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O. AKHIIEZER, O. DUNAIEVSKA, M. SHYSHKIN, O. BuTovA, A. ROHOVYI

USE OF TRIANGULAR MODELS OF NON-STATIONARY PROCESSES IN
MODELING VARIABILITY OF HEART RHYTHM

The subject matter is a mathematical model describing the process of heart rhythm variability, which is based on the use of triangular
models of non-stationary random processes in the Hilbert space. The goal of the research is to develop a mathematical model of non-
stationary processes of cardiac activity based on a triangular model. This research was the basis for the development of a Matlab
model that implements the proposed method for analyzing heart rate variability. Tasks are: to give a description of the variability
heart rate as a non-stationary process in Hilbert space in terms of correlation functions; to research the possibility of constructing a
correlation and spectral theory of a non-stationary process using triangular models; to synthesize the mathematical model of
nonstationary process on the basis of correlation theory for solving mathematical processing and forecasting tasks on the basis of ECG
data. Using the proposed mathematical method, we implemented the Matlab model of a heart signal generator, which allowed us to
synthesize an ECG with different variability parameters in noisy conditions. Methods of mathematical statistics, simulation modeling,
theory of random processes and control theory are used in this work. Results of this research are as follows: 1) It has been shown that
the new approach to the description of the HRV as a random process in the application of the triangular model in the Hilbert space
made it possible to obtain expressions for the correlation function. 2) The imitation simulation showed the sensitivity of the method
within the 5% error rate under the conditions of different types of influence on HRV. The qualitative assessment of the possibilities of
the proposed models to generate artificial ECG provided the possibility of visual analysis by the cardiologist of the identity of the
interpretation of real ECG records. The identities of modeling results were checked on time samples of electrocardiographs of 7
patients from open PhysioNet cardiographic libraries on samples with the duration T = 10 s. 3) The standard low-frequency
oscillations and "white noise" barrier are clearly differentiated on the applied correlation function by the distribution of spectral
density power within the frequency range of 0,15-0,3 Hz. Conclusion. The simulation results confirmed the correctness of the
theoretical conclusions about the possibility of using models based on the representation of non-stationary processes in a triangular
Hilbert space.

Keywords: heart rhythm; non-stationary random process; electrocardio signal; correlation function; triangular model;
simulation modeling.

Introduction At this time, there is no common methodology in

which it is possible to analyze the properties of a

Currently, one of the topical problems of modern non-stationary random process of any type, using its

medicine is the development of new methods of
mathematical analysis of the aggregate of quantitative
characteristics, obtained as a result of registration of
certain parameters and that reflect the state of the human
body. The need for development of this direction is
dictated by the possibility of using the proposed
mathematical approach to determine the availability and
the degree of various pathological changes, to identify the
early stages of the development of any disease.

The basic information on the state of the systems,
that regulate the heart rhythm, is enclosed in the
"functions of the spread” of the parameters of the cardio
signal. One of the methods for assessing the state of the
mechanisms of regulation of physiological functions in the
human body is the variability of the heart rhythm (VHR)
[1]. In case of heart arrhythmia of different origins the use
of special mathematical methods for the restoration of the
stationarity of the process under research or of specific
analytical approaches is required [2-4].

The structure of the heart rhythm includes not only
oscillating components in the form of respiratory and non-
respiratory waves, but also non-periodic processes (so-
called fractal components). The origin of these
components of the heart rhythm is associated with the
multilevel and non-linear nature of the processes of
regulation of the heart rhythm and the presence of
transient processes. Thus, the rhythm of the heart is not a
strictly  stationary random process with ergodic
properties [5].

individual implementation. Therefore, stationary random
processes are used to analyze non-stationary
processes [6, 7]. This highlights the need for the
development of special simulation methods, which can
only be used for certain classes of non-stationary
processes.

Most often these random processes of heart rhythm
are unique and can not be repeated under statistically
similar conditions. One of the main issues is the study of
non-stationary random processes that are considered as
functions or sequences in the corresponding spaces, using
triangular and universal models.Furthermore, the
triangular models give the opportunity to construct some
"elementary" non-stationary processes, and, with the help
of universal models, to collect from them more
general classes of non-stationary random functions or
sequences [8].

The objectivity of the interpretation of the variability
of the heart rhythm depends on the choice of optimal
approaches to the mathematical processing of a numerical
array in the form of which it appears. The urgency of the
topic is determined by the need to improve the methods of
studying the process of forming the heart
rhythm and mathematical models that allow the synthesis
of artificial electrocardiograms (ECG). The development
of the method of generation of artificial
electrocardiograms with variations of parameters under
one or another random law. This will simulate the ECG
with more informativity.

© O. Akhiiezer, O. Dunaievska, M. Shyshkin, O. Butova, A. Rohovyi, 2019
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Analysis of literary data and problem statement

The ECG signals can easily be described using three
different approaches for any research such as: time
domain, frequency domain, and frequency-time domain.
The classic approach in electrocardiology is to use
techniques for analyzing the time domain of the signal.As
a rule, the ECG mathematical models are represented as a
Fourier series [9], polynomial functions [10, 11] or by
derivatives [12].

Such models determine the ECG value at any given
time, often describing each segment or ECG deflection,
but they are not always sufficient to describe all features
of the ECG signal. In addition, due to a large number of
variables, they are quite complex for further
implementation.

A more realistic form of cardiac signal is provided
by models in which individual elements are approximated
by Gaussian functions. The variants of description and
approximation of an ECG signal with application of
Gaussian pulse and piecewise-specified function have
been considered inthe work[13].

The proposed mathematical models do not take into
account the effect of internal and external perturbations on
the heart rhythm, that limits their scope of application.

Some authors use the ECG signal simulation in one-
dimensional and  two-dimensional planes. The
construction of a one-dimensional signal of its phase plane
is considered in [14]. The application of this approach
allows to analyze both the amplitude and the speed
parameters of any elements of the ECG, and to detect
deviations in them in comparison with the traditional
analysis of the ECS in the time domain. Thereafter, this
made it possible to approximate the ECG  with
interpolation models described in the works [15, 16].

The similar approaches are used in a number of other
works. In [17], the model based on the Fourier analysis of
the phase plane obtained from two synchronized cardio
signals was considered. In [18], the proposed method for
describing the dynamic system of the cardio signal by
constructing a three-dimensional phase space and
equations describes the trajectory of the motion of points
in this space.

However, such interpolation models do not take into
account the physical and biological features of the
pathological states of humain cardiovascular and
respiratory systems.

The systematization of the results of the above-
mentioned studies of the time domain suggests that the
existing mathematical models allow to synthesize the
cardio signal of a realistic form, considering it to be
stationary.

For cases of non-stationary signals, which is a cardio
signal, two approaches are used. First, the local Fourier
transformation, which is a traditional one, it results in a
frequency spectrum of the signal. In this case, the non-
stationary signal, as with the stationary, is pre-divided into
segments (windows) whose statistics do not change over
time. The disadvantage of the Fourier transformation is
that frequency components can not be localized over time,
that is why it is sometimes impossible to get exhaustive

signal information.The second approach is a wavelet
transformation. In this case, the non-stationary signal is
analyzed by decomposition of the basic functions obtained
from a certain prototype by compression, stretching and
shifts [19].

In cases where the heart rhythm is significantly non-
stationary, that may be due to random effects, the
most appropriate is the use of correlation analysis
methods [4].

In this article we propose to use another approach,
which is to consider the random process as a curve in a
special Hilbert space. [6, 7]. This approach was used in
the simulation modeling of non-stationary random
processes in the technique [20].

The study of random scalar processes as
mathematical objects of a rather complicated nature
essentially reduces to the application of already regular
functions. This allows the use of a well-designed
functional analysis apparatus, in particular the theory of
functional analysis and triangular models [21], for
constructing a correlation and spectral theory of non-
stationary random processes. The essence of the
proposed transformation is the variability of
cardiointervals as a random variable. With this approach,
the  correlation  function  of  the  dynamic
series of cardiointervals for the ideal ECG and the
one that is changed by this or that random process is
determined.

Given that the cardio signals include deterministic,
stochastic and chaotic components, this approach can be
used for the analysis and modeling of heart activity
processes.

The changing of the heart activity state in functional
samples can be monitored visually or automatically using
appropriate algorithms that take into account the non-
stationarity and the non-linearity of the process. The ECG
analysis can have an independent diagnostic and
prognostic value. In practice, the repetition of samples is
not always possible. Therefore, there is reason to believe
that it is important to build a mathematical model of non-
stationary process of heartactivity, it will allow the
simulation modeling of behavior of the heart in a variety
of influences, leading to significant variations in its
monitored parameter.

Purpose and objectives of the research

The purpose of the work is to develop a
mathematical model of non-stationary processes of heart
activity based on a triangular model.

To achieve this goal the following tasks were solved:

- give the description of the variability of the heart
rhythm as a non-stationary process in the Hilbert space in
terms of correlation functions;

- to study the possibility of constructing a correlation
and spectral theory of a non-stationary process using
triangular models for this;

-to construct a mathematical model of a non-
stationary process based on the correlation theory for
solving mathematical processing and prediction tasks
based on ECG data.
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Materials and methods for studying the variability of
the heart rhythm. Study of the random process in the
Hilbert space

The methods of mathematical statistics, simulation
modeling, theory of random processes and control theory
are used in this work.

The proposed method of using a triangular model
may be used in cases when on the background of
monotony of the rhythm there are sudden violations due to
recording defects, to the appearance of various noises or
to the occurrence of various types of arrhythmias, that can
be represented as random processes.

Since the correlation function K (t, s) is the kernel,
which determines the random process & (t) as a curve in
the Hilbert space, the characteristic properties & (t) are
found in the properties of the function K (t, s). The
stochastic process ¢ (t) generated by the Cauchy problem
is considered in this paper:

dé ‘” - AVE®D

5(0) =1

With certain restrictions on operator A (t), which is
convenient to formulate in terms of K (t, s), it is possible
to analyze the random process &(t). In applied problems
they arrive, more often, to partial differential equations for
the correlation function K(t, s). In this connection, the
classes of non-stationary evolutionarily depicted random
processes generated by the equations for correlation
functions are of interest, while non-linear evolution
operator equations are obtained for the operator A (t). The
solution of these equations explicitly gives the possibility
to obtain new spectral solutions of some classes of non-
stationary random curves.

Since the random process &(t) in the Hilbert space
H., then

1)

&(t) =e"&(0), )

so any stationary curve in this space has a represantation
(2), where A is a self-connected unbounded operator
[6, 22].

Suppose K (t, s) satisfies the equation

> P ~
(?—gjm,s)_o. 3)

For the ermitian integral of the function K (t, s) we
assume that the operator has form A(t) = iA. From the
definition for the correlation function K (t, s) [6, 22] and
expression (2) for the random process & (t) we have:

a[a<§(‘)’§‘s)>J

0*K _ ot dA(t) 2

R Sl (- O EOECYNE
A <5(t>(dA(S) A2(S)j§(5)> ©

Then we get the ratio

&

Or

+ A’ (t)}f(t), §(S)> = <§(t)(z—§+ A (S)] §(S)>- (6)

(BOE(),£(s)) =(&(1), B(s)&(9)) .

where B(t) = :_\+A2(t) which does not depend on t,

from the ratio (6) we get self-adjoint operator B = B*, and
for A(t) Riccati operator equation [23]:

E+AZ=B. 7

Taking into account the previous assumptions, for
the random process ¢ (t) we have a differential equation of
second order with a constant operator coefficient:

(5 (t)) d(AMSE() (dA(t)
d  \ dt

£(0) - + AZ(t)]g’(t) _BE(). (8)

If you use the spectral decomposition and look for a
solution of equation (7) in the form of

A= | §(t, 2)dE, , 9)

then for the function ¢ we obtain Riccati scalar equation,
the solution of which is a function which depend from the

spectrum of the operator the following form
#(t, 1) =JathJat and, so
At) = [ NAthyAtdE, (10)

and for the random process &(t) from the equation (8) we
get the spectral expression

£ = [ enVae (), (11)

where dg(1) =dE,¢,, that is {(t) — the standard curve in

space H with orthogonal increments.

From the ratio (9) we have representation for the
correlation function K(t, s):

If the operator B(t) >

Ae [0, +oo)

0 in equation (8), then

K(t,s) = %T[chﬁ(t—s)+ch\ﬁ(t+s)}dF(z) .(12)
If the operator B(t) < 0, then A & (—0,0]

K(t,s)= %T[cos«ﬁ(t —5)+cosy/A (t+ s)]dlf(/l) . (13)

where  AF(A)=(Z(A+A4)-£(A),¢ (A+A2)-4(A));
F(A)=-F(-1).

It should be determined that from the ratio (11), the
random process &(t) can be represented as the sum of two
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orthogonal random processes where &(t) = &P (t) + 2 (t),

E9@) = [ chyTtd g (1), EQ(t) = | chiAtdS, (2) .

Then, the correlation functions K(j)(t, s), (j = 1, 2)
are as follows (12) and (13) and

<§l(/1)'§2 (/1)> =0, 1e 1€[0,+0).

As an example, the case was considered when the
operator has the following form:

0 o o
A=|-io, 0 o, |, (14)
-, —-iw, O
where @, @, — some constant values, and

g(t):{fl(t), f, (1), f3(t)} — three-dimensional vector in
spacel®. The coordinates f,(1),(j=1273) satisfy the
following system of equations:

df, _

f,+f

o= et f)

df,

Fra =of -of, (15)
df

d—s =, fl + , f2

Then we have a matrix representation of the
d§ _AE,

random process of appearance (2).
Since the operator A (t) does not depend on t, then
for the operator B (t) we obtain the following form:

expression —i—= the solution of which is a

2
20 w0, -0,
_ 2 2 2
Bt)=| oo, o +o, @ (16)
2 2 2
-0, ; o, + o,

The random process ¢ (t) set by the system (15) and
the operator B (t) satisfy the equation (8).

If you enter coordinates f,(t)=y(t), f,(t)=y(t),
f,(t)=v(t), where w(t) — "White noise"”, that is,
oscillation with any frequencies and phases [24], and give

the following value to the constants e, = H—;
1

2 .
®, = |——, where T;, T, — some time constants of the
T,

dynamic link, then the differentiation of the first line and
the substitution in it from the second and third lines of the
system (15) gives the equation

y(t)——y(t)+\E /ZT V(t)—?y(t) 2T2 / T y(t).

YO + T,y +y®) =v(D) ,

which defines the differential equation of the dynamic link
of the second order, the correlation function of the random
process y (1) is given by the formula (13).

In this case, for the operator A in the expression (2)
of the random process ¢ (t), the condition holds

I —A'A={(e,g)g, whereg — channel operator vector A.
After taking elemental calculations, we obtain that

62

—KL9)-K( $)=—((1-A"A)EW). &) - (17)

Since operator A is a quasionary operator of rank
r = 1, then for formula (17) there is a representation

¢ = 4(0J(5) . where (1) = (e“5,.9).

Using the expression of the matrix exponent of the
linear bounded operator A [6, 22], we obtain that

1 itd Py
¢(t)=—ﬁg£e (50.fD)dr  (19)

f()=(A-11)"g,

where I' — an arbitrary closed loop that covers the whole
spectrum of the operator A.

If the model space is implemented as a Hilbert space
12, the operator is given as follows:

(ADK =210+ 3 1(DAA (K=1N). (19

Thus, the matrix expression for the operator has the
form

A BB, 18,5
o BB
A= (20)
A
0 0
o0
If you choose in this space the basis {h,} o1

h ={10,0,..},h,={0,10,..},..h, ={0,0,..0,10,..},...
Then the function ¢(t) can be represented in the
following form:

p0= fo(k>{—2iﬂi§ e"g, (z)dz} ,

(21)

where f, (k) =(f,,h.), §,(2) :<(A°*—1| j g,hk>.

For further calculations, an expression for the

resolvent of the operator is found A".

° 710
R (/1):(A*—/1Ij g="f, wegot

*
A

Considering
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p)

R_ (1) =L qA 22)

. /11< —Ai

;)

For the function ¢,(4) the following formula is
used (22):

5.0 - Afﬂgfpj-%?f?:f:j @3)
Having added
A(Q:--JEEI}@M —111177dl (24)
we got
ZOEPHACINGE (25)

The formula (24) shows that the function Ak (t) is
uniquely constructed on the spectrum of the operator A,
and Ak (t) can be represented as

LS i2j
A =XR; e, (26)

iz
where B, ;(t) — a polynomial,the degree of which is one
point less than the multiplicity of the eigenvalue 4, .

Determination of the correlation function of the
random process
If the random process has the following look:

iAot
st)y=2&e
where the average value of ¢ is zero, and 4, is a real

constant (/10 = A_n)

Such process describes the periodic oscillation of the
circular frequency /4, with a random amplitude and a
random phase. In this case

E(t) = &(& cos At +&,sin At ) +i (& sin At —&, cos At ), (28)

where &£=¢ —i-¢,.
The actual part of each implementation can be
represented by a sinusoidal of the following form

n(t) =asin(4,t+6), where a= ,fe:f +&2,
e % with a and 6
NEE &+
varying from implementation to implementation.

For this case let's consider the model space 1?, and

(27)

sin@ = cosf =

the operator A in the form of: At = At . This is a case for

an operator with a discrete spectrum and, by the
expression (26), the A-function has the formof

A(t) = p,e”™, where p, — constant value. Then for ¢(t)
we will get the following expression
#(t) = G poel;Ot = é/oeMOt :

Since ImA=0 and the operator A has
completeness, in this case it is a dissipative asymptotically
fading process, whose correlation function can be found
by the following formula

K(t,s) =be'"90 (29)

where b is the mathematical expectation of the square of
the amplitude, proportional to the mean energy of the
oscillation per unit time.

It should be noted that the correlation function does
not depend on the statistical characteristics of the phase of
oscillation. It is obviously possible to show that any
stationary process can be obtained as a boundary of the
sequence of processes with a discrete spectrum. Thus,
each random process ¢&(t) can be arbitrarily well
approximated by a linear combination of harmonic
oscillations. The random stationary processes of general
form are obtained by considering the linear combinations
of the processes of the type (27).

Having considered the processes that are the
superposition of n-random periodic oscillations with
different frequencies

£0 =25, (30)
where M &1=M &2 =..
M &(t) = 0, we have

.= M &n=0, taking into account that

Mé('Hr)%: M Zn::|§k|2 ek 4
+M z §k £ ( (k=Am)size | il —lm)Hi}kf). (31)

(k¢m)

In order for the random process (30) to be stationary
in the narrow sense, it is necessary that the last expression

(31) does not depend on t. As the functions €%~

g (k—m)t (k # m) are linearly independent, there fore, this
expression does not depend on t, in case if M&E =0,

with k # m.
Thus, the random process (30) will be stationary, if

§k(k:L_n) — are uncorrelated random variables with

value of zero. Consequently, &) describes the
superposition n of non-correlated (in particular,
independent) oscillations with different frequencies and
random amplitudes and phases.

Since the correlation function of the sum of
uncorrelated random processes is equal to the sum of the
correlation functions of these processes, then by virtue of
expression (29) for the correlation function of the
stationary random process (30) we have

K@-@:é@&“ﬂ, (32)

where the coefficients b, > 0 determine the average energy
of the individual harmonic oscillations included in the

expression (30), and % — multitude {4},

«, In this case, is
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the spectrum of a random process. Considering in equality
(32) t—s=0, we have
K(©)=2b, (33)

Thus, in the case of superpositions of the periodic
oscillations with uncorrelated amplitudes the middle
energy of the cardio pulse equals the sum of the energies
of certain periodic components.

In order for the process (30) to be valid, the number
n is to be pair (equal 2n) and 2j summands (30), must fall
into j pairs of complex additions. In this case
the random process &(t) can be represented in the
following form:

() =§a| (sinAt+8), (34)

where taking into account (28) M7, =0 at all index
Mrmn =M g =0a  t, #1, a

M2 =M¢? =by, sing =——1 o

————, C0S¢ = )
\]77|2+§|z \/’7|2+§|2

valuesk, land

a =\ +¢°, (1=1n).
The correlation function (32) taking into account the
variable z = t — s can be represented as:

K() = Xb cos 47 . (35)

The obtained theoretical conclusions provide the
basis for further simulation modeling.

Results of mathematical modeling of heart rhythm
variability

A computer simulation modeling method for heart
rhythm variability has been developed on the basis of the
mathematical model of the correlation function of the
non-stationary random process with a discrete spectrum.
A series of simulation experiments has been conducted to
confirm and statistically substantiate the adequacy of the
developed model. The heart rhythm system is a dynamic
system. The dynamics of heart rhythm changes is
constantly influenced by the central nervous system
(CNS) and the vegetative-vascular system (VVS),
respiratory  oscillations, blood oxygen saturation
and other characteristics [25]. The HRV signal can be
represented as a periodic curve formed by a common
overlay —of  high-frequency and low-frequency
oscillations.

If we assume that the input of the system simulating
the cardio signal is "white noise”, then there is an
occasional process at the output reflecting the variability
of the heart rhythm.

Each implementationXv(t) of the random process &(t)
can be represented as follows:

X, ) =Y"®+Y, 1), (36)
V=2, v t)=Sasin(et+0))  (37)

where Y,"(t) — an occasional process that is a particular
case of a random stochastic process with the value t = 0,
Y, (t) — random process, and €. — initial phases. It is
proved that the correlation function of the stochastic
process X, (t) has the following form:

(38)

Ko@) = * cosat .

2 10
+> 2r
w=1

a a

In [8] the connection between the correlation
function KX(z) of the random process &(t) and its spectral
density is considered SX(w). It is shown that the spectral
density SX(w) is equal to the square of the amplitude-
frequency characteristic of the link or system.

Using the mathematical model of heart rhythm
variability, presented in [25], with slight simplifications,
when simulating you should take into account the low-
frequency oscillations of the central nervous system to the
sinus node and oscillatory behavior of blood pressure.

Thus, the transfer function of the forming dynamic
system of cardiac pressure, which transforms the "white
noise” v(t) into a random process &(t), can be represented

k

W(p) = , 39
(P) (Tip? +T, +1)(Tip? +T,, +1) (39)
the spectral density has an analytical form
k2
Sy (p)= 2 2 . (40)
[(1— oTZY + 0T }[(1— L) + 0T }

The result of the simulation of the influence of
random processes on the character of the VHR is
presented as a series of two vibrational dynamic links with

-~ . k
transmittin functions W(p)=——;
’ T
1 . . .
W, (p) =-——————, equations of which are written
? (TAp* +T, +1)

in the form of:

{Tﬁym +T, Y () + () =kv(t);

. ) (41)
T221X (t) +T22X (t) +X (t) = y(t)-

In the normal form the Cauchy system (41) looks

like:
X,(t) = X, (0);
x'z(t)=—%x1(t)—%xz(t)+%v(t>;
X,(t) = X, 1) - 42
A VI Y k
£ =0 X0+ 51,0
where  xO=y0), %0O=y0. xO=XQ.
X, (t) = X(t).

The solution of the system (42) uses the Runge-Kutta
method [18, 22]. This method has a high degree of
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accuracy and, despite its complexity, is the most suitable
for algorithmization. In addition, the important advantage
of this method is the possibility of applying an "alternate
step”.

The simulation of heart rhythm variability was
performed in Simulink / Matlab software using Runge-
Kutta 4th order method with variable step of integration.

The initial data were obtained by digitizing the real
ECG of seven patients from open PhysioNet cardiographic
libraries [26]. The simulation was carried out on samples
of duration T =10 s.

The temporary indices of artificial ECG series,
generated using the developed mathematical model [27],
are comparable to those of real ECG series with the same

spectral  characteristics,  therefore  the  obtained
models on this criterion can be considered substantial and
adequate.

The fig. 1 shows the synthesized ECG signals and
signal-noise functions: red lines — basic ECG signal, blue
lines - random signal.

According to fig. 1 and taking into account the
conclusions of Section 4, the correlation functions

obtained (fig.2) and the spectral density power
distribution functions (fig. 3).
Correlation ~ functions  for ECG  signals,

corresponding fig. 1, pictured on fig. 2.
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Fig. 1. Synthesized ECG signals and signal-noise functions: a — basic ECG signal excluding HRV and noise; b — ECG signal with a
change in cardiac rhythm in random law; ¢ — ECG signal with the addition of perturbation of the type of "white noise"
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Fig. 2. Correlation functions for ECG signals
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Fig. 3. Distribution of spectral density power

The developed simulation model allows to consider
and to simulate a random process as a superposition of
elementary random variables for confirmation of
theoretical assumptions.

Discussion of the results of the study of the
influence of random processes on the variability of the
heart rhythm.

The obtained results of mathematical modeling
indicate that the proposed method for studying non-
stationary random processes can be used to simulate
random processes in cardio signals.

As a result, correlation functions have been obtained
for various random processes. Indeed, from the fig. 2, a
the correlation function is periodic with the period of R-R
interval, this allows to conclude that the correlation
coefficients approach the maximum value at the moments
of the R-deflections of the ECG.

With the appearance of the variability of the heart
rhythm, one can observe that the correlation function of
fig. 2, b has both positive and negative peaks with
oscillatory character of influence. This indicates the
presence of components with frequencies of 0.17-0.3 Hz,
reflecting the influence of sympathetic and
parasympathetic activity of the central nervous system.

The analysis of the correlation function, obtained
with the help of the triangular model, showed a high
sensitivity, even at noisy areas of the ECG, and allowed to
accurately identify the influence of both external and
internal factors on the humain heart rhythm.

It should be noted that during the modeling of the
effect of "white noise" (10-4 W) it was found that it does
not affect the distribution of power of spectral density.
The obtained result can be explained by the fact that its
spectral density is a constant throughout the frequency
range (fig. 3, b). The proposed method can be used when
the spectrum of the analyzed signal has clearly expressed
peaks. Indeed, in fig. 3, it is possible to observe the
presence of both low-frequency and high-frequency

C

sections in the distribution curve of the spectral density of
the simulated signal. This indicates the sensitivity of the
method in the analysis of the effects of both the
sympathetic and parasympathetic CNS branches on the
HRV. These parts correspond to the previous assumed
availability of oscillation circuits with different steady
time.

The direction of further research may relate to a
more detailed identification of the effects of random
processes on HRV, as well as methods of hardware
implementation of the determination of the parameters of
the ECG [28].

The proposed method opens up additional
possibilities for refinement and improvement of the
model, bringing it to the level of the maximum full
quantitative description of the experimental data.

Conclusions

1. It has been shown that the new approach to the
description of the HRV as a random process in the
application of the triangular model in the Hilbert space
made it possible to obtain expressions for the correlation
function.

2. The imitation simulation showed the sensitivity of
the method within the 5 % error rate under the conditions
of different types of influence on HRV. The qualitative
assessment of the possibilities of the proposed models to
generate artificial ECG provided the possibility of visual
analysis by the cardiologist of the identity of the
interpretation of real ECG records. The identities of
modeling results were checked on time samples of
electrocardiographs of 7 patients from open PhysioNet
cardiographic libraries on samples with the duration
T=10s.

3. The standard low-frequency oscillations and
"white noise" barrier are clearly differentiated on the
applied correlation function by the distribution of spectral
density power within the frequency range of 0,15-0,3 Hz.
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BUKOPVCTAHHS TPUKYTHHUX MOJEJIE HECTAIIIOHAPHUX ITPOIIECIB
TP MO EJIIOBAHHI BAPIABEJIBHOCTI CEPIHEBOI'O PUTMY

IIpenMeT moCTiPKEHHS € MaTeMaTH4YHa MOJEJb, sIKa OIMCYE IMPOLEC BapiaOelbHOCTI CEPLEBOr0 PHTMY, B OCHOBI SIKOI JISKHTH
BUKOPUCTAHHSI TPUKYTHUX MoJiejell HeCTal[lOHAPHUX BHUIIAJKOBHX MPOIECIB B rinbOepToBOMY mpoctopi. MeTa ROCTIIKEHHS —
po3pobka MaTeMaTHYHOT MOJENI HECTalliOHAPHUX MPOIIECIB CEpIEBOi TisUTBHOCTI HAa OCHOBI TpUKyTHOI Mozemi. Ile mocmimxkeHHs
CTaJI0 OCHOBOIO [UTsl po3po0KH Mozei Matlab, mo peanizye 3anmponoHOBaHUA METO JJIsI aHANI3Y BapiaOeIbHOCTI CEPLIEBOIO PUTMY.
3aBaaHHA: JaTH OMUC BapiabeNbHOCTI CEpPIIEBOTO PUTMY SK HECTAIiOHAPHOTO TPOIecy B TiLOEPTOBOMY MPOCTOPI B TEpPMiHAX
KOpeILIHHAX (YHKIH; JOCHIANTH MOMIIMBICTH TMOOYIOBH KOPEJSMIKHHOI Ta CIEKTPAIbHOI Teopili HECTAI[iOHApHOTO IPOIeCy 3
BUKOPUCTAHHSIM TPUKYTHUX MOJEINEH; CHHTEe3yBaTH MaTeMaTHIHY MOJENb HECTAI[IOHaPHOTO IIPOIIeCY HAa OCHOBI KOpeIsiitHoOl Teopil
Ul po3B'sI3aHHS 3a4ad MaTeMaTHuHol oOpoOkM i mporHo3yBanHs Ha ocHOBi gaHux EKI. 3a momomororo 3ampornoHOBaHOTO
MaTeMaTH4HOro Merony Oyna peajizoBaHa Mojenb Matlab reneparopa ceprieBoro curhaiy, o Jgo3Boimwio cuntesyBatn EKI' 3
pi3HMMH MapaMeTpaMy MIiHJIMBOCTI B yYMOBax IIyMy. Y poOOTi BHKOpHCTaHi MeTOOM MaTeMaTHYHO! CTaTHUCTHKH, IMiTalifHOTO
MO/ICIIIOBAaHHsI, TEOpii BUIAAKOBHX MPOIECiB i Teopii ympasninHsa. Pe3yabTaTH 1iporo mocnmimxeHHs taki: 1) Byno mokaszano, mio
HOBUH miaxix xo omucy BCP sk BHmagkoBOro mporecy Impu 3acTOCYBaHHI TPHKYTHOI MOJENi B TiNEOEPTOBOMY IPOCTOPI TO3BOJIUB
OTpPHUMATH BUpa3H AT KOpeAIiiHoi GyHKIil. 2) ImiTaniiiHe MOeTIOBaHHS ITOKA3al0 IyTIMBICTh METOLY B MeXax 5% MOMHIOK B
yMoBax pi3HUX THmiB BBy Ha BCP. fIkicHa oIliHka MOXIIHBOCTEH NPOIIOHOBAaHMUX Mojened it renepanii mrydnoi EKI™ Hagama
MOJKJIUBICTD Bi3yaJlbHOT'O aHAIli3y KapIioJoroM iIeHTHYHOCTI iHTepmpeTanii peanbHux 3amuciB EKI. [neHTHYHICTH pe3ynbTartiB
MOJICIIIOBaHHs Oyna TepeBipeHa Ha THUMYAacOBUX BHOIpKax enekTpokapaiorpadiB 7 mamieHTiB 3 BiIKpUTHX KapaiorpadidHux
6i6miorex PhysioNet Ha BuGipkax tpusamictio T = 10 c. 3) CranaapTHi HU3bKOYAaCTOTHI KoJMBaHHsA 1 O6ap'ep "Oimoro mymy" 4iTko
U epeHIiII0TECS 3a 3aCTOCOBYBAHOIO KOPEJSLiitHOT (GYHKIIT 3 PO3MOALTY MOTYKHOCTI CIEKTPAIBHOI IIIBHOCTI B [Jiana3oHi 4acToT
0,15-0,3 T'u. BucHoBoOk. Pe3ynbTaTéi MOJENIOBaHHS MiATBEPMIN IPAaBHIBHICTh TEOPETHYHHX BHCHOBKIB IPO MOXKJIHBICTH
BUKOPUCTAHHS MOJIeNeil, 3aCHOBaHNX Ha YSIBJICHHI HECTAI[IOHAPHUX MIPOLECIB B TPUKYTHOMY T1Ib0EPTOBOMY IPOCTOPI.

KnrouoBi ciioBa: cepueBmii puTM; HeCTalliOHApHHWI BHIIAJKOBHI IIPOIEC; ENEKTPOKAPIIOCHTHAJN; KOpewAliifHa (YHKIIS;
TPHUKYTHA MOJIENIb; IMHTAIlii{HE MOJICTIOBAHHSI.
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HCIOJb30BAHUE TPEYT'OJIBHBIX MOJEJEN HECTAIIMOHAPHBIX
IMPOOECCOB ITPH MOAEJIMPOBAHHUU BAPUABEJIBHOCTH CEPAEYHOI'O
PUTMA

IIpeameT uccnenoBaHus MpeACTaBIsIET cOOOH MaTeMaTHUECKyI0 MOJENb, OMHCBHIBAIOLIYIO MPOLECC BapHaOENbHOCTH CEpAECYHOrO
pHUTMa, B OCHOBE KOTOPOIl JIEKUT HUCIOIb30BAHUE TPEYTONBHBIX MOJENEH HECTAllMOHAPHBIX CIyYaifHBIX MPOIECCOB B TMIBOEPTOBOM
npoctpancTse. Ilesb uccnenoBaHus — pa3paboTka MaTEMAaTHYECKOH MOIENN HECTAI[MOHAPHBIX MPOIECCOB CEPAECTHON IeATeTbHOCTU
Ha OCHOBE TPEYTrOJbHOH MOJIeNH. DTO HCCIIeN0BaHNUE CTaJI0 OCHOBOM I pa3paboTku Matlab momeny, peanusyronieit peaioKeHHbII
METOJ Ul aHalu3a BapHaOeNbHOCTH CEepAeYHOr0 pUTMA. 3agadyM: JaTh OIMCAHHWE BapHa0eIbHOCTH CEpAEYHOr0 PHUTMA Kak
HECTAIIOHApHOTO Ipollecca B THILOEPTOBOM IIPOCTPAHCTBE B TEPMHUHAX KOPPEISILMOHHBIX (YHKIHWI; HCCIeI0BaTh BO3MOXKHOCTH
MIOCTPOCHUSI KOPPEISIIIMOHHON M CIIEKTPaJbHONH TEOPHH HECTAIlMOHApHOTO IIPOIlecca C HCIIOJIb30BAHHEM TPEYTOJNBHBIX MOJEIEH;
CHHTE3MPOBAaTh MaTeMaTH4ECKYI0 MOJEIb HECTAI[IOHAPHOTO IpoLecca Ha OCHOBE KOPPEIAIMOHHON TEOpHM AJsS peIIeHHs 3agad
MaTeMaTH4eckoil 06paboTKU U MPOrHo3upoBaHus Ha ocHoBe JaHHBIX JKI'. C moMompio npeiokeHHOr0 MaTeMaTHYeCKOro METoaa
Obula peann3oBaHa Mojenb Matlab reHeparopa ceplIeyHOro CHrHajga, 4TO MO3BOMMWIO cuHTE3upoBaTh OKI ¢ pasmmyHbIMU
napaMeTpaMy U3MEHUHBOCTH B YCIOBHUSX ITyMma. B paboTe MCIOIb30BaHBl METOABLI MaTeMAaTHIECKON CTATUCTHKU, HUMHUTALHOHHOTO
MOJIEIINPOBAHHMS, TEOPHU CIYYAHHBIX MIPOLECCOB U TEOPHH yIIpaBiicHUs. Pe3yabTaThl 3TOro HMccnemoBaHus ciexyromue: 1) Beuio
MI0Ka3aHO, YTO HOBBIHA Mmoaxox k onucannto BCP kak cimydaitHoro nporecca npyu MpuMeHEHHN TPEYroIbHON MOJIEIN B THIILOSPTOBOM
MIPOCTPAHCTBE ITO3BOJIMJI IOJTYYHTh BBIP@XEHHS 11 KOPPEISINIMOHHOW (QyHKIWH. 2) VMHTAannOHHOE MOACIHPOBAHUE MOKA3ajio
YyBCTBHTEJILHOCTh METOZa B mpeaenax 5% omuOOK B YCIOBHSX pPa3iIW4HBIX TUIOB BiusHuMs Ha BCP. KauectBeHHas oreHka
BO3MOXXHOCTEH MpeanaraeMbIXx Mojenel ais reHepanuu uckyccTBeHHo DKIT mpemocTaBmiza BO3MOKHOCTh BH3YaJbHOTO aHATIH3a
KapJMOJIOTOM HJCHTUYHOCTH HHTepHperanuu peanbHbIX 3amuceid OKI. MIeHTHIHOCTH pe3ynbTaToB MOAENHPOBAHUS ObLIa
MIPOBEpEHa HA BPEMEHHBIX BBIOOPKAX AIEKTPOKapaAuOorpadoB 7 MAMEHTOB U3 OTKPHITHIX Kapauorpaduyeckux 6mdmmorex PhysioNet
Ha BBIOOpKax mmmtensHOCTBIO T = 10 c. 3) CraHmapTHBIE HH3KOYACTOTHBIC KoieOaHUs u Oapbep "Oemoro mryma" deTKO
T bepeHIIpYIOTCS TI0 HMPUMEHAEMOH KOPPEAIMOHHON (YHKIUM IO PACcIpeAeNICHUI0O MOIIHOCTH CIIEKTPaIbHON IUIOTHOCTH B
nuanasose yactoT 0,15-0,3 I'n. 3akao4yenue. Pe3synsraTtel MoenupoBaHus NOATBEPIUIN IPABUIBHOCTh TEOPETHUECKUX BBIBOJIOB O
BO3MOJKHOCTH HCIIOJIB30BaHMsI MoOJeJel, OCHOBaHHBIX HAa IPEACTAaBICHHM HECTAallMOHAPHBIX IIPOIECCOB B TPEYTrOJILHOM
THIHLOEPTOBOM MPOCTPAHCTBE.

KnioueBble ci10Ba: cepAeuHBI PHUTM; HECTAIIMOHAPHBIA CIydalHBIA HPOIECC; AIIEKTPOKAPANOCHTHAN; KOPPEISLHOHHAS
(GyHKUUS; TpeyroabHas MO/, UMUTALOHHOE MOJIETTUPOBAHHSI.
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ONLINE FUZZY CLUSTERING OF HIGH DIMENSION DATA STREAMS BASED
ON NEURAL NETWORK ENSEMBLES

The subject matter of the article is fuzzy clustering of high-dimensional data based on the ensemble approach, provided that a number
and shape of clusters are not known. The goal of the work is to create the neuro-fuzzy approach for clustering data when the data
stream is fed for online processing and a number and shape of clusters are unknown. The following tasks are solved in the article —
the input feature space is compressed in the online mode; the model of neural network ensembles for data clustering is built; the
ensemble of neuro-fuzzy networks for clustering high-dimensional data is developed; the approach for clustering data in the online
mode is worked out. The following results are obtained — the main idea of the proposed approach is based on a modification of the
fuzzy C-means algorithm. To reduce the dimension of the input space, the modified Hebb-Sanger network is suggested to be used;
this net is characterized by the increased speed and is built on the basis of the modified Oja neurons. A speed-optimized learning
algorithm for the Oja neuron is proposed. Such a network implements the method of principal components in the online mode with
high speed. Conclusions. In the event the reduction-compression procedure cannot be used due to the probability of losing the
physical meaning of the original space, a new clustering criterion was introduced; this criterion contains both a well-known
polynomial fuzzifier and the weighment of individual components of the deviations of presented images from cluster centroids. The
recurrent modification based on the algorithms proposed in this article is introduced. A mathematical model is developed to determine
the quality of clustering with the use of the Xi-Beni index, which was modified for the online mode. The experimental results confirm
the fact that the proposed system enables solving a wide range of Data Mining tasks when data sets are processed online, provided

that a number and shape of clusters are not known and there is a large number of observations as well.
Keywords: clustering; fuzzy C-means method; sequential analysis of principal components; the ensemble of neuro-fuzzy

networks; T. Kohonen’s neural network; self-learning.

Introduction

The task of multidimensional observations clustering
when observations are sequentially fed to processing is an
important area within Data Stream Mining, and for its
solution a sufficiently large number of different methods
have been proposed. The most popular approaches here
are based on prototypes-centroids [1-4], in which
K-means, K-medians, K-medoids, etc. can be used. It
should be noted that clustering neural networks of
T. Kohonen [5], are the best suited for processing
information in the online mode. In this case, apriori it is
assumed that the number of clusters into which the
analyzed data array has to be divided is known in advance.
If the number of clusters is not known apriori, the
X-means method [6, 7], which is based on rather strict
statistical assumptions, can be used. In addition, this
method can be implemented only in batch mode. If the
information for processing is received sequentially, the
alternative based on clustering ensembles [8-11] can be
used as an X-means, with each of the members of the
ensemble being designed for a different number of
possible clusters. If T. Kohonen's neural networks
(SOM) can be members of the ensemble, each of
which operates in conditions of a different number of
classes in the data, such a system can operate effectively
in real time.

Thus, if data sample is a set (possibly

growing) X ={x(1),..,X(2),.... X(K),..X(N),..] =R",

X(K) = (% (K) s % (K)o, ()", which is fed to the

inputs of an ensemble formed by M —1 parallel-
connected SOMs so that the first one works in conditions
that the number of possible clusters in the data is m=2,
and the last assumes that m=M , the best results will be

obtained using SOM with 2<m" <M neurons in the

Kohonen layer, where m" determines the true number of
classes in the sample under processing [12].

The situation becomes much more complicated if the
formed clusters overlap in the features space. Such
problems are solved using fuzzy clustering methods [4,
13], the most popular of which is the fuzzy C-means
algorithm (FCM). Fuzzy Kohonen's clustering networks
[14] can be successfully used to work in online mode.

It should be remembered that the effectiveness of
fuzzy clustering procedures is limited by the so-called
concentration of norms effect — CoN [15, 16], when the
results are unsatisfactory at high dimensions of the
features space. The simplest approach to deal the problem
of high-dimension feature space is preliminary data
compression in online-mode.

Online data compression for reduction of initial
feature space

When dataset is fed to processing in the form of data
stream, Principal Component Analysis cannot be used for
reduction of initial feature space, so solving of data
reduction task can be performed using neural network
technologies [17-21]. A neural network based on Qja’s
neuron [17] and constructed on its base T.Sanger’s neural
network [18] are the most popular systems that permit to
perform the data reduction and information compressing
sequentially in online mode.

The neural network based on Oja’s neuron
permits to calculate in sequential mode eigen
vectors of correlation matrix R(k) when dataset in fed to

processing  sequentially  x(1),x(2),...,x(k),x(k+1)

without calculating of full correlation matrix. To find first
principal component E. Oja proposed self-learning

© Ye. Bodyanskiy, I. Perova, P. Zhernova, 2019
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algorithm for linear neuron presented in fig. 1. For
previously centered data Oja’s algorithm can be written in
the form:

W (K +1) =w (K) +
+7(k+1)(X(k +1)— " (k+1)w (k)) @' (k+1);
@' (k+1) =% (k+1)w'(k), w'(0)=0,

¢ (=% ()w'(0)

where 7(k+1) — learning rate parameter, its value must

be chosen sufficiently small for stable algorithms work and
needs to correspond to condition of stochastic
approximation [22].

In such case neural network based on usual Oja’s
neurons characterized by low rate of convergency, that’s
why we have used modificated form of Sanger’s neural
network [19]. This system is characterized by high speed
of synaptic weights tuning. In fig. 2 modified form of
Sanger’s neural network is presented.

€]

Fig. 1. Oja’s neuron

X (k)

Fig. 2. Architecture of modified form of Sanger’s neural network
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To learn presented system we can use modified
Hebb-Sanger algorithm in the form:

W (k+1)=w' (k)+7(k+1)7" (k+1)¢' (k +1);
V' (k+1)=7"(k+1)—¢' (k+1)W' (k); 2
V(k+1)=x(k+1), 1=12,...,m;

n(k+1)=r"(k+1),
r(k+1)=&r(k)+[x(k+1)[, 0=&<1,

where & — learning rate parameter.

It is easy to see, that first principal component is
computed using Oja’s algorithm, than projections of input
vectors on w' subtract from inputs and all other data are
processed by second neuron.

Previously all input data need to be centered upon
mean in recurrent form using expression

K(k+1)=x(k+1)-X(k+1),
x(k+1):x(k)+ki+1(x(k+1)_x(k)).

Then signals %(k) were processed by ensemble of

m Oja’s neurons. Output layer, based on linear elements

% (k)

with insensitivity zone y permit to separate the most
informative signal ¢' (k) from noise.

Introduced neural network system permits to produce
data reduction in online mode when data are fed to
processing sequentially.

As we marked, algorithm based on stochastic
approximation is characterized by low speed of
convergency. That’s why we have proposed to train
Oja’s neuron by modified procedure with tuned 7

parameter:

wH(k+1) = w (k) +

7 (k+1)((k +1) - ¢* (k+1)w* (K)o (K +1);

¢ (k+1) =% (k+1)w (k), w'(0)#0, -
¢ (=% (1w (0),

n(k+1)=r"(k+1),

r(k+1)=¢r(k)+|x(k+1)", 0<&<i.

In fig. 3 modified Oja’s neuron is presented. This
system is characterized by only one tuning

parameter &£ that permits to realize learning procedure in
simple form.

Fig. 3. Modified Oja’s neuron

Using modified Oja’s neuron we can to introduce
modified Sanger neural network similar to previous

combination, presented on fig. 1 and fig. 2. Modified
Sanger neural network can be trained by the expression:
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w(k+1)=w' (k)+7(k+1)7" (k+1)¢' (k+1);

V' (k+1)=v"(k+1)—¢' (k+1)W' (k);
V(k+1)=x(k+1), 1=1,2,...,m; (4)
n(k+1)=r*(k+1);
r(k+1)=¢r(k)+|x(k+1)", 0<é<i.

However, it exist any situations when compression-
reduction is impaossible, since the physical meaning of the
feature is lost. In such situations, it is proposed to perform
clustering without compression.

In this regard, it seems appropriate to develop an
online method for fuzzy clustering of high-dimensional
data based on clustering ensembles under conditions of
unknown number of classes in the stream of processed
information.

Fuzzy clustering T. Kohonen's neural network for
high dimensional data stream processing

In the class of fuzzy clustering procedures from a
mathematical point of view, the most rigorous are
algorithms based on goal functions [4] and solving the
problem of their optimization in the presence of certain
constraints. Here the most popular is a fuzzy clustering
probabilistic algorithm based on optimization of the goal
function

N m n 2 (5)
=2 2uf (k)X (% (k)=¢, ),
subject to constraints
S (K)=1, ©
0<3u, (K)<N. (7)

Here u;(k)e[0,1] - the level of fuzzy membership
of the observation x(k) to the j-th cluster, ¢, — centroid

of j-th cluster, g — fuzzifier, which determines the

blurring of the boundaries between clusters.

The solution of the optimization problem (5) in the
presence of constraints (6), (7) with the help of Lagrange
uncertain multipliers leads to the will known result

x(k)—c. ’ ﬁ
u, ()= m(" . an)w
E(”X(k)—q " )l_ﬂ (8)
_Bu XK
(S

¢; (K)=c; (k=1)+0(k)(au} (k-1)+(1-a)u; (k-1))I5 (k —1)(x(k)—c; (k-1)),

which for g =2 completely coincides with FCM of

J. Bezdek.

The probabilistic algorithm of fuzzy clustering (8) is
widely used in Data Mining, however, it loses its
effectiveness in data processing tasks of high
dimensionality due to the resulting effect of concentration
of norms [23]. To overcome this drawback, in [15] it was
proposed to use the so-called polynomial fuzzifier and a
procedure known as fuzzy C-means with polynomial
fuzzifier (PFCM). An adaptive online version of the
PFCM was introduced in [24] for solving the tasks of Data
Stream Mining.

In [25], for solving problems of data of high
dimensionality clustering, the modification of FCM was
proposed with weighting each of the features x; (k) that

form the vector-pattern x(k)eR", i=12,...,n.

By combining these two approaches, let’s introduce
into consideration the goal function of fuzzy clustering of
the form
N m 2
E(uj (k).cj a7y ) = %g(auf (k)+(1-e)y, (k))Hx(k) - Hrz =
e ')

(e () +(1-a)u, ()7 (x (k) ¢, )

i=l

M=z
Ms

1]

=~
il
N

with constraints (6), (7) and additional constraints

>y, =TT, =1 Vj=12..m. (10)
i=1

Here 0<a <1 — polynomial fuzzifier, y, — weight
of i-th attribute in j-cluster, I'; =diag (7,7, 7jn ) -

Optimization of the goal function (9) under the
constraints (6), (7), (10) using the uncertain Lagrange
multipliers leads to a result which is a generalization of
(8) and coincides with it with a=1, y;, =m™.

a-1 1_m62_1
Uj(k)= za + 4 2 i
Jx)-w[;

27
et -wl

Vi = Zn: %l(auj(k)+(1_a)uj(k))(x'(k)_cn)z ,(11)
X (o] () +(1-a)u, () (%, (k) ¢, )
3 :gl(auf(k)+(l—a)uj(k))yj?ixi(k)

The last expression of (11) for calculating centroids
of clusters can be rewritten in recurrent form.

(12)
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which essentially coincides with the self-learning WTM-
rule by T. Kohonen [5], where the factor

(ozuj2 (k—1)+(1—a)uj(k—l))F%(k—l) describes the

neighborhood function and 0<9(k)<1 is the learning

rate parameter.

Thus, the process of high-dimensional data
clustering (11), (12) is conveniently implemented using
the architecture shown in fig. 4 which is a modification of
the neuro-fuzzy network of T. Kohonen [26, 27].

(k)

uKL
s
s
C

x(k)o—>

———— |

OO Og=
2 0

O

6(k) o0—m@8m8 v

cj_"':| k). j=12...m

Fig. 4. Adaptive neuro-fuzzy Kohonen network — FSOM[™

Here, the first hidden kernel layer (KL) is essentially
a standard SOM neural network [5], which contains m-
neurons in the Kohonen layer, whose synaptic weights-
centroids are tuned using the WTM learning rule (12), in
the second hidden layer ML, the membership levels of k-

th observation to j-th cluster u, (k) using the first relation

(11) are estemated, and in the output layer WL weights
7; are calculated using the second relation of (11).

The values of learning rate parameter ¢(k) and the
polynomial fuzzifier «, from a certain apriori given set
O0<a,ap,...ap,..aq =1 are fed to the additional inputs
of the network.

Clustering Ensemble Architecture

To solve the problem of clustering in conditions
where the number of clusters is unknown, we propose to
use an ensemble of clustering neuro-fuzzy Kohonen's
networks, whose architecture is shown in fig. 5. This

ensemble contains (M —1) FSOM[™, where index [m]
means the number of clusters into which this network

splits the sample to be processed — i.e. the number of
neurons in the Kohonen's layer KL, and p — is the index

wy <<

of a specific fuzzifier, taking g values. All elements are

tuned using the same type of procedures (11), (12), which
differ from each other only in the values of mand « .

In blocks MEXBL™, the quality of clustering

provided by a particular FSOM s evaluated, and the
output layer of the DM ensemble selects the best from
(M —1)q results of the previous layers, i.e. the number of
clusters m* in the processed data, the centroids of the
formed clusters cl*,c;,...,c;* and the levels of each

observation u; (k),u, (k),...u", (k) to the corresponding

cluster membership.

To estimate the quality of clustering, each of the
elements of the ensemble can be used in any of the fuzzy
clustering indexes [2], where one of the most popular is
the Xie-Beni index [28], which for the FCM procedure in
the case of m clusters can be written in the form

N m 2
oo (BEAORO-el)N n

~ DXBI™

: 2 -(13)
min|c; ¢ |

[E]

For online processing, it is possible to enter the
recurrent version of the XB-index in the form
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a,
) MEXBH! >
—— MEXB
—— MEXB"
MEXB; > *
L .G
’ | MEXBE! > .
DM |—— ¢
f e MExB{
— c.
- u (k
MEXBM > 111( )
m=M ll; (k)
\Q FSOME™ —— . /5. ¢ >
m=M
\ FsoM * > MEXB}" _ ll;. (k)
m=M
Fig. 5. The ensemble for online fuzzy clustering of high-dimensional data
NxB™ (k -1) +f zu k)[[x(k) || )| —NxB™ (k1)
il NxB™ (k)
XBT (k)= ——mg = > (14)
DXB™ (k) min"c- (k)-c¢ k)"
ej il )
The smaller is the value (13), (14), the higher is the .
quality of clustering. For procedure (8) the extended Xie- EXB™ (k)= M
Beni index can be used [29] DEXB"™ (k)

5 S u? (K

(16)

NEXB!™ (k —1)+%(z K)Jx(k)—c, (k)| - NEXB" (k —1))

i7

EXBIM = 22 (9] / " 15) ’
= i |C ~ " (15) min ¢; (k)—c (k)|
#j
By analogy with (15), (16), we can to introduce
or its online version modification EXB-index for the goal function (9)
N m m 2 m m
(kz“zl(axuwk)) # (1, ol (1) e ) < 1||( o J /N .
NMEXB!"
MEXBL" = - = L, (17)
min C[m] CE)m] DMEXBL !
1#]
or its online version
NMEXBM™ (k
MEXB[m](k)z—“()z
P DMEXB{["](k)
m 1) o m 2 m m 18
NMEXBL (k -1) + k[z( (057 (K (L (1) e )~k ()| o

, —NMEXB!™ (k 1)]

min

1#]

ch (k) -

[m]
Cpl

(W[
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In the course of data processing, the decision making
(DM) unit finds FSOM[™ ' with the best value of

MEXB" ! and the results of work of this particular neuro-
fuzzy network determines the final result of clustering.

Experiments.

To solve the problem of determination the optimal
number of clusters in datasets we have used proposed
ensemble for online fuzzy clustering. We have choose
Dermatology dataset [30] from UCI Machine Repository.
It contains 366 instances, but some of attributes has
missed values, so they need to be filled using, for
example, fuzzy spatial extrapolation approach from [31].
Number of attributes is 34, 35-th attribute is class-
diagnosis. Value 1 is interpreted as psoriasis
(112 instances); value 2 — seboreic dermatitis
(61 instances); value 3 — lichen planus (72 instances);
value 4 — pityriasis rosea (49 instances); value 5 — cronic
dermatitis (52 instances); value 6 — pityriasis rubra pilaris
(20 instances).

It is easy to see that number of features is close to
number of instances and we can talking about high-
dimensional data.

In fig. 6 visualization using principal component
analysis (PCA-analysis three principal components) is
presented.

Fig. 6. The visualization of Dermatology dataset

In table 1 wvalues of Xie-Beni indexes for
different number of clusters are presented. Minimal
value correspond to MHDFCM when parameter o is
equal to 0,5 or 1. K-means algorithm shous very high
values of Xie-Beni index, so we can talk
about not effective clusterization results. Fuzzy c-means
algorithm can not process proposed dataset because of
CoN (concernatration of norm).
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Table 1. Values of parameter « and Xie-Beni index for
Dermatology dataset

. . . Number of
Algorithms type Xie-Beni Clusters
K-means 1,3524 x 1024
MHDFCM «=0,5 0,00009 5
MHDFCM a=1,0 0,00006
FCM CoN
K-means 9,401 x 1025
MHDFCM «=0,5 0,00004 3
MHDFCM a=1,0 0,00002
FCM CoN
K-means 2,63023 x 1025
MHDFCM «=0,5 49266 4
MHDFCM «=1,0 1507297
FCM CoN
K-means 4,5374 x 1025
MHDFCM «=0,5 50909 5
MHDFCM «=1,0 404
FCM CoN
K-means 1,6282 x 1026
MHDFCM «=0,5 1244 6
MHDFCM «=1,0 1973697
FCM CoN
K-means 7,3338 x 1025
MHDFCM «=0,5 37252 7
MHDFCM «=1,0 1929
FCM CoN
K-means 9,499 x 1025
MHDFCM «=0,5 240 8
MHDFCM «=1,0 48135
FCM CoN
Conclusions

The architecture and algorithm of the neuro-fuzzy
self-learning system is proposed to solve the problem of
online clustering of a high-dimensional data stream in
conditions where the formed clusters can overlap and their
number is not known apriori. The system under
consideration is an ensemble of neuro-fuzzy T. Kohonen's
self-organizing maps, each of them differs from the others
in the number of neurons and the value of the polynomial
fuzzifier. Each member of the ensemble is tuned using the
modified WTM self-learning rule, while in the process of
tuning all components of the processed vectors are
automatically weighed.

The proposed approach is a generalization of a
number of known fuzzy probabilistic clustering
procedures and can be used to solve Data Stream Mining
tasks in online mode.

Experimental results on Dermatology datasets from
UCI repository affect the performance of the proposed
modified high-dimensional fuzzy c-means approach and
ensemble for online fuzzy clustering of high-dimensional
data streams based on it.
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OHJIAWH HEYITKA KJIACTEPU3AIIIS ITIOTOKIB JAHUX BBICOKO1
PO3MIPHOCTI HA OCHOBI AHCAMBJIIB HEUPOHHUX MEPEXK

IIpeqMeToM IOCTIDKEHHS B CTAaTTi € HEYiTKa KIacTepH3allis AaHHX BUCOKOI PO3MIPHOCTI Ha OCHOBI aHCaMOJICBOTO IIAXOXNy 3a
YMOBH, IO KUTBKICTB Ta (popma KiactepiB HeBimoMi. MeTta poOOTH — CTBOpeHHs He#po-}a3si minxony A KiacTepusaumii JaHHX,
KOJIM TIOTIK JaHUX MOJAETHCSA Ha OOpOOKY B OHJIAMH-PEXKMI B MPHITYIIEHHI, IO KUTBKICTh Ta (hopMa KiIacTepiB HEBimoMi. Y CTaTTi
BUPILIYIOTbCS HACTYNHI 3aBAAHHS: KOMIIPECis BXiTHOTO NPOCTOPY O3HAaK B OHJNAHH pexumi, (HOpMyBaHHS MOJIET aHCamOIliB
HEHpPOHHHX MEpeX I KiIacTepu3alii JaHHX, po3poOKka aHcaMOmo Helpo-¢as33i Mepex s KiIacTepu3alii AaHUX BHCOKOL
PO3MIPHOCTI, pO3pO0Ka MiIXomy A KiacTepu3alii JaHWX B OHNAH pexkumi. OTpuMaHI HAcTymHI pe3yJbTAaTH: OCHOBHA ines
3aIpONIOHOBAHOTO MMiAXOAy 3acHOBaHa Ha Monudikanii HewiTkoro amroputMmy C-cepenHix. s 3HMKEHHS PO3MIPHOCTI BXiJHOTO
MIPOCTOPY HPOIOHYEThCS BUKOPUCTOBYBAaTH MoaU(pikoBaHy Mepexy Xeb60a-CeHrepa, sika BiIpi3HSIETHCS MiABUIICHOIO IMIBUIKOIIEI0
Ta moOynoBaHy Ha OCHOBI MOaU(ikoBaHUX HeHpoHiB Oiis. 3ampornoOHOBAHO ONTHMI30BAHUI 3a IIBUAKOMIEI0 aJTOPUTM HABYAHHSI
Heitpona Oiist. Taka Mepexa peaiizye METOJ TOJOBHUX KOMIIOHGHT B OHJIAH-PEKUMI 3 BUCOKOI MBHIKOIIEI0. BucHOBKH: B Tomy
BUII4/IKY, SKIIO TPOIeaypa penyKiii-koMpecii He Moxke OyTH BUKOPHCTaHa depe3 MOJKIIMBICTD BTPAaTH (Di3NYHOTO CEHCY BUXITHOTO
MIPOCTOPY, HAMH 3aIIPOIIOHOBAHO HOBHMH KPHUTEPil KiIacTepu3allii, SKUi MICTUTH B cO01 K BiOMHI MOJiHOMIianbHUH (azzidikarop,
Tak 1 3BaXYBaHHA OKPEMHX KOMIIOHEHT BiAXWJICHb aHAJi30BaHMX OOpa3iB BiJg LEHTPOImiB KiacTepiB. BBemeHa pekypeHTHa
Moudikamis 3aCHOBaHa Ha aJrOPUTMax 3alPOIIOHOBAHUX B JaHii cTaTTi. Po3po0iieHo MaTeMaTHuHy MOJEINb AUl BU3HAYCHHS SKOCTI
KJacTepu3anii 3 BUKOpUCTaHHAM iHAekca Kci-bewi, axuii 0yB MonudikoBaHUiA U1 OHJIAH peXuMy. EkcriepuMeHTanbHI pe3yabTaTH
MiATBEPIWIM TOH (aKT, 0 3apOIIOHOBAaHA CHCTEMa JI03BOJISIE BUPIIIYBATH MIMPOKHH CIEKTp 3aBaaHbp Data Mining, ko Habopu
JTaHUX 0OpOOJISIOTECS B OHJIAMH-PEKMMI 32 YMOBH, II0 KUIBKICTh Ta (hopMa KiIacTepiB He BiJIOMI, a TAKOK MAlOTh BEIHMKY KIIBKICTH
CIIOCTEPEIKEHb.

KunrouoBi cioBa: knactepyBaHHs; MeTo/ HeuiTkux C-cepeHiX; MOCTiJOBHUI aHalli3 TOJIOBHUX KOMIIOHEHT; aHCaMOJIb Helpo-
(a33i mepex; HeliporHa Mepeka T. KoxoHeHa; caMOHaBUaHHSI.

OHJIAH HEUETKAS KJIACTEPU3AILINSA ITIOTOKOB JJAHHBIX BBICOKOM
PABSMEPHOCTH HA OCHOBE AHCAMBJIEM HEMPOHHBIX CETEN

IIpeameToM mccienoBaHUs B CTAaThe SBISAETCS HEUETKas KIACTEPH3AIMsl JAaHHBIX BBHICOKOW Pa3MEPHOCTH Ha OCHOBE aHCaMOJIEBOTO
MOAX0/a MPHU YCJIOBUM, YTO KOJNN4YECTBO M (hopma kiactepoB HemsBecTHHI. Lleab paboTsl — co3nganue Helipo-has3su moaxona Juis
KJIaCTepU3allii JaHHBIX, KOTJIa TOTOK JAaHHBIX MOoJaeTcss Ha 00paboTKy B OHJAHH-PEXHUME B MPEIIOIOKEHUH, YTO KOJIHMYECTBO H
(dopma KIacTepoB HEM3BECTHEIL. B cTaThe pemaroTes clienyonue 3a1a4i: KOMIPECCHs BXOJIHOTO IPOCTPAaHCTBA IPU3HAKOB B OHJIAHH
pexume, GopMHUpOBaHHE MOJETM aHcaMOeil HEHPOHHBIX ceTel I KiacTepu3alliy JaHHBIX, pa3paboTka aHcamOuns Heiipo-has3su
ceTel Ui KIacTepu3alluyl JAHHBIX BBICOKOH pa3MepHOCTH, pa3paboTka IMoaxoja Julsl KIacTepu3alliy JAaHHBIX B OHJIAHH peXuMe.
[Mony4ens! cnenyromye pe3yJbTaThl: OCHOBHAs HJies NPEIOKEHHOTO MMOIX0/a OCHOBAaHA HAa MOJAM(MUKAIIMY HEUYETKOTO aJropuT™Ma
C-cpennux. s CHIWKEHHsT pa3MEPHOCTH BXOJHOTO IPOCTPAHCTBA MpeIaraeTcs UCIoiIb30BaTh MOAU(UINPOBAaHHYIO ceTh Xe00a-
CeHrepa, OTJIMYAIOIIYIOCS TOBBIIIEHHBIM OBICTPOACHCTBHEM W IOCTPOCHHYIO Ha OCHOBE MOJU(HIMPOBAHHBIX HeHpoHOB Offsl.
[pennoxeH ONTUMH3UPOBAHHEINA 1O OBICTPOIEHCTBHIO anropuT™M o0ydeHus HelipoHa Oifis. Takas ceTh peann3yeT METOJ TIIaBHBIX
KOMITOHEHT B OHJIAWH-PEKUME C BBICOKUM ObICTpozeiicTBHeM. BriBoabl: B ToM citydae, eciu mponenaypa penyKInH-KOMIIPECCHHU HE
MOXeET OBITh HCIIONIb30BaHA W3-32 BO3MOXKHOCTH TOTEPH (PU3MYECKOTO CMBICTIA MCXOIHOTO IPOCTPAHCTBA, HaMHU BBEIEH HOBBIN
KPUTEPHH KJIACTEPHU3AINH, COAEPKAIIUi B cebe KaK M3BECTHBIH MOJMHOMHUANBHBIN (a33udukaTop, Tak U B3BEIIMBAHUE OTIEIHHBIX
KOMIIOHEHT OTKJIOHEHHUil MpeabsBIIeMbIX 00pa30B OT LIEHTPOHJOB KiacTepoB. BBeneHa pexyppeHTHass MoAu(UKAIHs, OCHOBaHHAs
Ha aJIrOpUTMax, MPEATIOKeHHBIX B JaHHOI cTaThe. Pa3paborana MaTeMaTHyecKas MOJENb JUlsl ONPeIeNIeHHs KauecTBa KIacTepru3alnu
¢ ucrnosbp3oBanneM uHAekca Kcu-benn, koTopsiit 6buUT MOIUQUIMPOBAH Ui OHJIAWH pexuMa. DKCIIEpPUMEHTANIbHbIC PEe3YIbTaThl
HOATBEPIMIM TOT (haKT, YTO MpejJiaragMasi CHCTeMa MO3BOJISET PeliaTh IUPOKUit ciekTp 3amad Data Mining, koraa Habops! TaHHBIX
00pabaThIBalOTCS B OHJIAIH-PEKAME TIPU YCIOBUH, YTO KOJIUYECTBO U (popMa KIacTEpOB HE U3BECTHBI, a TAKXKE COAEPKAT OOJNBIIOE
KOJIMYECTBO HAOIIOICHHIHA.

KniwoueBsbie cioBa: xnacrepusanus; MeTol HeueTknx C-CpelIHUX; MocIe0BaTeIbHbIA aHAIN3 TJIABHBIX KOMIIOHEHT; aHCaMOJIb
Helpo-¢a33u ceteil; HelipoHHas ceTh T. KoxoHeHa; camoobOyueHne.



https://orcid.org/0000-0002-2154-4766

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

CyuacHuti cmam HayKo8ux 00CaiONceHb ma mexnoaoit 6 npomuciosocmi. 2019. Ne 1 (7)

UDC 004.932.4 DOI: https://doi.org/10.30837/2522-9818.2019.7.025

N. BOLOHOVA, |. RUBAN

IMAGE PROCESSING MODELS AND METHODS RESEARCH AND WAYS OF
IMPROVING MARKER RECOGNITION TECHNOLOGIES IN ADDED REALITY
SYSTEMS

The subject matter of article is method of image processing, which identify and describe the local features of images. The aim of the
article is the determination of ways for interconnection of the methods for processing the image and technologies creation in the
development of markers in the systems of additional reality. The following tasks are solved in the article: to analyze the existing
methods and algorithms for finding objects in two-dimensional images to determine the basic marker recognition technology in the
complementary reality systems. Analyzed genetic, neural network, statistical and fractal methods, as well as approaches to the
algorithms implementation of in the software construction for systems of complementary reality. The next results were obtained: a
review and a comparative analysis of the main known algorithms for detecting key points in the images were conducted. It was
suggested in the development of marker recognition methods it is necessary to develop a procedure of preliminary image processing
for the formation algorithms of the front image for the marker under different conditions of obtaining images. At segmentation stages,
it is expedient to use genetic algorithms based on the best indicators of proper segmentation and low processing time, but it is
necessary to develop functions that are appropriate for the format of the markers. Improve existing methods for processing
segmentation results based on a criterion base describing a visual model representing a marker. Conclusions: as a result of the
analysis, the following conclusion can be drawn. The fastest and the most accurate algorithm for putting key points is the genetic
algorithm (average time of the algorithm is 5.23 seconds, the number of correct answers is 84.25). The longest working time is the
neural network method — 8.45 seconds, the accuracy of this algorithm is also the lowest - 52. Another advantage of the algorithm of
point matching is that if the object goes beyond the frame and then returns again, the program will again continue to track this object.
This is supported by algorithms of machine learning. You can also notice that the SIFT calculation works much faster than fractal
texture analysis. These results suggest that there are currently no methods for recognizing markers, allowing high accuracy of less
than one unit to recognize in a short time. In our opinion, one of the promising directions is the use of Royan methods, namely the
development of target functions for accurate and fast recognition of the image by markers.

Keywords: augmented reality; marker; non-marker technology; descriptor; reference points; Charis Corner Detector; genetic
algorithms; neuron network; SIFT.

Introduction — —

Lo _ Btart >

.

The technology of augmented reality becomes more
| Bringing to Grayscals

and more popular every day and can be used in various

fields of activity, such as computer games, tourism, lv

shopping, gadgets, social networks, military affairs and [Imagabmmzmm (thrashold)
even furniture collection, and will allow making various L '
tasks easier and more functional.

_ : | Definition of closed domains
Augmented reality (AR) is a technology that allows l '
you to overlay the real world of digital data and
messages about the object being studied using the
computer devices. l
Models and methods of applying the technologies of
the augmented reality allow expanding the possibilities for L
user interaction with the software. Apps are not only =
.. . . Convert coordinates
entertaining, but also serve as a visual representation of I
something complicated. But at the moment the B £ _
possibilities of this technology are not fully disclosed [1]. c_‘::_ End _:}
The use of augmented reality technology allows you -
to quickly access additional product information such as
visual (3D images), audio or text. As an example, it may
be the company logo, geometric image, text information,
presentation of the product, etc. [2].

I Allocate contours

I Zzlect the marker corners

Fig.1. A generalized marker recognition algorithm

It is possible to distinguish two main principles of
construction of the augmented reality:

- Marker technologies, in which the marker usually
has a contrasting high-resolution picture frame with an

Analysis of marker recognition technologies image inside.

- Markerless technologies which is based on the user

The augmented reality marker is an object (image) |ocation coordinates or based on reference points

that is an identifier for activating the display of additional
information. A generalized marker recognition algorithm
is depicted as a flowchart in fig. 1.

(markers) of the image.
Schematic search methods for markers are presented
in fig. 2.

© N. Bolohova, I. Ruban, 2019
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Markers technologies ‘

>{ Genetic algorythms ‘

Method of marker detection

4+ Neural networks |

"{ Statistical method ‘

p Method of markers detection }_ ..‘ Fractal method |

Fig. 2. The main methods of detecting markers

In order to ensure the consistent recognition of
markers. Conduct an analysis of methods and algorithms
for searching objects in a two-dimensional image based on
image segmentation technologies according to the
classification criteria and provide recognition procedures.

The purpose of this article is to determine the ways
of improving the methods of image processing in marker
recognition technologies in complementary reality
systems.

The following tasks are solved in the article:

1) to analyze the technology of constructing markers;

2) to carry out analysis of markers and segmentation
of images in the part of image segmentation by local
attributes;

3) to identify ways to improve marker recognition
methods in complementary reality systems.

Analysis of image processing methods in terms of
segmentation

At the basis of non-marker technologies there are the
recognition algorithms, with which the virtual grid is
superimposed on the surrounding terrain shot by the
camera. On this grid, the software algorithms have certain
points that determine the exact location to which the
virtual model will be tied.

The main requirement for an image in non-marker
technologies is the contrast of the picture. If this
condition is met, a logo, a photograph and a landscape —
any image can be used to bind objects of augmented
reality [3].

One of the main problems is the separation of the
false image point from the real ones when tracking the
motion of the camera or when reconstructing the three-
dimensional scene. It is complicated by the fact that it is
impossible to reliably solve it, working with only one
image. It is necessary to establish a match between the
features of several images, and then build a
model to which these matches will satisfy the best.
Special points, the conformity of which will not
satisfy the model, will be considered false, or as emissions
[4].

Most of the algorithms for finding point features
work on the same principle: for each point of the image,
some function is calculated from its boundary. The points
in which this function reaches a local maximum can be
distinguished from all points with some of its boundary.

There are three basic approaches to determining the
local features of an image:

1. Based on image brightness: special points are
calculated directly from the intensity values of the pixels
of the image.

2. Image contours are used: methods extract contours
and look for places with the maximum value of curvature
or make the approximation of contours and determine the
intersection. Such methods are sensitive to cross-border
sections, since the extraction can often be incorrect in
those places where 3 or more edges intersect.

3. Based on the use of the model: intensive models
are used as parameters adapted to image-patterns to sub-
pixel precision. They have a limited application with
special points of special types (for example, L-connecting
angles) and depend on the patterns used.

In practice, the methods based on the brightness of
the image are mostly used for a wide application [5].

Advantages of non-marker technology:

- Any objects of the real world in the image may act
as markers and do not need to create special visual
identifiers for them;

- A "live 3D label" can be any graphic image applied
to any surface, for example, paper, plastic or other
material, not necessarily a picture inside the graphic
frame;

- Practically any black-and-white or full-color
images, various objects such as the face, hands, and even
the human body can be the markers from which the
information is read.

Disadvantages of non-marker technology:

- high-quality (contrast) high-resolution images are
required,;

- separating the erroneous features from the present
while monitoring the movement of the camera;

- it is necessary to use a series of images to more
accurately build reference points.

Genetic algorithm:

Genetic algorithm (GA) is an adaptive method of
search, based on the selection of the best elements in the
population, similar to the principles of evolution [6].

When using genetic algorithms for solving the
optimization problem it is necessary:

1. Determine the number and type of task variables
that need to be encoded in the chromosome.

2. Determine the criterion for assessing individuals
by setting the fitness function (target function).

3. Select the coding method and its parameters.

4. Determination of parameters of GA (population
size, type of selection, genetic operators and their
probability, the amount of breaks in generations).
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The parameters of GA, defined in paragraph 4 (as
well as, sometimes, in paragraphs 2 and 3), are
characterized by the method of checking variants, based
on the analysis of the results obtained. To analyze the
results of GA work it is necessary to conduct several
algorithm launches.

In fig. 3 the general scheme of problem solving using
GA is given

1. Identifving the vnlenown variables of
the tazk

'

2. Tasks of the objective function
%
3. The choics of a coding method
*
4. Definition of GA parameters
.
Analvsis of the results of GA work

Fig. 3. General scheme of task solving using GA

To solve the problem of finding reference points
(markers) it is necessary to redefine the standard notions
and operations of the genetic algorithm. Points will be
taken as genes. Then the genotype will be the set of all
possible points on the depicted.

Proceeding from the fact that the points are genes,
the sets of genes, that is, individuals will be snakes: they
are represented as sets of points and, accordingly, are
suitable for this role. Snakes will also be characterized by
a set of components that are similar to those that have
contours in Active Contours [7].

Consider the principles of GA:

1. A set of genes g;,i =0,n—-1 is a set of points, the
location of which in the image shows the phenotype of the
snake — its location in the image.

2. The value of the fitness function.

The population is defined as a set of snakes. The
mutation operation for the point to be mutated will look
like this: a different point is selected from a predefined
boundary if a new point is in the image, and then the
starting point is replaced by the found (fig. 4). In the case
when the found point is not within the image, a new point
is re-searched.

Starting pomnt Found point
ol o
// !._\ o T 1"I.
p Fa Y P "'.\
- Y Y
e I b’
'\ Miutation Y
" operation i

Fig. 4. Example of mutation of the contour

Two types of crossover are implemented:
1. Both parents are cut at some arbitrary point, then

the parts of one of the parents are connected with parts of

another and a new organism appears. This crossover is

A —
/ S
/ “‘
s 4 \\\
/ \‘\
/ \
-(\

.

AN B )

Fig. 5. Example of the implementation of the “one point" crossover

2. The only descendant with a certain probability is

assigned the genes of one of the parents. This type of
crossover is called "uniform™ (fig. 6). It is notable that it

—
//
/
//
+ /
(/
™,
\\\
N
\\\

Fig. 6. An example of a "uniform" crossover

called one-point crossover, and it is sometimes referred to
as a crossover based on "cut and connect" (CutandSplice)

(fig. 5);

simulates the action of all possible types of crossover
based on "cutting and joining," giving much more
variation [8].




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

Innovative technologies and scientific solutions for industries. 2019. No. 1 (7)

Species selection can be implemented using the
"Tournament" method. The idea of this method is that for
the selection of each candidate there are several
"tournaments” (from 1 and more), each of which
randomly chooses one individual population; in order to
then compare its suitability with that which was chosen
earlier.

As a function of the adaptation, the modified energy
functional proposed in [8] is used. It should be noted that
the original image is reduced to a type in gray scale, after
which the Gauss filter is narrowed. The result of the
search for the reference points (markers) is presented in
fig. 7.

Fig. 7. The result of the genetic algorithm operation [8]

Advantages of the genetic algorithm;

- GAs work with codes that represent a formalized
set of parameters, which are the arguments of the target
function. In the process of GA manipulation with codes
occur regardless of their semantic content, that is, the code
is considered simply as a bit string.

- When implementing the GA search procedure,
several points of the search space are processed
simultaneously, but do not move sequentially from point
to point, as in traditional methods. This approach allows
overcoming the danger of falling into the local extremum
of the polymodal target function. The use of multiple
points at the same time greatly reduces the likelihood of a
similar event.

- In the course of the work of the GA, they do not
use additional information, except for data on the area of
admissible values of parameters and the target function at
any point, which increases the speed of their work.

- To generate new points of the search space at the
same time, GA uses both probabilistic and deterministic
rules, which gives a much greater effect than each of these
methods separately.

- Disadvantages of the Genetic Algorithm:

Fig. 8. Examples of target area templates

In the process of recognition, the point with its
border of 16 x 16 pixels is fed to the input of the neural
network and evaluated the output at the output. The
experiments given in the article [10] show that learning

- The optimal solution is not guaranteed.

-1t is only the specialist who can effectively
formulate the task, determine the criteria for selecting
chromosomes (specify the code) and other parameters of
the GA.

- The rather high computational complexity of GA
leads to the fact that during the modeling of evolution,
many decisions are rejected as unpredictable.

- The time complexity is, on average, lower than that
of the best competing algorithms, but no more (obtained
from experimental data) than one order.

- Low efficiency in the final stages of evolution
modeling is explained by the fact that GA search
mechanisms are not strictly focused on fast access to the
local optimum prime.

- Some other issues have not been resolved, such as
the problem of self-adaptation of GA.

Neural networks:

Marker recognition is the most complex process,
because it means scanning all combinations of reference
points on the images and matching them with the marker.
Often, the quality of recognition depends on the
effectiveness of many processes, ranging from the process
of entering the image and ending with the formation of
reference points. Therefore, it makes sense to limit the
scope of interest in large-sized images. As areas used to
compare markers, points were selected with the largest
difference of gradient brightness. The most striking
example of special points is the angles in the picture of the
scene. They were determined by comparison with the
standard. All the boundary points were compared with the
standards for finding the most similar.

The search for corner points can be realized within
the framework of different approaches, taking into
account the size of the found areas and their orientation.
An example is the Harris angle detector [9], which is
based on the study of monotony of image areas.
However, since the entire system is formed with a neuron-
based solution to the problem, it is possible to use the
Hopfield neuron network and the network of radial
neurons to accelerate and simplify the search. When
studying both networks, samples of angles, straight edges
and monotonous regions, turned at different angles, were
used. Examples of samples are shown in fig. 8, which
shows 5 out of 55 accepted standards for processing.
Each benchmark is represented by a binary matrix of
16 x 16 pixels.

the Hopfield network allows you to define a small
number of angular points and results in a significant
(up to 120 sec.) Increase in the processing time of the
image. The network of radial neurons is constructed on
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the calculation of the Euclidean norm of distance from the
region around the point, which is investigated to all the
standards according to the following scheme:

n=256

d(p.d)=,/> (p-b,) ()

k=1

where

p = <a1,1’ a1,2""’ al,lG'aZ,l""'a'Z,16""'a16,16> -
vectorized matrix of the region around the point; a, [0,1]

— the binary value of the pixel in the investigated area
closed to the interval [0.1];

qj :<bj1,1’bj1,2""’bjl,16’bj2,1""’bj2,16""’bj16,16> ; bjk = [0’1] -
binary pixel value in the reference area.

If the minimum Euclidian distance is achieved when
compared with  patterns, corresponding  angular
peculiarities, then the point is considered special,
otherwise it is shifted away. After determining the set of
singular points, their coordinates are recalculated in
relation to the scale of the original, not yet compressed
image. The time of comparison with the standards in the
network of radial neurons does not exceed 20 ... 30 s,
which suggests its advantage. In addition, the number of
corner areas allocated in this way is much larger than that
of Hopfield networks [11].

Fig. 9 shows the processing of the frame — the search
for key points.

Fig. 9. Selection of key points in an image using a network of
radial neurons [12]

Advantages of the neural network:

- The developed algorithm provides a comparison of
special points (markers) with high accuracy, which allows
reducing the errors of the following stages of the
complemented reality.

- The process of creating a neural network relates
more to the learning process than to the programming.

Disadvantages of Neural Network:

- Areas with a monotonous intensity change do not
allow performing procedures for comparing projection
images of scene points.

- Mathematical problems related to learning: getting
into a local optimum, choosing the optimal optimization
step, re-training.

- It is difficult to formalize the stage of choosing the
network architecture (number of neurons, layers, and the
nature of links).

- The size and type of input signals exactly coincide
with the dimension and type of output signals. This
significantly restricts the use of the network in the task of
marking recognition.

SIFT:

Consider how special points are highlighted by the
SIFT method. The main aspect in their finding is the
construction of the Gaussian pyramid and the differences
of the Gaussians. Gaussian is an image that was blurred
by the Gaussian filter. It turns out as follows:

L(x,y,o-):G(x,y,o-)*I(x,y). (2)

In the formula (2) L(x,y,o) — this is the Gaussian
value at the coordinate point (x,y) and the radius of
blurring o,G(x,y,o) — Gass kernel, I1(x,y) — the value

of the original image. It is worth noting that the Gass
kernel does not multiply at the value of the original image,
between them there is a convolution operation.

The Gaussian difference is called the image obtained
by pixel-by pixel deducing the Gaussian image of the
original Gaussian image, which has another radius of
blurring (we denote it as kc):

D(x,y,0)=L(x y,ko)-L(x,y,0). ©)

Next, the Gaussian pyramid is built. To do this, the
entire scalable space (sets of different variations
of the original image, smoothed by any filter) is divided
into areas called octaves. There is a nuance that
consists in the fact that the part of the scaling of space
occupied by the next octave should be twice that of the
part that was engaged in the previous one. Yes, and when
moving from one octave to the next image size, the image
is reduced twice. It is clear that any octave will cover an
infinite number of Gaussian images, so they are limited
only to a certain number of N with a certain step in the
radius of blurring. Next, two more Gaussians are being
completed, which extend beyond the octave (this is done
in order to be able to check the image for the presence of
extremum). The magnitude of the first image of the next
octave is equal to the scale of the image from the previous
octave with the number [13].

At the same time both the Gaussians pyramid and the
Gaussian pyramid of differences will be built, the number
of images in which will be one less than in the first
(fig. 10).

After building the pyramids, special points are
determined. A point is considered to be special if it is a
local extremum of the Gaussian difference (fig. 11).

If the value of differences between the Gaussians at
the point indicated by the cross is less or more than all of
the values at the points indicated by the circle, then this
point is an extremum point, that is a special point. That is,
each point of the current image Gaussians difference
compared to its neighboring eight points and nine
neighboring points on the senior and junior levels in the
pyramid. That is why we need two additional Gaussians
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so that we could search for the local extremums for the

First
octave

Gaussians difference

Gaussians

Fig. 10. Getting the Gaussian and the Gaussian difference
Pyramids

Advantages of the SIFT statistical method:

1. Accuracy, stability, invariance to scale and
rotation and displacement.

2. The SIFT method allows you to compare images
subjected to such transformations as zooming, moving
objects on the scene, turning the camera or object.

3. The SIFT algorithm works with binary images

Disadvantages of the statistical method SIFT:

1. After searching for special points, the action does
not end. Next, they are checked, since not all of these
points are suitable for further work in the algorithm. To
do this, you need to determine the coordinates of a special
point with increased accuracy.

2. It requires a lot of hardware resources for normal
operation in real time.

2P

Feature vector

first and last image [14].

Spacial point
of axtremum

Fig. 11. Determination of a special point on a local extremum

3. Mathematical analysis shows that the application
of the SIFT algorithm allows you to determine the
coordinates of a location with an error of no more than
one meter, regardless of time.

4. Not all received points and their descriptors will
meet the stated requirements and this may affect the
further solution of the problem.

Segmentation fractal texture analysis:

The algorithm for segmentation fractal analysis is
intended to construct a space of signs of presentation of
the texture of image 1. The input of the algorithm is a half-
tone image and a certain parameter.

The structure of the segmentation fractal analysis
algorithm is presented in fig. 12.

A -area

v - medium

D - fractal
dimension

Fig. 12. The structure of the segmentation fractal analysis algorithm [16]
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In the first step, you need to segment the image by
brightness levels. To find the thresholds for segmentation,
we will use the multilevel algorithm of the Father [15].
The idea of the Father's algorithm is to split the image into
two regions in such a way as to minimize the intraoral
variance. Applying this algorithm recursively, we obtain a
set of threshold values. The number of requested
thresholds is indicated n, and is the input parameter of the

algorithm. The set of thresholds T is supplemented with
the brightest pixel value in the image T ={t,}Un, . Next,
using the found threshold values, we obtain a set of binary
images {B, }

Lif, 1(x,y)>t,
0,else '

B (x,y) = (4)

For all images with {B,} construct contour images
{G,} . Inthe formula N,[(x,y)] - set of pixels, which is
in relation to the 8-connection with (X, y). On the received
images we find the following values (5).

Lif,3(x,y) € N[, ¥]: B,(x,y) =0 B, (x, y)=1_(5)

G(xYy)=
0,else

A =

N . .
' WI where N, — the number of pixels with the value

of 1 in the image B;, N — total number of pixels in this
image;
Vi
corresponding pixels with a value of 1 image B, ;
Ng; — number of 8-connected areas in the image B, .

This value can be calculated using a known algorithm that

— the average gray pixels of the image I,

Table 1. Analysis of methods for finding reference points

allows marking images [15]. It should be noted that in the
author's writing segmentation fractal analysis, this
paragraph is absent. It was introduced in the algorithm of
this paper, as it gave noticeable improvements in the
results of the classification.

D, — fractal dimension, calculated from the image

B, with the help of box-counting method [16]. This is the

most important feature. It describes the complexity of the
contour lines of segmented areas.

Advantages of fractal analysis:

1. Images of artificial and natural objects have very
distinct fractal dimensions, which allow you to
successfully use fractal features to identify artificial
landscape changes in photos from space, the discovery of
artificial objects in images taken from cameras and other
tasks.

2. Regardless of the method used to calculate the
fractal dimension, the general view of the histograms is
preserved, while the boundaries of the regions are
characterized by the same values of the fractal dimension,
which makes it possible to identify the different types of
textures under study.

Lack of fractal analysis:

1. Processing by the method of fractal analysis does
not allow, as a rule, to construct a global fractal model of
the entire image.

2. The fractal method of processing image textures is
labor-intensive.

The algorithms for finding key points and calculating
their descriptor presented in papers [7, 11, 14, 15] were
used in the work. The experiment carried out an
assessment of the quality and timing of the comparison of
two images. The research was conducted on a sample of
80 images. In table 1 the result of a comparative analysis
of the search methods for reference points are presented.

Method of finding reference The number of correct | Number of errors of | Number of errors of | Average operating
points answers (%) the first type (%) the second type (%) time (in sec.)
Genetic Algorithm 84.25 5.3 10.45 5.23
Neural Networks 52 154 32.6 8.45
SIFT 81 10.2 8.8 1.32
Fractal analysis of textures 85.7 3.3 11 6.56
Preceding from the conducted research it is Conclusion

suggested:

- When developing marker recognition methods, it is
necessary to develop an image preprocessing procedure
for forming front marker algorithms under different image
acquisition conditions;

- It is expedient to use genetic algorithms on
the basis of the best indicators of correct
segmentation and low processing times, at the stages of
segmentation, but it is necessary to develop
functions that correspond to the format of the markers
construction;

- Improve existing methods for processing
segmentation results based on a criterion base describing a
visual model representing a marker.

As a result of the analysis, the following conclusion
can be drawn. The fastest and the most accurate algorithm
with key points is the genetic algorithm (average time of
the algorithm is 5.23 seconds; the number of correct
answers is 84.25). The longest working time is the neural
network method — 8.45 seconds, the accuracy of this
algorithm is also the lowest — 52.

Another advantage of the point matching algorithm
is that if the object goes beyond the frame and then returns
again, the program will continue to track this object again.
This is supported by algorithms of machine learning. You
can also notice that the SIFT calculation works much
faster than fractal texture analysis.
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These results suggest that there are currently no From our point of view, one of the
methods for recognizing markers that allow for perspective directions is the wuse of Royan
recognition with a high accuracy of less than one unitina  methods, namely the development of target
short time. functions for accurate and fast recognition of images by

markers.
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JOCJAIKEHHA MOJEJIER TA METOAIB ObPOBKH 30bPA’KEHD TA HIJISIXH
BAOCKOHAJIEHHA TEXHOJIOI'IM PO3III3HABAHHSI MAPKEPIB B CHCTEMAX
JOITIOBHEHOI PEAJIBHOCTI

IIpeameToM [OCTIDKEHHS B CTATTi € METOIU 0OPOOKH 300pakeHb, IKi BUABIAIOTH 1 OMUCYIOTH JIOKAJIbHI O3HAKU 300paxeHHs. MeTta
poOOTH — BH3HAUCHHS NUIAXIB BIOCKOHAJICHHS METOIIB OOpOOKHM 300pa)KeHb I 3aCTOCYBAHHS B TEXHOJIOTIAX PO3Mi3HABAaHHSI
MapKepiB B CUCTEMax JOMOBHEHOI PEAIbHOCTI. B cTaTTi BUPIMIYIOThCA HACTYIHI 3aBJAHHS: IIPOBECTH aHAJI3 ICHYIOUHX METOMIB Ta
AJITOPUTMIB IOIIYKY 00’ €KTIB Ha JBOMIPHAX 300payKeHHSIX ISl BU3HAUCHHs 0a30BOI TEXHOJIOTI] pO3Ii3HaBaHHS MapKepiB B CHCTEMax
JIOTIOBHEHOT peaJbHOCTi. AHANI3YIOThCSl T€HETHYHI, HeHPOHHOMEPE)XKHI, CTATUCTHYHI Ta (paKTaJbHI METOIH, a TaKOX ITIXOAH IO
peamizamii aJTOpUTMIB TpPU MOOYJOBI TPOTPAMHOTO 3a0E3MEYCHHS CHCTEM JOMOBHEHOI peanbHOCTi. OTpHMaHO HACTYIIHI
pe3yJbTaTH: TIPOBEICHO OIJIAA 1 MOPIBHAIBHMI aHaNi3 OCHOBHMX BIJOMHX AaJTOPHUTMIB JETEKTYBaHHS KIIOYOBHX TOUYOK Ha
300pakeHHsAX. [IpomoHyeThes mpH po3poOli METOIIB PO3Mi3HABAHHS MapKepiB HEOOXiAHO PO3pOOHUTH MpPOLELYypy MOIEpeAHBOL
00poOkH 300pakeHHA 111 (OpPMyBaHHS aJrOpUTMIB (POHTAIBHOTO 300paKCHHS MapKkepa IpH pi3HUX YMOBaX OTPUMAaHHS
300pakeHb. Ha cramisx cerMeHranii IOIJIPHO BHKOPUCTOBYBaTH TeHETHYHI JITOPUTMHM Ha IMiACTaBl HaWKpalIMX IOKA3HUKIB
MPaBUIIBHOI CErMEHTALlli Ta HU3bKUX ITOKa3HHUKIB 4acy 0OpoOKH, ajle IpU LBbOMY HEoOXinHO po3podutu (yHKUii, AKi BiINOBIOAIOTH
(dopmary moOynoBu MapkepiB. BrockoHamnTa icHyrodi MeTou 0OpoOKH pe3ynbTaTiB cerMeHTallii Ha OCHOBI KpUTepianbHOI 6a3u 1o
OIUCY€ Bi3yaJbHY MOJEJb, IO HpEICTaBisie Mapkep. BHCHOBKH: B pe3ynbTaTi NPOBEIEHHS aHANi3y MOXKHA 3pOOHTH HACTYITHHH
BHUCHOBOK. HaWIIBUIINM 1 TOYHHM aJrOPUTMOM 3i ITOCTABJIEHHAM KIIFOUOBUX TOYOK € TeHETUYHHH AJITOPUTM (CepeHii yac poboTn
anroputMy — 5,23 ceKyHOH, KUTBKICTh MpaBUIBHUX BiamoBigei — 84,25). HalitpuBanimmuii 3a 4acoM poOOTH € MeTOJ HEHPOHHUX
Mepex — 8,45 cekyHI, TOUHICTH pOOOTH JAHOTO ANTOPUTMY TeX HaitHmk4da — 52. Ille oMHIM 3 TUTIOCIB alITOPUTMY 3iCTaBICHHS TOYOK
Te, IO SAKIIO 00'€KT BUIIE 3a MEXKi KaJpy, a IIOTIM 3HOBY IIOBEpHETHCS, IIporpamMa Oyzie 3HOBY MPOJOBXYBATH BiACIIAKOBYBAaTH Iieit
00'ekt. L[pOMy CHPHSIOTH aNTOPUTMU MAIIMHHOTO HaBYaHHSA. TakoX MOXKHA IOMITHTH, o oOumcieHHs MeronoMm SIFT mparroe
3HaYHO MIBHIAIIE (PAKTAIBHOTO aHamizy TeKcTyp. [laHi pe3ynbTatd TOBOPSATH HpO T€, MO B HaHUA Yac BiACYTHI METOAH
poO3mi3HaBaHHS MapKepiB, IO JO3BOJIIOTH 3 BUCOKOKO TOUHICTIO OJMKYe 10 OAMHUII 32 KOPOTKHUH Yac MPOBECTH po3mizHaBaHHI. Ha
HaIll TIOTJISA OJHUM 3 TEPCHEKTHBHUX HAINpPSIMKIB € BUKOPHCTaHHS POHOBHX METOJIB, a caMe pO3poOKa WiMbOBHX (DYHKIH s
TOYHOTO 1 IIBUAKOTO PO3IMi3HABaHHA 300paXKeHHS 32 MapKEpaMH.

KnrouoBi cioBa: nomoBHEHa peaybHICTB; Mapkep; Oe3MapkepHa TEXHOJIOTIS; JECKPUITOP; ONOPHI TOYKH; NETEKTOpP KYTiB
Xapica; reHeTH4HI anroputMHy; HeifpoHa mepexa; SIFT.

UCCJEIOBAHUE MOJEJIEM 1 METOJOB OBPABOTKH N30BPAKEHUHN U
ITYTU COBEPHIEHCTBOBAHUS TEXHOJIOT'MU PACIIO3HABAHUA
MAPKEPOB B CUCTEMAX JONOJHEHHOHN PEAJIBHOCTH

IIpeqvMeToM HcCIEOBAaHUS B CTAaThe SBISIOTCS METOABI 00pabOTKH M300pakeHMs, KOTOPHIE BBIIBISIIOT M OMHCHIBAIOT JIOKATHHBIE
npu3Haku n3oOpaxkenus. Lleab paGoTbl — ompeneneHHe MyTel COBEPIICHCTBOBAHUS METOJOB OOpabOTKM HW300pa)keHHWH Ui
MIPUMEHEHHs] B TEXHOJOTHSIX PACIO3HABAaHMS MapKepoOB B CHCTEMax IOIOJHEHHOW pealbHOCTH. B crarhe pemarorcs ciemyromye
3aJa4d: TIPOBECTH AHAIN3 CYMIECTBYIOMNX METOAOB M aITOPUTMOB IIOMCKa OOBEKTOB Ha JBYXMEPHBIX H300paXEHHAX IS
ompenesneHus 0a30BOM TEXHOJOTMM PACIO3HaBaHUS MapKepoB B CHCTeMax JOIOJHEHHOM peanbHOCTH. AHAIU3UPYIOTCS
TeHEeTHYEeCKUe, HeHPOHHOCETEBbIe, CTATHCTHYECKHE M (hpaKTajbHBIE METONBI, a TaKXKe MOAXOMAbl K peajH3alluy ajJrOPUTMOB IIPU
MOCTPOCHUH IPOTPAMMHOTO OOECIIEUeHHs] CHCTEM JONONHEHHOH peasbHOCTH. [losydeHbl ciepyroue pe3yJabTaThl: IPOBEICH
OCMOTp W CPaBHUTENBHBIH aHAJIM3 OCHOBHBIX M3BECTHBIX AJTOPHTMOB JETEKTHPOBAHUS KIIOYEBBIX TOYEK Ha M300paxeHwsx. [Ipm
pa3paboTKe METOJOB PAaCHO3HABAHUS MapKepOB HEOOXOAWMO pa3paboTaTh MPOIENypy HpeABapUTENbHON 00paboTKH H300paKeHUs
Iuist ()OPMHUPOBAHUS AITOPUTMOB (D)POHTATEHOTO M300paKeHMST MapKepa IPH Pa3NNYHBIX yCIOBHSAX IMOTydeHHs m3o0paxeHuit. Ha
CTaANAX CETMEHTAINH IIeIeCO00Pa3sHO HCIOIb30BaTh T€HETHIECKHE AITOPHTMBI Ha OCHOBAHMHM JyUINNX IOKa3aTelel MpaBHIBHOI
CEerMEHTAlMM W HHU3KUX [OKa3aTesieil BpeMeHH OOpaboTKH, HO TMpPH 3TOM HEOOXOAMMO pa3paboTaTh (QYHKIHWH, KOTOPHIE
COOTBETCTBYIOT ()OpMaTy TIOCTPOEHHS MapKepoB. Y COBEpIICHCTBOBATh CYLIECTBYIOIIME METOAbl 00pabOTKH pe3yabTaToB
CerMEHTAllM Ha OCHOBE KPHUTEPHAIBHOW 0a3bl OIMMCHIBAIOUIMH BU3YalbHYIO MOJIEJb, IPEACTaBIIONIas Mapkep. BuIBoasl: B
pe3yibTaTe NMPOBENCHHS aHAM3a MOXKHO CIeNaTh CIeAYIOImUi BbIBOA. CaMbIM OBICTPHIM M TOYHBIM METOJOM C IOCTaHOBKOM
KITIOYEBBIX TOUEK SBISIETCS TEHETHYECKUIT aropuT™ (CpeHee BpeMs paldoThl anroput™a — 5,23 CeKyHABI, KOIHIECTBO IPaBUITBHBIX
orBeToB — 84,25). Camblil 0 BpeMeHH pabOTHI SBISIETCS METOA HEHPOHHBIX ceTel — 8,45 CeKyHJ, TOYHOCTH PabOTHI JAHHOTO
aNTOpUTMa TOXKEe camas Hu3kas — 52. Eme oJHUM M3 IUTIOCOB alTOPUTMa COIOCTABJICHUS] TOYEK TOM, UTO €CIH OOBEKT BBIIIET 3a
npenesbl Kaapa, a 3aTeM CHOBa BEepHETCs, MporpamMa Oy/eT CHOBa MPOAOJDKATh OTCICKUBATH ITOT 00BEKT. DTOMY CIOCOOCTBYIOT
AITOPUTMBI MAaIIMHHOTO OOyueHHus. TakKe MOXHO 3aMeTUTh, uTo BblumcieHus MerogoMm SIFT paGoraer 3HauuTensHO ObICTpee
d)paKTaJ'[bHOl"O aHalin3a TEKCTYp. ﬂaHHbIe PE3YJBLTATBI TOBOPAT O TOM, YTO B HACTOALLEEC BPEMS OTCYTCTBYIOT METOAbI paCliO3HaBaHUS
MapKepoB, MO3BOJAIOMNX C BBICOKOH TOYHOCTHIO ONIDKE K €JUHUIE 32 KOPOTKOE BpeMs NMPOBECTH pacno3HaBaHus. Ha Hamr B3rimig
OJTHAM U3 NEPCTICKTUBHBIX HAIIPABICHUI SBIISETCS MCHONB30BaHUE POEBBIX METOOB, @ IMEHHO pa3paboTKa IeNeBBIX (QYHKIHH It
TOYHOTO ¥ OBICTPOTO PACIIO3HABAHHS M300paKeHNS C MApPKEPaMH.

KnroueBble cji0Ba: JONOMHEHHAS PealbHOCTh; MapKep; Oe3MapKepHas TEXHOJOTHS, JIECKPUITOP; OIOPHBIE TOUKHU; JETEKTOp
yrioB Xappuca; reHeTHUECKHe allrOpUTMBbI; HelipoHHas ceTh; SIFT.
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C. C. BEJIMKOHUM

METOA INPEACTABJIEHHA OIIHKU PEIH’KUHIPUHI'Y ITPOT'PAMHUX
CUCTEM 3A 10IIOMOI'OIO NPOEKTHUX KOE®IIICHTIB

[peameroMm poOOTH € MPOEKTHI KOEPIi€HTH, IO YBOAATHCS A0 MOZAETI PEIHKUHIPHHTY MpOrpaMHOi cuctemMu. Mera poboTu.
CdopmyBaT METOA MPEACTABICHHSA NPOEKTHOI OLIHKM PEIHXMHIPUHTY IMPOTPaMHUX CHCTEM, Ha MiACTaBi SKOTO NpHUHMA€EThHCA
OCTaTOYHE pilIeHHA INOJO JAOUITbHOCTI BHMKOHAHHS pEIHKHHIpHHTY. OJHUM 3 TOJIOBHHX 3aBAaHb IHXEHEpii NPOrpaMHOTrO
3a0e3MeUYeHHs € CTBOPEHHS TEOPETUYHUX 1 MPUKIAAHUX OCHOB IIBUJAKOI Ta SKICHOI MOOYAOBH CKIaTHHX CHCTEM 3 OUIBII MPOCTUX
MIPOTPaMHUX €JIEMEHTIB, SIKI BUKOHAHO y CYJaCHHX MOBax INporpamyBaHHs. akTHYHO pIIICHHS IBOTO 3aBJaHHS 3AiHCHIOETHCS
NIUIIXOM 30upaHHs, 00’ eqHaHH ab0 iHTerparii pisHOPITHUX HPOrPaMHUX PECYPCiB Ta KOMIIOHEHTIB IIOBTOPHOTO BUKOPUCTAHHS, IO
BKJIIOYAIOTh MOXyi, 0i0iioTekw Ta mporpaMHi peaiizamii Jeskoi CKIagHOi NporpamMHOi CHCTeMH. 3a CyJaCHUMH CBITOBUMH
TEHJCHIIIMI TIPOSKTYBaHHS IPOTPAMHOTO 3a0e3NedeHHs: NPOTpaMHi CHCTEMH IOBHHHI OyTH TakMMHM, IO PO3BHBAIOTHCA Ta
€BOJIIOL[IOHYIOTh. 3aBAAHHSIM CTAaTTi € JOCITIDKCHHs BIUIMBY MPOCKTHHX KOE]ILiEHTIB, IO YBOISTHCS IO MOJCTI PEiHXKUHIPHHTY
MIPOTPAMHOI CHCTEMH, Ha BiANOBIAHICTh M0 (PAaKTHYHMX CTATHCTHYHHX JAHHX BXKE PEAJbHO BUKOHAHHX NPOEKTIB 3 PEIHKUHIPUHTY
MporpaMHUX cucTeM. MeToau.Y cTarTi 3HaHIUIA CBilf PO3BUTOK MeToAoIIOTIs boMa, mpomoBxeHHS K01 BioOpaxeHe y ¢popMyBaHHi
AQHATUYHAX MOJENICH 13 3ampOIOHOBAHUMH 3MiHAMH Ta MPOMO3UIISIMU IIOAO THYYKOCTI MOOYJOBM Ha €Talmi MEpeArnpOSKTHOTO
aHami3y. Jlo Moneneil yBeleHO MPOEKTHI KOEQIIi€HTH, IO SBJISIOTH COO0I0 YIOCKOHAJICHHS YSABJICHB OI[IHKH MPOCKTIB 32 METOJIOM
MIPOEKTHUX TOUOK KapHepa Ta METo10M KOHCTaHT SIKoOCOHa i3 JOZaHWMHM JIOTIOBHEHHSIMH Ta PO3IMIMpPEHHSIMH. Bisyaizawis Mmoneneit
CIMPAEThCd Ha METOAM MOOYHOBH CIIpalbHHX MoAeNledl Apximena, BEKTOPHOTO IpeicTaBieHHs rojorpadiB [amimproHa Ta
MuxaiinoBa, a Meton oOJIiKy 3aIUIaHOBAaHOTO 4Yacy 0a3yeThCsl Ha MPOEKTHUX Hiarpamax I'anrta. Pe3yJbTaTh: oTpuMaHO MeTOX 3a
SIKUM JI0 PaHill c(OPMOBAHUX MOJENCH PEiHKUHIPHHTY HPOTPAMHHUX CHUCTEM, YBEACHO MPOEKTHI KOe(illi€HTH, IO JO3BOJIIOTH
MiABUIIATH TOYHICTh OLIHKH PEIHXKHWHIPUHTY, fKa BHpPaKEHa Yy 3MCHIICHHI CEpelHbOr0 3HAYEHHS BiHOCHOI MOXMOKH IOJ0
(akTHYHOTO Yacy Horo BHKOHaHHsA. BucHOBKH. Jlo HaykoBOi HOBH3HM BiJHECEHO HACTYIHI IMOJOXECHHS LIOAO PEIHKUHIPUHTY
MPOTPAMHUX CHUCTEM: YIOCKOHAJICHO MOJENi Bi3yallizalii BUTpaT 3a PaXyHOK yBeIeHHs KOe(illieHTiB aBTOMATH3alii Ta CXO0XOCTi
KOMIIOHEHTIB, SIKi JO3BOJINTH BHOCHTH 3MIHHM 10 KOH(Qirypamii BigmoBigHux romorpadiB. PeiHXHHIpHHT NpOTrpaMHUX CHCTEM
JI03BOJIMTH: TIOMOJATH NMPOTUPIYYS MDK TEMIIaMH PO3BHTKY HAyKH, TEXHIKM M HPOIECIB NPOEKTYBAHHS; MiABUIIUTH e(QEKTHBHICTH
TEXHIYHOTO CYIIPOBO/Y; CKOPOTHTH EKCILTyaTallii{Hi BUTpaTH.

KunrouoBi cioBa: mporpamHa cucTeMa; peiHKUHIPHHT; HEPEANPOSKTHI JOCITIIKEHHs; MPOEKTYBaHHsI; EBOJIOLIHHA CIipajb;
rogorpad; mpoekTHi KoedilieHTH; KoeQillieHT aBTOMaTH3alii; KOE(DIliEHT CXOXKOCTI KOMIIOHEHTIB; KOMIIOHEHTH IOBTOPHOTO

BUKOPHUCTaHHS.
Beryn JuicepTalii mij iX KepiBHUIITBOM.
Ha naHuii MOMEHT, CTBOPEHHS IOTYXKHOI raily3€Bol
Onmielo 3 romoBHmx  mpobGmem  imkemepii  [IC — CkiasHa i TpyIOMicTKa 3a/1a4a, BAKOHAHHS SKOi 1]

CHIIy TITBKM BEIMKOMY BHCOKOKBamipikoBaHOMY 1
37Iar0KCHOMY KOJEKTHBY PO3POOHHKIB, OCKITBKU TiTBKU
caM TIpOIleC CTBOPEHHS BXXE MICTHTH y c00i TOHAT

MPOrpaMHOro 3a0e3MeUYeHHs] € CTBOPEHHS TEOPETUUHUX 1
MPUKJIATHAX OCHOB IIBUAKOI Ta SAKICHOI MOOYJOBH

CKJIQJIHUX CHCTEeM 3 OUIbLI TMPOCTUX MPOTPaMHHX

eleMeHTiB, 5Ki BHMKOHAHO Yy CyYacHHX MoBax JMECATOK CTaJid: Tepea TPOeKTHI (y TOMy 4uCii
nporpamyBanns  (MII). ®aktmyHo pimeHHs 1iei ~ COUIOJOrIYHi)  NOCIHIDKEHHS,  TEXHIYHE  3aBJIAHHA,
po6JeMH 31iHCHIOETLCS IUIAXOM 30MpaHHs, 06’ eiHaHHs ~ TEXHIYHA TPOMO3MILs, ECKI3HMUA MPOEKT, TeXHIYHHI

MIPOEKT, POOOYMI TPOEKT, BUTOTOBIEHHS (KOAYBaHH),
HaJIaTO/’KeHHSI, BUMPOOYBaHHS (TECTyBaHHS), YBEJCHHA B
it (iHcramsuis Ta KOHGQIrypyBaHHsS) Ta IOJJIBIINHA
TEXHIYHHUH CYNPOBIJ Ta MiATPUMKA.

3a aKkTyalbHHMH CBITOBHMH TEHACHIIISIMH 1HXEHEPii
nporpamaoro 3abesnedeHHs (I13): IIC moBuuHI OyTn

abo iHTerpamii pi3HOPIAHWUX TIPOTPaMHHUX pPECypCiB Ta
KOMIIOHEHTIB ToBTOpHOTO BHKOpucTanHs (KIIB),mo
BKITIOYArOTh MOy, 0i0NOTEKH Ta MporpaMHi peaizarii
nesikoi ckanHoi mporpamuoi cucremu (I1C).

VY Toit xe gac, [IC 00’emHye y co0i pi3HI BHIU
3a0e3neueHHs: TeXHIYHe, MaTeMaTh4He, [POrpaMHe,

iH(opMalliliHe, TIHTBICTHYHE, METOINYHE, OpTaHi3aIliiHe,
eproHoMiuHe Ta nmpaBoBe. KoxkHe 3 TIMX BHJIB
3a0e3neueHHs Mae mapaMeTpy i O0akaHi XapaKTepHCTHKH,
SKi oOuparoTh npoekTyBaibHUKK [IC i3 MakcMMaibHUM
ypaxyBaHHSIM OCOOJMBOCTEH 3aBIaHb  IHXKEHEPHOTO
NIPOEKTYBaHHS, KOHCTPYIOBAaHHS, TEXHOJIOTIH KOJyBaHHS
Ta BUroToByeHHs [13.

CrBopenns Ta po3BuTok [1C 3aBxnu 37iCHIOETHCS
MPOBITHOIO TIPOEKTHOIO KOPIOPAIi€lo i3 00OB'SI3KOBHM
3aJy9eHHSAM IHIINX OpraHi3amili-CIiBBUKOHABIIB, Y TOMY
YHCIi: HAYKOBUX YCTAaHOB, MPOQINFHUX YHIBEPCHTETIB, a
TaKO)X KOHCYNbTAalii BIJOMHX BYEHHX, HAYKOBHH
MOTEHINAl 1 HAKONMMMYEHWH MOCBiJ SKHX, BHPAKEHO Y
COTHSX HAYKOBHX ITyOJIKAIii 1 JecATKax 3axHIIEeHUX

TaKUMH, 1110 PO3BHUBAIOTHCS. ICHY€, IpuHaiiMHI, Z1B1 Baromi
npuuuHM, 3a skumMu [1C noBuHHI OyTH 3MIiHIOBaHMMH 32
yacoM. [lo-nepme: pozpobka I1C 3aiimae TpuBanuii yac i
€KOHOMIYHO BWTIZIHO YBOJHTH JI0 €KCIUTyaTalii YacTHHU
CHCTEMH IO Mipi TX TOTOBHOCTI (yBe/leHa B €KCILTyaTallito
0a3oBa Bepcii — Hamam po3mHPrOETBes). [lo-mpyre:
MOCTitHUK TIporpec 00’€KTiB MPOEKTYBaHHS, TEXHOJIOTIH
BUTOTOBJICHHA ¥ KkomayBaHHsA II3, oOuucmoBagpHOT
TEXHIKH Ta OOYHCITIOBAIBHOI MaTEMaTHKU MTPU3BOJUTH IO
MOSIBU  HOBHWX, OUIBII  JOCKOHAIMX MaTeMAaTHYHUX
Mojielielt 1 MeTO/IiB, SKi MOBUHHI 3aMiHIOBATH CTapi, MEHIII
BJIQJIl aHAJIOTH.

VY 3B’s3ky 3 1num, [IC moBMHHA MAaTU BIACTUBICTH
3pYYHOCTI BUKOPHCTAaHHS Ta MOXIIMBOCTI PO3LIMPEHHS 3a

© C. C. Benukonuuii, 2019
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JIOTIOMOTOI0  MITKITIOYCHHST  po3pobiieHMX Ta / abo
YIOCKOHAJICHUX BUIIB 3a0e3medeHHs. OCh TYT IOCTae
MUTaHHS [TOJAJIBIIIOTO BUPIMICHHS 1€l TPOOJIeMH, a caMe:
e Moxe Oytu HoBa po3pobOka IIC abo peiHKUHIPpUHT
(reengineering), TOOTO HepenpoeKTyBaHHS i3
HACIIIIYBaHHSIM TMO3UTHUBHUX SKOCTCH Ta BIACTUBOCTEH
I1C, mo 3HaxomuThCs y eKcIuTyaTalii, Ta BiJIMOBOIO Bij
HETaTUBHHX.

00’exToM poboTu € mporiec peirkunipunry [1C.

[Ipenmerom poboTH € TPOEKTHI KOEQiIieHTH, 10
YBOIATHCS 10 Mozeni peimkuHipuary I1C.

lonoBHMM 3aBHaHHAM pPOOOTH € JOCHTIKEHHS
BIUTUBY TPOCKTHUX KOCQIIi€HTIB, IO YBOAATHCS O
mozaeni peimkuHipuary [IC, Ha BIONOBIIHICTH [0
(aKTUYHUX  CTATHCTUYHUX  JAHUX  BXKE  PCATBHO
BUKOHAHMX MPOEKTIB 3 peirmxkuHipunry [1C.

AHaJli3 0CTaHHIX J0C/HiKeHb | myOJikauii

3actocyBanns peimkuHipunry (Pl) mono imkeHepii
I13, sx mo4yaTkoBUI eTam PO3BUTKY HAyKOBOi AYMKH 3
nepemnpoektyBanHs [1C posmouato y [1, 2].

3aBIsKU yBEIEHiMH METOI0JIOTIT Ta
004nCITIOBAIbLHOMY 1HCTpYMEHTapito [3] MOXXKHa BUKOHATH
OI[IHKY TPOSKTHHX PECypCiB, CIHPAIOYWCh Ha 1JIeto
Kapuepa [4], mo 3akimaseHO y OCHOBY pPO3pOOJIECHOTO
METO/a PO3paxyHKy IOKa3HHWKIB OLIHKH IPOEKTY IpH
BukonanHi PI TIC [5].

CaMe 5k TOHATTA "pEIHKHHIPUHT", CIIOYATKY
3 SBUJIOCS Y NPEJCTABJICHHI ONTUMI3aIlii Oi3HEC-POIECiB
kopnopauii [6, 7], sk IepeopieHTYBaHHS Ta peopraHizaiis
CTPYKTypH 3a0e3neuenHs (y mupokomy ceHci) [8].

Y po6ori [9] Oys10 3acTOCOBaHO 00’ €KTHUH MiaXi[ 10
Oi3Hec-mipouieciB  y  GopMi  pecTpyKTypusauii, Ta
TIepeBEICHHS] OKPEMHUX KOMITOHEHTIB CHCTEMH 10 iHIIOI,
CYYacCHIIIOi, a TaKOXX PO3MIITHYTO IMPOIECH MOIU(iKarii
Ta MOJEpHI3alii BIZKPUTUX CTPYKTYp 1 CHCTEM
nanux [10].

[po6nemy PI momo [1C Oymo po3ristHyTo aBTOPOM Y
[11], croumparouuch Ha  OIIHKK  pu3WKIiB  [12].
Mertonomnoriuni 3acaau PI TIC Oymo 3axmameno y [13],
crnimparourch Ha mozeni boma (Boehm) [14, 15].

MeTtononoris, mo BukiageHa y [16] crana y Harozi
y sKocTi 0a30Boi TpaekTopii nociimkens. [lpuHimmny,
posristHyTI 'y [17] Ta mocmimxenHs y [18], mimkazamm
MPAaKTUYHI ~ aCeKTH OIiHKKM mpoekTiB  [19], mo
migsrarote Pl manpuxaz [1C 3 [20, 21].

Buainenns yactuH 3arajibHoi npodaemu. Mera
poooTu

3a0€e3MeYeHHsT 3 METOI0 IIiIBUILEHHS
eKCIUTyaTallii Ta CynpoBoy.

3BicHO, 1m0 He Oymb-sky IIC moxna mimmatu PI:
iHOAl 3MIHM Y TPOrpaMHOMY KOJAI TSATHYTH OuibIii
BUTpaTH HDK HOBa pPO3poOKa, OCKLIBKHM HEOOXIZHO He
TIIBKM ~ 3HAUTH  CHCMIaJiCTiB y BHU3HAYCHIH MOBI
MpoTrpaMyBaHHs, aje i OIUIATHTH IXHIiH Yac Ha aHaji3 Ta
po3iopanns crapoi Bepcii [1C, 1o nikaBuTh.

TakuM  YHHOM, y  SIKOCTI  BXIJHHX
PO3B’A3yBaHOI 33134l YBOIATHCS:

- BapTicTh mepenpoektyBaHHs [1C
00OMEXeHHIM, a caMe: MiHIMi3aIlisi BApTOCTI;

- BUAKICTh YBEICHHS JO EKCIUTyaTallil OHOBIIEHOI
I1C i3 yBemeHnM oOMEXyBaHHSIM Ha 3aTSATyBaHHS, TOOTO
MaKCHUMIi3allis HIBUIKOCTI;

- BUSIBJICHHSI TIOMWJIOK Y 3actapiniid Bepcii [1C, sxi
HEOOXIJJHO HaMaraTHCh BUKJIIOUATH y OHOBJICHIH, TOOTO:
MIHIMi3aIlisl TOMUJIOK.

VY 3B’s3Ky 3 1M, BUXITHHMHU JaHUMH, 110 OyayTh
SIBIIATH CO000 OakaHi pe3ysbTaTH PO3B’sI3aHHS 3aaadi
i€l cTaTTi — opmaizamis KpuTepiiB peHTradenbHocTi Pl

3py4gHOCTi ii

IaHUX

i3 yBeICHUM

I[IC, 3a skAMH TicHs MOJCTIOBAHHSI BH3HAYCHHUX
MOPIBHAUIBHUX ~ XapaKTEepHUCTHK  Oyde  IpuUiMaTHCh
ONHO3HAYHE  pIMICHHA IIOJO0  3acTOCyBaHHA  abo

Binxuienus Pl.

[Ipote, HEOOXIAHO 3ayBaXKHUTH, IO Hi B SKOMY pasi
HE MOXHA OCTaTOYHO  OLIHIOBATH  MOPIBHSJIBHI
XapaKTEepUCTUKHU TUIBKH 32 KPUTEPISIMHU, IO OXOILUIIOIOThH
JMIIe aHAIITHKY nporpamHoro koxy peamizauii IIC.
Kpurepii  owiHIOBaHHS  TOBHMHHI  0Oa3yBaTHcs  Ha
BceOiuHOMY aHaii3i ycix BuniB 3abesnedenHs [1C, o
HiJUIATae yI0CKOHAJICHHIO.

TakuM 4YMHOM, Ha MiJCTaBi BUKJIAJICHHS 3arajbHOl
mpobieMH, MOXHa CQOPMYIIOBATH METy POOOTH:
chopMyBaTH METOA TNPEICTABICHHS NPOCKTHOI OLIHKH
peimkunipuary I1C, Ha mincTaBi SKOTO NPHIMAETHCS
OCTaTOYHE PpIMICHHS II0J0 JOUUILHOCTI BUKOHAHHS
PEIHXHHIPUHTY.

Marepiaau Ta meToau

3 KoMepuiiHOI TOukM 30py, peimxuHipuHr (PI)
4acTO BBAXAIOTh €IWHUM  CIIOCOOOM  30epeKeHHS
yCIaJIKOBaHUX MOAYIMIB y ekciuryatamii [1C, y Toit yac six
HOBY pO3pPOOKYy — HE PEKOMEHIYETHCS PO3TIISIATH HE
TUTBKH 3 TOYKH 30py jAedinmury dYacy, mo Bxke Oyio
3aTpayeHo Ha TIEPBHHHY pPO3POOKYy, Ta K HACIiJIOK —
30UTBIICHHS. €KOHOMIYHHMX BUTpAT, a W 3 TOYKH 30Dy
PHU3UKY BUHUKHCHHS CTPYKTYPHHX [TOMUJIOK.

Y wmeir xe wac Pl pgae 3mory BUKOHATH
eBororionyBanHs [1C NUIIXoM MO3UTHUBHUX 3MIiH BUJIB il

Meton, w0 3akiajeHUd y MeTy poOOTH, €
PO3BUTKOM 3arpornoHoBanoi bomom (Boehm) meTomomnorii
[12, 14 — 16], mo 3Halfia CBOE MPOJOBXKEHHS Y
AHATITHYHUX MOJIENAX [22] i3 3aIpONOHOBAaHUMH 3MiHAMHU
Ta TPOMO3UIISAMHU MIOJAO THYYKOCTI MOOYZOBH Ha eTarmi
HepeIIPOEKTHOTO aHai3Yy.

TeopernuHi BIiZOMOCTI 3 MarepiaiiB JOCIIIKCHb

[1, 10, 14 — 16] mis UPAKTUYHOTO 3aCTOCYBAHHS
noTpedyTh PO3IIUpPEHHS KEepPOBaHOCTI pu
MOJIEJIFOBaHHI, IS Yoro HEOOXIIHO YBECTH

0 MOJeNli TPOEKTHI Koe(ilieHTH, IO € TIPEAMETOM
poboTH.

i xoedimieHTH SBISAIOTH COOOI0 yITOCKOHAICHHS
YSIBJICHb OLIIHKHM MPOEKTIB 33 METOJOM MPOEKTHHX TOYOK
Kaprepa (Karner) [4] Ta meromoMm KoHCTaHT SIkoOcoHa
(Jacobson) [9] i3 [omaHUMHU JOTOBHEHHSMH Ta
PO3LIMPEHHSAMH, 10 BifoOpaXkeHi y MeToli PO3paxyHKy
MOKa3HHKIB [5].

IIpote, y ™eromi [5] HE MICTHThCS MeXaHI3MY
BizyanizoBanoro nojanus ouinku PI IIC, mo npucytHi y
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MoaensaX 3 jmocmimkeHHs [22]. Enementm  Takoi
Bi3yarmizamii TakoX CIHPAIOThCA Ha METOAM IOOYIOBH
crmipalbHUX ~ Mojenedt  Apximenma [23], BEKTOpPHOTO
npeacTaBicHHs rojorpadis ['aminerona Ta Muxaiinosa, a
OOJIK 3alIaHOBAaHOTO 4Yacy 0a3yeThCs Ha MPOSKTHHUX
nmiarpamax ["aHTa.

CdhopmoBanuii y craTrTi METON  HPOCKTHUX
koediieHTiB IPYHTY€ETbCS Ha PO3IIKUPEHOMY
MaTeMaTHYHOMY BIATBOPEHHI i7ealli30BaHUX MOJEeH,
o TpeACTaBieHi y poboti [22]. MaTemaTHudHi OCHOBH
FOTO METOXy Cc(OpPMOBAaHO Ha TMiACTaBi y3arajabHEHHS
MaTepiaiis 3 [22].

Pe3yabTaTn n0ciigkeHb

Ockimpku Mozens PI IIC Ta cxema i moOymoBu
OTpUMaHi aBTOpoM TIii€l cTarti y [22], TO Bigpasy
nepeeMo 10 YBEAEHHs MPOEKTHUX KOe(DillieHTIB 0
Mojeni Ta moOymoBu rogorpadis PI.

1. Koeimienr aBromarmsarii PI. UYwmm OGinpme
mporec Pl aBromaTu3oBaHuit, TUM OibII TuIackoi Gopmu
HaOupae mozmenb (puc. 1), a 1€ 3HAYUTH, MO0 BEKTOP
BurpaT (OM,) i3 3pOCTaHHSIM KUIBKOCTI KOMIIOHEHTIB
nporpamHoro koxy (i) 4Yd Bepu(ikoBaHHX PAIKIB
TPOTPaMHOTO Koy (j) 3pOCTaEe He 3HAYHO, a BUTPAYCHUIA
yac Ha BHKOHaHHA Pl t, — Bu3Ha4waeThCcAd MalIMHHAM
yacoM. IHmmmu cinoBamu — skmo y3stu [IC i3
BU3HAYCHOIO (DIKCOBAHOIO 1, Y SIKYy MOMICTUMO JIOBUIBHY
Touky momuHd (M), Ta 30UBIIMMO y MoJzemi

koedilieHT aBTOMaTH3alii peimkuHipuHry (8), To OM,
Oyzie 3MEHIIyBaTHCh:

if 5 >max.. OM, ; — min; Q)

lim (OM,;(&))=min, )

S—max

opu uomy M. . — nmoOymoBaHa MOCIiZOBHICT TOUOK, SIKI
y M N

ivj

CKJIaJal0Th KPUBY CHipai.

Puc. 1. l'onorpad 3 Bucokum koedirienrom apromarusauii PI IIC: O — nomtoc peimxuHIpHHTY; Z — KiJIBKICTb i1eHTH()IKOBaHUX
MpOrpaMHUX KOMIIOHEHTiB(y JiHIHHOMY MaciTa0i) abo psiIkiB mporpamMHoro koxy (y JiorapupmivHomy macmrabi); OZ — Bick

KOMITOHEHTIB (arutikara)

Hagnaxwy, sikiro PI BimOyBaeThes, 3HAUHOIO MipoI0O, Y
pY4HOMY pexumi, TO ¢Gopma cripasi — BUTATHYTa
(puc. 2), moO TOKazye 3I0pPOXKEHHS BapTOCTi 3a
paxyHOK BaroMoi CKJIQJIOBOI IHTENEKTyalbHOI mpai
MIPOTPaMICTiB:

if 6 > min .. OM, ; — max; (3)

lim (OM,,, (5)) = max. 4

2. KoedimienTr  cxoxocti  KoMmoHeHTiB.  Llei
Koe(illieHT 3aneXxuTh BiA cryneHs srnpoBakeHHs KIIB.
JUis  mpoBeleHHS — MOPIBHSUIBHOTO — €KCIIEPUMEHTY,
Bi3bMEMO rojiorpad, 1o npeacTasieHo y [22, puc. 3]: s
HBOTO KOe(illi€EHT CXO0XKOCTi KOMIOHeHTiB () Oyxme
6a30BHM.

Yum 6Gimpme B mponeci PI 3acrocoBytorsest KIIB,
THM TYCTillle pO3MIIIYIOTECS BUTKH cripanmi (N) (puc. 3). 3
npeAcTaBIeHHs rogorpada 6auumo,mo:

if 0 max . OM, | —>min‘{MM 0=M, ;|0,,}: )

lim (OM,  (6)) =min. (6)

Z

Puc. 2. l'ogorpad i3 Hu3bkuM KoedimieHToM aBTomMatu3ariii Pl
I1C

Tobto mpu 30inbleHHI € — 3MEHIIYETHCS BEKTOP
Burpar OM; mnpu omHakoBo y3atux M;, BLINOBIAHO 10
BUNAJAKIB 3 € Ta 6, Ta HaBIAKU: NIPU BUKOPHCTAaHHI
YHIKQJIBHUX NPOTPaMHUX KOMIIOHEHTIB — BHUTKHU CITipajii
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po3MmimytoThcs HemlinbHo (puc. 4), ToOTO 30UTBIIyETHCS
OM, mpu oxnakoBo y3aTuX M,, BiANOBIIHO O BUIIAJKIB

30T1ad,:

if & — min.. OM_ —>max‘{M

ivi 0= Mivj|0min}; (7

lim

6—min

(OM,; (6)) = max. (8)

Puc. 3. l'omorpad PI IIC i3 Bucokum koedimi€eHTOM CXOXKOCTL
KOMIIOHEHTIB

Exkcriepument i3 moOyzoBm  rojorpadis  PI
npoBoauBcs i3 aBanaausTema IIC, neski 3 SKuX y3sTO 3
[20, 21]. 3a TOMOBIIEHICTIO, BUKOHABIIIMHU MTPOCKTiB, OYIIO

Puc. 4. l'onorpag PITIC i3 HU3bKUM KOE(DilliEHTOM CXOXKOCTI
KOMIIOHCHTIB

3a OTpHMaHHMH MOJAEISIMH OyII0 IMOOYIOBAaHOIO 0
rpadu PI I1C, yucnoBuii MmaTepian SKUX MOAaHo y Taom. 1.
YV Tabmuii HaBeIGHO pe3ylbTaTH MOJCITIOBAaHHSA 0Oe3

HaJaHO TIOYaTKOBI YMOBHM IMOJO KIJBKOCTI PSAJAKIB  BHUKOPHUCTAHHS MPOSKTHHUX Koe(illieHTIB —  3a
MPOrpaMHOTO KOAy Ta (HaKTHYHOTO dYacy IOBHOTO  ileani3oBaHUMH  MoJesIMH  peirmkuHipuary  (IMP),
BukoHanHss HuMu Pl IIC, sixkuii Oyno 3adikcoBaHO y  OTpuUMaHOIO y [22], Ta i3 yBeAEHHAM ONHMCAHHMX y Lii
npoekTHux jiarpamax [aHtra. Takox mei uwac Oymo  crarti  koediumientiB. [Ipy  BUKOHaHHI  TPOEKTIB
PETEIbHO MEPEBIPEHO 3a MNPOTOKOJAMHM BHKOHAHHS Ta  OOYMCIICHHS  BHMIDIOBaHHS 4acy BigOyBaeThCs 3
aKTaMH BUKOHAHUX POOIT. OKPYTJICHHSM JI0 MiBIOHHU.
Taoauusa 1. Yac suxkonauns PI IIC
Yac, rog.
Howmep npoexty Mojensii 3a IMP Mo;[enLHI/H?.I i‘3 MPOEKTHUMU FT—-
KoedimieHTaMu

1 157 174 185

2 247 187,5 190

3 70 66,5 58,5

4 432,5 575 606

5 104,5 108,5 102,5

6 807 726 623,5

7 565 686 730,5

8 118 129 134

9 226 229,5 270

10 90 84 76,5

11 789 811 878

12 652 516 511

3a panmmu Tabu. 1 moOynoBana miarpama (puc. 5) OO0roBopeHHs

MOPIBHSAHHA (pakTUUHOTO Yacy (actualtime) BukonaHus Pl
I1C Ta 3monensoBanux yacis: 3a IMP (idea lized model)
Ta i3 yBeNCHHMH MPOSKTHUMH KoediuieHTamu (With
project coefficients).

CratucTuuHi pe3ynbTaTH IOPIBHSHHS 3BEICHO JI0
Tabm. 2.

IIpu amamizi Ta 0OroBOpeHHI pe3yJIbTATIB CTATTi,
MOXHa MMO0AYUTH, II0 METOJA NPOEKTHHX KOe(illi€HTIB,
BUXOJsMUM 3 Tabn. 1 Ta puc. 5, Mae 3HAYHO MEHIIY
po30ikHicTh 3 pakTnuHuM yacoM BukoHaHHsS PI IIC Hixk
ouiHka yacy 3a IMP.
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Tabauns 2. Pos0iocuicms nopienanns 3a uacom Pl I[IC

Orinka 3a IMP O11iHKa 13 TPOEKTHUMH KOe(illieHTaMu
Howmep npoexry AOcomoTHa MoxXuoKa, BinHocHa nmoxuoOka, AGcomoTHa moxuoKa, BinHocHa moxuoka,
TO/I. % TOJI. %
1 28 15,1 11 59
2 57 30,0 2,5 1,3
3 11,5 19,7 8 13,7
4 173,5 28,6 31 51
5 2 2,0 6 59
6 183,5 29,4 102,5 16,4
7 165,5 22,7 445 6,1
8 16 11,9 5 3,7
9 44 16,3 40,5 15,0
10 135 17,6 7,5 9,8
11 89 10,1 67 7,6
12 141 27,6 5 1,0
CepenHe 3HaueHHS, %: 19,3 7,6
1000
900 W
800 ~ é
w 700 A %
§ 600 | lal ¢
g L 4
= 500 -
g 400 ~
e
B g
200 w W w ld Actualtime
| #|dealized model
e . ‘ . A With project coefficients
’ 0 1 2 3 4 5 6 7 8 9 10 11 12
Project number (from table 1)

Puc. 5. Jliarpama nopiBHSAHHS (PaKTUIHOTO Yacy Ta 3MOJIe/IbOBaHUX 4aciB BukoHauHs PI I[1C

MakcumanbHe 3HaY€HHS BIHOCHOI MOXUOKHU OLIHKU
PI TIC 3a w™meromoM MpPOCKTHHX KOeQIIliEHTIB HE
nepesuirye 16,4 % (tabn. 2), npotn 30 % npu omiHmi 3a
IMP. Cepenne 3HaueHHsS BigHOCHOI moxuOkum 7,6 % 3a
METOJIOM TIPOEKTHUX KoedimieHTiB, mpotu 19,3 % — 3a
IMP.

Jns crpaBeIMBOCTI, HEOOXiAHO OOTOBOPHUTH, IO
st mpoekT (tabn. 1, 2) mae omiHKy OMmK4y 10
¢aktmunoi 3a IMP HDKX 3a METOZOM NPOEKTHHX
koedimientiB  (104,5 rox. mporm 108,5 rom. mpm
¢aktmaHomy waci 102,5 roa.) Ta BIANOBIAHO MEHITY
BisiHOCHY TIOXUOKY otiHkH (2% mpota 5,9 %).

Ha nymky aBTopa, Iie MOB’S3aHO i3 TTOMHIKOBUMH
JAaHUMH  (3aHMKEHHAM npuOimM3HO Ha 6 — 8 roj.)
(akTHYHOrO 4Yacy BHUKOHAHHS TIPOEKTYy, SKHH OyJo
HaJlaHO PO3pOOHHMKAMU, IIPOTE aBTOPH HPAIIOBAJH 13 BXKE
TOTOBHMH TTOKa3HUKAMH BUKOHAHHS Yy BUTJLIIL Jiarpam
T'anTa Ta HE NPOBOAWIM KOPETYBaHHS LMX TOIUH.

o x nmo HaBeAeHWX rpadivHUX MOOYIOB
rogorpadis PI (puc. 1 — 4),To MoxHa 3p0OUTH BUCHOBKH,
0 TOBEPXHS, M SKOI Tozjorpad € HampapIIIOUOIo,
sIBIIsIE c00010 JMiHiMdaTy koHiuHy moBepxHto (JIKII), mo

MOke OyTH 3BOPOTHBO BiJHOBIEHa pyxoM BekTtopa OM,,
SIK yTBOPIOIOYO].

KpiM TOro, y mnojaipliuxX MAOCIHIIUKEHHSX BapTO
npoananizyBatu  orpumani  JIKII  Ha  mpenmer
[IPAaKTUYHOTO  3aCTOCYBAHHSI  HACTYIIHOI ~ BHUCYHYTOI
rinoresu: skmo ooOunciautu tionry JIKII, To MoxHa
JCTaTH KUIBKICHY XapaKTepHCTHUKY BHKOHAaHOI poboTn
oo 3airicaenns PI T1C:

& (n+1)

S= { @ (p, ¢)dg,

9)
ne S — 1oma JiHifYaToi KOHIYHOI MOBEPXHi; ¢ — 4ac,
MPOTSITOM SIKOTO BiJOYBAE€THCS PEIHKUHIPUHT; p — pajiyc-
BekTop BUTpaT; O — HyHKIIT KOHIYHOI Crripai.

Skmo o6uucautu 06’em JIKII, To — Bu3HAYKTH
o0csT BUTpAa4eHUX PeCypCiB:

V=[®(p ¢27)dz, (10)

Je V — 00’eM niHiH4aTOi KOHIYHOT HOBEPXHI.
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BucHoBKHM Ta MNEePCHEeKTUBU NMOAAJIBIIOI0 PO3BUTRKY

lonoBua BigMiHHICTE Mik PI i HOBOIO po3p0OKOIO
IoJisirae B TOMY, IO Tpoliec nepenpoekryBanHs [IC
MTOYHMHAETHCS HE 3 "HyJnA", a 3 PO3MIBIAY MOKIUBOCTCH
ycnaAKyBaHHsI IO3UTUBHUX SIKOCTEN CTapOl CUCTEMHU.

PI BuKOHY€eTBCS 32 IOTTIOMOTOI0 KOMIUIEKCY 3aco0iB,
y TOMy uHcIi 3a paxyHOK 3actocyBanHs KIIB Ta
Computer-Aided Software Engineering (CASE) cucrtem.
3rifHO 3 ONTUMICTUYHMMHU TPOTHO3aMH 3aCTOCYBaHHS
KIIB 3patHe y 4 pa3u 3uu3utH Bapticth [IC y mopiBHAHHI
3 HOBOIO po3poOkoro. IIpore 3apamu 00’€KTHBHOCTI CITif
MOMITUTH, IO Y [AEAIKHX BHIAIKaX, BCE JK TakKd
patioHaNbHiIIe 3aCTOCYBaTH HOBY PO3POOKY.

s Toro, mo® NPUHHATH MOTHBOBAHE PIlICHHS
OO0 3acTOCyBaHHA abo BiamoBu Bim PI, 3rimHo 3
ITOCTAHOBKOIO 3aJ1adi, Y CTAaTTi OYyJ0 MPEICTaBICHO METO]
npoektHoi ominku PI [1C, Ha migcTaBi skoro GpopMmyerscs
OCTaTOYHHUI BUCHOBOK IIOJI0 JAOIUIBLHOCTI BUKOHaHHS PI.

3rigHo 3 nuM MetoznoM a0 moxeneit PI T1C, mo Oynu
chopmoBaHi y [22], yBoIsATbCS IPOEKTHI KOCDIIEHTH, 1110
JIO3BOIIAIOTh  MIJABHIMUTH TOYHICTH oOIiHKK Pl sxa
BHUPaXCHA y 3MCHIICHHI CEpeIHBOr0 3HAYCHHS BIJHOCHOT
MOXHOKHM 100 (pakTraHOTO Yacy BukoHaHHs PI 3 19,3 %
(pu moOymoBi 3a IMP) mo 7,6 %.

TakuM 9HHOM, O PE3yNbTaTiB HAyKOBOI HOBU3HU
CJIiJT BITHECTH YIOCKOHAJICHHS MOJICII Bi3yai3allii BUTpaT
Ha PI TIC 3a paxyHOK yBeIeHHS Koe(illieHTiB
aBTOMAaTH3alil Ta CXO0’KOCTI KOMIIOHEHTIB, SIKI 103BOJIUTH
BHOCHTH 3MIHH JI0 KOH(}Irypaliii BigmoBigHux rogorpadis
PL

IMoganpuri HaykoBi JOCHi/DKeHHI y Wit oOnacti
BKIIIOYAalOTh y ce0e BceOiYHE BHBYCHHA BHCYHYTOI
aBTOpaMM TillOTE3W MLIOAO IPEICTABJIEHHS KiJTbKICHUX
XapakTepUCTHK BHKOHaHOi pobotu 3 PI TIC Ta
BH3HAYCHHS OOCSTIB BUTPAaYeHHUX pecypciB y ¢dopmi
obOuncnenHs mommH Ta 06’ emiB JIKII, mo yTBOpIOOTECS

rogorpagamu PI.
Takox [0 MEPCHEeKTUB JMOCTIHKEHHS 33 TEeMOIO
CTaTTi, BXKE INCAA NPHHHATTA  PIIGHHA MO0

3actocyBanHsi Pl, cmig BigHecTH 3ajady po3pOOKH
Jtoriunoi cxemu PI, 1110 € MOXiZHOIO Bij JIOTIYHOI CXEMH
MPOCKTYBAHHA, AKa IMOYMHAETHCA I_[iJ'H)OBOIO mporpamoro
Ta BKJIIOYAE B ceO€ aJTOPUTMIYHHUII BHOIP KOMIIOHEHTIB

Cnucok JiTepatypu

PI. IIs usoriuna cxema TpEICTAaBISIE€ IUILOBUH 3aci0d
otpuMaHHs HOBOI [1C misxoM BHKOHAHHS IOCHiTOBHOCTI
ormepalliii BHECEHHsI 3MiH, MoJIepHi3allii abo Moaudikarii,
a TaKOX MEepPEenpOrpaMyBaHHS OKPEMHUX il KOMITOHCHTIB.
Jloriuna cxema Pl mnoOBMHHA TOYHMHATHCS I[JILOBOIO
porpamoro, 00’ €IHYIOYM 30BHILNIHIO Ta BHYTPILIHIO
YacTMHH,  BiANOBigHO:  (GoOpMyBaHHS  Iined  Ta
MO/ICTIFOBaHHS.

Omxe PI TIC n03BONHTE MOAONATH: MPOTHPIUYS MixkK
TeMIIaMHd PO3BUTKY HayKH, TEXHIKM ¥ TpoIeciB
MPOCKTYBaHHS; MIBHITUTH €()EKTUBHICTh TEXHIYHOTO
cympoBoxy [1C Ta CKOpOTHTH eKCIUTyaTamiiHi BUTPATH.

CdopMoBaHi y CTaTTi pe3ynbTaTH, 3 HAYKOBOI TOYKH
30py, VYBiAAyTh 1m0 ocHOB Meromonorii  PI TIC, a 3
MPaKTHYHOI —  CTaHYTh Y  HAroJai  CHUCTEMHHUM
nporpamicraM, sKi 3ajisHI y TNepenpoeKTyBaHHI W
nepepo6ui IIC, a Takox CUCTEMHUM apXiTeKTopam, sKi
NpaloTh 13 MyJIbTUMOBHUME HanOynoBamu [IC, mo
BXE 3HAXOAATbCA Yy KUIbKapiuHid eKkcruryaramii i
HaOyBarOTh EBOJIOIIITHOrO PO3BHUTKY i3 IUIMHOM Yacy Ta
YIOCKOHAJICHHS Y TIPOLIECi BHKOPHCTAHHS.

IMonsiku

[lepm 3a Bce, X094y BHCIOBUTH MOISIKY IOKTOPY
TeXHIYHUX HaykK 3i cmemiaabHocTi 05.12.13 — cucremu
aBTOMaTH3aIlii TNPOEKTYBAIBHHX POOIT, mpodecopy
KadeIpu CHUCTEMOTEXHIKM XapKiBCHBKOTO HAIliOHAJLHOTO
VHIBEPCHUTETY padiocIeKTpOHiKH — be3kopoBaitHOMY
Bonoaumupy BaneHTHHOBHUY 3a THEpBHHHY IO3UTHBHY
OMiHKY imel ctBopeHHss IMP, 1o Oyno #oMy BHKIJIAICHO
OJIIBIIEM Y BUIUISLAI €cKi3y Ha apkymii 3ommuTa y 2012 poi.
[Ticnst fioro HacTaHOB Ta KOHCYJBTALil, y mpoueci 7-Mu
piuHOi poOoTH, OyJI0O OTPUMaHO HayKOBI pe3yJbTaTH, IO
HaBEJICHO y MOJaHii CTaTTi.

Takok aBTOp CTAaTTi BUCIOBIIOE MOASIKY OnecbKOMy
JIEPKABHOMY C€KOJIOTIYHOMY YHIBEpCHUTETYy, SIK 0a30Bid
opraHizanii, y sKiii IpOBOJATHCS TOCTIHKCHHS 13 TIOAaHOT
TEMaTHKH, 3a CIOpUAHHA y  (iHAHCYBaHHI Ta
opraHizaliiHii  MATPUMIN: HAYKOBHUX  JOCIIIKEHb;
HAYKOBOT'O CITIJIKYBaHHS i3 rajly3eBUMH CIELiaIicTaMH Y
(bopMi BiApsIIDKEHHS aBTOpa JI0 yyacTi y KOH(EepeHIisx Ta
dopymax; BUIYCKY ABOX MOHOrpadiii 3a po3IISHYTOIO
TEMAaTHKOIO KOIITAMU YHIBEPCHUTETY.
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METOA NPEACTABJIEHUA ONEHKU PEUHX XUHUPUHI'A TIPOI'PAMMHBIX
CUCTEM IIPA TIOMOIIHA ITPOEKTHBIX KOO®PUITUEHTOB

IpeameToM paGoOTHI ABJISIOTCS MPOCKTHBIC KO3D(HUIIMEHTHI, KOTOPBIC BBOJATCS B MOJICb PEHHXHHUPUHTA IPOTPAMMHOMN CHCTEMBI.
Hean pabotsr. ChopmMupoBaTh METOJ MPEACTABICHHS MPOSKTHOW ONECHKHA PEHH)KUHHPUHTA MPOTPAMMHBIX CHCTEM, HA OCHOBaHHH
KOTOPOTO MPUHHMACTCS OKOHYATEILHOE PEIICHUE O IeIeCO00Pa3HOCTH BBIMOJIHEHHS PEeUHKHHUpHHTA. OIHOM U3 TIIaBHBIX 3a/1a4
WH)XCHEPHH MPOTPAMMHOT0 OOECTICUCHHUS SBJIACTCS CO3JaHHE TCOPETHUYCCKUX M MPUKIATHBIX OCHOB OBICTPOrO M KayeCTBEHHOTO
MOCTPOCHUSI CIIOKHBIX CHCTEM U3 0OOJiee MPOCTBIX MPOTPAMMHBIX 3JIEMEHTOB, BBIIIONHEHHBIX Ha COBPEMEHHBIX S3BIKAX
nporpammupoBanus. DaKkTHYECKH pEIIeHHEe O3TOW 3afavd OCYIIECTBISIETCS IyTeM cOopa, OObEAMHEHHs WIH HWHTErpalui
Pa3HOPOAHBIX MPOTPAMMHBIX PECYpCOB M KOMIIOHEHTOB ITOBTOPHOTO HCIIOJIBb30BAHUS, BKIIOYAMONIAX MOIYJH, OMOIHOTEKH U
MPOTPaMMHBIE Pealn3alii HEKOTOPOU CI0KHOM MPOrpaMMHOi cucTeMbl. [10 COBpeMEHHBIM MHPOBBIM TEHACHIIUSIM IIPOSKTHPOBAHHUS
MPOTPaMMHOTO O0ECIEeUEHHsI: TPOrPaAMMHBIE CHCTEMBI JOJDKHBI OBITh Pa3BHBAIOIIMMICS M IBOJIIOIMOHHPOBATH. 3agaveil CTaThu
SIBJSICTCS. MCCICIOBAHUE BJIMSHHS TPOCKTHBIX KOA(PPHUIMEHTOB, KOTOPbIC BBOMAATCS B MOJENb PEHHXHHUPUHrA MPOTPAMMHOMN
CHUCTEMBI, Ha COOTBETCTBUE (PAKTHICCKUM CTATHCTHUYCCKUM JAHHBIM YK€ PEajbHO BBIMOJHEHHBIX MPOEKTOB MO PEUHXUHUPHHTY
mporpaMMHbIX cucteM. Metoa. B cTaTthe Hammia cBoe pa3BHTHE METOJOJNOTHsA boMa, MPOJOKEHHE KOTOPOM OTPakEHO B
(hOpMHPOBAHUN AHAJTUTHUYECKUX MOJCICH C MPEAIOKCHHBIMH HM3MEHCHUSMH OTHOCHTEIILHO THOKOCTH TOCTPOCHHS Ha JTare
MPEANPOEKTHOTO aHanM3a. B Mojens BBEOEHBI MPOEKTHbIE KOI(DHUIMEHTH, MpPEACTABISAIONME CO00# yCOBEpUIEHCTBOBAHHE
MPE/ICTABIICHNI OIIEHKH IPOEKTOB TI0 METOAY IMPOCKTHBIX Touek KapHepa m MeToqy KOHCTAaHT SIKOOCOHA C MPUIIOKEHHBIMU
JOTIOJTHEHUSIMA M PACIIMPEHUsIMU. Busyanuzanusi Mojeneil OnMpaeTcss Ha METOAbI MMOCTPOSHUS CIUPAIBHBIX MOJelel ApXxumerna,
BEKTOPHOTO TpejcTaBieHus rogorpados Famunsrona n MuxaiinoBa, a MeTo ydera 3alIlaHMPOBAHHOTO BpEeMEHH Oa3upyercs Ha
MPOCKTHBIX auarpamMmax ['anta. PesyabTaThl. B cTaThe mosiyueH MeTOJ, B COOTBETCTBHH C KOTOPHIM K paHee cHOPMHPOBAHHBIM
MOJICTISIM PEHHXUHUPUHTA TIPOTPAMMHBIX CHCTEM, BBEICHBI IIPOCKTHBIC KO PHIINEHTHI, TO3BOJISIOIINAE TTOBBICUTH TOYHOCTD OIICHKH
PEMH)KHHUPHUHTA, BBIPAKEHHOW B YMCHBIICHUHM CPEJHEr0 3HAYCHUS] OTHOCHUTEIBHOM MOTPELIHOCTH (DaKTHYECKOr0 BPEMEHH ero
BhINONIHEHNS. BopiBonbl. K Hay4dHOW HOBHM3HE OTHOCSTCS CICAYIOLIME IOJOXKEHHS KacaTelbHO DPEHMH)XMHHUPUHIA IMPOrPaMMHBIX
CHCTEM: YCOBEPIICHCTBOBAHBI MOJIEIN BH3YaJH3alliM PACXOJOB 3a CYET BBeACHHs KOI(DPHIMEHTOB aBTOMATH3AlMH M CXOJCTBA
KOMITOHEHTOB, MTO3BOJISIFONINX BHOCHTh H3MEHEHHUS B KOH(PUTYPAIIUH COOTBETCTBYIOMINX Toa0rpadoB. PeHHKHHUPHHT MTPOrPaMMHBIX
CHCTEM TIO3BOJIUT: MPEOIOJIETh IPOTHBOPEUHS MEX/Y TEMITAMH PAa3BUTHS HAYKU, TEXHUKU U TPOIECCOB IPOSKTUPOBAHHUS; TIOBBICUTD
3¢ PEKTUBHOCTH TEXHHIECKOTO COMPOBONKICHHUS; COKPATHTH IKCILTYaTAI[HOHHBIE PACXO/IBL.

KoueBble c10Ba: IPOrpaMMHast CHCTEMa; PEHHXKHHUPUHT; IPEANPOCKTHBIC UCCIICAOBAHMUS; IPOCKTUPOBAHHUE; DBOTIOIIHOHHAS
cnupanb, romorpad; mpoekTHbie KOI(GGHUIMEHTHI;, KO3(QOUIMEHT aBTOMATH3AIKH; KO3(D(UIIMEHT CXOACTBA KOMIIOHCHTOB;
KOMITOHEHTBI TOBTOPHOT'O UCTIOJIb30BAHUSI.

METHOD OF PRESENTING THE ASSESSMENT FOR REENGINEERING OF
SOFTWARE SYSTEMS WITH THE PROJECT COEFFICIENTS HELP

The subject of the work are design coefficients that are introduced into the reengineering model of a software system. The goal of the
work. Form a method for presenting a project assessment of software system reengineering, according to which a final decision is
made about the feasibility of reengineering. One of the main task of software engineering is the creation of theoretical and applied
foundations for the rapid and high-quality construction of complex systems from simpler software elements made in modern
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programming languages. In fact, this task is solved by collecting, combining or integrating disparate software resources and reusable
components, including modules, libraries and software implementations of some complex software system. According to modern
world trends of software design: software systems must be continually developing and evolving. The task of the article is to study the
influence of project coefficients, which are introduced into the model of the reengineering of a software system, in accordance with
the actual statistical data of the actually completed projects on the reengineering of software systems. Method. The article has
developed the Boehm’s methodology, the continuation of which is reflected in the formation of analytical models with the proposed
changes regarding the flexibility of construction at the stage of pre-project analysis. The design factors are introduced in the model,
which are representing an improvement in the representations of project appraisals using the Karner’s design points method and the
Jacobson’s constant method with applied additions and extensions. The visualization of the models is based on the methods of
constructing the spiral models of Archimedes, the vector representation of Hamilton’s and Mikhailov’s hodographs, and the method
of accounting for the planned time is based on the Gantt’s project diagrams. Results. The article obtained a method according to
which the previously formed models of software systems reengineering, introduced design coefficients, allowing to increase the
accuracy of reengineering estimates, expressed in reducing the average value of the relative error of the actual time of its
implementation. Conclusions. Scientific novelties include the following provisions regarding the reengineering of software systems:
models of cost visualization were improved by introducing automation coefficients and similarity of components, allowing to make
changes in the configuration of the relevant hodographs. Reengineering of software systems will allow: to overcome the
contradictions between the pace of development of science, technology and design processes; improve the efficiency of technical
support; reduce operating costs.

Keywords: software system; reengineering; pre-design studies; design; evolutionary spiral; hodograph;project coefficients;
automation coefficient; coefficient of components similarity; reuse components.
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IDENTIFICATION OF REAR MODEL OF TV3-117 AIRCRAFT ENGINE BASED ON
THE BASIS OF NEURO-MULTI-FUNCTIONAL TECHNOLOGIES

The subject matter in the article is TV3-117 aircraft engine and methods of identification of its technical condition. The goal of the
work is to develop methods for identifying the technical state of the aircraft engine TV3-117 on the basis of real-time neural network
technologies. The following tasks were solved in the article: the task of identifying the reverse multi-mode model of the aircraft
engine TV3-117 using neural networks. The following methods used are — methods of probability theory and mathematical statistics,
methods of neuroinformatics, methods of the theory of information systems and data processing. The following results were obtained
— The application of the neural network apparatus is effective in solving a large range of tasks: identifying the mathematical model of
the aircraft engine TV3-117, diagnosing the condition, analyzing the trends, forecasting the parameters, etc., despite the fact that these
tasks usually relate to the class difficultly formalized (poorly structured), neural networks are adequate and effective in the process of
their solution. In the process of solving the task of identifying the mathematical model of the aircraft engine TV3-117 on the basis of
neural networks, it was established that neural networks solve the problem of identification more precisely classical methods.
Conclusions: It was established that the error of identification of the aircraft engine TV3-117 with the help of a neural network of
type perceptron did not exceed 1.8 %; For the neural network of radial-basic function (RBF) — 4.6 %, whereas for the classical method
(LSM) it makes about 5.7 % in the considered range of changes in engine operation modes. It was found that neural network methods
are more robust to external perturbations: for noise level 6 = 0.01, the error of identification of aircraft engine TV3-117 with the use
of perceptron has increased from 1.8 to 3.8 %; for the neural network RBF — from 4.6 to 5.7 %, and for the least squares method —
from 5.7 to 13.93 %. In the process of solving the task of identifying the inverse multi-mode model of the aviation engine TV3-117 on
its parameters on the basis of neural networks (perceptron and RBF) it was shown that their use allows for indirect measurement of
the parameters of the flowing part of the engine at different modes of its operation: in the absence of noise — with an error of not more
than 1,8 and 4,6 % respectively; in the presence of noise (¢ = 0,01) — with an error of not more than 3,8 and 5,7 % respectively.
Application in these conditions of the least squares method (polynomial regression model of the 8th order) allows us to obtain the

error value: in the absence of noise — no more than 5,7 %; in the presence of noise — no more than 13,93 %.
Keywords: aircraft engine; neural network; perceptron; radial-basic function, identification.

Introduction

The aircraft engine TV3-117 as a recoverable object
during its lifetime requires continuous monitoring and
diagnostics of its technical condition, the complexity of
which depends on the level of automation of the processes
of  receiving, processing, storing, documenting
information on the current state of the aircraft engine, as
well as monitoring, diagnosis, forecasting of its the
technical state, the sequence and methods of execution of
which determine the information system of control and
diagnostics.

The means of their implementation are distributed
monitoring and diagnostics systems, which are tasked
with determining the degree of conformity of the research
object with the requirements, that is, control of its
technical condition.

Distributed monitoring and diagnostics system is a
logical addition to the information monitoring and
diagnostic system, since it together with the latter carries
out an analysis of the actual technical state of the engine:
forecasting the residual resource, monitoring the
degradation of the performance of the aircraft engine,
determines the program of repair and restoration works,
etc.

At the same time, despite the considerable amount of
research in these areas, the information systems for
monitoring and diagnosing the technical state of aviation
engines are not perfect for a number of reasons, the main
ones being, on the one hand, the dissociation of the
databases of testing, control and diagnostics, the lack of
intelligent components, which allow qualitatively and
efficiently to support decision-making [1] and, as a

consequence, reduce the total time spent on engine
maintenance; on the other hand, the unsteadiness of
physical processes in an aircraft engine, the complexity of
its mathematical description, the dependence of engine
technical characteristics on external operating conditions,
the  limited  composition of the  measured
thermogasdynamic parameters of the engine, their
technological spread, etc. These factors lead to the need to
make decisions about the technical state engine in
conditions of significant uncertainty.

Analysis of works in the field of control and
diagnostics of the state of aviation engines on the basis of
neural networks [2—6] shows that at present, such works
are being conducted, however, due to a number of reasons
(secrecy, narrow specialization of the tasks to be solved),
in most publications there are no engineering methods, as
well as theoretical and practical recommendations for
solving similar problems. The task of the problem and
possible algorithms for choosing the architecture of neural
networks, their algorithms, evaluation of their work
efficiency, etc. are studied, as well as the engineering
methodology for solving the problem of classification of
operating modes of aircraft engine TV3-117 using neural
network technologies.

Analysis of existing methods for identifying the
technical condition of aviation engines

Professor Zhernakov S.V. is currently actively
engaged in the task of identifying the technical state of
aviation gas turbine engines (GTE) using neural network
technologies. (Ufa State Aviation Technical University),
in whose work the necessary techniques have been
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developed and the following tasks are successfully solved:
identification of characteristics of the GTE; identification
of the inverse multimode model of the GTE according to
the parameters of its oil system; identification of the
multi-mode dynamic model of the GTE [7-10]. The
solution to these problems was obtained both in bench test
conditions and in the flight operation of the aircraft.
However, the results obtained are applicable only to
turbojet engines installed on aircraft.

It is known that helicopters in most of their cases use
turboshaft engines, the number of which includes the
engine TV3-117, the structure and running processes,
which differ from the structure and processes occurring
inside turbojet engines. Therefore, it is necessary to
modify (refine) previously developed methods for solving
the tasks of identifying the technical state of aviation
engines using neural network technologies, which will
allow them to be used for monitoring and diagnostics of
turbocharged engines, including the engine TV3-117.
Therefore, the scientific and practical tasks solved in this
work are relevant.

Problem formulation

It is assumed that aircraft engine TV3-117 as a
nonlinear control object on steady operating modes is
described using the equations of the form:

vectors of engine parameters; X — vector of engine state
variable [11].

In practice, the task of indirect measurements is
relevant: by observing the vector of the output
thermogasdynamic parameters of the engine, determine
the values of its control influences (that is, components of
the vector U). For example, according to the measured

value of parameters n, T, P, it is necessary to calculate

the value of fuel consumption in the combustion chamber
G, . Analytical statement of this problem is reduced to the

definition of inverse nonlinear dependence f™ in the
expression:

U=f*(AY); (3)

where Y — vector of engine output coordinates [11].

Thus, the goal of the work is to develop methods for
identifying the technical state of the aircraft engine
TV3-117 on the basis of real-time neural network
technologies, while it is necessary to determine its
structure and parameters, which ensures a minimum error
of learning E based on the procedure presented in fig. 1,

where s:(gl,gz,...,gk )T — the vector of inconsistencies

between the actual and estimated by means of
the neural network of the values of control

influences, that is s=U-U", and E=) g . After

f,(AU)=0; (1) training, the neural network reproduces the characteristics
) 5 of the reverse  multi-mode  aircraft  engine
Y =f,(AX); @ model TV3-117.
where f, and f, — nonlinear vector-function; A and U —
U | Aircraftengine | v Neural U’ £ 3 g E._
TV3-117 network o -
Fig. 1. Scheme of the solution of the problem of identification of the return multi-mode model of the aircraft engine TV3-117
The solution of the identification problem of the the following engine parameters are reduced

reverse multi-mode model of the aircraft engine TV3-117
on the basis of neural network technologies will be based
on the following steps of the proposed method:

1. Data analysis;

2. Pre-processing of data;

3. Selection of the architecture of the neural network;

4. Selection of the neural network structure;

5. Choosing the algorithm for training the neural
network;

6. Evaluating effectiveness.

Development of the neural network: the choice of
architecture, structure, learning algorithm

The inverse problem of identifying a multi-mode
aircraft engine model TV3-117 is as follows: the values of

to standard atmospheric conditions (table 1). It is
necessary to construct a multi-mode neural network
mathematical model for the calculation (indirect
measurement) of the wvalue of the reduced fuel
consumption.

Data for table 1 entered in accordance with the
provisions [7] that the set of steady-state operating
modes of the aircraft engine TV3-117 s
described by a combination of functional dependencies on
the values of the following engine parameters:

288 G, 760 [288. .. . 760,
Ng =N |—; Gairsp ST a7 T T P —

TN PN TN PN
g B 2B T
Zsp 2 TN 3sp 3 TN sp PN
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pressure (kPa) and temperature (K) are -calculated

where GTsp — specific value of fuel consumption (kg/s);

S|

n,, — specific value of the rotor frequency of the turbine

compressor (%); G — specific value of the air

ail’sp

consumption (kg/s); Pz’;p and T;Sp — respectively, the

for the turbine compressor; T;sp — specific value of the

gases temperature behind the compressor turbine (K);
R,, — specific value of the engine thrust is shown.

Table 1. Fragment of the training sample for identification of multi-mode model of aircraft engine TV3-117

T Nsp air,, stp TzSp Tssp Ry
0.188 0.533 0.413 0.323 0.439 0.513 0.148
0.126 0.343 0.247 0.199 0.249 0.471 0.051
0.198 0.543 0.422 0.331 0.446 0.519 0.156
0.475 0.793 0.752 0.638 0.804 0.753 0.495
0.145 0.403 0.299 0.238 0.294 0.463 0.076
0.348 0.707 0.614 0.501 0.663 0.667 0.331
0.239 0.582 0.464 0.366 0.475 0.547 0.189
0.728 0.901 0.923 0.849 0.925 0.854 0.769
1.011 1.009 1.031 1.038 1.050 1.014 1.051
0.136 0.374 0.274 0.219 0.271 0.465 0.065
0.148 0.409 0.306 0.243 0.299 0.465 0.084
0.557 0.832 0.821 0.714 0.866 0.788 0.590
0.188 0.533 0.413 0.323 0.439 0.513 0.148

The process of transition from the physical
parameters of the engine to the given values (and back),
carried out using the neural network model of the aircraft

using the operator F (e) by the formulas of the gas-
dynamic similarity:

engine TV3-117, shown in fig. 2, where the conversion of 288 G. .760 [288 . . 760
the measured (physical) parameters of the engine to the N, =N, |—; Gairsp = = stp =P, '??
reduced, which correspond to the standard atmospheric Ty Ry Ty N
conditions T, = 288,15 K, P;= 760 mm Hg is carried out . . 288 _. . 288 760
: ' " . . Tzsp =T, —; Tssp =T, —; Ry, =R-—; (5)

with the help of the operator F (), which is described by Ty Ty P
the expressions (1) and (2), and the inverse transition —

R N

G, G, Y Y
» Neural o 1
F(.) " network F (')

Fig. 2. The scheme of transition from the neural network model of the aircraft engine TB3-117 in the given parameters to the model in

physical quantities

and the influence of flight conditions on the parameters of
the air entering the engine is thus considered as:

k
. k-1 —1g2 |
T =T, (1+TM2): P} = Py (1+leM2jk 5 (6)

where T, and P, — respectively, the temperature (K) and
pressure (mm Hg) air at a given flight altitude;
T, and B, — are inhibited values of these parameters at a
given altitude; k — adiabatic index; M — the number of flaps
the flight; o, — recovery rate of full pressure in the air
intake.

The analysis of the initial data (training sample) and
the process of their pre-processing is carried out in the

same way as it was done in solving the problem of
identifying a direct multi-mode model of the aircraft
engine TV3-117. In the process of experimental research
as the main architectures of neural networks, for the
solution of this problem, perceptron and RBF were
investigated [12, 13].

The architecture of the neural network RBF for
solving the problem of identifying the reverse multi-mode
model of the aircraft engine TV3-117 is shown in fig. 3.

Experimental studies on the selection of optimal
structures of neural networks RBF and perceptron showed
that the optimal complexity of neural networks should
have respectively 12 and 16 neurons in the hidden layer
(fig. 4, curve 1) and (fig. 4, curve 2).
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Thus, the structure of 8-12-1 is optimal for the
complexity of the structure of the neural network RBF for
solving the inverse problem of identification of the
multimode model of the aircraft engine TV3-117; and for
the perceptron — the structure 8-16-1. Activation
functions of neurons were taken sigmoid, i.e.

\
\

i
I\

.

NN
NN

Nl

/

s )
TZ:p 2 7
T g
R, N\ </
N
N

Fig. 3. Reverse multi-mode model of aviation engine TV3-117 based

IR

AN

7 AN

P 577 \\\\
KX )
R

f(s)= % . The analysis of the effectiveness of various
a+(s

algorithms for training the neural network, described in

detail in [14, 15], where the choice of the most optimal —

additive step of training the neural network, which is

realized in the form of a gradient method, is substantiated.

on neural network RBF

Change the error on the output of the neural network,

0,25

02

0.15

0.1

0.05

0
0 5 10 15 20

Error on the output of the neural network

Fig. 4. The choice of the optimal complexity of neural network struct
1 — perceptron; 2 — RBF

_depending on the number of neurons in the hidden layer
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The number of neurons in the hidden layer

ures for solving the inverse identification problem:
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component of the obstacle (white noise with zero
mathematical expectation M = 0 and ¢ = 0.01, fig. 6).
Curves on fig. 5 and 6 correspond to the errors of
comparative analysis of the accuracy of the neural calculation of the reduced fuel consumption for
networks (perceptron and RBF) and the classical (LSM) the two classes of neural network models
methods of identifying the inverse multi-mode model of  (perceptron and RBF), as well as for the polynomial
the aviation engine TV3-117 on the test sample (fig. 5)  regression model of the 8th order received by
and on the same sample in the conditions of the additive  the LSM.

Results of the task solution

In the framework of the developed method, a

0.400
1 / 3 \
0.236 w|
1 ‘ |
= . ‘
> 0.072 | ﬂ( | ik
g [ 1w N y |
i} i |
L) 1 A I|
_JZ,_"‘ h 1! kY 4
2 -0.092 . -
2 . |/
% V
I A\
-0.256 N
|V
I
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3.5 11 18.5 26 335 41

Experimental points

Fig. 5. Results of research of neural network and classical methods of identification of the return multi-mode model of aircraft engine
TV3-117: 1 — least squares method; 2 — perceptron; 3 — RBF

1.75

1.27

0.79

0.31

Identity error, %

-0.17

-0.65
3.5 11

18.5 26 33.5 41

Experimental points

Fig. 6. Results of research of neural network and classical methods of identification of the reverse multi-mode model of aircraft
engine TV3-117 on a test sample in conditions of additive noise (white noise): 1 — least squares method; 2 — perceptron; 3 — RBF

Table 2. Comparative analysis of the accuracy of neural networks and classical methods of identification of the reverse multi-mode
model of aircraft engine TV3-117 (indirect measurement of fuel consumption)

Identification method Mean square error (no Absolute error (no Mean square error (with | Absolute error (with
noise) noise), % noise) noise), %
Least squares method 0.057 0.508 1.393 1.742
Perceptron 0.018 0.128 0.038 0.607
Radial-basic function 0.046 0.275 0.057 0.754
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The analysis of the obtained results shows that the
best performance is the perceptron neural network, which
allows for indirect measurements of fuel consumption
over a wide range of engine operation:

- without noise — with an error of not more than
0.128 %;

- with the presence of noise (¢ = 0,01) — with an
error of not more than 0.607 %.

Applying the least squares method
conditions allows you to get the error value:

- no noise — no more than 0.508 %;

- with the presence of noise — no more than 1.742 %.

Consequently, in solving the inverse problem of
identifying a multi-mode aircraft engine model TV3-117,
neural networks are more prone to disturbances of the
initial data than the classical methods, which in the
conditions of the obstacles give a great error of
identification.

in these

Conclusions

Obviously, the application of neural network
technologies in solving the problems of control,
diagnostics and forecasting of the parameters of the
technical condition of the aircraft engine TV3-117 is not
an end in itself. The use of neural networks should be
considered economically viable (that is, giving real
economic effect) only in those cases where existing
methods can not provide the desired quality of the
solution, that is, when there is evidence in favor of higher
efficiency of neural networks. Summarizing the above, we
can draw the following conclusions.

1. Application of the device of neural networks turns
out to be effective in solving a large range of tasks: the
identification of the mathematical model of the aircraft
engine TV3-117, diagnostics of the state, analysis of
trends, forecasting of parameters, etc. Although these
tasks usually belong to the class of difficultly formalizable
(poorly structured), neural networks are adequate and
effective in their solution.
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ITEHTU®IKALISL 3BOPOTHOI BATATOPEXKMMHOI MOJEJI ABIALIIIMHOI'O
JIBUT'YHA TB3-117 HA OCHOBI HEHPOMEPEKEBUX TEXHOJIOI'TH

IIpeqvmeToM mociipKeHHS B CTATTI € aBianiiHui 1BUryH TB3-117 Ta meroan inenTudikamii fioro TexHigHoro crany. Mera poboTu —
po3podka MeTomiB ineHTH(IKanii TEXHIYHOrO CTaHy aBiamiiiHoro nsuryna TB3-117 Ha ocHOBI HelfipoMepexeBHX TEXHOJOTIH y
PEeXHUMi peasbHOTO 4Yacy. B cTaTTi BHpINIyIOThCS HACTyIHI 3aBHAHHSA: 337ada ifeHTHQIKalil 3BOPOTHOI GaraTopeKMMHOI Mojei
aBiamiiHoro nBuryHa TB3-117 3 BHKOpHUCTaHHAM HEHPOHHHUX MeEpeX. BHKOPHCTOBYIOTHCS Taki MeTOAM: METOAU Teopii
HMOBIpHOCTEH 1 MaTEeMaTHYHOI CTATUCTUKU, METOIH HEeHpoiH(opMaTUKH, METOIH Teopii IHPpOopMaIiHHUX cHcTeM Ta 0OpOOKH JaHUX.
OTpUMaHO HACTYIHI Pe3y/IbTATH: 3aCTOCYBAaHHS amapaTy HEHPOHHUX MEpPEeX BHSBIIETHCA €EKTHBHUM IPH PO3B’S3KY BEIHUKOTO
Konma 3ama4: igeHTH(ikauii MaremaTHdHOi Mozeni asiamiiiHoro auryna TB3-117, nmiarHOCTHKM CTaHy, aHai3y TPEHIB,
MIPOTHO3YBAaHHS MapaMeTpiB TONIO, NPH I[bOMY HE3Ba)KAIOUM Ha Te, IO Il 3ajadi 3a3BHYail BIXHOCATBCS OO KIACy BaXKKO
(dopmarizoBaHuXx (IIOTaHO CTPYKTYPOBAHMX), HEHPOHHI MepeKi BUSABIIIOTHECS aJeKBaTHUMH i e()eKTUBHAMH y IpoIieci iX po3B’s3Ky.
VY mpoueci po3B’s3Ky 3anadi iqeHTH(iKanii MaTeMaTHIHOI MoJieni aBianifiHoro asuryHa TB3-117 Ha 0CHOBI HEHPOHHUX Mepex OyIo
BCTaHOBJICHO, 1110 HEHPOHHI MepeKi pO3B’s3YIOTH 3aady ieHTH(diKalii ToYHiIIe KIacCHIHUX MeTo/iB. BucHOBKH: YcTaHOBIICHO, 1110
noxubka ineHrudikanii aBianiinoro asuryna TB3-117 3a gornomororo HeHpOHHOI Mepexi THILy NepcenTpoH He nepesunimia 1,8 %;
Ui HelpoHHOT Mepexi pamiansHO-6a3ucHoi ¢yHkuii (PBD) — 4,6 %, B Toit yac sk misa knacuuHoro Merony (MHK) Bona cknanae
61m3bK0 5,7 % y pO3TIAHYTOMY Aiana3oHi 3MiHH PeXHUMIB pOOOTH JBUTYHA. 3°ICOBAHO, IO HEHPOMEpeKeBl METOIH OB poOacTHI
10 30BHIIIHIX 30ypeHb: ans piBHA mymy ¢ = 0,01 moxmOka imeHtmdikamii asiauiiinoro masuryHa TB3-117 mpu BHKOpHCTaHHI
nepcentpoHa 3pocia 3 1,8 mo 3,8 %; nns Heliponnoi mepexi PB® — 3 4,6 no 5,7 %, a anst MeToy HailMeHIIUX KBajpaTiB — 3 5,7 10
13,93 %. Y mporeci po3B’s3Ky 3amayi igeHTH}IKAIT 3BOPOTHOI OaraTopeKMMHOI Mojeni aBiartiiinoro apuryna TB3-117 3a iioro
rapaMeTpaMH Ha OCHOBI HEWpOHHHX Mepex (mepcentpoH i PB®) Oyno mokasaHo, mio iX BHKOPHCTAHHS JI03BOJISIE ITPOBOIUTH
HETIpsIME BUMIPIOBAaHHS MapaMeTpiB MPOTOYHOI YaCTHHM ABUTYHA Ha PI3HUX pEeXMMax Horo poOOTH: 3a BiICYTHOCTI IIyMy — 3
noxubkor He Oinbme 1,8 1 4,6 % BignosiaHO; 3a HasgBHOCTI mWymy (¢ = 0,01) — 3 moxubkoro He Oimbme 3,8 i 5,7 % BimHmOBiAHO.
3acTocyBaHHA B IMX YMOBaX METO/Ay HaiiMEHIINX KBaJpaTiB (OJiHOMiaJbHA perpeciiiHa MoJeNb 8-T0 MOPSIIKY) AO3BOJISE OTPUMATH
3HAUECHHs MOXUOKM: 32 BIICYTHOCTI IIyMy — He Oinmbiie 5,7 %; 3a HassBHOCTI IMIyMy — He Oinbie 13,93 %.
KurouoBi ciioBa: aBianiiiHuii ABUTYH; HEHPOHHA Mepeka; MEPCENTPOH; paliabHO-0a3ucHa QYHKIIS, iNeHTH(IKALIs.

UIEHTUOUKALMS OBPATHOM MHOFOPE)KHMHOPI MOJEJA
ABUALIMOHHOI'O IBUT'ATEJISI TB3-117 HA OCHOBE HEMPOCETEBBIX
TEXHOJIOI' i1

IIpeqMeToM ucclieOBaHUS B CTaThe SIBISIETCS aBUALMOHHBIN aBuratens TB3-117 m MeTombl MAEHTH(UKAIMU €ro TEXHHYECKOTO
cocrosiHus. Lleab paboThl — pa3paboTKa METOI0B HACHTU(PHUKAIINN TEXHUIECKOTO COCTOSIHUSI aBHaMOHHOTO nBurarens TB3-117 Ha
OCHOBE HEHpPOCETEBBIX TEXHOJNIOTHH B pEXHME peanbHOTO BpeMEHH. B craTbe pemaroTcst Cleqylolue 3agaqyu: 3amada
naeHTHUKAIMKH 00paTHON MHOTOPEKUMHOW MOJENH aBHAIlMOHHOTO nBurarens TB3-117 ¢ ucmomp3oBaHHEM HEHPOHHBIX CETEH.
Hcrionp3yroTest ciaemyronye MeTOAbL: METOABI TEOPUH BEPOSITHOCTEH M MaTeMaTHIECKON CTaTHCTUKH, METOABI HEHPOHMH(POPMATHKH,
METOJIbI TEOPUHM MH(OPMAIMOHHBIX CHCTeM M 00paboTku naHHbIX. [losmydeHs! ciepyromue pe3yasbTatsl: [IpuveHeHue ammapata
HEWPOHHBIX CeTel OKa3bIBaeTCs d(P(PEKTHBHBIM MPH PELICHHH OOJIBIIOrO Kpyra 3ajad: MACHTH(QHKAIMA MaTeMaTHYeCKOH MOJeNN
aBuanuoHHoro nsuratens TB3-117, nuarHoCTHKM COCTOSIHMS, aHaNW3a TPEHAOB, IPOTHO3UPOBAHUS MApaMeTpoB U T.X., IPH 3TOM
HECMOTPSI Ha TO, YTO 3TH 33/1a4¥ OOBIYHO OTHOCSTCS K KJacCy TPyZAHO (opMann3yeMbix (IJI0XO CTPYKTYpPHPOBAHHBIX), HEHPOHHBIE
CeTH OKAa3bIBAIOTCS aJeKBAaTHHIMM M 3((EKTUBHBIMH B IIpOIEcCe WX pemieHHs. B mporecce pemreHus 3agady HIACHTH(HUKAMN
MaTeMaTH4YecKOi MoJen aBuannonHoro apurarens TB3-117 Ha ocHOBe HEHPOHHBIX ceTeil OBIIIO YCTAaHOBIICHO, YTO HEHPOHHBIE CETH
pemraloT 3a7ady HMACHTU(QUKAIWK TOYHEE KIACCHIECKHX METOIOB. BBIBOABI: YCTAaHOBIEHO, YTO MOTPEITHOCTh HACHTH()UKAINH
aBHAIMOHHOTO aBurarens TB3-117 ¢ momomplo HEHPOHHOH CETH THIIAa MEepCeNnTpoH He mpeBbichiua 1,8 %; Uil HeHpoHHON ceTH
pannansHO-6asucHoi GyHkimu (PbD) — 4,6 %, B To Bpems kak ais kiaaccuueckoro Merona (MHK) ona cocrasnser okono 5,7 % B
pPaccCMOTPEHHOM JMana3oHe M3MEHEHWs] PeXHMOB pabOThl ABUraTeNs. BhIICHEHO, 4TO HeipoceTeBble METObl Oosiee poOACTHBI K
BHEITHMM BO3MYIICHUSAM: Jsi ypoBHsA mymMa ¢ = 0,01 morpemHocts uaeHTH(UKAIMK aBUAIMOHHOTO aBuratens TB3-117 mpu
HCIIONIb30BaHMUHU TepcernTpoHa Bo3pocna ¢ 1,8 no 3,8 %; mist Heriponnoit cetu PB® — ¢ 4,6 no 5,7 %, a nnsg Metona HaMMEHbIIUX
KkBagpatoB — ¢ 5,7 mo 13,93 %. B mpouecce pemenns 3agaun naeHTH(OUKAIMNA O0paTHOW MHOTOPEKUMHOI MOJIENTN aBUAIIHOHHOTO
neuratenst TB3-117 mo ero mapamerpaM Ha OCHOBE HEWPOHHBIX ceTel (mepcentpoH U PB®) Gbuto moka3aHo, 4TO UX UCIIOJIB30BAHUE
M03BOJISIET TIPOBOANTE KOCBEHHOE M3MEPEHHE MapaMeTpOB IPOTOYHOM YacTH JBUTATEINsl Ha Pa3IMYHBIX PEXKUMAX €ro paboThL HpH
OTCYTCTBHU IITyMa — C IIOTPEIIHOCTHIO He 6oree 1,8 u 4,6 % cooTBeTcTBEHHO; TpH Hamuawuy mryMa (¢ = 0,01) — ¢ morpemHocTsIo He
6omee 3,8 u 5,7 % coorBercTBeHHO. [IpMMeHEHHE B OSTHX YCIOBHSIX METOAa HAMMEHBIIHX KBaapaToB (MOJIHHOMHUAIIBHAS
perpeccroHHasl MOJeNb 8-T0 MOopsAIKa) MO3BOIAET HONTYyYUTh 3HaYeHUE NTOTPELIHOCTH: IIPU OTCYTCTBUM IIyMa — He Oonee 5,7 %; npu
HaJIM4YuM myma — He 6onee 13,93 %.

KiioueBble cJI0OBa: aBUAIIMOHHBIH ABUTaTelb; HEHPOHHASI CETh; MEPCENTPOH; pafHaibHO-0a3ucHast QYHKLHS; UICHTHHUKALIHS.
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I. M. KATUKOBA, C. O. JIAPIHA, 1. B. YYMAUYEHKO

METO/I BA3BHAYEHHS OUIKYBAHb 3ALIIKABJIEHUX CTOPIH I iX
KOPUT'YBAHHSA ITPU CTPATETI'TYHHOMY YIIPABJIIHHI TPOI'PAMOIO
ITPOEKTIB

IIpeqMeToM IOCIIDKEHHS B CTAaTTi € YIPABIiHHS 3allikaBICHHMH CTOPOHAMH IIPOEKTIB MpH peaiisanii crpaterii mporpamu. Meta
CTaTTi — po3poOKka MeTOAy BU3HAYEHHS OUiKyBaHb 3aIliKaBJIEHHX CTOPIH i iX KOPHTYBaHHS 3 IMO3UIIH CTPATETiYHOTO YHPaBIIHHS
IIPOrpaMoI0 NPOEKTIB. B craTTi BHpINIyIOTBCS HACTYNHI 3aBJAHHS: BHAUINTH y NEBHY KilacH(ikamilo CTEHKXOJIIepiB IPOEKTiB
3aJIeKHO BiJ XapakTepy X CTaBJICHHS A0 CTpaTerii MporpamMM NPOEKTiB;, PO3POOUTH MATPHII0 OIIHKM DIiBHS IX 3aJydeHHS IO
peanizariii crpaterii mporpamu; MoaudikyBaTu MaTpuiio "Biaga/intepec” st OUIBII TOYHOTO MPECTABICHHS XapaKkTepy iHTepecy;
noOyayBaTH MOJEb CTPATEriuHOro KyOy 3aliKaBICHUX CTOPIH MPOEKTIB Ta MporpaM; poO3pOOUTH PEKOMEHAAL] 00 opraHizawii
LTECIPSMOBAHOTO BIUIMBY Ha OYIKYBaHHS 3alliKaBJICHUX CTOPIH MPOEKTiB MPOrpaMy 3 METOI KOPHTYBAaHHSA IX OYIKyBaHb IS
cnpusHEA e()eKTHBHOCTI peatizalii cTpaTerii mporpaMu. BUKOpHCTOBYIOTECS Taki METOAU: TEOPist MHOXKHH, Kona Einepa, MmaTpmyHi
Ta rpadoananiTHHi MeToau. OTprMaHi pe3yIbTaTH: Po3pobieHa Kiacudikalis CTeHKXonaepiB MPOEKTIB 3aJIeXKHO Bi XapakTepy ix
CTaBJICHHS JI0 CTpareril IporpamMy MPOeKTiB. MaTpHIl OLIiHKK PiBHS 3alydeHHS CTEHKXOJIepiB 10 peaii3amii cTpaTerii mporpaMu
nepenbavae po3poOKy MOTOYHOrO Ta OakaHoro craHy. MomudikoBaHa Mmarpuis "Biamga/iHTepec" po3MipHICTIO 2*4 MICTHTH Y
KOJKHOMY KBaJIpaHTi peKOMEHAIii 1100 yIpaBiiHHs cTeiikxoinepamu. [ToOymoBaHa MoIenb CTpaTerivyHOro KyOy 3aliKaBICHHX
cropia Mmictuth 20 kBaapanTiB. CPopMyiapoBaHI PEeKOMEHAALIl IIOJO BUKOPHUCTAHHA METOAY 3 ITSITH €TamiB JUIA BU3HAUCHHSA
OUiKyBaHb 3alliKaBICHUX CTOPiH 1 IX KOPUTYBaHHS 3 MO3HLIM CTPATEriyHOrO YMPAaBIiHHSA NPOrpaMol0 MPOEKTiB. BHCHOBKH:
po3po0eHO METOA BHU3HAUEHHS OYIKyBaHb 3alliKaBIECHHX CTOpPiH 1 iX KOPHUTYBaHHS, 3aCHOBAHMU Ha OIIHII PIBHA 3alydeHHS
CTEHKXOJIJIEpiB A0 peaizallii cTparerii mporpaMu MpOEeKTiB 3 ypaxyBaHHIM Kiacu(ikaii BiAMOBIZHO A0 XapakTepy CTaBICHHS IO
Hel, KM Ha BIAMIHY BiX iCHyIOUYHX Imepenbadae moOymoBy Ta aHaii3 MoxudikoBaHOI Marpuil "Biana/iHTepec" Ta CTpaTErivHOro
KyOy 3aliKaBICHUX CTOPIiH IIPOEKTIB Ta Mporpam, 1o JO3BOJISE PO3IIUPHUTH FTOPU3OHT aHATI3y Ta IIBUAKICTh pearyBaHHs Ha MiHJIUBI
3aIUTH CTEHKXONAEpiB IPH IUIAHYBaHHI peaizalii cTparerii mporpamu.

KnrouoBi cioBa: ynpaBimiHHS TpOSKTaMH Ta IIpOrpaMaMy; CTEHKXONZepH; YIPaBIiHHSA OYiKyBaHHSAMHM; IUIAHYBaHHS;
CTpaTerivyHe yrpaBJIiHHS.

Beryn

[TpoakTUBHE yNpaBIiHHI 3alliKaBIEHUMH CTOPOHAMH
MPOEKTIB 3HW)KYE PH3MK TOrO, LIO CTpareriyHi wiii
NporpamMu  IMPOEKTIB HE 3MOXYTh OYTH JOCATHYTI
BHACJNIJIOK HEBHUPIMICHUX NpoOJIeM BCEpeAMHI Ta 330BHI
opranizanii. 3a KJIaCHKOIO CTPAaTEriyHOTO MEHEIKMEHTY,
oprasizamiss MOXe 1 TOBHHHAa ()OpPMYBaTH BHYTPIIIHE
CEepEIOBHIIIE 3TiTHO MO3HAYEHUM CTPATETIYHUM LIJISIM, TO
aKTyaJJbHAM € TIMTaHHS BHOOpPY METONy YHpaBIiHHSA
BHYTPIIIHIMHA CTEHKXOJJIepaMi MPOEKTIB 3 ypaxyBaHHIM
CTpaTeriyHuX NpiOPUTETIB MPOrpaMu MpoekTiB. BogHouac
30BHILIHI CTEWKXOJIIEPH YMHSATH BIUIMB Ha YCHIIIHICTh
peaizauii mpoekTiB Ta nporpam. Tox, MOTPiOHI MeToau
Ta IHCTPYMEHTH BHSBJICHHA iX OWYIKyBaHb, aHallizy Ta
KOpUT'YBaHHS B MeEXKax CTpaTeriyHoro yHpaBJiHHS
IIPOTPaMOIO TIPOEKTIB.

AHaJi3 ocTaHHIX JocaiTxKeHb i mydJaikaniii

Teopis 3amikaBiIeHUX CTOPiH Oysa 3aro4aTKoBaHa y
1984 poni mocmimaukom Freeman. 3 Toro uyacy BoHa
MIOCTIHHO TPHBEPTAE 3HAUHY yBary HayKOBIIB, 30KpeMa i
B YINpaBJiHHI TIpOEKTaMHU. 3a  OCTaHHI pOKH OyJo
oITyOJIiIKOBaHO YMMAJIO IPallb 3aKOPIAOHHUX JOCIIIHUKIB,
0 MiATBEPKYIOTh BaXIIUBY POJb 3aIliKaBICHHUX CTOPIH
B mpoekTHoMy ynpaBmiHHi. Cepen mmx Achterkamp &
Vos [1], Chan & Oppong [2], Littau 3i criBaBTopamu [3],
Maddaloni & Davis [4], Mok, Nguyen, Oppong Ta iHIii.
3okpema, Aaltonen ta Kujala BigzHa4aroTh 110, "MPOEKT
CTBOPIOE  TUHAMIYHMNA  KOHTEKCT IS YIPaBJiHHS
3aIiKaBJICHUMH CTOPOHAMH Ta MOBEAIHKOIO 3alliKaBJICHUX

CTOpiH, OCKUIBKM TPOEKT pyXaeTbCs uepe3 pi3Hi dasu
MPOTATOM CBOTO XHUTTeBoro Iukny" [5]. basyrounce Ha
poborax Freeman Ta iHIINX, BHIOUIAIOTH JBa TPOCKTHI
HiIXO/IM 10 YIPaBJIiHH 3aliKaBICHUMH CTOPOHAMH [6]:

1) "ynpaBninns 3anikaBieHuMu cropoHamu'. Lleii
MiAXig BUMarae BiJ 3aIliKaBJICHUX CTOPIiH TOTPHMaHHSI
BUMOT HPOCKTY, BU3HAYAIOYH NPIOPUTETHICT
3alliKaBJICHUX CTOPiH BIAMIOBIIHO JO PiBHS X BasKJIMBOCTI
JUIsl YCIIILITHOCTI IIPOEKTY;

2) "ympaBmiHHA Ui 3alliKaBJI€HHX  CTOpiH".
[MpuXWIBHUKK 1BOTO  MiAXOAY BBa)KalOTh, IO BCI
3aliKaBJieHI CTOPOHHM OJHAaKOBO BaxiuBi. Tox, mpu
BUHHMKHEHHI KOH(IIKTY MIXK CTEHKXOJIepaMu i/l TOIIyK
0e3MmporpamnIHoro CleHapi0 HOTo BPETYIIOBAHHS.

KepiBHULTBO 1O 3BOAY 3HaHb 3 YIpPaBIiHHA
npoektamu (PMBOK® Guide) 3HauHy yBary mnpumisise

YIPaBIiHHIO CTEeHKXO0JIAepaMH. Tax, CTOCOBHO
BHYTPIIIHIX CTEHKXOJIAEPIB, BBEJICHO MOHATTS
"opramizamidHi Trpymu" — BHYTPIIIHI  3amikaBieHi

CTOPOHH, sIKi pOOJISITH B3a€MHUI BIUIMB 3 KOMAaHIOIO
npoekty [7]. i rpynu miATPUMYIOTH TIIOBE CEPEIOBHIIIE,
B SIKili BUKOHYIOTBCSI IPOEKTH 1 porpaMu. SIK pe3ynbrart,
MiX pi3HUMH Oi3HEC-eJIeMeHTaMH OpraHi3allii i KOMaH0
MPOEKTY ICHYE 3HAYHWUK CTYIiHb B3a€EMOJIi, OCKIIBKH
BOHH CITUIBHO MPALIOIOTH ISl JOCSTHEHHS LiJIeH TPOEKTY.

OCTaHHIM YacOM CIIOCTEPITra€ThCs MiABHINCHA yBara
CBITOBOI CIIJIBHOTH /O €KOJIOTi4HOi Ta comiadbHOI
KOMITOHEHT HPOEKTIB Ta mporpam. Tox, Taki BijioMi BYEHI
sk Davis, Eskerod, Huemann, Jepsen, Zuchi Ta iH. Bce
YacTille 3aKJIMKAIOTh N0 "YIpaBIiHHS IS 3alliKaBICHHUX
CTOpiH", CIpPSIMOBAaHOIO HAa  JIOCATHEHHS  CTaJIOTO
po3BUTKY. TOOTO akIEeHT pOOHMThCS HAa CTpaTEriYHOMY
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ynpapiiaHi. CpOrofHi  BigMIYaeThCs  CTiika yBara
BITYM3HAHUX HAYKOBIIIB 1 J0 TpoOJEeM TPOCKTHOTO
VIOPaBIIHHSA CTpaTeri€lo CTajoro po3BHUTKY [8, 9], i mo
Teopii 3amikaBieHux cropin [10-12].

VYhpaBniHHA ~ cTeHKxojnepaMH €  00’€KTOM
JOCTIKCHb 1 BITYM3HSIHMMHU HAYKOBI[IMH MOJEJICH Ta
METOMIB YNPaBIiHHSA MIJNPUEMCTB pPI3HUX Taily3el
rocnogaproBants. Tak, y po6ori [13] MamonoB K. A.,
pO3TIIAAAlOYN  CTECHKXOJIAEPHO-OPIEHTOBAHUM MiAXia B
YIpaBIIiHHI OyMiBEIbHUX KOPIIOPATHBHUX IiANPHUEMCTB,
BH3HAUa€ CTEHKXOJAepiB SAK "Tpynw, oOpraHizaimii,
IHAWBIAYyMH, 10, 3 OJHOTO OOKy, BIUIMBalOTH Ha
PO3BUTOK MiATPUEMCTB, a 3 1HIIOTO OOKY, MiANPHEMCTBA
BIUTMBAIOTh Ha 1X (OpMyBaHHA ¥ BUKOPHCTAHHSI,
00YMOBIJIIOE B3a€MO3B’SI3KM MIXK 3aIliKaBICHIUMHU 0CO0aMH,

B3aEMOJiI  MDK  SKMMH  37iHCHIOETBC B cdepi
(dbopMyBaHHs, BHKOPUCTAHHS W pO3MOJUTY BCIX BHUIIB
pecypciB, iHpopmariiiHoro 3a0e3medeHHs, PH3HUKY,
Kamitanmy ~ OpeHDy  Juis  3a0€3MEYEHHS  PO3BHUTKY

OymiBEeIbHUX KOPIIOPATUBHUX MMiAIPUEMCTB" .

3Ha4yHO piame CTEHKXONAEPH IIPOCKTIB CTAalOTh
00’€KTOM  JOCIHIIKEHh B KOHTEKCTI CTpPaTETidHOTO
YOpaBIiHHA TOPTdEnIMH, TporpamMaMd Ta MPOSKTAMH.
Hmns popmyBannsa moptderns npoektiB Kononenko 1.B. B
poGoti [14] mpomoHye BpaxoBYBaTH MiCil0, IiHHICTB,
OadeHHs, ITTl KOMIaHi1, MOXKJIHBI (PiHAHCOBI PeCypCH s
3MIHCHEHHS TPOEKTIB, NPHUBAOIUBICT PUHKY, OIIHKH
pe3ynbTaTiB  MPOEKTY JUIsi PO3BHTKY KOMMaHii Ta
JIOCSITHEHHSI CTPATETiYHMUX I[iJIeH, OI[iHIOBAaHHS MPOIECY
YIOPaBIiHHA KOXXHUM IIPOEKTOM, 30KpeMa i OI[iHIOBaHHS
BIUIMBY CTEHKXOJI/IEPiB.

OCHOBHMUMHM KOpHCTyBadaMH Teopii 3allikaBICHUX
cropia Conomyxun K. C. HasuBae He BCi KOMIaHii, a
JIUIIE Ti, IO € 3aI[iKaBICHUMH Y TiITPUMaHHI CTOCYHKIB 3
IIUPOKUM KOJIOM CTEHKXOJJEpiB i B YIpaBIiHHI HAMHU
[15]. Takmm xoMmaHisiM, Ha IyMKY aBTOpa, Teopis
3aIliKaBJICHUX CTOPIH MOXKE 3aIPOIIOHYBATH HECTaHJapTHI
IXO0/IM JUTS BUPIIIEHHS 1X crierin(ivHUX 3aB/IaHb.

Y pob6oti [16] benoycoB K. 0. 3ayBaxye, 1mo

aKTyamizamiss mpobsemu ifeHTUGIKAIIT 3aIiKaBICHHX
CTOpIH  MIJKPECII0E  BAXKIMBICT  '"CTPATErivyHOrO
CTEHKXOJIIeP-MEHEIIKMEHTY Ta BIIPOBAKEHHSI
iHTerpoBaHoro  crpareriunoro  migxony".  CyuacHi
METOINKHU ineHTHdiKaii 3aIliKaBJIEHUX CTOpiH
BiYyBalOTh 3HAYHWH BIUTMB  KOHIICMIi  CTaJoro
PO3BUTKY KOMIIaHii. ABTOp JOCHTi/DKEHHS HA3HMBa€E

creiikxonaep-menemxment ("stakeholder management™)
NPUKIQIHAM TIPOIIECOM, SIKMII 4YacTo peallizyeThcs B
MPOeKTaxX y BUTILIAI  CTEHKXOIAEPCHKOTO  aHAIi3y
("stakeholder analysis"), SKuif y CBOIO YepTy MiCTUTh TPH
eTarnu:

1) inenrudikamiro ("stakeholder identification"),

2) mozumionysanns ("stakeholder mapping"),

3) B3aeMOil0 3 3alliKaBICHUMH CTOPOHAMH
("stakeholder engagement™).

BpaxoByloun Bce HaBeneHe BHIIE, copMOBaHO
METy JlaHOl cCTaTTi, JOCATHEHHs SKOi  JI03BOJIUTH
YCYHYTH pO3pHBH B HasBHUX MOJEJAX Ta METOAAX
YIpaBIiHHA B KOHTEKCTI CTPATEriyHOrO MPOEKTHOTO
YIpPaBIiHHSA Ta YIPaBIiHHS 3aliKaBICHHUMH CTOPOHAMHU
TOLIO.

@DopMyTIOBAHHS METH CTATTI

Metoro jmaHOi CTarTi € po3po0ka  MeTomy
BH3HAUEHHS OYiKyBaHb 3allikaBIeHUX CTOpiH 1 IX
KOPUTYBaHHS 3 TIO3MINH CTPATEriqHOTO YIPABIiHHSA
MPOrpaMoI0 TPOEKTIB. BiAMOBiqHO M0 METH MOCTaBIICHI
3aBIaHHS JOCJIIPKCHHS:

- BWIUINTH y TeBHY KiacuQikaliio CTeHKXOJAepiB
MPOCKTIB 3alle)KHO BiJl XapaKTepy IX CTaBICHHA JI0
cTparerii Iporpamu IpoeKTiB;

- PO3POOUTH MATPUIO OLIHKKA PIBHS IX 3aTy4YCHHS
IO peaJizamii cTpaTerii mporpamu;

- MoaudikyBaTH MaTpuIlto "Bnama/iHTepec"
OLIBIIT TOYHOTO MPEICTABICHHS XapaKTepy IHTEePeCy;

- moOyAayBaTH  MOJENb  CTPATEriyHOTO
3aIliKaBJICHUX CTOPIH MPOEKTIB Ta MPOrpam;

- pO3pOOMTH  PEKOMEHJAIl  IMOJO0  OpraHi3amii
LJIECTIPSIMOBAHOTO BIUIMBY Ha OYIKYBaHHS 3alliKaBJICHUX
CTOpIH MpPOEKTIB NpOrpaMH 3 METOI0 KOPHTYBaHHS IX

IS

KyOy

OuiKyBaHb Uil CHPHUSHHS e(eKTHBHOCTI peajizauii
cTparerii nmporpamu.
Buxusag oCHOBHOT0O Marepiany
[MporioHOBaHMi  MeTOJ BU3HA4YCHHS OYIKYBaHb
3alliKaBJICHUX CTOPIH 1 IX KOPHUTYBaHHS 3 TO3HUILH
CTPATEeTiYHOTO  YIPAaBIiHHA  MPOTPAMOI0  IPOCKTIB

CKJIAJAEThCA 3 5 erariB.

Eran 1: BuIileHHS MHOXHUH CcTelKXxoJepiB
NMPOEKTIB 3aJ1eXKHO BiJ XapakTepy iX cTaBJEeHHS 10
cTpaTerii IporpamMu NpoeKTiB.

Y  Hammx  momepemdix — poborax  [17-19]
¢dbopmaii3oBaHO  CTaBJCHHS  3aI[iKaBICHUX  CTOPIH
NPOEKTIB MpOrpaMu [0 crparerii mporpamu. 3 1€k
MeTor Oyiio moOymoBano kojia Einepa, abcrparyrounch
BiJI KOHKPETHOI NpOrpaMu 1 y3arajJbHUBIIW BiJHOCHUHU
IIMPOKOT'0 KOJia 3aIliKaBJICHHX CTOPIH J0 MICil mporpamu
Ta ii crparerii (puc. 1). Bukopucrano taki no3HadeHHs:

U — (Universum) MHOXHWHa BCiX 3alliKaBJICHHUX
CTOpPiH OPT(dE MPOESKTIB:

U ={str,},
ae Stl‘q — CTEeHWKXoJaepu (-x eJIeMeHTIB mnopTdemnto
(mpoextiB Ta mporpam). Ilpm 1mBOMY  KUIBKICTBH

CTeHKXonaepiB mporpaMu npoekTiB (S) Moxe OyTH
Oinblla 3a CyMapHy KUIBKICTh CTEWKXOJJEPIB IPOEKTIB,
SKi BXOJSITH 10 CKJaxy nporpamu (1):

S>

~Mo

S, ()

ae Sp— KUTBKICTh CTEHKXONAEPIiB p-To MpoekTy, p =1P,
Jie P — KiJbKICTh MPOEKTIB Y CKJIA1 IPOTpaMH;

Exp — (Expediency) MHOXWHa 3aliKaBJIEHUX CTOpPiH, SKi
YCBIIOMITIOIOTH JIOMUIBHICTE pealizallii Micii i cTparerii;
Inf — (Influence) MHOXHHA CTEHKXONIEPIB, SAKI B CHIY
CBOiX  TOCaJOBUX  OOOB'I3KIB Ta  IIOBHOBaKECHb
30aTHI  BIUIMBAaTH Ha  PE3yJbTAaTHBHICTh  peajizauii
cTparerii;
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Fac — (Facilitate) MHOXWMHa 3alliKaBJICHUX CTOpIH, SKi
CBO€IO IISUTBHICTIO CIIPUSIOTH peaizalii cTpaTerii.

Areal U

Exp

Puc. 1. Kona Efinepa, o i1rocTpyoTh Kiacudikariro
3aliKaBICHNX CTOPIH MPOEKTY 32 XapaKTEPOM CTaBJICHHS 110
cTpaterii

Slk mokazano Ha puc. 1, MHoxumHa Fac €

MiAMHOXXHUHOK MHOXHHHU Inf:
Fac c Inf = Fac = {Sthq | (sth, € Fac) A (sth, e Inf )}.

Takox 3 rpadika BuaHO, 110 MHOXuHH EXp i Inf
MaroTh 00JacTi MepeTHHy, TaKk caMo SIK 1 MHOXUHH EXp i
Fac, To6To

ExpnInf # ta ExpnFac = &.

Jdnst  nokady KOPEKTHOCTI Takoro B3aEMHOTO
pO3TallyBaHHS PO3MVIAHYTUX MHOXHMH BH3HAYUMO, IIO
NPEACTaBISIIOTE  cO0OK  00JacTi, 10 YTBOPWIIMCS Ha
puc. 1 B pesysnprati modymoBu kin Einepa, i oOMexeHi
3aMKHYTHMH KOHTypaMu. Takux o0nactei micTh:

Areal — obnactb, onucyBana sik Exp M Inf mFac,

ne Exp, Inf, Fac — BiamoBimHO HOTIOBHEHHS MHOXHHHU

Exp, muoxunu Inf ta muoxkurn Fac mo ywieepcymy U.
Ile ™HOXMHA CcTeWKxoyZepiB, SKi He pO3yMIIOTh
JIOLIILHOCTI 3asiBJIEHOT cTparerii mporpamu, He MaroTh
BIUINBY Ha pE3YJNbTaTHBHICTh pealizamii crparerii i,
BiJINIOBiTHO, TXH Mpams He CIpuse 1 pearnizalii, To0To

Areal = {sth, | (sth, & Exp) A (sth, & Inf) A (sth, ¢ Fac)};

Area2 — obnactb, omcyBaHa K EXp AInf A Fac, €

MHOXXMHOIO CTEHKXOJIAEpiB, SKi TOMIISAIOTH MICiI0 Ta
CTpaTeriyHi WiJli mporpaMy, aje He MaroTh MOXIIHUBOCTI
BIUIMBATHU Ha iX peajtizamito, ToOTO

Area2 = {sthq | (sth, € Exp) A (sth, & Inf) A(sth, ¢ Fac)};

Area3 — obnactb, onucyBana sik Exp m Inf nFac, €

MHOXHHOIO  CTEHKXO0JIIepiB, AKi  yCBiJOMIIOIOTPH
JOLTBHICTh peaiizamii Micii 1 cTparerii, B CHIy CBOiX
I0CaJ0BUX OOOB'I3KIB BOHM 3[JaTHI BIUIMBAaTH Ha
pe3yNbTaTUBHICTH  peamizamii — crparerii, ame  He
pobnsate  mporo.  Hanpukmax, 1ue Moxe  Oytu
MIPOJUKTOBAHO HeOKaHHIM (sriHOmAMM) abo
HAJMIPDHHM 3aBaHTQXXCHHSAM B IHIIUX MpoekTax /

nporpamax. TooTto

Area3 = {sth, | (sth, € Exp) A (sth, e Inf) A (sth, ¢ Fac)};

Aread — obmacts, onucyBana sk Exp m Inf nFac, €

MHOXHHOIO CTEHKXOJICPIB, SIKi B CHIIy CBOIX MMOCATOBHUX
OOOB'SI3KIB  3/7aTHI BIUIMBAaTH HAa PE3YJITAaTHBHICThH
peamizamii cTparerii, ame He 0adaTh JOIUIBLHOCTI
peadizarii 3aTBepKEHOI CTpaTerii, a TOMY 1 He CIPHUSIIOTh
mpomy. ToOTO

Aread = {sthq | (sth, & Exp) A (sth, € Inf) A(sth, ¢ Fac)};

Area5 — obnactb, onucyBana sik Exp m Inf nFac, €
MHOXKUHOIO CTEHKXOJJIEpiB, SIKi B CHIIy CBOIX IOCaIOBUX
000B'A3KIB CIIPUAIOTHL pealtizaiii cTpaTerii, mMpoTe pooIATh
e He 3 ifeiHUX MipKyBaHb. SIK NpaBWIO, IPH LBEOMY
BUKOHAHHS OpPI€HTOBaHE Ha MIiHIMATbHUNA TPUHHITHUI
piBeHb MmoKa3HUKIB. ToOTO

Area5 = {sth, | (sth, & Exp) A (sth, € Inf) A (sth, € Fac)};

Areab — obGnacth, onmcyBana sk Exp M Inf mFac,

€ MHOXXMHOIO CTEHKXOJIIEPiB, fAKI 3 iIeHHUX MipKyBaHb
i B CHIy CBOIX TOCaJOBHX OOOB’S3KIB CHpPHUSIOTH
peaumizarii crparerii. Lle ineanpamii BapianT. To6TO

Areab = {sthq | (sth, € Exp) A (sth, e Inf) A (sth, e Fac)}.

Ile fno3Bommil0 BCIX  CTEHKXOJIEpiB  YMOBHO
po3miutd Ha 6 Tpym. 3alekHO Bix TOro, 10
SKOi ~TIPYyNH  HAJIEKHTh  OUIBIIICTh  3alliKaBICHHUX

CTOpIH IIPOEKTIB TNpOrpaMu, 1 pO3pPOOJSIOTHCS  Ti
9M IHIOI METOAM POOOTH 3 HHUMHU JUIS ITiBHIICHHS

MOKa3HHKIB e(eKTUBHOCTI peamizauii  cTparerii
HPOTrPaMH.
Eran 2: nob0yxoBa Marpuii OWIHKH PpPiBHSA

3aJlyyeHHs] BHYTPILIHIX cTelKxoJiepiB A0 peasizaunii
cTparerii nporpamu.

CucTeMaTH3yBaBITH OTpHUMaHy iHopMmariiro
BiANOBiAHO g0 Meroxosorii  PMI  PMBOK  [7]
CTOCOBHO DIBHIB 3aJIy4eHHs! CTEHKXOJIEPiB, OTPUMAEMO
MaTpHII0 OIHKK pIBHA 3aJydyeHHs [0 peajizauii
cTpaTerii mporpaMy BHYTPIIIHIX 3aliKaBIEHUX CTOPIH
npoekty (puc. 2). Ilpum 1mpoMy OakaHHM HampsSMOK
MepecyBaHHsT TO MATpPUIli B pPe3ylbTaTi 3AiHMCHEHHS
YIPaBITiHCHKOTO BIUIMBY — 37iBa HampaBo. bakaHa 30Ha
MO3WIIIOBAHHSA BHYTPIIIHIX CTEHKXOJAepiB — o00JacTh
Area6 (muB. puc. 1), moO ommMCyeThCS SK MHOXKHHA
BHYTPIIIHIX 3alliKaBJICHUX CTOpiH, SKi 3 imeiHuX
MIpKyBaHb 1 B CHJIYy CBOiX II0C3JIOBUX 0OOB’sI3KiB
CHpHSIOTH peajizanii crpaTerii.

BukopucraHHs =~ MaTpuili  JIolIOMara€  BUSBHTH
pPO30DKHOCTI MK TOTOYHMM 1 OakaHHUM piBHEM
3aITy4eHOCTI BHYTPIMIHIX 3aIiKaBICHUX CTOpIH
MPOEKTIB B TpoIec peamizamii crparerii mporpamu.
IIpoexTHnit  odic K CTPYKTYpHUH €JIEMEHT,
BIIMTOBiAAILHUN 3a CTpaTeridydHe YIpaBJiHHA, MOXeE
BM3HAUMTH [Iii 1 KOMYHIKaIlii, HEOOXiqHI IS YCYHECHHS
MOAIOHUX PO30IKHOCTEH.
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PiBeHB 3amydeHHS
3aIlikaBIeHHX CTOPIH
Io peamisamii
cTparterii mporpamm,
Lj

O0macTi, BHALTEH] Ha eTami 1

Opragizaniiiai rpynn

HeoOizHaHHIT

Area4\/AreaS = {sthq|(sthq -3 Exp)/\(sthq € lnf)}

9IHUTH OHip

Area3 = {sthq|(sthq € Exp)/\(sthq € [nf)/\(sthq -3 Fac)}

Area2 = {sthql(sthq € Exp)/\(sthq -2 Inf)/\(sthq & Fac)}

HellTpanpHui @( @X
iATpHMYE Area2 \/AreaS = {sthql(sthq € Exp) /\(sthq & Fac)} @@ @
Tiaupye Area6 = {sthql(sthq € Exp) /\(sthq € lnf)/\(sthq € Fac)} @

Puc. 2. Matpu1is omiHKY piBHS 3aly4eHHs BHYTPILIHIX 3alliKaBJICHUX CTOPiH JI0 peaizalii ctpaterii mporpamu (pparmMeHT),

ne T, — motounuii piBenb 3anydenus, JK; — GaxxaHuil piBeHb 3aydeHHs, | — HOMep obnacti, BuaiieHoi Ha etami 1 (3rigHo puc. 1)

Eran 3: mnoOynoBa wmoaudikoBaHoi marpuui
"paaga/inrepec' 1Sl KOXKHOI0 IMPOEKTY MPOrpaMu.

I[Ipu mnpoBeneHHI aHami3y 3allikaBJICHUX CTOPiH
NPUIHATO  BHKOPUCTOBYBaTM  MOJENb  Kiacudikauii
"MaTpuus Biagy / iHTepeciB", sika TIpyIye 3aiiKaBieHi
CTOPOHM Ha OCHOBI IX piBHS NOBHOBaxeHb ("Biama") i
piBHa 3amikaBieHocti ("iHTepec") OO pe3yJbTaTiB
npoekty. ¥ PMBoK y skocti npukiany HaBeneHO
MaTpHUIF0 B TaKOMYy BHIJIAII, SK MMOJAHO Ha pHC. 3.
[IpormonyemMo  nmemio  3MiHMTH  TpadiuyHe  TOJaHHS
iH(popMalii o0 PO3MOILTY CTEHKXOJACPIB 3a piBHEM Ta
xapakTepoM "iHTepecy', TOAI MATpHIl MaTUME BUTJILLI,
SIKUM HaBeIeHUH Ha puc. 4.

®akTrvHO Bich "iHTepec" PO3IUICHO 3a XapaKTepoM
IIOTO IHTEpPECY Ha TMO3MTUBHUK 1 HEraTWBHHU. Takum
YMHOM, TIpaBa YacTHMHA pHUC. 4 TPAKTUYHO MOBTOPIOE
co00r0 puc. 3. A jiBa YacTHHA € HOBOIO 1 JETali3ye
iH(OpMAIlif0 PO IHTEpEC CTEHKXOIEPiB.

. v Y
% I ATPHMYBAaTH aKTHBHO
&| 3a70BOIEHICTH YIIPaBIATH
s < J
E ) 4 \\/nimprmynan;\
§ CIIOCTEPIraTH noingopmoBa-
HICTB
A 3
HI3BKITH BHCOKHII
InTepec

Puc. 3. Marpuis "Bnana/inrepec” (3a Mmeromosnoriero PMBoK)

Puc. 4. 3anponoHosana moaudikairiss MaTpuili "Braga/inrepec”

MomudikoBaHa
po3MipHicTIO 2*4 MICTUTh y KOXXHOMY KBaJpaHTI
peKoMeHalil IoA0 yNpaBiiHHS creiikxonnepamu. Taka
Moudikamist oxpasy akIEeHTYe yBary MEHelkepa Ha
BEpXHbOMY  JIBOMY  KBaApaHTI  MAaTpHIl,  SKUH
XapaKTepU3YEThCSl BEJIMKOIO BIAJOI0 CTEHKXONIEPIB Ta

r 3
TITPUMYBATH AKTHBHO
3a[0BOJICHICTh | YHPABJIATH
g
g [\ . v
: r N -
o I [TPUMYBATH
E CIIOCTEpITATH | CIIOCTEpITAaTH Hf!thi)OpMDBa-
HICTB
CTaBJIEHHA
. AN _
BHCOKHIT HU3BKHIT HH3BKHIT BHCOKHI]
< HeTraTHBHHH HO3HTHEHHH >
InTepec
MaTpHULS "prnama/inTepec’  BENUKUM ~ HETATHBHHM  IHTEPECOM  JO  IPOCKTY.

[To3HaueHHS MO3UTHUBHOTO XapakKTepy IHTEpeCy 3eICHUM
KOJIbOPOM Ta HETaTUBHOIO — YEPBOHHM IOKPAIIYIO
Bi3yaJibHE CIPHHUHATTS caMe BEPXHBOIO JIIBOTO KBaJpaHTa
MAaTPHIII. Jana MOJEIb Kiacugikamii MOXE
BHUKOPHCTOBYBATHCS Ui HEBEJIHMKHUX IPOEKTIB ab0 st
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MPOEKTiB i3  TMPOCTUMH  B3a€EMO3B’s3KaMU MK
3aliKaBICHIMH CTOPOHAMH 1 TPOEKTOM abo y caMiit
CIITBHOTI 3aIliKaBJICHUX CTOPIH.

Eran 4: mno0yaoBa crTpaTeriyHoro
3aliKaBJIeHUX CTOPiH MPOEKTIB Ta Nporpam.

Konu MoBa iiie mpo CTEHKXOJACPIB MPOrpamMu, pojib
SIKUX PO3TJINAETECA SK OJMH 3 KIIOYOBHX (DaKkTopiB
YCHIIIHOCTI peaizamii crparerii, To MOTPIOHUN OiIBII

KyOy

CKIQAHWA MeToa TpadiyHOrO  CHIBBITHONICHHS Ta
MpeACTaBICHHS  3allikaBlieHuX  cropiH. OmuH 3
pexomeHmoBannx PMBOK  wmeromis - 1me ky0

3arfikaBieHuX cTopid [7]. LI Momens Mae yTOUHIOBATH Ta
JIOTIOBHIOBAaTH MATPUYHI MOJENI Yepe3  IMO€THAHHSI
MAaTPUYHUX €JIEMEHTIB JI0 TPUBUMIPHOT MOJIEINI, IO MOXKE
JIOTIOMOI'TH KEPIBHUKOBI 1 KOMaH/li IPOEKTY Y pPO3B’sI3aHHI
3aBAaHb  igeHTHGiKamii 1  3alydeHHS  CHUIBHOTH
3alliKaBJICHUX CTOpIH TpPOEKTIB Ta Imporpam. Tox,
noOy/syeMO Ha OCHOBI HaBEJECHHX BHILE PO3POOJIEHUX
MaTpU4YHUX MOJeNeil Taky OaraToMipHy MoOAeib, ska O
MOKpamuia Hao4He MIPeACTaBICHHS MHOXXHH
3aIliKaBJICHUX CTOPIH Yepe3 HOro MOMaHHS y BHTILAII
GaraTomipHOTO 00’€KTY (pHC. 5), a TAKOX JIormomaraina 6 y
po3po0rii cTpaTeriii KOMyHiKamii 30KpeMa.

nporpamu, L

PiBeHb 3amydeHHS 3alliKaBIeHHX
CTOpIH 710 peamnizarii cTpaTerii

& .
/ &£ OO‘Q
| &

/0

b,S 1 Iarepec, 1

- - - W BCIHKa

0,5

. BIaga
HeBeIHKa

BHCOKHIT HH3BKHIT 1  msexmi

HeTaTHBHHII iHTepec

Bnama, V

MO3HTHBHIII iHTepec

BHCOKHIT

Puc. 5. Crpareriunuii Ky0 3anikaBIeHUX CTOPiH MPOEKTIB Ta MPOrpamM

[Tpu 1bOMY BUKOPHCTAHO TaKi MO3HAYCHHS:

1 ={il.} — CYKYIIHICTb PIBHIB 3allIKaBJIEHOCTI |-UX
CTEHKXOJIAEpiB MporpamH y ii pe3ynbprarax,

i e[—l;l], i,>0, 7o
CTeHKkXongepa y KIHIEBOMY  pe3ynbTaTi
MO3UTUBHUM, AKIIO | i <0, TO iIHTepEeC HEraTHBHHUIA;

SIKIIIO iHTepec  j-ro

MIPOEKTY

j=1,S, e S — KiIbKicTh CTEHKXOJ/IEPiB MPOrpamMu
npoekTiB (auB. (1));

L= {Ij} — CYKYIHICTh pIiBHIB 3ally4eHHS J-HX
cTparerii

CTEWKXOJACPIB MporpamMu 10  peaizamii

nporpamu, |, =1,5, l;eN;

Vv ={vf

CTEHKXOJIAePiB NpOrpamu, V, E[O;l], sxwo V;>0,5, To

— CYKYIHICTh DIBHIB MOBHOBaXEHb j-HX

BJaJa j-TO CTEMKXOJaepa BearuKa, Ko V i <0,5, To BI1aza

j-ro creiikxonaepa mana.
PosMmipHicTh KyOy 3ailikaBJI€HHX CTOpiH 4%2*5,
TOOTO MicTUTh 20 KBaJIpaHTIB.

Eran 5: nijlecnpsiMmoBaHMii  BIUIUB ~ Ha
3alliKaBJIeHUX CTOPiH NPOEKTIiB NMporpamMm 3 METOI
KOPUTYBaHHS IX 04iKyBaHb [JIsl CIIPUSIHHS peaJii3amii
cTparerii nporpamu.

3aKOYHANA  eTal, Ha SKOMY BHKOPHCTOBYIOTBHCS
pe3yabTaTH  BUKOHAHHS  MOMEPEIHIX  €TamiB  IpH

NPUIHATTI  YNPaBJIIHCBKUX DIllleHb CTOCOBHO 3aXOJliB
BIUIMBY Ha OYiKYBaHHS 3alliKaBIEHHX CTOPIH.

KopucryBauem  po3poOJICHOTO  METOAYy  MOJXKeE
BUCTyNaTH npoekTHUH odic [20], ockimbku BiH €
CTPYKTYpHUM  TIJIPO3ALIOM,  BiJNOBiJAJIBHUM 32

CTpaTeriyHe ynpaBJliHHS IIPOEKTAMHU.

BucHoBku

TakuM dmHOM, pO3poONEHHH Ha OCHOBI Teopil
MHOXXWH, METOJIB MaTpHUYHOTO Ta TpadigyHOro aHaiizy
METOJ BH3HAYCHHS OYiKyBaHP 3alliKaBICHUX CTOPIH 1 ix
KOPUTYBaHHS 3 TIO3UIHA CTPATEriYHOr0 YIPaBIiHHS
MPOTPAMOIO IIPOCKTIB, SIKUI CKIAIAETHCS 3 5 eTalliB:

-1 etam: BUJTIJICHHS (3a PpO3pO0IIEHOIO
KIacu(iKaIi€r0) MHOXHWH  CTEHKXOJJEPiB  MPOEKTiB
3QJIEKHO BiJl XapakTepy iX CTaBJIEHHS J0 CTparerii
MpOrpaMu MPOECKTIB;

-2 eram: moOymoBa  MaTpUIl  OIIHKK  PIBHA
3aIy4CHHS BHYTPINIHIX CTEWKXOJAEPIB [0 peaisariil
cTparerii mporpamu;

-3eram: nobynoBa MoaudikoBaHoi — MaTpui
"Biaga/inTepec” ISl KOXKHOTO TIPOEKTY IPOTPaMHu;
- 4 etam: nodynoBa CTpaTEriyHoro KyOy

3aIliKaBJICHUX CTOPIH ITPOEKTIB Ta IIPOrpam;

- 5 eram: miecnpsMOBaHUI BIUTUB Ha 3alliKaBICHUX
CTOpIH TPOEKTIB TPOTPaMH 3 METOI0 KOPHUTYBaHHS IX
OUiKyBaHb IJIsI CHPUSHHA e(QEeKTHBHOCTI peaii3armil
CTpaTerii mporpamu.
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MeTon IpYHTYETbCS Ha OIHIN PiBHA 3amydeHHS  MoOJIU(iKOBAaHOI MaTpHIIi "Briaga/intepec" Ta
CTEHKXONAepiB 10 peami3alii cTpaTerii mporpaMm  CTpaTeridHOro KyOy 3allikaBJICHHX CTOPiH TPOEKTIB Ta
MPOSKTIB 3 ypaxyBaHHAM Kiacudikallii BiMOBIIHO 10  Mporpam, IO A03BOJSE PO3MIUPUTH TOPU3OHT aHAIIZY Ta
XapakTepy CTaBJE€HHS 10 Hel, sSKuil Ha BIAMIHY BiJ  IIBHJKICTb pearyBaHHs Ha MiHJIMBI 3aITUTH CTEHKXOJIEpiB
ICHYIOUHX nependavae nodymoBy  Ta aHajJi3  NpH IUTaHyBaHHI peasizalii crparerii nporpamu.
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METO/I OIIPEJEJEHUAA OXKUIAHUN 3BAMHTEPECOBAHHBIX CTOPOH M X
KOPPEKTUPOBKHM IIPU CTPATETMYECKOM YIIPABJIEHUU ITPOI'PAMMOM
ITPOEKTOB

IIpeameToM HccieOBaHYS B CTaThe ABISACTCS YIPABICHHE 3aMHTEPECOBAHHBIMH CTOPOHAMHU MPOCKTOB IPH PEANU3aLMU CTPATETHU
nporpamMmbl. Ilesib cTathu — pa3paboTka MeTO#a ONpPENENeHHS OKHIAHMH 3aWHTEPECOBAHHBIX CTOPOH M MX KOPPEKTHPOBKH C
MO3ULMH CTPAaTErMYeCKOro YIPABICHUS IPOrpaMMON NPOEKTOB. B cTaTbe pelIatoTcs CleAyIONIMe 3aJa4uM: BBIICIUTH B
OIIPEJIeICHHYIO KIacCU(DUKALMIO CTEHKXOIEPOB MPOSKTOB B 3aBHCHMOCTH OT XapaKTepa HX OTHOIICHHUS K CTPaTerHH IPOrPaMMBI
MPOEKTOB; Pa3pabOoTaTh MATPUILy OLEHKH YPOBHS UX NMPUBJICUCHUS K PEATH3ALMI CTPATETHU TPOTrPaMMBbl; MOAU(UIIMPOBATH MaTPHILY
"BmacTe/mHTEpec" s Golee TOYHOTO TMIPEICTABICHUS XapakTepa HHTEpeca; MOCTPOMTh MOJENb CTpaTeruueckoro Kyba
3aHHTEPECOBAHHBIX CTOPOH IIPOEKTOB U IIPOrpaMM; pa3paboTaTh PeKOMEHJAINH 110 OPTaHH3aIMY [eJICHAIIPAaBICHHOTO BO3ICHCTBHUS
Ha OXXKHJAHUS 3aWHTEPECOBAHHBIX CTOPOH IPOEKTOB MHPOTPaMMBEI C IENbI0 KOPPEKTHPOBKM WX OXHIOAHHH IS CONEHCTBUS
3 }eKTHBHOCTH peanu3aliy CTPATETHH INPOTpaMMBI. VICIIONB3YIOTCS ClIeMyIoIIie MeTOABI: TEOpHUS MHOXXECTB, Kpyru Oiinepa,
MaTpH4Hble U rpadoaHaTIUTHUCCKUE MeTOABI. [loaydeHHbIe pe3yJbTaThl: Pa3paboraHa kiaccudUKaIms CTEHKXONIEpPOB POCKTOB B
3aBHCHMOCTH OT XapakTepa HX OTHOIICHHS K CTPaTerHMy MpOrpamMMbl. MaTpuua OLEHKH YPOBHS NPUBICYEHUS CTEHKXOJIEPOB K
peaM3alluM CTPAaTerMy IPOTPaMMbl IPEAyCMaTpHUBAaeT pa3padOTKy TEKYLIEro M JKeIaeMOro CcOCTOSHMA. MoanduuupoBaHHAs
MaTpuna "BIacTh/HHTEpeC" pa3sMEpHOCTBHIO 2*4 CONEPKHUT B KAKIOM KBaJpaHTE PEKOMEHIALWH IO YIPABICHHIO CTEHKXOJIEPaMH.
IMocTpoeHHass MoZENb CTpaTerHyeckoro Kyba 3aMHTEpecOBaHHBIX CTOPOH conepkur 20 kBaxpantoB. CopMynnpoBaHbI
pEKOMEHIAMK II0 HCIONB30BAaHUIO METOJAa M3 IIITH JTAalloOB JUIL ONpENeleHHs OXHIAHWUH 3aMHTEPEeCOBAHHBIX CTOPOH M HX
KOPPEKTHPOBKH C IO3WIMH CTPaTEerHueckoro YIpaBieHUs MPOrpaMMoil NpoeKkToB. BBIBOABI: pa3paboTaH METOZ ONpEeAeIeHHUs
OKHJaHUH 3aWHTEPECOBAHHBIX CTOPOH W HMX KOPPEKTHPOBKH, OCHOBAaHHBI Ha OLICHKE YPOBHS NPHUBJICYEHHS CTEHKXOJIEPOB K
pea3aluy CTPATEruy NPOTPAMMBI IPOSKTOB C y4ETOM KJIacCH(HUKAIUK B COOTBETCTBHH C XapaKTEPOM OTHOLICHHUS K HEl, KOTOPBIH
B OTJIMYME OT CYHIECTBYIOIIMX MpeanojaraeT NOCTPOCHHE M aHaIW3 MOIU(HUIUPOBAHHOW MAaTpHUIBl "BiacTb/mHTEpec”" |
CTPaTEeruyecKoro Kyba 3aMHTEpPECOBAHHBIX CTOPOH MPOEKTOB M MPOTrpPaMM, MO3BOJSET PACLIMPUTh TOPH3OHT aHANN3a U CKOPOCTh
pearupoBaHMs Ha MEHSIOLIMECS 3aIIPOCHI CTEHKXOIEPOB NPH IUIAHUPOBAHHHU PEAM3aLliU CTPATEIUH IPOTPAMMBL.

KnioueBbie cioBa: ympaBieHHE NMPOEKTaMH M HPOrpaMMaMHM; CTEHKXOJIIEphl; yHpaBleHHE OXUAAHUSIMH; IUIaHHPOBAHHE;
CTpaTEeruyecKoe yIpaBJeHHE.

METHOD FOR DETERMINING AND ADJUSTING THE EXPECTATIONS OF
STAKEHOLDERS IN THE CONTEXT OF STRATEGIC MANAGEMENT OF THE
PROJECT PROGRAM

The subject matter of the article is the management of the stakeholders of projects while implementing the program strategy. The
goal of the work is to develop a method for determining the expectations of stakeholders and their adjustment in the context of the
strategic management of the program of projects. The following tasks are solved in the article: project stakeholders are classified
depending on the nature of their relationship to the strategy of the program of the project; a matrix for assessing the level of the
involvement of stakeholders in the implementation of the program strategy is developed; the power/interest matrix is modified to
represent the nature of the interest more accurately; the model of the strategic cube of stakeholders of projects and programs is built;
recommendations for organizing a purposeful impact on the expectations of the stakeholders of the project program are developed to
adjust their expectations to facilitate the efficient implementation of the program strategy. The following methods used are — set
theory, Euler circles, matrix and graph-analytic methods. The following results were obtained: a classification of project stakeholders
was developed depending on the nature of their relationship to the program strategy; the matrix for assessing the level of the
involvement of stakeholders in the implementation of the program strategy involves developing the current and desired state; the
modified power/interest matrix with the dimension of 2 * 4 contains recommendations for managing stakeholders in each quadrant;
the built model of the strategic stakeholder cube contains 20 quadrants; recommendations on the use of the five-stage method for
determining the expectations of stakeholders and their adjustment in the context of the strategic management of the project program
are formulated. Conclusions. The method was developed for determining the expectations of stakeholders and their adjustment based
on an assessment of the level of stakeholder involvement in the implementation of the strategy of the project program, taking into
account the classification according to the nature of the relationship to it, which, unlike the existing ones, involves the construction
and analysis of a modified power / interest matrix and the strategic cube of stakeholders of projects and programs; this method enables
expanding the horizon of analysis and speed of response to changing needs of stakeholders while planning the implementation of the
program strategy.
Keywords: project and program management; stakeholders; expectations management; planning; strategic management.
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MODELS AND APPLIED INFORMATION TECHNOLOGY FOR SUPPLY
LOGISTICS IN THE CONTEXT OF DEMAND SWINGS

The subject matter of the study is the processes of planning supply logistics taking into account swings in demand and prices for
products. The goal is to develop models and applied information technology for managing enterprise supplies taking into
consideration the unforeseen demand swings. The following tasks were solved: a process model of supply logistics was developed, a
model for forecasting demand for products was developed, a model for calculating the optimal volume of orders for various demand
options was developed, the structure and modules of the applied information technology for supply logistics management was
developed. The following methods were used: structural process models, methods for regression analysis and time series forecasting,
inventory management models, STATISTICA software package, object-oriented programming methods. The following results were
obtained: the generalized pattern of supply logistics was developed; the supplement of the first block of this pattern with the processes
of marketing research of demand for products and planning supply volumes according to the forecasted demand and the probability of
a shortage or surplus of products due to unforeseen swings in demand was substantiated; the application of the methods of regression
analysis and forecasting of time series to assess the market factors of supply logistics was considered; the model for determining the
optimal stock size was studied taking into account storage costs and probable shortages; the architecture of the applied information
technology for planning supply logistics was developed; the proposed IT enables analyzing and predicting changes in the main market
factors and, in accordance with the results obtained, solving inventory management tasks efficiently. In this case, the deficit and back-
ordered demand can be taken into account. The operation of IT modules was illustrated by a test case. Conclusions. The use of IT is
efficient in making decisions on logistics planning of business processes, as well as in analyzing the efficiency of logistics for a
certain period of time. Further, the specified technology is going to be supplemented with the capabilities of solving inventory

logistics problems.

Keywords: supply logistics; demand forecasting; parameter optimization; time series; applied information technology.

Introduction

Any enterprise, both manufacturing and trading,
which processes the material flows, includes the service
that purchases, sells and temporarily stores products (raw
materials, semi-finished products, consumer goods). All
functions of the logistic service should ensure the efficient
execution of orders. Management tasks based on the
logistic approach are to coordinate the need for operations
on the cross-functional basis to achieve the global goal of
an enterprise. Logistics management enables combining
into a single system the task of managing the internal
business processes of the enterprise with the business
processes of partners and consumers.

Literature review and problem statement

M. Gordon, E. Kogan and others study the issues of
supply management. E. Krykavsky, A. Gadzhynsky,
B. Anikin, M. Oklander and others conduct model studies
of logistic laws. Methodological approaches to the
management of supplies are considered in the works
written by such foreign scientists as J. Riggs, O. White,
J. Johnson, J. Shapiro and others.

However, the issue of supply logistics is not
thoroughly studied in the theory of domestic management.
For example, the monograph [1] analyzes the system
factors of the efficiency of the supply logistics at
enterprises. Theoretical, methodological and applied
aspects of the category "supply logistics" are generalized.
The peculiarities of the implementation of integrational
cooperation in the system "supplier — processing plant"
are studied and organizational, strategic and information
factors of the supply system optimization are
substantiated.

Paper [2] considers the grounds of the material and
technical support and the ways of its improvement. The
basic requirements for operational inventory accounting
were developed to provide the supply department with
timely information for inventory management and
optimization. The universal structure of the logistics
department was developed and the main functions of this
department were determined.

The main point of logistics is to reduce the cost of
product delivery due to too frequent requests to a supplier
and freezing money in excess stocks [3, 4]. Both of these
extreme options are the consequence of the non-optimal
volume of goods ordered from the product supplier. That
is why attention should be paid to the fact how purchases
are calculated, planned and carried out, including the way
the volume of the purchased consignment of goods is
determined.

Factors and efficiency of integration of marketing
and logistics are considered in paper [5]. Conditions of
such integration at the stages of strategic planning are
studied. The idea of integration should also be used to
manage supply logistics.

Most of the work is devoted to the analysis of
logistic processes for industrial enterprises [6, 7]. The
procurement activity of a manufacturing enterprise affects
the operation of all sections of the enterprise: from
production to sales of finished products. Modern trends of
procurement logistics development are analyzed in paper
[6], the paper also deals with practical recommendations
to select a system for planning material resource needs
optimizing, optimizing expenses for the order execution
and maintaining the volume of stocks of the industrial
enterprise. But for universal enterprises, such as small
businesses, trade or intermediary firms, whose work
focuses on a wide range of products and highly depends
on demand, the problem of supply is not studied
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thoroughly.

To plan logistics, forecast models are used, in
particular, ones based on regression equations. Paper [8]
considers the issues of practical application of formalized
methods of forecasting in the process of tactical and
strategic planning at the industrial enterprise. The
examples of using product life cycle models, regression
equations and graphical analysis apparatus during
scheduled calculations are given.

Heuristic methods of project management are also
used [9]. Paper [10] proposes a choice of an integrated
strategy for inventory management on the basis of key
nomenclature groups that determine the profitability of the
enterprise and on the analysis of the forecastability of
goods sales. The methods of ABC/XYZ-analysis are used
[11].

Issues of development of selective applied models of
analysis, forecasting, quantitative assessment of supply
parameters and decision-making tools for supply
management according to the logistic concept remain
topical.

Under the current conditions of competition and
constant update of the range of market products, it is very
difficult to predict the demand for a short period of time.
In cases where the demand for separate items of the
product line temporarily deviates from the predicted
value, urgent decisions should be made on the supply of

be applied. Under these conditions, the applied software
should be used. Under these conditions, the use of modern
applied software technologies and tools will useful [12].

Therefore, the goal of the article is to develop
models and applied information technology to manage the
supplies of the enterprise taking into account unforeseen
demand swings. The following tasks are to be solved:

1. To develop the process model of supply logistics.

2. To form demand forecasting models and product
prices.

3.To form models for calculating the optimal
volume of orders for different demand options.

4. To develop the structure and modules of applied
information technology for managing the supply logistics.

Study materials and methods

1. Process models of supply logistics

Consider the basic logistics processes that support
the activities of a small enterprise related to the purchase
and sale of certain types of products [13].

Enterprise logistic processes are presented in the
context chart as an IDEFO model (fig. 1):

- supply of goods;

- acceptance of the order from the client;

- order picking;

- sending orders to the client;

certain volumes of products. To make such decisions, - reporting.
special models for calculating the volume of stocks should
Regulatory documents, job descriptions
Information 3
about the supply »
of goods S ly of d
HpPly 0T goods Warehouse details Supplier Agreement
R
=
Supplier Details Customer ”
p Order
details acceptance Customer order Customer
agreement
Orders from A2
customers
ready order
Order picking / —
‘L Customer ready
A3 order
»> Transport company >

Transport company details

Order sending agreement

Employees

Fig. 1. The generalized chart of the enterprise logistic processes

In addition to the interrelation of processes, the chart
reflects the input information, regulatory information, its
sources and output documentation for each stage.

Employees will enter information in appropriate
forms using the information system for supporting logistic
processes. The final cost of the order is indicated
by the company's responsible employee but a
preliminary estimate of the wvalue of the order

Order details
A4 Y
J Reporting »
J— i

Reporting

Task to perform A5 materials

reports J ]

Database

is made in the information system. The details of the order
and the customer are stored in the database. The
information system automatically calculates the cost of
consumables and a service agreement is formed in
accordance with a template that can be changed
if needed. The data on the contract will be
obtained from the directory of customer data and the order
form.
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However, the task of optimal calculation of a lot of
goods should be solved in the first stage of the product
supply [14]. The forecast of the demand assessment
should be taken into account and a certain product should
only be ordered when it is necessary and in the quantities
in which the enterprise currently needs.

When implementing these processes, the situation
can arise when orders do not correspond to the quantity or
range of products kept at the warehouse. In this case, two
opposite situations may arise:

- when the ordered products are not available or it
will arrive shortly;

- when the products have already arrived but there
are no orders for it.

Thus, the classical problem of balancing supply and
demand [15] should be solved. This task is essential when
making supply management decisions. Its solution is
ensured by such components of logistic planning:

- forecasting demand;

- determining the optimal volume of supply orders;

- selecting a supplier with a reliable carrier to ensure
supplies of certain volumes and range of products.

The main requirements for the procurement system
are briefly described below.

1) while forecasting demand, a model should be used
that takes into account trends, seasonality and the required
level of meeting the demand with warehouse residues;

2) the order for the supplier should not be carried out
until the residues of any product of this supplier have
reached a critical level,

3) while determining the needs of the enterprise in
any product, exactly such amount that is enough to
provide the desired level of sales before entering the next
product according to the current order should be ordered.

If these three conditions are fulfilled, the volume of
the order, which is optimal in terms of the total costs of
transportation and storage of products can be calculated.
Determining the optimal amount of a lot of goods is
possible only using the modelling of supplies with
different variants of the volume and comparing the total
costs of transportation and storage.

2. Models of demand forecasting.

To forecast demand for products, regression models
that show a change in the resulting indicator when
changing the values of factor characteristics are used. In
this case, the factors affecting demand can be:

- the level of demand for the same product in past,

- advertising costs,

-the level of customers’
population as a whole),

- economic situation,

- the activity of competitors,

- the level of supply — is determined by substitutes
that are available on the market, a number and position of
competitors as well as the corresponding volumes of
production.

Consider the forecasting variable Y (demand level)
and a number of factors that have an impact — X;, X,, ..,

X, (independent variables). The values of the above

paying capacity (or

factors should be presented in a formalized form
(quantitatively).
The model of multiple regression in the general case

is described by the expression
Y =F(Xy,X5,... X)) +& . (1)

In the case of a linear regression model, the
dependence of the variable from the independent ones is
as follows:

Y =6 +BXi+ X+ + B X, +eE, 2

where Sy, 8.5, ...B, are the assessed coefficients of

regression, € is the error component. It is assumed that all
errors are independent and normally distributed.

To build regression models, the database of
observations is needed. Using the table of values of past
observations, regression coefficients can be determined
(for example, by the method of least squares) thus
building the model. The correctness and adequacy of the
model are verified by several methods:

1) using the coefficient of determination, the strength
of dependence can be determined

Rzzl—&, (3)

Dy

where D, is the residual variability (error dispersion),
D, is the output dispersion.

2) the statistical significance of the linear model can
be assessed basing on the F-criterion. If the connection
between some variables is non-linear, they should be
transformed (for example, their logarithm should be
found).

3) the quality of the equation can be assessed using
the t-criterion (Student) by checking the hypothesis that
the absolute term of an equation £, is equal to zero;

4)to determine the problem of multicollinearity,
which may arise if a lot of variables are analyzed,
statistical indicators of redundancy (tolerance, etc.) should
be used as well as ways to cope with redundancy (for
example, the ridge regression method).

If the impact of external factors cannot be
determined but there are statistics on the change in
demand over a certain period of time, the method of time
series analysis should be wused, in particular, the
Box-Jenkins method (ARIMA) [16, 17].

The method is based on the approximation of the
stationary sequence by the sum of the autoregression
sequence of the p-th order and the sequence of the average
variable of the g-th order:

P g
Y = 2171 Yi-1 + &k _Izlalgk—l ’ (4)
iz =

where y; is the autoregression parameters; al is the

parameters of the average variable; &, is the sequence of
independent random values.

When there is a monotonous trend, the initial
sequence can be numerically differentiated. The result of
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such a transformation is checked for the stationary state by
analyzing the coefficients of autocorrelation.

The Box-Jenkins method involves the following
stages:

1) selecting the model structure, determining the
order of autoregression p, the order of the average variable
g, the multiplicity d of the numerical differentiation;

2) assessing the parameters y; ( = 1, 2, .. p),

a (1=1,2,..9);

3) forecasting the stationary sequence;

4) the numerical integration of the d-th order to
renew the character of the process taking into account the
trend;

5) assessing the accuracy of the forecast by
comparing the forecasted values and real data when
testing the method, assessing the statistical characteristics
of the residuals, checking if they correspond to the white
Gaussian noise.

The model of the demand dynamics is more accurate
if it is the sum of two main components — the polynomial
and the autoregressive ones.

The polynomial component g characterizes long-

term trends in the context of the changes in the demand
for products due to the period of the product life cycle.

o

The autoregression random correlated component y,

characterizes changes caused by external factors.
Therefore, the demand variable can be approximated by
the sum of polynomial component (of the p-th order) and
autoregression component (of the m-th order)

yk:ﬂk+yk;k:1,2,...n, (5)
p [e] m o
where Hy = _Zoﬂifﬂkil Ye= _2171' Yi-it i
i= )=

7 (=12,...m) are the autoregressive parameters,

(81)=0; (s2)=02=r0-

The stationary autoregression  sequence s
characterized by normalized autocorrelation coefficients
R_R
A=—ZF=5 (6)
or R

y

o o

where R = <yk Yiwl > =o?p, are  unnormalized
o

y
autocorrelation coefficients (I = 0,1, ..., m-1); o> is the

A
dispersion of the autoregression component.

The parametric adaptation of the model components
of the polynomial and autoregression sequence provides
for the assessment and iterative refinement of the
coefficients of the polynomial f, A, ..., B, as well as the
parameters of the autoregression (yy, ..., ¥y 2= 70)
by the data being observed. That will enable solving the

task of determining the two components of the sequence
based on the difference in their correlation properties.

3. Models of stock formation in the context of
stochastic demand

The economic volume of the order is equal to the
volume of the order for replenishment of stocks, which
minimizes the total cost of the stock of inventory. The
basis for the order is to reach the renewal point of the
inventory level. The economic volume of the order is
calculated to minimize the combined value of inventories
including costs for buying, storing, placing the order and
so on. The task of determining the order volume is related
to the optimization of the reserve stock. At the same time,
an optimal threshold value that acts as the basis for
placing an order should be found.

The most famous formula for calculating an
economic volume of an order is the Wilson formula, that
is based on the following assumptions [18]:

- the cost of placing an order is constant;

- the rate of demand is known;

- the time of order execution is constant;

- the purchase price of a unit of goods is constant.

Let us introduce the following variables:

- Y is the volume of demand for a certain period of
time;

- C, is the fixed cost of placing one order;

- C, is the cost of stock storage.

According to the above assumptions, the optimal
volume of order is equal to

9= |—=" )

But this formula cannot be used in modern logistic
systems where the cost of placing an order is the only key
factor and does not take into account changes in demand
and price swings which are important when ordering a
large number of goods.

Consider the case when a real demand is somewhat
lower than a forecasted one. Then, the model of the stock
formation with the final delivery rate without any deficit
should be applied.

Let the ordered lot of goods of the g volume be
supplied with the rate of A units a period of
time. The supply system can operate without deficit
if the rate of supply 1 is greater than the rate of
consumption Y.

The stock is both obtained and consumed during the
period of time z;. The stock is only consumed during the

period of time 7, . Then, the cycle lengthis 7 =17, +7,.

Let us designate the volume of demand for a certain
period of time as Y. Taking into account that the minimal

available stock is
Y
Im = q(l_Zj ) (8)

the system costs for a unit of time are:
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C:£+%[l—£j. 9)

(10)
(11)
The minimal cost in a unit of time is:
* N Y'
C =,]2C,C,Y (1—7j . (12)

Consider the case when real demand is higher than
the forecasted one. Then the model of stock formation
should be used in the context of a deficit taking into
account the unsatisfied requirements. When the losses due
to the deficit are comparable to the cost of saving, the
deficit is allowed.

Fines related to the stock unit deficit per a unit of
time are designated as d, the maximal value of the
back-ordered demand is designated as yd. The cost of
storing products is proportional to the average value of the
q—VYq

Y

stock q_Tyd and the time of its existence ;in the

same way, the deficit losses are proportional to the
average value of deficit y7d and the time of its existence

);—d. The average cost of the system operation within a

cycle including the cost of placing an order, maintaining
stock and losses due to the deficit is as follows:

c _c  Cilamye) ray?

2 oy (13)

Let us divide the cycle costs by its value r=%,

system operation costs per unit of time are obtained:

C= CZY|+Cx(q_yd)2+dyd2 .

C, 2q

Therefore

(14)

(15)

(16)

Substituting values g~ and y~ into corresponding

equations, other optimal supply parameters can be
calculated:

(17)

(18)

(19)

Results and discussion

The proposed applied IT for supply management
consists of modules of the developed software, the
Statistica standard system and the database. The
architecture of the applied IT is given in fig. 2 [19].

IT modules

Demand Forecasting and

Q g Analysis Module

Mal Price Forecasting and
Analysis Module

Module for assessing deficit ;Z

and calculating logistic costs

'

Module for calculating the
optimal supply parameters

&

[T Statistica

Fig. 2. The architecture of the applied IT of supply logistics

Information technology contains four calculation
modules [20, 21]:

- demand forecasting and analysis module;

- price forecasting and analysis module;

- module for assessing deficit and calculating logistic
Costs;

- module for
parameters.

First two modules are linked to the Statistica system
by ActiveX connection. The other two modules receive

calculating the optimal supply
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data from the database in the MS Access format and make
calculations basing on the built-in algorithms. The
Statistica system is integrated with the data based on the
OLE technology.

The approbation of the applied IT operation was
carried out using the example of procurement of materials
for construction companies by an intermediary firm.
Demand forecasting is carried out by the method of
multiple regression. The following steps are performed:

- a base of observations is formed;

- significant independent variables (factors) are
singled out;

- variables are transformed in the case of nonlinear
dependence;

Table 1. Multiple regression results

- a regression equation is built;

- the quality of the equation and forecast is assessed
based on a number of criteria;

- the forecast is assessed by the diagram of predicted
values and errors;

- the predicted value of demand is determined.

The forecasted variable denoted as Y is the time
series of changes in demand for a month. The normalized
values of the variables are chosen as independent
variables: X, is the change in income of construction

companies, X, is the cost of advertising, X, is the
impact of competitors, X, is the change of price. The
results of the regression are presented in table 1.

Regression summary for dependent variable Y

R=0,898 R?=0,806 Adjusted R?=0,801 F(4,177)=183,76 p<0,000

B Std.err. of B b Std.err. of b t(177) p-value
Intercept 111324,6 100412,8 1,108 0,269
Xy 0,023 0,034 11203,8 16198,5 0,691 0,490
X, 1,698 0,095 0,3 0,0 17,702 0,000
X3 -0,499 0,088 -0,3 0,1 -5,646 0,000
X4 -0,609 0,049 -3,3 0,3 -12,248 0,000

The table shows that the first variable is not
statistically significant, that means that it can be neglected
in the equation. In this case, the regression equation is as
follows:

Y =111324,6+0,3X,-0,3X; 3,3 X,.

Thus, the conclusion can be made that the price
change has the greatest impact on the value of demand.
However, the advertising cost factor is the most
statistically significant ( £, is maximal).

The built model reflects a significant dependence of
demand on these factors since the coefficient of

determination is high (0,8). F-criterion proves the model
linearity. However, the absolute term of the equation is
not determined exactly enough (the error is about 25%).

Let us analyze the errors of this model. Fig. 3 shows
the normal probability curve of residuals (errors). It shows
that the residues are not distributed normally. Let us build
the diagram of the residue dispersion with respect to the
magnitude of the forecasted variable (fig. 4). It is evident
that the dispersion of residues is random for large and
average demand values. But for small values, this
distribution is not random. That is, the built model is more
adequate for large demand values.

Normal probability chart of residuals

-1
Normal|assessment

3

-2E6 -15E6  -1E6 -5ES 0

Fig. 3. The normal probability graph of regression residuals

SES 1E6

1,5E6 2E6 2,5E6 3E6

Residuals
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Fig. 4. The diagram of residual scatter relative to the forecasting variable value

Let us analyze the change in the price of products.
The linear graph of price changes during a year is given in
fig. 5. It is seen that the given time series is not stationary.

To use the Box-Jenkins method, a number of
transformations should be done: three-point, moving,
average, and logarithmic ones.

While assessing the model parameters, several sets
were analyzed. The best parameters are p = 0, P = 0,
g=1, Q=1 (table 2).

The built graph of the autocorrelation function also
evidences the quality of the model (fig. 6). Thus, the built
model of the autoregression can be used for forecasting
product price.

Linear chart

28

26

24

22

20

Price
16

65
49

a7
81

129 161
13 145 177

Fig. 5. Source time series

Table 2. The results of model parameter assessment

193

225 257 289
209 241 273

321 353 385
305 337 369 401

Output: Price: Transformations:3 pts mov. aver., In(x) Model: (0,0,1)(0,0,1) MS residual = 0,089
Paramet. | Asympt.std.err. | Asympt. t( 394) p lower - 95% conf. upper - 95% conf.
q(1) -0,973 0,008 -113,993 0,00 -0,989 -0,956
Q1) -0,857 0,018 -46,690 0,00 -0,893 -0,820
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Autocorrelation function
PRICE : APTICC (1,0.1);

(Standard errors — white noise assessments)

Lag Corr std.err T Q P
1 1,360 ,0498 | r 152,12 ,0000
2 +,115 ,0498 } 157,50 ,0000
3 +,054 ,0497 | l 158,67 ,0000
4 +,019% ,04%6 } I 458,81 ,0000
5  +,052 ,0496 f 159,91 ,0000
&  +,009 ,0495 | |] 159,94 ,0000
7 -,006 ,0494 | | 159,95 ,0000

+,011 ,04%4 ¢ I] 460,01 ,0000
9 +,023 ,0493 | I 160,22 ,0000
10 -,012 ,0492 } |] 160,28 ,0000
11 -,017 ,0492 } |] 160,40 ,0000
12 +,007 ,0491 | 460,41 ,0000
13 +,022 ,0491 I 160,62 ,0000
14  -,008 ,0490 } | 160,65 ,0000
15 -,009 ,0489 } | 160,68 ,0000

0] . A A 0]
-1,0 05 0,0 0,5 1,0 — conf int.
Fig. 6. Autocorrelation function
The next stage of logistics analysis is the assessment Conclusions

of the potential deficit or filling of the warehouse. In this
case, costs and optimal supply parameters are calculated.
Among the costs, the costs for the supply cycle and per
unit of time are calculated.

In the model for calculating the optimal supply
parameters, the following parameters are calculated
(fig. 7):

- the optimal amount of a supply lot;

- the optimal amount of back-ordered demand;

- the optimum value of the stock;

- the optimal value of the order renewal period;

- optimal logistics costs.

& [

{8 Calculation_of the Optimals =

Ana Pac4eTa oNTUManbHBIX noKazarenei BBEOQWUTE 3HaYeHWA NepemMeHHbIX

BBeaHTe CTOMMOCTE 3aKa33 Ki

1
BEEANTE USAEMHKIA CONEPMKAHNSA MPORYKLIH B EAMHALLY EPEHEHH S:

5

BBeauTe BenMuMHY Tpoca v
19820

BeeguTe enmunty wrpada sa aeduumt d (ecm geduuara vet, To 1):

10

| OBBEN ONMTHHANEHOM NEPTHM |

109,05

|0nTMMaanaq BEMM4MHA 33LOMKEHHOTO CPOca |

0,01

| ONTHMANLHAS BENMYMHA 3anaca |

109,04

e —

72,70

[ ONTHHANBHEIE M3AEMKIHN PABOTHI CHETEMS! l

363,50
CpEBHWe 3HAYEHWA ONTMMANEHLIX NoKasaTenei ¢ ,D,EEC[BWEJ'\LHI:IMM. BHecuTe HEOEXDAMMI:IE H3MEHEHWA

Fig. 7. The results of the calculation of the optimal parameters of
supply logistics

The generalized logistics chart of supply was
developed. The supplement of the first block of
the above chart is substantiated by the processes
of market research of demand for products and
planning of volumes of supply in accordance with
forecasted demand and possibilities of a deficit
(or surplus) of products as a result of unforeseen swings of
demand.

The use of methods of regression analysis and
forecasting of time series for assessing market factors of
supply logistics is considered.

The models for determining the optimal volume of
the stock are considered taking into account storage costs
and possible deficit.

The architecture of the applied information
technology of supply logistic planning is developed.
The proposed IT enables analyzing and forecasting the
change in key market factors and, in accordance
with the results obtained, efficiently solves the
tasks of stock management. In this case, it is possible to
take into account the deficit and back-ordered
demand. The operation of IT modules is illustrated by a
testing example.

The use of IT is efficient when making decisions on
logistic planning of business processes as well
as when analyzing the efficiency of logistics over
a certain period of time. In the future, it is
supposed to supplement the mentioned technology
with capabilities for solving tasks of warehouse
logistics.
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MOJIEJII TA IIPUKJIATHA THOOPMAIIIMHA TEXHOJIOT'TS JIOTICTUKHA
INOCTAYAHHSA B YMOBAX KOJIMBAHbB ITOIIUTY

IIpeqMeToM NOCIIDKEHHS € MPOLECH IUTaHYBaHHS JIOTICTUKH MOCTa4aHHS 3 ypaXyBaHHSAM KOJIMBAaHb IOIUTY i IiH Ha MPOJIYKIIIO.
Meta poGoTi — po3poOka Mozenell Ta MPHUKIAAHOI iHGOPMALIHHOT TEXHOJNOTIl U YHpaBIiHHS IMMOCTAaBKAMHU ITIIIPHUEMCTBA 3
ypaxyBaHHIM Henepen0adyeHNuX KOJIUBaHb MOMUTY. [Ipy oMY BUPILIYIOTECS TaKi 3aBAAHHS: po3po0OKa NPOLECHOT MOJIE JIOTICTUKH
nocravyanb, (hOpMyBaHHS MoJeieil NPOrHO3YBaHHS IONMUTY Ha INPOXAYKIo, GopMyBaHHS Mojeiedl po3paxyHKYy ONTHMAIbHOTO
o0CAry 3aMOBJICHb IPH PI3HUX BapHaHTaxX IIONUTY, PO3poOKa CTPYKTYpH Ta MOAYJIIB NPHKIAAHOI iH(pOpMaLiiiHoi TexHoyorii 3
YIPaBITiHHS JIOTICTHKOIO IOCTa4yaHHs. MeTOAM IOCIIJDKEHHS: CTPYKTYpHI IIPOLIECHI MOJENi, METOAM perpeciiHoOro aHamily Ta
MIPOTHO3YBAHHS YaCOBHX PsiB, MOJEINI ynpaBmiHHs 3anmacamu, nporpamanii nakeT STATISTICA, meToan 06’ €KTHO-OPiIEHTOBAHOTO
nporpamyBaHHs. Pe3yabraTu: Po3po0iieHo y3araibHEHY cXeMy JIOTICTHKY nocTadaHHsI. OOIPYHTOBAHO JOTMOBHEHHS MEPUIOro OJI0Ky
BKa3aHOI CXEMH IPOLIECAMH MapKETHHTOBOTO IOCIHIIKEHHS MOMUTY Ha MPOIYKLIIO Ta IJIaHyBaHHS OOCATIB MOCTa4YaHHS 3TiTHO 3
MIPOTHO30BAaHMM IOMUTOM Ta MOXIIHUBICTIO Ne(imuTy ab0 HAIIUIIKY HMPOAYKLii BHACHIZOK Hemepea0adyyBaHUX KOJMBAHb IOIHTY.
Po3risiHyTO 3acTOCyBaHHS METOJXIB perpeciiHOro aHamily Ta HMpPOTHO3YBaHHS YacOBHX PSIB ISl OLIHKH PHUHKOBHX (DaKTOpiB
JIOTiCTHKU TOCTadaHHs. J{OCHi/keHO MoJerdi BH3HAYCHHS ONTHMAJIBbHOTO PO3MIpY 3amacy 3 ypaxyBaHHSM BUTpar 30epiraHHs i
MOXJIHMBOTO Aedinuty. Po3pobieHo apxiTekTypy mpukianHoi iHdopmariiioi TexHooril (IT) manyBaHHS JIOTiCTHKH IOCTadyaHHS.
3anporoHoBana IT no3Bonsie aHami3yBaTW i IPOTHO3YBAaTH 3MiHY OCHOBHHUX PHHKOBUX (aKkTOpiB 1 BIANIOBIAHO 1O OTPUMaHHX
pe3yiIbTaTiB epeKTUBHO BHPIIIYBATH 3aBAaHHs yNPaBIiHHS 3amacaMu. [Ipu npoMy 3'IBISETHCS MOKIUBICTh BPaXOBYBAaTH HAsBHICTh
nedinuty i 3aboproBanmii monut. PoGora MomymiB IT mpoimocTpoBaHa TecTOBHM MpUKIagoM. BucHOBKHM: BHKOpucTaHHS [T
e(eKTHBHO TP NPHUHATTI PILICHB JIOTICTHYHOTO IUIaHYyBaHHS Oi3HEC-TIPOIECiB, a TaKOXX B aHali3i €()EeKTHBHOCTI JIOTICTHKH 3a
neBHHUH mepion dacy. Hamanmi mepenbadaeTbcss JONOBHUTH 3a3HAUEHY TEXHOJIOTII0 MOXIMBOCTSMHU BHUPIIIEHHS 3aBIaHb CKIAICHKOL
JIOTiCTHKH.

KnrouoBi cioBa: joricThka mocTayaHHs; NPOTHO3YBaHHS IIONMTY; ONTHMI3allis HapaMeTpiB; 4YacoBi psau; HPHKIaIHA
iHpopManiitHa TEXHOJIOTis.

MOJAEJIN U TPUKJIAJTHAA UTHO®OPMAIINOHHASA TEXHOJOI'USA JIOTUCTUKHA
CHABXXEHUA B YCJIOBUAX KOJJEBAHUM CITPOCA

IIpeqMeToM HnccenoBaHUs SBISIOTCS MPOIECCH IUIAHUPOBAHUS JIOTHCTHKH CHAaOXKEHUsI C y4eToM KosiebaHWil cmpoca W IeH Ha
npoaykuuto. Heas pabotel — pa3zpaboTka Mojerneil W NMpUKIaAHON WHGOPMAIMOHHON TEXHOJOTUH AJIS YIPABICHUS MOCTaBKaMHU
HPEINpPUATHS C YY€TOM HENpeaBUACHHBIX KojebaHuii crpoca. [Ipu 3ToM pemaroTes cnegyromue 3agaqyu: pa3paboTKa MPOLECCHOMH
MOJIENH JIOTHCTHKH TI0CTaBOK, (hOPMUpPOBaHKE MOJIeIel IPOrHO3UPOBAHHMS CIIPOca Ha MPOAYKINIO, popMHupoBaHHe Mojenel pacdeTa
ONTHMAJBHOTO O0BEMa 3aKa30B MPH PA3NUYHBIX BapHaHTaX CHpoca, pa3paboTKa CTPYKTYpsl W MOAYNIeH IPUKIAIHOM
MH(OPMAIIMOHHOI TEXHOJIOTHH YHPABIECHHUS JIOTHCTHKONH MOCTaBOK. MeToabl MCCIIeNOBAaHMSA: CTPYKTYPHBIE HPOIECCHBIE MOJENH,
METOJIBI PETPECCHOHHOTO aHaIM3a M TPOTHO3HUPOBAHMS BPEMEHHBIX PSIOB, MOJEIH YHPaBIEHHS 3allacaMy, IPOTPAMMHBIA MakeT
STATISTICA, wmertoabl 00BEKTHO-OPHEHTHPOBAHHOTO IporpaMMupoBaHus. PesyabraThl: Pa3paboTaHa o6oOuieHHas cxema
JIOTHCTUKH cHaOxeHHs. OOOCHOBAHHO JIOIOJIHEHUE NEPBOro OJIOKA YKa3aHHOH CXEMBI IpoLeccaMi MapKETHHIOBOTO HCCIIEOBAHNUS
CIpoca Ha MPOAYKIHMIO M TUIAHUPOBaHHS 0OBEMOB MOCTABOK COIVIACHO MPOTHO3HPYEMBIM CIPOCOM M BO3MOXKHOCTH Ae(hHIUTA HIN
M30bITKa MPOAYKIMU BCIIEICTBHE HENpeJICKa3yeMbIX KonebaHui crpoca. PaccMOTpEHO NPUMEHEHHE METONOB DPErpecCHOHHOTO
aHanM3a W MPOTHO3MPOBAHHS BPEMEHHBIX PSJIOB AT OLEHKM PBIHOYHBIX (haKTOPOB JIOTMCTHUKH IOCTAaBOK. lccienoBana Monenb
OTIpPEIENIeHNs] ONTUMAIFHOTO pa3Mepa 3amaca ¢ y4eTOM H3[epKeK XpaHeHHs M BO3MOXKHOTO nedunura. Pazpaborana apxutekrypa
TIPUKJIATHOH WH(POPMAIMOHHON TEXHOJIOTHH IUIAHUPOBAHUS JIOTHCTHKH HocTaBokK. [Ipemtoxennas MT mo3Bomnser aHanmm3upoBarth u
MIPOTHO3MPOBATH N3MEHEHHE OCHOBHBIX PHIHOYHEIX ()aKTOPOB M B COOTBETCTBHH C MONYyYEHHBIMHU pe3ysbTaTaMu 3G (EeKTHBHO penraTh
3ala4y YIIpaBJICHUS 3ariacaMHu. l_[pl/l OTOM NOABJIAETCA BO3MOXXHOCTh YUUTBHIBATH HAJIMYUE }le(bl/ll_ll/ITa u SaﬂOH)I(eHHbIﬁ crpoc. Pa60Ta
mMoayieit UT mpommtocTpupoBaHa TECTOBBIM HprMepoM. BeiBoabl: ncrnonbs3oBanne UT sddexTnBHO NpH MPUHATHH PeLICHHI
JIOTUCTUYECKOTO TUIaHUPOBAaHHs OM3HEC-TIPOLIECCOB, a TakkKe B aHanu3e A(PQEeKTHBHOCTH JIOTHCTHKU 3a OMNPENCICHHBIH MepUuox
BpeMeHU. B nanpHelimieM mnpenmnonaraercs AOMOJHHUTH YKa3aHHYK TEXHOJOTMIO BO3MOXKHOCTSIMM pEIIEHHs 3a7ad CKIAaJICKOH
JIOTHCTHUKH.

KnioueBble cjI0oBa: JIOTHCTHKA CHAaOXEHHs; INPOTHO3MPOBAHWS CIIPOCA; ONTHMH3AIMS I1apaMeTPOB; BPEMEHHBIE PSJIBI;
MIPUKJIaJHAsT HHPOPMAMOHHAS TEXHOTIOTHSL.
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D. LYTVYNENKO, A. DOROKHINA, R. ARTIUKH

ANALYZING THE INTERESTS AND INTERACTION OF THE PARTICIPANTS OF A
TRANSPORT SYSTEM DEVELOPMENT PROJECT

The subject matter of the article is the communication processes of stakeholders in transport system development projects. The goal
is to analyze the interests of the stakeholders of a transport project, taking into account the main differences in this industry. The
article solves the following problem: the features of transport infrastructure project management are considered; the main interests of
the stakeholders for transport infrastructure development projects are highlighted and their interests are analyzed; a model of
interaction among stakeholders at different stages of the project life cycle is built. The following methods are applied: value
approach, structural models, optimization models. The following results are obtained: the requirements of standards for project
management are analyzed regarding the value approach and project management by stakeholders; the main characteristics of the
transport project are considered, they include the impact on the nature of the social and economic development of a region, significant
cost, duration, the interaction of state bodies and private firms; the set of stakeholders in the transport project are identified; the
specific characteristics of the management of transport projects by various stakeholders are analyzed, they are expectations, goals,
roles, the level of responsibility and related actions. Asymmetric and symmetric types of communications in the project are
considered; a model of stakeholder relations is built as a network where there is a project manager in the centre who is connected with
all other peaks and stakeholder peaks that are connected with each other, the model is formalized as a graph with multiple vertices and
bidirectional links; a model of the process of interchanging the resources of project participants during its implementation is
developed, the model contains resource flows (direct and inverse), takes into account the impact of stakeholders that change over the
stages of the life cycle of a transport system development project. Conclusions. The conducted analysis of the interests and
interaction of the project participants is the basis for developing a model for minimizing the imbalance of stakeholders' resources. The
results are based on the value approach and can be used when making decisions on managing communications of a transport
infrastructure development project.
Keywords: project management; stakeholders; transport system; interaction model.

Introduction

Modern transport infrastructure is one of the most
important conditions for the development of the economy.
Inherently the projects of construction and reconstruction
of infrastructure objects have a pronounced
macrofinancial effect, as the strategic advantages of the
state in the long-term perspective, including the
development of highly efficient transport-logistic systems,
as well as the improving of the conditions and social
living of the population.

According to the budget of Ukraine for 2019, it is
planned to allocate 51 billion UAH to the roads and
transport infrastructure, which is almost 28% more than in
the budget of 2018. A significant part of these funds is
planned to be spent on major infrastructure projects, such
as the Odesa-Reni (1.5 billion), Kropivnitsky-Mykolaiv
(1 billion) and 4 billion for the Go Highway national
project. Such expenditures shows the state's interest in the
development of domestic infrastructure, and the tendency
suggests a further increase in the number and magnitude
of projects in case of maintaining the rates of economic
growth in the country [1, 2].

The growth in the number of infrastructure projects
for transport development can significantly revitalize the
industry, and application of methods for project
management will enable to consolidate success and in
matters of qualitative changes.

Analysis of recent research and problem statement

Last time the scientific publications and regulations
paid more attention to the peculiarities of project
management from the perspective of different

stakeholders and in the context of their relationships with
each other.

The main sources for reviewing knowledge systems
and project management methodologies are: PMBoK,
ICB, P2M, PRINCE2. But, objectively, it should be noted
that the theoretical basis of project management is not
completely formed and continues to evolve. Such a state,
at the time of the active practical use of already published
work, can not remain unnoticed by scholars who continue
to seek the new theoretical knowledge and build the new
models for existing systems.

Among the domestic scientists who were engaged in
the research and development of project management, one
should highlight the works of K. V. Kolesnikova [3],
Yu. Yu. Guseev, M. V. Sidorenko, I. V. Chumachenko,
O. S. Martynenko [4, 5].

The issue of classification and description of project
stakeholders is discussed in detail in two standards:
PMBOK and PRINCE2.

In PMBOK, in particular, there is a separate
knowledge sector that includes the following processes:
Stakeholder Identification, Stakeholder Management
Planning, Stakeholder Engagement Management, and
Stakeholder Engagement Control.

The standards described in Prince2,
distinguish only three main stakeholders:
sponsors, users and suppliers.

Reviewing the profile literature, it was noted that the
standards pay insufficient attention to the sectoral
diversity of project management and related features that
arise in the characteristics of stakeholders.  Often
researchers in their work have to do their own review of
the features and characteristics of project management,
and in particular stakeholders in certain conditions of the
industry [6 — 8].

in turn,
business

© D. Lytvynenko, A. Dorokhina, R. Artiukh, 2019
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Different stakeholders may differ in expectations,
roles, responsibilities and actions. This is despite the fact
that they all act as partners in the project and participate in
the joint process, but their personal goals can vary
considerably. Thus, each side may have different criteria
for success, assessing the degree to which their goals are
achieved, different values and ways to succeed. These
conditions significantly influence the process of project
implementation, it is especially important to take into
account when constructing communication processes. It
is important to use correct and effective methods, tools
and technologies in solving management tasks that would
be oriented specifically to these problems [9, 10].

Therefore, the purpose of this article is to analyze the
interests of the parties involved in the transport project,
taking into account the main features of this industry.

The article solves the problem:

- consideration of the peculiarities of transport
infrastructure projects management;

- allocation of key stakeholders for transport
infrastructure development projects and analysis of their
interests;

- building a model for interaction between
stakeholders at different stages of the project's life cycle.

Materials of research

Management of transport projects involves the
creation of new or reconstruction of the country's old
infrastructure systems for modernization or restoration.
Management of transport projects should be distinguished
from other types of conventional construction. The
transport project in its classification is included in the
definition of the infrastructure project, and therefore has a
certain number of identical characteristics.

The main characteristics of the transport project are:

- significant influence on the nature and pace of
socio-economic development of the region;

- exceptionally high capacity of funds;

- durability;

- close interaction between public authorities and
private firms.

The competitiveness of the region is mostly
dependent on transport accessibility than on the
geographical location of production or service. The high
development of the transport system in the region and the
mobility of material and labor resources in it provides
ample opportunities for both trade and production, which
makes the area attractive for investment. Implementation
of transport infrastructure projects generates the so-called
impulses of development, which increase the
attractiveness of the mainland territories, increasing the
market value of surrounding lands and other natural
resources.

Infrastructure projects are worth the cost. For
example, the construction of one kilometer of road may
amount to 5 to 78 million hryvnia [11]. At the same time,
the terrain, climatic conditions and the development of the
territory can increase the costs at one time. For this
reason, and also because road construction is often not
commercial, the main burden of funding is divided into

budgets of different levels. Public-private partnerships and
other similar instruments of division of responsibilities
and financial injections are created specifically for solving
this problem. A slightly different situation with transport
terminals, there, mainly, financing is carried out by private
entrepreneurs and companies.

A transport project often has a strategic component
that determines the competitiveness of the region in which
the project was implemented. That is why transport
projects can be implemented for decades. Even if the
project does not require significant funds, but the timing
of repayment of these funds and receipt of investment
gains may take considerable time. Sometimes, even the
first phase of the life cycle of a project with expertise and
approvals, as well as the process of buying and disposing
of land, may last for years and sometimes last longer than
construction itself. Very often, transport projects may be
suspended due to significant changes in conditions or
inconsistencies in funding plans with realities. That is
why the transport infrastructure of the regions is often
planned in advance and for a long time with the
calculations for further development and the state of the
region.

Often, before the project is implemented, it is
necessary to solve a huge number of conflicts in order to
regulate public, private, social and economic interests.

The main risk and the main problem of any transport
project is the risk of losing funding [12]. First of all, as
there is always a temptation to invest in social projects
that will benefit much faster, rather than in the case of
infrastructures that spend the money spent over the years.
When allocating budget funds, there is also the question of
giving preferences to the region. High-level officials often
have to choose the infrastructure of which region or city to
improve, and work on which objects should be postponed
at another time. This often creates a conflict between
regions and competition for funding, which can lead to
individual risks during the project implementation. And,
finally, the construction of a transport infrastructure
changes the territory itself and sometimes destroys the
habitual location for people, or even their place of life.
The construction of a transport facility requires the
alienation of a large amount of land and is accompanied
by pollution of the environment, both during construction
and during operation.

Research results

1. Determination of the stakeholders of the
transport project

Stakeholders, in other words, interested parties, are
the parties that are directly involved in the implementation
of the project at different or all stages of the life cycle and
directly affect it. Stakeholders can include the public, civil
servants, owners, managers, investors and all other actors
directly influencing and participating in the life cycle of
the project.

Transport project, unlike some other projects, is
interrelated with the public at all stages of its life cycle.
The community and the interests of the inhabitants of the
region have a significant impact on the project, from the
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design phase and throughout the time of exploitation to
the stage of project closure. Because the transport project
is primarily aimed at solving the interests and needs of
society. Some studies and organizations even believe that
a proper assessment of the role of society and determining
the main characteristics of a society as a stakeholder can
play a key role in the implementation of a transport
project [14]. Significant public participation in project
management also requires significant transparency of
project processes and documentation to be disseminated to
public resources.

Politicians who embody the side of the state also
play a significant role at all stages of the project. First,
because the transport project has such a close relationship
with the public in the region. In addition to financial
issues, civil servants can also resolve public-conflict
issues as well as control information channels about the
project's progress to the general public. The state may also
be responsible for obtaining different types of permits.
Obtaining permits is one of the most likely risks of a
transport project, which is why the role of state bodies in
this matter is difficult to overestimate. And political will
can significantly reduce political and some economic
risks, which greatly accelerates the process of project
implementation.

Table 1. Table of interests and visions of different stakeholders

In the world classification it is used to allocate the
project owner as a separate stakeholder. That is, the side
which becomes the owner of the object after construction.
But in the Ukrainian realities, all transport arteries of the
country belong to the state, and since the issue with the
appearance of concession roads is still not resolved,
the role of the owner should also be given to state
structures.

Stakeholders may also include different supervisory
authorities that are related both to the investor or the
contractor, that is, those who control the quality of the
work, as well as various organizations at the request of the
state that control environmental norms and norms of
law [15].

Also, an investor, a project team leader, a contractor
with their own subcontractors and a supplier participate in
the implementation of the transport project. Their role in
the transport project is classical and has no pronounced
features.

Specific characteristics regarding the management of
transport projects by various stakeholders are presented in
table 1. The table serves as a visual indicator of the main
differences and peculiarities in the positions of
stakeholders on those or other issues.

Stakeholders of

Interests of stakeholders in specific project issues

transport project Project vision

Target in a project Expectations

Society Creating a product that you To get a project under construction that | Finished product that brings
will need to take and which will bring the minimum number of additional convenience and
will bring additional inconveniences and risks, and at the end | features
convenience or opportunity will give the greatest possible
convenience and new opportunities
Government Budget streams and To master the maximum possible The ready project which is to
agencies reputation events budgetary resources and to gain more become the brand of the
reputational and economic benefits political program and will bring
from the project, while reducing risks. economic and social benefits
Regulatory Technological process, To ensure the implementation of all Avoid all possible violations
authorities limited by the norms and processes within defined norms, until the project is complete.
requirements. Granting eliminate or punish violations. Complete all penalty procedures
permissions
Investor Financial flows, the dynamics | Profit through investment Return of invested funds with

of expenses and revenues

maximum profit

Project Manager
and his team

Product creation management
process

A result that meets quality, deadlines,
budget and requirements. Satisfaction
from the project of all stakeholders

Team success after project
implementation, financial and
reputational benefit

Execution of works on all
points of the contract

General contractor
work

Maximum financial benefit from the

The company gained profit from
the project and received a
reputable profit from successful
execution

General supplier The process of supply
fulfillment according to the

contract

fulfillment

Maximum financial benefit from supply

The company gained profit from
the project and received a
reputable profit from successful
execution

2. Model of interconnection of stakeholders of a
transport project

Project implementation is accompanied by constant
efforts of the project manager to meet the requirements of
project stakeholders. But in addition to interacting with
project management, stakeholders are also interacting with
each other. The purpose of such interaction is often only

one — the exchange of resources for each of the parties.
And resources in this case can be the most diverse things,
from information to certain actions, in short, everything
that can cause the interest of the parties. As a result of this
situation, a network of relationships is created [8, 16].

All links between vertices act as an interaction
between stakeholders, where resources are exchanged.
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There are three types of exchanges:

- asymmetrical to the benefit of the target element;

- symmetrical with mutually beneficial relationship;

- asymmetric with benefit to the other party and
deterioration of the resource base of the target element.

One of the tasks of the project manager and team is
to weigh and control the relationships among other
stakeholders, not allowing, or trying to prevent resource
distortion. Such distortions may include, for example,
non-fulfillment of the terms of an agreement by one of the
parties, non-fulfillment of their powers by state bodies
despite considerable tax pressure, etc. Similarly, a project
manager may also give less resources in the process of
exchange, for example, failing to fully exercise their
authority or demonstrating unprofessionalism in the
decisions. In the event of such problems, there is always a
certain tension between the parties and the desire of the
injured party to align the situation by reducing the leakage
of resources on its part.

Thus, the relationship model has the form of a
network where the project manager has a link with all
other vertices in the center and other stake holders with or
without a different relationship. To construct the model of
the interaction of participants, define the graph in rig. 1 as
a set of vertices and relationships: G = (V, A). The node
corresponding to the project manager is marked V, .

Fig. 1. An example of a network of interaction between project
stakeholders

At the same time, it should be noted that such a
network may have different views and structures at
different stages of the life cycle of the project. That is, at
the start of the next stage of the project, a network of
stakeholders should be reviewed and balanced..

When considering the network of stakeholders
interaction, the balancing of the process of transferring
resources between stakeholders is of paramount
importance. To do this, it is customary to allocate the
target steward and separately consider the situation on his
part, taking into account its features and characteristics, as
well as features of a particular stage of the project life
cycle. Itis in this form that one needs to pay attention to
the situation when the stacker receives less resources than
gives, this situation is the main problem that the network
model is trying to solve.

In some situations, the vertices may be uneven, or
rather, have a priority over other vertices. For example,

the public, which is the most important stakeholder of the
transport project and influences the critical number of
decisions, may be more important than other stakeholders.
It means that the situation with the exit from the balance,
when a certain stakeholder will receive more resources,
and the priority stacker receives less resources, always
remains completely unacceptable. Thus, the project
manager must make efforts to balance the model. In the
long run, the goal of the project team is to balance all
relationships among stakeholders, taking into account
their weight at a particular stage.

Note that the set of bonds A is bi-directional, that is,
it consists of two subsets (fig. 2): A+ U A-, where A+ is
the volume of resources transmitted by the participants of
the communication in the forward direction (from the
initiator of action), A- is the volume of resources
transferred in the opposite direction (as the corresponding
reaction).

A+

A-

Fig. 2. Scheme of interaction between two stakeholders

According to fig. 2 we can record the condition:
A+ >A- 1)
which states the process of interchange of resources of

project participants during its implementation.
Indicate a;as a volume of the resources transferred

between V. and \Z

by project participants when

i=1n, i =1,n. Thus, the graph of interconnections can

be divided into separate subgraphs with a dedicated target
holder and obtain conditions for the absorption of
resources for a plurality of participants:

T

i a >3 a;. (2)

1
1 ij=1 !

L]

Formula (2) can be supplemented by the factor of the
importance of a stakeholder for a certain stage of the
project life cycle [17]. To determine such a factor, for
example, you can use the Mitchell model to identify the
importance of the parties. Thus, formula (2) will look like:

3 k(Mg 23 3 k(T)a ®3)
I=1i,j=1 1=1i,j=1
where  k (T') and kj(T')are the coefficients of

significance (influence) of stakeholders on the first stage
of project implementation.

The main task of communication management is to
achieve a balance of interactions, that is, to minimize the
difference

(S35 5k, |omin. @

I=1i,j=1

In the event that an imbalance can not be avoided, it
is possible to align the overall system by creating artificial
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imbalances in relation to other stakeholders. But this
approach will work only when stakeholders know about
the approach and only in this case they will consider the
system of exchange of resources to be fair.

Conclusions

In the article the features of management of transport
infrastructure development projects are considered. A set
of stakeholders is identified. Their vision, goals and
interests in the project are analyzed. The structural model
of interaction in the graph representation is proposed. A

model for minimizing imbalance of resources in the
process of interaction is developed. The unevenness of the
stakeholder's influence over the life cycle of the project is
taken into account.

The results obtained are based on a value-based
approach and can be used in decision-making on
communications management of transport infrastructure
development projects.

The research will continue in the direction of
constructing a mathematical model of compromise
solutions with the interaction of different groups of
stakeholders.
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AHAJII3 IHTEPECIB TA B3AEMO/III YYACHUKIB IIPOEKTY PO3BUTKY
TPAHCIIOPTHUX CUCTEM

IIpeameToM noCiiPKEHHS B CTAaTTi € MPOLIECH KOMYHIKALii 3aIliKaBICHUX CTOPiH B IPOEKTaX PO3BUTKY TPAHCIOPTHHUX cucTeM. MeTa
— aHaJI3 iHTEpeCiB 3alliKaBICHUX CTOPiH TPAHCIOPTHOTO IMPOEKTY 3 YpaxyBaHHSAM OCHOBHHX OCOONMBOCTEH Ii€i ramysi. B crarti
BUPILIYIOTBCS 3aBAAHHSA: PO3IILiA OCOONMBOCTEH YHPABIIHHS HPOCKTaMH TPAHCHOPTHOI iH(PacTPpyKTypH, BHUAUIEHHS OCHOBHHUX
3aI[iKaBJIeH] CTOPIH Ul MPOEKTIB PO3BUTKY TPAHCIIOPTHOI iH(pacTpyKTypu Ta aHami3 iX iHTepeciB, moOymoBa MoJeli B3aeMOJil
CTEHKXOJIJepiB Ha PI3HUX €Talax *KUTTEBOTO LMKy NMPOEKTY. 3aCTOCOBaHI METOAM: LIHHICHUI MiJIXiA, CTPYKTYpHI TpadoBi Mozeni,
ontuMizauiiai Mozgeni. OTpuMani pe3yabTaT: [IpoaHani3oBaHO BUMOTH CTaHAAPTIB 3 YIPABIiHHSA NPOEKTaMH CTOCOBHO IL[IHHICHOTO
MiXOMy 1 yIpaBIIiHHS 3allikaBICHHUMH CTOPOHA NPOEKTY. PO3IIISTHYTO OCHOBHI XapaKTEepUCTHKU TPAHCHOPTHOTO IPOEKTY: BIUIUB Ha
XapakTep COLIabHO-€KOHOMIYHOTO PO3BHUTKY PETiOHY, 3HaYHA BapTiCTh, AOBIOTPHBATICTH, B3a€EMOJis [CpKaBHUX OpraHiB Ta
npuBaTHUX (¢ipM. BH3HaueHO MHOXHWHY 3allikaBIEHHX CTOpIiH TpPaHCIOPTHOTrO TpoekTy. [IpoaHamizoBaHO crenmivyHi
XapaKTEePUCTHKH IO/I0 YIPABIiHHA TPAHCIIOPTHUMH MIPOSKTaMH Pi3HIUMH 3alliKaBICHUMH CTOPOHAMH, TaKi SK OYiKyBaHHSA, IIiJIi, PO,
CTYHIHP BiAMOBINAIBFHOCTI Ta MOXJIIUBI Iii. PO3risHyTO acMMeTpw4Hi Ta CHMETPHYHI THIIM KOMYyHiKamiid y mpoekti. [loOymoBano
MOJIENb B3a€MOBITHOCHH CTEHKXOJIEPIiB y BHIILAII MEpeiKi, e B IEHTPi 3HAXOAUTHCS MEHEIDKEp MPOEKTY, IO Mae 3B 530K 3 yciMa
IHIIMMH BEpPIINHAMH, Ta BEPIIHMHU-CTEHKXOIIEPH, [II0 MAIOTh 3B’ 130K MK co00t0. PopMaitizoBaHO MOJaHHS MOAEINI Y BUITII rpady
3 MHOYKHHOIO BEPIIMH Ta JBOHAIPABICHHUX 3B s13KiB. P03po0iieHo Mo/iens nporecy B3aeMOOOMIHY pecypcaMy yYacHHKIB IPOEKTY pH
Horo peanizauii. Momenb MiCTHTh MOTOKHM pecypciB (TIpsiMi Ta 3BOPOTHI), ypaxoBye KOe]illieHTH BIUIMBY CTEHKXOJIAEPIB, SKi
3MIHIOIOTBCSL Ha TIPOTA31 €TamiB KUTTEBOTO IWKIY NMPOEKTY PO3BHTKY TPAHCIOPTHOI cucreMu. BucHoBkM. IlpoBenenmii anaimis
iHTepeciB Ta B3a€MOJIi yYaCHUKIB IPOEKTY € OCHOBOIO pO3pOOKH MOJIeNi MiHiMi3alii qucOanancy pecypciB creiikxomnaepiB. OTpumani
pe3ysIbTaTH OCHOBAHI Ha LIHHICHOMY IMIAXOl Ta MOXYTh OyTH BHKOPHCTaHI NPH MPUHHATTI PIlIEHb 3 YIPaBIiHHA KOMYHIKAIliIMHI
MIPOEKTY PO3BUTKY TPAHCIIOPTHOI iHPPACTPYKTYPH.
KurouoBi ciioBa: ynpaBiiHHS MPOEKTaMH; CTEHKXOJIIEPH; TPAHCIIOPTHA CHCTEMa; MOJIENTb B3aEMO/Ii1.

AHAJIN3 UHTEPECOB Y B3AUMOJENCTBUSA YYACTHHUKOB ITPOEKTA
PA3ZBUTUA TPAHCIIOPTHBIX CUCTEM

IIpeameToM uccienoBaHHs B CTaTbe SABISIFOTCSA IPOLECCHl KOMMYHMKAllMM 3aMHTEPECOBAHHBIX CTOPOH B IPOEKTaX Ppa3BUTHA
TpaHCHOpTHBIX cucTeM. IleJb — aHanM3 MHTEPECOB 3aUHTEPECOBAHHBIX CTOPOH TPAHCIIOPTHOIO IIPOEKTa € Y4ETOM OCHOBHBIX
ocoOeHHOCTe! 3TOH OTpaciu. B craThe permaroTcs 3agadM: pacCMOTPEHHE OCOOCHHOCTEIl YNpaBlIeHHs MPOEKTaMH TPaHCIIOPTHOH
UH(PACTPYKTYpHI, BBIACICHHE OCHOBHBIX 3aWHTEPECOBAHBI CTOPOH JUISl MPOEKTOB Pa3BUTHS TPAaHCHOPTHOH HHQPPACTPYKTYpHI U
aHaIM3 HUX HHTEPECOB, IOCTPOEHHME MOJENU B3aMMOJCHCTBUS CTEMKXONIEpOB Ha pasHbIX 3Tamnax >KU3HEHHOTO LUKJIA NPOEKTa.
[MpuMeHeHB! MeTOABI: IEHHOCTHBIA IIOAXOJ, CTPYKTypHBIE TIpadoBble MOJENH, ONTHMHU3ALMOHHBIE Mopenu. IlomydeHHBIE
pe3yabTaThl: [IpoaHanu3upoBaHsl TpeOOBAHHS CTAaHJAPTOB IO YHPABICHUIO MPOEKTAMH OTHOCHTENHHO IIEHHOCTHOTO ITOJIXOJa U
YIpaBlIeHHs 3aUHTEPECOBAaHHBIMU CTOPOHA IPOEKTa. PacCMOTpEHbI OCHOBHBIE XapaKTEPUCTUKU TPAHCIOPTHOIO MPOEKTA: BIUSHKE HA
XapakTep COLMAIbHO-DKOHOMHYECKOTO Ppa3BUTHsA PETHOHA, 3HAYMTENBHAs CTOUMOCTb, IPOAOJDKUTEIBHOCTb, B3aHMOJEHCTBUE
roCyJIapCTBEHHBIX OPraHOB M YacTHBIX (upM. ONpenerneHo MHOXECTBO 3aWHTEPECOBAaHHBIX CTOPOH TPAHCIIOPTHOTO TMPOEKTa.
[Ipoananu3upoBaHel  cHenudUYecKkne  XapaKTePUCTHKH MO  YINPaBICHUIO  TPAHCIOPTHBIMH  TPOSKTAaMH  Pa3IMYHBIMH
3aUHTEPECOBAHHBIMM CTOPOHAMHU, TaKWe KaK OKUAAHHE, LeJH, POJM, CTENEHb OTBETCTBEHHOCTH M COOTBETCTBYIOLIME NEHCTBUSL.
PaccMOTpeHBl aCHMMETPUYHBIE W CHMMETPUYHBIE THUNBl KOMMYHUKaUui B mpoekTe. IlocTpoeHa Mozenb B3aMMOOTHOILEHUI
CTEHKXONJIEPOB B BUJIE CETH, II€ B LICHTPE HAXOJUTCS MEHEIKEP MPOEKTa, KOTOPBIM UMEET CBA3b CO BCEMH APYTMMH BEpIIMHAMU, 1
BEPIINHBI-CTEHKXOJIAEPHI, NMEIONIHNE CBS3b MEXIy co0o0i. dopMann30BaHO NMPEACTABICHHE MOJEIH B BHIE MHOXECTBA BEPIIHH U
JIBYHAIIpaBJICHHBIX CBs3el. Pa3paboTaHa Monens mpomecca B3aMMOOOMEHa pecypcaMi yJacTHHKOB IPOEKTa IPH €ro peann3amui.
Mopens CofepKUT TOTOKH PecypcoB (TIpsMble M OOpaTHBIE), YYUTHIBACT KOI(M(HIMEHTH BIMSHHUSA CTEHKXONIEPOB, KOTOpHIE
MEHSIOTCS Ha MPOTSPKEHUH 3TAIOB )KM3HEHHOTO 1[MKJIA TPOEKTa Pa3BUTHUS TPAHCIOPTHOM cucTeMbl. BoiBoabl. [IpoBeneHHbIN aHanu3
MHTEPECOB M B3aUMOJICHCTBHUS YYaCTHHKOB IPOEKTa SIBISETCS OCHOBOM pa3pabOTKM MOJeNH MHUHHMHM3AIMU AucOaiaHca pecypcoB
cTeiikxonaepoB. [lodydeHHbIE pe3yiabTaThl OCHOBAHBI HAa LIEHHOCTHOM IOJXOJE€ M MOTYT OBITH HCIOJB30BAaHBI TPH MPUHATHU
pelIeHni 1o yIpaBIeHHI0 KOMMYHHUKALUSIMU ITPOEKTA Pa3BUTHUS TPAHCIIOPTHON HHPPACTPYKTYPHL.
KiroueBble cJ10Ba: yIpaBieHUE IPOCKTaMU; CTEHKXOJIEPBl; TPAHCIOPTHAS CUCTEMA; MOJEIb B3aUMOACHCTBHU.
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V. MARTSENYUK, A. SVERSTIUK

CYBER-PHYSICAL MODEL OF THE IMMUNOSENSOR SYSTEM AT THE
HEXAGONAL LATTICE WITH THE USE OF DIFFERENCE EQUATIONS OF THE
POPULATION DYNAMICS

The subject matter of the study is a model of cyber-physical immunosensory systems. The goal of the work is to create and to study
the stability of the cyber-physical model of the immunosensory system at the hexagonal lattice using difference equations. The
following tasks are solved in the article: development of functional scheme and cyber-physical model of immunosensory system;
creation of discrete dynamics of the studied system; development of dynamic logical simulation of the cyber-physical immune
system; definition of permanent states for studying the stability of a model of an immunosensor at the hexagonal lattice; the analysis
of the results of numerical simulation of the cyber-physical model of the immunosensory system in the form of image of phase planes,
the probability of contact of antigens with antibodies, lattice images of the probability of antibody bonds and an electron signal from
the converter, that characterizes the number of fluorescing pixels. The following methods are used: methods of mathematical
statistics and random processes, methods of the theory of optimization and operations research. The following results were obtained:
The cyber-physical model of the immunosensory system at the hexagonal lattice using the difference equations that takes into account
the presence of colonies of antigens and antibodies localized in pixels as well as the diffusion of colonies of antigens between pixels
was developed. Discrete dynamics of populations in conjunction with dynamic logic is described. A class of delay time difference
equations was introduced to simulate the interaction of "antigen-antibody" in the pixels of the immunosensor. The stability of the
cyber-physical model of the immunosensory system with the help of the R package is researched. The results of numerical simulation
in the form of phase planes image, the probability of contact of antigens with antibodies, lattice images of the probability of antibody
bonds and an electron signal from the converter, that characterizes the number of fluorescing pixels, are obtained. The identical and
endemic stable states of the cyber-physical model of the immunosensory system at the hexagonal lattice using differential equations
of population dynamics are proposed. Conclusions: The numerical simulation of the developed cyber-physical model of the
immunosensory system was conducted. It is established that its qualitative behavior significantly depends on the time of the immune
response . An electrical signal, modeled by the number of fluorescent immunopips, is important in the design of cyber-
physiological immunosensory systems and studies of their resilience. Limit cycle or steady focus determine the appropriate form of
immunosensory electrical signal. The conclusion on the stability of immunosensors is based on the grid image of the pixels that are
fluorescing. The obtained experimental results allowed to perform a complete analysis of the stability of the immunosensor model,
taking into account the delay in time.

Keywords: cyber-physical model; immunosensory system; biosensor; immunosensor; stability of the model; difference
equations; hexagonal lattice.

Introduction

Analysis of the problem and the existing methods

Cyber-physical system (CPS) is a physical system
that implements the integration of computing and physical
processes. It occurs more often in the form of embedded
systems and networks for monitoring and controlling
physical processes in feedback systems. In such systems,
the dynamics of physical processes is the source of
information of the investigated phenomenon with the
ability to control and calculate the signals of control of the
object [1].

Cyber-physical systems are identified with the
manifestation of the fourth industrial revolution that takes
place in the modern world [2]. Thus, there is also a
physical ~ opportunity to use technologies of
"Internet of Things", where it is necessary to use signals
from sensors and measuring devices. Thus, more
and more publications [3] appear in the
literature that draw attention to the modern concepts and
offer the innovative solutions. A. Platzer proposed
an approach based on "dynamic logic", which
describes and analyzes cyber-physical systems [4], [5]. In
these works, the hybrid programs (HPs) are used
at the simple programming language with the
simple semantics. HPs allow the programmer
to refer directly to the actual values of variables
that represent the real values and determine their
dynamics.

With the growth of the pace of life and the need for
more accurate methods for monitoring various parameters,
interest in cyber-physical systems and biosensors as their
components is growing in science and industry.
Biosensors are an alternative to well-known measurement
methods that are characterized by poor selectivity, high
cost, poor stability, slow response, and can often be
performed only by the highly trained personnel. This is a
new generation of sensors that use biological material in a
design that provides very high selectivity and allows you
to quickly and simply measure [6], [7].

Cell biosensors can be used to quantify the infection
of an organism with certain electrochemical or optical
phenomena. The article [8] describes a cellular biosensor
that uses electrochemical impedance spectroscopy. This
biosensor is intended for counting human CD4 + cells.
The sensing area of this biosensor includes electrode
pixels, each of which is compared to the size of the CD4 +
cell, which is attracted to the pixels of the electrode. They
are detected by observing informative changes on the
pixel. The "On" or "Off" state of the electrode pixel
indicates the detection of one CD4 + cell. Thus, in order to
calculate CD4 + cells, it is necessary to summarize
electrode pixels in the "On" state.

This general approach to quantitative detection of
cells is used to simulate an immunosensory system based

© V. Martsenyuk, A. Sverstiuk, 2019
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on the fluorescence phenomenon. Immunosensors [9] are
a subgroup of biosensors, in which the immunochemical
reaction is associated with the transducer. The principle of
all immunosensors is the specific molecular recognition of
antigens by antibodies to form a stable complex.

An important stage in the design of cyber-physical
immunosensory systems is the development and research
of their mathematical models that adequately reflect the
important aspects of the spatial structure of immune-pixels
important in terms of the research tasks. After all, the
quality of the immunosensor model determines the
effectiveness of its processing methods in measuring
systems. The design of cyber-physical immunosensory
systems involves the selection of parameters that would
ensure their operational stability. Such a task, in
particular, arises in the development of an immunosensor,
which includes a three-dimensional array of immune
pixels, and which consists in finding appropriate
parameters describing immunological and diffusion
processes. This problem can be solved by developing and
studying the stability of the corresponding cyber-physical
model of the immunosensory system on a hexagonal
lattice using difference equations.

Purpose of the work. To develop a cyber-physical
model of the immunosensory system on a hexagonal
lattice using the differential equations of population
dynamics with the possibility of studying its stability. The
article addresses the following tasks:

- development of functional scheme and cyber-
physical model of immunosensory system;

- creation of discrete dynamics of the studied system;

- development of dynamic logical modeling of the
cyber-physical immune system;

- definition of permanent states for studying the
stability of a model of an immunosensor on a hexagonal
lattice;

- analysis of the results of numerical simulation of
the cyber-physical model of the immunosensory system in
the form of image of phase planes, the probability of
contact of antigens with antibodies, lattice images of the
probability of antibody bonds and an electron signal from
the converter, which characterizes the number of
fluorescing pixels.

Solving the problem

Cyber-physical Immunosensory System (CPISS).
The definition of the term "Cyber-physical sensory system
(CPSS)" is given in [10]. This definition was introduced
for the industrial use of sensors. The general definition of
the CPSS involves "a higher degree of combination,
system sharing, the ability to use embedded systems in the
field of automation and compliance with existing
standards." The considered approach is used for the
characterization of CPISS, the functional scheme of which
is presented in fig. 1 and allows to perform numerical
simulation of the system under study.

According to [10], the definitions and schemes for
CPIS are used to define the CPS. CPISS converts
physically measured immunological parameters into the

digital information, which enables them to process signals
in time using certain algorithms. There is also an
interaction with their own capabilities, requirements,
internal data and internal tasks in terms of distribution to
the same or higher level of the hierarchy.

The concept of CPS at the basis of the CPISS (the
external rectangle in fig. 1) , with the account of the
features of intellectual imaging sensors is used. With the
additional skills (dotted line in fig. 1), the sensor extends
to CPIS, which allows to receive more diagnostic
information about the object being studied.

CPISS

Tasks

_____________

"Smart"
immunosensor

4 7

Signal processing

Normalized signal

Electrical
Immunosensory signal

system

a

N

Normalized signal

1

Electrical signal

[

An array of immune
pixels based on difference
equation

3

3 4

o

Measured biological value
Fig. 1. Functional scheme of CPISS

Four main types of detection are used in
immunosensory devices: electrochemical (potentiometric,
amperometric or conductivity (capacitive), optical and
thermometric [9]). All types of sensors can be used as
direct (not marked) or as indirect (marked)
immunosensors. Direct sensors are able to detect physical
changes during the formation of the immune complex,
while indirect use different levels of the generated signal
that enable more sensible and universal detection in
measuring systems.

CPISS refers to the high-intelligence information
systems. They use an affordable set of interfaces that
allow you to receive fast and accurate information of the
status and internal system data that should be available to
other CPSs. According to [10] CPISS as the self-
organizing system requires comprehensive knowledge of
its own dynamic structure and infrastructure of the general
system. In order to make this, it is necessary to determine
the types of immunosensory devices, taking into account
their functional application. For example, immunosensors
can be used to assess critical states in cardiovascular
diseases, insulin values when measuring glucose levels in
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blood and to identify quantitative parameters in some
pharmaceutical formulations.

In the article [10] the general structure of CPSS is
proposed. While applying this scheme, in the case of
immunosensors, three directions can be singled out:
general  information about the  immunosensor;
measurements of immunological parameters and skills in
relation to unit conversion and calibration; interaction
with other immunosensors. In this way, the certain
methods are described that allow the immunosensor to be
described. In the study of CPISS, the programming
language R was used. Despite the great variety of
programming languages used in the development of CPS
(Assembly, C, C ++, D, Java, JavaScript, Python, Ada,
etc. [11]), the language R is widely used in Nowadays, in
many industries involved in machine learning and
visualization of data.

Discrete Dynamics CPISS. For the CPISS
dynamics we use the mathematical description with the
help of nonlinear difference equations with delay.

The model of the immunosensor on the basis of a
hexagonal lattice is considered. In this case, for the
numbering of immune pixels (i, j,kK), i, j,k=—N,N,
i+ j+k =0 the cubic coordinate system is used [11].

Let V,;,(t) is the concentration of antigens, F,;, (t)
is the concentration of antibodies in the immunopixel
@i,j,k); i, j,k=—N,N, i+ j+k=0.

The model is based on such biological assumptions
for an arbitrary immunopile (i, j, k).

1. Antigens are detected, bind, and finally
neutralized by antibodies with some probability velocity
y>0.

2. It is assumed that when colonies of antibodies are

absent, colonies of antigens are regulated by a logistic
equation with a delay:

\/i,j,k(n+1):(1+ﬁ_5u\/i,j,k(n_r))vi,j,k(n) ) (1)

where B and &, — positive numbers, and r >0 mean

latency of the negative responce of the antigens’ colonies.

3. The fertility rate > 0for the antigen population
is introduced.

4. Antigens are neutralized by antibodies at a certain
probability rate y >0 .

5. The population of antigens tries to reach a certain
limit of saturation with a spee ¢, >0.

Vi,j,k (n+1) :\/i,j,k(n)exp{ﬂ_yl:ivjyk (n—l’)—5V (n—

6. The diffusion of antigens from six adjacent pixels
is considered (i+1,j,k—1), (i+Lj—Lk), (i,j—l,k+1)’
(i-1jk+D , (i-1j+1k) i (i, j+Lk-1) (fig. 1) with
diffusion speed DA™, where D>0 — coefficient of
diffusion; A >0 — distance between two adjacent pixels.

7. The constant mortality of antibodies g, >0 is
introduced.

8. As a result of the immune response the antibody
density increases with a probabilistic velocity 7y .

9. The antibody population is approaching a certain
level of saturation with a speed &, >0.

10. The immune response occurs with some constant
delay inatime r>0.

{4, J-1, E+1)

Fig. 2. Hexagonal latice, which binds six neighboring pixels in
the model of the immunopixel using the cubic coordinates:

D D
1,3,5,8,9,11 - (Evu,k(t)] 12- (Eviﬂ,j,kl(t)j;

D .« (D .
4- (Evm,i—l‘k(t)) 6 (Az Vi,j—l,k+1(t)jl

D 10. (B :
7 - (Evi—l,j,k-v»l(t)j ;10 (Az Vi—l‘j+1‘k (t)J !
D
12 - (Evi,jﬂ,kl(t)j'

On the basis of the above information, we will write
the mathematical model of late-antigen-antibody
interaction for a hexagonal array of immunopicles based
on the well-known Marchuk model [12-14] and uses the

spatial operator S proposed in [15] (additional

information is on page 10.

r)}+§{xi‘j'k(n)}

Vi jk

: (2)
Fi,j,k (n+1) = Fi,j,k (n)exp {_,Uf + 777/Vi,j.k (n—r)-o; Fi,j,k (n)}
where é{V”‘k} is a discrete diffusion for a spatial operator S.
a { } _ DAQ I:Vi+1,j,k—1 +Vi+1,j—1,k +Vi,j—1,k+1 +Vi—1,j,k+1 +Vi—1,j+1,k +\/i,j+1,k—1 _6n\/i,j,k:| (3)
o i, ke N+LN-1 i+j+k=0.
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Dynamic logical simulation of CPISS. In order to
simulate the dynamic logic of CPISS, we use the syntax
proposed by A. Platser for the general CPS [4]. The CPS
uses the Hybrid Programming Language (HP), which has

a:::Vi‘j,k (n+1) :Vi,j‘k (n)exp{ﬂ_ﬂ:i,j* (n_r)_5x\4,j,k (n_r)}+§{\/i,j,k(n)}y
Fi,j,k (n+1) = Fi,j,k (n) exp{_,uy +777\/i,j,k (n— r)_5yF

more features than differential equations. The first level of

HP is a dynamic program that is defined by the following

grammar

4
(N} &P, “

ijk

where @, is an evolutionary domain constraint in the form of a formula for the logic of the first order of real arithmetic

def i
@, =V™ <V () SV™,
AF™ <F

ijk
The functioning of the immunopixel (i, j,k) is
determined by two states, with respect to fluorescence.
Namely, s,, is a state of fluorescence and s, is one of

non fl

the non-fluorescence states. The use of the first order of
semantics of logic and the satisfaction ratio s| =L for the

first-order formula L of real arithmetic and state s can be
determined for some pixels (i, j,k);i,j,k=—N,N,
i+ j+k=0 states s,;, and s, as

sft| = I(fIVi,j,k (n)Fi,j,k (n) 2 eﬂ ’
= kflvi,j,k (n)Fi,j,k (n) < Hﬂ'

(6)

Snonfl

Discrete changes occur in computer programs when
they accept new values for variables. This situation occurs
when a fluorescence phenomenon occurs in a pixel

G,j,kK); i,j,k==N,N, i+j+k=0. The state
Senijk =1 is assigned a value of 1 to the variable Stnijk-

This leads to a discrete, jump-like change, as the value
S¢1,,;. does not change smoothly, but rapidly when it

suddenly changes from 1 to s, causing a discrete
jump of values s; ;. In this way, we obtain a discrete
model of change s;,;;, =1, except for the model of
change (6).

Investigation of stability of immunosensor model

on hexagonal lattice. Constant states.
In  general, the state of  equilibrium

gi,j,kE(Vi,j,k’Fi,j,k)' i,jk=—N,N, i+j+k=0 for
the system (2) can be found as a solution of an algebraic
system:

Vi,j‘k :Vi,j‘k eXp{ﬂ_?’ Fi,j‘k _5uvi‘j,k}+ A{Vi‘j,k}

(7
Fi,j,k = Fi,j,k exp{_,uf TV X« - F.Jk}

Considering (Vi,jvk,Fiva), i,J,k=-N,N, i+j+k=0,
we have the following cases.

Stable state without antigens and antibodies
&0 =€°=(0,0),1i,jk=-N,N, i+j+k=0.

I (%)
(M <F™ Al, j,k==N,NANn>0,i+ j+k=0.

Stable state without antibodies
gfjok =g :[§,OJ, i,jJk=—N,N,i+j+k=0.

Identical endemic steady state. In the case if
V. =V* >0, i,j,k=—-N,N, i+j+k=0,
(SA{V”,k} = 0) , Wwe receive the stable state
gi,j,k = gident :(V ident’ Fident) , where

v - PO AT i ZHi O,
7772 +6,9; ’ 7772 +0,90;

ident

So if —u, 5 +nyf>0, then ¢ is an endemic

state.

Non-identical endemic steady state. In the general
case, we need to solve the algebraic system (7) and find an
endemic stable state, which will be called non-identical
Stationary State gnon—ident — (\/non—ident Fnon—ident) ,

ij.k YLk
i,j,k=—N,N, i+j+k=0. In case all

(VR R > 0, then &™ ™ is an endemic state.

Values V®and F“"can be used as the initial

approximations for numerical methods for solving a
nonlinear algebraic system (7).

Numerical modeling.

Model (2) is considered at N =0.07". S =2h ;
7/=2h; i =h: 77=0.01184/;/; o, =0.5h; 5, =05h:

D/A*=222Jh. N=4

Similar to the model based on the differential
equations [16, 17], in a system with the discrete time
when the delay time wvalue is changed r we
observe the qualitative changes in the behavior of immune

pixels and the model under study as a whole.
Numerical  modeling is  performed at the
values of the parameters given above. In

this case, the long-term behavior of the system (2), which
describes a hexagonal array of immunopixels
at N=4 for r=5; r=17; r=22. Phase diagrams of
antibody and antigen  populations  for  pixel
and adjacent pixels at different values are shown
in fig. 3-5.
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Pixel01-1 Pixel 10-1

Pixel0 00

Pixel -110 Pixel 1-10

Pixel-101

Pixel 0-11

Fig. 3. Numerical modeling of the system (2) at r =5. The image of the phase planes in coordinates (\/i,j,k’

F.jx ) for the pixel

(0,0,0) and its six neighboring pixels. Designation: o — identical stable state, ® — non-identical steady state

Pixel 01 -1

/E@\

Pixel 10-1

Pixel-110 Pixel 00 0

Pixel 1-10

\\_k>

Pixel-101 Pixel 0-1 1

Fig. 4. Numerical modeling of the system (2) at r =17 . The image of the phase planes in the coordinates (Vi,j,k’ Fi’j'k) for a pixel

(0,0,0) and its six neighboring pixels. Symbols: o — identical steady state, ® — non-identical steady state
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Pixel 01 -1

Pixel-110

Pixel -1 01

Fig. 5. Numerical modeling of the system (2) at r =22 . The image of the phase planes in the coordinates (V

Pixel 000

Pixel 10 -1

Pixel 1-10

Pixel 0 -1 1

F

Lk ik

) for a pixel

(0,0,0) and its six neighboring pixels. Symbols: o — identical steady state, ® — non-identical steady state.

Thus at r <16 there are trajectories that correspond
to a stable focus for all pixels (fig. 3). At a value r =17
Hopf bifurcation occurs — the following trajectories
correspond to stable ellipsoidal boundary cycles
for all pixels (fig. 4). The results of numerical
modeling are consistent with the theoretical results on the
basis of the theorem on the Hopf bifurcation [18],
which confirms the appearance of small invariant

cycles of the radius 0(\/2). Fig. 5 for r =22 shows the
phase diagrams, which are the limit cycles with two

extremums local maximum and one local
minimum).

Lattice graphs were used for numerical modeling of
the cyber-physical model of the immunosensor. Firstly,
the  corresponding  graphs  were  constructed,
where the probability of antigen-antibody contact was
given for each pixel, and as V,;, xF , at r=5, r=17,
r =22, are shown at fig. 6 (a-c).

At the second stage of numerical simulation of
CPISS, lattice graphs of fluorescing pixels were obtained

based on the condition (6) shown at fig. 7.

(one

Fluorescence intensity, time=1001

Fluorescence intensity, time=2001

Fluorescence intensity, time=3001
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a)

Fig. 6. Lattice images of the probability of antibody bonds with antibodies in pixels of the system (2) at r =5 (a)
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As an example of the final stage of numerical
simulation of the CPISS, the form of an electrical signal of
the converter is obtained, which characterizes the number
of fluorescing pixels, depending on the different value of

r =17 that corresponds to a stable focus. At r =22 there
is a running wave of fluorescence pixels that is
represented in fig. 8 (c).

For the numerical simulation of CPISS, a threshold

the delay in time r. Fig. 8 (a, b) shows the result of the  value for  fluorescence was  used ®,=15.
numerical simulation of the system (2) at r=5 and
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Fig. 8. An electrically transmitted signal from a transducer that characterizes the number of fluorescing pixelsat r =5 (a),

r=17 (), r=22 (c)

As it was shown by the numerical analysis
fluorescing states in immunopixels are changed according
to the laws of discrete dynamics. Analyzing the obtained
results, it was concluded that when changing the values of

I, the behavior of pixels and CPISS changes
qualitatively.
Conclusions
In this work a model of cyber-physical

immunosensory system on a hexagonal lattice with the use
of difference equations is developed and its stability is
investigated. The presence of colonies of antigens and
antibodies that are localized in pixels, as well as the
diffusion of colonies of antigens between pixels was taken

into account. The mathematical description of CPISS
contains a discrete population dynamics, which is
combined with the dynamic logic used for discrete events.

The continuous dynamics of the immunological
response, each immunopixel is considered as CPISS was
studied. The electrical signal, modeled by the number of
fluorescent immuno pixels, is important in the design of
CPISS and the study of their sustainability. Sustained
focus or limiting cycle determines the appearance of an
immunosensory electrical signal. The conclusion on the
stability of immunosensors can be made on the basis of
the lattice image of the pixels that are fluorescing. The
experimental results obtained allow us to perform a
complete analysis of the stability of the immunosensor
model, taking into account the delay in time.
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KIBEP-®I3UYHA MOJIEJIb IMYHOCEHCOPHOI CUCTEMH HA
TEKCATOHAJIBHIM PEIIITII 3 BAKOPUCTAHHSAM PI3SHUIIEBUX PIBHSIHb
NONYJIANIMHOI IMHAMIKH

[peamerom pocmimxeHHs € Mofeni KiOep-(pi3sMUHHX IMYHOCEHCOPHHX cHcTeM. MeTa poOOTH — CTBOPEHHS Ta JOCIIIKECHHS
CTiKOCTI Kibep-¢i3nuHoi MOJeTi IMyHOCEHCOPHOT CHCTEMH Ha TeKCaroHadbHIM PEUIiTIi 3 BUKOPUCTAHHSIM Pi3HUIEBHX PiBHSHb. B
CTATTi BUPIIIYIOTHCS HACTYITHI 3aBJAHHS: POo3poOKa (YHKIIOHATBHOI cxeMH Ta Kibep-(hi3uuHOl MOIesi iMyHOCEHCOPHOI CHCTEMH;
CTBOPEHHS IWCKPETHOI IMHAMIKM JOCHIDKYBaHOI CHCTEMH; po3poOka IMHAMIYHOTO JIOTIYHOTO MOJEINIOBAaHHS Kibep-(izmaHoi
IMYHOCEHCOPHOI CHCTEMHM; BU3HAYEHHS ITOCTIHHHX CTaHIB JUIS JOCIHIJDKEHHS CTIKOCTI MOJeli iMyHOCEHCOpa Ha reKcaroHaJbHii
PELIiTII; aHaJi3 pe3yNbTaTiB YMCENFHOTO MOJETIOBAaHHS Kibep-(i3ndHOI Mozeli IMyHOCEHCOPHOI CHCTEMH y BHIJIIL 300paKeHHS
(a30BUX IUTONIMH, HMOBIPHOCTI KOHTAaKTy aHTHTEHIB 3 aHTUTIIAMH, PEIITYACTHX 300pa’keHb HMOBIPHOCTI 3B’SI3KIB aHTHTEHIB 3
QHTUTUIAMH Ta EJIEeKPUYHOTO CHTHATYy 3 IIEpeTBOPIOBada, SKHH XapaKTepu3ye KUIBKICTh (UIyOPECIiIOI0OYMX MiKCENiB.
BuKOpUCTOBYIOThCA Taki METOAM: METOAW MATEMaTHYHO! CTATHUCTUKH Ta BHIAQAKOBHX IPOIECIiB, METOAU TeOpii omTuMizarii Ta
JocTiKeHHS omepariif. OTpuMaHo HacTymHi pe3yabTaTH: Po3poOneHo kibep-¢i3udHy Mojaenb iMyHOCEHCOPHOI CHCTEMH Ha
reKCaroHaJbHIH PeIiTi 3 BHUKOPHCTAHHSAM DI3HHULEBHX PIBHSIHb, SKa BPaXxOBY€ HASABHICTh KOJOHIM aHTUICHIB Ta AHTUTLI, LIO0
JIOKJI30BaHi y MIKCENsX, a TaKoXK ANQY3il0 KOJOHIH AaHTUIeHIB MK mikcemsimu. ONMCAaHO TUCKPETHY AWHAMIKY HOIYJSIiH y
MO€JHAHHI 3 JMHAMIYHOK JIOTiKOI. BBEJICHO Kilac PI3HHMIIEBUX pIBHSAHB 13 3ali3HEHHSIM B Yaci JUIS MOJICIIOBAHHS B3a€EMOJIl
“aHTHIeH-aHTUTLIO” B MIKCEIsX iMyHoceHcopa. JlocmimkeHo CTilKicTh Kibep-isnmdHOi Mopeni iIMyHOCEHCOPHOI CHCTEMH 3a
nonomororo nakery R. OTpumaHo pe3yibTaTé YMCENFHOTO MOJEIIOBAaHHS y BHIJIIIL 300pakeHHs (a30oBHX IUIONIMH, HMOBIPHOCTI
KOHTaKTy aHTUTEHIB 3 aHTUTLJIAMH, PEIIiTIACTUX 300pakeHb HMOBIPHOCTI 3B’ SI3KiB aHTUTCHIB 3 aHTHTLIAMH Ta CJICKPUIHOTO CUTHAITY
3 MEpETBOPIOBAYA, SKUH XapaKTepH3ye KUIBKICTh (DIyopecwLiloiunX MiKcemiB. 3alpOIOHOBAHO iIEHTHYHHUN Ta €HAEMIUHHHA CTiHKi
cTaHd KiOep-¢i3n4Hoi Mozaeni IMYHOCEHCOPHOI CHCTEMH Ha TeKCArOHaNbHIM PEmIiTHi 3 BHUKOPHCTAHHSAM DI3HHULEBUX pPiBHIHD
nmomyJsImiiHOi auHamiku. BucHoBku: [IpoBeneHO ymcenpHE MOJCITIOBAaHHSA PO3pobieHoi Kibep-(pi3MuHOi MOAeT iMyHOCEHCOPHOL
cucremu. BceraHoBieHO mio ii sIKiCHA MOBEAIHKA CYTTEBO 3aJIEKHTH BiJ 4acy iMyHHOI BiamoBimi I . EjekrpuuyHmMi curHai, o
MOJIEITIOETHCS KIIBKICTIO IMYHOITIKCENIB, SIKi ()IyopecIiooTh, € BaXJIMBUM HPH MPOEKTYBaHHI Kibep-(i3ndHHX iMyHOCEHCOPHHX
CHCTEM Ta JOCII/PKEHHSX IX CTiHKOCTi. I'paHmYHMH 1K abo cTiiikuil Goxyc BH3HAYaIOTh BiINOBIJHUI BUIVIAI IMyHOCEHCOPHOTO
€JIEKTPUYHOTO CUTHAITYy. BHCHOBOK MpO CTiHKICTH iIMYHOCEHCOPIB 3pOOJICHO HAa OCHOBI PEIITYACTOTO 300paKEHHS IMIKCEINiB, IO
¢yopecniroroTs. OTpuMaHi eKCIIEPUMEHTANTBHI PE3yJIBTaTH JO3BOIMIA BUKOHATH OBHHUH aHAJi3 CTIHKOCTI MO IMMYHOCEHCOpa 3
BpaxyBaHHSM 3aIli3HEHHS B Yaci.

KurouoBi cioBa: xibep-¢izndHa MoAenb; IMyHOCEHCOpHA CHCTeMa; 0i0CEHCOp; IMYHOCEHCOp; CTIHKICTh MOJeNi; pi3HHUIIEBi
PIBHSIHHS; TeKCaroHaJIbHA PEIIiTKa.

KUBEP-®U3NYECKAS MOJAEJTb UMYHOCEHCOPHOM CUCTEMbBI HA
TEKCATOHAJIbHOM PE\I‘IIETKE C HCIIOJIb30OBAHUEM PAZHOCTHBIX
YPABHEHUU ITOINIYJIAIIMOHHOU JTUHAMUNKHA

IIpeqMeToM wccienoBaHus SBIAIOTCS Mofenu Kubep-(u3nueckux uMyHOceHCOpHHX cucteM. Lleas pabGoTel — co3manue u
WCCIIEIOBaHNE YCTOWYHMBOCTH KHOep-pu3ndeckoil MoAenH MMYHOCEHCOPDHOW CHCTEMBI Ha TEKCaroHaJbHOW peméTke ¢
HCTIONB30BAHIEM Pa3sHOCTHBIX YpaBHEHHH. B craThe pemrarorcs cieayronme 3agauu: pa3padoTka (yHKIHOHATIBHON CXeMBI U KHOep-
(u3NUeCKO MOIETH WMYHOCEHCOPDHOW CHCTEMBI; CO3JaHWE AWCKPETHOH JAWHAMUKHA HCCIEIyeMOW CHCTeMBI; pa3paboTka
JTUHAMUYECKOTO JIOTHYECKOTO MOJEIHPOBAHHUA KHOEp-(OU3HIeCKOi HMYHOCEHCOPHON CHCTEMBI, OIpeeNeHHe ITOCTOSHHBIX
COCTOSIHUM JUIi MCCIIEIOBAHUS YCTOMUMBOCTM MOJEIM HMMYHOCEHCOpPA Ha TIE€KCaroOHaJbHOW pelIéTKe; aHalu3 pe3yJabTaToB
YHCJICHHOTO MOJIENTMPOBAHUS KHOep-(QU3MYECKONH MOJEN HMYHOCEHCOPHOI CHCTEMBI B BHJE N300pakeHUs! (a3oBbIX IJIOCKOCTEH,
BEPOSTHOCTH KOHTaKTa aHTHI'CHOB C AHTHTENaMH, PEHIETYAaTBIX H300paKEHUH BEPOSTHOCTH CBs3€il aHTUICHOB C AHTUTEIAMH U
JJIEKPUYECKOT0 CHTHAJlA ¢ MpeoOpa3oBaTess, KOTOPBIH €CTh XapaKTePUCTHKOW KOJMYECTBa (DIIyOPECHUPYIOUINX MHKCEIeH.
Hcnionp3yroTest creayIomie MeToAbl: METOIbI MATeMAaTHIECKOH CTaTHCTHUKH U CITyJalHBIX MPOIECCOB, METO/IbI TEOPHUH ONTHMH3AIIH
W WccienoBaHus omepanuid. [lomydeHsl cienyromue pe3yJbTarbl: Pazpaborano kubep-(QH3HYECKyI0 MOJAENb UMYHOCEHCOPHOM
CHUCTEMBI Ha T€KCArOHaIbHOMN pEeIIETKe C NCIOIb30BaHUEM PA3HOCTHBIX YPAaBHEHHUH, YUUTHIBAIONIEH HAIW4YME KOJIOHUHM aHTUTE€HOB U
AHTHUTEJI, KOTOPBIE JIOKATN30BaHbI B MUKCEISX, a Takoke MU} y3nio KOJTOHMI aHTUTEHOB MEXAY MUKcenssMu. OnicaHHast TUCKpeTHas
JWHAMHKa l'lOl'lyJ'IﬂLlI/Iﬁ B COYCTAaHUHU C )II/IHaMl/ILleCKOf/’I JIOTMKOM. BBe)leHO KJIacC PasHOCTHBIX ypaBHeHnﬁ C 3amna3bIBaHUEM BO
BpPEMEHHU Ul MOJEIMPOBAaHMSA B3aMMOJEHCTBUS "aHTHIeH-aHTUTENO" B MUKCENAX HMMYHOCEHcopa. lccriemoBaHa ycTOMYMBOCTB
KuOep-hu3nyeckoli MOZENH HMYHOCCHCOPHOW CHCTeMBbI € moMolpio makera R. IlomydeHHBle pe3ynbTaThl YHCICHHOTO
MOZCIUPOBaHUSA B BHIC 14306pa>1<emm cba3031>1x l'l.]'lOCKOCTel\;I, BEPOATHOCTU KOHTAKTa AHTUICHOB C AHTHUTCIaMU, PCIICTYATBIX
n300paKeHNH BEPOSITHOCTH CBS3€H AQHTHTCHOB C AHTUTENAMU M JJIEKPHYECKOTO CHTHaNTa ¢ IpeoOpa3oBaTers, XapaKTepH3YIOLIHi
KOJIMYECTBO (PIIyOpecuupylomux nukcened. IIpennokeHo HISHTHYECKOe M HHIEMHUYECKOE YCTOIUMBEIE COCTOSHHS KnoOep-
(GI3UIecKOil MOJENN HMMYHOCEHCOPHOH CHCTEMBI Ha TeKCarOHAIbHOW pEIIeTKe C HCIIOJIb30BaHHEM pPA3HOCTHBIX YpaBHEHMI
MOMYJISIMOHHON auHamMuky. BeiBoawl: IIpoBeneHO YHCICHHOE MOAENMPOBAaHHE pPa3pabdOTaHHOW KuOep-(M3HIecKoil Mopenn
MMYHOCEHCOPHOH CHCTeMBl. Y CTaHOBJICHO, UYTO €€ KaueCTBEHHOE MOBEAEHHE CYILECTBEHHO 3aBUCHT OT BPEMEHU HMMYHHOTO OTBETa
I'. DIeKTpUYecKuil CUrHaj, MOJCIHPYETCs] KOJMHYSCTBOM HMYHOIMKCENEH, KOTOpble (IyOopecUUpYIOT, SBISITCS BKHBIM MPH
MIPOSKTHPOBAHIN KHOEp-(H3UIECKIX HMYHOCEHCOPHBIX CHCTEM M HCCIEIOBAaHMS WX YCTOHUMBOCTH. [IpemenpHBIM IUKI WIn
YCTOMYUBEBIA (OKYC ONPENETIIOT COOTBETCTBYIOMINI BHA MMYHOCEHCOPHOTO 3JIEKTPHYECKOTO CHrHama. BreiBog 00 ycroiumBocTn
HMMYHOCEHCOpA CJIETaHO HA OCHOBE pEIIeTJ4acTOro W300paKeHHWs IHKceled, d9ro Quyopecuupyior. [lomydenHsie
9KCIICPHIMEHTANIBHBIC PE3YNIbTAThl IO3BOJMIN BBHINOJTHUTH IIOMHBIA aHAIW3 YCTOMYMBOCTH MOJEIH HMMYHOCEHCOpa C YYETOM
OTIO3/IaHUSI BO BPEMEHH.

KiroueBbie cjioBa: knbep-¢pusnueckas MoJeib; UMyHOCEHCOPHA CHCTEMa; OMOCEHCOP; UMMYHOCEHCOD; YCTOHYHBOCTD MOJIEIN;
Pa3HOCTHbIE yPaBHEHUs; TeKCaroHa bHas peIéTka.
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T. MomoT, O. VASHCHENKO, R. TESLENKO, D. MOMOT

STRATEGIC MONITORINGOF OF THE EXTERNAL ENVIRONMENT IN THE
SYSTEM OF ENSURING THE FINANCIAL AND ECONOMIC SECURITY OF THE
STATE, REGION, ENTERPRISE

The subject of the study in the article is a comprehensive analysis of the external environment in terms of the country's
competitiveness. The goal of the work is to substantiate the scientific and methodological foundations of a comprehensive analysis of
the external environment according to the level of a country's competitiveness within the framework of strategic monitoring in the
system of ensuring the financial and economic security of the state, the region, and business entities. The following tasks were solved
in the article: reasonably hierarchical relations in the process of strategic monitoring implementing in the financial and economic
security ensuring system of the state, region, business entities; reviewed the hierarchy of strategic monitoring levels in the system of
national economic security; characterized by information flows of the strategic monitoring organization levels; describes the process
of using information by economic entities at various levels of government in order to implement strategic monitoring; systematized
international approaches to the construction of competitiveness countries ratings; analyzed the place of Ukraine in international
competitiveness ratings. The following methods are used: abstract logical analysis, theoretical generalization, system and statistical
analysis. The following results were obtained: we proved that the strategic monitoring at the regional and local levels, as a rule, has
hierarchical relationship with the inherent characteristics of all hierarchical systems; the economic security of any economic entity is
formed under the influence of environmental factors at the global, national and regional levels; a country's competitiveness is
considered as a set of properties inherent in the national economy, which determine a country's ability to compete with other
countries; according to the analysis of key international ratings of competitiveness of the country, Ukraine first of all needs to
concentrate its efforts on fighting against corruption and rational macroeconomic policies implementing. Conclusions: strategic
monitoring in the system of the financial and economic security ensuring of the state, region, business entities in the framework of
conducting a system analysis and forecasting changes in the global competitiveness of countries should be a significant measure of the
system-integrated implementation to counter existing threats to ensure the state national interests protection as the basis viability and

conditions for further progressive country development.

Keywords: strategic monitoring; country competitiveness; financial and economic security; international competitiveness

ratings; comprehensive analysis.

Introduction

Analysis of recent research and publications

The consolidation of Ukraine's course towards the
North Atlantic Alliance and the European Union in the
Constitution of Ukraine defined the country's foreign
policy strategy. The choice of a development vector
towards a European civilization model contributes to
progress in all spheres of society and the state,
approximates the standards of democracy, the information
society, a competitive and socially oriented market
economy based on the principles of the rule of law and the
safeguarding of human and civil rights and freedoms. Due
to the urgent need to ensure national security, the
establishment and development of an integrated system of
strategic monitoring and audit support for the
establishment of the organizational and legal framework
for the development of the sphere of security according to
European standards, blocking the preconditions for the
criminalization of economic relations and creating a
favorable investment climate is seen as a priority task.
Considering the importance of adapting the system of
financial and economic security of the state, region,
business entities of Ukraine to the international security
space, the important task is the development and practical
implementation of European tools for evaluating and
strategic monitoring of the level of financial and economic
security, a systematic analysis of corruption risks,
combining efforts and ensuring effective interaction on the
implementation  of  state  anti-corruption  policy
in the development of the European vector of foreign

policy.

The importance of the question of the financial and
economic security of the state, the region, economic
entities in the modern conditions is substantiated in the
works of such scholars as Bilik R. I. [1], Vlasyuk O. S.
[2], Krylenko L.V. [3] Muntian V.I. [4], V.B. Podborsky
[5], Sak T.V. [6], Timoshenko O.V. [7] and others.

The works of scientists substantiate the fundamental
aspects of the system of ensuring financial and economic
security, which helps to improve the tools for assessing
the level of financial and economic security of the state,
region and economic entities in accordance with the
parameters of the dynamic environment and causes the
relevance of the study of this problem.

In the circumstances necessary and timely, research
and improvement of the process of implementing strategic
analytics and audit support in the system of providing
financial and economic security of Ukraine in the context
of the application of European standards of security and
anti-corruption management.

Formulating the goals of the article (statement of the
task)

The aim of the work is to deepen the scientific and
methodical principles of a comprehensive analysis of the
environment on the level of competitiveness of the
country in the framework of strategic monitoring in the
system of ensuring financial and economic security of the
state, region, economic entities. Achievement of the set

© T. Momot, O. Vashchenko, R. Teslenko, D. Momot, 2019
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goal set the following tasks: to substantiate the hierarchy
of connections in the process of strategic monitoring in the
system of providing financial and economic security of
the state, region, economic entities; to consider the
hierarchy of levels of strategic monitoring in the system of
national economic security; to detail information flows of
levels of organization of strategic monitoring; describe the
process of using information by economic entities at the
micro, meso and macro levels in order to carry out
strategic monitoring and management; systematize
international approaches to constructing country
competitiveness ratings; to analyze Ukraine's place in
international competitiveness ratings.

Materials and methods

Theoretical and methodological basis of the research
were the scientific works and informational and analytical
materials of the leading domestic scientists and foreign
scientists-economists in the field of analysis of the
environment on the level of competitiveness of the
country. In the course of the research, the following
methods were used: abstract-logical analysis - for a
theoretical generalization and justification of research
directions and results; theoretical generalization - to study
the features of the analysis of the environment on the level
of competitiveness of the country using international
ratings; system and statistical analysis - for the analysis of
Ukraine's rating by international competitiveness indices.

Presentation of the main research material

At various levels of managerial decision making,
there is always a significant number of problem situations
that are characterized by high uncertainty of occurrence;
considerable complexity and uniqueness of the conditions;
a large number of parameters that need to be taken into
account during their analysis; contradictory criteria for
selecting an optimal alternative solution to the problem;
the complexity of predicting the consequences of
implementing possible alternatives; limited time to decide.

Based on the peculiarities of the emerging problems,
the urgent need is to create an effective system of strategic
monitoring of economic security at the state, regional and
local levels as an integrated system of strategic research
that is designed to monitor, analyze and evaluate the real-
time environment, forecast trends in the development of
individual components of the environment, diagnostics,
the state of the environment and the choice of means to
regulate deviations of the actual state of the environment
from the predicted [8].

An important element for strategic monitoring is the
regulatory environment [9] both at the level of legislative
acts and at the level of individual scientific developments.
In today's very difficult economic conditions of Ukraine,
this is particularly important with the strengthening of the
role of various examinations, methods of assessing the
current and future state of objects at different levels of
economic development management, because the
possession of reliable and relevant information, along with
the ability to maximize the use of adequate methods of its

collection, processing, analysis and presentation are the
basis of effective activity of the state, the region and
business entities.

Such work at the state, regional and local levels, as a
rule, has a hierarchical relationship with the characteristics
inherent in all hierarchical systems [10], which include:

- sequential vertical subordination of subsystems
forming this system (vertical decomposition);

- priority of actions or right of intervention of top-
level subsystems;

- dependence of actions of subsystems of the top
level on the actual execution of subsystems of the lower
level of their functions.

In this case, the system or subsystem is considered as
a process of converting input parameters into output ones.

On the basis of the above provisions, we consider it
appropriate to identify a hierarchy of levels of strategic
monitoring in the system of national economic security,
namely (fig. 1):

- mega level (global or world level);

- macro level (state, national level);

- meso level (regional level);

- micro level (local level, level of subjects).

e A
Megaeconomic level
(global level)

\ J
e A
Macroeconomic level
(state level)

\

Mesoeconomic level
(regional level)

g , y,
s N
Microeconomic level
(local level)

\ J

Fig. 1. The hierarchy of levels of strategic monitoring

The formation of information flows should be
carried out at all levels. Accordingly, the levels of
strategic monitoring organizations are characterized by:

- quantitative and qualitative composition of the
analyzed information;

- the nature of the self-organization of this level of
activity, the degree of its centralization (decentralization);

- the ratio of economic and administrative (non-
economic) mechanisms of regulation of activities of
entities of this level;

- the nature of relations between actors (relations of
the hierarchy, equality, etc.);

- the reaction rate of subjects of this level of activity
on the influence of factors of the environment;

- the characteristics of the flows of information that
function at this level of the hierarchy (volume, diversity,
complexity);

- the potential ("throughput") of subjects of the given
level of the hierarchy in the field of collection, processing,
storage and transmission of information [11].
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In addition, the organization of activities at a certain
level of management hierarchy:

- primarily aimed at ensuring the sustainable
development of subjects of this level,

- associated with activities on the higher and lower
levels of the hierarchy by a system of direct and inverse
relationships;

Business entities
activity results

I

- to a certain extent, affects the activity of the lower
level of the hierarchy, and in its turn, its effectiveness at
this level depends on the effectiveness of the organization
of the lower level of activity [11].

The process of using information of economic
entities on the micro, meso and macro levels for the
purpose of strategic monitoring and management is
schematically shown in fig. 2.

N
;?i%;osngé\i;gn?nn;ﬁt Regions functioning State functioning <
p scenario conditions scenario conditions
results
WV,
\/ I \
. . Regional State
cl?:\%%n?rl] :rt:tslfg'rgigﬁ development development
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\/

State sustainable ]
development forecast J

Fig. 2. The process of using information of economic entities of different levels for the purpose of strategic monitoring and

management

Thus, the economic security of an entity is shaped by
the influence of environmental factors at the global,
national and regional levels.

One of the key characteristics of the modern
development of global economic processes is
globalization. The interdependence of national economies
and the interconnection of socio-economic processes in
different regions of the world are constantly increasing,
which in fact determines the expediency of the analysis of

environmental factors at the world level on the level of
competitiveness of the country.

At the same time, the competitiveness of the country
is considered as a set of properties inherent in
the national economy, which determine the ability of the
country to compete with other countries. The level of
competitiveness of a country is determined by the
different methods presented in table 1.

Table 1. International Competitiveness Ratings: Systematizing Approaches

Name of rating and the
position of Ukraine

Description

Structure

The Global Competitiveness
Index, Ukraine is ranked 83
out of 140 (according to The
Global Competitiveness
Report 2018).

Developed by the World Economic
Forum (WEF), Switzerland. Represents
one of the most complete complexes of
competitiveness indicators in different
countries of the world.

98 indicators divided into 12 groups: quality of
institutions, infrastructure, macroeconomic stability,
health and primary education, higher education and
vocational training, efficiency of the goods and
services market, labor market efficiency, financial
market development, technological development
level, size the domestic market, the competitiveness
of companies, the innovation potential.

World Competitiveness
Ranking — Ukraine is ranked
59th out of 63 (according to
World Competitiveness
Rankings 2018).

Published by the World
Competitiveness Center at the Institute
for Management Development
(Switzerland) in the World
Competitiveness Yearbook.

More than 340 indicators according to 52 research
institutes in the world, divided into 4 groups: state of
the economy, government efficiency, state of the
business environment, state of infrastructure.

The Global Sustainable
Competitiveness Index -
Ukraine is ranked 91st out of
180 (according to The Global
Competitiveness Report
2017).

Designed by the Swiss-Korean Joint
Venture SolAbility. Measures the
current and future capabilities of
national economies to generate and / or
maintain financial and non-financial
incomes and wealth of their populations.

111 indicators based on World Bank, International
Monetary Fund and UN data are aggregated into 5
subindices: natural capital, social capital, resource
management, intellectual management, and
government efficiency.
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Tne end of the Table 1

Ease of Doing Business Index
— Ukraine is ranked 71st out
of 190 (according to Doing
Business 2019).

legislation related to business

and regional levels.

Created by the World Bank Group.
Allows you to objectively evaluate the

regulation, and its application in 190
countries, as well as in selected cities

Analyzes the legal rules applicable to enterprises in
11 areas: establishment of enterprises, obtaining
construction permits, connection to the electricity
supply system, registration of property, obtaining
loans, protection of minority investors, taxation,
international trade, enforcement of contracts,
insolvency and regulation the labor market.

Index of Economic Freedom -
Ukraine is ranked 147th out
of 180 and is in a group of
countries with a "mostly non-
free economy" (according to
the 2019 Index of Economic
Freedom).

predominantly free economy",

moderately free economy",

economy".

Calculated by the American research
center The Heritage Foundation in
collaboration with The Wall Street
Journal and assesses the level of
liberalization of the interaction between
the state and business. All countries of
the world are divided into 5 contingent
groups - "with a free economy",

"with a
with a
mostly
non-free economy" and "with a non-free

12 quantitative and qualitative indicators (formerly
10), grouped under the four components of economic
freedom: the rule of law; government restrictions;
regulatory efficiency; market openness. The index
takes values from O (worst value) to 100 (best).

The Global Competitiveness Index GCI 4.0 [12],
almost 40 years after the first annual assessment of the
world economy, is estimated by the World Economic
Forum on a new methodology that allows the fullest
possible account to be taken of the impact of the fourth
industrial revolution on the development of economies in
the world in 12 groups: environmental friendliness (
institutions, infrastructure, implementation of ICT,
macroeconomic  stability); human capital (health,
qualification); markets (market of goods, labor market,
financial system, market capacity); ecosystem innovation

(business dynamics, innovation capacity). The average
score of GCI 4.0 for the world economy in 2018 is 60.40
points. The first place in the rating is occupied by the
United States. They are followed by Singapore, Germany,
Switzerland, Japan, the Netherlands, Hong Kong, the
United Kingdom, Sweden and Denmark. The last place in
the ranking is occupied by Haiti, Yemen and Chad.

The positions of Ukraine in comparison with some
countries of the world under the index GCI 4.0 is given in
the table 2.

Table 2. Positions of Ukraine and some countries of the world according to the Global Competitiveness Index

2012 2013 2014 2015 2016 2017 2018
States (among 144 (among 148 (among 144 (among 140 (among 138 (among 137 (among 140
countries) countries) countries) countries) countries) countries) countries)
Ukraine 73 84 76 79 85 81 83
Georgia 77 72 69 66 59 67 66
Russia 67 64 53 45 43 38 43
Turkey 43 44 45 51 55 53 61
Poland 41 42 43 41 36 39 37

Poland is in the 37th place, Hungary is 48, Slovakia
— 41, Romania — 52, Turkey — 61, Moldova — 88. Russia
is ranked the 43rd place, rising by two lines compared to
last year.

The components that reduce Ukraine's performance
were Macroeconomic Stability (131st place), Financial
System (117th place) and Institutions (110th place).
Among the indicators for which Ukraine received low
marks, in particular, are: the impact of organized crime on
the cost of doing business, the level of inflation (average
for 2016-2017 years), the dynamics of debt, taking into
account the country's credit rating, the level of terrorism,
the independence of the judicial system, protection
property rights, road quality, the impact of taxes and
subsidies on competition, the flexibility of setting salaries,
financing small and medium-sized businesses, the
reliability of banks, the share of problem loans, the growth
rate of innovation companies.

IMD's global competitiveness rating [13] is based on
the assessment of the state of the country's economy, the

efficiency of public authorities, the state of the business
environment and the state of infrastructure. The first place
in the 2018 ranking was the United States. Ex-Hong
Kong ranked the second. Three leaders, like last year, are
completing Singapore. Ukraine has moved from the 60th
to 59th place from 63 countries and three positions ahead
of Mongolia and still lags behind Russia by 14 positions.

The Global Sustainable Competitiveness Index [14]
is developed by the Swiss-Korean joint venture SolAbility
to assess the current and future ability of countries and
their economies to create and maintain financial and non-
financial income for their populations. In the ranking for
this index, Ukraine ranked 91st out of 180.

According to the Index of ease of doing business
[15], Ukraine ranks 71st out of 190 countries (between
Kyrgyzstan and Greece), which is 5 positions higher
compared to the Doing Business-18 ranking.) Ukraine
ranks the 71st out of 190 countries (between Kyrgyzstan
and Greece), which is 5 positions higher in comparison
with the rating of Doing Business-2018. Ukraine has
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shown the greatest growth in the nominations for
"international trade" and "fulfillment of contractual
obligations”. New Zealand (86.59 points), Singapore
(85.24) and Denmark (84.64) ranked the top three leaders
in the ranking of ease of doing business.).

The Index of Economic Freedom [16] is an
instrument for in-depth analysis of economies around the
world and is calculated by the American research center
The Heritage Foundation in collaboration with The Wall
Street Journal on the basis of 12 indicators, grouped into
four broad categories, or pillars of economic freedom
According to the results of the full ranking, all countries in
this index are divided into 5 conditional groups - "with a
free economy”, "with a predominantly free economy",
"with a moderately free economy”, "mostly non-free
economy" and "with a non-free economy". The first group

100
90

80
70

60 537 998 544

47,8 48,5 48,2 514

50 309 405 35 404 BT
40

30
20
10
0

S O N PO AN OO NXH L
97 O P PPN QNSNS
NEESHR AR USRI PSSR PN PPN

2 R A S

of countries with a free economy included countries that
scored more than 80 points: Hong Kong, Singapore, New
Zealand, Switzerland, Australia and Ireland. Recent
ranking positions were taken by Nigeria, Sudan, Chad,
Central African Republic, Angola, Ecuador, Suriname,
Timor-Leste, Togo, Turkmenistan, Mozambique, Djibouti,
Algeria, Bolivia, Zimbabwe, Equatorial Guinea, Eritrea,
Congo, Cuba, Venezuela and North Korea. as countries
where economic freedom is suppressed or absent
altogether.

According to this year's study, Ukraine scored 52.3
points out of 100 possible and ranked the 147th out of 180
countries (the last position among 44 European countries)
in a group of countries with a "mostly non-free economy".
The dynamics of the index of economic freedom of
Ukraine is shown in fig. 3.

493 519

515 51,0
88 464 458 46,1 463 46,9 46,8 481

Fig. 3. The dynamics of the index of economic freedom of Ukraine for 1995-2018 years

Over the past year, the Index of Economic Freedom
of Ukraine has grown by 3.8 points, thanks to positive
changes in the assessment of monetary freedom and
freedom of investment. Instead, three indicators of
Ukraine are rated worse than last year, namely property
rights, government integrity and freedom of trade,
indicating the need to fight corruption, capital markets,
privatization of state-owned enterprises, and the
improvement of the legislative framework and the rule of
law.

Conclusions from this study

In the context of the main trends of globalization, the
effectiveness of ensuring national security, including the
fight against international terrorism, cross-border crime;
migration regulation; provision of social services; market
regulation; control over the extraction of natural
resources, etc., is based on the active participation of the
country in the regional and global integration processes.

In this regard, the problems of research into threats
to national interests and national security of Ukraine were
reformed to reform all spheres of public life within the

framework of the European integration course. First of
all, global trends are potentially sources of threats to
national security. These include: the intensification of
competition between world centers of force, the
strengthening of competition for raw materials resources
for access to them and control over the routes of their
delivery to the consumption markets; intensification of
labor migration;

Thus, according to the results of the study, the
hierarchical structure and functional content of the
strategic monitoring information system was improved to
ensure the financial and economic security of the state,
region, economic entities taking into account international
competitiveness ratings of the countries by identifying the
sources of threats (both internal and external) national
Ukraine's security and Ukraine's positioning on
components of world-class competitiveness in comparison
with other countries. Such an approach allows
determining the ways of increasing competitive
advantages for the formation of strategic priorities for
ensuring economic security of economic entities in the
conditions of Ukraine's integration into European
political, economic, security, legal space, membership of
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the European Union and the North Atlantic Treaty
Organization, the development of equal, mutually
beneficial relations with other states.

In the context of the current challenges and threats to
regional security, Ukraine's cooperation with regional
partners in implementing sound macroeconomic policies
and restoring confidence in the financial sector is the most
important priority of foreign policy. According to
international competitiveness ratings, it is first of all
necessary to concentrate efforts on combating corruption,

Agreement with the EU as one of the main principles for
strengthening relations between Ukraine and the EU.
Strategic monitoring in the system of providing
financial and economic security of the state, region,
business entities within the framework of system analysis
and forecasting changes in global competitiveness of the
world should become a significant measure of the system
and complex implementation of the system of
counteracting threats to ensure the protection of the
realization of the national interests of the state as the basis

which is defined in Article 3 of the Association viability and conditions for further progressive

development of our country.
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CTPATETTYHU MOHITOPHUHI 30BHIIIIHHOI'O CEPEJIOBUIIIA B CHUCTEMI
3ABE3IIEYEHHSI ®THAHCOBO-EKOHOMIYHOI BE3IEKHU JTEPXKABH,
PEI'TOHY, CYB’EKTIB 'OCIIOJAPIOBAHHA

IIpeqvMeToM 1oCHIiIKEHHS B CTATTI € KOMIUIEKCHUH aHaJIi3 30BHIIIHBOTO CEpeNIOBUIIA 3a PIBHEM KOHKYPEHTOCIIPOMOXKHOCTI KpaiHH.
Merta pobGoTH — mNOrIMOJIEHHS HAyKOBO-METONMYHMX 3acajJ KOMIUICKCHOTO aHajJi3y 30BHINIHBOTO CEpelOBUINA 3a pIiBHEM
KOHKYPEHTOCIIPOMOKHOCTI KpaiHH B paMKax CTPAaTETiYHOTO MOHITOPHHTY B CHCTeMi 3abe3neueHHs (piHaHCOBO-EKOHOMIYHOT Oe3MeKu
Jep>KaBH, PETiOHY, Cy0’€KTiB TOCIOAAPIOBaHH:. B cTaTTi BUPIMIYIOTHCS HACTYIHI 3aBAAHHSA: OOIPYHTOBAHO 1€PAapXiUHICTD 3B'I3KIB y
mpoIieci 3IiHCHEHHS CTPATEeTiYHOTO0 MOHITOPHHTY B CHCTeMi 3a0e3medeHHs! (iHAHCOBO-EKOHOMIUHOI OE3MEeKH NepiKaBH, PErioHy,
Ccy0’€KTIB TOCHOZAPIOBAHHS; PO3IIITHYTO 1€papXil0 piBHIB CTPaTEriyHOIO MOHITOPHHTY B CHCTeMi HAlllOHAIBFHOI EKOHOMIYHOL
0e3MeKy; oxapaKkTepH30BaHi iHpOpMalliifHi TOTOKU PiBHIB OpraHi3amii CTpaTeridyHOr0 MOHITOPUHIY; OIHCAHO IPOIEC BUKOPUCTaHHSI
inopmarii exoHOMiYHMMH cyO'eKTaMH Ha PIi3HHUX pIBHAX YHPaBIiHHSA 3 METOI 3IiHCHEHHS CTpaTeridyHoro MOHITOPHHTY;
CHCTEMaTU30BaHO MDKHAPOHI MiZX0I¥ 10 MOOYI0BH PEHTHHTIIB KOHKYPEHTOCIPOMOXKHOCTI KpaiH; IIpoaHalli30BaHo Micue YKpaiHu B
MDKHapOJHHUX PEHTHHIaX KOHKYPEHTOCIIPOMOXHOCTI. BUKOPHCTOBYIOTECS Taki MeTOAM: a0CTPAKTHO-JIOTIYHHUN aHali3, TEOPETHYHOTO
y3arajibHEHHS, CACTEMHOTO Ta CTaTHCTHYHOTO aHami3y. OTpHMaHO HACTYIHI pe3yJbTaTH: IOBEICHO, IO CTPATET1YHHHA MOHITOPHHT
Ha JIep’KaBHOMY, PErioHaJbHOMY Ta MiCLEBOMY DIBHSX, SIK MPABHJIO, MA€ 1€papXidHUH 3B’S30K 3 MPUTAMAHHUMHU BCIM i€papXiyHUM
CHCTEMaM XapaKTEePUCTHKaMH; (iHaHCOBO-€KOHOMi4Ha Oe3rmeka Oyab-sKOr0 €KOHOMIYHOTO Cy0’€KTa (OPMYETHCS Iifl BITHBOM
(akTOpiB 30BHINIHBOTO CEPENOBHUINA TIIOOAIFHOTO, HAIIOHAJIBHOTO Ta PETiOHATBHOTO PiBHIB; KOHKYPEHTOCIPOMOJXKHICTH KpaiHd
PO3TISIIAETECS. SIK CYKYIHICTh BJIACTMBOCTEH, NPHTAMAaHHMX HAlliOHAJBHI EKOHOMIll, $Ki BH3HAYalOTh 3/ATHICTH KpaiHH
KOHKYPYBATH 3 iHIIMMH KpaiHaMu; 3a pe3yJibTaTaMH aHajli3y KIIOYOBUX MDKHAPOJHUX PEHTHHIIB KOHKYPEHTOCIIPOMOXKHOCTI KpaiH!
BCTaHOBJICHO, IO YKpaiHi il 3abe3neueHHs (iHAHCOBO-€KOHOMIYHOI O€3lekH Ha pi3HMX pIBHAX IHepeayciM HeoOXiTHO
CKOHIICHTPYBATH 3yCHWJUIS Ha OOpOTHOI 3 KOPYIIli€ Ta 3MIMCHEHHI pamiOHaNbHOI MaKpOCKOHOMIYHOI MOJITHKH. BHCHOBKH:
CTpaTerivyHuii MOHITOPUHT B cUcTeMi 3abe3neueHHs (piHaHCOBO-eKOHOMIYHOT Oe3MeKH AepKaBy, PerioHy, cy0’€KTiB rOCIIOJapIOBaHHS
B MeXax IMPOBEACHHS CHCTEMHOTO aHaji3y 1 MPOTHO3YBaHHS 3MiH TJI00aJbHOI KOHKYPEHTOCIIPOMOXKHOCTI KpaiH CBITy Ma€ CTaTH
BaroMHM 3aX0JIOM CHCTEMHO-KOMIUIEKCHOI peaizallii CHCTeMH MPOTHIIl HasBHHM 3arpo3aM Uil 3a0e3ledeHHs 3aXHCTy peamizamii
Hal[lOHAIBHHUX IHTEPECIB JIepiKaBH K OCHOBH JKMTTE3JATHOCTI Ta YMOBH MOJIANIBIIIOTO MIPOIPECHBHOTO PO3BUTKY KpaiHH.

KniouoBi ciioBa: ctpaTeridyHuii MOHITOPHHT; KOHKYPEHTOCTIPOMOXHICTh KpaiHw; (piHaHCOBO-eKOHOMIYHA Oe3MeKa; MiKHapOIHI
PEHTHHTH KOHKYPEHTOCIIPOMOKHOCTI; KOMIUIEKCHHH aHaIi3.

CTPATETMYECKHWI MOHUTOPHUHI BHEIITHEN CPEJIbI B CUCTEME
OBECHEYEHUSA ®UHAHCOBO-3KOHOMUYECKOM BE3ONNACHOCTH
T'OCYIAPCTBA, PETHOHA, ITPEAITPUATUSA

IIpeqvMeToM nccienoBaHus B CTAThe SABISIETCS KOMIUIEKCHBIH aHATH3 BHENIHEH CpeJIbl 0 YPOBHIO KOHKYPEHTOCIIOCOOHOCTH CTPAHEL
Lens paboTtsl — 0O0OCHOBaHHME HAYYHO-METOAWYECKHX OCHOB KOMIUIEKCHOTO aHAJM3a BHEIIHEH Cpeasl MO  YPOBHIO
KOHKYPEHTOCIIOCOOHOCTH CTPaHBI B PaMKaX CTPATETMYECKOr0 MOHHTOPHHTa B CHCTeMe oOecredeHHs (pHHAHCOBO-KOHOMHUYECKOH
0€30MaCHOCTU TOCYJapCTBa, PErHOHa, CyOBEKTOB XO3SiCTBOBaHMA. B cTaThbe pemaioTcs crienyromue 3agayu: 00OCHOBAHHO
HEPApXUYHOCTh CBs3ed B IIPOIECCEe OCYIIECTBICHUS CTPATEeTHYECKOrO MOHHUTOPHHTA B CHCTeMe obecredeHus (GrHAHCOBO-
9KOHOMHYECKOH O€30IIaCHOCTH TOCyJapcTBa, pPEruoHa, CyOBEKTOB XO3SMCTBOBAHMSA; pAcCMOTPEHa HEpapxusi YpOBHeil
CTPATErHYeCKOro MOHUTOPHHTA B CHCTEME HAI[HOHAIBHOW IKOHOMHYECKOH 0e30MacHOCTH; 0XapaKTepH30BaHbl MH(POPMALMOHHBIE
MIOTOKH yPOBHEH OpraHM3alliyl CTPATETHMIECKOTO MOHHMTOPWHTA; OMHCAH IPOIECC HCIIOIb30BaHMS HH(OPMAMN SKOHOMHYECKHIMHI
CyOBEKTaMH Ha PA3NUYHBIX YPOBHSX YIPABICHUS C IENbI0 OCYIIECTBICHHS CTPATETMYECKOT0 MOHHTOPHHTA; CHCTEMaTH3HMPOBAHBI
MEXTyHapOIHBIE MOAXOABl K MOCTPOCHUIO PEHTHHIOB KOHKYPEHTOCIOCOOHOCTH CTpaH; IPOAHAIM3HPOBAHO MECTO YKpPaWHBI B
MEXIyHapOIHBIX PEHTHHrax KOHKYPEHTOCIOCOOHOCTH. McHombp3yloTcs ciemyronue MeTOAbI: aOCTPaKTHO-TOTHUECKHH aHalm3,
TEOPETUYECKOro 00OOIEHUs, CHCTEMHOTO M CTaTHCTHYecKoro aHanusa. IlomydeHsl crnemyromue pe3yJbTaThl: JOKa3aHO, YTO
CTpaTerMyecKUii MOHHUTOPUHI Ha PETMOHAIBHOM M MECTHOM YPOBHSAX, KaK INPaBUIIO, UMEET HEPapXUUYECKU XapakTep CBA3M C
HPHUCYIINMH BCEM HepapXUueCKUM CHCTEMaM XapaKTepUCTHKAMH; SKOHOMHYECKas 6€30MacHOCTb JIF000r0 IKOHOMUYECKOro CyObeKTa
dopmupyercs mnox BiusHHeM (aKTOPOB BHEIIHEH Cpelpl [NIOOATbHOrO, HALMOHAIBHOTO M PErHOHAJIBHOTO  yPOBHEH;
KOHKYPEHTOCIIOCOOHOCTb CTPaHBI PacCMaTPHUBACTCSI KaK COBOKYIHOCTb CBOMCTB, IPHCYIMINX HAIIMOHAIBHOW 3KOHOMHKE, KOTOpBIE
OIIPENEISIIOT CIIOCOOHOCTh CTPaHBl KOHKYPHPOBATh C APYTMMH CTpaHAMH; IO pe3ylbTaTaM aHalIu3a KIIOUCBBIX MEKTYHAPOIJHBIX
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PEHTHHTOB KOHKYPEHTOCIIOCOOHOCTH CTpaHBl YCTAHOBJICHO, YTO YKpawHe M obOecredeHns (HUHAHCOBO-IKOHOMHYECKOI
0E30ITaCHOCTH HA pPa3HBIX YPOBHSAX IIPEXJEe BCEro HEOOXOIMMO CKOHIEHTPHPOBATh YCHWIHS Ha Oopr0Oe ¢ Koppymumed u
OCYIIECTBICHHHN PAIlMOHAILHOW MAaKpPOIKOHOMHYECKOH IOJIMTUKH. BBIBOBI: cTpaTernieckuii MOHUTOPUHT B CHCTEMe 00ecIIeueHHs
(MHAHCOBO-3KOHOMHUECKOH 0€30MacCHOCTH TOCYIapCTBa, PETHOHA, CyObEKTOB X03HCTBOBAHUS B paMKaX MPOBEICHUS] CHCTEMHOIO
aHanu3a ¥ MPOTHO3UPOBAHUS U3MEHEHHUH IT00aNbHOM KOHKYPEHTOCIIOCOOHOCTH CTpaH MUpA JOJDKEH CTAaTh BaXKHBIM MEPONPHATHEM
CHCTEMHO-KOMIUIEKCHOH ~ peanu3allid IMPOTHUBOACHCTBMS MMEIONIMMCA yrpo3aM A oOecHedeHHs 3allluThl  peaau3aliu
HALMOHAIBHBIX MHTEPECOB TIOCYAapCTBAa KaK OCHOBBI XKM3HECHOCOOHOCTM M Ba)KHOTO YCIIOBUS JalbHEHIIEr0 MpPOrPECCHBHOTO
Pa3BHUTHS CTPAHEL

KinioueBble cj0oBa: cTpaTerMueckuii MOHUTOPHHT; KOHKYPEHTOCIOCOOHOCTh CTpaHbl; (PMHAHCOBO-DKOHOMHYECKAs
0€3011aCHOCTb; MEX/IyHapOJHbIE PEHTHHIY KOHKYPEHTOCIIOCOOHOCTH; KOMIUICKCHBIH aHAIIH3.
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DEVELOPMENT OF THE APPLICATION FOR THE INFORMATION SUPPORT OF
LOGISTIC BUSINESS PROCESSES OF THE CONSTRUCTION SERVICES ON
BUILDINGS INSULATION

The subject of the research is the methods and technologies of information support of logistic business processes of buildings facades
insulation. The goal of the paper is to provide the information support to the companies that provide services for the buildings facades
insulation. The following problems were solved: analysis of functionality the sites of the companies providing insulation services;
formation of business process diagrams; database development; web application development for business processes informational
support for buildings facades insulation. To solve these problems, methods of system analysis, set theory, database and web
applications development technologies were used. The following results were obtained. Sites of companies providing the facades
insulation services were analyzed and identified as for their advantages and disadvantages. The advantages of developing web
applications compared to sites are considered. The model of logistic business processes for facade insulation is formed, which consists
of three stages: preparatory, main and final. The set-theoretical description of the business process model components is given, which
allows to determine the main components of the insulation process logistic support and to apply the calculation formulas for the
corresponding information support module. The information support architecture for insulation business processes is developed,
which consists of a database, a calculation module and a web application interface. The database structure is developed, which
contains information about the company, the contractors for insulation, the necessary materials in stock, order and customer
parameters. The web application development allows automating the information processing for the organization of work and
providing the user with the ability to quickly place an order. Conclusions: information support of insulation logistic business
processes ensures their maintenance at all stages of work through the timely preparation of an individual services list and checking the
availability of necessary materials. The main result of the web application is the ability to automatically calculate the warming area
and the order cost, taking into account the availability or purchase of the necessary materials, and the formation of an agreement
between the customer and the company-performer on the basis of the selected parameters of the insulation service.

Keywords: business processes; building insulation; set-theoretical description; precedent diagram; system architecture;
database; web application.

Introduction

The issue of insulation of facades becomes an
important in connection with the increase in the
cost of heating houses in winter. This reduces
heat loss and therefore reduces heating costs. Today there
are  many companies providing such  services
that do not always meet all requirements for the execution
of orders: no preliminary work to eliminate
defects in the walls is carried out, cheap low-quality
materials are used, etc. These disadvantages
lead to the gradual destruction and deformation of the
structure, as well as contribute to the appearance
of fungal formations, which ultimately can cause
collapse. To avoid such situations, it is necessary
to form an individual list of works and materials
that will be used for work in a timely manner, which
requires considerable time. Information automated support
of this process will reduce the time for material
support [1].

Analysis of recent research and publications

When performing works on construction services,
special attention should be paid to their timely
implementation [2], which is impossible without logistic
control methods [3]. This requires the development of an
information support system using modern
technology [3, 4].

Today, each company has its own website from
which the user can obtain the information he needs. But

the growing popularity of using web applications is due to
their benefits, the main of which are the following [5-7]:

- flexible data access;

- the guarantee of a safe user registration;

- support for all devices;

- faster user access to the necessary data in
comparison with the site;

- quick user registration;

- applications run through the URL,;

- support for all devices;

- web application development is more simple than
website.

Thus, for convenient use, it is proposed to develop a
mobile application that supports the logistics process of
insulation of the facades of buildings.

Table 1 shows the comparative characteristics of the
sites of firms providing services for insulation of houses
exclusively in the city of Kharkov [8 — 11].

Based on the analysis, functional requirements for
the web application were developed [1]:

1) review information about:

- list of materials necessary for performance of
installation works;

- additional ~ services  (with
demonstration of finished objects);

- general information about the crew of climbers and
their tolerances to high-altitude works;

2) the choice of the working components of
insulation of the facade of the building;

3) the calculation of the cost of the order for the
selected parameters.

possibility  of

© A. Popov, A. Yelizyeva, S. Gubka, S. Kryivulia, 2019



ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2019. No. 1 (7)

Table 1. Comparative analysis of the sites of companies for insulation of walls

Name of the Company Possibilities Disadvantages
"VESTA" - the price is set per square meter; - absence of the choice of auxiliary material and
- the choice of material, coating;
- drawing up a contract with a representative of | - the length of the order processing;
the firm; - exceeding the time of execution of works;
- insulation of walls by the standard - lack of access to the material;
technology. - the contract is not complete.
"Albatros" - the possibility of choosing the technology of - no billing;
insulation of walls; - lack of insulation of individual apartments.
- drawing up a contract with a representative of
the firm;
- insulation of walls by the standard
technology;
- the possibility of performing work on a lifting
machine.
"W-teple" - drawing up a contract with a representative of | - lack of the choice of material;
the firm; - no tariffs set;
- insulation of walls by standard technology; - lack of access to the material.
- provision of services for the purchase of - the contract is not complete.
foamed insulating plates.
"TeploHata" - the possibility of ordering different types of - absence of the choice of auxiliary material;
work; - absence of review of the performed works;
- insulation of walls by standard technology; - the lack of the ability to calculate the price of the
- fixed price for services; order.
- the scheme of work with the customer is
shown.
Materials and methods - stage of preparation, that is, discussion of the

details of the order, which begins with the receipt of the

Fig. 1 shows the scheme of logistics business  order; ) ) )
processes providing services for the insulation of facades - the main stage, that is, carrying out the necessary

of houses in the form of a sequence of works, which can  calculations;
be divided into three stages: - the final stage, that is, the conclusion of the

contract and the conduct of insulation.

g g
25 2
£8
FE g
<53 U’E
@ o
mo
. . =
Re\_/lew of the Cc_)mpl Igtlon qf Calculation of 8
fulfilled works an individual list . <
service cost
catalogue of works
Signing a
; ¢ ? contract
_Chmce_ of Calculation of the Use .Of the
insulation . . available
insulation area - a
components materials
Availability of Determine the Purchase of Execution of
necessa number of necessa works
ary materials to be ary according to
materials materials
purchased the contract
Stage of preparation ]
The main stage The final stage

Fig. 1. Scheme of logistic business processes providing insulation services to the facade of the building

We give the set-theoretic representation of the model ~ where Pidgot — preparation stage;
of business processes of providing the insulation services Osn — main stage;
[1,3,4]: Zakl — final stage.
. We will decompose the processes of these stages into
Posl = (Pidgot, Osn, Zakl), @ sub processes and separate works.
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After receiving the order, the representative of the
company goes to the object and agrees with the customer
the details that correspond to the stage of preparation.
Let's imagine this process as a set of sub processes:

Pidgot = (per _rob, vib_komp, per _inf),  (2)

where per_rob — preparation of an individual list of works;

vib_komp — selection of insulation components;

per_inf — the ability to view information about the
work done, the brigade of masters, etc.

In turn, the choice of insulation components provides
for the definition [12, 13]:

- type of insulation;

- type of dowels for mounting, which corresponds to
the selected type of insulation;

- adhesive for reinforcing layer;

- facade mesh (fiberglass);

- reinforcing primer;

- decorative plaster;

- facade paint.

Thus we have the third level — the decomposition of
the sub process into separate work of the selection of
materials:

vib_komp =(v;, V,,...v,,). (3)

The main stage can be represented as a set of
calculated sub processes:

Osn=(rozr _pl, rozr _ob_komp,rozr _zam, nayav), (4)

where rozr_pl — calculation of the square of the insulated
aream pl;

rozr_ob_komp - calculation of the wvolume of
components required for insulation;

rozr_zam — calculation of the cost of the order zam;

nayav — checking the availability of material in
stock.

The sub process of calculating the components for
insulation, in its turn, consists of the calculation of three
components:

rozr _ob_komp = (rozr _ob_mat,rozr _ob_ut,rozr _ob_dm), 5)

where rozr_ob_mat — determination of the materials
amount mat to be purchased to complete the order;

rozr_ob_ut — determination of insulation material
volume;

rozr_ob_dm - determination of the wvolume of
additional materials (dowels, paint, etc.).

The result of the sub process of calculating
components is a set of volumes of materials:

rozr _ob_ komp := mat =(m,,m,,...m_,). (6)

The result of the sub process of calculating the cost
of the order is the price, which contains the cost of all the
necessary components and the costs of performing the
volumes of the corresponding high-rise and installation
works by the team. Thus,

Ny

rozr _zam:= zam = (pl+S,)-(var_mat + var_ut +var_rob) - (var_mat + var_ut) + Zvari -ob_dm; , @)

where var_mat — the cost of the selected material for

insulation;

var_ut — the cost of the selected insulation;

vari — cost of the i-st additional material,

n, — quantity of additional materials;

kil_dmi — quantity of the i-st additional material,

var_rob — the cost of carrying out the work by a
team of climbers;

pl — square of the insulated area;

S, — square of zones that are insulated by other
materials (window slopes).

The sub process of checking the presence of material
is decomposed into a set of such works:

nayav = (vik, viz_ob__komp _ zak), (8)

where vik — determination of materials that are present in
the warehouse in full;

ob_mat_ zak; =ob_mat, —ob_mat _skl,i=1n,.,n, +n,.=n,.

Thus, the result of the process of determining the
required materials is the value:

' "
nayav:=>ob_mat =) ob_mat,+» ob_mat_zak. (11)

i=1 i=1

i=1

viz_ob_komp_zak — determination of the amount of
components that must be purchased to complete
the order.

Determining the availability of necessary materials is
as follows. If the condition is fulfilled

ob_mat _skl. >ob_mat,,i =lT2-, 9)

where ob_mat, _skl — the amount of the i-th material at

the firm’s warehouse;

ob_mati — the amount of the i-th material for
insulation,

than for insulation the material from the warehouse
is used.

If the condition (10) is not met, the volume of the i-
th material for purchase ob_mati_zak is determined in the
following way:

(10)

The final stage will be presented in the form of three
sub processes:

Zakl = (ukl _dogov, zak, prov_rob), (12)
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where ukl _dogov — conclusion of the contract between
the customer and the contractor;

After the work is finished, the result is saved in the
catalog of completed orders.

Let's form a hierarchical structure of business

zak
components,

prov_rob —work on the facade insulation.

purchase of necessary materials and

processes according to the given sets (fig. 2.).

Stages Stage of preparation The main stage The final stage
Preparatory Main Final
Processes Pidgot Osn Zakl
Sub processes / \ \A / K \4 \A A/ ‘ \A
Compilation of The choice of Review of Calculation Component Check Calculation Purchase of Making a Carrying out
an individual list insulation information of the volume availability of of the cost of materials contract works
of works components per _in insulation calculation materials in the order ukl _dogov prov_rob
per _rob vib_lonp - ruaz?e_a;l)l rozr_ob_komp stock rozr_zam
nayav
Works Choigg ¢ Chog‘of facade Determine Determining ) [ Determining) [ Determining Determining
insulation paint élfqinaartne??;}ts the volume of the volume _sto_ck the volume of
insulation of availability of || componentsto
Vi Vn1 to be additional materials be purchased
purchased rozr ob ut rmateriala P
_ob_| 0zf_ob_dm vik i
\rozriobimat) L 00 iz_ob_komp_
Estimated
- Volume of Volume of ost of work
values matel;ia! for maleriﬁl for
mat = (m;,m,,..m insulation purchase var_rob
(ms.m; hz) ob_mat; _zaki
ob_mat;
Cost of all
components of
insulation
var_mat,
var_ut, var,
Fig. 2. Hierarchical structure of business processes providing services of insulation of the facade of the house
The presentation of these elements in the form of a  the storage of these wvalues in the database.

set-theoretic description allows us to determine the main
components of the logistics business processes of
insulation of facades of houses, which are the basis for the
development of the functional structure of the
web application. The formalized representation of the
calculated values allows to develop an algorithm
of the calculation module and take into account

Research results

For automated maintenance of logistic business
processes of insulation, information support is required for
each of the steps, set out in fig. 2. Based on this, we will
form the architecture of the web application [14] (fig. 3).

r

Entering information

User of the
application

User interface

Receiving information

Getting results

Data base

Carrying out calculations

Calculation module

Fig. 3. Generalized architecture of web application for information support of logistics business processes
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So, the architecture consists of such modules as:

- web application interface for automating the work
of the company's employees;

- data base;

- calculation module for basic calculations and the
formation of the invoice and the contract.

To develop a web application for information
support, a client-server architecture was chosen, that is, a
separate, sufficiently powerful and reliable server is
allocated for the database (DB), network access to which
is carried out by several users (employees and clients)
[15]. This gives you the quick access to viewing the
necessary data thanks to the user interface, which speeds
up the work of the employee of the company and
eliminates the need to return to the office with the
necessary documents

Due to the simple architecture of the web
application, the representative of the company without
much effort is able to obtain information about the list of
items stored in the DB, as well as to analyze and calculate
the necessary costs for insulation, as well as to arrange a
contract for the implementation of installation work by the
team of climbers [14].

Fig. 4 shows the structure of the DB, which consists
of nine tables that contain information about the
following:

- general information about the firm providing
services (table Firma);

- membership of the teams of craftsmen (table
Brigada);

,PK ID

list of the main material (sheets for insulation) (table
List);

- basic materials for insulation (table Material);

- list of additional materials for insulation (table
Dop.Material);

- contracts (table Dogovor);

- the presence of materials in the warehouse (table
Katalog);

- customer data (table Regestracia);

- financial statements of the company (table Finans)-
contracts (table Dogovor).

Microsoft SQL Server DBMS was chosen to
implement the database because it provides high
performance, productivity and sufficient functionality, and
is compatible with the Windows operating system and
web application development technologies [16, 17].

To calculate the cost of materials in the application
interface provides a special dialog form in the form of a
table. The table shows all the necessary components for
the insulation of the facade of the building, their units of
measurement, the necessary volumes and cost. The
required fields indicate the insulated facade area and the
cost of the insulation chosen by the customer. After that,
the total cost of all necessary materials for insulation is
calculated. It should be noted that the table plays
the role of an invoice, that is, on its basis will be
purchased all the necessary material, and the result of the
calculations is stored in the financial statements of the
company and serves as the basis for the conclusion of the
contract between the company and the customer.

,PK D ,PK ID ,PK ID A
Name Name Name Type Name
|
| Cost Depth
Category Density
'PK ID
Manufacturer Cost
,PK ID Name
Manufacturer
Post ’PK D Manufacturer
’PK ID
Taken Orders Date
Name
Completed Orders Additional Works
Address
Guaranty
Phone Number
Order Price "
Additional Works
Fig. 4. Database structure
Fig. 5 shows a precedent diagram that reflects the and view information about company, its
basic functionality of the web application for the three news and events; the administrator can view
categories of wusers: administrator, employee and information in the database edit it, i.e.
customer. to make changes about the company and
The application includes the separation of contribute data to the catalog of available materials for

powers: the customer has the opportunity to register

insulation.
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Employee

Information review

Administrator

Fig. 5. Diagram of precedents

The employee has the ability to:

-carry out the calculations of the area of the
insulation;

- carry out calculations of the order value;

- demonstrate to the customer the following
information: list of insulation sheets available in the
warehouse, using the built-in catalog; about the company,
its news and events; about the team of climbers; about the
catalog of finished projects.

To support the calculation function, a web-based
application "Calculation of the cost of insulation" menu
has been developed in which the company representative
has the opportunity (fig. 6):

-to enter the output to calculate the area of
insulation;

- to select the parameters of the base material (sheets
for insulation of a certain thickness);

Calculation of the insulation area

Order cost calculation

Registration of the contact

Information editing 4

Customer

Registration

Entering data into the catalog

«extends» Changing company information

«extendsy»

Changing employee information

- to choose the additional services, i.e. order specific
coating parameters (antifungal, anti-corrosion and water
repellent).

The interface of the web application also provides
the ability to select from a list of additional services for
the better execution of the order.

After calculating the cost and approval by both
parties, the representative of the company draws up a
contract in which all the parameters are recorded:
the list of individual works, the amount of the pre-
payment, the cost of the order, taking into account the
price of materials and performance of work, the
term of execution of works, contact details of the
customer, etc.

Web application development was carried out using
HTML technologies (HyperText Markup Language), CSS
(Cascading Style Sheets) i Java Script [18].
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Pacuer crommocTH YTelieHust

YKQAKUTE LUMPUHY CTEHbI
ILromans paBHa: 30 KB. M.
Cronmoctb paBHa: 10500 rpH.

YKaKUTE BbICOTY CTEHbI

PaccuuTarb CTouMocTb

Haxmnare KHOIIKY ﬂOJpOﬁHO, qT0 ObI YBHIETH BeCh CITHCOK MAaTePHAIOB H YCIYT

,:[Ol'lo.ﬂ'llﬂ'e.'lbﬂ blé YCIYTH

IIpoTuBOrpHGKROBEIE
AHTHROPPO3HHHBIH
¥ Box00TTAIKHBAIOIIHI

BuiGepere amer*: | Meronnact Sum
[MNeHonnact 5Mm
MeHonnact 10Mm
Monectepon 5mMm
Monectepon 10Mm
MuHepanbHas Bata SMM
MuHepanbHas Bata 10mMmM
basansToBa Bata SMM
BasansToBa Bata 10mMm

Fig. 6. Web application menu "Calculation of the insulation cost

It should be noted that this application reduces the
cost of storing paper documents, since the main contract is
stored electronically. In case of contradictory moments,
the employee can open the necessary agreement on the
surname of the customer on his number, together to
review and clarify the details of the contract. Each object
is attached to a certain climber team, which bears material
liability for it, and must fulfill all the terms of the contract
and finish the work in the assigned term.

Conclusions

In the article the scheme of logistic business
processes of insulation of facades of buildings is formed.
According to this scheme, the technology of information
support of processes at all stages of the work is developed
by timely drawing up an individual list of services and
providing the necessary materials. Automatically
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PO3POBKA JIOJATKY 3 IHOOPMAIIMHOI MIATPUMKH JOT'ICTUYHUX
BIBHEC-ITPOLECIB BYAIBEJIBHUX ITOCJYT YTEIIVIEHHA BY/IMHKIB

IpeameToM MOCTIPKEHHS € METOOM M TEXHOJOTii iHPOPMAIifHOT MIATPUMKHU JIOTICTHYHUX Oi3HEC-TIPOLIECIB yTEIUICHHs (acaiiB
OynuHKiB. MeTor0 po0oTH € 3abe3mnedeHHs iHpopMaiiHOT MATPUMKY TisUTBHOCTI (ipM, 10 HAJAIOTH IMOCTYTH 3 yTeIUIeHHS (acaiB
OyniBesb. B poGoTi BupileHi HACTYITHI 3aAa4i: MPOBEJEHHS aHaNi3y (yHKIIOHATBHOCTI CaiiTiB KOMIMaHIH, 10 HAJAIOTh MOCIYTH 3
yTemIeHHs; GpopMyBaHHsI cXeMH Oi3Hec-TpoleciB; po3polieHHs 6a3u JaHUX; po3poOiieHHs BeO-10AaTKy iH(OpMaIiifHOT MiATPUMKH
Gi3Hec-nporieciB yTeruieHHs ¢acaniB OyaiBenb. {1 BUpIIIEHHS BKa3aHUX 3a1ad OyJlM BUKOPHCTaHI METOAM CHCTEMHOTO aHAIi3y,
Teopii MHOXKHMH, TEXHOJIOTil po3poOku 0a3 naHux Ta BeO-momarkiB. Orpumani Taki pedyabraTth. [IpoaHamizoBani caiitu dipm 3
HaJaHHs [OCJIYT YTeIUIeHHs (pacaziB Ta BUSBICHI IX IepeBaru i HeMoMikK. Po3riaHyTo mepeBaru po3poOKH BeO-10JaTKiB IOPIBHIHO
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3 caiitamu. ChopmMoBaHa MOJIENE JIOTICTUYHHX Oi3HEC-TIPOIECiB YTEIUICHHS (acafiB, ska CKIAIAa€ThC 3 TPHOX €TalliB: MirOTOBYOTO,
OCHOBHOTO # 3aKiII09HOr0. HaBeneHo TeopeTnko-MHOKUHHMI ONIC KOMIIOHEHTIB MoJieli Gi3Hec-IIpoIeciB, IO 03BOJISIE BU3HAYNTH
OCHOBHI CKJIaJI0BI JIOTICTHYHOTO 3a0e3MeUYeHHs MPOIeCy YTEeIUIEHHs, a TAKOX 3aCTOCYBAaTH (OPMYJIH PO3paxyHKiB JUIs BiATIOBITHOTO
Mozayns inpopmauniiinol miaTpuMku. Po3pobnena apxiTektypa iHdopMamiiiHOl MiATPUMKH Oi3HEC-TIPOIECIB yTEIUICHHS, sKa
CKJIa/Ia€Thesl 3 6asy JaHUX, PO3PaXyHKOBOTO MOAYIIO Ta iHTepdeiicy BeO-noaaTky. Po3pobiena cTpykrypa 6a3u JaHUX, sIka MiCTUTh
iHpopManio 1po ¢GipMy, BUKOHABIIB POOIT 3 yTemyeHHs, HeOOXiAHI MaTepianu Ha CKJIali, mapaMeTpH 3aMOBIICHHS il 3aMOBHHKA.
Po3pobka BeO-n0aaTKy 103BOJISIE aBTOMATU3yBaTH 00poOKy iH(popMalii Ui opraHisauii BAKOHaHHS poOiIT i HamaTH KOpHCTYBaueBi
MOXJIMBICTH IBHIKOTO O(OPMIIEHHS 3aMOBJIEHHS. BHCHOBKH: iH(popMamiliHa MATPUMKA JIOTICTHYHNX Oi3HEC-NIPOILECiB yTEeIUICHHS
3abe3medye X CYNpoBiJ Ha BCIX eTamax IPOBeCHHS POOIT 32 paXyHOK CBO€YACHOTO CKJIaJaHHs 1HIWBIAyaIbHOTO HEPeriKy MOCIyT Ta
TepeBipli HasBHOCTI HeoOXimHMX MaTepianiB. OCHOBHHM pe3ysbTaTOM pOOOTH BeG-IOMATKYy € MOJJIUBICTH aBTOMAaTHYHOI'O
PO3paxyHKy IUIONII yTEIUIEHHS i BapTOCTi 3aMOBJICHHS 3 ypaxXyBaHHSIM HasBHOCTI ab0 3aKymiBii HEOOXiJHHX MarepiaiiB, a TaKOX
(hopMyBaHHS IOTOBOPY MiK 3aMOBHHKOM 1 (hipMOIO-BUKOHABIIEM Ha OCHOBI BUOPAHUX MapaMeTpiB MOCIYTH yTEIICHHS.

Knrouosi ciioBa: 6i3Hec-mporiecy; yTemIeHHs OyAUHKIB; TCOPETUKO-MHOKMHHE MTOJAHHS, Alarpama MpeLeieHTIB; apXiTeKTypa
cucteMu; 6a3a JaHUX, BeO-10JaTOK.

PA3PABOTKA ITPUJIOXKEHHU S 11O HH®OPMAIIMOHHOM MO JJIEPXKKE
JOT'HCTHYECKHUX BUSHEC-TIPOHECCOB CTPOUTEJ/IBHBIX YCJAYT
YTEIVIEHUA 3JAHUU

IIpenvMeToM HcclenOBaHUS SBISIOTCS METOIBI M TEXHOJOTMH WH(OPMAIIMOHHOHN IMOIIEP)KKU JIOTHCTHYECKHX OHM3HEC-TIPOLECCOB
yremtenust ¢dacanos 3maHuii. Lleablo paboTel sBisercss obecmedeHHe WHGOPMAMOHHON MOAAEPKKH NEATEIFHOCTH (GUpM,
NPEJOCTABISIONINX YCIYTd IO yTeIUleHHIo (acaqoB 3haHuil. B paboTe pemieHbl CIleayrolue 3agadM: NPOBEICHUE aHAIN3a
(GYHKIMOHATBHOCTH CAfTOB KOMIIAHMH, MPENOCTAaBIAIONIMX YCIYTH IO YTCIUICHHIO; (OPMHUPOBAHHE CXEMbI OM3HEC-IIPOIECCOB;
pa3paboTka 0a3bl IaHHBIX; pa3paboTka BeO-NMPHIOKEHHS HH(OPMAMUOHHON MOAICPKKH OM3HEC-TIPOIECCOB yTeIUuleHus (acanon
3nanmit. 1 pelieHus yKa3aHHbBIX 3aJad ObUIM HCIIOJNB30BaHBI METOAbI CHCTEMHOIO aHalu3a, TEOPUH MHOXKECTB, TEXHOJOTHH
pa3paboTkn 0a3 HaHHBEIX M BeO-mpwiokeHuid. [lomydeHsl cnepyromue pe3yiabTaThl. [IpoaHaaM3MpOBaHBI CAHTHl (GHUPM IO
MIPEIOCTABICHHIO YCIIYT YTEIUICHUs (acaoB M BBIIBICHBI WX MpPEHMYyINECTBA M HEJOCTAaTKU. PaccMOTpeHBI IperMyIlecTBa
pa3paboTKH BeO-TIPMIIOKEHUH 10 cpaBHeHuto ¢ caiitamu. CPopMHUpOBaHA MOJENb JOTHCTUYECKUX OM3HEC-TIPOLIECCOB YTEILICHUS
(acanoB, KOTOpas COCTOMT W3 TpEX JTaloB: IOJrOTOBHUTENBHOIO, OCHOBHOTO M 3aKIIOUMTENbHOro. IIpHBENCHO TEopeTHKo-
MHOXKECTBEHHOEC OITHCaHHE KOMIIOHCHTOB MOJEIN OHM3HEC-NPOIIECCOB, ITO3BOJIIOIICE ONPENEIUTh OCHOBHBIC COCTABIIIOLINC
JIOTHCTHYECKOTO O00ECHEeYeHHUs MpoLecca YTEIUICHHs, a TaKkkKe HMPUMEHUTh (OpPMYNBI pacyeToB Ul COOTBETCTBYIOLIEIO MOZYJIS
rHPOPMAOHHON noanepkku. Pazpaborana apxurekrypa MHOOPMALUOHHON MOIAEPKKH OM3HEC-TPOLIECCOB YTEIUICHUS, KOTOpast
COCTOUT M3 0a3bl JaHHBIX, PACYIETHOTO MOYIIS M HHTEepdelica BeO-npuioxeHus. PazpaboTana cTpykTypa 0a3bl JaHHBIX, COIEpIKaIIei
uHbOpMaIMIO O (UPME, HCIOJHHUTEIAX PabOT 10 YTEIUICHHIO, HEOOXOAMMBIX MaTepuallax Ha CKiaje, IapaMerpax 3akasa H
3aka3unka. Pa3paboTka BeO-IPUIIOKEHHS IO3BOJISET aBTOMAaTH3MPOBaTh 00pabOTKy MH(GOPMAIMHU Ul OpraHHM3allMy BBHITOJTHEHUS
paboT M TIPEeNOCTaBUThH IMOJB30BATEII0 BO3MOXKHOCTH ObICTporo odopmieHus 3aka3a. BeiBoabl: mH(OpManMoHHAs MHOAIEPIKKA
JIOTHCTUYECKUX ON3HEC-TIPOLIECCOB YTEIUICHUs O0ECHedYnBaeT MX CONPOBOXKJICHHE HAa BCEX 3Talax IPOBEAEHUs paboT 3a cuer
CBOECBPEMEHHOTO COCTAaBJICHUS MHIMBHIYaJbHOTO MEPEYHs YCIYr M MPOBEPKH HAIM4YMSA HEOOXOJUMBIX MarepHanoB. OCHOBHBIM
pe3yIbTaToM paboThl BeG-NPHIIOKEHHUS SBIAETCS BOZMOKHOCTh aBTOMATHYECKOTO pacyeTa IJIONIaAN YTeIUICHUs. i CTOMMOCTH 3aKa3a
C y4eTOM HalIM4Wsl WM 3aKYIKH HEOOXOAMMBIX MaTepHalioB, a Takke (OpMHUpPOBAHHME JOTOBOpA MEKTY 3aKa3uHMKOM U (HUPMOii-
HCIIOJIHUTEJIEM Ha OCHOBE BBIOPAHHBIX [TAPAMETPOB YCIYTH yTEIUICHHS.

KiroueBble cjoBa: OW3HEC-TIPOLIECCHI; YTEIUIEHHE 3/aHUH; TEOPETHKO-MHOXKECTBEHHOE IIPEJCTAaBICHUE; JHarpamMmma
MIPEIeICHTOB; apXUTEKTypa CUCTEMbI; 0a3a JaHHBIX; BEO-NPUIOKEHHE.
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B. @. ITPOKOIIEHKOB, 10. H. KoxuH, O. H. MAJIBIX

OIIPEAEJIEHUE OIITUMAJIBHOTI'O KOJIBIHEBOT'O MAPILIPYTA,
MMPOXOJAIMIEI'O YEPE3 3AJIAHHOE MHOKECTBO IIYHKTOB HA KAPTE

IIpeameToM wHccaemoBaHUN SBISIOTCS METOABI M MHGOPMALMOHHBIE TEXHOJIOTMU TpaHCHOPTHOM noructukd. Lleab — cHibkeHue
3aTpaT M COKpalleHHe BPEMEHH Ha JOCTaBKy TOBAapOB aBTOMOOMIBHBIM TPAHCIOPTOM 3a CYET pPa3pabOTKU U BHEIPEHUS
3((EKTHUBHBIX METOZOB M AITOPUTMOB IOMCKAa ONTHMAJIbHOTO MaplIpyTa pa3Bo3a TOBAapoB. B crarbe paccMaTpuBaeTcs 3agava
MOUCKa ONTUMAJIFHOTO KOJBLEBOTO MapLIpyTa pa3Bo3a TOBApOB CO CKIaja, MPOXOAAIIETO Yepe3 3aJaHHOE MHOXECTBO ITyHKTOB Ha
Kapte. [y pelieHus 3ajauu UCIIONB3YIOTCS METOAbI H AJITOPUTMBI JUCKPETHOM MaTeMaTuku. [loiydeHsl cneayromue pe3y/abTaThl.
BeimonHeH aHanmm3 npo6iaeMsl U CYIIECTBYIOMNX METOJO0B JUCKPETHOW MaTeMaTHKH JUIS €€ pelIeHH s, OIpeieIeHbl HeTOCTaTKH STHX
Meto0B. IIpemmoxkeH MeTol pemieHus 3aJadd, YCTPAHSIOMMWI 3TH HENOCTATKH. Pa3paboTaH SBPHCTHYECKHH aITOPUTM DEIICHUS
3aJauy, pEAIU3YIOIMA MNPEANOKEHHBI MeToJ] pelleHus. PeleHue paccMaTpuBaeMOR 3aJadd CBOJMTCS K 3ajade IIOMCKa
raMWJIbTOHOBA IIMKJIAa Ha HOBOM rpade MeHsbuIeil pazmepHocT. HoBbli Tpad cTponTes n3 HayainpbHOTo rpada, ONMUCHIBAIOLIETo KapTy,
U COCTOHT M3 BEPIIMH 33JlaHHOTO MHOXKECTBA ITyHKTOB Ha KapTe, uepe3 KOTOphIe JODKEH MpoiTé MapuipyT. Kaxgas gyra B HOBOM
rpade coenuHseT mapy BEpIINH, €CIIH B HAYaIbHOM Ipade CyMmecTByeT MyTh MEXIy STUMH BepIINHAMU. Jlyra B3BEIIHBACTCS YHCIIOM,
KOTOpOE ONpEesieT MUHUMAIbHOE PACCTOSIHHE MEXK/Ty BEpIIMHAMH B HAYaIbHOM Tpade, KOTOpble OHAa coeauHseT. [ mocTpoeHus
rpada ucrmonmb3yercst anroput™ JleHKcTpel. BBIBOABI: TPEUIOKEHHBI METOJ pEelIeHHs PAacCMOTPEHHOHM 3aJadd BBIONHSET e
CBOAMMOCTh K KIIACCHYECKOH 3ajade IUCKPETHOW MaTeMaTHMKHM IIOMCKa TaMHJIbTOHOBAa IWMKiaa Ha rpade. TectupoBanme
pa3paboTaHHON MPOrpaMMbl MOKa3aJlo pabOTOCIIOCOOHOCTh NPETIOKEHHOIO METO/Ia U alrOpUTMa pellIeHus 3aiaun. Pa3paboraHHbIil
METO/] ITO3BOJISIET TIOHU3UTH Pa3MEPHOCTh pelllaeMOo 3a/1au, TIOCKOJIbKY PElIeHHe HINETCsl Ha HOBOM Tpade MeHbIIeH pa3MEpPHOCTH B
oTinu4ue OT rpada, ONMUCHBAIONIET0 UCXOAHYIO KapTy. PakTop MOHIDKEHUS Pa3MEPHOCTH 3HAYUTEIBHO CHIDKAET 3aTpPaThl HA ITOUCK
pelIeHns ¥ HOBBIIIAET IIAaHCHl HANTH ONTUMAIIBHBIN MapIIpyT pa3Bo3a TOBApPOB.

KniodeBble cj0Ba: TPaHCIIOPTHAs JIOTHCTHKA; MapIIpyT Ha KapTe; rpad; raMHIBTOHOB LUKI; CIOXXHOCTh; NP-momHOTa;
aaroputM JIefKCTphl; CBOAUMOCTD; CXEMa ITOUCKA C BO3BpaTaMH.

BBenenue
Jloructrnka 3TO HE TOJILKO ITUPOKO
pacnpocTpaHEHHBIN TePMUH B SKOHOMHKE, a

MOJHOLICHHAas: HayKa O IUIAaHUPOBAHWM, OpraHU3alluH,
YIpaBJIEHUU, KOHTPOJIE U PETrYJIUPOBAHUU MEPEMEIICHUS

MaTepHaIbHBIX W HMHOOPMAIIMOHHBIX IOTOKOB B
MIPOCTPAHCTBE M BO BPEMEHH OT HX MEPBUIHOTO
HCTOYHWKA 10 KOHe4HOro  motpeburens  [1, 2].

[lepeMemienne  TOBapHO-MAaTepUANBHBIX  IEHHOCTEH
HEBO3MOXXHO 0€3 HCIOJIB30BaHUS TPAHCIIOPTHBIX CPE/ICTB.
3HauynNTeNbHAS YacTh ONEPAlHil JTOTHCTUKH, CBSI3aHHBIX C
nepeMeIneHIeM MaTepHATBHBIX [EHHOCTEH oT
MEPBUYHOTO HCTOYHHKA 10 KOHEYHOTO IOTPeOUTENs,
OCYIIECTBIIIETCSI ¢ TIOMOIIBIO TPAHCIOPTA M 3aTpaThl Ha
9TH Omepanuu cocTaBiaoT 10 50% oT obmux 3arpar Ha
noructuky [3]. TlosTomy ocoOyio posib B 3TOH Hayke
WArPaeT TPAHCIIOPTHAS JIOTUCTHKA.

OnmHOli W3  OCHOBHBIX 3aJad  TPAHCIIOPTHOM
JIOTUCTUKHU SIBJISICTCA OIPCACIICHNUE pannoOHAJIBbHBIX
MaplipyToB JAOCTaBKM TOBapoB. MaplpyTsl JOCTaBKU
MOTyT OBITh MAasSTHUKOBBIMH H KOJIBIEBBIMH [4]. B
MasTHUKOBOM MapuIpyTe IyTh CICIOBaHUS TPaHCIIOPTa
BIepEn M 00paTHO IPOXOAUT I10 OJHOMY M TOMY XK€ ITyTH.
Mapmpyr, npu KOTOPOM MyTh CJIC/IOBaHUS
TPAHCIOPTHOTO CPEACTBA COCTABIISICT 3aMKHYTHIA KOHTYD,
HA3bIBACTCS KOJIBIIEBBIM MapmipyToM. be3 comHeHUs
OpraHMn30BbIBATH TPaHCIIOPTHBIC TIIEPEBO3KU 1o
MAasTHUKOBBIM  MaplipyraM IIpOIIE, IIOCKOJIBKY HE
TpeOyeTcsi TpaTHTh BpeMsi M CpelCcTBa Ha pa3paboTKy

TPYZAHO HaxXoAUMOTO KOJIBLIEBOT'O MapupyTa,
OpraHu3aiuro JUCTICTYEPpU3 AN u YIIpaBJICHUEC
MEePEBO3KAMH. Ho MasITHUKOBBIC MapLIpyThI
NPOUTPBIBAIOT KOJBLEBBIM MapLIpyTaM [0 3aTparam
Onaropmaps CYLIECTBEHHO OosbIIEMy o0memy

aBTOIPOOETY 3aJeHCTBOBAaHHOTO TPAHCIIOPTA, 3aTpaT Ha
TOIINIUBO, PEMOHT H 06CHy)I(I/IBaHI/Ie TpaHCIIOpTa, YTO
3aCTaBsieT KCIONb30BaTh ONTHUMAJIbHBIE  KOJBIEBBIC
MapuIpyThl TpaHCTIOpTHpPOBaHUs. PaccMoTpum mpobiemy
OTIpEJICNICHUS] PAIIMOHAIBHOTO KOJIBIIEBOTO Pa3BO30YHOTO
MapIipyTa, KOTOpas SIBJISCTCS THUIMYHOU MJIST CITY>KOBI
JOCTaBKHU B O6BI‘-IHOM COBPEMEHHOM CTPOUTCILHOM
cyIlepMapKere.

[lycte  wMeeTcs  kapra, 3aJaHO  HEKOTOPOE
MTOIMHO’KECTBO U3 MHOXKECTBA ITYHKTOB Ha Heil. OnuH u3
ITyHKTOB 3TOTO TOIMHOXKECTBA, B KOTOPOM aBTOMOOMIb
3arpy’kaercs JOCTAaBIIEMBIMH TOBapaMH  CUYHUTACTCS
HavyaJlbHBIM. ABTOMOOWJIb JOJKEH pa3BeCTH TOBap IO
YKa3aHHbIM ITYHKTaM W BEPHYTLCSA B HayaJIbHBIA ITYHKT.
[IpennonaraemM, 4YTO CyMMapHbI BeC JOCTaBIISIEMBIX
TOBAapoOB HE MPEBLIIIACT pr3OHOI[T)éMHOCTB
UCIIONIb3yeMoro aBToMoOmisi. OueBHIHO, BHIOMpPAEMBIi
MapuipyT pa3Bo3KH TOBapa JOJHKEH ObITh palliOHAIBHBIM.
[Ton panMOHANEHOCTHIO MOHUMACTCS U MUHHMYM IpoOera
aBTOMOOWJII, W MHUHHMAJBHBIA pacxoJ TOIUIMBA, U
MUHUMYM TOTPau€HHOTO BPEMEHHM M BCETO OCTAJILHOTO,
YTO, TaK WM HHA4e, CBOJUTCS K MHMHHUMHU3ALUU
MaTepHaJbHBIX 3aTparT.

XapakTepHol  OCOOEHHOCTBIO 3TOH  MPOOJIEMBI
SABJIICTCA TO, YTO OHA BO3HHUKACT U PCIIACTCA Ka)K}lBIﬁ
JA€Hb, W NTYHKTBI JOCTaBKM TOBapa J€Hb OTO OHA
MEHSIOTCA. A 3TO O3HAYaeT, YTO 3aJa4a MAPHIPyTH3AINH
HE MOXeT OBITh pellleHa OJHOKpaTHO M 3apaHee, a
MapmpyTbl HUCIIOJB30BaHBI B TCYCHUC JIIMTCIILHOTO
BpeMmeHHU. Jlpyras HemaloOBaXKHas OCOOEHHOCTh — 3TO
HEOOXOIUMOCTh MPUBS3KU K KapTe pealbHOW MECTHOCTH,
KOTOpass KpOM€ NYHKTOB  HA3HAYEHHsS]  COAEPIKHUT
MHO>KECTBO JPYTUX HE BaXKHBIX IJISl JIOCTaBKU IMYHKTOB,
HO KOTOpPhIC TAaKXKE JOJDKHBI OBITh YYTCHBI IPU
ONpEJIeNICHUN palroHajibHOro Mmapupyra. C onumcaHHOM
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po0IeMolt aucIieTdepa CIyk0 TOCTaBKH CTaIKHBAIOTCS
KaXJbIH JCHh U pemaroT €€ BpyuyHYl0, KTO KaK yMeeT, Ha
OCHOBE JIMYHOTO OIBITAa 0e3 HYETKOro  KpUTepHs
ONTUMAILHOCTH U KA4YEeCTBCHHOTO alTOPUTMa PEHICHUS
3agayn. M3-3a 3TOro ovepenb Ha JOCTAaBKY ITOKYMOK
COCTaBJIIeT KaK MUHUMYM TPH JHS B HE CaMblii aKTUBHBIN
CE30H MPOJaK.

Takum o0OpazoM, OYEBHAHA BaKHOCTH Pa3pabOTKH
HOBBIX  9(M(MEKTUBHBIX  JIOTUCTHYCCKHUX  METOJIOB,
AITOPUTMOB U TIPOTPaMMHOTO OOECTIEYEeHHUS B LIEIOM JUIA
pemIeHNsT OMMCAHHONW TPOOIeMBbl, TOBHIIICHUS Ka4eCcTBa U
3¢ eKTHBHOCTH PaOOTHI CITYKO TOCTABKH.

AHaJIN3 MOC/IeTHUX UCCIeTOBAHNN U MyOIuKAIUIA

TpaHcnopTHass ~ JIOTHCTHKa  pelraeT  3ajadu,
CBsS3aHHBIE C OpraHMW3alWeil JOCTaBKH pa3HOTO poja
Bellel W3 OJHUX MECT B JPYyrue IO ONTHUMAIBLHO
BBIOpaHHOMY MapuipyTy [5—7]. Ha mepBbIii B3TIs1 MOXKET
MOKa3aThCsl, YTO PElICHHE TAKUX 3a]ayd CBA3aHO Cyry0o c
OpraHu3alMOHHBIMU mpobremamu. Ha mnpakTuke Takoe

CY)KJIEHUE IPUBOAMT K H3JIUUIHUM  3aTpaTaM U
obopauyuBaeTcs CHUXCHHEM MPUOBLIBHOCTH
Joructudeckux mpeampuaruil. Camo yka3aHMe Ha
HACITIOIB30BAHUE ONTHUMAIBHOTO MapHIpyTa JOCTaBKH

3aCTaBIsIeT TOJAKIIOYaTh K PELICHHI0 3TOH NpoOiaeMsbl
CEPBE3HYI0 TEOpHUI0. TEeOpETHIECKON OCHOBOH JTOTMCTHKU
CIy’KaT TaKue MAWCLUUILIMHBI KaK TeOpUs COLUAIIbHO-
JKOHOMHYECKUX  CHCTEM, TEOpUsl ~ OpraHU3alMi,
CHCTEMOTEXHHKa M KHOEPHETHKa, a METOJOJOTHYECKYIO
OCHOBY Ml PEUICHHSA Pa3IMYHBIX JIOTUCTHYECKHUX
npobieM  00ecneYuBalOT JUCHUILIMHBL MaTeMaThKa,
HCCIIeIOBaHNE oTepanui, CHCTEMHBIN aHaIIN3,
9KOHOMETpPHSI, MCHEeKMEHT [8].

IIpu BcéM MHOr00Opa3uM JIOTHCTHYECKUX MPOOIeM
Ha TIEpBOE MECTO HEOOXOIMMO IOCTaBUTh INPOOJIEMSI,
HEMNOCPEICTBEHHO obecrieunBaronye
TPaHCIIOPTHPOBAHUE, a 3HAYUT, MPOOIEMY OINpeAeIeHUs
ONTUMAJIBHOIO MapuIpyTa TPaHCIIOPTHPOBAHUSI.

B muckperHoit maremaruke [9] 3amaum momoOHBIE
paccmarpuBaeMoi 3aHMMalT ocoboe Mecto. K HuMm
OTHOCATCSL TpaHcHopTHas 3anada Momxa-KanTopoBnua,
3aJaua KOMMHUBOSDKEPA, 3a7jada 0 KpaTdaimem myTd. OTH
3a[ja4ui OTHOCSTCS K CHEIMAIbHOMY pa3felly JUCKPETHOMH
MaTeMaTHKd — TEOpHH TpadoB, OCHOBOIOJIOKHUKOM
kotopoit cran JI. Ditmep. TpancmopTHas 3agada WiIH
3amada 00 ONTHUMAIFHOM IIJIaHE TIEPEBO3KH MPOIYKTOB U3
ITYHKTOB HAJINYUSI NPOJYKTOB B ITYHKTHI TOTpEOJICHMS
6buta copmynmpoBana I Momkem B 1781 ronmy m
pemeHa coBeTckuM MartematukoMm JI. KanTtopoBuuem B
rogel Benmkoit OtedectBeHHO#M BoiHbl [10, 11]. DOra
3aJada cTajga KIacCH4eCcKOod 3ajadell TpaHCIOPTHOM
JOTHCTHKA M MOXET OBITh pelleHa KaK CHMIUIEKC-
METOJIOM, TaK U C TIOMOIILI0 Teopuu Tpados [12].

B [13] nms pemeHus TpaHCIOPTHON 3amgayuu
IpeyIaraeTcsi AByxX3TamHas cxema pemieHus. Ha mepBom
JTarne IPOU3BOIUTCA JIEKOMIIO3UIMS TPAHCIIOPTHOTO
rpada Ha moArpadbl, BRICTYIAIOIINE B KAYECTBE OTIOPHBIX
TPAHCHOPTHBIX ~ MapmipyToB UL BTOpPOTO  JTama
ontumuzanuu. Ha BTOpoM 3Tame ocyIiecTBiseTCsl MOUCK
ONTHMAJIBHBIX MapIIPYTOB B KKAOM HoAarpade.

3amaya koMMUBOsDKEpa [14] cTaBHT CBOEH IIEBIO
HaXO0X/IEHHUE BBITOJHOIO MApIIPyTa, MPOXOIALIET0 Yepes
YKa3aHHbIE TIOpOJa C OJHOKPAaTHbIM IIOCEUIEHUEM U
BO3BpaTOM B HUCXOAHBINA ropoa. IlosBienue »Toil 3amaun
cBs3pIBaeTcs ¢ Y. ['aMUIbTOHOM,  W3BECTHBIM
MaTeMaTUKOM KHBIIeM B 19 Beke, a e€ pelieHUE B
rpadUuecKoil UHTEPIpPETAIMUA KaK 3aMKHYTBIH MyThb B
rpade, TPOXOISNIUI Yepe3 BCEe BEPIIUHBI Tpada 1o
OJIHOMY pa3y, MOJY4YW1 Ha3BaHHE raMUJIbTOHOBA ITUKIIA.
3amagya KOMMUBOSDKEpa, Kak M3BecTHO [15], oTHOCHTCS K
yncny NP—nonueix 3amay. J{nsg Takux 3a1aq4 HEBO3MOXKHO
HalTH ONTUMAJIbHOE PELIECHUE 3a MOJIMHOMUAIBHOE BPEMS
MW3-32 HEBO3MOXXHOCTH IIOCJIEIOBATEBHOTO Tepedopa
JOIyCTUMBIX PEIICHUH C LEeJhI0 BHIOOPAa ONTHMAIbHOTO
pewieHus. Jlydymnid TOYHBIM METOJ  pElIeHUs 3aJauu
KOMMUBOSIKEpPA, OCHOBAHHBII Ha METOJE BETBEH U
rpanui, Ob1 nonydeH B 1964 ronmy Jk. Jlurtiom c
coaBTopamu [16]. HemocTaTkoM mNpuUMEHEHUS ATOTO
MeToJla JJIsl pelleHHs] TPAHCIOPTHON 3aJauu sIBISIETCS
HEBO3MO>XHOCTh COBMECTHOW ONTHUMH3AIUU KOJBIIEBIX
MapupyToB JUTSL HECKOJIBbKUX TPaHCIOPTHBIX
cpencts [13].

EnuHCTBeHHBIM criocoOoM pemieHns NP—TomHBIX
3amad SABIACTCS pa3paboTKa HBPUCTHUYSCKUX METOJOB.
TakuM TPUMEPOM MOXKET CIYXKHUTb pa3paboTaHHBIH
Jx. Kmapkom u JIxx. Paiitom B 1964 roay anmroputMm [17],
00BEMHSIONINI MasTHUKOBBIE MapIIPYThl B KOJBIIEBBIE.
Ho 3TOT aJIrOPUTM nMeeT CYIIIECTBEHHBIE
Hemoctatku [13].

3amaya 0 KparyaiiieM MyTH B OTJIMYUE OT 3aJayu
KOMMUBOSDKEpPA HMMEET TOYHBIE QJITOPUTMBI PEIICHUS
Anropurm bennmana-®opaa [18], Heiikctpsr [19] u ap.,
NpUMEHSIeMbIe,  HalmpuMep, B  KapTOTpaguUeCcKUX
cepBUCaxX H MOTYT MCIOJb30BaThCs MJI PELICHHUs
pa3IMYIHBIX TPOOIEeM, B TOM YHCIIEC U pACCMATPHBAEMON.

BbiesieHne HepelIEHHBIX paHee yacTel o01eit
npod.emsl. Leab paGorsi

B Hacrostmee Bpemsi Omaromapsi CTPEMHTEIBHOMY
Iporpeccy B pa3BUTHH KOMITBIOTEPHONW TEXHHUKH, KOTOpPas
SBJSIETCS  OCHOBOM Uil pelleHust 3amad  cOopa
HaKOIUIeHUs, aHayiu3a HHGOPMAlMK IS IIPUHATHS
pemieHnii B YNPaBICHUHM MAaTepPHAIbHBIMH IOTOKAMH,

9eM  3aHHMAeTCs  JIOTHCTHKA, OHAa  MPEACTaBIISACT
coboit OypHO pa3BHBAIOIIYIOCS OTpacib 3HaHWA. B
JIOTHCTUKE Oonpioe BHUMAaHHE yaensieTcs
OpTraHU3AIHOHHBIM BOIIPOCAM yIIpaBIICHUS

MaTeprUaJIbHBIMU NTOTOKAMU. Ho BEPOATHO HCAOCTATOYHO
YACTIACTCA BHUMAHUA MAaTEMAaTUYCCKOMY U IPUKIIATHOMY

MIPOrpaMMHOMY 00eCIeYCeHHIO, YTO XOpOILO
WUIIOCTPUPYETCS  ONMHCAHHOW  MPOOJIIEMOW  CITy»KOBI
JIOCTaBKH CyIlepMapKeTa.

Od4eBupHO, YTO paccMaTpuBaeMas IMOCTaHOBKA

MPOOJIEMBI OTIpeIeNieHUs] KOJBIIEBOTO MapIIpyTa CHIBHO
MOX0’Ka Ha 3a/J1a4y KOMMHBOSDKEPA, HO B CHITy TOTO, YTO
OHa OTHOCHUTCS K yrcity NP—ToyHbIX 3a/1a4, OHa HE UMEET
TOYHBIX QJITOPUTMOB pELIEHUS 32 MOJMHOMHAIBHOE
BpeMSL.

B paccmarpuBaemoil 3amaue HMCKOMBIA KOJIbLIEBOM
MapuipyT JOJDKEH TMPOXOIUTh Yepe3 IMOAMHOXKECTBO
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MMyHKTOB  KapThl. Ho mpm 3TOM B  pelIeHUH
HEOOXOMUMO  yKa3aTb HE  TOJIBKO  OYEpETHOCTH
MOCEIIEHUSI ~ ITYHKTOB  JIOCTaBKH, HO B  OOIIeM
clydae W yKa3aTh, Kak 10 KapTe HEOOXOJIMMO
mpoexatb U3 OJHOTO COCeIHEero0  MyHKTa B

IpYroil 1o BceMy pa3BO304YHOMY Mapmpyry. To ectb
pelieHreM 3a1aun SIBIISETCS raMHIBTOHOB
UK Ha IOJMHOKECTBE M3 MHOXECTBA ITyHKTOB
KapTel. JT0 omiuuue Tpebyer npuéma s ananTaidu
METO/IOB PELICHHs 3aJa4il KOMMHBOSDKEPA LIS PEIICHHUS
paccMarpuBaeMoit mpoGiemsr [20].

MaTepl/IaJIl)I U METOAbI

B teopun rpadoB OOBEKT 3aJa4dl MPEACTABIISCTCS
MaTeMaTuueckuM O0O0bEeKTOM rpad, COCTOAIUM W3
MHOXKECTBA  BEPIIWH, MPEACTABISIONIMM  3JIEMEHTBI
CTPYKTYpBl OOBCKTa 3a7aud, COCAMHEHHBIMH pEOpaMu
(myrammu), yCTaHABIHUBAIOIIUMH OTHOIICHUS MEXKIY HUMHU.
Lenp pemenus 3anaun  (opMyIUpyeTcs B TEpMHHAX
Takoro oOBEKTa, a peUIeHHe 3aJa4d CBOJUTCS K
BBINIOJTHEHHUIO PA3IMYHBIX BBIYMCICHHH Ha TakoM rpade.
CdhopmynupyeM paccMaTpuBacMylo 3aady B TEpMHHAX
Teopuu rpagos..

IMocranoBka 3agaun. IlycTs KapTa mpeacTaBiIseTCs
KOHEYHBIM OpPHEHTHUPOBaHHBIM Tpadpom G= <V, E> , B

KoTopoM V = { v, [i=Ln } — 3TO MHOXECTBO BEpIINH,
COOTBETCTBYET IIYHKTaM KapThl, E = { e L, j=Ln,i=] }
— MHOKeCTBO Jiyr rpada. Jlyra €; ompenenser Hamnuue

COEIMHEHUSI  MEXJAYy  BEpIIMHAMU V. u Vv

i j?

d. (3arparammu,

XapaKTepu3yeTcs i

paccrosiHreM

CBA3aHHBIMU C INEPEMCUICHUCM M3 Vi B V]-) MHO0XeCTBO

IIyHKTOB, 4€pe3 KOTOPbIE AOJDKEH IPOWTU 3aMKHYTBIN
myTh 0003HauuM Kak V, cV .

ITycts 3amanbl rpad G, MHOXkeCTBO V, M HayajbHas
BepiinHa V. €V,. Heo0xoanMo HalTH 3aMKHYTBIH ITyTh
MHUHUMAJIBHON [UIMHBI W3 BEPIIMHBI V., HPOXOJISIIHIL
gyepe3 Bce BEPIIMHBI MHOXKECTBA V, OIHOKPATHO.

Merton pewenus 3amaun. M3 aHanm3a MOCTaHOBKHU
3aa4d CIIEIyeT, 9TO MCKOMBIN ITyTh JTOJDKEH MPOXOAMTH
yepe3 BepIInHbl MHOKecTBa V, . C Apyroit cTopoHsl, 3TOT

IyTh JIOJDKEH OBITh MPUBS3aH K KapTe. TakuM oOpaszom,
IS KOKIOH napel V; V| €V, Takux, 4To Npe/IoNaraeTes
TiepeMenieHne U3 BEPUIMHEI V; B BEPUIMHY V| B HCKOMOM

MyTH, JOJDKHO OBITh OJHO3HAYHO YKa3aHO, KaK 23TO
MepeMeIIeHne JOCTUraeTcs Io0 KapTe, T.e. depe3
Kakue BepunHel MHOXecTBa V \V, HyKHO mepemernarses

U3 BEPIIMHBI V; B BEpLIUHY Vi

ITockosbKY pe3yJabTUPYIOLIUM MIyTh JOJDKEH MPOUTH
yepe3 BCE BEPIUIMHBI MHOXecTBa V,, OyneMm ero mckarb

KaK raMMJIbTOHOB IIMKI B rpade G, = <VZ,EZ> , KOTOPBIH

cosnamum. E, = { el i, j=1|V,|i=] } — 3TO MHOXKECTBO

eccu B G ectp

ayr.  [yra
p; =<vf,vl“,v;",...,vE,...,v‘an,v?> TaKoMH, 4TO

]
mm Vk=0,|V|-2. C

e €E,, IyTh

z z ij ij
Vi,V eV, v eVu v/ eV,
Kaxo# ayroit € € E, cmsmxem 3mauenne O, pamHoe
amaue nytd P B rpade G.

HaknansiBaeMbie OrpaHUYCHUA Ha

nyte
obecrieymBarOT, YTO OH OygeT HaYMHATBCS  FITH

3aKaHYMBaThcA BeplinHoi u3 V, . Iloatomy, eciu B rpade

G TaMWIBTOHOB IMHKJI CYHIECTBYET, TO KaXxaasa Wu3

z

BEpIINH MHOXecTBa V, Oy#eT BXOIUTh B HETO

OOHOKPATHO.

AJITOpUTM pelleHus 3aJa4H.
I1.1. Ana 3anannsix rpaga G u mHoxectsa V, 'V

noctpouts rpad G, :

1.1. Jina kaxnoii mapel myHKTOB V[,V €V, i# |,

yepe3 KOTOpbIE [JOJDKEH IPONTH MCKOMBIA  IIyTh,
HCTOJIb3YS AJITOPUTM JenkcTpsl, OIIpEIEIINTh
KpaTdaifimiii  myTh P, Takod, uro V,V] -

COOTBETCTBCHHO Ha4daJIbHast U KOHECYHasd BEPIIUHBI IIYTH, a
MPOMECIKYTOYHBIC BEPUHIMHBI HE MNPUHAILICKAT VZ , H

3a()MKCHPOBATh €T0 JUTHHY dij .

1.2. Cosmare rpap G,=(V,,E,), B koropom

E, :{eg i, j =LV, |i= j} u ayra e € E,, ecm B rpace

G cymectByet nyTh ;.

IM.2. Jna rtpada G, KakuM-1mb0 aIropuTMOM

z

peluTh  3ajavyy ~ TOWCKAa  TaMWIJIBTOHOBA  IMKJIA
P, :<Vi |i:1,|VZ |+]J> Ecmm pemenus HeT, mepeTH K
m. 4.

I1.3. Kaxyio nyry €, |i=1|V, |e p, 3amennts Ha
P, — TyTh, KOTOpBIA cooTBeTcTBYeT el B rpade G.
[MomydeHHBIH pe3yNIbTaT U eCTh HCKOMOE PeIIeHHE.

I1.4. OcranoBUTBCSL.

Iporpammuas peanuszanus. Jn11 1npoBepku
pa3zpaboTaHHOTO peteHus ObIa BBITIOJTHEHA
mporpaMMHasi  peanmsamus Ha  s3pike  CH. Jloa

npencrasienus rpaga G, B mporpamMMe HCIOJIB30Banach

cTtpyktypa Bupra [21]. [nsg mara 3 mnpepioKeHHOro
ITOPUTMA pelIeHus 3aJauy ObuIa BEIOpaHa cxeMa MoucKa
¢ Bo3Bparamu [22], KOTOpas TMO3BOJMJIA TOJYyYUTh H
MIPOAHAJIM3UPOBATE  BCE  BO3MOXHBIE  PE3YNIbTaTHI,
MmoJiydaeMble pa3pa0OTaHHBIM MeToAoM. Pa3paboTaHHOE
MPIIOKEHNE TIO3BOJISIET 3a/1aTh KapTy B BUje jpeg-daiina
(puc. 1), Ha KOTOpPOH OTMEUEHBI IYHKTHI HCXOIHOTO
rpada. Kaprta compoBoxmaeTcst (aiiioMm  OmHCaHUS
IIYHKTOB (pHUC. 2), KOTOPBIA 3arpykaercst ¢ kapToi. Jlms
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3a/IaHuA ITyHKTOB KapThl, ONPEACISIOMIX MHOXKeCcTBO V,  "PesynpTaTtel" (puc. 4-5) MOXHO YBHJETh HaiiJieHHbIE

HEOOXO0MMO HMCIIOIB30BaTh BKIaAKyY "Mcxoauble nanupie"  KOJIBHUCBLIC MAapHIPYThl M IIOCMOTPETE HX IIOOHMCPCIHO B
(puc. 3). Tlocme BeIMONHEHMs pacyéra Ha BKiaake — OTACILHOM OKHE (puc. 6).

[

55 NovcK raMunsToHOBa LMKAS =

Jlucruur | Kapra ﬂ:mnue.unuel?eu‘m.ram

MywxTol Ha kapre D:\§Data\Test\map16.omp
Ne  Haspamwe myHKTa X Y
» 0 Pointl 462 100
2 Point2 887 78
3 Point3 744 121
4 Point4 194 189
5 Points 535 221
6 Point6 393 265
7 7 Point7 154 326
8 Point8 610 an
9 Point9 258 417
10 Point10 467 412
1 Point11 871 397
12 Point12 234 580
13 Point13 518 619
14 Point14 722 627
15 Point15 375 664
»
Coxpanurs

Puc. 1. CocrosiHue okHa 1ocie 3arpy3Ku KapThl

J mapl6.nds — baokHoT =HICl é

Qain [paeska Qopmar Bwa Cnpaeka
17 n
1/Point1/462/100
2/Point2/887/78
3/Point3/744/121
4/Point4/194/189
5/Point5/535/221
6/Point6/393/265
7/Point7/154/326
8/Point8/610/371
9/Point9/258/417
10/Point10/467/412
11/Point11/871/397
12/Point12/234/580
13/Point13/518/619
14/Point14/722/627
15/Point15/375/664
16/Point16/793/749

Puc. 2. ®aiin onucaHus MyHKTOB KapThl

105
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85! Mouck raMmMALTOHOBa LUMKAA 2 = ILE—\ g
JIucraar | Kapra| Hexoansie aannbie ‘Pe:y.vn.ra'ru‘

2 ~  TounocTb (K0JI-BO 3HAKOB MOCJIe ACATHYH( | 0TOGpPakaTh BCe Pe3y.IbTATHI
Coucok NYHKTOB /151 IOCCIIEH Cnncox NYHKTOB KapThl Cpsizn MERAY OYHKTaMH
1. Pointl 1. Pointl 1 2. 3 4 5 6 7 8 4
2. Point2 2. Point2 | §
3. Point3 3. Point3 » n 1 0 1 1 0 0 0
5. Point5 4. Pointd |
7. Point7 5. Point5
11. Pointll 6. Point6 L&) 0] | |20
12. Pointl2 7. Point7 T 1
14. Pointl4 8. Point8 0 1 X 0 0 0 0 1
i 15. Pointl5 9. Point9 | |
10. Point10 |
11. Pointll 1 0 0 X 0 1 1 0 L
12. Pointl2 T
13. Pointl3 1 0 0 0 X 0 0 1
14. Pointl4
‘
16. Pointl6 6|0 0/ 1 }]0 | X 0/ 0
0 0 0 1 0 0 X 0
0 0 1 0 1 0 0 X

< I |

OYHCTHTH CITHCOK MOCeIIeHHs ‘ { Jlo6aBHTE Bce ’ Tect w k
Puc. 3. Briragka "Mcxoaasie nanubie”
95! Mouck raMmabTOHOBa uuﬂ p— - T ———— l (S
Jmcraar | Kapra | Hexonamte aammute| Pesysrarst |
HaiineHHbIH HHKI noKasats Ha Kapre J
[(154>759512515>13514>16->11->2->3->8->5>1} ( 2809,34453010678 ) D:\map16_0.bmp -
Onucanne
MyTb COCTaBAANT CHejyiolye y4acTKu:
3BeHo 1 : 1 Pointl (462 ,100 )] -> 4 [Point4 (194 ,189 )] : 282,39
|l3BeHo 2 : 4 [Point4 (194 ,189 )] -> 7 [Point7 (154 ,326 )] : 142,72
|l3Beno 3 : 7 [Point7 (154 ,326 )] -> 9 [Point9 (258 ,417 )] : 138,19
3BeHO 4 : 9 [Point9 (258 ,417 )] -> 12 [Point12 (234 ,580 )] : 164,76
3BeHO 5 : 12 [Pointl2 (234 ,580 )] -> 15 [Pointl5 (375 ,664 )] : 164,12
3BeHO 6 : 15 [Pointl5 (375 ,664 )] -> 13 [Pointl13 (518 ,619 )] : 149,91
3BeHo 7 : 13 [Point13 (518 ,619 )] -> 14 [Point14 (722 ,627 )] : 204,16
3BeHO 8 : 14 [Point14 (722 ,627 )] -> 16 [Pointl6 (793 ,749 )] : 141,16
3BeHO 9 : 16 [Pointl6 (793 ,749 )] -> 11 [Pointll (871 ,397 )] : 360,54
3BeHo 10 : 11 [Pointll 871 ,397 )] -> 2 [Point2 (887 ,78 )] : 319,4
3BeHo 11 : 2 [Point2 (887 ,78 )] > 3 [Point3 (744 ,121 )] : 149,33
|l3BeHo 12 : 3 [Point3 (744 ,121 )] -> 8 [Point8 (610 ,371 )] : 283,65
3BeHo 13 : 8 [Point8 (610 ,371 )] -> 5 [Point5 (535 ,221 )] : 167,71
3BeHO 14 : 5 [Point5 (535 ,221 )] > 1 [Pointl (462 ,100 )] : 141,32
llobwas anuna= 2809, 34

Puc. 4. Bxiiagka "Pe3ynbTaThl" — BEIOpaHHBIH I IPOCMOTpPA MapIIpyT

9! MoNCK raMUALTOHOBA LMKAA E@Iﬂ

JI |Kapra | H [ Pesyasrater ‘

HajlineHHbIH DHKI I IOKa3aTh Ha KapTe

{1->4->7->9->12->15->13->14->16->11->2->3->8->5->1} ( 2809,34453010678 ) D:\map16_0.bmp h
-
{1->5->8-=3->2->11->16->14->13->15->12-=9->7->4->1} ( 2809,34453010678 ) D:\mapl6_1.bmp
{1--4->7-29->12->15->13->14->8->3->2->11->8->5->1} ( 2849,3699111739 ) D:\mapl6_2.bmp
{1-5->8->11->2->3->8->14->13->15->12->9->7->4->1} ( 2849,3699111739 ) D:\map16_3.bmp
{1--4->7-29->12->15->13->14->16->11->8->5->8->3-=2->1} ( 3204,19422916829 ) D:\mapl6_4.bmp
{1->2-23->8->5-28->11->16->14->13->15->12->9->7->4->1} ( 3204,19422916829 ) D:\mapl6_5.bmp
{1--4-27-29->12->15->13->14->8->5->8->11->8-=3->2->1} ( 3244,2196102354 ) D:\map16_6.bmp

| {1-=2-=3-=8-=11->8->5->8->14->13->15->12->9->7->4->1} ( 3244,2196102354 ) D:\mapl6_7.bmp

|| {1-24-27->9-212->15->13->10->8-3->2->11->16->14->8-=5->1} ( 3246,56732499554 ) D:\map16_8.bmp
{1->5->8-14->16->11->2->3->8->10->13->15->12->9->7->4->1} ( 3246,56732499554 ) D:\map16_9.hmp

| {1-2->3-28-210->9->7-29->12->15->13->14->16->11->8->5->1} ( 3248,70605334971 ) D:\map16_10.bmp
{1->5-28->11->16->14->13->15->12->9->7-29->10->8->3->2->1} ( 3248,70605334971 ) D:\map16_11.bmp
{1->5-28->10->9->7-29->12->15->13->14->16->11->8->3->2->1} ( 3248,70605334971 ) D:\map16_12.bmp
{1-2-23->8->11->16->14->13->15->12->9->7->9->10->8->5->1} ( 3248,70605334971 ) D:\map16_13.bmp
{1--4-27-=9->12->15->13->10->8->11->2->3->8-=14-=8-=5->1} ( 3286,59270606266 ) D:\map16_14.bmp
{1->5->8->14->8->3-52->11->8->10->13->15->12->9-=7->4->1} ( 3286,59270606266 ) D:\mapl16_15.bmp
{1-2->3-8->11->8->10->9->7->9->12->15->13->14->8->5->1} ( 3288,73143441682 ) D:\mapl6_16.bmp
{1->5->8-=11->8->10->9->7->9->12->15->13->14->8->3->2->1} ( 3288,73143441682 ) D:\map16_17.bmp
{1--2->3-28->14->13->15->12->9->7->9->10->8->11->8->5->1} ( 3288,73143441682 ) D:\map16_18.bmp
{1->5-28-14->13->15->12-29->7->9->10->8->11->8->3->2->1} ( 3288,73143441682 ) D:\map16_19.bmp
(| {1->4->7->9->12->15->13->14->8->3->8->5->8->11->2->1} ( 3435,65131008615 ) D:\map16_20.bmp
{1--4-27-=9->12->15->13-14->8->5-8->3-=8->11-=2->1} ( 3435,65131008615 ) D:\mapl6_21.bmp
{1->2->11->8->5->8->3->8->14->13->15->12->9->7->4->1} ( 3435,65131008615 ) D:\map16_22.bmp

(| {1-22-511->8-23-28->5->8->14->13->15->12-9->7-=4->1} ( 3435,65131008615 ) D:\map16_23.bmp

| {1--2->11->16->14->13->15->12->9->7->9->10->8->3->8-=5->1} ( 3440,13775320045 ) D:\map16_24.bmp
{1->5-28->3-28-10->9->7->9->12->15->13->14->16->11->2->1} ( 3440,13775320045 ) D:\map16_25.bmp
{1->5-28-23->8->14->13->15->12->9->7->9->10->8->11->2->1} ( 3480,16313426757 ) D:\map16_26.bmp
{1--5-28-14->13->15->12-29->7->9->10->8->3->8->11->2->1} ( 3480,16313426757 ) D:\map16_27.bmp
{1-+2-211-28->3->8->14->13->15->12-29->7->9->10-=8->5->1} ( 3480,16313426757 ) D:\map16_28.bmp
{1->2->11->8->10->9->7->9->12->15->13->14->8->3->8->5->1} ( 3480,16313426757 ) D:\map16_29.bmp P

Puc. 5. Bknanka "Pe3ynbratel" — cincok BeIOOpa MapipyTa
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85! Mounck raMmabTOHOBa LKA -

I L 1 L

L o3 {1->4->7->9->12->15->13->14->16->11->2->3->8->5->1} ( 2809,34453010678 ) D:\map16_0.bmp | eul(E] ﬁ

[uka O : {1->4->7->9->12->15->13->14->16->115>2->3->8->5->1} ( 28(
1

. I

—
—

A

\

Puc. 6. OxHO ¢ HaliJEHHBIM KOJIBLIEBBIM MapLIPyTOM

TecroBeiii ipuMep. B kauectBe TecroBoro npumepa  Tabamma 2. Paccmosinus medicdy nynkmamu Ha kapme (Oyeu
KapTta OblTa IpeACTaBlIeHa B BUJE MHOXKECTBa V Touek 2paga G)

(myHKTOB) Ha OHWTMame, CO CBOMMH KOOpAMHAaTaMu No v, N v, o
(tabm. 1). CoenvHEHHS MEXAY ITyHKTaMH OIIPEISIIHIH U
MHOMKECTBO  JIyT E u Obutn HM300paxkeHbl OTpE3KaMu 1 1 = > 15557
npsMbIX JHENA. [103TOMY, PACCTOSIHUSI MEXY IMyHKTAMU
HE 3a/[aBalINCh, 4 CYUTATNCH KOOPIMHATHBIM CIIOCOOOM B 2 1 - 4 282.39
3 1 - 5 141.32
mukcersix (Tabi. 2).
4 2 - 1 425.57
Tabuauna 1. /Iynkmor kapmel 5 2 > 3 149 33
No HazpaHue yHKTa KoOpJMHATEI MyHKTA HA 6 2 - 11 319.4
KapThl Kapre 7 3 - 2 149.33
X y 8 3 - 8 283.65
1 pointl 462 100 9 4 - 1 282.39
2 point2 887 78 10 4 - 6 213.02
3 point3 744 121 11 4 - 7 142.72
4 point4 194 189 12 5 - 1 141.32
5 point5 535 221 13 5 - 8 167.71
6 point6 393 265 14 6 - 4 213.02
7 point7 154 326 15 6 N 10 164.58
8 point8 610 371 16 7 - 4 142.72
9 point9 258 417 17 7 - 9 138.19
10 | point10 467 412 18 8 - 3 283.65
11 | pointll 871 397 19 8 - 5 167.71
12 | pointl2 234 580 20 8 - 10 209.06
13 point13 518 619 21 8 - 11 262.29
14 | pointl4 722 627 22 8 - 14 279.43
15 | pointl5 375 664 23 9 - 7 138.19
16 point16 793 749 24 9 - 10 209.06
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Konerr Tadannni 2 Koner Tadauubl 3
25 9 - 12 164.76 9 2 - 3 149.33 2,3
26 10 - 6 164.58 10 | 2 - 11 3194 2,11
27 10 - 8 148.76 11 | 3 - 5 451.35 3,85
28 10 - 9 209.06 12 | 3 - 7 779.66 3,8,10,9,7
29 10 - 13 213.19 13 | 3 - 11 545.94 3,8,11
30 11 - 2 319.4 14 ] 3 - 12 806.23 3,8,10,9,12
31 11 - 8 262.29 15| 3 - 14 563.08 3,8,14
32 11 - 16 360.54 16 | 3 - 15 795.51 3,8,10,13,15
33 12 - 9 164.76 17 | 5 - 7 663.72 5,8,10,9,7
34 12 - 15 164.12 18 | 5 - 11 430 58,11
35 13 - 10 213.19 19 | 5 - 12 690.28 5,8,10,9,12
36 13 - 14 2014.16 20 | 5 - 14 447.13 5,8,14
37 13 - 15 149.91 21| 5 - 15 679.57 5,8,10,13,15
38 14 - 8 279.43 22 | 7 - 11 758.31 7,9,10,8,11
39 14 - 13 204.16 23 | 7 - 12 302.95 7,9,12
40 14 - 16 141.16 24 | 7 - 14 764.6 7,9,10,13,14
41 15 - 12 164.12 25 | 7 - 15 710.36 7,9,10,13,15
42 15 - 13 149.91 26 | 11 - 12 784.87 11,8,10,9,12
43 15 - 16 426.55 27 | 11 - 14 501.69 11,16,14
44 16 - 11 360.54 28 | 11 - 15 774.16 11,8,10,13,15
45 16 - 14 141.16 29 | 12 - 14 791.16 12,9,10,13,14
46 16 - 15 426.55 30 | 12 - 15 164.12 12,15
31 | 14 - 15 354.07 14,13,15
Jost 3aJJaHHOTO MHO’KECTBa ITYHKTOB 32| 2 - 1 425.57 2,1
vV, :{1,2,3,5,7,11,12,14, 15} , uepe3 KOTOphIE JOIDKEH 313 - 1 1092.39 3,8,10,6,4,1
NPOWTH KOJIBLEBOM MapIIpyT, W HA4aJbHOTO MYHKTA 34 |5 - 1 141.32 5.1
z o 35| 7 - 1 425.11 74,1
V. =1 B Tecre ¢ mommocThi0 |V|=16 HaiixeHsl Bce
36 | 11 - 1 1071.04 11,8,10,6,4,1
pemenns 3amaun. OOmee  KOJIUYECTBO  PEIICHUH 37 | 12 N 1 1033.8 12010641
coctapmiio 4320. JIydmumu pemieHus My 10 JJIUHE MyTH B2 S 1 107733 141310641
113 HIX SIBIGIOTCA CACHYIOTIHE: 3915 > 1 1023.09 15,13,10,6,4,1
- <1,4,7,9,12,15,13,14,16,11,2,3,8,5,1> (2809.34) ; 20 3 . 5 14933 3.2
- <1,4,7,9,12,15,l3,14, 8,3,2,11,8,5,1> (2849.37); 41 |11 o> 2 319.4 11,2
-(1,4,79,12,1513,14,16,11,85,8,3,2,1) (3204.19); |4 |5 > 3 451.35 583
43 | 7 - 3 779.66 7,9,10,8,3
- <l,4,7,9,12,15,13,l4, 8,5,8,11,8,3,2,1) (3244.22); w11 S 3 54594 1183
-(1,5,8,14,16,11,2,3,8,10,13,15,12,9,7,4,1) (3246.57) ; 4512 > 3 806.23 12,9,10,8,3
-(15,8,11,16,14,13,15,12,9,7,9,10832,1) (3248.71). 46114 - 3 563.08 1483
Ha puc. 7 mwalizennble pemeHus Ha rpade ar1 15 = 3 795.51 15.13,108,3
. . 48 | 7 - 5 663.72 7,9,10,8,5
0003HaueHBl MYHKTUpPHOM muHWeH. B Tabm. 3 -
MIPEJCTaBICHBI AyTH CHOPMHUPOBAHHOTO B XOJE PEIICHUS 49 | 11 i S 430 1185
rpacpa G, . 50|12 —> 5 690.28 12,9,10,8,5
51 | 14 - 5 447.13 14,8,5
Ta6mnua 3. Jyeu epaga G, 52 | 15 - 5 679.57 15,13,10,8,5
53 | 11 - 7 758.31 11,8,10,9,7
R I A d; Py 54 |12 o 7 302.95 12,97
2 1 N 3 1092.39 1,4,6,10,8,3 56 15 d 7 710.36 15,13,10,9,7
T T 1 5 5 14132 15 5712 - 11 784.87 129,10,8,11
511 S 11 | 107102 14610811 50 [15 > 11 774.16 15,13,10,8,11
s T 1T S5 10338 14610912 60 | 14 > 12 79116 14,13,10,9,12,
71 > 14 | 1077.33 1,4,6,10,13,14 6115 - 12| 16412 1512
8 |1 > 15 | 102309 146101315 62115 > 14 35407 151314
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Puc. 7. Haiinennsle nydiune yTy Ha KapTe

Pe3yabTaThl HCCJIeJ0BAHUIM

TectupoBanue ITOKa3aJIo MIPUTOTHOCTD
pa3pabOTaHHOTO aNTOPUTMa U HAXOKICHUS KOJIBIEBOTO
Mapmpyra pa3BO3KH TOBapoOB, IPOXOJAIIETO depe3
3aJaHHOC MHOKECTBO IMYHKTOB KapThl. ONTHMAalbHOCTH
OTIpEeNeIIEMOr0 KOJBIIEBOTO MapIipyTa 3aKJIaJbIBaeTCs
MpU BBIMOJIHEHWU Imara | anroputMa W 3aBHCHT OT
TOYHOCTH MIPUMEHSIEMOTO anropuTMa MIONCKa
raMuIbTOHOBA 1KKiIa B rpade. Ha mare 1 dpopmupyrorcs
MHUHUMaJbHBIE 0 JUIMHE IyTH MEXAY BepluuHamu V, .

Ecim OBl cymiecTBOBaX TOYHBIA alTOPUTM IOWCKA
TaMHJIIbTOHOBA UKJIa MHUHUMAaJIBLHON JJIUHBI, TO
pa3paboTaHHBIN aNTrOPUTM Beeraa Obl JaBajil ONTUMAIBHOE
peleHue.

B 000M ciydae MNpeIOKEHHBIH MeTon JaaéT
BBIMTI'PBIII, COCTOS[HII/II\/'I B COKpall€HUN BBIYUCIHUTCIIbHBIX
3aTpaT Ha MoucK pemeHus. Tak, ecnu Obl ISl TECTOBOM
3alayl  Mbl HCIIOJIb30BAJIM  KJIACCHUYECKUH aJIFOPUTM
MMOWCKAa TaMUJIBTOHOBA IIMKJIA, HAM IPHIUIOCE OBl €ro
uckath B rpade ¢ 16 BepmmHaM#, B TO BpeMs KaK B
MPEUIOKEHHOM METOJIe pa3MepHOCTh rpada Tmoucka
oIpezieNsieTCs MOIIHOCTbIO MHOXKECTBAa V, U B TECTOBOM

npuMmepe paBHa 9. M HEOOXOAWMO COTJIACHUTHCS, YTO B
cllyyae pealbHOM 3aJaud Ha KapTe 3TO 3HAYUTENbHBIN
BEINTPHINI. 3aMETUM TaKKe, YTO B HAWJICHHBIX PCIICHHUIX
HHKOI/Ia HE MOBTOPSIOTCS BEPIIMHBI U3 MHOXecTBa V, ,
HO BO3MOXEH TIIOBTOp BEPHIMH, HC MPUHAIIICKAIINX
OTOMY MHOXECTBY, YTO HE MPOTHUBOPECYUT YCIIOBUAM

Cnucok JuTepaTyphl

pemaemoit 3anaun. IlockonabKy anroput™ JedkeTpsl Uit
n=p| o),
MPEITI0KEHHOTO aJITOpUTMA OILIEHUBACTCS
o(n* +&(m)), roe &(M) — croxkHOCTH Mmara 2 (M= [VZ| )
HCTIONB3YEMOT0 aJrOpUTMa IMOMCKAa TaMMJIBTOHOBA ITUKIIA.
Takum oOpa3oM, pa3paboTaHHOE pelIeHHe 3aJadu
peanu3yeT e€ CBOAMMOCTh K PELICHHUIO 3aJaud IIOMCKa

raMuJbTOHOBAa IIUKJIa C TOHWXXCHHUEM PasMEPHOCTH
3aJa4i, a BBIYUCIUTCIIbHAA CJIIOXKHOCTh CBOJHMMOCTH

HUMECT CJIO)KHOCTH CJIOKHOCTB

KaxKk

onenuaercs pynkmueit O(n*) .

BriBoaBI

B cratee Ha mpumepe mnpoOIEMBI OIpeNeTICHHS
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BU3HAYEHHSA OIITUMAJIBHOI'O KIVIBIHEBOT'O MAPHIPYTY, IO
IMPOXOJAUTDH YEPE3 3AJTAHY MHOKHHY ITYHKTIB HA KAPTI

ITpeqMeTOM TOCITIKEHD € METOIM Ta iH(POPMAIIiifHI TeXHOJOT1i TPAHCIOPTHOI JOTiCTUKH. MeTa — 3HIDKCHHS BUTPAT i CKOPOUYCHHS
4acy Ha JIOCTaBKYy TOBapiB aBTOMOOUTFHUM TPaHCIIOPTOM 3a PaxyHOK po3pOOKH i BIPOBAKCHHS €EKTUBHUX METOJIB 1 allTOPUTMIB
MOIIYKY ONTHMAaJbHOTO MapuIpyTy PO3BE3€HHs TOBapiB. Y CTAaTTi PO3MIIAAEThCS 3aBJAHHM MOIIYKY ONTHMAIBHOIO KiJBLEBOTO
MapuLIpyTy pO3BE3CHHs TOBapiB 3i CKIaLy, IO MPOXOIHTh Yepe3 3aJaHy MHOXKHHY NyHKTIB Ha KapTi. J[ns BUpILICHHS 3aBIaHHS
BHUKOPHCTOBYIOTHCS. METOIH i aJITOPUTMH IUCKPETHOI MaTeMaTHK. OTpUMaHi HACTYIHI pe3yJbTaTH. BUKOHAaHHI aHAaNi3 TPOOIeMH
Ta iCHYIOYMX METOJIB AWUCKPETHOI MaTeMaTHKH Ui ii BHpILICHHS, BU3HAYEHO HENOJIKM LUX METOIB. 3alpONOHOBAHO METOJ
BHUpILICHHs 3aBJaHHs, LI0 YyCyBae€ I HENONIKH. PoO3po0NeHO eBPUCTHYHUI alropuTM pO3B'I3aHHs 3aJadi, [0 peajizye
3ampOINOHOBAHUI MeToJ po3B's3aHHsA. PileHHs 3amadi, 10 PO3IIAAAETHCS, 3BOMUTHCS 10 337adi MOIIYKY raMibTOHOBA LUKIY Ha
HOBOMY rpadi menmioi po3mipuocti. HoBuit rpad Oymyerbcst 3 mouatkoBoro rpada, 110 OMHCYE KapTy, i CKIIAJAe€ThCs 3 BEPIINH
3a/1aHOi MHOXKHHH ITYHKTIB Ha KapTi, uepe3 siki MoBHHEH npoiiti MapiipyT. KoxxHa 1yra B HoBoMy rpadi 3'e1Hye mapy BEpIIHH, SKIIO
B MOYATKOBOMY Tpadi iCHye HUISX MK IUMH BeplIIHMHAMH. Jlyra 3BaXyeThCs YHCIOM, sSK€ BH3HAYa€ MiHIMaJbHY BIIICTaHb MiX
BEpIIMHAMH B MOYaTKOBOMY rpadi, siki BoHa 3'enHye. st moOynoBu rpada BUKOPHUCTOBYEThCS anroputM JleiikcTpu. BucHOBKM:
3aIpONIOHOBAHUM METOJ| BHPIIIEHHS PO3IIITHYTOI 3ajadi BUKOHYE i NpHBENEHHS IO KIACHYHOI 3a7adi JUCKPETHOI MaTeMaTHKU
MOIIYKY raMiIbTOHOBa LUKy B rpadi. TecTyBaHHs po3pobieHOi mporpaMu Mokasaio Mpale3laTHIiCTh 3alpOHOHOBAHOIO METONY i
AITOPUTMY BHpILICHHS 3aBIaHHs. Po3poOieHHil MeTo[ 103BOJISIE 3HM3UTH PO3MIPHICTH PO3B's3yBaHOl 3a/1adi, OCKIJIBKU PIlICHHS
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IIYKA€THCSI HA HOBOMY Tpadi MEHII01 po3MipHOCTI Ha BiAMiHY BiX Tpada, 0 OIHCye BUXiTHY KapTy. ®akTop 3HIKEHHS PO3MIPHOCTI
3HAYHO 3MEHIIIy€ BUTPATH Ha MONIYK PIilIeHHS 1 MTiABUIIY€E IIAHCH 3HAWTH ONTUMAIBHUI MapIIpyT PO3BE3SHHS TOBapiB.

KuiouoBi cioBa: TpaHCIOPTHA JIOTICTHKA; MapIIpyT HA KapTi; rpad; raMiIbTOHIB UK, CKJIAAHICTh;, NP-TIOBHOTA, allrOpUTM
JlefikcTpy; NpUBENEHHS; CXEMa MOLIYKY 3 IOBEPHEHHSAMH.

DETERMINATION OF THE OPTIMAL CIRCULAR ROUTE PASSING THROUGH
THE GIVEN SET OF POINTS ON THE MAP

The subject of research is the methods and information technologies of transport logistics. The goal is to reduce costs and time for
delivery of goods by road through the development and implementation of effective methods and algorithms for finding the optimal
route for delivering goods. The article deals with the task of finding the optimal ring route for the delivery of goods from the
warehouse, passing through a given set of points on the map. Methods and algorithms of discrete mathematics are used to solve the
problem. The following results were obtained. The analysis of the problem and the existing methods of discrete mathematics for its
solution were carried out. The disadvantages of these methods are determined. A heuristic algorithm for solving the problem that
implements the proposed solution method has been developed. The solution of the considered problem is reduced to the problem of
finding a Hamiltonian cycle on a new graph of smaller dimension. The new graph is constructed from the initial graph describing the
map, and consists of the vertices of a given set of points on the map, through which the route must pass. Each arc in a new graph
connects a pair of vertices if there is a path between those vertices in the initial graph. The arc is weighted by a number that
determines the minimum distance between the vertices in the initial graph it connects. Dijkstra's algorithm is used to construct the
graph. Conclusions: the proposed method for solving the considered problem performs its reducibility to the classical problem of
discrete mathematics of search for a Hamiltonian cycle on a graph. Testing of the developed program showed the efficiency of the
proposed method and algorithm for solving the problem. The developed method makes it possible to reduce the dimension of the
problem to be solved, since the solution is sought on a new graph of smaller dimension in contrast to the graph describing the original
map. The factor of dimension reduction significantly reduces the cost of finding a solution and increases the chances of finding the
best route for the delivery of goods.

Keywords: transport logistics; route on the map; graph; Hamiltonian cycle; complexity; NP-completeness; Dijkstra's algorithm;
reducibility; search scheme with returns.
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L. CHERNOVA

KEY COMPETENCE AS A BASIS FOR INNOVATION PROJECTS MANAGEMENT

By the implementing an enterprise development program, the existing key competence of the organization may undergo significant
changes. Also introducing innovations, you can get not only benefits, but additional problems and even risks. It should be noted that
an organization may have more than one key competence, especially when we deal with changes in the management structure or
entering new markets. For this class of tasks, the classical linear optimization problem does not fit, since it does not take into account
the additional conditions that arise when an organization transitions from one state to another, precisely due to the implementation of
the development program. Therefore, to solve this problem, we need a dual problem. The subject of research in this article is the
process of introducing key competence, as the main component of the management of innovative projects in the organization.
Objective: to develop a tool for introducing key competence into an organization’s work by solving a dual linear optimization
problem. Tasks: to analyze the factors influencing the results and the possibility of introducing key competence in the organization’s
activities, to obtain a general algorithm for the transition from direct to dual competence. Research methods: logical generalization,
analysis and synthesis, structural analysis. Results: The article considers the key competence of the enterprise as the main component
of the management of innovative projects, which the company implements. Shown her place and the role that she plays. A project
description model has been developed, which describes processes that take into account the impact of the production and economic
system on project implementation. The article proposes a general algorithm for constructing pairs of dual linear optimization
problems. The existing schemes of transition from a direct problem to a dual one are meaningful. Considering this fact, a generalized
algorithm for generating pairs of related problems has been proposed and strictly proved. Formalization of the developed scheme
makes it easy to get the correct pairs of dual problems. It is shown that the analysis of the key competence of the enterprise makes it
possible to offer a new base for the formation of a strategic plan, the implementation of which will lead to the emergence (support) of
a sustainable competitive advantage, as well as assess its potential in terms of financial plan and capabilities of the enterprise or
business system as a whole. Conclusions: The tools for analysis and implementation of key competence in the organization’s
activities have been developed. The results obtained in during the study allow us to state that a new base has been proposed for the
formation of a strategic plan for the development of an enterprise, the use of this base will lead to a sustainable competitive
advantage, which will become possible when implementing key competences in the process of changing the management structure.
Taking into account that an organization can have more than one key competence, the second competence is dual to the original, that
allows a general transition from direct to dual competence.

Keywords: innovative project; management hierarchy; performance indicators; measurable effects; linear optimization; direct
task; dual task; related tasks; objective function; system of restrictions.

Introduction

Modern scientific and technological progress is
impossible without an intellectual product, that is the
result of innovation. Innovation is a materialized result
obtained from investing in a new technique or technology.

An innovative project is a complex measure that is
not repeated, providing for the introduction of a new,
limited in time, budget, resources, as well as clear
instructions for implementation, designed for the needs of
the customer. Project management is the managerial task
of completing a project on time, within a set budget and in
accordance  with  technical  specifications  and
requirements.

Analysis of recent research and publications

Among the main scientific approaches in the field of
project and program management, the following ones
should be mentioned: systemic and program-oriented
(V. M. Glushkov, B. Z. Miller, R. S. Pospelov, A. lirikov,
D. Cleland, and others); complex systems management
theory (E. A. Druzhinin, M. D. Mesarovich, I. Takahara,

N.N. Moiseev, Y.B. Germeier, V.L. Volkovich,
V.S. Mihaljovich); classical theory of project
management based on the PMBOK standard
(V. 1. Voropajev, S.D. Bushuev, N.S. Bushueva,

A. I. Belokon, V. A. Rach, R. B. Tian, V. D. Shapiro,
I. I. Mazur, B. A. Demidov, and others); system of

knowledge on management of innovative projects and
programs of enterprises — P2M (S.D. Bushuev,
N.S. Busuheva, Hiroshi Tanaka, Shihenobu Ohara)
[1-11].

The main principle of the program-target approach is
planning from goals to means [6, 9]. The approach
involves a comprehensive system solution of problems,
taking into account all significant factors, relationships
and constraints, and also implies the responsibility of all
the performers for achieving the goal.

The complexity, variety of problems and systemic
situations that arise in the organization system require the
development of formal organization and management
procedures. To do this, at the initial stage, according to the
program-target approach, it is necessary to allocate the
project's goals / objectives. The achievement of the
desired result is based on the hierarchy of goals, the main
methods, construction of them is described in the works
[1, 12, 13].

The theory of management of innovative projects
and programs of enterprises was proposed in 2009 [14].
Authors Bushuev S. D., Bushueva N. S., Hiroshi Tanaka,
who formed a new "qualitative vision", adapted to the
conditions of the development of technological clusters in
Ukraine [3, 10], systematized the methods and models of
management of innovative projects and programs of
enterprises. Also, to the positive characteristics of this
scientific approach certainly belongs the proposed by the
researchers mechanisms of assistance to enterprises in the

© L. Chernova, 2019
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development and widespread use of innovations in the
production activities that are used in the main production
activity.

Formulation of the problem

Up to this day the development of the theory and
practice of managing innovative projects took place in two
directions: managing the process of innovation and
innovation management as a project. In the early 2000s,
D. A. Novikov showed that the design and process
approaches are different ways of presenting the same
processes occurring in systems [15], and if necessary, one
can switch from one way of representing to another and
back.

Thus, models describing the processes can be used to
describe the projects. For example, the model of the
corporation, proposed by Yu. A. Zelenkov [16], allows us
to formulate the goals and existing possibilities of its
implementation in the form of a tuple:

¥ = {UAUV,UI, A R,©,w(),v(),I,T}, 1)

where A — set of actions for achieving the goals; R — set of
the results of actions; ® — set of environment values;
I — information that the agent has at the time of the
decision; v(-) — benefits of the agent specified by the
utility function; w(:): Ax® >R — result of activity,
which depends on the action and the situation;
U=(UAUV,Ul) - vector of management, which

includes institutional, motivational and information
management; ' — targets.

The given model in the existing conditions of the
turbulent environment does not give a transparent picture
of the description of the projects, because the influence of
the production-economic system on the implementation of
the projects is not taken into account. Therefore, there is a
need to develop new models that take into account all
these phenomena.

Presentation of the main material

To take into account the influence of the production-
economic system on the implementation of projects, we
must present the model of the production-economic
system (1) in the following form:

¥ ={U,AR,0,w(),v(),LT, ¢}, )

where U =(UF,UB,UP,UV,UC,US,Ul) — vector of

management, which includes management of financing,
production,  production, implementation, marketing,
scientific ~ development, institutional = management;

»=(¢,¢,,...,) — vector models of product innovation
projects presented in the form of a tuple:

o ={R.T}, ®3)

where P — set of values of control parameters; T — set of
project needs in resources; i=1,...,n — project number.

Since most of the components of the tuple of the
production and economic  system of  project
implementation are quite well-known, consider the
constituent that is one of the main components of any
enterprise in general according to the author.

For successful competition it is necessary to
formulate all competences of the organization and
highlight the key. Key (distinctive, basic, exclusive, basic,
unique, business competence) competence of the
organization (also used the term “critical factor of the
organization's success" — CFOS) — is the competence that
lets the organization to solve tasks that are not suitable for
most other players at the market, and establishes a new
standard of activity in the industry and thus provides the
owner with a competitive advantage.

According to G. Hamel and S.K. Prahaladu [17], the
company should be perceived not as a set of business units
that make it up, but as a combination of key competences
— skills, abilities, technologies — that allow organizations
to provide their customers with certain values.

Key competence is the strategic potential of the
organization. Operational management of the company
(ability to work effectively) is a way to benefit from this
potential.

Signs of Key Competence:

- significance for consumers, their willingness to pay
for competence, as for the most of the value they acquire;

- ability to change and adapt to new market
requirements;

- uniqueness,
competitors;

- to be based on knowledge, not on the coincidence
of circumstances;

- interconnectivity with several types of activities or
products;

- relevance, compliance with the strategic aspirations
of the market and organization;

- partnership opportunity to create a new key
competence;

- clarity, accessibility of the formulation of
competence for its unambiguous interpretation.

For competent actions, the key competence leads to
the creation of unique products, ensures the organization
of the championship when entering new markets and
significant advantages in solving problems, which will
later become a field of fierce competition. In a
competitive environment, organizations seek to protect
key competences in order to maintain a competitive edge.

Timely understanding of key competences opens the
way to long-term leadership in the market, and conquered
leadership in its turn requires focusing on key
competences.

The key is called the competence of the highest order
involved in the creation of the largest consumer value,
which is a collective knowledge that allows you to
organize and manage the use of other competences and
abilities, and thus creates the additional consumer value.

It is the complementarity of the key competence
created by the consumer value revealing its synergistic
nature. At the same time, being virtually out of measure
of abilities and products, key competences are not

probability — of  repetition by
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derivative from the market need: being somewhat
universal, it is able to provide access (to be a key) to a
range of markets that can vary greatly from each other.

Such properties of key competence are also noted by
Prahalad and Hemel [18]. They believed that "key
competences have three main characteristics: ... first, it
gives potential access to a wide range of markets;
secondly, it adds a significant consumer value to the final
product perceived by the buyer; and thirdly, it takes a lot
of costs and efforts to copy the key competence of the
competitor.” Various authors also offered other
characteristics of key competence. To date, eight key
properties have been identified.

First of all, key competences are inherent in
complexity. It is a derivative of a set of resources and
abilities, it is difficult to identify, it is invisible. A specific
key competence can be used only within the framework of
the business system in which it exists, that is, it is inherent
only in the configuration of resources and abilities.
Competence, unlike other assets of the organization, is not
devoid of use. On the contrary, a number of authors noted
this as the main strategic advantage that arises in the
formation of competitive advantage on the basis of
competence, it develops, its quality rises, its effectiveness
is significantly increasing — it is the most durable and
long-term asset of the organization. At the same time, the
key competence is unique, that is, it can not be directly
copied or used by competitors, and indispensable it can
not be replaced by another competence. The key
competences of the organization are better developed than
competitors and consumer-oriented (by definition) from
the beginning. And finally, since key competences include
a set of other competences and abilities, it can be used for
their mutual reinforcement.

The key competence lies in the intersection of the
internal conditions of business and consumer preferences,
that is the knowledge to receive the maximum share of
consumer value. It is the increase in the additional
consumer value due to the development of key
competencies and is the basis for obtaining a stable
competitive advantage. A higher consumer value of a
product can be used to implement two basic types of
strategies: differentiation or cost leadership. This suggests
that the key competence provides the opportunity to
obtain in the competitive struggle as a qualitative
advantage related to product properties, and quantitative,
relating to a more solid financial position. Next, it returns
us back to the earlier conclusion about the universal nature
of key competences, which provides opportunities for its
manifestation in the consumer and industrial markets.

If we consider the key competence of the enterprise
in terms of information theory, then we can see the
following picture.

Combining knowledge gained through different
approaches will improve the quality of management. It is
known that entropy is a quantitative measure of chaos in
the system and is determined by the number of
permissible states of the system. With an increase in
entropy, the dimension of the system or the number of
independent factors — variables in the system model
increases. With an increase in entropy, uncertainty and

disorder increases, and to reduce it, it is necessary to add
information to the system. [19].

K. Shannon found that when the two isolated
systems Al and A2 are merged into a single system (A1,
A2) in which systems Al and A2 interact efficiently, the
entropy of the united system will be less than the set of
entropies of the outcoming combining systems:

E(ALA2)<[E(AL)+E(A2)]. 4)

If Al and A2 are the independent sets of elements of
systems that do not have physical or informational
interaction, then (2) will be a sign of equality. If the set
elements of Al and A2 can coincidentally interact, then:

E(ALA2)<[E(AL)+E(A2)|=

, 5
= E(Al)+E(A2)-E(AL A2)=Als ©
where Als — growth of structural information.

So, the right choice of key competency creates the
additional information when combining two approaches:
process and design.

It should be understood that when implementing a
development program at an enterprise, the existing key
competence of the organization may undergo significant
changes. In addition, when introducing innovations, we
can gain not only advantages but also additional problems
and even risks [20]. In addition, it should be noted that
the organization may have more than one key competence,
especially if we are talking about introducing a change in
management structure or access to new markets..

The key competence is at the intersection of internal
business conditions and consumer preferences, this is the
knowledge on which the maximum share of use value
depends. It is the increase in additional use value due to
the development of key competence that is the basis for
obtaining a sustainable competitive advantage [21].
Higher consumer value of the product can be used to
implement two basic types of strategies — differentiation
or cost leadership. This suggests that the key competence
provides an opportunity to obtain in the competition a
qualitative advantage related to the properties of the
product, and quantitative advantage related to a stronger
financial position. Further this leads us back to the earlier
conclusion about the universal nature of the key
competence that makes it possible the manifestation in the
consumer and industrial market.

Initial competence can be considered as a direct
optimization task. In view of this, the second competence
is dual to our initial.

It is advisable to obtain a general algorithm for the
transition from direct to dual competence.

The classical task of linear optimization for such a
class of tasks is no longer appropriate, because it does not
take into account the additional conditions that arise when
an organization moves from one state to another by
implementing a development program. Therefore, to
solve this problem, we will need a dual task.

Assume that the direct (source) linear optimization
problem (LO) is given in the standard form [22, 23].

Let’s call the following LO problem a standard task:
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n
W, = > ¢,x; > max,
=

100, > a,x <b, i=1 ..., m,
=1

X;20,j=1 ..., n,

or in the matrix form:

W, =CX — max,
1 Q :AX < B,
X >0.
The problem with a double or a conjugate with it is
called the task of the form:

W, => by, — min,
i=1

n:Q,:>ay >c,j=12 ..,n
i=1

y, 20, i=12, ..., m,

or in the matrix form:
W, =Y B—min,
I:Q,:YA>CT,
Y >0.

For ease of presentation of the material, we introduce
and comment on the following designations:

c=C=c=[c,¢C, ....c, |, CeR" - coefficients of
the target function W, direct LO problem,
X
X2 T n
x=X=x=| " =[x, %, .. X ], XeR",
X

- variable (unknown) values (plan) of a direct LO
problem,

| — conditional designation of a direct task,

Il — conditional designation of a dual task,

- matrix of coefficients of the system

a, a, a,; - a1] Ay,
A, A, Ay - azj e Ay,
ay a A a3j e,
A=[a,]mm = : : : : : : :
a, &, 5 - aij &,
L aml a‘mz am3 amj amn_

of limitation of the direct task,

coefficients of the right-hand sides of the system of
limitations of the direct task,
Yi

y .
y=Y=y=| 7 [=[¥0 Yy 0 ¥n ] YER"-

Y

variables (unknown) values of the dual problem of LO.
We introduce for the consideration the systems of
covariant and contravariant vectors.
&

a,.
2 l=la;, a,, ... a,;1"€R" j=12 .., m,

&
- vector-columns (covariant vectors) of the matrix A for
the system of restrictions €, for a direct problem,
ai :ai :[ailv Ay veey Qin ]eRn, |=1, 21 e N =

vector-lines (contravariant vectors) of the matrix A for the
system of restrictions €, for a direct problem.

In this case, the matrix A of the coefficients of the
system can be represented in a vector form:

.a"]"=[a,a,,..,a,]eR"®R",

and a pair of dual tasks has the third record form:
W, =(c,X) > max,
Q,:(@;,x) < b,
x>0,

— direct task,

W, =(b,y) > min,
Q,:@.y) > c
y>0.

— a dual task to the given line.

Summing up, we finally have three forms of writing
the definition of a dual problem to a standard LO problem:
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n
w, =Z;CJX1 — max,
=

n
I:Q, :Z;aijxj
=

W, => by, - min,
i=1

<b,i=1 ..,m —E501:Q, > a,y 2¢, j=12 .., n,
i=1

X, 20,j=1 ..., n, y, 20, i=12 ..., m,
W, =CX — max, W, =Y B-min,
1:Q,:AX < B, —=22,:0Q, :YA>CT,
X >0, Y >0,
W, = (c,x) - max, W, = (b,y) — min,
1:Q i@, ,x) < b, —24511:Q,:@,y) = c,
X=0, y >0.

The unity or duality of the above definition will be
justified by a certain sequence of operations, which, in the
case of cyclic application, should lead to a direct problem,
that is

def Dual def Dual
| > |l — |,

Wh ere def Dual

dual task.

A careful analysis of the definition of a dual problem
for a standard form of representation of a direct problem,
allows us to determine the necessary for the transition to a

dual task operation —%2

— a set of rules for the transition to a

—>:
- Extreme requirements of the objective functions of
direct and dual tasks are opposite to the plan:

W, - max —=-22 5 W —min;
- For a task on the target function max the
inequalities presented in the system of restrictions must
have a sign < ;

Zai X <b,
j=1

- the coefficients of the objective function of the dual
task are components of the vector of the right-hand
sides of the system of restrictions of the direct problem
LO;

- matrix of AT dual problem of the restrictions
system Q, is transposed to the matrix A system of

restrictions of the direct task Q, (Itistrue as YA=ATY");
- right sides of the system of restrictions of a dual

problem Q, :(@',y) > c are the coefficients of the

target function W, = (c,x) — max of the direct task;

-each limitation-inequality of the system of
restrictions of a direct problem is an integral dual variable

def Dual

Q, :Zaiixj <b ———>y,;20, i=1 ..., m;
1

- each integral variable of the direct LO problem
corresponds to the restriction-inequality of the dual

def Dual

X 20 —#28 5 0 Ay, ¢, j=12 ..., n.
i=1

Note that the different forms of writing linear
optimization tasks are equivalent — they store a set of
solutions. It is possible to achieve this provided that
equivalent conversion techniques are used to move from
one form of task to another.

Thus, a certain equation of the system of restrictions
of the linear optimization problem is equivalent to the
system of two inequalities:

n
D a,x <b,
i1
n

> a,x; <-b.
=1

Randomized variables can be represented as a
difference of 2 integral variables:

n
Zaijxj =b <
=

X; =U; -V, u; >0, v, =0.

The transition from the restrictions-inequalities to the
restrictions-equations is performed by adding an integral
(balance) variable:

n n
dax <b =>ax +x,=b,%,20i=1 .. k
j=1 =1

To simplify the transformation of linear optimization
tasks into different forms of writing, the transition from
maximization to minimization of the target function and
vice versa is also used:

n n
W, =>¢c,x, > max < W, ==) c¢,x; > min.
-1 -1

Ensure that the operations and transformations
introduced are performed by the conjunction chain for the
above set of tasks:

I def Dual ” def Dual I

Let us represent a dual problem in the form of a
problem at the maximum and, applying the
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rules of transition and equivalent transformations,
we prove the conjugacy of a pair of
problems: the dual problem of a dual gives a direct direct
problem.

Thus, it is confirmed that the main
feature of the duality of the pairs of LO
tasks is the possibility of bringing them together

W, =-Y B-max,

to one another by definition (dual to double is a direct
task).

In order to implement the development program,
taking into account the availability of several
competencies in the enterprise, in the implementation of
innovation, the operations of transition from the direct
task to the dual task presented in the general form of the
record.

I: Q,:-Y A<-C7, =2, |.Q:-AX<-B, SN
Y >0, X >0,
W, = C X —max,
< 11Q, AX<B,
X >0.
Conclusion strategic plan, the implementation of which will lead to

The concept of key competence is highlighted in the
work — it is the competence of the higher order involved
in the creation of the highest consumer value, which is a
collective knowledge, which allows to organize and
manage the use of other competences and abilities and,
thus, creates an additional consumer value. It is analysis
of the key competence of the enterprise, based on which
an innovative project is carried out, provides an

(sustain) sustainable competitive advantage, as well as
assess the potential of this plan from the standpoint of
financial standing and capabilities of the enterprise or
business system as a whole. For the first time, strictly
defined transition operations to a dual task from a direct
task presented in a general form of record are strictly
defined. In view of this, the transition to a dual task is a
simple formal order. For the existing pairs of binary
problems, their true character is strictly proved, as the

opportunity to propose a new basis for the formation of a main criterion for the formation of pairS of blpartlte
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KJIIOYOBA KOMIIETEHIIA SIK OCHOBA YIIPABJITHHSI IHHOBAIIMHUMM
ITPOEKTAMM

Ipu peanizanuii nporpaMy po3BUTKY Ha IiJIPHUEMCTBI ICHYIOYA KJIIOYOBAa KOMIIETEHIIis OpraHizalii Mo)ke 3a3HaBaTH 3HAYHUX 3MiH.
Kpim TOTO, IpY BITPOBaKEHHI IHHOBAII MOKHA OTPUMATH HE JIMIIE MepeBary, ajie i 10JaTKoBi NpoOieMH Ta, HaBiTh, pu3uku. Ciif
3ayBaKUTH, 110 OpraHi3alis MOXKe MaTH OUIBII HiX OJHY KJIIOUOBY KOMIIETEHI(iI0, OCOOJIHMBO, SIKIO MOBA W€ MPO BIPOBAKEHHS
3MIiHHM B CTPYKTYpHU YyIpaBiiHHS a00 BHXOJy Ha HOBi pHHKH. /Iy Takoro Kjiacy 3ajad KjacHM4yHa 3ajada JIiHIHHOI onTHMi3auii He
MiAXOJUTE, TOMY IO HE BPAaXOBYE JOJAaTKOBUX YMOB, sIKi BHHHKAIOTh IIPH TIEPEXOi OpraHi3alii 3 OAHOTO CTaHy /IO iHIIOTO, came 3a
JOTIOMOTOI0 pealizaliii mporpaMud po3BHTKY. Tomy ans BupimeHHs Ii€i mpoOmemu 3HaZoOWTHhCA IBOicTa 3amada. IlpeameTrom
JOCIHI/PKEHHS B JTaHIA CTaTTi € MPOIEC BIPOBAIKEHHS KIIFOYOBOI KOMIIETEHIII], IK OCHOBHOI CKJIQJ0BOi yIPaBIiHHS iHHOBAIlIHHUMH
MPOEKTaMH y JisUTBHOCTI opraHizaiii. MeTa: po3poOKa iHCTpYMEHTY BIPOBAKEHHS KITF0UOBOT KOMIIETEHIIIT Y poOOTy opranizaiii 3a
JIOTIOMOTOI0 BHPIIIEHHs IBOICTOI 3a/1a4i JIiHIHHOT onTHMi3awil. 3aBXaHHs: IPOaHaTi3yBaTH YMHHHKY, [0 BIUIMBAIOTh HA PE3yJbTaTH
Ta MO>JIMBOCTI BIIPOBAJDKEHHS KIIIOUYOBOi KOMIETEHI y MisUIbHICTh OpraHilallii, OTpUMAaTH 3arajJbHUH AJTOPUTM IEPEeXOay Bil
npsiMoi 10 11BOicTOi KommeTeHLii. MeToaum MOCTIDKeHHs: JIOTiYHE Y3arajllbHEHHs, aHalli3 Ta CHHTe3, CTPYKTYPHHMH aHai3.
PesyastaTn: B crarTi po3risiHYyTO KIIIOYOBY KOMIIETEHIIIO ITiJIPHEMCTBA, K OCHOBHY CKJIaJOBY YIPaBJIiHHS IHHOBaIl[IHHMMH
MPOEKTaMHU, IIO IIe MiANPUEMCTBO peaiizye. [lokazaHo ii Miciie Ta poib, 0 BOHA Bigirpae. Po3pobiieHo Moaens onucy MpoeKTiB, M0
OTHCY€E TPOIECH, SKi BPaXOBYIOTh BIUIMB BHPOOHHYO-EKOHOMIYHOI CHCTEMH Ha pealli3allifo MpOoeKTiB. B cTarTi 3ampornoHOBaHO
3arajibHAM aaropuTM MOOYIOBH Tap IBOICTHX 3a1ad B JIiHIIHINA onTuMi3alii. [CHyro4i cXeMu mepexoay BiJ mpsaMoi 3a1adi 10 JBOIiCTOl
HOCHUTBH 3MICTOBHHH Xapakrtep. 3 OIJIsiay Ha Ieil (akT 3amporoOHOBaHMN Ta CTPOTO JOBEACHHH AITOPUTM 3arajbHOrO MigXoay 10
CKJIQJIaHHs Tap crpsbkeHux 3agad. dopmanizaiis po3pobiaeHOi cXeMH JI03BOJISE JETKO OTPHMATH MPABHIIbHI Mapy JBOICTHX 3a/ad.
[Toka3zaHo, 110 aHAN3 KIIOYOBOI KOMIETEHILIl MiANPUEMCTBA HAJa€ MOMJIMBICTH 3alPOIIOHYBATH HOBY 0a3y juit (OopMyBaHHS
CTPATEerivHOrO IUIaHy, BUKOHAHHS SIKOTO BECTHME JIO MOSBH (IIITPUMKH) CTiHKOT KOHKYPEHTHOI MepeBart, a TaKoX OLIHHTH HOro
HoTeHIian 3 no3uiii GiHAHCOBOTO IUIAHY 1 MOXKJIMBOCTEl MignpueMcTBa abo Oi3Hec-cucTeMu B LioMy. BucHoBkm: Po3pobieHo
IHCTPYMEHTH aHAJIi3y Ta BIIPOBAPKCHHS KII0OYOBOI KOMITETEHIIT B AiSUIBHOCTI oprasizamii. OTpuMaHi B X1 TOCHTIIKEHHS Pe3yIbTaTH
JI03BOJISIFOTh  KOHCTAaTyBaTH, IO 3alpOIIOHOBAaHO HOBY 0a3y i (OpMyBaHHS CTPATEriqHOrO IUIAHY PO3BUTKY IiINPHUEMCTBA,
BUKOPHCTAHHSI K0T MPUBEJIE [0 CTIHKOT KOHKYPEHTHOI TIepeBart, 10 CTaHe MOKJIMBHM P BTUJICHHI KIIFOYOBOT KOMITETEHIIii B 3MiHH
CTPYKTYpH yIpaBIiHHA. BpaxoByrouwm, 110 opraHi3aiis MOXe MaTé OUTBII HIK OJHY KIIFOYOBY KOMIIETEHIIIO, APYra KOMITCTEHIIS €
JIBOICTOFO JTO BUXIiHOT, 10 TO3BOJIIE OTPUMATH 3arajbHU Mepexisl Bi MPsIMOT 10 ABOICTOT KOMITETEHII1.

Kiio4uoBi ciioBa: iHHOBAaIliiHMI TNPOEKT; i€papxis yHpaBIiHHS; MOKAa3HUKKA e(EeKTHBHOCTI; BHUMIpHI eQeKTH; IiHiiiHa
ONTHMI3allist; MpsiMa 3a/1a4ya; ABOICTa 3a/1a4ua; CIpshKeHi 3a/1adi; ijpoBa GyHKIisN; cucTeMa 0OMEKEHb.
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K/IIOYEBASA KOMIIETEHIIA KAK OCHOBA YIIPABJIEHUSA
NHHOBAIIMOHHBIMU ITPOEKTAMMU

[Ipu peanuzanuu nporpamMMbl pa3BUTHUS MPEANPHUATUS CYyLHICCTBYIONIAs KII0UEBas KOMIIETECHIMS OpraHU3alul MOXKET IOJBEpPraTbes
3HAYUTEIBHBIM H3MEHEHUsM. Kpome Toro, mpu BHEIPEHMUM WHHOBALMI MOXKHO IOJYyYUTh HE TOJBKO INPEUMYIIECTBA, HO M
JIOTIOJTHUTENbHBIE MpoOJIeMbl N Jaxke pucku. CliemyeT 3aMeTHTb, YTO OpraHU3alys MOXKET MMeTh Oojiee 4eM OJHY KIIIOUEBYIO
KOMIIETEHI[HIO, OCOOEHHO, €CIT peyb UJAET O BHEAPEHHM M3MEHEHHs B CTPYKType YMpaBIEeHHs WIH BBIXOJA Ha HOBbIE PBIHKH. J[s
TaKOro Kjacca 3aJay Kjlaccudeckas 3ajaua JMHeHHOH ONTUMH3aIMY He MOAXOAUT, TaK KaK He YIUTHIBAET AONOIHUTENbHBIX YCIOBHH,
KOTOpBIE BO3HHUKAIOT IIPU TEPEXOAE OPraHH3alMUd M3 OJHOTO COCTOSHHS B IPYroe, MMEHHO 3a CYET pealu3allid HpOrpaMMbl
pasButus. [loaToMy ISt perieHus 3Toi npoOaeMbl MOHaK00uTCs ABoiicTBeHHAs 3a1ada. [lpeameToM nccieoBaHus B JaHHOW CTaThe
SIBIIICTCS IIPOLIECC BHEAPEHUS KIF0UEBOM KOMIIETCHIIUH, KAK OCHOBHOM COCTABIISIOLICH yIpaBlIeHUs UHHOBAIlMOHHBIMU IIPOCKTAMU B
nestenbHOCTH opranm3anuu. Lleab: pa3paboTka MHCTpYMEHTa BHEIPEHHS KIIOYEBOH KOMIIETEHIMM B pabOTy OpraHM3aluH C
TIOMOIIBIO PENICHHUs [BOMCTBEHHOHW 3ajaud JIMHEHHOW oNTHMM3alMu. 3agad: IPOAHATM3HPOBATH (AKTOPHI, BIMSIONIME Ha
pe3yabTaThl ¥ BO3MOXKHOCTH BHEAPEHHS KIIOYEBOH KOMIICTEHIMH B IEATEIBHOCTH OpraHU3alWH, IOJYyYHTh OOIIMH aIrOpHTM
mepexoia OT MPsAMOl K JIBOHCTBEHHON KoMmeTeHUWH. MeToabl HCCIIEAOBAHUS: JIOTHUECKOE O0OOILICHHe, aHaIM3 U CHHTE3,
CTPYKTYpHbIH aHamu3. Pe3ynabTaThl: B cTaThe paccMoTpeHa KiroueBas KOMIETEHIMS MPEANPHUITHS KaK OCHOBHAs COCTABIIIOIIAS
YIpaBIE€HHUs NHHOBAIMOHHBIMH IIPOEKTaMH, KOTOPYIO MpPEANpUsITHE peanusyeT. [lokazaHO ee MEeCTO M POib, KOTOPYIO OHAa HIpaerT.
Pazpaborana Mopmene ONMCAHHS TPOEKTOB, KOTOpas OMKCHIBAET MPOIECCH, YYHUTHIBAIOIINE BIUSHHE IIPOM3BOACTBEHHO-
9KOHOMHYECKOI CHCTEMBI Ha peaM3alyio IPOSKTOB. B cTaThe MmpeasiokeH oOIMUi adropuT™ MOCTPOSHUS T1ap JBOMCTBEHHBIX 3a1ad
JIUHeNHoH onTuMu3anuy. CylecTBYOIE CXEMbl IIepexoa OT IpsAMO 3aJau K JBOUCTBEHHON HOCAT COJEp KaTeNIbHbIH XapakTep.
VYuuteiBast 5TOT GakT NPEATOKEH U CTPOTO A0Ka3aH 000OIIEHHBIH alrOpUTM COCTAaBICHHs Iap CONPsDKEHHBIX 3anad. Gopmanmsarms
pa3pabOTaHHOHM CXEMBI MO3BOJIIET JIETKO MONYYHTh NPABHIBHBIC Tapbl JBOMCTBEHHBIX 3agad. [loka3zaHo, 4TO aHANIN3 KITIOYEBOMN
KOMIETEHINN TPEANPHUATHS AaeT BO3MOXKHOCTD IIPEATIOKHTH HOBYIO 0a3y s ()OPMHPOBAHHUS CTPATETHUECKOTO TUIaHA, BEIITOTHEHHE
KOTOPOTO IPUBEIET K MOSBICHUIO (MOJIEPIKKH) YCTOMINBOIO KOHKYPEHTHOTO MPEHMYINECTBa, a TAakke OIEHHUTh €ro IMOTEHIHAN C
TOYKH 3peHHs ()MHAHCOBOTO IUIAHA M BO3MOXHOCTEH MpPENNpHATHA WM OH3HEC-CHCTEMBI B ILeiloM. BbiBoabl: Pa3zpaGoranb
WHCTPYMEHTHI aHAllM3a U BHEIPEHUS KIIOYEBOH KOMIIETEHIIMH B AEATENbHOCTh OpraHu3anud. IloydeHHbIe B XO[€ HCCIeI0BaHUS
pe3yabTaThl MO3BOJIOT KOHCTaTHPOBAaTh, YTO MpeUIOXKEHa HoBas Oaza s (GOpMHUpPOBAaHMS CTPATETMYECKOTO IUIAHA Pa3BUTHSA
MPEINpHUATUs], UCIOIb30BaHUE KOTOPOro NMpUBEAET K YyCTOMUMBOMY KOHKYPEHTHOMY IPEUMYILECTBY, YTO CTAHET BO3MOXKHBIM NP
BOIUTONICHHHU KIIIOUEBON KOMIIETEHIIMH B U3MEHEHUH CTPYKTYPHI YIPaBICHHS. Y YUTHIBAs, YTO OpTaHHU3aIMsl MOKET UMETh Ooliee 4eM
OJIHY KIIIOYEBYI0 KOMIIETCHIHIO, BTOpas KOMIIETCHIIMS SIBIISICTCS ABOWCTBEHHOW K HMCXOJHOW, YTO ITO3BOJISIET ITOJYYUTH OOIIMH
nepexoJ OT NpsIMOi K ABOMCTBEHHOM KOMIIETEHINH.

KniodeBble c/10Ba: MHHOBAI[MOHHBIA IIPOEKT; MEpapXusl YNpaBICHHs; MoKa3aTean 3Q(EeKTHBHOCTH; M3MepUMBIEe 3(D(PEKTHI;
JIMHEeWHas ONTHMM3AIMS; IpsMas 3aa4a; ABOHCTBEHHAs 33/1a4a; CONPSDKEHHBIC 3a/1a4H; 1esieBast (PyHKIHS; CHCTEMa OTPaHHYESHUH.
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MOJIUPULIMPOBAHHASI MTH®OPMALMOHHASI TEXHOJIOT U
PACIPEJEJEHUS 3AJJAHU HA PECYPCBI JJI51 CHCTEM OBJIAYHBIX
BBIYUCJIEHUN

O0BbeKTOM HCCIIeJOBaHUS BBICTYIAET NPOIIECC PAcIpeeIeHus MMyjla BXOJHEIX 3aJaHUi Ha BRIYMCIUTEIBHBIC PECYPCHl B THOPHIHEIX
KIacTepHbIX cucreMax. IIpeamer mccienoBaHus — WH(OPMAIMOHHAS TEXHOJOTHS PACIpefesIeHNs 3aJaHuil Ha BBIYMCIHUTEIHLHBIC
pecypchl THOPHOHBIX KiacTepHbBIX cucTeM. Lleab — pa3paboTka W BHEIOpPEHHE JTala HMHTALMOHHOTO MOJCIHPOBAHUS B
MOIMGHUIMPOBAHHYI0 MH()OPMAIIMOHHYIO TEXHOJIOTHIO paclpeeleHHs BXOMAIIEro ITyia 3aJaHdi Ha BEIMHCIUTENFHBIE MOIIHOCTH
THOPUIHBIX KJIACTEPHBIX CHCTEM. 3a/laud: Ha OCHOBE MAaTEMaTHYECKUX MOJENCH 3a/laHui, BEIYUCIUTENIBHBIX PECYpCOB H METO/IOB
pacrpezieneHuss MOAM(HULIMPOBATH CYIIECTBYIOIIYI0 HHGOPMALMOHHYIO TEXHOJIOTUIO paclpeiesieHHs 3alaHuii; pa3paboTaTh
MHPOPMAIIOHHYIO CHCTEMY, KOTOpasi OyIeT BBIIOJHATH aBTOMAaTH3MPOBAHHBIN mporece cOopa U 0OpaOOTKH MOTYYEeHHBIX JaHHBIX;
chopMupOBaTh psJ IKCIEPUMEHTOB IO DACHPEIEICHHIO BXOJHOTO IIyjJa 3aJaHHii, Ha OCHOBE pEAM30BAaHHBIX B Cpeie
HUMHTALIOHHOTO MOJICJIMPOBAaHUS METONOB pacmpeneicHus. MeToabl ucciienoBaHns 0a3upyIOTCs HAa HCIIOIb30BAaHUHM TEOPHH
MHOJKECTB, OOIIel TEOpPUHM CHCTEM H TEOPUH MMHUTAIIMOHHOTO MozenupoBaHus. [lomydeHs! cienyromye pe3yJabTaTsl. [Ipemnoxkena
MoauGUIUpOBaHHAs HH(OPMAIIMOHHAs TEXHOJOTWS paclpeleNieHUs] TNPOTrpaMMHBIX 3aJaHUN  OOJBIIOW pa3sMEpHOCTH Ha
BBIYHCIUTENIBHBIE PECYpPCHl JUIT CHCTEM OOJAuHBIX BBIYMCICHHH C HCIOJIB30BAaHWEM HMHUTAIMOHHON CpeIbl MOJEINPOBaHHS C
MOCJEAYIOIMM  BBIOOPOM HAWIYHILIETO IUIAHA pAclpeiesieHHs II0 KakAOMY Myly BXOIHBIX 3amaHuil. IlpemnoxkeHHas
UHGOPMAIMOHHAS TEXHOJIOTHS BHEJPECHA B MMHUTALMOHHYIO CPEy MOJEIHPOBAHMS, KOTOPas MO3BOJISIET BOCHPOM3BOJHUTH MPOLIECC
(GYHKIMOHMPOBAHHUS 3JIEMEHTAPHBIX COOBITHH, NMPOUCXOIAIINX B PEATbHBIX I'MOPUIHBIX KJIACTEPHBIX CHCTEMaX C COXPaHEHHEM
JIOTHKH UX B3aUMOJCHCTBUS B pealbHOM BpeMEeHH. BBIBOJBI: Npe/IoKeHHAss MHGOPMALMOHHAS TEXHOJIOTHsI 00BEIHHSIET IIPOLECChI
cOopa, XxpaHeHHs, 00pabOTKH U Hepeayy JaHHBIX C HCIOJIb30BaHUEM IPEIJIOKEHHBIX B pa0OTe METOJOB paclpe/eNIeH s, CPEACTBA
JUIsL TaJbHEHIIero aHanu3a pe3yJbTaTOB MOJIEIMPOBAHMS M IPHHATHS PELICHNs O BBIIOJHEHHH OIpee]IeHHOro AeiicTBHs (BbIOOpa
HAaWIy4IIero IUlaHa pacnpezneneHus). Vcronp3oBaHHe B cpelie MOAEIMPOBAaHUS MHOXKECTBA METOJOB PACIIPECNCHHS I103BOJISET
MIPOBECTH CEPHI0 OJKCIICPHMEHTOB W HAa OCHOBAaHHMM IIOJyYEHHBIX pe3yJIbTAaTOB, OCYIIECTBHTH BBHIOOpP HAWIyYIIero IUIaHa
pacnpezeneHus 1k KOHKPETHOTO BXOAHOTO ITyJIa 33/1aHui (Ha OCHOBaHMHU BBIOPAHHOM CTpaTerny pacipeneneHus).

KiroueBble ciioBa: MH()OpPMAlMOHHAS TEXHOJOTHWS; METOIbI DPACIpENCICHUs 3aJaHuil Ha BBIYMCIMTENBHBIC PECYPCHI;
CBSI3aHHOCTb 33/1a4 B 3a1aHUM; MIMUTALIMOHHAs CPEZla MOJICTIMPOBAHUS, TIaH PaCIIpE/CICHHMS.

Beenenue Pa3HOPOJHBIX CETEBBIX PECYPCOB M HMCHOJIB3YEMYIO IS
pelIeHns HaydHBIX 3a/a4, KOTOphle TpeOyroT Oosibiive
B HacTosmee ~ BpeMs ~ MOSBIGHME  HOBHIX  BBIYMCIHMTENbHBIE MONIHOCTHU. Pacnpenenenue 3anannii Ha

UH)OPMALMOHHBIX TEXHOJIOTHH, TaKUX Kak oOyauHble  BBIYHCIMTEIBHBIC PECYPChl B KIIACTEPHBIX CHCTEMaX

Beruncnenus, GRID, ruGpuaHble KiacTEpHBIE CHCTEMBI,
00yCIIOBHJIO  KAaueCTBEHHOE  PA3BUTHE  TEXHOJOTHM
petienus 3a1a4 OOJbIION BEIUNCIUTEILHON pa3MEepPHOCTH.
K wnHanbonee MEpCIEKTUBHBIM HAMPABJICHUSIM MOXHO
OTHECTHU TEXHOJIOTMH MapajUIeNIbHBIX U paclpeleieHHbIX
BBIYHCIICHUH, KOTOPBIE SBISIFOTCS OCHOBOW OOJAYHBIX U
GRID BwruncneHui.

PacnipenencHHBIE  BBIYHMCICHHS — 3TO CHOCOO
pelIeHUsT TPYOOEMKHX  BBIYHCIWTENBHBIX 3aJad ¢
HCTIOJIb30BAHUEM JBYX WM 0Oojiee  KOMITBIOTEPOB,
KOTOpble  OOBEAWMHEHBI B  E€AWHYIO  CeTb. T.K.

pacmpelieNieHHble BBIYUCIEHUST — JTO Oojee oOmuUid
cIydail TapajieNbHBIX BBIYHCICHUN (OZHOBpPEMEHHOE
pEIIeHHE PA3IUYHBIX YacTeH BBIYMCIIMTEILHOTO 3aaHus
HECKOJBKUMH TPOIECCOPAMH OJHOIO MM HECKOJIBKHX
KOMIBIOTEPOB), TO HEOOXOAMMO, YTOOBI 3aJaHUS OBLTH
CErMEHTHPOBAHBL, T.C. pa3/elICHbI Ha IM0/133]a9H, KOTOPHIE
MOTYT pemiaThCs mapauiensHo. Ilpm  stom s
paclpeneieHHbIX ~ BBIYHCICHUH  TPUXOAUTCS — TaKkKe
YYUTHIBATh BO3MOXKHOE OTIHYHEC B BBIYHCIHTEIBHBIX
pecypcax, KOTOpble OyAyT JMJOCTYHHBI s pacdera
pasanyHbIX moazanad. OQHAKO, CIeayeT IOMHHUTD, YTO HE
KaX/I0€ 3aJaHne MOXHO "pacmapayuieluTs" U yCKOPHUTh
€ro pEIIeHKE C MOMOIIBIO PACIIPEICIICHHBIX BEIYUCICHHI.

T'ubpuaHbIe KIACTEPHBIC CHUCTEMBI MPEICTABISAIOT
coboit reorpaduuecku pacnpeeeHHY IO
HHPPACTPYKTYPY,  HOCTPOCHHYIO  Ha  MHOXKECTBE

MIPOMCXOJUT B HECKONBKO IIaroB. BHawane mosis3oBaTesn
(mocraBIMK 3aJJaHus) OTHpaBIISET 3a7aHue
IUITAHUPOBIIUKY B BHJIE 3alpoca, KOTOPHIH COCTaBleH ¢
MOMOIIBIO CIIEMAIM3UPOBAHHOTO sI3bIKa onucanus. Ha
JAHHOM IlIare IUIAaHWPOBIIMKY HEOOXOAWMBI TOJIBKO
TEXHHYECKHe TpeOOBaHWS 3aJaHusl Uil 1ojgoopa
BBIYHMCIIUTEIBHBIX PECypcoB Uil 3amycka. [lmaHupoBIInK
UCTIONB3YeT CETEBBIE CEPBHUCHI A  OOHApy)KEHUS
JIOCTYTIHBIX PECYPCOB CHUCTEMBI, OIy4eHUsI HHPOpMAUN
0 COCTOSIHHM pEecypcoB M uX oueHkH. Ha ocHoBaHUM
MOJIyYeHHOW HWH(OPMAIUK, IUIAaHUPOBIINK ITPOU3BOAUT
aHaM3 W OTOWpaeT Te BBIYHUCIHUTENIBHBIE PECyPCHI,
KOTOpbIE IPUIOJHBI JUIA BBINOJHEHMs 3adaHue. Ha
CJIEAYIOLIEM IIare IJIAHUPOBIIMK MepenacT (aiioBomMy
MEHEKEPY CICIMAIN3UPOBAHHBIX CIY)XO yKa3aHWs, Ha
Kakhe  BBIUHCIMTENBHBIE  PECYpChl  HEOOXOZMMO
HanpaBuTh 3ajganue. [lapamnensHo, Ha  aiioBbId
MEHEKEp, IOCTyNaeT 3aJaHue B BHUIe .exe (ailia,
KOTOpOE OH M HalpaBiIsIeT Ha BBIYHCIUTEIBHBIE PECYPCHI.
Jlo Tex mop, moka 3aJaHWe HE IOKUHYJIO CHCTEMY,
(aiioBEIil MEHEKEP OTCIICKUBACT XOJ] €T0 BBHITIOITHEHUS.
3amadga  pacmpeneneHUs — BXOAHBIX  3aJaHWHA  Ha
BBIUMCIUTENBHBIE  PECYypChl B HACTOSIEe  BpeMs
aKTyallbHa, IOCKOJNBKY IOJ0Op pPECYpCOB OIpENEIsieT
5(Q(PEeKTUBHOCTh HCIOJIB30BAHUSI BCEH CHUCTEMBI, T.K.
BIIMSIET Ha BpeMs NIPOCTOSl PECYPCOB, COKpAIaeT BpeMs U
00beMBI NepeaaBaeMoi MexK /1y HUIMH HH(OPMAIHH.
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AHaJIN3 MOCJIETHUX UCCIeTOBAHNN U MyOIuKaAIUIA

[InaHupoBIIMK 3alaHUM, 3aHUMAIOUIUNA OCHOBHOE
MECTO B KJIACTEPHBIX CHCTEMaX, OTBEYAET 3a IIOCTPOCHUE
pacImcanusl UCIIONB30BAaHMS BBIYHCIUTEIHFHBIX PECYPCOB
cucteMbl  (TuTaHa  Has3HadeHWs ). bonpmas  9acth
IJTAaHUPOBIIHUKOB, KOTOPBIE HCIOJB3YIOTCS B HACTOsLIEe
BpeMsi, B TpoIllecce paclpelesieHus 3aJlaHuil  He
WCTIONB3YIOT  ONTHUMH3ALMIO [1], a  BBIOMpAIOT
BBIUMCITUTEIBHBIA PECypC, KOTOPBIA MEPBBIM MOIXOAUT
IS ero  3amycka. Takke — IUIAHUPOBUIMKK — HE
paccMaTpUBAIOT ~ IMPEOBApUTEIFHOEC  PE3ePBUPOBAHUE
BEIUMCIUTENBHBIX PECypCOB, a YYHUTHIBAIOT TOJBKO
OYepEeTHOCTh TOCTYIUICHUS 3aTaHWH Ha BXOJ CHCTEMEI
[2,3]. Ommako wuCIOAB30BAHKME pE3EPBUPOBAHMS IIPU
pacupeneneHud 3amaHuil  [4, 5] TO3BOISET IOIYYHTH
BEINTPHIII IT0 BPEMEHH Il BXOJHOTO ITyJia 3aJaHuid, 9To,

B CBOK  ouepenb, mnoBbimmacT  3(h(HEKTUBHOCTH
WCTIONB30BAaHUSl  BBIYHCIUTENIBHBIX  PECYpCOB  BCEW
cucteMbl. B paborax [6—8] HCIONB3YIOTCS METOJIbI

pacrpeseneHus, JCNAONie YIOp Ha 3aJaHHOM psiae

IIPEANIOYTEHUH, KOTOpBIE YCTaHABJIUBAIOTCSA
aJMUHMCTPATOPOM,  IIOCTaBIUMKAMU  33JaHUM WU
BBIYMCIUTEIBHBIX pecypcoB. Mcnonb30BaHHE TakuxX

MIPEIOYTEHIH MO3BOJACT YCTPAHATh IMPOCTOU OTACIHHO
B3ATHIX BBIYHCIHTEIHFHBIX PECYpCOB CHCTeMBI. Taroke
CYIIECTBYIOT TIOAXOABI, KOTOPBIE TPH PACTIPEACICHUU
HCTIONB3YIOT IEJIOYHNCICHHOE JTHHEHHOe MIM CMEIaHHOe
nporpammupoBanne [9,10]. B mamHom  ciywae
MMOCTABIIMKKA 3aJaHW{ 3aJaf0T BPEMEHHBIE pPaMKH IIpU
UCIOJIb30BAaHUU BBIYHCIIUTEIBHBIX PECYPCOB, YTO TaKXkKe
NOBBIIIAET A(PPEKTUBHOCTh HCIIOJIB30BAHMS KIIACTEPHOU

CHCTCMBI. BCTpe‘IaIOTCSI TUTAHUPOBUINKH, KOTOPbIC
IIO3BOJIAKOT  BOCIIOJIB30BATHCA COUCTAaHUEM METOO0B
JIMHEHHOTO MporpaMMHUPOBaAHUA u TCHCTHYCCKUX

anroput™MoB [11], 4To MO3BOMSET MPU COCTABJICHUU TIJIaHA
HCTIONB30BaHUS PECYPCOB YUUTHIBATH CTOUMOCTH HX
HCTIOJb30BaHUS.

B pabote [12] moxOop BBEIYUCIHUTENBHBIX PECYPCOB
OCYIIECTBIIIETCSI HA OCHOBE JIOTHKO-BEPOSATHOCTHOTO
aNropUTMa, KOTOPBI OPHEHTHPOBAH HA MHOTOYPOBHEBOE
IUTAHUPOBAHKE 33/IaHUH 1O 3aJ]aHHBIM paHee KPUTEPUSIM
KagecTBa (CTOMMOCTH, BpPEMs BBIIOJIHEHUS, MOKa3aTeln
HaZie)kHOCTH). B pabote [13] aBTOopamu mpemjioxeHa
KiIaccu(UKaus IMOCTYHAONMX 33JaHUH 10  psAAy
IapaMeTpoB, KOTOPast BRICTYIIA€T OCHOBOW IS CO3/IaHUS
HQJCTPOMKM IS  IUIAaHWPOBIIMKA.  VIcmoip3oBaHHE
NIPE/TI0KEHHOW HaJICTPOMKKM MOBHIIIAET 3((PEKTUBHOCTH

HCIIOJIb30BaHUA pecypcoB CHCTEMBI 3a CycT €C
OIITUMU3AIIUH.
Hcnons3oBanue METOA0B KOMINJIEKCUPOBAHUA

MIPOTHO3HBIX OLIEHOK IyTeM CHHTE3a HHTEPBAIbHBIX
pacmupenuii [14], MO3BOJNSET CHUHTE3UPOBATH MOJIENb
KOMIUIEKCUPOBAHKS, 9TO oOecredynBaeT 0oiee BBICOKYIO

TOYHOCTh KOHCOJIUIUPOBAHHOTO KPaTKOCPOYHOT'O
IPOTHO3a.
B  pabore [15] o0ocHOBaHO  TpPHUMEHEHHE

MPOOJIEMHO-OPUEHTUPOBAHHBIX METOJ/IOB TUITAHUPOBAHHUS
BBIYMCIIMTEIbHBIX 3aj1ad, KOTOpBIE WCTIONB3YIOT
HHPOPMALIUIO O TPEAMETHOW 00nacTh. JlaHHBIC OLICHKU

pECypcoB BBIYUCIUTENBHBIX CPEI HCIOIB3YIOTCS IS
6onee 3 PEeKTUBHOTO MIIAaHUPOBAHUS.

[IpoBeneHHbIil aHANM3 CYIMIECTBYIOIIMX METOOB
pacmpeneneHusl  MO3BOJIACT — CHAeNaTh  BBIBOJ,  YTO
CYIICCTBYIOIIME  IUTAHUPOBIIMKKA  OOJAJAIOT  PSAOM
HEJIOCTATKOB: OTCYTCTBYET OTKPBITHIN MPOTrPaMMHBIN KOJI,
OOJBIIMHCTBO  BEPCUN  SBISACTCS  IUIATHBIMH,  HET
BO3MOXKHOCTH BOCIIOJIb30BaThbCS TPU  PACIPEACICHUU
HECKOJBKUMH METOJIJaMH PACHpPEACICHUS, OTCYTCTBYET
MUTpanys 3aJaHUii ©W BOCCTAaHOBJICHHE WX IIOCIE
nmporpaMMHOTO c00si. OgHAKO OCHOBHBIM HEIOCTaTKOM
T000TO TUIAHMPOBIIUKA BBICTYIIAeT OPHEHTHPOBAHHOCTH
WX Ha  pemeHne KOHKPETHOTO  Kiacca  3afad.
CrnenoBaTenpHO, B HACTOSIIEE BpeMs HE CYIIECTBYET
YHHBEPCAIbHOTO TUIAHMPOBIIUKA, KOTOPBIH MO3BOJIUAT
pacmpeneuTh  MOCTYMAONIMe  3aJaHusl  Pa3IUYHBIX
KJIaCCOB Ha BBIYUCJIHUTECIIbHBIC PECYPChl ¢ MUHHUMAJIbHBIMU
ux npocrosiMu. [loaTomy HeoOxoauma pa3paboTKa HOBBIX
MOJXOMOB TPH PACIPEACICHUU 3aJaHUil, KOTOpPbBIC
JOJI’KHBI YUYUTEIBATH n YCTpaHiATh HEIO0CTAaTKU B
CYIIECTBYIOIINX PEUICHUAX.

Heas padoTbl — pa3paboTka W BHEIPEHHE 3Tama
HMHUTAIMOHHOTO MOJCIHPOBAaHUS B MOAUMDUIIPOBAHHYIO
HHPOPMAINOHHYIO TEXHOJIOTHIO pacmpeneiIeHus
BXOJSINET0 IyJla 3aJaHUi Ha  BBIYUCIUTEIHHBIC
MOIITHOCTH THOPHUIHBIX KJIACTEPHBIX CHCTEM.

JIyiss TOCTHYKEHUS MOCTABJICHHOU M HEOOXOIMMO
PEIIUTh CICIYIOIIHIE 3a]auu:

- Ha OCHOBE MAaTeMaTHMYECKHX MOJENeH 3agaHuid,
BBIUHCIUTEIBHBIX PECYPCOB M METOIIOB paCHpECICHHUs
MOIU(HUIIMPOBATh CYIISCTBYION[YI0 HHGOPMAIMOHHYIO
TEXHOJIOTHIO pacTIpe/IeIICHHUs 3aIaHui;

- pa3paboTaTth HHPOPMAIMOHHYIO CHCTEMY, KOTOpast
OyZeT BBHITONHATH aBTOMAaTH3UPOBAHHBIA Mporiecc cOopa
1 00pabOTKH MMOTyYCHHBIX TaHHBIX;

- chopMHUpOBATH pan SKCIIEPUMEHTOB o
pacmpeleieHHI0 BXOJHOTO TyJia 3aJaHdi, Ha OCHOBE
PCaIn30BaHHBIX B CPCIAC UMUTALIMOHHOTO MOJCIIMPOBAHUSA
METOJIOB pacipeeICHuU.

Peanu3zauus nudpopManmoHHOMI
TEXHOJIOTMH paclpeie/eHus 3alaHuH Ha
BBIYHCJINTEJIbHbBIC PeCyPChl

Co3znanne KJIACTEPHOH CUCTEMBI Tpedyer
CYIIECTBEHHBIX KaHHTaHOBHOX(eHHﬁ, KOTOpPBIC HE BCErjia
JIOCTYIIHBI MOCTaBILUKY 3aJaHu. [oatomy

palMOHAJIbHBIM PEIICHUEM noz[60pa OIITUMAJIbHBIX (,HJ'IH
JaHHOI'O 3aZlaHI/IH) BBIYUCIUTCIIbHBIX PECYPCOB SBJIACTCA

HCTIOJIb30BaHUEC CHCIHATH3HPOBAHHBIX cpen
monemupoBanus  (MicroGrid,  ChicSim, OptorSim,
SimGrid, GridSim). OpgHako, TPOBEACHHBIA aHAIN3

CYILLECTBYIOIIMX CPEN MOJCIMPOBAHMS IIOKA3all, YTO OHH
TakXe 00J1a1al0T HeAOCTaTKaMH, OCHOBHBIE M3 KOTOPBIX —
9TO y3Kas CIeLUalu3alus, OTPaHUYEHHOCTb apXUTEKTYD,
OTCYTCTBME  JOCTYHHBIX W  OTKPBITBIX  BEPCHH,
HEOOXOIMMOCTh 3HAaHUS CICIHAJIH3UPOBAHHBIX S3BIKOB
nporpammupoBanus. Ilostomy HeoOxomauma pa3paboTka
cpeasl MOJETUPOBAHUS, KOTOpasi YCTPAHUT HEJJOCTATKU B
CYLIECTBYIOIUX PEIICHUSX U IMO3BOJIHUT MOJIYyYUTH IIAH
pacrpezeneHus BXOAHOTO IyJa 3aJaHuil 1B KilacTepHOMN
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CHCTEME, MHHUMHU3HPYS BpeMs MIPOCTOS ee
BBIYHCITUTEILHBIX PECYPCOB.

Pemenuem JTaHHOU poOIeMbI SIBISIETCS
HCITOJIb30BaHHE HMHUTAIIMOHHOTO MOJETUPOBAHUS,

OCHOBAHHOTO Ha TMOCTPOCHHH MAaTeMAaTHYECKON MOJEH.
NMurtanmonHass MOJeNlb ONpeNesieT MHOXKECTBO MpaBui,
pelIaIUX B KAaKOE€ COCTOSHHME CHCTEMa MeperacT B
OyaymeM wu3 3amaHHOTrO (Tekymiero). Kak mpasuio,
MMUTALMOHHAS MOJENIb 00J1alacT THOKOCTHIO BapbHPO-
BAaHUA CTPYKTYpBI, AITOPUTMOB U IapaMETPOB CUCTEMBI, &
NIPUMEHEHUE BBIYMCIUTENBHBIX CPENCTB CYLIECTBEHHO
COKpalllaeT  NPOAODKUTEIBHOCTh  WCHBITAHUH IO
CPaBHEHHIO C HATYPHBIM OKCHEPUMEHTOM (eCid OH
BO3MOJKEH), a TAK)KE UX CTOUMOCTb.

[IpennoxxeHHas aasi MOACIUPOBAHUS UMUTAIIIOHHAS
cpena [16] sBAsieTcs ~ KOMIBIOTEPHOW  MOJEINbIO
KJIACTEPHON CHCTEMBI, KOTOPasi BOCIIPOM3BOJUT MPOIIECC
(YHKIIMOHMPOBAaHUS  BO  BPEMEHHM  3JEMEHTapHbBIX
COOBITHH, TPOTEKAIOIIUX B CHCTEME C COXpaHEHHEM
JIOTUKHU HUX B331/IMOI[CI710TBI/I$I. OHa IMO3BOJIACT IIPOU3BECCTU
P BBIYUCIUTEIbHBIX 3KCIEPUMEHTOB, B X0JI€ KOTOPBIX

OCYILECTBIIICTCS cbop, aHaIm3 Pe3yIbTaTOB
MOJICIINPOBAHKs, & TaKKE COIOCTABJICHHE IOJYYSHHBIX
JaHHBIX C pEalbHBIM [OBEJCHHUEM  HCCIEAYeMOTO
00BeKTA.

B cymiecTByomux KJIACTEPHBIX CHCTEMaXx 3aJaHUs
pacnpenensioTcss Ha BBIYHCIUTEIBHBIE PECYpChl HE IO
Mepe HX MOCTYIUICHHS B CHUCTEMY, a B 3aJaHHOE BpeMs
CyTOK. JIOCTOMHCTBOM MpPEAJIONKEHHOM Cpebl SBISETCS
BO3MOKHOCTh IIPOMOJICIIUPOBATH MPOLIECC pacpeeICHUs
3aJaHUi C TIOMOIIBIO pSAAa METOAOB pacHpeneeHHUs,
UCTIONB3Ysl pealbHble JaHHBIE O 3a/J@aHMSAX U pecypcax
cucteMbl. Ha  ocHOBe  pe3ynbTaToB  Ipolecca
MOJICIIPOBAHUSI IIPOUCXOAUT OTOOP "Hammydimero" rraHa
pacripeseneHus, KOTOPbIH B JaJbHEHIIEM MOXHO
MIPEATIOKNTh PEATbHOW CHCTEME B KayecTBE TOTOBOTO
pemenus.  [lomydenHelid  1maH,  Kak — IpaBHIIo,
MUHHMH3HUPYET HE TOJBKO KOHEYHOE BPEMsI BBIIOTHEHUS
KOHKPETHOT'O IyJa 3aJaHui, HO W T03BOJIIET IOBBICUTH
3¢ PEeKTUBHOCTH HCTIOJIB30BaHUS BBIYUCIIUTEIBHBIX
PECypCoOB KJIacTEpHOU CUCTEMBI.

WudopmannonHass TEXHOJIOTHS — 3TO COBOKYITHOCTh
METOJIOB, TEXHHYECKUX M TIPOTPAMMHBIX CPEJCTB,
KOTOphle  OOBENMHSAIOTCS U1 cOopa,  XpaHeHUs,
00paboTKM, mepefaun M OTOOpakeHWs WH(OpMannu.
OcHoBHast 1enb WH(GOPMAIMOHHON TEXHOJIOTUH — 3TO
nojxydeHne uMHQopManuu JUIs JaTbHEHIero aHain3a ee
9KCHEepTOM (WM  SKCIEPTHOW CHUCTEMOH), KOTOPBIH
IPUHUMAET PELICHUE IO BBINOJHEHUIO ONPEAEICHHBIX
neictBuii. VHQOpManMoOHHAs TEXHOJOTHUS PUHSITHS
pemennii  (puc. 1)  comepkKHWT TPH  OCHOBHBIX
cocraBgonmx: 6a3y moxenert (bM), 6a3y manneix (BJ1)
U TPOTPaMMHYIO MOJCHUCTeMy ympapieHus. [locimenHss
BKIIIOYaeT B ce0e cHucTeMy yNpaBlieHHs 0a30i JaHHBIX
(CYBJ), cuctemy ympasnenus 6a3ot mogeneii (CYBM) u
cUCTeMy YHpaBiieHHs HWHTepdeiicoM MexXay JUIoM,
npuauMaronuM perenue (JITTP) u xomnbrorepom.

C nmnoMombl0 MOAENH HMMEETCS BO3MOXHOCTb
ONMCaHUsT M ONTUMH3ALMK HEKOoToporo oObekra. Kak
NPaBWJIO, MOJENM B HWH()OPMALMOHHBIX TEXHOJIOTHUSIX
peann3yroTcsl KOMaHAaMH alTOPUTMHUUYECKHX S3BIKOB, YTO

MO3BOJISIET HaXOJUTh PEHICHHUS NPH THOKOM H3MECHEHWH
psima mepeMeHHBIX. OnHa WH(POPMAIMOHHAS TEXHOJOTHS
MOJKET OIIEPUPOBATH PAIOM MOJENEH, KaXkaas U3 KOTOPBIX
MOXET JOHOJHATh WINM YTOUHATH Apyryro. Cucrema
ymnpaBieHust 0a3oi  Mojeneld, B CBOIO  OYepe.b,
o0ecrieunBaeT HarojJHEHHEe M (YHKIMOHUpOBaHHE Oa3bl
MoJjiesiell B COOTBETCTBUU C OCTaBJICHHBIMU 33/JauaMu.

lIporpassvitasn
MOJICHCTEMA VITPABIEHIS

|
| |
| |
1 T T R I -
Basa I C¥EI | CYBEM | baza )
NAHHLIY | < | MOETER
i 1 Cuerema | (M)
(BI1) | . |
| YTIPABTEHHE |
I HHTEpheicomM I
| |

JInno npuHEMaree
pewenne (JIF)

Puc. 1. KomrnoHeHTbI HHOPMAITHOHHOM TEXHOJIOTHH
MOAJCPIKKH TPUHSATHS PeLICHHN

Jns YCIICIITHOTO (YHKIIMOHHPOBAHUS
nH(OpPMALMOHHOI TEXHOJOTMM HEeo0XoAuMa pa3BUTas
nHdopManmMoOHHas cUcTeMa, KOTOpas OyAeT BBINOJHSITH
aBTOMATH3MPOBAaHHBIH Tpolecc cbopa u  00pabOTKH
JaHHbIX. OJHMM W3 TaKUX CPEACTB SBIAIOTCA 0a3bl
JaHHBIX. Best nHpopManus 3aHOCHTCS B Hee C MOMOLIBIO
WCTOYHHMKOB JAHHBIX, KOTOPbIE O3BOJISIOT OANCPKUBATH
LEITOCTHOCTH CUCTEMBI.

IIpn opranmsamuu 0Ga3sl JaHHBIX HEOOXOIMMO
cienaTb  ymop ~ Ha  BO3MOXHOCTH  oOecriedeHws
MHQOPMAMOHHBIX  3alPOCOB  IIOJIB30BATEIICH u
COXpaHEHWH psJa JaHHBIX, KOTOpbIE MOTYT OBITH B
JaJbHEWIIeM MpoaHaJU3upoBaHbl. B  mpemiokeHHOM
MpoeKTe OyAeT UCIOIb30BaHa PEISIIIMOHHAS MOJIENb 0a3bl
JIAaHHBIX, KOTOpAas CTPOMTCSI HAa OCHOBAHUHM OOBIYHBIX
Tabnuu, pa3OMTHIX Ha CTOJOUBI M CTPOKH, a Ha HX
MepeceueHNH, B siueifkax, pacloI0KeHbI JaHHBIE.

CoBpeMeHHbIE THOPHIHBIE KJIACTEPHBIE CHUCTEMBI
paborator mox ympasienuem OC Scientific Linux, T.k.
JNAHHBIA ~ JTUCTPUOYTHB COACpPXUT B cebe Habop
MPOTPAaMMHBIX ~ KOMIIOHEHTOB,  HEOOXOAMMBIX  JUIS
OpraHM3alii cepBepHO WHQPACTPYKTyphl. Takxke B
COCTaB JAUCTPHOYTHBa BXOIHUT Psl KOMIIOHEHTOB,
KOTOpbIe HEOOXOIUMBI Ul  CO3JaHWSl  KJIaCTEpPHOU
nHpacTpykTyphl. Kak mpaBuio, cepBep 0a3pl TaHHBIX B
Scientific Linux peanusyercs c¢ momompio MySQL-
CHCTeMbl ympaBieHus 0a3amMy JaHHBIX, POrPaMMHOE

obecrieyeHne SIBISCTCSI  OTKPBITBIM, YTO ITO3BOJIET
IPUMEHSTh U MOJIEPHU3UPOBATH €T0 I0J] CBOU 3aJauH.
Bea nHpOpManus, KOTOpOH ONEPUPYET

HUMHUTAlMOHHAA Cpe€aa MOACIUPOBAHUSA, XPAHUTCIA B Oase
JaHHBIX TaKUM 06pa30M, 4TOOBl HMMETh BO3MOXKHOCTH

obecrieuynBaTh WH(POPMAINOHHBIC 3aIpoCHl
MOJIb30BaTeIed M PAcCPEIOTOYCHHO XPaHUTh JaHHBIC
(puc. 2).

HmuranuonHast cpena MOJSIUPOBAHHUSA OIEPUPYET
MoxyneMm Logger, KOTOpBIii OTBewaeT 3a BeieHue log-
¢aiinoB. J[aHHBII MOIYTh MCHONB3YETCS IS TONTYyYCHHS
CTaTUCTHYECKON MH(MOPMALIMU O pacCTpeeIeHUN 3aaHHi
Ha  BBIYUCIUTENIBHBIE  PECYpPCBl W, 1O  Mepe
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HEOOXOIMMOCTH,  aHanmuW3a ee¢ B JalJbHEHIIeM.
IIpennoxeHHbIE MOIYyNb TPEIOCTABISET BO3MOKHOCTD
THOKOr0 ¥ LIEHTPAIM30BAHHOTO BEICHUS JIOTOB UL BCEX
IUIATHHOB cpensl MonenupoBaHus. Cpena omepupyer
HECKOJIbKUMH THUIaMH log-(aiiinoB, GpUKCUPYIOIIUMH Psij
JnedcTBUH (TIOCTYIUIEHUE 3alaHWi W BBIYMCIMTEIBHBIX
pecypcoB B CHCTEMY, paclpejelieHne  3aJlaHui,
OTCIIC)KMBAHUE COCTOSIHMSI 3aJaHuil M pEecypcoB), 4TO

MO3BOJIIET TIPU HEOOXOAMMOCTH OBICTPO  ITONYYHTH
TpeObyemyro uHpopmanuto u3 bJI. Ha ocHoBanum
MOJy4YeHHOW  WH(OpMALUK, MOXHO  OCYIIECTBUTH
BBIOOpKY 1O HEOOXOAMMON WHPOPMAIUU C YUCTOM
Pa3IMYHBIX KPUTEPUCB OILCHKH, a TAKXKE MOCTPOUTH DS
rpauKOB, KOTOPhIC OTOOPaXKAIOT PabOTy MMUTAIIMOHHOMN
cpemsl Kak B pealbHOM BpeMeHH (B XOie mpoliecca
MOJICIUPOBAHMS ), TAK U MO PE3yJIbTaTaM BHIOOPKH.

Ilnan pacnpenesneHns

ID mutana pacnpeeneHus

1D MeTona pacmpeneneHus

MeTtoanbt pacnpeaeieHust

DKCNepUMeHT

ID meroza pactpeesieHust

1D skcnepumeHTa

HanmenoBanue metona

Bpewms mpoBezieHHs

I

ID meToa pacmpeesieHust

HaumenoBanue miana

Bpewmst MozenupoBaHus

ID muana pacnpeneneHus Pecypcer
3aganue ID pecypca -< 1D pecypca
1D 3ananus > 1D 3amanus 1D nocrasumka pecypca

ID nocraBumka 3aaanus

«Jlydmee» pacmpeneneHue

Bpemst moctymienus

Bpems nocrynienus
TexHuuecKHe XapaKTePHCTUKH

IMocTaBIIMK 3a7aHUSA

ID nocrasiiyka 3agaHus
DUO
E-mail

XapakTepuCTHKH pecypca
CocrosiHHe pecypca

IlocTaBmukH pecypcos

1D nocTaBuMKa pecypcoB
HaumeHoBaHue pecypca
AJpec nocraBIka

Puc. 2. CprKTypa 0a3bl JIAaHHBIX, UCIIOJIb3yEMas B MMHTAIIMOHHOMN Cpeae MoACIIMPOBaHUA

3amaHus, NOCTYMNAIOIMIME HA BXOA KIACTEPHOH
CHCTEMbI Pa3sHOPOIHBI, M, KaK ObUIO CKa3aHO BHIIIE, Ha
JaHHBII MOMEHT HE CYWECTBYET YHHBEPCAILHOIO
IJIAHUPOBILMKA JJIA PACIpEICIIEHUs KOHKPETHOIO IIyja
3aganuil. Kak mnpaBuio, IIaHUPOBIIMK —IO3BOJIIET
BOCIIOJIb30BaThCA OJIHUM IIPOCTBIM METOJIOM
pacupeleNieHus, 4TO IPUBOAUT K BBICOKOMY IPOLIEHTY
MIPOCTOS BBIYUCIUTEIBHBIX PECYpcoB cHUCTeMbl. OIHAKO,

PECYPCOB CUCTCMBI. HaanMep, aHaJIn3 3a1a4 B 3alaHUU C
TOYKH 3PCHUSA HUX CBA3HOCTHU IIO3BOJIMT COKPATUTH BPEMsA
BBIIIOJITHCHHA  ITyJIa Sa,I[aHI/Iﬁ B CHUCTEMEC 3a CUCT
YCTpaHCHUA TMOTCPb 110 BPEMCHH, KOTOPBIC BbI3BAHbI
00MEHOM JaHHBIX MEXAY OTACIbHBIMH 3aJadaMHu U

nporpamMMamu TOJIJIEPIKKH pacripeaeseHHbIX
BbluucieHu. B maHHOWM  cratbe — mpezuiaraercs
MoauduIMpoBaHHas — MHGOPMAIMOHHAS  TEXHOJIOTHS

€CIIn npu pacnpeaciicHnu YUYUTBIBATDH pan pacopeacicHusa ImyJia 3aJJaHUl  Ha BBIYHMCIIUTEILHBIC
JOIIOJTHUTCIIbHBIX nmapamMeTpoB, TO TIOBBICUTCA PECYPChI (pI/IC. 3) C HCHOJB30BAaHUEM HMHMTAIIMOHHOMN
3¢)¢)6KTI/IBHOCTL HCIIOJIb30BAaHUA BBIYUCIINTCIIBHBIX Cpe€abl MOACTINPOBAHUS.
CLEHApHH
YIpPaBICHUS.
Zi ®DopmupoBanue R, Q«
—®  monenn pac- z
R mpezeneris !
3a1aHuii Al
BECOBBIE A 1 Caepria
KOpTexa R'
k03 duumenTs! o j
Azl>
Ananmus
Ko duImeHT CBA3aHHOCTH R! :(ca)
CBS3aHHOCTH _
g A3
®dopmupoBanne
> TTAaHOB Plan
3
pacnpesieneHus
A4
MonenupoBanue
- IJ1aHOB Ty
pacrnpeienieHus
As‘l>
TMonck Hammyd-
wero mrana | Plan
pacnpesienenus
A6
METO/] IoHCKa
HMUTALMOHHAS HaMITy4IIero
cpena I1aHa
Q MOJIETMPOBAHHUS pacnpezenesus

Puc. 3. MndopmannonHas TEXHOIOTHS pacnpeaeleHHs IMyJia 3alaHnil Ha BBIYUCIMTEIBHBIE PECYPChI CUCTEM OOJIAYHBIX BBIYUCIEHUH
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HcxoaupiMu JAHHBIMHA IS MIPEIJIOKEHHOM
TEXHOJIOTUU BBICTYINAIOT TPU MHOXECTBA: MHOXKECTBO
BXOIHBIX 3aJaHMii Z, MHOXECTBO BBIYMCIINTEIbHBIX
pecypcoB R U MHOKECTBO METOHOB pacnpeaeicuus Q, T.e.
G= {R, Z, Q} .

DopMHUpPOBAaHHE MHOXKECTBA BXOJHBIX 3aJaHUM
MPOUCXOTUT B XOJNI¢ TOCTYIUICHHS B CHCTEMY IIOTOKA
{z,,i=12,.,M}, Vi=LM. Kaxmoe 3amanue
XapaKTepU3yeTcsl TapaMeTpaMu, KOTOpBbIe HEOOXOIUMBI
TS IoA00pa BEIYHACIUTENEHBIX PECYPCOB

Z ={arf, os/, pc’, ps?, ms?, dc’, pr’, ca’, rtf}, (1)

TIe ar, — apXUTEeKTypa Ipoleccopa; 0S; — OIepaIoHHas

cucTeMa;  PC; — KOIMYECTBO MPOLECCOPOB;  PS, —
ObIcTpofEiicTBME  mpomeccopoB; MS;  —  00beM
omeparuBHOI mamsatd; OC, — JoCTymHbIl 00BeM
BUHYECTEpA, PI, — TMPHOPUTET 3ajaHusd; Ca, —

K03 UIMEHT CBSI3HOCTH 337ad B 3aJaHuM; It — Bpems

BEITIOTHEHUS 3aJaHUA (BpeMs HCIIOIB30BAHUS Pecypca).
Takum ke 00pa3oM NPOUCXOAUT (OPMHPOBAHUE
MHOXKECTBa  BBIYHCIUTENBHBIX  PECYPCOB,  KOTOpHIC

R,j=12.,N!, Vj=1N.
{R, J

Kaxnplif »7meMEHT MJaHHOTO MHOKECTBA OIHCHIBACTCS
KOPTEXEM

00pa3yloT  MOTOK

R, ={arf, 0s], pcj, ps, ms|, dcj, bwi,dj},  (2)

rae bw; — cymmapHas mpomyckHas CrMocoGHOCTh KaHaia

(oT Opokepa 10 pecypca) C y4eTOM COCTOSIHHSI CETH Ha
TEKYIMH MOMEHT BpeMeHu; d,— cymmapHas 3aJepxkka

BpPEMEHH Iepeaaul MaKkeTa ¢ y4eTOM COCTOSIHMSI CeTH Ha
TEKyIIM MOMEHT BPEMEHH.

MHOX€eCTBO METOJOB pacHpelesieHrs ONUCHIBAETCS
KOPTEXKEM:

Q ={mn.Ip}, vk=1.K, 3)

rme MmN — MeTox pachpeaeleHus 3aJaHuid  Ha

BbIYHCJIUTCIbHBIC PECYPCHI; |p — MEPEUYCHb BXOAHBIX

[apamMeTpOB, YUUTHIBAEMBIX IIPU pacIpeaeIeHIH
Hcnonp3oBaHne B CHCTEME MHOXKECTBA METO/IOB
pacripeneneHus TIO3BOJISIET NPOBEJICHUE cepun
9KCIIEPUMEHTOB, COCTOSIIIUX W3  IOCJIE0BaTEIbHBIX
3aIlyCKOB HCCJIEIYeMOH MOJENH C H3MEHEHHEM psija
rapaMeTpoB MPH KaXKJIOM TIOCIIETYIOIIEM 3aITyCcKe.

Cpena MopmenupoBaHUSI  OIEPHPYET  MOAYJEM
Algoritm Loader [17], KOTOpbIi wucmomb3yeTcs ais
MapajuleNibHOrO  3allycKa METOJIOB  paclpefieieHus ¢
MOCTEeTyIONUM  BeIOOpOoM  Hambosee 3P HEKTHBHOTO
pellieHus] Ha OCHOBe cOopa, aHaln3a W WHTEPIIPETaluH
pe3yJbTaToB  MOJAENUpOBaHUs. MOJynb  MO3BOJSET
OCYIIIECTBUTh MOJEJIMPOBAHUE C HCIOJIB30BAHUEM psija
MetonoB pacmpeneneHus: FCFS, LIFO, HPF, Simplex,
Smart, Backfill u Backfill mod [5]. Monyns Algoritm
Loader Taxxe cOmepHT IBa IONOJHHUTENbHBIX OJIOKa:
0JI0K CBEPTKU KOpTEXa M OJOK aHaln3a CBSI3HOCTH 3a/ad
B 3aJaHUM. BJIOK CBEPTKHM KOpTEKa MPOU3BOJUT PacueT

0000meHHoro Ko3(pQuIMeHTa OIEHKH I KaXIoro
BXOJIHOTO 3aJlaHKsl, YTO TO3BOJSIET OoJiee MPOAYKTHBHO
YIPaBISITh MPOLIECCOM pacrpeneneHus Ha
BBIUHCIUTEIBHBIC ~ pecypchl.  PesymbraToM  pabOTHI
JAHHOTO OJIOKa SIBJIICTCSI MHOXKECTBO BBIYHMCIHTEIBHBIX

pecypcoB {Rjr, i=1.., K} , KOTOpBIE OBUTH OTOOPAHBI 1O

KaXIOMY 3aJaHUI0 Ha OCHOBaHHM  OO0OOIIEHHOTO
KO3 pHIIUEHTA OLICHKH 3aIaHUsL.

brok aHanM3a CBA3aHHOCTH YYHTBHIBACT CTEMCHb
CBSI3aHHOCTH 3a/a4 3amaHus [16], pe3yiapbTaTtoM padoThI
JIAHHOTO OJIOKA SIBJISICTCS MHOMKECTBO BBIYHUCIUTEIBHBIX

pecypcoB ¢ ydeToM Kod(pQHIHEHTa CBI3HOCTH 3a1ad B
3aJaHUHA {RJr :(ca), j=1,..., K}..

MHoecTBa 3aJjaHUH, BEIYUCIUTENBHBIX PECYPCOB U
METOJIOB paclpesieieHHss MOTYT OBITh PacUIMPEHBI 10
Mepe HEOOXOAMMOCTH, 4YTO JellaeT IPEUIOKECHHYIO
MOJIeNb paclpeaeneH s 3aJaHuii THOKOW MO OTHOIICHUIO
K CYILECTBYOLIHM.

ITocne Toro kak ObUIO CHOPMHUPOBAHO MHOXKECTBO
BEIYHCIUTEIBHBIX PECYpPCOB, HA KOTOPBIX MOXKET OBITh
3aIlymIeHo 3aJaHue, MPONCXOIUT (POPMHUPOBAHUE TUTAHOB
pacnpenenenus (Plan,) f:Q —Plan,, Vk=1K,
KOTOpble B JaiubpHedmieM OyayT HampaBieHbl B OJIOK,
OTBEUAIOLIMA 3a MoJenupoBanue. B xozme mnpouecca
MOJIeMpOBaHusl (HOPMHUPYETCsi BpeMsl BBINIOJIIHEHUS ITyJIa
3aganus (T,) A KaxIOro MeToJa pacHpefeneHHs

(mneQ), f:Plan, »>T,, Vk=1.K.

[TapannensHO  NMPOMCXOOUT  BBIOOP  KPUTEPHEB
CpaBHEHUSI 110 KQKJOMY METOy pacIpeaeIeHust: MPOLEHT
pOCTOs BBIYHMCIIUTEIBHBIX pecypcos, cpenHee

BpeMs OXHJAHWS 33JaHHN B OYEpeNd MO KaXIOMY W3
METOJIOB pacmpeneienus U jap. Ilocie 9ero ¢ y4eTom
3a/IaHHBIX ~KPUTEPHEB TMPOMCXOJWT AHAIN3 IUIAHOB
pacnpemenerns (mneQ) f:Q —»T,, Vk=1K.
Pe3ynapTaTtoM JaHHOrO 9Tama SBISETCS HAXOXKIECHHE
[UIaHa paclpeleNieHuss ¢ MHHMMAJIbHBIM  BpEMEHEM
BBITIOJTHEHHST BXOJHOTO TIyJia 3aJaHuil ¥ MHUHUMAJLHBIM

BPEMEHEM  MPOCTOSI  BBIYMCIHMTENBHBIX  PECYpCOB
plan=mint, , Vk=1.K.
Pe3yabTaTsl HcciieqoBaHui
Jst HCCIIEI0BaHUS MOINGUINPOBAHHON

MHGOPMAIMOHHONW TEXHOIOTHH PACIIPEeNICHISI BXOAHOTO
mMyJla 3aJaHuii Ha BBIYUCIUTEIBHBIE PECYPCHI CHCTEMBI
o0yauHBIX ~ BBIYMCIEHHMH  ObUT  TIpOBeleH  psin
JKCIEPUMEHTOB. B COOTBETCTBUU C MPEIIOKEHHBIMU
MaTeMaTHYeCKHUMHU MozaesMu [16], copMupoBaHbI mysIsl
BXOJHBIX 3aJJaHMI C Y4eTOM Kiacca 3ajad B 3aJaHUHU,
BBIYHMCIIUTEIbHBIE pecypcbl W OTOOpaHBl  METOJBI
pacnpenenenus. Jlamee B xoie pabOTBl  Cpeabl
MOJICTUPOBAHMS OBIUTH MOJYYEeHBI IUIAHBI PacTIpeIeIeHIUs
(mmst  KaxOoro  Imyna  3aJaHui) MO0 KaXIOMY
MIPEUIOKEHHOMY MeTOny pactpeneneHus. llomydeHHbIe
IUTaHBI OBITH MPOMOJICMPOBAHEI B CPEie IMHUTAIIHOHHOTO
MOJICIUPOBAHM W B pe3yibTaTe IOJyYeHO BpeMs
BBINIOJHEHHUA  KaXAOTO0  Iyla  3aJaHuid, KOTOpOe
0TOOpakeHO Ha puC. 4.
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Puc. 4. 9KCHepI/IMCHTLI pacnpeacicHus 7 IIyJI0B Sa,Z[aHI/Iﬁ Ha BBIYUCIIUTEIIBHBIC PECYPChI

WuTepnpetnpys  pe3yiabTaThl  MOJCITHPOBAHUS
MOXXHO TIOJBECTH WTOT. 3aJaHUs, IIOCTyHAlOIIue B
CHCTEeMy  Ha  pacupeielicHHE, pPasHOPOAHBI |

CYLIECTBYIOLIME MIAHUPOBUIUKH HE MO3BOJISIOT MOJYYUTh
HauJlydlllee pacIpe/ielIeHHEe PEecypcoB € Y4E€TOM Kilacca
3aJlaHus. Knacc  3amanus BIMSIET HAa  METOJ
pacmipeneneHus, U B XOAE€ MOJCIHUPOBAaHUSA MOTYT
BO3HUKHYThH Pa3fIMYHbIe BBIUTPBIIIHbIE KOMOWHAIUH, T.€.
WCTIOJIb30BaHUE €AMHOTO OpoKepa B UMUTAIIMOHHOM cpejie
MOJICIIMPOBAHUS He 1aeT 3(PPEKTUBHOTO pe3yIbTaTa.
OpmHako Omaromapsi HaNM4YUIO psAda METOIOB
pacupeneneHuss HUMEETCsl BO3MOXKHOCTb  OCYILECTBUTH
MOJEIUPOBAaHUE TOCTYNMBIIMX 33JaHUA Ha pecypcax,
KOTOpbI€ Ha JTaHHBIH MOMEHT NPUCYTCTBYIOT B CUCTEME U
Ha OCHOBaHWUU TIOJYYCHHBIX JIAHHBIX O BPEMEHHU
BBIIOJIHEHUS ~ JAHHOTO  MyJda U 3arpy>KeHHOCTH
BBIYUCIIUTENBHBIX  PECYpCOB  MPHUHATH  PEIIEHHE O
11enecoo0pa3HOCTH  HCMOJIB30BAHUSI TOTO WM WHOTO
Meroja pacnpeneneHud. lIpenyokeHHoe peunieHue B
JalibHEUIIEM MOYKHO NPEAJIOKUTh PeaIbHON CUCTEME, UTO
MO3BOJINT COKPAaTUTh BpEMs HAXOXKACHUS 3aJaHuil B

cucteMeé W HAlTH  ONTHMalNbHBIM  BapWaHT Ul
(YHKIIMOHHPOBaHUS BBIYMCITUTENBHBIX pecypcos,
UCKJIIOYasi ~ HPOCTOM  CHCTEMBI,  4TO  IOBBICUT
3(QQEKTUBHOCT, €€  HCIOJBb30BAHMS  Pa3IUYHBIMU
MOCTaBIMKAMU 3alaHUH.
BriBoabl

IIpennoxeHHas MOIUGHUIMPOBAHHAS
nHGOPMALIMOHHAS ~ TEXHOJIOTHSI €  HCIOJB30BaHHUEM
HMHUTAMOHHON Cpensl MOJICITUPOBAHUS Jaet
BO3MOKHOCTh TPOMOJICIMPOBATh PaboTy THOPHUIHOM

CHHCOK JIMTepaTypsbl

KJ'IaCTepHOﬁ CUCTCMBbI B YCJIOBHAX O6pa6OTKI/I IIOTOKOB
PAa3sSHOPOOHBIX SaI[aHHﬁ. Hcnons3oBanne B cpeac psdaaa

METOJIOB  paclpeicfieHUs] IO3BOJSIET  OCYIIECTBUTH
MOJeIMpOBaHue paboThl KaXIAOr0 W3 HHUX, W Ha
OCHOBaHUU pe3yIbTaToB, OCYILECTBUTH BBIOOD

"Hausy4niero" IiaHa pactpeseneHus Uil BXOJHOTO IyJia
3aJaHUi C YYETOM KPUTCPHUS ONTUMH3ANMU (IPOICHT
MPOCTOSl BBIUYUCIUTEIBHBIX PECYpPCOB, CpEIHEEe BpeMs
OXHUJAHUS  3aJaHUil B ouepeau IO  KaxIOMy
W3 METOJIOB paCHpeeICHUs, BpeMs BBIIIOJHEHHUS ITyla
3aJaHul U Jp.).

B XoJe BBIITOJTHEHUS padoTsI ObBLIH
MPOMOJICITUPOBAHEl ~ CHTYyallMd TIO0  PacIpeelICHIIO
CeMU BXOJHBIX TIYJIOB 3aJaHMi Ha BBEIYUCIUTEIHHBIC
pecypcsl B UMUTAMOHHOW Cpele MOACTHPOBAaHUS IS
pa3NMuHBIX ~METOAOB pachpejeneHus. I[lomydeHHbIe
pe3yabTaThl CBUICTEIBCTBYIOT O COKpAIICHHH BPEMCHU
BBITIOJTHEHUSI BXOJHOro myna 3amaHuid g0 20 % wu
MOBBIIIICHUH 3¢ HEKTHBHOCTH UCTIOJIb30BaHUS
BBIUHCIUTENBHBIX PECYpCOB CHCTEMBI 10 28 % mis psna
METOZIOB pACHpE/CICHUs, KOTOPBIE IPHCYTCTBYIOT B
cpene MonenupoBaHHWA. B HacTosmiee Bpems  He
CYIIECTBYET METOJIAa PacIIpeIeIeHuUs, KOTOPHIA TT03BOJISET
pacmpenenuTh  3aaHdAs ~ TakKAM ~ 00pa3oM,  YTOOBI
MaKCUMH3HPOBAaTh  3(PPEKTHBHOCTh  HCIOJIB30BAHUSL
BBIYUCITUTEIHHBIX MOIITHOCTEN THOPHITHBIX
KOMIIBIOTEPHBIX CHUCTeM. IIpemosKeHHAss TEXHOJIOTHS
npejsaraeT pelieHue, KOTOpOE TIOMOYKET
agMUHHUCTpaTOpy (WM CHUCTEME YIpaBJICHHUs), IO
pe3ysibTataM MOJIEUPOBAHMsI, OTOOpaTh "HawTydmui'"
IUTaH PACIpeae/ICHHs, KOTOPBII MOXKET OBITh MPEII0KEHO
peampHOM cHcTeMe, 9YTO TMOBBICUT 3((HEeKTHBHOCTH
HCTIOJIB30BaHUS €€ PECYPCOB.
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MOJIUPIKOBAHA THOOPMAIIMHA TEXHOJIOT'ISI PO3IOIJIEHHS 3ABJIAHB
HA PECYPCH JJISI CUCTEM XMAPHUX OBYUCJ/IEHD

O0’€KTOM JOCIIKEHHST BUCTYIIAE MPOLIEC PO3MOAUTY MyJTy BXIHUX 3aBAaHb Ha OOUUCIIOBANbHI PECYpCH B TIOPHIHUX KIACTEPHUX
cuctemax. Ilpeamer nocmijykeHHs — iH(pOpMaliliHa TEXHOJIOTiS pPO3MOIUTY 3aBlJaHb HAa OOUYMCIIOBAIBHI pecypcu TiOpHAHUX
KJlacTepHUX cucreM. MeTa — po3poOKa Ta BIPOBADKEHHS €Taly IMITAlifHOTO MOJENIOBaHHS B MOAW(iKOBaHY iH(opMaIiiHy
TEXHOJIOTII0 PO3IOJUTYy BXiZHOTO IyJTy 3aBJaHb Ha OOYMCIIOBAJIbHI pecypcH TiOpHAHUX KIACTEPHUX CHUCTeM. 3agadi: Ha OCHOBI
MaTeMaTHYHAX MOJETel 3aBJaHb, OOYMCIIOBAIFHHX PECYpCiB Ta METOIIB po3moaiury MoaudikyBatd icHyrody iH(opMamiiHy
TEXHOJIOTIF0 PO3MOJIUTY 3aBJaHb; PO3pOOUTH iH(POPMAIiitHYy cHUCcTeMy, sika Oyle BUKOHYBAaTH aBTOMAaTH30BaHHU Mporec 300py Ta
00poOKKM OTpUMaHHX JaHuX; cHOpPMyBaTH PsA EKCIIEPUMEHTIB 3 PO3MOJiITY BXIJHOTO MyJy 3aBJaHb, HA OCHOBI peaji30BaHHX B
CepeOBHII IMITAI[IHHOrO MOJETIOBaHHS METOIB po3noAizy. MeTomu HOociikeHHsT 0a3yI0ThCsl HA BUKOPUCTAaHHI TeOpil MHOXHH,
3aranpHOl Teopii cucteM Ta Teopil iMiTawiifHOro MonentoBaHHss. OTPUMaHO HACTYNHI pe3yJbTaTH. 3aNpONOHOBAHO MOANU(IKOBaHY
iH(poOpMaILiitHy TEXHOJOTiI0 PO3MOIiTYy IPOrPaMHHX 3aBAaHb BEIUKOI PO3MIPHOCTI Ha OOUYKCITIOBAIbHI PECYPCH ISl CHCTEM XMapHHUX
00YKCIICHb 3 BUKOPUCTAHHSM IMITAlifHOrO CepesoBHUIa MOJCITIOBAHHS 3 IOJAJIBIIMM BUOOPOM HAMKpaIOro IUIaHy PO3MOJLY IO
KO’KHOMY ITyJTy BXITHUX 3aBIaHb. 3allpOIIOHOBaHa iH(OpMaIliifHa TEXHOJIOTIs BIPOBa/HKEHA B IMITaIliliHEe CepeIoBHIIE MOECIIOBAHHS,
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sIKe JI03BOJISIE BIITBOPIOBATH IIpOLeC (YHKIIOHYBAHHS €JIeMEHTapHHX ITOJiH, sIKi BiIOYyBalOThCS B pEaTbHUX TiOPUIHUX KIACTEPHHUX
crcTeMax 3i 30epeKeHHSIM JIOTIKH iX B3aeMOJIl B pealbHOMY 4Yaci. BHCHOBKM: 3ampornoHoBaHa iHpopMaliifHa TeXHOJIOTIS 00’ eHye
nponecu 300py, 30epiranHs, oOpoOKH Ta mepenadi JaHUX 3 BUKOPHCTAHHSM 3alpOIIOHOBAHUX B pOOOTI METOMIB PO3IOIILY, 3acO0H
JUIS IOJAJIBIIIOTO aHATI3Y pe3yIbTaTiB MOACTIOBAHHS Ta MPUHHATTS PilIEHHS PO BUKOHAHHSA NEBHOI Iii (BUOOPY HAaHKpaIIoro Imiany
posnoainy). BukopucTaHHs B cepeoBHILI MOJCIIOBAHHS MHOKHHH METOJIB PO3IOILUTY A03BOJISIE IIPOBECTU CEPil0 EKCIIEPUMEHTIB 1
HAa MiJCTaBl OTPUMAHUX Pe3yiIbTaTiB, 3AIUNCHUTH BHOIp HAHKPAIIOTO IUIaHy PO3MOILTY Ui KOHKPETHOTO BXiJHOTO MyNy 3aBAaHb (Ha
migcTaBi 0OpaHoi cTparterii po3noainy).

Kuiouosi ciioBa: iHpopmariiiHa TEXHOIOTIS; METOAN PO3IOIUICHHS 3aBJaHb Ha OOYHCIIIOBAIBHI PECYPCH; OB’ SI3aHICTh 3a/1a4
y 3aBJIaHHI; IMITaIliifHe cepeIOBUIIE MOJICTIOBAHHS; TUIAH PO3IIOIUICHHS.

THE MODIFIED INFORMATION TECHNOLOGY FOR THE DISTRIBUTION OF
RESOURCE TASKS FOR CLOUD COMPUTING SYSTEMS

The object of the research is the process of distribution a pool of input tasks for computing resources in hybrid cluster systems. The
subject of the research is information technology of distribution tasks for computing resources of hybrid cluster systems. The goal is
to develop and to implement a simulation stage in a modified information technology for distributing the incoming task pool to the
computing power of hybrid cluster systems. Tasks: to modify the existing information technology of task distribution on the basis of
mathematical models of tasks, computing resources and distribution methods; to develop an information system that will perform an
automated process of collecting and processing the data; to form a series of experiments on the distribution of the input task pool,
based on the distribution methods implemented in the simulation environment. Research methods are based on the use of the theory
of sets, the general theory of systems and the theory of simulation modeling. The results received. The modified information
technology of distribution of program tasks of big dimension for computing resources for the systems of cloud computing with the use
of the simulation environment of modeling with the subsequent choice of the best dispersion plan on each pool of input tasks is
offered. The proposed information technology has been introduced into a simulation environment that allows reproducing the process
of functioning of elementary events occurring in the real hybrid cluster systems while preserving the logic of their interaction in a real
time. Conclusions: The proposed information technology combines the processes of collecting, storing, processing and transmitting
data using the offered distribution methods, means for further analyzing the results of modeling and deciding whether to perform a
specific action (choosing the best distribution plan). The use of a set of distribution methods in the simulation environment allows to
conduct a series of experiments and, based on the results obtained, select the best distribution plan for a particular input task pool (on
the basis of the selected strategy of distribution).

Keywords: information technology; methods of distribution of tasks for computing resources; coherence of tasks in a job;
simulation environment, distribution plan.
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MAIN TRENDS OF INVESTMENT AND INNOVATIVE ACTIVITY OF BUSINESS
ENTITIES IN THE CONDITIONS OF EUROPEAN INTEGRATION

The subject of the research in the article is the main tendencies of investment and innovation activity of business entities. The
purpose of the work is to determine the main tendencies of investment and innovation activity of economic entities at the
international, macro and microeconomic levels in the conditions of European integration with application of methods of economical
and mathematical modeling. Task: definition of integral indicator of investment and innovation activity of economic entities at
international, macro and microeconomic levels. To achieve the goal, the following methods were used: abstract-logical method,
method of analysis and synthesis, logical-content analysis - formation and substantiation of the system of indicators of evaluation of
investment and innovation activity of subjects of management; generalization and abstracting - the study of categorical apparatus of
investment and innovation activity of business entities, multidimensional factor analysis - for the classification and systematization of
the space of signs of research and the grouping of factors by their economic content. The following results are obtained: to increase
the objectivity and reliability of the analysis, the corresponding integral indicators characterizing each level are combined into a
generalized integral index of investment and innovation activity of economic entities, calculated by the method of additive
convolution, taking into account the coefficients of significance of each level. Significance is determined on the basis of the use of
expert survey method taking into account the predominance: for foreign investments and for domestic investments. Conclusions: the
theoretical and methodical approach to the definition of investment and innovation activity of economic entities is proposed, which
provides the opportunity to determine the most influential factors on the level of investment-innovation activity economic entities at
the international, macro- and microeconomic levels in the context of European integration and provides an integrated valuations
taking into account the predominance of foreign or domestic investment, which contributes to the adoption of sound management

decisions.

Keywords: investment and innovation activity; European integration; trends; economic levels; business entities.

Introduction

Globalization processes have a significant impact on
the economy of any country, but the global investment’s
flows and the growth of the level of intensity of
innovation activity, as one of the main tools for improving
the competitive position, significantly affects the state of
investment and innovation activity of economic entities,
especially those located in the territories of countries,
which occupy insufficiently high positions in the relevant
world rankings. In particular, Ukraine at the global level
of competitiveness ranks the 83th place in 2017-2018
(Source: The Global Competitiveness Report). Therefore,
one of the ways to overcome this situation is to identify
the main trends in changing the investment and innovation
activity of economic entities, which determines the
feasibility of applied research aimed at increasing their
level.

Literature review

In order to ensure the progressive development of
business entities in a highly dynamic competitive
environment, it is expedient to gradually introduce the
innovations that can be realized only through the use of
investments. Therefore, the issue of improving the
investment and innovation activity of business entities
seems to be relevant.

For the implementation of the innovation activity it
is important to ensure the investment resources.

According to the law "On investment activity"
(1991), investments are "all types of property and
intellectual property that are invested in objects of
entrepreneurial activity and other kinds of activity, which
results in the creation of profit (income) and / or social

and environmental effect” (Article 1).

McConnell and Brue (2003) pointed out that
investments are "the costs of building new factories,
machines, equipment with a long service life, the cost of
production and accumulation of means of production and
the increase of material stocks, the cost of improving
education, health of workers or to increase mobility of
labor ".

Balabanov (2001) and Melkumov (2014) define
investments as "the use of financial resources in the form
of long-term capital investments".

Fedorenko (2013) considers investments as "a capital
investment in order to further increase it. The growth of
the capital as a result of the investment is a compensation
of the risk of losses from inflation and the non-receipt of
interest from banking capital investments."

Mertens (2011) regards investments as "today's
costs, which are aimed at obtaining future benefits."”

Hence, investments are all types of financial,
property, intellectual property, which ensure the success
of European integration of domestic business entities
through the intensification of their innovation activities.

Therefore, it is very important to realize the
investment activity. According to the Law "On Investment
Activity™:

1. Investment activity is a set of practical actions of
citizens, legal entities and the state in terms of investment.

2. Investment activity is carried out on the basis of:

- investment by citizens, non-state enterprises,
economic associations, unions and societies, as well as
public and religious organizations, other legal entities
based on collective ownership;

- state investment, carried out by state authorities at
the expense of the state budget, loan funds, as well as state
enterprises and institutions at the expense of their own and
borrowed funds;
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- local investment by local governments at the
expense of local budgets, borrowed funds, as well as
municipal enterprises and institutions at the expense of
their own and borrowed funds;

- state support for the implementation of investment
projects;

- foreign investment carried out by foreign states,
legal entities and citizens of foreign states;

- joint investment by legal entities and citizens of
Ukraine, legal entities and citizens of foreign countries.

Balan (2014) considers investment activity as a
modern investment process can be defined as a
phenomenon that is accompanied by the adoption of
investment decisions in real time against the background
of building models and mechanisms for the attraction and
use of investments.

Muzychenko (2014) emphasizes that investment
activity is a coherent set of actions of its subjects
(investors, participants) in order to make investments in
order to receive income.

Petrenko (2012) believes that investment activity is
an activity associated with investing in investment objects
in order to receive profits [6].In the narrow sense, as noted

Semenyuta (2010) considers investment activity at
the microeconomic level and indicates that its purpose is
to generate profit or to generate additional income,
achieve social benefits, ensure development, increase the
market value of capital, reflected on the amount of capital
employed, or on the growth of operating capital, the
consequence of investing at the macro level is the
achievement of economic growth.

Summarizing the presented definitions and taking
into account the objective of investment activity, one
should understand the set of practical actions carried out at
the international, macro and microeconomic levels in the
context of European integration and characterized by
investing financial, property, intellectual property, which
ensure the success of European integration of domestic
business entities through activation their innovation
activities.

Investment activity is the basis for innovation. The
term “innovation™ consists of two words: the first is the
Latin "innovation" (novelty, innovation) and the second -
the English prefix "in", which means "input".

The Law of Ukraine "On Innovation Activity"
(2002) defines the term "innovations™ as "newly created
(applied) and (or) improved competitive technologies,
products or services, as well as organizational and
technical decisions of an industrial, administrative,
commercial or other nature that significantly improve the
structure and quality of production and (or) social sphere."

Drucker (2007) sees innovation as "a special tool for
entrepreneurs, a tool by which they use change as a
chance to implement a new type of business or service."

According to Schumpeter (2008), innovation is the
use of new combinations of existing productive forces to
solve commercial problems. The author distinguishes the
following types of innovations: the production of a new
product that is not familiar to consumers or a product with
qualitatively new properties; introduction of new means of
production; development of a new market in a certain

branch of the country; search of new sources of raw
materials and semi-finished products; application of new
organizational forms.

Twiss (1989) sees innovation as "a process in which
an invention or idea becomes economically meaningful.”

Sakhal (1985) defines innovation as an element that
derives the entire economic system from equilibrium.

Dodgson  (2000) includes the  scientific,
technological, organizational and financial activities in the
innovation process, which will lead to the commercial
introduction of a new (or improvement) product or
production process.

Nixon (1997) considers innovation based on the
application of the process approach and understands as a
set of technical, production and commercial measures that
lead to the emergence of new and improved industrial
processes and equipment on the market.

According to Santo (1990), innovation is a social,
technical, economic process, which, through the practical
use of ideas and inventions, leads to the creation of the
best in their properties of products, technologies.

Dorofeev, Drevyanikov (2003) believe that
innovation is the ultimate result of innovations that has
been incarnated in the form of new or improved: product,
process, new approach to social problems.

According to the OECD / Eurostat (2018) guidelines
for the collection, presentation and use of innovation data:
"Innovation is a basis for raising the standard of living and
can affect people, institutions, sectors of the economy and
countries in different ways. Measuring innovation and
using innovative data in research can help policymakers
improve understanding of economic and social change,
assess the contribution (positive or negative) of innovation
to achieve social and economic goals, and monitor and
evaluate effectiveness and effectiveness of their policies. "

Dycha, Tanasienko, Kolisnik (2017) consider the
introduction of innovations as a key factor in the growth
of labor productivity. Resler, Kuril, Logvinenko,
Makhinchuk, lvanishchuk (2018) interpret innovations in
the following way:

1) innovation in the broadest sense - as any change
that raises the competitiveness of business entities;

2) innovation in the narrow sense - as a process of
transformation of scientific achievements into production;

3) innovations that are introduced into economic
practice.

Consequently, innovations are the first created or
improved organizational, production, logistics,
information and other technologies that ensure the success
of European integration of domestic business entities.

Implementation of innovations is impossible without
innovation. According to the law "On Investment
Activities (1991), innovation activity is" a set of measures
aimed at the creation, implementation, dissemination and
implementation of innovations in accordance with the
Law of Ukraine "On Innovation Activity" (2002) in order
to obtain the commercial and / or social effect that
is being carried out through the implementation of
investments invested in objects of innovation
activity" (Article 3).
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The Law of Ukraine "On Innovation Activity"
(2002) defines innovation activity as "activity aimed at the
use and commercialization of the results of research and
development and promotes the launch of new competitive
products and services on the market" (Article 1).

Bliznyuk (2008) characterizes innovation activity as
a complex dynamic system of measures for the use of the
results of completed scientific and technological
research, organizational and economic development or
other scientific and technological achievements, which
functions under the influence of environmental factors of
all levels (external and internal) in order to
meet the changing individual demand and the needs of
society as a whole in competitive products (goods, works,
services).

Zavlin, Kazantsev, Mindeli (1998) indicate that
innovation activity is aimed at using the results of
scientific research and development for the expansion and
updating of the nomenclature and improvement of the
quality of products (goods, services), the improvement of
the technology of their production, with subsequent
implementation and effective implementation on
domestic and foreign markets.

Zyanko (2005) notes that innovation activity is a
complex dynamic system of interaction and interaction of
different methods, factors and management bodies
engaged in innovation research, the creation of new types
of goods, improvement of the technological process,
equipment or labor, organizational forms of production,
etc. based on the latest scientific and technological
achievements. This is the activity of planning, financing
and coordination of scientific and technological progress,
which is related to the improvement of economic levers
and incentives, the development of a system of actions for
the management of a set of interdependent processes or
activities that are one way or another aimed at accelerating
the intensive development of scientific and technological
progress and increase socio-economic efficiency of
production.

Kozmenko S.M. (2010) emphasizes that innovation
activity is associated with the processes of creation,
introduction and dissemination of innovations.

Consequently, innovation activities are activities
aimed at intensifying the implementation of
research and  development, attracting  existing
developments at the international, macro- and
microeconomic levels to the activities of domestic
business entities with a view to their successful European
integration.

Consequently, the economic terms of "investment"
and "innovation", investment and innovation activities are
interconnected and condition one another. In addition, in
the conditions of expediency of integration into the
international economic community, it is expedient to see
the growth of the investment and innovation activity of
economic entities.

Rayevneva and Grinevich (2012) proposed to
evaluate the investment and innovation activity of the
state using statistical tools for assessing the intensity of
change in quantitative indicators.

Grishko, Koleshchuk and Lesik (2011) substantiated
the indicators of quantitative assessment of the degree of
innovation and investment activity of enterprises and the
investment and innovation potential of enterprises.

Kharazishvili (2015) proposed to assess the country's
investment and innovation security using indicators based
on macroeconomic indicators.

Mikhalov (2011) proposes to assess the quality of the
structure  of  investment by their innovation
(progressiveness). The author combines investment and
innovation in one indicator, which allows him to be
considered an integral indicator of activity both at the
beginning and at the stage of completion of the innovation
process.

Bogutskaya (2017) supplemented Michalov's
approach (2011) to determining the level of investment
and innovation activity of industrial enterprises on the
basis of the application of multi-level gradation - passive,
medium-active, active.

In addition, the growth of the investment and
innovation activity of business entities is the basis for the
improvement of business activity in the country and in the
world as a whole. The analysis, conducted by
Ponomarenko, Gontarevo (2017), indicates a reduction in
the number of innovative enterprises by reducing the
sources of funding from both the state and large
businesses.

At the same time, despite a large number of scientific
papers in the field of analysis of investment and
innovation activity of business entities, some issues
remain controversial, only some aspects of the given
problem which require further research are considered.

Methods

The purpose of the article is to determine the main
tendencies of investment and innovation activity of
economic entities at the international, macro and
microeconomic levels in the conditions of European
integration with application of methods of economical and
mathematical modeling.

To achieve the goal, the following methods were
used: abstract-logical method, method of analysis and
synthesis, logical-content analysis - formation and
substantiation of the system of indicators of evaluation of
investment and innovation activity of subjects of
management; generalization and abstraction - the study of
categorical apparatus of investment and innovation
activity of business entities, multidimensional factor
analysis - for the classification and systematization of the
space of signs of research and factorization of their
economic content.

Results

In the conditions of high competition both in
international and domestic markets, a significant number
of factors affect the investment and innovation activity of
business entities. It is therefore advisable to determine the
main trends at three levels: international, national,
business entities.
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The most informative indicator characterizing the
investment and innovation activity of business entities at
the international level is the global innovation index,
which consists of two groups of indicators: available
resources and conditions for innovation (Innovation Input)

and achieved innovative results of innovation (Innovation
Output). Information on dynamics of values of the global
index of innovations and their components for 2013-2018
is presented in the table 1.

Table 1. Dynamics of values of the global index of innovations and their components for 2013-2018. Source: The Global Innovation

Index
2013 2014 2015 2016 2017 2018
No. Indicator
Rank | Score | Rank| Score | Rank| Score | Rank | Score | Rank | Score | Rank | Score
1. |Global Innovation 71 35,78 63 36,26 64 36,50 56 35,72 50 37,62 43 38,50
Index
2. |Innovation Input 83 37,91 88 38,15 84 39,06 76 38,91 77 41,05 75 40,45
3. |Innovation Output 58 33,65 46 34,37 47 33,85 40 32,53 40 34,19 35 36,59
4. |1. Institutions 105 | 51,39 103 | 52,90 98 52,25 | 101 | 48,71 | 101 479 107 | 49,09
5. |2. Human capital and | 44 37,93 45 36,56 36 40,39 40 40,80 41 39,58 43 37,93
research
6. (3. Infrastructure 91 25,98 107 | 27,09 | 112 | 26,32 99 32,33 90 39,30 89 38,08
7. |4. Market 82 44,04 90 45,14 89 43,94 75 42,11 81 43,18 89 42,68
sophistication
8. |5. Business 79 30,23 87 29,07 78 32,39 73 30,59 51 35,28 46 34,38
sophistication
9. |6. Knowledge and 45 31,98 32 38,17 34 36,39 33 34,05 32 32,76 27 36,69
technology outputs
10. |7. Creative outputs 81 35,33 77 30,56 75 31,31 58 31,01 49 35,62 45 36,49

Available resources and conditions for innovation
include: institutional support; human capital and research;
infrastructure; development of the domestic market;
business development.

In particular, a group of indicators characterizing
available resources and terms of innovation, indirectly
takes into account investment activity, through a thorough
analysis of the development of the domestic market,
which focuses on the analysis of credit (ease of "obtaining
a loan", private loans to the private sector, microfinance
institutions with a large loan portfolio) and investments

(ease of protection of investors, market capitalization,
total value of shares).

In the framework of the achieved practical results of
innovation, the analysis of the development of technology
and knowledge economy and the results of creative
activity are used.

The dynamics of the position in the ranking of the
Global Index of Innovation for 2013-2018 is presented in
fig. 1. Optimization criterion — the minimization.
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Fig. 1. Dynamics of values of indexes of investment and innovation activity of business entities at the international level for

2013-2018. Source: The Global Innovation Index

The analysis of the data presented in fig. 1 shows
that during the period of 2013—-2018 the dynamics of the
global index of innovations and the achieved practical
results of innovations characterizing the investment-
innovation activity of economic entities at the
international level have a significant improvement, except
for 2016. The available resources and conditions for

innovation in 2018 were slightly worsened. On the whole,
the current dynamics indicate a significant improvement
of Ukraine's position in the ranking of the Global Index of
Innovation.

Thus, the given index allows estimating investment-
innovative activity of business entities in Ukraine in
comparison with other countries. According to the
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information provided the Ukraine's position on the global
innovation index is characterized by the positive
dynamics. Ukraine moved from the 71st place in 2013 to
the 43rd place in 2018.

However, such components as the results in the field
of knowledge and technologies, creative results and
business development have improved most significantly

(fig. 2). The components that characterize human capital
and research, and infrastructure are virtually unchanged.
On the contrary, due to the institutional support and
development of the domestic market, the situation has
deteriorated significantly and requires the adoption of
urgent relevant management decisions to address the
problems that have arisen (fig. 2).

120 === Institutions
‘Aw e
100 A e 2. Human capital and
research
80 —*F 3. Infrastructure
60 4. Market sophistication
40 “_\\____f —— 5. Business sophistication
6. Knowledge and
20
technology outputs
0 . . . . . . 7. Creative outputs
2013 2014 2015 2016 2017 2018
Fig. 2. The dynamics of the components of the global innovation index for 2013—2018. Source: The Global Innovation Index
The next step in the study of investment and the information describing the cost of research
innovation activity of business entities is to identify and development by type of work in Ukraine is
the main trends at the macroeconomic level. In table 2  presented.
Table 2. Sources of financing of innovation activity of industrial enterprises. Source: the State Statistics Service of Ukraine
: Total amount Including at the expense of funds Growth rate of total cost
Period . - ;
of expenses own state budget foreign investors other sources | (up to the previous period)
min. UAH
2010" 8045,5 4775,2 87 24114 7719 -
2011 14334 7585,6 149,2 56,9 6542,2 1,781617
2012" 11481 7335,9 2243 994,8 2925,6 0,800963
2013 9562,6 6973,4 247 1253,2 1311,3 0,832907
2014 7695,9 6540,3 344,1 138,7 672,8 0,804792
2015 13814 13427 55,1 58,6 273 1,794982
2016° 23230 22036 179 23,4 991,1 1,681627
20172 91175 7704,1 227,3 107,8 1078,3 0,392488

! data are given without taking into account the temporarily occupied territory of the Autonomous Republic of Crimea, Sevastopol
and parts of temporarily occupied territories in the Donetsk and Luhansk regions;

? data are based on the results of the state statistical observation in the form of the number of ITN "Survey of innovation activity of
enterprises for the period 20142016 years" (according to the international methodology).

According to the information presented in table 2 the
growth rates of total expenditures (up to the previous
period) are characterized by a positive trend only in 2011,
2015, 2016, which indicates the presence of negative
trends and insufficient amount of funding for innovation
activities of industrial enterprises. In 2017, compared with
2016, there was a significant decline in the financing of
innovation activities of industrial enterprises at their own
expense (decreased by 2.86 times). This testifies to the
existence of a negative trend regarding the fact that
enterprises practically reduce investment and innovation
activity.

Therefore, it is expedient to conduct an analysis of
capital investment by sources of financing (table 3).

The information presented in table 3 shows the
gradual growth of volumes of capital investment in all
sources of financing in 2011, excluding households for
housing construction. In 2012, the positive tendency
remains for financing at the expense of local budgets, own
funds of enterprises and organizations, loans from banks
and other loans, other sources of financing, restored
relative to the population's funds for housing construction.
During 2013-2014, there is a negative tendency towards
funding from sources such as funds from state and local
budgets, own funds of enterprises and organizations, bank
loans and other loans, public funds for housing
construction, and other sources of financing. In the period
from 2015 to 2017, the positive trend is restored to such




CyuacHuti cmam HayKo8ux 00CaiONceHb ma mexnoaoit 6 npomuciosocmi. 2019. Ne 1 (7)

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

sources as funds of state and local budgets, own funds of

enterprises and organizations.

Table 3. Capital investment by the sources of financing. Source: the State Statistics Service of Ukraine

Sources of financing 2010 2011 2012 2013 2014 2015 2016 2017
Total 180576 241286 273256 249873 219420 273116 359216 | 448462
incl. at the expense of

the state budget funds 10223 17377 16288 6174,9 2738,7 6919,5 9264,1 15295
the local budgets funds 5730,8 7746,9 8555,7 6796,8 5918,2 14260 26817 41566
own funds of enterprises and

organizations 111371 147570 171177 165787 154630 184351 248769 310062
bank credits and other loans 22888 36652 39725 34735 21739 20740 27106 29589
funds of foreign investors 3723,9 5038,9 4904,3 4271,3 5639,8 8185,4 9831,4 6206,4
funds of the population for housing

construction 18886 17589 22576 24072 22064 31985 29933 32803
other sources of funding 7752,5 9312,8 10031 8036,7 6690,2 6674,7 7495,5 12941

In 2015-2017, financing increases at the expense of
foreign investors, but in 2017 they are reduced by 42 %.
Also, more than 5 times the funding from other sources
decreased in 2017 in comparison with 2016. But in
general, Capital investment by sources of financing during
2015-2017 grew more than 1.64 times. Therefore, on the
basis of table 2, 3 it should be concluded that the overall
funding volume is increasing during 2014-2017, but the

innovation activity decreased significantly by 2.86 times
in 2017 compared to 2016.

Of particular importance for the growth of
investment and innovation activity of economic
entities is the implementation of costs for the
implementation of scientific research and
development by types of works, which is presented in
table 4.

Table 4. Expenditures for carrying out scientific researches and developments by the types of works, mIin.UAH. Source: the State

Statistics Service of Ukraine

. Including execution of
Period Tota:),rlir;eaéctual fundamental research applied scientific scientific-technical
research (experimental) developments
2010 8107,1 2175 1589,4 4342,7
2011 8513,4 2200,8 1813,9 4498,7
2012" 9419,9 2615,3 2023,2 47814
2013 10248,5 2698,2 2061,4 5488,9
2014 94875 2452 1882,7 5152,8
2015 11003,6 2460,2 1960,6 6582,8
20167 11530,7 22257 2561,2 67438
2017° 13379,3 29245 3163,2 7291,6

" Data for 2010-2015 have been recalculated without the cost of performing scientific and technical services.

* The data are given without taking into account the temporarily occupied territory of the Autonomous Republic of Crimea,
Sevastopol and parts of the temporarily occupied territories in the Donetsk and Luhansk oblasts.

Analysis of the data presented in table 4 shows in
general the gradual increase in the cost of research and
development by type of work except for 2014, but the
values of indicators taking into account the existing
inflation rates (table 5) will be significantly reduced from
2013 to 2015, which indicates the presence negative
tendencies regarding investment-innovation activity of
business entities (fig. 3). During 2016—2017, expenditures
on research and development work by type of work are
gradually increasing, but this is not enough to strengthen

the competitiveness of the country, as its position at the
global level of competitiveness is unsatisfactory: 2015—
2016 — 79th place, 2016-2017 — 85th place, 2017-2018 —
83th place (Source: The Global Competitiveness Report).

In addition, the total amount of expenditures for
innovative activities and the share of enterprises engaged
in innovations are important for determining the trends of
investment and innovation activity of economic entities
(table 6).

Table 5. Inflation Indices for 2010 — 2017. Source: the State Statistics Service of Ukraine

2010 2011 2012 2013

2014 2015 2016 2017

109,1 104,6 99,8 100,5

1249 1433 112,4 113,7
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Fig. 3. Dynamics of expenses for research and development according to types of works, min. UAH. Source: the State Statistics

Service of Ukraine

Table 6. Total expenditure on innovation activities. Source: the State Statistics Service of Ukraine

including
Share .Of including purchase of

enterprises | Total amount researches and purchase of other machinery other
Year engaged in | of expenses developmentst |internal SRW external external eauioment and | e

innovations P SRW knowledge quip Xpenses

software
% min. UAH

2010 13,8 8045,5 996,4 818,5 1779 1416 5051,7 1855,8
2011 16,2 14334 1079,9 833,3 246,6 324,7 10489 2440,2
2012 174 11481 1196,3 965,2 231,1 47 8051,8 2185,5
2013 16,8 9562,6 1638,5 1312,1 326,4 87 5546,3 2290,9
2014 16,1 7695,9 17546 12215 533,1 47,2 5115,3 778,8
2015 17,36 13814 2039,5 1834,1 205,4 84,9 11141 548
2016 18,9 23230 24578 2063,8 394 64,2 19829 8784
2017 16,2 9117,5 2169,8 1941,3 228,5 21,8 5898,8 1027,1

The analysis of table 6 demonstrates, in general, the  trends of investment and innovation activity

improvement of the share of enterprises engaged in of economic

entities, increase the reliability

innovations during 2010-2016, but in 2017 there is a of their assessment and significance, the valuation

return to the value of 2011 and the total amount of of all indicators

of this level was made, the

expenses has decreased by more than 1.5 times, as correlation dependence between each indicator

evidenced about deterioration of investment and analyzed during

innovation activity of business entities. SRW. The

the period under study and

calculation is made using

In order to determine the list of indicators STATISTICA 12.5. The results are presented in the

to be analyzed in order to determine the main table7.

Table 7. Results of correlation analysis

List of indicators

Value of the correlation coefficient

the share of enterprises engaged in innovations 0,451125
financing of innovative activity of industrial enterprises in general 0,318068
at own expense 0,503268
at the expense of the state budget 0,230716
at the expense of foreign investors -0,601337
at the expense of other sources -0,343151
total amount of expenses in the areas of innovation activity 0,318068
expenses for research and development by the types of work 0,968392
expenses for fundamental research 0,506827
lexpenses for applied scientific researches 0,944895
expenses for the implementation of scientific and technical (experimental) developments 0,948337
expenses for research and development 0,856000
lexpenses on internal SRW 0,897847
expenses on external SRW 0,053538
expenses on purchase of other external knowledge -0,501715
expenses on purchase of machinery equipment and software 0,338342
other expenses -0,634152
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Thus, according to the results of the analysis
(table 7), the highest level of correlation dependence are:
the cost of performing research and development by types
of works, applied research, scientific and technological
(experimental) development, research and development
costs, costs for internal SRW.

Therefore, indicators characterized by the highest
level of correlation dependence were included in the
integral indicator of investment and innovation activity of

economic entities at the macroeconomic level, which is
calculated by the method of additive convolution, taking
into account the coefficients of significance of each
indicator. The significance is determined on the basis of
the normalization of the coefficients of correlation for
each of the indicators included for the calculation. The
results of calculating the integral index of investment-
innovation  activity of economic  entities by
macroeconomic level are presented in table 8.

Table 8. Results of calculation of the integral index of investment-innovation activity of economic entities by macroeconomic level

Period The value of the integral indicator
2010 0,89212
2011 0,710859
2012 0,627388
2013 0,591154
2014 0,560684
2015 0,550717
2016 0,545415
2017 0,544382

Thus, the analysis of indicators values presented in
table 8 testify the presence of a negative trend
characterized by a gradual decrease in the values of
integral indicators of investment and innovation activity of
economic entities

The next step in determining the main
trends of investment and innovation activity
of economic entities is its analysis at the microeconomic
level, which should be carried out on the
basis of the information provided in the
form of official statistical reporting for 2010-2017 and
coincides with the study periods at the two previous
levels.

So according to the proposals of Dourthmes (2017),
a specific weight in the system of indicators of evaluation
of investment and innovation activity of economic entities
is given: the real investments at the expense of the
enterprise's own funds in the total volume of investments;
investment in fixed capital in equity; the real investments
at the expense of depreciation deductions of the enterprise
in the total volume of investments; capital investment in
tangible assets in the total volume of capital investments;
investment in computing equipment and software in the
total volume of investment in intangible assets; investment
in innovation in the total investment; investments for
informatization in the total amount of investments;
investment in intangible assets in the total value of non-
current assets; investment in intangible assets in the total
value of assets; the cost of research and development in
the total cost of innovation; investment in innovation in
equity; investment in innovation in the total capital; the
costs of machinery, equipment and software related to the
introduction of innovations in the total amount of
innovation costs; the number of inventors and innovators
in the average number of personnel; budget investments
on technological innovations in the total amount of
investments in  innovation; own investments in

technological innovations in the total amount of expenses
for innovation; investments of domestic investors in the
total amount of expenses for innovation; investments of
foreign  investors in the total amount of
expenses for innovations; shipped innovative products in
the total wvolume of sales; shipped products,
which are characterized by significant technological
changes or re-introduced within three years, in the total
volume of products shipped; transmitted new
technologies abroad in the total amount of technology
transferred; transferred new technologies in Ukraine in the
total amount of technology transferred; shipped
products, for which the manufacturing process was
improved, in the total wvolume of shipped
products; new products in total production; new
products put up for export in the total volume of new
products.

Machine-building enterprises of the Kharkiv region,
whose activities are characterized by a positive financial
result during 2010-2017, were selected as the basis of the
research.

The proposed number of indicators is significant;
therefore, the factor analysis using the main components
method was used to reduce it, which helps to optimize the
number of indicators. Varimax factor rotation method has
been used, which has contributed to the improvement of
the quality of the results, which due to the orthogonality of
the factors to maximize the number of variables with high
factor load.

The factor load of the indicators of investment and
innovation activity of economic entities is given in
table 9.

As a result of the evaluation, 4 main components
were selected, which are characterized by a
cumulative dispersion index of 76.05 %. The economic
interpretation of the selected factors is presented
in table 10.
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Table 9. The factor load of indicators of investment and innovation activity of business entities

. Components
Indicator 1 5 3 7
the share of real mv_estments at the expense of the company's own funds in 0,723680 0,230961 0,208209 0,054342
the total volume of investments
the share of investments in fixed capital in equity 0,723117 0,301356 -0,058491 0,133937

the share of real investments at the expense of depreciation deductions of
the enterprise in the total volume of investments

the share of advertising investments in the total amount of investment in
innovation

the share of capital investments in tangible assets in the total volume of
capital investments

the share of investment in computing equipment and software in the total
volume of investment in intangible assets

0,242892 0,786020 0,144854 0,008169

0,028863 -0,013851 0,954753 0,040011

-0,173841 0,095555 0,500657 | -0,277420

0,648221 -0,156666 0,293951 | -0,190044

the share of investment in innovation in the total investment -0,029039 -0,028947 0,921129 0,009336
Fhe share of investments in informatization in the total volume of -0,179545 0,476154 0,686367 0,060123
investments

the share of investments in intangible assets in the total value of non- 0753430 | -0.192471 | -0,140793 | 0,090072
current assets

the share of investments in intangible assets in the total value of assets 0,818433 -0,109005 -0,140990 0,075912
Fhe shar_e of research and development costs in the total amount of 0,648888 -0,087759 | -0,062308 | 0,218169
innovation costs
the share of investment in innovation in equity 0,695571 -0,243084 | -0,121965 | 0,088799
the share of investment in innovation in total capital -0,357030 0,282162 0,152462 | -0,343212
the share of expenses for machinery, equipment and software related to the

introduction of innovations in the total amount of expenses for innovation -0,116253 | 0807650 | -0,112272 | -0,091476
the share of the number of inventors and innovators in the average number
of personnel

the share of budget investment in technological innovation in the total
amount of investment in innovation

the share of own investments in technological innovations in the total
amount of expenses for innovation

the share of investments of domestic investors in the total amount of
expenses for innovation

the share of investments of foreign investors in the total amount of
expenses for innovation

-0,098564 0,861162 0,132703 0,058689

-0,058074 | -0,195780 | -0,229487 | 0,725835

0,200415 -0,255074 0,083085 | -0,373093

-0,359809 0,292232 -0,172913 | 0,001328

0,070325 -0,322927 | -0,148001 | 0,403620

the share of the shipped innovative products in the total volume of sales 0,663742 -0,039591 0,084277 | -0,237435
the share of shipped products, which is characterized by the significant
technological changes or re-introduced during three years, in the total 0,360233 0,041059 0,471375 0,612400

volume of shipped products

the share of new technologies transmitted abroad in the total amount of
technology transmitted

the share of new technologies transmitted in Ukraine in the total amount of
technology transferred

the share of shipped products, for which the manufacturing process was
improved, in the total volume of shipped products

-0,103898 0,020487 -0,094167 | 0,345063

0,132322 0,237839 0,389328 0,631468

0,232158 0,086610 -0,306788 | -0,409839

the share of new products in the total volume of production 0,172323 -0,025770 0,083824 0,582204
g:igﬂgtr: of new products put up for export, in the total volume of new -0,078738 0,030835 -0,022329 | -0,043021

Table 10. Composition and economic content of the selected factors of investment and innovation activity of business entities

Factor Name of the factor

Indicators of the share: real investment at the expense of the enterprise's own funds in the total volume of

Factor 1 !nvestments_; i_nvestr_nent in fixe_d capital in equity; _ o ) _
investment in intangible assets in the total value of non-current assets; investment in intangible assets in the total
value of assets.
Indicators of the share: real investments at the expense of depreciation deductions of the enterprise in the total
volume of investments; the costs of machinery, equipment and software related to the introduction of innovations

Factor 2 . . - . - . h
in the total amount of innovation costs; the number of inventors and innovators in the average number of
personnel; new products put up for export in the total volume of new products.

Factor 3 _Indicatqrs o_f the share:_ investments in advertising in the total amount of investments in innovation; investment in
innovation in the total investment.

Factor 4 _Indicattqrs of the share of budget investments in technological innovation in the total amount of investment in
innovation
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The next step in analyzing the investment and
innovation activity of business entities is to obtain an
integral assessment. An integral estimation is performed

on the basis of the calculation of the integral index, which
is determined on the basis of the method of additive
convolution (table 11).

Table 11. The value of the integral indicator of investment and innovation activity of economic entities

Enterprise 2010 2011 2012 2013 2014 2015 2016 2017
PJSC "Kharkiv Machine-Building Plant "Svitlo
Shakhtarya" 0,8357 0,8257 0,8609 0,8361 0,9111 0,8734 0,7296 0,8072
SE Plant " Electrovazhmash” 0,8369 0,8269 0,8622 0,8373 0,9124 0,7608 0,8118 0,8091
PJSC "Kharkiv Electrotechnical Plant
"Ukrelectromash" 0,5180 0,5181 0,5427 0,5284 0,5924 0,5488 0,5935 0,5648
PJSC "Plant "Pivdenkabel" 0,8267 0,8268 0,8517 0,8372 0,9019 0,7568 0,8019 0,9048
PJSC "Electromachina" 0,8220 0,8220 0,8468 0,8323 0,8968 0,7525 0,7973 0,8047
PJSC " Kharkiv Machine-Tool Plant " 0,4610 0,4311 0,4561 0,4416 0,4066 0,4607 0,4061 0,4483
PJSC " Kharkiv Plant of Stamps and Molds " 0,5653 0,5254 0,5502 0,5358 0,5004 0,5555 0,5005 0,5780
PJSC "Scientific and Production Enterprise
Theploautomat " 0,4240 0,8240 0,6489 0,6344 0,6989 0,6543 0,6993 0,6768
PJSC "Plant named after Frunze" 0,6242 0,7242 0,7491 0,7346 0,7992 0,7545 0,7795 0,7770
PJSC "Turboatom" 0,8180 0,8188 0,8427 0,8291 0,8924 0,7492 0,7934 0,8713
PJSC "Kharkiv Tractor Plant named after
Ordzhonikidze " 0,7048 0,7180 0,7291 0,7283 0,6788 0,7437 0,7807 0,7622
PJSC " Kharkiv Bearing Plant" 0,6048 0,6249 0,6292 0,6353 0,6793 0,6474 0,6807 0,6640
PJSC "FED" 0,6047 0,7186 0,7290 0,7289 0,6788 0,6440 0,7806 0,6623

The results of table 11 analysis show that the highest
values of the integral indicator of investment and
innovation activity of business entities mainly
have such enterprises as PJSC "Plant" Pivdenkabel",
PJSC  "Kharkiv Machine-Building Plant  "Svitlo
Shakhtarya". The smallest values of integral indicators
have the representatives of PJSC "Kharkiv Machine-Tool
Plant", PJSC "Kharkiv Plant of Stamps and
Molds”, PJSC "Kharkiv  Electrotechnical Plant
"Ukrelectromash”, PJSC "Scientific-Production Enterprise
Theploautomat".

International and national micro-level analysis of
investment and innovation activity of business entities are
additive. To increase the objectivity and reliability of the
analysis, it is advisable to combine the corresponding
integral indicators characterizing each level into a
generalized integral index of investment and innovation
activity of business entities, calculated by the method of
additive convolution, taking into account the coefficients
of significance of each level. Significance is determined
on the basis of the use of the expert survey method taking
into account the predominance:

- for foreign investments (international level — 0,5;
macro level — 0,3; microeconomic level — 0,2);

- for internal investments (international level — 0.25,
macro level — 0.3, microeconomic level — 0.45).

11 experts were polled to conduct an expert
assessment with a reliability of 90% and relative error
equal to 0.5. Experts were interviewed by experts dealing
with the economic issues of the institutional structures at
each level. In order to determine the level of consistency
of expert opinions, the coefficient of concordation 0.783 is
determined, which confirms the sufficient quality of the
expert survey.

The final stage of the analysis of investment and
innovation activity of business entities is to obtain an
integrated assessment at the international, macro and
microeconomic levels. Previously, the indicators of each
level were normalized and the integral indicator was
calculated on the basis of summing up the results of
multiplying the values of indicators by international,
macro and microeconomic levels on their significance.
The results of calculations for 2017 are presented in
table 12.

Table 12. The value of the integral indicator of investment and innovation activity of economic entities at the international, macro-

and microeconomic levels

Enterprise — 2017 —
for the foreign investments | for domestic investments
PJSC "Kharkiv Machine-Building Plant "Svitlo Shakhtarya" 0,532036 0,61706
SE Plant "Electrovazhmash" 0,53261 0,617915
PJSC "Kharkiv Electrotechnical Plant "Ukrelectromash" 0,45932 0,50798
PJSC "Plant "Pivdenkabel" 0,56132 0,66098
PJSC "Electromachina” 0,53129 0,615935
PJSC "Kharkiv Machine-Tool Plant " 0,42437 0,455555
PJSC "Kharkiv Plant of Stamps and Molds " 0,46328 0,51392
PJSC "Scientific and Production Enterprise Theploautomat " 0,49292 0,55838
PJSC "Plant named after Frunze" 0,52298 0,60347
PJSC "Turboatom" 0,55127 0,645905
PJSC "Kharkiv Tractor Plant named after Ordzhonikidze " 0,51854 0,59681
PJSC " Kharkiv Bearing Plant" 0,48908 0,55262
PJSC "FED" 0,48857 0,551855
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Based on the analysis of the table 12 it can be
concluded that the most high values of the integral
indicator of investment and innovation activity of
economic entities in the conditions of foreign investment
prevail at such enterprises as PJSC "Pivdenkabel Plant"
and PJSC "Turboatom", while the smallest have PJSC
"Kharkiv Machine-Building Plant” and PJSC "Kharkiv
Electrotechnical Plant "Ukrelectromash™. In the conditions
of the predominance of domestic investments the
maximum values have PJSC "Turboatom", PJSC "Plant
"Pivdenkabel" and PJSC Plant "Electrovazhmash”, and
the minimum are at PJSC "Kharkiv Electrotechnical Plant
"Ukrelectromash™ and PJSC "Kharkiv Plant of Stamps
and Molds". The analysis of the submitted calculations
testifies to the expediency of activating the domestic
investment activity, which will contribute to a more
significant increase in the investment and innovation
activity of economic entities.

Conclusion

into the world economic space. In order to ensure the
success of the implementation of integration
processes, the theoretical and methodical approach
to the definition of investment and innovation activity of
economic entities is proposed, which provides the
opportunity to determine the most influential factors on
the level of investment and innovation activity of
economic entities at the international, macro and
microeconomic levels under conditions of European
integration and ensures an integrated assessment taking
into account the predominance of foreign or domestic
investment, which contributes to the adoption of the soil
in them management solutions.
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OCHOBHI TEHJIEHIIIi IHBECTUIIMHO-THHOBAIIIMHOI AKTUBHOCTI
CYB’EKTIB 'OCHHOJIAPIOBAHHS B YMOBAX €BPOIHTEI'PAIII{

IIpeameToM JOCTIKCHHS B CTAaTTI € OCHOBHI TEHJCHINI iHBECTHIIIITHO-IHHOBAIIITHOT aKTHBHOCTI Cy0’€KTiB T'OCHOJAapIOBAaHHS.
Metoo poOOTH € BU3HAUCHHS OCHOBHUX TCHCHIIM iHBECTUIIITHO-IHHOBAIIITHOT aKTUBHOCTI CY0’ €KTIB TOCHOJApIOBAHHS Ha
MDKHapOJHOMY, Makpo- Ta MIKPOSGKOHOMIYHHX PpIBHAX B YMOBaX €BpOIHTErpamii 3 3aCTOCYBaHHSAM METOIIB EKOHOMIKO-
MaTeMaTUYHOTO MOJICNIIOBAaHHSA. 3aBJAaHHA: BH3HAUYCHHS IHTETPAJbHOTO MOKA3HUMKA 1HBECTHLIHHO-IHHOBALIHHOI aKTHBHOCTI
cy0’€KTIB TOCHOAAPIOBAHHS 32 MDKHAPOAHUM, MAKpO- Ta MIKPOSKOHOMIYHHUM DPiBHAMH. 7SI ZOCSATHEHHS MOCTaBJIEHOI METH OyIo
BUKOPHUCTAHO HACTYIHI MeTOAU: aOCTPAKTHO-JIOTTYHUI METOJ], METOJI aHaNi3y 1 CHHTE3Y, JIOT1IKO-3MiCTOBHHHI aHai3 — QOpMyBaHHS Ta
OOTpYHTYBaHHS CHCTEMH TIOKAa3HUKIB OIIHIOBaHHS I1HBECTHIIHHO-IHHOBANIHHOI aKTHBHOCTI CyO0’€KTIiB TOCIIO/JaprOBaHHS;
y3araJbHEHHS Ta a0CTparyBaHHsS — BHBUCHHS KaTeTOPIialbHOTO amnapary iHBECTHHIHHO-IHHOBAIIHHOI aKTUBHOCTI CyO0’€KTiB
TOCIIOJJAPIOBAaHHs, OaraToBUMIpHHN (aKTOpHMI aHami3 — JI9 TPOBelNeHHs Kiacugikamii Ta cucTeMaTu3amii MpoCcTOpy O3HAaK
JOCII/UKEHHS Ta TpPYyImyBaHHSA (GakTopiB 3a IX EKOHOMIYHMM 3MicToM. OTpHMaHO HACTyIHI PpPe3yJbTAaTH: JUIS IIiBHIICHHS
00’€KTUBHOCTI Ta JOCTOBIPHOCTI aHadi3y 00’€HAHO BiANOBiAHI IHTETpalbHI MOKA3HUKH, IO XapaKTePH3YIOTh KOXEH PiBEHb, B
y3araibHIOIOUUH iHTETpAIbHUN IMOKa3HUK iHBECTHLIHHO-IHHOBALIHHOI aKTUBHOCTI Cy0’€KTiB rOCIOJApIOBaHHSA, SKUH PO3paxoBaHO
METOJOM aJWUTHUBHOI 3TOPTKH 3 YpaxXyBaHHSAM KOCQIli€HTIB 3HAYYIIOCTI KOXKHOTO piBHSA. 3HAYYLIICTh BH3HAYEHO HA OCHOBI
BUKOPUCTAHHA METOAY EKCIIEPTHOTO ONMHUTYBAaHHS 3 ypaxyBaHHAM IEpeBaKaHHA: IJI 1HO3EMHHX I1HBECTHIIHM Ta AN BHYTPIIIHIX
iHBecTHII BUCHOBKH: 3ampONOHOBAHO TEOPETHKO-METOJMYHHMN MiAXiJ O BU3HAUCHHS IHBECTHIIWHO-IHHOBAIIWHOI aKTHBHOCTI
Cy0’eKTiB TOCIIOJApIOBaHHS, SIKMH Hajgae MOXKJIMBICTh BH3HAYEHHS HAMOUIBII BIUIMBOBUX (DakTOpiB Ha pIBEHb IHBECTHIIIHHO-
IHHOBaIIHOT aKTUBHOCTI CYO’€KTIB TOCIHOJApPIOBaHHS HA MDKHApOJHOMY, MakKpo- Ta MIKPOCKOHOMIUHHMX pPIBHAX B YMOBax
€BpoiHTerpanii Ta 3a0e3neyye MPOBEACHHS IHTErPAbHOI OIHKA 3 YpaxyBaHHSAM IEPEBaKaHHS 1HO3EMHHX a00 BIiTYM3HSIHUX
IHBECTUIIIM, 110 € CIPUsE MPUHAHATTIO IDYHTOBHUX yIIPABIIHCHKUX PILlICHb.

KuarouoBi cjoBa: iHBecTHLIHHO-iHHOBalilfHA aKTUBHICTh;, €BPOIHTETpAllis; TEHACHIIi; EKOHOMIUHI piBHI; CYy0 €KTH
rOCIHO/IapPIOBaHHSI.

OCHOBHBIE TEHAEHIIMY WHBECTUIIAOHHO-UHHOBAILIMOHHOM
AKTUBHOCTH CYBBEKTOB XO31CTBOBAHMSA B YCJIOBUAX
EBPOUHTEI'PAIIMHN

IIpeqMeToM wHcClIeOBaHUS B CTaThe SIBILIIOTCS OCHOBHBIC TEHACGHIMHM HWHBECTHLIHMOHHO-MHHOBAIMOHHOW aKTHBHOCTH CYOBEKTOB
xo3stiictBoBanus. Lleas paGoTHI sBISETCS OIpeNeNieHHEe OCHOBHBIX TEHACHIMH WHBECTUIIMOHHO-MHHOBAI[MOHHOH aKTHBHOCTH
CyOBEKTOB XO3SHCTBOBAHMS HA MEXKAYHApOIHOM, MaKpo- U MHKPOIKOHOMHUYECKHX YPOBHAX B YCIOBHSAX EBPOMHTETPAlUH C
MPUMEHEHHEM METOJIOB 3KOHOMHKO-MaTeMAaTHIECKOTO MOJIEIMPOBAHUA. 3aJa4yd: OIpefeleHHe HHTErPaIbHOTO ITOKa3aTes
WHBECTUIIMOHHO-WHHOBAIIMOHHON aKTHBHOCTH CyOBEKTOB XO3SIHCTBOBAHUS MO MEXIYHAPOIHBIM, MAKpO - U MUKPOIKOHOMHIECKHM
YpOBHSIMH. J{JI1 TOCTMKEHHS TTOCTaBICHHO 11eTH OBIIIM MCHONIB30BaHbI CIIEYIOIIHE METOABI: aOCTPaKTHO-JIOTHIECKHUI METOI, METO]
aHamM3a W CHHTE3a, JIOTMKO-COAEPXKATeJbHBbI aHamu3 — (OpMHpPOBaHHE M OOOCHOBaHME CHCTEMBI IIOKa3aTeleil OIEHKH
WHBECTUIIMOHHO-HHHOBAIIMOHHOM aKTUBHOCTH CYOBEKTOB XO3SHCTBOBaHHWs, 00o00mieHHMe U albcTparnpoBaHHe — H3yYeHHE
KaTeropHajJbHOIo aIapaTa WHBECTUIIMOHHO-WHHOBAIIMOHHOH aKTHMBHOCTH CYOBEKTOB XO3SHCTBOBAHMS, MHOTOMEPHBIH (haKTOPHBIN
aHamM3 — I8 KIacCH(UKAIMM M CHCTEMATH3allMM IPOCTPAHCTBA IMPU3HAKOB HCCIIEAOBaHWE M TPYIIUPOBKA (BAKTOPOB MO MX
SKOHOMHYECKOMY coJiepKaHuio. [1omydeHs! ciieyiomye pe3yabTaThl: ISl MOBIIICHHS OOBEKTHBHOCTH U JJOCTOBEPHOCTH aHAIH3a
00BeANHEHBI COOTBETCTBYIONINE MHTETPAIbHBIE TTOKA3aTeNH, XapaKTePU3yIOIIie KaXIbli yPOBEHs B 0000IMArONNii HHTErPaIbHBII
MOKa3aTellb HHBECTHI[HOHHO-MHHOBAIOHHON aKTUBHOCTH CYOBEKTOB XO3SIHICTBOBAHHS, KOTOPBIN PacCUNTaH METOJOM aJqUTHBHOMN
CBEPTKH C y4eTOM KOI((HUINEHTOB 3HAYNMOCTH Ka)KIOTO YPOBHS. 3HAYMMOCTH OIpE/SNeHBl Ha OCHOBE HCIOJIB30BAaHUS METOIa
9KCIIEPTHOTO OIpoca C y4eTOM IpeoliafaHus: JUll WHOCTPAHHBIX WHBECTUIMH M BHYTPEHHHX WMHBECTHUIHMIT BBIBOABI: mpemioxkeH
TEOPETHKO-METOANYECKHI MOAXOA K ONpPEAEIeHHI0 HWHBECTUIIMOHHO-MHHOBAIIMOHHON AaKTHBHOCTH CYOBEKTOB XO3sHCTBOBaHUS,
KOTOPBI MPEIOCTaBIsET BO3MOXHOCTH OIPEACNICHUs] Hauboyiee BIUATENBHBIX (AKTOPOB HAa YPOBEHb HMHBECTHIHOHHO-
WHHOBAIIMOHHOM aKTHBHOCTH CyOBEKTOB XO3SIMCTBOBAaHMSI HAa MEXIYHAPOJHOM, MAKPO- MUKPOIKOHOMHYECKHX YPOBHSX B YCIOBHUSIX
€BPOMHTETPAIMY M 00ECIeUnBaeT NPOBEACHIE HHTETPABHON OIEHKH C y9eTOM MpeoOIagaHus WHOCTPAHHBIX MM OTEUECTBEHHBIX
WHBECTHUIINH, YTO CIIOCOOCTBYET MPHUHATHIO OCHOBATENILHBIX YIPABICHIECKUX PEIICHHUI.

KnioueBble c10Ba: WHBECTHIIMOHHO-WHHOBAI[MOHHAS aKTUBHOCTH;, €BPOMHTETpPANNS; TEHICHINH; SKOHOMUYECKHE YPOBHH;
CyOBEKTHI XO3IHCTBOBAHNSI.
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