corresponding energy levels (the lowest energy levels in the structure under
consideration) is expressed as strongly as in multilayer symmetric structures. At the same time, the effect is almost invisible for the
higher levels. This is especially pronounced for the energy levels lying above the separation barrier. Thus, it can be expected that an
equidistant energy spectrum can be realized at a certain external field strength, which in turn should simplify significantly the
attainment of the second harmonic generation mode if the structure under consideration is used in the active region of a
semiconductor laser.
Keywords: energy spectrum; quantum limitation; wave function; electron; heavy hole; easy hole; quasi-continuum.

Introduction

Optical nonlinearity in superlattices becomes
pronounced when the so-called resonance condition is
satisfied, when the energy levels of the spectrum of the
system are located equidistantly and the difference in their
energies is a multiple of the photon energy of the primary
radiation. The problem of finding the limiting potential
that ensures the equidistance of several energy levels is a
complex variational problem, which, even with a fixed
form of the potential, does not have an unambiguous
solution. The potential parameters can be varied in such a
way that when the positions of the levels change, the
equidistance between them is preserved. In turn, the
variation of the parameters, without violating the
resonance conditions, strongly affects the values of the
dipole matrix elements, which in turn can lead to a
significant change in the values of the optical
characteristics of the system. Thus, by changing the
parameters of the structure, a large value of the second
harmonic generation (SHG) coefficient can be achieved.
At the same time, the maximum SHG coefficient does not
mean at all that the observed intensity of the generated
radiation at the doubled frequency will necessarily be
maximum. Indeed, in the double resonance regime, both
lasing and generated radiation can be strongly absorbed,
i.e., resonant optical transitions can lead to strong lasing at
the frequency 2w, but at the same time to strong
absorption at frequencies » and 2o [1-6].

From what has been said, in particular, it follows that

the problem of finding the conditions for optimal
generation for the second harmonic cannot be completely
solved within the framework of microscopic theory, i.e. by
revealing the parameters of a nanostructure with a
maximum SHG coefficient or a minimum value of the
absorption coefficient at a doubled frequency. The
complete  optimization theory, along with the
determination of the optical characteristics of the system,
should also consider the solutions of the equations of
macroscopic fields that determine the intensities of the
main and generated radiation at different values of the
optical characteristics of the system.

In connection with the problem of SHG radiation in
the infrared region of wavelengths due to both interband
and intersubband optical transitions, there are numerous
asymmetric low-dimensional structures with several
equidistantly spaced energy levels. Such as quantum wells
with a complex structure or simple wells located in a
built-in or external electric field. Nonlinear optical
properties of asymmetric quantum-well semiconductor
structures are applicable to heterosystems GaAs/AlGaAs,
Si/SiGe, AllnAs/GalnAs, GaN/AlGaN [5, 8-13].

Analysis of the problem and existing methods

With the development of nanoelectronics and its
semiconductor element base, researchers are paying more
and more attention to the creation of semiconductor
nanoelectronic devices for both optoelectronic and non-
optoelectronic  applications. In the production of
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nanoelectronic devices, a number of technological
problems arise: the integration of discrete nanoelectronic
devices and their simplest assemblies into standard
microelectronic  circuits  with a  well-established
technological implementation. The creation of purely
nanoelectronic circuits is still a serious problem; creation
of reliable electrical connections both between nano-sized
circuit elements and between nano- and microelectronic
components; temperature stability of nanoelectronic
elements; bringing the parameters of the newly created
nanoelectronic element base to existing standards for one
or another type of equipment, or creating new standards;
suppression of undesirable effects in the operation of a
new element base, the occurrence of which is associated
with the quantum nature of physical processes occurring
in the active regions of nanoelectronic devices, etc.

The greatest interest in the creation and
modernization of the element base of nanoelectronics is
the production of discrete elements for optoelectronic and
non-optoelectronic  applications, such as injection
semiconductor lasers and highly directional high-power
LEDs, amplifiers and modulators of optical radiation, as
well as field-effect transistors with a nanochannel,
resonant tunneling diodes, resonant-tunnel transistors,
bipolar transistors with nanoscale base. With the
development of technological methods of nanoelectronics,
special attention is paid to the creation of semiconductor
devices with superlattices [7-10].

As the main materials for the creation of
semiconductor nanoelectronic devices, double AIllIBV
compounds and their ternary and quaternary solid
solutions were most often used. The choice of this group
of materials is based on their wide use in microwave
semiconductor electronics. In the last five to six years, the
attention of researchers has been attracted by AIIBVI
semiconductor compounds and their ternary and
quaternary compounds. This group of materials was also
used to create devices for semiconductor microwave
electronics and optoelectronics, however, since this group
of materials contains a large number of volatile
compounds, the temperature instability of which manifests
itself in technologically used temperature ranges, it was
difficult to create high-quality and sharp p-n junctions
based on materials of this group. For this reason, devices
based on AIllIBV compounds, and especially AlIBVI
compounds, have not become widespread, except for
individual samples and series of devices.

With the development of epitaxial technologies, a
previously inaccessible opportunity has appeared to vary
the energy diagram of semiconductor structures both in
the width of the regions and the height of potential
barriers, and in the directions of crystal growth. It became
possible to create structures with alternating materials in a
given order with different electrophysical and
crystallographic  properties. The concept of "zone
engineering” appeared, which implies the artificial
production of materials with electrophysical properties
that do not exist in nature.

This work is devoted to the study of quasicontinuous
states that arise in multilayer quantum-dimensional
structures in the case when the internal potential barriers

are lower than the external ones, between which the
energy states of particles arise, much higher than the
ground states in individual quantum-limited regions and
also experiencing quantum confinement.

Highlighting previously unsolved parts of a common
problem. Purpose of the work

The possibility of obtaining layers with an arbitrary
profile of changing the composition made it possible to
use structures with quantum wells (QWSs) of complex
shapes to improve the characteristics of devices. Thus, to
create a new generation of resonant tunneling diodes and
heterolasers with separate electronic and optical
confinement, structures with rectangular QWs are used, in
the center of which there is an additional dip (fig. 1).

Varying the structural parameters of the double
quantum well makes it possible, at the design stage of the
structure, to "tune" the semiconductor laser or optical
amplifier to a given frequency (wavelength) of an external
source.

A change in the width of the separating barrier for a
given thickness of the entire structure and the position of
the barrier in the structure can maintain a given energy
distance between the levels within a fairly wide range.

Changing the height of the limiting barriers of the
structure allows you to plan frequency doubling in the
direction of increasing the frequency of the external
signal.

The growth of semiconductor nanostructures with
almost  arbitrary,  predetermined, structural and
compositional characteristics using modern technologies
does not pose significant difficulties. Thanks to this, at
present, it has become possible to implement low-
dimensional systems with the required properties of the
energy spectrum, as well as the degree of overlap of the
wave functions of various energy levels of dimensional
quantization. This capability, in turn, makes it possible not
only to design and create various highly efficient optical
devices with active elements based on quantum objects,
but also on the basis of appropriate calculations of the
parameters of these objects to optimize their performance.
[1,2,17].

The problem of finding the conditions for optimal
generation for the second harmonic cannot be completely
solved within the framework of microscopic theory, i.e.
revealing the parameters of the nanostructure with the
maximum SHG coefficient or the minimum value of the
absorption coefficient at the doubled frequency. The
complete  optimization theory, along with the
determination of the optical characteristics of the system,
should also consider the solutions of the equations of
macroscopic fields that determine the intensities of the
main and generated radiation at various values of the
optical characteristics of the system.

In connection with the problem of SHG radiation in
the infrared region of wavelengths caused by both
interband and intersubband optical transitions, numerous
asymmetric low-dimensional structures with several
equidistantly spaced energy levels were considered. Thus,
quantum wells with a complex structure or simple wells
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located in a built-in or external electric field were
considered [7, 8, 10, 13, 16].

The aim of this work is to study the interaction of
quantum-confined and quasicontinuum energy states of
particles under the action of an external stationary electric
field applied perpendicular to the planes of quantum

confinement.

Materials and methods

One of the most common quantum dimensional
structures with a complex energy profile is shown in
fig. 1, general view - fig. 1a, and the energy diagram is
shown in fig. 1b. Moreover, the shown structure can be
used both by itself and as part of a repeating construct - as
an element of a complex superlattice.

The structure considered in this work is based on
GaAs/AIXGal-XAs materials and is five-layer. The
materials of the first and fifth layers MI, MV, consist of
the AIXGal-XAs solid solution with the maximum
aluminum content, which provides the largest band gap in

these layers, and, as a consequence, the highest potential
barriers for carriers of both types throughout the structure.

The materials of the second and fourth layers - M I,
M 1V, on the contrary, have a minimum aluminum content
or completely consist of gallium arsenide. This ensures the
formation of rectangular quantum wells in the second and
fourth layers for carriers of both types. In the material of
the third layer - M 111, the aluminum content is higher than
in the materials of the second and fourth layers, but less
than in the materials of the first and fifth layers of the
structure. Thus, in the second, third, and fourth layers
above the potential barrier of the third layer and between
the potential barriers of the first and fifth layers, a quasi-
continuum zone is formed, since the carriers in the second
and fourth layers experience quantum confinement, their
thickness does not exceed the de Broglie wavelength, the
thickness of the separation barrier is also small since the
barrier is considered to be permeable; however, the total
distance between the barriers of the first and fifth layers,
in the general case, can approach the values of a bulk
sample [5-7].

MV | s p— BoT
MIV e
M III
///\<</////% MII -30 20 —|10 0 0 0 0ZA
N~ 1l
x 2 —
Y X

a)

b)

M | - MV - designations of materials of layers of a quantum dimensional structure; Ec and Ev are the boundaries of the conduction
and valence bands, respectively; -b, b - boundaries of the central part of the structure - the barrier above which the state of the quasi-
continuum is formed; markers "TOP" and "BOT" - the upper and lower boundaries of the quasi-continuum region for electrons in the

conduction band
Fig. 1. Five-layer structure of an asymmetric superlattice

In fig. 1b: (-b), (b) are shown boundaries of the
central part of the five-layer nanostructure, a similar
region exists for heavy and light holes in the valence band
(not shown in the figure).

The energy diagram of the structure shown in fig. 1b
was calculated based on the electrophysical parameters of
the ternary substitutional solid solution GaAs/AlXGal-
XAs given in table 1.

Table 1. Physical parameters of ternary substitutional solid solution GaAs/AIXGal-XAs

Parameter GaAs AlAs AlxGai-xAs
Eg, eV 1,424 3,018 1,424+1,247-X, 0 < X < 0,45
1,424+1,247-X+1,147-(X - 0,45),0,45 < X<1,0
* 0,067 0,124 0,067+0,057-X
mc / Mo
n 6,85 3,45 6,85 -3,4-X
72 2,1 0,68 2,1-1,42-X
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The effective masses of heavy and easy holes are
calculated according to the formulas:

* m
mhh=—0’ (1)
=27,
. m,
m =———-, 2
" 71+2'7/2 ( )

where m;h is an effective mass of a heavy hole; m|*h is an
effective mass of an easy hole; mq - free electron mass; y;
i y, - Luttinger's material constants.

The law of dispersion of the valence band of double
semiconductor compounds is approximated using
Luttinger constants.  Luttinger constants  uniquely
characterize the effective masses of heavy and light holes
near the extremes of the band diagrams of homogeneous
semiconductor materials and semiconductor compounds
constructed in the space of wave vectors (inverse lattice)
[23-25]. This approach is also applicable for triple and
quadruple solid solutions of substitution. Formulas (1) and
(2) allow us to determine the effective masses of light and
heavy holes of a triple solid solution of AlxGal-XAs
substitution. For this solid solution, the main
electrophysical parameters are given in table 1 and are
semi-empirical. The convenience of this approach allows
to consider the change of electrophysical constant
throughout the range of variation of the chemical
composition of a ternary solid solution. l.e. to take into
account the influence of the material at the transition from
layer to layer in the nanostructure. Thus, formulas (1) and
(2), as well as those given in table 1, can serve as an
acceptable basis for determining the input parameters of
the model of the nanostructure under consideration.

The determination of the energy eigenvalues and the
eigenfunctions of the carriers is carried out within the
framework of the quantum mechanical approach based on
the solution of the stationary Schrodinger equation:

HY =E-V¥. ?3)

In this paper, to solve equation (3), we used the
standard procedure for determining the eigenvalues of the
Hamilton operator using the conditions of continuity and
smoothness of the eigenfunction. The solution to equation

ch(ks-b)-cos(k, -a+gg)

(3) for the energy eigenvalues in the region below the
quasi-continuum - in the region of separation of quantum
wells (quantum confinement), is written as:

1 (arctg [ K- m, J +arctg (ks_mzj] -

2 kz-rr*l1 k, -m; (&)
ks'mz

—arctg| ———=%-th(k,-b) [-k,-(a-b)+n-7=0
kz'm3

- for even solutions,

L arctg —kz'—mi +arctg —kz'—mi -

2 k,-m, k-m,

; (5

—arctg[%-th(&-b)}—k2 (a=b)+n-z=0

<L)

- for odd solutions.
The solution to equation (3) for the energy
eigenvalues in the quasi-continuum region can be written

as:
1 arctg kl'mi +arctg kS'mi -
2 k; -m, k; -m;

. ; (6)
Kk, -m, , ,
—arctg| ——=—=-tg(k; -b) |-k; -(a—b)+n-z =0
k, -m,
- for even solutions,
1 arctg —kz'—mi +arctg —kz'—mi -
2 k,-m, k; -m,
. (1)
—arctg[ 2 i~tg(k3'-b)J—k2'-(a—b)+n~7z:0
<]

- for odd solutions.

Equations (4) - (7) are transcendental equations for
the eigenvalues of the carrier energy. The eigenfunctions
of the Hamilton operator from relation (3), the wave
functions of particles corresponding to the eigenvalues
determined by expressions (4) - (7), are given by the
relations:

Y (2)=Ag cos(ky b1 90) -exp(ky-(z+a)), —o<z<-a, (82)
xp%(z):%.%.cos(kz.z_%), _a<zs-b, @®b)

Wi (2)=Ag-ch(ks-2), -a<z<-b, @c)
T4e(z)=%~%-cos(kz-z+(pe), b<z<a, (8d)
‘Pse(z):Ag.ch(ks,.b).cos(kz-a+¢e).exp(kl.(z_a))’ A7 <o @0

cos(ky -b+gp)
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- for even solutions in the area below the separation barrier;

sh(ks-b)-sin(ky -a+g,)

¥y, (2)=-B; Sin(k, b g0) -exp(ky-(z+a)), —o<z<-a, (9a)
sh(ks-b )
\PZO(Z):B:’:'W'S”](I(Z'Z_?O)l —a<z<-b, (9b)
‘P3O(Z):Bs'5h(k3'2),—aSZS—b, (9C)
Y4o(2z)=B -Msin(k ‘Z+¢,), b<z<a (9 d)
0 Psin(kybrg) o T
sh(ks-b)-sin(k, -a+ ¢,
Wso (2)=Bs- (3sin2k2-b(+2(po) °)~exp(kl~(z—a)), a<z<+w (9e)
- for odd solutions in the region below the separation barrier.
. , cos(k3-b)-cos(k;-a+¢;
Wi (2)= A5 (ioszk§~b(+2¢é) e).exp(kl-(z+a)),—oo<z<—a, (10 a)
Yhe (2)= A3 cos (k3 -b) cos(ky-z—¢4), —a<z<-b (10 b)
22 ()= ol bagy) (V22T 0e) A= 2ED,
Wse(z)=Ag-cos(ky-z), -a<z<-b, (10¢)
cos(ksz-b
Tge(z):%-m'cos(ké~z+%’), b<z<a, (10d)
cos (k3 -b)-cos(k; -a+¢p)
Wi (2)= Ay -exp(k -(z-a)), 10
ge(z)=A o5 b+ ) exp(k; -(z—a)), a<z<+oo (10€)
- for even solutions in the field of the separation barrier;
sin(kg-b)-sin (ks -a+g¢p)
! —_B.. . Ky - , -a, 11
lO(Z) 3 Sln(kéb-i-(/)é) exp( 1 (Z+a)) —©o<z<-a (11 a)
sin(kz-b o ,
‘P'ZO(Z):Bé~m~sm(k2-z—%), —a<z<-b, (11b)
W5 (z)=Bj-sin(k3-z), -a<z<-b, (11c)
Wy (2) =By — D) i) bez<a (11d)
0 T in(ky brgg) 2 TR AR
) , sin(k3-b)-sin(k; -a+¢;
Wi (2) = By- (iin()ké-b(:goé) 0)-exp(k1-(z—a)),a<z<+oo (11e)
- for odd solutions in the field of the separation barrier.
Here
(pezl- arctg kl—mi +arctg k5_mi +
4 k2'm1 kz'm5
(12)

+1~[arctg [— ks il th (kg -b)]—kz -(a+b)]+n~7z

kz'm3

N
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- phase of the wave function for even solutions in the region below the separation barrier,

%23' arctg _k2~mi +arctg —kz'—mfj n
4 ky -my ks -mp

+%{arctg {kz'—mf«th(ks ~b)J—k2 ~(a—b)J+n~7r

k3 -my

(13)

- phase of the wave function for odd solutions in the region below the separation barrier,

o, = 1 [arctg [kl—mij +arctg (kf’—miﬂ +
4 ks -my ks -mg

+%.[arctg [— k?-mz tg (k3 .b)J—ké .(a+b)J+n.7z

k2 'm;

(14)

- phase of the wave function for even solutions in the region of the separation barrier,

oy = 1~[arctg {— K2 il ]+ arctg [—I(Z—rTEN+
4 ky -my ks -mj

+%{arctg{t€ ms g (k3 .b)]—ké .(a—b)}+n.n

(15)

3 My

- phase of the wave function for odd solutions in the region of the separation barrier.

Expressions (12) - (15) were obtained taking into account relations (4) - (7). The dash in expressions (6), (7), (10),
(11), (14) and (15) denotes that the expression belongs to the description of the solution in the region of the separation
barrier.

The amplitude coefficients of the wave function in expressions (8) - (11) are determined by the relations:

1

AG:\/|A1+|A2+|A3+|A4+|A5' ues
where

2 2

IA&:ch (k3-b)-<;05 (kz-a+g,) (16 b)
2-ky -cos” (kp -b+gp)
A — ch? (k3 -b) ,[a—bJr 1 .sin(kz.(a—b))~cos(k2~(a+b)+2-(/>e)], (16 ¢)
cos® (ko -b+pe) L 2 2k

_sh?(2-ks-b)

IAS_T+b, (16 d)

h2 (K, - _
ch (k3 -b) .{ab+1

- o (ko brgg) | 2 2k, -sin(ky - (a—b))-cos(k; .(a+b)+2.(pe)], (16 ¢)

~ ch? (kg -b)-cos? (k, -a+g,)

1A (16)
2-ky -cos? (ka b+ )
- for even solutions in the area below the separation barrier;
Bs = !
1By +1By + 1B3 + 1B + IBg (17 2)

where
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_sh®(k3-b)-sin? (ky-a+g,)

(17 b)
2k sin? (ky -b+g, )
sh” (ks -b) (a—b : ]
1B, = : - -sin(k, -(a—b))-cos(k, -(a+b)+2- , (17¢c)
2 sinZ(ky brge) L 2 2Kk (kz+(a=b))-cos(kz -(a+b)+2-¢)
h?(2-ks-
|53=M—b, 174)
2-kg
Shz(ki%'b) (a—b . j
1By = : - -sin(k, -(a—b))-cos(k, -(a+b)+2- , (17 ¢)
Y sinZ(ky brge) L 2 27Kk (kz-(a=b))-cos(kz(a+b)+2-¢,)
2 . .Sj 2 .
IBS=Sh (k3-b)-sin®(ky -a+@,) 179

- for odd solutions in the region below the separation
barrier.

A feature of the presented solution is the presence of
a phase term that takes into account the effect of multiple
reflection processes of the wave function at the "barrier -
well™ and "well - barrier" boundaries in the region above
the separation barrier.

1.0 T I
bl al
: ; n=7

Ec|/ n'=

n=6

2-ky -sin? (ky b+,
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Mathematical modeling of the energy states of
carriers and the corresponding wave functions, both in
stationary and in perturbed states, are shown in figs. 2 and
3 respectively. The energy eigenvalues for electrons in the
conduction band are shown in fig. 2(a). In fig. 2(b), the
eigenfunctions of electrons in a stationary state are shown.
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Fig. 2. Energy eigenvalues and eigenfunctions of the Hamilton operator for electrons in the conduction band

Energy states of carriers under the action of an
external constant electric field. When a quantum-
dimensional structure with an energy profile of a complex
external electric field is exposed, the state of particles in
the region above the separation barrier undergoes
significant changes caused, on the one hand, by the action
of the external field strength, and on the other, by the
presence of additional potential energy in particles in this
region. In addition, particles located above the separation
barrier interact with particles located in quantum wells

under the action of an external field. The changes caused
in the structure by an external electric field can be
relatively easily traced using the second approximation of
perturbation theory. Figs. 3(a) and 3(b), respectively,
show the eigenvalues of the energy and distribution
density of the probability of finding electrons in the
conduction band, calculated for the case of the action of
an external stationary electric field. Fig. 3(a), for
comparison, shows the unperturbed energy states of
electrons by dashed lines.
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Fig. 3. Effect of an external electric field on the states of carriers
Conclusions and prospects for further development of energy states. In this case, the particles are

Modeling the spectrum of energy eigenvalues and
carrier eigenfunctions in a quantum dimensional structure
with an energy profile of a complex shape reveals a
number of essential regularities. A quantum dimensional
structure consisting of two quantum wells separated by a
barrier, nevertheless, is a single structure. Since the
external barriers are energetically higher than the
separation one, the space above the separation barrier and
adjacent quantum wells is a separate quantum-limited
region.

Analysis of the results of modeling the energy
spectrum of a structure with two quantum wells,
calculated for the unperturbed state (fig. 2), and for the
case of an external action in the form of a stationary
electric field (fig. 3), leads to the following conclusions:

- in the absence of an external field acting on the
considered quantum dimensional structure, the electrons
and holes located above the separation barrier are
characterized by a nonmonotonically increasing spectrum
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EHEPTETAUYHI CTAHU YACTUHOK Y KBAHTOBII PO3MIPHI CTPYKTYPI I3
30HHOIO JIATPAMOIO CKJAJTHOI ®OPMU

IIpeameTom nociiJ)KeHHs B CTATTI € €HEPreTHYHHUI CIeKTp OaraTomapoBoi KBaHTOBOI PO3MIPHOI CTPYKTYPHU 3 €HEPreTUYHUM mpodiiem
ckiagHol ¢hopmu. MeTa poboTH - JOCIHIIKEHHS B3a€EMO/IiT KBAHTOBO-O0MEKEHHX 1 KBa3iKOHTIHYYMHHX €HEPreTUYHUX CTaHIB YaCTHHOK i
JIIE0 30BHIIIHBOTO CTALIOHAPHOTO EIEKTPUYHOTO IOJIsl, MPHUKIAJCHOr0 MEPICHIUKYISPHO /0 IUIOMIMH KBAaHTOBOTO OOMEXEHHs. Y CTaTTi
BHPILIYIOTBCS HACTYIHI 3aBJAaHHsA: Bu3Ha4ueHO CHeKTp BiacHUX (PYHKIIH 1 BlIacCHUX 3HAa4€Hb €HEPrii YaCTHHOK, SK B 00JIaCTI KBAHTOBOTO
00OMEXEeHHs, TaK 1 B 00J1acTi, siKa 3HAXOAUTHCS BUIIIE PO3LIIOBAaIBHOTO Oap'epy. Y BH3HAUCHHI BIACHUX (YHKII BpaXoBYeThCs (akT 3MiHH
¢ba3u BnacHuX (yHKIH BHACTIZOK PyXy YaCTHHOK Haj KBaHTOBOI siMO0. JIJis BHpIIICHHS MOCTABJICHUX 3aBJaHb, B CTATTi, BUKOPHCTaHI
HACTYIIHI METO/M: KBaHTOBO-MEXaHIYHE MOJCIIOBAHHS CTAIliOHAPHUX CTAHIB B CTPYKTYpi 3 CHEpPreTHYHHM npodineM CkIamgHOI hopMmu;
MeTOH Teopil Manux 30ypeHb i1 OIHCY B3a€MOAIl YACTHHOK B Takiil cTpykTypi. OTpuMaHi HaCTyIHI Pe3yJbTATH: B paMKaxX KBaHTOBO-
MEXaHIYHOTO IiJXOJy OTPUMAaHI OCHOBHI PO3PAaxyHKOBi CIBBiIHONICHHS MATEMAaTHYHOI MOJENi CHEPreTHYHHMX CTaHIB YacTHHOK 1
KBa314aCTHHOK B KBAaHTOBO-OOMEXEHHX i KBa3iKOHTIHYYMHHUX CTaHaX. B3aeMo[iisi eHepreTHIHUX CTaHIB YaCTHHOK i KBa314aCTUHOK B KOXKHIH
i3 30H MK KBaHTOBO-OOMEXEHHUMH i KBa3IKOHTIHYyMHHUMH CTaHAMH OMKCYEThCS B 3aJIKHOCTI BiJl 30BHILNIHBOrO BIUIMBY. JlJsi OI{HKH
CTyIICHS B3a€MOJIl B CTAaTTi 3aCTOCOBAaHA TEOpis MalNX 30ypeHb. BHCHOBKHU: AHaili3 pe3yJbTaTiB MOJENIOBAHHS CHEPIreTHYHOIO CIEKTPY
CTPYKTYPH 3 JBOMa KBAaHTOBMMH SIMaMH, PO3PAaXxOBaHOro, JUisi HE30ypeHOro CTaHy, 1 /Ul BHIIQJKY 30BHILIHBOTO BIUIMBY Y BHIVIAIL
CTalliOHAPHOTO EJICKTPHYHOTO IIOJIS, HPU3BOAUTH O HACTYIHUX BHCHOBKIB: 3a BiJICyTHOCTI 30BHIIIHBOIO IOJSA, IO Ji€ HA PO3LIIIHYTY
KBaHTOBY PO3MIpHY CTPYKTYpY, CICKTPOHH 1 AIpKH, IO 3HAXOIAThCS HAJ PO3NUTIOBAIBHHM 0ap'epoM, XapaKTepH3YIOThCS HEMOHOTOHHO
3pOCTAI0OYMM CHEKTPOM €HEePreTHYHUX cTaHiB. [Ipy 1IbOMy YaCTHHKHU MEpeBa)KHO JIOKAII3YIOTCS HAJl KBAHTOBUMHU SIMaMM; TaK CaMo, SIK 1 JUIs
BiJTOKPEMJICHHX, TakK 1 Ui 0AraToIapoBHX MEPIOJUYHUX KBAHTOBHX PO3MIPHUX CTPYKTYD, BIUIHB MOCTIHHOTO 30BHILIHBOTO €ICKTPHYHOTO
HOJISL Ha PO3IVIIHYTY CTPYKTYPY NpPU3BOIMTH N0 IPOSBY KBaHTOBO-0OMexeHoro edekry Illrtapka. Ilpm mpoMy nenokaiisarlis XBHIbOBUX
GyHKI# 1 3MIlIEHHS BiINOBIIHUX €HEPTETHYHUX PIBHIB - HIDKYUX €HEPTETUYHUX PIBHIB B JaHIil CTPYKTYpi, BUpaXXEHA TAKOXK CHIIBHO, 5K B
baraTomapoBuX CHMETPHUYHHUX CTPYKTypax. Y TOW K€ 4Yac Uil BHIMX PiBHIB ehekT Maibke HemoMiTHHN. OCOOIMBO 1€ BUPa)XEHO ISt
€HEepreTHYHUX PIiBHIB, IO JIEXKaTh BHUIIE PO3ALIIOBAIbHOrO Oap'epy; TakuM 4MHOM, MOMKHA OYIKyBaTH, IO NPH IEBHIH HaNpy>KEHOCTI
30BHIIIHBOTO HOJISI MOXKE OYTH pealli3oBaHUii CKBIMMCTAHTHUN CHEPIeTUYHUN CIIEKTP, 10 B CBOIO YEPTy Ma€ CYTTEBO CIPOCTUTH JIOCATHEHHS
PpeXuUMy TeHepallil Jpyroi rapMOHIKH, SIKIIO0 BUKOPUCTOBYBATH PO3TJISHYTY CTPYKTYpPY B aKTHBHI# 00J1acTi HAIIBIPOBIHUKOBOTO J1a3epa.

KimiouoBi ciioBa: eHepreTHuHui CIEKTP; KBAHTOBE OOMEKEHHS; XBHIIbOBA (YHKINis; €JEKTPOH; BakKKa JipKa; Jierka Jipka;
KBa31KOHTIHYYM.

SHEPTETUYECKUE COCTOSIHUS YACTHUL B KBAHTOBOM PABMEPHOM
CTPYKTYPE C 30HHOM JMATPAMMOM CJIOKHOM ®OPMbI

IIpenmerom wuccrnenoBaHUs B CTAaThe SBISICTCS OHEPreTHYECKHIl CIEKTP MHOTOCIONHON KBAaHTOBOW pa3MEpHON CTPYKTYpBI C
sHepreTuyeckum mpodumiem ciaoxHoi ¢Gopmer. Ileab paboTel — HcciemoBaHWE B3aMMOJCWUCTBHS KBAaHTOBO-OTPAHUYCHHBIX W
KBa3MKOHTHHYYMHBIX YHEPIeTHUECKUX COCTOSIHUI YaCTHII [O]] ICHCTBHEM BHEIIIHETO CTAL[HOHAPHOTO AJIEKTPHUYECKOTO OIS, IPHI0KEHHOTO
MIEPICHNKYJSIPHO TUIOCKOCTSIM KBaHTOBOTO OrpaHWYeHUs. B crathe pemarorcs ciemyromue 3agadm: OmnpeneneH CHEeKTp COOCTBEHHBIX
(GyHKIMIA ¥ COOCTBEHHBIX 3HAUCHHI SHEPTMH YACTHIl, KaK B 00JACTH KBAHTOBOTO OTPAHUYCHHUS, TAK U B 00OJACTH KBa3HKOHTHHyyma. B
OMpe/ICNICHUH COOCTBEHHBIX (DYHKIMH YYUTHIBAcTCS (DaKT U3MEHEHHs (pa3bl COOCTBEHHBIX (YHKLHMH BCIEIACTBHE JIBMKEHHS YaCTHI[ HaJ
KBaHTOBOW siMOi. Jls pelieHus TIOCTABICHHBIX 3aJad B CTaThe WCIOJB30BAHBI CICAYIONIME METOMABI: KBaHTOBO-MEXaHHUYECKOS
MOJICITUPOBAHKE CTAIHOHAPHBIX COCTOSIHUMI B CTPYKType C DSHEPreTHYECKUM MpOQHIEM CIOXKHOW (DOPMBI, METOABI TEOPHH MaJIbIX
BO3MYLICHHUH Ul ONHCAHHS B3aMMOICHCTBHS YaCTHIl B Takod cTpykType. IlodydeHsl ciemyroue pe3yJabTaTbl: B paMKax KBaHTOBO-
MEXaHMYECKOTO IMOXO0/a TOJIyYeHbl OCHOBHBIC PACUCTHBIC COOTHOIICHHS MATEeMAaTHYECKOW MOJEIH YHEPTeTHUYECKUX COCTOSHHUN YaCTHI|
KBa3U4YacTHI] B KBaHTOBO-OIPAaHMYEHHBIX M KBa3WKOHTHHYYMHBIX COCTOSHHSX. B3auMojeiicTBHE IHEPreTHYECKUX COCTOSIHMN YacTHI[ U
KBa3WYACTHI[ B KAXIOU M3 30H MKy KBAHTOBO-OTPAHUYCHHBIMU M KBA3UKOHTHHYYMHBIMH COCTOSTHHSIMH ONHCHIBACTCS B 3aBHCHMOCTH OT
BHEIHEero Bo3/eiicTBust. JIIsl OIEHKM CTENEeHH B3aMMOJCWCTBHS B CTaThe NMPUMEHEHA TEOPHs MalbiX BO3MylleHHi. BhIBOABI: AHamm3
pe3yIbTaTOB MOJACTUPOBAHHUS SHEPTETHUECKOTO CIEKTPAa CTPYKTYPHI C JBYMsI KBAHTOBBIMH SIMAMH, PACCUUTAHHOTO, JJIsI HEBO3MYIICHHOTO
COCTOSIHHS, ¥ JJIsl CTydasl BHEITHETO BO3JCHCTBUS B BHAC CTAI[MOHAPHOTO 3JEKTPUYECKOTO IOJS, MPUBOAMUT K CIEAYIOIMM BBIBOJAM: B
OTCYTCTBHH BHEILIHETO T0JIs, ACHCTBYIOLIEr0 HAa PACCMAaTPHBACMYIO KBAHTOBYIO pa3MEPHYIO CTPYKTYPY, JIEKTPOHBI M JIBIPKH, HAXOISILIIHAECS
HaJ pa3’eiuTeIbHBIM OaphepoM, XapaKTepH3YIOTCS HEMOHOTOHHO BO3PACTAOLIMM CIIEKTPOM JHEPreTHYECKHX cocTosHuH. [lpm sToMm
YaCTHIBl TPEUMYIIECTBEHHO JIOKATM3YIOTCS HaJ KBAHTOBBIMH SIMaMH; TaK k€, KaK W ISl YEAWHEHHBIX, TaK M s MHOTOCIOWHBIX
MEPHOIMYECKIX KBAHTOBBIX Pa3MEPHBIX CTPYKTYp, BO3IEHCTBHE MOCTOSHHOTO BHEHIHETO 3JIEKTPHYECKOrO MOJII HA PaccMaTpUBAEMYIO
CTPYKTYpY NPHBOJMT K IPOSBICHUIO KBaHTOBO-OrpanumdeHHoro 3¢dekra Illrapka. Ilpu 3TOM AenoKanu3amus BOJHOBBIX (GYHKLIHHA U
CMEII[CHAE COOTBETCTBYIOIINX SHEPTETUYECKUX YPOBHEH — HU3IINX SHEPreTHYCCKUX YPOBHEH B paccMaTpUBAEMOW CTPYKTYpe, BBIpaKeHa
TaKKe CHJIBHO, KAK B MHOTOCJIOMHBIX CHMMETPHYHBIX CTPYKTypax. B TO e Bpems Juisl BBIIENEKAIINX YPOBHEH d(PEKT MOuTH He3aMEeTEH.
OC00EHHO 3TO BBIPAXKEHO JUIS YHEPIeTUUECKUX YPOBHEH, JIe)KALUX BBIIIE pa3/ieiuTeNIbHOTO Oapbepa. Takum 00pa3oM, MOXKHO OKHIATh, YTO
[IPU  ONpE/IeTICHHON HANPSDKEHHOCTH BHEIIHETO TI0JISi MOXET OBITh peali30BaH J3KBHUAMCTAHTHBIN JHEPreTHYECKHH CIIEKTp, Y4TO B CBOIO
ouepelb JODKHO CYHIECTBEHHO YNPOCTHTh JOCTIIKEHHSI PEXKHUMa TeHEepalMd BTOPOM T'apMOHMKH, €CJIM HCIOJb30BaTh PACCMOTPEHHYIO
CTPYKTYpY B aKTUBHOMU 00JIACTH MOIYIPOBOAHHKOBOTO JIa3epa.

KawueBble €j10Ba: dHEpreTHYeCKUil CIEKTp; KBAHTOBOE OrPaHMYEHHE; BOJHOBAs (DYHKIHMS, DJIEKTPOH; TSKENas JAbIPKa; JerKast
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