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The article is developed algorithm of mathematical modelling of the formation process of
the reflected monophonic signal in the presence of several reflection objects has been
worked out. The algorithm consists of the following phases: setting the initial values,
calculating the vectors values of the monophonic signals as a sum of signals reflected from
each object, the vectors change by taking into account the amplitude error, the phase shift
and the frequency of the probing signal. The mathematical modelling of the process of the
objects distance measuring using multi-frequency phase method has been performed. In the
process of modeling we have changed the basic parameters of the probing signal and the
monophonic reflected signal, namely: initial frequency, frequency incremental step,
frequency instability, amplitude designation error and monophonic signal phase shift error.
Monte Carlo method has been applied in the process of modelling. Frequency instability
was set according to normal distribution, and the amplitude and phase error were set with
uniform distribution. The mathematical modelling of distance measuring using multi-
frequency phase method has shown that distance measuring error is decreased if the
probing signal frequency instability and the monophonic signal vectors measurement error
are reduced. With regard to the abovementioned the mean square deviation of the distance
is decreased. Calculations of the distance error coincide with the data obtained by the
mathematical modelling. It has been found that it is appropriate, in the process of the
objects probing at the depth of 50 meters, to use the frequency incremental step of 4 MHz,
where the signal generator frequency instability is at least 10 f, the amplitude

measurement error is 1/1024 ay, , the phase shift measurement error does not exceed

0.1°. In this case, the distance measurement error does not exceed 0.6 m.

Keywords: mobile target, range, radar system, probe signal, rangometry, phase method.

Introduction

The problem of high-precision measurement of distance and radial velocity of moving
targets such as surface, air and sea ones is not new. Various radars are used to solve the
problem. Different types and kinds of problems can be distinguished depending on the
problem to be solved by the radar station. Protection of the state borders turns out the most
acute problem. In this case, identification of pinpoint targets at close distances from each
other and their identification at considerable distances is undoubtedly a critical task.

The known methods for measuring distances in radar-location mainly use impulse-type
signals and signal separation reflected from each object at time of their arrival. In this
connection the probing signals which provide sufficient accuracy occupy a significant
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frequency range. This creates problems when constructing units of distance-measurement
radar systems [1, 2].

The phase methods of distance measuring are the most accurate ones. They allow
precision of the target distance measuring provided that the frequency range of probing
signals is strictly limited, by virtue of the fact that we use harmonic signals and multi-scale
approach [1].

Recently developed distance measuring multi-frequency phase methods allow to
separate the signals reflected from many objects using limited frequency range of probing
signals and measurements of the reflected signals vectors [1].

The theoretical material and methods of radar measurements can be used to develop
fundamentally new radio systems of distance measuring, to measure the radial velocity of
targets and conduct radar observation in the military sphere. This is especially true concerning
development of radar systems which are to identify targets from each other at short distances
in a single line. In order to set the limits of the distance measuring multi-frequency phase
method using we have to perform mathematical modelling and specify major dependencies
between the probing signals parameters and the parameters of accuracy and discrimination
power.

Main body

Determining accuracy and discrimination power of the method is a multidimensional
problem, in other words these values depend on many input parameters, namely: initial
frequency, spectrum width, frequency incremental step, distance between adjacent objects,
amplitude error, phase error. Let us consider the most important parameters that influence the
potential accuracy and discrimination power of the method, namely initial frequency and
frequency incremental step. The accuracy and discrimination power are important
characteristics of distance measuring. They allow, knowing the results permissible accuracy,
to set requirements for the measurement conditions, namely frequencies and instruments
error. In this case, we consider the error as the difference between the true distance d and the
measured one / with reference to the true distance, viz relative error:

|71
O =——, (1)

where 4 — true distance; / — measured distance.

Discrimination power is the minimum distance between two adjacent objects Ad,
wherein the method allows their identification as two separate objects, rather than as a single
one. This can be expressed by the equation:

Ad =d, —d,, max(Al,Al) < Ad, )

where Al1, Al> — absolute errors of distances; d1, d» — true distances to the objects.

The formula on the right side is the separability condition: if all absolute errors are less
than the real distance between the adjacent objects then we separate them. Let us use
mathematical modelling to determine the dependence character of accuracy and
discrimination power on the initial frequency and frequency incremental step. To do this we

must have the values of the "measured" vectors B, at each probing frequency. Therefore, we

will calculate these vectors analytically, setting the true values of the distances to the objects
and the amplitudes of each reflected signal. These operations can be represented in the shape
of the flow chart (Fig. 1).
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Fig. 1. Control flow chart for calculating vectors b(k) for mathematical modelling

According to the flow chart Fig. 1 we calculate the phase shifts of harmonic signals
reflected from each object using the following expression:

:—TE k f’k:
C

oy 1...n, (3)

where n — number of objects; d, — true distances; f — initial frequency; ¢ — wave-propagation

velocity.
Calculation of the vectors of monophonic signals in the complex form is done in the
following manner:

b(k)=3 a-(cos(k-¢,)+ j-sin(k-9,)), k=1..N, ()

i=1

where a; — true amplitudes of the vectors reflected from each object; inc — frequency
incremental step; N — required number of frequencies.
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We must take into account the fact that the calculation of the distance will depend on
both the initial frequency and the incremental step of probing frequencies variation. The
initial frequency is taken into account in the expression (4) by putting it in the calculation of
the phase shift.

We use the following expression to take into account the incremental step of
frequencies variation:

b(k) = Zn:ai N k=1, N, (5)
i=1

where inc - frequency increment which takes the values from 0 to 1.

So, we have considered all the mathematical operations required for modelling. Before
we start modelling, it should be noted that the characteristics under research, namely accuracy
and discrimination power, can be divided into potential and real. Potential characteristics are
the maximum characteristics that can be provided by the method not taking into account the
errors of real devices. In this case the computation error (it cannot be excluded) is taken into
account only. But this error can be minimized by increasing the capacity of calculations. The
real characteristics take into account the errors of the real devices, namely the voltmeter and
the phase meter (of course the computation error is present in this case). The reasons and
nature of the device errors were discussed above. The research of potential accuracy and
discrimination power of the distance measuring multi-frequency phase method was carried
out in the preceding chapter. So let us not dwell on the conditions of the experiments
performance but let’s consider only the obtained results.

The accuracy and discrimination power is affected by the following parameters: initial
frequency f, frequency incremental step Af', measurement error of amplitude of monophonic

signal Aa,, measurement error of phase shift of monophonic signal A¢,, instability of
probing signal frequency Of . During the measurements this means that the objects probing

frequencies are changed with a specific constant incremental step (increment) to be expressed
in fractions of a unit and we will denote it by inc. The analysis of the determined parameters
indicates that a number of parameters which influence the accuracy of measurement have
determined character, and the rest of them are random in character. The first group includes
initial frequency and incremental step of probing frequency variation. The second group
includes the errors of amplitude and phase shift measurements and also instability of
frequency of the probing harmonic signal. When performing the modelling it is necessary to
take into account the determined nature of the first group of parameters and random nature of
the second group.

Modelling of the determined parameters influence is carried out by their change from
the initial value to the final value in some incremental steps. As a rule the initial value is taken
at zero level. The upper value is limited by the capacity of receiving and transmitting
equipment, measurement units, etc. By virtue of the fact that terminable parameters include
frequency, then it is necessary to rely on the capability of harmonic signals generators,
frequency range of transceivers, measuring devices of phase shifts and amplitudes. Since the
harmonic signals can be generated, transmitted and received within a wide range of
frequencies, then the measuring devices of the phase shifts and amplitudes are characterised
by the limited frequency range. Thus, namely the frequency parameters will determine the
modelling. The most common are the methods and technical means of measuring amplitude
and phase shifts that are effective in the frequency range of 10 MHz [1-4]. Parameters that are
random in character should be set given that they have their own probability characteristics
i.e. distribution law, expectation function and mean square expectation.

To study the impact of various factors upon the accuracy of the distance measuring
using the multi-frequency phase method with regard to their random nature it is necessary to
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develop appropriate mathematical models with introduced probability distributions. Let us
consider the influence of each factor separately.

It is possible to use frequency generator with control option or frequency synthesizer to
set the frequency grid. In both cases taking into account the impact of various factors
frequency generation occurs with some instability i.e. long-term or short-term. The
probability of frequency occurrence has normal distribution law that must be considered in the
process of mathematical model development. Wherein the expectation function has the value
of the required frequency, and the mean square expectation depends on the instability value of
the generator. A quartz-crystal generator is characterised by a typical value of frequency
instability, which vary from 10 1o 108, Taking into account the mathematical expression for
the phase shift calculation of the harmonic signal reflected from the object located at some
distance (3) we must introduce a random frequency value with provision for probability
distribution:

4-nt-d, -normald| f +inc-Afc
¢, = : L/ h f],k=1...n. 6)
c

where normald [ f +inc-Afoc f} is a coversine that sets the random value of the probing

signal frequency with expectation function f +inc-Af" and mean square deviation o, .

To calculate the vectors of monophonic signals the resulting expression must be
substituted in the expression (5). Frequency instability is changed through the values of 107
no 10, We use Monte Carlo method to carry out mathematical modelling. We produce at
least 1000 calculations for adequate modelling. After calculating we perform statistical
processing of the received values of the objects distance. We construct histogram of the
frequency of the data occurrence, reveal the nature of the distribution function, find
expectation function, and values dispersion.

The results of mathematical modelling of the impact of the frequency instability upon
the measurement result of the objects distance are shown in Table 1.

Fig. 2 and 3 show the dependence of the distance measuring error on the frequency
instability.

£0.077 F
0.7 1

0.06
0.6

0.051
0.5

0.04
0.4
0.034 5
0.024 0.2
0.01 0.1

1 2 3 4 af 1 2 3 4 Af
a b

Fig. 2. Dependence of the distance measuring error on the frequency instability for:

a— Af/f=10%; b— Af/f =10
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Table 1.

The research of influence of frequency instability upon the error of the objects distance
measuring

Instability of
frequency, Af/ f

10°

10°¢

True value

10

17

25

35

10

17

25

35

Expectation
function, m

10.07

16.25

26.32

34.96

9.99

16.98

25.05

34.99

Expectation
function of
function deviation
from average
deviation, m

0.31

1.78

2.35

0.32

0.03

0.15

0.32

0.02

Mean square
deviation, m

0.15

4.45

6.87

0.19

0.002

0.039

0.12

0.0009

Distance error, m

0.07

0.75

1.32

0.04

0.01

0.02

0.05

0.01

Instability of
frequency, Af/ f

107

True value

10

17

25

35

10

17

25

35

Expectation
function, m

10.00

16.99

24.99

35.001

9.999

16.999

24.999

34.9999

Expectation
function of
function deviation
from average
deviation, m

0.003

0.015

0.029

0.002

1-10*

810+

0.001

0.0001

Mean square
deviation, m

1-107

0.0003

0.0014

8106

4.10°®

8-10®

3-10°¢

1.7-10°

Distance error, m

1-10*

0.01

0.01

0.001

1-10°

0.001

0.001

0.0001

f
1.21

1.0+
0.8 1
0.6+

0.4+

a

0.047

0.034

ka2

b

Fig. 3. Dependence of the distance measuring error on the frequency instability for:

a— Af/f=107; b- Af/f=10"
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The obtained dependencies show that the distance measurement error using multi-
frequency phase method decreases by the exponential relationship.

Let us perform mathematical modelling in order to study the impact of measuring error
of the monophonic signal amplitude and phase shift upon the distance measuring error using
multi-frequency phase method. Let us make use of the common mathematical modelling
algorithm. Its main stages are the following: setting the initial conditions; introducing
measurement errors; carrying out calculations according to the method of measurement;
repeated calculations in order to apply Monte Carlo method to receive a sample of the given
size; statistical analysis of the obtained modelling results.

Let us introduce the restrictions of initial conditions in order to perform mathematical
modelling. Let us assume that the values of distance are within the range of 50 m. Let us set
four distances: 10 m, 15 m, 30 m and 35 m. If the maximum distance is 50m then according to
the expression:

c
<
lmax - 2fmm > (7)
the minimum frequency should not exceed 3 MHz Let us set the frequency incremental
step less than 3 MHz In order to introduce the signals measurement errors in the results of the
calculations let us define the parameters of the probing signals to be measured. The values of
the vectors of the probing signals are measured according to the analytical multi-frequency
method. Each vector of the signal is set by the signal amplitude and initial phase. When the
probing signals are used we carry out measurements of the phase shift between the reflected
monophonic signal and the reference probing signal. Let us use the following expression to
model the monophonic signal:

/i o

a; (f)= Z aehn (8)

where a, — signal amplitude reflected from i object; ¢, — signal phase shift reflected from i
object; f, — current frequency; f,, — initial frequency.

Adding the error into the mathematical model is carried out by superposition of random
values upon the monophonic signal amplitude and the phase shift. To do this we used the

tools of MatLab R 2013 mathematical software. Accordingly the expression (8) will be the
following:

" /i 4 /i
az (f) — Zaiefmin + Aajefmt‘n

i=1

& ©)

where Aa; —amplitude error on j frequency; A¢, — phase error onj frequency.

The errors of amplitude and phase are set with uniform distribution since modern digital
measuring instruments are characterised with the measurement error exactly with such
function. The amplitude error dispersion is set within 0.1% and 0.001%, the phase shift is set
within 1° to 0.01° which corresponds to methodical and instrumental measurement errors of
modern measuring instruments.

Let us estimate the impact of each factor upon the result of the distance measurement.
Firstly, let us determine the impact of the frequency incremental step change. The frequency
incremental step change is set within 1.5 MHz to 2.5 MHz. Increase in value is 0.5 MHz.

Wherein we set the minimum value of amplitude determination errors (1/4096 ay ) and phase
shift (0.01°).
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To illustrate the received sets of distance with random component the following
histograms of frequency distribution of the values occurrence have been constructed (they are

shown in Fig. 4 - 5).

15800

1000 ¢
s00 ¢
a

87 88 959 10 1007

1500

1000

s00

>

a
14 14.5 15 15.58 15

a b
1500 1500
1000 1 1000 i
500 - 5000 _
0 ]
28 29 30 31 32 a2 34 36 38
C d

Fig. 4. Histograms of distance distribution in case of initial frequency is =2 MHz and
minimum values of the phase shift and amplitude errors where: a — L=10 M, m=10.0005,
sigma=0.064134; b — L=15 M, m=15.0001, sigma=0.20129; ¢ — L=30 M, m=30.0024,
sigma=0.42011; d — L=35 M, m=35.0011, sigma=0.6384

1500 1500
1000 : 1000 -
500 . - 500 _
0 0
405 10 10,05 148 149 15 151 152
a
1500 1500
1000 | 1000
500} 500
0 : 0
298 30 302 304 306 ME ME 3/ /2 34

C d

Fig. 5. Histograms of distance distribution in case of initial frequency is f=2.5 MHz and
minimum values of the phase shift and amplitude errors where: a — L=10 M, m=10.0002,
sigma=0.014017; b — L=15 M, m=14.9992, sigma=0.0333; ¢ — L=30 M, m=29.9992,
sigma=0.062326; d — L=35 M, m=34.998, sigma=0.13516
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The analysis of the received histograms leads to the following conclusions. The laws of
distance distribution at small values of the frequency incremental step are close to the
Rayleigh law (Fig. 4). The law is normal for greater frequencies (Fig. 5). In this connection
the deviation of the expectation function from the true value of distance is decreasing. This is
also true for the mean square deviation.

Let us explore the impact of the monophonic signal amplitude determining error as the
next stage. The amplitude error is set from the minimum value of 1/4096 a5 to its maximum

value of 1/256ay . Change of error is carried out in two times that corresponds to one

discharge of the analog-to-digital converter. The phase shift measurement error is set to the
lowest (0°). The incremental step of frequency change is 2.5 MHz. The analysis of the
received data shows that the distribution laws for small errors are similar to the normal law.
The distribution law is similar to Rayleigh law in case of the great values of the amplitude
error. Deviation of the expectation function from the true value and mean square deviation
increases in case of error increase.

Let us explore the impact of the phase shift measurement error upon the distance
measuring error as the next stage. In the process of modelling we will change the phase shift
within 0.01° to 0.5° with the error change by 5 times. The amplitude measurement error is set
for 1/4096 ay . The incremental step of frequency change is 4 MHz. The analysis of the

received data shows that the error of the phase shift identification affects the value of the
expectation function deviation from the true value and mean square deviation. When the
phase shift error increases the distance error and mean square deviation also increase.
However, the greatest distance error observed does not exceed two thousandths of a meter.
That is why, the phase shift measurement methods and devices with an accuracy of 0.5° or
greater are enough for measuring purposes. This conclusion is particularly important taking
into consideration the fact that the presence of noise can significantly impact the values of the
phase shift measurement error.

The peculiarity of the multi-frequency phase method is solving the system of linear
equations as one of the stages of the distance finding. In this case, the accuracy of the distance
measurement is affected by the conditioning number of the system matrix of linear equations
of the multi-frequency phase method. It has been shown that the value of the monophonic
reflected signal vector is different at different frequencies. Thus, changing the frequency
values of the probing signals results in changing of the conditioning number and therefore the
objects distance measuring error.

The results of mathematical modelling. The general trend is that the conditioning
number decreases to a certain minimum value with the increase of the initial probing
frequency. Then it increases to its maximum value with the following decreasing. This
dependency is periodically repeated with the frequency increasing. With the increase of the
probing frequency change incremental step the periodicity of the dependency is preserved,
however, the minimum value is changed. The performed modelling shows that the change
incremental step value of 4 MHz of the probing frequency preserves the minimum value of
the conditioning number 13.5 for the initial frequency of 35 MHz. But the conditioning
number is 16 for zero initial frequency. The lowest value of the conditioning number is
observed when the frequency change incremental step value is 3.9 MHz. Dependency graph
for this frequency incremental step is shown in Figure 6.

On the other hand, when a smaller probing frequency change incremental step was set
within 2.5 to 3.5 MHz the conditioning number was 3-5 times bigger comparatively to its
minimum value. Thus, the following conclusion can be drawn. Probing with less frequency
incremental step does not significantly increase the matrix conditioning number so there is a
transfer of the amplitude and phase shift measurement errors with their slight increase into the
distance measuring error. Thus we can narrow the frequency range of probing signals. To
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reduce the distance measuring error we should use more accurate methods of amplitude
measuring and it will allow simplifying measurement instrumentation.
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Fig. 6. Dependence of the conditioning number of the system matrix of linear equations on
the initial probing frequency for the frequency incremental step of 3.9 MHz

The other values of distance result in a change of dependence. When the distance of one
object is changed, the value of the conditioning number and the frequency it is observed at is
changed.

As well as the accuracy of the distance measuring depends on the frequency range of
the probing signals, the discrimination power of the distance measuring multi-frequency
phase method depends on the frequency of harmonic signals the scanning of the objects is
accomplished by. It is necessary to establish the relationship between the minimum distance
between the objects which can be identified and the initial frequency.

Based on theoretical provisions laid down in the previous works of the authors, if the
objects are located in close proximity, the vectors of the signals reflected from two objects at
the beginning of the frequency range are close to each other. In this connection the increase of
the probing frequency results in the increase of the monophonic signals vectors. To separate
the two vectors it is necessary that the angle between the vectors is not less than the minimum
value that can be separated. This condition may be met by different ways. Firstly, it is
possible to measure the phase shift and amplitude of the monophonic signal with a given
accuracy according to which the signals reflected from each object are separated by the results
of solving the system of linear equations. Secondly, it is possible to increase the frequency
change incremental step of the probing signal. It results in the increase of the angle between
the vectors and thus the phase difference between them, which allows you to separate the
signal reflected from each object. In this case, it is possible to measure the phase shifts and
amplitudes of the signals reflected from each object with greater error. Thirdly, the
discrimination power depends on the conditioning number of the matrix.

The practice of radar distance measurement says that identification capability is
determined by the distance measuring error. And it is determined by its doubled value A/.
Therefore, in order to determine the distinguished capability we can use the expression (2).
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Let us perform mathematical modelling in case of near location of the objects and
establish relationships with a precision measurement of the phase shift and amplitude of the
monophonic signals and the conditioning number of the system matrix of linear equations.

Let us take the initial conditions for the modelling as follows. We set four objects like in
the previous modelling. The distance between two objects is from 2 to 1 m. The distance of 10
m is used as a reference one. We also will change the incremental step of the frequency from
2.5 MHz to 4 MHz, the original frequency from 0 to 1 MHz and the phase shift measuring
errors from 1° to 0.1° and amplitude from 1/256 ay .. to 1/2048ay .. of the monophonic

signal. The result of the mathematical modelling is to establish the basic laws of various
factors influence upon the probability characteristics of the objects distance.

The obtained data show that identification is improved with frequency increasing. With
regard to the above mentioned the smaller is the distance between the objects, the greater
frequency incremental step is to be set. Moreover, there is some critical frequency which
provides the possibility of the objects identification. The change of the initial frequency does
not result in any significant changes in the objects distance distribution histogram. In the same
way the change of accuracy in determining the amplitude of the monophonic signal within a
number of discharges also dos not result in the improvement of the objects identification.

The change of the phase shift measuring accuracy results in the change of identification
indicators. It has been determined above that the identification capability depends on the
phase shift measurement error of the monophonic signal. Similarly, the discrimination power
depends on the value of the error.

Conclusions

1. The algorithm of mathematical modelling of the formation process of the reflected
monophonic signal in the presence of several reflection objects has been worked out. The
algorithm consists of the following phases: setting the initial values, calculating the vectors
values of the monophonic signals as a sum of signals reflected from each object, the vectors
change by taking into account the amplitude error, the phase shift and the frequency of the
probing signal.

2. The mathematical modelling of the process of the objects distance measuring using
multi-frequency phase method has been performed. In the process of modeling we have
changed the basic parameters of the probing signal and the monophonic reflected signal,
namely: initial frequency, frequency incremental step, frequency instability, amplitude
designation error and monophonic signal phase shift error. Monte Carlo method has been
applied in the process of modelling. Frequency instability was set according to normal
distribution, and the amplitude and phase error were set with uniform distribution.

3. The mathematical modelling of distance measuring using multi-frequency phase
method has shown that distance measuring error is decreased if the probing signal frequency
instability and the monophonic signal vectors measurement error are reduced. With regard to
the abovementioned the mean square deviation of the distance is decreased. Calculations of
the distance error coincide with the data obtained by the mathematical modelling. It has been
found that it is appropriate, in the process of the objects probing at the depth of 50 meters, to
use the frequency incremental step of 4 MHz, where the signal generator frequency instability
is at least 10° f, the amplitude measurement error is 1/1024 Ay max » the phase shift

measurement error does not exceed 0.1°. In this case, the distance measurement error does not
exceed 0.6 m.

4. The research results of influence of the probing signal initial frequency and
incremental step change in the distance measuring error has revealed that the changes in these
two parameters result in the system matrix of linear equations with different values. The result
is the matrixes with equal values of the conditioning number. The initial frequency increase
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results in reducing the conditioning number from the values of tens of thousands to 15-20.
The probing signal frequency change incremental step also results in the change of the
conditioning number, but in a smaller range. Lower distance measuring errors are observed at
small values of the conditioning number, due to the fact that the matrixes with such
conditioning numbers less propagate the monophonic signal vector error onto the resulting
error in distance.

5. The research of the identification capacity of the distance measuring multi-frequency
phase method has been carried out. It has been shown that the identification of two objects
located at a close distance depends on all the factors affecting the measurement accuracy and
have the same dependencies.
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3amada BUCOKOTOYHOTO BUMIPIOBAHHS JAJIBHOCTI Ta pafialbHOI IIBUAKOCTI PYXOMHUX IiIeH,
SK Ha3eMHHX, HOBITPSIHUX TaK 1 MOPCHKUX, € HEHOBOIO. [I7is1 11 po3B’s3aHHS 3aCTOCOBYIOTH
pi3HOMaHITHI pamioiokariitai 3acobu. B 3amexxHOCTI Bin 3amadi, Ky MalOTh BHPIIIyBaTH
pajionoKauiiHi CUCTEMHM, PO3PI3HsIOTH 1X pi3Hi Tumnu 1 Buau. Haiibinbm roctpo mocrae
3aBJJaHHSI OXOPOHU KOPZAOHIB JiepaBu. B TakoMmy pasi po3pi3HEHHS MaJIOPO3MIPHUX LIS
Ha HEBEJIMKHUX BiJICTAHAX Ta HA 3HAYHUX JAIBHOCTIX € OE3CYMHIBHO aKTyalbHOIO 3a7aucio.
Bimomi MeTou BUMipIOBaHHS TATBHOCTEH B pajioioKallii, B OCHOBHOMY, BUKOPHUCTOBYIOTh
IMITYJIbCHI CUTHAIM Ta PO3AUIEHHS CHTHATIB, BIIOMTHX BiJ KOKHOTO 00’€KTY, 3a 4acoM
npuxony. Ilpm mpoMy 30HAYIOUI CHIHaNIM, IO 3a0e3Me4yloTh JOCTAaTHIO TOYHICTb,
3aiiMalOTh 3HAYHUI 4YacTOTHHHU Amiama3zoH. Lle cTBoproe mpobnemMu mpu moOyHoBi OIIOKIB
MAIGHOMIPHHUX —pamioNoKalifHux cucreM. HaifGinpmm TowHMMH € (a3oBi  MeTomu
nmanpHOMETpii. BOHM MO3BOJNAIOTH 3a0€3MEYUTH BHCOKOTOYHE BUMIPIOBAaHHS TABHOCTI
el 32 YMOBH YITKOTO OOMEXEHHS YaCTOTHOTO Jiama3oHy 30HAYIOYMX CHTHAJIB, aKe
BUKOPHCTOBYIOTbCSI TapMOHIYHI CHUTHAJIM Ta 0araToOUIKaIbHICTh. AHAII3 OCTaHHIX
JOCTIKeHb IOKa3aB, II0 PO3pO0JICHI B OCTaHHI POKH 0ararodacToTHi ()a30Bi METOIU
JAJIbHOMETPIi  J03BOJIAIOTh  PO3AUIATH CUTHAIM, BiAOWUTI Bix 0Oaratbox 00’€KTiB,
BUKOPHCTOBYIOYH OOMEXEHHI YaCTOTHHUM [iara3oH 30HAYIOUMX CUTHAJIIB Ta BUMIPIOBAHHS
3HAYCHb BEKTOPIB  BIAOWTHX CHTHANiB. TeopeTHYHI TMOJIOKEHHS Ta  METOIU
panioyoKalifHMX BUMIPIOBaHb MOXXHa BHKOPHCTOBYBATH JUIS PO3POOKH IPHHIMIIOBO
HOBUX paJiOCHCTEM JAJIbHOMETpIii, BHMMIPIOBaHHS paJiabHOI IIBMAKOCTI Iijed Ta
PamioIOKAIHOTO CIIOCTEPEKEHHSI y BiMCBEKOBIH cdepi. OcoOMMBO e aKTyalbHO IPHU
PO3po0IIl pamioIoKaifHIX CHCTEM, IO TIOBUHHI PO3PI3HATH IIiIi HA HEBEIMKUX BiICTaHIX
OIlHA BiJ| OJTHOI Ha ONHIH diHii. B cTarTi mpoBegeHe MaTeMaTHYHE MOJICIIOBAHHS MIPOIECY
(hopMyBaHHSI CyMapHOTo BiIOMTOrO CHTHaJy 3a HAsBHOCTI JEKUILKOX 00’€KTIB BiIOUTTS.
[Ipouec MopentoBaHHS CKJIAJa€ThCs 3 €TaliB: BCTAHOBJICHHS I0YAaTKOBUX 3HAUYEHB;
PO3paxyHOK 3Ha4€Hb BEKTOPIB CyMapHHUX CHUTHAIIB SK CyMH CHIHANIB, BIIOMTHX Bif
KOXKHOTO 00’€KTy, 3MiHa BEKTOPIB IIUISXOM BpaxyBaHHs HMOXHMOKHM aMILTITYIH, (a30oBOro
3CYBY Ta YacTOTH 30H/yIOUOro curuainy. [IpoBeneHo MaTeMaTHYHE MOJIEIIOBAHHS IIPOLIECY
BUMIpDIOBaHHS JIAJILHOCTI 00’€KTiB 3a OaraTodacToTHUM (a3oBuM MeToaoM. Ilpu
NIPOBEJICHHI MOJICIIIOBaHHS 3MIHIOBAINCh OCHOBHI ITapaMeTpH 30HIYIOYOTO CHTHAIY Ta
CYMapHOTI'0 BiJIONTOrO CUTHAITY, a caMe: [I0YaTKOBA YacTOTa, KPOK YaCTOTH, HECTAaOIIbHICT
Y4acTOTH, NMOXMOKa BU3HAYCHHS aMILITYIU Ta ()a3oBOro 3CyBy CyMapHOro curhaiy. [lpu
MIPOBEICHHI MOJICIOBAHHS 3acTocoBaHO MeTon Monte-Kapno. HecrabinpHicTh dacTOTH
3a/1aBaNack 3 HOPMaJIbHAM PO3MOIIIIOM, TOXHOKA 3 aMILTITYAOI0 1 (a30t0 i3 pIBHOMIpHUM
posmoxinoM. OTpuMaHi pe3yabTaTH CBig4aTh, IO MaTEeMAaTHYHE MOJICITIOBAHHS
BUMIPIOBaHHS JallbHOCTI 3a 0arato4acToTHUM ()a30BUM METOJIOM I[0Ka3ajo, L0 MpU
3MEHILIEHHI HEecTabiIbHOCTI YacTOTH 30HIYHOYOr0 CHTHAJIy Ta MOXHOKHM BHMIPIOBAHHS
BEKTOPIB CyMapHHUX CUTHAJIIB MOXHOKAa BUMIPIOBaHHS JAJIbHOCTI 3MEHIIIY€ThCS.

Kirouoi cioBa: pyxoma 1ijib, AajdbHICTh, paliojioKaliiHa CUCTEMa, 30HAYIOUYHIA CUTHAJ,
JAJIbHOMETPist, pa30BU METOI.
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3amadya BBICOKOTOYHOIO WM3MEPEHMS JAIBHOCTU U PAJUAIBbHON CKOPOCTH ABHXKYLIMXCS
Lesed, KaKk Ha3eMHBIX, BO3AYIIHBIX TaK M MOPCKUX, IBISETCS HEHOBOH. [l ee perieHus
MPUMEHSIOT pPa3lIMYHBIe PaJUOJIOKAIMOHHBIE CPEICTBA. B 3aBHCHMOCTH OT 3ajayw,
KOTOPYIO JTOJDKHBI PEIIaTh PaTUOIOKAIIHOHHBIE CHCTEMBI, Pa3IHYaloT UX Pa3IHYHBIC THITHI
u Buabl. Hambonee ocTpo CTOMT 3amada OXpaHBI TPaHMI[ TOCYHapcTBa. B TakoMm cirydae
pa3nuyre Malopa3MEpHBIX I[eled Ha HeOONBIIMX PacCTOSHUAX IpPyr OT JApyra ¥ Ha
3HAYUTEIBHBIX HANbHOCTSX SBISIETCS HECOMHEHHO aKTyalbHOW 3amadeil. l3BecTHBIE
METOZBI N3MEPEHHUS JAITBHOCTEH B paJilOIOKAllNU, B OCHOBHOM, HCIIOJIB3YIOT MMITYJIECHBIE
CUTHAJbl M pa3feieHHs CUTHAIOB, OTPAKEHHBIX OT KaXIOro O0BEeKTa, IO BPEMEHH
npuxona. [Ipu aToM 30HIMpYIOIIME CUTHANBI, 00ECIIEUNBAIOLINE JOCTATOUYHYIO TOYHOCTD,
3aHUMAIOT 3HAUYUTENbHBIN YaCTOTHBIA JUana3oH. JTO co3faeT NpobaeMsbl IpU IMOCTPOSHUHN
OJIOKOB JTaTbHOMEPHBIX PaJHOJIOKAlIMOHHBIX cucTeM. Hawbornee TOYHBIMHU SIBISIOTCS
(hazoBbie MeTob! HanbHOMETpHU. OHM MTO3BOJIAIOT 00ECIICUUTh BHICOKOTOYHOE M3MEPEHHE
JAIBHOCTU LENell NpU  YCIOBHMM UYETKOrO OrPaHMYEHUs YacTOTHOTO JAMana3oHa
30HIUPYIOIINX CHUTHAJOB, TIOCKONBKY HCIOJB3YIOTCS TapMOHHYHBIC CHTHANBL AHAIH3
MOCTETHIUX WCCIENOBAaHWH TMOKa3ad, dYTO pa3paboTaHHBIE B MOCIETHHE TOMBI
MHOTOYAaCTOTHBIC (DAa30BbIE METONBl NAITBHOMETPHUU IIO3BOJSIOT PAa3leNiTh CHUTHAIEI,
OTpakK€HHBIE OT MHOTHX OOBEKTOB, HCIIONB3YS OTPAHWYCHHBIH YACTOTHBIA IHAITa30H
30HAMPYIOMINX CHUTHAJIOB M HW3MEPEHUS 3HAYCHWH BEKTOPOB OTPAXCHHBIX CHUTHAJOB.
Teopernueckue TONOXKEHUS W METOABl PaJUOJOKALMOHHBIX HM3MEPEHHH MOXKHO
UCIIONIb30BaTh Ul Pa3paOOTKH IMPHUHIMIINAIBHO HOBBIX PaJMOCUCTEM JAILHOMETPUH,
M3MEPEeHUs palMaIbHOM CKOPOCTH LeJied U paJMoIOKallMOHHOTO0 HAOJIOIeHNs! B BOSHHOU
cdepe. OcoOEHHO ATO aKTyaJbHO NMPH pa3pabOTKE PaaMOJIOKAIMOHHBIX CHUCTEM, KOTOpbIE
JIOJDKHBI Pa3iMyaTh LEJIM Ha HEOOJIBIIMX PACCTOSHUSX YT OT Jpyra Ha OJHOH juHUK. B
CTaThe TIPOBEACHO MaTEMaTH4ecKoe MOJENUpOBaHHE Ipouecca  (GOpMHUPOBAHMS
CyMMapHOTO OTPaXKEHHOTO CHTHaJa NP HAJHMYUH HECKOIBKHX OOBEKTOB OTpPa)KCHUS.
[ponecc MoaenmupoBaHUS COCTOUT M3 STAIOB: YCTAaHOBJICHNE HAYABHBIX 3HAYCHUH; pacueT
3HAYCHUH BEKTOPOB CYMMAPHBIX CUTHAJIOB KaK CYMMBI CUTHAIIOB OTPaXXCHHBIX OT KaKIOTO
00bekTa, U3MEHEHNE BEKTOPOB IyTeM y4eTa HNOTPELIHOCTH aMILTUTY b, (pa3oBoro capura
W YacTOTHl 30HAMpYIOUIero curHana. IlomydeHHbIe pe3yibTaThl CBHICTEIHCTBYIOT, UTO
MaTeMaTHIeCKOE MOAETHPOBAHNE N3MEPEHHUS JATbHOCTH JAHHBIM METOJOM IT0KAa3ajio, 9YTO
NP YMEHBIIEHUH HECTaOMIBHOCTH YacTOTHl 30HIUPYIOIIEr0 CHUTHAJA M IOTPEIIHOCTH
HU3MEPEeHUsI BEKTOPOB CYMMAapHBIX CHTHAJIOB IOTPEIIHOCTh M3MEPEHHS JaJbHOCTH
YMEHBIIAeTCs.

KiaroueBble ciaoBa: moJBMXKHAs LeNb, JalbHOCTb, PAAMOJOKALIMOHHAS CUCTEMA,
30HIUPYIOMINI CUTHAJ, JaTbHOMETPHS, (Pa30BbIil METOI.
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LenocTHOCTH MH(pOPMAIMK SBISIETCSI OJHAM W3 OCHOBHBIX KPHTEPHEB €€ 0€301acHOCTH.
Ceronmust uH(pOpPMalMOHHBIE OOBEKTHl BCE Yalle HMEIT Iu(poBoe NpencTaBIeHUE:
n300pakeHus, aynno, nuppoBoe BHUHEO. VICMOIB30BaHHWE TAKUX OOBEKTOB C IIETIBIO,
OTIIMYHON OT pa3BJIEKATEIEHON (B MEAUIIMHE, TIpecce, HayKe, CyIeOHBIX pacClieIOBAHISX U
T.A.), BOSMOXHO IMIIb TPH OTCYTCTBHHM WX HECAaHKIIMOHHPOBAHHBIX W3MEHEHHHA. OTO
JieraeT mpobjeMy MPOBEPKH WX IEIOCTHOCTH, 3a7ady pa3pabOTKH HOBBIX IOIXOIOB U
METOZOB IS TAKOW MPOBEPKH YPE3BBIYaHO aKTyaabHOI. B paboTe momyunn nanpHeiimee
TEOPETHYECKOE PAa3BUTHE HOBBIA OOLIMIA TOAXOM K PEIICHHIO MPOoOJieMBl OOHApYKEHUS
HECAHKIIMOHUPOBAHHBIX W3MEHEHUN IJ,l/I(i)pOBle KOHTCHTOB, OCHOBAHHBI Ha aHaju3e
CHUHTYJIAPHBIX YUCECII U CHUHTYJIAPHBIX BCKTOPOB 6J'IOKOB X MaTpul, NOJYUYCHHBIX MyTEM
CTaHJapTHOrO pa3OueHHs, OAHUM H3 pa3pabOTUMKOB KOTOPOIO SIBJISIETCSI aBTOP.
[IpennoxeHnHoe yCOBEPIUIEHCTBOBaHWE OOECIEYUT MOBBIIIEHHE YyBCTBUTEIHHOCTH
pa3pabaThIBaéMBIX Ha €ro OCHOBE ISl SKCHEPTU3bl IU(POBBIX H300pakeHWH, BHUIEO
METOZOB M PEaN3yIONMX HX alTOPUTMOB K (MajibiM) BO3MYIIAIOIIAM BO3ICHCTBUSAM 3a
CYeT TOBBHIIICHUS YyBCTBUTEIHHOCTH (DOPMAIIBHBIX ITapaMETPOB, HCIOIB3YEMBIX IS
aHaIN3a IEeJIOCTHOCTH KOHTEHTA.

KirueBble cioBa: HapylieHHE IIEJIOCTHOCTH, CHHTYJISIPHBIC YHCJA, CUHTYJISIPHBIC
BEKTOPBI, 1I(ppoBOE H300paKkeHHE, IUPPOBOE BHICO, 1-ONTUMAIBLHBIN BEKTOD

BBenenne

IlenoctHocTs  MHGpOpMALMK  SIBISETCS. OJHMUM M3 OCHOBHBIX KPHUTEpPHUEB €€
6e3onacHocTd. Crnenu(uKoN CEeroJHSIIHEr0 THS SIBIISETCS MMOBCEMECTHOE HCIIOJIb30BaHHE
IU(PPOBBIX KOHTEHTOB, B 4YacTHOCTH, InppoBbix wuzobpaxkennit (IL[U), Bumeo (1IB),
uudpoBoro ayauo. [Ipy MCHONB30BAaHMU TaKUX OOBEKTOB B Ipecce, MEIUIMHE, HayKe,
CyIeOHBIX pAcCleJOBaHUAX M T.J. HEOOXOAUMO OBITh YBEPEHHBIM B OTCYTCTBHUM HX
HECAHKIIMOHMPOBAHHBIX HM3MEHEHUH. DTO JAenaeT MpobieMy MpPOBEPKH HX IEJIOCTHOCTH
YpE3BBIUYANHO aKTyaJIbHOM.

CoBpemeHHbIN ypoBeHb pa3BuTHs [T-TexHOIOrMI MpuBen K TOMY, YTO Pa3sHOrO poaa
(danscudukanuy 1UEPOBEIX KOHTEHTOB, B yacTtHOocTH IIM, cpeactBamu rtpaduueckux
penakropoB, Takux kak Adobe Photoshop, Corel Draw u apyrue, cranu upe3BbIYaiHO
paclpoCTpaHEHHBIMHM, a CYLIECTBYIOIIME COBPEMEHHBIE CIIOCOOBI BBISBICHUS TaKHUX
HapymeHuil nenoctHocth I mo TeM wiM  MHBIM < NpUYMHAM  HE  SBISIOTCA
YAOBJIETBOPUTENbHBIMH [ 1-3].
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OCHOBBI TPUHIUIUAIGHO HOBOTO OOIIET0 TOAXOJa K OpraHu3aldd MPOBEPKHU
nenoctnoctd [, 1IB HemaBHO Oblim paspabGotansl B [4,5], rae ObuIM BBISBIICHBI,
TEOPETUYECKH OOOCHOBAaHBI M MPAKTHUYECKU MPOBEPEHBI HOBHIE CBOWCTBA MOJTHOrO Habopa
bOpMaIBHBIX  TIAPaMETPOB, Ompeaensomux u3obpaxenue, kaapel [IB. Ilomyuenst
XapaKTePUCTUKU B3aUMHOTO PACIOJIOKEHUSI JIEBOTO M IPABOTO CHUHTYJSPHBIX BEKTOPOB,
OTBEYAIONIUX  HAMOOJBIIEMY CHHTYJISIPHOMY YHCITy MaTtpuibl (OJI0Ka  MaTpHIIbI)
u3zoOpaxenwus, kaapa LB, u BekTopa, cocTaBIeHHOTO U3 CUHTYJSApHBIX uncen. [lokasaHo, 4to
JUIsE OONBIMUHCTBA [ X [ -OJIOKOB OPUTHHAILHOTO H300paKEHUs, MOJYUYCHHBIX B PE3yJIbTaTe
CTaHJapTHOTO pa30MEeHHs ero MaTpullbl (He3aBUCHUMO OT dopMaTa XpaHEHHS — C MOTEPAMH,
0e3 ToTeph) yroJi MEXAy JIEBBIM (MPaBbIM) YIOMSHYTBHIM CHHTYJISSPHBIM BEKTOPOM U
BEKTOPOM, COCTaBICHHBIM W3 CHHTYISPHBIX YHCEN, OMpPENeNsieTcs YIIOM MEXIy #-

ONTUMAILHBIM BeKTOpoM 1 = (1/ Ji ,1/ Ji ,...,1/ Ji y € R' u BekTOpOM CcTamjapTHOrO Gasuca

npocTpaHcTBa R’ COOTBETCTBYIOMIEH Pa3sMEpPHOCTH, TIPH TOM YCTAHOBIEHHAS OCOOEHHOCTH
HapymaeTcs A YIOMSHYTHIX (OpMalbHBIX MMapaMeTPOB B HEOPUTHHAIBHOM HM300pa’keHUH,
YTO SBJSIETCS TMOKAa3aTeleM HapyLIeHHs €ro LEeJOCTHOCTH, a 3HAaYUT MOXKET ObITh
HUCIIOJIB30BAHO KaK OCHOBa JIs pa3pa60TKH MCTOAOB W AJIOPUTMOB BBISIBJICHUSA TaKOI'O
Hapymienus. OIWH M3 TakUX METONOB JUIsl BBISBJICHHs HapyuieHus IenoctHoctd LU,
SIBIISIFOLIETOCS CIIEACTBUEM CTETaHONPeoOpa30BaHus, KOTOPBIA MPUHIUITHAIBEHO MOXKET OBITH
azanTupoBaH s skcrneptussl [IB u ayawo, Obur mpemyiokeH B [S]. AnropurMuueckas
peanuzanysi TPEUIOKEHHOTO METOJa MPEBOCXOTUT 1O A(P(HEKTHBHOCTH COBPEMEHHBIC
CTeraHOAHAJIUTUYECKHE AITOPUTMBI, YTO TOBOPUT O IMEPCHEKTUBHOCTH HOBOTO IMOJAXO]A,
OJHAKO OCTacTCsa HEAOCTATOYHO ‘IYBCTBHTGJIBHOﬁ K MaJIbIM BO3MYHIAIOIIUM BOSHCﬁCTBHHM,
OTJIUYHBIM OT CTeraHonpeoOpa3oBaHUs, B YAaCTHOCTH, K HAJIO)KEHUIO IIyMa: BO3MOXKHBI
OMOKM Kak MEepBOro (B ciiydyae MYJIbTHIUIMKATUBHOTO IIyMa C MaJlod TUCIepcHeit), Koraa
monupunuposannoe [ BocnpuHHMaeTcss Kak OpUTMHAIBHOE, TaK U BTOPOTO pojia, Korja
OPUTHHAIILHOE N300paKEHUE TPAKTYeTCsS KaK TaKoe, I KOTOPOTO HapyIIeHa IeTOCTHOCTb.

Takum 00pa3oM, HOBBIM MOJXOJ K PEIICHHIO MPOOJEeMbI BBISBICHUS HapyIICHUN
OEJIIOCTHOCTHU I_II/I(prBBIX KOHTCHTOB, OYCBUJHO MBJAACH TICPCICKTUBHBIM, TpGGyCT
JaJIbHEHUIIIErO pa3BUTHS.

Mean cTaThbu U MOCTAHOBKA 3aaHUN

L]envio paboThl SABISETCS NalbHEWIIEe TEOPETHUECKOE Pa3BUTHE OOIIEro moaxoaa K
npoOjeMe BBISIBICHUS HAPYUICHUH IIOCTHOCTH HHU(POBBIX KOHTEHTOB, OCHOBAaHHOTO Ha
anamuze CHY u CHB (6510k0B) MaTpuilbl KOHTEHTOB, KOTOPOE OOECIICUHT TMOBBIIICHHUE
YyBCTBUTEILHOCTH UCIIONB3yeMbIX s 3kcriepTusbl LU u 1B ux ¢popmanbHbIX mapaMeTpoB K
BO3MYIIIAIOIIUM BO3CHCTBUIM.

JUis foCTHXKEeHHs TOCTABJICHHOW el B paboTe pelaroTcs CIeayoIue 3a0ayi.:

1. Onpenenenne Takoro mpeoOpa3zoBanust wmaTtpunbl Osnoka [l (xagpa 1IB), B
pe3yipTaTe KOTOPOTO COCTaBISIOIIME MOJHOrO Habopa mapamMeTpoB COOTBETCTBYIOIIEH
MaTpuIilbl OyayT Oojiee YyBCTBUTEIBHBIMH K (MajbiM) BO3MYIIAIOIIMM BO3JIEHCTBHSIM,
KOTOpBIE IIpeTepreBacT HUu(ppoBOil KOHTEHT;

2. Ucnonb3ys pe3ysnbTaT peleHuss 3aJaud 1, YTOUYHUTh 0a30BbIE IOJIOKEHUS
paccMaTpuBaeMoro OOIIero moaxoAa K MpoOsieMe BBISIBICHHUS HAPYHICHWN IEIOCTHOCTH
UPPOBBIX KOHTCHTOB.

OcHoBHAA YaCTh

[lycts F - nxn—wmarpuna [W, pa3Ourtas crapmapTHeIM oOpa3oMm [6] Ha
Hernepecekaromuecs [ x [ —0noku. AnanusupyembiMu nipu dkcneptuze [[U popmamsHbIMEI
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napamerpamu B [4,5] sBisuinck cunryisipasie uncna (CHY) u cunrynsphsie Bexktopsl (CHB)
O0ysiokoB MaTpuibl  F', oOpa3yloniue TIOJHBIA Ha0op (QopMadbHBIX IMapaMETPOB,
OTIPENICNIAIONNI  KOHTEHT, T[OJlydaeMble MpPHU TOMOIIM HOPMAJIBHOTO CHHTYJISIPHOTO
pas3noXeHus, KoTopoe A 0J0Ka B BBINIAUT CIEAYIOUIMM 00pa3oM:

B=ULV", (1)

rae U,V - oproroHambHble [X[-MaTpulbl, CTOJNOLBI KOTOPBIX U, ,...,U; H V| ,..,V, —

COOTBETCTBEHHO JieBble U nipaBbie CHB B, X = diag(a] yees O ), c,2..20,20-CHY B.

CHB u, u v, Onoka B opuruHagbHoro LM, a Takxke BeKTOp O'ZG/”G, riue

o= (al 3055000, 0, )T € R', SBIAIOTCS  HEYyBCTBHTENHHBIMH,  Sign-HEUYBCTBUTENBHHEIMH,
HEOTPULATENIbHBIMY, T€OMETPUYECKH pacIoJiaraloTcsi B MEPBOM KOOPJIMHATHOM OPTAaHTE
npoctpanctBa R'[4,5], 4TO FOBOPHT O CYIIECTBOBAHMH CBA3M MEXKIY U, Vi, o B GloKax
opuruHansHoro M.

HeuyBCTBUTENBHOCTh BEKTOpPA G OYEBUAHO BBITEKAET M3 mMerouiero mecro st CHY
Matpulbl B cooTHomenus [7]:

max|o, (B) - o, (B + AB)| < |AB],, 2)

1<i<l

rne — AB matpulia Bo3MyIeHus 0yioka B, 0” , — CIEKTpajbHas MaTpUIHAsk HOPMa;

OcHOBOM moaxona, MpeIIoKeHHOro B [4,5], SABISUIOCH YCTaHOBJIEHHOE IS
opuruHansHoro L{1 cootHonenue

L(Ltl,a)z 4(\/1,;)% Z(no,el), 3)
MOKAa3bIBAIOLIEE, YTO YIroJI MEXKAY BEKTOpaMH U, 1 o (L(ul,;)), V1 o (L(VI,E)) UL
OonpimHCTBA [ X/ —050KOB OpurnHambHOro L[ OMM30K K yriy MeXIy A-ONTHMAaIbHBIM
o _ T i I
BEKTOPOM 7 —(1/ Ji ,1/ VI ,...,1/ Vi ) € R' mpoctpanctBa R MW BEKTOPOM CTaHIAPTHOTO
6asuca e, =(1,0,...,0)e R’ (A(rzO,e1 )). JIns nocTikeHHs 1eau paGoThl cooTHomeHue (3)

HY>KIAeTCsl B yTOUHEHUH.

JIns cuMMeTpUdHON HeoTpulaTelbHOW Matpunbl BB’ ¢ yuerom (1) uMeeT MecTo
cooTHomeHue: BB’ = (UZ VTXUZ v )T =Ux*U", xoTopoe TIpecTaBiseT coboii HOpMaTbHOE
CIIeKTpalbHOe pasnokeHne BB', copmamaromee B cuiay cBOiMcTB MaTpumsl BB’ ¢ ee
HOPMAJIbHBIM ~ CHHTYJISIPHBIM ~ Pa3JIOKEHHEM, OIpenenseMoe oaHo3HayHo. Ilpu  3Tom

COOCTBEHHbIE 3HAYEHHs MATpUIbl BB’ , paBHBI ee CHHIYJISPHBIM YHCJIAM M ONpEAeNsIoTCs
kBagparamu CHY B, a neseie CHB B - opTOHOpMHpOBaHHBIE JIEKCUKOTPAPUIESCKH

TTOJIOKUTETBHBIE COOCTBEHHBIE BEKTOPBI BB" | coBmajaroniye ¢ ee JIEeBBIMHY, npassivu CHB.
PaccmoTpuM mozpo6HO cBoifctea CHYU o;(BBT),i =1,/, wmarpuusl BB". Kak n ans

o T
arobort  Marpunbl, CHY BB gBnsiOTCST  HEUYyBCTBUTEIBHBIMH K  BO3MYIIAIOIIUM
BO3JICUCTBUSIM, T.€. JIJIs1 HUX BBITIOJHSIETCSI COOTHOIICHHE (2):

max
1<i<l

o, (BB") -0, (BB" +A(BB" )| <[a(85"

2> 4

rae A(BBT) - BO3MYIIeHHE MaTpuibl BB’ B pesymbraTe BO3MYIIAIONMIETO BO3/CHCTBHS HA
Matpuiy LU, npu koTopoMm Bo3myIieHue camoro 6ioka B paBHO AB.
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3ameTuM, 4uToO B (2), (4) CHEKTpAIBHYI0 MAaTPUYHYIO HOPMY MOYKHO 3aMEHUTHh Ha HOPMY
®pobennyca [of . B cury coorHomenns [7]: 4|, <|4],, umeromero mecto mms moGoit

F’
KBaJ[paTHOM MaTpHUIIbI 4.
Ecmu Onox B momy4ws Bo3MmyllieHHe AB, TO BO3MYIICHHUE IS BB' ONpeAcInuM U3

COOTHOIICHHS:
(B+ABYB+ABY =BB" +B-(ABY +AB-B" +AB-(AB) = BB" + A(BB"),
rie
A(BB")=B-(AB) +AB-B" + AB-(AB) .
Torza

|a(BBT), = |B-(aBY +aB-B" +AB-(ABY

L
B cuny cBoiictB MatpuuHoit HOpMBI @pobenuyca [7], umeem:
Jalzz7), <
<|5-(a8Y |, +|as- 7], +|as-(aY ], <[al, Ju8Y], <l |57, +fas, fasY ],
W3 omnpenenenust HopMbl @pobeHnyca 0OYeBHIHO, UTO:

|5l =[5’

;i B, =|(asy

o
Toraa mociemHee HEPaBEHCTBO MPUHUMAET BU/I;

|a(B57), < 28], JaBl, +[a5]," (5)

Jna 1A, kxak mpasuio, B||F >1, a ||AB||F >0, torma mpaBass 4yacTh (5) yIOBJIETBOPSIET

COOTHOIICHUIO!:
2-|8], Bl +[2B|,” > 2|aB], +[aB]," > |aB], (©6)

CooTtHomieHue (6) o3Ha4aeT, YTO BEPXHSsS TPaHHIA IS 3HAYCHHUI HA(BBTMF Gosblie, yem

a5

o0miemM ciiydae MOTYT oOKa3aTbCcsi Ooibine, yem Bo3MmymieHuss CHY B B pesynbrare

> 4TO, B CBOIO O4Yepe/b, MPUBOAUT K TOMY, 4To BosMmyiueHne CHY marpuiisl BB" B

Bo3MymeHuss 6moka B ma AB, T.e. CHU BB', ocraBasch HedyBCTBHTETbHBIMH K
BO3MYULIAIOIUM BO3/JECHCTBHUSM, 3HAYUTEIbHEE OTpEarupyroT Ha (Manoe) BO3MYILAIOLIEe
Bo3aeiicteue AB, yem CHY camoro Onoka B, a 3HaYUT AJi1 JOCTHXKEHUS LEIH pabOThI

BEKTOP
BB /

o=0_./lo

3

BBT

rIe
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O = (0'1 (BBT),O'2 (BBT),...,O'I(BBT))T = (0'12,0'22,...,0,2)‘ eR',

IBJIsAeTCA Oojiee NpEaAOYTUTCIIBHBIM, YEM BEKTOP O .
AHanornyHeie pacCcyxxacHu;d 6y,ZLy'T HUMCTh MECTO u I CHMMGTpH‘lHOfI

HeOoTpHIATeIbHOM MaTpusl B’ B, a71s koTopoii ¢ yyetoMm (1) nmeem:
B'B=vz"

. TlocneiHee paBeHCTBO MPEJCTAaBIAET HOPMAIbHOE CHEKTpaabHOE pasioxkenue B' B,
COBIMagaromee € €€ HOPMAJbHBIM CHHIYJIAPHBIM PAa3JI0OKCHUCM. COGCTBGHHBIG 3HAYCHUA

Matpuilbl B’ B paBHBI €€ CHHTYISPHBIM YUCIaM O, (BTBl i=1,/1, KaKk ¥ B ClIly4ae MaTpHIIbI

BB" | onpenensiorcs kpagpatamu CHU B, T.e. BEKTOp
T T T p\\V 2 2 2
Oprp = (01 (B Bla2 (B Bl...,a,(B B)) = (01 No o )T =0,
a Ip1 €ro HOPMUPOBAHUU MOTYUUM:

=0.

o= GBTB/HGBTB

IIpaeeie CHB B - OpPTOHOPMHPOBAHHBIE JIEKCUKOTPAPUICCKH TIOJOKUTEITHHBIC

coOCTBEHHBIE BEKTOpH B’ B, coBHajaiolMe C €€ TPaBbIMH U JIEBBIMH CHHIYJISPHBIMH
BEKTOpPaMH.

BGKTOp O HMCECT €€ OAHO 3HAYUTCIBHOC NPEUMYIICCTBO 110 CPABHCHUIO C O . OI[HI/IM
H3 0a3MCHBIX MOJIOKEHUN paccMaTpuBaACMOI'0 IOAX0Aa ABJISICTCS 0IM30CTh BCKTOPOB O U ¢,

KOTOpasi OMPEACISICTCS MAJIbIM 3HAYCHUEM yTiia MEXIy HUMHU: A(el,g)z 0. CpaBHUM YTJIBI,
oOpa3yroriue cuocC BEKTOPOM ¢, .

CkansipHOE TPOM3BEICHUC (g,el) BEKTOPOB & 1 e, OIpeleNseTcs B COOTBETCTBHHU C
dhopmynoii:

— B o,
o,€ |= ,

2 2 2
\/O'l +0, +..+0

OTKYJIa C y4€TOM HOPMHUPOBAHHOCTH BEKTOpa O IOJIy4aeM:

o,
cosa =

’ (7

2 2 2
\/01 +0, +..+0

rae a = A(el,g).

B 10 ke Bpems,

b

(E, el): O_I(BBT) _ 0-12

V088" ) +(0,(88" )} +..4(0,(BB )] o' +0.' +.t 0
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2
o
cosﬁ:\/ ! ,

o'+ot+.+0/ (8)

rae f = A(el,o).
Bossenem mpaseie wactu (7) u (8) B KBajpaT W pacCMOTPHUM 3HAYCHHUsS, OOpaTHBIE K
MOJTyYEHHBIM:

2 2 2
o, +0, +..+0

o o
> =1+ 2| +..+4| ] ; 9)
0 0, 0,
4 4 4 4 4
o, +to, +...+0 (o2 (e}
1 s L=l+| 2| +..+| 2] . (10)
o 0, 0,

VYuuteiBas, 4T0 O, - 370 MakcumanbHoe CHY Onoka B, cpaBHuBas mpasble 4acTH (9) u
(10), momyuum:

T.C.

YTO O3HA4YacT:

cosff>cosa ,

U COOTBETCTBEHHO
PLa.

HOCHCHHGG HCPABCHCTBO C YYCTOM BCCIO BBINICCKA3aHHOI'O IO3BOJISICT YTOUYHHUTD
cootHomenue (3). Takum oOpazom, misi opurumHanbHOro I, kaapa IIB mmeer mecto
COOTHOILICHHE:

A(MI,E)z 4(\/1,;)% Z(no,el). (11)

OueBuaHOo, 4TO mnpuOmMDKeHHOoe paBeHcTBO B (11) gocturaercs ¢ MeHbIICH
MOTPEIIHOCTBI0, YeM B (3), 94TO HEO0OXOAMMO NPHUBEAET K TMOBBIMICHHIO 3(deKkTuBHOCTH
METOJIOB BBISBIICHUSI HAPYIICHUS LEIOCTHOCTU IU(PPOBHIX KOHTEHTOB, OCHOBaHHBIX Ha (11),
M0 CPaBHEHUIO C METOIaMH, OCHOBaHHBIMU Ha (3) [5].

BeiBOABI

B pabore npemioxkeHo manpHEIIee pa3BUTHE OOIIETO MOAX0/1a K PEIICHUIO TPOOIEMBI
BBIABJICHUS HapyleHui nenoctHoctu LU, L[B.
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B xome paboTel ompeneneHbl MpeoOpa3oBaHusl JABYX BUAOB Marpuubl B Omoka L[N
(xazpa 1IB): B'B u BB’ . Takue npeoOpa3oBaHus MO3BOIMIN BHIAEIUTH U3 TIOIHOTO Habopa

dopmanbubix TapamerpoB B'B  u BB’ Takue mapaMeTphl, KOTOpble SBISIOTCS
IIPEANIOYTUTENBHBIMU 110 CPAaBHEHUIO C AHAJIOTMYHBIMHM IapaMeTpaMu B I JTOCTHKEHUS

nocraBieHHoN nenu. A umenHo: CHY wmarpun B"B, BB", sBnssce kBagpatamu CHY B,
OoCTaBasACh He‘IyBCTBI/ITCHBHbIMI/I K B03MyH_[aIOH_[I/IM BO3,Z[€I>'ICTBPI}IM, CHUJIBHECC peampyfoT Ha

uux, yem CHY B. YcraHopieHo, uto HOpMupoBanHbIi Bekrop CHU marpuu B'B, BB’
MEHee OTJIMYAaeTcss OT BEKTOopa e, CTaHAapTHOro 0asuca, 4yeM aHaJOTHMYHBIA BEKTOp A B.

DTO MO3BOJMJIO YTOYHUTH 0a30BOE COOTHOLIEHHE CBSI3U MAapaMETPOB 0JIOKa OPUTHHAIBHOTO
U, xagpa LIB paccmarpuBaeMoro o01ero moaxo/a.

[losnyuyeHHble TeOpeTHYECKUE pe3yNbTaThl JAIOT NPUHLUIUAIBHYIO BO3MOXKHOCTh IS
pa3pabOTKM OCHOBAaHHBIX HAa HUX HOBBIX METOOB BBISBICHUS HapyIIEHUH LEIOCTHOCTH
UU(QPOBBIX  KOHTEHTOB, OONaJalolMX OojblIeld  YyBCTBUTENIBHOCTHIO K  (MajbIM)
BO3MYULIAIOIIUM BO3JCHCTBUSAM, IO CPaBHEHHIO C TEMH, KOTOpbIE OCHOBBIBAJIMCH Ha
[EpBOHAYAIIbHBIX MOJIOKEHUAX PacCMaTPUBAEMOI0 OX0a.
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00'ekTH Bce YacTilie MaoTh HU(GPOBE MPEACTABICHHS: 300payKeHHsl, ay/1i0, LU(ppOBe Bijieo.
BuxopucTtanHs Takux 00'€KTiB 3 METOI0,IIIO BiAPI3ZHIETHCS BijJl PO3BaXKAILHOT (B MEIUITHHI,
mpeci, HayIi, CyJOBHX pO3CIiAyBaHHSIX 1 T.i.), MOXIJIMBO JHIIE 3a BIACYTHOCTI iX
HecaHKI[IOHOBaHUX 3MiH. Lle poOuTh nmpobieMy rnepeBipkH iX LiTICHOCTI, 3aa4y po3poOKu
HOBHUX MIJIXOIB 1 METOJIB JUIS TAKOT NEPEBIPKU HAA3BHYAWHO aKTyaJbHO0.

B poGoti orpumaB mnojanbIIMi TEOPETHYHMH PO3BUTOK HOBHH 3aralibHUH MiAXiX 10
BUpILIEHHS TMpPOOJEMH BHSBIECHHS HECAHKI[IOHOBAaHMX 3MiH IM(POBUX KOHTEHTIB,
3aCHOBaHMI Ha aHaNi31 CHHTYJISIPHUX YHCEN 1 CHHTYJSIDHHX BEKTOpPIB ONOKIB 1X MaTpHIlb,
OTPUMaHMX IUIAXOM CTaHAAPTHOTO PO3OWTTS, OJHUM 3 PO3POOHHKIB SIKOTO € aBTOp.
3anporoHoBaHe yIOCKOHAJIEHHS 3a0€3MEeYHTh MiABHIICHHS YYTJIUBOCTI 1O (Majmx)
30ypIOBANBHUX Jilf METOMIB i allTOPUTMIB, IO iX PeaNi3yIOTh, SKi pO3pOOIIIOTECS HA HOTO
OCHOBI, IJIs €KCTIEPTH3H HU(PPOBUX 300pakeHb, BiIeo 3a paXyHOK MiABUIIEHHS YyTIHBOCTI
(opMankHIX apaMeTpiB, BUKOPUCTOBYBAHUX IS aHAJI3Y IITICHOCTI KOHTEHTY.

KirouoBi cioBa: mopymeHHS HTICHOCTi, CHHTYJSIPHI YHCIA, CHHTYJSPHI BEKTOPH,
UGppoBe 300paxkeHHs, HUPPOBE BiICO, 1-ONTUMATIBLHHUNA BEKTOP

THEORETICAL DEVELOPMENT OF THE GENERAL APPROACH TO SOLVING THE
PROBLEM OF DETECTING THE INTEGRITY VIOLATIONS OF DIGITAL CONTENT BASED ON
THE ANALYSIS OF A COMPLETE SET OF FORMAL PARAMETERS

I.I. Bobok

Odessa National Polytechnic University,
1,Shevchenko Ave., Odesa, 65044, Ukraine; e-mail: werter666@ukr.net

Integrity of information is one of the main criteria for its safety. Today, information objects
mainly have a digital representation: images, audio, digital video. The use of such objects
for purposes other than entertainment (for example, in the medicine, press, science, judicial
investigations, etc.) is possible only in the absence of their unauthorized changes. It makes
the problem of integrity checking, and the task of developing new approaches and methods
for such verification is extremely relevant.

In this article, a new general approach to solving the problem of detecting unauthorized
changes in digital content was obtained. Proposed approach is based on the analysis of
singular numbers and singular vectors of blocks of their matrices, that obtained by standard
partitioning. The proposed improvement will increase the sensitivity of methods and
algorithms (including the small disturbance) by increasing the sensitivity of the formal
parameters used to analyze the integrity of the content.

Keywords: integrity violation, singular value, singular vector, digital image, digital video,
optimal-vector
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EKCHHEPUMEHTAJIBHE JOCJIIXXEHHS ITPOI'PAMHOI
PEAJIIBALIII METO/IB IIOIIYKY OBEPHEHOI'O
EJEMEHTA 3A MOAYJIEM

M.M. Kacsanuyk, 1.3. flkumenko, C.B. IBacseB, O.B. MomoTIOK

TepHOMIBCEKHUN HALlIOHATFHUN €KOHOMIYHUH YHIBEPCHTET,
By JIbBiBChKa, 11, TepHomine, 46020, Ykpaina; e-mail: kasyanchuk@ukr.net , iyakymenko@ukr.net,
stepan.ivasiev@gmail.com, momotjuk98@gmail.com

3HaXO/DKEHHS MYJBTHILTIKATUBHOTO OOEPHEHOTO €JEMEHTa 3a MOJIYJEM JyXe 4YacTo €
HEOOXiTHOI0O YMOBOIO Ui pO3B’sI3yBaHHS OaraThOX 3afad CydacHOI Teopii dmcedn,
00YHCTIOBAIEHOI Ta TPHKIAAHOI MaTEeMAaTHKH, acHMETpUYHOI Kpunrorpadii, 30kpema,
kpuntocucteM RSA Ta Emp-Tamans. VY poOoTi mpoBegeHO eKCIEepUMEHTAIbHE
JOCTIDKCHHST YaCOBHX XapaKTEPUCTHK MPOTrpaMHOI peawizamii MOIIyKy OOepHEHOTo
€JIEMEHTa 332 MOJIyJIEeM Ha OCHOBI KJIACHYHOT'O METO/Y PO3LIMPEHOr0 anropurmy EBkiiia Ta
3aIpPOINIOHOBAHUX METO/IB JOJABaHHS MOAYJS Ta JOJABaHHS 3aJMIIKY i3 3aCTOCYBAaHHIM
MOBH NpOrpamyBaHHsI BUCOKOTO piBHsi C++. JIiist oCHiKeHHSI BUKOPUCTOBYBAJIMCS YHCIIA
pi3Hoi po3psinHOcTi. [TokazaHo, 0 B IepeBakHii OLIBIIOCTI PO3MIIAHYTHX BUIIAKIB METO
JIOJTAaBAHHS MOJYJIsl XapaKTePU3YEThCsI OLTBII BUCOKOO IIBUAKOIEI0 B MIOPIBHSHHI 3 BOMA
inmmmu. [IpencraBneHo rpadivHi 3aJeKHOCTI CEPENHBOIO Yacy IMOMIYKY OOEpHEHOTro
€JIEMEHTA PI3HUMH METOJaMHU BiJl PO3PSIHOCTI BHUOpaHuWx uwcen. s HiBeTIOBaHHS
BUIIAJIKOBUX BIUIMBIB Ha 4Yac poOOTH yci oOumciieHHs mnoBToptoBanucst 100 pasis.
3anpornoHoBaHi METOIU €(PEKTHBHO MOXXHAa BHKOPHCTOBYBATH [UIS TIOIIYKY OOEPHEHOTO
€JIEMEHTA 33 MOJIYyJICM.

Koarouosi cioBa: anroputm EBkitina, oOepHEHUWiIl elneMEHT 3a MOAyJeM, aCUMETpHYHa
kpunrorpadis, JoAaBaHHS MOXIYJsl, JOJAaBaHHS 3aIUINKY, CEpPeAHid dYac, 4YacoBi
XapaKTEePUCTHKH.

Beryn

Orneparris MONIYKY MYJIbTHIUTIKATUBHOTO OOCPHEHOT0 €IEMEHTa 3a MOJYJIEM Ha JaHUM
4ac € ONHIEI0 3 HaWBaXIMBIIIKUX 1 OJHOYACHO HAWOUIBII OOYHUCIIOBAIILHO CKJIAIHUX B
cyuacHiil Teopii uucen [1-2]. IlommpeHicTy wLi€i onepaiii 3yMoBieHa ii 3aCTOCYBaHHSIM B
cy4acHiil acumeTpuuHiii kpunrorpadii (kpunrocucremu RSA, Enp-TI'amans [3], mmdpyBanus
Ha OCHOBI MaTeMaTHYHOI'O amapary eJINTUYHUX KpUBHUX [4], MPOTOKOJIM EJIEKTPOHHOIO
u(ppoBOro MiAMMUCy Ta OOMiHy Kitoyamu [5] Tomo), cucTeMi 3aIMIIKOBUX KiaciB [6-7] Ta ii
pizaux mommdikamisx [8-9], koayBaHHI JaHMX Ha OCHOBI MOAyJsipHOi apudmeruku [10],
IHIINX 3aCTOCYBaHHAX MPHUKIJIAIHOT Ta AUCKPETHOI MaTeMaTHKH. ToMmy 3ajgada JOCIIJKEHHS
MIPOrpaMHoO1 peasizalii pi3HUX METO/IB MOIIYKY MYJbTUILUIIKATUBHO OOEPHEHOr0 €JIEMEHTa 3a
MOJyJIEM € Ha/[3BUYAHO aKTyaJIbHOIO.

MynbTHIDTIKATUBHO OOCPHEHHM EJIEMEHTOM JI0 YHCIAa @ 32 MOAYJIEM 7 Ha3HBA€THCS
Take 4UCIO b, 1A SKOTO BHKOHYEThCS piBHICTH @ —bmodn =1, T06T0 b=a ' modn.
Hartypanbhi uucna a ta n pu bOMy MOBHHHI OyTH B3aeMHO mpoctumu. B [11] getanpHO
OTMCaHi METOIH MOIIYKY OOEPHEHOTO EJIEMEHTA, 3 IKUX HAHO1IbII MOMIMPEHUMH € TaKi:

1. [Tepebopom BCix MOKIIMBHX BapiaHTIB;

2. 3a nonomoroto Teopemu Elinepa;

3. Ha ocHoBi po3mmpenoro anroputmy EBkiina.
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[lepmuii MeTON XapaKTepU3y€eEThCsS BUCOKOIO OOUMCIIOBATHHOK CKIIATHICTIO, OCKLUTBKU
MOBHUH TIepeOip BUMarae 3HaYHUX YaCOBHX 3aTpar.

IIpn BUKOPHUCTAHHI TEOPEMH Ennepa a(p(”) modn =1 OTPUMYETHCSA
a® "1 modn = a~ modn [12]. Lle mnependayac BHUKOHAHHS OIEpamii MOMYJISPHOTO
eKcroHeHIiroBaHHs [13-14], mo MoXke MNpHUBECTH [0 NEPENOBHEHHS PO3PSATHOI CITKU
mporecopa i yCKIaIHIOE MONTYK 00CpHEHOT0 eJIeMEHTa T 0araTopo3psiTHAX YHUCE.

Haii6inpm nomupeHuM € MeTOJT MOIIYKY MYJbTHUIUTIKATUBHOTO OOCPHEHOTO eJIeMEHTa
3a MOJyJIeM Ha OCHOBI pO3IIMpeHOro anroputMy EBkimina [15]: crmouaTky moTpiOHO 3amucatu
npsimuii anroput™m EBKIifia, 3riqHO SKOTO MpHU n>a=ro, A€ 1 1 @ —1iJi YuCia, BUKOHYETHCS
TaKa MOCIIJOBHICTh OTICpPAIliid:

n=ry-q+n, q=a, 0<n <r;
n=n-qy+n, 0<n <n;

Tye3 =Ty—2 Gpoi + 11, 051, <1yo;
T2 =Ty_1°qy + 1y, OSI"n <71

-1 =T " dn+1 +0.

OCKUIBKM @ 1 n € B3aEMHO HOPOCTHUMH, TO r»=1. Posmmpenuit anroputm EBkiiga
nependadae 3BOPOTHIHN MOPSIIOK MTPOXOHKEHHSI IPSIMOTO alITOPUTMY':

1= Fn ="h-2 —4ntn-1 = T-2 _Qn(rn—3 _Qn—lrn—2): a2 = 9u"n-3 T 9uqn-1"m-—2 = —quly-3 +
+ (1 + 90901 )rn—2 ==qplp-3+ (1 + 491901 )(rn—4 ~qn-2"m-3 ) =

Omnwmcana mporenypa MpOAOBXKYETbCA IO THX IIip, MOKM He Oyae OTpUMaHUil BUpa3

v-ntt-ro=1, ne BenmauHa b =tmodn=a ' modn i OyJe IIykaHUM OOepHEHUM eleMEeHTOM. B
Tabnaumi | HaBeneHO MPHUKIAJ TOIIYKY OOCpHEHOIro eJeMEHTa Ha OCHOBI PO3IIHMPEHOTO
anroputmy EBkiiga.

Taoauus 1.
[Momyk o6eprenoro enementa 41 'mod 157 Ha 0CHOBI PO3MIMPEHOTO AITOPUTMY
EBkiiga
AJroputm Posmmpennit anroputm EBkitina
EBxiiga
157=41-3+34 1=7-1-6=7-1-(34-4-7)=-1-34+5-7=-1-34+5-(41-1-34)=5-41-6-34=
41=34-1+7 =5-41-6-(157-3-41)=-6-157+23-41;
34=7.4+6 41'mod 157=23
7=6-1+1

JlaHuii MeTOT XapaKTepU3yEThCS BETMKOKO KUTBKICTIO JAUICHB 3 OCTAuYeI0, IEPEMHOXKEHB
1 MiICTAHOBOK, X04Ya BiH BOJOJi€ HAMEHIIIOI YaCOBOIO CKIIAJHICTIO B MOPIBHSHHI 3 1HITUMU
IIBOMA, HaBEICHUMHU BHIIIE.

Memoro nanoi poOOTH € po3poOKa HOBMX METOJIIB IMOIIYKY OOCPHEHOTrO eJIeMEHTa 3a
MoysieM Oe3 BHUKOHAHHS OOYHCIIOBAILHO CKJIAJHUX OIepaliii MHOXXEHHS Ta IUICHHS 3
OCTauel0, a TaKOXX CKCIICPUMCHTAIIbHE TIOPIBHSHHS TPOTPaMHOi peaji3amii MOIIyKy
00EpHEHOTO eJIEMEHTAa 3a MOIYyJIEeM Ha OCHOBI PO3MIMPEHOr0 aJropuTMy EBKkimiga Ta
3aMpPOMOHOBAHUMHU METO/IaMHU.
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OCHOBHA YacTHHA

3 teopii uucen Bigomo [16], mo Bupa3z a-b mod n=1 MokHa HepenucaTé TaKUM YHHOM:
a-b=k-n+1, ne k — nesixe 1ine yucmo. 3BiACH CIiAYE, MO IS MOMYKY 0OCPHEHOTO eIeMEHTa
HEOOXIAHO 0 MOy JAoAatu 1 i MepeBipuUTH, YK AUTATHCS HAIIJI0O OTPHUMAHE YHCIO HA d.
Skio He AIMUTHCS, TO Jaji 7O OTPUMAHOTO YHUCIIAa MOTPIOHO MOCIITOBHO J0JaBAaTH MOIYJIb
710 THUX Iip, IOKH Pe3yJIbTaTOM JiJIeHHS He Oyze Iiie uncio. MaTeMaTH4HO 1€ 3aluCy€eThCs
TaK:

ng=n+1; by=(n+1)a;
n=2-n+l; by=2-n+1)a;

no=(+1)n+1; ‘b.,-“:((i+1)-n+1)/a;bl- eZ

bnok-cxema anroputMmy nouryky oO€pHEHOIO €JIeMEHTa Ha OCHOBI JIOJIaBaHHS MOMIYJIS
MPECTaBIICHA HA PUCYHKY 1, a B TaOnuIi 2 — MpUKIIaa HOro 3aCTOCYBaHHS.

/o

Puc. 1. Biok-cxema momryky oO€pHEHOTO eJieMeHTa Ha OCHOBI JJOJJaBAaHHS MOTYJIsI

Faoauns 2.
[Momyk o6eprenoro eixementa 41 'mod 157 Ha OCHOBI 10TaBAaHHS MOTYJIS
y p Yy

i 0 1 2 3 4 5
ni 158 315 472 629 786 943
bi 3,85... 7,68... 11,51... 15,34... 19,17... 23

Otxe, 41'mod 157=23. PesymbraT OTpuMMaHMii 0€3 BMKOPHMCTaHHS TI'DOMI3IKUX
oTIepalliil TIJIEHHS 3 OCTA4YEI0 Ta MHOXKCHHS.

Jlyist 3MEHIIIeHHST YUCell, SIKi BUKOPUCTOBYIOThCS B JIaHIM MPOLEAypl, MOKHA JT0/IaBaTH
HE MOAYJh (IOCHIIKEHHs 4YaCOBUX XapaKTEPHUCTHK armapaTHOl peaiizallii I[bOro METOIy
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IPOBEJIEHO, 30KpeMa, B [17]), a 3anumok n,, = nmoda 10 THX Mip, HOKHU OCTaya B ALJICHHS

OTPUMAHOTO PE3yIbTaTy Ha YMUCIO a He Oyjae nopiBHioBatH (. MareMaTuuHUN 3aMucC JaHOTO
JITOPUTMY MATUME TAKUU BUTJIAA:

bOl = (nOO + l)mOd a,
byy = (boy + ngo Jmod a;
byy = (b1 +ngoJmod a;

by = by 1+ noo‘).r.r‘lod a=0.

OO0epHEHUH eJIEMEHT IIYKAEThCS 3a GOPMYJIIO b = a 'modn = (z' + l)n /a.

bnok-cxema anroputMmy nouryky oO€pHEHOTro eJIeMEeHTa Ha OCHOBI JI0/1aBaHHS 3aJIUILIKY
MpPE/ICTaBJICHa Ha PUCYHKY 2, a B TaONuIll 3 — MPUKIIAJI HOTO 3aCTOCYBaHHS 3 BPaxXyBaHHSIM,
1o n00=157 mod 41=34.

Omxe, 41 'mod 157=(6-157+1)/41=23. KinbKicTh iTepalliii JaHOTO ANTrOPUTMY TaKa
cama, SIK 1 B IOTNIEPEeIHHOMY, OJIHAK MepeBa)kHa OUTBIIICTH ONepalliii BUKOHY€ETHCS HaJ 3HAYHO
MEHIIMMH YUCIIaMHU.

Puc. 2. brok-cxema nouryky o0epHEHOro e1eMeHTa Ha OCHOBI JOJaBaHHs 3aIHUIIKY

Taoaums 3.
[Tomyk o6epuenoro enementa 41 'mod 157 Ha 0CHOBI 10/JaBaHHS 3AJIUIIKY

i 0 1 2 3 4

W

bil 35 28 21 14 7 0
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Ha BiaMiHy Bix po3mmpeHoro anroputMmy EBkiiza, 3apornoHoBaHi METOIH T03BOJISIOThH
po3MapaieuTi MPoIeC TOIYyKy OOEpHEHOTOo eJeMeHTa Ha JCeKUIbKa MOTOKiB. [louaTok
00YHCIIeHh B KOXXHOMY IIOTOIl JJIE METOJIB JIOJaBaHHS MOJIYJIS Ta 3aJUIIKy BiIMOBIIHO
BU3HAYAETHCS 3 TAaKUX (popmyir:

N, = ()] +1|n+1; (1)

z
—1)a
N, = {%}Ll ny +1 |moda 2)

7 j - HOMep MOTOKY, Z - KUIbKICTh MOTOKIB. MakcuManbHa KIJIBKICTh iTepaliii B KOXHOMY
MOTOLll CTAHOBUTUME a/z+1.

Jlnisl eKCiepuMEeHTaNbHUX JIOCTIKeHb OyJi0 00paHO MOpTaTuBHUM Komm'otep Lenovo
B50-70 3 mpormecopom Intel Pentium 3558U (1.7 I'Tm). O6’em omepatuBHOI mam’ATi B
npuctpoi ctanoBuB 4 GB. [lpu mpoekTyBaHHI MPOrpaMHOTO KOMIUIEKCY, 110 3a0e3redyBaB
oOuncneHHs, Oyyno oOpaHO MOBY IporpaMyBaHHsS BHUCOKOTO piBHSI C++, sika 103BOJIsIE
TpaHchOpMyBaTH KOJH IiJ] pi3HI apXiTEKTypH Ta ONepalliifHi CUCTEMHU.

Jlaawii KOMIT' FOTEp HE J03BOJISE PO3MAPAICTIOBATH OOYHUCICHHS Ha OYyIb-SKY KUTBKICTh
MOTOKIB, TOMY MiCIisi BU3HAUEHHS MEX YCi OOYMCICHHS BHKOHYBAaJHCS MOCTIJIOBHO, a 4yac
MOITYKy OOEpHEHOTO eJeMEHTa 3a MOAYJIEeM BHOHMpaBCS B TOMY IIOTOIl, J€ 3HAXOIHBCS
ITYKaHWH pe3ybTaT.

Ha pucynky 3 mokazaHo rpadiuHy 3aJeXHICTh CEPEIHBOTO Yacy MOIIyKYy 0OEpHEHOTO
€JIeMEHTa Ha OCHOBI J0JIaBaHHS MOJYJis (IITPUXOBA JIiHIA) Ta 3aMUMIKY (CYLLIbHA JiHIA) BifJ
KUTPKOCTI MapaienbHux MoTokiB z ipu n=1021 ta n=65521 (puc. 3). OctaHHi € HAHOLTBITUMH
MPOCTUMHU JECATH- Ta IIICTHAMISATHPOIPSIAHUMU ynciaaMu. Yucno a mpobirae 3HaueHHS Bij 2
1o n-1 3 kpokom 1.

0,012 0,8
Uac, Mc ac, Mc
0,7
0,01
0,6
0,008 05
0,006 0.4
\\ 0,3
0,004 p——_ = —
\—d_/_’_; \- 0,2
—
z z
0,002 1 1 1 1 1 1 1 1 ] 0}1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
a 0

Puc. 3. I'padiuna 3a51eXKHICTh CEPEIHBOTO Yacy MOIIyKYy 0O€pHEHOTrO eJIeMEHTa Ha OCHOBI
J0JaBaHHS MOy (IITPUXOBA JIiHIs) Ta 3aJUIIKY (CyIUTbHA JiHis) BiJ KUTBKOCTI
napaneabHUX MOTOKIB mpH: a — n=1021; 6 — n=65521

3 pucyHka 3 BUIHO, 110 B 000X BUIAJKaX METOJ JOJIaBaHHS MOIYJIS BOJOIIE OUIBIIO0

MIBUJIKO/I€I0, HIXK JOJaBaHHA 3aIMIIKY. | 'padiku MaroTh MpUOIM3HO OJHAKOBHA XapakTep.
[lpu posmapanenroBaHHI Ha JBa Ta TPU IOTOKH 4Yac OOYHCIECHb pPI3KO 3MEHIIYETHCS
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MOPIBHSHO 3 MOCIIJOBHUM BUKOHAHHSAM ycCix omepauiit (z=1). Ilpu noxanpmomy 3011b1ICHH]
z IHTEHCHUBHICTh 3MCHIICHHS 4acy crajae. He3naune 301bIIEHHS Yacy CIIOCTEPIraeThCs,
Konu z=7, 8, 1 Hajani rpadik MOBUIPHO cmajgae. ToMmy A MOAANBIINX JTOCTIIKEHb OyJo
BUOpaHO z=6.

Ha pucynky 4 nokazano rpadiuHy 3aJIeXKHICTh Yacy MOIIYyKY OOCpHEHOro eleMeHTa Ha
OCHOB1 J0JaBaHHs MOy (IITPUXOBA JIiHIS) Ta 3aIMIIKY (CyIlIbHA JIiHIA) mpu z=6 Ta
n=65521, a B Tabnuui 4 npeacTaBaeHui (parMeHT 3 YaCTHHOIO OTPUMAHUX PE3yJIbTaTiB.

0,7 Yac. Mc .

0,6

Z:: A lA 4’\7‘ )
N A, )

P X [ L Y Il

- \
0,1 R .V 2avw LA\ A E —X =7 — 17—
A\VA SR/ \

e

N ¥
[} 1 1 1 1 1 1 1 1 1
2 6677 13352 20027 26705 33377 400352 46727 33402 60077 a

Puc. 4. I'padiuna 3aneXHICTH Yacy MOIIYKY OOCpPHEHHUX €JIEeMEHTIB Ha OCHOBI JI0J[aBaHHS
Mo TyJist (IITPUXOBA JIiHISI) Ta 3ATHIIKY (CYIUIbHA JTiHisA) pu z=6 Ta n=65521 Ta cepenHi 4acu
o0uncneHp (IITPUXOBA Ta CYLLJIbHA MIPSIMI BIITIOB1THO)

Taoauus 4.
@parMeHT 3 YaCTUHOI OTPUMAaHUX PE3yJIbTATIB

g b Yac nomyky, Mc
JonaBaHHst MOy JIst JlonaBaHHs 3JIMIIKY
17357 55744 0,146275 0,142446
18692 49968 0,08318 0,08077
20027 29906 0,10303 0,111585
21362 22510 0,009311 0,009736
22697 35106 0,207195 0,216458
24032 50643 0,109552 0,129591
25367 33547 0,202232 0,272227
26702 30557 0,146747 0,164092
28037 25648 0,152182 0,078502

Yucno a 3MiHIOETheA Big 2 10 65417 3 kpokom 1335, skuit OyB BUOpaHuil 3 MipKyBaHb
TOTO, 100 PO3paxyHKH OOEpPHEHOTO eyleMeHTa 3AaiicHIoBaymcs st S0-Tu 3HadeHb. Kpim
TOT0, HABEJICHO CEepeHiil yac 0O0unciIeHb oOoMa MeTonaMu (IITPUXOBA MpsiMa — JI0JIaBaHHS
MOAYJIS, CYIUTbHA TpsiMa — JOJaBaHHs 3anumiky). ['padiku 1 1 2 HOCATH OCHMITIOIOYHI
XapakTep, OJHAK 3arajlbHUi TPEH] BKa3ye Ha 301IbIIEHHS 4Yacy i3 pocToM uucia a. B
MepeBaXHIM OLIBIIIOCTI BUTAIKIB METO JOJaBaHHS MOIYJISI € MBUAMNNA (YCEpETHCHHUHN Yac
00YMCIIeHb PO3TISHYTUX MPHUKIAIIB cTaHOBUTH 0,15499 Mc), HiI’K METOJ TO/IaBaHHS 3QTUIIKY
(cepenniii vac — 0,176144 mc), B 1,136 pazmu.

Ha pucynky 5 mokaszaHo rpadiuHy 3aJeXHICTh CEpeIHBOr0 Yacy MOIIyKYy 0OEpHEHOTro
€JeMEHTa Ha OCHOB1 po3mupeHoro amroputMmy EBkimiza (kpuBa 1) Ta 3amporoOHOBaHUX
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METO/IiB JOJaBaHHS MOIYJs (IITPUXOBI JiHII 3, 5) Ta 3anumKy (CyuiapHi JiHil 2, 4) npu z=1
(xpuBi 2, 3) 1 z=6 (xpuBi 3,5) Big po3psAaHOCTI MOayss. Momynbs n BUOMpPABCS HAWOIBIIIM
npoctuM, ane MeHmmM 3a 2F, ne k 3mimroBanocs Bixm 10 go 19,5 3 kpokom 0,5. Yucno a
HaOyBaio 1000 pizHux 3HaueHb. Kpok ioro 3MiHM BHOHMpaBCS TakuM, 100 OXOMHUTH BECh
niama3oH Bix 1 1o n.
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Puc. 5. I'padivyna 3a1eXHICTh Yacy MONIYKY OOEpPHEHOTO €JIEMEHTa BiJl PO3PSITHOCTI MOIYJIS
Ha OCHOBI: | — po3mmpeHoro anroputMmy EBKiiia; 2 — 3apornoOHOBaHUX METO/IB JI01aBaHHS
MOYJIs TIpH z=1; 3 — 3ampONOHOBAHUX METOIB J0/IaBaHHSI MOIYJIS TIpH z=6 ; 4 — 3aJIUIIKY
pu z=1; 5 — 3anuKy npu z=6 ;

SIKk BMIHO 3 pUCYHKa 5, MpH BUKOPUCTAaHHI ainroputMmy EBKiiga i3 30UIbIICHHSM
PO3PSATHOCTI YUCEN Yac 30UTBIIYEThCS ayke MoBiUIbHO. [Ipu k=19 wac pi3ko 3pocrae i gami
3HOBY HACTyINae MPAaKTUYHO TOPH3OHTAIbHA IiIgHKAa rpadika. B 000X 3ampomoHOBaHUX
MeTOZaX CepeHId Yac 30UIBIIYETHCS MPUOIM3HO TapabOIIYHO, MPUIOMY METO| J0/IaBaHHS
Moyt Mae Outblry mBuaKoxiro. [Ipu z=1, ToOto 6e3 posmapaneneHHs, aaroput™ EBkiiga
BHIIEpPEKAE 3aMPOIIOHOBAHI aITopuTMu nipu k=17,5, a nnsa z=6 — npu £k=19,5. 1le Bka3ye Ha
HEOOXITHICTh pO3MapajiesieHHs] Tpouecy OOYHCIeHb [UIs 3MEHIICHHS 4Yacy IOIIyKY
00EpHEHOTO eIEMEHTA 32 MOAYJIEM.

Jis  HiBEeTIOBaHHS BUNAJKOBUX BIUIMBIB Ha Yac pPOOOTH ycCi EKCIEePHUMEHTH
noBroproBaiucs 100 pasis.

BucHoBku

Y po0GOTi TPOBEACHO EKCHEPUMEHTAIBHE JOCTIIKEHHS YacOBHX XapaKTEPUCTHK
MpOrpaMHoOl peanizallii MomyKy oOepHEHOrO eJIeMEHTa 3a MOJYJeM Ha OCHOBI KJIACHYHOTO
METOJy PO3LIMPEHOro anroputMy EBKITia Ta 3amporoHOBaHUX METOIB TOJAaBAaHHS MOMYJIS
Ta JOJIaBaHHS 3aJMIIKY 13 3aCTOCyBaHHSIM MOBHU IMPOTPaMyBaHHS BUCOKOro piBHS C++.
[TokazaHo, 1m0 B MepeBa)kHIM OIIBIIOCTI PO3TISHYTUX BUMAAKIB METOJ JOJABAaHHS MOIYJIS
XapaKTePU3yEThCsl OUTBII  BUCOKOKO IMIBUAKOJIEID B TOPIBHSAHHI 3 JBOMa IHIIMMH.
[IpencraBiaeHo rpadiyHi 3aJI©KHOCTI CEPEIHBOTO Yacy TOMYKy OOEpHEHOTO eJIeMeHTa
PI3HUMH METOJaMM BiJl PO3PSAHOCTI BUOPAHUX YMCEN. 3aNpPOINOHOBAaHI METOAU €PEKTHBHO
MOKHa BHKOPHCTOBYBaTH Ul pO3MapajelieHHs MpoIlecy OOYUCIeHb Ta 3MCHIICHHS 4Yacy
MOIITYKY OOEpHEHOT0 eIEMEHTA 32 MOIYJIEM.
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3KCHEPUMEHTAJIbHOE UCCJEJIOBAHUE ITPOI'PAMMHOM PEAJIU3ALIAU
METOJA0B IOUCKA OBPATHOI'O 3JIEMEHTA I10 MOAYJIIO

M.H. Kacsnuyk, 1.3. SAxumenko, C.B. UBacbeB, O.B. MomoTiok

TepHONOAbCKUIA HATMOHAJIBHBIA IKOHOMUYECKUI YHUBEPCUTET,
yin. JIeBoBcKas, 11, r.Tepronons, 46020, Ykpanna; E-mail: kasyanchuk@ukr.net, jiz@tneu.edu.ua,
stepan.ivasiev@gmail.com, momotjuk98@gmail.com

HaxoxieHre MyJbTHIUIMKATHBHOIO OOpPATHOrO 3JEMEHTa [0 MOIYJII O4YeHb YacTo
SIBJSIETCSI HEOOXOJMMBIM YCJIOBHEM [UIsi PELICHUs: MHOTHX 3allad COBPEMEHHOI Teopuu
YKCell, BBIYUCIUTEIBHOW U MPUKIAIHON MaTeMaTHKH, aCMHMMETPUYHON Kpunrorpaduwu, B
4acTHOCTH, kpuntocucteM RSA u Dip-I'amans. B pabote mpoBeneHo 3KCIepUMEHTaTbHOE
UCCJIEeIOBaHHE BPEMEHHBIX XapaKTEPUCTUK NPOTPAaMMHOW peallu3alyy IOKCKa 00paTHOrO
9JIEMEHTa 10 MOAYJII0 Ha OCHOBE KIACCHUECKOI'0 METO/la PACHIMPEHHOIo ajiropuTMma
EBkiuma u TpeAsiOKCHHBIX METOAOB HOOABICHHS MOXIYNS W JOOABICHHS OCTaTKa C
UCTIOJIB30BaHUEM S3bIKa MPOTPAMMHUPOBAHHS BBICOKOTO ypoBHS C++. Jlns mcciiemoBaHus
UCIIONB30BAINCh  YMCNIAa pa3HOM paspspHocTH. IlokazaHo, 4YTO B  MOJABISIOLIEM
OOJIBIIMHCTBE PACCMOTPEHHBIX CIy4aB METO]] 100ABICHUSI MOJIYJISl XapaKkTepu3yercs 0oiee
BBICOKMM OBICTPOJICHCTBUEM B CpaBHEHHHM C JBYMS OCTalbHBIMH. [Ipe/ncTaBieHb
rpaguyecKkrue 3aBHCUMOCTH CPEIHEr0 BPEMEHH I[MOKMCKAa OOpAaTHOrO 3JeMEHTa pa3HbIMU
METOJIaMH OT Pa3psiAHOCTH BHIOPAHHBIX unces. J{Jisi HUBENUPOBAHMUS CITyYaiHBIX BIMSHHNA
Ha BpeMs paboThl Bce BRIUUCICHUS MOBTOpsIUCh 100 pas. [IpemiokeHHbIe METOIBI MOXKHO
3((eKTHBHO UCTIONB30BaTh I OUCKA OOPATHOTO 3JIEMEHTA [0 MOIYJIIO.

KaioueBsbie cioBa: anroput™ EBkimaa, oOpaTHbIi 2JIEMEHT IO MOJYJIIO, aCUMMETpHYHAS
kpunrorpadusi, 1o0aBjIeHue MOIyJsl, IOOaBIEHHE OCTaTKa, CpelHee BpeMs, BpeMEHHBIE
XapaKTEePUCTHKH.

EXPERIMENTAL RESEARCH OF PROGRAM IMPLEMENTATION OF METHODS OF THE
INVERSE ELEMENT SEARCH BY MODULE

M.M Kasianchuk, I.Z. Yakymenko, S.V. Ivasiev, O.V. Momotjuk

Ternopil National Economic University,
11, Lvivska Str., Ternopil, 46020, Ukraine; e-mail: kasyanchuk@ukr.net, jiz@tneu.edu.ua,
stepan.ivasiev@gmail.com, momotjuk98@gmail.com

Finding a multiplicative inverse element by module is very often a necessary condition for
solving many tasks of modern theory of numbers, computational and applied mathematics,
asymmetric cryptography, in particular RSA and El Gamal cryptosystems. Experimental
study of time characteristics of program implementation for finding the inverse element by
module on the basis of the classical method of the extended Euclidean algorithm and the
offered methods for adding a module and remainder addition with the use of high-level
programming language C ++ was conducted in the work. The numbers of different bit
capacity were used for the research. It was shown that in the majority of the considered
cases the method of adding a module is characterized with higher performance compared
to the other two. Graphic dependencies of average time of the inverse element search by
different methods on bit capacity of the selected numbers were presented. All calculations
were repeated 100 times for leveling random effects on the operating time. The proposed
methods can be effectively used to find the inverse element by module.

Keywords: Euclid's algorithm, inverse element by module, asymmetric cryptography,
addition module, remainder addition, average time, time characteristics.
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YJIOCKOHAJIEHHSI CTETAHOAHAJITUYHOI'O METOIY
BUSIBJIEHHS BKJIAJIEHD JOJATKOBOI IHOOPMAIIII B
LUPPOBUX 30BPAKEHHSIX, 3ACHOBAHOI'O HA
AHAJI3I MMOCJIIOBHUX TPIAJ] KOJIIPHUX TPUILJIETIB

I'.B. AxmameTtbeBa, B.B. MypoBa

Opecpkuii HaLllOHAJIBHAN MONITEXHIYHUNA YHIBEPCHUTET,
npoci. llleBuenka, 1, Oneca, 65044, Ykpaina; e-mail: a.v.akhmametieva@opu.ua

B poGoTi mpoBOAMTBCS AOCHIKEHHS BIUIMBY Mojaudikamiid Koedilie€HTiB AUCKPETHOTO
kocinycHoro meperBoperHs ([IKII) Ha mpocTtopoBy 001acTh IMUPPOBHX 300pa’keHb 3a
JIOTIOMOTOI0  aHaji3a IOCHIAOBHUX TpiaJ KONIPHHX TPHIUICTIB B MATPHIll YHIKaIBHIX
KOJNBOPIB 300pakeHHS 3 METOI0 HACTYITHOTO CTETaHOAHAIN3y CTETaHOIOBiJOMIICHB,
chopmoBanux unuLsixoM Moaudikaniii B obmacti JIKII. Ha ocHoOBi pe3ynbrariB
OOYHCTIOBAIPHUX EKCIIEPHMEHTIB TPOBEACHO YIOCKOHAJIEHHS pPO3POOJICHOTO paHime
CTETaHOAHAJITHYHOTO METOIy BUSBJICHHS HAsBHOCTI BKJIAJCHb JAOAATKOBOI iH(OpMarii B
MUPPOBUX 300paKEHHSIX, 3aCHOBAHOTO HA aHaji3l MOCTIMOBHUX TpiaJ TPHUIUICTIB.
Po3pobneno mnporpamuuii iHtepdeiic B cepenosuiti MATLAB s creraHoanaiizy
U(PPOBUX 300pAKCHB.

KarouoBi cimoBa: creranoananiz, UuQpoBi 300paKeHHs, MAHUCKPETHE KOCHHYCHE
MIEPETBOPEHHS, aHaJi3 MIOCIITOBHUX TpiaJ TPUILIETIB, iHTEpdetic

Beryn

[IIupoke po3nmOBCIOJKEHHS 1H(POPMALIMHUX TEXHOJIOTIH Ta JIETKUHA JOCTYI A0 Mepexi
Internet HamarOTh BEMMYE3HI MOKIMBOCTI JIJIS CIIIJIKYBAHHSI JIFOJICH, SIKI MPOKUBAIOTH B PI3HUX
KpaiHax cBiTy, 0OMiHy MiXX HUMH iH(OpMaIli€to, ika MOXe OyTH MpejacTaBieHa y Oyab-sKii
dbopmi: MOKYMEHTH, 300pakeHHs, ay/io, Bigeo Ta iHmi. JlOCTymHICTP Ta 3pYy4YHICTH
BUKOPUCTAHHS €JIEKTPOHHHUX 3ac00iB KOMYHIKalii Ma€ TaKoX 3BOPOTHY CTOPOHY — MOYKHA
OE3KOHTPONIBHO ~ OOMIHIOBAaTHCS HEOE3NMEYHMMH Ui  CYCIIBCTBA  IMOBIIOMIICHHSIMH,
CXOBaHUMU y Oy/b-sIKil HEMPUMITHUI IMPPOBUI KOHTEHT 3a JOIIOMOTOI0 CTeraHorpadiyHux
METO/IB, IO TO3BOJISIE 30€perTH B TAEMHHUIII caM (DakT iCHyBaHHS TAaKOTO CIUIKyBaHHS. J[is
3amo0iraHHs HEraTMBHHUX HACHiJKIB TPUXOBAHOT KOMYHIKAIlll akKTyalbHUM € pPO3BUTOK
CTeraHOaHaJIi3y, OCHOBHOIO 3aJ[aueio SIKOTO € BUSBJICHHS (DaKkTy HAasBHOCTI ab0 BiJICYTHOCTI
BKJIaJIeHb 10AaTkoBo1 iHGopMartii (1) y Oyab-sikomy mubpoBomy KoHTeHTI [1-2].

B sxocti xoHTeiHepiB mns BOymoBu JII chOromHi, SIK MpPaBHUIO, BUKOPHCTOBYIOTH
udposi 300paxkenns (I13), siki 3aBISIKH HASBHOCTI B HMX 3HAYHOI KIIBKOCTI HaJJIMIIKOBOT
iHpopMarii 3a0e3MmeuyoTh BUCOKY HPOITYCKHY CIIPOMOYXHICTh MPUXOBAHOTO KaHATY 3B’S3KY
(IITIC) npu 30epexeHH] LUTICHOCTI COPUHUHATTS 300paxeHHs. IIpoTe octanHi po3poOKu B
obmacti creraHoanamizy [3-5] HampaBieHi Ha TOKpameHHS €(QEKTHBHOCTI IETEKTyBaHHS
creranonosiomnenb (CII), chopmoBanux BOymoBoro JII B mudpoBuil KOHTEHT came MHpu
manmux 3HaueHHsX [I[1C. 3a3HadeHi MeTonu 3AIMCHIOIOTH aHaii3 00JIACTI IMEepPETBOPEHB
IU(PPOBUX KOHTEHTIB, 1110 3HAYHO BILIMBAa€ Ha epekTHBHICTh BusiBiaeHHsA CII, chopmoBaHux
npu wMamux 3HadeHHsx [I[IC. HailepekTuBHIMM CTeraHOAHATITHYHUM  METOJIOM,
iHdopMallis Tpo SKUA € JOCTYNMHOK 3 BIIKPUTHX JIKEpeN, CIHPOMOKHUM e(EeKTUBHO
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BUsABIATH HasBHICTH /I, BOynoBanoi B ymoBax Manux 3HaueHb [II1C, € meTon, mo aHamizye
MMPOCTOPOBY 007acTh IU(MPOBUX KOHTEHTIB 1 3aCHOBAaHMM Ha aHaMi31 MOCTIAOBHUX Tpiaj
KOJIIpHUX TPUILIETIB Yy MaTpHILli yHIKaIbHUX KOJbopiB 113, 3anpomnoHoBanuii B [6].

Po3pobnenuii B [6] meTon OyB ampoOoBaHuii ymiie y Bumanky BOymoBu JII meromom
LSB B mpocTtopoBy o6sacts nudpoBux 300paxens [7]. B peansaux ymoBax mis BOynosu /I,
SK TpaBWJIO, BUKOPUCTOBYETHCS O0OJACTh MEPETBOPEHb, 30KpeMa O00JACTh JUCKPETHOIO
kocunycHoro meperBoperss (JIKII). Monudikamis koedimientiB JAKII nexutrs B OCHOBI
MoMmMpeHnx creraHorpadiunux mporpam F5 [8] ta octanHix po3podok [9-10]. OueBuaHO, M0
30ypenss koedimientiB JKII npusBenyTs 10 30ypeHb B mpocTopoBiit obmacti 113, mo moxe
OyTH BHU3HAYECHO 3a JOMOMOTOI) CTEraHOAHAIITHYHOTO METONY, 3aCHOBAHOTO Ha aHaji3i
MOCTIIOBHUX TPiaj KOJIPHUX TPHUILIETIB.

MerTa i 3aa1a4i podoTu

Memoro pobOTH € yIOCKOHAJICHHSI CTETaHOAHAITUYHOTO METOY BUSBIICHHS BKJIQ/ICHb
JAI B 113, 3acHOBaHOrO Ha aHaji3l MOCTIAOBHUX TpiaJ KOJIPHUX TPHUIUICTIB B MaTPHIL
YHIKQJIBHUX KOJBbOPIB, WIO 3a0e3MeYuTh MHOTr0 CIPOMOXKHICTh BUSBIATH 30ypeHHS B
pesynabTaTi  Momudikamii  koedimientie  JIKII, mo BigOymucs B pe3ysbrari
CTETaHOTICPETBOPCHHSI.

JI1st moCATHEHHS MOCTaBICHOT METH HEOOX1THO BUPIMIUTH HACTYIHI 3a0ayi:

1. IlpoananizyBatu BmiuB Moaudikamii koedimientiB JIKIT 8x8-6mokiB L3, mio
BI/IMOBIIaIOTh HU3BKUM, CEPEAHIM Ta BUCOKHM YacTOTaM OJIOKIB, Ha 3HAYEHHS SICKPABOCTI
KOJIIPHUX CKJIAZIOBUX B IPOCTOPOBii 061acTi mpu 30epekeHHi 1iicHOCTI cipuiHaTTs 113;

2. Ha ocHOBI BHSBICHHMX OCOONMHMBOCTEH 30ypeHb 3HAYCHb SICKPABOCTI KOJIPHHUX
cknamoBux 113 yJAOCKOHAIUTH CTEraHOAHANITUYHHA METOJA, 3aCHOBAaHWMN Ha aHaui3l
MOCTIIOBHUX TpiaJg KOJIPHUX TPHUIUICTIB B MATPHUIll YHIKAJIbHUX KOJHOPIB IU(PPOBUX
KOHTCHTIB;

3. Po3pobutu mporpamumii intepdeiic B cepenpoBunii MATLAB nmns 3a0e3nedcHHS
3py4HOTO cTeraHoanamizy L13.

Orinky Bi3yaJIbHOT MuTicHOCTI Moau(ikoBaHoro 13 Oynemo BU3HAYATH 32 JOIIOMOTOIO
PSNR — nikoBOTO BiJHOLICHHS «CUTHAI-IIIYM.

OcCHOBHA YacTHHA

B sxocti koHTeiHepiB OyneMo posrignatv KoibopoBi L[3 B ¢opmari 3 Brparamuy,
npeacTaBieHi y BignoBigHocTi 1Mo komipHoi cxemum RGB. Koxxumit mikcens L3
HpECTaBIEHUH K TPUILIET 3HAYEHD (7,,,,..>D00) s Vo> s O - SHAUCHHS SCKPABOCTI (11, 71) -

mn
TO MKCeNsl YEpBOHOI, 3€JIEHOT 1 CHHBOI KONIPHHX CKIAJOBHUX BIAMOBIAHO. YcCi YHIKalbHI
tpurutetu 13 OyneMo Ha3uBaTH yHIKQIEHUMH KOJIBOPAaMH, 1X KUTBKICTh AOpiBHIOE U .

B ocHOBI cTeraHoaHaITHYHOTO METOAY [6] JIEKUTH aHai3 KITBKOCTI TocifoBHUX Red,
Green- 1 Blue-tpian B maTpumi yHikansHHX KOJIb0piB UCT posmipom U x 3, mo mictute U
YIOPSIKOBAaHUX YHIKAJIbHUX TPHUIUIETIB (rk, gk,bk), k=1U, ne nix nocmizosanmu Red-,
Green- 1 Blue-Tpiagamu po3zymiemo:

(r.,g,.b,)e UCT AND (r, —1,g,,b,)€ UCT AND (r, +1,g,,b,)€ UCT, k =1,U; (1)

(r.,g,.b, )€ UCT AND (r,,g, —1,b,)e UCT AND (r,,g, +1,b,)e UCT, k =1,U; )
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(r.,g,.b, )€ UCT AND (r,,g,,b, —1)e UCT AND (r,,g,.b, +1)e UCT, k =1,U (3)

BiamoBigHO. [lpu mizpaxyBaHHI KUTBKOCTI MOCTIIOBHUX Tpiaj TPHUILUIETIB MMOCIiAOBHA Tpiaaa
aCOIIOEThCS 3 CEPEIHIM TpuIieToM (7,,g,,b,) € UCT , nis IKOro BUKOHYIOThCS yMOBH (1),

(2) abo (3) B 3aneKHOCTI BiJ BUAY Tpiau.

B poGotax [6-7] Oyyio BcTaHOBIEHO, o opuriHanbHe [[3 MicTuTh He Oumbine 2.5%
CepelHIX TpHUIUIETIB, fAKi BiAgmoBigaioTh Red-, Green- 1 Blue-tpianam. B pesynbrarti
Moaudikaiii mpocTopoBoi o0macTi MUPPOBUX KOHTEHTIB KIJIBKICTh ITOCIIJOBHUX Tpian
3HAYHO 3pPOCTaE, IO YKa3ye Ha MPOBEJCHI IEPETBOPEHHS B KOMIpHUX cKiIagoBux L13. 3 meroro
BUSIBJICHHSI 30ypeHb 3HAYEHBb SICKPABOCTI MPOCTOPOBOI 00JacTi B pe3ynbraTi Mommdikarii
koeodinientiB JKII 3a momomororo aHamizy KiNbKOCTI MOCHIJOBHUX TpiaJd B MaTpHUIl
YHIKQJIbHUX KOJBbOPIB OyB MPOBEACHUN OOYUCIIOBATBHUN EKCIIEPUMEHT, B XOIl SKOTO
BinOyBanucs moaudikarii koedimientis JIKII omniei 10BUIBHO 00paHOi KOJMIPHOT CKIATOBOT
113, sxi BiAMOBINAIOTh HU3BKUM, CEpPEIHIM Ta BUCOKMM YacTOTaM NpH 30epeKeHH] LUTICHOCTI
CIIPUIHATTS U(PPOBOTO 300pakeHHS 32 (HOPMYJIIOIO

dy, =18, j=18, (4)

*

d, =k

ij 3MIHU

ne d d; - 3HaYeHHs KoeQilieHTIB 8x8-05I0KiB opuriHaNbHOTO 1 MoaudikoBanoro I3

i

BIAMOBIAHO, k

3MiHU

- Ben4uHa 3MiHu Koediienty JIKII.

OO6uucnoBaIbHUN eKCIIEpUMEHT MpoBoanBcs Ha ocHOBI 200 L3 po3mipom 512x384 3
6azu I3 UCID [11] B dopmari TIF, sxi Oynu mnepe3depexeni B dopmar JPG 3
MakcUManbHOWO sikicTIo ctucky Q=100. Ilicma wmomudikariii koedimientis JKIT 113
30epiraerbes 6e3 BTpat B hopmari TIF.

B pesynbrari 004KCIIIOBATBHOTO €KCIIEPUMEHTY BCTAHOBJICHO, IO CIIOCTEPIraeThesl He
nopymieHa MUTICHICTh cpuitHATTS 13 npu:

-k
3radeHHst PSNR st 200 13 cranoButs 45.7% mist uepBoHoi, 46.14% — nyst 3enenoi, 42.55% - s
CHHBOI KOJIIPHUX CKJIAJI0BHX);

- k,,,=05,2 y Bumagky Moaudikaiii cepeHbOYACTOTHUX KOE(ILIEHTIB (cepeqHe
3HaueHHss PSNR mns 200 13 mpu &
3eneHoi, 41.95% - a1 CHHBOT KOJMIPHUX CKIIAZI0BHX);

- k,,,=04,35 y Bumagky Moxmudikamii BHCOKOYACTOTHHX KOE(DILIEHTIB (cepeqHe
3HaueHHss PSNR gns 200 103 mpu £,

3MiHU

=0.75,1.25 y Bumaaky moaudikaiii HU3BKOYACTOTHUX KOC(IIIIEHTIB (CepemHe

3MIHU

=2 craHoButh 43.9% s yepBoHoOi, 43.59% — nns

3MIHU

=3.5 cranoBurb 41.73% nna uepsBoHoi, 41.98% - s

3eneHoi, 42.09% - 111 CHHBOT KOJIPHUX CKIIAJIOBHUX).
3 ypaxyBaHHSAM OTpUMaHMX 3HadeHb PSNR Hapmami 3HaueHHs 3MiHHOI £, UL

koedimierTis JIKII B 0GYMCITIOBATEHOMY €KCTIEpUMEHTi CTaHOBIATH: k2" e {0.75,1.25} mmsa

3MiHU

HI3BKOYACTOTHUX  KoedimientiB, k") €{0.5,0.75,1.5,2} s  cepelHBOYACTOTHUX

3MIHU

KOe(IITiEHTIB, k" < £0.85,1.15,1.25,2,2.5,3, 3.5} U1 BUCOKOYACTOTHHIX koedirientiB KL

SMIHU
Ha HactymHoMy etami OOYHCITIOBAILHOTO EKCIIEPUMEHTY TIPOBOJMBCS CTETAaHOAHAII3
OTpUMaHUX B pe3ysbrari Moxudikamiii 13 3a mormomororo aHamizy BMICTY IMOCIHIIOBHHX Tpiaj
KOJIIPHUX TPUIUIETIB Ta OyJIM OTpHMaHi IIOMIJIKH TIEPIIIOTO POy — Mpomyck Moaudikamii 113, ski

HaBezeHi B a0 1.
Ax BugHO 3 Tabm. 1, creraHoanamTHyHMA MeTof [6] edekTHBHO Bu3Hauvae Mozamdikarii
koedimientiB  JIKII, ski BiAMOBIAAIOTP HU3BKUM Ta CEPENHIM YacToTaM, Ta Mojuikarii
BucokovacToTHHX KoedimienTiB JIKII mpu 3Hauennsx k. > 2 He3aldexHO BiJ 00paHOi KOMIPHOT

3MIHU
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CKNaJoBOi. Y  BHNAAKYy HE3HaYHMX  MOAM(pIKaIii  BHCOKOYACTOTHUX  KOE(IIi€HTIB
(ks €10.85,1.15,1.25}) croctepiraiotbcst 10 7.5% HOMHIIIOK TIEPIIOrO POTY JUIsl Y4ePBOHOI
KOJNIpHOT CKJIaaoBoi, A0 12.3% s CHHBOI KONIPHOI CKJIQJOBOI, Y BHIAAKY MOAUQIKaIlii
BHUCOKOYACTOTHHX KOE(IIieHTIB 3eleHOi KONpHOi CKIaJ0BOi Maibke BCi 300pakeHHS Oyiu
BU3HAYEHI SIK OPUTIHAIBHI KOHTEHHEPH.

Tab6umus 1.
[Tomumku nepmoro poay B pe3yJsibTaTi BUusBieHHS Moaudikaniit koedinientis AKII, %

Husbki yactoTH CepenHi 4acTOTH

k.. 0.75 1.25 0.5 0.75 1.5 2
Red 0 0 0 0 0 0
Green 0 0 0 0 0 0
Blue 0 0 0 0 0

Bucoxki vacrorn

k... 0.85 1.15 1.25 2 2.5 3 3.5
Red 7.4627 7.4627 2.9851 0 0 0
Green 98.5294 98.5294 95.5882 0 0 0 0
Blue 12.3077 12.3077 6.1538 0 0 0 0

B pesynbrari OumbIn TIHMOOKOTO aHaNi3y BMICTY TOCHIJOBHUX TpiaJ TPHUILIETIB B
MaTpulll YyHIKaIbHUX KoubopiB L3, BU3HAHMX TakWMHU, LI0 HE MICTATh BOYJOBaHOI
iHpopmarii, OyI0 BCTaHOBIIEHO, M0 MPUYMHOIO TAKKX TIOMUIIOK MOXKJIMBI /IBa BapiaHTH:

1. 30ypenns koediuienTiB JIKII He3HauyHi 1 3HAUYHO HE BIUIMBAIOTh HAa MPOCTOPOBY
obmacts 113;

2. 30ypenns koeoiuientiB JIKII npu3BoasTe 10 MOPIBHAHO OJHAKOBOIO BMICTY
MOCTIIOBHUX TpiajJ TPHUILIETIB, SKi MEPEBUIIYIOTh TIOPOTOBI 3HAYECHHS CTETAaHOAHATITHYHOTO
anmropurmy 7, =25 17T, =8.

[IpoumocTpyeMo MOMBI 30ypeHHS Y KIJIBKOCTI CEpeIHIX TPHUIUICTIB Ha MPHUKIAIL
puc. 1. JIBa BHCOKOUACTOTHUX KOE(DIIIEHTH 3€JIEHOi KOJMipHOI ckiamoBoi 113, orpumanoro
KaMeporo MOOLTBHOTO IIPUCTPOIO, Oynu Mo udikoBaHi Ha BEJIMYUHY
k,..<€11.15135/1.75,2,2.5} 3a ¢opmynoro (4). Pesymbryroui 300paskeHHs 30epiranmucs B

(dopmari Oe3 BTpat, A SKUAX TiapaxoBaHo BMICT mocmioBHuX Red-, Green-, Blue-tpian, ne
TOPU3OHTANBHI JIiHii 1 12 Mo3HaYal0Th PiBEHb NIOPOTOBUX 3HaYeHb 1), 1 T, CTEraHOAHATITUHOTO

MeToy [6] BIAMOBIIHO.

3rifHO 3 KpOKaMM CTEraHOAHATITUYHOTO METOAy, HaBEJEHUMMU B [6], HasABHICTb
JI0aTKoBOI iH(OpMAIli B pO3MISIHYTOMY TpHKIami (puc. 1) Oyne BHUSBIEHO JIMINE Y BUIAAKY
k. €11.75,2,2.5}, ocKifbKkH MaKcHMaibHe 3HAUEHHS KiTbKOCTI mociizoBHux Tpian (Green-

Tpiajg) mepeBuilye moporose 3HaueHHs 7, . Ilpu k

up 3MiHU

=1.35 xinmekictb Red- 1 Green-Tpiaj

3HaYCHHA T

low >

NEPEBUILYE IIOpOroBe OHaK  HE BUKOHYETBCSI ~ YMOBa

pG>15-pR& pG>1.5-pB, ne pR, pG, pB - BIICOTOK cepeiHiX TPHUILIETIB, 11O BiNIOBIIAI0Th
Red-, Green-, Blue-Tpiagam BinoBiHO, BITHOCHO JIO KUTBKOCTI YHIKQIBHUX KOJBOPIB, HACITIIKOM
4Ooro € mommika mepmoro poxy. Ilpm k. =1.15 3MiHM BHCOKOYACTOTHHUX KOEQIIli€HTIB

3MIHU
3HAYHO HE BIUTMBAIOTH HA KUIBKICTh MOCTIAOBHUX Tpiaj, SIKi HE TMEPEBUIIYIOTh MOPOTOBE
3HaueHHs 7, . B neskux Bumagkax momudikarii xoedimientis JKIT mpusBogsts 10 30ypeHb

low *

npoctopoBoi obmacTi 113, are ogHO3HAYHO BHSIBUTH KOJIPHY CKJIAJIOBY HEMOXKIIMBO Y 3B SI3KY 3
OM3BKUMHU 32 3HaUeHHsIMH pR, pG, pB , ab0 y BUNA/IKy, KO MAaKCUMaJIbHUI BMICT TTOCITIIOBHIX

Tpiaj BIAMOBIIAE KOJIPHIN CKIIAI0BIH, siKa HE 3a3HaIa MOAM(IKAITIH.
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[}
wn

B Red-Tpiagu

W Green-Tpiagu
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=]

M Blue-Tpiagm

[
w

=
o

KineKicTe nocniaosHux Tpiaa Tpunnetie y
MaTpULi yHiKanbHUX Konbopie, %
w
(&%)

H e o
none 1,15 1,35 1,75 2 2,5
BenwunHa mogudikawi koediyientis AKMN

=}

a 0
Puc. 1. 3MiHM KUIBKOCTI MOCTIOBHUX TpiaJ TPHUIUIETIB B pe3yibTaTi Moaugikamii
koedimientiB JIKIIl: a — opurinansue 113, 0 — KIIBKICTH MOCTIIOBHHUX TpiaJ TPHUIUIETIB B
MaTpHIll YHIKaJbHUX KOJIbOPIB B pe3ynbTaTi Momaudikaii 3HaueHp koedimientis JIKII nHa
BENU4HUHY K, 5 | — piBEHb NOPOroBoro sHauenus 1), , 2 — piBeHb IOPOroBoro 3uayenus 7,

3minu ° low >

3 MeTor OUIBIIOI THYYKOCTI TNpH BHSBJICHHI CTETAHOIOBIIOMJICHb Ta MiHiMi3amii
NOMHJIOK JICTEKTyBaHHS OYyJIO TPOBEACHO YAOCKOHAJCHHS CTETaHOAHAIITHYHOTO METOMY,
3aCHOBAHOTO HAa aHaNi3l MOCIIAOBHUX TpiaJ TPUIUIETIB B MAaTPHIll YHIKaJIbHHX KOJBOPIB,
OCHOBHI1 KPOKH SIKOTO HACTYIIHI:

Kpoxk 1. ®opmyBanns marpuni UCT posmipoM U x3 yHIKaJbHHUX TPUILIETIB KOJIBOPIB

(rk,gk,bk), k=1U mis I3 7.

Kpok 2. TlingpaxyBaHHs KUIBKOCTI MOCTIAOBHUX TpiaJ TPUILIETIB Il KOKHOI KOJIpHOT

CKJIaJI0BOI.

2.1. Axwo nnsi MOTOYHOTO TPHUILIETY (rk,gk,bk ),kZI,_U B UCT opHOYacHO iCHYIOTh
TPUILIETU (rk+1,gk,bk) 1 (rk—l,gk,bk), mo countR =countR+1, countR -
kinbKicTh Red-tpian B UCT ;

2.2. Axwo nns motounoro tpumiery (r,,g,,b, ),k=l,_U B UCT 0JHOYaCHO iCHYIOTb
tpurnern (1, g, +1,b,) i (r.,g, —1b,), mo countG=countG+1, countG —
kinbkicth Green-tpian B UCT ;

2.3. Axwo 11 MOTOYHOTO TPUILIETY (rk,gk,bk ),kZI,_U B UCT opHOYacHO iCHYIOTh
tpurnetn (1, g,.b, +1) i (r,g.b 1), mo countB=countB+1, countB -
KibKicTh Blue-tpian B UCT .

Kpok 3. O0uYuCIUTH KUIBKICTh CEpeNIHIX TPUIUIETIB MOCTIOBHHUX Tpiax BiIHOCHO

3arajbHOI KUJTBKOCTI YHIKaJIbHUX KOJIbOPiB (%0):
countR countG countB

R=—100, pG=——100, pB=——100, p . =max(pR, pG, pB),
p U p U p U P (PR, pG, pB)
e p... — MaKkCHMajbHe 3Ha4eHHs cepel pR, pG, pB.

Kpox 4. Jlemexmysanns nasenocmi/giocymuocmi /1.
4.1. Axwo
(PR = Ppa )& (PR > T, & (pR>1.5pG || pR >1.5pB)|| (PR >1.75pG || pR >1.75pB)),

mo [ mictuth BOynoBany /Il y uepBOHi# KOMIpHIN CKIaI0BIH;
iHakuie Kpok 4.2.
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4.2. Axwo
(PG = P )& (pG > T,, & (pG >1.5pR || pG >1.5pB)||(pG >1.75pR|| pG >1.75pB)),

mo [ mictuth BOynoBany JII y 3eneHiit KomipHii CKIaI0BIH,
iHaxwe Kpok 4.3.
4.3. Axwo

(pB=pou )& (pB>T, & (pB >1.5pG || pB>1.5pR)||(pB >1.75pG || pB >1.75pR)),

mo [ mictuth BOynoBany /I y cuHii KOIpHINA CKIIAIOBIMH,
inaxwe Kpokx 4.4.
4.4. Axwo pR<T, & pG<1T, & pB<T,

ow ?

mo HasBHICTh BOy10BaHoi /Il B / HE BUSABIEHO,
iHakuie HasgBHICTb BOynoBaHoi /Il B / BusBIEHO,
ne 1,,=2.5 1 T,,=8 — moporosi 3Ha4CHHL.

OO6uuncnroBaigbHa CKIAAHICTD 3alIPOIMIOHOBAHOTO aNTOPUTMY 11l 00poOku L[3 posmipom
M x M BusHauaetbcs sk O(M*).

Jlnst BukoHaHHs cteraHoananizy I3 ta mocmimkeHHs BIuMBYy 3MiH KoedimienTiB JIKII
Ha mpoctopoBy obnactb I3 B cepemoBumii B MATLAB Oyno peanizoBaHo mporpaMHHii
iHTepderic, mpeICcTaBICHUH Ha puUC. 2.

CmeezaHoaHania npocmoposoi obnacmi uughposux 30bpaxeHs,
wio 3asHanu 3bypeHHs koedbiuieHmis SUCKPEemMHOz0 KOCUHYCHOZO NepemeopeHHs

3aBaHTaxUTK 306paxeHHA

[NepeBipuTi 300paxeHHA

[NepeTBOpEHHA

O6paTi KoNbOpoBY
CcKnanoBy
(1-R/i2-G/3-B)

3

ObpaTi YacTaTi
(1-8)

ki 5 7
k2= 7 5 BxiaHe 30DpaxenHa BuxigHe 300paxeHHA

O6paT BeMUUMHY 3MiHKN

AHani3
175 PSNR 66 3794
BuKoHaTK cTeraHoaHanis

BukoHaTh [onatkosa iHcbopmalin  BUABMIEHO B CHHIl KONIpHIT
CKNaaoBii

Puc. 2. [arepdeiic mporpamMHoi peanizailii CTeraHoaHATITHIHOTO ATOPUTMY

®dopma iHTEepheElCy CKIATAEThCs 3 HACTYITHUX €JIEMEHTIB:

1. O6macti «Bximne 300pakeHHs» 1 «BuxigHe 300pakeHHS», SIKI BiIOOPaKarOTh
opurinanshe 113 ta L3, orpuMaHe B pe3yibTaTi HEpETBOPEHHS, BiAMOBIIHO.

2. Kxomka «3aBaHTaXUTH 300pa)KEHHS», 3 SIKO1 MOYMHAETHCA POOOTa B Tporpami,
n03BoJsie 3aBaHTaXuTH L3 mms anamizy (Moxke Oyt obpano 113 sik B popmarti 3 BTparamu,
Tak 1 B Qopmari 6e3 BTpar). Pesymprar: Ha ¢dopmi B obOmacti «BximHe 300pa)keHHs»
3’ sBIsieThCs oOpane L13.

3. Knomka «IlepeBiputu 300pakeHHs» BUKOHY€ CTeraHoaHami3 oOpanoro I3 — me
MoOXe OyTH sSIK OpuriHaJIbHHMN KoHTeiHep, Tak 1 CII. Pe3ynbTar BUBOIUTHCS B TEKCTOBOMY
noni «JlomatkoBa iHGOpMaITis.

4. bnok «lleperBopeHHs» 10O3BOJIsi€ O0OpaTH KOJIpHY CKIAJOBY, sKa Oyne
BHKOPHUCTOBYBATHCS JUIsI TIEPETBOPCHHs, 3amaTu iHAEKCH 1BoX KoedimieHtiB JIKII Ta
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BEJIMYMHY 3MIHM 3a7aHux koediuieHTiB. Ilicms BBeIeHHS HEOOXITHMX MapaMeTpiB
HAaTUCKAEThCcsl KHomKa «Buxonatw». Pesynprar: B o00nacti «BuximHe 300pa)xeHHs»
3’SBISIETBCS PE3yJIbTyIoUe 300paKEHHS, a TaKOXK BIKHO A BHOOpY Miclsl 30epeKeHHS
300paxenHs B ¢popmari TIF.

5. bBrnok «AHami3» 103BOJIsSE BUKOHATH CTEraHoaHali3 C(OPMOBAHOTO 300paKCHHS.
Pesynbrar: B momi «PSNR» BuBomutbess 3HadueHHss PSNR mopiBHSHHS OpHTIHAIBHOTO 1
pe3ynpTytodoro 300pakeHb, B moii «J/logatkoBa iH(popMallisy BHUBOAWUTHCS PE3YJbTaT
CTEraHOaHaJI3Yy.

BucnoBku

B po6oti mpoananizoBano BB moaudikamiii koedimientis JKII Ha mpocTtopoBy
obmacte II3 3a nmomomororo aHamizy MOCHIZOBHUX TpiaJ KONIPHUX TPHUIUIETIB B MaTpHI
yHIKaIbHEX KoJbopiB I1[3. BcranoBneno, mo moaudikaiii sk HM3bKOYACTOTHHMX, TakK 1
CepeAHbOYACTOTHUX 1 BHcokouacTOoTHHX KoediuieHTiB JKII mpuzBoauts 1o 30ypeHb Yy
KutbkocTi mochigoBHuX Red-, Green-, Blue-tpian, sxi Mo)Ha BHABUTH BIIMOBITHUM
CTEraHOAHATITHIYHUM METOJIOM.

BusHaueHo, B SKUX BHMAJKaxX CHOCTEpIraroThest moMmiku aetekryBanHs CII, aHami3 sikux
JIO3BOJIMB  YIOCKOHAIIUTH CTEraHOAHAIITMYHUI METOJ BUSBIICHHS HAsSBHOCTI BkianeHb JlI,
3aCHOBaHMI HA aHAI31 TIOCITIIOBHHX TPiajl TPUILUIETIB.

Byno cripoekToBaHo Ta peaizoBaHo mporpamHuii inrepdeiic B cepenoBuii MATLAB nns
3a0€3Me4YeHHs] 3pYYHOTO YIPaBIIHHSA TEPETBOPCHHSIM B pe3yibTaTi  Moaudikarii
koedimientiB JIKII Ta creranoananizy nu@poBux 300paxeHs.
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YCOBEPHIEHCTBOBAHUE CTETAHOAHAJIMTUYECKOI'O METOJA BbISIBJIEHUS
BJIO’KEHHUU JONNOJITHUTEJIBHOU HH®OPMAILINU B IU®POBBIX N30BPAKEHUSIX,
OCHOBAHHOI'O HA AHAJIM3E INOCJIEJOBATEJIBHBIX TPUA/I IBETOBBIX TPUIIVIETOB

A.B. AxmametseBa, B.B. Myposa

Opecckuil HAMOHANBHBIA NOJTUTEXHUYECKUH YHUBEPCUTET,
npoci. [lesuenko, 1, Oxecca, 65044, Vkpauna; e-mail: a.v.akhmametieva@opu.ua

B pabote mpoBouTcs uccienoBanue BiusHUS Mmoaudukanuii kosd¢unmento AKII Ha
NPOCTPAHCTBEHHYIO  00jacTb  IUMPOBBIX  HM300paXKCHWH,  WCHOJB3Ys  aHAIU3
MOCIENOBATENbHBIX TPHAJ LBETOBBIX TPHUILIETOB B MAaTPUIEC YHUKAIBHBIX LIBETOB
M300paXeHHs, C  [eNbl0  JalbHEWIIero  CTEraHoaHalM3a  CTEraHOCOOOLICHWH,
chopmupoBaHHBIX myTeM Mmonudukanun obmactu JKII. Ha ocHOoBe mpoBemeHHBIX
BBIYHMCIIUTENBHBIX O3KCIHEPHMEHTOB IIPOBEJECHO YCOBEPIICHCTBOBAHME pa3pabOTaHHOTO
paHee CTEraHOAHAJIIMTHYECKOTO METOJA BBIABICHUS HANMYMs BIO)KEHUH IOIOIHUTEIBLHON
uH(pOpPMaIUK B HU(PPOBBIX H300pPAKEHMAX, OCHOBAHHOTO HA aHAIN3E IOCIEN0BATEIbHBIX
Tpuaa TpuiuieToB. Paspaboran mnporpammubiii uHTepdeiic B cpene MATLAB s
CTeraHoaHajin3a HU(POBBIX N300paKEHHH.

KaloueBble ciioBa: creraHoaHanus, HuQpoBble W300pakeHHs, TUCKPETHOE KOCHHYCHOE
npeobOpaszoBanue, [AKII, ananu3 nmociaeoBaTeNbHBIX TpUaJl TPUILIETOB, HHTEpdeiic

IMPROVEMENT OF THE STEGANALYTIC METHOD FOR DETECTING THE ADDITIONAL
INFORMATION ATTACHMENTS IN DIGITAL IMAGES, BASED ON THE ANALYSIS OF
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In the paper we study the effect of modification of DCT coefficients on the spatial domain
of digital images using analysis of sequential triads of color triplets in a matrix of unique
colors of the image, for further steganalysis of stego formed by modifying the DCT
domain. On the basis of the computational experiments the improvement of the previously
developed steganalytic method for detecting the presence of additional information
attachments in digital images was carried out. A software interface for steganalysis of
digital images was developed in MATLAB environment.
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IMMPOTHO3YBAHHSI HAAIMHOCTI NPOLIECY
®YHKIIOHYBAHHS CKJIAJJTHUX CUCTEM TA PU3HK IX
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B po6oti po3risigatorsest 6a30Bi GpyHIaMEHTaNbHI YHHHUKY 3MICTY MaTeMaTH4HOI MOJedi,
SIKy TIparHeMo 1oOy/yBaTH, a came, MPOTHO3yBaHHS HAIIHMHOCTI nporecy (pyHKIIOHyBaHHS
CKJIATHUX CHCTEM Ta PHU3HK iX BiIMOBH B HAWTOJOBHIMIOMY 0a30BOMY BHUIJIANI ITHX
moka3HuKiB. lle € WMOBIpHICTH 0€3BiIMOBHOTO TIpolecy (YHKIIOHYBaHHS CHCTEMH
(HamiftHICTh Ta >KUBYYICTh) B MEBHUX IMPOCTOPOBUX i TEXHOJOTIYHHX YMOBAaxX IIPOTATOM
MIEBHOTO TIPOMDXKKY Yacy Ta 3a IUX K€ YMOB — iIMOBIPHICTh BiIMOBH (PHU3HK) CHCTEM.

KarouoBi cioBa: HafmiliHICTh CKIagHUX CHCTEM, INPOTHO3YBaHHS HAJIiHHOCTI, PH3UK
BiZIMOBH CKJIQJIHUX CHCTEM, KHBYYICTh CUCTEM.

Beryn

OpHiero 3 TOJOBHUX NIPOOJIEM HAYKHU Ta TEXHIKU € CTBOPEHHS CKJIaJHUX CHCTEM PI3HOTO
MpU3HAYCHHS, BiJ] €PEKTUBHOCTI W HAAIMHOCTI (YHKI[IOHYBaHHS SKHX 3aJieKaTh BCl 001acTi
JISUTBHOCTI  CycmiibeTBa. llpukiamoM Takux cucTeM €  iH(OpMaIiifHO-00YNCITIOBAIIBHI
CHUCTEMHU Ta MEpeXi, aBTOMAaTH30BaHI CUCTEMH KEpPyBaHHs CKJIaJHUMH IpOIlECaMy Ta IHIII.
3pocTaroya CKIaJIHICTh IUX CUCTEM HE JTO3BOJISIE 3a0€3MeYNTH HeOOX I JHUIA PiBEHb HAIHOCTI
Ta XUBYUYOCTI (PYHKI[IOHYBaHHS iX TUIBKM 3a paxXyHOK MIJABHILEHHS SKOCTI CKIJIQJOBHX
eleMeHTiB. TeopeTruHi JAOCTIDKEHHS Ta MPaKTUKa eKCIUTyaTallii moKa3aid, Mo HeoO0XiTHO
BpaxyBaTH PU3HUK iX BIIMOBH Ta HOTO BapTICTh.

JlocmiKeHHST B3a€MO3B’ 13aHOT Ta eMITIIPUYHOT 3aJIEKHOCTI pU3HKY Ta HOTO BapTOCTi, Je
MiJ] pU3UKOM PO3YMIETHCS HOro 6a30Be TIIyMadeHHsI SK IMOBIPHOCTI HEraTWBHOI MOfii abo
PU3UK PO3YMIETHCS B aOCOTIOTHOMY BHIIISAII. B pesynbrati aHamizy (OpMyIOTECS TAXOIU 10
noOyI0BU MaTeMaTUYHOT Moiesi (DYyHKIIIT BAPTOCTI PU3UKY Y BUTIIAI aHATITUYHOTO BUPA3Y 3
METOI0 BUKOPUCTAHHS 11 B MOKIIMBOMY IPOIIECi ONTUMI3aIlii CKIaIHUX cucTteM [1].

SIKI10 1OCHiIKyBaTH Cy4yaCHUN PIBEHb CUCTEMHOTO MiJXO1y 10 BUBUEHHS 00’ €KTUBHUX
IPOIIECiB, K BiOYBAaIOTHCSA B CYCIUJIBCTBI B3araji i B HOro KOMIIOHEHTaxX — YIPaBIIiHHI,
TEXHOJIOT11, EKOHOMII[i, TO HEBAXXKO BCTAHOBMTH, L0 BIK I'PYHTYETbCS Ha JBOX CKJIaJIOBHX.
[Tepmia ckimagoBa, a TOYHINIE, MIEPBUHHA, 10 BU3HAYAETHCS 00’ €KTHBHOIO PEaJbHICTIO, — 1€
aHAJIOT11, SIKI XapaKTepU3yIoTh YCi MpolecH, e 6 BOHU HE MPOTIKalu, YM Y CYCHiIbCTBI, YU B
Hioro okpemiii ramysi, 30KpemMa B CKJIaHIM TeXHIKO-TEXHOJIOTI4Hii cuctemi. Jlpyra ckiamoBa
€ Oinpm cy0’exktuBHOMO. lle dopmanpHe BuIineHHs, iAeHTU(diKalis Ta dopMamizamis MuX
aHayoriii, iHdopMaliiiHe BTUCHEHHS iX 3MICTy B MEXi piBHSHB, HEPIBHOCTEH UM IHIINX
MaTeMaTHYHUX 00’ €KTiB, pO30Ir SKUX AOMYCTUMHUHN 3a MOTpeOH BUKOpUCTaHHS. Tomy aibda
Ta OMera CHCTEMHOTO MiJXOMy J0 BUBYEHHS BCHOTO IIJIOTO Ta KOMIIOHEHT € JOCIiKECHHS
nporecy  (YHKIIOHYBaHHS  CKIQJHMX CHCTE€M, a BIipHIIIe, Tpolecy SKiCHOTO
(GyHKIIOHYBaHHS, J€ KPHUTEPi SKOCTI OyAyeTbcs BIAMOBIAHO 10 MOTpeOd crmocobiB abo
3ac00iB BUKOpUCTaHHS cucTeMu. [loOymoBa KpHUTEpilo SIKOCTI € OAHMM 3 HAMCKIIaTHIIINX
HAYKOBUX 3aBllaHb, pO3B’S3aHHA SKOTO TEOPETUYHO 3yMOBIIOE peallbHI MOXKIUBOCTI
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JOCATHEHHS TOKa3HWKa WOTO IMEBHOTO piBHA. TOMy Bil aHANITUYHOTO HOTrO BUTISAY (4U
IHIIOT CTPYKTYPH MAaTeMaTHYHOI MOJEIII) 3aJIeKUTh MOXKJIUBICTh HOTO ONTUMI3allii 4u 1HIIO0T
patioHanizanii, azpke MOKU 10 MOoXe OyTu He po3poOieHuit (a0o B MPUHLMII HE iICHYBAaTH)
MaTeMaTHYHUN amapart, 1o 3abe3nedye peaizallito Ii€i mpoueaypu. 3BIJCH BUIUIMBAE, IO
BUPIIIAIBHO BaXJIMBO OyJyBaTW KpHUTEpiid, BPaxOBYIOUM Ta 3BaKAalOYM HA HOro peaybHy
dbopmy i 3micT, 60 TIepIIe AOMyCcKae MaTeMaTHYHY MOJIMBICTh BUPIIICHHS 3a/1adi, a Ipyre —
JNOCATHEHHS camMe THX Iied (4 ONM3bKHX 10 HUX TepBiCHUX ab0 MOXITHHX), IO
3aJIOBOJIBHSIIOTH JOCIITHHKA-pO3poOHUKa. CamMe UM TOSCHIOETHCS HAA3BUYAWHO MOIIHpPEHA
(dopma KpHUTEpiIo SAKOCTI Y BUIIIAI JiHIHHOT MoJeni, 60 JiHiiiHe mporpaMyBaHHs € HaHOUIbII
po3poOjieHa ¥ BHBYECHA Tally3b MAaTEMAaTHMYHUX MOJIENEH, Xo4ya pIBEHb 3aCTOCOBHOCTI
pO3B’si3aHHS JHIHHUX 3aBAaHb JOCUTh HU3BKHUI B CHITy JyXe HAOIMKEHOTO, B OCHOBHOMY,
MOJICJIPHOTO BiJOOpaKEHHS peaIbHOMY IPOIIECY JIHIMHUMH 3aJICKHOCTSIMH, TOOTO B CHITY
HU3BKOI a€KBATHOCTI MATEMATUYHOI MOJIEII.

OcHOBHA YacTHHA

B Oararpox peajbHHUX BUPINICHUX MPAKTUYHUX 3a/a4ax JIHIHHI MOJENi NMPUHOCHIN i
MIPUHOCATH HaJA3BUYAHY KOPHUCTb, 1 KIIACHYHI TIPHUKJIAAN IIHOTO TBEPHKEHHS IIMPOKO BiTOMI
B TEOPETHYHIM Ta 3acTocoBaHiil JiTepaTypi [1-4]. B 3B’sI3Ky 3 MM BUHHMKAIOTh NMUTAHHS:
JHIAHICTP - 11€ € PopMa uu 11e € 3micT mMoaeni? Jle 3HaXoauThes rpaHulll MK (GopMoro Ta
3mictoM B mozeni? Yu icHye Taka rpanuns? lle Haa3Bu4aiHO LiKaBi acleKkTH MpodiaemMu
MaTEMaTHYHOTO MOJIEIIOBAHHS, 1 BIAIIOBIAL HA HHMX MOJKHA 3HAWTH, MOYMHAIOYM 3 KIHIIA,
TOOTO 3 wHiIbOBOI (YHKIII, 1m0 (HOpMYITIOETbCS TOTpedaMM CHOXKHMBaya. Xoda MOXKHA
BUAUTMTH (PyHIaMEHTaabHI 0a30B1 YWHHMKH, SKi, MO-TIEpIIe, HEOOXiIHI IS CKIIaJaHHS
¢dbopmu mMopeni (Kjac MaTeMaTHYHOTO 00’€KTy, HANpPUKIIaA, KJIac HemepepBHUX (YHKLINA Ta
1H.) 1 TaK caMO HEOOXIiJH1 IJisi CKIIaJaHHs 3MICTY MoJell (MPOTHO3 HAIIMHOCTI Ta KUBYYOCTI
CUCTEM, MPOTHO3 PHU3MKY). M TUM KpalHiMH (QyHIAMEHTaTbHUMH YWHHUKAMHU MOJEIH
MOK€ MICTHTH TIOKa3HUKH, IO EBOJIOLIOHYIOTh BiJ (OpMH 10 3MICTy 1 HaBIakd, B
3aNIe)KHOCTI BiJl KiHIIEBO c(hopmMoOBaHOT IIbOBOI (DYHKIII 3aBHAHHS Ta HAKJIAJEHUX Ha Hei
obmexxeHb. [ mpuKkiagxy MOXKHA HaBECTH €IIEMEHT MOJIENI — eKCIIOHEHIialbHa (YHKIIiS.
[inkoMm sicHO, 1110 BOHA € 00’ €KTOM (hOpMHU MPU BU3HAUEHH] MEBHUX YMCIOBUX PO3B’S3KIB 3 11
3aCTOCYBAaHHSIM, aJie HE MEHII 3pO3yMiJIO, IO BOHA € 3MICTOM MOJENI MPH JOCHTIHKCHHI U
OLIIHIOBaHHI 11 aIeKBATHOCTI.

3 1BOro BHUINIMBAC, IO MaTeMaTHYHA MOJIEIb € HaA3BHYANHO IVIMOOKHM 1 00’€MHHUM
cxoBumleM iH(opmalii, MO BU3HAYAETHCA NEBHUMH IMOKAa3HMKAMH, TpaHi ICTHHH SKHX
MOBEPTAIOTHCA 0 HAC 9d (POPMOIO MOEIi, 4u ii 3micToM. | Taka miaJeKTUYHA CYTHICTh
(mianmexTuka Mmojsirae B TOMY, 110 OJWH YHHHHK € B JAPYromy, Ul APYTOro i depes ApYyTuit
YUHHWK 1 HaBIaKW) 11 HAJI3BUYAMHO IiKaBa, ajie 3’ CyBaHHSI CYTHOCTI 3B’s3Ky BiJKiIaaeMo, 60
IIe € 3MICTOM 1HIIOTO JOCTiKeHHs. B maniit poOoTi Hac 1ikaBIATh 6a30B1 PyHIAMEHTANTbHI
YUHHUKYU 3MICTY MaTeMaTUYHOI MOJIeNl, Ky IparHeMo No0ylyBaTH, a caMme, IPOTHO3yBaHHS
HagifiHOCTI Tporecy (yHKIIOHYBaHHS CKJIQHUX CHUCTEM Ta PHU3UK 1X BIIMOBH B
HalromoBHImOMYy 0a30BOMY BWIJIAII IMX TOKa3HUKIB. Lle € HWMOBipHICTH 0O€3BiIMOBHOTO
npouecy (yHKIIOHYBaHHS CHCTeMH (HAIIHHICTh Ta >KMBYYICTh) B MEBHUX MPOCTOPOBUX 1
TEXHOJIOTTYHUX YMOBAaX MPOTATOM MEBHOTO MPOMIXKKY Yacy Ta 3a X K€ YMOB — IMOBIPHICTh
BiIMOBH (pu3uK) cucteM. [1o3HauMMO 111 iIMOBIpHOCTI BIATIOBITHO Y€pe3 p Ta X, TOJ1, 3TITHO 3
BHU3HAYCHHSIM:

p+x=1, (1)
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00 HIYOTO HE MOXE BIIOYBaTHCS 1HAKIIE, HIXK Te, 0 SAKOCh BiIOyBaeThes — e Ginocodcbke
TJIYMa4eHHsI, a IMOBIPHA CYTHICTb — aJbTEPHATHBHICTh TMOMAIN, KOXKHA 3 SKUX MPOTHIICKHA
1HIIIN 1 B CyMi CKJIQIal0Th YBECh MPOCTIp MOJIH.

OnoHEeHTH MOXXYTh 3alepeuyBaTH TaKOMy MOIJIALYy, 00 Ha iX MOIVIAJ € MPUMITUBI3M B
TPaKTyBaHHI PH3MKY. AJKe BBEJCHA BEIMYMHA X HACTUIBKH € MPOCTa, XO04a MATEeMaTHYHO
mpo3opa 1 3MICTOBHO €MHA, HACTIJILKH M 3MICTOBHO OiJlHA, [0 HE BIAPI3HAE HMOBIPHICTH X-
PU3HKY HE 3yCTPITUCH 3 IPHUATEIIEM» BiJl i€l )X TaKu HMOBIPHOCTI X (T€ ) came YHCIIOBE
3HaueHHs ). HaBiTh Oisbiie, B X HE BUIHO Hi PO3CiIOBaHHS 3HAYEHb BUMAJAKOBOI BEIMUYWHH, Hi
MaTeMaTHUYHOTo OuiKyBaHHs ii uu (yHKIil Bix Hel, HI moraHux, abo i KartacTpogiuHUX
HACJIAKIB i1 HU3BKOTO PIBHS, HI TPAaH)XHUPHOTO BUPAKEHHS KOIITIB HAa 3a0€3MEYCHHS IHOTO
PiBHS X-pU3HKY BTpATH 3yCTpidi 3 MoAi€r0. X0o4eMo 3aClOKOITH OMOHEHTIB, Bu MaeTe partiio,
Bu npaBi. Oco065mBO, SKIIO 3BAKUTH HA TEPMIH «PU3UK B aOCOJIIOTHOMY BHpasi» [2,4], mo
Maiike MOBHICTIO 3MICTOBHO cmiBnazgae 3 (1), abo «cucTeMHI OKa3HUKH PU3UKY» [2,4], 110
NEPETYKYIOTHCS 3 CUCTEMOIO MMOKA3HUKIB PU3UKY, 3 IX MOXJIMBUMH MEXaMU 3HAU€Hb. AJie HE
MEHILIE BiJl OMOHEHTIB 1 MH MpEeTEeHAyeEMO Ha icTuHy. Piu B TOMy, IO BHU3HA4YEHHS W
TBEPJUKEHHSI OMOHEHTIB JIe)KaTh B OJIHIM MIBIUIONIMHI, HAIll — B 1HIIHN. | BOHM MOKM 10 HE
nepeTrHaThes. Ha Hanry KopucTh MOXHA BiIHECTH Te, 110 B IPOIIOHOBAHOMY TJIyMAay€HHI X
€ 0a3oBUM i1 MOJETi, a TOMY IUIJHMM JUIs TNOOYJOBH IHIIMX ITOKa3HUKIB, IO
KOHCTPYKTUBHO MOXYTh 1 MaiOTh OYTH NEBHUMH (YHKIISIMH BiJl PU3UKY X 4Yd HOTO
BUOIPKOBHX 3HAYCHb OIlIHKH, a00 OyTu QyHKIIOHAJAMH PI3HOTO CIOXKHMBYOTO THITy Ha
TPAEKTOPISAX CTATUCTUYHOTO MPOLECY HATIHHOCTI (KMBYYOCTi) 1 PU3HUKY (PYHKIIOHYBaHHS
CKJIaJTHOT cucTeMHU. AJie B OCHOBI JICKHUTh TOM camuii x. [limkpecaumo, 110 B 3amponoHOBaHIH
CXeMi pU3UK — KaTeropis sKiCHa, KaTeropiss SKICHOro CTaHy 00’€KTa, TOMY BHUMIpSATH HOTro
MO>KJIMBO JIMIIIE BBIBIIM BUMIp (Mipy) sikocTi. lle >k MokHA 3poOWTH, SKIIO TOOYIyBaTH
NOKAa3HUKH SIKOCTI (PU3MKY), MPUYOMY HE TMPOCTO TMOKA3HHMKH, a, HAroJIOIIyeMO, BUMIipHI
NOKa3HUKH. BBaxaeMo, 10 KPOK HA [BOMY IUIAXY 3pOOJICHO: 1€ MOKa3HUK B a0COIIOTHOMY
BuruAi [4], ado x B hopmymi (1).

SAxmo (1) € Mmomemto, TO, MO YiTKO OKPECITIOETHCS 00pa3oM, a 1o mpoodpa3om, i sKi
B3a€MO3aJIC)KHI MOXKYTh TPAKTYBaTHCh IIUM CIIBBIAHOIICHHS, Mae€ IEBHHUN iHTEpec M0
TPaKTyBaHb BiIHOCHO TPHYUHHO-HACTIIIKOBOTO 3B’S3KYy, IO TIOB’SI3YE€THCS 3 PHU3UKOM,
TOYHIIIE 3 PIBHEM HOro MoKa3HHKa X. AJie IIe He € B 1iif poOOTI HAYKOBOIO TEOPi€r0, TOOTO
TEOpi€l0, MO0 HAMU JOCHiKyeThes. Lle € mock iHme. BoHO 3HaXOMWUTHCSA B MPUKIAIHIN,
TOOTO 3aCTOCOBHIH Taly3i, a TaM € CBO1 I[IHHOCTI, CBOT ()OpMU i 3MICT 1 MPUHANMHI JTUIIIE 715
HUX KpUTEpii. MM CTBOPIOEMO TEOPETHYHHI IHCTPYMEHT, BIOCKOHAIIOEMO, TMOJIIIIY€EMO
HOro 3acTOCOBHI BJIACTUBOCTI. Alleé came 3acTOCyBaHHS — MPEAMET OKPEeMOi JOCTiAHOI
poboTu. OcobauBO BaXXJIMBUM € T€, IO NMPU IbOMY MOKA3HUK PU3HUKY X — 1H(GOpMaLIHHO
HEBUYEPITHUH, 1 KOXKEH 3 HhOI'O0 MOKE€ MOYEPIHYTH CTUIbKH, CKUTBKA MoXe. [l THX, XTO He
X04Y€ HaNpy»XKyBaTH MHUCIICHHS, HABEJEMO MPHUKJIAJ, IO 3aUila€ JIMIIEC 3aCTOCOBAHY CKIIAJI0BY
fioro iH(oOpMaIiitHOT MiCTKOCTI.

1.  Pwusuk (¥iMoBipHicTh) He 3ycTpiTi npustens x=0,01. Lle npakTu4HO € HOCTEMEHHA
noJig 3yctpiui, Gaktuuno pusuky He mae. Yucno 0,01 € Haa3BUYalHO MaiauM, UM MOXHA
3HEXTYBATH.

2.  Pusuk (iIMOBipHICTB) BiKa3a CKJIaJHOI CUCTEMH (HAMpHUKJIa, MOJIOMKa JIiTaka B
nonsoTi) x = 0,01. Aypke 11e siBHa 3arpo3a katactpodu. Yucrno 0,01 € gyxe BEIUKHM.

OpHe i Te came uyucio (SIK piBEHb MOKAa3HMKA PU3MKY) B 3AJIEKHOCTI BiJ MOTJIALY
CHOXHBada MOXKE OyTH HaJ3BHYAHO MalluM, SIKHM MOJYKHAa 3HEXTYBaTH, 1 KartacTpodiuHO
BeIMKUM. Maemo Hafilo, 10 HaBEJCHI apryMEHTH B JAESKiA Mipi MOXYTbh 3aI0BOJBHUTH
OTIOHEHTIB.

Jani mpoaoBXMMO AOCHIKYBaTH BEIUYMHHA p 1 X 3 METOI0 BUKOPHCTaHHA iX B
MaTeMaTH4IHii# Mojeni (QyHKIIT BapTOCTI PU3HUKY, CYTHICTh sIKOi Oyne BUCBITIIEHO nami. Tyt
MU BBQ)XA€EMO JOPEYHHM CTBEPIKYBATH, 110 Kareropii HaJiMHOCTI (>KMBYYOCTI1) 1 PU3HKY €
BivHUMU. TOOTO, CKUTBKY iCHY€E IMBLTI3AIIis, JTFOMHA 3aBXK/IH OIIHIOBAJIA PU3HK 1 HAIIHHICTh
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iCHyBaHHS, HACTYIIHOTO CBOTO Kpoky. Hexail iHTyiTMBHO, HaiBHO, aje ouiHIoBana. Jlume 3i
3pOCTaHHIM KyJbTYpH MHCJIECHHS BOHA BIIOKpPEMUIIA IIi OHATTS i TEHep CTajla HEpPO3JIydHa 3
HUMH Bce XUTTS. ToMy Hayka Pusnky, Hayka HaniitHOCTi (KMBYYOCT1) € BIYHOIO, CKIJIBKH 1 SIK
HE pO3BHBAaTHMEThCA CYyCHUIBCTBO. Ll Hayka 30arauyBaTHMETbCS  HOBUMH MOJICIISIMH,
3aCTOCOBHMMH IPOIIEypaMH, 1100 337J0BOJILHUTH HEMEPEPBHO 3pOCTa0Yi MOTPEOU JIIOIUHH B
CYCHUIBCTBI 1i 3 IHIIUMU METOAAMH Ta 3ac00aMM MPOAYKTIB PO3BUTKY IUBLIi3aMii. | 3aBxam
i MoJieni OyTyTh MICTUTH MOKa3HUKH p 1 X, a00 iX moxifaHi moaudikamii, 10 rapaHTyBaTHMe
3pocTaHHs X agekBaTHOCTI. TOMy 3pO3yMIJTUM BBaXKAE€THCS, IO BHCOKA SKICTh 00’ €KTYy Mae
0a3yBaTHCh Ha BUCOKOMY PiBHI HOr0 >KMBY4YOCTI (Ha{IHHOCTI), HA TOMYCTUMO HU3bKOMY PiBHI
PH3HKY.

Jani cipsiMyeMo MipKyBaHHS Ha 3’sCyBaHHS BapTocTi pu3uky. 1106 3MeHIMTH pHU3HK,
MOTPiOHI TIEBHI 3aTpaTH, TOMY JIOT1YHHM € TIOHSTTS «BAPTOCTI PU3HUKY», a TOUHIIIE «BaAPTICTh
PIBHS X PU3HUKY», IO BU3HAYAETHCS BUTPATAMH Ha HOTO TOCSATHEHHS.

SIKIo AMBUTHCA HAa Pedi 31 CHOTONEHHSA, TO B CYYaCHHX YMOBAaX YCKJIAJHIOBAJIHCH

Ile HaOyBae 0COOJMBOI Baru y BHITAJIKy, KOJH PO3pOOKA TMIJCUCTEM CKJIQJHOI CHUCTEMHU
MPOBOJUTHCS PI3HUMHU 1HCTUTYTaMM, a BHPOOHUITBO ii 3IMCHIOETHCS TEX Ha pPI3HUX
MIAPUEMCTBAX. SIKIIO 3a IUX YMOB HE HaBeJEHI MEBHI KpUTEpli PU3MKY Ta HE HaKJIaACHI
NeBHI OOMEXEHHS Ha XapaKTEPUCTUKUA PU3UKY OKPEMHX YaCTUH CHCTEMH Ta MiJICUCTEM, TO
MoXxe OyTH copMoBaHE TEBHE CY/DKEHHS IIOJ0 MOMJIMBOCTI CHCTEM, TOOTO ii TaKTHUKO-
TEXHIYHI XapaKTePUCTHKH, 1 3arajJoM MOXIIMBOCTI 3aCTOCYBAaHHS i CIOXKUBYI YHMHHUKU
gkocTi. ToMy BHHHKA€ 3a7jaua BCTAHOBJICHHS BHUMOT JIO CKJIAQJHUX IO PU3HKY JJISI OKPEMHX
€JIEMEHTIB Ta BY3JIiB CHCTEMH, 110 0a3y€eThcs Ha BUMOTax JI0 pU3UKY MO BCii cucremi. SIKio
pO3MOJII BUMOT peajli3yBaTH JJOBUTRHO, TO ISl 3ajada Mae, B3arajli Kaxydd, Oe3iid
po3B’si3kiB. Sk 3 1i€l HeoOMeXeHOi MHOKMHHM BH3HAUUTH palliOHaJbHE pIillIeHHsS, TOOTO B
NESTKOMY CEHCI ONTUMAaJIbHE, — MHUTaHHS, M0 € CYTHICTIO MocTaBiieHoi TyT 3amadi. OmuH 3
MO>KJTUBUX CIIOCOOIB BiJIMOBI/l HA JaHE MUTAHHS 1 PO3TIIAIAETHCS JATi.

Po3paxyHOK ONTHMaNbHUX XapakTEPUCTUK CKJIAJ0BOI PU3UKY KOXKHOTO €JIEeMEHTa
CUCTeMH, KM OW BUIUIMBAB 3 BUMOT 1O CHUCTEMH B IJIOMY, € Ba)KIUBOIO MPOOIEMOIO
MOYATKOBOTO CTaHy PO3POOKM Ta KOHCTPYIOBAHHS CKJIAJHOI cucTeMu. He 30BCiM KOpEKTHO
BXKUTH TEPMIH «EJIEMEHT» B poOOTi. BiH BXKHBa€eThCs JTUIIE B CMUCII BIIHOCHOI MPOCTOTH Y
MOPIBHSHHI 31 BCi€l0 CKiIagHOIO cucteMoro. CaM 1o co0i eIeMEeHT MOXke OyTH TaKOX
CKJIQJIHOIO CHCTEMOIO, 1, MOKJIMBO, JOI[IbHIINIE TOBOPUTH MPO CKIAJAHY CHUCTEMY, CTBOPEHY
CBOIMH HIICUCTEMAMH.

[lepexonsuu BiA 3aralbHUX MIpPKyBaHb J0 KOHKPETHHUX, OadyMMo, IO 3ajava
BU3HAYCHHS JIOMYCTHMOTO DPIiBHS PH3UKYy B poOOTI TOTO YW IHIIOTO €JIEMEHTa Ha OCHOBI
BCTAaHOBIIEHUX BHUMOT JI0 PU3UKY CUCTEMH OYEBUIHO PO3B’A3Y€ThCS HEOJHO3HAUHO. KinbKicTh
BCIX MOXJIMBUX pIIIEHb, B3arajl KaXydH, CKJIaJae TEOpeTU4YHO (n-1)-mapameTpuyHy
MHOKHHY, JI€ 71 — YUCJIO, 110 TOPIBHIOE KIIBKOCTI €JIEMEHTIB CHUCTEMHU.

O4eBUIHICTH IHOTO TBEP/XKEHHS PO3TISIHEMO Ha mpuKiai. [IpumycTiumo, 1mo cucrema,
sIKa CKJIAIa€ThCS 3 JIECATH €JIEeMEHTIB, MOBUHHA MaTu pu3uk 5%, ToOTO 3 iMoBipHicTIO 0,05
BUUTH 3 JIaJy, HE TPOIPAIIOBABINN TIEBHUN MPOMDKOK Yacy. AJle XapaKTepUCTHKA PU3UKY
CUCTEMH BU3HAYAETHCA MapaMeTpaMu PU3UKY €JIEMEHTIB. SIKIo uepe3 x MO3HAYUTH (PYHKIIIO
PHU3UKY CUCTEMH, TO B PO3TILIHYTOMY MTPHUKIIAII

xX(X;,%,,..., %) = 0.05, (2)

JI€ Xi — XapaKTEepUCTUKA PU3UKY i-ro enemenTa (i =1, 2, ..., 10).

Takum umHOM, PiBHAHHA (2) € 3araJbHUM MaTE€MAaTHYHUM 3allCOM THX BHUMOTI Ta
oOMEXeHb, SKI HAKIaJaloThbCs Ha €JIEMEHTH CHUCTEMH, a TOYHINIE Ha IX XapaKTePHUCTUKU
pU3HKY. AJie OCKUTBKY PiBHAHHS (2) Ma€e AeCsATh 3MIHHUX X1, X2,... X10, TO 3HAYCHHS JCB’SITH 3
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HUX MO>XHa BHOpaTH JOBUIBHO, 1 JIMIIE PU3HMK OJHOTO €JIEeMEHTa JIOBEIETHCS pO3paxyBaTH,
BUXOJASYU 3 PU3MKY CHCTEMHM Ta PU3MKY BHOpaHUX JAeB ATH esneMeHTiB. Kopuctyroduchk
piBHSHHAM (2), 116 MOKHA 3aIHCATH TaK:

X; = x’l(xl,xl,...,xl.,...,xjfl,xjﬂ,...xm),j =1,2,..,10;i=12,...; -1, j+1,...,10, 3)

ne x' — obepHena QyHkuis g0 QyHkuii (2), Xi — XapaKTEpPUCTHKA i-r0 €IeMEHTa 3 Ti€i
JEB’SITKU, JJI1 KOXKHOTO eJIeMEHTa $KOi JOBUIbHO BUOMpANHMCS BUMOTH IO PUBHKY, Xj —
PO3paxyHKOBHI PU3HK j-TO eleMeHTa. JJOBUIbHICTh BUOOPY 3HAYCHHS PU3HKY E€JIEMEHTIB TYT
po3yMieTbcs HE B (OpMaTbHO MaTeMaTHYHOMY, a B (ismuHomy ceHci. lle o3Hadae, 1o
3HAYCHHS X; BHUOHMPAETbCA 3 MOXIMBUX JIOMyCTUMUX 3HauYeHb i-ro enemeHnra. Otxe,
3HaWAeHW 31 criBBigHOMEHHS (3) Xj , € KOpeHeM DPIiBHAHHS (2), B SIKOMY BCl X; TIpH [ # j
¢ikcoBaHi i ¢irypyloTh B piBHAHHI sK mapameTpu. OCKIJIBKM KUIBKICTh LUX IapameTpiB
JIOPIBHIOE JIeB’ATH, TO KUIBKICTh 3HA4Y€Hb X; SBISE€ COOOK HECKIHYCHHY [IeB’ATH-
napaMeTpU4Hy MHOKUHY.

3 mpuKiIaqy BUIUIMBAE, IO 3ajjaya BU3HAUEHHS BUMOT JI0 PU3UKY KOXHOTO eJleMEeHTa
CHCTEMH, K1 IPYHTYIOTHCSI HA BUMOTaxX J0 PU3UKY BCi€l CUCTEMH, Ma€ HECKIHUCHHY MHOXKUHY
pimenb. KokHe 3 Takux pilieHb Ma€ CBOi 1HIWBIIyaTbHI OCOOJMBOCTI Ta B TIEBHOMY CEHCI
CBOT HEJIOJIIKM Ta HEJIOCKOHAJIOCTI i CBOI MO3UTHBHI KOCTI. TomMy i mocrae mpobiema: sk 3
0E3MEKHOI KUTBKOCTI PIllIEHh BU3HAYWTH ONTHUMAaJbHE 3a MOBHUM KpHUTEpieEM, 4yd Xoya O
pamionanibHe? Ha mpaktuii B OUIBIIOCTI BUMAJAKIB LIO MPOOJIEMYy MOKHM IO PO3B’S3YIOTh
HACTyITHUM YHMHOM. 3HAXOAATh JEKIJIbKa PIICHh JaHOI MPOOJIEMH, a MOTIM iX €BPUCTHYHO
OLIIHIOIOTh. B 3aneHoCTi BiAg OOCBiLy pO3pOOHMKa 3HaWJeHi pileHHs OyayTh Pi3HUMH,
KO’KEH 3 HUX MaTHUMe CBOi O3UTHBHI Ta HETaTHBHI CTOPOHU. Y MOJAIbIIOMY 3 MOOYA0BaHUX
pilieHs BUOMPAIOTh HalKpalle 32 EBPUCTUYHUMH MIpKyBaHHSMU Ta YSIBICHHAMU PO3POOHHUKA
CUCTEMH 1 3TIIHO /IO HBOTO MPOCKTYIOTh CHUCTEMY. AJie HaWKpalmie pIilIeHHsS 3 JaHoi
CYKYITHOCTI €MITIpHYHO MOOYJOBAaHUX pIlICHb 1€ HE € HAHKpalmuM 3 MOXJIMBHX, TOOTO
onTUMaiabHUM. PazomM 3 TUM mig Yac po3B’sA3aHHS MNPAKTUYHUX 3a4a4 PO3POOHMKH 3a
BIZICYTHOCTI MareMaTHYHO-aHAJITUYHHUX JaHUX JOCUTHh YAaCTO MAlOTh 3aJI0BOJIBHATHUCS JIUIIIE
[IUM HaOJIMKEHHSIM, TaJIEKUM BiJ] ONITUMAJIBHOTO PIIIICHHS.

byBae, mo 3apaau TOoro, mo0 X04 SKOCH 3HAWTH pIlICHHS 3a7adi, BCi 3B’S3KH Ta
(GyHKIIIOHATBHI 3aJI€KHOCTI, sIKI MAlOTh MICIle B JaHI{d mpoOJsiemi, JTiHeapu3yoTh, a TIOTIM 3
TaKUM JOCUTh BUIBHUM MPUIYLICHHSM PO3B’SI3yIOTh 33/a4y JIIHIHHOTO MporpaMyBaHHs. AJie
11 HE € BUXOJIOM 13 MpOOJIeMH, OCKUIBKH JIHINHHI MOJAENI HE MOXYTh YITKO Ta aJeKBaTHO
OIMHCaTH HUMOBIPHICTh TIPOIECY PU3UKY.

B cyuacHux ymoBax, KOJM 3'SBISIOTHCA BCE CKIAHINII CHCTEMH, MpodiIeMa
ONITUMAJIFHOTO PO3MOILTY BUMOT J0 €JIE€MEHTIB CHCTEMH CTa€ Ha/I3BHYAHO aKTyaJlbHOIO. 32
ONTUMAJIBHUM DIIICHHSAM I1i€i 3aJadi JTOBOAMTHCS BpaxoByBaTH Oarato ¢akTopiB, M0
BIUIMBAIOTh 1 HA PU3UK y CHUCTEMI, 1 Ha caMy CTPYKTypy pimieHHs. Tak, piBeHb PU3HKY Y
CHUCTEMI 3aJICKHTh TIEBHOIO MIpOI0 Bif 0O0CATY MPOBEICHHX IIiJI 4YaC KOHCTPYIOBAaHHS
JTOCTITHUIIBKUX POOIT, pO3MIpiB CUCTEMH, MACH CHCTEMH TOIIO.

Ha piBeHb PH3MKY CHCTEMH TaKOX BIUIMBAIOTh IHTEPBAJIM IOMYCKIB TMapameTpiB ii
€JIEMEHTIB, KOHTPOJIb SIKOCTI JIeTaJIeH MiJ] Yac BUTOTOBJICHHS, THUIIM i METOAM BUIPOOYBaHHS
Ta O6araro iHmMUX ¢akTtopiB. Bee e Mae mpsiMuii 3B's130K 3 BUTpaTaMu KomTiB. [Ipu Oinbimmx
BUTpaTax KOUITIB Ha JAEAKHHA €NeMEHT JUIs Horo po3poOku Moke OyTu 3aiyueHa Oinblia
KUTBKICTh JIFOJIEH, Kpamni ¢axiBIli, JOCKOHaime oOJaJHaHHS, BHKOPUCTAHHS CHPOBUHU
BUIIOI SKOCT1, JOCATHYTUH Kpalluil KOHTPOJIb SKOCTI MPOIYKIii, Ta MOXYTh OyTH IpOBEICH]
OUTBII AKICHI BUITPOOYBaHHS CHCTEMH, B TOMY YWCII Ha PU3HUK. TaKUM YWHOM, YUM OiJbIIe
KOIITiB OYyJI0 BKJIAJIEHO B PO3pOOKY Ta BUPOOHUIITBO, TUM BHIIY SKICTh BUKIIOYAIOUH PU3HK,
MaTHMe pOo3poOIIIOBaHa CUCTEMA.

TakuM yuHOM, 3a aHAJIOTI€IO 3 [5], MOXKHA CTBEPKYBATH, II0 ICHYE )KOPCTKHI1 3B'SI30K,
JNETEPMIHOBAaHUI YW CTOXACTUYHHUI, MI)K KIJIBKICTIO BUTpAaT Ha SIKICTb CHUCTEMH 1 pIBHEM

199



B.O. Xopouiko, FO.€. Xoxmnauosa

pu3uky x. ToOTO Mae cCeHC TOBOPUTH MpPO BApTICTh PIBHA PHU3HKY X, a00 Hpo (yHKIIIO
BapTOCTI pU3UKY, SIKY TTO3HAYUMO Yepe3 B(x), To0To:

B = B(x). 4)

HeoOxigHo nocmigutu BracTUBOCTI (4), sAKI AUKTYIOTbCA K (I3MYHUM 3MICTOM
TpPaKTyBaHHS 3MIHHHUX 1 KOHCTaHT, TaK 1 MATEMaTUYHOIO CTPYKTYPOIO.

Pusuk — wme mnpopuB Kpi3b HEBHM3HAYEHICTh Yy HEBIIOMICTh 3 HEJOCTaTHBO
npoiHpopMoBaHUM (TIOIH(GOPMOBaHMM) MaHOyTHIM, JIe¢ MOXXJIHMBO IIJICTEpIraloTh Hac
HEraTWBHI Hacmigku. Tam, Je 3pocTae 1HPOPMOBAHICTb, 3MEHIIYETHCS HEBU3HAUYEHICTH 1
3HHKA€ PU3HK. SKI0 yepe3 A TMO3HAYMMO BHUMAJKOBY IOJIIO, sIKa BimoOpakae (MOICITIOE)
HEBU3HAUYEHICTh HEOaXXaHOTO HACHIAKY 1i BUIOPOOYBaHHsS, TO MOXIWBI HACHIJKH HOTO
BHU3HAYaTUMYTh HACIIJKH [[LOTO PU3HKY — BUNIpoOyBaHHs. Toxi BumpoOyBaHHs - pusnk? He
30BCIM TaK, 1€ MIOCh MUpIIe iHHOPMATUBHO.

Busnauenns. PU3MKOM Ha3MBa€TbCs CTaH IepeABUNPOOyBaHHS abo BUNPOOYBaHHS
BUIA/IKOBOI MMOJIii, HEBU3HAYEHICTh HACTaHHS HACIIAKY SKOTO YCBIIOMJICHO 3 HEOE3MEeKOlo,
ayie 3 Hafdi€lo Ha il OMUHYYiCTh. PH3MK — 1ie Te, IO mepeaye BiAMOBiAI Ha mpobiemy, sKa
MOCTaBIIeHa 0CO00I0, IO MPUIIMaE pillIeHHs; PU3UK-(aKTOp — 1€ PpakTop (BUMANOK, CKIaAHUN
€JIEMEHT A ), 110 CHpHUs€ HETAaTUBHOMY HACIIJIKy BUIIPOOYBaHHS.

Busnauenns. Mmoipricte (P) Toro, mo npu BUNpoOyBaHHI momii A HacTaue
HeOaXaHWW pe3yNbTaT, HA3WBAETBhCA IHACKCOM pusuky: P = P(A). Jlana iMOBIpHICT €

0a30BOI0 XApPaKTEPUCTUKOIO pHU3UKYy. Bceskuit pusuk ¢opmye Tak 3BaHy 30HY, B SKiH
HaTpYy>KEHICTh PU3UKOBOTO CEPENOBHINA BHU3HAYAETHCS Yy BIACOTKaxX 3a (HOpPMYIIOI0
H=P*100%.

Pusux i 6e3nexa. Hexaii B cCTaXOCTUYHOMY (PU3MKOBOMY) CEPEIOBHILI PO3TIISIAETHCS
nesKui 00'ekT, KM MM mo3HauuMo noxicro A°. Bsaram kaxydm, MOXHAa TOBOPUTH IIPO
iHpopmaliiHuil  00'€eKT, SKHI ONMUCYEThCS 33J0BLIBHO BHU3HAYEHUM CTaHOM HOTO
nepeOyBaHHs. bynemo posrisgaté mofiro A, sSK Taky, 0 Mojaentoe (BimoOpaxkae oOpas,
peanbHUil 00'eKT — opuriHan abo mpooOpa3) BH3HAUEHHUH CTaH Horo mepeOyBaHHS. A 1€
3HAYMTh, IO 3 TMOTJISIAY CTOXaCTUKU MOKJIMBHM 1HIIWHA CTaH HOTO, IKM HE € BU3HAYCHUM B
nonepeaHboMy ceHci. Ockinbku B jganuii Moment ¢, uacy A’ 3Haxomutbest (a ne i €

BUNPOOYBaHHS) y BU3HAUEHOMY CTaHI, TO B Pe3y/bTaTi BUIPOOYBaHHS B MOMEHT , Jie f, > 1,

noxist A MOXKe MEepelTH B IHINMUK CTaH, 10 HE € BU3HAUCHUM, a TAaKOXK MOXKE 30epertu I1ei
cTaH. Pu3uk 3MiHM cTaHy (Takoro mepexoay) MO3HAYuMO uepe3 o (IHOEKC PHU3UKY), a
IMOBIpHICTb (HaIHHICTB) 30epexeHHs Horo — uepe3 . Hexailt B manuii MOMEHT 4acy ¢ 00'€KT
A 3HaXONUTHCS B 33J0BUTILHOMY CTaHi. Hac mikaBUTh 34aTHICTh HOTO 3HAXO/KEHHS B IIbOMY
CTaHl wle ¢, —f, 4acy, TOOTO /10 MOMEHYy ¢1,. ﬁMOBipHiCTL miei monii € CyTTEBOIO
XapaKTEePUCTUKOIO Oe3meku 1 BuU3HAvae i1 mopir. HamiiiHicTh, 3 sAKOIO 30epiraeThes
BU3HAYCHUH CTaH Mojii 4, Ha3UBAE€ThCs MOPOroM Oe3neku 00'ekTy A. 3BiacH Oe3neka 00'ekTy
A’ wmae Bu3HauaTuch (BEMIpIOBATHCH) CBOIM moporom f. SIk mpaBmio, sl IPaKTHKH Mae
CeHC po3MJIsi OO'€KTIB 3 BIIHOCHO HEBHCOKMM I1HJEKCOM pHU3MKY BTpaTH (3MiHH) CTaHy
o0'exta, mpumipom « =0,01. 3Biacu mopir Oesneku mae 6yt £ =1-0,01=0,99, 1 Toxmi
Oynemo rosoputH (aedininis), mo o6'exr 4’ yOesneuenuit 3 moporom Ge3neKu NOPSAKA B
neB’atku (0,99). Takuit miaxia gae MOXJIMBICT BapitoBaHHS (HOPMaTi30BAHOTO BHU3HAYEHHS
MOHATTS O€3IeKH 3 PI3HUM PiBHEM iHPOPMATUBHOTO HATIOBHEHHS.

Busnauenns 1. Besnexoro nopory S 06'ekta A” HazsMBaeThCs BU3HAYEHMI CTaH MOJEINI
ioro mepeOyBaHHS — BUIPOOYBaHHS MMOAll 4 3 MOMXJIMBHUMH HACTiIKAMH BTpaTH OaHOI
BU3HAYCHOCTI 3 IHAEKCOM PU3UKY o a0o 11 30epexeHHs HaailHicTIo f =1—0o .

Busnauenns 2. Besnekoro 00'ekra A’ piBHs (mopory)  BU3HAYa€ThCS CTAXOCTHYHHI
CTaH ¥oro nepeOyBaHHs (BHIPOOYBaHHS MO A) 3 MOKIMBUM HACITIIKOM HOTO 30€peIKEeHHS,
ab0 mopy1ieHHs 3 HMOBIpHICTIO (PU3UKOM) o abo Ti 30epexeHHs 3 HalilHIcTI0O S =1—«a.
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Busnauenns 3. PiBeHb Oe3neku 5, 10 BUSHAYAETHCS MPOTUIICIKHUM piBHEM (1HAEKCOM)
pu3uKy f =1— a — Ha3uBa€ETHCS MOPOTOM OE3IEKH.

Busnauenns 4. be3nekoro 00'ekta 4 Ha3UBAETHCS HOTO 37aTHICTH 30epiraTé MOTOYHUIN
CTaH MPOTITOM IMEBHOTO MPOMIKKY 4acy B IMIEBHUX YaCOBUX, MPOCTOPOBHX 1 TEXHOJIOTTUHHX
yMOBax. 3a IIMM BH3HAYCHHSM MAaeMo, 10 Oe3meka — Il CTaH BUMAAKOBOI MOJIi, TOYHIIIe
MPOIIeC BUMPOOYBaHHS.

Busnauenns 5. Iloporom 6e3nexu 00'ekTy 4 Ha3UBA€THCS UMOBIpHICTH L€l momii. s
JesKOro Kiacy cucteM (00'€KTiB) Ha TpaKTUIl MOXE OyTH BCTAHOBJICHE IUPEKTHBHE
3HauUeHHs mopory Oe3meku [ = f*, micus sikoro cucrema (00'ekt) 3 f > [ * BU3HAYAETHCA

(BBaxkaeThes) yoesneueHorw. Lls BenmmunHa f* BurumBae i3 kiacy BigmosiganbHOCT [TDC-
00'ekTy 1 HE MOKe OYTH BCTAaHOBIIEHA TEOPETUYHO a0COTIOTHUM 3HAUCHHSIM.

Komu roBopsaTh npo Ge3neuny cucteMmy, TO MalOTh Ha yBa3i 30€pe)KeHHS HEIO HassBHOTO
CTaHy B HasBHMX yMOBaxX 1 MPOTATOM MeBHOro uacy. OCKUIBKM caM CTaxOCTHYHHUM CTaH
nepeOyBaHHS 3aJCKHUT BiJ PI3HUX OOCTaBUH, TO PHU3UK BTPATH TAKOTO CTaHy (HAaBMHCHO
3YMOBJICHHI YU Hi) € pU3UKOM MOPYLICHHs Oe3MeKu cucTeMu. IHaeKe (piBeHb) IIbOT0 PU3UKY
1 BU3HAYa€ piBEeHbh HEOE3MEKU CUCTEMH.

Hesusnauenicmo - pusuk - 6e300u:. He3nanus, a ToyHime 0€30/Hs HE3HAHHS BU3HAYa€e
HeBU3Ha4YeHICTh. [lol0NMaHHA HEBHU3HAYEHOCTI — 1€ OBOJOJIHHS OKPEMHUMH YacCTHHAMU
6e301Hi. HeBU3HAUCHICTH € reHepaTOpOM pU3UKY. SIK jke CIpUIMAaeThCs Ha BIUYTTS pU3HK?
BimoMo, mo BumaakoBi mOmii, a IMIe Kpalle, BHITAJKOBI BEIHMYUHH CIPUHAMAIOTHCS
(XapakTepu3yloThCsl) HMOBIPHOCHHM  PO3IMOAITIOM,  XapaKTepUCTUKAaMH-(DyHKIIOHATaMU
(ouikyBaHe 3HAUCHHS, Bapiallis).

JUis aHaNMITUYHOTO CHPUHHSTTS PU3UKY BBOJUMO MOKA3HUKHU (1ICHTU(DIKATOPH PU3HKY)
1 xapaktepuctuku puzuky. [llo mo imeHTHdikamii pu3MKy SK SBHINA Ta TIOHITTS, MOXHa
HABECTU TakKi: IHJEKC pHU3MKY, a TaKOX pPHU3MK-HEBU3HAYEHICTh ab0 TOYHINE pPU3HK-
HEOJHO3HAYHICTh. L[i TOKa3HWUKM PHU3UKY 1MEHTH(DIKYIOTh HOTO (SBJISIOTH COOOI0 KOXKEH
OKpEMO) HOPMOBaHO-IMOBIpHICHO (piBeHb IMOBIPHOCTI) Ta KUIbKICHO-IH)OPMATUBHO
(BenMYMHA €HTPOITi HEeBU3HAYEHOCTI-HEOTHO3HAYHOCT1). PU3uk i1eHTH(DIKY€EThCS uepe3 Horo
MOKAa3HUKH Ta Yepe3 XapaKTePUCTUKH, B OCHOBHOMY, Y€pPEe3 YHCIIOBI, OCKIIBKH MU TOBOPUMO
PO MaTeMAaTHYHUN aHaJI13 PU3HUKY, BIPHIIIE PO HOTO TEOPIIO K TOUHY HAYKY.

lono ¢yHKIil pu3KKy, TO MOXYTb OyTH pi3HI miaxonu i po3yMiHHs. Omnepyoud B
paMKkax (Mexax) Teopii TouHoi (IMOBIpHICHOT) HAyKH, 1AeHTH(IKATOPHU (ITOKa3HUKH) PU3HUKY 1
HOro XapakTepUCTHKH (B OCHOBHOMY, UHCJOBI Ui X MaTEeMaTHYHOTO aHami3y, OCKiIbKU
OakaeMO 3anmuImaTHCS B Mekax 1€l Teopii) ¢yHKHii pHU3MKY MalOTh TIO€IHYBAaTH
(cToXacTUYHO 3B'SI3yBaTH, OCKUIBKHM MOBa NpO AETEPMIHOBAHO HerependadyBaHi SBHILA—
CYTHOCTI) BEJIMYMHHU (XapaKTEPUCTHKHU-TTOKA3HUKH) SIK 1Ba (DaKTOPU OIHOTO ¥ TOTO XK SBHUIIA
(cytHOCTI) pusuKy (pusuk-dakropa). Hexait w € B, ne B — pu3HK-MOis, 1 YUCIOBA (YHKIIS
& =&(w) nobynoBaHa TakMM YUHOM, IO HEPIBHICTE {& < X} e momiero anst Oyab-sKOTO
JTIHACHOTO X; TOJI palioHaNbHO OYIyBaTH PU3UK-IMIOMAII0 caMe TaKUMU MOAISIMHU TUIY {& < X}.
Skimo iHaeKC PU3UKY — UMOBIPHICTH siBHIA {& < X}, TO B AKOCTI (yHKIII pU3UKY PO3yMHO
PO3IISILIATH BEIMYKMHY, TO 3MiHY 3a 3MIiHOIO BEJTMYMHH IIHCHOTO YHCTa X — K apryMeHTa i€l
byHKIii, posrasgaroud  (IHTEPIPETYIOUM) caMe BEIUYMHY X YHCJIOBHUMH ITOKa3HUKAMH
pu3uky. TakuMm ynMHOM 3anexHICTh F(x) = P{& < X} MOXXHa TPaKTyBaTH MOJAEIUIIO (TOYHIIIE,

OJIHIEI0 3 MOXJIWBUX) (QYHKIINA pu3uky, R(x)=1{& < x}. Bimpasy x HaragyeMo aHayorii 3
Teopii HaMIWHOCTI, Ae QYHKIIiS HAIIHOCTI, TOYHIIIE, ii Moaenb, Mae BUrIsan N(x) ={& > x}.
Toni popMaTbHO-aHATITUYHO MAEMO TIPO30PE MIATBEPHKEHHS, 1110

R(x) + N(x) = P{g <x} = P{(5 <x)} U{(§ 2 x)} = P{¢ € (-0,0)} = P{Q} =1,

T00TO, IO PU3UK 1 HAAIMHICT (’KHBYYICTh) — TIOBHA aJbTEPHATHBA KATETOPIii.
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A Temep OMyCTHMOCH 1O MOXIJIMBOI peanbHOi cuTyalii (iHXeHEepHO-eKOHOMIYHOI
iHTepnperaiii) cka3zaHoro. Hexaii maemMo B — mMeBHY €KOHOMIUHY CTPYKTYpy, HaIpUKIA],
JesiKuit poH, IS IKOTO Yac iCHyBaHHS 3aIJIAHOBAHO (JIE€TEPMIHY€ETHCS) 1 CTAHOBUTH PIBHO X,
a ¢ — peanpbHUl Yac (BUIAAKOBUI) HOTO *KUTTSA. Bei Haili eKOHOMIUHI MPUOYTKOBI-30UTKOBI
orepatii, a TAKOX OpraHi3aliiHO-TEXHIYHI MU IUIAHYEMO Peai3yBaTH B MEKaxX BiJ[BElIEHOTO
Y CIUIAHOBAHO-PO3PAXOBAHOTO 4Yacy X (3ayBaKMMO, LI0 HE TIIBKM MH pO3paxyBallu-
CIUIaHYBaJM BEJIMYMHY X, TO L€ BXE € JEeTepMiHOBaHA BeJIMYMHA). MalOyTHe Hommyckae
peaizalio OJHOro 3 JBOX albTE€PHATUBHHUX HachiAkiB: abo {& < x}, abo {& = x}. [dpyruit
HACJIJIOK TOBOPUTH PO HAAIMHICTh (KUBYUICTh) ICHYBaHHS HAIIO! KOMIIaHii, ajpke peaabHUn
yac ii KUTTSA € HEe MEHIIE 3aIJIAaHOBAHOTO 4acy X. ToMy HOro 3pydHO IHTEPHpPETYBAaTH SK
¢dakrop HamiiHocTi abo xkwuByuyocti (PH) xommanii. I Toxi angs ®H N(x)={& > x} Oyne
P{& > x} 1i ingexcoM HagiiHOCTI (KHUBYUOCT1), TOOTO [, P{& > X} .

[Mepmmii Hacnigok {& < x}e He 1o iHIIE, K pU3UK-(pakrop 1 Tonai /., P{& < x}. Ipu
3MiHI 3aIUTAaHOBAHOTO Yacy X Oyje 3MIiHIOBATHCH 1 [rx, (HAPUKIIAI, KOJIU X 30UIBIIYETHCS, TO
Irx Takox 30UIbLIyeTbCA 1 HaBmaku). bynemo wmatu (po3yMmiTH) (QYHKLIIO PHU3UKY
F,(x)=P{& <x}1 BianoBigHO (QYHKLIIO HaaiiHOCTI (kuBywocti) F)(x)=P{=>2x}. B
MeXax eKCHOHEHIIIHHO-TEOMETPUYHOTO (MapKiBCHKOTO, TOOTO 03 micisiii) mpeacTaBIeHHS
MOJIETIIOBaHHS HAIIOTO OYTTS, OTpUMaHi QyHKIIT Ha0yBaIOTh OUIBII SICHOTO €KCIIOHEHIIIIHOTO

sy F.(x)=1—e™, F,(x)=e ™, ne 3rigHo BiJOMHX Pe3yIbTaTIiB TEOPil HMOBIPHOCTI
R ’ N s B

napameTp 3aKoHiB A7 € MaTeMaTHYHUM O4iKyBaHHAM (HMOBIpHICHO cepeaHim) "acy ¢, TOOTO
A=1/ME. B Mexax MapKiBChKOI Teopii 3py4HO BBECTH BEJIMYMHY ''CTaHAAPTHOTO" PiBHS

IHJIEKCY PU3UKY, KU BIIMOBITA€ HMOBIPHOCTI
I, =P{E<x/x=ME}=P{E<ME=1-e*e—1/e.

JIOITBHO PO3TISIIATH MOCIIAOBHICTD ""CTaHAAPTHUX" PIBHIB PU3UKY VIS MPAKTUIHOTO
3aCTOCYBaHHsSI B €KCIIEPTHOMY HAOJMKEHOMY OIIHIOBaHHI, M0 BIJIMOBIJA€ 3HAYCHHIM
3aIJIAaHOBAHOTO Yacy x y ¢popmi 6e3MexHo1 (B 00M1Ba KiHII1) TOCIiAOBHOCTI, a cCame:

xe {...l/nMé,...,%Mé%Mé,M§,2M§,3M§,...,...,nMé,...}.

B Mexax npuiHATUX MOAENeH JIerko MpOLTIOCTPYBAaTH anreOpy pU3UKIB HA MPHKIIAMIL
YHCIIOBUX XapaKTEPUCTUK PU3HUKY, 30KpeMa OIepallito J10AaBaHHs PU3UKIB.

3axucm 6i0 pusukie. JltoguHI TOBOIUTHCSA 3aXMUIIATUCH BiJ PU3MKY, YHHKAIOUM HOrO,
3MEHIIYIOUYH HOTO0 MOJKJIMBY HETAaTHUBHICTh HACIHIJKIB, MEPEHOCUTH HWOTO HAa IHIIUNA O0'€KT,
MOCTYNHBIINCH, BUIUIATOIO, AMBEPCH(]PIKYBATH HOro, po3AiIMBINM 3 iHIKMMU. [Ipuponnuit
3aXHUCT: BIJl JIONIy MOKHA 3aXHCTUTHCh MapacoyibKO0 4YM B JOMi Ta 1H. [HTenekTyalbHU
3aXHCT PO3PAaXOBY€ Ha MPOTHO3 MOTOU: HE WaeMo 0e3 mapacoibKy Ta iHII. [HTeneKTyantbHO-
MPUPOTHUN BPaxOBY€ BHUPOOHMIITBO ILIAIIIB, MApacoibOK, MO0 3aXUCTUTHCH Bif JOINILY,
OyayBaHHs HaMeTiB Ta iH. [HTeNeKTyanbHO-iHPOPMALIHHUI 3aXUCT J03BOJIAE BPAaXOBYBAaTU
MPOTHO3 MOTOIH, HAYKOB1 JOCIIHKEHHS Ta Miepe10aueHHs Ta iH.

Hesxi Oymxu. SIky © 3amady MH HE PO3B'SA3yBald — MH PO3B'SI3yeEMO 3a/1a4y IPOTHO3Y.
JliicHO MM MaeMO KOMIUIEKC BUXIJHUX YMOB X, MU BOJIOAIEMO BMIHHSIM pO3B'SI3yBaTH 3a/1adi
(Metomamu 1 3acob6aMu), TOOTO MaeMO OIepaTop PO3B'SI3KY 3aBAAHHS, a MOTIM PO3PAXOBYEMO,
a (aktnyHO mepenbavaemMo (MPOTHO3YEMO) pe3ynbTaT Y, TOOTO OyayemMo 3 TMOTIISAIY
¢dopmarizarii CiBBiAHOIIEHHS IPOTHO3Y

PX=Y. (5)
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SIKmo MM BOJIOZIEMO pe3yJbTaToM Y, a HAac LIKaBUTh pecypc X, KU OyB BUOpa
BUTpaueHMii Ha Horo 3700yTTH, 3aCTOCOByeMO obepHeHuii omepatop p™' ( sxmo p! icHye i
PO HBOTO MOKHA TOBOPHUTH) 10 CHIBBIAHOIICHHS (5) 1 OTpUMaEMO

pV=p'PX=IX=X, (6)

ne I — onuHUYHUN omneparop. ToMy CriBBiAHOIIEHHS X 1 TUM OiJIbIlIe HEBU3HAYCHICTh 3aBTpa
Y B ceHci nporrosy (5), abo X HEBU3HAYEHICTh ChOTOJICHHA Y 3 HEBHU3HAYEHICTIO BUOpa
(pecypeu, 10 MPOAYKYBaJIM CbOTOnH1), X — iHTeprosmis (6). OToX, HEBU3HAYEHICTD — 1€
Bce, abo Maibke Bce, IO MOPOKYe MPOOIEMH Ta IO € 3MICTOM Oyab-KOi HayKOBOi
TiSUTPHOCTI Ta HAYKW B3arajii. BU3HAYEHICTh 1 HEBU3HAYCHICTh — aJIbTEPHATHBA KATETOPIM.
BBakaioTh, 110 BHU3HAYEHHM T[OBHICTIO € JIMIIE MHHYJE, YacTKOBO CbOTOJCHHS;
HEBU3HAUCHUM € Mai0yTHe, 1 MU OyJqyeMO Hayku, 1100 MPOrHO3yBaTH Horo (MaiOyTHE),
MPOrHO3YBaTH — PO3PaxOBYBaTH OKpeMi Horo mpoOjemu, MporpamyBaTd — HPOPOKYBaTH
OKpeMi I1iKaBi pe3yJIbTaTH.

A Temep moMipKyeEMO TIPO MUHYJIE, UM TaK BXKE ¥ TOCTEMEHHO BOHO BH3HA4YeHO? AJDKE
JIOCTOBIPHICTh BKIIFOYA€ 1 OE3MOMUIIKOBICTh, 1 JOCTaTHICTh, 1 BCE OXOIUICHHS iHQOpMAaIii, i
CHUCTEMY TOTJISAIB (CBITOIUISI), SIKMM OCBITJIFOETHCS 1 1H(poOpMaIlis. AKe 3p03yMiIO, IO
HAYKOBHUH CBITOTJISA 3 4acOM 3MIHIOETHCS, 1 TOMY MOJIi JaJIeKOro MHHYJIOTO (haKTOJIOT1YHO
B1JIOOpa)KEHHI B TOW 4Yac MaHYIOYUM CBITOTJISIZIOM, KUK Y TOHATTAX (IO 3MIHIOIOTHCS) HE
3aBXKAM MOXKJIMBO a/IEKBATHO BiOOpa3sUTH CydyacHOIO MOBOIO. ToMy CKJIaJHO TOBOPUTH IIPO
YiTKy TPAHUIIO, @ TUM OUIbIIIEe MEXY MK OYTTSAM BH3HAYEHOCTI 1 OyTTSIM HEBHU3HAYCHOCTI.
Xoua anbTepHATUBA X JUISI KOXKHOT KOHKPETHOI TOYKU OyTTs € aOCONIIOTHOI0. AJIbTepHATHBA
KaTeropiii "BU3HAUCHICTH'"-"HEBU3HAUCHICTE" € abCOM0THOI0. X0o4ya TpaHHI MDK HUMH, a
TOYHIIIE MeXKa € BITHOCHOIO 1 JJIsi KOXKHOI JIIONWHU CBOEIO (B CHIJIy PIBHS Ii3HAHHS Ta
oiH(OPMOBAHOCTI), BITHOCHOIO BOHA TAKOX € JIJIsl IEBHOTO Yacy, MEBHOTO PiBHSI KYJIBTYPH.

VYBech cBIT 1 Hamie OyTTS OXBayeHI HEBU3HAYEHICTIO. HeBM3HAYeHICTh MOTPOXHU
3aBOMOBY€THCS BU3HAUEHICTIO; TaM, JIe¢ JUBUTUCH OJTHO3HAUYHO JETEPMIHOBAHO HE BJAETHCH,
OTJIAAI0Th MOTJIZIOM HOBY (@€ BCE K TaKM 3aBOMOBaHY y HEBHU3HAUEHOCTI) JIaHKY. 3 Mi€i
JAHKK HE MOXKHA OJepKaTh JOCTOBIpHO iH(opMarii mpo ii Bapiaii, ajge X 3aTe MOXKHa
npunucaty iM (IIMM BapiallisiM) MeBHi IMOBIPHOCTI. A 11 BXKe CYyTTE€BUN KPOK J0 OBOJIOIIHHS
HOBUMH NPOAYKTHMBHHUMH 3HaHHSMHU Tpo Hei, 30Kpema, MpuUMiIpoM, OyIyBaTH OLIHKHU
edrpomii. ToX MOXHAa 1€ Ha HBOMY MPOCYHYTHCh MEXEI0 MpaBoOpydY, [I0JAI0ud
HEBHU3HAYCHICTH 1 TPUOABIISTFOYN BUSHAUYCHOCTI.

BucnoBku

[[o6 roBopuTH NpPO BCTAHOBIEHHS MOeNi (YHKIIT pU3UKY, HEOOXIAHO MOCHITUTH il
BJIACTUBOCTI, SIKi IUKTYIOThCA SIK (PI3MUHUM 3MICTOM TPAKTYBaHHS 3MiHHUX 1 KOHCTAHT, TaK 1
MaTEeMaTHUYHOIO CTPYKTYPOIO, BKIIOUAIOUH PiBEHb ii aIeKBATHOCTI Ta aHANITUYHOI IUIAHOCTI B
3aCTOCOBYBAHHUX MOJKJIMBOCTSX CY4aCHOTO PIBHS PO3BUTKY MaT€MaTUYHOI'O aHaJi3y THUIIB
MoJeNiel, 0 po3rysiialoThes. TakoX pPO3MNISAHYTO HU3KY 3aJad TUIY 33/a4-BHU3HAUYCHD,
3aa4-TBepKEHb, 3a7a4 OIIHIOBaHHS 1 aHamizy. Ha mepmmii morisia, BOHU PO3pi3HEHi, 3
PI3HUX PO3MLTIB HAYKH, Pi3HI CIOKETHI JiHii. AJle B HAC Ha I € 1HIIMA OIS BBAXKAEMO X
TICHO-00'eTHaHNMU, 00'€HABUMI CTEpKEeHb — (hopmaltizaiisi, Xxoua HE 3aBXKIU BIAETHCS
JOCSTaTH HAJIE)KHOTO PiBHSA. AJle 11e KpOoK 10 nmodyaoBu (opmanizaiii 1ocaipKyBaHUX TeOpiid,
OCKUIbKY €MIIPUYHO-BEpOAIbHI CTPYKTYPH 1X JEPIIUTY HE CKIIAIA0Th.
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IMPOIHO3UPOBAHUE HAJIEXKHOCTHU NPOIIECCA ®YHKIIMOHUPOBAHUSA
CJIOKHBIX CUCTEM U PUCK UX OTKA3A
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mp. Kocmonasta Komaposa, 1, Kues, 03058, Ykpanna; e-mail: professor_va@ukr.net

B manHOi#t pabore paccmarpuBaroTcs 0a3oBble (pyHIaMEHTaNbHBIE (HAKTOPBHI COIECPIKaHUS
MaTeMaTH4eCKOW MOJIENH, KOTOPYI XOTUM IOCTPOWTh, a MMEHHO, HPOTHO3HUPOBAHHUS
HaJIeXKHOCTH Ipouecca (QyHKIMOHUPOBAHUS CIIOKHBIX CHCTEM U PHCK MX OTKa3a. [Ipuuem B
rJ1aBHOM 0a30BOM BHJE ITUX IIOKa3zaTeneil. DTO BEpOATHOCTb 0E30TKAa3HOro Ipoliecca
(YHKIMOHMPOBAHUSI ~ CHUCTEMbl  (HAIEKHOCTh W JKMBYYECTh) B  OIPEAEICHHBIX
MMPOCTPAHCTBEHHBIX U TEXHOJOTHYCCKUX YCJIIOBUAX B TCUCHUEC OINPEACICHHOIO0O BPEMCHU U
P 3THX K€ YCIOBHSIX - BEPOSITHOCTh OTKa3a (PHCK) CUCTEM.

Ki1roueBble cj10Ba: HaJeKHOCTh CJIOXHBIX CUCTEM, IPOTHO3UPOBAHKE HAJEKHOCTH, PHCK
0TKa3a CJIOXKHBIX CHCTEM, JKUBYYECTh CHCTEM.

FORECASTING THE RELIABILITY OF THE PROCESS OF FUNCTIONING OF COMPLEX
SYSTEMS AND RISK OF THEIR DISCLAIMER

V.0. Khoroshko., Yu.E. Hohlachova.

National Aviation University, Cosmonaut
1, Komarova Str., Kyiv, 03058, Ukraine; e-mail: professor_va@ukr.net

In this paper we consider the basic fundamental factors of the content of the mathematical
model, which we seek to construct, namely, predicting the reliability of the process of
functioning of complex systems and the risk of their failure. Moreover, in the most basic
form of these indicators. This is the probability of a fail-safe process of functioning of the
system (reliability and survivability) in certain spatial and technological conditions over a
period of time and under the same conditions - the probability of failure (risk) of systems.
Keywords: reliability of complex systems, prediction of reliability, risk of failure of
complex systems, system survivability.
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JAUHAMIYHI BJIACTUBOCTI ITPOLECIB 3ABE3ITEYEHHA
KIBEPBE3IIEKHN HA TIPUKJIAII AYAUTY KIBEPBE3IIEKHN

0.10. Ko3znoBa', B.I'.Kononosuu', I.B. Kononosuu?, M.I'. PomaniokoB'
9 9 9
JI.M. Tumomenko'

! Opecbkuii HalliOHATHPHUN TONMITEXHIYHIH YHIBEPCHTET,
npocr. llleBuenko, 1, Oneca, 65044, Ykpaina; e-mail: vl_kononovich@ukr.net
2 Opechbka Hal[iOHANIbHA aKaJIeMisi XapYOBHMX TEXHOJOTIH
Byn. Kanartna, 112, M. Oneca, 65039, Ykpaina; e-mail: kononovich@mail.ru

Y po0oTi PO3MIISHYTO MPOILEC PO3BUTKY Bill iH(pOpPMAIIAHOI Oe3MeKH 10 KiOepHEeTHUHOT
Oe3neku 00’€kTiB 1HQPACTPYKTYypH, 1 30KpeMa IPOIECIB ayAuTy KiOep3aXHIIEeHOCTI.
BcraHoBieHO, 1I0 AacmeKTH JUHAMIKM MpOIECiB iHPOpMaLidHOI Ta KibepOe3meku
JIOCTI/IKCHI HEIOCTaTHRO, 1 HEe pO3KPHUBAIOTH IOBHUH (POpMaNTbHUHN Ta CHCTEMHUIA MiAX1T 10
BUpINIEHHS 3371a4 KibepOesmeku. Y 3B’SI3Ky 3 IIMM, po3poOiieHa JIOTiKO-JTiHTBICTHYHA
MOJIC)Ib PHU3HKO-OPIEHTOBAHOTO IMiAXOMY MO IUIAaHYBaHHS 3aXoJliB KiOepOe3meku Ta
HAWIPOCTIIA MaTeMaTU4YHA MOJEIb JBOX CTAIHOTO IMKIIYHOIrO YNPaBIiHHS MpOllecaMu
aymuTy. BukopucTtaHHS MaTeMaTHYIHOI MoJeNi OyAe COpUATH OUTBII TOYHOMY PO3YMIHHIO
TUHAMIYHUX BIACTUBOCTEH Ta PO3pOOI HEOOXITHUX CHCTEMHHX i 03aCHCTEMHHUX 3aXOliB
3a0e3neueHHst KibepOe3neKu.

KarouoBi cyioBa: kibepHeruuHa Oesrneka, MOJIENb JAWHAMIYHOI CHUCTEMH, LUKJIIUYHE
YIPaBIIiHHS ayIUTOM.

Beryn

[npopmarniiinuii Ta KiIOEpHETHYHHUNH MPOCTOPU BIMITPAIOTH BAXKIUBY pOJb B
€KOHOMIYHOMY Ta COILIaTbHOMY PO3BHUTKY KOXKHOI KpaiHu CBiTY. B YKpaiHi icHye 1mija HU3Ka
npoOiieM Bpa3nuBOCTI 1H(pOpMaLiiHOT cdepru BITHOCHO CTOPOHHBOTO KiOEPHETHUYHOTO
BIumBYy. [Iporucrositn  (isuduHOMy pyHHYBaHHIO TEXHIYHMX 3aco0iB, TOPYIICHHIO
¢byHKIIIOHYBaHHS 00’ €KTIB HaMay Ta MPOTHUIIPABHIN TisSTILHOCTI COIIAIbHUX 1HXXEHEPIB 3 JHS
Ha JICHb CTa€ BCE Ba)KY€ Uepe3 HEJOCTATHE KaapoBe 3a0e3MeUeHHs BiAMOBIAHUME (aXiBISIMU
y cdepi inpopmaniiiHoi Ta kibepOe3nexku. HeoOXigHUM € CTBOPEHHsSI YMOB JJsi O€3MEYHOr0
(GyHKIIOHYBaHHS KiOeprnpocTopy, HOro BHKOPHCTaHHS B IHTepecax OCOOH, CYyCIiIbCTBA 1
nepxasu [1].

Hebe3neka kibep3nouynHHOCTI OyJia yCBIIOMIJICHA I B YacH MPUEIHAHHS YKpaiHH 10
MikHapoaHO1 «KOHBEHIIIT Mpo KiOEp3I0UMHHICTEY). A TepMiH «KibepOe3neka KibepnpocTopy»
3’SBUBCSA Y JIGKCHKOHI YKpaiHCBKMX CIHeELialicTiB 30BCiM HenaBHO. I, mepm 3a Bce,
criajaxHyja TEpMIHOJIOTIYHA cynepeuka. BuzHaueHHs MOHATH «iHopMmarlliiiHa Oe3neka» Ta
«kibepOesneka» ayxe cxoxi y Oaratbox aBTopiB [1-3] 1 ¢opmanbHO BIPI3HAIOTHCS
JIOIaBaHHSIM TIOHATH  «KIOEpmpocTip», SK 00’€KTy 3axuCTy, «Kibep3arpos3» TOIIO.
KiGepOe3neka posrisigaeTscs sk Oesneka crenudiuHoro Buay iH(opMmarii — yrnpaBaiHCHKOL
iHopmartii [2]. TlpucraBka «kibep-» BUILISAE «KIac KiOEpCHUCTEM, SKI BUKOPUCTOBYIOTHCS
JUIs BUPILICHHS 3a7lad YIPaBIiHCHKOIO XapakTepy». «B kibepcucremax Ha meplie Micle
BUJIIJIIETECS BUMOTH HETIEPEPBHOCTI M CTIMKOCTI YNpaBliHHI. A 11l BUMOTH MOXYTb OyTH
BUKOHAHI JIMIIIE TIPU yMOBi 3a0e3meueHHs] JOCTYIMHOCTI, LITICHOCTI Ta KOH(IACHIIHHOCTI
Bx1HO1 1H(opmartii [3]». g ocTtaTrodHOr0 po3yMiHHS IUX TEPMIHIB 1€ MOTPiOHI J0IaTKOBI
JIOCHIJOKEHHS.
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MixHapoJHa CHUIPHOTa HAKONMYWIA HEMaly KIJIbKICTh CTaHIAPTIB Ta MEPEJOBUX
MPAKTHUK 3aXUCTy HAMBAXIIMBIIHMX 00’ €KTIB iHMpacTpykTypu [4]. BaxxnuBe Mmicie B cuctemi
gk iH(opmarmiiiHoi Oe3meku, Tak 1 KiOepOe3neku 3aiimae ayaut [5, 6]. OcHOBHUM
MPU3HAYCHHAM ayoumy 1H(}opmaliiiHoi Oe3neku 00’ekTa 1HGOPMAIINHOI MiISUTBHOCTI €
(opMyBaHHS, K IPABHIIO, HE3AJICKHOT OILIIHKHU 1H()OPMAIIITHOT O€3MeKH.

3a METOIO TPOBEICHHS ayIUT MOAUTSIETHCS HA ayIUT JJIS TIATBEPIPKCHHS BiITOBITHOCTI
BUMOTaM HAI[lOHAIbHOI CHCTEMH HOPMATHBHO-TIPABOBUX JOKYMEHTIB iH(opMamiiHoi
Oe3leKu Ta Ha ayauT MIATBEPKEHHS BIAMOBIMHOCTI MixHapomuuM ctangaptam ISOMEC
15408 [7]».

Sk 1 B O6aratbox cepax mpu CUCTEMHOMY MAXOMA1I cUCTeMH iH(OpMaIiHOT Oe3neKu
PO3IIISIAIOTHCS SIK AMHAMIYHI CUCTEMH, SIKI CKIIaAI0ThCS 13 MHOKHHU MEXaH13MiB 1 (PyHKIIIH,
K1 TEOPETUKH TOB’A3YIOTh 13 (PEHOMEHOM camooprasizamii. Psj cremianicTiB 3aCTOCOBYIOTh
METOJHM HEIHIMHOI JAWHAMIKM JJIs BUBYEHHS BJIACTUBOCTEH MpoleciB 3axucTy iH(opmarii
[8,9]. IIpouecu aynuTy, 30KpeMa BHYTPIIITHBOTO, € MPUHIIMIIOBO MUKIIYHUM 1 HETIHIHHUMU.
i nutanHs MOTPeOYIOTh CBOET pO3POOKH.

Memorw pobomu € yaOCKOHAJIGHHS TEPMIHOJIOTI] Y YaCTHHI MOHATH «KiOepOe3nekm» Ta
PO3pOOIJIEHHsT HAWMPOCTINIOl JAUCKPETHOI MAaTeMaTHYHOI MOJENi JAHHAMIKK [UKIIYHOTO
poriecy 0OpoOKH JaHUX ayUTY.

Busnauyenns kibep0Oesnexu Ta ingopmaniitHoi Oe3nexn

3akoH YKpaiHM TIpO OCHOBHI 3acaam 3abe3rneueHHs KibepOesmeku YkpaiHu Big 5
xoBTHS 2017 poky BH3Hauae «kibepOe3rneka — 1e 3aXMIIeHICTh KUTTEBO BAXIIMBUX 1HTEPECIB
JIOJIMHYU 1 TPOMaIsTHUHA, CYCIIJIBLCTBA Ta ISP KaBH M1 YaC BUKOPUCTAHHS KiOepmpocTopy, 3a
AKOi 3a0e3MeuyeThcsi CTaIMi PO3BUTOK 1H(POPMALIWHOTO CyCHIbCTBA Ta LU(POBOTO
KOMYHIKQaTUBHOTO CEpEIOBHINA, CBO€YAaCHE BHUSBIICHHs, 3amoOiraHHs 1 HeWTpasizamis
peaNbHUX 1 MOTEHI[IATBHKUX 3arpo3 HalllOHAIBHINM Oe3memi YkpaiHu y KibepmpocTopi», ae
«K10epIpocTip — cepeloBUIle (BIpTyaJlbHUH MpOCTIp), SKE HaJa€ MOXJIMBOCTI JUIS
3MiiCHEHHS KOMYHIKAIiii Ta a0o peami3amii CyCHiIbHUX BIIHOCHH, YTBOPEHE B pe3yJbTaTi
(GYHKIIOHYBaHHS CyMICHHX (3’€IHAaHMX) KOMYHIKAalIHHUX CHCTEM Ta 3a0e3ledyeHHs
EIEKTPOHHUX KOMYHIKAIlii 3 BUKOPUCTaHHIM Mepexi [HTepHeT Ta a0o iHIIUX TI00albHUX
Mepex rmepenadi maHux». «Kibep3aXxuct — e CyKymHICTh OpraHi3amiiHuX, NPaBOBHX,
1HKEHEPHO-TEXHIUHUX 3aXO/IB, a TAKOXK 3aXOAIB KPUNTOrpadiyHOro Ta TEXHIYHOTO 3aXUCTY
iH(popMarii, cCpsMOBAaHUX Ha 3amo0IraHHA KiOSpIHIMIECHTaM, BUSBIICHHS Ta 3aXHCT BiJ
kibepaTak, NIKBiJalilo X HACTIAKIB, BITHOBIEHHS CTAJIOCTI 1 HaAIWHOCTI (PYHKIIOHYBaHHS
KOMYHIKaI[iiHUX, TeXHOJIOrYHuX cucteM [10]». B ynHHOMY HOKyMeHTI 3aKkoHy YKpaiHu mMpo
OcHOBHI 3acaay po3BUTKY iH(popMalliiiHoro cycniiberBa B Ykpaini Ha 2007-2015 poku Big 9
ciuast 2007 pokxy Bu3HadaeThCcsi «lH(popmariiiHa Oe3reka — CTaH 3aXUIICHOCTI YXUTTEBO
BaXUIMBHUX 1HTEPECIB JIIOJIMHU, CyCHUIBCTBA 1 IEpP:KaBH, TPU STKOMY 3all00Ira€ThCsl HAHECEHHS
IIKOJM  4Yepe3: HEMOBHOTY, HEBYACHICTh Ta  HEBIpOTigHiCTh  iH(popMarii, 1o
BUKOPUCTOBY€ETHCS; HETaTUBHUN 1H(GOpMALIHUI BIUIMB; HEraTUBHI HACIHIIKU 3aCTOCYBAaHHS
iHpOpMaLifHUX TEXHOJIOTiH; HECAHKI[IOHOBAaHE pO3MOBCIOKEHHS, BUKOPUCTAHHS 1
MOPYIICHHS [ITICHOCTI, KOH(1ASHLIHHOCTI Ta AOCTYMHOCTI iHpopMartii [11]».

B3aemoBiiHOIICHHS TTOHATH Yy cdepax Oe3meku B Kideprnpoctopi y koHTekeTi [ISO 27032
npencrasieHi Ha puc. 1. Kibepbesneka 3abe3meuyeTbcss y HACTYNMHUX cdepax: Oes3meka
3aCTOCYBaHb 1 ONEpalifHuX CcucTteM, Oe3neka iH(GOpMAIiifHO-KOMYHIKAIIIHHAX MEpEex,
Oesneka podotu B IHTepHeT, 3axucT iH(Mopmamlii y KIIOUOBUX cucTeMax iHbopMariiHol
iHppacTpyKTYpH 1, 30KpeMa, B 00’€KTax KPUTUYHOI iH(PpacTpyKTypHu, a Takox y cdepax
060poTHOH 3 KiOep3lTOYMHHICTIO Ta 3a0e3meueHHs Oesneku poboTu y kibepmpoctopi. [lanuit
PUCYHOK CIIpaBJISIE T€ YSBICHHS, IO KibepOe3mneka € CKIaJ0BOK YaCTHHOIO iH(OpMAaIiifHOI
6e3neku. @opmanbHO 1€ Tak. KiGepHETHYHI CHCTEMU, SIK CUCTEMH YIIPABIIHHSA, y CBOEMY

206



IHOOPMATUKA TA MATEMATUYHI METOA B MOJIEJTKOBAHHI = 2017 = Tom 7, Ne3

Cy4yaCHOMY BWIJIAII, SBISIOTbCA IMIAMHOXHHOKO iH(OpMamiiHux cucteMm. [loHATTS
KiO6epOe3neKn MPUHIIILIO 13 BIMCHKOBOI cdepH, ne odimiifHO 0ysI0 3aCTOCOBaHE B yIPABIIHHI.
AJe, Cysud 3 BU3HAYCHb, SIKI HABEJCHO BHIIE, MOHATTS «KibepOe3nekay» OiIbll mupiie
y BIJHOIIICHHI 00’€KTIB, SIKUX BOHO cTOCyeTbes. Ha puc. 1 mokasani 00’e€kTH/Cy0’€KTH sIKi
OXOTLTIOIOTHCS, BIAMOBIAHO, iHGopMatiiiHoto (IB) Ta kibepueTnunoto 6e3nekoro (Kb).

Indopmaniiiaa desmexa Kb
‘2 o —A o .=
Beanexka 3acTocyBass Eg A / 1 1 ﬁ\ =
ks g 3 = iH(popMarris =N
g £ > - = >
s 5(Ib 8 T 3 5
z Kibepbesmeka © = o lH(I)OpMaLIII/IHI/II/I pecypce o =
= epl = =y 15} IE) _ a.
& > 9 <= . S
2 S— E X iHpopmartiitai Texnonorii 1b ~
8 Besnera S ¥
L. Mepexk BODUTE 2 .
’ » Inreprer || g KibepcepemoBuiie
3axuct HdopManii ¥ KIIOIOBHX CHCTEMAX é HepCOHaJ'I Ta
indopManiiizol iHQpacTpyKTypH KOpI/ICTYBa‘Ii
a 0

Puc. 1. B3aemoBimHOmIEHHs MOHATH y cdepax Oe3nmeku B KibepmpocTopi: a — MicIe
kibepOe3nexu cepen iHmmMX chep 6e3nexku (lxepeno — ISO 27032:2012); 6 — oxomseHHs
00’exTiB iH(OpMAIIIHHOT Ta KibepOe3neKn

PeTtpocniekTnBHO cucTeMu 3aXuCTy iH(pOpMaIlii pO3BUBAIOCH HACTYITHUMH €TallaMH:

— 3axucT iHpopMmamii cucTeMaMH TEXHIYHOTO Ta KPHUITOrpadigHOro 3axuCTy, 3a
JOTIOMOT010 KpUnTOorpadiyHuX, TEXHIYHUX, OPTaHi3alliiiHiX, a Tenep i MporpaMHUX 3aco0iB;

— 3abe3neueHHs  iHQopmariitHoi  Oesmeku  iHGoOpMAIiHHUX  pecypciB B
aBTOMAaTH30BaHUX cucteMax. [[o iHpopMaliifHUX pecypciB BITHOCUTHCA 1H(OpMaIlis, 3aco0u
00po6ku iH(popMarlii Ta (3BepHeMO yBary) oocimyropytounii nepconan (HJ] T3I 1.1-003-99);

— 3alesneveHHs iHpopManiiHoi Oe3neku iH(OpPMAIIMHUX TEXHOJOTIH, 30KpeMa B
iHopMaIifHO-KOMYyHIKaIIHUX cucTeMax. Ha mpoMy etami 00’€KTOM 3aXHCTy CTa€ TaKOXK
BiZIKpUTa 1H(POpPMALis, BAXKIMBA IJI1 0COOU, CYCIIJILCTBA Ta JIEP>KaBH;

— 3alesmeveHHs KiOepHeTH4yHOI Oe3meku Kibepmpocropy. Kibepmpoctip oxorutoe
iH(bopMaui}o iH(bopMauiI?IHi TeXHonorii’ TIepCoHall, KopI/ICTyBaqu 1 Bce Te, 110 BUHUKAE TPHU

CdopmynroemMo TONOBHI BIAMIHHOCTI 1H(pOpMaIIiifHOI Ta Ki6ep6e3ne1<n, KOPUCTYIOYHCh
nepenikoM «ba3oBi 3axoau kibepOe3nexu», siki HaBeaeH1 y [12]:

— 06’extoM 3abe3neuenns KibepOesneku crae kibepnpoctip. Moro Baximpa ckinazosa
— iH(opmaIiiHO-KOMYHIKaIliifHa Ta TeIEKOMYHIKAIliifHA CUCTEMH.

[lle Oimpie TMPUAUIAETHCS yBard TOTOBHOCTI MEPEX, IO BAXIMBO 3 TOYKH 30Dy
BimOutrTa DDOS-artak.

Cy0’extoM 3a0e3neueHHs KiOepOe3NMeKH CTaloTh, KpiM IEpCOHaNy, KOHEUHi
KopuctyBaui, Jlns Oesnmekn KOHEUHHUX KOPHCTYBadiB Iepen0davyaroThCcsi HU3KA 3aXO/IiB,
BKJTIOYAIOYM 3aCTOCYBAaHHSI MEPCOHATBHUX MIK MEPEXKEBHX E€KPaHIB Ta CHUCTEM BHUSBJICHHS
BTOPTHEHb.

MeTtonu couianbHOI IHXKEHEpIi € He TUIlle 3ac000M Hamaay, a i 3aXUCTOM BiJ aTak.

AKTyami3yroThcsl IK 00OB’SI3KOBI MPOILIECH MEHEKMEHTY, MOHITOPHUHTY 1 ayJIuTYy,
JTUHAMIKa SIKHX € TIPEIMETOM JaHOTO JOCTiHKCHHS.

Ynpasainasa nponecamMu ayauTty iHgpopManiiiHol 0e3nexkn

VYrpaBaiHCEKHI IHUKJI — 1€ CYKYIHICTh IOCHIIOBHO 3IHCHIOBAaHUX YIPABIIHCHKHUX
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orepaii, y X0/ IKUX Cy0’€KT ynpaBliHHS J0csrae 0a)kaHuX pe3ysbTaTiB. Y KOXKHOMY LMK
CIIOCTEPITraeThCs MEeBHA TOCIIIOBHICTh YIIPABIIHCHKUX Mid. Jlomep kaHHs IEBHOTO MOPSIAKY 1X
BUKOHAHHS Ma€ BOXKJIMBE 3HAUCHHS ISl 3a0€3MeueHHs] BUCOKOT SIKOCTI yIpaBIIiHHS.

[TporHO3yBaHHS — 1€ METO/, B IKOMY BUKOPHUCTOBYETHCS SIK HAKOITMUCHHUI B MUHYJIOMY
JIOCBIJI, TaK 1 TOTOYHI MPUITYIIEHHS] CTOCOBHO MailOyTHHOTO 3 IIJITIO HOro BU3HAYCHHS. SIKIIO0
MPOTHO3YBAaHHSI BUKOHAHO SIKICHO, PE3yJIbTaTOM CTaHE KapTWHA MaiOyTHBOTO, SIKYy MOXHA
BUKOPHUCTOBYBATH SIK OCHOBY JIJIs TUIAaHYBaHHSI.

[{yuKTi9HICTh 1 MPOTHO3YBAaHHS 3a JOIMOMOTOI0 TIOTEPEIHIX IUKJIIB MaOyTHIX CTaHIB
CKJIaJal0Th CyThb CYyYacHOTO IiJXOXy IO MpPOLECHO-OPIEHTOBAHOTO YIPABIiHHI, TOOTO
imeHTu(iKaIi mporeciB Ta ynpaplliHHSI HUIMHU

Jns 3HWKEHHA BIAXWICHb B YNpaBIiHHI MOXKHaA 3actocyBatu Koumenuito PDCA
(puc. 2). OCHOBHIMH €JIECMEHTaMH ITUKITY SIBJISIOTHCS:

P — Bu3HaueHHs wijiei Ta NpURHATTA pilleHHs 010 HeOOX1THUX 3MiH, TOOTO po3poOKa
TUTaHy;

D — 3pailicHeHHs 3MiH 200 BTUICHHS IJIaHY;

C — KOHTpOJIb BUKOHAHHS TUIAHY;

A — mpoBeneHHs HEOOXiTHUX MAii, SKIO pe3yJbTaTH HE BIAMOBINAIOTH 3aIUIAHOBAHUM,
a0o0 cTaHapTH3allis B IHIIOMY BHIIAJIKY.

A — BNIHBAMHA,

plUEHHA
P — nmanvEaHHA, C = nepeBipAHHA,
VOPABTIHHA EHMIPIOEAHHA,
pecypcaMs AHATIS
D —Mia.
Jabeamewenna
DeIMeKH

Puc. 2. [Iuka mocTiHHOTO MOTINIICHHS CUCTEMU MEHEKMEHTY SIKOCT1

[Tpu ynpaninHi iHGOpMAIIITHOO 6€3MEKO0 BUKOPUCTOBYIOThH IIPOIIECH OIIHKH PU3UKIB
iHpopmaniiiHoi Oe3neku, opranizanii i eKcIuTyartanii 3aXMCHUX 3aX0/1iB, HABYAHHS MIEPCOHAITY
iHdopmariiinii Oe3remi Ta iHmI. Cepen HUX BHU3HAYAIBHUMH € TPOIECH KOHTPOIIO Ta
nepeBipku iHdopMaliifHo1 Oe3neku. AyauT 3aiiMae 0coOJIMBE MicIle B cUCTeMi 3a0e3meueHHs
iHdopmariinoi Oe3nexku o00’ekTa i1HGOPMAIIHOT MiSIBLHOCTI, SKUH (hopMye He3alexKHY
OILIHKY 1H(opMariiiHoi Oe3meku. CBOEYACHICTh, TOYHICTH 1 TOBHOTA OIIHOK iH(pOpMAaIiiHO1
0e3MeKn, OTPUMAHHUX Yy pPe3yJbTaTi ayJuTy, JalOTh 3MOTY BUSBUTH BPa3JIMBOCTI CHCTEMH,
CKOpPUTYBATH iX, 100 yIOCKOHAIUTH MpoLecH 3a0e3nedeHHs iH(popMariiitHoi 6e3mneku.

Pe3ynbraTuBHICTH, HAAIMHICTH Ta 00’ €KTUBHICTH BUCHOBKIB 3a pe3yJbTaTaMU ayaHuTy
3a0€3Meuyr0ThCsl YITKHUM JIOTPUMAHHSM MPHHIMIIB TMPOBEACHHA ayAHWTy, TaKUX SK:
BIIMOBIIANIbHICTh, OOAYHICTh, HEYNEPEKEHICTh, HEMIAKYNHICTh Ta YMiHHS 30epiraTu
TAEMHHUIIIO Ta 1HIIHX.

BukopucTaHHs pHU3UKO-OPIEHTOBAHOTO IMIIXOAy A0 IUIAaHYBaHHS 3aXOiB ayAuTy €
OJTHUM 3 MOKJIUBUX BapiaHTIB 301IbIIeHHS €()eKTUBHOCTI ayauTy (puc. 3).

AyuT Mosxe OyTH 30BHIIITHIM Ta BHYTPIIIHIM 32 METOJIaMH ITPOBEIACHHSI.

30BHIIIHIA ayAUT — pa3oBHH 3aXiJl Ta NMPOBOAMUTHCS 3a IHIIIATHBOIO KEpPIBHUITBA
CTOPOHHBOIO OpTaHi3alli€l0 BIAMOBIAHOI KBamidikamii. BUCHOBKM 3a pe3yjbTaTaMH IHOTO

208



IHOOPMATUKA TA MATEMATUYHI METOA B MOJIEJTKOBAHHI = 2017 = Tom 7, Ne3

ayJIUTy BUKOPHUCTOBYIOTBCS JJISl MOKPALICHHS SIKOCTI MpoleciB opranizauii. [IpoBoauTu ioro
CJ1J peryJsipHO.

Jns  camoowiHku cTaHy iHpopmauiiHOi Oe3nmeku cuiamMu  caMoi  oprasizamii
MIPOBOJIUTHCS BHYTPIIIHIN ayauT, TOOTO MPOBOAUTHCS MOIIYK CJIA0OKHX MICIlb, TIOKPAIICHHS
SIKOCTI MPOILIECIB OpTaHi3ailii, OlliHKa CTYIEHS BiMOBIAHOCTI CUCTEMH 3a0e3MeUeHHs 0e3MeKn
BUMOTaM [IIOYUX HOPMATHUBHO-TIPABOBUX JOKYMEHTIB. Ll MisUTbHICTH € Oe3mepepBHOIO i
3aTBEPKYEThCS KEPIBHUIITBOM OpraHi3arfii.

BuxigHi AaHHi BMKoOHaHHA naaHy
ans BMNPOBAKEHHA
niaHyBaHHsA pesynbTaTis
IlnanyBaHHs IlinroroBka BnposamxeHHs
3aX0/IiB BUXITHHX [ .= pe3yIbTaTiB
ayauTy JaHUX ayauTy IH}. npo
I'Inal-! ]l NPUNAHATI
3axogis
ay, A;—I'ry KonTposns [TonepemxeHns, 3axoau
MOHITOpHHT piBHsA BHABJICHHS, 00po0OKa
00’€eKTIiB 3aXUMICHOCTI Ta JIIKBIAAIis
ayauTy 00’ exTiB HAC/IIIKIB MOPYILEHD
BuasneHHs 06nik 3adikcoBaHMX
npUKmeT npUKMmeT
nopyLUeHb NopyLUeHHs

Puc. 3. Cxema peanizanii pu3nKo-opi€HTOBAHOTO MiAXOLY 10 IJIAHYBAaHHS 3aXO0/iB Ay TUTY

AyauT IOYMHAETHCS 3 Mpolenypu iHimiamii. Ha npomy erami moBuHHI OyTH BHU3Ha4YeH1
MEXI TPOBEIEHHS OOCTEKEHHS, O SKUX BITHOCATHCS TMEpemiku: (Qi3udHuX 0cid, pecypcis,
MPUMIIIEHHS, OCHOBHI BUAM 3arpo3, OpraHizaiiiiti, (i3udHi Ta MPOrpaMHO-TEXHIYHI aCTIEKTH
3a0e3neueHHs 1HPopMaIiiiHOT Oe3MeKH.

Haiicknaanimuit Ta HalTpuBamimuii etan 30upanHs iHGopmalii ayaury, TOMy 1110 came
Ha I[bOMY €Talli NPOBOJWUTHCS BUBYCHHS JIOKYMEHTAIii Ta TiCHA B3a€MOJis ayauTopa 3
MoCag0BUMHU 0cO0aMU OpraHizarii.

Jani aymuTopu MOBHHHI BUKOHATH aHAJI3 JaHUX, PH I[bOMY MOXKHAa BUKOPHCTOBYBATH
OJIUH 13 TPHOX METO/IB.

[Meprmii minxin, skl 6a3yeTbesi Ha aHai31 PU3UKIB — HAWCKIIAAHIIIAN, TPYAOMICTKHMA
Ta BHMarae HaWBUIIOi KBamidikamii ayauTopa, TOMY M0 HEOOXiIHO BHU3HAUUTHU
iHaMBiMyansHU HaOip BUMOr iH(QopMamiiiHOi Oe3meKkw, M0 BPaxOBYE OCOOJIMBOCTI
cepenoBuIna ii (yHKIIOHYBaHHS Ta ICHYIOU1 3arpo3u iH(opMalliiiHOT 6e3MeKu.

Jpyruii migxin — TpaKTUYHUNA Ta ONUPAETHCS HA BUKOPUCTAHHS CTaHAAPTIB
iH(popMaliifHOT Oe3rmeku, fKi BU3HAuUaloTh 0a30BUN HAOlp BUMOT iHQoOpMaIiiiHOi Oe3mexu.
CranmapTd MOXYTh BU3HAUWTH pi3HI HaOOpW BHMOT 3aJIe)KHO BiJl PIBHA 3aXHIIEHOCTI,
NPUHAIEKHOCTI Ta IPU3HAUCHHS.

Tpertiii minxin mpuiryckae KOMOiIHyBaHHS IEpIIUX JBOX. BiH € HalledeKTHBHIMIUI.
bazoswuii HaOip BUMOT iHpOpMaIlifHOT Oe3MeKH BU3HAYAETHCS CTAaHAAPTOM, JOJATKOBI BUMOTH
(OPMYIOTBECS @ OCHOBI aHAJII3y PU3HKIB.

YerBepTuil miaxia CKIAAHUMA 1 HAHOUIBII BiANMOBIAANbHUN. AHali3 PU3UKIB — II€ Te, 3
YOro MOBMHHA IMOYMHATHCS MOOymoBa Oyab-sikoi iHpopmariiHoi Oe3neku. BiH momsrae y
BUSIBIICHH] ICHYIOUMX PU3UKIB Ta iX OLIHKH SIKICHOI 200 KIJIbKICHOI.
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Jlani mpoBOIUTHCS OIliHKA BiAMOBITHOCTI BUMOTaM CTaHAApTiB. BUSABIATHCS BUMOTH
iHdopmariiiHoi Oe3meku, sKi He peai3oBaHi B cUCTeMl. Buxoasum 3 1p0T0, pOOIATHCA
BHCHOBKH ITPO BiATIOBIAHICTb.

BupoOisienHs1 pekoMeHaIlii 3a HACIAKaMU aHalli3y, sIKi TIOBHHHI OYTH KOHKPETHUMHU,
€KOHOMIYHO OOTIPYHTOBAaHHUMHM, apryMEHTOBAaHUMH (IMIIKPIMNICHUMHU Pe3yJbTaTaMU aHaJi3M) 1
BIJICOPTOBAaHUMHU 32 CTYNIEHEM Ba)KJIUBOCTI.

[TigroToBka 3BITHUX JOKYMEHTIB, SIKi TMOBHHHI MICTUTH ONHUC MiJed MPOBEICHHS
ayJUTy, XapaKTEPUCTHKY OOCTEeKEHHS, BKa3iBKY I'pDaHUIIb MPOBEACHHS ayAHTy Ta METOIIB.
3BIT € OCHOBHUM Pe3yJIbTATOM IPOBEICHHS ayIUTY, SIKICTh IKOT'O XapaKTEePHU3YeE SIKICh poOOTH
ayIuTopa.

MaTteMaTH4YHA MO/ieJIb HMKJIIYHOT0 YIPAaBJIiHHA MPOLECaAMHU ayAUTy

[TonibHa 3amava BuUpilIyBajJach aBTOpaMH, CTOCOBHO IHKJIIYHOTO YIPaBIiHHS
Ki0epOe3neKoro B [8] i CTOCOBHO yNpaBiliHHS KOJEKTHBHOIO Ta iHAMBITYaIbHOIO CBIIOMICTIO
rpoManisiH y [9]. «EdekTuBHICTE TIOICHKOI dil 31e01IBIIOT0 3aJCKHUTh BIJ MPaBUILHOTO
YIPaBIIHCHKOTO PIllIEHHS, 1110, Y CBOIO YepTy, 3aJE€KUTh BiJ] iHHOPMAIIITHOTO MOIETIOBAHHS
CUTyaIlii, BiJl MONIyKy MOTPiOHOI iH(popMarii Ta 1i mepepoOku. JlaBuHOMOAIOHE 3pOCTaHHS
iHpopMalifHUX TIOTOKIB, y SKUX 3MillyBajuch mOTpiOHAa 1 HemoTpiOHa iH(OpMaris
(«iHpopMaIiitHl TIyMH»), y 3HA4YHIA Mipi YTPYIHHUB TOBEAIHKY JIOJUHU Ta BHCYHYB Ha
nepeHii wiaH BUOIPKOBUHN MOIIYK MOTPiOHOT iH(opMarii 3 HACTYHMHOIO i peRyKLI€K I
MPUAHATTS TUX YH IHIIUX PilieHs [13]».

Po3srnsiHemMo HainpocTiry MoJensb UKIOBOro iH(popMaliitHoro mporecy yrpasiliHHS,
SKUH CKIIaJIa€ThCS 3 ABOX €TaIliB!

- aHamizy iH(QOpMAaIiiiHOrO MOTOKY JAaHUX ayauTy (BimOip moTpiOHOI iH(popMartii,
PeyKIlis, KOHCOMiAatis, mepepooKa) — Xin;

- IPUMHATTS pillleHb Ta OOpPOOKM BUXIZAHOTO 1H(GOPMALIHHOTO MOTOKY MJIS KOPEKIii
3ax0/iB 3aXUCTy (pOopMyBaHHS Ta BHIa4a yIPABIIHCEKOTO PIIIEHHS) — Xout.

MaremaTiuHa MoJienb TuHAMI4HOI cuctemu O(x, ) Oyae MaTh TaKUi BUTIISAL:

2 2
Xntl = Xp _kxypxn +kquyn + Xin
CD(x,y)z (1)
2 2
Yue1 = Vn +kxypxn _(kyx +k0ut )qyn

e X, y — AWHAMIYHI 3MiHHI, SIKi BH3HA4YalOTh IHTEHCUBHICTH 1HGOpPMAIIHHUX EIEeMEHTIB
MOTOKY Ha eramax oOpoOku iHdopmarii; kj — mepexigHi KoeQilieHTH, M0 XapaKTepu3yITh
JUHAMIYHY B3a€MOJII0 eTariB oOpoOKu iH(opMallil; p, ¢ — PO3MOALIbYl KOSPIIIEHTH, Xin —
IHTCHCUBHICTh 1H(OpPMAIIfHAX €JEMEHTIB TOTOKY, IO NOCTYNAIOTh Ha TNEpIIMH eTar
00poOKwu; puuoMy, {kij} u {p, q} € (0,1), {x,y} €R, xin=const eR".

HasBHaicTh y cuctemi nBOX rpyn KoedimieHTiB (kij Ta p, q) Mae KOHKpPETHY (i3UUHy
iHTepIpeTamio: KoedimieHTH k; OMHCYIOTh BIHOCHY BEJNWYHHY PEAyKIii i KOHCOJimarii
iHdopManii 3a CHHTAaKCMYHMMHU O3HAaKaMM, Hampukian, ¢opMaTtaMu BigoMocTeill 1
MOBIIOMJIEHb, Ta 3a/1aI0Th JOJII0 iHGOPMAIIIHHOTO TIOTOKY, SIKHW MEPEXOJUTh 3 OJHOTO €TaITy
Ha cycigHiil. YactuHa iHQOpMAIIITHOTO TOTOKY MEepPeXOoAUTh Ha MOMepeHiil etanm 00poOKu
JUTsS. BUTIPABJICHHS! HETOYHOCTEH, BpaxyBaHHs 3ayBakeHb Tomo. KoedimieHTr p, ¢ onucyrooTh
pPO3MOJIiN eleMEeHTIB 1H(QOpPMAIIITHOrO MOTOKY 3a iX BHAAMU IO CEMaHTHUYHUM O3HAKaM,
HampuKiIan, 1o 3micty. Ilepexim wmik eramamMu OOpOOKHM BHU3HAYAETHCS JTOOYTKOM
Koe(ilieHTiB 000X Tpy.
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BucnoBku

YTOYHEHHSI MOHSATH, IMOB’SA3aHUX 3 TOHATTAM «KiOepOe3neka» 3A1MCHEHO BiJIHOCHO
po3mupeHHsT 00’e€KTiB 3a0e3neueHHs KiOepOesneku y TOpIBHAHHI 3 1H(GOpMAIiHHOIO
0e3mekoro, Ta BH3HAYCHHS HOBUX CyO’e€KTiB Ta MexaHi3MiB KibepOesmeku. Po3poOiena
HAWIIPOCTIIIa MUCKPETHA MaTeMaTHYHa MOJENb IWHAMIKKA HUKJIIYHOTO MPOIECYy OOpPOOKH
JAHUX ayJUTY, KA OMKCYE J[BA €TalM: €Tall aHaji3zy iHpOpMauiiHOro MOTOKY JaHUX ayAUTY
(BimOip moTpiOHOi iH(oOpMalii, peayKilis, KOHCOMiaamis, mepepoOka); Ta eram MPUHHATTS
pimieHs i 0OpoOKHM BUXITHOTO iH(POPMALIKHOTO TMOTOKY JJs KOPEKIii 3aXOiB 3axXUCTy
(bopMyBaHHs Ta BHJa4a yIpaBiIiHCBKOTO pimeHHs). HampsmMom monansinoi poGoTu Oye
JEeTabHUN aHalli3 MOJeIi JHHAMIKY MPOIIECiB ayUTy KidbepOesnekH.
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JAHAMMYECKHUE CBOVCTBA NPOIIECCOB OBECINIEYEHUHS KUBEPEE3OINACHOCTH HA
INPUMEPE AYJIUTA KUBEPBE3OITACHOCTH

O.10. K03JIOBa1, BI. KOHOHOBI/I‘I]', 1.B. KOHOHOBI/I‘IZ, MIT. POMaH}OKOBl, JI.M. Tumormenko®
1Oz[eCCKHI71 HAllMOHAJIbHBIN [TOJINTEXHUYECKUN YHUBEPCUTET,
mpocn. [eBuenko, 1, Oxecca, 65044, Ykpauna; e-mail: vl _kononovich@ukr.net
20 peccKas HALMOHAIBHAS AKALEMHUsl THIIEBbIX TEXHOIOTHIA
yi. Kanarnas, 112, m. Ogecca, 65039, Ykpaunna; e-mail: kononovich@mail.ru

B pabore paccmoTpeHO mpomecc pa3BUTHA OT WH(POPMAIMOHHON O0€30macHOCTH 10
KHOepHETHYECKOH 0e30MacHOCTH 0OBEKTOB MH(PPACTPYKTYPHI, H B YaCTHOCTH, MPOIIECCOB
ayouTa KUOCpPHETHYECKOW 3aIlMIICHHOCTH. YCTAaHOBICHO, YTO AaCMeKThl JHHAMHUKH
mporieccoB MH(GOPMAIMOHHOH M KHOepOe30macHOCTH UCCIEeIOBAaHbl HEJOCTATOYHO. U HE
PacKphIBAIOT IMOJHBIA (OPMAIBHBIA M CHCTEMHBIH IOAXOX K PEHICHHIO 3aaad
kubepbe3onacHocTH. B cBsi3u ¢ 3TuM, pa3paboraHa JOTMKO-JTMHTBUCTUYECKAs MOJEINb
PHCK-OPUEHTUPOBAHHOI'O MOJX0/a K [UIAHWPOBAHUIO MEPONPUATHI KHOEpOEe30macHOCTU U
HaHHpOCTeﬁIﬂaﬂ mMareMatTudeckass MOJCJb ABYXOTAITHOI'O MUKIWYECKOro YIIPaBJICHUA
npoueccamu ayaura. Mcronb3oBaHMe MaTeMaTHYeCKOW Mopeinu OyneT criocoOCTBOBATh
Oosiee TOYHOMY ITIOHMMAHUIO JWHAMUYECKHX CBONCTB U pa3paboTKe HEOOXOAMMBIX
CHCTEMHBIX U BHECHCTEMHBIX MEPONIPUATHH obecriedeHust KnoepOe30acHOCTH.
KiroueBble ciioBa: knOepHeTHUecKas 0€301acHOCTb, MOJENb AWHAMUYECKONW CHCTEMBI,
MUKITHYECKOE YIIPABICHAE ayIUTOM.

DYNAMIC PROPERTIES OF PROVIDING OF CYBERSECURITY ON THE EXAMPLE OF
CYBERSECURITY AUDIT

O.Yu. Kozloval, V.G. Kononovich !, I.V. Kononovich 2, M.G, Romanukovl, L.M. Timoshenko?

1 Odessa National Polytechnic University,
1, Shevchenko Ave, Odessa, 65044, Ukraine; e-mail: vl_kononovich@ukr.net
2(Odessa National Academy of Food Technologies
112, Kanatna Str, Odessa, 65039, Ukraine; e-mail: kononovich@mail.ru

The paper considers the process of development from information security to cybernetic
security of infrastructure objects, in particular, the processes of cyber security audit. It has
been established that the aspects of the dynamics of information and cyber security
processes have not been adequately studied. and do not disclose the full formal and
systematic approach to solving cyber security problems. In this regard, developed a logical-
linguistic model of a risk-oriented approach to planning cyber security activities and the
simplest mathematical model of two-stage cyclical management of audit processes. The use
of the mathematical model will contribute to a more accurate understanding of the dynamic
properties and the development of the necessary system and non-systemic measures to
ensure cybersecurity.

Keywords: cybernetic security, model of dynamic system, cybersecurity audit.
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HNPUMEHEHHUE KJIACTEPHOI'O AHAJIN3A JAHHBIX J1JIA

BBIJAEJIEHUSA MEPBI CXOKECTU ®AKTOPOB BJIUAHUSA

HA PABOTOCHOCOBHOCTDSD CJIOKHBIX TEXHUYECKHNX
CUCTEM

B.B. Beruyxkanun, /[.C. [lIn6aes, H./I. Pynan4yenko

Opecckrii HAMOHANBHBIA MOPCKOW YHUBEPCHUTET,
yi. MeunukoBa, 34, Onecca, 65029, Ykpanna; e-mail: nickolay.rud@gmail.com

B cratee npHBemeHbl pe3yNbTAaThl MPUMEHEHHS KIACTEPHOTO AaHANW3a JAAHHBIX JUIS
BBIZICTICHUS. MEpbl CXOXecTH (AaKTOpOB BIMSHUS Ha pPabOTOCIOCOOHOCTH CIIOXKHBIX
TEXHHYECKHX CHCTeM. B  KadecTBe mpHMepa CHCTEMBI pPacCMOTPEHA  CyHOBasl
JHEPreTHYECKass yCTaHOBKa. IIpeyioKeHa KOHIENTyajbHash MOJCTb B3aUMOACHCTBUS
MOJIYJIeH CHCTEMBI MOAICPIKKHU [IPUHSITHUS PEIICHHH 110 YIPABICHHIO pabOTOCIIOCOOHOCTRIO
CIIOKHBIX TEXHHYECKHX CHCTEM C MoAyjeM kiactepus3auuu. Co3maHel KapTel JOMEHa
nousituit 1 ER-Mozmens 6a3sl JaHHBIX MOIYISl KJIACTEPHOrO aHAIM3a JaHHBIX, TOCTPOCHBI
JCHIPOrpaMMbI BBIICICHHSI HEPAapXUUYCCKOH B3aMMOCBSI3aHHOCTH KJIACTEPOB Ha 0ase
npuMeHeHus: metozioB Nearest neighbor u Furthest neighbor

KaioueBble cioBa: KﬂaCTeprIﬁ aHaJIUu3 JaHHBIX, CJIOXXHBIC TCXHHUYCCKHEC CHCTCMBI,
paboTOCIIOCOOHOCTh TEXHUYECKUX CHCTEM, MEPhI CXOXKECTH (haKTOPOB

BBenenune

B Hacrosmee BpeMs HaOmonaercs yCTOWYMBas TEHICHLUS YCIOXKHEHHMs COCTaBa
TEXHUUYECKHUX CHCTEM. 3aMETHBIM SIBJISIETCSI CTPEMUTEIBHOE PA3BUTUE U COBEPLIEHCTBOBAHUE
cnoxubeix TexHmdeckux cucreM (CTC) B pasnuuHbIX cdepax demoBedeckor km3HH. K
HauOojiee  paclpOCTPAaHEHHbIM MNpPUYMHAM  MOAOOHOTO  TPEHJa MOXKHO  OTHECTH
HEOOXOJUMOCTh B: arperaudd HOBBIX (YHKIMOHAJIBHBIX BO3MOXKHOCTEH, pacIIMpEHUU
NePBOHAYAJILHOTO HA3HAUYEHUsI, TOBBIIIEHUU TpeOOBaHUHN K HaJIe)KHOCTH paboTsl [1,2].

Bo wmuorux otpaciasx mnpumenenuss CTC pa3pabaTbiBaloTCs U UCHOJB3YIOTCS
JIOTIOJTHUTEIbHBIE KOMIIOHEHTBI, PACIIMPSIOUIME BO3MOXHOCTH CHUCTEM, UYTO MPUBOIUT K
NOSIBJICHHIO HOBBIX THUIIOB B3aUMOCBS3€M MEXAYy HMX OTIEIbHBIMU D3JIEMEHTaMH. OTO
OKa3bIBAaeT CYIIECTBEHHOE BIIMSHUE HAa OOBEM BBIUMCIUTENBHBIX ACHCTBUI MO 00paboTke
JAHHBIX, BBIMOJIHEHUE KOTOPBIX HEOOXOMUMO Uit I(PPEKTHBHOTO (DYHKIIMOHUPOBAHHS
CHCTEMBI U BBIIIOJHEHUS IOCTaBJICHHBIX Nepe Hel 3aaay [3].

Bo wus3bexxaHue BO3HUKHOBEHHSI aBapuUMHBIX cleHapueB dkcmyarauun CTC wu
pasIMYHBIX ~ HPOTpaMMHO-alapaTHBIX  cOOEB, MPHUBOJAIIMX K  TMOHWKEHHIO  HX
paboTococoOHOCTH, HEOOXOIMMO TPUMEHEHHWE METOJIOB MPEBEHTUBHOIO MOHHUTOPHUHTA M
JMArHOCTUKHU COCTOSTHUSI OT/ICJIbHBIX KOMITOHEHTOB TEXHUYECKUX CUCTEM.

VYdyer xapakTtepa BO3JCHCTBHS Ha CHUCTEMY BHEIIHMX W BHYTPEHHHX (DaKTOpoB
pa3IMYHON HPUPOJBI, OKAa3bIBAIOIIUX CEPhE3HOE BIUSHHE Ha (YHKIMOHMPOBAHUE TaKUX
CHCTEM, TPE/ICTABISACTCS B IaHHBIX YCIOBHIX HanOoJee MPHOPUTETHOH 3anaueii. Ee pemenne
BO3MOXHO IOCPEACTBOM IPUMEHEHUS CUCTeM Nojaepkku npunHsatus pemenuit (CIIIIP),
UCIOJB3YIOUIMX MOJEIU U HUMIUIEMEHTUPYIOIIUX COBPEMEHHBIE METOJIbl, TEXHOJOTHMH U
CPEIICTBA UCKYCCTBEHHOI'O UHTEIIEKTA [4].
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OpHako, aHanM3 psa MCTOYHHKOB IO3BOJISIET YCTAHOBUTH, YTO B HACTOSIIEE BpEeMs
CYLIECTBYIOT JBE COMYTCTBYIOIIHE MPOOIEMbl MPOBEIEHUS OJHO3HAYHOM OLIEHKH BIUSHUS
pasHopoaHbIX (hakTopoB Ha padoty CTC.

[lepBast U3 HHUX 3aKIIO4aeTCs B TOM, YTO (DaKTOpbI HE BCETAAa MOTYT OBbITh SIBHBIM
00pa3oM BBIICJICHBI, MOJHOIEHHO ()OPMAM30BaHbl U YETKO OMpEeNICHbI, BCIECICTBHE HMX
CTOXaCTUYECKOW BEPOSTHOCTHOM NMPUPOABI [S].

Bropoii mpoGnemoii sBisieTcs HEOOXOIUMOCTh OOECIEUEHHs CPEICTB ONEPaTUBHOM
00paboTKu OOJBIUX 00BEMOB JAaHHBIX, KOTOPHIE TEHEPUPYIOTCS B MPOIECCE OTCIICIKUBAHMS
COCTOSIHUSI KOMITOHEHTOB cHCTeMbl [6-9]. [l 3Toro HeoOXoAMMO MNPOEKTUPOBAHUE
MacHITa0UPyEeMbIX PpaCHpPEIeICHHbIX XPAHWINL] JaHHBIX, OPraHU3YIOIIUX ONTHUMAJbHYIO
PEISIIUOHHYIO CTPYKTYpy XpaHEeHuss HHGOpMAIMM M  OCYLIECTBISIOMINX TMOIIEPIKKY
BO3MOXHOCTE MHOTOMEPHOI'0 MHTEJUIEKTYaJIbHOT0 aHainu3a JaHHbIX [10].

Pemrenne mogoOHBIX 3a7a4 BO3MOXKHO ITyTeM pa3padOTKU MOIYJIsl KIIACTEPHOrO aHau3a
nauubiX (KAJI) ¢ menbro BBISIBJICHUS CKPBITHIX 3aKOHOMEPHOCTEH B OONbIIMX 0OBEeMax
JaHHBIX 10 (paKkTopaM, OKa3bIBAIOIIMM BIUsSHHE Ha pabotocnocodHocts CTC [11,12].
CoBpeMeHHbIE TEXHOJOTMH KJacTepU3allus OCYHIECTBIIAIOT pa3OUTHE BXOJHBIX JAHHBIX Ha
OTIENbHBIE TPYyNNbl, KaKaas U3 KOTOPBIX HUMEET olpeaenacHHble npuszHaku [13]. Hx
WCTIONb30BaHUe Hambosnee HPOEKTUBHO B  cCiIydasx HEOOXOJUMOCTH  BBIJICICHUS
OTIPENICICHHBIX TPABWI, KOPPEISIUM M TEHACHUMU B OOJBIIMX HA0Opax MAaHHBIX, YTO
ABJISIETCS aKTyaJbHBIM B paMKax paccMaTpuBaeMou Hamu 3agaud [14,15].

IMenn cTaThby U MOCTAHOBKA 331a41 UCCJIEIOBAHMI

Lenvio nanHOM paboThl sBisieTcss mpumeHeHne KAJl mis BbIIEICHUS MEpP CXOXKECTH
(akTOpOB, OKA3BIBAIOUINX BIMsSHUE Ha cTeneHb padoTocrocodHocTH CTC.

3ajauaMy HaCTOALIETO UCCIIEAOBAHMS SABIISIOTCS:

1. PazpaboTka KOHIENTyadbHOH Moaenu B3aumojeictBusi  wmoxayieir  CIIIIP
ynpasienus padorocnocodHocTsio CTC ¢ momynem KAJI.

2. Pa3paboTka KapThl JOMEHa MOHATUN NpoekTupyemoro moayis KA/

3. Pazpabotka ER-monenu 6a3wl nanubix s nposenenus KA.

4. Ilpumenenue uepapxudyeckoro merona KAJl ans BbiedeHHs B3aUMOCBS3aHHOCTH
KJIaCTEPOB.

OcHoBHAAl YaCTh

Jns  oOvenuHeHWsT (QYHKIUHA TONY4YeHHS | TpenoOpabOTKH BXOAHBIX JaHHBIX,
UIACHTU(QUKAIIMM HEUCIPABHOCTEH B cHUCTEME, OIICHKU CIEHAPUEB CHIDKEHUS CTETeHU
pabortocrniocobHocTr CTC 1 hopMUPOBaHUS YIPABISIOMUX PEIICHUNA TSI TPEIOTBPAIICHUS
BO3HUKHOBEHHUS  aBapUUHBIX  CUTyallMid  HEOOXOAMMBIM  fABIsETCS  (QopMHUpOBaHUE
neHTpanu3oBanHoi u Mmacmrabupyemoit CIIIIP. B mpemmaraemMoit KOHLETIIMM TOCTPOCHUS
takoit CIIIIP (puc.l.), Hapsay ¢ Omokamu, peamu3yIONMMH PUBEICHHBIC BBIIIE (PYHKINHU,
1enecoo0pa3Ho pa3MeIlleHue OTAEIbHOro OJioKa  HMHTEIJIEKTYyaJlbHOTO aHaIW3a JaHHBIX
(MAJ]). Janusiii OI0OK BKIIOYAET B CBOM COCTaB cleAyomiue (YHKIHOHATbHBIE MOIYJIH:
KAJl, maoromepnoro anamm3a pgaHHbix (OLAP) m o00paGoTku pesynabTaToB B (popme
rpaduueckoil peanmzanuu ¢ uHTEepdeiicom mnonb3oBarens (EDV). Hcnonp3oBanue 3THX
MOAYJIEH TO3BOJSET O00ECHeYUTh KOMIUIEKCHBIX MOJAXO0J K (OPMHUPOBAHUIO MEPEYHS
albTEPHATUB JUIsl JIMIA [PUHUMAIOIIETO PEHIeHUs 10 MNPEJOTBPAILICHUIO aBapUUHBIX
cutyaimii CTC. Bo-mepBbix, 3TO jgocturaercss Onarojgapsi aCHUHXPOHHOMY CO3JIaHUIO
HeoOxoauMbix SQL-3anpocoB B B/l Ha BBIOOPKY, BCTaBKy, oOHOBiIeHUE U yaaieHue (SUID)
nanubix  KAJI u  OLAP-monynsmu.  Bo-BTOphIX,  MOJNy4YeHHbBIE, IOCPEACTBOM
(GYHKIIMOHUPOBAHUS 3TUX Mojnynel, pe3ynbtaTsl UAJl dhopMamn3yroTcss U COXpaHSIOTCS B
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0a3y 3HAHUI B BUJE OTJCIBHBIX MPOAYKIIMOHHBIX MPABUI U BEKTOPOB KIACTEPOB. ITO MOKET
OBITH MCIIOJIB30BAaHO B JajbHEHIIeM s paciupenust BosMoxxkHocTeil CIITIP wnn co3manms
MOJYJISI SKCHEPTHOM CUCTEMBI WJIM UCKYCCTBEHHOW HEMPOHHOM CETH C LEIBI0 aBTOMATU3ALUU
mpoliecca Kiactepusaniui 1 GOpMHUPOBAHUS UTOTOBBIX AJIbTEPHATHUB.

Kaxnaeiii u3 monmyneir KAJl, OLAP u EDV nenecoobpazHo peann3oBatb B BHUIE
OTJIEITLHOTO TIPOTPAMMHOTO TPUIOKEHUS, (QYHKIIMOHUPYIOMIETO B OTACIBHOM IOTOKE IS
YCKOpEHHUsl mporecca OOpabOTKH JaHHBIX, MOCPEACTBOM TMPUMEHEHHS IMOPOKIAOIIETO
mabmoHa mpoektupoBanus Factory. K ¢aktopam, oka3pBaloOmUM ~BIWSHHE Ha
pabotocnioco6HocTh CTC, cornacHo psay UCTOYHUKOB [5,16], MOXKHO OTHECTH CJEIyIOIIHUE:
CTPYKTYPHBI W (YyHKIHOHAIBHBIM yIIEpObl, BEPOATHOCTh BBIXOJA KOMIIOHEHTa M3 CTPOS,
CTENEHb PEMOHTONPUTOAHOCTH, KOJMYECTBO TMPOBEACHHBIX PEMOHTOB, CTPYKTYPHBIA U
(YHKIIMOHATBHBI PHUCK OTKA30B, IJIUTEIBHOCTh SKCIUTyaTallud, PEXUM JKCILTyaTallu,
CTENEHb W3HOCA, TEMIIepaTypa OKpYXKaloIIel cpeapl W BO3JAECUCTBHE BHEIIHMX CHJI
(HEOMaronpusATHOE BIUSHUE KIIMMATUUECKHUX, TPUPOTHBIX UM TEXHOTCHHBIX CHII).

CIMP ynpaenenna pabotocnocobHocTeo CTC

Bnok nonyyeHnA K Bnok uaeHTUduKkaLmm Bnok oueHku Bnok hopmupoBaHua
npenotpaboTku HEWCTIPABHOCTE B CLIEHAPWEB CHIKEHWA  anbTepHaTUMBHbBIX
BXO[HbIX AaHHLIX cucTeme paboTocnocofHoCTK peLeH A
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Puc. 1. Cxema B3anmonerictus 61oka noacuctembl KAJ[ B pamkax CIIITP

B kadectBe oObekTa mccnenoBanus CTC B maHHOM cTaTbe pacCMOTpPEHA CyJlOBas
PHEPreTHYECKasi yCTaHOBKAa M €€ CTATUCTHKA OTKa30B M3 O(MQIIOPHBIX M OTKPHITHIX
ncrounnkoB gAaHHBIX (OREDA, EMSA, SRIC). Jlna pacmmpsieMoil CTPYKTYpbI, a TaKXKe C
eNIbI0 00eCTIeYeHNns LIETIOCTHOCTH M YHU(UKALIUKN Tpollecca XpaHEHHs JaHHBIX pa3paboTaHa
ER-monens B/l cpenctBamu coboanori CYBJ] MySQL WorkBench (puc.2).
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| Efficiency indicators CTS ¥ _| Inter-element connections ¥
| indicatorID INT iecID INT
» T Specifications_SpecificationID INT

T Sybsystem s_SybsystemID INT
¥ Risks_RiskID INT

"] Sybsystems ¥
Sybsystem ID INT >
T Emergency scenarios_Em ergency scenaticsID INT
T Efficienty indicators T 5_indicatorlD INT
»
:] Emergency scenarios b
Emergency scenariosID INT j Specifications ¥
¥ Alternakive solutions_SolutionID INT | SpecificationID INT
= “|Risks ¥ >
H 1 RiskID INT +
| 3

_| Alternative solutions ¥ _| Elements v
| sclutionto T | ElementlD INT
> ¥ Sperifications_SpecificationID INT

T Sybsystem s_SybsystemID INT !
¥ Risks_RiskID INT
»

Puc. 2. ER-1uarpamma cBsizeld MeXIy CyIIHOCTAMHU pa3paboTtanHoii b/

[IpenycMoTpeHo HaimuMe CBA3EH THUMA «OAWH KO MHOTHM», TOCPEICTBOM CO3JaHHS
BHEIITHUX KJTIOYEH MEXIy TaOJMIIAMHU XpPaHEHHS JaHHBIX, TO: (hakTopaM paboTOCIIOCOOHOCTH
CTC (Efficiency Indicators CTS); anementam (Elements); mexanemenTHbIM cBsa3sim (Inter-
element connections; moacucremam CTC (Sybsystems); TEXHHYECKHM XapaKTepUCTHKAM
KoMroHeHTOB  (Specifications); anbTepHaTUBHBIM BapuaHTaMm pemieHuil  (Alternative
solutions); aBapuitHbIM cueHapusiM pazButusi (Emergency scenarios) u puckam (Risks). st
¢dopmanmzanuu nporecca npumeneHus KA/l ans BeigeneHuss Mep cXokecTd (hakTopos,
OKa3bIBAIOUINX BIHUSHHE Ha creneHb padortocnocobHoctn CTC, ¢ MOMOIIBIO OTKPBITOTO
obmaynoro  SaaS-cepBuca mindmup.com pa3paboTaHa KapTa JOMEHa IOHSTHH,
0TOOpaXkaroIias MocJIeJOBATeILHOCTD TANOB KiacTepu3amnuu (puc.3).

S ABTOMaTM3MPOBaHHbIE 3aNpPoOchl K
4 P paHUNULLY CTaTUCTUUECKNX AaHHbI
McknioueHne aHoManbHbIX /

"BbIGpOCOB™
1.C60p BXOAHBIX
BaHHBIX
BblgeneHue Hambonee
o 3HaYMMbIX XapaKTepnucTuK

PopMupoBaHue Ta6NUYHOA
CTPYKTYpbl NO BCEM AAaHHBIM

PyuHble 3anpochl No Bbi6opKe
AaHHbIX U3 BJ,

Hopmanusayns
KO/INYECTBEHHBIX U
KauecTBeHHbIX AaHHbIX

3apaHwne metoaa
onpeaeneHWs paccToOAHNA
mMeXay o6bekTammn

[ BbiGop popmbl 3apaHus
PaccTOAHUA MeXay

3. Popmanumsaymnsa
npeacTaeneHvs
AAHHBIX

~

YnopagounBaHUe AaHHbIX No
BblGpaHHOMY NpU3HaKy

Bbl6Op KpMTEPUEB OLLEHKK
KauecTBa KnacTepusauuu

Knactepamu
5.0ueHKa BbI6Op BHELLHWUX, BHYTPeHHUX 1
aAeKBaTHOCTU OTHOCMTENbHBIX METPUK OLLEHKN
pesyneTaToB KauecTBa KnacTepusauum

pPaBHeHWe NoMYYeHHbIX pe3ybTaTo
T CApyruMmu anroputmMmamm

Puc. 3. Kapra noMeHa NOHATUI 1O STanaM peaan3aliy npoueccoB GyHKIIMOHUPOBAHUS
Moy KAJL

216



IHOOPMATUKA TA MATEMATHUYHI METOIU B MOJIEJTFOBAHHI = 2017 = Tom 7, Ne3

COop BXOAHBIX [AHHBIX W3 CTAaTUCTHYEeCKHMX bJ[ ocymiecTBiseTcss OTAETbHBIM
MPOTrPaMMHBIM TIPWIOKEHHEM (Tapcepom), (GOpMUPYIOMIMM MPOIECC NMEPeHOca TaHHBIX B
pazpaborannyro bBJ[. Otéop u o00paboTka MaHHBIX C MOCIEAYIOIMEH QopManU3aIuei
BBINIOJIHAETCS cpeacTBamu ucnosibdyeMord CYBJI. Jlanee npoBOAMTBCS HOpMaIU3alus,
ocymiecTBisieMass Ha 0Oasze ompezeneHus cpenHero 3HaueHus (C3) W CTaHZApPTHOTO
otkionenus (CO) mo BceM mpu3HakaMm B OTAedbHOCTH. OOO3HAUMM CpEIHHE 3HAYCHHS

NPU3HAKOB Kak P , a cTaHJapTHBIE OTKIOHEHUs — Kak S,,i =1,....M (rne M — xonu4ecTBO

npu3HaKoB) st N - 00bekTOB M0 X - mpu3HakaM. Takum oOpasom, onpenencane C3 u CO
pou3BOAUTHCS 110 popmymnam (1) u (2):

_ 1 N
Pi=—2XX; (1)
N
1 N —
S =—— X (X; - @)
N -1j=1

B kadectBe Mephl paznuuHMs MEXIY AHATU3UPYEMBIMH OOBEKTAMH IPHUMEHSETCS
EBKIIHJI0BO paccTosiHue. Ero sHaueHue Mexay HEKOTOpbIMEU 00bekTamu X ;, X

M
D(Xj’Xk)z\/gl(ij‘Xik)z- ®

Hns ocymectBnenus KAJ[ ucnons3oBanbl Meroabl Nearest neighbor u Furthest
neighbor, B KOTOPBIX JUCTAHIIAS MEXIy TTApOH BBIJICICHHBIX KJIACTEPOB BRIUMCISICTCS HA 0a3e
OTIPENICIICHUSI PACCTOSHUI MEXKAy HauOolsiee OMM3KUMHU M HauOojee NaJIeKUMU O0BEKTaMHU
BBIOOPKHU COOTBETCTBeHHO. [lomydeHHble, B pesynbrare mpoBeaeHus KAJl meHIporpaMMbl
BBIJICJICHUS B3aUMOCBSI3aHHOCTH KJIACTEPOB MPHUBEICHBI HA pHC.4.

Nearest neighbor Furthest neighbor

StructureDamage

FunctionalDamage }>

StructureRisk

ProbabilityDamage

Maintainability }
OperationMode

Repairs
OperatingTime :|
FunctionalRisk

Wear

0 100 200 300 400 500 0 100 200 300 400 500 800 700 800
Linkage Distance Linkage Distance

Puc. 4. COBI[&HHLIG ACHAPOrpaMMbl BBIACIICHUS B3aMMOCBA3aHHOCTHU KJIIACTCPOB
OHGHKa AZICKBATHOCTHU PE3YJIbTATOB OCYHICCTBJIICHA ITYyTCM OIIPCACIICHHUA BHCUIHHX,

BHYTPEHHHUX M OTHOCHUTEIBHBIX METPHK OICHKH KauecTBa KiacTepu3aiuu. MCroah30BaHbI
MeTtoabl Rand statistic, Hubert statistics u Muaekc [lana.

217



B.B. Beuyxanus, /[.C. lllubaes, H./]. Pyaanuenko

BrIBOaBI

[TosrydeHHbIe pe3yJbTaThl OLEHKU a/IeKBaTHOCTHU MO3BOJISIIOT YTBEPKIaTh, YTO OMIMOKA
KJIACTEpU3AIMA HAXOJUTHCSA B JOMYCTHMBIX TpEJeNiaX, OJHAKO Jyd4llhe 3HAYCHUS METPHUK
noryueHo it metona Furthest neighbor. Aranusupys nponecc KAJl MOXHO OTMETHTB, 94TO
Mmeto Nearest neighbor opueHTHUpyeTCs Ha MUHUMH3AIMIO YHCIa OOJBIIMX MO pasMepy
kiactepoB, a meron Furthest neighbor HampaBneHn Ha yBennueHHe YHCIAa KOMIAKTHBIX
(MEHBIINX 10 pa3Mepy) KIIaCTEPOB.

DKCIEPUMEHTAIFHO  YCTAHOBJIEHO, 4YTO (HakTOphl (PYHKIHMOHAIBHOTO yIepoa,
CTPYKTYpPHOTO PHCKAa, BEPOSTHOCTH BBIXOJAa M3 CTPOS, CTENEHU padOTOCTIOCOOHOCTH U
CTPYKTYpPHOTO yiepOa o0JagaroT BBICOKOM CTENEHBIO CXOXKECTH M OOBEIUHSIOTCS B OJWH
kimactep dYepes 4 wrepamuu. Ko BTOpoMmy KiacTtepy OTHOCSTCS (DAKTOpPBI pekuMa
9KCIUTyaTaluy, KOJIUYECTBA PEMOHTOB, BPEMEHHU 3KCIUTyaTallli, U3HOCA U (PYHKIIMOHAIBHOTO
pUCKa, KOTOpble Takke (hOpMHPYIOTCS B OIWH Kiactep depe3 4 wurepanuu. JlampHehmmm
pa3BuTHEM TpeIoKeHHON KoHTenuu KAl MokeT ObITh yTOUHEHHE MPUHAJICKHOCTH Psiia
00BEKTOB K HECKOJILKHM KJIACTEPAM ITyTEM HUCIIOJIb30BAHUS HEHPO-HEUETKON KIacTepU3allnu.
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3ACTOCYBAHHS KIIACTEPHOI'O AHAJII3Y JAHUX U BUALJIEHHSA MIPU CXOXKOCTI
®AKTOPIB BIIVIUBY HA ITPAIE3JIATHICTD CKJIAJJHUX TEXHIYHUX CUCTEM

B.B. Buuyxanin, /I.C. lllu6aes, M./I. Pyanidenko

Ojiechkuii HaI[lOHATILHUI MOPCHKUI YHIBEPCHUTET,
ByJ. MeunikoBa, 34, Oneca, 65029, Ykpaina; e-mail: nickolay.rud@gmail.com

VY crarTi HaBe/leHI Pe3yJIbTaTH 3aCTOCYBaHHS KJIACTEPHOTO aHAII3y AaHUX JUIsl BUJIIICHHS
3aX0/i1 CX0XKOCTI (pakTOpiB BIUIMBY Ha Mpale3JaTHICTh CKJIAJHUX TEXHIYHUX cucTeM. Sk
NIPUKJIaJ] CUCTEMH PO3IIISIHYTa CYJJHOBA EHEPreTHYHa yCTaHOBKA. 3alIPOIIOHOBAHO
KOHLIENTYaJIbHY MOJEIb B3aEMOJIiT MOJTYJIiB CHCTEMH ITIATPUMKHU IPUHHSTTS PillICHb 3
YIpaBJIiHHS NPaLEe3AaTHICTIO CKIaJHUX TEXHIYHUX CHCTEM 3 MOAYJIEM KJlacTepH3arii.
CTtBOpeHO KapTu JoMeHY MOHATH i ER-Monens 6a3u qannx MOIyJist KIIaCTEepHOTO aHaTi3y
JTaHWX, o0y I0BaHi ACHIPOTPaMMH BUILICHHS i€papXidHOi B3a€MO3B'SI3Ky KIIaCTepiB Ha
06a3i 3actocyBanus MeToziB Nearest neighbor i Furthest neighbor

KitouoBi citoBa: KiacTepHUH aHami3 JaHWX, CKJIAIHI TEXHIYHI CHCTEMH, Tpale3IaTHICTh
TEXHIYHHUX CHCTEM, 3aX0I CXOXKOCT1 (PaKTopiB

KirouoBi cioBa: KiacTepHUiA aHANI3 TaHUX, CKJIaHI TEXHIUHI CHCTEMHU, Mparie31aTHICTh
TEXHIYHUX CUCTEM, 3aXOJU CXOXKOCTI (hakTOpiB

CLUSTER DATA ANALYSIS FOR THE SIMILARITY MEASURE IDENTIFY OF THE COMPLEX
TECHNICAL SYSTEMS OPERABILITY FACTORS

V.V. Vichuzhanin, D.S. Shibaev, N.D. Rudnichenko

Odessa National Maritime University
34, Mechnikova Str., Odessa, 65029, Ukraine; e-mail: nickolay.rud@gmail.com

The article presents the results of the application of cluster data analysis to identify the
measure of the similarity of the factors affecting the performance of complex technical
systems. As an example of the system, a ship power plant is considered. A conceptual
model of the interaction of the modules of the decision support system for managing the
operability of complex technical systems with a clustering module is proposed. The concept
domain maps and the ER model of the database of the cluster data analysis module have
been created, dendrograms have been constructed for highlighting the hierarchical
interconnection of clusters based on the Nearest neighbor and Furthest neighbor methods..
Keywords: cluster analysis of data, complex technical systems, the efficiency of technical
systems, measures of similarities of factors.
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CUHTE3 U MOAEJIMPOBAHUME HU®POBOI'O
YIPABJISIOIIETO YCTPOUCTBA JJ151
HECTAIIMOHAPHOI'O OB BEKTA

C.A. boopuxos, E.JI. Inuyrun, H.H. Jnxui

Onecbkuii HaIOHAJIFHAN TOJTITEXHIYHIHA YHIBEPCHUTET,
npoci. lllesuenka, 1, Oxeca, 65044, Ykpaina; e-mail: bobrikov1932@gmail.com

[IpoBenaeH cuHTE3 IUPPOBOTO VIPABISAIONICTO YCTPOWCTBA Ui OOBEKTa, IapameTphl
KOTOPOro — KOI((HUIMEHT YCHICHUS M IMOCTOSIHHAs BPEMEHH - MOTYT H3MEHSTHCS B
HIMPOKUX Tpejeniax. 3aJlaHHasi 4acTh CHCTEMbI BKIIOYaeT B Ce0s HCIOJIHUTEIBHOE
YCTPOMCTBO (3BEHO MEPBOTO MOPSAKA) C HEU3MEHSIOIUMUCS [TapaMeTpaMH U JBUTATENb —
3BEHO BTOPOTO MOPs/IKA C M3MEHSIOLIIMMHUCS IapaMeTpaMu. YTpaBisioliee YCTPOHCTBO
obecrieunBaeT IOCTOSIHCTBO IIOKa3aTeneil KauecTBa CHCTEMbl MPHU JIOOBIX 3HAYCHHUSX
MepeMEHHBIX MapaMeTpoB OOBEKTa B 3aJaHHOM JMana3oHe HMX 3Ha4yeHuil. B kauectBe
mokazarejieil mmpolecca NPUHSITHI MaKCHMAajbHOE IEpPEeperylupoOBaHUE B MEPEXOIHOM
XapaKTepUCTHKE W BpeMsi MNepexoJHoro mporecca. Pa3paboTaHa CTpPyKTypHas cxema
uQpoBOro peryisitopa U METOJ pacuera ero napamerpoB. PaGora BblmojHeHa MyTEM
Mo enupoBanust cucteMbl B makete MATLAB-Simulink.

KiroueBble cjIOBa: peryisTop, CHUCTEMa  yNpPaBICHUs, IepelaTouHble (QYyHKINH,
MepexoJHasl XapaKTepUCTHKA, IIOKAa3aTeld KauecTBa YINPAaBJICHUs, OOBEKT yNpaBICHUs,
UCTIOJTHUTENbHBIA MEXaHU3M, YCHUIIUTENb, 00paTHas CBsI3b, alallTUBHASI CHCTEMA

BBenenune

Pa3pabatbiBaeMoe ynpapisiiomiee yCTpOUCTBO MpEeAHA3HAYEHO Ui paboThl B CHCTEME
aBTOMATHYECKOTO YIPaBICHHUS OOBEKTOM, B KOTOPOM HEKOTOpHIE MapaMeTphl B Ipolecce
HOpMaJIbHOW paboThl CHUCTEMBl MOTYT H3MEHSTbCS B ULIMPOKMX mpenenax. [Ipumepamu
MOTOOHBIX 0OBEKTOB MOTYT CIIYXKHUTh: YIIpaBJIIeMas pakeTa, MOPCKOe CYJTHO C Tpy30M U 0e3
rpy3a u Jip. B cuctemax ymnpaBieHus: HeCTallMOHAPHBIMU OOBEKTAMHU OOBIYHO HCHOJIB3YIOTCS
METO/Ibl AJaNTUBHOIO YIPABJICHUS, YTO MPHUBOJUT K CYIIECTBEHHOMY YCJIOXHEHHIO Kak
caMoii CHUCTEMBI, TaK U METOJIOB €€ pacuera u nmpoektupoBanus [1-6]. B pabote [7] npuBeneH
METOJ pacu€ra peryysiTopa, OTIMYAIOIIUNACS CPABHUTEIHHOM MPOCTOTOM M 00€CTIeUnBAIOIITUI
paboTy cuCTeMbl YHpaBICHUS C 3aJaHHBIMHM [OKa3aTeNsIMH KauyecTBa NpPU H3MEHEHUHU
OCHOBHBIX MapaMeTpoB OOBEKTa B MIMPOKUX mpeaenax. OmnucaHHbll B [7] peryusTop
NpEJCTaBIeH B aHanoroBoi ¢opme. B naHHON paboTe NMpOBEIEHO HCCIENOBAaHUE IMyTEM
MOJICIIUPOBAHUS CUCTEMBI, pa3pabOTaHHOH B [7], IpH yCIOBUM BBITIOJHEHUS YIIPABIISIONIETO
ycTpoiicTBa B nudppoBoii popme.

ean pabdoTsl

Llenpto paboThl SABIAETCS CHHTE3 M MOJCIUPOBAHME CHCTEMBl YIPABICHHS
HECTAIlMOHAPHBIM OOBEKTOM C IU(PPOBBIM PETYIATOPOM. 32 OCHOBY MOCTPOEHHUS CUCTEMBI
NpUHATA CXeMa, NpejacTaBieHHas B pabote [7]. PesymbraToM naHHOM paboOThl sBIsSETCS
JMICKpETHAS TepeaTouHast QyHKIHUS PETYIATOpa U PEKyPPEHTHOE YpaBHEHHE, MTO3BOJISIONICE
3alporpaMMHpOBaTh IU(PPOBOE yIpaBIIAIOIIee YCTPOMCTBO.
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OcHOBHAA 4YaCTh

O06oOmeHHass ~ CTPYKTypHash cxeMa pa3padaThlBAa€MOW CHCTEMBbI IIOKa3aHa Ha
puc.l, rae mnpuHATH cheayiomue oOo3HaueHus: Ky(p) — mnepematoyHas (QyHKIUS
YVOPaBISIOWIET0 yCTpoiicTBa, Kyuu(p) — mnepenaTtoyHas QYHKUMS YCUIUTENsS MOIIHOCTU
(MCTIOJTHUTENBHOTO YCTpoiicTBa), Koy(p) — mepemarouHast (GyHKUUsS OOBEKTa YHpPaBICHUS.
[Tomaraem, 4TO 3aJaHHas YacTb CHUCTEMbl (HCIIOJIHUTENBHOE YCTPOHMCTBO U OOBEKT
yIpaBJICHUS) OMHUCHIBAIOTCS CIEAYIOUIMMHU IepPEAaTOYHBIMU (PYHKIUSMHU:

K,

K - L
ulP) (hp+1)p

1 K ( —
— p)=
Lp+l” %
IIppuHuMaeM ycnoBue, 4TO MapaMeTpsl ycwiauTesss MoumHocTH Ki v 71 3ajaHbl U B

mpoiiecce paboThl CUCTEMBl HE MEHSIIOTCS, a MapaMeTpbl 00bekTa K2 U 72 MOTYT U3MEHSIThCS
B 3aIaHHBIX NpCaciiax:

K2min SKZ < KZmax; T2min STZ < TZmaX'

PaspabatpiBaeMoe yIpaBisiioliee yCTPOHCTBO — JOJHKHO 00eCHeuuTh paboTy CHCTEMBI C
3aJaHHBIMHM TIOKA3aTeJSIMM KadyecTBa NPH JIOOBIX BO3MOXHBIX 3HAUEHHSX IapaMeTpoB
o0bekTa. B KkauecTBe mokazaTenell NPUHMMAaeM MaKCUMAalbHOE IEpeperyJupoBaHue B
HIepEeXOJHOM XapaKTepUCTUKE IPH YCIOBHH, YTO BPEMsI IIEPEXOAHOTO MpoIecca He MPEBBICUT
3aJaHHOTO 3HAYCHHUS.

G':p:' X‘:p:' KW(P) Ufpj - K}MI:P:I—I'KD?(P:I F{pL

Puc. 1. O60061eHHas CTPYKTypHasi CXeMa CUCTEMBI YITpaBICHUS

Kaxk mokazano B [7] ympaBisroliee yCTpOMCTBO HEMPEPHIBHOTO JEHCTBHSI (aHAIIOTOBOE)
B TakOW CHCTEME MOXXET OBbITh BBIMOJIHEHO IO CIEIYIOMIeH cXeMe, MpeICTaBICHHOW Ha

(puc.2).

3 z
TP+l Ty p+l l— v
umpﬂ 01T P+l 7 2

Puc. 2. CtpyKTypHas cxema aHajJoroBOIro yIpaBJsSIOUIEro ycTpoicTsa: 1,5 — ycunurenu;
2,3 — nuHelinble AuddepeHITUPYIONINE 3BeHbs; 4 — HEIMHEWHOCTD TUTIA «HACBIIIEHUE)

=

B cTpykTypHO#l cxeme perynstopa (puc.2) IpUHHMAaeM, YTO TMOCTOSTHHAs BpeMEHH 71
paBHa MOCTOSIHHOM BpPCMCHU YCUJIIUTCIIA MOIIHOCTH B 3aI[aHHOﬁ qaCcTu CUCTEMBI. HonaraeM,
YTO 3TOT MapaMeTp B mpoliecce paboTel cucteMbl He MeHsierca. [locTosHHas BpemeHu 13
oTpeneNsieTcs MO 3aJaHHBIM MapaMeTpaM 00beKTa ympasieHus (cM. nanee). B HennHeitHOM
3BeHE 4 (HACBIIICHHE) JIMHEHHAS YacTh UMeeT K03 UIHeHT 1, a HaChIIIEeHHe HACTYTAaeT PH
BXOJHOW BeIW4MHE, paBHOW +2. CTpyKTypHas CX€Ma CUCTEMBI C aHAJIOI'OBBIM PETYJIATOPOM
MpUBeE/IcHa Ha puc.3.
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YroTpoHCTES YIpaBIEHHA . | zamaHHAad 9acTbk CHCTEME
_Tiptl T3 2 +1 L— LR ) :
001Tip 1 | 0.01TipHI| | —1 Ky >—qpn merp[ 17!

Puc. 3. CtpykTypHasi cxeMa CUCTEMBI C aHAJIOTOBBIM PETYJISATOPOM

[Tepenatounas pyHKIIMS pa30OMKHYTOW CHUCTEMBI yMpaBJICHHUsS O€3 ydeTa HEJIMHEHHOTO
3BeHa paBHa (puc.3):

100(T, p+1)(T,p+ 1)K, K K (T,p+DK,
Kpa3(p)_ w2+ D)(T;p B, 3P

= = 1
OITp+D* T p+D(Tp+1)p  OITp+1)*(Tp+1)p v
rae Ke=100K1K2K3.

JlanHas cucTema SIBJISIETCSl CYIIECTBEHHO HEJIMHEWHON. Y CTOWYMBBIC aBTOKOJICOAHUS B
TAaKON CHCTEME BO3HHKAIOT, €CJIM JIMHEWHAs 4acTh (¢ yuyeToM Kod(hduireHnta B IMHEHHON
YaCTH XapaKTePUCTUKH HEJIWHEHHOTO 3BEHA) HEYCTOWYMBA. YCIOBHE YCTOWYHUBOCTH
JUHEHHON YacTH CUCTEMBI (4, 3HAUUT, U YCIOBHUE OTCYTCTBUS aBTOKOJICOAHMI B HETMHEHHON
CHCTEME) OIPENEeNUM, HWCHIOIb3YS alreOpandeckuid KpUTEpUH YCTOHYMBOCTH JIMHEHHBIX
cucteMm (kputepuit ['ypBuna). [[nst sToro ompenenum nepenaToyHyr0 (QyHKIHMIO 3aMKHYTON
cucteMmbl (0e3 yué€Ta HACBHIIIEHHSA), a 3aTEM XapaKTEPUCTUYECKOE YpPaBHEHUE 3aMKHYTOMN
CUCTEMBI.

[lepenarounast pyHKIMS 3aMKHYTOM CUCTEMBI paBHA:

_ K _ (T,p + DK,
1+ K, (p) (O p+1)*(Tp+Dp+(Tp+ DK,

K...(P)

XapaKkTepUCTUYECKOE YPABHEHUE 3aMKHYTOW CHUCTEMBI UMEET BUL:
01T p+D)*(Tp+D)p+(Tp+DK, =0.

CnenaB  COOTBETCTBYIOIIME  MpeoOpa3oBaHHMs  MPHUBEAEM  XapaKTEPUCTHUECKOE
YPaBHEHHE 3aMKHYTOH CUCTEMBI K BUJLY:

a0p4+a1p3+a2p2+a3p+a4:0,

B coorBerctBHM ¢ kpurepueMm ['ypBuina ycioBHE YCTOHYHMBOCTH OIpeNeNseTcs
CJIEAYIOUIMMU HEPABEHCTBAMHU:

C?

a az 0
a a
A3 =ay 4ap ay >0, AZ = ! 3 > 0. (2)
ag 4ap

0 a as

[loncraBuB  3HaueHust KO3(PPULIMEHTOB  XApaKTEPUCTHUYECKOI'O  ypaBHEHHS B

HepaBeHCTBa (2) W cnaenaB psaJl NOpeoOpa3oBaHUN M YHOPOIIEHWH, HAXOIUM YCIOBHE
YCTOWYHMBOCTH [T KOG GUINEHTA YCHICHNS CUCTEMBI K:
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KC < 20T2min i+ 0’27—; ~ 20T2min :chp ) (3)
nr, 1, LI, TT, '

B ympasnsromeM yCTpOHCTBE HEHU3BECTHBIMU IapaMETPAMM SBIISAIOTCS IIOCTOSTHHAsS
BpeMeHHu 13 u kod(hduiment ycunenus: K3. BennduHbl 5THX apaMeTpoB ONPEACISIOTCS U3
YCIIOBHS, YTO PETYJSATOP JOJDKEH 00ECleYUTh 3aJaHHble AMHAMHUYECKUE CBOWCTBA CHUCTEMBI
NPy U3MEHEHUH TTapaMeTPOB 0OBEKTA B IPOIIECCE HOPMAJIBLHON pabOThl CHCTEMBI B 3aJIaHHBIX
UHTEpBajax:

K T

<K,<K o <To < T,

2 min 2max ° max *
B kadecTBe  3aJaHHBIX  JUHAMUYECKMX  CBOWCTB  MPUHUMAeM  MHHHUMAJbHOE
HepeperyupoBaHie B MEPEXOJHOW XapaKTepUCTUKE (omax<5%), U BpeMs peryIupoBaHUs

1, ST max - BpeMst peryiupoBaHus ONPECINM, KaK HHTEPBAJl BDEMEHH OT Havajla 0Ja4u Ha

BXOJl CUCTEMbI €MHUYHOTO CTYNEHYAaTOro CUTHala J0 MOMEHTA, I0CJe KOTOpPOro omuoKa
ynpaBiieHus He npeBbimaeT 1%.

BennunHa nocTOSIHHON BpeMeHHU 13 ONpenesnseTcs Mo 3aJaHHOW BENHYUHE [2min [7] €
UCTIONIb30BaHUEM TpaduKoB, TNpHUBeneHHBIX Ha puc.4. ['padukm puc.4 TOCTPOCHBI TpU
ycioBuy, uto Kc=100. IIpn 3T0M MakcuManbHOE NEpeperyIupoBaHue He MpeBblmaeT 5%, a
BpEMsSI PEryJUpPOBAHUSA (p<T2max. ODKCHEPUMEHTAJIbHO YCTAHOBJEHO, 4YTO YBEIMYEHHUE
K03(puLIMeHTa yCUIIeHUs] U IOCTOSHHOW BpeMeHH 00bekTa B 10 pa3 mpakTUUeCKH HE BIIUSET
Ha [10Ka3aTeId KaueCTBA CUCTEMBI.

T T r T r r r T3 s ! 1 7}
[ 1 | ; - A @ T A I
s o N S S e S I U SO SRR SV o SO N N
B8 Lo diicidusisndomnsedd , b e R : o
! ! x'... : - L T T— PRSP, R Yop—, 1
1 S i
__ : : : | T— Mo s aailsauseacn e med Fa s sas il esnmniuhssas-canfas
0.2 | fheeeee e jusese 1 7
H H H H :/
1]

i { ] i 2 . : : . . : :
0 01 0203 04 0506 07 03 c. T min ] 2 4 ] 2 10 12 14 ¢.T2 min
a §)

Puc. 4. 3aBucumocth 73 OT MHHMMAJIBHOTO 3HAUYEHHUS IOCTOSIHHOM BpEeMEHH OOBEKTa
yapaBiaeHus Tomin : a — 0<D2min<l; 6 — 0<T2min<l5

Pacuét ynpapisioiiero ycTpoicTBa MpoBOJUM B CIEAYIOIIEH MTOCIEA0BATEIbHOCTH.

1. Pacuer aHanoroBOro ympasJisiiOIIETO YCTPOMCTBA.

CunrtaeM 3amaHHbIMU cheayromue mapamerpsl (puc.3): Ki, 71, Komin, K2max, T2min,
Tomax. IlpyHHUMaeM ycloBUE: MaKCUMaJlbHOE TIEpeperyjJupoBaHUe B  NEPEXOAHOU
XapaKTePUCTHKE Omax < 5%, BpeMs peryanpoBaHus ) < T max s

T5max S1075 s Komax 10K i, - 10 xpuBBIM pHc.4 mind 3aaHHOW BEJIWYMHBI [ 2min

HaXOJIMM COOTBETCTBYIOIIEE 3HAUeHUE 73.
[Tpunumas, uto kodduimeHT ycunenus cuctemsl Ke paseH (1):
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K, =100K,K,,, K, =100,
orpeneNnseM BeTUUuHy Kodduuuenta Ks:
100 1

3 = =
1001<11<2min K1K2min

Jlo dopmyne (3) mpoBepsieM KpUTHUYECKOE 3HAUeHUE KOI(P(UIMEHTA YCHICHUS
cuctembl Kexp. Tak kak rpaduku puc.4 noctpoensl ans 3HadeHus Kc=100, oueBUIHO, YTO IS
o0OecrieyeHHss OTCYTCTBHUS B CHUCTEME aBTOKOJIEOAHMI JOJKHO BBIIOJIHATHCS YCIIOBUE!
Kep>100.

HenpepeiBHast mnepenarounass (QyHKIOUS dYacTH yHpaBJSIOIIEro ycrpoictBa (6e3
HeJIMHEeHOro 3BeHa 1 ko3 dunuenta K3) umeer BUA:

100(T;p + D(T3p+1)

x (4)
0,17 p+1)

K, (p)=

2. OmpeneneHue TUCKPETHOM MepeaaTouyHON (DYHKIIMM W PEKYPPEHTHOTO ypaBHEHUS
U(POBOTO YIPABIISAIOLIETO YCTPOUCTBA.

OnpezesieHne TUCKPETHON TMepenaTouHOr (YHKIHMH YHPABISIIONIETO YCTPOMCTBA
BBINOJIHSEM ITyTEeM IOJICTAHOBKU B HEMIPEPBIBHYIO MEPEeNAaTOYHYIO (GYHKUHUIO (4) BBIpaXKEHUS

[8]:

b= 2(z-1) (5)
Ty(z+1)
rae 7o — mar KBaHTOBaHUS HEMPEPHIBHOTO CUTHANA M0 BPEMEHHU.

Hnst toro, uroObl 1HQpoBas cHcTeMa yNpaBICHUS MaKCHMAJIbHO COOTBETCTBOBAJA
WCXOJHOW HETPEPHIBHOW CHCTEMeE, IIar KBAaHTOBaHUS CJEIyeT MPUHATh UCXOJS U3 yCIOBUS
T0<0,5Tmin, TA€ Tmin - HAUMEHBIIIAS TIOCTOSIHHAS BPEMEHHU B HEMPEPHIBHOW MEPENaTOYHON
¢bynkuuu [9].

JuckpetHas nepenarouHas (pyHKIHS BBIYMCIUTEINS YIPABISAIOLIETO yCTPOMCTBA UMEET
BUJI:

r222 +nz+ry  U(2) (6)

K (Z) = - B
Y gzzz +g1z+gy X(2)

rne X(z) m U(z) COOTBETCTBEHHO Z-M300pa)KCHHs OMIMOKM YIMpaBJICHUS M CHUTHAlIa Ha
BbBIXOJC BBEIYUCIIUTCIIA.
[IpenacraBum ypaBHeHUE (6) B CISAYIOMIEM BHUJIC:

U(z)(g22% + 812+ 80) = X(2)(raz> + 1z +17p). )

3aMeHUB Z-M300paKECHHS Ha OpUTHHANBI (pemerdaThie (PYHKIIMH) W BBIICIUB BBIXOJHYIO
BEJIMYMHY — U[n] MOJIYy4YUM PEKYPPEHTHOE YPAaBHEHHE BHIYMCIUTENS:

uln] =2 x{n]+ - x[n - 1]+ -2 x{n - 2] - ELufn —1]- £ un - 2].
&2 &2 82 &2 &2
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IMpumep.

[Tycth mapameTpsl 3alaHHON YacCTH CHCTEMBI CIEAYIOIIUE: YCHIUTENhb MOIIHOCTH -
Ki1=0,5; Th=0,01 c; oobexT ynpaBnenus - 0,2<K><2; 0,5<7><5.

ITo xpuBbIM puc.4 1ist 3aaHHON BeIMUUHBI T2min=0,5 Haxoauwm : 73=0,8.

1. Onpenensiem ko3 dumuent K3 (1):

K\Kymin  0.5%0.2

Ky

[epenatounast pyHKIIMS aHATOTOBOTO peryJsitopa (03 HeMHEWHOTO 3BeHa U KO3 GHIneHTa
K3) nmeer Bun:

00T p+ 1)(Typ +1)

p)= ()
pee (0,17 p +1)2

K

OnpenenuM KpUTHYECKOE 3HAYCHHE KOI(PPUIIMCHTA YCHICHUS JTUHCHHONW MOJCIIA CHCTEMBI
(3) — TO ecThb TO 3HAUYECHHE, IPU KOTOPOM B HETMHEHHON CUCTEME BOSHUKAIOT aBTOKOJIE0aHusI:

20D _ 20x0.5 o 0
P TT, 0,01x08

Tak kak mpu pacdere ympaBIsIOIIETO yCTpoicTBa OOMMN KOA(PPHUIUEHT CUCTEMBI MPHHAT
paBHbiM 100, oueBHIHO, B JAHHOM IpHUMEpPE CUCTEMAa MMEET JOCTAaTOYHO OOJIBIION 3amac
YCTOWYHMBOCTH 1O KO3()(UIMEHTY YCHIICHUS, YTO 00ECIIEYNBAECT OTCYTCTBUE aBTOKOJICOAHHIA
IPY JIIOOBIX BO3MOKHBIX 3HAUEHHSIX TTApaMEeTPOB OOBEKTA.

2. CnenaB moACTaHOBKY (5) B HENPEPBIBHYIO NEpeJaTOUHyI0 (QYHKIMIO perysropa (8),
MOJYYHM JUCKPETHYIO MEPEIaTOuHy0 (PYHKIUIO IIH(PPOBOTO BEIYUCIUTEIHFHOTO YCTPOHCTBA
perymnsropa:

7"222 + 7"12+ 7"0

2
822 T 812+ 8o

ere(z) =

rae 72=3,232404; r1=-6,99992; ro=3,167604; g2=4,84e-006; g1=-7,92e-006; go0=3,24e-
06; 70=0,001.
Cxema Habopa monenu B cucteMe Simulink mpuBeena Ha puc.S.

HEIJPC'EC'E FCTPC'HCTEO YIpaBIEHHA : E SATAHHAT YACTE CHCTEME :
L Al [z nzen|ue] o R | L0
1 5 " — Ky >—w — H ——r .
. 8,254 2+8p Ao he (Bpthp| | -
Congtant; | Dierete . Saturation G'a”ﬂ ' Transfer Fen2 Transfer Fen3| | Scope
TrangterfFen B

Puc. 5. Cxema Habopa mozenu B cucteMe Simulink

Pe3ynbpTaTel MoAenupoBaHUs MPUBEAEHBI HA PUC.6.
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Puc. 6. Pe3ynpTaTbl MOAETMPOBAHUS CHUCTEMBI C LHU(POBBIM perynsropom: a — K»=0,2
(1 -7>=0,5; 2—-T1>=5); 6-K>=2(1-T1>=0,5; 2—T>=5)

BriBoabl

Pa3pabGorano mudpoBoe ympapisomee yCTpOHCTBO JUIsl CHCTEMBI, 3aJaHHas 4acTb
KOTOPOH  COACpPXKUT  yCHJIMTENb  MOINHOCTH  (MCIIONHHUTEIBHOE  YCTPOMCTBO) ¢
HEU3MEHSIOIUMUCS MapaMeTpaMu U OOBEKT YIpaBJIEHUs, MapaMeTpbl KOTOPOTO MOTYT B
mporiecce HOPMaJbHOM pabOThl CHUCTEMBI H3MEHAThCS B mHMpokux npenenax (1:10).
[loka3aHo, Kak MOJYYUTh JUCKPETHYIO MEPEJaTOUYHYI0 (YHKLHUIO PETYJSATOPA M0 U3BECTHOM
HenpepbIBHON nepenaTouHoi pynkuuu. IlpuBeaen nmpumep pacyera UQPPOBOroO peryisTopa.
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CUHTE3 I MOAEJJIIOBAHHA IU®POBOI'O IPUCTPOIO YIIPABJITHHSA JJIA
HECTAHIOHAPHOI'O OB'€EKTA

C.0. bobpikos, €./. [Tiuyria, M.M. [duxwii

Opecpkuii HalliOHATBHAN TONITEXHIYHUNA YHIBEPCHTET,
mpoc..[lleuenko, 1, Oneca, 65044, Ykpaina; e-mail: bobrikov1932@gmail.com

[IpoBeneHo cuHTE3 MUQPPOBOTO KEPYIOUOTO MPUCTPOIO IS 00'€KTa, MapamMeTpH SKOTO -
KoediIieHT MOCIICHHS 1 MOCTiiHA Yacy - MOKyTh 3MIHIOBAaTHCS B IIMPOKHUX MeXax. 3aJaHa
JacTHHA CHCTEMH BKJIIOYaE B ceOe BHKOHABUMI HPHUCTPiil (JTaHKa MEpIIOTO MOPSIKY) 3
mapaMeTpamu, SKi He 3MIHIOIOTBCS, 1 ABHTYH - JIaHKa APYTOTrO MOPAAKY 31 3MIHHHMH
napameTpamu. Kepyrouunii mpuctpiii 3a0e3mneuye CTaaicTh MOKa3HUKIB AKOCTI CHCTEMH TIPH
Oyab-sIKMX 3HAUEHHSX 3MIHHUX INapaMmeTpiB 00'eKTa B 3aJlaHOMY Jiana3oHi iX 3Ha4eHb.
[TokasHukamMu mpouecy MpPUHHATI MaKCHMallbHE IEPEeperyjlloBaHHsS B IMepexigHii
XapaKTEPUCTHIII 1 Yac MepexiTHoro mporecy. Po3pobiieHO CTPYKTYpHY cXeMy IH(PPOBOTO
peryiiropa Ta MeETOI pO3paxyHKy Horo mapamerpiB. PoOora BHKOHaHA ILIIXOM
MoenoBanHs cuctemu B makeTi MATLAB-Simulink.

Kiro4oBi ci10Ba: perymisarop, cucteMa yrpaBIliHHS, epefaBaibHi PYHKINiT, MOJEIOBaHHS,
mepexiHa XapaKTepHCTHKA, MOKA3HWKH SKOCTI  VIPaBIiHHSA, O0'€KT YIIPaBIiHHS,
BHKOHABUMH MeXaHi3M, MiJCHIIIOBaY, 3BOPOTHHM 3B'130K, aIalITHBHA CUCTEMA

SYNTHESIS AND SIMULATION OF DIGITAL
MANAGING DEVICE FOR NON-STATIONARY OBJECT

S.A. Bobrykov, E.D. Pichugin, N.N. Dikiy

Odesa National Politecnic University,
1 Shevchenko Ave., Odesa, 65044, Ukraine; e-mail: bobrikov1932@gmail.com

Synthesis of a digital control device for an object whose parameters - gain and time
constant - can vary within wide limits. The predetermined portion of the system includes an
actuator (first-order unit) with unchanging parameters and an engine-second-order link with
varying parameters. The control device ensures the consistency of the system's quality
indicators for any values of the object's variables in the specified range of their values. As
indicators of the process, the maximum overshoot in the transient response and the transient
time are taken. A block diagram of the digital regulator and a method for calculating its
parameters have been developed. The work was done by modeling the system in the
MATLAB-Simulink package.

Keywords: regulator, control system, transfer functions, simulation, transient
response,control quality indicators, control object, actuator, amplifier, feedback, adaptive
system
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YI[K 681.5 Informatics and Mathematical Methods in Simulation
Vol. 7 (2017), No. 3, pp. 228-233

YIIPABJIEHUE PUCKAMMU TIOTEPb KOHTPOJISA HAJI
CJIOKHBIMHU TEXHUYECKUMU CUCTEMAMUA

B./1. boiiko

Opecckuil HAMOHANBHBIA MOPCKOW YHUBEPCHUTET,
yi. MeunukoBa, 34, Onecca, 65029, Ykpauna; e-mail: boyko-work@ukr.net

B cratbe mpemiaraercsi pacliMpeHHas KOTHUTHBHO-MMHUTAIMOHHAST MOJEIb CIIOKHOM
TEXHUYECKOH CHCTEMBbl, MpeJHa3HAuYeHHAasi JUIS MOJCIMPOBAHMUS AacCIeKTa IOTEePH KOHTPOJS Haj
CHCTEMOI M3-32 BHEIIHUX HEOJarONpUSTHBIX BO3JIEHCTBHU M mopaxarolmux (akrtopoB. OnucaHbl
9JIEMEHTBI,  pacUIMPSIONIME  CYIIECTBYIOLIYI0  MOJAENb W TO3BOJISIIOLIME  AMYJIUPOBATH
KUOCPHETUYCCKHUI ACIICKT )KUBYUYCSCTH. PaccMaTprUBarOTCsl BO3MOXKHOCTU MPAKTUIESCKOTO IIPUMCHEHUS
pacuIMpeHHOM MOJIENTM B COOTBETCTBHH CO CTaHIapTOM yrpasiieHnus puckamu [SO 31000:2009.

KiroueBble cioBa: ynpaBieHHe pHckamH, risk management, XHBy4YecTb, CIIOKHBIC
TEXHUYECKNE CUCTEMBI, KOTHUTHUBHO-UMHUTAIINOHHOE MOJICITUPOBAHHE.

BBenenune

Kak Obu1o mokazano B [1-4] mpu (pyHKIMOHUPOBAHUM CIOXKHBIX TEXHUYECKUX CHCTEM
(CTC) BHemmHue HeOmaronpusTHbIC BO3ACHCTBUA W mopaxatomue (akroper (HB u I1D)
MOTYT BBIBOJAUTH U3 CTPOSI OTAEIbHbIE KOMIIOHEHTHI WX LIENbIE TIOJCUCTEMBI, a TAK)KE BIUATh
Ha TIEPBUYHYIO W BTOpUYHYIO padorocnocodHocts CTC. HB u II®, kak mpaBwmiio, HOCST
CJIO’KHOTIPOTHOZUPYEMBI  JINOO  HENMpPOTHO3UPYEMBIH XapakTep (Hampumep, OLINOKH
NepCoHaja, CTUXUHHBIE OENCTBUS M T. 1.), IPU 3TOM HX BO3JIEHCTBHE MOXXET HMETH
pa3InyHbIEC MO CTENEHU TSHKECTH MOCIEACTBUS — BIUIOTH 0 nosHoro paspyuenus CTC [5].
Kuyyecte CTC B ycnoBusx HB wu II® 3aBUCHUT HE TONBKO OT CTPYKTYpHOM U
¢ynkunonansHo#i cocraisomeii CTC, HO U OT 1eNoro psAa IOMOJHUTENbHBIX (aKTOPOB:
CKOPOCTH TIPHHATHS W peajH3aliyd peHIeHud 1o OoprOe 3a JKUBY4YECTh, OBICTPOTHI
JIUKBUAJALMKU BTOpuuHbIX nocneactsuii HB u I1®, coxpanenus ynpasnsemoctu CTC.

Pa3pabotka cucrem nogaepxku npunarus pemenuit (CIIIP) nns ynpasienust puckamu
B ycnoBusx 00pr0ObI 3a xkuBydects CTC npu HB u I1® sBnsercst oHUM U3 NEPCHEKTUBHBIX
HampaBlieHUd B oOecriedeHun Oe3onacHocTu ¢yHkiuonupoanus CTC [6]. Taxue CIIIIP
MOTYT OBITh peain30BaHbl KaKk B BUAE OTIENbHBIX stand-alone pemieHuii, Tak U B BuUie
MOJTyJIeH, JOMOJHSIOMUX HEOOXOAUMBIM (YHKIIMOHAJIOM TOTOBBIE CHCTEMBI YIPABICHUS W
NPUHATHUS pelleHuil obmero HazHadeHus. OHM MO3BOJISIIOT HE TOJNBKO OBICTPO MPUHUMATh
pelrenus Ha 3tane ycrpaneHus nociencrsuidi HB u [1®D, HO u yBenMYHMBaIOT yCTOMYMBOCTD
CTC Onaronaps BO3MOXHOCTH HACHTU(UKAIMM, aHAJIM3a U OLEHMBAHUS CYIIECTBYIOIIUX
puckoB nopaxenus arperaroB u nogacucrem CTC [7].

B mnepeuncneHHbIX BbIlIe paboTax *KHUBY4YECTh paccMaTpUBallaCh, B OCHOBHOM, Kak
MOKa3aTelb CHOCOOHOCTH CHUCTEMBI COXPAHATh CBOIO CTPYKTYPHYIO ¥ (YHKIHMOHAIBHYIO
cocrapisomue. I[Ipm 3TOM, KpoMe HENOCPEACTBEHHO TEXHUYECKOW HCIPABHOCTU U
paborocniocobHoct CTC mpu HB u II®D, BaxkHbIM (hakTOpOM SBISIETCS COXpaHEHHE
ynpasingemoctu CTC. Kak mpasuno, CTC npeacraBisiioT co0OH COYETaHHE MHOXKECTBA
Pa3IUYHBIX 10 HAa3HAYEHUIO, CBA3HOCTU U TOIOJOTUHU arperaroB M MeKarperaTHbIX CBS3EH,
00BbETMHEHHBIX B MOACHUCTEMBI, KOTOpPbIE B3aUMOJCHCTBYIOT MEX1y co00il B OnpeaeaeHHbIX
pexumax. I[loatomy B menom cucremsl ynpasieHuss CTC MoXHO paccMaTpuBaTh Kak CEThb
WIM COYETAHHE CETEH, Pa3iaMyYHBIX IO XapaKTepy, KOMOIOHEHTaM, TOIIOJOTHU U PEKUMaM

228



IHOOPMATUKA TA MATEMATHUYHI METOIU B MOJIEJTFOBAHHI = 2017 = Tom 7, Ne3

pabotel. Takue ympasnsrone cuctemsl, Hapsay ¢ npouumu komrmoneHTamu CTC, takxke
HaxonaTcs B ycnoBusix HB u [1®, a 3HauuT, TpeOyeTcsl yUUTHIBATh U UX YA3BUMOCTb.

I{enbro vccnen0BaHus BISETCS PAaCUIMPEHNE KOHIETIIMU CYIECTBYIOIIEH KOTHUTUBHO-
MMHUTAlMOHHON MOJIENH, IO3BOJIAIOIIEE MOJECIMPOBATh CLUEHAPUU MOTEPU M COXPAHECHUS
koHTpousig Hax CTC npu HB u I1®, a Takke paccMOTpeHUE BO3MOXKHOCTEHM MPaKTHUUECKOTO
MPUMEHEHHUS MOJYYEHHOM MOJIENIM B COOTBETCTBUM CO CTAHJIApTOM yIpaBiieHUs puckamu [SO
31000:2009.

KuOepHeTnyeckasi COCTaABJISIOIIASA )KUBYYECTH

Bynem Ha3pBaTh «KHUOEPHETMUECKUM AacleKTOM KHMBy4ecTH» crocodHocth CTC
COXpaHSTh HAOII0JAaEMOCTh U YNPaBISIEMOCTh NPHU BBIXOJAE U3 CTPOSI CUCTEM, MOJCUCTEM U
OTJICNIbHBIX arperaTtoB JUO0 MeXarperaTHbIX 1 MeXCHCTEMHBIX cBsizel B ycioBusix HB u 1.
Takum oOpaszoMm, kuOepHeTnueckuii acrekT xuBydecTd CTC MOXHO TpencTaBUTh B BUIC
coueranus Takux cBorictB CTC, kak:

— Habnodaemocnms — COCOOHOCTh CUCTEMBI NPEIOCTABIIAT MOJIHYIO M JIOCTOBEPHYIO
MH(GOPMALIMIO O COCTOSIHUU €€ arperaToB U MeXarperaTHbiX CBS3e;

— ynpasnsiemocms — crnocoOHocTh kKommnoHeHToB CTC pomxHBIM oOpazoM © 3a
KOHEYHOE BpPEMs pearupoBaTh Ha KOMaH/Ibl yIIpaBICHUSI.

O6a cBolicTBa 3aBHCAT KaK OT HCHpaBHOCTH pabouymx xommoHeHToB CTC, Tak u oT
(GYHKIIMOHATTLHOTO COCTOSIHUSI HETIOCPEICTBEHHO 33/ICHCTBOBAHHBIX B CHCTEME KOHTPOIS U
ynpasienusi arperatoB CTC, koropsie Takxke HaxomsaTcs B ycinoBusix HB u 11O, a
CJIeI0BATENIbHO, HApSAY C MPOYMMHU CHUCTEMaMH MOTYT BBIXOJIUTH M3 CTposi. B 3TOoM cityuae
KaK HabomaeMocThb, Tak U ynpasisgemoctb CTC mokeT aerpaaupoBarh, BIUIOTh 10 TIOTHOMN
notepu koHTposs Hax CTC.

CeHcopbl M KOHTPOJLJIEPHI

KornutuBno-umuranuonnas moaens CTC (KUM CTC), onucannas B [2] u
WCITONIB3YIOMIAsICS B KayecTBE 0a30BOW MJIsl MpejjiaraéMoi CHCTEMBI, MPECTaBIsICT COOO0M
oprpad, umutupytommii moseneHne CTC, B kotopom arperatam CTC cOOTBETCTBYIOT Y3JIbI
oprpada, a MexarperaTHbIM CBSI35SIM (MaTepUaIbHOIO «IHEPrHsi-BelleCTBO-UH(DOpMALIHSD)
1100 MPUYIMHHOTO XapaKTepa) — BeTBU oprpada.

MonaenupoBanue BiusiHusa Ha cuctemy HB u [1® npoucxoaut myTtem BbIBOAA U3 CTPOS
OTIICNBHBIX Y3JIOB M CBsi3ed rpada B COOTBETCTBHHM C 3apaHee 3aJaHHOW WU
CTEHEPUPOBAHHOW M0 OMNPEACIICHHOMY 3aKOHY paclpeleseHus] CIy4alHOW BETWYUHBI
nocyenoBarenbHOCThIO. [locne uero BeimonHsieTcss oneHka coctosHuss KM CTC u
CpPaBHEHHUE C €€ UCXOHBIM COCTOSIHUEM.

st KOTHUTUBHO-UMUTHALIMOHHOTO MOJICIIUPOBAHUS Ha0JII01aeMOCTH u
yrpasisiemoctu CTC mpemyiaraercsi JOMOJHUTh KOTHUTUBHO-UMHUTAMOHHYIO Mozenb CTC
y3JaMH, KOTOpbIe TUOO MOMydaroT WH(OPMAIIUIO O COCTOSIHHM arperaToB U MeXarperaTHbIX
ces3eit CTC (yzen-cencop), mnbO mepenaroT CUTHAIBI YIPABJICHUS ()3e1-KOHmpoiep), Tido
BBITIOJTHSIOT 00€ ()yHKITUH.

CoOBOKYNHOCTh BCEX JaHHBIX, TIOJIY4YaeMbIX OT CEHCOPOB, OIpenesieT o0beM
noctynHod uHpopMmarmu o TekymeMm coctosaud CTC, a COBOKYMHOCTh BO3MOXKHOCTEH
BnusiHusg Ha paboty arperatoB CTC — crenenb koHTposst Hax CTC. OreHka BIMSHUS
BHemHuX HB u [1® na kubepuetnueckuii acnekt xuBydectd CTC MoxeT ObITh MPOBEICHA
Kak C MOMOIIbIO TPAJAUIIMOHHBIX KpUTEpHUEB, Hanpumep, kputepus Kanmana [8], Tak u ¢
MOMOIIIHIO0 METOJIOB MOACIUPYIOIIUX UMITYJICOB M KpuTepusi bupubayma, onrcanHbIX B [2].
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Puc. 1. ®parment KUM CTC, cHaGXeHHOM y3J1aMU-CEHCOPaMH M Y3JIaMH-KOHTPOJIEPaMHU.

Puc. 1 nemonctpupyet rpad c ¢parmenrom KMM cuctemsl 351eKTpOCHAOKEHUS CyTHA
[9]. Ympanstomue y31abl 0003HaYeHbI MATHYTOJIBHUKAMU U TIPOMapKupoBaHbl kak Conl, ...,
Con5. Y3npl-ceHCOpbl 0003HAYEHBI MEPEBEPHYTHIMU MATHYTOJBHUKAMU M 0003HAUYEHBI Kak
Senl, ..., Sen7. WH(popMalMOHHBIE CBSI3U «arperaT-CeHCOp» M «KOHTPOJUIEp-arperar
BBIZICTICHBI JKUPHBIM HauepTaHueM. [pad, mNpuBeneHHBIH Ha puc. 1, WITIOCTpUPYET
cutyauuto, B kotopod II® BeBen u3 crpos y3nsl PCDUIL, Ptl um kontpomnep Con2
(COOTBETCTBYIOLIUE Y3JIbl 3aKpallleHbl CEPbIM LBETOM). [Ipy 3TOM AOMOIHUTENBHO BBIIUIN U3
CTpOSI MEKarperaTHble CBSI3U — OHH BbIICTICHBI yHKTHUPOM.

Bo3moxHocTu npakTnyeckoro ucnouab3opanna KUM CTC pasi ynpasiieHusi pucKkaMu
npu 0opnoe 3a :xuBydyectb CTC

Crangapt ynpasienus: puckamu [SO 31000:2009 [10] onpenensier puck Kak «BIUSHUE
HGOHpeILeJIéHHOCTI/I Ha 0OCJIn» B TIPOTUBOBCC CTAPOMY OIPCACICHUIO «BCPOATHOCTL HIIN
BO3MOXXHOCTh ~ moTepb». (OCHOBHBIM  HMCTOYHHKOM  pHCKAa  CYHMTAETCS  COCTOSIHUE
HeOHpeI[eJIéHHOCTI/I, a HpI/I‘-II/IHOI\/'I TaKOIro COCTOSAHUA — HCEAOCTATOYHOCTH I/IH(I)OpMaLII/II/I,
MMOHUMAaHMS UM 3HAaHUS O COOBITUU U ero mocieAcTBusX. CoriacHo cTaHaapry, Npolenypa
yOpaBlIeHUS] PHUCKAMU JOJDKHA BKIIOYaTh B ce0s CIEAYIOUIME JTambl: ONpeeIiCHUe
KOHTEKCTa, OILEHKY pHCKa M Bo3JaelcTBue Ha pHucK. [Ipu OGopblOe 3a KHMBy4YeCcTh CynHA
onpeoeieHue KOHMeKCma TPOUCXOAUT HA OCHOBE WHGOpPMAIUU, MOCTYMAMOMIEH OT CUCTEM
TEXHUYECKON JMAarHOCTUKH, U JKCHEPTHBIX OLEHOK cocTtosHuss CTC cyaHa MmepcoHaoM,
npuHUMaIuUM perienue [3,4]. Bosdelicmeue Ha puck OCYIIECTBISIETCS KaK IEPCOHATIOM,
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OTBETCTBEHHBIM HETOCPEJCTBEHHO 32 OOpHOY 3a JKUBYUYECTh, TAK U BCEM MEPCOHATIOM CyIHA
(B cityyae BO3HUKHOBEHUS YPE3BBIYAHON CUTYyAIUH ).

Oyenxa pucka MOXET MPOU3BOAUTHCS Kak nepcoHanoM, Tak u CIIIIP, ucnons3yromeit
KM CTC. Takoe npumeneaue KM CTC B03MOXHO Ha CTaIuu HETIOCPEIACTBEHHO OOPHOBI
3a KHUBYYECTh CyJHA W Ha CTaAWH TPOBEIACHHS MPO(YUIAKTUYCCKHUX MEPONPUATHH I10
BBISIBJICHUIO U CHIYKEHHUIO PUCKOB — B TOM YHCJIE€ PUCKOB KMOEPHETUUYECKOM COCTaBISIONIEH
xuBydectu CTC. Oyenxa puckog BKIIIOUAET B ce0s CIEAYIOUIUE CTAIUH: UICHTHPHUKAIIUIO
pHUCKa, aHaJIN3 pUCKa U OlleHWBaHue pucka. Ha stane udenmuguxayuu puckoé n10mKeH ObITh
COCTaBJIEH MAaKCHUMAJIbHO TIOJHBIM IEpEYeHb BEPOATHBIX pUCKOB. IIpu 3TOM BakHO
UACHTU(DUIIUPOBATh PHUCKH, CBS3aHHBIE C pEIIEHWEM HE HCIOJb30BaTh T€ WIM HHbBIE
ONaronpusiTHbIE BO3MOXKHOCTH. PHUCKM BKIIIOYAIOTCS B CIHCOK HE3aBUCHUMO OT TOTO,
KOHTPOJIUPYETCS UX HUCTOYHUK WM HET, Ja)XX€ €CJIIM MCTOYHUK WM MPUYMHA MOTYT OBbITh
HeodeBUIHBIMU. OJTHUM M3 MPEUMYIIECTB HHPOPMALMOHHON cucTembl Ha ocHoBe KM CTC
SABJISIETCSI BO3MOXHOCTh OTCIEKHMBaHUS TmocnenactBuili u peakuuu CTC Ha puckm ¢
HEOUYEBUIHBIMA HCTOYHHUKAMH M TPUYMHAMH, a TaKXKe MpopadoTKa CICHApUEeB pPa3sTUIHON
BEPOATHOCTH, OTBEYAIOIIUX Ha Bompoc «YTo, ecnu?». DTan ananrusa puckos 3aKkioyaeTcs B
pPacCMOTPEHUH MPUYHUH U UCTOUHUKOB pHUcKa. [Ipy 3TOM JOIKHBI IPUHUMATHCS BO BHUMAHUE
CYIIECTBYIOIIME CPEICTBA YMPaBICHUS, UX PE3YyJIbTAaTUBHOCTH U 3(PdexktuBHOCTh. B ISO
31000:2009 moguépkuBaeTcs, 4TO TOCIEIACTBUS PUCKOB MOTYT OBITh BBIPAXKEHBI B BHUJIE
MaTepuaIbHBIX WM HEMaTepHalbHBIX MOTEpb. B HEKOTOphIX ciyyasx TpeOyercs Oonee
OJIHOTO YMCIIEHHOT'O 3HAY€HUS WJIN ONUCBHIBAIOIIMN NTapaMeTp Ul yKa3aHUsl BEPOSTHOCTEH U
MOCNEACTBUM PHUCKOB JUIsl Pa3jIMYHBIX MOMEHTOB BPEMEHH, MECTOMOJIOXKEHUS, IPyHI WU
cutyauuii. Ha srane anamuza puckoB KMM CTC no3BosieT ONpenenauTb IOCIEACTBUS
pelieHui MO YIPaBJICHUIO PUCKAMH W PACCMOTPETh peau3allid Pa3IuYHbIX CIEHapueB
pa3BUTHs COOBITHH. DTanm oyeHugaHusi puckos 3aKI0YaeTcsi B IMOJATOTOBKE K IMPHUHATHIO
pelIeHN, OCHOBaHHBIX HA MCXOJHBIX pe3yjbTaTax aHajlu3a pUCKa C TOYKU 3PEHHUA
HEOOXOJUMOCTH BO3JCUCTBUS Ha PHUCK M pACIpeAeNeHUS PUCKOB IO NPUOPUTETHOCTH
Bo3mericteusg Ha Hux. Ha »stoii cramuum KM CTC Moxer OBITH HCHOJIB30BaHA Kak
«IMHAMUYecKass WHTEPaKTHBHAs KapTa» BO3MOXKHBIX anbTepHaTUBHBIX cocTosiHui CTC,
PaHXXMpPOBAHHBIX IO KPUTEPUSAM KaTErOpUaibHOM paMKU PpUCKOB — CTPYKTYpPHOI,
GYHKIIMOHATBPHOW U KUOEPHETHUECKON YCTOMYMBOCTH. DTO COKpAIllaeT BpeMs U YIPOIIAET
MpoILIeCC MPUHATUS PelIeHUH 110 00pb0e 3a JKUBYUYECTb.

Takum o6pazom, KUM CTC MokeT UCIIONIb30BaThCs B MPOIIECCE YIIPABICHUS PUCKAMU
Ha BCEX TPEX CTaMsX dTara OLUEHKH PHCKa Ipu 00ph0Oe 3a KHUBYUYECTh CyIHA. JTO TIO3BOJIHT
yBEIUUUTH QD (PEKTUBHOCTD NEATEIHHOCTH MEPCOHANA, COKPATUTh BpEMSs MPUHATHUS PEIICHUN
¥ YBEIMYUTHh NPOICHT TNPABWIBHBIX pelIeHuil 1mo OoprOe 3a xuBydecTh. Kpome ToTO,
UCIIONB30BAaHUE  CHCTEMbl  MOBBICUT  HAISIAHOCTH U IPO3PAvYHOCTH  MPOLIECCOB
WICHTU(UKAINN, aHAJIH3a U OLIEHKN PUCKOB KUBYUYECTH Cy/THA.

BeiBOABI

Ucnons3zoBanue mpemnoxenHoi pacmmpenHon KMUM CTC mno3BosisieT JOMOJHUTH
CTPYKTYPHBIM M (DyHKIIMOHATBHBIA aCTIEKTHI OIICHKU XUBYUYECTH, MpuBeaeHHbIC B [1] u [2],
KrOepHeTHYECKUM (YIIPABIISIIONIUM) actiekToM U uccienoBarh nosenenne CTC nmpu HB u [1D
C TOYKH 3peHHsl coxpaHeHust KoHTpousis u ynpasiasiemoctd CTC. OnpeneneHbl BO3MOXXHOCTH
ucnonb3oBanus pacimmpenHon KUM CTC na sTamne olleHKu pucka coryiacHo ctanaaprty 1SO
31000:2009 u ans ompeneneHus CUCTEM, Y KOTOPBIX YMNPaBISEMOCTh U HaOII01aeMOCTb
SBIISIIOTCST  M30BITOYHBIMH JTHOO HEIOCTATOYHBIMH. B mporecce MoaenupoBaHUs ObLIH
BBISBJICHBl CLIEHApUHU, KOIJa IPH OTHOCHUTEJIBHOM HCIPaBHOCTH CUCTEMa TepsieT JH0o
YIPaBISIEMOCTD, INO0 HAOIIOIaEMOCTb, JTHO0 00a CBOKCTBA Cpasy.
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YIIPABJITHHA PUBUKAMU BTPAT KOHTPOJIIO HAJI CKJIAJJHUMHU TEXHIYHUMU
CUCTEMAMU

B.J. boiiko

Opnecwkuii Hantionansauit Mopcbkuii YHiBepcurer,
ByIl. MeunikoBa, 34, Oneca, 65029, Ykpaina; e-mail: boyko-work@ukr.net

YV cTaTTi MpOMOHY€ETHCS PO3IINpPEHa KOTHITUBHO-IMITAIlifHA MOIETH CKIIAIHOI TEXHIYHOT
CHCTEMH, MPU3HAYCHA JIJIsl MOJICTFOBAHHSI ACIIEKTY BTPATH KOHTPOJIIO HAJl CHCTEMOIO Yepe3
30BHIIIHIX HECTIPUATIIMBHUX BIUTMBIB 1 Bpakatouux (akTopiB. OmrcaHo ereMeHTH, 110
PO3MIKMPIOIOTH ICHYIOYY MOJIETh 1 I03BOJISTFOTh €MYJTIOBATH KiOEpHETUIHUN aCTIeKT
KHUBYUOCTI. PO3IIISIAI0THCS MOXKIIMBOCTI MMPAKTUYHOTO 3aCTOCYBAHHS PO3LIMPEHOT MO/IeII
BIZIMOBITHO J10 cTaHAapTy ynpasiinas pusukamu [SO 31000: 2009.

KirouoBi ciioBa: ynpapiiiHHS pu3nKami, risk management, )KHUBY4iCTh, CKJIQIHI TEXHIUHI
CHCTEMH, KOTHITHBHO-IMITAI[IiHE MOJCIIFOBAHHSI.

RISK MANAGEMENT FOR SCENARIOS OF LOSS CONTROL OVER COMPLEX TECHNICAL
SYSTEMS

V.D. Boyko

Odessa National Maritime University
34, Mechnikova Str., Odessa, 65029, Ukraine; e-mail: boyko-work@ukr.net

The paper considers an expanded cognitive-imitation model of a complex technical system.
This model can be used for modeling the loss of complex system control scenarios under
pressure of external adverse effects and damaging factors. The extension of the model is
proposed in the form of adding elements that allow to emulate the cybernetic aspect of
system survivability and reliability Also the possibilities of practical application of the
extended model in accordance with the standard of risk management ISO 31000:2009 are
considered.

Keywords: risk management, reliability, survivability, complex technical systems,
cognitive-simulation modeling.
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IMAPAJIEJIBHI AJITOPUTMMU PO3B’SI3AHHS
MPOCTOPOBOI 3AJAUI IUPPOBOI ®LIBTPALII JAHUX

M. C. Sxxkak

IHcTuTyT MpuknagHuX npodiiem mexaniku i MmaremaTuk iM. .C. ITizctpuraua HAH VYkpainuy,
ByJ. Haykoga, 3-b, m. JIbBiB, 79060, Ykpaina; e-mail: yadzhak ms@ukr.net

Y poboTi 3ampornoHOBaHO IapajeibHi alrOPUTMH 3 AaBTOHOMHUMH TUIKAMH  JUIs
PpO3B’si3aHHS POCTOPOBOI 3a1adi nudpoBoi ¢insTpanii. HaBeneHo OIIHKKM NPHCKOpPEHHS,
AKi MITBEPIKYIOTh BHCOKY €(PEKTHBHICTH IIMX AJTOPUTMIB. 3alpOIOHOBaHI MapajenbHi
ANTOPUTMH  30pI€HTOBaHI Ui peamizallii HAa  CYYacHHX  IIMPOKOAOCTYIHHX
BHUCOKONPOAYKTHBHUX OOYHNCIIOBATGHUX 3aco0ax — OaraTosAepHUX KOMIT IOTepax,
KJIacTepax Ta CHUCTeMax 3 TiOpuaHOIO apxiTekryporo. OnepxaHi B poOOTi pe3yibTaTH
MOXYTh OyTH BHKOPHCTaHI TiJ 4Yac JOCHIIKEHHS B PEXUMi PeaJbHOTO Yacy CTaHy Ta
AKOCTI (PYHKIIIOHYBaHHS CKIAIHUX TUHAMIYHUX CHCTEM, 30KpeMa TPAHCIOPTHHX.

KirouoBi ciaoBa: napanensHuil anroput™, nudposa ¢inbTpamis, CKIagHa CHCTEMA,
0oOMeXeHHI mapaeni3M, NIPUCKOPEHHs 00YHCIIeHb, KacTep.

Beryn

Y poborax [1-4] omucaHO METOAMKY KOMIDICKCHOTO JCTEPMIHOBAHOTO OIlIHIOBAHHS
cknagaux cucteM (CC) 13 iepapXi4YHO-MEPEKEBOIO CTPYKTYPOIO. 110 METOANKY BUKOPHCTAHO
JUIL OLIHIOBAaHHS CTaHy Ta SIKOCTI (YHKIIOHYBaHHS OiOMeXaHIYHHX i pOOOTOTEXHIYHUX
CUCTEM JIOKOMOLIWHOTO TUIY [5], @ TAaKOX 7S OLIIHIOBAHHS OKPEMHUX MiJCUCTEM 3aTi3HUYHOT
TpaHCHOPTHOI cucteMu Ykpainu [6]. YV Oimpmiocti BunankiB omiHtoBanHs CC HeoOXimHO
3MIACHIOBATH y PEXUMI peanbHOro uvacy. OnHI€I0 13 BaXIMBUX CKIAJOBHX 3TafaHoi
METOJIMKH € TIoNepeaHe oOpoOneHHs Benwkux MacuBiB nmanux (Big Data) [7, 8], sxi
BHUKOPHUCTOBYIOTHCS IMiJI Yac JAOCTIKEHHS CUCTeMH. Taki BXiTHI JaHI MOXYTh OyTH Pi3HHX
THIIIB: YUCIIOBI, TEKCTOBI, 3BYKOBI, rpadiuHi (I10cKi a00 MpoCcTOpPOBi 300pakeHHs ), BiIcOJaHi
tomo. Y [9, 10] 3anpornoHoBaHO ONTHUMAabHI 3a MBHAKOMIEI (Y 3aJlaHUX Kjlacax) mapalie-
JTHHO-KOHBEEPHI aITOPUTMHU PO3B’sA3aHHSA 3a1a4 (imbTpallii pisHoi BumipHocTi. L{i anropurmu
30pI€HTOBAHI Ha peati3alliio Ha BIMOBIAHUX CIEIiai30BaHNX OOYUCITIOBAILHUX 3aco0ax —
KBa3ICHCTONIYHUX CTPYKTypax. ToMy akTyaldbHOIO € mpoOiieMa po3poOKH e(eKTUBHUX
napajellbHuX alropuTMiB IM(poBoi GimbTpallii AJaHUX Ha Cy4YacHUX HIMPOKOIOCTYITHHX
BHCOKOIIPOAYKTUBHUX OOYMCITIOBAILHUX CHCTEMaxX — OaraTosZiepHUX KOMII IOTepax Ta KJac-
Tepax.

Memoro i€l poboTH € po3poOKa Ta MOCHTIHKEHHS MapaliebHUX aITOPUTMIB 3
ABTOHOMHUMH TUIKaMH [UJII YHCJIOBOTO PO3B’S3aHHS IMPOCTOPOBOI 3amadi  1udpoBoi
¢inbrpanii (3L[D) nanux.

3agaua undposoi gpinbTpanii T2 MOCTITOBHUI AJTOPUTM il PO3B’SI3aHHS

3araqoM po3MIAgyBaHa IMPOCTOpOBa 3ajauda QuibTpauii mosisrae y BukoHaHHi C

MepPeoOUNCIICHb 3TIa/KYBaHHS MacCUBY 3HA4eHb /N 3MIHHUX Xi .k G=LL;j=L1l ; k= E)

yepe3 pyxome BIKHO po3mipom M [9]. s po3B’si3aHHA i€l 3a7adi MOXXHA CKOPHUCTATHCS
MOCITITOBHUM aJITOPUTMOM, SIKUH Ma€ HACTYTTHUN BUTIIS;
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FOR 1=1,C DO
{FOR ALL (i,j,k){(i,j k): 1<i <lj;1<j <lp;1<k <l3} DO
{ p=0
FOR ALL (s,,5,,8,) €{(5,,5,8,): —m <5, <m;;—m, <5, <my;—my, <s,<my} DO (1)

- (=)
L p= p+xi+s1,j+s2,k+s3 *fS19S29S3 }

De=pit

Yijk =P

Y HaBeeHOMY amroput™i [y ses f0,0,05-5 Sy my,my — 3a7aHI Barosi

.. i . )
KoeQillie€HTH, xl.( )j i [-Te mepeoOUnCIeHHS 3HAYCHHS 3MIiHHOI Xi jk - 3rigHo 3 (1) mns

NepeoOYNCIICHHS Ha [-My KpOIli 3HaUY€Hb 3MIHHUX BUKOPHCTOBYIOTHCS BUKIIOYHO 3HAYCHHS,
nepeobuncieri Ha (/-1)-my kpoui, mpu usomy N =/[jlrl3; M =(2my +1)(2my +1)(2m3 +1).
3a3Ha4unUMO, 110 BETUYHHU

NG NG NOTN RO RO

Temy,j kT 2=my, k0, L+l kT T2, kT my, kT
i 1omy, k0 2mmy, k i, 0, k i+, kT 2 k i, Ly +my, k
() () 0 . () () ()
xia j7 l_m3 ’ xi: j’ 2_m3 ’".’xi’ j’ (U xi: ja l3+1’ ia ja l3+2’".’ ia ja l3+m3 ’

(j*=1—I712,12 +my; k* =1—I’I’Z3,l3 +m3; i=1, ll; j=1, 12; l=0, C—l)

€ 3aJaHUMHU KOHCTaHTaMH.

Po3poOka napase/ibHUX aIrOPUTMIB

Hns (1) posrmssHemo mpoctip itepamiii / [11], mo € HacTymHOIO MHOXHHOIO
[[IJIOYMCENbHUX BEKTOPIB:

I={G,j.k,0): 1<i<l;1< j<ly;1<k<l3;1<I<C}.

PesynbTyrounMu y HaBeaeHOMY IpocTopi OyayTe N itepalliid, 0 yTBOPIOIOTH HOTO JACSIKY
HiAMHOXUHY [,

I ={(i,j,k,C): 1<i<I;1< j <l 1<k <I}.

3a3HaunMo, 110 Ha KOXHIN iTepalii BUKOHYIOTbCS OOYMCIIEeHHS, 3a1aHi B (1) ¢pparmeHToM i3
YOTHUPHOX OCTaHHIX OMEPATOPIB.

Ha mincraBi BukopuctanHs mMetomy mipamin [12] miast po3mapanentoBaHHsS IUKIIB 13
(1) omepxyemo mapaielbHHH aNrOPUTM 3 AaBTOHOMHUMH TUIKaMH JUIS PO3B’S3aHHS
npoctopoBoi 31D, sxuif MOKHA ONMCATH KOHCTPYKIELO:
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FOR ALL (ky,ky,ks) €{(ky,ky,k3): 1<ky <Ilj;1<ky <ly;1<ky <Il3} DO PAR
{FOR 1=1,C DO
{ FOR ALL (i, j, k) €{(i,,i,,i;): max{l,(/ =C)ym, + k,} <i, <min{/,,(C—-)m, + k,};
1<t<3} DO
{ p=0 )

FOR ALL (sl,sz,s3)e{(si,sz,s;): —m <5, <my; —my <s, <my; —my <5, <my} DO

—ixD ,

{p_p+xi+sl,j+s2,k+s3 fsl,s2,53 }
i

s =p b

Y HaBeJeHOMY aNTOPUTMI THI mapanensHocTi PAR € AUTON [13] 1 3amae mapanensHe
BUKOHaHHsI N TUIOK, SIKI HE B3a€EMOJMIIOTh Mik c00010. OUYeBHIHO, IO Ha TMPAKTHIN IE €
MOXITUBUM, SKIIO MOXXHa 3amyduTd N mporecopiB (saep) abo oO0YHMCITIOBaTBbHUX BY3IIIB.
Opnak, KoXXeH OaraTosIepHU KOMII'IoTep abo KJjacTep Mae Harepes BU3HAYEHY KUIbKICTh
O0YMCITIOBAJILHUX €JIEMEHTIB, sKa 3a3BMuyail € 3Ha4yHO MeHIow, HbK N. Tomy s
e(eKTUBHOTO pO3B’si3aHHA IPocTopoBoi 31D HamMuU 3anPONOHOBAHO AJTOPUTM 3 OOMEKEHUM
napaiesnizMoM [ 14], skuit 103B0JIsI€ BpaxoByBaTH 00CAT HAasBHUX PECypCiB 00YHMCIIIOBAIBHOTO
3aco0y:

FOR ALL (1,1,,1,) €{(p,7,s): ISpSPl;lérSPz; 1<s< P} DO PAR
{FOR [=1,C DO
{ FOR ALL (i, j,k) €{(i,i,,1;): max{l, ({-C)m; +(r, =),/ F,+1} <i, <
<min{/,, (C-Dm;+rl, /B};1<t<3} DO
{ p=0 3)
FOR ALL (S],SZ,SS)G{(S;,S'Z,S;): —m1£S{ <m,; —mZSS'Zsz; —m3Ss;Sm3}DO

(=D

) *
i+s), j+5,, k+s; fsls §2, 83 ;

{ p=p+x

xi(l)j,kzp } } }

> .

Tyt P — KUIBKICTb MapajebHUX T1JI0K, SIKi MOYKHA PealbHO OJJHOYACHO BUKOHATH Ha KJIacTepi
a0o OararosgepHoMy komn'totepi; P=FPP, P<N i1, [,, l; € KxpaTHUMHU BiINOBIIHO [0
R, P, B . Tun napanensnocti PARB (3) € AUTON .

Teepooicennsn. Anroputmu (1), (2) Ta (3) € ekBiBaJeHTHUMH 3a iH(OPMAIIHHUM Tpa-

dhowm.

Jogedenns 1bOTO TBEPIKCHHS BUIUIMBAE 13 CTPYKTYpU TepM-icTOpid (IepeB) anro-
purMmiB (1), (2) Ta (3) 064KCICHHS 3HAYCHHS JESIKOI 3MIHHOI x; ; ; Ha 3aJaHOMY Kpoui [9].
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AHanorivuHo, sk 1 B [15], HaMu BCTaHOBJICHO, IO 3TiTHO 13 IIMMH JIepeBaAMU OOUYUCIIOETHCS
OJIMH 1 TOH K€ BUPA3.

3a3naunmo, 1o y (2) Ta (3) mporiec 3riaKyBaHHS MOKHA JIEIIO MOKPAIIUTH, SIKIIO
OCTaHH1 YOTHUPH PSJIKU B HUX 3aMIHUTH (PparMeHTOM:

{ pijkc=0
FOR ALL (s1,57,53) €{(5],82,83): —my <51 Smy;—my <5y <myp; —mz <s3 <m3} DO
{ Di, jk = Pi, j,k T Xits,, j+s,, k+s, *fsl,sz,s3 b

Xi, j,k=Pi, jk ¥}

OpneprkaHi yHACiJIOK IIbOTO MapajiesibHi aIrOPUTMHU JI03BOJIATh Y KOXKHIM aBTOHOMHIHN
TN Mg Yac TepeoOYHCIICHHS 3HA4YeHHS JesSKOi 3MIHHOI Ha 3aJaHOMy  KpOIll
BUKOPUCTOBYBATH 3HAYCHHSI, K1 € BXKE TIEPEOOUMCICHIMH Ha IIbOMY X KPOIIi.

OuinoBaHHs anropuTmis Qinbrpanii

BukopucroBytoun cdopmyiaboBaHE BHUILE TBEPHKEHHS, OJCP)KUMO MPUCKOPEHHS JUIS
3aIPONOHOBAHMX NapaJIebHUX anropuT™iB Qinbrpauii (2) Ta (3). Ipumycrumo, wo 7, — ue

yac BUKOHAHHS IOJIBIMHOI omneparii jo1aBaHHsA-MHOXEHHS. TOi JUIsT BUKOHAHHS aJITOPUTMIB
(1)—(3) motpibeH BiAMOBIAHO TaKWH Yac:

Ty =1, MNC ;

Ty =t,, M1+ 2C(C —-Dmymyms + (2/3)2C -1)(mym3 +myms +mymy ) +my +my +m3 )(C—1)];

L, 1 [ 1 [ 1 [
Iy =t,,MC E+ my =2 tmy =S my 21 (2/3) mymy = +mymy =+
P Py By BB L By Py

+m,m, %J(ZC -+ 2mm,m;(C — I)CJ(C -1 .

1

3ayBaxuMO, M0 HABEICHI OIIHKA JUIsi dYacy BUKOHaHHS anroputMmiB (1)—(3)
BPaxOBYIOTh JIMIIIC YaCc BUKOHAHHS apH(PMETHYHHUX OIeparliii JoJaBaHHsA Ta MHOXeHHS. Ha
miZicTaBl IIMX OLIHOK OJIEPXKYEMO NPUCKOPEHHsS MapaienbHux anroputMmiB (2) Tta (3)
MOPIBHSHO 3 TTOCJIIIOBHOIO peai3ali€ero:

T, N

T, Tt (2C(C = Dymymyny + (21 3)(2C = 1) (mymy + mymy + mymy ) + my +m, +ms)(C —1)

5 =

m, m, my 2 [mlm2 Lmms | myms

L 2
LB LR LR

Sy =—= + + 2C-D+
T, |P \4BP LRP LRP 3

-1
2mmymy 3
+ TR (C I)CJ(C 1)} .
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3a3Buuail Ha mnpaktumi [ >>m, [ >>C Vi: i=1,3, a Takox [ BIAPI3HAETHCS
¢ > ml-C3 ) Big ml.C3 Vi:i= 1,_3 HE MEHII, K Ha JEKUIbKa MOPsIKIB, TOMY IMPUCKOPEHHS
S,0yne 3HauHuM, a S; ~ P. Orxe, S; 3a 3po0JeHUX NPUIYIIEHb € OIU3bKUM JO CBOTO
ONTHUMAJBHOrO 3HaueHHs. Y pasi [ =1, =1, =1000; C =10; m, =m, =m; =1 ozpepxyemo,
10 S, =502512.56, a TUISL napameTpiB 3ajaui ¢binpTparnii
[, =100; [, =500; l; =200; C=5; m =2; m,=m; =3 maemo: S, ~1425.11.

Po3pobneni napanensHi anroputmu (2) Ta (3) 30pieHTOBaHI 11 ePEeKTUBHOI peaizartii
Ha OararosiiepHUX KOMIT'IOTepax (3aco0M 31 CHUIBHOIO MaM sATTIO), KiacTtepax (3acobu 3

pPO3MOAICHOIO TaM’ SITTI0) Ta OOYHCIIOBAIILHUX 3aco0ax 3 TIOpHUIHOIO apXiTEKTypOlo
(xmacTepwu, 110 3aTy4atoTh A7 00UnciIeHb 0J10Ku rpadiunux mporecopis) [16, 17].

BucnoBknu

Y pob6oTi po3po0JieHO Ta MOCHTIHKEHO NapajelibHi aJIrOPUTMH 3 aBTOHOMHHMH
riIKaMu I8 po3B’si3aHHA  TpocTtopoBoi 3P Ha CcydacHHMX BHCOKOTPOIYKTHBHHX
o0uncioBaIbHUX 3aco0ax. HaBeneHO OIIHKM NMPUCKOPEHHS, SKi MiATBEPIXKYIOTh BHUCOKY
e(heKTUBHICTD 3alPOTIOHOBAHUX aTOPUTMIB GinbTparliii. Onepikadi pe3yabTaTH MOXKYTh OyTH
BUKOPUCTaHI JUIsl TONEPEAHBOr0 OOpOOJEHHS B PEXUMI PEaJbHOr0 4Yacy MPOCTOPOBUX
300pakeHb Ta EKCIIEPUMEHTAIBHUX JTAHUX JJI TOCHIKeHHs OaraToBuMipHuX 00’ ekTiB CC.

[Topanpini gocnmipkeHHs aBTOp BOayae y BUSBICHHI OCOOJMBOCTEH 3aCTOCYBAaHHS
OJIEpKaHUX PE3yIbTaTIB HA MPAKTHUIIL I KOHKPETHUX MPEAMETHUX 00J1acTel, 30Kpema 1 mif
4yac OI[IHIOBaHHSA SIKOCTI (YHKI[IOHYBaHHS TaKWX CKJIATHUX JIUHAMIYHHUX CHCTEM, SK
TPaHCIIOPTHI CUCTEMH, CUCTEMH Ta30-, BOJIO-, CHEPTOIMOCTaYaHHSI TOIIO.
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ITAPAJUIEJIBHBIE AJITOPUTMbI PEINEHU S IPOCTPAHCTBEHHOM 3ATAYN
OUO®POBOU ®NJIBTPAIIMU JAHHBIX

M. C. Sdmxax

WHcTuTyT NpUKIagHbeIX npobiemM Mexanuku 1 MateMatuku uM. 5. C. [luacrpurasa HAH Ykpaunsi,
yi. Hayunas, 3-B, r. JIeBoB, 79060, YkpauHa; e-mail: yadzhak ms@ukr.net

B pabore mnpeiokeHbl MapauiebHbIC alTOPUTMBI C ABTOHOMHBIMU BETBAMH IS
peIlleHHUs] MPOCTPAHCTBEHHOW 3amauu 1udpoBoil Quibrpanmu. IIpuBeneHbl OLEHKH
YCKOpECHHS, TONTBEPXKAAIONINE  BBICOKYIO 3(D(EKTUBHOCTH ITHX  AJITOPUTMOB.
[IpennoxxeHHble NapauieNbHble AJTOPUTMbl OPUEHTHPOBAHBI [JISl pealu3alid Ha
COBPEMEHHBIX IIMPOKOJOCTYIHBIX BBIYUCIUTEIBHBIX CpPEACTBAX — MHOTOSAEPHBIX
KOMIBIOTEpax, KIacTepax M CPeICTBAX THOPUIHON apXUTEeKTyphl. [lomyueHHbIe B paboTe
pe3ynbTaThl MOTYT OBITh HCHOJB30BAaHBI IUII HMCCICNOBAHUS COCTOSHUS W KadecTBa
(hYHKIIMOHUPOBAHUS CIOKHBIX JHHAMUYIECKUX CUCTEM, B TOM YHCJIE U TPAHCIIOPTHHIX.
KiroueBble cioBa: mapanienbHBIH  anroput™M, OudpoBas (UIBTpanus, CIOXKHAS
CUCTEMA, OTPAaHUYEHHBIN NapaJlIeNIn3M, YCKOPEHNE BbIUMCIICHUM], KIacTep.

PARALLEL ALGORITHMS FOR SOLVING THE SPATIAL PROBLEM
OF DATA DIGITAL FILTERING

M. S. Yadzhak

Ya. S. Pidstryhach Institute for Applied Problems of Mechanics and Mathematics, NAS Ukraine,
3B, Naukova Str., Lviv, 79060, Ukraine; e-mail: yadzhak ms@ukr.net

In the work the parallel algorithms with autonomous branches for solving the spatial of
digital filtering problem are proposed. The speed up estimates, which confirm high
effectiveness of these algorithms, are pointed. The proposed parallel algorithms are
oriented for implementation on modern widely-accessible computation means such as
multicore computers, clusters and means with the hybrid architecture. The results of this
work can be used for research of the state and operation quality of complex dynamical sys-
tems, including transport ones.
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up of computations, cluster.
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CEPBIC-OPIEHTOBAHU IHOOPMAIIMHUMN PECYPC KA®EJIPU
BH3 B I'IBPUIHINA XMAPHII IHOPACTPYKTYPI

B.€. Manaxos, JI.A. Boaomyk

Onecpkuil HaioOHAMHHAUN YHiBepcuTeT iMeHi [.I. Meunikosa,
ByIL. JIBopsiHCBKa, 2, Oneca, 65026, Ykpaina; e-mail: lavstumbre@ gmail.com

PosrnsHyTO THMTAaHHS CTBOpPEeHHS iH(OpMaIiifHOro pecypcy kadenpu sSK XMapHOL
iHpOpMaIiiHOT CHCTeMHU Ui aBTOMAaTH3auii mpoueciB (HOPMyBaHHS 1 YIPaBIiHHS
JOKyMeHTalielo kadenpu ta iHpopMmamiiHOT MiATPUMKU NPUHHSITTS YIPaBIiHCHKUX
pimeHs. 3amporoHOBaHO MoJenb KadeAapalbHOrO IOKyMEHTa, po3polieHa cepBic-
opieHTOBaHa apxiTekTypa iH(pOpMaliifHOro pecypcy Kadelpu, ska peaji3oBaHa Ha
riOpugHiit xmaphiii mwiatgopmi. Po3rmisHyro miaxim g0 iHTerpamii 0a3u JgaHUX
JIOKyMeHTaIlii B 0a3y JaHux XMapHOro (ailloBoro cepeicy.

KurouoBi ciioBa: cepBic-opieHTOBaHa apxXiTeKTypa, iHpopMaliiiHa cucTema, TiopuIHa
XMapHa miaTdopma.

Beryn

VY cyuacHUX yMOBaxX KOHKYpEHIIii B cdepi BUIIO OCBITH 0COOJIMBOTO 3HaYCHHS HaOyBae
MOHATTSI €(PEKTUBHOI MIsITBHOCTI BHINMX HaBuaidbHUX 3aknaniB (BH3), ske B 3HauHiit Mipi
3aJISKUTH BiJl SIKOCTI YHPaBIiHHS HayKOBO-IIEJArOriYHUM KOJIEKTHBOM BHIIOIO HaBYAJILHOTO
3aKmany.

OpnrM 3 BapiaHTIB oNTHMI3alii aaMiHiCTpaTHBHOI mistibHOCTI y BH3 1 fioro
MiIPO3/iIax € BIPOBAHKCHHS 1H(GOpMAIIHHUX TEXHOJOTIM B ympaBiiHHs. [HQopmaTuzamis
yIpaBliHHA MOXe OyTH, 30KpeMa, HpEeCTaBlIeHa SK aBTOMATH3allisl IiSUIBHOCTI OKPEMHUX
MiIPO3LTIB 1 IPOLIECIB.

BumyckoBa kadenpa, sk HaiBakimBimumil minposain BH3, BukoHyrounm HaBYasbHY,
METOJMYHY, HAYKOBY Ta OpraHi3amiiiHy poOOTy 31 CTyJeHTaMH B X0 HABYAIBHOTO IPOIIECY,
CTHKAETHCSI 3 BEMUKUM OOCSITOM BIAMOBIAHOI JOKYMEHTAIli, sSIKy HeoOximHo dopmyBatw,
CYIIPOBOJIKYBAaTH, 30epiraT, a Juisi IPUHHATTS yIPABIIHCHKUX PIllIEHb - aHAI3yBaTH.

MoskHa BHUIITUTH HHU3KY HpoOiieM, sIKi BUHHMKAIOTh, KOJM OMPALIOBAaHHS JOKYMEHTIB
BEJIETHCS TPATUIIIAHUM CTIOCOOOM:

— BTpaTa JIOKYMCHTIB;

— HAKOMHWYEHHS BEJIMYE3HOI KITHKOCTI HEBUKOPHCTOBYBAaHUX JJOKYMEHTIB;

— BIJICYTHICTh MICIISl TSl HOPMATHBHOTO 30€piraHHs JOKYMEHTIB;

— JOTpUMaHHS KOH(IACHIIIHHOCTI TOKYMEHTIB Ta iHGOpMAIIil B IIJIOMY;

— BEJIMKI TPYJOBHUTPATH Ha MOIIYK MOTPIOHOTO AOKyMeHTa i (opMyBaHHS TEMaTUYHOI
TI00IpKH JOKYMEHTIB;

— nyOdIOBaHHS OJHOTO 1 TOTO X JOKYMEHTA 3 MOJANBIIMMH HOTO BUIPABICHHIMH 1
CKJIQ/IHICTIO BiJICTEXKCHHS OCTaHHIX, «[TPABMIIBHUX» KOTIIH;

— TPYIOBUTPATH HA MIATOTOBKY 1 Y3TOJKEHHS JJOKYMEHTIB.

BnpoBamkeHHss aBTOMAaTH30BaHOI CUCTEMH 7S pOOOTH 3 JOKYMEHTalli€lo Kadenpu
JI03BOJISIE BUPILIUTH BCi 1M1 TPOOJIEMH, a TAKOXK:

— cropolrye podoTy 3 JOKYMEHTaMH, IABHUIIYE i €()eKTUBHICTD;
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— MIABMILY€E MPOAYKTUBHICTH Mpalli CHIBPOOITHUKIB 32 PaxyHOK CKOPOUEHHS Yacy
CTBOPEHHS1, 0OpOOKH 1 MTONIyKY TOKYMEHTIB;

— TIJBUILY€E ONEPATUBHICTh JOCTYITY J0 iH(OpMaIrii;

— PpO3MEeXOBYE MpaBa AOCTYIy CHIBPOOITHHUKIB 70 iH(opMalii.

Peamizamis Takoi TOBHO(YHKIIOHATHHOI aBTOMATH30BaHOI CHCTEMH SBJSIE COOOIO
IpOIIEC CTBOPEHHS CIEIiajli30BaHOr0 MPOrpPaMHOro 3a0e3NedyeHHs, 10 € JOCUTh CKJIAIHUM
3aBIAaHHSIM Ta BUMAara€ 3aJly4eHHS BEJIHMKHX MaTepialbHUX Ta IHTEJEKTYaJIbHUX PECypCiB,
TOMY 3aCTOCYBaHHS CydacHUX 1H(OpPMaLIHUX TEXHOJOTiH, BHOIp e(PEeKTHUBHOI apXiTEeKTypH
CTBOPIOBAHOI CHCTEMH, sIKi Oe3IocepeIHbO BILUTUBAIOTh Ha HEOOXITHUI 00CAT BUTpAT MpH il
peautizailii, € akTyansHUMH [1].

Oco0imBe Micle B Cy4YacHHX HampsMax pPO3BHTKY i1HQOpPMAaLiHHUX TEXHOJIOTIH
3aiiMaroTh XMapHi TexHOINOTii 1 mnatdhopmu. BoHu peanizyloTh eKOHOMIUHICTh €KCILTyaTalii
JI0JIaTKIB, MacIITabOBaHICTh, MOOUIBHICTD TOCTYITY KII€HTIB, JJO3BOJSIIOTh BUKOPHUCTOBYBATH
0e311u piI3HUX XMApHUX CEPBICIB 1 CITYKO0, 110 MOJNETIIYIOTh MPOIEC CTBOPEHHS MPOrPAMHOTO
3a0e3MeueHHs CepBiC-Opi€HTOBAHOI apXITEKTypH B PI3HUX MPEIMETHUX 00IaCTX.

Mema pobomu — po3pobka iH(popMarliiiHoro pecypcy kadenpu BH3 na ribpuaniii
XMapHii miardopMi 3 iHTErpaIiero 10 HOTO0 XMapHHUX CEPBICIB.

OCHOBHA YaCTHHA

[lpu mpoexTyBaHHi iH(OpMaIiiiHOro pecypcy kadeapu Oyia moOymoBaHa MOJENb
JIaHUX, sfKa BimoOpaxae iH(oOpMalliiiHi mporecu, o MnoB's3ani 3 GopMyBaHHSIM, OOIIKOM Ta
30epiraHHsIM JOKyMEHTAIlil KaeIpH.

CxematuyHe 300pa’keHHsI MOJIeNI JaHUX MPE3EHTOBaHO Ha puc. 1.

- . |

|
|
]
|
1

— Hayrordi npotec — Mar-tex zabecneyeHHa — Harpuansnauit nporec — Opranisauifisgi npotec
: INpororom1
SR | | Twcon ] [ o] e
Kaenpu
xadeapu
3BiTH PO HAYKOBY —| | IuBesnTapuzatia | Iporpantu
poborty Lo Sl ll | Hasautaxersa |
Croicor HayKOBHX Mar. Cxemit Ha4,
mpates BiAMOBi nANBHICTE Ganis —{ | Oronom exrz |
Poboua
—I Hayka J
‘ o nporpana —{ [ Poaxnan ‘
JMICLIATIN Hi
Tentt Tlocanoei
KYPCOBMX IHCTPYKIGE
pobiT

Puc. 1. Cxematnynae 300paskeHHs] MOJIENI JTaHUX

Y Mopeni BHIIEHO YOTHPH OCHOBHI THIH TIPOLECIB, JO SKAX MOXYTh HaJIe)KaTH
JIOKyMEHTH [2]:

1. HaByayipHUI TIpolieC — MICTUTHh JIOKyMEHTH, IOB'S3aHI 3 HAaBYAIBLHOIO ISUTBHICTIO
kadenpu;
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2. HaykoBwuil mporec — y JaHOMY pPO3ZIiJi MpeACTaBieHI JOKYMEHTH, SKi MOB'A3aHi 3
HayKOBO-J0CJITHOI0 POOOTOI0 Kadempu;

3. OpranizauidHuii mpouec MICTUTh y €001 JOKYMEHTH, W10 BiJOOpaxaroTh
oprasizariiiny pooory kadenpu;

4. MarepianbHO-TeXHIUHE 3a0€3MeUeHHs] — AaHUM PO3iT MICTUTH y CO01 JOKYMEHTH,
MOB's13aH1 3 MaTePiabHOIO BIAMOBINATBHICTIO Kadenpu.

[IpoBenenuit aHami3 CTPYKTYpHU IOKYMEHTIB JIO3BOJIMB BH3HAUUTH KiJIbKa THUIIOBHUX
JIOKYMEHTIB /ISl KOKHOTO 13 TIPOIIECIB.

l'onoBHOI0O BIAMIHHICTIO TPOCTOro HaOOpy TEKCTOBUX (haililiB BiJ JOKYMEHTIB €
HasIBHICTh TIEBHOI CTPYKTYPH Ta aTpHOYTIB y JOKYMEHTIB. [ pyHTYIOUHMCh Ha MOJIEN1, OMTMCAHO1
BUIIIE, JJI1 KOXXHOTO THUIY JOKYMEHTIB BH3HAUCHHUU psAJ 3arajibHUX 1 1HAWBIAyaTbHHX
aTpuOyTIB.

30Kkpema, 10 3arajJbHUX aTprOyTiB MOKHA BITHECTH aBTOpA JOKYMEHTA, TUM JTIOKyMEHTa
1 HoTO Ha3BYy.

[anuBigyansHi  arpuOyTd  MOXYTh OyTHM  ONHMCaHi  CTaHAAPTHUM  (QopMaToMm
MPEACTABICHHS, @ MOXXYTh OINHCYBATHCS PI3HMMH, SK IO KIJTBKOCTI aTpuUOYTIB, TaK 1 IO
IXHBOMY 3MiCTYy.

Tak 10 HAaBYAJILHOTO MPOIIECY MOYKHA BITHECTH TaKi JIOKYMEHTH Ta iX aTpuOyTH:

1. dumuomu 1 ix Temu (aBTOp poOOTH; HAYKOBUH KEpiBHUK; Te€Ma; HABYAJIBHUH pIK;
aHoTaIlisn);

2. Kypcosi poboTu i ix Temu (aBTOp poOOTH; HayKOBHH KEPIBHUK; TeMa;HaBYAIbHHUN
piK);

3. HaBuaubHi IU1aHU cHeliadbHOCTEH (PiK 3aTBEP/PKEHHS; Ha3Ba CHEIIabHOCTI; PiBEHb
(6akanaBp/maricTp); popma HaBUaHHS CTaIllOHAP/3a09HE);

4. PoOoui HaByaibHi TIaHM (HABYAJIBHUI pIK; Ha3Ba CHELIaJbHOCTI;, pPIBEHb
OakanmaBp/Marictp; popma HaBUaHHS CTaI[lOHApP/3a09HE; Pi3HI JOKYMEHTH TI0 AUCIUIUTIHAX ).
J1o HayKOBOI'O IIPOLIECY MOXKHA BIJIHECTH:

1. Cnucku HayKOBHX Ipaib CHiBPOOITHUKIB 1 CTYACHTIB Kadeapu:

— Te3u KoH(epeHIiil (aBTopy; HayKOBHM KEPIBHUK; Ha3Ba JOMOBIAI);

— crarti (aBTOpW; Ha3Ba, HaWMEHYBaHHS BHUIAHHS;, pIK; KaTeropis BUIAAHHS;
IHJIEKCOBAHICTH);

— MoHorpadii (aBTOpH; Ha3Ba; HAlIMEHYBaHHS BUAAHHS; PIK);

— HaBYaJIbHI MOCIOHUKY (aBTOPHU; TEMA;

— HaBYaJIbHI BUAAHHS (THUI; BUJABHUILITBO; BHU);

— maTeHTH (Ha3Ba; aBTOP; PIK; HOMED);

2. IlpoBeneni koHdpepeH1ii (Ha3Ba; naTa);

— mporpama KoHpepeHIi;

— 30ipHUKHU Te3 KOH(DEepeHLii;

3. 3BiTH IIPO HAYKOBY TpaIfto Kapeapu:

— HaAYKOBO-ZIOCJITHA poOoTa Kadenpu;

— 3asBka Ha HJIP;

— 3BIT PO HAyKOBY Mpairio kadenpu;

4. IIpoToKOJIM HAYKOBUX CEeMiHapiB Kadeapu.

Jlo opranizamiifHoro npoiecy BUALIEHO TaKi TUMIOBI TOKyMEHTH, SIK:

— MPOTOKOJIU 3acifaHb Kadeapu (mara; HoMep);

— BUTATHU 3 IPOTOKOJIIB (J1aTa; HOMEpP; MPU3HAUYEHHS BUTATY);

— mocanoBi iHcTpykii (mocana; I11b Buknanaqa);

— ankeru BukianayiB (I1Ib Buknagada; nata popmyBaHHS aHKETH;

— IITATHUHA PO3KJIaJa (HaBUAIbHUH PIK);

— myaH poOoTH Kadeapu (KaleHIapHUH pik);

— 3BiT poboTH Kadenpu (KaleHAapHUN PiK);
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— po3kiajn (cemecTp; BUKIIAaay; ICHb THXKHS, THK/ICHb ITapHUN/HEeTIApHUI; TTapH);

— JKypHaJ [IPO BUKOHAHHS ayIUTOPHOIO HABAHTA)KEHHS;

— 1HOUBIAYyadbHUI IJIaH BUKJIa/1a4a;

— CTa)KyBaHHS;

— OTOJIOUICHHS.

VY pe3ynbTari aHajizy npeaMeTHoi 00acTi OyJ0 BUAUIEHO I'SITh THITIB KOPUCTYBAdiB 3
BIZIMOBITHUMH PIBHAMH JOCTYIY 10 iH(opMaIliiiiHoro pecypcy kadenpu B uisiomy. Tpu piBHS
JIOCTyIIa TIOB'SI3aHI 3 MOJENSIMH KOPHCTYBad, MEHEIKEp, aaMIHICTpaTop 1 JBa pIiBHSA
TEXHIYHI — 11 TiICTh Ta CUCTEMHUU aJMIHICTpATOP.

Po3risiHeMO KOHOTO KOPUCTyBa4ya OKPEMO:

— TICTb — HE AaBTOPHU30BaHUIl KOpPHUCTyBad pecypcy, SKHH MOXKe MNeperisiaT
oroJiouIeHHs abo mnepeitu 1o (GainoBoi cucTemu;

— KOpPHUCTYBad — aBTOPH30BAaHUM CHIBpOOITHUK Kadeapu, SIKUM Mae JOCTYIl 10 BCIX
CTOPIHOK 1 OUTBIIIOT YacTUHM (PYHKITIOHAIIA,

— MEHEeKep — CHiBpOOITHUK Kadenpu, METOIUCT, IO 3IIMCHIOE TIPOIeC
aJMIHICTpyBaHHS KOPUCTYBAILHUIILKOTO KIIIEHTA 1 (DaliJIOBOT CUCTEMH;

— aJMIHICTpaTOp — MEHEKED 13 IpaBaMu CYNEPKOPHUCTyBaya, 3aBigyBad KadeapH, 1o
JI03BOJISIFOTH pellaryBaTH Oy/b-Ki JaH1 Ta HaJaITOBYBaTH KoHQirypauii B IC;

— CHCTEMHHH aJMiHICTpaTOp — CYNepKOpUCTyBad, iHTepdelc sSKoro kpim 06a3oBoi
iH(popMarii MiCTUTH TTOB1IOMJICHHS JIOT1B PEKUMY HAJIarOPKEHHS.

bynb-sixkuit aBTOpU30BaHUI KOpUCTYBad Takoi iH(QOPMAIifHOT CUCTEMH MOBUHEH MaTH
MO>KJIUBICTb:

— TEPeTJIIHYTH CIHCOK JIOCTYITHUX HOMY JOKYMEHTIB 1 iX aTpuOyTiB;

— 30eperTtu a0 3aBaHTAXUTH JOKYMEHTH Ha XMapHE CXOBUIIIE;

— pemaryBaTH iCHYIOYl JOKYMEHTH;

— CKayaTH 1I1a0JIOH JOKYMEHTA.

KopuctyBaui, aBTOpH30BaHi 3 POJLIIO aAMiHICTpaTopa i MEHeIKepa, MOXKYTh:

— TeperysiIaTH XKypPHaJl aKTUBHOCTI KOPUCTYBAaYiB;

— CTBOpPIOBATH HOBI aKKayHTH KOPUCTYBAauiB;

— CTBOPIOBATH OTOJIOMICHHS;

— penmaryBaTH KaJleHAap 3alHATOCTI.

[Tpu mpoekTyBaHHI iH(poOpMaliifHOro pecypcy Kadeapu Oyna obpaHa Kili€HT-cepBepHa
CEepBIC-OpIEHTOBaHA apXiTEKTypa.

Cepsic-opieHToBaHa apxitektypa (SOA) — 1e apXxiTekTypa piBHS HiANPHEMCTBA,
IpU3HaYeHa [yl BCTAaHOBJIEHHs 3B'A3KY 3 pecypcamu Ha Bumory. Lli pecypcu npeacrasieHi y
BUTJISII OPIEHTOBAaHUX Ha 3aaayi Oi3Hecy cepBiciB, sIKi MOXYTb OyTH BKJIIOYEHI B ITyJ
pecypciB  migmpueMcTBa abo0 HampsMKy Oi3Heca 1 MoaudikoBaHI I 3a70BOJICHHS
BiNOBIAHUX Oi3HEeC-moTpeO [3].

[Tporpamui koMIiekcu (BeO-cepBicH), po3poOJIeHI BIAMOBIIHO 0 CEPBIC-OPIEHTOBAHOI
apXiTeKTypH, 3BUYAMHO peasi3yloThCs SIK Habip BeO-CiIyk0, B3a€EMOIIOUUX IO MPOTOKOIY
SOAP, ane icuayroTs 1 iH111 peanizanii Ha ocHoBl REST.

IaTepdeiicn KOMIOHEHTIB Y CEpBIC-OpIEHTOBAHIM apXiTEKTypl 1HKAICYJIOIOThH AeTaii
peamizamii (omepariiiHy cucrteMmy, IIaTGopMy, MOBY MpOTpaMyBaHHS) BiJl I1HIIUX
KOMITOHEHTIB, Y TaKuil croci6 3abe3neuyroun KOMOiHyBaHHs Ta 0araropa3oBe BUKOPUCTAHHS
KOMITOHEHTIB ISl TIOOYIOBH CKJIATHUX PO3IMOAUICHUX MPOTrPAaMHUX KOMIUIEKCIB, CIPUSIOYN
MacCIITa0OBaHOCTI 1 KEPOBAHOCTI CTBOPIOBAHUX CHUCTEM.

CxeMaTu4uHe 300paXeHHS apXITEKTYpH J0AaTKa MPE3eHTOBAHO Ha puUC. 2.

[Tpu nmpoekTyBaHHI apXiTeKTypH, OyJI0 BUIIIEHO YOTHPU OCHOBHI KOMIIOHEHTH:

— KJIEHTH SBISAIOTH COOOI0 KOPUCTYBadiB, SIKI MOXXYyTb BHUKOPUCTOBYBATHU JIaHUI
JIOJTATOK 13 YC1X OCHOBHUX MPUCTPOIB;
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— Yy cepBepi I0JaTKy pO3TalloBaHa OCHOBHA JIOTiKa POoOOTH iHGOPMAIIITHOTO pecypcy
Kadeapu 1 miIKII0YeHUX MiICUCTEM, a TAKOX X B3a€MO/Iisl 31 CTOPOHHIMHU CepBicaMH;

— cepBep ©0a3 gaHmx wmictuth y cobi BJl 31 cxemamu, HEOOXIMHUMHU st
iH(pOpMaLIIHHOTO pecypcy Ta miAcHcTeM apxiBallii, 00Ky Ta 30epiraHHs JOKyMEHTAIil;

— CTOpPOHHI cepBicH Ile He3alexkHl Bia minaTdopmu, 00'€KTHOI Moneni 1 KIi€HTa
MPOrpaMHi KOMIIOHEHTH, SIKi MOYKHA BHKJIMKATH 3 BEO-J0JATKIB a TAKOX 3 IHITUX CTOPOHHIX
CEpBICiB.
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Jns nanoro pomatka Oylio yXBajJ€HE pIIICHHS BHKOPHCTOBYBATH TaKi CTOPOHHI
cepBicH, sK XxMmapHa @aitnmoBa cuctrema ownCloud[6] ans Bizyamizamii 1 pO3MIMPEHHS
MO>KJIMBOCTEH POOOTH 3 MiJICUCTEMOIO BEICHHS IOKYMEHTIB, @ TaKOX XMAapHUH peIaKTop
¢aitniB OnlyOffice[8] ans cninbHOI poboTH 3 (haitnamu.

XmapHuii cepBic penaryBanas nokyMmeHTiB OnlyOffice — 3 2014 poky, SaaS mpoexkr i3
BIIKPUTUM JOCTYNIOM KoMmaHau ¢axiBuiB 3 Ascensio System SIA. Bepcig, mo okpemo
noctapisieThes, OnlyOffice «CepBep mokyMeHTIB» — 1ie o(picHHIA TaKeT JyTisi poOOTH OHJIANH,
SKUM MICTUTh y coOl meperysuadyi Ta peJakTOpyd TEKCTOBHX JIOKYMEHTIB, €JIEKTPOHHUX
TaONHIb 1 Tpe3eHTalil, MoBHICTIO cymicHi 3 ¢opmaramu Office Open XML: .docx, .xlsx,
.pptx, 10 1 T03BOJISAIOTH CIUIBHO pelaryBaTH JOKYMEHTH B PEXHMI PEaIbHOTO Yacy.

CepBic ¢ynkmionye min ynpaBmiaasmM OC Ubuntu. B3aemopis 13 30BHINIHIM
CepeIOBUILEM 3/1HCHIOETHCS 3a JOMTOMOT'0I0 cepBepa A0AaTKiB Nginx.

Jliist TeHepartii 1 po3ropTaHHs 0a3u JaHWX, IO MICTUTh TUMYACOBY iH(OpPMAIIIO Tpo
¢aiinu, o penaryroTbes, Oyna Bukopuctana equHa niarpumyBana CYBJ] — PostgreSQL.

OCHOBHUM CepBiCOM, IHTETPOBAaHUM Y TIPOCKT, € XMapHa QaiinoBa cucrema ownCloud.
ownCloud — cucrema g oprasizaiii 30epiraHHs, CHHXpOHi3alii 1 OOMIHY HJaHUMH,
PO3MIIIEHMMH Ha 30BHILIHIX CepBepax, HEKOMepIliitHa Bepcis skoi, po3podnserbes ownCloud
Community. Big i#Hmux mnoxioaux cucrteM, ownCloud BiApi3HAETHCS HATAHHIM
KOPHCTYBa4yeBl MOBHOTO KOHTPOJIO HaJ CBOIMHM JaHMMU — iH(OpMAIis PO3MILIAETHCS Ha
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HiIKOHTPOJILHUX KopucTyBauyeBi cucremax. Jloctyn no nanux B ownCloud wmoxe
3MIMCHIOBATHCS 3a JornoMororo web-iHtepdeiicy ab6o mnporokomy WebDAV. Cepsic
¢yukuionye mig ympasiaiHasM OC Ubuntu. B3aemopis 13 30BHIIIHIM CepeOBHUIIEM
3MIMCHIOETRCS 3a IOTIOMOTOI0 cepBepa noaaTkiB Apache?2.

Jns reneparii i posropransas 6a3u ganux, ownCloud mintpumye tpu CYBJ: Mysql,
Mariadb 1 Postgresql. B 3B’s3ky 3 Tum, mo iHdopmamiiHuii pecypc kadenpu mpairoe 3
ocranHboto, s ownCloud Tak camo Oyna Buxopuctana naHa CYBJ. [ns cBoro
dbyukiionyBanns, xmapHuit cepic ownCloud cTBoproe 42 Tabnuii Ha cepBepi b/I.

Jns migcuctemu oOdiKy Ta 30epiraHHs JOKyMeHTamii BHITycKarodoi kadenpu Oyia
CIIPOCKTOBaHA BjlacHA 0asa JaHMX, 3aCHOBaHA Ha MOJEII JIaHUX, y SKIM 30epiraeTbcs ycs
iH(OpMallist TPO TOKYMEHTH.

Hani ipo ¢aitnu moBuHHI 30epiratucs B b/ 30BHIIIHKOTO cepBicy ¢aitnoBoi cuctemu, a
JlaHl PO TOKYMEHTH 1 iX BIacTuBOCTAX — y B/l cpoekroBaHiii i migcuctemMu o0miKy Ta
30epiraHHs JOKYMEHTAaIlll, y AKii OyJu BUIIJICHI HACTYTHI CYTHOCTI 1 1X BIIACTHBOCTI

Tabnuus document € OCHOBHOIO TaONMIICIO JJIS MiJCUCTEMH BEICHHS JOKYyMEHTAIlil,
TOMY IO B Hil 30€piratoThCsl aTpuOyTH TOKYMEHTa, Ha3Ba JIOKYMEHTA, JlaTa MOB’s3aHa 3 HUM
Ta KOPOTKUU OIIUC.

Tabnuist type MiCTHTB MEpPETIiK YCIX THITIB JOKYMEHTIB.

Tabnuusg proc MICTUTh Ha3BU BUAUICHHX MPOIECIB JOKYMEHTIB 1 pO3TallyBaHHS
JIOKYMEHTIB y (haijIoBii CUCTEMI 32 3aMOBUYBAHHSIM.

VY tabmuuio author BuHeceHO onuH 3 aTpuOyTIB JOKYMEHTa — aBTOpP 1 CIIIBAaBTOPH
JOKYMEHTA.

Jns migcucremu 00Ky 1 30epiraHHs JOKyMEHTallii JoriuHa cxema Oyia nmo0yioBaHa y
BUTJISIAI Aiarpamu cyTHICTh-3B'130K (ER-miarpama) (puc.3).

Tadanmi 0aza JaHHEX
XMapHOTO cepBicy

M'Z HODHCTYB34a
» POTE KOPHCTYEAE2
HaEa daiTy

. po3TAMVEAERS daiTy proc

i doe peoc PK | proc_id

A . A€ PKFK | doc_id -

f document | proc_name
v PK doc id < FEFIK | poc ® proc_default_way

doc_title

doc_date creation
type =B doc_author author

FK doc_type id
PE | tvpe_id -H—I_’< el ¢ PEFK | doc_id j PK | author_id

doc_attributes

type_name o PK.FK | author_id
T doc_description

author_name

Puc. 3. Jloriuna cxema BJ]

V¥ 6a3y nannx ownCloud y BUTIISII caMOCTIHHOI JOAATKOBOI cXeMHu OyJu iHTErpoBaHi
enementu b/l migcucremu oOumiky 1 30epiraHHs JOKYMEHTAIlll Ta peajizoBaHi Oe3rocepeiHi
3B's13KM 13 oTHpMa Tabmuisimu ownCloud.

Hane o0'eqnanns cuctemu ownCloud i migcucteMu oOiKy 1 30epiraHHs JOKyMEHTAITii
OyJ10 BUKOHAHO BPY4YHY, OJJHAK y MEPCIEKTUBI JUIs MOMIOHO1 iHTerpariii mpeamMeTHoi obiacti
nepen0avaeThCsi BAKOPUCTAHHS METO/IIB BUKJIAACHUX Y CTaTTi [7].
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3B"s3ku Mk Tabmuisamu ownCloud 1 TabnuisMu mijgcucTeMu oOMiKy Ta 30epiraHHs
JIOKyMEHTAITli TpeACTaBIeH] Ha aiarpami (puc. 4).

oc_storages 0C_Users 0C_group user OC_groups
~# PK | numeric_id HJ—»PK uid mPKIK gid —+ PK | gid
FK |id | displayname PEFK |uid
password
oc_filecache document doc_proc proc
PK | fileid H—+ PEFK | doc_id H—t PEFK | doc_id *I—H PK | proc_id
€ FK | storage doc_title PE.TK | proc_id proc_name
name doc_date_creation proc_default way
path FK doc_type id
size doc_attributes |
doc_author author
doc_description -
e PELFK | doc_id PK | anthor_id
type
% | tvpe id PE.FK | author id JH- author_name
type_name

Puc. 4. [liarpama 3B's3kiB Mixk Tabimuusamu B[ ownCloud 1 mizcuctemu o0miky Ta 30epiraHHs
TOKyMEHTaIii kadeapu

st poboTH migcucTeMu 00Ky 1 30epiranHs JOKyMEHTaIlii BUITycKaro4oi kadenpu OyB
peanizoBaH MOJyJb, BIANOBiAambHUI 3a (QopmyBaHHS aTpuOyTiB TOKYMEHTIB 3 (aiimiB
(puc.5).

Jlo nanoro Moaysst Oy BUCYHYTI HACTYIHI (D)yHKITIOHATIbHI BUMOTH:

— oxepxaHHs (aiimy sK 13 cepBicHOi (hallJIoBOi cuCTeMH, Tak 1 4yepe3 KIIEHTChbKUM
JI0/1aTOK;

— mpu onepkaHHI (Qaily XMapHUM CEpBICOM, BHECEHHs iHdopmarli Mmpo OCHOBHI
aTpulyTtu (haiiny B Tabmuii BianoBinHoi cxemu bJl cepricy daiinoBoi cucremu;

— npu oxepxkanHi Qaiimy Bl cepicy ¢aitnoBoi cuctemu, copMyBaTH BIACTHBOCTI
JIOKyMEHTa 3a 3aMOBUYYBaHHsSM 1 noaatu AaHy iHdopmarito B B/l miacucremu o06miky i
30epiranHs JOKYMEHTAIIil;

— TIpU oJepXkaHHI (ailry yepe3 KIIEHTCHKUI JOJAaTOK, aBTOMAaTUYHO TEpeHeCTH (aiiin
y cepBic (aiinoBoi cucteMu 1 JaTH MOXKIHUBICTH KOPUCTYBaueBi BBECTH 0a30Bi aTpuOyTH
OyAb-SKOTO TUIY JOKYMEHTA, TaKi 5IK:

— Ha3Ba JOKYMEHTa, siKa He 000B'SI3KOBO IMOBUHHA 301raTUCs 3 Ha3BOIO (haiiy;

— aBTOp 1, AKIIO ICHYIOTb, CITIBABTOPH JIOKYMEHTA,

— THI JOKYMEHTa 1 IPOLEC;

— pIK MOB'A3aHUH 3 TOKYMEHTOM, MOXKE€ OYTH, K KaJeHAAPHUM, TaK 1 HABYAJIbHHM;

— KOpOTKa 3aMiTKa 10 TOKyMEHTA.

[licns voro BHecTH oTpuMaHi arpuOyTu B Tabmumi BigmoBigHOi cxemu BJI cepsicy
(aiimosoi cucremu ownCloud.

Peanizamist onucanoi Oi3HEC-JIOTIKH, a TAKOX CIOJIYYEHHS AaHuX JBoX cxeM b/ Oymno
peaiizoBaHa Tpurrepamu, goganumu 10 tadmaui b/ xmaproro cepsicy ownCloud.
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Puc. 5. Cxema noToKiB JaHUX MPH J0JaBaHHI IOKYMEHTa B IHPOpMaIiiHUI pecypc Kadeapu.

Jnst posroprannHs 06a3um maHux iH(opmMmariiHOTO pecypcy Kadenpu oOpaHa BiIbHA
o0'extHO-pensuiina CYBJL PostgreSQL, nist pobotu 3 sikoi BUKOpHCTaHO PpeiiMBOpK Spring
JDBC, BignoBiganpHUII 3a B3aEMOIiI0 Java-noaaTkiB 3 pizaumu cepepamu CYBJI[5].

Peanizanis iHpopmaniitHoro pecypcy kadeapu B po3poOiieHiit apXiTeKTypi BUKOHAHO 3
BUKOpUCTaHHAM maTepHy Spring-MVC dpeiimBopka Spring [4]. yis po3B’si3aHHsS 3a1a4
aBTOpH3amii 1 aBTeHTU}IKalil BHUpIIIEHO BUKOpUCTaTU (peidMBOpK Spring Security, sKuid
3a0e3nevye MyJIbTHCECIHHICTD 1 3aXUCT BiJl aTak.

BucnoBku

3anpornoHoBaHa MOJIENb JOKYMEHTY J03BOJISIE BUKOHYBaTH aBTOMATH30BaHWH aHai3,
NpeMETHUI TOIIYK, CUCTEeMAaTH3allil0 Ta apxiBHE 30epiraHHs HEOOXiIHUX MaTepialiB 3a
paxyHOK BH3HAYCHHS U KOXXHOTO JOKYMEHTY HOTO THITY, CTPYKTYpH, Ha3BH 1 CYKYyITHOCTI
3arajibHUX 1 CTIelialbHUX aTpUOYTIB.

CepBic-opieHTOBaHA KJIIE€HT-CEPBEPHA apXiTEKTypa, PO3TJsSHYyTa B CTATTi, JO3BOJIHIIA
pearnizyBaTH iH(opMaliiiHuil pecypc kadeapu Ha riOpuaHiil xmapHiit matdopmi. [Tpu pomy
B MyONiYHIM XMapi pO3MIIIYIOTBCS XMapHI cepBicu i 30epiraHHsS 1 peaaryBaHHS
JOKYMEHTIB SIK (DaiiliB 3 MOXJIMBICTIO HEOOMEXKEHOr0 MOOUTHPHOTO JOCTYIy JI0 HHUX
KOPHUCTYBaviB CHUCTEMH, a Ha cepBepi moaatka BH3 peamizyernhcs Oi3Hec-morika podoTH 3i
CTPYKTYpPOBAaHHUMH JOKyMEHTaMu. J[Js1 CHONy4eHHS JIOKalIbHOI Ta MyOJaiuHOI YacTHHU
miatpopmu B BJl xmaproro ¢aitnoBoro cepsicy ownCloud interpoBaHo enemeHTH b/
JOKaJbHUX TMifcucTeM iHopmauniiHoro pecypcy kadenpu. IleperBopenHs ¢aitny B
CTPYKTYpPOBaHUN JOKYMEHT pealli3ye CrenialbHuid MOy b (hOpMyBaHHS aTPUOYTIB.
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Kpim 6e3nocepeiHbOro BUKOPUCTAHHS I aIMIHICTPaTUBHOTO yIPaBIiHHA KadeapaMu
BH3, manwmii pecypc po3risimaeTbesl K MakeT sl JOCITIKEHHS, aHaJli3y Ta HaJjJaroHKeHHS
TEXHOJIOTi TOOYJJOBU CEPBIC-OPIEHTOBAHMUX TIOPUIHMX XMApHUX apXITEKTYp 1 ONTHMi3allii
po3mnopaiieHoro 306epiranHs iHGpopMariii.
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CEPBUC-OPUEHTUPOBAHbI HHOOPMAIIMOHHbIN PECYPC KA®E/IPbI BY3a B
I'MBPUJIHON OBJIAYHOM HHO®PACTPYKTYPE

B.€. Manaxos, JI.A. Bonomyx

Onecckuil HanMoHaNbHBIN yHUBepcuTeT uMeHnu U.J1.MeunukoBa
yi. JIBopsiackas, 2. Onecca, 65026, Vkpauna; e-mail: lavstumbre@ gmail.com

PacMoTpeHBI BOIIPOCHI cO3/1aHusI MH(OPMAIIOHHOTO pecypca Kadeapsl Kak 00JadHOH
nHGOPMAIMOHHON CHCTEMBI Ml ABTOMATH3alMM MpPOLECcCOB (OPMUPOBAHUS U
YIOpaBJIeHUS AOKyMEHTanued Kadeapsl M HHOOPMALMOHHON MONNEPKKH NPHHATHSA
yhnpaBieHYecKux pemreHuil. IlpennokeHa wmonenb KageopaabHOrO JOKYMEHTa,
pa3paboTaHa CEpBUC-OPHEHTHPOBAHHAs apXUTEKTypa HH()OPMALMOHHOIO pecypca
kadenpbl, KOTopasi peajln3oBaHa Ha TMOpHIHOI oOmauHOll uardipme. Paccmorpen
MmoAaxoJ K HHTErpauuu 633])1 JaHHbIX JOKYMCHTAlLlMU B 6a3y JaHHBIX 06J'la‘-IHOFO
(haiinoBoro cepBuca.

KnaioueBue cjioBa: cepBUC-OPHEHTHPOBAaHHAas apXUTEKTypa, HWH(OpMaLMOHHAS
cucrema, rudpuaHas obaynas miatdopma.

SERVICE - ORIENTED INFORMATION RESOURCE OF THE UNIVERSITY CHAIR IN THE
HYBRID CLOUD INFRASTRUCTURE

V.E. Malakhov, L.A. Voloshchuk

Odessa I.I. Mechnikov National University,
2, Dvoryanskaya Str, Odessa, 65026, Ukraine; e-mail: lavstumbre@ gmail.com

The problems of the department information resource creation as a cloud information
system for automation of the processes of the department documentation formation and
management, information support for making managerial decisions are considered. The
department document model is offered. The service-oriented architecture of the
department information resource, which is implemented on a hybrid cloud platform, is
developed. The approach to the documentation database integration into the cloud file
service database is considered.

Keywords: service-oriented architecture, information system, hybrid cloud platform.
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