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UDC 681.51
A. Mikhalyov, E. Melkumyan, M. Soldatova, A. Volkova

MODAL SYNTHESIS OF COMPENSATED OPTIMAL
SYSTEMS WITH DELAY

Annotation. This article proposes modal synthesis for linear stationary closed
loop systems with the lag using optimal control law in the form of a linear combination
of the state variables to ensure the specified dynamic characteristics. Procedure of
modal synthesis of the optimal control law 1is performedbased onundefined
coefficients method. The delay compensation method is proposed to use in order to
eliminate the stable self-oscillations occurrence at the stabilization process near given
trajectory.

Keywords: linear stationary system, stabilization mode, transport lag, modal
synthesis, optimal law.

Introduction

Systems synthesis task is one of the key tasks of both automatic
control theory and practice. Its solution results in definition of the
structure of the automatic control system and its parameters of the
condition of the system sustainability and quality of transient processes
(achieving the required performance, the inadmissibility of the
considerable overshoot) improving control accuracy in steady-state
conditions etc.Linear controllers are an effective way to ensure dynamic
performance not only linear control objects of arbitrarily high order, but
also objects that contain non-linear and discrete units which have a
significant, but not a determining influence on dynamic processes.There
are two main deterministic approaches to create the control system for
the object’'s state vector - analytical design of optimal controllers and
modal control.

Professor A.M. Letov [1,3] published his work in 1960, in which was
obtained the analytical solution of the problem of linear stationary
object’s optimal stabilization with a quadratic quality functional, it was
later called “analytic construction of regulators” (ACOR). Problem of
linear non-stationary objects optimization was solved in Kalman’s work
[2] published in 1960.ACOR has the ultimate goal of obtaining control
law purely analytically, based on the requirements for management
quality [2]. Synthesis of the desired optimal closed loop control system
using ACOR depends on the designer choice of suitable penalty matrix
coefficient values to obtain a minimum of quality criterion is not quite

convenient because of absence of obvious relationship between selected
© Mikhalyov A., Melkumyan E., Soldatova M., Volkova A., 2017
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coefficients and transients in a closed-loop system.In addition, the
application of the ACOR method leads to the necessity of solving
nonlinear matrix Riccati equation, which is a non-trivial task and requires
the use of special numerical procedures.

The essence of the modal synthesis of optimal control is to determine
the numerical values of the delayless feedback transmission coefficients
in all the variables of the object state in order to ensure a predetermined
distribution of the characteristic equation roots (eigenvalues) in the
closed-loop control system. The majority of industrial objects have delays.
The delay may occur due to time spent on signal transmission or, as
happens more often can be caused by the phenomenon of simplifying
assumptions, by virtue of which it is considered that action of
intermediate and reinforcing links in the controlled object is reduced to a
signal transmission with delay [5,6]. Of particular interest is the training
of remote control operators for various types of technical objects. Inertia
of the operator himself has a significant impact on the management
quality in addition to the delay in the signal transmission. Therefore, it’s
imperative to have the best (reference) dynamic realization (control laws)
in preparation of the operator considering the inertia and delay in the
control loop. In thisarticle authors proposed a procedure for the synthesis
of the optimal modal stabilization of linear stationary systems with delay
based on the method of undetermined coefficients with the simultaneous
compensation of the delay to eliminate self-oscillations. This article is an
extension of the work of the authors [4].

Method of undetermined coefficients

It is known [3] that for completely measurable systems of the form:
S = Cx (1)

In the case of a quadratic quality criterion, extreme control is a linear
function of state variables:

u=prx. (2)

Moreover, if the vector of feedback coefficientspis chosen in such a
way that the poles of the closed system (1) are located at preassigned
arbitrary points, then the required dynamic properties will be provided in
the closed system [4]. Thus, this problem is reduced to the choice of the
optimal location of the poles and determination of the feedback
coefficients.
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We show that the unknown coefficients p,(i =1,n) of the
characteristic determinant of a closed optimal system [7]:

det(A)) = |A+Bp T —1I|A=

a11 + blpl - }\ aljp] aln + blpn
a,; +b,p; e @pj+bppj .. App+bppyp—A

linearly enter into the expression for the coefficients of the
characteristic polynomial of a closed system.

Indeed, let 3b, /b, # 0. Then, subtracting the kth (j # k) line from the
jth line, multiplied byb;/b,, we get a determinant equal to the original, in
which the feedback coefficients p,(i = 1,n) enter the kth line. Expanding
it along this line and grouping the terms with the corresponding A powers,
we finally arrive at the following expression of the characteristic
polynomial of the closed system (3) or (4):

HA)=A"+ (z Coib; + dn_ljﬁ”‘l + +£Z Co;P; + dOJ
i=1 i=1

: (3)

HA)=2"+(crip+d, )47+t (cip+d, ). )

We define the unknown parameters¢;;,d; j =0,n—1;i=1,n)inn+1

step using the undetermined coefficients method. To do this, we put
p; =0 (i =1,n) in the characteristic determinant at the first step and
reveal it by one of the known numerical methods and find that the
coefficients found for different powers of Adetermine the unknown
coefficients d;(j =0,n—1) in the expressions for the characteristic
polynomial of the closed system for the corresponding powers of A. In the
next n steps, setting sequentially one of the coefficients p;(i = 1,n) equal
to one while others remain zero and revealing the characteristic
determinant, we obtain expressions for the unknown parameter c;; for the
corresponding power A/ (j = 0,n — 1) in the characteristic polynomial of the
closed system.

¢i =fi —d;, (9)

where f; is the coefficient of the ith open characteristic determinant.
On the other hand, the characteristic polynomial of a closed system with
the desired roots A, 1,, ..., 4,, has the form [4]

ISSN 1562-9945 5
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n n-1
FO=T[(A-A)=D 1A + 2"
i=1 =0

(6)
As a result, to determine the feedback coefficients p in expression
(2), we equate the expressions for the coefficients for the same powers in
(4) and (6) and obtain a system of linear algebraic equations:
-T =T -T\— - —
col(c ,C ,...,C )pzl—d,
(7)

where 1= (ol d=(d, 1. d,s0end,).

Now consider the procedure for modal synthesis based on the
undefined coefficients method proposed for linear dynamical systems with
transport delay[5,6].

Formulation of the problem

The dynamics model of the object is described as

X = Ax + By, (8)

where ¥ = (x;,%,,...,x,)T is fully measured vector of system states
deviation from a predetermined trajectory of movement; A, B - coefficient
matrix with dimension n X n, n X l; y - a scalar, characterized by deviation
of controls, taking into account the reaction of the operator, the dynamic
model has the form

j;:ftyy+duu(t—6’), )

where 4,,d,, 8- constants determined by psychophysical features of

operators(and besides 4, = —%; d, = ;); u(t) — scalar control action, which

will be sought in the form (2). The objective is to determine the
coefficients p = (py, Py, ...Pn)7, providing some predetermined dynamic
characteristics of the stabilization process and achieving sustainable
programmed movement of the system (8).

Resolving stabilization problem

As the operator delayf is sufficiently small value, we’ll write the
equation (9) as a

y(t)=Ay(t)+du(t)-d,bu(z) (10)

In that case, if in some way estimate or measure the condition of the
operator y (t), the system (8), (10) is fully observed and the problem is
solved as follows.

6 ISSN 1562-9945
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We introduce into consideration the advanced phase vector. Then the
closing equation has the formx = (x;, Xy, ..., Xp, Xpe1 = Y) 7.

u=prx (11)

and the characteristic polynomial of the closed-loop system (8), (10)
takes the form:

det(A" —I2)= ‘fT_ ! ’1_T B =0, (12)
_ 1+ dop,. 1+d6p,.,

where A* is a matrix (n+ 1) X (n+ 1), p = (p1, P2 - Pn)" -

It is known that the multiplication of all the elements of a row or
column by the factor A is equivalent to multiplying the determinant on
A[7]. Hence, the determinant (12) can be written

1| a-1a | B |

det(A*—m)z1 — —
+d, 0P, |p —0p A|A +d,p,,—d,p 0B—A(1+d,0p,,)

and therefore assuming that the (1 + d,0p,,,,)" ! # 0,
we’ll put

A-14 | B |

=T _—T —T =0.
‘p _0[) A‘/ly-‘rdupnﬂ_duep B_/’l(l-i_duepnﬂ)

(13)

It is easy to show that the determinant (13) is a polynomial of degree
(n+1) on A, and its coefficients are linearly dependent onp =

(pll pz; e pn; pn+1)T, i-e.

det(A*—le)zH(/i,};):/1”“+(c~l:1~9+d,?)/1”+...+(5’§;9+df):0
(14)

Indeed, when uncovering the determinant (13) in the last line, in
which each element is a linear combination of the coefficientsp, we’re
getting the expression (14).

Determination of unknown coefficients d;,d)(i =0,n)is made
similarly to the procedure cited in this paper above.When equating
between the coefficients of the polynomial powers (14) and the polynomial
with spectrum {4;}(i =1,n+ 1) selected to provide specified quality
parameters of transient processes

ISSN 1562-9945 7
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k+1 n+l

L@)=T1(-2)=5 1

(15)

where l,,; = 1, we get the joint system of linear algebraic equations

Dn1p =1, (16)

where D,,,is matrix with (n+ 1) X (n + 1)coefficients and pl are
column vectors with dimension (n+ 1). The solution of system (16)
provides the defined spectrum {1,}(i=1,n+ 1)to closed-loop system.
Frequently it is not possible to evaluate or measure the state of the
operator y(t) in real conditions. Then it is necessary to put p, + 1=0 in
the closing equation (11). As a result, the characteristic determinant of a
closed-loop system has the form

A-11 | B |
d,(p' -6p M| 4 -d,6p B-4|

det(A*—I/i):|

(17)

Desired characteristic polynomial is determined, as in the previous
case, bythe expression (15). When equating the coefficients of the
polynomials (17) and (15) with the same powers A we obtain incompatible
systems of linear algebraic equations in contrast to (16)

D,p =1, (18)

where D,, is matrix of (nXxn) coefficients and pis n-dimensional
column vector. It is possible to use the least squares method [8], for
solving such a system, according to which the vector of unknown
coefficients p is approximately defined as

p = (DID,) 1D,l. (19)

Ensuring the absence of auto-oscillations near a given trajectory of the
system

The optimal stabilization law (11) of the system (8), synthesized,
proposed by the method of indefinite coefficients, provides the given
dynamic properties of the process of stabilization of the system in the
event of deviations from the given (software) trajectory of motion.
However, this law does not eliminate the occurrence due to the presence
of a lag of stable self-oscillations at the end point of the stabilization
process near the given trajectory of motion. To compensate for the delay,
a modified Bess’s method [8] is proposed, the essence of which is as
follows.

8 ISSN 1562-9945
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Let the equation of optimal (on an arbitrary criterion) switching
surface in the absence of lag in the system is known and has the form

(p(xpxz:-"axn):()’ XX (20)

Assuming that the function F is solved for one of n of its arguments,
for example, x;, we write (29) in the

X, +@o(x,,X5,...,x,)=0; xc X" (21)

It should be noted that the condition of solvability is not necessarily
taken for clarity. The surface of the switching (21) is shown in Fig.1,
where ABC is some optimal trajectory of the forced motion of the system
to the switching surface (21).Let for simplicity in the control circuit there
is a scalar control influence with delay 6. In order that the trajectory of
the ABC in this case remains, as in the system without delay, it is obvious
that the optimum surface is the geometric point of the points from which,
after a while time 6, under the forced motion of the system, the point
depicting moves to the surface (21).The equation of the optimum surface
of the switching of the compensated system in this case has the form

D (x,%,,...,x,)=0, xc X"
or

X +@ (X, %5,...,%,) =0, xc X" 22)

Denote the distance between the projections of the points B and C on
the x;...x, axes A, ..A, respectively. Obviously, A, (i = 1,n) there are
functions of the delay time 6, and the values x; = x; + A, (i = 1,n) are the
current values of the coordinates, which represent the wvalue of the

coordinates of the system through the delay time 6.
For geometric reasons we have

X+ @ (xy,..,x,,0) = A, —p(x,+A,,.x, A )
or
D (X500 %) = DX, + A, X, + A ). (23)
Equation (23) is a general equation for determining the function @

of a given function ®. To do this, according to Bess's method, it is enough
to determine the values A, (0)(i = 1,n), and then substitute the future

ISSN 1562-9945 9
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values of the system’s coordinates x; + A,.. In the system equation of the
system’s switching without delay. However, the definition of these
quantities is substantially related to the time interval between two
sequential control switchings that is specific to the class of tasks
considered and absent in the Bess [8] method, which is general in nature.
To determine these values, we write the general solution for coordinates
of the vector x in the "reverse” time z = t, —t

x.(2) = [ (X 2% = (3,(t)s X (£ )y ooes X, (1)), 24)

0 _ vector of initial values of

corresponding coordinates lying on the optimal surface of switching
system without delay.

In the general case, when solving the optimal control tasks for the
speed and fuel consumption, the system usually takes several switching

whereu - controlling influence; X

operations. In this case, the importance between the values of Az, and
a.

If Az, <6 for obtaining future values of the i —th coordinate is
sufficient to find the value of optimal control, which corresponds to the
trajectory of the SBA (Fig. 1). Then for value z = 6 to get x; = x; + Ax; =
fi(x;, ...,u,z) from (33) and put them in equation (23).

CXy = -PT(X Xy L. Ln)
-

Fig.1 Geometric interpretation of Bess's method
If Az, = 0 it is necessary to put z =6 — z,, in the equation (24). In
this case the initial values x?(i = 1,n) lying on the new optimal switching
surface, the next directly behind the original surface, and U is the new
value of the control corresponding to the forced optimal motion after the
new switching surface and founded x; from (24) put in the equation (23).

10 ISSN 1562-9945
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Our task corresponds to the first case. Then, in order to maintain a
stable motion of the system under t > t, the condition of the equilibrium
of the control system, it will be determined as u(t) = 0 on the finite
interval [t; — 0, t;].

In fact, in our case, this control disconnection surface is a tube inside
which there is a software path

Conclusions

The modal synthesis of linear closed loop stationary systems with
transport delay and with the optimal control law (11) in accordance with
the shown procedure can provide the required dynamic properties in them
as proposed in the article. The procedure for modal synthesis of an optimal
control law is carried outbased on the undefined coefficients method
proposed in this article.Delay compensation method [8] is proposed to use
in order to eliminate the stable self-oscillations occurrence (due to the
delay) at the stabilization process end point near given trajectory.
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T.M. Bulana

EVALUATIONS OF DIAGNOSTIC EFFICIENCY OF THE
STATE OF TECHNICAL SYSTEMS

Abstract: The purpose of this paper is to study a possibility of increasing

effectiveness of diagnosing the state of technical objects by constructing algorithms

for processing input data and optimizing the selection of model parameters using
genetic algorithms.

Keywords: genetic algorithm, absorbent, interface, data mining, ART-networks,
neural network.

Introduction

The process of analyzing information, namely data from a large
number of sensors and devices during the diagnostics of the state of
technical systems, which involves processing of a large stream of
information by an engineer, is a very complicated task. Owing to the rapid
development of information technologies, which enables automatic
processing of information obtained from a variety of sensors, the work of
the engineer becomes easier. New approaches to the automatic analysis
and processing of input data for monitoring technical systems help to
reduce the time of processing diagnostic information and provide decision
support to the engineer carrying out the diagnosis of the technical state
of the system.

Formulation of the Problem

Under the diagnostics of a technical system, we consider receiving
signals from a gas sensor, on the basis of which an analysis of temporal
and temperature dependencies of electrical conductivity of the absorbent
in different gaseous environments and different partial pressures is
carried out [1]. Sensors measuring such signals are new modern devices.
As of today, automatic information processing systems for this type of
sensors do not exist [2]. Therefore, there is an urgent task in developing
a modern information technology for collecting, classifying, processing
and analyzing data from sensors of this type. A special task of IT
development lies in creation of a modern software complex, which will
address the following problems: classification of input data, optimization
of IT learning parameters, processing and analysis of data with the help

© Bulana T.M., 2017
12 ISSN 1562-9945
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of a genetic algorithm, convenient and intuitive interface, visualization
of obtained results and convenience of settings.

Main Section

Consider the mathematical apparatus used to process data in order to
implement control functions in technical monitoring systems. The main
function of most information systems is recording of statistical data [3].
Large volumes of data stored in the technical monitoring databases
require statistical processing. Preliminary data analysis involves
assessment of the center of distribution, variance and the shape of the
distribution function. The statistical methods of processing of
information include such types of analysis as: variance, factor, cluster,
regression and correlation analyses. Data mining [4] is used to identify
hidden knowledge stored in large volumes of information. Data Mining
methods include: basic iterative methods, fuzzy logic, genetic algorithms
and neural networks. Thus, the mathematical apparatus of decision
support systems (DSS) is represented by a sufficiently developed range of
methods and approaches for collecting, processing and storing data. The
hardware and software of engineering DSS are often considered
separately, which does not allow one to systematically solve the tasks of
technical diagnostics. This determines the direction of research on the
development of an integrated system of technical monitoring, which will
enable improvement of the assessment of the state of the systems.

For improvement of the diagnostic efficiency of technical systems,
Adaptive Resonance Theory (ART) networks [5] have been used for
processing input data. ART-networks implement a single-type clustering
strategy based on self-learning, the main advantage of which is the ability
to work in real time with an apriori unknown number of classes. The input
data for a neural network implementing the adaptive resonance theory for

the real vectors is a set L , which consists of pairs of vectors {x;,y;} and
has a matrix form. The peculiarity of such an approach is the arbitrary
dimension of the input data, which complicates the processing of data in
diagnostics in real time.

X111 X120+ Xin Y11 Y12 - Yim
L = X21 X22 . Xon Y21 Y22 -+ Yom
Xk1 Xk2 - Xgn Yk1 Yk2 -+ Ykm

ISSN 1562-9945 13
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For data clustering it is necessary: To feed the entry of such a
network with a similarity coefficient — p, where (0 <p < 1), a set of
training pairs{X;, Y;}, an input vector of the parameters of the i-th object
X; = {xi]-|j =1, 2,..,n}, a vector of belonging of the i-th object to the j-th
class, n— the number of values of the object parameters (dimension of the
problem) Y; = {yi]-|j =1, 2,..,m}, the number of the to-be-distinguished
classesm and the number of training pairsk.

Let us form the algorithm of data processing:

1. A neural network implementingthe of adaptive resonance theory
is created for vectors of real values with a similarity coefficient p. To the
entrance of this network, a sequence of X; is fed. In the beginning, the
network contains: n neurons in the input layer andm’ neurons in the
output layer (m’ = 0). When a new vector X; = (Xj1, Xiz ..., Xip) is fed to the
network input, the normalization is performed:

X; = il

] n

, i=1..n
Xijz )
after which, all the neurons of the output layer become active.

2. For all active neurons, the value of the activation function is
calculated as the distance between the vector of weights and the input
vector in the Euclidean metric.

1..m’

f;(X) = Z(Wji —x)" i

3. Among the active neurons, the most active neuron is selected:
M = arg[minjzm{fj X3
If there are no more active neurons, then a new output neuron with

the number m’ + 1 is generated, with bonds:
Wim’+1 = Xj» Cm’+1 = 1, i= 1..n,

where C is a counter of vectors assigned to a given neuron. This step
is performed until the active neuron is determined.

4. The active neuron passes the proximity check: f; < (1 — p). If the
condition is fulfilled, then we proceed to step 5, otherwise the active
neuron becomes inactive, and we jump to step 6.

14 ISSN 1562-9945
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5. Correction of the connections of the winner neuron.
Xi—Wi]'

G

W1]=W1]+ , i n,C] =C]+1,

where C; is the number of vectors assigned to the j-th neuron.

6. Work with the current vector is complete.

An adaptive resonance theory network for the real vectors, to each
input vector X;, assingns a certain classC;. After the adaptive resonance
theory network for the real vectors has processed all the vectors X;, each
classC; is converted into a vector

Di = {dj = 1..1}h,d;; = {%) else; ; gll

whereris the number of classes.

The resulting clustered input vector is the initial input vector X; with
the cluster-related information added to it, which is encoded by the vector
D;,. Thus, we obtain clustered vectors of the following form: X;" =
(Xi,1, X2 - Xi i1, i 25 -0 di )

Further on, the research data consist of a set of training pairs; each
i-thtraining pair is a pair of vectors {x;,y;}, where x; = {xi]-| j=12,..,n+ r}
is the input vector; y; = {yi]-| j=1,2, ..,m} is the expected output vector.

Letk be the number of training pairs, thenwe can denote all the input
data by a matrix of the following form:

X117 X1z - Xqp dygdip e dip Vi1 Vizo oo Yim
[ = Xp1 Xzz . Xpn dppdpp.dar¥a2i Y2z o Yom
Xk1 Xk2 - Xkn  Oxadiz o dir Yia Yk2 -+ Yikm

Training pairs are located in the rows of this matrix. In the course
of repeated experiments on the learning of the neural network, the theory
of adaptive resonance for the real vectors on the test samples
demonstrated the correctness of the presented algorithm. The experiment
also showed that this learning method has the advantages of simplicity of
settings and the possibility to additionally train the adaptive resonance
networks, with only one similarity parameter p to be chosen.

To improve the assessment of the effectiveness of diagnosing the
state of technical systems, it is necessary to optimize the process of
selecting a model. The process of optimizing the parameters of the

ISSN 1562-9945 15
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algorithm can be completely automated. Optimization of the process of
selection of the model is implemented with the use of the genetic
algorithm [5].

On the basis of algorithms of processing of input data and
optimization of the process of selection of the model, an information
technology of decision support was developed.

Experimental Research

Using the information technology of decision support [7], an analysis
of the of the operability of the algorithm for automated selection of input
parameters and its effectiveness in general was carried out. Consider, for
example, the size of the population being 40, the number of epochs — 15,
the time of one epoch — 1000 and the mutation rate — 0.2. The optimal
parameters obtained as the results of the work of the automated
information technology have appeared to be similar to those selected by
an expert in the field. An increase of the number of epochs to 200 in the
experiments showed a better result than the one provided by an expert in
the industry. The outcomes of the experiments showed that the
information technology developed using the above algorithms works
faster and provided a higher quality than the network, the parameters for
which were selected manually, for example: training the system takes 17
seconds versus 30 seconds of manual selection; the error in training data
was 0.62 vs. 0.77.

Conclusions

According to the results of experimental research, it is proved that
the information technology developed for evaluation of the efficiency of
diagnosing the state of technical systems is operational. But the developed
algorithm for the classification of alcohols in the gaseous environment of
sensors with the help of clustering did not provide more efficient and
qualitative results, though most likely, this is a feature of diagnostics of
the state of this technical system.
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APPROXIMATE SPATIAL MODEL BASED ON INTERVAL
FUZZY ROUGH SOFT SETS

Annotation. This work presents a spatial model for the real-time GIS-based
decision support systems based on the interval fuzzy rough soft sets. A dynamic fuzzy
rough soft topology represents a structure of a geoecotechnical system that contains
a multitude of interacting processes, which evolve in space and time. In disaster
conditions, some of the interacting processes can be destructive. Their dynamics are
modeled using the spread model. The area of interest is represented as an
approximation by a grid of cubic cells. This allows taking into account the peculiarities
of the initial information obtained from drones using remote sensing techniques and
having a significant uncertainty. As a result, boundaries of contours of spreading
destructive processes are blurred using fuzzy rough soft topology. The proposed model
reduces the computational complexity and provides the acceptable performance of
real-time DSS.

Keywords: destructive processes, spatial model, fuzzy rough soft set, fuzzy-
rough soft topology, grid of cells, blurred boundaries

1 Introduction

Complex systems containing territories with natural and artificial
objects as well as a multitude of interacting processes, which evolve in
space and time, can be considered as geoecotechnogenic systems (GETS).
Some processes arising within GETS are destructive because they give rise
to a danger and risk to the certain wvaluable objects causing their
destructions and can often lead to critical situations or emergencies.

Solving decision support problems in disaster situation requires real-
time geographic information systems (GIS) containing a spatial model of
confined space (area of interest, AOI), where the destructive processes
take place, as well as adequate models of the destructive processes exposed
onto the spatial model. However, the most of the destructive processes
are poorly observed and their spreading over the AOI is weakly modeled,
so developing decision support systems (DSS) is a complex and non-trivial
task, which becomes more complicated due to uncertainty of information,
a wide geographically distribution of events and, as usual, a lack of time
[1]. The efficiency of decision-making strongly depends on the availability
of online disaster monitoring tools aimed at the real-time computation of
the most important parameters related to the spreading of the destructive
processes.

© Bardachov Y., Zharikova M., Sherstjuk V., 2017
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Today, a suite of the most modern methods and techniques, such as
remote sensing, GIS, geospatial analysis, unmanned aerial vehicles (UAV),
can be synergistically used to build GIS-based DSS. Remote sensing
techniques allow generating a full range of data for disaster monitoring
[2], which have a form of streams of great volumes that come from sensors
on a continuous basis at a high rate and should be analyzed in a real-time
[3]. UAVs can effectively perform long-time missions to obtain remote
sensing data [4]. However, due to the instrumental inaccuracy and
distortions caused by vibrations, remote sensing information obtained
from UAVs is incomplete, imprecise, vague, and often blurred [5]. The
dynamics of the spreading destructive process depends on the accuracy of
determining the boundaries of its dynamic contour. However, the
uncertainty of observations significantly reduces the accuracy of
determining the boundaries of such contours [6]. Obtained remote sensing
data should be correctly transferred to the disaster spread model,
geolocated and mapped to the AOI.

Using the well-established approaches for the spatial modeling do not
provide the required performance and acceptable efficiency of GIS-based
real-time DSS in disaster conditions [7]. A key aspect to achieve the
desired performance is to build an approximate spatial model of spreading
destructive processes, taking into account their partial observability and
uncertainty of observations. Thus, we need to soften the requirements for
the accuracy of remote sensing data representation, which will give an
opportunity to improve DSS performance. In this case, boundaries of the
dynamic contours of the spreading processes can be vague and blurred.

There are several well-known approaches to deal with the uncertainty
and vagueness in the spatial models, such as fuzzy set theory [8], rough
set theory [9] and soft set theory [10]. Each of these approaches has its
inherent difficulties as pointed out in [10]. It should be noted that due to
the absence of some important information a priori, such as membership
functions for fuzzy sets, equivalence relations for rough sets, or
parameterizations for soft sets, these approaches cannot ensure the
adequacy of the spatial model of the destructive process independently.
Therefore, many researchers combine some of these approaches. Some
authors proposed to use for spatial modeling the combinations of rough
and fuzzy sets [1], rough and soft sets [11], fuzzy and rough sets [12]. In
[13], the authors proposed the concepts of rough fuzzy soft sets and fuzzy
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rough soft sets, which have a number of advantages to build a blurred
spatial model. Based on this, we can use soft topological spaces to build a
spatial model of the destructive process, as well as the fuzzy rough
method for its blurring.

The aim of this work is to develop the approximate spatial model of
the destructive process within GETS in disaster conditions [14]. To
overcome the computational complexity problem, we build a topological
spatial model and soften the effects of discretization using the fuzzy
rough sets. The developed model allow analyzing big data streams coming
from the remote sensors and representing them in a user-friendly style.

2 Modeling dynamics of GETS in disaster conditions
Let us consider the AOI as an open connected subspace X of two-
dimensional Euclidean space endowed with the topological properties [15].
To build a topological space on X we use an equivalence relation

Ry c XXX (reflexive, symmetric, and transitive) [1]. Then the pair
aerz(X,‘ﬁX) is called the approximation space. The family of all
composite sets is denoted by Def(apry) and uniquely determines the
topological space T =(X ,Def (aer)).

Suppose that each point xe X has a non-empty finite set of attributes
A4, V, is a domain of ae 4 and f is a function such that f:Xx4—->V.

Let’s impose a metrical grid of coordinate lines with 0 =Ag =Aa, = Ao

within X, which form a set ¢ of square cells with the size being dxdx o
. Thus, space xis discretized by a grid ¢ of isometric square cells ce C.
Assume that a cell ce C is a spatial homogeneous object of a minimal size.
Each cell ce C is associated with a set of attribute values, which is called

the cell state, via the value function f(c,4). The proposed discretization

assigns equal values of the attributes to each point belonging to a certain
cell ¢, therefore each cell ce C represents a homogeneous area of the AOI
in terms of attribute values 4, so it can be reduced to a point of X . It’s
suggested to model disaster dynamics in GETS by means of a change of
states of the cells covered by the disaster.

Suppose the set of attributes 4 can be divided into subsets: not
changing over time (static) attributes A4g, time-varying (dynamic)

attributes 4, slowly changing (environmental) attributes 4,
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A=Ag U Ap U Ap . Suppose W ={w,..w;,..wr} is an ordered set of the cell
state categories (phases), where wj is the initial phase, wy is the final

phase, and each w; is the transitional phase. We consider each significant

change of the cell attribute’s value, which forces the cell to change its
state, as an event. Assume, during the destructive process, the cell moves
through a sequence of qualitatively different categories of states, which
should be evaluated during continuous remote sensing. It is clear that the
model of the destructive process can be represented as a model of dynamic
change of states of a subset of cells covered by the process within the
spatial model. Thus, the GETS structure can be represented as a topology
space, which includes subspaces of cells of the same phase and makes it
possible to assess the position and boundaries of the dynamic contour of
the process. Since the belonging of each cell to a certain phase is
determined approximately due to the uncertainty of remote sensing, the
topological space describing the structure of GETS as well as the
boundaries of the contour of the spreading process are blurred.

3 Representing GETS structure using the spatial model

GETS structure at each time moment 7 can be represented as a set of
subsets of cells with the states being in one or another phase.

3.1 Representing GETS structure using soft sets

It’s suggested to represent GETS structure at each moment : in the

form of a soft set [10] Y, (t)={(w,TWD (w,t)):we 2"y (w.t)e 2C},

where Yy, (wy) is w-element of the soft set, namely a set of cells with

the states belonging to the phase we W, at time moment 7. Fig.1 shows

a structure of GETS in the form of the soft set, which breaks down the
set of cells into three subsets such as w,-, w;-, and w,-elements.

{ 117

Fig. 1. GETS structure in the form of the soft set

ISSN 1562-9945 21



6 (113) 2017 «CucreMHBIE TEXHOJIOTIN »

Let Def (YWD) be a set of all compositional sets of the soft set v, (¢)

. Then GETS structure can be represented in the form of topological space
w
1 =(C,Def Yy, ).

3.2 Representing the GETS structure using fuzzy soft sets

By applying different ways of blurring to the soft set, we can obtain
blurred GETS structures, which can be represented in the form of blurred
topological spaces.

The most general way of blurring is using fuzzy sets. Let L be the

interval [0,1], 2¢ be a family of all strict subsets of the set of cells C,
and I¢ be a family of all fuzzy subsets of the set of cells ¢. Each fuzzy
set is a mapping C'W(t):C — L. Then at each time moment, the blurred

GETS structure can be represented as fuzzy soft set [20].

e b
+
+

1]

L X
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T |
k.

I
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i ot | .
Fig. 2. Blurring soft set using fuzzy set
It subdivides the set of cells ¢ into the phases (Fig.2):

Yy, () ={(w. Yy, (w.1)):we 2" ¥y, (wir)e 1€}, where

Ty, (w0) ={(e: T, (w)(€)):ce C}=C" (1), € (1) ={(e.C" (c)(1)):ce C} is a

fuzzy set of cells with the state (phase) we W, at the time moment ¢,

TWD (w,t)(c)=C"(c)(¢) is a degree of membership of the cell ¢ to the fuzzy

set C" of cells with the states belonging the phase we W, (w-element of

the soft set Y’WD) at the time moment ¢.
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Definition. Vte T a set f(t):Def(Y‘WD (t))gLC is a fuzzy topology

f(t) in the set ¢, which meets the following conditions [16]:

a) (VteT), (0,1 #(z)) or (VieT),(®,Ce7(1));

b) (Vie T),(éwi (1).C" (e (1)) = (éw,. ()N C" (e #(r)):

¢) (Vie T),({CW-’ (1), je T} f'(t)) = (0,e, € (e #(1)).
A pair TP (1)=(C,#(¢)) is called Chang topological space.

3.3 Representing the GETS structure using rough soft sets

The fuzzy soft set is the most detailed description of blurred GETS
structure, but in practice, determining the degrees of membership of cells
to the phases can be impossible. If such degrees are unknown, the simplest
way of blurring soft topology is using rough sets [9], which are built on
the basis of determining the lower approximation (subset of cells
belonging to the rough set unambiguously), upper set (subset of cells,
which possibly belong to the rough set), and boundary set (subset of cells
with the degrees of membership in the rough set being unknown).

Let EKZD be indiscernibility relation in the set of cells C such as
ReD ={(ci,ci)e CxC‘f(ci,wD)zf(cj,wD)}, where f(c;,wp) is the phase,
which corresponds to the state cell ¢;. Then apr’? :(C,STKD) is Pawlak

approximation space [9].
Definition. Let Yy, =(Y,Wp) be a soft set in the set of cells C . Then

Yy, =(X,Wpy) is a lower rough approximation, and Ty, :(Y,WD) is an

upper rough approximation of the soft set YWD .
They constitute soft sets [18], such that
Yy, (w)={ce CIR (c) < Yy, (w)] and

Yy, (w) :{ce C‘%VCVD (c)mTWD (w) ;t@}, for all wew, . If Yy (w)=Ty, (W),

w-element of the soft set YWD is a strict set, in other cases it is a rough

set (Fig.3).
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Definition. A rough set of cells with the states being in the phase w
, at the time moment ¢ is determined by two approximations:

A

Ty, (w0) ={ Yo, (), Yo, (w.0)}

where Yy, (w,t) is a lower approximation containing the cells, which

definitely belong to the set YWD (W) Yy, (w,t) is an upper approximation

containing the cells, which possibly belong to the set YWD (w,l‘) .
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Fig. 3. Blurring soft set using rough set

Definition. Negative area of the rough set Y’WD (w,t) is a subset of
cells C, which definitely don’t belong to the set of cells with the states
being in the phase w: NEG(Y‘WD (w,t)) =C =Yy, (w,t).

Definition. Boundary area of the soft set YWD (wyt) is a subset of the

set of cells C, which belong to the upper approximation Yy, (wt), but

don’t belong to the lower approximation Yy, (w,t):
BND(Yy;, (w.t)) =Yy, (w.1) =Yy, (wit).

Let Def (YWD) be a family of all fuzzy rough sets, which represent

the sets of cells belonging to one or another phase.

Definition. A set 7(t)= Def(YWD (t)) is a rough topology in C . At each

time moment, the pair fg b(t)= (C,f'(t)) is the rough topological space.
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The rough set is a convenient tool to represent obtained data, which
describe the subsets of cells belonging or non-belonging to a definite phase
when we can see the areas of territory belonging to the phase w, not
belonging to the phase w, and the boundary areas of cells with unknown
degrees of belonging to the phase w.

3.4 Representing the GETS structure using fuzzy rough soft sets

Using remote sensing techniques during monitoring often allows
assessing gradations of belonging the cells from rough sets boundary area
to a certain rough set of cells. It is possible by means of visual information
describing different gradations of gray or brightness. Such information
allows representing GETS structure in the form of the fuzzy rough soft
set [19].

The fuzzy rough soft set of cells, which subdivides the set of cells
into phases at each time moment : is represented as the set of three
elements consisting of upper and lower approximation of the rough set
(Fig.4), as well as the boundary area of the rough set in the form of the

fuzzy set: ?WD (¢) =<%(t),%(t),BND(YWD (t))> )

The fuzzy rough soft set subdivides the set of cells into w-elements,

each of which is a rough set of cells belonging to a certain phase we Wj:
Ty, (w.t) =<Y‘WD (wat), Yy, (w,t),BND(Y’WD (w,t))> , where BND(Y (w,c,f)) is
a degree of belonging the cell ¢, which is included in the boundary area

ce BND(YWD (w,t)) of the rough set YWD (f), to the fuzzy set

BND(Y’WD (w,t)) at time moment ¢.
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Fig. 4. Blurring topology using fuzzy rough soft set
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Definition. The GETS structure at time moment ¢ can be represented

as a fuzzy rough soft set of cells: Y’WD (t)z{(w,Y’WD (w,t)):we WD} , where

each rough set of cells ?’(w,t) is w-element of the fuzzy rough set Y:‘WD (¢)

Let Def (Y’WD ) is a family of all fuzzy rough sets, which represent the

sets of cells belonging to one or another phase.

Definition. The set 7 (¢)= Def(Y’WD (t)) is fuzzy rough topology in C.

At time moment ¢, the pair fCWD (1)= (C,f(t)) is the fuzzy-rough
topological space.
3.5 Representing the GETS structure using interval fuzzy rough soft sets

Each w-element of the fuzzy-rough set contains a fuzzy set of cells
belonging to the boundary area of a rough set and setting the degree of
membership of each cell of the boundary region to the phase w. In
practice, setting the exact value of membership degree is impossible, but
it is possible to assess the intervals to which such values can belong. In
this regard, the authors have been suggested to model boundary area in
the form of an interval fuzzy set [20].

Let us consider a set of intervals L ={[a,b] :0<a<bh< 1} and a partial

order relation < such that

—L] ’

[a.0]< .1 [ay.5,] & a) <ay,b; <by,V[a,b].[ay. b ]e L.

/!

The interval fuzzy set on the set C is a mapping [20] C!:Cc — L,
where é[(c):[éi(c),él*(c)}‘v’ceC, Ci(c), and C’I*(c) are lower and
upper degrees of membership of the cell ¢ to the fuzzy set ¢’ (c). The
interval fuzzy set of cells belonging to the boundary area of the soft set
YWD (w,t) corresponding to the phase w at the time moment 7, can be
defined in the following way:

BND! (YWD (w,t)) ={c,(BND>{ (YWD (w,c,t)),BNDI*(Y'WD (w,c,t)))} ,

ce BND(YWD (w,t)), where B]\?D*I(Y(w,c,t)) and BNDI*(Y(w,c,t)) are lower

and upper degrees of membership of the cell ¢ to the fuzzy set
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BND(Y(w,t)) , which represents the boundary area of the soft set Y'(w,t) of

cells whose states belong to the phase w at time moment .
The interval fuzzy rough soft set of cells, which subdivides the set
of cells into the phases, at each time moment ¢ is represented as the set:

1:’;[) (w,t) =<%(w,t),%(w,t),BNDl (YWD (w,t))> (Fig. 5).
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Fig. 5. Blurring topology using interval fuzzy rough soft set

Definition. The GETS structure at time moment ¢ can be represented
1
(¢) :{(W,TWD (w,t)) ‘we WD} .

Let Def (17?; D) be a family of all interval fuzzy rough sets, which

as interval fuzzy rough soft set of cells: ?’; .

represent the sets of cells belonging to one or another phase.

Definition. The set 7/ (t):Def(f‘iV (;)) is an interval fuzzy rough
D

topology in C . At time ¢, the pair YT"CWDI (1)= (C,?I (z‘)) is the interval fuzzy

rough topological space.
4 Experiment Results

The developed spatial model of the spreading destructive processes
was used in the GIS-based real-time DSS providing the geospatial analysis
of emergencies in real time disaster situations.

The real DSS performance mainly depends on the sampling of the
spatial model and the kind of used soft topology. We have performed an
experiment with DSS in the form of simulation of the disaster situations
based on the proposed spatial model with the variable cell size.
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The simulation has been aimed at examination of a validity and an
efficiency of the proposed spatial model as well as evaluation of influences
of the cell size and the kind of soft topology on DSS reaction time.

The results of the experiment are depicted in Fig. 6, 7.
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Fig. 6. Total time of decision making vs. cell size

o ta

\

[l i el = ]
[T = =

approximation error,%

oMo

50 45 A0 35 30 25 20 15 10 5

cell size, m

rough soft set fuzzy soft set

fuzzy rough soft set rterval fuzzy rough soft set
Fig. 7. Approximation error vs. cell size

The results of the experiment show that the proposed model provides
acceptable performance in terms of accuracy and speed for all kind of
topology. The fastest performance is demonstrated by the rough soft
topology; however, it does not provide acceptable accuracy. The fuzzy
topology significantly loses in terms of speed. The interval fuzzy rough
topology shows sufficient results on the speed with enough accuracy.

5 Conclusions

The approximate spatial model for the real-time GIS-based DSS based
on the interval fuzzy-rough soft sets is proposed. The model of the
destructive process is represented as the model of dynamic change of
states of the subset of cells covered by the process within the spatial
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model. As a result, the structure of GETS is represented as a topology
space, which includes subspaces of cells that are in the same phase. The
soft topological spaces are used to build a spatial model, as well as the
fuzzy-rough method is used for its blurring. Since the belonging of each
cell to the certain phase is approximately determined due to the
uncertainty of remote sensing, the topological space describing the
structure of GETS is blurred, and the boundaries of the dynamic contour
are also blurred. The proposed spatial model representing uncertain
information about the disaster reduces the computational complexity and
provides flexible and timely decision-making in real time.
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SOME ASPECTS OF NONLINEAR NON-STATIONARY
PROCESSES FORECASTING

The mathematical tools set forth implemented in data mining problems of
different nature for forecasting of nonlinear non-stationary processes. Results of its
implementation for forecasting of nonlinear non-stationary processes is provided.

Keywords: Nonlinear Non-Stationary Processes, Forecasting, Ecological
Processes, Economical Processes

Introduction

Intensive development of science has led to the emergence of a large
quantity of methods for forcasting the behavior of processes of different
nature that is received in the form of time series [1,2]. Note that almost
all of them are nonlinear and non-stationary (one can only say piecewise
linearity and piecewise stationary).

But all this amount of available methods of forecasting does not
guarantee that they cover all possible variants of the situation’s
development. However, the vast majority of methods are two-staged. In
the first stage, the parameters of the predicted series are analyzed, in the
second stage the appropriate forecasting method is selected and, finally,
the forecast is obtained. But what to do when series parameters are
varying? One method can no longer be used, since series parameters have
already changed, and the choice of another is impossible, because the
process of changing of parameters has not yet been completed.

Therefore, it is necessary to develop a mathematical apparatus for
the purpose of creating new methods for analysis and forecasting of
nonlinear non-stationary processes of different nature in order to increase
the adequacy of mathematical models of nonlinear non-stationary
processes and improving the quality of prediction estimates, which are
calculated by using building models. The development will be carried out
with using of data mining.

Data mining by the definition is the process to find in the raw data
unknown non-trivial practically wuseful and accessible knowledge
interpretations, necessary for decision making in different spheres of
human activity [3]. Data Mining (DM) is the term which is used for
description of knowledge representation in databases, data research, data
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samples processing, data clearing and collection. It is the process of
identifying correlations, trends, patterns, links, and categories [4] Data
mining is developed on the basis of such branches of science as applied
statistics, artificial intelligence, database theory etc.

The process of automatic search of hidden patterns or
interconnections between variables in the data mining is divided into the
task of classification, modeling and forecasting using statistical and
mathematical methods.

Complex problems at the macro level, such as problems of predicting
the quality of life, are characterized by analysis and forecasting of
nonlinear non-stationary processes. In this connection, it is proposed to
consider some of the methods that can be used for using in the similar
problems. These include the following methods:

ehidden Markov models;

ethe method of similar trajectories;

elinguistic modeling.

The Main
The method of hidden Markov models.
Traditionally, hidden Markov models are defined as triplet,

A= (A,B, )

where 1) A = {aij} - matrix of probabilities/probability matrix of
transitions from a state into the state S]. ,
a; ZP[qi+1 =5, lq, = S, J,lSi,jSN;

2) B-1b,(k)} - distribution of probabilities/ probability distribution
of observed characters in the state J 9 where
bi(k)= P[vk l g, = S].J, 1<j<N, 1<EkE<M (for /in a continuous case
b;(k) is given as the probability density distribution function).

3) = {mn,} . probability of each initial state,

The main tasks during applying HMM to determine process
parameters. It is necessary to resolve three tasks in order to apply HMM
in speech recognition [5].

Task 1: If sequence of observations sequence and model A = (A4, B,I1)

are given, then how to effectively compute P(O|L) -
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reliability /probability of such sequence with given parameters of the
model?

Task 2: If sequence of observations sequence and model A = (A, B,I1)

are given, then how to determine the corresponding sequence of internal
states?
Task 3: If sequence of observations sequence is given then how to

determine parameters of the model A = (A, B,I1), based on maximization
criterion P(O|L)

Here are approaches to solving the first HMM task.

To calculate effectively the probability of generation of given

sequence P(O,).

As already is indicated, this task is with the necesity to calculate the
probability of sequence of observations sequence with given parameters

of model A, that is P(O|)). The direct method of calculation of this
probability is to calculate of the sum of all possible state sequences.

Consider one of these possible sequences O,; t =1,T.

The Probability of observation sequence P(O|Q,\) in given state

sequence is calculated as
N
P(O|Q.\) = HP(Oi | g,:1)
i=q

or
P(0[Q.1) = b, (0,)%b,,(0,)* ... b, (Or)

The probability of such a state sequence can be written as
P(Q | )\4) = qu * aqquaq2q3 LUk aqT_qu

Compatible probability P(O|L) is calculated as a product of above
indicated probability:

P(0|Q.1)=P(0|Q.MP(Q[N)

Thus the probability P(O|@Q,)\) is calculated as the sum of the

compatible probability of all possible state sequences ¢
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P(O|M) = P(O|QMNP(Q]|L)=

aii@
= > I, %b,(0))*a,qb, (0;)%..%a, gqb

Q1’Q2’---,qT

(Qr)

qr

It is easy to calculate that the number of multiplications required for
calculation of this sum is (2T - 1)NT. That is, if the model has five states

(N=5) and observation sequence has the length one hundred (T=100), then

the number of arithmetic operations is 2-100-5'° = 10™.

However there is the more effective method of probability calculation
P. It is called the Forward-Backward procedure and consists of the
following: a variable is introduced that is defined as

a,(i) = P(0,0,...0,, ¢, = S, | 1)

Let’s it the "direct” variable which is the probability of appearance

of a partial observation sequence for this model, 0,0, ...0, . We can define

inductively this ”direct” variable as

einitialization:
a,(i)=[]b(0),
1<i<N;
einduction:
N
Ui (7) = |:Z al(i)aij}bi(ot—b—l)
i=1
1<t<T-1
1<j<N
completion:

P(O““): ZGT(U-

Herewith step 1) has initialized the direct variables with the
compatible probability of states and initial observations. Inductive step
2) is the heart of the procedure. It is illustrated in the Fig. 1.

At the completion step 3) wanted probability as sum by i of final
values of direct variables is calculated, herewith

ap(i) = P(0,0,...0p,q, = S, | 1).

34 ISSN 1562-9945



6 (113) 2017 «CucreMHBIE TEXHOJIOTIN »

t t+l
o, (i) a,,, (i)

Fig. 1 - Inductive step of Forward-Backward procedure
Thus to calculate probability P(O | k) it is already necessary about
N2T calculated operations, instead of 2TN T for direct method, so that
this is the (more) faster method. In our example for N =5 and T =100

it requires in all about 3000 arithmetic operations, instead of 10"
operations for direct calculation.

Then we introduce “inverse/reverse” variable and define it as
B,(i) = P(0,0,...0;,q, = S, | 1)

that is B,(i) - is the probability of partial observation sequence from
the (moment of) time ¢ till the end of sequence of the given state S, at
the (moment of) time ¢ and with parameters of model A.

Also exactly we can calculate B,(i) inductively by/according the

following procedure:
1) Initialization

Br(i)=1
1<i<N
2) Induction

N
Br(i) = |:Z aijbj(0t+1)}ﬁt+l(j)
i-1

t=T-1,T-2,...,1,371<i<N

For solving the first PMM task it’s sufficient to calculate only the
"direct” or only the "inverse” variable.
The method of "similar trajectories”.
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Method of Linguistic Modeling

Building a Linguistic Model. To achieve the goal, task of finding a
linguistic pattern of the time series should be solved, which includes:

1) calculation of the difference series of the output time series;

2) choice of intervaling criterion of difference series;

3) intervaling of a certain difference series in accordance with the
chosen criterion;

4) finding a linguistic chain for a certain difference series;

5) finding a transition matrix for each possible pair of symbols in
the linguistic chain of the certain difference series;

An input data for this task is the time series.

An output data for this task is a linguistic pattern of the time series
(dynamic process), which is:

— set of intervals, obtained as a result of intervaling of the difference
series of a certain order from the time series;

— a transition (precedency) matrix, based on the set of intervals
(described above) and on the time series.

A specified linguistic pattern is built separately for difference series,
input time series, different orders [7-9]. Thus we obtain a set of linguistic
patterns, which is an intermediate result of the forecasting problem using
linguistic modeling.

Approach of linguistic modeling to construct a linguistic pattern of
the input time series will be considered further.

One of the approaches is an using (of) pattern recognition methods
to implement of forecasting procedures. So let's stop just at the of pattern
recognition. Most of various mathematical methods for solving pattern
recognition tasks can be divided into two main classes.

The first class can be positioned in relation with decision theory, (or
as) it is also called (as) a discriminant approach. In this case, the objects
are characterized by sets of numbers — the results of a certain set of
measurements, which are called features. Pattern recognition with using
of this approach is usually done by (means of) partitioning of sets of
measurements into the regions. [10].

The second class develops within the syntactic (or structural)
approach. Among the features of this approach is pattern recognition in
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which an information about pattern structure is important, and from the
very recognition procedure it is required that it enables not only to refer
the object to a certain class (that is, define its classification), but also to
give a description of those parts of an object that excludes the possibility
of its classification into another class.

Syntactic approach to pattern recognition makes it possible to
describe a sufficiently large set of complex objects by using a small set of
elements and grammatical rules. And in this the recursive nature of
apparatus of grammar (will) help.

The grammatical rule (or substitution rule) can be applied any
(number of) times, so it is possible to provide some of the structural
characterize some structures of infinite set of sentences in a sufficiently
compact (enough) way.

Various relationships defined between partial patterns can
traditionally be represented by logical and mathematical operations.

Processing of symbol sequences puts some problems. Symbols are
grouped into words, words form sentences, but not in a free way, but in
accordance with certain rules. To identify regularity patterns in the
location in sentence, it is necessary to determine the representation,
within which these laws could not only be described, but also be found in
symbolic sequences.

These questions are basic for studying (of) the character sequences.
Just as for linguistic requirements at one time by Noam Chomsky in the
middle of the last century the theory of formal grammar was proposed,
which became one of the main sections of mathematical linguistics.

According to the stages of constructing a linguistic model, the initial
task will be divided into the following subtasks:

— subtask of obtaining of difference series;

— intervaling subtask;

— linguistization subtask;

— subtask of construction of transition matrix.

Subtask of obtaining of difference series. The purpose of this subtask
is to obtain of series that characterize the dynamics of changing of
movement of mouse cursor: the speed (the difference series of the 1st
order), the acceleration (the difference series of the 2" order), etc. Thus,
the difference series are derivatives of the initial series.
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Given: Vector of integers X with power (of) n = |Y|
Results: Vector of integers D with power (of) k = |5| .
Limitations:
Vd; €D :d; = Xjpq — X;
where i € [0;n — 1); x4, X; € X
k=n-1

Intervaling subtask. The purpose of this subtask is construction of a

user alphabet by splitting (of) a sorted difference series into a set of

intervals, each element of which characterizes a certain alphabet letter.

38

Given:

- hypothetical power of alphabet a;

- Vector of integers D power (of) k = |5|

Results:

Vector of integer pairs with power (of) n = |7|
Limitations:

vx el : x! < x?
Vx; ,xi+1€7: xi2<X,1+1.
where i € [0;n — 1)
n<a
a<k
Ix €: Vd € D,d € [x};x?]
Vd;, dis1 €D ¢ d; <dj,q,

where i € [0;k — 1)
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xg €1 xy = (—o0; )
Xn €1 x, = (xr21—1;+00)

Linguistization subtask. The purpose of this subtask is to obtain of
a linguistic chain by (means of) finding the corresponding alphabet letter
for each value of the difference series. The alphabet letter uniquely
corresponds to a certain interval from the set of intervals obtained as a
result of solution of the previous problem.

Given:

— Vector of integers with power (of) k = |5| which corresponds to

the limitation represented in previous formulas;

— Vector of integer pairs [ with power (of) n = |7| with the

limitations represented in previous formulas.
Results:

Vector of integers A with power (of) k .
Limitation:

VXl' EZ: Ela'l 65,3_)/] e i,dl’ e [Y}ij'z]'xi :j,
(1.1)

where 1 €[0;k),j € [0;n)

Subtask of construction of transition matrix The purpose of this
subtask is to construct of a transition matrix between two alphabet letters
in a sentence. The alphabet and its letters are defined / determined in the
intervaling subtask, and sentences are (defined) in the linguistization
subtask.

Given:

— vector of integers A that corresponds to limitation 1.1 with power
(of) k = [A];

— the power of set of intervals n , obtained as a result of solving the

intervaling subtask.

Results: square matrix with rational numbers P by dimension .
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Limitation:

Vxl-j € ﬁ : xij € [00, 10],

where i,j € [0;n)

In the case if there is information obtained in the form of a graphic
image, we have the following. Using the Freeman Chain Code, we proceed
to the symbolic entry of the data sequence

Resulting sequence is analyzed for the presence of grammatical
constructions. At the output we obtain a list of grammatical constructions
with probabilities of their presence in the process, as well as a matrix of
probability from one symbol to another. This stage is closely correlated
with modeling of hidden Markov processes, as well as the method of
similar trajectories.

By means of the above describing mathematical tools and developed
algorithms several time series (Swiss International Air Lines stock, Dow
Jones Industrial Average value of gold) were analyzed.

For maximum file size 4000 timeslots were taken with a gradual
reduction of series size of the up to 200 with steps (of) 200.

The results of calculations are illustrated in fig. 2,3.

S R S g N N I A N N S S N B D 0D DD D O © O D D D S ©
A M R SR L A S S S & L LS § $ & § S R S S S R R R R S R R R ® & .d
R S G Sl g N P EFPP LS PP ESLSFEFPFE LS E A

Fig. 2 - Change of the number of Fig. 3 — Change of the number of
successful trend forecasting for successful forecasting of time series
different dimensionality of the values for different dimensionality of

input time series. the input time series.

The calculations were repeated at different dimensionality values of
input series for the obtained series without a trend difference series.
Obtained results are shown in fig. 4, 5.

Depending on the power of alphabet, corresponding character encodes
one or another range of values, therefore, a study was done on the
dependence of forecasting quality from number of symbols in the
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alphabet. Dimensionality of input series was 400 values. Results of
experiments are illustrated in pictures fig. 6, 7.

4
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Fig. 4. Change of the number of Fig. 5. — Change of the number of
successful trend forecasting for initial successful forecasting of time series
series without trend difference series. values for initial series without

trend difference series.

Fig 6 - Change of the number of

successful trend forecasting for Fig.7 - Change of the number of

different alphabet dimensionality. successful forecasting for different

alphabet dimensionality.

Conclusion and future research directions

Thus, a mathematical tools was developed to calculate quantitative
and qualitative marks of time series of economical and ecological by using
of hidden Markov models and linguistic modeling, which is distinguished
by the stability of the obtained results and provides (for) improvement of
the quality of forecasts of the corresponding marks.

The structures of new mathematical models of nonlinear non-
stationary processes, which differ in simplification of constructing the
model, and provide a description of the high level of adequacy for
investigated processes, are formed.

The presented methods are universal both from the kind of obtained
information and from the presence of nonlinearities and non-stationary
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information in this information. But there is a general lack of all
statistical methods - the lack of historical information.
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FEATURES OF IMPLEMENTATION OF THE
INFORMATION SECURITY POLICY IN THE CREATION
OF THE RATIONAL SYSTEM OF ELECTRONIC
DOCUMENTARY COOPERATION FOR PUBLIC AND
COMMERCIAL STRUCTURES OF UKRAINE

Annotation. The article presents an algorithm for a reasonable choice of a
rational electronic document management system from an existing set of analogues.
The main selection criteria are due to the functionality of the software and hardware
architectures of the system, as well as the limited number of financial resources. The
article substantiates that the information security policy of such a system: first, it will
guarantee the adequacy of the level of information protection to the level of its
criticality and profitability of implementing information protection measures;
secondly, it will allow to evaluate and check the security of information; thirdly, it will
ensure the personification of the provisions of the security policy (in relation to the
subjects of the EDS) and the reporting (registration, audit) for all critical resources
from the security point of view; Fourthly, it will provide visibility of measures to
protect information, continuity of the operation of such a system and its restoration
in case of unforeseen situations, and so on. Models of threats and the infringer of the
chosen CSA will allow to determine the necessary levels of the functioning of the
information security subsystem, namely the level of organizational and technical
measures, the level of current control and the level of elimination of the consequences
of the realized threats.

Keywords: algorithm, analog, security, choice, document, threat, protection,
information, criterion, model, policy, intruder.

Introduction

Under the conditions of modern market economy an important
component of the development of high-tech industries is their
comprehensive information support [1, 2]. Some information
requirements are put forward to the information supply, namely: in
quality (shortness and precision of formulations, timeliness of receipt);
on purposefulness (satisfaction of specific needs); accuracy and
probability (correct selection of source materials and information,
continuity of their collection, accumulation and processing, optimality of
systematization of information and its proofing / transmission). In the
activity of state and commercial structures such as the Kyiv City State
Administration (KSDA) and, for example, the State Enterprise "Antonov"
of Ukraine, which are complexes with a large number of everyday
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connected and interacting units, preciseness and reliability of information
support are primary and indispensable factors of their reliable and
efficient functioning.

These requirements can be met by introducing modern electronic
computers and technical means of telecommunications in the process of
recording material media - documents that pass through the stages of
their creation, issuing (approval), signing (approving), registering,
reviewing, executing, writing off into the archives, storage and
destruction. Taking into account that today's documents today,
unfortunately, are not subject to the ever-increasing vital needs and strict
rules of life rhythm, which accelerates significantly from year to year,
one of the obvious ways to make them "go the right direction”, while
minimizing the human factor , is the automation of motion and processes
of document processing by creating such systems as electronic document
flow systems (EDS).

Analysis of recent research and publications

The mentioned problem is highlighted in many publications of
foreign and domestic authors. The most famous among them is the work
of G.Yu. Maximovich, SL Kuznetsova, A.K. Rogova, O.A. Efimova,
V.P. Berestova M.Yu. Krukovsky and other scholars. Nevertheless, the
analysis of publications in the subject area under consideration suggests
that a comprehensive study of the problem of creating a promising EER,
their implementation in the main phases of the life cycle of paper
documents and the formation by their participation of authentic electronic
images of the latter to date is absent. Therefore, it requires additional
and more in-depth study.

The purpose of the article

Proceeding from this, the relevance of the article is due to the actual
increase in the requirements for prospective EADs due to the continuous
growth of volumes of information that has recently been processed in
information systems, as well as the need to ensure the authenticity of the
electronic image of the document to its paper original. One possible
solution to this problem is the introduction of some unified one within an
organization, for example, KSCA SED, which will facilitate such processes
as: creation, management of access, use and distribution of electronic
documents in computer networks with +the wuse of electronic
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communications; control over the flow of documents in the institution.
Therefore, the purpose of the paper and its main content is precisely the
introduction of a valid choice algorithm among the set of existing rational
EED, the software and hardware architecture of which is conditioned by
the requirements of functionality, and the actual selection procedure is
objectively limited to available financial resources.

Main part

In providing modern document circulation, the SED plays, as a rule,
a decisive role. To the extent of their functional tasks, for the most part,
are: maintenance of office functions functions (creation and registration
of documents, collective work with documents, work with libraries);
conducting electronic storage of documents (archival storage of
documents; entering them into a repository; organization of attributive
and full-text search of documents, as well as access to them via the web);
automation of business processes (description of workflow-processes and
their implementation); Providing administration and security measures
(defining access rights and user roles, implementing cryptography and
data integrity tools). According to experts from the international expert
company GartnerGroup [3], due to the rapid development of the ERA
market, the main suppliers of which are IBM (Lotus) - 49.0% , Microsoft
- 39.4%, Nowell - 6.2%, and a number of other companies - 5.4%, the
most common today are the following systems: systems that are oriented
on business processes or otherwise flow of work (business-process EDM or
otherwise EDMS-systems); corporate systems (enterprise-centric EDM);
content management systems; information management systems; image /
imaging systems (imaging systems).

In the post-Soviet market, the most well-known among them is
recognized:

a) Western Development SED:

Russified: DocsOpen (Hummingbird), PC DOCS (Hummingbird),
LinkWorks (DEC), Staffware (Workware PLS), Lotus Notes (Lotus-IBM);

non-corrosive: Directum (EMC), Documentum, DocuLive;

b) SET of Russian development:

based on Western systems: Office Media company InterTrust Moscow
(Lotus Notes), Irida company IBS Moscow (Lotus Notes), Clerical work of
the firm InTorKon, Chelyabinsk (Lotus Notes), Optima-WorkFlow of the
Optimo company (MS Exchange, MS SQL), Lotus Notes Bios Reporter;
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own: LanDocs, Effect Office, Document 2000 (TelcomService),
Eutrophication Documentation (Sognitive Technologies), DILO (EOS),
N.System (Computer Technology Center), LS Flow Software), ESCADO
(Interprocomloman), 1C: Documentation and 1C: Archive (1C), Document
2000 (TelcomService), DocsVision (Digital Design) and others;

c) ERA of the Ukrainian development: DOKA PROF.STEEP 2.0
(Kvazar-Micro), ISoperator  (System  Plus), INTEAM-Workflow
(pool.kiev.ua), etc.

Western software development tools are mainly aimed at maximizing
the full use of electronic documents and tools for collective work of users,
as well as the absence of intermediate links. This, in turn, determines the
change of existing processes in the office and the need for its
optimization, as well as regulates the development of new technologies
for working with documents. The main feature of these EDSs is the
simulation of specific actual workflow processes and settings for these
models of other software systems.

Traditional Russian technology of the processes of record keeping
from the west is different, first, with a clearly defined vertical character
of the document movement (leader - executor - leader) in the middle of
the institution; and secondly, the registration, control and reporting
forms and magazines; thirdly, tracking the whole complex of work with
documents in registration journals or typewriters, where all information
about documents, their movement, resolutions, control over the timing,
etc. are entered. In this case, this technology is regulated both by state
standards, as well as sectoral instructions and guidelines for office work.

Software tools that implement the Russian ERAs are primarily aimed
at using in public institutions and preserve all the traditions and
standards of office work adopted in each particular of them. The task of
such systems is to provide support for paper workflow, reduce the
complexity of routine operations on document processing. In addition,
they are able to significantly expand the boundaries of traditional
processes of record keeping and document circulation through the
processing of documents using computer networks. Systems in this
direction are a kind of "overpass” for the gradual transition from paper
to paperless documents. Unlike the Russian systems known today, the
SED of Ukrainian development, unfortunately, performs purely
specialized functions.
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Given the above and over-saturation of the domestic market
alternatives, differing from each other in terms of functional capabilities
and technological solutions, the choice of the most efficient EER, that is,
that satisfies the needs of a particular institution (enterprise) - the
problem is quite relevant. His solution is considered in the works SL
Kuznetsova, OA Efimova, G.Yu. Maximovich and other authors [4-8]. At
the initial stage, they propose to do some preparatory work, namely:

to formulate a list of tasks that should help to solve this problem;

to develop a detailed organizational plan for the implementation of
the SED;

take into account the reliability of the supplier company of the EER
and its proposed terms of delivery, implementation and support;

to determine eligibility for the price at delivery, introduction and
maintenance;

take into account the possibility of updating the EDS in a reasonable
time (with reasonable price conditions) under the specifics of the
establishment (enterprise).

In the process of further work on the comparison of different
systems, these authors suggest to focus on the model shown in Figure 1.

Card index/ Accounting Archive/Image processing

Navigation Routing/ CONTROL

Automation of business
processes

Openness

Search/Knowledge Group work
Management

Fig. 1. Model of analysis of functionality of automation systems

At the same time, they believe that the chosen SET must support the
Russian-speaking interface, be simple and flexible when installing and
configuring, be reliable in operation, and, in addition, meet the criteria
of scalability, distribution, openness, modularity, controllability,
processability, security, efficiency, etc. Taking into account the above,
and considering that the organization and maintenance of document
circulation in Ukraine are fundamentally different from Russian - the
basis for choosing the EER, which would satisfy the requirements, for
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example, KSCA will choose the most popular in our country, the system
of both Russian and western production (Table 1) [4-13].

Table 1

List of SADs to be surveyed and their brief description

SED

Company

Brief description

Foreign systems

Directum

Directum

www.directum.ru

A complete ECM system that ensures the
transparency of management of the
organization and improves the efficiency
of all its employees. It maintains a
complete lifecycle of document
management, with the traditional "paper”
clerical work logically integrates into
electronic document management.

Russian systems created with the use of foreign products

Boss-
referent

IT, www.it.ru

Electronic document management and
office automation system for large
geographically distributed enterprises and
for medium-sized businesses. The main
results of the implementation of the
system are increasing the manageability of
the organization and the speed of decision-
making, the formation of a fundamentally
new level of performance discipline, the
creation of conditions for the exchange of
knowledge and information.

Russian systems created without the use of foreign products

DocsVision

Digital Design,

www.digdes.ru,

www.docsvision.com

A system for automating office and office
work, creating electronic archives,
managing design and project
documentation. Provides synchronization
of business processes and workflow,
supports modern methods of managing
quality, processes and knowledge.

LanDocs

LANIT,
www.landocs.ru

A program for complex automation of
processes of record keeping and creation
of electronic archives in organizations of
different sizes. Maximizes the
accumulated staff skills and the existing

48

ISSN 1562-9945




6 (113) 2017 «CucreMHBIE TEXHOJIOTIN »

SED Company Brief description

communication and network
infrastructure of the organization.

Software platform for creation of complex
automated control systems of documents
used for automation: document
management support; control of executive
discipline; management of processes of

. processing and transformation of paper
OPTiMA- OPTIMA,

. documents into electronic form; archival
WorkFlow www.optima.ru

storage and exchange of paper and
electronic documents; formation of
regulatory reporting and support of
processes of making managerial decisions;
protecting information from unauthorized
access, etc.

A comprehensive solution that implements
mixed, paper-electronic document flow
and automates all aspects of documentary
Dilo Electronic office provision of management activities of
systems, www.eos.ru | enterprises and organizations. Easily
deployed to the existing IT infrastructure
of the organization. Has a simple and

intuitive interface.

A universal system for organizing storage,
accounting and maintenance of any type of
electronic and paper documents, designed
for work in a small department, and in
general in an organization with a complex
scheme of information flows. Provides the

Euphrates- Cognitive . . .

. entire lifecycle of electronic documents
document Technologies, o .
. . L within key business processes of the
circulation www.cognitive.ru

organization: introduction and
registration of documents; work with
electronic documents; control of
execution, movement, distribution and
storage of documents; preparation of
reports, etc.
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In order to obtain information about the possibilities of the systems
selected for comparison, we will compile a table with the functions which
are characteristic of it (Table 2), using the following factors: the
opportunity is realized; incomplete realization of the opportunity
(improvement is possible due to the use of third-party or additional
software, defined in the notes); the opportunity is not realized. The next
step, which will somehow affect the choice of a rational EDS, will analyze
the relevance of the selected functional for comparing systems to the
technical requirements (TB) to them. To do this, considering that the EDS
is a software that supports multistage document processing under the
scheme "input - check - execution - generation (and possibly print) the
report,” TV will split into groups, firstly, the so - called business -
requirements and, secondly, software requirements. Under business
requirements, in this case, we will understand: requirements for the
identification of users (authorization, authentication and delineation of
user access rights to documents); Requirements for document repositories
(data warehouse performance, database resilience, document search and
archiving, replication of data, etc.); requirements for the so-called
business logic (document flow paths, tasks for users, work with user
scripts), etc.

In solving this problem, it is advisable to pay attention to the so-
called "pitfalls” that may arise during the introduction and subsequent
industrial exploitation of the selected EED and which:

ecan be related, for example, with the lack of standard or additional
tools necessary to set up the system for the needs of the institution on its
own;

ecan lead to the recognition of the system unreliable, dangerous or
generally unproductive;

ecan significantly affect the total cost of the system.
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Table 2.

Functions of electronic document management systems

g 3
(<5}
System T ° 8 -E § '% § 8
Y —_— o o] -~ o=
----------------------------- S 1= |a= |8 |B |2 |B
. - a o = %) = '
Function 0 < © |5 |2 |8 |«
4 s= A |[R |V |E
= g° A 2
: 5
5]
ABTOMATHU3AIII POBOTHU KAHIIEJAPIT
Create documents 1 1 1 1 1 1 1
Maintaining a registration card 1 1 1 1 1 1 1
Conducting the nomenclature of cases 1 1 1 1 1 1 1
Scanning documents 0,51:2/0,51:5 1 0,5/0,5| 1 (0,51
Compatibility with software that provides|0,5!-2(0,55 0,5 |0,5|0,5!/0,5!|0,5!
recognition of document images
Registration of documents from e-mail 1 1 1 1 1 1 1
Registration based on an existing document| 0 | 0,5 1 O] 0| 0] O
Supporting paper and electronic documents| 1 1 1 1 0,5/ 1 (0,5
Control over filling required fields 1 1 1 1 1 1 1
Check for duplication at registration 0 1 1 O] 0| 0] O
Using directories 1 1 1 1 1 1 1
Adding new directories 1 0,5 1 1 1 1 1
Support for hierarchical directories 1 1 1 1 1 1 1
Processing documents with cross references| 1 1 1 1 1 1 1
Presence of templates of created documents| 1 1 1 1 1 1 1
Maintaining the history of working with| 1 1 1 1 1 1 1
documents
The presence of replication means 1 0 0 1 0O 1
GPA 0,74 10,74 | 0,82 10,74/0,66/0,71/0,71

AUTOMATION OF ROUTE PROCESSES AND CONTROL OF EXECUTION

Support for sequential and parallel routing| 1 1 1 1 1 1 1
of documents and tasks

Work with typical routes 1 1 1 1 1 1 1
Work with free routes 1 0,5 1 1 1 1 1
Ability to change routes 1 0,5 1 1 1 1 1
Auto-lock document for editing 0,5 1 1 1 1 0 1
Notification of employees about the receipt| 1 1 1 1 1 1 1
of documents and tasks at their addresses

Automation of the process of acceptance /| 0 1 0,5 0 1 010
refusal of orders for execution

Control over examination of documents 1 1 1 1 1 1 1
Control over the execution of documents 1 1 1 1 1 0 1
GPA 0,83 0,88 | 0,94 0,88(1,00/0,66/0,88

AUTOMATIZATION OF ANALYST AND MANAGEMENT ACTIONS

Search by attributes

| 1

1

1

[1]1]1]1
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Logical search 1 0,5 1 1 1 0 1

Full-text search 1 1 1 1 1 (0,5 1

Support for the morphology of the Russian| 0 1 1 1 /0,5 1 (0,5

language

Availability of hierarchical search| 1 1 0,5 1 10,5/0,5/0,5

templates

Operational = modification of search| 1 1 1 1 1 1 1

templates

Availability in the system of the report| 0,53 | 0,5 1 10,5/ 1 |0,5¢

generator

Obtaining  certificates of  executive| 1 1 1 1 1 1 1

discipline

GPA 0,81 /0,88| 0,94 [1,00/0,81/0,75/0,81
AUTOMATIZATION OF THE ARCHIVAL PROCEDURE

Write-off to archive 1 1 1 1 1 1 1

Maintaining  archives of electronic| 0,5 | 0,5%| 0,57 |0,5]0,5(0,5%| 0,5

documents

Search by archive 1 1 1 1 1 1 1

Maintenance of archival repositories of| 1 1 0,5 [0,5]| 1 1 1

electronic documents of documents

Maintaining a separate archival base of| 0 1 1 0,5/0,5/0,5|0,5

documents

Providing accounting and traffic control| 0 1 1 0,5/ 01|00

and timing for keeping files and documents

in the archive

Ensuring optimization of data storage 1 1 0,5 1 1 1 1

GPA 0,64 0,93| 0,79 |0,71/0,71|0,71/0,71

IN GENERAL 3,02 | 3,43 | 3,49 (3,33/3,18/2,83|3,11

Note:

1 - with the use of external

OCR 4 - by using Crystal Reports

3 - by using Report'sMen

5 - optional "streaming scan” Case”

7 - Optional module

"Archivarius” Archive

2 - integration with CuneForm

6 - Optional subsystem "Archive

8 - optionally LanDocs system:

Another, not less important step in choosing a rational EDS in the

aggregate of alternatives existing on the world market is to determine

their cost component in which, besides the actual cost of licensed
software, should be laid down (Table 3), firstly, the cost of measures from
a permanent operational- technical support of the system (introduction,

training of personnel, updating and ordered deliveries); and secondly, the

cost of additional system modules and third-party software, such as the

DBMS used, etc.

92
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Table 3.
The cost of the used DBMS and the EDS as a whole
Cost, $ Compe.titiveness DBMS
of licenses
w S
Name of Lo % o E - % _E“
the SED | © 5 o |9 % 5 4| g o
S O 0 e ~ — o5 M B
2 S« |8 |28l 2 v @ z
w ~ © |5 o —oy 2 = o . . 3 *H
S22 |9F 5 |82 o 8 5§ 8 = -a 5
$EB|ES s 588 & |EE 2 5 2
H® B |8 ®| B B a > e |(O® ) > O
Boss- |42 000,00'| 0,00 | 0,00 (8 400,00 0,00 | 0,00 |50 400,00| =i |Lotus Notes| Bix
referent / Domino | 3964
Dilo 10 245,16 |37,06/26,48|2 049,03| 0,00 |50,00/12 407,73| ui | MS SQL Bin
Server 9003
Euphrates-| 27 400,00 | 0,00 {15,00/5 480,00, 0,00 |0,00 |32 895,00|Tak| MS SQL 0°
document Server?,
circulation Oracle*
Directum |38 885,00 (20,00(12,00(|7 771,00, 0,00 (20,0046 678,00|tax| MS SQL Binx
Server, 9002
Docs 9 200,00 {30,00|20,00{1 800,00(2 800,00({40,00/13 890,00{rax| MS SQL Binx
Vision Server 9002
LanDocs (33 735,009/50,00| 0,00 |6 675,00 0,00 (40,00/40 500,00|rax| MS SQL Bix
Server, 9002
Oracle
Optima- |18 200,00 | 0,00 |15,00(2 400,00/5 460,00(30,00{26 105,00|Tax| MS SQL Bin
Workflow Server, 9002
Oracle, IBM
DB2,
DataBase
Note:
1 - without discount 2 - SQL Server Standart Edition

3 - under MS SQL Server

5.

Built-in database "NIKA". As

part of the project decision

ISSN 1562-9945

2005 Win32 English OLP NL

4 - design solution
6 -

LanDocs: Workflow +

LanDocs: Document Server +

can be implemented by Oracle
Database or Microsoft SQL Server

+ LanDocs: Routing
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Taking into account the outcomes of the final evaluation of the EER
functionality that were to be investigated, is defined as the average of all
the above-mentioned components (Table 4).

Table 4.
Final evaluation of functionality
=
2| |E £
885 8 8 %
[5) +~ w0 o
System qé'»—'lgﬂ*é’f;mog
o = = o ) = \
w | A |8 o & O & <
0 s 52 AQ Q — g
o S 0 A =
m < e
: 5
m
. |functionality of the document 3,02(3,43| 3,49 |3,33(3,18|2,83|3,11
-g circulation system
; quality standard tools for setting up a (0,88|0,25| 1,00 |0,50/0,88|0,88(0,75
-E document management system
g quality additional tools for customizing |1,00|0,60( 0,92 |0,75|0,83|0,67(1,00
% \the document flow system
E reliability, security and productivity of [0,81|0,88| 0,94 |0,94/0,94|0,94(1,00
< |the document management system
In general 5,71(5,16| 6,35 |5,52|5,83|5,32/5,86
Interest, % 81,6/73,7| 90,7 |78,9/83,8(76,0|83,7

The closer the result of the evaluation of each of the systems will be
close to 100%, the more balanced it will be considered functional, and the
more likely this system can be attributed to the so-called "rational” EDS
in this approach to comparison (Figure 2).

Based on the results of the example given in the article (Table 2, 3
and 4, Figure 3), it can be argued that practically all systems that were
selected for comparison:

have almost identical functionality. At the same time, the typical
tasks of electronic document circulation among them are still carried out
by the system DILO, Euphrates-document circulation, DocsVision and
Optima-Workflow;

can be adapted to meet the needs of their institutions by means of
availability without the participation of the developer or his partners and
without incurring additional costs. At the same time, the owners of the
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Euphrates-Document Management systems and DocsVision will handle
this task best;

have more or less full complementary functionality due to flexible
user interface configurations. In this case, the best positions in this aspect
are the Boss-Referent and Optima-Workflow systems. By other
parameters, the positions taken are Directum, DocsVision and Euphrates
documents;

provide the necessary level of reliability and security of electronic
document circulation in the institution. At the same time, Directum,
DocsVision, LanDocs, Optima-Workflow and Eutrophication are the best
suited for these tasks. The BOS-Referral system, implemented on the
Lotus Notes / Domino platform, offers, in contrast, the most advanced
administration tools for distributed work due to the specific capabilities
of the platform mentioned above;

are in different price categories. With the total cost of server and
user licenses, as well as the cost of the DBMS used, the Dilo and
DocsVision systems are the most acceptable ones for the results obtained.

/

Optima-Workflow

LanDocs
DocsVision

Directum

Euphratesdocumentcirculation

DILO

Boss-referent

.81,6

) 20 40 60 80 100
N S

Fig. 2. EDS comparison results

These conclusions provide the opportunity, in turn, to combine the
selected systems to be compared in a group of highly functional EDS, to
which experts include Euphrates-Documentation, Directum, DocsVision
and Optima-Workflow, as well as SEDs of average functionality, to which
experts refer to DILO systems , Boss-Referent and LanDocs. The most
developed functionality among them, as evidenced by the results of the
research, has been shown by the Euphrates-Documentation System of the
Cognitive Technologies company. Unlike other systems, it consistently
gained a large number of points in each of the areas of work with
documents. The leading positions of the Euphrates-Documentation system
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are also confirmed by an assessment of the number of its implementation
(Fig. 38). Thus, according to experts from the international expert
company GartnerGroup [2], today it occupies about 34% of the world
market for the implementation of these systems. This is explained by: the
flexible pricing policy of the company-developer; the universality of this
EDS - the presence in it of its own NIKA database, built-in scanning and
text recognition tools, a simple and intuitive interface; the ability to
configure and modify the system when implementing it as a developer and
/ or its partners, and directly by customers. These facts, as a result, in
turn, increase the possibilities of this EDS in terms of maintenance and
scalability, as well as the ease of its integration into the corporate IT
infrastructure of any institution in Ukraine.

The structure of the market of electronic document management systems by the
number of implementations on the territory of Ukraine and the nearest foreign
country.

IHwi CEA; 39%

Directum; 5%

DocsVision; 6% EBOPAT-

Oo; 16% [OOKYMEHTOO00ir;
34%

Fig. 3. Percentage of implementation of electronic document management
systems

In addition, other high-and mid-range EDSs, including DILO,
Directum and DocsVision, are also significant in the market. For example,
today, according to the available estimates, the DIAL system occupies
about 16% of the world market of implementation. It is most popular in
public institutions. This is primarily due to the orientation of this system
to automate the procedures of traditional office work. The exception is
the Optima-Workflow system, which developers did not initially consider
it as a mass solution for small and medium-sized businesses.

After the choice of the state / commercial structure of the rational
EHS, the question arises as to the definition of such a set of requirements,
rules, restrictions, recommendations, etc., which would contribute to the
regulation of the order of information processing in the organization and
were aimed at protecting information from threats primarily
anthropogenic - that is, the formation information security policy (Fig.
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4). When designing a security policy, information processing technology,
offender patterns and threats, operating system features, physical
environment, and other factors must be taken into account. As part of a
common security policy, there may be policies to ensure the
confidentiality, integrity, availability of processed information, etc.
Security policy should relate to: information (level of criticality of
resources of the EER); interaction of objects (rules, responsibility for the
protection of information, guarantees of protection); areas of application
(which components of the LOM security policy apply, and which ones are
not).

Security policy should be designed in such a way that it does not
require frequent modifications (the need for frequent changes indicates
excessive specification, for example, it is not always appropriate to
specify a specific name or version of a software product). The security
policy should include the use of all possible measures for the protection
of information: legal and moral and ethical norms, organizational
(administrative) measures, physical, technical (hardware and software)
measures, and determine the rules and procedures for the use of each of
these types in the LOM.

Security policy should be based on the following basic principles of
system integrity, integrity, continuity of protection, adequacy of
mechanisms and measures of protection and their adequacy to threats,
flexibility of management of the system of protection, simplicity and
convenience of its use, openness of algorithms and mechanisms of
protection, unless otherwise provided separately. Security policy should
provide guarantees that the SED provides:

1) the adequacy of the level of information security to its critical
level;

2) profitability of measures to protect information;

3) assessment and verification of information security;

4) personalization of the provisions of the security policy (regarding
the subjects of the EER), reporting (registration, audit) for all critical
resources from the point of view of safety;

5) visibility about the procedure for providing information security;

6) continuous work and its restoration in case of unforeseen
situations, etc.
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Constituents of the concepts of security policy of the computer system
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Fig.4. Basic EMS Security Policy Model

Security policy is being developed at the preparatory stage (SD TZI
3.7-001-99) for the creation of a CSCI. This should take into account the
requirements of all documents that regulate the protection of information

in the LAN and ensure their strict observance. The methodology for

developing a security policy should include the following: development of

the concept of information security in the LOM (outlining the system of

598
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views, the main principles, revealing the main areas of information
security); risk analysis (allows us to formulate general security provisions
related to the technology of information processing in the EDS); definition
of requirements for measures, methods and means of protection; selection
of basic decisions on security of information; the organization of the
renovation work and ensuring the continuous functioning of the EHEA;
documenting security policy.

Conclusions and perspectives for further research

Recently traditional paper workflow is giving way to a more modern
electronic device. Which not only significantly reduces the time to work
with documents, but also helps to optimize management processes in the
organization (institution).

The Ukrainian SET market, represented by software solutions from
both domestic and Russian and several transnational suppliers, remains,
unfortunately, still as informally closed and little-learned as before. This
is explained by the fact that: until now, the segmentation of the Ukrainian
EER market has not been carried out; volumes and capacity of the market
are determined fairly roughly, mainly on the basis of assessments of
market participants themselves; the systematization of both the actual
systems and the companies working in this area in general is absent.
However, the positive factor in the development of ERA in Ukraine is the
existence of a fairly clear regulatory framework in the area of electronic
document management and electronic digital signature (EDS), as well as
guidance documents that require and regulate the implementation of EHS
in government institutions. Negative - the lack of state technical
specifications regulating, for example, the formats of secure exchange of
such documents, etc.

The decision to solve the problem of choosing among the selected
systems a rational variant of the EDS and avoiding a number of hidden
problems should contribute to the use of the analytical material provided
in the article. According to his results, it is also possible to conclude that
the complex automation of processes of information activity of state and
commercial structures of Ukraine will provide a combination of methods
and tools of office automation, database management systems (input,
storage and search of structured information), workflow systems
(management, routing and coordination of travel documents, control over
the timeliness of their processing) and electronic document management
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systems (input, storage and retrieval), as well as integration of software
productive that implement these techniques.

The main prerequisite for a positive solution to this problem is,
according to the authors’ opinion, a substantiated choice of the base
platform, on the basis of which certain solutions will be implemented for
integrated automation of information activities, as well as a system
integrator - that is, a company that will provide the full range of
necessary services and offer the client a comprehensive solution that will
satisfy as much as possible. all its needs. The most qualified
representatives in the field of development and introduction of advanced
IT technologies that operate in the Ukrainian market and can act as a
system integrator for the implementation of a comprehensive program for
automating the processes of information activities of state and
commercial structures of Ukraine, in our opinion, are Incom, Quasar-
Micro, Soft -Laine and a number of others. At the same time, for the base
platform, the client can be selected software applications from
corporations IBM, OpenText and EMC (Enterprise Content Management),
which according to reports of the International expert company
GartnerGroup [2] are among the three leaders of the world market ECM
systems or companies Oracle and Microsoft, which steadily hold the line
following the leaders.

The main objective of the implementation of the EDS protection
system is to create an advanced system for managing flow of work, control
over executive discipline, in particular mechanisms for performing
technological processes for processing documents and organizing control
over these processes. The key requirement put forward to modern EDS is
to provide legitimate users with access to legally significant electronic
documents and their processing facilities. The models of threats and the
infringer of the protected EDS should determine the necessary levels of
functioning of the subsystem of information security, namely the level of
organizational and technical measures, the level of current control and
the level of elimination of the consequences of realized threats.
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THE USE OF ONTOLOGIES FOR SOLVING
INFORMATION SECURITY TASKS

Annotation. The basic information security issues and solutions through the
use of ontologies and ontology systems are described.

Keywords: ontology, ontology systems, informational security, consolidated
information.

Introduction

Today, information regarded as one of the main resources of the
social development, and information systems and technologies as a means
of increasing productivity and efficiency of people’s work. Therefore,
information is the most valuable and expensive resource. The problem of
information security from the moment of its appearance and to the
present state has been a long and largely contradictory path in its
development.

Presentation of the main material

Since the process of providing information security is a continuous
process, the existing methodology for designing a secure system is an
iterative process eliminating the drawbacks found.

In 1996, the classical work of Grusho A.A. and Timonin E.E.
“Theoretical fundamentals of information security “expressed and
substantiated the thesis that the guaranteed security in the automated
system should be understood as a guaranteed performance of a priori
specified security policy [1].

Previously, security policy guarantee conditions were formulated in
the form of standards. This is the approach used by American computer
security experts, having published since 1983 several books of the so-
called "rainbow series” standard. In Ukraine, similar documents were
adopted by the State Technical Commission [4].

The main problems of information security in computer systems arise
because information is not rigidly associated with the carrier. The main
factors that make it difficult to solve the problem of information security
in PC are as follows:

mass application;

© Didyk O., Ohnieva O., 2017
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constantly increasing complexity of functioning;

variety of software for personal computers, architectural solutions
and easy adaptation to solve various tasks of users [2].

We can highlight the main types of information security issues:

interception of information (violation of the confidentiality of certain
information);

modification of information (editing of the original text of the
message and / or its replacement with other information);

substitution of authorship (copyright infringement).

At present, the issue of ensuring the security of consolidated
information resources is becoming more and more urgent.

The term “consolidated information” covers various sources of
information obtained from several sources and integrated in a consistent
manner, that are collectively endowed with signs of completeness,
integrity, and consistency, and constitute an adequate information model
of the problem area in order to analyze, elaborate and effectively use it
in decision making support processes. Therefore, the concept of
"competitive intelligence”, which is used on parity by some researchers,
is still one aspect of holistic processes and information consolidation
procedures, namely as a process of formation of an information resource
for decision making support [5].

At the same time, consolidated information, with the use of all
possibilities, actively operating information resources, is called to develop
the technological basis for the creation of an information product, to carry
out a qualitative and content-related transformation of information,
functionally intersecting in this context with the scientific (production of
new knowledge) and management (development of solutions, scenarios)
activities.

The protection of consolidated information can be provided in various
ways, which include modeling the necessary components of information
security, namely:

determining of information resources to be protected;

monitoring of a complete set of potentially possible threats and
channels of information leakage;

analysis of wvulnerability and risks related to the collection of
information and leakage channels;

determining of the requirements for protection system;
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selection of means of information security and their implementation;

control of protection system [6].

Thus, consolidated information technologies require information
security within a particular institution or organization.

Also, at present, there is a fairly active use of ontological models in
various aspects of information security.

Ontology is the presentation in a certain language of knowledge about
a certain subject area (environment, world). Ontology is necessarily
accompanied by some concept of this area of interest. Often this concept
is expressed by identifying the basic objects (individuals, attributes, and
processes) and the relationships between them. The determination of these
objects and the relationships between them is usually called
conceptualization.

The following definition of ontology is generalizing: Ontology is a
generally accepted and generally accessible conceptualization of a certain
area of knowledge (world, environment) that contains a basis for modeling
this area of knowledge and defines protocols for interaction between
agents that use knowledge in this area and finally includes agreements on
the presentation of the theoretical fundamentals of this area of knowledge
[7].

The use of ontological models allows the application of a unified
knowledge base that holds the conceptual access control system for
information resources, as well as the formal semantics of a modeled
system. In this case, due to the combination of such a model with the
ontological model of the subject area, it will be possible to determine the
rules of access in terms of the domain, taking into account their
semantics, and also to make decisions on granting or refusing access on
the basis of the results of logical conclusion, which cannot be done using
databases.

In general, it is possible to distinguish the following areas of research
in this area:

formalization of the subsets of XACML language and use of the
logical output to validate the security policies formulated by
administrator [8];

use of logical output in existing access control models, such as RBAC
(Role Based Access Control) and ABAC (Attributes Based Access Control)

[9];
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creation of an ontology that defines the conceptual system of the
subject area of information security General Privacy Ontology[10],
Security Ontology [11], NRL Security Ontology [12].

Conclusion

In the course of the conducted analysis, a generalized description of
current problems in the field of information security was made, as well
as a classification of types of security threats. It was revealed that one of
the most important mechanisms of modern means of providing
comprehensive information security is the system of control and
differentiation of access to resources, for the implementation of which it
is expedient to use ontological models and methods of ontological
engineering, which will allow determining access rights based on the
logical conclusion.
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ASSESSMENT OF DISTRIBUTED DELAY TIME OF
INPUT SIGNAL BY STATIONARY OBJECTS
Annotation. The article proposes a new method for estimating the distributed
delay time of a signal by a stationary linear object whose transfer function 1is
normalized and does not contain zeros. It is shown that the required time is
determined by the coordinate of the intersection graph of forced component of the
reaction of the object on a linearly increasing input signal from the x-axis. Analytical

studies are confirmed by the results of mathematical modeling of the work of the
proposed algorithm on a computer.

Key words: density function of random values, time constant, distributed time
of signal delay by the object.

Articulation of issue

Every dynamic object is inertial in its substance. This feature belongs
to it because any transfer of energetic or material resources can't
immediately be carried out. Time delay of signal transfer from input to
output of the object may be transportation (pure) or distributed
(capacitive) (in the econometrics it is known as «distributed lag») [1-4].

If transport delay of signal for time 7 in continuous object is
described by unit with transfer function exp(-st), where s - Laplace
operator, distributed delay is a result of the influence on input signal of
transfer function without pure delay element.

Review of recent investigations and publications

The following algorithm of time assessment of distributed delay is

given in the study [3]:

oo

a) transfer function W(s):jexp(—st)k(t)dt by representationof
0

exp(-st)in the form of range 1—s+s?/2!—s® /3M+.... is written down as

follows

W(s)=H, - H;s+ H,s* / 2-H,s® / 8!+...

Where H, :Itik(t)dt - momenti — in the order of impulsive
0

transition functionk(t);

b) time of distributed delay is determined with using a formula

© Doronina M.A., 2017
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T=H,/H,. (1)

The last expression shows that it is necessary to find an impulsive
transition function and calculate its momentsfor determine of distributed
time of signal delay. It is a very complex procedure.

Therefore an actual task is finding of simple and descriptive
algorithm of temporal value assessment of distributed delay, which linear
continuous object makes.

Objective of the study

The objective of the study is a development and analysis of time
assessment signal delay algorithm in the continuous object without using
of impulsive transition function and its moments.

Presentation of basic material of the research

Transfer function written above W(s) can be presented in the form:
Wi(s) =(W(s)/W(0)) W (0). (2)

In the expression (2) a multiplier W(0) = H, is an amplification
coefficient. It doesn't have inertial properties and doesn't delay a signal,
which passes through it.

According to normalized transfer function W(s)/W(0), it has an

amplification coefficient, equal to one. In other words
+o0
[R(t)at =1. (3)

If k(t) corresponds also to condition
k() =0, (4)

it can be considered as probability density function of distributed
delay time T. Using impulsive transition function with such properties,
we can calculate distributed delay time

T = f th(t)dt . (5)

If transfer function of aperiodic unit takes the form

1

W) =
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its impulsive transition function is described by the expression

0 nput<O0

k(t) = _L .
*) %eTnputZO

Due to the fact, that £(t) meet conditions (3) and (4), in this case the
distributed delay time T coincides with the constant time of the aperiodic
object. (Pic. 1).

0.5+

06

0.4+

0.2F

Pic. 1. Impulsive transition function of aperiodic unit under T'=0,5
Now send a signal to the input of this aperiodic unit u(¢) =t and
\we'll find its reaction force through Duhamel integral (Pic. 2):

¢ _t
y(@) = [u@)k(t - 0)do =t -T+Te " . (6)
0
During analyzing the expression (6) of output signaly(¢) we can see,
that its forced component ¢ — T falls behind time from input signal wu(%)
also on T value.
In case, when the object has a transfer function

1

W(s) = R
(&) T,T,s* + (T, + Ty)s + 1

its impulsive transition function
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B(t) = ——

1 2

meets conditions (3) and (4).

35
3 - .
25L yE(t) |
= L J
2
= u(t)
=
= 15} .
5
1 - .
05} .
yit
0
T=05
_DS 1 1 1 1 1 1 1
0 05 1 1.5 2 25 3 35 4

Pic. 2. Aperiodic unit reaction under T=0,5 on the linearly increasing input
signal
While sending a linearly increasing signal to the input of this object
u(t) =t an output signal will be the following

¢ ¢
ty=t—-(T, + T +T2e 1—Tze 2
y(?) (T; %) + (T} 2 )T1 T,

Its forced component t — (T; +T,) is behind from the input signal
u(t) =t on value T, + T,, which corresponds with value T for k(t) (Pic. 3
and 4):

Using mathematical induction method we can prove, that aperiodic

units n with transfer functions, turning on consequently

1
Ts+1

W(s) =

(i = ﬁ) , realize a distributed delay, which value is

T=T+T,+...+T,
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Pic. 3. Impulsive transition function of two connected in sequence aperiodic
units

yelt)

uit) yit) ye(t)
(o=

uit)

Pic. 4. Reaction of two connected in sequence aperiodic units on the linearly
increasing input signal
Now we consider a distributed delay, which is made by oscillatory
link with transfer function (a condition is not meet here (4))

a® + b

Wi(s) = .
(<) s? + 2as + (a® + b?)

(7

The last we can write in such matter:

1

1 s+ 1)( 1.

a+jb a-—j

W(s) =

( s+1)
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Taking into attention complex values

1 and 1

a+jb a-jb_

as «time constants», we’'ll find their amount.
It will be equal to value

2a
a® + b? )

It will be just the time of distributed delay, which is made by
oscillatory link for linearly increasing input signal.

35
3+ 4
25} .
2 L -
2 15 .
1 -
05 .

0

=317 \/
_05 1 1 1 1 1 1 1

0 05 1 15 2 25 3 35 4

351 E
i yBIt) i
J uft)
25 B
T 2 1
8}' 1.4
= 7 i
1 L .
05 B
]
T=317
_05 1 1 1 1 1 1 1
] 05 1 148 2 25 3 3h 4

Pic. 6. Reaction of the oscillatory link on the linearly increasing input signal
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On pic. 5 and 6 it is shown results of finding a input signal
distributed delay value by oscillatory link with parameters a=3, b=5
through first (H1) and zero (HO) moments and using the input signal
u(t) =t.

Conclusions

When performing this study the effective methodology of
determination of the distributed time of signal delay has been developed
by continuous stationary object with transfer function without zeros.
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REVERSE ENGINEERING OF THE GENE REGULATORY
NETWORK WITH COMBINED USE OF THE CLONAL
SELECTION ALGORITHM AND DIFFERENTIAL
EVOLUTION

Abstract. The development of methods for reverse engineering of gene
regulatory networks is one of the important tasks in the post-genomic era. The
algorithm of clonal selection is one of the popular approaches for the reconstruction
of gene networks based on microchip data.

Keywords: Reverse engineering system reconstruction, population, gene
regulatory networks, clonal selection algorithm, differential evolution algorithm, DNA
microarrays.

I. Introduction

Reverse engineering or system reconstruction is the process of
deriving the structural and dynamic system characteristics under study
on the observations basis of its behavior and certain knowledge in the
relevant subject area.

Today, reconstruction plays an important role in biology as one of
the main tools for modeling biological systems and their interactions,
which is key to understanding the mechanisms of their functioning [1].
One of the most widely used applications of the methodology of
reconstruction in biology is the identification of gene regulatory networks
(GRN) [2]. Detection of the presence and nature of interactions between
GRN genes is essential for the creation of new drugs. Reconstruction
helps researchers find answers to a number of questions, among which we
can distinguish the following: what processes in the body regulate the
gene being studied; which genes affect the test gene; how genes interact;
what genes are responsible for a particular type of disease; which drugs
will have an effect in case of a disease, etc. The technology of DNA
microarrays [3] facilitates the study of the behavior of GRN greatly, but
the task of reconstruction remains difficult, since it contains a large
number of unknowns.

A number of mathematical models are used to describe the structure
and dynamics of GRS, among which the most widespread are Boolean

© Fefelov A.A., Taif M. A., Lytvynenko V.I., Voronenko M.A.,
Stepanchenko O.M., Sokur I.V., Lurie I.A., 2017
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networks [4], linear models [5], differential equations [6], associative
networks [7], Bayesian networks [8], neural networks [ 9, 10], the model
of the state space [11]. In this paper, the classical system of ordinary
differential equations (ODE) in the form of an S-system was chosen as the
GRN model, for the identification of which a hybrid algorithm for clonal
selection and differential evolution was proposed.
II. Formulation of the problem

For a regulatory network consisting of N genes, the S-system is

represented by the ODE system of the following kind [7]:

= o [T, 2% — B TI x i = 1N, (1)

where x;(t) — expression’s level of i-th gene at the time point t; «a;, §;
— non-negative numbers, called rate constants; g;;, h;; — kinetic orders that
determine the direction and level of regulatory impact, that is,
stimulation or inhibition.

Reconstruction of the regulatory network involves not only choosing
a mathematical model, but also developing a method for identifying it.
Identification of the S-system consists in finding optimal wvalues of
parameters from the set v ={a,fB,g,h}. The complexity of the task’s
solution is due to its high dimensionality. The number of parameters to
be found is determined by the expression 2N(N + 1). That is, for GRN
consisting of only four genes, the search space dimension is 40. For this
reason, the task of reconstructing the S-system can’t be solved
analytically. It is known that population methods such as genetic
algorithms or artificial immune systems have proved to be successful in
solving such problems. But at large dimensions, the convergence rate of
population methods can be very low. Thus, the aim of this study is to
develop a new, fast and accurate method for optimizing the S-system’s
parameters, taking advantage of the population approach and
hybridization technology.

II1. The algorithm of clonal selection

In the research [15] immune system is considered from the view point
of the mechanism of clonal selection. On the basis of clonal selection
principle, an optimization algorithm CLONALG was proposed in [16],
which is widely used at present as one of the varieties of IIS. In clonal
algorithm, the affinity values express the proximity measure of the
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individual to the optimal solution and are calculated on the basis of the
objective task’s function. Step-by-step algorithm description is presented
below.

Step 1. Population = 0.

Step 2. Create an initial population of solutions randomly (A4b°).

Step 3. Estimate populations Ab° based on the objective function f.

Cycle until the condition of shutdown e = false.

Step 4. Save the best solution in the current generation.

Step 5. Select antibodies from Ab° with the greatest affinity.

Step 6. Create clones Ab¢ of selected antibodies in an amount n ~ f.

Step 7. To make a mutation of clones with intensity p,,!~ f.

Step 8. Estimate populations Ab¢ based on the objective function f.

Step 9. Select clones with the greatest affinity from Ab¢ and
transfer them to Ab°.

Step 10. Replace the d worst antibody in Ab° new antibodies
generated randomly.

Step 11. Estimate new antibodies in Ab°.

Step 12. Population = Population + 1.

Cycle until end
Step 13. Conclusion: the best solution in the current generation.

In CLONALG you can use different ways of presenting solutions,
depending on the type of task. The binary and real representations are
most often used. Also, the conditions and objectives of the problem are
decisive when choosing a method for representing immune operators, the
affinity function form , and algorithm parameters values.

When calculating the main population affinity, conditions are
created for the selection of cells, that are complete (at this stage) enter
into interaction with the antigen maximally, that is, they form the
minimum of the objective function. During the activation process, the
selected antibodies increase their representation in the solution space due
to cloning. Cells, whose affinity is higher, create more clones, but this
cells are less susceptible to mutation. The mutation in CLONALG is of
high intensity, since it is the main driving force of evolution. In the
process of replacement, cells with low affinity are removed from the main
population, and new generated randomly individuals come in their place.
This avoids local extremes, and explores the entire target surface.
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Individuals of the population are coded by real numbers rows in the
range from 0.0 to 1.0. Each line contains a complete set of parameters of
the S-system (Fig. 1).

hii

hiN

‘ ol ‘ﬂ] ‘gu‘...‘g11v‘h11‘...‘huv‘... oi | fi|gir|...\giv| hit |... ‘ a/v‘ﬁ/v‘gzw‘...‘gzwv‘h/vz‘...‘h/wv‘

Fig. 1. Encoding of antibodies of the hybrid clonal algorithm

When evaluating the next solution variant, the wvalues of the
individual string are recalculated into new ranges, in accordance with the
allowable intervals of the change of one or another S-system’s parameter,
which are set before the algorithm start.

The affinity measure or objective function of the task is left the same
as in work [11]:

M . . i 2
f = MIN Z§V=1Z}“=1 (xl (to+jat) xl(t0+]At)) , (3)

xi(to+jAt)

where tp — time to start measuring the gene expression level; At —
time step between successive measurements; T — number of
measurements; x}'(t, + jAt) — values of the i-th gene expression level,
obtained by means of the model, i.e., by the decision of SODU (1) (in this
case by the Runge-Kutta method of the fourth order); x;(t,+jAt) —
measured values of the i-th gene expression level.
IV. Differential evolution algorithm
The differential evolution algorithm (DE) is one of the evolutionary
algorithms varieties [18, 19]. With its high efficiency, DE has found
application in many subject areas, as a global optimization method. There
are several variants of DE, differing in details of the evolutionary
operators implementation. In this paper we use the version presented in
[18]. A brief description of DE method is given below.
The task of objective function minimization is considered:

f(x) » min,x = (xq4,...,%,), (3)

where x — the vector of task’s parameters, on the basis of which the
individuals of the solutions populations are built xf,i =1,...,P; P —
pasMep IMONyJANuU peleHuil; ¢ — TeKyllee IIOKOJIeHUE.
The main difference between DE algorithm and other evolutionary
algorithms is the implementation of the mutation operator. The DE
mutation is as follows:
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viG-Ir1 = x$3 + F(xg, — x5,), (4)

where vi*',i=1,...,P — an individual, that is the result of a
mutation; r1,72,r3 € {1,...,P} — indexes of individuals, that are chosen
from the population of solutions randomly in the current generation, such
that r1 +r2 # r3 # i; F — scale coefficient (F > 0).

Components of individuals x¢ are replaced by the corresponding

components of the vectors partially v¥*! with the formation of candidates

population u{*! = (u&*,...,ui ). Formation of a vector uf*' occurs

according to the following expression:

uG+1

ij

G“ Jif randEvent =1Vvji=k
{ 4 Wop) =1VI=k o ) (5)

xl 1 otherwise

where k € {1,...,n} random parameter index, chosen once for each
individual, the sense of which is to ensure the transition of at least one
vector component v¢*! to vector ué*'; ppr — the transition probability of
the j-th component of the vector v¥*! to vector uf**. Since expression (5)
is associated with the crossover operator in evolutionary algorithms, ppg
called the crossing-over probability. It is not difficult to see that
expression (9) is very similar to expression (2), therefore in this work ppg
is called the intensity of DE mutation.

The next generation population is formed from the current
generation population and the candidates population by means of DE-
selection:

X6+ — { G+1 lf f(uG+1) < f(xG) (6)

‘ x¢, otherwise

i.e. each individual from the candidate population is compared with
the corresponding individual from the current population. If the
candidate has a smaller value of the objective function, he passes into a
new generation. Otherwise, the current individual passes into the new
generation.

V. The proposed hybrid algorithm

The idea of combining different computational methods and the
formation of hybrids is based on the assumption that the new
computational method obtained as a result of combining should have a
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higher productivity than the constituent components. Being embodied in
life, this idea led to the creation of hybridization technology, which allows
synthesizing whole algorithms classes capable of solving complex tasks at
a qualitatively new level. According to this technology, the strengths of
the methods involved in hybridization form a combined result that
characterizes the main advantages of the hybrid approach, such as:
obtaining better solutions; getting solutions in less time; solving problems
of large dimension.

In this paper, a hybrid clonal algorithm is proposed in which the
mutation phase is extended by operators taken from the algorithm of
differential evolution. A step-by-step description of the algorithm is
presented below.

Step 1. Population = 0.

Step 2. Create an initial population of solutions randomly (A4b°).

Step 3. Estimate populations Ab° based on the objective function f.

Cycle until the condition of shutdown e = false.

Step 4. Save the best solution in the current generation.
Step 5. Select antibodies from Ab° with the greatest affinity.
Step 6. Create clones Ab¢ of selected antibodies in an amount n ~ f.
Step 7. To make a mutation of clones with probability p.! ~
f and intensity p,,! ~ f according to the formula (2).
Step 8. To make DE-mutation of clones with intensity ppg! ~
f according to the formula (4) u (5) and place the results into the
population of candidates Abt.
Step 9. Estimate populations Ab! based on the objective
function f.
Step 10. To carry out DE-selection of candidates according
to the formula (6).
Step 11. Select the candidates with the highest affinity from
Abt and transfer them to Ab°.
Step 12. Replace the d worst antibody in Ab° new generated
randomly antibodies.
Step 13. Estimate new antibodies into Ab°.
Step 14. Population = Population + 1.
Cycle until end
Step 15. Conclusion: the best solution in the current generation.
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Step 7 is left to prevent premature convergence of the algorithm.
Unlike the classical CLONALG, in this case, mutations are not all clones,
but only a part of them, which is controlled by the parameter p.. In this
case, the probability values p, and intensity ©p,, are subject to
investigation. In addition, the authors studied the effect of the intensity
of the DE-mutation ppg, the scale factor F and DE-selection on the quality
of the algorithm. The results of the research are presented in the next
section.

VI. Experimental research

In this research work, the efficiency of the algorithm was evaluated
both on artificial and on real gene networks, and the experimental results
were compared with other existing methods found in the modern
literature. Now the performance of the S-system model was measured in
terms of its sensitivity (Sn) and specificity (Sp), which were defined as

follows:
g __ TP 4)
" TP+FN’
TN (9)
S, = ,
TN + FP

where True Positive (TP) denotes the number of correctly predicted
rules, and True Negative (TN) is the number of correctly predicted
uncontrollable output algorithms. False Positive (FP) indicates the
number of incorrectly predicted rules, and False Negative (FN) represents
the number of false-predicted uncontrollable output algorithms.

To test the effectiveness of modeling the S-system, a reference small
artificial network was chosen. It contains five genes with simple
regulatory dynamics. In the studies of other authors this network was
already used to test the effectiveness of the proposed algorithms.
Therefore, in this article, the same network was used to test our
methodology, and also to compare its effectiveness with earlier work.

The proposed methodology was applied to synthetic noiseless data
having the parameters shown in Table 1.

Time series data were obtained by solving the system of differential
equations (1). For training, we used datasets containing only positive
values. In our work, only 70 data points were used for each of the genes.
Twelve identifiable parameters were also used. The search interval is
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selected in the range [-3; 3] for kinetic orders gi; u hi; in the range [0,12]

for rate constants, o, u ..

Table 1.

The actual parameters of the S-system for an artificial gene network.

8in | &2 | 83| ia | 8is hi,l hi,Z hi,3 hi,4 hi,S ; ﬂi
0.0 {1.0/0.0(-1.0(2.0/0.0 {0.0/0.0/0.0|5.0 |10.0

10

2|2 0.0 {0.0/0.0]0.0 {[0.0/2.0 /|0.0[/0.0/0.0[10.0]10.0
3/00/-1.0/0.0{0.0 /0.0 |/0.0/-1.0/2.0/0.0]/0.0]|10.0]10.0
410.0/00 /20[{0.0-1.0/0.0/0.0 |0.0/2.0]/0.0|8.0 |10.0
5/0.0/0.0 10.0/2.0]0.0 10.0/0.0 |0.0]/0.0]2.0]/10.0]10.0

For the hybrid clonal selection algorithm (HACS), 8000 iterations
were used. The number of the maximum iteration and the initial
population remains high for solving the nonlinearity of the S-system.
Initial parameter values o, and B, were established in 0,95. The choice of

parameters requires certain experiments. The frequency boundary and the
step size were initialized to [0,1], while the random movement was fixed
to 0.001.

Table 2 shows the expected parameters for the experiment. The
values of kinetic orders less than 0.1 were ignored. The S-system model
based on the hybrid clonal algorithm produced satisfactory results for
silent data, since almost all the parameters were predicted to be correct.
In addition, HACS also accurately determined the correct sign and
position of the rules (regulated and unregulated). However, the predicted
parameter values for gene No. 3 were somewhat less accurate, but still
quite satisfactory in terms of predicting TP and FP and the nature of
their regulation.

Table 2.

Calculated values of parameters of the S-system for an artificial network

8|82 |8 |8&ia |&is [Hiy |hin [his|hia |his |0 | B;
0.2/0.0 |1.2 |0.0 |-1.0(2.1/0.0 |0.0/0.0/0.2|5.0/10.0
2.4/0.2 /0.0 |0.2 /0.0 |0.2|2.0 |0.2|0.0|0.0/9.0/9.0
0.0}-1.1}-0.2/-0.2|-0.2/0.0{-1.1/0.0/0.0{0.0|7.0/8.0
0.3/0.0 |2.1 |0.0 |-1.1/0.0{0.0 |0.0{2.0|0.0|7.6/9.5
0.2/0.0 [0.0 |2.1 |0.0 [0.0/0.0 |0.0/0.0|2.19.5]9.4

Ot x| | DN| =
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To fully evaluate the proposed HACS algorithm, it was tested on
noisy artificial data. The approach proposed in [19] was used, where 5%,
15% and 25% were added to the data.

Table 3 presents comparative studies of the effectiveness of various
reverse engineering algorithms. It can be noted that in the presence of
different noise levels, the HACS-based S-system model is better than the
algorithms based on differential evolution (DE) and the algorithm for
clonal selection.

Table 3.
Comparative study of HACS-based S-system with the other techniques
for noisy artificial data

Methods | HACS ACS DE
Noise(%)| S | S S | S S | S

n Y4 n P n P

5 1.0/0.96/1.0 (087 [1.0 |0.75
15 1.0/0.79/0.81]|0.71|0.93|0.73
25 1.0/0.68/0.65(0.68|0.89/0.74

VII. Conclusions

The report describes the application of the S-system to search for
gene networks from microchip's data using the combined algorithms of
clonal selection and differential evolution. The algorithm is implemented
on the microchip data which, as shown, is able to determine and predict
the dynamics of the studied data on which the training was conducted.
The obtained results show the high accuracy of the algorithm. One of the
problems with the reconstruction of gene networks from real data is the
lack of final network models to compare the methods being developed.
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THE ALGORITHM FOR DETECTING ONLINE
DISCUSSION FRAGMENTS CONTAINING INFORMATION
AND PSYCHOLOGICAL MANIPULATION

Annotation. The paper scrutinizes the algorithm for detecting suspicious
fragments of online community discussions that potentially contain information and
psychological manipulation precedents. The classes of criteria for detecting suspicious
discussion fragments are presented; the system of filters for detecting the fragments
is described. The stages of the algorithms for detecting suspicious fragments are
detailed.

Keywords: information and psychological manipulation, suspicious discussion
fragment, online community

Introduction

The internet means of communication are the most common and
widely spread way of communication nowadays. Information transmission
speed, vast audience, source diversity, the possibility of overcoming
territorial limits make the internet means of communication attractive
for informing and information search.

Due to the little number of requirements for publishing information
(e.g. registration) and a great number of informers and recipients, the
significant deal of internet-communication takes place on online
community platforms. However, online community members could be
exposed to the harmful effect of information and psychological
manipulation. Information and psychological manipulation (IPM) is a
deliberate influence on the subconsciousness of online community
members by means of information and utilizing psychological mechanisms
with the aim to affect thought process and reach one party vested goal.

Formulation of problem

The high speed of information sharing is typical for online
communities. Therefore the prerequisite of IPM prevention is the timely
detection of IPM precedents. The last requires the large unit of people
with specific qualifications or application of automated methods and
means.

The aim of the paper is to develop the algorithm for detecting
discussion fragments that potentially contain IPM. The algorithm foresees

© Holub Z., 2017
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application of the system of filters for detecting suspicious discussion
fragments [1]. This process takes place at the second stage of the
algorithm for monitoring online community with the aim of IPM detection
[2]. The output of the considered in the paper algorithm is a set of
suspicious discussion fragments, which are sent to the next stage of the
algorithm for monitoring online communities with the aim of detecting
IPM in order to identify IPM precedents.

Analysis of recent research and publication

Research in different fields and areas is aimed at increasing
effectiveness of internet communication [3], in particular, increasing and
using advantages and preventing negative phenomena of internet
communication. Numerous studies are devoted to linguistic [4],
intentional [7], behavioral [5, 6] and psychological mechanisms and means
of communicative acts realization in internet media.

The basic material

The detection of suspicious discussion fragments is one of the two
interim tasks fulfilled at the second stage of the algorithm of monitoring
online communities with the aim of detecting IPM. The two interim tasks
of the stage are detecting suspicious discussion fragments and detecting
of precedents of IPM in online discussions.

Suspicious discussion fragments are the sets of logically connected
messages, which quantitative and qualitative features as well as
quantitative and qualitative characteristics of the profiles of their authors
are characteristic to messages containing IPM.

Criteria for detection of a suspicious discussion fragment

The system of filters and means for detecting IPM tactics are based
on different criteria. The system of filters base on static criteria that are
utilized for suspicious profiles detection and dynamic criteria of the
surface level that are used for detecting clusters of suspicious messages
[9]. Meanwhile, means for detecting IPM tactics are based only on
dynamic criteria.

Criteria that signal the potential existence of IPM are classified into
two temporal classes, namely dynamic and static. The feature of the
classification is a time period required for gathering and processing
information necessary for computing the criterion.
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- Static criteria are computed on the basis of members activities
during the set period of time.

« Dynamic criteria do not require gathering data over the set time
period, the presence of IPM can be stated right after determining them.

By means of static criteria information activity of a member is
considered in relation to three structural and organizational levels of the
content of an online community. According to the formal model of an
online community, these three levels are community level, discussion
levels, and message level. [1, 9]. Criteria of these three organizational and
structural levels differ from one another in the computation mechanism
and importance.

The values of criteria of the discussion and community levels are
considered in relation to a community member. By means of these criteria,
suspicious community members are detected. The activity of the latter is
to be analyzed for IPM precedents.

Static criteria of the messages level point at elements of the content
of the discussion that are to be analyzed for IPM presence.

Dynamic criteria are used for analysis of the particular act of
information activity. They contain no generalized information about the
role and behavior of the member of an online community.

The algorithm for detecting a suspicious discussion fragment

The analysis of an online community with the aim of detecting
suspicious fragments of a discussion starts with processing discussion by
filters of the highest level, namely community level. The criteria of
community level do not demand complicated calculations, therefore these
criteria make it possible to analyse the bulk of information without
significant time and resource spending. If the fragment of a discussion is
identified as manipulative by the present number of filters of the level

N Fiter 3t is not send to the filters of next levels, but saved in database
as a suspicious discussion fragment.
At the next level, namely discussion level, at first are analysed the

fragments which were trapped by the number of filters closest to N ",
If the sum total of all filters they were trapped by at all levels equals,

NT#er “then fragments are marked in database as the one’s that contain
IPM. For instance the number of filters that trapped a discussion
fragment at the community level and at the discussion level equals the
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predefined by expects threshold value, then the fragment is considered to
be suspicious and is sent to the next level for detecting IPM precedents
by applying deep analysis.
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Figure 1. Sorting discussion fragments

Every criterion used by the filter for detecting specious precedents
has different value in light of IPM detection process. Therefore a filter is
assigned a value, predefined by experts.

The filters of each succeeding level require more data for calculations
than of the preceding level, therefore it is reasonable to apply them to
discussion fragments that were checked, but not trapped by the filters of
other previous levels.

The subsequent application of criteria of the next levels only to the
discussion fragments that were not suspected in presence of IPM,
decreases the volume of information queuing to be checked for containing
IPM. Furthermore, within each level simple filters that do not require
complicated calculations are exploit first. In case of not detecting enough
indications of IPM, they are subjected to further check by more
sophisticated compound filters. This is done in order to increase the
efficiency of the performance of the system of filters.

The number of community discussions a member posts in is an
example of a compound filter. If a member takes an active part in
numerous discussions, but his posts are relevant only to a small number
of the discussions, then the member is considered to be a manipulator.
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Figure 1. Filtering discussion fragments according to the organization and
structural levels

The number of IPM markers identified at the preceding interim stage
defines the order of processing the discussion fragments on the next
interim stage. For instance, if a suspicious discussion fragment was
detected by filters of the community level, this fragment is analysed
before the fragment that was detected by filters of community and

ISSN 1562-9945 89



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

discussion levels. The sequence of fragments according to which they are
going to be analysed for the presence of IPM precedents, depends on the
relation of the quantity of filters, which trapped the discussion fragment
to the number of filters the fragment was processed by. The smaller the
value of the relation is the sooner the fragment is check for presence of
IPM precedents.

The output of the system of filters is the list of discussions that
potentially contain IPM. The discussion fragments in the list are arranged
according to the urgency of their check for IPM precedents presence.

Conclusion

The key prerequisite of an effective functioning of an online
community is detection and neutralization of harmful information
activities, that are beneficial only to their stakeholders. Existence of IPM
precedents in an online community causes the decrease in content quality,
member’s credit and as a result leads to the member’s quitting the
community and the end of active functioning of the community.

Owing to the criteria devised on the basis of different user’s profile
characteristics and applying the system of filters the system for detecting
suspicious discussion fragments is developed and the algorithm for
accomplishment of the interim stage is suggested. The system of filters
and the algorithm for detection suspicious discussion fragments enables
the monitoring of online communities with the aim of IPM detection. The
drawbacks like time spending and human resources required to check a
huge bulk of information are excluded. The results of the system of filters
are sent to the succeeding stage of the algorithm for monitoring online
community, which foresees the deep analysis of content with the aim to
detect IPM precedents and further identification of the IPM tactic.

REFERENCES

1. Peleschyshyn, A. Methods of real-time detecting manipulation in
online communities / A. Peleschyshyn, Z. Holub, and I. Holub //
Scientific and Technical Conference “Computer Sciences and
Information Technologies (CSIT), 2016 XIth International. — IEEE,
2016 — pp.15-17.

2. Tony6 3. Po3po0biieHHA aJrOPUTMY BUABJIEHHA IIKiIINBUX
iH(popMAaITIIMHO-TICUXOJOTIYHNX MAHINYJIAIi B OHJANH-CILJIbHOTAX
BH3 / 3. T'ony6 // Bicuuk HamionasbHOro yHiBepcurery «JIbBiBChKa

90 ISSN 1562-9945



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

nmoJritexHika» . Cepia: IHdhopmaTusalliss BUIIOro HaBYAJIBHOTO 3aKJIaLy :
30ipHMK HAYKOBUX Ipanb. — BugaBHUIITBO JIbBiBCHKOI mOiTeXHIKMT
2017 — Ne 879 — c. 33-41

3. Krombholz K. Fake Identities in Social Media: A Case Study on the
Sustainability of the Facebook Business Model / K. Krombholz,

D. Merkl, E. Weippl [electronic source]. https://www.sba-
research.org/wp-content/uploads/publications/krombholzetal2012.pdf

4. Ritter, A., (2010) Unsupervised Modeling of Twitter Conversations /
A. Ritter, C. Cherry, B. Dolan // Human Language Technologies: The
2010 Annual Conference of the North American Chapter of the ACL.
- 172-180.

5. Angeletou S. Modelling and Analysis of User Behaviour in Online
Communities / S. Angeletou, M. Rowe, H. Alani [electronic source].
https://pdfs.semanticscholar.org/c8e4/1ccbfd8b953464b8eaab58c9afbe
3cf851661.pdf

6. O’Donovan F. T.Characterizing user behavior and information
propagation on a social multimedia network / F. T. O’Donovan,

C. Fournelle, S. Gaffigan, O. Brdiczka, J. Shen, J. Liu, K. E. Moore
[electronic source].
https://arxiv.org/ftp/arxiv/papers/1305/1305.2091.pdf

7. Dey L. Opinion Mining from Noisy Text Data / L. Dey, S. K. Haque,
A. Mirajul // Proceedings of the second workshop on Analytics for
noisy unstructured text data — 2008. — p.83-90.

8. Igbal, S. The survey of sentiment and opinion mining for behavior
analysis of social media / S. Igbal, A. Zulqurnain, Y. Wani et al.//
International Journal of Computer Science & Engineering Survey
(IJCSES). — 2015. — Vol. 6 p.21-27. — doi: 10.5121 /ijcses.2015.6502

9. Peleschyshyn, A. Development of the System for Detecting
Manipulation in Online Discussions / A. Peleschyshyn, Z. Holub //
International Conference on Systems, Control and Information
Technologies 2016. — Springer International Publishing, 2016. —
vol. 543 — pp. 111-117.

ISSN 1562-9945 91



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

UDC 004
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IMAGE SEGMENTATION IN COMPUTER VISION
DIAGNOSTIC SYSTEMS

Annotation. Applicability 1mage segmentation approaches for image
segmentation for actual diagnostic task are studied in the work. Abnormal patient’s
neurotic-tremor moves analysis and identification hybrid model is described in article.

Keywords: segmentation, identification, diagnostic IT model
1. Introduction

The last 50 years in our technology-oriented society has become such
a situation in which more and more people and organizations are engaged
in processing information and less — in the processing of material objects.
There are tendencies that by the year 2030 the machines will disappear
dozens of professions that serve data input. Computer technology is so
firmly rooted in our society that today it is impossible to imagine any
kind of activity is not connected, one way or another, with a computer
[3].

Summarizing the survey of researches and implementation of
intellectual IT in the EU and the US: Through FP7 and Horizon 2020, the
EU funded the development of sophisticated techniques for understanding
audiovisual projections throughout life for typical and non-typical
populations. It is believed that robotic input systems that are integrated
into the body with the hands and feet are the near future of computer
vision. And this will require the development of models and methods for
the synthesis of methods for the reception of visual spectrum data,
obtained in real time [2,4]. Thus, the actual problem of the development
of artificial intelligence is the development of the principles of computer
perception of the outside world through the understanding of video data
[1,5].

Industry 4.0 leads us to another informational explosion. And the
human brain and society itself can not control this information explosion
- we need more advanced information systems that will carry out the lion's
share of information processing. Because information it is a key element
of the decision-making process. In addition, quantity of varied and
different levels of complexity of information that our world generates is
spin-off, so we need adaptive information input systems. That is, such

© Hrytsyk V., Petryk M., 2017
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that humans will not to interfere with their work when changing external
conditions - the systems themselves must be re-configured.

In particular, the development of Cyber-Physical Systems perception
of the external world by people with disabilities in the visual spectrum is
relevant today. This applies to both congenital (eg, congenital blindness)
and acquired conditions (for example, with age or as a result of an
accident). Today, implant technologies allow sensors to transmit
information to the retina of the eye, so researching the methods and ideas
of allocating a useful signal in real time is extremely relevant.

2. Formulation of the problem

Main task it is primary automatic diagnosis by information analytic
system (IAS). The IAS needs to recognize abnormal, untypical patient
condition. Method bases on recognizing week control of writing (fig 1).

remor-model

PeecTpauia aHopmanbHWX HesponorivHnx Tpemop-pyxis (AHTP)

Miiarno NMETPUH [THTY] padenna nporpassol HseHe pl 121 —Software Enginearing

Fig. 1. Visualization of Idea of week write control.

Therefore, we describe separate our problem on some tasks:
segmentation and recognition.

3. Main approaches to objects selection on task area

For our problem (Computer vision systems in real-time), we will
investigate several main groups of threshold approaches that work
effectively in real time.
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3.1. Binarization methods with global threshold

1. Binaryization with lower threshold.

Binaryization with a lower threshold method refers to a group of
image segmentation methods based on global thresholds.

The essence of the method is that the global brightness threshold is
selected as a certain constant, and, depending on the ratio of this constant
to the local brightness values for each pixel, the binary value of this pixel.
This method is the most simple and widespread. The method is effective
for standard conditions. We describe it as follows:

. +g+b
o N0if = (an) <L
Axy” = r+g+b (3.1)

1,if Z22 (ay) > L

here ayy” — the resulting value of the brightness of the pixel;

a,, — input value of pixel brightness;

xy
L(const) € [0,255] — global lighting level;
r, &, b — The original values of the red, green, and blue component of

the a,, pixel color.

3.2. Binarization methods with local threshold

3.2.1. Niblak method
The method is based on the calculation of the local threshold of
illumination.

The idea is to align the threshold of brightness of binaryization from
point to point based on the deviation of the local mean brightness value
(the value calculated for each pixel based on the brightness values of itself
and its neighbors), from the local (calculated for only one pixel) in the
given mask [6].

That is, the binary representation of the pixel is computed as follows:

new _ {o, if B(x,y) <L

y” =1, if Blo,y) > L’ (3.2)

r+g+b
3

L € [0,255] = my» (X, V) + k * 5,4, (x,y) — local brightness threshold

for pixel a,, in the w X w district;

here B(x,y) € [0,255] =

(ayy), — local pixel brightness value a,,;

My, xw (X, y) € [0,255] = W — the average brightness value in the

w X w district of the pixel (x,y);
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swxw(x,y)=\/;2‘{’xw(8(x,y)— My (X, ¥))? — Mean square

wWXw
deviation of the sample in the district of the pixel;
k(const) = —0,2 for objects that are more likely to be represented
in black (namely if B(x,y) < 127), and k = 0,2 For objects that are more
likely to be white B(x,y) > 127;
w(const) — mask size of district, for example, 15[6].
3.4. Methods with perticial thresholds preprocessing

This method exeprs background pixel britness values:

0, if Byy>L
%W:{ - : (3.4)
f,x), f(x,¥), if Byy <L

3.6.3. Otsu method.
The method uses a histogram of the distribution of the brightness

values of the pixels of the image

The essence of the Otsu method is to set the threshold between classes
on a histogram in such a way that each of them is as "dense” as possible.
If expressed in a mathematical language, then this is reduced to
minimizing the intra-class variance, which is defined as the weighted sum
of dispersions of the two classes:

02(L) = wy(L)oZ(L) + wy(L)oZ(L), (3.6.3.1)

ne weight w; — this is the probability of two classes separated by the
threshold L;

o/ — dispersion of these classes.

Otsu proved that minimizing the dispersion inside the class is
equivalent to maximizing the dispersion between classes, which can be

expressed through the probability w; and the arithmetic mean y;:

oy (L) = 0% — oy (L) = wi(Lw, (D[ (L) — p(D]?. (3.6.8.2)
At first we need to build histogram p(l) of image and determine the
entries rate N(1l) of every brightness level at image G(x,y). We are looking

for total brightness N, of image pixels:
Ny = 39 p (i) (3.6.3.3)

Then for each value of the half-ton (threshold) L = 1,max(G) we
perform the following:
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w (L) = =@ ”“) = YLIN(D), w,(L) =1—w,(L) (3.6.3.4)
Z;n%x(c) xp (i) max(G) .
pr = HE P = O N (i) (3.6.3.5)

Y disp(i) | YELixN(D) ur—pg (L)xwy (L)
— i ——t = 3 . 6 . 3 . 6
m (L) =700 o @ wa (D) ( )

o5 (L) = 0% — og(L) = wy (Lw, (L) [, (L) — pp(D)]?. (3.6.3.7)
The wanted threshold is equal to L, at which o7(L) is equal to

maximum:
L = argmax, o (L) (3.6.3.8)

Binary pixel representation is calculated as:

0, if B(x,y) <L
new __
ans _{1, Bl = 1 (3.6.3.9)

3.6.4. Triangle method
The method uses a histogram of the distribution of brightness values

in the image (graphically shown in Figure 2).

We build line s on the histogram from minimal brightness value b,,;,
to maximum brightness value b,,,,. The threshold will be defined the
element of the histogram, the distance from which to s is greatest [9]:

bmin flckpasicTe

Fig.2. Triangle method
L = argmax,)d, (3.6.4.1)
where
L — threshold value;

d — distance from histogram valueb(i) to line s.
Binarization we realize by standard formula:
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qnew = {O’ ifB(x,y) <L
xy 1,if B(x,y) > L

(3.6.4.2)

3.6.5. The threshold based on the gradient of brightness determining
method

Let pixels of the image can be divided into two sets (two classes) —
pixels belonging to the set of objects and pixels belonging to the set of
background. Then, the algorithm for calculating the threshold is the
following two steps:

1) The brightness gradient module for each pixel is determined:

G(m,n) = max{|Gm (m, n)|, |Gn (m, n)|} (3.6.5.1)
here G,(mn)=f(m+1,n)—f(m—-1,n);

G, (mn) = f(mn+1)—f(mn—1).
2) Threshold is calculated as:

M-1yN-1
_ Zm=02aso fmn)G(mn) (3.6.5.2)

t =
TM_tyN-tc(mn)
here t —threshold value.

3.7. Methods of binarization using color brightness entropy

3.7.1. Yen's method
This method refers to methods that use the entropy of the

distribution of the brightness of colors in the image. Yen's method looks
at the object on the images and the background on which this object is
located, as two different sources of visual information. And the value of
brightness, in which the sum of these two entropies reaches their
maximum, is considered the optimum threshold for image segmentation
[8].

To begin, we need to calculate the histogram p(l) of the image and
the input frequency N(l) of each brightness level of the image G(x,y). We

also look for the total brightness of N, image pixels:

Nr =225 p @) (3.7.1)
We are building auxiliary normalized histograms:
Prorm (1) = %, (3.7.2)
T
Pnormc (i) = Pnormc (i-1+ pnorm(i)' (3.7.3)
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P norm (D = D' (0 = D) + Prorm (D2, (3.7.4)
P norm(@ ="+ 1) + Pporm (i + 1)%, (3.7.5)
We find the entropy of the object and its background:
Cr(T) = —10g{Pnormc (D) X (1 = Prorme (D)} (3.7.6)
Co(T) = =108(D" 101 () X D" (D} (3.7.7)

Determine the value of i, when the sum of these entropies is maximal:
L = argmax; {C,(T) + C-(T)}. (3.7.8)

We use this value as the threshold of brightness and binaryize the
image:

new _— {0' ifB(x»y) <L
xy 1,if B(x,y) > L

4. Model

On the next step, input vector is presented in 3D visualization (fig.3).

(3.7.9)

Fig.3. 3D visualization.

We describe trajectory as Set of digital elements:

n+l1

I, ={Ze UGk), 0t <1, < oo}

n

uj(t’z)=_t[ I ij(t_sz,g){fo-ijSi(r,f)}dfda jela+l

i
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The recall matrix of system: for the any j-th element of the working
trajectory at time ¢ when the k-th impulse is signaled from the sensors of
the i-th set of neural nodes of the cerebral cortex:

H, (t,2,8)= isinqmt Vi(2.8,)Vi(8.8,).

m=1 4y HV(Z

H2 > jk=1,n+

where

P—|:O' ] —
17 9 o < 9 < . . . . .
v i=lm, j=Lm _ it is interface matrix of connection between "

S

elements and neural networks impulses from sensors i of neural nodes

of the brine.
The hybrid spectral vector-function components V(z, 8,,) are:

2 a3
I VI(Z,ﬂm) ]
vi(z.8,) |= (Hfm j@l(ﬁ )19”('6 j @, (B, )?92]([) j’k=2,n
_Vn]+1(27ﬂm)_
w,z(ﬁ,»zz;‘ﬂ[f ] &, (B [f ]
here

=
Bl it is set of hybrid vector-function components spectral values

{zﬁ*;lv j 051[/3 j} k=1,n +1
bi b - it is basis function set of hybrid
vector-function components.

The model of abnormal neurotic-tremor moves is shown by

transcendental equation of spectral values f3,, jf vector function V(z5.),

<ﬂ)ﬂ;a{ p zj (/1’)19511[ p z,m}o
1 bn1+1 1 1 bn1+1 1
here

o (B)= (ﬁ)m[f! bﬁ ] af(ﬁ)wz(fl bﬁlj

k k+1 k k+1
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(B, B, \_ B j '2(ﬂ j l-z(/J’ ] -{ﬂ j 0 s T2 T
o =l =8| (| | -S| L k| L |, =12, k=Ln
l//j[bk ! b k] k[bk e bin ¢ ! bi e biu !

12 IB — 'B 1 ’B 2 ﬁ = ﬁ ! IB
R R  selkh

N

! — _qll élj 602 —_ ZI(EZJ
@, () ﬂo(b E y (B)=—1% b0 )

1

Conclusions

Applicability image segmentation approaches for image segmentation
for actual diagnostic task are studied. In addition, the recognition
procedure is optimized. Abnormal patient’s neurotic-tremor moves
analysis and identification hybrid model is described in article.
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UDC 681.2
Y.N. Kharlamova

ESTIMATION OF PARAMETERS OF THE QUASI STABLE
OBJECT USING A SYMMETRIC INTERACTION OF
CHANNELS OF INFORMATION AND MEASUREMENT
SYSTEM WHICH STRUCTURE ARE REBUILT

Annotation. The algorithm for obtaining the estimates of unknown parameters
of the quasi-stationary control target using an information and measurement system
with two adaptive channels, which structure are rebuilt and parameters are changed
intentionally developed by the author is shown. The considered adaptive algorithm
operates on a sequential estimation procedures of unknown parameters object. At
each stage of estimating unknown parameters structures of channels are rebuilt,
which allows them to get as close to the properties of the object under study. The basis
of this change is the principle of duality models of system and signal. Purposeful
variation of parameters the channels of information-measuring system 1is in
accordance with an algorithm that realizes the energy interaction between the two
heavy balls. The influence of error of the previous estimation of parameter on the
accuracy estimation of the following parameter is studied.

Keywords: quasi stable object, symmetric interaction of channels, information-
measuring system, heavy ball method, energy interaction between the two balls.

Problem statement

Getting characteristics managed controlled process for solving tasks
of optimal control/monitoring carried out through the use of adaptive
information-measuring systems (IMS). In the process of estimating the
parameter values of real technical objects established that the difference
in energies of channels IMS causes undesirable changes in their
parameters. Undesirable oscillations of variable parameters of IMS
channels using energy exchange between them can be eliminate.

Analysis of recent research and publications

Decrease in work efficiency of IMS is mainly caused by power
fluctuations of variable parameters IMS channels. In [1], in order to
improve the quality a characteristic of the identification process, the
problem of stored energy redistribution between two identical in
structure, but with different energy characteristics of adaptive models
was solved. During the work described algorithm for finding the values
of the parameters of the object the process of parameter settings of the
adaptive model is carried out by gradient methods. On the basis of this
algorithm in [2] it has been described and analyzed for efficiency

© Kharlamova Y.N., 2017
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algorithm in which the parameters of channel IMS purposefully changed
realizing the principle of symmetric energy interaction between the two
heavy balls [3-5].

The purpose of the article

The aim is to demonstrate the algorithm of estimate the parameters
of the quasi-stationary object using the interaction parameters of two
structurally equivalent channel IMS that purposefully changed that
developed by the authors. At the core of these changes is the duality
principle of the system and signal.

Main part
As a control object will be considered an rrc electrical circuit with a
series connection of elements whose parameters L, R and C are unknown

and shall be evaluation. The dynamics of the circuit is described by the
differential equation:

L-i<2)(z)+R-i<l)(t)+éfi(r)dr:Q-t, i(0)=0, (1)
0

where i(¢) - he current flowing in the circuit; QO - known parameter

[6].
After differentiating equation (1) and assuming that x(z)=i(¢?),

ay=1/N, a =R, a, =L, we get the differential equation:
ar,xP (1) + axV (1) + apx(1) = 0, (2)
Evaluation of parameter ao of the object (2) will carry out by using

IMS with two interacting with each other channels, whose dynamics is
described by the differential equations:

2) t :_ﬁ ¢ O t +Q0(t)
() b, W) - b, (1) b,
0 =- 200 - Lz 4 210
2 &) &)
bo(t) = &), &0V (0) = Ep(8), £91(0) = by, £4p(0)=0 (3)

En (1) = —apx () (2x(1) = y(8)) E1 () = 2() 01 ()] = By - £ (1)

o) =1, LM O =Eoa(®), £o1(0) =, £2(0)=0

£V (1) = —x(0)] (2x(6) = 2()) $01 () = ¥ (D] = By - 0o (1)
q0() =0(1).
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If the evaluation ao” of value of the parameter ayp was made with an

t *t
uncertainty A,, than instead of the input signal g¢,(¢)=[Qdt—a, [x(t)dt,
0 0

*

ap =ag :é, ql(l)(t) =q (t)—ao*x(t), qo(1)=0 at an estimation value of the

next model parameter a; of the object (2) input signal will be:

1t *t t " t
qi(t)=[0dt —ay [x(t)dt £ A [ x(t)dt = q(t) L Ao(1), ay =aygtAg, Ay(t)=Ay[x(t)dt,
0 0 0 0

0"(6)= go(1) = ag (1), go(1) = Q.
Then, at estimation the parameter a; the structure channels of IMS
will be reconstructed as follows:

()¢ __ b t+‘]1()
(?) b, y(?) b,
Ay ==Ly + 90 a1
02 )
V(0 =g —aq - x(1)
ao* =ay LA (4)

b(t)=&1(t), &P )=E5(0), &1(0)=bhy, £,(0)=0

&0 (0) = —ax ()] (2x(0) — y()) &1 ()~ 2D G (D] = B - £2(0)
a® =510, {0 =800, §1(0)=ci9, §2(0)=0
£V () =—ax ()] (2x(8) = 2(1)) §11() = y(OEL (O] - By - $12.(0)

In the case when the parameter a0 was found accurately as evaluation

al* of parameter values al was made with an uncertaintyA;, instead of

the input signal:
tt 5 *t t 5 *l‘
O =[[0dt" —ay [[x(t)dt™ —a; [x(t)dt,
00 00 0

qO(t)zQ, al =q =R,

1 *
0, (0)=q,(H) —a;" x(0),
at an estimation value of the next model parameter az of the object
(2) input signal will be:
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_ tt *l‘f *l t
0, ()= [[0dt* —aq [ [x(O)dt* —a; [x(t)dt A [ x(t)dt = g3 (£)+ Ay (¢)
TT TT T T

k

*
g =4ap, A =a1iA1,

t

A=A [x(0)dt, g, (0)=g,() - x(2).
T

0.7

180

0.6r 170

0.5r ] 160

04F 1 150

0.3F b 140

0.2 1 130

01F E 120

0 1 1 1 1 1 1 1 1 1 110 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

a) transient processes of object and b) processes of the variation of
IMS channels parameters of IMS channels

Fig. 1. Graphs of simulation results of parameter estimation process a

(@0 =24, By =18, hyy=150, cg =170).

0.7 T T T T T T T T T 30

06F

25
051

201

04r

03F

02f

01F

0 L L L L L L ! I I 5 ! L L L L I I I I
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

a) transient processes of object and b) processes of the variation of
IMS channels parameters of IMS channels

Fig. 2. Graphs of process simulation results of parameter estimation a;, with

an uncertainty in the evaluation of the parameter a

(o1 =205, §=1.99, big=28, c19=26).
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The structures of two interacting IMS channels in the evaluation of
the parameter a2 described by differential equations:

0)
()= —b2
2(5) = q(t)
(r)= —Cz

V(O =q()—a x(2)

al* =a A )
by (1) =&1(0). &V () =& (D), £1(0)=byg, £, (0)=0

£V (1) =2+ ax(O)[x(t)- &y ()~ 0, (D] - By - Exa (1)

(1) =010, $ V()= $an(0), £01(0) =y, {52(0)=0

50 = =2 apx(O[x(1) {01 ()~ (D]~ By - £ (1)

07 ————— —_————— 20

06+

05F

04r

03r

02r

01-

0 L L L I L L L 1 I 10 1 1 I 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

a) transient processes of object and b) processes of the variation of
IMS channels parameters of IMS channels

Fig. 3. Graphs of process simulation results of parameter estimation a,, with
an uncertainty in the evaluation of the parameter * and correct evaluation of

parameter a (a2 =1.84, B, =1.5, by, =15, ¢y =18).

If the estimate of the parameter ap also was done with an uncertainty,
the input signal will contain an uncertainty in the evaluation of the

previous parameters:

tt *t t tt *t t
0 ()= [ [QdE* —ay [ [x(t)dt* £ Ay [ [ x(t)dt?* —a)" [ x(2)de £ A, [ x(2)dt = g () £ Agy (0,
TT TT TT T T

* *
a :aoiAo, a; =a1iA1
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Agy (1) =%A, f } x(f)dt? £ A, f x(t)dt,
TT T

;") = q,(6)— " x(2).

09 T T T T T T T T T 100

08r B 90|
0Tk J g0l
061 B 0+
0.5¢ 1 60

50+

04r

4ot
03k

30F
02r

01r

0

0o 12 3 4 & 6 7 & s w0 1 2z 3 & & & 7 8 9 10
a) transient processes of object and b) processes of the variation of
IMS channels parameters of IMS channels

Fig. 4. Graphs of process simulation results of parameter estimation a,, with

an uncertainty in the evaluation of the parameters a, and a;
(@ =184, B =15, by =15, g =18).

In this case the patterns of two interacting channel IMS in the
evaluation of parameter az will be described in according to differential

equations (5), with the substitution of ¢,(¢) for ¢,(r) (figure 4).

The results of mathematical modeling parameter estimation process
according to algorithms (3) - (5) are shown in Figure 1 - Figure 3,

respectively. Convergence time of parameters b;(¢) and 7;(¢) to each other
and to the estimated parameter a; depends on the value of the coefficients
o; and f3;.

Conclusions and perspectives for further research

The paper investigated the behavior of adaptive channels of IMS with
an uncertainty in the evaluation of the previous parameter. The study
results showed that, in evaluation of next parameter the presence of
uncertainty in the evaluation of the previous parameter is adversely affect

the IMS efficiency - with time parameters b;(t), c;(t) of models whose
structures are rebuilt not converge towards each other and the a, (i = (E)

object parameters. Uncertainties of evaluating subsequent parameters
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a;, (i =0,2) can be decreased by a more accurate estimate of the previous

parameters of IMS channels. This can be achieved by selecting appropriate

values ;, 3, (i=0,2) and increasing the observation time 7.
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THE FORMALIZED CORRELATIONS AND
INTERCONNECTIONS OF TELECOMMUNICATION
SYSTEMS AND TELECOMMUNICATION ROUTES FROM
THE STANDPOINT OF SYSTEM THEORY

Problem Statement

The nowadays stage of development of world civilization is
characterized by the transition from the industrial to the information
type society, which involves new forms of social and economic activity
based on the widespread use of information and telecommunication
technologies. The technological basis of such a society is the Global
Information Infrastructure (GII) that should provide every inhabitant of
the planet with a free access to the information resources.

In its turn, the tangible and at the same time the system-forming
basis of such an infrastructure are telecommunication systems. The major
national problem is a creation of a highly efficient telecommunication
environment. Without solving it, the building of an information society
and the application of information technology achievements to the fields
of production, business, science, education, medicine and culture will turn
out to be problematic [1].

In the process of formation and development of computerized
systems, the term “telemechanics system” was indicated as a set of
technical means for a distance transmitting of commands from the
operator or controlling computer to the control objects by radio channels
or wire lines, as well as control information in the feedback [1]. So,
telemechanics was meant to be the management at a distance.

In the process of developing digital data transmission systems the
standardization of devices, processes, information flows, processing and
presentation procedures became relevant. This gave impetus to the
development and implementation of telecommunication systems (TCS) in
practice.

Telecommunication systems are the systems of communication of the
corresponding level of management. Telecommunication routes (TCR) and
data channels are the constituent parts of TCS. TCS and data channels
implement data support of computerized systems.
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Today, the theory of systems satisfies the needs of sociology, ecology,
biology, military science, groups of interacting computers, radio
equipment, and others. The system theory studies the formal
interrelationships between the constituent parts of the material world
phenomena abstracting from their specific nature.

In general terms, the system is a set of interconnected elements that
form a corresponding integrity, unity.

Telecommunication systems and telecommunication routes are
integral parts of computerized systems and therefore it is appropriate to
consider the correlation between TCS and TCR.

Initially in the process of formation and development of computerized
system the term “telemechanics system” indicated a set of technical means
for a distance transmitting by radio channels or wire lines of commands
from the operator or controlling computer to the control objects, as well
as control information in the feedback [1].

In the process of developing digital data transmission systems the
standardization of devices, processes, information flows, processing and
presentation procedures became relevant. This gave impetus to the
development and implementation of telecommunication systems (TCS) in
practice.

Analysis of publications, the purpose of elaboration

The general definition of TCS literally coincides with the definition
in the case of macroapproach to the classification of TCS, i.e. to the
classification and study of communication systems. In the case of
macroapproach, TCS is the communication system itself of the
corresponding level of management, and all the lines and communication
means are the elements of this system. So TCS is a communication system.
The distance between subscribers does not matter. The lines and
communication means are telecommunication routes. They are
implemented for the exchange of information between the control object
and the processing system, which characterizes the state of the object.

Telecommunication route is a communication path, a transmission
path, a complex of technical equipment and communication lines intended
to form specialized channels for information transmission [2]. The notion
of “route” is broader than the channel. The communication route is
characterized by certain standard indicators: the frequency band, the
information transmission rate, etc.
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Consequently, the optimization of parameters and characteristics of
the electronic TCR circuit devices is a priority task. To do this, it is
necessary to clearly identify the correlations and interconnections of the
concepts of telecommunication systems and telecommunication routes
from the standpoint of the theory of systems.

Subject of elaboration

The focus of the theory of systems lies in the study of cause-and-
effect relationships.

The most general definition of the theory of systems [1] is the
analytic one according to which the system is called the reflection on
abstract sets

Sc-*{Vi:ieI}’ (1)

where * is the symbol of the direct (Cartesian) product;

V. is the system element with index i;

I is the set of indexes.
For a finite set of element the mapping (1) can be rewritten in the
form

S cV, *, *Vn. (2)

The expression (2) emphasizes the fact that the system is a set of

elements V, that interact with each another.

One and the same object at different stages can be considered in
various aspects. In some cases, it can act as a system. In others, the same
object can be regarded as an element of a more general system — the
metasystem. The relations or links between certain objects can also be the
elements of the system.

Thus, the level of consideration of being a system can be varied.

When describing a system, one can proceed from two basic
assumptions:

— the system’s behavior is purposeful, its function is subordinated to
certain formal rules of decision-making and management (purposeful,
controlling or controlled systems);

— there are cause-and-effect relationships in the system, they are
characterized by the dependence of its response on the corresponding
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outputs from the influences on the inputs (‘input — output” or “black box”
systems).

There are open and closed systems. Open systems are those connected
with the environment by incoming and outgoing channels. Closed systems
do not have such channels.

Open systems have inputs

X =x{v,:ie Ix}. (3)

The influences come through them. Their outputs

Y=x{V,:iel,| @

At the outputs the reactions to incoming influences are observed. For
the open systems, the more specific definition is as follows

S=Cc X=*Y (5)

System (5) is called the “input — output” or “black box” system. The

system element (V,, i € I') is understood as the simplest undivided part of

the system. Indivisibility means that the further division is inappropriate
because it destroys the properties of the element, or does not provide any
additional information when studying the specific system properties and
structure which should be considered.

The general definition of TCS literally coincides with the definition
in the case of macroapproach to the classification of TCS, i.e., to the
classification and study of communication systems [4].

Macroapproach, microapproach and mesaapproach are classified to
the study of communication systems, i.e., to the classification of TCS.

In the case of macroapproach, TCS is the communication system of
the corresponding control unit itself, and all lines and communication
means are system elements.

In the case of a microapproach TCS is considered as a separate device
or junction that consists of elements (such as radio components) which
interact with each other.

Mesapproach is applied at the level of interacting means and
communication systems.

Also, when studying TCS it is necessary to consider it in the process
of interaction with other systems, or with the environment. TCS elements
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can be independent of each other. In this case, their entropy, that is their
common uncertainty, is the sum of separate uncertainties:

H,, =H, +H, , 6)
where H, - the uncertainty of one system element. The general
system uncertainty with n independent elements
H s = ZH Vi
= (7)
In case the elements v, and v, are dependent then
H,, =H, +H
ViVe 141 Va/ V1 s (8)
or
H,, =H + H
ViVe Vi/Vs Va , (9)

where Hy ,, and H, ,, are the conditional entropies.

The mutual uncertainty of the dependent elements is smaller
compared to the independent, i.e.
H,

2

>
2 Hy, (10)

TCS has its own functional and structural characteristics and
properties.

The functional characteristic of TCS is its behavior characteristic in
time. It can be represented by a mathematical description of the system
reaction to some influences. The functional properties of TCS include:

— current traffic parameters;

— loading of resources;

— the size of the reserves;

— deviation of working parameters of network elements.

The structural characteristic of TCS is a conditional display of a set
of its elements and interconnections between these elements. An adequate
mathematical model of this structure is mathematical graphs, matrices,
incidents, complexities, compatibilities.

The structural properties of the TCS include the existing
configuration of the TCS network, which should be restructured in
accordance with the change of functional capabilities state.

It is appropriate to draw attention to the following definitions:
telecommunication systems and telecommunication routes.
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In the case of a macroapproach to the classification of TCS above it
was noted the following. TCS is the system of communication of the
corresponding control unit, and all lines and means of communication are
the system elements. The lines and communication means are called
telecommunication routes. They are used to exchange information
between the object of management and the data processing system.

The following definition is given in [5]. The telecommunication route
is a communication path, a transmission path, a complex of technical
equipment and communication lines for the formation of specialized
channels for information transmission. Consequently, the concept of a
“route” is broader than of a “channel”. The routes are wusually
multichannel. The term “tone frequency channel” is used as a standard
channel. The frequency clarity band width in it is within 300Hz — 3400Hz.
The main characteristics of the channels are the clarity band and the kind
of signals in them.

When defining the notion of “route”, the main thing is its functional
purpose. For example, the routes of reception — transmission of telemetry
signals (TM), telesignaling (TS), telecontrol (TC), telegraphy (TG),
alphanumeric arrays (ANA), radio link communication path, a group path
of pulse-code modulation equipment, line channel of the compression
system (organizing a large number of channels).

To organize the automatic control of the object nowadays the
information management systems (IMS) are widely used. There the object
of management is connected with the devices for processing information
(including computers) with the help of lines and means of communication.
Lines and communications are telecommunication routes. They transmit
information of telemetry (TM), telesignaling (TS), telecontrol (TC),
alphanumeric arrays (ANA).

In the case of a macroapproach to the classification of
telecommunication systems, the information-control system is a
telecommunication system itself. That is, the communication system of
the corresponding control unit itself, and all the lines and means of
communication are elements of this system.

In the case of a microapproach to the classification of TCS, i.e. with
a more detailed consideration of its constituent parts, telecommunication
routes can also be called telecommunication systems.
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Taking into account that the mesoapproach is used at the level of
interacting means and communication complexes, we can say that one of
the possible variants of TCS is a certain number of IMSs, which are united
in one whole. The information in them is transmitted in the form of
numeral arrays and circulates in accordance with the protocols of
exchange. And the tasks to be solved are:

— changes in the topology of TCS (tree-like, star-shaped, circular,
general “tire”, annular, multi-link);

— routing;

— defining and providing current traffic parameters;

— loading of resources;

— providing acceptable working parameters of the network elements,
etc.

Telecommunication systems can be called weakly structured. The
relationships between the elements in them are quite general and can be
set, for example, by graphs, tables, logical connections. These
relationships cannot be functionals or analytic functions.

A weakly structured system can be conditionally divided into a
certain number of levels [6]. System levels can be considered as its
elements, among which are communications, interfaces (real channels,
electrical or logical connections). Seven-level models of TCS are also
known. The list of levels of such a TCS is: applied, representative,
sessional, transport, network, channel, physical.

The physical level is the physical environment (ether, fiber optic,
wire, etc.), through which the signals are distributed from one consumer
to another.

The channel level is providing of the interference protection,
synchronization, signal coding.

The network level provides switching, routing the information
packets. At this level, packet forwarding through the network as well as
routing are implemented in accordance with the protocols.

The transport level serves to communicate with the upper levels that
are responsible for organizing the information exchange.

The sessional level provides identification of connections,
management of the dialogue between the applied processes of information
processing.
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The applied level is the upper level. It provides the quality of service,
the availability of a partner to the transmission environment, the
management of applied processes, terminals, network in general.

The representative level provides the choice of forms, the language
of the alphabet and the format of presenting the information to the user,
and in the opposite direction the transformation of information from the
form of the upper level into the one that is required for its further
transmission by the transport network takes place.

The seven-level model of the interaction of open TCS provides
communication between TCS in accordance with interactions protocols.

The channel, physical, network and transport levels of the TCS
combine the traditional notion of communication.

Three-level model of TCS is also known, according it the system
performs three main functions: subscriber access, distribution of
information flows and their transmission through the highways. This TKC
model is quite constructive in the stages of studying or designing a
particular system.

Most technical objects simulation can be fulfilled on the micro, macro
and metalevels, which differ in the grain size of the considered processes
in the object. Level methods differ from each other in type and
dimensionality of the obtained system of equations. For the complex
technical objects the dimensionality of a mathematical model (MM)
becomes extremely high and it is efficient to proceed to the metalevel for
simulation. At the meta-level, two categories of technical objects are
mainly modeled: the objects that are the subject of the study of the theory
of computerized control and the objects that is the subject of the theory
of mass service. The objects that are the subject of the study of the theory
of computerized control can be represented as a set of blocks, performing
augment, integration, transmission of a signal with a given coefficient.
We can say that these objects also include telecommunication channels of
computerized information processing and management systems. For the
first category of objects it is possible to use the mathematical apparatus
of the macrolevel. Enough large elements can be distinguished when
modeling at the macrolevel in the technical system, which are further
considered as an indivisible unit. On the macrolevel the elements are an
amplifier, modulator, etc. At the meta-level structural object schemas are
used, which include the elements selected at the macrolevel. For each
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structural element the transmitting functions are defined. The
transmitting function of the whole topological model of a complex
technical object, in this case of a telecommunication path, is determined
with taking into account the functions of the transmission of separate
constituent parts — structural elements. It is a mathematical model of a
complex technical object itself. Therefore, due to the nature of the
research and taking into account the requirements for the simplicity and
reliability of the set problem solution, it is most appropriate to select and
use mathematical models in the form of transmitting functions of
telecommunication paths elements.

The receiving-transmitting path of informational sending of
telecontrol and telesignaling has the following generalized mathematical
model:

Y =F(X,Q), (11)

where Y, X, Q are the vectors of output, internal and external
parameters, F is the operator of the object. We can record

Y =(y1,YgseeeerYm)s
X = (X1, X5500ee9X,),

Q=(q91,qg55eee-- 9QZ)a, (12)

where m, n and 1 are the number of output, internal and external
parameters.

By the nature of the operator, the object of the model can be in the
form of: a linear differential equation of the nth degree, a differential
equation in separate derivatives, systems of linear differential equations,
finite-difference equations, a system of regressive equations, transfer
functions, weight functions.

An alternative to mathematical modeling is a physical breadboarding,
but mathematical modeling has a number of advantages: less time to
prepare an analysis, a possibility to perform experiments on critical
behaviours that would lead to the destruction of the physical prototype
and others. Most technical objects simulation can be fulfilled on the
micro, macro and metalevels, which differ in the grain size of the
considered processes in the object. Level methods differ from each other
in type and dimensionality of the obtained system of equations by
sampling the components of the equations of reactive branches, by the
permissible types of interconnected branches. For the complex technical
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objects the dimensionality of a mathematical model (MM) becomes
extremely high and it is efficient to proceed to the metalevel for
simulation. At the meta-level, two categories of technical objects are
mainly modeled: the objects that are the subject of the study of the theory
of computerized control and the objects that is the subject of the theory
of mass service. The basic provisions for obtaining mathematical models
of technical objects at the macrolevel are as follows. When modeling at
the macrolevel rather large elements are singled out in the technical
system, they are further considered as an indivisible unit. For each
element of a simulated technical object the component equations must be
obtained. The systems obtain MM by combining component and topological
equations. Component equations can be linear, nonlinear, algebraic,
ordinary differential or integral. The analogy of the component equations
is as follows.

In most technical systems and telecommunication tracts, in
particular, three types of elementary elements can be distinguished.

1. The element of R-type. This element transforms energy into heat
energy.

2. Elements C and L (accumulation of kinetic and potential energy).

The mathematical models of almost any complexity technical objects
can be received by combining these elementary elements, as well as the
sources of phase variables. The phase variables of the electrical subsystem
are the currents I and the voltages U. The resistance equation: I=U/R.
Capacity equation:I = C(dU / dt). Inductance equation:I = L(dI / dt). The
analogies of the topological equations are as follows. The topological
equations in most physical subsystems are based on the equilibrium
equation and the continuity equation. In electrical subsystems the
connections between separate elements are established on the basis of
Kirchhoff’s law. The topological equations of subsystems are written
down for junctions and contours of the equivalent circuit. The objects
that are the subject of the study of the theory of computerized control
can be represented as a set of blocks, performing addition, integration,
transmission of a signal with a given coefficient. The connection between
separate phase variables (currents and voltages) related to different
subsystem elements is given by the topological equations derived from the
information about the subsystem structure (L, R, C, active elements). The
procedure for obtaining topological equations is fulfilled for each
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modulated object (amplifier, modulator, digital analog converter, quasi-
optimal receiver, etc.) because the object structures are different. At the
macrolevel the objects are an amplifier, a modulator, etc. At the metalevel
structural schemas of an object are used instead of topological equations
of the whole structure. The transfer function is determined for each
structural element.

We consider it most efficient to choose and use the mathematical
models in the form of transmitting functions. That is, they must be
theoretical by the way of obtaining models, analytical — by way of
displaying the object properties, belonging to the meta hierarchical level,
complete — by the nature of the detailed description within a single level,
functional — by the nature of the object mapping properties.

Taking into account all the given above, we can say that the variety
of models confirms that TCS belongs to complex organizational-technical
systems.

Conclusions

It is shown in which relations the notions of telecommunication
systems, information-control systems, telecommunication paths,
communication channels stand. A clear understanding of this becomes the
basis for:

— ensuring the correspondence of +the mnational information
infrastructure to the international standards and recommendations of the
International Telecommunication Union (MCE), the European Conference
of Postal and Telecommunication Administrations (CEPT) and the
International Organization of Standardization/International
Electrotechnical Commission (ISO/IEC), which will promote the
interaction of its technical means, information devices and services with
those operating in the global information space within the European and
Global information infrastructure;

— creating a single national integrated multiservice broadband
communication network;

— TV and radio networks optimization and distribution of
information and channels flows, increasing the efficiency of these
networks usage, their modernization and development with providing the
necessary level of functioning quality;
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— creating and implementing domestic secure information
technologies and systems for protecting information from unauthorized
access and unauthorized distribution.

The following definition is given: “Telecommunication system is a
communication system of the corresponding control level”.

Telecommunication path is a complex of technical equipment and
communication lines intended to form specialized channels for
information transmission. In defining the concept of a path the main
thing is its functional purpose (for example, “the compression system
path”, etc.).

The main characteristics of the channels are the frequency clarity
band width and the type of signals in them (for example, the “tone
frequency channel” with a frequency band width of 300 Hz - 3400 Hz).

Information-control systems in some cases can be considered
telecommunication systems, and in other cases they can be considered as
the elements of telecommunication systems. It all depends on the macro,
micro and mesaapproach to the classification of TCS.

Telecommunication systems can be called weakly structured.

The multitude of the models confirms that TCS belongs to complex
organizational-technical systems. That is, the main technological tasks of
the information society development strategy are the development of
modern telecommunication infrastructure, since the creation of a highly
efficient telecommunication environment is a major national problem [2].
Without solving it, the building of an information society and the
application of information technology achievements to the fields of
production, business, science, education, medicine and culture will turn
out to be problematic. The amounts of data flows transmitted by the
modern telecommunication systems grow in geometric progression within
the simultaneous acceleration of the process of combining heterogeneous
information flows. Therefore, as a part of creating and developing the
national information infrastructure for the building an integrated
telecommunication environment of the information sphere it is necessary
to provide:

— a balanced development of all types of telecommunications with the
priority use of digital technologies;
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— a preference for telecommunication provision of national, sectoral
and regional information poles and their association with interregional
communication channels;

—a creation of telecommunication systems supporting the
information interaction of the person with the state and public structures
of all levels.
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FEATURES OF ELECTRORADIOLYTIC DESTRUCTION OF
PERSISTENT ORGANOCHLORINE TOXICANTS

Annotation. The unsatisfactory state of the specialized storage facilities of
persistent organochlorine toxicants of agricultural use on the territory of Ukraine
indicates the urgency of the creation of mobile systems for the destruction of mixtures
of toxicants or toxicants of undetermined chemical composition. Perspective in terms
of universality may be the method of electroradiolytic destruction of hazardous
substances in the liquid phase. However, the expected energy consumption of the
electroradiolysis method calls into question the profitability of its industrial use. The
paper presents a methodology for estimating the minimum possible energy
consumption during electroradiolytic decomposition of persistent organochlorine
toxicants into individual atoms and it is shown that due to the structural
transformations of parent molecules whithout change of their atomic composition,
energy costs exceed the total dissociation energy of toxicants and of their fragments.

Keywords: high-energy particles, electroradiolytic destruction, persistent
organochlorine toxicants.

Introduction

Article 6.1.d of the Stockholm Convention on Persistent Organic
Pollutants, to that Ukraine is a party, notes that waste such as
organochlorine toxicants should be "disposed of in such a way that the
content of a persistent organic pollutant is destroyed or irreversibly
transformed ...". At the same time, reliable engineering and technical
methods embodied in mobile systems, that are aimed to the destruction
of mixtures of toxicants or toxicants of an indefinite chemical
composition have not been created. The unsatisfactory state of practically
all specialized storage facilities of agricultural toxicants on the territory
of Ukraine unambiguously indicates both the high actualyti of the needs
for these mobile systems and the state level of these needs.

A promising in this aspect is a number of plasma-chemical
technologies for the distruction of toxic organe compounds in aqueous
solutions based on the use of high-energy flows of plasma particles
bombarding the liquid surface [1]. This influence on the processes of
molecules decomposition in a liquid phase called elektroradiolytic
destruction. For the design of industrial samples of plasma-liquid
reactors, that use the electroradiolytic mechanism of destruction, it is
important to have methods for quantifying the required power

consumption for the destruction of specific toxic compounds with defined
© Olszewski S.V., Med Yu.Yu., Nosenko V.O., 2017

122 ISSN 1562-9945




6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

molecular structure [2]. Particularly, that assessments are important for
neutralization of mixtures of toxicants, since universal environmentally
admissible methods of utilyzation of toxic mixtures are not created
currently [3]. The paper considers the method of estimating energy costs
for the destruction of persistent organochlorine molecules by simulating
the quantum-mechanical properties of the shock dissociation reactions of
the dichlorodiphenyltrichloroethane (DDT) molecule and its dissociation
products.

Energy content of electroradiolytic destruction of molecules

The total energy that needs to be spent on the destruction of a
complex molecule can be defined as the multiply of the destroyed
molecules number by the sum of the dissociation energies of the target
molecule and its fragments. For its calculation it is necessary to consider
a totality of dissociation chains that include the molecule itself and all
the products of the subsequent decomposition acts, except individual
atoms. The dissociation energy of the j-th bond can be calculated as the
difference in energy between the main and dissociated states of the
molecule:

W;=Ep -k (1)

in here Eo — is the energy of the parent molecule in the ground state,

EF — is the energy of the dissociation state.

In fact, the task of evaluating the energy required for the complete
destruction of a organochlorine stable molecule under the influence of a
stream of high-energy particles is reduced to enumeration of all possible
channels of dissociation of the molecule and its fragments, obtaining an
array of dissociation energies and dissociation rate constants for each
destruction channel and their summation taking into account the
probability of the corresponding destruction channel. For reactions of
order 1, that include shock dissociation, the count of destroyed molecules
per unit time in volume unit is equal to the multiply of the constant of
the reaction rate by the total number of primary molecules in volume
unit. By definition, the probability of the j-th destruction channel will be
the ratio of the number of destroyed molecules in the j-th channel to the
total number of destroyed molecules by all possible channels:
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AN k,N k.

J J

j — — —
AN, YN Dk
J J J

Consequently, the minimum required energy of complete destruction

P (2)

of complex molecules can be estimated as:

B =2 P, (3)
J

However, for polyatomic molecules, that are quantum mechanical
systems, this estimate is strongly understated, since their transformation
can be quite elaborate and require much greater activation energy for
dissociation reactions.

Any chemical transformation of the molecular system, associated
with a change in the mutual arrangement of its constituent atoms, can be
considered as its phase motion along the coordinate of the reaction to the

hypersurface of potential energy E (f ) . Here and thereafter E — is the

potential energy of the system, & =(7”1,(01,?91,7’2,.-J’N,¢N,19N) — is the

vector of the internal coordinates of the N-atomic molecule. As the
reaction coordinate, it is understanded the trajectory of motion on the
hypersurface of potential energy, along which the energy has a minimal
value. In order to predict the direction and rate of conversion of the
molecular system, one must know the dependence of the energy of the
system E on the relative position of the atoms. Depending on the distance
between the atoms, the value of E corresponds either to non-interacting
atoms X and Y (region U = 0) or to a stable XY molecule (U = Unin), Or
to intermediate formations that are realized in the process of
recombination of X and Y atoms or to the excitement of internal states
of the XY molecule in dissociation. All elementary chemical reactions can
be divided into two groups. The first group is the reaction for which the
maximum on the hypersurface of the potential energy along the
coordinate of the reaction is absent. This case is characteristic for many
processes of homolytic destruction of a chemical bond with the formation
of two radicals. For this reactionary group, the bursting energy of XY
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bonds can be calculated as the difference between the sum of the energies
of individual fragments X, Y and the energy of the molecule XY.

The second group is the reactions for which the hypersurface of
potential energy pass through maximum during motion along the
coordinate of reaction. The location of this maximum are accepted as the
transition state of the reaction.

For a radical decay, the activation energy coincides with the enthalpy
of the reaction, which, in turn, can be calculated in accordance to the
expression:

AH® (R -R,)=(AH,, (R)+AH,, (R))-AH, (R-R) (4

opt

here A H,, (R -R,), AH,, (Rl)and AH, (Rz) — the enthalpy of the
formation of the parent compound and the corresponding radical
fragments, that born during the breakdown of the chemical bond. The
criterion for the rightfulness of the use of expression (4) is the absence
of transitional states of the initial molecule in the process of its
dissociation. The absence of such transitional states can be established in
the absence of a clearly expressed maximum on the dependence curve of
the potential energy of the molecule on the coordinate of reaction. For
reactions of non-radical transformation of molecules instead of enthalpies
of the final and initial states it is necessary to use the enthalpies of the
transitional and initial states.

The calculation of the main kinetic and thermodynamic parameters
of chemical reactions that must occur in the liquid phase can be carried
out under the conditions of the Arrhenius law. Using the basic ideas of
the theory of transition state (activated complex) and quantum-
mechanical methods, one can calculate the constant of the speed k: of an
elementary chemical reaction. An important role in these calculations is
played by the Eyring equation that binds the constant of the reaction rate
and the equilibrium constant of the formation of the activated complex

ek,T .
[4], expressed through the concentration k, = 7 K’ | where kg is the

Boltzmann constant, & is Planck's constant.
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Results of simulation and discussion

The potential energy of the system was found from the solution of
the Schredinger equation for the wave function of the polyatomic molecule

in the n-th state @, (é? ) , also called the molecular orbital.
a{o }=E0, (&) (5)

here H {} — Hamilton's operator, E, is the energy of the molecule

in the n-th state.

According to the LCAO method, the molecular orbitals D, (5 ) were

represented by a linear combination of atomic orbitals:

®, (5)=;)cn,i(ﬂi(5) (6)

where M is the number of functions that is determined by the
necessary accuracy and was a free parameter of the task. The explicit

form of atomic orbitals @, (E ) was approximated by a linear combination

of basic functions from the standard Pople basis sets:

% ()= Zb,] G;(£) (7)

Here Gk (f ) , in explicit form, there are functions from the Pople

basis set: Gy, (1.0,0)= N, (@)Y, (6.9), where Y, (6,0) - are

spherical functions.
Substituting (7) into (6) received:

M J
lzcmzb,J J l;)];)cn,i i,j J ]Zt n,j J (8)

where %y, ; chll,]
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That is, the problem of the synthesis of wave functions was reduced

to the problem of finding the coefficients 4, e

The coefficients 4, j were found by solving the optimization problem
for the target function that assumed the value of the potential energy

E (-’_é) in the J-dimensional space of the coefficients by the Marquardt
T

method, where X = (an’l,an,z,...,an,j,...,an,J)

As a result of the calculations, it was shown that the activation
energy of the radical decomposition of the DDT molecule lies within the
range from 6.0 to 8.7 eV. The least energy of radical dissociation
corresponds to the separation of the chlorine atom from the CCls group.
The greatest energy of radical dissociation corresponds to the separation
of the hydrogen atom from the benzene ring. The constants of the velocity
of radical dissociation lie within the limits from 3.3809-10* to
8.1736:10°6 ¢ 1.

More interesting from the viewpoint of estimating the energy of DDT
destruction are the channels of non-radical decay. As the simulation
showed, there are channels of molecule transformation that don't change
its elemental composition, but need energy expenditure for activation,
which, after transformation of the molecule, dissipates to heat. We call
these reactions invariant transformations (Fig. 1).

Cl
a) /Cl G\ /
\ —Q
H M H
H
k 71310
T 763eB 4 H o
H
6) a /O Cl

\

H k ’36101
<l4eB

Figure 1 — Channels of radical destruction — a) and invariant transformation —
b) of DDT molecules.
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The calculations have shown that the activation energy of the radical
decay is 7.63 eV, with the constant of the reaction rate 2.13-10% s71. At
the same time, the energy of the invariant transformation is 5.14 eV, that
is, it has the same order of magnitude. The rate constant of the invariant
transformation is 2.36-101 s1,

The dependence of the potential energy of a DDT molecule on the
reaction coordinate under radical decay and invariant transformation is

shown in Fig. 2

1 —— Radical destruction
10 2 Invariant transformation
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0
0 50 100
Reaction coordinate, a.u.

Figure 2 — Dependences of the potential energy of a DDT molecule on the
reaction coordinate under radical decay — curve 1 and invariant
transformation — curve 2.

Curve 1 corresponds to the trajectory of the radical decay reaction,
curve 2 - the trajectory of the reaction of the invariant transformation.
As can be seen from the obtained dependencies, in the case of radical
dissociation, the energy of the high-energy particle is spent on the
destruction of the target, and formula (1) for estimating energy costs for
destruction is valid. Conversely, for an invariant transformation, the
energy of the initial and final states varies little, and the energy of the
high-energy particle is spent on the excitation of the transition state, and
in the future, when the target passes to the final state, it dissipates in
the form of heat. In this case, the elemental composition of the molecule
does not change, which causes a high probability of reverse

transformation into the parent toxicant.
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In fact, the presence of channels of invariant transformation of
target molecules and their fragments causes a significant increase in the
energy that must be introduced into the solution of persistent toxicants
by the flow of high-energy particles. Despite the fact that the rate
constant of such reactions is much less than for radical dissociation
reactions, their influence may be significant, since target molecules don't
escape from the reaction zone. Thus, the method of estimation of actual
energy consumption for the destruction of persistent organochlorine
toxicants can not be reduced to direct summation of the activation
energies of the dissociation of parent molecules and their fragments. This
estimation requires the solution of the kinetic problem of scattering the
flow of high-energy particles in solutions of the toxic chlororganics in the
conditions of competition of invariant transformations and impact
dissociation.

Conclusions

e Electroradiolytic mechanism of DDT molecules destruction includes
both radical and non-radical dissociation and transformation, that
invariant with respect to the molecule atomic composition. The activation
energy of invariant transformations is small different from the
dissociation energy.

e Despite the fact that the rate constants of invariant transformations
are usually three orders less than the dissociation rate constants, it is
impossible to exclude the contribution of these transformations from the
total energy consumption, since the concentration of toxic reagents due
to such reactions practically does not change.

eThe presence of invariant transformations is a source of
unproductive dissipation of the energy of the high-energy particles
stream, that causes an increase in the minimum required power of
plasmochemical reactors for the neutralization of persistent
organochlorine toxicants by the electroradiolytic mechanism.
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S.V. Olszewski, Ya.V. Tanasiichuk

MODELING OF FREQUENTIS CHARACTERISTICS OF
RESONATOR SYSTEM OF POWERFUL KLYSTRON WITH
THE MELTING OF THE TRANSIENT CHANNELS

Annotation. The idea of regeneration of powerful microwave devices arose in
the 50's of the last century. As the experience of profile enterprises of Ukraine shows,
in most cases only the replacement of a cathode unit is performed during
regeneration. However, in order to decide on the suitability of the device for
regeneration, it is necessary to make a defect of the structure to match the TC. The
paper presents the results of modeling the influence of mechanical defects on the
state of the resonator system of a powerful klystron and their numerical impact
assessment. The principal possibility of performing the diagnostics of the construction
of microwave devices on the subject of its suitability for regeneration by non-
destructive methods with localization of the defect in the constructionis shown.

Keywords: klystron, construction’s defect, diagosmic microwave devices.
Introduction

The analysis of works devoted to the regeneration of high-power
microwave devices [1,2] shows that the constructive and technological
complexity of such devices led to the establishment of the concept of
restoration, which reduces to the dismantling of the device that has
refused, on separate rrmiees, while deflecting defective, are suitable for
reuse in other devices of the same type.As shown by the analysis of the
data of the defect of devices made on the State Enterprise plant
"Generator”, suitable for regeneration, there are about 55% of the devices
provided by the customer.With such a high percentage of defective
devices and the use of manual disassembly of elements, the process of
defect becomes a source of non-productive technological costs.In this
connection, the task of optimizing the process of defect in terms of
exclusion from the technological cycle of the defect of unprofitable
operations and increasing the accuracy and speed of diagnosis.One of the
possible solutions may be the creation and use of diagnostic methods that
would not require manual disclosure of the device.Such methods can be,
for example, cold measurements of electrodynamic parameters of
resonator units or the method of scanning probe microscopy for surface
control.In the analysis of the main reasons for the device to be
regenerated, it was discovered that the main reasons are: melting of
transmitted channels; flow of liquid from the cooling system; sputtering
© Olszewski S.V., Tanasiichuk Ya.V., 2017
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at the cathode pole in the vicinity of transmitted channels; scale on the
internal surfaces of the resonator system, etc. One of the common defects
ofunits (about 25%) in the interior vacuum cavity is the melting of
transmitted channels of resonators. Therefore, it is expedient to start
work on simplifying the process of defect, namely, on the development of
methods for detecting this defect by non-destructive methods.

Experiment technique

As can be seen from Figure 1, the electronic stream must pass from the
cathode through the lattice, the flowing channels of the resonators and
settled on the anode. Whether its deviation is inadmissible and entails a
number of negative consequences such as changing the output
parameters, melting in the construction, and others.

o e e e

3 4
Figure 1 — Idealized klystron scheme. 1 - cathode, 2 - lattice, 3 - anode, 4 -

resonators, 5 - electronic bundles, 6 - transmitted channels..

Since the acquisition of real devices for research is associated with a
number of difficulties, then for the study of the effect described above
defects, the resonator system of klystron (Figure 1) built its simulation
model in an HFSS Ansoft [3] environment with characteristics Qo= 133,
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fpes =0,915 ITu. . The walls of the resonator were considered to be
perfectly conducting surfaces. Its frequency is shown in Figure 2.

30

Amplitude (dB)

Frequency (GHz)
Figure2 — AFCmodels of the resonator systemof a powerful klystron.

Effect of melting on the frequency response of the resonant system

Melting in the resonator system leads to a change in its geometry.
They have a cylindrical shape. As is known, [4] the resonator is part of
the space bounded by a metal wall. Since the form of the defect is close
to the cylindrical one, the defect itself can be regarded as a cylindrical
cavity resonator attachedto the resonator system of the microwave
device.For resonances of E-waves in a cylindrical resonator there is [5]:

(Ao)e = (1);

__r
Vni\?, p?
(GE) +iz
WhereR — inner cylinder radius andl/ — its height.he numbers n, i, p,
determine respectively the field variation along the azimuth, radius and
height of the resonator.Byv,;thei-throot of the bessel function of the first
kind of the n-th order is indicated.
Resonances of type H waves in a cylindrical resonator are determined
by the relation:

(Ao = T (2);
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Byu,; thei-throot of the bessel function of the first kind of the n-th
order is indicated

Since R i | parameters of the resonator defect are much smaller than
the characteristic dimensions of the resonance system, then its resonant
wavelength will also be much smaller. At the frequency response of the
resonator system this will be manifested in the form of
harmonicappearance.

Results of modeling

In order to generate an electromagnetic field solution, HFSS employs
the finite element method[6]. In general, the finite element method
divides the full problem space into thousands of smaller regions and
represents the field in each sub-region (element) with a local function.

In HFSS, the geometric model is automatically divided into a large
number of tetrahedra, where a single tetrahedron is a four-sided pyramid.
This collection of tetrahedra is referred to as the finite element mesh. For
the model, the following parameters were set: band frequency
0,7..2,5GHz, step 10 MHz, maximum number of passes 10.

The results of the analysis of modelconstructionare shown in Figure
2. The next step was to attached changes to the constructionof the
resonator model to simulate the melting of the transmitted channels. For
this purpose, a cylinder was placed on the resonator wall and its radius
R, length [ and location in the structure of the resonator were varied and
fixed as the frequency response of the system.

As you can see from Figure 3,forR;the average harmonics ranges
from 2.5 to 5dB. However, it is clearly visible that the peak reaches 10
dB and corresponds to the resonance frequency of the defect.

With an increase in R;toR:2 , as expected, the resonance frequency of
the defect began to decrease and the division of harmonics into groups
around two peaks at 15 dB.

Finally with R3, which was the maximum value of the radius of the
defect, formed three groups of harmonics around clearly defined peaks.

As can be seen from Figures 3.4, 5, the attached of a defect has little
effect on the resonance frequency of the system, but causes the
appearance of harmonics frand a decrease in the amplitude at the resonant
frequency.As we see in the vicinity of the same frequencies there are
harmonics families of different amplitudes, which depends on the position
of the defect in the construction. Thus we can talk about the possibility

134 ISSN 1562-9945



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

of defect localization in the construction by analyzing the frequency
response of the system.
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Figure 3 — AFC model of a resonator system of a powerful klystron with a
defect’s volume of 1% of the volume of the resonator.
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Figure 4 — AFC model of a resonator system of a powerful klystron with a
defect’s volume of 3% of the volume of the resonator.
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Figure 5 — AFC model of a resonator system of a powerful klystron with a

136

Coordinate (cm)

defect’s volume of 5% of the volume of the resonator.
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Figure6 — An example of defect localization in a construction.
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As we can see from Figure 6, the attached of a defect causes the
expansion of the spectrum line in the range of 0.8-1 GHz, indicating a
small displacement of the resonant frequency of the model. Lines at
frequencies close to 1.95 GHz and 2.2 GHz reflect harmonics caused by a
defect. As you can see, the gradation of the color of these lines depends
on the position of the defect in the construction, which makes it possible
to localize it.

Returning to formulas 1 and 2, knowing harmonics frequencies
becomes an interesting inverse problem - finding the parameters R and [
of a cylindrical resonator, which will allow us to estimate the magnitude
of the defect and obtain more data for making a decision about the state
of the system in general.

Conclusions

¢ A hypothesis was made about the possibility of detecting the melting
of transmitted channels in the resonator system of the klystron by
measuring the frequency response of normal and defective devices. To test
the hypothesis, an imitation model of the resonator system was
constructed. It is now possible to identify and locate the structural defect
in the resonator system of the klystron in the form of melting.

o A set of AFCs for systems with defects with volume from 1 to 5%
of the resonator volume is obtained, and the numerical values of the
harmonics amplitudes when variations in the size of the defect and its
position in the structure.
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V. Peredery, E. Borchik, O. Ohnieva

INFORMATION TECHNOLOGY OF UPDATING OF
DECISION SUPPORT ALTERNATIVES IN THE
DISTRIBUTED DATABASE OF CRITICAL APPLICATION
SYSTEMS

Annotation. Information technology of generating and evaluating of relevant
alternatives for making decisions for the distributed database upgrading in ergatic
systems of critical application is proposed. Using the method of fuzzy classification
for generating and evaluating of relevant alternatives for making decisions in
conditions of inconclusive, inaccurate and contradictory information in real time is
considered.

Key words: decision — making relevance, ergatic systems of critical application,
real time mode, informational needs.

Actuality of the research

This paper aims at improving information technology of decision
support in complex ergatic systems of critical application.

Using the given information technology will allow to generate and
evaluate relevant alternatives for decision — making made by a human
operator in conditions of inconclusive, inaccurate and contradictory
information in real time with the following upgrading of the distributed
database. Due to this the paper is considered to be of great importance.

Analysis of publications on the problem

Supporting the relevance of the knowledge base (KB) operation is a
difficult and time-consuming process. Proposed ways of the KB updating
and its support [1-3] suggest professional technical knowledge, moreover,
they presuppose the existence of large arrays of address databases
received from various sources. In papers [4-6] methods of examination
and diagnosis in order to maintain the KB relevance are considered. There
are some disadvantages of the KB upgrading in using expert methods [3]
connected with the customer’s inability to define needs exactly to the
system being developed. Also, physiological problems may appear.
Developing the KB system, the expert can prevent the transfer of his
knowledge, fearing of being replaced with the machine after a little while
[7]. Considered ways of the KB upgrading, in our opinion, are the complex
procedure and they take much time.

© Peredery V., Borchik E., Ohnieva O., 2017
138 ISSN 1562-9945



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

This paper presents information technology of the KB upgrading by
means of preformatting, with wusing fuzzy classification, relevant
alternatives for decision making, with the further their expert evaluation,
which in turn will allow to boost operativeness of the KB upgrading
process in critical application systems in managing of complex
technological facilities in real time.

The purpose of the paper

Improving information technology allowing in real time to generate
and evaluate relevant alternatives for decision support made by a human
— operator with the further upgrading of the distributed database (DB).

Site Search

Information Evaluation and Onli
need for decision generation of e
making relevant database
alternatives
A
4 )
Static Expert

Administrator

database evaluation of

relevant
\___ J

Figure 1 — Information technology of generating, evaluating and upgrading of

decision making alternatives in the distributed DB

First of all, it is necessary to divide lots of documents D into two

groups (classes): C; - relevant and C, - irrelevant documents. The following
factors affect the document relevance [8]:

F1 - number of repetitions of keyword query in full scale in the

document;

F2- number of repetitions of search request in document subtitles;
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F;) - number of repetitions of synonyms of key words.

To solve this problem, we use the method of fuzzy classification [9].

Introduce fuzzy variables V;, V,, V5, which we call as well as informative
signs Fl, Fz’ F3. Let all the variables have two single therms: “low
number”, “high number”. Then we will label therms V; by ”signl”,
“nosignl”; therms V, by ”sign2”, “nosign2”; therms V; by ”sign3”,
"nosign3”. Quantitative informative signs F1 , Fz’ F3 are labeled by
X1, X9, X3. Where x,,x,,x;€ N , that is a set of natural numbers.

Membership functions [;;(x;) and W;4(x;) the therms “nosignl” and

“signl” respectively from the input variable x, are shown in fig.2.

W11 112

Figure 2. Membership functions

They represent standard polynomial functions of Fuzzy Logic
Toolbox package, each of which is characterized by two parameters, that

is () =2mf,la, b]), () = smf(e,le, d ). Similarly,
functions Hap (5) = me(xz,[az bz]) ) Hap(x5) = smf(xz,[ez dz]) )
H31(x3) = sz(x3,[a3 b3]), Mg (x3) = smf(x3,[e3 d3])
s, (xy) = smf (x3,[e3 d}]) are membership functions of therms ”nosign2”,
”sign2”, “nosignd”, ”sign3” correspondently. Here a., b1’ e d1’ a, bz’
ez, dz’ a3, b3, e3, d3 - are real parameters. Because of informative signs

X1,X9, X3 = 2 the probability of having the document relevant increases

significantly [8], let us take into account membership functions in the
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scope 0<x;, <b (i =1,_3), b>5. The value b one can define in the
optimization process during the training sample.

Classification problem consists of assigning an object, specified by
the vector of informative signs V = (x, x5, x3), to one of advance certain
classes {C,,C,}, that is, consists of performing of mapping the form::
V = (x1,%9,%x3) > u €{C;,C,}.

Classification based on fuzzy inference is made on the knowledge base
in the form:

IF x, = signl and  x, =sign2 and x; =sign3
OR x; = signl and  x, = sign2 and x; = nosign3
OR x, = signl and  x, = nosign2 and x; =sign3
OR x; = nosignl and  x, = sign2 and x; =sign3
OR x,; = nosignl and  x, = nosign2 and x; =sign3
OR x, = nosignl and  x, =sign2 and x; = nosign3
THEN u=¢, 1)
IF x, = signl and x, = nosign2 and x; = nosign3
OR x,; =nosignl and x, = nosign2 and x; = nosign3
THEN u=C2,
Then membership degrees of an object , informative signs are given

RN
by a vector V¥ = (x; ,x5,%5), to classes C;, C, from knowledge base (1),

are calculated as:
Mo, (V%) = (a1 ) A Boo(a3) A a3V (Wy5(21 ) A Mo (%5 ) A gy (5 )) V
V (2(x)) A gy (65 ) A Mag()) V (M1 (1) A Rga(Xy ) A g (3 )) V
V0 () A () Alga(6)) V () ABoa(5) Aban(35)) ()

ey (V%) = (15 ) A on(85) A s (65)0) V (1 (1) A o (6) A b (35))

Here A and VvV mean operation of finding the minimum and
maximum correspondently.

ISSN 1562-9945 141



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

As a solution, there is selected class with a maximum degree of
membership:

u* = arg max(le (V*),Ug, (V¥)

{CI’CZ} (3)

As a criterion of training fuzzy classifier [2] let us choose the
simplest criterion [9] - a criterion of error rates minimization of
classification during the training sample:

100% X, .
N ,ElAk(P) — min,

(4)
1L, if u,#F(P,V,)
0, if u,=F(P,V,)

- an error of classification of

where A, (P) = {

the k-th object, specified by the vector of informative signs V,; N — the

number of objects in the training sample (or - the number of pairs of
"input-output) Vyou,), kE=1L,N classifier (2));

P@a,b,e,d,a,b,a,b,e,d) — is the vector of the parameters of the
177171 712 T2’ T2 3% V373 7

membership function of the fuzzy therms x,,x,,x; from knowledge base
(1); F(P,V,)— is the result of the classification on the fuzzy basis (1) with
parameters P if the input valueis V,.

Training fuzzy classifier, therefore, is finding the vector P that
minimizes the distance between the results of the logical inference and
experimental data from the sample (Vi,uy).

As the minimized function (4) is an integer, the most appropriate
tool is the genetic algorithm for finding extremum. For its realization we
use gatool MatLAB function

Considered above the classification process (2), (3) on knowledge base
(1) not only divides documents into two groups: relevant and irrelevant,
but also it allows to array relevant documents in order of relevance. In

fact, the more the variable He, (V#*), the more relevant the document,

. . . . . * * *
specified by the vector of informative signsV *( x; ,%5,%3).

After preliminary evaluation, formed relevant alternatives are sent
by the administrator on the e — mail to the experts for evaluating. For
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solving similar problems, Delphi approach is used the most commonly,
which is the complex logical and mathematical procedures, directed to
getting information from professionals, its analysis and generalization
aimed at preparing and making rational decisions.

Let us suppose there are n documents, which each of m experts has
in order of decreasing (or increasing) of privacy strength of some feature.

Label by x;; the rank (location number) of j-th object (j = 1,2, ..., n) in
ranking i-th expert (i = 1,2, ..., m). Sum of ranks in ranking of i-th expert
[2]

Zn: x; =0,5n(n+1)
/7! (5)

If it is difficult for experts to rank objects, they can give the same
ranks to two or more objects. In this case the total number of different
ranks in ranking will be less than n. It is necessary to put in order such
ranking when the condition is realized (5). For this object with similar
ranks the rank is given which equals to average value of location numbers
which these objects share between them.

Information received from m experts is generalized by calculating of
the sum of ranks x;, given by all the experts to each of n object. The result
of generalization is locating objects in order of increasing of the sum of
ranks.

Expert’s coordination in objects ranking is worth evaluating by the
concordance coefficient.

12s

m
mz(n3 -n)— mZ:Ti
i=1

KO:

(6)

where

s = zn:df
j=1

?

n
3
Ti :Z(tui _tui)
p=l1

.
’
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Variables d;, define deviation of sums of ranks of j-th object from
the average value of sums of ranks across all objects. Variables ¢, — are

numbers of u-th ranks repetition in ranking of j-th expert (number of

tied ranks in ranking of i-th expert). Coefficient Ky equals to one when
all the experts ranked objects identically and it equals to zero at uniform
sums of ranks of all the objects.

For definition and estimation automation of main aspects of expert
evaluation coordination, the administrator interface was developed
(fig.3), which will allow to define the degree of memberships of relevant
alternatives quickly and their significance for KB updating (fig.4).
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Figure 3- Expert’s coordination calculation interface
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Conclusion

Using the given information technology will allow to generate and
evaluate relevant alternatives for decision — making according to
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information request of a human — operator in conditions of inconclusive,
inaccurate and contradictory information in real time with the following
upgrading of the distributed database.

Supposed technology will allow to increase the efficiency of the KB
upgrading process and can be used in critical application systems in
managing of complex technological facilities in real time.
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0O.1. Savytskyi, M.A. Tymoshenko

AGENT CONTROL OF THE PROCESSES OF THE THREE-
STAGED IRON ORE ENRICHMENT

Annotation. The processes of iron ore enrichment from the point of view of
automated control are considered. Complexity of measurement, non-stationary and
inertia of processes require the use of combinations of methods of modern intellectual
means of automated control. The efficiency of multi-agent control in complex with
intelligent controls in comparison with the methods used today is established. The
expediency of using intelligent controls, in particular fuzzy logic devices for
controlling technological equipment, has been proved. The method of control of three-
stage enrichment, taking into account the relationships between agents and
application of methods of fuzzy logic, is proposed.

Keywords: Automation, enrichment, multi-agent control, fuzzy logic, system
approach.

The problem and its relation to scientific and practical tasks

Taking into account the directions of development of the modern
world market, the main goal of production is to reduce the cost and
improve the quality of the product. This goal is achieved through the
integrated optimization of production processes based on the introduction
of modern technologies. Improvement of the quality of automation of
industrial technological processes is the main way in addressing the issue
of production efficiency.

The enrichment complex includes various technological mechanisms,
which carry out various operations and are different in design, and
therefore require different approaches in the construction of control
systems. In addition, they are interconnected and directly affect each
other's work; require the use of many measuring devices that capture the
values of different physical nature. This leads to an increase in the
required design capacity [1-4].

Analysis of research and publications

The specified complexities can be avoided by using distributed
control. Considering the complex of enrichment of iron ore as one large
decentralized system of distributed mechanisms, it is possible to
synthesize control systems of each mechanism of each stage separately,
which are in constant interconnection. This approach provides an
opportunity to increase the speed and reduce the load on the general
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system and reduce the requirements for the calculated capacities of the
executive system [5].

However, distributed control has its own disadvantages, the most
important of which is the presence of a certain "command center”.
Although the mechanisms operate independently of each other under
distributed control, there is still an existing center that processes all the
data that is needed to regulate the interaction between controlled
mechanisms and it has significant accounting resources. In the event of a
failure of the control center, the system objects will not be able to
interact.

Multi-agent control (MAC) avoids specified disadvantage. Multi-
agent control is one of the leading concepts of the fourth scientific and
technological revolution, informational (Industry 4.0). It implies complete
decentralization of control, the absence of some of the main system and
the free work of each control system (agent) by the technological
mechanisms of each other. However, while the agents interact with each
other and exchange information with each other. The main difference in
the approach based on the principles of collective multi-agent control is
the relatively low calculated complexity of implementing its algorithms,
which allows you to quickly take solutions, that are if not optimal, but
close to them in a dynamically changing situation.

Problem statement

A general description of the multi-agent system (MAS) can be shown
in the form of an algebraic [6] system:

MAS = (A,E,R,ORG) 1)

where A - set of agents, ie a set of creators; E - set of MAS, ie the
communication environment in which MAS interacts with other MAS;
R - set of interactions between agents, ie an array of configurations; ORG
- represents the current MAS as an image.

In this model, the i-th agent (creator) in terms of organizing its
interface with other elements of the system can be written as a triple:

where E; — MAS of the communicating environment, in which agents

interacts with each other (E; € E); Ri — a subset of agent bonds with other
agents (Ri € R); ORG; - representing of the current MAS as an image.
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The connection between the technological mechanisms of the
enrichment factory is very important as it allows to consider the entire
enrichment process in aggregate and to control it according to the general
picture.

Material presentation and research results

According to the proposed scheme (Fig. 1), four operations are
carried out in the section of the enrichment plant - grinding,
classification, desliming and wet separating of iron ore. Accordingly,
there are such technological mechanisms as mills, magnetic separators,
desilmers and classificating mechanisms. For the first stage it is a spiral
classifier, for the following - a hydrocyclone. Also shown are the
parameters of the enrichment operations necessary for monitoring the
process and calculations of control effects, namely pulp consumption and
density. Parameters have been calculated taking into account the presence
in the section of recycles and sumps between some mechanisms. Also
measured is the amount of iron in the final product, which in this case is

64.23%.

98 [ 28
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Classification

Magnetic separation | 200,08] 2,11 |
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Fig. 1 Technological scheme of the process of three-stage iron ore enrichment

The scheme depicted in Figure 1 is represented by the interaction of
the agents in Figure 2. It shows the multi-agent control system of the
three stages of enrichment taking into account the connection between
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them and the transmission of information signals from sensors to the PAC
(programmable automation controller). To the mill in the first stage, iron
ore falls from the feeder. The regulation of the amount of ore is controlled
by the drive feeder by the drive mechanism of the feeder (Af) based on
information from the performance sensor (Qo). After the first and second
grinding stages, intermediate density measurements are performed
between the stages using a densitymeter (p). In addition to the density in
the final product, after the third stage, many more parameters are
required, such as the size of the grinded material with use of a
granulometer (GM), the content of the useful component (magnetic iron),
fixed by the sensor indicated in the figure as (%), and the productivity
for water and for pulp in general (respectively Qw and Qp flow meters).
Each stage has its own PAC that collects data and processes it. On the
basis of the data obtained, the algorithm calculates the controlling impact
and presents it to the executive mechanisms (Al, A2 and AS3), which, in
turn, regulate the supply of additional water into the mill. Taking into
account that the optimum levels of hydrocyclones are constantly
maintained, we can control not only the supply of additional water, but
also control the supply of pulp. Therefore, three more control impacts are
applied to the pumps of the hydrocyclones (P1, P2 and P3). Also, the
separators and deslimers are controlled on the basis of the mechanisms Rs
and Rd. At the same time, the first stage is visualized in the SCADA
system on the basis of the data calculated in the first stage PAC. The
parameters of the regulators shown in Figure 2 depend on the input ore
parameters. That is, the structure of the stage remains unchanged with
variable parameters of control objects, links between stages and
regulators.

Let's consider the difference between the classical measurements of
the parameters of the mechanism’s work and its work in the agent form,
in which case parameters are mostly calculated. The supply of
hydrocyclone comes from a sump, to which the pulp under industrial
conditions comes directly from several mechanisms and mixes. In this
case, fluctuations of the values of the pulp’s parameters - such as its
density, the amount of solid, etc., occur. For example, in order to
calculate the average content of the solid phase in the mixture of pulp,
which arrives to a sump with known costs (measured by flow meters),
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solid content and iron content in the solid phase, appropriate calculations

should be taken [7].
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Fig. 2 A three-stage enrichment control scheme, with taking into account the
relationships between agents
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where «,c,,0, - the iron content in the enriched pulp, in the

original ore and the estimated content of iron in the enriched pulp; J,, &,

- magnetite density and initial ore density.
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Z 61517;
_TL+(-T)8,
s 4o
T, +(1-T)o;

where T; — the content of solid phase by mass in the i-th stream of

7, (4)

pulp (i=1, 2, ..., n); 6; — density of solid phase of the i-th stream; ¢, - the

relative fraction of solid and liquid phases in volume in the i-th stream.

x0, o
5, = Li+(=T)d,
20, (5)
where Q - volume flow rate of the i-th flow of pulp.
- T
= (6)
T+(1-T)o

First, according to the formula (3), the densities of the solid phases
of the pulp’s streams entering the sump are determined, then the average
content of the solid in the mixture by mass is calculated according to
formula (4). After calculating the density of the solid phase in the mixture
by the formula (5), the mass content of the solid in the pulp mixture is
converted to volume content by formula (6).

In this case, the above-mentioned operations are used to calculate
only one characteristic of the pulp from the many required for the
calculations. They can be greatly simplified, by presenting the basic
parameters of the functioning of the technological mechanism in the form
of parameters of the control agent, and by modeling less important
parameters on the basis of already measured information. The system is
much simpler and faster in agent representation.

Measurement of a large number of characteristics of the processed
product is very valuable in terms of the use of numerous measuring and
converting devices, loading I/O modules on programmable automation
controllers (PACs), and the whole load of the system. The application of
fuzzy logic, and in this particular case of fuzzy controllers, will avoid the
majority of emerging problems. For example, in case of stabilization of
the hydrocyclone overflow, the fuzzy controller will contain the following
rule base.
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Table 1
Fuzzy rules for regulating the overflow of hydrocyclone
Ne Name Description Action
1 Measuring the p LESS p3 & Q LESS Qs W:=W-w &
density and P:=P+p
productivity of p LESS p3 & Q EQUALS Qs W:=W-w
overtlow and o LESS ps & Q MORE Qs | Wi=W-w & P:=P-
comparison with the D
given values p EQUALS ps & Q LESS Qs P:=P+p
5 p EQUALS p3 & Q EQUALS
Q3
p EQUALS p3s & Q MORE Qs P:=P-p
p MORE p3 & Q LESS Qs W:=W+w &
P:=P-p
p MORE p3 & Q EQUALS Q3 W:=W+w
9 p MORE p3 & Q MORE Q3 W:=W+w &
P:=P-p

In this case p, p8 — measured (average) and nominal density of
overflow; Q, Q3 — measured (average) and actual productivity of
hydrocyclone’s overflow; W, w — actual (average) the value of the amount
of water supplied to the hydrocyclone and the predetermined value of the
quantity of regulating water; P, p — the current value of the pump’s feed
and the preset value of the pump’s regulating feed. Thus, the first entry
in the table in the syntax of fuzzy logic is understood as "if the overflow’s
density (average) and the productivity of the hydrocyclone’s overflow
(average) are less than specified, then it is necessary to reduce the flow
of water into the sump and increase the pump’s feed”. This approach
allows reducing the number of used measuring devices in general and
using more simple sensors, in this case, a density meter and flow meter.
If this does not help to get the given density, then it is necessary to form
a signal on the first agent to increase the supply of ore.

In order to control the quality of the output products of the mill,
the magnetic separator and the deslimers, the fuzzy rules will look like
respectively in tables 2, 3 and 4.
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Table 2
Fuzzy regulator rules for controlling miln’s work
Ne Name Description Action
1 | Measuring of density and productivity | pl LESS pls & Q1 | V:=V+v &
of miln’s final product and comparsion LESS Q13 A:=A+a
2 with given values pl LESS pl3 & Q1 | V:i=V+v
EQUALS Q13
3 pl LESS p13 & Q1 | V:i=V+v &
MORE Q13 A:=A-a
4 pl EQUALS pls & | V:=V+v &
Q1 LESS Q13 A:=A+a
5 pl EQUALS pls & -
Q1 EQUALS Q13
6 pl EQUALS pl3 & | V:=V-v &
Q1 MORE Q13 A:=A-a
7 pl MORE pl13 & Q1| V:=V-v &
LESS Q13 A:=A+a
8 pl MORE pl3 & Q1| V:=V-v &
EQUALS Q13 A:=A+a
9 pl MORE p13 & Q1| V:=V-v &
MORE Q13 A:=A-a
Table 3
Fuzzy regulator rules for stabilizing of magnetic separator’s overflow
Ne Name Description Action
1 Measuring of p2 LESS p23 & Q2 LESS Q23 P:=P+p
2 density and p2 LESS p23 & Q2 EQUALS Q23 K:=K-k
g | productivity of ™ 57 FSS p2s & Q2 MORE Q23 | Ki—K-k & P:i=P-p
g | overflowand = o UALS p2s & Q2 LESS Q2 K—K+1k &
comparsion with
given values P=P+p
5 p2 EQUALS p23 & Q2 EQUALS -
Q23
6 p2 EQUALS p23 & Q2 MORE -
Q23
7 p2 MORE p23 & Q2 LESS Q23 P:=P+p
8 p2 MORE p2s & Q2 EQUALS -
Q23
9 p2 MORE p23 & Q2 MORE Q23 -
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Table 4
Fuzzy regulator rules for stabilizing of magnetic deslimer’s overflow
Ne Name Description Action
1 Measuring of p3 LESS p33 & Q3 LESS Q33 D:=D+d &
density and P:=P+p
2 | productivity of | 53 LESS p33 & Q3 EQUALS Q33 P:=P-p
3| overflow and 03 LESS p3s & Q3 MORE Q33 D:—D-d
4 | comparsion with = A S s & Q3 LESS Q35 D:=D+d
given values
5 p3 EQUALS p33 & Q3 EQUALS
Q33
6 p3 EQUALS p33 & Q3 MORE Q33 P:=P-p
7 p3 MORE p33 & Q3 LESS Q33 D:=D+d
8 p3 MORE p33 & Q3 EQUALS Q33 D:=D-+d
9 p3 MORE p33 & Q3 MORE Q33 | D:=D+d & P:=P-
p

Here pl, p13 — measured (average) and nominal density of product,
grinded in miln,; Q1, Q13 — measured (average) and actual productivity
of miln; p2, p23 — measured (average) and nominal density of magnetic
separator’s final product; Q2, Q23 — measured (average) and actual
productivity of magnetic separator; p3, p33 — measured (average) and
nominal density of magnetic deslimer’s final product; Q3, Q33 — measured
(average) and actual productivity of magnetic deslimer; V, v — actual
value of productivity of feeder, which supplies the ore to the mill, and
the predetermined value of the regulating power supply value; A, o — the
actual value of the water flow after the valve supplying the process water
to the mill and the predetermined value of the regulating value of the
water flow; K, k — the current value of the number of magnetic separators
in the battery and a predetermined value of the regulating quantity of
the number of switched-on separators; D, d — current value of the
diameter of the discharge nozzle of the deslimer and the preset value of
the regulating diameter of the deslimers nozzle of the discharger.

When controlling magnetic separation it is quite difficult to pick
up a controlling influence that would not violate the physical nature of
the process and would not be too expensive, therefore, magnetic
separation control is usually carried out indirectly. In this case, through
the control of the number of separators simultaneously working in the
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stage of and through the control of the previous mechanism in the stage
- setting the supply of the hydrocyclone’s pump.

Application of the agency structure requires the use of PACs, which
allows the following benefits:

e« Using of Data Science platform;

e Providing agent clients with cost-effective and convenient
forecasting analytics tools that improve application performance, increase
the level of intellectual data analysis, productivity of the decision-making
process.

e Application of custom code in several languages, such as SAS,
R, SQL and Python, controllers language.

e Optimization of complex control problems by choosing the best
solution with the most efficient use of limited resources.

e Minimize training time and increase the effectiveness of
cooperation between agents of all levels in transferring skills.

e« Reduce costs, resources, and maintenance by performing all of
the analytics tasks on a single platform.

o« Improved data preparation.

e Advanced predictive modeling techniques and algorithms for
supporting applications.

e Advanced visual analyzers available through a series of graphs
and reports.

e Easily connect to many data formats and databases from
virtually any data source.

e Improved productivity and automation of the decision making
process.

« Analyzers allow agents to analyze data directly in their database
without having to export them in order to quickly and effectively apply
analytics to themselves and all agents.

e The function of automatic code generation, which reduces the
amount of programming time by more than 30%.

e An intuitive graphical user interface that reduces manual
interference and allows users of all levels of skill to easily navigate
through software [8, 9].

Conclusions and directions of further research.

The analysis makes it possible to argue that the use of multi-agent
control will greatly increase the accuracy of control of the technological
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mechanisms of the ore mining complex and, in general, will make control
more adapted to real conditions and requirements related to the quality
and quantity of concentrate. The use of modern control means, such as
fuzzy logic, artificial intelligence, in general, will improve the quality
and accuracy of control.

The direction of further research is a more detailed study of the
links between the technological mechanisms of different stages of
enrichment and their impact on the parameters of the final product.
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PROCESS OF RESTRUCTURING AS INNOVATIVE IS
MECHANISMS OF UPDATING OF INFRASTRUCTURAL
ENTERPRISES

Annotation: In the article expediency of application of processes of
restructuring is grounded as an innovative mechanism of updating of
building enterprises of infrastructural type.

Keywords: building enterprises of infrastructural type, building, restructuring,
analysis, management.

Introduction

Building has the characteristic features that distinguish him from
other industries and dictate the necessity of specific forms of organization
and management of building operations. Complication and variety of
production of goods of building industry embrace different objects - from
onedomestic dwelling-houses to the large industrial enterprises and
engineering building. Technology of construction-works improves
constantly.

Uniqueness of building objects. Every building object after the
essence is unique, as he is constrained taking into account certain physical
terms, functional setting, individual requirements of customer, financial
possibilities and many other factors. Stationary character of building
products. The created object cannot be moved. Products are produced for
a consumer and consumed in the same place. Thus, a building market is
essentially the market of construction-works.

Variety of participants of building process. To the building process
project, building, engineering firms, customers of objects, producers and
suppliers of building materials and equipment, financial institutions and
public organs, are brought over. Thus noticeable variety of building firms
after their sizes and specialization - from shallow handicraft and domestic
firms to the giants of building industry with milliards cycle.

Formulation the problem

To groun d the process of restructuring of building enterprises as
innovative mechanism of development of competitiveness of building
complex in modern terms, that will allow to provide mobility of
organizational and technological constituent of enterprise.
© Tonkacheev G.N., Kistion V.E., 2017
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The basic material

Development of building industry closely constrained with other
industries of national economy and building plays an important role, so
as due to building the infrastructure of economy of country is created and
improves. It is Therefore expedient to analyse the volumes of capital
investments in all spheres of activity, in particular in building. The
volumes of capital investments with every year grow and the main source
of their financing is remained by the personal funds of enterprises and
organizations. In the first half-year of 2017 of enterprise and
organization due to all sourcings mastered 155,1 milliards of hrn. of
capital investments, that on 22,5% more volume of capital investments
for corresponding period of 2016 [3]. On a chart evidently, that among
all investments, building occupies 16,6% in 2014, 16,3% in 2015 and
12,6 in 2016. In machines, equipments, inventory and transport vehicles
it is inlaid 50,8% of all investments, in building and building - 41,1%
[3]. The most increase of capital investments comparatively with the
analogical period of 2016 p is fixed in the Zaporizhzhya (65% ), Ternopil
(64%) and Zakarpattia (46,4%) areas. The slump of capital investments
is marked in the Kyiv (-7,4% ), Mykolaiv (-2,5%) and Volyn (-1,2%) areas
[1]. The prospects of development of building industry in Ukraine remain
unchanging as yet, to what the indicator of business confidence testifies
in building.

Table 1
Comparison of volumes of capital charges and investments in building
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100000 33869.5 40931.5 409505
" O — =)
2014 2015 2016
] capital investments

By basic factors that restrain building activity there are financial
limitations and insufficient demand. However, changes that take place
lately abandon the best hopes. Among most active after the rates of
building became Kyiv, Dnipro of area and Western Ukraine.

ISSN 1562-9945 159



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

As experience testifies in relation to an acceptance and ground of any
level of administrative decisions, in that clean and in relation to tacking
/ or including to every sort of alliances, unstate associations or economic
concord, the decision of the scientifically-applied and organizationally-
economic task becomes urgent from determination of expediency of
incorporation of the national economic system and, accordingly,
Ukrainian enterprises to the new format of functioning. And, also, it
follows to admit and carry out authentication of the real terms/ of pre-
conditions and limitations on results realization of integration choice of
the state [6,9]. It is marked, as known, largely, it must be based on the
dominants of providing of sufficient economic strength security, and not
only for Ukraine but also for any state of the world.

Thus, it follows to bring arguments over in relation to [6; 9; 16; ]:
first, to expediency of realization of corresponding type of politics with
working out in detail of results on results the deep and complex analysis
of factors, that can predict the origin of that or other sort of calls, risks
or threats to mnational economic interests; second, existence of
corresponding technology of authentication and objective system of
evaluation of adequacy of the existent system of adjusting of economy to
the requirements to relevation of infobase and requirements in realization
of system research of modern problems and obstacles on the way of
forming, increase and use of potential of steady development of Ukraine.

Organizationally-economic pre-conditions are indicated higher of
providing of effectiveness of strategic management restructuring of
enterprises of base for Ukraine industries and productions that can
barrier an acceptance and realization of objective administrative decisions
in the field of the management of steady development of regions of
Ukraine potential, authors [6; 9; 16] offer divided into three groups: And
- external character of "soft hegemony” of international management; II
- internal nature, that conditioned by the scales of development of the
potential of steady development already formed on the walks of life of
Ukraine; III are factors, that determine the necessity of the cardinal
updating of different spheres of activity of national industry, the list of
that is exposed by research authors in intercommunication from, : formed
by branch and regional copulas; balance of interests purchased in the last
time; intensifying of differentiation of economic and social development
of regions.
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And will mark that is why, that most actual, on this stage of
development of national economy, before the enterprises of industrial and
communal thermal energy and, accordingly, power and scientifically
complete an engineer, a task stands in relation to providing, activation
and stimulation in the contiguous spheres of activity of politics of the
prudent and effective use of different types of energy, that and such
direction of restructuring as updating and reformation of industrial and
economic activity, improvement of organizational and of communication
structures of management requires confession priority and others like
that. As, now, consumed by thermal energy’s objects, in majority to it,
anything on quality and technical descriptions the imported fuel, and
enterprises from the contiguous types of economic activity (but communal
energy also) have features of functioning and specific terms of
development within the limits of certain region (and, accordingly,
excellent requirements to quality of products).

Will mark also, that cost of building, restructuring, modernisation,
reformation and, accordingly, service of the Ukrainian termal- generating
equipment depend on charges on [7; 16; 17]: table of contents of auxiliary
personnel of the systems of the central and sectional heating; removal of
extraordinarily high level of hierarchicalness and complication of the
checking, account and allocation of charges system used in the state
comparatively with without by expense exploitation of the systems of the
individual heating (however, now, it arises up, simultaneously with these
objective processes, and problem in relation of account of thermal energy,
as, in Ukraine, as yet, the volumes of charges of natural gas are taken
into account only); acquisition and completing of thermal energy
equipment by an automatic tool and starting vehicles (mechanical part of
equipment that is produced on the Ukrainian enterprises has a high level
of quality and sufficient warranty term of exploitation, and automatic

Consequently, working out in detail of pre-conditions in relation
to providing of effectiveness of strategic management restructuring of
enterprises envisages a requirement in realization of complex
energyeconomic inspection of the industrial and economic systems of
industrial thermal energy in the regions of Ukraine. In this accordance,
will mark that, as known (it is presented in [5; 8]), on results the complex
power inspection of enterprises : from 35 424 the heating Ukrainian boiler
rooms (total power 117,8 thousand Gkan provides generating 104,3
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million Gkaxa) that operate (from them, 9800 work on a hard fuel and
24565 on gaseous, and on liquid - only 333 boiler rooms [133; 142; 189])
need urgent modernization 15 871 (term exploitation is 20 to). If and was
possible in their limits for a year simultaneously to carry out updating of
and productive, and technological cycles (for producing with new
descriptions of progressive thermal energy equipment), then other (19
553) generating industrial and economic complexes, needing permanent
service, will "break ranks” (proceeding in their powers it will be not
maybe on all parameters).

However, as known, during one year to carry out restructuring and
updating of productive facilities of 15 871 enterprises, simultaneously, is
an impracticable task, as, modernization 1 it takes place 3 to (minimum
term). Consequently: industrial and housing complexes of our state will
not be provided a heat (for a year can lose 46,7 million Gkasn of heat).

Marked higher interpretation and present probability of origin of
further destructive (where evolutional) structure of i dynamic processes
within the limits of the real to the sector of economy of Ukraine and,
consequently, substantial decline of power strength of the state security
as a result of: violation thermal of generating and supply (an extent of
networks is 32,5 thousand - 5,9 thousand a kilometer kilometers from
them an emergency); origin of emergencies; material losses and, that it
practically maybe, human also. Lately on the thermo generating
enterprises of Ukraine 80,1 thousand of standard type of caldrons is set.
From here: introduction of renewal cycle of to teach again of personnel
(sufficient high level of qualification) and passing to maintenance of new
equipment not only are complicated and needs set time, and will leave
without warranty service control the operating heating system and
generate stations that and so have the substantial spending (16,2 million
T in. m.) - in T. 4., and in connection with, so names, by "reformation”
and privatizing of unprofitable industrial objects (well-known facts of
raider attacks are on state and non-state enterprises).

Besides, necessity of sectorial redistribution of labor resources [11;
16] will require considerable financial charges and efforts of regional and
local correlations [10; 13].

Conclusion

Reasonably, that development of building industry closely
constrained with other industries of national economy and building plays
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an important role, so as due to building the infrastructure of economy of
country is created and improves. In particular, the volumes of capital
investments with every year grow and the main source of their financing
is remained by the personal funds of enterprises and organizations. A
historical analysis shows an unevenness to the process of forming of
present housing fund, the cycle of spades of that will recur in case of
occurring of requirement under major repairs and after completion tenure
of employment of houses, reconstruction or at new building, - obviously,
if to envisage maintenance or increase of the attained level of the housing
providing.

On the basis of results deep economically-statistical analysis and
system-universal analyses and comparative estimation of terms and
limitations that exist in the field of the cardinal restructuring of
production on the way of realization of integration choice of the state to
the incorporation to the countries of europations concord a necessity to
envisage the real levels of correlativeness of national technical
descriptions of the specialized enterprises real to the sector of economy
from administrative politics of adaptively of the Ukrainian industrial and
economic cycles to the technical requirements of functioning only network
concord and industrial and economic function real sector country €C is
certain.

It is confirmed, that withstand and legalized, now, within the limits
of national production, it is taken into account normatively-legal options
and regulations and envisaged objectively present requirements to the
level and qualification of personnel; to balance and measuring of thermal
economy of options, adapted output-input ratios; to the feasability study
already of put into an operation, however, with the threadbare fixed
productive assets and modern requirements; quality and maintenance of
current documentation; code system; table of contents of new power
passports of RPC and passports of exploitation of the heating systems and
others like that.
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Annotation. Today, there are quite a few different probabilistic programming
languages that to some extent use the concepts of probability theory for their
calculations. But we wanted to know what data types exist for solving probabilistic
tasks. In the present paper we present a system analysis of abstract data types in
selected languages of probabilistic programming.
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programming languages, Programming languages.

Formulation of problem

Probabilistic programming languages, in their simple form, extend
the well-known deterministic programming language with primitive
constructions for random choice [17]. However, over time, there was a
creation of new tools for probabilistic inference and the emergence of new
complex probabilistic simulation programs. The presence of a large
number of probabilistic programming languages led to the idea that there
is a certain programming paradigm, the so-called probabilistic
programming.

Figure 1 - Classification of programming paradigms [17]

Basic principles language design and probabilistic programming were
given in [8]. Also in this article describes the differences between
Probabilistic Programming and Probabilistic Model Checking.
© Vasilenko V.G., Baklan I.V., Shyrii V.V., 2017
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Literature review

About each of probabilistic programming languages there are
relevant article or the corresponding page on the Internet from their
authors. Therefore we will list those languages about which we will speak.
Namely: Church (MIT BCS/CSAIL) [5, 13], Anglican (MIT, Oxford
University and DARPA PPAML) [2-4, 15], Venture (MIT BCS/CSAIL) [9,
11, 18], Infer.Net (Microsoft Research) [12], TensorFlow [6, 13] (Google)
with libraries TensorFlow Distributions (Google, Columbia University) [1]
and Edward (Columbia University) [7, 8, 16].

The purpose and objectives of Article

In each of the languages of probabilistic programming with the help
of abstract types, the basic concepts of probability theory are realized:
probability space set, random variable, probability, probability
distribution. These concepts, in our opinion, must necessarily be
implemented in languages of probabilistic programming.

In this article, we will analyze the implementation of the basic
concepts of probability theory with abstract data types in probabilistic
programming languages. Namely: Church, Anglican, Venture, Infer.Net,
TensorFlow with libraries TensorFlow Distributions and Edward.

Main part

Church (MIT BCS/CSAIL).

Let's start our analysis with the Church. Church - a universal
language for describing stochastic generative processes. Church is based
on the Lisp model of lambda calculus, containing a pure Lisp as its
deterministic subset.

We will provide the partial description of language with [5]: «Church
language is based upon a pure subset of functional language Scheme, a
Lisp dialect». What we can understand from the reading: Church uses the
same abstract types as Scheme. Feature of Church is the fact that
expressions are values and these expressions describe generative
processes.

In Church there is one interesting feature — all computation returns
to Church in the form of random variable [12].

To specify sets, you can use built-in commands, such as list, vector
and map. Using the built-in Scheme types to represent probabilities,
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Church uses the type number. And it can be like integer or, if it is
necessary to calculate probability, rational.

For calculation of probability a distribution function is used. It
returns value from evaluating the body given env and values of formal
parameters.

Anglican (MIT, Oxford University and DARPA PPAML).

Because Anglican is like the Clojure programming language, it uses
the same data types. Here are just Clojure data types are Java data types,
which also means that all values in Clojure are regular Java reference
objects.

For representation of sets, Anglican, as well as Church, uses the list,
vector or hashmap types. Sample method returns a random sample and
roughly corresponds to the default implementation of the sample
checkpoint.

For storage and work with probability, Anglican uses library
java.lang.BigDecimal — decimal values or other classes, because Java
primitives are usually boxed in Clojure functions. The observe method
returns the log probability of the value, which roughly corresponds to the
default implementation of the observe checkpoint.

To determine the distribution used macro defdist. It takes care of
defining a separate type for every distribution so that Clojure
multimethods (or overloaded methods) can be dispatched on distribution
types when needed.

Venture (MIT BCS/CSAIL).

Venture is essentially a Lisp-like higher-order language augmented
with two novel abstractions:

Probabilistic execution traces (PETs or abbreviated as “traces”) are a
first-class object that represents the sequence of random choices that a
probabilistic program makes. Each program subcomputation that yields a
result corresponds to a random variable.PETs serve as the only native
form of mutable storage in Venture, and map dynamic “addresses”
assigned over the course of program execution to the manifest values
taken by the program at those addresses;

Stochastic procedures (SPs). SPs are used to encapsulate simple
probability distributions, as well as user-space VentureScript programs
and foreign probabilistic objects. An SP consists of a linked collection of
programs and meta-programs that collectively describe aspects of a
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probabilistic program that are important for its use in modeling and
inference. SPs are designed to allow simple probability distributions, user-
space VentureScript, and foreign probabilistic programs to be treated
uniformly as building blocks of complex probabilistic computations;

The authors state that Venture uses the usual scalar and symbolic
data types from the programming language Scheme. Also in Venture there
is support for collections and additional datatypes corresponding to a
primitive object from the probability theory and statistics. There is
support for the stochastic procedure datatype for using compound
procedures returned by lambda.

Here is a list of the most important values:

e Atoms — discrete items with no internal structure or ordering;

e Numbers — data types like as integer, rational, real, and complex;

e Collections — vectors, which map numbers to values and support
O(1) random access, and maps (map values to values) with support O(1)
amortized random access;

eStochastics procedures — standard library components and can also
be created by Lambda and others stochastic procedures.

Infer NET (Microsoft Research).

Infer NET framework for running Bayesian inference in graphical
models. Infer.NET provides the state-of-the-art message-passing
algorithms and statistical routines needed to perform inference for a wide
variety of applications.

In Infer.NET it is possible to create three types of variables: random
(values are unknown and whose posterior distributions can be calculated
during inference), constant (fixed values), observed (values not specified
when the model is constructed, but are given before performing
inference).

Infer NET is used to create variables other than simple data types,
such as bool, double, int, enum, string, char. Vector and
PositiveDefiniteMatrix are used as vector and matrix types for creation
of probabilistic sets. In addition, all of them and also TDomain [],
ISparseList <>, IList <> can be used for discrete, continuous,
multivariate and sequence distributions.

For greater convenience and possible simplicity, the developers
provided methods for creating random variables with various distribution
factors. It can pass in random variables as arguments e.g. Variable <bool>
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instead of int. In [11] you can see examples of such usage, as well as with
the description and syntax on Infer.NET. Built-in functionality allows
you to use different types of data parameters. For example, with discrete
distribution.

TensorFlow (Google), library TensorFlow Distributions (Google,
Columbia University) and Edward (Columbia University).

TensorFlow is based on use of so-called tensors. We will give small
definition about tensors. Tensors are simply mathematical objects that
can be used to describe physical properties, just like scalars and vectors.
In fact tensors are merely a generalization of scalars and vectors; a scalar
is a zero rank tensor, and a vector is a first rank tensor [18].

The rank (or order) of a tensor is defined by the number of directions
(and hence the dimensionality of the array) required to describe it. For
example, properties that require one direction (first rank) can be fully
described by a 34Ul column vector, and properties that require two
directions (second rank tensors), can be described by 9 numbers, as a 343
matrix. As such, in general an nth rank tensor can be described by 3n
coefficients.

Tensors are used to represent the data structure in programs written
in TensorFlow. Using tensors, TensorFlow represents the probability space
is an N-dimensional array or list. The tensor has a static type and a
dynamic dimension.

TensorFlow provides several possibilities for creating so-called
random tensors with different distributions. In this case, after each call
and calculation, new random values are created.

Tensors can be of such data types: bool, half, float, float64, uint8,
int8, intl16, int32, int64, complex64, complex128, string. But you can
also use standard data types with Python. For example, as bool, str, list
or tuple.

More recently, for TensorFlow, another library of adaptation of the
vision of probability theory to the modern deep-learning paradigm of end-
to-end differentiable computation. It is called TensorFlow Distributions
[1]. It is constructed on such two abstractions: Distributions and
Bijectors. The first provides a collection of approximately 60 distributions
with fast, numerically stable methods for sampling, log density, and many
statistics. The second one allows composable volumetracking
transformations with automatic caching. Together these enable modular
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construction of high dimensional distributions and transformations not
possible with previous libraries.

Also, this year was presented Edward [15] — deep probabilistic
programming library, which expands deep-learning research by enabling
new forms of experimentation, faster iteration cycles, and improved
reproducibility. Edward provides a language of random variables to
construct a broad class of models: directed graphical models, stochastic
neural networks, and programs with stochastic control flow. In Edward,
random variable is an object parameterized by tensors. For Edward, the
TensorFlow Distributions library has a backend.

Conclusion and future research directions

We will write short outputs about each of the probable languages
selected by us. We will select several highlights. The first is that all the
languages we choose use the data types of their "parent” programming
languages. The second is that for the use of distributions and random
variables, the built-in functions or methods in each of the languages are
used. And the list of these distributions can be different. Depending on
various factors (development experience, knowledge in the field of
probability theory, etc.), the development of own probabilistic concepts
can cause confusion.
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M.A. Voronenko

INFORMATIZATION OF THE PROCESSES OF DECISION-
MAKING IN EMERGENCY SITUATIONS

Annotation. The processes of optimization of making managerial decisions in
emergency situations taking into account the risk are considered. It is substantiated
that an analysis of the risk of making erroneous decisions in management is a complex
of actions that unites the identification, study and analysis of the mechanisms of
possible undesirable consequences that have an impact on people's health, as well as
the effective functioning of the health protection system at all.

Keywords: optimization, emergency situations, health protection system.
Introduction

Today the number of anthropogenic emergency situations (accidents
at nuclear power plants, fires and explosions at industrial facilities,
transport accidents) constitute 75-80% of the total number of
emergencies. 39% of all natural emergencies occur in Asia, 26% - in
America, 13% in Africa, 13% in Europe, 9% in Australia and 9% also
in Oceania. According to the information from International Red Cross
organization, natural emergencies deprived the lives of more than 11
million people in the XX century. Annually, the number of people affected
by natural disasters increases by an average of 6% . Many sufferings
inflict on humanity outbreaks of infectious diseases, due to which at least
1.3 million people die each year.

Effective decision-making aimed at eliminating the emerging problem
situations is impossible without information about the risk of the
situation and its development. Therefore, in the management of the
emergency situation, an information system must function, which will
provide the structural units with the necessary operational and statistical
information, and will facilitate the adoption of group decisions at various
levels of government. For this, it is necessary to develop algorithms,
programs and information technologies based on the achievements of
modern mathematical science and computer facilities.

The purpose

Emergency management systems are developed in different countries
(USA, FRG, Japan, Russia, etc.). At the same time, automated
information systems are created. Examples of these are the GISNH

© Voronenko M.A., 2017
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Information System of Natural Disasters, established by the United
Nations in Geneva, RODOS (the development of European institutions for
monitoring radiation risks in Europe), the PPS decision support system
implemented in a number of Scandinavian countries. RISK WIT,
ATMOSPHERE, CARIS systems are designed for information support for
decision making in chemical contamination, DSS / IPC - to assist
managers in industrial pollution of the environment. In the United States,
the Federal Emergency Management Agency has established a national
network and emergency management system for NEMS, consisting of
communication networks, information systems and various facilities.
National systems of IRIS (Germany), RIMNET (Great Britain), ARAC
(USA), RAS GO and "Center” (Ukraine) [1,4,5] are also established in
some countries.

Therefore, it becomes urgent to unite the efforts of all interested
parties and institutions in the preparation and adoption of justified
decisions in the sphere of ensuring the security of the population, the
state, territories, and the natural environment. This is also the work to
raise the level of awareness of society, management bodies and
organizations on issues of analysis, risk control, risk acceptability. This
is an independent examination and development of programs, projects,
promising ideas, technical solutions, regulatory documents and also
scientific research activities.

The main material

The health of people occupies a special place in the system of values
held by any civilized nation. As from the point of view of a single human
biography formation, and at the level of the society development, it is
difficult to find another phenomenon that would have more bigger
importance than health, a deep inner meaning and influence on different
aspects of activity.

To improve the effectiveness of the management system, its
functioning at all levels should be organized in accordance with the
principles of accountability, transparency, predictability and provision of
social guarantees to employees.

Flexibility of management (at any level) is a constant balance between
risk and possible achievements. Constant balancing is risk management,
that is, risk is a component of the management entity. Figure 1 shows the
structure of the natural and man-made risk management system [2].
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The analysis of the literature sources indicates that the content and
nature of public management of national health systems in Eastern
Europe are closely related to the risk of making wrong decisions in
planning and implementation.

ECONOMIC AMND SOCIAL FACTORS
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Fig. 1. Structure of the management system for natural and man-made risks

Schematically, the relationship between the main components of the
risk of making erroneous decisions in management, including health
management, is shown in Fig. 2.

Based on the above and taking into account the research of
V. Kuzmenko [2] and A. Terentyeva [5], it can be concluded that the risk
analysis of making erroneous decisions in the management of the health
care system is a complex of actions that unites the identification, study
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and analysis of the mechanisms of possible undesirable consequences
affecting people health, effective functioning of the health care system
and its management bodies in order to prevent or counter the effects.

Factars contributing to the
acclrrence of risk

Y

Danger(threat) in management

&

The risk of making an ervoneous decision

v
[ Y

Froblem of decision making on B N The problem of making a decision on
maragement is not solved management s solved

Fig. 2. The relationship between the components of the risk of making an
erroneous decision

The aforementioned predetermines the need to apply a system
approach to the study of public health management process in order to
improve the effectiveness of management itself. System analysis is, in
fact, a methodology for studying objects by mapping them as a data
system. An analysis of such a system can be a really effective means of
solving complex, often vaguely formulated problems. In this case, any
object is considered not as a single, indivisible whole, but as a system of
interrelated constituent elements, their properties and qualities. System
analysis can be reduced to clarifying the complex problem of its
structuring into a series of tasks that are solved with the help of different
modeling methods, searching for criteria and their solution, detailing the
goal, creating an effective organization to achieve it [3].

In the context of system analysis, the emergency situations
management can be displayed as a large complex system combining a
significant number of particular nature interrelated components, ordered
by attributes. Effective activity of such a complex management system
provides certain prerequisites and properties, such as hierarchy,
structure, integrity, functionality, manageability, direction to the goal,
self-organization and the like [5].

One of the main tasks of system analysis is the creation of an
information base. Work on information support provides for two phases.
First, the collection, analysis and processing of information, and,
secondly, the formation of a database that is used at different stages
(generating an information model, obtaining many predictable solutions,
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estimating the model's accuracy, analyzing received forecasts, and so on).
When forming the information base, the following requirements for the
initial information should be taken into account [4]:

—filling statistical data in order to obtain reliable information and to
reveal the degree of inertia of various performance indicators of the
system;

—providing the most complete system performance, which is modeled
on the basis of output data;

—comparison of statistical indicators;

—the uniformity of the methods for calculating the values of each
indicator.

One of the tools for implementing the principles of system analysis
in public health management is the application of the method of strategic
planning. The main goal of strategic planning is regular assessment of
the operating conditions, development of appropriate strategies to ensure
a strong balanced position, which plays an invaluable role in long-term
success. In determining the strategic course, an integral component is the
conduct of internal and external system analysis.

External system analysis determines the threats and opportunities
for program development. Evaluation of the results obtained as a result
of the external system analysis is necessary in the dynamics (past - present
- future), which allows to predict and develop a program of actions,
determine the feasibility of implementing those or other directions and
identify the most important of them, to investigate the probability of
achieving the goal.

Internal system analysis provides a choice between qualitative and
quantitative methods of data accumulation. Quantitative methods, first
of all, provide the ability to compare data and represent them in numerical
form. They make it possible to assess the confidence interval relative to
the size and structure of the phenomenon, and also contribute to
increasing the credibility of research in the eyes of society. In turn,
qualitative methods have a wide range of varieties and provide for a
wealth of details, details, fragments that reflect the features and high
flexibility of research, increased attention to the essence of phenomena
and views, dynamic tracking of changes in time. It is often necessary to
combine quantitative and qualitative methods within a single study.
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To implement strategic planning, it is necessary to evaluate the
alternatives, which is related to SWOT analysis (Figure 3) [7].

What do vou need?
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What do vou &
want to gohieve? E
‘- I E
= ] =9
Strategic Objective o
B
2
What is your N
praofessional fevel? Strengths &
Intrasystem analysis Weaknesses .

Fig.3. SWOT analysis in strategic planning

In this case, it is necessary to take into account possible options for
interaction of factors, where S — strengths, W - weaknesses, O -
opportunities, T - threats:

« OS (+ +) - maximum opportunities, maximum strengths;

« OW (+ -) - maximum of opportunities, minimum of weaknesses;

« TW (- -) - minimum of threats, minimum of weaknesses;

« TS (- +) - minimum of threats, maximum of strengths.

It is known that with system analysis there are many threats to the
reliability of the findings: the "aging” of the samples, extraneous events,
the impact of retesting, the modification of instruments and methods of
research, and the like. Data on which variables affect the desired results
should be taken into account from existing studies. Based on this analysis,
you can better understand which methods are effective, and which require
further development.

System analysis at the level of regional management is traditionally
associated with the adoption of management decisions and their
formulation in the form of regulatory legal acts [3]. One should be
prepared for the fact that, at least in some cases, the use of analysis
results is negative and obvious, often the system analysis can be
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conceptual and it is difficult to see "with the naked eye”. Representatives
of the authorities and organizations do not always use the results of the
research directly to make immediate decisions. However, with the help of
system analysis, decision makers supplement their knowledge, so the
impact of research results on approved solutions is stretched over time
[4,5].

Significant changes in the organization of management that occurred
at the turn of the 20th and 21st centuries have acquired an irreversible
nature and are associated mainly with the scientific justification of
modern trends in social and cultural development, the processes of
globalization, informatization and the internationalization of
management systems and management practices.

The basis for effective management of collective activities of people
are objective processes of social development, knowledge of which
significantly affects the interpretation of the relevant concepts,
approaches to clarifying their content and patterns of development.

That is why, at the forefront of scientific research on the regularities
and trends that occur in the sphere of management organization at the
moment and are of great practical importance, there have appeared
various directions and processes that are most reflective of the changing
conditions of the global market environment for the functioning of
modern organizational structures. These complex external conditions led
to the reorientation of the management systems of organizational
formations to the widespread introduction of the latest technologies and
methods of highly productive monitoring, forecasting, justification of
risk operations and the dominants of a strategic approach in management.

Conclusion

1. The analysis of the literary sources of ukrainian and foreign
authors indicates that the content and nature of decision support systems
regional management in the context of sanitary and epidemiological
situations are closely related to the risk of making erroneous decisions in
the planning and implementation phase.

2. The processes of making managerial decisions optimization in
emergency situations taking into account the risk are considered. It is
substantiated that an analysis of making erroneous decisions risk in
management is a complex of actions that unites the identification, study
and analysis of possible undesirable consequences mechanisms that have
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an impact on people’s health, as well as the effective functioning of the
health protection system.

3. It has been found that one of the effective ways to optimize the
activity of the health protection system can be considered the modeling
of emergency situations management process.
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THE RESEARCH OF WATER SUPPORT QUALITY IN
KHERSON REGION

Annotation. A study of water supply sources in the Kherson region has been
carried out. It is substantiated that the state of health of the population of the region
depends, among other things, on the quality of drinking water. Since at present most
of the samples show no compliance with the standard and a significant excess of the
norm, it is necessary to carry out studies on modeling and forecasting the processes of
deterioration of the quality of drinking water.

Keywords: correlation sequence, population, groundwater quality.

Introduction

Water is 60 percent of the body weight of a person. The most
intelligent part of our body - the brain - consists of water by 84 percent,
kidneys consists of water by 83, heart and lungs consists of water by 7
percent, and so on. Even with the loss of one to two percent of the water
available in the body, a person experiences thirst, a loss of 10 percent of
moisture leads to a disorder of the mental apparatus, and a loss of 14 to
15 percent of water leads to the death of the body. On average, a healthy
person is drinking to 2.5 liters of moisture per day, therefore, in order to
maintain the water balance in the body, he must consume the same amount
of water [1].

The purpose

For 60 years of life, a person drinks a whole cistern - 50 tons. It is
estimated that the world's population consumes 7 billion cubic meters of
water per day. The water cycle in nature provides a sufficient amount of
water for the present population of the globe, but in the process of
circulation the water becomes more and more polluted. In other words:
there is no water problem on the Earth, there is a problem of clean water.
It is believed that more than two billion people on Earth are practically
unable to use clean drinking water. According to the World Health
Organization, almost 80 percent of all diseases are caused by poor quality
drinking water. Hence it is clear that the problem of water purification
will be one of the main problems of mankind in the XXI century [2].

In our work, we investigate the quality of water supply sources, in
particul ar, the quality of drinking water in the Kherson region.

© Voronenko M.A., 2017
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The main material

Caring for obtaining a sufficient amount of water, suitable for
drinking and to meet the cultural and everyday needs of the population
in water, accompanies humanity throughout all periods of its existence.
At the same time, the nature and forms of water supply of the population
changed along with socio-economic conditions. At present, the satisfaction
of the needs of populated areas in the water is carried out mainly by
centralized water supply systems, i.e. household and drinking water
pipelines, the main source of which in Kherson and Kherson region are
groundwater. In total, there are more than 2.500 wells in the region and
only 55% of them supply water in accordance with the requirements,
which was approved in 1982 and has not been changed since then, despite
a significant deterioration in the ecological situation in Ukraine [3,4].

On the territory of the Kherson region there are 9 cities, 30 urban-
type settlements and 675 rural settlements (Figure 1). Centralized water
supply is provided to all cities and towns of urban type and 611 rural
settlements. Water supply to the settlements of the region is carried out
from 58 communal, 362 departmental and 792 rural water pipelines. All
in all, 1213 water pipes are used for water supply of the population, which
is 3 more than last year due to open two water pipes in Kherson (bakery,
CJSC "Micon") and one on bunkering ships in Kherson port.

The main sources of water supply for water pipes are more than 2.5
thousand artesian wells. 88 wells, 4 facilities for the use of groundwater
and 13 artesian wells, and 105 sources of decentralized water supply are
additionally used for water supply to the rural population [3,4].

Vysokopillya
tsivica ™

Verkhny Rogachyk

Velyka Lepetykha
Gornostaivka
Berislav

KHERSON

Tsjurupinsk
Chaplynka

Kalanchak

Skadovsk

Fig.1 The map of the Kherson region
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Over the past 20 years, the city has almost no new sources of water

supply [56]. The situation with water supply and sanitation in the city is

critical (Table 1).

Status of water supply sources

Table 1

Number of water
. Total Total number of
Districts and cities pipes that .do not number of | wells with a %
meet sanitary
standards wells broken fence

ITvanivka district 20 75 20 26,7
Bilozerka district - 141 3 2,1
Beryslav district 3 187 76 40,6
Velyka Oleksandrivka 19 93 19 20,4
district
Velyka Lepetykha 9 113 9 7,9
District
Verkhniy Rohachyk 10 65 29 44,6
District
Vysokopillia district 11 48 15 31,2
Henichesk district 3 230 3 31,2
Hola Prystan district - 195 - -
Hornostaivka district 6 118 6 5,1
Kalanchak district 6 64 6 5,1
Kakhovka district 4 89 8 9,0
Nyzhni Sirohozy 4 129 16 12,4
District
Nova Kakhovka 2 100 2 2,0
Novovorontsovka 2 62 25 72
District
Novotroitske district 16 143 16 11,2
Skadovsk district 10 188 10 5,3
Oleshky district 10 124 10 8,1
Chaplynka district 3 183 60 42,3
Kherson 11 234 - -

The construction of the Podstepne’s water intake that was started is

suspended due to design deficiencies, and the construction of a water

intake from the Dnipro river due to a shortage of funds in the budget of
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the city and the region. From year to year, it was planned to continue the
construction of the second stage of the Antonovka’s water intake with a
capacity of 8-10 thousand m? of high-quality drinking water per day, but
again because of lack of funds in the local budget construction was not
conducted. For this reason, there is a constant shortage of drinking water
in Kherson in 30-40 thousand m?3 per day especially in the summer, hot
period.

A special situation is observed at the first site of the water pipeline,
where the ammonium and nitrate contamination of groundwater has
assumed alarming proportions: the nitrate content of the exploited wells
is 72.9 -248 mg/dm?3. Pollution of this area with nitrogen compounds is
associated with the activities of the Kherson seaport. In the observed well
Ne 982, located five meters from the seaport area towards the water intake
facilities, the mineralization increased 18 times (up to 9.22 g/dm?) after
corrosion, the sulfate content increased by 284 times (up to 5105
mg/dm?), which indicates the presence of nearby halo of groundwater
pollution.

The ecological condition of the territory of the region is affected by
a huge number of abandoned wells, the presence of which is the result of
the reorganization of enterprises and farms in the region. Even in the
worst condition are the sewer networks and facilities of the city. Out of
a total of 282 km, 49% are completely worn out. Particular danger is
created by emergency pressure and gravity sewage pipelines of large
diameter from 300 to 1200 mm, accidents leading to the discharge of
untreated sewage into the environment and the Dnipro river basin. In
total, in 2009, 1646 minor accidents and 38 major accidents were
eliminated on the sewerage networks of Kherson [4,5]. More than 300 km
of emergency sewer networks are operated. Thus, the main pressure
collector, which takes waste water from the city of Skadovsk and the
entire health zone, is completely worn out. Particularly alarming are the
rural water pipelines with an underdeveloped street network, as well as a
low level of technical and preventive maintenance. Every year, the length
of depreciated networks increases, the number of accidents and
breakthroughs that are not eliminated for 2-3 weeks [4,5].

The work of household and drinking water pipelines and sources of
decentralized water supply is under the control of the sanitary
epidemiological service of the region. In the current survey of water pipes,
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16066 drinking samples were taken for microbiological testing, 9487
samples were taken for sanitary-epidemiological indicators. 482 samples
from the total number of samples that were examined for microbiological
indicators did not meet the requirements of the state standard. This
amounted to 2.6% . 1849 samples from the total number of samples that
were examined for chemical indicators did not meet the requirements of
the state standard. This amounted to 15.2% [5].

Intensive use of groundwater in the past (excess of predicted
operational reserves) has become one of the causes of chemical
contamination of groundwater in the main Neogene aquifer complex in
the south-eastern region of the region. Long-term use of underground
sources of water supply leads to their contamination by more mineralized
waters below the located underground aquifers, so 45% of artesian wells
supply water that does not meet the sanitary requirements for indicators:

mineralization, dry residue, stiffness, nitrates, sulfates, chlorides (Figure
2).
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Fig. 2. The number of drinking water samples that do not comply with the
state standard, out of the total number of samples in percentage
In spring and summer, a large part of the population of Belozerka,
Berislav, Vysokopilla, B.Aleksandrovka, Genichesk, Kakhovka and
Chaplynka districts remains without water.
Figure 3 shows the dynamics of deterioration of water quality in the
region on a dry residue for the period 2000-2017. As we can see, with the
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norm of the dry residue of 1000 units, at the present time the
overwhelming majority of samples show an excess of this indicator.
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Fig.3. Dynamics of water quality deterioration on dry residue

According to the Berislav district, a correlative dependence was
constructed showing that the cardiovascular system in this region is 84%
determined by the quality of drinking water [3]. In addition, the effect of
a temporary lag was noticed: the incidence in the current year is
determined by the quality of water two years later. This indicates that
the disease develops gradually: a year later the disease develops, and two
years later the patient turns to the doctor.

Next, we performed the following experiment: to the deviation in the
chemical composition of water this year added 15% of the value of the
previous year. On the example of statistics of diseases of the Henichesk
district (Fig. 4) we showed how the residual phenomena of previous years
affect the incidence of today (cumulation effect). The correlation sequence
in the original case is described by equation:

Ys = 422,9 + 3,69x. 1)

Correlation sequence in the case of adding 15% of the values of the
previous year is described by equation:

Ys = 328,41 + 6,59x. (2)

The coefficient of multiple determination R? in this case increased
from 4% to 59%, and the standard error ¢ decreased from 87.5 to 38.4.
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Fig.4. Dependence of diseases of the cardiovascular system of a person on the
water quality of the Henichesk district: a) with the initial regression; b) with
a shift of two years + 15% from the previous year

Among the total number of samples that do not comply with the
standard, two most significant parameters (chlorides and total hardness)
were identified, which determine the main percentage of nonconformities.
On these two indicators, a two - factor model of the dependence of diseases
of the gastrointestinal tract on the number of drinking water samples that
do not correspond to the norm on chlorides and the general rigidity is
constructed. Based on the statistics of the Berislav district. It is linear in
rigidity and non-linear in chloride, that is, the incidence increases with
decreasing water hardness and increases square with increasing chloride
content in water. The same studies were conducted in Belozerka,
Genichesk, Vysokopilla, Gornostaevka, Novotroitsk and Chaplynka
districts, where the growth of diseases is confirmed against the
background of deteriorating water quality.

The incidence in many cases depends solely on the sanitary condition
of settlements, the hygienic living conditions of the population, the state
of the environment. One possible solution is to predict this problematic
situation. Studies are needed to model these processes, as well as their
consequences, namely, the health status of the population; modeling
situations, thanks to the current state of affairs with water supply; the
modeling of the way out of the situation at the moment of its
transformation into a critical one.

Conclusion

A study of water supply sources in the Kherson region has been
carried out. It is substantiated that the state of health of the population
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of the region depends, among other things, on the quality of drinking
water. Since at present most of the samples show no compliance with the
standard and a significant excess of the norm, it is necessary to carry out
studies on modeling and forecasting the processes of deterioration of the
quality of drinking water.

For this, it is necessary to develop algorithms, programs and
information technologies based on the achievements of modern
mathematical science and computer facilities.
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S.V. Olszewski, D.I. Tarnavskyi, Y.S. Ivzhenko
WEB-APPLICATIONS PROTECTION ESTABLISHMENT

Annotation. The modern world carries thousands of threats and potential
dangers literally at every step and every moment of time. The World Wide Web, which
has become an integral part of our lives, is no exception.

Keywords: information protection, SQL injection, cross-directory attack.
Introduction

Insecure software undermines our finances, health, defense, energy
and other important infrastructures. As software becomes more and more
complex and related, the complexity of achieving application security
grows exponentially. The rapid pace of modern software development
processes makes the most common risks needed to identify and resolve,
with what's fast and accurate. [1]

Google reported the safety of websites in 2016, announcing an
increase in the number of broken sites by 32% in 2016 compared to 2015.
Also, the trend is not expected to decline soon. [2]

The OWASP (Open Web Application Security Project) community is
involved in the classification of Web application attacks and
vulnerabilities. This is an international nonprofit organization focused on
analyzing and improving software.

OWASP has created a list of the 10 most dangerous attack vectors
on the web application, the list being called OWASP TOP-10, and it
focuses on the most dangerous vulnerabilities. This project, first
published in 2003 and regularly updated. It aims to increase awareness of
application security by identifying some of the most critical risks to
organizations

Technique of illegal extraction of confidential information and
protection mathods

SQL injection is one of the most common methods of hacking
applications running on databases, based on the implementation of an
arbitrary SQL code request. Thus, changing the input parameters by
adding in them the structures of the SQL language causes a change in the
logic of executing the SQL query (in this example, instead of the news
with the given identifier, all available news in the database will be
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selected, since the expression 1 = 1 is always true).
A Simple SQL Injection Example:

String stmt = "SELECT * FROM users " +"WHERE
username=""+ username + "' " + "AND password="" + password

Intruder input:

"jakob” + " OR 1=1;- "WHERE username=jakob’ AND
password="OR 1=1;--";

To protect against SQL injections use:

e shielding single and double quotes;
e checking of type or data type typization;
e checking of the structure of input data using regular expressions.

Cross Site Scripting is a type of wvulnerability in interactive
information systems. XSS occurs when the page that was generated by
the server for some reason fall into user scripts. The specific of these
attacks is that instead of direct attacking the server, malicious users use
a vulnerable server to attack the user.

As browsers do not allow interaction between sites (cross-site access),
intruders use different techniques to implement cross-site scripting:

1) Saved intersite scripting matches the entry of a malicious script
by a web application to steal temporary files that contain the session ID.
Such a script redirects the web application to a web page hidden from the
user, the URL request will contain temporary victim browser files as a
query parameter. Once an attacker receives a temporary cookie URL,
unauthorized access to the user session may occur.

2) Reflected cross-site scripting matches the reflection of an infected
script from a web server, such as an error message, a search result, or
any other response that includes a portion or all of the data sent to the
server as part of the request. Reflected attacks are delivered to the victim
(user) in another way, in the form of an email or as a link to another
website. When a user clicks on such a malicious link, fills in a special
form on the website, or even simply browses the malicious web resource,
the affected code gets to the vulnerable website, which reflects the attack
back to the user's browser. Then, the victim's browser executes this code
because it came from a "trusted” server. Reflected cross-site scripting is
also known as unstable.

3) Cross-site scripting based on an object model of a document (OML)
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is a type of attack, when attacking actions are performed as a result of
modifying the ODM environment in a victim's browser using a client-side
script, that is, in this case, the user code executed in an unexpected
manner . In this case, the web page remains unchanged, but the code
stored on the victim page is executed according to the malicious
modification of the OMD environment.

Example: Submit the form using invalid data. It is redirecting to
http://acme.com/login.php?msg=Invalid% 20login% 20data.

The msg parameter is enabled in HTML. The attacker uses the msg
parameter to add a malicious script:

window.onload = function()
{
document.forms[0 ].action= "http://evil.com/steal data.php';
};
http://acme.com/login.php? msg=%3Cscript%3Ewindow.onload%2
0%3D%20function%28%29%20%7Bdocument.forms%5B0%5D.ac
tion%3D%27http%3A%2f%2fevil.com%2fsteal data.php%27%3B
%7D%3B%3C%2fscript%3E
To protect use:

e encryption of each variable that is part of the HTML,;

e checking the user's input, creating whitelists.

The Counter Site Request Forgery (CSRF also known as XSRF) is a
kind of attack on website visitors that uses the disadvantages of the HTTP
protocol. If a victim enters a site created by an attacker, a person is
secretly sent a request to another server (for example, to a payment
system server) that performs some harmful operation (for example, money
transfer to the account of the attacker).

Most CSRF prevention methods work by embedding additional
authentication data in queries that allows the web application to detect
requests from unauthorized locations.

Cross-directory attack. An attacker's access to files and folders
stored outside the root directory. Possible manipulation of variables that
refer to files using "dot-dot-slash” (../) sequences. Web application that
shows the user's home directory files:

http://acme.com/list_user files.php test.txt
hello _world.txt http://acme.com/show_file.php?file=test.txt
The vulnerability lies in this case:

ISSN 1562-9945 191



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

http://acme.com/show_file.php?file=../../../../]etc/passwd

To protect using: "whitelisted” user input, identifying files for
temporary access.

Incorrect session management includes cryptographically weak
session identifiers (Session ID's), Sotsitelnaya engineering, etc. Possible
methods of prevention:

e attaching the session identifier to the IP address;
e cryptographically persistent session identifiers (using proven
encryption algorithms).

Conclusions

Web resource security is a process that combines a certain set of
actions. The developed system is first investigated for safety purposes,
then a series of measures and works being done to achieve it are
determined.

REFERENCES

1. https://www.drasecurity.com/secure-design-review.html.

2. https://webmasters.googleblog.com/2017/03 /nohacked-year-in-
review.html.

3. https://uk.wikipedia.org/wiki/OWASP.

4. M. Vieira, N. Antunes, H. Madeira Using web security scanners to
detect vulnerabilities in web services// IEEE/IFIP International
Conference on Dependable Systems & Networks (2009).

5. N. Antunes, M. Vieira, S.Q.L. Detecting injection vulnerabilities in
web services// Fourth Latin-American Symposium on Dependable
Computing (2009).

192 ISSN 1562-9945



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

COIEPKAHUE

MATEMATHYHE TA ITPOT'PAMHE SABE3IIEYEHHSA
IHTEJIERKTYAJBHUX CUCTEM
A. Mikhalyov, E. Melkumyan, M. Soldatova, A. Volkova

MODAL SYNTHESIS OF COMPENSATED OPTIMAL SYSTEMS WITH

] D D I N N 3
T.M. Bulana

EVALUATIONS OF DIAGNOSTIC EFFICIENCY OF THE STATE OF
TECHNICAL SY ST EIT S . iiiitiiiiitiiiiettniieeeseeeesseesessseessssesssssecsssnnns 12

Y. Bardachov, M. Zharikova, V. Sherstjuk
APPROXIMATE SPATIAL MODEL BASED ON INTERVAL FUZZY
ROUGH SOFT SETS ... uiiiiitiiiiiiiiiitiiiitiiitiiintieiressesastosssssssassssnsses 18

1.V. Baklan, V.V. Savchenko, Y.M. Selin, T.V. Shulkevych
SOME ASPECTS OF NONLINEAR NON-STATIONARY PROCESSES
FORECASTING ..ciittiiuiiiiiiiiiiiiiiietiiattiattiatetateistesstesacesscenacennces 31

V.L. Buryachok, L.V. Kuzmenko, O.V. Kononenko, O.0. Boskin
FEATURES OF IMPLEMENTATION OF THE INFORMATION
SECURITY POLICY IN THE CREATION OF THE RATIONAL SYSTEM
OF ELECTRONIC DOCUMENTARY COOPERATION FOR PUBLIC AND
COMMERCIAL STRUCTURES OF UKRAINE ....ccccvviiiiiiiiiiiiininnenn. 43

O. Didyk, O. Ohnieva
THE USE OF ONTOLOGIES FOR SOLVING INFORMATION
SECURITY TASKS ..iitiiiiiiiiiiiiiiiiitiitiiittiittietitsiasssasssasssnssnnces 62

M.A. Doronina
ASSESSMENT OF DISTRIBUTED DELAY TIME OF INPUT SIGNAL
BY STATIONARY OBJECTS .euiiiiiiitiiiiittiiieteiieeesnsecesnseeesnsecssnnnns 67

A.A. Fefelov, M.A. Taif, V.I. Lytvynenko, M.A. Voronenko,

O.M. Stepanchenko, 1.V. Sokur, 1.A. Lurie

REVERSE ENGINEERING OF THE GENE REGULATORY NETWORK
WITH COMBINED USE OF THE CLONAL SELECTION ALGORITHM
AND DIFFERENTIAL EVOLUTION....ccoitiiiiiiiiiiiiiiiiiiiiiiiieiiineeenns 74

Z. Holub

THE ALGORITHM FOR DETECTING ONLINE DISCUSSION
FRAGMENTS CONTAINING INFORMATION AND PSYCHOLOGICAL
MANIPULATION tittttttiiiieeeeeensieeeeeessssseeeeesssssseessssssssseesssssssseenses 85

V. Hrytsyk, M. Petryk
IMAGE SEGMENTATION IN COMPUTER VISION DIAGNOSTIC
I S DL 1 92

ISSN 1562-9945 193



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »

Y.N. Kharlamova

ESTIMATION OF PARAMETERS OF THE QUASI STABLE OBJECT
USING A SYMMETRIC INTERACTION OF CHANNELS OF
INFORMATION AND MEASUREMENT SYSTEM WHICH
STRUCTURE ARE REBUILT ....couiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeenns 102

N.V. Kornilovska, S.V. Vyshemyrska, I1.A. Lurie, O. Hodlievskyi

THE FORMALIZED CORRELATIONS AND INTERCONNECTIONS OF
TELECOMMUNICATION SYSTEMS AND TELECOMMUNICATION
ROUTES FROM THE STANDPOINT OF SYSTEM THEORY ........... 109

S.V. Olszewski, Yu.Yu. Med, V.O. Nosenko
FEATURES OF ELECTRORADIOLYTIC DESTRUCTION OF
PERSISTENT ORGANOCHLORINE TOXICANTS ..cvvvviriiiiieerennnnnn. 122

S.V. Olszewski, Ya.V. Tanasiichuk

MODELING OF FREQUENTIS CHARACTERISTICS OF RESONATOR
SYSTEM OF POWERFUL KLYSTRON WITH THE MELTING OF THE
TRANSIENT CHANNELS ..citiiiiiiiiiiiiiiiiiiitiieeteeernsnnsssseeeeeecannns 131

V. Peredery, E. Borchik, O. Ohnieva

INFORMATION TECHNOLOGY OF UPDATING OF DECISION
SUPPORT ALTERNATIVES IN THE DISTRIBUTED DATABASE OF
CRITICAL APPLICATION SYSTEMS.....ctiettiiiiiiiinirnnienneenneenneenns 138

O.1. Savytskyi, M.A. Tymoshenko
AGENT CONTROL OF THE PROCESSES OF THE THREE-STAGED
TRON ORE ENRICHMENT ......ctiiitiiiiiiiiiiiiiiiiiineiiieiineiinesineeeneenns 147

G.N. Tonkacheev, V.E. Kistion
PROCESS OF RESTRUCTURING AS INNOVATIVE IS MECHANISMS
OF UPDATING OF INFRASTRUCTURAL ENTERPRISES............. 158

V.G. Vasilenko, 1.V. Baklan, V.V. Shyrii
ABSTRACT DATA TYPES IN PROBABILISTIC PROGRAMMING
LANGUAGES. ..ot tiiiiiiiiiiiiiiiiiiiiieiiitteitttiiaesstsnssssassosnssnnns 166

M.A. Voronenko
INFORMATIZATION OF THE PROCESSES OF DECISION-MAKING IN
EMERGENCY SITUATION S ..uiittiiitttiitttetieeeeseeressseeesssesesssecsssnns 173

M.A. Voronenko
THE RESEARCH OF WATER SUPPORT QUALITY IN KHERSON

REGION ..cuiiiiiiiiiiiiiiiiiiiiiiieiitiiittietitsiaesiassinesansssnsssnssnnssnns 181
S.V. Olszewski, D.I. Tarnavskyi, Y.S. Ivzhenko

WEB-APPLICATIONS PROTECTION ESTABLISHMENT............... 189
CBEOEHUS OB ABTOPAX ..iutiiitiiiiiiiiiiiiiiiiiiiiniineeineeineenes 214

194 ISSN 1562-9945



6 (113) 2017 «CucreMHBIE TEXHOJIOTIIN »
PEDOEPATHU

YK 681.51

MuxanboB 0.I., MenkymsH E.H0., ConpatoBa M.0., Bonkosa 0.A. MopanbHui CcuHTE3
KOMNEHCOBaHMX ONTUMANbHMX cUCTeM i3 3anisHioBaHHAM / 0.1. Muxanbos., E.H0. MenkymsH,
M.0. ConpatoBa, 0.A. BonkoBa // CuctemHi TexHonorii. PerioHanbHWii MiXBy3iBCbKUI 30i1pHMK
HayKoBUX npaub. — Bunyck 6(113). — AHinpo, 2017. - C. 3-11.

Y Uit cTaTTi NPONOHYETLCA MOAANbHUIA CUMHTE3 A NiHIAHMX CTALiOHAPHUX 3aMKHYTUX
CUCTEM 3 3aNi3HEHHAM 3 BUKOPUCTAHHAM ONTUMANbHOIO 3aKOHY KepyBaHHA Y BUMNAAT NiHIAHOT
KOMOiHaLii 3MiHHWX CTaHy A5 3abe3neyeHHs 3afaHNUX AUHAMIYHKUX XapakTepucTuk. Mpoueaypa
MOAANbHOTO CUHTE3y 3aKOHY ONTMMANbHOrO YNpPaBAiHHA BMKOHYETHCA Ha OCHOBI MeTomy
HEBM3HAYeHUX KoedilieHTiB. A KoMneHcaLii 3ani3HIOBAHHA NPONOHYETLCA BUKOPUCTOBYBATU
ANS YCYHEHHS BUHWUKHEHHS CTilKMX aBTOKOAMBAHb B npoleci cTabinizauii nobnusy paHoi
TPAEKTOPiT NPONOHYETLCA BUKOPUCTOBYBATH METOJ, KOMNEHcaLii 3ani3HioBaHHA becca.

bi6n. 8.

YK 004.654: 004.852

bynaHa T.M. OuiHkM eceKTUBHOCTI AiarHOCTYBAaHHA CTaHy TexHiYHUXx cuctem //
CuctemHi TexHonorii. PerioHanbHuii MixBY3iBCbKMI1 30IipHUK HayKOBKX Npaub. — Bunyck 6(113).
- [Hinpo, 2017. - C. 12-17.

MeTolo cTaTTi € NigBULLEHHA eeKTUBHOCTI AiarHOCTYBAaHHA CTaHy TeXHiYHWUX 00'€KTiB
Wwnsaxom nobyaoBM anroputMiB 06poOKM BXifHWX AAHMX Ta ONTMMi3auii nigbopy napameTtpiB
MOAenei 3a JONOMOroi0 FreHEeTUYHUX aNTOpPUTMIB.

bi6n. 6.

YK 574:004.2

bapaauos t0.M. HabnukeHa npoctopoBa MOAesib HA OCHOBi iHTepBaNbHUX HeYiTKo-
HabnuxkeHux M'AKMx MHOXUH / 10.M. bappados, M.B. Xapikosa, B.I. WepcTiok // CuctemHi
TexHonorii. PerioHanbHuit MixBy3iBCbKMiA 36IpHUK HAyKOBUX Npaub. — Bunyck 6(113). — OHinpo,
2017. - C. 18-30.

Y cTaTTi ONUCYETHCA NPOCTOPOBA MOLENb AN CUCTEM MIATPUMKM NMPUNHATTA pilleHb Ha 6a3i
reoiHpopmaLiiftHOT cuCTEMM peanbHOTo Yacy Ha OCHOBi iHTEpPBaNbHUX HEYiTKO-HAGAMMKEHMX
M'AKMX MHOXMH. [IMHamiyHa HeyiTKo-HabnuxeHa M'AKa TOMOJNOriA €  CTPYKTYpOK
reoeKoTeXHIYHOT CUCTEMM, IKA MICTUTb MHOXMHY B3aEMOAIOYMX NPOLIECIB, WO PO3BUBAKOTLCA B
npocTopi Ta 4aci. B ymoBax Heb63neyHoro nNpupoAHOro sBMlA AesKi B3a€EMOAitOYi npouecu
MOXYTb OyTM [ECTPYKTUBHWUMM. IX AMHAMiKa OMMCYETbCA MOAENNI0 PO3NOBCIOMKEHHA.
MicueBicTb anpoKCUMyeTbCA CiTKOW KybiyHMx Komipok. Le po3sonse BpaxoByBaTu
HEBM3HAYeHiCTb BXifHOT iHdoOpMaLii, WO OTPUMYETbCA 3a [onomMorol 6e3ninoTHUKIB, 3
BUKOPUCTAHHAM METOAIB AUCTAHUIAHOro 30HAYBaHHA. Mexi KOHTYpiB pPO3MNOBCHOKEHHS
PYAHIBHUX NPOLECIB PO3MUBAKOTLCA 3 BUKOPUCTAHHAM HEYiTKO-HabnWxeHoi M'aKoi Tononorii.
3anponoHoBaHa MoAeNb [A03BONSIE 3MEHWWUTW 0OYMCNIOBANbHY CKNAfHICTb Ta 3abesnevye
NPUNHATHY e(EKTUBHICTb CUCTEMM MNIATPUMKM NPUAHATTA PilleHb B PEXUMi peanbHOro yacy.

bi6n. 20, in. 7.
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YIK 004.942

baknaH I.B. [leaki acneKTM nporHo3yBaHHA HeNiHiNHUX HecTauioHapHUX npouecis /
I.B. baknaH, B.B. CaBueHko, H0.M. Cenin, T.B. Wynbkesuy // CuctemHi texHonorii. PerioHanbHui
MiXBY3iBCbKMI 30ipHUK HayKOBKX npaLb. — Bunyck 6(113). — OHinpo, 2017. - C. 31-42.

BuknageHo matemMaTMyHMiA anapaT, WO MOXHa 3aCTOCOBYBATW B 3afjayax aHanily AaHuX
pi3HOT NpuMpoaM 3apis NPOrHO3yBaHHA HENiHiHMX HecTauioHapHux npoueciB. HaseaeHo
pe3ynbTaTh WOro 3aCTOCYBAHHA ANA NPOrHO3YBaHHA TaKMX MPOLECiB. 3a3HAYMMO, WO Maiixe BCi
BOHU € HENTHIAHMMK Ta HeCTaLiOHAPHUMM (MOXHA Ka3aTW BUKIIOYHO NPO KYCOYHY NiHIAHICTb Ta
KYCOYHY CTaLiOHAPHiCTb).

Ane BCA UA KiNbKiCTb HAsABHMX METOAIB NMPOrHO3yBaHHA He [AlOTb rapaHTil0 WO BOHM
MOKPWBAIOTb BCA MOXIWBI BapiaHTW PO3BUTKY cuTyauii. Pasom 3 TuM, mepeBaxHa OinbwicTb
MeTO[iB € ABOXETanHUMU. Ha nepwomy eTani aHani3yoTbCA NapaMeTpu pagy, Lo NPOrHO3yeTbCA,
Ha Lpyromy etani oOWpaeTbcs BiANOBigHMI MeTOL NPOrHO3yBaHHA i, HapewTi, OTPUMYETbCA
nporHo3. Ane wo pobuTtn, Konu napameTpu pagy 3MmiHioTbcA? OaMH MeTon BXe HeMOXHa
BUKOPUCTOBYBATK, 60 NapameTpu pagy Bxe 3MiHUAUCA, @ 06paTh iHWKIA Wwe HeMoXHa, 60 npoLec
3MiHW NapaMeTpiB Lie He 3aBepLIMBCA.

bi6n. 10, in. 7.

YK 681.513.5: 623.4

Bypsuok B.JI. 0co6nuBocTi peanisauii nonitukm inpopmauinHoi 6esneku y ctBopeHHi
pauioHaNbHOT CMCTEMM €JIEKTPOHHOI0 AOKYMEHTA/IbHOIO CNiBPOOIiTHULTBA ANA AepPIKABHMX
Ta KoMmepuinHux CcTpykTyp VYKkpainum / B.J1. bypsuok, J1.B. KysbmeHko, 0.B. KoHoHeHKo,
0.0. bockuH // CuctemHi TexHonorii. PerioHanbHuMii MixBy3iBCbKUI 306IPHUK HAYKOBKX NpaLb. —
Bunyck 6(113). — iHinpo, 2017. - C. 43-61.

Y cTatTi BMKNAfEHO anroputM OOFPYHTOBAHOro BMOOPY pauioHaNbHOI CUCTEMM
eNEeKTPOHHOTO [OKYMEHT0006iry 3 icHyl4oi MHOXWHM aHanoriB. OCHOBHi KpuTepii BMbGOpY
06yMoB/eHi (YHKLIOHANbHICTIO NporpamHoi i anapaTHOi apxiTeKTypu CUCTEMM, A TaKOX
0OMeXeHO KinbKicTio (iHaHCOBMX pecypciB. Y €TaTTi 06rpYHTOBAHO, WO NOMiTUKA Ge3neku
iH(hopMaLii TaKoi cucTemu: no-nepue, JacTb rapaHTii aAeKBAaTHOCTI PiBHA 3axucTy iHdopmauii
PiBHIO i1 KPUTUYHOCTI i peHTabenbHOCTI peanizauii 3axofiB WOAO0 3axXMCTy iHdopMaLii; no-apyre,
A03BONINTbL  OLiHMTM i nepeBipUTM 3axuleHicTb iHdopMmauii; no-TpeTe, 3abe3neynTsb
nepcoHodikalito nonoxeHb nonituku 6esnekn (wopo cy6'ektis CEN) Ta 3BiTHOCTI (peecTpalii,
ayp,MTy) ANA BCiX KPUTMYHMX 3 TOYKM 30py Oe3nekn pecypciB; no-yetsepTe, 3abe3neyuntb
HAOYHiCTb 3axofiB no 3axucty iHdopmauii, 6e3nepepBHicTb poboTn Takoi cuctemu i i
BiHOBNEHHA B pa3i BUMHUKHEHHs HenepepbayeHux cuTyauii, i Tak gani. Mopgeni 3arpo3s i
nopywHuka obparoi CE[] no3BonATL BU3HAUNTM HeobXigHT piBHI (YHKLiOHYBaHHA MigcucTeMu
3abe3neyeHHs Ge3neku iHhopMaLii, a came piBeHb OpraHizauilHO-TEXHIYHMX 3ax0[iB, piBeHb
NOTOYHOrO KOHTPOJIO i piBeHb YCYHEHHA HACNiAKiB peanizoBaHMX 3arpos.

bibn. 13, in. 4., Tabn. 4.

VIK 004:94

HOinnk 0.0. BuUKOpUCTaHHA OHTONOriM AnA po3B’A3aHHA 3aBAaHb iHGopmauinHoi
6esneku / 0.0. iguk, 0.€. OrHeBa // CuctemHi TexHonorii. PerioHanbHuWit MixBYy3iBCbKUiA
36ipHMK HayKoBMX npaub. — Bunyck 6(113). - Axinpo, 2017. - C. 62-66.

Po3rnsHyTO OCHOBHi npobnemu iHhopmaLinHoi 6e3nekun Ta iX BUPIlLEHHS 32 JONOMOTO0
BUKOPUCTAHHS OHTONOFIN Ta OHTONOMYHUX CUCTEM.

bi6n. 12.
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YK 621.396.96

lopoHnHa M.A. OuiHKa poO3NOAINEHOro Yacy 3aTPMMKU BXifJHOr0 CUrHany
cTayioHapHumMK 06’ektamm // CuctemHi TexHonorii. PerioHanbHMii MiXBy3iBCbKMIA 36ipHMK
HayKoBUx npaub. — Bunyck 6(113). — Hinpo, 2017. — C. 67-73.

B cTaTTi 3anponoHoBaHa HOBA METOAMKA OLiHKM PO3MOAINEHOr0 Yacy 3aTPUMKKU CUTHANY
CTaLioHapHUM NiHINHUM 06'EKTOM, NepefaToyHa yHKLiA AKOro HOPMOBAHA i He MiCTUTb HyNiB.
MoKa3aHo, WO LWyKaHMIA 4aC BM3HAYAETbCA KOOPAMHATOW MNepeTuHy rpadika BUMYLWEHOT
CKNapoBoi peakuii 06'eKTa Ha NiHiiHO 3poCTalyMil BXIAHUIA cUrHan 3 Bicclo abcumc. AHaniTuyHi
AOCNIMKEHHA  MiATBEpPMKEHI  pe3ynbTaTaMM  MATEMATUYHOTO  MOJENOBAaHHA  poboTw
3anNponNOHOBAHOrO anroputmy Ha EBM.

bi6n. 5, in. 6.

YOK 519.716.39: 519.6: 57.017

Oedenos A.A. PeBepcHa iHXKeHepif reHHOT perynAaTopHoi mMepexi 3 KOMOiHOBaHUM
BMKOPUCTAaHHAM anroputMy KAOHanbHoro Bigbopy Ta AudepeHuianbHoi esonwouii /
A.A. ®ecenos, M.A. Taid, B.I. JiuteuHeHko, M.A. BopoHeHko, 0.M. Ctenanyenko, I.B. Cokyp,
I.A. lyp’e // CuctemHi TexHonorii. PerioHanbHuii MiXBY3iBCbKMiA 30ipHUK HAyKOBUX Mpallb. —
Bunyck 6(113). — Hinpo, 2017. - C. 74-84.

Po3po6Kka MeTOLiB PEBEPCHOT iHXEHepii TeHHWUX PerynsaTopHUX Mepex € OAHUM i3
BaXK/IMBMX 3aBAaHb B MOCTTEHOMHYIO €noxy. ANropuTM KAOHanbHOro BifOOpy € OAHUM 3
NONYNAPHUX NiAXOAIB NPU PEKOHCTPYKLiT reHHUX MepeX Ha OCHOBI JaHUX MiKpoyiniB.

bi6n. 24, 1in. 1, Tabn. 3.

YK 004.773.2

fony6 3.1. Anroputm BuABNEHHA (parMeHTiB OHNAWH-AUCKYCii, WO MicTATb
iHdopmauito Ta ncuxonoriyHi MmaHinynauii // CuctemHi  TexHosorii. PerioHanbHuit
MiXBY3iBCbKMI 30ipHUK HayKOBKX npaLb. — Bunyck 6(113). — QHinpo, 2017. - C. 85-91.

Y cTaTTi NpepcTaBNeHO anropuTM BUABMEHHS Nifo3pinux parmeHTiB OHNANH-AUCKYCINA,
AKi  MOTEHUINHO  MicTATb  npeuefeHTM  iHdOpMaLiiHO-NCUXONOriyHOT  MaHinynauii.
3anponoHoBaHo knacudikaLiio KpuTepiiB BUABNEHHA Nigo3pinux dparmeHTiB guckycii. OnucaHo
cuctemy inbTpiB oA 3aTpUMaAHHA Nigo3pinux dparmeHTiB. Po3rnaHyTo Aii Ha eTanax anropuTmy
BUABNIEHHA THPOPMALINHO-NCUXONOrIYHOT MaHiNyNALii.

bi6n. 9,in. 2

YK 004

Mpuumk B.B. CermeHTauia 306paxeHb y cuctemax KoMmn'ioTepHOro 30py AnA 3apay
mMeauyHoi giarHoctukm / B.B. Mpuuuk, M.P. Metpuk // CuctemHi TexHonorii. PerioHanbHwMii
MiXBY3iBCbKMI 30ipHUK HayKOBKX npaLb. — Bunyck 6(113). — AHinpo, 2017. - C. 92-101.

Y Uit cTaTTi ONMCcaHo METoAM, WO 3aCTOCOBYBANNCH ANA CUCTEM CErMeHTalii Ta MofeNb Lo
NpefCTaBNAE AMHAMIKY €NeMeHTIB, WO OMMCYITb CTaH nauieHTa. BizyanizosaHo 3D mopens
HETMNOBOT NOBeAiHKM cucTeMu (HEBPOTUYHO-TPEMOPHMX pyXiB). BizyanizoBaHo 3anexHocTi,
oTpuMaHi 3 06pobku nons ysanu. 06rpyHTOBaHO NOTpeby po3poOKM TaKMUX CUCTEM (aKTYyaNbHiCTb
3apayi). PoboTa € pe3ynbTaToM fOCNigKeHb 3 PO3POOKM CUCTEM PAHHbLOT JiarHOCTUKM.

bi6n. 13, 1in. 3.
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YK 681.2

Xapnamosa 0.M. OuiHka napameTpiB KBas3sicTiilKoro 06'ekTa 3a ponomorow
CUMeTPUYHOT B3aEMOAIT KaHaniB iH(opmMaLinHO-BMMipIOBANIbHOT CUCTEMU, CTPYKTYPa AKOT
nepebypoBaHa // CuctemHi TexHonorii. PerioHanbHWii MiXBy3iBCbKMIA 30ipHUK HAYKOBMUX
npaub. — Bunyck 6(113). - OHinpo, 2017. - C. 102-108.

[loKa3aHoO anropuTM OTPUMAHHA OLIHOK HEBiAOMMX NapameTpiB KBA3iCTaLiOHApPHOro
00'€KTY KepyBaHHsS, BWKOPWUCTOBYKOYM iH(OPMALiIAHO-BUMipIOBaNbHY CUCTeMy 3 [BOMa
afanTMBHUMW KaHanamu, CTPYKTYpU fKUX nepebyAoBYIOTHCA, Ta MapaMeTpu AKUX HABMUCHO
3MiHIOITbCA. PO3rnsHyTM aganTUBHWI anropuTM BUKOPWUCTOBYE NPOLEAYPY MOCHiAOBHUX
OLiHOK HeBifoMWX napameTpiB 006'ekTiB. Ha KOXHOMY eTani OUiHKM HeBifOMMX napameTpis
CTPYKTYpU KaHanie nepebynoByloTbCs, WO A03BONSE M HAGAM3UTUCL [0 BNACTUBOCTEN
pocnimkyBaHoro 06'ekta. OCHOBOI Li€i 3MiHM € NpMHUMN MOABINHOCTI Mofenen cUCTEMM Ta
curHany. LinecnpsmoBaHa 3MiHa napameTpiB KaHaniB iHQOpMaLiNnHO-BMMipIOBaNIbHOT CUCTEMM
BiANOBiAAa€ anropuTMmy, AKWI peaniaye eHepreTUYHy B3aEMOAII0 MiX [BOMA BAXKUMMU KYNAMU.
BuByeHo BMAMB NOXMOKM monepeAHboi OUiHKW napameTpa Ha OLiHKY TOYHOCTI HACTyMHOro
napameTpa.

bi6n. 6, in. 4.

VK 621.391.3

KopHinoscbka H.B. ®opmanisoBaHi CniBBifHOWEHHA  Ta B33aEMO3B'A3KU
TeNeKOMYHiKaLinHUX cMcTeM Ta TeNeKOMYHiKauiMHUX TpakTiB 3 no3uuii Teopii cucrem /
H.B. KopHinoscbka, C.B. Buwemupcoka, I.A. Jlyp'e, 0. TopneBcbkunit / CuctemHi TexHonorii.
PerioHanbHUil MiXBY3iBCbKMI1 36ipHUK HayKoBUX npaub. — Bunyck 6(113). — [Hinpo, 2017. —
C. 109-122.

PO3rnsiHyTO Cy4yaCHMi1 CTaH TENEKOMYHIKALiNHMUX CUCTEM 1 TENIEKOMYHiKALiNHWUX TPAKTiB.
Y3aranbHeHi iX (YHKUIOHANbHI Ta CTPYKTYPHI XapaKTepUCTMKM Ta BiacTMBOCTI. HaBepeHo
BM3HAYEHHA TeNeKOMYHiKaLiiHMX cucTeM 3 mo3uuii  Mikponigxomy, Makponigxomy Ta
me3onigxoay. OnucaHi piBHI TenekoMyHikauiiHux cuctem. Bu3HayeHi cniBBigHOWEHHA Ta
B3aEMO3B'A3KM MOHATb TENIEKOMYHIKALIAHI CMCTEMM Ta TeNeKOMYHIKaUiNHi TpakTu 3 no3uuii
Teopii cuctem. NoKasaHo B AKMUX CNiBBIAHOWEHHAX CTOATb NOHATTA TENEKOMYHiKaLiHI cuctemu,
iH(hOpMaLiiHO — yNpaBAAOYi CUCTEMMU, TENEKOMYHiKaLiiiHI TPAKTK, KaHanu 3B'A3KyY.

bi6n. 7

YK 502/504:544.558

Onbwescbknii C.B.  OcobnuBocTi  enekTpopaaionisHoi  pecTpykuii  cTilkux
xnopopraHiynux ToKcukautiB / C.B. Onbwescobkuii, H0.H0. Mea, B.0. HoceHko // Cuctemui
TexHonorii. PerioHanbHMiA MiXBY3iBCbKMit 30ipHUK HAyKOBMX npaub. — Bunyck 6(113). — AHinpo,
2017. - C. 123-130.

B pob6oTi po3rnsHyTi pe3ynbTaTM MOLENIOBAHHA NAHLIOXKIB  €NneKTpopafionizHoi
AECTPYKLii CTINKMX XNOPOPraHiYHMX TOKCMKAHTIB y BOAHMX po3ynHax. [lokasaHo, Wwo sk ans
MOJIEKYN BUXiAHOTO TOKCWMKAHTA, TaK i ANA NPOAYKTIB ix gucouiauii MawTb Micue iHBapiaHTHi
LLLOAO ENEMEHTHOTO CKNafy MOJIeKY NEepPeTBOPEHHS, eHEpris aKTUBALiT AKX Mano BiApi3HAETbCS
Bif eHeprii Aucouiauii. HaABHiCTb TakUXx nNepeTBOpPeHb CNPUYUHAE HENPOAYKTUBHY
TpaHcdopMaLilo eHeprii NOTOKY YaCTUHOK B TEMJO, BHACAIAOK YOr0 MA€ 3poCTaTh CMOXMBHA
NOTYXHICTb peakTopa Npu HE3MiHHMX LiNIbOBUX BUTPATax.

bi6n. 4,in. 2.
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YK 519.6/621.373.423

Onbwescbkuit C.B. MopgenioBaHHA YAaCTOTHUX XapaKTEPUCTMK Pe30HATOPHOT CUCTEMMU
NOTYXXHOrO KANiCTpOHa npu nponnaBneHHi nponitHux KaHanie / C. B. OnbweBcbKkui,
f.B. TaHaciituyk // CuctemHi TexHonorii. PerioHanbHUN MiXBY3iBCbKWIA 36iIpHUK HayKOBMX
npaub. — Bunyck 6(113). — Hinpo, 2017. — C. 131-137.

B po60Ti po3risiHyTi pe3ynbTaTi eKcnepuMeHTaNbHUX Ta TEOPETUYHUX JOCNTIKEHb BNIUBY
MeXaHiyHuUXx fedeKTiB Ha CTaH Pe30HATOPHOT CMCTEMW MOTYXKHOrO KnictpoHa. [laHa uMcnoBa
ouiHKa BnnuBy aedekTiB 06’emomM 1.. 5% Bif 06'eMy pe3oHaTopa Ha ioro AYX.

bi6n. 6, in. 6.

YK 004:93

Mepepepint B.I. InopmauinHa TexHonoria aktyanisayii anbTepHaTUB NiATPUMKHM
NPUAHATTA pileHb Y po3nogineHiin 6a3i paHMX CMCTEM KPUTUYHOrO 3aCTOCYBAHHA /
B.I. Nepepnepiit, €.10. bopuik, 0.€. OrneBa // CuctemHi TexHonorii. PerioHanbHMIi MiXBY3iBCbKUI
36ipHMK HayKoBMX npaub. — Bunyck 6(113). - Axinpo, 2017. - C. 138-146.

3anponoHoBaHO iHdopMaLiliHy TexHonorilo ¢GOpMyBaHHA Ta OLiHKM pPEeNeBaHTHUX
anbTEPHATUB MPUWHATTA pilleHb ONA aKTyanizauii posnomineHoi 6asu gaHWX B epraTuyHix
CuCTeMax KpPUTUYHOTOHOTO 3aCTOCYBAaHHA. 3anponoOHOBAHO BUKOPUCTOBYBATU METOJ HEYiTKOT
knacudikauii ana GopMyBaHHA 1 OLIHKM PeNeBaHTUX anbTepHATUB NPUNHATTA PilleHb B yMOBaX
HeBM3HAYEHOi, HETOYHOT 1 cynepeynnBoi iHhopMauii, B peasbHOMY Yaci.

bibn. 9, in. 4.

YK 622.7: 658.562

CaBuubkuit 0.I. AreHTHe KepyBaHHA Mpouecamu TpPbOXCTafinHOro 36arayeHHs
3ani3Hoi pyau / 0.I. CaBuubkuit, M.A. TumoweHko // CuctemHi TexHonorii. PerioHanbHMii
MiXBY3iBCbKMI 30ipHUK HayKOBKX npalb. — Bunyck 6(113). — AHinpo, 2017. - C. 147-157.

Po3rnsaHyTo npouecu 36arayeHHs 3ani3HOi pyaM 3 TOYKM 30py aBTOMATM30BAHOTO
kepyBaHHA. 06rpyHTOBAHO BUKOPUCTAHHSA 3aC00iB MyNbTUATEHTHOrO KepyBaHHA Y KOMMEKC 3
iHTeNneKTyanbHUMK 3acobamMu KepyBaHHS, 30KpeMa anapaTy Heditkoi noriku. ChopmynboBaHo
HaNpsAMKW NoganbWwux gocnimxeHb. BoHn nepen6avaots 6inbl rnnboke LOCNimKEHHSA 3B'A3KY
MiX MexaHi3mMamu pi3HUX cTapiii 36aradeHHs 3ani3Hoi pyau Ta po3pobKy BignosigHoi
aBTOMAaTU30BAHOT CUCTEMU KEepYBaHHA.

bi6n. 9, in. 2, Tabn. 4.

YK 005

Tonkauees .M. MMpouec pecTpykTypmsauyii AK iHHOBALiINHMIA MeXaHi3MM OHOBNEHHA
iHdpacTpykTypHUx nignpuemcts / .M. ToHkauees, B.€. Kiction // CuctemHi TexHonorii.
PerioHanbHUi MiXBY3iBCbKWI1 36IipHUK HayKoBUX npaub. — Bunyck 6(113). — [Hinpo, 2017. —
C. 147-157.

B cTatTi 06rpyHTOBYETHCA [OLINBHICTb 3aCTOCYBAHHA NPOLECiB pecTpyKTypu3auii sk
iHHOBALiMHOrO MexaHi3My OHOBJIEHHSA OYAiBEbHUX MiANPUEMCTB iHPPACTPYKTYPHOTO TUNY.

bi6n. 18, Tabn. 1.
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YOK 004.432.4

Bacunenko B.[. AGCTpaKTHi TUNKU AaHMX B WMOBIPHiICHUX MOBAx MpOrpamMyBaHHA /
B.I'. Bacunenko, I.B. baknan, B.B. Wupint // CuctemHi TexHonorii. PerioHanbHUi MixBY3iBCbKMiA
36ipHMK HayKoBMX npaub. — Bunyck 6(113). - Axinpo, 2017. - C. 166-172.

CboroaHi icHye 6e3niy pi3HWMX iMOBiIPHICHMX MOB NpOrpaMmyBaHHsA, SIKi MEBHOI Mipoto
BUKOPUCTOBYIOTb MOHATTA TEOpPii MMOBIpHOCTEN ANA po3paxyHKiB. Ane My XoTinu 6 3HaTK, AKi
TUNU [AHWX iCHYIOTb A5 BUPILLEHHA WMOBipHiCHUX 3aBfaHb. Y AaHiit po6OTi MM NpefCcTaBAsEMO
CUCTEMHMIA aHani3 abCTpaKTHUX TWUMiB [JaHUX HA BMOpaHMX MOBaxX iMOBipHiCHOro
nporpamyBaHHs. M1 BUSABUIM KinbKa MOMEHTIB. leplwinit MOMEHT NONATAE B TOMY, L0 BCi BUOpaHi
HaMW MOBMW, BUKOPUCTOBYIOTb TUMMU JAHUX CBOiX "OaTbKiBCbKMX" MOB mMporpamyBaHHsA. [pyruii
nonsra€ B TOMY, WO [Nf BWUKOPUCTAHHSA AWUCTPUMOYTMBIB Ta BWUMAAKOBUX BENUYMH
BUKOPUCTOBYIOTLCA BOYAOBAHI (yHKLiT ab0 MeToau KOoxHOi 3 MOB. Mu cnpobyBanu 306pasuTtu
OCHOBHi cepu BUKOPUCTAHHA Cy4aCHUX WMOBIpHICHMX aAOCTPAKTHUX TUMIB [aHWUX Y
WMOBIPHICHUX MOBAxX NMPOrpamyBaHHA.

bi6n. 10, in. 1.

YK 681.5

BopoHeHko M.0. IH¢opmaTusauia npouecie NPUHATTA pilleHb B HaA3BUYANHUX
cutyauiax // CuctemHi TexHonorii. PerioHanbHUi MiXBY3iBCbKMIA 30IpHUK HayKOBUX npaLb. —
Bunyck 6(113). — AHinpo, 2017. - C. 173-180.

Po3rnsaHyTo npouecu onTUMi3auii NPUAHATTA YNpaBNiHCbKMX pilleHb B yMOBax
Ha3BMYANHUX CUTYALiN 3 ypaxyBaHHAM pu3nky. O6rpyHTOBAHO, WO aHaNi3 PU3UKY NPUAHATTSA
NOMWUNKOBMX pilleHb B yNpaBiHHi - Le KOMNeKC Aiil, wo 06'eaHye ifeHTUdiKaLito, BUBYEHHS i
3AiiICHEHHA aHaNi3y MexaHi3MiB IMOBipHUX HeBAXXaHMX HACTiAKIB, IKi MAlOTb BNAKB HA 30POB'SA
nojen, a Takox edekTnBHe HyHKLIOHYBAHHA CUCTEMU OXOPOHU 340POB'A B LiiNOMY.

bi6n.5, in. 3.

VIIK 681.3

BopoHeHko M.0. locnigkeHHA AKocTi Bofo3abesneyeHHA B XepCOHCbKiW o6nacri //
CuctemHi TexHonorii. PerioHanbHuMiA MiXBY3iBCbKMIA 36IpHIUK HayKOBUX NpaLb. — Bunyck 6(113).
— OHinpo, 2017. - C. 181-188.

[lpoBeseHe  [OCNIMKEHHA  Kepen  BOAONOCTaYaHHA B XepCOHCbKiM  obnacri.
06r'pyHTOBAHO, WO CTaH 30POB'A HACENEHHS PEriOHY 3aNeXuTb B TOMY YMCNi 1 Bif AKOCTI NUTHOT
BOAW. TaK AK B AaHMIA Yac GinblwicTb NPo6 AeMOHCTPYIOTb HEBIANOBIAHICTb CTAHAAPTY i 3HAYHe
nepeBULEHHS HOPMU, HEOOXiAHO NPOBOAUTM AOCNIMKEHHS 3 MOLENIOBAHHSA Ta NPOrHO3yBaHHS
NpOLEeCiB NOripWeHHA AKOCTi MUTHOT BOAM.

bi6n.5, in. 4, Tabn.1.

YK 004.9/004.6:004

Onbwescbkuii C.B. 3a6e3neyeHHs 6e3neku y Beb-3actocyBaHb / C.B. OnblieBcbKuii,
[.1. TapHaBcbkuid, H0.C. IBxeHko // CuctemHi TexHonorii. PerioHanbHMit MixBy3iBCbKUI 36TpHUK
HayKoBMX npaub. — Bunyck 6(113). — AHinpo, 2017. — C. 189-192.

Y po6oTi po3rnsHyTi pe3ynbTaTh TEOPETUYHUX LOCHiAXeHb 3 6e3neku Beb-3acToCyBaHb.
Moka3aHo o po3pobneHa cucTeEMa CNOYATKYy MAE OyTU NpoaHani3oBaHa Ha npegmeTt Gesneky,
MOTiM BU3HAYAETbCA HMU3KA 3aX0[iB i pob0Ta, WO BUKOHYIOTLCA AN1f i1 AOCATHEHHS.

bi6n.5.
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YOK 681.51

Muxanés A.l. MopanbHbIl CUHTE3 KOMNEHCMPOBAHHbIX ONTUMAJIbHbIX CUCTEM C
3anaspbiBaHuem / A.W. Muxanés, E.10. Menkyman, M.A. ConpatoBa, A.A. Bonkosa // Cuctemni
TexHonorii. PerioHanbHU MiXBY3iBCbKMIt 30GipHMK HayKoBMX npaub. — Bunyck 6 (113). —
[Hinpo, 2017. - C. 3-11.

B aTo# cTaTbe NpegnaraeTcs MofaNbHbIN CUHTE3 AN IMHERHbIX CTALMOHAPHBIX 3aMKHYTbIX
CUCTeM C 3ana3fblBaHMeM C WCMOJb30BaHMEM ONTUMAnbHOrO 3aKOHA yYNpaBfieHUs B BuUfe
NIMHEeHOW KOMOMHALMM NepeMeHHbIX COCTOSHWUA Ans obecneyeHus 3afaHHbIX AUHAMUYECKUX
xapaktepuctuk. [lpoueaypa MOJanbHOrO CHMHTE3a 3aKOHAa ONTUMANbLHOrO  YNpaBJeHUs
BbINMONHAGTCA HA OCHOBe MeTOAa HeonpefeneHHblx KoadduuueHtoB. [Ina KomneHcauuu
3anasfblBaHUA NpeAnaraeTcs WCNoOMb30BaTh A YCTPAHEHUA BO3HUKHOBEHUA YCTOWYMBBLIX
aBTokonebaHnii B npouecce ctabunusauuu BOAM3M [AHHOI TpaekTOpUM npeanaraercs
Mcnonb3oBaTh METOA KOMMeHcauum 3anasabiBanus bacca.

bubsn. 8.

YK 004.654: 004.852

bynavaa T.M. OueHku 3(p(PeKTUBHOCTU ANArHOCTUKN COCTOAHUA TEXHMYECKUX CUCTEM
// CuctemHi TexHonorii. PerioHanbHWii MixBy3iBCbKMIA 30IpHUK HAayKOBMX mpaub. — Bunyck
6 (113). - AHinpo, 2017. - C. 12-17.

LUenbto cTatbn sABnsetca nosbllweHne 3HHEKTUBHOCTM [UATHOCTUKM  COCTOSHMUSA
TeXHUYECKUX OOBEKTOB NyTeM MOCTPOEHUA aNropuTMOB 00PAabOTKWM BXOAHbLIX AAHHBIX M
onTMMKU3aLMM nofbopa NapameTpoB MOLENEl C NOMOLLbIO FeHETUYECKUX airOPUTMOB.

bubsn. 6.

VK 574:004.2

bapaaues 10.H. MpnéanKeHHaa NpoCcTpaHCTBEHHAA MOAENb Ha 0CHOBE MHTEPBaNbHbIX
He4YeTKo-NpuoeanKeHHbIx MArkux MHoxkectB / H0.H. bapaayes, M.B. apukosa, B.T. WepcTiok
// CuctemHi TexHonorii. PerioHanbHWii MiXBY3iBCbKMii 36ipHUK HayKoBMX Mpaub. — Bunyck
6 (113). - fHinpo, 2017. - C. 18-30.

B ctatbe onucbiBaeTCA NpOCTPAHCTBEHHAA MOAeNb AN CUCTEM NOAJEPXKKU MPUHATUA
peleHnit Ha 6a3e reoMHtHOpPMaLMOHHOI CUCTEMbI peaNbHOro BPEMEHU Ha OCHOBE WHTEPBANbHbIX
HEYETKO-NPUONMKEHHBIX MATKUX MHOXECTB. [IMHaMMyecKas HeyeTKOo-npuUONMKEHHAs MArKas
TONONOTMS ABNAETCA CTPYKTYPOWA TEeOEKOTEXHUYECKOW CUCTEMbI, COLEPKWUT MHOXKECTBO
B3aMMOJENCTBYIOLMNX NPOLECCOB, Pa3BMBAKOIWMXCA B NPOCTPAHCTBE U BpemeHu. B ycnosusax
ONacHOro NpPMPOAHOrO fBJEHUS HEKOTOpble B3aMMOAENCTBYIOWME NPOLECCh MOryT ObiTb
[EeCTPYKTUBHbIMU. WX JMHAMMKA OMWCbIBAE€TCA MOAENbl0 pacnpocTpaHeHua. MecTHOCTb
annpoKCUMUPYETCS CeTKOM Kybuyeckux syeek. ITO NO3BONAET YYUTbIBATb HEONPeLeNeHHOCTb
NCXOLHOM MH(OPMALMK, MONYYAEMOIi C MOMOLLbI0 GECMUIOTHUKOB, C UCMO/Ib30BAHUEM METOL0B
AVNCTAHUMOHHOTO 30HAMPOBAHMUA. [paHMLUbl KOHTYPOB PacnpoCTPaHEHUA pa3pyLInTeNbHbIX
NPOLECCOB Pa3MblBAlOTCA C MCMONb30BaHUEM HEYeTKO-MPUOMKEHHOW MATKOW TOMONOruu.
MpeanoxeHHas MOAenb NO3BOAET YMEHbIWNTb BHIYUCIUTENbHYID COXHOCTL U 06ec-neynBaeT
npuemnemyio 3HPEKTUBHOCTb CUCTEMbI NOLAEPKKN NPUHATUA PELIEHUN B PEXMUME peanbHOro
BPEMEHMU.

bubn. 20, un. 7.
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YIK 004.942

baknax /1.B. HekoTopble acneKkTbl NPOrHO3MPOBAHUA HENMHENHbIX HECTaLMOHAPHbIX
npoueccoB / U.B. baknaH, B.B. CaBueHko, H0.M. Cenun, T.B. Wynbkesuy // CuctemHi TexHonorii.
PerioHanbHUil MiXBY3iBCbKMiA 30IpHUK HayKOBUX npaub. — Bunyck 6 (113). — Oxinpo, 2017. —
C. 31-42.

N3noxeHo maTemaTMyeckui annapat, MOXHO NPUMEHATb B 3ajayax aHanM3a [aHHbIX
pa3NMyHO npupoabl [ANA MPOrHO3MPOBAHUA HENUHERHbIX HeCTauMoHapHbIX MpOLEecCcos.
MpuBeaeHbl pe3ynbTaThl €0 NPUMEHEHUA A NPOrHO3UPOBAHUA TakuUx npoueccoB. OTMETUM, 4TO
NOYTM BCE OHU ABNAIOTCA HENMHEHHbIMW U HECTALMOHAPHbBIMU (MOXHO FOBOPUTH UCKNIOYUTENBHO
0 KYCOYHOM INHEAHOCTU U KYCOYHOW CTALMOHAPHOCTH).

Ho Bce 3T0 KONMYECTBO MMEIOLNXCA METOL0B MPOrHO3MPOBAHMA He AAOT rapaHTUIo YTo
OHU NMOKPbIBAKOT BCe BO3MOXHble BapuaHTbl pa3Butua cutyauuun. Bmecte ¢ Tem, nogasnswouee
00/bLWMHCTBO METOAOB ABAAIOTCA ABYX3TanHbIMKU. Ha nepBOM 3Tane aHaNM3MpPYOTCA NapameTpbl
pAfa, 4TO NPOrHO3MpyeTCs, HAa BTOPOM 3Tane BblOMPAETCA COOTBETCTBYIOWMIA MeTOA
NPOrHO3MPOBAHUA W, HaKOHeL, Nofny4yaetca nporHo3. Ho yto genatb, KOraa napameTpbl psAad
meHaTcA? OAWMH MeTon yKe Henb3s MCNoAb30BaTb, MOTOMY YTO NapaMeTpbl psafa yxe
W3MEHWUNCH, @ BbIOPATb JPYroii elle Hesb3s, NOTOMY YTO NPOLECC U3MEHEHUA NapaMeTpoB elle
He 3aBepLimnnca.

bubn. 10, un. 7.

YOK 681.513.5: 623.4

Bypsyok B.Jl. 0co6eHHOCTM peanu3auuu NOAMTUKU MHGOPMALMOHHON Ge30nacHOCTH
B CO34aHMM PaLUOHANIbHON CMCTEMbI 31@KTPOHHOI0 LOKYMEHTaNnbHOro COTPYAHUYECTBA ANA
rocyAapCTBEHHbIX U KOMMepuYeCcKux CTPYKTYp YKpauubl / B.JI. bypsadok, J1.B. Ky3bmeHko
0.B. KoHoHeHko, 0.0. bockun // CuctemHi TexHonorii. PerioHanbHUit MiXBy3iBCbKMit 36ipHUK
HayKoBux npaub. — Bunyck 6 (113). — Aninpo, 2017. - C. 43-61.

B cTaTbe U3NOXEH anroputMm 006OCHOBAHHOrO BbIGOPA PaLMOHANLHON CUCTEMBI
3/IEKTPOHHOTO [LOKYMEHT0000poTa M3 CyWeECTBYIOLWEro MHOXecTBa aHanoroB. OCHOBHble
KpuTepuu Boibopa 06ycnoBNeHbl PYHKLMOHANLHOCTBIO MPOrPAMMHOM M annNapaTHON apXUTEKTYP
CUCTEMbI, @ TAKXKe OrpaHUYEHHbIM KONNMYECTBOM (DUHAHCOBLIX pecypcoB. B cTaTbe 060CHOBAHO,
4yTo nonuTMKA 6Ge3omacHoCTM WMHOPMALMKM TAaKOW CUCTEMbI: BO-MEPBbIX,  AACT rapaHTUM
afleKBAaTHOCTU YPOBHA 3alWUTbl MHGOPMALMM YPOBHIO €€ KPUTUYHOCTU U PeHTabenbHOCTU
peann3alunm MeponpuaTUid No 3aLmTe MHGOPMALLMK; BO-BTOPbIX, MO3BOUT OLLEHUTL U NPOBEPUTD
3alMWeEHHOCTE  MHGOPMaLMK;  B-TPeTbUX, 0becneynt nepcoHUdUUMKALUIO MNONOXKEHUI
noSIMTUKK 6e30nacHOCTM (B oTHoweHUM cybvekToB CI[]) u oTyeTHOCTU (perucTpaumu, ayauta)
LN BCEX KPUTUYECKUX C TOYKM 3peHus 6e30macHOCTM PecypcoB; B-4YeTBEPTbIX, 0becneyut
HarnAgHOCTb MEPONPUATUIA NO 3aLWMUTHI MHGOPMALUK, HENPEPLIBHOCTb PabOTLI TaKO CUCTEMBI 1
ee BOCCTAHOBNIEHWE B C/ly4ae BOZHUKHOBEHUSA HENPeLBUAEHHbIX CUTYaLMii, U Tak fanee. Mogenu
yrpo3 u Hapywutens BblbpaHHo C3[, no3sonsat onpepsenuTb HeOOXOLUMbIE YPOBHM
(YHKLMOHMPOBAHMA noacucTeMbl 0becneyeHns 6e30nacHOCTM MHGDOPMALMK, @ UMEHHO YPOBEHb
OpraHM3aLUOHHO-TEXHUYECKUX MeponpuUATUA, YPOBEHb TEKYWEro KOHTPONS W YPOBEHb
yCTPaHeHMs NOCNefCTBUIA peann30BaHHbIX yrpo3.

bubn. 13, un. 4., 1abn. 4.
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YK 004:94

Inpbik A.A. Ucnosnib30BaHMe OHTOJNIOTMW JNIA pelleHUA 3apaady MHGOPMaLMOHHON
6esonacHoctn / A.A. Iuabik, 0.E. OrHesa // CuctemHi TexHonorii. PerioHanbHUIM MiXBY3iBCbKMiA
36ipHMK HayKoBUX npaub. — Bunyck 6 (113). — AHinpo, 2017. — C. 62-66.

PaccMoTpeHo oCHOBHble Npobnembl MHHOPMALMOHHON 6€30MaCHOCTU U UX pelleHune ¢
NOMOLLbI0 MCNONBb30BAHNS OHTONOTNIA U OHTONOFNYECKMX CUCTEM.

bubn. 12.

YK 621.396.96

JoponuHa M.A. OueHKa pacnpefeneHHOro BpeMeHu 3afilepXXKu BXOAALLEro CUrHana
CTaLMOHAPHbIMM 06beKTamm // CuctemHi TexHonorii. PerioHanbHU MiXBY3iBCbKMit 36ipHUK
HayKoBUx npaub. — Bunyck 6 (113). - Axinpo, 2017. - C. 67-73.

B ctatbe npepnoxeHa HoBas MeTOLMKA OLEHKM CTALMOHAPHLIM JIMHENHBIM OOBEKTOM,
nepefaToyHas yHKLMUA KOTOPOro ABASETCA HOPMUPOBAHHOMW M He COAePXUT Hynei. [okasaHo,
YyTO MCKOMOE BpeMA Onpejensercs KOOPAMHATOW nepecevyeHus rpaduka BbIHYKLEHHON
cocTaBnsiolen peakymmn o6beKTa Ha IMHENHO BO3PACTAOWLMIA BXOAHOW CUTHAM C 0Cbio abcumcc.

AHannTnyeckue nccnepoBaHusA NOLTBEPIKEHbI pe3ynbTaTtamu MaTeMaTMYeCcKoro
MOAeNnMpoBaHus paboTbl NpefioKEHHOro anropuTma Ha IBM.
bubn. 5, un. 6.

YOK 519.716.39: 519.6: 57.017

Oedenos A.A. PeBepcHas WHXeHepUA TEHHOM PperyiaTopHoOM cetTm C
KOMOMHUPOBAHHbLIM  WUCMNONb30BaHMEM  aNropuTtMa  KJOHanbHOro  otéopa
andcepeHumanbHon 3pontouuu /  A.A. Gepenos, M.A.Taud, B.W. JlutBuHenko,
M.A. BopoHeHko, 0.H. Ctenanyenko, W.B. Cokyp, W.A.Jlypbe // CuctemHi TexHonorii.
PerioHanbHUi MiXBY3iBCbKMI1 30ipHUK HaykoBMx npaub. — Bunyck 6 (113). — Oninpo, 2017. -
C. 74-84.

PaspaboTka MeTO[OB pEBEPCEHO MHXEHEPUU TFEHHbIX PErynaTOpHbIX CeTell ABNAETCA
OAHOW W3 BaXKHbIX 33Aay B MOCTFEHOMHYIO 3MoXy. ANIFOPUTM KIOHANbHOrO oTbopa ABNsSeTcs
OAHUM M3 MONYAAPHLIX MOAXOAOB MPU PEKOHCTPYKLWUM TE€HHbIX CeTeil Ha OCHOBE AaHHbIX
MWKPOYMMOB.

bubn. 24, un. 1, 1abn.3.

YK 004.773.2

Fony6 3.0. Anroputm o6HapyKeHUa ()parMeHTOB OHNAWH-AUCKYCCUU, COAEPIKALLUX
MHpoOpMaLMI0O M ncuxonormyeckue maHunynaumm // CuctemHi TexHonorii. PerioHanbHui
MiXBY3iBCbKMI 30ipHUK HayKoBKX npaLb. — Bunyck 6 (113). — AHinpo, 2017. - C. 85-91.

B cTaTbe npepcTaBneH anropuTM OOHAPYKEHWUS NOAO3PUTENbHbIX (parMeHToB OHMAMNH-
ANCKYCCUI, KOTOPblE NOTEHLMANBHO COAEPKAT NpeLeaeHTbl MHHOPMALMOHHO-NCUXONOTUYECKON
Mmanunynaumu. lpeanoxeHa knaccudbukauus KpuUTEpUEB BbIABNEHUA NOJO3PUTENbHBIX
tdparmeHToB auckyccun. OnucaHa cuctema (uUAbTPOB AN 3aLepaHUA NOA03PUTENbHbIX
tparmeHToB. PaccMoTpeHbl AeNCTBUA HA 3Tanax anroputMa obHapyxeHWs WHGOpMaLMOHHO-
NCUXONOrMYECKON MAHUNYAALNK.

bubn. 9, un. 2
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YK 004

Mpuumk B.B. CermeHTauma u3obparkeHWn B CMCTEMAX KOMMbIOTEPHOrO0 3peHUs ANA
mMeAULMHCKOM auarHocTuku / B.B. Mpuuuk, M.P. NMetpuk // Cuctemui TexHonorii. PerioHanbHui
MiXBY3iBCbKMI 36IpHUK HayKOBMX npaLb. — Bunyck 6 (113). — Axinpo, 2017. - C. 92-101.

B paboTte onucaHo MeTofbl CerMeHTauuu, Kotopble GbIIM UCNONb30BaHbl NPU CO3[AHUM
METOAMKM U UCCNeA0BaHMM MOLEIM KOTOPas ONMUCbIBAeT COCTOSIHME naLueHTa. [TokaszaHo Mogensb
3D AMarHOCTUKM HEHOPManbHOTO NoBefeHUA NOCAef0BaTENbHOCTM, KOTOpas npeAcTaBnser
HeBPOTMYECKM-TPUMOPHbIE [iBUXEHWUA nauueHTa. 06ocHOBaHO aKTyanbHOCTb pabot. Pabota
ABNAETCA Pe3yNbTaTOM UCCNELOBAHMI B HAaNpaBAeHUM pa3paboTKu CUCTEM PaHHEN ANArHOCTUKM.

bubn. 13, un. 3.

YK 681.2

Xapnamosa l0.H. OueHka napameTpoB KBa3WYCTOMYMBOrO O0OBLEKTA C MOMOLYbIO
CUMMETPUYHOr0 B3aUMOAEMCTBUA KaHANoB UH(OPMALUMOHHO-U3MEPUTENIbHOW CUCTEMDI,
CTPYKTYypa KoTopou nepectpoeHa // CuctemHi TexHonorii. PerioHanbHWN MiXBY3iBCbKMiA
36ipHMK HayKoBMX npaub. — Bunyck 6 (113). — AHinpo, 2017. - C. 102-108.

MoKa3aH anropuTM Mojy4YeHUs OLEHOK HEeU3BECTHbIX MAapaMeTPOB KBAa3MCTaLMOHAPHOTO
00beKTa yNpaBieHWs, WUCNONb3ys WUH(POPMALUOHHO-UIMEPUTENIBHYID CUCTEMY C  [BYMSA
aflanTUBHLIMWU KaHanamu, CTPYKTYpPbl KOTOPbIX MNepecTpauBaloTCs, M NapameTpbl KOTOPbIX
HaMepeHHO W3MeHAITCA. PacCMOTPeHHbIi afanTUBHbIA anropuTM MCNoab3yeT npoueaypy
nocnefoBaTeNlbHbIX OLEHOK HeW3BeCTHbIX napameTpoB 00beKTOB. Ha KaXAoMm 3Tane OLeHKMU
HeM3BeCTHbIX NapaMeTPoB CTPYKTYpbl KaHaNOB MNepecTpauBaloTcs, 4YTO MNO3BOASET UM
npubAu3NTLCA K CBOWCTBAM uccnesyemoro o6bekTa. OCHOBOM 3TOr0 M3MEHEHUs ABNAETCS
NPUHUMN ABOICTBEHHOCTM Mofjeneit cuctembl M curHana. LleneHanpaBneHHoe M3MeHeHMe
napameTpoB KaHanoB MH(OPMALMOHHO-U3MEPUTENbHOW CUCTEMbI COOTBETCTBYET alirOPUTMY,
KOTOpbIA peanu3yeT 3HepreTMyeckylo B3aUMOAENCTBME MeXAY ABYMS TAXKENbIMU NyNsMu.
N3yyeHo BAMAHME NOrpewHOCTU NpefBapuUTENbHOW OLEHKW NapameTpa Ha OLEHKY TOYHOCTY
cnegywolLero napamerpa.

bubn. 6, un. 4.

YIK 621.391.3

KopHunosckas H.B. dopmanusoBaHHble COOTHOLIEHA " B3aMMOCBA3U
TeNEeKOMMYHUKALMOHHBIX CUCTEM U TENIEKOMMYHMKALUOHHBIX TPAKTOB C NO3ULUU TEOPUM
cuctem / H.B. KopHunosckas, C.B. Boiwemupckas, W.A. Jlypve, A. Topnesckuin // CuctemHi
TexHonorii. PerioHanbHU MiXBY3iBCbKMit 306ipHMK HayKoBMX npaub. — Bunyck 6 (113). —
Oxinpo, 2017. - C. 109-122.

PaccMOTpeHO  COBpEMEHHOe  COCTOfHME  TENIEKOMMYHUKAUMOHHbIX  CUCTEM U
T€NIEKOMMYHUKALMOHHbIX TpakToB. 0000WeHHbl WX QYHKUWOHaNbHbIE U CTPYKTYpPHbIE
XapaKTePUCTUKKU U CBOICTBA. [lpuBeAeHbl onpeaeneHus TeNeKOMMYHUKALMOHHBIX CUCTEM C
no3uuMm  MUKPOMOLXOA3,  Makponopxoaa M Me3onogxopa.  OnucaHbl  ypoBHM
TeNIEKOMMYHUKALMOHHbIX cucTeM. OnpegeneHbl COOTHOWEHUA U B3aUMOCBA3M MOHATMIA
TENEeKOMMYHUKALMOHHbIE CUCTEMbI UM TENEKOMMYHUKALMOHHbIE TPaKTbl C NO3ULUKU TEOpUU
cucteM. NoKasaHo B KaKUX COOTHOWEHUAX COCTOAT NOHATUA TEIEKOMMYHUKALMOHHbIE CUCTEMBI,
WH(OPMALMOHHO - yNpaBasioLWwme CUCTEMBI, TENEeKOMMYHUKALMOHHbIE TPAKTbI, KAHANbl CBA3N.

bubn. 7.
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YK 502/504:544.558

Onbwescknit C.B. 0COGEHHOCTM  3NEKTPOPAAMONM3HON  AECTPYKLUU  CTOMKUX
xnopopraHuyeckux TokcukantoB / C.B. Onbwesckui, H0.10. Mep, B.0. HoceHko // Cuctemui
TexHonorii. PerioHanbHUN MiXBY3iBCbKMIt 30GipHMK HayKoBMX npaub. — Bunyck 6 (113). —
[Hinpo, 2017. - C. 123-130.

B paboTe paccMoTpeHbl pe3ynbTaThl MOAENMPOBAHWA LENOYEK ENeKTPOPaAMOIU3HOIA
AECTPYKLMMU CTOMKUX XNOPOPraHMYeCcKUX TOKCMKAHTOB B BOLHbIX pacTBopax. [oKka3aHo, 4To Kak
ANA MONEKYN WCXOAHOrO0 TOKCWMKAHTA, TaK M [NA NPOAYKTOB UX AMCCOLMALUM UMEKT MecTo
WHBApUAHTHbIE OTHOCWUTENbHO 371EMEHTHOrO0 COCTaBa MOJIEKYN MpeBpalleHns, 3IHeprus
aKTUBALMN KOTOPbLIX MANo OTJIMYAETCA OT 3HepruM pguccoumaumnn. Hanmume Takux npespaLieHui
NPMBOANT K HENPOW3BOAWTENbHOW TpaHC(HOpPMaLMM 3IHEpPruM MoToKa YacTuly B Tennio, B
pe3ynbTaTe Yero JOMIKHA PacTu notpebasemMas MOWHOCTb PEAKTOPA NPU HEU3MEHHbIX LieNeBbIX
3aTparax.

bubn. 4, un. 2.

YK 519.6/621.373.423

Onbwesckuin C.B. MogenupoBaHue 4aCTOTHbIX XapaKTEPUCTUK PE30HATOPHOMN CUCTEMBI
MOLHOrO0 KAWUCTPOHA NpU nNponsaBneHnn nponétHbix KaHanos / C.B. Onbwesckui,
fA.B. TaHacuituyk // CuctemHi TexHonorii. PerioHanbHU MiXBY3iBCbKMIA 30ipHUK HayKOBMX
npaub. — Bunyck 6 (113). — fiHinpo, 2017. - C. 131-137.

B paboTe paccMoTpeHbl pe3ynbTaThl IKCNEPUMEHTANbHbIX U TEOPETUYECKNUX UCCNEL0BAHMA
BAUAHUA MeXaHUYeCKUX fedeKTOB Ha COCTOAHME Pe30HATOPHON CUMCTEMbl MOLWHOIO KAUCTPOH.
[laHa yncneHHas oueHka BnuaHuA fetektoB obbemom 1..5 % oT obbema pe3oHaTopa Haero AYX.

bu6n. 6, un. 6.

YK 004:93

Nepepepuit B.N. WUHpOpMauMOHHAA TeXHONOrUA aKTyaausauunm anbTepHATUB
NOAAEPIKKN NPUHATUA pelleHui B pacnpefeneHHoin 6ase AaHHbIX CUCTEM KPUTUYECKOro
ucnonbsoBanua / B.W. Mepepepuit, E.10. bopumk, O.E.OrveBa // CuctemHi TexHonorii.
PerioHanbHUil MixBY3iBCbKMiA 30IpHUK HayKOBUX npaub. — Bunyck 6 (113). — Axinpo, 2017. —
C. 138-146.

MpeanoxeHa MHMOPMALMOHHAA TEXHONOrUA (POPMUPOBAHUSA W OLEHKM peNeBaHTHbIX
anbTepHATUB TNPUHATUA pelWeHnit Ans aKTyanu3auuu pacnpepeneHHoi 6asbl JaHHbIX B
3PraTMyHbIX CUCTEMAX KPUTMYECKOrO MCNoib30BaHMA. [lpeanoxeHo Mcnonb3oBaTb MeTO[,
HEYETKOM Knaccudukauum gns GopMMPOBAHUA U OLEHKN PENeBAHTHBIX aNbTEPHATUB NPUHATUS
peLIeHMit B yCNOBUAX HEONPEAENEHHOI, HETOYHO U NPOTUBOPEYMBON MH(OPMALUK, B peanbHOM
BPEMEHMU.

buén. 9, puc. 4.
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YOK 622.7: 658.562

CaBuukuii A.. AreHTHoe ynpaBjieHWe NpOLECCAMU TPeXCTaguiHOro oborawjeHus
wenesHou pyabl / A.WN. CaBuuknii, M.A. TumoweHko // CuctemHi TexHonorii. PerioHanbHwiA
MiXBY3iBCbKMI 36IpHUK HayKOBMX npaub. — Bunyck 6 (113). — Axinpo, 2017. - C. 147-157.

PaccmMoTpeHo  npoueccel  0bOoralweHus  KenesHoi  pyAabl  C  TYOKM  3peHus
aBTOMATU3MPOBaAHHOrO ynpaBneHus. 06OCHOBAHO MCNONb30BaHWE CPEACTB MyNbTUATEHTHOrO
ynpaBfieHnUs B KOMMNEKCE C MHTENNEKTyaNbHbIMU CPEACTBAMM yMNpaBieHus, B 0COOEHHOCTY
annapara HeyeTKon noruku. ChopmynmpoBaHo HanpaBneHus fanbHenwmnx nccnegosaHuin. OHu
npegnonaralT 6onee rnybokoe uccnefoBaHWe CBA3M MEXAY MeXaHM3MaMu pasHblX CTaAMil
o6raleHns xenesHoi pyapl U pa3paboTKy COOTBETCTBYIOLWEA aBTOMATU3MPOBAHHOW CUCTEMbI
ynpasneHus.

bubn. 9, un. 2, Tabn. 4.

YK 005

ToHnkauees [.H. [pouecc pecTpyKTypM3auuu KaK WHHOBALUOHHBLIA MeXaHU3MbI
06HOBNEHMA MHGPACTPYKTYPHbIX npeanpuaTtuit / I.H. ToHkayees, B.E. Kuctuon // Cuctemui
TexHonorii. PerioHanbHU MiXBY3iBCbKMIt 30GipHMK HayKoBMX npaub. — Bunyck 6 (113). -
[Hinpo, 2017. - C. 158-165.

B cTatbe 060CHOBbIBAETCA LLeNeco0bpasHOCTb NPUMEHEHUSA MPOLECCOB PECTPYKTYPU3aLLMUK
Kak WHHOBALMOHHOTO MexaHu3Mma 06HOBNEHMA CTPOMTENbHBIX npeanpuaTUi
WH(PACTPYKTYpHOro Tuna.

bubn. 18, Tabn. 1.

YK 004.432.4

Bacunenko B.I.  AGCTpaKTHble TUMbl [JaHHbIX B BEPOATHOCTHbIX  A3blKax
nporpammupoBanua / B.[. Bacunenko, I.B. baknaH, B.B. Wupuin // CuctemHi TexHonorii.
PerioHanbHUI MiXBY3iBCbKMI 30ipHUK HaykoBMx npaub. — Bunyck 6 (113). — AHinpo, 2017. -
C. 166-172.

CeropHs cywecTByeT MHOXeCTBO Pa3INYHbIX BEPOATHOCTHbIX A3bIKOB MPOrpaMMUpOBaHuS,
KOTOpble B ONMpefeneHHON CTENEeHN UCNOMb3YIOT NOHATUA TEOPUM BEPOATHOCTEN ANA PACYETOB.
Ho Mbl xoTenu 6bl 3HaTb, KaKMe TUMbl JaHHbIX CYLWECTBYIOT ANA PEleHUs BEPOATHOCTHbLIX 3afay.
B paHHOit paboTe Mbl npefcTaBiseM CUCTEMHbIA aHanM3 abCTPAKTHbIX TUMNOB [AaHHbLIX Ha
BbIOPAHHbIX f3blKaXx BEPOATHOCTHOrO MNPOrpaMMUPOBaHMA. Mbl OOHApPYXUAM HECKOJbKO
MOMeHTOB. [lepBblii MOMEHT 3aKNl0YAETCsA B TOM, YTO BCE BblOpaHHble HaMK A3bIKK, UCMOMb3YIOT
TUNbI JaHHbIX CBOMX "POAMTENbCKUX" A3bIKOB MPOrpaMMupoBaHus. Bropoit 3akioyaeTtcs B TOM,
YyTO ANA WCMONb30BAHMUA AUCTPUOYTUBOB W CAYYAWHbLIX BENUYMH WUCMONb3YIOTCA BCTPOEHHbIE
GhYHKLMM MM METOAbl KaX[Ooro M3 s3blKoB. Mbl monbiTanucb M300pasuTb OCHOBHble cdepbl
MCMONb30BAHNSA COBPEMEHHbIX BEPOATHOCTHbIX aOCTPAKTHbIX TUMOB [JAHHbIX B BEPOATHOCTHbIX
A3bIKax NPOrpaMMMUpPOBaAHUS.

bu6n. 19, un. 1.
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YOK 681.5

BoponeHko M.A. UHdopmaTU3auma npoLeccoB NPUHATUA pelleHUi B Ype3BbIYaNHbIX
cutyaumax // CuctemHi TexHonorii. PerioHanbHWii MiXBY3iBCbKWI1 30IpHUK HayKOBMX Mpalb. —
Bunyck 6 (113). — iHinpo, 2017. - C. 173-180.

PaccmoTpeHbl npoueccsl ONTMMM3aLMM NPUHATUA yNpaBNe€HYECKUX pPeLleHnin B YCI0BUAX
ype3BblyalHbIX CUTyaUMit Cc ydeTom pucka. 0OOCHOBAHO, 4YTO aHANU3 pPUCKA MPUHATUA
OWWOOYHLIX pelWeHnn B yNpaBleHUU - 3TO KOMMNAEKC AeNCTBUI, KOTOpbIi 0ObeanHseT
NAEHTUPUKALMIO, U3YYeHne 1 OCYLLeCTBNIEHNE aHaIM3a MEXaHU3MOB BEPOATHbIX HEeXeNnaTenbHbIX
NOCNeACTBUIA, KOTOpble WMEIT BAWAHME Ha 3[0pOBbe Niofel, a Takxke 3pdeKTUBHOE
(YHKLMOHMPOBAHME CUCTEMBI 3APABOOXPAHEHNA B LIENIOM.

bu6n.5, un. 3.

VIIK 681.3

BopoHeHko M.A. UccnepoBaHue KayecTBa Bofoo6ecneyeHus B XepcoHCKom o6nactu //
CuctemHi TexHonorii. PerioHanbHWit MixBY3iBCbKMUI 30IpHUK HAYKOBKX Npaub. — Bunyck 6 (113).
— OHinpo, 2017. - C. 181-188.

MpoBeAeHO WCCNefoBaHUE WUCTOYHUKOB BOAOCHAbXeHMA B XepCOHCKOW obnacTy.
060CHOBAHO, YTO COCTOAHWE 340POBbS HACENEHWUA PErMOHA 3aBUCUT B TOM YMCNIE U OT KayecTBa
NUTbEBOI BOAbI. Tak Kak B HacTosLee BpeMs 6O/bWWNHCTBO NPOO NOKA3bIBAKOT HE COOTBETCTBUE
CTaHJAPTy M 3HAYUTENbHOE MpEeBblWEHWE HOPMbI, HE0OXOLMMO NMPOBOAUTL UCCNEfOBAHUA MO
MOAENMPOBAHMIO M MPOrHO3MPOBAHUIO NPOLLECCOB YXYAWEHMA KaYeCTBa NUTLEBOI BOABI.

bubn. 5, un. 4, Tabn. 1.

YK 004.9/004.6:004

Onbwesckuit C.B. 06ecneyeHue 6e3onacHocTu B Be6-npunoxeHusax / C.B. Onbwesckui,
[O.W. TapHasckuit, H0.C. BxeHko // CuctemHi TexHonorii. PerioHanbHuMit MiXBY3iBCbKWiA
36ipHMK HayKoBUX npalb. — Bunyck 6 (113). — AiHinpo, 2017. — C. 189-192.

B paboTe paccMoTpeHbl pe3ynibTaTbl TEOPETUYECKMX UCCNef0BaHMIA N0 6e30nacHOCTH Beb-
npunoxeHui. MokasaHo, 4To pa3paboTaHHaAsA CUCTEMA CHAYana foMKHA 6aTb NPoaHaNM3MpoBaHa
Ha npeaMeT 6€30NacHOCTYH, 3aTeM ONpefenseTcs pag MeponpuATUA U paboTa, BbIMONHAEMbIX AN
ee JOCTUXKEHUS.

bubn. 5.
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UDC 681.51

Mikhalyov A. Modal synthesis of compensated optimal systems with delay /
A. Mikhalyov, E. Melkumyan, M. Soldatova, A. Volkova // System tecnologies. N°6 (113). —
Dnipro, 2017. - P. 3-11.

Systems synthesis task is one of the key tasks of both automatic control theory and
practice. Its solution results in definition of the structure of the automatic control system
(ACS) and its parameters of the condition of the system sustainability and quality of transient
processes (achieving the required performance, the inadmissibility of the considerable
overshoot) improving control accuracy in steady-state conditions etc.

The majority of industrial controlled objects have delays. The presence of the delay is due
to the final velocity of information flows propagation in the technological objects. The delay
may also occur due to time spent on signal transmission or, as happens more often can be
caused by the phenomenon of simplifying assumptions, by virtue of which it is considered that
action of intermediate and reinforcing links in the controlled object is reduced to a signal
transmission with delay. Of particular interest is the training of remote control operators for
various types of technical objects (for example, management of the lunar rovers, walking robot,
and others.). Inertia of the operator himself has a significant impact on the management
quality in addition to the delay in the signal transmission. Therefore, it's imperative to have
the best (reference) dynamic realization (control laws) in preparation of the operator
considering the inertia and delay in the control loop.

In this article authors proposed a procedure for the synthesis of the optimal modal
stabilization of linear stationary systems with delay based on the method of undetermined
coefficients. Bess'sdelay compensation method is proposed to use in order to eliminate the
stable self-oscillations occurrence (due to the delay) at the stabilization process end point near
given trajectory.

Ref. 8.

UDC 004.654: 004.852

Bulana T.M. Evaluations of diagnostic efficiency of the state of technical systems //
System tecnologies. N6 (113). — Dnipro, 2017. — P. 12-17.

The purpose of this paper is to study a possibility of increasing effectiveness of
diagnosing the state of technical objects by constructing algorithms for processing input data
and optimizing the selection of model parameters using genetic algorithms.

Ref. 6.

UDK 574:004.2

Bardachov Yu. Approximate spatial model based on interval fuzzy rough soft sets /
Yu. Bardachov, M. Zharikova, V. Sherstjuk // System tecnologies. N26 (113). — Dnipro, 2017. -
P. 18-30.

The article deals with complex systems containing territories with natural and artificial
objects as well as a multitude of interacting processes, which evolve in space and time, which
are considered as geoecotechnogenic systems. Some processes arising within
geoecotechnogenic systems are destructive because they give rise to a danger and risk to the
certain valuable objects causing their destructions and can often lead to critical situations or
emergencies

This work presents a spatial model for the real-time GIS-based decision support systems
in geoecotechnogenic systems in destructive process conditions based on the interval fuzzy
rough soft sets. A dynamic fuzzy rough soft topology represents a structure of a
geoecotechnical system that contains a multitude of interacting processes, which evolve in
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space and time. In disaster conditions, some of the interacting processes can be destructive.
Their dynamics are modeled using the spread model. The area of interest is represented as an
approximation by a grid of cubic cells. This allows taking into account the peculiarities of the
initial information obtained from drones using remote sensing techniques and having a
significant uncertainty. As a result, boundaries of contours of spreading destructive processes
are blurred using fuzzy rough soft topology.

The experiment with DSS in the form of simulation of the disaster situations using the
proposed spatial model with the variable cell size is described. The results of the experiment
show that the proposed model provides acceptable performance in terms of accuracy and speed
for all kind of topology. The fastest performance is demonstrated by the rough soft topology;
however, it does not provide acceptable accuracy. The fuzzy topology significantly loses in
terms of speed. The interval fuzzy rough topology shows sufficient results on the speed with
enough accuracy.

The proposed model reduces the computational complexity and provides the acceptable
performance of real-time DSS.

Ref. 20, il. 7.

UDC 004.942

Baklan I.V. Some aspects of nonlinear non-stationary processes forecasting /
I.V. Baklan, V.V. Savchenko, Y.M. Selin, T.V. Shulkevych // System tecnologies. N6 (113). -
Dnipro, 2017. - P. 31-42.

The mathematical tools set forth implemented in data mining problems of different
nature for forecasting of nonlinear non-stationary processes. Results of its implementation for
forecasting of nonlinear non-stationary processes is provided. Note that almost all of them are
nonlinear and non-stationary (one can only say piecewise linearity and piecewise stationary).

But all this amount of available methods of forecasting does not guarantee that they
cover all possible options for the development of the situation. However, the vast majority of
methods are two-stage. In the first stage, the parameters of the predicted council are analyzed,
in the second stage the appropriate forecasting method is selected and, finally, the forecast is
obtained. But what to do when the parameters of the row vary? One method can no longer be
used, since the parameters of the row have already changed, but the choice of another is not
possible, because the process of changing the parameters has not yet been completed.

Ref. 10, il. 7.

UDC 681.513.5: 623.4

Buriachok V.L. Features of implementation of the information security policy in the
creation of the rational system of electronic documentary cooperation for public and
commercial structures of Ukraine / V.L. Buriachok, L.V.Kuzmenko, 0.V. Kononenko,
0.0. Boskin // System tecnologies. N°6 (113). — Dnipro, 2017. — P. 43-61.

The article presents an algorithm for a reasonable choice of a rational electronic
document management system from an existing set of analogues. The main selection criteria
are due to the functionality of the software and hardware architectures of the system, as well
as the limited number of financial resources. The article substantiates that the information
security policy of such a system: first, it will guarantee the adequacy of the level of information
protection to the level of its criticality and profitability of implementing information
protection measures; secondly, it will allow to evaluate and check the security of information;
thirdly, it will ensure the personification of the provisions of the security policy (in relation to
the subjects of the EDS) and the reporting (registration, audit) for all critical resources from
the security point of view; Fourthly, it will provide visibility of measures to protect information,
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continuity of the operation of such a system and its restoration in case of unforeseen
situations, and so on. Models of threats and the infringer of the chosen CSA will allow to
determine the necessary levels of the functioning of the information security subsystem,
namely the level of organizational and technical measures, the level of current control and the
level of elimination of the consequences of the realized threats.

Bibl. 13, il. 4., tabl. 4.

UDK 004:94

Didyk 0. The use of ontologies for solving information security tasks / 0. Didyk,
0. Ohnieva // System tecnologies. N°6 (113). — Dnipro, 2017. — P. 62-66.

The basic information security issues and solutions through the use of ontologies and
ontology systems are described.

Bibl. 12.

UDC 621.396.96

Doronina M.A. Assessment of distributed delay time of input signal by stationary
objects // System tecnologies. N26 (113). — Dnipro, 2017. - P. 67-73.

The article proposes a new method for estimating the distributed delay time of a signal
by a stationary linear object whose transfer function is normalized and does not contain zeros.
It is shown that the required time is determined by the coordinate of the intersection graph of
forced component of the reaction of the object on a linearly increasing input signal from the
x-axis. Analytical studies are confirmed by the results of mathematical modeling of the work of
the proposed algorithm on a computer.

Ref. 5, il. 6.

UDC 519.716.39: 519.6: 57.017

Fefelov A.A. Reverse engineering of the gene regulatory network with combined use
of the clonal selection algorithm and differential evolution / A.A. Fefelov, M.A. Taif,
V.I. Lytvynenko, M.A. Voronenko, 0.M. Stepanchenko, I.V.Sokur, I.A.Lurie // System
tecnologies. N26 (113). — Dnipro, 2017. - P. 74-84.

The development of methods for reverse engineering of gene regulatory networks is one
of the important tasks in the post-genomic era. The algorithm of clonal selection is one of the
popular approaches for the reconstruction of gene networks based on microchip data.

Ref. 24, il. 1, tabl. 3.

UDK 004.773.2

Holub Z. The algorithm for detecting online discussion fragments containing
information and psychological manipulation // System tecnologies. N26 (113). — Dnipro,
2017. - P. 85-91.

The paper scrutinizes the algorithm for detecting suspicious fragments of online
community discussions that potentially contain information and psychological manipulation
precedents. The classes of criteria for detecting suspicious discussion fragments are presented;
the system of filters for detecting the fragments is described. The stages of the algorithms for
detecting suspicious fragments are detailed.

Bibl. 9,il. 2

UDC 004

Hrytsyk V.V. Image segmentation in computer vision diagnostic systems /
V.V. Hrytsyk, M.R. Petryk // System tecnologies. N26 (113). — Dnipro, 2017. — P. 92-101.
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Segmentation methods, abnormal patient’s neurotic-tremor moves analysis and
identification hybrid model are described in the paper. 3D model of untypical behavior of set
digitals of values is shown. The necessity of developing such systems (actuality of the problem)
is substantiated. The work is the result of research on the development of early diagnostic
systems.

Ref. 13, il. 3.

UDC 681.2

Kharlamova Y.N. Estimation of parameters of the quasi stable object using a
symmetric interaction of channels of information and measurement system which
structure are rebuilt // System tecnologies. N26 (113). — Dnipro, 2017. — P. 102-108.

The algorithm for obtaining the estimates of unknown parameters of the quasi-stationary
control target using an information and measurement system with two adaptive channels,
which structure are rebuilt and parameters are changed intentionally developed by the author
is shown. The considered adaptive algorithm operates on a sequential estimation procedures
of unknown parameters object. At each stage of estimating unknown parameters structures of
channels are rebuilt, which allows them to get as close to the properties of the object under
study. The basis of this change is the principle of duality models of system and signal.
Purposeful variation of parameters the channels of information-measuring system is in
accordance with an algorithm that realizes the energy interaction between the two heavy balls.
The influence of error of the previous estimation of parameter on the accuracy estimation of
the following parameter is studied.

Bibl. 6, il. 4.

UDC 621.391.3

Kornilovska N.V.  The formalized correlations and interconnections of
telecommunication systems and telecommunication routes from the standpoint of system
theory / N.V. Kornilovska, S.V. Vyshemyrska, I.A. Lurie, 0. Hodlievskyi // System tecnologies.
N26 (113). - Dnipro, 2017. — P. 109-122.

The modern state of telecommunication systems and telecommunication routes is
considered. Their functional and structural characteristics and properties are generalized. The
definitions of telecommunication systems from the position of the micro approach, macro
approach and meso approach are given. The levels of telecommunication systems are described.
Relationships and interrelations of the concepts of telecommunication systems and
telecommunication routes from the standpoint of system theory are determined. It is shown in
what relations the concepts of telecommunication systems, information management systems,
telecommunication routes, communication channels consist.

Bibl. 7

UDC 502/504:544.558

Olszewski S. V. Features of electroradiolytic destruction of persistent organochlorine
toxicants / S.V. Olszewski, Yu.Yu. Med, V.0. Nosenko // System tecnologies. N°6 (113). -
Dnipro, 2017. - P. 123-130.

The results of modeling the chains of electro-radiolytic destruction of persistent
organochlorine toxicants in aqueous solutions are considered. It is shown that both for the
initial toxicant molecules and for the products of their dissociation, there are invariant
transformations that save the atomic composition of parent molecules, the activation energy
of which differs little from the dissociation energy. The presence of such transformations leads
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to an unproductive transformation of the energy of the particle flow into heat, as a result of
which the reactor power consumption must increase at constant target costs.
Ref. 4, il. 2.

UDC 519.6/621.373.423

Olszewski S.V. Modelling of kinetics plasma-chemical disposal of persistent organic
pollutants in water solutions by high-voltage pulsed discharge / S.V. Olszewski,
Ya.V. Tanasiichuk // System tecnologies. N26 (113). — Dnipro, 2017. - P. 131-137.

The paper considers the results of experimental and theoretical studies of the influence
of mechanical defects on the state of the resonator system of a powerful klystron. This
numerical estimate of the influence of defects in the volume of 1 ..5% of the volume of the
resonator on its AFC.

Ref. 6, il. 6.

UDK 004:93

Peredery V. Information technology of updating of decision support alternatives in
the distributed database of critical application systems / V. Peredery, E. Borchik, 0. Ohnieva
// System tecnologies. N°6 (113). — Dnipro, 2017. — P. 138-146.

Information technology of generating and evaluating of relevant alternatives for making
decisions for the distributed database upgrading in ergatic systems of critical application is
proposed. Using the method of fuzzy classification for generating and evaluating of relevant
alternatives for making decisions in conditions of inconclusive, inaccurate and contradictory
information in real time is considered.

Ref. 9, il. 4.

UDC 622.7: 658.562

Savytskyi 0.1. Agent control of the processes of the three-staged iron ore enrichment
/ 0.1. Savytskyi, M.A. Tymoshenko // System tecnologies. N°6 (113). — Dnipro, 2017. — P. 147-
157.

Iron ore enrichment processes are considered in terms of automated control. Using tools
of multi-agent control in combination with intelligent control means, in particular the
apparatus of fuzzy logic is substantiated. Directions for further research are formulated. They
suggest a deeper study of relationships between the mechanisms of different stages of iron ore
enrichment and the development of appropriate automated control system.

Ref. 9,il. 2, tabl. 4.

UDK 005

Tonkacheev G.N. Process of restructuring as innovative is mechanisms of updating of
infrastructural enterprises / G.N. Tonkacheev, V.E. Kistion // System tecnologies. N26 (113).
— Dnipro, 2017. — P. 158-165.

In the article expediency of application of processes of restructuring is grounded as an
innovative mechanism of updating of building enterprises of infrastructural type.

Ref. 18, tabl. 1.

UDC 004.432.4

Vasilenko V.G. Abstract data types in probabilistic programming languages /
V.G. Vasilenko, I.V. Baklan, V.V. Shyrii // System tecnologies. N6 (113). — Dnipro, 2017. -
P.166-172.
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Today, there are quite a few different probabilistic programming languages that to some
extent use the concepts of probability theory for their calculations. But we wanted to know
what data types exist for solving probabilistic tasks. In the present paper we present a system
analysis of abstract data types in selected languages of probabilistic programming. We revealed
several moments. The first is that all the languages we choose use the data types of their
"parent" programming languages. The second is that for the use of distributions and random
variables, the built-in functions or methods in each of the languages are used. We tried to
depict the main areas of use of modern probabilistic abstract data types in probabilistic
programming languages.

Ref. 19, il. 1.

UDC 681.5

Voronenko M.A. Informatization of decision-making processes in emergency
situations // System tecnologies. N°6 (113). — Dnipro, 2017. - P. 173-180.

The processes of optimization of making managerial decisions in emergency situations
taking into account the risk are considered. It is substantiated that an analysis of the risk of
making erroneous decisions in management is a complex of actions that unites the
identification, study and analysis of the mechanisms of possible undesirable consequences that
have an impact on people's health, as well as the effective functioning of the health protection
system at all.

Ref. 5, il. 1.

uUDC 681.3

Voronenko M.A. The research of water support quality in Kherson region // System
tecnologies. N26 (113). — Dnipro, 2017. — P. 181-188.

A study of water supply sources in the Kherson region has been carried out. It is
substantiated that the state of health of the population of the region depends, among other
things, on the quality of drinking water. Since at present most of the samples show no
compliance with the standard and a significant excess of the norm, it is necessary to carry out
studies on modeling and forecasting the processes of deterioration of the quality of drinking
water.

Ref. 5,il. 1, tabl. 1.

UDC 004.9/004.6:004

Olszewski S.V. Web-applications protection establishment / S.V. Olszewski,
D.I. Tarnavskyi, Y.S. Ivzhenko // System tecnologies. N26 (113). — Dnipro, 2017. — P. 189-192.

The paper considers the results of theoretical studies on the web application security.
Web resource security is a process that combines a certain set of actions. The developed system
in first must be analysed for safety purposes, then a series of measures and work being done to
achieve it are determined.

Ref. 5.
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CBEJAEHUA OB ABTOPAX

bakaan Urops BeeBomogoBuu —

KaHAUJAT TEXHUYECKUX HaYK,
IOIeHT, AOIEeHT Kadeaphl
aBTOMAaTU3UPOBAHHBIX CHUCTEM
00paboTKu MHpOpPMAIUU U
yupasieHus HamuoHaabHOTO
TeXHUYECKOTO YHUBEPCUTETA
Ykpaunbl «KueBckmit
MMOJINTEXHUYECKUA UHCTUTYT

um. Urops Cuxkopckoro» (r. Kues).

Bapaaues IOpuit HukosaeBuu —

I.T.H., Ipodeccop, 3aBeAyOMIN
Ka()eqpoil BBICIIEN MaTeMaTUKU U
MaTeMaTUYeCKOro MOJeJIUPOBaHUA
XepCoHCKOTr0 HAIlMOHAJIBLHOTO
TeXHUYECKOTO YHUBEPCUTETA.

Bopuukr €Bren IOpiitoBuu — KangugaT

(¢isuKo-MaTeMaTUUYHUX HAYK,
JIOIEHT, 3aBigyounii Kadeapoio
dbyHIaMeHTaJIbHOI Ta TyMaHiTapHOI
migroroBku 113 «Mopcbruii
1HCTUTYT IMiCAAAUIIIOMHOI OCBiTH
imeHi KoHTp-aamipasna Pemopa
denopoBuua YIimaxkoBa»

(m. Xepcon).

Bockun Oger OcunoBuY — IOIEHT

Kadenpu iHGoOpMAaIiTHUX
TeXHOJIOTiA XepCOHCHKOT'O
HaIliOHAJBHOT'O TEXHIUHOTO
yHiBepcuTery.

bynana Terana MuxaijgiBHA —

acucTteHT, [{HITpOBCHKUM
HallioOHAJbHUY YHiBEepCcHUTET,
DaKyIbTET IIPUKJIATHOL
MaTeMaTHUKU, Kadeapa
MaTeMaTUYHOTO 3a0e3meueHHA
EOM.

Bypsauox Bosgogumup JleonimoBuu —

IOKTOP TeXHIUHMX HayK, IIpodecop,
3aBimyBau Kadenpu iH(popmaIiitHoi
Ta KiOepHeTHUYHOI Oe3IeKn,
dakyabTeT iHGOPMAIITHUX
TEeXHOJIOTiN Ta ynpaBJiHHSI,
KuiBcbKuii yHiBepcuTeT

imeni Bopuca I'pinuenka.

214

Bacuiaenko Baaagucaas I'emnaniiiosuu
— acmipaHT Kadenpu ACOIY
HarionasbHoOro TexHiuHOTO
yHiBepcureTi YKpainu ~“KuiBcbKuii
HOJUTEXHIYHNU iHCTHUTYT iM. Iropsa
CuxopcsKoro”.

Bumemupcoka Csitiana BikTopiBaa —
KaHAUJAT TEXHIYHUX HAYK, JOIEHT
kadenpu ingpopmMaTuku i
KOMII'IOTEPHUX HAaYK XepPCOHCHKOTO
HaIliOHAJIBHOTO TEeXHIUHOI'O
yHiBepcuTeTy (M. XepcoH).

BoakoBa Anekcanapa AHapeeBHa —
MarucTp Kadeapbl TeXHUYECKON
kubepuetTuku HTYY «KueBckui
MMOJIUTEeXHUYECKUN UHCTUTYT
uM. Urops CuUKOPCKOTro».

Boponenko Mapia OxexkcaHapiBHa —
K.T.H., JOLIEHT Kadenpu
iH(opMaTHUKMU i KOMI’ IOTEPHUX
HayK, XepPCOHCBKOT'0 HAI[I0HAJILHOTO
TeXHIiUYHOI'0 YHiBEepCUTETY.

T'ogmeBcekuii Onekciit — maricTp
kadenpu inpopmaTuku i
KOMII'IOTEPHUX HAYK XEPCOHCHKOTO
HaAI[iOHAJBHOTO TEXHIUHOTO
yHiBEpCUTETY.

I'ony6 3opana AmurpiBHa — acmipaHT
Ka(eapu comiaJbHUX KOMYHiKaIlii
Ta iH(OopMAaIliiiHOI JiAJIbHOCTI,
HamiomanbHU yHiBEpCHUTET
«JIbBiBChKA ITOJIiITEXHIKA».

I'punux Baagumup BaagumupoBuu —
I.T.H., Ipogeccop, npogeccop
Kadeapbl ABTOMaTUUYECKUX CHUCTEM
yupaBiaeHus HarnuoHaabHOTO
yHHUBepcureTa «JIbBOBCKas
IMOJINTEXHUKA» .

Hinux Oaekciit OmexcaHAPOBUY —
KaHAUJAT TEXHIYHUX HAYK, JOIEHT
kadenpu ingpopmMaTuKu i
KOMII'IOTEPHUX HAYK XEepPCOHCHKOTO
HaIliOHAJIBHOTO TEeXHIUHOI'O
yHiBepcuTeTy (M. XepcoH).
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Hopounina Mapuna AHaTtoJjiiBHa —
acucTeHT KadeIpu MeTpoJiorii Ta
iHopMaIiiHO-BUMipIOBAJIBHUX
TexHoJIoTi#, HamionanbHIHA
TeXHIYHUYN yHiBEpCUTET
«JlHinpoBChKA IMOJIiITEXHIKA»

sKapuxoBa Mapuna BuranreBHa —
K.T.H., JOIIeHT Kadeapsbl
MHGOPMAITMOHHBIX TEXHOJOTUH
XepCOHCKOro HaIlMOHAJLHOI'O
TeXHUYECKOTO0 YHUBEPCUTETA.

IB:kenko IOpiit CepriitoBuu —
crynent, KHY im. Tapaca
IITeBuenkKa.

Kicrion Borogumup €BceBiitoBuu —
3mo0yBau Kadeapu TeXHOJOTil
OymiBeIbHOTO BUPOOHUIITBA
KuiBcbKOro HaljioHaJLHOI'O
yHiBepcuTeTy OymiBHUIITBA i
apxiTexTypH.

Kononenko Oxcana BikrtopiBHa —
cTyneHTKa, KuiBcbKuii yHiBepcuTeT
imeni Bopuca I'pinuenka.

Kopuinosceka Haramis
BoaomgumupiBHa — KaHIUIAT
TeXHIYHUX HAyK, JOIeHT Kadeapu
iH(opMaTHUKMU i KOMI’ IOTEPHUX
HayK XepCOHCHKOT'0O HAI[I0OHAJHLHOI'O
TeXHIUYHOI'0 YHiBepCUTETY
(m. Xepcon).

Kysbmenko Jligia Borogumupisaa —
meronuct II kareropii meHTPY
MIEePCIeKTUBHOIO IJAHYBaHHS Ta
MOHITOPUHTY OCBiTHBOI HisIIBHOCTI
Hamionansuoi akagemii Ciay:xou
Oesmekn YKpaiHu.

JIutBuaenko Boaogumup IBanoBuu —
I.T.H., Ipodecop, 3aBigyBau
Ka(penpu iHopMaTHUKHU i
KOMII'IOTEPHUX HAYK XEePCOHCHKOTO
HaIliOHAJIBHOTO TEeXHIUHOI'O
YHIBEpPCUTETY.

ISSN 1562-9945

Jlyp’e Ipuna AnarojiiBHa — K.T.H.,
JOIIeHT, AOLIeHT Kadeapu
iHpopMaTHUKU i KOMI’ IOTePHIX
HayK XepPCOHCHKOT'O HAIliOHAJIBLHOTO
TeXHIiYHOI0 YHiBepCUTETY.

Men HOaia IOpiiBaa — crygeur, KHY
im. Tapaca IlleBueHKA.

Meaxkymsan Exarepuna IOpreBHa —
K.T.H., JOIIeHT Kajeapsl
TeXHu4YecKoii kubepHetuku HTYY
«KueBcKkuii mouTeXHNUYECKUN
UHCTUTYT UM. rops CukopcKoro»

Muxaaés Amxexcanap Uapuu — 1.7.H.,
npodeccop, 3aBeayoinuii Kadegporo
MHPOPMAIIMOHHBIX TEXHOJOTUNA U
cucrteM HamnuoHaabHOI
MeTaJLIyPruiecKod aKaJeMuu
YKpauHHbI.

Hocenrko Baagucaas OmxekcaHapoBud—
crynent, KHY im. Tapaca
IITeBuenKa.

OrumeBa Oxcana €BreHiBHa —
KaHAUJAT TEXHIYHUX HAYK, JOIEHT
kadenpu ingpopmMaTuku i
KOMII'IOTEPHUX HAYK XEpPCOHCHKOTO
HaIliOHAJIBHOTO TEeXHIUHOI'O
yHiBepcuTeTy (M. XepcoH).

OapmeBcokuii Cepriit BasenTuHOBHY
— acucrenr, A.17.H., KHY im. Tapaca
I[IIeBuenka.

Ilepenepuit Buktop UBaHOBMY —
IoueHT Kadenpsl nHPOPMATUKU U
KOMIILIOTEPHBIX HAaYK XEPCOHCKOTO
HAI[MOHAJBHOTO TEXHUUYECKOTO
YHUBEpCUTETA.

Ilerpuxk Muxaun PomanoBuu — 1.T.H.,
mpodeccop, 3aBeayOIIUi Kadeaporo
IIporpaMmMHON MHMKEHEPUU
TepHOIIOJILCKOTO HAITMOHAJIBHOT'O
yuuBepcurera um. U. Ilymioda.

Casunpkuii Onexcanap IBanoBuu —
KaHAUJIAT TEXHIYHUX HAYK, JOIEHT
Kadeapu aBTOMAaTH3AIIi1,
KOMII'IOTEPHUX HAYK i TeXHOJIOTIiH,
KpuBopisbKkuil HalioHaIbHIHA
YHiBepCHUTET.
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CaBuenko Binen BaaguciaaBoBuu -
imxkenep 1-oi xareropii Kadeapu
ACOIY HarmiomajapHOro TexHiuHOro
yHiBepcureTi YKpainu ~KuiBcbKuii
MMOJINTEeXHIUYHUY iHCTUTYT iM. Iropsa
CuxopcsKoro .

Ceaun IOpuit HukonaeBuu —
KaHIUJIaT TEXHUYECKUX HayK,
IOIeHT Kadedpbl
aBTOMAaTU3UPOBAHHBIX CHUCTEM
ob6paboTku mH(MOPMAIIUU U
ynpaBiaeHusa HanuoHaabHOTO
TeXHUYECKOT0 YHUBEPCUTETA
Ykpaunbsl «KueBcKkuit
MMOJIUTEeXHUYECKUA UHCTUTYT
uM. Urops CuUKOpPCKOTro».

Coxyp Ipuna BomomumupiBaa —
TrOJIOBHUH JIiKap XepPCOHCBKOTO
00JIaCHOTO OHKOJIOTiYHOTO
IVCIIaHCepY.

CoamaroBa Mapusa AjeKkcaHAPOBHA —
MarucTp Kadeapsl TeXHUUYECKOU
KubepuetTuku HTYY «KueBckuii
MMOJINTEXHUYECKUHA UHCTUTYT
uM. ropss CUKOPCKOTO».

Crenanuenko Oasra MukosaiBHa —
K.T.H., IOIIEHT, AOIEHT Kadeapu
OPUKJIAIHOI MaTeMaTUKM
HamionanbHOTrO yHiBEpPCUTETY
BOJHOI'O TOCIIOAAPCTBA.

Taip Myxamen Ajai — acuipaHT
Ka(enpu iHpopMaTHKHU i
KOMII'IOTEPHUX HAYK XEepPCOHCHKOTO
HaIliOHAJBHOT'O TeXHIUHOTO
yHiBepCcuTery.

Tanaciituyk fIpocia Borxogumuposuyu
— acmipanr, KHY im. Tapaca
[IIeBuenka.

TapuaBcbekuii [lenuc IropoBuu —
crynent, KHY im. Tapaca
IITeBuenka.

Tumomenxko MakcuMm AHATOJNIHOBUY —
acripaHT Kadenpu iHdopmaTuku,
aBTOMATHKM Ta CHUCTEM yIpPaBJIiHHS,
KpuBopisbKkuii HaioHaIbHIHA
yHiBEpCUTET.
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Tounrxauees I'ennagiit MukogaoBuu —
I.T.H.. Ipod)ecop, IPOPEKTOp 3
HAYKOBO-MeTOANYHOI poboTHU
KuiBcbKoro HaljioHaJIbLHOI'O
yHiBepcuTeTy OyAiBHUIITBA i
apxiTexTypH.

dedenos Auapiit OrekcaHIPOBUY —
K.T.H., JOLIEHT, JOKTOPAHT Ka(enpu
iH(opMaTHUKMU i KOMI’ IOTEPHUX
HayK XepPCOHCHKOT'O HAIliOHAJIBLHOTO
TeXHIiUYHOI0 YHiBEepCUTETY.

XapaamoBa Omxia MukoaaiBHa —
acucTeHT Kadeapu MeTpoJiorii Ta
iH(opMAaITiTHO-BUMiPIOBAJIBHUX
TexHoJIoTi#, HamionanbHIHA
TeXHIYHUHN yHiBepcUTeT
«JlHITpOBCHKA IOJIITEXHIKa».

Illepctiok Baragumup I'puropseBuu —
I.T.H., opodeccop Kadeapsl
MHGOPMAIIMOHHBIX TE€XHOJIOTUH
XepCoHCKOTr0 HAIIMOHAJILHOTO
TeXHUYECKOr0 YHUBEDPCUTETA.

IMupiit Bauyecaas BiramxiitoBuy -
acripaHT Kadenpu ACOIY
HarjionanbHOro TexHiYHOTO
yuiBepcureTi YKpainu “KuiBcbruit
HOJUTEXHIYHUU iHCTHUTYT iM. Iropsa
CukopcbKoro” .

ITynskeBuu TaTbsana BuxkTopoBHa —
acoumpaHT Kadeapsl
aBTOMAaTU3UPOBAHHBIX CHUCTEM
ob6paboTku mH(MOPMAIIUU U
yupasjeHus HamuoHaabHOTO
TeXHUYECKOT0 YHUBEPCUTETA
Ykpaunbl «KueBckuit
MMOJIUTEeXHUYECKUA UHCTUTYT
uM. Urops CuUKOpPCKOro».
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PETAKIINHA PATA

Beanuko Onexcanap I'puropoBuu
Ynen-xkopecunougeaTr HAH Vkpainnm,
mpodecop, JOKTOP TEXHIUHMX HAYK,
PEKTOD

(2ono6nuii pedaxmop)

T'acux Muxaiisgo IBaHoBuu
akagemikx HAH Vxkpainu

AnanmaroB Anaromiii IlerpoBuu
Ynen-kopecunouaenT HAH Vkpainnm,
mmpogdecop, JOKTOP TEXHIUHUX HAYK

AnexceeB Muxaitino OsieKcaHIpOBUY
mmpodecop, JOKTOP TEXHIUHUX HAYK

T'acuxg Muxaniao Muxanjaosuu
mpodecop, JOKTOP TEXHIUHUX HAYK

IBamenko Bamnepiii IlerpoBuu
npodecop, JOKTOP TEXHIUYHUX HAYK

Kopo6ouka Osexkcanap MukosaitoBuu
(6uenuil cexkpemap)
npodecop, JOKTOP TEXHIUYHUX HAYK

Mananuyk Banentun IlaBimoBuu
mpodecop, JOKTOP TEXHIUYHUX HAYK

MuxaasoB Ogexcagap Laaiu
(3acm. zonoenozo pedaxmopa)
mpodecop, JOKTOP TEXHIUYHUX HAYK
IIpoiimax IOpiit CeprifioBuu
mpodecop, JOKTOP TEXHIUYHUX HAYK

Criranunuii [Imurpo CBsaTo3apoBuyu
mpodecop, JOKTOP TEXHIUYHUX HAYK

XpuuikoB Basnepiii €BrenoBuu
npodecop, JOKTOP TEXHIUYHUX HAYK

IIIaToxa Bomogumup IBaHOBMY
mpodecop, JOKTOP TEXHIUYHUX HAYK

Ilymeiiko Onexcanap OnekciiioBuyu
mpodecop, HOKTOP TeXHIUHUX HAYK

ISSN 1562-9945

HamionanbHa MeTanypriiina
akageMia YKpainu

HamiomansHa MeTaaypriiiHa
akazemia YKpaiHnu

IHcTHUTYT TexHIUHOI MeXaHiKM
HAHY i IKAY

Hepsxasuuiit BH3 «Hanionanbuui

ripHUYifl yHiBEepCcUTET»

Aalto University
YuiBepcurer Aanro, PiHagaagia

HamionanbHa MmeTanypriitHa
akageMia YKpainu

JHMHITPOBCHKUI Aep:KaBHUN
TeXHIYHUYN yHiBEpCUTET

IHITpOBChK U HAI[IOHAJIBHUMI
yuiBepcurer iMm. Osecs I'omuapa

HamiomanbHa MeTasypriiina
akaaeMia YKpainu

HamiomanbHa MeTaJypriiiHa
akaaeMia YKpainu

Akademia Gyrniczo-Hutnicza

KpakiBchKa ripamuo-merasypriiiaa
axkagemida im. C. Crarrina, ITosbira

HamionanbHa MmeTanypriitHa
akageMia YKpainu

HamionanbHa MmeTanypriiiHa
akaaeMia YKpainu

HHITpOBChKUI Aep:KaBHUM
TeXHIYHUYN yHiBEpCUTET
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3BIPHUK HAYROBHUX IIPAIlb

Bunyck 6(113)

T'onoBHUI pemaxTop: A.T.H., mpod., O.I'. Beauuko
Komn’rorepHa BepcTKa Ta Kopextypa C.B. Bumemupcbka

3nano mo mabopy 27.12.2017. Ilignucano mo apyky 27.01.2018.
dopmar 60x84 1/16. Ipyk — pisorpad. Ilamip Tumorpad.
YmoB. apyK apk. — 15,76. O6sx.—BugaBH. apk. — 13,8.
Tupax 300 mpum. 3amosiu. — 08/17.

HamnionanbHa MeTaqyprifina akajaeMmia YKpaiHu,
Kadenpa IadpopmariiHuX TeXHOJIOTIN Ta CHUCTEM:
IBK «Cucremui TexHOJIOTiI»

49005, Muimpo, a/c 493
http://st.nmetau.edu.ua
Csidoumeo npo OdepicasHy peecmpauiio
OpYK0B8AH020 3aC00y MACOB0L iHpopMaUiL:
Cepia KB N 8684 6i0 23 keimusa 2004pik
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