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A. BAKUROVA, M. PASICHNYK, E. TERESCHENKO

FUZZY MODELING OF VERBAL INFORMATION FOR PRODUCTION SYSTEMS

The subject of the article's research is the formalization of unstructured or semistructured verbal information for a fuzzy production
system. The purpose of the work is to develop a method of constructing membership functions for fuzzy sets of terms of a linguistic
variable that will allow formalizing unstructured or semistructured verbal information for fuzzy production systems. The following
tasks are solved in the article: to develop a method of constructing the membership functions to determine the sequence of stages: the
stage of modeling verbal information in the form of digraphs, the stage of constructing the order relation on the elements of this
model, the step of determining a linguistic variable based on the created model, and determining the functions of fuzzy sets of
linguistic terms variable. Methods are used: graph theory, mathematical induction, fuzzy modeling. Results obtained: a method for
constructing the membership function of linguistic variables that formalizes unstructured or semi-structured qualitative information
for fuzzy production systems is developed. For this purpose, the process of constructing the membership function has been broken
down into stages. The implementation of the first stage requires the creation of a model of unstructured or semistructured verbal
information. Three models of information based on oriented trees are considered with increasing complexity. A model based on an
acyclic oriented graph is considered as a generalization. Such a model is the basis for processing information that has a structure of
greater complexity. The second stage provides a theoretical basis for constructing the order relation for the elements of the models
under consideration. For the implementation of the third stage, a method of identifying the order elements on the basis of the
positional system is proposed. Based on the ID of each ordered element, functions of fuzzy sets of terms of a linguistic variable are
constructed. Appropriate procedures have been developed to implement the steps. Conclusions: application of the method will allow
automating the assignment of vectors of input and output information, to automate the formation of fuzzy sets of terms of the
corresponding linguistic variables, will allow to build fuzzy products as a knowledge base of a fuzzy production system, and to train
such a system.
Keywords: membership function; ratio of order; linguistic variable.

Introduction sense, input is given to the input Input, which should

influence the output Output. At the stage of system
design System, it is necessary to decide on the model of
data representation, extraction and structuring of
knowledge and creation of knowledge bases that form the

core of the system.
The knowledge base requires the use of expertise for

Under uncertainty, when the decision-maker (DM)
has less information than is appropriate for decision-
making, the use of a product system can reduce the cost of
resources. Uncertainty in solving problems has a different
nature. This may be unreliability, lack, and inaccuracy,
fundamental impossibility of obtaining additional . . O )
information, insufficient qualification of the person direct use in Ioglqal mfergnce to con_struct mferenpes: In
charged with the responsibility for making a decision, the general, the input information Input is verbal, qualitative,
need to make a decision in the conditions of limited nonmetric, unstructured, or poorly structured. This
resources of time, money, and executors. The production  information may contain a description of the phenomenon,
system contains expert knowledge, the application of  Object, process. It is necessary to distinguish such
which can partially or completely eliminate uncertainty. ~ information about one or more attributes, properties of
Knowledge - these are the laws of the subject area, which ~ these phenomena, objects or processes that are significant
are identified expertly in the course of professional in the sense of influencing the output Output. Output
practical activity and such that allow you to solve results Output contain information about possible
problems in a particular field. The main modules of the  jernative solutions, meaning this information can be
production system are: a da}tabase that stores known fa_cts considered more structured.
about the state of the subject area; a set of production A fuzzy measure is a quantification of linguistic
rules; product interpreter. (verbal) ambiguity related to the peculiarities of human

In the context of semistructured or unstructured thinking [4].
information, a verbal, qualitative description of the most
important elements whose quantitative dependencies are
difficult to identify must be used to make a decision. The
use of fuzzy output systems allows combining fuzzy
inputs with logic based on fuzzy production rules, in
which terms and conditions are formulated in terms of
fuzzy linguistic expressions. [1, 2, 3].

When applying fuzzy mathematics methods, one of
the traditional problems is to construct membership
functions of fuzzy sets corresponding to a particular
problem [5]. The problem is that the membership function
is defined outside the theory of fuzzy sets (in metatheory),
that is, the correctness of construction cannot be verified
by the methods of theory, and can only be verified after
solving the problem. A positive consequence of the

Analysis of recent research and publications problem is that the definition of a fuzzy set does not limit

the choice of the type of membership function. The

Formally, the production system Systemdisplays  methods are currently divided into two groups, direct and
System: Input — Output where, in the most general indirect. Work [3] systematically outlines various
approaches and methods for constructing membership

© A. Bakurova, M. Pasichnyk, E. Tereschenko, 2019
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functions. Examples of constructing membership
functions for metric quantities are carefully presented.
The theory of fuzzy sets has a wealth of experience in
constructing membership functions depending on the
context of the problems. Achievements in fuzzy and fuzzy
modeling and control of systems are considered in [6]. For
example, self-organizing systems on metric input and
output values. In work [7], problems of the use of fuzzy
modeling in control of dynamic systems are considered. In
study [8], a hybrid model of site selection in Vilnius was
constructed. The hybrid approach has combined the
multi-criteria selection problem based on a convolution of
criteria with a fuzzy hierarchical synthesis of the weights
of individual criteria. The membership functions were
selected triangular with expertly defined parameters.
Direct methods are commonly used for measurable
concepts, or when there are polar meanings, but such
methods have a significant share of subjectivity. The
determination of the intensity of a particular property of
an object is due to its nature. The difficulty lies in the
inaccurate measurement of intensity, the fundamental
impossibility of using a measuring instrument, due to the
individual peculiarities of expert perception [9, 10]. In the
case of immeasurable concepts, indirect methods are used
to construct the membership functions. In this case, the
original expert information is further processed. An
example of such processing is the procedure for
normalizing various features. In [11], a method of
normalization of term sets was proposed for modeling of
operational risk factors, which allowed the construction of
membership functions for different input variables in
uniform coordinates. In [12], a method for solving
multicriteria estimation of the optimality of medical
institution schedules was proposed, based on fuzzy
modeling. Triangular membership functions were expertly
defined and had metrics on the abscissa. Similar problems
are solved by qualimetric methods in utility theory, when
constructing psychological and pedagogical assessments
[13, 14]. A classic method is the pairwise comparisons of
Saati [15, 16]. In [17], the authors of this article
constructed a system of fuzzy inference to support court
decisions. For the product system, the input variable is
information about the person responsible, aggravating and
mitigating circumstances. The identity of the perpetrator is
verbal, qualitative, non-metric, poorly structured
information. The application of known methods of
constructing the membership function [3] proved to be
ineffective. There was a need to develop a method of
modeling such information.

For ordering methods in theory (in particular in
[18]), general rules for constructing membership functions
are formulated. One of them is the definition of a
universal set on the principle of natural ordering.

So, when developing new methods for constructing
membership functions, we pursue two goals: analytic
representation of functions and minimizing the cost of
computing resources.

The work was carried out as the part of the research
work "Mathematical modeling of socio-economic
processes and systems", the registration number
DB05038, at the Department of System Analysis and

Computational Mathematics of Zaporizhzhya National
Technical University.

Highlighting previously unresolved parts of a common
problem

When creating a method of plotting a membership
function w(x) for nonmetric information Input, it is

necessary to solve the problem with the abscissa scale and
the general appearance of the function. The abscissa
shows the measurement scale xe X to be constructed
according to the internal nature of the information Input .

The choice of the general appearance of the membership
function g(x) and the method of its construction must

also be determined according to the requirements of
continuity, differentiation, monotony of the function.

The purpose of the study is to develop a method of
constructing membership functions for fuzzy sets of terms
of a linguistic variable that will allow formalizing
unstructured or semistructured verbal information for
fuzzy production systems.

Results of the studies and their discussion

In the case of a fuzzy output production
system System , the variables describing the input Input
must be represented as linguistic variables [2, 3]. The
source information Output can look like both a clear and
a linguistic variable. Traditionally, linguistic and fuzzy
variables have the following definitions [4].

Definition 1. A linguistic variable o is a

tuple (., T, X,G,S), where a — the name of a linguistic

variable, T —atermset T={t} z =ﬁ where each

term t, is a fuzzy variable, X — a universal set of basic

values (an area in which the values of a linguistic variable
are defined), G — a syntactic procedure for the formation
of new values of a linguistic variable, S — a procedure
that allows the content of new linguistic variable values
that are formed by the procedure G to be content by
constructing a fuzzy set.

Definition 2. A fuzzy variable t is a tuple v, where t
— the name of a fuzzy variable, X, — the scope of a fuzzy

variable, (X, z(x))—afuzzy setat X, .

In order to build a measurement scale xe X , it is
necessary to determine the internal nature of the
Input information and its processing methods. To reflect

the internal structure of Input information, we build its

model.
Assume that the information Input is verbal and

contains a description of a specific feature «
characterized by a plurality of features P .

Let us consider in detail the steps of the method of
constructing membership functions for fuzzy sets of terms
of a linguistic variable.

The first stage is the modeling of verbal information
in the form of digraphs.
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The apparatus of graph theory was chosen for
modeling as having the highest clarity [19]. A digraph
D= (V,E) is a set of ordered

pairs E ={(v;,v,)|v;,v; €V,i,j=L)V[}. Oriented Tree

(Ortree) is an acyclic digraph H in which only one vertex
has zero half-degree of input, and all other vertices have
half-degree of input one. The zero-entry vertex is the root
of the tree; the zero-exit vertex is the leaves. The path
between root and leaf is a branch. The length of the largest
branch of the order is its height. The distance from the
root to the top determines its level. The root has a level of
zero. Tops of one level form a tier of a tree.

a)
Fig. 1. Input data model of Input type a) "Ortree with height one", b) "Ortree with height two"

In the second variant we will consider the model
"Ortree with height two" (fig. 1b).
Assume that the variable o is characterized by

n nonmetric signs P, i=1n forming a set P,|P|=n.

Each trait P can take k;, values pij,j:L_ki. Each

branch of the Ortree H, defines a specific sign P, i =1n.

The peaks corresponding to the features P ,i =1n form
the first tier. The second tier consists of the leaves of the

a)

Consider cases where the input information

Input can be represented by an Ortree H .
In the first variant, consider the model "Ortree H,

with height one™.

Assume that an object is characterized by a non-
metric attribute that can take values. In this case, the
model of qualitative information is the Ortree H, (fig. 1
a)). The first tier is formed by the leaves of the Ortree H,,

which are variants of the values p,; of the attribute P, .

Ortree H,, which are possible values p; of the trait P,
(fig. 1b).

The third variant is an Ortree in which the leaves are
on different tiers (fig. 2). Let's call this model "general
Ortree H,". The Ortree is a subset of acyclic graphs [20].
Therefore, the fourth consider the option of presenting
information with an acyclic graph H, .

=
2.1
=3
=}
b

)

Fig. 2. Model of input data Input a) "general Ortree", b) acyclic graph H,
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The second step of the method is to construct the
relation of the order on the set X .

Without losing the generality, let's say that
information Input can be formalized by a single linguistic
variable @ that is fed to the input of a fuzzy production
system System. Let's agree that a linguistic variable is

named after an object «, and, by definition 1, we fix a
term set T ={t},z=1[T| in the tuple(a,T,X,G,S),
where each term t, is a fuzzy variable with a scope X, .
Assume as a universal set of basic values the set
X =X, =...= X, . The most common variant of term-set
formation T is the introduction of terms that are ordered
in some relation of order p:<T,< > [21]. The term of
the plurality T is a fuzzy variable t, for which a
membership function g, (x) must be constructed in the
definition area X . The membership function is a cross-
section of the order p of X.

We take as the domain of definition of fuzzy
variables of term-set T the set X defined by Cartesian
product of nonmetric features

X =R xP,x..xP,,|X|= Hk

X :{xS

is discrete. To display it on the abscissa it is natural to
offer a nominal scale. The nominal scale permits one-to-
one transformations that maintain the equivalence relation
and the arbitrary arrangement of discrete elements x, € X
on the abscissa axis. The arbitrary positioning of the value
X, on the abscissa does not allow the construction of

membership functions wu(x ) with preset properties.
To plot the membership functions gz, (x,),

z:ﬁ it is necessary to define a mapping X - M

where M ={y,} is the set of term t, membership

functions. This mapping must meet two requirements: 1)
correct reproduction of the binary order relation p:
and 2) fulfillment of conditions of
monotonicity of the membership functions 4, (x,). The
binary order relation is antireflective and transitive.

To fulfill the first requirement, let us turn to the
isotonic mapping, since it has the property of maintaining
the order relation [21]. Determine the isotonic
mapping F : T — X . It is known that an inverse mapping
to an order mapping is also an order [21]. That is,
display F*: X —T is an order.

To fulfill the second requirement, we define an
isotonic mapping W:T — M with which you can set the
required properties of the membership function. The
result is an order on many membership functions
<M,< >.

It is known that the composition of two orders is also
an order. We build a composition of two
ordersoF*: X > M.

X, = (Pugy Pajggren Py WLS Iy <K :1,_n} . The set X

<T,< >

So, in order to plot the membership function of terms
of a linguistic variable «, it is necessary to order the

set X, for which mappings F and F™ is defined. Next,
arrange the set M, which determine the mapping V.

After that, perform the composition ¥oF™, that is, to
build graphs z,(x),z=1[T]|.

Consider the theoretical basis of the ordering of the
set X.

It is necessary to decide on such representation of the
set of values of the signs of the set P, which are fixed by
the vector x,, which would allow us to construct isotonic

mappings F and F™, that is, to determine the order on
theset X:< X,< >.

Here is information about ordered sets.

Definition 3. A strict ordering graph L is an acyclic,
transitive digraph with single arcs [20].

For the set of elements that are the leaves of the
Ortree T, we construct a graph L=(V ,E). The
intersection of graphs TN L=(V,_,&) is an edgeless
graph. The arcs of the set E,_ of graph L denote the
ratio of the dominance of the set of vertices V, .

We construct a graph L= (V,,E ) for three models
"ortree H, with height one", "ortree H, with height
two", "ortree H, of general type".

For the model "ortree H, with height one" (fig. 1)
we construct a graph L' =({p,,},E'.) , j =1k, . At graph
L= {p.,;} E') ,j=Lk, the set of vertices is the set of
vertices of the first tier of the Ortree H,. We define the
order by ratio p on the set of attribute
values<{p,;}, <>, j=Lk (fig.3 a)). The set of arcs
reproduces the order on the set {p,;}, j=1k according
to the ratio <{p,;}, <>. We place identifiers of values
of a sign {p,;},j=Lk on the abscissa axis of the
membership function graph (x) according to a certain
ratio of order <{p,;}, <>.

For the model "ortree H, with height two" (fig.1b),
first, let us define the order by ratio p on the set of
signs<{R}, <>, i=1n. Strict order
graph L2* = {P},E**.), i=1n for this model is shown
in fig. 3 b). Second, we define the order by the ratio p of
the multiple values for each trait <{p,;}, <>, where

i=1n, j :1,_ki . We construct n
graphs L =({p, }1E** ) i=1n, j=1k (fig. 3 c)).
Fig. 3 ¢) shows incomparability in the ratio p to the

values of features P, and P,,VX,z =1,n, x=z. Third,

we perform an operation on the orders of "sum" L>?
i=1
and to determine the relation of the order p formulate.
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Fig. 3. a) Strict order graph L*, b) Strict order graph L?*, ¢) n Strict order graphs L2, i =1,n, d) Strict order graph L?

Rule 1: we will assume that p;; <p,,, SO p,,
P, if 1) or to the

<{p,;}, <>, where i=Ln,j=Lk for i=x values

dominates according ratio

P, P P <P, dominate; 2) or according to the ratio
<{P}, <>,i=1n attribute P, dominates attribute P,
and a certain values p,; and p,  of these features are

px,y .

Applying Rule 1, we construct the graph of fig. 3 c.
The method of construction is obvious.
Statement 1. Constructed by rule 1, the set of

feature values {p,;}, i=Ln, j=L1k is a strict

j=1k,. A constructed

incomparable: p, |

order<{p, }, <>, i=1n,
LZZ(VZLVEZL)
<{p,;} <>,i=1n, =1k .

Statement 2. Cartesian
orders

<fp,;} <>x<{p,} =<>x.<{p;} <>x.x<{p,} <>
,iz]],jzl,ki when applying rule 1 (paragraph 2),

graph is a graph of strict order

product of

forms on the plural
X :{xs X, = (Puygy s Pajgprees Py WL S Jg <K, =L_n} the
strict order ratio < X, <>.

Proof

1.In case n=1 vector Xx =(p,,) is one-
component. On the set of wvalues of the trait

<{p,;}» <>, =1k, anorder according the ratio p is
determined, that is, statement 2 is fulfilled.
2. In case n=2 vector X, =(p,,P,,) is two-

component. The binary properties of the order relation are

satisfied at P < Py Py < Pay s then
(plk’ p2|) < (plq’ pzy)- If P = Py and Py > Py or
Py > Py and Py < Pays thus for

cases (Py., Py)| (Py.P,,), rule 1 (paragraph 2) defines
the order. In case one of the pairs is not comparable
(Pull Py and p, < p, ) or (py < Py and py | Py ) is
not implemented on initial terms.

We assume that the order relation is defined for k -
component  Vectors X, = (P, Pojgp s+ P ) - LEL US
prove that for the k+1 component vectors the order
relation  X'; = (P, Pojen s P » p(kﬂ)js(kﬂ)) is also
defined. Let’s divide the components of the vector X'
into two tuples X'; =((Pyg; s Pajgy s Pgy ) p(k+1)js(k+l)).
By the condition the order in the first
tuple (P » Pajgp s Pug ) 1S defined, the second tuple
consists of one component p,,.;, is(s1) Further proof is

made as in a case n=2. That is, statement 2 is proved
inductively.
To construct the graph

model

C={p}E’) of the
"ortree H, of general type" and the graph
L' = ({p}, E*,) of the model "acyclic graph H," (fig. 2)
rule 1 takes a more generalized form.
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Rule 1 (generalization): let's assume that it is
necessary to order elements having a vector of indexes of

(-1 -th index, and for
Pii <Py

g-th index a statement

is valid. In case of incomparability

determined by the previous index (q—1) by which the
order relation is determined. This makes it possible to
determine the order of the index (g—I+1) and so on by
going to the g -th index.

For an acyclic graph H,, the direct application of

rule 1 (generalization) requires appropriate leaf indexing.
The most natural one is 1) to repeat a vertex with more
than one half-west; 2) align the lengths of the index
vectors, denoting missing levels, such as zeros.

The result of the second step of the method is an
ordered set of values<{p}, <> of the signs of the set

P . In terms of construction, statement 2, which is based

on generalized rule 1, is also valid. This enables the
ordered arrangement of the abscissa of the vectors of the

set X :{xS X, = (Puigq+ Pajep s Prign W< B <k i :L_n}.

That is, the mapping is constructed F: T — X .

The third stage of the method is to determine the
linguistic variable based on the model created and to
define the membership functions for fuzzy sets of terms of
the linguistic variable.

Consider the implementation of
mapping F*: X —T, mapping W:T —-M, and their
composition WeF™: X —M to build graphs ,(x.) ,
z=1]T].

To determine the identifier x,, we apply a positional

numbering system in which the digit 10" is determined
by the vertex number describing the sign P, in the strict
order column and the digit j; by the ordinal number of
the value p, for the sign P that was implemented in the

vector x,. We denote the absence of a value for a

particular characteristic as "0". We place the vectors of the
values of the signs P on the abscissa axis according to the
defined order of the order <{p}, =<>.

Constructing a set F™: X —T mapping is a fuzzy
linguistic simulation. For each fuzzy variable t,, it is
necessary to construct a fuzzy set on X : (X, &, (x)) . That
is, each tuple of implemented values x, € X acquires a
specific value of the membership function g, (x,). The
constructed membership  functions gz, (x,) are a

component of some fuzzy production system. For training
of this system, it is necessary to construct vectors of input

data X, = (Pyjgy» Pojgy s+ Prigy 1< b <K, 1 =1n0on which
there will be an adjustment of values of output vectors.

The kind of functional dependence u(x,) should

reproduce intuitively expected estimation of the object « ,
that is, correspond to the order relation p on the term-

setT , and provide the General requirements of monotonic
decrease/increase of the membership function.

For large values k,,i=1n the n number of vectorsa

is too large to determine the membership function
expertly. Therefore, it is advisable to automatically build
membership functions that will continue to be used to
train a fuzzy production system.

We offer three types of linear formulas for

determining the membership function g, (x,), in
which g, r =1,_7 — parameters:
p(x)=1-4*>1j;*10" ,0< j; <k ; (1)
i=1
B+ B*Y J *107
(%)= N K )
Bi= B> 1q*107
i=1
pu(x)=B+B> j;*107,0< j<k. (3)
i=1

The method of presentation described has its own
characteristics, which must be taken into account in
practical application. The first feature is that such fuzzy
sets are unnormalized. To normalize the membership
functions (1) — (3), we introduce a proportionality factor
inverted to the height of the corresponding fuzzy set. This
method provides a global scale when not all the attributes
of a qualitative variable « have their characteristics. The
second peculiarity of is that the membership function is
discrete. The third one is that for the accepted method, not
all values of the abscissa axis are realized in vectors X, .

Entering an identifier that corresponds to the number of
possible values k,i=1n for each trait will eliminate

redundancy. The fourth one is that with many features
there are limitations in the accuracy of the calculations. In
this case, it would be appropriate to break the set of
features into  subsets, with their  subsequent
implementation in separate product rules.

Based on the theoretical conclusions, we define the
method of plotting the membership function of terms of a
linguistic variable o as a sequence of stages. At the first
stage, a model of verbal information is constructed in the
form of an acyclic graph (fig. 1, 2). The second step is to
build an ordered set X . The next third step is the
procedure for determining the linguistic variable and the
definition of membership functions for fuzzy sets of terms
of the linguistic variable by the formulas (1)—(3).

Let us consider how the developed method works on
the example of fuzzy modeling of the linguistic variable of
court decisions Personality , characterizing the identity

of the perpetrator, which was determined in detail by the
authors in the work [17].
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By definition 1, a linguistic variable Personality is
(Personality, Personality —Term, X,G, S)
where Personality — Term ={Negative, Norm, Positive} .

Each of the fuzzy variables Negative, Norm, Positive is a
fuzzy set X with a corresponding membership
FUNCHON Ly (% )+ (%) + Hosine (%) - There  are
such order relations on the term-set Personality —Term:

a tuple

"Display negative
feature”: Negative > Norm > Positive,
"Display positive feature":

Positive > Norm > Negative and partial order
"Display neutral characteristic" Norm > Negative
and Norm > Positive .

Person of the guilty

Let us define the domain of definition X of fuzzy
variables Negative, Norm, Positive . For this purpose, the

model of qualitative variable "Person of the guilty" is
constructed.

A set of features
P ={employment, family _state, residence registration,

characteristic, logging , relations
criminal liability, conviction },|P|=9. Therefore, the

domain of definition X of fuzzy variables of the term-set
Personality —Term is determined by the Cartesian

product of signs X =R xP,x..xP, whose power is
|X|=2*2%2%2*3*3*3*2*2=1728 (fig. 4).

‘ Employment ’ ‘ Family_state H Residence ’ Registration ’

Relations

[ Criminal liability

permanent

-
|5
g
5
g

without
Negative

Yes
N

" )
' !

Fig. 4. Model of qualitative data "Person of the guilty"

For each fuzzy variable Negative, Norm, Positive,
we construct the membership functions
:uNegative (Xs) 1 :uNorm (Xs) 1 /uPosittive (Xs) . In formUIas (1) - (3)

120

Positive

R

None
No

None

B
2 T
2 5
£ H
8 2
2 2
S

S =
5

[

Narcologist

we assume that ﬂkzl,kzl,_?. The functions of
belonging to a linguistic variable Personality are

presented in fig. 5.

0,00 -

T T
111111111 131111111 151111111

Fig. 5. Functions of belonging to a linguistic variable Personality

Conclusions and prospects for further development

The article proposes a method of fuzzy modeling of
verbal information, which consists of a sequence of three
stages: modeling of verbal information in the form of
digraphs; building order relations on the elements of this
model; definition of a linguistic variable on the basis of

T T 9
171111111 191111111 211111111

Xs

the created model and definition of membership functions
for fuzzy sets of terms of a linguistic variable. The
feasibility of all stages is theoretically substantiated in the
form of substantiated statements. The first stage considers
information models that underlie acyclic digraphs, which,
according to the authors, are the basis for developing
formalizations of more complex information models. The
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second stage of the method is to build order relations for
unstructured or poorly structured verbal information for
fuzzy production systems. In the third stage, formulas are
proposed to automatically determine the membership
function, which will allow training to adjust the values of

Practical application of the method developed by the
authors may require solving the problems related to the
limitation in the accuracy of calculations, the discretion,
the need for normalization, and the excess of
identification. These challenges require further research.

the output vectors with the input of the fuzzy production
system in any subject area.
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HEYITKE MOJIEJIIOBAHHSI BEPBAJTBHOT ITH®OPMAIIT 17151 TPOTYKIIIMTHIAX
CHUCTEM

I[peameToM noCHiIKEHHS CTATTi € popMaizallisi HeCTPYKTYpoBaHOi abo cabocTpyKTypoBaHoi BepOanbHOI iHpopMaLii A7 HeUiTKOL
MpOAyKIidHOT cucTtemMu. Mera pobGoTH — po3pobka MeToAy MoOymZoBH (YHKIiH HAaNIeKHOCTI Uil HEYITKUX MHOXHH TEpMIB
JHTBICTHYHOI 3MiHHOI, SIKHI T03BONUTH (hOpMaITi3yBaTH HECTPYKTYpOBaHy a00 clIabOCTpyKTypoBaHy BepOajibHY iH(opMario ms
HEYITKUX MPOAYKUIHHUX cucTeM. B cTaTTi BUPILIYIOThCA HACTYIHI 3aBAAHHSA: A1 PO3POOKH METOAy MOOYIOBH (PYHKIIIH HaJIEKHOCTI
BU3HAYMTH ITOCITIIOBHICTE €TalliB: €Tall MOJETIOBAaHHS BepOaibHOI iHpopManii y BUrIiai oprpadis, eran moOyJOBH BiHOIICHHS
MIOPSKY Ha eJeMEeHTaX Ifi€i Mozeni, eTan BH3HA4YeHHS JIHTBICTHYHOI 3MiHHOI Ha 0a3i cTBOpeHOi MoJeni Ta BH3HAYCHHS (YHKIiit
HaJIOXHOCT] IS HEYITKMX MHOXKHH TEpMIB JIIHIBICTUYHOI 3MiHHOI. BukopucTOByIOThCS MeToam: Teopii rpadiB, MaTeMaTHIHOL
IHIyKIii, HediTkoro MozemoBaHHSA. OTpHUMaHO Pe3yJabTATH: PO3pOOJEHO MeTo] MOoOymoBHM (DYHKINT HAICKHOCTI JIHTBICTHYHHX
3MIHHUX, SIKi (POpPMaIi3yIOTh HECTPYKTYpOBaHY ab0 CIabOCTPYKTypOBaHy SIKICHY iH(OPMAI0 Ul HEYITKUX MPOIYKIIHHUX CHCTEM.
Jnsa uporo mporec moOynoBu (QyHKHII HajeXHOCTI Oyno po3duto Ha eramu. CyTTIO OKpeMHuX eTamiB € (opmamizaliss HeBHUX
BigoOpakeHp. Peamizamis mepmoro eramy motpeOye CTBOPEHHS MOJENI HECTPYKTypoBaHOi abo cl1abocTpyKTypoBaHOT BepOaIbHOL
iHpopmanii. PosrsgHyTro Tpu Mozeni iHpopmarii Ha 0a3i OpPiEHTOBAaHHX AEPEB 3a 3POCTAIOUON0 CKIAAHICTIO. SIK y3aralpHEHHS
PO3IIIIHYTO MOJIeNs Ha 0a3i aMKIiYHOro OpieHTOBaHOTO rpady. Taka MoAenb € OCHOBOK i oOpoOku iH(popMarii, mo Mae
CTPYKTYpy Oinbmoi ckimansocti. Ha apyromy erami HajaHO TeOpeTHYHE MiAIPYHTS MOOYIOBU BiJHOIICHHS HMOPSAKY AJIS SIEMEHTIB
pO3DIIIHYTHX Mojenei. Jlns peanmizaiii TpeThOTro €Tamy 3ampolOHOBAHO CIOCIO iMeHTUdIKAIii eJIeMEHTIB, 10 3HAXOIATHCA Yy
BiJTHOIIICHHI MOPS/KY, Ha 0a3i mo3umiiHoi cucremu. Ha oCHOBI ineHTH(DIKaTOpa KOKHOTO YIMOPSAKOBAHOTO €JIEMEHTY MOOYI0BaHO
(GYHKIIT HAJIGKHOCTI HEUITKMX MHOXXHH TEPMIB JIIHTBICTHYHOI 3MiHHOI. [y peanisaliii etamiB po3poOJICHO BiAMOBIAHI TPOICAYPH.
BucHOBKH: 3acTOCYBaHHA METOIY IO3BOJIMTH AaBTOMATH3YyBaTW HAJaHHS 3HAuYeHb BEKTOpaM BXiAHOI Ta BHXiTHOI iH(popMmarii,
aBTOMAaTHU3yBaTd (POpMyBaHHS HEUITKMX MHOXHH TEPMiB BIAMOBITHUX JIHIBICTUYHUX 3MIHHHX, JO3BOJNUTH OYAyBaTH HEUiTKi
MpoAyKii Sk 6a3y 3HaHb HEUITKOI MPOIYKIIHHOT CHCTEMH, a TAKOK IMPOBOJUTH HABYAHHS TaKOi CHCTEMH.
KurouoBi ciioBa: hyHKIIS HaTEKHOCTI; BiTHOIMECHHS MOPSAKY; JIHTBICTUYHA 3MiHHA.

HEUYETKOE MOJIEJINPOBAHUE BEPBAJIBHON HH®OPMALIAU 1151
IMPOAYKIHHNOHHBIX CUCTEM

IIpeqMeToM wucClieOBaHUS CTAaThU SBIACTCS METOJ NMOCTPOCHUS (QYHKIMH NPHUHAIICKHOCTH JUII HEUETKUX MHOXKECTB TEPMOB
JIMHTBUCTHYECKOW IIepEeMEHHOH, KoTopas (OopMajHM3yeT HEeCTPYKTYPHUPOBAaHHYIO MM CIa0OCTPYKTYPHPOBAHHYIO BepOalIbHYIO
nHGOPMAILMIO [T HEUSTKUX HPOAYKIMOHHBIX cucTeM. Ilesib paboThl — co3aaHne MeTona popMalii3alui HECTPYKTYPHPOBAHHOM MK
c1abOCTPYKTYPHUPOBAHHO!N BepOaIbHON MH(OpManuy Ui HEUeTKOH NMPOAYKIMOHHONW CHUCTeMBL. B cTaThe pemaroTcs cliemyroue
3aJavd. I CO3JaHUsl METOJa IOCTpOeHHs (YHKIMH NMPUHAIIEKHOCTH HEOOXOIMMO ONPEAENUTh MOCIEeJOBATEIbHOCTh JTAIlOB.
Pazpabotke momnexar ¢opmupoBaHne Mozaenu BepOaIbHOH MH(OpPMAIMH, MOCTPOSHHUE OTHOIICHHUS MOPSKAa Ha 3JIEMEHTaxX 3TOW
MOJIENH, OTIPe/IeICHNE JIMHTBUCTHYECKOIl IIepeMeHHOM Ha 0a3e COo3aHHOW MOJENH M onpeaeineHre QYHKIHUN MPHHAICKHOCTH JUISL
HEYETKUX MHOXECTB TEPMOB OJIHOH JIMHMBUCTHYECKOH MepeMeHHOM. VICIOIb3yI0TCs CIeiyIoNe MeTOAbl: METOIbI Teopur rpados,
METO/l MaTeMaTHYEeCKOi MHAYKIMH, METO/Ibl HEYETKOTO MOJEINpOBaHus. I1oydeHs! CIeayomme pe3yJbTaThl: pa3paboTaH METOx
MOCTPOCHHUS QYHKIMH TIPUHAICKHOCTH JUIS TMHIBUCTHYECKUX MTEPEMEHHBIX, KOTOPBIE (HOPMATH3UPYIOT HECTPYKTYPUPOBAHHYIO HIIN
CabOCTPYKTYPHUPOBAHHYIO KauyeCTBEHHYIO MH(OPMAIMIO AJIs HEYETKUX MPOIYKIMOHHBIX CHCTEM. [JIsl 9TOro MpoIecc MOCTPOSHHUS
(GYHKIMM TIpUHAIUIOKHOCTH ObUT pa3ouT Ha oTambl. CyTbl0 OTHENBHBIX OTaloB sBISeTCS (opmanusanus oOnpeneseHHbIX
otoOpakeHnid. Peanusaumst mepBoro 3rtama TpeOyeT CO3MaHUS MOJAENH HECTPYKTYPHPOBAaHHOH MM ClIabOCTPYKTYPHPOBAaHHOM
BepOanpHOil MH(popManmu. PaccMoTpeHbl Tpu Mojenn uHpopMmanuyu Ha 0a3e OPHEHTHPOBAHHBIX JEPEBBEB C BO3pacTarouleit
cioxxHOCThIO. Kak 0000meHne paccMOTpeHa MoIeNnb Ha 0a3e alMKIMYecKOro OpUEHTUPOBAHHOTO rpada. Metoasl paboThl ¢ STHMH
MOJIENIIMA MOTYT OBITh OCHOBOH Uil 0OpaOOTKM WHQOpMAIMU, UMEIOUIeH CTPYKTypy OOJNBIIEH CIOKHOCTH. B crathe maHO
TEOpeTHYECKOe 000CHOBAHHE MOCTPOCHHUS OTHOLICHHMS ITOPSAAKA JUIS SJIEMEHTOB PACCMOTPEHHBIX MoJenei. Jist peatn3aiui BTOpOro
U TPETHEro STANOB IMPEIIOKEH METOJ MICHTU(UKALMU 3JIEMEHTOB, HAXOISAIIUXCS B OTHOIICHHH TOPs/Ka, Ha 0a3e MO3HUIMOHHON
cucteMsl. [IpeioixkeH METoI IPeJOCTaBICHUS 3HAYCHUH (QYHKINH MPUHAIEKHOCTH HEUSTKUX MHOXKECTB Pa3INYHBIX TEPMOB OJHON
JIMHTBUCTHYECKOW TEepeMEeHHOH Ha 0a3e MIeHTH(HUKATOpa KaKAOTO YHOPSIOYEHHOTO 3jeMeHTa. MeTon MoCTpoeHHs (QYHKIUH
NPHHAIICKHOCTH COCTOUT W3 TOCIENOBATEIBHOCTH CIIEAYIOIINX 3TanoB: (OPMUPOBaHHE MOAENH BepOaibHOH HH(pOpManUH,
MOCTPOCHNE OTHOLIEHMS MOPSJKA Ha IEMEHTaX 3TOM MOJENH, ONpeleNeHHe JMHIBUCTHYECKOH IepeMeHHON Ha 06a3e co3aaHHOW
MOJIeNd M ompereneHue (QYHKUMIT NPUHAIICKHOCTH JUIi HEYETKHMX MHOXECTB TEPMOB OJHOW JIMHMBHCTHYECKOH MEpEeMEHHOI.
BbIBOABI: MPUMCHEHHE METOJa II03BOJMT aBTOMATH3MUPOBATH OMNpENeCHHEe 3HAYCHHH BEKTOPOB BXOAAIIEH M HCXOASIIEH
uH(bOPMAIMH, aBTOMATH3UPOBaTh (HOPMUPOBAHNE HEYETKUX MHOJKECTB TEPMOB COOTBETCTBYIOLIUX JIMHTBUCTHYECKHX MEPEMEHHBIX,
MO3BOJIUT CTPOUTh HEUYETKHE MPOAYKIMH KaK 0a3y 3HAHUH HEYETKOW NMPOJIYKIHOHHOW CHCTEMBI, a TaKKe MPOBOAUTH OOydeHHE
HEYeTKOI MPOAYKIIMOHHON CUCTEMBI.
KiioueBble ciioBa: GyHKINS TPUHAICKHOCTH; OTHOLICHHE MOPSIIKA; INHIBUCTHYECKAs TIEPEMEHHasI.
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HEJITHIMHI CTPATEI'T B YPABJIIHHI IHOPACTPYKTYPHUMHU
INPOI'PAMAMMUA

IIpeqvMeToM mOCTIIKEHHS € MOZENI 1 METOIM OOYIOBH Ta BIPOBAPKCHHS HENHIHHNUX CTpaTerii ynpaBiiHHS iHPpaCcTPYKTYpPHIMHI
nporpamMamMu. MeTol0 TOCI/UKEHb € aHali3 iCHYI0UOTro CTaHy LUICTIOKJIaJaHHsS Ta BH3HAYeHHS e(eKTHBHHX CTpaTerid peamizarii
mporpam 3i 3MiHaAMH HANpPSIMKIB PO3BUTKY y TOUKaxX OiypKarii B OTOUYEHHI, BUKIUKIB, PU3UKIB Ta MOXKIMBOCTEH. CTIHKICTh PO3BUTKY
mporpaM B yMOBax MLIBHAKMX Ta KPUTHYHHX 3MiH 30BHIIIHBOTO Ta BHYTPIIIHBOTO CEpElOBHINA MOke OyTH 3abe3medyeHa
e(eKTHBHUMHU MOJCIISIMHU I METOJaMH LIIETIOKIIAIaHHs Ta LiIeJOCSITHeHHS iHQPACTPYKTYpHUX MPOTrpaM B YMOBAaX KPUTHYHUX 3MiH
30BHIIIHBOTO Ta BHYTPIIIHBOTO CEPElOBHIIA. 3aBAAHHAMM IOCHIIKEHb LIOJO0 YIPaBIiHHA 1HQPACTPYKTYpHHMH NpPOrpaMaMH €
noOyoBa HeNHIMHNX Mojenell Ta METOZIB CTPATEridHOrO YNpPaBIIHHA 3 ypaxyBaHHSIM JIMHAMIKHA Ta aJeKBaTHUM pearyBaHHSIM i
3a0e3MeYCHHSIM KOMIICHCAIil 3MiH B OTOYCHHI. MeToam $Ki 3aCTOCOBYE MEHE/DKEp IHPPACTPYKTYpHOI MpPOTPaMU IMPOTHO3YE
TEHJCHIIi PO3BUTKY OTOYEHHSI B KOPOTKOCTPOKOBIH 1 IOBFOCTPOKOBIH IepCIeKTHBI. Pe3yabTaToM IoCIiKeHHS € (opMyTIOBaHHS
Micii Ta BU3HaYeHHI HeMiHiITHOT cTparerii iHppacTpyKTypHOI Mporpamu, sika 6a3yeThbcsi Ha KOHIETIIIIT OLIHKK HOTo IHHOCTI TaK, SIK 1e
ysiBJIsi€ 3aMOBHUK. lle /03BOJIsIE 3aiHTEPECOBAHMM CTOPOHAM 3JIHCHIOBATH MAaKCHMAlbHO MPOAYKTHBHY KOMYHIKAaIliio i, 3a
HEOOXiHOCTi, TOTO/KYBaTH 13 3aMOBHHKOM 3MIHM 1 JOTOBHEHHS 10 iH(pacTpykTypHOi mporpamu. BucHoBku. Posrismaerscs
KOHTEKCTHHH aHalli3 SK METOJOJOTiA OCMHCICHHS 1 MpPEACTaBICHHA LIICHOI KapTHHHU iH(pacTpyKTypHOI mporpamu. Lleit anamis
3aCTOCOBY€ETHCS UIA IHTEpIIpeTamnii Micii Ta cTpaTerii SKIIO B3a€MOAII0Y] YHCIICHHI HIHHOCTI iHPPaCcCTPyKTYPHOI IpOrpaMu BHPaKeHi
abctpakTHO. HeBn3HaueHICTh MOAIOHOTO THITY CIIPUYUHSE YHCICHHI BTPATH 1 I0IATKOBI BUTpaTu. Hemopo3yMiHHS BHHUKAIOTH Yepes
Te, 0 KOHTEKCT MICii Ta HeJliHiiHa cTpaTeris He MOXYTh OYTH PO3KPUTHMH IIOBHICTIO BHACJTIJOK HEPO3BHHEHOCTI BiJIIOBiJHHX
Mozeneil Ta meroaiB. Tomy mist omucy Micii Ta crpaTerii iHQpacTpyKTypHOI NpOrpaMH IPONOHYIOTHCS OCHOBHI NpaBuia ix
iHTepIpeTarii.

Karwuogi ciioBa: iHppacTpyKTypi mporpamu; HENiHiiHI cTpaTerii pO3BUTKY; TOUKH OihypKarlii; 3aiikaBIeHI CTOPOHH; PU3UKH
Ta MOKJIHBOCTI.

Beryn VIPaBIIHCHKAX PECYPCIB I CBOEYACHOTO JOCSITHCHHS
3aIlTaHOBaHUX CTpaTeriyHux NOKa3HHKIB
CyuacHi  TeHjeHNil  rno6ambHOro  po3BUTKy  IHQPACTPYKTYpHHX HpOrpam Ta nporpam [8].
MPOEKTHO-OPIEHTOBAHUX OPraHi3alliil 10 BIPOBAIKYIOTh
iHGPaCTPYKTYPi Iporpamu, CYIPOBOIKYIOThCS IlocTanoBka NpoGJaeMu A0CTiKEHHS

pO3BUTKOM iXx TexHosoriuHoi 3pinocti [1]. JlisubHicTH

MPOEKTHO-OPIEHTOBAHUX OpraHi3alif, SK TMpPaBHIO, €
MOOLTHHOIO Ta 0a3yeTbcs Ha  3aralbHONPHAHSITHX
IpaBWJIax BIIPOBa/DKEHHS 1H(OPACTPYKTYpPHUX HpOTrpaM Ta
nporpam. Lle cTocyerbes 3amydeHHs MPOAYKTHBHUX CHIL,
00OyMOBJICHUX MIHIMI3aI[i€f0 BHTpAT 1 JOTPUMAaHHSIM
eKOJIOTIYHUX HOPM. OCHOBOIO 30aJIaHCOBAHOTO PO3BHUTKY
Yy  BIOPOBKEHHI  1HOPACTPYKTYpHHUX  IPOEKTIB €
IHHOBAIlifHE OHOBJIEHHS, CIPSAMOBAaHE Ha 3POCTAHHSI
SIKOCTI ~ MPOAYKTIB ~Ta  MOCIYr, MiIBUINECHHS  iX
KOHKYPEHTOCIIPOMOXKHOCTI Ha OCHOBI 3aIllpOBa/KEHHS
Kpamioi cBiToBOi mpaktuku [2, 3]. KirouoBumu craroTh
YHHHUKA SIKICHUX 301JbIICHB 1 3JaTHOCTI CTBOPIOBATH
BIJINIOBiJTHI IHIHHOCTI Ta TEHEPyBAaTH JOJaHy BapTICTh
[4, 5].

[ndpacTpykTypHi mporpaMm, He3alexXHO Bix ix
TUMYy, JIFOTh 3TiTHO 31 CBOIMH OpraHi3alliifHUMU
CTpaTerisiMi  YNpaBJiHHA, OCHOBY SIKUX (opmye
Opi€HTAIlis Ha PO3BUTOK Ta 3a/I0BOJICHHS CIIOKHMBadiB. Y
KOHKYPEHTHOMY OTOYEHHI Taki crparerii
iHppPaCTpyKTypHUX TporpaM Yy OaraTbOX BHMaJIKax
MIpU3HAYCHI JUISL M ATPUMKH abo CTBOPEHHS
KOHKYPEHTHHUX TIIepeBar II0 BiJHOIIEHHIO JO 1HIIHNX
opraHizaniifi abo KOHKYPEHTHOI BapTOCTI MPOIYKTIB
iH(ppacTpyKTypHUX nporpam [6, 7]. B npoueci nisutbHOCTI

oprasizarii MIOBHHHI aJlanTyBaTH cTparerii
IHQPACTPYKTYpHUX NpOrpaM JIO CTpaTerii 30BHINIHBOTO
OTOYEHHS 1 BHYTpilIHBOI auHamiku. Ilpm 1BOMY

HEOOXIJTHO 3HAXOUTH NUIIXH ¢PEKTUBHOTO iHBECTYBaHHS

B ymoBax crarHamii i KpH30BHX SBHUII B €KOHOMIIIi
VkpaiHi OJHAMH 3 HAWOUIBII AaKTyadbHUX MHTaHb

PO3BUTKY  IHQPACTPYKTypHHX  HpOrpaMm  CTarTh
aJaNTUBHICT 1 THYYKICTh TIPH IPUHHATTI YIPaBIiHCEKUX
pileHb [9, 10], PO3IIMPEHHS BapiaTUBHOCTI

BUKOPHCTOBYBaHMX METOJIB 1 TEXHOJIOTiH, po3pobka Ta
MIATPUMKA BHIEpPEIDKAIbHIUX MOXKJIMBOCTEH BIIKMBaHHS
Ta PO3BUTKY. TEXHOJIOTISl CTpPATeriyHoOro YHpaBIiHHS
iHppacTPyKTypHUMHU IIporpamMaMu BU3HAYAETHCA
0COOIMBOCTSIMU CYKYITHOTO BIUTUBY (axTopis
30BHIUIHBOTO 1  BHYTpILIHBOIO  CEPENOBHIIA,  iX
B3a€MO3B'SI3KYy B dYaci 1 TmTpocTopi,  CTaaisIMu
TypOyJIEHTHOCTI Ta KpPHU3H, IIBUJAKICTIO iX PO3BHUTKY. Y
cdepi MmponeciB i TEXHOJOTiH HAI3BUYAWHO BaKIHMBHMHU
YIPaBIiHCBKUMH €JIEMEHTAMH CTal0Th, YITKO BH3HAueHI
cTparerii, MOOUIbHICTh 1 JMHAMIYHICTh y BHKOPHCTaHHI
pecypciB Ta MpOBEJEHHI 3MiH, peati3allii iHHOBAI[iHHOTO
MOTEHIlially  iHTerpOBaHMX  JIAHITIOTIB CTBOPEHHS
IIHHOCTeW Ta 3aCTOCYBAaHHS CydYacHHX iH(opMamiiHIX
texHoori# [11, 12]. V doxyci cTpaTeriunoro ynpaBmiHHSA
iHOPACTPYKTYPHUMH  TIpOTpaMaMd  3HAXOOUTHCA  iX
KOHKYPEHTO-CIIPOMOXHICTh SIK KaTeropis, 1o BigoOpaxae
pe3yNbTaT 1 MOTEHINal B3aEMOJIIi 3aIlikaBIEHUX CTOPiH,
mo cGopMyBAINCH TIiJ] BIULIMBOM KOHKYPEHTHHX II€peBar
IpU OOTPYHTOBAHOMY IHCTHUTYLIOHAIEHOMY PEryJIIOBaHHI
[10]. e oOymoBIIOE HEOOXIMHICTH IOCTIIXKECHHSI 1
cucreMaTH3aLii HINPOKOTO KoJia TEOPETHKO-
METOJIOJIOTIYHHUX 1 OpraHi3aliifHO-METOJUYHUX MPOOIIEM
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(¢opMyBaHHS IHHOBAIIMHMX MEXaHI3MIB HETIHIHHOTO
CTPATEeTiYHOTO YIpaBITiHHS IHPPACTPYKTYpHUMHI
porpamMamu.

Mera pgocaikeHHsi ToNsra€  y  BHUPILICHHI

HAYKOBOT'O 3aBIaHHs 100 NpOQiIrOBaHHS HENiHIHHOT
cTparerii  BIPOBa/KEHHsI 1H(PPACTPYKTYPHUX IIpoOrpam
IIO/I0 CTBOPEHHS LIHHOCTI aKTHUBIB B TYpOYJIIEHTHOMY
0i3HecC Ta IHCTUTYI[IOHAJILHOMY OTOUYCHHI.

AHaJti3 ocTaHHIX J0CTiIKeHb i myOJsikamiii

B mporeci peamizamii iHQPacTPYKTYpPHHUX MpOrpam
(hopmytoThCs 00sacTi GidypKarii, siKi MepeBOIATh CTIHKY
opramizaiito TMporpaMu B HE pPIBHOBLXHUA 1 YacTo
HecTiikuid ctaH. [licis mpoXomkeHHS TOYKH Oidypkarii
cUCTeMa MIePEeXOAUTh B HOBUI PIBHOBAKHUIA CTaH.

Touka 0idypkarii 1e KpUTUIHUN CTaH CUCTEMH, TTPH
SIKOMY CHCTEMa CTa€ HECTIHKOI0 Imomo (iuykTyamid i
BUHHMKAa€E HEBU3HAYCHICTh: 4YHM CTaHE CTaH CHUCTEMH
Xa0TMYHMM a00 BOHA mepeiae Ha HOBHUH, OULIBII
nudepeHniioBaHui 1 BUCOKMU PIBEHb BIOPSIKOBaHOCTI
[4]. 3a3Buuaii Touka Oidypkauii Mae KibKa BHUXOIIB,
TUTOK aTTPAKTOPIB, IO BHU3HAYAKOTH MOXIIHBI PEKAMHU
po0OTH, IO OAHOMY 3 SKHX ITiJie MPOIEC PO3BUTKY abo
CTaHEeThCsl XaoTH4HA jerpananis. [Ipu npbomy 3a3paneriip
HEMOJXJIUBO Mepen0adnTH, KU HOBHI aTTPaKTOp 3aiiMe
mporpamMa B CBOEMY PO3BHTKY. B jaumHamini cuctem
YIPaBJIiHHS iHppacTpyKTypHUMHU IporpaMaMu
aTPaKTOpH, SIK TMpaBWiIO, € (paKTaIbHUMH (HEUiTKO
OKpECIICHUMH, 3 eJleMEeHTaMHu po3puBiB). HemiHiliHicTh B
JUHAMIIl ~ TOBEIIHKH CHCTEM 4YacTo O0OyMOBJIEHA
cuHepretukor. CHHEpreTHkKa I03BOJISIE MMOOAYMTH CBIT 3
"iHIIOT cuCTeMHU KoopanHAT". BUCHOBKU cHHEepreTHkiB [4]
YacTO HECIONiBaHi 1 cymepeyaTh yCTaJCHHUM IMiIX0/aM.
OnmHak camMe Takuil MOIJISA JI03BOJISIE BUSIBUTH T€, IO
BTpPAayaeThCs B  TPaAWIiifHOMY pakypci, 1 Moxke
MOTIEPETUTH TIPO CepiHO3HI HeOe3MeKH, SKi MOXKYTh
BUHHUKHYTH HA IIUISIXY BIPOBa/DKEHHS 1HPPACTPYKTYPHOL
Iporpamu, Ko B OiQypKariifHuX TOUYKax He OyIe BKUTO
MPaBUIIBHI 1 €BOJIIOLIHO-00TPYHTOBAHI pitieHHs (puc. 1).

Buxin 1

Touka
oiypranii

“Brrxin 2

Bxin
Puc. 1. Mogens Touku 6idypkarii

PosrnsHemMo 6a30By (Gopmyiy opraHizamiiHUX 3MiH
B Toumi Oidypxkamii [11, 12].

Skmo cymapHuil piBeHb ONTHMI3My, IO BPaxXOBYE
npuBaOIMBICTE 00pa3y MalOyTHHOTO 1 BH3HAYEHICTH
MIepIIOTO KPOKY, NEPEBUINY€E 3araJibHUH OMIp CHCTEMH,
o0yMoOBJIeHUH mNpoOIeMaMy, BUKIMKAMH, PU3UKaMH Ta
MOXIIMBOCTSIMH, TO iH(pacTpyKTypHa mporpama IIoJo
NIPOXOJPKEHHST  4eproBoi  Touku  Oidypkamii  Moxe
3IIACHUTHUCS YCHIMIHO [5].

3 miei dopMynHm, B 3aCTOCYBaHHI [0 TIOJOJIAHHSI
KpHU3H, MOKHA 3p03yMITH IIO:

- cyMapHUH piBEeHb ONTUMI3MY YYaCHHKIB
iHpacTpyKTypHOI Mporpamu (K BiI4yTTs TOTO, IO IMIOCH
Hae He Tak) MOKe OyTH 1 3aHAATO BHUCOKHIA, 1 HU3bKHH,
OCKIIbKA TICPCOHAJT MOJXKE BIAIITOBYBaTH CTaOULIBHICTh
MOJIOXKCHHS Y BIPOBaPKEHHI mporpaMu. Takuil onTumizm
MIATPUMYETHCSA 32 PaXyHOK EMOIIOHATBHOTO IHTEJCKTY
MEHE/KEepIB Ta X MiANpHEMHUIBKOI eHeprii. OrniHka
KOHTEKCTY KOHKPETHOI iH(PACTPYKTYpHOi MPOTPaMH,
crierudiku 6i3HECY, pO3MIpy opraHizaii, KyabTypH IO
cKjamacs B HiH, pIBHA TEXHOJOTIYHOI 3piJlocTi i
KOMITETEHTHOCTI, JONOMOKE IaTH BIiJAIIOBIAL HA IHMTAHHS
mpo "cyMapHHUi piBeHb ONTUMI3MY";

- mpuBabMMBHi 00pa3 MaibyTHboro. Ha cramii
3pIJIOCTI OpTraHi3amii 4YacTO CIIOCTEPIra€ThCsl CHUTYaIlis,
KOJIM BIACHUK 1H(PACTPYKTYpHOI MpOrpaMu 3apsKaB
CHEPri€l0 TMEepCoHAll MPOrpaMd Ha paHHIX eTamax Il

PO3BHUTKY, JMCTAHINIOETHCS BiJl BEICHHA CIpaB B
mporpami B meBHM  MoMeHT 4acy. CTBOpUTH
npuBabIuBUil 00pa3 MailOyTHROTO I1HPPACTPYKTYPHOT

IPOTpaMH € 3aBJaHHAM TON-MEHEDKMEHTY 1 BIIACHHKIB
OizHecy;

- OIIOpPY OpraHi3alifHuM 3MiHaM Yy BIPOBAHKCHHI
IHQPaACTPYKTYpHOI MPOTpaMy MarOTh CKJIAJHY AUHAMIUHY
MPUPOAY 1 BUMAraroTh MOOYJOBH IUIICHOT MOIETi sKa
BpaxoBy€e MpOOJEMH, IO HAKONWYWINCS, PHU3HUKH 1
BUKJIMKH B 30HI TOUKHU OidypKartii.

Yemimba peanizanis iHQpacTpyKTypHHX Hporpam
MOB'sI3aHa 3 OI[IHKOKO CHTYyallii, 10 CKJajgacs B TOYIl
Oidypkarlii Ha OCHOBI HACTYITHUX [TUTAHb.

1. Yu € B nporpami MeHepKep-Bi3ioHep, 10 BOJIOIE,
SK CIHOHCOp, JIOCTAaTHBOK YacTKOI EHEPreTHYHOro
MOTEHITIally Ta KOPHCTYETHCS IOBIPOIO 1 BOJOIIE BCIEIO
MIOBHOTOIO BJIain?

2. Yu cTBOpPEHO B MpOTpaMi MeXaHi3M BiJITBOPCHHS
MiATPUEMHUIBKOI  eHeprii (0akaHO Ha pI3HHX PIBHAX
YIpaBITiHHS)?

3.Un chopmynbOBaHO dUiTKe OadeHHS 3]IaTHE
posminsaTu OadeHHst opraHizauii mpo I1H(OPACTPYKTYypHY
nporpamy?

4.Yun  ¢opmamizoBaHa  CTpaTeriss  PO3BUTKY
iHppacTPyKTYpHOI MPOrpaMu Ha MallOyTHIO MEPCIEKTUBY
Ta MIX TOYKaMu Oipypkanii?

Biamosigs Ha i IHATaHHA MOXE JaTH MOKJIHMBICTH
BU3HAYUTH TOTOBHICTH NPOTPaMH 10 3MIH 1 3aBJaHb, SKi
HEeoOXiTHO BUPIIIUTH Nporpami, 1100 MpoBecTH HeoOXiaHi
3MIHM B JKUTTA. 3pO3YMIJIO IO IICHS TPOXOPKEHHS
yeproBoi To4ku Oidypkamii cTpareris Moxke CYTTEBO
3MIHHUTHCS.

BusnauenicTe mepmoro Kpoxky. Yu iCHYIOTH B
iHpacTpyKTypHili MporpaMi TUIaHW peajizamii ctpaTerii
JI0 4eproBoi Touku Oidypxamii? Yu scHa poib KOKHOTO
qIeHa KOMaHOu  iHQPAcTPyKTypHOI  NIporpaMu B
nocaraeHHi Micii? [loromkeHo 4u 1wiaH Aiil mporpamu 3
IUTAHOM CTPATeriyHOro pO3BUTKY Kommamii? Ilepmit
KPOK IIbOTO IUIaHy 3pO3yMiNIMi BHKOHaBIIO? SKIIo mock
mijie He TaK, YA 3MOXE BiH IMOBEPHYTHCS HAa BHXIiIHI
no3unii? Y mMae koMmaHna iHQPacTPyKTYpHOI Iporpamu
NPaBO Ha TIOMMJIKY?
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3aranpHUM omip (mepenonn) cuctemu. ki GakTopu
OyoyTh CBIAYNTH TPO HASABHICTH 1 I1HTCHCHBHOCTI
rpynoBoro omopy? Yu Bech HaABHUH B KOMaHI
MOTEHIAN 3amisHuil 1 3MiH? YW BHKOPHCTOBYE
KOMIIaHis 1HCTPYMEHTH aHali3y 1 B3HWKEHHS OIopy
3MiHaM?

Biamnosige Ha 1 HUTAHHSA MOXE IATH BIAMOBiAL Ha
MUTaHHA TPO TOTOBHICTH KOMIAHIi / mporpamu Jo

peamizamii  3MiH, SKi HEOOXiHO BHPINIMTH TPH
BIIPOBA/DKCHHI  IHPPACTPYKTYpHOI — mporpamu, o0
MIPOBECTH HEOOXiTHI 3MiHU B JKUTTS.

[IpoOymxeHHs IHHOBAITITHOT aKTHBHOCTI
iHppacTpykTypHOi mporpamMu B  Toumi Oidypxarii
MOB’SI3aHO 3 MOOLTI3aIli€l0  TBOPYOro  IOTCHINATY,
HEOOXiTHOTO Ml YCHiXy TMpOorpaMH €  CKIIQJTHOIO

HAYKOBOIO ITPOOIIEMOIO.

JlocBif OCTaHHIX TIOOATbHUX KpHU3 IOKa3aB, IO B
YMOBax HeCTaOUIBHOCTI HaBiTh HeBENHKI (uyKTyauii
MOXYTh 3allyCTUTH MpoOIlec 3 HemepenadauyBaHUMHU
HACIIiIKaMH¥ TS TJ100aIbHOT eKOHOMIYHOI CHCTEMH.

JlaTeHTHa I[IHHICTh BHUSBISIETHCS B KOH(IIIKTAX, SIKi
00YMOBIIIOIOTH CIIPSIMOBaHICTh MaHOYTHBOTO PO3BHUTKY
iHGpacTpyKTypHOi mporpamMu. BigMIiHHOCTI IIHHICHHX
OadeHb Cy0'€KTIB MporpamMu HEOOOB'S3KOBO BUKIMKAIOTH
HaTPY>KEHOCTI B IX B3aEMOXisAX. MOIEMOBaHHS CHCTEMHU
JI03BOJISIE  BioOpa3uTH (YHKIIOHYBAaHHS 1 PO3BUTOK
opraHizamii TpW HETIHIHHUX 3MiHH BHYTpPIIIHBLOTO Ta
30BHIMHBOTO OTOuYeHHs. Ciif MiAKPECIuTH, MO0 i
(YHKIIOHYBaHHSIM CUCTEMH 3a3BHYail pO3YMIIOTh Hepexin
ii 3 0JJHOrO CcTaHy B IHIIMH B HANPSIMKY JAOCSTHEHHS METH
3 XapaKTepH3ylTh ii BIACTHBOCTI B AMHAMIII 1 He
CYNMPOBOJKYEThCS 3MIHOKO MeETH. Ilil pPO3BUTKOM XK
CHUCTEMHU MPHUHHATO PO3yMITH 3MiHY i sikocTi, TOOTO Ti
CKJIaIy, CTPYKTypH a00 TOTO i 1HIIOTO pa3oM.

3acTocoByBaHI MaTeMaTHYHI MOJENI MOKIMKaHi
BiOOpakaT 3a3HAYCHi SBHUINA B CHUCTEMi, OIHUCYIOUH
cucreMy sK HaOip B3a€MOIOB'I3aHUX CIEMEHTIB, IO
MAaIOTh JaHi BIACTUBOCTI, Ha0ip 3B'A3KIB MiX €JIEMCHTAMHU
1 X BIACTHBOCTAMH 3 TO3HIINA NESKOTO MPOIECy, IO
MIPOTIKaE.

Tepmin "mporec" CTOCOBHO MOTOYHOTO CTaHy
CHCTEMM 3a3BMYail BU3HAYAECTHLCS K CHINBHICTH JIiH, 110
BXOJUTh B YyCI €IEMEHTH, BIACTHBOCTI 1 3BSI3KY
KOMIIOHCHTIB CHCTEMH, 110 A€ pe3yibraT. [I[poXoKeHHs
Toukn Oidypkamii Mu OyaeMO pO3MNIAIATH TaKOX SK
npouec. Came nporec NMNepeBOANTb BXiJ Y BUXij, MOB'A3ye
JIBA CHUCTEMHHUX 00'ekra, mepmmid 3 skux - "BXig" -
BifoOpakae BCe Te, MO HAIXOJWTH B IPOIEC, a APYTHH -
"puxin" - BigoOpakae pe3yipTaT ab0 KIiHIEBUH CTaH
nporiecy. Bxin mporecy B CHCTEMi OTPUMY€E BUKJIHMKH Bif
HaBKOJIMIIHBOTO  BHYTPIIIHBOTO a00  30BHINIHBOTO
CepesoBUINa CHCTEMH, TOYHO TaK e, K BHXiX (opmye
BILJIMB Ha II€ CEPEIOBHUIIIE.

CrximagHicTh 3MiHM B Todkax Oidypkarii 1 ix He
JMHIMHICTE Ta TPHUBAIICTH TOBOPUTH NP0 JOPEUHICTH
3aCTOCYBaHHS CHCTEMHOI TeXHOJoOril BTpy4aHHs [12], sk
OJTHOTO 13 CIOCO0IB YIPaBIIiHHS 3MiHAMHU.

Crpareris — 1[e JOBrOCTPOKOBUH IUIaH Jiif,
CIpsSIMOBaHUN HA JOCSTHEHHS MEBHOI METH, CYTTEBOI JIJIS
opranizauii. Crpateriss B pi3HHX cdepax IisUIbHOCTI
BHU3HAYAEThCSI  MO-Pi3HOMY. Y  IISUIBHOCTI  IIOJO

BIIPOBDKEHHS  iHQPACTPYKTYpHHUX  TIpOrpaM  pOJIb
cTparerii mojsrae y BOPOBADKCHHI OpraHi3aliiHO-
AQHANITAYHOI CTPYKTYypH, SKa OOIPYHTOBYE 1 TOTye

pilIeHHs I BUKOHAHHS pallioHaNbHUX miif [13, 14].

Po3pobinieni crpaterii NOBUHHI peani3oByBaTHCS 3
ypaxyBaHHSM PEaIbHOTO CTaHy CIIpaB, IPOTE HE 3aBXKIH
MAalOTh CIPOMOXHICTh 3JIMCHIOBATHCS TaK, SK IIe OyJO
3arlaHoBaHo.  HeoOXigHO — mOCTIHHO — ajanTyBaTu
CTparerito, NPUBOJSYM 11 y BiAMOBIJHICTD 3 aKTyaJbHUMHU
BHMOI'aMH OTOYEHHS 1 JICHUM CTaHOBMIIEM OpraHi3alii,
HaBiTh SAKIIO CHOYaTKy BOHAa  po3polisuiacs 3
BpaxyBaHHSIM BCiX BHYTPIIIHIX i 30BHIIIHIX BUMOT.

He3zane)kHo BiJT ONMTUMANBHOCTI CTpaTeriit peaizamii
1HQPACTPYKTYpHUX TpOrpaM, Ha HHUX BIUIUBAIOTH I
opranizalii, iX CTpyKTypa, MOKIHUBOCTiI opraHizaiii i ii
otoueHHs. OTXe, MOXKHA 3alpPOIIOHYBATH TPU METOIUKU
peaimizariii cTparerii.

IudpactpykrypHi IporpaMu MaroTh OyTu
CHpsIMOBaHI He JIMIIEe Ha MOOYAOBY (PO3BHTOK) CKIIJHOT
abo MacmTaOHOI cHcTeMH, B Hiii Mae OyTH IPOAKTHBHO
BpaxoBaHa PO3pOOKa KOHICMII MmoOymoBH CTpaTeriii ta
3MiHM CTPYKTYp opranizamii [17, 18].

V iHpacTpyKTypHii mporpami, Ky CTBOPEHO s
pO3pOOKH  HOBOTO  THIy  TPOAYKTY  (ITOCIYTH),
BH3HAYaJIbHUMH € BUKOPHCTAHHS HOBUX TEXHOJIOTiH [12,
13], Ta KOHIENINI 3araJbHOr0 YIPABIiHHSA YCITIXOM.
Crpateriuyde ynpapiiHHA iHQPACTPYKTYpHOIO MPOTPAMOI0
ineHTH(IKy€e €JIEMEHTH CTpaTerii, KPUTUYHO BaXKIIMBI JUIs
JIOCSITHEHHSI MICI€I0 TMPOrpamMH, 1 CTBOPIOE CTPYKTYpPY
mporpamu 1Jist 00'eJTHAHHS KITFOUOBHX €JICMEHTIB cTparterii
[14, 15]. YnpaBuiHHsA cTpaTeriero iHPppacTpyKTypHOTO
NPOTPaMH CTOCYETHCSI TOJIOBHUM UYWHOM BCTaHOBIICHHS
Mmicii 1  ynOpaBmiHHS —~ MEHTaJbHUM  HPOCTOPOM

iHppacTpyKTYpHOI porpamu [16].

IpoginoBanns HediHiiiHOI cTpaTerii
iHdpacTpykTypHOI nporpamu

B mpaktumi  ynpaBmiHHA — iHQpPACTPYKTYpHUMH
IporpamMaMy 3acTOCOBYIOTBCSI TPU MiJXOIy A0 peaiizamii
CTpaTerii.

[Tigxix mepmoro THITy IOJATa€ y BCTAHOBJICHHI
MEBHUX MPHUHIMUIIB 1/a00 BIPOBA/PKEHHS BIiAMOBIAHOT
CTPYKTYpH Juisi e(EeKTHBHOTO BUKOHAHHS MIOJEHHUX
ormepanii, MPUHHATTS OCHOBHHX 1 IPYTOPATHHUX PillleHb 3
METOIO TiJBUIIEHHS piBHA mpodecioHami3mMy i KyJbTypu
qiIeHiB opraHizamii. Taka meTtoanka po3poOIseThCS A
CTBOpEHHS 100pe KepoBaHOT opraHizarii.

[Migxig Apyroro Tumy CHpsSMOBaHWM Ha PO3BHTOK
HOBUX TIpUHOMIB 1 MexaHi3MIB ix peamizamii, sKi
opraHizamisi MOXe 3acTOCyBaTH B po0OTI sK 3
TEXHOJIOTIYHUMH TIporiecaMH (YyCTaTKyBaHHS 1 TEXHIKa),
Tak i 3 ynpaBiiHCcbkuMH (Oi3Hec-mporiecn 1 Oi3Hec-
Mozedi).

[ligxixz  TpeTporo THIy BH3HAYAE€ MEXaHI3M
LUKIIYHOTO CTBOPEHHS HOBUX MIHHOCTEH, TaKUX SK
MPOIYKTH 1 TOCIYTH, sKi 3a0e3MedyloTh OpraHi3allisM
YCHINIHICTh, 1[0, B CBOIO Yepry, BHU3HAUYAE iCHYIOUi
MIHHOCTI CaMUX OpraHi3ailii.

Jlist KO>KHOTO TiIXOMy IOBMHHA OyTH BH3HAueHa
cnerudiyna cxema npodinoBanss crparerii [15, 16].
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ITouaTtkoBa Micis Ta crparteris iHQPacTPyKTypHOT
POrpaMu MEPETBOPIOETHCS B IMTPOAYKT NPOrPaMH, 1[0 Ma€e
VHIKaIbHY I[IHHICTh aKTHUBY, BHACHIZOK (OpMYBaHHSI
9iTKOT KOHIEMINI 1 apXiTeKTypu iH(PacTpyKTypHOI
MPOrpamMH, CUCTEMH IIJIaHYBaHHS 1 MOHITOPHHTY, a TaKOX
camoi peaizarii il 11010 HOTo 3iHCHEHHS.

CnouyaTKky Micis Ta cTparteris, Ha JOCATHEHHS SKOI
CHPSIMOBYIOTh CBOi 3YCHJUISI 3aiHTEPECOBaHI CTOPOHH B
iHpPaCTPYKTYpHiil mporpamMi, OKpeciItoe TUIbKH 3arajibHe
PO3YMIHHSI, SIKE MPE/ICTABISIE CYTh POIPaMu Y CTHCIOMY

(hopMyITIOBaHHI.
CTBOpEHHS I[IHHOCTEH pO3TIAAAETHCA SIK OCHOBHA
KOHIIETIITist iHpacTpyKTypHOT MpOTrpaMHu, sIKa

pO3TOpTaeThCsl IMoeTamHo. [Iporpama mMmOYWHAETHCS 3
BH3HAUCHHS BHUIY I[IHHOCTEH, SKi TOTPIOHO CTBOPHTH,
MOTIM TIEPEXOAWTH 1O Iili, CIIPIMOBAaHUX Ha CTBOPCHHS
MIHHOCTEW, 1 10 BH3HAYEHHS TOro, KOJM  CIHiJ
3MIACHIOBATH MPOIIEC YIPABIIHHSI, 0 KOPET'Ye MisIbHICTh
31 CTBOpeHHSI IiHHOCTeH. HaliBaxuBimm y 1ii poOoTi €
nmpolec  BHM3HaueHHs  Micii Ta  cTparerii, SKuid
CIPSMOBAHUN MIATOTOBKY 1H(MPACTPYKTYPHOI mpOrpaMu
3a JTOIOMOTOIO0 ieHTHdIKaIli mpobiaeM 1 GopMyTIOBaHHS
KITIOYOBUX HANPSAMKIB cTpaTerii. Llel mpomec ckiragaeTscs
3:

- KOHTEKCTHOTO aHaJ3y CHUTYyamii s IPaBHUIEHOTO
VSBJICHHS TIOBHOI KapTHHH (cTaHy) iHQPACTPYKTYpHOI
MIpOTpaMu BKITIOYAIOYH OTOUCHHS;

- MiJITOTOBKH aJIbTCPHATUBHUX CIICHAPIIB.

Hdnst Toro, mo0 ynpaBiiHHS 1H(PACTPYKTYPHOIO
mporpamMor0  OyJio  JMHAMIYHHAM, 13  aJCKBaTHUM
pearyBaHHsAM 1 3a0e3MEUCHHSIM KOMIICHCAIl 3MIH B
OTOYCHHI, MeHeMKep 1HOPACTPYKTYpPHOI  MpOrpaMu
MOBUHEH MPOTHO3YBaTH TEH/EHIIi PO3BUTKY OTOUYECHHS B
KOPOTKOCTPOKOBIH 1 JOBrOoCTpOKOBiM mepcnexTuBi. [Ipn
OFOMY HEOOXiZHO TPOMOJENIOBATH YHCICHHI CIeHapil
po3Butky curyamii. Illo6 mocartm 1BOrOo, KOMaHIA
IporpaM IOBHHHA TIIOYMHATH 3 TJIMOOKOTO aHaIli3y
IMOTOYHOTO CTaHy 1 MOJETIOBaHHA OakaHOTO CTaHy B
MaliOyTHBOMY. KepiBHuKH oprasizarnii MaroTh
chopMysIrOBaTH  TOJOBHY  IiIb  iHGPACTPYKTYPHOT
nporpamMu y BUDISAl Micii 1 oOIrpyHTOBYBaTH B Hiid
NPUYUHY  ICHYBaHHS €aMoro 1HOPACTPYKTYPHOT
nporpamu. TakuM YHMHOM 3aKJIQIAEThCS (PYHAaMEHT TOTO,
IO 3aiHTEPECOBaHI CTOPOHU PO3AUIATUMYTH KOHIEIIIIIIO
KOMaH/IM YNPaBIiHHS, 30UIbIIYBaTUMYTh CTYIMiHb CBOEL

ydacTi y BHUKOHaHHI IH(PACTPyKTypHOi Iporpamu,
MOTJTUOMIOIYM  YCBIIOMJIGHHS  cyTi  npoOiieM  3a
JOIIOMOTOI0  aKTMBHOTO  CHUIBHOTO  HaBYaHHSI  Ta
MOTHBAIIl.

Ha nHactynHi#t ctamii MeHemkep iHPpacTpyKTypHOT
[pOrpamMy BCTAHOBJIIOE YITKY METY, Ha IOCSTHEHHS SKOI
Mae OyTH CIIpsSIMOBaHA YIPaBIIiHChKA JisUTbHICTE. Lt MmeTa
(dbopMyIIOETbCS Y BUTIISAI  KOHIEMIi abo 3aBaaHHs
3HAaXO/DKEHHS IUIIXiB  peawmizamii  iHGpacTpyKTypHOI
mporpamu (crpareriyae nuraHHs "sak?"), abo, IHIKAMH
CJIOBaMHM, 3aBJIaHHS TPO MUISXH JOCATHEHHS Micii, st
BHUpINICHHS SKOi HEOOXigHO BOJOJITH  TJIMOOKUM
cTpaTeriyHUM MUCIeHHIM. Ha miif cTanii 6akaHo 3aBXIH,
KOJIM 116 MOXKHA 3POOUTH, OIICATH KPOKH, HEOOXITHI JIIs
3aificHeHHs Micii iHpPacTPyKTYPHOI MporpamMu, y BHIIISI
cneuudiyHUX 1ined. 3a JONOMOrol IHCTPYMEHTIB

YIpaBIIiHHS iH(GPaCTPYKTYpHOIO MIPOrPaMoI0
JIOCITIIDKYIOTBCS, 3BY)KYIOTHCS 1 BiJICIBAIOTBHCSI YHCICHHI
crieHapii TS 3a0e31eueHHsa 3MIMCHEHHS
1HQPACTPYKTYpHOI MpOrpaMH, a TaKoX OOHpPAEThCS
MCBHUIA CIICHApid, KU cTae 0a30BHM ISl MOJANBIINX
NPOLIECIB  OLIHKM  apXiTeKTypu  iH(PPaCTPYKTYpHOL
NpOrpaMH 1 HOTo IIHHOCTI.

®opmymoBaHHs Micii Ta crpaterii nependavae
CTBOPEHHSI 3arajbHOro OaveHHs iHPPACTPYKTYpHOI

MPOTpaMu, OYiKyBaHOTO 3aMOBHHKOM, BHUPAXKAaE IIHHICTh
1HGPACTPYKTYPHOI TIpOTpamMu, IO BiI3ePKAIIOE TIOTIISIN
3aMOBHHMKAa Ha TEPMIiHH, CHUIBHOTY iH(QPacTpyKTypHOL
MporpaMH 1 IiSTIBHICTP B MeXax nporpamu. Te, Mo
MTOBUHHI BU3HAYATH MICisS Ta CTpATETis, MOXHA PO3IIITUTH
Ha JBI KaTeropii: (popMyJtOBaHHS MOTOYHHX MPOOJIEM i
onrc OaxxaHOro 00pa3y MalOyTHHOTO IMICHS ITOJIOJaHHS
MOTOYHUX MpobseM. DopMyiIOBaHHS Micii, IO BUpIIIye
npoOJeMu U TOCATHEHHS OaXaHOTO CTaHy, BKJIFOYAE
omuc  1ined  iHdpacTpykTypHOI  mporpamu, — HOro
KOHTEKCTY, METOMIB 1 IOJITUKU MPUHHATTS PpilleHb,
XapaKTePU3Y€EThCSl YHMCIACHHICTIO MPEIMETHUX Tany3ed 3
OJIHI€T CTOPOHH 1 HEBU3HAYCHICTIO CEPEIOBUINA — 3 1HIIOT.
Bracnmigok mporo Micis iH(GpacTpyKTypHOI IpOrpaMu
gacTo OyBa€ CKIAAHOIO IS CHPUHHATTS 1 pO3yMiHHSL.
KoskeH acrmekT iHPpacTpyKTYpHOI MpOrpaMH Ma€ BEJIHKE
3HAYEHH, 1 KOJKHE 3 IOJIO)KEHb Micli Ma€ TIIMOOKHIA CEHC.
Bonnm € miHHOCTSAMU Micii, a HE TIPOCTO OIMUCOM 3aBIAHB,
IO TMiISTat0Th BUPIMICHHIO.

IIpouec ¢popmyBaHHs HediHiliiHOT cTpaTerii
iHppacTPyKTYpHOI NporpamMmu

Jns dbopmysroBaHHS Micil Ta BH3HAYCHHI CTpaTeril
iHGPACTPYKTYpPHOI mOporpaMu HEOOXITHO BigoOpa3uTH
KOHIICTIIIFO OI[IHKKM HOro I[IHHOCTI Tak, K II€ YSBIISE
3aMOBHHK, 1 NPHUBECTH 1l B 3aKIHYCHUH BUIIIAA, KU

JIO3BOJIUTh  3aiHTEPECOBAHMM CTOPOHAM  3/IMCHIOBATH
MaKCUMallbHO  MPOAYKTUBHY KOMYHIiKamifo i, 3a
HEOOXIJTHOCTi, IOTOMKYBaTH i3 3aMOBHHUKOM 3MiHH i

JIOTIOBHEHHS J10 iHQPACTPYKTYPHOT IIPOTPaMH.
KoHTeKkCcTHHIA aHali3 — [[e METO/I0JIOTIS OCMHUCIICHHS

1 TpeACTaBICHHSA IUIICHOT KapTHHH i1HPPACTPYKTYpPHOL

nporpamu. Llei aHaii3 3acTOCOBY€EThCS JUIsl IHTEpIIpeTanii

Mmicii Ta crpaTterii mepeBaXHO Yy BHIAgKaX, SKIIO
B3a€MOJIIIOYI  YHCICHHI I[HHOCTI  1HGPACTPYKTYpHOI
mporpamMu  BuUpakeHi  abctpakTHo. HeBusHadeHiCTh

MOAIOHOTO THITy CHPHYMHAIA 1 CHPUYMHSE YUCIICHHI
BTPaTH 1 IOAATKOBI BUTpaTH. Hermopo3yMiHHs BUHUKAIOTh
4yepe3 Te, M0 KOHTEKCT Micii He Moxke OyTH PO3KpUTHM

MOBHICTIO  BHACTINOK  HEPO3BHHEHOCTI  BiANOBITHHX
meroniB. Tomy i  omucy Micii Ta  cTparerii
IHQpaCTPYKTYpHOi MpOTpaMu  HEOOXiJHO PO3poOUTH

OCHOBHI ITpaBmJiIa X iHTEpIIpeTallii.

Y KOHTEKCTHOMY aHami3i mpaBuia, mo (OPMYIOTh
cucreMy, abo BiANMOBiAHA MeTOAOJOTISI (OPMYyBaHHSI
3araJlbHOTO0  KOHTEKCTY MaloThb OyTH TIpeAcTaBiIeHi
Bi3yallbHO, a BHMOTHM 3aMOBHWMKa abo ¢axiBig 3
IUTaHyBaJIbHUKA 1HQPACTPYKTYpHOI TpOrpaMu MAaioTh
OyTH MaKCUMaJIbHO BTiJICHI.

[Monepenuiii onuc "crany sk €" BHKOHYETbCS 4epes3
OIIIHKY 30BHIIIHLOIO OTOYECHHS. Heo6xigno
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JIOCIIDKYBAaTH  30BHIIIHE  OTOYCHHS, aHATI3yI0IH
0OMEKEHHS 3a TepMiHAMH BIIPOBAKCHHS
iHGpaCTPyKTYpHOI TporpaMu 1 MIBHUAKICTH MPOBEICHHS
3MiH B mporpami. MeToIu OIiHKH! TPH ITbOMY BapilolOThCs
3aJIe)KHO BiJ] KOHKpETHOI 1H(pacTpyKTypHOI Nporpamu,
ane y Oyb-sIKOMY BUIAJKY MEHEeKepU
IHQPaCTPYKTYpHOI MPOrpaMy NOBUHHI CHOYATKy OIHCATH
"cran sk €", skud  OazyeTrbcs Ha  cTpaTeril
IHQpaCTPYKTYpHOi NpOrpamH, BiAMIYEHHX TEHICHLINX B
OTOYEHHI 1 #oro 3MmiHaxX, TEHAEHIIAX B IOBEIIHII
30BHIIIHBOTO  OTOYEHHS,  NPIOPUTETI  KOHKPETHOI
iHQpacTpyKTypHOI  mporpamM, a TaKoX OadeHHI
MalOyTHBROTO PO3BHUTKY I1H(PACTPYKTYypHOI TpOTpamH.
[TotiM, TPYHTYIOUHCH Ha CTPATETii, CTPYKTYPYETHCS TPYIIH
MiATIPOTrpaM, i BCTAHOBIIIOIOTHCS 1X TIPIOPUTETH.

Jlayi omucyeThCs TIMOTETHYHUI CTaH IporpaMu abo
psan craniB momenm "sk Oyme". Lle morineHO 3poOuTH 3
nBox mpuumH. [lepiia nonsrae B ToMy, 1O 32 HasBHOCTI
npoOiieM, 3 SIKMMHU B JaHUH 4ac 3iTKHYyJacsl opraHizaris,
BOHU MOXXYTh OyTH BHpillIeHI HE HAalKpallUM YHHOM IpU
TpaJMILIHHOMY TIEpeTBOpEHHI 13 "cTaHy 5K €" y "cTaH K
Oyne". Hampuximan, '"craH sk €" XapaKTepH3yeThCS
HaJMIpHOIO TPOAYKTHBHICTIO, TOJI IPH TepeXoi B ""CTaH
sik Oyne" maHa mpoOsema He Moke OyTH BHpIIIEeHA TiIIbKU
3a  JONMIOMOTOI0  pecTpyKTypm3amii abo  mikBimarmii
TIPOTPaMH.

Hpyra mpu4mHA TOJNSTAaE B TOMY, IO YacTO IIPH
cnpobax  BHM3HAueHHs ''CTaHy K€" aHAIITHKH
3YCTPIYAIOTHCS 3 MEBHUM OIOPOM, OCKIIBKH BBaXKAEThHCH,
0 Taka JIarHOCTHKAa Ta ayauT iHQPACTPYKTYpPHOI
KOMaH/IM [IPOrpaMH MOXKE HE KPallUM YMHOM BHCBITIINTH
pobOTYy  MeHemKepiB 1 CHIBPOOITHHMKIB ~ KOMaHIH
ynpaiinHs. Takox HaJ3BUYAHO BaXKIIMBO MIJAKPECIUTH
TOM (akT, MO0 HEMOXXJIMBO BHPIMIATH BCi MPOOIEMH,
mpocto ineHTHdikyroun iX. Tomy nomnineHimme Oymo O
CIOYATKY OIMCATH TIMOTETUYHHH "cTaH K Oyzae", a moTiM
MMOBEPHYTHUCS Ha3aJ IO AiarHOCTHKH '"CTaHy sK €" s
BHSIBJICHHS PO3PHBIB MiXK IIMMU CTaHAMH.

JiarHocTrka "cTaHy fK €" 3a JIOTIOMOTOIO OTJISIIY
BHYTPIIIHBOTO CEpEeNlOBUIA € OUIBLI MPIOPUTETHOIO.
[TpoBoaWTH OIS TUHAMIKH BHYTPILIHBOTO CEPEAOBHIIA
MporpaMu JIeTmie, SKIIO Ied OrJs] 3HIHCHIOEThCS
BIZIHOCHO 3aj1ad, II0 CTOCYIOTBCSI TilIOTETUYHOTO '"CTaHy
K Oyzae", a TakoX SIKIIO ICHY€ SICHICTh y BU3HA4YCHHI 1
iHTepIpeTaIlii el TAKOTro OrJIsAY.

Po3risiHeMo BH3HAa4YeHHS CHPSMOBAHOCTI "CTaHy SIK
Oyne". T'imorernynnii "crtaH sk Oyne" NOpIBHIOEThCS 3
ICHYI0UMM "CTaHOM fK €", 1 SKIIO MK UMM CTaHAMH €
ICTOTHI pPO3pWBH, Tirmore3a Mae OyTH TeperisHyTa i
MIPUBEJICHA Y BIIIIOBITHUIA BUTIISLI.

Hast BUPIIICHHS CKJIQJIHUX npoOiemM
iHpPaCTPYKTYpHOI IPOTrpaMHu 3aCTOCOBYIOTECS BiIIIOBIAHI
3HAHHSA, BUKOHYETHCS JIarHOCTHKA 1 TMOKPAIIYyEThCS
B3a€MO3B'SI30K MK IIUIMM 1 YaCTHHAMH Yepe3 MiATPUMKY
MIPaBUIBHOTO OajaHCy MDK 3arajdbHAM YIPaBIiHHAM
[UJIMM 1 aBTOHOMHICTIO 9acTuH. I{e HeoOXigHO, OCKIIbKH
CyTh  yNpaBiiHHA  I1H(QPACTPYKTypHOIO  IPOTPaMoOI0
nojirae B TOMY, IO JUIsd TeHepamii pillleHp IiJ 4ac
3MEHIIECHHS YIPaBIiHCHKOI HEBU3HAYEHOCTI Mporpama
pO3MIISNAIOTBECS  SIK  €AMHE  Ljle,  IiAJaroThCs
B32€EMOBIUIMBY 1 MIOBHMHHI BUKOHYBATHCS CKOOPJIMHOBAHO

JUTS 3a0€31eUeHHS TJIABHOCTI porpecy
iHQpacTpykTypHOi mporpamu. Tomy OropokpaTHyHi
MIEPETIOHN MiXK eJIEeMEHTaMH i1HPPACTPYKTYPHOI IporpamMu
MaloTh OyTH YCYHEHi IUIsl TOTO, 10O TMporpamu, Imo ii
CKJIa[Ial0Th, TAPMOHIMHO B3AEMOJISUTH 1 MPHUBOAWIH IO
pe3yabTaTiB, BH3HAYCHUX Mici€r0. 3 1€l NPUIHHU
MpOTrpaMHE YIPAaBIiHHS BCTAHOBIIOE TEBHI MpaBWIa JIIs
B32€EMOJIIi MK TPOEKTaMH, Pa3oM 3 THUM, HIATPUMYE i
3abe3rneyuye HeBiJ'€eMHICTh aBTOHOMIT ITporpam.

[Ilo6 moOymyBaTH B3aEMO3B'I3KM MDK IIIAM 1
YyacTHHAMH 1 CHIBBIAHECTH iX 13 3MicTOM Micii Ta
cTpareriero  iHQPacTPyKTypHOI TpOTpamMH, TPOEKTHE
VOpaBIIiHHA ITOBHHHO TMPOAHATI3yBaTH 1 BHU3HAYUTH
TIPUHIIMITA 1 OpraHi3allilo B3a€MO3B'A3Ky, IOBEIIHKY B
IJIOMYy 1 CKJIaJOBUX HOTO 4dYacTHH. MarwTth OyTH
3a37aJIeTiIb BCTAHOBJICHI 1, y pa3i moTpebu, mepepoodIIeHi i
BJIOCKOHAJICHI SIK IIpaBUIIa YIpaBIiHHS
iHQPACTPYKTYPHOIO MPOrpamMol0, TakK 1 MPHHIUAIU
Koomepallii, JOCATHEHHS  Kommpomicy  (yrom) i
BU3HAYCHHS HampsiMy [Jil B  opraHizauisx, Mo
3MIACHIOIOTH MIPOTPAMHU.

VrpaBmiHHS CTpaTeriero iHpPaCTPYKTYPHOL
nporpamMy MpU3HAuYeHe Ui IHTepHpeTallii, BU3HAYCHUX
Mici€to, IIIHHOCTEH Ha CTpaTeriyHOMY piBHI I
BU3HAYCHHS B3a€MOil MDK 3alydeHUMH B MPOrpamy
MpeIMETHUMH chepaMH, 3aJadaMu, IUIAMH 1 3aco0aMu;
KOHKpeTu3alii oOMexeHb uepe3 (OpMyBaHHS OCHOBHOI
CTPYKTYpH IH(QPACTPYKTYpHOIi MpOrpamMu; BHKOHAHHS
VIOpaBIiHHS IHTErpamiclo, 10 akIEeHTYe yBary Ha
NpiOpUTETHOCTI peanizauii Micii Ta cTparerii y Bcix
npoliecax BUKOHAHHS 1HPPacTPpyKTypHOT porpaMu.

[MpoextHe ympaBiiHHS = 3a0e3nedye iHTErpariro
CTpaTeriii Ha OCHOBI TAKUX MIAXO/IIB:

1) KOHLIEHTPYIOUUCh HAa CYTi IH(QPACTPYKTYpHOI
mporpamu,  (QOPMYIIIOETbCS — 3arajibHe  OadeHHA 11
KOHIICTIIIi1, [0 JTO3BOJISIE MiHIMi3yBaTH BTPATH i 30MTKH B
MalOyTHEOMY.

2) IPOTIOHYIOTBCSL ~ OCHOBHI  CTPYKTYpd IS
BHpIIICHHS  3aJa4  iHQPaACTPyKTYypHOI  NpOTpamH,
aKIEHTYIOUM yBary Ha I[IHHOCTi, KJIIOYOBIH  JJIst
JIOCSITHEHHSI MICil Ta BTiIEHHs 00paHoi cTpaTerii.

3) npu TuiaHyBaHHI 1 peanizamii iHOPACTPYKTYPHOT
mporpamMu MPUAMAIOTBCS PIIICHHS HEYNEePeIKeHO, He

CIMPAIOYMCh  HA  TpamuUidHI  migxoxum  (PHHIMIT
HOBaTOPCHKOTO MUCIICHHS).
4) npuiiMaroThes pileHHs, PO3IOUISTIOYN

NPIOPUTETH MK YHCICHHUMH IUIaHAMH 3aJIeKHO BiX
cUTyalii (BUKOPUCTOBYIOUH TEOPil0 BHOODY).
IadpacTpykTypHa mporpama peanizyeTbcs Ha piBHI
CTPATEeriYHOTO YUPABIIHHA OpraHi3amii, IO CTBOPIOE
OCHOBHY IIHHICTh Micil iH(}pacTpykTypHOi mporpamu.
I'pyma mporpam, Bu3Ha4YeHa B pe3ynbTaTi X mpodimizarmii i
VOpaBIiHHA  apXiTeKTypolo, MOBHHHA  BigNOBiZaTH
3aranbHii cTparerii iHGPacTPyKTYpHOI IporpamMHu.

PesyabTaTn npodinoBanus micii Ta cTparerii
iHdpacTpykTypHOi mporpamu

BuximHuM = TOKyMEHTOM  Tpomecy  NPHHHATTS
pilleHHs 3 BHOOpPY SKHAWKpamoro 3 JEKUIBKOX
IPTEPHATUBHUX BIJHOCHO JO Micii cueHapiiB €
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3aTBep/DKCHHUN CIleHapii cTpaterii  iHQpacTpyKTypHOI
nporpamMu. Y IIbOMY JOKYMEHTI BHU3HAYarOTHCS OCHOBHI
eTany 1 HaWBAXJIMBIII €JIEMEHTH CTpaTerii JTOCSATHEHHS
Mmicii. EnmemeHTH cTparerii BapilOIOThCS 3aJIe)KHO Bijg
KOHKPETHOI iH(ppacTpyKTypHOI nporpamu. Hanpukinan, y
nporpami  po3BUTKY HOBOTO HPOJYKTY €JIeMEHTaMH
cTparerii, SKIi NPUBOIATH NPOXYKT JO  YCIIXY,
MOXYTh OyTH HOro (yHKIIOHAJIBHICTb, BapTICTh 1 Hac
CTBOPEHHS.

Enementu ctpaterii MOXKyTh OyTH DPi3HHMHU HaBIiTh
s iHQpacTpyKTypHUX  mporpaMm  ofHiei  chepu
TiSUTEHOCTI, BOHM 3aJIe)KaTh Bif 3amad iHGPacTpyKTypHOI
mporpamu i 6a4eHHs opraHi3alii-iHBecTopa.

HeoOxigHO Big3HAYUTH TaKoX, M0 MHOXHHY
3aMpOTIOHOBAHUX JIO OIIHKH aJbTePHATHBHHUX CIICHAPIiB
Ha CTPATETiYHOMY piBHI MOXHA pO3TIANATH 3 TO3MINH
JICKIIKOX OCeil OIIHIOBAaHHS, TaKHX SK: 4Yac, PEeCypcu
Tomo. ['pyna MpoeKTiB, IO CKIANAIOTH 1HOPACTPYKTYPY,
dbopMyeTbCSI Ha OCHOBI CIICHapil0, BHOpaHOrO 3a
pe3yibTaTaMH OLIHKH anbTepHaTuB. [Ipote iHTEepdeiicu
MDK IPOEKTaMHU HE 3aBXKAU BHUSBISIOTHCS BU3HAYCHUMH 1
4acTo J0 KOXHOTO CIIEHApif0 BKIIOYAIOTHCS OJHI ¥ Ti cami
TpoTrpaMH IJIsl HaJaHHS HEOOXiTHOT THYIKOCTI.

PosrnsHEMO TIpoIleC MIATOTOBKH ANbTEPHATHBHIX
creHapiiB  peamizamii  cTparerii. ICHYIOTH  clieHapii,
peamizaiiss SKMX MOXE NPHUBECTH 0 JOCATHEHHS Micil
iH(ppacTpyKkTypHOi TIporpaMu. Moske iCHyBaTH OAMH ado
JeKiIbka TakuxX cueHapiiB. /J{ias po3poOku  cueHapiiB
CTBOPEHHSI HOBOI YIPaBIiHCHKO-TEXHOJIOTIYHOI CHUCTEMH
BUKOPHCTOBYIOTHCS Pi3HI MiJXOMM I METOAM, HANPHUKIIAL
MeTon, BUOOpYy ampTepHaTHBH - "BUpoOIATH abo
npuadatu', MeToa rerepaiiii igei, meroa Jdenbghi — meton
PO3BUTKY KOPOTKOYACHHUX 1 TOBFOCTPOKOBHX CIICHApPIiB
[6]. IndpacTpykTypHa mporpamMa 34iHCHIOETHCS TPOTATOM
JIOBTOCTPOKOBOTO Tiepiony. PiBeHb HOCSATHEHHS WiHHOCTI
Micii iHppacTpYKTypHOI POTpaMy OIIHIOETHCS HAa JaHUH
MoMmeHT. [lpu 3aBepineHHI iHPpPACTPYKTypHOI IporpaMu
BU3HAYAEThCSI, YU Oyna JOCATHyTa IIIHHICTH Ta
cTpareriuni Il 3aranoM. BuOpanuit s peamizamii
creHapiii MOBMHEH Tnependavyard OLIHKY BIUIMBY Ha
iH}pacTpyKTypHy nporpamy 3MiH B OTOYEHHI BIIPOJIOBXK
BCHOTO 11 JKUTTEBOTrO LHUKIY. B OUIBIIOCTI BHIAAKIB
iHdopMallisi, Ha OCHOBI SIKOT IIPOBOJUTHCS OIIiHKA, CTapie
MBUIIE, HIXK MPOXOJUTH TPOIEC OI[IHIOBAaHHS, TOMY

BUOpaHWM  anst  peamizamii  CLEHapid  IOBHHEH
OpIEHTYBATHUCS Ha IIPOTHO3HY iH(opMarito.
Pecypcu iHdpacTpyKTypHOI mporpamu, Taki sK

(donan, opranizamiiHi 1 JIOJICHKI pecypcH, TEXHOJIOTII i
KOIITH € OOMEXEHHMH 3a CBOEI0 MPHUPOJOI0, IX
0COOJHUBICTIO € Te, 1110 BOHK MOXYTh BUKOPHCTOBYBATHCh
IHIIUMH TPOEKTAaMH 1 mporpamMaMu (sIKi € KOHKYpeHTaMH
Uil JaHoro  iHQpacTpyKTypHOi mporpamm). SKmo
BHYTPIIIHIX pecypciB opraHizamii HE JOCTaTHBO IS
BUKOHAHHA 1H(PACTPyKTypHOi mporpamy, HOTPiOHO
3aly9aTu 30BHIIIHI pECypcH, peaIi3oByBaTH HaPTHEPCTBO
3 IHIIMMH OpraHizamisMd 1 TMPOBOJUTH JOAATKOBI
HayKOBO-JOCJIiTHI pO3POOKH.

PiBenp iHBecTHLIM B i1H(QPACTPYKTYpHY NpOrpamy
YTBOPIOE III¢ OJHY BICh CTPATEriyHOro aHaji3y, Ha SKiH
OKpEMO BUWJUIAETHCS NPUHHATHUH TPaHUYHUH pIBEHb
IHBECTHLIH.

BaxnauBo  BpaxoByBaTH  CHCTEMY  COLIQIbHHX
MpiopUTETiB, TpH  3MIHCHEHHI  iHQPacCTpyKTypHOI
nporpamM,  —  3aKOHOJABCTBO,  TPaHCIOPTHY 1
iHpopMaliiHy  1HPpPACTPYKTYypy, OCKUIBKH  BigoMmi

BUIAJKK TIpOBaly 3apyObKHUX omepamniii B pamkax
IHQpacTPyKTypHHX TIporpaM dYepe3 Te, W0 He Oynu
BpaxoBaHI MICIEBI 3aKOHOAABYI HOPMH 1 NpaKTHKa
BelIeHHs JisibHOCTI. bBynp-sixka cnpoba  CTBOpeHHS
I[IHHOCTI, KA BIiAPI3HAETHCS BiJ I[IHHOCTI, O TICPEBAXKAE
B CYCIHIJIbCTBI, BUMarae peresibHOI MepeBipKH CyMiCHOCTI
COITIAJTbHUX HOPM.

B iHdpacTpykTypHii Tporpami  3IiHCHIOETHCS
omiHka pw3ukiB. Jlo THX Tip, MOKH B Tporpami, sKka
XapaKTePU3YEThCS BEJIMKOIO KUIBKICTIO PH3HKIB, HE
pOo3po0IIeHi epeKTUBHI MPOTUPHU3UKOBI 3aX0JH, CTpPATETis
BUOOpY TMOBHHHA mepenbavyaTH il MoeTarmHe BUKOHAHHS
ab0  po3po0JATH  anbTePHATUBU Ui 3AIHCHEHHS
iHQpacTPyKTypHOi THpOrpamMH 3 BHUCOKHM IOTEHIIAIOM
LIHHOCTI, aje 3 BHCOKHM CTYIEHEM pH3HMKy. Takuii
iHppacTpyKTypHa nporpama MOXXHa 3J1HCHIOBATH TaKHM

YUHOM: JesAKi 1i KOMIIOHEHTH peam3ylThCcs 13
3aTBEPUKEHAM  pIBHEM  PH3HKY, JEiKi — IPOCTO
BiOKMmaroThcss abo  BIAKIAHAIOTBCSA, a  JesKl —

3aMIHIOIOThCST  aJbTEPHATUBHUMH  MPOEKTAMH  JUIS
JMOTPUMAHHS BHYTPIIIHBOI JIOTIKH JIOCSATHEHHS Micil
iHPPACTPYKTYPHOI IPOTpaMH.

KepiBHHK iH()PACTPYKTYpHOI MporpaMu B TIpoIieci
Horo peaiizauii MOBMHEH NPOBOIUTU NEPBUHHMUN OTJIAN,
IO TMOJArae B HE3AIEKHOMY AayAWTI BaKJIHMBHUX BIX
nporpaM, 3a JONOMOTOI SIKOTO MOKHA JIOTMOBHHUTH 1
BJIOCKOHAJIUTH CTPATETit0 BUOOPY.

PearnizoByroun  crpateriro

BUOOPY, MEHEIXKep

PO3BUTKY, HAJI)KHMM YMHOM OILIHIOE OYiKyBaHI PU3HKH,
aHaJi3ye, YU BapTO peasli30ByBaTH Hporpamy i BU3HA4ae
PO3MIipH BTpAT B pa3i 3yNUHKH MPOTpam.

[puxnan 3acTocyBaHHS MeTOA0JIOTIi NpodinoBaHHA

crparerii
B skocti mpukmamy 3acTOCYyBaHHS METOJOJOTIT
npodimoBaHHS ~ Micii  Ta  cTpaTerii  BIPOBaHKCHHS
iHQpacTPyKTypHOi NpOrpamMH siKa BIIPOBa/PKyBajach Y
[Ty6niuHOMY Ax1ioHepHOMY ToBapucrsi
"MukonaiBcekuii  koMmOiHaT  xmibompoayktiB".  Lls

OpraHizamisi ChOTOJHI Ma€ y CBOEMY pPO3MOPSIKEHHI
MOTY)KHOCTI 1A 30epiraHHs Ta TepepoOKH 3epHOBHX
KyJIbTYp, BHPOOHHMITBA 1 TpaHyJIOBaHHS KOMOIKOpMIB,
BUCiBOK. Micieto iH(pacTpyKTypHOI porpamMu po3BHUTKY,
PEKOHCTPYKIIiT Ta MOJIepHi3aIii BHPOOHHYINX
notyxHocreid IlyOmiuHoro AxkuionepHoro ToBapucTsa
"MukonaiBcbkuii  KoMOiHaT  xmiGomponykTiB"  Oyio
30UTBIICHHS, AUBepcHDiKalliss BAPOOHUUNX MOTYKHOCTEH,
MiABUIICHHS JIOTICTHYHOI 1 KOMEpIiifHOI mprBabIUBOCTI,

IOUIIXOM  PEKOHCTPYKINI,  MOJEpHi3amii  iCHYyIOYHMX
OCHOBHMX  (oHAIB Ta  OymiBHUITBA  JOJATKOBUX
BUpOOHMUMX 00’ekTiB. Crpareriero iHGPACTPYyKTYpHOI
IpOrpaMu BU3HAUEHA YeproBiCcTh OyIiBHHUIITBA,

PEKOHCTPYKIIii Ta MOJepHi3aIlii BUPOOHUYUX 00’ €KTiB
nporpamu po3Butky ITAT "MKXII" 3a ymoBH, 110 BKE B
HaWOMDKYIM YacoM 3 TI0YaTKy peanmizalii nporpamu
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PO3BUTKY, MiIIPUEMCTBO 3MOXE OTPUMYBATH JOXiA Bif
BBEICHWX B  CGKCIUIyaTallild HOBHX  BHUPOOHHYHX
MOTY>KHOCTEH He YeKaloul Ha 3aBEepIICHHS peajli3allii Bcix
MIPOEKTIB.

Taka crpaterist n03BONMIA B CTHCII TEPMiHH, HE
JIOBIIE IIBTOpa POKY, 3aBEpIINTH peaizalliio Mporpamu
PO3BUTKY, TMpH IOMY HE 3yNUHSIIOYA BUPOOHUUY
JUSUTBHICTB, MTOCTYNOBO HApOLIYIOYM MOTY)KHOCTI 00CsTiB
HaJlaHHSA TOCIHYyr, BHpOOJeHHs mnpoaykuii. Meroro
CTBOPCHHS JIIHIHHOTO 00’€KTa iHXCHEPHO-TPAHCIOPTHOT
iHOpacTpyKTYypu  ia  3a0e3ledeHHs  CcTablIbHOTO
BaHTaXOIMOTOKY dYepe3 mpudas Nel0) MukonaiBcbKoro
MOpPCBKOTO  TOPTY"  NUIAXOM  JACpPKABHOIPUBATHOTO
MapTHePCTBA €  30iJIBIIEHHS  OOCATIB  BaHTaKHOI
nepepoOku Ta AuBepch(iKallisi BaHTAXOIOTOKIB dYepes

MpuYai, IJABUINEHHSA JIOTICTHYHOI 1  KOMEpIliHHOL
npuBa0IMBOCTI  MUKOJIATBCBKOIO  MOPCHKOTO  MOPTY,
3abe3neueHHss  Horo  po30yIOBM  Ta  TEXHIYHOTO
MEPEOCHAIIICHHS.

CrpykTypa BKIIOYa€e iHPPACTPYKTYPHOI MpOrpaMmu
BKITIOYA€ HACTYIIHI 00’ €KTH:

-mpoekt Nel - "CXoOBHIIE CHIIOCHOTO THITY IS
30epiraHHs BaHTaXIB CUTLCHKOTOCIOAAPCHKOT MPOIYKIIIi 3
JIOTIOMDKHUMH OYIIiBJIIMH Ta CHIOpYyJIamMu';

-mpoext Ne2 - "[lyakr Nel mis mnpuiiMaHHS
BaHTaXiB CLITBCHKOTOCTIONAPCHKOT TIPOAYKITIT 3

1 1 "n.
JIOTIOMDKHUMH OyJIBIISIMH Ta CIIOpyaaMu';

-mpoekT Ne3 - "I[lynkr Ne2 mnga mnpuiiMaHHA
BaHTaXIB CLIbCHKOTOCIIOIAPCHKOT MPOAYKIIT 3
JIOTIOMDKHUMH OYIIBIIIMH Ta criopyaamu';

- mpoekT Ne4 - "CxoBue cusocHoro Tuiy Ne2 ms
30epiraHHsi BAHTaXIB CLIIbCHKOTOCIIONAPCHKOT MPOIYKIIT 3
JIOTIOMIKHUMH OYIIBIIIMH Ta criopyaamu';

- mpoekT N5 - "HexwntiioBi OymiBii eleBaTOPHOTO
KOMIUTEKCY (peKOHCTpYKIis OyiBii eneBaropy — jit. O1-
5 3 mpuOyn0BOIO BeXi HOpiHHOT Ne2)";

- npoekT Ne6 - "ITyHKT TEruoBHil 3 AOTOMIXHUMH
OyniBIsIMU Ta criopyaamu';

-mpoekT Ne7 - "JliHiiiHMA 00'€eKT iH)KEHEpHO-
TPaHCIIOPTHOT iHQpacTpykTypu  —  Tajepes 3
TPAaHCHOPTYBaHHSI  BaHTaXiB  CLIBCHKOTOCIIONAPCHKOT
mpoAyKIii".

[Tanopama pe3ybTaTiB BIIPOBAKEHHS
iH(ppacTpyKTypHOI IporpaMu HaBeneHa Hikue (puc.2).

HaBenena iHdpacTpykTypHa nporpama "CTBOPEHHS
JiHIHHOTO 00’exTa IH)KEHEPHO-TPaHCIIOPTHOT
iHppacTpyKTypu Uit 3a0e3medeHHs  CTabiIbHOTO
BaHTaXOMOTOKY uepe3 mpuuainl Nel) MuxkonaiBcbkoro
MOPCBHKOTO TIOPTY" YCHINTHO 3aBepIlieHa Ta MOoOyIoBaHi
00’€KTH 3€pHOBOTO TEpMiHATY BBEJEHI JI0 CKCILTyaTallii.

Peanizamis maHoi mporpaMu IO3BONMIA BHUPIIIATH
HACTYIIHI 3aBIaHHI:

a) CTBOPUTH  JOJATKOBI  TIOPTOBi  MOTYKHOCTI,
PO3IIUPUTH ICHYIOUY OPTOBY iHDPACTPYKTYPY;

b) 36inbIMTH HAAXOMKEHHS OO0 OIO/KETIB  BCiX
PIBHIB Ta WIJbOBUX (OHIIB, CTATHEHHS NOPTOBUX 300piB
3a paXyHOK 3pOCTaHHS OOCSTIB BaHTaXOIEPEPOOKH depe3
npugai Nel0 MOPCEKOTO MOPTY;

C) pO3LIUPUTH iHTErpaIil0 MOPCLKOrO MOPTY Oi3HEC-
HampssMKamMu Tpynu KommaHiii "OREXIM", musixom
mpuBaOIMBOTO  cepBicy, audepeHmiiioBaHoi THYYKOI
Tapu(HOI MOJITHKH, ONITUMAIBHOT JIOTiCTHK;

d) onTumisyBaTH i po30yayBaTH CTPYKTYPY HOPTY;

€) CTBOPHTH yMOBH UL  3alyd4eHHS CTaJOro
BaHTa)KOTIOTOKY;
f) migBuIIKMTH, TOCTYNMOBO Yepe3s TPH  POKH,

BaHTa)kK000Ir MOPCBHKOTo NMOpTy opieHToBHO Ha 1800 THC.
TOHH Ha PiK, 301JBLINTh KUIBKICTh 3aXO0JIB CyleH Ha 156
OJIMHHIIb HA PIK, [0 MPUBEAC A0 3HAYHOTO 30UIBIICHHS
HAJXO/DKEHb BiJl MOpTOBHX 300piB Ha mpuuami NelO He
menure 50,987 MuH. TpH. B DIiK, BiJl MOCIYTM IOCTYIY
HopToBOro omeparopa a0 mnpuyanry Nel0 pongaTtkoBo
MiHIMYM 6,552 MiH. TpH. B piK, BiJpaxyBaHb Yy
TpH.

nIepxaBHHK Oromker He MeHme 33,749 wuH.
IIOPiYHO.

Puc. 2. ITanopama 06’€kTiB 3epHOBOTO TepMiHaTy KoMmmaHii "MukonaiBchkui KOMOIHAT XIT160NpOayKTiB"
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BucnoBku

1. Po3pobka meromonorii mpodiTloBaHHS CTpaTerii
iHGPaCTPYKTYpHUX MporpaM 3abe3redyro MoOyIoBYy Ta
BimOip HaOIMBII €pEeKTUBHUX HENHIMHHX CTpaTerid B
YMOBax TypOYJIEHTHOCTI BHYTPIIIHBOTO 1 30BHILIHBOTO
OTOYCHHSI.

3'SBISIETECS  MOJMUJIMBICTH ~ BH3HAUWTH — HapaMeTpH
VOpaBIiHHA Ta BHUPOOUTH TApagWrM{ yNpaBIiHHA i
"KpeaTHBHUI MexaHi3M" HPOTHIT KPHU30BUM SBHIIAM Ta
CTaJIOr0 PO3BUTKY.

3. BripoBajpkeHHST  3alpOMOHOBAHOI  METOJOJIOTIT
npodiaroBaHHs HeNiHIIHOT cTpaTerii 10BeNo NPaKTUYHY
3HAYYIIICTh Ta ©(QEKTUBHICTH MOJIENEHd Ta METOJIB

CTpaTeriyHoro YIpaBIiHHS iHppacTPyKTYypHUMHU
IpOrpaMamMu.
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HEJIMHEWHBIE CTPATET AU B YIIPABJIEHUA HH®PACTPYKTYPHBIMUA
ITPOI'PAMMAMM

IIpeqMeToM HCCIENOBaHMS SBIAIOTCS MOJEIM U METOIbl IIOCTPOEHHS U BHEAPEHUS HENMHEMHBIX CTpaTerui yIpaBiIeHUs
UHQPACTPYKTypHBIMH TIporpammamiu. Lleablo ¥ccienoBaHMil SBISETCS aHAIU3 CYIIECTBYIOIIETO COCTOSHHUS LEJIeNOoNaraHus u
onpezneneHus d3GpEKTUBHBIX CTPAaTeTHil peanu3aluy MporpaMM C M3MEHEHHSMH HalpaBICHHH Pa3BUTHS B TOYKaxX OuUdypkauuu B
OKPYK€HHH, BBI30BOB, PHCKOB W BO3MOXKHOCTEH. YCTOHYMBOCTH DPa3BUTHSI IPOTPaMM B YCIOBHSAX OBICTPBIX M KPHTHYECKHX
W3MEHEHUH BHEIIHEH M BHYTPEHHEH cpensl MOXeT OBITh obOecriedeHa 3((EKTHBHBIMH MOJCISIMU M METOJAMH ILeJICTIONaraHus 1
LeJIeZIOCTIDKeHNEe NHPPACTPYKTYPHBIX MPOTPaMM B YCIIOBHSAX KPUTHIECKHX W3MEHEHUH BHEIIHEH M BHYTPEHHEH cpelsl. 3amadamu
HCCIIEI0OBAaHUN TI0 YIPaBICHHIO HH(PACTPYKTYPHBIMH IIPOTPAMMAMH SIBIISICTCSI ITOCTPOCHHE HENMHEHHBIX MOJENedl W MeToIoB
CTPATErHYECKOro YIMPABICHUS] C YIE€TOM JUHAMUKU M aJIeKBaTHBIM pearupoBaHueM, U oOecredyeHneM KOMIICHCAMM M3MEHEHUi B
OKpY)XeHHHU. MeToabl, IPUMEHsIEMbIe MEHEKEPOM HH(PPACTPYKTYpHOU MPOrpaMMBbl, 0OECTICUHBAIOT MPOrHO3UPOBAHUE TEHICHIMI
Pa3BUTHS OKPYXEHHs B KPAaTKOCPOYHOM M JOJITOCPOYHON mepcriekThBe. Pe3ysbTaToM uccrnenoBaHus sBiseTcs (GopmyanpoBka
MHCCUH U ONpeJeJICHIH HEIMHEeHHONH CTpaTernu MHPPaCTPYKTYPHOI MmporpaMMbl, KoTopas 6a3upyercsi Ha KOHLEMIHH OLEHKH ero
LEHHOCTH TaK, KaK 3TO NPEJCTaBIsET 3aKa3uuK. OTO IIO3BOJSICT 3aWHTEPECOBAHHBIM CTOPOHAM OCYIIECTBISATH MAaKCHMAIILHO
MIPONU3BOJUTENBHYI0 KOMMYHUKAIMIO ¥, TPH HEOOXOAMMOCTH, COTJacoBaTh C 3aKa34MKOM W3MEHEHHS U JIOTOJIHEHUS
nH(PacTpyKTypHOH mporpaMmbl. BbIBoAbl. PaccMmaTpmBaeTcsi KOHTEKCTHBIM aHAIM3 KaK METOJIOJIOTHS OCMBICICHHS U
MIPE/ICTABICHUS IIETIOCTHOM KapTUHBI MHPPACTPYKTYpPHON MpOrpaMMbl. DTOT aHAJIM3 NMPUMEHSETCS Uil WHTepIpeTalud MHUCCUH U
CTPaTeruy, €CIM B3aUMOACHCTBYIOIIME MHOTOYHCICHHbIE LEHHOCTH HHQPACTPYKTYPHOH NPOrpaMMbl BBIPaXKEHbI aOCTPaKTHO.
HeomnpeneneHHOCTh MOA0OHOTO THITA BEI3BIBAET MHOTOUHCIIEHHbIE IOTEPU U AOTOIHUTENbHBIE pacxobl. HenopasymeHus: BOZHHKAIOT
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n3-3a TOTO, YTO KOHTEKCT MHCCHU W HEJIMHEHWHas CTpaTerds He MOTYT OBITh PAcKPHITBIMH ITOJHOCTBIO BCIIEJICTBHE HEPA3BHUTOCTH
COOTBETCTBYIOIINX MoOAeNeil M MerofoB. [losToMy Ui ONMCaHWS MHCCHM W CTpaTerHd HH(QPAaCTPYKTypHOW HpOrpaMMbI
IIPEJIaraloTCss OCHOBHBIC IIPABUIIA UX UHTEPIPETALUH.

KioueBble ci10Ba: HMHQPACTPYKTYpHbIE IIPOTpaMMbl; HEJIHHEHHBIC CTPATEIMH  Pa3BUTHA; TOYKM  Oudypkaunuu;
3aUHTEPECOBAHHBIE CTOPOHBI; PUCKH U BO3MOKHOCTH.

NONLINEAR STRATEGIC MANAGEMENT OF INFRASTRUCTURE PROGRAMS

The subject of the study is models and methods of construction and implementation of non-linear strategies for managing
infrastructure programs. The purpose of the research is to analyse the current state of goal setting and to identify effective strategies
for implementing programs with changes in developmental directions at bifurcation points in the environment, challenges, risks and
opportunities. The resilience of program development in the face of rapid and critical changes in the external and internal environment
can be ensured by effective models and methods of targeting and achieving infrastructure programs in the conditions of critical
changes in the external and internal environment. The objectives of research on infrastructure program management are to build non-
linear models and methods of strategic management, taking into account the dynamics and adequate response and ensuring
compensation for changes in the environment. The methods used by the infrastructure manager forecasts the development trends of
the environment in the short and long term. The result of the study is the formulation of the mission and the definition of a non-linear
strategy for the infrastructure program, which is based on the concept of evaluating its value in the way it is presented by the
customer. This allows interested parties to communicate as efficiently as possible and, where necessary, to agree with the customer on
changes and additions to the infrastructure program. Conclusions. The context analysis is considered as a methodology for
comprehending and presenting a holistic picture of the infrastructure program. This analysis is used to interpret the mission and
strategy if the interoperable multiple values of the infrastructure program are expressed in abstract terms. Uncertainty of this type
causes numerous losses and additional costs. Misunderstandings arise from the fact that the mission context and nonlinear strategy
cannot be fully disclosed due to the underdevelopment of relevant models and methods. Therefore, basic rules for their interpretation
are offered to describe the mission and strategy of the infrastructure program.
Keywords: program infrastructure; non-linear development strategies; bifurcation points; stakeholders; risks and opportunities.
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V. BESKOROVAINYI, O. KUROPATENKO, D. GoBovV

OPTIMIZATION OF TRANSPORTATION ROUTES IN A CLOSED LOGISTICS
SYSTEM

The subject of research in the article is the network of closed logistics. The goal of the work is the creation of mathematical models
and methods for solving problems of optimizing transportation routes in closed-loop logistics systems, taking into account many
topological and functional limitations. The following tasks are solved in the article: the development of a systemological model for
the problem of optimizing transportation routes in a closed logistics system; development of a mathematical model of the problem of
structural and topological optimization of a three-level centralized network of closed micro-logistics routes for global transportation;
development of a mathematical model for the optimization of ring transportation routes in a closed logistics system for local
transportation; development of methods for optimizing ring transport routes in a closed logistics system. The following methods are
used: methods of system theory, graph theory, methods of the theory of utility, optimization and research of operations. The following
results were obtained: the decomposition of the problem of optimizing transportation routes in closed-loop logistics systems at the
macro and micro levels was performed; a systemological model of the problem has been developed, which reflects the whole complex
of tasks that are solved at various stages of the life cycle of logistics systems. To improve the efficiency of closed-loop logistics
systems, a joint solution to the problems of network optimization for the transportation of direct product flows and return flows has
been proposed. A mathematical model of the problem of structural and topological optimization of a three-level centralized network
of closed micro-logistics routes for global transportation has been developed. To solve such problems, methods using directed
enumeration of options are recognized effective; a mathematical model of the optimization problem of the network of closed micro-
logistics routes for local transportation with the simultaneous transportation of the contents of the forward and reverse flows was
developed; To solve the problem of optimizing closed-loop micro-logistics route networks at the local transportation level while
simultaneously transporting the contents of the forward and reverse flows, modifications of the Clark-Wright methods are proposed,
as well as a method based on coordinate-wise optimization and insertion schemes; experimental studies of the proposed modifications
of the methods made it possible to obtain estimates of their temporal complexity. Conclusions: Practical use of the proposed
mathematical models and modifications of methods for optimizing closed-loop logistics systems by jointly solving problems for direct
and reverse flows will reduce the cost of implementing transport companies. The obtained estimates of the time complexity of the
optimization methods will make it possible to predict the costs of computing and time resources in their practical use for solving
optimization problems of closed-loop logistics networks.
Keywords: logistics network; direct and reverse flow networks; closed logistics; network optimization; systemological model.

Introduction information, cash flows is carried out [6-7]. Traditionally,

Profitability and environmental friendliness of
business processes and other anthropogenic processes is
largely determined by the quality of the corresponding
logistics. Traditionally, the logistics processes covered the
main stages of economic activity, starting from the
development of sources of raw materials and ending with
the delivery of products and services to the final consumer
[1]. Traditionally, the logistics processes covered the main
stages of economic activity, starting from the development
of sources of raw materials and ending with the delivery
of products and services to the final consumer. One of the
most important planning problems in supply chain
management (SCM) is supply chain network design
(SCND) [2]. A solution to optimize the supply chain of
SC (supply chain) needs to be sustainable and viable in
complex and uncertain external environment. In the light
of current trends in environmental safety, environmental
(green) logistics has emerged and is developing
rapidly in recent decades. [3—4]. It covers management
activities in the logistics cycle from the rational use of
natural raw  materials to waste management
activities. The methodology of environmental logistics is
aimed at reducing the level of risks of economic losses
caused by environmental degradation, as well as
improving the environmental and economic efficiency of
enterprises [5]. One of the directions of ecological
logistics is reverse logistics, in which the ordering and
systematization ~ of  reverse  commodity-material,

direct and reverse logistics tasks are regarded as
conditionally independent, which does not allow obtaining
globally effective solutions to the logistics problem as a
whole. The joint solution of direct and reverse logistics
problems gives rise to many new tasks that require
formalization and development of effective methods for
solving them.

Analysis of the problem and existing methods for
solving it

Macro- and micro-logistic systems are distinguished
in logistics [8]. Macrological systems form flows and
processes within the framework of the interaction of
several independent property objects, usually not related
to territorial distribution. Macro logistics tasks are solved
for international, transcontinental companies or
intermediary organizations.  Micrologistics solve the
issues of interaction of elements of one or several
enterprises assembled into a group of common economic
interests or an individual enterprise [9]. Transport micro-
logistics of a relatively large enterprise is divided into two
conventional systems: global and local transportation. In
the general case, the task of global transportation is the
task of optimal placement of intermediate cargo points
(warehouses, hubs, etc.) to minimize the cost of cargo
transportation [10].

A typical example of the global transportation
problem can be the structural and topological synthesis of

© V. Beskorovainyi, O. Kuropatenko, D. Gobov, 2019
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a three-level centralized transport and storage system at
the regional level in the following statement [11]. Given
the location of the supply center, a set of consumers of

products | ={i: i=41,n}, for each of which a location

on the transport network of the region is determined, the
volume of products ordered by each of them and the
transport tariff for its delivery. It is necessary to determine
the optimal number and location of distribution centers
(DC), as well as a subset of consumers served by each

DCI; ={i},j=1l°. In practice, there are two main

varieties of the problem:; if there are restrictions on the
places of possible placement of the DC and without
restrictions on the places of their possible placement. An
example of restrictions is the requirement for the location
of the DC only at the base or in close proximity to
consumers.

The objective function of this task is the reduced
costs of delivering products to consumers.

[ n_ |
C:ch +qumdijvij leidl'n, (1)
1 dy

i=1 j=

where n — number of product consumers; | — number of
DC; ¢,— volume of freight traffic to the i-th consumer;
r, — transport tariff for the i-th consumer; d; — distance
between the i-th consumer and the j-th DC; c;— the
costs given for the j-th DC; v; — boolean variable:
v; =1, if the i-th customer is served by the j-th DC,
V; =0 — otherwise.

To solve such problems with objective functions of
the form (1) — (3), methods for the synthesis of
geographically distributed objects with radial-node
structures that use the idea of directional enumeration in

the direction of increasing the number of nodes are quite
effective. [11-13]. Their temporal complexity is of

order O[n*], and the error in solving problems with the

number of consumers n <50 is less than 5%.

The wvast majority of practical problems of
optimizing local transportation are formulated as variants
of the traveling salesman task (ST) in terms of graph
theory, and among the methods for solving them, exact,
heuristic and metaheuristic are distinguished [14]. The
most effective accurate algorithms for solving the problem
of one or several salesmen without additional restrictions
are based on the branch and bound method [15-16].
Heuristic methods make it possible to find approximate
solutions of ST taking into account many practically
important limitations. They use various search schemes in
the vicinity of some basic solution. Among them, the
iterative two-phase method (algorithm) is one of the most
effective, including the steps of clustering and building
routes using, for example, the Clark-Wright algorithm.
Metaheuristic methods (algorithms) are based on
modeling self-organization processes and, thanks to the
use of special procedures (mutation, multi-start); allow
finding approximations of optimal solutions in an
acceptable time.

In the process of optimizing logistics structures,
environmental requirements for production, storage,
transportation and processing of waste products are
increasingly being taken into account. This requires
solving, together with traditional tasks, the problems of
optimizing the return flows from consumers to
the places of production or disposal of waste. Such tasks
are solved within the framework of green (reverse)
logistics [17, 18].

Competition conditions orient modern companies
towards the rapid development of new types of products,
which leads to changes in flows in all supply chains. With
relatively insignificant changes in flows, the problems of
adapting existing structures are solved, which requires
decision-making under conditions of uncertainty,
changing demand and other data [2, 19]. With significant
changes in flows, a decrease in the efficiency of existing
structures is observed, leading to the need for their
reengineering. With this in mind, technologies for
reengineering logistics structures should provide for a
joint solution to the problems of optimizing closed (direct
and reverse) route networks in terms of a variety of
functional, cost, environmental indicators and restrictions.
This determines the urgency of the tasks of optimizing
transportation routes in closed logistics systems, taking
into account the restrictions arising from the interaction of
oncoming flows.

The purpose of this article is to develop methods for
solving the problems of optimizing transportation routes
in a closed logistics system, taking into account many
topological and functional limitations. To achieve the
goal, the article solves the following tasks:

- development of a systemological model for the
problem of optimizing transportation routes in a closed
logistics system;

- development of a mathematical model of the
structural and topological optimization problem for a
three-level centralized network of closed micro-logistics
routes for global transportation;

- development of a mathematical model for the
optimization of ring transportation routes in a closed
logistics system for local transportation;

- development of methods for optimizing
transport routes in a closed logistics system.

ring

Results of the study

Closed logistics systems are objects consisting of
many geographically distributed elements (suppliers,
processors,  terminals, consumers), interconnected
by route networks. The structure of each of these
systems can be represented as a tuple < E,R > (where E —
a set of elements; R — a set of connections (routes)
between elements). Based on the set of acceptable
locations for the terminals of the system, each
of the structure <E,R>options can have different

topologies G™. Given this, each of the topological
implementations of the system s=<E,R,G>,

G=<G,,G,,G,> (where GeG" - topological
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implementation of the structure <E,R>; G, — elements’
topology; G, — connections’ topology; G, — routes’
topology) will correspond its own set of functional and
cost properties defined by some mapping [20, 21]:
¢:(E,R,G) > P.

Subsets of elements E', relationships between
elements R’ and topologies G’ on which it can be
implemented can be determined as a result of the analysis
of the purpose of creating the system, the conditions of its
functioning and its desired properties P’. On this basis,
subsets of elements, links, and topologies
E°cE',R°cR', G°cG’, are determined that ensure
the obtaining of required properties P’ (allowable cost
values, flow delivery time, etc.) with minimal costs when
meeting technological R, — R; and ecological R, < R;
restrictions

s’ =arg ma3<Q(s), R (s)cR, R (s)cR:, (2

where s — system building option; S* — a set of acceptable
options for building a system; Q(s) — evaluation of the
effectiveness of the s -th system design option.

According to the incomplete certainty of the
requirements for the properties of the logistic
system, it is proposed to use the membership
function of the fuzzy set "the best option for
building the system" as an assessment of efficiency P(s)
(function of general utility) (2) [22, 23]. In this case, the
fuzzy set "the best option for constructing a
technological system" can be represented as a set of
ordered pairs:

«The_best_option_for_building_a_system»={<s,P(s)>}, (3)

where seS — system building option; P(s) — degree of
affiliation of the option seS to a fuzzy set "the best
option for building the logistic system™.

To quantify the effectiveness, we use the most
universal additive-multiplicative model based on the
Kolmogorov-Gabor polynomial:

P(5)= D Mi&i(8)+ D D Ay&i(s)g () +
| S
LiEi(8)E;(8)Ek(S)--

m

2.2

m m
i=1 j=

ik=j

where m — the number of particular criteria characterizing
the properties of the system; A;, A;; A, — weighting factors
of  particular  criteria  and their products;
A 20, &; 20, Ay 20, §g(s) - utility function of

particular criterion k (x), I=i,j,k.
It is proposed to use a modified gluing function as a

utility function of particular criteria, which has
advantages in the accuracy of approximation
of expert estimates and computation time in

comparison with the Gauss, Harrington and logistic
functions [22]:

— b — —
a(b+1)1-—= , 0<k(s)<ka;
b1+@

&(s)= “ (5)
— — bz — —
a+(l-a)(b,+1) 1—m , ka<k(s)<1,

b, + ———
l_ka

where ka,a — normalized coordinates of the gluing point,

0<ka<1, 0<a<1; b,b,— coefficients that determine
the form of the dependence on the initial and final
segments of the function.

The problem of optimizing transportation routes in
closed logistics systems as a meta-task consists of a set of
tasks that require the development of new mathematical
models and methods for solving them. The two-level
scheme of its decomposition includes complexes of tasks
at the macro and micro levels, and each of the tasks can be
considered as a converter of input data to output [21]:

Task! : In| — Out/, MetaTask ={Task' },
Task' ={Task'}, 1=1,2,i=16, (6)

where In', Out! — input and output data of the i-th task of
the I-th level.

Most of the macro-level tasks are optimization tasks
and are characterized by limitations reflecting the
specifics of the main stages of the system life cycle:

Task; — formation of requirements for the system and
statement of its optimization problem; Task; — system
design; Task; — system development planning; Task; —

modernization of the system; Taski - system

reengineering. At the micro level, the tasks of optimizing
the logistics system that arise at the stages of its pre-

project research, design and operation are solved: Task?
— selection of construction principles; Task. — structure
optimization; Task. — topology optimization; Task; —
optimization of the functioning technology; Task? -
optimization of parameters of elements and relationships;

Task — performance evaluation and choice of solutions.

The task of structural and topological synthesis of a
centralized three-level system of closed logistics is
characterized by the requirement to take into account the
reverse flows from customers to production or processing
centers (utilization). Let N be the number of points in the
closed logistics system for which location coordinates are
given, as well as their types (end-user, production,
processing or terminal). It is necessary to synthesize an
effective three-tier structure, in which the production and
processing centers are located on the first level, the
terminals on the second and the final consumers on the
third. The costs of the network with direct and reverse
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flows consist of the amount of the reduced costs for the
delivery of the direct stream from the production center to
the terminals C,, , for processing in the terminals to the

centers C,,,C,,, for the delivery of the direct stream
from the terminals to the final consumers C,, for the

delivery of the reverse stream from the final consumers to
the terminals Cg; , reverse flow delivery from terminals to

the processing center C,, in the form of [20]:
C=Cop +C +Cr +Cp + Gy + G (7

The mathematical model of this problem with the
objective function (7) for the case of territorial
combination of production and processing points can be
represented as:

C= Zn:Cixii +anzn:cij X; — min, (8)
= X

i-1 j-1

x; {01}, i,j=1,n;

X=[x1= Zn:xijzl,ijl,_n; (9)

Zn“zn:xij :2(n—1)+ixii,

i=Li=]

where ¢, — the given costs for a terminal located on the
basis of the i-th structural element; x; — element of a

matrix describing the relationships of network elements;
c; — the cost of delivering the flow from point i to point
j.

The constraint system in task (8) — (9) describes the
entire set of admissible three-level centralized structures
with forward and reverse flows.

The basic task of local transportation in a closed
micro-logistics system is the optimization of ring routes.
Various formulations of such a problem are variants of the
TS problem. Their characteristic feature is that the direct
flow (of goods, materials, components) can be delivered
to the points of the logistics network and the reverse flow
(containers, defective goods, waste) can be collected from
the points of the network by the same vehicle. This
feature requires changes in mathematical models and
methods for solving problems of optimizing ring route
networks.

The basic problem of optimizing a single ring route
in a closed micro-logistics system is considered in the
following statement. Asked: a lot of system elements
dispersed throughout the territory (delivery and pick-up

points) 1 ={i},i=1, n, their characteristics (matrix of
C=[¢],

correspondence matrix W =[w; ], i,j=1, n+1, where

distances  or  fares i,j=1,n+1,

n+1 — the number of the point in which the base is
located) and the characteristics of the vehicle used (speed,
cost of operation, carrying capacity, transported volume).
It is necessary to determine the route of detour

points R=[r; ], satisfying constraints and extremizing

selected performance criteria. The criteria used are
indicators of minimum financial costs, mileage, and time
to deliver the contents of the streams. The restrictions are
weight, volume of transported cargo, carrying capacity,
vehicle capacity.

Taking this into account, the mathematical model of
the basic task of optimizing the ring route in a closed-loop
logistics system by the criterion of minimum costs can be
represented as:

n+l n+1
PN AS min (10)
i=1 j=1
n+1 i - n+1 _
r=1,j=1n, rp=11=1n, (11)
i=1 =1
U —u;+nr,<n-1, i,j=2,n+1,i=j, (12)

n
Z, = an+l,j 12 =2 +AZ
=1
AZ, =W, W Z <2z Vk=1,n, (13)

where c; — cost of delivery of goods from point i to point

[

directly from point i to point j; r, =0, otherwise);

— boolean variable (r; =1,if the route passes

u; — auxiliary variables, u, >0, i=1, n+1; z;, — loading
(filling) a vehicle at the base; z, — loading (filling) of the

vehicle at the point k, k=1,n; W, — Weight (volume)

of cargo delivered from the base to the point k, k =1n;

w, .., —weight (volume) of cargo delivered from the point

k,n+1

k to the base, k=1,n; Az, — changing the loading of the

vehicle at the point k, k=1,n; z° — carrying capacity
(capacity) of the vehicle.

Constraints (11) — (12) correspond to the constraints
of the classical TS. They provide the connection of each
route point with only two other route points, the
requirement to start and end the route at the point n+1 and
ensure its isolation. New restrictions z, <z" vk =1,n
introduced in (13) exclude overloading of the wvehicle
delivering the contents of the direct and reverse flows. For
the classic transportation task, loading a vehicle in the
database with the contents of the direct stream

n
isz®=>w,,;, 2" <z". There is no reverse
j=1

n
flowz® =>"w
=1

=0. For the task of collecting reverse

j,n+l

n
flow content 2™ =>"w,
=

.1; =0, and the weight (volume)

n
of the reverse flow is 2@ =>"w, ,, <7".
j=1
In the task of optimizing the set of ring
transportation routes in a closed micro-logistics system, it
is necessary to determine the required number of vehicles
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p and detour routes R=[r;] that satisfy the restrictions

and extremize the selected performance criteria. As a
criterion, indicators of minimum financial costs, mileage,
time and the required number of vehicles for the delivery
of the contents of the streams are used. The restrictions are
weight, volume of transported cargo, length, time of the
route.

It is proposed to use an estimate of the delivery time
of the contents of a stream along routes z as an indicator
of the system’s responsiveness. Depending on the specific

formulation of the problem, the maximum z = max 7, or
1<l<p

p
weighted average time 7= 7w, , where 7, — maximum
1=1

delivery time of cargo along the | -th route; p — number

of routes; w,, | =1, p — specific gravity of the | -th route.
With this in mind, the mathematical model of one
route (10) — (13) is supplemented by a restriction for the

formation of P subsets of points, on the basis of each of
which a minimum cost route will be formed:

zl’i,n+lzzrn+l,j = p (14)
i=1 j=1

The problem to be solved with a fixed location of the
base can be considered as one of the TS modifications -
the task of an undetermined number of salesmen. For a
fixed location of the base and a given number of
substructures (depending on the type and detail of
restrictions), the formulated problem can be considered,
for example, as the task p of a salesman with a central

base.

When determining the search strategy for the optimal
number of routes, we will take into account that increasing
their number increases their total length and reduces the
load on the vehicles used. Thus, increasing the number of
routes increases the cost of delivering the contents of the
forward and reverse streams. When solving the problem, it
is necessary to determine the minimum number of routes

p that ensure the fulfillment of restrictions of the form
(11)-(14).

Taking this into account, the scheme of the proposed
method for solving the problem can be represented as
follows. To determine the minimum number of nodes

p = p,.,» enforcing restrictions (13): p., =on I —|
To synthesize a radial-ring structure by solving the
problem p = p,., salesmen with a central base.

To determine the characteristics of the resulting
option, verify that all system restrictions are met (11)—

(13). To increase the number of routes, if necessary
p=p+1. To optimize the network of p routes, to
verify compliance with restrictions, to compare with the
option for p—1 routes and to choose the best option.
Continue the decision until all restrictions are met.

The solution of the salesmen p task with a central
base, depending on available resources, can be obtained
using two main approaches: by reducing it to the TS and
by forming p subsets of points with the subsequent
solution of the TS for each of them.

The essence of the first approach is to split a single-
ring structure into a multi-ring. For this purpose, it is
necessary to build a network for one salesman. To do this,
we introduce a fictitious item p-1  with

numbersn+2,n+3,n+p. We expand the matrix by
adding arow p-1 and a column p-1 to it. Unlike [24],
we will make the cost of transportation C =[c;] between
the points entered in this network equal:

Ci,n+j = Ci,n+l 1

i=1Ln+li=Ln+l, j=2,p,
C

Cn+i,j:Cn+l,j7 |:21p7 J=1,n+1, n+i,n+j:oo7

i,j=2,p. (15)

—

After solving the TS with an extended cost matrix
C =[c;] to obtain p routes, we combine all items with

numbers large than n, in one item with a number n+1
(13).

In the framework of the second approach,
modifications of the Clark-Wright method [14-15] and a
method using the idea of coordinate-wise optimization are
proposed.

The essence of the modification of the Clark-Wright
method consists in additional verification for each of the
points of the obtained ring routes of restrictions (13) on
vehicle loading. The proposed modification of the method
has a relatively low time complexity; however, taking into
account the constraints of the form (13) in it increases the
error of the obtained solutions. Table 1 shows the results
of an experimental study of the modification of the Clark-
Wright method for solving sets of 10 problems with
dimensions from 4 to 100 points (fig. 1).

Based on the results of the study, a polynomial time
complexity estimate is obtained for a modification of the

Clark-Wright method t[n] = 0,0004n” +0,094n+ 7,25 .

Table 1. The results of an experimental study of the time complexity of the modification of the Clark-Wright method

Task dimension, | Minimal decision time t(n) ,| Maximum decision time t(n), | Most frequent decision times t(n),| Average decision time
n ms ms ms t(n), ms
4 5 7 5 6,0
9 7 11 8 9,0
10 7 12 8 9,5
25 8 12 11 10,0
50 10 15 12 12,5
75 11 20 15 17,0
100 14 27 16 20,5
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Fig. 1. Dependences of the time for solving the problem by the modified Clark-Wright method on its dimension

The essence of modifying the method based on
coordinate-wise optimization is as follows. Fictitious
points p which play the role of auxiliary points are
located on the territory of the transportation. Subsets of
elements included in one route are formed according to
these points. The separation of points along the routes is
carried out on a territorial basis within the p sectors
relative to the base. As a criterion for assigning an object
to a k -th route, it is proposed to use the minimum of the

function, which for a symmetric matrix of costs has the
form:

k® =arg 1£nkipp {Cn+1,k +Ci +Ci,n+1}- (16)
Criterion (16) allows minimizing the cost of the
cycle "base - route point - base" for the point included in
the route.
The results of an experimental study of the
modification of the method based on coordinate wise
optimization are given in table 2 (fig. 2).

Table 2. Results of an experimental study of the time complexity of modifying a method based on a coordinate-wise optimization

scheme
n 40 60 80 100 120 140 160 180 200
t( n ) > C 0,055 0,138 0,211 0,324 0,456 0,621 0,818 1,038 1,291
1,4
12 t(n)=0,0135n°+0,0173n+0,0354
©
@
o 1
@
= 08
ab
S 0,6
=]
N N A
>~ 0,4
(1]
'_
0,2
0
40 60 80 100 120 140 160 180 200

Number of points n

Fig. 2. Dependences of the time for solving the problem modified on the basis of the coordinate-wise optimization scheme on its

dimension

According to the results of solving 100 tasks, the
average value of the relative error of the method using the

insertion scheme was ¢ =0,024, and its maximum value
was ¢, =0,168. Moreover, the relative error of 84% of
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the solutions did not exceed 5%. The method has
polynomial time complexity O [n°]. The accuracy of the

method can be improved by applying the multistart
procedure, which involves multiple solutions to the
problem with the choice of different places for the initial
placement of fictitious auxiliary points.

Conclusions

In the process of analyzing the problem of

global transportation has been developed. To solve such
problems, methods using directed enumeration of options
are recognized as effective. A mathematical model of the
optimization problem for the network of closed micro-
logistics routes for local transportation with the
simultaneous transportation of the contents of the forward
and reverse flows has been developed. To solve it,
modifications of the Clark-Wright methods are proposed,
as well as a method based on coordinate-wise
optimization and insertion schemes. Based on the results

of experimental studies of the proposed modifications of
the methods, estimates of their time complexity are
obtained. The obtained estimates will make it possible to
predict the costs of computing and time resources in the
practical use of methods for solving optimization
problems of closed logistics networks.

The practical use of the proposed mathematical
models and modifications of optimization methods for
closed-loop logistics systems through the joint solution of
problems for direct and reverse flows will reduce the cost
of implementing transport activities of companies.

optimizing transportation routes in the closed logistics
system, it was decomposed at the macro and micro levels.
A systemological model of the problem has been
developed, which reflects the whole complex of tasks that
are solved at various stages of the life cycle of logistics
systems. To improve the efficiency of closed logistics
systems, a joint solution to the problems of network
optimization for the transportation of direct product flows
and return flows of containers, waste, defective products
has been proposed. A mathematical model of the problem
of structural and topological optimization of a three-level
centralized network of closed micro-logistics routes for
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ONITUMI3ALISA MAPIIPYTIB NEPEBE3EHDb Y CUCTEMI 3AMKHEHOI
JIOT'TICTUKH

IIpeqMeToM [OCTI/PKEHHS B CTAaTTi € MEpeXi 3aMKHYTOI JioricTuki. MeTa poOOTH — CTBOPEHHSI MaTeMaTHYHUX MoJesed i MEeTOMIB
BUPIIICHHS 3aBJaHb ONTHMI3alii MapIIPYTiB IIepeBe3eHb Y CUCTEMaX 3aMKHYTOT JIOTiCTHKH 3 ypaxyBaHHIM MHOXXHHH TOHOJIOTIYHHX i
(YHKIIOHAIBHUX OOMEKEHb. Y CTAaTTi BUPIIIYIOTHCS HACTYIIHI 3aBIaHHS: PO3pOOKa CHCTEMOJIOTTYHOT MO TPOOIeMH ONTUMI3ALiT
MapIIpyTiB IepeBe3eHb y CHCTeMi 3aMKHEHOI JIOTICTHKH; pPO3po0OKa MaTeMaTHYHOI MoJeni 3agadi CTPYKTYPHO-TOIOJIOTiYHOL
onTuMi3amii TPUPIBHEBOI IEHTPaNi30BaHOI MEpeXki MapIIpyTiB 3aMKHEHOT MIKPOJIOTICTHUKH JIS TIIOOATbHUX MEepEeBE3eHb; PO3pOOKa
MaTeMaTHYHOT MOJEINi 3a/adi ONTHMI3allil KUTBIIEBHX MAapIIPYTIB MEPEeBE3eHb y CHCTEMi 3aMKHEHO! JIOTICTUKH JUIS JIOKaJbHUX
MepeBEe3eHb; PO3POOKa METOAIB ONTHUMI3alli{ KUTPIIEBUX MapIIPYyTiB MEPEBE3CHb Y CHCTEMI 3aMKHYTO1 JIOTiCTHKH. BUKOPHUCTOBYIOThCS
Taki MeTOAH: METOJH Teopil cucTeM, Teopis rpadiB, METOAN Teopii KOPUCHOCTI, ONTUMI3aMii Ta JOCHi/KeHHs oneparii. OTpuMaHi
Taki pe3yJbTaTH: BUKOHAHA JEKOMIIO3HMIis MPOOJIEMH ONTHUMi3alii MapuUIpyTiB HEepPeBE3eHb y CUCTEMax 3aMKHYTOI JIOTICTHKH Ha
MaKpo- i MiKpOpiBHi; po3po0IieHa CHCTEMOJIOTiYHA MOJIeb POOJIeMH, 110 BiJoOpakae Bech KOMILICKC 3aBJlaHb, [0 BUPILIYIOThCS Ha
PI3HMX eTarax >KUTTEBOTO LUKITY JIOTICTUYHHUX CHCTEM; JUIsl MTiIBUIICHHS e(peKTUBHOCTI CHCTEM 3aMKHEHOT JIOTICTUKH 3aIIPOIIOHOBAHO
CHiJIbHE PO3B’sI3aHHSA 3a/lad ONTHUMI3allii Mepex Uil TPAaHCIOPTYBaHHS MNPSIMHUX IOTOKIB HPOAYKIii Ta 3BOPOTHUX IOTOKIB;
po3poliieHa MaTeMaTHYHa MOJIeNb 33/1adi CTPYKTYpPHO-TOIOJIOT YHOT ONTHMIi3anii TpUpPiBHEBOI LIEHTPATi30BaHOI MEPEeXi MapIIPyTiB
3aMKHEHOI MIKPOJIOTICTHKH JUIS TJIOOATFHUX MepeBe3eHb. [Isi BUPIMICHHS TakWX 3aBAaHb €(eKTHMBHUMHU BH3HAHI METOIH, SKi
BHKOPUCTOBYIOTh CIPSIMOBaHWIA Iepedip BapiaHTiB; po3poOJeHa MaTeMaTHYHA MOJENb 3adadi ONTHMI3alil Mepexi MapHipyTiB
3aMKHEHOT MIKPOJIOTICTHKH JUIsl JIOKaJbHUX MEePEeBEe3CHb 3 OJJHOYACHHM TPAHCIOPTYBaHHAM BMICTY HPSIMOTO Ta 3BOPOTHOT'O MOTOKIB;
JUTSL pO3B’sI3aHHS 33124l ONTHMI3allil Mepek MapIIpyTiB 3aMKHEHOI MIKPOJIOTICTUKH Ha PiBHI JIOKAJBHUX TEPEBE3E€Hb 3 OJJHOYACHHM
TPaHCIOPTYBaHHIM BMICTY MPSMOTO Ta 3BOPOTHOTO MOTOKIB 3ampornoHoBani Moaudikarnii meronie Knapka-Paiita, a Takox meTomy
Ha OCHOBI CXEM MTOKOOPAWHATHOI OMTUMI3aIlii Ta BCTABKH; CKCTIEPUMEHTAIbHI AOCIIKCHHS 3alIPOMOHOBAHUX MOAM(DIKaIiif METOIiB
JO3BOJIMJIM OTPUMATH OILIHKM iX 4acoBoi ckiagHocTi. BucHoBKHM: IIpakTHyHe BHKOPHCTAHHS 3alPONOHOBAHMX MaTEeMaTHYHUX
Mozeneit i Mmonudikariii METOAIB ONTHUMI3ALIT CHCTEM 3aMKHYTOT JIOTICTHKHU 32 PaXyHOK CIIJIBHOIO PO3B’s3aHHS 3a1a4 AJIsl MPIMHX i
3BOPOTHHUX IOTOKIB JIO3BOJIMTH CKOPOYYBAaTH BUTPATH Ha peaiizallifo TPaHCHOPTHOI MisUTbHOCTI KoMIaHii. OTpuMaHi OI[iHKK 9acoBO1
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CKJIQJHOCTI METOMIB ONTHMI3allil O3BOJATH IPOTHO3YBATH BUTPATH OOUYHMCITIOBAIBHUX 1 YaCOBHUX PECypCiB NIPH iX NPAKTHIHOMY
BUKOPHCTAHHI JUIS pO3B’sI3aHHS 3aa4 ONTHMIi3amii Mepek 3aMKHEHOT JIOT1CTHKH.

KmrouoBi cioBa: noricTHaHa Mepeka; Mepexi HpsIMHX 1 3BOPOTHHX IIOTOKIB; 3aMKHEHA JIOTICTHKA; ONTHMI3allisl MEepex;
CHCTEMOJIOTIYHA MOJIENb.

ONTUMHU3AIUS MAPIIPYTOB NNEPEBO30OK B CHCTEME 3AMKHYTOM
JJOTHCTHUKHA

IIpeameToM ucciaeOBaHUS B CTAaThe SBISIOTCA CETH 3aMKHYTOH JTOTUCTUKH. Lles1b paboThl — co31aHne MaTeMaTHIeCKUX MoJeeil 1
METOJIOB pEIICHHS 33jad ONTHUMHU3ALUM MAapIIPyTOB IIE€PEBO30K B CHCTEMax 3aMKHYTOM JOTHCTHKA C Y4YETOM MHOMKECTBa
TOTIOJIOTHYECKUX M (YHKIMOHAIBHBIX OrpaHHMueHuil. B craTthe pemraroTcs cienyromiue 3aga4yd: pa3paboTKa CHCTEMOJIOIMYECcKOi
MOJIENU TPOOIEeMbI ONTHMHU3ALUH MapIIPyTOB MEPEBO30K B CHCTEME 3aMKHYTOH JOTHCTHKH; pa3paboTka MaTeMaTHYECKOH MOIEIH
3aJauyd  CTPYKTYpPHO-TONOJIOTHYECKOH ONTHUMHU3allMM TPEXYpPOBHEBOH IEHTPAIM30BAHHOM CETH MAapIIPyTOB  3aMKHYTOM
MHKPOJIOTHCTHKH IS TII00QJIBHBIX MEPeBO30K; pa3padoTKa MaTeMaTHIECKOH MOJIENHN 3a7a4i ONTHMHU3AIH KOJBIEBEIX MapIIpyTOB
MIepeBO30K B CUCTEME 3aMKHYTOH JIOTHCTHKH JUISl JIOKAIBHBIX ITEPEBO30K; Pa3pab0oTKa METOI0B ONTHMH3AINH KOJIBIIEBBIX MapIIPYTOB
MIEpEeBO30K B CHCTEME 3aMKHYTOH JIOTHCTUKH. VICIIONB3yIOTCS CIeayIone MeTOAbI: METOIBI TEOPHHU CHCTEM, TEOpHs rpadoB, METOIBI
TEOPUH TIOJIE3HOCTH, ONTHMH3AIMU U HccleqoBaHus onepanuid. [lomydeHs! ciegyiomnye pe3yJbTaThl: BHIIONHEHA JCKOMITO3HIHS
mpoOJieMbl ONTHUMHU3ALUE MapLIPYTOB IEPEBO30K B CHUCTEMaxX 3aMKHYTOH JIOTHCTHKH Ha MakKpo- M MHKPOYPOBHE; pa3zpaboTaHa
CHCTEMOJIOTHUYECKAsi MOZEINb MPOOJIEMBI, OTpaXKaloIas BeCh KOMIUIEKC 3aad, pelIaeMbIX Ha Pa3IMYHbIX 3Talax >KH3HEHHOTO LIUKIIa
JIOTUCTUYECKUX CHUCTEM; JUIS MOBBIIIEHHS 3((PEKTHBHOCTH CHCTEM 3aMKHYTOH JIOTHCTHKHU MPEUIOKEHO COBMECTHOE PEIIeHHUE 3a1au
ONTHMH3ALMH CeTeH Ul TPAHCIOPTHPOBKH IPSMBIX IOTOKOB HMPOAYKIMH M OOpaTHBIX ITOTOKOB; pa3paboTaHa MaTeMaTHYecKas
MOJIeNIb 3a/laud CTPYKTYPHO-TOINOJOIMYECKOM ONTUMM3AaLUM TPEXYpPOBHEBOH IIEHTPaJIM30BAHHOW CETH MapLIPyTOB 3aMKHYTOM
MHKPOJIOTHCTHKA IS TJIOOANBHBIX IepeBo3oK. s pemeHns Takux 3agad 3()(EKTUBHBIMHU NPHU3HAHBI METOIBI, HCIIOIB3YIOLINE
HaIpaBJICHHBII Tepebop BapHaHTOB;, pa3paboTaHa MaTeMaTH4ecKas MOJENb 3aJayd ONTUMHU3ALUN CETH MapLIPyTOB 3aMKHYTOI
MHKPOJIOTHCTHKH ISl TOKAJBbHBIX IEPEBO30OK C OJHOBPEMEHHON TPAHCIOPTHUPOBKON COAEPKHMOTO IPSIMOTO U 0OpPaTHOTO MOTOKOB;
JUI PEIIeHHs 3afadyd ONTHMH3AIMK CeTeH MapHIpyTOB 3aMKHYTOH MMKPOJIOTHCTUKH Ha YpPOBHE JIOKAIBHBIX MEPEBO30K C
OJHOBPEMEHHOH TPAHCIIOPTUPOBKON COAEPKUMOTO MPSIMOTO M 0OPaTHOTO MOTOKOB MPEAJTIOKEHBI MoAnGHKauu MeTonoB Kiapka-
Paiita, a Taxke MeToJa Ha OCHOBE CXEeM ITOKOOPAWHATHOM ONTHMHU3AlUM M BCTAaBKH; AKCIHEPHMEHTANBHBIC HCCIECJOBAHUI
MIPE/UTOKEHHBIX MOAW(HKAIMH METOJIOB IO3BOJHMJIM IOJIYYUTh OIEHKM WX BPEMEHHOH ciokHOCTH. BeiBoasl: Ilpaktmueckoe
HCIIOIb30BaHME NPEATIOKEHHBIX MaTeMaTHUeCKUX Mojieleld 1 MoauduKanuii MEeTOI0B ONTHMH3AIMH CUCTEM 3aMKHYTOH JIOTHCTHKA
32 CYET COBMECTHOTO peIIeHWs 3afad Uil NPSIMBIX M OOpaTHBIX ITOTOKOB ITO3BOJIMT COKpamlaTh 3aTpaThl Ha pealn3aluio
TPAHCIOPTHON JesATeIbHOCTH KommaHui. IlomydeHHBIE OILIGHKM BpPEMEHHOW CIOXHOCTU METOJOB ONTHMHU3AIMU I103BOJIAT
MIPOTHO3MPOBATH 3aTPAThl BEIYHCIUTENBHBIX U BPEMEHHBIX PECYPCOB NPH HX NPAKTHYECKOM HCIIOIB30BAaHUH IS PEUIeHHs 3agad
ONTUMM3ALUH CETEH 3aMKHYTOU JIOTUCTUKU.

KnroueBble cjI0Ba: JIOTHCTHYECKAs CETh; CETH NPSIMBIX M OOPATHBIX MOTOKOB; 3aMKHYTasl JOTHCTHKA; ONTHMHU3AIUI CETeH;
CHCTEMOJIOTHUYECKAsI MOJIEIb.
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BUILDING THE AIR DEFENSE COVERT INFORMATION AND MEASURING
SYSTEM BASED ON ORTHOGONAL CHAOTIC SIGNALS

The subject matter of the paper is a covert information and measuring system based on orthogonal chaatic signals. The
goal of the work is to synthesize a covert information measuring system built on the basis of orthogonal chaotic signals.
The tasks to be solved included assessing the potential for organizing multi-channel capacity using chaotic carriers;
studying the ways of application of chaotic signals in the wireless systems of data transmission; synthesizing the general
structure of MIMO radar system based on the orthogonality of chaotic signals. General scientific and special research
methods were used while conducting the research, in particular, the system analysis and mathematic modelling. The
following results were obtained. The concept of building a net-centric multi-radar information measuring system
(MIMS) on the basis of the specific properties of chaotic signals (processes) is proposed in the paper. It is shown that the
use of orthogonal chaotic signals for detecting air targets and transmitting information about them increases noise
immunity, resolution characteristics and transmission capacity; enables providing electromagnetic compatibility and
separating information-detecting and transmitting channels. MIMS block diagram is synthesized. Conclusions. Specific
properties of chaotic signals make it possible to apply them to build data transmissions systems according to the MIMO
principle and multichannel radars. Based on chaotic signals, a multiradar information measuring system can be built.
The above techniques can be implemented to build a network of unattended radars as well as in multichannel
communication systems. They can be applied to control air traffic and can be used in the air defence net-centered

systems to create common covert information and telecommunication space.
Keywords: chaotic signals; signal-code sequence; MIMO-technology; information-measuring system.

Introduction

The transition from a top-down vertical control
system to global net-centric control systems on the basis
of information measuring systems enable comprising the
networks of control, reconnaissance and
telecommunication, the combat networks of high-
precision weapons, that operate on a real time, which
allows the troops to act much faster and more efficiently
[1].

Such nets can be built using new types of complex
signals [2, 3], on the basis of new technologies of signal
and data digital processing [4] as well as on
unconventional ways of coordinate-time support and
synchronization while interchanging among these nets at
the signal and information levels.

Signals applied in such nets should ensure high noise
immunity and resolution characteristics, sufficient
transmission capacity, the capability of organizing
multiple data transmitting channels and electromagnetic
compatibility. The shape of these signals determines the
operational security of the information measuring system.

The analysis of recent studies and publications

dynamic systems since chaotic signals, as information
carriers, have a number of unique properties that
distinguish them from traditional information carriers, and
offer wvarious approaches to the transmission of
information on a chaotic carrier. The possibility of
organizing covert (confidential) communications is of
particular interest in systems with a chaotic carrier.
However, the use of chaotic signals to build a covert
information-measuring system for air defense purposes
has a number of specific features.

Thorough attention to the specified issues has
determined the goal of this paper that is to synthesize a
covert information measuring system built on the basis of
orthogonal chaotic signals.

The discussion of the results of the study

The discovery on the possibility of synchronizing
two sources of chaotic oscillations made by L.Pecora and
T. Carrol resulted in the use of chaotic signals for
telecommunication  systems.  The  possibility  of
synchronizing irregular oscillations became the basis for
the assumption that chaotic oscillations can be used as
carriers of information messages (chaotic carriers). The
properties of chaotic carriers are rather well described in
the literature [5-19], etc., where the authors show that
chaotic oscillations can be found in various nonlinear

Assessing the multi-channel
chaotic signals

The quantitative assessment of the multi-channel
potentiality using chaotic signals will be carried out by
mathematical modelling of the correlation reception of a
chaotic signal that is in the group signal which includes
N chaotic implementations:

potentiality using

5= %0, &

where S is a mixture of chaotic oscillations being
observed; x; is the implementation of a chaotic signal that
corresponds to the i -th channel of data transmission from
N probable ones.

To generate chaotic processes, Chebyshev mapping
of the 1% type of 3" order is used:

© K. Vasyuta, F. Zots, I. Zakharchenko, 2019
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Xn+1 = 4(Xn )3 - 3Xn " (2)

Initial conditions x, y in mapping (2) were given
within the interval x, € (0;1) . The initial conditions were
selected sequentially by the following expressions:

X =0.1-i i=1.9; (3)
X, =0.01-i i=1...99; 4)
x =0.001-i i=1..999 (5)

For the quantitative comparison of the correlation
functions obtained under different initial conditions, the
concept of the coefficient is introduced

K, = M{CFf ©)

CF_,
where CF_, is the readout of the correlation function of

chaotic processes that are compared when one
implementation is shifted relative to the other one at

r=0; max{CF_,} is the maximum value of the readout
of the correlation function at z = 0 (fig. 1).

+ ACF
. 4dCF_,

=0 =0

ACF,
A

Fig. 1. Autocorrelation function of chaotic oscillations for
Chebyshev mapping of the 1% type of 3" order

The correlation function given in fig. 1 can be
presented as follows (fig. 2).

CF
CF.,
...‘é—'_'_._'_.—J i
max {CF_;}
min {CF_}

Fig. 2. The correlation function of two chaotic oscillations after
conversion

It looks like this after all readouts CF., have been

ranked in the descending order from max{CF_,} to
min{CF_,}. The coefficient K. will lie within the
interval K. e(-o0;0) is  max{CF_,}#0. The

correlation function is considered as satisfactory if
K. <05, that is if the value max{CF_,} is not greater

720
than half of the value CF__;.

Then, a group chaotic signal consisting of a mixture
of chaotic implementations was modelled according to the
expression (1) where there was no additive noise. A
number of chaotic implementations N in the mixture
changed from 1 to 179.

7
A

A
\

[0.087 0.143 0.156 0.186 0,219 0.233 0.222 0.246 0.265 0.323 0.3427) ]
|0 0.131 0.175 0.199 0,175 0.216 0.264 0. 245 0,269 0.291 | |
lo 0 0.138 0.154 0,175 0.212 0.227 0.238 0,262 0.342 0.398 |
EO 0 0 0.182 0.215 0.232 0.253 0.276 0.244 0.24 0.253 |
lo 0 0o 0 0.241 0.236 0.258 0.304 0.338 0.347 0.399 [ |
[0 0 0 0 0 0.243 0,275 0.262 0.315 0,281 0.282 >_1
res2= (0 0 0 0 0 0 0.278 0.301 0,312 0.273 0.321 1}
{o 0 0o 0 0 o 0 0.229 0.288 0.309 0.337 | |
{o 0 0 0 0o 0 0 0 028 03120291 | |
|0 0 0 0 0 0 0 0 0 0.293 0.289 | |
|0 0 0 0 0 0 0 0 0 0 0.278 |
o 0 |
g

0 0 0 0 0 0 0 0 0 <

Fig. 3. A fragment of the matrix of correlation reception
coefficients

The elements of the matrix are the values of
correlation reception coefficients K., , where i is the

reference value of the chaotic implementation, j is a

number of chaotic implementations in a group signal
(j=1.N).

The results of the correlation reception of the
separate chaotic process n in a group signal that consists
of N chaotic implementations ( N channels) with a fixed
number of discrete readouts of a signal are represented as
a matrix of correlation reception coefficients K.. (fig. 3).

Since the order of the chaotic implementations in a group
signal does not matter, the matrix has a triangular shape.
To make the visual analysis of the coefficient matrix
Keeqj €asier in general, especially when the dimension

of the matrix is large, it should be presented graphically,
where the elements of the matrix whose values are greater
than 0.5 are presented in black, if the values are less than
0.5 —in while, zero elements (which are not analyzed) are
presented in grey.

When a number of implementations in a group signal
(N =15) but a number of readouts remain the same
(1024), there appear black colour in the matrix (fig. 5),
that means that satisfactory correlation reception, in this
case, becomes impossible.

Fig. 4 shows the results of correlation reception of
separate chaotic oscillations in the group signal with 14
chaotic implementations with 1024 discrete readouts
(N =14).
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Fig. 4. The graphical matrix of the quality of the correlation
reception of separate chaotic oscillations in the group signal with
14 chaotic implementations with 1024 discrete readouts

Kegr205

X

Fig. 5. The graphical matrix of the quality of the correlation
reception of individual chaotic implementations from the group
signal (N =15) for 1024 discrete readouts

-

When a number of implementations j in a group

signal continues to increase, the quality of the matrix
becomes worse. Fig. 5 shows such a matrix when N = 21
and N = 26.

S N

Fig. 6. The graphical matrix of the quality of the correlation
reception of separate chaotic implementations from the group
signal at N =21, N =26 for 1024 discrete readouts

For further increasing a number of implementations
N >14 in a group signal and a number of channels
respectively, a number of discrete readouts of chaotic
implementations  should be increased  (greater
than 1024).

It should be noted that the increase of a number of
readouts of chaotic implementations is limited by the
capabilities of digital analogue transducers. Therefore,
additional methods for increasing a number of data
transmission channels should be found. For this purpose,
the orthogonal properties of chaotic realizations in vector
space are considered in details. Two vectors in
multidimensional space are known to be orthogonal if
scalar product is zero [20].

X eX ,=0 @)

Let the orthogonality of the obtained group of
chaotic realizations be checked. To do this, the scalar
products among all probable combinations of pairs of
vectors (chaotic realizations) are calculated. The obtained
results are presented graphically in fig. 7, where the scalar
product X; X, =0 is presented in black, X; X,  =0-

in white, cipum — results that are not analyzed are
presented in grey.

Fig. 7. The graphical matrix of scalar products between pairs of
vectors of chaotic implementations

The analysis of fig. 7 shows that chaotic signals are
not orthogonal, that is, the value of angles between the
pairs of vectors (chaotic implementations) is not 900.

The values of angles among all probable pairs of
vectors (chaotic implementations) for a group signal
(N =179) was calculated by the expression:

¢ = arccos

a-b
— (8)
41}
where b is vector X;, a isvector X,,,
Fig. 8 shows the angle dispersion graph o among all

pairs of vectors for various numbers of readouts of chaotic
implementations (K ).

-

oo

Fig. 8. The dispersion of angles between pairs of chaotic
realizations for different numbers of readouts K

The graph shows that when a number of discrete
readouts of chaotic implementations increases, the
dispersion decreases.

Fig. 9 shows the average values of angles between
the pairs of vectors for various numbers of discrete
readouts.
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Fig. 9. The value of the average value of the angles between
pairs of chaotic implementations for various numbers of readouts
K

It is seen that the angles between vectors are not 90°
although are close to this value. That means that chaotic
implementations are quaziorthogonal.

To increase a humber of chaotic implementations in
a group signal, they should be orthogonalized by one of
the known methods. Work [20] suggests using Gram-
Schmidt algorithm, which points that on the basis of a set
of linear independent vectors a, a, , a set of orthogonal

vectors b b, is built, where each vector b, can be
represented by the linear combinations of vectors a,_a; .
To perform this operation, the project operator is
introduced:

(a)
Prog,a= (b.b) b, ©)

~

where (a,b)is the scalar product of vectors a and b.
The procedure of orthogonalization is as follows:

a,=h; (10)

N-1
b, =a, — Prog, a,. (11)
=1

Fig. 10 shows the results of the use of the Gram-
Schmidt orthogonalization of a group of chaotic
implementations obtained by the expression (4) at
N =179.

Fig. 10. The graphical matrix of scalar products between pairs of
vectors of chaotic implementations after orthogonalization

After that, the correlation reception of the separate
chaotic process n from the mixture N of orthogonal
chaotic implementations was modelled. oproronanbHUX
XaoTHYHUX peamisauiit. The correlation reception of 14

chaotic implementations in a group signal, where there are
1024 readouts, was modelled at first. It was found that
satisfactory reception of 15 chaotic implementations
without increasing a number of readouts is impossible.
After that, the procedure of orthogonalization was
performed, which enabled increasing a number of
received chaotic implementations up to 21. Later, discrete
readouts increased up to 1024 every time when the
procedure of orthogonalization became inefficient. The
maximal number of discrete readouts when modelling was
limited by PC computing capabilities was 13312; this
enabled the correlation reception of 120 chaotic
implementations in a signal  without
orthogonalization.

group

N,

Fig. 11. The dependence of a number of chaotic implementations
in a group signal on a number of discrete readouts to S, (t) and

after S,(t) orthogonalization

Orthogonalization enabled ensuring the satisfactory
correlation reception of 153 chaotic implementations.

Fig. 11 shows the curves that represent the changes
of the maximal number of chaotic implementations in a
group signal to (S, (t)) and after (S, (t) ) orthogonalization

for the various number of signal discrete readouts. Graphs
show that orthogonalization enables increasing a number
of chaotic implementations in a group signal, in other
words — increasing a number of data transmission
channels.

Further studies should be carried out to increase the
bandwidth capacity of data transmission systems by
creating chaotic signal constellations.

The formation of chaotic signal-code constructions

In particular, their quasiorthogonal properties enable
organizing the code division of chaotic sequences in a
group signal. But the task of designing signal
constellations and signal — code constructions, using
chaotic signals, is not sufficiently investigated [21]. The
traditional approach to the transmission of chaotic signals
involves the formation of two chaotic sequences x (t) —
"0", x,(t)— "1" for the sequential transfer of bit streams.
The property of the quasiorthogonality of chaotic signals
enables making a transition from sequential transmission
to parallel transmission. This enables reducing the time of
the message transmission in m times.
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Fig. 12. Transition from sequential to parallel bit transmission

To do this, each bit is transmitted by a separate
sequence of the chaotic process, orthogonal to one from
the set m. Thanks to the parallel transmission, all bits are
received at the same time, therefore the order of their
follow-up cannot be distinguished. To eliminate this
disadvantage, it is proposed to generate separate chaotic
sequences specific to "0" and "1" in the corresponding
position in the message. The initial value X; of the

formation of the chaotic sequences (fig. 13) is a code that
uniquely indicates the direct value of the bit ("0" or "1")
and simultaneously indicates the "location" of each bit in
the sequence (its serial number).

The informational message, formed in this way, is a
superposition of chaotic sequences, duration T, (1).

<o %o, To xo, xe xs b fee] ]

BEBEHE b T

! P |bit %,

i |b1t ‘b1t ‘bu ‘ bit ‘ . |b1t i—.. o —

: : 1 - r'_.

i ]

JETEaaT ey n

i T, X, X Xy, X i bit X

|__________________________________' L
]

m

S =2 x.(0)
iml
Fig. 13. The coding scheme of bit sequence using the initial
values of chaotic sequences

The rule for selecting the initial values for generating
chaotic sequences is given in table 1.

Table 1. The rule for selecting the initial values

Initial values Xij (code) to generate chaotic sequences in

Bit accordance with the order of binary symbols
1 2 3 4 5 e m
0" x X X X X X X

01 02 03 04 05 ot om

Tl x| X | X | X | X | X | X

where x; is the initial value, i is the value of a binary

symbol ("0" or "1"), j is a serial number in the sequence.
In the receiving side, to make a decision about the
value of the bit for each position of the received message

two hypotheses should be checked: HOj — the presence of

"0" and H,,

message. The presence of other m—1 bits in the message
leads to errors in making a decision in the general case of
non-orthogonality of chaotic sequences.

To separate each of the m signals on the receiving
side, m decision devices (fig. 14) are necessary.

— the presence of "1" on the position in the

decision device Ne 1

x, (2) '
s o i
| "1 0 HG] i
I = ) bi
1 1T
SR e BN A N
! 1 Hl ! bit
L] o : ! o
i et et it

3 .
decision device Ne jp
e Rty | .
E xt.—.[’:'l : hit
1

O H, ! bit
1 0 = 1
Yo s r r 1
! (&) - 9 m :
1
: : H, |
1 I

Fig. 14. The scheme of signal separation on the receiving side

The decision is made by calculating the Pearson
correlation coefficient between the sequence from the
receiver input S(t) (1) and each of the standard chaotic

sequences with the code X and X, for the m-s decision

device. The Pearson correlation criterion is a statistical
parametric method for determining the degree of
correlation between two variables.

The obtained correlation coefficients are compared
with each other. Depending on which value the coefficient
is greater, the hypothesis HOj is accepted — the presence

of "0" on the j -s position or Hlj — the presence of "1" on

the j-s position. As a result of the selected hypotheses,

the parallel sequence of bits of the received message in the
m outputs of the decision devices is obtained.

Mathematical modeling of the data transmission
system using the proposed method was carried out in the
work. As a carrier, chaotic sequences, obtained by the
modified Chebyshev mapping (2) is considered.

The chaotic mode for the modified Chebishev
mapping is observed at an alpha value:

-1.00<a <-0.78 (14)
0.78 < <1.00 (15)

and at the initial value
0.78<a <1.00 (16)

It should be noted that the general disadvantage of
chaotic signals obtained with any kind of mappings is
their low structural secrecy. The reason for this is
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structured phase portraits or attractors that are images of
chaotic signals in the pseudophase space. Traditional
methods for determining energy and structural secrecy
usually do not use the specific properties of attractors.

The messages transmission in a parallel way enables
providing the structural secrecy of the chaotic signals that
are used for transmission. A group chaotic signal,
represented by a sum of 5 or more chaotic signals, has a
phase portrait similar to the white noise portrait.
Nonparametric methods (BDS-statistics) [19-22] do not
determine the ordering and regularities between the points
of the attractor of such signal.

The specific values of the control parameter and the
initial values for generating chaotic sequences are
conveniently graphically represented as the points of the
signal constellation (fig. 15), where the axis of the
abscissa denotes x, , the axis of the ordinate denotes « .

o
1
e ¢ % e e | e e s e e
|*__s__* & & | __'__'___‘___'__L__!
0.78
T0.3

4-0.5
____________ ers
[ * * * * * * * * . |
|_'__1__'___'__l____'__'___'___'__l_Jl

Fig. 15. Chaotic signal constellation

The group chaotic signal m bits long corresponds to
a code combination of m points of a chaotic signal
constellation, in accordance with Table 1 of the initial
values.

Fig. 16 shows bit error ratio for the parallel
transmission of messages using a chaotic sequences
obtained by a modified Chebyshev mapping, at K = 50,
100, 150 discrete signal samples.

BER

SNR, 4B

Fig. 16. Bit error ratio for the parallel transmission of messages
using chaotic sequences obtained by a modified Chebyshev
mapping at K= 50, 100, 150 discrete signal samples

In order to increase bit error ratio, an
orthogonalization of chaotic sequences that were part of a
group signal was carried out. For these purposes, the

Gram-Schmidt orthogonalization procedure [23] was
carried out.

Fig. 17 shows bit error ratio for the parallel
transmission of messages for orthogonal chaotic
sequences based on the modified Chebyshev mapping at
K= 50, 100, 150 discrete samples.

BER

SNE.
dB

Fig. 17. Bit error ratio for the parallel transmission of messages
using orthogonal chaotic sequences obtained by a modified
Chebyshev mapping and the Gram-Schmidt orthogonalization
procedure at K= 50, 100, 150 discrete signal samples

The use of noiseless coding is one of the most
efficient ways to increase the reliability of receiving
messages and reduce the probability of errors to some
acceptable level. To do this, it is proposed to add control
bits to the parallel bit packet. Additional orthogonal
chaotic sequences are formed for their transmission in
accordance with table 1.

Applied the Gram-Schmidt orthogonalization
procedure can increase the reliability of receiving
messages and provide a gain of about 1.5-2 dB for
P, =10°, compared to the use of chaotic sequences

without the orthogonalization procedure. In order to
increase the structural secrecy of the formed group chaotic
signal, which consists of more than 5 chaotic sequences, it
is impractical to apply the methods of destroying the
phase portrait, since the phase portrait of such a signal
looks like a phase portrait of the white noise. The rejection
of these methods will simplify algorithms for processing
the group chaotic signal

Chaotic signals in wireless data transmission systems

At the moment, a large number of ways to use
chaotic signals for data transmission have been proposed.
However, chaotic signals (processes) used in such systems
have structured (ordered) attractors (phase portraits) that
distinguish them from noise.

In turn, the degree of the structuring of the attractor
of a chaotic process determines its covertness.

When a third-party observer applies modern methods
of nonlinear analysis [19], the probability of correct
classification of observation (white noise or chaotic
process) increases and the potential covertness of a
chaotic signal decreases to the level caused by the noise of
its observation. Therefore, to increase the covertness of a
chaotic process, its attractor should be complicated, i.e.
the degree of its structuring should be reduced.
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Among the various possibilities of complicating the
attractor of a chaotic process, the method of signal
complexity by frequency filtering the chaotic carrier
proposed in [24] can be distinguished. The analysis of the
work shows that the attractor of a filtered chaotic signal is
similar to the white noise attractor, which increases its
covertness.

It should also be noted that the use of chaotic signals
(processes) leads to the expansion of the spectrum of a
transmitted signal and, as a result, to a decrease in the
speed of information transfer when the bandwidth of the
communication signal is limited. However, this problem is
solved by applying the MIMO technology to a chaotic
carrier [25] due to the implementation of a set of chaotic
signals with various initial formation values.

Chaotic signals in radar systems

One of the promising ways of radar systems (RS)
development is RS MIMO that have a number of
advantages [26—28]. However, one of the problematic
issues in building RS MIMO is channel division.
Nowadays in RS MIMO, like in communication systems,
frequency code and phase-shift signals. It is known that
the diversity of code signals is limited, which, in the
nearest future, will not enable ensuring the channel
division of numerous radio electronic means (REM)
within the limited frequency range. The above studies

show that chaotic signals are high sensitive to initial
values while being formed; this feature enables forming a
set of orthogonal chaotic signals in measuring systems.
Due to this, when building an RS MIMO for channel
division, orthogonal chaotic signals can be used, which
also enables ensuring the electromagnetic compatibility
(EMC) of different REMs on neighboring positions.

Based on the above feature of the orthogonality of
chaotic signals, the general structure of such an RS MIMO
is synthesized below; its diagram is given in fig. 18.

A setup unit (signal processor) is designed to form a

set of chaotic radio pulses X (x!*") with various initial

values x". Signals formed by the set up unit are

amplified to the required power and fed to the pattern-
forming circuit (PFC) as sounding signal and to the multi-
channel information processing circuit (IPC) as expected
signals. PFS implements the necessary variant of the space
scanning. Signals in each bean are processed by multi-
channel correlation filtering IPC.

The algorithm of radar information processing is
synthesized in one channel, which corresponds to the
given direction either in azimuth or elevation. In general,

signals will be considered at the NMinput, that is,
elemental, flat, equally spaced phased array antenna
(PAA) (N is a number of elementary emitters horizontally,
M is a number of elementary emitters vertically (fig. 18).

H4< N1
. —fN-11
..
Setup unit X(X‘,;.I:Q..XS.M}..XS.}::M)] —1.1
—<12
M P P
F A
X(XS\LD) N I\ A :
J B . .
XM :
+4< NM-1
To the detect- Multi-channel 11 k1 MM ’_< -
ingand measur- 7 | correlation filtering IPC Y< }Y< | }Y( M) . < NM
8 (t. & P) o
unit
1M
Fig. 18. The block diagram of the radar MIMO with the use of orthogonal chaotic carriers
Let signal vy, . received by the elemental emitter general case kel..N, lel.M.
(nel..N is the number of the emitter in the line, e LM "
mel..M is the number of the emitter in the column) be Y=, R (12)

represented as discrete values of a continuous signal taken

through the sampling period At:%, where f . is
the maximum frequency in the signal spectrum. Complex
oscillation amplitudes y, . received by n,m elements of

PAA are subject to weighted summation in PFS, where at

the output complex oscillation amplitudes Y®" are
formed in Kk, st spatial channel (partial beam) in the

n=1 m=1

where R*"is the k,| elements of the weight matrix R .

The specific values of the weight matrix are determined on
the basis of a given width of the directional pattern of
partial rays and their orientation in space with an
acceptable level of side lobes. Thus, spatial signal
processing is carried out in PFC, which is built on the basis
of the known orthogonal Hadamard, Fourier
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transformations, and so on. There is a set of time readouts

Y at the output of every beam (12).

Later, the processing in each receiving channel is the
same, only the expected signal X (x’.t ,F,) differs.
That meant that a bidirectional PAA emits and receives an
orthogonal chaotic signal with its initial value x*"in the

given direction.
The indicators k, | that determine the number of a

spatial channel (Y®" —Y ) are omitted for the sake of
simplicity. Thus, further processing is not different from
the traditional correlation processing of a chaotic signal,
which is considered in [3] amid the reception under the
white noise.

(13).

1
Z(t}, FD) :E

J.Y'(t)X*(xo,t—t?,FD)dt

For the discrete values of complex oscillation
amplitudes Y at the PFS output, when a discrete values is
I, t=iAt, t, = jAt and when the integral is changed for
the sum in (2), the below expression is obtained:

zj(Fﬂ)% (14).

I - -
ZYix;—j(XO’ FD)
i=1

The formed values of the module of the weighted
sum (14) on the detection device (comparison with the
threshold) and measurement are presented in fig. 18.

Since the flat PAA enables proving parallel scanning
of the space only in the specified sector in azimuth,
several such PAA or a cylindrical one should be applied to
scan the space simultaneously in all azimuth directions.

The variant of scanning the space with the use of a
cylindrical PAA is given in fig. 19.

b)

Fig. 19. The directional pattern of the cylindrical phased array antenna a) in the azimuth plane; b) in the elevation plane

Fig. 19 a) shows the antenna directional pattern
(ADP) F(p) in the azimuth plane (f) and fig. 19 b)

shows the ADP F(¢) in the elevation plane (&), where a

chaotic signal with its xék"> is emitted in corresponding

directions. This approach enables implementing
simultaneous multichannel scanning of space.

Thus, the above analysis enables synthesizing a
multiradar  information-measuring  system  (MIMS)
(fig. 20).

MIMS consists of RS MIMO positions that generate
chaotic signals with various initial values x,, y,, z,, &,

S,- This enables developing the necessary number of

measuring and information channels. The RS MIMO
creates detection areas by multi-channel space scanning
(fig. 20). The radar information received from radar
positions is fed to the server through wireless channels of
communication using data transmitting equipment at a set

of chaotic carriers x{, y§, z¥, &, si. The radar

information is processed with the help of the server which
is a part of a more global information network. Users can
obtain information using both wireless and wire
communication channel.

Conclusions

Thus, the above properties of chaotic signals enable
applying them to build data transmissions systems on the
MIMO principle and multichannel radars. This enables
building a multiradar information measuring system based
on chaotic signals. The above techniques can be
implemented to build a network of unattended radars, can
be used in multichannel communication systems and to
control air traffic, can be used in the air defence net-
centered systems to create the common covert information
and telecommunication space.
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Fig. 20. Multiradar information measuring network (a variant of deployment)
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KOHIIENIA MOBYJI0OBU MIPUXOBAHOI IHOOPMAIIMHO-BUMIPIOBAJILHOI
CUCTEMMH IMMPOTHUIOBITPSIHOI OFOPOHU HA OCHOBI 3ACTOCYBAHHSA
OPTOI'OHAJIbHUX XAOTHYHUX CUT'HAJIIB

IIpeqvMeToM moCHiIKEHHS B CTATTi € MPUXOBaHa iH(OpMaNiifHO-BUMIpIOBAIbHA CHCTEMa, 3aCHOBaHA Ha OPTOTOHATBHUX XaOTHYHUX
curHanax. Mera poOOTH — CHHTE3yBaTH IIPUXOBaHy 1H(GOpPMaNifHO-BUMIPIOBAIBHY CHCTEMY, OOYIOBaHY HAa OCHOBI OPTOTOHAJIBHUX
XaOTHYHUAX CUTHANIB. 3aBAaHHs, BUpINICHI B XOJi JOCH/DKCHHS, — OI[HEHO TMOTCHIIWHI MOXIHBOCTEH opraHizaiii
0araToKaHAIFHOCTI 3 BHKOPHCTaHHSIM XaOTHYHHX HECYYHX; BHBUEHI CIIOCOOM 3aCTOCYBAaHHS XaOTHYHMX CHTHANIB B 0E3IPOTOBHX
cUCTeMax IMepefadi JaHUX; CHHTE30BaHA 3arajbHa CTPYKTypa paaionokauiiiHoi cucremu MIMO Ha OCHOBI OPTOTOHAIBHOCTI
XaOTHYHUX CHTHANiB. IIpu mpoBedeHHI NOCTIMKEHb OYylNO BHKOPHUCTAHO 3arallbHOHAYKOBI Ta CIEIiajibHi MeTOIM IOCIiIKCHHS,
30KpeMa, CHCTEMHHH aHali3 1 MaTeMaTHYHe MOJCIIOBaHHSA. bynu oTprMaHi Taki pe3y/abTaTH: 3alIPOIIOHOBAHO KOHIIEIIIO TOOYI0BH
MepexeneTpuyHoi OaraTopagapHoi iH(opMmaniitHO-BuMiproBanbHOI cuctemu (MIMS). Tloka3aHo, o0 3acTOCYBaHHS OPTOTOHATBHUAX
XaOTHYHHMX CHUTHAJTIB JUIA BHUSBIICHHS IOBITPSHUX Iiled Ta mepemadi iHpopMmanii mpo HUX, IiJBHUILYE MEPENIKOA03aXUIICHICTb,
PO3MiTBHY 1 MPOMYCKHY 3[AaTHICTh; MO3BOJIAE 3a0C3MCUUTH CICKTPOMATHITHY CYMICHICTH 1 MOMIN KaHATIB BHUSBICHHSA ¥ mepemadi
indopmarii. CuHTe30BaHO CTPYKTYypHY cxemy MIMS. BucHoBkm. Crerm¢ivHi BIaCTHBOCTI XaOTHYHHX CHTHAIIB JO3BOJSIOTH
3aCTOCOBYBATH 1X JJIsl MOOYIOBU CHCTEM Tepenadi JanuX 3a npunipmnomM MIMO Tta OaraTokaHanbHUX panapis. Ha 0CHOBI XaOTHYHHX
CUTHAJIB MOXxe OyTH moOynoBaHO OararopajapHy CHCTEMY BHUMIpIOBaHHS iH(popmarii. BumieBkazaHi MeToOu MOXYyTh OyTH
peamizoBaHi A MOOYIOBH MepeXi HEOOCITYroBYBaHHX palapiB, a TaKOXK B OaraTOKaHaJIbHUX CHCTeMaxX 3B’S3Ky. BoHH MOXyTh
3aCTOCOBYBATHUCS [UIsl YIPABIIHHA MOBITPSIHAM PYXOM 1 MOXKYTh BUKOPHCTOBYBAaTHCS B CHCTEMaX, Opi€HTOBaHHX Ha Mepexy I1I10
JUISL CTBOPEHHS 3aTabHOTO MIPHXOBAHOTO 1H)OPMALIIHOTO 1 TEIEKOMYHIKaIiiHOTO IIPOCTOPY.

KniouoBi cjioBa: XaoTHYHI CHTHAQIM; CHTHAJIBHO-KOJOBI KOHCTpykuii; MIMO-texnomoris; iHdopMariifHo-BUMipIoOBaIbHA
cucTeMa.

KOHIENIUA HIOCTPOEHUSI CKPBITHOM HHP®OPMAIIMOHHO-
N3MEPUTEJBbHOU CUCTEMBI ITPOTUBOBO31YIIHOU OOPOHbI HA
OCHOBE ITIPUMEHEHUSA OPTOI'OHAJIBHBIX XAOTHYECKUX CUT'HAJIOB

IIpeavMeToM mccIeOBaHUS B CTAaThe ABISETCS CKPBITas HHOOPMAIIMOHHO-U3MEPHUTENbHAS CHCTEMA, OCHOBaHHAs HA OPTOTOHAIBHBIX
xaoTndeckux curHanax. Lleb paGoTBl — CHHTE3MpPOBATh CKPBITYI0O MH()OPMAIMOHHO-W3MEPHTEIBbHYIO CHCTEMY, ITIOCTPOSHHYIO Ha
OCHOBE OpTOTOHAJBHBIX XAOTHMYECKUX CUTHAJIOB. 3ajdayM, pEIICHHbIE B XOJAE HCCIEJOBaHUs, —OLCHEHa MOTEHLIUAIbHbIE
BO3MOJKHOCTEH OpraHM3alliyl MHOTOKAaHAIBHOCTH C HCIIOJIB30BAaHUEM XaOTHUECKUX HECYLIMX; HM3YYeHBI CHOCOOBI NPHUMEHEHUs
Xa0THYECKUX CHUTHAJIOB B OECIPOBOIHBIX CHUCTEMax IIepeAayd JaHHBIX; CHHTE3MpOBaHa O0MLIas CTPYKTypa pPajnOJIOKAllMOHHOM
cucreMbl MIMO Ha oOCHOBE OpTOrOHAJIBHOCTH XAOTHUYECKMX CHUTHaloB. I[Ipu mnpoBeieHMM HCCIEOBaHUM HCIONb30BAUChH
oOIIeHayYHBIE U CIIELHAIbHbIe MEeTOABI MCCIIEIOBAaHNs, B YACTHOCTH, CHCTEMHBIN aHAJIM3 1 MaTeMaTHYeCKOe MOJIeIMpoBaHe. brutn
TIOTy4YEHBI CIEAYIONHEe Pe3yJIbTAThl MPEIOKeHa KOHIIEIIHS ITOCTPOSHHS CETEHeTPHIECKOH MyIbTHpPAJapHOH HH(POPMAIHOHHO-
n3MeputenbHoit cuctemsl (MIMS). TlokazaHo, 9TO TpPUMEHEHHE OPTOTOHAIBHBIX XAOTHYECKHX CHTHAIOB M OOHApYKEHHS
BO3IYIIHBIX IIeNel W mepenadn MHOOPMAIMH O HHX, IOBBIIAET ITOMEXO3AIUIICHHOCTh, Pa3pelIaonlyl0 M IPOIYCKHYIO
CIOCOOHOCTB; TO3BOJIAET OOECTIEUUTh AIIEKTPOMATHUTHYIO COBMECTHMOCTh M pa3/elICHHE KaHAIOB OOHAPYKEHUS H IIepefadn
nHdopmarmn. CuHTe3upoBana cTpykrypHas cxema MIMS. BoiBoasl. Criennduyeckre CBOMCTBa XaOTHUECKUX CHTHAJIOB MO3BOJISIIOT
MPUMEHATh UX AT HOCTPOEHHs CHCTeM Iepefaud AaHHbIX 1o mnpuHiuny MIMO u MHorokaHanbHbIX pagapoB. Ha ocHose
Xa0THYECKUX CHIHAJOB MOJXKET OBITh IOCTpOEHAa MYyJIbTHpagapHas CHCTeMa H3MepeHHs HMH(popMaluu. Brllieyka3saHHbIE METOJbI
MOTYT OBITh peajn30BaHbI Il MOCTPOCHUS CETH HEOOCTy)KHBAEMBIX Pa/JapoB, a TAKKE B MHOTOKAHAIBHBIX CHCTeMaX CBsi3H. OHH
MOTYT HMPUMEHSTHCS [UIS YIPaBICHUS BO3MYIIHBIM JBIDKCHHEM U MOTYT HCIIOIB30BAThCSA B CHCTEMaX, OPUEHTHPOBAHHBIX HA CETh
IMBO a5 co3mganust 00IIero CKpHITOro HHYOPMAIMOHHOTO U TEIEKOMMYHHKAIHOHHOTO TPOCTPAHCTBA.

KnioueBble c10Ba: XaOTHYECKWE CHUTHAJBI, CHUTHAIBHO-KOAOBBIE KOHCTpykiuw; MIMO-texnonorns; MH(OpPMAaIMOHHO-
HN3MepHTEbHAas CHCTEMA.
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C. 1. B1AJOB, IO. M. IIIMEJIBOB, JI. M. ITMMOEHKO, K. I'. KOT/15POB, C. A. 'PUBAHOBA,
O. B.I'vCcAPOBA

PO3POBKA IHOOPMAIIIMHOI TA JMHAMIYHOI MOJIEJIEM KOHTPOJIIO 1
JIIATHOCTHUKHU TEXHIYHOI'O CTAHY ABIAIIIMHOI'O JIBUT'YHA TB3-117

IIpeqvmeTom mocmiypkeHHS B cTarTi € apiamiiHuii aBuryH TB3-117 Ta MeToamM KOHTPOMIO 1 MIarHOCTHKHM HOTO TEXHIYHOTO CTaHy.
Meta pobotu — po3pobka iHpOpMaIiifHOI Ta AMHAMIYHOT MOesIell KOHTPOIIIO 1 JIarHOCTHKU TEXHIYHOTO CTaHy aBiallifHOTO IBUTYHA
TB3-117 3amis BU3HAUEHHS OCHOBHHMX BHMOT 1O €KCHEPTHOI CHCTeMH. B cTarTi BUPILIYIOTbCA HACTYIHI 3aBAAHHS: PO3POOKH
iHpopMamiitHoi Ta AMHAMIYHOT MOZENe#l KOHTPOIIO i AiarHOCTHKM aBiauiitHoro nBuryna TB3-117 3 BUKOPHCTaHHSM METOHOJOTI]
CHCTEMHOTO aHaji3y. BHKOPHCTOBYIOTbCS TaKi METOAM: METOJM CUCTEMHOTO aHalli3y, METOJH CUCTEMHOTO MPOrpaMyBaHHs, METOIU
noOynoBu iHpopMmaniiiHux Moneneil. OTpuMaHO HacTyIHI pe3yabTaTH: Po3pobiieHo iHdopMmariiiHy Moxens, 0 BU3HAYAE JIOTIUHY
CTPYKTYpy 0a3 DaHHX i 3HaHb, a TAKOXK CIIOCOOM Ta MEXaHi3MH YIPaBIiHHSI HUMHA Ta B3aeMogii (0OIpyHTYBaHHS 3MICTy, HAIOBHEHHSI,
YIpaBiHHA iHpOpMaIIfHIMH ToToKamMK). Po3pobiieHo tuHAMiYHy MOZEINb, 0 BU3HAYA€ IpaBuiia poOOTH 3 €KCIEPTHOIO CHCTEMOIO,
sIKI € OCHOBOIO JUI CTBOpPEHHs iHTep(elcy (CueHapiiB) 3 KOPUCTyBaueM i BH3HAYAIOTh AWHAMIKY B3a€MOJIi €KCIIEPTHOI CHCTEMH 3
0a3aMu JaHUX 1 3HaHb, MOJIENI KOHTPOJIIO 1 AIarHOCTUKHU TEXHIYHOTO CTaHy aBiamiiHoro asuryHa TB3-117. BucnoBku: Po3poGieno
KOMITIEKC iH(POPMALiITHIX MoJIeNeil mporiecy KOHTPOJIO i JIarHOCTUKY TEXHIYHO-TO CTaHy aBiariifHoro asuryHa TB3-117, Ha ocHOBI
texnonorii IDEF/1X, mo no3BoiiiI0 BU3HAYUTH JIOTIYHY CTPYKTYpY 1 MEXaHi3MH B3aeMofii 0a3 naHuX 1 0a3 3HaHb B CKIAJi
PpO3pO0ITIOBAaHOT E€KCIEPTHOI CHCTEMH KOHTPOJIIO 1 AIarHOCTUKM TEXHIYHOTO CTaHy aBiamiiiHoro asuryna TB3-117. IToOymoBana
JIMHAMIYHA MOJIENb MPOIIECIiB KOHTPOITIO i JIarHOCTHKU TEXHIYHOTO cTaHy aBianiiiHoro nsuryna TB3-117 Ha ocHoBi IDEF / CPN, mo
JIO3BOJIMJIO BH3HAYUTH BHUMOTH JI0O MEXaHi3My JIOTIYHOT'O BHCHOBKY B TIPOIECi BHKOHAaHHs (DYHKIIH KOHTPOJIO Ta IiarHOCTHKU
TEXHIYHOrO CTaHy aBialiiiHoro auryHa TB3-117 excnepTHolo cuctemoro. [lepCcrieKTHBY OCTIKEHHS — 3aBepIIABHUM E€TarioM
CHCTEMHOT'O MOJICIIOBAHHS € CHCTEMHHI IPOEKT, KUl GopMye KOHTYPH JOCIITHHUIIBKOTO IPOTOTHUITY EKCIIEPTHOI CHCTEMH 1 MepertiK
BHMOT, III0 PEaTi3yIOTh HOTO.

KurouoBi ciaoBa: inpopmaniiiHa Monens; AWHAMIYHA MOJENb; CKCIIEpTHA CHUCTEeMa; aBiallifHWN ABWTYH; 0Oa3a naHuX; 0Oaza

3HaHb.
Beryn npu  BuuepranHi ix pecypciB [4, 5]. 3 ormsny Ha
Ba)XJIMBICTh HaJiiHOT poOOTH NBHUTrYHA sl 3a0e3NeueHHs
Besmeka (yHKLiOHYBaHHS aBiamiiimoro  OE3MEKH IONBOTY MHOBITPSHOIO CYy[IHA, iCHYIOYi HOPMHU
ra3orypbinHoro auryna TB3-117 B mpomeci iforo JIbOTHOI MPHUIATHOCTI BUMArarTh MPOBEICHHS BEIHKOTO
eKCTTyaTallii BHMarae O€3MEpepBHOrO KOHTpOMO i  OOCATY Di3HMX MEPEBIpOK B XOHi SIK CTEHIOBHX, TaK i
J1arHOCTUKH Horo napameTpis, 110 BUMarae JbOTHHX BUIpoOyBaHb. [Ipy pOMY B ABHTYHAX € JeTaii i
0e3mepepBHOro BJIOCKOHAJICHHS amapaTypu ~ BY3JH, 110 BIJHOIIIEHHIO 10 SIKMX JlarHOCTHKA B IIOBHIH
JiarHOCTYBaHHS i KOHTPOJIIO, obymoBieHoro ~ Mipi He Moxe OyTH 3aCTOCOBaHOK. 30Kpema, e
36iIbIIEHHAM 4HMCIA  KOHTPONLOBAHMX  IapaMerTpiB, CTOCYEThCA JIONATOK i JMCKiB KOMIPECOPiB i TypOiH,

YCKJIATHEHHSM KOHCTPYKIIii, 3pOCTaHHSAM YHCIa JaTYUKIiB
1 BHKOHaBUMX MEXaHi3MIiB. Y IIMX yMOBaX HaWOLIbMI
aKTyaJbHOIO TPOOJIEMOI0 € POo3poOKa 1 BIPOBAIKCHHS
IHTEeNeKTyalbHUX TexHomorid [1-3], cepem dkux €
TEXHOJIOTiT CHCTEeMHOTO aHalli3y, CKCIEePTHI CHCTEMH,
HEHpOMEpEIKeBl TEXHOJIOTIi TOINO, 3JaTHUX SKICHO 1
e(eKTUBHO BHpILIYBaTH IOCTaBJIeHI 3ajaavi (Ha piBHI
crieriamicra-ekcriepra). Lle oco0mmMBO BakiIMBO 3apas,
OCKUIBKM CBO€YACHE BHSBJIIEHHS 1 JOKami3amis BigMOB

JTO3BOJIMTH  BUKITIOUUTH  YHUCIICHHI aBapiiHi i
kartacTpo(iyHi CHUTyamii, MO0 TOYACTIIIAIA OCTAHHIM
4acoM.

Pons smopcekoro ¢akTopy 31 3pOCTaHHSM 4HMCIia
KOHTPOJBOBAHUX 1 IarHOCTOBAHUX MapaMeTpiB magae [1—
3], ockimbKM TIOB'S3aHAa 3 YHUCICHHUMH ITOMIUIKAMH
KOHTPOJIIO Ta MPUHHATTSA pilieHb (0coOarBoO B ymoBax HI-
(dakTopis: HEBH3HAYEHOCTI CHUTYyaIIii, YUCJICHHI
MEPEIIKOAN 1 HETOYHOCTI BHMIpIOBaHb; HEMOBHOTA i
HEJIOCTOBIPHICTH KOHTPOJIIO TOIIIO).

IIpu  BukopucTaHHI  MeTofojorii  Oe3meuHol
eKCIUTyaTallii aBiamifHUX ABUTYHIB 32 TEXHIYHHUM CTaHOM
OJIHIEIO 3 OCHOBHHUX IPOOJIEM € po3po0Ka 1 BIIPOBaKEHHS
e(eKTUBHOT JIarHOCTHKH, IO JO3BOJSIE CBOEYACHO
BUSBIISTH JE(PEKTH, 110 BUHUKAIOTH B OCHOBHHUX ICTAJIAX

PYHHYBaHHS SIKMX TMPHU3BOAMTH IO TSHKKUX HACIHIAKIB, y
TOMY 4YHCII JO pyHHYBaHHS JBHTYHa 1 TIOBITPSTHOTO
cyana. 1lo6 yHMKHYTH TOAIOHMX HACHIJKIB, IpH
OLIIHIOBaHHI pecypcy IBUTYHa MPOBOAATHCS PO3PaXxyHKU
MIIHOCTI, $IKi Jar0Th MOKJIMBICTH BHSBUTH HANOiNBII
MOMIKO/DKEH] AeTalli 1 HaWOUIbII YIIKOKYIOTh PEXUMHU
eKcIuTyaTariii.

OpmnHak Uit Toro 1mo0 Taki pPO3paxyHKH Oyl
00’€KTHBHUMH 1 e(EeKTHBHUMH, HEOOXiJHA HAsSBHICTh
MIOBHOTO o0csry XapaKTEepUCTUK LUKJITYHOTO
nedopMyBaHHS MarepiaiiB, XapaKTEPUCTUK LUKIIYHOT
MOB3Y4YOCT], LUKJIIYHOI IUIACTHYHOCTI, XapaKTEepUCTHK
MUKITIYHOI MIIHOCTI 3 ypaXyBaHHAM CIUIBHOT  mil
BiOpamiifHuX HampyXeHb, a TaKOXX HASBHICTh ITOBHOTO
o0Csry XapaKTepUCTUK, 10 BH3HAYAIOTh PO3BHUTOK
TPIIMH JI0 TPAHWUYHOTO CTaHy. Y JaHWH dYac Taki
XapaKTePUCTUKH y TIOBHOMY 00cCs31 BiICYTHI, III0 3HAYHO
3HIKYE e(EKTHUBHICTh PO3PAaXyHKOBHUX METOMIB. Y HHU3II
BHIIQIKIB B SIKOCTI TaKuX XapaKTEPUCTUK
BUKOPHCTOBYIOTBCS pe3yabTaTH 71ab0paTOpHUX
pecypcHUX a00 MPHCKOPEHUX EKBiBAJICHTHO-ITUKITIYHIX
BUNIPOOyBaHb JIOMarok TypOiHM, a TakoX JHCKIiB
KOMITPECOpiB i TypOiH MpH IX IMKIIYHOMY HaBaHTa)KCHHI
TEMIIEpAaTypHOi ~ HABaHTaXEHHSIM 3  OJHOYACHUM
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HaKJIAJCHHIM BiOpamiifHOro HaBaHTaXXEHHA. Alle W Tmpu
Ja00paTOpHUX BUMNPOOYBAHHAX HE 3aBXKIU BJIAETHCS
JIOCATTH BiIMOBIHOCTI HaBaHTa)XCHb Ha YCTAaHOBKaxX
HaBaHT@XCHb Ha ABWTYHi, OCKUIBKH II¢ HaBaHTa)XKCHHS
ICTOTHO 3aJIe)KUTh BiJ BUKOHYBAHOTO B eKCIUTyaTalii
pOdIIIIO MOJBOTY.

Yce me mnpu3BOOUTH IO TOTO, IO IIiJ 4ac
BUIIPOOYBaHb HE BJAETHCS BIITBOPUTH B ITOBHOMY 00CS3i
Taki 1eQeKTH, K PO3TPICKYBaHHS 3CEPEANHH Ha BXiTHHX
KpPOMKax JIOTIaTOK TYpOiHM BHCOKOTO THUCKY, TPILIMHU Ha
TaNTeNsIX TUTAHOBUX AWCKIB TypOOKOMIIpecopa, TPIUHU
Ha 3BapHUX KOPITycax KaMepH 3TOPSIHHS TOIIO.

EdexruBarM 3ac000M MMiIBUIICHHS JOCTOBIPHOCTI
OI[IHIOBaHHI TEXHIYHOTO CTaHy AaBialliIiHUX JBUTYHIB
MOXKE CITY’)KUTH eKCIiepTHa iHpopMmarlis, ska GopMyeTbes
B PpE3yJbTaTi IHTYITHBHO-JIOTIYHOTO aHAJi3y BHUXITHUX
JAHWX 13 3aJyYyeHHSIM BIAMOBIIHOTO MaTEMaTHIHOTO
armapaty TpYINOK eKCIEpTiB, IO JO3BOJISIE BHSBUTH
00’€KTHBHY TPHUPOJY IapaMeTpiB TEXHIYHOTO CTaHy
JOCITIDKYBAaHOTO 00’€KTa 1 PO3LUIMPUTH Ha LI OCHOBI
MOJXUJIMBOCTI B JIOCTOBIPHOI OI[IHKH TEXHIYHOTO CTaHy
OCTaHHBOTO. Y HaHWH Yac HasBHICTH BOyAoBaHnx CASE
3aco0iB y cydacHux Oazax manux (Oracle, Informix, R-
Base Tomro), a Takox B OUTBIIOCTI €KCHEPTHUX CUCTEM
BH3HAYa€ OCHOBHY POJIb CHCTEMHOTO MOJCTIOBAHHS IPHU
CTBOpPEHHI CKJIQJIHUX iH(pOopMalliiiHuX cucteM [6—8].

dopmarizariis iHOopMaIifHOTO opTpeTa
aBlallifHOTO JBUT'YHAa B paMKax METOMOJIOTii CHCTEMHOTO
MOJICTIIOBaHHS € OKpeMOI0 MNpoOJIEMOI0,  OCKIJIBbKH
CHUCTEMHA MOJIeNIb B KIHIIEBOMY paxyHKy 30HMpae BCIO
iHpOpMaILlil0 TPO TMPOLEC KOHTPOJK 1 JIarHOCTHKH
TEXHIYHOTO CTaHy aBiallifHOTrO JBUTYHA B iH(OpMaLiiiHy
"kyny". ToMy OCHOBHOIO 3aJja4€l0, 110 PO3B’SA3YETHCS Ha
JaHOMYy  eTami, €  "mpo3opicTe"  TpeAcTaBICHHS
OBUTYHAa 1 HOro IigcucreM B TIpoIeci KOHTPOIKO i
MIarHOCTUKY  (BUOUICHHS  OCHOBHMX  (YHKIIA 1
PO3B’s3yBaHUX 3aJ1ad), 3B 30K iH(QOPMAIIHHAX TTOTOKIB 3
BU3HAYCHHMH  paHillle CTPYKTypaMu 0a3  JaHHUX
1 3HaHb, @ TAKOXK HOr0 B3a€EMO3B’ 30K B paMKaXx CLEHapiiB

poOOTH 3  EKCIEPTHOK CHCTEMOI 1  30BHIIIHIX
intepdeiiciB 31 SCADA-cucremamu, PDM 1 STEP-
cranmapramu, CALS-texHosoriero, inmmmu CASE

3acobamu [6-8].

TakuM YMHOM, Ha OCHOBI CHCTEMHOI MoOjelni, Ha
eTamni NMpoeKTyBaHHS iH(OpMaLiitHOI cHCTEMH KOHTPOIIIO
Ta JIIarHOCTHKU TEXHIYHOTO CTAHy aBial[ifHOTO JIBUTYHA, 3
BukopuctanHaM SADT-meronomnorii i IDEF-texnomorii
HEeoOXi/THO BUKOHATH HACTYITHY ITOCIiIOBHICTh KPOKIB:

- PO3pOOUTH MHOXUHY (PYHKIIOHAIBHUX MOJEINeH 3
METOI0 BHJIIJICHHsI TOBHOT MHOXHHM (DYHKIIH 1 3a7a4, 110
PO3B’SI3yI0ThCS €KCIIEPTHOIO CHCTEMOIO;

- PO3pOOUTH MHOXHHY iHQOpPMamiiHUX MOJenei,
10 BH3HAYAIOTH JIOTIYHY CTPYKTYpy 0a3 JaHUX i 3HaHb, a
TaKOX CHOCOOM Ta MEXaHi3MH YIpPaBIiHHA HUMH Ta
B3aemofii  (OOTpyHTYBaHHS ~ 3MICTy,  HAIllOBHEHHSI,
YIpaBiIiHHS 1HPOPMALITHUMH TIOTOKaMH);

- po3poOuTH JMHAMIYHY MOJEb, SKa BH3HAuae
IIpaBuiia pOOOTH 3 EKCIIEPTHOIO CHCTEMOIO, SIKi € OCHOBOIO
JUIsl CTBOpeHHs iHTepdeiicy (cueHapiiB) 3 KOpucTyBadeM i
BU3HAYAIOTh JMHAMIKY B3a€MOJIi €KCIIEPTHOI CHUCTEMH 3
0azamMu JaHKX 1 3HAHb.

YV nmaHiii poOOTI pO3B’A3YETHCS 3a7ada pPO3pPOOKH
iHbopMamifHUX 1 JOWHAMIYHOI Mojeni aBiallifHOro
neuryna TB3-117, sxuit npu3HaueHUN A1 BEPTOJILOTIB
OUBUILHOI aBsiamii. 3a MAJMBHOIO €KOHOMIYHICTIO i
BaroBUMH XapaKTepUCTUKaMHM aBianiinuii asuryn TB3-
117 cToiTh B psAAY KpaIIUX CBITOBHX 3Pa3KiB.

Po3podka indopmaniiinoi moneJi

Kommnekce iH(pOpMaIIHHIX MoOJeIIeH IS
MUHAMIYHUX 0a3 JaHWX i 3HaHb CILUIHHO 3 BUPINIYyBa4YeM i
IIaHYBaJbHUKOM  YTBOPIOIOTH  AApPO  MaHOYyTHBOT
eKCIIepTHOI CHUCTeMHM 1, Tepml 3a Bce, IIOKa3ye
iH(QOpMaIIHHO-JIOTIYHY B3aeMOJI0 (aiiTiB qaHUX B 0a3ax
JaHUX 1 3HaHb eKCIepTHOi cucTeMu. IHopmaliiina
MOJIeTIb TIPOIIECY KOHTPOJIIO 1 JIarHOCTHKH TEXHIYHOTO
crany asiamiiiHoro nasuryna TB3-117 y 3arameHOMY
BUTIISAI MOKe OyTH TpecTaBiIeHa K [9]:

M =(F,AV,P,Q,0,R); (1)

ne F= { f,i=1 I} — MHOXMHA QYHKIIA mporecy
KOHTPOJIIO 1 IarHOCTUKU TEXHIYHOI'O CTaHy aBialliifHOro
npuryna TB3-117; A:{aj, j :1,.]} — MHOXMHHA 33734

(porienryp), IO peai3yrOThCs B MPOIECI KOHTPOJIO i
JIAarHOCTUKK TEXHIYHOTO CTaHy aBialliifHOTO JBHTYHA

TB3-117; V= {V, N =1,_L} — MHOXHMHA BHUMIpSHHX
mapaMeTpiB aBiaIiitHOTO JIBUTYHA TB3-117;
Q= {qk k=1K } — MHOXHMHA pe3yJIbTaTiB HpOLecy

KOHTPOJIO 1 TIarHOCTUKU TEXHIYHOTO CTaHy aBiaIliifHOTO

meuryna TB3-117; P = { P,,,M =1,_|\/|} — TIepCOHAI, KA

BINOBiJa€ 32 TMpPOIEC KOHTPONIO 1 JiarHOCTHKH
TEXHIYHOTO CTaHy aBiamiifHOoro ngBuryHa TB3-117;
0= {On ,n=1 N} — MHOXHHAa O06’€kTiB 1 mporecis

KOHTPOJIIO 1 MIarHOCTUKU TEXHIYHOT'O CTaHy aBiaIliifHOro
meuryna TB3-117; VQ=V UQ - mnoBHa MHOXHHa
iHpOpMAalifHUX  ENEeMEHTIB TPOIeCy KOHTPONIO i
JIarHOCTUKH TEXHIYHOTO CTaHy aBialliifHOTO JBUTyHA

TB3-117; R= {I‘S ,S= 1,_3} — MHOXHHA B3a€MO3B’S3KIiB

mixk komnoHentamu {F, A, V, Q, P, O}.

[Hdopmamis, mo omEcye mpomec KOHTPONIO i
JIIaTHOCTUKUA TEXHIYHOTO CTaHy aBiallifHOro JBUTYHA
TB3-117, mnpencTaBiseTsCs Yy BUIILIAI CYKYIHOCTI
MHOXHWH PeanbHI MOKa3sHUKH MOXXYTb BiApI3HATHCS i
Pe3yNbTATIB OIIHKK HOTO TEXHIYHOTO CTaHYy.

Indopmarnifina Moaenb mTpoIecy KOHTPOJIO i
JIIaTHOCTUKYA TEXHIYHOTO CTaHy aBiallifHOro JBUTYHa
TB3-117 npuBenena Ha puc. 1. Bona mnokasye
MOCHIOBHICT  (JIOTIKY)  BMKOHYBaHUX  Jid  1pu
MaHIiMyJIIOBaHHI 3 OKpeMHMMH (Qaiamu B 0a3i JaHUX
ekcriepTHOi  cucteMu.  KokeH 3 pO3IISIHYTHX
iHpOpMaiiHUX O00’€KTIB  BH3HAYAETHCS  3HAYCHHIM
BIIMOBIAHMX aTpuOyTiB. Bci BOHM B3aEMOJIIOTH 3
pi3HOPiAHOT 6a3010 3HaHB, IO MICTUTh KOHIIETITYaJIbHI Ta
eKCIIepTHI 3HaHHS, a TAKOX MPEIEACHTH.
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3anucatu
naHi

IIpoBecTu cTaTuCTUUHY
00pOOKy JaHUX

PC3yHbTaTI/I BI/IMipIOBaHHﬂ :lj.
rnapaMeTpiB

PeSyHLTaTI/I BI/IMipIOBaHHﬂ :lj.
rnapamMmeTpiB

Pe3ynbpTaTi BUMipIOBaHHSI
rapameTpiB

®aiin: Measurement.dat

Jara
Yac
Jarank

®aiin: Data_Storage_File

T1.1.B. BiaNnOBiganbHOTO
JlaTa cTBOpEHHs
Anpeca i3u4HOr0 NPUCTPOIO

®aiin: Statistica_File

T1.1.B. BiAnOBigaIbHOTO
Jara cTBopeHHs
Anpeca (i3u4HOr0 NIPUCTPOIO

Cepiiinnii HOMep JABHI'yHa
Peectpaniiinuii Homep I1C

T

L )

AR

IIposectn
KOHTPOJIb
\
[IpoBecTn ITposecTn anani3
TarHOCTHKY TPeH Iy i IPOTHO3Y
PesynbTaTu KOHTpOIIIO > PesynbTatu PesynbraTu anamizy
napameTpisB JIarHOCTUKH TPEHY 1 IPOTHO3Y

®aiin: Control_File

daiin: Diagnosing_File

®aiin: Prediction_File

T1.1.B. BiAnoBigaIbHOTO
JaTa cTBopeHHs
Anpeca (i3u4HOro NIpUCTPOIO

I1.1.B. BignmosigaasHOTO

JlaTa CTBOpEeHHs

Anpeca Qi3UIHOr0 MPUCTPOIO
Peectpauiiinnii Homep JBUTYHA
JIsoTHI BUIPOOYBaHH I
CrennoBi BUIpOOYBaHHS

T1.1.B. BiaMnoBiganbHOTO

JlaTa cTBOpEHHs

Anpeca (i3u4HOr0 IPUCTPOIO
Meton

I'padixu

%

ﬁ

v e

[puitaaTy pimeHHs
PO TeXHIYHUH cTaH

PesynbTaTh omiHIOBaHHS

o

TEXHIYHOIO CTaHy ABUI'YHA

®aiin: Technical_Condition_File

I1.I.B. BiANIOBI IaLHOTO

JlaTa cTBOpeHHs

Anpeca (i3u4HOr0 MPUCTPOIO
Pexomenpanii

baza 3nann

daiin: Knowledge_Base_File

basa excriepTHUX 3HaHb

Basa KoHII el Tya bHUX 3HAHb
baza 3HaHB NpeLeaeHTiB
Anpeca Qpi3UIHOrO MPUCTPOIO

baza nanux «Ilepconam»

@aitn: Database_Staff File

I1.I.B. BiANOBi ANEHOTO
Ksanidikaris

TTocanma

Anpeca Gi3UUHOr0 IPHUCTPOIO

Puc. 1. [npopmariiiina Mozaens mporiecy KOHTPOJIO 1 IarHOCTHKY TEXHIYHOTO CTaHy aBialiiiHoro asuryHa TB3-117 excriepTHoto

CHCTEMOIO

IIpomec  B3aemonii  pi3HOpigHMX 0a3  3HaAHB
eKCIIEpPTHOI ~ CHCTEMH  KOHTPOJIO 1  JIarHOCTHKH
TEXHIYHOrO cTaHy asiamiiHoro asuryna TB3-117

MOKa3aHWH Ha pHUC. 2, JIe¢ OCHOBHOI CIOJYYHUM,
KOOpAMHAIIIMHAM 1 OOYHCIIOBAIILHIM €JIEMEHTOM €
BUpINIYBay, KWW 3JIHCHIOE CIUIBHO 3 IUIAHYBaTbHUKOM
VOpPaBJIiHHA TPOIECOM B3aEMOJii MK CHCTEeMaMH
YIpaBJIiHHA 0a3aMu TaHWX i 3HaHb [9, 10].

3MICTOBHUM KOMITOHEHTOM PO3TJISIHYTHX BHIE 0a3
3HAaHb €:

- s ekcneprtHoi 0asum  3HaHB  ((opmaizoBaHi
3HaHHS €KCIEepPTIB y BUIUIAAl MPaBWJI INPOAYKIIH),
PO3LIMPEHUX eJIeMEHTaMH HEYiTKO1 JIOTiKA

(MHrBICTUYHMMM 3MIHHMMHM, IO BiZOOpa)KalOTh SKIiCTh
MPOIIECy KOHTPOIIO 1 JIarHOCTUKH TEXHIYHOTO CTaHy
asianiiinoro asuryxa TB3-117);
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-0 KOHUeNTyainbHOI 0a3u  3HaHb  (3HAHHA
eKCIIEPTIB Yy BHUIJBIII OKPEMHX MOHATH IPEIMETHOT
obmacti,  ONWUCYBaHWX  pIBHAHHAMH,  TaOJUISAMHU,
rpadikaMy, a TaKoXX PO3LMIMPEHUM OaHKOM aITOPUTMIB
TOIIIO);

-1l 0a3yW 3HAHb MPEIECACHTIB — THIIOBI, paHiIIe
PO3TIIAHYTI CHTyarlii, GopMaTi3oBaHi y BHIISIII JepeBa
MIPUYHHHO-HACIIIKOBUX 3B’S3KiB, THUIIOBHUX AaJTOPHUTMIB,
CTaHJAPTHUX YTHUIIIT, IPOIEAyp BUBEICHHS TOIIO).

3MiCTOBHMM KOMIIOHEHTOM 0a3 JaHuX €:

- JaHl Tpo BUNPOOYBaHHS CepiHMX aBialliitHUX
JIBUTYHIB;

- IHIMBIyaJbHI XapaKTEpPUCTHKH 1 ITacIOpPTHI JaHi
OKpEMHX JBHI'YHIB;

- HOPMAaTHBHI TaJIy3€Bi TOKYMEHTH;

- TPOTOKONM (3BiTH) MpPO BUIPOOYBAHHSAX TOIIO.

Excneprna 6a3a

CVB3

3HaAHb

ExcrneprHi 3HanHs

A

(npaBuuia)

KonuenryaibHa
0a3a 3HaHb

IToHATTS, 3a1€XKHOCTI, rpadiku,

A

TaOJuLi, PIBHAHHS, aITOPUTMHU

ba3a 3nanb
npeneHAEHTIB

A

Tunosi curyanii

Y

CVBJ

Ba3za nanux

Jlani npo BUIIpoOyBaHHS,

-t
%

iHMBITyanbHi XapaKTepUCTHKH

Puc. 2. Bzaemogis pizHOpigHUX 0a3 3HaHB i 6a31 JaHUX y IPOIECi KOHTPOJIIO i 1IarHOCTHKY TEXHIYHOTO CTaHy aBialliifHOro IBUI'YHA

TB3-117 ekcrepTHOIO CHCTEMOIO

Ha puc. 3. nokaszaHa xpoHoJoriyna (pesuiiina,
yacopa) 0a3za JaHUX KOHTPOJIO 1
JMIarHOCTHUKU TEXHIYHOTO CTaHy aBial[ifHOTO JBHIYHA

OaraTtoBuUMipHa,

JIArHOCTUKH, OTPHUMAaHI B XOJi SK CTCHIOBUX, TaK I
JbOTHUX BHIPOOYBaHb CepiiiHUX ab0 IHAMBIAYyaIbHUX
JIBUTYHIB.

TB3-117, sxa 30epirae pe3yibTaTH KOHTPONIO 1
IncTpy™MeHTanBHI 3ac00n
(CASE, SCADA, PDM, STEP)
CVYB3 - OnmnepamiiiHa cucremMa > CYB]
L]
y basza manux
ba3a 3HaHB Indopmaniitna cucrema _ Xaparreprcrin
Bina excrepan anais (E3) KOHTPOJIIO 1 TIarHOCTHKH g Jai mnpoSysais
R | TEXHIYHOTO CTaHy aBiauiifHOrO | acrioprii i s ya
Basa suans, npeuen aentis (5311) o JIBUTYHA TB3-117 - Hopuatimio-os i ora
3miTi BHIPOGYBaHH
Pexxumu podotu
JIBUT'YHA
3niTHAI peXuM
(2100 k.c.) |
HomiHanpHUi pexum ‘
(1700 k.c.)
I xpericepcpKHii pesKUM
(1500 k.c.)
II kpeiicepchkuii pexum
(1200 k.c.)
Mauii ra3
(mo 200 k.c.)

Yac npoBeneHHs

BHIIPOOYBaHb

Puc. 3. XpoHosoriuxa 6a3a JaHUX KOHTPOJIO 1 [IIarHOCTUKY TEXHIYHOTO CTaHy aBiauiiiHoro apuryHa TB3-117
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KopucTtyBad Ha  OCHOBI  MCHIO-OPIEHTOBAHOTO
iHTepdeiicy Moxe 3IIMCHIOBATH pi3HI 3amMTH 10 0a3u
JAHKX SIK JUTS OKPEMUX JIBUTYHIB Ta iX MapaMeTpiB, Tak i
UL TPYOH CepiiHMX JBWUTYHIB. /[l 1mboro #omy
HEOOXiHO BKa3aTH HACTYIHY iH(POpPMAIli0: THIT JBUTYHA,
cepiiiHMiA HOMeEp, HOMep BHUNpPOOyBanmbHOTO creHAy (y
BHITAJIKy CTCHIOBUX BHUIPOOYBaHb), pEXKUM BUIIPOOYBaHb,
JIaTy MPOBEICHHS BUITPOOYBaHb, SIKi CHCTEMH 1 TapaMeTpH
IIUX CHCTEM KOHTPOJIOIThCS Tomo. Ha migcrasi
BBEJICHUX JTaHUX OyJie 3A1HCHEHO MONIyK iH(opMaIrii sk 3a
OKpPEeMHUMH TOJISIMH 0a3d JaHWX, TaK 1 3a TPYMOI MOJIB.
Jus po3poOku  Takoi  0asm  jaHMX ~ HEOOXiTHO
c(hopMyTIOBaTH HU3KY BUMOT, peati3allis SIKHX J03BOJIUTh
npaBuwibHo BHOpatH CYBJ] i Ha ii ocHOBiI 3mificHUTH
(hopMyBaHHS CHCTEMHOTO TMPOEKTY Ta EKCIEPTHOI
CHCTEMU KOHTPOJIKO 1 JIarHOCTHKH TEXHIYHOTO CTaHy
aBiariiinoro ngurysa TB3-117 [9-15].

Cepen OCHOBHUX BHMOT, IO TMPE. SBISIOTHCS 10
po3pobmroBanoi 6a3m mammx (B/I), MoxHa BUIIIHTH

HACTYIHI: po3mnoxaiieHni (MepexeBui) xapakrep b/l
BiJIaJICHUH TOCTYII, 0araTOBHUMIipHICTh, 0OpOOKa mopsy 3
KIACHYHMMHK 1  HCUITKAMH  3alUTaMH,  BHHSATOK
indpopmamiitnoi  HamMipHocTi  BJI,  3a0e3medeHHS
mimicHocti BJI, 3abe3medueHHs QyHKImiA iHbOpMAIiiHO-
MOITYKOBOI CHCTEMH, MEHIO-OpieHTOBaHuUi iHTepdetic [12,
13].

Po3poOka nunamiunoi moaeti

Mertoro pO3pOOKK  JWHAMIYHOI  MoOAei €
BiMTpaIfOBaHHSA JIOTIKM (YHKI[IOHYBaHHS 1 B3aeMomii
IUIaHyBaJIbHUKA, BHpillyBaya i 0a3 3HaHb EKCIEPTHOI
CHUCTEMH Y TIPOIIECI KOHTPOJIO 1 JIarHOCTHKH TEXHIYHOTO
craHy asiamiiiHoro gBuryHa TB3-117. Cuenapiii
(GYHKIIOHYBaHHSI PO3pOOJIOBAHOI EKCIIEPTHOI CHCTEMHU
MOKa3aHui Ha puc. 4.

. . IlepeBipka
[Iepesipka IlepeBipka PEBIP
YMOBH _
YMOBH YMOBH » Y3 = 01
—  306epiranss A Y, =1 Cramucrmuna A y,=1 Konrposns A
> BUXI1THUX O > 0GpOsKa IaHIX O »  TEXHIYHOIO C) > Y =10
JTAHHX P CTaHy JIBUTYHA a
y,=0 3MiHUTH 3acTocyBatu Y, =00
Hepesanncat | AIropuT™M [« HII MeTOAN
aHi p =0 A
A 00poOKHu Y= KOHTPOJTIO
Honmatn _ 6
naHi
a)
o
Tepesipxa Ys =1 «Binnpasutu Ha
yMOBH HAJIaroJIXK CHHS»
[ pHiAHATH «ITpumatamii» I As [ pHiAHATH «ITpunarauit»
y, =01 pillieHHs Ipo O POrHo3y ¥s =0 pillieHHs Ipo 0,
> >  TEXHIYHOTO C) >
MIPOIOBKEHHS CTAHY BHIVEA IIPOIOBKEHHS
excrutyatauii | [lepeipka y Apury eKCIUTyaTarii
YMOBH
ITpuitHsaTi —
Aly,=10 P A y,=10 3acrocyBaru
4 D » PUICHHATIPO - iHII METOAU [+
N JIIarHOCTUKY % COHTPOILIO
JIBUT'YHA P
L, «3HITH3
3actocyBaty eKCILTyaTawih»
IHIIT METOU [+ y, =00
JIIarHOCTHUKH
o
6)

Puc. 4. Crienapiif KOHTPOIIIO 1 AIarHOCTUKY TEXHIYHOTO CTaHy aBianiitnoro xsuryna TB3-117
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Ha puc. 4. mo3HaueHo: A — jAaHi 3amucaHi BipHO,

mpoxyOIpOBaHi, MarTh
HECAHKIIIOHOBAHOTO

JOCTYIl 1 3axXWIIeHi Bif
pocrymy, A, —  pe3yabTaTd
CTaTUCTHUYHOI 0OPOOKM BHKOHAHI BiJIOBITHO IO 3aJlaHUX
BUMOT; A, — MOXHa 3pOOUTH OJHO3HAUHMII BHCHOBOK
Y; = 01 -

crpaBHui, y, = 10 — nBuryn necnpasnuii, y, = 00 — ne

PO TEXHIYHMHA CTaH [BUTYyHA: JBUTYH

MOXHa 3p06I/ITI/I BHCHOBKH, A

\, MOXHa 3po0UTH

=01 -

JABUTYH crpaBHui, y, = 10 — nBuryH HecnpaBHuil 3

BHCHOBOK IIPO TEXHIYHMH CTaH JABUTYHa: Y,

Jokanizamiero Micus BigMoBu, Yy, = 00 — He MoxHa

3pOOUTH BUCHOBKH; A, — MOXXHA 3pOOUTH BHCHOBOK IIPO
pe3ynbTaTH MPOTHO3Y TEXHIYHOTO CTaHy JBHUryHa: Y, = 0

— JBUTYH CHpaBHUA y MalOyTHI MOMEHTH dYacy Moro
¢byskuionyBaHHs; Yy, = 1 — nBuryH HecnpaBHUH y

MaiOyTHI MOMEHTH 4acy Horo (G yHKIIOHYBaHHS.

Posrasaemo mpoiiec (bYHKIIOHYBaHHS
pO3pOOIIOBAHOT  €KCIIEPTHOI  CHCTEMH  KOHTPOJIIO 1
JMIArHOCTHUKH TEXHIYHOTO CTaHy aBialliifHOrO JBHUTyHa
TB3-117. BumipsHi y nporieci JJb0THOI eKcIuTyararii (abo
CTEHJOBHX  BHNPOOyBaHb) IapaMeTpu  aBiallifHOTO
neuryna  TB3-117 HOPMYIOThCS, KaJliOpyIOThCA,
MacmTaOyIOTECS 1 3aNHUCYIOTHCSI B THMYACOBY 0a3y TaHHX
"BunpoOyBanHs IBUTYHA" y BHUTJISAI OKpeMoro daitry. Y
pa3i BUHMKHECHHS HEIITaTHOI CHUTyallii (BTparta Bciei abo
YaCTHMHU BHUMIpSHOI iH(GOpMaNii BHACHIIZOK NEPEUIKO/,
LIyMiB, 300iB TOIIO) y NPOEKTOBAHIN €KCIEPTHIN cUCTeMi
nependoayeHa MOXJIIUBICTh Nepe3anucy nanux. s nporo
NpoleC BUMIPIOBaHb AYONIOETHCS 1 JaHi BHUMIPIOBaHb
OJIHOYACHO 3alUCyIOThCS y Kijnbka aitmiB. Jami
3IICHIOETHCS TIOKOMIIOHEHTHE MOPIBHSHHS BCIX 3aIKCiB
¢daiimy y 0a3i maHMX 1 THUMYacoBOro (Qaiimy, IIo
30epiraeTecsi, HampWKIam, Ha  cepBepi  Opuramu
"HapniitHOCTi", 1110 TPOBOIUTH BUMIPOOYBaHHS ABUTYHA. Y
pa3i moBHOro 30iry TUM4YacoBWi (pail 3HUIIYETHCS, B
IHIIOMY BHUTAJKY JaHi 3 pOT0 (haiiry KOMTECSA y 0a3y
naHux "BunpoOyBaHHS IBUTYHA .

HactymauM  eTamoM  mporlecy — KOHTPOJIO 1
JMIarHOCTUKU TEXHIYHOTO CTaHy aBial[ifHOTO JBHTYHA
TB3-117, BUKOHYBaHHX EKCHEPTHOIO CHCTEMOIO, €
CTaTUCTUYHA O0pOOKa [aHWX BHUMIPIOBaHb, 3 METOIO
BUSIBJICHHSI aHOMAJIbHUX JIAaHUX.

BimmoBimHO g0 5orikk  poOOTH  TPOEKTOBAHOI
eKcriepTHOi cucremu (ymoBa A2): sKIIO B Tporeci
CTaTUCTUYHOT 00pPOOKHM JaHMX, 32CTOCOBYBaHUH METOJ HE
3aJI0BOJIbHSE 33/laHMM BHMMOTaM, HAlpHUKJIaJ] MeETOJ
HaliMEHIIMX KBaJpaTiB, TO BiH MOXXe OyTH 3aMiHEHHH
OyIb-SIKMM  ajbTepPHAaTHBHUM a00 HOBUM  METOJOM
(BKIIOYEHHM [0 Cepead eKCIEePTHOI CHCTeMH 3a
OaxaHHSM KOPHUCTyBaya), AOJATKOBHX JaHWUX 3 0asu
naavx "BunpoOyBaHHS IBUTYHA".

SKImo BUMOTH  CTaTUCTHUYHOI OOpPOOKM  JaHHMX
MOBHICTIO BWKOHAaHI, TO EKCIEPTHA CHUCTeMa 3IiHCHIOE
KOHTPOJb TEXHIYHOTO CTaHy JBUTYHa BiIOBITHO 0
ymoBu A2. Crmip 3a3HauMTH, OO0 HAHOLIBII MOLIIMPEHUM
METOJIOM KOHTPOJIO € METOJ JOIYyCKOBOTO KOHTPOIIIO
[16-19]. fIkmuro B mpolieci KOHTPOJIIO €KCIEPTHA CUCTEMA
HE MOXXE 3pOOWTH OJHO3HAYHMH BUCHOBOK NPO CTaH

JIBUTYHA, TO, SIK 1 B pa3i CTATUCTUYHOI OOPOOKU NaHUX,
BOHA IIEPEXOJUTH [0 BUKOPHUCTAHHS aNbTEPHATHBHOTO
METOAY KOHTPOJIO, HANPHKIAl, KOHTPOJIIO 32 3MIHHUMH
JOTTyCKaM# a00 HEYiTKMMH TPaBHIIAMU 13 3aCTOCYBaHHIM
HEHpPOMEPEIKEBUX METOIIB TOIIO, TOOTO TUTABHHUH TepeXis
BiJl KITbKICHUX MoOJENeH N0 SKICHUX 3 BHKOPHCTAHHSIM
METOJIiB IITYYHOTO IHTEIEKTY, a BOHH SK 1 Ha
MOMEPETHOMY €Talli MOXYTh MHOTPeOyBaTH JOJATKOBI
nmaHi 3 06a3u manux "BumpoOyBanus neuryHa". Skmo y
MpoIleCi KOHTPOJII0 aBIAIlifHOTO JBHUTYHA EKCIIEPTHA
cucTeMa pOOWTh BHCHOBOK MPO HOro CHIPaBHOCTI, TO
OCTaHHBOIO TPUINMAETHCS PINICHHS TIPO  MOJAIBIILY
SKCIUTyaTallilo IBUTYHA 3 MOJATBIINM PO3B’sI3KaM 3aaadi
MPOTHO3y HOro TeXHIYHOTro crTaHy. SIkmo y mporeci
KOHTPOJIIO TEXHIYHOTO CTaHy JBUTYHA €KCIIEPTHA CHCTEMa
MOJKe 3pOOUTH OJHO3HAYHHI BUCHOBOK PO HECTIPABHOCTI
HOTO TEXHIYHOTO CTaHy, TO HACTYIHHUM JIOTIYHUM KPOKOM
€ JIOKamizalis MicId TposSBH BigMoBH. i1 ILOTO
EKCIIePTHOIO CHUCTEMOIO PO3B’A3YETHCS 3amada
JMIArHOCTUKK. Y Tmpoleci po3B’s3Ky jgaHoi 3amadi
SKCIICPTHOI0 CHUCTEMOI0 MOXIJIMBI HACTYIHI pimieHHs [9,
15]:

- JIBUTYH CIIPaBHUH 1 NMpPUAMAETHCS PpIlICHHS PO
MPOIOBKEHHS HOTO eKCIUTyaTallii;

- IBUTYH HECTIPaBHUH 1 MPUHMAETHCS PIlICHHS PO
3HATTS WOTO 3 eKCILTyaTalii;

- HEMOJJIUBO 3pOOUTH OJHO3HAYHHUI BHCHOBOK IIPO
CTaH JIBUTYHA i TOMI B IbOMY BHIIAJIKY €KCIIEPTHA CUCTEMa
Oyne BHKOPHUCTOBYBAaTH IHINI JIarHOCTHYHI METOIH,
HampUKJIA[, METOA [IarHOCTUYHHX MATPHIb, METO]
NOPIBHSIHHSA, OyJb-SKWI IHIIKI albTepHATUBHUN METOJ
abo  MerToaM, SIKI  BpaxoOBYKOTh  SIKICHY  3MIHY
XapaKTePUCTHK JBUTYHA (METOMIH INTYYHOIO iHTEIEKTY), a
BOHH, K 1 B NpOIECI KOHTPOJIO, MOXYTh IOTPeOyBaTH

JIOZIATKOBI ~ gaHux 3 0a3u jgaHux "BumpoOyBaHHs
nBuryHa'.

Sxmo y mpomeci KOHTPOIMIO 1 IarHOCTHUKH
TEXHIYHOTO CTaHy asiamiiiHoro nBuryna TB3-117

eKcIiepTHa cuctema npuiimae pimenHs "[lpunaTauit”, To
y HOAAIBIIOMY BOHA 3/iI{CHIOE IPOTHO3 HOTO TEXHIYHOTO
CTaHy, 3a pe3yJibTaTaMu SKOTO ITEPEeBipSETbCS ymMoBa AS
(puc. 4, 6).

SIkmo B mpoleci MpOTrHO3y €KCIepTHa CHcTeMa
npuiiMae pimenns: "IlpunaTHuit" B MailOyTHI MOMEHTH
gacy Woro (pyHKIIOHYBaHHS, TO MPUUMAETLCS OCTATOYHE
pilIeHHs] PO NPUAATHICTh ABUTYHA 1 HOro MOJANBIIO]
eKcIutyartarii. B iHmoMy BuNanKy, aBiamiiHUN IBUTYH
TB3-117 BigmpaBIs€eTbcs HAa HaNaroKeHHs. SKmo B

mpoIieci MPOTHO3y TEXHIYHOIO CTaHy aBialliifHOTOo
qeuryna TB3-117 excnepTHa cucTeMa HE MOXeE
3poOHUTH  OJHO3HAYHMH BHCHOBOK IpO  pe3yJbTaTd
NporHo3y, TO BOHa K 1 Ha  IIONepenHix
KpOKax (craTucTuaHOT 00po0OKH, KOHTPOJIIO,

JIIaTHOCTHUKM) BHKOPHCTOBYE IHIN METOAM MPOTHO3Y,
HaNpHUKIa[, 3MIiHHOTO CEpEeIHBOrO, EKCHOHEHIIaJbHOTO
3rIQDKyBaHHS 200 METOAM  IITYYHOTO — iHTENIEKTY,
e, SK yXKe 3a3Hadasocs BHIIE, MOXYTh OyTH 3
aTpeOyBaHi 101aTKOBI aHi 3 6a3u maHux "BunpoOyBaHHs
nBUTYyHA".

Jo iHTepdeiicy eKCTIePTHOT
npea’ IBISIOTHCS. HACTYITHI BUMOTH:

CUCTEMH
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- MCHIO-Opi€HTOBaHMU iHTepdelc, sSKuil BH3HAYAE
MTOCITIIOBHICTh PO3B’SI3yBaHUX EKCIIEPTHOIO CHUCTEMOIO
3amad  KOHTPOJIO 1 MIarHOCTHKH TEXHIYHOTO CTaHy
aBiamiitHoro npuryna TB3-117;

- aBTOHOMHHH peXHM poOOTH (TMpH3HAYCHUH IS
KOPHCTYBa4a PEKIM);

- pexXuM poboTH 3 ekcmepToM (pobora 3 06a30r0

3HaHb).

OCHOBHUMHM BUMOTaMH /10 0a3u 3HaHb €:

- pi3HOpiAHUI (riOpunHuin) XapakTep
00poOMoBaHUX 3HAHb (CEMaHTHYHI Mepexi, Qpeimu,
MPOJYKIIiT);

- peai3ariisi HeUiTKMX IPaBHII;

- TiOpUOHUI ~ XapakTep TPEIACTABJICHHS  3HAHb

(KOHIeNITyallbHI, eKCIepTHi, 0a3a 3HAaHB TIPEICICHTIB;
HelipoMepekeBi 0a3u 3HAHb);

- BHKITIOYCHHS iH(OpMaIiitHoi HaqMipHOCTI 3HaHb B
0a3i 3HaHb;

- IMHaMi3M TIOTIOBHEHHS 3HaHh B 0a3l 3HaHb
(HefipoMepeski 32 HEOOXITHICTIO MOXKYTh JOHABYATHCS B
PEKHMI peasIbHOTO 4acy);

- MOXITMBICTb B3a€MOJIII 3 IHIIMMH Oa3aMu 3HAHb;

- y3araJibHeHHs 3HaHb 1 ()OPMyBaHHs MOSCHEHb Ha
OCHOBI OOUYHCITIOBAJILHOT MOJIETII.

Bumoru 10 eKCnepTHOI CHCTEeMH KOHTPOJIIO i
JAiarHOCTHKHU TeXHIYHOI0 CTAHY aBiauliiiHOro ABUIYHA
TB3-117

CykymHicts QyHKIioHaNpHOI [9], iH(MOpMamiiHOT,
IUHAMIYHOI MoJeNel, a TaKoX TJOocapilo MpPOoIecy
KOHTPOJIIO 1 IarHOCTUKU TEXHIYHOTO CTaHy aBialliifHOTO
neuryHa TB3-117 yTBOpIOIOTH CHUCTEMHHH IPOEKT.
I'mocapiii (c7I0BHUK 0a3 JaHUX 1 3HAHb) ABTOMATUYHO
(hopMyeThCS y TIPOIIEC CTBOPEHHS SKCIIEPTHOT CUCTEMHU Ta
il migcucTeM y BHUIJBIAI AMHAMIYHOTO (aitny. 30kpema,
mpu po3poOiii 6a3 JaHMX i 3HAHB, a TAKOXK MPHU peaizaril
BIJIMIOBITHUX 3aIIMTIB, HA OCHOBI SIKHX 1 ()OPMYEThCS LEi
¢daitn. BiH € CHOOJy4YHOIO JIAHKOK BCIX KOMIIOHEHT
EKCIIEPTHOI CHCTEMH 1 Ha WOTO OCHOBI B IIOJAJBIIOMY
peamizyeTscsi  JioTika  B3aemomii  iHQopmarmiitHOT i
UHAMIYHOT MoJeNel 3 0a3aMy JaHUX 1 3HAHbD.

3amadi 00poOKM pe3yNbTaTiB BUMIPIOBAaHb MOB’sI3aHi
3  OOYHMCICHHSAM  HENpSAMHX  3Ha4eHb  (QI3HYHUX
napameTpiB, AKi BU3HAYAIOTHCS HAOOPOM BHXITHHX JaHUX
(BUMIpIOBaHb) 1 KOHKPETHOI MPOIIeTypHOI 0OpOOKH.

3amaui peecrpamii Ta BiTOOpa)XCHHs TOJIATAIOTH B
peectpariii y 0a3i JaHHX EKCHEpTHOI CHCTEMH BiJJIIKiB,
JIaHUX BUMIpIOBaHb, IPSIMHUX 1 HEMPSMUX ITapaMeTpiB.

3aja4i KOHTPOJIIO 1 JIarHOCTHKM TEXHIYHOTO CTaHy

aBianiiHOTO JIBUT'YHA TB3-117 NIPUILYCKAIOTh
(dopmyBaHHS iHpopMmarii po NPaBUIIBHICTh
(GYHKIIOHYBaHHS ~ JIBUTYHa, JIOKaji3alis  MOXIIMBOI

BiJ]MOBH, IIPOTHO3Y 3MiHU HOTO OCHOBHHX XapaKTEPUCTHK
y Ipoleci eKcIuTyaTarii.

Po3B’s30k  mHMX 3a7ad  BH3HAYAETHCS HAOOpOM
BHUXIJHHUX JaHUX (pe3yJbTaTaMH BUMipIOBaHb, MIPSIMUMH i
HENPSAMUMM ~ I1apaMeTpaMH  TOIIO),  KOHKPETHHMH
METOJaMH, METOJMKAMM Ta aJirOPHTMaMH KOHTPOJIO i
IIarHOCTUKH TEXHIYHOTO CTaHy aBialliifHOTO JBWTYHA
TB3-117.

3aja4yl NPUAHATTS pIlIEHHS NPO TEXHIYHUHA CTaH

aBiaIfiitHoOro JIBUT'YHA TB3-117 3IACHIOIOTHCS
MEPCOHANIOM, SIKHi MPOBOAUTH KO0 CKCILTyaTalliio
(BumpoOyBaHHs), Ha OCHOBI iH(opMalii, oTpuMaHOi

SKCIICPTHOI CHCTEMOIO Ha MOTEePE/IHIX eTamnax.

TakuM YMHOM, OCHOBHI BHMOTH JI0 PO3pPOOIIOBAHOT
EKCIIEPTHOI ~ CUCTEMH  KOHTPOJIIO 1  JIIaTHOCTHKH
TEXHIYHOTO CTaHy aBiamiiHOrO JABUTryHa TB3-117,
CTPYKTYpa SIKOi HaBeJIeHA Ha PHC. 5, HACTYITHI:

- peamizaris (QyHKIIH KOHTPOJNIO 1 JiarHOCTHUKH
TEXHIYHOTO CTaHy aBiamiiiHoro neuryna TB3-117 B
EKCIIePTHIil ccTeMi Ha OCHOBI (DYHKIIIOHAIBHOI MOJIENI;

- po3pobka 0a3 maHuX 1 3HAHP HAa OCHOBI
iHpOpMaliHHUX 1 JMHAMIYHOI MoOJeNieil KOHTPOJIO 1
JIArHOCTUKK TEXHIYHOTO CTaHy aBIaI[iifHOrO JBHUTyHA
TB3-117;

- MOKJIUBICTh POOOTH HE TIIBKH 3 KIIBKICHOT, aje i 3
SIKICHOIO iH(pOpMaIieto (HeUiTKi JaHi, ITyMHA BUMIPIOBaHb,
3001 TOMIO);

- TiOpuaHicTE 0a3 3HaHB (0a3u KOHIENTYalbHUX Ta
eKCIIePTHUX  3HaHb, 0a3W  3HAHb  MPEIE/CHTIB;
HelipoMepekeBi 0a3u 3HAHb);

ExcneprHa

ABianiiiHuil IBUryH
TB3-117

Ipuknanae ‘

o] ] o]

‘ JlaTunku ‘ ‘ Jlatuuku ‘

L] L]

Mamuna
JIOTIYHOTO
BBEJICHHS

b0k 3B’s13Ky 13
30BHIIIHIMH [«

\/

‘ CVE3

‘ BumiproBaui ‘

L] L]

[ cHcTeMaMn
A
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BHMipIOBaJIbHUX J[AHHX

BupimryBau

Baza TTosicHIOBasIbHA
KOMIIOHCHTA

P

CucremHe
13

Tarepdeiic

Puc. 5. CrpykTypa eKcrepTHOI CHCTeMH KOHTPOIIO 1 IIarHOCTHKY TEXHIYHOTO CTaHy aBiariiHoro asuryna TB3-117: BJ] — 6a3a
narux; CYBJ] — cucrema ynpasmninas 6a3oro nannx; BK3 — 6a3a konuenrtyansunx 3Hanb; BE3 — 6a3a excneptaux 3Hanb; B3I1 — 6a3a
3HaHb npeneneHtis; CYB3 — cucrema ynpasininas 6a3amu 3HaHb; [13 — nporpamue 3a6e3nedenns; OIIP — oco6a, sixa mpuiimae

pimeHHs
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- MEHIO-OPiEHTOBaHHUH 1HTEpEHiC;

- IPOTOKOJIIOBAaHHS ~ POOOTH  KOpPHCTyBayda
CTaTUCTHKH);

- Moaudikarlis 6a3 3HaHb (PEKUM CKCIIEPTa);

- peamizariss  FDI-meromy [9], mo mdo3Boisie Ha

(36ip

OCHOBI  BEKTOPY  BIIXWJIEHb, MK BUMIPIOBAHUMH
napaMeTpamMM  IHAMBIAyaJbHOTO  JBUTYHA 1  HOTrO
PO3paxyHKOBUMH 3HaYEeHHSIMHU o aJIeKBaTHOL

MAaTeMAaTUYHOI MOJIENi, B OCHOBI KOHIICNITYAJILHUX 3HAHB,
JIOKaTi3yBaTH MICIle BIAMOBH B IIPOIECi KOHTPOJIIO 1
MIarHOCTHKM TEXHIYHOTO CTaHy aBiallifHOTO JBHWTYHA
TB3-117;

- MOXJIUBICTh  (YHKIIIOHAILHOTO  PO3IIUPEHHS
€KCTIEPTHOT CHUCTEMH MporpamMaMu-yTHIiTaMU
KOpHUCTYyBava;

- KIIIEHT-CEpBEPHA apXiTEeKTypa, BiIaICHUH TOCTYII
JI0 MEpEeXi PO3NOAITICHUX EKCIIEPTHUX CUCTEM;

- BIAKPUTICTH 1  pO3LIMPIOBAHICTH
CHCTEMH);

- MATPUMKa 00’€KTHO-OPIEHTOBAaHOI MapaaurMu i HOBUX
inpopmaniinux TtexHonorii (CASE, CALS, SCADA,
PDM, STEP Tomro) [4-8].

OCHOBHI piBHI i€papXii THITOBUX 3a/1a4 B 0a3i 3HaHb
€KCIIEPTHOI CUCTEMH, HABE/ICHOI HA PHUC. 5, MOXKYTh OyTH
3 TOYKHU 30py KOHTPOJIIO 1 JAIarHOCTHKH TEXHIYHOTO CTaHY
aBianiinoro apuryna TB3-117 npencrasieHi sk: 00poOka
pe3yNbTaTiB BHUMIPIOBAaHb, pEecTpamis i BiZOOpaKeHHS

€KCIIEpPTHOI

TEXHIYHOTO CTaHy MABWIYHA; IMPHHHATTS pIMICHHA PO
TEXHIYHUH CTaH IBHUTYHA.

BucHoBku

TakuMm 9YWHOM, Ha MIACTaBI OTPUMAHHX PE3yIbTATIB
JTOCITIPKEHb MOYKHA 3pOOUTH HACTYITHI BUCHOBKH:

Po3pobnieno komriutekc iH(GOpPMALIHUX MoJeNeH
MPOIIECY KOHTPOJIO 1 JIarHOCTHKH TEXHIYHOTO CTaHy
aBianiiinoro nBuryna TB3-117, Ha oOCHOBI TeXHOJOTIi
IDEF/1X, o 103BONMIIO BU3HAYUTH JIOTIYHY CTPYKTYPY 1
MexaHi3Mu B3aemoxii 0a3 gaHux 1 0a3 3HaHL B CKIaai
pPO3pOOIIOBAHOT  EKCIEPTHOI CHCTEMH  KOHTPOIK 1
IarHOCTUKM TEXHIYHOTO CTaHy aBialliifHOTO JBWTYHA
TB3-117.

Po3po0bieHo AMHAMiYHy MOJICITb MTPOIIECiB KOHTPOJIIO
1 IarHOCTUKHA TEXHIYHOTO CTaHy aBial[ifHOro JBHTYHA
TB3-117 na ocuoBi IDEF / CPN, mo [103BOJIHIO
BU3HAYUTH BUMOTH JI0 MEXaHI3My JIOTIYHOTO BUCHOBKY B
mpoIieci BUKOHAHHS (DYHKI[H KOHTPOIO Ta JiarHOCTHKHU

TEXHIYHOrO cTaHy asiaumidHoro nBuryna TB3-117
€KCIIEPTHOIO CUCTEMOIO.
[lepciekTHBM  JTOCHIJDKEHHS —  3aBEpIUAIBHUM

€TaroM CHCTEMHOTO MOJICJIIOBAHHS € CUCTEMHHI MPOEKT,
AKAf  (GopMye KOHTYpH JOCHIIHHIBKOTO IPOTOTHITY
eKCIIePTHOI CHCTEMH 1 TMEepellik BHUMOT, II0 pPeali3yIoTh
oro.
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PA3PABOTKA HH®OPMAIIMOHHON M IMTHAMHWYECKOMW MOJIEJIENA
KOHTPOJIA U JUAT'HOCTUKHU TEXHUYECKOI'O COCTOSAHUA
ABUAIIMOHHOTI'O IBUT'ATEJISA TB3-117

IIpeameToM wHccienoBaHMS B CTaThe SABISETCS aBUALMOHHBIA aBurarenb 1B3-117 ¥ MeTOABl KOHTPOJIST M JUArHOCTUKU €ro
TexHu4eckoro coctosHusd. Lleab paboTel — pa3zpaboTka MHGOPMAIMOHHOW W AWMHAMAYECKOW MOJENed KOHTPOIS W JHATHOCTHKH
TEXHHUYECKOI'0 COCTOSHMS aBHalMOHHOrO asurarens TB3-117 ans onpeneneHus OCHOBHBIX TpeOOBaHUIl K 3KCIIepTHOH cucteme. B
CTaThe PEIIAIOTCS CICAYIOIHe 3aJadd: pa3padoTKu WH(OPMAIMOHHON M JUHAMHUYECKOW MoJeieil KOHTPOJS W JAWarHOCTHKU
aBHarMoHHoro asurarens TB3-117 ¢ ucnonb3oBaHHEM METOAOJIOTMH CHCTEMHOIO aHanu3a. MICToab3yroTcsl Clelyonue MeTOdbI:
METOJbI CHCTEMHOTO aHalli3a, METOJbl CHCTEMHOTO MPOTPAMMHPOBAHHS, METOAbI MOCTPOCHHUS HH()OPMAIIMOHHBIX MOJCTCH.
[onmyd4eHs! cienyromue pe3yabTaThl: PazpaboTaHo MHMOPMAMOHHYIO MOJENb, KOTOPAs OMpEAENSET JIOTHIECKYIO0 CTPYKTYpy 0a3
JAHHBIX W 3HAHWiA, a TaKKe COCOOBI M MEXaHU3MBI YIIPABJICHUS UMH U B3aHMOJCHCTBHS (0OOCHOBaHUE COJIEPIKAHS, HATTOJTHEHMS,
yrpaBieHrne HHGOPMAIMOHHBIME TOTOKaMH). Pa3paboTaHO IUHAMHYECKYI0 MOJENb, KOTOpas ONpeAeiseT IpaBuia paboTel C
9KCIEPTHOW CHCTEMOM, UTO SBJIICTCS OCHOBOW NS co3laHms MHTepdeiica (ClieHaprueB) ¢ MOJB30BATENIEM U ONMPEACIAIOT JUHAMUKY
B3aUMOJICHCTBUS SKCIEPTHOW CHCTEMBI C 0a3aMM JAHHBIX W 3HAHWMA, MOAETH KOHTPOJISL M JUArHOCTHUKU TEXHUYECKOTO COCTOSHUS
aBuannonHoro spurarenss TB3-117. BeiBoabl: Pa3pabotan kommiekc HHGOPMAIMOHHBIX MOJEICH Mpolecca KOHTPOJIS |
JIMAarHOCTUKU TEXHUYECKOIO COCTOSHHMS aBuanmoHHoro asurareis TB3-117, wa ocHose texnosnoruu IDEF / 1X, uyto mo3soymio
ONpPENeNIUTh JOTUYECKYI0 CTPYKTYpy M MEXaHU3MBbl B3aUMOJEicTBUS 0a3 maHHBIX M 0a3 3HaHUU B cocTaBe pa3padaTbIBAcMOM
9KCIEPTHOM CHUCTEMBl KOHTPOJISI W JIMAarHOCTUKM TEXHUYECKOI'O COCTOSIHMS aBuauuoHHoro asurarenss TB3-117. Ilocrpoena
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JUHaMHU4YeCKas MOJENb IIPOLECCOB KOHTPOJII M JUAarHOCTUKU TEXHUYECKOI'O COCTOSHUS aBUAlMOHHOro asuratens TB3-117 Ha
ocHoBe IDEF / CPN, 4T0 I03BOJIMIIO OTIPEeNTUT TPeOOBAaHHS K MEXaHH3MY JIOTHUECKOTO BBIBO/IA B IIPOLIECCE BHITOTHEHUS (DyHKIHI
KOHTPOJI W JAWArHOCTHKH TEXHUYECKOTO COCTOSHUs aBuanuoHHoro apurartens TB3-117 skcmeptHoit cuctemoit. IlepcrekTuBb
HCCIIEI0BaHNS — 3aBEPIIAIOIINM 3TAllOM CHCTEMHOTO MOJIEIMPOBAHUS SIBISIETCS CUCTEMHBINH MPOEKT, KOTOPBIH (GopMUPYET KOHTYPHI
HCCIIEI0BATEIbCKOTO IPOTOTHUIA SKCIIEPTHON CUCTEMBI U TIepedeHb TpeOOBaHMI, peaqn3yIoIuX ero.

KiroueBbie cjioBa: nHOOPMALMOHHAS MOJIENb; JUHAMUYECKAs MOJIENb; SKCIIEPTHAs CHCTEMa; aBHAIIMOHHBIH JBUraTeNb; 0asa
JTaHHBIX; 0a3a 3HAHWI.

RESEARCH OF INFORMATION AND DYNAMIC MODELS OF CONTROL AND
DIAGNOSTICS OF TV3-117 AIRCRAFT ENGINE TECHNICAL STATE

The subject matter of the article is TV3-117 aircraft engine and methods for monitoring and diagnosing its technical condition. The
goal of the work is development of information and dynamic models for monitoring and diagnosing the technical condition of TV3-
117 aircraft engine to determine the basic requirements for an expert system. The following tasks were solved in the article:
development of information and dynamic models for monitoring and diagnostics of TV3-117 aircraft engine using the methodology of
system analysis. The following methods used are — methods of system analysis, methods of system programming, methods of
constructing information models. The following results were obtained — An information model has been developed that defines the
logical structure of databases and knowledge, as well as methods and mechanisms for managing and interacting with them
(substantiation of content, content, management of information flows). A dynamic model has been developed that defines the rules for
working with an expert system, which is the basis for creating an interface (scenarios) with a user and determines the dynamics of the
interaction of an expert system with databases and knowledge, a model for monitoring and diagnosing of TV3-117 aircraft engine
technical condition. Conclusions: A set of information models was developed for the process of monitoring and diagnosing the
technical condition of the TV3-117 aircraft engine, based on IDEF / 1X technology, which made it possible to determine the logical
structure and mechanisms of interaction between databases and knowledge bases as part of an expert system for monitoring and
diagnosing the technical condition of TV3-117 aircraft engine. A dynamic model of the processes for monitoring and diagnosing the
technical condition of TV3-117 aircraft engine based on IDEF / CPN was developed, which made it possible to determine the
requirements for the inference mechanism in the process of performing the functions of monitoring and diagnosing the technical
condition of TV3-117 aircraft engine by an expert system. Research prospects — the final stage of system modeling is a system project
that forms the contours of a research prototype of an expert system and a list of requirements that implement it.
Keywords: information model; dynamic model; expert system; aircraft engine; database; knowledge base.
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O. M. MAKOBEINYYK

THO®OPMAIIIMHA TEXHOJIOI'II IOBY10BU TA BUKOPUCTAHHA
BI3YAJIBHUX IHOPOPMAUIMHUX CTPYKTYP JOIMOBHEHOI PEAJIBHOCTI

IIpeqvMeToM mocmimKeHHS B CTATTI € iHpOpMaIliiiHa TEXHOIOTIS OOYIOBY Ta BUKOPHUCTAHHS Bi3yaIbHUX IHQOPMALIIHUX CTPYKTYP
JOTIOBHEHOT peanbHOCTi. Merta pobot — po3poOka iHdopMariifHOT TexHoiorii MoOyIOBH Ta BHKOPHCTaHHS Bi3yaJbHHX
iH(opMaIiifHIX CTPYKTYp IOMOBHEHOI pealbHOCTI. B cTaTTi BHpINIyIOThCS HACTYIHI 3aBJAHHS: aHAJ3 OCHOBHHX THIIIB Bi3yalbHHX
MapkepiB JomoBHeHOI peanbHOCTi (AR-mapkepiB); (GOpMysIIOBaHHS OCHOBHHX BHMOT [0 Bi3yalbHUX iH(GOpPMALiHHUX CTPYKTYp
JOTIOBHEHOI peanbHOCTi; po3poOka Mojenmi BizyanbHOI iH(OpMauilfHOI CTPYKTYpHU MOMOBHEHOI peajbHOCTi; po3poOka Mojeni
CTIIKOrO MO3ai4HOTO CTOXAaCTHYHOTO MapKepa MJOIOBHEHOI peanbHOCTi; po3poOka iHpopMmawiiiHOT TexHosorii moOyxoBu 1
BUKOPUCTAHHS Bi3yaJbHHX iH(POPMALIIHUX CTPYKTYp AOMOBHEHOI PEaJbHOCTi; aHaNi3 pPe3yNbTaTiB 3aCTOCYBaHHS MO3ai4HOTO
CTOXaCTHYHOTO MapKepa OIOBHEHOI peajbHOCTi; OLiHKa e(eKTHBHOCTI 3aCTOCYBaHHS OCHOBHHMX THIIIB Bi3yalbHHX MapKepiB
JOTIOBHEHOT peabHOCTi. BHKOPHUCTOBYIOThCS Taki MeTOAM: MeToau IHdpoBoi 00poOKHM 300paxkeHb, Teopil HMOBIPHOCTI,
MaTeMaTHYHOI CTaTHCTHKH, KpunTorpadii Ta 3axucty iHdopmarii, MateMaTnyHuil amapar Teopii Marpuub. OTpUMaHO HACTYIHI
pe3yJbTaTH: IIPOBECHO aHali3 OCHOBHUX THIIB Bi3yaJbHHX MapKepiB TOMOBHEHO! pealbHOCTi; ChOpMyIbOBAHO OCHOBHI BUMOTH IO
Bi3yasbHHX 1H(OpMaUifHUX CTPYKTYp OONOBHEHOI pealbHOCTI; po3pobieHa MoIens Bi3yaldbHOI i1HGOpPMALiHHOT CTPYKTYpH
JOTIOBHEHOI PEanbHOCTI, SKa € Pe3ylbTaTOM IIOCTIJOBHOTO BHKOHAHHS TAKUX ONEPAIlii: BBEJCHHS HAIMIIKOBOCTI, MPOBEICHHSI
CTOXAaCTHYHOTO TEPEBHOPAIKYBAHHA MaHUX, HOAAaBAaHHA MO3aiqHOTO OiT-KOHTeWHepa; po3pobieHa MOJIENb CTIMKOro Mo3aiyHOTO
CTOXaCTHYHOTO MapKepa JOMOBHEHOI PealbHOCTI y BHIUIAI TAaKUX NPOIEAYP: OMEpaTop BBEACHHS HANIMIIKOBOCTI peani3oBaHHU Y
BUIIIAAZI TPOLEYpH MacIITa0yBaHHsS OGiHApHOTO 300pa)KEHHS-TIOBIJOMIICHHS y 3aJaHe YHCIIO pa3iB METOJOM HaWOIMKYOro cycina,
oIepaTop CTOXaCTHYHOIO NEePEeBHOPSAKYBAaHHS JaHUX Peasli30BaHUI y BUTILIII NPOLEIYPU HepeMillyBaHHS IIKCEIiB 3a JOIIOMOTOI0
BiZIOMO{ IICEBIOBHIIAIKOBOI NIEPECTAHOBKY, OIEpaTop JOJaBaHHS MO3alyHOro OiT-KOHTEifHepa peanizoBaHHN y BUIIAL MPOLERYpU
KOJyBaHHSI KOJBOPOM KIITHHOK Mapkepa, sIKi PO3AUIIIOTHCS PAaMKOIO 3 TNPOMDKHUM KOJBOPOM; po3poOiieHa iH(popMmamiliHa
TEXHOJIOTisI TOOYIOBH 1 BHUKOPHUCTAaHHSA Bi3yaJbHHX I1H(QOPMAIIHHUX CTPYKTYp MOIMOBHEHOI pEalbHOCTI; IPOBEICHO aHai3
pe3yiIbTaTiB 3aCTOCYBaHHS MO33i4YHOTO CTOXACTHYHOTO MapKepa JOMOBHEHOI peajbHOCTI Ta OLiHKAa €()EeKTHBHOCTI 3aCTOCYBAaHHS
OCHOBHHUX THIIIB Bi3yaJbHUX MapKepiB JOMOBHEHOI pealbHOCTI. BUCHOBKHU: MpoBeaeHO onuc iHGOPMAaLiiHOT TeXHOJOTi MOOYIOBH
Ta BUKOPUCTaHHA iHQOpMamiiHUX CTPYKTYp AOMOBHEHOI pealbHOCTI Ha OCHOBI cucTeMaTH3alii 1 HayKOBO-TIPHKJIATHUX OCHOB.
IMokazano 11 mpakTiHyHe (QYHKIIOHYBaHHS Ha MPUKIAAI PO3pOOICHOr0 CTIMKOTO MO3ai4HOrO CTOXAaCTHYHOTO MapKepa JOIOBHEHOI
peansHocTi. [Toganbmii gocnimKeHHs PEKOMEHIOBAHO MPOJOBXKHTH y HANPSMKY y3arajJbHEHHS pO3pOOIECHHX Mojesied i MeToniB
noOyI0BM 1 BHUKOPUCTAHHS MO3alYHMX CTOXAaCTHYHHMX MapKepiB, B SKHX, Ha BIOMIHY BiJl pPO3MSIHYTUX OiHapHHUX, OyAyTh
BHUKOPHUCTOBYBATHCSI 300pa)KEHHS-TIOBIJOMIICHHS y TpajJallisix ciporo Ta KoJpopoBi. OCKIJIBKM MPOTOTHIYBaHHS 3alpPONOHOBAHMX
ITOPUTMIB TPOBOAMIOCS B cucTteMi mporpamyBaHHs MATLAB, To mns moOyZoBH HpaIfOIOuOro MPOTOTHILY, TPOMOHYETHCS Y
MOJANTBIIOMY TIEPEHTH 10 MOBHU IporpamyBaHHa C++, 110 JO3BOJHTH IMITIEMEHTYBATH 3alIPOTIOHOBaHY iH(QOpManifHy TEXHOJIOTIIO y
BUTIIAAL 610Ti0TEK 11 BUKOPHCTaHHS Ha MOOUThHUX TutaTgopmax Android ta i0S.

Kaiouosi ciioBa: iHbhopmaniiiHa TeXHOIOTIS; Bi3yansHa iH(popMaliiiHa CTPYKTypa; MO3aidHHI MapKep; TOMOBHEHA PEAbHICTb.

Beryn AR-Mapkepa 1 BIAPI3HAETbCS BiJi HBOTO HASBHICTIO

3aKO0JI0BaHOTO MOBIJJOMIICHHSI.

3rimHo nporHo3iB O0anky Goldman Sachs [1] Ta
iHmMX (auB., Hanpukiaz, [2]-[3]) 1moxo po3BUTKY PUHKY
CHCTEM BIPTyaJbHOI Ta JIONOBHEHOI pealbHOCTI [0
2025-ro poky, 3a obcsirom 00OpOTIB 1 MPUOYTKY PHUHOK
Oyne moxiNieHuid Ha Taki cerMeHTH (B NOPSIKY ClaJaHHs):

AHaJii3 npo6/emMH Ta iCHYI0YUX MeTOAIB

OCHOBHI THUIIM BI3yaJlbHHX MapKepiB JIOMOBHEHOT
peanbhocTi (AR-MapkepiB) onucano y poborax [4]—[6]:

irpu, MeMIIMHA, OCBITa, BiiChKOBa c(hepa, BUPOOHHIITBO i
TPAHCIOPT, KiHO 1 TeneOadeHHs, OHIAWH-TPAHCIALII,
MATOTOBKa Ta HABYaHHS CIIBPOOITHUKIB, MapKeTHUHT 1
pekiama, po3apid/oHnaitH-KoMepILis, TOPTIBJIA
HEpPYXOMICTIO.

Jdnst  oTrpumaHHS JI0AaTKOBOI  iHpoOpMamii mpo
JIOBUTbHI O0’€KTH y TepeBakHIN OUIBIIOCTI BHIAAKIB
OylyTh  BUKOPHCTOBYBaTHCS  MapKepHi  CHCTEMH
JIOTIOBHEHO{ PEATLHOCTI.

IcHytodi BizyaspHI MapKkep TOTMOBHEHOI PeaIbHOCTI
(OKpiM IITPUX-KOJOBUX MapKepiB) HE MICTATH B COO0i
JI0IATKOBOTO iHopmariiitHoro MTOB1TOMJICHHSI i
BHUKOPHCTOBYIOTHCS TLIBKH JUIst BU3HAYCHHS
IIPOCTOPOBOTO TIOJIOKEHHSI KaMepH, II0 CYyTTEBO 3BYXKYE
obmacte ix 3actocyBanHs [4]-[5]. Tomy € cenc BBecTn
NMOHATTS Bi3yansHOi iH(opmaniiinoi crpykrypu (BIC)
JIOIIOBHEHOI ~ PEaNbHOCTi, IO Yy3arajbHIOE IIOHATTA

- mabnoHHi Mapkepu (template markers) — dopHo-
Ol mMapkepu, SIKi MalOTh MPOCTE 300paKEeHHST BCEPEINHI
gopHoi pamku (puc. 1, a) [7];

- 2D mrpux-komoBi mapkepu (barcode markers) —
MapKepH, M0 CKIAJAIOThCSI 3 YOPHO-OUIMX KIITHHOK, SIKi
mo-0iTOBO KOAYIOTH JaHi, i, iHOJI, pamku abo oOnacti
cuHxpoHizaimii. Haifuactime B SKOCTI IITPUX-KOIOBHX
AR-mapkepis BukopuctoByoTs QR-komu (puc. 1, 06) [8];

- KoytoBi Mapkepu (circular markers) — aHamoriaHO
JI0 MITPUX-KOJOBUXM MapKepiB, TIIbKH OITH KOIYIOTHCS
HE TPSIMOKYTHHMH KIITHHKAMH, a YOPHO-OLIMMH
KpPYroBHMH cekTopami (puc. 1, B);

- Mapkepu-300pakeHHs (image markers) — B sKocTi
MapKepiB BHKOPUCTOBYIOTHCS 3BUYANHI 300pa)KeHHS, 5K
KOJIbOPOBi, Tak 1 300pakeHHS B Tpajaliix Ciporo
(puc. 1,r). BoHM MOXyTb MicTUTH paMKy a0o iHIIi
OpIEHTHPH Ul BHSBJICHHS Ta 3HAXOJUKEHHS IIOJIOKCHHSI.

© O. M. Makoseituyk, 2019
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Taxki Mapkepu-300paskeHHs 3a3BUYal 1ICHTU(IKYIOTHCS 3a
JIOTIOMOTOI0 TIONTYKY O mIabJoHy abo 1Mo 0coOIMBOCTAX

B)

B po6oti [12] 3anmpornoHOBaHO MOAENb CTIHKOTO
MO3alYHOTO  CTOXACTHYHOTO  MapkKepa  JIOMOBHEHOT
peampHOCTI, MmO € dYacTkoBuM Bumagkom BIC i
3a[IOBOJIGHSE BCIM BKa3zaHUM BHUMoraM (puc.2), y [13]

MOJJAHO  HAYKOBO-TIPUKJIAMHI OCHOBH TOOYHOBH i
BHUKOPHUCTAHHS TaKMX MapKepiB.
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Puc. 2. Crilikuii MO3ai4HUI CTOXaCTUYHHUN MapKep TOMOBHEHOT
peabHOCTI

Tum He MeHm, Ha JaHWKM MOMEHT HeMae
CHCTEMAaTH30BAaHOTO BHKJIAAY iH(GOpPMamiiHOI TEeXHOJOTI]
nobynoBu Ta BuKopuctanas BIC gomoBHEHOT peasbHOCTI.

Meroro naHoi crarTi € po3poOka iH(popMamiiHOT
TEXHOJNOTiT TOOYIOBM Ta BUKOPHCTaHHS Bi3yaJIbHUX
iHQOPMALIHHUX CTPYKTYp JIONIOBHEHOI PEabHOCTI.

3o06pakenus [9]-[11].

"R\ N

Puc. 1. OcuoBHi T AR-MapkepiB: a) maGioHHI MapkepH; 0) IITPHX-KOJIOBI MapKepH; B) KOJIOBI MapKepH; ') MapKepH-300paskeHHS

Bupimenns 3aBaaHHs

B [13] po3pobiieHi HayKOBO-NIPUKIaJHI OCHOBH
no0y/I0BH Ta BUKOPHCTAHHS Bi3yaJbHUX 1H(GOpPMaIiHUX
CTPYKTYp IIOTIOBHEHOI peaJbHOCTI Ha NpPHKJaAi CTIHKHX
MapKepiB JIOMOBHEHOT peabHOCTI (puc. 3).

ChopMymoeMO OCHOBHI BHUMOTH JO Bi3yalbHHUX
iH(pOpMAIIHHUX CTPYKTYP AOMOBHEHOI PeaIbHOCTI:

1) momitnicte: BIC mOBUHHI JI€ETKO 1 IIBHAKO
3HaXOJUTUCA Y BIJ€O-TIOTOL; JaHAa BUMOTA J03BOJISIE
BpaxyBaTH aCHMHXPOHHY 0arato3afadyHiCTb — BJIACTHBICTb
orepariifHOi CUCTEMH MPUCTPOIO, HA SIKOMY 1HCTaIbOBaHO
JIOZIATOK ~ JIONOBHEHOI ~ peajbHOCTi,  3a0e3leuyBaTH
MOJKIJIMBICTh MapaieipHoi (abo TIceBaONmapaIeabHOI0)
00pOOKH JEKUIBKOX MPOIECiB, MPH I[bOMY IPOIEC
BusBJIeHHs KaHauaaTiB BIC BUKOHY€EThCS TIOCTIHHO, OTXKE
BiH TOBHMHEH BHMKOPHCTOBYBATH MIiHIMQJIBHY KUIBKICTH
00YNCITIOBAILHUX PECYPCIB i BUKOHYBATHCS 3 4acCTOTOIO,
110 CIiBMipHA 4acTOTi OTPUMAaHHS KaJIpiB Bille0-TIOTOKY (a
B imeani JOpIiBHIOE iif); BAMOTra IOMITHOCTI MiHIMi3ye
KiJIbKicTh ToMmIOK 11 pony — y JaHOMY BHUNIAaaKy MpOITyCK
Kajpa, Ha sskoMy nipucyTHi BIC;

2) npocrota: BIC moBuuHi Oytn moOymoBaHi 3
BUKOPUCTAHHAM MiHIMQJIBHOI KUIBKOCTI KOJBOpiB (200
rpajamiif ciporo); JaHa BHMOra TICHO TIOB’si3aHa 3
BHMOTaMH MOMITHOCTI Ta yHiBEPCaJIbHOCTI (AMB. HIDKYE),
OCKIJIbKM MiHIMaJIbHa KUIBKICTh KOJBOPIB  JO3BOJISIE
CHPOCTHTH 1 YHI(DIKyBaTH alIrOPUTMHU BHSBIEHHS, IpH
BUKOHaHHI BuMmoru mnpocrotu BIC Oyme cyTTeBO
BiZpi3HsATHCS BiJ (OHY; OKpiM TOro, Ipu cTBOopeHHi BIC
CYTTEBO 3MEHIIYIOTHCSI BAMOTH 1O TOYHOCTI BiJTBOPEHHS
KOJILOPIB, 110 37ELIEBIIOE MPOILIEC;
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3) inpopmaruBHicTh: BIC  moBuHHI  MicTUTH
JIOJTATKOBY 1H(opMaIlito (MOBiIOMIICHHS); JaHa BUMOTa —
OcHOBHa, ska Biapisuse BIC Bix icHylouMx THIIIB
Bi3yaJIbHUX MapKepiB JOIOBHEHOI PeaJIbHOCTI; HasBHICTH
JIOJAaTKOBOI  iH(opMallii J03BOJAE CYTTEBUM YHHOM
posmmput chepy 3acrocyBanHs BIC, B mepmy gepry
3aBJISAKH PO3IIUPEHHIO IHTEPAaKTUBHOCTI i
YHIBEpPCAILHOCTI 3aCTOCYBaHb; BIC, Oynyuun
y3araJlbHeHHsSM 1 Bi3yaJlbHHX MapKepiB, 1 MaTpUYHHUX
KOMiB, MOXYTh 3aCTOCOBYBAaTHCS, SK B CHCTEMax
JIOTIOBHEHOT peaTbHOCTI, TaK 1 B CUCTEMaX, A€ TPAJAMIIIIHHO
BUKOPUCTOBYIOTBCS MAaTPUYHI KOAU (IBOBUMIPHI IITPUX-
komu abo QR-komu), mO NPUBOTUTH JO IMOBHOI
IHTerparii 11X TeXHOJIOTIH;

4) opienroBanicts: BIC  MOBUHHI  J03BOJISATH
BU3HAYaTH TIIOJIOKCHHS KaMepu B MOMEHT OTpPHMAaHHs
KOXHOTO Kajapy, ne BusBieHo BIC; nana Bumora €
OCHOBOIO U TPUBHMIPHOTO MPEACTaBICHHS 00’€KTiB B
Tporieci KOMOIHYBaHHS PEaTbHOTO Ta BIPTYaJIbHOTO CBITY,
0 € KIIOYOBUMH O3HAKaMHU [IOTIOBHEHOI PEaNbHOCTI; 3
ypaxyBaHHSIM BHMOTH YHIBEpCAJIbHOCTI (IWB. HWKYE)
MTOHATTS OPIEHTOBAHOCTI CJIIT po3yMiTh po3mupeno — BIC
MOBUHHI JJO3BOJISITH MIPOBOANUTH BHYTPILIHE KaliOpyBaHHS
kamepu Mo camomy 300paxenHs BIC; takum uuHOM,
OpIEHTOBAHICTh 03HAYAE MOXIIUBICTh BU3HAUCHHS, SIK
30BHILIHIX, TaK 1 BHYTPIIIHIX MapamMeTpiB KaxiOpyBaHHS;
JlaHa BHMMOTa JI03BOJISIE DPO3IIUPUTH MOXJIUBY 00JacTh
3actocyBanHs BIC  gms  iX  BUKOpHCTaHHS — SIK
KamiOpamiiHuX MapKepiB; 3ayBaXMMO, IO TPaJMIIHHI
Bi3yalbHI MapKepu [O3BOJNAIOTH BH3HAYaTH TUTBKH
MATpUIF0 30BHIMIHROTO KajiOpyBaHHS (po3TamryBaHHS
KaMepH y TMPOCTOPi), M0 MPHU3BOIAUTH 10 BUKOPUCTAHHSI
CIPOIIEHNX ANTOPUTMIB TPHBHMIPHOTO TPEACTABICHHS
00’€KTIB 1 IIe TIPEJCTABICHHS He € (PI3UTHO TOYHHM;

5) poGactricts: BIC moBHHHI 3a10BOJBHITH BUMOTH
iHpopMaTHBHOCTI Ta pobactHOCTI mpu BTpati a0 50%
inpopmauii npo BIC (mampuknan, mnpu  3aKpUTTI
300paxennss BIC 3aBajoro uu (i3uyHid BiACYTHOCTI
Oynp-sxoi yactunu BIC); qana BuMora J03BOJISIE MacOBO
BUKOPHUCTOBYBaTH iH(opMamiiiHi TexXHOJIOTI] Ha OCHOBI
BIC Ha mpakTHYHO BCiX MOOUIBPHHX TPHUCTPOSX, IO
BHHILIN Ha PHHOK 3a OCTaHHI 2-3 pOKW; JaHa BHMOTa
JTO3BOJISIE 3 MCHIINMH 3aTpaTaMd 3aJOBITBHUTH BHUMOTY
moMiTHOCTI 1 mpoBogutu 00poOky BIC, ockinbku
JIO3BOJISIE CIIPOCTUTH alTOPUTMH OOPOOKM 3a paxyHOK
BTPATH YaCTHHH iH(OpMAIii;

6) KpUOTOCTIHKICTE: MOBIZIOMIIEHHS, IO 3aKOJJOBAHE
y BIC moBunHO OyTH CTIHKMM J0 KpPHIITOATaK; JaHa
BHMOTa JI03BOJIsiE Imupiie BukopuctoByBatu BIC y
BIMCHKOBIHM, MEIUYHIA Ta HIIMX Taly3sX, Je HEOOXiTHO
3a0e3meunTH KOHQIAEHIIIHHICTh JaHUX; 3ayBaXXKHMO, IO
JUIS MaTPUYHUX KONIB (IBOBHUMIPHHX IITPUX-KOTIB abo
QR-kxofiB) maHa BUMOTa HE BUCYBA€ETHCS;

7) yHiBepcalbHiCTh:  TexHojorii  00pobkun  BIC
NOBUHHI ~ BUKOPHCTOBYBAaTH  MiHIMyM anpiopHoi
iHpopMalii; faHa BUMOTA PO3YMI€THCS TEpUI 32 BCE, SIK
HE3AJIeKHICTh AITOPUTMIB BiJI JaHUX — IPH IEPEXOJi 10
KOHOi KOHKpeTHOi peanizanii BIC (mampukmnanm, y
BHUIJISIII  CTIHKOTO MO3aidHOTO Bi3yallbHOTO Mapkepa),
peamizamisi  OCHOBHMX  MeTohiB  BusBneHHsS  BIC,
JIEKOyBaHHS TTOBITOMJICHHS, TPUBUMIPHOTO

MPEJICTaBICHHS 00 €KTIB Ta IHIIUX MOBHHHA 3aJIUIIATUCS
0e3 3MiH (3 TOUHICTIO 10 3aMiHN Ha0OPy KOHCTAHT).
Mooenv  gizyansnoi  inpopmayitinoi  cmpykmypu
MOXe OyTH MpeACTaBlieHa SIK PEe3yJbTaT IIOCIIIOBHOTO
BUKOHAHHS TaKHX OMEpaIriii:
1) BBeIEHHS HAIIMIIKOBOCTI:

f =5f,, (1)
ne f,— 300paxkeHHA-TIOBigOMIeHHS;  — 300paxkeHHS i3
Ha/IJTAIITKOBICTIO; S - oreparop BBEJICHHSA
HaUINIIKOBOCTI;

2) IPOBEACHHS CTOXACTUYHOI'O MEPEBIOPSAKYBAHHS
JIaHUX:

g ="Pf, )

Ie § — mepeBmopsakoBaHe 300paxkeHHs; P — omeparop

CTOXaCTUYHOTO MEPEBIOPSIKYBAHHS;
3) monaBanHs Mo3ai4HOTO GiT-KOHTEHHEpa:

7y =Bg, (3)
i }/ — 306pa)K€HH$I MO3al4HOI'0 CTOXaCTUYHOTO MapKepa;

B — omeparop KoHTeHHepH3aIii TaHuX.
OTxe, B onmepaTopHiid ¢opMi y 3araJbHOMY BUTILAI
JlaHa MOJIeJIb MOKe OYTH IpelICTaBlIeHa K

A A A

y = BPSfy, (@)

JIe BUKOPHCTAHO MMO3HAYEHHS, 1[0 BBEICHI BHIIE.
Mooenv cmiiikoeco Mo3ai4H020  CMOXACMUYHO2O
maprepa  donosHernoi  peanvnocmi  (IuB.  puC. 2)

OTPUMYETHCS SIK KOHKpeTHa peanmizanis BIC momoBHeHOT
peanbHOCTI, Juii 4oro B poOoti [5] 3ampornoHoBaHO

peamizyBatu omepatopu (1)—(3) y BHIISAI TakuX
npouenyp:

1. Oneparop  BBENEGHHS  HaJIMIIKOBOCTI S
NPOMOHYETHCSL  pealizyBaTH y BUDIALL NpoUenypu

MaciiTaOyBaHHsS OIHAPHOTO 300pa)KCHHS-TIOBITOMIICHHS
(puc. 4, a) y samame uyucno pasis K Meromom
HaWOMKIOro cycina, mo MoxHa QopmanizyBatn y
Burisni (puc. 4, 0):

£ (i, j)=f,(m,n), ()
Je, sk 1 panime, f, — 300pakeHHA-NIOBIIOMIIEHHS;
f - (m,n) -

KOOpJMHATH TIKCEeNiB Yy 300pa’KeHHIi-IOBIIOMIICHHI 1,
BIAMOBITHO, OJIOKIB y 30inbIIeHOMY  300pakKeHHI;

61109HO-301NbIIEHE  300paKeHHS;

(i, j) =0.k —1 — xoOpIMHATH TIKCEIB B MEXaX KOKHOTO

6moxy. TeopeTnuHa OIiHKA JOITyCTUMOTO PO3Mipy OJIOKY
K oTpuMyeThCsS Ha OCHOBI aHali3y yMOBH pOOaCTHOCTI.

2. OmiepaTop CTOXAaCTHYHOTO IEPEBIOPSIKYBAHHS
naHnx P MPOIIOHYEThCS  peali3yBaTH y  BHIVIAMI
MpOIeIypH TEpPEeMIlTyBaHHS IIKCENiB 3a JIOTIOMOTOIO
BiJIOMOi TICEBJIOBHITAIKOBOT MMEPECTAHOBKH P , IO MOXHA

3anucaTH y BUNIiAl (puc. 4, B):
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g(m',n‘) _ f(m',n‘) [ p], (6)

ne § — OJIoYHO-TIepMYyTOBaHE 300pakeHHS; IHIEKCH
(m',n"), HymepyroTs G10KH.

3ayBaxxumo, 110 po3Mip OJ0Ky mepemintyBanus b y
3aralpHOMY BHManKy He cmiBrmagae 3 K. Teopernuna

OI[iHKa JOIyCTUMOIO pO3Mipy GJIOKY IepeMiinyBadus b
OTPUMYETHCS Ha OCHOBI aHAi3y YMOBH KPUITOCTIHKOCTI.

Y
CZ,

ae (m",n“) — KOOPJHMHATH MIKCEIIB y NMEpPMyTOBAHOMY

300pakeHHi ( 1, BiOMmoOBimHO, OJOKIB y 300pakeHHI
Mapkepa ¥ ; (i,j):O..aO —1 — KOOpIWHATH TKCENIB B

MeXaX KOXHOTO OJIOKY; 8, — pO3Mip KITHHKH; & —

) 5, = | 29 (M) + S0 (1= (m 1)),

3. OmnepaTop nosaBaHHs MO3aiuHOro OiT-KOHTEiHEpa
B mpomOHYeThCS peamisyBaTH y BHIVIAAI IPOLEAYPH
KOIyBaHHA  KOJBOPOM  KIITHHOK  Mapkepa,  sKi
PO3IUISAIOTECS  PaMKOIO 3 IPOMDKHHM  KOJIBOPOM.
300paxkeHHss § € OiIHAPHUM, KOKEH MiKCEIb HOTO MiKCEIh
npuiiMae 3HadeHHS 0 i 1, sKi KOAYIOTBCS KOJbOpaMHU
KIITHHOK Mapkepa C, 1 ¢, BIANOBIIHO; KIITUHKH
PO3JIIAIOTECS PAMKOIO 3 MPOMIKHUM KOJIBOPOM C, , IO
MOJKHA 3aIlUCaTH y BUTIAL (puc. 4, T):

a<(i,j)<ay—a

)

(i,j)<a.(i,j)=ay—a

po3mip pamku. TeopeTndHa OIiHKA 3Ha4eHb KOJIBOPIB C

OTPUMYETHCS Ha OCHOBI aHAIi3y YMOBH ITPOCTOTH.
OcHOBHI  kpuTepii OIlHKH e()EeKTUBHOCTI

JIOTIOBHEHOI pealbHOCT1 HaBeAeHO y Tabm. 1.

BIC

Puc. 4. Pe3synsTaTi OCHOBHHX HPOIEAYpP MeToLy (OpMyBaHHS MO3ai4HOTO CTOXACTHYHOTO MapKepa JOMOBHEHOI PeaTbHOCTI: a)
306pakenns-nosinomienns (QR-kon posmipom N =21, B sxomy 3akonosano nosinomenns "Hello, world!"); 6) monepene

306paxenns, 36inpmene B K =3 pasu; B) mepMyToBaHe 300paxeHHs; T) 306paxenHs AR-Mapkepa

Tabauns 1. Kpumepii oyinku nokaznukis eghpexmuenocmi

MTOMMJIOK), YUCIIO

Moka3uunk Kpurtepiii oninkn
IToMiTHICTE Cepenniii yac merexuii TectoBux BIC B oiHaKOBHX yMOBaX CIIOCTEPEKEHHSI, CEK
ITpocToTa KinbkicTh KOJILOPIB (Tpajaiiii ciporo), 4nucIio
[HdopMaTHBHICTD CepeHsl eHTPOIIisI HOBiIOMIICHHS], 110 3aKomoBaHo y BIC, 6it
Opi€eHTOBaHICTD MoO>KJIHMBICTh BU3HAYEHHS IIPOCTOPOBOTO MOJOKEHHSI KaMEpH, Tak/Hi
PobacTHicTh CepenHs KiTbKICTh MOMMJIOK JICKOJIYBaHHS MOBiJIOMIICHHS (B 3aleKHOCTI BiJ THIy i piBHS

KpunrocTiiikicTh

Cepenus KinbKicTh crpo0, 10 HEOOXigHI Ul ONTHMAIBHOTO AITOPUTMY JCKOIYBaHHS MPH
BiICYTHOCTI JI0/1aTKOBOI anpiopHoi indopmarii, yncio

VYHiBepcaIbHICTh

KinpKicTh 10IaTKOBUX IapaMeTpiB, Mo HeoOXinHi it BukopucTanHs BIC, ducio
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B IDEFO-vHOTaWii ocHogHuii  npoyec memooy
dopmysanns BIC donosnenol peanvbrHocmi Ha BXOII Mae
TEKCTOBE IIOBIIOMJICHHs (3a3BHYail MpeJCTaBiIsiE COOOI0
url-mocunanus Ha iHMoOpMamiiHUA pecypc); yHpaBliHHS
MpeACTaBise COOOK BUMOTH TIOMITHOCTI, TIPOCTOTH, Ha
iH()OPMAaTHUBHOCTI, OpiEHTOBAHOCTI, pobacTHOCTI,
KPHUIITOCTIHKOCTI Ta YHIBEPCAIbHOCTI; MEXaHI3MaMH € caM

TaKoX cIlelianxi3oBaHi

BUXO/1 MaeEMO

MOJTyJTi

JUIsl TIPOTOTWIYBaHHs (yHKLIH 1 mpoueayp MeTomy, a
MATLAB,
Statistics and Machine Learning Toolbox [15], Image
Processing Toolbox [16], Computer Vision Toolbox [17];

300pakeHHS

croxactuunoro AR-mapxkepa.

OcHoBHHI Tporiec Metoay ¢opmyBanHs BIC (Ha
CTOXaCTHIHOTO
IIEKOMITO3HULIiS

kopuctyBad, reaepaTop QR-koniB (abo iHmMi Kojep, MO  NpUKIamai  (GOpMYBaHHA  MO3AITYHOTO
MIEPETBOPIOE TOBIMOMIICHHA y 300pakeHHs), cucremMa AR-Mapkepa) HaBeoeHO Ha pHC. S,
nporpamyBansi MATLAB [14], 1m0 BHKOPHCTOBYEThCS  OCHOBHOTO HpOLECY — Ha pHC. 6.
Bumom noMiTHOCTI, NPOCTOTH,
THOPMALIAHOCTI, OPIEHTOBAHOCTI,
poBacrHocTi, kpunTocTinkocTl,
YHIBEPCANLHOCTI
Moaaivnmit
CTOXACTHYHMA
AR-mapkep
foeaasaiii Creoputn AR-mapkep
—
AD
Computer Image
Kopuctysa MATLAB Vision Processing
Toolbox Toolbox
leHeparop Stalistics and
QR-kogis Machine Learning
Toolbox
Puc. 5. OcHoBHHI1 poIiec MeTory OPMYBaHHS MapKepa
Bumora Bumora Bumora Bumora Bumora
inchopmauitrocTi yHisepcansHocTi pobacTHocTi KDWNTOCTIRAKOCTI Bumora OpieHTOBaHOCTI
NPOCTOTH
Buwmora
nomiTHocTi
=
Razt 3akoaysatn &
OBIROWIERHA. | nosinomnens B QR- R
e
Koa
A1l
4
A4
36inbWwnTH 306paxeHHs
A2
3binblwene
3obpaxertn QR-kogy
A
CroxacTuyrHo
nepesnopsaKyBaTi
eneMeHT 306paxeHHa
A3
MepesnopsakosaHe
6
SRR r vy v Moszaiyrmi
K QR-xon " _ CTOXBCTUMHHA
opucTysay TSHeOED Hopartu mosaivyHuin AR-maprep

BiT-KOHTEWHEp

Ad

Puc. 6. JlexoMIo3u1isi OCHOBHOTO IIPOIIECY METOy (OpPMYBaHHS MapKepa
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JleKkoMITO3HIlisi OCHOBHOTO MPOIECY MPOBOAUTHCS HA
4 mianpouecu:

1) s3axodysamu nogioomnenns y QR-xo00:

- BXiJ — IIOBIJJOMJICHHS;

- BUXiT — 300paxeHHsa-moBigomieHHS (QR-kom y
JAHOMY BHUIAJIKY);

- YOpaBIiHHA —
pobacTHOCTI;

- MeXaHI3MHU — KOpUCTyBad i reHepaTop QR-Kkoxis;

2) 36inbuumu 300paXzCents:

- BXiZl — 300paXCHHSI-TIOBIJOMJICHHS;

- BUX1J1 — 301IBIIICHE 300paKCHHS,

- YIpaBIIiHHSA — BUMOTa PO0AaCcTHOCTI;

- MeXaHi3Mu — cucteMa nporpamysanHsi MATLAB,
cneuianizoBanuii Moxyss Image Processing Toolbox;

3) cmoxacmuuno  nepesnopaoxkysamu - elemMeHmu
300paAXHCEHHS:

- BXiZ — 30iJIbIIIeHE 300paKCHHS,

- BUXIJ] — IEPEBIOPSIKOBAHE 300paKCHHS;

- yOpaBIiHHA —  BHMOTHM  poOacTHOCTI  Ta
KPHUITOCTIHKOCTI;

BUMOTH iHQOPMATHBHOCTI Ta

Bumoru nomiTHOCTI,
npocTOTH,

- MexaHi3Mu — cuctema nporpamysanHsi MATLAB,
crewianizoBanuii Moayis Statistics and Machine Learning
Toolbox;

4) oooamu mozaiunuil Gim-xonmernep:

- BXiJ] — IEPEBIOPSAKOBAHE 300pasKeHHS;

- BUXiI — 300pa’keHHS MO3aI9HOTO CTOXaCTHIHOTO
AR-mapkepa;

- YOpaBIiHHA — BHMOTH IIOMITHOCTI, TMPOCTOTH,
OpIEHTOBAHOCTI, POOACTHOCTI Ta YHIBEpCAIBHOCTI;

- MexaHi3MH — cucTtema mnporpamyBanHi MATLAB,
cnemianizoBani moxym Image Processing Toolbox Ta
Computer Vision Toolbox.

Posrnsaemo B IDEFO-HOTaIii OCHOBHHII mporiec
BukopuctanHs  BIC  (wa  mpukmani  Mo3aiyHoro
CTOXaCTUYHOTO  BI3yaJJbHOrO  Mapkepa) IOTMOBHEHOI
peasnbHOCTi (pHC. 7).

Bxio mpouecy — cueHa JONMOBHEHOI peabHOCTI, 10
mpencraBiase co0or 00JacTh peajbHOrO CBITY, JI€
3HaXOJMUThCSA KopucTyBad. CrieHa MICTUTh B 00JacTi
IpsIMOi  BUAMMOCTI MO3aidHMIl CTOXacTHYHHH Mapkep
JIOTIOBHEHOI PEaIbHOCTI.

LuckpeTHa maTemaruka
MeToawm ontumisauin
[eckpunTMBHa CTaTuCTVKa
AHaniTnyHa reomeTpisn
NiHigna anrebpa
lomorpadpin

inhopmauinHocTi, Creumdikayii Matematiuna mMopdhonoria
OplEHTORAHOCTI, cmapTtona MeToaw Gikapuaauii
pobacrhocri, MeToau cermenTauii
KPUNTOCTIMKOCTI,
YHIBEPCANbHOCTI
MNosinmonekka
CueHa Bukopuctati mosaiyHnia BipryansHuit 3D ob'exr
R cToxacTudHun AR-mapkep e
Bineo B obnacti AR-mapkepa
Computer |Image
Kopuctyeaq Vision Processing
Toolbox | Toolbox
MATLAB Optimization
CnapTtchoH Toolbox
Statistics and
Machine Leaming
Toolbox

Puc. 7. OcHOBHUIT MpoueC BUKOPUCTAHHSA MO3ai4YHOTO CTOXaCTUYHOTO Mapkepa JIOTIOBHEHOT pea.]'ILHOCTi

Ynpaeninus npencrasise cobow Hadip BUMOT 10
BIC (BuMorn mOMITHOCTI, MPOCTOTH, iH(OPMATHBHOCTI,
Opi€EHTOBAHOCTi, pO0OACTHOCTi, KPHIITOCTIHKOCTI  Ta
YHIBEpCaJIbHOCTI); cnenudikanii cMapT(hoHa;
MaTeMAaTUYHI 1 YUCENbHI MeTomu (METOAHM IHCKPETHOT
MaTeMaTUK{, METOIM  ONTWMi3amii, JECKpUNTHUBHA
CTAaTUCTHKA, aHAJIITHYHA TEeOMETpis, JiHiiHA anreopa,
romorpadisg, MarematmdHa  Mop¢oJoris,  MeTOoau
OiHapu3aii, METOIM CEeTMEHTAIliT).

Mexanizmamu € caMm KOpUCTyBad, cMapThoH (4u
OyIb-siKa 1HIIA CWCTEMa, IO JO3BOJISIE OTpUMATH (OTO),
cucrema IPOrpaMyBaHHs MATLAB, 10
BUKOPHCTOBYETBCS Uil MPOTOTHUIIYBAaHHS IPOIECIB, a
Takok cnemiamizoBaHi wmoxyni MATLAB, Taki sk
Statistics and Machine Learning Toolbox, Image

Processing  Toolbox, Vision  Toolbox,
Optimization Toolbox.

Ha Buxomi MaeMo [€KOJOBaHE IOBiJJOMIICHHS,
BipryansHui 3d 00’€KT, 110 MPOEKTYETHCS Ha IUIOLIMHY
AR-mapkepa, Tmpolec peHAEpPHUHIY BiIEO-TIOTOKY B
obnacti AR-mapkepa.

JlekoMII0311Iisi OCHOBHOTO TIPOIIECY BHKOPHCTaHHS
MPOBOJIMTHCS Ha 2 mignporecu 1 piBas (puc. 8):

1) cpomozcpagysamu AR-mapxep:

- BXig — AR-cIieHa;

- BUXiT — 300pakeHHS MO3ai9YHOTO CTaTHCTHYHOTO

Computer

AR-Mmapkepa;

- ynpaBiiHHS — Habip BEUMOT 10 BidyanbHHX AR-
MapKepiB (BuMorn MIOMITHOCTI, MIPOCTOTH,
iHpOPMATHBHOCTI, OpiEHTOBAHOCTI, pobacTHoCTI,
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KPHIITOCTIHKOCTI
cMapTdoHa;

- MEXaHI3MHU — KOPUCTYBa4, CMapTQOH;

2) suxopucmamu AR-mapxep:

- BXiI — 300pakeHHs MO3alYHOr0 CTATHCTHYHOTO
AR-mapkepa;

- BUXIJl — JIGKOJOBaHE TIOBIOMJICHHS, BipTyaldbHHUI
3d o0’ekT, 10 MPOEKTYETHhCs Ha muiomuHy AR-Mapkepa,

Ta YHIBEpPCAIBHOCTI); crenudikamii

cMapThOHA; MAaTEMATHUYHI 1 YHCENbHI METOJAH (METOIu
JIUCKPETHOT MaTeMaTHKH, METO U onTuMIi3alli,
JNICCKPUNITHBHA  CTATUCTHKA, AaHANITHYHA TCOMETDIis,
niHiliHa anreOpa, romorpadis, MaTeMaTiHyHa MopQoIIoris,
MeToau OiHapu3allii, METOIU CerMeHTaIlil);

- MEXaHi3MH — cucTteMa mporpamyBanHs MATLAB,
110 BHKOPHCTOBYETHCS U1 MIPOTOTHITYBaHHS,
crerianizoani momyiani MATLAB (Statistics and Machine

mpollec  peHIepWHry  Bimeo-moToky B obmacti  Learning Toolbox, Image Processing Toolbox, Computer
AR-Mapkepa; Vision Toolbox, Optimization Toolbox).

- YOpaBIiHHA — Ha0ip BHMOT J0O Bi3yaJbHHX Pesynbrartu 3aCTOCYBaHHS MO03aigHOTO
AR-mapkepiB (BumMoru MOMITHOCTI, NPOCTOTH,  CTOXaCTHMYHOI'O  MapKepa  JOIOBHEHOI  peajbHOCTI
iH(OPMAaTHBHOCTI, OpIEHTOBAHOCTI, pobacTHOCTi,  HaBeaeHO Ha puc. 9.

KPHUIITOCTIHKOCTI Ta YHIBEpPCAIbHOCTI); crenudikamii

NuckperHa marematvka
Bumoru nomiTHOCTI, Mevoau ontumizaui
nNpocToTH, JeckpunTuBHa cTaTUCTIKA
inchopmaLinHocTi, AHanITU4Ha reoMmeTpis
OPIEHTOBAHOCTI, Nininka anrebpa
pobBacrHocTi, Cneuumdixauil Fomorpadisa
KpUATOCTIAKOCTI, cmaptdiona Maremarimisa sopdonoria
yHiBepcansHoCTi Mertoaw Ginapuaauii

MeToamn cermexTauii

v A 4 1 Mosinmonetts
Cuewa CcpoTorpadysatn 3o6paxeHHs BMKODMCTale MO3ai4HUA BipryansHuit 3D ob'ext
- » cToxactuyHum AR-mapkep b—m————»
Bineo B obnacti AR-mapkepa
A1 A2
Image Computer
Kopucrysas CwmaprtdhoH MA Processing | Vision
Toolbox Toolbox
Statistics and Optimization
Machine Learning Toolbox

Toolbox

Puc. 8. [lekoMIto3mu11isi OCHOBHOTO TPOIIECY 3aCTOCYBAHHS MO3aiYHOTO CTOXaCTHYHOTO MapKepa JIOTIOBHEHOI pealbHOCTI

B)

r)

Puc. 9. [Ipukinag BUKOPUCTAHHSA MO3ai4HOTO CTOXacTHYHOrO AR-Mapkepa: a) BUXiaHE 300pakeHHs; 0) TOUHUI METOI IPOEKTYBAHHS
BipTyansHoro 3d 06’ekTy B 0611acTh MapKepa; B) CIPOILCHUI METO MPOEKTYBaHHs BipTyaibHoro 3d 00’ekTy B 061acTh Mapkepa; r)

JIEKOJIOBaHE 300payKEHH-I0BI JOMIICHHS
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B sxocTi KpuTepilo OIIHKM TaKOTO IMOKa3HWKaA, SK
poOaCTHICTB, 3aIIPONIOHOBAHO BUKOPHCTOBYBATH KiNBbKIiCTh
HOMMJIKOBO JIEKOJJOBAHUX OITiB MOBITOMJIEHHS N, .

[Mopaxyemo crmodaTKy iMOBIPHICTH HpPaBHIBHOI
BIZTHOBJIIOBAHOCTI MOBIZIOMJICHHSI TPU HENPABUILHOMY
po3misHaBaHHI  (iEBepcii) wactmHmM  OitiB.  Hexait
iMOBipHICTB iHBepcii OiTiB € (. Sk Oyno BKa3aHO BHIIE,

KOXXEH OIT IyOIroeThCs k2 paziB (marpuiero kxk).
KiiTuHKa BIJHOBHTBCS NPaBWIBHO 3a YMOBH, IO
KIUJIBKICTh NMPaBWJIBHO PO3MI3HaHUX OITiB € OLIBLION 3a

KiNBKICTh 1HBEPTOBAaHUX. IMOBIpHICTH Takoil momil P, (q)

3a/1a€THCS KyMYJIITUBHAM OIHOMIaJIbHAM PO3ITOIITIOM:

K2 (2 i

LS : 4
p(a)=1-) 2| |d(1-0) ®)
I'padik TeopeTHIHO PO3pPaxOBaHOI IMOBIPHOCTI
BiTHOBJCHHS JaHUX B 3aJEXKHOCTI BiX iMOBIpHOCTI

iHBepcii 6iTiB moka3zano Ha puc. 10.

| T T

09 r

08

0.7 F

06

05 [

p,(a)

04r

03

021

01r

0.4

0.6 0.8 1

q

Puc. 10. I'padik TeopeTHIHO pO3paxoBaHOi 3a BUpa30oM (8) IMOBIpHOCTI BIIHOBJICHHS JAHUX B 3aJIE)KHOCTI Bil iMOBIpHOCTI iHBepCil

OiTiB

3HaiaeMo Tenep YMOBY MIPaBUIBHOT
BiJTHOBJIFOBAHOCTI TOBIOMJICHHS TPH BTpPaTi YaCTHHHU
300pa)keHHs, TP [IbOMY BBa)Ka€ThCs, 10 BCI PO3Mi3HAHI
Oitu Oynau po3mi3HaHI NpaBHIbHO, TOOTO TMOXUOKa
BUHMKAaE TUIBKM BHACNIZOK BTpaTh yacTuHU OiTiB. Hexaii
IMOBIpHICTE BTpatu OiTa € (, TpU IBOMY, AK OyIO

BKa3aHO BHIIE, KOXKEH IMIKCET MU IyOiroBamu k2 pasiB.
KiiTuHKa BiIHOBUTHCS TPABHJIBHO 3a YMOBH, L0 B ii
MeXax 3HaWaeTbcs Xoda O OAMH MPABUIBHO 3HAWICHUIN

0iT, iMOBipHICTH  Takoi  moOmil (o8 (q) JIETKO
PO3paxoBYEThCS:
k2
P, (a)=1-9" . 9)
I'pacdik TeopeTHUHO pO3paxoBaHOi IMOBIPHOCTI
BITHOBJICHHS JIaHUX B 3aJIGKHOCTI BiX IMOBIPHOCTI

MPOIYCKY OiTiB moka3aHo puc. 11.

1

09

08r

07r

06

05r

p,(a)

04r

03r

02

0.4

q

Puc. 11. I'padik TeopeTndHO po3paxoBaHOi 3a BUpa3oM (9) iMOBIpHOCTI MPOMYCKY TaHUX B 3aJIeKHOCTI Bl iMOBiIpHOCTI iHBepcii OiTiB
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Ockinbku oOmaBi momii (iHBepciss Oita Wm Horo
BTpaTa) € HE3aJeKHUMH, TO 3arajbHa iIMOBIPHICTh
MIPaBUIIBHOTO PO3Mi3HABaHHSA [ Oyae maBaTHcs JOOYTKOM

P(a %)= Pu(h) P2 () (10)

SAxmo QR-kox mae po3mip NxN KIITHHOK, TO

MaTeMAaTUYHE OYIKYBaHHS n, KIIBKOCTI HEBIIHOBIIEHUX

KIITHHOK €
n, =(1- p)NZ, (11)
a yMOBa TpaBWIBHOTO  posmizHaBaHHI  QR-komy
3aIMIIETHCS 5K
n. <1 (12)

(BBaXKaTUMEMO, IO 32 PAaXyHOK IEBHOT HaUIMIIKOBOCTI
QR-koxy, momyckaeTbcs 1 Hepo3IMi3HaHA KIIITHHKA, Ha
MIPAKTHII HA/ITUIITKOBICTh 3a0e3mevyeTbes
BHKOpUCTaHHAM KkomiB Pima-Comomona [18] 1 BiH
PO3Mi3HAETHCS MPABWIBHO 3a BiACYTHOCTI Oinbime HiX 1
KITITHHKH).

TakuM YHHOM, OTPUMYEMO YMOBY MPaBUIBHOTO
PO3Mi3HABAHHS:

0.9

0.8

0.7

0.6

04

03

0.2

0.1

0.2

0.1 0.3 0.4

Puc. 12. O61acTh JOMyCTUMHUX 3HAaUeHb iMOBipHOCTEH Of 1 O

O QR-konmy, sk Bxke Oyno BKa3aHO, MiHIMallbHE
snayenns posmipy N =21 [18], mpu q=1/2 (Bumora
pobactHocTi), oTpuMmyemo 3a (opmynoro (2.16), 1o
k >2.96, omke minimanbHe 3HauenHs K =3.

TakuM YWHOM, JUIS  3alpOIOHOBAHOI  MOei
MO3aI9HOTO CTOXaCTHYHOTO MapKepa TEOpPETHYHA OIliHKa
KIJIBKOCTI ITOMMJIKOBO [€KOJOBAaHHUX OITIB IOBIHOMIIEHHS
N, <1 mnpu imoBipHOCTI BTpaTH OITiB NOBITOMIJIEHHS

p(q1,q2) = p1(q1) - p2(q2)

p>l—$. (13)

Ha puc. 12 300paxkeHo o6macTe JOMYCTHMHX
3HaYyeHb IMOBIDHOCTEH (; 1 O, IPH SKUX BUKOHYETHCS
ymosa (13).

SIkmmo  BpaxoByBaTHM — TUIBKM — NOMMJIKH, IO
BUHUKAIOTh BHACIIIOK BTpaTH OiTiB, To HepiBHICTH (13),
MO>KHA 3aIlUCaTH SIK

2
(1-9) N%<1, (14)
3BiI[KI/I 3HaXO0AMMO YMOBY JJisl BUSHAUCHHSA k:
~ 2InN (15)
In(1-q)

(3ayBaXMo TIpU IIbOMY, IO MiAKOPCHEBUH BUpa3 Oyme
JOJATHIM, OCKIIbKM 3a BH3HAaUeHHsIM (<1, oTxe

In(1-q)<0).

05 06 07 08 09
q1
g<1/2 (3HaueHHs KoediuieHTa AyONIOBaHHA TIPH
mpomy k? =9).
[opiBHAIBHI OLIHKH MMOKa3HUKIB €()EKTUBHOCTI JIJIs
OCHOBHHMX  THIIIB  Bi3yanbHHX  AR-MapkepiB  —
PO3pOOJICHOr0  MO3ai4HOI'0  CTOXacTUYHOTO — Mapkepa

JTIOTIOBHEHOT peabHOCTI, a TAKOX MAaOIOHHOTO, KOJIOBOTO,
mTpux-kogoBoro (QR-xom) MapkepiB 1  Mapkepa-
300paKeHHsI, 3BE/ICHO y Tad. 2.
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Taomuus 2. [lopieHsiibhi OYiHKU NOKA3HUKIE edhekmusHocmi

ExcnepumeHTaIbHA OLIHKA
N LITPHX-
Teopernuna Mo3aiqHMii . . .
Moka3zuuk K . A0JIOHHU I KOJI0BMii KO/10BHIi AR-mapkep-
o croxacririmm AR-mapke AR-mapke AR- 300paKeHHs
AR-mapkep prep prep P
MapKkep
Towmitxicts, 7, <1/30 cex <1/30 cex <1/30 cex <1/30 cex <3/30 cek <5/30 cex
Tpocrora, N, 3 3 2 2 2 3x256
OiHapHe 3 OiHapHe 3 OinapHe OinapHe OinapHe KOJIbOPOBE
TIPOMDKHHIM MPOMDKHHM
KOJIBOPOM KOJIBOPOM
InpopmaruenicThb, € 1/k? 19 0 ~0 ~1/2 0
Opi€HTOBaHICTh + + + + + +
PoGactricts, N, n. <1 ~0 - R 23 N
KpunrocTiikicTs, ﬂp n, = (bz)! n, ~ 64! - i} : ;
VHiBepcaIbHICTh ~1 ~1 ~1 ~1 ~10 ~100

ITpumiTka 1. OmiHKa MOMITHOCTI (K CEepeIHid 4ac
nexktyBaHHs TectoBux BIC B oaHakoBHUX yMoOBax
CITIOCTEPESIKCHHS, CEeK) 3HaXoamacs s cMapTdora Nokia
6 Plus (omepamiiina cucrema Android 9), mpu cTBOpEHI
TECTOBOI  arulikailii ~BHKOPHCTOBYBajach  0i0iioTeka
00po0Oku 300pakens OpenCV 4.1.1 [19].

IMpumitka 2. Ouinka indopmaruBHocti QR-komy
3aJICKUTh BiJl 3aJaHOTO pIBHA HAJJIMIIKOBOCTI, IO
BUKOPDHCTOBYETBCS TPH HOTO CTBOPEHHI 1  IUIOIII
CHHXPOHI3AI[IHUX 00JacTeil, sKi HE BHKOPHUCTOBYIOTHCS
IIpH KOJTyBaHHI MOBiJOMJICHHSI.

[pumitka 3. Bci omiakm  iHpopMaTWBHOCTI i
pobacTHOCTI pO3PaxOBYBATUCH IS 3HAYCHHS Koe(illieHTa
macmrabysanus K =3, mpu skomy, sk mokasaHo B [13],
Ut MO3aTqHUX CTOXaCTUIHUX AR-MmapkepiB
MTOBIIOMJICHHS TapaHTOBAHO BiTHOBIIOETHCS IIPH BTPATI
1o 1/2 mnomni Mapkepa.

[pumitka 4. OmiHKa KPUITOCTIHKOCTI UTS pO3Mipy

Onoky —mepmyrauii b Gyze n,= (b?)!,  sKmo
BHUKOHY€ETbCS ymMoBa [20]:
D(f
oy 210 "
i
4

e BBEACHO TNEPMyTauilHWA paniyc Iy} D( f) -
aucrnepcis 300paxenns f ; VI — rpagient 3o06paxeHHs
f . Slkwo ymosa (16) He BukoHyeTbCs, TO N, ~ log(b?1) .
Mot TunoBux OiHapHMX 300paxeHb 3HaueHHs I, ~1, a

mporenrypa MacmTaOyBaHHS METOJOM — HAHOIIKYOTO

cycina 36inbinye nepmyraniinuii pagiyc y kK pasis (qus.
[20], [21]), omxe 1, ~K. Jlnst 3navenns K =3 i Tumosoro

Cnucok JiTepatypu

3HauyeHHs po3Mmipy Gioky mepmyranii b=8 ymosa (16)
OYCBHUIHO BUKOHYETHCS.

Takum YHHOM, OCHOBHUMU CKJIaJIOBUMU
iHQopMaIiifHOT TEeXHOJOTii MOOYIOBH 1 BHKOPHUCTAHHS
Bi3yallbHUX  IHQOpMAIiHHUX  CTPYKTYp  JOMOBHEHOI
PEasbHOCTI € METOAM CTBOPEHHS i BUKOPUCTAHHS CTIHKHX
MO3ai4YHUX  CTOXaCTHYHHUX  MApKepiB  JIOMOBHEHOI
peaNTbHOCTI Ta METOAM IMITAlliIHHOTO MOJCITIOBAHHS
nepeTBopeHHs1 iHpopMalii y cucremMax JIOMOBHEHOI
peabHOCTI.

BucHoBku

Y  pobori mnposeneHo onuc  iHdopmaniiHOT
TEXHOJIOTIT MOOY/IOBU Ta BHKOpPHCTaHHS iH(opMauiiHuX
CTPYKTYp  JIONOBHEHOi  pEaJbHOCTI  Ha  OCHOBI
cucreMaTH3aii Il HayKOBO-TIPUKJIQJHKX OCHOB. [lokazaHo
il  nmpaktmuHe — (QYHKIIOHYBaHHA  Ha  TPUKIALI
PO3pOOIEHOr0  CTIMIKOro MO3aiYHOTO  CTOXaCTHYHOTO
MapKepa JIONOBHEHOI peaIbHOCTI.

IMomanpmn JOCITIIPKEHHS PEKOMEHI0BaHO
MPOJIOBXHUTH Yy HAINpPAMKY Yy3arajlbHEHHS PO3pOOJICHUX
MoJiesield 1 MeTo/1iB MO0y JOBU | BUKOPHCTaHHS MO3ai4HUX
CTOXaCTHYHUX MapkepiB, B fAKHX, Ha BiIMiHy BiJ
pO3TISIHYTHX  OiHAapHHMX, OyIyTh BHKOPHUCTOBYBATHCS

300paXeHHA-TIOBIIOMIICHHST 'y Tpajamisx ciporo Ta
KOJBOPOBI.
OCKiTbKH NIPOTOTUITYBAHHS 3alpOIIOHOBaHUX

ITOPUTMIB TIPOBOJMJIOCS B CHCTEMi IIpOrpaMyBaHHS
MATLAB, T0o ais moOyaoBH Hpalio04Yoro MpPOTOTHILY,
NPOTIOHYETHCA Yy  TOJAANBIIOMY IIEpedTH 1O MOBH
nporpamyBanHs C++, 10 J03BOJHTH IMIUIEMEHTYBAaTH
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HH®OPMAILNMOHHAA TEXHOJIOI'MA NIOCTPOEHUS U UCITOJIb30OBAHMAA
BU3YAJIBHBIX THOOPMALIMOHHBIX CTPYKTYP JOIIOJTHEHHOU
PEAJIBHOCTH

IIpeameToM wcClieIOBaHUS B CTaThe SIBISETCA HHMOPMANMOHHAS TEXHOJOTHS TOCTPOCHHS M HCIOJB30BAHUS BH3YaJbHBIX
WHPOPMAIIHOHHBIX CTPYKTYp JOMOJIHEHHOW peanbHOCTH. Llenh paboThl — co3naHne WHPOPMAIIMOHHON TEXHOJOTHH MOCTPOCHUS U
WCTIONIb30BAHUS BU3YaIbHBIX MH(MOPMALIUOHHBIX CTPYKTYP IOMOJHEHHON PEANbHOCTH. B CTaThe pemaroTcs CIeAyromie 3agauM:
aHaIM3 OCHOBHBIX THIIOB BH3YaJbHBIX MapKepOB OMOJTHEHHOH peamsHOCTH (AR-MapkepoB); (opMynmupoBaHHE OCHOBHBIX
TpeOOBaHMI K BH3YAIbHBIM HWH(POPMAIIMOHHBIX CTPYKTYp [JOMOJHEHHOW pEalbHOCTH; pa3pabOTKa MOAENH BH3YalbHOM
MHPOPMAIIIOHHOHN CTPYKTYPHI TOTIOJHEHHON PEealbHOCTH; pa3pabdoTKa MOJIENN YCTOWYNBOTO MO3aMYHOTO CTOXaCTHYECKOTO MapKepa
JOTIOJTHEHHOM — peanbHOCTH; pa3paboTka HMHGOPMAIMOHHON TEXHOJIOTHH TMOCTPOCHUST W HCIOJIB30BAHUS  BHU3YaJTbHBIX
WHPOPMAIHOHHBIX CTPYKTYp JOMOJTHEHHOW PEalbHOCTH; aHAIU3 PE3yJbTaTOB MPUMEHEHHS MO3aMYHOTO CTOXAaCTHYECKOTO MapKepa
JIOTIOJTHEHHON PEaJbHOCTH; OIlleHKa J((GEKTUBHOCTH TPUMECHEHHS OCHOBHBIX THIIOB BH3YaJbHBIX MAapKepOB JOTOJHEHHOW
peansHOCTH. Vcmonb3yroTcst Clenyrome MeTOABI: MeToAbl IH(pPOBOH 00pabOTKM HM300paXEHUH, TEOPUH BEPOSTHOCTH,
MaTeMaTHYEeCKOW CTAaTUCTHUKH, KpUOTOTpaduu W 3amuThl WHOOpMAIWH, MaTeMaTW4YecKuil ammapar Teopud Marpuil. [lomydeHs
CIIeAyIOIUe pe3yJbTaThl: MPOBEICH aHAIN3 OCHOBHBIX THIIOB BH3YAILHBIX MapKEepPOB JOMOJHEHHON pearbHOCTH; c(hOpMYITHPOBaHE
OCHOBHBIE TPeOOBaHMS K BH3YyalbHBIM MH()OPMAIMOHHBIX CTPYKTYpP AOIOJHEHHOW pEealbHOCTH; pa3paboTaHa MOJIETh BU3yalbHOU
WHPOPMAIIIOHHON CTPYKTYpHI [IOTIONHEHHON pEaJbHOCTH, KOTOpas SBISETCS pe3yIbTaTOM MOCIEAOBATEIBHOTO BBIIOJTHEHHS
CIIEAYIOIINX OTepaluii: BBEICHUE M30BITOYHOCTH, MTPOBEICHUE CTOXACTHUYECKOTO PEOPraHU3allHs JaHHbIX, T0OABICHUE MO3aUuIHOTO
OUT-KOHTElHepa; pa3paboTaHa MOJACTbh YCTOHYMBOIO MO3AMYHOTO CTOXACTUYECKOTO MapKepa JOIOJHEHHOW peallbHOCTH B BHUJIEC
CIIEAYIOINX MPOIEAYp: OMEpaTop BBOAAa W3OBITOYHOCTH pEajM30BaH B BHAC MPOIEAYPbl MAaCIITAOMPOBAHUS OWHAPHOTO
M300paKCHUA-COOOIICHUS B 3aJaHHOE YKCIIO pa3 METOAOM OJIKaMIero cocena, OnepaTop CTOXaCTUYECKOTO MePeymopsI0UHBaHMS
JaHHBIX PEAM30BaH B BHIE MPOLEAYpPHl MEpeMEIINBAHMs MHKCEIeH C MOMOIIBI0 W3BECTHOW MCEBIOCITyYalHOH IepecTaHOBKH,
oreparop A00aBJICHHS MO3aHYHOTO OMT-KOHTEHHEpa pealn30BaH B BHJE MPOLEAYPHI KOAUPOBAHHMS [IBETA KIIETOK MapKepa, KOTOpEIe
pa3mensroTcs paMKOW € TPOMEKYTOYHBIM IBETOM; pa3zpaboTaHa MH()OPMAIMOHHAS TEXHOJOTHS MOCTPOCHHS W HCIIOJB30BAHUS
BU3YaJbHBIX HH(OPMALUOHHBIX CTPYKTYP MOIOJHEHHOW pPEaNbHOCTH;, MPOBEACH aHAIHM3 PE3YJbTaTOB MPUMEHEHHS MO3aWIHOTO
CTOXAaCTHYECKOTO MapKepa JIOMONHEHHONW peaJbHOCTH M OleHKa 3()(EeKTUBHOCTH NMPHMEHEHUS OCHOBHBIX THIIOB BH3YaJbHBIX
MapKepOB TOMOJHEHHOMN peaqbHOCTH. BBHIBOABI: IPOBEICHO OMKCaHKe HHGOPMAIMOHHON TEXHOJOTHH TIOCTPOCHHS U UCITOIb30BaAHHS
MH(OPMAIMOHHBIX CTPYKTYpP JOMOJHEHHOH pPeallbHOCTH Ha OCHOBE CHCTEMaTH3allii ¢ Hay4YHO-NIPUKIATHBIX OCHOB. [loka3aHo ee
npakTUueckoe GyHKIMOHUPOBAHKE Ha TpUMepe pa3paboTaHHOTO YCTOWYMBOIO MO3aUYHOTO CTOXACTHYECKOTO MapKepa JAOMOJHEHHON
peanbHOCTH. JlaNbHEHIINE UCCACIOBAHHS PEKOMEHIOBAHO MPOJOIKATH B HANPaBICHHH OOOOIICHHS pa3pabOTaHHBIX MOJCIEH U
METOJIOB TOCTPOCHUS W HCIIONB30BAHUS MO3aMYHBIX CTOXAaCTHYECKHX MAapKepOB, B KOTOPHIX, B OTIMYHE OT PACCMOTPEHHBIX
OMHApHBIX, OyAyT WCIIOJIB30BaThCI M300paKEHUSI-COOOUICHHE B TpajalusX Ceporo M HBETHBIE. [I0CKONBKY MPOTOTHITHPOBAHUS
MPENIOKECHHBIX aTOPUTMOB POBOAMIOCH B cucTeMe mporpammupoBanuss MATLAB, To s moctpoeHus paboTaromero mpoToTHII,
mpeJyiaraeTcsi B JajbHEHIIeM HepeTH K sA3bIKy mporpamMmupoBanus C ++, 4TO TMO3BOJUT MMIUIEMEHTHPOBATH IPEINIOKECHHYIO
MH(OPMAIMOHHYIO TEXHOJIOTHIO B BUe OHOIMOTEK /UTsl HCIOJIb30BaHUs Ha MOOMITBHBIX uaTdopmax Android u i0S.

KiioueBble ciioBa: HMH(QOpMAlOHHAs TEXHOJOIHWsS; BH3yalbHas HH(GOPMALMOHHAS CTPYKTYpa; MO3aW4HBI Mapkep;
JIOTIOJTHEHHAS PEATbHOCTb.
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THE INFORMATIONAL TECHNOLOGY OF DESIGNING AND EMPLOYING
VISUAL INFORMATION STRUCTURES OF AUGMENTED REALITY

The subject matter of the article is the informational technology of designing and using of augmented reality visual information
structures. The goal of the study is to develop the informational technology of designing and using of augmented reality visual
information structures. The following tasks were solved in the article: analysis of the main types of visual markers of augmented
reality (AR-markers); formulation of the basic requirements for visual information structures of augmented reality; development of a
model of the visual information structure of augmented reality; development of a model of a stable mosaic stochastic marker of
augmented reality; development of information technology for the construction and use of visual information structures of augmented
reality; analysis of the results of employing a mosaic stochastic marker of augmented reality; assessment of the effectiveness of the
employing of the main types of visual markers of augmented reality. The following methods are used: methods of digital image
processing, probability theory, mathematical statistics, cryptography and information protection, mathematical apparatus of matrix
theory. The following results were obtained: the main types of visual markers of augmented reality were analyzed; the basic
requirements for visual information structures of augmented reality are formulated; a model of the visual information structure of
augmented reality was developed, the model is the result of the following operations: introducing redundancy, stochastic data
reordering, adding a mosaic bit container; the model of a stable mosaic stochastic augmented reality marker has been developed,
herewith the redundancy operator is implemented as a resizing message image using the nearest neighbor method, the stochastic data
reordering operator is implemented as a pseudo-random pixel permutation, the operator of adding a mosaic bit-container is
implemented as a procedure for bit coding by the color of marker cells, which are separated by a frame with an intermediate color;
developed informational technology for the designing and employing of visual information structures of augmented reality; the results
of employing a mosaic stochastic marker in comparison with other types of visual augmented reality markers were obtained.
Conclusions: The description of information technology of construction and use of information structures of augmented reality is
carried out on the basis of systematization of its scientific and applied bases. The practical functioning is shown on the example of the
developed stable mosaic stochastic marker of augmented reality. Further study is recommended to be continued in the direction of
generalization of the developed models and methods of construction and use of mosaic stochastic markers, which, unlike the binaries
considered, will use image messages in grayscale and color. Since the prototyping of the proposed algorithms was carried out in the
MATLAB programming system, it is proposed to move to the C ++ programming language to build a working prototype, which will
allow the implementation of the proposed information technology in the form of libraries for use on Android and iOS mobile
platforms.
Keywords: information technology; visual information structure; mosaic marker; augmented reality.
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A. MIKHNOVA, D. MIKHNOV, K. CHYRKOVA

METHOD FOR EVALUATING THE EFFICIENCY OF UPGRADING SPECIALIZED
INFORMATION SYSTEMS

The subject of the study in the article is the process of modernization of automated workingplaces of specialized information systems
of the organization. The purpose of the work is to develop a method for evaluating the efficiency of modernization of automated
workingplaces specialized information systems, which allows, on the basis of analysis of the degree of automation of workingplaces
and its impact on the performance of an organization, to determine a rational variant of the project solution in the context of budget
constraints. The following tasks are solved in the article: analysis of the peculiarities of evaluating the effectiveness of specialized
information systems; substantiation of influence of completeness and reliability of data of receiving information from automated
workingplaces on the performance indicators of the organization; development of forming stages of the method of estimating the
efficiency of modernization of automated workingplaces; practical testing of the method. The following methods are used: system
analysis, functional-cost analysis, modeling of decision making. The following results were obtained: a method of evaluating the
effectiveness of modernization of automated workingplaces of specialized information systems, which can be applied to organizations
whose performance indicators are directly dependent on the completeness and reliability of the primary data of business processes, is
proposed;; the calculation of the rational version of the modernization of the automated workingplaces of the specialized information
system of the regional blood service center with limited financing of the system modernization using the method was performed.
Conclusions: application of the method of efficiency estimation of modernization at the stage of planning of expenses for
improvement of the automated workingplaces of the specialized information system of the organization will allow to identify the
automated workingplaces on which the increase of degree of automation will lead to the most significant potential values of activity
indicators of the organization. The practical implementation of the method makes it possible to conclude on its performance both at
the stage of modernization of the information system of the organization and at the stage of development of the new system.

Keywords: specialized information systems; efficiency of modernization; automated workingplaces; completeness and
reliability of data; degree of automation; cost resources.

Introduction

The activity of any organization can be evaluated in
terms of the completeness of its mission at certain
resource costs [1]. The completeness of the mission is
determined by a set of performance indicators
that objectively characterize the quality of the
organization.

The actual values of every activity indicator depend
to a large extent on the necessary and possible
completeness and reliability of the data entered and
processed in the course of performing business processes
in the workingplace by staff. The reliability and
completeness of the data, in turn, is determined by the
technical characteristics of the measuring equipment,
computer hardware and software, depending on which
differentiate the degree of automation of jobs.
Partial or complete lack of proper hardware and software
results in staff errors during manual data entry and
processing operations at the workingplace [2]. The
corresponding increase in the degree of automation of
workingplaces allows to reduce the probability of
mistakes when entering information by personnel,
which significantly increases the performance targets of
the organization. Each organization has a desire to
continuously improve performance, which is determined
by the requirements of competitiveness in the market [3].
Usually a specialized information system (SIS) is
implemented and operates in the organization
with the corresponding current degree of automation of
data entry and processing in the workingplace [4]. In
practice, operating SIS typically do not provide one
hundred  percent  completeness and  reliability
of business process information support data, which may

determine the need for upgrading hardware and software
in their respective workingplaces [5]. Such modernization,
especially for budget organizations, is usually
carried out under pre-limited funding. The purpose of
modernization is to ensure the maximum completeness
and reliability of information support data, taking into
account their impact on the performance of the
organization.

Considering the existing impact of certain data from
the set of all data of business process information support
on different performance indicators, as well as the
ambiguous influence of individual performance
indicators from the whole population on the fulfillment of
an organization's mission, it can be concluded
that the task of preliminary assessment of SIS
efficiency before modernization of workingplaces is
relevant.

This task requires the development of a method for
assessing the effectiveness of the modernization of
automated SIS jobs, which will allow, given the limited
funding, the current degree of automation of the jobs at
which the input and data of information support is carried
out, to determine in advance possible options for design
solutions of staffing with technical equipment and
software necessary for their operation, which in turn will
provide the highest possible completeness and reliable Th
data information support and therefore improve the targets
of the organization.

Analysis of recent research and publications

The issue of SIS efficiency arises on the basis of the
quality requirements of the organization's performance
because only the proper functioning of the SIS provides

© A. Mikhnova, D. Mikhnov, K. Chyrkova, 2019
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appropriate collection of input data to improve the
organization's business processes. For example, the
activities of blood establishments are evaluated by a
number of indicators that are directly determined by the
strict adherence to international requirements for the
quality of blood components [6—7].

Various groups of methods are widely used to
evaluate SIS efficiency, such as cost (boiler, functional
point, total cost of ownership), direct result evaluation
(consumer index, cost source, economic value added
calculation), process ideality estimation (industry
average, value for industry), measurement, qualimetric
(cumulative economic effect, balanced indicators),
investment analysis (calculation of the payback period of

investment, determination of internal profitability,
index p fisheries investment, average return on
investment),  financial  analysis  (functional-value

analysis, calculation of return on investment, rapid
economic justification), qualitative (calculation of total
value of opportunities, analysis of cost behavior, analysis
of life cycle of systems), probable probability economy),
etc. [8-9].

The method of evaluating the efficiency of the
modernization of automated SIS workingplaces under
development can be based on a functional-cost analysis
method that seeks to find the maximum ratio of the effect
of functioning to the cost of achieving this effect [10, 12].
The effect of the functioning of the SIS is usually
understood as the degree of achievement of the goals set
before the SIS [13]. In this paper, the effect of functioning
means obtaining the maximum possible indicators
of the organization's activity due to the maximum
completeness and reliability of data of information support
of business processes in  separate  automated
workingplaces [14].

The purpose and objectives of the publication

The purpose of the article is to substantiate and
present the developed method of evaluating the efficiency
of modernization of automated workingplaces of the SIS
organization in the conditions of existing restrictions on
the expendable resources for the acquisition of automated
workingplaces.

To achieve this goal, the following tasks were
solved:

- a list of initial data on information support has been
formed, which should be used in the development of the
method,;

- the influence of completeness and reliability of data
from automated workingplaces on the performance
indicators of the organization is substantiated;

- method stages were developed;

- a practical test of the method was performed.

Materials and methods

To build a method for assessing the effectiveness of
SIS as output data are:

- a set of all data of information support of business
processes, DS ={ds,, }. Indexes i, j, k, h determine
indexes of process, element, action, and data respectively,
and vary within ranges =11, j=1J, k 1K,
h=1H;

- the degree of automation of data entry y = 16 [15];

- an integrated workload factor §me that reflects the
importance of the impact of workingplace-generated data
on relevant organizational performance;

- restriction on the spending resources of staffing
jobs with hardware and software C; .

Staff positions can be formally represented as a set
as follows:

WP ={wp,}, (@)
where WP — a set of all staff jobs; wp - @ -th staff

workingplace; @ - index of the workingplace number that

varies inrange ®=1Q.

Information support data that is entered during the
execution of actions (operations) of business processes in
the o -th workingplace of personnel are denoted as

{dsy,} and are a subset of all data of information

support of business processes {ds,, } :

{dsijkh }w S {dsijkh} . (2)

All data of business process information support can
be grouped by the workingplaces of the staff at which the
data is entered. Each data set is characterized by the
coefficients of importance of the data in relation to the
impact on each performance indicator of the organization,
so that for each workingplace wp, by the integrated

workload factor &, ~ can be determined using the model
[14].

The sum of the weighting coefficients for all
workingplaces is equal 1:

_ Q
2={fp,} X & =1, 3)
w=1
where = — a set of integrated weighting factors for all
workingplaces; &,, - integrated weighting factor of the

workingplace wp,, .

Each workingplace of the personnel wp, can be

completed with technical means necessary for data
processing  with  the software  which  defines
degree of automation of data input » during performance
of actions (operations) of elements of processes
on this workingplace, and, accordingly, define
degree of automation of the workingplace wp,, (fig. 1)

[14].
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Fig. 1. Acquisition of workingplaces by technical means and the software for functioning of SIS according to degree of their

automation

For each automated workingplace in the SIS, the
degree of automation y of the workingplace wp,, can be

determined, according to which an integrated indicator of
the level of reliability of the received datag, at the

workingplace wp,,, can be set according to [2].

Modernization of SIS automated workingplaces will
effectively affect the functioning of SIS as a whole in
terms of improving the performance of the organization.
Thus for each workingplace the partial indicator of effect
of functioning of each workingplace, which is a
multiplication of the integrated coefficient &,  of

workingplace weight wp,, by the integrated indicator of

the level of reliability of the received data at the
workingplace at the corresponding degree of its
automation (table 1). The effect of the functioning of the

SIS as a whole is the effect of the functioning of each
workingplace with the appropriate degrees of automation
of these workingplaces and aims to maximize the value:

Q
Fl= > 6,¢, —max, (4)
w=1

where FI — the effect obtained from the functioning of the
SIS, taking into account the integrated weighting
coefficient &, for each workingplace wp,, and the
integrated indicator of the level of reliability ¢, of the
data obtained at that workingplace wp,, ~with the
appropriate

degree of automation v.

Table 1. Formalized presentation of partial performance indicators of each workingplace to determine the total effect of the
functioning of the SIS, depending on the degree of automation of jobs

The degree of automation y = [1— 6] g, wp, “e wp, . wp,,
’= 6 0,997 016 wpy ‘9(069ng,0 ‘996 Wpg,
y=5 0,990 Oson Orslon, Onsn,
y=4 0,988 Ouon O, O,
y=3 0,985 O, Ol O,
y=2 0,980 O, 0,2l um, OsEn,
y=1 0,978 O, Ol Oy

The effect obtained from the operation of the SIS
will be maximized while providing the highest degree of
automation y =6 at each workingplace wp But

wy "

increasing the degree of automation of each workingplace
requires the appropriate spending resources to buy the
hardware and software for those jobs.
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Consideration should be given to analyzing the cost
of workingplace resources:

- the organization implements the SIS. For each
workingplace, which generates data that affects the
performance of the organization, and the corresponding
degree of workingplace automation (starting from the
first), it is possible to determine the total cost for each
degree of automation;

- the organization is upgrading the SIS. The
composition of the hardware and software (if any) is
analyzed for each workingplace, the current level of

automation is determined, the additional costs are
determined at the transition to the possible higher levels
due to the modernization of existing hardware or software,
or the purchase of new ones.

Thus, the expenditures prm required for manning

the workingplace wp, with hardware and software to
achieve the appropriate degree of automation » can be
summarized as follows in table 2:

Table 2. Formalized representation of the costs of modernization (creation) of automated workingplaces for the formation of costs for

the modernization of SIS

The degree of automation ¥ = [l— 6] wp, wp,, e wp,,
7 =6 Cops Cop,e Cops
y=5 Cune Cop.. Con
y=4 Cop, Co,. Con.
y=3 Cup,, Con., Cone.
y=2 Co, Con., . Con.
y=1 Cup, Con, Co

In the conditions of limitation of expenditures on
manning workingplaces {pr} by hardware and software

and gradual increase of the degree of automation of each
workingplace, it becomes necessary to determine the list

of those workingplaces {wp,} from the whole set

{wp,}, which increase the degree of automation to the

appropriate level and give the maximum possible effect of
the functioning of the SIS as a whole.
Since the modernization of the SIS involves

consideration of options {vn} for completing one or more

automated workingplaces with hardware and software, the

cost of acquiring hardware and software C,, to transfer
oy

the workingplace wp,, to another degree of automation

each variant v, of the

Wpa)y
implementation of completing the workingplace.

To evaluate the effectiveness of the SIS
modernization, a method is proposed, which consists of
the following stages:

Stage 1. Determine the current degree of automation
y for each workingplace wp,, during the execution of

(related to the SIS

can be calculated for

business  processes current
implementation).

Stage 2. Determine partial performance indicators
for each workingplace with the appropriate degree of
automation and the cost of upgrading, starting from the
next to the current one. In the case of SIS implementation,
all the degrees of workingplace automation and the
corresponding costs of hardware and software are taken
into account.

Stage 3. Calculation of the values of the effect of the
functioning of the SIS as a whole for each variant of the

modernization of the set of workingplaces, taking into
account the coefficients of the weight of the
workingplaces

Q
FI = Z Htu;/éwpm ' (5)

w=1

Stage 4. Ratio of the values of the effect of
functioning with the cost of hardware and software for
each of the options, checking for compliance with the
specified cost limit, the search for a rational option by the
criterion of maximum (4).

To perform the calculations, it is advisable to use
well-known design decision algorithms, such as the MS
EXCEL, which is designed to solve linear optimization
problems.

Results of the studies and their discussion

Practical testing of the method of estimating the
efficiency of modernization of the automated
workingplaces of specialized information systems was
performed on several business processes of the
organization of the Municipal Institution of Health
Protection the Kharkiv Regional Center of Blood Service.
Namely, business processes of donation, centrifugation of
blood, distribution of blood into components, marking of
blood products at the appropriate posts of the operating
nurse, technician, nurse of the fractionation station,
medical registrar of testing (fig. 2). At these
workingplaces, the current degree of automation was
determined: the nurse of operating room has the first
degree of automation; workingplace of technician - the
second one; fractionation nurse's workingplace - the first
one; the workingplace of the medical registrar of
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approbation - the third. Expenditure on the purchase of solution for the modernization project for each of the
technical equipment and software for the modernization of  identified workingplaces, a method for assessing the
these workingplaces is 1000000 UAH. To find a rational  effectiveness of the modernization of the SIS was applied.

Fig. 2. Staff workingplaces for implementing a fragment of the business processes of the blood service center

The task of finding a rational variant of project limitations of the expenditures on modernization. The
solutions for the workingplaces of the operating room calculations were made using the MS EXCEL module.
nurse, technician, nurse of the fractionation station, Fig. 3 presents the results of the calculations to determine
medical registrar of approbation is solved with the the rational options for designing workingplaces.

Output data and restrictions:

Manning cost’s workplaces < = 1000000 UAH

The current degree of automation of nurse's workplace of the operating room -first;

The current degree of automation of technician's workplace - second;

The current degree of automation of nurse's workplace of the centrifugation section - first;
The current degree of automation of medical registrar’s workplace of the approbation - third.

Effect of functioning of workplaces depending on degree of automation
Workplaces/ first second third fourth fifth sixth
degree of automation

nurse's workplace of the operating room 0,3912 0,392 0,394 0,3952 0,396] 0,3988
technician's workplace 0,098] 0,0985 0,0988 0,099 0,0997
nurse's workplace of the centrifugation

section 0,2934 0,294]  0,2955 0,2964 0,297 0,2991
medical registrar's workplace of the

approbation 0,197 0,1976 0,198] 0,1994

Manning cost's to provide every degree of automation for each workplace (UAH)
Workplaces/ first second third fourth fifth sixth

degree of automation
nurse's workplace

of the operating room 100000 | 110000 | 130000 150000 200000 | 250000
technician's workplace 140000 | 180000 250000 300000 | 400000
nurse's workplace

of the centrifugation section 100000 | 105000 | 110000 140000 180000 | 200000
medical registrar’s workplace of the

approbation 300000 400000 500000 | 600000

The choice of the optimal variant of the design solution for each workplace
Workplaces/ first second third fourth fifth sixth
degree of automation

nurse's workplace of the operating room 0 0 0 1 0 0
technician's workplace 0f | 1 0 0 0 0
nurse's workplace of the centrifugation

section 0 0 1 0 0 0
medical registrar's workplace of the

approbation 0 0 0 0 0 1

Fig. 3. The results of the calculations to determine the rational variants of project solutions for workingplaces
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Based on the results of the calculations, within the
limits of the expendable resources, a rational variant of
workingplace modernization was determined, according to
which the degree of automation of the workingplace of
the operating room nurse could be increased from the first
to the fourth; the degree of the technique's workingplace
will not change and will remain the second; the degree of
automation of the fractionation nurse's workingplace can
be increased from the first to the third; the degree of
automation  of  workingplace of the medical
registrar of approbation can be increased from the third to
the sixth.

The results of the work were discussed at the
scientific-practical conference "Topical issues of clinical
and industrial transfusion” (Kharkiv, September 12-13,
2019).

Conclusions and prospects for further development

The use of the developed method for assessing the
effectiveness of SIS modernization in determining the
implementation of SIS allows to determine the
configuration of workingplaces by hardware and software
S0 as to ensure the maximum completeness and reliability
of the data entered in these workingplaces within the
allocated cost resources, and, accordingly, lead to the most
significant potential values of the organization's
performance.

The results obtained can be used as a basis for
further detailing the selection of hardware and software
with different qualitative characteristics (in accordance
with different costs for their acquisition), which requires
input instead of a fixed value of costs to achieve a certain

degree of automation of price zones.
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METOJ OHIHIOBAHHSI EPEKTUBHOCTI MOJIEPHI3AIIT CIIELIAJII3OBAHUX
IH®OPMANIMHUX CUCTEM

IIpeameToM IOCTIKCHHS B CTATTI € MpOIEC MOJCPHi3allii aBTOMaTU30BAaHUX POOOYMX MiCIh CIICIiali30BaHUX IH(POPMAIITHIX
cucteM opranizaiii. Mera po6oTH — po3poOKa METOy OLIHIOBaHHS ¢(EKTUBHOCTI MOJICpHi3allii aBTOMATH30BaHHX POOOYHX MiCIh
Creriani3oBaHuX iHPOPMALITHUX CUCTEM, SIKHI JO3BOJIIE HAa OCHOBI aHaJIi3y CTYIEHIO aBTOMaTH3allii poOOYMX MiCIlb Ta HOTO BIUIMBY
Ha TOKa3HUKH IiSUTBHOCTI OpraHi3amii BU3HAYHWTH palliOHAJIGHUH BapiaHT MPOEKTHOTO PILIEHHS B yMOBaxX oOMexeHb Oromxery. B
CTAaTTi BUPILOIYIOTBCSA HACTYNHI 3aBJAaHHA: aHANI3 OCOONMBOCTEH OIIHIOBAaHHS E€(QEKTUBHOCTI CIICIiali30BaHUX iH(pOPMALiTHIX
cUCTeM; OOTPYHTYBAaHHS BIUIMBY MOBHOTH Ta JOCTOBIPHOCTI AaHUX OTPHUMAaHHS iH(QOpMAIli 3 aBTOMaTH30BaHUX POOOYMX MiCIb HA
MOKAa3HUKM IiSUTBHOCTI  OpraHizamii; po3poOka QopMyBaHHA eTamiB METOAY OLIHIOBAaHHA €(EKTHBHOCTI MoOJepHi3amii
aBTOMAaTHU30BaHUX POOOYMX MICIlb; MPAKTHYHA ampoOarlisi 3aCTOCYBaHHSA METOHY. BUKOPHCTOBYIOTBCS Taki METOAU: CHCTEMHHUI
aHaii3, (YHKIIOHAIBHO-BAPTICHUN aHali3, MOJETIOBAHHS NPHUHHATTS YNPABIIHCBKUX pimeHb. OTpUMaHO HAcTyIHI pe3yJIbTATH:
3aIpONIOHOBAHO METO/I OI[IHFOBAaHHS e(hEKTHBHOCTI MOJICPHi3allii aBTOMAaTH30BaHUX POOOYHMX MiCIlh CIEIiai30BaHuX iH(GOPMAIIHUX
CUCTEM, KU MOKe OYTH 3aCTOCOBAHO JJIsl OpraHi3alliif, MOKa3HUKH JisUTbHOCTI SKUX 0€3M0CePeIHhO MAIOTh 3aJICKHICTh BiJl TOBHOTH
Ta JOCTOBIPHOCTI NEPBHHHHX JAHHUX Oi3HEC-NIPOLECIB; i3 3aCTOCYBAHHSIM METOJy BUKOHAHO PO3PAXyHOK paliOHAJILHOTO BapiaHTy
MoOJIepHi3alii aBTOMaTH30BaHUX POOOYMX MiCIb Cremiani3oBaHol iH(GopMamiiHOI cHCTeMH OOJACHOTO IEHTPY CIIy)KOW KpOBi IpH
oOMexkeHOMY (piHaHCYBaHHI MOJEpHi3alii cucTeMi. BHCHOBKH: 3acTOCYBaHHS METO/AY OILIHIOBAaHHA €(EKTUBHOCTI MOJepHi3alii Ha
eTami TUTAaHYBaHHS BHTPAT Ha BIOCKOHAJCHHS aBTOMATH30BAaHMX pPOOOYMX MICIb CIIelialli3oBaHoi iH(pOpMAIiifHOI cHcTeMH
opraHizarii I03BOJHTh BH3HAYHTH Ti aBTOMAaTH30BaHi poOodi Micls, Ha SKWAX MiABHIICHHS CTYIEHIO aBTOMAaTH3allil MpHUBENE 10
HAMOUTBII BaroMrux MOTCHIIHWX 3HAaUYeHb MOKA3HHUKIB MisUBHOCTI opraHizamii. [lpakTudyHa peamizalist METOIy J03BOJSIE 3pOOUTH
BHUCHOBOK II0JI0 HOTO Mpare3aTHOCTI SIK Ha eTari MOJAEpHi3allil iHpopMaIliifHOT CHCTeMH OpraHi3allii, Tak i Ha eTami po3poOKH HOBOT
CHCTEMH.

Kurouogi ciioBa: crerianizoBani iHdopmatiiiHi cucteMu; eeKTHBHICTh MOJIEpHi3allii; aBToMaTH30BaHi po0oyi MicIlsl; TOBHOTA
Ta JIOCTOBIPHICTh TaHWX; CTYIHb aBTOMATHU3AIlil; BUTPATHI PECYpCH.

METOJ OHEHUBAHUA DOPPEKTUBHOCTU MOJAEPHU3ALIUN
CIIEHUAJIM3NPOBAHHBIX THO®OPMALIMOHHBIX CUCTEM

IIpeqvMeToM HcCIEJOBaHUS B CTAaThe SBISETCS MPOIECC MOJCPHHU3AINN aBTOMATU3HPOBAHHBIX PA0OUNX MECT CIICIHNATM3UPOBAHHBIX
nH(pOpMaMOHHBIX cucteM opranm3anui. ILleas paboTel — pa3paboTka MeToja OIeHWBaHMS 3()(GEKTUBHOCTH MOJAEPHH3AINN
aBTOMATH3UPOBAHHBIX PAabOYMX MECT CHEIUAIN3UPOBAHHBIX MH()OPMAIMOHHEIX CHCTEM, KOTOPBHIA MO3BOJISIET Ha OCHOBE aHAIN3a
CTENEeHN aBTOMATH3AIMK PabOdYMX MECT M HX BIHMSHHUS Ha ITOKa3aTeNn AEATENFHOCTH OPTaHW3aIllMU ONPENEeNHUTh palyOHAIBHBIN
BAPUAHT MPOEKTHOTO PELICHHUS B YCIOBUSX OrpaHUYeHHiT Oro/keTa. B craThe pemarTes ciegyromue 3aaa4y: aHaiu3 0COOCHHOCTeH
olieHUBaHUs Y(P(HEKTUBHOCTH CIEHATU3UPOBAHHBIX HH(POPMAIIOHHBIX CUCTEM; 0OOCHOBAHHUE BIIMSIHUS MOJHOTHI U JOCTOBEPHOCTH
JaHHBIX MOJYYeHUS] MH(POPMALUK C aBTOMAaTU3HMPOBAHHBIX pabOYMX MECT Ha TOKa3aTeNH JesTeIbHOCTH OpraHu3aliu; pa3paboTka
(opMHpOBaHHE JTAllOB METOJa OLCHUBAHHS d(GPEKTHBHOCTH MOJCPHU3ALNHN aBTOMATH3HPOBAHHBIX PaOOYMX MECT; MPaKTHYECKas
ampo0arys mpuMeHeHHs1 MeToa. Mcrone3yloTes ciemyomue MeToAbl: CHCTeMHBIH aHann3, (yHKIMOHAIBHO-CTOMMOCTHBIA aHAJH3,
MOJIENTMPOBAHMS TIPUHATHE YIPABICHUECKUX pelreHnil. [lomydeHsl ciemyromme pe3yJbTaTbl: IPEUIOKEH METOH OICHHBAHHMS
3¢ PEeKTHBHOCT MOAEPHHU3AIMN aBTOMAaTH3MPOBAHHBIX PabOYMX MECT CIEIHAIN3NPOBAHHBIX MH()OPMAIIMOHHBIX CHCTEM, KOTOPBIH
MOXeT OBITh IPUMEHEH JUIsl OpPTaHU3aIiH, MOKa3aTeNN A TeTEHOCTH KOTOPBIX HEMOCPEACTBEHHO HMEIOT 3aBUCHMOCTD OT TIOJTHOTHI U
JOCTOBEPHOCTH MEPBHYHBIX [JaHHBIX OW3HEC-NIPOLIECCOB; BBINMOJHEH pacyeT palMOHAJIBHOTO BapHaHTa MOJSPHH3AIMU
aBTOMAaTH3UPOBAaHHBIX PAabOYMX MECT CIEHHATN3NPOBAHHON MH(OPMAIMOHHOI CHCTEMBbI O0JIACTHOTO IIEHTPA CIYKObI KPOBH IpU
OrpaHW4YeHHOM (MHAHCHPOBAHHU MOJEPHU3AIMHU CHCTEMBI C TPUMEHEHUEM MPEJI0KEHHOT0 MeTo1a. BBIBOABI: MpUMEHeHHEe MeToja
oueHnBaHUA 3(Q(PEKTUBHOCTH MOJCPHHU3ALMH HA dTale IUIAHUPOBAHUS PAcXOJOB Ha COBEPIICHCTBOBAHME ABTOMATH3UPOBAHHBIX
pabounx MecT CIIEHHATN3HPOBAHHON HH(OPMALIOHHONW CHCTEMBI OpPTaHM3alldH ITO3BOJIUT OINPEACIUTH Te aBTOMATH3HPOBAHHEIC
paboune MecTa, Ha KOTOPBHIX IOBBIINICHHE CTENECHH AaBTOMATHU3AIMU NpPUBENET K HanOoJee BECOMBIM ITOTEHIMATILHBIM 3HAUCHUSIM
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AGILE LEADERSHIP OF MANAGING INNOVATION PROJECTS

The subject of the article is development of project, programs and project portfolios management systems with drivers of innovation
is considered. Substantial changes in the environment require further research into the effectiveness of the application of existing agile
methodologies, knowledge systems and competencies of project managers and their leadership. The foundations of environmental
change lie in changing the decision-making paradigm in innovation project and programs management. The goal is to explore modern
approaches to leadership formation when applying agile methodologies of its specificity from the point of view of decision-making
processes in project management. The problems of leadership creation and development in the application of agile project
management methodologies for the implementation of information and communication systems are considered. The results of studies
were conducted on the basis of a competency-based approach modelled by the International Project Management Association. The
content model of competency of the leader applying agile management is presented. Conclusion: The Agile leadership and leadership
behaviour patterns are formed in a project management behavioural competency system based on agile technology methods and tools.
These competencies included: Self-reflection and self-management, Personal integrity and reliability, Personal communication,
Relationships and interaction, Leadership, Teamwork, Conflicts and crises, Inventiveness, Reconciliation, and Orientation to results.
The patterns of project managers' behaviour as agile leaders in project product creation and agile project management are explored.
The differences in the behaviour patterns of leaders and agile leaders were examined by behavioural competencies within the
identified key competency indicators. Such patterns allowed the authors to identify bottlenecks in the application of agile project

management methodologies in the context of the development of innovative products of innovation systems.
Keywords: leadership; agile management methodologies; project; competence; behaviour pattern; project manager.

Introduction

The fast-paced world needs a new kind of leader and
leadership. This thesis emphasizes the dynamism and
innovative orientation of projects and programs for the
development of organizations based on the introduction of
information and communication technologies. As the
world transforms rapidly, a new generation of leaders is
needed. That is individuals who are able to respond
quickly to technological innovation, changing social
relationships and creating new businesses and
technologies for project implementation. The challenges
faced by organizations in the development and
implementation of information and communication
technologies are becoming more complex than ever
before. Thus, the application of proven best practice is no
longer a way forward. The world has realized that
planning everything in advance makes us tough, not
Agile. When a project begins to focus on what is valuable
to our clients, we need to make use of the best practice.
Complexity and uncertainty also require another form of
control. Responsibility will now be manifested at lower
levels within the organization. Decision-makers are
increasingly being held accountable to experts, and
leadership is being replaced by leadership at all levels of
the organization. This means that more and more project
teams are choosing a holocratic, one-tier structure and
principles of activity [14]. One of the answers to these
challenges is the economically agile work with
innovation, an important part of how we organize our
activities. Increasingly, organizations are adopting a value
approach and are learning to distinguish between what is
valuable and what doesn't matter is a development that has
been going on for the last decade [6]. Many organizations
have taken the first, sometimes bold, steps in a cost-
effective transition to becoming more adaptable to the
environment. Today, there are practically no organizations
that do not apply (at least at an intuitive level) Agile

project and program management methodologies.
Organizations that already have experience with agile
methodologies know that more than just sending people to
training is needed. They understand that agile
methodologies are easy to learn but difficult to put into
practice. In this case, we need specialists who lead the
overall learning process and inspire employees in their
organization to adopt agile thinking.

An analysis of recent research and publications
shows that leaders in agile organizations are embracing
change, and this has implications for the strategy they use
to achieve their goals and vision. Vision is more like a
"blurry spot" on the horizon than a "clear spot". With an
agile strategy, organizations can take advantage of
opportunities and avoid threats. Agile executives and
leaders understand that such a strategy is blurry and is an
early stage, a tool to make sense of the work being done
by the organization [1, 15].

An increasingly complex world and an uncertain
future present organizations with enormous challenges.
On the one hand, they have to deal with waste as much as
possible (the philosophy of thrift), and at the same time,
they have to become more mobile. The latter is only
possible if people are also universal [2].

Today, there are new ways of working on project
product creation, in which decision-making is as close to
implementation as possible and as late as is justified by
the tight deadlines of project and product lifecycles in
their implementation. Agile management is focused on
creating a balanced value, not a planned schedule. The
work is performed in the form of short cycles, instead of
implementing a waterfall approach, and constant attention
is paid to development and quality [12].

While there are framework models that provide some
direction for the development, each organization has its
own interpretation of agile work. Agile working is a
philosophy, it is the foundations that support
such a philosophy. Instead of adopting agile
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methodologies, people become Agile and this requires a
fundamental change in thinking and leadership. Thus,
even plan-oriented projects can also benefit from
flexibility [6].

Flexibility determines the way in which the structure
of the organizations themselves changes greatly. In this
case, each form has its own frame of reference or
development paradigm. Modern organizations no longer
share power from top to bottom, but associate it with
specific roles in such a way that there is a significant level
of correction. An example is a transition to flat
organizational structures with holocratic management. It is
difficult for leaders who apply different development
paradigms to share ideas with each other. Therefore, the
agile leader should be able to move freely between these
paradigms [10].

Loss prevention, cost savings and value creation do
not stop at the boundaries of a team or organization. Agile
executives know and take into account the context in
which they function. Accordingly, compliance with laws
and rules is a must for the leader. In addition to complying
with laws and regulations, they are also aware of the
interests of society [12].

Agile teams promote the culture and values in which
participants enter into agreements with each other about
how they will interact. They encourage individual
members to adhere to this and do not always allow their
personal interests to prevail.

Non-force interaction is the basis of agile leadership.
If force is used, it is done with caution. If there is such a
thing as power, it exists to serve a variety of stakeholders
in the organization's activities. This does not mean that an
Agile leader allows himself to apply pressure in all
directions; on the contrary, it should provide influential
and inspiring leadership [2].

Different influences and interests ultimately lead to
equilibrium, and the agile leader unites the team rather
than divides it. This can only happen when it demonstrates
a genuine and honest interest in various stakeholders. The
leader approaches differences with curiosity and thus
develops the necessary sensitivity to engage those parties
with him in agile thinking.

Culture is the result of the lessons learned by the
organization over its lifecycle. This is the way she defends
her core values. An organizational culture that is
embedded in one (or sometimes several) national cultures
(s) protects the organization against threats and ensures
stability. Culture itself often changes complexity and,
therefore, switches to agile methodologies [13]. Changing
a leader is therefore almost always a devastating process.
A leader who shapes Agile culture (change) is more
important than processes and structures, by its nature
assumes an exemplary role for the promoters of that
culture. Various Agile structures also relate to values such
as commitment, courage, and focus on values, openness
and respect. The basic, often unconscious, underlying
assumptions within an organization do not always
reinforce each other. Culture is changing gradually. It is
not self-evident that everyone is comfortable with these
changes. People leave the organization and new members
join. Every Agile leader takes this into account.

The purpose of the article is to discuss the problems
of forming and supporting leadership in the application of
agile project management methodologies for development
innovation product.

The research methodology

The competence approach is based on two concepts:

- competence is an area of activity or function
performed by an employee;

- competence is a characteristic of a potential
employee's ability to perform successfully within certain
competencies [13].

Modern organizations are facing an urgent task: to
unlock the competent potential of specialists in full, which
is extremely important for making the right management
decisions and conducting reliable expertise in the course
of project implementation. However, it should be
remembered that for every employee who develops his
career in the organization, such development is, on the one
hand, a motivating factor, on the other - a threat. In doing
so, each employee is expected to learn how to manage and
develop their own competencies through Agile leadership.
Successful implementation of innovative projects and
programs for the creation of modern information and
communication technologies is ensured by the creative
application of a competent approach. This approach can
be used as a common communication language that brings
together the organization and employees, tasks and
executives through agile leadership. In this case, the
development of the organization and the development of
staff occur at the same time. Personality develops when
interacting with people. Some recognize themselves in
relation to others. Reflecting, we study the impact of our
behaviour on others. The tension that sometimes arises
motivates us to adapt, which is a value of self-
management. Thus, this element of competence is the
basis by which a person develops individual flexibility
[13].

An agile leader has a growth mindset, a conviction
that he or she can grow further because of the
competencies he or she develops within the organization.
This mentality is the responsibility of the individual, who
must act on the basis of his or her motivation and not
through external pressure. The focus is on each person's
personal development. In fact, there is an expectation that
everyone will take these leadership behaviours. That is
why it is important to provide workable levels of stress,
and this work is an important source of happiness [3].

It is clear that an agile leader will act in accordance
with his or her own internal motives, thus retaining his or
her personal integrity. Empowering team members to do
the same (act on internal motives) makes it reliable and
inspiring. Nothing is more unpleasant than a leader who
imposes agile methodologies but does not operate
according to agile principles. The agile leader's
professional values are rooted in agile thinking. Therefore,
ethical behaviour operates in accordance with agile
principles. The choice of agile methodologies means that
management will accept its employees as they are
unconditional. After this choice, managers should
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demonstrate agile leadership and leadership. This means
that team members are given resources to do their jobs. In
addition, the overall interest of the team must take priority
over the individual interests of its members. Only then
will the management be credible and reliable.

One of the principles of agile work is the joint
creation of project and program products. Therefore,
personal communication is the most rational and effective
way of sharing information with and within the team. This
makes conversation the most important form of
communication. The Agile leader does not represent but
supports a group and creates a social network where
people meet and talk to each other. This is one of the main
tasks of an agile leader. It requires everyone to be actively
present in the conversation, thereby limiting
misunderstandings and making it debatable. Leaders set
the example. Since it is not self-evident, it is not taken for
granted. In doing so, it communicates to each other in a
non-violent way because of certain behaviour. This
creates an open space in which each person is involved in
the process and can be present [1].

Open attitude to people and events makes
information freely disseminated within the organization
and leads to a flourishing relationship between team
members. It is necessary to ensure self-determination and
flexibility. Everyone in the organization must have the
right information at the right time to make an empirically
sound decision.

Openness is the clarity and transparency of the
project and organizational goals to be achieved, the results
and evaluations of progress. It is about mutual cooperation
and agreements, as well as the beliefs and fears of
individuals who influence relationships. Openness means
giving transparency and asking questions while
postponing judgment. It creates trust and privacy. Agile
leaders are an example to follow. Self-knowledge enables
one not to follow one's selfish needs to dominate one
another. The ministries and aspects of relationship
management must be in balance [5].

Self-management is effective when it is possible to
use people's intrinsic motivation. This includes ensuring
adequate organizational security of activities, removing
obstacles and facilitating work. When people feel
autonomy, power and purpose, they can give most of
themselves. Developing this capacity is an important
success factor for agile leadership.

An agile organization is a social network that in turn
leads to self-observation. The composition of this network
is dynamic, but people make clear agreements about how
they work together. Agile leaders give direction to part of
the network, but not as a helper, not as a ruler. They build
relationships in which the other creates an understanding
of what is happening around him or her to make
his or her own functioning online more valuable.
This increases the social capital of an agile organization
[12].

There is a difference between a manager and a
leader, a manager has a hierarchical position, a leader has
some skills to motivate people and, moreover, to get
things moving. In this element of competence, leadership
is defined as a characteristic, not a managerial function.

Many people can demonstrate leadership, but only some
are managers.

Agile is based on equality, autonomy and self-
determination. Personal leadership of people in such an
environment is critical to choosing direction, motivation,
and encouraging people so that they can achieve the
desired organizational goals. The leader takes the position
of assistant, whose interests are central to the group or
organization. The leader does this primarily by setting an
example and helping build relationships with, or work
with, the people he leads. The degree of self-
determination a team receives depends on their skills and
abilities. Leadership quality is determined by the level of
integration of specific team members to achieve project
goals. An agile leader is one who proactively removes
obstacles and allows teams to deliver value [8].

Within an Agile organization, we focus on
collaboration between individuals, teams, and clients.
Team members are partners, not employees. Self-study
groups play a crucial role in an Agile organization. Each
team has its own goal, but its priorities are to always
benefit the organization and its customers. This is
manifested in trust, conflict resolution skills, commitment,
accountability and commitment to common goals, and the
willingness of individual team members to work flexibly.
Without being imposed from above, they share certain
goals and constantly make agreements about how they
work with one another. This does not prevent the agile
leader from challenging the team to continually improve
[9].

Together, the team members have all the experience
and skills to achieve the project's goal. Preferably,
individual members are interdisciplinary, so teams are
more independent, not very large, and therefore more
agile and responsive. They challenge each other, share
knowledge and teach each other, which makes them more
deployable and Agile. For optimal team collaboration,
diversity, as well as the different characters of team
members, is an important factor.

An Agile leader takes care of a supportive work
environment and holds the right types of meetings and
workshops. During them, be it stand-up meetings,
seminars, large-scale discussions, etc., he assumes a
neutral position as a facilitator.

Conflicts arise within the team, but also in
collaboration with other groups and stakeholders. Where
people work together for a longer period of time, conflict
is a means of strengthening relationships, perceived as
inevitable, and seen as an opportunity to learn.

To turn conflict into a constructive channel, the agile
leader provides an environment in which conflicts can be
used to benefit the team. That is, they agreed in advance
how the differences are motivated when they arise.
Sometimes Agile principles and how they are used in
everyday practice become a source of conflict. An agile
leader encourages people involved to find common
ground. As a result, the team develops their own conflict
resolution skills.

Despite all preventative measures, it is sometimes
impossible to avoid a crisis. Every crisis is a situation that
requires optimal flexibility. The team looking back on its
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collaboration from iteration to iteration will also be well
prepared for the next crisis. However, this is not enough;
The threat of crisis requires a thoughtful critical plan. At
the end of the crisis, there will be a need for a
retrospective [12].

The ingenuity of agile work is expressed in the
delivery of results with limited resources. The phrase
"resourcefulness, not resources” is a great expression of
this. Initially, people and teams look for the solutions or
resources they need without expecting others (such as
senior management). Agile leader stimulates creativity.
For example, it does this by working in a safe
environment where people can experiment, in addition to
using known technologies. It is also inferior to people
with different views that violate existing patterns in order
to promote group blindness [1].

In particular, self-learning organizations expect
individuals and teams to agree on solutions when there are
differing views. This requires negotiation skills. The agile
leader facilitates this process. Negotiations also aim to
maximize the balanced value for all stakeholders. It is
important to remind different parties of this over and over
again.

In an Agile environment, people have to negotiate on
various issues. Initially, the organization has different
ideas about what "Agile work™ is. Where an agile leader
plays a facilitating role, he or she must constantly
negotiate how to do it in this particular situation.
Collaboration style is better than forcing style. There is no
single approach, but an individual approach must be
developed for each new task. This is done through
negotiation. The solutions found to define a new agile
culture [4].

The result orientation is obvious because the agile
organization operates cyclically for a short period of time
(iteration) and must achieve results at a continuous pace.
The context in which an organization operates is
determined by several ways in which it can
manifest itself. Determined planning-oriented projects can
benefit from this approach by delivering results at each
iteration [10].

Self-reflection and
self-management
iy

Harmanization

Ingenuity ¢

Conflicts and crises

Conflicts and crises —

Teamwork

The work environment (Gemba) should give people
maximum support in creating project products. In
addition, employees create working conditions from
which they constantly adjust the standards to higher
levels. This stimulates the agile leader. In this way, a
continuous improvement process is created that helps to
achieve maximum productivity [9].

Agile leader, aware of the purpose and potential of
the organization, contributes to the formation of effective
new teams and increase the effectiveness of existing
teams. The leader builds a network of business
relationships that support their own virtual organization.

Research results. Agile leadership in implementing
innovative ideas, projects and programs

The studies were conducted within the competence
model of ICB4 [13]. Agile leadership is shaped by many
factors and within behavioural competencies [13]. The list
of such competencies of heads of organizations, project
managers and flexible leaders is given in table 1.

Table 1. Behavioural competencies of an agile leader

P
o

OO N| OO | W[IN| -

Competencies

Self-reflection and self-management
Personal integrity and reliability
Personal communication
Relationships and interaction
Leadership

Teamwork

Conflicts and crises

Conflicts and crises

Ingenuity

Harmonization

=
o

The studies were conducted on the basis of assessors'
assessments and self-assessments of a group of project
managers who have been internationally certified under
the ICB4 model by key KCI competence indicators, which
form the basis of the competency assessment model. The
results of the study are shown in fig. 1.

Personal integrity and
reliability

Personal
"~ | communication

— | pader
—anager

Relationships and
interaction

Leadership

Fig. 1. The patterns of behaviour of a flexible leader and leader in behavioural competencies
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The study involved 10 professionals who have been
certified by the model ICB4 [13]. Individual assessments

of flexible leaders 'and leaders' behaviour patterns were
obtained.

Table 2. Expert assessments of the Flexible Leader's behavioural competencies

Agile leaders. Experts A .
. verage Variance
Competencies
1 2 3 4 5 6 7 8 9 10
Self-reflection and self-
management 6 7 8 8 6 6 8 6 7 6 6,8 0,92
Personal integrity and
reliability 8 9 8 8 8 9 7 7 8 6 78 0,92
Personal communication 9 ; 8 8 9 8 8 g ; g 8 067
Relationships and interaction 8 9 8 8 5 9 9 8 8 8 8.1 0.8
Leadership 10 9 9 9 10 10 10 9 10 10 9,6 0,52
Teamwork 9 | 10| 9| 8| 9| 8| 8| 9] 10| o9 8,9 0,74
nfli nd cri
Conflicts and crises 8 9 8 8 9 10 9 8 9 9 8,7 0,67
Ingenuit
genutty 10 10] 9 |10] 9| 9] 10]10] 9] 10 9,6 0,52
Harmonization 8 | o | 8| 8| 7| 8| 8| 9] 7| 8 8 0,67
rientation to the resul
Orientation to the result 10 9 10 9 10 8 10 9 9 8 9,2 0,79

The average values of competency scores were taken
as the basis for constructing the flexible leader's behaviour
pattern, which, together with managers' assessments, is
shown in fig. 1.

Table 3 presents expert assessments of the
behavioural competencies of the heads of organizations.

Table 3. Expert assessments of the Leader's behavioural competencies

Leaders. Experts .
c . Average Variance
ompetenmes
1 2 3 4 5 6 7 8 9 10

Self-reflection and self-
management 9 7 8 8 9 9 7 8 7 8 8 0,82
Personal integrity and reliability 2 2 7 8 6 6 6 2 2 0.82
Personal communication 6 6 5 6 5 6 5 6 59 0.74
Relationships and interaction 6 5 ; 5 6 6 5 6 . 5 58 079
LeaderShlp 5 6 6 7 5 5 7 7 6 7 6,1 0,88
Teamwork 6 | 5| 5| 4| 6| 4|6 ]| 4|5 ]| 4 49 0,88
Conflicts and crises ; ; 6 ; 8 6 8 6 . . 69 074
Ingenuity 6 | 6| 6|5 | 6|6| 7] 5] 6] s 5,9 0,57
Harmonization 7 7 8 8 7 6 6 8 7 6 7 0,82
Orientation to the result 6 6 6 5 6 6 6.1 057

From the results of competency assessment, we can

see that practically all the elements of competence of

flexible leaders with the exception of "Self-reflection and
self-management".

Key indicators of the competence of the self-
reflection element and the self-leadership of the flexible
leader are given in table 4.

Table 4. Key Indicators of Competence of the Self-Reflection and Self-Governance Element

No. Key competency indicators
11. Defines and reflects on how one's own values and experience affect work
1.2. Creates self-confidence based on personal strengths and weaknesses

1.3. Defines and thinks about personal motives to set personal goals and focus
14. Organizes personal work depending on the situation and own resources
15. Takes responsibility for individual learning and development

The conducted analysis of the competence of a

leader and a leader in a sample of 20 persons allowed the

authors to construct patterns of their behaviour, which are
shown in fig. 2.
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Fig. 2. Behavioural Patterns of Flexible Leader and Leader in Self-Reflection and Self-Management

Table 5. Key Leadership Indicators of Competence

No. Key competency indicators

5.1 Initiates action and actively offers help and advice

5.2 Participates and shows affection

5.3 Provides leadership, coaching and mentoring for leadership and enhances individuals and teams
5.4 Make appropriate efforts and influence others to achieve goals

55 Facilitates enforces and reviews decisions

Initiate actions and
proactively offer
help and advice

Facilitate, enforce
and review
decisions

Exert appropriate

powerand
influence over

others to achieve...

Fig. 3. Flexible Leader and Leader Behaviour Patterns

The analysis of the flexibilities of the Flexible
Leaders and Leaders behaviours identifies significant gaps
incompetence across individual key competency
indicators. For example, in the Leadership competency
element by key competency indicator, 5.1. Provides
direction, coaching and mentoring for leadership and
enhances the work of individuals and teams. There is a
significant gap between the Flexible Leader and the
Leader (fig. 3).

Conclusions and prospects for further research

As a result of the study, the principles of flexible
leadership based on the use of agile tools were identified

Take ownership
and show

commitment —¢—eader

—fli—Manager

Prouidedirection,
" coachingand

mentoring to guide
and improve the...

and analysed. The application of these principles to the
development of project management systems, programs
and project portfolios enables the success of information
and communication technology projects on the basis of
well-formed behaviour patterns of flexible leaders and
heads of organizations. The flexible leadership and
leadership behaviour patterns are formed in a project
management behavioural competency system based on
agile technology methods and tools. These competencies
included: Self-reflection and self-management, Personal
integrity and reliability, Personal communication,
Relationships and interaction, Leadership, Teamwork,
Conflicts and crises, Inventiveness, Reconciliation, and
Orientation to results. The results of the studies showed a




Cyuacnuti cmamn HayKo8ux 00CALONCeHb ma mexnoaoit 6 npomuciosocmi. 2019. Ne 4 (10)

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

significant difference in the behaviour patterns of flexible
project leaders and organization leaders.

Further research should be conducted in the areas of
analysis of all competencies of project managers,
including groups of strategic and practical competencies

investigate the differences in the patterns of flexible
project leaders and heads of organizations for different
project teams to create information and communication
technologies and training systems within  such
technologies.

by model [13]. In doing so, it would be necessary to
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AGILE JIIJIEPCTBO YIIPABJIIHHS TPOEKTAMM ITHHOBAIIIA

IIpeqvmeTom cTaTTi € po3pobKa MPOEKTIB, IIPOrpaM Ta CHCTEM YHPABIIHHS MOPT(HEISIMU IPOEKTIB 3 IBUI'YHAMH IHHOBAIii. 3HAYHI
3MIHH B CEpPEIOBHINI MMOTPEOYIOTh MOMANBIINX JOCIIDKEHb e()eKTHBHOCTI 3aCTOCYBaHHS iICHYIOUMX CIPHTHHX METONOJIOTIH, CHCTEM
3HaHb TAa KOMIETEHLIH KEpiBHUKIB MPOEKTIB Ta iX KepiBHUITBA. OCHOBM 3MiH IOBKUUIA JIEXKaTh Y 3MiHI NMapagurMyd NPUAHATTS
pilIeHb B yIpaBJIiHHI IHHOBAI[IHHIMU MPOEKTaMH Ta IporpaMaMu. MeTa — JIOCHIANTH CydacHi Hixxoau A0 (GOpMyBaHHS JiJepcTBa
MIPU 3aCTOCYBAHHI CIIPUTHUX METOMOJIOTIH Horo crenu(ikyd 3 TOYKU 30py MPOLECIB MPUUHATTA pillICHb B YIPABIIHHI MPOEKTaMHU.
PosrnsiHyTO mpoGneMu CTBOPEHHS Ta PO3BUTKY JiAEPCTBA Y 3aCTOCYBaHHI CHPUTHUX METOOJIOTIH YNpPaBIiHHSA MPOEKTaMH IS
BIIPOBA/UKEHHS 1H(QOPMAIIfHO-KOMYHIKALIHHUX cHcTeM. Pe3yJIbTaTH IOCTIIKEHb HPOBOAMINCS HAa OCHOBI KOMIIETEHTHICHOTO
MiAX0Y, MOJAETHOBAHOTO MIXXKHApOAHOIO acOIlalli€ro YIPaBIiHHA MpoekTaMu. [IpencTaBieHa 3MicTOBHA MOJIENb KOMIIETEHIIT JTiepa,
IO 3aCTOCOBYE CHPUTHHH MEHEeKMeHT. BucHoBkm: Agile mizepcTBo Ta Jigepcbki MOAeNi MOBENIHKH (POPMYIOTHCS B CHCTEMI
MIOBEIIHKOBOI KOMITETEHTHOCTI YIIPABIiHHS POEKTaMH, 3aCHOBAaHOI HAa MeTo/ax Ta iHcTpyMeHTax Agile Texnosorii. Lli kommereHmii
BKJTIOYAIN: caMmopediekcifo Ta caMOyNpaBIiHHS, OCOOWCTY IIJICHICTh Ta HamilHICTh, OCOOHCTE CIJIKYBaHHS, BIiJHOCHHU Ta
B3a€EMOJIis, JIIAEPCTBO, KOMaHIHA poOoTa, KOHQIIKTH Ta KPH3HW, BUHAXIUIMBICTh, NPUMHUPEHHS Ta OpIEHTAILIl0 HA PE3yJbTaTH.
JlocmimkeHo 3aKOHOMIPHOCTI NMOBEIIHKM KEPIBHUKIB IPOEKTIB SK CIPUTHHUX JAEPIB Y CTBOPEHHI IMPOAYKTOBHX HPOIAYKTIB Ta
KEpPOBaHOMY YIIPaBIiHHI MPO€KTaMU. Pi3HHIII B MOZEIAX MOBEXIHKH JIiAEPiB Ta THYUKHX JIiAEepiB Oy JOCHIIKEH] 3a MOBEIIHKOBUMHU
KOMIIETEHI[ISIMU B M€XaX BU3HAUCHUX KIFOUOBHX NMOKA3HHUKIB KOMIETEHTHOCTI. Taki 3pa3ku J03BOJIHIM aBTOPAaM BU3HAUYUTH BY3bKi
MICIIA y 3aCTOCYBaHHI THyYKHX METOIOJIOTIN YIpaBIiHHS MPOEKTAMH B KOHTEKCTi PO3pOOKH IHHOBALIIHHUX CHCTEM.
KunrouoBi ciioBa: nninepcTBo; CIPUTHI METOAN YIIPABIiHHS; IPOEKT; KOMIIETEHTHICTh; MOJIENb IIOBEIIHK!; KEPIBHUK IPOEKTY.

AGILE JIUJEPCTBO YIIPABJIEHUSA UHHOBALIMOHHBIMHU ITPOEKTAMHA

IIpeameToM CTaThH SBISETCS pa3pabOTKa CHCTEM YIPaBJIEHHS MPOCKTAMH, IPOrpaMMaMHi U MOPTQENAMU NPOCKTOB ¢ IpaiBepamu
uHHOBarwmil. CylecTBeHHbIC U3MEHEHHUS B cpelie TpeOYIoT JayibHeiIiero nsyueHus 3G@GeKTHBHOCTH MPHUMEHEHHS CYILIECTBYIOLINX
ruOkux (Agile) Meromonormid, cHCTEM 3HAaHMH W KOMIETEHIHMH PYKOBOAMTENCH NPOEKTOB M HUX pYyKoBoACTBAa. (CHOBBI
9KOJIOTHYECKUX M3MEHEHUH JIeKaT B W3MECHEHUH IapaJurMbl IPUHATHS PELICHUH B yIPABICHUH HHHOBALMOHHBIMH IPOCKTAaMH H
nporpammami. Iesb — U3y4UTh COBPEMEHHBIC TOJX0/BI K (OPMUPOBAHHIO JIUIEPCTBA MIPH IPUMEHEHUH THOKHX METOIOJIOTHH ero
crenu(UKH C TOYKH 3PEHHs IPOLECCOB INPHHITHS PEIICHWH B YNPABICHUH INPOEKTaMH. PaccMOTpeHB MpoOJeMBl CO3JaHUsS U
pa3BHUTHS JHIECPCTBA B NPUMEHEHMHM T'HMOKMX METOMOJOTHI YIpaBleHHsS IPOSKTaMH Uil BHEAPeHUS WH(OPMAIMOHHO-
KOMMYHHMKAIIHOHHBIX ~ CHCTeM. Pe3yJbTaThl WCCIEIOBaHMH NPOBOMWINCH HAa OCHOBE KOMIIETCHTHOCTHOTO — IIOJXOJa,
CMOJIENMPOBaHHOTO MexIyHapoiHOH acconuanyeil ynpapiaeHus npoekramu. [IpencraBiena cogepxaTeabHas MOJENb KOMICTCHINH
nmuaepa, MPUMEHSIONIETo THOKoe ymnpaBieHue. BbiBoabl: Agile nmaepcTBo m amaepckue Moaenn (HOPMHPYIOTCS B CHCTEME
MOBEACHYECKUX KOMIICTCHIIMH YIpPAaBICHUS IPOCKTAMM, OCHOBAaHHBIX Ha METOJAaX M HHCTpyMeHTax Agile TexHomoruid. OTn
KOMIICTCHIIMM BKIIIOYAIM B ce0s: caMOpeIeKCHIO M CaMOYNpaBJICHHE, JIMYHYI0 YECTHOCTh M HAJEeKHOCTb, JIMYHOE OOIICHHE,
B3aMMOOTHOILICHHS ¥ B3aUMOEIICTBHE, JTHICPCTBO, KOMAaHHYIO paboTy, KOHQIMKTHI M KPU3KCHI, H300peTaTebHOCTh, IPUMUPEHHE U
OpHMEHTAIMIO Ha pe3ynbTaThl. MccnenyoTes Moaen MoBeieHHsI PyKOBOJUTENEeH MPOEKTOB B KAYeCTBE THOKHX JINIEPOB B CO3AaHHU
MIPOJYKTOB IIPOEKTA U THOKOTO yIpaBJIeHUs! TPOoeKTaMu. Pa3iiuns B MOJEISIX MOBEICHUS JTUAEPOB U THOKKUX JIUAECPOB OBUTH U3y4EHBI
MOBE/ICHYECKMMH KOMIIETEHIIMSIMA B paMKaX BBISBICHHBIX KJIIOYEBBHIX ITOKa3aTelell KOMIIETEHTHOCTH. Takue 3aKOHOMEPHOCTH
MO3BOJIMJIM aBTOPaM BBIIBUTH Y3KHE MECTa B NPUMEHEHUH T'MOKHMX METOMOJIOTHIl yIIpaBJICHUS MPOEKTaAMH B KOHTEKCTE pa3pabOTKH
WHHOBAIIMOHHBIX CUCTEM.

KiioueBble ¢J10Ba: JIUIEPCTBO; METOMOJIOTHH I'MOKOTO YNpPABICHHS; MPOEKT; KOMIICTCHIMS; MOJEb MOBEACHUS; MEHEIKED
MPOEKTa.
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MODELS OF PROJECT TEAMS’ FORMATION IN A SAFETY-ORIENTED SYSTEM

The subjects of the research are models and methods of optimization and automation of personnel selection in safety-oriented
systems with their further formation into project teams on the example of civil protection service, law enforcement agencies of
national police, as well as the Armed Forces of Ukraine. Purpose: to develop models for the formation of project teams in safety-
oriented systems, taking into account the parameters of personal human qualities and professional skills of candidates for competitive
selection based on the global experience of companies in the field of human resources management using software information expert
systems. The following tasks are solved in the article: to identify the most effective modern models that can be applied in the civil
protection system, taking into account the specifics of the service, on the basis of the use of the European project management toolkit
and programs in the field of personnel, organizations, firms and companies. It is necessary to expand the terminological base of
management of projects, programs and project portfolios by introducing a new definition of a safety-oriented system. For this
research, popular modern automated recruitment systems, as well as expert information systems models, would be considered to
capture all relevant information from the database and graphically describe the process of forming project teams in safety systems and
to generalize the candidate index model. The following methods are used: human resource management using automated HRM
systems, expert information systems and index numbers. The following results were obtained: the model of the structure of the
information expert system and the process of knowledge accumulation through the software were developed, an index method for
formation of project teams (on the example of military formations) in safety-oriented systems was proposed. Conclusions: a
generalized model of expert information system was developed for the selection of personnel into safety-oriented systems based on an

index method.

Keywords: safety-oriented system; index method; human resources management; expert systems.

Introduction

The complexity of forming project teams in
Ukraine's security forces is a pressing issue, because the
current global trend is the formation of project teams that
are endowed with special functions and use a flexible
management system that is different from the traditional
one, where tasks are placed by a command-administrative
method in a vertical structure that causes bureaucracy and
corruption situations, through human intervention and
incompetence, do not achieve the goals of the
organization. European HRM practices use modern
project and program management tools to select and
further form project teams. They are used in the sphere of
public  authority, =~ commercial  enterprises  and
organizations. However, in security-oriented systems,
these models are not implemented because of the
peculiarities of service flow and service.

Analysis of studies and publications

The questions of studying methods and models of
formation of project teams are devoted to the scientific

works of such domestic and foreign scientists:
Lysenko D.E., Chumachenko I.V., Busheyev S.D.,
Morozov V.V., Medvid A.P., Danilenko A.l,
Sherstyuk  O.l.,, Medvedeva O.M., Rach V.A,

Oluyko V.M., Danchenko O.B, Bedrii D.l., Semko .M.,
Archibald R., Mazur L.l., Shapiro V.D., llyushko V.M.,
Koshkin K.V. and others.

In his works Lysenko D.E. developed methods and
models of selection and choice of the project team as one
of the factors of achievement of the set project goals,
developed a methodology of functioning of the decision
support system (DSS) on the basis of multicriteria
evaluation and theory of precedents during which the
ranking of "ideal candidate" with further appointment to

the position in the project [6]. However, the application of
this methodology cannot be applied in the recruitment of
civil protection personnel.

A.P.Medvid researched the mechanisms of
implementation of personnel policy in the bodies of civil
protection as an important lever of development. He
described the development of research methodologies for
managerial professional qualities of staff for the analysis
of certain groups of civil servants [1]. The use of test
results enables the civil servants to be "re-rated" by the
integrated indicator, as well as by analyzing certain
individual qualities to analyze what needs to be "trained"
for staff to be more efficient and in line with professional
competence. This work requires the further development
of human resource management based on European
standards.

Professor 1.V. Chumachenko paid special attention to
models of formation and management of human resources
in the multiproject environment, programs and interaction
between project stakeholders [2]. He has developed a
competent approach to forming a project team with
limited human resources, but this method has a number of
limitations that are not suitable for use in a military unit
where the scale of human interaction is larger than typical
projects.

In his works, the scientist Olenich A.V. studied the
peculiarities of forming project teams according to the old
and the new approach [10]. He described the issues of
staff turnover that form the "bank" of collective
experience. He argued that modern success is achieved
through the innovation and awareness of all project
participants, who are able to achieve their goals quickly
and with minimal cost. But paramilitary services do not
need to have the entire information base between staff and
candidates public, and the implementation of innovative
technologies requires effective solutions at low costs,
which is not easy to achieve today.

© O. Zachko, D. Kobylkin, O. Kovalchuk, 2019
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The Ministry of Internal Affairs specialists
developed automated psycho-diagnostic complexes for
determining the suitability of candidates for military
service and in higher military educational institutions of
civil defense [3]. Particular attention in these
studies was given to the mental preparedness of
candidates under real stressful conditions for the
formation of individual characteristics, with subsequent
evaluation of applicants for the service. These complexes
need refinement and new formalized — described
models.

To implement these methods in the civil protection
system, it is necessary to take into account the
peculiarities of passing and serving. It is necessary to pay
attention to the project approach, which is becoming more
and more relevant.

Main part

For military force structures, it is advisable to
formulate a new terminology base. We have proposed a
new term, namely a security-oriented system.

Motivation
system

Personnel
reserve

Learning and
development

Fig. 1. Object model diagram of HRM systems tasks

Analyzing the global HRM software market,
IDC, a leading provider of information and consulting
services, was surveyed. According to these
data, the leaders in the global HRM systems market are
SAP (21%) - System Analysis and Program
Development, Oracle (18%) and Automatic Data
Processing (ADP 14%), with the remaining companies
and firms accounting for only 5% of the market [15]. The
graph of the ratio of the most popular HRM systems is
presented in fig. 2.

document
circulation

resignation

"Security-oriented system" is a set of organizations,
institutions and structures united by a common purpose to
ensure the functioning of safe living conditions of the
state. These include officers from the military, police,
health, security forces of the SES, the Ministry of Internal
Affairs, medical personnel and other personnel focused on
ensuring the safety and civil protection of the population.
For selection in such structures it is advisable to consider
the world experience of personnel management.

For the efficiency of human and human resources
management, organizations and enterprises use automated
information systems, which are referred to as HRM
(human resources management system).

These include strategic functions and programs for
the workflow of staff records, reporting, planning for the
selection of candidates for enterprises, firms and
companies through information support for decision-
making based on competence management, testing,
certification, evaluation and other parameters required in
the selection of personnel. This area is addressed by HR
managers, who use a variety of information systems
functionality when interviewing candidates, the functions
of HRM systems are shown in fig. 1.

Certification of
employees

25%

21%

20%

15%
10%

5%

0%
SAP Oracle ADP

Fig. 2. Graph of percentage of the most popular HRM systems
used in the world organizations
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The most developed and popular in terms of
implementation are ERP applications that are designed for
workforce planning, namely in the western market these
are Oracle Application, Axapta and SAPR/3 modules for
medium and large businesses, but their software is
expensive and implementation methods are complicated

for Ukrainian organizations. Analysis of other popular and
modern information systems. It is necessary to rely on
criteria when choosing the necessary information system,
namely: cost, payback system and its functionality.
Among the implemented domestic information HRM
systems are the following, which are listed in table 1 [8].

Table 1. List of domestic automated human resource management systems

No. Name Representation Branch
1 "Parus-Personnel” Parus Corporation, representative office in Ukraine Software development and
implementation
2 "1C: Salary and Personnel 1C company, representative offices in Ukraine Development Enterprises and
Management for Ukraine" Trade
3 "Boss-Personnel" Ukrainian representative office of the Russian Information services
company "ITi"
4 "Personnel Active" Active Consulting Group, Ukraine Legal services and consulting
5 "Infopulse HRMS" Infopulse Ukraine, Ukraine IT services

Modern technologies of functioning of HRM
systems and structuring of requirements for candidates
will allow to distinguish information system, database of
individual psychological characteristics of applicants
thanks to the described index method and decision support

system (DSS) for successful formation of personnel and
fulfillment of their professional and official duties. A
model diagram of the formation of a project team in a
security-oriented system is presented in fig. 3.

Exterior and interior project environment. The
project lifecycle process

Project management tools

Application for
participation in the
competition

Filling in questionnaire and

# Life cycle Initiation

of the Candidates
&) project B selection
== Planning stages
25
< Implementation
== Expert
g8 system
2 g Team formation Y
= e
=5
g 2 . )
g2 election of c_andldat Database
Z 3 based on index
8 ° values of testing

Knowledge

0-3 | | 3184 |

Allowed

assimilation
module

ubmitting necessary document;

Testing
Y

Medical examination
and physical fitness
check

L]

Testing personal
characteristics

Assessment of the level
of logical and analytical
thinking of professional
knowledge

v - Mental and physical
| Inte%vlew | fitness checks

| Special inspection |

Determination of the
candidate's portrait based on
the index method

Assess the candidate's
eligibility for the position
and interview

Checking a candidate for
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Fig. 3. Model-scheme of formation of the project team in a security-oriented system

In order to optimize and automate the selection
process, expert decision support systems for the HR
department should be considered.

The Expert System is a computer program that
manages knowledge in a specific subject area to solve
problems; it is one of the areas of the new field of research
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called Atrtificial Intelligence (Al), which can replicate the
accumulated experience.

The process of knowledge acquisition should include
a subject model (in our case a personnel service), an

Specification

Expert - (members of the

Domain model-personnel
service

expert system based on an index method, experts (e.g.
members of the admissions committee). The process of
accumulating experience and knowledge can be seen in
fig. 4.

Compilation

Expert system - based on

Admissions Committee)

View results

index method

Fig. 4. The process of acquisition (accumulation) of knowledge in the expert system

In our case, it is the selection and formation of the
"ideal candidate”. The expert system will be able to take
on the functions performed by the specialist, thereby
minimizing the human factor, eliminating corruption and
competently assessing project candidates. It should
include a database with the necessary information about
the members of the competition - selection, expert (in our
case, these may be members of the selection committee),
the module of knowledge and knowledge accumulation,
which was described in fig. 2, inference system - software
with a user-friendly interface for describing the task and
providing the processed information. The system is
interconnected and an important element is the core of the
expert information system.

expert

The expert system includes six logically systematic
steps [17]:

1) identification -
description, input;

2) conceptualization — analysis and research by
subject matter experts is performed;

3) formalization - describes the process of work and
the choice of software;

4) implementation - implementation of the project;

5) testing - the competence of the expert system is
checked,;

6) experimental exploitation of the suitability of the
expert system.

The prototype of the expert system is shown in fig. 5.

goal setting, goals, task

Database

module of knowledge
assimilation

' il

knowledge base

v t

inference system

v t

module of decision display

user interface - description
of the task

the core o
the expert
system

Fig. 5. Prototype of the expert system

In order to develop an expert system, it will be
advisable to start by setting general indexes for such
military units as the Ukrainian Armed Forces, law
enforcement agencies and the civil defense service.

user - display solution

The index method is relative indicators for spatial
comparisons, cause and effect, and the identification of
the influence of various factors on the subject of study
[17].




Cyuacnuti cmamn HayKo8ux 00CALONCeHb ma mexnoao2it 6 npomuciosocmi. 2019. Ne 4 (10)

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

Competencies depending on the type of service in
the range [0-1] will affect the overall index indicator,
which identifies the necessary personnel depending on the
specified parameters. To do this, it is necessary to set the
qualitative parameters of numerical values and assign the
highest priority for each type of military.

We interviewed HRM systems experts and military
personnel, based on which an index estimate of the human
qualities lying in the range was proposed [0; 1], where 1 is
the maximum number allowed (ideal candidate).

Table 2. List of human qualities for selection of candidates on the basis of index method

List of qualities Firefighter Rescuer Police officer Soldier of trcjekAr_med Forces of
raine
Motivation 0.8 0.7 0.8
Psychological preparation 0,8 0,8 0,8
Physical training 0,8 0,8 0,8
Technical skill 0,8 0,7 0.9
Humanitarian skills 0,6 0,9 0,5
Stress resistance 0,8 0,8 0,8
Responsibility 08 0,9 0,9
Confidence 0,8 0,8 0,8
Ambitiousness 0,7 0.8 0,8
Restraint 0,8 0,8 0.5
Ethical standard 0,7 0,8 0,5
Total index "of the candidate" 8,4 8,8 8,1

The criterion for the selection of personnel was the
range of [0; 1], which was determined based on the
criteria of danger, paperwork and responsibility. The list
of human qualities will be considered fundamental
parameters, in addition to them there are a number of

Table 3. Admission to design teams of security-oriented systems

other criteria that make the security-oriented system
difficult to describe and needs to be studied. We have
proposed the following numerical limits for decision
support, see table 3.

Admission with subsequent

Profession Not allowed . Enrollment in the team
evaluation
Firefighter rescuer 0-3 3,1-6 6,1-8,4
Police officer 0-4 4,1-7 7,1-8,8
Soldier of the Armed Forces of Ukraine 0-3,5 3.6-5 5,1-8,1

To improve the selection process, it is necessary to
create a staff database before the interview and a
questionnaire for each candidate. This database
management system will have to contain all the
information of the members for the competition-selection,
namely: photo, gender, name and surname, education,

Table 4. Questionnaires of the candidate for service

address and place of residence, general information on
administrative - criminal record, medical and mental
status as well as the physical ability to serve in military
formations.

A generalized example of a candidate's service
guestionnaire is given in table 4.

Photo of the candidate

| General information
1) full name
2) education
3) place of residence
4) information about no criminal record
5) medical and mental description
6) gender

The candidate's numerical index on the basis of selection and testing will be generated by an information system that is able to

optimize the personnel policy process.

Conclusions

Having analyzed the world experience of using
HRM and information expert systems in the process of
selection and formation of personnel for project - oriented
teams, we have generalized the European model of
personnel selection. A new terminological base for
""security - oriented systems" has been proposed. They are
difficult - described because of the peculiarity of passing

and carrying the service. The model scheme of forming
the project team in a security-oriented system is
developed, the basic necessary criteria for the selection of
personnel based on index values in the automated expert
systems of human resources management are described,
which  should positively influence the results
of the personnel service of civil protection, law
enforcement agencies and military personnel of the
Ukrainian military.
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MOJIEJII ®OPMYBAHHSA ITIPOEKTHUX KOMAH/I B BE3IIEKO-OPIEHTOBAHIM
CUCTEMI

[peameToM nocmipkeHHS € MOJENi Ta M ONTUMi3alii i aBToMaTH3auii BizOOpy KaipiB y Oe3leKo—Opi€HTOBAaHHMX CHCTEMax 3
MoJanpIiuM (OPMYBAHHSAM IX Yy MPOEKTHI KOMAaHAM HA NPUKIALl CIyKOW LUBUIBHOTO 3aXHCTY, NPAaBOOXOPOHHHUX OpraHiB
HaliOHAJIBHOI MMONIiLii, a TakoXX 30poiHNX cui Ykpainu. Meta po6oTH : po3poOieHHsT Mojenedl (opMyBaHHS MPOEKTHAX KOMAHJ Y
0E3MeKO—OPIEHTOBAaHUX CHUCTEMaxX 3 BpaxXyBaHHSAM I1apaMeTpiB OCOOHCTICHHMX JIIOJICHKHAX SKOCTEH Ta NPOoQeciiiHUX HaBHYOK
KaHJUIATIB 11 KOHKYPCHOTO BiZ0OpY Ha OCHOBI CBITOBOI'O JOCBiNy KOMMAaHId B cdepi yNpaBliHHSA JIOJCHKUMU pecypcaMu i3
BHUKOPHUCTaHHSIM HpOrpaMHOro 3abe3rnedeHHs iHGopMamiiHUX eKCIIEpTHUX CUCTeM. B CTaTTi BUPINIYIOTHCS HACTYIIHI 3aBJAHHS: HA
OCHOBI BUKOPHCTaHHS €BPOIEHCHKOT0 iHCTPYMEHTAPII0 YIPaBIiHHS MPOEKTaMH Ta MporpaMaMu(BHIAIUTH CJIOBO MporpaM) B chepi
HaiiMy IepcoHay B BiICEKOBHX (pOpMYBaHHAX, OpraHizamlisx, ipMax Ta KOMIaHISIX BHOKPEMHTH Haile()eKTHBHIII CydacHI MOAEN,
SIKI MO’KHA 3aCTOCYBAaTH y CHCTEMi IIMBUIBHOTO 3aXHCTY 3 BpaxXyBaHHSIM CIIEHU(IKH TPOXOKEHHS ciryxOu. HeoOximHO posmmputi
TEPMIHOJIOTIYHY 0a3y yNpaBIiHHSA HPOEKTaMH, MPOrpamMaMH Ta MOPTQETAMHA MPOEKTIB, HUITXOM BBEACHHS HOBOTO BHU3HAUCHHS —
Oe3meko—opieHTOBaHa cucteMa. [l 1aHOTO JOCTIHKEHHS CIiJ PO3TJLIHYTH MOMYJISIpPHI Cy4acHI aBTOMAaTH30BaHI CHCTEMH 3 HalMy
MIEPCOHANTY, a TAaKOX MOJEJNl EeKCHepTHHX iH(GopMaliiHUX cHcTeM, siki O Opamm ycio HeoOxigHy iHpopmamio 3 0a3w JaHUX Ta
rpadiyHo ommcatu mpouec GopMyBaHHS NMPOEKTHUX KOMaHI B O€3MEKO—OPi€HTOBAHMX CHCTEMax Ta y3araJbHUTH MOJEIb 1HAEKCY
KaHIUaTiB. BUKOPUCTOBYIOTBCS Taki METOAM: YIPABIIHHS JIIOJACEKUMH PecypcaMd 3 BHKOPHCTaHHAM aBToMaTH3oBaHMX HRM
CHUCTEM, CKCIEpTHI iH(opMaliiiHi CHCTEMH Ta IHJCKCHI YHCIOBI TMOKa3HWUKH. OTPUMaHO HACTYIHI Pe3yJabTaTH: PO3pPOOICHO
CTPYKTYpHY MoOJeNnb iH(pOpMauiiHOi eKCHepTHOI CHCTEMH Ta OIMCAHO IPOLEC HAKONHYCHHS 3HAHb 3aBISKU IIPOTPaAMHOMY
3a0e3MeYeHHI0, 3alpPOIOHOBAHO 1HIACKCHUI MeTo[ (OpPMYBaHHS NMPOEKTHUX KOMaHA (HAa TPUKIAAlI BICHKOBHX ()OPMYBaHB) y
0e3MeKO—OpiIEHTOBAaHNX CHUCTeMaX. BHCHOBKHU: po3poO0JIEHO y3aralbHEHY MOJIENb-CXeMYy €KCHEepPTHOI iH(pOpMaIiiiHOI cucTeMH At
BinOOpy Ka/piB y O€3MEeK0-0Opi€HTOBAHI CHCTEMH Ha OCHOBI iHIIEKCHOTO METOY.
Kunrouosi ciioBa: 6e3neko—opieHTOBaHa cUCTEMa; IHASKCHUIT METOI; yIPaBIIiHHS JIFOJCEKUMH PECYPCaMH; eKCIIEPTHI CUCTEMHU.

MOJIEJIA ®OPMHUPOBAHUSA MPOEKTHOM KOMAH/IBI B BE3OITACHO-
OPUEHTUPOBAHHOM CUCTEME

IIpenMeToM ¥uccienoBaHMs SIBISIOTCS MOJENM W METOJbl ONTHMH3AIMM M aBTOMAaTH3allMM OTOOpa KaapoB B Oe30mMacHo-
OpPHEHTHUPOBAHHBIX CHCTEMax C MOCJEeIYIOIMM (OPMHUPOBAHUEM HX B IPOSKTHBIE KOMAaHIbl Ha HPHMEpe CIYKOBbI Tpa)KJaHCKOM
3aIIUTHI, IPABOOXPAaHUTEIBHBIX OPTraHOB HAI[MOHAILHOM MOJUIINY, a TAKKe BOOPYXKEeHHbIX cmil YKpanHsl. Lleab paboTsl: pa3paboTka
Mozenel (OpPMHPOBAHUS MPOSKTHBIX KOMaHJ B 0O€30MacHO-OPHEHTHPOBAHHBIX CHCTEMAX C y4YETOM MapaMeTpOB JIMYHOCTHBIX
YeJTOBEYEeCKHX KauecTB U IPO(ECCHOHANBHBIX HAaBBIKOB KAaHIWIATOB JUII KOHKYPCHOTO OTOOpa Ha OCHOBE MHPOBOTO OTIBITa
KOMIIAaHUH B 00JAaCTH YIPaBICHHS YEIOBEUYECKHMH PECypcaMH C HCIOJB30BAaHHEM HMPOTPAMMHOTO OOecriedeHust NH()OPMAIIMOHHBIX
JKCIIEPTHBIX CUCTeM. B crarbe pemaroTcd crnemymrolmue 3aJa4d: Ha OCHOBE HCIIOJIB30BAHUS €BPOIECHCKOrO HMHCTPYMEHTAPHS
yIpaBJIeHUs IPOEKTaMU M IPOrpaMM B cepe HaliMa MepcoHaa B BOMHCKHX ()OPMUPOBAHMAX, OPTraHU3aLHsX, GUpMax U KOMIIAHUSIX
BBIZIETINTH Hanboee 3h(heKTUBHBIE COBPEMEHHbIE MOJIEH, KOTOPbIE MOXKHO NMPUMEHHUTh B CHCTEME IPaXKJaHCKOI 3alIUTHI C yIeTOM
creudUKH TPoXokaeHus ciryx0bl. Heo0XoquMo pacimpuTh TEPMHHOJIOTHYECKYIO 0a3y yIpaBieHHs NPOEKTaMH, IPOrpaMMaMH H
nopTQEeIIMH IPOSKTOB, IyTEM BBEACHHSI HOBOTO OINPEACICHNU - 6e30MacHO-OpUeHTHPOBaHHas cucteMa. IJist JaHHOTO MCCIIeI0BAaHUS
clefyeT pacCMOTPETh MOIYJSPHBIE COBPEMEHHBIC aBTOMATU3UPOBAHHBIE CHUCTEMBl IO HallMy IEpCOHana, a TaKXkKe MOJAEIU
9KCTIEPTHBIX MH(POPMAIMOHHBIX CHCTEM, KOTOpBIC IMPHHUMAIH BCIO HEOOXOAMMYIO MH(pOpMANUio M3 0a3bl JAHHBIX M TpadUuecKu
omucaTh npornecc GopMHPOBaHMS MPOEKTHBIX KOMAHJ B 0€30MacHO - OPHEHTHPOBAHHBIX CHCTEMax M OOOOIIMTH MOJENb MHAEKCa
KaHAUAATOB. VICIONB3yIOTCA TaKUe METOAbI: YIPaBJICHHE YEIOBEYECKUMH PECypCaMH C MCIOJIb30BaHMEM aBTOMATU3UPOBAHHBIX
HRM cucrem, sxcniepTHbIe HHGOPMAIIMOHHBIE CHCTEMbI M MHACKCHBIC YHCIIOBbIE ToKa3aTenau. [lomydeHsl clienyomue pe3yabTaThl:
pa3paboTaHa MOZENb CTPYKTYPbI HH)OPMAIIMOHHOM KCIEPTHOI CHCTEMBI M IPOLIECC HAKOIIICHHs 3HaHUH OJ1aroaps IporpaMMHOMY
00ecneyeH o, MPEeAIoKeHO HHICKCHBIH MeToA (OPMHPOBAHUS MPOSKTHBIX KOMaHA (Ha MpUMeEpe BOCHHBIX ()OPMHUpPOBaHHMIl) B
6e30MacHO-OPHUEHTHUPOBAHHBIX CHCTEMax. BBIBOABI: pa3spaboTaHa 0000IIeHHAs MOIENb YKCIIEPTHONH HHOOPMAIIMOHHONW CHCTEMBI IS
oTbopa KaZipoB B 0€30MacHO-OPHEHTUPOBAHHBIE CHCTEMBI HA OCHOBE HHJICKCHOTO METO/A.

KnioueBbie ciioBa: 0e30macHO-OPHEHTHPOBAHHAS CHCTEMa; MHICKCHBIM METOJ; YIpaBIEHHs YEIOBEYECKHMH PECypcaMu;
JKCIIEPTHBIEC CUCTEMBL.
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1. O. MACJIIOK

HAIPSIMUA AKTHUBI3ALIIL MOJEPHI3ALIIIIHUX 3PYIIEHD ¥
CLIbCLKOTOCHOJAPCHKOMY BUPOBHULITBI YKPATHU

IIpeqmeToM mocmipkeHHS y Wiif poOOTi € CydacHHMH CTaH CiTbCHKOTOCHOAAPCHKOTO BHUpOOHMITBA YKpaiHu. MeTol cTaTTi €
BUJICHHS OCHOBHHMX HANpsMIB aKTHUBI3alil MOJAEpHI3allifHMX 3pYIIEHb Y CUIBCHKOTOCIIONapCEKOMY BHPOOHMIITBI YKpaiHH.
3aBJaHHAM IHOTO JOCHI/DKEHHS € pOo3po0Ka CIIEKTPY CTpaTeTiYHHX HANpPSMIB aKTHBi3amii MOAEpHI3alifHUX 3pYIIEHb CUIHCHKOTO
rocrnojapcTBa YKpaiHH, Ha SKi BapTO OpPI€HTYBAaTH CBOIO MiSUIBHICTH CUIBCHKOTOCIIONAPCHKUM MiATIPHEMCTBAM Ui 3a0e3leueHHS
MpUOYTKOBOCTI Ta JOBrOCTPOKOBOTO PO3BUTKY. IIpu BuineHHI 6ap’epiB, siKi 3aBaKarOTh YCIIITHOMY PO3BUTKY i (YHKLIOHYBaHHIO
arpapHoi ramy3i B YKpaiHi BHKOPHCTAHO Taki MeTOAM: NPOOIEMHO-XPOHOJIOTIYHUH, SKHH 3yMOBUB CTPYKTYpHY M0OyIOBY
JIOCTI/DKEHHS Ta HaZaB MOXJIIHMBICTH 3 HAJEKHOIO MOBHOTOIO IIPOAHANI3yBaTH MPOOJIEMH PO3BHUTKY CUIBCHKOTO T'OCHOAAPCTBA Y
4acoBii TOCIIOBHOCTI 1 JTUHAMIII; METOJI CHCTEMHOTO MiJIXOJy ITO3BOJIUB PO3IIIAJATH arpapHy raimysb, sK [UICHY CHCTEMY, IO
CKJIQJIA€ThCSI B3AEMOTIOB’ I3aHUX MK COOOIO €IeMEHTIB, SIKi CTAaHOBJIATH 1i CTPYKTYpPY Ta BUKOHYIOTH BIIIIOBIIHI (DYHKIIIT; aHATITHKO-
CHHTCTHYHHMH METOJ| 3aCTOCOBAHO IPH BUBUCHHI Ta 0OpOOI JKeped 1 JTepaTypH, OOIpYHTYBaHHI TCOPETHYHUX BUCHOBKIB, IO
JI03BOJIMB BCEOIYHO BUCBITIIMTH CTaH OIPAIFOBAHHS MpoOieM arpapHoi ramysi. CtaTucTuaHi MeToan oOpoOKH TaHUX BUKOPHCTaHI 3
YpaxyBaHHSIM EKOHOMIYHOTO Ta ()iHAaHCOBO-KPEAUTHOTO 3a0e3MEeUCHHS CUIBCHKOTOCIIOAAPCHKUX MiampueMcTB. [y BUALIEHHS
HampsIMiB  MOJEpPHI3allii 3aCTOCOBYEThCA AHANITHYHHHA METOA JOCTIDKEHHS: PIiBHA pPEHTaOENBPHOCTI BHPOOHMITBA, CHUCTEMH
CTaTUCTUYHUX TOKA3HUKIB BUPOOHHITBA HA CUIHCHKOTOCIIONAPCHKUX MiANPHEMCTBAX, MPOAYKTUBHOCTI Hpalli, TUHAMIKH PO3BUTKY
POCIMHHMLTBA ¥ TBapWHHHLTBA Ta BHUIIYCKY BaJOBOI MPOAYKWIi 3a mochimkyBaHui mepiox. J[ms axTuBizamii BHKOPHUCTAaHHS
CUIBCBKOTOCIIOIapCHKOTO BUPOOHHIITBA YKpaiHK y poOOTi OTPHMAHO Pe3yJbTaTH MOJCpPHI3aLiHUX 3pYIICHb, SKi IIOYMHAIOTHCS 3:
(YHKLIOHYBaHHS Ha PIBHONpPaBHIM €KOHOMIYHIIl OCHOBI Pi3HUX OpraHizalliiHO-TIPaBOBUX ()OPM TOCIOAAPIOBAHHS B arpapHOMY
CEeKTOpi; rapMoHi3alii iHTepeciB BIACHUKIB, HAllMaHNUX MPALiBHUKIB Ta CUILCHKUX IpoMai; (OopMyBaHHS KOHKYPEHTOCIPOMOXKHHUX Ha
BHYTPIIIHBOMY Ta 30BHILITHIX PUHKAaX BUPOOHUYMX CTPYKTYp. BHCHOBKHM: 32 oCTaHHI POKH B)KE€ CIIOCTEPIraeThCst 301IbIIEHHS 00CSTiB
BUPOOHUITBA BAIOBOI MPOAYKLIi CITHCHKOIO T'OCIOJAPCTBA, IiJBHUINEHHS IPOAYKTUBHOCTI MHpali B IIANPHUEMCTBAX CUIBCBKOTO
TOCIOAAPCTBA, YPOKAWHOCTI OCHOBHHX KYJIBTYp Ta MPOAYKTUBHOCTI XyA0OH, ITHII Ta iH. [{JIs MOAaIbIIoro po3BUTKY CIiJl 3aKPiUTH
[i MO3UTHBHI 3MiHH Ta CTBOPUTH CIPHATIMBI YMOBM Ta HaOyTTs TEHACHLIH HE3BOPOTHOCTI, a IIe B CBOIO HEpry 3a0e3MeyHThH
HPOAOBOJIbYY O€3IeKy HEpKaBH, YAOCKOHAICHHS EKOHOMIYHOTO MEXaHi3My TrOCIOAApPIOBAHHS: MOAATKH, KPEAWTYBAHHSA, LiHH,
JOTAIlifHy TOJIITHKY, MDKTaly3eBi eKOHOMIYHI 3B'SI3KH, 100 yci ramysi i cdepu AisIBHOCTI B €KOHOMIII KpaiHH Maid OJHAKOBL
€KOHOMIYHI YMOBH IJIsI BIATBOPEHHS BUPOOHHIITBA.

KnrouoBi cioBa: cCinbCbke TrOCIONApCTBO; CLIBCHKOTOCIIONAPCHKI IMIANPHUEMCTBA; BajoBa IPOIYKIIS; PEHTAOCNIBHICTD;
MIPOIYKTHBHICTb Mpalli; yposKalHiCTh; MPUOYTOK.

Beryn

AHani3 npo6JieMH Ta iCHYI0YHX MeTOAIB

CigbcbKe TOCHOAapcTBO YKpaiHu HaOyBae 3a
OCTaHHI pPOKM CTalOiIbHOI IMO3UTHBHOI IWHAMIKH ¥
BHPOOHHUIITBI CLIECHKOTOCIIONAPCHKOT IPOAYKIIil. 3aBIsSKH
arpapHiii  Tamy3i 3MEHIIYEThCS  piBeHb  O1IHOCTI
HACENICHHSA, CTBOPIOIOTBCS  HOBI  poboui  wmicms,
HPOMHCIIOBICTB 320€3Me4y€eThCsl CHPOBHHOIO, a HACEICHHS
— NPOAYKTAMH XapyyBaHHSA. YToJa MpoO acolialilo 3
€BpornelicbkuM Co1030M 3HAYHO IIOKpAIy€e YKpaiHCHKI
CTaH/apTH SKOCTI Ta IOCTYNOBO JIa€ 3MOTY INEpelTH Ha

€BPONEHCHKUN PIBEHb — 30KpeMa, Yy CUIBCBKOMY
TOCIIOIAPCTBI, MMIO0 BPEIITI EKCHOPTYBATH HE JIWIIE
CHUPOBHHY, a ¥ ToBapu 3 JIOAaHOK  BapTICTIO.
[Hopanpmii PO3BUTOK onHi€el 3 HAKOLIbII
Ba)XJIMBUX Taiy3ed B eKOHOMIll YkpaiHu moTpedye
SKICHMX II€peTBOPEHb, BiJl peaiizalii SKHX 3aJIeXHTh

I IBUILICHHS KOHKYPEHTOCIIPOMO>KHOCTI
CUIBCHKOTOCTIOIAPCHKOT0 BUPOOHHITBA T ITPOIOBOJILUOT
Oe3IeKH JAepiKaBy.

AKTyaJbHICT TEMH HOJATa€ HE TUIBKU y BHUAUICHHI
OCHOBHMX  HamNpsMiB  axkTHUBi3amii MoJepHI3aIliiHuX
3pYyIIEHh B CLTBCBKOMY TOCIOAApCTBI YKpaiHW, IO, B
CBOIO Uepry, BUKJINIYTh SIKICHI IEPETBOPEHHS B HAMOLIBIIT
BaXXJIUBIH raly3i B eKOHOMIli YKpaiHu, a i y BU3HaUYEHH
O6ap’epiB, SKi 3aBaKalOTh YCIIIIHOMY pPO3BHUTKY 1
(YHKIIOHYBaHHIO arpapHOi raiysi B KpaiHi.

HesBakatoun Ha 4YuMalny KUIBKICTh ITOTY>KHHX
HayKOBHUX JIOpOOOK BITYH3HIHUAX HAYKOBIIIB,
JOCTI/DKCHHS B IBOMY HaIpsMi HE MOJXKHA BBaXKaTH
JIOBEPIICHIMH, a OJCpKaHI HACTIIKA — MIJTKOBHTHUMH,
OCKIJIBKH CTaTUCTHYHI MOKa3HUKHU MIOPiYHO
OHOBJIIOIOTHCS, TOMY ITUTAHHS HEOOXITHO TOCTIIKYBaTH B

quHamini. Ile 3yMOBIIOE BaXKJIMBICTH  IOJATBIIOTO
BUBYEHHS crenudiku HAMpPsIMIB aKTUBizaLil
MO/JICpHI3allifHNX 3pYLIeHb B arpapHiil ramysi kKpaiHu Ta
YTOYHEHHS X TSt CLITIBCHKOTOCIIOAAPCHKOTO

BUPOOHUIITBA. J[OCIIIKEHHIO Cy4acHOTO CTaHy, MpooieM
Ta HampsAMIB aKTHWBi3amii MOJEpHI3aIlifHUX 3pYIIEHb
B C.-T. YKpaiHH NPUCBSIUCHO YMMAJIO MPAIb IOCIIIHUKIB.
[IpiopureTHi HANpPSIMU PO3BUTKY arpapHOro CEKTOpY
eKOHOMIKM BuAIMMIM Yy cBoii pobori B. O. Cokin i
K. A. Kononerko [1]. TeopeTHko-MeTOHOIOTIYHI 3acaan
TpaHcopManii arpapHOro CeKTOpy EKOHOMIKH KpaiHH
pO3pOOJIEHO Ta BHUCBITIIEGHO B HAyKOBHX IMpalsix
IT. T. Cabnyk, M. M. ®@enopoB, B. f. Mecenb-Becensx
[2] Ta M. B. IIpucsxuiok i M. B. 3y6eus [3]. V¥ cratTi
4. 1. Kocrempkuit  [4] poO3rasSHYTO OCHOBHI  TpyIu
MOKAa3HUKIB  PEHTA0EeNbHOCTI, fAKi 3aCTOCOBYIOTH ¥y
CLTBCHKOTOCTIOIaPCHKUX MiAIPHEMCTBAX, TPOAHATI30BAHO
OCHOBHI €KOHOMIYHI pe3ynbTaru TiSUTBHOCTI
CUIBCHKOTOCIIOAPCHKHUX MIANPUEMCTB Ta MPOBEICHUH iX
aHaji3 3 TOYKM 30py peHrabenbHOCTI. BucBiTiaeHo
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CYTHICTh TPOAYKTUBHOCTI TIpami, i e(EeKTHBHICTH Ta
iHTeHCHBHICTP B pobOoti P. M. YopHa [5]. ¥V crarTi
I'. C. Mopo3oBa [6] mpoaHaTi30BaHO TEHICHIIII PO3BUTKY

CLIIBCBKOTO TOCIIOAapCcTBa VYkpainu, 301HCHEHO
€KOHOMIYHHN aHayi3 e(eKTHBHOCTI JUSUTBHOCTI
CUIBCHKOTOCTIOIAPCHKUX  IMIANPUEMCTB ~ YKpaiHM B

KOHTEeKCTi arpapHux pedopm. H. B. Muxaiinenko Ta
1. B. Bypauex [7] JIOCIIIIKEHO cTaH
CLIBCHKOTOCTIOAPCHKOT raiysi VYkpainu Ta

MIPOAHATI30BaHO PEHTA0CIBHICTH BUPOOHUIITBA MPOAYKIT
CITBCBKOTO  TOCHOJApCTBa 33 BH3HAUCHUH  TIEPiof.
10. O. Jlynenko [8] BH3HAYEHO CTpaTETiYHI HANPSIMH
PO3BHUTKY CUIBCBKOTO TOCIIONApCcTBAa YKpaiHM Ha Tepiof
1o 2020 poky.

Ane 3HaYHa KiJTbKICTh THUTaHb, SKI aKTyaJIbHI Ha
CHOTOJTHI, TOTPEOYE TONATKOBIX HAYKOBHUX JTOCIIIKCHB.

MeTo10 crarTi € BUIUICHHS OCHOBHHX HaIpsMIB
aKTHBi3aIil MOJIepHi3alliTHUX 3pyLICHb y
CLIBCHKOTOCTIONAPCHKOMY BHPOOHUUTBI  Ykpainu. J[ns
JOCSITHEHHSI Li€] METH MPIOPUTETHUM 3aBJAHHSIM OOpaHO
3HAXOKCHHS HAmpsAMIB aKTHBI3allii MOAEpHI3aiHHUX
3pYHICHb CUTBCHKOTO TOCHMONAPCTBA 32  JOMTOMOTOIO
aHamizy piBHA  peHTaOeabHOCTI  BHUPOOHHUIITBA  Ha
MIIIPHEMCTBAX, TPOAYKTHBHOCTI  TIpami, JHHAMIKH
PO3BUTKY PpOCIMHHUITBA ¥ TBapWHHHIITBA, BHITYCKY
BaJIOBOI MPOAYKINI 3a JOCTIKYBaHHHA TEPiof,, CUCTEMH
CTAaTHCTHYHUX ITOKa3HUKIB BHUPOOHHWIITBA Ta peaii3armil
MpOXyKLii B KpaiHi.

Bupimenns 3aBiaHHs

CrpareriyHo  BaXJIMBOIO  Tally33l0  YKpalHCHKOT
HAlliOHAILHOI €KOHOMIKH € CUIBChKE TIOCIIONAPCTBO, SKE
3abe3neuye YKpaiHi IpOJOBOJIbYY HE3aJICHKHICTh 1 HAJa€e
3HAYHY KIUIBKICTh POOOYMX MICIb YAaCTHHI HaceJIeHHs

KpaiHu. IMoTenmian YKpaiHCBKOTO CIITECBKOTO
TOCIIOIapCTBA BEJIIMYE3HWH, a pOMaIOYi YOPHO3EMH i
MPaIbOBHTI JIIOAW € 3alopyKoio ycmixy kpainu. Came
HEBHBO)KEHA CKOHOMIYHAa TMOJITHKAa  JepXaBH Ta
HEMpoayMaHi arpapHi pedopMH TpPU3BEIH JO CTarHarlil
raimysi. Y po6oti [16] mociimkeno Oe3mocepeHiil BILTHB
arpapHoi rayry3i Ha po3BUTOK HallilOHAJILHOT EKOHOMIKH Ta
ii edexkTUBHY IHTErpamil0 y CBITOBHH E€KOHOMIYHUM
npoctip. A 1e, B CBOIO 4epry, 3a0e3nedyuTh
MYJbTHIUTIKATUBHUAN e(EKT PO3BHUTKY IHIIUX Tramy3eit
HaI[lOHAJTbHOI EKOHOMIKM Ta 3a0e3MeunuTh 3pPOCTAHHS
IOXOJIB  CLIBCBKOIO  HACEJEHHs, KIIbKICTh  SIKOI'O
CTaHOBUTh TPETUHY BChOT'O HACENICHHS KpaiHH, 3aIisTHOTO
B arpapHiii ramysi. Ajse, cirig 3a3HAYMTH, 10 EKOHOMIYHI
MOXJIUBOCTI Trajy3i KpaiHM BHKOPHUCTOBYIOTBCS HE
noBHicTI0. CaMe yepe3 BiICYTHICTh HAJICKHOI JAEPIKABHOT
HiATPUMKH BITUM3HSIHUX BUPOOHHKIB
CLIbCHKOTOCIIOIAPCHKOI  MPOMYKIN{, YaCTHHA CKOHOMIKH
HE BHCBITIIIOETHCS, TOMY IOKa3HMKH CTAaTHCTHYHOI Ta
¢biHaHCOBOi  3BITHOCTI HE 3aBXKAM  BiJOOpaKaroTh
JIOCTOBIpHI  JaHi Ha MiANPHEMCTBaX. BpaxoByroun
BEJIMYMHY MOTEHINATY PO3BUTKY CLIbCHKOTOCHIOAAPCHKOTO
BUPOOHMIITBA KpaiHW, HENIOCTATHHO BBEICHHS HOBUX
3aKOHOIMPOEKTIB Ta BUJIUICHHS MEBHOT YacTKH OIOKETY
Ha PO3BUTOK arpapHoi ramy3i. Buamkae HEoOXimHICTH y
JIOKOpPIHHOMY pedOpMYBaHHS Tay3i.

BanoBa mpoayKilisi CiJIbCbKOTO TOCIOAAPCTBA — LI
TPOLIOBMI BUpa3 yCiX BHUPOOJIEHHX MPOTArOM MEBHOTO
nepioy ~ NEepBUHHUX  MNPOAYKTIB  3emiepoOcTBa i
TBapUHHUIITBA, HE3aJCKHO BiJ TOr0, CHOXHTI BOHH Y
caMOMYy TOCIHOJApPCTBI UM pealli3oBaHi 3a HOTr0 MEKaMu.
IctotHe 3HMXKEHHA 0O0cCATYy BHUPOOHHUIITBA  BaJIOBOI
nponykuii c.-r. B 2010 poui sBIsETbCS OJHIED 3
OCHOBHHX (pOpM MPOsBY arpapHoi Kpm3u (Tadum. 1).

Tabauns 1. Bupobruymeo 6anoeoi npooykyii citbcbko2o cocnooapcmea Yxpainu

Poxn

2010 2014 2015 2016 2017 2018
1. BayioBa nnpoyKiist — BCbOT0 194887 251427,2 239467,3 254640,5 249157 269408,1
y T.4.: IPOJYKIIisl POCTHHHHITBA 124554 177707,9 168439,0 185052,1 179474.6 198658,1
3 Hei: 3epHOBI KYJIBTYpH 41633 67573,1 63421,0 69464,2 65169,8 74076,8
TEXHIYHI KYJIBTYpH 33031,2 50512,2 50172,8 57844,8 56143,1 64127,9
KapTOILIsl, 0BOYi Ta OalTaHHi MPOJOBOJIbYI KYIBTYPH 37996,5 46497,3 43439,4 448219 44859,0 45416,7
IUIOJIM, ITOJIH T4 BUHOTPAJL 6919,6 7721,1 8027,4 7489,4 7745,0 9298,8
KOPMOBI KYJIBTYpH 4086,4 4251 3738 37471 3547,9 3579,4
IHIIIA ITPOJIYKILisl POCIIMHHUIITBA 887,4 1153,2 -359,6 1684,7 2009,8 2158,5
MIPOJYKIlisl TBAPHHHUIITBA 70332,4 73719,3 71028,3 69588,4 69682,4 70750,0
3 Hei: Xy100a Ta nNTHILsT 31237,4 33813,5 33859,2 33916,2 33680,7 35039,0
MOJIOKO 28533 28246,1 26926,9 26321,8 26061,2 25520,2
SIS 7935,1 9114,7 7809,7 7026,9 7215,6 7506,9
BOBHA 17,6 10,8 9,4 8,6 8,2 8,0
iHIIIA ITPOJTYKILisl TBAPUHHUIITBA 2609,3 2534,2 2423,0 23149 2716,7 2675,9
2. BayioBa npoaykiis, Bcboro, % 100,0 100,0 100,0 100,0 100,0 100,0
Y T.4. IPOAYKIIisSt POCTUHHHIITBA 63,9 70,7 70,3 72,7 72,0 73,7
MIPOJYKIisi TBAPHHHHUIITBA 36,1 29,3 29,7 27,3 28,0 26,3
3. Bupo0IieHO CilIbChKOTOCIONapChKOT MPOIYKIIT: -
Ha OJIHy 0CO0Y, I'pH. 4249 5847 5589 5967 5865 6374
4. TpoayKTHBHICTh Tpalli B CIIbCHKOTOCIIONAPCHKUX 132680 227753,4 223309,9 275317,8 271491,4 313627,3
ITi IIIPUEMCTBAX, TPH.
Y T.4. POCIMHHHIITBA 133603 228884,7 218768,0 270863,2 260793,7 305314,5
TBapUHHMIITBA 130474 224105,1 237990,0 292511,2 315503,8 348901,4

JIxeperno: CKIaJeHO aBTOPOM 3a JaHWMHU 3BiTy "[HBECTHIIIT B OCHOBHHI KaIliTall 32 BUAAMH €KOHOMIYHOI AisTbHOCTI" [lepikaBHOT

ciryx0u craTucTuku Ykpainu [9].
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Y 2014 p. BamoBa HPOAYKUiS 30LIBIINIACH
nopiBHsiHO 3 2010 p. (251427,2 maH rpH. mpotu 194887
miH rpH). IlopiBEsHO 3 2016 p. B 2018 p. obcar

2016-2017 pokm, Maemo BimmoBigHO 5967 TpH. 10
5665 rpH., ame B 2018 poui TeHIEHLIS 3HWKCHHS
BUpoOJIeHOT TpoAyKLii Ha oOaHy oco0y 3MiHWJach y

BUPOOHMIITBA MPOAYKIi TBAPUHHMITBA MIBUAKMMM  IIO3MTHBHOMY HANPAMKY i CTaHOBMJIA 6374 rpH.

TeMInamu 301JbIIMBCS, 10 TMO3UTHBHO BifoOpa3miiock Ha 3a pesynbraTamu Apyroro kBaprany 2019 poky temn

CTPYKTYpi CIIOKHBYOTO KOIIMKA. 3pOCTaHHS YKpaTHChKOT €KOHOMIKH BUSIBUBCS
Iporsrom  2014-2017 pokiB  CHOCTEPIracTbCs  HAMMBMANIMM 3a OCTaHHI CiM pokiB, ii BajoBHi

MTOCTYIIOBE HAPOIyBaHHS OOCSTIB BUPOOHHIITBA BaJIOBOL
MPOAYKIi c.-T. 3rimHo 3 maHuMu JlepaBHOI CIyKOHU
cratucTukd 'y 2014 p. y TOpiBHAHHI 3 TONEPEIHIMH
pOKaMH Bi0YJI0Ch pi3ke 30UIBIIECHHS BaJIOBOI MPOIYKIIii
cinbchkoro rocrnogapeta Ykpainu. Ii o6ear, BianosigHo,
BU3HaYeHU y moctiiiHux wniHax 2017 p., craHoBHB
249157 wmmH rpH., mo Ha 54270 muH rpH. (21,7 %)
6inpure, Hix y 2010 p. Ta Ha 5483,5 muH rpH. (abo Ha
2 %) wmenmie, Hik y 2016 p. Takuii OpUpICT AOCSITHYTO
BHACJIIIOK 301JIBIIIEHHS BHPOOHUIITBA MIPOYKITiT
pocuaHEUNTBa Ha 30,6 % B mopiBHsHHI 3 2010 pokom
(179474,6 muu TpH. npotu 124554 muH pH.). Tomi sk 3a
aHAJIOTTYHUT nepion BHPOOHHUIITBO MIPOTYKITiT
TBapMHHHUIITBA HAaBIIAKM 3MEHIIMIOCH Ha 1 % (696824
MJIH TpH. TipoTi 70332,4 MITH TpH.).

Taki momiOHI KOJNMBaHHS BUPOOHMITBA BaJOBOI
OpoIyKLii cilbcbKOro rocmojaapcTsa mnpotsirom 2010-
2018 pp. B po3paxyHKy i Ha BiIHOCHMX IOKa3HHKax Ha
OJIHy 0CO0y Manu CBi#f BimOWTOK. BimOysocs 3HWKEHHS
BHUPOOJICHOI C.-T. MPOAYKIII Ha onHy ocoOy B 2014 porri
cranoBmia 5847 rpH., a B 2015 — 5589 rpH. [lopiBHIOIOUN

BHYTpImHIN mpoaykT 3pic Ha 4,6% NOPIBHAHO 3 THUM
camuM Tmepiomom 2018 poky. OTpumaHuWid pe3yiabTaT
MiJCYMyBaB PO3BUTOK KpaiHU B MOPEBOJIOIINHHY, BOEHHY
m’stupiuky 2014-2019 pokiB: ii eKOHOMIYHI TTOKa3HUKH
0e3 OKYIMOBaHUX TEPUTOPIH yXKEe TEPEBUIIIN PiBEHb
noBoeHHoro 2013 poky. Banosuit BHyTpilHIi TPOIYKT B
arpapHiii ramy3i ekoHoMmiku Ha kiHenb 2018 poky
cTtaHOBUB 14% Ta ONM3BKO TPETUHH HAIXOKCHBb JI0
JIepP’KaBHOTO OIO/KETY KpaiHu.

Bapro Big3Ha4YMTH, IO MPOTATOM OCTAaHHIX POKIB
JepkaBa  BTpaTWiia  KOHTPOJIb  Haj  IOKa3HUKaMH
MPOAYKTUBHOCTI mparii. TakiuM 9rHOM, BIIPOJOBXK IJaHOTO
MPOMIKKY dYacy 3a TeMIaMH 1ii pocTy B C.-T.
MiATIPIEMCTBAX CIHOCTEPIraeThC HEKEpOBaHA AWHAMIKA
(puc. 1). PiBenn TPOTyKTUBHOCTI mparti
CLTBCHKOTOCIIOIaPCHKIX TIPAIiIBHUKIB 3pOCTaB, IO TAKOXK
MO3UTHBHO BiJIOOpaXKaeThCs Ha TEHICHIT POCTY BaJOBOi
NPOIYKLIT CUILCBKOTO rocnoaapcTsa. Hezpaxarouu Ha Bci
[MO3UTHUBHI 3MIHU B CLITBCHKOTOCTIOIAPCHKHUX
HiANPUEMCTBaX, YKpaiHa Bce )X Takd HE BHUKOPHCTOBYE
BECh CBiii OTEHINAJ B arpapHii raysi.
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==#—CIiIECEKE TOCIIONAPCTEO 126 109.1 98 123.3 98.6 115.5
=== PO CIHHHILITBO 130 108.2 95.6 123.8 96.3 117.1
TBapHHHUIITBO 1154 111.6 106.2 122.9 107.9 110.6

Puc. 1. JIunaMika nmpoJyKTHBHOCTI Tpalli B CIIbCBKOTOCIIOAAPCHKHUX MiIIPHEMCTBAX

VYkpaina mae 41 MIH. ra 3emil, 110 € HaiiOLIBIIO0
IUTONIEIO CLIBCHKOTOCIIOIAPCHKHX 3eMeb y €BPOTIIi, 3 HUX
BUKOPUCTOBYETHCS JUIst BUPOLIYBaHHS
CLTBCHKOTOCTIOIAPCHKUX KYJIBTYp TpuOmm3Ho 32,5 MiH.
ra. Popgfowicte  yKpaiHCBKMX  HYOpHO3EMiB  Maia
3a0€3NeYUTH  XapUOBHMH TPOTYKTaMH  YKPaiHCHKUH
PUHOK 1 HaBiTh OiNbIle — HAKONMUYHUTU PECYpCH s
PO3BUTKY IiHIIMX cdep TOCIOoAapioBaHHA. A TOMy, s
raJry3b BIIEBHEHO MPSMYE Ha TIEPIIE MicIle B €eKOHOMIITI.

3HATTS 3EMEIBHOTO MOpPATOpito, 1, BiANOBIIHO,
3allyCK PHHKY 3€MJli — JIOHeJaBHAa OyJo OjHI€I 3
KJIFOYOBUX BUMOI MIXKHapOJHOTO BaIIOTHOTO (GOHAY JUIs

HaJaHHs YKpaiHi QiHaHCOBOI MIATPUMKHU. 3apa3 MUTAHHI
3 MOPSIKY JICHHOTO 3HSTO, NMPOTE 1€ BapTO CIpHHMAaTH
JMIIE SK HEBEJMKY May3y A0 3aKiHYeHHS Jii 0OMeXeHHS
Ha TMpomax 3eMii. A BiATak, mepen MpodiTbHUM
MIHICTEPCTBOM BiJKPHBAETHCS MIMPOKUN CIIEKTP MHUTAHB,
Ha sIKi He0OXiTHO 3HAHTH BiIOBIH JI0 3aITycKy pedopmu,
TOJIOBHE 3 SIKMX — I[IHOBA IOJITHKA. [IoKM 110 HEBiAOMO,
SKAM YHHOM BHUPaXOBYBATUMETbCS BapTICTh OJMHHUIII
3eMJIi, aJie TPOTHO31B MO0 IIOTO iICHYE JayXKe OaraTo.

e B 2013-my pomi mepen MpOJOBKEHHIM
MOpaTOpir0 Ha mpojax 3emii g0 2016-ro, WM AOBOII
TOCTpl JAMCKYCii, HampuKiaa, HMOBIpHA LiHA HA 3EMIIIO.
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Toni [lepxaBHuii 3eMenbpHUIT OaHK Ha3uBaB uKdpu Bix 60
10 500 monapiB 3a rekTap i MPONOHYBaB iX MOCTYIOBO
36imemuT 10 4000 eBpo 3a rekrap. IIpore moparopii
MOJIOBKWJIM Ha TPU POKH 1 BCl MepepaxoBaHi MPOIO3MILii
BTPAaTWJIM CBOK akTyajbHicTh. Ha mowatky 2017-ro
eKCIEePTH TaKO)X HaMarajiuch pO3paxOBYBaTH BapTiCTh
TeKTapy CiTbCHKOTOCTIONAPCHKOI 3eMiTi, OyiIa BCTAHOBJICHA
Bapricts B 1000 nomapis, ane ¥ moTemep HEBiZOMO UMM
BOHa OOIPYHTOBaHA.

VYnepme 3a 18 pokiB, moku nissB Moparopii, y 2019
polIi BJIafia Ma€ HaMip 3pOOMTH PUHOK 3eMIIi BIIKPUTHM,
BIJINIOBITHUI  3aKOHOMPOEKT BXE B  IaPJIAMCHTI,
HaliMOBIpHIIlle, 3Ba)KalOud Ha a0COJIOTHY OiIBLIICTB,
3aKOHOIIPOEKT YXBAJATh, TO K PUHOK 3EMJIi BiIKPHETHCS Y
woBTHI 2020 poky. Takum YHHOM, CKacyBaHHs
MOPATOPi0 Ha MPOJa)k BUTIIHO HE JIHIIE (depMepam, sKi
HAa HI MpPamOOTh, CTAaBIIM BJIACHUKAMH, BOHH HE
0OATUMYTHCS BKJIAJIAaTH BEIIMYE3HI TPOIII HE TIIBKH B
rapHi Bpojkai, a i IyMaTUMyTh PO Te, Mo Tpeda 3poOUTH
abwm 3eMIIs He BTpadaiia pojrodocti. HeaOusiky BUTOIY BiJ
MIPOAAXY OTPUMAIOTH 1 CEIITHU, aJ)kKe HUHI 3a CBOI HAJLITH
BOHHU MAIOTh JIMIIIE OapTep 3 3epHOM, IIYKpOM abo iHIIOIO
CLTBrOCIIIIPOAYKI€I0, ajie IIei 0OMiH HE € PIBHO3HAYHUM.
Maibke 40% 3emui Oyaud B TiHBOBOMY 00iry, TOOTO
BUKOPHCTOBYBAJINCS HE 32 NPU3HAYCHHSM, a 1I€ O3HAYaE,
I0 Jiep)KaBi HE CIUIadyBaJlMCS HaJeXHI IOJATKH,
BUPOIIYBaJIach MPOJIYKIis Ta IPOAABAIACh 3a TOTIBKY 1
BCs I 3eMJIsL 3aiuiianack y TiHi. Ha 3apa3 HIXTO TOYHO
HE MOXE BIANOBICTH, CKUIBKH YTilb 3aJUIIAIOCS B
JepKaBHIM BIAacHOCTI. 3a YacH HE3aJe)KHOCTI TaK 1 He
BIAJIOCS YIOPSIKYBaTH BCi Jep)KaBHI KagacTph Ta
po3poOuTH cremianpHI  KapTH, Xoda Ha 1me OyJo
BHTPAYCHO JECATKH MIIbsApAiB JgonapiB. Ha mamepi
mpoaax 3emiii B YKpaiHi 3a00poHEHHMH, aje, HacIpaBi,
MONIPU MOPATOPii, YOPHUH PHUHOK JaBHO IPOIBITaE 1 Ha
HBOMY IIOPIYHO 00epTaeThes A0 12 M/ IPHUBEHb.

Tomy mepriuM KpoKOM Mae CTaTH, He CTBOPEHHS YU
3allyCK PHHKY 3eMJi, a BHBEJCHHS HOro 3 TiHI.
3aKOHOMPOEKT Tepeadayvae: MEePIIMMH KYMyBaTH 3eMITIO
MaloTh MpaBO opeHmapi (Ti, XTo 3apa3 ii 0OpoOISIOTE),
OJIHI 0co0l He MoO)Ke Hajexatu Ouibine 15% B oxHIiN
obmacti i me Oimeme 0,5% B aepxkaBi, BIaCHUKAMHU

1HO3EMIli MaTUMYTh CBOIO YacTKy 3eMii B YKpaiHi, Ta i
B3araji, B3fBIIM JI0 yBaru MHajKi CYNEpPEeYKH CTOCOBHO
3eMJII TOMDK TOJNITHKAMHU 3aHIIAE€THCS HEBIIOMHM YHd
Oyne BiAMIHEHO Jep)KaBHE pEryJioBaHHSA 1IH 1
OMOJATKyBAaHHS 3¢MJIi, IKi JJOCUTH YCIIIIHO JIFOTH 1 3apas.
UuHOBHUKM OOILSAIOTh JOMOMOTH MajoMy Oi3Hecy,
30KpeMa, 3JIEIICBUTH OaHKIBChKI KPEIUTH, SKIIO CTaBKa
HBY ckmamae 18%, 10 15% Oyme BigmkomoByBaTu
nepxaBa, a 3,5% moBuHEH Oyze crulaTuTu depmep.

3aMIIaeThCs BITKPUTHUM MHATAHHS PO TPOBEICHHS
3arajibHOACPKaBHOT TPOIIOBOI OILIIHKH
CUIBCBKOTOCIIOJIAPCHKUX ~ 3eMelb.  TakuM  YHHOM,
pe3ynbTaTé "iHBeHTapu3auii' oTpuMae MiHAarpoIoIiTHKY,
gKe, y pa3l YCIIIIHOrO 3amycKy pHHKY 3eMJi,
OMIKYyBAaTUMETHCS ACPIKABHUM PETYITIOBAaHHAM 3€MEJIbHUX
BigHOCHH. [Iporno3u Ha nuctomnan 2019 poky BKa3yoTh, 1
ra Oyme komryBatu moHaiMmenme 2000 momapiB. 3akoH
PO 3eMJIi Ma€ TAaKOXK JaTH MOXKJIIMBICTH TyMaTH Harepes,
OaraTo XTO 3 OpeHIApiB B3araii HE 3aMHUCIIOETHCS, a M0
nam Oyne 3 I€ 3eMJieio, TOJIOBHE, OTPHMATH TPOIIi
3apa3. Hampuknaa, COHSITHIK MOXKHA CisITH pa3 B 3 POKH,
a Kpamie W 4epe3 5 pokiB, ajge OUIBIICT, OpEHIApIB HE
3BepTa€ Ha I¢ yBary, Tak K, Ii¢ HaiOLIbII peHTabebHa
KyJIbTypa Ta i 3eMJIsl He € 1X BIIACHICTIO. A KOJH e OyAyTh
BJIaCHI IeKTapH, TO OyjAe AOLIIbHO IOAyMaTH Harepeln,
AKi 5K KyJbTYpHU IOCIATH 3aBTpa. TOMYy IO, KOJM HEMae
PHHKY 3€MJli, KOJIM HEMa€ TapaHTii Mpo 3eMJi, HIXTO He
JyMae Ipo JOBrOCTPOKOBY mepcrnekTtuBy. Hampukian,
CTBOPCHHS BHWHOTPAIHHWKIB YH BHPOIIYBAaHHS BEIUKOI
poraroi XynoOuw JwHIIe dYepe3 Kilbka pOKIB HaJIacTh
npuOyTOK. A came Taki JOBTi IHBECTHII B caad Ta
BUHOTPAIHUKHA SKpa3 1 MalOTh HAWOLIBOI TpPHUOYTKH.
BinbmiicTh MicIIEBHX KHUTEIIB MicTa TepHOIIb MoOyBaIH
Ha 3apobiTkax y €Bpomi 1 Tenep BHPOILYIOTh MAJIHHY
BIIOMa, EKOMY 3 HHX, BXKE 3aMaJio BIACHUX 3eMeJIb, BOHU
3abupaloTh CcBOi Mmai B OpeHIapiB 1 PpO3LIMPIOIOTH
STIAHANTBO. STIAHUITBO MOTpPeOye BEIUKOI KUIBKOCTI
pOOOYHX PYK, a [ € TapaHTie Ui JIOACH, 10 OyIyTh
poboui Micis i Oyme 3apobiTOK y CcBOIil Kpaiui. A micis
BIIKPHUTTS PUHKY 3€MJIi PO3MIMPEHHS A BHPOOHHIITBA
Oyze mie OinpIe.

3pocraHHs KaTteropii '"CiIbCBKe, JIiCOBE Ta pHOHE

MOXYTh OyTH TpoMaasHH YKpaiHH Ta YKpaiHCBKI  TrocrmomapcTBO" 3a0e3MedyeThes 3aBISKU CaMe ClTbCEKOMY
KOMIIaHii. rOCIOIApPCTBY, SIKE CTAHOBUTH JIEBOBY YAaCTKy I[bOTO

Ane He BapTO OYIKYBaTH MOpPATOPII0 HAa MPOAaX  CEIMEHTY €KOHOMIKM, a TOYHime — pociaumHHUNITBY. o
3emuti iHO3emIiM. [Ipo 1ie cBiguaTh 3asBU YPSOOBIB,  CTOCYETHCS MOCIBHAX TUIOIIT OCHOBHHX
MOBIISIB, YKpaiHa € HaWnpuBaONMBIIIOI KpaiHOIO IS  CITbCHKOTOCHOAAPCHKUX KYJIBTYp, TO 3a OCTaHHI POKHU
€BPOMEHCHKMUX IHBECTOPiB. SIKIIO MPHUIYCTHTH, 1[0 BOHM TAaKOX 3a3Hajid CyTTEBUX 3MiH  (Tabm. 2).
Tadmauus 2. Junamixa nocienux niowy cilbCbko20Cno0apcoKux Kynomyp 6 Yxpaini (muc.ea)

2016 2017 2018 2019 wa 0r.09 | Y 7002018
POKY

KysnbTypu 3epHOBI Ta 3epHOO060BI 14439,5 14607,3 14839,0 15279,4 103
Kynerypu TexnivyHi 8656,0 9161,2 9266,0 9026,0 97,4
Kopenerumonu  ta  OynsOorutonw, 1834,0 1840,3 1825,0 1820,6 100,1
KyIbTYpH OBOYEBI Ta OamTaHHI
ITPOAOBOJIbY1
KyneTypu xopmoBi 1936,0 1825,5 1769,0 1715,7 97,0

CriocTepiraerbcss 3MEHIIEHHS ITOCIBHUX ILIONI, ajie
e € TO3UTUBHUM (aKTOM, MIOAO HEOOXiTHOCTI

CKOpPOYEHHsI IUIONmi piuri B YKpaiHi. Ane 3MiHH Yy
CTPYKTYpi MOCIBHHUX TUION] TAKKX BAXIUBUX KYIBTYP, SIK
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KOPCHETLIO N Ta OynpOoIIIoNN 3aJIMIIAIOTHCS
HETaTHBHUMHM, TOJI SIK CIIOCTEPIra€ThCsl 3POCTAHHS
MOCIBHOI TUIOMNII 3epHOBUX, 3epHOOO0OOBUX Ta TEXHIYHUX
KyabTyp. CyTTEBE MiABHINEHHS pPIBHA BpOXKaHHOCTI
CITbCHKOTOCTIONAPCHKUX ~ KYJIBTYP 3@ OCTaHHI POKH
00yMOBWJIM 3HAYHE MiJABHIICHHSA OOCATIB BHPOOHHIITBA
BasIoBO1 NpoayKuii pociuHEMITBA B 2019 porii mopiBHAHO
3 MOMEPETHIMHU POKAMHU.

[Ilomo TBapWUHHHUITBA, TO I Trajly3b MepeOyBae B
Kpu3i, siKa BUKIMKAHA KOHKYPCHIIIEI0 HA YKPaiHCHKOMY

Tabaunsa 3. Junamixa nozonie’s xyoobu ma nmuyi 8 Yxpaini

PHMHKY i3 3aKOpPJOHHHMHU I[IOCTa4YaIbHUKAMH, 30Kpema 3
€BpornH, SKi MOXKYTh 3alPOIIOHYBATH KPaIly MPOIO3HUITII0
st puakKy. CyTTeBUMH 3MiHamH, sKi BiaOymucs B
CTPYKTYpi TIOTOJIIB’S XyJOOW Ta TTHUIIl BCIX KaTeropii
TOCIIOapCTB,  OOYMOBJICHWH  cmax  BUPOOHMIITBA
MPOAYKIIT TBAPUHHUIBKOT ranmy3i. CrocTepiraeThes yiTka
TEHJICHITIS 3MCHIIICHHS TIOTOIIB’ S BEJIMKOI pOTaToi Xy100u
10 2018 poky (tabi. 3).

2016 2017 2018 2019 na 01.09 y % no 2018 poky
Benuka porata xymo6a 3941,4 3904,3 3852,6 3674,5 95,4
Y T.4. KOPOBH 2134,2 2095,4 1998,0 1906,0 95,4
CBuHi 71414 6544,2 6459,9 6292,7 97,4
BiB1i Ta ko031 1456,8 1460,0 1566,8 1518,2 96,9
It cBificbka 213206,4 213877,5 245450,8 254785,7 103,8

Uepe3 HaaMmipHy 30UTKOBICTH Tany3i BiIOyBa€ThCs
3aHenajJ MOJIOYHOTO Ta M'ICHOTO CKOTapcTBa B
CITbCHKOTOCIIOIAPCHKIX MIAMPUEMCTBAX Y KpalHH, a TOMY
BJIACHWKH IJNPHEMCTB OOIPYHTOBAaHO II030aBIIAIOTHCA
30UTKOBHX BHUPOOHHIITB — CKOPOYYIOTh YHCEIBHICTH
ToTouTiB's. BiIpoKeHHS CKOTapcTBAa MOXE BiIOyTHCS
JWIIE 3aBISKH 3HAYHUM KalliTaJOBKIAACHHSM, TaK, SK
OUTBIITICTh MPUMIMICHB IS TBAPHH, KOJHITHIX KOJITOCIHIB i
panrocmis 3pyHHOBAaHO Ta nepenpodiIboBaHo.
BigmoBinHo 10 3akony VYkpaimum "IIpo JlepxaBHuii
Oropxer Ykpainu Ha 2018 pik" Ha QiHaHCyBaHHs BUTpar
MiHicTepcTBO arpapHoi MOJITHKKM Ta IMPOAOBOJILCTBA
VYkpainu Oyno nependaueHo BupaTku B oocs3i 14,1 mup.
IpH., 3 HAUX Ha NPOrpaMH PO3BHUTKY arpapHoi ranysi — 6
311,0 mupa. rpu. [17]. Sk 3a3Ha4aeTbcs, B 3aKOHI
Vxpaian "Ilpo epkaBHuit Oromker Ykpainum wa 2019
pixk" 3a OromkerHOl0 Tporpamoro 2801540 "[eprkaBHa
MATPUIMKAa TBapWHHUITBA, 30epiraHHsS Ta MEepPepoOKH
CUIBCHKOTOCTIOAPCHKOT TIPOTYKIIii, AKBaKyJIbTypH
(pubHUITBA)" MependadeHi BUIATKU 3arajbHOr0 GoHAY y
po3mipi 3500 mua rpH. Ille omuum Qakropom, sSKuil
HEeraTWBHO BIUIMBA€E HA PO3BUTOK rajy3i, CJIiJ BiI3HAUUTH
HU3bKHMI NOTEHIia] MPOAYKTHBHOCTI HasIBHOTO IOTOJIB'S
KODIB, [UIS MiJBUIICHHS SKOTO HEOOXIJIHO KapIHHAIBHO
MOKPALIHUTH CENIEKIIHHO MJIEMIHHY poOoTy. A Iie CTaBUTh
CYTTEBI TepemoHu (PIHAHCOBOTO XapakTepy mepen
BJIaCHUKAMH MIANPHEMCTB, SKi XOTiIM O pO3BHBATH
CKOTapCTBO Yy cBOeMY rocroapctsi. Lloo nraxiBHUNTBA,
TO I8 Trajy3b NPOIBITaE B Cy4acHUX yMOBax B HalIii
Jiep)KaBi, 1€ TOSCHIOETHCS 3HAYHUM  30UIBIICHHSAM
MOTOJIIB'ST MITUIIl 32 OCTaHHI POoKH — 254,8 MIIH TOJB B
2019 p. mpotu 213,4 muH romis B 2016 p.

Jis BceGiuHOTO aHasizy MOJIEpHI3alifHIX 3pyIICHb
Yy  CUIBCBKOTOCHOAAPCHKOMY  BHUPOOHHITBI  YKpaiHM
JOCTI/DKEHHS TOTPeOYIOTh NMTAHHS, $Ki CTOCYIOTHCS
€KOHOMIYHOT €(EeKTUBHOCTI Taly3el arpompoMHCIOBOTO
BUpOOHUIITBA. (OCHOBHHUM €KOHOMIYHHUM TOKa3HHKOM
SIBIISIEThCS. TPUOYTOK, 110 XapaKTepH3Ye PE3YJIbTATUBHICTD
JUSUTBHOCTI  IIANIPUEMCTB, BHUKOHYE pOJb JDKEpena ix
PO3BUTKY Ha OCHOBI pEIHBECTYBaHHS, 3aJ0BOJICHHS
colianbHUX NOTPed CYCHUIbCTBA, 1 HEPEyCiM y KOHTEKCTI
3abe3neueH s poO0YNX MICLb ISl CUIILCHKOTO HACEICHHS.

Bin piBHs npuOyTKY 3aekaTh MOMXKIUBOCTI HiIIPUEMCTBA
B [IEPEOCHAIIICHHI MaTepiajJbHO-TEXHIYHOT 0231, PO3BUTKY
HOBUX HANpPsMIB AisUIBHOCTI Ta CTBOPEHHS CIPHATINBUX
YMOB KHTTS Ta Iparli poOITHHUKIB.

PeHTabembHICTH TIPOTYKITiT XapaKTepU3ye
npuOyTKOBICTH MOTOYHUX BUTpAT, OCHOBHUMH
YHHHUKAMH 3POCTaHHS SIKOI € 3HIKEHHS BUTpAT Ha
BHPOOHUIITBO 1 TWIABUINCHHA peami3allifHUX  IIiH.
JocmimpkeHHs ~ piBHA ~ peHTA0ENbHOCTI  BUPOOHHUIITBA
MPOAYKIIT A€ 3MOTY BHSBHUTH IHTaHHS TOJIMIICHHS
CTPYKTYpH Cc.-T. BUPOOHUIITBA, e(eKTUBHICTh
BUPOOHHUIITBA TaTy3ei CLTbCHKOTOCIIONAPCHKOT MPOIYKIIIL.
Uepes BIJICYTHICTh HEOoOXiaHOT MiATPUMKH
CIIbCBKOTOCIIOIAPCHKUX — MIJIPHEMCTB  BHPOOHHIITBO

JIeSIKMX Tanmy3edl Moke OyTH HHM3bKOpEHTaOeJbHHM abo
HepeHTa0eILHUM 30BCiM, alle BaXIIMBHUM JUIS CYCIIIIbCTBA.
Taxi ¢akTopu, sSK THQILAIIA, BHCOKI I[IHA Ha 3aKyIIiBIIO
CHPOBMHHM Ta KOMIUIEKTYIOUMX, HEBHUCOKa KYITiBEJIbHA
CIPOMOXHICTh HACEJICHHS, HECTaOUIbHICTh MOAATKOBOTO
3aKOHOJIaBCTBA Ta IHINI 3HAYHO BIUIMBAIOTH Ha
3MEHIICHHS PO3Mipy NPUOYTKY CY4acHOTO MiANPUEMCTBA.
[MpoGnema HEOOXiAHOCTI MIIBUIIEHHS NUPUOYTKY Ta
PEeHTa0eNBHOCTI € aKTYallbHOI B Cy4aCHHX YMOBax JJis
HIANPUEMCTB  yCIX Taiy3ed HapoJHOro TIOCIIONapCTBa
VYkpainn.

Po3paxyHok piBHS peHTa0enpHOCTI y  Tamysi
CUIBCBKOTO rocrogapcTBa 0a3yeTbcsi Ha JIBOX OCHOBHHX
MOKa3HHUKAX:

-4yucTOMY  JoXoxai  (Bupyuwi) Bix  peanizamii
nponykuii (po0itr, mociyr) ©e3 mojaTtky Ha JOAaHY
BapTICTh, aKIIU3HOTO 300Dy, IHIINX BUPaxyBaHb, AOTALIH i
JIOTUIAT;

- IOBHIH coOiBapTocTi mpoaykii (podit, mocyr).

3a gaHuMH puc. 2, pUC. 3 CIiI HATOJIOCUTH HAa TOMY,
0 PEHTAO0ENBHICTh CITBCHKOTOCHOAAPCHKOI MPOAYKILT
Ma€ TMO3UTHBHUM TpeHa Ta 3pocrtae. i 3HAXOIKEHHS
piBHS  peHTa0enbHOCTI 32  OCHOBHHUMH  BHIAMHU
cuIbchKOTOCIIONapchkoi  mpoaykmii 3a 2014-2018 pp.
BUKOPHCTAHO BXKE po3paxoBaHi TTOKa3HUKHU
peHTabenbHOCTI JlepaBHOT CITy>KOM CTaTHCTHKH Y KpaiHH
(puc. 2, puc. 3) [9].
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H2014 258 36.5 17.9 9.2 16.7
H2015 43.1 80.5 28,2 24,2 47.5
M2016 37.8 63 243 -3.2 19.7
H2017 25 41.3 12.4 10 15.6
2018 247 32,5 -11.4 6.8 16.7

Puc. 2. PiBeHs peHTa0enbHOCTI BUPOOHHIITBA MPOIYKII POCIMHHUITBA B CIIbCHKOTOCIOAAPCHKHUX MiIIPHEMCTBAX
Jxepeno: 6e3 ypaxyBaHHS THMYACOBO OKYNOBaHOI TepuTopii ABToHOMHOI PecmyOnikn Kpum, M. CeBacTomons Ta 4aCTUHN 30HH
MIPOBEICHHS aHTUTEPOPHUCTHYHOT OTeparii.

MarepialbHO-TEXHIUHI PECypCH, SKi CIIOKUBAIOTHCS y 1K
raigysi CiIbCHKOTO T'OCIOJapCTBa, ajie MiHa MPH I[bOMY Ha
NPOJYKLII0 TBAapHMHHUIITBA 3pOCia 3HAYHO IOBLIBHILIE.

BunsiTkOM € piBeHb PEHTA0EIBHOCTI BHPOOHUIITBA
NpOXyKLil TBApUHHUITBA Yepe3 3pOCTaHHS coOIBapTOCTI
BUPOOHHUIITBA MPOAYKIIi 3a paxyHOK pOCTy IiH Ha
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Puc. 3. PiBeHs peHTaOensHOCTI BUPOOHHIITBA MIPOIYKITil TBAPHHHUIITBA B CLITHCHKOTOCTIOAPCHKUX MIATIPUEMCTBAX
Jlxepeno: ckiaseHo aBTOpoM, Oe3 ypaxyBaHHS THMYAacOBO OKyIoBaHOI Tepurtopii ABToHOMHOI Pecmy6umiku Kpum, M. CeBactonosns
Ta YaCTHHH 30HU MIPOBEICHHS aHTUTEPOPHCTHIHOI OMepartii.

IIpoaHani3yBaBIIM OCHOBHI CTATUCTHYHI JaHI 3a
OCTaHHI 5 pOKIiB, MOXHA 3pOOMTH BHCHOBKH, IO
HANOIIBII peHTabensHUM BHIOM
CIJIbCHKOTOCIIOIaPCHKOTO BUPOOHHUIITBA € BHPOILYBaHHS
COHSIIHHUKY Ta 3¢PHOBHUX KYJIBTYp, SIKI MalOTh HAWBHIII 3a
JIOCITIKYBaHUN nepion IMOKA3HUKH. Hatimenm
peHTa0eT-HIM BHIOM € BUPOOHHUIITBO M sca OBEIb Ta Ki3,

a TaKoX II¢ TOCTPO BiIOOpa3suWiIOCh HAa BHPOOHHUITBI
BENUKO1 poratoi Xyao0u, Tak SK MOKa3HHUK € BiJ'€MHUM
MPOTSATOM BCHOTO JOCIiIKYBAHOTO TEpiogy. A g TOTO
mo0, JaHa Taly3b BHHWNUIA 3 KpU3W Ta Habyma
MO1aJIBIIIOTO PO3BUTKY HEOOXiTHO nepemycim
OpraHi3yBaTH AEP>KaBHY MiATPUMKY.
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He3MmiHHMM 3aJIdIIaeThess MOHOIIOJII3M Ha PHUHKY
CITbCHKOTOCTIONAPCHKOT CHUPOBHHU. ITepepobHi
MiIIPHEMCTBA YacTO 3aCTOCOBYIOTH IiHU, HEAOCTATHI IS
3a0e3MmeueHHs] PEHTA0CIBHOTO CITbChKOTOCTIONAPCHKOTO
BUPOOHHUIITBA. HenocTaTHROIO 3ajMIIaeThCs JAepikKaBHA
MiATPUMKA CIIBCBKOTO rocmonapcrtsa. [IpoaHanmizyBaBmu
pesymbratn 2017 poky, pgomiieHO O Oymo, 1100
Minarpononitiku, MiH}iH, ypsA pPO3IMMUPHIN JOCTYII
arpapiiB 0 OFOJKETHOI IOTaIlil IIJISIXOM JOMOBHEHHS
mepeniky HOBUMH BHAAMH JiSJIBHOCTI Ta 301iMBIINIH
ob6csar ¢dinancyBaHHS 10 6 Mapx rpH. Y Oromkeri 2018
POKy Oyi0 3po0JIeHO Mo-iHIoMYy, 4 MJIpA TPH HaIpaBUIH
Ha MATPUMKY Taly3i TBAPUHHHUIITBA, 3 SKUX 2,3 MIIPJI TPH
CIIpSMYBaJId Ha YacTKOBY KOMIICHCAIII0O  BapTOCTI
OyIIBHUIITBA Ta PEKOHCTPYKINI TBapUHHHIBKUX (epM i
KoMIUIeKCiB. DiHAaHCYBaHHS YaCTKOBOI KOMIICHCAIIT
BapTOCTI TEXHIKU Ta 00JIaHaHHS 3pOciio 10 945 MIH TpH
B CHJIy TOTO, IIO BiZICOTOK 3a IIMM HAIPSMOM CTaHOBUTH
Bxke He 10%, a 15% Bix BCi€el MATPUMKHU arpapHoi rauysi,
gKa TaKoX Tpoxu 30umbmmimack. OpHak He OyIo
PO3IIUPEHO TEePeITiK TeXHIKU 1 00JIaHAHHS, OJCPKyBaUiB
KOMIIEH CAIIil.

3amicTh 30UTbIICHHS (iHAHCYBaHHSA TpOTrpaMu
3MICIICBICHHS KPEIUTIB ii HABIIAKW 3MEHIIWIA 10 66 MITH
rpH. [Ipy npOMy BCTaHOBJIEHO OOMEKEHHS IIOJI0 PO3MIPY
BHPYYKH BiJl peajtizamii mpoayKIii 3a pik — 10 20 MJTH TpH,
BH3HAYCHO TMPIOPUTET MIATPUMKH CYO’€KTIB 31 chepu
TBapUHHUIITBA. 111 PO3BUTKY (hepMEPCHKUX TOCIIONAPCTB
3aMpoBaJWIN OKPEMY Mporpamy, Ha Ky 3akiaid 1 Mip
rpH. CtaHoM Ha BepeceHb — Juiie 13% 0cBo€HHs, TOOTO 3
noHaz 6,3 mupJ rpH Gepmepu otpumaiu e ot 850
MJIH 'pH. 32 IPOrpamMoro MiITPUMKH Taty3i TBAPHHHHULITBA
3 4 mapa rpH BukopucraHo jume 540 MiuH rpH. 3a
HATIPSMOM YacTKOBOI KOMIICHCAIlil BapTOCTI TEXHIKM Ta
obmamHanHA ocBoeHo 230 muH TpH. Ha 3akmameHHs
MOJIOJTUX CaJiB, BUHOTPAJHHUKIB, STITHUKIB BUKOPHUCTAHO
76 mutH TpH 3 300 MITH TpH, a 3 (epMepCchKOTo MiTbsIpaa —
sue 1,6 MiIH rpH.

BucHoBkH

HesBaxaroun Ha Kpusy, sKa BigoOpasuigack Ha
TEHJICHIIIT PO3BUTKY CUILCHKOTO TOCIIOAAPCTBA, IS Taly3b
3aJMINUTECS aKTyaIbHUM Ta IPIOPUTETHUM BHAOM
IiSMBHOCTI, ajie me B YKpaiHCBKOMY CYCIUIBCTBI HE
3aTBEPAMIIOCS PO3YMIHHS CiIbCHKOTO TOCTIOJApCTBA SIK
COIiaIbHO 3HAa4yuMoOi Taiy3i. 3a OCTaHHI pPOKH BXKe
CIOCTEPIraeThCsl  30UTBIICHHS OOCATIB  BHPOOHHIITBA
BaJIOBOI MPOAYKILT CLILCHKOTO TOCIOJIAPCTBA,
MiABUICHHS TPOMYKTHBHOCTI Tpalli B IIAMPHEMCTBAX

Cnucok JiTepatypu

CITBCHKOTO ~ TOCHOJAPCTBA,  YPOXKAWHOCTI  OCHOBHHUX
KyJIbTYp Ta MPOAYKTHBHOCTI XymoOw, mrhii Ta iH. Jlus
MOJAJIBIIIOTO PO3BUTKY CJIJ 3aKPIMUTH IIi ITO3UTHBHI

3MIHM Ta CTBOPUTH CHOPWSITIMBI  yMOBH JUIA  1X
MOJANBIIIOTO  PO3BUTKY Ta  HAaOyTTA  TEHACHIIHN
HE3BOPOTHOCTI, a L€ B CBOI uepry 3abe3nedyuTh

MPOJIOBOJIbYY O€3IeKy JIep>KaBH.

Maiixe 30% CiTbCHKOTOCTIONAPCHKHX IMiIPUEMCTB €
30MTKOBUMH, a pEHTaOeNlbHICTh BHPOOHUITBA Oinblie
MOJOBMHU  BUJIB  CLIBCBKOT'OCIIOAAPCHKOI  MPOJYKIii
HEJIOCTATHS JUIst 3a0e3neveHHs PO3IINPEHOTO
BinTBOpeHHs. Hu3bka MOXiAHICTH BHPOOHHUIITBA CTPUMYE
HOTO0 MOJEpHI3aIlii0, BIPOBAKCHHS HOBUX TEXHOJOTIH,

OHOBJICHHS MaTepialibHO-TeXHiuHOT 0Oa3n. [lomambime
MiIBUIICHHS  NpUOYTKOBOCTI  Ta  PEHTAOEIbHOCTI
BUPOOHMITBA  TPOAYKIII  CUIBCHKOIO  TOCIOJApCTBA
MTOBHHHE cTatu 3aMmopyKoI0 e(eKTUBHOTO

CLTbCHKOTOCIIOIAPCHKOTO BUPOOHHUIITBA, SIKE 3/1aTHE Oy/e
3a0e3MeunTH IPOAOBOJIbYY Oe3eKy IeprKaBy.

Y CBOK0 Yepry, peCypCHHH MOTEHINal CiIbCHKOTO
rOCIIOJapCTBA Ma€ 3HAYHI MOXIIMBOCTI IJIS TMOMAIBIIOTO
PO3BHUTKY, B OCHOBI SIKOTO 3HAXOATHCS
BUCOKOIIPOAYKTUBHI ~ 3eMJi  CUIbCHKOTOCIOAAPCHKOTO
MPU3HAYCHHS Ta COPUSTINBI arpoKIiMaTU4HI YMOBH.

J1y1st TOBHOTO BUKOPHCTAHHS MOTEHIiANy CIbCHKOTO
roCroIapcTBa HeOoOXIHO MOKPAIMTH, HACAMIIEPE/:

1) yHKIiOHYBaHHS Ha DPIBHOMNPABHIN €KOHOMIYHIN
OCHOBI pi3HHX opraHi3auiifHO-ITPaBOBHX ¢hopm
rOCIOIaPIOBAHHS B arpapHOMY CEKTOPI;

2) rapMoOHi3aIlifo iHTepeciB BIACHHKIB, HaWMaHUX
MPAIiBHUKIB Ta CITIbCHKUX TPOMA/T;

3) popmyBaHHs KOHKYPEHTOCTIPOMOKHUX Ha

BHYTPIIIHROMY Ta 30BHINIHIX pPHHKAX BHPOOHUIHX
CTPYKTYP;
4) 3abe3neyeHHs pUOYTKOBOCTI

CUTBCHKOTOCIIOIAPCEKUX — IMIANPHEMCTB ~ HA  piBHI
15-BincoTKOBOI HOpPMH, HEOOXimHOI s 3a0e3IeyeHHS
PO3LIMPEHOrO BiATBOPEHHSI BUPOOHHUIITBA.

A me, B CBOW0O uepry, MHiJBUIIUTh pPIBEHb
MPOIOBOJIBYOT Ta SHEPreTHUHOI Oe3Mekn Ta 3a0e3eunTh
3pOCTaHHA €KCIIOPTHOTO MOTeHLaTy JIepKaBH.

HeoOxiqHUM 3aJIMIIA€ThCS YIOCKOHAIEHHS €KOHOMIYHOTO
MEXaHi3My TOCHOIAPIOBAHHSI: IOJATKH, KPEIUTYBaHH:,
IIHM, JOTAlliiHY MOJITUKY, MIKrajiy3eBi eKOHOMIYHi
3B'SI3KH, OO ycCi ranmysi i cdepu AISUIBHOCTI B €KOHOMIL
KpalHM Malnl OJHAKOBI CKOHOMIYHI yMOBH IS
BIATBOPEHHS BHMPOOHHWITBA, TOOTO Ha BKIAJCHIH Yy
BUPOOHMIITBO DPIBHOBEIMKHMH KalliTal 3 YypaxyBaHHIM
TepMiHy Horo o00OpoTy OJepKyBaTH pPiBHOBEJHKI
pUOyTKH.
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HAITPABJIEHUA AKTUBU3ATIMA MOJEPHU3AIIMOHHBIX CABAI'OB B
CEJIbCKOXO3AUCTBEHHOM INPOU3BOJACTBE YKPANHDBI

IIpeqvMeToMm mcciieoBaHus B TaHHOW paboTe SIBISIETCS COBPEMEHHOE COCTOSIHHE CENBCKOXO3SHCTBEHHOTO MPONU3BOJCTBA Y KPAHHEL
ILenblo ctaThy SBIAETCS BbIACICHUE OCHOBHBIX HAIPaBICHUN aKTUBH3ALMN MOAEPHHU3AOHHBIX CABUTOB B CEILCKOXO3IHCTBEHHOM
MPOU3BOJACTBE YKpauHbL. 3ajgavyeil JAaHHOTO HCCIEIOBaHUS sBIAETCA pa3paboTKa CIEKTpa CTPATETHYECKUX HalpaBlIeHUI
aKTHBHU3ALUH MOJEPHU3ALUOHHBIX CIBUIOB CENbCKOTO XO3IHCTBA YKPAaUHbI, HA KOTOPbIe CTOMT OPUEHTHPOBATH CBOIO AESITEILHOCTh
CEeIbCKOXO03HCTBEHHBIM MPENPUATHAM Uil 0OecliedeHus: MPUOBIIBHOCTH U JOJITOCPOYHOTO pa3BuTHA. IIpu BbIIeneHun 6apbepos,
KOTOpBIE MEINAlOT YCIEHNIHOMY Pa3BUTHIO M (YHKIMOHMPOBAHHUIO arpapHOH OTpaciy B YKpaWHe HCIIOJIb30BaHBI CIIENYIOIINe
METOABI: NTPOOIEMHO-XPOHOJIOTHUECKUH, 00YCIOBHBIINM CTPYKTYPHOE IIOCTPOSHHE HCCICAOBAHUS U IIPEIOCTaBII BOSMOXHOCTH C
JOJDKHOW TTOJIHOTOH IIPOaHANIN3UPOBATh IPOOIEMBI Pa3BUTHS CEIBCKOTO XO3SHMCTBA BO BPEMEHHOHM IIOCIENOBATEIBHOCTH H
JUHAMHKE; METOJ CHUCTEMHOrO IOJXOJa II03BOJIMII PACCMAaTpUBaTh arpapHyl OTpacib, KaK LEIOCTHYKH CUCTEMY, COCTOSILYIO
B3aMMOCBSI3aHHBIX MEXAY CO0OH 3JIEMEHTOB, KOTOPHIE COCTAaBIAIOT €€ CTPYKTYPY M BBINOJNHSIOT COOTBETCTBYIONIHE (DYHKIHH;
AHAIUTUKO-CUHTETUYECKHH METOJ| IPUMEHEH MPH U3yUeHUH U 00paboTke HCTOUHUKOB U JTUTEPATYPhbl, 000CHOBAaHUH TEOPETHUIECKHX
BBIBOJIOB, KOTOPBIH MO3BOJIMI BCECTOPOHHE OCBETUTH COCTOSIHUE MTPOPabOTKH MpobiieM arpapHoil orpaciu. CTaTHCTUYECKUE METOJIbI
00pabOTKH JaHHBIX HCIIOIB30BAHBI C yYETOM 3KOHOMHUYECKOTO M (DHHAHCOBO-KPEIUTHOTO OOECHEYEHHs CelIbCKOXO03IHCTBEHHBIX
npennpuaATHid. J{ns BBIAENCHUS HANpaBIeHUH MOAEPHHU3AIMM IPHMEHSACTCS AaHAIUTHYECKHH METOJ MCCICJOBAHUS: YPOBHSI
PEHTAa0ENBEHOCTH TPOM3BOICTBA, CUCTEMbI CTATHCTHYECKUX ITOKa3aTelel MPOU3BOACTBA Ha CEJIbCKOXO3SHCTBEHHBIX HPEANPHATHSAX,
MIPOU3BOJUTENILHOCTH TpYyJa, AWHAMUKU Ppa3BUTHUS PACTCHUEBOACTBA U SKUBOTHOBOJCTBA M BBIIYCKa BalOBOH NPOIYKIHUH 32
uccienyeMbli nepuos. s aKTHBH3ALMU HCIOJIB30BAHUS CEIBCKOXO3SHCTBEHHOTO IIPOM3BOJCTBA YKpPAWHBI B pabOTe IOJIydeHBI
pe3yJIbTaThl MOJCPHHU3AIIMOHHBIX CIIBUTOB, KOTOPbIE HAYMHAIOTCS C: (DYHKIMOHUPOBAaHHE Ha PAaBHONPABHOH SKOHOMHYECKOI OCHOBE
Pa3IHYHBIX OPTraHM3alMOHHO-TIPABOBBIX (POPM XO3SHCTBOBAHUA B arpapHOM CEKTOPE; TapMOHM3AIlMM WHTEPECOB COOCTBEHHUKOB,
HAaGMHBIX pAOOTHUKOB M CENbCKHX OOIUH; (OPMHUPOBAHHWE KOHKYPEHTOCIIOCOOHBIX HA BHYTPEHHEM M BHENIHHX PBIHKAX
MIPOU3BOJCTBEHHBIX CTPYKTYp. BbIBoABI: 3a mociemHue rombl yke HabmrogaeTcs yBelNMYeHHe OOBEMOB IPOM3BOACTBA BAJIOBOH
MPOIYKIIMU CEIBCKOTO XO35IHCTBA, MOBBIIIEHHE MTPOU3BOJUTEIBHOCTH TPYy/ia Ha MPENPUATHAX CEILCKOTO XO3IHCTBA, YPOKaHHOCTH
OCHOBHBIX KYJIbTYP M IPOJYKTUBHOCTH CKOTa M NTHULBI U Ap. [l AanbHeHiero pa3BuTus clelyeT 3aKpelUTh 3TH MOJIOKUTEIbHbIC
H3MEHEHUsS U CO3/1aTh ONaronpusTHBIC YCIOBHUS JUIS HX JATBHEHIIEro pa3BUTHS M IPHOOPETEHHs TEHICHIIMI HeoOpaTUMOCTH, a 3TO B
CBOIO oOdYepenb O0ECHEeYHT IIPOJOBOJILCTBEHHYIO O€30MAacHOCTh TOCYAapCTBa, YCOBEPIICHCTBOBATH SKOHOMHYECKHH MEXaHU3M
XO3SICTBOBAHMS: LIEHBI, HAIOTH, KPEAWTOBAaHWE, JOTAIMOHHAS IIOJIUTHUKY, MEXKOTpPAcieBble IKOHOMHYECKHE CBSI3M, YTOOBI BCe
0Tpaciy U cepsl AeITETLHOCTH B S)KOHOMUKE CTPAHBI UMETH OAWHAKOBBIE YCIOBHS AT BOCIIPOM3BOICTBA IPOU3BO/ICTBA.

KnioueBble cJI0Ba: CETbCKOE XO3AHCTBO; CENBbCKOXO3SMCTBEHHBIC NPEANPUSATHS; BaloBas NPOMYKIHSA; PEHTaOETbHOCTH;
MIPOU3BOUTENBHOCTD TPYAA; YPOXKAHHOCTD; IPHUOBLIB.

DIRECTIONS OF ACTIVATION OF MODERNIZATION SHIFTS IN
AGRICULTURAL PRODUCTION OF UKRAINE

The subject of study in this article is the current state of agricultural production in Ukraine. The purpose of the article is to identify
the main directions of activation of modernization shifts in agricultural production of Ukraine. The objective of this study is to
develop a range of strategic directions for the activation of modernization shifts in Ukraine's agriculture, which should focus its
activities on agricultural enterprises to ensure profitability and long-term development. The following methods were used to identify
the barriers that hinder the successful development and functioning of the agrarian sector in Ukraine: problem-chronological, which
led to the structural construction of the study and provided an opportunity to properly analyze the problems of agricultural
development in time series and dynamics; the systematic approach method has allowed the agricultural industry to be regarded as a
coherent system consisting of interconnected elements that make up its structure and perform its respective functions; analytical and
synthetic method was applied in the study and processing of sources and literature, substantiation of theoretical conclusions, which
allowed to comprehensively illuminate the state of processing problems of the agricultural industry. Statistical methods of data
processing were used taking into account the economic and financial-credit support of agricultural enterprises. An analytical method
of research is used to identify the directions of modernization: the level of profitability of production, the system of statistical
indicators of production at agricultural enterprises, labor productivity, the dynamics of development of crop and livestock production
and the production of gross production for the studied period. The results of modernization shifts, which begin with: functioning on
the equal economic basis of various organizational and legal forms of economic management in the agricultural sector; harmonization
of interests of owners, employees and rural communities; formation of competitive in the internal and external markets of production
structures were obtained in the work to stimulate the use of agricultural production of Ukraine. Conclusions: In recent years, there has
been an increase in the volume of agricultural production, an increase in labor productivity in agricultural enterprises, the productivity
of basic crops and the productivity of livestock, poultry, etc. For further development, these positive changes should be consolidated
and favorable conditions and trends of irreversibility should be created, which in turn will provide food security of the state,
improvement of the economic mechanism of economy: taxes, crediting, prices, subsidy policy, and inter-sectoral economic ties for all
industries and areas of activity in the country's economy had the same economic conditions for the resumption of production.
Keywords: agriculture; agricultural enterprises; gross production; profitability; productivity; crop capacity; profit.
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BALANCED MANAGEMENT OF STAKEHOLDER RELATIONSHIPS IN THE
HEATING SPHERE

The article is devoted to the study of theoretical principles and practical aspects of managing relationships with stakeholders of
municipal heating companies. The subject of the study is a set of theoretical, methodological and practical aspects for ensuring
balanced management of relations with the stakeholders of municipal heating companies. The purpose of the article is to develop
theoretical and methodological provisions and substantiate practical recommendations for ensuring a balanced management of these
relationships. Tasks of work: to research and systematize the conceptual apparatus of ensuring the management of relations with the
stakeholders of municipal heat companies; to justify the organizational principles of managing these relationships; to offer analytical
and applied support for managing them on a balanced scorecard. During the research were used methods: abstract-logical analysis,
theoretical generalization, systemic and statistical analysis, systemic and statistical analysis, economic-mathematical methods,
graphical method. The paper generalizes the economic characteristics of the activity of district heating utilities and develops the
directions of development of relations with stakeholders in the process of reforming the housing and municipal services of Ukraine on
the basis of the analysis of the efficiency of the municipal heating companies in developed countries of Europe. Strategic directions
for the development of district heating utilities by providing balanced stakeholder relationship management are substantiated.
Conclusions. It is proposed to use a balanced scorecard, which allows, based on the evaluation of financial and non-financial
indicators of enterprise performance, to identify trends of change of each of four key areas of activity to achieve the goal of MHC in
meeting the public needs of consumers, profit for the development of the enterprise, ensure the interests of its employees and their

satisfaction economic and social needs based on stakeholder reconciliation.
Keywords: municipal heating; municipal heating companies; relationship management; stakeholders; energy efficiency;

organizational and economic model.

Introduction

Municipal heating is one of the leading places in the
system of priorities for ensuring the energy security of the
country, improving the energy efficiency of the
functioning of heat supply systems, creating and
improving the market of heat energy and protecting the
rights of consumers and employees of the heat supply
sector. This is due to the objective conditions of
functioning of the heat supply systems, characterized by
such features as: the need to generate heating energy
directly near the objects of its implementation, as well as
the inability to accumulate it; presence of division of
economic activity in the sphere of heat supply into
production, transportation and supply of heat energy; the
existence of various technologies for the production of
heating energy, including the technologies of cogeneration
of electricity and heat and the use of non-traditional and
renewable energy sources; centralized heat supply to
consumers from heating power plants and boiler plants
that are part of the unified energy system of Ukraine; the
existence of heat supply facilities of various
forms of ownership; significant seasonal differences in the
modes of production and consumption of heat
during the year; the special status of subjects of natural
monopolies, which most entities in the field of heat
supply [1, 2].

However, the municipal heating sector was formed
in the Soviet times and has a stable tradition of operating
under the monopoly on the production, transportation and
supply of heat, all entities of which were state or
municipal property and still have no significant economic
or legislative incentives to form competitive market. In
most cases, the production, transportation and supply of
heat are performed by one and the same enterprise; tariffs
are set by a national commission that regulates public

utilities. In such circumstances, businesses are not
interested in reducing their costs to ensure that tariffs are
reduced for consumers, as tariffs are set on a cost plus
basis. As follows, inadequate quality of district heating
services, their high cost compared to household income,
large unproductive losses of heating energy, deterioration
of material and technical base (pipelines of heating
networks), as well as lack of centralized hot water services
in many cities, are reasons for their lack of consumption.
Low level of payment to the district heating company for
actually received heating energy [3].

Therefore, finding ways to form a balanced
relationship with a wide range of stakeholder
(stakeholder) relationships in the heating industry that
directly or indirectly influence the process and
performance of district heating companies is an important
task in ensuring the security of heat supply as one of the
necessary security elements. Creation of mechanisms of
functioning of an efficient market of heating energy;
reduction of harmful effects on the environment;
creation of conditions for attracting investments
in the development and technical updating of
heat supply systems confirms the relevance of the thesis
topic.

Analysis of recent studies and publications

Investigations of the problem of enterprise
relationship management are devoted to the works of
many foreign researchers, namely: R. Akoffa, I. Ansoff,
R. Arbatt, R. Bagozzi, L. Berry, D. Blackwell,
A. Braverman, L. Boone, F. Webster, N. Woodcock,
P. Gembla, Y. Gordon, K. Granroos, D. Dey, E. Dolan,
J. Evans, J. Angela, D. Crevens, D. Kurtz, J.-J. Lambena,
R. Lawson, R. Marshak, J. Menning, R. Miller,
P. Minnard, W. Ouchy, M. Porter, J. Russell,
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F. Reichelde, P. Seybold, M. Stone, T. Thomas, J. Trout,
R. Waterman, R. Freeman, G. Hemel and many
others.

Among the domestic scientists-economists who have
investigated this problem, it is worth mentioning the work
of such researchers as: L. Antoshkin, A. Achkasov,
V. Babayev, A. Bochkovsky, O. Vasilyev, T. Danko,
O. Zorina, S. llyashenko, O. Karlova, N. Kondratenko,
O. Kendyukhov, L. Kozhushko, T. Kuznetsova,
O. Kuzmak, E. Krykavsky, T. Lepeyko, M. Lesechko,
I. Pisarevsky, V. Rossokha, V. Stadnik, O. Suduk,
S. Firsova, V. Frolova, G. Tsar, N. Chebanova,
D. Stefanych, N. Yaroshevich, L. Yatsishina and
others.

The problems of increasing the efficiency of
management of municipal enterprises are devoted to the
work of such scientists as: A. Allahverdyan, P. Bubenko,
V. Vorotyntsev, V. Gavrilenko, S. Galenko,
M. Golovchanskaya, O. Dimchenko, O. Ivankov,
T. Klebanova, T. Kachala, O. Kotsyurba, L. Lipich,
K. Mamonov, M. Miznikov, T. Momot, O. Nagorny,
O. Pogaydak, V. Poluyanov, A. Savenko, V. Svitlichna,
A. Sidorova, S. Plotnitskaya, Yu. Sharov, L. Shutenko,
I. Yaremko and others.

However, in spite of the considerable amount of
scientific works and the world experience in the
implementation of new management models and
technologies of stakeholder management, it is necessary to
note the need for further research on the theoretical and
methodological provision of balanced management of
relationships with key groups of stakeholders in the field
of heating power management as an element of strategic
management of municipal heating companies (hereinafter
referred to as MHC) on the basis of reconciliation of
interests and mutually beneficial cooperation. Thus, the
theoretical and methodological and applied importance of
solving the problems outlined the relevance of the chosen
topic, determined the purpose, objectives and direction of
the study.

Targets and objectives of the study

Results of the studies and their discussion

The purpose of the article is to develop theoretical
and methodological provisions for ensuring a balanced
management of relationships with stakeholders in
municipal heating companies.

Study materials and methods

The theoretical and methodological basis of the
research was the scientific works of leading domestic
scientists and foreign economists, legislative and
regulatory acts of Ukraine in the managing the activities
of the subjects of relations in the field of heat supply.
During the study such methods as: abstract-logical
analysis, dialectical, theoretical generalization, systemic
and statistical analysis, cognitive modeling, systemic and
statistical analysis, economic-mathematical methods,
graphical method was used.

The problem of ensuring balanced management of
relationships with stakeholders is becoming more urgent
and needs to be addressed as groups of stakeholders
(stakeholders) in the area of heat supply have a direct or
indirect impact on the process and performance of
municipal heating companies.

The definition of stakeholders as a group
(individuals) that can influence the achievement of the
organization by its goals or the work of the organization
as a whole was introduced by R. Freeman in his paper
Strategic Management: A Stakeholder Concept in 1984
[7]. At the same time, the focus is on the role of
"interaction", which is seen as the transformation of a set
of individual actions into a single set of joint actions.
Based on the generalization of scientific approaches [4,5],
the content of the concept of "stakeholders in the sphere of
heat supply" is defined, defined as groups of subjects of
relations that exert economic influence on the heat supply
enterprise, connected with the production, transportation,
supply and use of heat energy that have an actual impact
on management decision-making in the enterprise may
contribute to or impede the achievement of the goals of
the enterprise, as well as limit its access to certain types of
resources, or such influence may be potential him, that
result from or operation, or groups of stakeholders.
Therefore, in the process of cooperation of the subjects of
relations in the sphere of heat supply, cooperation tools
are used within the scope of their powers, which allows
realizing common goals for ensuring reliable and
uninterrupted supply of heat and hot water to all groups of
consumers at tariffs, regulated in accordance with the
current legislation. The study identifies key stakeholder
groups in the field of heat supply, highlighting the tools of
interaction within the mandate and the results of their
interaction (table 1).

The main stakeholder groups are presented in Fig. 1.
It is established that stakeholders may have different types
of relations with the enterprise, namely they can: influence
the activity of the enterprise, be influenced by the
enterprise, and while both being influenced and influence
the activity of the enterprise, the interaction between the
stakeholders and the enterprise is absent today but may
occur in the future.

Management decision-making at enterprises while
taking into account the interests of key stakeholder groups
enables them to be balanced against the various vectors of
MHC interaction with external and internal stakeholders.

Within the framework of the collaborative approach
to stakeholder management [6, 8, 9] the essence of the
concept of "ensuring balanced management of relations
with the stakeholders of municipal heat supply
enterprises” is specified, which forms the basis of the
conceptual and terminological apparatus of the research
and allows to consider it as a set of processes and actions,
management tools and tools based on reconciling the
interests of key stakeholder groups in conducting business
to achieve balanced managementing decisions.
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= (Cabinet of Ministers of Ukraine

implementation of state housing policy

=  Ministries and other authorized central bodies of executive power for the formulation and

= Central Executive Body for State Energy Supervision
= National Energy and Utilities Regulation Commission (NERCEP)
=  National and International Financial Institutions (Authorized Banks)

field of heat supply
= Local executive or local government

= Council of Ministers of the Autonomous Republic of Crimea, local state administrations in the

= Energy suppliers
= Heat generating organizations
= Heat transfer organizations

= District heating organizations
= Heat service organizations

Subjects of heat consumption (natural or legal persons) by categories:
population, budgetary institutions, religious organizations, other consumers

Fig. 1. Key stakeholder groups in the field of heat supply

Mutual responsibility of the subjects of relations in
the sphere of heat supply for the quality supply of heat
energy and its timely payment made it expedient to isolate
the marketing component in relation to work with
consumers with determination of the level of customer
satisfaction with the services, which is determined by the
criteria: general satisfaction of MHC work; evaluation of
the quality of the services received; estimation of norms
and order of payments for the services received;
evaluation of the customer service system.

It is proved that MHCs in Ukraine today form a
monopolistic market of heat supply, which determines the
expediency of determining the priorities and strategic
directions of development of the district heating system,
the implementation of which will contribute to the
sustainable development of housing and municipal
services in such areas as: 1) reducing the cost of energy
production; 2) intensification of work with consumers to
reduce the amount of defaults; 3) reducing actual heat
consumption and bringing it closer to effective demand by
implementing energy-saving measures in conjunction with
consumers.

On this basis, it has been determined that an
important area of activity of MHC in the current
conditions is to take into account the factors of the internal
and external environment that affect its development,
identify potential threats and favorable opportunities for
the development of MHC in the future. According to the
results of the analysis, the most significant risk factors that
influence and in the future may influence the results of the
MHC's activity are external factors caused by the state
policy on regulation of economic activity of heat supply
companies and imperfection of regulatory and legislative
bases, namely: divergence in terms changes in energy
prices and the introduction of tariffs for production,
transportation, supply of heat and related district heating

services and the center interim hot water; late
compensation from the state budget of the difference in
tariffs for heating energy, heating and hot water supply to
the population, which arose due to the discrepancy
between the actual cost of heat energy and the
corresponding services set tariffs; decrease of the level of
payments of the consumers of heat supply in the
conditions of sharp increase of cost of the corresponding
services for the population and decrease of its solvency;
non-regulation of current legislation regarding obligations
and requirements for customers of heat supply services in
terms of timely payments.

Risk factors for the internal environment are
primarily related to the main production activity of the
MHC, such as unplanned shutdowns of equipment or
interruption of the technological cycle of the MHC due to
forced re-equipment, accidents, low level of technological
discipline, etc.

Thus, the results of the scientific study have allowed
to state that a harmonious combination of levers and
instruments of a collaborative approach and a balanced
system of indicators with consideration of environmental
risk factors is the basis for a balanced management of
relationships with stakeholders in utilities.

The study proposes to use the Balanced Scorecard
(BSC) as one of the most successful enterprise
management systems, which allows to evaluate the
performance of the enterprise in the form of interrelated
financial and non-financial indicators and to identify
trends in each of the four key areas of activity to achieve
the goal of MHC to meet the public needs of consumers
for quality heating energy at the lowest cost, profit for the
development of the enterprise, safeguarding the interests
of its employees and meeting their economic and social
needs on the basis of stakeholder reconciliation [10-14]
(table 2).
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Table 2. Balanced scorecard for evaluating the effectiveness of managing relationships with stakeholders in municipal heating

companies
Projection Strategic goals Quantitative and gualitative indicators of results
making profit that can be invested in | - tariff for heating energy, UAH / Gcal and hot water
development - the balance of outstanding compensation for the difference in
tariffs for heat
- compensation for losses arising from the difference between
Finances actual costs and charges to consumers for services rendered

- financial assistance

- cost 1 Gcal of heating energy
- profitability level, %

- business activity ratio

- increasing consumer satisfaction
- timely payment

- uninterrupted provision of district
heating services throughout the
heating season

Consumers of heating
energy and hot water

supply

- tariff for heating energy for the needs of the population, UAH /
Gcal

- the period of collection of receivables for goods (works),
services

- the amount of money received for the heat released

- public debt (budgetary institutions, self-financing organizations)
- overall satisfaction with the enterprise

- evaluation of the quality of the services received

- number of consumer appeals

- the number of consumer complaints

- timely start and end of the heating season (for three days with an
average daily temperature of 8 °C)

- indoor air temperature (subject to their insulation) meets current
rules and regulations - 18 °C (in corner rooms - 20 °C)

labor resources

- ensuring the interests of employees
and meeting their economic and
social needs

development of heat
supply workers

- cost reduction - annual amount of heating energy useful leave, thousand Gcal.
- improving the quality of heat - tariff for heat production, UAH / Gcal
su |0| g the quality - conditional fuel consumption per 1Gal of heating energy from
PRIy . boiler houses
- ensuring reliable and trouble-free lectrici for th duction of 1Gcal of heati
_ operation of the enterprise - electricity costs for the production of 1Gcal of heating energy
for the production - - released from boiler houses
/ - reduction of losses in the course of . . .
., | of heating energy carrving out the activit - water consumption for technological needs of production1Gcal
@ i redyuc?ion of natural 3;3 of heat released from boiler houses (without heating of heating
8 - g networks)
= consumption ; .
a : - accident in the heated season
> - reduction of harmful effects on the L . .
g environment - p0§S|p|!|ty of heat supply to consumers in due time
'§ - reliability level of the heat supply system
5 I?arntg eortati on and - tariff for transportation of heating energy, UAH / Gceal
= su Ip of heatin - tariff for heat supply, UAH / Geal
enrejf y g - reduction of energy losses (heating | - quantity of damages of heating networks, pcs.
W energy, fuel, electricity, etc.) - the amount of coolant leakage (including during the heating
(construction
- - ensuring the reliability of heating | period),
reconstruction and K | ission of h ks. k
modernization of networks - annual transmission of heat networks, km.
heat suopl - integrated dynamic efficiency of heat generation and
facili tiepsF)) y transportation
- enhancing production culture, - labor turnover factor
planning and delivery efficiency - staffing ratio
. - increase of efficiency of use of
Training and

- productivity
- staffing, %
- average monthly wage per employee

- training of personnel

- coefficient of intellectual potential

The obtained system of indicators of performance
evaluation of the relationship with the stakeholders of the
MHC allows to calculate the indicator of integrated
sustainable development of the MHC in the long run
based on the management of the relationship with the
stakeholders with the BSC, which reflects the success of
the interaction of the MHC with key groups of
stakeholders.

Methodical provisions for the evaluation of the
indicator of the complex sustainable development of the
MHC by BSC (Sj) are implemented using integral and

partial indicators (S;) according to the formulas (1, 2).

Si? :Zvila Iﬁﬁ‘ ) (1)
=1
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where Py = p; — Py centered indicators that

characterize the impact of stake holders on the BSC;
V" — eigenvectors for the group a (o=1.. s); m — the
number of metrics in the group; j — number of MHC.

An integral index is defined as a linear combination
of group integral indicators:

S =2 4,85, @

where SBa — the significance coefficients of each group.

The results show that the implementation of the
proposed approach within the framework of the analytical
and applied support contributes to the improvement of the
quality of the accepted alternatives for the development of
MHC on the basis of ensuring communication of the
management of the company with employees and external
stakeholders in the field of heat supply with a non-random
choice of complex measures for complex measures
stakeholders.

Conclusions

According to the results of the research, the
theoretical and methodological provisions of ensuring
balanced management of the relations with the
stakeholders of municipal heat supply enterprises have
been improved.

On the basis of the systematization of the conceptual
apparatus, the content of the concept of "stakeholders in
the field of heat supply” is defined, which are defined as
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35AJTAHCOBAHE YIIPABJITHHSA B3AEMOBIJIHOCUHAMM 31
CTEHUKXOJIJIEPAMHA Y COEPI TEILZIOITOCTAYAHHS

CraTTs npuCcBSYCHA AOCIIHKCHHIO TEOPETHYHHX 3acaj i MPAKTUYHUX ACTIEKTiB YIPaBIiHHA B3a€EMOBITHOCHHAMH 31 CTCUKXOJIIepaMH
TEIUIONOCTaYaIbHUX KOMYHAJIbHHUX HignpueMcTB. IIpeiMeToM JOCIIDKEHHS € CYKYIHICTh TEOPETHYHHUX, METOJUYHHX 1 NPAKTHYHHUX
acmekTiB  Imomo 3abe3medeHHs 30aJaHCOBAHOTO — YNPABIIHHA  B3a€EMOBITHOCHHAMH 31  CTEHKXONIepaMH  KOMYHaJIbHUX
TEIUIONOCTaYaNbHUX MiAMPUEMCTB. MeT0I0 CTaTTi € po3poOKa TEOPETUKO-METOANYHUX TIOJIOKEHb Ta OOIPYHTYBAaHHS HPaKTHYHHX
peKOMeH Al 100 3a0e3neucHHs 30alaHCOBAHOTO YIPABJIIHHS UMM B3a€EMOBITHOCHHAMH. 3aBAaHHSI POOOTH: MOCTIJUTH Ta
CHCTeMaTU3yBaTH MOHATIHHMI amapar 3a0e3NedyeHHs YNPaBIiHHS B3a€MOBITHOCHHAMH 31 CTEHKXONJEpaMH KOMYHAIBHHX
TEIJIONOCTaYaJbHUX MiJIPUEMCTB; OOIPYHTYBAaTH OpraHi3amiiiHi 3acajy yNpaBliHHS MMM B3a€MOBIJIHOCHHAMH; 3alpONOHYBaTH
AQHATITHKO-TIPUKJIAHE 3a0e3NeyYeHHs. YNpaBliHHS HHUMH 3a 30QJIaHCOBAaHOIO CHUCTEMOIO IIOKa3HHWKIB. Y XOXi JOCIiJDKEHHS
BHUKOPHCTAHO METOAM: aOCTPaKTHO-JOTIYHMH aHalli3, TEOPETHYHOTO Yy3arajbHEHHS, CHCTEMHOrO Ta CTaTHCTUYHOTO aHawi3y,
CHUCTEMHHH Ta CTaTUCTUYHHUI aHalli3, €KOHOMIKO-MaTeMaTW4Hi MeTonau, rpadiuHuii Meroa. B poOoti y3araapbHEHO EKOHOMIYHi
XapaKTePUCTUKK JISTIBHOCT] TEIIONOCTa4YaIbHIX KOMYHAIIBHUX MiJIPUEMCTB Ta PO3pOOJIEHO HANPSIMKH PO3BUTKY B3a€MOBIIHOCHH
31 cTedkxonaepamMu y Tporeci peopMyBaHHS KHTIOBO-KOMYHAIBHOT'O TOCIONAPCTBA YKpAiHH Ha OCHOBI aHaNi3y e(peKTHBHOCTI
JISTIBHOCTI TEIUIONOCTAa4YaIbHAX IiJNPHEMCTB B PO3BHHEHHMX KpaiHax €Bpomu. OOIpYHTOBaHI CTpaTeriuHi HANPSMKH PO3BHUTKY
TEMJIONOCTAYaJbHIUX KOMYHAIBHHX MiAMPUEMCTB MUIIXOM 3a0e3nedeHHs 30ajJaHCOBAaHOTO YIPABIiHHS B3a€MOBIAHOCHHAMH 3i
creiikxongepamu. BHCHOBKH. 3arponoOHOBaHO 3aCTOCOBYBATH 30aJIaHCOBaHY CHCTEMY MOKa3HUKIB, IO JI03BOJISIE HA OCHOBI OLIHKH
¢inaHcoBux i He(iHAHCOBHMX IHAMKATOPIB PE3yJbTATUBHOCTI MAISUIBHOCTI MiJNPHEMCTBA BH3HAYUTH TEHICHIII 3MiHH KOXHOI 3
YOTHUPHOX KIFOYOBUX chep AisutbHOCTI st gocsirHeHHs Metd KTTI 1110710 3a10BOJICHHS CYCIUIBHUX HOTPeO CIIOKMBAYiB, OJIepKaHHS
MPUOYTKY ISl PO3BHUTKY IMiANPHEMCTBA, 3a0€3MECUCHHS 1HTEPECIB HOTO MpaliBHUKIB Ta 33JJ0BOJICHHS X €KOHOMIYHUX 1 COI[IaIbHUX
moTped Ha 3acafax y3roJLKEHHs IHTepeciB CTEHKXONEpiB.

KiuwouoBi c10Ba: [eHTpani3oBaHEe TEIUIONOCTAYaHHS, KOMYHAJbHI TEIUIONOCTaYalbHi MIiANPUEMCTBA;  yHPaBIiHHA
B32€MOBITHOCHHAMH; CTEHKXOJIIepH; eHeproe()eKTHBHICTD; OpraHi3aniiiHo-eKOHOMiYHA MOJICIIb.

CBAJTAHCUPOBAHHOE YIIPABJIEHUE B3AUMOOTHOIIEHUAMHU CO
CTEHUKXOJIJIEPAMHA B CO®EPE TEILJIOCHABXEHUA

CraTbsl MOCBSIIEHA HCCIECJOBAHHIO TEOPETUYECKHMX OCHOB M IPAKTUYECKUX AaCIEKTOB YIPABICHHS B3aMMOOTHOIIEHHSAMH CO
CTEHKXONepaMi  TEIUIOCHA0KAIOMMX KOMMYHAIIBHBIX —npennpustuil. IIpemMeToM ¥ccClienoBaHMS SBISETCS COBOKYITHOCTB
TEOPETUIECKHX, METOJMIECKUX U MPAKTUYECKUX aCIIEKTOB M0 0OecredeHH0 cOalaHCHPOBAHHOTO YIPABIECHHS B3aMMOOTHOILIECHUSIMU
CO CTEeHKXoJaepaMy KOMMYHAIBHBIX TeIUIoCHaOkaromux mnpennpusatuil. Ileaslo cratbm sBisieTcst pa3paboTka TEOPETHKO-
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METOJUIECKHX ITOJI0KEHNI 1 000CHOBaHME NMPAKTHIECKIX PEKOMEHAANNii 1o o0ecredeHHI0 cOalaHCHPOBAHHOTO YIIPABIICHAS 3THMHI
B3aHMOOTHOIICHUSIMH. 3ajaun paboTHI: HCCIENOBaTh M CHCTEMATH3MPOBATh IOHATHHHBIA ammapaT OOeCIedeHHs YIpaBICHUS
B3aHMOOTHOIICHUSIMA CO CTEHKXOJlepaMH KOMMYHAJIBHBIX TEIIOCHAO)KAIONIMX MPENIPUITHH; OO0OCHOBAaThH OpraHU3alIOHHBIE
OCHOBBI YNPAaBIEHHS OSTHMH B3aHMMOOTHOIICHUSMH; MPEUIOKHUTh aHAIUTUKO-TIPUKIAJHOE OOECIIeUeHNe YIPABICHUS HMHA
cOaaHCHPOBAaHHOHM cHcTeMOll mHokazateneil. B Xome wucciemoBaHMs HCHONB30BaHBI MeTOAbI: a0CTPaKTHO-JOTMYECKUH aHAalu3,
TEOPETUIECKOT0 O000OIIEeHNs, CHCTEMHOTO M CTaTHCTHYECKOTO aHaNN3a, CHUCTEMHBIH M CTaTUCTHYECKUH aHAIN3, SKOHOMHKO-
MaTeMaTH4ecKue MeTonpl, rpaduueckuii Meroa. B paGore 0000IICHBI SKOHOMHYECKHE XapaKTCPHCTHUKH JACATEIbHOCTH
TEMIOCHA0KAIOIINX KOMMYHAIbHBIX IPEIIPHATHH 1 pa3paboTaHbl HAMIPABICHUS pa3BUTHS B3aMMOOTHOILIECHUH CO CTEHKXONAepaMy B
npornecce peOpMUPOBAHMS JKIIIHITHO-KOMMYHAIFHOTO XO035iicTBa YKpaWHBI Ha OCHOBE aHanm3a 3((GEeKTUBHOCTH IEATEITLHOCTH
TEIUIOCHAOXKAIOMMX TIPENPHUATHI B pa3sBUTHIX cTpaHax EBponbl. OOOCHOBaHHBIE CTpaTeTMUSCKUE HANpPABICHHS Pa3BUTHS
TEIIOCHA0XKAIONMX KOMMYHAJIBHBIX NPEANPUATHH MyTeM oOecrieueHns! cOamaHCHPOBAHHOTO YIPaBJIEHHUs B3aHMOOTHOIICHHUSIMU CO
crefikxongepamu. BeiBoabl. IIpeoxkeHo IPHMEHATH COANAHCHPOBAHHYIO CHCTEMY IIOKa3aTelel, IO3BOJISIET Ha OCHOBE OICHKH
(GMHAHCOBBIX U HE(UHAHCOBBIX WHIMKATOPOB PE3YJIBTATUBHOCTH JACATEIBHOCTH NMPEANPUATHS ONpPENEIUTh TCHICHINH W3MEHEHUS
Ka)KJI0H 13 YeThIpeX KIoUYeBbIX cdep aesaTenbHoCTH 1 goctkenus uend KTII no ynoBaeTBopeH o 00IeCTBEHHBIX TOTPpeOHOCTEl
NoTpeOuTeNel, moayueHue NpUOBLIN IS pa3sBUTHA HPEANpPUATHS, oOecliedeHe HHTEPECOB ero pabOTHUKOB H yIOBIETBOPEHHE HX
KOHOMMYECKHX U COLHANBHBIX MOTPEOHOCTEH Ha OCHOBE COTIACOBAHHS HHTEPECOB CTEHKXOIIEPOB.

KnioueBble c10Ba: IEHTPaIN30BaHHOE TEIUIOCHAOKEHHME; KOMMYHAJbHBIC TEIUIOCHAOXKAIONINE IPEIIPHATHS; YIpaBiIeHHe
B3aMOOTHOIICHUSIMH; CTEHKXOJIIepBI; SHEProd(peKTHBHOCTh; OpraHN3alMOHHO-9KOHOMHUYECKAash MOJIEIb.
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V. PITERSKA

CONCEPTUAL MODEL OF SCIENTIFIC ACTIVITY MANAGEMENT OF HIGHER
EDUCATION INSTITUTIONS

The subject of study in the article is methods, models and mechanisms of management of scientific activity of higher education
institutions. The purpose of the work is to develop a conceptual model for managing the academic activity of higher education
institutions based on the concept of triple helix interaction, P2M standard and risk management methodology. The following tasks are
solved in the article: analysis of the model of the triple helix interaction of higher education institutions, business structures and the
state in the implementation of innovation activities, research of the feasibility of applying the P2M standard for the management of
scientific activity of institutions of higher education, development of a conceptual model of management of scientific activity in
institutions of higher education taking into account the risk management system. The following methods are used: project and
program management methods, systems theory and systems analysis, risk management methods. The following results were
obtained: a conceptual model of management of scientific activity of higher education institutions was developed, which allows, on
the basis of risk-oriented methodology, to take into account the interests of all stakeholder groups of the University-State-Business (U
— S — B) triple system. Conclusions: The use of the conceptual model of scientific management of higher education institutions will
allow taking into account the interests of all stakeholder groups in accordance with the P2M standard by integrating various projects
and processes of their activities into a common innovation program. International experience demonstrates the effectiveness of
translating the results of higher education research projects into practice, with the combined efforts of universities, business entities
and government institutions. The presented participants form the triple coil system "University-Business-State", which we will call the
system "U — S — B". This system integrates the processes of scientific activity, production and various forms of state regulation that
interact. The U — S — B model has obvious advantages - science senses production needs, the state takes incentive measures, business
structures adapt to the needs of the population in new goods, services or technologies. This paradigm assumes that new knowledge
and technologies resulting from the scientific activity of higher education institutions are channeled into the sphere of business and
public institutions.
Keywords: research project; higher education institution; innovation program management.

Introduction

In Ukraine, innovation has not yet become a proper
means of enhancing the state's competitiveness. Therefore,
the task of transition to an innovative model of
development is very relevant given the current external
and internal trends in the development of scientific and
technological sphere. The primary task of forming an
effective model of innovative development in Ukraine
should be to focus not only on the possibility of
mechanically restoring the necessary levels of state
funding for the scientific and technical sphere. In the
current situation, the practical impossibility of full
financial support of innovative activity in the current state
of public finances can be traced. Only establishing

Institition

of Higher

Education |——»",

State [ —® 4

Businegs [———»

Fig. 1. Triple helix model of innovation management

This paradigm assumes that knowledge and

adequate chains of interconnection of science, technology
and production adequate to the modern market economy
overcomes the problem of unpromising investment in the
renewal of the scientific sphere. The level of support for
innovation and technology transfer is reflected in the state,
which is reflected in the general level of scientific and
technological security, and the destruction of the financial
foundations of the functioning of the scientific sector is
increasingly increasing the technological dependence of
the national economy.

International practice has proven the feasibility of
using the triple helix model (fig. 1), which unites the
efforts of universities, business structures and government
bodies in implementing innovative projects [1].

technology arise from the actions of higher education
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institutions, business structures, and the state, which
partially overlap [1]. It also implies that knowledge and
technology are then transferred to an economy that is
ultimately the main driver of innovation.

Analysis of recent research and publications

Presentation of the main material

The experience of developing indicators of scientific
activity of universities in real socio-economic conditions
is studied in [2, 3].

The development of methods of evaluation,
measurement, analysis of the development of the scientific
and technical level of the industry, as well as models of
project portfolio management under uncertainty are
presented in [4, 5]. The system of enterprise standards for
knowledge  management in a  project-managed
organization is given in [6]. Innovative projects for
forming the information infrastructure of the university's
educational space are proposed in [7].

The study of mechanisms for managing high-tech
programs and projects is given in [8]. The mathematical
foundations of project management and portfolio
management of high-tech industries are given in [9].
Models and mechanisms of management of educational
networks and complexes, as well as planning mechanisms
in the management of scientific projects are presented in
[10, 11]. Development of model of organizational
structure of university by means of project management
system is carried out in [12]. The research conducted in
[13] is devoted to the development of methodological
bases of innovative project-oriented management of
organizations.

The connection between the innovative component
and the business opportunities is studied in [14]. In [15]
mechanisms for financing the innovative development of
the firm are developed. The mechanisms for managing
organizational projects are described in [16]. Investigation
of innovative thinking results in the formation of new
project management methodologies takes place in the
development of organizational systems management
models presented in [17].

Regarding the problem of external environment of
the innovation system and regulation of intellectual
property issues, the papers [18, 19] propose mechanisms
for managing the external environment of the project,
which allows controlling the activities of interested
persons in obtaining an innovative product. The creative
technologies in program management proposed in [20]
allow increasing the efficiency of program-oriented
management of innovation activity. The systematic
approach to project and program management, presented
in [21], allows a comprehensive approach to solving the
issues of effective implementation of innovative activities
of the organization based on the interests of each of its
participants.

The purpose of this article is to develop a
conceptual model for managing the academic activity of
higher education institutions based on the concept of triple
helix interaction, P2M standard and risk management
methodology.

Higher education institutions are the most flexible of
all known institutions in terms of knowledge generation
and dissemination. It is the organizational structure and
nature of universities that constantly supports the
movement of human resources - new students come to
them with their ideas, which, when they graduate, begin to
work in the various fields of activity with which they
share their knowledge. Acting as an equal institutional
partner with business and the state, universities are one of
the elements in the triple helix model and occupy a
leading position in a knowledge-based society.

In this model, institutions of higher education, in the
presence of the traditional role, fulfill new functions - in
addition to educational activities, scientific research in the
framework of cooperation with the state and business
creates new knowledge. In the context of social and
economic development, the new mission of universities is
very often focused on the development of a specific
resource in the region or of a particular invention - an
innovative product resulting from the research activities of
higher education institutions.

At the same time, the triple helix can be seen as an
interaction between the institutional spheres: institutions
of higher education, business structures and the state, as
well as hybridization of the space of knowledge, the space
of consensus and the space of innovation, that is, the
model of the triple helix does not simply direct the
necessary cooperation between institutions of the three
activity, it is a model of space [1]. The basic principle of
the triple helix model is to consider the institution of
higher education as a key object of innovation. In the
triple helix model, unlike the administrative-command
model, the state has less control over business structures
and universities. This allows initiatives to emerge from
participants in these institutional spheres. At the same
time, the state is beginning to play a more active role in
promoting innovation than is happening in the market
model. Thus, from different starting points there is a
movement towards a more balanced hybrid model.

A key element of locally oriented international
innovation policy is "smart specialization".

"Smart specialization" strategies, which are often
designed to stimulate economic development and enhance
the innovative competitiveness of regions, include a social
dimension to deliver a more lasting impact. The use of the
concept of helix in the context of the Smart Specialization
Platform (RIS3) extends the popular triple helix paradigm,
pointing to the fact that, alongside science, industry and
the state, a key role in the innovation process is played by
society, which is often the end user of innovation and
therefore significantly influences innovation and creation
of knowledge and technologies - through the demand and
realization of the user function. Such a model is well
suited to developing "smart specialization" strategies,
despite the fact that such an approach requires more effort.
Realizing the potential of this initiative and demonstrating
its benefits implies an appropriate revision of innovation
policies. In addition, there is a growing need for
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quantitative  assessment for  "smart
specialization™.

The European Union formulated its view of the
European social market economy in a Europe 2020
strategy aimed at addressing structural problems through
progress in three interconnected priority areas (fig. 2)
[22]: "smart" knowledge-based economic growth and
innovation; sustainable economic growth based on a more
resource-efficient, green and competitive economy;
inclusive economic growth through increased employment
and economic, social and territorial integration.
Increasing investment in innovation and entrepreneurship
is at the heart of the Europe 2020 strategy and a crucial

means of responding to the economic crisis [22]. The EU

techniques

consists of different countries and regions, each with a
specific ecosystem of science and innovation, with a
unique economic context and industrial infrastructure.
Organizations strive to function as open systems operating
under conditions of high turbulence, high risk, and trying
to balance stability and consistency, on the one hand, and
flexibility and readiness for change (to achieve higher
levels of efficiency and organizational sustainability), on
the other.

The triple helix model provides a stable environment
of parallel relationships between national and regional
authorities, the broader business community (industry)
and science. This approach takes into account the role of
each of these groups of innovation participants.

Increase in employment of
econoruically active popilation

X
Creating qualitatielsy newr
/ jobs
4.——-'-_-“-"""—-._

Cormpetittreness | | Development of mdustrial
- base, digital tectmologies,

Professional ecological production

education \\\ =
Innoreation
Sroart Sustainable
Gronarth Gronarth

Fig. 2. Model of implementation of the Europe 2020 strategy [22]

The triple helix model integrates the efforts of higher
education institutions, business structures and the state as
the main drivers of the innovation process, effectively
generalizing the experience of interaction between these
elements of the innovation system. Their interaction
promotes the development of technologies, sets the
conditions for creating and implementing innovations. The
triple helix model is widely used in the theory and practice
of innovative development of knowledge-intensive
industries in economically developed and developing
countries [1]. Using this advanced knowledge of science,
this model gains state and business support for the
commercialization of research and development. Within
the framework of the triple helix there is a gradual
innovative development as a result of the constructive
interaction of the scientific-educational complex (higher
education institution), business and the state, both at
national and regional levels. For the implementation of an
innovative model at any level (national, regional) it is
necessary on the one hand, the partnership of science,
education, government and business, and on the other - a
certain level of development of regional institutions [1].
The central core of the triple helix model is the concept of

the university's third mission. For a long time,
universities were thought to have two missions: education
and research. In recent decades, it has become apparent
that universities should become active participants in
economic and cultural development processes; to develop
into organizations closely related to industry and society
as a whole.

Results of the study

The partnership scheme of the higher education
institution, business and state within the framework of the
triple helix model is presented in fig. 3. One of the basic
advantages of this approach is that it takes into account
the nature of the demand for innovation. The presented
participants form the triple coil system "University-
Business-State", which we will call the system "U — S —
B". This system integrates the processes of scientific
activity, production and various forms of state regulation
that interact. The U — S — B model has obvious advantages
- science senses the needs of production, the state takes
incentive measures, business structures adapt to the needs
of the population in new goods, services or technologies.
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This paradigm assumes that new knowledge and
technologies resulting from the scientific activity of a
higher education institution are channeled into the sphere
of business and public institutions. The concept of the
"triple helix" envisages a phased innovation development
as a result of the constructive interaction of the scientific
and educational complex, business and government at
national and regional levels. The scientific direction is

I Innovative Clitaate, Legislation &

E‘ Financing, Taxation :

State

determined by the effective research activities of the
universities that implement basic and applied research.
The mechanism of interaction between the higher
education institution, the state and business inthe U — S —
B model includes three blocks: research conducted at the
higher education institution; business that includes
business structures; a state represented by regional and
local authorities.
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Fig. 3. Model of interaction between university, business and state in the framework of the triple helix

The system of cooperation between higher education
institutions, the state and business consists of a set of state
organizations, private enterprises and  scientific
institutions (universities), which work together to pursue
effective innovation activities. Each participant of the U —
S — B model makes a significant contribution to the
implementation of innovative projects and the overall
development of the innovative component of the region's
economy. The parity contribution of the regional
authorities is, first and foremost, in the provision of
material and financial resources: land and structures,
earmarked budget for innovation. The interaction of the
higher education institution with business structures
implies the active development and expansion of relations
with the business environment in order to more effectively
commercialize the results of intellectual and scientific
activities and build the business reputation of a reliable
business partner. Therefore, the appointment of such
university interaction in the triple helix model implies the
development of the scientific and technological complex
and providing it with the necessary human resources
through research, technology transfer to the economy and
the formation of a system of business companies around
the institution of higher education with the use of
appropriate state mechanisms for managing scientific
activity. Thus, a third mission of the University emerges,
which assumes a significant role in the socio-economic
development of the region through effective innovation
activity.

The implementation of the University-State-Business
model allows obtaining new opportunities for increasing
the innovative potential of the state.

In this case, the application of the U — S — B model
on the principles of the triple helix allows ensuring stable
development of the economy based on innovations.
Development of economically justified model of location
of production forces and formation of points of growth
allows increasing investment attractiveness and business
activity in the state and development of human capital by
raising educational and qualification level.

Another benefit of the U — S — B interaction model is
the increase in employment through job creation, driven
by innovation, and the increase in tax revenue from both
innovative projects in the short and medium term and by
reinvesting profits in the long run.

Thus, the application of the triple helix model "U — S
— B" in the implementation of innovative activities allows
us to use scientific, educational, industrial and labor
potentials, which ensures the intensity and balance of
development of the state innovation system. Within the U
— S — B model, "higher education institutions are
beginning to play an expanded role, putting the
commercialization of knowledge as an academic goal.

The fundamental basis of the conceptual model of
managing the scientific activity of higher education
institutions is the methodology of project, portfolio and
program management, according to which the scientific
activity of the institution of higher education is realized
through the implementation of the portfolio of scientific
projects.

Definition 1. Scientific project - a complex of
coordinated and managed activities implemented by a
higher education institution and aimed at obtaining new
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scientific results, the realization of which is limited by
time and available resources [24].

Definition 2. The portfolio of scientific projects - a
set of scientific projects and other works that are limited
by the available resources of a higher education institution
and aimed at effectively achieving its (institution) goals
[24].

As a strategic goal of a higher education institution,
most experts recommend using the competitiveness of a
higher education institution. There are dozens of ratings in
the world to determine this figure, however, at present
there is no single methodological basis that would allow
comprehensive consideration of all aspects of higher
education.

In terms of scientific activity, the competitiveness of
a higher education institution takes into account the
following indicators: the material and technical basis for
carrying out scientific research; qualification level of
scientific and pedagogical staff; a contingent of teachers;
number of scientific schools; the number of monographs
prepared; the number of articles published; the number of
patents received.

As already mentioned, Ukrainian higher education
institutions are not able to put the results of scientific
projects into practice. International experience in this
endeavor unites the efforts of universities, business
structures and government institutions. The complexity of
implementing the triple U-S-B model is explained by the
different goals of different participants. Thus, the strategic
goal of state institutions is to improve the quality of life of
the population in the respective territories. The value of
the complex indicator of quality of life is calculated on the
basis of the analysis of the set of criteria, grouped
according to the relevant directions characterizing the
quality of life of the population, safety; infrastructure
development, population income and the state of the
environment. For business structures, economic efficiency
indicators (such as profit, profitability, etc.) remain the
main ones. It is possible to take into account the interests
of all stakeholder groups according to the P2M standard
by integrating different projects and processes of their
activities into a common innovation program [23].

Definition 3. Innovation program - a set of projects
united for the single purpose of obtaining the socio-
economic effect of implementing the results of innovative
activities (implementation of an innovative product) [24].

Model management of innovative projects and
programs is formed on the basis of the mission of the
program or project, which assumes the need for
application of program  management.  Program
management focuses on integration activities to fully
realize the program mission and integrate project ideas,
their strategies, architecture, and controls during program
implementation.

If we consider the stage of scientific activity of the
institution of higher education, then many scientific
projects may be presented within the framework of the
innovation program implementation.

However, the purpose of the work of a higher
education institution that carries out innovative activity is
to include in the portfolio exactly those scientific projects

that will result in the higher competitiveness of a higher
education institution. That is, in this case, the institution of
higher education manages a portfolio of scientific
projects, which allows, on the basis of setting priorities, to
effectively achieve the strategic goals of the organization,
taking into account the resource constraints. This situation
involves obtaining income from the implementation of a
portfolio of research projects, as well as dividends from
the patenting of a result already obtained as a result of the
pursuit of higher education by a higher education
institution, which may be directed to new projects to be
implemented by the organization in the future. Therefore,
the institution of higher education forms and manages a
portfolio of scientific projects. The scientific project is
part of the innovation program.

Given the above information, the scientific project of
the institution of higher education will be considered as an
integral part of the innovation program, as well as the
portfolio of scientific projects. The cost of research is
certainly one of the necessary components of successful
development, but because of the increased risk, most
businesses around the world are being cautious about
fundamentally new developments, preferring to slightly
advance the already existing products and technologies.

The level of risk arising from the development and
promotion of new products is directly dependent on the
degree of novelty of the innovation: the higher the
novelty, the higher the uncertainty of how the product will
be perceived by the market [25].

One of the factors of successful existence and further
development of an innovatively active enterprise is the
ability to manage the risks of innovation, ie the ability to
anticipate the financial costs necessary and sufficient to
reduce the likelihood of risk situations, and in case of their
occurrence, the ability to localize the negative
consequences of these events. The enterprise innovation
risk management system should be built on a single
methodological basis, but it should have a different degree
of detail depending on the type of innovation.

Thus, the activation of the innovation activity of
domestic enterprises can be ensured only through the
development of an effective mechanism for managing
innovative risks, which minimizes the potential losses and
maximizes profit through the development and
implementation of risk-oriented management system in
the enterprise, taking into account certain factors.
Uncertainty innovation risk factors are all the risks that
arise in the course of an innovation activity, which can be
divided into two groups.

External factors are related to the state of the
environment in which the innovation activity is
implemented, and include risks related to the activities of
the state, the environment and the environment.

Internal factors related to the internal environment of
the scientific organization, institution of higher education,
ie due to the peculiarities of the implemented scientific
project: personnel risks associated with the staff of the
organization, and technical risks associated with the
property.

Therefore, the main sources of risk factors for
innovation are stakeholders: business structures, higher
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education institutions, the state, the natural environment,
suppliers, buyers, competitors, society as a whole, and the
staff of the organization.

When designing an innovative risk management
system, it should be taken into account that different
projects and their different stages have their risks and

E.

potential profitability. Therefore, one of the main tasks of
innovation activity is mutual connection of interests of all
subjects of innovation activity.

Considering the above information, it is possible to
propose a conceptual model of scientific project

University

management (fig. 4).
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Fig. 4. Conceptual model of scientific project management

The fundamental basis of the conceptual model of
managing the scientific activity of a higher education
institution, as an integral part of the implementation of
innovative activity, is the methodology of project,
portfolio and program management, according to which
the scientific activity of a higher education institution is
implemented through the implementation of a portfolio of
scientific projects.

Conclusions

Higher education institution is not able to put the
results of scientific projects into practice. International
experience in this endeavor unites the efforts of
universities, business structures and government
institutions. The presented participants form the triple coil
system "University-Business-State", which we will call
the system "U — S — B". This system integrates the
processes of scientific activity, production and various
forms of state regulation that interact. The U — S — B
model has obvious advantages - science senses the needs
of production, the state takes incentive measures, business
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structures adapt to the needs of the population in new
goods, services or technologies. This paradigm assumes
that new knowledge and technologies resulting from the
scientific activity of a higher education institution are
channeled into the sphere of business and public
institutions. The complexity of implementing the U — S —
B model is explained by the different goals of the different
participants. The strategic goal of state institutions is to
improve the quality of life of the population in the
respective territories. It is recommended to use the
competitiveness of the higher education institution as a
strategic goal of the higher education institution. For
business structures, the most important are the indicators
of economic efficiency. It is possible to consider the
interests of all stakeholder groups in accordance with the
P2M standard by integrating different projects and
processes of their activities into a common innovation
program. A significant feature of innovation is its
considerable uncertainty. The probability of successful
implementation of the program should be taken into
account when it is initiated and executed. To solve this
problem, the concept uses risk management models and
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methods in accordance with 1SO 31000. The presence of
significant risks forces businesses to be cautious about
participating in innovative programs. However, it is only
through the introduction of investments that the
organization can accelerate the movement to its goal. In
the work, using the analysis of the demand-supply
function, it is proved that if traditional technologies,
materials and equipment are used, the performance

of the organization will be slowed down. The conceptual
model of scientific project management proves the
necessity of developing methods and models of risk
management in scientific projects of institutions of higher
education, the model of innovation program architecture
in the triple system "University-Business-State" ("U-S-
B"), as well as the method of forming the scientific
portfolio projects of higher education institution.

indicators will decrease over time, that is, the movement
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KOHIEIITYAJIbBHA MOJEJIb YIIPABJIIHHSA HAYKOBOIO AIAJIBHICTIO
3AKJIAJIIB BUIIIOI OCBITH

IIpeameTom 1ociiHKEHHS B CTATTi € METOIH, MOJEII 1 MEXaHi3MH YIPaBIiHHI HAyKOBOIO MisSUTHHICTIO 3aKJIa/IiB BUIIOI ocBiTH. MeTa
poboTi — po3poOKa KOHIENTYyalnbHOI MOJETI YIPaBIiHHA HAyKOBOIO IiSUTBHICTIO 3aKIajiB BHINOi OCBITH Ha OCHOBI KOHIISTIIi
noTpiitHoi cmipansHOi B3aemopii, cranmapty P2M Ta meromosorii ympaBmiHHS pU3MKaMH. B cTaTTi BHPILNIYIOTBCS HACTYIIHI
3aBAaHHSA: aHATI3 MOJEINI MOTPIHHOT cripabHOT B3aeMOIT 3aK/Ia/liB BUIOT OCBITH, 013HECOBUX CTPYKTYp Ta AEPXKaBH IIPHU BUKOHAHHI
IHHOBAIIWHOT JisUTBHOCTI, JOCIIKEHHSI TONMIJTBHOCTI 3aCTOCYBaHHs cTaHaapty P2M s ynpaBiiHHS HAYKOBOIO JisUTBHICTIO 3aKITafiB
BHUIIIOT OCBITH, p0o3p00Ka KOHICNITYaIbHOI MOJICI YIPABTiHHSI HAYKOBOKO JisUTbHICTIO 3aKJTaJ(iB BUIIOT OCBITH B paMKaxX iHHOBAI[IHHUX
IpOrpaM 3 ypaxyBaHHSIM CHCTEMH YIpPAaBIIiHHS PU3MKaMH. BHKOPUCTOBYIOTBCS Taki METOQH: METOAM YNPABIiHHS NMPOEKTAMH Ta
MpoTrpaMaMH, TEOPisl CUCTEM i CHCTEMHOTO aHaji3y, METOAM YIpPaBIiHHS pU3HKaMu. OTPUMaHO HACTYIHI pe3yJbTaTH: PO3pOOIICHO
KOHIICNTYaJIbHY MOJIENb YIIPABIiHHS HAYKOBOIO IisUTBHICTIO 3aKJIa/IiB BHUIOi OCBITH, SIKa J03BOJISIE HA OCHOBI PH3HUKO-OPi€HTOBAHOT
METOJONIOTiI BpaxyBaTH IHTEpeCcH BCIX TPym creiikxonzepiB TpueanHoi cucremu "YHiBepcuter—epxaBa—biznec (U-S-B)".
BucHoBkn: BuxopucraHHs KOHIENTyanbHOT MOJENi YHpaBIiHHS HAayKOBOIO MiSUIBHICTIO 3aKJadiB BHIIOI OCBITH JIO3BOJHTH
BpaxyBaTH IHTEpPEeCH BCIX IPYN CTEHKXOJIAEpiB BiAMOBIAHO A0 cTaHmapry P2M muiixoM o0’e€aHaHHS Pi3HUX MPOEKTIB i MpoLeciB
TXHBOI JISUTBHOCTI B 3arajibHy iHHOBAILilHY mporpamy. MiKHapoaHHH JOCBIJ MOKa3dye e(EeKTHBHICTb BIPOBAPKEHHs PE3yJbTaTiB
HAYKOBO-JIOCJIIIHUX MPOEKTIB 3aKJIaiB BUIOT OCBITH y NPAKTUKY 32 YMOBH 00’ €JJHAHHS 3yCHJIb YHIBEPCUTETIB, OI3HECOBHX CTPYKTYP
Ta Jep>kaBHUX iHCTUTYLIH. [IpencrasieHi yuacHUKN (GOPMYIOTh TPHEANHY CIipalnbHy cucteMy "YHiBepcuteT-bisnec-/lepkasa", sky
Oynemo HasmBatu cucremoro "U-S-B". Jlana cucrema 00’e€Hy€e TpoIecH 3IifiCHEHHs HayKOBOI MisSUTBHOCTI, BUPOOHHIITBA 1 Pi3HUX
(GhopM Iep:KaBHOTO PETYIIOBAHHS, SKi 3HAXOIATHCS y B3aemopii Mk coboro. Moxens "U-S-B" mae odeBumHI mepeBaru — Hayka
BigUyBa€e MOTpeOM BUPOOHWITBA, AEpKaBa 3IIMCHIOE CTHMYJIOIOYi 3aXOIH, Oi3HECOBI CTPYKTYPH NPHCTOCOBYIOTHCS IO TOTped
HACEJICHHS B HOBUX TOBapax, Mmociyrax abo TexHouorisx. Jlana mapagurma nepenoavae, o HOBi 3HAHHS 1 TEXHOJIOTII, 1[0 BHHUKAIOTh
B pe3yNbTaTi HAYKOBOI AisSUTbHOCTI 3aKJIa/1iB BUILIOT OCBITH, HANIPABIISIOTECS B cepy Oi3Hecy i JepyKaBHUX IHCTUTYLIH.
Karwouogi cioBa: HaykoBUil IPOEKT; 3aKiIa]] BUIIOT OCBITH; YIPABIiHHS iHHOBAIIITHOIO TPOTPAMOI0; PU3HK.

KOHIENTYAJBHASI MOJIEJIb YIIPABJIEHUSI HAYYHOM JESATEJbHOCTBIO
3ABEJEHUH BBICHIET'O OBPA3OBAHUS

"pe}]MeTOM UCCIIENOBAHUS B CTATbHE ABIISAIOTCA METOAbI, MOJACIN U MEXaHU3MbI YIIPABJICHUSA Hay‘{HOﬁ JACATCIIBHOCTBIO yqpem)lel-mﬁ
BhIciIiero oOpaszoBanusi. Lledab paboTel — pa3paboTka KOHIENTYalbHOH MOJENH YIpaBieHHs HAydHOH AESITENbHOCTBIO YUPESKACHUH
BBICIIETO 00Opa30BaHMs Ha OCHOBE KOHIENIIMH TPOMHOTO CIHPAIBHOTO B3aWMOMACHCTBHS, craHmapra P2M u meromonoruu
yIpaBlIeHHs pUCKaMH. B craTtbe pemraroTcs clefyromue 3aga4yd: aHaJlH3 MOJEIH TPOHHOTO CIMPAIBHOTO B3aHMMOJEHCTBHS
3aBEJICHMH BBICIIEr0 0Opa3oBaHWS, OW3HEC-CTPYKTYp M TOCYHapCTBa IIPH BBHIIOJHEHWH WHHOBAaIMOHHOW JIEATEIBHOCTH,
HCCIIEI0OBaHNE IIeeCO00pa3sHOCTH MpUMEHEHHs! cTaHfgapra P2M must ympaBieHHst HaydHOH AESTENEHOCTHIO 3aBEACHHI BBICIIETO
obpa3oBaHusi, pa3paboTKa KOHLENTYaJbHOW MOJENM YNpaBICHUS HAayYHOW ACATENHbHOCTHIO 3aBEICHHI BBICIIETO OOpa3oBaHUsS B
paMKax HMHHOBAIIMOHHBLIX IIpOrpaMM C YYE€TOM CHCTEMBI YIIPaBJICHUS PUCKaMH. I/ICHOHbBleTCﬂ CJIeAyomue MeToabl: METOIbI
yOopaBJI€HUSA MNPOCKTaMH U TIIporpamMMaMiu, TE€OpHUsS CHUCTEM U CHUCTEMHOI'O aHalin3a, METOAbl YNPABJICHUS PHUCKaAMU. nOJTy‘-[eHbI
Clleylolne pe3yJabTaThl: pa3paboTaHa KOHLENTyalbHash MOJETb YIPaBICHHsS HAYYHOW JEATEIbHOCTHIO 3aBECHUIl BBICHIErO
o0pa3oBaHus, KOTOpasi MO3BOJISIET HA OCHOBE PHCK-OPHEHTHPOBAHHOIN METOJIONOTHH y9eCTh MHTEPECHl BCEX TPYMIT CTEHKXOJIEPOB
TpuenuHol cucreMsl "YHusepcuter-I'ocynapctBo-busnec (U-S-B)". BwiBoabl: Hcrons3oBaHHE KOHLENTYalbHOW MOJEIH
YIIpaBJIEHHs] HAYTHOH JeATeIbHOCTHIO YIPEXKIeHHH BBICIIEro 00pa30BaHuUs MO3BOJIMT YUECTh MHTEPECH BCEX TPYI CTEHKXOIIEPOB B
COOTBETCTBHH €O cTaHmapToM P2M myTreM OOBEIMHEHUS pa3JMYHBIX IIPOEKTOB U IPOIECCOB WX JEATENBHOCTH B OOIIyIO
MHHOBAIIMOHHYIO MporpamMMmMy. MEeXAyHapOAHBI ONBIT MOKa3piBaeT 3((GEKTUBHOCTh BHEIPEHHS pE3yJIbTaTOB HAydHO-
HCCIIeI0BAaTENbCKUX MPOEKTOB 3aBEJEHHI BBICIIET0 00pa30BaHMs B MPAKTUKY MPH yCIOBUH OOBEAMHEHHS yCHIMH YHHBEPCHTETOB,
OM3HEC-CTPYKTYp M TOCYIApCTBEHHBIX ydpexaeHui. IIpencTaBieHbl y4acTHUKM (DOPMHUPYIOT TPUEIAMHYIO CIHPAIbHYIO CHCTEMY
"Vuusepcuter-busnec-I'ocynapcrso”, koropyio Oymem HasbiBath cuctemoit "U-S-B". Jlannas cucremMa OOBEIHHSET HPOLECCHI
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OCYIIECTBIICHUS HAYYHOH JIEATEIBHOCTH, MPOU3BOJICTBA M PA3IMIHBIX (DOPM TOCYIApPCTBEHHOTO PEryIUPOBAHUS, KOTOPHIC HAXOSATCS
BO B3aUMOJCHCTBHU Mexay coboil. Mogens "U-S-B" uMeeT o4yeBHIHBIC NPEHMYNIECTBA — HAayKa HCIBITBIBACT MOTPECOHOCTH
MIPOU3BOJICTBA, TOCYAAPCTBO OCYIIECTBISICT CTUMYJIUPYIOIIIE MEPhI, ON3HEC-CTPYKTYPHI MPUCITOCAOIMBAIOTCS K HYXKJIaM HACEIICHUS B
HOBBIX TOBapax, yclyrax WM TeXHOJIOTWsX. JlaHHas mapaaurma OpearosaraeT, YTO HOBbIE 3HAHUS W TEXHOJIOTHH, KOTOpHIE
BO3HUKAIOT B pe3y/lbTaTe HAy4HOH MAESITENIbHOCTH 3aBEJCHHH BBICIIEro OOpa30BaHUWs, HAMpaBIAOTCS B cdepy OusHeca u
rOCyAapCTBEHHBIX HHCTUTYTOB.

KnioueBble cj10Ba: Hay4dHBIN IPOEKT; 3aBEJICHNE BBICIIETO 00pa30BaHUs; YIIPABICHUS HHHOBAIIMOHHON MPOTrPaMMOil; pHCK.
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B. 1. POMEHCKUI, B. B. HEBITIOJIOBA, E. FO. [IEPCUSTHOBA

TEXHOJIO'MYECKHUE METO/bI IIOBBIINEHUA HAJE)KHOCTH CbOPOYHO-
CBAPOYHOU OCHACTKH ITPHU ITPOU3BOACTBE U3JAEJINHU
PATUODJIEKTPOHHOI'O TPUBOPOCTPOEHUA

IIpeqMeToM uccileoBaHMS B CTaThe SIBIIFOTCS BOINPOCHI, CBSI3aHHBIE C IOBBINICHWEM TPeOOBaHUH K pabodyMM IapaMeTrpam Hu
KadecTBy M3fenuil. B mpubopocTpoeHuy, MamMHOCTPOEHHH, OOOPOHHOM M APYTHX OTPAcisiX MPOMBIIIIEHHOCTH BBITyCKaeMble
U3Aenusl B CBOEM COCTaBE€ HMEIOT CBAapHbIE METAIIOKOHCTPYKIHH, H3TOTOBIEHHE KOTOPHIX TpeOyeT HpHMEHEHHs OOJbIIOro
KOJIN4ECTBa cOOPOYHO-CBAPOYHBIX MPUCIIOCOOICHUH. 3aTpaThl Ha MPOEKTHPOBAHNE U U3TOTOBICHNE COOPOYHO-CBAPOYHON OCHACTKH
0 TPYROEMKOCTH JocTurarotr 20-25% ot obuieil cyMMBI TPYZOEMKOCTH M3TOTOBJICHUS caMoro m3nenus. OxHuM u3 3QQeKTHBHBIX
CIoco0OB, KOTOpbIE MO3BOJSIIOT YMEHBUIMTh MaTepHallbHblEe U TPYAOBBIE 3aTpPaThl, €CTh IIOBBINIEHHE €€ MOJITOBEYHOCTH U
HaJEeKHOCTH. YUUTHIBasi 0COOBIE YCIIOBHUSI SKCILTyaTal[MM JAHHOH OCHACTKM (IPHCYTCTBHE CBAPOUHBIX OPBI3T), HOITOBEUYHOCTH €&
paboOTHl 3aBHCHT OT METOJMOB 3aIIUTHI PabodYMx HOBepXHOCTeW ocHacTKH. LleJblo ecTh pa3paboTka TEXHOJOTMYECKHX METOJIOB
TIOBBIIICHUST CPOKa CITY>KOBI COOPOYHO-CBAPOYHOI OCHACTKM Ha OCHOBE HCCIIENOBAaHUI HAIEKHOCTH M JIOJITOBEYHOCTH 3aIUTHBIX
TIOKPBITHH, KOTOpbIE 3aIMIIAIOT paboune ITOBEPXHOCTH MPHCHOCOOIEHHH C YYeTOM BIMSHHS KOMIUIEKCA TEXHOJIOTHYECKUX
(bakTopoB. 3aaun: U3ydeHHe yCIOBHH 3KCIUTyaTallul cOOPOUYHO-CBAPOYHOI OCHACTKYU C LIEJBIO OIPEEICHUs] OCHOBHBIX ()aKTOPOB,
KOTOpBIE ONPEAETSIOT HaJEeKHOCTh M JIONTOBEYHOCTh OCHACTKH, OIpEJEeNeHHe OTKAa30B B IPOIECCE SKCIUIyaTalluH; HCCIEA0BAHIE
HAJEeKHOCTH CYIIECTBYIOIIUX 3aIMUTHBIX CPEACTB C LEIbI0 ONMpEASNCHUs] HAINPaBICHUS MO pa3pabOTKe ONTHMAIBHOTO COCTaBa
MOKPBITHUS, Pa3pab0TKa ONTUMAIBHOTO COCTaBa 3AIIUTHOTO IOKPBITUS, CTOMKOTO K BO3JEHCTBHIO CBAPOYHBIX OPBI3T M M3HOCY IPH
MEXaHMYECKOM TPEHHMH »HJIEMEHTOB METAIIOKOHCTPYKIMH OTHOCHTENBHO IIOBEpXHOCTeH ocHacTkH. IlomydeHs! criemyromue
pe3yabTaThl: B craThe npencTaBieHbl JaHHBIE HCCIEJOBAHMUS aBTOPAMHU CYLIECTBYIOIINX CPEICTB 3alIUTHI TOBEPXHOCTEI cOOPOUHO-
CBApOYHBIX IIPHCIIOCOOJNICHNH, pa3paboTaH KiIaccU(UKaTOp OCHOBHBIX (PaKTOPOB BIMSIOIIMX HAa HAJEKHOCTh W JIOJITOBEYHOCTH
cOOpPOYHO-CBAPOYHONM OCHACTKM M KJIACCU(UKATOP OTKA30B B IpOIECce OKCIUTyaTallMd OCHAcTKu. BoiBoabl: Paspaborana
METOJIOJIOTHS TI0 ONPEACIICHUIO CTOMKOCTH 3aIIUTHBIX MTOKPBITHIT OT BO3AEHCTBHS CBAPOYHBIX OPBI3T M MEXaHHYECKOTO ITePEMEIICHHS
3JIEMEHTOB CBAPHBIX KOHCTPYKIUH.

KniodeBble c10Ba: cO0pOYHO-CBApOUHAs OCHACTKA; 3ALUTHBIC ITOKPHITUS; CBAPOUHBIC OPBI3IH; TOMIIMHA 3alIUTHON IICHKH;
paccTosiHUE IOBEPXHOCTH OT 30HBI CBAPKHU; BUIBI CBAPKH; JOITOBEUYHOCTh; CTOMKOCTH MOKPHITHS.

BBEHeHHe TIOKPBITUA U CIUIABJICHUS ¢ OCHOBHBIM METAJIJIOM.

HpennomeH METOA AHAJIUTHUYECKOIoO pacduera C

PenleHue axkTyanbHOM 3allau¥l  TEXHOJOTHYECKOTO SKCHEPUMEHTAIIbHOW MPOBEPKON ONTUMAJIBHOTO COCTaBa

obecneueHus HAJIE)KHOCTH u JOJITOBEYHOCTH TNOKPBITUA  COACPKAILETO B  COCTABE  HAIOJHUTEIA
crHenuagbHbBIX u MepeHaIaX uBaeMbIX cO0opoUHO- oucynbuia-monubiena u  rpagur, a B KauecTBe
CBApOYHBIX  NPUCIOCOOJICHUH  TPUMEHSEMBIX  JUIA IUIEHKOOOPa3yIOIIEro — 3MOKCUIHBIA JIaK, pa30aBICHHBIE

M3TOTOBJIGHNS METAJUIOKOHCTPYKIMH NpubGOpocTpoeHns  CMEChIO  pacTBoputenei.  PaspaGorama — mertonuka

(6;10K0B, cTOECK, HIKahOB) OOOPOHHOTO MAIIMHOCTPOCHHUS
(TyCEeHUYHBIX U KOJIECHBIX MAIIUH).

Heob6xoaumocTsb pelieHus TaKon 3aj1a4u
00yCIIOBIICHA OTHOCHTEILHO HHU3KUMH IOKA3aTeISIMU

HAJIe)KHOCTH W JIONTOBEYHOCTH  CYIIECTBYIOIINX
3aIIUTHBIX MOKPBITHH, TIpelIOXpaHsAomuX paboune
MOBEPXHOCTH  COOpPOYHOH W cOOPOYHO-CBAPOUYHOM

OCHAaCTKH OT BO3JEHCTBHA CBAapOYHBIX OpBI3T, KOTOPHIE
cocTaBIAlOT 1,5 — 2 roga mWpH MHOTOPAa30BOM HX
HaHeceHUH. KOHCTpYKTOPCKO-TEXHOIOTMUECKUHA aHaINu3
pa3paboTKH, M3TOTOBJICHUS WM JKCIUTyaTaluyd cOOpOYHO-
CBapOYHOM OCHACTKM IIO3BOJIMJI OMPEJEIUTh OCHOBHBIC

TEXHOJIOT'UYECCKHUEC (paKTOpBI, BIIMAOIIINUC Ha
paboTOCIOCOOHOCTh OCHACTKH ¥ BBISIBHTH  OTKAa3bl
BO3HHKAIOIIIHE B nporecce IKCILTyaTaIUH
MPUCTIOCOOIEHHIA. Ha OCHOBaHUU aHajan3a
CYIIECTBYIOIUX  CPEACTB  3alllUThl  MOBEPXHOCTEH

cOOpOYHO-CBApPOYHOH OCHACTKH, NPUMEHMB CIICLHAIBEHO
pa3pabOTaHHYIO YCTAHOBKY, IOJydeHa KOJIHMYECTBCHHAS
OLIEHKa CTOMKOCTH HIOKPBITUI BO3JICHCTBUIO
pacIjiaBieHHBIX Karenb MeTala (MOJenb CBapOYHOU
OpBI3TH),JIETAIINX B OINPEICICHHOM HANpaBICHUH W
OOMOapIUpPYIOIMX OAHY H Ty JXKe DJIJIEMEHTapHYIO
IUIOIIAKy TIOBEPXHOCTH [0 IMOJHOTO TPOXKUTaHMSA

OTIpeNIeIICHUs] BEPOSTHOCTH TMOMAIAHUS CBAPOYHBIX OPBI3T
B OJHO M TOXXE MECTO IMOBEPXHOCTH IIPU BBITIOTHEHUHU
COOPOYHBIX U COOPOYHO-CBAPOUYHBIX OIEPAIlil B TCUCHUE
JUATeNbHOTO  BpemeHH (1 Tom), YTO  TIO3BOJIHIIO
OTIPENIeIUTE CPOK CITYKOBI Pa3pabOTaHHOTO MOKPBITHSL.

AHaJIN3 NOCJIeJHUX UCCIeJOBAHUN M mMyOauKaLuii

bazoii 11 MOBBIMIEHUS] KOHKYPEHTOCITOCOOHOCTH H
BO3pAaCTaHWE BKCIEPTHOIO  MOTEHIMaja  YKpauHbI,
JIOJDKHO CTaTh YBEJIWYEHHUE BBINTYCKAa TEXHOJIOTMYECKOM,
HAayKOEMKOW TPOMYKIWHU, TEXHOJIOTHYECKOE OOHOBJICHHE

NPOM3BOJICTBA, B TOM YHUCIE M TEXHOJOTHYECKOTO
o0opynoBaHus ULt IIPOM3BOJICTBA n3eIni
paauosniekTporHoro npudopoctpoenus (VPII) [1-4].
OcoObIM  3HAa4YEHHEM  [UII  TEXHOJIOTHYECKOTO
OOHOBIICHHS TIPOM3BOJICTBA, aBTOMATH3ALUH u

KOMIIBIOTEPHO-HHTETPUPOBAaHHBIX TexHooruil (AKUT) B
Oynymem OymeT co3JaHWe W HCIOJb30BaHUE B HEM
HOBOT'O TEXHOJIOIMYECKOTO 000PYIOBAHHUS, B TOM YHCIIC U
cOOPOYHO-CBAPOYHONW OCHACTKM B KOTOPOH COOHMPAIOT U
CBapWBAIOT OCHOBHBIE 0a30BBlE JeTajl TMPUOOPOB,
MEXaHU3MOB, POOOTOTEXHHYECKHX KOMIUIEKCOB. OmHUM
U3 OCHOBHBIX DJJIEMEHTOB B KOHCTPYKIHH YKa3aHHBIX

© B. U. Pomenckuit, B. B. Hepmronoga, E. 10. Tlepcusinosa, 2019
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W3JENNH €CTh CBapHBIE METAUIMYCCKHE KOHCTPYKIIHU
(xoprryca, CTEHHIBI, CTaHWHBI, MKa(bl, OJIOKH, ITACCH U
IIp.), TIPOU3BOJICTBO KOTOPHIX TPEOYET BHICOKOH TOYHOCTH
M3TOTOBJICHHSA, a KaK CJCICTBHE MPUMEHECHHS OOJNBIIOTrO
KOJINYECTBA CIIeTIMAIbHOU cOOpPOYHO-CBAPOTHOM
OCHACTKU (TMPHUCIIOCOOJICHHI, CTCHIOB, KAaHTOBATEJICH,
MaHHITYJIATOPOB U JIp.).

3aTpaTbl Ha MPOCKTHUPOBAHUE U H3TOTOBJICHUE
cOOpPOYHO-CBAPOUHOH  OCHACTKM IO  TPYIOEMKOCTH
npupaBHuBatotess 20 — 25% ot oOmeil cymMMsl

HU3TOTOBJICHUS CAMOT'O U3JIENIHUS.

IIpu moaroroBke MpOU3BOACTBA HOBBIX H3JEIHUM, B
MepruoJ;  OCBOCHHUS  TMPOMBIIUICHHOW  YCTaHOBOYHOM
TIapTHH, KOHCTPYKTOPCKO-TEXHOJIOTHYECKAs
TOKyMeHTaIus uaMensercs 10 40%, 4to, B CBOIO ouepeib
TpeOyeT mepepaboTKy W3TOTOBICHHOH OCHACTKA WA
HOBOE €€ U3TOTOBJICHHUE.

DTO HaKJIaJbIBaeT OIMOJHUTENBHYIO HArpy3Ky Ha
HHCTPYMEHTAJIbHOE MPOU3BOJCTBO MPEIIPUATHS, TPeOyeT
JOTIOJTHUTCIIBHBIX MaTCPUAJIbHBIX W TPYAOBBIX 3aTpart, U
NPUBOIMT K TOMY, 4TO (haKTHUECKHE 0OBEMbI OCHACTKH B
1,2 — 1,5 pasa Bbllle NPEAYCMOTPEHHON MPOEKTHOM
TEXHOJIOTHEH, UTO CO3AaeT HECOOTBETCTBHE MEKAY

BO3MOXXHOCTAMHU IpOU3BOACTBA n HOTp€6HOCTLIO
npeanpusaTus.

Pemennem sToit lTpO6J'IeMBI ABJIICTCA IMPUMCHCHHUC
O6paTI/IMOI>'I OCHAaCTKH us3 B3aNMO3aMEHACMBIX

CTaHAAPTHBIX 3JEMEHTOB, MO3BOJSIONIMX HCIOIb30BaTh
WX MHOTOKPATHO B TE€UEHHWE JUIUTEIHHOrO0 BpeMeHu [5].
OnHako,  y4YUTBIBasE ~ OCOOCHHOCTH  OSKCIUTyaTalluH

CIIEIUAIBHON HW  00paTuMol  cOOpPOYHO-CBAPOUHOM
OCHACTKH, (BO3mCHCTBHSA CBapOYHBIX OpBI3T),
3¢ (HEeKTHBHOCTL €€ MPUMEHEHUS BO MHOTOM 3aBHCHT OT
HAJIe)KHBIX, JOJTOBEYHBIX M YAOOHBIX B OIKCILTyaTalHu
CPE/ICTB 3alIUThl pa0OYNX TOBEPXHOCTEH.

CymuecTBytomiue cpencraa 3aIIUTHI,
paspabaTbiBacMbIe UHIMBUIYATbHO KaXKIbIM
OpeanpHUATHEM Ul CBOMX HYXI (Ha OCHOBAaHHWHU TPOO U
omuOOK), o0OecrneunBarOT CpPEeAHUH CPOK  CIIyXKOBbI

OCHACTKHU B TeueHHe 1,5 — 4 JieT 3a cyeT MHOTOpPa30BOrO
HAHECCHUS PA3JIUYHBIX BHUJOB MOKPBITHIA MU 3alUTHBIX
9KpaHOB. JlaHHBIE METOABI Malo3((PEKTUBHBI, TaK Kak
TpeOYIOT IOMOJHUTENFHOIO BPEMEHH Ha MPUTOTOBICHHUE,

HaHECEHHE, CHSITHE MIOKPBITHH; YBEINIHBAIOT
MaTepuaabHbIe ¥ TPYIOBBIE 3aTPAThl, CHIDKAIOT KyJIbTypY
MIPOMU3BOJICTBA.

B  pesymbrare  aHanM3a = OTEYECTBEHHOH U

3apyOC)KHON JIUTEpaTypbl IO BONPOCY HCCIICAOBAHUS
HAJICKHOCTH ¥ JIOJITOBEYHOCTH 3aIUTHBIX CPEJCTB,
MPEIOXPAHIIOMUX PabOYHe MOBEPXHOCTH OCHACTKA U
OBICTPOU3HAIIMBAIOIIHXCS JeTanei CBapOYHOTO
000py1oBaHUS (HAKOHCYHUKOB, MYHJIITYKOB W COIEI
TOPEIIOK) OT BO3ACHCTBHSI CBAPOYHBIX OPBI3T IIPH CBapKe U
MEXaHHYECKOTO0 HW3HOCa NpH TEPEMCIICHHH JeTajel
CBapHOW KOHCTPYKLIHH B OCHACTKE B MpoIecce COOPKHU
Obl1  pa3paboTaH  KIACCH(PUKATOP  CYIICCTBYIOIIUX
cpenctB 3ammThl (Tabn. 1), ompemencHbl OCHOBHBIC
(haKkTOpHI BIMSIOIINAE Ha 3aIUTHOE MOKPBITHE (TA0I. 2) U
BUJIBI OTKA30B 3allIUTHBIX IJIEHOK (Tabd. 3).

Tabauua 1. Buowr 3awumsl nogepxnocmeili cOOpoOUHO-C8APOUHOU OCHACMKU U MEMALTOKOHCIMPYKYULL OM C8APOUHBIX OPbI32

AJTIOMHMHHUEBBIN MOPOIIOK U Ap.

Ha3znaveHnue u cnoco6 Yno6cTBO
CpeacTa 3aIUTHI Cpoxk coryObI

NPUMEHEeHUs IKCILIyAaTAUHMH

Omeuecmeennblil onvim
DKpaHbl, KOXYXU 3amura MeTaJUIOKOHCTpyKIuit, | o 6 MecsneB He ynoOHBI, MOBEPXHOCTH

YCTAQHOBKA B 30HE CBAapKH 3QIUIIAI0T YaCTHYHO

BonHble aMynbcuy, copepKaline: KOHIEHTpaT | 3amura MeTaJUIOKOHCTPYKIHif. | PasoBoro mnpumeHenus | He ymoOGHEI, IOCTOSHHO
cynb(aTHO-CUPTOBO#t Oapapl; Mem; MbUto; | Hamocurest KHCTBIO WM | CHUMAaeTcs MEeTKOH TpedyoT TIOBTOPHOTO
KaJIbIIUHUPpOBaHHAsA coAa; XHUIAKOE CTEKIJIO C pacnbUICHUEM HaHCCCHUS U CHATHA.
I[OGaBIIeHPIHMI/I IMUPKOHUS; AJIIOMUHHEBAsA
My ipa-AeKCTPHH; MeIN-TalbK-1eKCTPUH;
mopomok  rpapura w  amomodocdar;
erMHHﬁOpFaHH‘{eCKa}I KHUIKOCTh -

JIeKCTPHH; HAKOHCYHUKOB, U
MBLJIO, TEXHMYECKOE MaciIo, BOJa; KaHU(OIb — | TOpPEJIOK P CBapKe
JKETEe3HbI  cypuk, mnapadus; rpadur —
KUIKUHA  KpeMHMH; kpacka SH — 7A;

MapIIaIUT, ATIOMUHIEBAs Iyapa, BoJa

Cwma3sku, cojsiepKaiye: 3amuTa MeTaNIOKOHCTPYKIINH, PazoBoro He ymoOHBI, MOCTOSHHO
OUPKOHUH — IIyTaldh — PacTBOPHTENs 646; | CleNUaIbHBIX MPUCIOCOOJICHHH, | MPUMEHEHUS, TpeOyIoT TIOBTOPHOTO
I{upkoH — MapIIanuT NOJUBUHUI — OYyTHPaldb | HAHOCHTCS KUCTBHIO CHHMAETCSl HIETKOH CO | HAaHECEHHUS U CHATHS
pacTBOpUTENb 646; OKHCh XpOMa — CTEOPHH — CBapOYHBIMU OpBI3raMu

OcH3MH;

rpyut BJI - 02, BJI - 023;

CunkoHoBsle cMasku 06 - 01

3aluTHBIC TIOKPHITHS, COAEPIKaIINe: KpeMHUI | 3amura neranen cBapounoro | PasoBoro mnpumenenusi, | He ymoOHBI, MOCTOSHHO
— oprannueckyro skunkoctb [KXK — 94 wm | obopymoBanus: comen, | BeIrOpaeT B mpouecce | TpeOyroT TTOBTOPHOTO

MYHAIITYKOB

TOpPCHUA CBapO'-lHOI‘/‘I HAHCCCHUSA U CHATHA

IIYTH.

3amuTHeIe TIOKPBITHS, cozeprKaliue:
AMOMUHUEBYIO Iyapy, rpadut, ke 4HB,
win B® — 88, ormeymopusiii gak OI' — 9,
CYCIICH3HH Ha OCHOBE qucynbduna
mombaena (BHUU- HIT — 213, BHUU HIT —
229, BHUH — HII — 230); nak 67

PyuHoif ocHacTKM HaHOCUTCS U3
IyJIbBEPU3aTOPa WM KUCTBIO

Ot 3-x mecsieB 10 | | Y1oOHBI B NpPUMEHEHHH,

rozma OJTHAKO TpeOyIoT
MOBTOPHOTO HAHECEHUS TI0
Mepe BBITOPAHHST
MOKPBITHS
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Konerr Tadannbl 1

3apybescnotit onvim (Anonua, CLLA, I'epmanusn, I'onnanousa, @panyusn)
JlakokpacouHsle ~ MaTepuaisl  C | 3amMra METaUIOKOHCTPYKLMiT HaHocuTcst | PasoBoro mpumenenus, | He ynoGHo
J100aBKaMH; KAMEHHOYTOJIbHAsi CMOJIA | KHMCTBIO MIIM PACIIbUICHUEM CHUMAETCs LIETKOI I
KCHJION; OPraHUYECKHUE COCAMHEHUsS BBITOpaeT
THTaHa; TPHXJIOPETaH;
AIIOMMHUEBBIH TIOPOIIOK; JIbHSHOE
Maclio; CTEpPUIIbHAS KUCIIOTA; TPauT;
CMOJIa; PaCTBOPHTEINb
CocTaBbl, cofiepKaIIHe: 3ammTa METaNIOKOHCTPYKLMH  HaHocuTcs | PasoBoro He yno6no
KepOCHH, OCH3MH, OPraHWYEeCKOE | KUCTBIO MJIM PACHbLICHHEM [IPHMEHCHUSI,
Macio, kam(popy, CKUNUIAp, JTUTHUH CHUMAETCsI ILETKOI
— LIEJUII0JI03a - BOJiA
CunukoH — mmpait 200T: rpyHTOBKa | 3ammura comen TOPEJIoK u | PasoBoro He yno6no
cozieprKarias CTHPOJIBTaT | METAUIOKOHCTPYKIIHH, HAHOCHUTCSl | HPHMEHCHHSI,
HOJIUTEPOATKUTHOM CMOJIBI, | OKYHaHHEM, KHCTBIO WIIH PAacCIIbUICHUEM CHUMAETCsl LETKO#
SIOKCHHBI  OTBEPIHTENb, OKHChH
JKee3a, MITMEHT, cynb(ar, OeH3uH
Iokpeite "Bloxide" ©Ha ocHOBe | 3ammTa MeTaao KOHCTPYKIHI PazoBoro npumenenus, | He ynobno
AIFOMUHHEBOTO MOPOILIKa; YIAISIETCS IETKON
rpaguroBas cMasKa; cMaska
coziepaKaiast: [IPOHU3BOJHBIE
LEJUIION03bl,  TJIMKOJNS  JKHPHBIX
KOHIICHTPATOB; CMaYHBaIOIIEro
cocTaBa, (pochopHON KHCIIOTHI

Taomauna 2. Knaccugpuxayus paxmopos enusiowux Ha 3aujumHsie NOKPbIMusi NOGEPXHOCMEll COOPOUHO-C8APOYHOU OCHACMKU

Buna ¢axropa . CreneHb
HaumenoBanue gaxropa ~ " Xapakrep aeiicTBus
KOHCTPYKTOPCKH A | TeXHOJIOTMYeCKHii BJIMSIHUS
Mexanndeckoe BO3AEHCTBUE:

- MaTepHal u3 KOTOPOro + C N c
H3OTORIICHA OCHACTKA HNCTEMATUYECKUH YIIECTBEHHAS.
- TepMUYECKas obpaboTka .

P - P + CucremMaTHyecKuit CymiecTBeHHas
TIOBEPXHOCTEN OCHACTKU
- BCIMYKMHA 3ayCC€HIEB Ha TOopLax
3JIEMEHTOB CBapHBIX KOHCTPYKIINH + CrydaitHbrii Manas
- Macca cOOMpPaeMbIX KOHCTPYKIIHH + CucremMarnieckuit CymiecTBeHHAS
- BCJIIMUNHA TIEPEMETIICHUS
DJICMCHTOB METAJUIOKOHCTPYKIIUH
(myre)  mpm  ycTamoske  n + CucreMarnueckuii CymiecTBeHHas
3aKpEIUICHHH B IIPUCTIOCOOIICHNN
BoszeiicTBre cBapoYHBIX OpBI3T:
- IIPOCTPAHCTBEHHOE PACIIONIOXKEHHE + CucremMaTHyecKuit JomuHupytomias
TIOBEPXHOCTH OTHOCHUTCJIILHO
CBapoOYHOW JayrH (BEpTHKAJIBHOE,
TOPH30HTAIBHOE, IO/ YTIIOM)
- paccTosiHHe HOBEPXHOCTH + CucreMatnieckuit JlomuHupyomas
9JIEMEHTOB OCHACTKH OT CBapOYHON
ayru
- Croco0 3alUThl IOBEPXHOCTH (BUI + CucreMaTHYECKUI Jomunupyromias
TIOKPBITHS )
- BUJ] CBAPKH CucrtemaTnyeckuit JomuHupytomas
- MapKa CBapOYHBIX 3JIEKTPOIOB HIIN CucreMaTHYECKUI Jomunupyromias
HPOBOJIOKA
- PEXHM CBapKu CayuaitHblii Mautbrii
- BpeMs BO3/ICHCTBHS OpbI3r MeTaiia CucreMaTHYeCKUit JomuHupyromas
Ha paboy4ne OBEPXHOCTH OCHACTKH
- MaTepua u3 KOTOPOTO + CucreMaTHYeCKUit JomuHupytomas
M3TOTAaBJIMBACTCS OCHACTKA
- TOJIIIMHA  HAHOCUMOW  IUICHKH + CucreMaTHYECKUI JomuHupytomas
3QLIUTHOTO HOKPBITHS Ha
TIOBEPXHOCTH OCHACTKHU
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Tabauna 3. Kraccuguxayus omkazos ¢ npoyecce cOOpouUHO-C8aAPOUHBIX ONEPAYULL

Bup orkasa XapakTep NposiBjIeHHUs XapakTep U3MeHEeHUs

IpupaboTounsle. W3menenue TOJILIMHBL 3amUTHON | BHe3amHsIil (mocTeneHHbII)
HW3HOC 3alIMTHOH IUIGHKH MOBEPXHOCTH OCHACTKU | ILIEHKH, noTepst TOYHOCTH

npu MEXaHUYECKOM TPEHHH (cbopke | mpucHocoOseH s, 3a00MHBI, 3aIUPbI.

NPUCHOCOONICHHsT M YCTAHOBKE  OJJIEMEHTOB | lI3MeHeHHe Ka4eCTBEHHOTO COCTOSHHUS

CBApHOM KOHCTPYKIIMN) MIOBEPXHOCTH, HEpPOBHOCTh
MIOBEPXHOCTEN
IIporap 3amumTHOM TMJIEHKM NOBEpPXHOCTH mpu | M3meHeHue TOJILIMAHBI sammuTHOW | [locTeneHHbIN

IUICHKH, CIUIABJICHHE CBAPOYHBIX OPBI3T
C TMOBEPXHOCTBIO, KOHTAaKT CBAPOYHOIO
JJIeKTpoAa (CBapoOYHON IIPOBOJIOKH) C

BO3/ICHCTBUU CBaPOYHBIX OpBI3T

MIOBEPXHOCTHIO MPUCIIOCOOICHHMS,
rnoreps TOYHOCTH cOopku
MIPUCTIOCOOIICHUS, OTCYTCTBUE

COOMPAEMOCTH COIPSITaeMbIX JieTajei
OCHACTKU

HerotHoe — mpHIIEraHne — SJIEMEHTOB
METAUIOKOHCTPYKLIMU K TOBEPXHOCTH
MIPUCIIOCOOJIEHHST MK JIETANIE ¥ y3JI0B
MIPUCTIOCOOJICHUS MEXIY co0oii,
OTCYTCTBHE TOKOIOJBO/A, YBEIHYECHUE
HANpsDKEHHST M CHJIBI TOKa, Tpoboil u

IIporap 3aluTHON IUIEHKHU, HAallpaBJICHUE MeTalla
Ha [OBEPXHOCTU OCHACTKU IPH 3aKHUTAHHU
CBapOYHOM 1yru

TocTeneHubIi (BHE3aHBIH)

CIINIABJICHUC B MECTaX Hp060ﬂ

Ilo pe3ynbTaTtam NPOBEACHHOTO aHajM3a
YCTAHOBJICHO, 4YTO CTENEHb BO3JCHCTBUS CBAPOYHBIX
6])1)13F 3aBUCUT oT (02)(5914%:0)11170,€ TECXHOJIOTHYCCKHUX
(dakTopoB: BHJA CBapKH, MapKd OJIEKTPOJa WM
CBapOYHOM MPOBOJIOKH, BpEeMEHU BBIMOJTHEHUSI
CBapOYHBIX ONEpalii B Te4eHHe Troga paboThl,
pacCTOsSHUSL 30HBI CBapKd OT pPabodmX MOBEPXHOCTEH
OCHACTKH, XapakTepa pacloJOKEHHsS [MOBEPXHOCTEH
OTHOCHTEJILHO 30HBI CBAPKH, BUJIA 3alIUTHOTO MOKPBITHS,
TOJIIIMHBI 3aHlHTHOI>i IIJICHKH TMOKPBITUA, MapKu
martepuaia, u3 KOTOpOIo HU3rOTOBJICHBI DJICMCHTHBI
OCHACTKH, KJIacca YUCTOTHI TOBEPXHOCTEI OCHACTKH.

CTeHEHI) BIIMSHUS MEXAaHHUYECKOI'0O HM3HOCA 3aBUCUT
OT JIMHBI MYTH NEPEMEIICHUA JJIEMEHTOB OCHACTKH
OTHOCHTENILHO APYT JApyra mpu cOOpke B TEUEHHE roja
IKCIUTyaTal[i, MapOK MaTEepUaliOB TPYIIMUXCS Map, BHUIA
MOKPBITHST W TOJIIMHBI MOKPBITHS, HIEPOXOBATOCTH H
TBEPJIOCTU MOBEPXHOCTEH OCHACTKH.

Jdust  ompeaeseHWss — ONTHMAIBHOTO  COCTaBa
3alIUTHOTO  TOKPBITHS W3 MHOXECTBA  H3BECTHBIX
HOKpBITHﬁ, MMPUMEHACMBIX JJIA 3allUThI CHeHHaHLHOﬁ n
00paTUMOW  OCHACTKM OBUIM  OTOOpaHBl  Hamboee
HaICXKXHbIC U yL[O6HI)Ie B OKCILTyaTalliu: TBEPJAbIC CMAa3KU

Ha OCHOBe jucynbduma ™MommubaeHa — Mos,
(pa3paboTaHHEIC Bcecoro3ubim HAY4YHO -
HCCIIENOBATEILCKAM HHCTHTYTOM HE(TSIHBIX

nmepepaborok) — BHUM — HII210, BHUM HIT — 213,
BHMU HII - 229, BHUU —HII — 230, ¢propopranndeckas
cmona — OBP 74]1, nonuBuHMIOyHTHpans — bD — 2,
rpaduT — KpeMHUHOpraHNYeCKas )KUIKOCTb.

OnHOIl M3 OCHOBHBIX HEpEIICHHBIX NpOOJIeM IpH
ONpENENeHU:  CTOMKOCTH  3AIUUTHBIX  HOKPBITUH
BO3ICWCTBUIO CBAPOYHBIX OPBI3T — 3TO HANPaBUTH ITOJIET
CBapOYHBIX OpBI3r B  OJHOM  HANpaBICHWH IS
OOMOapIUPOBKM OJHOH ® TOW Ke DJIEMEHTapHOU
IUTOINAAKU MMOBEPXHOCTH, YTO HE TO3BOJSIET OINPEICIUTh
CPOK CIyXOBI TOKDBHITHS IOBEPXHOCTH COOPOUYHO-
CBapOYHOW ocHacTku. W3  CymecTBylOIIMX  BHJIOB

MOKPBITUI HE OTIpe/IeNIeH ONTHMAJIbHBII COCTaB MOKPBITUS
obecreynBaroIfi ONTUMAIBHBIA CPOK CITY>KOBI OCHACTKH.

Heas» Hacrosmeid pabdoTel —  pa3paboTka
CHELHUATbHON  YCTAaHOBKH  IO3BOJIIONIEH  IOJYyYHTh
pacIulaBJICHHBIE KaIUll MeTauia (MOZAENb CBapOYHOH
OpbI3ru) 00pa3oBaHHBIE B PE3yAbTAaTe CBAPOYHOTO
nporecca IUTABKU MEXAY TUIaBSIIUMUCS u
HETIaBAMUMHECS (BONB(GPAMOBBIi) 3IEKTPOIaMH, a TAKXKe
pa3paboTka  ONTHMAJIBHOTO  3AIIUTHOTO  ITOKPBITHS
PAaCCUYMTAHHOTO AHAJIUTHYECKH M IKCIEPUMEHTAIHHO
MOJTBEPK/ICHHOTO, 00ECIEeYHNBAONIET0 MaKCHUMAaIbHYIO
CTOHKOCTB BO3/ICHCTBHIO 9KCIEPUMEHTAIbHBIM
KaIlIsIM.

C 1enpro ompeneneHus] CTOMKOCTH CYIIECTBYIOIMINX
3aIIUTHBIX TOKPBHITHH BO3IAEHCTBHIO CBAapOYHBIX OpBI3T
OpuTa pa3paboTaHa crelUaibHas YcTaHOBKa (puc. 1)
TI03BOJISIONIAsT MOJICTUPOBATh CBAPOUYHBIC OPBI3TH B BUJE
Kamenb MeTajula, MaJalollnX BEPTHUKAJIbHO BHH3 W
OomOapaupyromMX OAHY ¥ Ty JK€ 3JEMEHTapHYIO
IUIOIIAJIKy TOBEPXHOCTH 0Opaslia 10 MOJHOTO Hporapa
IUIEHKH TTOKPBITHSL.

IToxphITHS HAHOCHIINCH HA METAITMYECKHE 00pasIibl
pasmepamu 150 x 15 x 10 MM METOJIOM pacHbUICHUS MO
COOTBETCTBYIOIIEH TEXHOJOTHYECKOW JIOKyMEHTAIlHH.
TonmuHa MOKPHITHS COCTaBisuia, B cpemuem, 20 — 25
MKM.

OCHOBHBIM MaTepHajioM 00pa3noB Obuth cTanb 20 1
gyryn BU — 50 — 32, maTepuan U3 KOTOPOro, B OCHOBHOM,

W3rOTABIMBAIOT  0a30Bble  DJIEMEHTHl  OOpaTUMOM
cOOpPOYHO-CBAPOYHOM OCHACTKH.

O6pasis c HAaHECCHHBIM MOKPBITHEM
YCTAHABIMBAUCh HA  CTONMK  OKCHEPUMEHTAIBHOM

YCTaHOBKM U TOJABEPrajiiCh BO3JCHCTBUIO CBapOYHBIX
Karmenb Ha JAByX paccrosHusAx 300mMmM m 50 wMw,
COOTBETCTBYIOIIUX MPEANOYTHUTEILHOMY PaCIOJI0KEHUIO
MMOBEPXHOCTEH 3JIEMEHTOB OCHACTKU OT CBApPOUYHOM yTH.
Pe3ynbratsl AKCIIEPUMEHTAIBHBIX HcCcaeJOBaHuM
MPUBEJICH Ha quarpamme (puc. 2).
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1 — mraTuB; 2 — 6a30BBIH CTOJHK; 3 — YIJIOBas MOJCTaBKa; 4 — UCIBITYEMBIH 00pasell; 5 — aepkarens; 6 — TOKOOABO; 7 —
HeIUIaBsILUICS 2JIEKTpoA; 8 — cBapouHas Ayra; 9 — kamuu Metania; 10 — miassiuiics anekrpon; 11 — ceapounas ropenka —
ANIEKTPOIepKATENh; 12 — MOBO/ ra3a, 13 — MeXaHu3M MOoAa4Yu MPOBOJIOKH; 14 — 6aoH ¢ Ar.; 15 — cBapo4HbIii ipeoOpa3oBatelb; 16

— mKad yrnpaBieHHs

Puc. 1. Cxema ycTaHOBKH LTS ONIPEETICHNS CTOMKOCTH 3aIIUTHBIX MTOKPBITHIA BO3IEHCTBUIO CBAPOYHBIX OPBI3T

130

N

a)

70

40

80

(=)
-~

40

[:l BHWUH HIT-230

==pr
I'padu

BHHWH HII-213

By Hn-229 [ obam-741
LI BHUM HIT-210

I\'])(‘\Illllii()[)l AHHYHCKASA KHIKOCTLY

a) — PacCTOSTHHE UCTIBITEIBAEMOT0 00pa3na oT cBapouHoi xyru 300 Mm;
0) — pacCTOsIHHE HCHBITEIBAEMOT0 00pasiia OT CBapOYHOH IyTH — 50 MM.

Puc. 2. JluarpamMma CTOHKOCTH 3aIIUTHBIX MOKPHITUI BO3AEHCTBUIO KCIIEPUMEHTAIBHBIX Kalelb MeTaa

HawnGomnee cToiikuM oka3ajoch HOKPHITHE Ha OCHOBE
nucynbhuaa mommbaena MoS, (BHUU — HIT — 230).
Mapka OCHOBHOTO MaTepuaja, Ha KOTOPOM ObLIM

HAHCCCHBbI TIOKPBITUA Ha CTOMKOCTH IIJICHKH
CYIIECTBEHHOI'O BJIMAHUS HE OKAa3bIBAJIO.

CpaBHHTEIEHBIC 9KCICPUMCHTAIBHBIC
HCCIICIOBaHHS MTOKPBITHI npu MEXaHUYECKOM
NepeMeIIeHNH POBOAWINCH 110 METOJY BO3BPATHO
MOCTYNATENIFHOTO  CKONMBKEHUS Ha  TpEXoOpas3moBoOi
MammHe TpeHus MUY — 1 (puc. 3) mpu yaensHOM
nmasmenun 0,5 MIla u ckopoctu mepemernenus 0,1 m/c
(O6TM3KUMH K TTPOU3BOICTBEHHBIM YCIIOBHSM).
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1 — snekTponaBUrarenb; 2 — KIMHOpPEMEHHas repenada; 3 — KopoOka CKOpOCTel; 4 — CMeXHbIE IECTEPHH; 5 — XOI0BOM BUHT; 6 —
raiika; 7 — poJIMKOBbIEC HAIIPABJIIONINE; 8 — MON3YH; 9 — Harpykaromias royoBka; 10 — onpaska; 11 — quHamomeTp; 12 — omopHBIi
BUHT; 13 — HCIBITYeMBIi BepxHUH 00pasel; 14 — ncnbITyeMbli HIDKHIIA oOpaselr; 15 — nepxaBka

Puc. 3. Kunematndeckas cxema pabodero ysna Mamuasl Tpeans MUL — 1

Jlygmmme  pe3ynpTaTl  IPM  MEXAaHHYECKOM
nepeMerieHny nokasano nokpeirue BHUU — HIT — 230.
HccnenoBanust mokpsITHi Ha ocHoBe MoS, (BHUU —HII

— 210, BHUM HIT -213, BHWU HIT - 229, BHUU HIT -

230) mokaszamM, 9YTO CTOHKOCTP UX pa3IAYHasI U
ompenernsieTcsl  KOJMYECTBEHHBIM M KaueCTBEHHBIM
COCTaBaMH: HATIOTHHUTEJIS - MoS u

2
IJICHKOOOpa3yromero (KpeMHUN — OpraHMYeCKHUe CMOJIBI,
CUJIMKAT HATPUS WM TMOKCHIHOTO Jlaka) (puc. 4).

12,0

9,6

6,0 8,2- 6.5

¥
N

JInarpamma croiikocrn MOKPBITHIT (l‘l,lc.\l\l) npu
MEXAHHYECKOM TPEHHH 1ap TPEeHHs CTaldb ¢T 3 He

HOKPBITHI 110 eTaan 20 noKpbITOii.
[ -Bunm Hn-230

- BHUMHI1-229

E - 502

- BHUM HI1-213

[]IHID] -DBP-74/1
B;EE] - BHUM HI1-210
BEE -

I'padur — kpemunii
Opra”HmyecKas JKHJAKOCTh

Puc. 4. /lnarpamMma cTOMKOCTH MOKPBITUI (THIC. M.) IPH
MEXaHMYECKOM TPEHHUH Hap CTajlb 3 HEe HOKPHITas (BEpXHUI
o6pazen) o cranu 20 NOKpeITOi (HWKHUI 00pa3err)

W3 nutepartypHBIX UCTOYHHUKOB [6, 7, 8] M3BECTHO,

4TO HanOOJIBIIYIO CTOMKOCTb BO3JCHCTBUIO
CBapOYHBIX OpBI3r HMMEIOT MOKPBHITHIO Ha OCHOBE
mucynbduaa  MoIHOICHA, COACPXKAIIETO B CBOEM
cocTaBe OJHY 4acTb HamonHuTens  MoS,
JIBE  YacTH  IUIEHKOOOpasylomero  (3MOKCHIHOTO
maka). OII - 074, pa30OaBiIeHHBIX  CMECBIO
pacTBOpuUTENEH.

VYuuteBast T0, uto MOS, He 31E€KTPONPOBOAHBIHI

Mmarepual, a rpadHuT 3JIEKTPONPOBOJHBIN, B HAIIeM
ciyvae cocraB MOKPBITHS JIOJDKEH OBITH
JJIEKTPONIPOBOAHBIA it OOECICUeHHs]  BBIMOJIHEHHS
CBapOYHBIX orneparui B OCHACTKE, ObBLIO
NPUHATO pElIeHHe Ppa3paboTaTh ONTUMAIBHBIA COCTAaB,
HE MeEHssI I[UIGHKO — O00pasyiomue KOMIIOHEHTBI,
C pPAa3IMYHBIM IIPOLIEHTHBIM OTHoLIeHHeM MOS, ¥
rpaduTa.

Beibop  onmrtumampHOrO  cocTraBa  IOKPBITHS
MPOBOIWIIA  TNPH  [OMOINM  METoJa  OJHOMEPHOM
MUHHUMU3alMK Ha OcCHOBe MeToaa ®dudonauyu [9].

Cocras "G" OTIpEJICIISII  AHATMTUYIECKH  C
JKCIIEPUMEHTATBHOM MPOBEPKOI MOJTYYEHHBIX
pe3yapTaToB. BapbupyeMbIMu  (paKTOpaMd B JIaHHOU
3a/1aue SBSUTMCh KOJHYECTBO BBEACHHOTO B IOKPBITHE
mucynbduna mommbaena Hy,o, (X ) nrpapura H, (X, ).

DKCHEepUMEHTANbHYI0 3aBHCUMOCTh s "G" uckamu B
Buae Gynkuun G = ¢@(x, x,) .

OCHOBHEIE OrpaHWYCHNd U YCJIOBUA IIPOBCACHUA
OKCIICPUMCHTA IMTPUBE/ICHBI B Tabn. 4 usS.
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Ta6auuna 4. Ozpanuyenus sxcnepumenma

Ne n/m HaumeHnoBanue IMoxa3zaTenu
1 Mapka 0CHOBHOI0 Matepuaia oopasua Crainb 20
2 [IlepoxoBaTOCTh HOBEPXHOCTH 25-1,25Ra
3 TonmuHa NOKpHIBAEMOMH IIIEHKU ot 25 10 30 MxM
4 PaccrosiHue noBepxHocTH 00pasiia OT 30HbI CBAPKH 120 mm
5 [InaBsumii 3J3eKTPOJ U ero JuaMerp npososioka CB 0.812C nuamerpom 1,6 Mmm
6 Pacrniono)keHue MoBEpXHOCTH 00pa3siia OTHOCUTEIHHO 30HBI CBAPKH noz yriom 15°

Tabauua 5. Vcaosus nposedenus ucciedosanus no onpeodeneHuto CmouKocmy ROKpulmuti 6030elCmeuio capouHblx Opbi3e

Copnep:xanne %

DakTOpbI

H MosS2 H >
Kon
OcHOBHOM ypoBeHb (Xio ) 50 50
Wurepsan BappupoBanus (AX;) 45 45
Bepxuuii ypoBeHs (+) 95 95
HwxHnii yposeHs (-) 5 5

Oyuxkuus "G" gBiseTcs HeNpepbIBHON QyHKIHMEH 110
COBOKYITHOCTH IIEPEMEHHBIX Ha IPSAMOYTOJIbHUKE

{(%,%,)[5<x <955< x, <95}.

@akTOopBl CBSI3aHBI 3aBHCUMOCTBIO X, +x, =100
MO3TOMY CTOMKOCTh COCTaBa IOKPBITHSI BO3ACHCTBHUIO
Karesb MeTajlla ONpe/IeisUIach B 3aBUCHMOCTH OT OIHOTO
dakropa G =G(x,,x,) =G(x,,100—x,) = @(x,)

#(x,) - HempepbIBHA Ha cerMeHTe (5;95).

DKCHEePUMEHTAIBHO YCTAHOBIICHO, YTO

$(50) = G(50;50) > G(5;95) = ¢(5) ,
$(50) = G(50;50) > G(95;5) = (95) .

3amenuM x, Ha x, monydnm G(x).
K-oe npubmmkeHne x, TOYKM MakCHMyMa X OfHA W3

TOYEK Y, , Z, yIOBIECTBOPSIOUIUX YCIOBHIO

Yo =& =60~ Zs
rac ak71 y 6,(71 — KOHIBI OTPE3Ka NOCJICA0OBATCIbHOCTH.
HauGomnplryro  TOYHOCTh  OMpPENENCHUS  TOYKH
MakCHMyMa TIpH 3aJl@aHHOM uHcie maroB (N = 6) u

ToyHOCTH & = 5% rapantupyer Metox OndoHaYUIH.
Yucmo maros "N" ecTh HaWMEHBIIEE YHCIIO,
YIOBIIETBOPSIIOIIEEC HEPABEHCTBO:

n+l —

F <l(8o_ao)2E1+2’
&

rae F — ancino Gubonauun:

(F=F,=LF =F,,+F ,,n>3),

n

8, — OKOHYaHHE HCCJIEIyeMOro OTpe3Ka CErMEHTa,
(95); a, — Hauaso0 HCcCEYEMOro OTpe3Ka cerMeHra, (5).
Toraa nomy4um:

n+2?

F. s%(95—5) <F,=F, <18<F

F.<18<F _,wm F_,6 <18<F

n+l — n+2 6+1 6+2 *

IlepBslii mar

0 _ao)v

Fn
y, =4 +F (s,

n+2

Z,=a,+6,—),.
OkcnepuMeHTanpHO ompenenseM  ¢(y,), Y(z)u
HOJIy4aeM:
a - 3,0(¥,) 2 ¢’(Zl)'
Yoo (i) < o(z)
b, = z,0(%,)= (p(Zl);
by 0 (¥,) < 0(z,)
X, = Yo ()2 e(z)
2,0(¥,)<e(z)
k —#imar (2<k<n).
ITycts u3BecTHH @, , 6., #(Y,4), #(Z, )
Ecin oY1) 24(z.,) TO BBIYHCIIIEM

Y =&, +6. 2

DOKcIepUMEeHTAIBHO onpexnensieM ¢(y,) H monaraem
Z. =Y ¢(Zk) = ¢(yk—1) .

Ecmn  ¢(y, ,) <¢(z,,) Torma momaraem Yy=2, ,,
P(y) =d(z.,) -

Berancnsem Z, =a_,t6,_,—-2,, U
IKCIEPUMEHTAIIBHO ompenessieM ¢(z, ) .

Ternepb MOKHO OIPEEITUTS:
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ak—l’w(yk)zw(zk)_

%= yk’(P(yk)<§0(Zk)
b = Zk’¢(yk)2¢(zk)
‘ bk—l’@(yk)<¢(zk),
- Yo oY)z e(z)

Zkl(”(yk)<(p(zk).

B pesynbrare wuccienoBaHUN yCTaHOBJIEHO, 4TO
HauOOJIbIIEH CTOMKOCTBIO "M" BO3MEHCTBUIO Kallellb

MeTaia (300i4) mT. 00NamaeT IMOKPBITHE, KOTOpPOE
COIEPKUT B CBOEM COCTaBE€ OAHY YacThb HAIMOJHUTES
(75% nmucynppuna mommbaena u 25% rpadura) u aBe
YacTH OIOKCHIHOTO Jlaka, pa30aBIICHHBIX CMECHIO
pactBopuTenei 10 HeoOxomumon KoHteHTpanuu [10].
Cpok Ciry’kOBl TaHHOTO COCTaBa OMPEACIUTH depes
OTHOIIIEHHE CTOMKOCTH "m" K cpegHeMy KOJIHUYECTBY
cBapouHbIX OpeI3r "N" NMpHXOIANIMX HA OJHY H Ty XK
QJIEMEHTApHYI0 IDIOMAgKy IOBEPXHOCTH COOpOYHO-

CBapOYHOM OCHACTKHU 3a OMpPENIETICHHOE BpeMs (OJHMH TOM)
BBIMOJIHEHHSI CBAPOYHBIX OMCPAITHiA.

3rageHnss N HCCIeIOBalM MPH ITOMOIIA MeETOoIa
MaKeTHPOBAHHUS [11]. Paboune MMOBEPXHOCTH
prCHoco0IeHNH 3aMEHSIIH JTUCTaMHU
TpaHCPOPMATOPHOTO Keye3a (dPKpaHaMH) C HAHECEHHOM
KOOpIWHATHON ceTkoi. ['abapuTHBIE pa3sMephl SKpPaHOB
IS PYYHOM  BIEKTPOAYrOBOM  CBApKH  COCTaBJISLIN
480x320 MM U1 TIOTyaBTOMAaTHYECKON CBapKU B cpene
yraexucioro raza 480x240 mm.

OKpaHbl YCTAHABIMBAIMA HA CICIMATBHBIC CTCHJBI
(puc. 5) m BHONB JKpaHOB, Ha oOpaslax W3 craiud 3,
MPOIUIABIISLIN CBapHbBIC MIBBI JTUHON 250MM. OOpasipl Ha
CTeHJIe pacrojiaraiii Ha pacctosauax 60, 120, 240, 360,
480, 600, 720 MM oT dKpaHOB. McciemoBanu MIOTHOCTD
pa3OpBI3TUBaHMSA  MeTajlla Ha  BEPTHKAIbHOE U
TOPU3OHTANIFHOE PACIIONIOKEHNE JKpaHOB. Ha kaxxmom
pacCcTOSIHUM TMPOIUIABILTH 1Mo 10 CBapOYHBIX BaJHKOB.
Crnenbl OT CBapOYHBIX OPBI3T HA DKpaHE IMOCIE KaXKIOTO
HAJIOXKEHUS CBapHOTO 1IBa, MIEPEHOCUIH Ha

MUJUTAMETPOBYIO OyMary.

a) — BEPTHKAJIBHOE PACIIOI0KEHHE TIOBEPXHOCTH; ) — TOPH3OHTAILHOE PACIIONOKEHUE TIOBEPXHOCTH

Puc. 5. Cxema yCTaHOBKH HCHBITHIBAEMBIX TOBEPXHOCTEH (IKPAaHOB) OTHOCUTENHHO 30HBI CBAPKH

JlecaTs KapTHH C 3KpAaHOB HAKJIAJBIBAJIH HAa OJUH H
TOT ke yucT 6ymaru. Yactory monamanus N onpenensin
13 BBIPAKEHUN!

IIpu py4HOI 37€KTPOAYTOBOM CBapKe

N _ tp.ﬁ.c ! aKC.p.0.c
p,oc '
oKC. p.0.C
IIpyu nmosiyaBTOMaTu4yeckoil CBapke B  cpele
YIJIEKHUCIIOTO ra3a
N _ tcog : Nem:.COZ
cop t '
axc.COQ
rie t,., teo, OCHOBHOE BpeEMs, Ha NPOTDHKEHUH

KOTOpPOT'0 TIPOXOJWJIM CBapouHble orepanuu Tc, wuam
coopounsie (npuxBarka) (Tm) B TeueHume OHOrO roja

3KCIUIyaTallud OCHAcTKH; t t BpeMsi, B

oKe.p.o.c.? ake.CO2

TEYEHUH KOTOPOTO BHIMONHsIIACH 10 — KpaTHas HariaBKa
AKCIIEPUMEHTAILHOTO CBAPHOTO BajuKa JIUHOHN 250 MM 1
paBHo 3 m 1,5 4Haca, COOTBETCTBEHHO IyIsl, PYYHOH U
nojyaBToMaTH4yeckod ceapke; N N

axc.p.o.c ! axc.COD !
Cp€aHEC KOJMYCCTBO CBAPOYHBIX 6pBIBF, ocCCaaroImunx Ha
sneMeHTapHyro minomanaky AR (10x10  mm) w3
BBIpAXCHUA:
N 1, 100
oKke.p.o.c. 10 1600 op.p.o.c.
N 1 Neg, -100
oxc.COQ — 10 1600 op.COQ !

rae N, ., Ngp, — MaKCHMAIBHOE KOJIMYECTBO CBAPOYHBIX
Opp3r, mpuxomsmuxcs Ha mwiomanaky F =40x40 mum;
spoe ngco2 — CcpeaHee 3HAUYCHHUE IIOMIAIN CBAPOUHBIX
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OpBI3T, MOKPHIBAOIIUX TOBEPXHOCTh IMPHCIOCOOJICHUS,
3aBUCAT OT WX JUaMeTpa M PACCTOSHHs TIpoJieTa H
KOJICOJIFOTCS: [UI PYYHOH IyroBoit cBapku ot 1,22 mo
8,15MM2; JUIsl mostyaBTomMatudeckoit B cperne CO, — ot
1,22 110 1,67 Mm?;

1 100
—— — 3Ha4eHus nepecdera A 10 — kpaTHOH

10" 1600
HarutaBky U nepexona ot F=40x40 mm k AF =10x10 m.

YauteiBass ~ cnemupuKy ~ pabOThl  AJIEMEHTOB
obpaTtuMoli cOOPOYHO-CBAPOYHOH OCHACTKH, HE BCE
9JIEMEHTHl YYacTBYIOT B COOpKE TPHUCIOCOOJICHUS, a
CIIeIOBAaTENIFHO, WX TIOBEPXHOCTH HE  IIOCTOSHHO
MOJIBEPTafOTCA BO3IEHCTBHIO CBapOYHBIX OpBI3T TIPH
CBapKe W TMpPUXBATKe INpU CcOOpKe. BbUiM BBISBICHBI
YeThIpe TPYIIBI 3IEMCHTOB OCHACTKH YYacTBYIOIIUX B
TEXHOJIOTUYECKOM IIPOLIECcCe CO3JaHus MPHUCHOCOOICHUI
TOBEPXHOCTHU KOTOPBIX pa60Ta10T B OAMHAKOBBIX
YCIIOBUSIX.

1 rpynma mojBepransach BO3JACHCTBHIO CBAapPOYHBIX
npu cBapke B TeueHue Tc =307,5 uvaca M HpUXBaTKe
Tn =101,04aca;

d

"f"“'**--—-r .....,___4_.:.7

2 rpynna T, =231,04aca; T, =75,5 Jaca;
3 rpymna T, =66,0 yac.; T, =21 5u4aca;
4rpymna T =11,04ac. T, = 3,54aca.

B pesyibTaTe SKCIEPUMEHTATBHBIX u
AHATUTHYECKNX  HCCIENOBAaHWH  OBUIM  ITOTyYECHBI
rpaduueckue 3aBUCUMOCTHU CBapOYHBIX OpBI3T

OPUXOIAIIUXCA Ha DJJIEMEHTapHyr Iulomanky AF B
3aBUCUMOCTH oT PacToNI0XKeHUs MOBEPXHOCTHU
(ropu3oHTaNnbHOE WM BEPTUKATIBHOE) OTHOCHUTENBHO
CBapOYHOM AYIH, pacCTOSHME OT CBapOYHON AyTH, BHAA
CBapKy U MPUMEHEHUU OIPEIENEeHHON TPYIIIBI AIEMEHTOB
OCHACTKH.

IIpn npoBemeHuu cBapouHbix omnepauuit  (T,)

rpadyKy KOJIMYECTBa CBApOYHBIX OpBI3T OCENAIONIMX Ha
aMeMeHTapHyto miomanaky AF npuBeaeHsl Ha puc. 6 u 7 a
IpU INPOBEACHUH COOPOYHO-CBApPOUYHBIX paboT (T,) Ha

puc. 8 u 9.

480 600 720 h, mm

60 120 240 360 480 h, MM
nosepxuoctu | rpynnsl (T¢=307,5; T;;=101,0 uaca)
e e I R nosepxuocth Il rpynmbt (T¢=231,0; T;=75,5 uaca)
—— e —— e —— nosepxHoctu I rpynnst (T¢=66,0; Tp=21,5 yaca)
————————— nosepxHoctu IV rpynnst (T¢=11,0; T=3,5 yaca)

a) — py4Has 3JIeKTpoayrosas cBapka anekrponamu YOHU 13/45; 6) — momyaBromaTndeckas cBapka B cpene CO;

Puc. 6. KonnuectBo cBapouHbix Opbi3r N oceaiomux Ha 3eMeHTapHyo mioanaky AF pacrnosioxeHHyIo B BEpTHKaILHOM

TIOJIOXKECHHH [IPH BBITOIHEHNUH CBapodHbIX onepauuii (T, ), Ha pasmuuHbx pacctosaust (h) oT 30HbI cBapKu
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N, wrr. i

60

—— ¥

— ’lﬁiﬂ g

60 120 240 480 00 120 h, smm

60 120 240 360 480 h, mm

nosepxuoctu | rpynnet (T¢=307,5; T;;=101,0 yaca)
—————————— nosepxtocth Il rpynnot (T¢=231,0; T;=75,5 vaca)
— n —— o — = nosepxuoctu U rpynnst (T¢=66,0; Tp=21.5 vaca)

- = nosepxuoct IV rpynnst (Te=11,0; Ty=3,5 'lzlc:l)

a) — py4Has 3JEeKTPOAyroBas cBapka; 0) — moiyaBTOMaTHuecKas cBapka B cpene CO,
Puc. 7. KonuuectBo cBapousbix 6psisr N oceqaromux Ha sieMeHTapHylo mwionanky AF pacrnonoxkeHHyro B rOpU30HTaIBHOM
TIOJIOXKEHHH IPH BBITONHCHNUH CBApOUHBIX onepauuii (T, ), Ha pasnuuHbIX paccTosHus h OT 30HEI CBapKH
N, T, o
240
200
160
120
80
40

0

N, W,

280

S

NN ———

120 | \ |
wl | N\ |

40 == y I

e e P

60 120240 0 360 48000 600 w20 homme

nosepxtocth | rpynnut (T¢=307,5; T;=101,0 uyaca)

- === === === posepxuocti Il rpynns (T¢=231,0; Ty=75,5 uaca)
— e —— e —— - nosepxroctit L1 rpynnt (T¢=66,0; Tp=21.5 vaca)
————— o nosepxtoct IV rpynnst (Te=11.0; Ty=3,5 ‘mcu)

a) — pydHas 3JIEKTPOyroBast CBapka; 0) — romyaBromaruueckas ceapka B cpeae CO,

Puc. 8. Konuuectso cBapounbix 6psisr N ocearomux Ha snementaphyio wionaaky AF pacnonosxkennyio B BepTHKaibHOM
IIOJIOXKCHHH IIPH BBITOIHCHUH cOOPOYHO-CBAPOUHBIX omeparuii (T, ) Ha pa3nudYHEIX paccTOSHISA h 0T 30HEI cBapKH
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N,or.

180

wh [ | ]

140

120

100

60

320 1, MM

nosepxuocti | rpynnot (T
nosepxuoct I rpynnwt (T
nosepxxoctu HI rpynnwt (T

nosepxuoctu IV rpynnbt (T

307,5; T;=101,0 vaca)
231,0; T;1=75,5 uaca)

66,0; T;;=21.5 yaca)

11.0; Ty=3,5 ‘l;l(il)

a) — py4Hasi SJIeKTPOAYTroBas cBapka; 0) — mojgyaBToMaTHueckas ceapka B cpene CO;

Puc. 9. Konuuectso cBapounbix 6psi3r N ocenaromux Ha sieMeHTapHylo mwionanky AF pacrnonoxkeHnHyro B ropu3oHTaIsHOM

TOJIOXKEHHH HPH BBIMOIHEHHH COOPOYHO—CBAPOUHBIX omeparuii (T, ) Ha pasin4HbIX PACCTOSHUS h OT 30HBI CBAPKH

OmpezienuB, TakuM 00pasoM  KOJIHMYECTBEHHYIO
BEPOATHOCTH TIOMAJaHUs. CBAPOYHBIX OPBI3T B OJHO H
TOXE MECTO TIOBEPXHOCTH B TEUEHHE TOJa IKCILTyaTallum
(N) u peIBapuUTENIBLHO ONPENETUB CTOWKOCTD 3aIlIUTHOTO
MOKPBITHS  BO3IEHCTBHMIO 3KCIEPUMEHTANBHBIX Kareib
MeTaJia TIoJy9aeMBIX Ha SKCIIEPUMEHTAIBHON YCTaHOBKE
(m), gepe3 uX OTHOLIEHHEM HAXOAMM CPOK CIIyXObI (t )

C60p0‘1H0—CBapO‘IHOI>'I OCHAaCTKH B 3aBHCHUMOCTH OT

BOSZ[CﬁCTBH?[ SKCIICPUMCEHTAJIbHBIX PpacCIuIaBJICHHBIX
KarcJjib METaia npu BIIMAHUU KOMILJIICKCa
TCXHOJIOTHYCCKUX q)aKTOpOB:
t _ mp..a.c t _ mc02
mpo.c ' mCop
N p.o.c NCOZ

B pesynbraTe sKCcriepUMEHTANbHBIX UCCIEA0BAHUN 1
AQHAJUTUYECKUX pacyeToB OBUIO YCTAHOBJIEHO, YTO CPOK
CITy’)KOBI TOKPBITHSL TIPH BIMSHUHM 3KCIIEPUMEHTAIBHON
KaIlJI¥ METaJula 3aBUCHT OT:

-Buja CBapku (pydHas d3JEKTPOIyroBas
MOJTyaBTOMaTHYECKas B CPE/ie YIIIEKHCIIOro rasa);

- TOJIIIMHBI 3aIIATHON TICHKH ITOKPBITHS;

- IPYIIBI IOBEPXHOCTEH;

- PacCTOSIHMSI TIpOJIETa KalUId MeTajula OT 30HBI
CBapKH JI0 3KCIIEPUMEHTAIBHOTO 00pa3ia;

- PACHOJIOKEHUS TTOBEPXHOCTH OTHOCHTEIBHO 30HEI
CBapKy;

UIIn

U COCTaBJIIET, B CpeAHeM, OT 3 Jo
OJIHOPa30BOM HAHECEHUU MOKPBITHS.

Js  ompeneneHnst peajbHOTO  CPOKa  CITY)KOBI
MPEJI0KEHHOTO 3aIUTHOTO TMOKPBITHS OT BO3ICHCTBUS
peanbHONH  cBapouyHOl  OpBI3rHM, OBUIM  NIPOBENCHBI
UCCIENOBaHMs, TAe OBIIM OmpeNeNieHbl TeMIeparypa
9KCIIEPUMEHTAJIbHOW KalllM U TeMIlepaTypa CBapOYHOM
Oppru. X  OTHOWmIEHWE  MO3BOJMWIO  TONYYUTHh
MEepeBOIHON  TeMIlepaTypHbIil KOA(MPHUIUEHT, KOTOPBIH
MoKasajl, 9YT0 TemIlepaTypa CBapO4YHOM OPBITH MEHbIIE
9KCIIEPUMEHTAIbHON, a CJIEI0BATENIbHO, PEAJIbHBIM CPOK
CITy>KOBI TIPEJUIOKEHHOTO MOKPBITHS 3HAUYUTEIBHO BBIIIE.
JlaHHBIE TIpOBENICHMS JAHHBIX HCCIEAOBaHUN OyIyT
MPUBEJICHBI B CIEAYIOIIEH CTaThe.

15 ner npu

BrIBOABI

PaccMoTpeHbl BONPOCH  KCCIENOBaHUS  YCIOBUH
AKCIUTyaTal cOOPOYHO-CBAPOYHON OCHACTKH METOIOM
MaTeMaTHYeCKON CTATUCTUKH YCTAHOBJIEHBI 3HAYHMbIC
(akTopsl, onpeAensone HAASKHOCTh U JIOJITOBEYHOCTD
pabouynx TOBEPXHOCTEH: BHJ TOKPBHITHS, TOJIUHA
IJICHKH, MapKa 3JIEKTPOJIOB, MapKa OCHOBHOTO MaTepHasa
OCHACTKH, MPOCTPAHCTBEHHOE pacrnoyoxeHue
MMOBEPXHOCTE M WX PaCCTOSHUE OTHOCHTEILHO
CBapOYHOM IyTH.
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AHanM3 COCTOSHMSL BOIpOCAa HA MPENPHATHIX  MonuoOneHa u 25+5% rpadura) U JBE YacTH SMOKCHUIHOTO
OTpaci¥ M JIMTEPATyPHBIX HMCTOYHHMKOB TIOKa3ad, YTO  jaka pa30aBICHHBIX CMECBhIO pacTBopuTeneit mpu 1-2
CYHICCTBYIOIINC 3allIMTHBIC NOKPBITHA SIBIIIFOTCSL  pa30BOM  HAHECEHHM, KOTOpoe OO0eCrmedynBaeT CpoK
NOKPBITUSIMHU MHOT'OPAa30BOr0 HAHECCHMS, YTO BbI3bBIBACT CJIy)KGLI OCHAacTKu 6-8 Jer. HaHHHC MOKPBITHA,
HEYN00CTBO B OKCIUIyaTallMM U O00ECIEYNBACT CPOK  oGpaGOTAaHHBIE C MOMOIIBI0 METOAA M IUIAHMUPOBAHHUS
CILy>KOBI OCHACTKH € IIOKPBITHEM 110 2 JICT. JKCIEpUMEHTa, MaTeMaTHdecKod cTaTucTuku u OBM

OCHOBHBIM METOZOM TMOBBIIIEHU HAAEKHOCTH W [OKa3ald, YTO CTOMKOCTh  3aIUTHBIX MOKPBITUI
JOJrOBEYHOCTH PAOOTAIOIMX MOBEPXHOCTEH COOPOYHO-  Bo3seifcTBHIO CBapOYHBIX OpBI3T OIHCBIBAETCS
CBAPOYHBIX  NPUCTOCOOICHUH — SBIAETCS  HAHECEHHE  MHOTO(GAKTOPHBIM JTHHEHHBIM TIONMHOMOM, 4 CTOMKOCTB
3aIIUTHOTO TTOKPBITHA, pa3paboTaHHOrO H  [OKPBITUSA NPH MEXaHHYECKOM TPEHHH — KyOHIecKOH
HPCICTABICHHOTO B IAHHOM CTAaThe COCTaBa, KOTOPBIA  mapa6osoii.
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TEXHOJIOT'TYHI METOIY MIABAIIEHHS HAJIMHOCTI CKJIAJAJIBHO-
3BAPIOBAJIbHOI OCHACTKHU ITPU BUPOBHUIITBI BUPOBIB
PAJIOEJEKTPOHHOTI' O ITPUJIAJOBY1YBAHHSA

I[IpeameToM IOCTIUKEHHS B CTATTi € MHUTaHHA, MOB'S3aHi 3 MIIBUILCHHAM BHMOT 10 POOOYMX MapaMeTpiB i SKOCTI BUPOOiB. Y
MpUiIago0yAyBaHHI, MaITMHOOYAyBaHHI, 00OPOHHOI Ta 1HIIUX rady3sX IMPOMHUCIOBOCTI BUPOOH, SKi BUIIYCKAIOTHCS, B CBOEMY CKJIai
MaloTh 3BapHi METATOKOHCTPYKIIil, BUTOTOBJEHHS SKHX BHUMarae 3acTOCYBAaHHS BEJIHKOi KITBKOCTI CKJIaJajbHO-3BapIOBAILHUX
NIPUCTOCYBaHb. BUTpaTH Ha MPOEKTYBAaHHS 1 BUTOTOBJICHHS CKIIaAalbHO-3BAPIOBAIBFHOI OCHACTKU MO TPYIOMICTKOCTI IocsraroTh 20-
25% Bix 3araybHOI CYMH TPYIOMICTKOCTI BUTOTOBJICHHS caMOro BUpoOy. OHIM 3 epeKTUBHHX CIIOCO0IB, SIKi JO3BOJISIOTH 3MCHIITUTH
MarepiaibHi Ta TPYJOBI BUTPATH, TOOTO MiABHIIEHHS ii JOBrOBIYHOCTI i HATIHHOCTI. 3 Oy HAa 0COOJIMBI YMOBH eKCILTyaTamii 1aHoi
OCHACTKM (IIPUCYTHICTh 3BApPIOBAJBHUX OpH30K), JOBTOBIUHICTH i poOOTH 3aleKHUTh Bl METOIB 3aXUCTy POOOYMX IOBEPXOHb
ocHacTku. MeTal € po3poOKka TEXHOJOTIYHMX METOIIB MiABHIICHHS TEPMiHY CIYy)KOM CKIIaJalbHO-3BApIOBAIbHOI OCHACTKH Ha
OCHOBI JOCTIUKEHb HAIifHOCTI Ta JOBTOBIYHOCTI 3aXUCHUX TIOKPUTTIB, fKI 3aXHIIal0OTh poOOUYi MOBEpXHI NPHCTOCYBaHb 3
ypaxyBaHHAM BIUIMBY KOMIUIEKCY TEXHOJOTIYHMX (akTopiB. 3aBJAaHHM: BUBYCHHSA yYMOB eKCIUIyaTallil CKJaJaJbHO-3BapIOBANBHOL
OCHACTKH 3 METOI0 BU3HAUCHHS OCHOBHUX YMHHHUKIB, SIKI BU3HAYaIOTh HAAIWHICT 1 TOBrOBIYHICTH OCHACTKH, BU3HAYCHHS BiIMOB Y
mpoIieci eKCIUTyaTallii; JAOCHI/DKCHHS HAJIWHOCTI ICHYFOUMX 3aXHCHHX 3acO0iB 3 METOI BH3HAUCHHS HAMPSIMKY MO PO3poOIi
ONITHMAJIBHOTO CKJIAJy MMOKPHUTTS, PO3POOKa ONTUMAIBHOTO CKJIaLy 3aXHCHOTO MOKPHUTTS, CTIHKOTrO JI0 BIUIMBY 3BaplOBaJIbHUX OpPHU30K
1 3HOCY IIpH MEXaHIYHOMY TEPTi €JIEMEHTIB METAJIOKOHCTPYKIIH 1010 HOBEPXOHb OCHACTKH. OTpUMaHO HACTYIHI pe3yabTaTH: Y
CTaTTi NpE/ICTaBIICH] IaHi JOCIIKESHHS aBTOPaMH ICHYIOUNX 3aC00iB 3aXHCTY MTOBEPXOHB CKJIA[alIbHO-3BapIOBAJIbHUX IIPUCTOCYBAaHb,
po3pobiieHo KiaacudikaTop OCHOBHUX (DaKTOPIB, IO BIUIMBAIOTH Ha HAIIMHICTH 1 JOBTOBIYHICT CKJIAJIANbHO-3BAPIOBAIIBHOT OCHACTKH
i kmacuikaTop BiIMOB B MpoLeCi eKcIuTyaTalii ocHacTKH. BucHOBKH: P0o3po0iieHO METONOJOri0 MO0 BHU3HAYEHHS CTIMKOCTI
3aXHMCHHUX TOKPUTTIB Bifl BIUIUBY 3BapIOBAJIbHUX OPU30K 1 MEXaHIYHOTO MEPEMILIICHHS €JIEMEHTIB 3BapHUX KOHCTPYKIIiH.

KurouoBi cioBa: ckiaganbHO-3BapIOBAIbHA OCHACTKA; 3aXWCHI MOKPHTTS; 3BapIOBaNbHI OpH3KH; TOBIIMHA 3aXHCHOI TUTIBKH;
BiJICTaHb MTOBEPXHI BiJl 30HHM 3BaPIOBAHHS; BUJH 3BaPIOBAHHSI; TOBIOBIYHICTH; CTIHKICTh MMOKPUTTS.

TECHNOLOGICAL METHODS OF IMPROVING THE RELIABILITY OF STORAGE
AND WELDING EQUIPMENT IN THE PRODUCTION OF RADIO-ELECTRONIC
DEVICE PRODUCTS

The subject of the study in the article is the increasing requirements for working parameters and product quality. In instrument-
making, mechanical engineering, defense and other industries manufactured products are composed of welded metal structure.
Manufacture of these products requires the use of a large number of assembly and welding devices. The cost of labor intensity on
design and manufacture of assembly and welding equipment reach 20—25% of the total labor intensity of manufacturing the product
itself. One of the effective ways to reduce material and labor costs is to increase its durability and reliability. Taking into account the
special conditions of use of this equipment (the presence of welding splashes), the durability of its operation depends on the methods
of protection of the working surfaces of the equipment. The goal is to develop technological methods for increasing the life of the
assembly and welding equipment based on studies of the reliability and durability of protective coatings that protect the working
surfaces of devices, taking into account the impact of a set of technological factors. Objectives: to study the operating conditions of
the assembly and welding equipment in order to determine the main factors that determine the reliability and durability of the
equipment, determine the failures in the process of operation; investigation of the reliability of existing protective equipment in order
to determine the direction of development of the optimum coating composition, the development of the optimal composition of the
protective coating, resistant to the influence of welding splashes and wear during mechanical friction of the structural elements
relative to the surfaces of the equipment. The following results were obtained. The article presents the research data of the authors of
existing means of protection of surfaces of assembly and welding devices, the classifier of the main factors influencing reliability and
durability of assembly and welding equipment and the classifier of failures in the course of equipment operation are developed.
Conclusions: A methodology for determining the stability of protective coatings against the influence of welding splashes and
mechanical movement of elements of welded structure has been developed.

Keywords: assembly and welding equipment; protective coatings; welding splashes; thickness of the protective film; distance
of surface from welding zone; types of welding; durability; stability of the coating.
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THE METHOD OF JITTER DETERMINING IN THE TELECOMMUNICATION
NETWORK OF A COMPUTER SYSTEM ON A SPECIAL SOFTWARE PLATFORM

Relevance of the study: When choosing a platform, the quality criteria for computer system service depend significantly on the
parameters of the basic telecommunications network. Therefore, the telecommunications network has strict requirements. In addition,
the network must satisfy a number of constraints that are set by the computer system. Only the fulfillment of these conditions will
allow the computer system to solve its tasks. Also, when constructing, modifying and operating telecommunication networks, there is
a rather common problem with no digital signal processing, network synchronization and stability. The tasks of ensuring temporary
requirements for system transactions: it is necessary to find the most significant QoS parameters that allow dynamic network
reconfiguration to ensure the fulfillment of temporary requirements for system transactions. Subject of study: jitter of the
telecommunication network. The purpose of the article is to develop a method of prompt calculation of jitter values of a
telecommunication network for dynamic adjustment of network parameter. Results of the study: The analysis of the influence of
nonstationarity of data transmission in the telecommunication subsystem of the investigated computer system was carried out. The
classification of jitter and causes leading to its occurrence has been made. The results of the analysis of the factors that improve the
quality of data transmission in the network due to the operational jitter frequency calculation are presented. Researches of the
resolution characteristics of coherent acousto-optic spectro-analysers are carried out in the work. Analytical ratios for the output
signal were obtained for two monochromatic radio signals at the input, taking into account the effects of nonlinear interaction of the
output signals and the a priori dependence of the location and width of the diffraction spot on the frequency of the investigated signal.
The most significant qualitative and quantitative characteristics of frequency separation are shown in the example of two
monochromatic signals, which differ only in carrier frequencies. These analytical ratios were experimentally verified by simulation of
the system. Conclusions. As a result of the research, a method of increasing the resolution of acousto-optic spectro analyzers was
proposed due to the features of coherent signal interaction in the frequency jitter computation process. It is based on the method of
operative calculation of jitter value of telecommunication network, which allows performing dynamic adjustment of network
parameters.
Keywords: computer system; telecommunication network; jitter.

Introduction service  (QoS) parameters of the underlying
telecommunications network and the architecture of the
computer system. However, in systems with centralized
control, the effect of architecture is much smaller. Thus,

Computer systems find applications in diverse
spheres of human society: industry, business, science and

education, finance and infrastructure projects, construction
and law enforcement. Depending on the purpose of the
system, the appropriate software platform is selected for
its construction. Such a platform defines the behavior of
the underlying telecommunications network. In
particular, such platforms are currently popular: cloud,
converged, hyper-converged. When choosing a platform,
the quality criteria for computer system service depend
significantly on the parameters of the underlying
telecommunications  network.  Therefore,  stringent
requirements are set before the formed telecommunication
network. In addition, the network must meet a number of
limitations that are imposed by the computer system. Only
the fulfillment of these conditions will allow the computer
system to solve its tasks. Also, the construction,
modification and operation of telecommunications
networks raise a fairly common problem with digital
signal processing, network synchronization and its
stability.

Problem statement

the task of securing system transaction temporary
requirements can be formulated as follows: it is necessary
to find the most essential QoS parameters that allow for
dynamic network reconfiguration to ensure compliance
with system transaction temporary requirements.

Literature analysis

In the course of functioning of the computer system
on the special software platform the task is set to fulfill the
temporary requirements for system transactions. This task
becomes most significant when choosing centralized
control platforms (converged and hyper converged) [1, 2].
The query execution time depends on both the quality of

An analysis of the influence of telecommunication
network parameters on the quality of service (QoS) has
been the subject of many scientific papers [3—21]. So, in
[3-6] the influence of channel capacity was studied. In
[7, 8], the influence of network architecture is analyzed. In
[4, 5], the main emphasis is placed on the architecture of a
computer system. In [9-12], packet queues were analyzed.
A complex approach for QoS analysis was proposed in
[13, 14]. In addition, there is a separate question about the
relationship of QoS indicators and the fulfillment of the
requirements for transactions of a computer system
[15-20]. In [21], the basic parameters of the basic
telecommunication network that affect the quality of
transaction execution of a computer system are identified.
In particular, it has been shown that when choosing
special platforms with centralized control (convergent and
hyper converged), the importance of jitter plays an
important role. Jitter is the least researched parameter in
telecommunication networks. The quality of dynamic
reconfiguration of telecommunication network
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parameters, in particular, is determined by the accuracy of
determining the jitter value.

Purpose of the article

The aim of the article is to develop a method for the
operational calculation of the jitter of a telecommunication
network for dynamic reconfiguration of network
parameters.

1. Jitter — Signal Approach

The object of study is jitter (phase jitter), the
phenomenon of phase modulation of the received signal
(both analog and digital). Currently, two approaches to
determining jitter are most widely used - in terms of phase
and in terms of frequency. It is known that the frequency
and phase parameters are connected by a simple relation,
i.e. both approaches are equivalent. The description of
jitter as the phase instability of the received digital signal
is most often used in theoretical studies. This led to the
emergence of definitions of jitter as phase fluctuations.
But in practice, there are objective difficulties in
measuring the phase. Therefore, an applied representation
of jitter appeared as a variation in the frequency of the
received signal. In this representation, the amplitude and
frequency of the received signal become the main
parameters of the jitter.

Recently, much attention has been paid to the use of
optical methods in the analysis of data of various natures
[22-24], which is due to the specific capabilities of such
methods: parallel processing, high speed and frequency of
optical signals, etc.

These capabilities are realized, for example, in
modern acoustic-optical spectrum analyzers, which are
distinguished by the simplicity of design and parallel
processing of signals in a wide frequency band and in
almost real time [22]. Using the advantages of non-search
spectral analysis and expanding the band of
simultaneously analyzed frequencies in acoustic-optical
spectrum analyzers necessitates a deeper analysis of their
resolution.

In most studies on the resolution of acousto-optic
spectrum analyzers, these studies are carried out using the
Rayleigh criterion [22, 23]. This happened historically, by
analogy with the resolution of most optical instruments,
for example, telescopes. But unlike the study of natural
sources of radiation, for example, stars whose radiation is
incoherent, in acoustic-optical spectrum analyzers,
coherent laser radiation is used. Estimates of the
resolution, carried out by the Rayleigh criterion [23],
show that when a signal Af/f ~0,01 is detuned, the

pulses are no longer distinguishable, regardless of the
signal delay time.

Thus, the resolution of acoustic-optical spectrum
analyzers, based on the application of the Rayleigh
criterion, is much less than the potential resolution of the
measuring system, which, as is known from the general
theory of radar, is determined by the pulse width
Af =1/t, or the diffraction grating parameters of the

spectrum analyzer.

2. Analysis of the causes of jitter and methods for
its measurement

Measuring jitter parameters is becoming increasingly
important throughout the life cycle of digital systems.
Currently, the development and implementation of new
standards for fast data transfer (such as InfiniBand, PCI
Express, 10-Gigabit Ethernet, etc.) is underway with data
transfer rates exceeding and significantly 1 Gb/s. At these
speeds, given the analog nature of the signal, to ensure the
reliability of the signal, it is necessary to allocate a
significant part of the computing resource. Obtaining a
trustworthy result is possible when performing rather
complicated procedures for setting up the corresponding
elements of a telecommunication network.

For more accurate jitter measurements, it is
necessary to analyze the nature of the occurrence of this
effect and its classification.

Most often, jitter is caused by amplitude and phase
noise, both internal and external origin.

Usually, jitter is divided into two main classes:
random (random jitter - RJ) and regular (deterministic
jitter - DJ). Random jitter is caused by stochastic noise
processes that exist in the entire elemental base and
components of a telecommunication system. For a random
jitter, the Gaussian distribution is believed to be valid.
Therefore, such a jitter is characterized by well-known
statistical values: average value and standard deviation.
Random jitter is a consequence of such physical processes
as: - thermal noise (thermal noise) - is caused by the flow
of electrons in the conductors and increases with
increasing bandwidth, temperature and thermal resistance;
- shot noise (shot noise) - the noise of electrons and holes
in semiconductors, which increases depending on the bias
current and the measured frequency band; - flicker noise -
noise whose spectrum is inversely proportional to
frequency, the so-called pink noise.

Regular jitter is caused by the influence on the signal
of the processes occurring in the equipment of a
telecommunication system, and it can also appear
depending on the methods of representing the transmitted
data. System jitter depends on the characteristics of the
digital system.

Examples of system jitter sources:

- crosstalk from emitted or transmitted signals;

- the effect of dispersion during signal propagation;

- mismatch of resistances.

The dependence of the appearance of jitter on the
method of presenting data is most significant when the
coding scheme or other characteristics of the transmitted
data cause network jitter, which appears on the receiver
side. Sources of data-dependent jitter are:

- intersymbol interference;

- distortion of the duty cycle of the pulse sequence;

- periodicity of a pseudo-random binary sequence.

The study of jitter in the frequency domain allows us
to determine the main causes that caused it. Sources of
deterministic jitter can be determined by analyzing the
line (discrete) spectrum of the received signal. When
analyzing the frequency spectrum, phase noise or jitter
spectrum studies are carried out. In this case, the jitter is
related to the frequency shift of the received signal
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relative to its carrier frequency. Studies of phase noise
make it possible to provide the most accurate jitter
estimate due to the significantly higher signal sampling
frequency and the ability to control the frequency band. It
is easy to determine the deterministic jitter by the peaks in
the spectrum using crystal oscillators with phase-locked
loop.

Another method for studying frequency jitter is to
use the fast Fourier transform (FFT). The FFT method is
not as accurate as to measure weak phase noise, but it is
not replaceable if you need to quickly and easily view
significant processes.

In general, differentiation of jitter into components is
not a way to determine it, but it is important in the
practical field - both for finding the causes of
malfunctions and for assessing the reliability of
development. If it is possible to isolate deterministic jitter,
and then to calculate the trend of the standard deviation of
random jitter, then it will be possible to estimate the bit
error rate (BER) and determine the boundaries of the
system’s performance without using the lengthy
measurements that are required to determine the BER with
an accuracy of about 10-12 at 95% certainty.

The easiest way is to evaluate the jitter according to
the eye diagram. An eye diagram is a summary view of all
bit periods of a measured signal superimposed on one
another. Fig. 1 shows a histogram of the transition region
of the eye diagram.

A

Fig. 1. Histogram of the transition region of the eye diagram

ok
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where A characterizes the modulating effect of an
acoustic wave on laser radiation passing through an
acoustic-optical modulator.

In the output plane of the acoustic-optical spectrum
analyzer, the field will be written as

E2(xz,t):delEl(xl,t)exp(i;—;xlxzj. ()

Using expression (1), formula (2) can be transformed
to

E, (X,,t) = Avexp(—io,T /Z)Idrexp(imxt)-s(t—r), 3)

where the negligible factor exp[i(w t—k z)] is omitted

and the designation o, :v(i—; X, +Kk_tg Oij is

Along the edges of the diagram, random jitter has the
greatest impact, while deterministic jitter components
dominate in the center. To determine the parameters of
random jitter along the edges of the histogram, you need
to "enter" the graphs of the Gauss function and calculate
the  statistical  characteristics of the random
process (mathematical expectation and variance) from
them.

Thus, the quality of determining jitter in the
frequency representation requires improving the accuracy
of measuring the frequency of the received signal, which,
in turn, necessitates increasing the resolution of modern
spectrum analyzers. At present, acousto-optic spectrum
analyzers are widely used, which make it possible to
determine the spectrum of the signal under investigation
with high speed. At the same time, for measuring jitter, as
noted above, the high resolution capability of this device
is important. Further research will be devoted to assessing
the resolution of acousto-optic spectrum analyzers taking
into account coherent interaction.

3. Basic relationships and formulations

The structural diagram of the spectrum analyzer,
together with the main analytical relationships
characterizing the processes occurring in acoustic-optical
spectrum analyzers, are quite fully described in [22]. We
use these data to formulate the problem of studying the
interaction of two monochromatic radio signals
of close frequency and determining the limiting
values of the resolution of acousto-optic spectrum
analyzers.

We assume that the input of the analyzer receives a

radio signal s(t), which is converted into a traveling
acoustic wave r(x1)~s[t—xl+—D/2j propagating with a
v

speed V. In the linear approximation, the field of the light
wave of the first diffraction order is represented as

)exp[i(mLt—kLzlJrkaltge)], (1)

introduced, and T = b_ the duration of the time sample
v

corresponding to the time aperture D . In the formula (3)
and everywhere below, the dependence of the field E, on

X, by @, =o(x;) is clearly reflected.

4. Resolution of two monochromatic radio signals

Let two monochromatic radio signals of unit
amplitude, but with different carrier frequencies,
simultaneously arrive at the input of a nonlinear analyzer
o, (@a=12):

S(t)=S,(t)+S,(t),
S, (t)=sin(w,t+4¢,).
Substituting (4) into (3) gives:

where

(4)
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E, (o,,t)=E" (o,,t)+E? (o,,t), )

where the term E® (mx,t) is the corresponding response
to the a-th input radio signal (a=1,2).

Thus, taking into account the nonlinearity of the
elements of the recording device, and also by virtue of (5),
the total recorded signal can be written in the form

U(o,t)=U,(o,t)+U,(o,t)+U,,(o,t), (6)
where
U, (o, t)=| E2 (0,1) [ (7)

represents the input signal if there is only the a-th signal
at the input, and the third term

U, (o,,t)=E" (0,,t)*E? (o, 1) (8)

arises as a result of interference of the first two (a bar
above means complex conjugation). Unlike [23], we did
not integrate over time the amplitudes of the received
signal. Thus, the features of the acoustic-optical spectrum
analyzer as a device in which the coherent signals interact
are taken into account.

5. Numerical calculations and discussion of the
results

The most significant qualitative and quantitative
characteristics of frequency resolution can be seen already
on the example of two monochromatic signals that differ
only in carrier frequencies.

Fig. 2 illustrates the results of the calculation of the
output signal using formulas (7), (8) for a significant
frequency mismatch of monochromatic radio signals.
Obviously, in this case it is possible to resolve the radio
signals using the traditional method (for example, [22-
24]). The authors are more interested in the magnitude of
the diffraction spot Aw,,, . Due to the specific conditions

of propagation of radio signals in an acoustic-optical
spectrum analyzer, each input signal at a certain frequency
corresponds not only to its value Ao, ,, but also to its

own width of the diffraction spot Aw,. This can be

verified by calibrating an acoustic-optical spectrum
analyzer. Thus, it is possible to significantly increase the
resolution of the acousto-optic spectrum analyzer, since
each independent frequency of the input signal
corresponds to two independent parameters.

Ul.Z

1,0
0,7

-1
Ao, [0

Ay

Fig. 2. The output signal with a large value of the detuning of the
carrier frequency

Fig. 3 presents the results of calculations of the
output signal with a small value of the frequency detuning
of the input radio signals.

Uiz
: AO)xlr x2 :
1,0 N —
[0 t

1
Ao ©,,C

Fig. 3. The output signal with a small value of the mismatch of
the carrier frequency

The main difference between these calculations and
those performed in [24] is that in the common part of two
radio signals at different frequencies, fluctuations in the
amplitude of the output signal with frequencies much
lower than the carrier frequencies of the monochromatic
radio signals under study can be detected. Calculations
(7), (8) were performed without integration over time,
which made it possible to detect, determine and identify
beats, i.e. oscillations at combination frequencies, which is
impossible under the assumptions on which previous
studies were based. Then, by measuring and analyzing the
values Aw,; and frequencies of the beats Ao, ,, it is

possible to significantly increase the frequency resolution
of the acoustic-optical spectrum analyzer.

For this, it is necessary, firstly, from time to time to
calibrate the acousto-optic spectrum analyzer as

Ao, = f(s(t)), that is, as a function of the input signal,

as well as to allocate the maximum value of the carrier
frequency detuning (beats). This algorithm can make it
possible to approximate the limiting values of the
frequency resolution of radio signals by acoustic-optical
spectrum analyzers to the predicted by the general theory
of radar.

As a result of the studies conducted in this work, a
method was proposed for increasing the resolution of
coherent acousto-optic spectrum analyzers due to the
peculiarities of coherent signal interaction. Using a
method for increasing the resolution of acousto-optic
spectrum analyzers due to the peculiarities of coherent
interaction of signals in calculating jitter will significantly
increase control over the quality of signal transmission
over data transmission channels of a telecommunication
network, which will undoubtedly provide the prerequisites
for improving the quality indicators of the entire computer
system. The proposed method for the operational
calculation of the jitter value of a telecommunication
network will allow for dynamic reconfiguration of
network parameters.

Conclusions

The article analyzes the influence of non-stationary
data transmission in the telecommunication subsystem of
the investigated automated system. The role of jitter on
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the quality of information transfer in a telecommunication
network is investigated. The classification of jitter and the
reasons leading to its occurrence are carried out. The
results of the analysis of factors improving the quality of
data transmission in the network due to the on-line
calculation of frequency jitter are presented. The paper
studies the resolution features of coherent acousto-optic
spectrum analyzers. Analytical relations are obtained for
the output signal with two monochromatic radio signals at
the input, taking into account the effects of nonlinear
interaction of the output signals and the a priori
dependence of the location and width of the diffraction
spot on the frequency of the signal under study. The given
analytical relationships were experimentally verified by

confirmed their agreement with the previously obtained
theoretical ones. As a result of research, a method was
proposed for increasing the resolution of acoustic-optical
spectrum analyzers due to the peculiarities of coherent
interaction of signals in the process of calculating
frequency jitter. On its basis, a method has been
developed for the operational calculation of the jitter of a
telecommunication network, which allows dynamic
reconfiguration of network parameters.

It is advisable to devote further research to studying
methods for increasing the resolution of acousto-optic
spectrum analyzers to the theoretically maximum possible
limits using optimal signal processing methods. This will
improve the quality of dynamic reconfiguration of

simulation of the system. The simulation results network parameter.
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METO/JA BUBHAYEHHA J’KUTEPA B TEJIEKQMYHIKAIIII\/'II{II\/'I MEPEXI
KOMIT'FOTEPHOI CUCTEMM HA CHEIIAJIbHINA MTPOTI'PAMHIN IIJIAT®OPMI

AxryanpHicTh nocuimkerHs. [Ipu Bubopi ruatgopMu Kputepii SKOCTI 0OCIYTOBYBaHHS KOMITFOTEPHOI CHCTEMH ICTOTHO 3alieKaTb
Bi/l mapamMeTpiB 6a30BO1 TelneKOMyHiKaliiiHOT Mepexi. ToMy mepe/ TeneKOMyHIKaI[iifHOI0 Mepexer0 CTaBIIsATh XKOPCTKI BuMord. Kpim
TOTO, MEpeKa MOBUHHA 3a0BOJIBHATH HHM3LI OOMEKEHb, SKi MMOCTABICHI KOMITTOTEPHOIO CHCTEMOI0. TiJIbKM BUKOHAHHS IUX YMOB
JI03BOJIMTh KOMIT'IOTEpHIl CHCTeMi BHPILIMTH MOCTaBIICHI Mepes Heto 3aBaaHHs. Takoxk npu moOynosi, Moaudikaii i ekcrutyaramii
TEJICKOMYHIKAI[IHHUX Mepe)X BUHHMKAE IOCHUTh 3araibHa mpobiema oo undpoBoi 0OpoOKK CHTHANIB, CHHXPOHI3alii Mepexi Ta 1l
CTabIIBbHOCTI. 3aBHaHHS 3a0e3MeUeHHs] YaCOBUX BHMOT IO CHCTEMHHUX TPAH3aKI[iH: HeOOXiJHO 3HAWTH HAHOIIBII iCTOTHI MapaMeTpu
QoS, MmO J03BONAIOTH NPOBOAWTH IWHAMIUHE IEPEHANArOPKEHHS Mepeki Ui 3a0e3ledeHHs BUKOHAHHS YacOBUX BUMOT 0
CHUCTeMHHX TpaH3akliii. I[IpeamMeTr IOCHIIKEHHS: [DKUTEp TEJCKOMYHIKaIiiftHOT Mepexi. MeTorw crarti € po3poOka Meromy
OIEePaTHBHOTO PO3PAaXyHKY 3HAYCHHs JUKHTEpa TEJCKOMYHIKAIiiHOI Mepexki Ui MPOBEICHHS IHHAMIYHOIO MepeHAIaro [ KeHHs
MepexeBux mnapamerpiB. PesymbTatm gocmimkenHs. [IpoBeseHo aHami3 BIUIMBY HECTalliOHApHOCTI Tepeiadi JaHUX B
TEJICKOMYHIKAI[IMHIA MiJCHCTeMi JOCTIPKyBaHOT KOMII'IOTepHOi cucTeMu. JIOCHIDKEHO pOoJib JUKUTEepa Ha SKICTh Mepeaadi
iHpopMmanii B TenekoMyHikawiiHiii Mepexi. [IpoBeaeHo kinacugikaiio pKUTepa 1 TPUYMH, IO TPHU3BOIATH A0 HOTO0 BUHUKHEHHSI.
HaBeneno pesynbraTu aHanizy GpakTopis, IO MOJIMIIYIOTH SIKICTh Iepeiadi JaHUX B MEPEeXkKi 3a PaXyHOK ONEPaTHBHOTO OOYHCIICHHS
YaCTOTHOTO JpKHTEpa. B pobOTI MpoBeneHi MOCITIIKEHHS OCOOIMBOCTEH pO3MIIbHOI 3aTHOCTI KOTEPEHTHHX aKyCTOONTHYHHX
crekTpoananizaTopiB. OTpUMaHO aHAIITHYHI CIIBBIXHOIIEHHS UL BUXITHOTO CHTHAITY P JBOX MOHOXPOMAaTHYHHX paJiOCHTHAIaX
Ha BXOJi, IO BPaxoBYIOTh e(EKTH HENIHIHHOI B3aeMOAii BUXITHUX CHTHAIIB 1 anpiopHy 3aJIeXKHICTh PO3TAIIyBAaHHS 1 MIUPUHU
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IudpakiifHol MWISAMH BiJ 9aCTOTH IOCTIMKYBaHOTO curHaiy. HalOinbln cyTTeBi SKICHI Ta KUIBKICHI XapaKTEpHUCTUKH YaCTOTHOTO
PO3aiIeHHs MOKa3aHi Ha MPUKIAl ABOX MOHOXPOMATHYHHMX CHTHAJIB, IO BIAPI3HAIOTHCA TiIbKM HECY4YMMH yacToTamu. HaBenmeHi
AQHAJIITUYHI CIiBBIAHOIIECHHS OYJIM €KCIIEpUMEHTAJIBHO MEepeBipeHi 3a JOIOMOT0I0 iMITAIIIfHOr0 MOAEIOBaHHS CUCTEMU. BHCHOBKH.
B pesynbrati gocnimkeHs 0yino 3anporoHOBaHO CHOCIO MiABUIIEHHS PO3IUTBHOI 31aTHOCTI aKyCTOONITHYHHX CIIEKTPOAHAIi3aTOPiB 3a
paxyHOK OCOOJIHMBOCTEH KOT€pPEeHTHOI B3aeMOJii CHTHATIB B Iporeci o04nCIeHHs 4acToTHOTro mkuTepa. Ha ioro 6asi po3pobieHo
METOJ] OIEpPaTHBHOTO pO3paxyHKy 3HAa4YCHHsS [DKUTEpa TEJICKOMYHIKAIiHHOT Mepexi, SKHH J103BOJIsIE IPOBECTH AWHAMiYHE
NepeHaIaroKEHHsI MEPEKeBUX apaMeTpiB.
KurouoBi ciioBa: koMI'IoTepHa cUCTeMa; TeJIEKOMYHIKaliifHa Mepeka; [KUTeEp.

METO/] OIPEJAEJIEHUS J)KUTTEPA B TEJIEKOMMYHUKALIMOHHOM CETH
KOMIIBIOTEPHON CUCTEMBI HA CIELIUAJIBHOM ITPOT'PAMMHOM
IJIAT®OPME

AxTyansHOCTb uccaenoBanus. [Ipu BeiOOpe miaThopMbl KPUTEPUH KadecTBa 0OCITYKMBaHHUS KOMIIBIOTCPHON CHCTEMBI CYIIECTBEHHO
3aBHCAT OT IapaMeTpoB 0a30BOH TEIEKOMMYHHKAIIMOHHOH ceTH. [loaToMy mepesn TeleKOMMYHHKAaIIMOHHOH CEThIO CTaBSIT KECTKHE
TpeboBaHusa. Kpome Toro, cerb MODKHA YIOBIETBOPATH PSAy OTPAaHUUYCHUH, KOTOpPBHIC ITOCTABICHH KOMIBIOTEPHOW CHCTEMOIA.
ToybKO BBINONHEHHE STHUX YCIOBHH IO3BOJINT KOMITBIOTEPHOI CHCTEME pEINUTh IOCTaBICHHBIC Iiepen Heil 3amaun. Taxke mpu
MOCTPOCHUH, MOAMGUKAIMK ¥ OSKCIUIyaTaldH TEIeKOMMYHUKAIMOHHBIX CeTeH BO3HHKAeT JOCTaTOYHO oOmas mnpobiema Mo
nupoBoii 00pabOTKEe CUTHAIOB, CHHXPOHHM3ALUH CETH M €€ CTa0MIBHOCTH. 3ajada oOeCIeYeHHs BPEMEHHBIX TpeOOBaHUN K
CHUCTEMHBIM TPaH3aKIKAM: HEOOXOOMMO HaWTH Hamboiee CymiecTBeHHbIE mapameTpsl QOS, TMO3BOJSIOIINE MPOBOAUTH
JTMHAMHUYECKYIO TIEPEHACTPOHKY CEeTH JUIsl 00eCIIeUeHNs BBINOIHEHHS BPEMEHHBIX TPEOOBaHUH K CHCTEMHBIM TpaH3akiusaM. IIpeamer
UCCIICIOBAHMS: [DKUTTEP TEJNCKOMMYHHKAIMOHHOI cer. Ileqblo craTthu siBIseTCs pa3paboTKa METOJa ONEPATHBHOIO pacyera
3HAUCHUs JDKUTTEpa TEJNICKOMMYHUKAIMOHHONW CETH Uil TPOBEICHUS IMHAMUYECKOH IepeHAaCTPONKH CETEeBHIX IapaMeTpOB.
Pe3yasTatel unccnenoBanus. IlpoBeneH aHanmW3 BIMSHUS HECTAl[MOHAPHOCTH IEpelavyd JaHHBIX B TEJIEKOMMYHHKAI[HOHHOMN
MOZICUCTEME, HCCIIeyeMOil KOMIBIOTEpHOH cucTeMbl. lcciemoBaHa ponb DKUTTEpa Ha KadecTBO Iieperadd uHHpopmanuu B
TEJICKOMMYHHKAITMOHHOH ceTH. [IpoBenena xiaccudukanus HKUTTEpA U MPUYNH, IPUBOASIINX K €ro BO3HUKHOBEHHIO. [IpuBeneHs!
pe3ysIbTaThl aHaIn3a (GaKkTOpPOB, YIYUIIAIOIMX Ka4eCTBO MEepeaauy JAHHBIX B CETH 3a CUCT ONEPATHBHOTO BBIYUCICHHUS 4AaCTOTHOTO
JDKUTTEpa. B paboTe NpoBeieHBI HCCIEAOBAaHUS OCOOCHHOCTEH paspelraronieil CrocoOHOCTH KOTEPEHTHBIX aKyCTOONTHYECKHX
CIIEKTPOAHANN3aTOPOB. ITONMydeHbl AHATMTHYECKUE COOTHOIICHHS JUII BBIXOAHOTO CHUTHaNa MHPH JBYX MOHOXPOMAaTHYECKHX
paIMOCHUTHANAX Ha BXOJE, yuuThIBatomue 3G GekThl HeTMHEHHOr0 B3aMMOICHCTBHS BHIXOIHBIX CHUTHAJIOB U allPHOPHYIO 3aBUCHMOCTD
MECTOIIOJIOKEHHS Y IHPHHBI TU(PPAKIHOHHOTO IISITHA OT YacTOTHI HCclieyeMoro curaana. Hanbouee cymmecTBeHHbIE Ka4eCTBEHHBIS
U KOJMYECTBEHHBIC XapaKTEPHCTHKM YacCTOTHOTO pa3pelleHus] IOKa3aHbl Ha IpUMeEpe JABYX MOHOXPOMAaTHYECKHX CHUTHAJIOB,
OTJIMYAIONIUXCS TOJBKO HECYLIIMMH YacToTaMu. [IpuBeneHHbIe aHAMTHYECKHE COOTHOLICHHS OBUIN SKCIIEPUMEHTAIBHO MPOBEPEHBI
MOCPE/ICTBOM HMHUTAL[MOHHOTO MOJICJIPOBAHUS CHCTEMbl. BbIBOAbI. B pesynmbrate ncciemoBaHuid ObUT HpEIUIONKEH CIocob
MOBBILICHUS] paspenraronieil CcrnocoGHOCTH aKyCTOONTHYECKHX CIEKTPOAHAIM3aTOPOB 3a CYET OCOOEHHOCTEl KOrepeHTHOro
B3aMMOJICHCTBHS CHIHAJIOB B IPOIIECCE BBIYUCICHHS YaCTOTHOTO JDKUTTepa. Ha ero 6ase pa3paboTaH METO]| ONEPaTHBHOIO pacyeTa
3HAYEHHS JDKUTTEpa TEICKOMMYHHKAIIMOHHON CETH, KOTOPBI IO3BOJSET MPOBECTH AMHAMHYECKYIO MEPEHACTPOMKY CEeTEeBBIX
apameTpoB.
KuroueBsbie ci10Ba: KOMITBIOTEpHASI CUCTEMA; TEICKOMMYHHKAIIMOHHAS CETh; IDKUTTEP.
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