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R. HOLYAKA, T. MARUSENKOVA, D. FEDASYUK

SIGNAL MODEL FOR SPATIAL POSITION SENSORS IN MAGNETIC TRACKING
SYSTEMS

The subject of research is the process of forming signals in magnetic tracking systems including those used for spatial position
calculation within the concepts of Industry 4.0 and Industrial Internet of Things. Such systems are based on calculating the spatial
position of objects upon measurements of reference magnetic fields in low-frequency electromagnetic radiation spectrum. The goal is
to develop and verify a signal model for spatial position calculating in magnetic tracking systems. The signal model is developed upon
experimentally obtained dependencies of the informative signals on the distances and angles between sensor and actuator coils.
Obijectives: analysis of signals in magnetic tracking systems, development of tools for experimental study, mathematical
interpretation of the research results along with development of the signal model, verification and use of the developed model.
General scientific methods were used, including experiment, measurement, analysis, synthesis, probabilistic and statistical methods.
We have obtained the following results: The structure of a signal chain of the programmable magnetic tracking systems and its
implementation on the basis of PSoC of 5LP Family by Cypress Semiconductor has been disclosed. Experimental results obtained at
different distances and angles between the actuator and sensor coils have been presented. For spatial positions calculation signal
models that describe distribution of magnetic fields and signals of sensor coils are used. We have analyzed typical inaccuracies and
ways of their minimization. For verification of the introduced signal model we propose to use the mean square deviation of
normalized signals. Conclusions. A signal model for the mutual position of actuators and sensors in magnetic tracking systems has
been developed. The model describes functional dependencies whose main parameters are the distances and angles between coils.
Further development of the presented results implies the proposed signal model to be used when solving problems of developing and

specifying algorithms of spatial position calculation, system debugging and rapid analysis, optimization of calibration procedures.
Keywords: Industry 4.0 devices; magnetic tracking; signal model; programmable system-on-chip.

Formulation of the problem

This paper deals with the problem of creating spatial
position sensors (near spatial navigation) in the concepts:
Industry 4.0 (Industry 4.0), Industrial Internet of Things
(loT), Virtual (VR - Virtual Reality) and augmented (AR
- Augmented) Reality) Reality, the 5th generation of
mobile networks (5G — 5 Generation of Digital cellular
networks) [1]. In addition to optical ambient recognition
devices and inertial sensors, MT — Magnetic Tracking [2]
are considered effective sensors. The magnetic tracking
method is based on determining the spatial position of
objects by the measurement of the vector of induction of
the reference magnetic fields in the low-frequency
spectrum of electromagnetic radiation. Measurements are
made using inductive coils, which form a system of
interrelated pairs of actuators and sensors. The actuator
coils form the magnetic fields of the low-frequency
spectrum, and the sensory ones generate the electromotive
force caused by these fields. Therefore, another name for
this method is EMT (Electromagnetic Tracking) [3].
Magnetic tracking systems are used in industry, robotics,
animatronics, game consoles, spatial navigation of
instruments in minimally invasive surgery, etc.

Let’s consider the development trends and examples
of scientific work in this area.

Analysis of recent research and publications

The development of information and communication
technologies in industry, in particular in the concepts of
Industry 4.0 [4] and IloT [5], involves the solution of a
wide range of tasks to create a new generation of means of
interaction with the surrounding world. Virtual
technologies [6] and augmented [7] reality play a decisive
role in these concepts. Significant progress has been

made towards the creation of a new generation of
information and communication tools that integrate a
variety of measuring devices [8].

One of the most important tasks of such measuring
devices is spatial navigation, in particular based on optical
systems (Visual Navigation) [9] and Global Positioning
System (GPS) [10]. The further development of spatial
navigation devices involves the combination of GPS
technologies and local navigation sensors, in particular
based on Inertial Navigation System (INS) and their basic
components - Inertial Measurement Unit (IMU) [11].

Magnetic tracking is a promising direction for the
development of spatial navigation tools [12]. A significant
advantage of magnetic tracking systems over optical
tracking systems is the ability to operate outside the direct
vision area. With respect to inertial tracking systems, the
advantages of magnetic tracking systems are the ability to
accurately measure the coordinates of the sensors relative
to the formed matrix of actuators of the coordinate system
and the absence of errors due to the time drift of the
accelerometers [13] and gyroscopes [14]. Modern
solutions of magnetic tracking systems are: universal
framework (framework) ARIoT in the concepts of
augmented reality and Internet of things [15]; the concept
of Data Fusion in medical imaging devices [16];
navigation devices for surgical instruments in medical
apparatus [17]; biomedical engineering technologies, in
particular for the monitoring of face kinematics [18];
means of mechatronics of flexible robots [19], etc.

Formulating the purpose of the article

The information signals of the relative position in the
"actuator-sensor" pairs of magnetic tracking systems are
described by functional dependencies, the main arguments
of which are the distance between the coils and their

© R. Holyaka, T. Marusenkova, D. Fedasyuk, 2020
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inclination relative to each other. To calculate the spatial
position, mathematical models of the distribution of the
generated magnetic fields are used. These models are
synthesized on the basis of theoretical assumptions and
results of experimental studies. A variety of mathematical
models are signal models that describe the dependence of
the formed measuring system of signals on the values of
measuring values [20].

The purpose of this work is to develop and verify a
signal model for calculating the spatial position of objects
in magnetic tracking systems. The signal model is
developed on the basis of experimentally obtained
families of dependencies of informative signals on the
distance and angles between the sensor and actuator coils.
The results are part of a comprehensive work on the
creation of integrated magnetic tracking software -
Magnetic Tracking System Integrated Development

Environment (MTS IDE), conducted by our team in a
number of scientific and applied projects.

Materials and methods

The principle of operation of sensor-based magnetic
tracking systems is based on the determination of the
spatial position of objects by the measurement of the
vector of induction of the reference magnetic fields in the
low-frequency spectrum of electromagnetic radiation.
Preferably, sensors and actuators in such measurement
systems are small-sized coils and their two-dimensional
2D (2-Dimension) or 3D (3-Dimension) assemblies
(fig. 1). Examples of 3D collections of commercially
available magnetic tracking coils are Premo's 3DV series
[21, 22].

Fig. 1. Planar (1D) and 3D (3D) coils of magnetic tracking systems

The spatial distribution of the Actuator coil magnetic
field and the placement of the Sensor coil in the 2-
Dimension plane are shown in fig. 2, and the relative
placement of these coils — in fig. 3. The supporting and
moving coordinate system is considered. The reference
coordinate system is defined by the spatial position of the
actuator, and the movable sensor sensor coils. To simplify
the analysis below, we restrict ourselves to the
consideration of two-dimensional 2D (plane) coordinate
systems. The plane of the actuator coil is arranged parallel
to the X, axis, and its normal N, coincides with the Y,

axis. The slope of the plane of the sensor coil relative to
the moving XY, coordinate system is determined by the

angle a. At =0, the plane of the P, of the sensor coil
coincides with the X, axis, and its normal plane — with
the Y, axis.

In order to construct sensory devices of magnetic
tracking, it is necessary to establish analytical regularities
of the spatial distribution of values of the normal B, and

tangential B, projections of the magnetic field induction
vector. These projections are determined by the field

induction module B,, =/B2 +B? at the distance L.,

between the sensor and actuator coils and the angle &
between the vector connecting the centers of these coils
and the plane of the actuator coil. The maximum values of
normal B, projection and zero values of tangential B,

projection occur along the Y, axis. Instead, there are zero
values of B, and maximum values of B, along the X,

axis.
The induction of the actuator field is characterized
by a magnetic moment M, = N,I,A,. Its value is given

by the product of the number of turns, the current I, and
the area A, of the actuator coil [23]. With this parameter,
the normal B, and tangential B, projections of the
magnetic field induction are determined by the inverse
cubic function of the distance L, between the sensor and
actuator coils and the angle 6[24]:

B, :—KSI‘}MA cos(0), B, :—KS’I*_';/IA sin(0),

SA 2 SA

o))

where K, is a coefficient of proportionality.
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Fig. 3. Mutual arrangement of coils in the plane

The spatial position information signal in magnetic
tracking systems is obtained by selectively measuring the
useful component voltage generated at the leads of the
sensor coil and determined by the above-mentioned spatial
distribution of the reference magnetic field. Selective
measurement involves amplification of the sensor coil
voltage, its synchronous detection, filtering and
subsequent conversion by digital signal processing.
Magnetic tracking systems are multichannel hardware
containing 1D, 2D and 3D sensor and actuator coils,
analog front-end units, switches, analog-to-digital
converters, microprocessors, etc. optimized for a specific
task. The number and relative positioning of the coils in
these kits should enable the calculation of the spatial
position with the specified accuracy and measurement
range.

The problems of this work are due to the need to
create software for calculating the coordinates of the
spatial position of objects, taking into account the
characteristic (specific) errors in the measurement of
signals that occur in sensor systems of magnetic tracking.

Such errors are caused by the deviation of the values of
the real signals from their nominal values determined by
the signal model. In magnetic tracking systems, such
errors can be classified into four types (fig. 4): ER1 —
amplitude or/and phase mismatch; ER2 — electromagnetic
interference; ER3 — base-level off-set; ER4 — signal
restriction.

The reason for ER1 errors is the deviation of the coil
parameters from their nominal values, in particular the
number of turns, area, shape, etc. In 2D and 3D
assemblies, these errors are caused by the deflection of the
coil rotation angles. Nominal coils in assemblies should be
placed at right angles. The problem of minimizing errors
is solved by improving the accuracy of fabrication and
refining the parameters in the calibration process.

ER2 errors are caused by electromagnetic
interference from third-party (parasitic) radiation sources,
mainly power lines and transformers, secondary power
converters, radio devices, and the like. The level of this
type of error is determined by the signal-to-noise ratio.
Given that the amplitude of the information signal in




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

Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

magnetic tracking systems is determined by the inverse
cubic function of the distance L, between the sensor and
actuator coils, the signal-to-noise ratio sharply decreases
with increasing Lg, distance. It is this circumstance that

limits the range of magnetic tracking. In part, the problem
of increasing the range is solved by increasing the
magnetic moment of the coils and methods of noise-
immunity synchronous detection.

Sn SN
1.0 - 1.0
0.8 — Nom 08 -
0.6 * Real 0.6
0.4 e 04
0.2 e 02
0.0 *; 00
0.2 2704360 2
0.4 -0.4
-0.6 -0.6
0.8 ER1 0.8
-1.0 -1.0
1.2 -1.2
SN pre SN
1.0 1.0
0.8 | 0.8
0.6 - 0.6
0.4 0.4
0.2 , 02
0.0 U 0.0
-0.2 360 0.2
-0.4 -0.4
-0.6 + -0.6
0.8 ER3 -0.8 ER4
-1.0 -1.0
1.2 o.deg -1.2 a.deg

Fig. 4. Characteristic errors of signal measurement in magnetic tracking systems

ER3 errors are caused by a parasitic relationship
between the input and output signal circuits of the sensor
system. Given that in magnetic tracking systems, the ratio
between the actuator coil output and the sensor
coil input is up to six orders of magnitude higher, the
problem of minimizing the parasitic relationship is of
great relevance. Partial solution to this problem is based
on the quality shielding of the signal circuits and the
electromagnetic isolation of the earth circuits of these
circles.

ER4 errors are caused by the signal amplitude
limitation at short distances between the sensor and
actuator coils. The level of such limitation is determined
by the permissible voltage range in the signal circuits and
is typically no more than a few volts. Especially the
problem of signal limitation is relevant in the latest sensor
equipment that satisfies the power requirements of low-
voltage (3V or less) unipolar power supplies. In particular,
these are devices in the concept of the Internet of Things.
Partial solution to this problem is based on the dynamic
switching of the input gain and the use of analog signal
compression by logarithmic amplifiers.

Thus, signal analysis in magnetic tracking sensor
systems, taking into account their characteristic errors, is

important for improving the accuracy of these systems.
Such an analysis, in turn, requires the creation of a signal
model and the use of this model to establish regularities
between the accuracy of measuring the spatial position
and the distance between the sensor and actuator coils.
The signal model presented in the paper is based on the
results of experimental studies, which will be discussed
further.

Means and results of experimental studies

Experimental studies were carried out using the MTS
IDE integrated magnetic tracking software. A simplified
block diagram of the signal path of a programmable
magnetic tracking system (EM Programmable System)
based on one pair of coils is shown in fig. 5, where:
Sensor Coil, Actuator Coil — sensor and actuator coils;
Amplifier — amplifier; Synchro Detector - synchronous
demodulator (detector); LF Filter — low frequencies filter;
Actuator Driver — actuator driver; Control Unit - control
module; ADC is an analog-to-digital converter. Signal
path implementation for coil sets involves the use of
signal multiplexers on analog switches.
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S

Fig. 5. Block diagram of the signal path of the sensor system of magnetic tracking

Taking into account the requirements for modern
microelectronics, the signal path of the magnetic tracking
sensor system is implemented on the concept of
programmable systems on a chip, in particular, on the
PSoC 5LP Family of Cypress Semiconductor Corporation
[25]. The PSoC structure includes digital and analog
system nodes, microprocessor nodes, power-dependent
and non-volatile memory matrices, system resources, as
well as programming and power management nodes. The
basis of digital nodes is a matrix of universal digital
blocks, specialized digital blocks, in particular for
implementing interfaces, timers, pulse-width modulators,
and the like. PSoC analog nodes are blocks on switching
capacitors and blocks with continuous signal conversion,
in particular: operational amplifiers, Comparators,
reference voltage sources based on the forbidden zone,

—
-} EM3-000 - PSoC Creator 4.2 ! RH_ jects\El T igniTe

analog multiplexers, and so on. Nodes are connected by a
programmatically configured network of signal lines. The
synthesis  scheme, its  configuration and the
implementation of the specified measurement algorithm is
implemented in the PSoC Creator IDE.

A fragment of the PSoC Creator work windows and
the main components of a programmable magnetic
tracking system are presented in fig. 6. The software
management of these components is performed using sets
of appropriate APl (Application Programming Interface)
functions. The implementation of the system is based on
CY8C58xxLP module CY8CKIT-059 [26] and a small
number of external passive components (mostly RC signal
filter circuits). A photo of the model layout of the system
is shown in fig. 7, and an example of an oscilloscope
study of the input and signal detector highlighted in fig. 8.
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Fig. 6. Fragment of PSoC Creator work windows

Fig. 7. Photo of a model sample of the magnetic tracking system
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Fig. 8. Waveforms of the input (top) and the detector (bottom) selected signals

The equipment used for experimental investigations
of the dependences of the information signals on the
distance L, between the sensor and actuator coils and the

angles 0, a, is presented in fig. 9, and examples of
families of such dependences for the three distances are
shown in fig. 10 (Ly, =50 cm), fig. 11 (L;, = 100 cm)

and fig. 12 (L,, = 15 cm). The output signals are

represented by the voltage V. at the output of the signal
path of the aforementioned programmable magnetic
tracking system. The gain was selected by V, (L, =50
cm) = 100 mV. The rotation of the sensor coil (fig. 3) is
relative to the X, axis, coinciding with the vector L,

(the radius of its rotation relative to the plane of the
actuator coil).

Fig. 9. Equipment for spatial orientation of the coils
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Fig. 10. The signal family V, =f(L,, , 6, o) at L, =50 cm
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Fig. 11. The signal family V, =f(L,,, 0, a)at Ly, =100cm
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Fig. 12. The signal family V, =f(L,, 0, o) at Ly, =15sm

Two types of errors are observed, namely,
electromagnetic interference (ER2) at L, = 100 cm and
signal limitations (ER4) at L, = 15 cm. The other two
types of errors, namely, amplitude or phase inconsistency
(ER1) and base level bias (ER3), were minimized as much
as possible during debugging of the signal path of the
magnetic tracking system, and therefore, for further
parametric analysis, are not determinative.

The following patterns are typical for all received
signal families:

- at 0 = 0° the maximum signal level is observed at
o = 0°, and minimum —at o = 90°;

- at 6 = 90° the maximum signal level is observed at
o = 90°, and minimum —at o = 0° ta 180°;

- the maximum value of the normal projection B,, of
magnetic field induction (at © = 90) is twice the maximum
value of the tangential projection B, (at 6 = 90°).

At L, =50 cm, the signal families have virtually no
deviation from the nominal sine functions. At Ly, = 100

a, deg

cm, the signal level drops 8 times (maximum voltage

V; =~ 13 mV), which coincides with the nominal

dependence of the magnetic field on the distance (inverse
cubic function of the distance L, between the sensor and

actuator coils). At Ly, =100 cm, the signal-to-noise ratio
significantly deteriorates. On the other hand, at L, =

15 cm, noise is practically not observed, however, the
signal is limited to ~+2000 mV. These limits are
determined by the maximum allowable voltage level in
the signal circuit.

Signal model.
According to the experimental data obtained, the
maximum value of the normal B,,, projection of the

magnetic field induction is twice the maximum value of
the tangential B, projection. So let's write down their

values in the normalized form:

B, =B, [9:%):1.0; By =B, (6=0)=05. (2)
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Having determined the trigonometric functions of the > > B, (9)
spatial distribution of these projections By (0)=4/B (0)+B; (0), w=arctg B, (6) 4)
N

B, (0)=B, (8)sin(8), B, (0)=8, (8)cos(d). (3)

let’swrite down the expressions of dependencies of
the module BM the induction vector and the contribution
angle y of its slope

An illustration of the dependencies B, (¢)), B; (9))
and B,, (@) is presented in fig. 13.

1.2
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02 x\
xk
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Fig. 13. Dependencies B, (¢)), B; (#))and By, (6)

Next let’s consider the angles of inclination of the  induction vector (the sensor coil normal coincides with the
sensor coil «,(@) at which its plane coincides with the field vector)

field induction vector. At these angles there is zero level

VA
of informative signal. Further Vo =V @ a(0) =ty (9)=6’—l//+5. (6)
V:=0 @ a(0)=a;(0)=0-y. ) An illustration of the dependencies . (¢) Ta
The @ symbol in the formula means "when". (@) is presented in fig. 14.

Instead, the maximum signal level occurs when the plane
of the sensor coil is rotated by n/2 relative to the field

360

Ol deg.

270

180

90

: + - + + - + 1
0 10 2_0/30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

Fig. 14. Dependencies @y, (0) Ta o, (6)

0, deg

From the point of view of calibration of the magnetic  advisable to consider two characteristic variants of its
tracking system and the use of signal model data for rotation. In the first variant, the rotation is performed
calculating the spatial position of the sensor coil, it is relative to the axis OX, in the coordinate system of the
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actuator coil. Then the family of normalized signals of the
sensor coil is defined by the expression

Vou (0,a) =By, (0)cos(ar —ayuy (0)) - (7

But in the second variant, the sensor coil is rotated
relative to the X, axis, which coincides with the L,

vector (the radius of rotation relative to the plane of the
actuator coil). This option coincides with the turns
according to fig. 3 and shown in fig. 10 — fig. 12

1.2
1.0 1
0.8 -~
0.6 -
0.4
0.2

Vsn1

0.0
-0.2
-0.4
-0.6

according to experimental data. Then the family of
normalized signals of the sensor coil is defined by the
expression

Voy, (6,a) =By, (0)cos(a+0—a,,y (0)).  (8)

Families of normalized signals are constructed using
these expressions Vg, (6,a) (fig. 15) and Vg, (6, a)

(fig. 16).
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Fig. 15. The family of normalized signals Vg, (6, )
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Fig. 16. The family of normalized signals Vg, (6, )

The results of the verification of the signal model and
their discussion

To verify the above signal model, we will compare
the families of its normalized signals with the normalized
signals of experimental measurements. An example of

such a comparison, which used data from the family of
signals Vg =f(L,,,0,0) at L, = 50cm (fig. 10), is
shown in fig. 17. You can see, at least at the level of

qualitative analysis within a few percent, good agreement
of these data.
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Fig. 17. Comparison of model (mod) and experimental (exp) data

To quantify the accuracy of the proposed signal
model, numerous experimental studies of the signal
families V, =f(Ly,,0, o) have been performed with

different sets of sensor and actuator coils. In particular,
these studies used actuator coils with a diameter of D, =

50 mm at the number of turns N, = 100 and sensor coils
with a diameter of D, = 30 mm, 35 mm, 40 mm, 45 mm
and 50 mm at the number of turns N, = 300. The signal

path gain was selected for each set according to the
criterion Vy (Lg, =50 cm) =~ 100 mV.

First, a comparison was made of the nominal (Nom)
and experimental (variants — R1, R2, R3, R4, R5)
dependencies of the maximum voltage V,,, on the

distance L, (fig. 18). The data of nominal (model)

dependencies were determined by the inverse cubic
function of the distance L,, between the sensor and

actuator coils.
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"R
1.0E+00
>
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=
=
1.0E-01
1.0E-02 LN
0O 10 20 30 40 50 60 70 80 90 100
Lsa, €M

Fig. 18. Nominal (Nom) and experimental (R1... RS) V,,,, Vvoltage dependencies on L, distance

It can be seen that in the range of distances from Lg,
= 30 cm L, = 60 cm, the discrepancy between the

experimental data and the nominal data is practically not
observed. When the L, distance increases > 60 cm, the

experimental data variation also increases, which is

caused by errors of the ER2 type (electromagnetic
interference).

On the other hand, when the L, distance decreases
by < 20 cm, there is an error of the ER4 type (signal
limitation). In the range of 20 cm < L, < 30 cm, there is

a certain deviation from the nominal experimental data,
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which is caused by the "proximity" effect. There are two
reasons for this effect. The first of them is the
proportionality of the coil diameters with the distance
between them, which leads to more complex functional
dependencies based on the integration of the field over the
area of the coils. The second reason is the emergence of
an inductive relationship between the sensory and actuator
coils.

For a more accurate analysis of the signal model, it is
proposed to use the integrated standard deviation indicator
Saus » Calculated for families of normalized signals. For

this purpose, a two-dimensional array [N M] is formed,
where N and M are, respectively, the number of signal
values when rotating at angles o and 6. Then, in this

array, the values of experimental studies S, (¢,«) and

model calculations S, (6,a)

integrated indicator of this comparison is the standard
deviation

are compared. The

1 M N 2
Seus = Wijlzi:1<SREij(g’a)_SMOij (9’0‘)) +(9)

calculated for each distance L, value.

An example of the thus obtained dependence of the
root mean square deviation of the S_, of the

experimental data families from their model values is
shown in fig. 19.

It can be seen that the obtained dependencies of the
integrated S, deviation qualitatively reproduce the

preliminary analysis data at the maximum voltage V,,,, -
In particular, in the range of distances from Ly, =30 cm
to L, = 65 cm, the minimum values of the integrated
indicator are observed — S, <0.01. The patterns of
increase in S, beyond this range and the reasons for
this increase are similar to the above.

0.8
A
0.7
0.6 e R1
L
AR2
05
A oR3
@ +
E 0.4 0 OoR4
0 L +R5
0.3
&
0.2 °
0.1
® $ ¢
o O
0.0 oo snunnnusst b i

0 10 20 30 40

50 60 70 80 90 100
Lsa, €M

Fig. 19. Dependencies of the S,,; of the experimental data families on their model values

The level of S, , as a whole, is determined not only

by the accuracy of the model presented, but also by the
parameters of the coils and signal converter of the
magnetic tracking system. Such parameters are the size
and magnetic moment of the coils, noise immunity and the
dynamic range of the signal path, the bit of the analog-to-
digital converter, the accuracy of calibration and so on. In
particular, noise immunity is enhanced by the
optimization of bandpass filters, and dynamic range
expansion by logarithmic gain schemes. These issues are
beyond the scope of this publication.

Conclusions and prospects for further development

The principle of functioning of magnetic tracking
systems and problems that arise in the process of
development of these systems are considered. The spatial

position of the objects is calculated by measuring the
vector of induction of the reference magnetic fields in the
low-frequency spectrum of electromagnetic radiation.
Preferably, sensors and actuators in sensor-based magnetic
tracking systems are small-sized coils and their 2D or 3D
assemblies. The structure of the signal path of the
programmable magnetic tracking system and its
implementation based on the PSoC of the 5LP Family
Cypress Semiconductor Corporation are disclosed. The
results of experimental studies of the signal family when
changing the distance between the L, coils and the

angles of their relative positions 6, o are presented.
Typical errors are analyzed and methods of their
minimization are analyzed.

Taking into account the principle of operation and
data of experimental studies, a signal model has been
developed that describes the functional dependencies of
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informative signals, namely the voltage V, =f(L,,, 0, o). model in the problems arising in the development of

In the process of verification of the developed model, an ~ Magnetic tracking systems. In particular, this is the
array of the integrated standard deviation standard development and specification of algorithms for
deviation of the SRMS families of normalized signals is ~ calculating the spatial position, debugging and express
calculated. evaluation of the accuracy of the system functioning,

Further development of the results presented in this ~ OPtimization of calibration procedures.
paper involves the application of the proposed signal
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CUTI'HAJIBHA MOJIEJIb CEHCOPIB ITPOCTOPOBOI'O ITOJIO’)KEHHA B
CUCTEMAX MATHITHOI'O TPEKIHI'Y

IIpenMeToM noCTiKEHHS B CTATTi € TporiecH (OPMYBaHHS CHUTHANIB B CHCTEMaX MAarHITHOTO TPEKiHTY, 30KpeMa JiIsi 3amad
BU3HAYEHHS POCTOPOBOTO MOJIOXKEHHS B KOHIENisX - [Haycrpis 4.0 ta Inaycrpianshuii Intepaer Peueit. Taki cucremu 6a3yroTbest
Ha BU3HAYEHHI IPOCTOPOBOTO IMOJOKEHHS 00’€KTIB 3a pe3ysbTaTaMi BUMIPIOBAaHHS BEKTOpA IHAYKILII OMOPHMX MarHiTHUX MOJIB Y
HU3BKOYACTOTHOMY CIIEKTPi €JIEKTPOMAarHiTHOrO BHIIPOMiHIOBaHHS. MeTol0 poOoTH € po3polieHHs Ta BepH(ikalii CUrHaIBHOT
MOJIeITi IS PO3PAaXyHKY IMPOCTOPOBOTO TIOJIOKEHHS 00 €KTIB y CHCTEMaX MarHiTHOTO TpeKiHry. CHrHajibHa MOJENb PO3pOOIIEThCS
Ha OCHOBi €KCIIEpUMEHTAILHO OTPUMaHUX CIMEHCTB 3aJIeKHOCTEH iH)OPMATHUBHUX CUTHAIIIB BiJI BiZICTaHi Ta KYTiB MK CEHCOPHOIO Ta
aKTIOATOPHOI0 KOTYIIKaMH. 3aBIAaHHS: aHANI3 CHTHANIB B CHCTEMax MAarHITHOTO TPEKIHTY, po3poOJeHHS 3ac00iB MPOBEACHHS
EKCIEPHUMEHTAIBHUX [IOCHIPKEHb, MaTeMaTHYHA IHTEpHpETallis Pe3yNbTaTiB MOCTIIKEHb 3 PO3POOJEHHSIM CHUTHAIBHOI MOJEI,
BepudikaIisi Ta 3aCTOCYBaHHs 1€l Mojeni. BHKOPHUCTOBYIOThCS 3aralbHOHAYKOBI METOIHW: CKCIICPHUMEHT, BUMIPIOBAHHS, aHai3,
CHHTE3, MeTOqu Teopii HMoBipHOCTeH i cratucTMkH OTpHMaHO Taki pe3yabTaTH. Po3KpuTa CTPYKTypa CHUTHAJIBHOTO TPAKTY
IIPOrpaMoBaHO] CHCTEMH MarHiTHOIO TPEKiHTr'y Ta Horo peadizawis Ha ocHoBi PSoC cimeiictBa SLP Family Cypress Semiconductor.
[pencrarieHi pe3ynbTaTH eKCIEPUMEHTAIBHUX JOCITIKEHb CiMECTBA CHTHAIB MPU 3MiHI BiCTaHI MK KOTYIIKaMH Ta KYTiB iX
B33a€EMHOTO TTOJIOXKeHHS. sl po3paxyHKy MPOCTOPOBOTO MOJIOKEHHS BUKOPUCTOBYIOTh CUTHAIBHI MOJEINI, SKi OMHUCYIOTh PO3IMOILT
c(hOpMOBaHHX MAarHITHHUX IOJIB Ta CUTHAIIIB CEHCOPHUX KOTYIIOK. [IpoBeseHO aHali3 THIOBUX MOXMOOK Ta cIoco0iB IX MiHiMi3arii.
s Bepudikamii po3po0ieHOT CHTHAIBHOT MOJIENi IPOTIOHY€E€THCSI BUKOPUCTAHHS 1IHTETPOBAHOTO MOKA3HMKA CEPEeTHbOKBAIPATUIHOTO
BiXWJICHHA CIMEHCTB HOPMOBAHMX CUTHaNiB. BucHoBKH. Po3poOieHa curHampHa MOJENbh B3a€MHOTO TOJIOKEHHS aKTIOATOpiB Ta
CEHCOPIB B CHCTEMax MarHiTHOTO TPeKiHry. Moens onucye GpyHKIIOHATIbHI 3aJIeKHOCT], OCHOBHUMH apryMEHTaMH SIKUX € BiJICTaHb
MDK KOTYIIKAMH Ta KyTH IX B3a€MHOro Haxwiy. [lofanbiimii po3BHTOK NpeACTaBIeHHX B poOOTI pe3ynbTaTiB mependadae
3aCTOCYBaHHs 3alPONIOHOBAHOI CHUTHAIBHOT MOJIENi B 33/1auax po3poOieHHs Ta crienndikaiii alropuTMiB po3paxyHKy MIPOCTOPOBOTO
HOJIOXKEHHS, BiUIar0KEHHS Ta eKCIIPEC-OLiHKH TOYHOCTI (DYHKLIOHYBAHHS CHCTEMH, ONTHMI3aLil npoleayp KauiopyBaHHS.
Kawuosi cioBa: npuctpoi [HxycTpii 4.0; MarHiTHHIA TPEKIHT; CHTHAIBHA MOJIEITB; POTpPaMOBaHa CHCTEMa Ha KPHCTAJI.

CUTHAJIBHAA MOJEJIb CEHCOPOB TIPOCTPAHCTBEHHOI'O ITOJIO’KEHUSA B
CUCTEMAX MATHUTHOT' O TPEKHHT' A

IIpenMeToM nccieoBaHMs B CTaThe SBIISIOTCS MIPOLECCH (JOPMHUPOBAHHS CHTHAJIOB B CHCTEMAaX MarHUTHOTO TPEKHUHTa, B YaCTHOCTH,
JUIS 3a/1a4 ONpeeNieHUs] POCTPAHCTBEHHOIO MoJiockeHusi B KoHuenuusx Munycrpus 4.0 u Uanycrpuansusiii Murepuer Bemeid.
Takne cuCTEMBI OCHOBBHIBAIOTCSI Ha ONPEEIEHHN IPOCTPAHCTBEHHOTO IOJIOKEHHSI OOBEKTOB 10 pe3yiIbTaTaM H3MEpEeHHs BEKTopa
MHIYKIMH OMOPHBIX MarHUTHBIX TOJIeH B HU3KOYACTOTHOM CHEKTpE AJIeKTpoMarHuTHoro uanydeHus. Lleqb paboTsl — pa3paboTka u
Bepr(uKaLUs CHTHAIBHOW MOJENU A pacdyera MPOCTPAHCTBEHHOrO IMOJOXKEHUS OOBEKTOB B CHCTEMaX MAarHHTHOTO TPEKHHIA.
CurHanbHas MoJienb pa3pabaThIBaeTCsi Ha OCHOBE IIOJyYEHHBIX OKCIEPUMEHTAJIbHBIM IIyTEeM CEMEHCTB 3aBHCHMOCTEH
MH(OPMATHBHBIX CUTHAJIOB OT PACCTOSIHUS U YIJIOB MEXAY CEHCOPHOM M aKTIOATOPHOW KaTyIIKaMH. 3aJaHWsl: aHAJIN3 CUTHAJIOB B
CHUCTeMax MAarHUTHOTO TPEKHHIa, pa3paboTKa CpEeACTB MNPOBEAEHHS SKCIEPUMEHTAJbHBIX HCCIEIOBaHUH, MaTeMaTH4yecKas



http://www.cypress.com/file/45276/download

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

UHTEpIIpeTalys pe3yJbTaToB UCCICAOBAaHUI C Pa3pabOTKOW CHUrHANBbHOH Mojenn, BepuHKalys M HCIOJIb30BAaHHE STOH MOIENH.
Hcnonb3yrores o0lLIeHayYHbIe MeTOIbI: SKCIICPUMEHT, U3MEPEHUE, aHaIN3, CHHTE3, METO/Ibl TEOPUH BEPOSITHOCTEH M CTATUCTHKH.
ITostydeHs! cienytonye pe3yabTaThl: PackpbiTa CTPYKTypa CHTHAIBHOTO TPAaKTa MPOrPaMMHUPYEMO CHCTEMbl MArHUTHOTO TPEKHHIa
u ero peanusarus Ha ocHoBe PSOC cemeiicta SLP Family Cypress Semiconductor. IIpencraBieHsl pe3yabTaThl KCIEPUMEHTAIBHBIX
HCCIIeI0BaHU CEMEWCTBA CHTHAJIOB IIPH M3MEHEHHH PAcCTOSHUS MEX/Iy KaTyIIKaMy M yIJIOB B3aMMHOTO pa3MenieHus. st pacuera
MIPOCTPAHCTBEHHOTO MOJIOKECHHUST HCIIONB3YIOT CHUTHAJIBHBIE MOJENH, KOTOpPBIC OIMCHIBAIOT paclpereneHne CHOPMHPOBAaHHBIX
MarHWTHBIX TIOJIeH M CHTHAJIOB CEHCOPHBIX KaTylleK. [IpoBeneH aHamW3 THUNMYHBIX HOTPEIIHOCTEI M CIIOCOO0B MX MHUHMUMM3AINML.
Jns  Bepudukanuu pa3paOOTaHHOW CHTHAJIBHOM MOZAENHM IIPEIUIaraeTcs MCIONB30BAaHME HWHTEIPUPOBAHHOIO —IOKA3aTels
CPEHEKBAIPATHYECKOTO OTKIOHEHHS CEMEICTB HOPMHUPOBAHHBIX CHUTHAJIOB. BbIBO/ABI. Pa3paboTaHa curHaigbHas MOJETb B3aUMHOTO
MIOJIOKCHUS aKTI0ATOPOB M CEHCOPOB B CHCTEMaX MAarHUTHOTO TpPEKWHra. MoJenb ONMMChIBaeT (JyHKIHMOHAIbHBIC 3aBHCHMOCTH,
OCHOBHBIMH apI'yMEHTAMH KOTODBIX SBIAIOTCS PAcCTOSHME MEXIY KaTyLIIKaMH M YIVIBl MX B3aMMHOIO HakiIoHa. JlanbHeiinee
pa3BHUTHE NPEACTABICHHBIX B pa0d0OTe pe3yNbTaTOB MPEAIONATraeT HCIOJIB30BAaHUE NPEIUIOKEHHOW CHTHAIBHOW MOJENH B 3aJadax
pa3paboTKH ¥ CIeNU(UKAINK AITOPHTMOB pacueTa IMPOCTPAHCTBEHHOTO ITOJOKEHUS, OTIAIKH M 3KCIPECC-OIEHKH TOYHOCTH
(YHKIMOHHPOBAHUS CHCTEMBI, ONTHMH3AIMHN NTPOLIEAYp KaTHOPOBKH.

KmioueBsie ciaoBa: ycrpoiictBa Vuayctpun 4.0; MarHUTHBIN TPEKWHT; CHTHAJIBHAS MOJEINB; IPOrpaMMHpyeMasl CUCTeMa Ha
KpHUCTajIe.
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JI. C. Cm1goBHy, O. B. ArTiOX, H. B. KOCEHKO

ABTOMATHM3ALIA AHAJI3Y SIKOCTI TECTOBUX 3ABIAHb TA PE3YJIBTATIB
TECTYBAHHA CTYAEHTIB IT-CIIEHIAJIBHOCTEH

I[Ipeamerom AOCTIUKEHHS CTaTTi € CTATHCTHYHI MOJENI 1 METOIM OLIHIOBAHHS SIKOCTI TECTOBUX 3aBIaHb, a TaKOX IPOLECH Ta
TexHoJyoril iHopMauifHOT MIATPUMKH OIIIHIOBAHHS Ppe3yJbTATiB TECTyBaHHSA Ta AKOCTI TecTiB. MeTOI0 € MiJBHIICHHS SKOCTI
TECTOBHX 3aB/aHb T4 TOUHOCTI OIIHIOBAHHS PE3YJbTATiB TECTYBaHHSI B YMOBAX MOCTIHUX 3MiH 3MiCTy HaBUAJIBHHUX MPOTpaM i BMIiCTy
TECTOBHUX 3aBJlaHb, Ta CKOPOUCHHS Yacy Ha 0OpOOKy pe3yJsIbTaTiB TECTYBaHHS 3a paXyHOK aBTOMATH3allil, 3aCTOCYBaHHS pO3pOOIECHIX
aNTOpUTMIB Ta iH(popManiitHOi cucTeMH Tomo. B po0GoTi BHpIMIyIOTECS HACTYIHI 3aAayi: aHaJi3 MpoLecy MiATOTOBKH Ta IPOBEACHHS
TECTYBAHHS; IIPOBEJICHHS aHAJITUYHOTO OISy CTAaTUCTHYHHMX METOJIB OI[HIOBAaHHS SIKOCTI TECTOBHX 3aBJaHb Ta MOKa3HUKIB SKOCTI
TECTOBUX 3aBJaHb; PO3pOOKa y3araJlbHEHOTO IPOIECY IIATOTOBKH Ta IPOBEICHHS TECTYBAaHHS; aBTOMATH3allisl aHATi3y pe3yJbTaTiB
TecTyBaHHs cTyneHTiB IT-cneniansHocTel. {1 BUpIiIeHHS 3a3HaYeHNX 3aBJaHb OyJIM BUKOPHCTaHI METOAM CTaTHCTHYHOTO aHAJi3Yy,
mozens Rasch IRT (Item Response Theory), TexHomorii po3poOku mporpaMHux noaaTtkiB. OTpuMaHi HACTYIHI pe3yJibTATH.
[IpoananizoBaHo mpolec MATOTOBKH Ta MPOBEACHHS TECTYBaHHS, 3aPONOHOBAHO HOro MoAM(IKaIlIo 3 YpaxyBaHHIM OCOOIMBOCTEH
TecTyBaHHA cTyAeHTIB IT-cmemianpHOCTell. BHOpaHO MOKAa3HWKM SKOCTI TECTOBHX 3aBIAaHb Ta MOJENTI 1 METOOHM iX PO3PaxyHKY,
30kpeMa moaenb Rasch IRT. HaBexeHo iHTepmpeTanito 3Ha4eHb MTOKA3HUKIB AKOCTI TECTOBUX 3aBJaHb, TA PO3PAaXyHOK KOe]ilie€HTiB
aHOMaJii SIKOCTI 3aBJIaHHS, sIKi € OCHOBOIO Juisi ()OPMYBaHHS MOPaaW IIOJNO MOJIIIIEHHS SKOCTI Tecty. Po3pobieHo mpotoTwm
iH(opMaIiifHOT CHCTEMH MIITPHMKH MPOLIECY aHajli3y SKOCTi TECTOBHX 3aBJaHb, OLIHIOBAHHS Pe3YJIbTATIB TECTYBAHHS Ta MPHUUHSTTS
pimens npo Momudikamito Tecty. [IpoBeeHO TeCTyBaHHS CUCTEMH HPH OI[IHIOBaHHI Pe3yJIbTaTiB MOIYJIBHOTO KOHTPOJIO CTYJICHTIB
TpeThoro Kypcy. BucHOBKHM: aBroMarm3amis Ta iHdopmariiiHa MiATPUMKa PO3paxyHKy Ta aHali3y ITOKAa3HUKIB SKOCTI TECTOBHX
3aBJaHb Ta pE3yJbTaTiB TECTYBaHHS IO3BOJIUTH MiABUIIUTH TOYHICTH OI[IHIOBAaHHS Ta CKOPOTHTH 4Yac Ha OOpOOKYy pe3yibTaTiB
TECTyBaHHS.

Ku1ro4oBi ciioBa: o1iHKa SKOCTi TECTOBHX 3aB/IaHb; TECTOBE 3aBJAHHS; MPOIIEC TECTYBaHHS; CTATHCTHYHI MeToan; Moaeni IRT;
BaJIiHICTh; HANIHHICTD; AU EPEHIIIO0Ya 3MaTHICTb.
BIITIOBITHO

Beryn pO3poOKH HOBHX TECTOBHX 3aBHaHb, 1

OLIIHIOBaHHS iX SIKOCTI 3 METOI KOPUTYBaHHSL.

[MuraHHIO SKOCTI OCBITH Ta 11 yHpaBJIiHHS HAJAETHCS
BOXJIMBE 3HAYCHHS B 3aKOHAX 1 IHIINX HOPMAaTHBHHX
akTax YKpaiHW, 30KpeMa B 3aKOHI IO BHIIY OCBITY.
BripoBa/keHHsS CTaHIAPTU30BAaHUX OCBITHIX BUMipHOBaHb
Yy BUINIH KON € OXHUM i3 IHCTPYMEHTIB YHpaBIiHHS

AHaJIi3 0CTaHHIX J0CTiTKeHb i myOJikaui

I[lpu mpoekTyBaHHI Ta 3acTOCYBaHHI  TECTiB
BUPILIYIOTECS HACTYIIHI 3aBAaHHS: KOHCTPYIOBAHHS TECTY,

SIKICTFO BHIIOT OCBiTH. OIHUM i3 METOZIB BUMIPIOBaHHA i  ampo0amis — TPOBEICHHA TPOOHOTO  TECTyBaHHI,
OLIHIOBAaHHS pIBHA HABYAJbHUX KOMIICTCHIIH Ta  BHM3HAUEHHA Ta PO3PaXyHOK ITOKAa3HUKIB SKOCTI TeECTYy,
KOHTpPOJIIO SIKOCTI 3HAaHb CTYNEHTIB € 3acTOCYBaHHS  OI[HIOBAaHHS SIKOCTI TECTYy, KOpETryBaHHS TECTOBHX
nenaroriunux tectiB [1 - 3]. TecryBaHHs € OfHMM i3  3aBIaHb Ta MOOyJOBa KIHLEBOrO BapiaHTy TecTy,
0a30BHX IHCTPYMEHTIB MOJYJIbHO-DEHTHHIOBOT CUCTEMHM  IIPOBEJCHHS TECTYBaHHS, OLIHIOBAHHS  pe3yJbTaTiB

(MPC) ouiHroBaHHsI 3HaHb CTYJEHTIB. [Ipy npoekTyBaHHi
TECTIB Ta TECTOBMUX 3aBIaHb, Ta iX 3aCTOCYBaHHI,
aKTyaJbHUM € 3aBIaHHS OI[IHIOBAHHS Ta KOHTPOJIO iX
SIKOCTI.

Oco0IuBICTIO HaBYaHHS CTYICHTIB IT-
CHeniaJbHOCTEN € MIBUJIKA 3MiHA TEXHOJIOTIH 1 BiIIIOBIAHO
BAMOT JO KOMIICTeHIIH MaiOyTHIX (axiBLiB, IO
motpebye TocTiiiHOT 3MiHE y40OoBoro Martepiamy. Lle B
CBOIO UEpTy BHMara€ TOCTiHHOT MOJepHi3allii TecTiB Ta

TecTyBaHHs [3, 4].

OCOO0JMBICTIO KJIACHYHOTO MPOILECY MiATOTOBKU Ta
3aCTOCYBaHHS TecTy (pHc. 1) € HassBHICTh eTaiy ampooarrii
TeCTy Tepel] WOro 3acTOCYyBaHHSIM, a TaKOX HOTo
TMHIAHAA XapakTep B MeKaX OIHi€l cecil TecTyBaHHS.
[Ticnst TectyBaHHA MOXKe OYTH HMPOBEIEHO PO3PAXyHOK i

KoHCTpyw AHani3
- BAHHA Ail;anEﬁ a4 AKOCT]
TECTY H £y TECTY

aHali3 IOKAa3HHWKIB SKOCTI TecTy Ta  BIATOBIAHO
KOpEryBaHHSI TECTOBUX 3aBJIaHb.
Kopery- OuiHm-
pery Tecry- L
BAHHA BAHHA BaHHA
TECTy pe3yneTarie

‘ I
- - I

| . _ |

i ' AHania I i
1 TeCTy. 1

’

Puc. 1. Kiracnunwmii poriec miAroTOBKA TECTY, TECTYBaHHS Ta OI[IHIOBaHHS
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B yMoBax mBuaKOi 3MiHH 3MICTy TECTOBHX 3aBIaHb
BUKOPUCTAHHSA TPAAHMLIHHUX METOMIB KOHCTPYIOBAaHHS
TEeCTy, sKi BKJIIOYAIOTh B ce0¢ CKCIepUMEHTAIbHY
ampoOaIito Ta HACTYNHE KOPUTYBaHHS TECTOBUX 3aBJaHb
3 METOK TOKpAalICHHSA iX SKOCTI, HE 3aBKIH €
eheKTUBHUM. AKTYalbHUM € 3aBJaHHA PO3POOKHU
nporecy, SIKMd OM J03BOJISIB NMPOBOJAUTH MOAU(IKAIif0
TecTy Oe3rocepeiHbO MPH OLHIOBAHHI Pe3yJbTaTiB, 0e3
HEOoOXI1THOCTI IPOBEACHHS HILOI Cecii TeCTyBaHHS.

Jlns  OIiHIOBAaHHS TOKa3HHWKIB SKOCTI TECTy Ta
pe3yIbTaTiB TECTYBaHHS BHUKOPHUCTOBYIOTH CTATHCTHYHI
METOJI Ta MOJIEITi — SIK KJIACHYHI CTAaTHCTUYIHI MeTonu [4,
5], Tak i momeni IRT (Item Response Theory) [6 - 8], ski
JTIO3BOJISIFOTH OIIHUTH SKICTh TECTOBHX 3aBIaHb 3 Pi3HHX
cropi. [loyaTkOBUMH JaHUMH JUI1  CTaTUCTHYHHX
METOMIB OI[HIOBAaHHS SIKOCTI TECTIB € pe3yJbTaTH
TECTYBaHHS.

B OCHOBI KIIaCHYHHX METOJIB OIIHIOBAHHS SKOCTI
TECTIB JISKUTh CTATUCTUYHA TEOPis BUMIpIOBaHb Ta imes
etasionHoi ominku [4, 5, 9, 10]. OriHKa SKOCTI TECTy Ta
TECTOBUX 3aBIaHb IIOJIATA€ B PO3PAXyHKY TaKHX
XapaKTePUCTHK, SIK BaJIIIHICTBD, HaIIHICTD,
Iu(epeHIIiIo0Ya 30aTHICTb.

BaaignicTh — o71Ha 3 XapaKTEPHUCTUK SIKOCTI TECTY,
0 BU3HAYAE BIiAOBIIHICTH 3MICTy TECTy, TOMY, IO BiH
MOBUHEH OIiHUTH. BapTo 3BepHyTH yBary Ha Te, IO
KOpPEJIIHHUI 3B'SI30K TECTOBOTO 3aBJaHHSA 3 TECTOM B
IIOMYy MOXXE OyTH HIDKYAM 33 PaxyHOK TOro, IO
BUIIpOOYBaHMI  BOJOAIE  TiNBKM  (hparMEHTapHUMHU
3HaHHSIMH B TPEJMETI, CIIMCYBAaB YU HaMaraBCsl Brajatu
BIJINIOBI/b MPH MTPOBEACHHI TECTYBaHHS.

HapiiiHicTs TECTy BUMIPIOE CTYMIHBb CTIHKOCTI

pe3ynpTariB  TecTyBaHHA.  OTpuMaHHil  KoeQilieHT
HAJIHHOCTI  TIOKa3ye  KOPESIIHHUN  3B'SI30K  MiX
pe3yinbTaTaMM  Pi3HUX BHMIDIOBaHb, IPOBEACHHX B

OJTHAKOBHX YMOBaX.

Judepenniooya 37aTHICTH — CIIPOMOXKHICTH
TECTOBOTO 3aBJIaHHA PO3pI3HATH YCIIIIHUX
BUIIPOOOBYBaHHMX BiJ clHa0Kux. Y KOXHIM Tpym €
BUIIPOOOBYBaHI 3 pI3HMM pIiBHEM IMIATOTOBKK (3HaHBb).
Skmo audepeHiiowya 3MaTHICTh TECTOBOTO 3aBIaHHS
BHUCOKa, TO OiumbIl ycmimHi  BUNPOOyBaHI  Kparie
BIOPAIOThCS 13 3alpONOHOBaHMM TECTOM, & MEHI
YCHilIHI — Tipie.

OcuoBue mousaTrss teopii IRT [10 — 12] — we
JAaTeHTHUH MapaMeTp, SKHH BH3HAYa€ BUMIPIOETHCS
BJIACTHMBICTh BUIPOOYBAHOTO, HEIOCTYIHE VIS TPSIMOTO
crioctepexeHHs. JlaTeHTHHI mapaMeTp MOKHa BUMIPSATH
3a JomoMoror Horo iHgwkaropa. IHmmkatop —
BIIACTUBICTH (mapamertp) BHIIPOOYBaHOTO, AKUH
JOCTYTIHUI U TIPSIMOTO CIIOCTEPEXEHHS 1 Moke OyTh
BUMIpSHUH B 4YHCIOBHH mKamoro. Jlig Toro mio6
BUMIPSTH 3HAYeHHs JIATEHTHOT'O MapameTpa, HeoOXiITHO
BUMIpSATH 3HAYCHHS TOB'SI3aHOTO 3 HHUM iHAMKATOpA.
Hanpuknan, sSKmio JIATEHTHAM TapaMeTpoM € piBEHb
3HaHb BHUIPOOYBAaHOTO 3 TIEBHOTO IMPEAMETa, TO
iHAMKaTOpoM Moxe Oytu Oan, sSkuil BHUIPOOYBaHHH
OTpHMaB B PE3yJIbTaTi IPOXOPKCHHS TECTOBOT'O 3aBJJaHHS.

OcnosHi npumymienss IRT:

1) icHyIOTb  JIaTEHTHI  IapaMETpH  OCOOMCTOCTI
BUTMIPOOYBAHOTO, SKi HEIOCTYIHI I Oe3rmoceperIHboro
CIOCTEepEe)KEHHS;

2) iCHy!OTh ~ IHOMKATOPHI 3MiHHI, TMOB's3aHi 3
JaTeHTHUMHU  [apameTpamH,  SKi  JOCTYHHI s
CIIOCTEpE)XXEHHSI 1 SIKIi MOXJIMBO pO3paxyBaTH. 3a UM
3HAQUEHHSAM MOXKHA CYIUTH MpO 3HAYEHHS JATEHTHHX
napameTpiB;

3) ouiHOBaHM TATCHTHUI MapaMeTp NOBHHEH OyTH
roMoreHHHM. lle oO3Hadae, IO TECT Mae€ BHUMIpIOBATH
3HaHHS TUIBKM B OJHIH, YITKO 3a7aHoi, MpeIMeTHOI
obmacTi. SKmio s yMoBa He BUKOHYETHCS, TO HEOOXITHO
MepepoOUTH TeCT, BUAAIMBINK 200 3MIHUBIIN 3aBIaHHS,
M0 TTOPYIIYIOTh HOTO TOMOTCHHICTb.

OcHoBHe 3aBmaHHs Mmogeneil IRT mnomsrae B
MepeXodl BiJl IHIUKATOPHUX 3MIHHUX JO JIATCHTHHUX
napamerpiB. [licis  Toro, sk OyayTb po3paxoBaHi
IHAMKATOpHI 3MiHHI, TOB'S3aHI 3 LHMMH I[apaMeTpaMH,
MOYKHA NPUBECTH JIATEHTHI MapamMeTpy A0 OJHIE] KO0
ta nopiBHATH ix. Takox B IRT cucremu n03BONSIOTH
BCTAaHOBIIIOBATH 3B'SI30K MDK KUTBKOMa JIATCHTHUMH
mapamMeTpaMH.

Mopneni IRT i 30kpema Mojens Paimra Mae mepeBaru
mepen KIACHYHOIO Teopiero TecTiB [13]: mepeTBoproe
BUMIPIOBaHHS, BUKOHAaHI B JUXOTOMIYHUX 1 MOPSIKOBHX
IIKaIax, B JIIHIHHI BUMIpIOBaHHS, B pe3yJIbTaTi AKICHI JaHi
aHATI3YIOThCS 32 JIOTIOMOrOI0 KiJIbKICHUX METO[IB; Mipa
BUMIpIOBaHHS MapamerpiB Mojeni Pamra € niHilHOI, 1Mo
JIO3BOJISIE BUKOPHCTOBYBATH HIAPOKHIA CIIEKTp
CTaTHCTHYHHMX TpOLERyp Ul aHaji3y pe3yJbTaTiB
BUMIpIOBaHb; OLlIHKa TPYAHOLIl TECTOBHX 3aBJaHb HE
3aJICKUTh BiJl BUOIPKU JOCITI[HKyBaHHX, Ha SKUX BOHA
Oyma oTpuMaHa; OIIHKAa PIiBHA  MiATOTOBICHOCTI
BUTIPOOOBYBaHUX HE 3alle)KUTh BiJI BHUKOPHUCTOBYBAHOTO
Ha0Opy TECTOBUX 3aBIAHb.

Mopemni IRT, 30kpema monens Pama (Rasch model),
3aCTOCOBYIOTBCS, B TOMY YHCII, JJIsI aHANI3Y PE3yJIbTaTiB
TECTYBaHHS 1 IKOCTi TeCTOBHX 3aBjans [13 - 15].

B nanomy BHnanaky B SIKOCTI JIATEHTHUX IapaMeTpiB
BUCTYNAIOTh PIBEHb IiJrOTOBJICHICTh BHIIPOOYBaHOTO i
PIBEHb CKJIaTHOCTI 3aB/IaHHSI.

3aBnanHs  jgociailKenHsi. TakuM YMHOM, TIpH
NPaKTHYHOMY 3aCTOCYBaHHI TECTYyBaHHs JUIsi KOHTPOJIIO
SKOCTI 3HaHb, 30Kpema cTyaeHTIB [T-cremiamsHOCTEH,
aKTyaJbHUM € 3aBJaHHS PO3POOKH MPOIECy MPOBEICHHS
TECTYBaHHS Ta aHaNi3y HOTO pe3yiabTaTiB, a TaKOXK
aBTOMATH30BaHOI CHCTEMH i1H(OPMAIIITHOT ITiATPUMKH
TECTYBaHHS, sKi O 3a0e3meyriu:

- MiHIMI3aIlif0 BIUIMBY Ha pe3yJbTaT TeCTyBaHHA
cyO'ekTHBHUX (haKTOpiB, AK TO CIMCYBaHHS, IIiJKA3KH,
BrajlyBaHHs BiJlTIOBi/Ii TOIIO;

- OIIEPaTHBHUN PO3paxXyHOK TIOKAa3HUKIB SKOCTI
BCBOTO TECTYy Ta OKPEMHX TECTOBHX 3aBJaHb, Ta
OIIIHIOBAaHHS PE3yNbTATIB TECTYBAHHS;

- bopMyBaHHS TIOpamu IMOMO TOJNIIIICHHS SKOCTI
TecTy;

- MOXJIMBICTh OIIEPATHBHOTIO KOPETyBaHHs TECTy 3a
paxyHOK  BHKJIIOUEHHS  HESKICHHUX  3aBJaHb, Ta
BIATIOBITHOTO IIepepaxyHKy pPe3yJIbTaTiB TECTyBaHHS;
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- MOXIIMBICTh aBTOMATH3aIlii SK CaMOTO MpoIecy
TECTYBaHHs, TaK 1 OOYNCICHHSA Ta aHaJi3y pe3yJbTaTiB
TECTYBaHHSI Ta IKOCTI TECTY.

Jnst 3a0e3medeHHs 3a3HAUYEHUX BHIE BUMOT Tpeba
BHUKOHATHU HACTYIHI 3aBJaHHS:

- IPOBECTH JIOCII/DKEHHSI 1 BUOIp METOXIB aHai3y
SIKOCTI TECTY 1 TECTOBUX 3aBJIaHb;

- MPOBECTH JocHipkeHHs 1 BuOip mopmeneit IRT
OIIIHKH SKOCTi TECTOBHUX 3aBJIaHb;

- HaJaTH IHTEpIpeTaIlifos pe3yibTaTiB  aHami3y
TECTOBHX 3aBJIaHb, SiKa MOXE OyTH BHKOpPUCTaHA MpHU
mo0y/I0B1 CHCTEMH MiATPUMKHN IPUHHATTS PillleHb;

- BAKOHATH  TpOTpaMHy  peali3amifo  o0paHux
METO/IiB, PO3POOUTH TMPOTOTHI iHPOPMAIIHHOI CHCTEMH
MAITPUMKH Ta MPOBECTH aHai3 ii 3aCTOCYBaHHSI.

MeTor MaHOT CTATTI € MiJBUINCHHS SKOCTI TECTOBHUX
3aBlaHb Ta TOYHOCTI  OIIHIOBAaHHS  pe3YJbTaTiB
TECTYBaHHs B YMOBaX MOCTIHHUX 3MiH 3MICTy HABYAJIbHUX
Iporpam 1 BMICTy TECTOBUX 3aBJaHb, Ta CKOPOUCHHS 4acy
Ha OOpOOKYy pe3yibTaTiB TECTYBaHHS 3a pPaxXyHOK
aBTOMATH3allii, 3aCTOCYBaHHS PO3POOJICHUX AITOPUTMIB
Ta iHpOpMAaIIiitHOT CHCTEMH TOIIIO.

Marepiaju Ta MmeToAN

MeToan pO3paxyHKy KpPHTEpIlB SKOCTI TECTOBHX
3aBmaHb. Ilicias mpoBeneHOro aHamizy Oynu oOpaHi Taki
CTaTHCTHYHI METOOH PO3PaxyHKy IIepPelideHnX BHIIE
KPHUTEPIIB OIIHKH SIKOCTI TECTOBUX 3aBJaHb.

OwiHKa BaliIHOCT] TECTOBUX 3aBAAHb:

1
r =—|X. =X ,
X. s ( is jH)\/quj
J X

ne Xj — cepenHiii apudMeTnyHHN Oan CTYAEHTIB, SKi
8

YCIIITHO BUKOHAIK | -€ 3aBIaHHS TECTY; Xj — CepenHii
H

apupmMeTHyHUN 0aj CTyIEeHTIB, SIKi HE BUKOHAIU | -€
3aBjaHHs; [P (. — CTAaHHApTHE BiAXWIEHHS 1O j -My
1]

3aBJAHHIO; S — CTaHJapTHE IﬁHXHHeHHH o BCHOMY
X

TecTy.
KoedimieHT Kopenmii moka3ye, HAaCKUTBKH 3aBIaHHSI
BiJITIOBiJJa€ TEMATHIIi Ta 3MICTY BCHOTO TECTY.
OriHKa HAAIHHOCTI TECTY:

k
| 2P
r=—-1»1-=—
H k-1 S,

k
ne K — umcno 3aBaaHb B TeCTI; Z P,0; —cyma JICTIepCiii
i=1
3aBJIaHb TECTY; S, — JUCIEPCIs.
Ominka auQEpeHIioYol 3JaTHOCTI
3aBIIAHHS:

TECTOBOI'O

r, =
Je X — cepemHE apupMETUYHE 3HAUCHHS  BCIX
IHAMBIAyadbHUX OIHOK IO TeCTy; X,— CEepeaHE
apupMeTHYHe 3HAYCHHS OIHOK 10 TECcTy Yy THX

BHIIPOOOBYBAHMX, SIKi MPABWJILHO PO3B'S3aJId 3aBIaHHS;
O, — CepeHbOKBAIPATHYHE BIIXWJICHHS 1HIWBITYaTbHUX

X
OIIIHOK TO TecTy Ui BHOIpKHM, N —  YHUCIO
BUNPOOOBYBAHHUX, SIKi PaBUIBHO PO3B'I3aiu 3anady; N,

— 3araJibHe YMCJI0 BUIIPOOOBYBaHUX.

KoedimieHT nmuckpuMiHAIl TECTOBOTO 3aBJaHHSI
MOJKe MPUHMaTH 3HaYeHHS Bifg -1 10 +1.

ITpu 3actocyBanni mogeni IRT Pama (Rasch model)
JUIS  aHaji3y pe3yJbTaTiB TECTyBaHHSA Ta IOKa3HUKIB
SKOCTI TECTOBHX 3aBJaHb B AKOCTI JJATCHTHHUX ITapaMeTpiB
BHCTYIAIOTh PIBEHb MiATOTOBICHICTH BHIIPOOYBAaHOTO i
PiBEHB CKIIATHOCTI 3aBIaHHS.

Ilepma MHOXXKHHA MICTUTh 3HA4YCHHS  PIBHIB
MiATOTOBICHOCTI BHUNPOOOBYBaHHX i, e | — HOMep
BUIIPOOOBYBAHOTO, SIKMW MpHUHAMae 3HAUYEHHS B 1HTEpBai
Bix 1 mo N (N — ximpkicth BHOpoOOBYBaHHX). [pyra
MHOXXMHA MICTUTh 3HA4Y€HHS TPYIHOILI j-TO 3aBIaHHS fj.
Innexc j npuiiMae 3Ha4YeHHS B Mexax Bifg 1 1o M, ne M —
KUTBKICTh 3aBJIaHb Y TECTI.

PiBenb miArotomsiieHoCTi BHIpoOyBaHoro 6i Ta
piBEHb CKJIAQIHOCTI 3aBIaHHSA fj pO3MillleHi Ha OJHIH
MIKaTi 1 BUMIPIOIOTBCSA B OJHHUX 1 THX K€ OIWHMIISAX —
yoritax. ApryMmeHToM (QYHKII{ yCITiXy BHIIPOOYBaHOTO €
pizauULs i — fj.

SIkmo 1g pI3HWIS TO3WTHBHA 1 BENMKa, TO
BiJINIOBITHO BUCOKAa WMOBIPHICTh JOCATHEHHS YCIHIXy i-TO
BUIPOOYBAHOTO B j-M 3aBHaHHi. SIKIIO K IS Pi3HUILS
HeraTMBHa 1 BeJMKa 110 MOJIYJIO, TO WMOBIPHICTh
JOCATHEHHS YCMiXy i-TO BHMPOOYBAaHOTO B j-M 3aBIaHHI
OyJie HU3BKOIO.

Posrnssnemo meron [14 — 16] oOumcienHs i
MOPIBHAHHA PIBHS MIATOTOBICHOCTI BHIPOOYyBaHUX 6 i
PIBHS CKJIQJIHOCTI TECTOBHX 3aBJaaHb fj (puc. 1).

CriouaTKy HE0OXiTHO OOYUCIIUTH YaCTKH BIpHHUX Pi i
HEBIpHUX (i BiINOBiAeH BUIIPOOOBYBAHUX IO TECTY:

X.
. = —I, . :1— -y
P; M G; P;
ne X, — iHpuBinyansHui Oan BunpoOoByBaHoro; M —

KUTBKICTh 3aBJIaHb Y TECTI.

Yactka BipHHMX P, Ta HE BipHHMX (; BIATOBiJeH

CTYJICHTIB TI0 KOXXHOMY 3aBJIJaHHIO OKPEMO:
X,
Pi=y ®=1Po

ne X i~ CyMapHUil 6a BiIMOBiZe Ha TECTOBE 3aBIaHHS;

N — KiBKiCTh BUIPOOOBYBaHUX.
[TouaTkoBi  3HAa4YeHHS PIiBHA  MiATOTOBICHOCTI
BUIIPOOYBaHHUX PO3PAaXOBYIOTHCA O (HOPMYIi:

6'i°=ln&,
G;
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TToyaTkoBi 3HAYEHHS CKJIAJZHOCTI TECTOBHUX 3aBIaHb

b

9

i

B} =In

CepenHi 3HAYEHHS piBHA MiATOTOBIIEHOCTI
BHIIPOOYBaHMX Ta CKJIATHOCTI TECTOBHX 3aBIAHB:

2P

9_ _ =l : )B
N M
3HadeHHs  JAWCIepcii  piBHA  MiATOTOBJICHOCTI

BunpoOysanux S, Ta ckmamHocti S, [14]:

> @) -N@
S, == ;S
N-1

> (B M By
VI

OO0unctoeMO KyTOBI KoedillieHTH:

1+S,/2,89
1-S,8,/8,35

1+5,12,89
a.g = |/, aﬂ =
1-5,5, /8,35

Haperri, Mu MOXeMO 3ammcaTH OLIHKH ITapaMeTpiB
61 f B emuHiii iHTepBaNbHIHN IIKATI:

6, =a,0’+B; B;=2a,0)+0.

Ilicns  Toro, sk OyayThb po3paxoBaHi piBHI
MiATOTOBIICHOCTI BHUIPOOOBYBAaHUX 1 pIiBHI CKIAIHOCTI
TECTOBHUX 3aBJaHb, HEOOXITHO iX MOPIBHATH. Pi3HUIIA mIX
3HaueHb BKa3ye Ha Te, HACKLIBKM TECT BIJIOBIAE PIBHIO
3HaHb CTY/ICHTIB.

Hami  po3paxOBYIOThCSI HWMOBIPHOCTI MPaBUIIBHOT
BiAMOBI/I i-r0 BUMPOGYBAHOTO HA j-¢ 3aBIAHHS:

1
P=r— .
1+exp(—(@ - Bi))
[licng 4oro MokHa MOOyAyBaTH XapaKTEPHCTUUHY
KPHBY JUISl KOXHOTO 13 3aB/IaHb, SIKa ITOKA3y€e 3aJIeXHICTh

3arajibHOI OIIHKH 33 TECT BiJl KUIBKOCTI 0ajiB, HaOpaHUX
3a JIaHe 3aBJAHHS:

KoHcTpyro-
BaHHA

TecTy

Tecty-
BaHHA

:;., i=1N.
1+exp(=(0-51))

PesyabTaTH gocaigxKeHb

P (0)

MeTtoauka TecTyBaHHsi. [y MiHIMI3amisl BIUIUBY
Ccy0'eKTUBHUX (DaKTOPiB BHUKOPHUCTOBYIOTHCS TECTH 13
BHITQJIKOBOIO TEHEPAIi€l0 BapiaHTIB TECTOBUX 3aBIaHb.
Bapiant ¢opmyerbesi BUmagKoBuM BUOOpPOM 3aBIaHb i3
0aHKy 3aBiaHb, BiAMOBiIHO 10 mpodinro tecty. IIpodins
BU3HAYA€, CKUIBKM 3aBJaHb i3 KOXXHOTO OJOKY (SIKHi
BIAMOBiae po3iny y40boBoi mporpamu) Ta/abo KOXKHOTO
PIBHS CKJIQJIHOCTI Ma€ OyTH BKIIIOUYEHO B BapiaHT TECTY.

TakuM  4YMHOM, KOXHHH  CTYEHT  OTPHUMYE
MiIMHOXKUHY 3aBaaHb i3 6aHKy (Ti € T), 1 KoXKHE 3aBAaHHS
BHKOHYETHCS YaCTHHOIO CTYIEHTIB (Sj € S).

BukopucroByeThes JUXOTOMIYHA cxema
OLIIHIOBAHHS TECTOBUX 3aBJaHb, TOOTO 3a BHUKOHAHHSA
KO>KHOTO 3aBIaHHs CTYyAEHT MOXe oTpumatu ado 0 ado 1.

BukopucTaloThCsl TECTOBI 3aBJaHHS JBOX THIIB: i3
OJMHOYHHMM BHOOpOM Ta i3 MHOXXMHHMM BuOopom. [Ipu
BUKOPHCTaHHI 3aBIaHHs 13 MHOXXMHHMM BHOOPDOM BOHO
BBQ)KAETHCSI BAKOHAHUM TUIBKHU SIKIIO TPaBHIBHO BUOpaHi
BCi BapiaHTH BiAIOBIJCH.

Jlyist 3MeHIeHHs BIpOTiAHOCTI BraJyBaHHs 3aBJaHHS
TECTy MICTATh He MeHm 4 (3a3Bmuaii 4-5) BapiaHTiB
BIJIMTOBiAI (AUCTPAKTOPIB).

[Tpouec miAroTOBKH Ta 3aCTOCYBaHHS TECTY 3MiHCHO
HACTYITHIM YMHOM: TCNS cecii TecTyBaHHS BUKOHY€THCS
00poOKa pe3yNbTaTiB, sAKa BKIOYAE B ceOE OI[IHIOBAHHS
pe3yNbTATIB Ta PO3PAaXYHOK 1 aHaNi3 MOKAa3HHKIB SKOCTI
TECTOBHX 3aBJaHb.

[To pesynpTaTam aHaizy Moke OyTH NPOBEACHO
KoperyBaHHs TecTy (0e3 TpOBEAEHHS MOBTOPHOTO
TECTYBaHHs) — 3 TECTY BHJAJSIOTHCS TECTOBI 3aBllaHHS,
AKICTh SIKHX He BianoBigae kputepisM. KoperyBaHHs
TECTy IPOBOANUTHCS EKCIIEPTOM, 3 BUKOPHCTAHHIM IOPa]
MO0  TOJNINIICHHS  SKOCTI  TecTy, sKi  Ha;ae
aBTOMaTH30BaHa iH(QopMaIliitHa cucrema.

[Micms  mommdikamii  TeCcTy  mepepaxoOBYIOTHCS
pe3yJbTaTH TECTYBaHHS Ta IMOKa3HHUKHU sikocTi. Lli erarm —
OLIIHIOBAHHS, AaHaji3, KOPETYBaHHI TECTY — MOXYTb
MOBTOpIOBaTHCs iTepaniifHo. Ha koxHiit itepauii €
MOXIIMBICTh TOBEPHYTHCSI 10 MONEPEIHbOTO BapiaHTy
TecTy.

OuiHwo-
BaHHA
pe3yneTaTie

o >—>®

AHania HeT

AKOCTI TRCTY

Kopery-
BaHHA TECTY

Puc. 2. 3anpononoBana MoaudiKaris mporecy MiIrTOTOBKU Ta 3aCTOCYBAaHHS TECTY (IIPU HEMOKIIMBOCTI HOTO MONEPEIHbO1

anpoOarrii)
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IaTepnperaniss pesynbraTiB i GopMyBaHHA TOpagul  PiBeHb CKIATHOCTI, KyToBHHA KoedimieHT mo mozmenmi IRT
OO MOJIMIIEHHS TeCTy. st aHamisy AKOCTi TECTOBHX @, TOLIO.
3aBIaHb PEKOMEHAYIOTh [17, 18] BUKOPUCTOBYBATH TaKH

] ! o Po3paxoBaHi 3HaUCHHS MOKA3HUKIB SIKOCTI TECTOBHUX
MOKAa3HUKH, K IudepeHIiooya 31aTHICTh, HaIiHHICT,

3aBIaHb IHTEPIPETYIOTHCS HACTYITHUM YMHOM (Tab. 1).

Tabmuns 1. 3rauenns nokasHUKig SKOCMI Mecmosux 3a80anb ma ix inmepnpemayis

IHoxa3nuk sxocti 3HayeHHs InTepnperanis
PiBenb ckinagnocTi <0,2 Hanro nerke, Moxe OyTH BUKITIOUCHO i3 TECTY.
0,2-0,8 CKJaHiCTh BiIOBIa€ PIBHIO MiTOTOBKH CTYACHTIB.
>0,8 Hanro cxinamne, Moke OyTH BUKITFOUESHO 13 TECTY.
Judepenuiowya 30aTHICTD <0 Jndepeniiooya 31aTHICTs HE3aJOBUIbHA,
3aBJaHHS Ma€ OyTH BUKIIFOUCHO 13 TECTY.
0-0,15 JndepeHIiooya 31aTHICTh MOraHa, TECTOBE 3aBIaHHS HENPaBHILHO
c(hOpMyITEOBaHO,
3aBaaHHsA HEOOXiaHO nepedopMyITIOBATH a00 3aMiHHUTH.
>0,15 Judepeniiroroua 31aTHICTh 33]J0BiTbHA 200 100pa.
Kpurepiii nagiiinocri 08-1 HaniliHicTh  TECTOBOTO 3aBIAHHSA XOpOIIa, BIICYTHI MOXHOKH
BHMIPIOBAaHHS.
0,5-0,8 HaniliHicTh TECTOBOTO 3aBIaHHS 3aJI0BiIbHA, HAsSBHE MPOMOPIliifHE
CIIBBIHOIIECHHS ICTUHHOI OL[IHKHY 1 TOXUOKH.
<0,5 HaniliHicTs He3aJ0BIIbHA, TPUCYTHI 3HAYHI ITOXUOKH.
Jla"e TecToBe 3aBIaHHS Ma€ OyTH BUKIFOUEHO 13 TECTY.
KyrtoBuii koedinienr 1o <04 JudepeHiiooya 30aTHICTh HE3aIOBUIBHUH, 3aBIaHHS MoOXe OyTH
. a BHKITIOYCHO 13 TECTY.
mogeai IRT 6 ; B .
04-0,7 JudepeHiiiroroua 31aTHICTh 330BLIbHA.
>0,7 Judepeniiiooya 31aTHICTH 100pa.
Kpurepiii BaaigHocti 07-1 CunbHUI 3BSI30K TECTOBOTO 3aBJAHHSA 3 YCIM TECTOM, 3aBJIaHHS

MOBHICTIO BI/IMOBIa€ 3arajlbHOMY 3MICTY TECTY.

0,4-0,7 3a0BIIbHUI 3B'I30K TECTOBOTO 3aBJaHHS 3 yCIM TECTOM, 3aBIaHHS
BIJITIOBiTa€ 3arajlbHOMY 3MICTy TeCT.

<04 He3anoBinbHUI 3B'S130K TECTOBOTO 3aBJIaHHS 3 YCIM TECTOM, 3aBIaHHS
He BiAmoBimae 3micty TecTy. JlaHe TecToBe 3aBAaHHSI HEOOXiTHO
BUKJTFOUUTH 13 TECTY.

Kpurepiii BiITOBITHOCTI piBHA CKJIAHOCTI CrnabOxnit HaX W CBITUUTH po IOTaHUHA
TECTOBOTO 3aBJIaHHS piBHIO miaroToBneHocti  qudepeHiioe 3maTHocTi 3aBaaHHs. Ha puc. 3 MoxHa
BHUITPOOOBYBAHUX: Oaunty, mo 3aBmaHHs 3 rpynu (1) MawOTh 3aJ0BLIbHY

M . qudepeHiio0dy 31aTHICTh, KpUBa 3aBIaHHsi (2) Mae

Jz;ﬁj >0~ clmamHicTh TECTY HAaATO BHCOKA,  \iepnyii maxm, mO CBIT4MTH npo ripury audepeHuiroe

3maTHOCTI, a kpuBa (3) Mae 3BOPOTHHI Haxmwi, 1 I1e
3aBIaHHI Ma€e OyTH BHKJIIOYEHO 3 TECTY.

Takum  4MHOM, KOXHE  TECTOBE  3aBJAaHHS
XapaKTepU3y€eThcs BEKTOPOM 3HAYECHB ITOKa3HUKIB SIKOCTI.

HEOOXIHO CHPOCTHTH TECT BIANOBIAHO JIO PpiBHA
MIFOTOBKY CTYZCHTIB;

M
ZB ; =0 — ckmanmicTh TecTy BiANOBiZAE pPiBHIO
j=1

Q = {Gg Gz Gy |

iITOTOBKHU CTYJICHTIB;
M

Z B, <0 — CcKIamHicT TecTy HaATO HH3bKa, SIkio 3HaYeHHS IOKa3HMKA SKOCTI TECTOBOIO
= 3aBIaHHA KJIACU(]IKYeThCS SK HE3aJ0BUIBHE 3TIIHO
HEOOXiZHO 3GIMBIINTH CKIAAHICTh TECTy BiAMOBiZHO 7o  NPaBWI onucaHux y Tabnm. 1, BinosinHui koediuieHT
PIiBHS HiJITOTOBKH CTYAEHTIB. aHomaiii AKOCTi &jj I I-r0 3aBJAaHHS BCTAHOBIIOETHCS

I'padix xapakrepucTnuanoi KpuBoi (puc. 3), B mepiry
yepry KyT il  Haxwily, HAoO4yHO  BiJoOpaxkae
Iu(depeHilondy  34aTHICTh  TECTOBOTO  3aBJIaHHS.
3BOpPOTHHMI HAXWJ CBIJUUTh NP0 Te, MO CJIA0Ki
BHIIPOOOBYBAaHI BINIMOBINAIOTh HAa 3aBIAHHSA Kpalle, HikK
CHIIBHI — TaKke 3aBJaHHI € HEKOPEeKTHHM 1 Mae OyTu | A |:§:a1
BHKJIFOYEHO 13 TECTY. =ik

piBHEM 1.

Krnacugikatisi TeCTOBOTO 3aBIaHHS SK HESKICHOTO
BUKOHYETBCS TIO 3HAYCHHIO MOJYJS BEKTOPY aHOMATii
SIKOCTI 3aBJaHHs
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OctaTto4yHe pillIeHHS PO BHKIIOYEHHS HESKICHUX  pe3yJbTaTiB TeCTyBaHHS, SIKUHT BUKOPHUCTOBYE
3aBJaHb i3 TECTY 1 BIAMOBITHO MEpEepaxyHOK PE3yNbTaTiB  BUINEBHKIAICHUM TMiAXin. 3a HWOro momoMoror Oyiio
npuiiMae ekcepT. PeKoOMeHy€eThCsl BUKITIOUATH He OLIBII  MPOBENICHO aHai3 pe3yJibTariB TECTIB, 110

10-15% 3aBmanb. Taki 3aBgaHHS MOXYTh OyTH  3aCTOCOBYBaIMCS Ul IPOBEJCHHS  MOAYJIBHOTO
nepepoOJieHi Ta BKJIIOYECHI B HACTYNHHH BapiaHT TECTy, KOHTPOJIO CTY/AEHTIB TPEThOro Kypcy. Bubipka MicTHThH
ale He BPaxOBYIOTbCS IPH pO3paxyHKy pe3yJbTaTiB  pe3yjbTaTH TEeCTyBaHHA 32 BUNPOOOBYBaHHX, TECT
MOTOYHOT cecii TeCTyBaHHSI. Bkiroyae 30 3aBaaHb y opmi 3anUTaHb 3aKPUTOTO THITY.

30kpema, Oyiu po3paxoBaHi KpHUTepii SKOCTI
TECTOBHX 3aBJIaHb, NOKA3HUKHU PIBHS CKJIAJHOCTI 3aBIaHb
1 piBHA MiATOTOBJICHOCTI BHIIPOOYBaHMX, sKi MOTIM OyiH
MpUBEACHI JI0 €AWHOI IMKamu. bymm po3paxoBaHi i
o0y I0BaHI EMITIpHYHI XapaKTePUCTUYHI KPUBI TECTOBHUX
3aBaaHb (puc. 2).

1,0

0,9

BucHoBku

0.8

B pesynbraTi mpoOBEeAEHOrO JIOCHIPKEHHS OYio
MPOBEJICHO aHAJI3 MPOLECY MiATOTOBKH Ta MPOBEACHHS
TECTYBaHHS, MPOBEACHO OIJISAY CTATHCTUYHUX METOJIB
OI[IHIOBAHHS SIKOCTI TECTOBHUX 3aBJaHbL Ta IIOKA3HHKIB
SKOCTI TECTOBHX 3aBlaHb, Ha OCHOBI SKOTO0 OOpaHO
IMOKAa3HUKH SIKOCTI TECTOBOIO 3aBJaHHSA Ta METOAM IX
pPO3paxyHKy. 3amporoHOBaHO MOJUQIKAIII0 MpoIecy
MiATOTOBKH Ta NMPOBEACHHS TECTYBAaHHSA 3 ypaxyBaHHIM
0COOJIMBOCTEH TecTyBaHHA cTyAcHTIB IT-crerianpbHOCTEH.
Hamano iHTepmperamnito 3Ha4eHb TOKa3HUKIB SKOCTI
TECTOBUX 3aBllaHb, sSKa € OCHOBOIO A (OpMYyBaHHS
Mopajy IOJO TOJIMIICHHS SKOCTI TecTy. Po3pobiieHo
NPOTOTUN BeO-A0NATKy Ul aHali3y SIKOCTI TECTiB, 1 3
HOro  JOMOMOIOI  MPOBEACHO  aHali3  TECTOBHX
3aBJaHb 1 OI[IHIOBaHHA pe3yJbTaTiB  MOAYJIBHOTO
KOHTPOJIIO.

Hanpsmkom MO JAIBIINX JIOCHiIKEHD €
YAOCKOHAJICHHS METOJIB aHaNmi3y, 30KpeMa i TeCTiB 3
BUTIAIKOBOIO BHOIPKOIO TECTOBUX 3aBJaHb 3 OaHKY
3aBIaHb Ta TECTIB 3 HEIUXOTOMIYHOIO CXEMOIO
OIIiHIOBAHHS TECTOBUX 3aBJIaHb, 3aCTOCYBAaHHS METOIIB
IICTpaKTOPHOTO aHaji3y, a TaKoX IHTerpamis BeO-
AHaJIi3 pe3y/IbTaTiB TECTYBaHHs i PO3PAXyHOK JIOZATKy AJsI aHaji3y pe3yibTaTiB TECTYBaHHS 1 SKOCTI

NMOKA3HHMKIB AKOCTi TECTOBHX 3aBJaHb TECTOBUX 3aBJaHb 3 ICHYIOUMMH CHCTEMAMM IIiJITOTOBKH
TECTOBHUX 3aBJaHb Ta TCCTYBaHHSI.
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Puc. 3. XapakreprcTH4HI KPHBI TECTOBUX 3aBJaHb, PO3paxoBaHi
Ha ocHoBi mozeni IRT Rasch

Byno po3pobisieHO mpOTOTHIT BeO-IOJATKY aHali3y
SIKOCTI TIOKA3HMKIB TECTOBHMX 3aBJaHb Ta OLIHIOBAHHSI

Cnucok JiTepatypu

1. Asanecos, B. C. Hayunsie npoGiemsl TecToBOro KOHTpOIs 3HaHuiA. Mocksa : MILIIKIIC, 1994. 86 c.

2. Asanecos, B. C. ®opma TecToBbIX 3amanuii. Mocksa : LlenTp Tectuposanus, 2006. 156 c.

3. Owmapos, M. A., Mypanosa, B. X. Indornoriune 3abe3nedeHss iHpopManiitHOT TEXHOJIOTIT yIpaBIiHHS AUCTAHIIIHOIO OCBITOIO.
Cywacnuii  cman  naykosux — 0ociiodcenb — ma — mexuwonoziii 6  npomuciosocmi.  2018.  Ned (6).  C.146-153.
DOI: https://doi.org/10.30837/2522-9818.2018.6.146

4. Kosanbuyk lO. O. Teopis ociTHiX BuMiptoBanb. Hixxun : Bugaseus I1I1 JIucenko M. M., 2012. 200 c.

5. Jlicosa T. B. Mopeni Ta metoau cy4acHoi Teopii TectiB. Hixkun : Bumasens I1I1 JIucenko M. M., 2012. 112c.

6. An, X, Yung, Y. (2014), "Item Response Theory: What it is and how you can use the IRT procedure to apply it", Paper SAS364-
2014, Cary, NC, USA: SAS Institute Inc. 14 p. URL: http://support.sas.com/resources/papers/proceeding (mara BigBimyBaHHs

11.02.2020).
7. Razak, N. A., Razak, A. Z. K., Lei, M. T. (2012), "Examining Quality of Mathematics Test Items Using Rasch Model:
Preliminarily Analysis"”, Procedia - Social and Behavioral Sciences, Vol. 69, P. 2205-2214.

DOI: https://doi.org/10.1016/j.sbspro.2012.12.187

8. MaiiopoB A. H. Teopus 1 npakTHKa CO3AaHMs TECTOB JUIs CUCTeMbI 00pa3oBanus. Mocksa : Mutemnexr-Lentp, 2002. 267 c.

9. Maneea 10. A., Kocerko B. B., Maneesa O. B., Ceitianunuii [I. B. CTBopeHHs K01a00paTHBHOTO CepeOBHINa PO3poOKH B
CHUCTEMIi JAMCTAHIIIHHOTO HaBYaHHS. CYYacHuil Cman HAyKo8UX OOCIIONCeHb ma mexHonozii 6 npomuciosocmi. 2019. Ne 2 (8). C. 62—
71. DOI: https://doi.org/10.30837/2522-9818.2019.8.062

10. Kpoxkep, JI., Anruna J{x. BBeeHre B KITacCCHYECKYIO U COBPEMEHHYIO TeOpHIo TecToB. Mocksa : Jloroc, 2010. 668 c.



https://doi.org/10.30837/2522-9818.2018.6.146
http://support.sas.com/resources/papers/proceeding
https://doi.org/10.1016/j.sbspro.2012.12.187
https://doi.org/10.30837/2522-9818.2019.8.062

ISSN 2522-9818 (print)

CyuacHuii cman HayKkogux 00ciiodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 1 (11) ISSN 2524-2296 (online)

11. Rasch, G. (1980), Probabilistic Models for Some Intelligence and Attainment Tests (Expanded edition), Copenhagen : Danish
Institute of Educational Research, 324 p.

12. Kum B. C. AHanu3 pe3ynbTaToB TeCTHpOBaHHS B mporecce Rasch measurement. /1edacoeuueckue usmepenus. 2005. Ne 4. C. 39—
45,

13. Rusch, T., Lowry, P. B., Mair, P., Treiblmaier, H. (2017), "Breaking free from the limitations of classical test theory: Developing
and measuring information systems scales using item response theory”, Information & Management, Vol. 54, Issue 2, P. 189-203.
DOI: https://doi.org/10.1016/j.im.2016.06.005

14. Wilson, M. (2005), Constructing Measures: An Item Response Modeling Approach, NJ : Lawrence Erlbaum Associates, 228 p.
DOI: https://doi.org/10.4324/9781410611697

15. Muxees O. B. MaremaTu4ieckue MOJIENH MMEArOTHIECKUX u3MepeHuil. Iledacocuyeckue usmepenus. 2004. Ne 2. C. 75-88.

16. dInxonunmii A. A., Jlyako A. ®. ABTOMaTH30BaHa CHCTEMa aHANI3y pe3yJbTaTiB KOMIT'TOTEPHOTO TECTYyBaHHS 3 BHILOL
Matematuku. Hayxosi npayi JonHTY. Cepia: "lledacozika, ncuxonocis i coyionozia”. 2013. Ne 2(14). C. 103-110.

17. Suparman, U. (2016), "Analyzing the quality of english test items of daily, mid semester and final school examinations in bandar
lampung: (assessment and evaluation in language teaching)”, International Conference On Educational Research & Evaluation,
Yogyakarta, 14 p. URL.: http://repository.lppm.unila.ac.id/id/eprint/3121 (zara Bigsigysanus 11.02.2020).

18. Quaigrain, K., Arhin, A. K. (2017), "Using reliability and item analysis to evaluate a teacher-developed test in educational
measurement and evaluation", Cogent Education, Vol. 4 (1). P. 1-11. DOI: https://doi.org/10.1080/2331186X.2017.1301013.

References

1. Avanesov, V. S. (1994), Scientific problems of test knowledge measurement [Nauchnye problemy testovogo kontrolya znanii],
Moscow, ITsPKPS, 86 p.

2. Avanesov, V. S. (2006), Form of the tests [Forma testovykh zadanii], Moscow, Tsentr testirovaniya Publ., 156 p.

3. Omarov, M., Muradova, V. (2018), "Infological support of the information technology for managemant of distance education”,
Innovative Technologies and Scientific Solutions for Industries, No. 4 (6), P.146-153. DOI: https://doi.org/10.30837/2522-
9818.2018.6.146

4. Koval'¢uk, Ju. O. (2012), Educational Measurement Theory [Teorija osvitnix vymirjuvan'], Nizhyn, Publisher PP Lysenko M. M.,
200 p.

5. Lisova, T. V. (2012), Models and methods of the modern test theory [Modeli ta metody suchasnoyi teoriyi testiv], Nizhyn,
Publisher PP Lysenko M. M. 112 p.

6. An, X. and Yung, Y. (2014), "Item Response Theory: What it is and how you can use the IRT procedure to apply it", Paper
SAS364-2014 — Cary, NC, USA : SAS Institute Inc., 14 p., available at: http://support.sas.com/resources/papers/proceeding (last
accessed 11.02.2020).

7. Razak, N. A., Razak, A. Z. K. and Lei, M.T. (2012), "Examining Quality of Mathemtics Test Items Using Rasch Model:
Preminarily Analysis", Procedia - Social and Behavioral Sciences, Vol. 69, P. 2205-2214.
DOI: https://doi.org/10.1016/j.shbspro.2012.12.187

8. Maiorov, A. N. (2002), Theory and practice of tests creating for the education system [Teoriya i praktika sozdaniya testov dlya
sistemy obrazovaniya], Moscow, Intellekt-Tsentr Publ., 267 p.

9. Malieieva, Ju., Kosenko, V., Malyeyeva, O., Svetlichnyj, D. (2019), "Creation of collaborative development in the system of
distance  learning”, Innovative  Technologies and Scientific  Solutions for Industries, No.2(8), P.62-71.
DOI: https://doi.org/10.30837/2522-9818.2019.8.062

10. Croker, L., Algina, J. (2010), Introduction to Classical and Modern Test Theory. [Vvedenie v klassicheskuyu i sovremennuyu
teoriyu testov], Moscow, Logos Publ., 668 p.

11. Rasch, G. (1980), Probabilistic Models for Some Intelligence and Attainment Tests. Copenhagen, Danish Institute of Educational
Research. (Expanded edition), 324 p.

12. Kim, V. S. (2005), "Test results analysis during Rasch measurement" ["Analiz rezul'tatov testirova-niya v protsesse Rasch
measurement"], Pedagogicheskie izmereniya — Pedagogical Measurements, Vol. 4, P. 39-45.

13. Rusch, T., Lowry, P. B., Mair, P., Treiblmaier, H. (2017), "Breaking free from the limitations of classical test theory: Developing
and measuring information systems scales using item response theory", Information & Management, Vol. 54, Issue 2, P. 189-203.
DOI: https://doi.org/10.1016/j.im.2016.06.005

14. Wilson, M. (2005), Constructing Measures: An Item Response Modeling Approach, NJ : Lawrence Erlbaum Associates, 228 p.
DOI: https://doi.org/10.4324/9781410611697

15. Mikheev, O. V. (2004), "The mathematical model of pedagogical measurements” [*Matematicheskie modeli pedagogicheskikh
izmerenii"], Pedagogicheskie izmereniya — Pedagogical Measurements, Vol. 2, P. 75-88.

16. Dykhovichnyi, A. A., Dudko, A. F. (2013), "Automated system for computer testing in higher mathematics results analysis"
["Avtomatizirovannaya sistema analiza rezul'tatov komp'yuternogo testirovaniya po vysshei matematike"], Naukovi pratsi DonNTU.
Seriya: "Pedagogika, psikhologiya i sotsiologiya”, Vol. 2 (14), P. 103-110.

17. Suparman, U. (2016), "Analyzing the quality of english test items of daily, mid semester and final school examinations in bandar
lampung: (assessment and evaluation in language teaching)”, International Conference On Educational Research & Evaluation,
Yogyakarta, 14 p. URL.: http://repository.lppm.unila.ac.id/id/eprint/3121 (last accessed 11.02.2020).

18. Quaigrain, K., Arhin, A. K. (2017), "Using reliability and item analysis to evaluate a teacher-developed test in educational
measurement and evaluation", Cogent Education, Vol. 4 (1). P. 1-11. DOI: https://doi.org/10.1080/2331186X.2017.1301013.

Haoiiuuna (Received) 26.02.2020



https://doi.org/10.1016/j.im.2016.06.005
https://doi.org/10.4324/9781410611697
http://repository.lppm.unila.ac.id/id/eprint/3121
https://doi.org/10.1080/2331186X.2017.1301013
https://itssi-journal.com/index.php/ittsi/issue/view/8
https://doi.org/10.30837/2522-9818.2018.6.146
https://doi.org/10.30837/2522-9818.2018.6.146
http://support.sas.com/resources/papers/proceeding
https://doi.org/10.1016/j.sbspro.2012.12.187
https://itssi-journal.com/index.php/ittsi/issue/view/8
https://doi.org/10.30837/2522-9818.2019.8.062
https://doi.org/10.1016/j.im.2016.06.005
https://doi.org/10.4324/9781410611697
http://repository.lppm.unila.ac.id/id/eprint/3121
https://doi.org/10.1080/2331186X.2017.1301013

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

Bidomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

Cwminouu Jleonin CepriiioBuy — KaHIUOAT TEXHIYHUX HAyK, IOLEHT, HalioHalIpHHH aepOKOCMIYHHMH YHIBEpCUTET
iMm. M. €. XKykoscekoro "XAI", nmomeHT kadenpum KOMITIOTEpHHX HayK Ta iH(opMamiiHMX TexHoiorild, XapkiB, YkpaiHa;
email: Isonlinels@gmail.com; ORCID: https://orcid.org/0000-0001-6156-9506.

CmupnoBuy Jleonua CepreeBHY — KaHAWAAT TEXHUYECKHX HAyK, JOLEHT, HaloOHaNbHBIM a3pOKOCMUYECKHH YHUBEPCHTET
um. H. E. Kykosckoro "XAN", noueHT kageapsl KOMIBIOTEPHBIX HAyK M HHOPMALIMOHHBIX TEXHOJIOTHH, XapbKoB, YKpauHa.

Smidovych Leonid — PhD (Engineering Sciences), Associate Professor, National Aerospace University "Kharkiv Aviation
Institute”, Associate Professor of the Department of Computer Science and Information Technologies, Kharkiv, Ukraine.

Aptiox Ousecsi BosogmmupiBaa — XapkiBChKHII pafiOTEeXHIYHHH KOJNEK, BHKIAAad iHO3eMHOI MOBH, XapKiB, YKpaiHa;
email: olesia.artiuh@gmail.com; ORCID: https://orcid.org/0000-0002-4929-7541.

Apriox Ousecs BinapmmupoBHa — XapbKOBCKUH paJUOTEXHUYECKUH KOJUIEIDK, IIPENOJAaBaTellb HHOCTPAaHHOIO S3bIKa,
XapbKoB, YKpauHa.

Artiukh Olesia — Kharkiv School of Radio Engineering, Foreign Language Teacher, Kharkiv, Ukraine.

Kocenxo Haranis BikTopiBHa — KaHIUIAT TeXHIYHMX HayK, XapKiBChKHH HAIiOHAIBHHUN YHIBEPCHTET MiCBKOTO
rocnogapctBa iMeHi O. M. bekeroBa, noueHT kadeapu ympapiliHHS INPOEKTAaMH Y MICBKOMY TrocmoaapcTBi i OyaiBHMUTBI, XapkiB,
Vkpaina; email: kosnatalja@gmail.com; ORCID ID: https://orcid.org/0000-0002-5942-3150.

Kocenko Haranbsi BUKTOpoBHA — KaHAUAAT TEXHUYECKUX HAayK, XapbKOBCKHH HAllMOHAJIBHBIA YHUBEPCUTET I'OPOJCKOrO
xo3siictBa uMeHn A. H. bekeroBa, noneHT kadeaps! ynpaBieHHs IIPOEKTAMH B TOPOJICKOM XO3SICTBE M CTPOHUTEIHCTBE, XapbKOB,
VYkpauna.

Kosenko Nataliia — PhD (Engineering Sciences), O. M. Beketov Kharkiv National University of Urban Economy, Associate
Professor at the Department of Project Management in Urban Economy and Construction, Kharkiv, Ukraine.

ABTOMATHM3AIIUSI AHAJIN3A KAYECTBA TECTOBBIX 3AJAHUM U _
PE3YJIbTATOB TECTUPOBAHUSA CTYJAEHTOB UT-CIIEHUAJIBHOCTEHA

IIpeamMeToM HCCIIEOBaHUS CTaThU SIBISIFOTCS CTATHCTHYECKHME MOJIEIM M METOJbI OLCHKH Ka4ecTBAa TECTOBBIX 3a/laHUH, a TaKKe
MPOLIECCHl M TEXHOJOTHMH HMH(OPMALMOHHOW MOAJEPKKU OLICHUBAHUS PE3yJIbTaTOB TECTHPOBAaHUS W KauecTBa TecToB. Ileiblo
SIBIISIETCSL TIOBBINICHHE KayeCTBa TECTOBBIX 3aJaHMH M TOYHOCTH OLIEHKH DPe3yJbTaTOB TECTHPOBAHMS B YCIOBHAX IOCTOSHHBIX
W3MEHEHUH CofepKaHus y4eOHBIX MPOrpaMM ¥ COAEPIKAaHHs TECTOBBIX 3aJlaHU, ¥ COKpAIlleHHe BpeMEHH Ha 00paboTKy pe3yJIbTaToB
TECTHPOBAHUS 3a CYET aBTOMATH3allM{, NPUMEHEHHe pa3pabOTaHHBIX AITOPUTMOB M WH(OPMAIMOHHOW cucTeMbl. B pabore
penrarTcs CIeayronye 3aJa4M: aHaIU3 [pollecca MOArOTOBKU U NPOBEICHHS TECTUPOBAHMS; NIPOBEACHHE aHAMTHYECKOro 0030pa
CTaTUCTHYECKUX METOJZIOB OIIEHKM KauecTBa TECTOBBIX 3aJaHMil W IOKa3aTeleld KadecTBa TECTOBBIX 3aJaHuii; pa3paboTka
000011IEHHOTO Tpoliecca MOArOTOBKH M IPOBEICHHUS TECTHPOBAHUS; aBTOMATH3ALM aHAIM3a PE3yJIbTaTOB TECTHPOBAHUS CTY/ICHTOB
UT-crieunansHocTel. Jist pemrenns: yka3aHHBIX 3a1a4 ObLIA HCIIOIh30BAHBI METOAbI CTATHCTHYECKOro aHanu3a, Mojens Rasch IRT
(Item Response Theory), TexHomOrMM pa3pabOTKH MPOrPAMMHBIX MPUIOKEHHH. I[lOJTydeHBl CICAYIOIHE Pe3yJbTaThl.
[poaHann3nupoBaH MpOIECC MOATOTOBKHM M NPOBEACHHS] TECTHPOBAHUS, NMPEIJIOKEHO ero MOAU(UKALHUIO C yYEeTOM O0COOEHHOCTEH
TectupoBaHus cryaeHtoB UT-cnenuansHocTeid. BeiOpaHbl moka3aresn KauecTBa TECTOBBIX 33/IaHUI, MOJICNIN U METO/BI X pacyuera, B
yactHocTH Mojens Rasch IRT. IlpuBenena uHTeprperanys 3HAYCHHIl IOKa3aTesied KauyecTBa TECTOBBIX 3aJaHMil, W pacyer
K03(hGUIHEHTOB aHOMAIIMH Ka4eCTBa TECTOBOTO 33/IaHHUsI, KOTOPBIE SBIISIOTCS OCHOBOMW ISl ()OPMHUPOBAHUSI COBETYIOIIETO PELICHHS
[0 YJIYYIICHHUIO KadyecTBa TecTa. Pa3paboTaH MPOTOTHH HMH(OPMAIMOHHOW CHCTEMBI TOJJEPKKH IIpoliecca aHajin3a KadecTBa
TECTOBBIX 3aJaHMi{, OLEHKH PE3yJbTaTOB TECTHMPOBAHUS M NPHHATHS pelieHHi o Moaudukarmu Tecta. IIpoBEACHO TECTHPOBAHUE
CHCTEMBl TIPU OLICHKE pEe3YyJIbTaTOB MOJYJIbHOTO KOHTPOJS CTY/ACHTOB TPEThEro Kypca. BBIBOABI: aBTOMATH3AUUS |
nH(MOPMAIMOHHAS MOAEPIKKA pacyeTa U aHaIU3a MoKa3aTesiel KauyecTBa TECTOBBIX 3aaHUi U Pe3yIbTaTOB TECTUPOBAHMUS MTO3BOJIUT
MOBBICHTH TOYHOCTb OIIEHKH U COKPATHTh BpeMsl Ha 00pabOTKy pe3ysIbTaTOB TECTHPOBAHUSL.

KuroueBbie ci10Ba: OlleHKa KauecTBa TECTOBBIX 33/IaHUI; TECTOBOE 3aJIaHUE; IPOIECC TECTHPOBAHUS; CTATUCTHYECKHE METO/BL;
monenu IRT; BamMaHOCTh; HAMCKHOCTD; AU dHEpeHIMPYIOIIas CTOCOOHOCTb.

AUTOMATION OF TEST ITEMS QUALITY ANALYSIS AND IT STUDENTS TEST
RESULTS ASSESSMENT

The subject of this article is statistical models and methods for test items quality assessment, as well as processes and information
support technologies for test results and test quality evaluating. The goal is to improve the quality of test items and the accuracy of the
evaluation of test results in the context of constant changes in the content of study programs and the content of test tasks, and to
reduce the time for test results processing through automation, and developed algorithms and an information system usage. The
following tasks was solved: analysis of the test preparation and testing process; an analytical review of statistical methods for the test
items quality assessment and the test items quality indicators; generalized process of the test preparation and conduct of testing
development; and automation of IT students test results assessment. To solve these problems, the following methods was used:
statistical analysis methods, the Rasch IRT (Item Response Theory) model, and software application development technologies were
used. The following results are obtained. The process of the test preparation and testing was analyzed; its modification is proposed
taking into account the peculiarities of IT students testing. The test task quality indicators, models and methods for it calculation were
selected, in particular, the Rasch IRT model. The interpretation of the test item quality indicators values, and the calculation of the
coefficients of the anomalies in the test item quality, what are the basis for the generation of an advisory solution to improve the test
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quality, are given. A prototype of an information system for support of processes of test items quality indicators evaluating, test
results assessment and decision making about test modification has been developed. The system was tested during the module control
of third-year students results evaluating. Conclusions: automation and information support of the test items quality indicators
calculating and analyzing, and test results assessment will improve the accuracy of the assessment and reduce the time for test results
evaluating.

Keywords: statistic methods; IRT models; Rasch model; test quality; test items; knowledge testing; validity; reliability;
discriminant ability.
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MANAGEMENT OF HUMAN RESOURCES OF THE PROJECT-ORIENTED
ORGANIZATION BASED ON THE PROFILE OF THE SPECIALIST AND THE
DEGREE OF ITS UNIQUENESS

The subject of the research is the tools and methods of effective human management. The purpose of this study is the development
of human management tools for a project-oriented organization. The following tasks had been solved in the article: introducing the
categories of "specialist profile" and "degree of uniqueness" of an employee; identification of the main areas of use of the "specialist
profile" and the indicator of "degree of uniqueness" in the human resources management of a project-oriented organization;
development of the method for assessing the "degree of uniqueness” of an employee. The following methods are used: set theory,
functional analysis, expert assessment method. Results. In this study the category "specialist profile" and the interrelated indicator
"degree of employee uniqueness" were introduced. A specialist’s profile means a combination of three components, which are the sets
of quantitatively evaluated characteristics: competence, energy and professional potential were presented. The profile of the
organization’s specialist is examined for compliance not only with the essence of the project and its specific work, but also with the
conditions of the project and work, as well as with the interests of the project-oriented organization. "Energy" is a set of personal
characteristics of an employee, such as the ability to work in extreme situations, stress tolerance, sociability, etc. "Professional
potential" — "hidden" professional opportunities (competencies, energy), which are transformed into real competencies and energy in
the process of carrying out professional activities. A conceptual model for the use of the "employee profile" in the human resources
management of a project-oriented organization had been developed. Under the degree of uniqueness of an employee is taken the ratio
of his competencies, energy and potential to the competencies, energy and potential of other employees. Conclusions. The method for
assessing the degree of uniqueness of an employee, illustrated by a calculation example, was developed. The directions of using this

indicator in the human resources management of a project-oriented organization were indicated.
Keywords: human resources; competency; energy; potential; control; project; degree of uniqueness.

Introduction

The basis of project team management is a
competency-based approach that allows you to compare
the competencies of project team members and the
capabilities of applicants to participate in the project and
their subsequent assignment to specific project work.
Nevertheless, not only competencies are the "driving
force" of the project, other characteristics of individual
specialists that either contribute to or hinder the successful
implementation of the project are of great importance. In
addition, for organizations (companies, enterprises) that
follow the project approach in the implementation of their
activities and their development, that is, they are project-
oriented, project teams are formed from the totality of
labor resources. Thus, unlike the separately considered
project, employees of the organization can, for example,
be considered as "alternative options™ for participation in
various projects of the organization. The specificity of the
project-oriented organization necessitates the use of
appropriate tools to effectively manage its workforce.

Analysis of recent publications and studies

Consideration of the problem of human resources
management of project-oriented organizations is a logical
dissemination and development of the results of research
of project team management at a higher level - the level of
the organization as a whole. Thus, this study should be
carried out in the context of the synthesis of human
resources management (classic HRM) and project team
management. Such a vision has emerged in modern
science over the past 15 years. In particular, in [1-3], the
authors focus on the fact that the development and

dissemination of project-oriented management ideas for
companies and enterprises of various fields of activity
gives rise to the recurrent problem of labor management
of such organizations. And although the authors do not
provide a specific methodology for solving this problem,
they indicate its importance for modern theory and
practice.

In [4], emphasis is placed on the need for career
growth of employees, moreover, from the point of view of
the well-being of a project-oriented organization. Despite
the fact that the term "professional potential” is not used
in this work, nevertheless, in this context we are talking
about the career growth of the organization’s specialists.

The work [5] summarizes various approaches to the
management of labor resources, considering their
development in a historical context, and focuses on the
usefulness of the penetration of classical approaches to the
management of labor resources in project management
and in the management of project-oriented organizations.
One of the conclusions here is the need for modern
researchers to focus on human resources management in
projects of project-oriented organizations.

In [6], the results of a statistical analysis of success
factors in the context of human resources management of
typical representatives of project-oriented organizations
— software development companies — are presented. In
particular, the following basic mechanisms for successful
workforce management were established: assessment of
the effectiveness of work, training and development,
participation in decision making.

Among the works of the domestic school, it should
be noted [7-11], which are devoted to the competency-
based approach in project management. Note that, despite
the significant attention of domestic researchers to project-
oriented organizations (for example, [12]), problems

© A. Bondar, 2020



CyuacHuii cman HayKkogux 00ciiodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 1 (11)

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

related to labor resources at this level are practically not
considered, as an exception, the works [13, 14], in which,
however, the focus is mainly on projects, and not on the
whole organization.

Based on the foregoing, the purpose of this study is
the development of human resources management tools
for a project-oriented organization.

Research Objectives:

- introduction of the categories of "specialist profile"
and "degree of uniqueness" of an employee;

- identification of the main areas of use of the
"specialist profile" and the indicator of "degree of
uniqueness" in the labor management of a project-oriented
organization;

- development of a method for assessing the "degree
of uniqueness” of an employee.

Specialist profile and its use in the human resources
management of a project-oriented organization.

The main requirement for the project team is that it
has the qualities that ensure the success of the project.
Moreover, these qualities are determined not only by the
composition of competencies, but also by "energy" and
professional potential. Such a conclusion was made in
[15]. It should be noted that a clear identification of the
components of energy and potential requires a separate
study that is beyond the scope of this work; therefore, we
restrict ourselves to introducing into consideration these
characteristics of a unit of labor resources in the form of a
set of corresponding estimates.

Moreover, we accept the following content of these
concepts. "Energy" is a set of personal characteristics of
an employee, such as the ability to work in extreme
situations, stress tolerance, sociability, etc. We define
professional  potential as  "hidden"  professional
opportunities (competencies, energy) that transform into
real competencies and energy in the process of carrying
out professional activities. It should be noted that the latter
is possible only under certain conditions that are formed in
the organization.

Without substantial concretization, we will accept
the following structure of the characteristics of a unit of
labor resources, which we define as a "specialist profile":

{C.Cys..C, By By, E BB, P (1)
¢G,,...C, — set i=Ln of competency ratings -
competency index;

E,E,, .. ,E, — set of estimates of energy
components, j =1,m — energy component index;
P.,P,,...P, — set of potential assessments, s=1,S —

potential component index.

If it is assumed that the components (1) are
dimensionless quantities, for example, points or fractions
of the "ideal" assessment, then the usual Euclidean
distance taking into account the weight of the components
can serve as a measure of "proximity of specialists":

n m S
D, =Y (C-CoF + 3, (B R Y, (PR,
i=1 j=1 s=1

where ai,ﬂj,ys,izl,_n,jzl,_m,s:l,_s — the weight of
the specialist profile components for which;

iai+iﬂj+iys=1- 3)

Cl.E},P;,C},E;, P! — accordingly, the profile
components of the 1st and 2nd specialist. In accordance
with minimization (2), in particular, specialists can be
replaced if necessary within the organization.

Such an approach to identifying the "specificity" of
specialists (employees) can be widely used in deciding on
the formation of a project team and assigning specialists to
work. So, depending on the specifics of individual project
activities, special requirements for profile components
may be put forward.

For example, a specific job requires several
specialists with specific competencies C,,C,,....,C,,.. The

L most probable conditions for the implementation of the
project are forecasted; accordingly, it is required to select
several employees whose competencies correspond to this
work, and "energy" corresponds to one of the most
probable environmental conditions -
Ei1.Ep1vees Eqroen Ei B B - The  organization
also has certain strategic goals and projected projects,
which determines the need to "disclose" a certain potential
of employees P,P,,...,P.. Thus, the profile of the

organization’s specialist is examined for compliance not
only with the essence of the project and its specific work,
but also with the conditions of the project and work, as
well as with the interests of the project-oriented
organization (fig. 1).

This approach will ensure not only the success of a
specific project, but also the success of promising projects
(in the future) of the organization by uncovering the
potential of its employees.

Since in a project-oriented organization, as a rule,
several projects are implemented at the same time, and
project teams are formed from the aggregate workforce of
the organization, a situation often arises of a
choice: which of the employees with close “"competency
content" to include in a particular project team.
In such cases, the proposed approach to the
formation of an employee profile can serve as the basis for
this choice.

Note that the proposed "profiling” of employees will
also allow adequate selection of personnel.  Special
methods of testing can be used to identify specific
components of "energy" and "potential”.

The degree of uniqueness of the employee and the
method of its assessment.

By the degree of uniqueness of an employee of a
project-oriented organization, we mean the ratio of his
competencies, energy and potential with the
competencies, energy and potential of other employees.
According to this definition, the smaller the organization’s
staff, the higher the degree of uniqueness of each of the

(2) employees (labor units) and, accordingly, vice versa.
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Fig. 1. The use of "specialist profile" in decision-making processes on the formation of a project team in a project-oriented

organization

To ensure the success of the project, specialists with
a high degree of uniqueness must be present in the project
team, which will allow them to a) make non-standard
decisions as compared to other team members, b) realize
the existing potential to the maximum extent (which will
be valuable for the project-oriented organization in
future), ¢) use "energy opportunities™ in turbulence.

To assess the uniqueness of a unit of labor at the
level of a project-oriented organization, the following
method is proposed.

Let the labor resources of a project-oriented
organization be H + 1 people. Excluding the employee for
whom the degree of uniqueness is evaluated, N people
remain. Then, for each employee from among the
organization’s labor resources, a set of characteristics is
given:

{(C.C),..CL.E) B} BN BB P} =1H | (4)

C),Ch,...,C" — set of competency assessments, i =1,n —
competency index;
E'E],...E"

set of estimates of energy
components, j= Lm — energy component index;

Plh’ ch,..., Psh
s =1,S — potential component index.

The following indicator is proposed to assess the
degree of employee uniqueness:

set of potential assessments,

U :Zn:ai N +Zm:ﬂj M, +ZS:7’SZ_S1 5)
i=1 QHR j=1 QHR s=1 QHR
or
1 n m S
UP zz(gai'Ni +;ﬂj 'Mj+§}/s'zs)v (6)

where:
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N = al M iolh ) In fact, (7), (9) and (11) establish the number of
i_z =4 people for whom the characteristic in question

(competence, component of energy or potential) is the

oL Cih >C; . — _ same or higher than that of the employee in question. The
I = 0" <C Jd=1Lnh=1H (8) presence in the denominators (5) and (6) Q. allows, in
T : fact, to determine the share of employees with a given
H . characteristic and even the best in the total workforce.
M;=> 1 j=1m, (9) The calculation example was based on the following
h=1 initial data (table 1).
" . The table 2 shows the intermediate and final results
I {1, E; >2E; j Tmheif (10) of cglculatlng the indicator of _the degree of uniqueness qf
] 0,E"<E.. Y B a unit of labor resources. In this example, the value of this
! ! indicator was 0.45. Note that based on the data in table 2,
H _ an employee profile can be formed in the form of a
Z, =) 1!,s=1s, (11)  graphical representation (fig. 2).
h=1
h .
Igz{l’&ths’,sﬂ,_&h:l,_H, (12
0,R'<P,.

Q,r — the amount of labor resources of the organization.

Table 1. The source data for the calculation of the degree of uniqueness of a unit of labor

Characteristics Indicator for an employee Indicator for colleagues

h=1 h=2 h=3 h=4
c,C! 10 8 10 9 3
c,,Ch 9 6 7 8 3
c,,CY 9 5 5 9 7
c, Cl 7 4 4 6 8
C,,C! 3 9 8 10 2
C,,Cy 4 5 6 8 10
E,E 5 10 7 7 4
E,.E} 8 7 7 5 7
P,R" 7 6 5 5 8
P, P 5 10 7 3 9

This profile allows you to visually see the "unique™ several employees on one diagram allows their
characteristics. In addition, the presentation of data on  comparative analysis (fig. 3).

Table 2. Calculation of the indicator of the degree of uniqueness of a unit of labor resources

B, 7, N, M, Z, N M 2z, o N g Mo 2,
QHR QHF\‘ QHR QHF\‘ QHR QHR
01 1 025 0,025
01 0 0 0
02 1 025 0,05
0,05 1 025 00125
0,05 3 075 00375
0,05 4 1 0,05
03 3 075 0225
0,05 0 0 0
0,05 1 0,25 0,0125
0,05 3 0,75 0,0375
Up 0,45
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Fig. 2. The profile of the unit of labor resources

The closer to 0 the values of the individual
components in (5), (6) and, accordingly, in the diagram in
fig. 2, the more "unique" this characteristic is for the
employee in question. So, in this example, competencies
1,2,3, component of energy 1 and potential 1 form the
basis of the "uniqueness” of this employee.

Using weights in (5), (6), respectively, the
significance of individual characteristics in the indicators
of the degree of uniqueness increases or decreases.

Fig. 3 shows the profiles of two employees who are
practically opposites and have different characteristics
with a high degree of uniqueness (HR2 - the employee
discussed above, the -calculation of the degree of
uniqueness is presented in table 2, for HR1, the degree of
uniqueness was 0.52.

Thus, we conclude that HR2 has a higher degree of
uniqueness than HR1. According to the profile in fig. 3 it
is clearly seen that HR2 number of characteristics closer
to 0 is greater than that of HR1.
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Fig. 3. Comparison of labor unit profiles
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Conclusions

In this study, the category "specialist profile” and the
interrelated indicator "degree of employee uniqueness" are
introduced.

A specialist’s profile is understood to mean a
combination of three components, which are sets of
quantitatively evaluated characteristics: competence,
energy, and professional potential. A conceptual model for
the use of the "employee profile” in the human resources
management of a project-oriented organization has been
developed.

Under the degree of uniqueness of an employee, the
ratio of his competencies, energy and potential to the
competencies, energy and potential of other employees is
taken. A method for assessing the degree of uniqueness of
an employee is developed, which is illustrated by a
calculation example. The directions of using this indicator
in the human resources management of a project-oriented
organization are indicated.

A further direction of this study is the development
of formalized methods and models for solving specific
tasks of labor management using the approach presented
in this paper.
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YIPABJIIHHSA TPYJOBUMH PECYPCAMU HPO€KTHO-OPI€H:I‘OBAHOi
OPI'AHI3ALII HA BA3I TIPO®LJIIO ®AXIBLSA I CTYIHEHS UOT'O
YHIKAJIBHOCTI

IIpeameTrom mociKEHHS € IHCTPYMEHTH 1 METOIM €(PEKTUBHOTO YIIPaBIiHHS TPYJOBUMH pecypcaMu. MeTor0 TaHOTO JOCTiKEHHS
€ po3po0OKa IHCTPYMEHTIB YIPABIiHHS TPYAOBUMH PECypCaMH MPOEKTHO-OPIEHTOBAHOI OopraHizamii. Y CTaTTi BUPILIYIOThCS HACTYIHI
3aBIaHHS: BBEJICHHS Kateropii "mpodimro daxiBi” i "cTyneHs yHikanbHOCTI" criBpoOiTHHKA; i1eHTH]IKallisT OCHOBHUX HAIpsIMKIiB
BUKOpUCTaHHS '"mpodimo ¢axiBusg” 1 MokazHUKA "CTyNeHs YHIKaIbHOCTI" B YHPaBIiHHS TPYIOBUMH DPECypcaMH IPOEKTHO-
OpieHTOBaHOI opraHizanii; po3poOka MeTOqy OIIHKM "CTYHEHs YHIKalbHOCTI" CHIBpOOITHHKA. BHKOPHCTOBYIOTBCS Taki MeTONH:
Teopii MHOXHUH, (QYHKUIOHAIFHUNA aHaNi3, METOJ E€KCIEePTHUX OIiHOK. Pe3yasTaTH. B maHoMy nocmikeHHI BBelE€Ha B PO3TIIAL
kareropis "mpodins ¢axiBig” 1 B3a€MONOB'SI3aHWN TOKA3HUK ''CTYMiHb YHIKaJmbHOCTI crmiBpoOiTHHKka". [lix mpodimem daxiBis
PO3YMI€ETBCSI CYKYNHICTh TpPHOX CKIQJOBHX, SKi MPEICTABIAIOTH CO0O0K0 0e3Nidi KITBKICHO OIiHIOBAHMX XapaKTEPHCTHK:
KOMIIETEHTHOCTI, eHepris, mpodeciiinnii notennian. [Ipodine ¢daxiBus opraHizamii po3risIacThCs Ha MPEIMET BiIOBIAHOCTI HE
TIJIBKH CYTi MIPOEKTY i KOHKPETHHX HOTO pOOIT, a if yMOBaM peaitizallii IpoeKTy 1 BUKOHaHHS POOOTH, a TAKOXK IHTEpecaM MPOEKTHO-
opieHTOBaHOI opranizaiii. "EHeprisa” — 11 CyKyNnHICTh OCOOMCTICHUX BJIACTUBOCTEH CMIBPOOITHUKA, TAKUX K MOXKJIHBICTh pOOOTH B
EKCTpEeMaJIbHUX CHUTYyalisiX, CTPECOCTIHKICTh, KOMyHikabenbHicTh 1 T.m. "Tlpodeciitnnii moteHmian” — "npuxoBani” mnpodeciiini
MOXJIMBOCTI (KOMIIETEHTHOCTI, €Hepris), siki TpaHCHOPMYIOThCS B peajibHi KOMIIETEHTHOCTI 1 €Heprifo B mpoleci 3iiCHEHHs
npodeciiiHoi misbHOCTI. Po3po0ieHo KOHLENTyallbHy MOZAENb BUKOPHCTaHHS «IPO(iII0 CHiBpOOITHHKA» B YHPABIIHHI TPYIOBUMHU
pecypcamu MPOEKTHO-Opi€EHTOBaHOI opraHizamii. [1ix cTymeHeM yHIKadbHOCTI CHIBpOOITHHKA PO3YMIETHCS CIIBBIIHOIIEHHS HOTO
KOMIIETCHTHOCTEH, €Heprii 1 TMOTeHIialy 3 KOMIIETEHTHOCTSMH, CHEPTi€l0 1 MOTCHIIANOM IHIMX CHiBpOOITHUKIB. BUCHOBKH.
Po3po0ieHo MeTo OIiHKK CTYTIEHS YHIKaJIBHOCTI CIIBPOOITHHKA, SIKMI MPOLTIOCTPOBAHUN PO3PaxXyHKOBUM MpHUKIaaoM. [lo3HaueH1
HanpsiIMH BUKOPHUCTAHHsI IAaHOTO TIOKa3HHKA B yIPaBJIiHHI TPYJOBUMH PECYPCaMU TPOEKTHO-OPi€HTOBAHOT OpraHi3allii.
Ki1i04oBi cjioBa: TpyI0Bi pecypcu; KOMIIETEHTHOCTI; €HEepTisl; MOTEHIiaN; YIPaBIiHHS; POEKT; CTYiHb YHIKaIbHOCTI.

YIOPABJIEHUE TPYJOBbIMH PECYPCAMU MPOEKTHO-OPUEHTUPOBAHHOM
OPI'AHU3AILINU HA BA3E TPO®UJISA CIIEHUAJIUCTA U CTEIIEHU ET'O
YHUKAJIBHOCTH

IIpenmeToM ¥cCleqOBaHUS SBISIOTCS WHCTPYMEHTHI M METOABI S(G(EKTHBHOTO YIpPABICHUS TPYAOBHIME pecypcamu. ILleanio
JAHHOTO HCCIICNIOBAHMS SIBISIETCS pa3paboTKa WHCTPYMEHTOB YIPABIEHHS TPYAOBBIMH PECYpCaMU IIPOEKTHO-OPHUEHTHPOBAHHOM
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opraHm3anuy. B craTtbe pemarorcs cieayrone 3aAadM: BBeIeHHE KaTteropuil "mpoduis criennanicta” U "'CTeNeHN YHUKAIEHOCTH
COTPYJHUKA; HICHTH(UKALMS OCHOBHBIX HAINpPAaBICHUH WCIOIB30BAaHAS '"HpoQIIs crenuamucTa’ W IoKaszaTels ''CTeleHH
YHHUKQJIBHOCTH" B YIPaBICHUS TPYIOBBIMH PECypcaMH IIPOSKTHO-OPHUEHTHPOBAHHOW OpraHHW3aIMH; pa3pabOTKa METOJa OICHKH
"CTeNeHN YHUKAIbHOCTH' COTPYIHHKA. MCHONB3YIOTCS CleAyIoue MeTOAbl: TEOPUH MHOXECTB, ()yHKIMOHAIBHBIA aHATN3, METOX
9KCIIEPTHBIX OLICHOK. Pe3yabTaThl. B MaHHOM HcclenoBaHUMM BBEJE€HA B PAaCCMOTPEHHE KaTeropHs 'Mpo¢uib crenuanucra’ u
B3aMMOCBSI3aHHBIH [TOKa3aTeNb "CTeNEeHb YHUKAIBHOCTH COTpyAHuKa". TIoa npoduieM crieruanicTa oOHUMAeTCsi COBOKYITHOCTb TPEX
COCTaBJISIIOLIMX, MPEICTaBIAIONINX CO00H MHOXKECTBA KOJIMYECTBEHHO OLICHHMBACMbBIX XapaKTEPHCTHUK: KOMIIETEHTHOCTH, JHEPTHs,
npodeccnoHanbHEI noTeHnMan. IIpoduns crenmamicta OpraHM3alM paccMaTpHUBaeTcs Ha IPEIMET COOTBETCTBHSI HE TOJIBKO
CYIIHOCTH TIPOEKTa W KOHKPETHBIX €ro padoT, a M YCIOBHSAM pealn3allii MPOEKTa M BBIIOJHEHUS paboThl, a Takke MHTEpecaM
MIPOEKTHO-OPUEHTHPOBAHHON OpraHM3aluy. "ODHEpPrus’ — 3TO COBOKYIHOCTb JIMYHOCTHBIX CBOWCTB COTPYAHHKA, TAaKMX Kak
BO3MOYKHOCTb pabOTHI B IKCTPEMANBHBIX CHTYalUsX, CTPECCOYyCTONYMBOCTh, KOMMYHHKA0EIbHOCTh U T.I. «IIpodeccroHanbHbIIN
MOTEHIHMA — "CKPBIThIE" MPodecCHOHANTBHBIE BOBMOKHOCTH (KOMIIETEHTHOCTH, HEPTHs1), KOTOPbIE TPAaHC(HOPMHUPYIOTCS B pealbHbIe
KOMIIETEHTHOCTH ¥ SHEPTHIO B IPOLIECCE OCYIIECTBICHUS NMPO(ECCHOHANBHON AesTeIbHOCTH. Pa3paboTaHa KOHIENTya bHas MOJENb
WCIOJIB30BaHUS "TIPOQMISA COTpYAHHKA'" B YIPABICHUH TPYIOBBIMU pecypcaMy MpPOEKTHO-OPHEHTHPOBAHHOW opranm3aimu. [lox
CTENCHbI0 YHHMKAJbHOCTH COTPYJHHKA IOHMMAEeTCS COOTHOLICHWE €ro KOMIICTCHTHOCTCH, OHEprMM U MNOTEHLHAIa C
KOMIIETCHTHOCTSIMH, 3HEpPTUel U MOTEHINAJIOM JPYTHX COTPYIHHUKOB. BeIBoabI. Pa3spaboTan MeTO OLIEHKH CTENICHN YHHKATBHOCTH
COTpPY/JHHKA, KOTOPBIH MPOMLTIOCTPHPOBAH pacueTHBIM NnpuMepoM. O003HauYeHbI HAapaBJIeHHs NCTIOIb30BaHMS JAaHHOTO ITOKa3aTes
B YIPaBJICHUN TPYAOBEIMH PECYpCaMy IIPOEKTHO-OPHEHTHPOBAHHON OpTaHN3aINL.

KuroueBsbie ci10Ba: TpyIOBBIE PECYPCHl; KOMIICTEHTHOCTH; YHEPTHsl; TOTSHIMAI; YIIPABJICHHE; IPOEKT; CTEIIeHb YHUKAIbHOCTH.
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HYBRID INFRASTRUCTURE PROJECT MANAGEMENT METHODOLOGIES

The subject of this article is the development of hybrid methodologies for managing projects, programs and project portfolios.
Significant reductions in the life cycles of infrastructure programs, which contain projects of different lines of activity and different
management methodologies, for example, waterfalls with a rigid life cycle and Agile with a flexible methodology life cycle, require
the use of convergence tools to form “hybrid” methodologies. The goal is to develop a convergent approach to building hybrid project
management methodologies in terms of decision-making processes in project management based on various platforms. Results of the
studies were obtained using a convergent approach to building methodologies for managing infrastructure projects and programs. A
substantial model of the resulting hybrid methodology for managing infrastructure projects and programs is presented. Conclusions:
Hybrid methodologies for managing infrastructure projects and programs are becoming more popular in this category of programs.
The main reason is the presence in the program of components with different life cycles, and, consequently, methodologies that
require integration and harmonization. The methodology is tested by the practice of using mechanisms of hybrid multilevel
management of infrastructure projects and programs. The study of hybrid infrastructural program management methodologies is
defined by the practice of introducing different components of programs. The application of the hybrid project management
methodology allowed the authors to execute different projects in essence within the stipulated timeframe with the given budget and
quality of construction projects and projects of creation of information and communication infrastructure management systems.

Further areas of research are related to the elaboration of harmonization, integration, convergence and actualization mechanisms.
Keywords: convergence model; hybrid management methodologies; infrastructure program; basic project management

methodology interaction model; program manager.

Introduction

The analysis of the tendencies of the development of
infrastructure projects and programs has determined that
the key factors for their success are taking into account the
specifics of managing each class of projects included in
the infrastructure program, reliability of implementation,
efficiency in value creation and ecological harmonization
in the light of turbulent environment. At the same time,
improving the level of implementation of infrastructure
programs is a strategic direction for Ukraine's
development. The conducted analysis of the status and
problems of the existing infrastructures of regions, cities,
settlements and consumers of Ukraine has determined the
relevance and practical importance of research on the
implementation of complex infrastructure projects in
turbulence based on the construction of a hybrid
methodology for project and program management within
a converged balanced approach [1]. The authors have
developed a holistic model for solving problems of
implementation of infrastructure projects and programs on
the basis of dual (management with simultaneous
learning, rational models) management within hybrid
methodologies that combine different principles and life
cycles of the management model. Experimental studies of
the proposed hybrid approaches, models and methods of
managing infrastructure programs have confirmed their
adequacy and effectiveness.

Today, there is relatively little work in the known
literature in which research would focus on various
aspects of such an important direction of development as
the effective management of infrastructure projects and
programs to successfully implement them through a
hybrid management methodology with parallel training of
models to reduce uncertainty in program implementation.
Also, insufficient attention was paid to project
management of the implementation of infrastructure
programs on the basis of prudent management [2, 3].

Of particular relevance to the uncertainty, challenges and
challenges of the program's external and internal
environments is the acquisition of such large-scale and
long-lasting infrastructure programs. This class includes
state targeted programs for the development of territorial
systems, as a major component of Ukraine's development.
Currently, the configuration of infrastructure development
programs is based, as a rule, on the use of stationary
models that do not take into account the variety of projects
and management methods, and the dynamics of the
external environment over the period of program
implementation. On the other hand, in certain segments of
the critical path of the program not only the values of the
parameters of the environment, but also their
methodologies and the priority in making management
decisions change.

Current trends in the global development of project-
oriented organizations that implement program and
program infrastructures are accompanied by the
development of their competence and technological
maturity [41]. The activities of project-oriented
organizations are generally mobile and based on generally
accepted rules for implementing infrastructure programs
and programs. This concerns the involvement of
productive forces caused by cost minimization and
environmental compliance. The basis for balanced
development in the implementation of infrastructure
projects is an innovative upgrade aimed at increasing the
quality of products and services, enhancing their
competitiveness through the implementation of best
international practice [5]. The key factors are quality
enhancements and the ability to create value and generate
value [6].

Infrastructure programs, regardless of their type,
operate in accordance with their organizational
management strategies, which are based on a focus on the
development and satisfaction of stakeholders. In a
competitive environment, such strategies of infrastructure
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programs are in many cases designed to support or create
competitive advantages over other organizations or the
competitive value of infrastructure program products
[7, 8]. In the course of their activities, organizations must
adapt the strategies of infrastructure programs to the
influences of the external environment and internal
dynamics. At the same time, it is necessary to find ways of
effective investment of management resources in the
application of appropriate methodologies, for timely
achievement of the planned strategic indicators of
infrastructure programs and programs [9].

The purpose of the article is to develop a
convergent approach to building hybrid methodologies for
managing infrastructure projects and programs from the
perspective of decision making processes within
boundaries based on different methodological platforms
and standards.

Research methodology

Infrastructure programs should not only be aimed at
building (development) of a complex or large-scale
system, they should take into account the development of
concepts, changes in organizational structures and teams
of managers [9]. In an infrastructure program designed to
develop a new type of product (service), the use of new
technologies [10, 11] and the concept of overall success
management are crucial. Strategic management of the
infrastructure program identifies elements of strategy that
are critical to achieving the mission of the program, and
creates a program structure for combining key elements
[12, 13]. Managing an infrastructure program strategy is
primarily about establishing a mission and managing its
mental space [14].

In the practice of managing infrastructure programs,
three approaches to strategy implementation are applied.

The first type of approach is to establish certain
principles and / or implement an appropriate structure for
the day-to-day operations, basic and minor decisions to
enhance the professionalism and culture of the
organization's members. This technique is developed to
create a well-managed organization.

The second type approach is aimed at the
development of new techniques and mechanisms for their
implementation, which the organization can apply in work
with both technological processes (equipment and
technology) and management (business processes and
business models).

The third type approach defines the mechanism of
cyclical creation of new values, such as products and
services, that provide organizations with success, which in
turn defines the existing values of the organizations
themselves.

For each approach, a specific activity profile scheme
should be defined [15, 16].

Value creation is seen as a core concept of an
infrastructure program that is phased out. The program
begins by identifying the kind of values that you want to
create, then moving on to value creation actions, and
determining when to manage a value adjusting activity.

Most important in this work is the process of defining the
vision, mission and strategy, which aims to prepare the
infrastructure program by identifying problems and
formulating key areas of the strategy. This process
consists of:

- contextual analysis of the situation for the correct
presentation of the complete picture (status) of the
infrastructure program, including the environment;

- preparation of alternative scenarios.

In order for the management of the infrastructure
program to be dynamic, with adequate response and to
provide compensation for changes in the environment, the
infrastructure program manager must forecast trends in the
environment in the short and long term. It is necessary to
model numerous scenarios of the situation development.
To achieve this, the program team must begin with a
thorough analysis of the current state and modeling of the
desired state in the future. Leaders of the organization
should formulate the main purpose of the infrastructure
program in the form of a mission and justify in it the
reason for the existence of the infrastructure program
itself. This sets the stage for stakeholders to share the
concept of the management team, increase their
involvement in the implementation of the infrastructure
program, and increase awareness of the issues through
active collaborative learning and motivation.

In the next stage, the infrastructure manager sets out
a clear goal for which management activities should be
directed. This objective is formulated in the form of a
concept or task of finding ways to implement an
infrastructure program, in other words, identifying ways
of achieving a mission to decide which program
management methodologies to use. At this stage, it is
desirable, whenever it’s possible to describe the steps
required to carry out the mission of the infrastructure
program in the form of specific objectives. Infrastructure
program management tools investigate, narrow, and sift
through numerous scenarios and related management
methodologies for the implementation of the infrastructure
program, selecting a specific scenario that becomes the
basis for further management and evaluation of the
infrastructure program architecture.

Consider contextual analysis as a method of
comprehending and presenting a holistic picture of an
infrastructure program. This analysis is used to interpret
the mission and strategy mainly when the interacting
multiple values of the infrastructure program are
expressed in abstract terms. In context analysis, the rules
that shape the system or the appropriate methodology for
generating a general context must be presented visually,
and the requirements of the client or specialist from the
infrastructure planner should be maximally embodied.

Study results

Appropriate knowledge is applied to solve complex
infrastructure program management problems, diagnostics
are made, and the relationship between the whole and
parts is improved by maintaining the right balance
between the overall management of the whole and the
autonomy of the parts, often different in nature of
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implementation and life cycles. This is necessary because
the essence of managing infrastructure program is to
generate decisions while reducing managerial uncertainty,
the programs are considered as a whole, are reciprocal,
and must be coordinated to ensure the smooth progress of
the infrastructure program. Therefore, bureaucratic
obstacles between the implementation of different
components of an infrastructure program must be
eliminated in order for the programs to interact in a
harmonious way and to produce results defined by the
mission. For this reason, program management establishes
specific rules for the interaction between component and
projects, maintains and ensures the inherent autonomy of
programs.

In order to build relationships between the whole and
parts and to align them with the content of the mission and
the strategy of the infrastructure program, the project
management should analyze and determine the principles
and organization of the relationship, the behavior of the
whole and its components. Both the rules for managing
the infrastructure program and the principles and
methodologies of management for reaching a compromise
and determining the direction of action in the
organizations implementing the programs should be
established and, if necessary, revised and improved.

Infrastructure program management is designed to
interpret mission-defined, mission-relevant components
and values at the strategic level to identify synergies
across the subject areas, objectives, goals and tools,
implementation of integration management, which focuses
on prioritizing implementation of components in all
program implementation processes.

The conceptual model proposed in the study is based
on the organization's life cycle, problems and challenges

related to specific situations during the infrastructure
project lifecycles, early warning indicators, and proactive
impact model generation during program implementation
[17].

For the purpose of understanding the terms that are
not well known, here are the basic definitions of the study.

Definition 1. By the hybrid methodology, we define
a methodology that combines different management
principles and methodology approaches. For example:
Agile with flexible lifecycle, Waterfall lifecycle PMBoK,
Value-based P2M and Prince 2 with Gateway project
phase management model.

Definition 2. Proactive management is based on
forecasting and decision making based on a vision of the
future and challenges or perturbations.

Definition 3. Threat is a net risk that is damaging and
has a critical or a negative impact on the status and
success of a project or program.

Definition 4. Bifurcation is a critical state of the
system in which two scenarios of its development are
possible. It's a rise or fall. A bifurcation point is a change
in the system's default mode.

Definition 5. Value determines the benefits a
stakeholder receives. In projects and programs, value must
be balanced across all stakeholders.

Definition 6. Turbulence is a state of the system or
its environment that generates the uncertainties (vortices,
tsunamis, or other forms) in organizational development
processes. In this case, the development of the system is
significantly inhibited or accelerated.

The conceptual diagram of infrastructure program
management based on the hybrid methodology is shown
in fig. 1.

Agile. Sprint 2

r
<

Agile. 3-M sprints. Continuous impro@

O]

Waterfall Life Cycle Methodology (PMBoK. ISO 21500. etc.)

T

o

o

Fig. 1. Conceptual scheme for managing infrastructure programs based on hybrid methodology

This example provides an overview of how Agile
and PMBoK methodologies work together. Two sprints
are highlighted in the Agile methodology. At the first
sprint a minimum working product was created. The
second sprint is where a working product is created with
the necessary features that support the functioning of this
component of the infrastructure project. The third and
subsequent sprints are dedicated to the system of
continuous improvement (Kaizen). The waterfall life cycle
methodology outlines 4 phases of the projects. Hybrid
methodology models 1-3 are harmonized, integrating,

converging and updating based on relationships 1-3.
These operations are shown in fig. 2 when developing a
hybrid methodology for managing infrastructure programs
based on genomic representations of components.
Managing the success of an infrastructure program
can only be guided by value vectors for different
stakeholder groups, use trends to accelerate development,
convergence of knowledge, timely change in management
paradigms, understanding the philosophy of life cycles,
[18]. Each of these elements is part of the success of the
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infrastructure program, and the formula for success is
determined by the synergy of their interaction [1].

The return from a proactive to a reactive
management method is associated with the transformation
of a challenge into a problem. The term proactivity is
called the period of transformation of a call into a
problem. The proactive term assessment approach is used
in software development projects based on Agile
methodology. For example, in a definition such as
proactive protection of an infrastructure program means a
set of technologies wused in information and
communication systems. The main purpose is to identify
potentially dangerous software and eliminate its impact or
the code itself within the operating software systems.
Unlike other technologies, they warn and try to block
dangerous activity, rather than detecting a known malware
on the system. It uses a model of active bifurcation points
that are linked to life-cycle events and change the
priorities of the infrastructure components to implement
one of the strategies — anti-crisis, stabilization and
sustainable development.

Stakeholder management philosophy assumes that
their claims are legitimate and therefore subject to
consideration. It should be noted that those interpretations
of the stakeholder concept that limit the legitimacy of their
claims should be rejected for economic reasons as they
ignore the fact that the organization's resources are
limited. Unlimited satisfaction is not possible because it
will cause a shortage of the exchange product. For their
part, the stakeholders in many cases do not intend to
relinquish their claims without resistance. In practice, this
leads to political processes in the relations between
groups, in particular, to the struggle for the distribution of
material and other goods.

Let’s consider a generalized model for implementing
infrastructure programs in which companies from several
countries are involved.

The model is represented as:

K=<£E0>

where £ — the environment of the infrastructure program;

O — model of infrastructure program implementation
activities.

The environment of the organization £ is also
considered as a fractal consisting of self-similar models of
the cultural, political and economic environment of the
countries where the organizations that are involved in the
implementation of the infrastructure program are
operating.

E={E,E,,E..E,},

where n number of countries where the organization does
business.

Accordingly, a project-oriented  organization
contains a number of separate units in these countries and
is displayed by a fractal model D in the organization of
self-similar in structure and functions of organizations.

bp={D,D,D,..D,},

where m number of organizational units.
On the basis of the divisions of the organization D,

a model of its activity O is formed on the basis of a
conceptual scheme of value creation and migration in the
cultural, political and economic environment. At the same
time, organizational units in different countries have self-
similar structures. This makes it possible to apply fractal
models to the formation of control mechanisms.

Model of the environment of the organization:

VE € EIM’ =(R.G,.C)),

where M/ — the environment model of the organization in

the i-th country; R, - model of market and country

influence on organization activity; Gi — model of
interaction with partners in the i-th country; C, — model of
interaction with competitors in the i-th country.

Let the model of activity in each country be formed
as:

VD, e D30} = (P, R;,U,),

where Oj’ — model of the organization's activity in the j-th
country; P, —model of product creation in the j-th country

of the organization; RJ. — production model in the j-th

country; Uj - management model in the j-th country.

The interaction model is determined by the matrices
¥,, ¥, ¥, expressed in the form of multipliers that

interact through dampers or risk acceptors of market
influence on the organization, partners, and competitors.
Here ¥, is a matrix of the impact of the environment on

organizations; ¥, — matrix of influence of environment
on partners; ‘P, is the matrix of influence of environment
on competitors. The elements of the matrices
WY, [Lj].W,[L ], [1 j] determine the influence of the

environment on the activity of the unit of the j
organization. The elements of the matrices

Y, [2,§].¥,[2]].¥.[2 j] determine the influence of

the activity of the unit j of the organization on the
environment. The model of influence, which determines
the immune mechanisms, includes coefficients distributed
over five risk zones of influence of critical factors on the
state of the organization and future destruction. The model
is based on trends monitored by the project team on a
scale of estimates Q :

Suppose that for each

matrices ¥, [1, j]. ¥, [L j]. ¥ . [L j].
F,(9).F,(2).F.(2) mechanisms of control of the

hybrid methodology — market dampers and competitors
and risk absorbers passed on to the partners of the
infrastructure program are known.

Then, the organization's infrastructure management
mechanism implements the following steps for each unit:

element of the
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Assessment of the state of the environment for each
unit of the organization €, .

For each unit of the organization, the value of risk
absorption is assessed through their transfer to contract
partners and the company as a whole.

v, =Lj:R"=3F (Q),

where j — the number of countries in which the

organizational units are located, F,™ the total amount of

potential losses transferred to partners.

For each unit of the organization, the values of
accepted threats, risks of market behavior and possible
damping of their negative impact on the organization as a
whole are evaluated.

vj :]-a_j: FoMK :ZFO(QJ')’

where F™ the total amount of potential losses from the

negative impact of the market in the j-th country.

For the organization the values of the accepted
threats, risks and their partial transfer to the panthers are
evaluated

F — FOMK FCMK FpMK ,

where F — the total amount of losses from the negative
impact of the environment of the infrastructure program.

The values of losses that form the maximum
negative impacts of the market or competitors are
highlighted.

v, =137, =max(F.(9,).F.(2,)).

For each maximum loss value ¥,, an anti-crisis

project is formed, which assesses the C, costs and the

BCR cost benefit indicator. If the BCR factor is greater
than 1, then this project is placed in the pool of projects of
crisis management.

If there are not yet considered FO(Q].) F (Qj), then

another iteration occurs and goes to p. 3.

After the infrastructure program pool is formed, it is
selected into the current project portfolio. The selection of
projects is subject to limitations

SiC, <B,,

where B is the budget of the infrastructure program for

the current period.

In order to build an effective hybrid infrastructure
project management methodology, the feasibility of using
genomic representations of the portfolio management,
program and project management methodologies is
substantiated [2, 3].

We will analyze the use of genomic representations
of management methodologies, taking into account
existing problems of financial organizations, turbulence of
internal and external environment. The problems can be
divided into four groups: definition of purpose, goal
achievement, organizational competence and
organizational behavior (fig. 2).

Princinles Approache

Processes Resources

Context

Organization

Methodology 1

L}

Actualization —

Approaches

Principles

Harmonization
Concepts Life cycles t Concepts Life cycles
Integration -
' Modeis Methods\ t ﬁw Methods
v)e Convergence =

Processes Resources

! Context

Organization

Methodology 2

Fig. 2. Genome model of hybrid infrastructure program management methodologies

As an example, consider the step-by-step formation
of methodologies. The use of interaction mechanisms
depends on the level of maturity of project management in
the organization [17]. At low levels of maturity, the
methodology is not fully needed and may not be
represented by all elements. At the high levels of maturity,
organizations implementing large-scale, integrated
programs and projects require a methodology that has the
full range of elements that contain all the variety of

elements needed. That is, for the most complex and
hypothetically diverse portfolio of programs and projects,
the methodology approaches a "hypothetically complete
system".

The knowledge carrier of the methodology formed is
based on this model. The formalized model of the
methodology genome is written as follows

M =(P,K,ALY,DV,0).
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Let there be a set of principles that define the
methodology:

P={pP Py Py -

This set must have the properties of completeness
and consistency. As part of the implementation of the
principles and alternative concepts, many approaches are
known to be used in determining the methodology:

A={a,a,,..a,}.

Alternative concepts can be formed based on these
principles:

K ={K, Ky, ok, ).

The methodology should be acceptable for multiple
project life cycles:

L={l,l,.0l, ).

Models and methods for managing projects,
programs, and portfolios are superimposed on combining
models. These models, methods and mechanisms are
implemented based on the process components of the
methodology:

Y= (Yoo}

The documents that accompany the management
process system are defined as a set of:

D={d,.d,,...d,}.

Each methodology is linked to the corporate culture
of management (culture is expressed through a set of
cultural values):

V={V,V,,....V, }.

This methodology should be linked to the

organizational environment and context:
0={0,,0,,...,0,}.

where the indices n,m,i,r,q,z,c,g determine the number

of elements of each set, which describes the genome of
methodologies.

In this model, we will distinguish two mechanisms:
systematization within each level and harmonization
between the levels of the model.

The harmonization mechanism provides a systematic
elaboration of models at each level. The elements of each
level are systematized based on the adjacency matrix.

The integration mechanism ensures the formation of
a complete model of the hybrid methodology. This
integration depends on the specifics of each methodology
that is included in the hybrid.

The  convergence  mechanism  ensures  the
interpenetration of best practices (solutions) within the
framework of applied methodologies.

The wupdate mechanism prepares a
methodology for implementation.

hybrid

Each of these mechanisms has a complex structure,
functions inputs and outputs. Such mechanisms will be
defined in detail in the following publications of the
authors.

For example, relationships at the first level between
principles and approaches are systematized by the
adjacency matrix. At the same time, the matrix elements
determine the system compatibility of individual
principles and approaches. A value of 0 indicates that
elements do not match or do not interact with each other,
and 1 indicates that they are fully consistent and have the
maximum interaction. Similarly, matrices are formed at
other levels of the model. The task of the systematization
mechanism is to determine the system compatibility of the
selected elements of methodologies. In this case, the term
"genetic code of the project (program)" will mean its
system model, which includes an initial idea of the
"vision" of the project or program product, an integrated
process for the development of a specific functional
activity, built for the entire life cycle of the project, tools
for its interaction with the external environment. At the
same time, the genome of project management
methodologies, project and  program  portfolio
management have the same spiral structure for different
content. We introduce the concept of algebra of project
management methodologies:

A=(5,0),

where S — carrier of knowledge of methodologies, placed
in the genome; Q - a signature that defines a set of
operations on methodology elements.

The signature contains operations for projecting
individual elements of the methodology and their groups,
combining, intersecting, and supplementing
methodologies, and so on.

The purpose of the genetic code of projects,
programs and portfolios is navigation in the
implementation of functions and development processes.
At the same time, the Navigator, moving through the
phases and steps of the life cycle, uses information from
the genetic code — its interconnected structures in the
management processes. Most often, the process of
forming the genetic code of a project occurs
spontaneously, based on the intuition and practice of
project management of the organization. Moving further
in the application of project management analogies in the
field of genomic models, we will distinguish two
additional genomes of the hybrid model - the genome of
competencies in methodology 1 and the genome of
competencies in methodology 2. These genomes intersect
at the point where project competencies are implemented
at the expense of project manager's competence. This
interaction forms the "chromosome" of the project [17].

An example of the application of a hybrid
infrastructure program management methodology

As an example of application of methodology of
profile of mission and strategy of implementation of the
infrastructure program which was implemented in PJSC
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"Mykolaiv bread factory”. Today, this organization has
facilities for storage and processing of cereals, production
and granulation of compound feed, bran. The mission of
the infrastructure program for the development,
reconstruction and modernization of the production
facilities of the Public Joint Stock Company "Mykolaiv
bread factory” was to increase, diversify production
facilities,  increase  logistical ~and  commercial
attractiveness, by reconstruction, modernization of
existing fixed assets and construction. The strategy of the
infrastructure  program  determines the order of
construction, reconstruction and modernization of
production facilities of the program of development of
PJSC "MBF", provided that in the near future from the
beginning of the implementation of the development
program, the company will be able to receive income from
the commissioned new production facilities without
waiting for completion all projects [19].

This strategy allowed in a short time, not more than
one and a half years, to complete the implementation of
the development program, while not stopping production
activities, gradually increasing the capacity of services,
production. The purpose of creating a linear object of
engineering and transport infrastructure to ensure stable
cargo flow through berth No. 10 of Mykolaiv seaport
through public-private partnership is to increase the
volume of cargo processing and diversify cargo flows
through the berth, to increase the logistical and
commercial attractiveness of seaport and its technical re-
equipment.

1

2
7:, /'/

The structure includes the infrastructure program
includes the following components:

- project No.1 — "Silo-type storage facility for
storage of agricultural products with auxiliary buildings
and structures";

- project No. 2 — "ltem No. 1 for receiving loads of
agricultural products with auxiliary buildings and
structures";

- project No. 3 — "Item No. 2 for receiving loads of
agricultural products with auxiliary buildings and
structures™;

- project No.4 — "Storage of silo type No. 2 for
storage of cargoes of agricultural products with auxiliary
buildings and structures";

- project No. 5 — "Non-residential buildings of the
elevator complex (reconstruction of the elevator building -
lit. F1-5 with an extension of the tower No. 2"

- project No. 6 — "Thermal Station with Auxiliary
Buildings and Structures";

- project No. 7 — "Linear object of engineering and
transport infrastructure - gallery for transportation of
goods of agricultural products";

- project No. 8 — "Creation of information system for
management of the infrastructure program of PJSC
"Mykolaiv  bread factory" according to Agile
methodology.

Projects No. 1-7 were created using the "waterfall
model"” of management.

A panorama of the results of implementing the
infrastructure program is shown below (fig. 3).

..‘.: u'u"i:"“- -....-:. e
= . ) 4

i

/
s o

Fig. 3. Panorama of the results of the implementation of the infrastructure program of PJSC " Mykolaiv bread

factory

The given infrastructure program “creation of a
linear object of engineering and transport infrastructure to
ensure stable cargo flow through berth No. 10 of the
Mykolaiv seaport has been successfully completed and the
constructed objects of the grain terminal have been put
into operation.

The implementation of this program allowed to solve
the following tasks:

a) create additional port facilities, expand existing
port infrastructure;
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b) to increase the receipt of budgets of all levels and
trust funds, the collection of port fees by increasing the
volume of cargo through berth No. 10 of the seaport;

c) to expand the integration of the seaport with the
business lines of the OREXIM Group of Companies
through attractive service, differentiated flexible tariff
policy, optimal logistics;

d) optimize and develop the structure of the port;

e)to create conditions for attracting sustainable
freight traffic;

f) to increase, gradually after three years, the cargo
turnover of the seaport by approximately 1800 thousand
tons per year, increase the number of ship activities by
156 units per year, which will result in a significant
increase in the revenues from the port fees at berth No. 10
not less than UAH 50.987 million per year, from the
service of access of the port operator to the berth No. 10

payments to the state budget of at least UAH 33.749
million annually.
Conclusions

1. The study of hybrid methodologies for managing
infrastructure programs is determined by the practice of
implementing program components that differ in their
essence.

2.The use of a hybrid project management
methodology allowed the authors to complete essentially
different projects within a specified time frame with a
specified budget and quality of construction projects and
projects for creating information and communication
systems for infrastructure management.

3. Further research areas are related to detailed
elaboration of mechanisms for harmonization, integration,
convergence and actualization.

additionally at least UAH 6,552 million per year,
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T'IBPUJHI METOAOJIOI'TI YIIPABJIHHA IHOGPACTPYKTYPHUMU
INPOEKTAMMU

IIpenmeToM cTaTTi € po3poOKa TiOPUIHUX METONOJIOTIH YHpaBIiHHS NPOEKTaMH, MporpaMaMi i MopTdersiMu MpoekTiB. IcToTHI
CKOPOYCHHS XUTTEBUX IMKIIB 1HQPACTPYKTYPHHUX NPOrpaM, sIKi MICTATh NPOEKTH PI3HUX HANPSAMKIB IiSUTBHOCTI Ta PI3SHUMH
METO/IOJIOTISIMU  YIIPABIIHHS, HAIPHKIaA "BOAOCHAAHI" 3 JKOPCTKHM JKHTTEBHM LHUKIOM i Agile 3 THyYKHM J>KUTTEBUM IHUKIOM
METOZOJIOTi], BUMAararoTh BHKOPUCTAHHS IHCTPYMEHTIB KOHBepreHmii s ¢opmyBaHHA 'riOpumHux" metomosoriii. Mera —
PO3pOOUTH KOHBEPTeHTHHUN MiAXiM 10 MOOYAOBH TiOpUAHUX METOIOJIOTIN yIPaBIiHHS MPOEKTAMH 3 TOUKH 30y MPOLECiB MPUUHATTS
pillieHb B YHpaBJiHHI NPOEKTAaMH Ha OCHOBI pi3HHX ILTaTGopM. Pe3yJbTaTH HOCHiI:KeHHSI OTPHMaHi Ha OCHOBI BHKOPHCTAaHHS
KOHBEPI€HTHOT'0 MiIXOAy 10 MOOYIOBM METONOJIOTIH YNpaBliHHSA iHQPACTPYKTypHHMH IPOEKTaMH i mporpamamu. [IpencraBiena
3MICTOBHa MOJENb OTPUMaHOI TiOpUIHOI METONONOTIl yIpaBiIiHHS iHPPACTPYKTYpPHUMH HPOEKTaMH 1 IporpamMaMu. BucHOBKH:
li6puani MeTonomorii ynpasiniHHA iHQPACTPYKTYPHUMH IPOEKTAMHU 1 MPOTpaMaMH CTaloTh OUTBII 3aTpeOyBaHUMU B LiH KaTeropii
nporpaM. ['0lOBHOIO MPUYHHOIO € HASBHICTH B MPOTPaMi KOMIIOHEHTIB 3 PI3HUMH JKUTTEBUMHU IIUKIAMH, a, OTXKE, 1 METOOJIOTisIMH,
SIKI BUMArarpTh IHTETparii Ta rapMoHizamii. MeTomooriio MmepeBipeHo MPAaKTUKOI BUKOPUCTAHHS MEXaHi3MiB CHCTEM TiOpHIHOTO
0araTopiBHEBOTO YHPAaBMiHHS iHQPACTPYKTYPHHUMH NMPOEKTAMHU Ta TporpamamMu. JlocmimKeHHs TIOpUIHIX METOMOJOTIN YIpaBIiHHI
iHQPACTPYKTypHIMH TpOrpaMaMH BH3HAUYCHO IPAKTUKOIO BIPOBALKEHHS pI3HHX, 3a CYTHICTIO, KOMIIOHEHTIB MpOTpaMm.
3acrocyBaHHs TiOpHOHOT METOHOJIOTI] YHpABIIHHSA MPOEKTaMH JO3BOJIMIIO aBTOPaM BHKOHATH Pi3HI 32 CYTHICTIO MPOEKTU B
oOyMOBIICHI TepMiHM 3 3aJaHUM OIO/UKETOM Ta SKICTIO OyAiBEeNbHHX IPOEKTIB Ta IPOEKTIB CTBOPEHHS iH(pOpMamiiiHoO-
KOMYHIKaIlilHUX CHCTEM YIpaBiiHHS iHppacTpykTyporo. [loganpii HanpsiMKA TOCTIDKEHb MOB’sI3aHi 3 JeTaJbHUM OIPAIIOBaHHIM
MeXaHi3MIB rapMoHi3aulii, iHTerparii, KOHBepreHIii Ta akTyaizarii.

KunrouoBi ciioBa: KOHBepreHIist Mojiened; riOpuaHi MeToouIoril ynpaBiiHHs; iHQpacTpyKTypHa Iporpama; MoJeb B3aeMOAii
0a30BUX METOMIOJIOTIH YIIPaBIiHHS MPOEKTAMHU; MEHEIDKEP MPOTpaMHu.

I'MBPUJIHBIE METOAOJIOI'U YIIPABJIEHUA NHOPACTPYKTYPHBIMU
ITPOEKTAMMU

IIpenmeToM cTaThn sBASETCS pa3pabOTKa THOPHUAHBIX METOMOJOTHH YHpaBIEHHWS NPOEKTAaMH, IPOrpaMMaMH U TMOPTQEIsIMI
npoekToB. CyIecTBEHHbIE COKpAIIEHHS KU3HEHHBIX IUKIOB MHQPACTPYKTYPHBIX NPOTPaMM, KOTOpPBIE COJAEpKaT MPOSKTHI Pa3sHBIX
HAIpaBJICHNH AEATENLHOCTH M Pa3HBIMH METOIOJOTHAMH YIIPABICHUS, HApHMep "BOAOMATHbEIE" C KECTKUM KU3HEHHBIM IUKIOM U
Agile ¢ THOKUM >KU3HEHHBIM LUKJIOM METOJIOJIOTHH, TPEOYIOT HCIOJIb30BaHNE MHCTPYMEHTOB KOHBEPreHIMU ISl (POPMHUPOBAHUS
"rnOpuaHbx" Metomonoruii. Lleas — pa3zpaboraTh KOHBEPreHTHBIH MOAXOA K IOCTPOSHHIO TMOPHIHBIX METOJOJOTHH yIpaBIeHUs
MPOEKTAMH C TOYKH 3PEHHS IPOLECCOB MNPUHATHS PEIICHUH B YNPABICHUM NPOEKTaMH Ha OCHOBE Pa3JIMYHBIX IUIaT(GopM.
Pe3yabTaThl HccleoBaHMS IOMY4YeHbl HAa OCHOBE MCIOJIB30BaHMS KOHBEPIeHTHOTO MOJAXOJa K IIOCTPOCHMIO METOJO0JOTUM
ynpasieHuss HHPPACTPYKTYPHBIMU MPOEKTaMH H IporpaMMamMu. [IpeacTaBieHa coiepikaTelbHass MOJAEIb HONYyIeHHOW TMOpHIHON
METOJIOJIOTHN yIpaBleHus MHQPACTPyKTypHBIMU IIPOEKTAaMU M IIporpaMMaMi. BuIBoabl: I'MOpHIHBIE METOIONOTHH YHPaBICHHS
MH(PACTPYKTYPHBIMU TIPOEKTAMH M TIPOTPaMMaMHM CTaHOBATCA Oojee BOCTpeOOBaHHBIMH B 3TOH KaTerOpWH HporpamMm. [naBHOM
MPUYUHON SBISICTCSI HAIM4YWe B TPOTpPaMMe KOMIIOHEHTOB C Pa3NWYHBIMH JKM3HEHHBIMH IIMKJIAMH, a, CIEIOBAaTeNbHO, M
METOJIOJIOTHSAMH, KOTOpble TpeOyIOT HWHTEerpalud M TapMOHHU3ALMH. METONOJOTHIO TPOBEPEHO MPAKTUKON HCHOJIB30BAHHS
MEXaHU3MOB CUCTEM MOPHIHOTO MHOTOYPOBHEBOTO YIpaBJeHHs: HHPACTPYKTYpHBIMU IPOSKTaMH U nporpammamiu. Mccnenosanne
THOPHIHBIX METOJOJIOTHI yIpaBieHUs HHPPACTPYKTYPHBIMH IIPOrpaMMaMy ONpesieieH MPAKTUKOW BHEIPEHUS Pa3IMYHBIX 110 CYTH
KOMITOHEHTOB mporpamMMm. [IpuMeHeHHe THOPHIHOW METOMOJOTUH YIPABICHUS MNPOEKTaMH MO3BOJIMJIO aBTOPaM BBIIIOJIHUTH
pa3IH4HEIE, [0 CYTH, IPOEKTHl B OTOBOPEHHBIC CPOKH C 3aJaHHBIM OIOJDKETOM M KadeCTBOM CTPOHUTEIBHBIX MPOEKTOB U IPOCKTOB
co3aHus HH(YOPMAIIMOHHO-KOMMYHHKAIIMOHHBIX CHCTEM YIIPABIECHHs HHPpACcTpyKTypoil. JlanpHeiine HanpaBIeHUs HCCIeT0BaHUH
CBSI3aHBI C JICTANBHOI MPOPadOTKOH MEXaHH3MOB TapMOHH3AINH, HHTET DALY, KOHBEPT€HIINH 1 aKTyaIH3allH.

KnioueBbie c10Ba: KOHBEPTEHIUSI MOAEINEH; THOPUIHBIE METOMOJIOTUH YIPABICHNS; HHPPACTPYKTypHAsl IPOrpaMMa; MOJIEb
B3aMMO/ICHCTBHS 0Aa30BBIX METOJOJIOTHI YIIPABICHHUS [IPOCKTAMH; MEHEIDKEP MPOTrPaMMBI.
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Kowo SOLOMON AKPOVIRORO, KADIRI ISMAILA BOLARINWA, ZEKERI ABU

IMPACT OF EMPLOYEES DIVERSITY ON ORGANIZATIONAL
PERFORMANCE OF SELECTED MULTINATIONAL FOOD PRODUCING
INDUSTRY IN SOUTH-WEST NIGERIA

Subject matter: Diversity has, nonetheless, been a powerful influence on terminology and practice worldwide. Employee diversity
encompasses a wide variety of differences, including age, gender, culture, work experience, parental status, educational background,
geographic location, and much more. Goal: Examine the effect of gender diversity on sales Patronage of multinationals Food Industry
and also to determine the effect of age diversity on multinationals operational cost. Tasks: The optimum outcome of this study is to
benefit the Multinational Food industry in Nigeria by getting along with the top management and workers from different backgrounds
that would find the information in this research study useful in accessing the value of workforce diversity in their organization.
Methods: Two research questions were posed for the study and two hypotheses formulated in line with the objectives. The paper
adopted descriptive research design. Simple random sampling was employed. The total population of the study consists of 9,376
employees of Multinational Food Companies in South-West Nigeria. The study made used of macorr sample size determination. The
research questionnaire was administered to three hundred and seventy-five (375) employees which was the sample size representing
the chosen study population of the 5 selected multinational food industry in South-West Nigeria. The study made use of statistical
tools such as Hierarchical regression analysis in testing hypotheses, Cross tabulations, Inter-item correlation test and ANOVA which
helped in the interpretation of results. Results: The study found out that there is a positive relationship between gender diversity and
sales patronage such that sales patronage is affected by gender diversity. The findings of the study further revealed a positive
relationship between age diversity and operation cost such that operation cost is affected by age diversity in the organization.
Conclusions: The research concludes that there exists a relationship between employee diversity and organizational performance and
organizations should ensure that diversity existent in their employees is aimed at improving organizational performance. The research
recommends that multinational food industry should not only ensure employee diversity in their businesses but they should also make
sure that diversity is used to improve organizational performance. Further studies should focus on other sector and not limited to food

and beverage and conglomerate sectors of the Nigeria economy.

Keywords: Employees Diversity; Organizational Performance; Gender Diversity; Age Diversity; MNCs.

Introduction

Today, workforce diversity is a global phenomenon.
Any business that intends to be successful must have a
borderless view and an underlying commitment to
ensuring that workforce diversity is part of its day to day
business operation.  Understanding the impacts of
diversity on organizational outcomes, such as
organizational performance, employee satisfaction, and
turnover, is very essential (Sungjoo and Rainey, 2014;
Afolabi & Omole, 2012). Employee diversity
encompasses a wide variety of differences, including age,
gender, culture, work experience, parental status,
educational background, geographic location, and much
more. Diversity management and workforce diversity is a
forced integration that creates conflict and uncertainty in
the workforce as leadership is not skilled in the discipline
of diversity management and its principles. Managers do
not know how to effectively practice diversity
management, and what factors contribute to effective
diversity management and task that can deal with diversity
related issues in the work place. Companies train
employees upon hire, conduct ethics test, online training
and targeted anti-harassment training, employees still
make decisions to break the rules with their behavior
when it comes to diversity. Nigeria provides an interesting
setting to investigate diversity, given the multiple
diversities that characterize the country. Africa’s most
populous state with a population of over 180 million, the
country has over 300 ethnic groups, with three major
groups making up about 70 per cent of the population:
Hausa-Fulani in the northern regions, Yoruba’s in the

southwest region and Igbos in the southeast. Several other
minority ethnic groups are scattered along the 36 states of
the federation, some with populations of up to 10 million.
There is also religious diversity, with a largely Muslim in
the north and a predominantly Christian in the south,
although dense populations of religious minorities can be
found in most states and regions. Diversity discussion in
Nigeria has traditionally been dominated by cultural and
religious issues. Nigeria places unusually high focus for
the national diversity issues based on cultural and
religious issues and has one of the five most diverse
populations with poor workplace inclusion, a weak legal
framework, government and social exclusivity in the
world. Nevertheless the extent to which employee’s
diversity has enhanced organizational performance in
Nigeria states has not been ascertained by many
researchers.

Statement of the Problem

Gender differences of workforce in organization
have been of contention in relation to nature of jobs.
Today employees are more aware of gender differences
and their importance to enhance their performance for
organization growth. But various previous researches
shown that though opportunity is given to female
employees but still female employees are not considered
as competent as male employees. Men’s and Women’s
differences may provide insights into the different needs
of male and female customers. Researchers have further
argued that men and women may also have different
cognitive abilities. Tajfel (1986) in their research on social
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identity theory suggested a negative relationship between
gender diversity and performance. Hassan (2013);
Greenberg (2014) also found the negative relationship
between performance and the gender differences. From
the foregoing it is clear that the research on the
relationship  between gender and organizational
performance is not conclusive. Several researchers have
opined that how organizations approach age diversity can
have significant implications for whether the organization
is helped or harmed by its diversity. Organizational age
diversity sometimes increase conflict, reduces social
cohesion, and increase employee turnover. Some
researchers, on the other hand, believe that workforce age
diversity possesses potentials for enhancing performance.
Successful age diversity management and a resulting
improvement in organizational performance are positively
correlated and that age diversity has enhanced
performance by broadening the group’s perspectives.
Some studies have found that various forms of diversity
are associated with greater innovation, improved strategic
decision making, and organizational performance.
However, the challenges that organizations face in
promoting teamwork with employees from diverse
cultural background, age, gender, race, education religion
and harmoniously directing their efforts towards the
achievement of organizational goals and objectives, still
shows that there is much to be done in terms of the
improvement of workforce diversity management
strategies. A number of questions have therefore emanated
from the research problem as the study intends to answer
the following research questions to solve the research
problem. (i)How does gender diversity affect the sales
Patronage? (ii) What is the effect of age diversity on
operational cost?

Objectives of the Study

1. Examine the effect of gender diversity on sales
turnover of multinationals Food Industry.

2. Determine the effect of age diversity on
multinationals operational cost.

Research Hypotheses

Hypotheses One

Hol: Gender diversity does not significantly affect
sales Patronage of multinationals Food Industry

Hypotheses Two

Ho2: Age diversity does not significantly affect
operational cost of multinationals Food Industry

Literature Review

skills and abilities), internal (e.g., gender, race, ethnicity,
1.Q., sexual orientation), external (e.g., culture,
nationality, religion, marital or parental status), and
organizational (e.g., position, department, union/non-
union) (Friday & Friday 2013). The trend in defining
diversity "seems to favour a broad definition, one that
goes beyond the visible differences" that, for many
people, are too closely linked to affirmative action
(Erasmus, 2016). Diversity is generally defined as
acknowledging, understanding, accepting, valuing &
celebrating differences among people with respect to age,
class, and ethnicity, and gender, physical &mental ability.
Over the past decade the work force in industrialized
countries has become increasingly heterogeneous. These
countries are spending huge amount for diversifying the
workforce. Thus, diversity is increasingly recognized &
utilized as an important organizational resource in regards
to whether the goal is to be an employer of choice to
provide an excellent customer service or to maintain a
competitive edge. (Weiliang et al, 2011). Even though
many researchers agree that the results of diversity
conscious organizations add value to their performance.
Researches on the effects of within teams & small groups
indicate that diversity can have both positive and negative
effects.

Age diversity

Conceptual Overview

Meaning and Concept of Diversity

Diversity has been an evolving concept. The term is
both specific, focused on an individual, and Contextual,
defined through societal constructs (Ndubisi, 2006). Many
current writers define diversity as any significant
difference that distinguishes one individual from another,
a description that encompasses a broad range of overt and
hidden qualities. Generally, researchers organize diversity
characteristics into four areas: personality (e.g., traits,

Unlike other forms of equality such as race and
gender, age discrimination as a policy issue has only
began to emerge over the past twenty years (Erasmus,
2016). Duncan, (2013) has argued that the business case
for age diversity may also be used to stake claim against
recruiting older workers, on account of higher
employment costs. Diversity scholars have argued that
age-diverse workforces display a host of different
knowledge, values, and preferences. Their perspectives,
including their mental models are different (Childs, 2016).
Thus as a team, they have a larger pool of knowledge and
a larger problem solving toolbox leading to improved firm
performance (Gelner & Veen , 2013). (Dimatosa, 2015)
have observed that younger managers are more
likely to have attended school in a more diverse
environment, or worked with minority groups
at some point during their careers. Medical, psychological
and economic research has also shown that employees of
different age groups differ in skills, attitudes and
abilities and that these differing characteristics
have different effects on productivity (Gelner & Veen,
2013). Young employees are considered to be more
flexible and can portray an attitude of more
change readiness as opposed to older employees. Old
employees can also be considered as reservoirs of
knowledge carrying the institutional memory of an
organization  thus  enabling  effective  transfer
of skill. Moreover, succession planning becomes more
effective in age diverse organizations. Innovation has
become one of the key strategies of the firm for gaining
competitive advantage, expanding market share, and
increasing overall firm performance (Franko, 1989;
Richard, 2014).
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Gender Diversity.

The increase in gender diversity at the workplace has
attracted the attention of both researchers and practitioners
and a particular question that arise is whether gender
composition in an organizations’ workforce will affect
individual, group or organizational level performance
(Gupta, 2013). Due to rapid environmental changes, many
countries are changing to accommodate the increasing
diverse workforce in their organizations, (Ojo, 2012).
Several researchers investigating workforce diversity have
found that gender diversity in the boardroom can
positively affect firm performance (Opanachi, 2012).
However, other studies have reported contrary findings of
a negative relationship between women in boards and firm
performance (Ojo, 2012; Afolabi & Omole, 2012). Zheng
and Hyland (2013) reported no direct relationship between
gender diversity and firm performance. Several
researchers have argued that high levels of gender
diversity are a source of competitive advantage. Based on
literature, we argue that a well-balanced gender
composition of employees may help create synergy
leading to positive organization outcomes. Gender
diversity is associated with resources that can provide a
firm with a sustained competitive advantage. These
resources include market insight, creativity, innovation
and improved problem solving capabilities (Richard,
2014). Men’s and Women’s differences may provide
insights into the different needs of male and female
customers. Researchers have further argued that men and
women may also have different cognitive abilities. A
combination of different cognitive abilities in a gender
diverse team may enhance overall team cohesion,
creativity, and innovation leading to improved
organizational performance. The increase in workforce
gender diversity on work place has attracted the attention
of both researchers and practitioners. In the early 1990s,
both scholars and practitioners were generally optimistic
about the effects of workforce diversity on performance
(Akinusi, Sonubi & Oyewunmi 2017) Welliang et.al.
(2012) argued that gender diversity can result competitive
advantage for organizations. However, theories and
empirical research suggest that gender diversity can lead
to either positive or negative outcomes. lliang et.al. (2012)
argued that gender diversity can result competitive
advantage for organizations.

Challenges of workforce diversity.

According to Greenberg (2014) the major challenges
are communication, resistance to change, and
implementation of diversity in the workplace. Ozbilgin
and Tatli (2016) cite challenges from workforce diversity
as meeting diversity challenges requires a strategic human
resource plan that includes a number of different strategies
to enhance diversity and promote the productivity and
effectiveness. It also compels Human resource managers
to solicit a trainable population, check required skills and
competencies against the job, market jobs sufficiently
ahead of needs, and extend the workforce boundaries to
include the nationals of other countries. It brings with it
the need for re-examining Human resource practices from
top to bottom need to be re-examined to cope with the

new strengths and challenges of diversity, so better
approaches can be created by management to recruit new
talent, retain them, and manage them more effectively
(Denton, 1992). Robinson et al., (1994) also cite that
Human resource managers are faced with the challenge of
convincing their senior management that diversity
programs are beneficial to the organization. Following
social identity theory, it is possible to explain the lack of
positive association between gender and ethnic diversity
and performance reported in the major investigation by
Kochan et al. (2003). For example, it has been argued that
members of diverse groups (particularly minority groups
or out groups) frequently provoke distrust and competition
(from the dominant groups or in groups) and that such
groups tend to show less affiliation and commitment to
each other, all of which may have negative consequences
for performance (Opanachi, 2012).

Workforce Diversity Management.

Contemporary trends in the legal framework have
necessitated the putting in place specific statutes making it
unlawful to discriminate on grounds such as sex, marital
status, race, national origin, ethnicity, disability, sexual
orientation, religion or belief, union membership or non-
membership, part-time or full time workers, or ex-
offenders whose convictions are spent (Torrington et al.,
2015). Torrington (2005) continues to argue that equal pay
law requires men and women to be paid the same wage for
doing work which is the same or which can be shown to
be of equal value unless the employer can justify a
difference on grounds other than sex. There are different
approaches to equality such as legislative action/the equal
opportunities or liberal approach and the managing
diversity (Childs, 2016). According Daladi (2013) positive
work climate includes an identifiable, open and nurturing
school ethos that foster a sense of responsibility,
achievement, commitment and efficacy among staff and
students. It is also characterized by a commitment to
organizational achievement and development of students,
mutual respect and collaboration among the head and
staff. Sungjoo and Rainey (2014) posits that positive work
climate has been identified as a driver of performance and
contributes a third of an organizational results. The
responsibility of creating work climate lies solely on the
head of the institution whose behavior determines the
work climate. The positive behavior drives the work
climate which arouses motivation and the aroused
motivation is a major driver of bottom-line performance.
To create a positive work climate, the leaders of the
organization must work with staff in order to manage
diversity as to foster and sustain staff motivation. The
desired outcomes include attracting and developing the
best employees which should give the organization a
competitive edge to generate greater profits that support
job security. Due to the fact that employees can
understand how these outcomes are desirable, they will
support the organization’s efforts at managing diversity
and embrace a culture that supports diversity (Ogunyinka,
2013). The increased diversity in the workplace converges
with the increased use of teams in the workplace through
clusters of attributes like personal demographics;
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knowledge, skills, and abilities; values, beliefs, and
attitudes; personality and cognitive and behavioral style;
and organizational demographics. Diversity recognizes the
unique barriers of race and gender among others while at
the same time creating a work environment that values the
diversity that all employees bring to the organization.
Employees may have low self-esteem or isolated due to
their race and national origin. Hence, top management
must pay high attention into employee perceptions
regarding to the cultural diversity either through the
organization  structure or formal or informal
communications. It is important for management to
recognize employee perceptions that foreign workers are
supported and integrated into informal networks. Once
they recognize management support, they will feel
integrated into their informal network and work in a
positive working environment.

The Concept of Organizational Performance.

The concept of "scientific management’ by Fredric
Taylor in the early twentieth century laid the foundation
for the modern concept of organizational performance.
Organizational performance comprises the actual output
or results of an organization as measured against its
intended outputs (or goals and objectives). It is one of the
most important variables in the field of management
research today. Although the concept of organizational
performance is very common in academic literature, its
definition is not yet a universally accepted concept.
(Gavrea, llies & Stegerean, 2011). Richard et al, (2006)
view organizational performance as encompassing three
specific areas of firm outcomes: (a) financial performance
(profits, return on assets, return on investment, etc.), (b)
product market performance (sales, market share, etc.);
and (c) shareholder return (total shareholder return,
economic value added, etc.). Specialists in many fields are
concerned with organizational performance including
strategic planners, operations, finance, legal, and
organizational development. In recent years, many
organizations have attempted to manage organizational
performance using the balanced scorecard methodology
where performance is tracked and measured in multiple
dimensions such as financial performance (e.g.
shareholder  return),  customer  service,  social
responsibility, internal business processes & employee
stewardship. (Richard et al, 2009). Daft (2000) defines
organizational performance as the organization’s ability to
attain its goals by using resources in an efficient and
effective manner; effectiveness being the degree to which
the organization achieves a stated goal, and efficiency
being the amount of resources used to achieve an
organizational goal.

Sales Patronage.

Sales Patronage is a challenge every organization
faces especially as the business landscape continues to
grow more competitive at unprecedented speeds (Atta,
2012; Ajala & Alonge, 2013). With goals becoming more
aggressive, and the average quota attainment being at a
disappointing 54%, reducing sales patronage is at the top
of every sales leader's priority list (Hassan, 2013; Afolabi

& Aina, 2014). Ogunyinka (2013) posit that sales
patronage impacts more than just sales leaders, when a
sales rep leaves, it affects the entire company. Human
resources and recruiting teams must quickly try to attract
top talent in highly-saturated markets and develop career
paths and opportunities to ensure high performers stay
(Noon, 2007; Daladi, 2013). Sales operations teams must
adjust sales  capacity planning for  potential  sales
patronage. Otherwise, there will be shortage amount of
resources on the sales floor to cover territories and reach
goals. Finance leaders need to adjust forecasting based on
expected revenue changes resulting from sales patronage
(Dandi & Nguyen, 2010). Scholars discovered that there
is need for high volume of sales to increase the market
share (Price, 1977; Ojo, 2012 ; Damatosa, 2015). In every
industrialized society, the degree of competition among
producer is rampant. It is certain that only most
economically viable method of production will increase
output and profitability. This constant demand for sales
can only be actualized if the marketing department of an
organization is able to put in place proper the setting
strategies such as sales promotion which can be used to
promote awareness on the existence of the products.

Operational Costs.

Operating costs are expenses associated with the
maintenance and administration of a business on a day-to-
day basis (CIPD, 2014). The total operating cost for a
company includes the cost of goods sold, operating
expenses as well as overhead expenses. The operating cost
is deducted fromrevenueto arrive atoperating
income and is reflected on a company’s income statement
(Meyer & Sternthal, 1991; Taylor, 2002; Griffeth & Hom,
2001). Long, Perumal & Ajagbe, (2012) pointed that
operation cost, often referred to as operating cost, is the
money that it takes to run a business. Operating costs are
often reflected on the income statement, which is recorded
for a company each year; the income statement reviews
broad financial indicators such as overall revenues, the
costs of goods sold, the operating costs and net profits
(Amstrong, 2012). Operating costs also include the costs
of buying or making your products and services. These are
often called the cost of goods sold (COGS). These are the
costs that are subtracted from total revenues to generate
the gross revenue numbers. Operating expenses are then
subtracted from this, with taxes and interest on loans to
determine the net profit of the company (Tracey &
Hinkin, 2008). Allen, Bryant and Vardaman (2010)
emphasized that operating costs and operating expenses
are different variable. The operating expenses refer to the
specific costs after gross revenue is defined in the income
statement. These include the rent, sales and marketing
costs, administrative costs, payroll and office expenses,
expenses are part of overall costs. Costs include expenses,
plus COGS. Failing to understand this distinction could
lead to misreading reports and not having a true picture of
your company's financial health. The operating costs
consist of a mixture of fixed and variable costs. Fixed
costs are costs that don't change regularly, whereas
variable costs do. Fixed costs include lease payments,
while variable costs include payroll, utilities and even raw
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materials (Tracey & Hinkin, 2008; Long, Perumal &
Ajagbe, 2012).

Theoretical Framework

Blau’s Theory of Heterogeneity.

Blau, (1977) argued in his theory of heterogeneity
that firms with different levels of cultural diversity
experience dissimilar dynamics and organizational
outcomes. Within culturally homogeneous groups,
members will tend to communicate with one another more
often and in a greater variety of ways resulting in in-group
attachments and shared perceptions. This enhances group
cohesion and subsequent organizational outcomes. An
important but ignored topic of study in the research on
group diversity is the basis for work group formation.
According to (Blau, 1977), many organizational groups,
such as functional departments, may be experiencing
greater gender and culture diversity as the increasing
diversity of the workforce brings a more diverse set of
workers to organizations. However, the inflow of diverse
workers does not necessarily mean that all organizational
groups will assemble in a diverse way Blau's, (1977)
discussion of group heterogeneity and social structure may
be instructive. On the one hand, Blau asserts that
similarities on one nominal parameter (e.g., race) will
promote social associations. On the other hand, he
maintains that people will associate not only with
members of their own groups but also with members of
other groups. This theory is applicable to the research
because organizations consist of different group and
classes of people coming together to achieve an objective
and also the importance of communication amongst team
members who are employees cannot be overemphasized
as individual interest differs.

Empirical Review of Studies on Age and Gender
Workforce Diversity.

According to the findings of the research study by
Adler (2015) on the effects of diverse recruitment policies
on employee performance, discovered that diversity can
improve performance and recruiting from a wider range of
age and ethnicity gives the firm a larger talent pool. Adler
(2015) also found out that increasing diversity expands the
breadth of perspectives and ideas available to
organizations in making decisions and that cultural
diversity, educational, individual personalities and
professional background can influence the range and
depth of information use. In another empirical study by
the Runnymede Trust (2000) titled ‘Survey on racial
equality’, it was discovered that managers explained their
equal opportunities policy differently from employee
views about what happened in practice. Creegan et al.
(2003) investigated the implementation of a race equality
action plan and found a stark difference between paper
and practice. Gupta (2013) in his study found out that high
levels of gender diversity are a source of competitive
advantage. He further pointed that a well-balanced gender
composition of employees may help create synergy
leading to positive organization outcomes. Gupta (2013)
in his findings reported that gender diversity is associated

with resources that can provide a firm with a sustained
competitive advantage. These resources include market
insight, creativity, innovation and improved problem
solving capabilities. Maxwell et al, (2015) Men’s and
Women’s differences may provide insights into the
different needs of male and female customers.
Researchers have further argued that men and women may
also have different cognitive abilities. A combination of
different cognitive abilities in a gender diverse team may
enhance overall team cohesion, creativity, and innovation
leading to improved organizational performance. Gellner
and Veen, (2014) found that age heterogeneity on its own
has a negative effect on individual productivity.
Moreover, in the case of routine tasks, there are no
substantial gains from age heterogeneity that could offset
the increasing costs resulting from greater age
heterogeneity. Thus, in companies with routine types of
work, increasing age heterogeneity overall leads to a
decline in productivity. The researchers also stated the
western findings suggested that the older and younger
employees must come together to form coherent and
viable corporate culture. Winnie (2008) in her study result
showed that different age groups provide different values
for companies and these values can complement each
other which improve companies™ performance negative
predictions. (Konrad, 2003; Maurer & Rafuse, 2001).

Gaps in Literature.

The resource-based view of the firm (Barney &
Clark 2007; Yang & Konrad 2013) suggests that there is a
positive relation between diversity & performance,
whereas social identity theory (Tajfel and Turner, (1986)
suggests a negative diversity-performance relationship.
Gender-based inequities in organizations are reinforced
and justified by stereotypes and biases that describe
positive characteristics and therefore a higher status to the
males (Leonard and Levine, 2003; Kossek, Lobel, and
Brown (2015) states only 54% of Working age women are
in the workforce worldwide compared to 80% of men.
Furthermore, women continue to have the upper hand on
the "invisible care" economy, which relates to care giving
and domestic work. From the web search on workforce
diversity, it was discovered that only very few researches
on workforce diversity and its relative effect have been
conducted in Africa precisely Nigeria. Some that exist,
focused more on diversity effect on employee
performance or productivity, not so much have been done
to inspect the relationship and effect of workforce
diversity and organizational performance. Few of such
studies that exist, have failed to deliver detailed
examination of on workforce diversity. Therefore, this
study seeks to add to already existing literature on
workforce diversity by examining empirically and
theoretically concept of workforce diversity in terms of
age and gender as its relationship with organizational
performance (effectiveness and efficiency).

Research method.

This research study adopted the Survey Research
Method to explore Employee diversity and its influence
on employment coefficient of Nigeria’s multinational
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Food companies. The survey method involved the use of
structured questionnaire (Appendix A), which was
designed to obtain data from respondents on their
perception of Employee diversity and its influence on
employment coefficient of Nigeria’s multinational
corporations. This research study adopted the descriptive
research design. The instrument used for gathering data
was designed and is subjected to a validity and reliability
test (Cresswell, 2009). The target population for this study
is the employees of multinational corporations in Nigeria,
which helped to determine the sample frame and sample
size. The procedure for data collection was done with the
aid of a research instrument, which was designed from
existing instruments. When the data is collected and

collated, it was analyzed using frequencies, inter-item
correlation, correlation and regression tools with the aid of
Statistical Package for Social Sciences (SPSS). The study
population cuts across all levels of employees in the
multinational Food companies. The study selected five
multinational corporations in the South west that are
homogenous in nature and are listed on the Nigerian Stock
Exchange. The hierarchical structure of the study
population is made up of three tiers, which include Top,
Middle and Low level employees. The characteristic of
the study population was mixed at every level of the
multinationals irrespective of gender, age, marital status,
number of dependents, highest educational qualification,
job status and years worked in the corporation.

Table 1. List of the selected multinational firms in the South West, Nigeria

EXECUTIVE NO. OF SAMPLES FOR

S/IN COMPANY LOCATION CEO DIRECTORS OFFICERS EACH COMPANY
1 PZ Cussons Plc South West 1 12 4,961 75
2 Unilever Plc. South West 1 8 944 75
3 Cadbury Plc South West 1 6 727 75
4 Nestle Plc South West 1 9 2,325 75
5 GlaxoSmithKline Plc South West 1 7 419 75

TOTAL 5 45 9,376 375

Source: Researchers Compilation, (2019).

Table 1 shows the five (5) selected multinational
Food firms in south west Nigeria, with their number of
employees, As shown in their annual reports as at 2016,
the total number of the employees were 9,367, which was
used as the total population for the study. The companies
include. PZ Cussons, Unilever Plc, Cadbury, Nestle and
GlaxoSmithKline Plc. The basis for considering the
multinational Food firms in the South West is based on
the fact that most multinational Food firms have their
headquarters and Plants located in Lagos and Ogun State.

1. They are quoted on the floor of the Nigerian stock
exchange.

2. Have existed for a minimum of 10 years.

3. Posted annual balance sheet of two billion and
above.

4. Involved in nationwide physical distribution of
products.

Determine Sample Size

Confidence Level:
Confidence Interval:
Population:

Calculate

Sample Size:

s ()

Fig. 1. Maccor Sample Size Calculator (Step 1)

Source: www.macorr.com

5. They have presence in all the six geographical
zones of Nigeria.

6. The organizations are similar in technology they
employ

7. The organizations are autonomous;
contained entity.

The sample size for this study was determined using
a software called MaCorr Sample Size Calculator. The
calculator consisted of fields that allowed input of
population size and level of significance. The sample size
was determined with 9,367 employees using 95% as the
confidence level, which meant we were 95% certain that
the sample is real and repeatable. Below is a pictorial
representation of MaCorr Sample Size Calculator in
operation.

self —

Find Confidence Interval

5o [

EXE )

Fig. 2. Maccor Sample Size Calculator (Step 2)

Confidence Level:
Sample Size:

Population:

Percentage:

Calculate

Confidence Interval:
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From fig. 1 and fig. 2, 5% or 0.05 confidence level
was selected with 5 entered at the confidence interval
space, while the population size (9,367) was entered in the
population cell. When the "calculate” button was clicked,
the sample size figure was generated at as shown in fig. 2.
The sample size for this is 369 and represents the number
of respondents across the multinational corporations to
which copies of questionnaire will be administered. The
use of the software was justified by professionals in
various  industries as stated in the website
(http://lwww.macorr.com) from where the software was
downloaded. The 60 professionals had made use of the
software and it yielded their results. A comparison of
results from the MaCorr Sample Size Calculator with
those from conventional formulas, such as Yard and
Yamane’s formulas, showed no marked difference. The
sample size of 369 employees will be spread among the 5
selected multinationals companies in Nigeria and
respondents were selected randomly to give all the
companies equal opportunities of being studied. The
sample size for this study was determined using the
Yamane’s sample size formula. Giving the population of
9,367, a 95% confidence level and P = 5% the equation is
thus presented as:

n=

N

1+ N(e)2

Where n is the sample size, N is the population size,
and "e" is the level of precision. The computed sample
size therefore, using Yamane’s formula was:

If n = Sample Size

N =9, 367 Employees

e =5% or 0.05

CL =95%

Therefore, n =9, 367

1+9,367(0.05)

2

n=374.70

n =~ 380 Employees

Approximately 380 employees were calculated as the
sample size using the Yamane’s sample size formula. This

Table 2. Analysis of Response Rate

meant that averagely 70 copies of the questionnaire were
administered in each of the multinational corporations.
Simple random sampling method was used in the selection
of 369 multinational corporations’ employees in Nigeria.
Simple random sampling was adopted because of the
homogeneous characteristics of the study population, that
is, non-managerial employees (Top, middle and lower
level employees) of 5 multinational firms in Nigeria. Also,
each element of the population had an equal chance of
being selected and represented. The selection of
employees from the multinational firm was based on the
adoption of stratified random sampling technique, which
is attributed to (Maguire, 2005). For the purpose of this
research project, the face validity approach was adopted
where by three Faculty Professors examined the
questionnaire, make relevant corrections which was
implemented based on the belief that the instrument is
appropriate. Towards this end, the test re-test reliability
approach was adopted for the research. Reliability was
ensured by test re-test. Content analysis was used to
identify similar patterns in respondents’ responses to the
open-ended questions. Statistical analysis, on the other
hand enabled the researcher to calculate correlation,
partial correlation, multiple regression, hierarchical
multiple regression and one-way analysis of Variance
(ANOVA), which was used in testing the two stated
hypotheses.

Data presentation, analysis, interpretation and
discussion of findings

Data presentation.

The research questionnaire was administered to three
hundred and seventy-five (375) employees which is the
sample size representing the chosen study population of
the 5 selected multinational food industry in Southwest
Nigeria. Of this lot, three hundred (300) questionnaires
representing 80% were returned, and seventy-five (75)
questionnaires representing 20% were not returned. The
table below shows the details at a glance.

Questionnaire Respondents Percentage (%)
Returned 300 80
Not Returned 75 20
Total Distributed 375 100

Source: Author’s Fieldwork Computation, 2019

Table 3. Frequency Distribution of the Respondents’ Demographic Characteristics

Characteristics Category Frequency Percentage Cumulative percent
Sex Male 189 63 63
Female 111 37 100
Marital Status Single 84 28 28
Married 146 48.7 76.7
Others 70 23.3 100
1-5yrs 136 45.3 45.3
. 6-10 yrs 99 33 78.3
Work Experience 11-15 yrs 5 15 933
Over 15 yrs 20 6.7 100
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The end Table 3
Management Lo_wer level 71 23.7 23.7
category Middle level 180 60 83.7
Top level 49 16.3 100
Educational SSCE 57 19 19
Qualification HND/BSc 196 65.3 84.3
MSc/MBA 36 12 96.3
Others 11 3.6 100
21-30 146 48.7 48.7
Age 31-40 95 317 80.3
41-50 26 8.6 89
Above 50 33 11 100
Multinational Nestle PLC 50 16.7 16.7
Organization Stallion group 42 14 30.7
Cadbury PLC 37 123 43
Unilever PLC 75 25 68
PZ Cussons PLC 57 19 87
Others 39 13 100
Source: Author’s Fieldwork Computation, 2019
Table 4. Descriptive Statistics
Variables N Minimum Maximum Mean Std. Deviation
Age diversity 300 2.80 5.00 4.3147 .46860
Gender diversity 300 2.00 5.00 4.3680 .39972
Cost of operation 300 3.00 5.00 4.3420 45651
Sales patronage 300 2.40 5.00 4.1600 43861
Source: Author’s Fieldwork Computation, 2019
Data Analysis Based on Hypotheses.
The hypotheses of the study are: (1) Gender diversity 1007 Wean=434
. . . . Stdl. Dev. = 457
and Age diversity does not significantly affect Sales N =300
patronage; (2) there is no significant effect of Gender ]
diversity and Age diversity, on cost of operation. To test
these hypotheses and achieve the objectives of the study, 87
multiple regression analysis was used.
N ] e e 3 60
=300 5
A 3 N
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c —
3 20
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Cost of operation

Sales turnover

Fig. 3. Histogram of Perceived Sales patronage Scores

Source: Author’s Fieldwork Computation, 2019

Fig. 4. Histogram of Perceived Cost of Operation scores
Source: Author’s Fieldwork Computation, 2019

Test of Multicollinearity.

In the table 5, the highest correlation was 0.484. It
shows low multicollinearity problem among Employee
Diversity variables (Gender diversity and Age diversity).
Therefore, all the variables are retained.
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Table 5. Correlation among Employee Diversity Variables

Variable Gender diversity Age diversity Cultural Diversity | Work experience
Gender diversity | Pearson Correlation 1 429** 337** .366**
Sig. (2-tailed) .000 .000 .000
N 300 300 300 300
Age diversity Pearson Correlation 429** 1 408** 478%*
Sig. (2-tailed) .000 .000 .000
N 300 300 300 300
Sig. (2-tailed) .000 .000 .000
N 300 300 300 300
**_Correlation is significant at the 0.01 level (2-tailed).
Source: Author’s Fieldwork Computation, 2019
Test of Homoscedasticity and Linearity for Hypothesis One
5.007 o]
(o] [o] o] =] (=]
(o] o [+] [s] [ ] [s]
4509
Lo} o o o Q o Q Q
Lo} o (o] o] (=] Le] Q
4.007 o Q o Q o] Q o Q
E Q [=] [=] Q o (o]
§ o o o o o o
2 3509
" o o o o o
i: [« o o (=] Q
3.00 Q o
(] (o] o]
2509
2,00

T
350

Gender diversity

Fig. 5. Scatter Plot of Perceived Gender diversity and Sales Patronage Scores

Source: Author’s Fieldwork Computation, 2019
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Fig. 6. Scatter Plot of Perceived Age diversity and Sales Patronage Scores
Source: Author’s Fieldwork Computation, 2019
Test of Hypothesis One. Cultural diversity and Work experience on Sales

Hol: Gender diversity, Age diversity, Cultural
diversity and Work experience do not significantly affect
Sales turnover. Standard multiple regression was used to
explore the effects of Gender diversity, Age diversity,

Patronage. Preliminary analyses were performed to ensure
no violation of the assumptions of normality,
Multicollinearity, homoscedasticity and linearity. The
result of regression as contained in table 6 ANOVA,
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shows that the F-test was 11.065, significant at 5 percent
Table 6. ANOVA?

[p<.000]. This showed that the model was well specified.

Model Sum of Squares Df Mean Square F Sig.
1 Regression 7.504 4 1.876 11.065 .000b
Residual 50.016 295 170
Total 57.520 299

a. Dependent Variable: Sales Patronage

b. Predictors: (Constant), Gender diversity, Age diversity

Source: Author’s Fieldwork Computation, 2019

Also, the result of regression as contained in table 7:
Model Summary, shows that the R Square gave a large
value of 13 per cent. This means that the model (which

Table 7. Model Summary

includes Gender diversity, Age diversity, Cultural
diversity and Work experience) explained about 13 per
cent of the variance in perceived Sales Patronage.

Model R R Square

Adjusted R Square Std. Error of the Estimate

1 .361a 130

119 41176

a. Predictors: (Constant), Gender diversity, Age diversity

Source: Author’s Fieldwork Computation, 2019

Specifically, the result of regression as contained in
table 8 Regression Coefficients, tests the first hypothesis
of this study. From the output below, there was positive
relationship between perceived Gender diversity and
perceived Sales patronage such that a unit increase in
Gender diversity scores caused about .198 unit increases
in perceived Sales patronage scores which was statistically
significant at 5 per cent with the aid of the p value (0.004).
Based on the result, the null hypothesis is rejected; thus,

Table 8. Coefficients?

there was positive relationship between Sales patronage
and Gender diversity. Also, there was positive relationship
between perceived Age diversity and perceived Sales
patronage such that a unit rise in perceived Age diversity
scores induced about .120-unit increase in perceived sales
patronage scores which was statistically not significant at
5 per cent going by the p value (0.54). Based on the result,
the null hypothesis is accepted; thus, Sales patronage is
not affected by Age diversity.

Model Unstandardized Coefficients Standardized Coefficients t Sig.
B Std. Error Beta
1 (Constant) 2.058 .319 6.445 .000
Gender diversity .198 .068 .180 2.907 .004
Age diversity .120 .062 128 1.932 .054
a. Dependent Variable: Sales patronage
Source: Author’s Fieldwork Computation, 2019
Test of Homoscedasticity and Linearity for
HypOthESiS Two. 500 e o o o o
From the output below, there appears to be a moderate, o o o 6 o a a
positive correlation among the variables. Respondents that
o [s} o o o [+] Q ] =]

are highly affected by Gender diversity and Age diversity, sl
On the other hand, firms that are less affected by Gender e o o © o 6 0o 0o 0 0 o

diversity and Age diversity have high levels of operation H . o o o o
cost. There is no indication of a curvilinear relationship g
(test of linearity) and the scatter plot shows a fairly even & a0 © 0o 0o o o0 o
cigar shape along its length (test of Homoscedasticity). % o o o o o o
Q
Test of Hypothesis Two. sl ° °
Ho2: Gender diversity, Age diversity, Cultural ' o o
diversity and Work experience do not significantly affect . s o o o
Operation cost. Standard multiple regression was used to
explore the effects of Gender diversity, Age diversity, 200 ° °

T T T
400

Cultural diversity and Work experience on Operation cost. 200 2% 300
Preliminary analyses were performed to ensure no
violation  of the assumptions of normality,
Multicollinearity, homoscedasticity and linearity. The
result of regression as contained in table 9: ANOVA,
shows that the F-test was 31.541, significant at 5 percent
[p<.000]. This showed that the model was well specified.

T
350

Gender diversity

Fig. 7. Scatter Plot of Perceived Gender diversity and Cost of
operation Scores
Source: Author’s Fieldwork Computation, 2019
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Source: Author’s Fieldwork Computation, 2019
Table 9. ANOVA

Model Sum of Squares Df Mean Square F Sig.

1 Regression 18.666 4 4.666 31.541 .000
Residual 43.645 295 148
Total 62.311 299

a. Dependent Variable: Cost of operation

b. Predictors: (Constant), Gender diversity, Cultural Diversity, Age diversity, Work experience

Source: Author’s Fieldwork Computation, 2019
Also, the result of regression as contained in table includes Gender diversity, Age diversity, Cultural

10: Model Summary, shows that the R Square gave a
value of 30 per cent. This means that the model (which

Table 10. Model Summary

diversity and Work experience) explained about 30 per
cent of the variance in perceived Cost of Operation.

Model R R Square Adjusted R Square Std. Error of the Estimate
1 .547a .300 .290 .38464
a. Predictors: (Constant), Gender diversity, Age diversity,
Source: Author’s Fieldwork Computation, 2019
Specifically, the result of regression as contained in  cultural diversity. In addition, there was positive

table 11 Regression Coefficients, tests the second
hypothesis of this study. From the output below, there was
positive relationship between perceived Age diversity and
perceived operation cost such that a unit increase in Age
diversity scores caused about .190 unit increases in
perceived operation cost scores which was statistically
significant at 5 per cent with the aid of the p value (0.001).
Based on the result, the null hypothesis is rejected; thus,
operation cost is affected by Age diversity. More
importantly, there was positive relationship between
perceived cultural diversity and perceived operation cost
such that a unit rise in perceived cultural diversity scores
induced about .215-unit increase in perceived operation
cost scores which was statistically significant at 5 per cent
going by the p value (0.000). Based on the result, the null
hypothesis is rejected; thus, operation cost is affected by

relationship between perceived work experience and
perceived operation cost such that a unit rise in perceived
work experience scores induced about .161-unit increase
in perceived operation cost scores which is statistically not
significant at 5 per cent going by the p value (0.006).
Based on the result, the null hypothesis is accepted; thus,
operation cost is affected by work experience. Lastly,
there was positive relationship between perceived gender
diversity and perceived operation cost such that a unit rise
in perceived gender diversity scores induced about .184-
unit increase in perceived operation cost scores which was
statistically significant at 5 per cent going by the p value
(0.004). Based on the result, the null hypothesis is
rejected; thus, operation cost is affected by gender
diversity.
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Table 11. Coefficients?

Model Unstandardized Coefficients Standardized Coefficients i Sig

B Std. Error Beta )

1 (Constant) 1.091 .298 3.657 .000
Age diversity .190 .058 .195 3.290 .001

Gender diversity .184 .063 161 2.894 .004

a. Dependent Variable: Cost of operation

Source: Author’s Fieldwork Computation, 2019

Discussion of Findings

Conclusion

The findings of this study have shown a positive
relationship between gender diversity and sales patronage
such that sales patronage is affected by gender diversity.
Gender diversity can be defined as the equitable or fair
representation between genders. In conclusion, the
findings have shown that gender diversity affected the
degree at which sales patronage is achieved and the
effectiveness of sales performance in the organization. In
other words, this research finding is tangential to past
findings of scholars that have discovered that gender
diversity has the tendencies to affect sales patronage.
The findings of the study further revealed a positive
relationship between age diversity and operation cost such
that operation cost is affected by age diversity
in the organization. From the findings, age diversity
affects operation cost of MNCs in Nigeria. In conclusion,
the findings are in consonance with previous
findings that age diversity has the likelihood to affect
operation cost.

Empirically, the impact of employees’ diversity on
organizational performance has been authenticated. The
implication is that organizations should ensure employees
diversity such as gender diversity and age diversity
improves the performance of the organization in terms of
sales patronage and reduces cost of operation in the
organization. Also, the question of how employee
diversity affects organizational performance is still being
debated till date. Organizations therefore have the final
decision on which action to take as regards diversity. For
example, some multinational organizations in Nigeria
believe in all form of diversity and all the forms can be
instrumental to achieving organizational performance. The
research concludes that there exists a relationship between
employee diversity and organizational performance. The
findings conclude that there is a positive relationship
between the variables of employee diversity which include
gender diversity and age diversity. All the findings of this
research are tangential to previous findings of scholars. In

conclusion, organizations should ensure that diversity
existent in their employees is aimed at improving
organizational performance.
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BILIUB JJUBEPCU®IKAIII CIIIBPOBITHUKIB HA OPT AHI3AIIIMHI
INOKA3HHUKHM OKPEMHUX BA'ATOHAHIOHAJIBHUX HNIAITPUEMCTB
XAPYOBOI ITPOMHUCJIOBOCTI B IIIBAEHHO-3AXIJIHIN HIT'EPII

Ipenver nmocaimkennsi: J(uBepcudikamiss MOTY)KHO BIUIMBAE Ha TEPMIHOJIOTIIO i MPAKTUKY B ychoMy cBiTi. JuBepcudikamis
criBpoOITHHUKIB BKIIFOUAE B ceOe IUPOKHMHA CIEKTP BiAMIHHOCTEH, BKIIOYAIOUYH BiK, CTaTh, KYJIbTYpY, AOCBII poOOTH, OAaTbKiBCHKUI
cTaryc, OCBITY, reorpadiuHe mojoxeHHs 1 Oarato iHmoro. MeTa: BHBYMTH BIUIMB TEHICPHOI AuBepcUdikamii Ha 3aCTyIHUITBO
mpoAaxy OaraTOHAiOHANBHUX MiJIPHEMCTB XapyoBOI NMPOMHCIOBOCTI, a TaKOXX BH3HAUWTH BIUIMB BiKOBOI IuBepcHikamii Ha
omepaliiiHi BUTpaTH OaraTOHAI[iOHATBHHUX HiANpUEMCTB. 3aBAaHHsA: ONTHMAalbHUA pPe3yabTaT IBOTO AOCIIHKCHHS — MPUHECTH
KOpHCTh OaraToHalioHAIBHIN Xap4oBii npomucinoBocti B Hirepii, miaTpuMyroun BHIe KEpiBHUITBO 1 NPaNiBHUKIB 3 Pi3HHX BEpCTB
CYCHIJIBCTBA, SIKi MOXYTb 3HAWTH iH(OpPMAILIO B ILOMY JOCIIKEHHI KOPHCHOIO JUIS IOCTYILy 10 3HAYECHHS Pi3HOMaHITHOCTI po6oyoi
cwM B iX opraizamii. MeToam: ais pocnipkeHHS OyJiM IMOCTaBIEHI ABa JOCIITHHMX IHTAaHHA 1 cGOpMyJIbOBaHI J(Bi TillOTE3H
BIZIMOBIZTHO IO TIOCTAaBJICHUX 3aBIaHb. Y CTAaTTi MPUIHATHI ONMHUCOBHH AW3aifH TOCHiIKeHHs. BiUKkopucToByBanacs npocTa BUIaIKOBa
BubOipka. Bcroro B mocmimpkeHHI B3 ydactb 9376 cmiBpoOiTHHKIB OaraTOHamiOHATBHUX IMPOAOBONBUMX KommaHid [liBgeHHO-
3aximHoi Hirepii. ¥ mocmimkeHHI BUKOPHCTOBYBAJOCS BH3HA4YCHHS po3Mipy BHOipkM Makoppa. AHKeTa AJsl JOCTiDKEeHHs Oyia
posicnaHa TproMcTaM cimaecsaTr m'aTa (375) crniBpoOiTHHKAM, MO OYyII0 po3MipoM BHOIPKH, IO TMPEACTABIsIE 00paHy MOCTiKyBaHy
MOy JIAMif0 13 5 BimiOpaHux 3 OaraToHaIiOHANBHOI Xap4oBoi mpomucioBocti B [liBgenHo-3aximuiii Hirepii. Y mocmimkeHH1
BUKOPHUCTOBYBAINCS TaKi CTaTUCTHYHI IHCTPYMEHTH, SIK i€papXi4yHWil perpeciiiHMil aHami3 NpU MepeBipIi rimore3, mepexpecHi
Tabnuii, MexeIeMEeHTHUH Kopersiuiiianii Tect i ANOVA, ski jonomaranu B iHTeprperanii pe3ysbTatiB. PesyabraTu: gocmimkeHHs
M0Ka3aJ1o, 0 iCHY€ MO3UTUBHMH 3B'I30K MiXK T'€H/IEpPHOIO PI3HOMAHITHICTIO i MAaTPOHAXEM MPOJIaXKiB, TaK 10 Ha MATPOHAXK MPOJAXKIB
BIUTMBAE TeHAEPHA PI3HOMaHITHICTh. Pe3ynpTaT NOCIIKEHHS TaKOXK BUSIBHIIN TIO3UTUBHUI 3B'130K MK BIKOBOIO Pi3HOMAHITHICTIO i
OTepalifHUMH BUTpPAaTaMH, TaK IO OIEpaIliiiHi BUTpATH 3ajeXaTh BiJ BIKOBOi PI3HOMAHITHOCTI B opraHizamii. BucHoBku: B
JOCIHI/PKEHHI POOUTHCS BHCHOBOK IIPO ICHYBaHHS B3a€MO3B'S3KY MK Pi3HOMAaHITHICTIO CITIBPOOITHUKIB 1 €(EKTHBHICTIO poOOTH
opraHizanii, i opranizanii TOBWHHI 3a0e3meunTH, 00 AuBepcudikamis Oyna cnpsAMoBaHa Ha MiABUIICHHS e€(EeKTHBHOCTI poOOTH
opraHizamii. Y JOCHKEHHI PEKOMEHIYETbCs, MO0 OaraToHamiOHATbHA XapuoBa IPOMHUCIIOBICTH HE TINBKHM 3a0e3medyBaia
PI3HOMAHITHICTD CIIBpOOITHHKIB B CBOeMy Oi3Heci, a U 3a0e3medyBana BHKOPHUCTAHHA IuBepcHikamii Uil ITiIBHIICHHS
eexTuBHOCTI poboTH opraHizauii. [Tomambin JOCTIIPKEHHsT TOBHHHI OyTH 30Cepe/DKeHi Ha IHIIUX CeKTopax i He oOMeXyBaTHCs
CeKTOpaMH MPOIYKTIB Xap4dyBaHHs, HAMOIB i KOHIIIoMepartiB ekoHoMikK Hirepii.

KmrouoBi cioBa: juBepcudikariss CHiBpoOITHHKIB; OpraHizaliiiHi ITIOKa3HUKH; TeHJepHa pi3HOMAaHITHICTh, BiKOBa
pizHomaHiTHIcTH; MHK.

BJIUAHUE JTUBEPCUDPUKALIUU COTPYIHUKOB HA OPI'AHU3AIIMOHHBIE
ITOKA3ATEJIM OTAEJIBbHBIX MHOI'OHAIITMOHAJIBHBIX l;[PEI[HPI/IHTI/Iﬁ
INNUIIEBOU ITPOMBIIIVIEHHOCTH B IOT'O-3AITATHOU HUT'EPUN

IIpeamer mcciaenoBanus: [luBepcudukaiys OKa3blBaeT MOIIHOE BIHMSHHE Ha TEPMHUHOJNOTHIO U TNPAKTHKY BO BCEM MHpE.
JuBepcubukanys COTpyHUKOB BKIIOYAaeT B ceOsi HIMPOKHH CHEKTP pasfiMyuid, BKIIOYAsh BO3PACT, IOJ, KYJIbTYpY, ONBIT PabOTEI,
pOAMTENbCKUI CTaTyc, oOpa3oBaHue, reorpapuyeckoe MoNoXKeHHe U MHoroe apyroe. ILleqb: U3y4nTh BIMSHHE TEHICPHOM
JuBepcH(UKALKY Ha MOKPOBUTENBCTBO MPOAAXaM MHOTOHAIMOHAJBHBIX MPEANPUATHI MHIIEBOH MPOMBIIUICHHOCTH, a TaKxke
OTIPENENUTh BIVSIHUAE BO3PACTHOM NUBEpCH(UKAINM Ha OIEPAlMOHHBIE M3/AEPKKH MHOTOHAIMOHANBHBIX NpeanpuaTuil. 3agaum:
OnTUMansHBIH pe3yIbTaT 3TOTO MCCIEJOBAHUS - IPHHECTH MOJb3y MHOTOHAIMOHAIBHON NHINEBOH MPOMBIIIIEHHOCTH B Hurepum,
TIOJI/IepKUBasi BBICIIEE PYKOBOJCTBO M PAOOTHHKOB M3 Pa3HBIX CIOEB OOMIECTBA, KOTOPHIE MOTYT HAWTH HH(POPMALUIO B 3TOM
HCCIIE0BAaHUN TIOJIE3HON JUIS JOCTyTa K 3HAYCHUIO pa3HooOpas3ms pabodeil CHIIBI B MX OopraHmM3anui. MeToabl: U HCCIETOBAHUS
ObUTH TOCTABJCHBI JBa HCCIIEAOBATEIbCKUX BOMpOca U CHOPMYIHUPOBaHBI [BE THIOTE3bl B COOTBETCTBHH C IIOCTaBJICHHBIMU
3agayaMH. B cTaTbe TPHHAT ONIMCATENbHBIM AM3aifH HMccrienoBaHus. Vcrmonb3oBanmack mpocTast ciydaiiHas BbiOopka. Bcero B
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WCCIIeIOBaHNM MpPUHSUIM ydacTHe 9376 cOTpyAHHKOB MHOTOHALIMOHAJIBHBIX IPOJOBOJILCTBEHHbIX KoMmmaHui IFOro-3amagnoit
Hurepuu. B uccienoBannu UCIoiib30BajIoCh OMpeeICHUE pa3Mepa BEIOOpkH Makoppa. AHKeTa JJIsl UCCIIEIOBaHUs ObUIa pa3ociiaHa
TpeMcTaM ceMujecsITd matd (375) coTpymHHKaM, 4TO OBUIO pa3MEpOM BBIOOPKH, MPEICTABIIONICH BBEIOPAHHYIO HCCICIYyEMYHO
MOMYJISIMI0O U3 5 OTOOpaHHBIX MHOTOHAI[MOHATBHOM MHINEeBOW mpombiiuieHHOCTH B IOro-3amamHoit Hurepuu. B mccnemoBanum
WCTIOJIb30BAIINCH TAaKWE CTAaTHCTHYCCKHE HHCTPYMEHTHI, KaK HEPAPXUYCCKHA PETPECCHOHHBIN aHadW3 IMpH MPOBEPKE THIOTES,
MepeKPECTHBIE TaONUIBI, MEXKIIEMEHTHBIH KOppersauoHHbI TecT 1 ANOVA, KOTOpble TOMOTaIX B HHTEPIPETALUH PE3YIbTaToB.
Pe3yabTaThl: HCClieIoOBaHUE MOKA3aJI0, YTO CYLIECTBYET IOJIOKUTENbHAS CBA3b MEXIY TeHICPHBIM PasHOOOpasHeM M MaTPOHaKeM
MpojaX, TaK YTO Ha MAaTPOHAX MPOAAX BIMAET TEHAEpHOe pa3sHooOpasue. Pe3ynpTaThl HCclIeOBaHHMA TaKXKe BBIIBUIN
MOJIOXKUTENBHYIO CBA3b MEXKAY BO3PACTHBIM Pa3HOOOPAa3WeM U ONEPALMOHHBIMH H3AEPKKaMH, TaK YTO ONEPAIIOHHbBIC H3ACPKKU
3aBHCST OT BO3PACTHOTO pa3HOOOpa3usi B OpraHU3alui. BBIBOABI: B HCCIICIOBAHUY JICIACTCS BBIBOJ O CYIIECTBOBAHUU B3aUMOCBSI3H
MEXIYy pa3HOOOpa3HeM COTPYIHHUKOB W 3(P(PEKTUBHOCTHIO PabOTHl OpraHW3allid, W OPTaHH3alUH JOJDKHBI 00ECHECYHTh, YTOOB
nuBepcuduKanys ObUIa HalTpaBJIcHA Ha TOBBIIICHUE 3 ()EKTHBHOCTH pabOThI OpraHu3anuu. B uccnenoBaHiy peKOMEHIYETCs, YTOOBI
MHOTOHAIIMOHANTbHAS THINEBas MPOMBIIUICHHOCTh HE TOJBKO oOecreunBaia pa3HooOpa3ue COTPYJHHKOB B CBOEM OH3HECE, HO U
obecrieyrBaia HCIOJB30BaHUE [IUBEPCH(UKANMK Ul  TOBBILCHUS SGQEeKTHBHOCTH paboThl opranm3auuu. JlanpHeiimme
HCCIIeIOBAHUS TOJDKHBI OBITh COCPEIOTOYECHBI HA APYTHX CEKTOpaxX U HE OTPaHUYUBATHCS CEKTOPAMHM IIPOAYKTOB MUTAHUS, HAITUTKOB
1 KOHTJIOMEPAaTOB 3KOHOMHKH Hurepum.

KnioueBble cioBa: nuBepcuduKanus COTPYIHHKOB; OpraHHW3al[OHHbBIE MOKA3aTelH; TeHAEPHOE pasHooOpasue; BO3PACTHOE
pasHooOpasue; MHK.
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V. PITERSKA, O. LOHINOV, L. LOHINOVA

CONCEPTUAL MODEL OF PROJECT-ORIENTED MANAGEMENT OF
EDUCATIONAL ACTIVITIES OF HIGHER EDUCATION INSTITUTIONS

The subject matter of the article is the methods, models and mechanisms of project-oriented management of the educational
activities of higher education institutions. The goal of the work is to develop a conceptual model for managing the educational
activities of higher education institutions on the basis of a project-oriented approach. The following tasks were solved in the article:
analysis of the educational activity management model of higher education institutions, the study of modern methods of managing
university educational projects portfolios, the development of a mechanism for the formation of a conceptual model of project-
oriented management of educational activities of higher education institutions. The following methods are used — project and
portfolio management methods, systems theory and systems analysis, risk management methods. The following results were obtained
— the main stages of the life cycle, their products and the mission of the project "Introductory Campaign of Higher Education
Institutions” were identified, the concept of "educational product”, "product of an educational project”, "educational project"”,
"educational activity project" was defined, a model for determining introductory campaign project values and effectiveness, a
conceptual model of project-oriented management of educational activities of higher education institutions has been developed taking
into account the value of the project "Introductory Campaign of Higher Education Institutions”. Conclusions: ensuring the
effectiveness of the implementation of the project approach in the ongoing activities of higher education institutions should be based
on a clear identification of the attributes of these projects, including products, values and effectiveness, which will allow not only to
clearly understand the result of project activities, but also to control its receipt. The implementation of the concept of project-oriented
institutions of higher education will increase the efficiency of the current activities of universities and their development by using the
advantages of project management technologies. The definition "Mission of the project "Introductory Campaign of Higher Education
Institutions™ is proposed, which is understood as the achievement of the maximum possible enrollment of students in the current
conditions on the educational services market. The value of the "Introductory Campaign of the Higher Education Institution™" project
has been established, which determines the usefulness of the project product for stakeholders. The proposed conceptual model of a
project-oriented approach to the management of educational activities of higher education institutions will allow to extend the project
approach to the development and functioning of various blocks of the university’s activities based on the introduced concept of
"product portfolio of higher education institutions". Such an approach in the future will make it possible to clearly identify the totality
of university projects as part of educational activities and turn its current activities into a portfolio of projects.

Keywords: educational project; institution of higher education; project-oriented management; product of an educational project;
value.

Introduction

The concept of project management has successfully
proven itself in various fields of activity. Taking into
account that higher education institutions must meet the
strict requirements set by the educational services market
and the labor market, one of the ways to achieve high
results of higher education institutions and better adapt
them to the dynamics and turbulence of the external
environment is to wuse the project management
methodology to implement changes of any nature [1, 2].
Most research related to project-oriented institutions of
higher education, aimed at using project methodology and
appropriate tools for the development of universities, as
well as to consider specific projects, for example, related
to the introduction of new technologies (distance
learning), ensuring the quality of education, etc. [3, 4].

Ensuring effective implementation of the project
approach in the day-to-day activities of the higher
education institution should be based on a clear
identification of the attributes of these projects, including
products, values and performance, which will allow not
only to clearly understand the result of the project activity,
but also to control its receipt.

Analysis of recent research and publications

Note that according to the theory of systems, any

object can be in one of two States: functioning or
development [5-8]. Therefore, any of the activities of
higher education institutions can be considered in two
modes-a functioning object and a developing object.
Therefore, projects can be linked to two States of the
respective activities:

- development of any type of activity (or their
combination), which determines the corresponding project
(program, portfolio) for the development of higher
education institutions;

- functioning of the University in each area of
activity, presented in the form of projects within the
project-oriented  approach, which is typical for
project-oriented management (for example, the allocation
of a group of students enrolled in the program of
specialization — "educational program", can be an example
of such a project in the framework of educational
activities) [9-12].

In [13, 14] it is stated that higher level of project-
oriented management is to carry out management activity
in higher education institution in the form of projects,
clearly defining terms, project success rates, project
resources and budget, managing risks and quality. In this
case, the project management is combined as a complex of
works and the project management of the university as a
management activity in the project format.

In [15-18] it is stated that project-oriented
management implies managing not the enterprise as such,
but its project portfolio, with all activities being broken
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down into programs aimed at achieving the specific goals
of the enterprise, and separate projects are already carried
out within the programs.

Projects form the corresponding portfolio of higher
education institutions, which can be represented as the
following combination of portfolios [19, 20]:

- the portfolio of development projects;

- the portfolio of current activities;

- student's project portfolio.

Thus, to date, the theoretical basis for the
organization of a project-oriented institution of higher
education is presented only in a fragmentary way and
practically does not cover the basic - educational activities
of universities, which determines the relevance of
addressing this issue.

The dissemination of the project management
concept in the activity of a higher education institution can
be carried out in various aspects, covering all types of
activities, and above all, the basic — educational, which
will allow to use the rich experience of development in the
field of project management to improve the functioning
and development of a higher education institution.

The purpose of this article is to develop a
conceptual model for managing the educational activities
of higher education institutions based on a project-
oriented approach.

Presentation of the main material

Despite the fact that projects that correspond to the
current activity of the higher education institution aimed
at improving the efficiency of the university, the
implementation of a project-oriented approach is part of
the strategic development and, therefore, aimed at
improving the competitiveness of the higher education
institution.

According to the authors [21, 22] competitiveness is
a general indicator of the viability of an enterprise, its
ability to effectively use its financial, production,
scientific, technical and labor potential. The
competitiveness of a higher education institution means its
ability to prepare competitive professionals in the internal
and external labor markets, to create competitive
innovations and to pursue a successful policy in each area
of its activity; the mechanism of competitor-management
includes the mission and connection of higher education
institution with the external environment, application of
tools of innovative economy, methods, principles and
functions of management [23, 24]. The competitiveness of
a university is its ability to train professionals who can
withstand competition in a specific external or internal
labor market; develop competitive innovations in their
field; conduct effective reproductive policies in all areas
of its activities [25-27].

According to most experts, the main factors of
competitiveness of the institution of higher education are:
the image of the university, the price of educational
services, the quality of educational services, their range
and the quality of providing processes. By analogy with
manufacturing and commercial enterprises, the cost of

services should be added to this list. The formation of the
effect of implementing a project-oriented approach to
enhance the attractiveness of the university - its image - is
mediated by improving the quality of services and
efficiency of management. In this case, the effectiveness
of management has a direct impact on competitiveness,
for example, by reducing costs [28]. It implies that the
time spent by the staff of a higher education institution to
carry out activities as a project in the proper organization
of management processes will be less than in the
functional (traditional) approach. Therefore, the total cost
of paying for the work, including the hourly rate, will be
lower; and employees' time off can be spent on other
projects [29]. Similarly, with the quality of educational
services. Their high level ensures the attractiveness of
higher education institutions, while directly affecting the
competitiveness.

We formulate the main provisions of the concept of a
project-oriented institution of higher education, which
include:

- decomposition of university activities;

- the selection of projects that fall into two categories
- projects related to the development of a higher education
institution or its separate areas of activity; projects that are
relevant to the current activity (project-oriented approach
to production activity management);

- classification of the main types of university
projects in content; hierarchy of portfolios of higher
education institution projects;

- structural and logical scheme of effect formation
from implementation of project-oriented approach to
university management.

The implementation of the concept of a project-
oriented institution of higher education will increase the
efficiency of the current activities of universities and their
development, by taking advantage of the technologies of
project management. Proper organization of project-
oriented management provides, above all, adequate
structuring of the management object. Therefore, the next
step in the development of the concept of creating a
project-oriented institution of higher education in the main
— educational activities, is the identification of relevant
projects.

It should also be noted that under the Law on Higher
Education, the number of specialties has been reduced, but
universities are given the freedom to be creative in
developing educational programs that allow them to
respond more flexibly to changing demand in the
educational services market [30]. Distance learning
becomes an integral element of educational activity,
gradually replacing the distance learning and
supplementing the in-service, as well as allowing to obtain
education at anytime, anywhere [31].

Thus, in the framework of educational activities of
higher education institutions, a "flow" of projects is
formed. Projects of each category for a particular
institution of higher education form a specific portfolio,
which is a logically isolated part of the university's project
portfolio. Taking into account the individual part (variant
part) in each educational program for each student forms
his project — "Individual educational program of the
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student”, managed by the respective administrative body -
the dean, the administration of the institute (within the
university) with the participation of the student (in the
formation part) variable part, work schedule) [32]. In turn,
each educational program generates two projects —
development and licensing, training. These projects are
managed by an appropriate team, whose participants are
without fail the so-called project team leader and the
teaching staff that serves the program. If the project
"Individual Student Educational Program" is of a largely
organizational nature, then the licensing and training
projects are related, to a greater extent, to the content of
the training and the process of providing the educational
service. This explains the different composition of the
entities that manage these projects.

Note that one of the basic concepts of project
management is "“project product”. In this case,
"educational product" and "product of educational project"
are different concepts. An educational product is a
product, the essence of which is a set of educational
services corresponding to that product. The result of
consuming educational services is a set of competencies,
knowledge, skills and competences acquired by the
university graduates. Therefore, it can be argued that the
specific set of individual acquired competencies,
knowledge, skills and skills is the product of an
educational  project.  "Educational  project” and
"educational project” are not identical concepts. The
educational project corresponds directly to the learning
process, and the project within the educational activity is
any project related to educational services. Yes, the
Educational Program Development and Licensing project
is not an educational project, but is related to the provision
of educational services.

Development of educational activities of higher
education institutions involves changes in the set of
specialties,  specializations,  educational  programs,
educational levels, forms of training, ie changes
in the product portfolio; increasing the number of students
in existing educational products. he implementation of a
project-oriented approach to the management of higher
education institutions, including educational activities,
requires  appropriate  tools for organizing the
implementation of works on various projects throughout
the university, including their distribution and
coordination. In this case, each unit can participate in
several projects — both development and ongoing
activities. The absence of this toolkit will not provide the
effect of implementing a project-oriented approach and
may, moreover, make it negative, that is, lead to worse
results than in the traditional management of a higher
education institution.

The main issues that require coordination are: terms,
resources, "products” of each project work. It is known
that any project can be decomposed at the level of work
(tasks), the logical sequence of which forms a network
model. Network Planning is a traditional project
management tool that allows you to schedule deadlines in
resource constraints.

According to the proposed concept, in a project-
oriented approach, the task is a structural unit of logical

consistency (network model), not a separate event with
unreasonable (in most cases in practice) terms and poorly
structured interrelation with other tasks. In this case,
employees of the unit do not just perform a set of
operations in the form of a clearly structured process, but
have a specific purpose, timing, interconnection
for each of them, which, of course, has a positive impact
on the quality of the tasks and provides greater
likelihood of achieving project goals. Having a clearly
defined goal and performance (value) indicators
will allow you to evaluate the success of the project as a
whole, rather than performing a specific task. For

example, for the Admissions Office, many
tasks are created related to projects within the
portfolio of a higher education institution, both

development projects and projects that correspond to the
current activity.

Let's consider the product, value and effectiveness of
the project "Entrance campaign" as one of the most
important projects for higher education institutions. This
project can be considered in several ways that differ in the
scope of educational activities:

- recruitment of students by a higher education
institution in General for the entire product portfolio-the
project "University entrance campaign”;

- recruitment of students for a specific educational
product.

In this case, we will be talking about the project
"Introductory Education Product Campaign"; enrollment
of students by a certain faculty, institute — project
“Introductory campaign of the faculty (institute, etc.)".
Therefore, following a project-oriented approach, an
institution of higher education can also be considered an
introductory campaign.

Note that this event - an introductory campaign - has
all the necessary properties of the project: is a temporary
event, has a unique product, provides for consistent
development. Indeed, the inaugural campaign has clear
timeframes of one year. The product of the introductory
campaign is a set of students for the specialties,
educational programs and forms of study (depending on
the scope of the project).

The uniqueness of the product — the recruitment of
students — is that it is formed each time in new
environmental conditions — the market of educational
services, and also provides annually a new ratio of
"budget contract" for each specialty. And, as practice
shows, the structure of the recruitment of students in
specialties and forms of study over the past few years has
varied greatly. It is expected that this trend will
continue in the near future, which is determined by the
dynamics of markets, the country's economy, the world
economy and the fierce competition of higher education
institutions.

A specific product is formed not only as a result of
the project implementation, but also as a result of the
completion of each stage of the project life cycle. We
identify the main stages of the life cycle and their products
for the project "Introductory Campaign of Higher
Education” (fig. 1).
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Fig. 1. Life cycle of the project "Introductory Campaign of Higher Education Institutions"

At the "Concept" stage, the conceptual framework of
the introductory campaign is developed, taking into
account the experience of the past periods, the possibilities
of the higher education institution and the state of the
environment. It is at this stage that the project
"Introductory Campaign of Higher Education” acquires its
distinctive features (uniqueness) in comparison with the
previous projects in this area.

At the stage of "Development" in accordance with
the adopted concept is formed plan of the introductory
campaign, within which must be formulated all activities,
deadlines, responsible contractors, as well as determine
the budget of the project.

"Implementation” involves the implementation of
work in accordance with the plan and those adjustments
that are necessary taking into account the features of the
current situation. "Completion” is a short but important
stage in which to analyze the success of an introductory
campaign, with the main criterion being the effectiveness,
that is, the compliance of the results achieved with the
planned.

Summarizing the introductory campaign allows you
to supplement the knowledge base in the field in the light
of new experience. According to leading experts in the
field of project management [33], a project is an
obligation to create value based on the mission of the
project, which must be completed over a period of time,
within agreed times, resources and conditions; the mission
defines the fundamental goals for which the project is
designed and which must be achieved as a result of its
implementation.

Under the mission of the project "Introductory
Campaign of Higher Education" we will understand the
achievement of the maximum possible enrollment of
students in the conditions prevailing in the market of
educational services.

The structure of this set of students should be
consistent with the strategic goals and current goals of the
higher education institution.

It should be noted that the purpose of the
introductory campaign should be specified in conjunction
with the development strategy in the areas of "Educational
activity" and “International activity”, as well as with
current educational and international activities. Project
resources - specialists; knowledge and experience of
implementing such projects; information (for example, on
the actions of competing higher education institutions);
cash (directed to project marketing); the image of
a higher education institution that can play both a positive
and a negative role in the process of launching an
introductory campaign. The value of the project
"Introductory Campaign of Higher Education” is to reflect
the usefulness of the project product for stakeholders
(fig. 2).

The main stakeholder is the institution of higher
education itself. Despite the specificity of this
project, we consider it possible to use an economic
indicator to evaluate its value. Yes, the value of an
introductory campaign can be determined by the
money that a higher education institution will
earn by educating students in this set. The effectiveness of
the project is an assessment of the achievement of the
planned results, that is, an analysis of the conformity of
the product obtained and its value of what was
expected to be obtained as a result of the project
implementation. Thus, at the stage of the development life

cycle, the  planned indicators  characterizing
the product and the value of theproject are
formed, at the stage of "Realization" actual

indicators of the product and value are formed, and at the
stage of "Completion" the project's performance is
evaluated.
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Fig. 2. The value and effectiveness of the Introductory Campaign project

To evaluate the value, we suggest using an
expression that takes into account the cash inflows from
providing educational services to the current student
enrollment, as well as the cost of marketing an admission
campaign:

S F
K= ZZ(GUA f UA ' Gg:st; sQrLr:aAs:t:;r,s ) +
s=1 f=1
S F
(G 6 Qs )+ (@)
s=1 f=1
s F
+ZZ( H Q + Hmaster staster S ) DIC 1

s=1 f

Il
[iN

where s, f — specialty and form of education (inpatient,
distance, distance, advanced training), respectively S,F —
the number of specialties and forms of education in a
higher education institution; G*'QY™", G'Qf",
H/Q/ - accordingly, the cost of education and the
amount received at the level of bachelor of citizens of

Ukraine (under the terms of the contract), foreigners and
citizens of Ukraine at the expense of budgetary funds;

GUAf GEUf QEU,f Hf

master sQﬁgstlr,s 1 master,s “<master,s master, staster s -
accordingly, the cost of education and the amount received
at the level of the Master of citizens of Ukraine (under the
terms of the contract), foreigners and citizens of Ukraine at
the expense of budgetary funds; D' — the cost of the
institution of higher education for the introductory
campaign (advertising, PR events, extra pay, etc.).

It should be noted that expression (1) does not take
into account the costs of providing higher education
institutions with educational services, as these costs reflect
the efficiency of the organization of functioning of higher
education institutions, and are not subject to management
in this project. Thus, according to the proposed approach,
it is possible to estimate the planned K™ and actual v
value based on the planned (2) and actual (3) student
enrollment.

Plan PlanUA,f . mPlan,EU,f . ~Plan,f . A PlanUA,f . ~Plan,EU f . Planf .
v _{Qs 'Qs le ’Qmaster‘s 'Qmaster‘s ’ masters} (2)
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Fact UA,f . EU,f. f.AUAT . EU,f . f
v :{Qs ’Qs ’Qs ’Qmaster‘s’Qmaster‘s’Qmaster‘s}' (3)

It is suggested to evaluate the performance of the
introductory campaign using the integral indicator, which
is the sum of relative indicators (individual indices). Thus,
it is proposed to form the final assessment (5) on the basis
of individual indicators (4):

f(UA,EU)
Kf(UA,EU) — Qs ’ (4)

master s QPlanlf
master s

f(UAEU)

S F
Zngmaster,s
IC S=. =
< 2SF ' ©)

The use of the divider in (5) allows to obtain the
value of the integral performance index in a form
convenient for drawing conclusions: thus, at K'® <1 the
goals of the introductory campaign were not achieved, at
K'® ~1 the result of the introductory campaign is at the
planned level, at K'>1 the result exceeded the
expectations of the institution of higher education.

Note that this indicator is based on the equivalence
of all specialties, levels and forms of study at the
university. If, on the basis of strategic considerations,
different specialities, forms and levels are not equivalent
(for example, some specialities are priorities for higher
education institution, more closely match its profile,
unigueness, etc.), then (4) can be to enter the balance
ATUAED) for which (5) are fulfilled, which are determined

master,s

by the expert way and allow to take into account this
condition in (6):

iiﬂééﬁiﬁ“’ =1 (6)

s=1 f=1

F
f(UA,EU) | f(UA,EU)
Zﬂ’master,s Kmaster,s
f=1
: ()
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The mismatch of the planned and actual results of
the project implementation is the main type of risk that
can be estimated by the value of the project's
"undelivered" value:

AK Forecast — K Plan _ K Fact, Forecast . (8)

This value is estimated, as it is estimated at the stage
of development within the project risk management.

The experience of previous introductory campaigns
on the discrepancy between actual and planned values can
be used to form it, for example, by specifying a
percentage of deviation of actual project product
parameters from planned ones. Note that the magnitude of
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KOHIENTYAJbHA MOJEJIb IIPOEKTHO-OPIEHTOBAHOI'O YIIPABJIIHHS
OCBITHBOIO AIAVIBHICTIO 3AKJIAAIB BUIIIOI OCBITHU

IIpeameTom NOCTiIKEHHS B CTaTTi € METOIM, MOJENI 1 MEXaHI3MH MPOEKTHO-OPI€HTOBAHOTO YIPABIiHHSA OCBITHBOIO MisTBHICTIO
3aKjafgiB BHUIIOi OCBiTH. MeTa po0OTH — po3poOKa KOHIENTYadbHOI MOJEIN YMpaBIiHHS OCBITHBOIO HiSUTBHICTIO 3aKJaiB BHIIOL
OCBITH Ha OCHOBI NPOEKTHO-OPI€EHTOBAHOTO MiAXOAy. B cTaTTi BHPINIYIOTHCS HACTYNHI 3aBAAHHS: aHANI3 MOJEN YNpaBIiHHI
OCBITHBOIO JISUTBHICTIO 3aKJIafiB BHIIOT OCBITH, JNOCII/DKCHHS Cy4aCHHMX METOJIB YIPABIiHHA MOPT(HENSIMU NPOEKTIB OCBITHBOI
ISUTBHOCTI  YHIBEPCHUTETiB, pO3poOKa MexaHi3My (OpMyBaHHS KOHLENTYaJlbHOI MOJETl NPOEKTHO-OPIEHTOBAHOTO YIPABIiHHS
OCBITHBOIO JisUTGHICTIO 3aKJIaJiB BUIIOi OCBITH. BUKOPHCTOBYIOTBCS Taki METOMM: METOIH YNPABIIHHS MPOSKTaMH i MOPTHETIMHU,
TEOPisl CHCTEM 1 CHCTEMHOTO aHalidy, METOJM YIpaBIiHHA pu3ukaMu. OTpUMaHO HACTYIHI pe3yJIbTaTH: ieHTH(IKOBAHO OCHOBHI
€Tamnu YXKUTTEBOTO LHUKITY, X MPOAYKTH Ta MICito IpoekTy "BcTymHa kaMmaHist 3aKiiay BHIOi OCBITH", BU3HAYECHO IMOHATTS "OCBITHIN
mpoayKT", "MPOIYKT OCBITHBOTO MPOEKTY", "OCBITHIH NPOEKT", "MPOEKT OCBITHBOI AISUTHHOCTI", 3aIIPOTIOHOBAHO MOJETh BH3HAYECHHS
LiHHOCTI 1 pe3yNbTaTUBHOCTI TpoekTy "BerymHa kammanis", po3poOieHO KOHIENTyalbHY MOZETh IPOEKTHO-OPIEHTOBAHOTO
YOpaBIiHHS OCBITHBOIO TiSUTBHICTIO 3aKJafiB BHINOi OCBITH 3 ypaxyBaHHSIM LIHHOCTI MpoekTy "BcTymHa kammaHis 3akjiany BHMIOT
ocBiTH". BucHoBKH: 3a0e3neueHHs e()eKTUBHOCTI BIIPOBAIKEHHS MPOEKTHOTO MiXOAY B MOTOYHY AiSUIBHICTD 3aKJIa/ly BUIOi OCBITH
Mae Ga3yBaTucs Ha YiTKiH ineHTH(iKanil aTpuOyTiB JaHUX MPOEKTIB, B TOMY YHCIIi, NPOJAYKTIB, IIHHOCTEH 1 Pe3yJIbTaTUBHOCTI, 110
JIO3BOJIUTh HE TINBKU YITKO YCBIJOMJIIOBAaTH pe3yJbTaT MPOEKTHOI MiSUIBHOCTI, a W 3IiHCHIOBAaTH KOHTPOJIb HOTO OTPHMAaHHS.
Peaizarisi KOHIENIIIT MPOSKTHO-OPIEHTOBAHOTO 3aKJaJy BHUINOI OCBITH TO3BOJHTH MiABUIMUTH €()EKTHBHICTh MOTOYHOT MisTTBHOCTI
YHIBEpCHTETIB i X PO3BUTKY, IUITXOM BUKOPHCTAHHS IE€PEBAr TEXHOJOTIH MPOEKTHOTO MEHEKMEHTY. 3alpOIIOHOBAHO BH3HAYCHHS
"Micis mpoekty "BcTymHa kammaHis 3aKiaay BUIIOL OCBITH"", i SKHM PO3yMIi€ThCS JOCSATHEHHS MAaKCHMAIBHO MOKIMBOTO HAbopy
CTYICHTIB B YMOBaX, II[0 CKJIANIKCA Ha PUHKY OCBITHIX MOCIYyT. BCcTaHOBNIEHO HiHHICT NpoekTy "BeTymHa kammaHis 3akiany BHIIOL
OCBITH", sIka BU3HaYa€ KOPUCHICTB MPOAYKTY MPOEKTY JUIS 3aIliKaBICHUX CTOPiH. 3alpoIIOHOBaHA KOHIENTyaIbHa MOJIEIb IPOEKTHO-
OpIEHTOBAHOT'O MiIXOAY /IO YHPaBIiHHS OCBITHBOIO JisTIBHICTIO 3aKjIady BHINOi OCBITH JO3BOJUTH MOIIMPHTH MPOSKTHUH MiAXix Ha
PO3BUTOK i (YHKLIOHYBaHHS Pi3HHUX OJOKIB JIisUTbHOCTI YHIBEpPCHTETY Ha 0a3i BBEIICHOTO MOHATTS "MPOAYKTOBHUI mopTdens 3aKkiany
BuIioi oceiT". Takuil MiAXiA y MOJANBLIIOMY J03BOJHTH YIiTKO ieHTHU(]IKYBaTH CYKYIHICTh MPOCKTIB YHIBEPCHUTETY B paMKax
OCBITHBOI JIISUTBHOCTI 1 IEPETBOPUTH HOTO MOTOYHY AiSUIBHICTD B pealtiallito mopTderns mpoekTiB.

KniwouoBi cioBa: ocBiTHII MPOEKT; 3aKiIaj BUIIOI OCBITH; MPOSKTHO-OPIEHTOBAHE YIPABIIHHS; MPOIYKT OCBITHROTO MPOCKTY;
L{IHHICTb.

KOHHOENTYAJIBHASA MOAEJIb ITIPOEKTHO-OPUEHTUPOBAHHOI'O
YIOPABJEHHUSA OBPA3OBATEJIBHOM JEATEJIbHOCTHIO 3ABEJEHUI
BBICHIEI'O OBPA3OBAHUA

"pe}IMeTOM UCCIIENOBAHNA B CTAaTbC SABJIAIOTCSA METOJAbI, MOJACIU W MEXAHU3MBbI IIPOCKTHO-OPUCHTUPOBAHHOI'O YIIPABJICHUS
00pa3oBaTeNbHOM JSSTENPHOCTRIO 3aBelCHHH BhIciiero obOpaszoBaHus. Lleab paboTel — pa3paboTka KOHLENTYaJbHOH MOJEIH
yIpaBJIeHUs: 00pa30BaTeNIbHOI NEATENbHOCTBIO 3aBEICHUH BBICIIIEr0 00pa30BaHUsl HA OCHOBE MPOEKTHO-OPUEHTHPOBAHHOTO MOAX0/A.
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B cratee pemaroTcs ciemyrolue 3aJauM: aHAJIW3 MOJEIM YMpPaBIeHHS 0Opa30BaTENbHOM AESITENBHOCTBIO 3aBEICHUI BBICLIETO
00pa3oBaHUs, HCCIEJOBAaHUE COBPEMEHHBIX METOAOB YHpaBIeHHs TMOPTQENsIMH TNPOEKTOB 00pa3oBaTeNbHOH AEATENbHOCTH
YHUBEPCUTETOB, pa3paboTka MeXaHH3Ma (POPMUPOBAHUS KOHIENTYalbHOM MOJEIHM MHMpPOEKTHO-OPUEHTHPOBAHHOTO YIPABICHUS
00pa3oBaTeNbHON AESATENPHOCTRIO 3aBEJCHUH BBICIIEro 0oOpa3oBaHUS. VICIOMB3YIOTCS Ciemyromue MeTOAbI: METOJBI YIIPaBICHHS
MIPOEKTaMH U HOPTQETIMH, TEOPHsl CHCTEM H CHCTEMHOrO aHalInW3a, METOABl YIpaBieHWs puckamu. [lomydeHsl ciemyromiue
pe3yJbTaThl: WACHTU(QHIIMPOBAHO OCHOBHBIE OSTAIbl JKU3HEHHOTO NHMKJIA, WX IPOAYKTHl M MHCCHIO IpoekTa "BerymurensHas
KaMIIaHUs 3aBEJICHUU BBICIIErO OOpa30BaHUs'", OMPEICICHO MOHATHE "00pa30BaTelbHBIA MPOAYKT", "MPOIYKT 00pa30BaTEIBHOTO
mpoekTa”, "obpa3oBaTenabHBI NPOEKT", "MPOEKT 00pa30BaTEIbHON AEATENFHOCTH", MPEIIOKEHa MOJEIb ONPEACICHH LIEHHOCTH H
pe3yabTaTHBHOCTH MpoekTa "BerynurensHas kammaHusa"', paspaOoTaHa KOHIENTyalbHas MOJENb MPOEKTHO-OPUEHTUPOBAHHOTO
ynpaBieHus] 00pa30BaTeNbHOHN JeATeIbHOCTBIO 3aBEACHHI BBHICIIET0 0Opa30BaHUs C Y4eTOM IEHHOCTH IpoekTa "BcTynuTenpHas
KaMIlaHWsl 3aBeieHHs1 Bbicuiero obpasoBanus". BeiBogbl: ObecrieueHrne 3(G(QEKTHBHOCTH BHEIAPESHHUs MPOSKTHOrO IMOAXO0Ja B
TEKYIIyIo JesTeIbHOCTh 3aBEJeHUH BBICIIEro 00pa3oBaHMS JOJDKHA 0a3MpoBaTHCS Ha YETKOH MACHTU(HKAIMU aTpHOYTOB TAHHBIX
IIPOEKTOB, B TOM YHCIE, NPOIYKTOB, IIEHHOCTEH WM PE3yNbTaTHBHOCTH, YTO IIO3BOJINT HE TOJBKO YETKO OCO3HABaTh pE3YJbTaT
TIPOEKTHOH JESTENBHOCTH, HO M OCYIIECTBIISITH KOHTPOJIb €ro IOJIydeHHs. Peann3amysi KOHLENIMN MTPOEKTHO-OPHEHTHPOBAHHOTO
3aBEJICHUH BEICIIETO OOpa30BaHUS ITO3BOJIUT IOBBICHTH 3((EKTHBHOCTh TEKyIIeH IEATENFHOCTH YHHBEPCHTETOB M HMX Pa3BHTHS
MyTEM HCIOJIB30BaHUS IIPEHMYIIECTB TEXHONOTHH MPOEKTHOro MeHeKMeHTa. lIpeanoskeno ompenenenue "Muccust mpoekrta
"BerynuTenpHas KaMIaHUS YYPEXICHUS BBICIIEr0 0OOpa3oBaHUA"", MO KOTOPHIM IOHUMAETCS MIOCTIDKEHHE MaKCHMAlbHO
BO3MOXKHOTO HabOpa CTYASHTOB B YCIIOBHUSX, CIOXKHBIIHMXCS Ha PHIHKE 00pa30BaTeNbHBIX YCIYT. Y CTaHOBIEHA LIEHHOCTH NPOEKTa
"BerynuTenpHas KaMIaHUS YYPEKACHHUS BBICIIETO 00pa3oBaHMA", KOTOpas OMPENeNsieT IOJIE3HOCTh MPOAYKTa TMPOEKTa IS
3aMHTEPECOBAHHBIX CTOPOH. [IpemokeHHas KOHLENTyaJlbHas MOJENb IMPOCKTHO-OPHEHTUPOBAHHOTO IIOJIXOJa K YIPABICHUIO
00pa3oBaTeNbHON NSSITENLHOCTBIO YUPEXKICHHS BBICIIEro 00pa30BaHMs MO3BOJIHUT PACIIPOCTPAHHUTH NMPOCSKTHBINA ITOX0]] HAa pa3BUTHE
U (QYHKIVOHHPOBAaHHE PA3IMYHBIX OJIOKOB AEATENFHOCTH YHHBEpPCHTETa Ha 0a3e BBEIECHHOTO IOHATHS "HMPOIYKTOBBIH HOpTdens
yupexaeHus Bbiciiero obpazosanus”. Takoil moaxox B JanbHEHIIEM ITO3BOJIUT Y€TKO MACHTH()UINPOBATH COBOKYITHOCTh IPOEKTOB
YHHBEpCHTETa B paMKax 0Opa30BaTEIbHOW MIESITENPHOCTH U IPEBPATUT €r0 TEKYI[yI0 JEATeNbHOCTh B pEaNu3aldio MOpTQernst
MIPOEKTOB.

KniodeBble cjioBa: 00pa3oBaTeIbHBIA MPOEKT; 3aBEICHUE BBICIIETO 00pPa30BaHUS; MIPOSKTHO-OPHEHTHPOBAHHOE YIIPABIICHNUE;
MIPOIYKT 00pa30BaTEIbHOTO MPOEKTA; IEHHOCTb.
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O. B. IToriko

ITEHTU®IKALIS TPOBJIEM TA IPOTHO3YBAHHSI TEHAEHIIN PO3BUTKY
MOJIOYHOI'O PUHKY YKPAIHUA

IIpenMeToM mOCTIPKEHHS CTATTi € TEOPETHYHI, METOJOJIOTIYHI W MeToAWYHi 3acamu (GopMyBaHHS Ta NPOTHO3YBAHHS TEHJCHINN
PO3BUTKY MOJIOYHOTO PHHKY YKpainu. Mera poOOTH — BHOKpEMIIEHHSI CyJacHUX NMpoOJieM pO3BUTKY MOJIOYHOTO PUHKY YKpaiHU Ta
NIPOTHO3YBaHHS TEHAEHNIH HOro pPO3BHTKY Yy KOPOTKOCTPOKOBIH II€PCIEKTHBI. Y CTaTTi BHPIIIYIOTBCS HACTYIHI 3aBJaHHSI:
MIPOBEICHHS aHANI3y TUHAMIKM 3MIHHU IOTOJIB’S KOPiB, BUPOOHMIITBA MOJIOKA Ta 3POCTaHHS KUIBKOCTI HaloiB Ha OJHY KOPOBY B
oMy B YKpaiHi Ta B pO3pi3i CLIbCHKOTOCHOIAPCHKHUX MiANPHEMCTB 1 rocmofapctB HaceieHHs mporsrom 2010-2018 poxis;
JIOCTIDKEHHS TUHAMIKH CepeHiX I[iH KyHiBJli MOJIOKa MOJIOKOIIEpEepOOHUMH MiANPUEMCTBAMU Ha BITYM3HAHOMY PHHKY; OLIHIOBaHHS
SIKOCT1 MOJIOKa KOPOB’S4O0TO, SIKE HAAXOIUTh Y IepepoOKy, 3a TaTyHKaMH; 341l ICHEHHS! eKOHOMIYHOTO aHaJli3y BUPOOHHUIITBAa MOJIOKA B
VYkpaini, SWOT-anani3 Moi04HOT MpOMHUCIOBOCTI YKpaiHu. BHUKOpHUCTOBYIOTBCS Taki MeTOAM IOCIHIJKCHHS: MOPIBHSUIBHUNA Ta
CTaTUCTUYHUI aHami3 — TPH JOCHIKCHHI OOCSITiB BHPOOHHUIITBA MOJIOKa KOPOB'SIYOTO B IIoMy B YKpaiHi Ta B po3pisi
CUTBCBKOTOCIIONAPCHKUX MIIIPHEMCTB 1 rocrofapcTB HaceneHHs mpotsiroM 2010-2018 pokis, a TakoXk JUHAMIKU CEpeAHiX HaJo0iB Ha
OJIHY KOPOBY Ha CEpeHE MOTOMIB'S KOPiB, 0OCATIB MepepoOKH MOJIOKa, CEPEIHIX 3aKyMiBEIbHUX I[iH HA MOJIOKO-CHPOBUHY Ta SIKOCTI
MOJIOKa KOPOB’SYOT0O 3a IaTyHKaMH; CHCTEMHO-CTPYKTYPHHH aHaji3, JIOTiYHE y3aralbHeHHs — npu nposeneHHi SWOT-anamisy
MOJIOYHOT IPOMUCIIOBOCTI YKpaiHH; eKOHOMIKO-MaTeMaTH4He Ta TpadiuHe MOJCIIOBAHHSA — MeTol bpayHa Imeproro mopsaxky npu
MIPOTHO3YBaHHI JHMHAMIKH BHPOOHHUIITBA MOJIOKA, MIPUPOCTY HAJOIB Ha OJHY KOpPOBY B YKpaiHi B mepcnektusi Ha 2020-2022 pokwu.
OTpuMaHO HACTYIHI pe3yJbTATH: Ha MOJOYHOMY DPUHKY YKpaiHH CBHOTOJHI BiACTIOKOBYIOTBCSA IBI MPOTHICKHI TEHICHIUI —
TEHJCHIIiA JO 3pOCTaHHS HAAO{B Ta TEHJCHILSI 10 CKOPOUEHHS MOJIOYHOTO CTaJa. 3a MPOTHO30M Ha HACTYIHI TPU POKU, BUKOHAHOTO
3a MetonoM BpayHa mepmioro mopsiiky, Hagadi O4iKyBaTHMETHCSl 3DOCTaHHS HaJOIB Ha OIHY KOPOBY 32 CKOPOYEHHS 3arajbHOTO
TIOTOJIiB’Sl KOpPiB. Pa3oM 3 TUM, BUKOPHCTAaHHS CHJIBHHX CTOPIH MOJOYHOTO CEKTOPY YKpaiHM Ta HOro MOTEHLIHHMX MOXKIUBOCTEH,
BUSIBIICHMX IpH mpoBeneHHi SWOT-ananmizy, 30KkpeMa: 3pocTaHHS MOJOYHOI HPOIYKTHBHOCTI XyHOOH, HapoOIIeHHS OOCsTiB
BUPOOHMITBA MOJIOKa "eKCTpa-Kiacy", IOKpAIleHHs KOHTPOJIBHUX MEXaHI3MIB SKOCTI ¥ OE3MeYHOCTI MOJIOYHOI IPOJIYKII,
MOCTYTIOBE TOUIMPEHHS HAa BITYM3HSIHUH arpoNpOMHCIOBHI CEKTOP MIKHAPOJHUX NpPaBHI TOPTiBIi, CTpaxyBaHHS, KPeIUTyBaHHS,
iHBECTYBaHHSI, TO3BOJIUTH BXKE Y KOPOTKOCTPOKOBIN MEPCIEKTHBI 3AIHCHUTH TUBEPCU(IKAIII0 TOPTOBEIBFHUX MOTOKIB 1 MAKCHMAIIEHO
peami3yBaTH eKCIOPTHHU MOTEHIaTy Traiy3i, pO3LIMPHBIIHN AOCTYI 0 MPOJOBOIbUMX pUHKIB €C, a3iliChKOro Ta appuKaHCHKOTO
puHKiB. BucHOBKM: Y 1inoMy MOXHA iIeHTH(IKYBaTH CTaH YKPaiHCBKOTO MOJIOYHOTO PHHKY SK TaKHid, IO JOCHTh aKTHBHO
PO3BUBAETEHCS Ta Ma€ BCi MIAHCH B HAHOIIDKYIH NEpCHIEKTHBI YBIHTH B ITSITIpKy KpaiH-JIiiepiB, sSIKi THHAMIYHO HapOIIYIOTh MOJIOYHHUH
HaIpsMOK.
KunrouoBi ciioBa: Mono4HMIA pUHOK; ONlepaTopy pHHKY; MeTox bpayHa; sikicTh Moioka 3a rarynkamu; SWOT-anauis.

Beryn cupoBuHHOO 30HOW. T.I. J[lymap [5] mocmimkye

palioHallbHE PO3MILIEHHS W PO3BUTOK BHPOOHHIITBA

MoJ0oYHa NPOMHCIOBICTE — OJHA 3 NpPOBiZHMX  MOJIOKA i MOJIOYHOI MPOAYKIii 3 METOK MaKCUMAIbHOTO
rajiy3eii HapoJHOTO TOCMOJApCTBa, ska 3abe3meuye  3aBAHTAXKCHHSA BUPOOHMYNX HOTYXHOCTEH
HACENICHHA TIPOJAYKTAMM XapuyBaHHA. Monoysa Ta  MOJIOKONEPEPOOHOI MPOMHUCIOBOCTI  Ta  €(pEKTHBHOIO

BUKOPHCTAaHHS NPUPOJHOrO i €KOHOMIYHOI'O MOTEHLiaNIiB
KokHOTO perioHy. Cwmomiacekuir B. b. [15] mpomonye

MOJIOKOTIEpepOoOHa rany3i YKpalHu ChOTOJHI MAlOTh Iy
HHU3KY mpoOieM, SKi MepelKo/DKATh e(EeKTUBHOMY

PO3BUTKY LHX ramy3eil. BUpOOHHKM MOJIOKA Ta OPOAYKIii  MOAAIBII  HANOPSIMH  JACPXKABHOI  NMOJNITHKH  IIOAO
3 HBOTO HaMararoThCs BINIHTH B CTAHOAPTIB paIsMHCHKUX  PETYJIIOBAHHA  PHUHKY  MOJIOKa. Ilpore  motpebye
4aciB Ta 3aCBOITH HOBI €BpOICHCHKI TexHOJorii. [Ipore  BUPILUEHHA Yy KOPOTKOCTPOKOBIM TEPCIEKTHUBI Pl

HarajibHUX MpoOJIeM, SKi MEePEeIIKO/HKATh e(hEeKTUBHOMY
PO3BHUTKY MOJIOYHO{ Ta MOJIOKOTIepepOoOHOT

UIA  YCHIIHOI  KOHKYpEHIii 3  MDKHApOIHHMH
BHPOOHWKaMH TMOTPIOHO TOJOJATH TEXHOJOTIYHI Ta

(iHaHCOBI MPOOIIEMH, a TaKOX yIOCKOHAIUTH KOHTPOJb
HaJI AKICTIO CHPOBHHH Ta TOTOBOT IIPOAYKIIil.

AHaJni3 ocTaHHiX 1ocaigKeHb i mydJaikaniii

HocmimpkenHio 1poOieM epeKTHBHOCTI PO3BHUTKY

MOJIOYHOI ~ Ta  MOJIOKONEPEpOoOHOi  IPOMHUCIIOBOCTI
MIPUCBAYCHO TpaIli NPOBIIHUX HAYKOBIIB KpaiHH, cepexn
HHX: H. C. Benincbka, II. C. BepesiBchkuid,
C.B. Bacunpuak, II.1. Taiaymekmii, T.T. [ynap,

B. O. PuGinnes, II. T. Cabnyk, B. b. CmoxiHchkuii Ta
iHmi. Y HaykoBux npangx H. C. Benincskoi [1] 3a3HaueHo

npoOiieMH  LIHOYTBOPEHHS Ha pPHHKY MOJIOKa 32
BIZICYyTHOCTI  JIEp)KaBHOTO  DEryJIIOBaHHS, a TaKoX
npoOsieMH  HApOLIyBaHHS  OOCATIB  BHPOOHHIITBA,
YIOCKOHAJIEHHS  poOOTH 31  CTBOPEHOIO  HOBOIO

npoMucioBocti Ykpainu. Pazom 3 TuMm, mnortpeOyroTh
JIOCIIIJDKEHHS TTUTaHHS TOAAJBIIMX HANpPSIMKIB PO3BUTKY
rajry3i B yMOBax IIOCTIHHO 3pOCTal04oro CBIiTOBOTO
MOTUTY Ha Xap4oBi MPOTYKTH.

MeTo0 naHOI €TATTI € BHOKPEMIICHHS Cy4YaCHHX
npoOyieM PO3BUTKY MOJIOYHOTO pPHHKY YKpaiHH Ta
NPOTHO3YyBaHHA  TEHICHIIH  HOro  pO3BHTKY Y
KOPOTKOCTPOKOBIH MEPCIIEKTHBI.

ITocTanoBKa 3aBIaHHA

[MpoananizyBaT cTaH MOJIOYHOI HPOMHCIIOBOCTI
VYkpaiHu, CHporHo3yBaTH ii NOAANBIIMA PO3BUTOK Yy
KOPOTKOCTPOKOBIH TEpPCIEKTHBi, BUSBHUTH 1 CHIBHI Ta
c1abki CTOpPOHM Ta CBIBCTAaBUTH iX 13 30BHINIHIMH
MOJKJIMBOCTSIMH Ta 3aTPO3aMHU.

© 0. B. ITonko, 2020
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MeToau aocaixKeHHs

[TopiBHSUTGHUH Ta CTAaTHCTHYHWHA aHami3 — TpH
JOCITiKEHHI 00CATIB BUPOOHHUIITBA MOJIOKa KOPOB'SIOTO
B IiJIoMy B YKpaiHi Ta B po3pi3i CUIbCHKOTOCITONAPCHKUX
MiANPUEMCTB 1 TOCIOAAPCTB  HACCICHHS IMPOTATOM
2010-2018 pokiB, a TakOXK TUHAMIKHA CEpPE/IHIX HAIOIB Ha
OJIHy KOPOBY Ha CEpEIHE IOTOJIB’S KOpiB, OOCSTIB
nepepoOKH MOJIOKA, CEpeAHIX 3aKyMiBeJIbHUX IiH Ha
MOJIOKO-CHPOBHHY Ta SIKOCTI MOJIOKa KOpPOB’SYOr0 3a
raTyHKaMH, CHCTEMHO-CTPYKTYpHHUI aHali3, JIOTiuHe
y3arajabHCHHS npu  mpoBeneHHi  SWOT-anamizy
MOJIOYHOI ~ TPOMHCIIOBOCTI  YKpaiHH;  €KOHOMIKO-
MaTeMaTHYHe Ta TpadidHe MOJCIOBaHHSI — MeToa bpayHa
MEPIIOTO TOPSAOKY TPH TPOTHO3YBAHHI  JTUHAMIKH
BUPOOHHMIITBA MOJIOKA, TIPUPOCTY HAIOIB HA OJHY KOPOBY
B YkpaiHi B nepcrektusi Ha 2020-2022 pokw.

BukJiiaag ocHOBHOT0 MaTepiany

AHaii3 CTaTUCTUYHHX JaHUX MOJIOKOIEPEepoOHOi
MIPOMHUCIIOBOCTI YKpaiHu /103BojIsg€ cPopMyBaTH MEBHI

BHCHOBKH IIOJO OOCATIB BUPOOHMIITBA, KiJIBKOCTI Ta
SIKOCTI MOJIOKA, SIK€ HAJXOJIUTh Ha TEepepoOKy Bia pi3HUX
BUPOOHMKIB. DaKkTHUHE BUPOOHUITBO MOJIOKA B YKpaiHi
3HAYHO HIDKYEC HEOOXIMHUX OOCSATIB CHOXHBAHHS, IO
MO3HAYAEThCS HA  SAKOCTI  XapyyBaHHS  HACCJICHHS.
30UIBIICHHS K BUPOOHUIITBA MOJIOKA CTPHUMYETHCS
HEIOCTaTHBO BUCOKOIO PCHTAOCIBHICTIO TBAPUHHHIITBA 1
TUM, IO OIUNBIICT, HACENCHHS YKpaiHH HE MOXe
KyIyBaTH HEOOXiJHy KUIBKICTh MOJIOYHOI TPOMYKIIiT
Yyepes3 BHCOKY MOro BaprTicTh [7]. JIeBOBY 4YacTKy oGCAriB
BUPOOHHUIITBA MOJIOKAa B  YKpaiHi  3a0e3MmedyroTh
TOCIIoapCTBa HAceNeHHS — Ha piBHI 73%, BiXMOBiTHO
27% o0csriB  BHpOOHHMITBA MOJOKa 3a0e3NedyroTh
CLIBCBKOrOCIIONapchKi manpuemctaa [2].

SIkicTh Ta KiJIBKICTh MOJIOYHOI CHPOBHHH 3ajeXaThb
Big OaraThox (pakTOpiB i, B MEpILy Yepry, BiJ MOTOJIB’S
Benukoi poratoi xymobu [9, 13]. 3a manumu 2018 poky
YHCENbHICTh TIOTOJIB’S KOpiB ckopoTwiack Ha 2,5% Jo
piBas 1967,6 Tuc.roniB mporu 2017,8 Tuc.ronis B 2017
poui [2]. JluHamiKy 3MiHU TIOTOJIB Sl KOpIB B YKpaiHi 3a
nepion 19962018 pp. HaBeneHo Ha puc. 1 Ta puc. 2.
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Sk ©aummo, moroJiB’s KOpiB B YKpaiHi cTabiibHO
3MEHIIYETHCS, X04Ya TEMIH LBOTO 3MEHIICHHS JeIo
CHOBUIHHITUCS B OCTAHHI POKH.

Ha TYMKY EKCIIepTiB MOJIOKOTIEpepOoOHOT
MPOMHUCIIOBOCTI, /O OCHOBHHX MpPUYUH CKOPOYEHHS
MOTOJIIB sl KOPiB B YKpaiHi BigHOCATBCA: 1) HelOCKOHANA
cHCTeMa JOTAIlil i1 TOBapOBHUPOOHHKIB;, 2) HHU3LKHIMA
SeKCIIOPTHUH TOTEHITia]l IMiINPHEMCTB 3 TepepoOKH
MOJIOKa; 3) HM3bKa TOKYIHA CIPOMOXHICTh HACEICHHS
[17].

CUIBCHKOTOCIIOAPCHKUX MiANPHEMCTBAX OCTAHHIM 4acoM
crabimizyBanocs Tta B 2018 pomi cranoBuino 467,9
THC.TONIB, MmO Ha 13,3 THC.TOJNIB MEPEBUIIMIO
YHCENBHICTh, TorodiB’s kopiB 2017 poky (466,6
THC.TOJIIB). B iHAMBigyampHOMY ceKTOpi (TOCnoaapcTBax
HaceJieHHs), HaBmaky, B 2018 pori yiceslbHICTh TOT0JIIB 51
KopiB 3HM3mWIack Ha 3,3% 3 1551,2 trc.romnis B 2017 pomi
1o 1499,7 tuc.romis. [IpoTe, He AWBISINCH HA TMIOMiCSIHE
MagiHAsS 00CATIB MOJOKa y TOCHOIAPCTBAaX HACEICHHS,
IHIUBIAyaTbHUH CEKTOp BCE X IIOKH MO BBAXKAETHCS

PazoMm 3 THUM, CKOpPOYECHHS TMIOTOJNIB’SL KOpiB  OCHOBHHM BHPOOHHMKOM MOJIOKAa B YKpaiHi.
BiZOyBa€eThCS HEpiBHOMIPHO y po3pisi Y uminomy mo YkpaiHi crocTepira€tbCs HH3XiJHA
CUIBCHKOTOCTIOIAPCHKUX  MIIIPUEMCTB Ta TOCIOJNAPCTB  JUHAaMika BHUPOOHHMITBA MoOJOKa mporsiroM 1996-2018
HaCEJICHHS. Tak, IOT OB’ ST KOpiB B pokiB (puc. 3).
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Puc. 3. [lunamika BUpoOHUIITBA MOJIOKA B YKpaiHi, ToHH [3, 18]

IMpum. lITpuxosa JiHis — MPOrHO3, BUKOHAHKUH MeTo10M bpayna [10]

Jlume B 2018 poui 3a ganumu JlepxaBHOT Ciryx0u
CTaTUCTUKHM YKpaiHu BUPOOHHMITBO MOJIOKAa CKOPOTHIIOCH
Ha 1,8 % B MOPIBHSAHHI 3 TaHUMH MUHYJIOTO POKY 1 CKJIAJIO
10098,8 Tuc. toHu [2]. 3rigHO HPOTHO3Y, 3a METOJOM
Bbpayna, ouikyeTbcs, IO Taka HETaTMBHA TEHJACHIIs
CIOCTEPIraTUMEThCS 1 BIIPOIOBK HACTYITHUX 3-X POKIB.

Meron BpayHa BigHOCHTBCS 10 aJaliTHBHUX METOJIIB
nporuosysanus [10]. Moro mepesaroio € momudikaiis
MIPOTHO3HOT MOJENl 3 BpaxyBaHHAM HOBHUX MIaHUX, IO
JTO3BOJISIE MIABHIIWTH TOYHICTH Ta CIPaBIKyBaHICTh
nporHo3yBaHHda. Meron bpayHa nepmoro nopsaky
BUKOPUCTOBYETHCSI JJIsI TPOTHO3YBAaHHS IIPOIECIB 3
TMiHIHHUM TpeHaoM. Sk BuaHO 3 puc. 1, puc. 3, 1uHaMiKa
MOJIOYHOI Tajly31 B OCTaHHI POKH Ma€ JIHIHHY AWHAMIKY.
[TporHo3 OynyeTbcss METOAOM EKCTparossinii JIiHIHHOTO

Tperty

Yo =a +at. 1)

ITo mipi mpoCyBaHHS B3I0BXK YaCOBOTO PSIY JaHHUX
OLIHKK  Koe(ilieHTIB  TpeHAy  3MIHIOIOTBCS 1
00UYHUCITIOIOTHCS 32 GOpMYyTIaMu:

3, =28 -5, @
a
&, = —a (S, —S).
Tyt a — mapametp 3rnamkyBanns (0 < a <1),
S;=ay, +(1-a)S.,; 3)

S =asS, +(1-a)SH .

Tyr Yy, — dakrtuyni cratucTHyHi JaHi, Y,
. . . 2 . . .
pospaxosani npornosi pami, S,, S!* — npomixui nami,

OTpI/IMaHi B pe3ynLTaTi 3rIaJDKyBAHHS TOYAaTKOBOT'O pAdY.
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Haii0inpmi  TeMnu pocty 00cCsAriB  BHPOOHUIITBA
Moioka B 2018 porri 3a6e3neurin 3akapnarceka (+6,2%),
Xmenphunpka — (+4,7%),  Kutomupceka  (+0,9%),
XapkiBebka (+0,8%) Tta KipoBorpazacbka o6macTi (+0,6%)

(puc. 4). Haitnmxkui — BigmoigHo 3amopisbka (-6,4%),
Bomuuceka  (-5,1%), IBano-®pankiBceka  (-4,8%),
Yepkacobka (-4,7%), JIbBiBchbka (-4,3%), Onecbka (-3,8%)
Ta PiBHeHchKa (-3,8%) obOnacri.
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Puc. 4. Temmu pocty 00CsTiB BUPOOHHIITBA MOJIOKA B pO3pi3i obmacteit Ykpainu B 2018 por, % [2, 3]

Ipn LBOMY, SKIIO y CEeKTOpi
CUIBCHKOTOCTIONAPCHKUX ~ IIJIIPHEMCTB  BHPOOHHIITBO
MOJIOKa 3MEHIIMIIOCH HECYTTEBO — B Mexax 0,2% 1o piBHA
2760 tuc. ToHH mpotu 2765,7 tic.ToHH B 2017 poi, To B

CIIOCTEPITaeThCA CKOPOYCHHS OOCATIB  BHPOOHHUIITBA
MOJIOKa OUTBIN IIBHAKUMHE TeMmamu — Ha 2,3% 1o piBHSA
7338,8 Tuc.toHH mporu 7514,8 tuc.tomH B 2017 pomi

(puc. 5).

cexktopi rocmomgapctB  Hacenenns B 2018  pomi
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Puc. 5. BupoOHHIITBO MOJIOKa KOPOB'SIYOTO B PO3pi3i CUIIbCHKOTOCIIONAPCHKHX MiTIPUEMCTB 1 TocronapcTs HaceneHHs B 2010-2018

pOKax, THC.TOHH [2, 3]
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HaromicTh  MOKa3HHK  CEPEAHBOCTATUCTHYHOTO
HAJIOK0 BiJl OJHi€l KOpPOBH B YKpaiHi CTabiIbHO 3pOCTaE
(puc. 6), IO MOSCHIOETHCS MiABUIICHHSIM MPOTYKTHBHOCTI
MOJIOYHOTO CTaja CUILCHKOTOCIIOJAAPCHKUX ITiIMPUEMCTB
3a paxyHOK 3aKyIiBJIi KOPiB BUCOKOIIPOJXYKTUBHHUX MOPi,
IpY 4OMY Hamoi 3pOCTAOTH OLIBII MIBUIKHMHU TEMIIAMH

Ha CUIBCHKOTOCIIONAPCHKHUX —MIANPHEMCTBAX, aHIX B
TOCIOAPCTBAX HACEJCHHS, IO 3yMOBJICHO OUIBIIOI0
JIOCKOHAJIICTIO ~ TEXHOJIOTIYHHAX 3acO0iB  BHPOOHHIITBA
[9, 17]. BaxnuBuM akTOpOM BHCOKHX HAZOIB € TaKOK
MPaBUJIBHO OPraHi30BaHa MOBHOIIHHA TO/IiBIIS TBAPHH.
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Puc. 6. [lunamika 3pocTaHHs KiJIKOCTI Haa0iB Ha 1 KOpoBY B YKpaiHi
IMpum. LITprxoBa JiHist — IPOrHO3, BAKOHAHHUI MeTo10M bpayHa [10]

BuxopucroByroun Meton bpayHa nepuioro nopsaky,
MH NO0OYyIyBajld MPOTHO3 MOAANBIIOTO 3pOCTAHHS HAJIOIB
Yy KOPOTKOCTPOKOBIH IEpCIEKTHBI. 3riTHO 3 OTPHMaHUM
NPOTHO30M, OYIKYEThCS 3POCTaHHS CEpelHIX HalOiB B
VYxpaini 10 piBasg monax 6000 i/pik Ha OZHY KOPOBY B
2020 — 2022 poxkax.

3a manumu JlepkaBHOT CIy)KOM CTaTUCTUKA Y KpaiHU
cepenHiil piuHU Hamii Ha KopoBy B 2018 porli ckiaB Ha
CIITbCHKOTOCTIONAPCHKUX MiAnmpueMcTBaXx — 5898,7 kr, B
rocroapcTBax HaceneHHs — 4893,5 kr [18] (puc. 7).
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Puc. 7. Cepenniit Hafiif Ha OHY KOPOBY Ha CEPEIHE TOTOMIB'Sl KOPIB B PO3Pi3i CIIBCHKOTOCIOAAPCHKUX i IPUEMCTB 1 TOCIIOIAPCTB

nacenennst B 2010-2018 pokax, kr [3, 18]

CepenHiit Hazili Ha KOPOBY B CBITI B CEPEAHHOMY B
2015-2017 pokax cknas 1,15 ToHHH. MakcuMaibHUM €
Haziit Ha kopoBy B CIIIA — 10,4 TonH, B €C — 6,95 TOHH,

B [unii — 1,27 Tonn, B Kurai — 2,51 TonH. s HOpiBHIHHS
B Pociiicekiii ®expepanii cepenniii piuHMi Haxid Ha




Cyuacnuti cmamn Hayko8ux 00Caiodcenb ma mexnonozi 6 npomuciosocmi. 2020. Ne 1 (11)

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

kopoBy B 2019 pomi ckiaB 6094 kr, B binopyci 5004 xr Ha

He 3Baxaroun Ha Te, mo 73% oOcsriB BHPOOHHILITBA

pik Ha o7HY KopoBy [14]. MOJIOKa 3a0e3NeyyloTh TOCMOJNApCTBa  HACEJIEHHs, Ha
Ha mepepoOky 10 MOJIOKONIEpEpOOHUX MIAIPHUEMCTB  MEpEepoOKy  JICBOBa  YacTKa  HAOXOIWTh  caMme
Hanxomuth Juuie 41-42% ycboro oOcAry MOJIOKa, IO Bil  CUIBCHKOTOCHOAAPCHKUX MHINIPHEMCTB B PO3MIpi
BUpOONSETECS B YKpaiHi (K Bix cimbebkorocnomapcbkux — 71,4% 1 amme 28,6% — BiJg rocrnonapcTB HaceleHHS
MiAMPUEMCTB, TaK 1 BiJ rocmojapctB Hacenenus). Jlias — (puc. 8).
npukinagy B €C nepepobisiersest 94% o0csriB MoJoOKa.
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Puc. 8. YacTka MOJIOKa y 3arajbHii KiIBKOCTI, sIKa IOCTYIIa€ Ha nepepodky [2, 3]
CyrinpHa 3anmuBka — Big CI'TI, mTprxoBa 3aJluBKa — BiJl TOCIIOIAPCTB HACEIICHHS
YMOBHO BCe MOJIOKO, SIKE HaIXOIUTh Ha nepepodky, 4,4% nmo 21,6%. J[lns mnpuxinagy B kpaiHax €C

HOAUIAIOTE Ha 5 KJIaciB: MOJIOKO €KCTpa-Kiacy, MOJIOKO
BUILIOTO TaTYHKY, MOJIoKO | ratyHky, mojoko Il ratyHky i
HEraTyHKOBE.

v CTPYKTYPi HAJIXOJ)KE€Hb MOJOKa  BiX
curbchKorocnogapehkux nianpuemcts B 2018 porti moxxHa
BUOKpPEeMHUTH: 1) MONIOKO  ekcTpa-kimacy — 21,6%.
HanxomkeHHS MOJIOKa-CHPOBHHY €KCTpa-Kiacy B YKpaiHi
3a0e311e4y0Th BUKITIOYHO CLIBCHKOTOCIIONAPCHKI
nianpuemctsa. [Ipu mpomy 3 2010 poky crocrepiraerbes
HApOLICHHST YaCTKH MOJIOKa-CUPOBHHH IIbOTO TaTYHKY 3

3000

MePEePOOHUKN MPUUMAIOTH MOJIOKO-CHPOBUHY BHKIIIOYHO
eKCTpa-Kiacy, sIK BiJ{ CIJIbrOCIBUPOOHHMKIB, TaK 1 Bif
TOCIIOJAPCTB HACENICHHS; 2) MOJIOKO BHIIOIO TaTyHKY —
38,1% (BimHOCHO crabimpHe 3HaueHHS 3 2010 poxy);
3) monoko 1 rarynky — 32,9%; 4) monoko Il raryHky —
7,1%; 5) weraryukoBe — 0,3%. AmHaii3 SIKOCTI MOJIOKa
KOpPOB'SIOTO 3a TaTyHKaMH, OTPUMAHOTO Ha TepepoOKy
BiJl CULIBCHKOTOCTOAApChKkHX miampueMcTB B 2010-2018
pOKax, THC.TOHH HaBeJICHO Ha puc. 9.
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Puc. 9. SIkicTh MOJIOKa KOPOB'SHOr0 32 TaTyHKaMH, OTPUMAHOT0 Ha MepepoOKy Bijl CLILCHKOTOCIOAAPCHKUX MiJANPHEMCTB B

2010-2018 pokax, Tuc.ToHH [2, 3]
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[TocTaBkM MoOJIOKa BiJ HaceleHHS, CBOEK YEprolo,
npencraBieHi nepeBaxHo MonokoM Il rarynky (83%).
3HAa4YHO MEHIIOI0 € YacTKa MoJIoKa | raTyHKy — Ha piBHI
12,5% Ta neraryHkoBoro — BimnosinzHo 4,3%. Amaii3

2500

SIKOCTI MOJIOKa KOPOB'SYOTO 3a TaTyHKaMH, OTPUMAaHOTO
Ha mepepoOKy Bix rocnopapcTB HacenenHs B 2010-2018
pOKax, TUC.TOHH HaBeJeHo Ha puc. 10.
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Puc. 10. SIkicTh MOJIOKAa KOPOB'STYOTO 32 TATYHKAaMH, OTPUMAHOTO Ha TIepepoOKy Bij rocroaapcTs HaceaeHHs B 2010-2018 pokax,

TUC.TOHH [2, 3]

Crin MaTH Ha yBasi, 1O 3TiAHO 3 JOMOBJICHOCTSAMH
IIOI0 BUKOHAHHSA BHMOT  €BpOCTaHmapTiB 3 1
ciuns 2020 poKy MOJIOKO3aBOAM IOBHHHI IPUITHHUTH
npuitom Moisoka I copTy 3 momorocnoiapcrts, siKi He
oOnamHaHi cepTH(iIKOBaHUMH IOITPHAMH amapatamu i
creialbHIMH yMOBaMH yTpUMaHHs Xy 10o6ou. Ha ceorommi
BHKOHATH IIi YMOBH MOXYTH JIHIIE OKpeMi (epMepchKi
TOCHOJApPCTBA, M0 "PO3KMIUCSA" JCPKABHOK HOTAIIEIO.
Le mie Gimpmre miACWIATE TpOIEC KOHICHTPAIll MOJOKa,
gKe ¥pe Ha T1epepoOKy, Yy CUIBCBKOTOCIIONapChKHUX
mianpuemctBax. 1llo  crocyeTbess  iHAMBIAYalNbHUX
BUPOOHHKIB, TO YacTKa MOJIOKa BUPOOJIEHOTO HUMH, SIKE
ine Ha mepepoOKy crabinbpHO 3MeHmyeTbes (1o 15% y
2018 porgi). TakuM YHHOM, 3aKOHOJABYI 3MIiHH, SIKi
yBifigyTs B gito 3 1 ciuns 2020 poky npuBenyTh JI0
KapJUMHAIPHUX 3MIH Ha MOJIOYHOMY pUHKY YKpaiHu.
BpaxoByroun 3MilleHHs Bard IepepoOsIeHoi mpoyKuii B
0iK CIIBrOCHIINPUEMCTB, MOKHA IPOTHO3YBaTH JEsKe
30PO’KYaHHS MOJIOYHOI Tponykuii B VYkpaiHi Ta
nedinuTy cupoBHHM s nepepoOHuKiB [17]. [Jlecsts
POKIB TOMY KapTHHa OyJia IPOTHIIEKHOIO — JIEBOBY YaCTKy
MOJIOKa-CUPOBHHH, SIK€ HAJAXOAWIO Ha MepepoOKy,
3abe3nedyBaiy rocrnoaapcTBa HacedeHHs. s npukiamy
B 2010 pori 54% ycix HaAXOKEHbh MOJIOKA Ha MTEPepOOKyY
3MIHCHIOBAJIOCH 3 1HAMBIIyallbHUX TocmomapctB. [Ipote
MOTTUONIEHUI aHai3 TEeHJEHII OCTaHHIX POKIB MIOJ0
MiBUIICHAS] BUMOT JI0 PiBHS SIKOCTI BUXIJTHOT CHPOBHHH
JIO3BOJISIIOTH ~ JIWTH ~ BUCHOBKY, IO  OCHOBHHM
MOCTaYaJIbHUKOM MOJIOKA Ha MEepepoOKy y HaHOmmKdoMy
MaiiOyTHEOMY  OyAyThb caMe  CiIbCBKOTOCHOAAPCHKI
MiAPHEMCTBA.

Ha wamy naymky, mus crabimizamii  oOcsris
BUPOOHMIITBA MOJIOKA B YKpaiHi HE0OXiIHO cTabiii3yBaTu
Horo BUPOOHMITBO y HpUBaTHOMY cektopi. J{is mporo
HEOOXIiTHO YCYHYTH NPHYHMHH, SKI BELYTh J0 3MEHILIECHHS
BUPOOHMIITBA MOJIOKA Yy TPUBATHUX TOCIIONAPCTBAX.
Iopsin 3 BuINe Ha3BaHMMH TNPUYMHAMH, 1€ OJHIEID 3
BaroMnX MNPUYUH € CKOPOYCHHS CIJIbCHKOTO HACEJICHHS
[16]. CporomHi 4acTka CijIbCHKOTO HACENEeHHsS B YKpaiHi
ctaHoBUTh 30% 1 MPOJIOBXKYE CKOPOUYBATUCS 3 TEMIIOM
0,7% na pik. 3rigHo 3 mporHo3oM aBTopiB [16], mpomec
CKOPOYEHHS CLIBCBKOTO HaceJIeHHs MIOBUHEH
crabimizyBatucst miciast 2040 poxy Ha piBHI 22%. [lns
MOPIBHSIHHS, CHOTOIHINIHS YaCTKa ClILCHKOTO HACCIICHHS
y [onbiuii ctanoBuTh 39%. YacTka CilbChKOTO HACEICHHS
B IHIIMX KpaiHax, siKi € cycimamu YKpaiHH CTaHOBUTB:
Binopyce — 22%, Bonrapis — 25%, Yexis — 26%, Ecronis
— 31%, Yropumwnaa — 29%, Jlateis — 32%, JIutea — 33%,
MonnoBa — 57%, Pymynis — 46%, Pocis — 26%,
CnoBauunHa — 46%, Typeuunna — 25% [19].

[Hmoro mpuumMHOIO, sKa Bele O CKOPOYEHHS
BUPOOHMIITBA MOJIOKa y TPHUBATHUX TIOCIIOJApCTBaX €
HOoro HU3bKa 3aKymiBeNbHAa IiHa. Tak, cepenHs
3aKyIiBeNbHA IiHa MoJioka o Ykpaini B 2018 pormi s
CLIIbCHKOTOCIIONAPCHKHX TiAPHEMCTB cTaHoBMIa 7385,9
rpH/T. [Ipu IbOMy cepenHs 3aKyTiBeIbHA I[iHa MOJIOKA Bif
HacesieHHs ctaHoBmia 4758 rpH/T, mo € Ha 35,6% MeHIe,
aHDK 3aKyIiBeIbHA miHa Ha MOJIOKO BIJ
CUIBCHKOTOCIIOJAPCHKHX ITAIIPUEMCTB.

YcyHyBImIM  3a3HayeHi  AMCHPONOPLIi
3yNUHUTH TAAiHHS KUIBKOCTI TIOTOJIB’S  KOpiB Y
NPUBATHUX TOCHOZAPCTBAX 1 1€, HENPSMHM YHHOM,
3MEHIINTh TEMIIM TNAaJiHHSA CUIbCHKOTO HaceleHHS B

MOXHa
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VYxkpaini. Ha Hamy aymKy, Uit BCTaHOBJIGHHS TAPUTETHUX
PUHKOBHX  BIIHOCMH 3  HaceJeHHSAM  repepoOHi
MANPUEMCTBA TIOBHHHI IAHATH 3aKyIiBENbHI I[IHU 3a
YMOBH JOTPHMaHHS CTaHAApPTIB SIKOCTI NpPUHAWMHI Ha

35% — 40%. Skmio TeHAeHLIl OCTaHHIX pPOKIB, SKi
NpUTaMaHHI Ui MOJIOYHOTO TOCIOJapcTBa YKpaiHu
30epeKyThcs, NagiHHA BHUPOOHHMLTBA MOJIOKa Oyxe
MPOJIOBXKYBATHUCS.
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Puc. 11. Cepenni iy KymiBii MOJIOKa BiJl CUTBCHKOTOCTIONAPCHKUX MiINPUEMCTB Ta rocrogapcts HaceneHHs B 2010-2018 poxkax,

IpH. 32 TOHHY [3]

Ycboro B MoOJIOKONEpepoOHil Tamy3i (yHKIIOHYE
omm3pko 200 miampuemctB. Ha 1OyMKy aHaiTHKIB,
e(eKTUBHO TpamoTh He Outeime 100 3 HuX. 3actapim
TEXHOJIOTIi HE JaloTh 3MOTH 0araThOM YKpalHCHKUM
MAMPUEMCTBAM CTaTU NMPUOYyTKOBUMH [4].

Tabauus 1. Exonomiunuil ananiz 6upobHuymea moioxa 6 Yrpaiui

B Tabmumi 1 HaBemeHi CTAaTHCTHYHI JaHl IMIOJO
3aTPaTHOCTI Ta PEHTAO0CIBPHOCTI BUPOOHUIITBA MOJIOKA Ha
MIANPUEMCTBAX ~ TBapUHHHUIBKOI  Tamy3i Tta Yy
IHIMBITyaJIbHUX TOCMOAAPCTBAX HACEICHHSI.

3akyniBesibHa WiHA, TPH/T ButpaTtn BHpOGHMITBA, TPH/T PenraGenbHicTs, %
Porku T'ocnopapcrBa I'ocnopapcrBa TI'ocnogapcrBa

crn HaceJIeHHs crn HaceJeHHs* crn HaceJleHHs *
2010 2973 2296,8 2521,6 2521,6 17,9 -8,9
2011 2309,5 3275,2 1948,9 1948,9 18,5 68,0
2012 2689,7 1905,3 2629,2 2629,2 2,3 -275
2013 33374 23331 2937,9 2937,9 13,6 -20,6
2014 3498,8 24249 3152,1 3152,1 11 -23,1
2015 4227,1 2840,8 3754,1 3754,1 12,6 -24,3
2016 5277,3 3529,9 4464,7 4464,7 18,2 -20,9
2017 6803,8 4788,8 5361,5 5361,5 26,9 -10,7
2018 7385,9 4758 6361,7 6361,7 16,1 -25,2

* - po3paxyHOK aBTOpa

Ha ocHOBI muX JaHUX MU OIIIHHIN PEHTAOCIBbHICTh
BUPOOHMIITBA MOJIOKA y TOCIIOJapcTBax HacedeHHs. s
Or0 MU TIPUHAHSUIM TPUIYIIEHHSA, IO 3aTPaTHICTh
yTPUMaHHSI KOpIB Ha MIANPUEMCTBAX 1 Yy NPHUBATHOMY
CeKTOpi OJHaKoBa. SIK IMOKa3anu Halll PO3paxyHKH NpH
HasSBHUX 3aKyIiBeNbHUX MiHaX (XaHI B3ATI CepelHi IO
VYkpaini) peHTaOenbHICTE BHPOOHMIITBA MOJOKa Y

NPUBATHOMY CEKTOpPi HEraTHBHA i 3HAXOAWUTHCS HA PIBHI -
25%. Slkmo BpaxyBaTH, 110 3aTPATHICTb YTPUMAHHS KOPIB
y TPHUBATHHUX TOCIONApPCTBAX HACIPAaBIl € BHIIOIO Bij
AQHAJIOTIYHOTO  IOKa3HWKa  JUId  MIAINPUEMCTB,  TO
PEeHTa0ENbHICTD BHUPOOHHIITBA MOJIOKA B
IHIUBiyadpbHOMY cekTopi Oyne mie menmor Ha 10% —
15%.
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Peanizauis MOJAJIBIIOTO PO3BUTKY
MOJIOKOTIEPEPOOHOT TPOMHKCIOBOCTI YKpaiHH 3aJIC)KHUTh
BiZ OaraThoX BHYTpIIIHIX Ta 30BHIWHIX (akTopiB. Ha
puc. 12 mpencraBieHO  y3aradbHEHHS  pPe3yJIBTATIB,

Ve
/CraeHi croponn:
1) gocTaTHEO BeMHKHHE BHYTPIMIHIHA PHHOK,

2) HAAEHICTh 3HATHOTO MPHPOTHO-PECYPCHOTO MOTEHINATY
U1 POBHTKY CHPOBHHHOI DazH,

3) EMcOKA IHEECTHINHHA IPHEAOIHEICTE TATY21;

4) HATEHICTE MONPHEMCTE, 30ATHHX ¢()eKTHEHO KOHKYPYEATH
HA BHYTPINTHEOMY TA 30BHIIHEOMY IPOJOBOILTHY PHHKAX;
5) EMCOKA JOBIpA CHOEKHEAYIE GO MOIOUHOL IPOIVELLT
EITHH3HAHOTO EHPOOHHITTEA.

npoBereHoro Ha ocHoBl SWOT-aHanmizy CHIBHUX Ta
cnabKMX CTOpiH ramy3i, MOXJIMBOCTEH 1 3arpo3 ii
PO3BUTKY B yMOBaxX aKTHBI3alii iHTErpaliiiHuX Npouecis.

MoxnmueocTi:

1) zpocTaHHET MOTOYHOT IPOSVETHEHOCTI XVI00H, HAPOIIEHHT

0DCATIE BHPOOHMIITBA MOMOKA 'eKCTpa-Kiaacy’ ., KOOMepalria
HEBEIHKHX [OCIOJAPCTE;
2) mnokpameHHA KOHTPONTBHHX McEXaHIZMIE AEOCTI H

DE3MeTHOCTI MOIOTHOT IIPOIVELIL;

3) mmeepcH}IKAIA TOPTOBEIFHHX MOTOKIE 1 MaKCHMAIbHA
pPeAmzaig eKCIOPTHOTO MOTERIMIATY ALY

4) BIDEPHTTA JOCTYIY OO0 MPOSOEOIETHX pHHKIE €C;

3) posmEpeHHA reorpadii eKCTIOPTY MPOTVEINI 38 PaxyHOK
a31HCHKOTO Ta ad)PHKAHCHKOTO PHHKIB,

6) IOCTYTIOBE NOIMHPEHHT HA BITIHIHAHMH arPOIPOMHCIOBHEE
CEKTOp MUKHAPOJHHX [PAEHI TOPTiBM, CTPaxyBaHHI,
KpEeJHTYEAHHY, 1HEECTYEAHHS.

SWOT-aHanis

Cnabxki cropons:
1) KpuzOBHIi CTaH CHPOBHHHOI DasH;

2) HM3BKA KOHIIEHTPALIA BHPOOHHIITEA CHPOTO MOJIOKA B
CLIBCEKOTOCTIONAPCHEHX MTIIPHEMCTEAX;

3) HHM3BK1 TEMITH TEXHIKO-TEXHOIOTITHOTO OHOBIEHHA
EHpPODHHIITEA;

4) pH3HEH 301IBIIEHHA BHPODHHYIHX BHIPAT 9epes 3pOoCTaHHA
3HOMIEHOCT TEXHIKH, [IepeRaKAHH PHKOPHCTAHHA 3aC TAPLIHK
TEXHOIOTLH;

3) mediET KEamidiKoEaHO POOOTOT CHIH, 23aTHOL
TPAIOEATH Ha Cy9acHOMY IPOrPECHEHOMY 0DNaTHaHHI Ta
ETIPOBA/EYEATH HOBITHI TEXHOIOIT, ¥ TOMY <HCIL B cepi
KOHTPOIIEO 3a AKICTIO H Oe3NedHiCTIO IPOIYKIIL;

6) HECTIOMOZAHICTE 3HATHOT JACTIH MATHX 1 CEPEIHIX
IYIPHEMCTE 3CTOCOEYEATH CYHacH! CHCTEMH KOHTPOIIEO 24
AKICTEO F DE3METHICTIO MPOAYKILL;

'.7) HEZOCTATHA POEHHEHICTE EHPOOHETOT Ta IOriCTHIHO
. 1EppacTpykTyp.

3arpozm:

1) obmesena enHICTE BHYTPIITHEOTO PHEKY IPOJOEOTECTES,
00VMOEISHA HH2EKOK) KYINESIEHOI CIPOMOKHICTIO
HACENECHHT,

2) HecTabiTbHi KOHKYPEHTHI IIOSHINI BITIH3HAHOL IPOAVKIILL
HA 20BHINTHIX PHHKAX [epes HezaRepIIEHHA NPOLeCiE
aganTanii 0 eBpONeHCHKHX EHMOT MO0 AKOCTI H
DE3METHOCTI XAPIOBOT MPOIYKIII;

3) cKaCYBaHHA CHEMATRHOTO PeEHMY BimmEogveanns [[J[B.

Puc. 12. SWOT-anani3 mosiouHoi npomucioBocti Ykpaiuau [8, 11, 12, 13]

3 orany Ha orpumMadi pesynsraty SWOT-anamizy
MOJIOYHOI MTPOMHCIIOBOCTI YkpaiHnu, MO>KHa
imeHTHdiKyBaTH CTaH YKPaiHCHKOTO MOJIOYHOTO PHHKY SIK
TakWi, M0 JOCHUTh AKTUBHO PO3BUBAETHCS Ta MAa€ BCi
ITAaHCH B HANOMIDKYiA TepCreKTHBi yBITH B IIATIpKY
KpaiH, fKi IWHAMIYHO HapOIIYIOTh MOJIOYHUH HAIMpPSIMOK.
BukopucraHHSI CHIBHUX CTOPIH MOJIOYHOTO CEKTOpY Ta
HOTO MOTEHIIMHMX MOJMIJIMBOCTEH, 30KpeMa: 3pOCTaHHS
MOJIOYHOI HPOJIYKTHBHOCTI XyJ0OH, HapOLIEHHsS 0OCsTiB
BUPOOHMIITBA MOJIOKa "eKCTpa-kiacy", MOKpalleHHs
KOHTPOJBHHUX MEXaHi3MiB SIKOCTI i 0€3MeYHOCTI MOJIOYHOT
NPOJYKIii, IIOCTYIIOBE NOIIMPEHHS Ha BITYM3HIHHN
arpoNPOMHUCIIOBHH  CEKTOp  MDKHAPOTHUX  NPABHII
TOPTiBIi, CTpaxyBaHHS, KPEIUTYyBaHHSA, IHBECTYBaHHS,
JIO3BOJINTh BXE Yy KOPOTKOCTPOKOBill MepPCIeKTHBI

3MIMCHUTH UBepcudiKamilo TOProBEJIbHUX IOTOKIB 1
MaKkCHMaJbHO peai3yBaTH eKCIOPTHUH IOTEHIiary
ray3i, pO3MHPHUBIIN AOCTYH OO IPOJOBOJNBYMX PHHKIB
€C, a3ificbKoro Ta aQPUKAHCHKOTO PHHKIB.

BucHoBkH Ta NEPCHEKTUBHU NMOAAJIBIIOI0 PO3BUTKY

Ha crorogni B YkpaiHi mpuCyTHI /ABI HPOTHIIEXKHI
TEHJCHIIT — TEHACHIIisl IO 3pOCTaHHs HaJIOTB Ta TEHISHIS
JI0 CKOPOYEHHS MOJIOYHOTO CTana. BukopucToByroun
merol bpayHa nepioro nopsiaKy, npescTaBiIeHo MPOrHo3
3pOCTaHHS HAJOIB Ta CKOpPOYEHHs NOrojiB’s kopiB. Ha
OCHOBI IMX IIPOTHO3IB MM OTPUMAJM IIPOTHO3 IOJIO
CKOPOYEHHS KiTBKOCTI BUPOOJIEHOTO MOJIOKA y HaOIMKyi
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TPH POKH. 3TiHO 3 OTPUMAHUM MPOTHO30M, BUDOOHUIITBO  NPOJOBOJBYOMY PHMHKY Ta, aJaNnTyIOYHCh JO HOBHX
Mojoka B YkpaiHi y 2020 poui craHoBuTuMe 9,85 MIH ~ BHYTpILIHIX Ta 30BHIIIHIX YMOB, 3HaXOIUTH aJTOPUTMHU
ToHH, ¥y 2021 pomi — 9,68 MiH ToHH. Pasom 3 TMM, TO€IHaHHS 3arajabHuX KOHKYPEHTHUX nepesar
VYkpaiHa Mae JIOCTaTHIM MOTEHHiaJl sl TOro, 100 He  HallOHaJbHOI EKOHOMIKM B IJIOMy Ta  BJaCHHX
BTpayaTH  JIJUpyIodi nmo3uuii  Ha  CBITOBOMY  BHYTpIIIHIX IepeBar.
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UJIEHTU®UKALIUA IPOBJEM U TIPOTHO3UPOBAHUE TEHAEHIIUIA
PA3BUTHUA MOJIOYHOTI'O PBIHKA YKPAUHBI

IIpenMeToM WHccenOBaHHMS CTAaTbH SIBIISIOTCS TEOPETHYECKHE, METOJOJOTHYECKHE M METOJUYECKHE OCHOBBI (DOPMHUPOBAHUS H
MIPOTHO3MPOBAHHS TEHACHIUH Pa3BUTHS MOJIOYHOTO pHIHKA YKpanHsl. Llesb paboTsl — BBIIENCHHE COBPEMEHHBIX ITPOOTIEM pa3BUTHS
MOJIOYHOTO PBHIHKAa YKpPaWHBI U MPOTHO3MPOBAHHME TEHACHIMH €ro pa3BUTUS B KPATKOCPOYHOH MepcleKkTHBe. B crarbe pemraroTcs
cleylompe 3aJa4d. MPOBEACHNE aHAIM3a JUHAMUKH W3MEHEHHs IOTOJOBBS KOPOB, NMPOM3BOJICTBA MOJOKA M POCTa KOIMYECTBA
HaJ0€B Ha OJHY KOPOBY B IIEJIOM B YKpaWHE, a TaKXKe B pa3pe3e CeIbCKOXO3SHCTBEHHBIX NMPEANPUSATHI W XO3SHCTB HACENEHHS B
teuenne 2010-2018 ner; mccnenoBaHue TMHAMUKH CPEAHHUX LIEH MOKYIKH MOJIOKA MOJIOKOTIepepadaThIBAIOIINMH PEIPHATHIMH Ha
OTEUECTBEHHOM PBIHKE; OLICHUBAHHS KauecTBA MOJIOKa KOPOBLETO, KOTOPOE MOCTYMaeT B MepepaboTKy, 0 cOPTaM; OCYIIECTBICHHE
SKOHOMMYECKOI0 aHajlu3a MpOM3BOACTBA Moloka B VYkpaude, SWOT-aHanu3 MOJ0YHONH IPOMBIIUIEHHOCTH YKpauHBbL.
Hcnonp3yroTest ciemyronye MeTOAbI: CPaBHUTEIBHBI M CTaTHCTHYECKHH aHAM3 — HPH HCCIEJOBAaHUM OOBEMOB IPOU3BOACTBA
MOJIOKa KOPOBBETO B 1IEJIOM B YKpauHe U B pa3pe3e CelNbCKOXO3SHCTBEHHBIX MPEANPHUATHIA U X03sCcTB HaceneHus B TeueHue 2010-
2018 romoB, a Takke AWHAMUKA CPEIHUX HAJOCB Ha OJHY KOPOBY Ha CpeJHEE MOTOJIOBHE KOPOB, 0OBEMOB MepepabOTKH MOJIOKA,
CpeHHX 3aKyMOYHBIX I[eH Ha MOJOKO-CHIPbE M KaueCTBa MOJIOKAa KOPOBBETO MO COPTaM; CHCTEMHO-CTPYKTYPHBIH aHAIIN3, TOTHIECKOe
o6o6menne — mpu mnpoeseHnH SWOT-aHanm3a MOJOYHOH HPOMBIIUICHHOCTH YKpPaWHB; SKOHOMHKO-MaTeMaTHYeCKoe U
rpadudeckoe MOAENMPOBAHNE — ITIPH IPOTHO3UPOBAHMH JHHAMHKH MPOM3BOJCTBA MOJIOKA, NIPUPOCTA HAZOEB Ha OJHY KOPOBY B
VYkpaune B mepcrektuBe Ha 2020-2022 rogsl. [lomydeHsl cienyroniye pe3yJabTaTbl: Ha MOJOYHOM DbIHKE YKpauHBI CEroIHs
OTCJIC)KUBAIOTCA JABE IPOTUBOIIOJIOXKHBIE TECHACHIUN — TEHACHIMSA K POCTY HAaZ0€B U TCHACHIIMSA K COKPALIEHUIO MOJIOYHOTO CTazaa.
CornacHO MPOTHO3y Ha CIIEAYIOIIME TPU TOJa, BBHIIOJIHEHHOrOo 1O MeToay bpayHa mepBoro mopsjka, B JaibHeiniem Oyner
OXXKUJAThCA POCT HAJOEB Ha OAHY KOPOBY IIPH COKpAIllEHHMH OOIIEro IOrojoBbs KOpoB. BmecTe ¢ TeM, HMCMONIB30BaHUE CHIIBHBIX
CTOPOH MOJIOYHOTO CEKTOpa YKPAaWHBI M €ro MOTEHIMAIbHBIX BO3MOXKHOCTEH, BBIIBICHHBIX IpH nposexeHnn SWOT-anammsa, B
YAaCTHOCTH: POCT MOJIOYHOHM TPOIYKTHBHOCTH CKOTa, YBEJIMUYECHUs OOBEMOB IPOM3BOACTBA MOJIOKA "IKCTpa-kiacca", ylydlIeHHe
KOHTPOJIBHBIX MEXaHM3MOB KauecTBa M 0€30MacHOCTH MOJIOYHOH NMPOIYKIMH, MOCTEIIEHHOE PACIPOCTPAHEHNE Ha OTEYECTBEHHBIN
arpoONPOMBIIUICHHBIH CEKTOP MEXIyHapOAHBIX IPAaBMII TOPTOBIH, CTPAXOBAHUS, KPEIUTOBAHUS, MHBECTHPOBAHUS, TI0O3BOJIUT yXKE B
KPaTKOCPOYHON IEPCIIEeKTHBE OCYIIECTBUTh IUBEPCH(UKALUIO TOPrOBBIX MOTOKOB M MAaKCHMAJIBHO peann30BaTh SKCIOPTHBIN
HOTEHIIMAIa OTPACIH, PACIIMPHUB JOCTYI K MPOJOBOJBLCTBEHHBIM pbiHKaM EC, a3marckoro u agpukaHCKOro PhIHKOB. BbIBoabI: B
1IeJIOM MOKHO MJICHTH(HUIMPOBATH COCTOSIHUE YKPAHHCKOTO MOJIOYHOTO PhIHKA KaK TaKOBOMW, YTO JIOCTATOYHO aKTUBHO Pa3BHBACTCS
1 UMECT BCE LIAHCHI B IICPCIICKTUBE BOWTH B NATEPKY CTPAH-JIMACPOB, KOTOPBIE AMHAMHWYHO HapaluBaOT MOJIOYHOEC HAITPpaBJICHUE.
KuroueBble c10Ba: MOJIOUHBIA PEIHOK; OIIEPAaTOPHI PHIHKA; MeTOx bpayHa; kadecTBo Mosoka o copram; SWOT-anamms.
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IDENTIFICATION OF PROBLEMS AND FORECASTING TRENDS IN THE
DEVELOPMENT OF THE UKRAINIAN DAIRY MARKET

The subject of this article is the theoretical, methodological and methodical basis for the formation and forecasting of trends in the
development of the dairy market in Ukraine. The purpose of the work is to highlight the current problems of the dairy market of
Ukraine and to forecast its development trends in the short term. The following tasks are solved in the article: analysis of the
dynamics of changes in the number of cows, milk production and growth of milk yields per cow in Ukraine as a whole and in the
context of agricultural enterprises and households during 2010-2018; study of the dynamics of average prices for buying milk by dairy
enterprises in the domestic market; evaluation of the quality of cow's milk, which is received for processing, for samples;
implementation of economic analysis of milk production in Ukraine, SWOT analysis of the dairy industry in Ukraine. The following
research methods are used: comparative and statistical analysis — in the study of cow's milk production in Ukraine as a whole and in
the context of agricultural enterprises and households during 2010-2018, as well as the dynamics of average milk yield per cow per
average cow population, milk processing volumes, average purchase prices for raw milk and quality of cow's milk by variety;
system-structural analysis, logical generalization - when conducting SWOT-analysis of dairy industry of Ukraine; economic-
mathematical and graphical modeling - the first-order Brown method for forecasting the dynamics of milk production, milk yield per
cow in Ukraine in the 2020-2022 period. The following results were obtained: two opposite tendencies are observed in the dairy
market of Ukraine today - the tendency to increase milk yields and the tendency to decrease the dairy herd. For the next three years,
based on the first-order Brown method, milk yields per cow are expected to continue to increase as the total number of cows
decreases. At the same time, the use of the strengths of the dairy sector of Ukraine and its potential opportunities revealed during the
SWOT-analysis, in particular: increase of dairy cattle productivity, increase of extra-class milk production, improvement of control
mechanisms of quality and safety of dairy products, gradual expansion for the domestic agro-industrial sector of international rules of
trade, insurance, crediting, investing, will allow to diversify trade flows already in the short-term perspective most realize the export
potential of the industry, expanding access to EU food markets, Asian and African markets. Conclusions: On the whole, we can
identify the state of the Ukrainian dairy market as one that is quite actively developing and has every chance of entering the top five
countries that are dynamically increasing the dairy industry in the near future.
Keywords: dairy market; market operators; the Brown method; quality of milk by grades; SWOT analysis.
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O. RESHETNYAK

MODELING RATING OF SCIENTIFIC AND TECHNOLOGICAL DEVELOPMENT
OF THE COUNTRIES

The subject of the article is rating assessment and development of recommendations on management of scientific and technological
development of the countries. The purpose of the article is to develop an index that assesses the scientific and technological potential,
the results of scientific and technological activities and the pace of changes in the scientific and technological development of
different countries of the world. The following tasks are solved in the article: the model of rating estimation of scientific and technical
development of the countries of the world is developed; the countries of the world are classified depending on a level of their
scientific and technical development; recommendations on development of scientific and technical potential of the countries
depending on the chosen groups are given. The following methods are used: indexing method, ranking and grouping. The following
results were obtained: the calculations possible to identify three groups of countries according to the level of their scientific and
technological development: leaders, potential leaders and "overtaking” countries. Main result of the project is to promote the
development of the scientific and technological potential, to demonstrate the insignificant results of the scientific and technological
activity, and to reduce the low level of development of new technologies. For each of the above groups of countries, recommendations
have been made for raising the level of their scientific and technological development. Conclusions: the current stage of the world’s
technological development creates new opportunities for the countries of the world to ensure their sustainable growth. Therefore, the
creating and maintaining the potential of scientific and technological development, coupled with an adequate government policy of
economic development, opens up tremendous opportunities for the countries to ensure global competitiveness. The study presented
provides general recommendations for individual countries to improve the processes of managing scientific and technological
potential of individual groups of countries. The obtained results can become the basis for the concept and strategy development of

scientific and technological development of different countries of the world.
Keywords: science; scientific and technological development; countries of the world rating; simulation.

Introduction

At the moment, the economic growth of countries is
largely dependent on the creation of new innovative
technologies and industries based on cutting-edge
advances in science and scientific knowledge. Scientific
and technological development is one of the main
priorities of state policy in many countries of the world, so
the problem of assessing and determining the level of a
country’s scientific and technological development in
relation to that of other countries based on ratings by
various indexes is of particular importance. In the
conditions of globalization of the world economy,
implementation of the strategy of sustainable development
of the leading economies of the world, understanding of
the role of science in a particular country in comparison
with that in other countries can contribute to its more
dynamic development and ensuring better grounded
decisions in the strategic management of the scientific and
technical sphere, substantiating reasons for its support and
financing.

International ratings can serve as a tool for
evaluating the government performance in various aspects
of their activities as compared to that of other countries. In
addition, international ratings influence the governments'
consistent activity for the development of their countries.
International ratings show the level of a country’s
development and its effectiveness in various fields, such
as: innovation, information technologies, national
economy, the social sphere, defining the living standards,
etc.

But, as a show of analysis, there is no index, which is
the result of the development of science in the rest of the
world. There are many indexes, which include the
evaluation of the scientific development, such as the

warehouse part of the foreign indexes, which characterize
the scientific and technological development, the
competitive ability of the region, the level of economic
development, human resources, only. That is the
development of the index, which is bi-imaging mill of
scientific development in the situation of intensification of
the scientific knowledge on the zoom of the social-
economical medium and the problems of the development
of science [1], and the development of recommendations
for the management of the development of scientific and
technological potential of the country is relevant.

Analysis of recent research and publications

The development of the region's scientific and
technological level of the development of the science of
the world, on the appendix, S. Anholt, A. Gani [2],
M. Desai [4], M. Porter [5], M. Shahab [6] and others.

In scientific literature, technological changes have
long been regarded as one of the main drivers of economic
growth (Jones [7], Broughel & Thierer [8], Komkov [9]).
A large number of scientists around the world have been
engaged in analyzing the factors contributing to scientific
and technological development at three different levels of
analysis. Macro-level studies have been considered in the
social, economic, and political aspects (Uzunidis &
Boutillier [10], Cozzens [11]). On the mezzanine level, the
influence of the distribution of state funding for research,
educational attainment, and scientific training has been
studied (Porter [5]). At the microlevel, the relationships
between the indicators of scientific and technological
progress and the level of the researchers’ qualification, as
well as between the organization of the research process
and the age of the researcher have been looked into (Wang
& Li [12]). Most scientists consider the levels of

© O. Reshetnyak, 2020
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education, research and development and the amount of
education, research and development funding to be the
main drivers of technological development. Human capital
and its development are seen as a source of shaping the
country's scientific and technological potential (Diebolt &
Hippe [13], Kyzym [14]). The influence of the level of
funding on the level of scientific and technical
performance has also been proven (Checchi [15],
Rosenbloom [16]). The number of registered patents and
the number of publications in research journals
(Korzhavykh [17], Weingart [18]) are viewed by many
scientists as an important factor affecting scientific results.
The outcomes of scientific and technological development
are influenced by a demand for high-tech products and the
scope of high-tech products exports (Siyanbola, Adeyeye,
Olaopa [19]).

Thus, it is possible to reach a conclusion that the
level of the scientific and technological development of
the countries of the world is influenced by a number of
factors. In the meantime, all the factors of the scientific
and technological development of the economy and the
visa were not conducted.

The purpose and objectives of the publication

pace of changes in the scientific and technological
development of different countries of the world.

To achieve this goal, the following tasks were
solved:

- to develop a model of rating assessment of
scientific and technical development of countries of the
world;

- to classify the countries of the world depending on
their level of scientific and technological development;

- give recommendations on the development of
scientific and technological potential of the world
countries depending on the selected groups.

This will allow not only to rank and group the
countries of the world by these parameters, but also to
suggest recommendations for their further scientific and
technological development, which is very important in the
modern globalized world.

Materials and methods

The purpose of the article is to develop an index that
assesses the scientific and technological potential, the
results of scientific and technological activities and the

The method for calculating the Scientific and
Technological Development Index, which is proposed in
this paper, is based on the determining its three main
components (fig. 1): the sub-index of the potential of
scientific  and  technological  development, the
sub-index of the results of scientific and technological
development and the sub-index of scientific and
technological growth.

| Index of scientific and technological development |

¥ v

¥

Sub-index of scientific and
technological development potential

Sub-index of scientific and
technological activity results

Sub-index of scientific and
technological growth

4

v

v

Indicators

F1.1. Educational attainment with at
least a completed short-cycle tertiary,
Ipopulation 25+, total (%)

F1.2. Educational attainment with at
least a Bachelor's degree or its
lequivalent, population 25+, total (%)

F1.3. Educational attainment with at
least a Master's degree or its
lequivalent, population 25+, total (%)

F1.4. Educational attainment, with a
[Doctoral or its equivalent, population
25+, total (%)

F1.5. Educational attainment with at
least a completed post-secondary
leducation, population 25+, total (%)

F1.6. Government expenditures per
student, tertiary (% of GDP per capita)

F1.7. Research and development
lexpenditures (% of GDP)

F1.8. Researchers in R&D (per million
Ipeople)

F1.9. Technicians in R&D (per million
people)

F1.10. Research and development
lexpenditure per researcher, US $ / person

Indicators
F2.1. GDP per researcher, US

$ / person
F2.2. High-tech  exports
(percentage of industrial

exports) %o

F2.3. High-tech exports per
technician, US $ / person

F2.4. Charges for the use of
intellectual property, income per
researcher, US $ / person

F2.5. Intellectual Property Use
Fees, Payments per Researcher.

US $ / person

F2.6. Ratio of Intellectual
Property Use to Payments, units

F2.7. Resident patent
applications per researcher, US
S / person

F2.8. Non-resident patent

applications for one researcher,
US 8 / person

F2.9. Scientific and technical
journal articles per researcher,
units / person

F2.10. Trademark applications
for one researcher, units /
person

Indicators
F3.1. Average GDP growth per
researcher over 5 years, %

F3.2. Average increase in patent
applications  from  residents  per
researcher over S years, %

F3.3. Average growth of high-tech
exports in% of industrial exports over 5
rears, %

F3.4. Average growth of scientific
and technical journal articles per
researcher for 5 years, %

F3.5. Average increase in fees for the
luse of intellectual property, revenue
Iper researcher for 5 years, %

F3.6. Average increase in number of
IR&D researchers over 5 years, %

F3.7. Average increase in research
and development costs per researcher
over 5 years, %

F3.8. Average increase in R&D
expenditures in % of GDP over 5
rears, %

F3.9. Average growth in the
proportion of the population with a
doctor's degree in 5 years, %

F3.10. Average increase in
lgovernment  spending per  student,
lhigher education (percentage of GDP
[per capita) over 5 years, %

Fig. 1. Model of calculating the index of scientific and technological development

Source: own modelling

The sub-index of the scientific and technological
development potential characterizes potential
opportunities in the formation of scientific resources
through two components: education (opportunities for

training highly qualified specialists) and science
(opportunities for the development of scientific potential
due to availability of highly qualified specialists and the
funding of scientific research).
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The sub-index of the scientific and technological
activity results characterizes the results of scientific
activity through the creation of a scientific product
(patents, articles in scientific journals), the use of results
of intellectual property and income from high-tech
exports) characterizes the results of scientific activity
through the creation of a scientific product (patents,
publications in scientific journals), the use of the results of
intellectual property and earnings from high-tech exports).

The sub-index of scientific and technological growth
characterizes the dynamics of the scientific and
technological potential growth and the results of scientific
and technological activity.

In calculating The Science and Technology Growth
Index (ISTD), only the hard data of 21 variables are used,
based on the quantitative data available from the open
World Bank database. The World Bank database provides
data for 217 world economies. However, not all of the
indicators that were singled out for the purpose of index
calculation contain information on all the countries of the
world included into the database. Also, for some
indicators the data for after 2016 are missing. When
calculating index indicators, the following assumption was
made: if there are no data for more than 4 indicators
across the country, then it is excluded from further

ranking; if there are no data for less than 4 indicators - the
calculation is adjusted depending on the number of
indicators included in the calculating indices and sub-
indices for the given country.

The Science and Technology Development Potential
Index includes 10 indicators available from the World
Bank database. Indicators F1.1 — F1.9 are directly
indicators presented in the World Bank database. Indicator
F1.10 (Research and Development expenditure per
researcher, US $ / person) calculated on the basis of
World Bank data as:

=

%, M

5%,

F1.10=

x

where x, — is the Research and development expenditure
(% of GDP), x,— is the GDP (current US $), X, — is the
Researchers in R&D (per million people), x, — is the
Population (in millions of people).

The sub-index of the results of scientific and
technological activity includes 10 indicators, whose
characteristics and sources, regarding the calculation of
the indicators, are given in table 1.

Table 1. Characteristics of the indicator and the source of information pertaining to the calculation of indicators included into the

sub-index of the scientific and technological development potential

Indicator Calculations Comments
F2.1. GDP per researcher, US$/  _, _ % where x, — is the GDP (current US $), X, — is the Researchers in R&D
erson T
P X3* X, (per million people), X, — is the Population (in millions of people)
F2.2. High-technology exports F22=x, where X, — is the High-technology exports (current US $)
(current US$), %
F2.3. High-tech exports per X where X, — is the High-technology exports (current US $), X, — is the
technician, US $ / person F2.3= XX . - . -
3% Researchers in R&D (per million people), X, —is 1 million people
F2.4. Fees for Intellectual Foa—_ X where X, — is the Charges for the use of intellectual property, receipts
Property Use, Researcher T
XX BoP, current US$), X, — is the Researchers in R&D (per million people)
Revenue, US $ / person (BoP, curre Xy p people),
X, —is the Population (in millions of people)
F2.5. Intellectual Property Use Fos_ %o where X, — is the Charges for the use of intellectual property, payments

Fees, Payments per Researcher,

US $/ person XX (BoP, current US$), X, — is the Researchers in R&D (per million people),
X, —is the Population (in millions of people)
F2.6. Ratio of Intellectual _X  where X, — is the Charges for the use of intellectual property, receipts
Property Use to Payments, unit F26= X . .
7 (BoP, current US$), X, —is the Charges for the use of intellectual property,
payments (BoP, current US$)
F2.7. Patent applications from X where X, — is the Patent applications, residents), X, — is the Researchers in
residents for one researcher, unit/ ~ F27= % X - . P
person 3% R&D (per million people), X, — is the Population (in millions of people)
FZ-?_- N(_)n-re?ident patent A Fog__%  where X, —is the Patent applications, non-residents, X, — is the Researchers
applications for one researcher, RV . - . S
pzfperson %% inR&D (per million people), X, — is the Population (in millions of people)
F2.9. Scientific and technical _ X, where X, — is the Scientific and technical journal articles, X, — is the
journal articles per researcher, F2.9= X, - ) - . L
unit / person 3% Researchers in R&D (per million people), X,— is the Population (in
millions of people)
F2.10. Trademark applications for ' x,  where X, — is the Trademark applications, total X, — is the Researchers in
one researcher, unit / person TN X

4 R&D (per million people), X, — is the Population (in millions of people)

Source: own compilation
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The Science and Technology Growth Sub-index is
calculated on the basis of World Bank data from 5 years
as the geometric average of growth.

In order to correct the differences in the units of
index indicators and ranges of variation, all the 30
variables are normalized in the range [0, 1] with higher
scores that represent better results.

Data normalization and scaling is performed with
regard to the minimum and maximum values for each
variable in the index indicators. For variables in which
higher values indicate higher results, the following
rationing formula was applied:

Xy = Xy

I = Jt " Tmin (2)

indicator
Xinax ~ Xmin

where [, ... — IS the index of the indicator calculated for

the individual index indicators, x, is the actual value of
the individual indicator, x_. is the minimum value of the
indicator observed in the countries surveyed, x,, — is the

maximum value of the indicator observed in the countries
surveyed.

Sub-indices of the potential of scientific and
technological development (STP), results of scientific and
technological activity (STA) and scientific and
technological growth (STG) are calculated as the
arithmetic mean of the obtained values of the individual
indicators that characterize them.

If it is not possible to calculate individual indicators
for some countries, these countries are removed from the
ranking, provided that such indicators are more than 3 out
of 10 for each sub-index.

The Science and Technology Growth Index (ISTD)
is the geometric mean of these three sub-indices:

ISTD =3/STPx STAXSTG , 3)

where STP is the sub-index of scientific and technological
potential; STA - the sub-index of scientific and

technological activities; STG — the sub-index of scientific
and technological growth.

On the basis of the proposed method, the index of
scientific and technological development for different
countries of the world was calculated and their rating
established.

Results of the studies and their discussion

In accordance with the proposed method, the sub-
indices of scientific and technological potential, scientific
and technological results and scientific and technological
growth, as well as the index of the scientific development
of the countries of the world were calculated.

First, 217 countries, represented in the World Bank
database [20], were considered. As a result of collecting
data on the previously identified indicators and their
analysis, 72 countries were selected for which the
information was most complete. The remaining countries
were not included in the ranking because of the lack of
practical data that would allow the proposed model to be
used to calculate indicators, sub-indices and
the overall index. Further, each indicator was
normalized, which made it possible to calculate the
corresponding sub-indices, according to the formulas
above.

The calculation of the Science and Technology
Potential Sub-index (STP) allowed ranking 72 countries of
the world according to their scientific and technological
potential, which was assessed by their educational
potential from the point of view of possibilities of training
their personnel, including top-level personnel, as well as
their scientific potential, which reflects the number of
researchers and technicians engaged in the economy of the
country and the scale of financing.

The ranking of the countries of the world on the
basis of the calculated sub-index of scientific and
technological potential is given in table 2.

Table 2. Ranking the countries of the world by the sub-index of scientific and technological potential

Position Country Evaluation  Position Country Evaluation  Position Country Evaluation
1 Sweden 0.742 25 Spain 0.383 49 Bulgaria 0.235
The Czech

2 The USA 0.637 26 Republic 0.380 50 Serbia 0.233

3 Denmark 0.615 27 Lithuania 0.358 51 Tunisia 0.222

4 Sweden 0.591 28 Italy 0.350 52 Columbia 0.218

5 Singapore 0.572 29 Poland 0.342 53 Uzbekistan 0.212

Republic  of

6 Korea 0.570 30 Portugal 0.330 54 Chile 0.211

7 Israel 0.567 31 Cyprus 0.323 55 Madagascar 0.208

8 Luxemburg 0.561 32 Georgia 0.319 56 Moldova 0.207

9 Norway 0.557 33 Lithuania 0.318 57 Argentina 0.207
Hong Kong.

10 Finland 0.550 34 China 0.302 58 Mexico 0.199
The Republic

11 Germany 0.543 35 of Slovenia 0.289 59 Malaysia 0.194

The United

12 Arab Emirates 0.538 36 Greece 0.284 60 India 0.187

13 Japan 0.537 37 Hungary 0.283 61 Romania 0.179

14 Australia 0.529 38 Costa-Rica 0.279 62 Montenegro 0.157
The Russian

15 Belgium 0.523 39 Federation 0.279 63 Uruguay 0.148
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16 Austria 0.520 40 China 0.279 64 Egypt 0.135
17 Canada 0.510 41 Brazil 0.267 65 Philippines 0.134
18 The Netherlands 0.509 42 Ecuador 0.260 66 Morocco 0.119
19 Slovenia 0.495 43 Malta 0.257 67 Kazakhstan 0.090
20 The UK 0.473 44 Panama 0.254 68 Pakistan 0.087
21 Ireland 0.452 45 Croatia 0.249 69 South Africa 0.084
22 France 0.447 46 Turkey 0.249 70 Salvador 0.067
Bosnia and
23 New Zealand 0.407 47 Ukraine 0.238 71 Herzegovina 0.050
24 Estonia 0.388 48 Venezuela 0.236 72 Guatemala 0.043

Source: own compilation

According to the data calculated on the sub-index of
the country's scientific and technological potential, the
countries were divided into 3 subgroups, namely: leaders
(STP> 0,5), potential leaders (STP 0,49-0,2), and
"overtaking" countries (STP <0,2).

Leaders are countries with a high scientific and
technological potential, they have an advanced system of
training of highly qualified personnel, the governments of
those countries allocate considerable funds for financing
their educational and scientific activities. Those countries
have a high scientific and technological potential to
develop and implement the results of their own scientific
and technological activity.

Potential leaders are countries with a sufficient
scientific and technological potential, they realize the
importance of training highly qualified personnel, the
governments of these countries allocate funding for
educational and scientific activities, but not enough to
make them leaders in scientific and technological
development, for training highly qualified personnel is not
a major priority for the country's development. These
countries have a sufficient scientific and technological
potential to develop and implement their own scientific
and technological output, but they need increased funding
to build and strengthen their scientific and technological
potential.

"Overtakering" countries are countries with a low
scientific and technological potential, they have an
underdeveloped system of training highly qualified
personnel, the governments of these countries do not
allocate sufficient funds to finance their educational and

scientific activities, and higher education is not well-
developed.

Such countries do not have sufficient scientific and
technological capacity to develop and implement the
results of their scientific and technological activity and
their governments need to pay more attention to financing
and training highly qualified personnel.

According to the ranking and grouping of the
countries of the world, Ukraine is ranked 47th out of 72
countries. Ukraine has been classified as a country with a
sufficient scientific and technological potential for
development, whose government is not paying attention to
the system of training highly qualified personnel, but does
not allocate funding for its development sufficient for the
country to become a leader in scientific and technological
development.

Calculation of the Sub-Index of Scientific and
Technological Activities (STR) allowed to rank 72
countries in accordance with the scientific and
technological results obtained, which were evaluated by
the results of the scientific and technological activity of
their researchers on the basis of calculating the number of
applications for patents by residents and non-residents of
the country, applications for trademarks, the number of
articles in scientific and technical journals, the revenues
and payments gained from the use of intellectual property
per researcher, as well as the share of high-tech export in
the structure of the products trade calculated per one
technician. The ranking of the countries of the world on
the basis of the calculated sub-index of the results of
scientific and technological activities is given in table 3.

Table 3. Ranking of countries in the world by the index of the results of scientific and technological activity

Position Country Assessment  Position Country Assessment  Position Country Assessment
1 The USA 0.286 25 Chile 0.102 49 Montenegro 0.061
2 Singapore 0.278 26 Italy 0.098 50 Spain 0.060
3 Luxemburg 0.257 27 Belgium 0.097 51 Greece 0.060
4 Ireland 0.230 28 Hungary 0.094 52 Poland 0.058

Bosnia and
5 Switzerland 0.213 29 Herzegovina 0.093 53 India 0.057
6 China 0.190 30 Uruguay 0.089 54 Lithuania 0.056
7 Malta 0.187 31 Australia 0.088 55 Estonia 0.052
8 Panama 0.182 32 Izrael 0.086 56 Venezuela 0.049
9 Finland 0.167 33 New Zealand 0.083 57 Turkey 0.049
10 Japan 0.164 34 Cyprus 0.081 58 Ecuador 0.045
Republic of The Russian
11 Korea 0.155 35 Costa Rica 0.080 59 Federation 0.041
The
12 Netherlands 0.154 36 Kazakhstan 0.080 60 Portugal 0.040
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13 Columbia 0.153 37 Austria 0.078 61 Argentina 0.038
Hong-Kong,

14 El Salvador 0.143 38 China 0.077 62 Madagascar 0.037

The

15 Philippines 0.140 39 Canada 0.076 63 Bulgaria 0.036
The Czech

16 Guatemala 0.140 40 Republic 0.073 64 Ukraine 0.035

17 Malaysia 0.136 41 Croatia 0.071 65 Serbia 0.035

The United United Arab

18 Kingdom 0.133 42 Romania 0.070 66 Emirates 0.031

19 Sweden 0.131 43 Slovenia 0.068 67 Moldova 0.030

20 Germany 0.124 44 Tunisia 0.067 68 Georgia 0.020

21 Mexico 0.113 45 Latvia 0.065 69 Morocco 0.018

22 France 0.113 46 South Africa 0.063 70 Egypt 0.018
The Slovak

23 Denmark 0.107 47 Republic 0.062 71 Pakistan 0.016

24 Norway 0.107 48 Brazil 0.061 72 Uzbekistan 0.011

Source: own compilation

According to the data calculated for the sub-index of
scientific and technological activity, the countries ranked
were divided into 3 subgroups, namely: leaders (STA>
0,1), potential leaders (STA 0,09-0,05), and "overtaking"
countries (STA<0,05).

Leaders are countries with significant scientific and
technological results, are characterized by a high share of
high-tech products exports, significant scientific results,
active in publication and patent registration activities, and
have high revenues from intellectual property.

Potential leaders are countries with a medium-sized
scientific and technological output, these countries have a
small share of high-tech exports, not very significant
scientific results manifested in publication and patent-
registration activity, and also have higher payments than
benefits from intellectual property.

"Overtaking" countries are those with low scientific
and technological results, these countries have a low share
of high-tech products exports, insignificant scientific
results, manifested in terms of publications and patent
registration activity, and also have to pay a lot for
intellectual property.

Ukraine has been placed with the countries with low
scientific and technological results, a low share of high-

tech products exports, insignificant scientific results per

researcher, both in terms of publications and
patent activity, and with high intellectual property
payments.

The calculation of the Science and Technology
Growth Sub-Index (STG) has allowed to rank 72 countries
according to the dynamics of their scientific and
technological results and growth of their scientific and
technological potential.

This sub-index estimates the country’s growth rate in
the areas such as the results of the scientific and
technological activity of researchers based on an estimate
of the growth rate of their both residents and non-residents
applications for patents and for trademarks, the number of
articles published in scientific and technical journals,
revenues from the use of intellectual property per
researcher, and a growing rate of high-tech exports in food
trade. Also included in the assessment, are an increase in
the PhD degrees obtained in economics and the funding of
higher education, research and development. The ranking
of the countries of the world on the basis of the calculated
sub-index of scientific and technological growth is shown
in table 4.

Table 4. Ranking countries by the sub-index of scientific and technological growth

Position Country Assessment | Position Country Assessment | Position Country Assessment

1 China 0.604 25 Georgia 0.460 49 Israel 0.423
The United The Czech

2 States 0.545 26 Republic 0.458 50 Canada 0.422

3 Slovakia 0.542 27 Turkey 0.457 51 Austria 0.421

The

4 Lithuania 0.539 28 Netherlands 0.452 52 Estonia 0.420
Hong Kong,

5 China 0.529 29 France 0.451 53 Columbia 0.414

Republic of

6 Spain 0.514 30 New Zealand 0.447 54 Korea 0.413

7 Denmark 0.509 31 Latvia 0.447 55 Greece 0.410

8 Luxembourg 0.505 32 Finland 0.447 56 Philippines 0.409

9 Costa Rica 0.502 33 Morocco 0.446 57 Malaysia 0.403

10 Portugal 0.499 34 Chile 0.445 58 Croatia 0.398

11 Cyprus 0.491 35 Guatemala 0.444 59 Japan 0.395

12 Bulgaria 0.490 36 Malta 0.444 60 Pakistan 0.393
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Bosnia and
13 Romania 0.486 37 Herzegovina 0.443 61 Argentina 0.390
14 Slovenia 0.485 38 Uruguay 0.443 62 Panama 0.388
15 El Salvador 0.484 39 Tunisia 0.442 63 Montenegro 0.388
16 Moldova 0.484 40 Italy 0.438 64 Madagascar 0.382
17 Singapore 0.483 41 Hungary 0.436 65 Ireland 0.375
The Russian
18 Poland 0.481 42 Federation 0.435 66 Australia 0.373
19 Brazil 0.474 43 Belgium 0.434 67 Serbia 0.363
South
20 Mexico 0.470 44 Sweden 0.433 68 Africa 0.362
The United
21 Kingdom 0.467 45 Kazakhstan 0.426 69 Uzbekistan 0.348
United Arab Venezuela,
22 Switzerland 0.465 46 Emirates 0.425 70 RP 0.342
23 Norway 0.463 47 Ukraine 0.424 71 Egypt 0.336
24 India 0.461 48 Germany 0.423 72 Ecuador 0.324

Source: own compilation

According to the data calculated on the sub-index of
scientific and technological growth, the countries were
divided into 3 subgroups, namely: leaders (STG> 0,5),
potential leaders (STG 0,49-0,4), and "overtaking"
countries (STG <0,4).

Leaders are countries with high growth rates in
increasing scientific and technological potential and
results of scientific and technological activity. These
countries may have a medium or low scientific and
technological potential or scientific and technological
output, but they are growing at a fairly rapid pace, which
is promising for the future.

Potential leaders are countries with average growth
rates of scientific and technological potential and
scientific and technological activity. These countries may
have a high or average scientific and technological
potential or scientific and technological output, their
average rates of growth, however, may be fraught in the
future with slowing down the country’s scientific
development, as well as the development of the economy
as a whole.

These countries may have a high or average
scientific and technological potential or the results of

scientific and technological activity, but the low growth is
fraught with the risk of losing the status of a scientifically
developed and innovative country. These may be "old"
economies that use their scientific potential but do not
increase it at a high rate; or they may be countries that do
not conduct their scientific or technological activities on a
regular basis, or such activities may not be among the
priorities in the country’s development. According to the
ranking and grouping of the countries of the world,
Ukraine ranked 47th out of 72 countries that were rated.
Ukraine was classified as a country with a low growth rate
of its scientific and technological potential and low results
of scientific and technological activity. This reflects the
current situation in the country, in which the number of
researchers in recent years has been decreasing, with the
results of their scientific activities and the share of high-
tech exports of food production decreasing, too.

Also, the general index of scientific and
technological development was calculated on the basis of
the sub-indices calculated previously. The results of the
ranking of the countries of the world in accordance with
the calculated index of scientific and technological
development are given in table 5.

Table 5. Rating countries by the Index of scientific and technological development (ISTD)

Position Country ISTD Position Country ISTD Position Country ISTD
1 The USA 0.463 25 New Zealand | 0.248 49 Romania 0.183
2 Singapore 0.425 26 Italy 0.246 50 Uruguay 0.180
3 Switzerland 0.419 27 Columbia 0.240 51 Turkey 0.177

The Russian
4 Luxembourg 0.418 28 Cyprus 0.234 52 Federation 0.171
The Czech
5 Finland 0.345 29 Republic 0.233 53 India 0.170
Hong Kong,
6 Ireland 0.339 30 China 0.231 54 Salvador 0.166
The republic of
7 Korea 0.332 31 Spain 0.228 55 Bulgaria 0.161
8 The Netherlands 0.329 32 Hungary 0.226 56 Venezuela 0.158
9 Japan 0.327 33 Costa Rica 0.224 57 Ecuador 0.155
10 Denmark 0.322 34 Lithuania 0.221 58 Montenegro 0.154
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11 Sweden 0.322 35 Malaysia 0.220 59 Ukraine 0.153
12 China 0.317 36 Mexico 0.219 60 Argentina 0.146
The United Slovak

13 Kingdom 0.308 37 Republic 0.214 61 Kazakhstan 0.145

14 Germany 0.305 38 Poland 0.212 62 Moldova 0.145

15 Norway 0.302 39 Chile 0.212 63 Georgia 0.144

16 France 0.283 40 Latvia 0.210 64 Serbia 0.144

17 Belgium 0.281 41 Estonia 0.204 65 Madagascar 0.143

18 Malta 0.277 42 Brazil 0.198 66 Guatemala 0.138
The Bosnia and

19 Israel 0.275 43 Philippines 0.197 67 Herzegovina 0.127

United Arab

20 Panama 0.262 44 Emirates 0.191 68 South Africa 0.124

21 Australia 0.259 45 Croatia 0.191 69 Morocco 0.099
Egypt, Arab

22 Austria 0.258 46 Greece 0.191 70 Republic 0.094

23 Canada 0.254 47 Tunisia 0.188 71 Uzbekistan 0.093

24 Slovenia 0.253 48 Portugal 0.187 72 Pakistan 0.081

Source: own compilation

According to the data calculated on the R&D index,
the countries were divided into 3 subgroups, namely:
leaders (ISTD> 0.25), potential leaders (ISTD 0.249-0.2),
and "overtaking" countries (ISTD <0.2).

Leaders in the scientific and technological
development are countries that are at the forefront of
independent research and implementation of technological
innovations, demonstrate significant achievements in the
formation and development of the country’s scientific and
technological potential, have significant scientific and
technological achievements and provide for high growth
rates of the scientific and technological potential and its
results.

Potential leaders of scientific and technological
development are countries that invest in the development
of their scientific and technological potential, use new
technologies, achieve significant  scientific and
technological results, but their growth rate is lower than
that of the leaders.

The countries that are overtaking the others in terms
of scientific and technological development are countries
that do not sufficiently invest in the development of their
scientific and technological potential, show modest results
of their scientific and technological activity, have low
rates of growth of their scientific and technological
potential and insignificant results of their scientific and
technological activity.

According to the general index of scientific and
technological development, Ukraine ranks 59th out of 72
countries of the world.

The advantages of the proposed index consist in a
possibility of evaluating the prospects of scientific and
technological development for each of the countries of the
world on the basis of a unified source of data provided by
the World Bank, in an even distribution of indicators
(each sub-index includes 10 indicators), and in dividing
the countries into groups in accordance with the values
obtained for each sub-index, which makes it possible to

suggest recommendations to each country included in the
rating for developing its scientific and technological
potential.

Conclusions and prospects for further development

The current stage of the world’s technological
development creates new opportunities for the countries of
the world to ensure their sustainable growth. Therefore,
the creating and maintaining the potential of scientific and
technological development, coupled with an adequate
government policy of economic development, opens up
tremendous opportunities for the countries of the world to
ensure global competitiveness.

In accordance with the purpose of the research, the
article proposes a methodology for calculating an index
that evaluates the scientific and technological potential,
the results of scientific and technical activities and the rate
of change in scientific and technological development of
different countries around the world. In order to achieve
this goal, a model for rating the scientific and
technological development of the world's countries was
developed, which, unlike the existing models, takes into
account only quantitative indicators taken from a reliable
source (the World Bank), takes into account the scale of
the economies of the countries being evaluated in
accordance with their scientific potential (all the resulting
indicators are given to the number of performers of the
relevant scientific and technical works), takes into account
the rate of change in scientific and technological
development of the world's countries (it makes it possible
to estimate the rate of change in scientific and
technological development of the countries).

The presented method has made it possible not only
to determine the place of the countries under assessment
in the world scientific and technological development, but
also to give recommendations on the development of
scientific and technological potential of the countries of
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the world depending on their belonging to groups of
countries.

Potential leaders of scientific and technological
development should work on developing their own
scientific potential, attract additional financial resources to
fund the training of highly qualified specialists in the
promising sectors of the economy, finance scientific and
technological research projects, promote the development
of the national innovation system, reduce dependence on
technologies borrowed from the developed countries of
the world, promote the scientific and technological
development of industries that are capable of expanding
the export of high-tech products.

systems, develop ways of disseminating new technologies,
promote their own scientific development, solve concrete
problems by introducing innovative technologies, and
studying the experience of the developed countries in
order to build their own scientific and technological
potential.

The study presented in the article provides general
recommendations for individual countries to improve the
processes of managing scientific and technological
potential of individual groups of countries. The obtained
results can become the basis for the concept and strategy
development of scientific and technological development
of different countries of the world.

"Overtaking" countries should increase funding for
training specialists and improving their educational
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MOJIEJTFOBAHHSI PEUTUHI'Y HAYKOBO-TEXHOJIOT'TYHOI'O PO3BUTKY
KPAIH

IIpenMeToM cTaTTi € peHTHHroBa OIIHKA Ta PO3poOKa peKOMEHAaWilf MOA0 YNPAaBIiHHA HAyKOBO-TEXHIYHMM PO3BHUTKOM KpaiH.
MeTa nociiuKeHHST — pO3POOUTH METOJI0JIOTiI0 00UNCIIEHHS 1HAEKCY HayKOBO-TEXHIYHOTO PO3BUTKY Ta PAH)KYBaTH KpaiHH CBITYy. Y
CTaTTi BHPINIEHO Taki 3aBAAHHN: PO3POOMTH MOJEIb PEHTHHTOBOI ONIHKM HAayKOBO-TEXHIYHOIO PO3BHTKY KpaiH CBITY;
Kkacu(ikyBaTH KpaiHU CBITY 3aJIeKHO BiJ PiBHS iX HayKOBO-TEXHIYHOTO PO3BUTKY; HAJAaTH PEKOMEHAIII] 1010 PO3BUTKY HAYKOBO-
TEXHIYHOTO TOTEHIally KpaiH 3aJIe)KHO Bil BUOpaHMX TpyI. 3aCTOCOBYIOTHCS Taki MeTOIM: 1HICKCHUI METOJ, paHKHUPYBaHHS Ta
rpymyBaHHs. OTpHMaHi HACTYIHI pe3yJbTATH: HaBeICHI PO3paxyHKU JO3BOJIMIIM BU3HAUUTH TPH TPYIH KpaiH BIINOBITHO 1O PiBHSI
iX HayKOBO-TEXHIYHOTO PO3BUTKY: JiJepH, MOTCHUINHI Jiepu Ta KpaiHH, IO «HA3IOTaHAY». OCHOBHHM PE3yJIbTATOM MPOCKTY €
CIPUSHHA PO3BUTKY HAaYKOBO-TEXHIYHOTO MOTEHLIATy, AEMOHCTpALis pe3yibTaTiB HAyKOBO-TEXHIYHOI iSUTBHOCTI Ta MOKPALICHHS
PIBHSI pO3BUTKY HOBHX TEXHOJIOTIH. 751 KOXKHOT 3 IIepepaxoBaHuX TPYII KpaiH OyIu 3po0IeHi peKoMeHAaMii II0J0 PO3BUTKY HAayKH Ta
TEXHOJIOTIH. BUCHOBKM: CydacHWI eram CBITOBOTO TEXHOJIOTIYHOTO PO3BHTKY CTBOPIOE HOBI MOXKJIMBOCTI JJISI KpaiH CBITY LIOJO
3a0e3nedyeHHs iX CTajJoro 3pocTaHHs. ToMy CTBOpEHHS Ta MiATPUMKa IOTEHIialy HAayKOBO-TEXHIYHOIO PIBHA B NOEJHAHHI 3
aJIeKBaTHOIO JIEP)KaBHOIO MOJIITUKOI0 €KOHOMIYHOT'O PO3BHUTKY BiIKpHBA€ Hepel KpalHaMH BeJTMUYE3HI MOXKIMBOCTI IS 3a0e31eueHHs
ri100anbHOT  KOHKYPEHTOCIIpOMOXHOCTI. [lpeacraBieHe MOCHIIKEHHS [a€ 3arajibHi PEKOMEHAAIil A OKpeMHX KpaiH 00
BIOCKOHAJICHHS MPOLECIB YIPaBIiHHA HAYKOBO-TEXHIYHIM MOTEHIIANIOM TpyH KpaiH. OTpUMaHi pe3ysbTaTH MOXKYTh CTaTH OCHOBOIO
IUISL pO3pOOKH KOHIIEMIIII Ta cTpaTerii HayKOBO-TEXHIYHOTO PO3BUTKY Pi3HHUX KpaiH CBITY.
KurouoBi ci10Ba: Hayka; HAyKOBO-TEXHIYHHIA PO3BUTOK; KPaiHH CBITOBOTO PEHTHHTY; MOJICITIOBAHHS.

MOJIEJINPOBAHUE PEMTUHI A HAYYHO-TEXHOJIOTMYECKOI'O PA3BUTHSI
CTPAH

IIpenMeToM craThy SIBISIETCS PEHTHHIOBasI OI[EHKA M pa3paboTKa peKOMEHIAlUH 110 YIPaBICHHIO HAyIHO-TeXHHYECKHM Pa3BUTHEM
ctpad. Lleanb uccnenoBanus — pa3paboTaTh METOJOJIOTHIO pacyeTa HHIEKCA HayYHO-TEXHUUECKOTO PAa3BUTHUS M PAH)XHPOBATH CTPAHBI
Mupa. B crathe pelieHsl ciemyromye 3agaymd: pazpadoTaHa MOJEIb PESHTHHTOBOW OIIEHKHM HAy4HO-TEXHHYECKOTO Pa3BHTHS CTpaH
MHpa; KIacCU(HUIMPOBAHEI CTPAHBl MHPa B 3aBUCHMOCTH OT YPOBHS MX HayYHO-TEXHHYECKOTO Pa3BHUTHS; JAaHBI PEKOMEHIAIMH IO
Pa3BUTHIO HayYHO-TEXHHYECKOTO MOTECHIMANA CTPaH B 3aBUCUMOCTH OT BBIOPAHHBIX IpyHIl. IIpUMEHSIOTCS CIELYIONME METO/bI:
MHJICKCHBIH METOJ, PAaHKMPOBAaHHE M TPYMIHMPOBKa. ITOMydeHBI ClenyloLniMe pe3yJbTaThl: NPHBEICHHBIC PACUETHI MO3BOJIMIH
OIPENeUTh TPH TPYIIILI CTPAH B COOTBETCTBHU C YPOBHEM HX HayYHO-TEXHHYECKOTO Pa3BUTHS: JIUACPHI, IIOTCHINATIBHEIC JTHICPHI 1
ctpanbl "noroHstomue”. OCHOBHBIM pPe3yJIbTaTOM IPOEKTA SIBISIETCS CONEHCTBHE PA3BUTHIO HAYYHO-TEXHUYECKOTO ITOTEHIIHANA,
JEMOHCTpAIMS PEe3yJIbTaTOB HAyYHO-TEXHUYECKOI AEATEeNFHOCTH U yIy4YIIeHHe YPOBHS Pa3BUTHS HOBBIX TEXHOJOTHH. [l KaXkmon
U3 TEPeYrCICHHBIX TPYII CTpaH ObUIM JaHBl PEKOMEHJAIMH MO Pa3BHTHIO HAyKH M TEXHOJOTHH. BBIBOABI: COBpeMEHHBIH 3Tam
MHPOBOTO TEXHOJIOTHYECKOTO Pa3BUTHS CO3JaeT HOBBIE BOBMOXKHOCTH JJIS CTPaH MO 00ECIEUEHHIO UX YCTOHYMBOro pocta. [ToaTomy
CO3JaHNe W MOAJEp)KKa IMOTEHIMala HAyYHO-TEXHHYECKOTO YPOBHS B COYETAHHM C aJEKBATHOH TOCYIapCTBEHHOH IMOJMTHKH
9KOHOMHYECKOTO Pa3BHTHs OTKpPBIBaCT IEpeA  CTpaHaMH OTPOMHBIC BO3MOXKHOCTH Ui oOecredeHHs II00aibHOMH
KOHKYPEHTOCHIOCOOHOCTH. B IpeJcTaBIeHHOM HCCIENOBAaHHM JIaHbl OOI[ME PEKOMEHIAlMH [UIs OTHEIBHBIX CTpaH 110
COBEPLICHCTBOBAHHIO MPOIIECCOB YMPABICHNS HAYYHO-TEXHHYECKMM IIOTEHIMAJIOM Ipynn cTpaH. IloiydeHHbIe pe3yJbTaThl MOTYT
CTaTh OCHOBO# JUIsl pa3pabOTKU KOHIIEIINU U CTPATETNH HayYHO-TEXHHYECKOTO Pa3BUTHS CTPaH MHUpA.
KunroueBsbie ci10Ba: Hayka; HAy9YHO-TEXHUYECKOE Pa3BUTHE; CTPAHBI MUPOBOTO PEHTHHTA; MOACIUPOBAHNS.
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YIPABJIIHHA MOAEPHIZAHICIO IIIAITPUEMCTBA, IO PO3BUBACETHCS B
YMOBAX KOPOTKOCTPOKOBOI IEPCIIEKTUBH

IIpenMeToM NOCIIKEHHS Y CTATTi € MpoIiec MOAEpHi3amii BUpOOHHIITBA B yMOBaX KOPOTKOCTPOKOBOI nepcrieKTuBH. MeTa po6oTH —
po3poOka MeTONIB 1 Mopenel, siki HampaBieHi Ha (OPMYBaHHS PEaNiCTUYHHX LUTeH pedopMyBaHHS MiANPHEMCTBA B YMOBax
0o0MeXeHHX MOXKJIMBOCTEH IiANpHeEMCTBA. B cTaTTi BUPIMIYIOTHCS HACTYIHI 3aBAAHHS: AHAII3YETHCS JOBIOCTPOKOBHII Mporiec
PO3BHUTKY HiANpPUEMCTBA Ta POOUTHCS BHUCHOBOK IPO HEBU3HAYCHICTH Ta BENMKI PU3UKH, L0 TOB’S3aHI 3 JOBrOCTPOKOBUM
ianyBaHHsM. ToMy cydacHi Meromosnorii peopMyBaHHs MOB’si3aHi 3 NMPOBEACHHSAM 3aXOMiB 3 MOJCpHi3allii BHPOOHHIITBA Ha
KOPOTKOCTPOKOBOMY IIEpiofi, Ha SKOMY CIIOCTEpPIraeThcsl BITHOCHA CTAOUTBHICTh 30BHILIHBOT KOHKYPEHTHOI CEper Ta € MOXKIIUBICTD
U TIpoBeieHHS MozepHizauii. ChopMoBaHi OCHOBHI NOKa3HUKH AN OLIHKH KOHKYpPEHTOCIIPOMOXKHOCTI MiANpPHUEMCTBA (HOBH3HA,
SIKICTh, 0OCAT BHITYCKY), a TaKOX JOMOMDXKHI MOKa3HUKH (3aTpaTH, TEPMiHH, PH3HMKH), SKi BUKOPHUCTOBYIOTbCSA IJISI OLHKH XOXY
pedopMyBaHHS TiIIPUEMCTBA. Y 3aJIC)KHOCTI BijJi piBHS HEBU3HAYCHOCTI OI[IHKH 3HAYCHH IMMOKA3HHKIB 3aBIAIOTHCS Yy SIKICHIA Ta
KUTbKIiCHIN mikanax. [Iyis sIKiCHOT OLIHKH BBOJATHCS JIIHTBICTHYHI 3MiHHI y BHIVIAII JaTHHCHKUX OykB. DopmyeThes "CIOBO", sKe
SIBJISIE COOOI0 3HAUCHHS yCiX MOKAa3HUKIB (OCHOBHUX Ta JOMOMDKHHUX) KOHKYPEHTO3/IaTHOCTI JUIsl BHITYCKY IHHOBAaIliHHOTO BHpOOY 3
HOBOTO MOPTQETI0 3aKa3iB IiANPUEMCTBA, IO pO3BUBAEThCA. l[llnsgxoMm migmopsaxyBaHHs "ciiB" BHKOHYETBCS BHOIp Ta
0o0TpyHTYBaHHS HaWKpamIOro BapiaHTy 3axOMiB 3 MOJEpHi3alii. Y BHIAAKY BEIHKOI KIIBKOCTI HIMOBIpHUX BapiaHTiB MoOIepHi3aii, a
TaKOX MOKJIMBOCTI OI[IHUTH MOKA3HUKH KOHKYPEHTOCIIPOMOXXHOCTI Yy KUIBKICHHX MIKajax (aOCOJIOTHI Ta BiTHOCHI) MPOBOIUTHCS
niouncenbHa (OyneBa) onTHMi3amis A BUOOPY HAMKpAm[oro pilleHHsS AJs MPOBEACHHS MOJAEpHi3alii BUpOOHHITBA. IS OLiHKH
BXJIMBOCTI JIOKAJbHUX TOKa3HHKIB KOHKYPEHTOCIIPOMOXKHOCTI PO3pOOJIEHO METOH, SKHH 3aCHOBAaHO Ha Teopii IUIaHyBaHHSA
eKCIIepUMeHTIB. Y SKOCTi (akTopiB y IUIaHI BIipTyalbHOTO EKCHEPHMEHTY, SIKHMH IPOBOJIUTHCS EKCIEPTaMH, BHKOPHCTOBYETHCS
MOKa3HUKU KOHKYPEHTOCIIPOMOXKHOCTI, a y SIKOCTi BIATYKIB OI[IHKM €KCIEPTiB A1 KOXKHOT KoMOiHamii ¢akropi. BukopucroByrorses
HACTYIIHI METOAW: CHUCTEeMHHMH aHami3 1t (opMyBaHHS OMDKYMX Linedl pedopMyBaHHS MIANPHEMCTBA y KOPOTKOCTPOKOBOI
MIEPCIICKTUBI; METO]] OLIHIOBAHHS, SIKMI 3aCHOBAHO Ha SIKICHOMY YSBJICHHIO ()aKTOPIB KOHKYPEHTOCIIPOMOYKHOCTI; METOJ IIaHyBaHHS
EKCIEPUMEHTY IS OL[IHKH Ba)XKJIMBOCTI JOKAIPHUX IOKA3HUKIB KOHKYPEHTOCIPOMOXKHOCTI; METOJ] LiIJIOYHCENBHOT ONTHMI3aI] IS
BUOOpY 3ax0fiB 3 pedopMyBaHHsS mignpueMcTBa. OTpUMaHO HACTYIHI Pe3yJbTAaTH: OOIPYHTOBAaHO BHUKOPHCTAHHS PEATICTHUYHHUX
HAOMMKYMX [iIeH Y KOPOTKOCTPOKOBIH NepCrekTHBI peopMyBaHHS Ui MiHIMi3amii pU3HUKIB MiIIPHEMCTBA B yMOBAaX OOMEKEHUX
MOJKJIMBOCTEH; 3alPOIIOHOBAaHI MOKAa3HUKH KOHKYPEHTOCIIPOMOXKHOCTI HiINpUEMCTBA (HOBH3HA, SKICTh, 0OCAT BHIYCKY), a TaKOX
JOTIOMDKHI (TepMiHH, BUTPATH, PU3UKH); 3allPOIIOHOBAHUI MeTOX BUOOpY 3axoiB pedopMyBaHHs, KUl 3aCHOBAaHO Ha SIKICHUX Ta
KiJIbKICHHX OLIHKAaX; 3allpOIIOHOBAHUI METOJ /U OLIHKH Ba)KIUBOCTI MOKA3HHUKIB KOHKYPEHTOCIIPOMOYKHOCTI 32 JOIIOMOTOIO IIJIaHIB
BIPTyaJIbHOTO EKCIIEpUMEHTY; 3allpollOHOBaHa ONTUMi3aliiiHa Mojenab BHOOpY 3axoniB Juisi peamizaiii HaWOMMK4OT wmimi
pedopmyBanus. BucHoBkm. [IpakTHuHe BHKOPHCTAaHHS 3alpPONOHOBAHMX METOMIIB Ta MOJEJIEH: 3alpOIOHOBAaHMI MiAXiA NOIIJIBHO
BUKOPUCTOBYBAaTH Y KOPOTKOCTPOKOBIH MepCIeKTHBI peOpMyBaHHS MiANPHEMCTBA, KOJU € HAHOLIBII peaniCTHYHI MPOTHO3U 3
OIIIHKY KOHKYPEHTHOI Cepelly Ta BPaxOBYIOThCS OOMEKEH1 MOKIIMBOCTI MiIPHEMCTBA, 110 PO3BHBAETHCS.

Kio4oBi ci0Ba: KOPOTKOCTPOKOBA IIEPCIEKTHBA PO3BUTKY MANPHEMCTBA; IOKa3HUKH KOHKYPEHTOCIPOMOXHOCTI
MiAPUEMCTBA; ONTHMI3allisl 32 JOMOMOTOK JIEKCHKOTPa(diqHOro YIOPSAKYBaHHS; BHOIp BapiaHTy MOJEpHi3alii Ha OCHOBL
LJIOYHUCETHHOTO MTPOrpaMyBaHHsI.

Beryn

JluHamika 3MiH KOHKYPEHTHOI CepeId B YMOBax
riobaizanii Ta HEBU3HAYEHOCTI MOBEJIHKH PHHKY 30yTy
BHUCOKOTEXHOJIOTIYHOI ~ MPOXYKWii  HPUBOAWUTH [0
HEOOXITHOCTI (POPMYBaHHS LiJIiif PO3BUTKY ITiAIPHUEMCTBA
Y  KOpPOTKOCTpOKOBOi  mepcnexktuBu [1, 2, 3]
JI0BrocTpoKoBi IIPOTHO3M y TaKHX yMOBAaX MArOTh BEJIHKI
PU3HMKH, SIKI MOXYTb  IPU3BECTH O  BEIHMKHX
HEBUIIPABAAHUX 3aTpaTr, IO IOB’s3aHI 3 HEKOPEKTHO
0OTpYHTOBAaHUMH Ta HEJIOCSYKHUMU iISIMHA
pebopmyBanus [4, 5, 6]. ToMmy akTyadpbHHUM €
(dopMyBaHHS  peamiCTHYHMX [Tl  pedopMyBaHHA
MANPHEMCTBA 3  YpaxyBaHHAM  KOPOTKOCTPOKOBHX
MIPOTHO3iB B YMOBaxX JAWHAMIYHUX 3MiH KOHKYpPEHTHOI
cepenu [7, 8, 9].

IlocTanoBKAa 3aBIaHHSA JO0CTiIKEeHHS

Haii0inpi peanicTH4HI MPOTHO3M MOXHA OTPUMATH
3a JOIIOMOI010 METO/IiB KOPOTKOCTPOKOBOI'O
NIPOTHO3YBaHHS, Y OCHOBI SIKMX JI)KUTh KOMOiIHOBaHa, y

3aJIeKHOCTI BiJl YMOB 3aCTOCYBaHHs BIJIOMHX Ta HOBHX
MeToziB nporHo3yBaHHs [10, 11, 12]. Llimi migmpueMcTBa,
II0 PO3BMBAETHCS, B OCHOBHOMY, CIPSIMOBaHI Ha yCIIiIIHE
MPOCYBaHHS MPOAYKII B yMOBax IWHAMIYHOI 3MIiHU
KOHKypeHTHO1 cepenu [13, 14, 15]. 3a pesynbraramu
MPOTHO3YBaHHSA TIIOBEJIHKM PHUHKY MOXHA BH3HAUYUTH
HACTYIIHI ~ OCHOBHI ~ BUMOTM  Juid  3a0e3NedeHHs
KOHKYPEHTOCIIPOMOXKHOCTI BHUCOKOTEXHOJIOTTYHOT
MPOJYKIIIT, [0 BUITYCKA€ETHCSL:

- CTymiHb HOBU3HH (iHHOBaIHHICTE) BUpoOy (N);

- BUMOTH JI0 SKOCTi MPOAYKIii, IO BUITYCKAETHCS
Q)

- 06csr Bumycky mpoaykiii (V);

- TEpMIHM BHIIYCKY 3 ypaxyBaHHSM 3aTpaT 4acy Ha
mojepHizaitito (7);

-3aTpaTld Ha peQOopMyBaHHS MiIPUEMCTBA IS
nepexoy 10 BUITycKy HoBoi nmpoaykuil (W);

- PU3MKM, W10 TIOB’s3aHi 3 BHIIYCKOM HOBOIi
npoaykiiii (R).

Iepui pu nokasuuku (N, Q, V) Oyaemo BBaxkatu
OCHOBHMMH JUIsl TIJBHUIIEHHS KOHKYpPEHTO3JaTHOCTI, a
immi (T, W, R) - JONOMDKHMMH, TaKdMH, IO
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3a0e3neuyroTh BUKOHAHHS nepiinX. GopMyBaHHS HOBOTO
mopTdenro 3aMOBIIEHb IIOB’SA3aHO 13 3a0€3MCUCHHIM
BHCOKOT KOHKYPEHTO3JATHOCTI MaiOyTHBOI TPOAYKIIii.
Ane Tpu 1BOMY HEOOXITHO ONTHMI3yBaTH BHTpPATH,

TepMiHM Ta PHU3UKH 3 ypaxyBaHHAM OOMEKEHHUX
MOXJIMBOCTEH pedopMOBaHOTO MiANPHEMCTBA. ToMy Jist
(GhopMyBaHHS  palliOHATBFHOTO TOPT(HEII0  3aMOBIICHb

HeoOximHo BpaxoByBaTH sk ocHoBHI (N, Q, V), Tak i
nonomixkai mokasuuku (T, W, R).

Pimenns 3aBaaHHs J0CTiIKeHHS

Bynemo BBakaTu, IO B CBITOBIM NpakTHIll iCHYE
MHOKHHA MOXITUBHX TOTOBUX DIllICHb JUIs 3a0e3neueHHs
BHXOJIy HA pPUHOK KOHKYPEHTOCIIPOMOXKHOT mpoykitii. L1i
pilIeHHS MOXYTh OyTH Ha/JaHi y BUTIAAI HAOOpy 3aX0iB,

SKi  HEOOXiOgHO  mMpoBecTH  Tpu  pedopMyBaHHI
MiANPUEMCTBA Uil 3a0e3nedeHHs  BUOYCKY -1
KOHKYPEHTOCIIPOMOXKHOT ~ CIIPOMOXKHOT ~ MPOIYKINI i3

nepedauyBaHOrO MOPTQET0 3aMOBJICHb. I[IpoBeJcHHS
J000T0 i-T0 3aX0y IOB’SI3aHOTO 3 OTPUMAHHAM 3HAYEHb!
Ny, Q;, V; a1 BUPOOHMITBA KOHKYPEHTO3IATHO

MPOIYKIIi, & TAKOXK BUHHKAIOYHMX MPHU LOMY BHTPAT, SKi
BiIOOpaXYIOTbCS y 3HAYCHHSAX JOMOMDKHUX (Ti IO

3abesnevyroth) nokasmukis T, W, R;, 1

j-1m,j =1,m]., M — KUIBKICTh HOBHUX IHHOBALIMHUX

BUpoOiB y moptdeni 3aMOBIEHb WiNNPUEMCTBA, IO

PO3BUBAETHCA, m j - KUIBKICTh MOXIUBUX

aNbTePHATHBHUX 3aXO[iB, AKI HEOOXiMHO MPOBECTH IS
MO/JICpHI3allil MiIpHEMCTBA, 00 3a0€3MeUYUTH BUMYCK j-1
npoaykiii. B 3anexxHOCTi Bif piBHA HEBU3HAYCHOCTI B
OIlIHKaX MOKa3HHUKIB KOHKYPEHTO3IaTHOCTI Ta BUTPAT IS
BUKOHAHHSI HOBOTO MOpPTQels 3aMOBIEHb MiJIPUEMCTBA,
[0 MOJICPHI3y€EThCSI, MOYKHA BHKOPHUCTATH [BA IMiIXOMY
3aCHOBAHUX Ha:

- IKICHUX MPEJCTaBJICHD [TOKA3HHUKIB,

- KUIBKICHUX OL[IHOK.

[lepmmii migxi MOPONOHYE BHKOPHUCTaHHA JTyMKH

eKCHepTiB y BHUDISANI SKICHAX 3Ha4eHb 3MIHHHX.
CkoprCTaeMOCh  JIHTBICTHYHHMH  3MIHHAMH,  SKi
JOCTaTHBO  INPOCTO  3aJaI0ThCI  Ta  JIO3BOJISAIOTH
BUKOPUCTATH TPOCTIIIMHA  METOJ, 3aCHOBaHMH Ha

MOCTIIOBHIN onTuMizamii. B 1ipoMy BHIIQAKy 3HAYCHHS

JIIHTBICTUYHOI 3MIHHOI X i OB’ s13aHO1 3 BUOOPOM 3aXO0JIiB

0710 peOpMyBaHHS, MOKHA HABECTH y BUIJISL JIITCPH
JMaTHHCBKOTO andasity. Hampukmam, st HOBH3HH j-TO
BupoOy, 3HAUeHHSA JIHIBICTUYHMX 3MIHHHX MOJKHA
MIPEACTaBUTH y HACTYITHOMY BHIJISI:

A — BUCOKMI1 piBeHb HOBH3HH;

B — nocratHili piBeHb HOBU3HU;

C — 3aJ10BlJIbHA HOBU3HA;

D — Hu3pKkHii piBeHb HOBU3HHU.

3 ypaxyBaHHSM TIIPOBEIEHUX OOMEXEHb, SKi
CIpsAMOBaHI Ha 3a0e3MedeHHs] KOHKYpPEHTO3IAaTHOCTI,
€KCIIEPTH MOXYTh 3a3HAYUTH KOHKPETHI SKICHI 3HAUYCHHS
mist Ny, Quy Vi, Ty Wy, R; . BpaxoByioun MHOXKUHY

MOXITUBHMX 3aXOJiB, CHPSIMOBAHMX Ha [iJBUIICHHS
KOHKYPEHTO3/IaTHOCTI j-r0 BHPOOY 3 HOBOTO MOPT(HENto
3aMOBJIEHb MiIPUEMCTBA, IO MOJEPHI3YETHCSA, MOXKHA

jir i

OTpUMaTH MHOXXHHY MOIIMBHX BapiaHTiB MOJEpHI3aIlii,
HaJaHHUX 32 IOTIOMOTOI0 CITUCKY "CITiB" B KOXKHOMY 3 SIKHX
HAaXOJIMUThCS 3HAYCHHS K OCHOBHHX, TaK 1 JOMOMIKHHX
MMOKa3HUKIB KOHKYPEHTO3IaTHOCTI. baxaHo, mo0 KOoXHE
"croBo" OyJIO BIOPSAKOBaHE 3a 3HAYCHHSIM TTOKA3HHKIB.
Hanpuknan, OynemMo BBaKaTH, MO HAWOUIBII BaXKIUBUM
MOKAa3HUKOM JUTs 3a0C3MEUYCHHS KOHKYPEHTO3ATHOCTI €
sakicte (Q; ), mami ine HoBusHa (N ), obesar Bumycky

(V;), surpatu (W;), Tepminu Bumycky (T;), pusuku
(R;). Xaii MHOKMHA aTbTEPHATUBHUX BAPiaHTIB 3aXOJIiB

Juisi 3a0e3MedYeHHs KOHKYPEHTO3AaTHOCTI j-TO BHPOOY
CKIIAAa€ThCs 3 IUSITH BapiaHTiB, SKi MOXXHA HABECTH Yy
BUTJISITI HACTYITHOTO CITUCKY "CITiB":

1.BABCDB
2.ABDBCA
3.BCABAB
4. ACBDAB
5.BAABCA

Bropsinkyemo "cioBa" (andaBiTHe BHOPSAKYBaHHS)
3 ypaxyBaHHSIM 3HAYEHb NOKa3HHKIB
KOHKYpeHTO31aTHOCTI. OTprMaeMo:

2.ABDBCA
4. ACBDAB
5.BAABCA
1.BABCDB
3.BCABAB

3BificH BUAHO, IO TPU MPOBEICHHI 3aXOJiB IMOJO
MoOJIepHizamii aus 3a0e3lmeYeHHs KOHKYPEHTO3TaTHOCTI
j-ro BUpOOY JOIIJIBHO BHKOPHCTOBYBAaTH 2-i BapiaHr.
Haiiripiuum Bapiantom € 3-it Bapiant. [lpu Benmkiii
KUTbKOCTI ~ aJbTCPHATHMBHHUX 3aXOMIiB Ta MOXIHUBUM
3aBJaHHIM KUIBKICHHX OLIHOK, JOIJIbHO CKOPHCTAaTUCS
METOIOM MijouncebHol (0yeBoi) onTumizaiii. B mpomy
BUNAJKY 3MiHHA X; MOX€ NpPUHMATH J1Ba 3HAYEHHSL:

X; =1 'y BHNaIKy BHUKODMCTAaHHS i-TO  BapiaHTy
MOJIepHi3allii BUPOOHMIITBA JUISl BHIYCKY j-TO HOBOTO
BupoOy Ta X; =0 —y inmomy Bunazky. Toxi, KoxHHUH i3
MOKA3HHUKIB KOHKYPEHTOCIIPOMOXKHOCTi, MOXHa YSBUTH

HACTyIITHUM YHUHOM:

N:iZNji'in; (1)
Q=ZZjS Xiis 2
Vv :ZZV“ Xjis ©)
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T= izj-rji 'le ) 4
=1 i=

W = izjwji 'le ! ()
j=1i=1

R:iiRji 'le ' (6)

m;
e — Z X ji = 1, mo o3Ha"ae 00OB’I3KOBUI BHOIpP 3aX0Ty
i=1
JUTS TIPOBEICHHS POOIT MOB’si3aHMX 3 pedopMyBaHHIM
MiAMPUEMCTBA JUIS BHIYCKY j-r0 BHPOOy. Y I1bOMY

BHITAJKy, JUISI  OIIHKA  BaXJIMBOCTI  IOKa3HUKIB
KOHKYPEHTOCIPOMO>KHOCTI eKCTIePTH TTOBHHHI

MIPU3HAYHTH "Baru" 3HAYUMOCTI MOKA3HUKIB:

6
0<o, <1, E ox =1. @)
K=1

3anpornoHyeMO  METOJ|  OIIHKA  BaKJIHMBOCTI
MOKa3HUKIB, 3aCHOBaHUX Ha Teopii IJIaHyBaHHs

eKCrepuMeHTIB. SIKk BinomMa, B IUIaHaX EKCIEPHMEHTY,
KOXKHa CTpOYKa sBJIsiE CO0OI0 KOMOiHalilo (akTopis.
BuxinHuii cTOBOCI BUKOPUCTOBYETHCS JUISL OIIIHKH
BIJKJIMKY, OTPHMAaHOTO B pe3yJbTaTi eKCIepUMeHTy. B
SKOCT1 BIIKIIMKY JUISl HAIIOTO BUIAJKY BUKOPUCTOBYETHCS
ominky BaxkauBocTi mokasHuwkiB N, Q, V, T, W, R, ki
OyzeMo  BHKOPHUCTOBYBaTH y  BUDIANI  (aKTOpiB
eKCIIepUMEeHTY. B ImaHi  eKClepuMeHTy 3Ha4yeHHS
BIZIKJIMKIB OyIyTh 3a7aBaTHCsl eKCIepTaMH (BipTyalbHHI
eKcriepuMeHT). [ KOXKHOro excrepTy BiIOKpeMIICHHU
CTOBOCIb BIAKIMKY, B pe3yJbTaTi YOro OTPUMAEMO

cTOBOIII 3 HAOOPOM 3HA4YeHb BIIKIHUKIB. Y (aKTOPHOMY

EKCIIEPUMEHTI BpPaxOBYIOThCS 3HAYCHHS (HaKTOpIiB Yy
BimHOocHMX oawHHMIX (-1; +1), me -1 — BiamoBimae
MiHIMagbHOMY  (HIDKHS ~ TpaHMIs)  HPEICTABJICHHIO

(daktopy, a BepxHiii +1 - BiINOBiZae MaKCHMaTbHOMY
3HAUCHHIO (BEPXHs I'PAHHMIIS) MPEACTABICHHIO (aKTOpiB.
B skocTi mpukiamy po3MISSHEMO IOBHUH (haKTOpHHUNA
excnepument (IIOE), sxuii  BukOopucTaemo A
pospaxyHky "Bar" mokasHukiB N, Q, V. Hexaii y
BIpTyaJlbHOMY €KCIEPHMEHTI NpUIIMalOTh yd4acTb [Ba
ekcriepTd. B 1mbOMy BHTIAAKYy KUIBKICTH EKCIIEPHMEHTIB
nopiBaIOE M=2" =8, ne n — gucno ¢akropis (Tpu). [IOE

MPUITyCKae TOBHUH Tiepebip BCIIAKAX  KOMOIHAIIH
(akropiB. Tomy #oro moOymoBa JOCTaTHRO MpOCTa W
BIIIIOBIIAE TeHEPYBaHHIO 3HAYEHD IBIMKOBHX
mumipHUKIB, ge "0" Bigmosimae "-1" B miaHi
ekcriepumenty, a "1" Biamosimae "+1". 3HaueHHs

TPBOXIO3ULIHHOTO JBIMKOBOTO JIYMJIbHUKA BHIJISIAE
HACTYITHUM YHHOM:

1.000
2.001
3.010
4.011
5.100
6.101
7.110
8.111.

Tomy II®E ams tprox ¢akropiB Oyae BUTISLAATH
HACTYITHUM 4KHOM (puc. 1).

Ne Xi(N) X:(0) X3(V) S; Sz S
1 -1 -1 -1 1 2 1.5
2 -1 -1 +1 3 2 2.5
3 -1 +1 -1 4 4 4
4 -1 <1 +1 5 5 5
5 +1 -1 -1 5 4 4.5
6 +1 -1 +1 6 5 5.5
7 +1 +1 -1 7 8 7.5
8 +1 +1 +1 9 8 8.5

Puc. 1. [ToBHMIT (haKTOPHUIT EKCIIEPIMEHT IS OL[IHKH "Bar" MOKa3HHUKIB KOHKYPEHTO3aTHOCT1

Tyr S, — 3HaueHHS OLIHOK BIJKIMKY NEPIIOTro

S

3HAYCHHS JJIS TBOX EKCIIEPTIB.

Hexaif 3HaUueHHS BiIKIMKIB €KCIIEPTi 33l y IIKai
(0+10). 3a pesympraTamMu OIlIHIOBaHHS KOMOIHAIIIH
¢axropis X,, X,, X, y Burmni nokasnukiB N, Q, V

eKCIepTa, — JApYroro ekcmepra, S — yCepeIHeHi

2

MOXXHa TOOYIyBaTH pErpeciiiHy HENOBHOKBAJAPATUIHY
3aJICKHICTD y BUTJISI:

S =by +by X; +by Xy +by X5+, Xy X +by3 Xy Xg +

/(8)
3 X5 X3 + 0125 X1 X5 X5

B skiif koediuientu by, b,,b; y ninidHii yacTuni OyayTh
BUKOPHCTOBYBATHCH JUI PO3paxyHKy "Bar" mokaszHHKiB N,
Q, V. Tomy Hac I[iKaBUTh TUTBKH OLIHKHU I[MX MMOKA3HUKIB:

8
Zgn Xln
_n=l

8

8
zanZn
_ n=l

8

b, ~16,

)

b, ~1,4, (10)
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8
Zgn X3n
_ n=l

b ="

S =4,9+1,6X,+1,4X,+0,5X,.

~0,5, (11)

(12)

[TpoHopmyeMo 3HaveHHs KoedimieHTiB by, b, b,

mo6 orpumaty 3HaueHHa 0 < o <1:

by ~0,5 Q2=—2z0,41 O3 =

b

3 3 3

Db, Zbk Zbk
k=1

3
IIPU [IbOMY Zak =1.
k=1
3BiJICH BHJIHO, IO HAHOLIBII 3HAYHUM, 32 TyMKOIO
eKCepTiB, € (GakTop, IOB'S3aHHH 3  HOBH3HOIO
BupoOy oy =0,5. Cepennim 3a 3Ha4EHHAM € MOKA3HUK

AKOCTL O =0,4, a wHaliMeHII BaKIUBHM ITOKA3HUK

MOB'I3aHMKH 3  3a0€3MEYEHHSM BHUIYCKY HPOIYKILI,

oy =0,1.
BigmiTHMO, 10 CGKCIEPHUMEHTH, $Ki MPOBOIHIUCH

HOCSTh  BIPTyaJlbHMH  XapakTep Ta 3acHOBaHI Ha
Cy0’€KTMBHUX OLIHKAax EKCHIepTiB. Y SKOCTI €KCIEpTiB
BHKOPHUCTOBYIOTh  CIIEIliaNiCTiB 3 peopMyBaHHSI
BupoOHUIITBA. CyO0’€KTHBHI OIIIHKH YCEPEIHIOIOTHCS

[IUIIXOM yCEepEIHCHHS 3HAYeHb BiIKJIMKIB, IO BiAIOBIIAE
OTPUMAHHIO KOJIEKTUBHOI OLIHKH €KCIEPTiB.

Hami, HeoOXiTHO TPOBECTH JIOKAJIbHY ONTHUMI3aIlifo
OKpeMHuX TOKa3HUKiB. Hampukianm, mms omrumizarmii
SIKOCTI IPOAYKIIT HEOOX1THO:

maXQ Q ZZQJ' ji 1 (14)
j=1i=1
IIpU BUKOHAHHI YMOB:
N>N/,
<T", (15)
<WH,
<R/
mze N', V', T', W', R' — gomycrumi 3HaueHHS

nokaszuukis N, V, T, W, R.
UYepes MOXKIMBY CylepewMBICTh MOKa3HUKIB Q, N,

V, T, W, R momyk HEOOXiTHHX 3aXOmiB I
MIPOBEJICHHS pooiT 31 3a0e3nCUeHHS
KOHKYPEHTOCIIPOMOKHOCTI MiANPUEMCTBA, o
pedopMy€eTbCS  3BOAUTHCS O HEOOXITHOCTI IMOIIYKY
KOMIPOMICHUX  pimieHb.  BBegeMo — KOMIDICKCHHUA
MTOKa3HHMK:

F=ay-N+og-Q+oy V+ar -T+oy W+ag-R. (16)

Cnucoxk Jirepatypu

Q,N,V,T,W,R

MMOKa3HUKIB, OTPUMaHi MiCJs MPOBEACHHS ONTHUMI3AIlil 3a
OKPEMUMH JIOKAJIbHUMH MOKA3HUKAMHU:

Tyt HOPMOBaHI  3HAa4YCHHS

N* =N

N=——, 17
N 17
Q -Q

Q=—"—-, (18)
Q" -Q'

VALY,

Vo 19
(VARSVA (19)
T-T

T= , 20
T (20)

woWw 21
W =W
R-R"

R= , 22
R'-R* (22)

0<N<1,0<Q<1,0<V<1,0<T<1,0<W<l,
0<R<1;

N*, Q*, V*, T* W*, R* —

IMNOKa3HHWKI1B, 5Kl OTPUMaAHl Yy

orrTuMizarti.
Jns ontumizanii F HeoOXiIHO 3HAWTH:

eKCTpeMalbHi 3HAUYCHHS
pe3yibTaTi  JIOKaIbHOI

minF ,
m m m;
N _ZZNji'le Q ZZQJl'X'i
F = oy j=1 i=1 I j=1 i=1 4
N —N' Q’ Q" -Q'
m i
V=D VX ZZTJ, X
j=1 i=1 j=1 i=1
+ay, - ~ +or - - +(23)
Y A ! T-T
m m m m
§:§:mm-xﬁ—w }: Rji X;
O - j=1 i=1 ol - j=1 i=1
" w-w” " R-R"
BucHoBknu
3anponoHoBaHUI T Axin HanpaBJIeHUI Ha
peaizario KOPOTKOCTPOKOBOT MIEPCTIEKTHBH

MOJIepHi3alii BUPOOHMIITBA Ta JIO3BOJISIE OOIPYHTYBATH 1
BUOpaTH 3axomd sl peanmizanii HoOBOro moptdento
3aMOBJIEHb, ULt 3a0e3neveHHs BUITYCKY
KOHKYPEHTOCHPOMO>KHOT MPOJYKIIT IiANPUEMCTBA, IO
pedopMy€EThCSL.
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YIOPABJIEHUE MOJEPHU3AIIMENA PA3BBUBAIOIIEIOCS NPEANPUATHS B
YCJOBUAX KPATKOCPOUHOM MEPCIEKTHUBHI

IIpeameToM wuccrienOBaHUsI B CTaThe SBIACTCS MPOLECC MOICPHUBAIMH MPEANPUATHS B YCIOBUAX KPATKOCPOUYHOW MEPCIICKTHBBIL.
Llens paGoTbl — pa3paboTKa METOJOB M MOJENEH, HampaBlIeHHBIX Ha (OPMHUPOBAHHE U peaM3allMI0 PEaMCTUYECKUX Lelel
pehopMUpOBaHUS B YCIOBUSAX OTPaHUYCHHBIX BO3MOXKHOCTECH MpEeanpusTus. B cTaThe pemiaroTcs CIeAyroliue 3axadyu:
AHAIN3UPYETCSl OITOCPOUHBIA MPOIECC PA3BUTHs MPEANPUATHS U [eNaeTCs BHIBOI O HEOUPEICTCHHOCTH M OOJNBIIMX PHUCKAX,
CBSI3aHHBIX C JOJTOCPOYHBIM IUIAHUPOBaHHEM. [103TOMY COBpEMEHHbBIE METOAOIOTHH Pe(OPMHPOBAHUS CBSI3aHBI C MPOBEICHHEM
MEpOMPHUITHIA M0 MOJCPHU3ALNKN TMPOM3BOACTBA HA KPATKOCPOYHOM II€PHUOJAE, HAa KOTOPOM HAOIIOJAeTCs OTHOCHTENbHAs
CTa0WIBHOCTh BHEIIHEH KOHKYPEHTHOH Cpeapl W €CTh YCIOBUS A TpoBefeHus MmonepHusanuu. CopMHPOBaHBI OCHOBHBIE
MOKAa3aTeNu Ui OLEHKH KOHKYPEHTOCIIOCOOHOCTH MPEANpHITHs (HOBU3HA, KaueCTBO, 00hEM BBIMYCKA), a TAKKE BCIIOMOTATEIbHBIC
MOKa3aTelu (3aTpaThl, CPOKU, PUCKH), KOTOPBIE MCIIOIB3YIOTCS TS OIICHKH X01a pepOPMUPOBAHUS IPEINPUATHS. B 3aBUCHMOCTH OT
YPOBHsI HEOTPEISICHHOCTH OLICHOK, MOKAa3aTelH 3aJal0TCs B KAYeCTBEHHOW M KOJMYECTBEHHOM IIKanax. J[ys KaueCcTBEHHON OLICHKH
BBOJATCS JIMHTBUCTHYECKUE NEpeMEHHbIE B BHJIe OYKB JaTHHCKOTO andasura. @opMupyercs "cioBo", KOTopoe MpeacTaBiseT codoi
3HAYCHHE BCEX MMOKa3aTeneil (OCHOBHBIX M BCIIOMOTATEIbHBIX) KOHKYPEHTOCIIOCOOHOCTH ISl BBITYCKA HHHOBAIIMOHHOTO M3JIENHUS U3
HOBOTO MOPTQeNs 3aKa30B pa3BUBAIOUIErocs mpeanpustus. [lyrem ymopsimounBanust "cioB" BBIMOJHAETCS BHIOOP W 0OOCHOBaHME
HAWTy4IIero BapUaHTa MEPOIPHUATHH 110 MOJepHU3auK. B cirydae GOIBIIOr0 KOJMYECTBA BO3MOXKHBIX BAPHAHTOB MOJICPHH3AIIHH, A
TAKKe BO3MOXXHOCTH OIIEHHTH IIOKA3aTeld KOHKYPEHTOCIIOCOOHOCTH B KOJNMYECTBEHHBIX IIKalax (aOCOMIOTHBIE M OTHOCHTEIbHBIE
3Ha‘leHl/Iﬂ) NPOBOAUTCA LCIOYUCICHHAsA (6yneBa$[) OINITUMMU3ALIUS IS BbI60pa Hannquero pelcHUs nJid NpPpOBEACHHUA MOACPHU3ALUNU
npou3BoACTBa. [IJsl OLIEHKM Ba)KHOCTH JIOKAIBHBIX IOKa3aTeleil KOHKYypPEHTOCIIOCOOHOCTH pa3paboTaH METOJ, OCHOBAHHBIH Ha
TEOPUH IUIAHMPOBAHUs JKCIEPUMEHTOB. B kauecTBe (akTOpoB B IJIaHE BHUPTYaIbHOTO OSKCIIEPUMEHTa, KOTOPBIA MPOBOJHUTCS
IKCIIEPTaMH, HCIIOIB3yeTCsS IMOKa3aTelll KOHKYPEHTOCIIOCOOHOCTH, a B KAadeCTBE OTKIMKOB OLCHKU OJKCHEPTOB [UIS KaXKIOW
KoMOuHanuu (GaxktopoB. VcHONB3yIOTCS ClEAyIOIINEe MeTOAbI: CHUCTEMHBI aHamu3 a8 (GopMHpOBaHUs OmvKkanx nenen
pedopMHUpOBaHHS TPEANPHATHS B KPATKOCPOYHOW MEPCIICKTHUBE; METOJ] OLEHKH IOKa3aTeleil, OCHOBAHHBIH Ha KavyeCTBEHHOM
npejcraBienne (HakTOpoB KOHKYPEHTOCIIOCOOHOCTH; METOJ| IUIAHUPOBAHUS IKCICPHMEHTA JUIS OLEHKH BaXKHOCTH JIOKAIBHBIX
roKaszarelsieli KOHKYPEHTOCIIOCOOHOCTH; METOJ| HEJIOYUCICHHOW ONTUMHU3AIUK s BHIOOpa MEpONpUsTHH MO pedopMHUPOBAHHIO
npeanpusitUst. [ToIy9eHbl Clieyolne pe3yabTaTbl: 000CHOBAHO HUCIOJIb30BAHIE PEATMCTUUECKUX OIM3KHUX el B KPATKOCPOIHON
MEPCICKTUBE pe(l)OpMI/IpOBaHI/lﬂ U1 MUHUMUA3AlMU PUCKOB NPEANIPUATUA B yC.]'lOBI/ISIX OrpaHUYCHHBIX BOSMO)KHOCTCI;’I; NPEAJIOKCHBI
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MOKa3aTeNId KOHKYPEHTOCHOCOOHOCTU NpennpusTHs (HOBHM3HA, KaueCTBO, OOBEM BBIMYCKAa), a TAaKKe BCIOMOTraTelbHBIEC (CPOKH,
3aTpathl, PUCKN); MIPEUIOKEH METOJ BEIOOpa MeponpusaTHil peopMupoBaHMs, OCHOBAaHHBII HA KAUECTBEHHBIX M KOJMYECTBEHHBIX
OIICHKAaX; NMPEMJIOKEH METOJ ISl OIEHKH BaXXHOCTH ITOKa3aTelell KOHKYPEHTOCHOCOOHOCTH ¢ MOMOIIBIO IITAHOB BUPTYaIbHOTO
9KCIIEPHMEHTA; IPeUTOKEeHa ONTHMHU3ALOHHAst MOENb BEIOOpA MEPOTIPUSTHIL AT peau3auy OvbKaiiiei ey pe)opMIpoBaHusL.
BeiBoasl. IIpakTnueckoe HCIIONB30BaHHE NPEUIOKEHHBIX METOMOB W MOJeNel: IpeIIoKEHHBIH IoaXo[ IesecooOpazHo
UCIOJIb30BaTh B KPaTKOCPOYHOI NepcnekTuBe peh)OpMHUPOBaHUS MPEANPUATHS, KOTAa HanboJiee PealuCTHYHbI IPOTHO3BI MO OLIEHKE
KOHKYPEHTHOH CpeJibl M YYUTHIBAIOTCS OTPAHMYCHHBIC BO3MOKHOCTH Pa3BUBAIOILETOCS IPEAIPHATHSL.

KiioueBbie €J10Ba: KpaTKOCPOUHAs MEPCIEKTUBA Pa3BUTHS NPEINPHUATHS; 10KA3aTeId KOHKYPEHTOCIOCOOHOCTH MPEIPUSTHS;
ONTUMHU3ALMSA C TOMOIIBIO JICKCHKOTPahUUECKOro yIOpsI0YeHHUs; BBIOOpD BapHaHTa MOAEPHU3ALMH HA OCHOBE LEIOYHCICHHOIO
MIPOrpaMMHPOBAHUSL.

MANAGEMENT OF THE MODERNIZATION OF THE ENTERPRISE DEVELOPING
IN THE CONDITIONS OF THE SHORT-TERM PROSPECT

The subject of the study in the article is the process of production modernization in the short term. The purpose of the work is to
develop methods and models that are aimed at the formation of realistic goals of enterprise reformation in the face of limited
enterprise capabilities. The following tasks are solved in the article: the long-term process of enterprise development is analyzed and
the uncertainty and high risks associated with long-term planning are concluded. Therefore, current reform methodologies are linked
to short-term production modernization measures, which show the relative stability of the external competitive environment and
provide an opportunity for modernization. The main indicators for assessing the competitiveness of the enterprise (novelty, quality,
volume of output), as well as ancillary indicators (costs, terms, risks) are used to assess the course of enterprise reforming. Depending
on the level of uncertainty, estimates of the values of indicators are given in qualitative and quantitative scales. For qualitative
assessment, linguistic variables are introduced in the form of Latin letters. A "word" is formed, it represents the value of all the (core
and ancillary) competitiveness indicators for launching an innovative product from a new order portfolio of a developing enterprise.
By subordination of "words", the best option of modernization measures is selected and justified. In the case of a large number of
probable modernization options, as well as the ability to evaluate the competitiveness indices in quantitative scales (absolute and
relative), integer (Boolean) optimization is carried out to select the best solution for production modernization. To assess the
importance of local competitiveness, a method has been developed that is based on experiment planning theory. Competitive
Expertise is used as a factor in the Expert Experiment Plan, and Expert Evaluation for each combination of factors. The following
methods are used: system analysis to formulate the immediate goals of enterprise reform in the short term; an assessment method
based on a qualitative presentation of competitiveness factors; an experiment planning method for assessing the importance of local
competitiveness; integer optimization method for choosing enterprise reform measures. The following results were obtained: the use
of realistic short-term goals in the short-term reform perspective is minimized to minimize the risks of the enterprise in the conditions
of limited opportunities; the proposed indicators of competitiveness of the enterprise (novelty, quality, volume of output), as well as
ancillary (terms, costs, risks); a proposed method for selecting reform measures based on qualitative and quantitative assessments; a
proposed method for assessing the importance of competitiveness through virtual experiment plans; an optimization model of the
choice of measures is proposed to realize the immediate goal of reform. Conclusions. Practical application of the proposed methods
and models: it is advisable to use the proposed approach in the short term to reform the enterprise, when there are the most realistic
forecasts for assessing the competitive environment and taking into account the limited capabilities of the developing company.

Keywords: short-term prospect of enterprise development; indicators of enterprise competitiveness; optimization by
lexicographic ordering; choice of modernization option based on integer programming.
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O. IASTREMSKA

EDUCATIONAL TOURISM AS A BASIS FOR THE GROWTH OF ECONOMIC
ACTIVITY OF THE LABOR MARKET

The object of the study is educational tourism as a complex socio-economic phenomenon. The subject of the study is the scientific
and practical basis, consisting of the theoretical principles of the functioning of educational tourism and methodological support of the
impact of educational tourism on the activation of the labor market, taking into account its current situation and legislative support.
The goal is the improvement of the conceptual and categorical apparatus of educational tourism and the development of scientific and
practical proposals for activating the labor market, taking into account existing trends in the development of educational tourism.
Tasks: to achieve this goal, the article has posed and solved the following main tasks: update the definition of the concept of
"educational tourism" taking into account the existing features of its development; propose the main stages of ensuring the activation
of the labor market taking into account educational tourism and determine the main directions of its activation. Methods. Theoretical
and practical analysis of the work of specialists in the field of educational tourism and the functioning of the labor market has proved
the need to use such research methods: monographic, analysis and synthesis, structural-logical method, systematic approach,
theoretical generalization. Results. It is proposed to define the concept of “educational tourism” taking into account various forms of
economic activity, length of stay for education, the ability to carry out paid activities, which will increase the validity of employers'
proposals for determining the characteristics of jobs in the labor market. Taking into account the refined definition, the main stages
and measures of activating the labor market are proposed, which are: activating the economic activity of business entities as a source
of foreign exchange earnings from the provision of educational services to foreigners; the growth of the results of inter-industry
relations of enterprises that provide additional services; the growth of the results of inter-industry relations of enterprises that provide
additional services; the formation of an additional sales market for suppliers of consumer services, expanding the assortment and
increasing requirements for the quality of goods and services, which stimulates the creation of new jobs; improving the quality of the
workforce through the introduction of the latest training technologies, the flow of funds to expand the infrastructure of the education
sector. The main directions of changes in existing negative trends in the economic activity of the labor market are identified: support
for regional producers, providing fisheries with the necessary qualifications in accordance with market requirements, the uniform
development of regions and the creation of the required educational infrastructure that can provide the labor market with specialists of
the required quality and competencies. Conclusions. In the definition of the concept of educational tourism, it is advisable to take into
account the purpose of the stay, increase the period of visa support and enable educational tourists to engage in economic activities for
personal income. In the process of implementing the main stages and measures to activate the labor market, it is advisable to take into
account the main market animated effects that arise in the process of obtaining education. As the main directions of intensifying the
labor market, economic support should be provided to entrepreneurs, improve the skills of the workforce by improving the quality of
education in higher education institutions on the basis of traditional and exclusive training programs.

Keywords: educational tourism; labor market; activation; intercultural environment; the latest learning technologies; market
animated effects.

Introduction competition in the labor market; improving the nature and

consistency of the main stages of activation of the
functioning of the labor market, taking into account the
flows of educational tourism, determining the main
directions of development of the labor market in the

According to the Ukraine-2020 Sustainable
Development Strategy, approved by the Decree of the
President of Ukraine No. 5/201 of 12.01.2015, the draft

Sustainable Development Strategy of Ukraine until 2030
"Ukraine - 2030" No. 9015 of 07.08.2018, one of the
leading problems that need to be solved are the promotion
of increased activity of the population in the
implementation of economic relations in general and the
labor market in particular, the development of intellectual
capital to achieve and enhance the competitiveness of the
national economy.

Formulation of the problem

context of ithoho tourism as a priority area economy.

Analysis of recent research and publications

There are many factors in ensuring the economic
activity of the labor market, one of which is tourism and
its type — educational tourism, which, through the
formation of human resources inflows, can create
multiplier market effects on the growth of gross national
product and additional regional product, promote job
creation. , improving the quality of the workforce,
increasing the volume of educational services. At the same
time, educational tourism has the effect of increasing

There is a significant scientific achievement of
domestic and foreign scientists who studied the processes
of development of territorial economic systems in the
context of the formation of labor supply — this is
N.A. Azmuk [1], V.P. Antoniuk [2], G.l. Bashnianin [3],
O.Y. Vinskaya [7], V.G. Gerasimenko, V. Dadalko [9],
T.B. Tokarskii [19], the results of studies of which were
proposals for activation of the labor market to increase
economic activity of the population in all sectors of the
national economy, including in the field of tourism, the
main of which is the growth of investment in creating new
jobs, providing preferential loans for creation of small
and medium-sized businesses.

N.V. Bibik and G.M. Shapoval studies are devoted to
the analysis of international experience in the
development of territorial communities and determining

© 0. lastremska, 2020
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the directions of its implementation in Ukraine, including
in the labor market [5]. Since the tourism industry
contributes to the globalization of markets, including labor
markets, their transnationalization, in the trends of
educational tourism, it is advisable to take into account the
proposals of A. Shapoval [27], concerning the behavior of
transnational corporations regarding the recruitment of
qualified workers, their training, regardless of citizenship
and the country of education, that is, in the process of
implementing educational tourism.

The phenomenon of labor market activation has been
investigated in the scientific publications by T. Boeri [23],
O.A. Grishnov [8], A. Sapir [26] and others. According to
their proposals, it is possible to revise the population
grouping for employment and unemployed, which will
streamline the calculation of employment and
unemployment levels and create an objective basis for the
development of programs for activation of the labor
market. The emergence of innovative tourism services,
which may include educational tourism, was investigated
by M.G. Boyko [6], L.N. Larina [24], N.V. Rubtsov [16],
and organizational and economic features of providing
services in the field of educational tourism, their effective
export - A. Alam [21], M.G. Blenchard [22], M.G. Boyko
[6], L.N. Larina [24], K.A. Prodan [25].

However, as the research has shown, the vast
majority of scientific publications are based on the
existing theoretical support for the conceptual-categorical
apparatus of educational tourism, which requires updating,
retrospective analysis of educational systems, explaining
the root causes and consequences, but not proposing
measures to stimulate national labor market leading
countries.

Highlighting previously unresolved parts of a common
problem. the goal of the work

- identify the main directions of activation of the
labor market in the context of educational tourism.

Research materials and methods

During the research the following basic methods
were used: monograph, analysis and synthesis - to
actualize the definition of "educational tourism",
structural-logical method, systematic approach - to
substantiate the main stages and measures of activation of
the labor market, taking into account the flows of
educational tourism, theoretical generalization - to identify
the main directions of activation of the labor market in the
context of educational tourism.

Results of the studies and their discussion

The issues of actualization of the conceptual-
categorical apparatus of tourism in general and
educational tourism in particular, the state of educational
services and their influence on the creation of additional
demand for the products of enterprises and the labor force
in the host educational tourists of the countries remain
insufficiently researched. the labor market, taking into
account the flows of educational tourism. The existence of
these problems led to the thematic focus of the article, its
purpose and objectives.

The purpose of the article is to improve the
conceptual and categorical apparatus of educational
tourism and to develop scientific and practical
recommendations on the activation of the labor market,
taking into account existing trends in the development of
educational tourism.

In order to achieve this goal, the following main
tasks have been formulated and solved in the article:

- update the definition of "educational tourism"
taking into account the existing features of its
development;

- to propose the main steps of ensuring the activation
of the labor market in the light of educational tourism;

In today's digital economy, the main factors in the
success of its digital life, which determine the potential of
the gross national product, are labor and intellectual
capital. It is the intellectualization of the labor market that
contributes to its development, activation and positive
change. In order to establish these progressive
phenomena, it is necessary to take into account current
trends prevailing in the labor market and to move the
population freely in order to obtain the necessary
competitive advantages, which can be obtained through
education in the world's leading higher education
institutions, which shapes the trends of educational
tourism. In the context of the globalization of economic
relations that led to the cross-border redistribution of
factors of production, it is appropriate to consider the
labor market in the light of the migration factor. And the
combination of labor migration as an incentive to study
and gain additional experience contributes to the
strengthening and expansion of this type of tourism as
educational. However, defining it as a separate concept is
complicated by the existing legal and organizational
constraints, which hinders the economic development of
the tourism industry and reduces budget revenue at all
levels.

The definition of educational tourism as one of the
separate types of tourism is complicated by the existence
of organizational and legal time constraints. The Law of
Ukraine "On Tourism™ in this sense uses the
recommendations of UNWTO, according to which
tourism is considered a temporary departure of a person
from the place of residence for health, educational,
professional or other purposes without carrying out paid
activity in the place where the person goes and the tourist
- a person who travels to Ukraine or to another country not
prohibited by the law of the host country for the purpose
of from 24 hours to one year without carrying out any paid
activity and with the obligation to leave the country or
place of travel stay in the specified period, as evidenced
by the paragraphs of the second and third articles of the
first Law. Also, in the Law on Tourism, in accordance
with Article 4, educational tourism is not singled out as a
separate type of tourism. The above definitions indicate
that there are two significant contradictions that make it
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impossible to consider educational travel as a type of
tourism.

First, it is almost impossible to meet the stay limit of
up to one year, because the duration of a full cycle of
study of an educational bachelor's degree for most
specialties in different countries lasts three to four years.
In some EU countries, the duration of a master's degree is
one or two years, but this is not a generally accepted rule,
especially in countries with real University autonomy.
Thus, a bachelor's student who studies for four years can
not be counted as a tourist, as well as, in General, a
master's student. Also, if a student went to study under the
exchange program under the ECTS (European credit
transfer system) for one or two semesters, his trip can be
considered educational tourism, but if he takes a full
course at a foreign University-then not. You could
consider a vacation period that is included in the schedule
of the educational process at least twice a year, the time
when the student returns to the country from which he
came (completing a year of travel), and as if again returns
to the host country for a new tourist period. But this does
not always happen and is not the responsibility of the
student. Some countries issue educational visas to students
for up to one year, and must be renewed for each
subsequent academic year. On the other hand, there are
countries where an educational visa provides a legal right
to employment and residency, usually one year after
graduation. That is, the person is actually no longer a
student, but is formally considered a beneficiary of the
national education system. In higher education institutions
of Ukraine there is a practice of preliminary language
training of foreign entrants, when another year is added to
the general term of study, during which future students
learn the language in which classes will be conducted
according to the condition of their contract. The students
of the language courses are not students, in fact they are
not yet enrolled in the first year of higher education, since
language training is not included in the standard
curriculum from which the diploma is formed. Not all
countries set a limited time limit for completing the
education cycle: a student can design an individual
curriculum at his / her own discretion, selecting the
number of subjects he / she studies during the year and
paying for each of them individually, including again if
failing exam the first time. In fact, a four-year
undergraduate degree can last up to ten years until the
student completes the minimum volume of study program
and pays for the contract. Sometimes enrolling in a higher
education institution is one way to obtain a formal
residence permit in countriesi.

Secondly, a tourist is not allowed to engage in paid
activity in the host country. This also applies to travel for
business purposes, so if a traveler is to combine leisure
and business with legal income, a work visa is required.
Legislation in most countries provides for the right of
students to formal employment, albeit with restrictions,
such as the number of working hours per week. There are
countries where student internships within the study
period must be paid by the employer for at least a certain
rate set in the regions, by industry or in a country, such as
in France. In Germany, not only academic but also

vocational education is in high demand, where the
provision of temporary jobs at specialized enterprises is a
guaranteed condition for demand for their services. In
Ukraine, student work during internships is paid for by
agreement with the employer. That is, in addition to the
analysis of conditions and restrictions on crossing the state
border of the country and conditions for granting resident
status, it is necessary to take into account the restrictions
of labor legislation.

The existing contradictions of higher education
legislation and practice confirm the objective need to
update the definition of "educational tourism". Thus, the
problem of terminology can be partially solved by adding
to the definition of educational tourism clarification in
which cases the classic definition needs to be clarified,
and the accounting of tourist flows should be kept on the
principles of satellite accounts in case it is necessary to
determine the impact of international cooperation in the
field of education on national, regional economy and
labor market.

The development of the digital economy is
expanding educational tourism by moving it into a virtual
space for the provision of international distance education
services. Cross-border educational platforms (e.g,
Coursera, EdX, Khan Academy, MEP, Udacity, etc.)
operate under different conditions — for example, free
courses may not require certification and generally
evaluate the process of material assimilation and, despite
their high prevalence and, as a rule, , high level of
teaching, even paid diplomas are not recognized as official
documents of education confirmation and are of value
primarily to employers, or perform the function of
preparation for full-time study at partner universities.
However, the rapid spread of the concept of lifelong
learning (LLL) and the relative ease of implementation of
online education platforms have formed a powerful
segment of the informal education sector, whose impact
on traditional learning traditions is already undeniable,
and therefore ignore this segment. the services market
would be wrong. There are innovative countries that
distinguished between law, distance, distance and distance
education at the legislative level, setting clear rules and
conditions for obtaining official documents confirming
degrees, the procedure for monitoring the completion of
tasks, passing exams and identifying trainees, thus
equating different forms of training (for example, Spain).
The Law of Ukraine "On Higher Education" distinguishes
between full-time (day or evening) and distance (distance)
education (Article 49). Thus, it is unclear whether distance
and distance education are completely identical, or
distance is a type of distance education. Employers want
to get an employee in the labor market who would have
the necessary competencies. The diversity and, in some
cases, the contradictions of the current forms and methods
of teaching do not allow us to formulate a universal
definition of the term "educational tourism", suitable for
use in different countries specializing in educational
tourism services. Seeking to resolve the existing
contradictions in Ukraine, the concept of "educational
tourism" is offered to understand the type of activities for
obtaining educational services of the appropriate
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educational level, which is provided in accordance with
the term of study and the chosen form, in accordance with
the legislation of the host country, with the possibility, if
desired who is pursuing an economic activity that is paid
for in accordance with the existing legal rules established
by the law of the host country [11].

The proposed definition of the term "educational
tourism" takes into account and solves the main identified
contradictions and contributes to the activation of the
labor market by increasing the economic capacity of the
population in the country providing educational and
tourist services.

Contemporary scientific publications have suggested
that any self-organizing holistic system has its own
attractor [23], a state that it, together with the
environment, forms and which it could achieve if all the
initial conditions of the external and internal environment
were absolutely constant throughout the movement of the
system to its goal. With regard to the tourism industry as
a whole, it is advisable to understand the attraction of
historical and cultural heritage, resources, social security,
educational tourism — higher education institutions whose
educational services seek tourists traveling to the country
to acquire the necessary competences [17].

In recent years, there has been an objective decrease
in demand for tourist services among residents of the
country and foreign citizens, ie the strength of the attractor
has been weakening. However, higher education
institutions continue to train hospitality and tourism
professionals to the extent established during the
economic growth period. For graduates, this creates
problems of employment in the specialty, which indicates
the mismatch of supply and demand for regional labor
markets and contributes to the emergence of forced labor
migration [10, 15]. And with the predominance of the
current trend in the tourism industry of buying based on
the impressions and globalization of the world market,
tourist services companies are limited to knowledge of
several geographical directions in educational tourism,
doomed to exit the market [14, 18]. the objective of
educational tourism should be to ensure the exchange of
knowledge and technology between economic entities of
different regions and countries in order to improve the
efficiency of economic relations and ensure the
competitiveness of goods. eye strength.

Educational tourism (broadly referred to as travel
organization) for training (primary or inclusive) and
experience sharing is one of the main factors for quality
assurance in the workforce, stimulating technology and
innovation sharing between economic agents domestically
and globally and as a driving factor development of
socio-economic systems, in particular the human capital
component. However, it should be borne in mind that in
the field of international educational services there are
several sectors of activity that are relatively new to the
national sector and therefore have not yet been reflected in
the legislation of Ukraine. This is related to the basic
models of the national economy, the labor market and
resource flows. In order to build the concept of
interdependencies between the activities of individual
industries and the territorial economic system, it is

necessary to define the key blocks - business institutions
and sectors of distribution of resources, factors of
production, income [12, 13]. The traditional approach
tends to a three-sector structure — both national economy
and resource flows within a managed system. All
industries and industries are theoretically related to the
primary (mining), secondary (industry) and tertiary
(services) sectors. This division underlies the theory of
economic formations, the task of establishing compliance
is the simple operation of counting the total number of
enterprises within the country, their unambiguous
identification with the direction of activity, the calculation
of GDP generated by each sector and the calculation of
each sector's share in total GDP. Theoretically, the more
developed the state is, the more national income is
produced at the higher levels of the hierarchy. In other
words, the country that started producing services should
no longer have to produce raw materials in its own
territory — firstly, it violates environmental standards,
pollutes and deteriorates the living standards of the local
population, and secondly - is inefficient in terms of the use
of quality labor and technology, therefore, guided by the
tenets of D. Ricardo's theory, material-intensive factors of
production should be imported, leaving the potential of the
internal market to solve more complex management and
technological problems. Educational tourism is related to
the fifth sector, which includes market regulators that do
not correspond to the usual way of dealing with typical
market situations. This sector is referred to as the
"knowledge economy": the production of intellectual
labor is what drives, provides technological advancement
and has a significant impact on short and long-term
economic growth. It is this knowledge that is prevalent in
the labor market and influences its development as much
as possible.

An important issue of activation of the labor market
in the light of educational tourism is to determine the
conditions for the provision of educational services, which
requires the acquisition of appropriate competencies by
employees. Methods of supplying services should be
determined on the basis of the location of the supplier and
the consumer at the time of the provision of the service,
taking into account their nationality or country of origin.:

- cross-border provisioning (method 1) — both the
supplier and the consumer remain in the territory of their
respective countries (which is similar to the traditional
notion of trade and covers, for example, the provision of
services by telephone or via the Internet);

- consumption abroad (method 2) - the consumer
consumes a particular service outside his home country
(for example, in the case of international tourist activity
and visiting monuments abroad);

- commercial presence (method 3) - service
providers establish (or acquire) a branch, branch or
commercial representation in another country through
which they provide their services (for example, a foreign
bank investing in the host country's economy creates a
subsidiary) for banking services);

- physical presence (method 4), when an individual
(or the service provider himself, if he / she is a self-
employed worker or his / her hired employee) is present
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abroad for the provision of the service (eg, an independent
architect supervises the implementation of the
construction a project abroad or a computer specialist is
sent abroad by his employer to provide information
technology services).

According to the following methods, the list of
educational tourism education services is as follows:

1) international online education and distance
learning platforms;

2) arrival of foreigners for full-time study;

3) opening branches of foreign higher education
institutions in the country or their separate departments,
which do not offer a full cycle of education, but conduct
classes in specific disciplines (for example, language
courses);

4) invitation of foreign teachers to national HEls
(note that in Ukraine such paid activity is possible only on
condition of temporary employment of a foreigner for a
period of not less than 6 months.).

The list below reflects options for higher education
institutions by traditional plans and programs, while in the
non-formal and inclusive education sector this list may be
expanded.

The more variants of education services that emerge,
the more flexible the data collection methodology must
be. As is the case with individual visitors (when tourists
make their own travel without resorting to the services of
intermediary companies), which cannot be distinguished
from all non-residents crossing the border of the country
and whose number can be determined at a destination by
indirect indicators (e.g. the sharp rise in demand for
popular foods and consumer goods) and specific education
services can sometimes be measured by analyzing the
economic activity of the university population. cities and
executive bodies by type of activity - printing services,
renting services, purchasing office supplies, translation,
receiving state apostille services, permits to stay in the
country, requests for migration services, etc. Therefore, to
describe the state of the labor markets of the national
economic system should not use structural but flow
models based on them, reflecting the flow of resources,
the movement of workers on the supply of labor and the
population as a whole, funds, information from one
market entity to another. In view of this, the key
components of the activation of the labor market in the
applied aspect of the synergy of education and educational
tourism are the following:

1) activation of foreign economic activity: primary —
as a source of foreign exchange earnings from the
provision of educational services to foreigners; derivative
- a) as a result of interbranch links of enterprises
producing related and additional services
(accommodation, food, domestic services for foreign
students of HEI and participants of international seminars,
conferences, trainings and other events. Terminologically
possible crossing of branches of scientific, business and
educational tourism , but sometimes it is difficult to
classify a particular event clearly); b) the long-term effect
of intensifying international cooperation as a result of the
establishment of cultural and business ties between

foreigners — former alumni of the host country and local
business circles;

2) an additional market for suppliers of products and
household services to the population, expanding the range
and raising the requirements for the quality of goods and
services, which stimulates the creation of new jobs;

3) improving the quality of the workforce through
the introduction of the latest learning technologies, the
exchange of experience in the intercultural environment,
and the flow of funds into the infrastructure of the
education sector - in Ukraine, at the legislative level, a
system of coefficients of promotion for basic services
provided by higher education institutions to foreign
citizens..

The main steps in the activation of the labor market
are as follows.

Stage 1: Assessment of the current state of the socio-
economic system, taking into account the demographic
situation to identify the most vulnerable subsystem, which
is subject to urgent adjustment (human capital, labor
market based on matching demand and supply,
development of educational tourism.

Stage 2: Formation of a set of independent variables
- initial parameters of the socio-economic system, which
involves the identification of a subsystem whose
improvement is a priority in a justified direction of
adjustment: production area, labor skills, smoothing of
regional and sectoral imbalances, development and
expansion of infrastructure.

Stage 3: determination of the vector of adjustment by
the criterion of the existence of the possibility of self-
regulation of the market; in case of impossibility of using
the specified criterion, it is advisable to consider the
possibility of institutional impact on the labor market;
where possible, on the basis of taking into account the
maximum possible number of factors of influence for
activation of the labor market.

Stage 4: Modeling the behavior of influence agents
based on changes in the studied socio-economic system,
taking into account the complex components and
prioritizing the leveling or increasing the influence of
factors on the activation of the labor market in the context
of educational tourism.

Stage 5: Choosing a strategy for the life of the socio-
economic system to activate the labor market, taking into
account the flows of educational tourism and taking into
account their impact on the state of the labor market.

The steps presented will calculate the mutual
influence of parameters of economic agents and
consumers, in the broad sense — economic agents in
different conditions already existing in the labor market or
created artificially, within the simulation model of
forecasting the states of the system or behavior of
individual agents, taking into account their personal
characteristics.

Given the peculiarities of managing spatially closed
socio-economic  systems — relatively independent
participants in the global market, which should become
the future focus of educational tourism, it is advisable to
use a simulation method to determine the relationship
between the parameters that separately affect the
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relationship "labor supply - human capital - labor
migration "as a set of factors for the development of
socio-economic system in synergy with the potential of
educational tourism.

The basis for constructing a model of mutual
influence of the parameters of the socio-economic system
is the cause and effect diagram, which provides the
development of a strategy for growth of economic activity
of the labor market.

M.G. Boyko argues that the effect of tourism is
created in different parts of the production chain: from the
development to the sale of an inter-sectoral integrated
tourism product, given that tourism services can be
provided by entities of any institutional units [6].

Based on the above proposals, the main directions in
which it is advisable to adjust the negative tendencies of
economic activity of the labor market are as follows [11,
14,17, 18]:

1) support from local producers;

2) ensuring the skills of the workforce in accordance
with market requirements;

3) uniform development of regions;

4) creation of an adequate education infrastructure
that is capable of providing the labor market to in-demand
professionals.

The impact of educational tourism as a driving factor
for change in each direction is as follows:

Support for local producersio Inclusion in the
regional programs of enterprises providing services to
tourists arriving in the country/region for the purpose of
study and focusing on a specific territory, while
temporarily increasing the number of local people. Due to
inconsistencies in the methodology of accounting for
tourist flows, these data are not taken into account when
forecasting the need for recreational infrastructure and the
load on the local household service system. There is also
increasing demand for consumer goods, food and specific
products needed for training (such as office supplies,
office equipment, printing services, telecommunications
and telecommunication services, etc.). Usually the most
significant increase in the existing population is provided
by the students of higher education institutions, and if the
proportion of foreigners among them is large enough,
consumer demand (the volume of goods and services
demanded in this market) outstrips the increase in
numbers, as they can usually go to study abroad. to afford
at least middle-class representatives, and due to the
unfavorable state of the Ukrainian economy in recent
years and the devaluation of the national currency, the
price level in our country appears to be even lower than
in a country of roughly equal status, where foreign
students come from. The need for everyday things and
everyday services for students is also higher than the
needs of the local population, because when they move to
a temporary residence (rented or hostel), they cannot take
all their personal belongings with them. Sometimes it is
simply inconvenient and sometimes not economically
feasible, given the cost of transporting luggage on
international flights. Thus, the additional production and
sale of products already available on the market (if it
requires modification, then a small, foreign students are

usually quickly adapt to the local cuisine, features of
everyday life and leisure - that is, manufacturers do not
invest much in improving the quality of the product),
stimulates the increase of household incomes by
increasing the incomes of hired workers, creating
additional jobs and releasing part of the income of
economic entities that they can capitalize on the use of
long-term investment projects. This is the first obvious
effect that can be immediately felt and quantified. Not as
obvious are the long-term effects of exporting educational
services, which are to establish business links between the
supplier country and the host country. The process of
intercultural communication has a personal character and
is based not only on a rational analysis of the prospects of
cooperation with a particular country, but also depends on
a sense of closeness, affinity for a foreign culture. On
average, higher education graduates spend 4 to 5 years in
the host country, study the features of the business
environment and establish a series of friendly contacts that
can quickly grow into a business. Therefore, countries that
purposely engage in the study of foreigners are trying to
expand the geography of inbound flows. Even if there are
no stable foreign economic ties with any country, this may

happen in the future, especially in the current
unpredictable global labor market, so it is advisable to
provide consumers with loyal loyalty to local

entrepreneurs in advance..

The impact on the other three directions should be
estimated with a lag of time (time lag) of an average of 3-
5 years. Increasing the volume of services of higher
education institutions and the consistent implementation
of a number of measures to improve their content and
structure to meet the needs of potential consumers -
students and employers - cannot be accomplished in the
short term. It takes at least 2-3 years to develop these
areas, of which a minimum of 1 year will require pilot
implementation and an objective evaluation of the results,
which often results in a significant adjustment to the initial
strategy. But as soon as this stage is over, the volume and
quality of knowledge in society will be on the trajectory of
growth. Graduates of higher education institutions will
have a sufficient level of competence to be employed
immediately after graduation, thanks to a well-established
inclusive education system experienced enterprise
specialists will create a quality product (demand for which
has already been increased due to the arrival of foreigners
to study and exchange experience in the framework of
international cooperation) that will enable them to capture
new labor markets. It is a process with positive dynamics,
but at the same time as the number of highly qualified
specialists in the labor market will increase, the opposite
negative trends will inevitably be observed: the first
instigator of social tension and the most likely one -
oversaturation of labor supply in the local labor markets
and the country as a whole (taking into account the
internal across the country), from a particular popular
profession or qualification. Those who have not been able
to get a job right away will be forced to retrain or go
abroad to work abroad or work remotely in international
companies. Also, the excess of qualified young specialists
will lead to a conflict with the employment of senior




CyuacHuii cman HayKko8ux 00ciiodcenb ma mexHonoeitl 6 npomuciosocmi. 2020. Ne 1 (11)

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

specialists. Only in a small list of professions does
experience really play a decisive role; companies now
favor young aspiring employees, whose lack of experience
is offset by enthusiasm and innovation. Assuming that all
without exception, educational institutions will train
specialists who are ready immediately after graduation to
work effectively and, most importantly, without fail, the
positive effects of improving the quality of the workforce
formed in one age category will be offset by a sharp spike
in unemployment in another. It should be noted that such
a problem persists without the influence of external
attractors, however, it is worthwhile to anticipate and
minimize the likely consequences when such a situation
can be predicted.

Analyzing the social policies of different countries of
the world, we can identify a priority trend of activation of
the labor market, which will promote its recovery and
development. This is a life-long learning (LLL) concept,
which provides for periodic continuous retraining and
learning of new technologies in every field of activity,
which will, firstly, avoid dismissal for the benefit of a
junior employee, and second, activate the desire of
employers to hire employees with work experience, which
will contribute to the accumulation of staff knowledge and
will be the driving force for innovation and the launch of
new significantly improved services and products.

Conclusions and prospects for further development

In order to eliminate the contradictions that exist in
the legislation and impede the provision of economic
activity of the labor market, taking into account the
processes of  migration, internationalization and
globalization, the updated definition of the concept of
"educational tourism™ as a process of obtaining a resident
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MPaKTHYHI 3acajiH, sIKi CKIaJa0ThCs 3 TEOPETUYHMX MOJI0KEHb yHKIIOHYBAHHS OCBITHBOTO TYPU3MY Ta METOJUYHOIO 3a0e3MeCHHS
BIUIMBY OCBITHBOTO TYPH3MY Ha aKTHBI3allif0 PHHKY Ipalli 3 ypaxyBaHHSIM HOTO Cy4acHOTO CTaHy Ta 3aKOHOJABBYOTO 3a0€3ICUCHHS.
Meta — yJIOCKOHAJICHHsS MOHSTIHHO-KaTEropiaJlbHOIO amapaty OCBITHBOTO TYpHU3My Ta PpO3pOOJEHHS HayKOBO-TIIPAKTHIHUX
peKoMeH/aNil 3 aKTUBi3alii PUHKY Ipali 3 ypaXyBaHHSM iCHYIOUMX TEHJCHILH PO3BUTKY OCBITHbOrO TypusMy. 3aBaaHusi: s
JIOCATHEHHS MOCTaBJIE€HOT MeTH y cTaTTi c()OPMOBAHO Ta BHPIIICHO TaKi OCHOBHI 3aBIaHHS: aKTyalli3yBaTH BU3HAUCHHS NOHATTA
"OocBITHIH Typu3M" 3 ypaxyBaHHSAM ICHYIOUMX OCOOJMBOCTEil HOro pO3BHTKY; 3alpONOHYBATH OCHOBHI eTamy 3a0e3MedeHHs
aKTHBI3alii PUHKY Tpami 3 ypaXyBaHHSM OCBITHBOTO TYpPH3MYy Ta BHU3HAUUTH TOJIOBHI HampsMH Horo akrtuBizamii. MeTtoau.
TeopeTHko-pakTHYHKAN aHai3 poOIT (axiBIiB 3 OCBITHBOTO TYypuU3My Ta (YHKI[IOHYBaHHS pPWHKY TIpami JO3BOJHB JIOBECTH
HEOOXIHICTh BUKOPUCTAaHH TAKHX METOJIB JOCHI/PKEHHS: MOHOTpadivyHOro, aHaji3y Ta CHHTE3y, CTPYKTYPHO-JIOTI9YHOTO METO.Y,
CHCTEMHOTO MiJIXO/y, TEOPETHYHOrO y3arajabHeHHs. OTpMMaHO Taki pe3yJbTaTH: 3alpOIIOHOBAHO BMU3HAYHUTH TOHATTS '"OCBITHIH
Typu3M" 3 ypaxyBaHHSIM pi3HUX (OpM EKOHOMIYHOI aKTHUBHOCTi, TepMiHy IepeOyBaHHS AT OTPUMAaHHS OCBITH, MOJIHBOCTI
3IifiCHEHHsI OIIa4uyBaHO! AisUIBHOCTI, IO MiJBUIIUTH OOIPYHTOBAHICTh MPOMO3HUIK POOOTOAABIIB ISl BU3HAUYSHHS OCOOIMBOCTEH
pobouux Micib Ha pUHY Mpali. 3 ypaxyBaHHSM YTOYHEHOTO BH3HAUYCHHs 3alIPOIIOHOBAHO OCHOBHI €TaIlH i 3aX0/M aKTHBI3aLlil PHHKY
npari, [0 MOJIAraloTh B! aKTHBi3allil €eKOHOMIYHOI AISUTBHOCTI Cy0’€KTIB TOCIOMAPIOBAHHS SK JUKEPENna BATIOTHUX HAAXOMKEHb Bil
HAQJIaHHA OCBITHIX IOCIYT 1HO3EMIISIM; 3pOCTaHHI pe3yJbTaTy MDKraly3eBUX 3B'SI3KiB MiANPUEMCTB, IO BHPOOJSIOTH CYMyTHI Ta



http://www.if.gov.ua/files/2%20МЕТОДОЛОГ_Я%20СЕА.pdf
http://cyberleninka.ru/article/n/regionalnaya-sotsialno-ekonomicheskaya-sistema-kak-sistema-prostranstvennogo-vzaimodeystviya-potrebiteley-resursov-territorii
http://cyberleninka.ru/article/n/regionalnaya-sotsialno-ekonomicheskaya-sistema-kak-sistema-prostranstvennogo-vzaimodeystviya-potrebiteley-resursov-territorii
https://doi.org/10.1016/j.proeng.2013.03.209
https://doi.org/10.1016/j.jinteco.2015.10.007
https://sites.hks.harvard.edu/m-rcbg/Conferences/us-eu_relations/boeri_us_european_trends.pdf
https://sites.hks.harvard.edu/m-rcbg/Conferences/us-eu_relations/boeri_us_european_trends.pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.30837/2522-9818.2019.8.121
https://doi.org/10.30837/2522-9818.2019.8.121
mailto:iastremska.o@gmail.com

ISSN 2522-9818 (print)
CyuacHuii cman HayKkogux 00criodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 1 (11) ISSN 2524-2296 (online)

JOJIaTKOBI MOCTyr; (OpMyBaHHI JOJATKOBOTO PHHKY 30YyTy A IOCTa4aJbHHUKIB NPOAYKLIi Ta MOOYTOBOTO OOCIyrOoBYBaHHS
HaceJIeHHs, PO3IIMPEHHI acCOPTUMEHTY Ta IJBHINCHHI BHMOT IOJO SIKOCTI TOBapiB 1 IOCIYT, IO CTUMYJIIOE CTBOPEHHS HOBHX
po6oUNX MiCIlb; MiIBUIIEHHI SKOCTI poO0Y0I CHIIM 32 paxyHOK YIPOBA/UKEHHS HOBITHIX TEXHOJIOTIH HaBYaHHS, HAIXOMKEHHI KOLITIB
y iHGpacTpyKTypy raiy3i OCBiTH. BHUsBIEHO OCHOBHI HalpsSMH KOPHUTYBAaHHS iICHYIOWHX HETaTUBHUX TEHJCHIH 100 €KOHOMIUHOI
aKTHBHOCTI Ha pPHHKY IIpali: MiATPUMKA MiCIEBUX BHPOOHMKIB, 3a0e3nedeHHs HeoOXimHOI Kamigikamii pobouoi cmmm y
BIZIMOBIZHOCTI O BHMOT PHHKY, PIBHOMIPHHMI pPO3BHUTOK PETiOHIB Ta CTBOPEHHS HAIEXKHOI iHPPACTPYKTYpH OCBITH, sIKa 3[4aTHA
3a0e3medyBaTi PUHOK Ipalli (axiBIsIMHU BiAMOBIIHOI SKOCTI Ta KOMIIETCHTHOCTEH. BHCHOBKHM. Y BH3HAU€HHS MOHATTS OCBITHBOTO
Typu3My JOLIIBHO BpPaxoBYBaTH MeTy MepeOyBaHHs, 301IbLIYBaTH TEPMiH Bi30BOI MIATPHUMKH Ta HAIaTH MOXIIUBICTH OCBITHIM
TypuUCTaM 3aliMaTHCS €KOHOMIUHOIO MisUTBHICTIO IUII OTPHMaHHSA ocoOuCTOro moxony. B mpomeci peamizaiii OCHOBHHX eTamiB i
3aXO0JiB 3 aKTUBI3allil pUHKY Ipalli JOIJILHO BPaXOBYBAaTH OCHOBHI PMHKOBI MYJIBTHIUTIKaLiifHI eeKTH, SKi CTBOPIOIOTHCS B IPOIIEci
OTPUMaHHS OCBITH. B [KOCTI TOJIOBHMX HampsMIB aKkTHBi3amii pHUHKY Npami CiliJ BUKOPHCTOBYBATH EKOHOMIYHY HiITPHMKY
MIANPHUEMIIIB, MiIBUITYBATH KBaTi(iKaliro poOoY0i CHIIM 3aBISKH IiIBUIICHHIO SKOCTI HA0YTTS OCBITH y 3aKjajax BUINOI OCBITH Ha
OCHOBI TPAANIIIHHAUX Ta eKCKIIO3NBHUX IIPOTPaM HaBUAHHS.

KnrouoBi cioBa: OcBiTHIM Typu3M; PUHOK Ipalli; aKTUBi3allis; MDKKYJIbTYpHE CEpEIOBHUINE; HOBITHI TEXHOJOTIi HaBYaHHS;
PHUHKOBI MyJIbTHILTIKALiHHI e(heKTH.

OBPA3OBATEJIBHBIN TYPHU3M KAK OCHOBA POCTA DKOHOMHMYECKOH
AKTUBHOCTH PBIHKA TPYJA

O0BbeKTOM HCCIIeIOBaHUS SBISIETCSI 00pa30BAaTEIbHBIN TypH3M KakK CIIOXKHOE COLHaNbHO-3KOHOMHUecKoe siBieHue. IIpeamerom
HCCIIEAOBAHNS SBIIIOTCS HAYYHO-TIPAKTHYECKHE OCHOBBI, COCTOSIIHE U3 TEOPETHYECKHX IOJIOKEHUH (QyHKIIMOHUPOBAHUS
00pa3oBaTeNBHOTO TYypU3Ma U METOANYECKOro oOeCHUeHUs BIMSHHS 00pa30BaTebHOIO TypH3Ma Ha aKTHBU3ALHUIO PBIHKA TpyJa C
Y4eTOM €ro COBPEMEHHOIO IIOJOXKEHHMS M 3aKoHojaTesbHOro obecreyeHus. Ileab — ycoBeplIGHCTBOBaHHME HOHATHIHO-
KaTeropHajJbHOTO amnmapara o0pa30BaTeNBHOIO TypH3Ma M pa3paboTka HAyYHO-TPAKTHYECKUX IPEUIOKEHHH Ul aKTUBH3AIUN
PBIHKA TPYJa C YIETOM CYIIECHBYIOIINX TEHICHIIMH PO3BUTHS 00pa30BaTEIbHOIO TypH3Ma. 3agauu: Ui JOCTHKEHHS TIOCTaBJICHHOM
LIETIM B CTAThe ITOCTABJICHO M PEIICHO TaKKe OCHOBHBIC 3aJa4M: aKTyaJIN3UpOBaTh OIpe/ieNieHHe MOHATHS "00pa3oBaTeIbHbIH TypHu3M"
C Y4€TOM CYIIECTBYIOIIUX OCOOCHHOCTEH ero pasBUTHS; NMPEATIOKUTh OCHOBHBIE 3TAIbl 00ECIEUCHUs] aKTHBU3ALUK PhIHKA TPyJa €
y4eToM 00pa30BaTeNbHOTOTYpH3Ma M ONPEAETHTh ITIaBHBIC HAINIPaBICHUS ero akTuBu3anuu. Metoabl. TeopeTHko-TpaKTHIECKU
aHamM3 paboT CIENUATUCTOB B 00JacTH 00pa30BaTeIbHOTO TypH3Ma M (YHKIIMOHHPOBAHHS PBHIHKA TpyAa AOoKa3asl HEOOXOAMMOCTh
HCTIONB30BAHUA TAaKHX METOJOB HCCIENOBAaHMSA: MOHOTpa)Mueckoro, aHalW3a M CHHTE3a, CTPYKTypHO-JIOTHYECKOTO METOja,
CHCTEMHOTO IIOJXOZa, TeopeTH4yeckoro o0oOmenus. I[lomydeHHble pe3yabTaThl. [Ipeyio)keHO ONpenensaTh IOHATHE
"oOpa3oBaTeNbHEId Typu3M" C Y4eTOM pa3IWYHBIX (OPM IKOHOMUYECKOH AaKTUBHOCTHI, CpPOKa HPEOBIBAHUSUISL IOTyYCHUS
0o0pa3oBaHusl, BO3MOYKHOCTH OCYLIECTBIIATh OIUIAYMBAEMYIO JAESATENBHOCTH, YTO IIOBBICHT OOOCOBAaHHOCTH MPEUIOKESHHUH
paboronaTeneii as onpeseneHus ocoOeHHOCTelH pabounx MecT Ha pbIHKe Tpyza. C y4eToM YTOUHHHOTO OIIPESNICHHS IIPEIIOKEHbI
OCHOBHBIE STambl M MEPONPHATHS AKTHBU3AIUH PBIHKA TPyJda, KOTOpPBIE 3aKIFOYAIOTCS B! AKTUBH3AIMKM SKOHOMHYECKOH
JEHTENPHOCTH CyOBEKTOB XO3SIICTBOBAHHMAKAK MCTOYHHKA BAJIOTHBIX NOCTYIUICHHH OT NPEROCTAaBIECHHS OOpa30BaTENBHBIX YCIyT
WHOCTPAHIAM; POCTE pEe3yJIbTaTOB MEKOTPACIEBBIX CBSI3€H MPEANPHUSTHH, KOTOPHIE OKA3bIBAIOT JOMOJHHUTEIbHBIE YCIIYTH;
(hOpMHUPOBaHUH JOMIOTHUTHIBLHOTO PHIHKA COBITA IJISI HOCTABIIUKOB IMPOAYKIUH OBITOBOTO OOCTYKHBAHHS HACEIEHMS, PACIIHPEHUN
accopTHMEHaTa W yBEIWYEHHH TpeOOBaHMII K Ka4yeCcTBY TOBapOB M YCIYI, YTO CTUMYJIMPYET CO3/IaHHE HOBBIX pabOYHMX MECT;
TIOBBIIICHUH KayecTBa paboveil CHIIBI 3a CUET BHEAPEHHs HOASHIINX TEXHOJIOTHH 00y4YeHHs, MOCTYIUICHUH CPEJCTB Ha paclIMpeHHe
nHppacTpykTypsl chepbl oOpasoBaHus. BBISBICHB! T1aBHBIE HANpaBiIeHHUs U3MEHEHHs CYIIECTBYIOIIMX HETaTHBHBIX TEHICHLUH B
9KOHOMHMYECKOM aKTMBHOCTH pBIHKAa TpyJa: TIOJJIEp)KKa pPErHoHaJbHBIX IPOM3BOJUTENCH, oOOecreueHne peioouel CHITon
HEOOXOIMMON KBaNTU(HUKAIIMK B COOTBETCTBHU C TPEOOBAaHMSIMH PHIHKA, PABHOMEPHOE Pa3BUTHE PETHOOB M CO3JaHHE TpeOyeMoi
HHPPACTPYKTYPHI 00pa30BaHUs, CIIOCOOHOH 00ECTIeUNTh PHIHOK TPYy/Aa CIEHHATHCTaMU TpeOyeMOoro KauecTBa W KOMIIETEHTHOCTEH.
BoeiBoabl. B ompenenennn moHATHA 00pa30BAaTENBHOTO TypH3Ma IEI€CO00pa3sHO yUHTHIBATH €N MPEOBIBAHUS, YBEIHUUTH CPOK
BU30BOH ITOJIIEPKKU M 1aTh BO3MOXKHOCTH 00pa30BaTeIbHBIM TYPUCTaM 3aHUMATHCSI SKOHOMHUYECKOH eI TETbHOCTHIO JUIS IOy IeHHUS
JUYHOTO JOXO0Aa. B mpomece peanu3anuu OCHOBHBIX STAaloOB M MEPONPHATHH IO aKTHBU3ALMKM PHIHKA TpyAa ILenecooOpasHo
YUYHUTBIBAaTh OCHOBHBIE PHIHOYHBIA MYJBTHUIUIMKAIIMOHHBIE d((EKTH, KOTOpble BOSHUKAIOT B IPOLECCe MOTydeHUs oOpa3oBaHus. B
KauecTBE TIJIABHBIX HANpaBIEHWH aKTHUBM3AllMM pBIHKA TpPyJda CleIyeT OCYHIeCTBIATh SKOHOMHUYECKYI0 MOAJCPIKKY
MpeANpUHUMATENel, MOBBIIIATh KBaMM(UKauio paboyell CHUIIBI HA OCHOBE IOBBIIICHHUS KauecTBa 00pa30BaHMs B BBICIINX Y4eOHBIX
3aBEJICHUSIX HAa OCHOBE TPAANIMOHHBIX U SKCKIIIO3UBHBIX IIPOTPaMM 00ydeHHSI.

KnroueBbie cjioBa: 00pa3oBaTeNbHBIM TypH3M; PHIHOK TPy/a; aKTHBU3aLMs;, MEXKYIbTypHas Cpela; HOBEHIINEe TeXHOIOTHH
00y9eHNsT; pHIHOYHBIE MYyJIbTUILIHKAIINOHHEIE () (EeKTHI.
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L. AVERYANOVA, V. STARENKIY

ANALYSIS OF RADIATION THERAPY EQUIPMENT STATUS IN UKRAINE

The subject matter of the article is review and analysis of existing radiation treatment technologies, availability and efficiency of use
of modern radiotherapy equipment in regions Ukraine according to European radiotherapy development trends. The goal of the work
is to analyze the current status of radiotherapy equipment in Ukraine and to find the ways for extension of its use. The following tasks
were solved in the article: the analysis of distribution of radiotherapy machines in Ukraine, estimation of current number of
radiotherapy machines per million people for all regions and needs of radiotherapy centers of Ukraine in high precision conformal
treatment machines. The following methods used — documentary data analysis, comparison and summarizing. The following results
were obtained — estimated that according to requirements of IAEA that necessary number of megavoltage treatment machines in
Ukraine should be near 200. Use of 90 machines covers only 45% needs of Ukrainian population in radiation treatment. According to
DIRAC data 61 of 65 Co-60 machines in Ukraine are used during more than 20 years, Co-60 sources in 23 these machines now have
Dose rate less than 0.4 Gy/min and must be replaced urgently. Conclusions: The main actual aspects of technical status of equipment
for External-beam radiation therapy in Ukraine were discussed. Existing radiotherapy facilities were analyzed from the point of view
of real needs and possibilities of Ukrainian radiation oncology. As a conclusion, the results of this analysis demonstrate a significant
heterogeneity in the access to modern radiotherapy equipment in different regions of Ukraine. The qualitative analyses of used
radiotherapy equipment demonstrate its significant technical backwardness. The results of this analysis may be used as technical

recommendations for improvement of radiotherapy facilities in Ukraine.
Keywords: external beam radiation therapy; megavoltage machines; linac.

Introduction

Radiation therapy is one of the most complex and
technologically equipped branches of medicine. The high
energy radiation sources are successfully used for
destroying or slowing of tumor growth. Approximately
half of all patients with cancer worldwide should receive
radiotherapy. However, more than 2 million people are
unable to access it because of a lack of Radiotherapy
megavoltage machines (MVM) [1]. So the necessity of
use of MVM is only rises year by year. According to
cancer incidence worldwide trends the World Health
Organization (WHO) assumed that it may increase by a
further 1.2 million new cases per year by 2030, pushing
the annual incidence to more than 23 million [1-3]. Such
morbidity causes huge pressing on economics and
increases social burdens in any country. So improving the
effectiveness  of  therapeutic  technologies  allow
significantly limit the negative effects of cancer incidence.
That’s why monitoring of state of radiation therapy
technological capacities and in-time upgrading of high-
energy radiation equipment become very significant
challenges for providing effective oncology medical care.
They even may be used as index for evaluation the level
of economic, social and innovation positions of any
country of the world [4]. The direct correspondence exists
between availability and efficiency of use of modern
radiotherapy equipment and level of scientific and
technical development and socioeconomic conditions [5].

Analysis of last achievements and publications

The situation with the providing of radiation therapy
technologies in 206 countries is constantly monitored by
the IAEA [6, 7]. The results of annual registering of IAEA
are shown in database Directory of Radiotherapy Centres
(DIRAC), which includes data not only on teletherapy
machines, but also on sources and devices used in
brachytherapy, and on equipment for dosimetry, patient

dose calculation and quality assurance etc. DIRAC is a
powerful tool that can be used for different types of
analyses: to assess existing infrastructure in radiotherapy,
plan new radiation oncology centres and extract
performance and quality indicators related to radiotherapy
services.

A megavoltage teletherapy machine MVM is defined
as either a clinical linear accelerator of electrons (photon
beam energy ranges from 6 to 18 MeV) or radionuclide
Cobalt-60 machine (mean y-radiation energy is 1.25
MeV). Clinical linear accelerators or LINACs are
radiation treatment devices that accelerate electrons using
electromagnetic fields to a required energy, transform the
energy of electrons to high-energy bremsstrahlung to
deliver radiotherapy. Radionuclide treatment machines
have internal gamma-ray emitting source for use in
radiotherapy. Both machines are used for external beam
radiation treatment or teletherapy, where Source-to-
Surface Distance may be 0.8 m or 1 m.

According to [7] there are 14 217 teletherapy MVMs
in use worldwide now. In some high developed country
particle accelerators are also used for external radiation
treatment. They accelerate hadrons (heavy particles such
as protons and carbon ions) using electromagnetic fields
to high energy beams (60 - 250 MeV for protons and 350-
400 MeV for carbon ions), useful for medical purposes.
Particle accelerators produce the best therapeutic effects
but this equipment is huge and very expensive as for
general use. Thus now only 116 proton-ion accelerators
are used, mostly in USA (56 acc.) and Japan (21 acc.).

Radiation Therapy Equipment market worldwide is
projected to grow by US$3.5 Billion, driven by a
compounded growth of 6.2%. External Beam Radiation
Therapy displays the potential to grow at over 6.3%
[8]. The leading MVVMs manufacturers are Varian Medical
Systems (USA) and Elekta (Sweden).

According to DIRAC data [7] availability of MVM
estimated as Number of Radiotherapy Machines Per
Million People, which is significantly varies for groups of
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countries with different income (table 1).

Table 1. Data on radiation therapy facilities contained in the DIRAC database [7] according to countries income

IncomeGroup Countries C°“F‘“‘°s RT centers ;Eaz:l Ir?\?l.l.?:; X RT Mill?on Linac n%?:tlji:;: Clecotas Particle

with RT population. machines population teletherapy accelerator accelerator
Grand Total 206 151 7495 1,921 14449 7521 12302 2018 13 116
High income (H) 71 &0 4473 7.740 91 177 8696 297 1" 107
Upper middle income (UM) 6 45 2270 1,509 4023 2670 2903 1116 1 8
Lower middle income (LM) 46 33 726 0428 1273 2973 684 588 0 1
Low income (L) 32 12 20 0,049 34 700 16 17 1 0

The Western European average number of MV
machines per million inhabitants is 6.875 MVM, for
Eastern Europe respectively 2.775 MVM [7]. The survey
[9] showed a significant heterogeneity in the access to
modern radiotherapy equipment. High income countries
especially in Northern-Western Europe are well-served
with radiotherapy resources, other countries are facing
important shortages of both equipment in general and
especially machines capable of delivering high precision
conformal treatments Intensity-Modulated Radiation
Therapy (IMRT) and Image-Guided Radiation Therapy
(IGRT) [10]. Information about equipment
for IMRT and IGRT was available for 26 countries; 69%
MVMs were equipped for IMRT and 49% for
IGRT. There was 96 dedicated stereotactic radiotherapy
(SRT) or radiosurgery (SRS) units in 13 Western
European countries [9].

For countries with Low income (0.049 MVM/mlIn)
and Lower middle income (0.428 MVM/mIn) radiation
treatment often is unavailable for their inhabitants. So for
these countries it’s very important to choose optimal
conception for step by step growth of their radiation
therapy facilities by taking to account evaluation of their
real economic conditions [11, 12]. For large-territory
countries geographic accessibility to radiotherapy also
should be estimated [13].

According to IAEA recommendations the number of
radiotherapy megavoltage machines (MVMs) required to
meet the global cancer demand was calculated by
estimating that 500 courses would be performed on each
MVM per year in LMIC. Given the likely higher
complexity of treatments in HIC, 400 courses per MVM
per year were estimated for these countries [1].

Highlight of the earlier unresolved parts of the general
problem. Aim of the study

Despite having general information presented by
DIRAC [7] the deep analysis of problem of availability
and estimation technological level of Radiotherapy MVM
in Ukraine is insufficient [5, 14]. The imPACT mission’s
experts, nominated by the IAEA and WHO to audit
Ukraine in 2019, pointed that access to quality diagnostic
and therapeutic radiation medicine services in the public
sector in Ukraine needs to be improved [15]. The aim of
this study is to analyze the current status of radiotherapy
equipment in Ukraine and to find the ways for extension
of its use. Such analysis can help to equalize access to
radiation treatment among regions of Ukraine.

Materials and methods

The current study includes a detailed analysis of
radiotherapy equipment based on Data collection of
DIRAC, fact-finding the data of country profile, 5-year
retrospective analysis of status of radiotherapy equipment
in Ukraine. The following methods are used: documentary
data analysis, comparison and summarizing.

Study results and their discussion

Availability of Radiotherapy equipment.

Ukraine is classified by DIRAC IAEA as Low
Middle Income country with level of availability 2.14
EBRT machines per 1 million of population (fig.1). Is this
enough? According to GLOBOCAN 2018 data number of
new cancer cases in Ukraine reached 169 817 and among
them 60% (near 100 000 cases) need radiotherapy [3]. As
IAEA recommended for LMIC [1] the capacity of one
MVM should be near 500 treated patients per year. Thus
desired number of MVMs in Ukraine should be near 200.
In fact 90 MVMs are used in Ukraine now (fig. 2). It
means that radiotherapy may be available only for 45% of
Ukrainian cancer patients.

The capacity of MVMs in Ukraine is significantly
different: between 200 and 1000 treated patients per one
linac and between 400 and 2000 per one Co-60 machine.
It is evident that some MVMs worked with considerable
overload, however, thanks to the efforts of our excellent
specialists, 42 312 Ukrainian patients received radiation
treatment during 2019. These results confirmed that
approximately 45% of the demand in treatment was
satisfied, but technical reserves of MVMs have been
exhausted. Unfortunately, near 55% of Ukrainian patients
did not receive radiation treatments as required by
international protocols of cancer treatment.

Next challenge for Ukraine is loss of control of 17%
of its radiotherapy equipment in part of territory which is
occupied since 2014 due to Russian aggression. As shown
on fig.1 real availability of MVMs in Ukraine is worse
than DIRAC represented. The lack of lost equipment (17
Co-60 machines and 2 linacs) is compensated by the
overload of 71 available Ukrainian MVMs.

The territorial distribution of MVVMs is shown on fig.
1. Number of Radiotherapy Machines per Million People
in  Ukrainian regions was calculated based on
the data of State Statistics Service of Ukraine on the
population of Ukraine and DIRAC data. The figure
shows that at least 5 oblast of Ukraine are equipped
with MVVMs worse than countries of IAEA North Africa



https://www.sciencedirect.com/topics/medicine-and-dentistry/intensity-modulated-radiation-therapy
https://www.sciencedirect.com/topics/medicine-and-dentistry/image-guided-radiation-therapy
https://www.sciencedirect.com/topics/medicine-and-dentistry/stereotactic-radiotherapy
http://www.ukrstat.gov.ua/

108

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

Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

Region. Average number of MVMs in Ukraine is
less than in IAEA Eastern Europe and Northern
Asia Region. The results of this analysis demonstrate a
significant ~ heterogeneity in  the access to
modern radiotherapy equipment in different regions of
Ukraine.

The drop of MVMs number after 2015 (fig. 2) may
be explained by the decommissioning of obsolete Co-60
machines. Therefore, the need for a significant

increase in the number of MVMs is an urgent problem in
Ukraine.

Radiotherapy equipment age

According to DIRAC data 61 of 65 Co-60 machines
in Ukraine are used during more than 20 years, at that 27
eldest of them must be replaced immediately (marked by
dark red on fig. 3).
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Fig. 1. Number of Radiotherapy Machines per Million People in Ukrainian oblast (DIRAC IAEA, 2018)
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Fig. 3. Status of Radiation therapy Equipment in Ukraine according to age categories (2019) and appropriate working Radiotherapy
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Ratio ""Linacs to Co-60 machines""

Linac-based and Co-60-base technologies are
different in infrastructure and maintenance, dosimetry,
shielding requirements, staffing, costs, security, patient
throughput and clinical use [16]. In clinical use, more
complex treatment techniques are easier to achieve with

linacs. Linac-based technologies are more flexible,
controlled and secure. That’s why High income countries
seek for total replacement of Co-60 units by linacs
(fig. 4, 5).

As for low- and middle-income countries there is no
simple answer to the question what is more preferable for
radiotherapy — Co0-60 machines or linacs? In fact a
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combination of both technologies may be proposed for

low- and middle-income countries.
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Fig. 4. Ratio "Linacs to Co-60 units" for Western Europe, Eastern Europe and Northern Asia and Middle East IAEA Regions
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Fig. 5. Ratio "Linacs to Co-60 units" for countries comparable to Ukraine on population

As shown on fig. 4 qualitative ratio "Linacs to Co-60
units” for IAEA region Eastern Europe and Northern Asia
is 36% to 64%. Among 406 Co-60 units used in all this
region 237 machines are in Russia (58%), 65 machines in
Ukraine (16%), 30 machines in Kazakhstan (7%). This
fact proves that the largest post-Soviet countries continue
to use many old soviet Co-60 machines and replace them
on linacs very slowly. Both Russia and Belarus have 53%
of Co-60 units, Kazakhstan — 67% and Ukraine — 72%, so,

unfortunately, here Ukraine shows the greatest backlog. It
indicates significant technological problems in Ukrainian
radiation medicine.

Fig. 5 demonstrates essential differences of ratio
"Linacs to Co-60 units" among countries comparable to
Ukraine on population (near 40 million inhabitants).
Ukraine has almost three times fewer radiotherapy
machines than in Canada and Spain. The qualitative ratio
"Linacs to Co-60 units" for Ukraine in comparison with
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these countries seems catastrophic. But Ukraine is so
unique country which continues to keep existing level of
radiotherapy technologies with GNI 5 time less than in
Poland. It's clear that further progress of Ukraine in area
of radiotherapy is impossible without appropriate
economic growth.

Level of Co-60 sources activity

Considering that Co-60 machines are the most
prevalent in Ukraine, an important issue is to control the

activity and dose rate of Co-60 sources that have a decay
half-life time of 5.27 years. It’s known [17] that if Co-60
source Dose rate became less than 0.4 Gy/min, this source
need to replace and it can’t be used more for radiation
treatment. According to information collected by Central
Laboratory of Radiation Safety and Medical Dosimetry
Equipment, Grigoriev Institute for Medical Radiology
NAMS of Ukraine and reported by Head of laboratory Dr
.L. Stadnyk, Co-60 sources in 23 Ukrainian treatment
machines now have Dose rate <0.4 Gy/min and must be
replaced urgently (fig. 6).

Dose rate -
0.41-0.46
Gy/min ; 7;

11%

Dose rat
<0.4 Gy/min
- need to
replace the
Co-60; 23;
35%

Acceptable
activity of
Co-60; 35;

54%

Fig. 6. Results of estimation Co-60 source Dose rate for Co-60 machines used in Ukraine (2019)

It’s 35% of total number of MVMs in Ukraine. So,
this fact is the reason for immediate source reloading in
modern Co-60 machines, but no sense to reload old
machines (fig. 3) because of their unreliability and
technical backwardness.

Conclusion and perspectives of further development

The main actual aspects of technical status of
equipment for External-beam radiation therapy in Ukraine
were discussed. Existing radiotherapy facilities were

analyzed from the point of view of real needs and
possibilities of Ukrainian radiation oncology. As a
conclusion, the results of this analysis demonstrate a
significant heterogeneity in the access to modern
radiotherapy equipment in different regions of Ukraine.
Use of 90 MVMs covers only 45% needs of Ukrainian
population in radiation treatment. The quantitative
analyses of used radiotherapy equipment demonstrate its
significant technical backwardness. The results of this
analysis may be used as technical recommendations for
improvement of radiotherapy facilities in Ukraine.
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AHAJII3 CTAHY PAJIOTEPAIIEBTUYHOI'O OBJIAJTHAHHSA B YKPATHI

IIpeameToM mOCTiKEHHS B CTATTi € OTJIAI Ta aHANI3 ICHYIOUMX PaJiOTepaneBTHYHUX TEXHOJIOTIH, TOCTYMHOCTI Ta €eKTUBHOCTL
BUKOPUCTAHHSI CYYacCHOTO paliOTepaneBTHYHOrO oONaJHAaHHA B perioHax YKpalHM y BIANOBIAHOCTI 3 TEHICHISIMH PO3BUTKY
npoMeHeBoi Teparmii B €Bponi. Mera po0oTH — aHali3 HOTOYHOIO CTaHy PalioTepaneBTHYHOrO o0ONajHaHHA B YKpaiHi, BUSBICHHS
LUIIXIB PO3LIMPEHHS HOro 3acTOCYBaHHS. B CTaTTi BHPIIIyIOThCS HACTYIHI 3aBAAHHS: aHAJi3 PO3MOAUTYy paXioTepaneBTHYHUX
amapaTiB B YKpaiHi, BU3Ha4€HHsI KUIBKOCTI pajioTepaleBTHYHUX anapaTiB Ha MITBHOH HAaceNeHHs A BCiX oOnacteil Ta motped
pagioTepaneBTHYHUX IEHTPIB YKpaiHM y BHCOKOTOYHMX arapaTraXx KOH(OPMHOTO ONpOMiHEHHS. BHKOpPHCTOBYIOTBCS Taki MeTOMM:
aHami3 JOKYMEHTAIBPHHX JAHHX, NOPIBHSAHHS, y3aranbHeHHsA. OTpHMaHO HACTYNHI pe3yJbTATH: PO3PAXOBAHO, IIO BiAMOBITHO 1O
Bumor MATATE, HeoOximHa KUTBKICTh METaBOJNBTHHX pPAamiOTEpAlleBTHYHUX amapaTiB B YkpaiHi mae Oyt Ommspko 200.
Bukopucranns 90 anapariB mokpusae nuie 45% mnotped HaceneHHsT YKpaiHu B TpoMeHeBoMy JikyBaHHI. 3a mannmu DIRAC 61 3 65
maumH Co-60 B YkpaiHi BUKOPUCTOBYIOThCS mpoTsiroM moHan 20 pokis, mxepena Co-60 y 23 nux MmamvHax 3apa3 MaiTb 103y,
menmy, Hix 0,4 I'p / xB, 1 X HeoOXiTHO TepMiHOBO 3aMiHMTH. BHCHOBKH: OOTrOBOpPEHO aKTyanbHi aCIEKTH TEXHIYHOTO CTaHy
obnasHaHHs Ui IpOoMeHeBoi Teparil B YkpaiHi. IcHyIoui 3acoOu npomeneBoi Teparrii OyJii mpoaHai30BaHi 3 TOUYKU 30pY PEATbHUX
noTped Ta MOXIMBOCTEH YKpalHCBKOi pajialiiiHOi OHKoJOTii. SIK BHCHOBOK, pe3yJbTaTH IbOrO aHaNi3y AEMOHCTPYIOTh 3HAUHY
HEOJHOPIAHICT JOCTYIy JO Cy4YacHOTO paAiOTepaneBTUYHOTO OONaJHAHHA B pI3HMX perioHax YkpaiHu. SkicHuit anami3
BHKOPHCTAHOTO Pa/iOTEPaneBTHYHOrO 00JaJHAHHS CBIYMTH TPO IOro 3HA4YHY TEXHIUHYy BiICTalicTh. Pe3ynpTaTH LOTO aHami3y
MOXYTb OyTH BUKOPHCTaHI SIK TEXHIYHI peKOMEH/allil o/10 BAOCKOHAJICHHS PafioTeparneBTUIHIX yCTAaHOB B YKpaiHi.
Kniwouogi ciioBa: mpomMeHeBe JTiKyBaHHs 30BHIIIHIM ITyYKOM; METaBOJIBTHI alapaTty; JTiHIHHIA TPUCKOPIOBAY.
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AHAJIN3 COCTOSAHUSA PAIMOTEPAITIEBTHYECKOI'O OBOPYJIOBAHUS B
YKPAUHE

IIpeameToM nccnenoBaHus B CTaThe SBISETCS 0030p U aHATN3 CYLIECTBYIONIUX PAANOTEPANIEBTHUECKUX TEXHOIOTHH, JOCTYTHOCTH
3¢ (HEKTUBHOCTH HCIIOIB30BaHUA COBPEMEHHOIO PaJMOTEPAIeBTHYECKOr0 000pYIOBaHUS B PErHOHaX YKPaHHBI B COOTBETCTBHH C
TEHJCHIMAMH DPa3BUTUS TydeBod Tepamuu B EBpome. Ileab paboThl — aHaNmu3 TEKYILIETO COCTOSHUS PagHOTEpaneBTUYECKOro
obopynoBaHnsl B YKpawHe, BBIABICHHE IMyTel paclIMpeHHs ero NpHMEHEeHWs. B craTbe pemrarorcsi ciemyroniue 3ajadM: aHaiu3
pacnperneneHus paguoTepaneBTHUSCKUX allapaTtoB B YKpaWHe, ONpeAeNeHHe KOJIMYEeCTBAa PagHOTEepalleBTHUECKUX allapaToB Ha
MHJUTHOH HacelIeHUs JUIs BceX o0iacTeil M moTpeOHOCTel paluoTepaleBTHIECKHX IEHTPOB YKpaWHBI B BEICOKOTOYHBIX amIiapaTax
KoH(opMHOTO 00mydeHHs. Mcrone3yroTcs clemyrone MeTOoAbl: aHamnu3 JOKyMCHTAJIbHBIX JaHHBIX, CpaBHEHHE, 000OIIeHHe.
[lonmydens! ciemyromue pe3yJbTaThl: PaCCUUTAHO, YTO B COOTBETCTBUH c TpeOoBaHMIMH MAI'ATD HeoOxoammoe KOJIHYECTBO
METaBOJIbTHBIX PAJHOTEPANEeBTHYECKUX aNNapaToB B YKpauHe AODKHO OBITH okono 200. Mcnonb3oBanue 90 ammapaToB MOKPHIBACT
b 45% norpebHOCTEll HaceneHus YKpauHbl B JiydeBoM JsiedeHud. Ilo nanusiM DIRAC 61 u3 65 mammu Co0-60 B Vkpaue
UCTIONB3YIOTCs B TeueHue Oomee 20 set, uctounnku Co-60 B 23 3THX MalllHAX ceifuac UMEroT 103y, MeHble, uem 0,4 I'p / MuH, 1 ux
HEOOXOIMMO CPOYHO 3aMEHHUTh. BBIBOABI: 0OCY)XHAINCh AaKTyaJbHBIE ACIEKTHl TEXHHYECKOTO COCTOSIHHS OOOpYHOBAaHHS JUIS
Iy4eBoi Tepanuu B YkpanHe. CymIecTBYIOIIHE CPEICTBa Jy4eBOH Tepamuy ObUIM NMPOAaHAIM3UPOBAHBI C TOYKH 3PEHMS PEasbHBIX
MOTpeOHOCTEH M BO3MOXKHOCTEH YKPaWHCKOW paJHaIlliOHHON OHKOJIOTHH. Kak BBIBOX, pe3ysIbTaThl STOTO aHAIN3a JEMOHCTPUPYIOT
3HAYUTENILHYI0 HEOJTHOPOIHOCTh IOCTYIIa K COBPEMEHHOMY paJHoTepaneBTHUECKOMYy 000pYIOBaHHUIO B Pa3HBIX PErHOHAX YKpaWHEbL.
KauecTBeHHBIH aHAIN3 UCIIONIB3yEMOT0 PaJHOTEPAeBTHIECKOT0 000PyI0BaHUS CBUICTENBCTBYET O €r0 3HAYUTEIbHON TeXHUIECKOi
OTCTANOCTH. Pe3ympTaThl 3TOr0 aHamM3a MOTYT OBITH HCIOIBb30BAHBI KaK TEXHHUECKHE PEKOMEHJAUH 10 COBEPIICHCTBOBAHMIO
paauoTepaneBTUUECKON yUpeKIeHUH B YKpauHe.
KirodeBble cj10Ba: TydeBoe JI€UCHNE BHEIIHIM ITyYKOM; METaBOJIBTHBIC alIapaThl; THHEHHBII yCKOPHUTEIb.
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I. B. 3AXAPOBA, B. O. PosHOB, O. M. CEPEHKO

TEOPETHUYHI JOCJ/IUKEHHS TA IIPAKTHYHA PO3POBKA ITPOLHECY
AYT'OBOI'O HAITMJIEHHSA 3 ITYJIBbCYIOYUM PO3INIIOBAJIBHUM ITIOTOKOM
IMOBITPA 3 METOIO HNIIBUIHEHHA AKOCTI IIOKPUTTIB

IIpeameroM IOCTIKEHHS € 1HTCHCHBHE OKHUCIICHHS METaly, AKUH pO3MUIIOETHCS B MPOLIEC] TyrOBOi MeTai3alii, 3a paXyHOK KHCHIO
MOBITPsI, L0 NPU3BOAUTH 10 3HAYHOTO 3MEHIIEHHS BMICTy JIETYIOUHX €JIEMEHTIB B IOKPUTTI 1 BIANOBIIHO MOTIpIIy€e SKICTH
HamWILHOTO Imapy. LlpboMy NuTaHHIO MPUIUISUIM yBary i iHIIN aBTOpU HAYKOBHUX ITyOmiKallii, sSKi MPONOHYBalId BUKOPUCTAHHS Tacy,
MIPOTIAHO-TIOBITPSIHOI CyMillli, iHEPTHUX Ta3iB B SKOCTI TPAHCIIOPTYIOYOTO Trasy, ajie Ii pIlleHHS NPHBOIWIM 1O 3HAYHOTO
MOZOPOXKYAHHS TPOIIECY TyroBol MeTaii3amii, i JacTile 3a Bce He Mald KiJIbKICHAX PO3paxyHKIB BIUIMBY Ha SIKICTh MOKPHTTIB 200
HOCHJIM TIPHOSIM3HUH XapakTep. MeTo1o po6oTn Oy0 BHOpaHO OOTPpYyHTYBaHHS MiABUIEHHS SKOCTI MOKPHUTTIB 32 PaXyHOK 3HIKECHHS
HETaTHBHOTO BIUIMBY KHCHIO IOBITPS IpW AYTOBiH MeTaii3amii IUITXOM 3aCTOCYBaHHS ITyJbCYIOUOTO PO3MIIIOBAIGHOTO ITOTOKY
MOBITPS. 3 METOI0 3HIKEHHS OKHCHOTO BIUIMBY ITOBITPSHO-PO3MIUIIOBAIBHOTO CTPYMEHS Ha PIOKHH MeTal eJeKTPOXiB
3alPOIIOHOBAHMIT METO[| IyJIbCYIO4OI 10Jadi MOBITPS B 30HY IUIABJICHHS SNEKTPOAIB IIUIIXOM BBEJICHHS JOJATKOBOTO CJIEMEHTY -
KJIalaHa MyJibcaTopa B PO3IMIIIOBAIBHY CHCTEMY €JIEKTPOLYrOBOI0 MeTalizaTopa. 3aBAaHHAM JIaHOI CTaTi SBIAEThCS BH3HAYCHHS Ta
BUOIp KOHCTPYKLIl HPHUCTPOI0 — KJalaHa IyJbcaTopa Ui CTBOPEHHS KEPOBAHOTO IyJBCYHOUOIO PO3MUIIOBAIHHOIO MOTOKY 3
MIEBHUMH IMITyJIbCAMU TIPU AYTOBOTO MeTamizamii. {718 BUKOHAHHS HOCTaBJIEHOTO 3aBOAaHHS B POOOTI BHKOPHUCTOBYBAINCH METOIM
MaTeMaTHYHOTO aHaNi3y 1 NMPaKTH4HI PO3POOKHM — HaBEIEHI JaHi MO HAsBHOCTI IyJbCalliil MOBITPSHOTO IOTOKY 3adiKcoBaHi
ociorpagoM. TakuM YHHOM, TEOpETHYHE OOIPYHTYBaHHsS 3aCTOCYBAaHHS KJallaHa ITyJbCaTopa MiATBEPKEHO NPaKTUIHUMHU
pe3ynbTaTamMu. Ha OCHOBI NpeACTaBIEHOTO aHAJi3y OTpUMaHi pe3yJIbTAaTH, sSIKi JO3BOJIWIN BHU3HAYUTH ONTHUMAaIbHE KOHCTPYKTHBHE
BUKOHAHHS HPHUCTPOIO JUT OTPUMAHHS ITyJIbcamiil, 3a/UI1 MaKCHMaJIbHOTO 3HIKEHHS BIUIUBY IIOTOKY, SIKUH TPAHCIIOPTY€E YaCTHHKHU
(came KHCHIO TIOBITpSl) Marepiany eNeKTPOIiB, SKi PO3MIIIOIOTHCS. BHCHOBKM 11010 poOOTH: BHUKOPHCTaHHS ITyJIBCYIOUOTO
PO3IIITIOBATIBHOTO CTPYMEHS TIOBITPS IPH HAHECEHHI IMOKPUTTIB METOJOM JyroBOi MeTalli3allii, JO3BOJUTH 3MEHIIUTH BHTOPSHHSI
JIETYIOYNX €JIEMEHTIB, TaKWX SK MapraHelb, KPeMHid, 30UIBIIMTH BMICT BYIJICHIO B HAaHECEHOMY MOKPHUTTI, IO BiAMOBITHO
MOKPAIIUTD SKICTh BIAHOBICHUX JCTANCH.

KnrouoBi cioBa: neryrodi eleMeHTH; KUCEHb; IyroBa MeTali3allis; IyJbCYIOUMH IOTIK IOBITpS; €JIEKTPOIM; KJIaraH-
IyJIECATOP; HOKPUTTS; MAaTeMaTHYHE MOJICITIOBAHHS.

Beryn BYTJICBO/HIB BUKOPUCTOBYBAaTH rac [11].
B. E. bapaHoBcbkuM 3aIIPOIIOHOBAHO B SIKOCTI
B nmanuii yac BIZCYTHI CHCTEMHI pIillIeHHs Iog0  TPAHCIOPTYHOUOro ra3dy BHMKOPMCTOBYBAaTH IPOAYKTH

3TOpSIHHA TPOTMaHOMOBITPstHOT cymimi [1, 2, 3]. OxHak B
X poOOTax KUTBKiCHI po3paxyHKH abo BiICYTHI B3araii
[5, 8] abo HOCcsTh MpubIM3HHUN xapaktep [1, 11]. Ile ne
JIO3BOJISIE TTOBHOIO MIpOIO peaiizyBaTh IepeBarn oopaHoi

3ano0iraHHs, NpW JYroBill MeTaji3auii, 1HTEHCUBHOTO
BUTOPSIHHSL 3 METally JIETYIOUMX €JIEMEHTIB I HaCHUCHHs
miapy, 10 HaHOCHThCS, razaMu arMoc(epu. 3a3zHayeHi
MpoIleCH TPU3BOAATH 1O 3MIiHH XIMIYHOTO CKJIAAY,

3HKCHHS KOHIEHTpauil JIETYIOUHX €lIeMEHTIB,  CXEMH.
HAJIMIDHOTO BMICTY OKCHIIB B TIOKPHTTI, IO 3HAYHO Takum 9WHOM, 1T 3HWKEHHSA €()EeKTy BUTOpaHHS
3HIXKYE SIKICTh Ta MPaNe3JaTHICTh BiTHOBICHUX JICTalCH. JICTYI09HUX CJICMCHT1B 3anpoIrOHOBaH1 IPpUHOMHA

BUKOPUCTAHHS B SKOCTI TPAHCIIOPTYHOUOTO CEpEIOBHIIA
pi3HMX cyMiliedl ras3iB, pI3HHX BHJIB KOHCTPYKLIi
po3nmwiIoBabHEX coment. OJHAK MeTa OCATaeThCS 3a
paxyHOK IMiIBUIIEHHS CcOOIBapTOCTI  MOKPHUTTIB 1
YCKIJIaJHECHHS anapatypu i 001aIHaHHS.

ABTopamu, 3a[UIs MiIBUIICHHS SKOCTI MOKPHUTTIB Ta
BUpIMICHHS TPOOJEMH BUTOpaHHS JIETYIOUHMX EJIEMEHTIB
i dYac TPAaHCHOPTYBAaHHS PO3IUIABICHOTO METalIy
CJIEKTPOJIiB ITOTOKOM MOBITPS, 3aMpoIOHOBAHO
MyJIbCYIOYHHA PO3MIITIOBATBHAN IOTIK JUTS BiJIUJICHHS 1
TPAHCIOPTYBaHHS Marepiagy, [0 pPO3MIIETHCS 3
MOBEPXHI TOPIB eJIeKTpoAiB. IIpeacTaBieHo TMpUHIHUI i

3acTocyBaHHS ~ IyJIBCYIOYOTO  PO3IMIIIOBAIBHOTO
CTPYMEHS, 10 PO3TIIIAETHCS B MaHiid poOOTi, JO3BOIUTH
iCTOTHO 3HHM3UTH BUTOPSHHS BYTJEI0 1 JIETYIOUUX
€JIEMEHTIB B  HAHECEHOMY  IIOKPHUTTi, pe3yJbTaTu
JIOCTIKSHB 3 JAHOTO MUTAHHS MPEACTaBIeH] B cTaTTi [9].

AHaJi3 ocTaHHIX J10caifKeHb i myOpikanii

VY cxemax Mpoliecy JyroBOTO MeTalisaiii B SKOCTI
TPAaHCIIOPTYIOUOr0 Tra3y BUKOPHUCTOBYETHCS CTHCHEHE
NOBITpst a00 HeHTpanbHi 1 BIIHOBHI Ta30Bi CyMmimi.
Posnmnenns CTHCHEHUM TIOBITPSIM 3abe3neuye

CTaOUIBHUN PO3NHII METaITy, IO IUIABUTHCS, IIPOTE SIKICThH
MIOKPHUTTS HE Jy’Ke BHCOKA 4Yepe3 BEIMKY KUIBKICTB Mip i
okcuniB [10]. BukopuctaHHs mpH MeTamizamii s
PO3IMIICHHS IHEPTHHX Ta3iB [5, 7] HeTexHONOTiUHE Yepes3
iX BHCOKY BapTiCTh. lIepCIEKTHBHOIO € BHKOPHUCTAHHS
cymimri "CTHCHEHe MOBITPs ByTIeBOAHI".

3a Takoro BapiaHTy IPONOHYETHCS, HATPHUKIAL,
BHKOPHCTOBYBATH B CyMimIi 3 MOBITpsiM MeTaH [§, 4]. ¥V
BHIITYBIJI "Pemumeramp" 3anmpOnoOHOBAaHO B SIKOCTI

po3pobieHo oOnagHaHHA AN OTPUMAHHS KEPOBAHOTO
MyJIbCYIOYOT0 PO3MIIIOBAIBHOTO OTOKY.

KoHCTpyKTHBHO IynbCYIOUMM TpHCTpi  (Hazami
MyJbCaTop) sABISE COOOI0 NWITIHAPUYHHUH KOPIyC 3
BXIJIHUM 1 BHXITHUM MAaTpyOKOM [UI1 TMiIBEIACHHS 1
BUBEJICHHS CTHUCHEHOTO IIOBITpS, BCEPEAWHI SKOTO
BCTAHOBJIEHO BaJl 3 OTBOPOM 1 MO>KJIMBICTIO OOEpPTaHHS.

VY naHiii poOoTi Oyno TpOBEAEHO MaTeMaTHYHUI
aHai3 Ta  MOJAETIOBAHHS  IEPEKPHUTTIB  KiaraHa

© 1. B. 3axapoga, B. O. Posros, O. M. Cepenko, 2020
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myJbcaTopa 1 comia pisHUX (OpPM 3 BHKOPHUCTAHHSIM
nporpamu Mathcad (puc. 1) i mocmimkeHHS IMITyJIBCIB,

1, 2, 3, 4 — TouKH JOTHKY KJIallaHa IIyJibcatopa

OJlepKyBaHUX TPH HPSIMOKYTHOMY IPOXiTHOMY mepepisi
(puc. 5).

Puc. 1. Cxema mo4aTKOBOTO i MOAANBIIOTO MOJI0KSHHS POTAIIHOTO KIIalaHa ImyIbcaTopa

T—-a. T+a, r—a Ir+a,
D=0 P = 1P, = 1P, = )

2 2 2 2

P PPy Py —
BiINIOBiTHO (0 —KYT CETMEHTY C BEpIIMHAMH y Kpamkax 1,
2; | — xopma cermenrty; |, — mar obepranus knanaHa; y —

KyTH MOBOpOTY KJallaHa IyJbcaTopa,

KyT TepeKpurTsi Kauaiy; d — miamerp KkaHanmy, piBHHI

(%

=

IiaMeTpy BXITHOTO Ta BHXIZHOTO OTBOpiB; D —miametp
KIalaHy MyJibcaTopa, IO TEepeKpHBaE BXITHHH Ta
BUXIJTHHUI OTBIp.

3MIHIOIOYM KPOK 1 KyT IIOBOPOTY ITIyJbcaTopa,
BU3HAYAEMO KyT IICPEKPHUTTS IUIOL[ OTBOPIB KIamaHa
myJbcaropa i comia (BXiAHUI 1 BUXIIHUHA OTBIp).

[Mepiuuii BapiaHT OTBOPIB: NEPETUHY "KOJIO - KOJIO".

2h

c-2h
|

¢ — BiICTaHb MiX [EHTPaMHU OTBOPIiB; 2h— BeJMYMHA IEPEKPHUTTS OTBOPIB

Puc. 2. Cxema nepekpuTTs OTBOPIB 3 IepeTHHAMH "KOJIO - KOJIo"

Ha puc. 3 mnpeacraBnenuit rpadik 3MiHH IUIOLI
MepeKpHUTTs pu 000poTi kinamnana 3600. HassHicTs may3u
MIDXK IMITyJIbcaMi 00YMOBJICHO KOHCTPYKIIIEIO COILIA.

1,5

1,0

7(9)

0,5
\

: \ o

2 4 6 8

Puc. 3. I'padik 3MiHH IO TEPEKPUTTS

bynmu noOynmoBani 1 mpezacraBiieHi — rpadiku
3aJIeKHOCTI TUIONII TEPeKpUTTSt h Ta KyTa mepekputrs f3
[pY TOPKaHHI B TOYI 2, puc. 4, 5.

4 L
3
hé) , |
1 4

0. '

2 4 6 8

Puc. 4. I'padik 3a1exHOCT] IO MepeKpuTTs N MpH TOPKaHHi B
Toyli 2 BiJ KyTa 00epTy KianaHa MmyJbcaTopa
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4 4
3 A
B(d) 5
1 4
0 - ¢.
2 4 6 8

Puc. 5. I'padix 3a1exHOCTI KyTa IEpeKpUTTs 3 TP TOPKaHHI B TOUI 2 BiJl KyTa 00epTy KJanaHa IryjbcaTopa

AHanoriyHi po3paxyHKM NpPOBEICHI Ui IHIINX Jpyruii BapiaHT OTBOpIB: TepeTHHy "KOlo -
(hopM OTBOPH KJIalaHa MyJIbCaTOpa i OTBOPY COILIA. KkBazapat", puc. 6.

ibi h
. C c-h _ |

b — posmipu cTopin kBazpaTy; C — M>KOCKOBA BificTaHb; h — IO IEPEKPHUTTSE
Puc. 6. Cxema nepekpuTTs OTBOPIB 3 IIepeTHHaMH "KOJIO - KBaapat"

Tperuii BapuaHT OTBepCTHIA: ceueHus "KBaapaT— KBaapat", puc. 7.

b

— 0

c-h

Hc—ﬂ
b — posmipu cTopin kBagpaTy; C — M>KOChOBA BificTaHb; h — mUIoIIA MEPEKPUTTSE

Puc. 7. Cxema nepekpuTTsl OTBOPIB 3 IepeTHHaMH "KBaapar— KBajapat”

Il1omi TMEepPeKpUTTS s MEPETHHIB pi3HOI (hopMu
npeacTaBieHi Ha rpadikax, puc 8, 9, 10.

604 60 -
ol A wo A
Fi(9) F2@)
20- 20+
o \ ¢ 0+ \ 4
2 K3 6 8 2 A 6 8

Puc. 8. [Tnoma nepexputTs 11t mepeTHHy "Kojo — Koo' Puc. 9. [lnoma nepekputTs A7 HepeTHHY "KOJI0 — KBaapar"
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60 4
40 4
F3(9)
20 -
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2 4 6 8

Puc. 10. [Tnoma nepekputTs Ui IepeTHHY "KBaapaT-KBagpat"

Jlnst 1mux BapiaHTiB  BeJWYHMHA TUTONII  CKJjaja:
nepetu "kono-kono" P, = 92,04 mm?;, neperun "koio-
kBanpar" P, = 46,02Mm?% mepeTHH "KBaapar-KBagpat"
P, =121,6mMm2%

[poBiBmM aHami3, MOXXHa 3pOOHMTH BUCHOBOK, LIO
MaKkCHMallbHa IUIOIA HEPEeKPUTTS XapakTepHa JUIs
BUIIAJKy KBaJpar-KBaJapaT, ajie MpH LbOMY JaHUi BapiaHT
Ma€ CKJIQJIHOCTI KOHCTPYKTUBHOTO BUKOHAHHSI.

B po0oTi TakoX HaBeACHO CKCIICPUMEHTAIbHI
IOCTIDKCHHST  3aJIE)KHOCTI  BUTpATH TOBITpPS  depe3

MPOXiAHUN TIEPEeTUH KJamaHa Iysbcatopa. JlocmimKkeHHs
MPOBOJIMIIKCS 32 IOTTIOMOTOIO TJIACTHHH 1 TeH30IaTYHKA.

Xapaktep 3MiHM IMIYJbCiB BHTpaTH TMOBITpS
HaBe/eHO Ha puc. 11 s qBOX BUMAIKIB (OPMH MEPETHHY
MPOXIIHOTO KaHAITy MyJIbCaTopa.

Xapaktep rpadiuHUX JIHIH KOHTYpIB IMITyJIbCY
BUTpaTH  TOBITPSL  BIJAPI3HSAETBCS  BiJ  KOHTYpIB
(xapakTepy)  IMOYyJIbCYy  TCOPETHYHHX  JIOCIHIIKCHB
BUJly KOHCTPYKTUBHHMX OCOOJIMBOCTEH JIOCBimy, OJHAK
HOCHTh IMIyJICHHH XapakTep BigmoBinHOiI dopmu
[12, 13, 14].

ITpu po3poOIIi TIPUCTPOIO JTOCITI Ky BaTH
e¢(heKTHBHICTh JUHAMIYHOTO HAIMOPY CTPYMEHs 1 (dopMy
IMIYJbCIB B 3aJIKHOCTI BiI TPOXITHOTO TEPETHHY
KaHaJly COTIa MEeTalli3aTopa.

ExcriepuMmenTanbHi  (MPakTU4HI) BHMIpH  (QOpMHU
IMIyJIBCIB 1 AMHAMIYHOTO HAmopy B 3aJeKHOCTI Bij
YaCTOTH 3aiiiCHIOBaIIN METO/IOM BILUIUBY
PO3IMUITIOBAILHOTO CTPYMEHSI Ha METalleBy IUIACTHHKY, Ha
SKil BCTAHOBJIIOBAJIM TEH30/1aTUHK.

CurHami 3 TEH30JaT4yHKa
JIOTIOMOT 010 ociiiorpada, puc. 11.

peecTpyBanu  3a

8

30 I'u. (a), 65 T'u. (6) — kpyruuii nepetu, 40 (), 75 (r) T'u. — npAMOKyTHHIT IEpETHH
Puc. 11. 3MiHE AMHAMIYHOTO HANOPY CTPYMEHS B 3aJI€XKHOCTI BiJl 3aCTOCOBYBAHOTO IIPOXiTHOTO MEPETHHY COILIA 3 YACTOTOIO

ITyJIbCaIlii

Takum 4rHOM, 3 HABEJACHUX OCIHIJIOTPaM BHJIHO, IO
PO3MIJIIOBAIGHUA ~ CTPYMiHb ~ HOCHTh  IIYJIbCYFOUUH
XapakTep 3 YACOBHMU IIPOMIXKKaMH, puc. 11.

Sk mokazanu JOCTiPKEeHHs, 3aCTOCYBaHHS Pi3HOTO
MIPOXiHOTO MIEPETHHY KaHAITy COIUIa JO3BOJISIE€ 3MIHIOBATH
i XapakTep HapoOCTaHHsS caMoro immyJbcy. Ilpu

BHKOPHCTaHHI MPSAMOKYTHOTO TIEPETHHY MPOXiIHOTO
KaHaly Ma€ Micle 3pOCTaHHSA 1 MaiHHA Hamopy
CTPYMEHSI, CHHYCOINAJIBHICTh BIACYTHS.  3arajabHUM

JUIS CIHYCOIOMIOHOT 1 MPSAMOKYTHOi (OPM MEPEKPHUTTS

(puc. 11 B, T) € HasgBHICTH Nay3W B PO3IMIECHHI, IO
HEeoOXiJHa JuIsi yTBOPEHHS PIJKOr0 MeTaly Ha TOpIi
CJIEKTPOIIB.

TakoX aBTOpaMH MPOBEICHO aHaIi3 XIMIYHOTO
CKJIaJy TOKPHUTTIB, OTPUMAaHMUX METOJOM JIyroBOi
MeTami3amil 3  BHKOPHCTAHHSIM  PI3HOI  YacTOTH
MmyJbCalii [puW Mojadi  MOBITPS. Brmiwe 4actoTH
MyJIbCAIlil PO3MIIIOBAILHOTO MOBITPSIHOTO CTPYMEHS Ha

XIMIYHUE CKJIa] MOKPUTTIB NPEACTABICHO Ha Tpadurax
[14, 15, 16].
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Puc. 12. BrumB 9acToTu myJbcaniii po3nuIiOI0UH MOBITPSIHOTO CTPYMEHs Ha XIMIYHUH CKJIa[ MOKPUTTIB JUIs Pi3HUX APOTIB: a — APIT

CB-08A; 6 — opit 12X18H10T

ABTOpamu Oyio 3aCTOCOBaHO MIPaKTHYHE
BUKOPHCTAaHHS KJIallaHa ITyJbcaTtopa (3 peryJroBaHHAM
4acTOTH myibcanii y miamazoni 0 — 120 T'm.)
npu  Ayroomy — HamwieHHi  MarepiainiB  CB-08A,
12X18H10T, mnpoBemeHo XiMIUHMH aHadi3  CKIaLy
OTpPUMaHUX MOKPHUTTIB 1 HA OCHOBI Pe3yJIbTaTiB 30y10BaHO
rpadiku.

[pencraBneni rpadixu (puc. 12) MOKa3yOTh, IO
pu BUKOPHCTaHHI ITyJIbCYFOYOTO HOBITPSTHO-
PO3MWIIOBAILHOTO CTPYMEHS Mae Micue 301IbLIeHHS
BMICTy JIETYyIOUMX €JIEMEHTIB B HOKpUTTi. Tak, mpu
gactoTi mynscamid 43 [, BMICT BYIJIEIFO 3pOCTae€ Ha
38%, mapranitio Ha 46%, xkpemHito Ha 42% st npoty Cs-
08A (puc. 12, a) y nOpiBHSHHI 3 HAIMJIEHHSIM TTOKPUTTSIM
6e3 mymbcamiii. Amnamoriyne  30iTBIICHHS  BMICTYy
€JIEMEHTIB CIOCTEpIraeThCcsl 1 B HANMMICHUX HMOKPUTTAX
mpu BukopuctanHi apory 12XI18HI0T (puc. 12, 6).
OnTuManbHOIO 9acTOTOO MyJibcaliid € mianazoH ~60 [.,
CIOCTEPIraeThCsl MiHIMaIbHE OKHCICHHS eleMeHTiB. Ilpn
30utpmenHi yactotu moHax 80 [, crocTepiraeTbes nesike
30UIBIICHHS BTPAT, TOMY IO 30UIBIIY€ETHCS Yac B3a€MOIi
pizkoro Meramy 3 KHCHEM IOBITPSHO-PO3NMIIOBAIEHOTO

CTPYMEHSI.

BucHoBKkH

IIpoBeneHO MaTEeMaTHYHUI aHANTI3 Ta MOICTIOBAHHS
NpoLecy PyXy MOBITPSHOTO MOTOKY 3 BUKOPHCTaHHIM
MPUHIIMUITY M0JIOKEHb POTALIHHOTO KialaHa.

Edekr mynbcyrouoi nogadi JOCSAracThes 3a paxXyHOK
obepTaHHsl Bajdy 3 OTBOPOM, IO MEPIOJUYHO 3'€THYE
BXIJJHUH 1 BUXiAHWIA NaTpyOOK MUTiHApa MyIbcaTopa.

Ilpy  BuKOpHCTaHHI  MyJbCYIOYOTO  IOBITPSHO-
PO3ITIOBAJIBHOTO CTPYMEHsI Mae Micue 301JIbLIeHHS
BMICTY JIETYIOUMX €JIEMEHTIB B HOKPHTTi: BMICT BYTJIEIIIO
3poctae Ha 38%, mapranmo Ha 46%, kpemHito Ha 42%
it apory CB-08A 'y TOpIBHAHHI 3 HANMJICHUM
MOKPUTTAM 0Oe3 Iyibcamiil. AHajoriyae 30UIbIICHHS
BMICTY €JIEMEHTIB CIIOCTEPIraeTbcs 1 B HAMMICHHUX
MOKPHUTTAX MPH BUKOpucTaHHi Apoty 12X18H10T.

TakuM YMHOM METOA MyJbCYIOYOi MMOAadi MOBITPS
IpH JIyroBif MeTami3amii JO3BOJSE€ TMiJBUCHUTH SKICTh
OTpPUMaHUX MOKPHTTIB, 3HU3UTH BUTpary
PO3NMITIOBAIEHOTO TOBITPSL.
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TEOPETUYECKHUE UCCJIEJOBAHUS U IPAKTUYECKAS PASPABOTKA
IMPOLIECCA JYT'OBOI'O HANIBLJIEHUS C TYJbCUPYIOIUM
PACHBLISIOIINM IOTOKOM BO3JIYXA C LHEJBIO TIOBBINIEHUS KAYUECTBA
MOKPBITUHA

Hpe}IMETOM HCCICOA0BaHUA ABJIICTCA HHTCHCUBHOC OKHCIICHHUE METalia, KOTOpLII71 pacobUIACTCA B IIPOLECCE HyFOBOﬁ METaJJIM3aluu,
3a CHET KUCIOopoAa BO3ayXa, UYTO NMPUBOAUT K 3HAYUTEIBHOMY YMCEHBIICHUIO COACPIKAHUSA JICTUPYIOIIUX 3JIEMEHTOB B IIOKPBITUU U
COOTBETCTBEHHO YXYAIIA€T Kade€CTBO HAIIBUJICHHOI'O CJIOA. 3TOMy BONIPOCY YyACHsJIM BHUMAHHUE U JPYrue€ aBTOPbI HAYYHBIX
l'ly6J'[PlK3L1PIﬁ, npeajiarajin UCrojJb30BaHUE KEPOCHUHA, l'lpOl'laHO-BOSleLLIHOl\;I CMECHU, HHEPTHBIX I'a30B B Ka4€CTBE TPAHCIIOPTUPYIOLIETO
rasa, HO 3THU PCEUICHUSA NPUBOAUIIN K 3HAYUTECIBHOMY YIOPOXAHUIO IIpolecca )lyFOBOP'I METaJUIM3allui, U Yalle BCCro HEC HMMCIIU
KOJIMYECTBCHHBIX PAacyY€TOB BJIMAHHA Ha Ka4€CTBO HOKpBITI/Iﬁ HIW HOCHIIN HpPI6JIPI3PITeHbHLIﬁ XapakTep. He.]'lbl() pa6OTBI OBLIO
BLIGpaHO HAYy4YHOC 000CHOBaHME KOHICIIIUH IIOBBIIICHUA KadeCTBa HOKpI)ITI/Iﬁ 3a CUET CHIDKCHHUS HETaTHBHOI'O BO3JIEHCTBHS
KHUCJIOpOJa BO3AyXa Ipu I[yFOBOﬁ METa/UIu3allui IMMyTEM NPUMCEHCHUA MYJIbCUPYIONICTO PACHbUIAIOIIET0 MMOTOKAa BO3ayXa. C TCIBIO
CHIDKCHUS OKHUCIHUTEIILHOTO BO3ICHCTBUS BO3IIyHIHO-paCHBIJ'[I/IT€J'[I:HOI71 CTpyH Ha KUIKANA MeTajl DJIEKTPOJAOB MNPEAJIOKEH METO
l'lyJ'lepr}OU.[Cﬁ noJ1a4yy BO3/lyXa B 30HY IUIABJICHHUSA 3JICKTPOJAOB IYTEM BBEACHHUS NOIIOJHUTEIIBHOI'O DJIEMEHTA - KJIallaHa IyJibcaTopa
B pacnbUIAIOIIYI0 CHUCTEMY DJIEKTPOAYI'OBOTO METANIM3aTOpa. 3a21a'leﬁ JIaHHOM CTaTbU SIBJISIETCS ONpEACIICHUE U Bbl60p
KOHCTPYKINH yCTpOﬁCTBa - KjlarmaHa myJjbcaTopa st CO3JaHus  YIPABJIIAEMOI'O IYJbCUPYIOMIEIO PaCIbUIAIOIIEIO IIOTOKa C
ONPEACIICHHBIMU HUMITYJIbCaAaMU IIPpU ﬂyFOBOﬁ METaJlIn3aluu. 21.]'15[ BBINIOJIHEHHUS TOCTABJICHHOM 3aJa4yu B pa60Te HCIIOJIb30BAJIMCh
METOAbI TCOPETUYCCKOIo Moaxoaa, a UMCHHO MaTeMaTHIEeCKHA aHaJIn3, a TAaKKE MPAKTUYICCKUEC PE3YJIbTAThl - NIPUBCACHBI JaHHBIC 10
HaJIMYUIO Hynbcaunﬁ BO3QYHIHOTO TIIOTOKa Sa(i)I/IKCI/IpOBaHI)I OCHI/IJ'I.IIOI‘pa(i)OM. Takum O6p2130M, TEOPETHICCKOC 000cHOBaHUE
NMPUMCHEHUA KJlallaHa ITyJIbCaTOpa MNOATBEPIKACHO IMPAKTUYCCKUMU PE3yJIbTaTaMU. Ha ocuose MPEACTABIICHHOI'O aHa/In3a IMOJy4Y€HbL
Ppe3yJabTaThl, TO3BOJWIA ONPEACIIUTh ONITUMAJIBHOC KOHCTPYKTUBHOC UCIIOJHEHUE, YTO IMO3BOJIACT MAKCUMAJIbHO CHU3UTH BIIUAHUEC
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MOTOKA, TPAaHCIOPTUPYIOLIETO YaCTHIB! (MMEHHO KHCIOpPOAa BO3AyXa) MaTepHana 3JIeKTPOJOB, KOTOPBIE pacHbUIIOTCS. BbIBOABI 1O
pabore: wHCHONB30BaHME MyJIbCUPYIOIIEH pacHbUIAIONIC CTPyH BO3AyXa IIPU HAHECEHHH IIOKPHITUH METOAOM IyroBOM
METaJUTU3aLUH, TI03BOJIUT YMEHBIINTh BBITOPAHUE JETUPYIOMINX 3JIEMEHTOB, TAKHX KaK MapraHell, KpeMHUH, yBEIMUUTh COJIEPIKaHUE
yriepoja B HAHECEHHOM MOKPBITUH, COOTBETCTBEHHO YJIyUIIUT Ka4eCTBO BOCCTAHOBJICHHBIX JACTalCH.

KnioueBble c10Ba: JIeTUPYOIUE 2JIEMEHTHL; KUCIOPOA; Ayropas MeTaIM3aLus; MyIbCUPYIOIUN TIOTOK BO3AyXa; ICKTPOBL;
KJIallaH-ITyJIbCaTOP; IOKPBITUE; MATEMAaTUIECKOE MOAEIUPOBAHHUE.

THEORETICAL RESEARCH AND PRACTICAL DEVELOPMENT OF THE ARC
SPRAYING PROCESS WITH A PULSATING SPRAY AIR STREAM TO IMPROVE
THE QUALITY OF COATINGS

The subject of the study is intensive oxidation of metal, sprayed in the process of arc metallization, due to the oxygen in the air,
which leads to a significant reduction in the content of alloying elements in the coating and, accordingly, deteriorates the quality of
the sprayed layer. Other authors of scientific publications also paid attention to this issue, proposed the use of kerosene, propane and
air mixture, inert gases as a transport gas, but these solutions led to a significant increase in the cost of the arc metallization process,
and most often had no quantitative calculations of the impact on the quality of coatings or were approximate. The aim of the work
was to scientifically substantiate the concept of quality of coatings by reducing the negative impact of air oxygen during arc
metallization through the use of a pulsating spray airflow. In order to reduce the oxidative effect of air-spraying jet on the liquid metal
of electrodes the method of pulsating air supply to the electrode melting zone by introducing an additional element - pulsator valve in
the spray system of electroarc metallizer was proposed. The task of this article is to define and select the design of the device -
pulsator valve for creating a controlled pulsating spray flow with certain impulses during arc metallization. The methods of theoretical
approach, namely, mathematical analysis, were used to accomplish the task in this paper, as well as practical results — data on the
presence of airflow pulsations recorded by an oscilloscope. Thus, the theoretical justification of the pulsator valve application is
confirmed by practical results. Based on the presented analysis the results were obtained, which allowed to determine the optimal
design, and allows minimizing the impact of the particles (namely oxygen in the air) transporting flow on the material of the
electrodes that are sprayed. Conclusions: the use of a pulsating spray airflow during the application of coa tings by arc metallization
method will reduce the burnout of alloying elements such as manganese, silicon, increase the carbon content in the applied coating,
therefore improving the quality of the restored parts.

Keywords: alloying elements; oxygen; arc metallization; pulsating airflow; electrodes; pulsator valve; coating; mathematic
modeling.
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I. 1. HEBJIIOZIOB, H. I1. JIEMCEKA, B. A. IIAJIATTH, I. B. BOIIMAH

MATPUYHO-CTPYKTYPHUM AHAJII3 HATIPYXKEHO-IE®OPMOBAHOI'O
CTAHY 'HYYKHUX MI’K3’€AHAHD I KOMIIOHEHTIB MEMC

KoHcTpykmii cydacHOi eNeKTpOHHOI TEeXHIKH € CKIaJHUMH MEXaHIYHUMH CHCTeMaMH 3 Oe3liydio XOPCTKHX 3B'A3KiB, a iX
MIKpOMiHITIOapH3allis y 06aratb0X BUMAAKax ifnuia 10 (i3uuHOi MeXi Po3MipHOIO, 3apsJ0BOTO Ta €HEPreTHYHOIO KBAHTYBAaHHSA
KOMIIOHEHTIB. J[JIsl TaKMX MEXaHIYHHUX CHCTEM, 3 HEKJIACHYHUMH JUIi MEXaHIKH CHOCOOaMM KpIIUICHHS OKPEMHX KOHCTPYKTHBHHX
€JIEMEHTIB, CKJIQJHO MOOYAyBaTH PO3PAaXyHKOBY MOJENb, JOCHUTH NPOCTY 1 B TOH JXe 9ac Taky, IO 1o0pe BimoOpaxkae ¢izmuHi i
IUHaMi9HI BracTHBOCTi. [l 3a0e3nedeHHs MeXaHIYHO! MIIHOCTI MDK3’€JHaHb Ta 3BEPXTOHKHX €JIEKTPOHHHX KOMIIOHEHTIB
HEOOXiTHOI0 € MOXKJIMBICTh BH3HAUCHHS HANpY)KEHO-Ie()OPMOBAHOTO CTAaHY €JIEMEHTIB KOHCTpyKmid. L{i mpHUYMHU 3yMOBIIOIOTH
HEOOXIHICTh 3aCTOCYBAaHHS YHCENFHHX METOJIB IS PO3paxyHKy IHHAMIYHUX IapaMeTpiB KOHCTPYKIIH MiX3’€IHAaHb €ICeKTPOHHOI
TEXHIKH, IO JO3BOJMTH IiJABUINUTH IOKa3HUKH HAAIHHOCTI pO3pOOIIOBaHHMX 3aco0iB, IO BIIIOBITAIOTH BUMOTaM HOPMAaTHBHO-
TEXHIYHOI TOKYMEHTALii 10 MEXaHIYHUM XapaKTEPUCTUKAM, CKOPOTUTH TEPMiHH 1 BapTicTh iX cTBopeHHA. [Ipeamerom naHoi pobotu
€ JOCHiIKeHHS nedopmariii OaJky HOCTIHHOTO MOMEPEYHOro Mepepildy MiA Ai€l0 OCHOBHX CHJI, 3THHAIBHHX MOMEHTIB 1 KPYTHOTO
MOMEHTY IIOJ0 TO3J0BXHBOI oci. MeTor maHOi poOOTH € BH3HAUEHHA IeopMarlii eIeMEHTIB KOHCTPYKIIi HpPHUCTPOIB 3
BUKOPUCTAHHAM MATPHII XOPCTKOCTI NMPH BiIOMOMY BEKTOpi 30BHIIIHIX CWI. sl JOCATHEHHS IOCTaBICHOI METH HeoOXimHe
BUPIIICHHS] HACTYITHHUX 3aBAaHb: PO3IIIHYTH ICHYIOYi METOJM OINCY Ta aHali3y, sIKi BpaXOBYIOTh cHElM(]iKy BUKOPHCTOBYBaHUX
KOHCTPYKIIIH 1 TEXHOJIOTIYHHX NPOLECIB BUTOTOBJICHHS KOHKpeTHHX CTpyKTyp MEMC; nocimiuTi CyTHICTh ITUX METOMIB; IPOBECTH
PO3paxyHOK IepeMilleHs 1 aedopManiii, BAKOPUCTOBYIOYH METOJ CKiHUCHHHX €JIEMEHTIB; BUKOPHCTOBYIOUM MAaTPHIIIO )KOPCTKOCTI,
BU3HAYNTH Jedopmarii eIeMEeHTIB KOHCTPYKLII HPHCTPOiB; NPOBECTH PO3PaxyHOK aedopmanii Galku MOCTIHHOTO IMONEpeyHOro
mepepizy il Hi€l0 OChOBHX CWJI, 3THHAIBHMX MOMEHTIB 1 KPYTHOTO MOMEHTY OO IO3IOBXKHBOI OCi. BHCHOBKH: MaTpuilst
KOPCTKOCTI, MO0y I0BaHa 3 BHKOPUCTAHHIM MaTPUYHOTO (YHKIIOHAIBHOTO aHAII3Y, T03BOJIIE 3a0e3NeUNTH PO3paxyHOK aedopmartii
enemeHnTiB MEMC 1 THYYKHX €JIeKTPOHHHUX M3’ €ITHAHb.

KuarouoBi cjoBa: MIKpOEIEKTPOMEXaHIUHI CHCTEMH; MDK3’€IHAHHSA; METOX CKIHUCHHHX €JEMEHTIB; HampyKeHO-
nedopMoBaHuil cTaH; aehopmallisi; 3CyB.

Beryn Kabeno; opraHizalis IPOBIIHUKIB, sIKa BHKJIIOYAE

3aIUIyTYBaHHs; 3’€IHAHHS MOJAYJNIB 1 BHUKOHaBYHX

Ha faHmii MOMEHT TeHJeHLii BHpOOHMITBAa  IPUCTPOIB, BiINAaJEHHX OAMH BiJl OJHOIO, B paMKax

IPYHTYIOTECS HA BIOPOBAUKGHHI HOBHX pillleHb i  OAHOTrO 010Ky a6o BUpOOY; "pyxmuBicTh" 3’€aHanus [6].

texHosorii Industry 4.0, IoT, xmapHux cepsiciB i 1.1 [1,
2], HalBOXJIMBIIIYy POJIb B IMPAIE3/IaTHOCTI SIKUX I'PAlOTh
CydacHi TExXHIUHI 3acoOW aBromarm3amii (CeHcopw,
BHKOHABYI TPHUCTPOi, PETryJSATOPH, TOMIO), SAKi Mamu O
3a0e3neYnTH HEOOXiTHUH pIBEHb TOYHOCTI, MapaMeTpu
IIBUIKOMI, Malli Tab0apUTHO-MAacoBi XapaKTePUCTHKH,
BHUCOKY (DYHKI[IOHAJBbHICTh, HU3bKE CHEPrOCIOKHUBAHHS 1
BapTicTh [1].

OCHOBHOI0O ~ MpoOJeMOI  iHTerpamii  CcydacHHX
TEeXHIYHMX 3ac00iB JJIsi BIOPOBAPKEHHS TEXHOJIOTIT
Industry 4.0 3anumaeTbes Te, M0 HUHI, BCI TOTOBI AeTasi
0a3yI0ThCSl Ha TPATUIIHHUX EJICKTPOHHUX KOMIIOHEHTaX
KOPCTKHX (THYYKO-)KOPCTKHMX) JPYKOBaHMX IUIAT, SIKi
MAaIOTh 3HAYHY TOBIIMHY i 00ME)KeHI B THYYKOCTI, a TAKOXK
HE MOXYTh MaTW TIOBHICTIO ajanToOBaHE amaparHe
pilIeHHs JUIl KOXHOTO KOHKPETHOTrO po3Mipy 1 ¢dopmu
o0’exra aBromarmzanii [3]. Tomy cywacHi TexHoOTIi
HAyTh Bill TpaJuLiHHOTO AM3aHHY YKOPCTKOI €JIEKTPOHIKH
B Maif0yTHe THY4YKHX GopM-paKTOpiB, SKI MOXKYTh
3allpONOHYBAaTH HOBI (YHKIIOHAJBHI MOJIHMBOCTI, SIKi
panimie He OyJi MOKJINBI, 0COOJMBO Ha PUHKAX, TAKUX SIK
meauiuHa, [oT, cencopu i cmapt-TekcTuis [4, 5].

Cdepa 3acTocyBaHHS THYYKOi €IEKTPOHIKH JOCUTH
IIMpOKa 1 OXOIUIIOE SK TMOOYTOBY TEXHIKy, TaK 1
KOMITOHEHTH  BIWCBKOBOI,  aBialliifHOi, = KOCMIYHOIT,
MEIMYHOi Ta TPOMHMCIOBOi amapaTypu. IX IIupoke
3aCTOCYBaHHS B JaHMX cdepax OOyMOBICHO psaIOM
nepeBar: KOMIIAKTHICTb, HaBiTh NPU BEJHKIH KiJIbKOCTI
KOHTaKTiB; IIpocTa 1 MIIBHJKA 3aMiHa IOUIKOIKEHOTO

BinbImicTh THYYKHX CXE€M — BCHOTO JIMIIE ITACUBHI
3’€IHyBaJIbHI E€JIEMEHTH, SIKi BHKOPHUCTOBYHOTHCS JUIS
3’€IHAHHS ~ TAKUX EJEKTPOHHUX  KOMIIOHEHTIB, SIK
IHTETpajbHI CXEMH, PE3UCTOPH, KOHICHCATOPH, OJHAK,
JIesiKi 3 HUX MOXKYThb 3aCTOCOBYBATHCS 1 JJISI CTBOPEHHS
B32€EMHOTO 3B’513Ky MK IHIIMMH €JIEKTPOHHUMH OJIOKaMH
sik 6€3MocepeIHbO Ur uepes 3’ €AHyBadi.

Hug  ix CTBOPEHHS XapaKTEpHO LIAPOKE
BUKODHCTAaHHS HOBHX  MarepialiB, KOHCTPYKTHUBHO-
TEXHOJIOTIYHAX pimreHs, MIKpOMIiHITIOapi3allis,
aBTOMATH3allis Ta IHTENCKTyali3amis BCiX eTamiB
CTBOpeHHsT  BHpOOiB.  HeoOXigHicTh  BpaxoByBaTH
OpuHOUNHA ~ (YHKIIOHYBaHHS TPHIANIB 1 CHCTEM,

3pOCTaro¥i BIMOTH IO TOYHOCTI, HaIIHHOCTI, IIBUIKOIII,
oOcsr iHpOpMaii, Mo OmpanbkoBYeThCA [7], BU3HAYaE
HEOOXIHICTP  BHUKOPHCTAaHHS 1  PO3BUTKY  PI3HHX
HaTpsMKiB (hyHKIIOHATBHOT €JIeKTPOHIKH,
MmikpocucremHoi TexHikn (MCT) 1 HaHOTEXHOINOTIH,
iHTEeNeKTyanbHuX 1 4D TeXHOIOTiH.

MCT, sk croyiy4Ha JJaHKa MiX MiKpOEJIEKTPOHIKO¥O,
MIKPDOMEXaHIKOI0 1 HAHOTEXHOJOTISIMH  CIpHs€e  iX
B3a€EMHOMY PO3BHTKY Ta 30€pEKEHHIO TEMIIB PO3BHUTKY
CJIEKTPOHHHUX MPHUCTPOIB 3TiIHO EMITIPUYHOMY 3aKOHY
Mypa [8]. Mikpoenekrpomexaniuni cuctemu (MEMC), sik
omanMm 3 HampsMkiB MCT, 3abesneuye CTBOpEHHs
MIKpPOMIHIaTIOPHUX MDK3’€JHaHb, OCHOBHOIO IPOOJIEMOIO
SKAX € 3MEHIIEHHS XOPCTKOCTI, K OKPEMHUX €JIEMEHTIB,
Tak 1 Bciel KoHCTpykmii B mimomy. Ilpobnemu, mio
BUHHUKAIOTh y 3B’S3Ky 3 IIUM BHPIMIYIOTBCA PI3HAMH
cnocobamu. OmHMM 3  yHIBEepCAIPHUX IPHUHIUIIB
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3a0e3MmeueHHs] MIIHOCTI KOHCTPYKIIH € BHKOPUCTAHHS
BIIACTHUBOCTI  MPYXKHOCTI ~ €JIEMEHTIB 1  TPUCTPOIB
KOHCTpPYKINii, SKIi 3acHOBaHI Ha aHaNi3l HaNpyKeHO-
nepopmoBanoro crany (HIAC) mig miero cuctemMu
30BHIIIHIX CHJI, PO3MOJUTIB TeMIeparypH, (Gi3sUdIHuX
BJIACTUBOCTEH MaTepiaiiB i 0cOOIMBOCTEH CTPYKTYpH [8].

ITocTanoBKa 3aga4i Ta MeTa J0CTiIKEHD

PisHOMaHITHI BUIM M3’ €THAHb, OAJIKK i MEMOpaHu
€ OararoyHkuionadpbHuMu KomroneHTamu MCT. Bonu
BUKOPHCTOBYIOTBCS B SIKOCTI IUIOCKUX TNPYXKUH (TiABICIB),
B TOMY YHCIIi 0araTOBUTKOBUX YyTJIMBUX €JIEMEHTIB CHIIH,
THUCKY, IIBUAKOCTI, TIOTOKY, YaCTOTH, TEMIIepaTypH,
BMICTy Ta3iB, KOHCOJEH, Mimimene, KyTiB HaXmWily,
mpuckopeHHs Ta iH. [9, 10].

[IpoekTyBaHHA MiX3’ €JHaHb amapaTypH,
MIKpOMEXaHIYHUX CEHCOPIB 1 aKTIOATOPIB 0a3yeThcs Ha ix
iepapXidyHOMY TIOJaHHI SK CYKYITHOCTI  €JIEMEHTIB
3arajbpHOI0 MPH3HAYEHHS 1 OLIHII MapamMeTpiB Ha OCHOBI
y3araJbHEHHX MEXaHIUYHHX 1 eNeKTPUYHHUX BEIUYHH.

EnemenTamu 3aranbHOrO IMpH3HAueHHs € muieidu,
Oanku, MeMOpaHH, €JNEKTPOCTaTH4YHI 3a30pH, BY3JIH
CJIEMEHTIB KOpImycy. B miJoMy MeXaHI4HI €JIeMEHTH
NIPEACTABISIFOTLCSL Y BUTJISII MAac, €IEMEHTIB MpPY>KHOCTI
(>xopcTkocTi), nmemmdyBaHHS 1 BTpaT. EJeKTpUYIHUMU
mapaMeTpaMH CIIy)KaTh HAIIPYTH i CTPYMHU.

MexaHiuHi y3arajbHeHi cwid Bu3HavaroTh HJIC
€IIEMEHTIB CTPYKTYPH, EICKTPUYHI CTPYMHU Ta HATIPYTH —
TEIUIOBY, €IEKTPHYHY Ta MarHiTHY B3a€EMOJIIO CIICMCHTIB.
[ Ti # iHII OPOSIBIAIOTBCS Y BHUIVISAI y3arajibHEHUX CHIT
(cui, MOMEHTIB CHJI, Halpy)XeHb, CNEKTPUYHUX HATIPYT)
Ta nepemilleHs (nedopmaliiii), IBUIAKOCTEH, TPUCKOPEHB,

CTPYMIB.

V3araipHeHI  CHJIM  BHM3HAYalOTh  HAMpPYKEHO-
nepopmoBaHuit CTaH €JIEMEHTIB CTPYKTYPH.
BukopucranHs y3araJbHEHMX CWJI, Mac, KOOpPJIUHAT

0a3yeTbcss Ha TpUHOHIAX (GI3WYHUX aHajorid. Jlus
MEMC - nie enekTpoMexaHiuHi aHamnorii: "cuna-Hamnpyra"
i "cuma-ctpym" [10].

VY OLIPIIOCTI BUITAAKIB aHATITHIHI METOAM aHAII3y
3BKAIOYM Ha CKJIAIHICTE T'eOMETpii MPHCTPOIB, pi3HI
BJIACTHBOCTI OKPEMHX MIKpOOOIacTell  pO3risTHYTHX
CTPYKTYp HE TPEICTaBISETbCS MOXJIMBUM. Mertoau
ONMCYy Ta aHalidy TIOBMHHI B HEOOXigHiIH  Mipi
BpaxoBYBaTH cneuudiky BUKOPHCTOBYBaHHX
KOHCTPYKIIIA 1 TEXHOJOTIYHHUX IMPOIECIB BHUTOTOBJICHHS
KOHKPETHUX CTPYKTYP.

AHaNiTHYHA MEXaHiKa IS ONUCY TUHAMIYHHX
MPOIECiB pyXy 1 Oeopmaniii BUKOPUCTOBYE MPUHIIAITA
¢Gi3MUHMX aHaJorid, sAKi B TEpPMiHaX Yy3aralbHEHUX
KOOpJHMHAT, CWJI, Mac 1 IMOXiJHUX MOHATH OJHOMAaHITHO
NPEACTAaBISIIOT  3AJICKHICTE  MapaMeTpiB  pyxy i
nedopMariii  Bil JIIOYMX CHJ  Pi3HOI  MPUPOJH,
BJIACTHUBOCTEH MatepianiB, cTpykTypH [11, 12]. MeTogamu
BHUpIIICHHS TMOAIOHMX 3aJad € METOJ MAaTPUYHOTO
CTpyKTypHOTO aHamizy [13] Ta Merom CKiHUEHUX
enementiB (MCE) [14]. Lli metomm Ha maHuil dYac €
HAfiOUIPII TPOCTUMH  YUCIOBHMH  METOAAMHU IS
BUPIIICHHS 3aBJaHb MEXaHiKN 1e()OPMOBAHOTO TBEPIOTO
TiJIa; BOHM YCIHILIHO 3aCTOCOBYETHCS [UISI PO3PaXyHKY

KOHCTPYKIIA MPAKTUIHO OYIb-SAKOI CKJIAIIHOCTi, CHCTEM,
O MalTh CKIQJHy TEOMETPUYHY KOHQIryparino Ta
HEperyJsIpHy (i3UUHY CTPYKTYPY 3aBISKH BJIACTHUBIH iM
VHIBepCcabHOCTI i anroputMigaoCTi [15, 16].

CyTHICTh METOJIIB TIOJISATAE B PO30OMBII CTPYKTYPH Ha
Mayi (KiHIIeBi) €JIeMEHTH, sIKi B3aEMOJIIOTh MK COOOIO0 B
BY3JIOBUX TOYKAaX, B SIKHX BH3HAYAIOTHCSA (DIKTUBHI CHIIH,
eKBIBaJICHTHI MTOBEPXHEBUM HATIPY>KCHHSIM,
PO3IOJIIEHNM 110 MeXax eneMeHTiB. [l KOXKHOTo
eNIeMEHTA CKIIAIA€ThCs PiBHAHHSA pyxy [17].

Po3paxyHok eneMeHTiB MaTpHIli }KOPCTKOCTI eJieMEeHTa
CTPYKTYPH 32 METOJOM CKiHUeHHHX eJIeMeHTiB

Po3pobka cknaganx MEMC nipucTpoiB BUKOHYEThCS
3 BHKOPHCTAHHSM cucTeM ABTOMATH30BaHOTO
npoekTyBanHs, (Sugar, Coventor, Tanner Pro, MemCad)
00'eTHAHHS B3aEMOJIIOYMX TPOCTHX MIKpPOMEXaHIYHUX
Oaytok, MeMOpaH, eJIeKTPOCTATHYHUX NMPOMIXKKIB, BY3IIiB,
KpilZIeHb JO KOpIycy Ta 1iH., Ha OCHOBI aHaji3y
HAMpyKeHO-1e(hOPMOBAHOTO CTaHy IIiJi €0 CHUCTEMHU
30BHINIHIX CHJ, PO3MOJUIIB TeMIepaTypu, Qi3HYHHUX
BJIACTHBOCTEH MarepialliB i 0OCOOJIMBOCTEH CTPYKTYpH.
MEMC KOMIIOHEHTH, 3a CJIEKTPOMEXaHIYHUMHU
BJIACTHBOCTSIMH JIO3BOJISIIOTH NPOEKTYBATH PI3HOTO PiBHS
iepapxii JaTYNKA BHUCOKOi IIBHIKOil, YYTJIHMBOCTI 1
KOHCTPYKTHBHO-TEXHOJOTTIHUX nmapameTpiB [18].
IlepepaxoBaHi  XapaKTEPHCTHUKH  IIOB’s3aHI  OJHUM
3arajJbHAM UL CJICKTPOMEXAHIYHUX CHCTEM DPIiBHSIHHSM,
1110 BU3HAYAE BJIACHY PE30HAHCHY YacTOTY CUCTEMH @), &

OTXKE 1 BUAKOIIIO:

ne K —koperkicTs, mpyHicTh kpituteHHs:; M — pyxoma
Maca.

3 ommsay Ha 3B’A30K MPYXKHOCTI 3 YYTJIMBICTIO
JaTIUKa, OTPHUMYEMO YMOBY iHBapiaHTHOCTI OaKOBHX,
MeMOpaHHUX i MeMOPaHHO-0aJIKOBHUX CTPYKTYP:

f/MS = const.

me S=1/K.

CraBiasiun  TOTpPiOHI 3HAYeHHS OJHIET 3 TPHOX
BEJIMYMH BU3HAYAEMO 3aJEKHICTH MK JIBOMa IHIIUMH
BEJINYNHAMH.

VY 3aranbHOMY BWIIQJIKy DIBHSHHA DPyXy, B TOMY
gucai 1 gedopmariii MEXaHIYHOI CHCTEMH, IO MICTHUTh
OCHOBHI KommoHeHTH: Mack M | BTpar i nemmndipyBaHHs
R, mpyxnocTi (kopctrocti) K, mim mi€r0 30BHINIHIX,
BHYTPIIIHIX CHJ  CTPYKTYypH, SIKi  BH3HAYaIOTHCS
PO3MOAITIOM HANpyXXeHb, TEMIIEPaTypH B eJIEeMEHTax,
(hi3MIHMMH BIaCTUBOCTSIMH MaTepialiB i 0COOIUBOCTIMU
KOHCTPYKIIi, mpeacTaBisieTsest y Burismi [13, 19]:

[m}{a}+[R]{a}+[K]{a} = {F}, ©)

ne {q} _
a} ={x, Y0, 25 X0 ¥on 2} —

CTOBIILIB KOOPJMHAT PO3TAIIyBaHHS By3TiB 1xi ); {F} -

BY3JIOBI CTyIeHi cBoboM

BEKTOp  (Marpwis)

BEKTOP (MaTpHIIsl) y3aralbHEHUX CUJI CTPYKTYPH.
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InauBimyanpHi MaTpuIili 30MPAIOTBCA B CHUCTEMY
marpuis K], [R] i [m] - sopecrkocti, Brpar i Mac —

BINMOBIAHO. Y MATPHISIX BCi CJIEMEHTH TIOB’s3aHi 3
3aTQIBHAMH BY3JIaMH, IO JOCSTAETHCS CYNEPIO3HLIE0
By3JiB. [HIEKCH €IeMEHTIB BKa3ylOTh B CHCTEMHii
MaTpuIll Oe3rmocepelHeE 3HAYCHHS BY3JIOBHUX KOOPIMHAT
KOMITOHEHTIB.

3oBHImMHI y3arampHeHi cwm  F  gpitoth  Ha
y3aragbHeHI  OCHOBHI  ()i3WYHI  €NEeMEHTH:  MacH,
NPY>KHOCTI, €IEMEHTH BTpaT i AeMidyBaHHs;, pO3NOAIICHI
B Majux o0csArax CTPYKTYpu ij (KiHIEBUX €JIeMeHTax).

Marpuni Mac, BTpaTH, J>XOPCTKOCTI CKJIaIaloThCi 3
MiIMATPHIh OKPEMHUX KIHIIEBUX CIICMCHTIB CTPYKTYpH 3
KOOpAMHATAMM, BU3HAYEHUMH iHaekcaMu ij : m., k., r

ij *

3a MaTpuuHUM piBHAHHIM (1) MOKe BHKOHYBaTHCh
aHaii3 ¢yHkuionyBanHs npuctpoiB MEMC B pexumax
MOCTIHHOTO CTPYyMY, MEPEXiJHOMY, CTaJOMY PEXHMI MpH

ijr iy

BIUIMBI TapMOHIMHHMX  KOJHBaHb pIi3HOI  YacTOTH,
JIUHAMIYHOMY .

EnemMeHTaM MacH CTpPYKTypH 3OBHIIIHI  CHJIH
HaJaloTh TPUCKOPCHHS, 3MIHIOIOYH IX KIHEMaTHYHY

CHEprito, Ha eJEMEHTaX >KOPCTKOCTI Mia €0 MpyKHOT
nedopmartii 3MIHIOEThCS MOTCHIIHHA CHEepris,
nepeminieHHss (i gedopmariii) BHKIMKAIOTh BTPaTH
YaCTHHU CHEprii NMpONOpPLIiHHO MIBHAKOCTI MepeMillleHb
[20].

Po3nonin mit04MX CHI MiXK OKPEMHUMH CKIIaJIOBHUMH
YacTHHAMH PiBHSHHSA (1) 3aJIeXKUTh BiJl XapakTepy AII0YHX
CHJI, KOHCTPYKIIi i MEXaHIYHUX BIACTHBOCTEH MaTepiaiiB

CTPYKTYpH, TO6TO MaTpuus [M], [R] i [K].

[lpu pospaxyHkax mepemimenb 1 gedopmarriit
KIiHIIEBUX €JIEMEHTIB BUKOPHCTOBYIOTHCS KIACHYHI Teopil
NPYXKHOCTI, ONOPY MaTtepiaiB, MaTpUYHO-CTPYKTYPHOTO

aHamizy 1 pi3HI METOAM: CKIHYCHHHX CJICMCHTIB,
BY3JIOBOTO aHAIi3y, PIBHSIHHS AHHAMIKH.
JXKopcTKicTh  pO3paxOBYETHCS,  BHKOPHCTOBYHOUH
Teopemy KacrinbsiHo;
0S
F=—,
26,

ne F, —yzaranpHena cua (ToOTO cmita 200 MOMEHT), a O,

— 3MILIEHHS KOOPJMHAT ISl TPhOX CTYIIEHIB PYXJIUBOCTI.

3aJexHO Bl XapakTepy IIFOYUX CHJI PO3PI3HAIOTH
00’eMHI, IUIOMIMHHI 1 JIHIAHI HanpyxeHo-nedopMoBaHi
cranu TBepzoro Tina [10].

IIpn o6’emHOMYy HampyxeHOMY cTaHi aedopmarii
3CYBY BHU3HA4arOThCSl HOPMAIBHHUMH O 1 JOTHYHUMH T
HaNpy)XeHHSAMH, a B 3arajlbHOMY BHIIQAKy JUJIs
aHI30TPOITHUX MaTepialliB — TEH30PaMH YETBEPTOTO PAHTyY
Hampyr i apedopmariif. 3 ypaxyBaHHSIM IPOCTOPOBOI

< _aqx. _an.
Y oy

aq, 9,
Ty e

ac & & &

yy ! 2z

Yy Vi — 3MILIEHHS 3CYBY.

XX 7

— SABJISIFOTH COO0I0 HOPMAaJIBHI 3MIIIEHHS, [0 BHKJINKAIOTHCS HOPMAJIBHUMHU HAPyKEHHSIMU

CUMETpii  BJIACTUBOCTEH TPYKHOCTI  MarepiaimiB 3
KyOi9HOIO KPHCTAIIYHOIO CTPYKTYPOIO YUCIIO HE3AICHKHIX
3MIHHUX 3MEHINY€EThCs 10 36 [9].

[Ipu mManux 3HAYEHHSIX 3CYBiB 00’e€MHI aedopmariii
BU3HAYAIOTHCS HACTYITHUMH JIHIHHIUMH 3aJICIKHOCTAMU:

£, =50, +5,0, + 5,30, +S,T,, + 5T, + ST,
£, =80, +8,0, + 8,0, +S,,T, + ST, +S,T,
£, =530, + 5,0, + 5,0, +S3,T,, +SysTy, + ST, @
Vi = S0y + 83,0, + 5,50, + ST, + STy + ST,

Vax = S510y + 55,0, + S50, + 85,7, + ST, + 547,

Vi =S50y T 86,0, + 850, + 55T, + 85T, + 5567y

ab0 y BEKTOpPHO-MaTpH4HIH (GopMi, TO3HAYUBIIM IS
€KOHOMIT MicLls 3aIIMCy BEKTOPIB-CTOBMLIB Aedopmarii Ta
Harpyr:

g:{gxx’gw’gzz’}/xy77/yz’yzx}:{51’82783184’85"96};

®)

(4)

ne S ta K — marpuni, po3MipHICTh B SIKHX BU3HAYa€ThHCS
k. —

i KoehiIlieHTH

PO3MIPHICTIO  BEKTOP-CTOBIIIIIB,

NpyKHOCTI; S, — Koe(ilieHTH MOJATIMBOCTI MaTepiany B

i
HanpsMKy Aii BiANOBIJHOT HANPYTH, CNiJ 3a3HAYUTH IO
Sy ;tl/kij; & — BimHocHI Aedopmanii (po3TAryBaHHI-

Y, Yij
IUIOIIMHAX, $KI BHM3HAYAIOTHCS HIKHIMH 1HIEKCAMH.
IHmexcu X, Yy, z AnsA 3pyYHOCTI MOXKYTh 3MIHIOBATHCH

CTHCHEHHSI) II0 OCSX X, zZ; — KyTH 3CyBy B

Ha 1, 2, ..., 6, B 3aJ€XKHOCTI BiJ CHCTEMHU CHUJI, IO JilOTh
Ha CTPYKTYPY.

Onucyetbes  aedopmMyroda
CTPYKTYpPH TiJ Ji€l0 CHCTEMH
TEeMIIepaTypy) TPhOMa PO3MOALIAMH:

q, =9,(%Y,2); d,=0d,(xY,2);

IIPYKHOL
po3moaiTy

dbopmyna
cun (i

q, =9,(x,¥,2). (5)

BignocHi (muromi) nedopmariii mpeacTaBiIstoThCs SIK
YacTKOBI MOXIiJHI pO3NOAiTiB (, , d,, d,, 1 TIpU MaJmx
nedopMarisx 3aJIeKHOCTI HaTpyTa-3MiIIeHH
(medopmaris) OyayTb JiHIHHUMH, a X KOMIIOHEHTH
BU3HauaroThes (6) [19]:

6‘ZZ:%;
z
o oq 0 o ©
yz:}/zy:i-’__y; gzx_yxz:i i’
oy oz oz oX
.27,
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TakuM 4MHOM, IUIS ONHCY HPYXKHOTO HAIPY)KEHOTO Hedbopmanis CTPYKTYpPH, pH CIITEHOMY
CTaHy B TPUBHUMIPHOMY TIPOCTOpi MOTPIOHO INICTP  HAaBAaHTAKCHHI CHCTEMOIO CHIJI 1 TEeMIIEpaTypHUX BIUTUBIB
KOMITOHEHT. (y BUIIAOI pPO3MOAITY TEMIEpaTyp) BHU3HAYAETHCS
TepMmiuni  Hampyrw,  BHKIMKaHI  TEIDIOBUMH  CyMapHHM BIUTMBOM CHII i TEMIICpaTypH
BIUTMBAMH, MOXYTh PO3paxoByBaTUCA 32 (HOPMYJIOI0
YT pospaxoryear bopwmy &y =& + o ©)
ey =001 s 1, J=X,Y,Z, @)
TOII IpH
lona j=i
e = — cumBoa Kporekepa. (8)
Qona j+#i
1 ) 1 ) 1
gxx :E|:O-xx _fu(o-yy +O—zz ):|1 gyy = E[O-yy _/u(o-zz +O—xx):|1 gzz = E|:O-zz _ﬂ(o-xx +O_yy):|
(10)
2(1+ 21+ 2(1+ 2(1+
yxy: ( lLl)TXy;}/yZ: ( lLl)TyZ;)/ZX: ( ILl)TZX;J/: ( lLl):G'
E E E E
3 ypaxyBaHHSIM TEMIIEPaTYPHUX BILIMBIB:
1 1 1
£y = E[GXX —y(ayy +0o, )J +aT; &, = E[Gw —,u(O'ZZ +0o,, )J +al; g, = E[O'ZZ —,u(O'XX +o, )]+aT
11
2ty o 2k 20k D

Xy E Z-><y' 7yz_ E yz? 7zx_ E "
BaxxmuBo BiZ[SHa‘II/ITI/I, 1o /:[e(bopMaui'l' }/Xy, 7/yz’ 7 » HE 3AJIC)KUTH Bi,l'[ TEMIIEPATYPHUX BIUIMBIB Ha BCIO CTPYKTYpY.

3 piBHsHB (11) BUXOAATH TaKi 3aJIS)KHOCTI HAIIPY>KEHb:

E EaT
[ e —— (1_1u)5xx +/.I(8 +gzz) -
@+ ﬂ)(l—Zﬂ)[ Y ] 1-2u
E EaT - 12
O_ s — (l_ﬂ)g +ﬂ(gZZ +gx)() - ! ( )
Y (1+/1)(1—2/1)[ ” J 1-2u
E EaT
0, = (l_/u)gzz +/u(gxx +é ) -
(1+u)(1—2/1)[ 2l 1-2u
T, = _E £
Y2+ )
P E o, (13)
21+ )
E
TZX = gZX
21+ )
PieastaEs (10) 1 (11) MmoxXyTh OyTH 3amucaHi B MaTpHUHIH GopMi:
(e ] [ 1 —u —u 0 0 0 fon]| 1]
gyy —H 1 —H 0 0 0 ny 1
812 — i —H —H 1 0 0 0 [ep? +aT 1 1 (14)
Y 0 0 0  2a+ux) O 0 |z, 0
Ve 0 0 0 0 2a+m) 0 |z, 0
Vo | O 0 0 0 0 2(1+ ) | 7, 10
1-p4  u 7 0 0 0
[0 | u l-p p 0 0 0 [[g,] 1]
O-‘/y yy l
O-zz _ E H # 1= # 0 0 0 ‘gzz _ ECZT 1 (15)
Ty (l+,u)(l_2,u) 0 0 0 1—/1 0 0 yxy 1_2/'1 0
7, 2 Yy 0
ES 0o 0 0 0 —1_2“ 0 |7« 0]
o 0 0 o0 0 1_7”
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Bci ronepeaHi PiBHSHHS HaIpyKeHO-
neopMOBaHOTO CTaHy Oy BHPaKCHI dYepe3 MOAYIb
npyxHocti OHra E i xoedimient [lyaccona . Moxyns

3C G=———.
Y P T 0t )

BBiBIIM TO3HAYEHHS BEKTOPIB-CTOBIIIB HANPYT i
nedopmaniid y BUTIIII:

o= {O-xx'o-yy’O-zz’Txy’Tyz'sz} ’ (16)
g:{gxx’gyy’gzz’}/xy’}/yz’}/zx}; (17)
X =L{—1—1—1000}=;(T' (18)
T 1_2/1 d d 1 My My r
1-p H H
o l-u H 0
£ H H 1-p (19)
AT - 2u) e, o, |
2
0 0o Iz
2
0 0o iz2#
L 2 |
B MaTPUYHOMY 3aIIHCi Ma€EMO:
o=ys+al y, . (20)

-1

[omuoxumu (20) HA y ™, OTPUMAEMO MaTPUIHE

TIOJIaHHSI HAaINPY>KE€HO-1e()OPMOBAHOTO CTaHy:

e=ylo—aly 'y, =Do+e, (21)
ne
o v i}
-u 1 —u 0
PR N 7 TR
b=yt== 22
= 20+u) 0 o | @2
0 0 2U+u) O
I 0 0 20+
Ta
6 =-aTy'y=aT1 110 0 0. (23)

Martpuune piBHSHHS (1) Z03BOJISIE MPOBOANTH aHAII3
¢ysakmionyBanas  mpuctpois  MEMC B pexmmax
mocTiitHorO cTpyMy (direct current), BCTAHOBJIEHOTO CTaHy

(steady state), mepeximmoro mporecy (transient),
QUHAMIYHOTO peskumy (dynamic mode).
Jns  1uporo HEOOXigHO oOmMHMCAaTH  BIACTHUBOCTI

i T KIHI[EBUX

IPUCTPOIO 3aBJAHHAM Matpuipb K, m
€JIEMEHTIB CHCTEMH, 3 YypaxyBaHHSAM JOCIiPKyBaHOTO
PEKHMY.

Jnst aHamily CTPYKTYpH Ha IIOCTIHHOMY CTpyMi
piBHsAHHS (1) cnponryeThes 10 piBHSHHS piBHOBaru

[K]{a} = {F},

(24)

TOMY IO MOXiJHI KOOPAWHAT JTOPiBHIOIOTH HYJIIO.
PiBHOBara BW3HAYa€ThCsA PIBHICTIO BHYTPINTHIX CHII
HanpyXeHO-Ae(GOpPMOBAHOTO CTaHy MaTepially CTPYKTYpH,
BHKJIMKAHOTO [I€I0 30BHIIIHIX CHJI, 1 3aJ€KHTh BIiJ
MEXaHIYHUX BIIACTUBOCTCH MaTepiany: MOZY IS
npyxHocti lOnra E, xoepinienrta Ilyaccoma i,

Koe(ilieHTa TEeIUIoBOro posmmpeHHs « . Lli mapamerpu
dbopMyloTh TSI KOXHOI CTPYKTYpH IHIUBIZyadbHY
MaTPHIIO KOPCTKOCTI [K] KopcTkicTp — 11e YnuCemTbHIHA
MOKa3HUK CHJIM MPOTUIIl MaTepially elneMeHTa CTPYKTypH

npu Horo nedopmariii 30BHIIIHIME CHJIAMH, pO3paxoBaHa
Ha OJMHMITIO JOBXKHUHU eleMeHTa [8].

Marpunst >KOpCcTKOCTI [K] 3aJIeKHUTh TaKOX Bij
croco0y BIUIMBY Ha CTPYKTYpPY y3araJbHEHHX 30BHIIIHIX
cui1 (TphOX-, IBOX-, OJTHOMIPHOTO HAaBAaHTa)KCHHS ).

Di3MYHMI CEHC eNEeMEHTIB MaTpPUIIl JKOPCTKOCTI [K]

UIA  HaNOiIbII tpuBumipaoro HJIC
HACTYIIHUMN:

- K| — BU3Ha4ae cuiy, IKy HEOOXi/IHO MPUKIACTH B

3arajlbHoro -

HanpsMKy | JUIsi OTPUMAHHs OJMHUYHOIO 3CYBY B

HapsMKY | ;
- s 3Hadens i = j=1,2,3 enemenr nedopmarii €
mag  Jiero

. EA
HanpyxkeHb Ta € piBHuUMH K; =T ne A — moma

CTUCHCHHAM-PO3TATYBAHHAM HOpMaJIbHUX

MOTepeyHoro nepepizy oanku, | — ii moBxkuHa.

Bun marpuili ’KOpCTKOCTI 3aJ€KUTh Bill CYKYITHOCTI
0e3miui il04nX Ha CTPYKTYPY CHIL

Jna omucy H/JC npu o0’eMHOMY HampyXeHOMY

CTaHi, MaTPHII Ma€ PO3MIPHICTh 6x6 5 KO)KHOMY BY3Ji
CITKH CTPYKTYpH, TOOTO BEKTOP-CTOBIICLH HATIPYT:

0':{0' ow,azz,rxy,ryz,rxz}.

XX
JU71st IUIOCKOT0 HAIPYKEHOT'O CTaHy PO3PI3HAIOTH JBa
BapiaHTH HAaBAaHTA)XXEHb:

- CTUCHEHHsI TOHKMX IUIaCTWH: O, , O, , 0, =0,

X

MOJIyJTb TIPYKHOCTiI TOHKHX TIACTUH [19], BekTop

2

nedopmarii sBisie: & = {gxx 1€y 7/Xy} ;

- PO3TATYBaHHS TMOJOBXKEHHX Tl 3 MOCTIHHHM
TIOTIEPEIHIM mepepizoMm: &,=7,=17,=0,

& :{EXX,EW,]/XY} .
Bumanok CTHCHEHHS TOHKOI TUIACTHHH, Mepeadayae,
Mo BiCh Z TEPHEHAUKYJSIPHA TUIOMMHI TUIACTHUHH.

c,=7,=7,=0, TOOTO BEKTOPH HANPYKEHb W

nedopmaniii MaroTh BUTIISA:

az{axx,aw,rw}; (25)

€= {gxx,gw,;fxy}. (26)

3akon ['yka  uis  IJIOCKOTO  HAMpyXXeHOo-
Je(OpMOBAHOTO CTaHy MPEJCTaBISAEThCS y  BHIJISII

MaTpuii 3x3.
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Bekrtop-croBnens Hampyr, 3rigHo 3akoHy ['yka: Kpim Toro, BuHHKa€e HEHYJIHOBA KOMIIOHEHTA!

& =—§(5xx+5yy)+“-r=— H (gxx+gw)+i—ZaT. (32)

XX 1 H 0 Exx 1 “ 1- H
_E 10 EaT 1
Oy |= 1- 42 H Ey |7 1-u - (27) [Tpn nedopmarii NOZOBKEHOTO KiHIIEBOTO €JIeMEHTa
7, 0 0 1-u Yy 0 MOCTIHHOTO TEPeTHHY 3 pIBHOMIPHHM HaBaHTa)KEHHSIM

BIpoJOBXK oci. CiiJ MiJKpeciuTH, Mo Bich Z 3MiHHIA
HampsM y TOPIBHSHHI 3 BUIIQJAKOM CTHCHEHHS TOHKOL
Slkuii B MaTpuYHOMY BHIJIAAI  Moxke OyTH  miacTuHu. SIK i B IONEPEIHBOMY BUIIAJIKY:

MpeACTaBICHUI

az{axx,aw,rxy}, (33)
oc=ye+aly,, (28)
e &= {gxx VEpy ;/Xy} , (34)
E ) o=ye+aly, . (35)
X = —{—1, -1, O}, (29) T
1-u .
Bona He BkJItOuaeThCst B BEKTOp JedopMartiid, ToMy
7 110 € NiHifHO0 KoMOiHaLi€e0 &, 1 &, .
£ 1 u O
y= - u 1 0 (30) Po3paxyHOK KOMIIOHEHTIB MaTPHILi }KOPCTKOCTI

0 0 1-p PosrnsHeMo mpuKIam  po3paxyHKy — aedopmartii

2 ] 0aJKM TOCTIHHOTO MOMEPEeYHOro Iepepidy MmiJ i€l
OCBOBHX CHIJI, 3THHAIIHUX MOMECHTIB i KDYTHOTO MOMEHTY

Jnst BU3HauCHHS fedopMaliiif OTpuMyeMO . .
moao mHo3noBkHBOI  oci  (puc. 1). Ilo3HaueHHs

c 1 -u 0 o | 1 KOMIIOHCHTIB JKOPCTKOCTI BIAINOBiZa€ HOMepaM CHII
XX 1 XX ] ]

b|=glu 1 0 |, |+aT|1]. @D (puc. 1)

7xy 0 0 2(l+ ,u) Txy | 0

Puc. 1. ledhopmariii Oanku nocTiiiHOro nonepeyHoro nepepisy Imij Jiero 0CbOBUX CHJI, 3THHATBHUX MOMEHTIB i KDyTHOT'O MOMEHTY
MO0 TO3/I0BXKHBOT OCi

HudepenuianbHe piBHAHHA Ui OCBOBUX 3CYBiB U x=0 u=u
P . S,x=—-UEA+aT, EA+C !
T €10 CUITM S, 1 TETUIOBHX HAIPY)KEHb: L m Hx=1 u=0"
S —_ d_U_ aT. |EA [Ticnst inTerpyBaHHs 1 BpaXyBaHHS TPaHUYHHUX YMOB
' dx " ' (muB. puc. 2) snaxoaumo C, = -S| —aT, EAl.

Maemo

Tm:%J'TdA, EA
Sl ZI—U1+EAaTm,
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S, =-§,.
Anrebpaiuna 3aJICKHICTD CHJTa-3MIIIEHHS
BUpaxaeThest  3amexsicTio  S=Ku+Q 1  wmoxe

BUKOPHMCTOBYBAaTHCS ISl BU3HAUeHHs Koediuientis K i

tepmivanx cmwt Q. Tak K, , mpencrasmsie cumy S,

ij °
HEOOXiAHY UIA OTPUMAaHHS OJMHUYIHOTO IEPEMIIICHHS
u;, Komu Bci iHmN cwiau  (BKIIOYAlOYM  BIUIMB
TeMIepaTypH) TOPiBHIOIOTH HYIIO.

Bei immi  koegimiertn B mepmriit koioHmi K
JIOPIBHIOIOTH HYITIO.
Amnanoriyno, Baxatoun U, =0, a U, #0 (puc. 2, 6)

MoxHa oTpumarn (abo BHXOASYM 3 cHMeTpii, abo

. EA
pimeHnsam 11 U ) K, = T

Tak sk TemmepaTypHi BIUIMBI Ha BClO Oanky He
BUKJIMKAIOTh 3Minu ii popmu (11), To K npu kpydenHi i

TEMIICPATYPHUX 3MiHAX 3aJUIIAIOTECS HE3MIHHHUMU.

S U, S
0> 7>
- U,=0
S, U, S,
b
6) U =0
S
Puc. 2. OcboBi 3cyBH
O6Gepranbui MOMeHTH (S, 1 S,;). Gl
JudepeHuianpHe piBHAHHSA Ui KPYTHOTO MOMEHTY S, = T (39)
0aJKy Ma€e BUTJISL:
BukopucroByoun YMOBY piBHOBaru ULt
do .
S, =-Gl o (36) obepra’dbHHX MOMEHTIB, MAEMO
X
. . . Sp=-S, (40)
ne Gl — TopcioHHA JKOPCTKICTH IONEPEYHOro Mepepisy
6anku [10, 13]. OTtxe
S, X=-Glg+C,. (37) S Gl S -Gl
) ' K4,4 - £_4 =7 K10,4 =| = =——. (41)
BUKOpUCTOBYIOYM TpaHW4HI yMOBH (OuB. puc. 3) Uy Jry | U s I
0 =0 npu x =1, orpmyemo Bei  iHmi  xoedimieHTH B YeTBEpTidH  KOJOHII
C, =3,. (38)  nopisurotots 0. Cumn Q, =Q,; =0.

Tak sk 6 =u, pu x=0

T E—

"

7]
7
u =0

4

Puc. 3. OGepranbHi MOMEHTH

Gl
3a puc. 3 BUXOIUTH Kioso = I_ .

3ruHanbHi cuu (S, 1 Sy ), OB’ sA3aHi 3 MOMEHTAMH

v=v,+0 (42)

ne v, — OiuHe BIIAXWIEHHS, BHKJIHMKaHE 3TMHAJILHOIO
CHJIOIO, 1 Ug TOJATKOBE BiIXHMICHHS, BUKJIMKAHE 3CYBHUMHU

Hanpyramu, Taxk 1o

Sw
U,=0
)
fslo
6) UH!
dvs _-S, (43)
dx GA '

e A, — edekTHBHA IUIONIA ONEPEYHOTO Nepepizy Oanky,

10 HE MiIIacTBCS BUTHUHY (BU3HAYAETHCS
mudepentiansauM piBasiHESIM Boley and Weiner);
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Elz%zszx—SG—MTz, (44)
ae
M., = [ «ETydA. (45)
Iarerpytoun (44) i (45), oTprmaemMo
ElLvo

3 2 2
Z U8 S Myx +[C1—SQEIZJX+C2,(46)
6 2 2 A

ne My, = [ aETydA.

BukopucToByroun rpaHudHI YMOBU

do_dvs _ S ux=0, x=1, (47)
dx dx GA
v=0 mpu x=I
3 2 2 3
ElLo— S, X0 57 Myx® S,0xl, +(1+®)I S, | (48)
6 2 2 12 12
e
S =S_ZIMTz (49)
2
i
U
a) ¢
a)

U,=0
Uu,=0 S

6

Puc. 4. 3ruH mmactuHA
3 YyMOBH piBHOBarv CUj i MOMEHTIB:
Sg=-5,,
S, =-S,+5S,l,
pu
x=0,v=u,, (51)

I3SZ
12EI,

u, =(1+d)

BuxopucToBytoun piBHAHHS (49 — 51) oTpumyemo

S 12El
K., :{_ZJ =1 (52)
u, ), @+o)l
K :(EJ :(_S2IJ __SEl, (53)
6,2 2 "
u, ., \2u, ) Q+D)I

I[Ipu nmedopmarnii BUTHHY KOPCTKICTH JOPIBHIOE
no0ytky El , me |, — 0cboBHI MOMEHT iHepLii mepepisy

BiZHOCHO oci Y. Jmd eJeMeHTiB 3 MPSIMOKYTHHUM

. bh®
nonepeyHum mepepizom | =——, b — mmpuna, h —
12
TOBIIMHA €JIeMEHTa. Y3arajibHEHI CUJIH, 10 BUKIMKAIOTh
BUTHH, JalOTh BHECOK Yy BHIJIAAI  BIJIOBITHOTO

KOMIIOHCHTA PO3TSATyBaHHA-CTHCHCHHS.
Po3paxoByeTbcss BUTHH Bifg [Oii i CHI 1 MOMEHTIB

(puc. 5).

Sr_(

\; S SN

a) U,

Puc. 5. Burus mractuau

K _[S) __12EL (54)
), @)l
< :(EJ :(_SG+SZIJ _ BBl g
=2y, ), u, ), @Q+d)°

[Moni6bHuM uuHOM (200 32 NPUHLMIIOM YMOBHOI
CUMETpIT), BUXOJHUTh

12El
K,,=K,, =—%—, 56
2 (14 )1® (56)
6El,
K12,8 = Ke,z = (1+q))|2 . (57)
BucHoBKkH

Jnst xommonentie MEMC Mix3’€HaHb HaHO1IbII
BOJIMBUM € CTATHYHUH aHalli3, SKUH XapakTepusye CTaH
piBHOBarw, yMOBOIO SIKOi € PIBHICTh HYJIIO CyMH CHJI Ta
CyMH MOMEHTIB CHJIH, IO JIOTh HA MPHUCTPii (MeXaHivHi,
€JIeKTPHYHI, TETIOBI).

BukoprcTOBYIOUM  MAaTpPHUII0  KOPCTKOCTI TP
BiJOMOMY BEKTOpi 30BHIIIHIX CHJ, BH3HAYAIOTHCS
nedopmarii enreMeHTiB KOHCTPYKILT IPUCTPOIB.
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Bunx i po3MipHICTP MaTpHIli >KOPCTKOCTI KiHIIEBHX
€JNIEMEHTIB BU3HAYAETHCS HANPYKEHUM CcTaHOM. J[jist
00’€MHOTO HAIPY>KEHOTO CTaHy ii po3MipHOCTI 6X6. s

Bu3HadeHHsT KOMITOHEHTIB KOPCTKOCTI TIPX 3THHAHHI
HaHOUTBIN CKJIa/JIHEe Ta BHMAara€ aHajli3y pi3HUX BapiaHTIiB
il CWII: TUIBKM 3TMHAIOYHX CHJI, TIIBKH MOMEHTIB CHII,

CyMICHOI Jii CWJI, pI3HWX HANpsAMKIB CHJI Ta MOMCHTIB
BIIHOCHO OCEW KOOpJAHWHAT, TpaHUYHHUX yMOB. Ilpu
(opmyBaHHI 3arajJbHOI MaTpHI MKOPCTKOCTI CTPYKTYpH

IUIOCKOTO HAaNPY>KEHOTo cTaHy 3X3.

YactkoBi koediuientn K; Marpuui KOpCTKOCTI

MPOIIOPIIIMHI  BIAMOBIAHUM  KoediliceHTaM ; a e . .
poropxt A A iny Zi» KOC(IIIEHTH CYMDKHOTO TMOEJIEMEHTHOTO B  BY3I
KOE(ILiEHTH  MPONOPUIHHOCTI ~ BU3HAYAETHCS  BUAOM  3MiHIOIOTH 3HAK HA MPOTHIICKHHUIL.

nepopmanii. Jna aepopmanuii po3TAryBaHHA-CTHCHEHHS [lepcrieKTHBY AOCHI/DKEHHST — JUI1  TUHAMIYHOTO

. . EA aHa3y HEOOXINHUI pPO3paxXyHOK BCIX TPbOX MAaTPHUIlb
KOPCTKICTh TOPIBHIOE 4 a mis aedopmarii 3cyBy y & po3paxy P TpHI

(mMac, BTpaT 1 JKOPCTKOCTI) MEXaHI4HOi CTPYKTYpH.
Gl 3miiicCHeHHSI TPHOX BHIIIB aHATI3Y: Ha TIOCTIHHOMY CTPYyMi,
—L, B YCTAHOBJICHOMY DPEXHUMi 1 IPH MEpexiTHHUX IMpolecax,
I MOXKJITUBO B JIHIHHHX peXuMax (Ui MalluX BiIXWIICHB) 1
BaxnuBo Bin3HauuTH, Mo aedopmarii Va1 Vyr Y HC  HemiHIMHMX a0 BeNMKHX BIOXWICHb BiI CTaHy
3aJICKUTh  BII TEMIEPAaTYpPHUX BIUIMBIB Ha BCro  [TOJIOKCHHA piBHOBaru.
KOHCTPYKIIIIO.
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MATPUYHO-CTPYKTYPHBII AHAJIN3 HAIIPSIKEHHO- _
JE®OPMHUPOBAHHOI'O COCTOAHUA 'TNBKUX MEKCOEJUHEHUU N
KOMIIOHEHTOB M2OMC

KOHCTPYKIMU COBPEMEHHOMN 3JIEKTPOHHOM TEXHUKHU SIBJSIIOTCS CIIOXKHBIMM MEXaHHYECKUMH CHCTEMAaMH C MHOMKECTBOM JKECTKHX
CBsI3el, a WX MHUKPOMHHHTIOAPH3AIMS BO MHOTHX CIydasxX IOUUIa 10 (U3MYeckoro mpeaena pa3MepHOTrO, 3apsiioBOTO H
9HEPreTHYECKOr0 KBAHTOBAHMSI KOMIIOHEHTOB. J[JIs TAaKMX MEXaHHMYECKHX CHCTEM, C HEKIACCHYCCKUMHM UISI MEXaHHKU CIocobamu
KPETUICHHUSI OT/EeTbHBIX KOHCTPYKTUBHBIX JJIEMEHTOB, CJI0KHO MIOCTPOUTH PACUETHYIO MOJIENb, JOCTATOYHO MPOCTYIO U B TO K€ BPEMs
TaKyl0, KOTOpas XOpOILIO OTpaxkaeT (u3MYecKHe M THHAMHUYECKHEe CBo#cTBa. st obecredeHus: MEXaHWYeCKOH MPOYHOCTH
MEKCOCMHCHUH W CBEPXTOHKHX OIIEKTPOHHBIX KOMIIOHCHTOB HEOOXOAWMa BO3MOXKHOCTHh OIpPEIEICHHsT  HAIpPSHKEHHO-
J1e(OPMHUPOBAHHOTO COCTOSTHHUS DJIEMEHTOB KOHCTPYKIMIA. DTH NMPUYKHBI 00YCIIOBIMBAIOT HEOOXOAUMOCTh PUMEHEHHST YHCIIEHHBIX
METOJOB JUIS pacyera JIMHAMHYECKMX NapaMETPOB KOHCTPYKIMM MEKCOEIUHEHUH 3JIEKTPOHHON TEXHUKH, KOTOpas IO3BOJMT
MOBBICHTh [OKA3aTEeJId HAJEXHOCTH pPa3pabaThbiBAEMbIX CPEJICTB, COOTBETCTBYIONIMX TPEOOBAHUSAM HOPMATHBHO-TEXHUYECKOM
JIOKyMEHTAIUK 110 MEXaHUYECKUM XAPAKTEPUCTHUKAM, COKPATHTh CPOKH W CTOMMOCTh MX co3fanus. IIpeaMeroM maHHOW pabGoThI
SIBIISIETCSL MCCIIEIoBaHKe jaedopManiy Oankd MOCTOSHHOTO IOMEePEYHOr0 CEYEHHsI MO NeHCTBHEM OCEBBIX CHJI, H3THOArONIMX
MOMEHTOB M KPYTSIIEr0 MOMEHTa OTHOCHTEIIBHO TPOAOIbHON ocu. Llesibio JaHHOW PaboThl SIBISETCS OmpeaeieHue aedopMannm
JJIEMEHTOB KOHCTPYKIIMH YCTPOMCTB C HCIONB30BaHHEM MATPHUIBI KECTKOCTH MPH HM3BECTHOM BEKTOpE BHEHIHWUX Cuil. JImst
OCTH)KEHUS TTOCTABICHHOW e HeOOXOAMMO pEIIeHHE CIIeAYIOIUX 3a[a4: PACCMOTPETh CYNIECTBYIOUINE METOIbI ONUCAHHS H
aHaIn3a, YYUTHIBAIOIIUX CHENU(PUKY HCIOIb3YEMBbIX KOHCTPYKIMN W TEXHOJOTMYECKHX IPOLIECCOB HM3TOTOBJIEHUS KOHKPETHBIX
cTpykTtyp MOMC; wuccinenoBars CYIIHOCTh 3THX METOJOB;, HMPOBECTH pacyeT MepeMelleHdil U aedopManuii, MCIoNb3ys METO.
KOHEYHBIX DJIEMEHTOB; MCIIOJIb3Ysl MATPHILY YKECTKOCTH, ONPENENUTh Ae(OPMAIMU 3JIEMEHTOB KOHCTPYKIIMU YCTPOMCTB; MPOBECTH
pacuer gedopmaliu Gk NOCTOSHHOTO MONEPEYHOrO CEUEHHS MO JEUCTBUEM OCEBBIX CHJI, M3rHOAIOIIMX MOMEHTOB M KPYTSIIETO
MOMEHTa OTHOCHTEIBHO MPOJOIBHOW OCH. BBIBOABI: MaTpuia >KECTKOCTH, IIOCTPOEHHAs C HCIOJIb30BAHHEM MAaTPUYHOTO
(GYHKIMOHATIBHOTO —aHanu3a, I03BOJsieT obecrmeunts pacuer jgedopmaruu  dmemeHToB MOMC U rubKuX —3JIEKTPOHHBIX
MEKCOEIUHEHUA.

KiroueBbie €j10Ba: MHUKPODIEKTPOMEXAHUYECKAE CHCTEMBI; MEKCOCIUHECHUs, METOJ] KOHEYHBIX JJIEMEHTOB; HAIPSDKCHHO-
e OPMUPOBAHHOE COCTOSIHUE; eHOpMAIHsT; CMEIIICHHUE.

MATRIX-STRUCTURAL ANALYSIS OF THE STRESS-DEFORMED STATUS OF
THE FLEXIBLE INTERFACES AND MEMS COMPONENTS

The designs of modern electronic technology are complex mechanical systems with many rigid bonds, and their microminiature in
many cases has reached the physical limit of the dimensional, charge and energy quantization of components. For such mechanical
systems, with non-classical methods for mechanics of fastening of separate structural elements, it is difficult to build a design model,
simple enough and at the same time one that well reflects physical and dynamic properties. To ensure mechanical strength of
interconnects and ultra-thin electronic components, it is necessary to determine the stress-strain state of structural elements. These
reasons necessitate the use of numerical methods to calculate the dynamic parameters of the design of electronic equipment
interconnections, which will improve the reliability of the developed tools that meet the requirements of regulatory technical
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documentation on mechanical characteristics, shorten the time and cost of their creation. Subject matter of this work is the study of
beam deformation of constant cross section under the action of axial forces, bending moments and torque relative to the longitudinal
axis. Goal this work is to determine the deformation of the elements of the structure of the devices using the stiffness matrix with a
known vector of external forces. To achieve this goal, it is necessary to solve the following tasks: to consider the existing methods of
description and analysis, which take into account the specificity of the structures and technological processes used to manufacture
specific structures MEMS; explore the nature of these methods; calculate displacements and deformations using the finite element
method; using the stiffness matrix to determine the deformation of the structural elements of the devices; to calculate the deformation
of the beam of constant cross-section under the action of axial forces, bending moments and torque relative to the longitudinal axis.
Conclusions: stiffness matrix, constructed using functional analysis, allows for the calculation of deformation of MEMS elements and
electronic interconnect flexible.

Keywords: microelectromechanical systems; interconnections; finite element method; stress-strain state; deformation;
displacement.
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V. ROMENSKIY, V. NEVLIUDOVA, E. PERSIYANOVA

STUDY OF THE OPERATING TIME OF THE PROTECTIVE COATING OF
SURFACES OF ASSEMBLY AND WELDING EQUIPMENT

The subject of the study is the issues related to determining the service life of protective coatings protecting the surfaces of assembly
and welding fixtures from the effects of welding spatter and mechanical wear when performing certain assembly and welding
operations of welded metal structures. The development in Ukraine of various industries, especially the precision engineering industry
(instrument making), is characterized by a transition to market management methods, increasing demand for competitive and liquid
products. This can be achieved by the systematic and rapid introduction of technically new products, improving their quality,
increasing labor productivity, and automating production. Welded metal structures are widely used in the designs of modernized and
new types of products, the high-quality production of which is impossible without the use of assembly and welding equipment. The
reliability and durability of these devices depends on the protection of their surfaces to the effects of welding spatter and scoring
during assembly and welding operations. Analytical and experimental studies of the resistance of protective coatings to an
experimental welding drop of metal showed that of the most tested coatings, the most durable is the developed protective coating
containing a mixture of molybdenum disulfide powder, graphite powder, epoxy varnish and certain solvents. Purpose: determination
of the service life of the developed protective coating when exposed to a number of significant factors, including the effects of real
welding spatter. Tasks: to identify the main - significant technological factors affecting the service life of the protective coating;
develop a planning matrix based on a full factorial experiment; to conduct experimental studies of the resistance of the coating to the
effect of an experimental metal drop under the influence of significant technological factors, to obtain the equations of regression of
resistance; conduct analytical and experimental studies to determine the temperature of the experimental drop of molten metal;
conduct analytical studies of the temperature of a real welding spray; conduct a study of the resistance to friction; conduct analytical
studies to determine the quantitative characteristics of the reliability and durability of the proposed coating composition. Results: the
article presents the research data by the authors of the service life of the proposed protective coating that protects the surfaces of
assembly and welding fixtures when exposed to welding spatter and coating wear when moving metal structures in the fixture. The
quantitative characteristics of the reliability and durability of the coating are obtained. Conclusions: A methodology has been
developed for determining the service life of protective coatings protecting the surfaces of assembly and welding fixtures from the
effects of welding spatter during welding operations and coating wear when moving elements of the welding structure in the fixture
during assembly.

Keywords: assembly and welding equipment; protective coatings; welding spatter; protective film thickness; types of welding;
likelihood of uptime; failure rate; failure intensity; life time.

Introduction into account the influence of significant technological

factors close to the actual operating conditions of the

The solution of the urgent task of technological
support of reliable operation and increase of the service
life of assembly-welding technological equipment used
for the manufacture of welded metal structures of various
shapes, sizes, weights and various purposes. The main
negative factor affecting the tool life is the effect of
welding spatter on the surface of fixtures during assembly
and welding operations. Different enterprises solve this
problem in different ways: by using protective screens,
water emulsions, lubricants, protective coatings, paints
and varnishes and other protective equipment, without
which assembly and welding equipment, after its first use,
may lose accuracy or completely fail. The analysis of
literature data and industrial studies showed that the most
resistant to welding spatter are coatings (suspensions)
based on molybdenum disulfide powders. A number of
coatings on this basis have been developed using various
film-forming. It was established that the optimal
composition, which withstood the maximum number of
experimental metal drops on a pilot plant until burnout, is
a composition containing two parts, one of which is
molybdenum disulfide powder and graphite powder, and
the other film-forming component is epoxy varnish. This
composition is diluted with a mixture of solvents to obtain
the desired molar consistency.

A method of analytical calculation with experimental
verification of the developed coating is proposed taking

assembly and welding equipment. A method of analytical
calculation based on the matrix of a complete factorial
experiment is proposed and experiments are carried out to
determine the resistance of the coating to an experimental
metal drop depending on certain factors and regression
equations are obtained. A methodology has been
developed for determining the temperature of an
experimental metal drop, and analytical studies have been
carried out to determine the temperature of a real welding
spray. The conversion factor for the transition from an
experimental metal drop to a real welding spray is
determined. The service life of the coating when exposed
to welding spatter is determined. Investigations of the
resistance of the coating to mechanical wear were carried
out, and the service life of the coating was determined
under the combined action of metal sprays and wear. A
methodology has been developed and quantitative
characteristics of the reliability and durability of the
proposed protective coating have been determined.

Analysis of recent articles and publications

Recently, the development of industries such as
defense, space, radio-electronic, computing and others in
Ukraine is characterized by a transition to market
management methods, increased demand for competitive
and liquid products by the systematic and rapid

© V. Romenskiy, V. Nevliudova, E. Persiyanova, 2020
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introduction of technically new products, modernization
of existing ones by improving their quality, increasing
labor productivity automation of production. All this leads
to an increase in the volume of work and the cost of
technological preparation of production. One of the main
elements in the designs of modernized and new types of
products is welded metal structures, the production of
which requires the use of a large number of special
assembly and welding equipment. The cost of designing
and manufacturing assembly and welding equipment for
the complexity of individual products reaches 20 - 25% of
the total cost of manufacturing this product [1, 2].

One of the effective ways that can significantly
reduce material and labor costs is the use of adaptable
technological equipment that allows you to assemble
devices for various purposes from the same elements
repeatedly. This is especially advisable in enterprises with
pilot and small-scale production, as well as in the
development of new products and the manufacture of an
experimental batch. A gamut of standardized parts and
assembly units of universal assembly devices for
assembly-welding works (UDAW) with mounting grooves
8 was developed; 12; 16 mm [3, 4]. The design feature of
this tooling is that the elements of the tooling kits are
interchangeable, this allows you to use them repeatedly
for a long time creating devices for various metal
structures.

However, taking into account the operating features
of assembly and welding equipment, its service life
largely depends on the means of protecting its surfaces.
Much attention has been and is being paid to the issue of
improving the reliability and durability of this equipment,
which is confirmed by the analysis of literature data.

The authors of this article conducted studies of the
performance of assembly and welding equipment,
identified the main factors affecting the tool life, identified
failures and investigated experimental data on the creation
of coatings based on molybdenum disulfide, graphite,
epoxy varnish and a mixture of solvents [5-14].

The values of each component included in the
composition of the coating, their ratio and application
technology were established.

Molybdenum disulfide is an antifriction filler. Its use
reduces the coefficient of friction and wear during friction,
which arises as a result of frequent disassembly and
assembly of devices and when installing parts of metal
structures in devices. In addition, molybdenum disulfide
has a positive effect on the resistance of the coating to the
destructive effect of drops of molten metal.

Graphite, like molybdenum disulfide, is a filler in the
coating. The main purpose of graphite in the coating is to
give it the property of electrical conductivity, which
provides a reliable current path to the welded nodes
through coated elements of technological equipment,
increasing the stability of burning of the electric arc and
the stability of its excitation. Graphite as well as
molybdenum disulfide increases the resistance of the
coating to welding spatter.

Epoxy varnish is introduced into the coating
composition as a binder at the stage of its preparation and
deposition on the surface of the substrate, and then, after

polymerization, it is film-forming, which provides reliable
adhesion to the substrate (adhesion) and the required
coating strength (cohesion).

Xylene, acetone, ethylcellosol are technologically
auxiliary substances that act as solvents of the components
of the epoxy varnish (polyester, epoxy resin, etc.). The
method of their use ensures the quality of the applied
coating, characterized by obtaining a coating of a certain
molar consistency, the formation of a protective film of
uniform thickness, and the absence of streaks and surges.

The surface substrate is the degreasing and removal
of corrosion products, followed by phosphating in a
phosphate solution.

It was experimentally stated that the optimum
resistance of the developed coating to welding spatter and
wear during friction is determined by a ratio of epoxy
varnish and filler (MoSg and graphite) close to 1: 2. The
best quality of the applied coating is determined by the
total amount of solvents up to 50% of the total weight
composition.

Preparation of a protective coating and its
application require the use of certain equipment and
qualified specialists. The coating on the parts is carried
out in suspension by spray guns with a nozzle diameter of
0.8 mm - 1.2 mm. The nozzle distance from the part is
within 300 mm. Spraying is carried out in a fume hood,
coating consumption per 1 m, of surface is up to 300 g.

Drying (curing) of the coating is carried out in a special
cabinet with temperature control, in steps according to the
specified mode. The total curing time of the coating is
within 3-3.5 hours. After drying, the parts are cooled in
indoor air.

The purpose of this work is analytical and
experimental studies of the service life of the developed
protective coating, depending on the effects of welding
spatter and mechanical displacements of the welding
elements during the assembly of the welded structure,
taking into account the influence of a set of familiar
technological factors. Development of methods and
quantification of reliability and durability of the developed
protective coating.

The service life of the developed coating is defined
as the ratio of the resistance of the coating to the influence
of real welding sprays, "m, " to the average number of

sprays bombarding the same elementary site during one
year of operation of the fixture "N" [5, 7].
Resistance " m, " was determined from the resistance

of the coating obtained experimentally by " m, " multiplied
by the conversion coefficient " K, **, which allows you to
switch from experimental metal droplets (formed on a

special installation) to real welding spatter.
The determination of the " m, " value was carried out

on the basis of the method of mathematical planning
[16, 17]. The resistance of the coating to metal droplets
was determined in an experimental setup.

For specific experimental design conditions,
5 significant technological factors were studied at two
levels: type of welding — x, (manual arc and semi-
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automatic in a carbon dioxide CO,

environment);

grade of the main material of devices — x, (steel 20 and

arrangement of the
surface of the fixture relative to the welding zone — x,

(vertical and horizontal); distance of the fixture surface

cast iron VCh-50-32);

spatial

Table 1. Significant technological factors

from the welding zone — x, (350 and 50 mm); thickness
of applied coating film — x; (30 and 10 microns).
The intervals of variation of factors at the upper and

lower levels are given in table 1.

The planning matrix was built on the basis of the
application of a full factorial experiment, including 32

experiments (table 2).

Factors
Code X, X, X, X, X,
Main level (x') - - - 200 20
Range of variation (Ax") - - - 150 10
Upper level (+) Manual arc welding Steel 20 Vertical 350 30
Lower level (-) Weldln.g ina CO, Cast nor;;/Ch—SOf Horizontal 50 10
environment
Table 2. Experiment planning matrix
No. Factors Optimization parameters y = me
experience X, X, X, X, X, Xs (number of weld drops)

1 + + + + + + 480

2 + - + + + + 430

3 + + - + + + 470

4 + - - + + + 410

5 + + + - + + 420

6 + - + - + + 350

7 + + - - + + 400

8 + | - - NN 330

9 + + + + - + 250

10 + - + |+ - + 200

11 + |+ - + - + 195

12 + - - + - + 175

13 + + + - - + 185

14 + - + - - + 140

15 + + - - - + 150

16 + - - - - + 115

17 + + + + + - 310

18 + - + + + - 260

19 + + - + + - 270

20 + - - + + - 235

21 + + + - + - 250

22 + - + - + - 200

23 T+ | - - - 210

24 v+ | - -+ | - 110

25 + + + + - - 80

26 + | -1+ [+ ] - - 65

27 Lo I N I N 12

28 + - - + - - 50

29 + + + - - - 67

30 + - + - - - 30

31 L I A I I 35

32 + - - - - - 15

The significance of the factors was evaluated by In our case

regression coefficients based on the calculation of
confidence intervals. By implementing the full factorial
experiment, we obtained a linear regression equation:

y=b,+bx +b,x, +b,x,+b,x, +b;x,.

y=m, =217,7+217x, +11,8x, +29,5x, +103,5x, + 76,3x,.

Ab =+£3,84.
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It is established that the average value of the
resistance of the proposed coating composition under the
influence of technological factors in experimental
conditions is in the range of 160 325 drops of metal.
Deviations of calculated values of coating resistance from
experimental ones did not exceed.

Having determined the resistance of the coating to
the action of metal droplets under experimental
conditions, to go to real, i.e. determination of the
resistance of the coating to the effects of real welding
spatter (m, ), it is necessary to solve two problems. The

first is the determination of the temperature of
experimental drops of metal T4 ; the second is the

determination of the temperature of real welding spatter
T

r.w.s*
The temperature coefficient was determined by the
ratio of the temperature of the experimental droplets T

to the temperature K, of the actual welding spatter T, .
Tr.w.s

The temperature T,, was determined experimentally

using the calomerization method in a special installation
of fig. 1, installing the colorimeter block at various
distances from 50 to 1000 mm from the welding arc.

12I

\

1 —tripod; 2 — base table; 3 — calorimeter block; 4 — case; 5 — cover; 6 — funnel; 7 — cork; 8 — non-consumable electrode; 9 — a melting
electrode; 10 — drops of molten metal; 11 — wire feed mechanism; 12 — CO, cylinder; 13 — welding converter; 14 — control cabinet;

15 — measuring device; 16 — temperature sensor.

Fig. 1. Installation diagram for the determination of experimental metal droplets

T.q Was determined from the equation through the

amount of heat received by the calorimeter block and the
average specific heat content of metal droplets in the

block.
{syh ~(C T, +Wm)}
d=Tn+ )
Cmb

T

e

Where T, is the melting temperature of the metal,
°C; Syh — average specific heat content of welding

droplets for various h, cal.g; C,, — the average specific

heat of the metal from normal temperature to the melting
point, cal/g grad; W,, — latent heat of melting, cal/g grad.

The calculation data of the experimental drops of
molten metal are given in table 3.

Table 3. The calculated temperature values of the experimental metal drop

Drop span h, mm Average specific drop heat Syh cal.g The temperature ?rf theotgperlmental drop,
ed»

50 662,0 3928

120 632,0 3730

240 611,0 3592

360 590,0 3454

480 580,0 3388

600 570,0 3322
1000 560.0 3256

The temperature of real welding spatter 7,,. was

determined analytically using the dependence of the
amount of heat lost by the welding drop in the arc gap due
to radiation. It was found that welding sprays, in contrast
to metal droplets in the arc gap, in addition to emitting,

give off heat Q,, due to convection and thermal
conductivity are determined from the expression:

4 4
TW. S Tm

Qus =Fus . (Tys —T) + Fy s - Cos( -
W.S ws “c\lws m ws ~0 1004 1004

),




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

Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

where F,,, — heat transfer surface welding spatter, m?; «,
— contact coefficient of heat transfer, determined by
blowing welding balls of molten metal in the shape of a
kcal
ball, ——————; T,
m*-grad-g

spray, °C; T, — medium temperature, °C; C, — absolute
blackbody emissivity, —— o
m*-grad-g
of blackness of the system.
By a known Q,, the change in temperature T, in
the time interval is determined:

— the initial temperature of the

; & — reduced degree

Table 4. Data for calculating the temperature of the welding spray

r _A18TRL 1C Ty —Q 0
4,187R}; - 7C,,

W.S

where R, — the average radius of the spray, m;
y —specific weight of the material spray kg/m?

C, —specific heat capacity spray, &;
kg - grad
Tw,s.in - Weldlng spray temperature at the initial moment of

the time interval At °C; At — the numerical value of the
time intervals, h.
The data for the calculation are given in table 4.

v Rc Nu a, At Q Q-At Toin T, fin
9,18 0,0073 2300 2197

7,81 0,0062 2197 2109

6,78 0,0054 2109 2033

5,98 0,0047 2033 1966

12 1153 7,21 106,7 0,0008 5,35 0,0042 1966 1906
4,82 0,0038 1906 1852

4,39 0,0035 1852 1803

4,02 0,0032 1803 1758

3,70 0,0029 1758 1716

8,74 0,0131 2300 2104

6,33 0,0094 2104 1962

4,92 0,0074 1962 1851

4,04 0,0060 1851 1760

0,48 46,1 51 75,48 0,0015 3,40 0,0051 1760 1683
2,93 0,0043 1683 1617

2,58 0,0038 1617 1559

2,29 0,0034 1559 1507

2,05 0,0030 1507 1460

As a result of analytical and experimental studies, it
was found that the final temperature of the welding spray
during manual arc welding and various span distances
varies from 2197 to 1716°C, and for semi-automatic
welding in CO, from 2104 to 1460 °C .

The average temperature coefficient K, = 1.95, and

the average resistance of the developed protective coating
"m, " is 325 - 600 drops of metal (fig. 2).

O, um
30 1 o= &
l] =
25 - =
11
=2 4
7
20 / Y
7
v 4
i5
;,/“ 5= 7
7
10 — ‘
|
= l | m;» PGS
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 / 22 p

1—welding ina CO, environment; 2 — manual arc welding; 3 — average value of accuracy
Fig. 2. The resistance of the protective coating me to the effects of welding spatter

Based on analytical and experimental studies, the
operating time of the proposed protective coating is
obtained: when performing welding or assembly -

welding operations, which is for various surfaces from 4
to 15 years with a single application.
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The wear time of the coating during mechanical
friction of metal elements on the surface of fixture tu is
determined by the ratio of the length of the path of the
surfaces of friction pairs obtained under experimental
conditions (L,,) to the average path of metal elements in

the fixture in real conditions (L,) for one year operation

equal for base plates up to 1300 m, base and support-hull
tooling elements up to 1800 m.

To determine Lex the friction pairs were prepared:
steel 20X coated and steel ST3 uncoated, cast iron VVCh-
50-32 coated and steel ST3 uncoated.

The tests were carried out on a MIG - 1 machine [5]
at a pressure of 0.5 MPa and a displacement velocity of
0.1 m /s (40 double strokes per min.).

The graph of coating wear during experimental
studies is shown in fig. 3.

O, puml|
30 //
23 /
Y A
20 2 ;
| e
R / \\1
/7(
10 ey
1
5 // -
é time
0 10 120 [30 [40 |50 |60 |70 |80
Le_d
36 72 108 144 180 21,6 252 288 [y

1 —steel ST3 (uncovered) on steel 20X (coated); 2 — steel ST3 (uncovered) on cast iron VCh-50-32 (coated)

Fig. 3. Schedule changes in the thickness of the protective coating during mechanical friction

Mathematical models of wear curves "¢ " of the
developed coating, depending on the base material of the
friction pairs and the operating time (t), are determined
from the equation

Yy =Co+ Gty + Cotyp + Gty

To determine the coefficients C,, C,, C,, C,, we

applied the method of sigular arrangement (SVD), which
consists in the following: at given times t,; <t,, <t,; and

obtained experimental results y,,...y,,, we can assume:
y=apty) + e, (1) + ot (1)),

Table 5. The calculated data of wear factors

1

= TH;
Yu,
2

n

and having made a number of mathematical

Having compiled a plan matrix a =@ :(t), i
j=1K consider the column vector y, =

C
C=

Ck
transformations, we find the values C,, C,, C,that are
given in table 5.

No. . . v
of experiment Friction pairs C, C, C, C, S=y =f (tu)
ST3 steel (uncoated) on steel )
' 20X (coated) 0 2,6 03 04 Yy
Steel ST3 (uncovered) for cast
2 iron VCh-50-32 (coated) 0 3.6 0.4 0,2 Yo,

Then the mathematical models of wear curves have
the form:

5=y -26( 1 03[ | wo,a( )
trowm e ™ 20) "l20) 7 \20)

5 -y —a62 )04/ 2) vo 2l
2722 o) 20 "“l20) "

The processing of the results on a computer showed
that the operating time of the proposed coating during
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mechanical friction and the proper operation of fixtures in
the assembly of welded metal structures for various

groups of tooling elements is 25-30 years or more (fig. 4).

1
AW
/L»<
_~ 1

o0, um
30
osu o
20
(5
10
=
5 —

L I tLv
year
20 25 30 35 40 -~

1 — steel ST3 (uncovered) on steel 20X (coated); 2 — steel ST3 (uncovered) on cast iron VCh-50-32 (coated)

Fig. 4. The service life of the protective coating during assembly operations

The concept of reliability and durability can be
formulated by the main characteristics, with the help of
which it is possible to quantitatively evaluate the
reliability of the coating composition [16, 17]. These
characteristics are: the probability of uptime — P(z), the

failure rate — «(r), the failure intensity — A(z), the
average uptime — T, the readiness factor K, .

In these studies, the term ¢ is considered in two
cases: the time during which the assembly of metal
structures and the tacking of elements (z,,) and the time
during which the final welding of the metal structure is
performed (z,).

According to statistics, the main characteristics of
reliability are estimated by the following equations:

Uptime probability Fas(ras) and P_W(rw)

— N, —n

P (r,) = as Nas(Tas) :
as

— N, —n

Pw(Tw): W—NW(TW) .
w

Failure rate o, (z,,) and a,(z,,)

Nas (7as) .

., (Ta) = ;
o) = 1

— Ny (7w)
aw(rw) = NW AVTV .
wHlw

Failure intensity A, (z,)and 4,(z,);

- Nas (Zas)
A (r.)=—oas\as/) .
as( as) Nc AT,
as :

'l nW(TW)
Ty)=—""-—"7—,
Aw(Tw) N, Az,

where N, , N, — the number of samples placed under
observation, pcs.; n,, n, — the number of samples that
failed in time (z, ) or (z,), pcs.; Ar,, Az, — Selected
value of the time interval, years; N._, N,
number of working samples in the time interval, pcs.

Average time of trouble-free work T_aS and ﬂ

— the average
w

Tkas
Arkas
> n
__i=l
as N

asi Tasi

as

TRw

ArkW
2 My

_ i1
=T

w

where Ny, , n,, — the number of samples that failed in the

i-th interval, pcs.; 7y, ,7,, — average time of the i-th

interval, years; 7, 7, — number of all failed samples

w
over time N, and N,,, pcs.

As a result of statistical studies and mathematical
processing, the statistical characteristics of coatings

reliability P, a , A are shown in fig. 5.
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Fig. 5. Statistical characteristics of the reliability of the coating

The average values of the operating time of coatings "y
and the standard deviation " o " are determined from the

expressions

Table 6. Data for the calculation of the operating time " x " and standard deviation " & "

YRR RSy TR
o= N—léni(xi X)° =h N1 (u)?,

where C is the middle of the middle interval; h is the

length of the interval (1 year); u — interval number.
The calculation data are given in table 6.

Initial data Calculation
intervals 7 , years mid interval numbir (F))l;:allures u hu (hu)?
Assembly operations

1-2 15 1 -6 -6 36
2-3 2,5 2 -5 -10 100

3-4 3,5 2 -4 -8 65

4-5 4,5 3 -3 -9 81
5-6 55 10 -2 -20 400
6-7 6,5 14 -1 -14 196

7-8 7,5 16 0 0 0
8-9 8,5 16 1 16 256
9-10 9,5 13 2 26 676
10-11 10,5 10 3 30 900
11-12 115 6 4 24 576
12-13 125 4 5 20 400
13-14 13,5 2 6 12 144

14-15 14,5 1 7 7 49
Total 100 68 3878

Assembly operations

1-2 15 2 -3 -6 36

2-3 2,5 3 -2 -6 36

3-4 3,5 8 -1 -8 64

4-5 4,5 37 0 0 0
5-6 55 30 1 30 900
6-7 6,5 10 2 20 400
7-8 7,5 6 3 18 324
8-9 8,5 4 4 16 256
Total 100 64 2016

After processing the results of statistical studies, it
was found that the average value of the operating time of

the coating during assembly operations is x,, = T,, = 8

years for welding operations x, = T, =5 years, standard
deviation o, =6 years, o. = 4.5 years.
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When assessing the analytical characteristics of the LT 5
reliability and durability of a coating, wear failures are the 1—;0( w WJ _q,(fas — j
main ones, the time of occurrence of which obeys the P, (7)) = o2 _ 6,34
truncated normal distribution law. WA T, 1,788
The failure rate in this case is determined by the 1+¢ Ng
well-known equation: Ow
L;Tl)z For probabilistic determination of the failure rate of
a(r)=c-e 27, the coating between A(z), P(r) and «a(r) there is a
where ¢ is the constant of the truncated normal distribution, dependence
which is determined from the expression -
[A(x)de
2 P(r)=¢0 ,
P
c=—/——7—"—=, .
a{1+ o( L )} [A(z)de
V2 a(?) =20
where o — standard deviations; ¢ — probability interval. (-T2
After carrying out certain calculations, we obtained a(z) c-ei 262
for assembly operations ¢ = 0.101, for welding operations A7) = =
— P(7) P(7)
¢=0,099.
For our case, we get the following failure rates Having completed a number of mathematical
~(ras-8)2 transformations, we obtain for our case:
0y (7,) =010l 72 For assembly operations
_(fas—Tas)2
~(rw ’75)2 2 ogs (zas —8)2
a,(z,) =0,099¢ 05 P 08¢ 72
. . . /1as (Tas ) = = .
There is a relationship between a(z) and P(zr) Tas — Las 61—l Fas -8
Oas 1—(ﬂ 4 8.46
. Oas !
P(r)=1- dr.
2 -([a(r) ‘ For welding operations
Substituting the values «(z) and ¢ and making a (ew-Tw) 5
. . . . 2 —
series of mathematical transformations, we obtain ge ow —(TVZ’O ?
For assembly operations ﬂw(z-w) - P - 0,8e ’ .
_ Ty — T Tw—5
l-¢ Tas T 1-¢ Tas =8 Uw{l—w[ " \/EWH 6{1_¢[ E\iAj34 ﬂ
OasN2 8,46 Ow
Pes (725 ) = T 1w | iabili i ini
1+ T, g The reliability characteristics of  obtaining
¢ Uas\/z analytically are presented in the form of graphs (fig. 6).

For welding operations
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Fig. 6. Analytical characteristics of the reliability of coatings
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The average failure-time of protective coatings in the  reliability and durability of protective equipment
probabilistic version is found from the equation (protective coating) when exposed to welding splashes
during welding and mechanical wear during the assembly

© w _(71) of welding metal structures in the device.

T= Ira(r)dt = C.[re 20° (. The method of graphic summation of developments

0 0 proposed coating protects surfaces during execution of

. ) ) . welding operations and the assembly process determined
Performing a series of mathematical transformations,  that the average time to failure of the protective

2

we obtain for our case: ) coating is 5 — 6 years. It is theoretically revealed and
When performing assembly operations experimentally proved that to ensure an 8 — 10 — year
2 service life of the working surfaces of equipment placed
= near the welding zone, 2-time coating is necessary,
_ 2 2035 _ .
T, =T, +C05e =9,6 years. respectively.

When performing welding operations Conclusions

-T2,

9 202 Based on experimental studies, it was determined
T, =T, +C,one " =5,5 years.

that the resistance of the proposed protective coating
against the impact of welding splashes is described by a
multi — factor linear polynomial, and the resistance of the
coating during mechanical movement is described by a
cubic parabola. Based on experimental studies, it was
found that the operating time of the working surfaces of
assembly and welding equipment during assembly work
(assembly and tacking metalwork elements) is 615 years,
) o ] ] and when performing assembly and welding operations
introduced, which is determined from the expression: (tacking and final welding) from 4 to 8 vyears.
T Mathematical dependences of the probability of failure-
p= AT free operation, the frequency and intensity of failures are
p obtained. The average uptime of the coating is
6 years. It is theoretically determined and experimentally
confirmed that to ensure an 8-10-year service life, two-
failed element, h. time coating application is necessary.
In the process of conducting research on the
performance of assembly and welding equipment, one of
the main issues in the operation of equipment is the

The considered characteristics make it possible to
evaluate the reliability of coatings, but do not allow to
establish a relationship between the time components of
the operation cycle, not taking into account the time spent
on preventive measures and repairs ensuring the durability
of the elements of assembly and welding equipment. To
solve this issue, a performance coefficient k,  is

where T — uptime, h; T, — the time it takes to restore the
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JOCIIIKEHHSA HAITPAITIOBAHHSA 3AXUCHOI'O ITIOKPUTTSA IIOBEPXOHD
CKJIAJAJIBHO-3BAPIOBAJIBHOI'O OCHAIIIEHHSA

IIpenMeToM nocmiKeHHS B CTaTTi € IMHWTAaHHA, MOB'S3aHI 3 BH3HAYCHHSM TEPMiHY CIy>KOM 3aXMCHHX IOKPHUTTIB, IO 00epiraroTh
MOBEPXHI CKJIaJabHO-3BapIOBAIFHIX MPUCTOCYBAHb BiJl BIUTUBY 3BapIOBAJIbHUX OPH30K 1 MEXaHIYHOTO 3HOCY NPH BUKOHAHHI IEBHUX
omepauii mo 30ipii i 3BaproBaHHI 3BapHUX METAJOKOHCTPYKUil. Po3BUTOK B YKpaiHi pi3HHX raigy3eil MpOMHCIOBOCTI, 0COOIUBO
rajgy3i TOYHOTO MAaIIMHOOYyAyBaHHS (IpuiagoOynyBaHHS), XapaKTEPU3YEThCS MEPeX0JOM Ha PHUHKOBI METOAM TOCHOJApIOBAaHHS,
MiABUIICHHS MONHUTY Ha KOHKYPEHTOCIPOMOXHY 1 JIKBIZHY HpPOAYKHifo. L[poro Mo>kHa IOCATTH CHCTEMAaTHYHHM 1 LIBHIKUM
BIPOBA/DKEHHSAM TEXHIYHO HOBHX BHPOOIB, IIJBUIIEHHS IX SKOCTi, 30UIBLICHHAM NPOTYKTUBHOCTI IIpalli, aBTOMAaTH3aIli€l0
BUPOOHMITBA. Y KOHCTPYKIISX MOJICPHI30BaHMX 1 HOBHX BHIaX BUPOOIB MIMPOKO 3aCTOCOBYIOTHCS 3BapHI METaJOKOHCTPYKIIii, IKiCHE
BUTOTOBJICHHS SIKUX HEMOJJIMBO 0Oe3 3aCTOCYBaHHS CKJIaJaJbHO-3BapIOBAJBHOTO OCHAIIEHHS. HamiiHICTh i JOBrOBIYHICTH JaHUX
MIPUCTOCYBAHb 3aJEXKUTh BiJ] 3aXHCTy IX IOBEPXOHb BIUIMBY 3BapIOBAJIBbHUX OpPH30K i 3agupaM IpH BUKOHAHHI CKIAZaNbHHX 1
3BapIOBAJILHUX ONEpaLiil. AHAMITHYHI 1 eKCIIEPUMEHTANbHI JOCIIKCHHS CTIHKOCTI 3aXUCHUX MOKPHUTTIB BIUIMBY EKCIIEPUMEHTANBHOL
3BapIOBAJILHOT KpaIlli METaly MOKa3aid, IO 3 OUIBIIOCTI anpoOOBaHUX MOKPUTTIB HAHOLIBII TOBFOBIYHUM € PO3pPOOIICHE 3aXHCHE
MOKPHUTTS, IO MICTUTh CyMIIl MOPOMIKY AUCYIb(Diny MomiOaeHy, MOpouIKy rpadiTy, emOKCHIHOTO JIaKy i MEBHHUX PO3YMHHHKIB.
Merta: BH3HAYEHHS TEPMiHY CIy)OW po3pOOIEHOr0 3aXMCHOTO MOKPHUTTS NPH BIUIMBI PsLy 3HAYYIIMX YMHHUKIB, B TOMY YHCIL
BIUTMBY pealbHHX 3BapIOBaJbHIX OpH30K. 3aBIaHHsI: BUSBUTH OCHOBHI — 3HAYYILi TEXHOJIOTTYHI YHHHHKH, SIKi BIUIMBAIOTh HA TEPMiH
CITyKOM 3aXHCHOTO IOKPUTTS; PO3POOMTH MATPHII0 IUIAHYBaHHS Ha MiJICTaBi IOBHOTO (PaKTOPHOTO EKCIIEPUMEHTY; HPOBECTH
EKCIIepUMEHTANIbHI  JIOCIIDKEHHSI CTIHKOCTI IOKPHTTS BIUIMBY €KCIIEPUMEHTAIBHOI Kparuli MeTaly IpH BIUIMBI 3HAYYyIIMX
TEXHOJIOTIYHUX (AaKTOPiB, OTPUMATH PIBHAHHS perpecii CTIKOCTI; NMPOBECTH aHANITHYHI Ta EKCIIEPUMEHTANIbHI JOCHIIKCHHS 3
BU3HAYCHHS TEMIEPATypH EKCIIEPUMEHTANIBHOI KPAaIUli PO3ILIABICHOTO METally; NMPOBECTH aHANITHYHI JOCIHIDKCHHS TEMIIepaTypH
peanbHOT 3BapIOBAIBHOT OPHU3KH; MPOBECTH JOCTIHKEHHSI CTIMKOCTI MOKPHUTTS MPH TEPTi; MPOBECTH aHAITHYHI JOCTIIKEHHS II0/I0
BU3HAUCHHS KUIBKICHUX XapaKTEPHCTHK HAIIHHOCTI 1 JOBTOBIYHOCTI 3aIPOIIOHOBAHOTO CKJIAAy HOKPHUTTSA. Pe3yabTaTu: B CTaTTi
MpeICTaBlIeHl JaHi IOCHIKEHb aBTOPaMH TEPMiHYy CIyOW 3ampolOHOBAHOTO 3aXHMCHOTO MOKPHUTTS, LI0 o0epirae MOBEpxXHi
CKJIaIQJIbHO-3BapIOBAJIGHUX TIPUCTOCYBAaHb TP BIUIMBI 3BApIOBANEHHX OPH30K 1 3HOCY MOKPHUTTS NP IEPEMIICHHI eleMEHTIB
METAJIIOKOHCTPYKIIH B mpucTocyBaHHi. OTpUMaHO KUTBKICHI XapaKTEPUCTUKH HAIIHHOCTI i OBrOBIYHOCTI NMOKPHUTTS. BHCHOBKH:
Po3po0seHO METOJOJOTi0 MI0J0 BHU3HAYCHHS TEPMiHY CIY)KOM 3aXMCHHX IOKPHUTTIB, IO 00OEpiraloTh MOBEPXHI CKIaIalbHO-
3BapIOBAJIbHUX NPHUCTOCYBaHb BiJl BIUIMBY 3BapIOBAJbHUX OpHU30K NPH BUKOHAHHI 3BapIOBAIBHUX OIepamiii i 3HOCY HOKPUTTS IIpH
NepeMIillleHH] elIeMEHTIB 3BapIOBaIbHOT KOHCTPYKIIT B IPUCTOCYBAaHHI TIPH CKJIaJaHH.

KniouoBi cioBa: ckinagaapHO-3BaproBajibHa OCHACTKA; 3aXHCHI MOKPUTTS; 3BapIOBAJIbHI OPH3KH; TOBIIMHA 3aXHCHOI IUTIBKH;
BUM 3BapIOBaHHS; HMOBIPHICTH 0€3B1IMOBHOI pOOOTH; YAaCTOTA BiZIMOB; IHTEHCHBHICTH BiZIMOB; CTPOK CITY>KOH.

HCCJEITOBAHUE HAPABOTKM 3AIIIUTHOI'O TOKPHITUS ITIOBEPXHOCTEN
CBOPOYHO-CBAPOYHOM OCHACTKHA

I[Ipeamerom wmccrenoBaHUs B CTAaThe SBISIOTCA BOMPOCH, CBSI3aHHBIE C ONPEACICHHEM CpPOKa CIyXOBI 3alllUTHBIX MOKPBITHH,
MPEIOXPAHAIONINX TTOBEPXHOCTH COOPOYHO-CBAPOUHBIX IMPHCIOCOONCHUI OT BO3ICHUCTBHS CBAapOYHBIX OPBIST M MEXaHHYECKOTO
HM3HOCA TIPU BBINOJHEHUU OIPENCICHHBIX ONepalyidi 1nmo cOoOpke M CBapKe CBAPHBIX METAUIOKOHCTPYKIMi. Pa3Butue B YkpaumHe
Pa3MYHBIX OTPACHeH MPOMBIIUICHHOCTH, OCOOCHHO OTPACd TOYHOTO MAITHHOCTPOCHHUS (MPUOOPOCTPOCHHUS), XapaKTECPU3yeTCs
MEPEX0I0OM Ha PBHIHOYHBIC METOJIbI XO3SHCTBOBAHHS, MOBBINICHUS CIPOCAa HA KOHKYPEHTOCIOCOOHYIO M JHKBHIHYIO MPOIYKIIHIO.
DTOr0 MOXXHO JOCTHYh CHUCTEMATHUYECKHMM M OBICTPBIM BHEAPCHHEM TEXHHUYCCKH HOBBIX H3JCNUI, TOBBIINICHUS WX KauecTBa,
YBEIIMYEHUEM MTPOU3BOJUTEILHOCTH TPYZAa, aBTOMATH3aIMel MPOM3BOACTBA. B KOHCTPYKIMAX MOJEPHU3UPOBAHHBIX U HOBBIX BHAX
W3 IIUPOKO TIPHMEHSIOTCS CBapHbIE METAJUIOKOHCTPYKIMH, KaueCTBEHHOE HW3TOTOBJIEHHE KOTOPBIX HEBO3MOXHO 0e3
MpUMEHEHUs] COOPOYHO-CBAPOYHOM OCHACTKH. HameXHOCTh M JOJNTOBEYHOCTh NAHHBIX MPHUCIIOCOONEHWH 3aBUCHT OT 3alIUTHl HX
MMOBEPXHOCTEN BO3JICHCTBHIO CBAPOYHBIX OPBI3T M 3a1paM IIPH BEIOJHEHIH COOPOYHBIX U CBAPOYHBIX OIEpaluii. AHATUTUIECKUE 1
OKCHEPUMEHTAJIBHBIE UCCIIENOBAHUA CTOMKOCTH 3alIUTHBIX HOKpblTI/Iﬁ BOS)ICFICTBI/I}O SKCHepHMeHTaJIbHOﬁ CBaquHOﬁ Karie MeTajiia
MOKa3aJid, 4YTO U3 OOJIBIIMHCTBA anpoOUpPOBAHHBIX MOKPHITUH HaWOOJEee JOITOBEUHBIM SIBJSIETCS pPa3paOdOTaHHOE 3allUTHOE
HOKpBITHE, COAEpXKallee CMech IOpolIKa aucyiabduaa MoimubieHa, mopolnka rpaduTa, SMOKCHAHOTO Jaka M OIpeeleHHBIX
pactBoputeneii. Llean: onpeneneHue cpoka CiyObl pa3paOOTAHHOTO 3ALIMTHOTO MOKPBITHS NMPHU BO3ICHCTBUH psiia 3HAYMMBIX
(akTOpOB, B TOM YHMCIIE BO3JCHCTBUIO PEaTbHBIX CBAPOYHBIX OpbHI3T. 3aJauyM: BBIIBUTH OCHOBHBIE — 3HAUYHMMBIC TEXHOJIOTHYECKHE
(aKTOpHl BIMSIOMIME HAa CPOK CITYy:KOBI 3allUTHOTO TOKPHITHS; pa3paboTaTh MaTpHUIy IUIAHHPOBAaHHWS Ha OCHOBAHUH IIOJIHOTO
(haKTOPHOTO FKCIIEPUMEHTA; IPOBECTH SKCIIEPUMEHTAIIBHBIC UCCIIEIOBAHUS CTOMKOCTH MOKPBITHS BO3JEHCTBHIO SKCIIEPUMEHTAIBHOM
KalUId MeTaJUla TPW BJIMSHHUM 3HAYUMBIX TEXHOJIOTHUECKHX (AKTOPOB, MOJYYHUTh YPaBHEHHUS PETPECCHH CTOHKOCTH; MPOBECTH
AHAJTMTUYECKUE M IKCIIEPUMEHTAIBHBIC UCCIIEIOBAHUS 110 OIPEACICHUIO TeMIIEpPaTyphl SKCIEPUMEHTAIBHON Kalljli pacIyIaBIeHHOTO
MeTaJuia; MPOBECTH aHATUTHYECKHE NCCIICA0BAHHS TEMIIepaTyphl pealbHOi CBapOYHON OpBI3rU; MPOBECTH HCCIEJOBAHUE CTOHKOCTH
TMOKPBITUA NTPU TPEHUHU,; IPOBECTH AaHATTUTHYCCKUC UCCIICAOBAHHUSA 10 ONPEACICHUIO KOJTMYCCTBEHHBIX XAPAKTCPUCTUK HAACKHOCTU U
JOJTOBEYHOCTH IPEATI0KEHHOI0 COCTaBa MOKPHITHS. Pe3yabTaThl: B CTaThe MPENCTABICHB! JaHHbIE HCCIIE0BAHUI aBTOpaMH CpoKa
CITy>KOBI TIPEIUIOKEHHOTO 3alIUTHOTO TOKPHITHS, MPEIOXPAHSIONIEr0 IMOBEPXHOCTH COOPOYHO-CBAPOYHBIX IMPHCIOCOOICHHN TPH
BO3ICHCTBUU CBApOYHBIX OPBI3T M HM3HOCA TOKPHITUS IMPH MEPEMEIICHHH SJIEMEHTOB METAJUIOKOHCTPYKIWH B TPHCIIOCOOICHHH.
[Tomy4eHsl KONMMYECTBEHHBIC XapaKTEPUCTUKU HAJISKHOCTH M JIOJITOBEYHOCTH MOKPHITHA. BbIBoabI: Pa3paboraHa mMeTomonorus mo
OTIPENIENICHHI0 CPOKa CIYXKOBI 3aIIUTHBIX TOKPBITHI TPETOXpaHSIONINe MOBEPXHOCTH COOPOYHO-CBAPOYHBIX MPUCIIOCOOJICHUH OT
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BO3JIEHCTBUSI CBAPOYHBIX OpBI3I NPH BBIIOJHEHHM CBAPOUHBIX OMEpAIMi M M3HOCA MOKPHITUS TPHU MEPEMENIEHHM >IEMEHTOB
CBapOYHON KOHCTPYKIMHU B IIPHCIOCOOICHHH IIPU COOPKE.

KnioueBbie c1o0Ba: cOOPOYHO-CBApOUHAsl OCHACTKA; 3aIIUTHBIE MOKPHITHS; CBAPOYHBIE OPBI3TH; TOJIIMHA 3a[IUTHON IUICHKH;
BUJIBI CBapKHU; BEPOSITHOCTH O€30TKa3HOI pabOTEI; 4aCTOTa OTKa30B; HHTEHCUBHOCTH OTKAa30B; CPOK CITYXKOBI.
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DETERMINATION OF THE BASIC PARAMETERS OF SENSOR DEVICES FOR
THE IMPLEMENTATION OF PSYCHONEUROLOGICAL RESEARCH WITH THE
INTRODUCTION OF MULTITOUCH TECHNOLOGY

The subject of the article is the testing process on multi-touch devices for the implementation of psychoneurological studies. The goal
of the work is development specialized dynamic tests with the introduction of Multi-touch technology to detect carpal tunnel
syndrome and hand dysfunction in the early stages of the disease. An objective of the work is to conduct a theoretical analysis to
determine the optimal parameters of touchscreen devices for the implementation of psycho neurological testing; based on
experimental studies to determine the main physical indicators of the test results, indicating the presence of functional disorders of the
hand. The constant use of computers, smartphones, gadgets provide multiple identical load on the wrist; constant visual and neuro-
emotional stress; sitting position of the body; static tension of the musculoskeletal system caused by the need to maintain a working
posture; decreased overall motor activity. The methods of computer modeling and visualization of dynamic tests using the multi-
platform programming language Python were used. Results. The scientific novelty and practical significance of the obtained results is
the development of specialized software and algorithmic software for dynamic testing on sensory devices with the ability to video
record the movements of the upper extremities in the mode "Rapid". The advantage of this method is its non-invasiveness, ease of
implementation, as well as the absence of sensors that can restrict movement. Using the rapid method, one can easily distinguish the
pathological state of motor activity of the hand from the established norm. Conclusions. A specialized software tool was developed,
which was adapted for multi-touch screens that allow identifying functional disorders of the hand by registering the main physical
parameters during testing. Dynamic tests are adapted for any age category of participants (patients), have additional modes for

individual color perception and different levels of complexity.

Keywords: carpal tunnel syndrome; hand dysfunction; multi-touch devices; dynamic testing; psychoneurology.

Formulation of the problem

The widespread introduction of modern information
technologies in all areas of human activity, as well as the
global computerization of work processes, has led to a
significant increase in the number of cases of such a hand
disorder as "“carpal tunnel syndrome" or ‘“carpal
tunnel syndrome™ especially among the young and
middle-aged population [1]. Informally, it is called the
"computer mouse™ syndrome, sometimes the concept is
found as a ‘"gamer's hand® among teenagers
and the younger generation [1-3]. Often there are
concomitant consequences of this disorder in the
form of violations of perception by lateral vision, in
connection with the continuous processing of visual
information on different monitors and screens of
electronic devices [4-6]. Determination of professional or
functional disorders of human hands of various
etiology and pathogenesis, their prevention at the early
stages is an urgent scientific and technical problem,
especially in Psychoneurology, in order to develop new
automated rapid testing tools using interactive sensory
devices.

Analysis of recent research and publications

In scientific works [7—8], the touch screen is defined
as a coordinate device, which allows you to touch the area
of the monitor screen by touching the area of the monitor
screen to make the necessary data element, menu or to
enter data on different computer systems. It is known that
touch screens use only four basic principles of
construction: resistive, capacitive, acoustic and infrared;
however, various sources [7-9] distinguish six, and
sometimes even eight/ten, technologies for the production
of touch screens [9-10].

According to the data given in [7-11], two types of
displays — resistive and capacitive — have become most
widespread at this time. Development of interactive tests
for registration of such parameters as speed of
sensorimotor reaction, pressure of force, accuracy and
time of task fulfillment, determination of level of
development of graphic skills, fine motor skills,
dysfunction of a hand of a hand require implementation of
Multitouch (or multi-touch) technology as it enables to fix
several clicks at a time or only one during testing. In
addition, the Multitouch screens allow the device to work
with several individuals simultaneously, enabling testing
to be implemented as an interactive game for children and
adolescents [9]. It should be noted that touch screens have
a coordinate system independent of the main
display. Touch map mapping requires a conversion
algorithm from one coordinate system to another. The
accuracy of this conversion depends on the stability
of the touch point coordinate system and the video
coordinates [11].

The analysis of literature sources [1-11] found that:

-the most common types of touch screens
are resistive and  projection-capacitive, because
they have the highest accuracy in determining the touch
point;

- infrared sensors are most often used in narrow-
profile models of portable electronics;

- the innovation of building sensor devices in the
future will only concern the development of a flexible
matrix and new protective coatings;

- capacitive sensors are convenient and easy to use
for recognizing and entering information;

- for solving research problems in Psychoneurology,
the best are Multitouch (multisensory) screens, which also
use the click-through process.

A review of the scientific and technical literature
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[1-13] demonstrated the lack of sufficient theoretical and
experimental work to determine the basic technical
parameters of sensory devices for testing and physical
indicators of hand dysfunction, since functional disorders
of the upper extremities have neurological, or only
psychological component of the pathogenesis of the
disease.

Purpose and objectives of the study.

The purpose of the research is to develop specialized
interactive tests on Multitouch screens to detect early-
stage dysfunction of the hand or tunnel syndrome of the
wrist.

To achieve this goal it is necessary to solve the
following tasks:

- to carry out theoretical analysis to determine the
optimal parameters of sensor devices for the
implementation of psychoneurological testing;

- to determine, on the basis of experimental
studies, the main physical indicators of the test results,
indicating the presence of functional disorders of
the hand.

Theoretical analysis to determine the optimal
parameters of touch screens for the implementation of
psychoneurological testing

Touching the touch screen causes local deformation
of the flexible surface layer, resulting in a change in the
electrical resistance or capacity of the corresponding cell,
depending on the type of sensor. Contact coordinates are
determined using two-dimensional matrix sensors. On the
basis of matrix tactile sensors, systems of recording the
coordinates of touch and fingerprint recognition for
biometric identification of the person were created. Most
often, resistive and capacitive touch panels are used in
electronics [7].

In practice, the capacitance is calculated between the
electrodes, in other words the square symmetric matrix of
the capacitance of the touch screen is calculated, which
determines the relationship between the voltage and the
charge on the electrodes of the system.

It is generally accepted [7-9] that the diagonal
components of this screen matrix C, are calculated as an

integral of the energy density .[We in the area Q and the
Q

vector of spatial coordinates V, :
c -2 j W.d Q 1)
i sz 2 e '

0,1 j=i
where V, = L
Vi =i
Non-diagonal members of the screen matrix C,; are
calculated by the formula using the vectors separately
with coordinates V, and V;:

o,
o :ijwed a1 ﬁcﬁ—‘cn), @
k Q 2 Vj Vi
0,1 k=i, j
where V, =1V, k=i
V, k=]

The principle of operation of the capacitive panel is
based on the determination of the point of pressure, while
changes in field strength and weak AC signal
at the corners of the plate are recorded. Touching any
conductive material on the plate will cause the
current to be fixed by the sensors at the same angles. The
main  disadvantage of capacitive technology is
the use of sophisticated mathematical processing to
determine  the  contact coordinates and  the
inability to register the force of pressure on
the touch screen, if it is made, for example, through a
glove [8].

With respect to resistive technology, the panel
consists of two plates that are opposite each other. A layer
of resistive material is applied vertically on one
of the plates and horizontally on the other, 2 electrodes are
drawn from each of them. Detecting the point of
contact in resistive panels is to determine the presence of
contact between two conductive plates. The measurement
of the coordinate of the point of click is performed
along the x and y axes, respectively. The resolution of the
resistive type touch panels is limited by the ADC
converter bit and the voltage difference applied to the
panel electrodes. Using a 10-bit ADC, you can
measure up to 1024 voltage levels (ie points on
the touch panel). This technology uses the simplest
mathematical processing to determine the coordinates of
the touch, which is an advantage over capacitive. The
disadvantage of the touch screen resistive type is
the wear of the panels and the need for gradual
calibration [7, 8].

Here is an algorithm for finding the coordinates of
the point of contact of a touch screen with a desktop with
a diagonal of 17 inches (0.34m x 0.27m) (fig. 1). The
registration of the electrical signal after pressing begins
from the moment of receiving the wave that has traveled
the shortest distance (0.34 m) on the surface of the touch
panel and ends at the moment when it has traveled the
longest distance (0.88 m). As can be seen in fig. 1 b the
amplitude of the response signal after pressing sharply
decreases, indicating that there is a touch at a certain point
of the touch screen (fig. 1 a).

The accuracy of determining the coordinates of the
touch point depends on the sampling rate of the received
signal.  Due to the higher sampling rate of the
received signal, it is possible to more accurately determine
the level of amplitude drop after the touch panel is
pressed.

Having tested various types of touch screens for
dynamic testing, the optimal specifications listed in table 1
were determined.
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Fig. 1. Example of touch point calculation (a) and received feedback response form after pressing (b)

Table 1. Optimal specifications of sensor devices for dynamic testing

Options Specifications
The number of pixels in the matrix 20584 (124x166)
Pixel dimensions 81.6 x 81.6 um
The dimensions of the sensor matrix 10,1x13,5 mm
Image digitization time 2ms
Image identification time 100 ms

Experimental psychoneurological studies on
multitouch screens

The purpose of the experiment was to investigate the
physical parameters during testing on Multitouch screens,
which indicate the presence of wrist tunnel syndrome or
hand dysfunction. The cause of these disorders is nerve
entrapment in the carpal tunnel, accompanied by pain
during arm movements. Continuous static loading of the
same muscles in a large number of monotonous
movements during prolonged work with a computer
mouse, joystick, ballpoint manipulator or keyboard, due to
which the wrist is in constant tension.

The experimental studies were conducted on the
basis of the Laboratory of Biomedical 3D Technologies of
the Department of Biomedical Engineering of Kharkiv
National University of Radio Electronics. The MEDION
MD 20165 monitor was used as a graphical display, which
has the ability to touch control and connect Multitouch
mode. It was there that the participants of the experiment
were tested in the form of repeating the trajectories of
motion of dynamic figures. A layout of two HP HD-5210
digital webcams was also used to provide video recording
of upper extremity movements as an additional method for
detecting hand dysfunction [18].

One of the basic conditions for touch screen video
recording is to place bright color markers on each phalanx
and hand separately, which can be easily detected by
computer vision algorithms. As markers, adhesive
material of various colors of circular shape was used,
which can be easily attached to a person's hand. The
choice of this shape is justified by the properties of the

circle or sphere for projecting, since this type of figure has
the most optimal shading during color segmentation.
Color is used to separate the marker from the background,
as well as to identify a specific marker from others. For
background marker segmentation, it was decided to use
HSV segmentation, which has significant advantages over
segmentation in RGB color space. Dynamic test code on
a multisensor screen is shown in fig. 2, taking into account
the most common multitouch gestures:

- finger shift - the image becomes smaller;

- fingers spread - the image becomes larger;

- multi-finger movement at the same time - scroll;

- two-finger rotation - rotate the subject.

—
— markers

movement - Rotate
Left/Right

touchscreen

Fig. 2. Symbol for test execution on the Multitouch screen




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

Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

Dynamic test development is a projection of the
complex trajectory of the object's motion. Python high-
level programming language was used for this purpose.
The chaotic trajectory of the movement of the figure is
quite difficult during the testing of the participants,
because it requires the maximum concentration of
attention and flexibility of the fingers and wrist, the speed
of the sensorimotor response, which, as a result, allows to
determine different levels of dysfunction of the hand or
tunnel syndrome. The testing process itself is organized as
a single system of interactive interaction between the
participant and the specialist. Task templates have been
designed so that the trajectories of the movement of the
figure correspond to the entire workspace of the GUI at
different ends of the multi-touch screen.

The dynamic test was designed as a game form that
allows it to be used for different age groups of experiment
participants. The object for the test is a spherical, 800x800
pixel shaped ball that corresponds to the average diameter
of the fingertip. In our case, this is a pink ball that moves
along a given trajectory with certain conditions. That is,
when the ball touches any finger of the ball, it sharply
changes its direction of movement to the opposite along
the x or y axis. The "working area” of the developed GUI
was set, namely 400 pixels. The motion graphic is updated
every 0.09 seconds. The xd (85 pixels) and yd (45 pixels)
parameters are responsible for the direction in which the
figure will move from the starting point. If the object
touches the boundaries of the work area, it
changes its direction to the opposite according to the main
condition:

a

{xd =-xd

yd =—yd 3
Fig. 3 clearly illustrates an example of moving a

dynamic object according to the given conditions. In fig. 4

shows the trajectory of the ball and the graphical interface

of the software to perform testing on the Multitouch

screen to determine dysfunction of the hand or tunnel
syndrome of the wrist.

xd

@
vd

\.\‘
/7

i

Fig. 3. Symbol for the example of programmed object movement
during testing

v dynamic I
| "border" of program ) object GUI
| working window
|
L
P "border" of program working window o
/ N
/ h
/
/’v
/
/

Fig. 4. The trajectory of the object (a) and the appearance of the graphical interface of the developed software for testing (b)

For the purpose of additional studies, about 100
variations of dynamic tests with "obstacles" were
developed to analyze the concentration of attention and
the degree of freedom of movement of the brush (fig. 5).
The movement vector of a figure in the Cartesian
coordinate system starts from the initial (0;0), with a step
h=5 pixels and a random velocity of motion v(X) and

v(B), for example, on a segment [-5; 5] is given by the
following expression:

{x=x+v(X)
y=y+v(Y)

The adaptation of the background and the color
scheme of the main and auxiliary objects can be adjusted

(4)




Cyuacnuti cman HayKo8ux 00CaiodceHb ma mexnonozii 6 npomuciosocmi. 2020. Ne 1 (11)

151

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

individually for each participant, depending on his color

perception and psycho-emotional state.

Fig. 5. The appearance of several variants of dynamic test with "obstacles” and conventions of trajectories of objects

The test is considered to have been performed if no
deviations from the specified conditions were detected
during its repetition of trajectories or touching of the
object. If one of the markers of the hand or fingers shows
an abnormal deviation from the standard, it may indicate
the presence of functional disorders of the hands. The
nature of the anomalous movements and the specific
marker make it possible to set the type of upper limb
movement disorder during video recording in rapid mode
and color segmentation. Fig. 6 shows an example of a
multisensor screen test performed by a participant in an

experiment in the laboratory of biomedical 3D
technologies with adhesive colored markers on the hand.
At the study, 32 participants (19 males and 13 females),
aged 20-26, voluntarily participated in the first stage of
preclinical trials, of which 28 were right-handed and 28
left-handed. In this case, 2 people had signs
of carpal tunnel syndrome, as participants reported
experiencing wrist pain during prolonged work on various
computer manipulators. The results of the survey of
participants before the tests were experimentally
confirmed.

Fig. 6. An example of the implementation of the test developed by a participant (co-author of a scientific article) on a multisensory
screen in the laboratory of biomedical 3D technologies of the of BME Department

In fig. 7-8 shows the automated analysis of the
results of testing the participants in a graphical form on
the example of performing one task in the norm and
revealed dysfunction of the hand. The first and second
graphs show the deviation of the x coordinates and the
given trajectory of motion of the dynamic object from the
experimental one, calculating the error as:

where E — integral (cumulative) error; the mean square

1
error (MSE) is calculated as MSE = t E;

A

y, 1 X — registered coordinates of the participant's

finger while repeating the shape's trajectory at a given
time t; y, i x, — given coordinates of the trajectory of

motion at a certain point in time t.

n
A 2 O 2
E= )0 -y + (& —x), (5)
t=1
500 oY =
xml __',—"—"’""
S0 3 et
- o o s
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Fig. 7. Automated analysis of test results in a graphical form of the test is normal




152

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

Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

While observing the tasks of one participant, there
were no health factors that could be prerequisites for wrist
tunnel syndrome. As can be seen in fig. 8, the test run time
is 54 ms, the force of the pressure is gradually changing,
the deviation of the coordinates of the given and

experimental trajectories looks like a positive and negative
curvilinear dependence. The obtained test data are within
the normal range, the inaccuracy of the task is explained
by the non-concentration of the participant.

o0 o=
X
T o
0
20/ —
T3 M om0 00 MO 1M (WS (@0 A0 IO 20 JM0 I IM0 MW X0 34N 34N M N0 4N @0 0 4 S0 W tee
tms
o
y = =
o =
"= -
' SR T MO D E0 IR 230 DeN 1M 20 1M 00 1M MM BB (00 N e 60 a0 S Em See
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Fig. 8. Automated analysis of test results in graphical test form during functional brush disorder

Fig. 8 shows the nature of the deviation of the
coordinates of the trajectories has uncharacteristic "peaks"
on the graphs, which indicates the presence of functional
disorder during the task.

Using the analysis of the physical parameters of the
test participants, the conditional ranges for the norm and
functional  disorders of the upper extremities
corresponding to the data from scientific sources were

Table 2. The main physical parameters of the experimental studies

calculated [1-13]. Table. 2 lists the basic physical
parameters of psychoneurological research.

According to the obtained data, the average
experimental dependence of the force of pressure on the
touch screen during touching a dynamic object and
repeating its trajectory of motion from the time of tasks
was constructed (fig. 9)

500

Parameter Norm Functional disorders of the
hand

Task completion time, In seconds <50 > 100
The number of tasks completed correctly (20 is the >15 <7
maximum number of tasks)
Deviation of the experimental trajectory length from the <60 > 100
specified one, in pixels
Force of onslaught of the dominant hand on the touch > 370 < 800 <200 >1000
screen, in N/mm2

800

700

600 /

/

400

300

200

100

5 10 15 20

Pressure force on the touchscreen, N/mm?

task execution time, s

25 30 35 40 45 50

Fig. 9. The average experimental dependence of the pressure of the touch screen on the time of tasks

According to the graph, you can see a direct
correlation of the curve, i.e. the increase in the force of the
pressure leads to an increase in the time of the test,
indicating a gradual fatigue during the perception of the
task and decrease the speed of the sensorimotor response
or difficulties associated with functional disorders of the
hands.

Analysis of the test results showed that in 23 persons
(71.88%) of the total number of participants of the

experiment, the values of calculated and registered
parameters correspond to the established range of norm,
and in 9 (21.13%) the values of indicators have deviations
from the norms, of which 2 people (6.25%) had significant
abnormalities, which indicated the presence of functional
disorders of the hand.

Thus, the main advantages of the developed
specialized software for testing on multi-touch screens
are:
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- non-invasiveness of the research method,;

- ease of setup and ease of implementation;

-no need for contact sensors that can be
uncomfortable and limit movement, creating additional
noise or interference;

- the possibility of flexible adaptation of tests for any
age group, taking into account the individual
characteristics of fine motor skills and psychomotor skills;

- the ability to integrate the "game form" of tests;

-great space for enhancing and expanding
functionality, as well as introducing new authoring ideas
to meet new research challenges.

Conclusions and prospects for further development

1. As a result of the first stage of theoretical and
experimental psychoneurological studies, it was found that
the optimal technical parameters of multisensory screens
are: resolution in the mode of displaying tests not less than
1280x800; minimum number of finger pressure sensitivity
levels is 1024; the minimum sizes of the working window

performance; the pixel brightness of the dynamic test
display according to [0... 255] - not less than 28 intensity
levels; contrast — not less than 227 levels of intensity;
minimum color gamut of tasks - two-color.

2. The data obtained during dynamic testing indicate
that in participants with manifestation of fatigue of the
muscles of the arm or the presence of painful sensations in
the wrist, the speed of the sensorimotor response
significantly exceeds the parameters of the established
range of norm, and reaches from 120 to 200 ms, which
may indicate about the possibility of using this parameter
as a diagnostic perspective.

3. A specialized software tool, which has been
adapted for multisensor screens, enables the detection of
functional disorders of the hand by registering basic
physical parameters during testing. Comparison of values
of indicators of a conditional norm with values
corresponding to different degrees of deviation allows to
estimate a psychoneurological condition of the person in
dynamics.

The prospect of further research is the conduct of

clinical trials on the basis of medical institutions and the
introduction of scientific results to improve the diagnostic
process in psychoneurology.

of the software - 1024x768; the best resolution of a digital
webcam for recording hand movements - 1280x720,
which combines the trade-off between price, accuracy and
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BU3HAYEHHS1 OCHOBHUX ITAPAMETPIB CEHCOPHUX IMPUCTPOIB 1JI1
PEAJIIBAIIIL ICUXOHEBPOJIOITYHUX JOCJLIKEHD 3 BITPOBAJI)KEHHSIM
MULTITOUCH-TEXHOJIOI'TI

IIpeamerom noCHiIKEHHS CTATTi € MPOLEC TECTYBaHHS HAa MYJIBTHCEHCOPHUX HPHUCTPOSX U pearizamii MCHXOHEBPOJIOTTYHHX
JociikeHb. MeTow poOoTH € po3poOka Creliali3oBaHuX JHHAMIYHUX TECTiB 3 BIPOBaKeHHSIM Multitouch-texHomorii ms
BUSIBJICHHS TYHEJIBHOTO CHHAPOMY 3aIl’sicTs Ta AUCQYHKLIT KHUCTI Ha paHHIX CTaaisfiX 3aXBOPIOBaHHI. 3aBJaHHAMH poOOTH €
IIPOBECTH TEOPETHYHUH aHAII3 i3 BU3HAYECHHS ONTUMAIBHHUX ITapaMeTpiB CEHCOPHUX MPUCTPOIB IS peai3alil ICHXOHEBPOJIOTiHHOTO
TECTYBaHHS; Ha MIJCTaBl €KCIIEPUMEHTAIBHNX JOCITIIPKEHb BU3HAYUTH OCHOBHI (Di3MUYHI MOKa3HUKH PE3yJbTaTiB TECTYBAHHS, IO
CBiIYaTh PO HASBHICTH (PYHKIIOHATBHUX PO3JIaaiB KHCTI pykH. [locTiifHE KOPHCTYBaHHS KOMIT I0TEpaMH, CMapTPOHAMH, TaJKeTaMU
nependadae OTHOMAHITHI OaraTopa3oBi HaBaHTAXXCHHS Ha 3all’ACTs; MOCTiliHE 30pOBE Ta HEPBOBO-EMOIIMHE HAIPYKEHHS; CHISIIE
MIOJIOXKEHHS TiNla; CTAaTHYHE HANPYXKEHHS OMOPHO-PYXOBOi CHUCTEMH, II0 BHUKIMKAETHCS HEOOXITHICTIO MIATPUMKH poOoUoi 1mo3w;
3HIKEHHS 3arajlbHOi pyXJIMBOI1 aKkTHBHOCTI. Byl BUKOpHCTaHI MeTOAM KOMII IOTEPHOTO MOJICITIOBaHHS Ta Bi3yami3alii AWHAMIYHAX
TECTIB i3 3aCTOCYBaHHSAM MYJBTUIUIATGOPMEHHOI MOBHM mporpamyBanHs Python. PesyiabraTn. HaykoBa HOBM3HA Ta HpakTHYHE
3HAUCHHS OTPUMAaHMX pe3yJIbTaTiB IOJsrae y po3poOli CremianizoBaHoro IPOrpaMHO-AITOPUTMIYHOTO 3a0e3nedyeHHs Uil
MIPOBE/ICHHS TUHAMIYHOTO TECTYBaHHS Ha CEHCOPHUX NMPUCTPOSIX 3 MOXKIMBICTIO BifieopeecTpanii pyXiB BEpXHiX KIHI[IBOK B PEXUMI
"pamin". IlepeBaroro 1bOro METOy € HOro HeiHBa3WBHICTb, IIPOCTOTA peaizallii, a TAKOXK BiJCYTHICTb 3aCTOCYBAHHS JATYHKIB, KOTPI
MOXYTh OOMEXYyBaTH PyXH. 3a JIOMOMOTIOI0 PamiI-MeTOly MOJYKHA JIETKO BiIPi3HUTH NMATOJIOTIYHUIA CTAH PyXOBOi aKTUBHOCTI KHCTI
PYKH Bia ycTaHOBIEHOI HOpMH BucHoBKH. Po3poOneHuii cnemiamizoBaHHi TporpamMHH 3aci0d, KOTpuid OyB aganTOBaHHU IS
MYJIBTHCEHCOPHHUX €KpPaHiB, 1€ 3MOTY BUSBUTH (DYHKIIOHAIBHI PO3JTaIy KUCTI PYKH 3a IOTIOMOTOIO PeeCTparlii OCHOBHUX (i3HUHHX
mapamMeTpiB MiJ 4ac TecTyBaHHS. J[MHaMi4HI TE€CTH MPUCTOCOBaHI A OyIb-sKOi BIKOBOi KaTeropii yJyacHHWKiB (MALli€HTIB), MalOTh
JTOJATKOBI PEXKUMH IS 1HIHBITyaIbHOTO KOJBOPOBOTO CIIPUHHATTS Ta Pi3HI PiBHI CKIATHOCTI.

KunrouoBi ciioBa: TyHeIbHUI CHHAPOM 3arl’ICTS; QUCQYHKIISA KUCTI PyKH; MyJIBTHCEHCOPHI MPHUCTPOT; ANHAMIYHE TECTYBaHHS;
TICUXOHEBPOJIOT L.

OINNPEJAEJIEHUE OCHOBHBIX TAPAMETPOB CEHCOPHBIX YCTPOPI?TB AJIA
PEAJIM3ALIUU ICUXOHEBPOJIOI'MYECKUX UCCJIEJOBAHUU C
BHEAPEHUEM MULTITOUCH-TEXHOJIOT'A

IIpeamerom wHccienoBaHUS B CTaThe ABISAETCS IPOLECC TECTHUPOBAHMA HAa MYJIBTUCEHCOPHBIX YCTPOMCTBaxX I peanu3aluu
NICHXOHEeBpoJorudeckux ucciuenosannii. Lleabio paboTel sBIseTcss pa3paboTKa CHEHANN3UPOBAHHBIX AWHAMHYECKHX TECTOB C
BHeZpeHrneM Multitouch-TexHoIOruK /TS BBISIBICHUS] TYHHEJIBHOTO CHHIPOMA 3aIsICThs U AUCHYHKIMU KHCTH Ha PaHHUX CTaIUsIX
3aboneBaHus. 3agadyamMm paboTHl SIBIAETCS TPOBECTH TEOPETHYECKMH aHalU3 MO OINpPEACNICHHUIO ONTHMAJbHBIX IapaMeTpoB
CEHCOPHBIX YCTPOMCTB Ul pean3allii ICUXOHEBPOJIOIHYECKOr0 TECTUPOBAHUS; HA OCHOBAaHUHU HKCIIEPUMEHTAIbHBIX MCCIIEI0BAHUM
OIPEACTUTh OCHOBHBIE (PU3MUECKUE MOKA3aTeNIM Pe3yJbTaTOB TECTHPOBAHUS, CBUACTENBCTBYIOIINE O HATMYMU (DYHKIMOHAIBHBIX
pacctpoiictB kuctu pyku. [1ocTOSIHHOE HCIIOIBb30BaHHE KOMIIBIOTEPOB, CMApT(OHOB, Ta/KETOB INPEAyCMaTPUBACT OJHHAKOBEHIC
MHOTOKPATHBIC HArpy3KH Ha 3aIICThE; MOCTOSHHOE 3PUTEIBHOE U HEPBHO-3MOLMOHAIBHOE HANPSKEHUE; CUAdYee IO0JI0KEHHUE Tela
CTaTHYECKOE HAIPSIKEHUE OTIOPHO-ABUTATEIFHON CHCTEMBI, BEI3BIBAEMOE HEOOXOANMOCTBIO MOJIepKaHus paboyeil Mo3bl; CHIKEHHE
o01eil IBATaTeNbHOI aKTHBHOCTH. BBUTH HCIIOMB30BaHEl METOABI KOMIBIOTEPHOTO MOACIUPOBAHNUS W BU3YAIN3ALIH THHAMIYECKIX
TECTOB C MPHUMEHEHHEM MYJIbTHIUIATGOPMEHHOTO s3blka mporpammupoBanus Python. Pe3yabrarsl. Haydnas HoBH3HA
NPAKTUUECKOE 3HAYCHHE IIOJNyYCHHBIX pPE3yJbTaTOB 3aKiioyaeTcss B pa3paboTke CIEHHUaNU3MPOBAHHOTO  MPOrPaMMHO-
AITOPUTMHUYECKOT0 00ecneueHUs Ul IPOBEICHNUSI TECTUPOBAHUS HA CEHCOPHBIX YCTPOMCTBAX C BO3MOMKHOCTBIO BHJICO PETHCTPALIMU
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JBWKEHUI BEPXHUX KOHEYHOCTeH B pexkume "pamup’. IlpenmylecTBoM 3TOro MeToja SBISETCS €ro HEMHBA3UBHOCTH, MPOCTOTA
peanu3anuy, a TakkKe OTCYICTBHE NPUMEHECHUS JaTYMKOB, KOTOPbIE MOTYT OrpaHUYMBATh ABMKEHUs. C IOMOIIBIO pamua-MeTona
MOJKHO JIETKO OTJIMYMThH IATOJIOTMYECKOE COCTOSIHUE JBUTaTEIbHON aKTUBHOCTH KHCTH PYKH OT YCTAHOBJIEHHOH HOpMBI BBIBOABI.
Brito  paspaboraHo crenuanu3MpOBAaHHOE IIPOTPaMMHOE CPEICTBO, KOTOPOE aJalTHPOBAHO IS MYJIBTHCEHCOPHBIX JKPaHOB,
MI03BOJISIET BBISIBUTH (DYHKIMOHAJBHBIE PAcCTPOICTBA KHCTH PYKH C TIOMOIIBIO PETHCTPAIMH OCHOBHBIX (DM3HYECKHX ITapaMeTpOB BO
BpeMsl TECTUPOBaHHA. [IMHAMUUECKHE TECThl MPHCIOCOONEHBI A T000i BO3PACTHON KAaTErOpPUH Y4aCTHHKOB (TAIllMEHTOB), HMEIOT
JOTIOJTHUTEIbHBIE PEXKUMBI IJIsI UHAUBULYalIbHOTO I[BETOBOTO BOCHPHSTHS U PA3HBIE YPOBHU CIOKHOCTH.

KiroueBble ¢10Ba: TyHHEIbHBII CHHAPOM 3aISICThs; AUCQYHKIHUS KUCTH PYKH; MYJIbTHCEHCOPHBIE yCTPONCTBA; TMHAMUUECKOE
TECTHPOBAHUE; TICUXOHEBPOJIOTHS.
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ANALYSIS OF THE REQUIREMENTS OF INTERNATIONAL AND NATIONAL
STANDARDS FOR MEASUREMENT METHODS AND METROLOGICAL
EQUIPMENT

The subject of research in the article are methods and means of measurement and testing. The goal of the work is to analyze the
metrological requirements of the ISO/IEC 17025:2017 standard for equipment and methods used to conduct tests in laboratories to
ensure control of the metrological system processes, and to provide information on the practical application of the requirements of this
standard, taking into account the provisions of other international standards. The following tasks are solved in the article: analysis of
the position of international documents containing the requirements to the equipment and test methods for measurement in order to
determine their practical implementation; analysis of ISO/IEC 17025:2017 on metrological requirements and proposed ways of
implementation of these requirements. The following methods are used - analysis method. The following results have been obtained:
the analysis of international requirements to the equipment, including measuring, testing (measurement) and standardization of these
requirements has been carried out to implement the provisions of ISO/IEC 17025:2017. An important factor in the implementation of
the standard in Ukraine is that currently there are no national standards that would regulate the general requirements for the use of
measuring equipment and assess the accuracy of measurement results. This standard provides general approaches to the use of
equipment and accuracy characteristics of the results obtained by appropriate methods. Fulfillment of the requirements of the
methodology makes it possible to obtain a reliable result with the required accuracy. Conclusions: on the basis of the carried out
analysis it is established that ISO/IEC 17025:2017 became a new perspective step towards application of metrological requirements to
means and methods of testing and measurements defined by various other international documents in the field of metrology; the
standard is a fundamental, in fact, reference book for metrologists on organization of work on assurance of reliability of measurement
results and tests at the enterprise; assurance of conformity to the requirements of the international standard provides customers with

confidence in the results of measurements.

Keywords: validation; verification; measurement; measuring equipment; reliability of the results; measurement technique;

metrology.

Introduction

DSTU International Standard ISO/IEC 17025
"General requirements for the competence of testing and
calibration laboratories" [1], which sets out the general
requirements for the competence of testing laboratories,
known in Ukraine for many years. However, at the end of
2017, international standards organizations - 1SO and IES
— have announced a new version of this standard.
However, in this article, the authors pay particular
attention to the implementation of metrological
requirements, first of all, to measurement techniques and
equipment. The application of the new edition in 2018-
2019 in Ukraine showed that more attention should be
paid to the correct implementation of metrological
requirements, because they directly affect the solution of
the main task set by this standard - ensuring the reliability
of the results of tests and measurements obtained in the
laboratory.

SSTU International Standard ISO / IEC 17025
"General requirements for the competence of testing and
calibration laboratories” [1], which sets out the general
requirements for the competence of testing laboratories,
known in Ukraine for many years. However, at the end of
2017, international standards organizations - ISO and IES
- have announced a new version of this standard.
However, in this article, the authors pay particular
attention to the implementation of metrological
requirements, first of all, to measurement techniques and
equipment. The application of the new edition in 2018-
2019 in Ukraine showed that more attention should be
paid to the correct implementation of metrological
requirements, because they directly affect the solution of

the main task set by this standard - ensuring the reliability
of the results of tests and measurements obtained in the
laboratory.

In the new version of this International Standard,
requirements for equipment and test ~methods
(measurements) are different from those in previous
versions. This article summarizes the results of the
analysis on metrological requirements and suggests ways
to implement these requirements.

Analysis of the problem and existing methods

Since the introduction of 1SO / IEC 17025: 2005 [3]
in Ukraine, accredited testing laboratories have focused on
the fact that the measurement criterion is the measurement
uncertainty. However, the new version of this standard
provides for the assessment and measurement of the
different quantitative characteristics provided for by other
international standards for measuring accuracy. This is a
significant step forward in ensuring that the measurement
results are accurate because the value of measurement
uncertainty in the laboratory result did not contribute to
confidence in the result. This is justified by the lack of
standardized methods for determining the uncertainty of
the target, the absence of generally accepted equations of
measurement for the given measurement task, the
unproven determination of the uncertainty of type B, etc.
However, there are a considerable number of international
standards that describe other methods of controlling the
accuracy of measurement results. Analysis of the
implementation of the provisions and prospects of
ISO/IEC 17025: 2017 dedicated to the work of foreign
researchers [4-7].
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The purpose of the work is to analyze the
metrological requirements of the standard [1] for the
equipment and methods used for testing in laboratories
and to provide information on the practical application of
the requirements of this standard, taking into account the
provisions of other international standards.

Solving the problem

Analysis of equipment requirements by
international and national standards.

Let us analyze the requirements of ISO / IEC 17025:
2017 [1] and its translation into Ukrainian [2], to
equipment. The term "equipment"” and not "equipment" or
"equipment" used in previous revisions of ISO / IEC
17025 should be noted "and the general term by which
these two types of equipment were referred to was"
equipment”. Which was not consistent enough.

Paragraph 6.4.1 of the standard specifies that "the
laboratory must have access to the equipment (including,
but not limited to, measuring instruments, software,
standards, standard samples, standard reference data,
reagents, supplies or accessories) required for the proper
implementation of the laboratory and what may affect the
results". However, the incorrect term "measuring
instrument” has been used. Incorrect because the term
"measuring instrument” is used in the original. When
referring to the International Metrology Dictionary (VIM)
[8], this term corresponds to the terms "measuring
equipment means™ or "measuring equipment” (see SSTU
ISO 10012 [9]). Hereinafter referred to as the NAAU
translation, the term "measuring equipment".

The requirement to inspect the equipment for
compliance with the specified regulations before
commissioning or putting it back into service complies
with previous versions of the standard. However, the 2017
edition clearly states that the equipment used for the
measurement must provide the measurement accuracy and
/ or measurement uncertainty required to ensure the
accuracy of the result. And this should be understood as
follows: it is recognized that measuring instruments
(measuring equipment) have a basic metrological
characteristic — an error. And this is confirmed by the EU
directives on measuring equipment in the “essential
requirements" sections, which specify the need for the
manufacturer of the measuring equipment to establish the
maximum permissible error. Based on the use of the term
"accuracy" for measuring equipment, which is a
qualitative assessment, and quantitatively for measuring
equipment is characterized by its error - accuracy class or
maximum permissible error.

Attention should be drawn to the definition of an
"accuracy class" in the international dictionary [8], a class
of measuring instruments or measuring systems that
satisfies the metrological requirements necessary to
maintain measurement errors or instrumental uncertainties
within  specified limits under specified operating
conditions. The maximum permissible error sets the
maximum error limits for the measuring equipment. The
characteristics and designation of accuracy classes of
measuring equipment by its categories are defined in the

recommendation of the International Organization of
Legal Metrology OIML R 34 [11].

Paragraph 6.4.6 specifies the
calibration of measuring equipment.
instruments must be calibrated if:

- measurement accuracy or measurement uncertainty
affects the accuracy of the results obtained, and/or

- calibration of equipment is necessary to establish
the metrological traceability of the obtained results.

According to Resolution 11 of the 22nd General
Conference on Weights and Measures "Communication
between national metrology institutes and national
(recognized) accreditation bodies", FTA calibration is not
a conformity assessment. The question then arises as to
why calibration of measuring equipment is used in
conformity assessment rather than calibration. The
calibration involves the conformity of metrological
characteristics of the measuring equipment with the
requirements set to it, and the calibration does not provide
this.

Remaining in ISO/IEC 17025: 2017 such an
important requirement as metrological traceability,
namely "6.5.1. The laboratory shall establish and maintain
metrological traceability of the measurement results using
a documented non-breaking calibration circuit, each
contributing to measurement uncertainty. them with the
appropriate standard ".

The revision of 1SO / IEC 17025: 2017 establishes
rules for handling non-measuring equipment. For such
equipment (testing and auxiliary) the word "verification"
was applied, which in Ukraine was carried out as
attestation - verification of compliance with the equipment
installed to the requirements.

According to ISO/IEC 17000 [10] (implemented in
Ukraine as DSTU ISO/IEC 17000: 2007 "Conformity
Assessment. Glossary of Terms and General Principles”) a
test means the determination of one or more
characteristics of an object of conformity assessment in
accordance with a defined procedure. During the tests the
following can be applied:

- technical means having accuracy characteristics;

requirement for
Measuring

- technical means that do not have precise
characteristics;
- measuring  equipment  having  metrological

characteristics;

- indicators - devices or substances that indicate the
occurrence of a phenomenon, body or substance in the
event of exceeding a specified value.

The type of technical equipment used depends on the
purpose and the procedure for determining the
characteristics of the conformity assessment object.

In  Ukraine, experts distinguish between "test
equipment"” and "measuring equipment". Testing
equipment is used to reproduce the test conditions, that is,
technical means that in some way affect the object of
research over the required time. Measuring techniques are
used to perform measurements, that is, by which they
implement the process of experimentally determining one
or more values of a value that can reasonably be assigned
to that value. The term "measuring instruments™ according
to 1SO 10012: 2003 [9] (introduced in Ukraine as SSTU
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ISO 10012: 2005 "Measurement Control Systems.
Requirements  for  Measurement  Processes  and
Measurement Equipment”) now corresponds to the
international term "measuring equipment”. The term
"measuring equipment"” is also used in the translation of
SSTU ISO/IEC 17025: 2017 [2].

Concerning the identity of the terms, then:

- according to VIM [8], the definition of "measuring
instruments" indicates the following: "a device used for
measurements, only one or in combination with one or
more devices";

- in accordance with 1SO 10012 [9], the definition of
the term "measuring equipment" - measuring instrument,
software, standard unit of physical quantity, standard
sample, or auxiliary devices or combinations thereof
necessary to perform the measurement process.

From the point of view of risk-oriented thinking, the
main risk when using measuring equipment is to exceed
the maximum permissible error of a particular tool or the
required uncertainty of its calibration. However, at this
time the issue of setting a target (regulated for a specific
measurement task) measurement uncertainty is not
addressed.

Clause 6.4.6 of the discussed standard [1] specifies
the requirement for calibration of measuring equipment.
Measuring instruments must be calibrated if:

- measurement accuracy or measurement uncertainty
affects the accuracy of the results obtained, and / or

- calibration of equipment is necessary to establish
the metrological traceability of the obtained results.

The estimation of measurement uncertainty during
calibration is regulated in EA-4/02 [12].

The new version of the standard establishes rules for
handling non-measuring equipment. For such equipment
(testing and auxiliary) the word "verification” was
applied, which in Ukraine was performed as a certification
- a check for compliance with the established
requirements for the equipment. That is, the term "testing
of test equipment” can be used at this time.

Analysis of requirements for test and
measurement methods according to international and
national standards.

The reliability of the test results depends not only on
the correct use of the equipment, but on the methods by
which these tests are conducted.

Let’s consider the concept of "methodology" in
relation to testing and measurement. At the international
level, techniques are commonly referred to as procedures.
The International Metrology Dictionary [8] provides the
following definition of a measurement procedure: a
detailed description of measurement in accordance with
one or more measurement principles and a measurement
method that is based on the measurement model and
contains a calculation to obtain the measurement result.
This definition does not contradict the definition of
"measurement technique™ adopted in Ukraine: a document
containing a set of operations and rules whose
implementation ensures that the measurement result is
obtained with established accuracy.

According to VIM [8]:

- the principle of measurement — a phenomenon that
serves as a basis for measurement (a phenomenon can be
physical, chemical or biological in nature);

- measurement method — a general description of the
logical sequence of operations used during measurements
(for example, the direct measurement method);

- measurement model — mathematical relation
between all quantities that are related to measurement);

- accuracy — the closeness between the measured
value of the value and the true value of the measured
value.

The notion of "measurement accuracy" is not a
quantity and therefore is not given in the form of a
numerical value. Measurement is more accurate when it
has less measurement error. More accurate measurements
must be made, or it is sufficient to obtain the measurement
result with less accuracy. That is, accuracy is a qualitative
indicator, in quantitative terms it can be expressed by
other quantitative indicators.

The test also applies the concept of "test accuracy".
In this case, accuracy is characterized by an accuracy
characteristic or an established tolerance for the test result.
Accurate test performance is, for example, an error in
setting the temperature in a drying cabinet or the tolerance
to the value of the relevant product parameter being
tested..

The requirements of the standard [1,2] for the
methods are set out in section 7.2 "Selection, verification
and validation of methods".

The laboratory should use acceptable methods and
procedures to carry out the entire activity (ie
measurements and tests in the field of activity). The text
of this standard defines that the term "method" as used in
the original of this document may be considered
synonymous with the term "measurement procedure” (i.e.
test/measurement technique) as defined in the dictionary.

(8l

The status of test/measurement techniques in I1SO /
IEC 17025: 2017 Section 7.2 is as follows:

(1) all  methods, procedures and supporting
documentation, such as instructions, standards, guidelines
and background data related to the activities of the
laboratory, should be kept up-to-date and accessible to
staff;

2) the laboratory must ensure that it uses the latest
valid version of the method, except where it is
inappropriate or impossible;

3) where necessary, the application of the method
should be supplemented by additional information to
ensure consistent application;

4) techniques developed by the laboratory.

Unfortunately, in 1SO / IEC 17025: 2017 the term
"standardized methodology" does not apply in clause
7.2.1.4, but hereinafter it is used. However, it is confirmed
that techniques published in international, regional or
national standards, or published by reputable technical
organizations, or published in relevant scientific literature
or journals, or those specified by the manufacturer of the
equipment, are recommended (ie standardized). It has also
been confirmed that techniques developed and modified
by the laboratory can also be used.
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A positive aspect of the new version of the standard
is the clear definition of the application of the terms
"verification" and "validation" to test and measurement
methods. Verification means providing objective evidence
that an entity meets the above requirements. As for the test
facility, both the measurement method and the test method
are subject.

Verifications are  subject to  standardized
(recommended) techniques that apply to their scope. The
laboratory should check that its specialists can properly
perform the methods before their introduction by
demonstrating that the desired performance can be
achieved - the reliability of the measurement (test) result.
Records of verification of methodologies should be kept
in the laboratory. The verification procedure for
standardized methods should be performed by all testing
(measuring) laboratories, and not only by accredited ones,
as this is evidence of the quality assurance of the
laboratory work.

The laboratory should validate:

- non-standard methods;

- techniques developed by the laboratory;

- standardized techniques that are used other than as
provided or modified.

Validation is the verification that these requirements
are appropriate for the intended use. Thus, during the
validation of the methodology, the laboratory confirms its
suitability for use.

Validation should be as extensive as is necessary to
meet the needs of the application or scope. The
techniques used to validate the method can be one or a
combination of the following:

- measurement bias and precision estimation using
standard samples;

- systematic evaluation of the factors that influence
the result;

- checking the stability of the method by changing
adjustable parameters such as incubator temperature, dose
volume;

- comparison with results obtained by other validated
methods;

- interlaboratory comparisons;

- estimation of uncertainty of measurement results on
the basis of understanding of theoretical principles of
method and practical experience of work on sampling or
test method.

The laboratory must determine the accuracy of the
measurements. However, not only accuracy is estimated
by uncertainty. The measurement uncertainty requirement
is defined where appropriate. It is very important from the
point of view of practical application of the techniques
that the main requirement for the performance
characteristics of the validated methods is compliance
with the needs of the customers and compatibility with
certain requirements. This means that not only uncertainty
can characterize measurement accuracy, as defined in
previous versions of the standard, and is contrary to many
other international standards that govern measurement
accuracy requirements.

International standard [1] provides that performance
may include, but is not limited to, measurement range,

measurement error, measurement uncertainty, detection
limit, quantification limit, method selectivity, linearity,
repeatability or reproducibility, resistance to external
influences, or cross-sensitivity to the influence of the
sample matrix or test object and measurement offset.

Therefore, when developing techniques in the
laboratory, those performance characteristics that are
appropriate to its scope can be selected.

This also indicates that different performance
characteristics can be applied in standardized methods.
And then there is the question - what is the need to
evaluate measurement uncertainty if the reliability of the
result is provided by other characteristics of the accuracy
of the result.

For the evaluation of many of the characteristics
proposed in the standard [1, 2], the provisions of ISO
5725 [13-18] should be used. The authors of the article
[19] described in detail the working characteristics of the
methods.

It is advisable to clarify what characteristics quantify
the notion of "measurement accuracy" in test and
measurement methods:

- measurement error — normalized maximum
permissible error; attributed an error at a confidence
probability of 0.95;

- measurement uncertainty — target (set maximum
allowed value); laboratory definitive (own) measurement
uncertainty;

- correctness — systematic error, offset from the
reference value;

Precision —
reproducibility.

For practical use in testing laboratories, it is
advisable to use the characteristics of techniques such as
the limit of tolerance of the results of two measurements,
carried out in parallel or quickly in succession, in
repeatability and reproducibility conditions (see SSTU
GOST ISO 5725-6 [18]). To determine these
characteristics, it is necessary to conduct experimental
studies, namely n independent observations, which should
be at least 10. Based on the obtained values to determine
the experimental mean-square deviation of the mean by
the formula (1):

random error, repeatability and

Zn:(xi Xy )2

I:1n(n -1) @)

where x, — results of n independent observations; x, —

arithmetic mean of n independent observations.

It should be noted that the results of the experimental
studies and the determined experimental mean-square
deviation of the mean can be determined:

- standard uncertainty of measurements according to
type A by formula (1);

- the random component of the measurement error
according to the formula (1);

- the margin of tolerance of the results of two
measurements, carried out in parallel or carried out rapidly
in series, in terms of the repetition of the formula (2):
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r=277c, ) - ISO / IEC 17025: 2017 has become a new
promising step towards the application of metrological
requirements to the means and test and measurement
methods identified by various other international
metrology documents;

- this standard is fundamental, essentially a guide for
metrologists to organize work to ensure the accuracy of
measurements and tests at the enterprise;

- ensuring compliance with the requirements of the

where ¢ — experimental mean squared deviation of the
mean determined by the formula (1).

The coefficient 2.8 can be used instead of the
coefficient 2.77. The concept of "fast sequentially
performed in repeatability” is interpreted as conducting
independent observations over a time during which the
measured value will not change compared to its condition
at the first observation. international standard gives the customers confidence in

Deter_ml_natlon for the test and measurement methods 4,4 results obtained in the laboratory.
of the limit of tolerance of fthe results of two Currently, the 1SO / IEC 17025: 2017 metrological
measurements in the conditions of repeatability enables requirements confirm the variety of means and methods
the Iaborgtory to control the reliability of the obtained ¢, ensuring the reliability of results, so practicals-
result during measurements and tests. metrologists, based on analyzing these requirements and

professionally determining the feasibility of applying

Conclusions them to a specific measurement task, can ensure the
o quality control of product parameters at all stages its
Based on the analysis, it should be noted that: production.
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AHAJII3 BUMOI' MI'DKHAPOJIHUX TA HAINIOHAJIBHUX CTAHJAPTIB 10
METOAUK BUMIPIOBAHHSA TA METPOJIOT'TYHOT'O OBJIAJTHAHHSA

IIpeamMeToM MOCTIIKCHHS B CTATTI € METOJAM Ta 3acO0M BHUMIpIOBaHHsS Ta BUMPOOyBaHb. MeTa poOOTH — MPOBENCHHS aHAII3y
MeTpoJoriuaux Bumor cranaapty ISO/IEC 17025:2017 mo obmamHaHHS Ta METOAMK, 32 SIKAMH TPOBOIATHCS BHIIPOOYBAHHS B
nabopaTopisix Ui 3abe3redeHHs yIpaBIiHHs MpolLecaMd METPOJIOTIUYHOI CUCTEeMH, Ta HagaHHs iH(opMarii 1010 3acTOCYBaHHS Ha
MPAKTHI[ BUMOT [BOTO CTaHIAPTY i3 ypaxyBaHHSM IOJIOKEHb IHIIMX MDKHAPOJHHMX CTaHAApTiB. B cTaTTi BHpIMIyIOTHCS HACTYIHI
3aBJIaHHS: aHAJI3 TOJIOKEHHS MDKHAPOTHHUX IOKYMEHTIB, SIKi MICTSATh BUMOTH A0 OOJagHAaHHS Ta METOIUK BHIPOOYBaHb IO
MPOBENICHHS BUMIPIOBAaHh 3 METOI0 BH3HAYEHHs iX JOLUIBHOI NpakTH4yHOI peamizamii; asamiz ISO/IEC 17025:2017 momo
METPOJIOTIYHUX BHMOT Ta 3alpONIOHYBAaHHS IDIIXIB peai3alii OUX BHMOT. BHKOPHCTOBYIOTBCS Taki MeETOAM: METOJl aHANi3Yy.
OTpuMaHO HACTYTHI Pe3yJIbTATH: MPOBEICHO aHaJ i3 MDKHAPOIHWUX BUMOT OO OONAJHAHHSA, Y TOMY YHCII J0 BHMipIOBAJLHOTO,
METOJMK BUIIPOoOYBaHb (BUMIpIOBaHb) Ta HOPMYBAHHS IMX BHMOT 3 MeTolo peamizaiii nonoxens ISO/IEC 17025:2017. Baxxnuum
(akTOpOM BIIPOBA/KEHHsI CTAaHAApPTy B YKpaiHi € Te, 0 Ha Iiedl yac BiJICYTHI HAaI[lOHAJbHI CTaHAApTH, sIKi O periamMeHTyBaiu
3araibHi BUMOTH JI0 BUKOPUCTaHHS 3aC00iB BUMIPIOBAJIbHOI TEXHIKH Ta OL[IHKH TOYHOCTI pe3yJIbTaTiB BUMIpIOBaHHS. B cTanmapti, mo
PO3TIIsIIAEThCs, HaaHi 3arajbHi MiIXOMU 0 BUKOPHCTaHHS OOJNaJHAHHS Ta XapaKTePUCTHK TOYHOCTI PEe3yNbTATIiB, OJEpKAHUX 3a
BIATIOBITHUMH METOAMKaMH. BUKOHAHHS BHUMOT METOAMKH Ia€ MOJXIIMBICTH OJEp>KaTH JOCTOBIPHMH pe3ynbTaT 3 HEoOXimHOIO
TOUHICTIO. BUCHOBKH: Ha MifCTaBi NpoBeieHOrO aHanizy Bu3HaueHo, mo ISO/IEC 17025:2017 craB HOBUM NEPCTIEKTHBHUM KPOKOM
JI0 3aCTOCYBaHHS METPOJIOTIYHMX BHMOT 1O 3aC00iB Ta METOJWK BHIPOOYBAaHb Ta BHMIpPIOBAaHb, BH3HAUCHUX PI3HUMH IHIINMH
MDKHapOAHUMH JIOKyMEHTaMH B Tajly3i METpOJIOTii; CTaHAapT € OCHOBOIOJOXKHHM, IO CYTi JOBIAHHKOM /IS METPOJIOTIB IIOJO
oprasizamii po6oTu i3 3abe3nedyeHHs1 IOCTOBIPHOCTI pe3yibTaTiB BUMIpPIOBaHb Ta BHIPOOYBaHb Ha MiANPUEMCTBI; 3a0e3MedeHHs
BI/INOBIIHOCTI BUMOT'aM MKHAPOIHOTO CTaHIAPTy HaJa€ 3aMOBHHMKAM JOBIpH J0 Pe3yJbTaTiB, OJep)KaHUX y Jaboparopii.

KuiouoBi ciioBa: Baniauis; Bepudikariis; BAMipIOBaHHs; BUMipIOBaJibHE 00JIaHAHHS; TOCTOBIPHICTD PE3y/IbTATIB; METOANKH
BUMIPIOBaHb; METPOJIOTisL.

161



https://doi.org/10.23939/istcmtm2018.02.035
mailto:trich_@ukr.net
https://orcid.org/0000-0003-3074-9736
https://orcid.org/0000-0003-3074-9736
mailto:maletskaolga@ukr.net
https://orcid.org/0000-0001-5686-5503
https://orcid.org/0000-0001-6167-8809
https://orcid.org/0000-0001-6167-8809

162

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

AHAJIA3 TPEBOBAHMIT MEJKIYHAPOIHBIX U HAITMOHAJIBHBIX
CTAHJAPTOB K METOJJUKAM U3MEPEHUSI U METPOJIOTHYECKOI' O
OBOPYJJOBAHUSI

IIpenMeToM HccIeOBaHNS B CTaThe SABIIOTCS METOJIBI M CPEACTBA M3MepeHus U ucnbirannii. [leab paboTsl — mpoBeneHne aHamM3a
MeTpoJiornieckux Tpebosanuii cranmapra ISO/IEC 17025:2017 x 060pyROBaHHIO 1 METOJMK, IT0 KOTOPHIM IIPOBOASATCS MCIBITAaHHS B
nabopaTopusix sl obecHedeHHs YHpaBICHHS HPOIECCAMH METPOJIOTMUECKOH CHCTEMBI, M HpeNOCTaBIcHHE HH(OpMaIuy 1o
MPUMEHEHHIO Ha NPaKTHKe TPeOOBAHUH 3TOro CTaHIApTa C Y4EeTOM MONOXKEHHH IPYTHX MEXIYHapoAHBIX CTaHAapToB. B craThe
pelraTes CIeAyIoNye 3aJa4i: aHalIu3 MOJI0KEHHUS MEXIYHapOAHBIX JOKYMEHTOB, COAEPXKAIINUX TPeOOBaHUS K 000PYyIOBaHUIO H
METOAMK HCIBITAaHUH K MPOBEACHHUIO M3MEPEHUH C IENbI0 ONpEeNeHUs] MX LEeNecO00pa3sHOW MPAKTUYEeCKOW pealu3allid; aHAIN3
ISO/IEC 17025:2017 mo MeTponoru4eckuM TpeOOBaHMSAM M MpeAiaraeMbIX IMyTeil peaim3aluu 3TUX TpeboBaHuil. Mcmonb3yroTes
CIEAYIOIUE METOAbI: METOJ] CUCTEMHOro aHamu3a. [loiydeHbl ciefyromue pe3yabTAThl: IIPOBEACH aHAIU3 MEXKIYyHAapOIHBIX
TpeboBaHNH K OOOPYZOBaHMIO, B TOM YHCIIE K W3MEPHTEIEHOMY, METOAWK HCHBITAaHHN (M3MEpEeHHH) M HOPMHPOBAHMS ITHX
TpeGoBaHuii ¢ nenbto peanuszauy nosnoxenuit ISO/IEC 17025:2017. BaxHbiM hakTopoM BHEIPEHHS CTaHAApTa B YKpauHE SIBISICTCS
TO, YTO B HACTOSIIEE BPEMsS OTCYTCTBYIOT HAI[MOHAIBHBIE CTaHAAPTHI, KOTOpHIE OBl periaMeHTHpoBaIM oOIue TpeOoBaHUS K
HCTIONB30BAHHUIO CPEACTB M3MEPUTENLHON TEXHMKU U OLEHKH TOYHOCTH PEe3yJlbTaTOB M3MEpeHus. B paccMaTpuBaeMoM cTaHAapTe
MIPEIOCTaBIEHbl O0LIMe MOAXOABl K HCIONb30BAaHHIO OOOPYAOBAaHUS U XapaKTEPUCTUK TOYHOCTH PE3YNBTATOB, MOIYYEHHBIX IIO
COOTBETCTBYIOIIMM METOJHMKaM. BbImonHeHne TpeOoBaHMN METOAMKH AAeT BO3MOXKHOCTH ITIONYYUTh JOCTOBEPHBIH pe3ylbTaT C
TpeOyeMoil TOYHOCTHIO. BBIBOABI: Ha OCHOBaHWHM MPOBEICHHOTO aHanmm3a ycTtaHoBieHo, uyto ISO/IEC 17025:2017 cran HOBBIM
MEPCIICKTUBHBIM [IaroM K HPUMEHEHHWI0 METPOJIOTHYECKHX TPEeOOBaHUH K CpPENCTBAM M METOAMK HCIBITAHUH W HM3MEpEeHUH,
ONPENENCHHBIX PA3IMYHBIMU JPYTUMH MEXKIyHApOIHBIMH JOKYMEHTaMH B 00JIaCTH METPOJIOTHH; CTaHIapT SBISETCS
OCHOBOIIOJATAIOIIMM, IO CYTH CIIPaBOYHMKOM MJI METPOJIOrOB II0 OpraHu3aluu paboThl MO OOECIEUEHHIO IOCTOBEPHOCTU
Pe3yNbTaTOB M3MEPEHUH M WCHBITAaHWN Ha MPEANPHUSTHH; 00ECIeueHHe COOTBETCTBUS TPEOOBAaHMSIM MEXIYHapOJHOTO CTaHIApTa
MIPEIOCTABIISAET 3aKa3ulKaM JOBEPHs K pe3ylbTaTaM, OTyYeHHBIX B Ja00OpaTopuu.

KnioueBble cjoBa: Banumays; BepH(UKALW; U3MEPEHHs; H3MEpUTENbHOE 000pYyJOBaHUE; JOCTOBEPHOCTh PE3yIHTATOB;
METOUKN U3MEPEHHUH; METPOJIOTHSI.
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YIOCKOHAJIEHA MO/IEJb IIBUJIKOI HEPEMAPIIPYTU3ALL 3
PEAJIIBALIIEIO CXEMM 3AXUCTY LLISIXY TA HIPOTYCKHOI 3IATHOCTI B
MMPOTPAMHO-KOH®ITYPOBAHUX MEPEJKAX

IIpenMeToM NOCTIKEHHS B CTAaTTi € IPOIECH IIBUIKOI IepeMapuIpyTH3allii 3 peaizamiclo CXeMH 3aXHCTy IUIIXY Ta MPOITYyCKHOT
3matHocTi. MeTta poOOTH — BIOCKOHAJIEHHS MOJEN MIBUAKOI IepeMaplIpyTH3allii 3 peamizaliero CXeMH 3aXHCTy IUIIXy Ta
TIPOITYCKHOI 3[]aTHOCTI, SIka MO)Ke OyTH BHKOpMCTaHa JJIS IPOTPaMHO-KOHQITypOBaHHX Mepex. Y CTaTTi BUPIIIYIOTHCS HACTYIHI
3aB/IaHHS: BJOCKOHAJCHHA Ta JOCII/DKEHHS MaTeMaTHYHOI MOJET MIBHIKOI mepeMapIIpyTH3alii 3 peati3aliclo CXeMH 3aXHUCTy
[UIAXY Ta MPOIYCKHOI 3JaTHOCTI. BUKOPHCTOBYIOTHCS Taki MeTOAM: Teopis rpadiB, TEOpis MAacCOBOrO OOCIYyroBYBaHHS Ta METOIU
MaTeMaTHYHOTO NporpaMyBaHHA. OTpUMaHO HACTYIHI pe3yJbTATH: BIOCKOHAJIECHO Ta AOCHI/UKCHO MAaTeMaTH4HY MOJENb IIBHAKOT
nepeMapIIpyTH3anii, sSKka 3aBASKH BBEICHHIO JOJATKOBHX YMOB J03BOJIE pealizyBaTH CXEMy 3aXHCTy HUIAXY 1:N Ta MPOIYCKHY
30aTHICTh y HIPOrpaMHO-KOH(IrypoBaHHX Mepexax. BucHoBku: B pamkax 3anmpornoHOBaHOI MOJENi MIBUAKOI IepeMapuipyTHu3alii 3
peamizalii€lo CXeMH 3aXHCTy HUIAXY Ta IPOMYCKHOI 37aTHOCTI Oyj0o BHPILNIEHO 3aBAaHHS PO3PaxyHKy MHOKHHH OCHOBHHX |
PE3EepPBHUX NUIAXIB, IO HE TEPETHHAIOTHCS, SIKE 3BOMMIOCS IO PO3B’s3aHHS ONTHMIi3amiifiHOI 3aadi LiNOYHCENBHOTO JiHIHHOTO
nporpaMyBaHHs. [lepeBaror0 BIOCKOHAJICHOI MOJETI € MOJMJIMBICTB peanmizarii cxem 3axucry 1:1, 1:2,..., 1:n Ge3 BBeACHHsS
JOIATKOBOI MHOXKMHH KepylounxX (MapLIpyTHHX) 3MIHHHX, IO CIPHsA€ 3MEHIICHHIO PO3MIPHOCTI ONTHMIi3amiiHOI 3ajxadi, o
PO3B’A3YETHCS, Ta OOYHCIIOBANBHOI CKIATHOCTI 1i MpakTHYHOI peanizamii. Kputepiii onTHManpHOCTI MapIIpyTHUX PIlICHb CIPUSIE
(OpMyBaHHIO OCHOBHHX 1 PE3epBHHX LUISAXiB, IO HE HEPETUHAIOTHCS, 3 MAKCUMAIBHO BUCOKOIO MPOITYCKHOIO 3JATHICTIO. Y LBOMY
BUMAIKy NUIAX 3 HAMBUINOK NPOIYCKHOIO 3AATHICTIO OyAe BiINOBiIaTH OCHOBHOMY WLUISAXY, TOAI SK peIITa HUIIXiB OyIyTh
BHUKOPUCTOBYBATHCS SIK PE3EPBHI B MOPSAKY 3MEHIIEHHS IX MPOIYCKHOI 3AaTHOCTI. 3araibHa KiTbKICTh OOYHMCIEHUX LUISXiB, IO HE

MIEPETHHAIOTHCS, 3aJIXKUTH Bil 00paHOi CXeMH HaAMipHOCTI.

Kurouogi ciioBa: HpOl’“paMHO-KOH(I)iprOBaHa MEpEKa; MBUIKA nepeMapmpyTHsauiﬂ; 3aXUCT IUIAXY, OIPOIyCKHa SI[aTHiCTL.

Beryn

Sk BiIOMO, OCTaHHI JEKiTbKAa POKIB MOMYJISAPHICTh
nporpaMHo-koHGirypoBanux wmepex (Software-Defined
Networks, SDN) ctpiMko 3pocrae. Lle 06ymoBieHO
Oaratbma  mepeBaramu  SDN y  mnopiBHsAHHI 3
TPaIUIITHAMH TeTeKoMyHiKamiiHuMu mepexxamu (TKM),
OCOONMBO 3 TOYKH 30py THYYKOCTI YTPaBIiHHS IS
ONTUMI3aIlil MepexXi Ta MPOIECiB, sIKi B Hill MPOTIKAIOTH
[1-4]. Onnak, oxHiero 3 ocHOBHHX mpobieM sk y TKM,
Tak 1 B SDN 1oci 3aliumarThCsd IHUTAHHA OO0
3a0e3neueHHsT BiIMOBOCTIHKOCTI Mepexi. Buxomsam 3
Toro, mo B SDN 31iiCHIOETHCS PO3IO/LT IUIONMHU JTAaHUX
1 IUIOIIMHY YNPAaBJiHHS, Y pa3i BIIMOBU TOTO 4M iHILOTO
eJIeMeHTa Mepexi (KaHaly, By3Jja, cerMeHTa abo Iijoro
uusixy) SDN KOHTpoJiep TIOBHHEH BXKUTH MEBHUX 3aXO0/1iB
JUIsl LIBUIKOTO BiZHOBIICHHS Iepeniadi ypakeHHX NOTOKIB
naketiB [5-7]. [Ipy uboMy, KiJIBKICTb 1 THII TAaKUX BiJIMOB,
a TaKOX HEOOXIIHICTh pexoHpiryparmii Ta
mepeMapuipyTr3anii  MOTOKIB ~ TakeTiB  30iIbIIye
HaBaHTAKEHHS Ha KOHTPOJIEPHM MEpPEeXi, M0 TaKk caMo
MOXE  TpPH3BECTH JO  IIEPEBaHTaKEHHS  CaMoro
KOHTpoJiepa. 3 oOrlsagy Ha Te, MO HOCTiHA
pekoHdIrypariss Mepexi € TOCUTh CKIAJHUM 1 TPUBAITUM
3aBIaHHAM, HAHOUIBII eQEeKTHBHUM € BHUKOPHUCTAHHS
MexaHi3MiB mBHIKOI nepemapmpyTis3amnii (Fast ReRoute,

FRR). 3aramom  icHyro4i  MeXaHI3MH  HIBHIKOI
nepemapmpytusanii - s mepex  IP/MPLS  moxxHa
neperect Ha SDN, ame B 1bOMYy BHUNQAKY CJij
BpaxOBYBaTH  OOMEXEHHs  MAapHIPyTHUX  TaOJMIb
OpenFlow-komyTatopie 1 ckmagHicTh — peanmizaumii
FRR [5, 6].

IMix vac mBHAKOI mMepeMapHIpyTH3alil peanizaris
OCHOBHHX CXEM 3aXHCTy MEPEXHHUX EJIEMEHTIB BiJl 3001B €
KJIFOYOBOIO TEXHOJIOTTYHOIO IPOOJIEMOIO TIPH PO3TrOPTaHHI

SIK KOPIIOPATHBHUX, TaK 1 riobansHux SDN pi3HHX THIIIB
[7]. HMonmaTkoBO MyJIBTHCEPBICHICTh CYYacHHX MEpEX
BUMarae BIIPOBa/DKEHHsS HE JIMIIE CXEM 3aXHUCTy iX
TOTIOJIOTIYHHX €JIEMEHTIB — KaHAIy, By3Ja, NUIIXY, ane i
3aXUCTy PpiBHA sKkocTi oOciayroByBanHs (Quality of
Service, QoS) y mepexi B mimomy [6, 8]. dms mporo
OCHOBHHM KpOKOM 3abesmedeHHs QoS € 3axmcr
MIPOITYCKHOT 371aTHOCTI [9-13] 3 HOJAJILIIOIO
MEPCIEKTHBOIO 3aXHUCTY IHIINX MOKa3HUKIB Q0S, Takux K
cepelHsl MDKKIHIIEBA 3aTpUMKa Ta NPUHHATHUII piBeHb
BTpar makertis [8-10].

Cnig 3a3HauuTH, 00 pimeHHs, moB’s3ani 3 FRR,
MOXYTh HIITPUMYBATH HACTYIIHI CXEMH pe3epBYBaHHs
3aJIeXHO BiJl BUMOT JI0 BinMoBocrTiiikocri [11, 12]:

- cxema 1+1, B sKiif MOTIK JaHUX MEPEIAETHCS SIK
OCHOBHHM, TaK i pe3epBHIM MapIIPyTaMHu;

-cxema 1:1, KomM Ui KOXHOTO OCHOBHOTO
MapIIpyTy CTBOPIOETHCS PE3CPBHUAN MAPIIPYT, SIKAM JaHi
OyIyTh IepenaHi y pa3i BiIMOBH OCHOBHOT'O IIIJISIXY;

-cxema N:1, B sKii CTBOPIOETBCS ONUH PE3CPBHUMA
nuIsx A1 n ocHoBHuX nuwsixis (facility backup);

-cxema 1:n, B AKii n pe3epBHHUX
CTBOPIOIOTHCS JIJIsl OJTHOTO OCHOBHOTO MapuIpyTy;

-cxemMa N:M, sika € HaWMOIIUPEHIIINM BUIAIKOM,
KOJIM MiJATPUMYIOTBCS M PE3epBHUX Ui N OCHOBHUX
MapIIpyTiB.

Tpeba Takox 3ayBa’kHTH, 10 JOCHTH YacTO IiJ Yac
peanizanii FRR BuHuKae 3amada po3paxyHKy MHOXHHH
NUIAXiB, MO He mepetmHaroThes [11, 12, 14-18]. Taka
MOCTAaHOBKA 3a/lavi BIAMOBiJa€ BUMOTaM ITi{BUIICHHSI
BIZIMOBOCTIHKOCTI MapIIPyTHUX pillleHb, 0COOJINBO KOJIH
NOTpiOEH 3aXMCT HUIAXIB Ta iX INPOIyCKHOI 31aTHOCTI.
OTxe, HAyKOBO-TIPAaKTWYHE 3aBJaHHSI PO3POOKH Ta
nociimkenas mozeni Fast ReRoute 3 peamizamieto cxemu
3aXHCTY LUIAXY Ta MIPOIYyCKHOI 3/IaTHOCTI, IKa MOXe OyTH

[IISX1B
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BukopucTana sk B MPLS, tak i B SDN, € akTyanbHUM.

KpiMm  Toro, 3ampomoHOBaHa  MOJedb  [TIOBHHHA
3a0e3rmeuyBaT MacIITa0OBAaHICTh OTPUMAHHUX PillleHb i
HU3bKYy OOYHCIIOBAIBHY CKJIAMHICTh 11  TOJANBIIOT

MIPOTOKOJIFHOI peaji3aii.

AHaJti3 icHyl0uMX pillleHb 00 IBUIKOT
nepeMapupyTH3amii

AHaii3 iCHylOYMX pillleHb IOKa3aB aKTyalbHICTh
PO3pOOKH MiAXOAIB MO0 HIBUIKOI MepeMapIupyTu3alii B
HanpsiMKy BrpoBajpkeHHs B SDN [9-13, 19-26]. 3aranom
Cy4acHI MiJXOJI¥ /10 BUKOPUCTAHHS MEXaHi3MiB LIBHKO]
nepemapmipyTu3anii B SDN npu peamizamii pi3HUX cXeM
3aXUCTy €JIEMEHTIB MEpeXi, TaKMX sK KiIacWdHi (KaHal,
BY30JI TOIIO) i OCOONMBI CXEMH JUIA IIbOTO THIY MEPEXK,
MOXXHa PO3IUINTH Ha €BPUCTHYHI, Tpad)oBi Ta MOTOKOBI
[7, 9-12, 14-18, 26]. Hapasi HalHOIIMPEHILIMMH
MeTonaMu monao peamizamii ctparerii FRR e eBpuctuyHi
MIAXOMH, a cepell CXeM MiJABHIICHHS BiJIMOBOCTIHKOCTI
BCE IIe MepeBakae 3a0e3NeYeHHs JIOKAIBHOTO 3aXHUCTY
(xanamy, By3na 4u KoHTpojepa). OnmHak BifomMo, IO
HANOLIBII MEPCICKTUBHUMHU € MOTOKOBI MiAXOIH, SIKi, SIK
MpaBujo, 0a3ylThCs HA ONTUMI3AIIiHIA MOCTaHOBII
3amad MapuipyTH3aiii, sAKi COpsMoBaHI Ha e(eKTHBHE
BUKOPHCTAHHS JIOCTYITHUX MEPEXHUX pecypcis [9-13, 18,
26].

Onmaum 3 HEIOIIKIB
BUKOPHCTaHHS  IOBUAKOI  HepeMapmpyTH3amii  y
POrpaMHO-KOH(DIrypOBaHMX  Mepekax € Te, IO
peaizalisi CXeMH 3aXUCTy LUIXY 31 CXEMOK HaJIMIpPHOCTI
1:n, sx mpaBuIlO, MPHU3BOAWTH 10 30UIBLIEHHS B N pa3iB
PO3MIpHOCTI ONTHMI3alidHOI 3a7gadi TPH OOYHCICHHI
MmapuipyTie [7, 9, 10, 18]. A skimo 3ampornoHOBaHO
pimenHs quisn  OaratonwisxoBoi FRR, To 1e wacro
MPU3BOAWTH 10 HEoOXigHOCTI  (OpPMyJIIOBaHHS Ta
BHpIIICHHS HENiHiWHOI 3amaui omrumizamii. i ¢axropu
JIyXKe KPUTHYHO BIUIMBAIOTh HAa  OOYHCIIOBAJILHY
CKJIIaHICTh 1 MacmTabOBaHICTh IPOTOKOJBHHUX pIlIeHBb
MapmIpyTH3amii, sKi [OBHHHI OyTH UEHTPai30BaHO
00pobneni koHTpoaepom SDN.

Taxkum 4rHOM, JUTS PO3POOIIOBAHOI MOJIENI IBUAKOT
nepeMapIIpyTU3allii 3 peaizaliero CXeMH 3aXHUCTy HUIAXY
Ta MPOIYCKHOI 3JIaTHOCTI, sIka MOXe OYTH OCHOBOIO IS
MEepPCIEeKTUBHUX  IMPOTOKOJIB ~ NpPU  BIIPOBAPKEHHI
BigmoBoctiiikux SDN i riopuaaux SDN (Hybrid SDN),
c¢(hopMyIbOBaHO HACTYITHI BUMOTH

- BpaxXyBaHHS IIOTOKOBOI IpUpoIu Tpadika;

- peai3alisi K KIACUYHUX CXEM 3aXHUCTy CICMCHTIB
Mepexi (KaHall, By30J, NUISIX), Tak 1 3/iHCHEHHS 3aXHUCTY
IIPOITYCKHOT 37IaTHOCTI MEpEKi;

- JIHIAHICTH ONTHMI3AlIMHOI 3a7a4i 1 MaciTaboBaHe
30UIbIIEHHS 11 PO3MIPHOCTI.

ICHYFOUHX pinreHb

Mopesb LIBUAKOL mepeMapuIpyTU3auii 3 peaaizaniero
CXeMH 3aXHUCTY HLIAXY Ta NPOIYCKHOI 31aTHOCTI

Mopens, mo npexacrasieHa B [11] ta mponoHyeThest
UIA momanbinoi Momudikarii, Oyae BUKOpHCTaHA Ui
OOYHCICHHS  MHOXHHH  OCHOBHHX 1  PE3EpBHHX
MapuIpyTiB, IO HEe MEPETUHAIOTHCS, B yMOBaxX peaizamii

MBUAKOI  MepeMaplIpyTH3allii 3  OpieHTAIlielo  Ha
MaKCHMaJlbHY MPOIYCKHY 3IaTHICTh IUISAXY.

B wmexkax MommdikoBaHOI MoOIemi  MepexHa
crpykrypa ommcyerbesi rpapom G =(R,E), B skomy

R= { R;i= 1_m} - MHO>KHHa BEPIIIUH, j11(0)
MPEACTAaBISAIOTh MapIIpyTU3aTOPU Mepexi, a
E={Ei’j;i,j:1,m;i¢j} — MHOXHMHA JAyr, 1o

MPE/ICTABISIIOTH KaHasu 3B s13Ky. Hexait koxkeH K -it moTik
MaKeTiB JUI Iepenadyi B Mepexi acOLIIOETHCS 3 HU3KOIO
(yHKIIIOHAIPHUX MapaMeTpiB: S — BYy30J-BiANIPaBHUK;

dy - Bysom-otpumyBay; K — MHOXHHA TMOTOKIiB y

. . ko . .
mepexi (k e K). Kpim Toro, 3HaueHHS ¢ j BiAmoBiTae
NPOIYCKHIN 31aTHOCTI Kanany E, ;€ E, pocrynmiii ms
k -ro motoxy. Takox mo3Haunmo BW* sx Bumoru mozo
MPOITYCKHOI 3AaTHOCTI JJIsl K -TO IOTOKY.

B pesympTaTi po3B’sA3aHHA  3a7adi

MHOXXMHHA OCHOBHHX 1 pe3epBHHX NUIAXIB,
MEePETHHAIOTECS, HEOOXITHO pO3paxyBaTh

00YHCIEHHS
o He
MHOKHHY

: k
3MIHHUX &,

i

KOJKHA 3 SIKHX BU3HAYA€ HAJIC)KHICTh KaHalty

E, j € E 10 MHOXUHM OOYHCIEHHMX IUISXiB, IO HE

MepeTHHAIOThCS, Npu mepenadi K -ro motoky. KinbkicTh

KEPYIOUUX 3MIHHUX aiky ; Biamosinae noOyTKy |K| |E| .

smiEHi A i HaCTYITHI

MapupyTHi MAaloTh

OOMEKEHHS:
af, {01}, )

Takox JuId BY3JTiB BiANpaBHHKA Ta OTpUMyBada
MTOBHHHI BUKOHYBATHCS HACTYIHI ymoBH [11]:

> a ;=M keK, R=s; (2
j:Ei,jEE
> a' =M keK, R=d,, ®)

j:Ei'jeE

ge MY — mime uuMcno, IO XapakTEPH3y€ KiIbKiCTh
OCHOBHHX 1 pesepBHMX mUiXiB (MY >1), mo He
MEepPEeTUHAIOTHCS Ta BUKOPUCTOBYETHCS I Yac peajrizanii
MIBUAKOT TepeMaplipyTH3alii 3aJexHO BiJ 00paHOro
THIly ~ CXeMH  pesepByBaHHs. Ilpu  upomy  M*
BU3HAYAETHCS SK:

M* =n+1, 4)

JIe N — KIJTBKICTh PE3ePBHUX MUISXIB, MO BIJHOCATHCS JO
OCHOBHOTO IUIAXY BiAIIOBIZHO IO CXEMH pPE3EepPBYBAHHSI
(1:1, 1:2, ..., 1:n), Ky HEOOXiAHO peamizyBaTH.

BomHowac i TpaH3WTHHX BY3JIiB Y Mepexi
(R #5,,d, ) BcranoBneni HacTymHi o6Mesxenns [11]:

> af <1, kekK;

J'Ej, jeE

> al <1 kekK; ®)
I:Ej, jeE

Z aikj— z a?izo, k e K.

i€ jeE  PEjicE
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Hexaii BennumHa f € HWXKHIM TIpaHUYHUM

3HAQUEHHSM JUIl TPOITYCKHOI 37aTHOCTI KaHaJiB, IO
BXOAATh A0 pe3yibTytodoro pimeHas FRR. Bowo
BHU3HAYae HPOIYCKHY 3/1aTHICTh HallMeHII
MPOJYKTUBHOTO pO3paxoBaHOro Mapupyty. Tomi ciin
BUKOHATH HACTYIIHY yMOBY (3a anaiorieto 3 [11, 18]):

‘o, +W(l-a )2 B, (6)

ne W — BaroBuii Koedili€eHT, IKH BiAMOBiIa€ 3HAUCHHIO
MIPOIYCKHOT 3/IaTHOCTI HAWOUIBII MPOYKTUBHOTO KaHATY.

Tomi yMOBY 3aXMCTy TIIPOIyCKHOI 34aTHOCTI Mepexi
MOYHa c()OpMYITIOBATH TAKUM YHHOM:
k
p>Bw". (7

Sk mepmmid KpUTEPiil ONTHMAaIBHOCTI PilIeHD 3a1adi
FRR 0yno o6pano MakcuMyM (YHKIIIi:

J=5. (8)

Jpyruii KpuTepii ONTHUMAaIbHOCTI MapIIPyTHHX
pillieHb TIOB’SI3aHUI 3 MakcHMi3alliero MOIU(IKOBaHOI 1O
BiZHOIIEHHIO 110 (8) 1iboBOT (QYHKIIT:

J,=¢,p-c, w,al,, 9)

Ei,jEE

ne Barosi koedinienTu C, Ta C, BU3HAYAIOTH BAKJIMBICTH

KOKHOTO 3 JIOJIAHKIB, SIKi BXOJSTh 10 BUpasy (9).

Y  nmepmomy Bumaaky (8)  3a0e3neuyerbcs
MakCHMi3allisi ~ HIDKHBOTO  TPAaHHYHOTO  3HAYCHHS
OPOIyCKHOI ~ 3HaTHOCTI ~ KOXHOTO 3 MHOMKHHH

pO3paxoBaHMX LNULIXIB — OCHOBHOTO Ta pe3epBHHX. SIKIIO
00MEXHTUCHh BUKOPUCTAHHAM KpuTepito (8), TO HaiMeHII
NPOAYKTUBHUI IUISIX MaTHME MPOMYCKHY 3IaTHICTB, SIKa
JIOPIiBHIOE 3HaueHHIO f. 3 iHIOro OOKy, BUKOPHUCTaHHS

kputepito (8) He 3aBXIM CHpUSE OTPUMAHHIO PIlLICHHS,
KOJIM MHOXHWHY pO3paxOBaHMX IIUIAXiB yTBOPIOIOTH
HaAMOLIBII MPOIYKTHBHI KaHAIM 3B’s3Ky. Lle oOymoBieHO
TUM, 100 MPOIMYCKHY 3AaTHICTh MapuipyTy BH3HAYAE
BKJIFOUCHHH /10 HHOTO KaHall 3 HalMEHILIOI0 MPOITYyCKHOIO
3IAaTHICTIO.

TomMy HOBH3HOIO  BJOCKOHaJeHOI MOJET €
BUKOPDHCTaHHS  Jpyroro ujeHa B kpurepii (9),
KA BBOAMTBCS 33 aHAJOTIEI0 JI0 METPUK IPOTOKOJIB
mapmpyTtusanii OSPF ta EIGRP g1 BriIroueHHS B
po3paxoBaHi  MapmipyTH  KaHaJliB 3  BHCOKOIO
MPOIYCKHOIO 3JIATHICTIO. Tomy MIPOTIOHY€ThCS
BHKOPHUCTOBYBaTH B ImboBill ¢yHkmii (9) Barosi
koediienTn W, ; =10/(pi’j. TakuM 4YMHOM, 3aBIaHHS

oOYnCNIeHHSI ~ MHOXKMHM ~ HaWOUTbII  NPOJYKTHBHUX
OCHOBHOT'O Ta PE3ePBHUX HIIIXIB IS peastizamii mBuIKol
nepeMapuIpyTH3amii  3BOJUTHCS 0  PpO3B’sI3aHHS
ONTHMI3AIIMHOT 3a7ayi  3MIMIAHOTO  I[JOYHMCEIHLHOIO
miHiftHOTO mporpamyBaHHs (Mixed Integer Linear
Programming, MILP) 3 kpurepiem (9) 3a HasBHOCTI
miHiEEX ~ obmexenp  (1)—(7), OCKimBKM  3MiHHI
MapHpyTH3aiii € OyjaeBuMH, a 3MiHHA f — JilicHe 4ucIo.
Beeneni ymoBu (1)—(5) BigmoBimaroTh 3a pearizamito
CXEMH 3aXHCTy HUIAXy, a ymoBH (6), (7) — mpoImycKHOI
3maTtHOCTI  Mepexi. Jlnsg  peamizamii  oO4YMCICHHS

3aIpOIOHOBAHOT Moeni B peanibHOMY
gaci  chopmynpoBana  3amada  MILP  moBuHHa
PO3B’SI3yBaTHCSl €BPUCTUYHHUMHU METOJAMH, HANPUKIAM, 3
BUKOPUCTAHHAM QJITOPUTMIB ONTHMI3aIlii MypamuHol
KOJIOHIH, imiTamii Bigmawy, Mepexx Xomginmga ToIo
[27-29]. ExcriepuMeHTanbHO BCTAaHOBJEHO, LIO BAaroBi
koedinienTH y Bupasi (9) NMOBHMHHI BiANOBIZATH TaKid
YMOBI: C, >>C, .

B  pesymprari  po3B’s3aHHA  CHOPMYIBOBAHOI
ONTHMI3aIliitHOT  3amadi OTPUMYETHCS MHO>KHHA
MapuipyTiB, IO HE TMEPETHHAIOTHCSA. 3 IIi€l MHOXHHH
MapuipyT 3 MaKCHMaJIbHOK MPOIMYCKHOK 3[aTHICTIO
Oynme BIONMOBIMaTH OCHOBHOMY  IIIAXY, TOMI  SK
pemrra MapuipyTiB  OyIZyThb BHUKOPHCTOBYBaTHCS —SIK
PE3EpBHI LUISIXM Y MOPSIKY 3MEHIIEHHS IX MpPOITyCKHOT
3gatHocTi. KokeH 3 po3paxoBaHMX — MaplIpyTiB
Oyme  Matu  HEOOXiAHY  IPOIYCKHY  3JaTHICTh
3aBIsIKM  3a0e3meueHHI0 BuKOHaHHA yMmoBH (7). VY
3araJlbHOMY BHUIAJKy CyMapHa KUIBKICTh OOYHCICHHX
NUIAXIiB 3aJIEKUTH Big OOpaHOI CXeMH pe3epByBaHHS
(1:1, 1:2,..., L:n).

HocainkeHHs: Ta NOPiBHSVIBHUM aHAJII3 OTPUMaHUX
MapIIPyTHHUX pillleHb

V mporeci TOCTiKEHHS MPOBOAMIOCH MOPIBHIHHS
MapIIPyTHUX PILIeHb, SIKi OTPUMYBAIKCH 3a JOIIOMOIOIO

mogemi  (1)~(7) npum  BUKOpPHCTaHHI  KpHTepiiB
ontuManbHOCTI (8) Ta (9) 1S PiI3HUX CTPYKTYp Mepexi Ta
cxeM pesepByBanHs — 1:2 1 1:3. Jlns npuxiany,

pe3yJbTaTh OCHIPKEHHsT OyAyTh NPOAEMOHCTPOBaHI Ha

CTPYKTYpi Mepexi, ska HaBeJAeHa Ha puc. 1. Y
po3puBax KaHaJiB 3B’SI3Ky BKaszaHi iXHI IIPOIyCKHi
3natHocTi (1/¢).
R, Re
900:
Rs 490 440
R? Rg
500
850_ R4 300
550 250 900
820
Re
Rs
800

Puc. 1. BuxigHa cTpyKTypa Mepexi

B 3araspHOMYy BHMAgKy MK HEepIIMM 1 JEeB’ATUM
MaplIpyTH3aTOpaMH MOXe OyTH BCTAHOBJIEHO BiCiM
MapIIpyTiB, SIKI MOXXYTh IIEPETHHATHCH 3a By3J1aMH Ta/ab0
3a KaHaJaMH. XapaKTepUCTHKM IMX NUIAXiB HaBeJEHI B
Tabm. 1.
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Tabamus 1. Xapaxmepucmuxu winsaxie misic neputum i 0eg smum Mapuipymusamopamu Ons CmMpyKnypu mMepesici, npeocmaegnenoi na

puc. 1
Homep muisixy | Ilo3HaueHHs: masaxXy | MHOMKHHA KaHAJIB, 110 YTBOPIOIOTH IIJISIX IponyckHa 3xaTHiCTH HUISAXY, 1/¢
1 L, {Epo Epgr Eoo) 400
2 L, {Epo Epof 400
3 L, {Eis: Eser Eqo 440
4 L, {Eps Esrr Ergl 500
5 L, {Ear By B} 300
6 L, {Epur Eugr Ego 820
7 L, {Eps: o} 250
8 L, {Eis: By B} 550

Hexait y mepmroMy BHITaIKy HEOOXITHO peali3yBaTH

PE3CPBHUM MIIIAXOM

BIIMTOBIAHO 11O 3pOCTaHHA ix

cxeMy pe3epByBaHHsA 1:2 mpu Iepenadi MakeTiB 3
iHTeHCHBHICTIO =390 1/c BiJ mepIioro MapuipyTH3aTopa
0 neB’satoro. TakuM YMHOM, BUMOTHU IOAO BEIUYUHH
MPOMYCKHOI 3/IaTHOCTI MEpexki, sKa 3axXHIIA€ThCsA B
nporeci MIBHAKOI IepeMaplipyTH3alil, BU3HaYaeThCsl Ha
pieei Bw=390 1/c. BuxopucranHs po3paxyHKOBOI
mozaedi (1)-(7) 3 kpurepieM onTUMAILHOCTI (8) BU3HAYHIIO
JUIS peattizamii cXeMH pe3epByBaHHS 1:2 TpH NUIAXH, SKi
He neperuHarothesa: L,, L, ta L, (puc. 2 a). Koxen 3
IUX LUISXIB MaB MpOMYCKHY 3AaTHICTh (Tabi. 1) He
MeHIy 3a po3paxoBanuii nopir =400 1/c, T06T0 yMOBH

(6) i (7) BuUKOHYBaJHWCh 1 peani3yBajach IIBHIKA
nepeMapiIpyTH3ailis i3 3aXUCTOM MHPOIYCKHOI 31aTHOCTI
mepexi. Ilpn mpomy Mapmpyt L, mouinsHO oOpartu

OCHOBHHM, |_11 — HOepumuM pe3epBHUM, a LZ — Apyrum

2K

400 Ry 490
Ri soo/@\%o Re i

550 900
Rs
Rs
80

@) IPU BUKOPHCTaHHI KpuTepito (8)

R2

MIPOIYCKHUX 3JaTHOCTeH. BUKOpHCTaHHA pO3paxyHKOBOI
mozem (1)—(7), ame Bke 3 KpUTepieM onTHMaNbHOCTI (9)
BU3HAUMJIO JJI pealizalii CXeMH pe3epByBaHHA 1:2
TaKOXX TPH LIUIAXY, gKi He nepeTuHatoThes: L,, L, ta L,
(puc. 2 6). Sk i B monepeHLOMY BUMAAKY KOXKEH 3 LUX
NUIAXiB MaB TPONYCKHY 34aTHICTh (Tabm. 1) He
MeHIIy 3a pospaxoBauuii mopir f =400 1/c. Ilpu upomy

MapmpyT L, mouinbHO 0OpaTé OCHOBHHM, L, — meprmum
pesepBHMM, a L, — JpyruM pe3epBHUM IMIISIXOM.

Bapro 3ayBakuTH, 10 BUKOPHCTAaHHS  KPHUTEPIlO
ONTHMAIBHOCTI MapUIpyTHUX pimeHs (9) 103BOJIHIO
o0paTH OCHOBHUM IUISIXOM 3HA4HO IPOJYKTUBHILIHNA
mapmpyT L, 3 mpomycknoto 3pathicTio 820 1/c 3aMicTb

L, (550 1/c).

R>
400 R, 490,
Ra 500/'@\940 Ry R
850 R4

900
820~
R
&K

0) TIpy BUKOPHCTaHHI KpuTepito (9)

Puc. 2. MHOXWHA IDTAXIB, IO HE IEPETHHAIOTHCS, JUTA MIBUAKOI IepeMapIpyTH3allii 3 peaizarieto cxemu 1:2
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B Tabn. 2 mpenctaBiieHO pe3yNbTaTH PO3PaXyHKY
UIAXiB, M0 HE TMEPETHHAIOTHCI, TNPH BHKOPUCTAHHI
mozeni (1)—(7) Ta xpurepiiB ontuManbHOCTI (8) 1 (9) mist
peamizamii cxemu pesepByBaHHA 1:2. [lpu 1mpomy is
KOXXHOTO 3 MapIIpyTiB BKa3aHO CEPEIHI0O MIKKIHIEBY
3aTPUMKY MAaKeTiB, SKII0 HUM OyJe MpoTIKaTh TMOTIK
makeTiB 3 iHTeHcuBHICTIO =390 1/c. Sk moka3aHo B
Tabn. 2, BUKOPUCTAHHS KpPUTEPiO0 oOnTUManbHOCTI (9)
JI03BOJISIE  3a0€3MEYUTH  PO3PaXyHOK OCHOBHOTO Ta
MHOXXHHHM PE3CPBHUX IUIAXIB HE TUIBKK 13 3aJaHOI0
MPOIMYCKHOI 3[aTHICTIO, aje i MOKpAl[UTH IIe OIUH

KITFOYOBHM TIOKa3HUK SKOCTI OOCITYTOBYBaHHS — CEPEIHIO
MDKKIHIIEBY 3aTpPHMKY TakeTiB. Ileli TIOKa3HUK y Mexkax
MPOBEICHOTO JIOCII/DKEHHS PO3paxOBYBaBCA K cCyMma
CepelHiX  3aTpUMOK  IaKkeTiB  Ha  iHTepdericax
MapIIpyTH3aTOPiB Ta B KaHajaX 3B’s3KY, 1[0 CTBOPIOBAIH
TOoW 4K iHIMHA MappyT. [Ipu npomy poboTa KOKHOTO 3
iHTepdeiiciB, A NpHUKIaLy, MOZIEIIOBANIACh CHCTEMOIO
MacoBoro obciayroByBanHs M/M/1, 1o He BIUTMBAJIO Ha
3arajbHICTh OTPUMaHMX pe3yJbTaTiB po3paxyHKiB. Tak
JUIL OCHOBHOTO MapuUIpyTy BJQJIOCH 3HU3UTH CEPEIHIO
MDXKKIHIIEBY 3aTPUMKY IakeTiB Maibke Ha 40%.

Tadauus 2. Pe3ynsmamu po3paxyHKy wiisaxie, wo He nepemuHaomsca, npu guxopucmanti mooeni (1)-(7) i kpumepiis

onmumanvrocmi (8) i (9) ons peanizayii cxemu pezepeysanms 1:2

Po3paxoBani Tun masixy Kananu 3B’s13Ky, IponyckHa 3naTHicTL | CepeaHs 3aTPUMKA NaKeTiB
HUISIXH 1I0 CTBOPHIOTH HLIAX uuisixy, 1/¢c B3/I0BK HLISIXY, MC
3 BUKOPUCTaHHSM KPHUTEPiI0 ONTHUMAIBHOCTI (8)
L, OCHOBHHIA {ELS, Ese Eg‘g} 550 10,6
L, nepimii pe3epBHHMit {Ew E;., E7‘9} 500 20
L, JPYTUii pe3epBHUIM {ELZ, Ezvg} 400 110
3 BUKOPUCTaHHSIM KPUTEPil0 ONTUMAIBHOCTI (9)
L, OCHOBHHIA {Eu' E,s Eg‘g} 820 6,5
L, nepimii pe3epBHMit {Ew E;., E7‘g} 500 20
L, JpyTUii pe3epBHUI {ELZ, Ezyg} 400 110
Hexait y npyromy Bumagky HeobOximmo ©Oymo L, ta L, (puc. 3 6). Sk i B momepesHsOMy BHIIAJKY,

peamizyBaTH cxeMy pe3epByBaHHS 1:3 npu mnepenadi
MMOTOKY MakeTiB 3 iHTeHcuBHicTIO 240 1/c Bim meprmoro

MapupyTtazaTtopa g0  JAeB’storo. TakuM  4YHHOM,
BUMOTM  IOJO  BEJIMYHHM TNPOIYCKHOI  3JaTHOCTI
Mepexi, sKka 3axXMIIAEThCs B IpoOLeci  HIBUIKOI
mepeMapuipyTr3alii, BH3HA4Yajlach BXXe Ha  piBHI
Bw=240 1/c. Y 1upoMy BHIAJKy 3acTOCYBaHHS
momem (1)—(7) 3 kputepiem omntumambHOCTI (8)

BU3HAYMWIIO YOTHPH LIUIAXY, IO HEe NepeTHuHamucs: L,, L,
L, ta L, (puc. 3 a). KoxxeH 3 ux nUISXiB MaB IPOITYyCKHY
3matHicTh (Taby. 1) He MEHIIy 3a pO3paxoBaHUH IMOpIr
p =250 1/c, o610 BUKOHYyBamuch ymoBu (6), (7) Ta
peastizyBajiach IIBHIKA MepeMapUIpyTU3aLlis i3 3aXHCTOM
MPOITYCKHOI 3JaTHOCTI Mepexi. Buxomsuum 3 maHuX
PO TMPOMYCKHI 3JaTHOCTI LMX NUIAXiB, MapmpyTt L,
JOILTBHO 00paTH OCHOBHUM, L, — mepmmmM pe3epBHHM,
L, — apyrum pesepBHuM, a L, — TpeTiM pe3epBHUM
nUBsIXoM. BukopucTaHHS KpuTepilo onTHManbHOCTI (9)
BU3HAYMJIO JUIA peainizamii cxemu pesepByBaHHA 1:3
TaKOX YOTHUPU MapIIPyTH, IO HE mepeTuHanucs: L,, L,,

KOXKEH 3 [IMX IDIAXIB MaB MPOMYCKHY 3JaTHICTH (Tabm. 1)
He MeHmy 3a pospaxosamuii mopir f =250 1/c. Tlpwu

boMy MapmpyT L, ZominpHO 00paTH OCHOBHHM, a

L, — mepmuM, L, — apyrum ta L, — TpeTiM pe3epBHUMH

nIsIXaMHu.
Bapro 3asHaumtH, w0 JAus  peamizamii  cxeMmu
pe3epByBaHHs 1:3 BHUKOPUCTaHHS KPHTEPil0

ONTUMANIFHOCTI MapUIpyTHUX pimeHs (9) 103BONMIO
oOpaTh He TUTPKA OCHOBHHH, aie W Tmepmmid Ta
JpYyTHid  pe3epBHI MapmpyTd, SKi Maud OulbIry
NPONYCKHY 37arHicTh (Tabn. 1), aHbK y BHOAaiKy
BUKOpHUCTaHHS Kputepito (8). Llg mepeBara Takox
[I03HA4YMJIACh i Ha BiJIIOBITHUX 3HAUEHHAX
CepelHiX  MDKKIHIIEBHX  3aTPUMOK  TAKeTiB,  fKi
nepenaBaiiuch sSK 3a OCHOBHHUM, TakK 1 3a OUIBIIICTIO
pesepBHUX nUIAXiB (Tabn. 3). Tak mns OCHOBHOTO

MapuipyTy BAAJIOCh 3HU3UTH CEPENHIO MIKKIHIIEBY
3aTpUMKY  TakeTiB  Maibke Ha  57,4%, s
nepuioro pesepBHoro — Ha 11,7%, a gna apyroro

pe3epBHOro — Ha 53,6%.
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Puc. 3. MHOXMHA IIUTAXIB, IO HE IEPETHHAIOTHCA, AT IIBUIAKOI IepeMapIIpyTH3alii 3 peanizariero cxemu 1:3

Tabéauus 3. Pe3yrsmamu po3paxyHKy wiisaxie, wo He nepemuHaomscs, npu guxopucmanti mooeni (1)-(7) i kpumepiis

onmumanvrocmi (8) i (9) ons peanizayii cxemu pezepeyeanns 1:3

Po3paxoBani o S Kananu 3B’s13Ky, IIponyckHa 31aTHiCTH Cepeans 3aTpUMKA NaKeTiB
HUISIXH Y 1I0 CTBOPKHIOTH HLIAX uuisixy, 1/¢c B3J0BIK ILISAXY, MC
3 BUKOPUCTAHHAM KPHUTEPI0 ONTUMAIBHOCTI (8)
L, OCHOBHHIA {Ew = Es,g} 440 11,5
L repIii E, E 400 10,3
2 pe3epBHUIA { 12 2‘9} !
L, oy {EL i Eng) 300 22,2
pe3epBHHIA
L, TpeTiii pe3epBHUit {Ew Es‘g} 250 103,2
3 BUKOPHUCTaHHSAM KpUTepito onTuManbHocTi (9)
Le ocHOBHI {Eva Eugs By} 820 49
LA Hepmnﬂv {E1,3’ E3’71 E7‘g} 500 9,1
pe3epBHHIA
L, IpYyTUii pe3epBHUI {Em, Ez‘g} 400 10,3
L, TpeTiii pe3epBHUit {E1,5v EM} 250 103,2
BucHoBku TPaHUIS MPOIYCKHOI 3J]aTHOCTI OCHOBHOTO Ta MHOXXHHU

Y po06oTi 3anpOIIOHOBAHO BIOCKOHAIEHHS IOTOKOBOT
MOJeNl IMIBUAKOI IepeMapuipyTH3alii 3 peanizaliero
CXEMH 3aXHCTy IUIAXY 1:n Ta Horo MmpoIrycKHOI 34aTHOCTI.
JlaHa MaTremMaTHYHa MOJENIb NpejacTaBiIeHa ymoBaMu (1)-
(7) 1 (9), 10 AO3BOIMIIO 3BECTH PilllEHHS TEXHOJOTiYHOI
3amadi IMIBHIKOI TepeMapIIpyTH3amii 10 po3B’sA3aHHA
onTUMI3amiiHol 3amadi  3MIMIAHOTO  IIJIOYHCEIHLHOTO
JHIHHOTO MpoTrpaMyBaHHS 3 MOAM(DIKOBAaHHNM KPHTEpieM
onTtuMasIbHOCTI (9) 3a HasBHOCTI JTiHIHHUX 0OMexeHb (1)-
(7), ockimpku MapmpyTHi 3MiHHI (1) — OyneBi, a HIKHI

pe3epBHUX MapiupyTiB (7) — AilicHe Ynco.

Jlo nmepeBar 3anponoHoBaHOi MOJEJIi BApTO BiTHECTH
Te, IIO peaji3amis CXeMH 3axucTy HUsxy l:in He
MPU3BOANUTH JIO MPOMOPIIHHOTO 301IBIIEHHS PO3MIpHOCTI
ONTUMI3AIiifHOT 3a7a4i y MOPIBHAHHI 3 PIMICHHAMH, IO
omucani B pobortax [7, 9, 10, 18]. Monudikaris
BHUKOPUCTAHOTO KPUTEPi0 ONTUMAIBHOCTI (9) HampaBieHa
Ha Te, 00 MHOXXMHA PO3PaXxOBaHUX IIISAXiB (OCHOBHOTO
Ta PE3EPBHUX) MiCTWJIa MapIIpyTH, SIKi HE TUIBKH
BiJINIOBiZ]aJTH BUMOTaM IIOJ0 MPOIycKHOI 3xatHocT (7),
aye ¥ BKIIOYanu B ceOe HaMOUIbII MPOJYKTUBHI KaHaIN
3B’S3Ky, IO IO3WUTHBHO BIUIMBAJIO HAa pPIBEHb SKOCTI
00CIyroByBaHHs, HAIPHKJIAJ, 32 MOKA3HHUKOM CEPEeIHBOI
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MDKKIHIIEBOI 3aTPUMKH TakeTiB (Tabn. 2 ta Tabm. 3).
OcCKiTbKM BCi PO3paxoBaHi NUIAXH Malld TPOIYCKHY
3IaTHICTH HE Tipmny 3a 3agaHuid mopir (7), To MUIAX, SKHMA
3a0e3mneuyBaB HaiiMeHIIIe 3HAYCHHS CepeaHbOl
MDKKIHIICBOI 3aTPUMKH TIaKETiB, OOWUPaBCS OCHOBHHM.
Pemra MapmipyTiB BHUKOPHUCTOBYBAJIHCH SK PE3CpPBHI
BIJIMIOBIJTHO JI0 CXEMH 3aXHCTy 1:n y MOPSIKY 3POCTaHHSI
cepenHbOl  MDKKIHIEBOI  3aTpPUMKM  TAKeTiB,  SIKi
repe/IaBaiuch B3IOBXK IHX IUISIXIB.

JIiHIfHICTh 3alIPONOHOBAHOT MOTOKOBOI Mozeni (1)-
(7), (9) Ta 3MeHIIEHHST KUTBKOCTI MapIIpPyTHUX 3MiHHHX
(1), #AKi mimmaramd po3paxyHKY, CIPHSIIO 3HIKEHHIO
cKkIagHocTi il oOuYMCIHIOBamBHOI  peamizamii - mpu
MPaKTUIHOMY BHKOPHCTaHHI SK YaCTHHU IPOTPaAMHOTO

3abe3neueHHss Mapmpytuzaropie abo SDN-koHTposepiB,
Ha SIKi TTOKJIQAAt0ThCs (QYHKIIT 010 OpraHi3amii MBHIKOT
nepeMapIIpyTH3aIii B Mepexi.

[lepciekTHBa MOAANBIIMX JOCHIIDKEHh B  ITiH
obnmacTi, mTepm 3a BCE, CTOCYETbCSI  MiATPUMKH
0araTONUISXOBUX CTPATErid MapIIPyTH3allii, a TaKoXK
pearmizaiii cXeM 3aXUCTy HE TUIbKH TaKOTO Ba)KIIUBOTO
MOKa3HWKA SIKOCTI OOCIyroBYBaHHS, SK MPOIYCKHA
3MATHICTh, ane U iHmuX QOS-TOKa3HUKIB — CepeaHbOT
3aTPHUMKH, JUKUTEPY, HMOBIPHOCTI BTpAT MAKETIB, a TAKOK
3HaYCHb TIOKAa3HHUKIB sKOCTi crpuiHATTI (QOE) Ta
MEpe)KHOT Oe3leKku, M0 OCOOJMBO aKTyadbHO IIpPH
nepeaadi MyJIbTHMeAiiHOTO Tpadika Ta KOH(IASHIITHIX
JIAHUX.
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YCOBEPIIEHCTBOBAHHAS MOJEJIb BBICTPOM HEPEMAPHIPYTHU3AIINUA C
PEAJIMBAIUEUN CXEMBbI SAINIATHI ITYTU U ITPOITY CKHOU CITOCOBHOCTU B
INPOT'PAMMHO-KOH®UT'YPUPYEMBIX CETAX

IIpeqmeToM HcCeOBaHUS B CTAaThe SBISIOTCS MPOIECCH OBICTPOH IepeMapHIpyTH3alnH C peann3anueld CXeMbl 3alUThl MyTH U
nporyckHoil crioco6HocTH. Heas paGoTsl — ycOBepIIEHCTBOBAaHME MOJEIH OBICTPOH IepeMaplIpyTH3AIUU C Peali3aIieil CXeMbl
3aIIUTHl MyTH M MPOMYCKHOW CIOCOOHOCTH, KOTOpas MOXKET ObITh HCIOJb30BaHA UIsl MPOTrPaMMHO-KOH(QUrypHupyeMmbIx ceTeil. B
CTaTbe pEUIAIOTCA  CNeJYIONMe 3aJadvd: YCOBEPILICHCTBOBAHME U  MCCIEIOBAaHHE MAaTeMaTHYeCKOW Mojenu  ObICTpOi
HepeMaplpyTH3alUd C peaau3alyeil CXeMbl 3allUThl IyTH M MPOIYCKHOM crocoOHoCTH. Mcnonbp3yloTes clefyomue MeTOoAbI:
Teopusi TpadoB, TEOPUs MAcCCOBOTO OOCTY)KMBAaHHMS M METOJIbl MaTeMaTHYeCKOTO IMPOrpaMMHpOBaHHs. [loydeHbI cileayroume
pe3yJbTaThl: yCOBEPIICHCTBOBAHA U HCCIEJOBaHA MaTeMaTHYecKas MOJENb OBICTpOH mHepeMapIIpyTH3alliH, KoTopas Oimaromaps
BBEJICHUIO JIOTOHUTENBHBIX YCIOBHUH MO3BOJISET PEAN30BaTh CXEMY 3aIUTHI MyTH 1:N U MPOIMYCKHOH CIIOCOOHOCTH B MPOTPaMMHO-
KOHQUTYpHUpyeMBbIX ceTsX. BeiBoabl: B pamkax mpemioxeHHOW Mojenw OBICTPOH NepeMapIIpyTH3aliH C peaan3alyuedl CXeMBI
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3aIIUTHl MyTH U MPOMYCKHON COCOOHOCTH ObLIa pellleHa 3a7ada pacdeTa MHOXKECTBA OCHOBHBIX M PE3€PBHBIX HEMEPECEKArOLINXCS
myTedl, KoTopas CBOAWIACH K PEHICHUIO ONTUMM3ALUOHHOM 3afadd IEJOYMUCICHHOTO JIMHEHHOrO IPOrpaMMUpPOBAHUSL.
[IpenMymiecTBOM yCOBEPIIEHCTBOBAHHOI MOJENH SIBIISICTCS BO3MOXKHOCTD pealM3aliiy cxeM 3ammrTsl 1:1, 1:2, ..., 1:n 6e3 BBexneHus
JOTIOJTHUTETFHOTO MHOXKECTBA YHPABISIIONIMX (MAapUIPYTHBIX) IIEPEMEHHBIX, YTO CHOCOOCTBYET YMEHBIICHHIO pa3MEpHOCTH
pelaeMoil ONTUMU3ALMOHHOM 3a7a4d U BBIUUCIUTEIBHON CIOXKHOCTU €€ IpakTH4YecKo peamusanuu. Kpurepuil ontumanbHOCTH
MapUIPyTHBIX PELICHUH CIocoOCTBYeT ()OPMHPOBAHHIO OCHOBHBIX M PE3EPBHBIX HEMEPECEKAOIMXCA IyTeil ¢ MaKCHMMalbHOW
MIPOIYCKHOH CIOCOOHOCTBIO. B 3TOM cilydae MmyTh ¢ HauWBBHICHIEH MPOIYCKHOI CIOCOOHOCTBIO OYIET COOTBETCTBOBATH OCHOBHOMY
IyTH, TOTAa KaK OCTalbHbIe MyTH OyAyT HCIOJNB30BAaThCS KaK PE3EPBHBIC, B MOPAIKE YMEHBIICHHS UX MPOITYCKHOW CIOCOOHOCTH.
OO1mee KOIMIECTBO PACCUUTAHHBIX HEMEPECEKAIONIUXCS Iy TeH 3aBUCHT OT BBIOPAHHOM CXEMBI pE3epPBUPOBAHMSI.

KnioueBble cji0Ba: mIporpaMMHO-KOH(HTYpHpyeMas ceTh; ObICTpas IepeMaplupyTH3amys; 3alldTa ITyTH; IPOITyCKHas
CIOCOOHOCTB.

ADVANCED PERFORMANCE-BASED FAST REROUTING MODEL WITH PATH
PROTECTION AND ITS BANDWIDTH IN SOFTWARE-DEFINED NETWORK

The subject matter of the article is the fast rerouting processes with the implementation of the protection scheme of the path and its
bandwidth. The goal of the work is to improve the performance-based Fast ReRoute model with the protection scheme of the path and
its bandwidth, which can be used for Software-Defined Networks. The following tasks are solved in the article: improvement and
research of the Fast ReRoute model with the protection scheme of the path and its bandwidth. The following methods are used: graph
theory, queuing theory, and mathematical programming methods. The following results were obtained: Fast ReRoute model was
improved and investigated. That allows implementing the 1:n protection scheme of the path and its bandwidth in Software-Defined
Networks. Conclusions: Within the framework of the proposed Fast ReRoute model with the schemes of the path protection and its
bandwidth, the problem of calculating the set of primary and backup disjoint paths was solved. The proposed mathematical model,
using the introduction of additional conditions, allowed us to reduce the solution of the technological problem of fast rerouting to the
solution of the optimization problem of mixed integer linear programming. The advantage of the improved model is the possibility of
implementing protection schemes 1:1, 1:2, ..., 1:n without introducing an additional set of control (routing) variables. This helps to
reduce the dimension of the optimization problem to be solved and the computational complexity of its implementation. The
optimality criterion of routing solutions contributes to the formation of primary and backup disjoint paths with the maximum
bandwidth. In this case, the path with the highest bandwidth will correspond to the primary path, while the remaining paths will be
used as a backup, in order to reduce their bandwidth. The total number of calculated disjoint paths depends on the selected
redundancy scheme.
Keywords: Software-Defined Network; Fast ReRouting; path protection; bandwidth.
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METHOD FOR THE DIAGNOSTICS OF SYNCHRONIZATION DISTURBANCES IN
THE TELECOMMUNICATIONS NETWORK OF A CRITICAL USED COMPUTER
SYSTEM

Relevance of the study. To improve the quality of service (QoS), the work of all network technologies, protocols, and individual
traffic management mechanisms is constantly optimized. It is known that the quality of information transmission in modern
telecommunication equipment is affected by the quality of synchronization devices. Synchronization is a means of maintaining the
operation of all digital equipment in a data transmission network at one average speed, which must exist at three levels: bit
synchronization, synchronization at the level of channel intervals (time slot) and frame synchronization. Therefore, the lack of
synchronization of the computer system at the required level can lead to a significant decrease in QoS. At the same time, the
requirements for ensuring these indicators are significantly tightened in the face of an increase in the load of network resources.
Subject of study: computer system synchronization. The aim of the article is to develop a method for diagnosing synchronization
disturbances in the telecommunications network of a computer system of critical application by increasing the resolution of an
acousto-optical spectrum analyzer. Research results. The influence of non-stationary data transmission in the telecommunications
subsystem of the computer system under study is analyzed. The analysis and classification of the causes of computer network
synchronization failure of a critical application computer system is carried out. The article describes the consequences of a violation
of computer network stabilization for ensuring the quality of service provided by various frequently used services. Proposed the use of
acousto-optic spectrum analyzer with spatial integration for diagnostics of violations of the synchronization network. In work the
analysis of the use of acousto-optic spectrum analyzers. The conducted research allowed us to obtain an analytical expression for the
output signal of the spectroanalyzer when two rectangular pulses with different carrier frequencies, durations and delay times are
received at its input. This result, as well as the numerical calculations provided, allowed us to develop General recommendations for
increasing the resolution of the acousto-optical spectrum analyzer, and thus create theoretical prerequisites for improving the
synchronization of the computer system. The given analytical relations and numerical estimates were experimentally verified by
means of system simulation. Conclusions. As a result of the research, a method of diagnostics of synchronization violations in the
telecommunications network of a computer system of critical application was proposed. The method is based on increasing the
resolution of the measuring system based on an acoustooptic spectrum analyzer.
Keywords: computer system; telecommunication network; synchronization; acousto-optic spectrum analyzer.

The relevance of research

Expanding the range of information transmission
services and improving the quality of service are key
trends in the development of the telecommunication
network. To improve the quality of service (QoS), the
work of all network technologies, protocols, and
individual traffic management mechanisms is constantly
optimized. It is known that the quality of information
transmission in modern telecommunication equipment is
affected by the quality of synchronization devices.
Therefore, the lack of synchronization of the computer
system at the required level can lead to a significant
decrease in QoS. At the same time, the requirements for
ensuring these indicators are significantly tightened in the
face of increased load of network resources.
Consequently, the quality of functioning of existing and
promising computer systems and networks cannot be
improved without taking into account the effects of
synchronization and ensuring appropriate synchronization
indicators.

Formulation of the problem

one average speed, which must exist at three levels: bit
synchronization, synchronization at the level of channel
intervals (time slot) and frame synchronization. The
network clock located in the source node controls the
transmission frequency of bits, frames, and channel slots
through this node. The secondary network generator
located in the receiving node is designed to control the
speed of reading information. The purpose of network
clock synchronization is the coordinated operation of the
primary generator and receiver so that the receiving node
can correctly interpret the digital signal. The difference in
the synchronization of nodes located on the same network
can lead to a skipping or re-reading by the receiving node
of information sent to it. Thus, improving the quality of
functioning of existing and planned computer systems by
increasing the system synchronization indicators is an
urgent research task.

Literature analysis

In the process of transmitting information in a
computer system, including a computer data network,
there is always a problem of insufficient synchronization,
which is caused by various software and hardware factors.
Synchronization is a means of maintaining the operation
of all digital equipment in a data transmission network at

Much attention is paid to the study of factors that
affect the quality of service (QoS) of computer networks.
[3-21]. Studies of the influence of data transmission
channel throughput were conducted in [1-4]. The analysis
[7, 8] of the influence of the architecture of computer
systems and computer networks was carried out in [5-8].
Works [9-14] are devoted to the analysis of packet queues
and the development of a comprehensive approach to QoS
diagnostics of computer systems and networks. In
addition, there is a separate question about the relationship

© V. Rudnytsky, M. Mozhaiev, N. Kuchuk, 2020
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between QoS indicators and meeting the requirements for
computer system transactions [15-20]. In [21], the main
parameters of the basic telecommunications network that
affect the quality of transaction execution of a computer
system are highlighted. In particular, it is shown that when
choosing special platforms with centralized management
(converged and hyperconverged), synchronization of the
computer system plays a significant role. To ensure the
required level of synchronization, it is necessary to
monitor the stability of the computer system generators
[22, 23]. Technical means of such control are presented in
[24-27]. In [28], a method for rapid calculation of the jitter
value of a telecommunications network is developed
based on a method for increasing the resolution of
acousto-optical spectroanalysts, which allows for dynamic
reconfiguration of network parameters

Aim of the article.

The aim of the article is to develop a method for
diagnosing  synchronization  disturbances in  the
telecommunications network of a computer system of
critical application by increasing the resolution of an
acousto-optical spectrum analyzer.

Types of computer system synchronization

Bit synchronization consists in the fact that the
transmitting and receiving ends of the transmission line
operate at the same clock frequency, so the bits are read
correctly. To achieve bit synchronization, the receiver can
receive its clock from the incoming line. Bit
synchronization includes issues such as transmission line
jitter and unit density. These issues are raised when
requirements for synchronization and transmission
systems are presented.

Time slot synchronization connects the receiver and
transmitter so that the channel slots can be identified to
retrieve data. This is achieved by using a fixed frame
format to separate bytes. The main synchronization
problems at the channel interval level are frame change
time and frame loss detection.

Frame synchronization is caused by the need for
phase matching of the transmitter and receiver in such a
way that the beginning of the frame can be identified. A
frame in a DS1 or E1 signal is a group of bits consisting of
twenty-four or thirty bytes (channel slots), respectively,
and one frame synchronization pulse. The frame time is
125 microseconds. Channel intervals correspond to users
of specific (telephone) communication channels.

The synchronization  characteristics in  the
hierarchical network of the transmitter-receiver are
determined by three components: the error of the control
generator, the characteristics of the devices that distribute
the reference signal, and the characteristics of the
generators of the receiver receiving the reference signal
through these devices. It is known that the instability of
the synchronization frequency of the control generator
usually weakly affects the overall instability in the
synchronization networks. The timing characteristics are
mainly determined by the combination of the
characteristics of the distribution devices and the receiver

generator. In real networks, the receiver generator
connected to the control generator will operate at a long-
term frequency different from the frequency of the control
generator. The frequency instability of the receiver
oscillator is usually 10-100 times higher than the
frequency instability of the control oscillator. Therefore,
receiver generators cause most of the synchronization
errors and slippage in networks.

For example, if the equipment transmitting
information operates at a frequency higher than the
frequency of the receiving equipment, then the receiver
cannot monitor the flow of information. In this case, the
receiver will periodically 6 pass part of the information
transmitted to it. Loss of information is called slippage
deletion. In the event that the receiver operates at a
frequency higher than the frequency of the transmitter, the
receiver will duplicate information while continuing to
operate at its own frequency and still communicate with
the transmitter. This duplication of information is called
repetition slippage.

The influence of one or more slippages on the
quality of services provided in digital communication
networks depends on the type of these services [1-6]. The
following describes the effect of single slippage on
various types of services. When providing telephone
(voice) communication services, slippage can cause
random sound clicks. These clicks are not always audible
and do not lead to serious speech distortions. Therefore,
telephone services are not critical to slippage. The
frequency of occurrence of slippages up to several
slippages per minute is considered acceptable. Single
slippage leads to distortion or missing lines in the received
fax message. Slippage can cause up to 8 scanned lines to
disappear. This corresponds to a gap of 0.08 inches of
vertical space. On a standard printed page, slippage looks
like the absence of the top or bottom half of the printed
line. A prolonged occurrence of slippage will result in the
need to resubmit the pages affected by them.
Retransmission cannot be automated and is done manually
by the user. The effect of slippage on data transmission
using modems is manifested in the form of long error
packets in the range from 10 milliseconds to 1.5 seconds.
When these errors occur, the terminal receiver connected
to the modem receives corrupted data. As a result, the user
must retransmit the data. If slippage occurs during a
videotelephone  session, the image  disappears.
Subscribers are asked to re-establish a connection to
restore the image. The effect of slippage on digital data
transmission depends on the protocol used. In protocols
that do not provide for retransmission, data may be
skipped, repeated, or corrupted. Possible loss of frame
synchronization causes the distortion of many frames
when resuming the arrival of pulses of frame
synchronization. Retransmission protocols have the ability
to detect slippage and initiate retransmission. Initializing
and performing such a relay usually takes one second.
Therefore, slippage will affect throughput, usually
resulting in a loss of a second transmission time. When
digitally transmitting images (for example, video
conferencing), slippage usually causes a part of the image
to distort or freeze for up to 6 seconds. The severity and
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duration of the distortion depends on the coding and
compression equipment used 8. The most significant
distortion occurs when using low-speed decoding
equipment. Slippage is mostly affected by the provision of
encrypted data services. Slippage leads to the loss of the
encoding key. Loss of the key results in inaccessibility of
the transmitted data until the key is retransmitted and
communication is repeated. Therefore, all communication
stops. More important is the need to relay the key
significantly affects security. For many security-related
applications, slippage in excess of 1 per day is considered
unacceptable.

To control slippage, pointer alignment events, and
error beams caused by synchronization, ITU and ANSI
have set several requirements for synchronization
performance. For international connections, the slip rate
threshold for an “acceptable” connection is set by the ITU
at the level of one slip for every five hours. To achieve a
satisfactory slippage rate during end-to-end transmission,
the long-term maximum frequency instability at the output
of the digital synchronization system is 1x10-11. This
requirement was established by both ANSI [29] and ITU

[30, 31]. The requirements for short-term instability allow
from 1 to 10 microseconds with errors per day at the
output of each network clock [29, 30].

To determine the moment of synchronization
disruption in critical use computer systems, it is necessary
to use appropriate computing systems, which should
determine the current frequency of the generators in the
network with high speed and accuracy. Currently, such
hardware is acousto-optical spectrum analyzers (AOSA)
with spatial integration. The main characteristics and
ways to increase the resolution of this device will be
investigated in the next part of the proposed work.

Basic relationships and formulations

The structural diagram of the analyzer [22] is shown
in fig. 1, where 1 - laser. 2 - capacitor, 3 - collimator, 4 -
acousto-optic modulator (AOM), 5 - Fourier lens, 6 -
recording device are indicated and the used coordinate
systems Xq, 1,2 and X,,Yy,,Z, are shown.

Fig. 1. The structural diagram of an acousto-optical spectrum analyzer

The capacitor and collimator convert the
monochromatic wave exp[i(o t—Kk, z)] emitted by the

laser into a plane wave incident at an angle 6, on the
AOM E,(x,,t) =r(x)expli(o t—k z, +k x1tg6,)] with a
1 |x|£D/2
0, |x>D/2’

the half-width of the AOAC collimator.
An analyzer receives a radio signal s(t), which is

converted into a traveling acoustic wave

given aperture r(xl)z{ where D/2 is

then
r(xl)s(t—ler—D/Zj propagating with the speed v. In
v

the linear approximation, the field of the light wave of the
first diffraction order is represented as

+D/2 .
e, 0,0 = ArC)s{ 152 2 otk g, (1)
where A characterizes the modulating effect of an
acoustic wave on laser radiation passing through AOM.

In the output plane of the analyzer coinciding with
the rear focal plane of the lens 5, the field is written as

£ 0= [axEG0e0(i 20 ). @

where F is a lens focal length, A is a laser wavelength.
Using the expansion (1), formula (2) can be
transformed to the form

E,(w,,t) = Avexp(—io,T /2)]drexp(imxr)s(t -1), (3)

where the non-essential multiplier exp[i(o t—k z,)] is
omitted and the notation mX:V(}%—EX2+kLtgeij is

entered, and there is a duration of the time sample
corresponding to the light aperture D . In formula (3) and
everywhere below, the dependence of the field E, on the

Xo USing @y = o(Xy) .
Let’s consider the incoherent transformation of the

output light distribution into an electrical signal
proportional to the time integral of its intensity
R
u(w,.T) = [ dt|E, (0, D, @)
0
where T, is the registration time, counted from the
moment t=0.
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Resolution of pulses with a rectangular envelope

Let two rectangular-shaped pulses of the same unit
amplitude simultaneously arrive at the analyzer input, but
with different carrier frequencies ®,, durations t, and

delay times t, (a=1,2): s(t) =s;(t) +s,(t), where

0, t<ty;
Sa(t) =<sin(wy(t—tg)), ty <t<t,+1,. (5)
0, t>ty+1,.
Substituting (5) into (3) gives
E,(0,.1) =E (0,,) +E%(0,.1), (6)

where the summand E®(w,,t) corresponding to the
response to the a-th input pulse (a=1, 2), in the case of a
time aperture T that is shorter than the pulse t, duration,
up to an insignificant factor Avexp(—iw,T /2) for further

consideration, is given by the following expressions:
at TR < ta .

E®(0,,1)=0; (7
att, <T, <t +T:
X (0,.1) =&, (t—t, t—t,,t-t,); (®)
att, +T <T, <t, +1,:
Ef (o,,t)=¢,(T,2(t-t,)-T,T); 9

att, +t, <T, <t +7,+T:
EP (o, t)=¢,(t-t -7, +T,t-t +7,-T,7,+T -t+t); (10)
at T, 2t +7, +T:

E® (o,,t)=0. (11)

In formulas (8-10), a notation for a function of three
variables is introduced to shorten the entry

joxsL
Ea(Sl,SZ,SS) =e ?

o, o,

a a

P sin(o,s,/2) 82 sin(as, / 2)} |

where o; =, to,.
Thus, by virtue of (4) and (6), the total recorded
signal can be written as

u((’ox’TR) = ul(o‘)x7TR)+u2(0‘)x’TR)+u12(mx’TR) , (12)

R
where u, (o,,T,) = J.dt |E? (w,,t)* represent the output
0

signal when there is only the a-th pulse at the input, and
the third term

R
U, (o, Ty) = 2Re| [ dEP (,,)EP (mx,t)} (13)
0

arises as a result of interference of the first two (the bar
above means complex conjugation).
The expressions for u,(wy,Tg) in the case of a

temporary aperture T shorter than the duration of each of
the pulses t; are given in [32]. Explicit expressions for

Up(wy,Tr) are obtained after substituting formulas

(7-11) in (13) and are not given here only because of their
cumbersomeness, since they take into account all possible
options for the relative position along the time axis of the
steps of entering the aperture, its complete filling, and exit
from the aperture of each of pulses. The physical
interpretation of these expressions is similar to that given
in [32] for the quantities u, (o, TR) .

Thus, the set of formulas (7-13) determines the
output signal of the spectrum analyzer when two
rectangular pulses with different carrier frequencies,
durations, and delay times arrive at its input.

Numerical calculations and discussion

The most significant qualitative and quantitative
characteristics of the frequency resolution can be seen
already on the example of two pulsed signals that differ
only in carrier frequencies.

When conducting numerical calculations, it was
assumed that the duration of the input pulses
1, =T, =1=1000, and the value of the time aperture
T =800 (time was measured in arbitrary units, which
were determined by the ratio o, =1). The delays of both
pulses without loss of generality were assumed to be equal
t =t, =0, and the time evolution of the output signal was
considered over the interval 0<T, <t+T , which made it

possible to reveal all the features of the time course, since
then the signal went to a stationary value [32].

Fig. 2 illustrates the results of calculations of the
time evolution of the dependence of the output signal
u(o,,T;) on a value o, proportional to the coordinate

X, for the relative detuning of the carrier frequencies
e=(w,—o,)/ o =0,02.
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126408
10548
BOE+07

6.0E+07

40E+07

20E+07

jiy

2]
Y

//,;,,ﬁ-’;?,;-f;.}“’

0.0E+00

Fig. 2. The output signal of the spectroanalyzer when the carrier
frequencies of the input pulses are greatly disrupted
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The axis x corresponds to the value ®, , and the
axis y to the value T, with the left peak in this and

subsequent figures representing the input pulse with the
carrier o,, the right — the pulse with the carrier o, .

As can be seen from fig. 2, for such a detuning e,
the presence of the interference term in expression (12) is
practically insignificant, and the pulses are reliably
distinguishable even after the stage of filling the AOM
aperture with them.

Fig. 3 shows the results of calculations of the output
signal u(w,,T;) for half as much as in fig. 2, detuning

€=0,01 with the remaining parameters unchanged. A
comparison of these figures shows that for a given

mismatch value, a reliable resolution of pulses is possible
only at a sufficiently large (close to the stage of reaching
the stationary value) observation time.

1.0E+08
8,0 «07

6,0E +07

4,0E+07

2,0E +07

0,0E +00

Fig. 3. Output signal with moderate mismatch of carrier
frequencies

In addition, if two (even weakly distinguishable)
pulses are recorded for the detuning €=0,02 at the very
beginning, and at the grow of T, their difference
increases, then for the ¢ = 0,01, both pulses are absolutely
indistinguishable (look like a single whole) and only
during registration, if its time large enough, their
resolution is getting more and more complete.

The calculation data in fig. 3 also illustrates the weak
efficiency of the signal discrimination algorithm at the
average (according to the Rayleigh criterion) resolution of
the output pulses based on filtering the interference term
in (12) by passing through a low-pass filter (compared to
the beat frequency proportional to the difference o, —,).

Since at such detuning values, the interference term is
comparable in magnitude with the responses from
individual pulses and makes a comparable contribution to
the total output signal, its filtering will lead to a decrease
in the level of the useful signal and, accordingly, a
decrease in the efficiency of such an algorithm.

The calculation results presented in fig. 4, differ
from the previous two by an even greater magnitude of
detuning: €=0,005. The nature of the change in the
output signal is the same as in fig. 3: first, both impulses
look as a single indistinguishable, and only in the process

of registration the dependence curve u(o,,T,) of o,

becomes a two-hump. However, even when the signal
reaches a stationary value, this bumpiness is small, and the
presence of a second pulse against the background of the
first one can only indirectly judge the increased total
amplitude of the output signal compared to the previous
figure.

1,4E+08 1
1,26+08
1,0E+08 1
8,0E+07
6,0E+07
4,0E+07 1

2,0E+07

0,0E+00 &

Fig. 4. The output signal with a small detuning carrier
frequencies

However, it is easy to see that the total signal from
two completely identical pulses is only four times the
signal from a single pulse, which may not be enough for
devices whose parameters are similar to those used in the
calculations in this article.

Thus, to distinguish between the carrier frequencies
of the input pulses at medium and small values of the
detuning, the general necessary condition is a sufficiently
large (compared with the total duration of the input pulse
and time aperture of the spectrum analyzer) recording
time. Such an increase in the resolution of an acousto-
optical spectrum analyzer will improve the quality of
synchronization diagnostics of critical use computer
systems.

Diagnostics of synchronization failures

A method for diagnosing synchronization disruptions
in a telecommunication network consists in determining
the moment of desynchronization of the information
transmission network of a critical computer system. Most
digital communication systems using coherent modulation
require all three levels of synchronization: phase, symbol
and frame. Incoherent modulation systems usually require
only symbolic and frame synchronization; since the
modulation is incoherent, accurate phase synchronization
is not required. In addition, incoherent systems require
frequency synchronization. Frequency synchronization
differs from phase synchronization in that the copy of the
carrier generated by the receiver may have arbitrary phase
shifts from the received carrier.

Network out of sync diagnostics require high-
precision phase and frequency measurements of the carrier
frequency of the master oscillators of the receiver and
transmitter with high resolution of the used hardware.
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Carrier frequency measurements will allow phase
synchronization calculations and determination of the
moment of frequency synchronization violation. To ensure
such measurements, the developed method proposes the
use of AOSA with spatial integration. To increase the
resolution of AOSA with spatial integration, it is
necessary to increase the interval of signal accumulation,
which can lead to an increase in the time required for
network analysis. Thus, the proposed method will improve
the accuracy of determining the fact of a synchronization
violation, but this requires an increase in the time and
complexity of the analysis. Further improvement of this
method requires a significant increase in the resolution of
the AOSA for comparing the reference signals with the
received ones (by the principle of maximum likelihood).

Conclusions

The paper proposes a method for the diagnosis of
disorders of the synchronization of telecommunications
networks computer systems for critical applications. The

- the article presents the results of the analysis of
factors affecting the violation of the stabilization computer
networks computer systems for critical applications.
Established qualitative and quantitative indicators of
system synchronization;

- this paper analyzes the functionality of the use of
acousto-optic spectrum analyzers for quality control of
synchronization of computer networks, presents the basic
mathematical relations that determine the parameters of
the output signal of AOAS;

- as a result of numerical calculations, it was found
that to distinguish the carrier frequencies of input pulses at
moderate and small values of the detuning the General
necessary condition is large enough (compared to the total
duration of the input pulse and the time of the aperture
spectrum analyser) the time of registration;

- the main outcome of the research opportunities
enhance the resolution of OAS is that there is the
theoretical background to determine the synchronous
operation of generators in the network information
computer system of critical usage, which will lead to

increased quality of service (QoS);

- further investigation in this direction, it is desirable
to devote to obtaining quasi-optimal and optimal methods
of resolution enhancement of AOAS to determine the
parameters of desynchronization of the computer network.

method is based on the higher resolution of the measuring
system on the basis of acousto-optic spectrum analyzer.
The main findings of the study are:
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METOJ JIAT'HOCTHUKHU ITOPYIIEHD CHUHXPOHI3AIIII
TEJEKOMYHIKAIIIHHOI MEPEKI KOMIT'FOTEPHOI CUCTEMHA
KPUTUYHOI'O 3ACTOCYBAHHSA

AKTyanbHicTh TocniukeHHs. [ nonminmeHHs skocti oocimyroByBanHS (Q0S) MOCTIIHO ONTHMI3yeThCsl poOOTa BCIX MEpeneBUX
TEXHOJIOTIH, IPOTOKOJIB I OKPEMHX MEXaHi3MiB ympasiiHHsA TpadikoM. Bimomo, mo Ha sKkicTh nmepenadi iHpopmanii B CydacCHOMY
TeJICKOMYHIKaI[iHHOMY 00JIaHaHHI BIUIMBAE SIKICTh MPUCTPOIB CHHXpOHI3anii. CHHXpOHi3allis — [e 3acid MiITPUMKH POOOTH BCHOTO
(poBOro ycTaTKyBaHHS B Mepeki mepenadi iHpopMmanii Ha OHIN cepeqHill MIBUAKOCTI, SIKe MOBHHHO iCHYBAaTH Ha TPHOX PIBHSX:
0iToBa CHHXpOHI3allisl, CHHXPOHI3alisd Ha piBHI KaHaJNbHUX iHTepBadiB (time slot) i kagpoBa cuHXpoHi3amis. ToMmy BiICYTHICTH
CHHXPOHI3alii KOMI'IOTEPHOI CHCTEMHU Ha HEOOXiTHOMY PiBHI MOXKE MPHU3BECTH A0 3HAYHOTO 3HIDKEHHS MOKa3HHUKiB QoS. Y To# ke
Yac iCTOTHO MOCHJIIOIOTBCS BUMOTHU A0 3a0e3MeUeHHs X MOKa3HHUKIB B yMOBaX 3017IbLICHHS 3aBaHTa)KCHHS MEPEKEBUX PECYpPCiB.
I[peamer nocmimKeHHA: CHHXPOHI3aIlisl KOMITIOTEPHOI cHUcTeMH. MeTolw CTaTTi € po3poOKka METOAy IiarHOCTUKU MOPYIIEHb
CHHXPOHI3aLii TeIeKOMYHIKalliHHOT Mepeki KOMI'FOTEPHOI CHCTEMU KPUTUYHOTO 3aCTOCYBAaHHS 33 PaXyHOK IiJBUIIEHHS PO3ALTBHOL
3[aTHOCTI aKyCTOONTHYHOTO CIIeKTpoaHamizatopa. Pe3yabTatH pmocimipkeHHs. IIpoBeneHO aHaili3 BIUIMBY HECTalliOHApHOCTI
nepeiavi JaHUX B TEICKOMYHIKAIliMHIA MiJCHCTeMi JOCIIKyBaHOT KOMI'IOTepHOI crcTteMu. [IpoBeneHo aHami3 Ta kiacudikamito
MIPUYUH HOPYLIEHHSI CHHXPOHI3alil KOMITIOTepHOI MepeXi KOMITIOTepHOI CHCTEMH KPUTHYHOTO 3acTOCyBaHHsA. HaBeneHo Haciinkn
MOpYIIeHHs cTabimizarii KOMI'IoTepHOT Meperki IS 3a0e3NedeHHs IKOCTI 00CIyroByBaHHs, 10 HAaJAa€ThCs PI3HUMH CEpBi3aMH, IO
94acTO BXKMBAIOTHCA. 3AIIPONOHOBAHO BMKOPUCTAHHS AKyCTOONTHYHUX CIIEKTPOAHANI3aTOPIB 3 MPOCTOPOBUM IHTEIPYBAHHSAM JULI
JIarHOCTHKY MOPYIIEHHsS] CHHXPOHi3amii Mepexi. B poOoTi mpoBeneHo aHami3 BUKOPHCTAHHS aKyCTOONTHYHUX CHEKTPOAHATi3aTOPiB.
[IpoBeneni DOCTiMKEHHS TO3BONMIN OTPUMATH aHATITUYHUI BUpa3 I BUXITHOTO CHTHAIY CIEKTpOaHajli3aTopa MpH HaIXOKEHHI
Ha HOT0 BXiJ IBOX IMITyJIBCIB MPSIMOKYTHOI ()OPMH 3 Pi3HUMHU HECYYHUMH YaCTOTaMH, TPHBATICTIO 1 YacoM 3aTpuMKu. Lleit pe3ynbTar,
a TaKOXX HaBeJCHI YHCENbHI PO3PaxyHKH IO03BOJMIN BHPOOWTH 3aralbHi PEKOMEHMAIl JUIS MiABHIICHHS PO3MITBHOI 3AaTHOCTI
aKyCTOONTHYHOIO CIIEKTpOaHali3aropa, i, TaKUM YHHOM, CTBOPUTH TEOPETHYHI INEpeIyMOBH IS IOJIMIIEHHS CHHXPOHi3alii
KOMIT'IOTEpHOi cucTeMH. HaBeneHi aHAmITHYHI CIIBBIIHONICHHS 1 YHCENbHI OIHKH OyaM eKCIepHUMEHTAJIbHO TEpeBipeHi 3a
JIOTIOMOTOI0 IMITaIlifHOTO MOJIENIIOBAaHHS CHCTeMH. BUCHOBKH. B pe3ynpTati mociimkeHs Oyo 3alpOnOHOBAHO METOJ JiarHOCTHKU
MOpYIIEHb CHHXPOHI3AIIl TeJICKOMYHIKAIIHHOI Mepexi KOMI'IOTEPHOI CHCTEMH KPUTHYHOTO 3aCTOCYBaHHSA. MeTo] 3aCHOBaHWIT Ha
TMiABHIIEHH] PO3IUTFHOI 3aTHOCTI BUMIPIOBAILHOI CHCTEMH Ha 0a3i aKyCTOONTHYHOTO CIIEKTPOaHaIi3aTopa.
KniouoBi ciioBa: koMIT'toTepHa cHCTEMa; TeIeKOMYHiKamilfHa Mepeka; CHHXPOHI3allisl; aKyCTOONITUYHHIH CIIEKTPOaHaIi3aTop.

METO/JI JUATHOCTUKH HAPYIIEHU CUHXPOHU3AIINN
TEJJEKOMMYHUKAIIMOHHOM CETU KOMIIBIOTEPHOM CUCTEMBI
KPUTUYECKOI'O IPUMEHEHUSA

AKTyaJIbHOCTB HccleoBanHus. s yinydmeHus kadecTBa oocimykuBanus (QoS) NOCTOSHHO ONTHMHU3MPYETCsl paboTa BCEX CETEBBIX
TEXHOJIOTHH, IPOTOKOJIOB M OT/ETBHBIX MEXaHU3MOB yIIpaBlIeHUs TpadukoM. M3BecTHO, 4TO Ha KadeCTBO Mepeaadn HHGOPMAIHH B
COBPEMEHHOM TEJIEKOMMYHHKalHOHHOM OOOpYZOBAaHMH BIHSET KAaueCTBO YCTPOMCTB CHHXpOHM3amuH. CHHXPOHHU3AIUS — 3TO
CPE/ICTBO MOIJEpKaHUS PabdOTHI BCero MU(POBOro o0OPyNOBaHMS B CETH Hepenadn MHGOPMAIUHM Ha OJHOW CpeIHeH CKOPOCTH,
KOTOpO€ JOJDKHO CYIIECTBOBAaTh HAa TPEX YPOBHSX: OMTOBAas CHHXPOHHU3AIWS, CHHXPOHM3AIWS HA YPOBHE KaHAIBHBIX WHTEPBAJIOB
(time slot) u xampoBasi cHHXpoHH3aIMs. [109TOMy OTCYTCTBHE CHHXPOHH3ALMM KOMIIBIOTEPHOH CHCTEMBI Ha TpeOyeMOM YpOBHE
MOXeT NPHUBECTH K 3HAUMTEIbHOMY CHIDKCHMIO Nokaszarenedl QoS. B Toxe Bpems CyIIECTBEHHO Y>KECTOUaloTCs TpeOOBaHUSA K
o0ecreyeHnIo ITUX MOoKa3aTelield B yCIOBUSAX YBEJIMUCHUsI 3arpy3Ku CETeBBIX pecypcoB. IIpeamer umcclienoBaHus: CHHXPOHU3ALNH
KOMIBIOTEpHOH cucTteMmbl. LleJblo  cTaThbu  sIBIseTCS  pa3pabOTKa MeTOoAa JUAarHOCTUKM —HApyLIICHHH CHHXPOHH3AIMU
TENEKOMMYHHKAIIIOHHOM CETH KOMIIBIOTEPHOM CHCTEMBl KPUTHYECKOTO IPHUMEHEHHs 3a CuYeT IOBBIIICHUS pas3pellaromeil
CIOCOOHOCTH ~ aKyCTOONTHYECKOTO  CIeKTpoaHanm3aTopa. Pe3dyabTarel  nccmemoBanus. [IpoBemeH  aHaM3 — BIMSHHS
HECTallMOHAPHOCTU IEpeladyd JAHHBIX B TEJIEKOMMYHHKALMOHHOH IOACUCTEME HCCIEAYyeMOl KOMIBIOTEpHOU cucteMsl. IIpoBenen
aHaMM3 W KJIacCH(UKaIUs NPUINH HApYHIEHHWS CHHXPOHW3AUH KOMIBIOTEPHOW CETH KOMITBIOTEPHOH CHCTEMBI KPHTHYECKOTO
npuMeHeHus. [IpuBeieHb! MOCIeICTBYS HapyIIeHNs CTaOMIIM3aI[uy KOMITEIOTEPHOH CeTH I 00eCIIeueH s KadecTBa 00CTy KUBAHHS,
IPEAOCTABIAEMOI0 PA3IMYHBIMU YacTO YHOTPeOJSIOUMMUCS cepBUcaMU. IIpeanmoxkeHo MCHOIb30BaHMA aKyCTOONTHYECKUX
CHEKTPOAHAIM3aTOPOB C MPOCTPAHCTBEHHBIM HHTETPUPOBAHHEM [UI IUArHOCTHKH HapylIeHHs CHUHXPOHH3aluu ceTd. B pabote
IPOBEJCH aHAJIU3 MCIOJIb30BaHMUS aKyCTOONTHYECKUX CIEKTPOaHaIU3aTOpoB. lIpoBeneHHBIE HMCCIEeAOBaHUS MO3BOJIMIM IONY4YUTh
AHAJTMTUYECKOE BBIPAKEHHE JUI1 BBIXOJHOIO CHTHAJa CIEKTpPOaHAIM3aTOpa NpHM IMOCTYIUIEHWH Ha €ro BXOJ ABYX MMILYJIbCOB
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MPSMOYTOJIBHOK ()OPMBI € PA3INYHBIMU HECYIIUMH YaCTOTaMH, JUIUTENHOCTSIMU U BPEMEHAMH 3a[eP>KKH. DTOT Pe3yNbTaT, a TaKxKe
MIPUBECHHbIE YHCICHHBIE PAacueThl MO3BOJIMIN BBIPAOOTAaTh OOIIME PEKOMEHJALMK JUIS MOBBIIIEHHS pa3pellalolieil ciocoOHOCTH
aKyCTOONTHYECKOTO CIHEKTPOaHaNu3aTopa, M, TakHUM o00pa3oM, CO31aThb TEOPETHYECKHE MPEINOChIIKA IS YIydIIeHUs
CHHXPOHM3AIlUd KOMIBIOTEPHOH cucTeMbl. IlpuBeqeHHbIE aHANUTHYECKHE COOTHOLIEHHS M YHCICHHBIE OLEHKH OBLIN
9KCIIEPUMEHTAIBHO IIPOBEPEHBI IOCPEACTBOM MMUTALMOHHOTO MOJEIMpOBaHMs cHcTeMbl. BeiBoabl. B pesynbrare uccienoBaHuil
OBUT TpEIUIOKEH METO]] AWArHOCTHKH HapyIIeHWH CHHXPOHHU3ALMH TEJICKOMMYHHUKAI[MOHHONH CETH KOMITBIOTEPHOH CHCTEMBI
KPUTHYECKOTO ITPUMEHEHHs. MeTox OCHOBaH Ha IOBBIIICHWHM pa3pelIalolieil CIIOCOOHOCTH M3MEPUTENbHOHM cHCTeMBI Ha 0Oase
aKyCTOOITUYECKOTO CIEKTPOaHaIN3aTopa.

KiroueBble cJ0Ba: KOMIBIOTEpHAS CHCTEMa; TEIEKOMMYHMKAIIMOHHAS CETh; CHHXPOHM3AIMsA; aKyCTOONTHYECKHH
CIEKTPOAHANU3aTOP.
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