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THE STUDY OF METHODS FOR SOLVING SYSTEMS OF
TDOA-EQUATIONS IN SOUND SOURCE LOCALIZATION
PROBLEMS

Al-Jasri G.Kh.M., Boltenkov V.
Odessa National Polytechnic University, Odessa, Ukraine
aljasri@gmail.com, vaboltenkov@mail.ru

The problem of determining sound source coordinates with passive acoustic sensor network
(ASN) based on the TDOA-technologies has been studied. Such problems arise, in particular,
in automatic localization of leaks in high pressure energetic equipment. The problem is based
on the acoustic wave time difference of arrivals (TDOA) from sound source estimation to each
pair of sensors in spatially distributed microphones system — ASN. For each sensor pair TDOA
is estimated by cross-correlation function argmaximum of received signals. Each equation for
the sensor pair describes a surface source position surface — isodiachron, which is a two sheet
hyperboloid of revolution. One can form a system of C% equations for a N sensors network. It
is assumed that TDOA estimation have errors distributed under the gauss’ law. The speed of
solving nonlinear equations system and the accuracy of the source coordinates estimation has
been investigated. Both nonlinear approaches (maximum likelihood, nonlinear least squares)
and iterative linear approaches, based on linearization (Newton—Raphson, Gauss—Newton,
Levenberg-Marquardt algorithms), were studied. Problem was solved in computer algebra envi-
ronment Matlab 8.1. It was established, that linearized methods for the same precision of
solution require 5-8 times less computing time. However, the convergence of these methods
strongly depends on the initial guess. In the context of the leak coordinates estimating in the
closed technological room, the initial guess choosing is constrained by the size of the room.



SEMIGROUPS GENERATED BY SOME CLASSES OF MEALY
AUTOMATA

Antonenko O.
I.I. Mechnikov Odessa National University, Odessa, Ukraine
antonenko@onu.edu.ua

We call an finite automaton A = (X, Q, 7, A) an automaton without branches [1] if its transi-
tion function m depends only on the current state and is independent of input symbols. A state
q € @ is a state without branches if and only if for all 21, x5 € X the equality 7 (21, q¢) = 7 (22, q)
holds. All states of an automaton without branches are states without branches. The
transformation defined by an automaton without branches at some state is symbol-by-symbol
one. Automata without branches always define finite semigroups independently of their
output function. Let @ is a subset of @, 11(Q1) = 7(X,Q1) = {7 (x,q)|qe€ @1,z € X},

I (Q,) = kﬁ T (Q)).

Then if T1(Q) consists only from states without branches an automaton defines finite
semigroup independently of its output function. For other examples of automata that defines
finite (semi-)groups, see [2].

Let us consider finite automata A = (X, Q, 7, \) over two-symbol alphabet X = {0, 1} with
the following two properties:

e for each state g € () of an automaton, there exists not more than one symbol x € X such
that 7(z, q) # ¢ (slowmoving automata);

e there are no cycles except loops in the Moore diagram of an automaton (automata of the
finite type), [1].

Let p : X — X be an arbitrary transformation of symbols, x € X, and let f : X¥ — X¥
be an arbitrary transformation of infinite words. Detone by pz|f a transformation, which acts
by p on all the symbols up to the first occurrence of the symbol z inclusive, and on the rest
of the word by the transformation f. Any slowmoving transformation of the finite type can be
represented in the form f = pyxi|pexs] ... prxi]p, where p;, p: X — X, z; € X. Consider the
family of transformations:

apg =0, o =1id0lo, ..., «,=1id0]"o,
By = allid, B = id0]a0)id, By = id0]id0]a0lid, . . ., B = id0]"a0)id, . . .
do =, 01 =1d0]a, &y =1id0)idO)er, ..., O, =1d0]"«,

where o(z) = 1 — z is the inversion, id(x) = x is the identical permutation, a(z) = 0.

We have o? = id, 8? = (3;,6? = §;. Any invertible slowmoving transformation of finite type
can be represented as composition of «; and any slowmoving transformation of finite type can
be represented as composition of «;, 3;, 6;.

1. Antonenko A.S., Berkovich E.L. Groups and semigroups defined by some classes of Mealy
automata. Acta Cybernetica, 2007, 18, pp. 23—46.

2. A. Akhavi, I. Klimann, S. Lombardy, J. Mairesse, M. Picantin On the finiteness problem for
automaton (semi)groups. In Int. J. Algebra Comput., 2012, vol.22, no. 4, p.26.



EXPONENTIAL SUMS WITH CHARACTERS OVER THE NORM
GROUP

Balyas L.
[.I.Mechnikov Odessa National University, Odessa, Ukraine
balyas@Qukr.net

Let G := Z|i] = {a + bila,b € Z,i* € C,i*> = —1} be the ring of Gaussian integers and G m
be the complete system of residues modulo p™ in G with p = 3(mod 4). Let G}, be the reduced
system of residues modulo p™ in G. For p = 3(mod 4),m € N,m > 1 we denote as E,, © Gpm
the norm group

Epn, = {x € G} |N(z) = £1(mod p™)} (1)

It is known that this subgroup is cyclic with the order 2(p + 1)p™~! ( [?]).The congruence
N(ug + ivg) = £1(mod p™) is true for its lead element (ug + ivp).

We also put eym (Re(z)) := ™) where Spz = z + z = 2Rez is a trace from Q(i) into
Q for z € G.

For o, 3,7v,l € G, (a,p) = 1,(5,p) = 1,(v,p) = 1,m > 1, m € N and non-principal character
x modulo p™ we consider the exponential sum over the norm group (1) of the following type

S, 8.7 En) = Y, x(@)epm(az + Bry +vy°) (2)

z,yeEm,
z+y?=1(mod p™)

Using the representation of the elements of group E,, ( [?], [?], [?]), the properties of its

. . . . 1 3(p+1
coefficients in general case and in exceptional cases (z =0,z=p+1,2z= ’%, z= %); the

elements of the scheme of thoughts from work [?| and Theorem 1 from the paper [?]; the
generalization of Postnikov lemma ( [?]) about characters ( [?]); lemmas about the estimates
of exponential sums with the polynomials of special forms over the ring of Gaussian integers
and in rational case, we obtain the following estimate for the sum (2)

1S(a, B,7; Ep)| < 10p2 (3)

Exponential sums over the norm group E,, without characters were considered in [?]. These
sums have no rational analogue.

1. Balyas L., Varbanets P. Twisted exponential sums over the ring of Gaussian integers. Annales
Univ.Sci.Budapest, Sect.Comp., 2013, v.40, pp. 95-103.

2. Postnikova A.G. On sum of characters modulo of power prime. Izv.Akad.Nauk USSR, Ser. Math,
1955, v.19, 1, pp. 11-16 (in Russian).

3. Sergeev S. Character sums analogue of Kloosterman sums on norm group. Visnyk
Odesk.Nats.Univer. Math. I Mekh, 2014, v.19, 22, pp. 66-74.

4. Sergeev S., Varbanets P. Exponential sums over norm group. Siauliai Math.Seminar, 2014, 9,
17, pp. 83-92.

5. Varbanets S. General Kloosterman sums over ring of gaussian integers. Ukr.Math.J, 2007, v.59,
9, pp. 1179-2000.



ADAPTIVE STRATEGIES OF MOBILE OBJECTS RL-CONTROL

Chala L., Udovenko S.
Kharkiv National University of Radioelectronics, Kharkiv, Ukraine

larysa.chala@nure.ua, serhit.udovenko@nure.ua

The paper considers the optimal strategies in positioning and control systems for mobile
objects using machine learning methods for reinforcement. The general reinforcement learning
(RL-learning) problem addresses the following: an agent must explore its environment and
make decisions in different situations based on incomplete knowledge about this environment.
The only feedback that the agent receives from the environment is a scalar reinforcement signal
which is positive if its actions are beneficial and negative otherwise. The objective of the agent
is to choose its actions so as to increase the long-term sum of the reinforcement signals [1]. The
proposed approach allows to obtain high-quality approximation of the optimal strategies for
evaluating functions by using multi-layer artificial neural networks. Besides the reinforcement
signal, the agent also receives information on the current state of the environment (in the form
of a vector of observations). Examples of the use of RL-methods developed in fuzzy control of
the wheeled mobile robots. The rule base of the system of autonomous navigation of robot gets
better in the process of learning with the use of reinforcement signal [2]. The examples of design
of mobile robots navigation in different environments are considered. The only information
available is the gain (positive or negative) generated by control decisions and this provides the
reinforcement signal that drives our system. Methods are implemented in software and tested.

1. L. Chalaya, A. Hryshko, S. Udovenko Hybrid machine learning methods in dynamic objects
control systems. Bionica intellecta, 2012, Ne 1 (78), pp. 78-84. (in Russian).

2. A. Sorokin, S. Udovenko Fuzzy control strategies for a wheeled mobile robot. Sistemi obrobki
informacii, 2016, Issue. 8, 145, pp. 56-62. (in Russian).



INFORMATION TECHNOLOGIES OF COMPUTER AIDED DESIGN
SYSTEMS BASED ON DYNAMIC DATA INTEGRATION AND
SIMULATION PROCEDURES

Chumachenko O., Godny A., Synehlazov V.
National Aviation University, Kyiv, Ukraine
sum@nau. edu.ua

There are dozens of software products designed to meet the challenges of each stage of
computer-aided design (Compass - 3D, Altium Designer, MatLab, Catia, Solidwork, DIALux,
Anfys, Flowvision etc.). Therefore, there is no need to deal with each individual task to create
new software components that can solve such problems. From an economic point of view
and from the point of view of simplicity of design makes sense to combine existing software
products in an integrated suite of software products for the task.

To achieve this goal it is necessary to solve the following problems:

1. Choosing N software (W;, Wy, W3, ..., Wy), sharing which can solve the problem of
automating the design of a product;

2. Methodology CAD design from the standpoint of redirecting information flows;
3. Integrating data in a single information process.
4. Multicriterion optimization problem.

The first stage is unique for each separate task and depends on the capabilities and
preferences of the customer, hence there is no optimal algorithm for solving this problem.

Integration of multiple CAD systems using the integrating module (Application Service
Bus) implies the existence of a link between all the modules via Application Service Bus. It
manages all available modules of the system, and is responsible for the interaction between the
modules, data conversion (if needed), and quality control of the performed work When using
the Service Bus Applications we have N systems because each system is connected only to the
Integrator, then the whole system is necessary to create N pairs of data transformations of the
form "W;-Integrator "Integrator-W;".

The main principle of the objects in the system is based on operations with declarative data
object. The basis of the design process is the consistent execution of commands, parameters
of which are aligned with the parameters of designed objects. Considering the principles of
objects and principles of the projects implemented in CAD parameterization with objects,
you can establish that the object parameters and parameters performed during the design
commands are separated from each other. The same parameter can be obtained by using
different commands of CAD. This parameter is not only a formal representation of the object
in the system. List of parameters represent object in the system. After executing a command
result is stored in the parameter list of the object. Further, when performing a command
parameter object will be processed with a combined command parameter. The result is stored
in the parameter list of the object and so on.



Having considered of all listed above properties of CAD objects with parameterization can
infer the presence of these CAD data integration. However, in such CAD object parameters and
commands are separated from each other, object parameters have priority over commands and
they are not only a formal representation of commands to the system. Consequently, the CAD
data with the parameterization can be realized only by static data integration methods. These
CAD include monitor that provides tracking status of parameters and generating automatic
rebuild facilities.

For the solution of multicriterion optimization problem it is used the normed weighted sum
method. The normed weighted sum method is the first method developed for solving problems
of this type and it is also the simplest to employ.

Presented CAD with an integrated environment introduces a new approach to managing
the design process. Used in the proposed medium scenario design can greatly simplify the work
of the designer. Available in medium monitor provides the flexibility of design processes with a
flexible structure description of design procedures in the scenario design.

10



PRONUNCIATION QUALITY ASSESSMENT BY COMPARISON
WITH EXAMPLE

Dobrovolsky G., Keberle N., Todoriko O.
Zaporizhzhya National University, Zaporizhzhya, Ukraine
gen@znu.edu.ua, kenga@znu.edu.ua, o-sun@rambler.ru

Pronunciation quality assessment method proposed in the paper is based on the following
hypothesis: if a phrase spoken by a student is similar to a phrase spoken by a teacher, then the
student has a good pronunciation; similarity criterion is a value of distance function, calculated
on a set of features of correspondent teacher and student conditional phonemes; splitting of
a spoken phrase into conditional phonemes is performed based on an assumption that in the
transition from one phoneme to another the features of a sound change essentially if compared
to the features of a sound within one phoneme; pauses among words are not taken in account
for pronunciation quality assessment.

An audio file received from a student is transformed into a sequence of frames each of
which is supported with a set of features. The sequence of frames with the help of DTW
algorithm [1] is compared to the example (teacher) sequence of frames, and is split into words
and conditional phonemes. The peculiarity of the comparison is the assumption that a student
speaks uncertainly, and hence, slowly, with pauses. Pauses — silence fragments among words —
should be excluded from the assessment. The method of distance function modification [2| on
the set of features is used to detect and exclude pauses. The result of DTW algorithm with
distance function modification is pair wise correspondence of teacher and student frames.

In ideal case (phrases are pronounced equivalently) the correspondence will be linear — this
means the quantity and duration of all sounds. In reality, phrases differ, and the difference can
be calculated.

1. Chan P., Salvador S. FastDTW: Toward Accurate Dynamic Time Warping in Linear Time and
Space. Intelligent Data Analysis, 2007, Vol. 11, 5, pp. 561-580.

2. Glass J., Lee A. A Comparison-based Approach to Mispronunciation Detection. Spoken Language
Technologies Workshop (2-5 December 2012, Miami, Florida), 2012, pp. 382-387.

11



ON SOME RESULTS IN COMPUTATIONAL COMPLEXITY
ANALYSIS OF INTEGER RELATION ALGORITHMS

Ermilova A., Rublev V.
P.G. Demidov Yaroslavl State University, Yaroslavl, Russia
roublev@mail.ru

The symbolic step table constitutes the basics of algorithm complexity analysis. This table
consists of some specific columns for conditions of execution or exit of every loop besides the
columns for each of variables. This provides the possibility to estimate the number of loop
executions from above and below giving theta-estimates for the computational complexity of
each loop.

When the algorithm under consideration is integer (i.e. the algorithm parameters take
integer values only), the analysis of obtained expressions might be complicated. Another
complication can come from the summation of sequences different from arithmetic or geometric
ones. The theorems given below allow us to simplify the analysis in these cases.

Let p1(a-n+b) = a-n+ b be a linear form with a natural parameter n of an algorithm
and positive values of a, b.

Define by p,(a-n+0b) the iterated function p,(a-n+b) =a-(a-...(a-n+b)+...+b)+b,
obtained by composition of the form gy with itself p times, and define by p,la -n + 0] =
la-[a-...[a-n+b]+...4b] +b] the iterated function obtained by composition of the integer
part of the linear form p; with itself p times (the square brackets denote here the integer part
of the respective expression).

Theorem 1. Let a,b be real coefficients of the linear form a-n + b with a > 1 and natural
value of n. Then O( wuyla-n+0b]) = O( py(a-n+0b) ) = O(aPn).

Theorem 2. Let the growth of the non-negative monotonically increasing function
f(z) (x = 0) be constrained by the condition f(x) < C'- f(z — 1), where constant C' > 1.
Therefore the theta-estimates are equal:

Theorem 3. For the non-negative monotonically increasing function f(z) (x > 0) (z €
[0, 00)) let the function g(x) defined by the relation f(x)/f(z —1) = g(x) (x = 1) be monotoni-
cally increasing and unbounded from above. Then the theta-estimates are equal:

O (), f(@) = © (f(n) (¥n>m=>0).

12



APPLICATION OF GRAPHICAL REPRESENTATIONS FOR
ANALYSIS CRITERIA

Filatova T., Malakhov V.

Odessa National Polytechnic University, Odessa, Ukraine
Petro Mohyla Black Sea National University, Mykolaiv, Ukraine

filatovatatyana@mail.ru, malakhov41@mail.ru

In the process of any activity for decision making arises the necessity to improve the quali-
ty criterias. Analyzing criteria, which satisfy the requirements and have a bearing on choice
of employer, deliver the desired result. For a visual representation, analysis and forecast is
necessary to apply a graphical representation of using trend lines. This analysis will respond
to changes of trends in the modern world and will give to the right choices in the selection of
factors.

For a graphical representation of the direction of these changes in the number of data
(depending on the trends) is used trend line.

Virtually none of the methods of the graphic analysis is not without trend lines, which help
to determine the direction of the trend.

Construction of the trend line for the presentation and analysis of education quality criteria
allows to display trends in the existing data, which influence the quality of education or forecast
future data.

So we apply technical analysis - trend line to identify trends in the factors of quality educati-
on which appeal modern employer. It will allow in the collected data to detect the trend in
certain factors over the years and forecast factors that affect the improvement of education.
That is, which we will consider the most attention. The function to be used for the construction
of trend lines may be linear, polynomial or any other depending on what we want to see in
the chart, and that the original data will be used. That is possible to build multifactor model,
conduct a survey and on this basis construct a graph, which will give a more complete picture
of the problem [1].

Operation crossing made it possible to identify the factors K = {x4, x4, z7}, with which in
the future we will work, build function and schedule [1]:
x4~ "Quality of education"; properties of the object are discipline and evaluation (ie, we consi-
der the average score in the study of subjects: x4; - the average score of general subjects, x49 -
the average score of practical vocational subjects);
xg- "Mobile activity"; properties of the object are type, characteristics, quantity, level, language
(European, American etc.). Consider xg - the number of students who participated in various
educational and research programs, zg - the number of students who speak a foreign language
and xg3 - the number of scientific publications in foreign languages.
x7- "Practical experience"; properties of the object can be volume, type of participation in solvi-
ng problems etc. Consider, for example x7; - the number of students which received certificates
(experience with information systems) and z7, - number of applications for implementation
after pre-graduation practice.

Based on the presented data we construct a trend line to predict. Thus, we define the trends
in the existing data and we make a forecast significant factors in the future (Figure 1). As
can be seen from the graph, the trend line for factor x5 - number of applications for adoption
after pre-graduation practice is polynomial trend line of the second stage:

y =0,52* — 2013,52 + 2E + 06,
R? = 1.

13
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In our example, second-degree polynomial (a maximum) for factor x5 shows the dependence
criteria of quality education to meet the requirements of the employer and the future of predi-
ctive value.

A polynomial trend line describes of the magnitude, which is alternately increasing and
decreasing. It is useful for the analysis of a large data set of unstable value. The degree of
the polynomial is determined by the number of extremes (highs and lows) of the curve. The
polynomial trend line is based on the following formula:

y=>bb+c-x + corwg + 313 + 0+ Ty,

where b and n - constants.
As we see from the graph, the approximant R? = 1. This shows the accuracy of the graph.
From graph may conclude that in subsequent years the number of applications for
implementation after pre-graduation practice will be increased. This way you can analyze other
indicators of interest to employer.

1. T. Filatova, M. Glava. Mathematical Models of Information Manipulation in the Subject Field
of Intellectual Production in Educational Institutions. Materials of the International conference
on Electronics and Information Technology (EIT’2016), 23th—27th May, 2016. - Ukraine, Odessa,
pp. 92-96.
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COMPARISON OF THE NOMINAL TYPE PROPERTIES OF
OBJECTS OF DIFFERENT SUBJECT DOMAINS

Glava M., Malakhov E.

Odessa National Polytechnic University, Odessa, Ukraine
I.I. Mechnikov Odessa National University, Odessa, Ukraine

glavamaria@mail.ru, opmev@mail.Tu

These days, the work of any organization in any industry is not possible without the use
of information technologies. Databases and data storages can store and process the huge data
stream, which simplifies the management and control activities to a considerable extent.

Taking into account the economic situation of the country and analyzing the market, which
is subject to reorganization of the enterprises, we can conclude that there are problems of the
integration of information systems (IS).

The any IS design starts with a description of the subject domain (SD) and with a
construction of its model. The solving this problem is the merging of SD models of the
analyzed IS. To excluding redundancy and inconsistency of data, it needs to determine the
similar objects in different SD.

In [1] the search technology of the same SD projection (SD objects) is proposed, which
is proposed to compare objects on the basis of the properties values of the tuples of these
objects. The comparison algorithms differ depending on the data type of the specific property.
This paper we propose the comparison algorithm of the nominal type properties.

Under the proposed technology, it needs to prepare the objects of the potentially similar
subject domain for the comparison, having allocated significant properties, having ranked,
having grouped by data types and having sorted the tuples [1]. It carries out manipulation of
the properties of the nominal type after analysis of serial properties.

We can assume that the preceding steps brought together the rank of potentially similar
objects and their properties. Implementation the comparison algorithm of the serial type
properties brought together the tuples compared objects. Accordingly, values of the nominal
properties compare for aligned capacities of the tuple sets.

The comparison of the values symbol-by-symbol rejected because the information on the
same object or action we can represent by different nominal values.

To compare the nominal type properties we suggest creating a base of signs F, which
characterize any nominal properties. These characteristics include, for example, the number
of spaces in property values; the number of capital letters; the part of speech; the presence of
punctuation; the presence of abbreviations, etc.

The next step is to fill in the sets of signs F, having processed the nominal values of each
property of the compared SD objects.
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To determine the measure of the properties similarity, we form the contingency table (or
the cross-table) on the following signs:

The number of spaces = 0; 0 < The number of spaces < 3; The number of spaces > 3; The
number of capital letters = 0; 0 < The number of capital letters < 4; The number of capital
letters > 4; The presence of abbreviations = "yes"; The presence of abbreviations = "no"; The
presence of punctuation = "yes"; The presence of punctuation = "no"; The part of speech =
"noun"; The part of speech = "adjective"; The part of speech = "verb".

During next steps, we suggest to compare the nominal properties pairwise in the order that
we defined in step a ranking of objects and their properties. When detecting a low level of
compliance, it exclude these properties from consideration. When selection of properties with
high and average similarity measure, it analyze them with help of the experts, because the
software method does not guarantee that the error will be excluded in the analysis of nominal
properties. Nevertheless, this method will reduce and simplify the properties processing for the
experts.

The similarity measure between the properties of the nominal type on the basis of the
signs complex was analyzed by the following methods: taxonomic analysis of E. S. Smirnov
[2], coefficient of Pearson’s mutual contingency 3|, Pearson’s chi-squared test [4].

The most revealing on the test data defined Pearson’s chi-squared test.

1. Zabavsky B. V. Diagonal Reduction of Matrices over Rings. — Lviv: Math. Stud. Monogr. Ser.,
2012, XVI, 251 p.

2. Maria Glava, Eugene Malakhov Searching Similar Entities in Models of Various Subject Domai-
ns Based on the Analysis of Their Tuples. 2016 International Conference on Electronics and
Information Technology (EITB’16), May 23-27, 2016, Odesa, Ukraine, 2016, pp. 97-100.

3. Smirnov E.S. Taxonomic analysis. M.: Publisher Moscow University, 1969 (in Russian).
4. Gromyko G.L.: Textbook. M.: INFRA-M, 2005, p. 476 (in Russian).

5. Babich P.N., Chubenko A.B., Lapach S.N. Statistics in science and business. Kiev: Morion, 2002
(in Russian).
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COMPUTER ALGEBRA AND MOTIVIC ZETA FUNCTIONS OF
ALGEBRAIC VARIETIES OVER FIELDS OF POSITIVE
CHARACTERISTICS

Glazunov N.
National Aviation University, Kyiv, Ukraine
glanm@yahoo.com

We investigate algebraic aspects of motivic approaches to zeta functions of algebraic varieties
over fields of characteristics p > 0.

On the base of the investigations we develop their ontology.

We rely on the works by A. Grothendieck, P. Deligne, J. Tate, Yu. Manin, C. Soule,
V. Voevodsky, F. Broun and others. At first we consider Chow and Tate motives and
corresponding zeta functions. In the framework follow to P. Deligne we present motivic and
computer algebra aspects of classical Riemann zeta function.

Then we consider motivic approach to zeta and L— functions with emphasize on computati-
onal aspects.

Multiple zeta values are included.
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OPTIMIZATION PROBLEMS AND PRACTICES IN
MICROELECTRONIC MANUFACTURING

Granik Yu.
Mentor Graphics, USA
yuri_ grantk@mentor.com

Lithography is the key enabling technology in manufacturing of the contemporary
integrated circuits. In order to achieve the best possible yield, the lithographic steps and
their parameters are subjected to various optimization, tuning, and improvement procedures.
Whenever possible, lithographic engineers try to formalize emerging problems, and then apply
mathematical optimization theory, mainly methods of the numerical optimization. We present
here a review of such problems and methods.

One dimensional optimization problems are not challenging, which can be explained by the
triviality of constraints and benign computational complexity of such problems. In addition
to this, often in practice simply drawing a graph of the objective function is sufficiently
informative. If a numerical optimization is called for, then we offer Piyavskiy algorithm that is
proven to be optimal for Lipschitz-continuous objectives.

As an example of the two-dimensional optimization problem, we present a calibration
procedure for the directed self-assembly (DSA) model, and discuss application of DIRECT
optimization method by Jones, Perttunen, and Stuckman.

Linear Programming (LP) belongs to the class of resolved multi-dimensional problems.
Lithographic engineers, as well as physicists in general, are mostly not well acquainted with
LP apparatus and its ’tricks of trades’. We show one the rare cases when LP is applicable to a
physical problem.

In general, the multi-dimensional optimization problems are hard to solve in a reliable
manner. The reasonable algorithms are usually gradient-based. We discuss issues with the
complexity of gradient calculations. For convex optimization problems, we spotlight Nesterov’s
family of accelerated gradient schemas, and present results of lithographical mask optimizations.
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ANALYSIS OF THE DIGITAL IMAGE IN TERMS OF DIFFERENT
TYPES OF BLUR TOOLS ADOBE PHOTOSHOP

Kaman K., Lebedeva E., Zorilo V.
Odessa National Polytechnic University, Odessa, Ukraine
Jyzel@rambler.ru

Introduction. The use of digital images in contemporary society applies in an increasing
number of spheres of human activity. If the image is used as a document, it is important to be
able to ensure that it is authentic and contains no unauthorized third party interventions and
changes. Sometimes to conceal some details in the photo, or, conversely, to add new images by
means of image editors amenable to such manipulations as cloning and photomontage. To hide
borders added from other areas (of the same) photos, often using different operations: brightness
correction, retouching, blur and so on. Blur contour area after replacement photomontage or
cloning, or blur in general - a very common operation processing. In addition, blurring is often
used as an attack on steganography image if it contains any hidden links. In any case of blurred
digital image allows a high probability to draw conclusions about unauthorized violation of his
integrity. And then if that file can be used as a credible document should encourage appropriate
action by the sender or recipient of the investigational Photos, Among the known methods for
detecting blur today well established method that is based on the general approach to the
analysis of the technology and operation of information systems [1]. This method was tested
for the detection of Gaussian Blur with a radius of 1 pixel, realized in photo editor Adobe
Photoshop (AP).However, in the same editor, there are many other kinds of blur, which have
their own characteristics and can also be applied in that context. But so far there had been no
detailed study of how this method to cope with the discovery of other types of blur.

The purpose of this study - to analyze the effectiveness of blur detection method based on
the general approach to the analysis of the technology and operation of an information system
in case of different types of digital image blur.

Main part. The method of digital image blur detection Gaussian analysis is singular values
of its units matrix (matrix).When you blur the contours become less expressive, through which
reduced the proportion of the high-frequency image signal. This reduces the growth rate of the
singular values of matrix blocks in a digital image. That growth rate singular values of blurred
images qualitatively different from unblurred. Was experimentally determined threshold, which
allows high destiny probability to draw conclusions about the presence of a digital image blur.
Research base was formed as photographs of those who received amateurish technique and those
who are accepted for experiments [2].So have a digital image blur any of its brightness pixel
matrix, if there are several, standard way divided into blocks of 8 x 88.Fach unit should identify
a set of singular numbers. Experimentally that have a blur with a radius of 1 pixel (the most
difficult to identify situation) is the most effective use of the five smallest singular values in
each block for which you want to build a linear approximation and for approximating functions
define a derivative whose value (constant) is a growth rate factor these singular values. If the
maximum coefficient growth rate among all the 8 x 88 blocks does not exceed the threshold,
the image is blurred. If the average of the coefficient growth rate among all the 8 x 88 blocks
exceeds the threshold - the image has not been blurred. In other cases, the method provides
for further examination expert Table 1.

The value of the maximum and average growth rate (KGR) singular values of blocks of
digital image blur during (re) blurring image.

19



Tabaursg 1. Table 1. The experimental results

Before blur After Blur
Digital Box blure Blure Blure more
image | Maxi [ Aver l\rflaximum‘ Average Maximum Average Maximum Average
mum | age KGR KGR KGR KGR KGR KGR

KGR | KGR | first second| first second| first second| first second| first second| first second
Blur | Blur | Blur | Blur | Blur | Blur | Blur | Blur | Blur | Blur | Blur | Blur
1.jpg 753 1493 (020 016 [0.16 |0.13 |265 |248 1.74 1.63 | 1.17 | 1.00 | 0.69 | 0.67
2.jpg 727 1344 |021 |0.18 |0.16 |0.13 0.8 |0.79 |046 |0.40 1.23 | 1.00 | 049 |0.52
3.jpg 6.04 290 [0.19 018 [0.15 |0.13 | 255 |2.38 1.21 1.13 1.27 1095 | 055 |0.48
5.jpg 10.01 | 6.81 | 0.22 |0.17 | 0.18 | 0.14 | 2.06 1.97 | 1.23 1.18 | 1.79 | 137 |0.83 |0.82
6.jpg 819 424 [0.12 |0.11 [0.07 |0.06 |324 | 3.00 1.47 | 1.40 1.69 1.35 ]0.78 | 0.69
87.jpg | 4.00 | 277 |0.76 |0.51 |0.35 |0.22 1.05 1.05 [053 |053 |235 |1.79 |1.40 | 1.09
94.jpg | 2.45 2.18 0.16 0.09 0.10 0.05 2.58 2.41 1.60 1.51 1.60 2.48 1.07 1.49
99.jpg | 3.03 [219 |0.05 |0.04 |0.01 |0.006|080 |0.73 |0.46 |0.46 1.00 077 |0.55 |047
104.jpg| 4.59 |3.62 |0.17 |0.13 |0.12 |0.08 |221 |2.14 1.53 1.46 | 1.37 |1.09 |0.93 |0.80
106.jpg| 6.78 | 5.32 | 0.05 | 0.04 | 0.02 | 0.01 1.49 1.37 [ 090 |0.84 |0.57 |040 |0.29 |0.28

If the indicators that are analyzed, will change more than twice, then the expert blur for the
image is the first, otherwise it was blurry before. This threshold was determined experimentally
and equals to 1.75.

In the editor, AR today, there are more than eleven types of filters to blur an image. Not all
of them, we will consider due to the nature of the use of images. As already noted, the image
must be blurred so that visually it was not noticeable. Some types of blur to the editor are not
fundamentally able to be invisible, because they leave no footprints, and transform the image
on the background (for example, the filter "Averege").However, there are many such filters
that are worthy of attention in the context of the problem being solved. This work is the first
step in creating a generic method of detecting blur in a digital image.

We consider in this work three types of blur: Box blur, blur and blur more.

The experiment was taken as 100 digital images, 80 of whom are from the public database
of digital images [2]|, and 20 received non-professional photographic equipment and the latest
smartphones. At the first blur of the maximum and the average value of the coefficients of the
growth rate of singular values of the blocks considerably decreased compared to these same
characteristics for neurosmith images. A second blur, as expected, did not significantly change
these figures in comparison with the first. The results are presented in the table.

These results are quite logical and Accutane and correlate with the studies that have been
conducted in relation to the Gaussian blur in [1].However, there are some differences, namely
the threshold value of 1.75 cannot be considered successful to detect the blur, and blur plus,
as seen from the table. As for the blur on the frame, carried out with the default settings in
the graphic editor, the threshold is even greater, however, may be used.

Conclusion. Therefore, while it is impossible to say that a method developed to identify the
Gaussian blur, it is quite suitable for the detection of other types of blur photo editor.It requires
detailed research and adaptation of each type of blur.However, as shown by experiment, this
method could be the basis for a new universal method of detecting blur in a digital image.

1. Kobozeva A. A., Zorilo V. V. Method of detection results of the blur in a digital image. Scientific
and practical journal "Modern special equipment 2010, Ne 3 (22), C. 52-63.

2. NRCS Photo Gallery: [Electronic resource|. United States Department of Agriculture. Washi-
ngton, USA. Mode of access: http://photogallery.nrcs.usda.gov (date accessed: 26.03.2016).
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CRYPTANALYSIS OF ASYMMETRIC ALGORITHMS USING ANT
COLONY OPTIMIZATION

Kosukhin N., Shpinareva 1.
I.I. Mechnikov Odessa National University, Odessa, Ukraine
ira-shpinareva@rambler.ru

One of the main goals of cryptanalysis is to assess the cryptographic algorithms safety.
The asymmetric cryptographic encryption algorithms are still relevant, because the computi-
ng systems capacity grows exponentially and the digital signatures popularity is still usi-
ng in electronic documents, X509 certificates. Today we have got some classical methods
of cryptanalysis, such as brut-force search method, Pollard’s p — 1 Method, Pollard’s p
Method, Elliptic Curve Method, and intelligent methods. Among these methods emit bioinspi-
red (evolutionary-genetic) algorithms. These include a genetic algorithm, swarms algorithms
(ant and bee algorithms). The RSA algorithm is representing asymmetric cryptosystem. It
cryptographic safety is determined laborious factorization of large numbers. The cryptanalysis
and the secret key determination accomplished, by making factoring of module N into primes
P and @. In this work we analyze the ant algorithm for the decomposition of N module in
the RSA algorithm. Ant colony algorithm used for decomposition of N by factorizations di-
vider determining the number with accuracy in an interval [n;,ni]. So we have the classical
problem: how to find the shortest path in the graph, solved by the ant colonies algorithm. In the
algorithm the initial location of the colony established at the beginning of the work. A limited
number of agents (ants) M randomly arranged at the vertices of the graph without repetition.
The first pheromone level takes a small positive number for the transition probabilities values
were not zero. After running the algorithm on the fast track is allocated the highest number of
pheromones. The aim of the ant algorithm is to determine the route that contains m vertices
and the vertex of the graph z; € [n;, ng], which are divisor of N with a given accuracy, means

if condition correct F(z;) = (%) - [%} — min. To construct a suitable ant algorithm to
solve a problem, it is necessary to present the problem as a set of components and transitions,
to determine the value of pheromone. The determining parameters are: the number of ants,
a balance between the study and the use of a combination of a greedy heuristics and torque
pheromone update. The software application was developed in C# using .NET technologies in
the Microsoft Visual Studio Community runtime environment. The test showed the dependence
between the iterations number and number of routes in a given initial configuration algorithm,
and also on parameters such as the amount of evaporation of the iteration "pheromone the

accuracy of the route and the route length.

Tabsuigss 1. Table 1 — Algorithm testing results

N Multipliers Initial configuration Ant  algorithms | Brute-
iterations number | force
iterations
number
16123897 | 23,37,18947 [5,20000], Q =4, m =6, M =6 599 4015
4154963851 | 3943,1053757 | [3000,2000000], Q =4, m =12, M = 8 | 2346 64459
[3000,2000000], Q = 4, m = 4, M =4 | 2758
The report reviews the composite numbers factoring by using the ant algorithm and it compari-

son with brute-force method.
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STEGANOGRAPHIC METHOD FOR DIGITAL IMAGES
AUTHENTICATION

Kozin A.%, Kozinf M.!, Papkovskaya O.!

Odessa National Polytechnic University, Odessa, Ukraine!,
National University "Odesa Academy of Law Odessa, Ukraine?

kozindre@rambler.ru, mashaK1989@rambler.ru

Today steganography methods not only allow hidden store and transmit information, but
also helps to effectively solve problems of protecting information related to unauthorized
copying, search data in multimedia databases [1].

Modern scientist papers [2] proposes a solution for the authentication of information
transmitted through a communication channel the implementation of a digital image authenti-
cating mark. In paper [2, 3| for the implementation of authenticating marks authors proposed
steganographic algorithm (SA) that uses a singular domain / spectral decomposition of the
container matrix, which ensures the stability of the developed algorithms even in significant
disturbing influences. Let selected steganography algorithm A1(t), where ¢ - selectable option.

The effectiveness of the selected SA will be evaluated standard using the peak ratio "signal
to noise named PSNR. In open sources assumed that the value PSNR > 37 dB points to a
perception of compliance with reliability corresponding steganographic message (Table 1).

Va2 | A1(10) | A1(20) | A1(30) | A1(40) | A1(50) | A2
Average | 70,70 | 70,01 | 69,83 | 69,51 | 69,19 | 52,58

Tabaums 1. Table 1. Peak ratio signal to noise for some SA

The paper presents analysis of the SA to implement authenticating mark, as well
as high efficiency of modern selected SA so you can use them as part of a comprehensi-
ve three-pronged modern steganography task. The computational complexity of developed
steganographic method for digital images authentication using embedding additional informati-
on thereby organizing covert communication channel and algorithms that implement them
represented by polynomials of degree 2 [2,3].

1. Fridrich J. Steganography in Digital Media: Principles, Algoritms and Applications, 2010, p. 441.

2. Kobozesa A.A., Kosuna M.A. Creranorpadudeckuii MeTo1, obecreunBaronuii IpoBepKy MeJIo-
CTHOCTH ¥ &yTEHTHIHOCTH IIepe aBaeMbIX JaHHBIX. [[pobieMbl pernoHabHON SHEPreTUKu. DJie-
KTPOHHBIN KypHai Axkanemun Hayk Pecrybaukun Mosmosa, 2014, Ne3(26), C. 93-106.

3. Kobozesa A.A., Kosura M. A. MeTo/ cKpbITO# TIepeiadn JaHHBIX, 00ECIIEIUBAIOIIII IPOBEPKY
[IEJIOCTHOCTH U ayTeHTUIHOCTHU TepeaaBaemoit nagopmarun. IMMM, 2015, T.5, 1, C. 57-64.
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MODEL OF HYBRID INTELLIGENT SYSTEM FOR IMAGE
ANALYSIS

Krapivny Yu., Kryvonos O.
I.I. Mechnikov Odessa National University, Odessa, Ukraine
geraclion@gmail.com

Hybrid intelligent systems are well-known instruments for combination of different artificial
intelligence techniques in one system either distributed or monolithic. There are three major
architecture types of hybrid intelligent systems: unified neural architecture, transformational
architecture and hybrid modular architecture. Hybrid modular architecture type divides into
three subtypes: loosely-coupled, tightly-coupled and fully-integrated architecture types. Hybrid
intelligent system approach allows to combine advantages of artificial intelligence techniques
and minimize their drawbacks. The aim of the research is to develop and implement model of
fully integrated modular hybrid intelligent system which consists of two interacting modules:
artificial neural network and fuzzy logic system. The constructed model is used for tasks of
image analysis and object recognition. The artificial neural network module is responsible for
low-level objects recognition while the fuzzy logic module is responsible for combining low-level
objects into higher-level objects.
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A UNIFIED APPROACH TO HIERARCHICAL CLASSIFICATIONS

Lisitsyna I., Petrushina T., Trubina N.
I.I. Mechnikov Odessa National University, Odessa, Ukraine

tatyana.petrushina@gmail. com

In the second half of the 20th century, identification theory had taken shape, principles
and methods of compiling and application of keys for identification of biological objects had
been developed. Hierarchical classifiers [1] have been widespread in almost all areas of human
activity. Hierarchical classifiers express the taxonomy and nomenclature in biology, mineralogy,
soil science, medicine, librarianship, and so on. Such classifiers presents the taxonomy and
nomenclature in biology, mineralogy, soil science, medicine, librarianship, and so on. A classifier
having a hierarchical structure often is called a taxonomy, and object of a classification is
called a taxon [2].

The problem of finding an object position in the hierarchy, that is, assigning an object to
a certain taxon by its features, is far from trivial. Moreover, these features which are used as
definition keys, are also often classified according to a hierarchical basis.

Finding an object position in the classifier is often complicated by the fact that value of
some features is unknown and the known values of features belong to different sets. This search
strategy is proposed to provide with the help of multi-polytomous key.

The article describes a unified approach to the design of the data model for supporting
a universal hierarchical classifier. The system should include the two hierarchies: one for
a taxonomy nomenclature systematics and other one for a maintenance of key sets. The
main characteristics of objects of the model are the same, regardless of the subject area.
Implementation and tuning can be built by using inheritance mechanisms.

The stated ideas have been implemented in a prototype system, which has been used to
build qualifiers of flowering plants, minerals and soils with appropriate filling of the database.
This has confirmed the effectiveness of the proposed approach and its practical value.

1. Nuoukun A.A, Kupeitayk A.I., Jlobanos A.JI., Cmupuos U.C., Crenanbsian C./. UaTeprer-
OIpeIeInTe TN OHOJIOTTIeCKUX 00beKTOB. b JieT cuycta Hay4nbiit cepBuc B cetn MuTepHET: 9K-
sactonicuoe Gyyriee. Tpyasr MexiyHapo/Hoii cynepkoMibioTepHoit Kondepenuu (19-24 cen-
1s16pst 2011 1., r. HoBopoccniick). Mznarenscrso MI'Y, Mocksa, 2011, p. 449--453.

2. MMarankun A.U. Takconomust. OcHoBaHust, TpuHIUnbl 1 npasmwia. M.: sgarenscro: Tosapu-
mectBo Hayunbx usmanuii KMK, 2012, C. 600.
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A CRITERION OF ELEMENTARY DIVISOR DOMAIN FOR
DISTRIBUTIVE DOMAINS

Malakhov E.!, Mezhuyev V., Shchelkonogov D.?
I.I. Mechnikov Odessa National University, Odessa, Ukraine
opmev@mail.rut, delis91@gmail.com?

Classification of mass problems (MP) is essential for efficient control of the corresponding
production subject domain (PSD) [1] and studying of MPs themselves. Three approaches of
building classification algorithms are proposed: extracting, structural, and hybrid. Extracting
algorithms operate on the history of functioning of the given PSD and extract the necessary
information from it using operations, defined on the PSDs. Structural algorithms operate on
the known structure of mass problems. Hybrid algorithms use both extracting and structural
approaches. Several groups of classes of mass problems are proposed. The most generic group
of classes of MPs consists of three classes: changing MPs, evaluating MPs, and target MPs.
Changing MPs change the state of PSD, evaluating MPs allow rating the state of PSD, target
MPs are MPs, which the given PSD is aimed to solve. Another group of classes of MPs is a
subgroup of changing mass problems. Each class corresponds to the tuple (MP, attribute of the
PSD or its object, marker of change). Basing on this classification it is possible to choose MPs
to influence specific attributes of specific objects of the PSD to control it efficiently.

1. Malakhov E., Shchelkonogov D., Production subject domains.- International Conference on
Electronics and Information Technology, Odessa, Ukraine, May 23-27.- 2016.- pp. 87-91.
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REVIEW OF METHODS OF ANALYSIS OF EDUCATIONAL AND
ORGANIZATIONAL INFORMATION TO IMPROVE THE QUALITY
OF SPECIALIST TRAINING

Malakhov E., Tsariuk A.
I.I. Mechnikov Odessa National University, Odessa, Ukraine
poltavacortkrl1q@mail.ru, eugene.malakhov@onu.edu.ua

The main purpose of management educational division of the University is to improve quali-
ty of specialist training produced by the university. At the level of the department one of the
problems to be solved in order to achieve this goal is the choice of teachers reading the appropri-
ate discipline and load distribution between the teachers. However, simple and direct solution
to this problem is largely subjective.

Improving the efficiency of such a decision can be based on the analysis of large volumes
of diverse structured and unstructured, operational and historical information. Such analysis
will help identify patterns between the academic performance of students, mastery of discipli-
ne material, information characteristic of a teacher (scientific, methodical, practical etc.), the
structure of the curriculum and the working program of discipline.

Performing of this analysis was decided to be done with the help of various Data Mining
methods in combination of Big Data methods.

For example, dependencies between student academic performance, his grades on related
subjects and the teacher is supposed to be identified by applying the clustering method. Thus
it is possible to obtain information about the student’s perspectives on a particular subject. If
using self-learning techniques, such as EM, high speed processing of large data can be achieved,
all with increasing the accuracy of calculations [1].

However, to determine the dependencies of the given example, it may be a more effective
way to use a method of association rules. Answering that will be possible after conducting an
appropriate studies [2].

The same method seems appropriate for solving the problem of the evaluation of the
structure of the curriculum based on dependencies between disciplines and its influence on
the quality of education. However, due to the large volume of unstructured information associ-
ated with the curriculum in the form of working programs of disciplines, it is suggested to
create an algorithm that combines Data Mining techniques with MapReduse method [3], for a
preliminary analysis of such data.

1. Hamparsum Bozdogan Statistical Data Mining and Knowledge Discovery. July 29, 2003 by
Chapman and Hall/CRC Reference. — 624 p.

2. Data Mining [E-resource]. — Acces Mode: https://basegroup.ru/community/articles/data-
miningin. — in Russian.

3. MapReduce or calculation out of memory and CPU capability |[E-resource]. — Acces Mode:
http://ng-table.comhttps: / /habrahabr.ru/post/103467. — in Russian.
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DEVELOPMENT OF THE EFFECTIVE VOCABULARY
STRUCTURES FOR THE SPEECH RECOGNITION TASKS

Mazurok I., Zahanich D.
I.I. Mechnikov Odessa National University, Odessa, Ukraine
i.e.mazurok@gmail.com, dimazaganich@yandex.ru

In recent decades mankind faced the problem of creating effective tools for data input. Today
personal computers are used not only by specialists, who are capable of fast typing, but also by
regular users with poor computer skills. Conventional data input methods require performing
some actions by user’s hands and often prohibits user from performing others tasks at the
moment of data input. However, speech recognition methods doesn’t have these disadvantages.
It took almost half a century to improve speech recognition systems for widespread usage [?].
Researchers and developers of such systems had to solve a lot of problems [?]:

the problem of the extraction of the desired information from an audio signal;

the problem of the classification of the extracted information from an audio signal;

necessity of extensive training of speech recognition systems because of a large number
of words pronunciation variants;

low overall performance of speech recognition systems.

The primary goal of this article is to develop speech recognition method, which is capable
of running on the mobile device with limited computational power. We focus on reducing the
size of the dictionary, which is key component of every speech recognition system.

Proposed solution to speech recognition task can be used effectively in cases where the
speech recognition system has low computational resources and is not supposed to recognize
complex grammatical structures. Such cases may include remote control systems with a small
vocabulary of control commands.

1. Alex Acero, Hsiao-Wuen Hon, Xuedong Huang. Spoken Language Processing: A Guide to Theory,
Algorithm and System Development. — Prentice Hall PTR, 2001, 480 p.

2. Zakaria Kurdi. Automatic Speech Processing and Natural Languages. — ISTE Wiley, 2016, v.1,
720 p.
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Nowadays mobile devices contain a lot of raw data. It can be collected from interaction
with user, or from mobile sensors. To retrieve useful information from sensors, data mining
methods have to be used. One of well suited for this situation data mining tool is Bayesian
networks. To use Bayesian network at first its structure should be built.

In the article heuristic method of Bayesian network construction is described. All steps of
network creation were analyzed and the way for improving quality of built Bayesian network
was suggested. It consists of interaction with a user during the process of Bayesian network
building. In some cases it gives positive result. The method was implemented on the mobile
platform Android.

For making the idea of getting value from raw data on mobile devices more real, the archi-
tecture of expert system based on Bayesian networks is provided. It contains four modules:
data processing, network structure, network building and user interaction. Each module goal is
described within the framework of extensible architecture along with implementation of heuri-
stic method. The program architecture provides possibility to expand the application with new
functionality basing on developed code. Presented research provides a tool for usage of Bayesian
networks on mobile devices.
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The question of effective data encoding and protection in communication channels is rather
important in modern IT sphere. Most of the known error detection and correction codes make
it possible to restore single bits or combinations of bits; however, the types or errors become
more diverse, and some unusual methods may be required. The central method discussed in
this work is the Fibonacci Q-matrix coding method, which allows correcting theoretically
unlimited sizes of damaged data in certain cases [1].

The aim of the research is to evolve the coding methods based on Fibonacci numbers. The
following tasks were set to achieve this:

1. Study and formalize properties of the Fibonacci numeral system and the coding methods
based on it.

2. Develop software libraries which implement the researched coding methods.
3. Make a comparative analysis of performance of the methods.

The standard Fibonacci Q-matrix coding method has been formalized. Its implementation
was upgraded with the Fibonacci coding [2|, a detailed implementation design has been
introduced. A new "block Q-matrix method"has been developed, which divides the message
in fixed size segments and applies the standard method on them. A software implementation
of both standard and block Q-matrix methods has been done. A comparative analysis of the
algorithms has been made.

The standard Fibonacci Q-matrix method makes it possible to correct unlimited sizes of
damaged data, although the errors must happen only inside the predefined parts of the message;
otherwise the whole message will become unreadable. The developed "block Q-matrix"method
proved itself more effective in data restoring than the standard, both with single damaged bytes
allocated throughout the message and series of consecutive error bytes. The undamaged parts
of the message remain intact in any case.

1. Zabavsky B. V. Diagonal Reduction of Matrices over Rings. — Lviv: Math. Stud. Monogr. Ser.,
2012, XVI, 251 p.

2. «Dubonaqunenoe» kopuposanue [Electronic resource|. Myszeit l'apmonun u 3onororo Cevenust —
Access: http://goldenmuseum.com/1508FibCode rus.html.

3. Fraenkel A.S., Klein S.T. Robust Universal Complete Codes for Transmission and Compression
[Electronic resource| — Access:
http://www.sciencedirect.com /science/article /pii/0166218X9300116H
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The main goal of this work is to evaluate a few of the most promising and so-called cutting-
edge technology frameworks for the web application development and to find out which ones
support the criteria in place for present-day services. These criteria are related to the producti-
vity, powerful features, security, flexibility scale, performance, learning curve, and size of the
community. The technologies chosen for appraising are Ruby on Rails written in Ruby, Django
written in Python, and Grails written in Groovy. To achieve the stated goals, three web appli-
cations have been created in the above-specified technologies. They have the same database
scheme, sample dataset and front-end interface. In order to perform the evaluation of the
frameworks a comparison between frameworks is presented, showing the features, helpers, and
methods in a few examples. The second phase presents benchmarks for the most popular actions
in the web application. All benchmarks results have been counted by the application written in
Java. This application uses HTTP requests to get access to tested applications and to trigger
examined actions. The results are plotted by Gnuplot command-line driven graphing utili-
ty. Finally, a subjective evaluation considering the learning curve, IDE support, size of the
community, and time needed to set up the entire environment are presented.
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In this paper presents the information system managing the delivery of television programs
from the headend to the set top box. Through the upstream information is transfered from whi-
ch the television channel set top box sends the television program to your TV set, smartphone
or computer. On this base, the system counts the fee of the subscriber and sends them to
the broadcaster of chosen television program. The implementation of this system is important,
because the subscriber has access cable television with 200 television channels and in satelli-
te television with 1000 television channels. Now, the subscriber has to pay the subscription
of package of television program but he watches only one. The fee was billed as a potenti-
al opportunity to watching, not his actual watching. That system was working in analog
television and in digital television without upstream. When owner of broadcaster is state the
subscription is quasi task and citizen has no influence for its distribution. When the market of
television channels is realized via packages also subscriber has no influence which commercial
broadcaster received and how much of subscription. The system is described in this work requi-
res high level security because it may be exposed to attack from subscribers or broadcasters.
Further development of the system also include television streaming on mobile devices and
local programs on cable television. In the new information system will also be calculated on the
remuneration payable to the organization of collective management of copyright and related
rights.
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DIVISOR PROBLEM IN SPECIAL SETS OF GAUSSIAN INTEGERS
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Let Ay and A, be fixed sets of the Gaussian integers. 74, 4,(w) is the number of representati-
ons of w in form w = af ,where a € A, § € Ay. By the 7g(w) we denote the function 74, 4,(w)
in case, when A; = Z[i], Ay = S(y) is a fixed sector of complex plane

S(QO)Z{WEZ[Z']:0<¢1<argw<¢2<g7gp:¢2_%}'

Let
T(.’L’,’Y,CUQ,S(QO)) = Z Ts(UJ).

w=wo (mod 7),
N(w)<z

Applying the method of Vinogradov we get the asymptotic formula in case, when the norm of
a difference of progression grows.

Theorem. Let v,wy € Z[i], N(v) > 1, (wo,v) = B, N(B) < N(v). Then for every e > 0,

3
N;EZ) the following formula holds

r = N2(y) and o — o1 >

T(x,7,w0,S(p)) =

_M ¢ w x 0 * C w . xé_ﬂ
- (0(% 0)N(v)l ENG) T g O)N(V)) +O<N‘1‘(7)>7

where co(7y,wo), c1(y,wo) are computable constants.

1. Varbanec P.D. Zarzycki P. Divisors of the Gaussian Integers in an Arithmetic Progression[text].
J.Number Theory, 1990, V.33, pp. 152-169.
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DOCUMENT-ORIENTED GRAPH AS A WAY OF SAVING
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A rapid increase in the amount of information the search for new approaches to solving
the problem of preservation became a necessity. It is believed that non-relational databases
(NoSQL) are most suitable to preserve it semistructured data. Compared with relational
databases, NoSQL databases easily scalable and provide excellent performance and solve
problems for which relational model is not designed. Working with semistructured data is
important to preserve as much as possible in the most quick for use form. Document-oriented
graph database introduced at a higher difficulty data node graph, that is, when the count is
node element with many different characteristics.

It was analyzed semistructured data processing for different types of databases: Document-
based, Graph-based, Document-oriented graph. The analysis was carried out on the following
parameters: number of created objects, weight database, time of record in the database, time
of executing query with multiple conditions. The research found that the document-oriented
graph has the greatest weight and the recording of data, but it requests are faster.

It should be noted that document-oriented database is very convenient for data processing
in semistructured medical data area.

Choose between NoSQL technologies depends on many factors (problem statement, quali-
fications developer, features hardware requirements that the speed, etc.) so unequivocal
recommendation that a database should be used cannot be given. To a large extent it depends
on the project requirements.

1. NoSQL Database Couchbase. Recourse: http://www.couchbase.com /nosql-resources/what-is-no-
sql.
2. Planet Cassandra. Recourse: http://www.planetcassandra.org/what-is-nosql/.
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Let G be the multiplicative group of invertible of the ring mod p™ of the Gaussian integers,
p =3 (mod 4) be a prime rational number.

We obtain a non-trivial estimates of the exponential sums of type

oy az+ By
Z 6271'1?}3(717771 )’
S(T1,T2;f)

where S(T1,T5; f) denotes that the Gaussian integers x, y run the solutions of the congruence
f(z,y) =0 (mod p™) under the condition N(z) < T, N(y) < T, f(z,y) € G|z, y]|, G = Z]i].
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SEQUENCES OF PRN’S PRODUCED BY CIRCULAR GENERATOR
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I.I. Mechnikov Odessa National University, Odessa, Ukraine
varb@sana.od.ua

The sequence of real numbers {a,}, 0 < a, < 1, we call the sequence of pseudorandom
numbers (arbitrary, PRN’s) if it is produced by deterministic generator and being a peri-
odical sequence has the statistical properties such that it looks like to implementation of the
sequence of random numbers with independent and uniformly distributed values on [0, 1). More
acceptable sequences of PRN’s are generated by the congruential recursion

Yn+1 = f(yna Yn—1,5--- 7yn—k:+1) (mOd m)

with some initial values yo,y1,...,yx—1 € {0,1,...,m—1}, where f(uy, ..., u;) is integer-valued
function over ZF .

Our main aim here is to elucidate the motivation for constructing circular generator
of the sequences of PRN’s with some specific properties that be faster of its usage in
cryptography. Our exposition focuses on some special measures of "randomness"with respect
to which "the good"sequences have been produced by using of norm group E,,. A quanti-
ve measure of uniformity of distribution of a sequence may be the so-called discrepancy.
Originated from a classical problem in Diophantine approximations this concept has found
applications in the analysis of PR sequences on uniformity and unpredictability. From the
well-known Turan-Erdos-Koksma inequality it is evident that the main tool in estimating
discrepancy is the use of bounds on exponential sums over on elements of the sequence of PRN’s.

Let p be a prime rational number, p = 3 (mod 4). Let us denote by E,, the following
subgroup of G
Ey:={reGy.: N(z)==£1 (modp™)}.

We will make use the following sequences produced by a generating element u + v of E,,.

Denote
o) = R((u + i) 2Oy,

ynk) = %((u + Z-U)Q(p-i-l)n—&-k)'
We generate the family of the sequences of congruential PRN’s which associated with the
sequences {z,(k)} and {y,(k)}. Depending on a select k € {0,1,...,2p + 1} we will construct

the special sequences of PRN’s.

Let

where vo(k) = v(k) + p?vi(k), (v1(k),p) = 1.
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Theorem 1. The discrepancy of the sequence {;fn’(i)l }, X,(f) = (z,gk)7 cee z,(ﬁzs_l), s=1,2,
has the following bound

S 2]9771771 2 7\’
DY < Zlogp™+~)  0<N<T.
NS + N <7r ogp™ + 5) , T

For the lower estimate D](\?) we prove the following statement.

Theorem 2. Let p be a prime number, p =3 (mod 4) and let 2P defined by the relation

(1), k # 0 (mod 1%1) Then for the sequence {wT(Lk)}, wh = %, n=0,1,...,7 — 1, we have
]_ m—1
DAOWP WP W) > T
T ( 0o > 1 > ) 7'71) 4(7T+2)p 2,

where WM = (wgk),wg?l), n=01,...,7—1.
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S. Varabnets, Ya. Vorobyov
I.I. Mechnikov Odessa National University, Odessa, Ukraine
varb@sana.od.ua, yashavo@mail.ru

Let Z,, Let Z,,(s;a, B) be the Hecke zeta-function defined for Rs > 1 by an absolutely

convergence sieve
Zm(s, a, 6) = Z e4mzargw€27m§)?(ﬂw)N(w + Oé)_s,

weZi]

wWH#E—
where «, (3 are the fixed Gaussian numbers, N(w) := |w|?, the summation variable w runs all
Gaussian integers excepts w = —a if a € Z[i].

We proved the following theorem.
Theorem. Let 6 and v be the Gaussian integers, (6,v) = 1. Then

Lp, (s;6,7) y |
— 4rPei™E [w]p:[ (1 - ﬁ) <log N(p) + ‘P;”)bo(v)) - Z(W; S)]
+Xo(s,0,m),

where
(1 LY (o Px) 5 g N(p)
) == 11 (1 5) (E+L<1,x4>+§zv<p—1>)’

E is the Euler constant, L(s,x4) is the Dirichlet L-function with non-trivial character mod4.
Moreover, the function \o(s,0,m) is analytic for |o| < T, and the estimate |\o(s,d,m)| «
(1+|s])~" holds for |o| < 6,0 <6 < 3.

This result uses for studying the modified Mellin transform of A,, (s, a,0)Z,,(s,0, 3).
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CONGRUENTIAL GENERATOR OF COMPLEX PRN’s
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The sequences of complex pseudo-random numbers (PRN’s) producing by powers of
generating element of the norm group E,, in the residue class ring modulo p™ (p is a rati-
onal prime) over the ring of Gaussian integers are studied.

We proved the following analogue of the Turan-Erdos-Koksma inequality (see, [1])

Theorem. Let M > 1 be integer. Then for any sequence {y,}, yn, € G, the discrepancy
Dy of points {yﬁn} satisfies the inequality

D <2<1 (1 2”>2>+
N = M

* % Z wmin <|sin7r1§R(fy)|’ |sin771%(7)|)% (|SN| +o (N%>) ’

veG
770
N—1
where Sy = > e (R(Yyn))-
n=0

1. H. Niederreiter Random Number Generation and Quasi-Monte Carlo Methods. SIAM, Phi-
ladelphia, 1992.

38
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A digital filter, or a general digital signal processing system, operates on a discrete input
data to produce a discrete output by means of a computational algorithm. We are interested
in such algorithms that are implemented for control applications in embedded systems.

A discrete Linear Time Invariant (LTI) control system is a numerical application that
transforms an input signal {u(k)}x>o into an output signal {y(k)}r=0, where k € N is the
step time:

x(k+1) = Ax(k)+ Bu(k)
H{ y(k) = Cx(k)+Du(k) ' ()

where x(k) is the state vector and A, B, C and D are the state-space matrices holding
coefficients of the system.

Regardless of the type of embedded system, the data processed by the control system is
ultimately stored in memory registers with finite capacity. Therefore, all the computations
are performed in finite-precision arithmetic and thus result in an inherent limitation on the
accuracy of the result.

In our work we investigate the effects of finite-precision implementation of LTI systems
like (1). We apply a rigorous computer arithmetic approach to evaluate the errors due to
those effects in order to provide a reliable implementation. However, the control system
implementation is usually performed under various constraints.

In order to meet those constraints we have defined numerous optimization problems. These
problems usually aim to minimize the errors due to the finite-precision computations, or to
minimize the memory consumption, or to obtain a tradeoff between these two criteria, etc. In
this work we present an overview of linear and non-linear mixed integer programming problems
that arise during the reliable implementation of control systems in Fixed-Point Arithmetic.
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We say that the Gaussian integer 0 is an r-divisor of the Gaussian integer « fro the ring of
Gaussian integers if 0 divides by « for any power prime p®, p®||d, it follows that a = r or p*||a.
In our talk we study the distribution of means of the function 7" (a) = 36 is r-divisor of a1
and prove the following theorems:

Theorem 1. For x — o

3 3 5 j =
Z (-0 (@) = srlogz + Agr + O (x (logx)j) if r=0,
N(oy<z AC(r+ 1) L(r+1,x4)x + O (xi(log £L‘)2> if r=1.
Theorem 2. For any small e > 0, e5 > 0 uniformly at x and h, 23t < h < 270, we have
1 N . 1
7 Y @) =) ¢(loga) + O((logx) 1) + Ofeap(—(log x) v))
z<N{a)<z+h 7=0

for any positive integer N, where c; are the calculable constants and constants in symbols
"O "depend only on N, €1, &5.

These statements generalize the similar results over IN.

1. Lelechenko A.V., Vorobyov Ya.A. On the divisors of order 7. Int. J. Pure App. Math, 2015, 98(2),
pp. 181-192.
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Waszkielewicz W., Petryshyn L.
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CucreMbl yUpaBJIEHUS SIBJISIOTCS CJIOYKHBIMH U JIOPOTUME  IIPOIPAMMHO-TEXHUIECKIMUI
KoMILtekcamu. Perienre mpobsieMbl ONTUMAJIBLHON JUcHeTdYepu3anun 1 00paboTKu BXOTHOTO
MIOTOKA 3a/1a4 TO3BOJIFAET HA CTAINKA MTPOCKTUPOBAHNUA SKOHOMUYECKH OOOCHOBATH apXUTEKTYPY
U COCTaB TEXHUYECKUX CPEJCTB CUCTEM YIIPABJIEHUS U MUHUMU3UPOBATH UX CTOUMOCTb.

Pertenue npobsieMbl yBeTMYeHNsT IPOU3BOIUTEILHOCTH CPEJICTB BHIYUCIUTETHHON TEXHUKI
3aKJIIOYAETCS B paclapaslIeIMBAaHUU IPOIEJAYp O00pPabOTKM UHQPOPMAIMOHHBIX TOTOKOB U
WCIIOJIb30OBAHUM MHOTOIIPOIIECCOPHBIX KOMITBIOTEPU30BAHHBIX CHUCTEM, UTO IpeIyCMaTpUBAET
3HAYUTE/TbHbIC WHBECTUIIUN HA WX M3TOTOBJIEHHE U TpeOyeT KOPPEKTHOTO I0JIX0JIa K OIpe/ie-
JIEHUIO W aHAJN3y XapaKTEePUCTUK BXOMHBIX MH(MOPMAIMOHHBIX MTOTOKOB, & TaKXKe paccuery
TEXHUKO-9KOHOMUYECKUX IMapaMeTPOB BBIYHCJIUTEIHLHON CUCTEMBI, Pa3pabOTKe CTPYKTYPhI U
OIIPEJIEJIEHUIO TIPOIIE/Ly Pl 00CTYKIUBaHUS NH(OIOTOKOB B BBIYUC/IUTEILHOM CUCTEME.

ABTopamMu 060CHOBaHO TIEJIECOOOPA3HOCTD MTPOEKTUPOBAHNST MHOTOITPOTIECCOPHBIX BBITUC/IH-
resibHBIX cucreM yrpasienus (MIIBCY) na 6ase omnpejiesieHusi KOJMYeCTBA MPOIECCOPOB, UX
OBICTPOIECICTBHSI, Pa3pPsATHOCTHA, 00BEMOB HAMSTH B 3aBUCHUMOCTH OT 00BbEMOB MHQOPMAIUH,
noJIexKareii oopaboTke ¢ IpuMeHeHHEeM allllapaTa TeOPUH MaCcCOBOTO OOC/IYKHUBaHUSI.

[Ipoanayim3mpoBana aHAJIUTUKA MOJIEIUPOBAHUS CUCTEM C KBa3UPETYJISAPHBIM, CJIyYailHbIM,
CTAIMOHAPHBIM XapaKTEePOM ITOTOKOB JIAHHBIX, a TaKKe HauboJiee 9acTO BCTPEUAIONIUXCS Ha
IIPpaKTHKE 3/IEMEHTAPHBIX ITOTOKOB, OJHOBPEMEHHO 0013 a0IIe CBOMCTBAMU CTAIlMOHAPHOCTH,
OPJIMHAPHOCTUA W OTCYTCTBUEM TOCJTIE/IEHCTBUSI.

Anajmrnuecku OIIpeJe/ieHbl TaKue ITapaMeTpPbl KaK:

e TI0Ka3aTe/ il BpPEeMEeHU OOCTyKUBAHUA, KOTOPbIE XapaKTepU3YIOT POU3BOIUTEIHHOCTD

MIIBCY;

® [0Ka3aTeIM MeXaHn3Ma OOC/IyKUBAHUs, KOTOPbIE XapaKTepU3YIOT IIPOIYCKHYIO CIIOCO-
OHOCTD;

e JIUCIUILIMHA Odepe/in, POPMUPOBAHUE KOTOPOI IpeJIIojaraeT aHaau3 cjeayonux da-
KTOPOB: TIpaBm/ia 0TOOpa 3aJiad, MOCTYIAIONUX B CUCTEMY OOC/IYKUBaHUs; HAJIAINE U
YPOBHHU IIPUOPUTETOB; OTPAHUYEHNS] HA pa3Mep O4Yepe/in; OrPaHNYIeHNs] Ha BPeMsl OXKH/la-
HUSA B OUYCPE/IN.

® MeXaHU3Mbl OOC/TYKUBaHUs IPUOPUTETOB: B cucTeMe 6e3 IpPepPbIBaHKSA U C IIPEPhIBAHIEM
00C/Ty?KUBaHNS; C HECKOJBKUMHI aJbTePHATUBHBIMU IIKAJAME ITPUOPUTETOB W BHIOOPOM
OIHOI'O U3 HHUX; OI'PaHUYCHUECM U 663 Ha JJIMHY Oo4dYepeaun; CO CTapeHUueM JJaHHbIX BXOJIHOI'O
ITOTOKA 3a,/1a4.

[Ipoanam3upoBaHbl IPOTECCHI OOC/TYKUBAHUS B CJIyIONIX TUIIOBBIX cxemax MITBCY:

® O/JHOKaHaJIbHBIX CUCTEMaX C OXKHJIaHNEeM;

41



® CHCTEMAaX C OI'PAHUYEHHON OYepPEebIO;

® crucTeMax C IOTePSIMU;

® MHOIOKAHAJILHBIX CHCTEMAaX C O0IIeil 09epe/ibio;

® CHUCTEMAaX C OI'PAHUYEHHON OYepPe b0 OXKUIAHUS,;

® cucTeMa C IMPUOPUTETOM OOC/TYKUBAHMUST;

® CHUCTeMaX C HeHaJIe?KHBIMU YCTPOUCTBAMU OOCITY KUBAHUA.

Ormpenienienl kKputepuu 3hdeKTUBHOCTH (DYHKIIMOHUPOBAHUS ¥ II0Ka3aTe/Id KadecTBa
obcayxuanuss MIIBCY: BeposgTHOCTH TIOTEpH 3a/la9d B CUCTEMAX C IOTEPSAMU; (PYHKIIAN
pacripe/iesieHusT BpeMeHU OXKUJIaHUs 3319, CPETHEr0 BPEMEHU OXKUJIAHUsI; PaCIpele/IeHus
MHTEpBaJa 3aHATOCTH; PACIIPE/IETIEHUS BeTMIUHBI OTepPE/IN.

B marepuaJe npuBegeHbl pe3yabraThl anau3a mapamerpos onenku MIIBCY, ocHoBHBIE Me-
TOJBI U CTPYKTYPhI paclapaiieleHHOrO Ipeodpa30BaHmsI BXOIHBIX IIOTOKOB 3a/a4, KPUTEPUH
oreHKH P PEeKTUBHOCTU (DYHKIIMOHUPOBAHUS M IIOKA3aTeIn KadecTBa O0JIyKUBaHUS B KOM-
MBIOTEPU30BAHHBIX CHCTEMAaX yIpaBjieHns. PazpaboTka nMeeT MPUKJ/ITHOE 3HAYEHNE TIPH TPO-
ektupoBaruun MIIBCY, mosposiser mocTponTh ONTUMU3HPOBAHHBIE MaTeMaTHIeCKHE MOJIEJIN
00pabOTKM ITOTOKOB JIAHHBIX M Ha WX OCHOBE IOJIYIUTb ONTUMAJIbHBIE TEXHUKO-9KOHOMUIECKHE
mapaMeTpbl IPOEKTUPYEMbBIX CUCTEM YIIPpaBJICHHSI.
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B [1] mist mpoussosbrOTO TIE0T0 £ = 3, 7110601 TOICTAHOBKY 0 U3 Sy, U JIIO0Oi OpHEHTAIINH
r € {i,j,k} Ha MHOXKecTBe BCeX TpeXMEPHBIX MATPHI[ HaJ aCCONUATHBHBIM KOJbIOM Py
KOTOPBIX pa3Mep, COOTBETCTBYIONINI WHJIEKCY I, PABeH 1M, a JiBa OCTABIIUXCS PasMepa MOT'yT

OTJIMYATHLCS OT 1M, HO COBIIQJIAIOT, Olpejiessiercs (-apHasi oneparust [ ]grgm. Ecsm nosicranoska
¢ (4) [](j) - [](k)

= 0, TO TpHu Ollepalin []E,o,m’ lom {om

o € S, YJIOBJIETBOPSET YCJIOBUIO O
TUBHBI.

aCCoIa-

B manHOM COOOIIEHNM HAMM pellleHa 3a/1a49a KOMIIBIOTEPHOTO MOJIEINPOBAHUS SBHOIO BHIA
MHOTOMeCTHOM (-apHoii oneparuu [ oo, onpesenentoit na k-oii jexaprosoit cremenu AF
noayrpynnsl A. Pazpaboran aaropurm u mporpaMMa (hOpMUPOBAHUS ITPOCTPAHCTBEHHON Ma-
TPHIIBI 110 38/IaHHOMY CEYEHHUIO U OIPEJIe/IeHHs e€ IPYTHMI CEIeHNUsIMH, a TaKKe IPOrpaMMHast
sogens oneparuii [ I [ 180, [ 119,

B cucreme Mathcad: pazpaboranbl hyHKIINM, KOTOPBIE 110 38/ IAaHHOMY CEYEHUIO TPEXMEPHOIT
MATPHIIbI HAXOAAT CEUIeHHUs IPYIUX OPUEHTANNil; Ha MHOKECTBE Mo,y xp(P) Beex mpocrpamc-
TBEHHBLIX MaTPHUI] OJHOTO U TOIO ¥Ke pasMepa m X m X p HaJl nojeM P cMojeupoBaHbl olepa-
IS CJI0XKEHUs IIPOCTPAHCTBEHHBIX MATPULL U Ollepals yMHOXKEHUS BCAKOI IPOCTPAHCTBEHHOI

MATPHUIEL (Gijk ) mxnxp € Mmxnxp(P) Ha m060it s/mement A u3 P. Paspaborana dbynkunus, Mo/e-

nupyromast onepamun [ 1) r € {i, j, k}.

1. Tanmpmak, A.M. TTommaaudeckue onepanuu u 0606IeHHbIe MaTpuibl. —Morunés: MI'VII, 2015,
295 c.
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PEHIEHUE 3AJAY OIITUMUSALINN HA VISUAL PROLOG
JIrobora B.

Oecckuit narmonaibubiil yuusepcutet um. V.M. Meunukosa, Omecca, Ykpanna

vladlubota@yandex.ua

[IpoJior — g3bIK JeKIapaTuBHOrO MporpammMmupoBanusd. [Iporpamma na IIposore moxker pe-
IaTh He OJIHY, a8 MHOYKECTBO 3aJad HEKOTOPOI IPeJIMETHON 00JIacTh. DTHU 332Ul MbI MOXKEM
U3BJIEKATH HECKOJIBKO BUJIOM3MEHsIsl pas3jiest 1ejieit nporpammbl.[IporpamMyupyercs He OT/1e/1b-
Hasd 33J[a9a a [MpeJMeTHas cpejia. Takoil 1moIXo 1 CyIeCTBEHHO MEHSIeT METOUKY IIPUMEeHEHUsT
MaTeMaTU4IeCKOro allrmapaTa U TpeOyeT JajbHeHIIero coBEepIIeHCTBOBAHUA U 0000IIeHs aJl-
rebpbl Joruku.Pazymeercs u BbIOOP IpeMETHON 00JIacTH TaK»Ke BHOCUT CBOM KOPPEKTUBHI.B
KadecTBe YCUJIEHHUS JIOTUIECKUX BO3MOXKHOCTEH cucTeMbl [Iposior Mbl MCIIOIB30BaAINA IPEIIO-
xkennyio FO.ILITa6anobiv-Kymnapenko anrebpy teopun maresuiekta, (cm. (1], [2]). duas cu-
CTEMBI C XOPOIINM sI3BIKOM OOITIEHHsT He XBAaTAJIO JIUIIhL NHCTPYMEHTa MBIIIeHns. B kadecTse
TAKOBOTO OBLIa MPEeJIOZKEeHA NUMUTAIMOHHAS MOJIE/Ib aBTOMATa C MaMATHIO,HAITUCAHHAST aBTO-
powm Ha IIpoore.

PaccmarpuBasiuch ciieyrorue mpejMeTHbIe CPEJIbL:

1. Pemenue jormuecknx 3azgaa (cm. [3],[4]).

2. Pemenue 3aja4 JUHAMUYECKOTO IporpaMMupoBanus (cm. [5]).
3. Nmurarusa wa [Iposor ycrpoiicts mudpoBoit 971K TPOHUKH.

4. Perrenue 3a/1a4 MaTeMaTHIECKOTO IIPOrPAMMUPOBAHUS.

5. Pemenne 3asa4 quHaMuKN Jorudeckux cucreM (cum. [6],[7]).

6. Pemenne 3a7a1 Ha cersx u rpadax (cm. [8],[10]).

PaccmoTpum ocoberHHOCTH perieHnst ceTeBbIX 3aJiad. [Ipocreiias 1 nMeromas MHOTOYUCIEH-
HbIe TIPUJIOYKEHNS - 3a/1a9a HAXOXKIEHUS IIyTeil, YIOBIeTBOPAIONINM HEKOTOPBIM TPeOOBaHUIM
(B wacTHOCTH BCEX IyTeil HAMMEHbIIErO Beca WK Bee IyTeil HanboJbimero seca). Qe U3 moji-
XOJIOB IIPEJICTaBJIICTC KaK paboTa aBToMaTa ¢ MaMsThIO, yIIpaB/geMas MHOKECTBOM yCJIOBHi
coxpanenus notoka (YCII). B kax1om cocTosianu mporryckaercst 1 eJ1. TI0ToKa 9epe3 BePITHHBI
cern. JIpyroit moaxos mo3BosisieT 3aduKCHPOBaTh YNUCI0 YIPABIEHUN U OTKUHYTH MHOXKECTBO
YCII. Pabora ¢ mporpaMMoii pu peleHnn 3aa4du Ha OITUMYM UMeEeT CBOM OCOOEHHOCTH: He-
00X0JIMMO BpeMeHaMu OOpBIBaTh IMOTOK BbIIaBaeMOil MH(MOPMAIMU U IOJIIPABIATE IIeJIEBbIe
TpeboBanus. BxomHoil moToK MHMOpMAaIUN TaKyKe MOYKHO YMEHbIaTh, UCIOJIb3Ys BBEICHHBIE
ABTOPOM, TaK HA3bIBAEMbIE T€HEPATOPHI TIOTOKOB. DTO MOHATHE OKA3a/JI0Ch BAYKHBIM IIPHU PeIlie-
HUU 33J1a90 IOy IeHNsT MAaKCUMAJIbHBIX MTOTOKOB. [Ipn HaxoxmeHun sijep rpadoB, pacKpacok
BEpIINH BXOJHON TOTOK YMEHBINAJCSA 33 CIeT HeKOTOPBIX mpeobpasosanuii rpada (cm. [8]).

1. [labanos-Kymuapenko HO. II. Teopust wunrTennexkrta.Maremarnieckue cpejicTBa. — Xapb-
koB.XI'Y: "Buma mkosa 1984.

JIrobora B. H. Ilogcranosounsie mpegukarol. Teopust u npunoxkenusi. JTOCIIM. Nel3.

JIrobora B. H. Pemnrerne joruveckux 3a/1ad ¢ IOMOIIBIO aJireOphl MOJCTAHOBOYHBIX IIPETUKATOB.

JOCOM. Ne4.
4. JIiobora B. H. O pemenunn nornveckux sagad. JOCIM. Ne9.
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5. Jliobora B. H. Pemenue na IIposor skonomudeckux 3aja4d. JOCIM. Neg.

6. JIobora B. H. l3yyenne nuHaMUKU IMCKPETHBIX CHCTEM METOJAME AJIreOpbl ITOACTAHOBOYHBIX

npeaukaros. JTOCIM. Nell.

7. Jliobora B. H. 3amaun o mepemnpaBe Kak 3aadn Teopuy KoOHeUHBIX aproMaroB. JJOCIM. Nel5.

8. Jliobora B. H. Ilpumenenune anredpbl KOHEUHBIX MIPEIUKATOB K PEIICHUIO 33/a4 Teopuu rpados.

JIOCIM. Ne2.

. JIrobora B. H. CBomumocTh 3amaun MuHIMA3anuu 6yJIeBoil (PYHKIME K 3a1a9aM TeOpun rpadon

u runeprpados. JOCIIM. Ne10.
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YIIPABJIEHUE ITPOU3BOAUTE/TBHOCTBLIO CETH

Or6y JI.', Okcuiok A., Illecrak 4.2
Kuescknii narmonasibubiit yausepcureT nmenn Tapaca [llesuenko, Kues, Ykpanna

jamesybone@yahoo.com', lucenko.y@ukr.net®

Vipas/eHue mpon3BOIUTETLHOCTHIO CETU SBJISIETCS BayKHOM 3a/1adeil Ha COBPEMEHHOM dTa-
ne. Pertenne mpobsieM, KOTOPbIE HE TO3BOJISIOT CeTH (DYHKITMOHUPOBATH HAJJICXKAIINM 0Opa-
30M IIO3BOJISIT IOJIH30BATE/ISIM NH(MOPMAITMOHHBIX CeTel TOJIydIaTh YCAYTH B JIIOOOM MecTe, B
J060€ BpeMs € 3aJIAHHBIM KAadeCTBOM 3a OTOBOPEHHYIO OILIATY. UTOOBI ObICTpee peasn30BaTh
TpeboBaHus PhIHKA HH(MOPMAIIMOHHBIX YCIYT, cTajga HeoOXoauMoil 6ojiee rubKast apXuTeKTypa
nHMOPMAIMOHHBIX CeTell, KOTOPBIE MPEJACTABISIOT COOON MHOXKECTBO (DYHKIIMOHAJIHLHO COBME-
CTUMBIX KOMIIOHEHTOB PAa3JIUIHBIX MTOCTABIIUKOB OOOpyaoBanus. OT Takoil c/I0KHOM mHMpa-
CTPYKTYPBI JOCTATOTHO JIOTUIHO OXKHJIATH HEKOTOPBIX MPOOJIEM, CBI3aHHBIX C HEIOCTATOTHOMN
[IPOM3BOJIUTE/ILHOCTLIO ceTu. He mmeer 3HaveHusi, HACKOJBKO XOPOIIO OBLIM ITPOBEJIEHBI Pa-
OOTBHI 110 TPOEKTUPOBAHUIO CETH — TVIABHOE MOHUMATh CYTh MpobJieM, 1 00JIaJaTh CPeCcTBaAMU
Juts ux perrenusi. Bee tuibt husmdeckux cpejt, Oy/Ib TO BOJIOKOHHO-ONTHYECKUN KabesIb NN UH-
dpakpacHbIit KaHAJ TepeIatn, HAJIATAIOT OIPEe/Ie/IEHHbIE OTPAHUICHUST Ha, TTPOU3BOIMTEIHHOCTD
COEJIMHEHNsI, ABJIAIONIHECS B OOJIBITUHCTBE CJIy4daeB (DYHKIHEH OT MOKPBIBAEMOTO PACCTOSTHIA.
OueHb HE3HAYUTETHLHOE IPEBBINIEHNE TUX OMPAHUTEHUN MOXKET MPUBECTH K TAKUM ITPOOJIe-
MaM IIPOU3BOUTEILHOCTH, KaK JCrPaJIaliis JAHHBIX WA COBCEM HEBO3MOXKHOCTH UX IIE€PEIatu.
[IpobiemMbl, cBsI3aHHBIE C IIPEBBIIEHUEM OI'PAHUYEHU (DUBUIECKOI CPEJIbl, OUE€HDb TSIYKEJIO 01
JIAIOTCS JINArHOCTUPOBAHUIO; MIPEBBIIIEHNE PEKOMEH/IyeMOil JJTMHBI KabeJeil, yCTaHOB/ICHIE He
[IOJTHOCTBIO COBMECTUMBIX ITOBTOPUTEJIEN MM HEKOPPEKTHOE 3aBepIeHne MUHHOW CPeIbl Tepe-
Jladr OY€Hb PEJIKO 3aKAHINBAETCS OYEBHIHBIM (haKTOM He (PyHKIIMOHMPOBaHUS ceTu. BmecTto
9TOT0 BO3HUKAIOT HEperyJisipHble cOOU, CBA3AHHBIE C HEBO3MOXKHOCTHIO CBOEBPEMEHHOW U Ha-
JIE’KHOM JTOCTABKU JIAHHBIX. BOJIBITMHCTBO CETEBBIX Cpejl Iepe adn MO IBEpyKeHbl, 0 KpaiiHei
Mepe, OJIHOMY BHJLY ITOMeX. DJIeKTPOMArHUTHBIE BOJIHBI, UCIOJIb3YeMbIE JIJIsl TePeIatn JTaHHbIX,
YACTO CJIYZKAT MPUIMHON (DU3UIECKOTO, MEXAHUIECKOIO WJIN JIEKTPUIECKOTO SIBJICHUS, TeHe-
PHUPYIONIETO MIYM U IIOMEXHU, KOTOPbIE MOTYT OTPUIATE/IHHO MOBIUATH Ha IIPOIE/LyPhI CETEBOTO
B3aumo/ieiicteust. [loaToMy HyKHO MpoaHaTU3UPOBATH BCE MOTEHITUAIbHBIE UCTOYHUKU ITOMEX
U UMETh B BUJy NP Pa3BOpavMBAHUU CpeJl Hepejadn. B Hacrosiiee Bpems HEOOXOIMMOCTD
[IPEIOCTAB/IEHUS] BHICOKOT'O CIIEKTPA YCJIYT OB/ HA MOBBIIMICHNE TPEOOBAHUN K OCHOBHBIM
napamMerpaM CeTH. B CBs3W ¢ 9TUM KOJIMYECTBOM IIepejiaBaeMoil mHMOpMAIMKI CyIeCTBEHHO
YBEJIUUIUIOCH, 9TO TOBJIEKJIO 3a COOOI CHUXKEHUE ITPOU3BOJIUTEILHOCTH, CBA3aHHBIC C Tpadu-
KOM, BO3MOXKHO Pa3/IeJINTh HA HECKOJBKO TPYIIT: KOH(MIUKTH;, Hed(PHEKTUBHBIE CETEBBIE MTPO-
TOKOJIbI; [IEPErpy3Ka allllapaTHbIX KOMIIOHEHTOB; HEKOPPEKTHO PeaIM30BaHHbIE CETEBbIE CTEKU;
MaCCOBBIIl OTKa3 B 00C/Ty?KUBAHUH; ITPOOIEMBI P Pa3pEIeHnH 3/ IPECOB; aCIIeKThI MEKCETEBO-
ro B3aMMOJIEHCTBUsA. YIIPABJIEHNE MTPOM3BOIUTEILHOCTHIO CETH SBJISIETCH BayKHOM 3a/adeil Ha
COBPEMEHHOM 3Tarle.

1. Koyzu Ix. Komnbiorepunie cetu, 1999.

2. Ceitypk .11, Yaiir Y.C. OnrumasbHoit yupasjienue cucremamu. M. Panno u ¢sizb, 1982, 392 c.
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ABTOMATHU3NPOBAHHBIM CUHTE3 TOYHbBIX
AJIBTEPHATHMBHBIX BPEMEHHBIX OTPESKOB ITPU
KOMMYTALNN JVMCKPETHO-ITEPNO/JINYECKNX CUT'HAJIOB

Ilanyenko B., Ileueniok /I.

WNucruryt kubepuernkn um. B.M. [nymkosa HAHY, Kues, Ykpanna
Cywmckoit rocyapcTBeHHblil yaupepcuter, CyMmbl, YKpanHa

pr-bob@Qukr.net

Jlnsg oamoil M3 M3BECTHBIX 3aJ1a4 TeJENPOM3BOJICTBA — aBTOMATU3MPOBAHHOIO CHUHTE3a B
PEKUME PEATHLHOr0 BPEMEHH OJHMM II0JIb30BaTeIeM HECKOJbLKUX Pe3yJILTUPYIOIUX IPOrPaMM
(aIbTEpHATUBHBIX MeXKJy c000i) — NpeIokeHO HOBoe TexHmdeckoe perienue [1]. Cyre-
CTBEHHBIM Tpe6OBaHI/IeM TYT dBJIdeTCA TOYIHOE (HOKa,HpOBoe) COOTBETCTBHME MOMEHTOB BPpEMCHU
II0dBJICHUA ITOAMEH (B ﬂaﬂbHeﬁﬂleM - CKJIeeK) BO BCeX aJIbTEPpHATHUBHBLIX IIpOI'paMMaXx.

Kaxknast ckieiika (puc. 1) 1106010 HOBOrO BXOJSINErO CUTHAJA B KayKJIOH aabTepHATHBHOM
nporpamme P (i = 1,1, rje I — cymMMapHOe YHCJIO IPOrpaMM) Ha KazKI0M (BaKkTe HACTYILICHI
CKJIEHKH t,, JIOJPKHO TIO JIJTUTEILHOCTU CTPOrO TOKaJIPOBO COOTBETCTBOBATL 0Aa30BOI IpOrpaM-
Me. DTO 03HAYAET, UTO BO BCEX UTOTOBBIX ITPOTPaMMax JJINTEJbHOCTD CKeeK Ay, = t, —t, — 1
JUTST JTIOOOTO TEKYIIEro ¢ COBIAIAIOT MeXKJIy co0oi BIUIOTH 10 Kajpa. CuTyarmst, KOrma s
HEKOTOPOI'O MOMEHTa, BPEMEHH HACTYIIJIEHHd CKJIeHKU ¢, X0oTd Obl o/Ha cKJlelika Aj, B J11000il
J-ii IporpaMme IO JIJTUTEIbHOCTH OTIMYAETCA XOTdA Obl Ha OMUH KaIp, T.e. A, #A,,, I10/KHA
OBITh MCKJIIOUeHa. Takoe OTKJIOHeHHe B JiF000W n3 [ ajibTepHATUBHBIX IPOrPAMM HCKJIIOYAEeT
BO3MOKHOCTH HCHOJIL30BaHneA 3TOro JAederrnoro dparmenta Aj, 1 naabHeinero Kondury-
pupyromiero MonTaxka («unctkuy) [1]. OmHako mo cojep:kannio, Kak MOKa3aHO Ha pHC. 1, Bce

nporpamMMmbl IIOJTHOCTBHIO OTJIUYHLBI.
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Puc 1. Puc. 1 — JluarpamMmma CTpOro COOTBETCTBUS AJTBTEPHATHBHBIX MPOIPAMM

[Ipu pygsoM popMuUpOBaHUN AJTBTEPHATHBHBIX MTPOTPAMM BBIOOD PeNIeHnit OTHOCUTETHHO
aJIbTEPHATUBHBIX ITPOIPAMM KakK IPABUJIO OCYIIECTBJIAETCS ACCUCTEHTAMU JINIA, TPUHUMAO-
mero pemenns (JITIP). Texandeckast BO3MOKHOCTD COBIAJICHUST BPEMEHHBIX OTPE3KOB MEZKILY
mporpamMmMaMu oTcyTcTByeT. Ha BBIOOD a/lbTepHATUBHOIO CHTHAJIA HAKJ/IAIbIBACTCS CJIEIYIOIIIe
OrpaHUYEHHs: 3aIIpeleH BhIOOp Toro ke curHasa, dro u y JIIIP, 3ampemien BoiOOp currasia,
KoTOpbIit ObLT BeIOpaH JIIIP 10 Tekyiiero BbiGOpa, 3alpelieH BBIOOp HEKOTOPBIX 3apaHee
OTOBOPEHHBIX CUTHAJIOB - OOIIUIT TJIaH, CUTHAJ OT JIMHAMUYECKOH KaMepbl (KpaH N TeJIeXKKa
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U T.JI.), JApyrue CUTyaTuBHbIE orpaHmdenus. [IpodeccrmonanbHblii HAOOD CHTHAJIOB JIOJIZKEH
CTPOr'0 COOTBETCTBOBATDH JAHHBIM OIPAHUYIEHUSIM.

HauboJstee apdpekTuBHO JTaHHDBIN aJroOpuT™M MOXKET ObITH ABTOMATHU3UPOBAH B CJIydae, €CJIu
CUHXPOHU3AINS BXOJAIIN CUIHAJIOB OCYIIECTBISETCS HA YPOBHE KOMMYyTAIWu 2| — TyT mpo-
IIECCHI CINTUTTUPOBAHUS CUTHAJIOB, aBTOMATU3AIINs UX BbIOOpa, (DUKCAINS B TAMATH U aBTOMa-
TU3UPOBAHHOE CPaBHEHNE HOMEPOB CUTHAJIOB MPEYCMOTPEHBI CYITHOCTHIO CIIOCODA.

1. Panchenko B.E., Pechenjuk D.A. Method of automated digital multi-program multi-signal
commutation [Text|. Publ. US 2013/0294457 A1, 11-2010.

2. Manuenko B.E., Ilewentok [I.A. Ucnonnzoanne SDRAM 11 CHHXPOHI3UPOBAHHON KOMMYTa-
1 TesieBU3MOHHbBIX curHasios |Tekcr|. TexHosormuecknii ayiuT u pesepBbl IPOU3BOJICTBA, Xaphb-

KoB, 2015, Ne 4/2 (24), C. 63-68.
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KOHEYHBIE I'PVIIIIBI 1 KOMIIBIOTEPHASA AJIEBPA
Coxop U.

Fomesnibekmit rocynaperBennbiit yausepcuter umenun @. Ckopunbl,
Tomenn, Pecniybinka Benapycn

irina.sokhor@gmail.com

GAP (Groups, Algorithms, Programming) — c¢Bo6ojiHO pacupocTpaHsieMasi Ha YCJIOBUSIX
yHUBepcaabHOl obrmecrBennoit sunensun GPL (General Public License) orkpbiTasi, Kpoccria-
ThopMeHHas CUCTEMa KOMITBIOTEPHON MATeMaTUKHU JjIs BBIYUCIUTETHLHONW JINCKPETHON aJire-
6pbl. Baxknoit ocobennoctoio GAP sB/sieTcsi ee pacimpsieMOCTh JITO0 TOCPEJICTBOM BHEITHIX
[AKeTOB 1 O6UOJIMOTEK, JIUOO € MCIOIB30BAHUEM TACKAJIENI0I00HOIO S3bIKa, IIPOTPAMMUPOBAHIS
GAP.

[Toxrpytma Ha3bIBAETCs MUPOKO, €CTi KayK b TPOCTON JIeJINTE/ b TOPSIKA TPYIIIBI Jie-
auT mopsaaoK noarpynmnbl. annoe mousatue seemeno B.C. Monaxoseim u U.JI. Coxop [1| u
sBJIsieTCst HOBBIM. [ljisi ompejiesienust, sBisgercsd Jjin noarpynma H B 3amannoit rpymmne G 1mm-
pokoit, B GAP moxer 6biTh onucana dbyukuus [sWideSubgroups(G, H), nuposepsiiomiasi coB-
[AJIAeT JIU KOJIMIECTBO MPOCTBIX JeauTesieil mopsaka rpymnmnsl G u noarpynmnsr H. KosmmaectBo
MIPOCTBIX JIeJINTE e MOPsiiKa TPYIIbl G BBIYUCISIETCS IIPU 3TOM C IIOMOIIBIO BCTPOEHHBIX (DYH-
kuuit Size(Set(Factors(Size(G)))). Ilocrpoennas dbyHKnusa MoXKeT B JaJbHEHIIIEM HCIOTb-
30BaThCs /I BBIBOJIA CIIUCKA BCEX (MAKCHMAJIBHBIX, HOPMAJbHBIX, T.II.) MIUPOKUX HOJAIPYIIIL.
AHan3 oIy YeHHbIX PE3Y/IbTATOB MO3BOJISAET BBIIBUTATH THIIOTE3BI O CBOMCTBAX T'PYIIIbI, HCXO-
Jisi U3 CBOMCTB €e IMUPOKUX IOJIPYIII, I CTPOUTH KOHTPIpUMEPHI. VHTepecHbIM SB/ISIETCS
TOT (aKT, YTO pa3zpabOTAHHBIN CIUCOK JOMOJHUATEIbHBIX (DYHKIMI MOXKeT OBITH 0bOpMJIEH B
BHUJE OTIEJbHOrO IaKeTa M IpejcTaBieH Ha pernensupobanne B CoBer GAP 11 BKIIOYEHNS
nakeTa B NpuIoykenne K guctpudytusy GAP.

1. Monaxos B.C., Coxop W.JI. Koneuynbie paspemumbie IPyIIIbl ¢ HAJIBIOTEHTHBIMU MTUPOKUME
moArpynnaMu. YKp. mMart. xkypH., 2016, T. 68, 7, C. 957-962.
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METOJ CTPYVKTYPHO-ITAPAMETPUYHOI'O CUHTE3Y

EHEPI'O3SBEPII'AIOYNX OISMYHUX ITPOTOTUIIIB

JOITOMIZKHUX EJIEMEHTIB I'TPOAEPOJINHAMIYHOI
CHCTEMMH

Apcipiii A.?, Apcipiii O.!, Bacunescbka O.!
OtechKuit HaIioHa AR TomiTexniunmit yaisepcuter, Oeca, YKpainal,

Opecbkuit nanjonanbuuii yaisepcurer im. 1.I. Meunuxosa, Ogeca, Ykpaina?

e.arsiriy@gmail.com

Jnst popmastizariii mporecy CTBOpeHHsT 0asu eHeprosdepirarodnx JIOMOMIXKHUX eJIeMEHTIB
IPU ABTOMATH30BAHOMY IPOEKTyBaHHi y cremiagizoanomy APM orpuman nogasbiimit po3-
BUTOK METO/[ CTPYKTYPHO-IIAPAMETPUIHOIO CUHTE3y eHeprozoepirarovunx (pizsuaHuX MTPOTOTH-
iB JIOMOMIZKHUX eJieMeHTiB rijipoaepojunamidaux cucreM (I'AC), sikuii mosisirae B ypaxyBaHHi
KIJIBKICHOT 1 IKICHUX OIIHOK cTaHy rigpojuuaMivnux norokis (') y mux [1]. Jys Busnadenns
IPUYNH BUCOKMX HOPMATHUBHUX 3HAYEHBb OIMOPIB 3a JOMOMOTOI METOy Bi3yaJsizariil JucKpe-
THUX CTPYKTYP IMOTOKY, IO HAJEXKUTH JI0 KJIaCy MOISPU3AIIITHO-ONTUYHIX METO/IIB BizyaJri3a-
il Tpo30pux poBOYIMX T, OTPUMYIOTH IITYUIHI MOBEPXHI PO3MOLILY IHTEHCHBHOCTI (KOIBOPO-
BOCT1) CBiTJIA, SIKi OJIHO3HAYHO XapaKTepU3yIOTh 10Jie rpajieHTis meujakocreii (tuckis) Il y
IPOTOTHUI aHAII30BaHOIO JonoMizkaoro ejgementy [2]. [lrywni moBepxui doropeecTpyioThes,
YTBOPIOIOYN MHOXKWHY 3Ha4YeHb IHTEHCUBHOCTEN TOYOK 300parkKeHHs - 6i3yasvhi dani ['T1. s
orpuManHs skicHol oninku crany ['Il y Burisai tnmesexmyanvrur danuz Ul y dizuanomy
IIPOTOTHII aHAJI30BAHOIO JIOMOMIZKHOTO eJleMeHTa BUKOPUCTOBYIOTH MAIlINHY HelpOMepezKeBO-
ro BUBEJICHHHA. 3a 11 JIOIIOMOTOI0 Ha OCHOBI 00’€KTIiB HelipoMepezKeBOol 0ib/Ii0TeKN CTBOPIOIOTHCH
[POEKTU HEHPOHHUX MepesK, JJIsi HaBYaHHsI Ta/abo CcaMOHABYAHHS SIKMX, BUKOPUCTAHI Bi3y-
aspai gami ['IT 1 Tx esementapui Heroxijini ¢gpparMeHTn — Bi3yaJbHi JIaHi TifpogMHAMIMHUAX
crpykrypuux npumitusis (I'CIT). IIpu mpomy Heiipomepe:keBa 6i6sioTeka MICTHTH TPOIETY-
pu Il CTBOPEHHSI OCHOBHUX apXITEKTYD HEHPOHHUX MepeK TaKUX fK: IPSIMOTO IOIINPEHHS
curraity (Haifmpocrimi 1 6ararormaposi mepcenTpoHu, JHIAHI Mepeki), Mepe 3yCTpidHOro i
3BOPOTHOrO MOIIMPEHHS CUTHAJY, Pa/lialbHO-0a3uCHIX MepexkK, mapis 1 kapt Koxonena, 1o ca-
MOOPTaHI3YIOThCA Ta MepPeK BEKTOPHOI'O KBaHTYBaHHHA. Pe3ybraToM BUKOHAHHS MPOEKTIB B
MAIHI HeffpoMepeKeBOro BUBE/IeHHS € BusHadenHsi Homepa kjacy ['CII, akuit BimoOpazkae-
ThCsI IICEBIOKOILOPOM TIpu (popMmyBanHi iHTeekTyasbHux ganux I'CII Datarp 3 BigmosigauMm
KOOD/IMHATAMM 1 OTpUMaHHS TPaBUI Rp, 9Ki 3aJal0Th MIPE/ICTaBIEHHS IHTEJIeKTYaIbHUX Ja-

X Y
mnx DAT Arg = [Rig] U U Datarp,; ne X = Dw - Rs/dw, X = Dh - Rs/dh, Rs mpoctoposa
i=15=1
PO3JIiIbHA 3/IATHICTH ¥ TOUKaxX Ha JoiiM (ppi). Cumyiisiiist crBOpeHuX (Di3UIHO-TIOIIGHOTO TIPO-
TOTHIIB JIOTIOMI?)KHUX €JIEMEHTIB Ha MOJIOHOMY 3a 4YucjoM PeifHoJib/ica eKCIepuMEeHTAILHOMY
CTEHJIi TMoKa3aJja, 1o BpaxyBanuga crany ['Il y Burisami iHTesekTyaabHUX JaHUX OOPOOKHU Bi-
3yaJIbHUX [OBEPXOHbD, sIKi OJTHO3HAYHO XapaKTepU3yIOTh I10Jie TPAJI€HTIB MIBUIKOCTEN (THCKIB)
IIOTOKY y MPOTOTHUIII, JIO3BOJISIE CHHTE3YBATHU ITPOEKTHI PINIEHHS 110 3HMKEHHIO OIOPIB B 1,0 — 5
pasiB, 3aJIE2KHO BiJI TUITY €Hepro30epirarotoro JIOMOMI?KHOI'O eJIEeMEHTa.

1. Apcupnii, E.A. Pazpaborka Mojesieit 3J1€MEHTOB TI'HJIPOAPOUHAMUIECKIX CHUCTEM HA OCHO-
B€ CPEJICTB MHTE/IEKTYaIbHON Budyaan3annn. Bocrod.—EBpor. KypH. mepegoBbIX TeXHOJIOTHI.
DHeprocbeperamolye TeXHOJIOrun u 0bopyaosanue. — Xapbkos, 2013, Ne3/8(63), C. 4—8.

2. Arsiri V.A., Maisotsenko V.S. ITar. PST 5.812.423 USA Method of determining for working
media motion and designing flow structures for same, Published 22.09.1998.
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MOOEJIb ®YHKIIOHYBAHHS TPEHAYKEPHUX CUCTEM

IHTEHCUBHOI MIJIIOTOBKU AUCIIETYEPIB VIIPABJIIHHSI
[TOBITPAHUM PYXOM

I'yngenko FO.!, €Emenpanos I1.!, IITsopos C.?

Ogecpkuit namionanpamii yaisepcuret iM. 1.1 Meunnkosa, Ofeca, Ykpainal,
Harmionampauit yaiBepcuTeT 6iopecypcis i mpupogokopuctyBanus Ykpainn, Omeca, YKpalda
7996445@mail.Tu

2

AKTyaJlbHUM, BakKJMBUM HAIPSMOM 3aCTOCYBaHHS iH(MOPMAITHIX TEXHOJOrIH € ITiaro-
TOBKa JIUCIIEeTYePiB yrpasinns mositpstaoro pyxy (YIIP) B ymoBax 3pocranHsi iHT€HCHBHOCTI
II0JIBOTIB, & TaKOXK y PI3HUX HECTAHJAPTHUX Ta aBapliiHUX CUTYyallidX.

[Ipu 3acTocyBaHHI iCHYIOUYHX METOIUK IIOYAaTKOBa INAroToBKa jucierdepiB YIIP 3mificHio-
€ThbCsT Ha TPOTA3l 3HAYHOrO 4acy. AHasi3 HasgBHOI TpeHaxKepHOI 0asm y jep:KaBax - JJIEHIB
EUROCONTROL, mnokasye, 1Mo B iCHYIOUYHX TpeHaykepax BIJCYTHI PeXUMHU TPUCKOPEHOT
i ITOTOBKMU.

Memoro docaidacenns € BU3HaUEHHsI OCHOBHUX 3aBJIaHb, CKJIa/y, CTPYKTYPH, OpraHiza-
il PYHKITIOHYBAHHS TPEHAXKEPHUX CUCTEM 1HTEHCHBHOI MiAroToBKHU jaucterdepis ¥YIIP.

[Tpuckopena mi/Ir0TOBKa aBia/IUCIIETIEPIB MOYKJIMBA HA OCHOBI BUKOPHCTAHHS CyJacHUX 1H-
TEHCUBHUX TEXHOJIOTIT HaBdaHHs. HalibiabIn cyTTeBUM I TIpotiecy iHTeHcndikaril HaBIaHHs
€ aKTHUBI3allis JigJIbHOCTI JUCIIETIEPIB.

B ocHoBy 3amporionoBaHOTrO METOIMYHOTO ITIX0/LY JI0 iHTeHCcudIKaIlil HaBIYaHHs ITOK/1a/IeHe
Te, 10 "BHYTPIIIHA IepeKOoHaHICTh"aBiaucrerdepiB B 0OMEKEHOCTI 4Yacy, BUKJIUKAE B HEUX
CTaH HAIIPYKEHOCTI. 3arajbHUil YaC TpEeHyBaHHS IiIPO3ALIA€ThCA Ha N eTalliB, KOXKEH 3 TKIX
XapaKTepPU3YEThCS MEBHOIO HAIIPYZKEHICTIO POOOTHU Y HENMITATHUX CUTYAIidX.

BamporoHoBaHa MaTeMaTHIHa MOJIe/b OMUCYE TUHAMIKY 3MIiHU PIBHS ITITOTOBKHU TIEPCOHA~
JIy 3 BUKOHAHHSI TUIIOBUX Ollepalliii HaBuaabHuX 3apjianb (H3), 3aexno B iHauBi1ya bHuX
suibHoCTelt Sp; 1 Kijbkocri imiToBanux curyarniit (S;). Peanizaris MminiMaibHO HEOOXiIHOT
KIJIbKOCTI IMITOBAHUX CUTYyalliii B MOJEJ MOBITPSIHOI OOCTABUHU J03BOJISI€ 3HAYHO CKOPOTH-
TH 9aCOBI BUTPATHU HA Mi/I'OTOBKY JIUCIIETYEPIB /10 HEOOXITHUX ITPOTHO30BAHUX PiBHIB HABYAHHSI.

BucuoBkmu. Peajiizaiiis po3pobJieHol Mojie/i aIalTUBHOTO YIPABJIIHHSA MPOIECOM IMIiTAIiT
0OCTAHOBKHY B aJIAIITUBHIX TPEHAXKEPHUX CUCTEMAaX JO3BOJISIE IPU MiHIMAIBHAX YaCOBUX (BapTi-
CHUX) BUTpaTax 3/iiiCHIOBaTH 1iAroToBKY jaucterdepiB YIIP 1o HeoOximHOro piBHS 3 BUKOHAHHSI
ornepariiii H3 B Haiick/raHinmmx yMoBax MOBITPSAHOT 0OCTAHOBKH.
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AHAJII3 NIMTAHb JIOBEJEHHST 3AXUILEHOCTI IHOOPMALIT B
OIEPALIMHUX CUCTEMAX

3epko A., Koxanosckiit O., Okcitok A.
Kuiscbkuit namionaabnmit ynisepcuret imeni Tapaca [llesuenka, Kuis, Ykpaina

a.l.zerko@Qukr.net

[cTopuyno ckjaJIoCh Tak, IO ONEPAIiiHI CHCTeMU Ta MporpamMHe 3a0e3levYeHHs] PO3BUBA-
JINCh AK OKpeMi NpOJAYKTU. BUXojad4m 3 MbOro MUTAHHS, CTBOPEHHS €IUHOTO ITPOTPAMHOIO
cepeqouina B OC He po3riaaioch. Sk HACTIIOK — MAEMO JIyOJIIOBAHHS T1IOK ITPOrPAMHOTO
3abe3redents, Ha [ IUIIKOBICTb KOIB TOIIO.

Crporo MaTeMaTUIHO JIOBECTH piBeHb 3axwuineHocTi iHdopMmariiil B cepemopuii OC, indop-
Malriil, gka 00poOJIEThCA 3 BUKOPUCTAHHSAM ITPOIPAMHOTO 3a0e3IeYeHHs — He MOYKJIUBO.

3pobuMO PUITYIIECHHS:

1. mporpamue 3abe3nedents: OC mpu po3poOIli BUKOPUCTOBYE KOMILIEKC MTPABUII, sIKi Per/ia-
MEHTYIOTh 3aX0/I1 i3 3a0e31eveHHsT Ha IIMHOCTI Ta 3aXUCTy iH(OpMAIIii;

2. OC Bumarae Bij mporpaMHOTo 3a0e31evYeHHsT KOPUCTYBaIiB (DYyHKITIOHYBAHHST 38 OKPEMUM
KOMIIJIEKCOM IIPABUJI Ta HACTAHOB;

3. B cepenonuii OC mparifoe e mporpaMue 3abe3ledeH s, sike BUKOHYE JTaHi MPaBUIA;

4. OC mae pekoMmenioBani mpodiyii 3aXucTy, siki MOBUHHI BUKOHYBATUCH IIPU BCTAHOBJICHHI
ta KoHpirypyBanui OC, nmporpamMHoOro 3abe3nevdeHHst KOPUCTYBAUIB, JJIsd 1X HOJAJIBIIIOrO
BUKOPUCTAHHS;

5. OC mae MexaHi3MH KOHTPOJIIO, OIIHIOBaHHS piBHsI HajiliHOocTi Ta 3axuiienocti OC Ta
IIPOrpaMHOTro 3abe3IevYeHHs] KOPUCTYBAJiB Ha MPOTA31 KUTTEBOTO ITUKITY.

Pospobxka nipaBu, siKi cripsiMOBaHi Ha BUKOHAHHSI JAHOI'O KOMILIEKCY IPHITYIIEHb HAIAE MO-
JKJIMBICTH MOOYAYyBATH MaTEeMATUIHY MOJIEb OIIHKM 3aXHUINEHOCTi iHdopMalil B cepegoBHUIIi
OC 3 ypaxyBaHHSIM pisHOMaHITHHX (paKTOpiB, mo 3ajexkarh Big OC Ta mporpaMHOro 3abesie-
JEeHHS.

1. ©HepxaBna  ciayxba  crmemjanbHOro  3B'si3Ky  Ta  3axucry  imdopmarii  YKpaiHu.
http://www.dstszi.gov.ua/dstszi/control /uk /index.

2. Kowmmnanis "ATMHIC https://atmnis.com/files/user files/BBOS.pdf
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OPTAHIBALINHI ACTIEKTU 3AXNCTY IIEPCOHAJIbBHUX JAHUX
I'POMAJIAH B CUCTEMAX HAJIAHHA AJIMIHICTPATUBHNMX
[TOCJIVT

Jlein M., Illapmarkin /1.
Otecbkuit perioHa/IbHIN IHCTUTYT JIEPXKABHOTO YIIPABJIIHHS
HarmionayibHol akajiemil JepzKaBHOTO YITPABJIIHHS
upu I[Ipesunenrosi Ykpainu, Ojeca, Ykpaina
sharshatkin.d@ukr.net

[HTeHCHBHUIT PO3BUTOK TEXHOJIOTIH HaJIaHHA T'POMaJIAHAM Y KpalHH KOMILIEKCY a/IMi-
HICTpATUBHUX OHJIAWH-TIOCTYT B pexkuMi "eamaoro BikHa'oOyMOB/IIOE HEOOXiTHICTH 300Dy,
nepegadi, o6podKu Ta 30epiraHHsg BeJMKUX 00CAriB NepcoHaabHuX Janux. [IpasoBy 6asy mux
mporieciB B nijiomy 3abesneuye 3akon "IIpo 3axuct nepconanbuux gauux"|1], omHaK nmpakTHaHe
3aCTOCYBAHHA WOTI'O HOPM TIOB’SI3aHO 3 IIEBHUMM TPY/IHOIIAMMU:

BIJICYTHICTIO HOPMATUBHUX JOKYMEHTIB, IO OJHO3HAYHO PETVIAMEHTYIOTh Ha JEeP:KaBHOMY
PiBHI MiXKBIJIOMYy B3a€MOJIII0 yCTAHOB-BUPOOHUKIB aIMiHICTPATUBHUX IIOCJIYT;

HEJIOCTATHBOIO KOMIIETEHTHICTIO KEPIBHUKIB ITUX YCTAHOB B cdepi indopMalliitnol Oe3mneku,
III0 He JI03BOJISIE 1M aJIeKBATHO OIIIHIOBATU PU3UKHU, OB sI3aHi 31 CTBOPEHHSIM 1 €KCILIyaTalli€to
6a3 mepcoHabHUX JIAHWUX, BIaCHUKaMU 1 / abo pO3MOPSIIHUKAME SKUX BOHH €;

BIJICYTHICTIO B IepeBaxKHiil OLIbIIOCTI y HuX ycTaHoBaxX (MYHKIIOHAJILHUX IIi/IPO3JILIIB,
IO BIJINIOBIJIAIOTh 3a HEJOTOPKAHHICTH MEPCOHAJbHUX JIAHUX OJIepKYBadiB aMIHICTPATUBHUX
IIOCJIYT

HEeOOXI/IHICTIO BUKOPUCTAHHS B CHUCTEMaxX IepeJiadi MMepCOHATbHUX JIAHUX MPAKTUYHO TUX
JKe MeTo/iB (HampuKIa, KpunrorpadidHiux aaropuTMis) i 3acobiB 3axucry, 1Mo i B cucTeMax
repeJiadi JJaHuX, 0 BIJIHOCATHLCS JI0 JepP>KaBHOI TAEMHUTI].

Y 3B'd3Ky 3 IUM JIOCUTHh aKTYaJbHOIO 3aJIUIIAETbCS 3aBJIAaHHA 3aXUCTY MEPCOHAJIHHUX
JIAHUX TPOMAJIAH BiJl HECAHKITIOHOBAHOI'O JIOCTYILY, 3HUIIEHH:, MEePEKPYUCeHHsS, OJIOKYBaHHSI,
KOITIIOBaHHY, IIOIINPEHHS Ta IHIINX HEIIPABOMIPHUX IIiif.

it BUPIiIIeHHS 1HOT'O 3aBJaHHsI aBTOPU BBaXKalOTh 3a HEOOXiJHE ITPOBEJIEHHST HACTYITHUX
IIEPITOYEPTOBUX 3aXO/iB:

® CTBOPUTHU B 0OOB’'AI3KOBOMY TIOPSIJIKY B JIEP2KABHUX YCTAHOBAX, 3aJIyUYE€HUX JIO JIAIbHOCTI
3 HaJIaHHS HACEJEHHIO OHJIAWH-TIOCIIYT, IAPO3/ILIB iH(OpMaIiitHol Oe3rekn 1 3aXucTy

indopmarii;

e IIPOBECTH IePBUHHE HaBYaHHsI KEPIBHUKIB 1 CHIBPOOITHMKIB IUX IIiJIPO3/II/IiB 3 METOIO
O3HAMOMJIEHHS 3 HOPMATHUBHO-IIPABOBOIO 0a3010 YKpalHu, BUMOT Mi?KHAPOIHUX CTAaHIAp-
tiB cepil ISO 27000, mo3BoOIEHUME JJIsT BiJIBHOI'O BHUKOPHCTAHHSA CYYaCHUMH alapaTHO-
IIPOrPpaMHUMU 3aC00aMU 3aXUCTY JAHUX;

® KepiBHUKAM yCTaHOB-BUPOOHUKIB aJIMiHICTPATUBHUX TOCJIYT 3BEPHYTHUCH JIO0 KOHTPOJIIOIO-
goro oprany (/lepzkaHiii cryzk6i crieriagabHOro 38’s13Ky Ta 3axucTy indopmaril YKpaiHu)
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3 IHIIIATUBHUM IIPOIIO3UIIEI0 PO3POOKU B HAHKOPOTII TEPMIHI €IMHUX BUMOL MO0 3aXU-
CTy TepCOHAJBHUX JAHUX I'POMAJIAH IPH IX 1epejiadi, 30epiranui Ta odpodIli B cucTemMax,
III0 OPIEHTOBaHI Ha HaJlaHHI aIMIHICTPATUBHUX OHJIAHH-IIOCJIYT.

Bukonanmns 3a3HadeHUX 3axO/IiB JIO3BOJIMTH 3HAYHOIO MIpOIO JIKBIIyBATH BiJICTaBAHHA
YKpaiHu BiJl TPOBIIHUX CBITOBUX JiepKaB (87 Mo3uilisi B PETUHIY PO3BUTKY €JIEKTPOHHOI'O
ypary 2014 poky [2]) B peasizarii npoexry "Emxexkrponuuiit yps".

1.

Ypsijgosuii  nopras:  odiniitauit  caiir  [Enekrponnuit  pecypc] - Pexum  gocrymy:
http://www.kmu.gov.ua.

. UN  E-Government Survey 2014 |[Enexkrponnuii  pecypc] -  Pexum  gocryiy:

https://publicadministration.un.org/egovkb/en-us/Reports/UN-E-Government-Survey-2014.
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APPLICATION OF ANTI-GREY CODE IN DIGITAL COMPONENTS
DIAGNOSING

Petryshyn L.
AGH University of Science and Technology, Krakow, Poland
[.b.petryshyn@gmail.com

HapiiinicTs € Bu3HaYa/JbHUM KPUTEpiel AKOCTI (DyHKIIOHYBaHHS iH(MOPMAIINHAX CHUCTEM.
Pospizuagiors Tpu piBHi 3a0e31meuenns CHCTEMHOI HaIIHHOCTI: Ha HAUBHUIIIOMY PiBHI - HAJIIHHICTD
MIPOTPaMHOTO KOJTy, Ha ITPOMIZKHOMY PiBHI - 3aBa/103aXUIIEHICTH KOJIY ITpeICTaBJIeHH JaHNX, Ha
HalHMKYIOMY PIBHI - HQIIHHICTH alrapaTHOI CKJIaI0BOI. ZIKINO Ha IHICTh HA PiBHI MTPOTPaMHO-
ro KOJIy UM 3aBaJ03aIUHECT] KOJIy IPEJICTaB/IeHHs JAHUX MOXKHA 3a0e3MeYUTH 3a JIOIIOMOI0I0
BIJIOMUX METOJIiB, TO HAJIIHICTL HUKYOTO PIBHA anapaTHOro 3abe3leveHHs € BU3HAYAJILHUM
YMHHUKOM Ha IifHOCTI cucrtemu B 1ijioMmy. CydacHi iHdopMaliiiiHi cucreMu € JIOCTATHBO CKJIa-
JIHEMU 1€papXigHO PO30YI0BAHUMU, YaCTO PO30CEPEIZKEHUME ITU(MPOBUME CHCTEMaMU, 110 iCTO-
THO YCKJIQTHIOE BUSICHEHHS IPUIUHU Ta, JIOKAJIIZAINI0 MIiCId BUXOJLY 3 JIa 1y €JIMHOTO UG POBOro
KOMIIOHEHTY YU pO3Ps/ly KaHasay iHgooOMiHy uu mamsTi, abo K IiJI0ro KoJa Y MiJICUCTEMU.
Pozpobka edekTuBHUX METO/IiB JIarHOCTYBAaHHS allapaTHOro 3abe3revueHHs U@ POBUX CUCTEM
BUSIBJISIETHCS AKTYyaJbHIM HAIPAMKOM JIOCTI?KEHH, 10 BUMAara€ OIpaIlfoBaHHS MaTeMaTH-
YHUX, JITOPUTMIYHAX 1 TPOrPAMHUX MOJIEJIEl, IMILIEMEHTAIlid SKUX JI03BOJISIE iIeHTU(IKyBaTH
TeXHIIHUI cTaH OOEKTY JarHOCTYBaHHA. 3aBJaHHs JIarHOCTYBAHHS IIOJISITA€ Y CBOEYaCHOMY
BUABJICHH] J1eDeKTiB, MPUYUH Ta IX JIOKAJI3aIlilo 3 METOI HACTYIHOTO BiJTHOBJIEHHS POOOTO-
3JIATHOCTI CUCTEMU. 3 cucTeM (PYHKIIOHAJBHOIO Ta TECTOBOI'O JIATHOCTYBAHHS 3YIIMHUMOCS HA
OCTaHHIX, B SIKHUX Ha ODEKT JIOCJIIJ?KEHHs II0JIal0ThCA CIIelia/ibHO po3pobJseHi TectoBi mil. B
POBUX CUCTEMAX HE BUKOPUCTOBYIOTHCA PEXKUMU TEPEXiTHUX IMPOIECIB, TLILKU JTUCKPETHI
CTaH’, 1O 3YMOBJIIOE MOXKJIUBICTH BU3HAYEHHS JIBOX AJbTEPHATHBHUX CTAHIB KOMIIOHEHTIB —
clpaBHUIT Ta HecrpaBHUil. ToMy TIPUPOTHUM € 3aCTOCYBaHHA IMU(MPOBUX METOJIB TECTYBAHHS
arrapaTHOro 3abe3medeHHs iHdocucTeM, Mo 0a3yoThes Ha M00YI0BI TabJIMIN CTaHIB 1 MaTpH-
i JgedeKTiB KOMIIOHEHTIB. K IoKa3aB aHaJIi3 BiJIOMUX METOJIB, TECTyBaHHS 3/IiICHIOETbCS i3
dopMyBaHHAM Ha BXOJIAX JHArHOCTOBAHOTO IU(PPOBOrO MPUCTPOIO PIZHUX KOJOBUX KOMOIHAILIi
Ta KOHTPOJIIO 110 BUXOJIaX JOCTOBIPHOCTI TX 3HAYEHD 3TiIHO 3aK/1aJ/IeHOl (DYHKIIIT TIepeTBOPEHHS,
3a pe3yJibTaTaMi 90Tr0 (POPMY€EThCsI KOHTPOJIbHA MaTpuild JedeKTiB. B pizHux jpKrepesax pisxi
PO3POOHUKHU TTPOIIOHYIOTH 3aCTOCOBYBATH IE€BHI aJIrOPUTMU (POPMYBAHHST KOJOBUX KOMOIHAIIIIA,
B TOMY 4ucJji Koy ['pesi, Ha gKi cJiij1 3BepHYTH OCOOJIUBY yBary, OCKiJIbK BOHM B IIOBHOMY Ha-
O0pi BMIILYIOTH BCi MOKJIMBI OiHapHI KOJIOBI KOMOIHAIIIT, aJie XapaKTEePUCTHIHOIO OCOOJIUBICTIO €
3MiHa JIOTIYHOI'O CTaHy TIIbKU B €IMHOMY PO3Psi KOJA0BOro (hopMaTy Ha MOBHOMY IepPiojli Te-
cryBannd. Taka BJIaCTUBICTH JI03BOJISE TPOKOHTPOJIOBATH MHOKUHY BUXITHUX CTaHIB B KOJOBI
CTaTUII BCIX BXITHUX PO3PSAIIB 38 BUNHATKOM OJHOT'O, BU3HAYEHOI'O JTBOMAa CyMI?KHUMU CTaHAMU
kosy I'pes. B s1omoBijii 3a1porioHOBAHO 3aCTOCYBATH KOMILIEMEHTAPHY MPOIETYPY TECTYBAHHS
Ha 6a3l BXIJIHMX KOJIB aHTUTPEsd, XapaKTEPUCTUIHOIO OCOOJIMBICTIO TKUX € 3MiHA BCiX, KpIM
OJTHOTO po3psAiiB Koy. Lle moBosse 3ailicnuTtu mudpoBe TecTyBaHHSA B KOJIOBIH JMHAMII 3MiHH
OiHApHUX CTaHIB BCiX, KPIM OJIHOI'O PO3PS/IiB JJIsl JIOBLIBHUX CYMI?KHUX KOJIOBUX KOMOIHAITI# Ha
IIOBHOMY IIe€piojii TecTyBaHHs. ABTOpaM# BIEpIle po3pob/IeHO MaTeMaTUIHy Ta AJTOPUTMITHY
Mozesi (bopMyBaHHsT KOJOBUX CUCTEM aHTHIPest. B J0oBiml 1peicTaBieHo OCHOBH Ta aHAJITH-
Ky IOOYJIOBU KOJIB Ta KOJOBUX CUCTEM aHTHUTI'DEsd, METOJ/IM 1X OTPUMAHHS 13 JIBINKOBOTO KO/ Ta
kosty I'pest. HoBuszna po3pobku Ta oOMeskeHuii yac i1 ampodariil 3yMOBUB HEOOXiTHICTh BUHECE-
HHd Ha OOTOBOPEHHs ayJIuTOpil BJACTUBOCTEH CHCTEMU aHTUTPEd Ta MOTEHIHHOT MOXKJINBOCTI
i1 3acTOCYBaHHSA B JliarHOCTyBaHHI 1U(MPOBUX KOMIIOHEHTIB iH(MOPMAIITHIX CUCTEM.
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B ocHoBI 3aIporioHOBAHOTO BEKTOPHO-PO3TaIy?KyI0Y0ro METOJy MO/IeJIFOBAaHHS IIPOIECiB
neperBopents dopmu indopmarii ([1PI) 3acTtocoBano MeTos| IHAMKATOPHOTO MOJIETIOBAHHS,
o 6a3yeThcsd HAa T'€OMETPUIHOMY MOJICJTIOBaHHI, TOOTO BU3HAYEHHI JOBXKWUHH Bijpizka. Mo-
nemopanis mporeciB [IPI rpynryerbea ma iTepariitHoMmy 3/1ificHeHHI BU3HAYEHUX ITPOIE/LYP
nopiBagaHg. Ha rexnimi [IPI nopiBuauaga 37ificHIOETbCS 3a JOIMIOMOTOI0 KOMIIApaTOpiB, dAKi
JIO3BOJIAIOTH BU3HAYUTH CIIIBBIIHOMIEHHS HEBIJIOMOI BEJIMUMHU 3 TIEBHOIO «ETaJJOHHOIO BEJIUIH-
HOM0», a60 "miporo un "mmkaso cdopmoBanoo 3 "cucremu onuHAIE BuMipioBanHsa " [1].

Bekropro-posrainyxkyioua cxema (BPC) € OBHOI0 CKIHYEHOIO MOJIEJLIIO Jjisi 3HAXO/PKEHHS
JIOBLIbHUX 3HAYEHb Jialla30Hy MEePETBOPEHHs MIJIAXOM IPUKJIAIAHHSA JI0 KOXKHOIO 3 HUX 1HJIU-
karopHoro enementy (IE). Mogesns BPC 6yayernes srigno nacrymmoro aaropurmy (puc. 1):

1. saificHioeTbea npuKIajanng IE 1o nepiol Toukn nepersopenns X ;

2. IE Bu3nauae o/iH 3 JIBOX HACTYITHUX CTaHIB:
77 - npuitmae 3Hadenns () Ta o3HAYAE, MO MTyKaHe 3HAYEHHS 3HAXOIUThCA JIiBiIle BiJl TOIKI
X, posrajyzKylounii BEKTOp CKEPOBYETbCA BHU3 Ta BLIKJIAQJIAE€TbCA BJIIBO JIO HACTYIIHOI
TOYKH NpuKIagannd X; + 1 ;
7?7 - mpuitMae 3HadeHHs 1 Ta O3HAYAE, IO IIyKaHe 3HAYEHHSI 3HAXONTHCs IIpaBile Bif
TOUKM X, POBTaJIyKylOunii BEKTOP CKEPOBYETbCS BBEPX Ta BLIK/IAJAEThCsS BIPABO JIO
HACTYIHOI TOYKM B 3aJIE2KHOCTI BiJl TOTOYHOTO 3HadYeHHd [ ;

3. KPOK 2 TOBTOPIOETHCS TIOKH He Oy/ie BUBHAYECHO HEBiJIOME 3HAYEHHS IT€PETBOPEHHS.

Pucynoxk 1. BekTopHo-posraiyx)yoda cxema

Takum wwmHOM, 1poriec MojemoBands 1mporecie  [I®I  3a  gomomoror  BeKTOPHO-
PO3TaIyKyIOunX CXeM, aHaJOTIYHO, K Ha OCHOBI 1HIMKATOPHOTO MOJIETIOBAHHS, MOJIATAE B 110-
caiyioBHOMY Tpukjiaianii [E 10 Bu3HaYeHMX TOYOK, 10 HaJjeXKaThb Jiala30Hy HepeTBOPEHHS
Ta iTepaliiiHoMy 3BY2KEHHIO 1IHTepBaJIly HEBU3HAUYEHOCT] BI/IHOCHO HEBIJIOMOI TOYKU II€PETBOPEH-
Hsl, TIPOTE BOJIOJIIE€ PO3MIUPEHOIO (PYHKITIOHAJIBLHICTIO, KA JIO3BOJISE Bi3yasli3yBaTh KOXKEH KPOK
[IEPETBOPEHHS Ta 3JIHCHUTU KiJLKICHY OIIHKY CKJIQHOCTI Mojie/iboBanoro merosy [1PI.
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