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THE EFFECT OF SOME UNCERTAINTY TYPES ON
COMPETITIVE SCORES OF HEI APPLICANTS
Bakhrushin V.E.

Classic Private University, Zaporizhia
Vladimir.Bakhrushin@gmail.com

Competitive score of the Ukrainian HEI applicants is calculated
on the basis of external independent evaluation (EIE) scores. These
scores are actually the quantiles of the normalized distribution of raw
EIE test scores. So they essentially depend on random variations in the
complexity of test items and the tested applicants’ level of training. In
this regard, it is necessary to analyze the possibility of using the test
results of different years at entrance campaign.

In this work the simulation of the effect of mentioned factors on
the comparability of test scores obtained in different years was carried
out. Computer program in R was written for this purpose. The initial
data corresponding to raw test scores were generated so that they
sufficiently accurately reproduced actual distribution of scores for real
tests. Further the results that were lower than the predetermined
threshold of success were excluded from the obtained vectors.
Thereafter, for each point the corresponding value of empirical
distribution function was found as the ratio of its rank to the vector
length. Finally, outcome scores were calculated as the values of the
inverse normal distribution function with the given parameters.

Obtained results show that considered uncertainty factors may
lead to variations of outcome EIE scores in the range of 2 — 10 points.
Ceteris paribus their effect is more significant in the case of asymmetric
and/or non-uniform distribution of raw scores. The largest differences
are observed at the edges of the distribution — for the worst and best
applicants. The significance of the observed differences is evidenced by
the fact that for many areas of training at the Taras Shevchenko Kiev
National University in 2014 the minimum difference between successful
and unsuccessful applicants was in the range of 0.2 — 0.5 points. When
evaluating possible differences between the scores of 2015 and previous
years, we can expect an additional variation due to the systematic but
not controlled changes in samples of applicants. They are associated
with a change in the entrance conditions in 2015.
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DECISION-MAKING IN EDUCATION BASED ON MULTI-
CRITERIA RANKING OF ALTERNATIVES
Bakhrushin V.E., Ignakhina M.A.

Classic Private University, Zaporizhia
Vladimir.Bakhrushin@gmail.com

Methods of multi-criteria ranking of alternatives are widely used
in decision making in various areas [1, 2]. They are based on the
traditional approaches of multi-criteria decision-making. In particular
there are the methods of criteria convolution, the main criterion,
maximin and maximax assessment of alternatives and others. But in this
case there is a possibility to choose not one, but several alternatives that
are the best from a certain point of view.

Assessments based on the linear convolution of criteria are the
most popular. They are built as weighted sums of partial indicators.
Well-known examples of such estimates are the university rankings,
competitive scores of Ukrainian HEI applicants and so on. It may be
assumed that in the nearest future similar assessment methods will be
used for the formation of state order for specialists training at HEI,
allocation of the scholarships to students, grantmaking for scientific
research etc.

One of the main problems of multi-criteria ranking is to ensure
validity, reliability and accuracy of methods used. These parameters
depend greatly on the choice of particular criteria, accuracy of
measurements, weighting coefficients, random fluctuations and other
factors. An example of the effect of particular criteria choice on the
ranking result is a significant difference of positions in the ARWU and
Forbes rankings of American universities. We obtained the estimates of
random factors effect on the ratings of Ukrainian universities and the
results of external independent evaluation of HEI applicants. In some
cases this effect is unacceptably high, which significantly affects the
ranking results. High heterogeneity and asymmetry of the distribution of
some particular criteria values also are important factors.
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DATA SCIENCE AND AUTOMATED DECISION MAKING
UNDER UNCERTAINTIES
Biletskyy B.O.
V.M. Glushkov Institute of Cybernetics, NAS Ukraine
borys.biletskyy@gmail.com

Data Science is a new scientific area that appeared as a result to
overall digitalization of our society. Global digitalization changed the
way in which our society produces data. Apart from huge volume,
modern data possesses a number of other characteristics that make its
collection, processing and analysis quite challenging. Those
characteristics are called 4 V’s of Big Data: volume, velocity, variety
and veracity. “Volume” stands for huge volumes of data produced.
“Velocity” stands for high rates of data generation. “Variety” stands for
different data types and formats. “Veracity” stands for uncertainty of
data that our society produces.

Uncertainty of data might arise due to different reasons: privacy
issues, data corruption or incompleteness of data. Therefore, new
intelligent techniques should be applied to extract knowledge from such
data. Among the techniques applied are the following: statistical
methods, machine learning methods and automated decision-making
procedures. Current paper is an overview of the most successful
combinations of different techniques for automated decision making
under uncertainties.
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MODELING AND ANALYSIS OF INSURANCE COMPANIES
Boldyreva V.O.
Donetsk national university, Vinnitsa
valery.boldyreva@gmail.com

One of the main problems in the risk theory is the study of
insurance companies activities. As one of the main parameters for
determining the solvency of the insurance companies choose its
probability of bankruptcy or survival probability.

There are constructed [1] models of insurance companies, which
take into account the investments on advertising as well as the
company's operations in the financial (B,S)-market in this paper. For
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survival probability of such each model are derived [1] integro-
differential equations for finite and infinite time intervals. Also
considered the cases of stochastic premiums and premiums depending
of the company capital. The number of incoming claims meets the
Poisson distribution law.

The methods to reduce the equations to a simpler form are
provided in the [1].

There is considered a way [1] to find an approximate value for the
company survival probability in the case of arbitrary distributions of
insurance claims to the company for the classical risk model.

In the work [2] was obtained method for deducing equations on an
infinite interval of time, which does not impose any restrictions on the
existence of a smooth density distribution for the values of insurance
claims and premiums.
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QUASI-LINEAR FUZZY SYSTEM FOR TRAFFIC CONTROL
CAR
Borovyk S.O.
Taras Shevchenko National University of Kyiv
borovyk.stas@gmail.com

We consider the problem of automation driving under conditions
of incomplete and fuzzy information. Our aim is to build models of
quasi-linear system of high precision and speed. Based on obtained
models and built controllers we can control the movement of the
vehicle.

The following tasks were assigned: move from place; driving on
the roadway (taking into account the markup obstacles ahead, motion in
the same direction); right turn; parking near the borders. To solve these
problems the system must have such sensors: E — laser sensor on the
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front bumper, to find the distance to an obstacle in front; J| —
photosensor (4 pcs.) on the front and rear bumpers, which assess the
distance to the right and left according to the markings and curbs (on the
fuzzy controller) (other versions); C — sensor mounted in the steering
column that controls it and passes the information to the angle of
rotation of fuzzy controller. Also we have: A — current sensor and
control unit for speed (switching gears, switching speed - rpm gauge
wheels); B — sensor and control unit for electricity inhibition (grip).

3 4

The results can be applied in the development of real car, manned
vehicles or vehicles with higher degree of safety or created in artificial
intelligence to appropriate simulators.

HUMAN COMPUTER INTERACTION - USER NEEDS FOR E-
COMMERCE
Didmanidze 1., Kakhiani G., Jintcharadze E.
Batumi Shota Rustaveli State University
ibraimd@mail.ru

Nowadays technology grows and evolves, graphical user interface
(GUI) design which we are using now have no as big possibilities as it
supposed to have. Designers must meet the challenge to create and
develop new and creative interfaces, which will be adapted to the human
needs and technological trends. What’s more, nowadays more and more
companies are doing business electronically, and it is necessary to build
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online web stores for their customer to make business transactions easy
and comfortable. But many of these online stores are out of date and/or
has not so user friendly interface. It is crucial to design a web store
which meets the demands of their users and has good user experience.

Human computer interaction is a discipline concerned with the
design. This is the study of the way in which computer technology
influences human work and activities. It is connected with several
disciplines, like: computer science (application design and engineering
of human interfaces), psychology (the application of theories of
cognitive processes and the empirical analysis of user behavior),
sociology and anthropology (interactions between technology, work,
and organization), and industrial design (interactive products).

Nowadays we use technologies with screens and keyboards,
mobile phones, household appliances, in-car navigation systems and
even embedded sensors and actuators such as automatic lighting. HCI
has an associated design discipline, sometimes called Interaction Design
or User-Centered Design, focused on how to design computer
technology so that it is as easy and pleasant to use as possible. The most
important aspect of the design discipline is the usability, which is often
defined in terms of efficiency, effectiveness and satisfaction, adeptness.
If we want to create applications which take into consideration human
factors, we need to create “art” of interface design. We must be focused
on the graphical user interfaces (GUIs) that have become necessary
since the advent of the computer.

Main aims of HCI are to decrease hardware costs, assimilation of
computation into the environment (e.g. televisions, microwave ovens).
To design such a GUI which represents theories within human computer
interaction principles wed need to take into consideration some
important steps: familiarize and learn about other software on the
market; conducted research; formulate, and articulating functional
specifications; Knowing how human factors and cognitive models
should inform design; Knowing the principles of, and having experience
with, communication design; Understanding how implementation
constraints should inform design; Incorporating evaluation results into
iterated designs. Important to answer main questions: What are the
users’ backgrounds? Who are the targets Users? What are the user needs
of these different user categories? How can you Increase User
experience in e-commerce? How do you design project to meet these
different needs of the users? How much different ways can you provide
for communication between User and Technology? You need to explore
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the human factors, you should design according to the cultures of the
users, involve in the design and implement the nontraditional interfaces,
detailing design strategies, testing methodologies, and implementation
techniques, provide an invaluable resource for practitioners who design
interfaces for children, gamers and users with accessibility needs, offer
extensive case studies, examples and design guidelines. We must also
take into account the human information processing, communication,
and physical characteristics of users. It is important to understand
something about human information-processing characteristics, how
human action is structured, the nature of human communication, and
human physical and physiological requirements.

A STOCHASTIC MODEL OF THE CASH FLOW FOR
FORECASTING INVESTMENT INCOME
Kateryna Chechelnytska
Taras Shevchenko National University of Kyiv
kchechelnytska@gmail.com

The investment income is very important component of insurance and
many others types of business. We assume that the moments of invest-

ment payments are the moments of the jumps of a Poisson process v(t)
with rate A. The amount of payments & , k=1,2,... are positive,
independent and identically random variables with Laplace transform
g(s). The intervals of investments are independent exponential
distributed with rate x random variables. If the company can not invest
an amount & , k=1,2,... for a full term or not at all may make
investment, we assume that amount £, decreases with rate v. So we

construct our process of investment income as a stochastic process of
the following type:

zsk( g (=) +e ) (1= 7, (t-1,)).

where n(t) is a Poisson process with rate 4, ¢ is a rate of investment

income, , (t) is a indicator of the investment term.

The next theorem is true.
Theorem. The Laplace transform of the process of investment
income has the following form:
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Using last formula we can obtain explicit expression for mathematical
expectation and second moment of the process of investment income
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DIFFUSION PROPERTIES OF JACKSON NETWORK WITH
DEPENDENT RENEWAL INPUT FLOWS
Chechelnitski A., Kucherenko O.

Taras Shevchenko National University of Kyiv
che@unicyb.kiev.ua

We will consider a Jackson network of the type [GI /M /oo]2
with a bivariate input flow customers  (v,(t),v,(t)) where
V(t) =Y, (1) + Y5 (1), v, (1) = ¥, (t) + y5(t), and y,(t),i=123 are
independent renewal flows.

We will suppose, that the parameters of the model depend from n
(number of series) and next conditions are true:

a)[M 7, T =1, #0,8 =Dt <o, 7, isan interval of the k-th
revival, i=1,2,3.
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b) 1V = g1 In+0(l/n),i =12, u; isarate of the time of service

1
in our systems.
For sequence of processes

&LEO=(£0.&M), 21 te[0T],
E=n"?(X"(nt)-gn), i=12

(X ™ is a number of customers in i-th system), where a(l — P) =1,

the following theorem is true.

Theorem. The sequence of stochastic processes & (t) converges
in uniform metric to diffusion process with infinitesimal mean
a(x) =(a,(x),a,(x)) and diffusion matrix B, where

(3,(0),8,(%)) =(—X,~1,X), B=—(D(a)Q+Q'D(a))+A,

Az(ﬂlﬂwﬁlﬂhﬁgﬂs s J

Bils A2+ + P25 + Pols
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DECISION MAKING PROBLEM OF EVALUATING KYIV
REGIONAL ECONOMIC DEVELOPMENT LEVEL
Dolenko G, Manovytska D.

Taras Shevchenko National University of Kyiv
Department of System Analysis and Decision Making Theory
galinadolenko2006@yandex.ru

The multicriteria decision making problem of evaluating the
effectiveness of Kyiv regional economic development is analyzed in this
paper. Mathematical model for evaluating the effectiveness of socio-
economic development [1] of Kyiv regional economic is constructed as
following (EEDM-Evaluation Efficiency Development Model):

EEDM=<T, L, ®>,
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T is resulting from indicators tree built on the base of a hierarchy of
problem decomposition.

F, — efficiency of economic development of Kyiv region at the state
level;

F, — efficiency of development of real economy sector;

F, — efficiency of development of investments and foreign trade;
F; — efficiency of development of public finances and financial results
of companies;

F, — efficiency of development of social sector;
Fs — efficiency of development of consumer market;
R; - Kyiv regions’ ratings [4-6].

@ - system of preference relations of some factors over others at each
level of hierarchy T:

The linguistic variable L is described through five linguistic values:

L = {Very Low Level (VL), Low Level (L), Average Level (A), High
Level (H), Very High Level (VH)}.

L is a set of qualitative assessments of levels for each criterion and
each region in the hierarchy T, that we want to find.

In this paper we evaluate the result indicators of Kyiv region
economic development effectiveness with the help of the fuzzy sets
theory and with elements of applied statistics [2, 3]. The model and the
method of evaluation of effectiveness of economic development of
organizational system are proposed to consideration [2, 3] and are
illustrated through example. Statistical data over the years 2013-2014 is
used for calculations [4-6].
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BEHAVIOUR OF SOLUTIONS SOME CLASSES OF THE
NONLINEAR PARABOLIC EQUATIONS
T.S. Gadjiev, S.A.Aliev, R.A.Rasulov
Department of Differential equations, Institute of Mathematics and
Mechanics, Baku, Azerbaijan
tgadjiev@mail.az; rafiggrasulov@yahoo.com;
soltanaliyev@yahoo.com

In this paper the unbounded increasing solutions of the nonlinear
parabolic equations for the finite time is investigated. Before we
considered is Dirichlet problem, now we Neumann Problem is
considered.

The sufficient condition for nonlinearity is established. Under this
condition every solution of the investigated problem is blown-up. l.e.,
there is number T > 0 such that

||u(x;t)||L () > t>T <o

The existence of the solution is proved by smallness of the initial

function.
These type of nonlinear equations describe the processes of electron and
ionic heat conductivity in plasma, fusion of neutrons and etc. One of the
essential ideas in theory of evolutional equations is known as method of
eigenfunctions. In this paper we apply such method. We different
boundary problem is considered.

In [1] the existence of unbounded solution for finite time with a
simple nonlinearity have been proved. In [2] has been shown that, under
the critical exponent any nonnegative solution is unbounded increasing
for the finite time. Similar results were obtained in [3] and
corresponding theorems are called Fujita-Hayakawa’s theorems. More
detailed reviews can be found in [4], [5] and [6].
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ON REMOVABLE SET’S OF SOLUTIONS FOR NON
UNIFORMLY ELLIPTIC EQUATIONS
Gadjiev T.S., Aliyev O.S., Aliyev Kh.H.
Institute of Mathematics and Mechanics of NAS of Azerbaijan,
Sumgait State University

We consider sufficient conditions of removability of set’s for
boundary problems for partial differential equations. The corresponding
results for Laplace equation was obtained by L.Carleson [1], for elliptic
equation of divergent structure was obtained by E.M. Landis [2]. We
consider problem removability in classes of Holder functions and
classes bounded functions.

Let Q be a bounded domain in Euclidean space R", n>3. The
boundary of domain 6Q is nonsmooth surface.

Consider in Q elliptic equation

g:iaij(x) +Zb x)U, +C(x)u=0 1)

i,j=1

Where [a.. (x)] is a real symmetric matrix, and

(e < D a, (&, < B @)

i,j=1
EeR", ae(O,l]

by (x)| <by, b, <C(x)<0, i=Ln, (3)

>

Where b, >0 is a const.

Let E be some compact set and E = Q. Let’s call the set E
removability relative to the boundary problem for equation (1) in

M (Q) if from
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h,=0, xe\E B, =0, u(x)eM(D) 4)

U/ a0

it follows that u(x)=0 in Q.
Hear, M (Q) -some classes of functions, B -boundary operator.

Theorem. Let QO be some nonsmooth domain inR", n>3,

EcQbea compact set. The coefficients the L satisfy the conditions
(2)-(3). In order that the compact E be removable relative to boundary
problem for equation (1) in the space of functions M (Q) it is sufficient
and necessary that

m{Z*(E)=0 (5)

Where m{} is a Hansdorf measure of order oz, 0< A <1.
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UNIQUE OPPORTUNITIES OF INFORMATIONAL
TECHNOLOGIES IN EDUCATION
Geladze Darejan', Didmanidze Didari', Didmanidze Nanuli?
'Batumi Shota Rustaveli State University
“Batumi Ne25 Public School

Informational technologies is developing rapidly in all direction,
it absorbs the all sprees and becomes unchangeable for humanity. Of
course sphere of education is not exception and using of informational
technologies in Elementary, secondary and high school is becoming
active gradually. Important is to find the optimal combination which
helps us supply information to pupils and students maximally
effectively and increase the productivity of the learning process.

Integrated course of informational technologies serves to grow a
person who is Ethical, informed, law-abiding and who has abilities to
use achievements of engineering effectively. A person who can collect,
control, process, analysis information and makes decisions individually
in order to recognize his/her responsibility related with the interests,
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traditions and value of the country; make values individually and
contribute to society. Special attention is paid to skills, which provides
using of new technologies, as well as communication and working
together, social thinking and action. Formation of this new leering and
teaching culture is related to these requests, which’s promotes student’s
activity self-govern and working together.

Computers, internets and Electronic Resources are available for
lecturers/teachers and for students/pupils. This resource helps students
in assimilation of subject. Informational technologies with its visual aids
and virtual laboratories increases students/pupils interests, helps them to
remember the information and then change it into knowledge. A modern
computer program gives students a chance to make experiments
virtually.

Education was associated with individual and group learning with
different modifications before. Today web-based training is added,
which gives person's chance to be more independent with the help of
web-based training anybody can remove from one discussion in another.
Networks are always open for new participants.

It should be mentioned, that the main constituent of information
technology development process is training and re-training of qualified
specialists in higher educational institutions. In our conditions one of the
main preventive factors of the industry of informational technology
development is the lack of educational level of high school graduate

THE MOST USEFUL MATERIALS IN THE LEARNING
PROCESS
Geladze Darejan', Geladze Mziuri?
'Batumi Shota Rustaveli State University, “Batumi Ne9 public school

Availability and variety of the educational resources significantly
increased after the spread of the internet. At first this type of materials
was not suitable for the learning process. With mastering of the
technologies, are created many useful resources by the education
specialists, and all interested teacher can use it. Some authors of this
resource are teachers. Let’s understand the most useful internet-
materials. Beside available learning materials on the internet such as, for
example, video lessons or other multimedia resources became more and
more popular web 2.0 social media.
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Technologies and internet became more and more available, there
are new opportunities to get resources for teaching, enrich lessons with
interactive programs and multimedia materials, share your experiences
with others, learn and teach with gladly. If it is difficult to use such kind
of online materials for you, you can benefit from the advice of
colleagues, those who are more active use of information and
communications technologies in the educational process. Some of these
materials are becoming more widely introduced and included in the
Teacher Training Center of ICT Training.

For the realization of learning process blogs are increasingly
being used like internet electronic journals. Some of this site is available
to all. For example a global leader in web technologies, company
Google’s blogs generator Blogger.com

Another common activity in learning practice is learning Wiki,
the cooperative structure of the Wikipedia website. The edit of the WIKI
can all student. An example of use of the Wiki is: group writing, joint
development of the site, collecting information about any educational
issue, creating an electronic reference book, the student’s portfolio,
uploading lesson plans, planning of educational project and
management of planning course. There can be posted and shared
multimedia files. To create a Wiki it is possible to download a special
program, but more profitable is to use the web service of Wiki. The
most useful is wikispaces.com, which has a design intended for
educational needs.

“Greeting From The World” was admitted for the best Wiki Site
which brings together students from different parts of the world, by
creating electronic posters about their country and environment.
Currently Wiki site includes of 300 interactive posters from the schools
of all countries.

Create glogs — with media rich electronic posters the best website
is edu.glogster.com. It is admitted the main educational resource in
America. You can create posters or website using the interactive
platform, which includes multimedia elements, texts, graphics, audio
and facts. It is possible to create glogs for the lesson planning and
professional development. Technology and the internet becoming more
available, creating new opportunities, that obtain resources for teaching,
enrich lessens with interactive programs and multimedia materials,
share your experience to others, learn and tech with gladly.
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PORTFOLIO SELECTION WITH CARDINALITY AND BOUND
CONSTRAINTS USING GENETIC APPROACH
Havrylenko Y.I.

Taras Shevchenko National University of Kyiv
h.yevhen@gmail.com

In our paper the problem of portfolio selection with cardinality and
bound constraints is considered. Cardinality constraint limits the number of
components in a portfolio and bound constraints limit the proportion of the
budget invested in each asset. We use the risk measure based on mean-
variance [1] and introduce a genetic algorithm [2] to solve the problem,
which belongs to the non-linear mixed integer programming class.

The mean-variance model with cardinality and bound constraints is a
two-objective optimization problem, where the total variance (risk)
associated with the portfolio is to be minimized and the expected return of
the portfolio is to be maximized:

o —Z_lzj L Ww,o; —>min; Ry =" Wiy —> max;

N
DW =1;Zi=lzi sz <w <uz, z,€{01}, ie{l,.., N}
N denotes the number of available assets, w; is the proportion of the

budget held in the asset i, g denotes the expected return of the asset i,

o, is the covariance between assets i and | (i,je{l,...,N}), K

denotes the exact number of assets which are held in a portfolio. The
decision variable z, equals 1 or O depending on whether the asset i is

held or not respectively, I, and u; (0<I, <u; <1) are bound (threshold

and holding respectively) constraints(i e{l...N}).

The proposed genetic algorithm that solves the problem has been
implemented in C# programming language and successfully tested using
real-world financial data provided by finance.yahoo.com. In the future we
plan to consider other risk measures, e.g. semivariance of returns.
References
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AN OPTIMAL CONTROL PROBLEM FOR A TWO-
DIMENSIONAL NONLINEAR SCHRODINGER EQUATION
WITH A SPESIAL GRADIENT TERMS
A.D.Iskenderov', G. Yagub?, N. Yildirim Aksoy?
!Lankaran State University,Azerbaijan, 2Kafkas University, Turkey
office@Isu.edu.az, gabilya@mail.ru, nyaksoy55@hotmail.com

We consider the problem of finding the minimum of functional
2
J(l(v):”W(YT)_y LZ(Q) LZ(D) (1)
on the set of admissible controls
0
v :{v=v(x): veL,(D), |v(x)|<b,Vxe D}

under conditions

+a||v ol

|%+a0Ay/+|a1( Wy —a()y +V(y +ig jwf v = f (1), (xt)eQ (2)

w(x,0) = (), xe D,y =0, ®3)
where i=+~1 imaginary unit, T>0, b,>0, a,>0,a,>0, >0 are
given numbers,DeR?is a convex bounded domain,

xeD, 0<t<T, Q =Dx(0,t), Q=Q;, w=y(xt) are wave
function,  a(x) and a,(x) are measurable bounded real-valued
functions that satisfy the conditions

0<a(x) < 4y, QXGD L, =const >0 ()]

‘ai()

la,(X)| < 14, <, vxeD, 1, 1, =const >0, (5)

o(x) and f (x,t) fork =1,2 are given complex-valued functions
satisfying the conditions

0
(peWZZ(D), f szo,l (Q) (6)
0
wel,(D)is a given element and the symbol V means “for almost
everywhere” .

In this paper, the existence and uniqueness of solution of con-
sidered optimal control problem is investigated and a necessary optima-

litiy condition in variational inequality form for its solution is obtained.
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USING &-NETS FOR PREDICTION IN MEDICINE
Maria A. lvanchuk, Igor V. Malyk
Bucovinian state medical university

mgracia@ukr.net

Let us have two sets of points A= {ai =(a},a?,...,a"),i :1TA} and
B:{bI = (b',b2,....0%),i =1TB} in Euclidean space R“, were n is the
number of points in the set. Set A is the sample, which includes the
patients with severity; set B is the sample, which includes the patients

without severity. There are d parameters (factors which affect the
severity) known for each patient. Our task is to separate the space R®
into two halfspaces - RY (patients with severity) and RS (patients

without severity) that for each point x € R determine its belonging to

one of the half-spaces with predetermined significance level « . Let’s

|Anconyy| . |Bconv,| Then o < 1At 775
Na Ng N +Ng

To solve this task we will use the e-nets in the range space. The

pair (X,R) is called a range space, with X its points and the elements

of R its ranges.
Definition. Let (X,R) be a range space. Given Ac X, finite,

and £eR, £€(01),a subset N of A is called an g-net of A if
VreQ,|rmN25|N:>Nm(rmA)¢®
Theorem. Let(R®,H®) be an infinite range space with H? the

determine 77, =

closed halfspaces in R® bounded by hyperplanes. For any two sets of
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points AcR%and Bc<R", Azcony,, Baconv,, and for any
ep€(na) and &g € (175;1) there exist e-nets N> and N2 that
conngAA mconvaB =J.

So, to solve the task of separation of two sets A and B by
hyperplane in RY, it’s enough to separate there e-nets N SAA and NEBB for

any e, €(n,)) and g5 € (17530 .

References

1. D. Haussler and Emo Welzl, Epsilon-nets and simplex range queries.
Discrete Comput. Geom., 2, (1987), 127-151.

ON LIMIT ORDER BOOK MODELING: ANALYSIS,
ALGORITHM AND SOFTWARE IMPLEMENTATION
Kakoichenko A.

Taras Shevchenko National University of Kyiv
a.kakoychenko@gmail.com

Limit order book is a pair of two priority queues of limit orders.
When two orders with opposite directions intersects the process of
matching starts. Due to the type of auction (continuous double auction,
discrete auction etc.), matching could be either continuous or discrete.
The result of matching is registering of deals and decreasing of volume
of orders that participated in matching.

Limit order book with double continuous auction is the most
popular technology of the exchange trading. To model the dynamics of
the order book we need a transactional flow. We could use either
historical market data or transactional flow generating algorithms [1],
[2]. To model the algorithmic strategy interaction in the continuous
double auction, we have to mix input transactional flow with the flow of
transactions generated by our strategy. In addition, we need to transform
input flow taking into account influence of our strategy to obtain a
modelled flow.

This algorithm implemented in original software “Watcher”. It
contains of historical data storage with connectors to DMA gateways,
continuous double auction modeling module, connector to this module
and environment for performing the modeling. This software allows
making deep analysis of the market microstructure by application of
statistical techniques to characteristics obtained from the state of the
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limit order book and aggregation of transactional flows and developing
high-frequency trading strategies, sensible to the market modeling
accuracy.
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MODELING OF FUZZY SETS, FUZZY PREDICATES AND
FUZZY RELATIONS BASED ON THEORETIC-POSSIBILITY
APPROACH
V.S. Kasyanyuk, L.M. Malutenko
Taras Shevchenko National University of Kyiv
tk@unicyb.kiev.ua

Theoretic-possibility approach gives an efficient way of
uncertainty representation in various domains with incomplete
information. This paper is concerned with a study of the notions of
fuzzy set, fuzzy predicate and fuzzy relation using the research by
Yu.P. Pyt’ev in the field of possibility theory.

We consider fuzzy sets modeling with theoretic-possibility
methods and describe operations over fuzzy sets corresponding to the
ones introduced by L. Zadeh in his theory. We refine the concept of a
fuzzy predicate and consider operations over fuzzy predicates — logical
connectives and quantifiers.

Basing on the logic of fuzzy predicates, the notion of a fuzzy
relation is defined and a fuzzy relational algebra is specified; the
signature of the latter consists of the operations of union, intersection,
difference, product, projection and selection. Information processing by
fuzzy criteria in relational databases is one of the important applications
of fuzzy predicates and fuzzy relations.

Theoretic-possibility means permit effective modeling of
fuzziness and uncertainty along with their evaluation by possibility and
necessity measures. It is advisable to represent database queries as fuzzy
predicates and retrieved results as fuzzy sets and fuzzy relations.
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On the base of fuzzy relational algebra and models of operations
expressed by fuzzy relations we plan to develop software dealing with
procession of queries with fuzzy criteria.
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GENERATOR OF ASYMPTOTICALLY DISSIPATIVE
PROCESS FLUCTUATIONS
'Kinash A.V., 2Chabanuuk Ya.M., *Khimka U.T.
National University "Lviv Polytechnic",
?Lviv State University of Life Safety
anastasiiakinash@gmail.com

Consider stochastic process, defined by solution of evolution
equation [1]
du® (t) / dt = C(u® (t),x(t/ &*)) + & 7'C,y (U (1), x(t/ £*)).
Generator of markov process x(t) determined by equality

QB(x) = a0) [QUx, dy)[4(y) — 4(x)], ¢ € B(X).

Limited system du(t) / dt = a(u) is asymptotically dissipative[2].
Averaged system has representation
dd(t) / dt = a(u),

where &(u) =TIC, (u, X)R,C, (u, x) +TIC(u, X).

Fluctuations of the system defined by the expression

vi(D) = &7 ut () - u()]-

Lema 1. Generator of three-component markov process

Ve (t),G(t), x(t/ £*),t >0 has form
L* (X)@(v, W, X) = £ *Qa(V, W, X) + £ °C, (X)B(V, W, X) +

+&'C(X)B(v, W, X) + A, (v, W, X),
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where
C, (X)@(V, W, X) = Cy (W &V, X)@, (V, W, X),
C(X)p(v, W, X) = [C(W+ &V, X) —A(W)]4, (v, W, X),
APV, W, x) = &(W)g, (v, W, X).
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ON THE APPROXIMATE DISTRIBUTION OF THE PRODUCT
OF AN INVERSE WISHART MATRIX AND A GAUSSIAN
RANDOM VECTOR

Kotsiuba I.B.,! Mazur S.M.?
'Department of Statistics, Lund University, Sweden
%lvan Franko National University of Lviv
! kotsiuba@hotmail.com 2stepan.mazur@stat.lu.se

We consider the distribution of the product of an inverse Wishart
random matrix and a Gaussian random vector. We present its
approximate density function formula which is based on the Gaussian
integral and the third order Taylor expansion. Furthermore, we compare
obtained approximate density function with Monte Carlo approach
which was derived by Bodnar and Okhrin [1-3].
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APPLICATION OF IMPUTATION METHODS FOR SAMPLING
ESTIMATION
Lyubov Kovalchuk, Taras Yatsyuk
Taras Shevchenko National University of Kyiv, Ukraine
Ik@lun.ua, taras19941994@gmail.com

Missing data is a frequent issue of statistical research studies,
which imply extensional data collection and analysis [1]. This
corresponding approach is closely correlated with economic, political,
social and, in particular, medical studies. A substantial missing data as a
crucial factor for the analysis can occur. Consequently, the main aim is
to recognize and estimate a missing data and fulfill it with an essential
data using various methods and approaches.

Generally speaking, one can consider sample data case as such
with missing data from the population, thus extending missing data
evaluation methods as an approach for sample data expansion. From this
perspective it is important to understand the advantages and shortages of
each of the methods, which allow better fit the reality of real data
deficiency.

Technology development makes possible implementation in
practice complicated theoretical approaches and evolving more
sophisticated computations. Recently the development of statistical
methods was concentrated to address the incomplete data problem,
which causes bias or inefficient analysis, including such methods like
the imputation, likelihood and weighting approaches [1].

It is generally distinguished 3 types of assumptions about
missing data distribution: missing completely at random (MCAR),
missing at random (MAR), not missing at random (NMAR) [1].

A missing data can be estimated by several methods such as
weighting method and imputation methods.
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THE CONSTRUCTION OF ECONOMIC STABILITY MODELS
Lukovych T.V.
Taras Shevchenko National University of Kyiv, Ukraine

Predicting economic indicators is very important in choosing
effective decisions in the manufacture, social policy, etc.

The most popular methods of prediction in economy are
extrapolation methods for time series:

YO =f(an+s(),

where f(a,t) is a time series trend and &(t) is its random component.

We are mainly interested in exploring the non-random component
f (a,t), which represents the main tendency of observed variable

changes over time.

For a group of the parameters procurement level of manufacturing
resources, financial condition and the manufacturing performance
efficiency we developed the computation algorithms for characteristics
of absolute growth rate, relative growth rate, and increase rate.
Mathematical models analysis of these parameters allows us to calculate
and predict the value of manufacture economic durability. The program
outputs graphical representations of the input data and predicted
parameters for visual comparison of prediction method quality.
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NONLINEAR DYNAMIC SYSTEM KERNEL BASED
RECONSTRUCTION FROM TIME SERIES DATA
Lyubchyk L.M., Kolbasin V.A., Grinberg G.L.
National Technical University “Kharkiv Polytechnic Institute”
lyubchik.leonid@gmail.com

The problems of nonlinear dynamic system reconstruction using
time-series data is closely connected with chaotic processes
identification and prediction problem [1]. Such a problem are of a great
importance in different applications, namely, signal processing,
automatic control, econometrics etc.

The complex dynamic nonlinear mapping recovery using the sample
data in the classical framework of parameterized model application
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leads to the multi-parameter estimation problem which becomes very
complicated due to «curse of dimension» difficulties. It’s stipulated the
expedience of nonparametric methods and intelligent data analysis
approaches such as kernel based machine learning. In order the model
complexity restriction under short sample conditions, it is desirable to
fix the dimension of auxiliary vector used in kernel method along with
recurrent version of identification algorithm [2].

A unified approach to recurrent kernel identification algorithms
design is proposed. In order to fix the auxiliary vector dimension, the
reduced order model kernel method is proposed and proper recurrent
identification algorithms are designed. Such an approach leads to a new
type of recursive least-square kernel method dynamic system
reconstruction algorithm. Finally, the full recurrent version of sliding
window regarding to auxiliary variables, is also developed along with
suitable sliding kernel matrix updating technique, leads to the
identification algorithm which has tracking properties [3].
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THE CALIBRATION APPROACH TO ESTIMATE AVERAGE
VALUES
Stanislav Naumenko, Veronika Zhezhela
Taras Shevchenko National University of Kyiv, Ukraine
stnaan@icloud.com, veronikazhezhela@gmail.com

Calibration weighting is a general technique for adjusting
probability-sampling weights to increase the precision of estimates,
account for unit nonresponse or frame errors, or force internal estimates
to be consistent. Calibration is often described as “a way to get
consistent estimates”. Consistency with known or estimated totals may
bring the extra benefit of improved accuracy (lower variance and/or
reduced nonresponse bias).An intervention with the weights raises the
question how far one can deviate from the design weights without
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compromising the desirable feature of nearly design unbiased
estimation. The calibration approach adapts itself to the estimation of
parameters such as quantiles and, in particular, median [1].

The median and other quantiles of the finite population are
important descriptive measures, especially in economic surveys.
Consequently, the primary objective of this work is to estimate average
values using the calibration approach.

ZYk

The goal is to estimate the unknown mean. x, = UN The basic

> dyy,

design estimator of 4, is 4" =%

, the Horwitz-Thompson

estimator. It is not always an optimal estimator. The Horwitz-Thomson
estimator may be seriously deficient. Hence, one of the question is to
improve an accuracy of the estimate », [1].
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ESTIMATING PROBABILITIES UNDER UNCERTAINTIES
Marharyta Nedzelska®, Michael Sharapov?
Taras Shevchenko National University of Kyiv, Ukraine
'margoqueen95@gmail.com, “boxus@ukr.net

In this article we introduce you an approach for estimating
probabilities of events. The main idea is to reduce our problem to
solving system of linear equations or a linear programming problem.

We deal with a set of events A,A,..,A, at a common
probability space (Q2,F,P). Let A= f(A,...A,) be a superposition of
such well-known simple operations as product, sum, difference,
negation, etc. The problem is to estimate chances (find the interval of
possible probabilities) of event A. In our research we consider two
schemas: ESGP (estimating scheme with given probabilities,
P(A)=p,) and ESEP (estimating scheme with estimated probabilities,
p® <P(A) < p®)[1]. To solve this problem we consider a new space
of elementary events
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Aa =1

O={a,|®, = ,Bta=(a,..2,).a {01}, j=1nB= {A o

So we can represent our event A as a union:
A=Ua @, C= {a| Aand @, arecompatible}. Q)
Supposing probabilities of @, are variables and limitations are:

Youe P@)=p. (@ or p?<>  P@)<p?, ()

C ={a=(a,...a)la =1}

To sum up, in majority of cases we have a linear programming
problem of finding minimum and maximum of (1) with limitations (2)
or (3). Sometimes by adding additional [1] limitation of independency
in ESEP we obtain nonlinear limitation and our problem becomes
nonlinear. The basic methods are supposed to be extended as well as
applied program will be created.
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PERMANENCE OF A DISCRETE PREDATOR-PREY SYSTEM
WITH MONOTONIC FUNCTIONAL RESPONSES
Nenya O. I.

Kyiv National Economic University
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In this abstract we consider the following discrete predator—prey system

x(n+1) = x(n)exp{a(n) b(”)ZK(S)X(” ) =elng ( XE:;J zg:;}

y(n+1) = y(n)exp{—d(n) +e(n)g (wj} n=01,2,...,
y(n—z(n))

where x(n), y(n) are the densities of prey population and predator
population at time n>0, a(n),b(n), c(n),e(n),d(n), z(n) are bounded
nonnegative sequences such that

O<a'<a", 0<b' <h', 0<c' <Y,

D)
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0<d'<d", O0<e'<e", 0<¢' <. K(s)e[0,) is bounded for

$=1,2,..., D K(s)=1. Here a =supa(n), a' =jnfa(n)-
s=1 neN neN

The response function g(u) satisfies the following conditions:
() g=C'([0.+=)R). g(0)=0;
(i) g'(u)>0 for ue|0, +);
(iii) 1im g(u)=h>0, h is a constant;
U—>+00
(iv) sup 9@) _ me (0, + ).
2e(0,+0)  Z
Sufficient conditions for permanence of the predator—prey model are
presented when functional response g(u) is monotonic.

Theorem. 1 Assume that
al _p exp{au —1}

b' iK (s)exp {— sa }

s=1

—-c'm>0

and d < he'
are satisfied.
Then system (1) is permanent.

SOLVING DIFFERENCE STOCHASTIC EQUATIONS USING
STOCHASTIC SIMULATION TECHNIQUES
A. Pashko
Taras Shevchenko National University of Kyiv
pashkoua@mail.ru

Simulation of random processes and fields used in many applied
problems. In most cases, statistical modeling method is used as an
alternative to the classical numerical methods.

Let (T,E, 1) - be some measurable space, X(t), teT - strict sub-
Gaussian random process.
Let X9t) e R" —be a vector random process that is a solution of the

stochastic equation

dX(t) = AX (t)dt+ BX ©)dW (L), X (t,)=Co. O
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where A,B - a matrix with nxn dimensions, W(t) — scalar Wiener
process, ¢,— random variable that is independent of W(t) i E|§0|2 <o,

To find the solution implementations and check its properties we use
the method statistical modeling. Let 0<t, <t, <...<t, <T interval
breaking point [0,T] with step h that ist, =nh, t,,, —t, =h. Putinto line
an equation with initial conditions (1) a difference equation

X () = X))+ X (tk)(Ah +B(W (t,) -W (tk)))a

Consider the Wiener process on the interval T=[0,T] and use their

own representation of the correlation functions of the operator Brownian
<, sin(izt
&)=ty + \/EZM%

bridge [1] EE

where 700777250+ independent standard Gaussian random

A =iz eigenvalues of the correlation operator or expansion

te[04]

variables,
in a Fourier series in
& () =tny +v2 x
d sin(2zit) 1-cos(2xit)
X Z[nli — 717y . '

2 2

i=1

where {’71i ’772i} - independent standard Gaussian random variables.
Number of terms is determined by the specified accuracy and
reliability modeling in some functional space [2-3].

For given accuracy 9 >0 and reliability 1= 0<€<1 ye

made calculations for M and constructed and implementation of
Wiener process..

For linear stochastic equations, we built its solution based on
modeling Wiener process.

We also obtain an estimate mean value and dispersion solution for a
large number of implementations.

Simulation results confirm the theoretical calculations.

Parallel algorithms can be wused in constructing various
implementation of random processes.
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THE STABILITY OF WALRASIAN GENERAL EQUILIBRIUM
UNDER A REPLICATOR DYNAMIC
Pereiaslov Mykhailo
Taras Shevchenko National University of Kyiv,Ukraine
mrpereyaslov@gmail.com

There are many general equilibrium models with private prices in
the literature, based for the most part on strategic market games
[1,2],where it is shown that under appropriate conditions the Nash
equilibria of the model are Walrasian equilibria. The purpose of the
contribution is to show that the general equilibrium of a Walrasian
market system is the only strict Nash equilibrium of an exchange game
in which the requirements of the exchange process are quite mild and
easily satisfied. Supposing producers update their private price profiles
periodically by adopting the strategies of more successful peers, we
have a multipopulation game in which strict Nash equilibria are
asymptotically stable in the replicator dynamic. Instead of other models,
our model doesn’t depend on an extra-market mechanism to balance
demand and supply. It is possible to construct a discrete version of the
system as a finite Markov process, instead of trying to solve analytically
of to estimate numerically our dynamic system. The link between
stochastic Markov process models and deterministic replicator dynamics
is well documented in the literature. The dynamics of the Markov
process model can be studied for various parameter values by computer
simulation, whereas analytical solutions for the discrete system cannot
be practically implemented, although they exist [3,4]. These issues can
be studied directly through Markov process simulations, and may allow
future macroeconomists to develop analytical microfoundations for the
control of excessive market volatility.
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A REMARK TO ESTIMATES FROM BELOW FOR
CHARACTERISTIC FUNCTIONS
Platsydem Marta
Ivan Franko National University of Lviv
marta.platsydem@rambler.ru
Let « be a slowly increasing function and ¢ be the

characteristic
function of probability law F that is analytic in

Dr ={z:|z|< R}, 0 < R <400, M(r,¢) =max{|o(2)|:|z| =r} and

X

We (X) =1- F(x)+ F(-x)=0(8 ), x>0. It is investigated condi-

tions on Wp and « under which a(lnl\/l(r,gu))2(1_0(1))pa(RLj

as r TR.
By L, we denote a class of positive continuous functions o

on (—oo4+) such that a=a(¥) for O<a(x)T+wo and
a(cx) =(1+o())a(x) as X, < X T oo for each ce (0,+0).

Theorem Let aely be a continuously differentiable

function and ¢ be an analytic in Dy characteristic function of a
probability law F. We suppose that is executed one of conditions:

1 1 fim dhe(x) _ [Ljﬂ o as
) P fim S0 ) 1 af 7|0 0)a0

X —4ooand
Xk < a(X)
In(We (x)e™ ) |~

(21

for some increasing to + oo sequence (Xk) of positive numbers such
that a_l(a(xk+l)/p):O(a_l(a(xk)/p)) as k — oo;

2 p<l jim Ana(o0) do*(pa(x) _ 1

x>+ dIng }(x) a(p) <L dx f(x)
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a(pa(f(x))=0(a™(pa(x))) as x —>+wand

a(ln(WF (%, e )) > pa(x,)
for some increasing to +oo sequence (xk) of positive numbers such

that Tim () _ o
o T (%)

Then a(lny(r, f))2(1+ o(l)),oa(Ri),r TR.
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ON OPTIMAL CONTROL IN RETRIAL QUEUES WITH
CONSTANT RETRIAL RATE
Vadym Ponomarov
Taras Shevchenko National University of Kyiv
vponomarov@gmail.com

This paper deals with the problem of optimal control in retrial
queueing system with constant retrial rate and state dependent service
rate. First we describe the general behavior of the system and the
essence of the control policy. Then we define optimization problem and
discuss the algorithm of finding an optimal solution.

In this paper we consider a retrial queue with c identical servers
that operates as follows. Incoming flow of requests is Poisson with
parameter A. If incoming request finds all servers busy it becomes a
source of retrial requests and joins the orbit. Retrial requests intensity
does not depend on the number of requests in the orbit and is equal to u.
If there is any free server the incoming request gets service. Service
time is exponentially distributed random variable with parameter v; that
depends on the number of customers in the orbit.

To maximize the income from such system one can use adaptive
control policy of hysteresis type [1]. Under such strategy the system
operates in two modes and switches the service rate according to the
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number of retrial request in the orbit and the optimization problem can
be formulated in the following multicriteria form:

f,(H,,H,) »>max,i=12, f,(H;,H,)—>min, f,(H;,H,)—min,

H,e{-1...,m-n},H,e{0,...,m-n},H, <H,,

where fi(H;,H,) — the number of calls that were served by the
system while working in the i-th mode, f3(H;,Hz) — the number of calls
that were rejected by the system and became the sources of retrial calls,
f4(H1,H,) — the number of service rate switches.

Functionals fi(Hy,Hy), i=1,...,4 can be expressed in terms of
stationary probabilities of the system. The steady state distribution can
be found in vector-matrix form. That gives a solution of the above
optimization problem.
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ARMA MODEL FOR PREDICTING THE INTENSITY OF
INTEREST FOR INSURANCE COMPANY INVESTMENTS
Anastasiia Prashchur
Taras Shevchenko National University of Kyiv, Ukraine
anastasiya.prashchur@gmail.com

In this paper the ARMA(p, q) prediction model for intensity of
interest for insurance company investments is considered. The main
goal of this work is to estimate the intensity of interest for the upcoming
period.

Let us assume 6,9, ...,0,are known intensities of interest of

insurance company policies. We want to predict intensity of interest
5m+l'

Autoregressive-moving-average model [1] ARMA(p, q) refers to
the model with p autoregressive and  moving-average (MA) terms.

This model contains the AR(p) and MA(q) models:
p q
O =C+sg + Zﬂié‘t—i + Zaigt—i ’
i=1 i=1

whereg; ~N(0,0%), j=t-1t—q.
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To apply the ARMA model time series must be checked for
stationarity using, for example, Dickey-Fuller test. Parameters p,q must

be chosen in such way: p (q) is the step after which autocorrelation

(partial autocorrelation) changes the sign from + to —.

For example, for data from [2] the proper ARMAC(p, q) model is
ARMA(4, 1). The obtained standard error is 2% .

Hence, in contrast to the MA model [3], which postulates that
intensity of interest has its long-term average and the noise is generated
by economic disturbances, ARMA model, presented in this work,
suggests that the current value of intensity of interest is dependent on
the previous values and the consideration of economic disturbances is
more flexible.

In the future such model of the intensity of interest will be used
for calculating the return from insurance company investments in
duration of N vyears and estimating the fair value of insurance
premiums.
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GENERALIZED LIE - ALGEBRAIC DISCRETE
APPROXIMATION FOR BACKWARD HEAT EQUATION
Mykola Prytula, Arkadii Kindybaliuk
mykola.prytula@gmail.com

The Cauchy problem for backward heat equation is not
necessarily well-posed problem, because solutions may grow
unbounded in finite time, or not even exist. Such problems occur when
studying the reflection of singularities of solutions to various other
PDEs[2]. The generalized Burgers type nonlinear dynamical system
contains backward heat operator which complicates numerical
experiments.

The Generalized method of Lie algebraic discrete approximations
for heat equation was proposed in [1]. The coefficient of heat
conductivity was assumed to be positive real value. In this paper we
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focus on the numerical solution for Cauchy problem with backward heat
equation in the following form:

find such functionu = u(x,t) eW,7*(Q2x (0, T]), T €R,
u, =-au,,, forallxeQ=(01),te(0, T],a>0 1)
ul_, = @(x) eW,(Q)

Due to construction of numerical scheme by means of method [1] we
have obtained stable numerical scheme applicable for cases with
positive and negative values of the parameter a € R in the problem (1).
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ON THE HEURISTIC APPROACH TO THE MINIMAL
DOMINATING SET PROBLEM
Olga Revyakina
Taras Shevchenko National University of Kyiv
revolya@gmail.com

Given a non-oriented graph with the set of vertices V and the set
of edges E. The subset D —V is called a dominating set in graph G, if
for every vertex v eV one of the following conditions is satisfied: 1)
veDor2) 3weD:(v,w)eE or (w,v)eE.

Among all dominating sets D we are looking for that one which
contains the least of the vertices. This very set is called a dominating set
of a graph.

It is well-known that the dominating set problem is NP-complete.
Thus it is unlikely to obtain the exact solution in polynomial time.
Owing to this fact we propose an heuristic algorithm of the search of the
approximate solution of the problem described which is a variation of
the genetic algorithm.

As a vector (genotype) of the algorithm we take n-dimensional

vector (n= [\/| ), every element thereof can take the value 0 or 1. Every
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such vector can be assigned to the subset of vertices D <V (all the
vertices are numbered from 1 to n). On the set of such vectors is defined

a fitness function f(a)= zin:lai +9(a), where

g9(a) =

#{veV:veD andvisnotconnetedwith an edge with any vertexfromD}
. In fact, g(a) is the quantity of vertices which are needed to be added to

the set D so that it is dominating. Thus we find the dominating set of

the graph G=(V,E) by minimizing the fitness function f(a).

The quantity of the initial population elements in the experiment
was 20 individuals. As genetic operators the standard two-point
crossover and the one-point mutation operators were used. For the small
graphs there is a possibility to compare the answer and the work time of
the genetic algorithm to the brute-force search. In particular, for the
graph with 40 vertices and 400 edges the brute-force search gives the
answer of 9 in 6 minutes 32 seconds, while the genetic algorithm gives
the same answer just in 1 second.

Also several graphs for which the brute-force time is over 1 hour
were considered. For example, for the graph with 2000 vertices and
20000 edges the result of 745 was obtained in 45 seconds by 330
iterations. Finally, for the graph with 20000 vertices and 150000 edges
we get 7173 vertices in the minimal dominating set in 16 minutes by
3057 iterations of the algorithm.

ON ACCURACCY OF CROSS-CORRELOGRAM ESTIMATOR
FOR THE RESPONSE FUNCTION
Rozora 1.V., Lukovych O.V.
Taras Shevchenko National University of Kyiv
irozora@bigmir.net

A time-invariant casual continuous linear Volterra system with
response function H(z), z€ R, is considered. It means that the real-

valued function H(z)=0as r <0, and the response of the system to an
input process X(t), t e R has such form

Y =] H(@)X(t-7)dz. 1)
0
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One of the problems arising in the theory of such systems is to
estimate or identify the function H by observations of the responses of
the system. Here we use a method of correlograms for the estimation of
the response function H.

Assume that X(t),teR is a measurable real-valued stationary

zero-mean Gaussian process with known spectral density. The reaction
of the system on an input signal X is represented by (1).
Definition. The function

H; () = %fOT\((tJr T)X(t)dt, >0,

is called cross-correlogram (or sample cross-correlogram function) and
will be used as an estimator for H. Here T is the length of the averaging
interval.

The estimation of P{ sup | HT (zr)-H(@)|> g} is founded.

7€[0,T,]
The theory of Square-Gaussian Processes is used.

RATE FUNCTIONAL IN A LARGE DEVIATIONS PROBLEM
FOR MARKOQOV PROCESSES
Samoilenko Igor V.
Taras Shevchenko National University of Kyiv
isamoil@i.ua

The problem of large deviations is solved in four stages [1],Ch.2):

1) Verification of convergence of the exponential (nonlinear)
generator H*, to the limit exponential (nonlinear) generator H;

2) Verification of exponential tightness of the pre-limit Markov
processes. Convergence of the semigroups, corresponding to H® and
exponential tightness of the pre-limit Markov processes give the large
deviations principle in Dg[0,00);

3) Verification of the comparison principle for the limit exponential
generator, showing that the semigroups, corresponding to H® really
converge to the unique semigroup, corresponding to H;

4) Construction of a variational representation for the limit
exponential generator that gives the rate functional.

The limit theorems for the Markov processes (MP) are based on a
martingale characterization of MP n(t), t=0 with the generator L of MP

n(b).
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By analogy, the LDP for the Markov processes (MP) is based on the
exponential martingale characterization of MP n(t), =0 with the
exponential generator (EG)

Ho(u):=e""L e’.

We analyze the construction of the rate functional and its
connection with the martingale control problem [2].
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THE CONFLICT TRIAD MODEL WITH APPLICATIONS TO
INFECTION DISTRIBUTION
Samoilenko Igor V.
Taras Shevchenko National University of Kyiv
isamoil@i.ua

We treat conflict triad as a physical system consisting of three
conflict substances (denoted by P, R, Q) which exist in the same space
Q. P marks global population of some biological specie, R — the
variation of vital resources, and Q corresponds to the dynamics of
threatening concentrations associated with various negative phenomena
(e.g. infections). At initial moment of time they are presented by real
values P, R, Q in accordance with their amount characteristic.

The whole system is complex since every substance is splitted into
family of components distributed along regions €;:

Q=U"i:1 Qi . 2<n<o0.

In [1] we study the evolution at discrete time: {P", R", Q"}*— {P™*,
R™ Q™3}, N=0,1..., where the map *— is defined by the law of
conflict interaction. Coordinates P", R", Q" describe the local evolution
of components of triple indicated substances in the fixed region Q.

In comparison with the well-known SIR-model (see [2]), here we
use a partition of whole existence space into family of regions.
Computer models of the system are able to describe the expansion of
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disease infections of biological population separately in every region of
existence and to define the most safe regions. Another important
distinction is that we put as a basic the statistical law of interaction
between conflict substances, thus we may describe not only quantitative
changes of populations but also its redistribution along regions of
existence caused by the conflict interaction.
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APPLY MODELING TECHNIQUES AND CATASTROPHE
THEORY FOR INTEGRATED ESTIMATION OF GROCERY
SECURITY RISKS IN UKRAINE
Simonova K.V.

Taras Shevchenko National University of Kyiv
katerynasimonova@gmail.com

Modeling techniques and Catastrophe Theory (CT)applies to
systems that may respond to continuous changes in control variables by
a discontinuous change from one equilibrium state to another. For
clarity of exposition there should be discussed the case of a single state
variable x for higher-order catastrophes that can have more than one
state variable. CT implies that the behavior of the system under study
follows:

_—dV(x)
dx

dx

dt, (1)

meaning that the state of the system will change as a result of a change
in V(x). V(x) is a potential function, and incorporates the control
variables c1, c2, . .. ,cn. The system is in equilibrium when dV(x; c1, c2,
...,cn)/dx= 0. Thus, CT is concernedand could be applied with systems
that move toward an equilibrium state of minimum “energy” (i.e.,
gradient dynamical systems; for a detailed treatment) like grocery
security. CT offers a mathematical basis for the classification of
gradient dynamical systems with respect to the number and type of
critical points.
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Furthermore, the invariance property is inherent to CT and allows
it to classify systems as belonging to a small set of qualitatively
different models. Hence, grocery security as acomplicated system is
optimally suitable to be used as an area of modeling techniques and
Catastrophe Theory application.

References

1.T. Gleissner, J.Wilms, K. Pottschmidt, P. Uttley, M.A. Nowak, R.
Staubert, Long term variability of Cyg X-1. II. therms-flux relation,
Astron. Astrophys. 414 (2004) 1091-1104.

2. K. Pottschmidt, J.Wilms, M.A. Nowak, G.G. Pooley, T. Gleissner,
W.A. Heindl, D.M. Smith, R. Remillard, R. Staubert, Long term
variability of cygnus X-1. I. X-ray spectral-temporal correlations in the
hard state, Astron. Astrophys. 407 (2003) 1039-1058.

META-MODELS FOR PARAMETER IDENTIFICATION
PROBLEMS OF HETERODIFFUSIVE PROCESSES
Shcherbatyy M., Shcherbata H.

Ivan Franko National University of Lviv, Ukraine
shcherbatyy@gmail.com, shhelenka@gmail.com

Solution of parameter identification problems and optimization
problems for complex systems causes necessity of multiple solutions of
direct problem for different values of parameters. Complexity of
mathematical models which describe state and behavior of considered
system leads to a large number of calculation for each solution of the
direct problem and sensitivity analysis problem, and occasionally puts in
guestion the solving of the problem itself. Therefore it is useful to
develop simplified functions that have explicit forms in terms of model
parameters. The explicit function is “model of the model” and is called a
meta-model or surrogate model [1].

In this paper, we develop the meta-models for parameter
identification problems of heterodiffusive processes. The heterodiffusive
process of admixture is modelled by the system of partial differential
equations (PDEs) of parabolic type [2]. Semidiscrete finite element
Galerkin approximation is used for the solution of PDEs.

Model of heterodiffusive process involves parameters (coefficients
of diffusion, transition rate coefficients, intensity of internal sources of
pollutant, initial condition, parameters in boundary conditions), some of
which are often unknown. Therefore they have to be fitted to this model
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from indirect measurements. This amounts to the inverse problem of
parameter identification. It is supposed that some characteristic of PDES
solution in certain points of time-space domain has been measured.
Parameter identification problems is reformulated as an optimization
problem using least squares approach. Response surface method is used
for generating meta-models [1]. The original model of heterodiffusive
process is evaluated at multiple sample points. Meta-models are
constructed as first-order and second-order polynomials.
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NON-STATIONARY PARAMETER ESTIMATION
WITH LEAST DEVIATION NORM
FROM ‘ATTRACTION’ POINTS
FOR LINEAR DYNAMIC SYSTEMS UNDER UNCERTAINTIES
Alexander S. Slabospitsky
Taras Shevchenko National University of Kyiv
sl@univ.kiev.ua

The estimation problem of slowly time-varying parameter matrix
A is considered in situation when for A its ‘attraction” point A.(N) is

given at any moment N (N =0,12,...). The least squares estimate

with variable forgetting factor A(k) is investigated in non-classical case
when this estimate may be not unique for linear dynamic object:

x(k +1) = Ax(k) +&(k),
where x(k), &(k) are state and error vectors respectively, vectors x(k)
are known, Ae M, (R), A(k)e(0,1], keN. The last-named estimate

may be not unique and set of these estimates is defined as
ArgminQ(AN),
A

N
where  Q(AN)=> w(k, N)Ilé(k)llz ’
k=
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N-1 JE—
A(i), k=1N -1,
w(k,N) = 1;[ (1), saxwo

1 saxwo k=N.
The least squares estimate A(N) with variable forgetting factor

A(K) and least deviation norm from ‘attraction’ point A«(N) at moment
N is proposed as unique estimate on above-mentioned estimate set:

AN = X3 paa(RIn) "+ A(N)[ By —(R{N)(XIW)" |, NeN,

where (*)— Moore-Penrose pseudo-inverse operator,

XL nsi =(a/w(1,|\|)x(1+i), oo JW(N N)X(N +i)), i =0,1.

The recurrent representations for A(N) and weighted residual

sum of squares q(N)=Q(A(N),N) are suggested without use of matrix
pseudo-inversion.

PETRI NETWORK AS A METHOD OF DEALING WITH
OPAQUE PREDICATES
Vergunov V.V.
Institute of Software Systems of NAS Ukraine
victor.verg@hotmail.com

Opaque predicates were present as a technique to aid in code
obfuscation and later incorporated in a software watermarking
technique. Informally, opaque predicates are insert to make it difficult
for an adversary to analyze the control-flow of the application. This
makes it more difficult to identify that certain portions of the application
are superfluous. Monden algorithm uses opaque predicates to disguise
the fact that a dummy method is never invoke. This technique is really
powerful, one of most powerful in obfuscation field [1].

Petri network this one of main tools in software static analyst [2].
Mainly this tool have been designed to find almost the same entities that
opaque predicates generates in code. These entities are looking like
errors or uncertainty for software static analyst that based on petri
networks. Petri networks are imitating running programs by building
directed bipartite graph which representing program’s work flow. By the
definition opaque predicates [3], it is possible to understand that they

52



generate static structures that are not affected by the input data of this
program, they respond well to static analysis. This are meaning that
opaque predicates without some extra technique can’t full protect
software from revers engineering.
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SOLVABILITY OF THE INITIAL-BOUNDARY VALUE
PROBLEMS FOR THE NONLINEAR SCHRODINGER
EQUATION WITH A SPESIAL GRADIENT TERMS
G. Yagub', N.S.lbrahimov?, M.Zengin®
13Kafkas University, Turkey ,’Baku State University, Azerbaijan
'gabilya@mail.ru, 2natig_ibrahimov@mail.ru
*mervee.zengin14@gmail.com

We consider the initial-boundary value problem fort he nonlinear
Scrodinger equation with special gradient terms of finding the function
w =w(X,t) from the conditions:

i%// +a,Ay +ia,(X)Vy —a(X)y +Vv(X)y +

: @)
i, [y w=f(x1), (xt)eQ

w(%,0)=p(x), x< D,y =0, 2)

where i=v-1 imaginary unit,

2 2
A:a—2+a—2,V= ii , T>0, b >0, 8,>0,8,>0, >0 are
oX;,  OX, OX, OX,

given numbers,DeR*is a convex bounded domain,

xeD, 0<t<T, Q =Dx(0t), Q=Q;, w=y(xt) are  wave
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function, a(x),v(x) and a,(x)are measurable bounded real-valued
functions that satisfy the conditions

0<a(x) <y, \;/XED, M, =const >0, 4)
|v(x)|§b ,\;'XED,bO=C0nSt>O, (5)
a (x)| < <u2, vxeD, 1, 1, =const >0,  (6)

o(x) and f (x,t) fork :1,2 are given complex-valued functions
satisfying the conditions

gpeV\?zz(D), f eW,*(Q) , (7)

0
the symbol V means “for almost everywhere” .
In this paper, the theorems of existence and uniqueness of
solutions of first initial-boundary value problem (1), (2) and second
initial-boundary value problem for equation (1) are proved . To prove

the theorems applies method of Galerkin [1-3].
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MINIMAX ESTIMATION PROBLEM OF SLIDING MODE
CONTROL DESIGN
Zhuk S.%, Polyakov A.%, Nakonechnyi O.}
'IBM Research, Ireland, “Inria Lille-Nord Europe, France
*Taras Shevchenko National Uneversity of Kyiv, Ukraine
serhiy.zhuk@gmail.com, a.nakonechniy@gmail.com

This technical note deals with the problem of observer-based
sliding mode control design studied for linear system with the noised
measurements of the output and additive multiplicative exogenous
disturbances. The optimal observer is applied in order to construct the
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control law, which guarantee the optimal reaching (as close as possible)
of the sliding surface. The existence and non-uniqueness of the optimal
feedback realizing required motion is proven for the case of L2 bounded
noises and additive disturbances. The optimality of the constructed
linear minimax observer over the class of all measurable observers is
established.
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OBOCHOBAHBIE KPUTEPUEB YIIPABJISIEMOCTHU
TPEX3BEHHbBIX ABTOIIOE3/10B 1 EI'O ITPOI'PAMMHOE
OBECIHHEYEHHUE
Aodammunie Muauko
Barymckuii I'ocynapctBennsiii YHuBepcureT uM. lllora Pycrasenu.

VYpaBiasieMOoCTb TPEX3BEHHOI'O AaBTONOE3[a MPU  PA3IHUYHBIX
yCJ’IOBI/IHX nu pemHMax JBWXXCHUS xy)Ke, yem y OAHOTHUITHOTO
JIBYX3BEHHOI'O aBTOIIOE3/a. 3T10 00BsACHSIETCS MOSIBJICHUEM
JOTOJHUTENbHBIX IIAPHUPHBIX COENUHEHHM, a TaKXKe YBEIUMYECHUEM
o0miell MITUHBI W TIOJTHOW MAacCChl aBTOIOE37[a, YTO, B CBOIO OYEpE/lb,
TIPUBOJNT K W3MEHEHHUIO KOJIeOATEeTLHOTO MPOIECcca, YMEHBIIICHUIO
KO3 (UIIMEHTa CIIETHOM MAacChl YIPABISIEMBIX KOJEC aBTOMOOWIIS-
TdATa4dya nu B03paCTaHI/HO CYMMapHOFO MOMCHTA COHpOTI/IBHeHI/ISI
noBopoTy. [Ipu aHanu3e 3TOro CBOMCTBA U PACCMOTPEHUN MEPOIPUATUI
IO €T0 YIyYIICHHI0 HEOOXOJUMO CTPEMHUTCS K TOMY, YTOOBI TTOKa3aTeln
YIOPABIIEMOCTH HE BBIXOAWIN 32 MPEAEIIbI T0MYyCTUMbBIX 3HAUCHUH.

praBJISIeMOCTB HpI/IHaZUIe)KI/IT K rpynne 3KCHHyaTaHI/IOHHBIX
CBOMCTB, OIpaHUYUBAIOIINX MOTEHIUAIbHBIE BO3MOKHOCTH aBTOIOE3/a
[0 TATOBO-CKOPOCTHBIM CBOWMCTBAM, TOIUIMBHOM SKOHOMUYHOCTU U

55



Oe3omacHocTH NBKEHHs. KpoMe TOro, ypOBEHb YIPaBISIEMOCTH
aBTOMOE3/]a 3aBHCUT OT 3aTPAT SHEPTHH BOJIUTEIS HA €r0 YIpaBliCHHE.
HecmoTpss Ha cBolo OoNblIyI0 3HAYMMOCTH B OLEHKE KauecTBa
aBTOTpaHCOpTHRIX cpenctB (ATC) mo cux TOp HE CYIIECTBYET
OOMIeTPUHATON CHCTEMBI MoKazartenei ynpasiseMoct o0br9HbIX ATC,
a TeM OoJiee TPEX3BCHHBIX W MHOTO3BEHHBIX aBTOIMOE3JIOB, KOTOphIC
OTHOCSTCS K HanboJee NepCreKTUBHBIM 10 3(h()EKTUBHOCTH.

Kak u3BecTHO, TIOKa3aTeNu SKCILTYyaTAIIMOHHBIX CBOWCTB JENATCS
Ha €JMHUYHBIE W 0000mEeHHbIC. [IpUMEHHTENIFHO K YNPaBIsSEMOCTH
CYIIECTBYET CHUCTEMa CIUHUYHBIX IMOKAa3aTeJieH, KOTOpasl MOJIb3yHTCS
JUIS  OLCHKW  J1abopaTOpHO-NOPOKHBIX — uchbiTanuit  ATC  Ha
YIPaBIAEMOCTh U YCTOWYNBOCTL. OJJHA U3 TIOCIICHUX TOMBITOK CO3/1aTh
00O0OIICHHBIN MOKA3aTeIb-3TO MPEIJIOKCHUE YUUTHIBATH COJICPIKAHUC
MOHATHSI  yIpaBiseMOocTd. YTOOBI OICHUTh TIOJE3HOCTh TaKOTro
MPEUIOKEHHS, HY)XHO HAKOMHTh JOCTATOYHO OOIBINOE KOJIUYECTBO
SKCTICPUMEHTAITLHBIX U PACUCTHBIX JTAHHBIX.

C moMmoupl0 MPOrpaMMHOTO OOECTIEYEeHHUS] CIENIaHO aHAJN3
YIIpaBIACMOCTH JABYX3BCHHBIX u TPEX3BCHHBIX aBTOIIOC310B.
Pe3ynbTaThl aHanmu3a yNpaBJIIEMOCTH JBYX3BCHHBIX W TPEX3BEHHBIX
ABTOIOE3/I0B M0 JCHCTBYIOIIMM IIOKa3aTeNIIM W XapaKTePUCTHKAM,
MMOJIy4YC€HHBIM 110 SKCIICPUMECHTAJIbHBIM JaHHBIM, MMOATBEpANIIN
XOPOIIYK YIPaBIIeMOCTh TPEX3BEHHOI'O aBTOIMOE3/la U COOTBETCTBUEC
TpeOyeMOMY YPOBHIO YIPABISIEMOCTH O HOPMAaM Ui JBYX3BEHHOTO
aBTomoe3za. Bmecre ¢ 3TMM aHaaM3aM PE3yJIbTaTOB HCIBITAHHMA
OTpe/ieNieHbl HEKOTOPhIE OCOOCHHOCTH XapaKTePHCTUK M IMoKazaresen
TPEX3BEHHOT'O aBTOIMOE3/Ia MO0 CPABHEHHUIO C IBYX3BECHHBIM.

OB OJTHOM OBPATHOM 3ATAYE JIJIA SJIJIMIITUYECKOI'O
YPABHEHMS'

Ananst S.Axyngos’ , Baxpys P.Cenumxanos’
"MucturyT Maremaruku 1 Mexanuku HAH AsepGaiikana,
2CyMraHTc1<m71 Tl'ocynapcTBeHHBIN Y HUBEPCUTET
ladalatakhund@mail.ru , *mektebsum9@mail.ru

PaccmaTtpuBaerca oOpatHas 3ajada 00 OINpENENIEHUM Tapy
dymrmit q(y) e Cls;(x),s,(x)], u(x,y)e C3(D)N C(S) U3 YCIIOBUIA:

! JlanHast paboTa BhINIOJIHEHA TIpH (prHAHCOBOM moanepkke Donna Pazpurus
Hayxkwu nipu IIpe3unenrte Azep6Oaiimkanckoii Pecniyonuku-I'pant NeEIF-2013-
9(15)-46/12/1-M-18
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%+Zyig+q(y)%= f(x,y) (x,y)eD={a<x<b, s,(x)<y<s,(x)}
u(xy)=p(xy), (xy)eaD, Zu(x, yx=h(y), s(x)<ys<s,(x) O

3nech  a,b— mekotopsie moctosmmbie,  f(X,y),  §,(X) S,(x)
o(x,y), h(y)— 3ananmsre Gysxumm.

[Iycts {qk (y), U, (X, y)}— pelieHus 3a1a4n M,
coorserctytonme mauusM T, (x,y), o (x,y), b (y), k=12.

Teopema. [TycTs: 1) s,(x)<s,(x), x e[a,b],
500 s,(eClab],  f(xy)ec’(D), 9 (x,y)eC**(aD),
h (y)eC**[si(x),s,(x)], | (y) = const>0, a €(0.1), k=12;

2) CYIIECTBYET PEIICHHS {qk(y),uk(x, y)} samaun (1) u oHum
MPUHAJICIKAT MHOXKECTBY

K, = {a.ujaly) e C[s,(0.,(x)} u(x,y) e C*(D),

12012, (x)<D, Ja(y)| <My, v <[5(x)5,(6)], mm, =const
3) mesD — gocTaTouHO MaJo.

Diu(x, y)( <m,

Torma pemenune 3amaun (I) mpu (X, y)eD €IUHCTBEHHO H
BEpHA OLICHKA «YCJIOBHOI» YCTONUMBOCTH:

o= il + s~ < el = ol +lon ~ ez + I =P
m, > 0— 3aBucur ot AaHHbIX 3a1au (1), or mesD u mHOX)ecTBa K, .

PO MIAXIA A0 ONTUMAJIBHOI'O PO3IOALTY
PEKJIAMHOI'O BIOJIKETY
Jlapuca T. Axxy0Oeit
KuiBchkuii HallioHanbpHUH yHiIBepcuTeT iMeHi Tapaca [lleBuenka
adzhubey@stab.univ.kiev.ua

Po3pobka eeKTHBHOrO CYKyIHOTO PEKIaMHOT0 OIOKETY MiANpH-
€MCTBA IIiJ[BUIIYE SIKICTh IUIAHYBaHHS HWOTO PEKJIAMHOI JIisIIbHOCTI.
BoHa MOBUHHO TPYHTYBAaTHCS HA MPUHIMIAX JIOIUILHOCTI, BIAMOBIJI-
HOCTI, panioHaiizamii i MiHiMi3arii.

[porec po3poOKH CYKYITHOTO PEKJIAMHOTO OIOJDKETY MiIIPUEMCTBA
PO3IIISIAETHCS K KOMIUICKC B3a€MO3AJISKHHX 3aXO0/1iB 1010 TUIaHyBaH-
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Hs1 00CSTY KOWITIB OIOKETY 3a JONIOMOTOI0 HaHOUIbII €(hEeKTUBHUX JUIS
MiIPUEMCTBA METOIIB 1 MOJIEJIEH, 110 BiAIOBIJAIOTh pUHKOBIHM cUTyaii
i pecypcHHMM OOMEXKEHHSIM MiJIPUEMCTBA Ta PalliOHAIBEHOTO PO3MOJIi-
Iy 00CcATY OFOKETY MiXK 3ac00aMH peKJIaMHu.

Po3pobka pexmaMHOTO OIOKETY, SK 1 BCS peKIIaMHA IisTBHICTB,
3HAYHOIO MipOt0 Mae CyO'€KTHBHHM, TBOPYWH MMIIXid, 1 B 3HAYHINA Mipi
3aJIOKUTh BIiJ 1HTYIiLIi, JOCBimy, IHAMBIAyaJIbHHUX OCOOJIMBOCTEH
BIAMOBIMAIBHUX 3a Iei mporiec ¢axisiliB. ToMy, B 0araTh0X BHITaIKax
11€ PO3PaxOBYETHCS HAOMIKEHO, aJle CyJacHI MaTeMaTHIHi IHCTPYMEHTH
JI03BOJISIIOTH 3pOOUTH 1ie HaileeKkTuBHilIE.

Po3paxyHOK pekiIaMHOTo OIO/DKETY, BUXOISIYM 3 KPHTEPIil0 ONTH-
MaJbHOCTI BUTPAT Ha peKiIaMy, 3MIMCHIOETHCS, K MPaBUIIO, HA OCHOBI
ITOPUTMIB TMOIIYKY ONTHMAIBHOI BEIMYMHU PEKIaMHOTO OIOJDKETY 32
KpUTEPiEM MAaKCUMyMy BiTHOIIEHHs e()eKTHBHOCTI PEKIIaMHU JI0 BUTPAT
Ha Hel, B IKMX BUKOPUCTOBYIOTHCS Pi3HI ONTHMI3AIiiHI METOIH.

VY naHiii poOOTi MPONOHYETHCS MiAXIA Il BU3HAUCHHS PO3MOMALTY
OrO/DKETY Ha PeKJIaMy Ha OCHOBI 3aCTOCYBaHHS ONTHUMI3alliiHUX 3a1a4u
JMHIAHOTO JUCKPETHOTO MPOTpaMyBaHHS 3 BUKOPHCTAHHSIM TEXHOJOTIH
KUJIBKICHOTO OIIHIOBAaHHS IJIbOBOI aynuTopii [1].

[TpoBeneHO eKCIIEPUMEHT 3 3aTyYCHHSIM OLIIHKH TeJIeBi3iiHOT ayau-
TOpii, B paMKax SKOTO OTPHUMAHO PO3IOJiJ PEKIAMHOTO OFODKETY MiXk
TB-kaHamaMu 3a YMOB MaKCHMAJILHOTO OXOIUICHHS LUILOBOT ayaHUTOPii
JUISL TIEPETIISAy PEKJIaMHUX POJIMKIB BIpo1oBK TB-TpaHCchsiii.
Jlireparypa
1. IBenyn B.A. PaspaboTka merommdeckoro obecrnedeHus (HopmipoBa-

HUS COBOKYITHOT'O pekJiaMHOTO Orojpketa mpennpusatus / B.A. llIsenyn //
Bbuznec Undopm. —2008. — Ne 9. — C. 60-68.

BUKOPUCTAHHS METO/IIB BHYTPIIIIHbOI TOYKHA B
AJITOPUTMAX MMOBYJ0OBU OITOPHUX
TPAEKTOPIN JIA
Anaponos B.A. ", Beiiko L.B. %, Ilup6a B.C.° Ilup6a O.B.°
'Tlepxasue migmpuemctso «KoucTpykropeske 6ropo «IliBnenne»,
’Harjionansauit TexHigHmit yHiBepcuTet Yipainn «KITIy, *Kamsers-
[oninbcekuit HalioHANBEHMIA yHiBepcuTeT iMeHi 1.OrieHka

3agadi moOyJOBUM ONTHUMI30BaHUX OIOPHUX TpaekTopi JIA
MOB's3aHl 13 MIJABUIICHHSAM  €(PEKTUBHOCTI  MPOTHUIIl  CHUCTEM
MpOTUPaKeTHOI 0OOPOHM Ta MiABHUIIEHHSIM 3axucTy JIA 3a gomomororo
3aXMCHUX MAaHEBpPiB 1 (QOPMYIIOIOThCS SIK 33Aadi  ONTHMAIbHOTO
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KEepyBaHHS MPU CKIAAHUX (a30BUX OOMEKEHHSIX. MaTemMaTnuuHi MOaei
muHamiku JIA Oynyrotbes y (a3oBOMy TMpOCTOpi i3 KOOpAMHATAMHU
(x(t), y(©),z(t)) uentpy Mac JIA Ta  KOOpAMHATaMu

V, (t),V, (t),V,(t)) sexropa mmumxocti V (t) y Bubpaniii inepniitniii
CUCTEMI KOOP/IMHAT,
dx(t)/dt = V,(t), dy(t)/dt = V, (1), dz(t)/dt = V,(t).
BeKTOp NpHCKOpEHHS
dv(t)/dt = (dV, (t)/dt, dV,(t)/dt, dV,(t)/dt)
OOYHCITIOETBCSI 32 CYMapHOIO CHIOK Tsaru ABuryHa JIA 1 cund
aepogunamiynoro omopy F(t) = (F (t),F, (1), F, (1)) y wsuaxicHiii

cUcTeMi KOOpAMHAT (3aJIeKHiH Bif aTrMocepHOro po3MoIily THCKY,
LIUTBHOCTI Ta TeMIepaTypu aTMochepH),

F.(t) = cos(B(t))cos(a(t))P(t) — C,(t),

F,(t) = cos(B(t)sin(a(t)P(t) + C,(B)a(t)/ (e (t)+B°(1) ™,
F(t) = —sin(a(t)Pt) — C,()A1)/ (o’ O+ 1),
kyramu ((t), S(t)) opienranii JIA BigHOCHO MBHAKICHOI cUCTEMH
xoopauuar, kyramu (O(t),w(t)) opienranii mBuaKicHOT cucTeMu

KOOPJIMHAT BiTHOCHO BUOPaHOI iHEPIIiITHOT CHCTEMH KOOPINHAT,
o(t) =arctg(V, (t) /V, (1)),
w(t) =arctg (-V, )/ ((V,(0)* + (v, (©)*) ™,

matpuneo M () mepexomy Bin mBHaKiCHOT 10 iHEPUiHHOT cHCTEMH
KOOPMHAT,

My, = cos(y (D)cos(8()), My, = cos(y ()sin(6(0),

My, ==sin(y (1)), M,, ==sin(6(t)), M, = cos(6(t)), M,, =0,
My =Sin(p(0)cos(610), M, =sin(y (©)sin(6(0), M.g=cos(u (1),
macoro M(t) pakerw ta cunoro semuoro Tsokinns G(t),
dv(t)/dt=MT (t)F(t)/m(t)+G(t).

3a JI0MOMOrOK METOIB BHYTPIIIHBEOI TOYKH IOOYI0BAHO
e(PEeKTUBHI  aITOPUTMHM  OOYHCJIEHHS  ONTUMAIBHOTO  KEpPYyBaHHS
(@™ (t), B (t)) Ta onTHMI30BAHHMX OMNOPHHX TPAEKTOPil mpH
HAasBHOCTI CKJIAJHUX TEXHIYHHX OOMEKCHb
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<o <o
max — 'max
k) 7
‘a‘ S amax = aZmax ) KQ q, ‘ﬂ‘ S ama.x’
‘a‘ S amax = aZmaX ) K& g ‘ﬂ‘ = amax

@ <é, =ay,. K. g |B<i

max

13 TaOJIMYHO 3aJaHuMHU JOIIyCTUMHUMU I'paHUYHUMU 3HAUCHHAMUA

a KQq,KEq,Kéq.

o
max’ Y max’

AJITOPUTM MOBYJIOBU 1OITYCTUMOI MATPHUIII
PO3KJUIAZIIB
baouu C.B., Typ6aa FO.B.
HanionansHuid yHIBEpCUTET BOJHOTO FOCHOAApPCTBA Ta
MIPUPOIOKOPUCTYBaHH:, PiBHE, YKpaiHa
asha.maneteren@gmail.com

B ocHOBI m0oOyI0BY pO3KJIaly 3aHSATh HABYAIBHOTO 3aKJIaIy JIC)KHUTh
Teopis po3kiamiB. Takoxk g0 maHOi MPOOIIEMATHKU BiITHOCUTHCS PO3JILT
JUHAMIYHOTO TIpOrpamMyBaHHS B Teopii YIpaBIiHHA Ta Teopii
00YHCITIOBaIbHUX cUcTeM. Crernudikor 3aaadi CKIaJaHHS PO3KIaLy
3aHATh HABYAIBHOTO 3aKJIany € ii 0araTOKpHTEepiaJbHICTh Ta 3aJIEKHICTh
BiJl 3HAYHUX OOYMCIIOBAIILHUX PECYPCIB.

B po0ori mponoHyeTbes HOBUH KOHQIrypamiiHui miaxij 10 aHai3y
MaTpHIlb PO3KIIJIIB, B OCHOBI SIKOTO BUKOPUCTOBYIOTHCS KOMOIHATOPHI
BJIACTHBOCTI anreOpaiyHuX CTPYKTYP, 30KpeMa epMaHEeHT.

BimoMi kpuTepii, SKUM TIOBUHEH 3aJIOBOJIBHSTH PO3KIAJ 3aHSTh:
CTYJICHTH Ta BHMKJIaJa4di HE MOBUHHI MaTH “BIKOH ”, KUIBKICTh pOOOUYNX
JHIB BHKJIaJada IMOBMHHA OyTH MiHIMAIBHOIO, MOOaKaHHS BUKJIAIAYiB
MOBHHHI BpPaxOBYBATUCh MaKCHUMajbHO Tomo. OueBuaHO, MIO
ONTUMAJIbHUH B TIEBHOMY PO3YMiHHI PO3KIAJl € ONTHMAIBHUM JUIs
KOXKHOTO JIHS yu00oBoro TixHs. ToMy 0OMeEXUMOCS PO3MIIIOM OJHOTO
pobouoro Hsl.

SIKIIO KOXKHOMY BUIKJIaJady IOCTaBUMO Y BIJIMOBITHICTE JiesiKe
HaTypajgbHE YHCIIO TO PO3KIAJ SBIISIE COO0I0 MaTPHITIO po3kimany R .

OueBuHO, IO MPH aHaIi3i MaTPULb PO3KJIAaly BHHHUKAE HHU3Ka
3aja4, AKi MOB’S3aHi 3 BUMOraMH 10 PO3KJany 3aHsATh. B nmaHii poboti
CTOITh 3aBJaHHS PO3POOMTH METOAMKY TMEPEBIPKH JIOTMYCTHMOCTI
MaTpHIIb PO3KIIaLy Ta aJrOPUTMIUHI aCTIEKTH iX MO0y I0BH.
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Jliteparypa

1. Dechter R. Constraint Processing/ R.Dechter — Kaufmann, 2003.— 481 p..
2. Tanaes B.C., I'opmon B.C., Illladpanckuii SI.M. Teopust pacuucaHmiA.
Onuocranuitaeie cuctembl. / B. C. TamaeB, B. C. T'opmon — Mocksa:
«Hayxkay, 1984 — 345c..

3ACTOCYBAHHSA TEOPII KOOIIEPATUBHUX IT'OP JIJIS
MOJIEJIOBAHHSA POLIECY MIJKHAPOJIHOI IHTETPAILIIT
Barnwk H.B., 3asima B.B., Oaeiinuk B.B.
Jlyupkuii HaIliOHATBHAUNA TEXHIYHUNA YHIBEPCUTET,
CxinHO€BpONICHCHKUI HALTIOHATBHUN YHIBEPCUTET

CydacHi COLIaThbHO-€KOHOMIYHI SIBHINA XapaKTEePU3YIOTHCS
CKJIQIHICTIO, HEBH3HAUEHICTIO, 0araTOBEKTOPHICTIO, PO301KHICTIO
1HTEpECiB CTOPiH Ta BUMAraroTh CIeNialbHOT0 MaTeMaTHYHOTO arapary,
HEOOXITHOTO Ui 1X AOCHiKeHHs. Teopii irop, OCHOBHHM 3aBIaHHIM
SIKOI € OCTIDKCHHS! ONTUMAaJbHUX PIMICHb B MAaTEeMAaTHYHUX MOJEIIX
KOH(JIIKTHUX ~CUTyallild, WiAXOAUTh JUIS TaKOro BHUKOPHCTaHHS.
KoomepatuBni  irpu, K CcKiIagoBa 4YacTUHAa  Teopii  irop,
BHKOPHUCTOBYIOTHCSI TIPY YIPABIiHHI OpPTraHi3allifHIMU CUCTEMaMH IS
Y3TO/DKEHHS 1HTEpeCiB Cy0'€KTIB yIpaBIiHHS Ta IEHTPY 3 ypaxyBaHHIM
KoaNmiiiHol B3aemofnii Mik HUMH. ToMy MOXHA PO3TJSIHYTH
B3a€MOBITHOCHHH MiX TpboMa JepxaBaMd B cdepi ympaBiiHHS
TPaHCKOPAOHHUMHM HPUPOIHUMH pecypcaMu dYepe3 Npu3My Teopii
KOOIIEPaTUBHHUX iroOp.

Ilpy MOXIMBOCTI KOOTMEPYBaHHA VYYaCHHKIB KOHQIIKTY,
3aJIeKHO Bl KOHKPETHHX YMOB, TEOPETHKO-ITPOBI NPHUHLMUIH
ONITUMAIFHOCTI TIOB'SI3aHi 31 CTiIHMKIiCTIO TIoBeiHKA (C-1p0) a00 HOCSTH
HopMmatuBHUI xapaktep (Bektop emmi i N-sapo). Tomy BHOIp
OPUHOUITY ONTHMAIBHOCTI INpH MOOYIOBI KOONEPAaTHBHOI TIpH
BHU3HAYAETHCSA CYTHICTIO KOH(QUIIKTY.

V 3aranbHOMy Bumazaky, 10 C-sapa BXOAWTH Beluka (HaBiTh
HECKIHUEHHA) KUIBKICTh PO3MOALUIIB, KOKEH 3 SIKHX, OYyJydd CTIHKUiA
OKpeMo, Moxe OyTH BUOpaHMH 3 ypaxyBaHHAM KOHKPETHHX O0OCTaBHH
koHpIiKTY. Aste C-a1po MICTUTh Oarato pi3HHUX 1 HE PIBHOLIHHHUX JIJIS
OKpEMHX YyYacCHUKIB PpO3MOJITIB, TOMY OUIBII KpalmMMH € TaKi
OPUHOMNN ONTUManbHOCTI, sk BekTop Lleruti i N-sapo, Aki HaroTh
pilIeHHs], 10 CKIaJaeThCs 3 OHOTO PO3NOALTY.

Jlitepatypa
1. Hwoo6wun I'.H., Cy3nanes I'.H. BeeneHnue B nprKIagHyIO TEOPHIO HIp — M.,
Hayxka, 1981. - 336 c.
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2. Mynen Q. KoonepatuBHOe MpUHATHE PEIICHUN: AKCHOMBI U MOJIEIU:
[Tep. ¢ anri. - M.: Mup, 1991, — 464 c.

3. Camvuna H.1O. Teopus urp: yuebHoe mocodbue — Tomck : Db KonTeHr,
2012.-92 c.

JAUOEPEHUIAJIBHE PIBHAHHSA AJIA T'UJIJIACTHUX
MNPOLECIB 3 MITPALIEIO TA HENIEPEPBHUM YACOM
basuiaesuu 1. b., Ajies C. A., SAixkumumun X. M.
JIpBiBCHKMIT HAIlIOHATBHAN yYHIBEpCHUTET iMeHi [Bana dpanka
I_Bazylevych@yahoo.com

PosrisimaeMo ogHOpigHMI TULICTHH TpoleC 3 HENepepBHUM
vyacoMm Ta mirpamiero £(t)[1]. Y goBinbHHIT MOMEHT vacy t € [0; oo) abo

imoBipHicTio P, (t) B momymsamiro immirpye K gactunok, abo 3

iimoBipuicTio  Q,(t) 3 momymamii  emirpye  r, (r=1m)
o0 m

‘IaCTI/IHOK,ZPk (t)+Z:Qr (t)=1. TIIpomec emirpamii Ta iMMirparii

k=0 r=1

TO3HAYNMO Jyepes S(t) i P{§ ®O= k} =B (1), k>0,

P{( ®= —r} =Q, (), r =1,m. Bubepemo mane At (At—0).
[pumyckaemo, mo PBy(At) =1+ p,At+o(At), B (At) = p,At+o(At),
k>1,

Q, (At) =g, At+o(At), 1<r<m, Zpk+2qr—0

r=1
[Tosnaunmo wepe3 & (At) (i=1, ,u(t)) KiJIBKICTh HAINAAKIB | -i
YaCTHHKH yepes3 yac At ta

hAt+o(At),n=0.23,..
P+ A0 =05 (0 =1}=H, (40 :{1+ hyAt +o(At),n =1

BBenemo 1BipHi (yHKIii
Fo(t,s)=Ms"® =>"H, (t)s",h(s) =D hs", [s|<1.
n=0 n=0

Teopema. Teipna ¢ynkuis npouecy F,(t,s)  3an0BONBHSE

nrdepeHIialbHOMY PIBHSIHHIO

dF,(t,s) oF (t s)
ot O — 5% +(T(S)F, t,9)),, F.(0,5)=1.
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Jliteparypa

1. Haraes C. B. IIpeaensHble TeOpEMBI Il KPUTHYECKOTO BETBAIICTOCS
nporecca ["anpToHa—Batcona ¢ murpanueit / C. B. Haraes, JI. B. Xan //
Teopust BeposiTHOCTEH 1 ee nmpuMeHeHns.—1980.—XXV. —C. 523-534.

2. CesactpsaHOB b. A. Berpsimuecs nponeccel. / b. A. CeBacTbsiHOB. — M.
Hayxka, 1971. - 436 c.

TPUKPOKOBUI METO/ CIIYCKY
Baprim M.A1., baprtim B.5., Oropognunk H.II.
JIbBiBCHKMI HaliOHATBHUN YHIBepcHTET iMeHi [BaHa PpaHka
ogorodnyk.nataly@gmail.com
PosrisaeMo 3anauy ontumizartii
f(x) >min, ze f:R" >R, feC'R"). (@
RI’]

BBenemo HacTynHi mosHaueHHs F = (fx'l (x),..., f, (X))r = f'(x);
a=(a,....a,) , a el ) |; b=(by,....b, ) b e, 1),
L(@)=li=1n, al =0}, 1, # 1.

st po3B’si3yBanHs (1) 3ampOIIOHOBAHO METO/I BUTIISITY

X1 = X =8y 2
f(a)— () < (F(x)ay ), £ €(0) 3
JUISL SIKOTO CIIPaBEJIMBI HACTYIIHI JIEMH.
Jlema 1. Hexaii a =0, Toxi a(>‘<) € BEKTOPOM CriafianHs QyHKIIT f(x) y
Tour X .
Jema 2. Hexai f e Cl(Rn) i f'(X) 3aJI0BOJIbHSE yMOBY Jlimmmmis.

pu

f'(x)- f'(y]|£ L[x—y|. Toxi anma Vx, €R" ymosa (3) BukoHyeThCs

OTtxe, MeTo (2) € METOJIOM CITYCKY.
Jema 3. Y Bumagky I(a)ml(b);t@ KyT MiX BekTopamu a i b
TOCTpUH.

BukopucTOBYyIOUM i1€10 TPUKPOKOBHX METOHIB i jemy 3, Ha 0a3i
merony (2), s po3s’szyBaHHS 3amaui (1), 3ampoIrOHOBaHO
TPUKPOKOBUH METOJ] HACTYITHOTO BUTJISTY
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U =X —oy 8y, (4)
Vi = Uy — Bby, (5)
X1 =2rg myin f (U + 7 (v —uy ), (6)

ne k=01,..., o, f >0 — KPOKOBI MHOKHHKH.

Sk mokazanmu MpakTH4HI JochimkeHHs, MeTof (4) — (6) mokaszye
Kpall pe3ynbTaTH, B CEHCi KUTBKOCTI OOYHCIEeHb, HIX TPaJi€HTHUI
METO/I, OCOOIHMBO JIs1 33724 BEJIUKUX PO3MIPHOCTEH.

PIBHULEBI TPUKPOKOBI METOAM JJIs1 PO3B’SA3YBAHHS
MEPEBU3HAUEHUX CUCTEM HEJIHIMHUX PIBHSIHb
Baprim M.{., KoBanbuyk O.B.

JIpBiBCHKMIA HAITIOHATBHAN YHIBepcUTET iMeHi [BaHa dpanka
olyak2005@gmail.com,

PosrnsaemMo  3amady  po3B’s3yBaHHS ~CHUCTEMH  HEJIHIMHHX
anredpaivHuX PiBHIHB
P(x)=0, P:R"—>R™, e m>n
Hany 3ajgauy MOKHa pO3IIISIATH YAaCTKOBUM BHIAAKOM 3ajadi
PO HalfMEHIII KBaapaTH

1 T 1 n 2
f =min=P(x) P(x)=2>_pi(x) (1)
2 2
[IponoHyeTbCs TPUKPOKOBI METOAM ISl pO3B’si3yBaHHs 3aaa4i (1):

U =X — i [QF QT Qe P(%)

Vi =% — BQk P(%) )
Xy 4 = arg minHP(vk +7(uy =V ))H

y

P(X +hee;) —P(x)

ne (Q); = ™ ji=1..,m.
X =X —[Q) Qo1 Q] P (%))
U =X —[Qe_1Q 1 TP (%) . 3)

Vi =% — [ QT Q¢ P(%,)

Xy .1 =arg minHP(Vk + (U — Vg ))H
Ve
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U, + X P(6 +6e;)—P(6) .
Oh=%, =" (Q), = ! ,j=1...,m
2 J hy
k=01,....
JloBeneHi TeopeMu, Mpo Te M0 MBUAKICTH 301KHOCTI METOAIB (2)
Ta (3) € HE MCHIIIOIO HIXK KBaJIpaTHIHA.

METO/IM PO3B SI3YIOUUX OIIEPATOPIB Y
IMPUCKOPEHHUX AJITOPUTMAX I'PA®-OINNEPATOPHOI
ONITUMIBAILIL
Beiiko I.B. , 3iHbKO IL.M.?

"HarjionansHuii TexHiunmit ynisepcuter Ykpainn «KITIy,
’KuiBchKHil HAL[OHATBHUIT yHiBepcuTeT iMeni Tapaca Illepuenka

Benuki o0uucmioBambHI TOTYXKHOCTI CyYacHHUX KOMI FOTEPHHUX
CHUCTEM JO3BOJSIOTH BIPOB/DKYBATH ONTHMI3ANiAHI ~ alTOPUTMHU
MOTIMOJICHOT ajanTaiii, SKi BKJIIOYAIOTh KOMIUICKCHY aJamTallilo
Opoleyp  OLIHIOBaHHS  TapaMmeTpiB  MaTeMaTUYHUX  MOJeEJel
B32€EMOJIIFOYMX IMCUCTEM Ta aJanlTallil0 B peaJbHOMY Yaci Mpoueayp
pobacTHOi onTUMi3alii mapameTpiB MiJICHCTEM ONTUMI3alii KepyBaHHS
B yMOBaX HEMOBHHX JI[aHUX Ta CTOXacTHYHHX 30ypeHb. MaremaTHyHi
MOJZeTi  CKJIQJHUX  KEpOBaHMX THPOLECIB  ONHCYIOThCA  rpad-
ONIEPaTOPHUMH CHCTEMaMH, SKi MOXYThb BKIIOYaTH IMiJCUCTEMH
CTOXaCTHYHHX alTreOpo-iHTerpo-audepeHialbHiX PiBHSHb Ta PiBHIHD
i3 vactuHHUMH moXigHUMH. [loOymoBa anropuTMiB TOrIHOIEHOT
ajanrarii OCHOBaHa Ha TOKPOKOBOMY BHSBIICHHI 1 CIIPOIIEHHI HAJITO
YCKIIQJIHEHNX MaTeMaTHYHHX MoOJieNiell B3a€MOIIOUMX IMiJICHCTEM Ta
napajeilbHOMY  BHSBJICHHI  HEJOCTaTHHO  aJeKBaTHUX  (HAATO
CIPOIIEHNX) Mojenel i iX yaockoHaimeHHI. s moOynaoBu OinbIn
QJICKBATHUX  YJOCKOHAJIECHUX  MoOjeJed  TINBUINEHOI  TOYHOCTI
BUKOPUCTOBYIOTHCS, 30KpeMa, METOJM acCHMIITOTUYHO-PO3BA3YIOUNX
orneparopiB [1,2]. Ha upoMy nuisixy oGuuciieHHs JOITyCTUMOT peatizamii
¢baszoBoi Tpaekropii X, (t,u,,q,.6;) KepoBaHoi K-oi mimcuctemu rpad-
OIEPAaTOPHOI CHCTEMH 13 BHIIAJIKOBUMH BeIMYMHAMH 6, € R™

nmapamMeTpaMu KEpyBaHHA Uy, Ta mapaMeTpaMyd HEMOBHUX JaHUX (

3MIHCHIOEThCST 13 BHUKOPUCTAHHSIM YHiI(DIKOBaHMX IMapaMeTpUYHUX
MoJesen
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ty =T (Ueor ko Bho) € Ry Xeo (o) = Reo (b U Gor Gho) € R™,
dx (t) = a, (% (), U, O G ot @ (X (6,8, G, O, D)L, TETELT ],

t,= T(Xk(i—l) (ti )’ti Ui Oi» i Zki) >,

Xk(i+l) (ti+1) = W(in (ti+1)’ti+l’ uk(i+l) ’ 9k(i+1) ’ Zk(i+1))l

Je peamsalii BUNAAKOBHX BEIMYMH 6, OOYMCIIOIOTBCS 32
apaMeTpUIHO 3a/laHUMHU ¢byHKUiIMU po3mnoainy
Fa (6 |(Xk(i—1) (ti)’ti’qk(i—l)’ek(i—l)’Zk(i—l))‘ Tpyauoui NPaKTHIHOTO

06IH/ICJ'I6HH$[ OIITUMAJIBHOI'O KepyBaHHH
u® =argminE, max f (x(u,q,6),u,q,6)
ueQ qeQ

Ha 3aJaHii MHOKHHI JOMYCTUMHX KepyBanb Ue€() B ymoBax
reOMETPUYHO BU3HAYEHHUX HEMOBHUX jJaHux ( € Q moB's3ani 3a3Buyaii
i3 BEJIMKMMH OO0CSraMd HEOOXiIHUX OOYMCICHb (YacTO MPaKTHYHO
He3niicHeHHMMHU). Hampuknan, 30DKHICT METOAY CTOXAaCTUYHUX
TpaJi€HTiB

u“(8) =u*(8) — A, VF (u“(0),6)

s MiHiMizanii  yskuionama E,F(u,6) 3a0e3nedyeTbcs yMOBaMH

Z/ik =00, Z/lkz <o, A >0 [3], AKki HEMOXIMBO peani3yBaTh
k=1 k

-1
OpakTU4HO. Y poboTi [4] mochmimxeHO 301KHICTH LBOTO aJrOPUTMY i3
HOCTIfHUM KPOKOBMM MHOXHHUKOM A, =A 1 JOBEIEHO, IO 3a YMOB
OOMEXEHHX JIMIIMIEBUX TPATIEHTIB OOMEKEHOTO 3HU3Y (QyHKITIOHANA
F s 6yms-saxux & € (0,1) ta 0 >0 icayrors uncna 4 ta N, sxi i3
imoiprictTio P =1—¢& 3a0e3neuyiors BUKOHAHHS HEpiBHOCTEH
| VE,F(u*(0),0) <5, k < N . IIpoTe npu 3MeHImeHHi A HAATO MIBUIKO

spocrac N Ta Bignosigumii o0csar HeoOXigHux o6uucieHs. Ilpu
PO3B'sI3yBaHHI 3a/la4 ONTHMAIBHOTO KepyBaHHS 0OCSAT OOYUCIICHD
CYTTEBO 3MEHIIYETHCS 13 BHUKOPHUCTAHHSIM IPHHIUIY MaKCHMyMma, 3a
SKUM  OOYHCIIEHHS  ONTUMAIBHOTO KEpPyBaHHS  3BOJUTHCS  JIO
pO3B'sI3yBaHHS KpaoBwx 3amad Juisi [li-cucteM i3 mapaieinbHUM
pPO3BsS3YBaHHAM 3HAYHO TMPOCTIMHMX 3a4ad JIOKAIhHOI ONTHMI3allii

66



BektopiB U(t) B okpemi MomenTu uacy t. TpyaHoul, 0 3 ABIAIOTHCS

Mpu 4ncenbHOMY iHTerpyBaHHI Ili-cucremMu 3a3Bud9ail moB’s3aHi i3 ii
HECTilKicTIO, OCKUIbkH [li-cucTema pa3oM i3 KEpOBaHOK CHCTEMOIO
BKJIIOYA€ TAKOX 1 CIPSHKEHY CHUCTEMY, SIKa € HECTIHKOI y BHUIAIKY
CTifikoi kepoBaHOi cuctemu (i HaBmakd). B iTepaTMBHHX MeTOIax
aJanTHBHOI  ONTHMi3alii TOOYAOBY ONTHUMAaJbHOTO  KEpyBaHHS
3MIACHIOEMO 3a JOMOMOTOI0 MOETAHOTO aJaNTHBHOTO ITiIBUILEHHS
TOYHOCTI JAOMOMiKHOrO ¢yHKUioHaTy F (u,0), SKUM y OKoIi

kK :
o6uncnenoro k-ro mabmmxenns (U, X" ) ampokcumyemo (hyHKIiOHAT

m%x f(x(u,0,6),u,9,6) i 3a aKuM CYTTEBO CIPOIIYETHCS OOUYMCICHHS
ge

K+1 N .
HACTYNHUX HaOMWwKeHb U sK JOKalbHUX MiHimizaropis E,F (U,6).
BukopucTanHs 3pydHHX A7 JOKaJIbHOI MiHIMI3alii anpokcumaniii F, y

Kjlacax JIHIAHMX, KBaJIpaTUYHUX a00 aJCKBAaTHUX HETIHIHHUX
(YHKILIOHATIB MPUBOIUTH 0 PO3B A3YBaHHS BIAMOBITHO CIPOIICHUX
JOKANBHUX 3aJla4 JIHIHHOTO, KBaapaTuyHOro abo HemiHINHOTO
MpoTrpaMyBaHHSI.

Jliteparypa

1. beiixo 1.B., 3impko IIL.M. Meronn BHCOKHX TOPSAAKIB IS
po3B"si3yBaHHs 3amad Komii Ta OaraToMipHHX KpaHoBHX 3aaad 3a
JIOTIOMOTOI0 aCUMITTOTUYHO-PO3B'"SI3YI0UHX omnepaTopis// MaTemaTnuHe
Ta  KOMI'IOTEpHE MOJICITFOBaHHS, Kam"srens-ITominecexuii
HaI[lOHaNbHUKM  yHiBepcuTeT,  IHCTUTYT  KibepHeTHKH  iMeHi
B.M.I'mymxoBa HAH Vkpainu, — Kam'"siHenp-Iloginecekuii: K-ITHY,
2009. — Bum.1. — C.18-25.

2. beiixo 1.B. 3agadi, MeToau i alrOopuUTMH ONTHUMI3allii: HaBYAIHHUMA
nmociOHuK, 2-re Bif., nepepod. / beiiko 1.B., 3iubko [1.M., Hakoneunuit
OI. — K. BunaBauuyo-nomirpadiuanii 1eHtp «KuiBcbkuii
yHiBepcuteT», 2012. — 799 c.

3. Ermoliev Yu.M. Stochastic quasi-gradient methods and their
application to systems optimization, Stochastics 4, 1983. P.1-37.

4. beiixo 1.B., 3inpko [1.M. [lesxi IMOBIpHICHI OL[IHKH ISl aJITOPUTMIB
CTOXaCTHYHOTO NMPOrpaMyBaHHA i3 MOCTIHHUM KpokoM // KibepHeTuka,
Ne2,1978. — C.91-95.
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MOBYJIOBA AJITOPUTMIB IPUCKOPEHOI ONTUMI3BALIILL
OIIOPHOI TPAEKTOPII JIA
I3 BUKOPUCTAHHSIM IIPUHIUITY MAKCUMYMA
TA TABJIMYHO 3AJAHUX ®A30BUX OBMEKEHb
Beiiko 1.B., Ipo3noBa B.B., Canneii B.C. IlinBaabna 51.B.
Harmionansuuiil Texaiunuii yHiBepcuteT Ykpainu «KIII»

JInst OJI0NIaHHsT TPYIHOIIIB, OB SI3aHUX 13 MPAKTUYHUMHU MOTpedamu
MIPUCKOPEHOi TOOYIOBH eKCTpeMallbHuX Tpaektopid Ili-cucremn y
BIJIIIYKaHHI ONTHUMAJbHOTO KepyBaHHS JIA B yMoBax TaOJWU4HO
3aJlaHuX MapaMeTPUYHUX Mojienel JuHaMiku JIA

dx(t)/dt = f (x(t),u(t)),
OyAylOTbCS ~ 4YMCENbHI  alrOpUTMH  NPHUCKOPEHOTO  PO3B SA3aHHS
JIOKIBHUX HEJHIMHUX ONTUMI3ALINHNAX 33124

u(t) =argmax(q(), f (x(),u)).
dx(t) / dt = f (x(t),u* (1)),
dy(t)/ dt =—L £, (<), u* )] a(t)

i3 BHUKOPUCTAHHSM  CIUIAaHH-allPOKCHMAIlii  TaOJWUYHO  3a/JaHUX
napaMmeTpiB arMocdepd 1 TaONMYHO 33aJaHUX AaepOJWHAMIYHHAX
xapaktepuctuk JIA a TakoX 13 BHKOPHCTaHHSM BHSBJICHUX
BJIACTUBOCTEH HENiHIHHOTO  (YHKIIOHANYy, BHKOPUCTaHHS  SIKHUX
npuckopwiio oOumcineHHss U™ () Ha BeNMMKHMX IHTepBaJaX dacy

te[to’tl]-

JOCJITKEHHSA ®ITHAHCOBUX PU3UKIB METOAAMU
VAR I CVAR
Bimok I1.1., T'acanoB A.C., IBanuis T.B.
Hanionanenuii Texuiunmii yHiBepcuter Ykpainu "KIII" [TICA

pbidyuke@gmail.com

OctaHH1 IecATENITTS CBITOBa €KOHOMIKa PEryJIIpHO MOTEPIAE Bij
¢inancoBux kpuz. 1987, 1997, 2008 poku nenp He NPU3BEIU 0
KOJIarcy iCHyruo1 cBiTOBOI (piHaHcoBOI cuctemu. Came Tomy (axiBIii 3
(iHAHCOBUX PU3UKIB TOYalM IHTCHCUBHO pO3POOISATH METOIH, 32
JIOTIOMOTOI0 SIKMX MOYKHA KOHTPOJIIOBATH HEBU3HAUYEHOCTI, SIKi TaHYIOTh
y cBiti (¢inancie. B HoOemiBcbkMx mpeMisx OCTaHHIX POKIB
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BIJICTIIKOBYETHCS ~ TEHJACHISE O TOKpAIIEHHS MaTeMaTHYHOTO
MOJICITIOBAaHHS CKOHOMIYHHUX TIPOIIECiB, MO TMepeadadeHHs MOBEIIHKH
PUHKY 3a JOMOMOTOI CYY4aCHUX MaTeMaTHYHUX Mozeneii. diHaHcoBi
AKTUBU MOXKHA XapaKTEPHU3yBaTH OYIKYBAHOIO JIOXOHICTIO Ta PU3UKOM.
Pu3uk XapakTepu3yroTh BIpOTITHICTIO MOXJIINBOI HeOakKaHOI BTpaTH
4oro-HeOyap MpH MOraHoMy 30iry oOctaBuH Ta 00°€MOM IMX BTpar. 3
MaTEeMaTHYHOI TOYKH 30py O4IKyBaHa JOXOJHICTh BH3HAYAETHCS
MaTeMaTHYHUM CIIOAIBaHHSIM, a pPH3UK MOXKHA XapaKTepu3yBaTH
mucriepciero abo BOJATHIIBHICTIO JTOXOMHOCTI MPOTATOM MEPIOAy dYacy
BOJIOZIHHS ~aKTUBaMH. BoONaTWIBHICTh XapaKTEepHU3yE aMILTITYyIy
BIIXWJICHb JIOXOJHOCTI (PIHAHCOBOTO AaKTHBY BiJJHOCHO O4YiKYBaHOTO
3HaYeHHs.  Benwka  HEBU3HAYCHICTh  BEMYMHH  JOXOIHOCTI
BiJOOpaka€ThCs BACOKUMH 3HAYEHHSIMH BOJIATHIIBHOCTI.

Value at Risk. Bennunta VaR — 11e Taka OIliHKa BEJTMYMHN BUTPAT
3a JesKor0 (PiHAHCOBOK MO3UINEI0, AKa 13 3a/IaHOI0 IMOBIPHICTIO HE
Oyze mepeBUIyBaTH BTpaTH, 00yMOBJICHI (PaKTOpaMu PU3UKY MPOTATOM
3aJaHOTO YacoBOTO TOpu3OHTY. [HmmMu cinoBamu, VaR — we
MaKCUMaJbHO MOXJIMBa BTpara. VaR MoxHa 3acrocyBatd J0
OIIHIOBaHHS PHU3WKIB PI3HUX THUIIB: PUHKOBOTO, KPEIAUTHOTO,
orepariiifHoro ta ToBapHoro. HepusHaueHicTh 0710 MaiOyTHIX IiH Ta
NOoXoaHOCTel (piHAaHCOBMX aKTHBIB 00YMOBIIEHA BOJATHIBHICTIO KYPCiB
(biHAaHCOBHX aKTHBIB. Y JOCTI/DKEHHS 3alpOIIOHOBAHO METOTUKY
OIIIHFOBaHHSI BTpAT 3a JormoMoror yMmoBHOT VaR (CVaR).

Conditional Value at Risk i croxacrmuna Moaeab
BoaaTwibHOcTi. CVaR € anbrepHatuBoro 10 VaR, ska gomomarae
Kpallle BpaxyBaTH XBOCTH po3noairy noxomaHocti. CVaR — e cepenniit
OUiKyBaHUI po3Mip BTpaT (iHAHCOBOTO aKTHBY 32 YMOBH, IO BiH HE
Oyzae mepeBuinyBaTH BianoigHe 3HadeHHs VaR. CVaR wnamae xpamry
indopMarito npo pusuk HiK VaR, OCKiIbKH BiH OOYHCIIOE PHU3HK
YCEPEeTHIOIOYM BCi MOMJIMBI (3 TIEBHOIO WMOBIPHICTIO) BTpaTH.

dopmanbHO BEJIMYNHY CVaR MOHa BUPA3UTH TakK:
ES,=CVaR_ =E[y(k)|y(k) >VaR_]. Has ounixmoBanus VaR
3alpONOHOBAaHO  MOJENi  CTOXAaCTUYHOI  BOJATHJIBHOCTI,  sIKi

3a0e3MevYyloTh BHCOKOSIKICHI OIlIHKM IIOTO MapaMeTpa Ha OCHOBI
CTaTHCTUYHUX JTaHUX Ta (PIHAHCOBOTO PU3HUKY.
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NIIXI 10 IPUMAHATTSA PIIIEHD 3A HEYITKOIO
MHOXWHOIO KPUTEPIAJIbHAX ®YHKIINA
BoscyniBeskmii O.M.
KuiBcpkuii HanionansHUi yHiBepcuTeT iMeHi Tapaca [lleBuenka
bovs@email.ua

Hexait  f;(x), ieN={,2,..,n}— pesxi BusHaueHi Ha X
KpuTepiaiabHi (YHKIII, sIKi XapaKTepu3yloTh KOPHUCHICTH albTepHATHB
X € X mus ocobu, mo npuitmae pimerHs (OITP). [TpuitHaTTS pimreHs 3a
MHOKHAHOTO KPUTEPIiB 1HKOIH ycKiIanHeHe TuM, mo OIIP He moxe 4diTko
BKa3aTH MHOXHHY aKTyalbHHX A Hel KpUTepiiB, ale MOXe 3aIaTH

nesiky Hewitky miamaoxkmHy N < N 1mux xpurepiiB. Tomi mepen Hero
MIOCTA€ 3a7a4a HEYITKOrO0 MaTeMaTHYHOTO TIPOrPaMyBaHHS BHIY:

fi(x) > max, i e N. (1)

Y omOoBiZli MPOTMOHYETHCS MiAXi 10 BHOOPY aIbTEPHATHB 3TiITHO
[1,2], axi MoxHa BBakaTH po3B’sizkoM 3amadi (1). Llew migxin
IpyHTYeThCsl Ha ifei moOynoBi arperoBaHoi Hewitkoi mim OITP sk

HediTKoro BigHomieHHs mepeBarn R= (1 R;, ne R, < X xX — mnoBHi
ieN

OiHapHI BiTHOIIEHHS, SIKI BU3HAYAIOTHCSA Yepe3 KpUTepiaibHi QYHKIIii
fi(xX) mactymamm uwmHom: XRYy < fi(X)=fi(y), Vx,yeX,ieN.
HeuiTke KputepiansHe Bigmomenns R =[] R; € mepeTMHOM HeYiTKOI
ieN
MHOXMHH N YiTKHX BifHOLICHB R, ieN, i 3rizno 3 [1,2] BoHO €
HEYITKUM KpHUTEPiaIbHUM BIAHONICHHSAM THUMIY 2, TOOTO 3HaYeHHS
(hyHKIIIT HAJIE)KHOCTI IOTO BiTHOMIEHHS YTBOPIOIOTH HEUiTKI MHOKHHHU.
Jlitepatypa
1 Mamenko C.O. DddexTuBHBIE anbTepHATUBBI 3ajad NPUHSITHS
pelIeHU ¢ HEYETKUM MHOXKECTBOM oTHoureHuil npennourenus / C.O.
Mamenko, A.H. BoBcyHoBckuii // MeXIyHapOAHBI HAy4YHO-
TeXHU4ecKni xypHan «[Ipobnembl ympaBieHHsS ¥ WHPOPMATHKH». —
2013. —Ne 6. — C. 50 - 60.
2 Mamenko C.O. HeueTkne HHIUBUAYaIbHO-ONTUMAIIbHBIE PABHOBECHUS
/ C.0. Mamienko // KubepHerrka u BerauciauTenbHas tTexauka. — 2010,
Bun.159. - C. 19 — 29.
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IIBUJIKOIIFOYA Y3AI'AJIbHEHA AJTUTUBHA BEVBJIET-
HEWPO-®A331 CACTEMA JIJIS 3AJIAY TMHAMIYHOI'O
IHTEJEKTYAJIBHOI'O AHAJII3Y JAHUX
Bonsinceknii €.B., Bunokyposa O.A., Iliice LII.
XapKiBCHKHIA HAI[IOHATHHUN YHIBEPCUTET PaliOeNEKTPOHIKH
{bodya, vinokurova, pliss}@kture.kharkov.ua

Ha renepimmniii uwac Meroan Ha 3aco0M OOYHMCIIOBAIHLHOTO
IHTEJIEKTY OTpHMalil IIHUPOKE PO3MOBCIOKCHHS ISl BUPIICHHS
pisHOMaHITHHX 3amad Data Mining 3a yMOB HEBH3HAYEHOCTI,
HEJIHIMHOCTI, CTOXaCTUYHOCTI, Xa0THYHOCTI, Pi3HOr0 TUMY 30ypeHb Ta
3aBaj] 3aBJSIKU CBOIM YHIBEpCAJILHUM alpOKCUMYIOYMM BIACTUBOCTSIM 1
MOXITBOCTI HaBYaHHS 3 BUKOPHCTaHHSM JAHHX, [0 XapaKTepH3YIOTh
(YHKIIOHYBaHHS SIBUIA YA CUCTEMH, IO JOCTIKYIOThCA. TyT, mepin
3a Bce, CIIi/I BiAMITHTH IITY4YHI HEHPOHHI Mepexi, Helpo-]as3i cucremu
Ta iHmI TiOpuaHI cuctemu. B ToOW ke wac, /UIS BHUPIMICHHS IOCUTH
MIMPOKOTO KJIACy 3a/ad IHTEIEeKTYaIbHOTO aHalli3y JaHuX B MeKax
TakuX HampsMKiB, sik Dynamic Data Mining ta Data Stream Mining
JaJIeKO He BCl BiOMI CHCTEMH € TPUIATHUMH, OCKUIBKH SIK HaBYaHHS,
TaK 1 BiacHe oOpoOseHHs iH(hopMaIlii MOBUHHI BiIOyBaTHUCSA y PEXUMI
peanbHOro Yacy 1o Mipi HaAXOoKeHHS HOBOI iH(dopMarii.

Hamu BBemeHO y3arajibHEHy aJWTHBHY BeHBJIeT-HEHpo-(a33i
CUCTEMY, IO € TriOpumoM Hewlpo-Qas3si cucremu Banra-Menmens Ta
y3arajbHeHOI aguTHUBHOI Mozeii Xacti-TuliupaHi, 1110 € 3axXHUIICHOI0
BiJ TpoOyieM, MOB’S3aHUX 3 PO3CISHHM PO3OHUTTAM, a i1 BHUXIIHUIHA
CUTHAJ IIiHIHHO 3aJIeXUTh BiJ cHHANTHYHUX Bar. llepmri aBa mapwm
CHCTEMH € aHAJIOTIYHMMH IIapaM cucremMu Banra-Mennens, oIHaK,
3aMICTh ~ TPAAWIINHAX JA3BOHYBaTHX (YHKIIH HAIEXKHOCTI  TYT
BUKOPUCTOBYIOThCSl BeliBiaeTn «Mexican Hat»y, mo 3a0e3nedyroTsh
OLIBITY THYYKICTH Tpoliecy 00poOnenHs iHdopmamii. YerBepTwii Ta
BUXIJTHUA IWIApH peali3yloTh CTaHJAPTHI OIepaiii CyMyBaHHS Ta
JIUIEHHSI, a OCh TPETill Map yTBOPEHU BeHBIET-HEMPOHAMH, [0 MAIOTh
MiABHUIIEHI ANPOKCHMYIOUi BJIACTHBOCTI Ta BHCOKY HIBHIKICTb
HaBYaHHS. B  sxocti (QyHKOili  HaNeXHOCTI TYyT  TaKOX
BUKOPUCTOBYIOThCSI «MEKCHKaHChKI Kamemoxw». HaBdaHHS cHcTeMH
BinOyBa€eThCsl a0 3a JIOTIOMOTOI0 CTAaHJIAPTHOIO PEKYPEHTHOT'O METOIY
HallMEHIIMX KBajapaTiB Ta Koro moxaudikamiii (y HecTaliOHapHUX
CUTYalliIX BUKOPUCTOBYETHCS ab0 EKCIIOHEHIIiHE 3Ba)KyBaHHS, a0o0
KOB3HE BIKHO), 200 HIBHJKOJIIOYHX AJITOPUTMIB HaBUaHHS HEHPOHHUX
Mepex Ty Kaumasxa-Yiapoy-I'odda ta ioro monudikaii.
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ExcriepuMeHTH TiATBEPIKYIOTH €()EKTUBHICTH 3allPONIOHOBAHOI
CHUCTEMH B 3as1adax 3 on-line 00poOku iHpOopMaITii.

INATEPHU 'EHE3UCY PIIIEHDb CIIIIP
IOpiii B.bouxapuyk
KuiBcpkuit HanioHansHMi yHiBepcuTeT iMeHi Tapaca [lleBuenka
byv@univ.kiev.ua

Jua CIIIP BaxxmmBO orepyBaTH PIllIEHHSM SIK 3 6a30BUM (IIPOCTUM)
o0’exktom [1]. BigcyTHicTh cranmapTiB Ha ¢(opMy pillleHb YCKIAIHIOE
HaBiTh 3a7a4yy (QOPMaNbHOTO TOPIBHSHHS PIillleHb (3apa3 BUKOPHUCTO-
BYETBhCA TMANIaTHBHUN TiAXiJl — eKCHepTHe OIiHIOBaHHA). Takox
MOJKJIMBA OIliHKa BapiaHTiB B3aeMoii po3noainenux CIIIIP [2].

[IponioHyeTbCss TEBHMH KOMIPOMICHMM MiAXiA O TOPIBHSHHS
pillicHb — BBEJICHHS Ta ONEPYBAHHS aTpUOYTOM MMOXOKCHHS (2enesucy)
pimmennsa. Takuii TeHe3WC, K BIACTHUBICTH PINICHHS, IUTFOC BUOpaHa
komudikaris (ingekcaris) pimnenb B jokanpHi CIIIP abo B xMapHiii
CIIIIP no3BOJIUTH OMUCATU Micye HOB020 pilieHHs CEPell MHOXKUHU BXKE
ICHYIOUHX PIllICHb.

[IpononytoThest naTepHu (Ma0I0HN) TOXOIKESHHS PillICHHSL:

1) noemop BUKOPHUCTaHHS PillICHHS, BOHO HE HOBE 1 JIMIIE ITiHIMae

PEUTHHT B)KE iICHYFOUOTO BapiaHTy;

2) pedyKyis ICHYFOUYOTO PIllICHHS, SIKE CTA€ HOBUM PIllICHHSIM;

3) o6eopmra (konsepm) iICHYIOUOTO PIlIEHHS Y PillIEHb,

4) Kouseep pillieHb; TUIOBO TMpPHU 3aJy4eHHI EKCIEPTiB YU
EKCHEePTHUX CHUCTEM; B CBOIO 4Yepry, KOHBEEp MOXe OyTH
@ixcosanum M cumyamueHum;

5) wuabip axmis, 316paHuX MOBUIBHMM YHHOM (K TO TOIIYKOBI
3aIiTH), K1 He MOXYTh OYTH (OopMalTi3oBaHi;

6) excnepmmue, 3a PEKOMEHIAIIEID EKCHEPTiB, THUIY IMIIEPATHBIB
"SKI10 — TO";

7) Hoge piuwieHHs, SKIO BOHO HE TUIy "SKIO — TO", MOTpedye
mponeAypu Gopmaizamii (KoJayBaHHS CIEHAPIi0, MOSCHEHHS il
Ha BCIX eTarax CIEHapiio TOIIIO).

Jliteparypa

1. Bonmapuyx 1O.B. llomo momudikamii mapagurmu CIIIP // Cucremn
MIATPUMKH MPUUAHSTTS pimieHsb. Teopis i npaktuka (CIITIP-2013): 36ipHuK
JoTIoBiel Hayk.-ipakT. koHd. —Kuis: [IIMMC HAHY, 2013, -C. 9-11.
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2. boumapuyk lO.B. Metpuuni xapakrtepuctuku posmoniteHux CIITTP
/Nnternational  conference "Problems of decision making under
uncertainties” (PDMU-2013). 13-17.5.2013, Cxiguuis, C. 93-94.

3AJAYA ITPO PO3OPEHHS IS ITPOLECY PU3UKA HA
IHTEPBAJII
M.C. Bpariituyk’, O.B. Jlykosuy®
YInsorcbka momitexuika B [iinax, [Tomnbima
KuiBChKHiT HAL[OHAbHHI yHiBepcureT imeHi Tapaca [lleBuenka
Mykola. Bratiichuk@polsl.pl

PosristHeMo mporiec  Ilyacona £),t>0,4(0)=0 3
KyMYJITHTOIO
k(s) =t InEe*® =as+ 1 j (> -1)dF(x), a>0 (1)

—00
st pikcoBanoro T>0 ta X € [0;T] mporec Ilyacona 3 BimOUTTSAM Ha
piBHI T 3ama€eTbcs HACTYTHUM YHHOM

E° () = x+ £ —max, inf (x+£0)-T)}.

Taki mpouecH 4YacTo BHUHUKAIOTH B TeOpii PU3MKY Ta Teopil
3amnaciB
(nuB. Hanpuknan [1]).

[Mosuaunmo  7(T,X) = inf{t (ET(Y) SO}- MOMEHT PO30pEHHS i
Hexa N(T(T , X)) MO3HAa4Ya€ KUIBKICTh MOINAaJaHb Ha piBeHb | 110
MOMEHTY PO30PCHHSI.

®ynkuis (T, x) — Be 4T NET0) _q 0 €JIMHAM PO3B'S3KOM

PIBHSHHS

aW+ﬁJ‘(‘P(T,X+y)—‘P(T,x))dF(y)—y‘P(T,x) — 4 0<x<T
X

3 HaCTyHHI/IMH FpaHHqHHMH yMOBaMI/I

YT, X)=W(,T),x=>T, W¥(,x)=0,x<0;

dW¥(T, x) z(u+a/1)(z—1)\{,(_|_ N
dx |10 oz o
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Maroun Ha yBa3l NMPUKIATHI 3amadi A TaKUX MOJEJIeH, MH
PO3TIISIHEMO YaCTKOBUH ajie BXKJIMBHIA BUMAJOK, KOU TyCTHHA (QyHKIIT
posnozainy F(X) ams x>0 mae Burisg

m
%:Zye“ix,0<a!<az<...<am, 7,>0,x>0
i=1

s 0<x<T mae micre 300pakeHHs

m+1 X
Eefﬂf(T,x)ZN(r(T,X)) 1+ Cl(Z)Bﬂ (X)_;tzci (Z)J/i,lj‘eaHy Bﬂ (X _ y)dy+
0

+p[ B, (y)dy—2Co () [ F(T - y)B, (x—y)dy (2)
0 0

ne dynkuis B, (X) Bimoma a koedinientu C,(z),i=0L...,m+1 €

PO3B'I3KOM JICSIKOI CHUCTEMH JIIHIHHUX PiBHSIHB.

BukopucToBytoun ~ OTpUMaHi  pe3yNbTaTH  PO3MIIAAAETHCS
onthMisauiiina samaua Tamy  Ez(T,x)—max, EN (T(T, x)) — min
SIKIIIO KePYIOUUM mapaMeTpoM € koedimieHT @ 3 (1) ado EE(L).
Jlitepatypa
1 Lin, X.S., Pavlova, K.P., 2006. The compound Poisson risk model with a

threshold  dividend strategy. Insurance: Mathematics and Economics 38,
57--80.

MOPIBHSIHHSA KJIACU®IKAIINA HABJIMKEHUX METO/IIB
PO3B’SI3AHHSI 3AJIAY TUCKPETHOI OITTUMIBALIII
Byrepxo H.B.

Iacruryt kibepueTnku imeni B.M. I'mymkoBa HAH Ykpaian
buherko@gmail.com

Bigomo, mio 3amaui muckpernoi omrumizainii (O) € omHuMu 3
HaHBa)XUMX 3 OOUHCITFOBAIBLHOI TOUYKH 30pY [ 1—4]. TouHi MeToaM 3aCTOCOBHI
NPaKTHYHO 10 3a7a4 Maioi po3MipHOCTi. ToMy BHHMKIA HEOOXiIHICTH B
po3pod1i HAOMMKEHUX METOZIB, SKi BPaxoBYIOTh cnermgiky 3amayi. Ll
METOJM CTaid OO0 ’€KTOM 3alliKaBJICHHS PI3HMX MAaTeMaTHYHHMX IIKLJI,
JOCHIDKEHHST  SIKMX YacTo TepeTHHANUCS ab0 WILUM  MapaliesbHO.
BrockoHamoroun BiacHi METOIM YM CHHTE3YIOUM X 3 YK€ BiJIOMHMH,
IIKOJIM KePYBAIMCh BIACHOIO BHYTPIIIHLOIO JIOTIKOIO YIOPSIKYBAHHS, TOMY
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Ha ChOrOIHI HE icHye enuHOI Kiacugikamii. B nomosini mpencraBieHo
TIOPIBHSUTGHUM ~ aHai3 PI3HUX CHOCO0IB  Kiachdikamiii  HaOIMDKEHNX
ONTAMI3AIIHMX METOIB Ta 3alpONOHOBAHO TaKWH, M0 BPaXOBYE
0COOJIMBOCTI KOXKHOTO TUIy MeToniB. KiacugikyBaTh MeToan MOXHA,
OIMMPAIOYMCH Ha 1X Pi3HI XapaKTEePUCTHKY — TPUHITAT TPUAHATTS PITICHHS,
CKIIQJIHICT CTPYKTYypH, THUI C(HOPMOBAHOI TpPAEKTOpil, BUKOPHUCTAHHSI
mam’sti Ta iH. [5]. V [6] BuaineHo suine JBa KiIacH aqropuTMIB: TBOPUI i
JIOKaJbHOTO ~ TOMTyKy. OmHaK TpH TAaKOMYy IIOXOMl  HE3PO3yMLUIAM
3AIIMIIAETHCS TMUTaHHS, 10 SKOi TPYITH BiAHECTH MOAM(IKOBaHI 3 TOYHHX
HaOmwkeHi airopurmu J{O. THImiA mixix moB's3aHuiz 3 MOJIJIOM METOJIIB Ha
KOMOIHATOpHI (B OCHOBI JIGKWTH Tepedip CKIHYEHOTO YHCIa JOMYCTHMHX
PO3B’sI3KiB) Ta METOJM BiJICIKaHHA (B OCHOBI — BIJICIKAHHS YaCTHHH OKOITY
poO3B’si3ky 0e3 JomycTUMUX TOYOK). CHHTE3yBaBIIM Il  IMiIXOJH,
MPOIIOHYEMO BHJIUIMTH TPH KJIacH HaOJMMKCHMX METOJIB. KOMOIHATOPHI,
METOIM BiJCIKaHHS 1 MUHAMIYHOTO TporpamyBaHHs. [lo mepmioro kimacy
3aHeCeMO HACTYITHI TPYIH METOIiB: MOAW(IKOBAHHUI TTOCITIIOBHUIA aHAII3
BapiaHTIB, JXaJiOHI aIrOPUTMH, BHIIAJKOBOTO Ta JIOKAJGHOTO TOIIYKY.
[Mpuaomy, nponoryemo (3rigHo [3], [6] Ta [7]) 10 ocTaHHBOT rPYIIH BiTHECTH
TaKO)K METACBPHUCTHUYHI METO/IH.

Y npyromy Kiaci BHIUIAMO TPy METOMIB TUIOK 1 MEX Ta
BiITMHAIOUYMX TUIoNMH. Jlo TpeThoro kiacy BijHeceMo yci Mojugikarii
HaOVDKEHNX METO/IIB IMHAMIYHOTO TIPOrpaMyBaHHS JUIS TUCKPETHHX 3a/1a4.

VY nomoBini 3pobneHa cnpoba kiacuikaiii iCHyHOUMX HaOMKEHNX
metoniB JIO 3 ypaxyBaHHSM ITIIXOMAIB Pi3HUX MaTeMaTUYHUX IIKLUI, Y SKii
KITFOYOBOIO XapaKTEPHCTHKOIO BUCTYIIAE PHUHITHII TTOIIYKY PO3B’SI3KiB.

Jlitepatypa

1. Cepruenko M.B. MaTtemaTndeckne MOAETH M METOJIBI PELICHUS 3a7ad
muckpetHoii ontumuzanun. — K.: Hayk. mymka, 1988. — 471 c.

2. CemenoBa H. B., Koneukina JI.M. BektopHi 3amgadi JHUCKpPETHOI
ONnTUMI3alii Ha KOMOIHATOPHUX MHOXKHHAX: METOAM JIOCTIKCHHS Ta
po3B’szanns. — Kuis: Hayk. gymka, 2009. — 266 c.

3. Cepruenko U.B., o B.I1. 3agaun quckpeTHON ONTUMU3AINH: TTPOO-
JIEMBI, METOIbI peleHus, uccnegosanus. — K.: Hayk. nymka, 2003. — 264 c.
4. Tlanamumutpuy X., Craiirmmn K. KomOwHaTtopHas onTuMH3aIus.
ANTOPUTMBI U CIIOKHOCTB. — M.: Mup, 1985. — 512 c.

5. Cepruenko U.B., I'ymsaanmkuit JI.®., Cupenko C.M. Knaccuduramums
MPUKIaTHBIX METOAOB KOMOHMHATOpHOW omTummsanuu // KubepHernka u
cucteMHbId aHanmm3. — 2009. — Ne5. — C. 71-83.

75
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7. Sean L. Essentials of Metaheuristics. — Fairfax: Lulu, 2013, — 253 p.

CTBOPEHHS IHOOPMAIIMHOI'O ITIPOCTOPY
HIJIIPUEMCTBA HA OCHOBI IHTET'PAILIIl ERP TA ACY THI
Bypak B.B., lonieBchkuii I'.B., Ileperonnes O.C.

[acruryt kibepuetnku imeni B.M. 'mymkosa HAH Ykpainn
alex_timashov@mail.ru

IIportecm  3akymiBii, MapkeTWHTY, (HiHAHCOBO-OOIIKOBI,
KepyBaHHA TIIEPCOHAJIOM 1 CKIAICHKOK MiSUTBHICTIO W T.I. Ha
BUpOOHMYOMY TianpuemctBi € ponomikaumu. Cuctemu ERP, MRP,
MRPII crnpaBistroThCcs i3 3aBIAaHHSAMH MTIATPUMKH IMX JOMOMIDKHUX
mporieciB. OKkpeMi MPOCYHYTI CHCTEMH I[HOTO KJacy MICTATh y co0i
TaKOX 1 MoAynmi "KepyBaHHS BUPOOHUITBOM", ane (QyHKIIOHAIBHICTH
OUX MOJYJNIB SIK TPaBWJIO BKIIOYA€E JHWIIEC "30BHIIIHIO OOOJOHKY"
MPOIIECiB KepyBaHHS BUPOOHHUIITBOM, HE 3a4ilarodd HOTro fapa, TOOTO
KepyBaHHs BUpoOHNYOIO AisbHicTIO. ACY TII, Oynyun dpynmamenTom
iHpOpMaLliHHUX CHCTEM MiANPHEMCTB, ICTOTHO BIUIMBAIOTh Ha Oi3Hec-
npouecu. [ns TNpUHHATTS OOIPYHTOBaHMX pillleHb KEPiBHULTBY
HeoOXigHO Matu iH¢opmanito o0 Bcix OizHec-mponecax. Came ToMmy
MUTaHHS  CTBOPEHHSA  €IWHOrO0  iH(QOPMALIHHOTO  MPOCTOPY
MiANMPUEMCTBA Ha OCHOBI iHTerpamii aHamiTHuHHX cucrteM, ERP-
Cucrem, ACY TII € akTyanbHUM.

Y cydacHMX cucTeMax KOpPIOPAaTUBHOI  aBTOMAaTH3allii
KEepyBaHHS BUPOOHUIITBOM 3'SBIISETHCS HEOOXIIHICTh JOCTABKH OYb-
SIKUM CcIiBpoOiTHUKaM ToTpiOHOi  iH(dopMarii B mOTpiOHWI dHac.
HeoOximHi Taki TeXHONOTi{, 3aBAAKH SIKUM iHQOpMaIis i3 CHUCTeM
HWKHBOTO piBHA (y mpomucioBocti - ACY TII) cranme mocTymHOi
MeHeDKepaM OyAb-SKOTo piBH:, BKIIOYAIOUH BUILHUHA, Y TOMY YUCIi U y
TIM JXe TeMIi, y sskoMmy iHdopmMmaris reaepyerscs cuctemamu ACY TIL

[pu upoMy /Ui NPUUHSATTS YHPABIIHCBKUX PIllIeHb, IO
OINMUPAIOTHCS HA IHTETPAIlif0 CHCTEMH BEPXHHOT'O W HWXKHBOTO PiBHS
(ERP i ACY TII) Bunukae npobiema J101aTKOBOI OOpOOKH NaHUX I10
MEBHUM aJTOPUTMaM, TOMY IO KEPIBHUKH CEPEJHLOI i BHIIOI JAHKH
X04yTh OaunTH arperoBaHy iHpopmarito, y Toii wac sk ACY TII
orepye 3 AeTaai30BaHUMH JaHUMH (TOOTO HEOOXiTHICTH CTBOPEHHS
MPOMIKHHUX IPOrpaMHO-anapaTHuX 3acobiB, ki OynyTh iHTerpyBatu
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ERP i ACVY TII), a Takox MexaHI3MiB JOCTaBKH W Bi3yami3allii 1ux
JIaHUX.

V gomoBiAl BUKIaAEHI OOCHIIKEHHS IO MOIEJIIOBAHHS
MpoIeciB iHTerpamlii BEPXHHOTO Ta HWKHBOTO PIBHIB CHCTEMH
YOpaBIMiHHSA Ui BUPOOHWYMX IMIMPHEMCTB CIPSMOBaHWX Ha
MiIBHINCHHS e()EeKTUBHOCTI OpTraHizaiii i, SK CHiJACTBO, IPHBEAEC K
3HWKEHHIO cobiBapTocTi MPOAYKIIT Ta PUHKOBOI
KOHKYPEHTO3/IaTHOCTI.

HABJIWXEHI METOJIU PO3B’SA3AHHSA 3A/IAYI PIBHOBAT'U
Benenn Slua IropiBua , Oaiiinnk Karepuna Borogumupisua
KuiBcpkuit HanlioHansHMi yHiBepcuTeT iMeHi Tapaca IlleBueHka

yandx@ukr.net , katerinaoleynik@yandex.ua

Hexait C- HemopoxHs Omykia 3aMKHEHa ITiJIMHOXKHHA
rinsbeprosoro npocropy H, f :CxC — R. 3anaua:
snatimu x€C: f(x,y)>20VyeC (N
Bagaua (1)- 3pyuna ¢opma 3anmcy Ta JOCITIIKEHHS pPi3HHUX
HeNTIHIMHAX 3aJa4, IO BHUHUKAIOTh Yy MAaTeMaTHYHIH EeKOHOMIII,
ONTHUMI3ALLii, JOCIKEHH] Onepariii.
[punycrtumo, mo f : CxC — R 3agoBosbHse ymoBH:
1) vxeC f(x,x)=0;
2) Vx,yeC f(x,y)>0= f(y,x)<0;
3) VX € C dpynkuionan f(X,') naniBHenepepsHuii 3um3y, onykiauii Ha
C;
4) VY e C dynxuionan f(,y)cnabko HaniBHenepepBHUIA 3BEpXY,
onykiuii Ha C ;
5)da,b>0Vx,y,zeC
f(x,y)<f(x2)+f(z,y)+a|x— z||2 ++b||z - y||2
3a BUKOHAHHS [MX YMOB MOKHA JIOBECTH 301KHICTh HACTYITHOTO
iTepaniiinoro Metoy po3s’sizanns 3anadi (1)
X, Y, €C,
Xni1 = PrOX; ¢y 1 %n,

yn+1 = prOX/If (yn+) Xn+1;
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ne A>0, prox,- NpOKCHMAIbHHIl OIEPaTop OIYKJIOl BIACHOI Ta

HaIliBHETICPEPBHOI 3HNU3Y QPYHKIIIi.

Jlitrepartypa

1. Artumua A.C. PaBHOBecHOE MpOrpaMMHpPOBaHHE: MPOKCUMAILHBIE
MeToabl // JKypH. BeIYMC. MaTeM. u MaTeM. gus. - 1997.- 37, Ne 11. - C.
1327-13309.

IMPO MATEMATHUYHI MOJAEJIT BOAHUX ITOTOKIB HA
BUBPAHIN TEPUTOPII
Benrepcbkuii I1.C.
JIbBiBCHKHIA HalliOHANBHUH yHiBepcHuTeT iM. [.Dpanka
petro.vengersky@gmail.com

B 3aranbHOMY MJOCHIDKCHHS CHUCTEMH BOJHHUX IIOTOKIB 3
BpaxyBaHH;IM BCiX (aKTOpiB BIUIUBY € CKIQJHOI 1 HE 3aBXKAH
JOIIIBHOIO 33a4el0 JUIS BUBUCHHS, TOMY JOCIIUKY€EThCS JIUIIE TTEBHA
gacTWHa O0JIacTi, mo Oepe ydacTb B Kpyroobiry BOJM.
HaiiBuporigHimmM eneMeHTOM YacTHHU TEPUTOPii MOXKE BHUCTYMATH
mepumopisa ~ 68000300py,  AKa  XapaKTepU3YETbCA  TMOAIOHUMHU
KIIIMATHYHUMU yMOBaMH 1 3HaXOJUTHCS TiJ BIUTUBOM MOAIOHUX
(akTopiB, IO BIJIMBAIOTH HA PYX BOJIOTH.

Jlis  cupolleHHs ONUCY pPyXy BOJOTM Ha  BOJ0300pi
MIPOBOINTHCS BEPTHKAIILHA JIEKOMITO3UILIS 00J1acTi 3a7a4i — BCsl 00JIacTh
pO30MBAETHCS Ha MIApH: MPU3EMHUI ap atMocepH, MOBEPXHS 3eMIi,
HEHAacH4eHa 30Ha, HACHYCHA 30HA, 30Ha HAPHOTO PYyXY.

B mnpusemHOoMy mapi armocdepu NpOXOIATH  MPOLECH
BUIIAPOBYBAaHHS, BUIAQJaHHS MOy, CHITY, TEPEXOIUIFOBAHHS OIaJiB
POCJIMHHICTIO, a TaKOXX TEPEHECEHHs] BOJIOTH MOBITPSIHUMH TOTOKaMHU.
Ha moBepxHi 3emMili IPOXOJSATH PYCIOBHH CTiK, CTIK B MOWMY PiKH MPH
PO3THBI, CXWJIOBUH CTIK, pyX BOOM B 0O3epax Ta BOJOHMAax, a TaKOX
HAKOMWYEHHS CHITY 1 WOro TaHeHHs. B HeHacW4eHid 30HI TPOXOJIATH
nporiecd (GUIBTpalii BOJAM, KAMUISAPHOTO MiJHOMY 1 BHIIAPOBYBAHHS,
BOMpaHHA BOAW KOpPEHSAMHM pOCIWH. Y BOJOHOCHHX HaIlipHUX
TOPU30HTAaX PyX BOAM NPOXOJUTH MK JBOMa Bojomianopamu. B
KO)KHOMY MIapi Ui OMHCY PYXy BOJIOTH BHUKOPHUCTOBYIOTHCS MOJIEINI
pizHOi po3MmipHOCTI 1 iX PO3B’S3KM 3 €AHYIOTBCA 32 JOIIOMOTOIO
rpaHUYHHUX YMOB[1].

Criouatky c(hopMyJIbOBaHO PIBHSIHHS PYXY IOTOKIB 1O TOBEPXHi
BOJ0300py 3 BpaxyBaHHSIM KpaioBHX Ta IIOYaTKOBHX yMOB. Jlaimi
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3allUCaHO PIBHSAHHS MOJENi pyXy TpPYHTOBUX IIOTOKIB piAMHH. 3
BpaxyBaHHIM CYLIJIBHOTO OJHOPIAHOTO CEPeAOBHILA BOASHOIO MOTOKY
PO3B’s13aHO TIOYAaTKOBO-KpaHOBY 3aJady CIIIBHOTO PyXy PIAWHU IO
MOBEPXHI BOJ0300DY.

Jlitrepatypa

1. Benrepcekmii I1.C. YckopeHHE CXOIUMOCTH OIHOH MOIU(PHUKAIH
MHTEPBAILHOIO METOla TUNa PyHre IpH pelleHNH HEJIMHEHHBIX KPaeBbIX
3anad // Beraucnurenbusie Texnonorud. —1996. — Ne 2(5). — C. 17-19.

PEABLTITAIIMHA KPUTEPIN-OPIEHTOBAHA ITPOTPAMA
3 HIATPUMKU TA NIABUINEHHSA AKOCTI XKUTTS
JIOINHUA
Beprynosa |.M., I'opoynos O.A., Ocagunii €.0.
KuiBchkuii HanlioHampHUM yHiBepcuTeT iMeHi Tapaca IlleBuenka
vergunova@bigmir.net

[Iporpama HampamjiieHa Ha WTIATPUMKY Ta IMIJBUIICHHS SIKOCTI
KUTTS y Tiporieci peadimiTamii a0o KUTTS JIFOJUHH 3 METOI0 30epeKeHHS
1 3MiIHEHHS 370pOB’s, 3a0e3MeucHHS AaKTHBHOTO  JIOBLOJITTS,
npodeciiiHoi akTUBHOCTI. Mae 00OB’SI3KOBI 1 JTOJATKOBI Tiepioau ISl
HAMKpAIIOro BiJHOBJICHHS a00 JOCATHCHHS HAWKpaIUX pe3y/bTaTiB.
Koxen 3 mepiofiiB Mae BiAMOBIAHUN pEXXHUM, CBOI 3aB/IaHHS, TPUBAIICTh
Ta KpuUTepil Tepexoqy [0 HacTynHoro pisHwo. [Ipobnemoro y
MPOXOJUKEHHI yCiX eTamiB IMporpaMu Moxe OyTH JIOCTaTHsSI TPUBAJICTh
BiTHOBJIEHHSI a00 camoBaockoHaneHHs. Jloriuna moOymoBa mporpamu
Ma€ JOJATKOBUH KpUTepid miogo 3a0e3ledeHHs KOHTPOII 32
MPOBEICHHSIM BiIHOBJICHHS 0€3 YCKJIaIHEHb B ONTHMAaJIbHUI TEPMIiH.

Pesynprytounmu  mapamerpamm  peaOimiTarii = BBaXKarTh
KOMIUICKCHY BHUXIJHY OI[HKY CTaHy JIOJWHH 3 (QOPMYITIOBAHHIM
peabuTiTAIliHOIO JAiarHo3y Iepej NoYaTKoM pealiiTallii; mpoBeaeHHsS
peabiriTarii 3a MEBHOIO MPOTPaMO0, MO YKJIaJeHa Ha OCHOBI OIIIHKH
CTaHy JIOJVHU; 3[IHCHEHHS OI[HKU e(pEKTUBHOCTI peadimiTamiiHuX
3ax0JIiB B AMHAMILII 1 MICJISA 3aBEPIICHHS KypCy pealiliTallii; CKIagaHHs
pPEKOMEHIAIIN 11100 3aXOiB, SKI HEOOXiJHI Ha MOJAJBIIMX eTarax
peabimiTarii.

BxijgHuME mapameTrpaMu po3poOIitoBaHOi TporpaMu € dakropw,
mo GopMmyroTh ImKanu: “3araibHUi CTaH 3A0poB’s”, “®DizuuHa
aktuBHicTE’, “XKurrezmatnicts”, “Pomp ¢ismunux mnpobiem B
00OMeXeHHI KUTTENIIBHOCTI”, “PiBens Oomo”, “Tlcuxidyne 310poB’s”,
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“OOMexeHHsI KUTTEIISUIBHOCTI BHACHIZIOK €MOLIMHMX Tpoliem”, siKi
BXOJIAITH JI0 OMUTYBAIbHUKIB (Hanpukia, 10 MOS SF 36).

CKJIaJIOBOIO TIPOTPaMH TaKOXK € OJIOK BaJICOJIOTIYHOT KOPEKIIii,
CIIPAMOBAHMI1 Ha BUABIEHHS TUCYHKIH B opranismi. Moro Buxigaumu
mapamerpaMu € (pakTopH, IO BHKOPHCTOBYIOTHCS Y BH3HAYCHHI
(hi3i0I0TIYHOTO CTaTyCy, ONTHMI3amii MEXaHI3MIB JKUTTEIISUIBHOCTI,
MiABUIIEHHS  TPOAYKTUBHOCTI  (3HWJKEHHI  CTOMJIIOBAaHOCTI  Ta
ITiIBHIIICHH] TIpare3qaTHOCTI) SKUTTS JIFOTAHH.

biiok peabimitartii cBoiMH mapameTrpaMud Mae (aKTOpH, IO
BU3HAYAIOTHCS €TalaMy Ta peXKMMOM NPOBEeHHs pealimiTarii.

JTOCIIPKEHHA ACUMITOTUYHOI MTOBEJIIHKA
KJIACU®IKATOPIB HA OCHOBI ®YHKIII/ I'VIMUBUHA
I'ankin O.A.

KuiBchkuii HanlioHampHUH yHiBepcuTeT iMeHi Tapaca llleBuenka
galkin.o.a@gmail.com

JlomoBip TpHCBSIYEHA JOCHIHKEHHIO ACHMITOTHYHOI ITOBENiHKH
kiacudikaTopiB Ha OCHOBI (PYHKIIH HAIiBIPOCTOPOBOI Ta perpeciiHoi
MUOWHU, KOJMM  PO3Mip  HaBYalubHOI  BUOIPKH  3pOcTae  Jio
HECKIHUYEHHOCTI.

Y  BUmamKy, KOJIH L=L+l, >0, M Maemo, 10

l,/L—>u(0<u<l). Busnauumo D(X)=Hu{x'(g; —-2,;)>0 Ta
(X, Y) = pivoe{x'g; + y <O+ p,Himos{x'g, jt+y>0}. Sxio

L—>o, wMu wmaemo ‘Dl()”( ) —max D(X)‘—)O, a TIpH
X

Hanienp.

‘D()’znanis’np.) - m;’(:lx D(X)‘ —>0Ta 2| (kpeep.' 9pe2p.

) —minZ(X, y)‘ —0,
X,y

‘2()2/7&77.’ Ypezp.) - n)?iyn Z(X! y)‘ —0.

Bcranosieno, mo D(X) e Miporo JiHiiHOI/HENHIHHOT PO3ALTBHOCTI
MK JIBOMa KOHKYPYIOUMMH OaraTOBUMIpHHMH PO3IOJITaMHU B3HOBXK
HanpsAMKy X, a max D(X) Bumiproe MakcuMalbHy JiHIHHY/HETiHIHHY

X
PO3AUTBHICTh MiX ABOMa 0araTOBHMipHHUMH KiacaMu. Bu3HaueHO, 110
2(X,Y) € cepeaHbOI0 WMOBIPHICTIO TOMMJIKOBOI Kiacudikamii, Koiu

noBepxHsi X'g+ Y =0 BHKOPHUCTOBYETHCS ISl PO3PI3HEHHS MK JIBOMA
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KOHKYpPYIOUMMH KjacamM, a MINX(X,Yy) € HaiOuIbII BiAMOBIIHO
Xy

CEPEeIHbOI0 HMOBIPHICTIO TTOMIJIKOBOI Kiacu(iKallii, o JOCATAEThCS 3
BUKOPUCTAHHSIM JTiHIHHUX/HeNMiHIMHUX KiacudikaTopi. I[IpoBexeno

JOCITIDKERHA, pH SKOMY (X, Y ,.,,) DO3TVISANAETBCS, AK YMOBHA

cepeHsl HMOBIPHICTh MOMHJIKOBOT Kilach]ikaiii Ha HaBYaIbHIN BUOipLIi

o -
y BUNaJKy, Konu nosepxus (X, 9,Y,.,) =0 BUKOpUCTOBYEThCS [Is

kimacudikarlii eKCepuMEeHTATFHAX AaHUX, [0 HAAXOIATH 3 OJHOTO 3
JIBOX KOHKYPYIOUHX KJIACIB.

PO HOPMAJII3OBAHY BIICTAHb MI’K KOHTPOJIBHOIO
TA EKCIIEPUMEHTAJIbBHOIO BUBIPKAMU
I'amzka P.O., JIeoeaen €.0.
KuiBchkuii HanlioHambHUM yHiBepcuTeT iMeHi Tapaca llleBuenka
ganzha.roman.alex@gmail.com, leb@unicyb.kiev.ua

B nmpomeci MemMYHOrO JIIarHOCTYBaHHS 4acTO BHHHUKAE
HEOOXiTHICTh MOOYAOBU OIIHKK OJM3KOCTI ABOX BHOIPOK MO NEIKOMY
chnimpHOMY Habopy iX o3Hak. B Toit wac, sk BubOip HaHOUTBII
XapaKTepUCTUYHUX O3HAK 3 TX IOBHOTO HAOOPY € 3a/1a4ero ONTUMi3allii,
3amaya MmMoOyMOBHM HOPMAi30BaHOI BIJCTaHI MiX KOHTPOJBHOI Ta
eKCIIEPHMEHTAIBHOI0 BHOIpKaMu Mae OyTH pO3B’s3aHa JIO PO3B’S3KY
oInTuMi3aliiiHol 3aaui.

B ocHOBi anroputmy moOyIOBH HOPMAJIi30BaHOI BIiJCTaHI,
3alMporiOHOBaHOT B TPE3EHTallii, JIOKUTh 11  OCOOIHUBOTO
BUKOPUCTAHHS  TEXHIKM TMEpPEeBIpKM  TilMOTe3 TMpo  3HAYYIIICTh
BiIMIHHOCTEH Mi)K KOHTPOJIFHOIO Ta EKCIIEPHUMEHTAIBHOIO BUOIpKaMU 3
BUKOPUCTAaHHSAM BiacTani MaxananoOica Tta posmnonity CHexnexopa-
dimepa.

Jlitepatypa

1. Ban-Jlep-Bapaen b.JI. «Martematudeckas craructukay, - M., 1960, C.
30-31.

2. Konpemn M.JIxk.,, CTeroapT A. « MHOTOMEPHBIH CTATUCTHICCKUHT
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JOCAIJIKEHHA JUHAMIKHA EKOJIOT'TYHOI MOJIEJI
MOITYJIAIII 3 ICJIAAIEIO
I'apkyma H.I.
KuiBcpkuit HanioHansHM yHiBepcuTeT iMeHi Tapaca [lleBuenka
ngarkusha@gmail.com

JlomoBiap mpucBsiaeHa po3poOIli Ta aHai3y OMHIET MaTeMaTHIHOL
MOJIeTi JAMHAMIKM EKOJIOTIYHUX IIPOIECiB, SIKA MAa€ BUIJIS] CHCTEMHU
PiBHSHB 3 Ticiamiero. Monmenb B3aeMOil MOMYIISMIA, 0 BPaxOBY€E 4ac
BIATBOPEHHS, TIPEICTABIICHA CHCTEMOIO TBOX AU(PEPEHIIMHNX PiBHIHD 3
MICISTi€10

X(0) = ax(1) - (1) —ox(t—r)y(t—7), y(O)=eylt)- 1 L=,

X(t—z')
[IpoBeneHo sKicHE MOCTiIKEHHS CHCTEMHU. 3HaWaeHi OcoOJIMBi
toukn. Ilepma ocobmusa Ttouxka O;(0,0) Binmosimae Bincyrnocri

TIOTYJIALIN 1 He TpeacTaBisie inTepecy. JocmimKkeHHs qpyroi 0cooImuBoi
TOYKH  TPOBOAUTHECS ~ MeTonoM  JiHeapu3amii.  Ilo3HaumBImM

A, =a-2bx,, A,=-cy,, B,=-cx,, D,=e, C,=fJ2

D3=—2fﬁ, Xy = af

y yz = OTpHMaCMO 10 CHuctrema
X, bf +ce bf +ce’ ’

JIIHIAHOTO HAOIMKEHHS Ma€ BUTIISA
X(t)= Ay (X(t) =% )+ Ay (X(t=7) =%, )+ By (y(t—7) -, ),
;'(t): D, (y(t)-y,)+Cs(x(t—7)—x, )+ Dy (y(t—7)-y,).

3a BiACYTHOCTI 3ami3HIOBaHHA craH piBHoBaru O, (Xz, y2) €
acUMNTOTHYHO cTilikuM. Toai npu manomy 7 <7, Oyae aCHMOTOTUYHO
CTIMKHM 1 CTaH PIBHOBaru CHCTEMH i3 3ami3HioBaHHsaM. [Ipu 30inbHIeHH]
7 >0 BinOyBaeThcst Oidypkartis, i cTaH piBHOBaru 02 (sz yz) MOKe

craty HecTiikuM. OOUUCIICHO KPUTUYHI 3HAUYEHHS BEJIMYMH MapaMeTpiB
CHCTEMH, TpU SKHX 30epira€rbcsi CTIHKICTh MOJOXKEHHS PiBHOBAaru.
YMOBOIO aCUMITTOTHYHOI CTIHKOCTI cTaHy piBHOBaru € Re 4, <0, ne

72 ~[(Ay + D + (A, + D, )i+
+[(A +D,)e ™ +(AD, + AD, e + AD,|=0.

HpOBeZ[eHO }_IOCJ'Ii)_'[)KeHHﬂ 3HaKIB XapaKTCpUCTUIHOI'O piBHSIHHSI.
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BJIMSIHUE CIIEIIMAJIBHBIX KJIACCOB TPAHCHO3HHHFI
HA 3JIEMEHTBI MHOXECTBA ITIEPECTAHOBOK
'T'pe6ennnk U.B., “dépuas O.C.

XapI)KOBCKHﬁ HaLII/IOHaJII)HI)II‘/'I YHUBCEPCUTET paJUOIJICKTPOHUKN
ligorgrebennik@gmail.com
’titovaolga90@gmail.com

OnHuM U3 cnoco0oB UccIe0BaHUSI KOMOMHATOPHBIX MHOKECTB
SIBIISIETCS. UX TOTPYKEHUE B €BKJIMIOBO IMPOCTPAHCTBO, YTO ITO3BOJISET
paccMaTpuBaTh F€OMETPUUECKYI0 MHTEPIIPETAUI0 MHOKECTB, BKIIIOYAs
MOCTPOCHHE W aHaN3 KOMOWHATOPHBIX MHOTOTPaHHHKOB. BhIMykioit
000JI0YKOH MHOKECTBa TEPECTAaHOBOK, OTOOPa)KCHHOI'O B EBKIIMIOBO
MPOCTPAHCTBO, SIBISIETCS MEPECTAaHOBOYHBIM MHOrorpaHHuk. Kpurepuit
CMCKHOCTH C€ro0 BEpIIMH OINCPUPYECT TPAHCIIO3ULIHUAMHU COCCAHHUX
MIOPOXKIAIOIINX AIEMEHTOB MHOKECTBA NIEPECTaHOBOK [1].

B pabore BBomWTCI ™ WcclemyeTrcs CIENMANBHBIN  Kiacc
TPAaHCIO3ULMHA MOPOKAAIOLUINX SJIEMEHTOB MHOXKECTBA IEPECTAHOBOK,
KOTOpBIE COOTBETCTBYIOT  KPHUTEpHIO CMEXHOCTH BEPILUH
MEPEeCTAaHOBOYHOIO  MHOrorpaHHuka.  KoiuuecTBo — pasimuyHBIX
MEPECTAaHOBOK, KOTOPBHIE MOXKHO IOJIyYUTh W3 HUCXOTHON C IOMOIIBIO
OHHOﬁ TPAHCIIO3MIIMU CIICHUAJIBHOTO BHAA4, PABHO YHCITY BCpPIIWH,
CMCXKHBIX C )Z[&HHOIZ, B TIEPpECTAaHOBOYHOM MHOTI'OI'paHHUKE, KW Ha
€IMHHUIy MEHBIIE YHCIAa MOPOXKIAIOIIMUX 3JIEMEHTOB MHOXECTBA
MIepPECTaHOBOK.

B JaHHOM HUCCIICJOBAaHUHU IIOACYUTBHIBACTCA KoJIn4decTBa
Pa3NUYHBIX MEPECTaHOBOK, KOTOPHIE MOXKHO IOJNYYUTh U3 MCXOAHOH C
MOMOILBI0 HECKOJIBKMX TPAaHCIO3ULMHA clieruaibHoro Buaa. llpu stom
YUUTBHIBAETCS IUKIMYECKas CTPYKTypa MCXOAHON M pe3ylbTHPYIOLIei
MIepPECTaHOBOK.

st penieHys 3a1a4u UCCIEAYIOTCS CBOMCTBA NEPECTaHOBOK MPH
BBIITOJTHEHUHN B HHUX pa3aIn4HoOro KOoJIn4ecTBa Tpchnozmmﬁ.
AHanm3upyercs pe3yiabTaT MpPUMEHEHHs K HEKOTOPOW IepecTaHOBKE
OJTHUX M T€X K€ TPAaHCIO3MLUH B pa3iaudHOM mopszake. [IpoBogurcs
HCCIIEIOBaHNE KOJIMYECTBA Pa3IUYHBIX PE3YIBTUPYIOIIHNX
[IEPECTAHOBOK M MX LUKIMYECKON CTpyKTyphl. IIpoBomurcs ananus
pacnpeniesieHus] JIEMEHTOB B TPAaHCHO3MIMAX W €ro BIHSHUE Ha
KOJMYECTBO YHMKAJIBHBIX MEPECTAHOBOK, MOJY4Ya€MBbIX M3 HCXOJHOM.
BBopsrcst mpaBuiia, KOTOpble 0OBEMUHSIOT TAKUE MOCIEI0BATENLHOCTH
TPAHCIIO3ULIUI, KOTOPBIE MPU NPUMEHEHHHU K MUCXOAHON MEPECTaHOBKE
MPUBOJAT K OJMHAKOBBIM pE3yJIbTaTaM.
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3ACOBH THOOPMAIIMHOI MIITPUMKHU CUCTEM
YIIPABJIIHHSI, OPIEHTOBAHUX HA ACY TII
Jleiinexo B.I'., MaciaoBcbka H.O., Tumamos O.0.
IactutyT kibepretnku imeni B.M. I'mymkxosa HAH Ykpaian
alex_timashov@mail.ru

Knacudikamis minnpuemctBa SK  BUpOOHWUYOro, a He
TOPTrOBEIHHOT0, 200 TPAHCTIOPTHOTO, a00 OYyB-SKOTO iHIIOTO - IIe Te,
10 OCHOBHUM TIPOIIECOM, Ha SKOMY TPUMAEThCS Oi3HEC, € CTBOPEHHS H
BUIMYCK MPOAYKIii, siKa € JpKepejaoM JOJaHOi BapTocTi JUIs
mignpuemMcTBa. Bim edekTuBHOCTI opraHizallii BUpOOHHYUX IPOIIECIB
3aNIe)KUTh B OCTATOYHOMY MIJICYMKY COOIBapTiCTh MPOAYKIii, THM
caMHM 11 pUHKOBA KOHKYPEHTOCITPOMOXKHICTb.

[InmanyBaHHS 9acToO 3MIMCHIOETHCS HA PiBHI MEXIB 1 AUTHHUIL,
SIK TIPaBHJIO, y BUTIAAI OO'€MHHX IUIaHIB, TOMY IO OCOOJHBOCTI
3aKJIaJICHOT0 CHOCco0y IUIaHYBaHHS HE JIO3BOJIAIOTH TIHTH 110 PiBHSA
orepalii Ha KOHKPETHOMY BCTAaTKyBaHHI W KOHKDETHHX pOOOUYMX
micisix. Kpim Ttoro, ERP-cuctemm He 34iiiCHIOIOTH HAJIEKHOTO
JicriedipyBaHHS BHPOOHHYMX IPOIECIB, 3a/I0BOJBHSIOYNCH JIHIIIE
¢ikcariero BUXiTHUX pe3yIbTaTiB.

ACY TII, Oynyun ¢yHnameHnToMm iH(pOpMaLiHHUX CHCTEM
MiIPUEMCTB, ICTOTHO BIUTUBAIOTH Ha Oi3Hec-mpornecd. /s npuitHATTS
OOTpyHTOBaHUX pillleHb KEPiBHUITBY HEOOXiqHO MaTH iH(OpMaIiro 00
BCiX mapameTpax Oi3Hec-miporeciB. Hampuknan (yHKIiOHYBaHHS
OLTBIIMX BHUPOOHWITB 13 O€3MEepepBHUM IHKIOM, TaKWX, SIK
HadToneperiHHi,  HATOXIMI4HI  3aBOJM,  EJIEKTPOCTaHIii U
eHepro30epiraroyi KOMIUIEKCH BHMAaraitoTh CHCTEM, SKI 3MOXYTh
peari3oByBaTH i KOHTPOJIOBATH BECh NUISIX JaHUX PEAIIHOTO Yacy, BiJ
KOHTposiepa A0 BipryanbHOi "mpumagoBoi mnaneni" (dashboard),
chopMOBaHOT Ha €KpaHi BHIIIOTO KepiBHUKA.

VY J0omnoBii BUKIIACHI TOCTIiIKEHHS 3 PO3POOKH METOIOIOTIT 1
JOAATKiB JJis1 300py i 00poOKM KOPIOPATUBHUX JTAaHUX PEAbHOTO Yacy
B OINEPaTHMBHOMY PEXHUMi, TOOTO KJIaC areHTIB-MIOCEPEIHHUKIB MiX
piBHEM KOpIopaTtuBHOro kepyBaHHs i cucremamu ACY TII, 3gatHux
B3ITH Ha cebe sk OOpoOKy MAaHuX, Tak 1 iXHIO Bizyamizamito
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MOIIMPEHHA. PO3rNsSHYTI MUTaHHS CHHXpOHI3alii BCiX HUX CTamiil i3
NpUOIM3HO OJHAKOBUMH THMYACOBUMHM INapaMeTpaMH, HOPiBHIHHUMHA
3 muHamikoro pobotu cucteM ACY TII i camux BUpOOHUYHX TIPOIICCIB.

TFAPAHTOBAHI OHIHKH PO3B’5I3KIB PI3BHULIEBUX
PIBHSIHb 3 KPAUOBUMU YMOBAMU
Jemupnenko C.B., Hlymapin F0.B.
KuiBcrkuit HamioHameHUH yHiBepcuTeT iMeHi Tapaca IlleBuenka
s.demidenko@gmail.com
Hexait X(k) € R" € po3p’sa3kom 3a1aui
X(k+1)=Ax(k)+B,f,, k=0,.N-1 (1)
(@;,x(0) +(b;,x(N)) =c;, j=1,..,m
ne A , B, — marpuri po3mipHocTi NXN Ta NXS BiANOBIAHO, aj,bj -
3anasi Bekropu, f,,k=0,N -1, c;, j =1,_m — HEBiJIOMi mapaMeTpH.
Hexaii mnpu  gedkux  3HAUeHHAX  IapameTpiB f., Ta
C; CIIOCTEPITarThCst BEKTOPH
Y =HX(K) +73,, k=0,N @
He H, marpuus po3mipHocTi PXM, 77; — peaizailis BUMNAIKOBOTO
BEKTOpA.
HocmipkyeTbest  3ajlada  3HAXOJDKCHHS  ONTHMAIBHUX  OIIIHOK
BekropiB X(K) B ximaci miHidHUX BUTIISIY X(Ak) =U,y, +V,.
Sxmo En, =0, E?]kn} = Rkj , Ta MaTpuIl Rkj HEBIiOMI Ta HaJeXaThb

MHOXHMHI G, TO KpUTEpi ONTHMAIBHOCTI BH3HAYAETHCS HACTYITHUM

YHMHOM
2

o(U,v)= sup Ei x(k) = x(k)

xk,fk,cj,G k=0

A A
Ioxkasano, mo axkmo U,V eargmino?(U,V) To Ipu yMOBaxX iCHyBaHHs
po3B’a3kiB 3aaadi (1), (2), a Takok Mpu NEBHUX MHOKWHAX G MOXIIUBO
3anmucaTu KOHCTPYKTHBHI aJrOPUTMHU TUTS 3HAXOKEHHS

A A A A
semmunaU, v, % (U, V).

Jliteparypa
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O 3AJAYE OIITUMAJIBHOI'O YIIPABJIEHUSA AJI51
MHOTI'OHOMEHKJIATYPHOM MOJIEJIU TEOPUH 3AIIACOB
Nemuenko WU.IO., “Ieneasiea T.B.

'KueBckuit HaMoOHabHBIN yHHBEpCHTET HMeHH Tapaca IlleBuenHKo
2I/IHCTI/ITyT kubepHetnkn HAH Ykpaunst
lirinka_8891@mail.ru

Uccnenyercs MHOTOHOMEHKJIaTypHas MOZEJIb TEOPHUH
YIPABJICHHS ~ 3allacaMy, KOTOpash  ONMCHIBAETCS C  [OMOLIBIO
YIPABJIIEMBIX MAapKOBCKMX IIPOLECCOB C JIHUCKPETHBIM BpeMeHeM. B
JIUCKPETHbIE MOMEHTBHI BpPEMEHH HAOJIOAAI0TCsl YPOBHU 3allacOB H
MPUHUMAETCSl pelieHre 00 MX MONOHEHHWH. YPOBEHb 3araca Kaxaoro

MNpoOAYyKTa, a TaKXKC BCIMYMHA J03dKAa30B INPHUHHUMAKOT 3HAYCHUA B R+,

IpUYEeM YPOBEHBL 3amaca KaXXJoro NPOAYKTa CHCTEMBI OTpaHUYCH
cBepxy. HaiineHnsl yclnoBus ONTHMaIbHOCTH (S,S)-cTpaTeruu uist
MHOTOHOMEHKJIATYPHOH MOJIENH YIpaBIICHUS 3amacaMu ¢ (pyHKIuel
CTOMMOCTH,  OIpEmesieMOr  W3JEpPKKaMH  XpaHCHHS  3aIlacoB,
CTOMMOCTBIO 3aKa3a MPOIYKIIHH, a TAKXKE HM3ACPKKAMH, BBI3BAHHBIMH
ux nedunurom. OnpenesieHa CTPYKTypa ONTUMAIBHOW CTPAaTETHH IS
MOJICJIH MPH YOBIBAIONINX (DYHKIMSIX OOIIUX M3ICPIKEK.

[Ipu ucciienoBaHNM HCTIOIL30BATUCE HEOOXOIUMBIC CBEIICHUS U3
TEOPUH YIPABISIEMBIX CIy4aliHBIX mporieccoB [1], a Takxke paboTel [2,
3], rae paccMaTpuBaach 3ajada HaX0XKACHUs YCIOBUI ONTUMAIbHOCTH
(s,S)-crpareruu ajst OMHOHOMEHKIATYPHON MOJIENH TEOPHH 3aI11acoB.
JlutepaTtypa
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IMPOBJEMbI PACITOSBHABAHUSA OBPA30B
JAunamanunse I/I.l, TxuwianmBwIN P.l, ®omuna T.?
"Barymcknii [ocymapctBennsiii Yuusepcuter lllota Pycrapenn
2)ZIOHG:HKI/H‘/’I HanmonanbHbli YHUBEPCUTET 3KOHOMUKHU U TOPTOBIIH UM.
M.Tyran-bapanoBckoro
ibraimd@mail.ru

CyIecTByeT MHOKECTBO ONPE/ICIICHUI MOHATHS «PacIO3HABAHUS
00pa3oBy, B 00IIEM cilydae JaHHBIH TEPMUH MOXHO OXapaKTepU30BaTh
KaKk 3amgady Kiaccuukanuu (KaTeropusannu), T.€. COOTHECEHHE
HEKOTOPOro 00beKTa K OIPEICIICHHOMY KJlacCy, Ha OCHOBE CBEICHUH 00
3TOM OOBEKTE.

ABTOMaTH3UPOBaHHAS KiaccupuKarys (pacmo3HaBaHue)
SIBIISICTCS BaXKHOM 3a/1adyell /Ui NIMPOKOTO CIEKTPa TUCIUIUINH, TAKUX
KaK: MEIUIMHA, OWOJIOTHs, MAIIMHHOE 3PECHUE, WCKYCCTBCHHBIN
WHTEJUIEKT, TUCTAHIIMOHHBIA COOp TAaHHBIX U T.[I.

Hanpumep: IlpuBeneM  NOCTaHOBKY 3a/laud PaclO3HABAHUS
oOpas3oB. [laHo MHOecTBO M OOBEKTOB, OTHOCHTEIBHO KOTOPBIX
npoBoauTcs  Kiaccudukamms. M3BecTHO, uTO  MHOXKeCTBO M
MpeIcTaBIeHO B BUae cyMMmbl moaMmHOXKeCTB Ky, Ky, ..., Ky,
Ha3bIBAEMBIX OOBIYHO KITACCAMH.

3agana wHpopmammst | o wmaccax Ky, Ky, ..., Ky, ommcanme
MHoxecTBa M u ommcanue | (S ) oObekTa S, 0 KOTOPOM HEHM3BECTHO K
kakuM u3 kinaccoB Ki, K,, ..., Ky, oH mpunamiexur. TpeOyercs mo
uHdopmanuu |, onucanuio | (S ) ycTaHOBHUTH IUIsS KaKIOTO | 3HAYCHHE
cotictBa j =1, 2, ..., N.

JlJ1s IpOCTOTHI MOHUMAHUS TIPEACTABUM, YTO CYIIECTBYIOT BCETO
nBa Kiacca o0pa3oB — A u B. IlycTh cyiiecTByeT Bcero oJuH MpHU3HaK,
[0 KOTOPOMY OCYIIECTBIIIETCSA paclo3HaBaHHE. A caMHM  KJacChl
00pa30B ONMUCAHBI HOPMAaJIbHBIMU BEPOSTHOCTHBIMU PACIPE/ICIICHUIMH,
T.C.
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P(x) = — e Ge-a7(2e?)
o2 !
DI (§ X— IIPU3HAaK; o — Cp€aHee KBaaApaTU4HOC OTKJIOHCHHEC

pacnpeneneHns 00pasa; a -MaTeMaTHIeCKOe OXKHIaHHeE.

[lpn monmydeHWW THpu3HAKa X; CUCTEMa PAcHO3HABaHMS JOJKHA
BBIIATh BEpOSATHOCTH 00pa3oB A m B. BeposTHOCT Kakoro kiacca
00JIBIIIEe — TOMY B COOTBETCTBYET HEM3BECTHBIN 00pa3s.

[lockompky demoBek 00J7amaeT YHHUKAIBHOW CIOCOOHOCTHIO
pelieHus ~ MPPeryJsIpHbIX  3aJad, BHHUMaHHE MAaTeMaTHKOB U
CTICIIHAINCTOB TI0 BBIYHUCIUTENBHONH TEXHWKE B TECHOM KOHTAaKTE C
HelpoouonoraMu ObIIO0 00paIIeHo K BOIIPOcaM M3ydeHHs MEXaHU3MOB
($yHKIMOHUpPOBaHUs Mo3ra. [locTpoeHbI pa3nruyHble MOAETH HEHPOHHO-
CETEeBBIX KOMIBIOTEPOB, pa3pabaThIBAIOTCA THUOPHIHBIE CUCTEMBI:
00beIMHEHNE CETeBO-HEHPOHHBIX M TPAJUIMOHHBIX KOMIIBIOTEPOB, a
TAKXXC KOMIIBIOTCPOB HCIOJIB3YIOIIUX IMPUHOUII HEUYCTKUX MHOXKCCTB.
Jus  ycunenus d¢dekTa HCIOIb3YeTCs HOBEHIINE TEXHHUYECKUE
IOCTHKEHHA (J1a3ephl, ONTO3JIEKTPOHNKA, rojorpadus u 1.1.). OmHaKo,
10 MHEHHIO aBTOPHTETOB, MOIYyYCHHBIC pPE3YJIbTATHl JKENaIu OBl
OCTaBJIATH  Jiydmiero.  Takas  OIGHKa  WMeeT  JOCTaTOYHO
NPUHIUIHAAIEHYIO OCHOBY.

Tounee, ecnmu OBl  YENOBEYECKHH  MO3T  BOCIPUHHMAI
WHPOPMAIIUIO B TAKOW ke PopMe KakK 3TO MPOUCXOIHUT B KOMITBIOTEPE,
TO MO3T OKa3aJIcsi ObI TAKUM JKe OECIIOMOIIHBIM B BOIIPOCAX IEIOCTHOTO
BOCHpUATUS (OPMBI KaK KOMITbIOTEp. B CBSI3M ¢ 3TMM cuuWTaem, 4To
MO3T BOCIIPHHHUMAeT WH(POPMAIUIO B TaKOW 3aKOJMpPOBaHHOW (opme,
KOTOpasi 00JerdacT M ynpouaeT paclio3HaBaHHe 00pa3oB B KOHTEKCTE
UPPETyISIPHBIX 33/1a4.

OpraH, KOTOpBIM 3TO peanusyer, ecTb Ina3. TodHee, ceTyaTka
rmaza. CuauTaeM, 4UYTO Ha CeTYaTKEe TJlaza  OCYIIECTBIISETCS
MHOT'OYpPOBHEBOE (nepapxuueckoe) KOJIMPOBaHHUE. HmenHo,
MHOTOYpOBHEBOE  KOIMpPOBAaHUE, OOyCIaBIMBAIOIIEE  LIEIOCTHOE
BOCITPUATHUE q)OpMBI, Ha Hall B3TJIA0 ABJIACTCA OCHOBHBIM KIIFOYOM,
IIO3BOJIAOIINM YHOPOCTUTH u 06HCF‘II/ITB CJIO)KHOCTbH PEUICHUA
UPPEryJSIPHBIX 3aa4 IPH Paclio3HaBAHHH.
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CTAHJAPTU3AILIIA MATPUIIL YEPE3
"MYJbTUILIIKAIIIO" B PO3III3BHABAHHI MOBHUX
CUT'HAJIIB HA OCHOBI CITEKTPOI'PAMHA

Honuyenxo B.C., 3inbko T.II.
KwuiBcekuii HamioHamsHUH yHiBepcenuTeT iMeHi Tapaca llleBuenka
voldon@bigmir.net

B crarri [1] 3anporoHOBaHO KOHIEMIII0 KOPTEKHUX OMEPaTOPIB SIK
3ac00y KOHCTPYKTHBHOTO ONHCY 0a30BHX JIHIMHHX Ta HETIHIHHAX
CTPYKTYp B €BKIIJOBHX IIPOCTOpax, BIAMIHHMUX BiJ €BKIIiIOBOTO
OpOCTOpY  YMCIOBHX  BekTopiB. EdexkTuBHicTH  3amponoHoBaHOi
KOHIIENI[iI TMPOJEMOHCTPOBaHA HA OINKCI CTPYKTYp CBKJIIJOBOTO
mpocTopy MaTpuils ¢ikcoBaHoi posMipHocTi. lle o3Haugae, mo Ha
EBKJIIIB MPOCTIp MaTPHIIb EPEHECEHI BCI MOMIIMBOCTI OMKCY 0a30BUX
crpykryp (baC) eBkmigoBoro mpocTopy: JiHIMHHUX MiIIPOCTOpIB Ta
TINepIUIONIMH, a TaKOX eNINCiB TPYyIMyBaHHI — 3BHYAHHUX Ta
MiHIMaJIbHHX, IIEHTPAIFHUX Ta HEIEHTPAIBHUX — Ha OCHOBI MMOOYIOBU
SVD-posknany Ta nceBmoodepHenHst ([110) kopTeKHHX omeparopis.
Brnacne, Bci BmactuBocti SVD — 1a [110, a Takok MOKJIMBOCTI OMHACY
baC na ocnogi [170 [2] mepeHOCIThCS 3 MPOCTOPY YHCIOBUX BEKTOPIB
B EBKJIIJIOBUH MPOCTip MaTpullb. [[pHHIIMTIOBUM € Te, IO 3ajadi OMUcy
3a]a4 Ha BJIAcHI 3HAYEHHsI B €BKIIIJOBUX MPOCTOPaX MAaTPHIIb 3BOJISTHCS
0 CTaHNAPTHUX MAaTPUYHHX 3ajJad Takoro Ttwiy. B poboti [2]
3arponoHoBaHo BUKopuctaHHg baC’iB Ha chinbHil ocHOBI SVD — Ta
[MnO B mpocTopax 000X THITIB: YHCIOBUX BEKTOPHUX Ta MAaTPUUHUX, —
710 pO3Mi3HaBaHHS MOBHHMX CHUTHANIB.

B wuactuni 3actocyBanHs baC nias MaTpuuHUX HOpOCTOPIB 3a
MaTpUYHUX  TIPEJCTAaBHHUKIB  O0’€KTiB, SKUMH €,  30Kpema,
CHEKTPOrpaMH, — BHHUKAIOTh MPOOJEMH CTaHAapTh3allii MaTpulb 3a
po3mipHicTio. 1{ro mpobrieMy MOXHA pO3B’SA3aTH, POTIISIHYBIIH 3aMiCTh
cnekrporpamu A — J00yTKy MAaTpHIli CIEKTporpamm Ta i

TpaHCHOHOBaHOI: AXx AT EdexTuBHICTS 3ampONOHOBAHOTO MiAXOAY
Oya mepeBipeHa Ha MOPIBHIHHI 13 TUMU 3aJja4aMU, sIKi pO3B’A3yBaJIUCS
pi3HUMH 3aco0aMu, Hamp., 3a TICTOTPAMHAMH XapakTepUCTHKaMHU Ha
OCHOBI1 ()OPMAHT: YHCJIOBI BEKTOPH, Ta B MAaTPUYHOMY BapiaHTi aHaNi3y
MPEJICTaBHUKIB. [epesipka e(eKTHBHOCTI BUKOPHUCTaHHS
CTaHAapTH3ALIT "gepes MYJIBTUILTIKALO" MOPIBHAHHS i3
"HeCTaHAapPTU30BAHMUM 3aCTOCYBaHHIM" MAaTpHLb Ta i3 3aCTOCYBaHHSIM
"hopmanTHUX"  (YMCIOBHX)  BEKTOPiB  O3HaK  CBITYMThH,  MIO

&9



"MyJbTUIUTIKALIA" Yy MEpEeTBOPEHHI MaTPUYHUX IMPEICTaBHUKIB Jae
Kpallli pe3yabTaTH pO3Mi3HaBaHHS.

BapiantoM 3ampomoHoBaHOI cTaHAapTU3alii uyepe3 "MyJIbTHILIIKA-
1ito" € BUKOPHUCTaHHS TOTO CaMOro MEPEeTBOPEHHs Oe3MmocepeqHbo 110
nepeTBopeHHss Dyp’e 4aCTHHH ay[dio CHTHAIY B PyXOMOMY BIKOHII 3
HACTYITHUM IIEPEXO0/IOM JI0 MaTPHIIi 13 MO/AYIIIB BiAMTOBITHUX €JIEMEHTIB.

[lizcymoBytoun, 3a3Ha4uMoO, IO Yy HPOMOHOBAaHIA JOMOBiA
3alpONOHOBAHMN MMIXiA CTaHIApTH3AIlll MaTPHUIb B 0OpOOIIl YHUCIOBHUX
CUTHAJIiB, KOJIM MaTpUIlsl, O MNPEACTAaBIsSE CUTHAN € CHEKTPOIPaMoIo.
[IpencraieHi pe3yabTaTH BUKOPUCTAHHS CTaHAAPTH30BAHHUX MaTPHIb
MOPIiBHAHI 3 IHIIMMH BapiaHTaMM PO3B’S3aHHS 3aJadi PO3IMi3HABAHHS
MOBHUX CHTHAJiB Ha OCHOBI CIeKTporpaMm. 3rajaHi pe3ylbTaTh
CBiYaTh, 10 CTaHJAAPTH3ALis "depe3 MYIbTUILTIKALiI" € eheKTUBHUM
3aco00M morepeIHFOI 00POOKH CHEKTPOrpaM 3 TOUKHU 30pY PO3B’sI3aHHS
3a/1avi po3mi3HaBaHHSI MOBHUX CUTHAJIB.

Jlireparypa

1. Donchenko V., Zinko T., Skotarenko F. (2012) ™Feature vectors' in
grouping information problem in applied mathematics: vectors and matrices",
paper presented at Problems of Computer Intellectualization, Kyiv, Ukraine-
Sofia Bulgaria: NASU, V.M.Glushkov Institute of Cybernetics, ITHEA, Kyiv:
-pp. 111-124.

2. Jonuenko B.C. EBKIHIOBHI MPOCTPAHCTBA YUCIOBEIX BEKTOPOB U MATPHIL:
KOHCTPYTKHNBHBIC METOAbI OITMCAHUA 0a30BBIX CTPYKTYpP U UX UCIIOJIb30BAHUC //
International Journal “Information technologies & Knowledge”.- 2011.- Vol.
5.- Number 3. -pp.203-216.

3. 3impko T.I1. AHaii3 i CHHTE3 aITOPUTMIB PO3Mi3HaBaHHA i Kiacudikarii Ta
iX 3aCTOCYBaHHS B 0OpOOI[i MOBHHX CHTHAJIIB i 300pakeHb: MUC. HA 3M00YTTS
HayK. cTyneHs kaHj. Tex. Hayk: cren. 01.05.04 «CuctemHuii anaiiz i Teopis
ontuManbHux pimeHb» / 3inpko T.I1.; KwuiBcekmit Han. yH-ter im. T.
IlleBuenka. —Kwuis, 2012. —173c.

MATPHUYHI PETPECII: BASUC TA 3ACTOCYBAHHSA
B.C. Jonuenko, .M. Ha3zapara, O.B. TapacoBa
KuiBchkuii HallioHabHUM yHiBepcuTeT iMeHi Tapaca llleBuenka
voldon@bigmir.net

3amaui  rpynyBanHs  iHdopmamii ([MIl): knacudikamis -
KJacTepu3alisi Ta pO3Mi3HABaHHSA oO0pasiB, a TaKOX BiAHOBJICHHS
3aJIeKHOCTEH, MPEACTaBIEHUX CBOIMU 3HAUEHHSMH, - MPEICTABISIOTH
cobor0 (QyHmaMEHTANBPHUM KjJac TNPUKIATHUAX —3a7ad. 3amaua
BIZTHOBJICHHS 3QJIC)KHOCTEH MOXKE pPO3IILIIATUCS Y JIETCPMiHOBAHOMY
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Ta CTATUCTUYHOMY BapiaHTax, ajic B 000X 0a30BUM METOJIOM PO3B’SI3KY
- OIIIHIOBaHHA € MEeTOJ HaWMEHIINX KBaapaTiB 3a BEKTOPHUX
apryMeHTIB Ta CKaJspHUX BIATyKiB. B TOil ’xe Wac B Oaratbox
MPUKJIAHUX 3a7auaX MPUPOJHUM € BUKOPUCTAHHS IIUPIIUX 33 THIIOM
CKJIAJIOBUX CIOCTEPEXKEeHb: MATPUYHHUX. 1aKke BUKOPWUCTAHHS IO3BOJISIE
30eperta, a OTXKe, - i BUKOPUCTATH, - CTPYKTYpHY iH(POPMAaTHBHICTH
00’ekTiB. Take po3mMpeHHs MOXJIMBOCTeH po3B’s3anHs ['ill - 3amau
BHMarae CTBOPEHHS BiJIOBITHOTO amapaTy OnepyBaHHS 13 MATPHYHUMHU
00’€KTaMH 5K 13 BEKTOPaMH €BKJIIJIOBOTO MPOCTOPY YHUCIOBUX BEKTOPIB

R". Haramaemo, 1m0 OCHOBOIO amapary OmepyBaHHs i3 0a30BUMH

THIAHUMY Ta HemiHiiHuME cTpyKTypamu B R" € amapar SVD ta 110
(nceBno obGepHenHs) 3a Mypowm - Ilenpoysom (nuB., Hanpukiaz, [1]). B
pobotri [2] BuCyHyTa Ta peami3oBaHa KOHICMIIS KOPTEXKHUX
oreparopiB, sKa JO3BOJHMJIA TEPEHECTH Ha MAaTpUYHI EBKIIiJOBI
NPOCTOPH BCi TepeBard BHKOPHCTaHHsA 0a30BUX CTpPyKTyp B R" Ha
ocaHoBi SVD Ta IInO. Ilpuxmagu 3acTocyBaHHS IS PO3Ii3HABAHHS
nuB., Hampukiaax B [5]. B wili pobori npencraeneHi "marpudni”
MOXKJIUBOCTI BHKOpUCTaHHs B [ill - BiHOBJICHHI 3aJICKHOCTEH ISt
MPOTHO3Y Ha TPHUKIANI MaKpOEKOHOMIUYHHMX Ta MeHdia ITOKa3HUKIB.
OOrpyHTYBaHHS Ta HEOOXiHI TEOPETHUYHI PE3yNbTaTH MOKHA 3HAUTH B
[3 J(amB. Takox [4]). Y  MakpoeKOHOMIYHOMY  BapiaHTi
3aMpoTIOHOBAaHUH IMiJXiJ{ 3aCTOCOBAHO JO ITOKa3HWKIB BHYTPIIIHBOTO
BanoBoro noxony (GDP), 3apobitHoi mnaru npanisaukis (WE), Butpar
Ha kinneBe crnoxuBanHs (FCE), ekcniopty ToBapiB Ta nocayr (E) Ta
iMmnopty ToBapis Ta nocayr (I). ¥ mociimkeni Bukopuctano naui 2007
poky — 3 xBaptramy 2013 poky Jepxkomcraty Ta MiHicTepcTBa
PO3BUTKY €KOHOMiKM 1 TopriBmi Ykpainu. [[isi OLIHKH TOYHOCTI
OTPHMaHOTO MPOTHO3Yy BHKOpHcTaHO kputepiii APE. ¥V BiamoBigHoCTI
no manux marpunli APE makcumanbne 3HaueHHs moxuOku s GDP
cTaHoBUTh 6,98%, ns 3apobitHoi miatu WE 12,02%, nis FCE 7,74%,
s ekcriopry 13,2%, mnsa immopty 15,66%. IlepeBumiennas 10%
3HAYEHHS MOXMOKM CIPUYMHEHO BUKOPHCTAHHSAM MNpPU MPOTHO3YBaHHI
naHux Kpu3oBux pokiB 2008-2009. VY TenemexniiHOMY NpHKIaAi
BUKOpUCTaHO JnaHi crnoctepexenb 2003-2013 pokiB 3 TOMICSYHOO
muckpernsaniero. [IporHo3 OyayeTrbes aiisi 5 TMOKa3HUKIB: PEUTHUHT
3aranpHOro TenenusineHHs (T), yactka ayauropii kaHaiy (S), pedTHHT
kaHany (R), pefitunr pexnamu (Ra) Ta kKoedimieHT ycalku peKkIIaMHUX
osokiB kaHany (K); BukopHcTaHO METOJ| HMONMEPEIHBOrO JIHIHHOIO Ta
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HeJHIHHOTO MaciuTaOyBaHHS JaHWX y BUTJISAL IIECTH MOAEJCH. Bci
MOKa3HUKH MarOTh TOYHICTh IIPOTHO3YBaHHA B Mexkax 10%-iHTepBaiy.
JlitepaTtypa
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42-46.

4. Donchenko V. S., Nazaraga I.M., Tarasova O.V. Vectors and matrixes least
square method: foundation and application examples // International Journal
“Information Theories & Applications”. — 2013. — Vol. 20, No 4. — P. 311-322.
5. Volodymyr Donchenko, Andrew Golik Matrix Feature Vectors in Speech
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BATATOCTAIIMHA MOJEJIb MEJIUYHOI' O
CTPAXYBAHHS
€aeiixo 5. 1. ,Kymmnip 1. b.
JIbBIBCHKHIA HaliOHATBHUHN YHIBepcHUTET iMeHi [Bana ®panka,
kushnir.iruna@gmail.com

InpuBimyansHi  TONICM  MEOUYHOTO  CTpaxyBaHHS  Oynemo
pO3TIAATH SIK JISSIKU HamiBMapKiBChKUK Tporec X :{X (t),tZO} 3

MHO>KHHOIO MOKJIMBUX CTaHIB E = {0,1, Lann+lLn+ 2} , JI€ Yepe3 CTaH

0 6ymemo mo3HaYaTH OCIO BPa3IUBHX JI0 3aXBOPIOBaHHS, CTaH i =1,n —
MIEBHUI TEPio/l 3aXBOPIOBAHHA, CTaH N+1 — 0coba HEBUIIIKOBHO XBOpa
Ta N+2 — cMepTh, i JaHWK Tpouec OyAeMO 3aJaBaTé HACTYITHHM
rpadoM nepexigHuX HMOBIPHOCTEH:

0 —> 1 —> —> n+l

TN

n+2
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Iepeximni fiMoBipHOCTI 3i cTany | y cTan j GyneMo mo3HayaTH
qepes Py (t), yac nepeOyBaHHS Ha KOXHil cranii — uepe3 v,,n=01,....
[Mpunyckaemo, mo v,,n=0,1,...He3a1ekKHI TOKa3HUKOBO PO3MOILIECHI
BUMAJIKOBI BeJIMYMHHU, BU3HAUEHI HA JEIKOMY HMOBIpPHICHOMY MPOCTOPi
(Q, F, P), 3 mapameTpamu A, BiamosigHo[1].

Posrnsgaemo mofiro, sika MONATae y TOMY, IO CTPaxyBaJIbHHUK

Oyne nepedyBatu Ha ctagisx 0,Nn +110 MomeHTy t:

\4

Toni

n+l n+l
P{Zuk = t} =P{r,, <t}= H(l_ e’ )pkfl-k (t),
=

k=1
ne 7, =0, +...+0,.

PO3FH$II[3}O‘II/I TaKy MOZACJIb, MU MOXXEMO CTBCPIKYBaTH, IO Ha
MIPOMIKKY [O,t] BiOymoch N TO30BiB BijJ CTpaxyBaJbHHUKa JO
CTpaxoOBHUKa, MNPHUYIOMY KOXCH HaCTyrIHI/Iﬁ [I030B TATHE 3a CO00IO0
3pOCTaHHA  BUILIAT, OCKIIBKM 3  KOXKHOIO HACTYIIHOO CTaILiCIO
BiJJOYBA€THCSI MPOTPECYBAHHS 3aXBOPIOBAHHS.

Jlireparypa
1. H.Wolthuis Life Insurance Mathematics (The Markovian Model) /
H.Wolthuis.— AIE, Universiteit van Amsterdam—Amsterdam, 2003.— 288 p.

PO3B’SI3YBAHHS JTHIMHUX CTOXACTUUYHHUX 3AJIAY
ONTUMI3AIIT HA POSMIIIIEHHAX
€Emens 0.0., bap6oaina T.M.

[onTaBchbkuii YHIBEPCUTET EKOHOMIKH 1 TOPTiBIIi,
IlonTaBchKnii HaIIOHANBHUH MTEIATOTIYHUIN YHIBEPCUTET
imeni B.I".Koponenka
yemetsli@ukr.net, tm-b@ukr.net

Posrnsgaerses 3agada momryKy mapu <L ( X ) , X*> TaKoi, 110

k k
L(x")= min 2.Cx, X =arg min > Cx;, (1)
(G) = XeE,I(G) =

k
xeE,
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ne C; VjelJ, — JAMCKpETHI BUIA/KOBI BEIMYMHH, WO MAIOTh

HEBiJl’€MHE MaTEeMaTHYHE CIOJIBAaHHS 1 CKIHUCHHY MHOXKWHY 3HAYCHb,

E,I; (G) — 3arajbHa MHOXHMHAa  PO3MIIICHh 3  CJICMCHTIB

MyIbTUMHOXHMHH G = {gl, vy gn} ,  0;€ RN j =1,_77 ,  MIiHIMyM

PO3yMI€ThCS Y BIATOBIAHOCTI 3 BBeIeHUM y [1] miHIHMM moOpsakoM <
HAa MHOKUHI TUCKPETHUX BUTIAIKOBHX BEITUYHH.

BceraHoBmOIOTECST  BIACTHUBOCTI  Po3B’s3Ky 3amadi (1)-(2), #oro
3B’SI30K 13 PO3B’s3K0M 3a1a4i Burisay (1), y skiit koedimieHTH 1iIb0BO1
¢GyHKIIT €  JeTepMIHOBAaHMMH  BEIUYMHAMH, a  CIEMCHTH
MYJTbTUMHOXHHH — BUTIAIKOBUMHU.

PosrnsaloTbcst TakoK OCOOJIMBOCTI 3aCTOCYBAHHS METOAY TiJIOK i

MeX JUIs PO3B’sI3yBaHHA 3aiadi nomyky mapu (1) 3a ymosu xeS < R¥.

MHOXWHa, 1[I0 OAEPKYETBCS HA JEIKOMY pIBHI  Tay)KeHHS,

BU3HAYAETHCA yMoBaMu X; =@, , jel, e | {1,..., k} . ITokazano, mo
]

TOJIi BEJTMYUHY ZC j0;, MOKHA BUKODHCTOBYBATH 5K OLIIHKY B METOJI
jel

risok i Mex. [pyHTyrouHMCh Ha BJIACTHBOCTAX JETEPMIHOBAHOI 3aj1advi

ONTHMIi3amii Ha PO3MIMIEHHSIX, Y JOMOBIAi TMPOMOHYETHCS MPABHIO

BIJICIKaHHs, IO J03BOJISE 32 TMEBHUX YMOB MiJBUINUTH €(PEKTUBHICTH

METOJY TiJIOK 1 MEX.

Jlireparypa

1. Emenr O.A. OO0 ONTHMH3AIMOHHBIX 3a/ladyaXx C BEPOSTHOCTHOM

neonpeaeneHuocteio / O. A. Emen, T. H. BapGonuna // [lomogini

HarmionansHoi akagemii Hayk Yipaian. — 2014. — Ne 11. — C. 40-45.

IHBAPIAHTHICTb XAPAKTEPUCTHUK
CUCTEM OBCJIYI'OBYBAHHSA
Kepnosuii 10. B.

JIbBIBCHKHIA HaIlIOHATBHUN YHIBepCHUTET iMeHi [Bana ®Opanka
yu_zhernovyi@yahoo.com

BuBuena BJIACTUBICTD iHBapiaHTHOCTI CTaliOHAPHUX
XapaKTepUCTUK  CUCTEM  OOCIYrOBYBaHHS 3  BUKOPUCTaHHIM
aHATITHYHUX METOJIIB Ta iMiTAIlifHUX Mojeneit [1].

i cucteM 3 BiIMOBaMU 1 HEOJHOPITHUMH KaHAJIAMHU PO3TIISTHYTO
TPH CIIOCOOM pO3MOMAINY 3aMOBJIEHb IO KaHajllaX OOCIyrOBYBaHHS:
PIBHOWMOBIPHUH PO3MOLNI IO BCIX KaHAJIAX, PIBHONMOBIPHHI PO3IOIiIT
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MO0 BUIPHMX KaHaJaX 1 YHOOPAAKOBaHUHK po3moain. JlocmimkeHo
IHBapiaHTHICTh XapaKTEPUCTHK 100 BUTISAY (YHKIIH pO3MOILTY Yacy
00CITyTOBYBaHHSI.

Hns cucrteM 3 OYiKyBaHHSM BU3HAUEHO CTalliOHAPHI XapaKTepH-
TAKH, MO0 BUTIAY (GYHKIIH pO3MOALTY 4Yacy OOCIyroByBaHHS Ta
IHTepBaJiB 4acy MKk MOMEHTaMH TIPUOYTTS 3aMOBIICHb.

Hdns  nmeskux  cHCTeM  OOCIyrOBYBaHHS 3  IOPOTOBUMH
MepEeMHUKAHHIMH PEXHUMiB (DYHKIIIOHYBaHHS TOBEICHO iHBapiaHTHICTH
CTaIiOHAPHUX XapaKTePUCTHK IMOAO BUTIANY (PYHKIT pO3MOALTY dacy
00CITyTOBYBaHHS Y CTaHi MepeBaHTaKEHHS.

JlitepaTtypa
1. Zhernovyi Yu. Insensitivity of the queueing systems characteristics /
Y.Zhernovyi—Saarbriicken: Lap Lambert Academic Publishing,2015.-108p.

OIITUMAJIBHE KEPYBAHHS B CUCTEMAX, 1O
OIMUCYIOTHCA MAPABOJIO-THHIEPBOJITYHUMU
PIBHSIHHSIMU 3 HEJIOKAJIBHUMH TOYKOBUMMU
I'PAHUYHUMHU YMOBAMMU
"Kanycrsn B.O., “Iumnorpaes 1.0.
Y?Harionansanii TexHiunmit yaisepeurer Yipainu “KuiBchknii
MIOJTITEXHIYHUH 1HCTUTYT
' v.kapustyan@mses.kpi.ua
2 pyshnograiev@gmail.com

Y poboti mpesncTaBieHi pe3yiabTaTd OCHIPKEHHS NESKAX 3a1ad
ONTUMAJILHOTO KEPYBaHHS Ui Mapa0oio-TinepOoNIiYHUX PpiBHSHb 3
HEJIOKAJbHUMHM TOYKOBUMH TPaHUYHUMH yMOBaMHu. Bimomo, 1o npu
po3a’si3aHHI TaKMX 3a1a4 ICHyE BEJHWKAa KUIBKICTh CKIJITHOIIB,
HaIPUKIIA], TIOBEAIHKA Y TOUIl PO3PUBY, HECAMOCIPSDKEHHICTh 0a3ucy i
T.1I.

Hexait QyHkis y(x,t)eCl([_))mCz(D_)ﬁCZ’l(D+) B D

3aJIOBLIBHSE PIBHSIHHIO

L y(x,t) =u(x,t) 6y
IIOYaTKOBUM ,
y(X,—a) = p(X) (2)
Ta TpaHUYHUM YMOBaM
y(0,) =0,y (0,) =y (1,1), —a <t<T, (3)
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ne D={(x,):0<x<l,-a<t<a,T>0}

D_={(xt):0<x<1l,—-a<t<0}, D, ={(x,1):0<x<1,0<t<T},

Ly={ e P70
t<0.

Yie ™ Y

s 3amaui (1)-(3) po3mismaroThess 3amadi  ONTHMAIBHOTO
KEepyBaHHS 3 MiHIMalbHOIO CHEPri€l0 Ta 3arajlbHUM KBaJpaTHYHUM
KpUTepieM y cremianbHiid HOpMi. Takoxk B poOOTI TpencTaBlieHU
PO3B’SI30K HaBeIeHOI KpaHoBOi 3ajadi.

MNMOBIPHICTh BAHKPYTCTBA Y BUITAJIKY «BAKKHAX
XBOCTIB»
Kinam O.M., Binuncbkuii A5,
JIpBiBCHKMIA HAIIIOHATBHAH yHIBEepCUTET iMeHi [BaHa Dpanka,
andrii.bilynskyi@gmail.com

Knacuuyna wepiBHicTh JIHnOepra, sKy MOXKHa 3HAHTH B YCiX
0a30BHX MiIPYYHUKAX 3 Teopii pu3nKy (auB. 30kpema [1, ct. 187]), mae
€KCITOHEHIIIHHI OI[IHKHU JUII IMOBIPHOCTI OaHKPYTCTBA Y BUIIAJIKY, KOJIA
IHAMBITyalbHI PO3MIpPH BHIUIAT MAIOTh PO3MOJUTH, “XBOCTH~ SKUX
CHaJal0Th 3 EKCIIOHEHIIMHO MBHAKICTIO. Lls yMoBa o3Havae, mo
BEIMKI CTPaxoOBi IO30BU 1, BIAMOBITHO, BEIWKiI CTPaXxOBi BHUILIATH
BiJOYBArOTHCS PIJIKO (3 EKCIIOHEHIIIHO MallMK HMOBIpHOCTAMH). Taky
CXeMy Ha3WBaIOTh “‘MOJIEIUIIO0 3 MAJIMMH BHUILIaTaMu~ . Aje y Oararbox
peaNlbHUX CHTYaIlisiX CIiJ BpaxyBaTH eKCTpeMallbHi Tomii, ToMy
PO3MipH BHIUIAT OyAyTh OiNBII afeKBATHO OMMCYBATUCS BHIIAQJKOBUMHU
BEIMYMHAMH, SIKI MAlOTh PO3MOMITM 3 TaK 3BAHUMH ‘BOKKUMH
XBOCTaMHU”’, JO 4YHMCIA SKHUX, 30KpeMa, HaJeKaTb PO3MOIUIA THUITY
[Mapeto. Y upoMy BHNAAKy CyMapHi BHUIUIaTH 1O CyTi OymyTb
BH3HAYATHCS MaKCUMAaJIbHUM IHIMBIAyaIbHUM 030BOM. [lanuii edext
cTaB 0cobnrBo NoMiTHUM Ha moyatky 2000 pp., konu ctpaxosi Qipmu
3MymieHi OyiaM BiJIIKOAOBYBaTH 3HAa4HI CYMH 3a CTPaxOBHUMH
M030BaMH, BUKJIMKaHUMH KaTacTpo(aMu: 3eMIIETpyCaMH, IOKEKaMHU,
MOBEHSMH, TEPAKTAMHU.
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Jlani 3acTOCOBYBaTHMEMO HACTYMHI TEPMiHH Ta MO3HAYCHHS:
skimo  F(X)—  ¢ynkmis  posmominy, To uepes F(X)=1-F(x)

T03HAYAEMO «XBicT» posnoziny F , a uepes F" — n-kpatHy 3roprky F.

Hexait gyuxuis posnoginy F(x), x € R, =[0;0) 3am0BonbHse ymoBy

F(x) <1 VxeR,. ®ynkuito posnoxiny F(X) HazBemo

cyOekcnoneHniHomw [ 1, ct. 189], sxmo Vn > 2
Iimmzlimﬂzn. @
x>0 F(X)  xoe 1-F(X)

Hamani xmac  cyOekcnoHeHmiMHUX — (QYHKOIH  po3mofimy
nmo3HavyatumeMo 4epes S. [[pokoMeHTyeEMO HMOBIPHICHY IHTEPIIPETAILIIIO
¢dopmynu (1): sxkmo X,,...,X, — He3aJeKHI OJHAKOBO PO3MOAITICHI

n
BUIIAJIKOBI BEJIMYMHH 13 QyHKIi€t0 po3noainy F(X), S, = Z X;, TO
i=1

1-F™(x)=P{S, > X}

P{maxxi > X }: F"(X) ~ nNF(X), Ko X —> oo,

1<i<n
Orxe,
P{S, > X}~ PimaxX, > X

1<i<n

MoxeMo 3poOUTH BUCHOBOK, 1[0 aCHMITOTHYHY TIOBE/IIHKY CYMH
BUIUIAT BU3HA4Ya€ OJHA JOyXe BelMka BuUiUiarta. Lle € oxmiero 3
IHTYITUBHO GakaHux BIACTUBOCTEH PO3IIOMLIIB 3 «BAKKUMM») XBOCTAMH,
sSKa TOSCHIOE, YOMY S MOXE 3aCTOCOBYBAaTHCS JI0 MOJEIIOBaHHS
BEJIMKHX BHILIAT.

3ayBakuMO, 10  cyOeKCHOHEHWiHHI  posmoxinu  Oyiu
3anpornoHoBaHi UucTakoBuUM [2] 'y KOHTEKCTI Teopil TULIICTHX
MPOIIECIB.

3ayBakuMo, 110 Kiac S € AocuTh OaratuM. 30KpeMa /0 LbOro
KJlacy HaJIeXaThb Taki posmofinu, sk Jlor-HopManpHHI pO3MOAIT,
posnoxin Ilapero, po3momin Bappa, jor-ramma po3mojii, 3pi3aHuii
CTIMKHMIA po3noAin, posnoxin Beiibymna, po3noainu bekranaepa tumy |
Ta Tamy 11

3ayBaXMMO, 10 y BHMAJAKYy KOJIHM BHUIUIATH PO3MOJUIEHI 3a

(24
3akoHOM Ilapero F(X)=1- (—] ,a>1 X>k Ta mor-HopMambHUM
X

3akoHOM. Pe3ynbrar orpumMano B [1, ct. 198-199].
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CripaBeITMBI HACTYITHI TBEPKCHHSL.
TBepmxkenns 1. Komu Bumtatn  mMarote posnofin Ilapero, skuit
3aJIa€ThCsI (PYHKITIEIO PO3MOITY:

F(x):l—(L} , a>1k>0,x>0,

K+ X
ACHMIITOTHKA  WMOBIPHOCTI 0OaHKpyTCTBa o(u) 3a1a€ThCS
CIIBBIAHOIICHHAM
Ak a
o(u) ~—(k +u) t U,
(e —1)- Ak

Trepaxenns 2. Konu Buruiatu maroTh po3mnozin BeiiOymia 3
napametrpoM 0 < y <1,3 GYHKIIE PO3IONLTY

F(x) =1—exp(— czxy), c,>00<y<L x>0,
ACHMIITOTUKA HMOBIPHOCTI OaHKpyTCTBa ((U) 3ada€ThCs

CHIBBIAHOLIEHHAM
1 1 1 1
p(u)~— F£1+—j—1+exp[—czx7}[c2x7 +1J :
= Y
c-Cj —/11“(1+ 1)
pu U —» oo,

TBepmkennst 3. Konu ButaTe MatoTh po3nofin benkranaepa tumy 11:
oxg & ) ax’
1-F(x)=ex E X exp —7 , a,>0,x>1,

aCHMIITOTHKA HMOBIpHOCTI OaHKpYyTCTBa @(U) 331a€THCSI HACTYITHUM

CHIBBIIHOILICHHSIM:
— A a au”
~p'F ~————exp — exp —— |, .
o(u)~ p*F (u) e 2 ) xp@ x;{ ﬂj U—>o0
Jliteparypa

1. 3imyenko H.M. Marematnuni MeToAM B Teopii PH3HKY: HaBYAIBHUIL
nocionnk/H.M.3inuenko.—K.:BIIL] “KuiBcrkuii yHiBepcuTer”,2008.—224 C.
2. Chistyakov V. P. A theorem on sums of irv and its applications to
branching processes / V. P. Chistyakov // Teor. Probability Appl. — 1969. —
N 9 — P. 640-648.
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CTATUCTUYHA ONITUMIZALISI BEAEHUX TIPUCTPOIB
CHUHXPOHI3ZAIII IHOOKOMYHIKAIIIHHUX MEPEXK
Kosanas B.B., [loporotoen B.B., Kosaas B.B. mou1.,
Kosupcska T.O., Ikasipescbkuii 1.1O.
HarionansHuil yHiBEpcHTET Oi0pecypcCiB i MPUPOTOKOPUCTYBAHHS
v.koval@nubip.edu.ua

Bukopucranns Begennx npuctpoi cuaxponizauii (I1C), sk mkepen
OTIOPHUX CHUHXPOCUTHATIB, OOYMOBIIOE HEOOXIJHICTH ITiIBUIICHHS
BHMOT JI0 TOYHOCTI Ta cTabiLIbHOCTI 9acoBux iHTepBaiiB (Ul), sxi BoHN
3a7ar0Th. PO3TISIIA€THCS CTATUCTUYHUN METOJ MiJABHIICHHS TOYHOCTI
I[IC indoxoMyHiKamiiHUX Mepex, sKi TNOOyZoBaHI Ha OCHOBI
HENIHIHHAX CHCTEM 3 ()a30BHM aBTOIIi ICTPOIOBAHHSIM YaCTOTH.

®dizuuHa TpUPOAA, TEXHOJOTIS BHPOOHMITBA, pEalbHI YMOBHU
TexHiuHO1 ekciutyaTanii [IC Bu3HAYaOTh CTAaTHCTUYHUN XapakTep
3anexxHocTi TouHocti Yl Bim temmeparypu. Ll 3amexHicTh HemiHilHA,
IO CIIIY€E 3 Pe3yNbTaTiB eKCIEPUMEHTATLHUX JOCIIKEHb BUOIPKOBOT
naptii ogHotumHux [IC (29 mpunanis), mpencTaBIeHUX CIMEHCTBOM
KpUBUX, SIKi TIEPETUHAIOTHCS B TOUIll TEMIIEpaTypH, Je 3IiHCHIOBAIOCS
ixue HacrporoBanHs (+20°C) i mydkiB po30ODKHUX Bia Ii€l TOYKH B
obuasa 6oku [1].

3anpornoHOBaHO BUKOPUCTAHHS CTATUCTUYHOI'O METOJY ONTHUMI3allii
3 METOO IiJIBUIICHHS TOYHOCTI YaCOBUX IHTEPBAJIiB CHHXPOCUTHAIIB.
Po3po6neno opurinaibhi anroputmu ta nporpama «CALCULATIONy
Ha MOBI mporpamyBanHs C++ Ay aBToMaTH3allii IpoIecy ONnTHMi3aii
TEMIEPaTypHOI CTIHKOCTI iHTEpBaIIB Yacy CHHXPOCUTHaIIB. BusHaueHo
ONTHUMaJbHI yMOBH TemmeparypHoi criiikocti IIC, mo cepiitHo
BUITYCKAIOTBCSI, 3a KpPHUTEpiEM MiHIMI3allii CTaTUCTUYHOTO JDKIH-
napametpy J(A®,) [2].

Jlitepatypa

1. Kosams B.B., Cykau I'.A., T'empumn O.B., Ocepempko E.A.,
Hanuneckuii C.B. CraTucTHuecKuil METOJ TMOBBIIICHUS TOYHOCTHU
MOJIMKAHAIBHOTO ~ MOHUTOPWUHTa  CHHXPOHHW3AIUU U POBBIX
TENeKOMMYHHKANUH // I1eKTpocBs3b. - 2012. — NeS.

2. Koval V.V., Kostik B.J., Sukach G.A. Optimal of Slave Devices
Synchronization of Infocommunication Networks // Xlth International
Conf. “The Experience of Designing and Application of CAD Systems
in Microelectronics” (CADSM 2011). 23-25 arororo 2011 — Lviv-
Polana, (Ukraine). — 2011. - P. 132-133.
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KATO/ITHA ILISIMA SIK CTAXOCTUYHUIM OF'€KT
"Koasna 1O.E., ‘BiziokoB A.A., *®exyu B.H.
lMapinOJ'II)CI)KI/Iﬁ Jep>KaBHUH yHIBEPCHUTET,

X apkiBchKuii HalioHanpHuI yHiBepcuTeT imeni B. H. Kapasina
$JIBH3 «IIpra30BChKHil IepKaBHHIT TeXHIUHMUIA VHIBEPCHUTET»

yukol@ukr.net

OpHi€r0 3 0COOJIMBOCTEH EIEKTPUYHOI IyTH 3 XOJIOJAHUM KaTOJIOM €
i wmumoBimpHa 3armbems [1]. JlocuTh mmpoke 3acTOCYBaHHS
EJIeKTPUYHOI AYTH B TEXHIIl Ta eKCIepUMEHTI [2] CTaBUTH 3aBIAHHA
OlIBII [OEeTaJbHOrO [JOCIHIIKEHHS ILHOrO sBHMINA. Ha mzacrasi
CTaTUCTUYHOI 00poOKu excriepuMeHTiB Kecaes [1] oTpumar po3mozin
gucna xyr N ¢ , yac TOpiHHSA KOTPHUX IEPEBUINYE JAeSIKe 3HAYCHHS { .

Leti po3monin 1o0pe onucyeTbes (HOpMYIIO

N(t) = N, exp(—t/9), 1)
ne N, - 3aragpHe 4HCJIO MOCHIAOBHUX iHIIIAIii Ayru (BUNpoOyBaHb),
¥ - cepelHsl TPUBAIICTh ICHYBaHHS JYyTM a00 cepelmHiil yac TopiHHS
nyru. ABTopom [1] 3a3HavyeHo, M0 Ha BeNMMYMHY ©) BIUIMBaE 0araro

(akTOpiB: MapaMeTpu eIeKTPUIHOTO KoJia, TeMIeparypa KaToja, TOIIO.
[Ipu npoMy, 17151 HEBETMKUAX CTPYMIB 3/[IHCHEHHA 3aJIeKHICTB:

J =, explp I -1, |, (2)
ne I, - moporosuit crpym nyru (IICH), ¥, - cepenHs TpuBamicTh
pospsany 31 ctpymoMm [ = I, , ¢ - #eska crana.

B pob6ori [3] Boanocs 3B'si3aTi mapaMeTpu emiipudaux Gopmyn (1) i
(2) 3 mapamerpamu, 110 XapaKTEPU3YIOTh EKTOHHY MoJeib [4] KaToxHOT
wrsmu  (KIT). B [3] #iMoBipHOCTI HasgBHOCTI 1 BIJICYTHOCTI €KTOHA
BUpaXalUCs  AOCHIJHMM  LUIAXOM  O€3MOCEpeAHbOro 100
(YHKIIOHYBaHHS Ta IHINIIOBaHHS eKTOHa 3a dacoM. Jlo Toro ix
aKCIOMaTHYHO MOKJIANanocs, MO KiIbKICTh OCepeKiB (IPyIl €KTOHIB) B
KII npsamo nmponopuiiino IIC/. Cnig 3ayBakuTH, IO TaKWi MiaxXig He
n03BoJisie mosichuTy po3noaia KI1 Ha KoMipky 1 BUMarae JesIKoro Horo
YIOCKOHAJICHHS.

VY naniii poGoti 3pobieHa crnpoba po3MMPUTH po3noyare B [3]
3actocyBaHHs ekToHHOT Mozeni momo KII. Ilpu moOynosi Mmonerni
BpaxoBaHi IMKIIYHICTH TopiHHA [4] 1 nguckperHa Oymoa KIIL
HeobOxignoto ymoBoto perenepauii KII BBaxkasiocss HasBHICTb Yy HHOMY
extoHiB. Kpim Toro BBaxkanocs, mo B KII muxiiyHO BHHHUKArOTbH
emiciiini mentpu (EL), yimmie wacthHa SKMX 37aTHA TPU3BECTH JIO
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HapOJDKCHHS eKTOHIB 3 WMOBIPHICTIO p, KiNbKicTh sikMX n=1/1,

3HaXOJUTHCS B Til Xe 3a1€KHOCTI BJ] CUIIU CTPyMy, A€ [, - epeKTuBHe

3Ha4YeHHS CTpyMy, mo mnpumnagae Ha oxuH ELl. Takox B Momeni
noxtaanocs, mo pereneparist KI1 o0ymoBieHa HapoHKEHHSIM €KTOHIB,
i, oTke, yac uTTst ocepenxy KII mopiBHIOETBCS mepiogy MiX IBOMa
MIOCIIIIOBHUMH T€HEpaIisiMA eKTOHIB. Ipn 1iboMy HApOIKEHHS €KTOHA
BBKAJIOCS HE3AICKHOIO MOIIETO.

B Mexax gaHoi Mojieni, 30kpeMa, OTPUMAaHO BHPA3u:

- JUTSl CepeIHbOT0 Yacy iCHyBaHHS IyTH:

(t)=t, exp|——1ng|,
IO
ne t,- cepenniii yac sxutTst ocepenky KII, g =1—p;
- imoBipHOCTi BusiBiieHHs B KI1 1BoX 1 OiJible ocepeaKis:
P, =1l-expal-1, ,

1€ a - JedKa cTaja Ui MaTepialy KaToay;
- KiIbKOCTi yr IV , 9ac iCHyBaHHS KOTPHUX NE€PEBUILY€E 3HAYCHHS ¢

N = N, exp _t .
{t)

TakuM 4rHOM, B pOOOTI TOOY/JOBAHO MOJIENb IUKJIIYHOIO ICHYBaHHS
KaTOJHOI TUISIMH - CYKYITHOCTI eMiCiHHMX IEHTPiB. 3ally4yeHHs METOJIiB
Teopii #WMoBipHOCTI Ta cratucTuku 10 TmporeciB KII mo3somwmmo
OTPHMAaTH PO3IMOJLN KUIBKOCTI JyT, IO HE CYIEepPEeUUTh EKCIIEPUMEHTY,
Yac JKUTTS SKUX TIEPEBHINYE IMEBHY BEIUYMHY, a TAKOX 3aJIeKHOCTI
CepeIHhOI0 Yacy XKHUTTA IOYId Ta WMOBIPHICTH TOTO, MO0 B IUIAMI
MICTUTBCS OLIBIIE OJHOTO OCEPEAKY BiJ pO3psALy CTpymy. Bakimmeum
pe3yabTaToOM POOOTH € MOXJIMBICTh BHU3HAYEHHSI CEPEIHBOTO dYacy
KHUTTS TUISIMHA TIPH CTAaTHCTHYHIN 00poOIi pe3ysibTaTiB BUMIpIOBaHb
CepeIHbOI TPUBAJIOCTI TOPIHHA AYTH.

Jlitepatypa

1. Kecaes U.I'. KaTogHble mporiecchl dyieKTpuueckoi ayru.- M.: Hayka,
1968, 244 c.

2. Vacuum arcs - Theory and application. / ed. by J.M. Lafferty - New
York: Wiley, 1980, 372 p.

3. Bapenronsn C.A., Mecsan I'.A. CamMonpou3BoIbHOE TIOTacaHue JyTH B
skroHHOM Mozenu. // IDKT®, 2001, T. 27, Beim. 6, c. 82 — 85.

4. Mecsan T'.A. DKTOH — JaBHHa OJEKTPOHOB W3 MeTawia. // Ycmexu
¢u3nueckux Hayk, 1995, 1. 165, Ne 4, c. 601-626.
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MMOBIPHICHUH NIJIXIJI IO MOBY1OBH
OITHONEPIOTHUX MOJIEJIEHN JYONOJIII
JIADGEPEHIIIHOBAHUX TOBAPIB
KocapeBuu K.B.

JIpBiBCHKMIT HAIlIOHATBHAN yYHIBEpCHUTET iMeHi [Bana dpanka

kosarevych_ktps@ukr.net

3anponoHOBaHO MOJAENI KiIbKICHOI Ta I[IHOBOI KOHKYpEHIIi B
yMOBax myornodiii audepeHmiiioBaHuX ToBapiB [1-2], B SKUX KepoBaHA
3MiHHa BHPOOHHWKA (BHIIYCK YH I[iHA) BBAXKAETHCS BHITAKOBOIO
BennunHOMK0. [Ipn IboMy AOCTiAKEHHS 3A1CHIOEThCS B paMKax 0a30BUX
MPUIYIICHb KJIACHYHUX MOJeNIel Mpo JiHiIHHICT, (yHKIIH BHUTpat
BUPOOHUKIB, CHUMETPHUYHICTh TPAaHMYHUX BHTpPAT Ta JIHIAHICTh
o0epHeHNX (QYHKIIIH TOMUTY HA TOBApH.

Mogeni crparteriyHoi B3a€MOJil JyOIONICTIB Ha peaIbHUX
puHKax MudepeHIiHOBaHUX TOBapiB MPEICTABICHO Oe3KOANIMiHHUMHU
irpamu. BunineHo xirac po3nofiiiB, IO TapaHTYe iICHYBaHHS PO3B’SI3KY
HEKOOIIEPOBaHOI I'PH Ta J03BOJISIE 3HAUTH HOro 3a JOMOMOI'OI0 METOIB
omykjoi onTtumizamii. OTpuMaHO B SIBHOMY BHTIILIAI (GopMmymn s
BH3HA4YEHHs ‘‘BHIpaBiieHOl” piBHOBarn 3a Hemem [3] cmodwartky mist
JyOTIOJIil 3 BUMIAJKOBOIO KEPOBAHOK 3MIHHOKO OJHOTIO, a Mi3Hille 000X
BUPOOHWKIB (32 YMOBH HE3QJEKHOCTI BHIAJKOBUX BEIUYHH).
Pesynbratu omepxaHo 1S MoOyIOBaHUX MOJENEN SK KiJbKiCHOT, TaK i
LIHOBOI KOHKYPEHIIII.

Jlitepatypa

1. Singh N., Vives X. Price and quantity competition in a differentiated
duopoly // RAND J. Economics. — 1984. — 15, N 4. — P. 546-554.

2. Topbauyk B.M. PaBHoBecuss KypHo—Hsma wu beprpana—Hsma mis
TeTepOreHHON nyornonuu  Au(QepeHIMPOBAHHBIX NPOAYyKTOoB / B.M.
I'opbauyk // Kubepuetuka u cucremnsiii anamus. — 2010. — Ne 1. — C.
29-37.

3. Kocapesuu K. B. [Ipo icHyBaHHs Ta ¢opMmy “BHIIpaBICHOi” piBHOBaru
3a HemoM y rpi 3 BUMAIKOBUMH CTPATETisIMU IS KJIACy KBAAPATUIHUX
¢yukuiit Butpar / K.B. Kocapesnd // «CydacHi mpo0iieMu MaTeMaTHIHOTO
MOJICTFOBAHHsI, TMPOTHO3YBaHHS Ta ONTHMi3alii: Te3u JjomoBiged VI
MikHaponHoi koHpepennii — Kam’saenp-Iloainsecbkuit, kBiteHs, 2014. — C.
86-87.
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ONITUMAJIBHI JUHAMIYHI CUCTEMU HA ITIOBEPXHSIX 3
MEXKEIO
Jlocesa M.B., Ilpnmask O.0.
KuiBcrkuit HamioHasHUH yHiBepcuTeT iMeHi Tapaca IlleBuenka
mv.loseva@gmail.com

Mwu posrisagaeMo CTPYKTYPHO CTiMKI JWHAMIYHI CHCTEMH 3
HETIepepBHUM dYacoM (ITOTOKM) ©O€3 3aMKHEHHX TpaeKTopiii Ha
KOMITAKTHUX TOBEPXHSAX 3 MEXKEI0 1 TakKi, IO BCi HEPYXOMi TOUYKH
CHUCTeMH JIeKaTh Ha MeXi. 31 CTPYKTypHOI CTIHKOCTI BHILTHBAE, IO
HEPYXOMi TOYKH € TinepOOTIYHNMH, a TAKOXK Te, 0 KOKHA TPAEKTOPIs
MOYMHAETHCS Ta 3aKIHIYETHCS B HEPYXOMHUX TOUYKaX.

JunamigHa cricremMa 0e3 3aMKHEHHX TPAEKTOPIiH, 3 HEPYXOMUMHU
TOYKaMH Ha MEXI1 MOBEPXHI HA3UBAETHCSI ONTUMAJIBHOIO, SIKIIO BOHA Ma€
HaliMEHIIIe YMCII0 HEPYXOMHUX TOUYOK Cepell BCIX TAKUX CUCTEM.

3actocoBytoun Teopemy Ilyankape-Xomda m0 MOTOKy Ha
MTO/IBOEHIH MTOBEPXHi, MOKHA OTPUMATH TaKi pe3yIIbTaTH:

Teopema 1. OnTuManbHa JUHAMIYHA CUCTEMA Ma€ €TUHUIA CTIK
Ta €IUHUNA BUTIK.

Teopema 2. OnTiManbHa qUHAMIYHA CHCTEMa Ha OpPIEHTOBaHii
moBepxHi poay g 3 K xommonenTamMu mexi mae 4¢g + 2k Hepyxowmi
TOYKH, @ Ha HEOPIEHTOBaHIi MOBepXHi poay J 3 K KoMImoHeHTaMu Mesxi
Mae 2¢ + 2Kk HepyXOMi TOUKH.

Jlitepatypa
1. pumnsxk  A.O., Jloceea M.B. O CTpyKTypHO YCTOHYMBBIX
OOBIKHOBEHHBIX AU (EpeHIINATBHBIX YPAaBHEHUSX Ha IIOBEPXHOCTAX C

kpaem // KypHan oOunciroBanbHOI Ta npukianHoi matemaruku. — 2002. -
Nel(87). - C.45-48.

CTOXACTHYHA CTIHUKICTh
OJ/ITHOT'O BUJIY CUCTEM BHUITIAJIKOBOI CTPYKTYPH
Jlykami T.O., Ciio6oasH A.O.
UYepHiBellbKWH HAI[IOHAILHUIA YHIBEPCUTET
imeHi FOpist ®enproBrua
t.lukashiv@gmail.com

CroxacTnyHa JOUHAMiYyHAa CHCTeMa I[TO BHMIIAIKOBOI CTPYKTYpH 3
NpoOOBO-THIHHOI HEBU3HAUCHICTIO 33/1a€bCSI PIBHSIHHIM

dx(t) = A(t, £ (1) x(t)dt + B(S(1)) x(t)dw(t) (1)
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i3 30BHINTHIMA MapKOBCHKUMHY MTEPEMHUKAHHIMH

AX()] 1, = 9, £ ) 770 X (). 0
t e K={t, ﬂ}, n=0212,...,, limt =+, i nouarkoBumu ymoBamu
n—oo
St)=yeY, X(to)ZXOERm:UkOZhGH- 3
Tyr &(t) — mapkoBchKuil mpolec i3 3HAYEHHSMH B HPOCTOPI

Y ={y;, Yy} 1M, K =0} — mammor MapkoBa i3 3HaueHHAMH B
npocropi H; X:[0,+0)xQ—R™; w(t) — M -BumipHuil cTaH-KapTHUI
BinepiB mpouecc; gyukuis g:R, xYxHxR™ - R"™ ¢ umiprow 3a
BciMa aprymeHTamu i JlimmumeBor 3a OCTaHHIM apryMeHTOM;
A(t,E(t)) 1 B(&(t)) — marpumi BiAMOBIMHOI PO3MIPHOCTI 3aJIeXKHI Bif
¢(t) ma t, mpmaomy AL Y)=Ay)+ +M(Y)HE Y)INCY),
H(t ;) = ®(t vl =G(y) Pt y)I ™, ne A(Y;), M, N, G(y;) — Binowmi
crayi Marpuui BinnosigHoi posmip-Hocti, D(t,y;) — HeBizoma
MaTpuyHa (yHKIis 3 BUMipHHMHU 3a JleberoMm emeMeHTamu, TS SIKOT
@ (t,y,)P(t,y;) <1, | — omuamuna MaTpUIIA.

Jus cucremu (1)-(3) BcTaHOBIIEHO AOCTaTHI YMOBH CTOXACTHYHOL
CTIHKOCTI.

Jlitepatypa
1. Scuncekuit B.K., Jlykamie T.O. Crabimizamniss CcTOXacTHYHUX
Tudy3iiiHUX TUHAMIYHUX CHCTEM BHIAIKOBOI CTPYKTypu. — YepHiBmi:

UepHiBelbKUI HallIOHATBHNUIT yHIBepcuTeT. — 136 c.

PO ICHYBAHHSA ONTUMAJIBHOI'O KEPYBAHHSA AJ151
CTOXACTUYHOI IMHAMIYHOI CHCTEMM BUIIA/IKOBOI
CPYKTYPU
Jykaumis T.O., Sluko M.P.

UepHiBeupkuii HallioHANBHUH yHiIBepcuTeT imeHi FOpis @enproBuya
t.lukashiv@gmail.com

CroxacTM4yHa  CHCTEMa  BHNAJIKOBOI  CTPYKTYpU  33/1a€ThCS
CTOXaCTHYHUM An(epeHLiaIbHUM PiBHSHHIM ITO

dx(t) = at, £(t), x(t), u(®))dt + b(t, £ (t), x(t), u®))dw(t) (1)

3 MapKOBCBKUMM IIEPEMUKAHHAMU
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AX(O)] i, = 9 £ 0 X)) 0
t eK={t,M},n=012..,, limt, =+o.

i MOYaTKOBMMH YMOBaMH
Et,)=yeY, X(to):XOERm’ﬂkozhEH- ©)
Tyr &(t) — mapkoBchkuil mpolec i3 3HAYEHHSMH B HPOCTOPI
Y ={Y; Y} {7, kK=0} — nanwor Mapkosa i3 3Ha4eHHSMH B
npocropi  H;  X:[0,40)xQ—>R™;w(t) -  m-pumipnuii
CTaHJIaPTHUN BiHEPIB MPOLIEC.
st cucremu (1)-(3) BCTaHOBIGHO JJOCTAaTHI YMOBH ICHYBaHHSI

ONTUMAIFHOTO KEPYBAHHS Y pO3yMiHHI 3a/1a4i MiHIMi3aril QyHKIIOHATY
SIKOCTI

L(U0) =1 (t,X) = inf {iEtk,xk {F(X(T))+ ]G(s, X, u(s, x))dsH ,
ne F(x)>0,G(t,x,u) >0, E_ {f}=E{f/x()=x}.

Jlireparypa
1 Amnppeea E.A., Konmanosckuii B.b., Hlaiixer JL.LE. Ympasnenue
cucteMaMu ¢ nocneaeiicteuem.— M.: Hayka, 1992.— 336 c.

CTIMKICTh HANIBMAPKOBCBKHUX EBOJIIOLIIA
Y CXEMI YCEPEJJHEHHS
Mauuk L.B.
UYepniBeupknii HalioHabHUH yHiBepcuTeT iMeHi HOpist @enpkoBrua
malyk.igor.v@gmail.com

[MuTanHro 301KHOCTI BHITQJKOBHX IPOIECIB MPUCBIYCHA HU3KA
po6it, Hampuknan [1,2], me mOCHIHKYIOThCS caMe HamiBMapKOBCHKI
npotecu. [Ipu moCmiKeHHI MUTaHHS 301KHOCTI NMPHUPOJAHO BUHHUKAE

OUTaHHS CTIMKOCTI JOrpaHMYHUX TporeciB &£° 3a yMOBH, IO
rpannuEmi nporec &£° e crilikuil y meBHOMy po3yMiHHi. Posrisremo

HariBMapKoBChKi BumaakoBy epouoriro (HMBE) £# (t),t >0 y cxemi
YCepPEIHEHHS, 1110 33a€ThCS CITIBBIAHOIICHHAM
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£ =70+ Tl 05)+ 2" [x).08) @)
ne X(t),t>0 - piBHOMIpHO eproAWYHHIl MapKOBCBKUI mpouec 3i
3HaYeHHSIMH B BHUMipHOMY mpoctopi E , 3amanmii remeparopom Q Ta
CTaIllOHAPHUM PO3MOJIOM 7T ; n(x,t),Xe E,t>0 - HamiBMapKOBCHKI
MPOIIECH, IO 3aTAETHCS SAPOM G(u,dv,t;x) [2]; y(x,t),Xe E,t>0 -
mudysiiiHMi  mpormec, MO 3aJaHUNl  TEHepaTopoM F(X), xekE.
Hpumyctumo  [1, 2], mo ¢&°=¢&°, ne §°(t) 3aI0BOJIBHSIE
nudepeHLianbpHe piBHSIHHS

de0 (t)=cle° Ot 2)

Teopema. Hexait 1) mMae micue cna6ka 36ixuicts npu e+ 0 HMBE 10
yCcepeaHeHol  eBOJIONiT §°(t)(2); 2) icuye Qynknais JlsmyHoBa
Vu),ueR® mms &£° omx  sikoi V'(U)S—CV(U), c>0 Ta
|c(u, X)V'(U)|+|C(u, X)(C(u, x)\/(u))| <cV(u) ; yac mepeOyBaHHs B CTaHi

0, 3anoBonbHsae ymMoBy Kpamepa. Tozi npu 10CTaTHBO MalMX & :
P{‘lim £(t)= 0}:1.
—0
Jlitepatypa

1. Anisimov V.V. Switching processes in queueing models. — London :
ISTE Ltd., 2008. — 345 p.

2. Koroliuk V.S., Limnios N. Stochastic systems in merging phase
space. — Singapore : World Scientific Publishers, 2005 — 331 p.

MOJAJIBHI PET'YJSATOPU 3 MIHIMAJIBHORO
YYTJIUMBICTIO
Martsienko B.T.
KuiBchkuii HallioHanpHUH yHIBepcuTeT iMeHi Tapaca [lleBuenka
matvienko.vt@gmail.com

B cucremax xepyBaHHSI HEMOKJIMBO a0COJIIOTHO TOYHO BiATBOPUTH
HOMIHAJIbHI XapaKTEPUCTUKNA OKPEMHUX KOMIIOHEHT CHCTeMU. [InTaHHs
YyTIMBOCTI CUCTEMHU KEPYBaHHS JI0 iX MapaMeTpiB BUHUKAE KOXKHUH pa3
[IPU NPOEKTYBaHH1 (i3ndHOi MOJei.

B pobori posraspaerbes 3agada BUOOPY MOJANBHOTO PETYISITOpa 3
MiHIMaITbHOIO "yThuBicTO. [Ipy BHOOpI 6araTOBUMIpHOTO MOJAIBHOTO

106



perynsaTopa, sSKui 3abe3neuye 3aMKHYTIH CHCTeMi KepyBaHHsI 3aJaHHH
CHEKTp, iICHye neska MHOXHHA JOBUIBHHX mapaMeTrpiB. Tomy MoxHa
CKOPHUCTATHCS LI€I0 MHOXXHHOIO TTapaMeTpiB, 00 po3B’A3KH 3aMKHYTO1
CHCTEeMH KepyBaHHs Oyny MiHIMaabHO YYTJIIMBUMH BiJ IUX MMapaMeTpiB
cuctemu. Po3risiHemo cucteMy KepyBaHHS
X = Ax(t) + Bu(t) (1)
dt

3 MOJIaJIbBHUM M - BUMiIpHUM KepyBanHsM U(t) = Cx(t), me X(t) - BexTOp
cTaHy cucteMd N BuMipHuH, C - MaTpumsd po3MipHOCTI MxnN
00EpHEHOTO 3B’ A3KY CHCTEMH.

BimomMo, mo M- BUMIpHUA MOJANBHUI pETYNSTOpP MOXKHA
MPEICTaBUTH y BUTIISI

~ 14 W1

u(t)=Cx(t)=v(p—a)' P 1(Bv, ABYv,..., A" 1|3v) x(t),

JIe KOMITOHEHTH N BUMIipHOTO BEKTOpa P € KoedimieHTaMu
XapaKTepUCTUIHOTO MHOTOWICHHA PO3IMKHYTOT cucteMu (1)

n n-1 n-2 T
Pa)=2" + P A"+ P A Lty p=(P1. Py Pn)'
KOMIIOHEHTH BEKTOpa a € Koe(illieHTaMH XapaKTepUCTUIHOTO
MHOTOYJICHHA 3aMKHYTO1 cuctemu (1).

Posrnsimemo QyHKIito 4ymimBocTi po3B’sizky cucremu (1) Bix
dx(t)
dv'

BEKTOpa MapameTpiB V, =U(t). dus 3abe3medyenHs MiHiMaIbHOT

YyTIUBOCTI PO3B’S3KiB 3aMKHYTOI CHCTEMH BiJl BEKTOpa IapamerpiB V

[’}
posrnsaaerses GyHkmionan skocti (V) = jtr(U T (U (t))it :
fo

PO BILIUB BUBOPY CTPATEITi ONOJATKYBAHHSA HA
CTAHU PIBHOBAT Y BIIKPUTOI EKOHOMIYHOI
CUCTEMH
MaxopTt A.IL
IHcrutyT Teopernunoi dizuku im. M.M. Boromo6osa HAH Ykpainu
map@Dbitp.kiev.ua

PiBHOBara € QpyHnaMeHTaNbHUM MOHATTAM AJs1 GYHKLIOHYBaHHS
E€KOHOMIYHHMX CHCTEM. 30KpeMa, I[iHa Ha KOXXEH TOBap B €KOHOMIYHIH
CHCTEMi YTBOPIOETBCS B PE3YNbTaTi JOCSITHEHHS pIBHOBar", ado
OanmaHcy MK MONMTOM Ta NPOMO3MLIEI0 Ha LEeH ToBap. 3aranom, B
C€KOHOMIYHI¥M CHCTEMi MOMHUT Ma€e He TIEPEBUIIYBATH pono3uilii. AKmio
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BHACJIIOK BCTAQHOBJICHHS PIiBHOBarW IMOMUT HA JIEAKi THUIKM TOBApiB
Oyze MeHIIe 3a IPOMO3HIIi0, IIe 03HAYATUME, IO TaKi TUITH TOBAPiB HE
MOBHICTIO CHOXHUBATUMYThCS. [lomiOHUI pO3BUTOK TOJIN HE 3aBXKIH
oJlpa3y MPU3BOJUTHME JIO 3arpo3 (PYHKI[IOHYBAaHHIO BCi€i EKOHOMIYHOT
CHCTEMH, alie 3aBXI1 € HeCHPUATIUBUM JJIsi BUPOOHHUKIB KOHKPETHUX
TOBapiB, a B MOJAJBIIOMY MOXE CIPHYUHATH 1 MOSBY SBHII perecii.
HapnumkoBy mporo3umito ToBapiB B €eKOHOMIUHIN CHCTEMi YTBOPEHOT
| ciokuBauamMu MOYKHA 3aIMCATH Y BUTIIS

! .

Zy =¥~ 2,0V k=1n. (1)
i

! omucye

n n,
e {!//i }i:l — BEKTOp TMPOIO3UIlii, a MaTpHIs Hckj i

CTPYKTYpY CHOXHBaHHS N TumiB ToBapiB. OHIEI0 3 BaKIUBUX
XapaKTePUCTUK PIBHOBard CKOHOMIYHOI CHCTEMH € BEKTOP CTYICHIB

: !
3ag0BoJieHHsT 110Tped crniokuBauie Y ={Y, };_,. Kommonenrn Bexropa

BU3HAYAIOTh PIBHI CHOXHUBaHHSI OKpEeMHX CYO'€KTIB EKOHOMI4HOI
cuctemu. Ll BemuunHa UTFOCTPYE 1 €PEKTUBHICTD JiSUTBHOCTI Cy0'€KTIB
ekoHOMiuHOi cuctemu. Cucrema piBHsAHB (1) ommcye mMOpyIICHHS
0aslaHCY MK TIOIUTOM 1 MPOMO3MIIEI Ta JO3BOJISE BUSHAYUTH 32 SIKUX
PIBHIB CHOXHBaHHs Il aucOasiaHC MOXKe BiOyBaTHCh. Baxiueum
IHCTPYMEHTOM BILUTUBY Ha IOBEAIHKY €KOHOMIYHOI CHCTEMH € BHOIp
cTparerii onoaatkyBaHHs i1 cy0'ekTiB. PiBHI OmoJaTKyBaHHSI € TaKOXK 1
XapakTepuCTUKaMH CTaHy piBHOBarm. MoxHa igeHTH(]iKyBaTH
CTpaTerilo ONOJATKYBaHHS, IO TNOB'S3aHA 31 CTAHOM pIBHOBArH,
nepeOyBaHHS EKOHOMIYHOI CHCTEMH B SKOMY NPHU3BOAUTHME [0
HAasBHOCTI HAJJIMIIKOBOI MPOMO3HUIlii Ha Jeski ToBapu. Lle macte 3mory
3'ICYBaTH SIK YHUKHYTH AUCOATAHCY MiX TIOMTUTOM 1 IIPOTIO3HUITIETO.

TPAHCIIOPTHAS 3AJJAYA C HEHETKUM
MHO>KECTBOM INIOTPEBUTEJIENA
Mamenko C.O., Anp-Cammapan Moxammen Caax Uopaxum
Kuesckuii HanmoHanbHbIA yHUBEpcUTET M. Tapaca IlleBueHko
msomail@yandex.ru, blackhawk_is@yahoo.com

Kiaccuyeckass TpaHCHOpTHash 3aja4a COCTOMT B MUHHMU3ALUH
3aTpar Ha MMePeBO3KU OT MOCTABIIMKOB 13 MHOKecTBa M ={1,2,...,m} k

notpeburesnsim u3z muokecta N ={1,2,...,n}.
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[pennonoxum, 4TO JHMIO, NPUHUMAOLICE pEIICHHE, HE MOXKET
YeTKO CKa3aTh, Kakhe MOTPeOMTeNH B JICHCTBUTENBHOCTH OyIyT
(YHKIIMOHUPOBATh, @ MOXKET JIMIIb 3a1aTh (QYHKIMIO MPUHAUICKHOCTH
u(i), ieM, Heuetkoro muHoxecTBa M C M  aKkTyambHBIX IO €ro
MHEHHIO TOTpeOuTenei. Torma BO3HWKAET TpaHCIIOPTHAs 3ajava C
HEYETKHM MHOXKECTBOM HOTPEOUTENEH B CIIEIYyIOIICH TOCTAHOBKE:

D> % —>min, (1)

ieM jeN

> % 2b;, jeN; (2)

ieM
D:injSai,ieM;xijZO,ieM,jeN. (3)

jeN
O6o3naunm  D; :{XeD| inj >Db;}, Torma samuce Buma  (2)
ieM
03HAYaeT, YTO MHOXECTBO JOMYCTUMBIX perienuid momenu (2), (3)

JIOJKHO  33/1aBaThest coracHo [1] xak D= (]D; - mepeceuenue
ieN

HeyeTkoro MHoxkectBa N  dyerkux MHOxectB D i» TIPEICTaBIsIONICE

€000 HEUeTKOE MHOKECTBO THIIA 2.

B nmoxmane mpeamaraercss merox pemenus 3amaun (1) — (3), ¢
JIOCTOBEPHOCTBIO JOMYCTUMOCTH IJIaHa MEPEBO30K, PAaBHOU €IUHUIIE, U
C JIOCTOBEPHOCTHIO €0 HEJOMYCTUMOCTH HE MEHEe 3aJaHHOTO YHUCIIa.
JlutepaTypa
1. Mamenko C.O. Onepauyu nepecedeHuss 1 00bETUHEHUST HEYETKOTO
MHOXecTBa HedeTknx MHoxecTB / C.O. Mamenko // VckyccTBEeHHBIH
uHTEINEeKT. — 2012. — Ne 2 .- C. 111 - 122.

IIEHTU®IKALISI TAPAMETPIB AJIEKBATHHUX
JOKAJIBHUX MATEMATHYHUX MOJIEJIEN B
AJITEBPATYHINA ®OPMI
Menbmukos FO.JI.

JHINponeTpoBChKUI HALlIOHATBHUN YHIBEPCUTET
Menshikov2003@list.ru

VY 0araThOX BHIIQJIKAX MaTeMaTHYHa MOJENb (i3WYHOTO MPOIeCy
OynyroTbcss K  JiHIMHI ~ anreOpaiuHi  CHIBBITHOIIEHHS — MiX
XapakTepucTUKaMH (Hi3MYHOTO MPOLECy:

AG =0, §=(0,0, .-, )", 1)
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e A € Matpurst po3MipoM MXN JIHIHHUX MaTeMaTHYHUX MOJEICH
3B’SI3Ky BEKTOpPA BXiHUX MapaMeTpiB (i3WIHOTO mporecy { po3mipom

N 3 BEeKTOPOM BHXiZHMX TapameTpis U posmipom m, ()" e 3Hak

TPaHCIIOHYBaHHSI.
Posrasaemo oquH psimok B (1):

QO+ 0 +...+8y O, =U,, k=1...,m, 2

nE 81,8 ps---,8y o€ TMAPAMETPH HAOIMKEHOI MaTEMAaTUYHOI MOZENi

3B’A3Ky BXIZHUX napamerpiB ¢izuuHoro mnpouecy 0;,0,,-.,0, 3
BEKTOPOM BUXIJHUX NapaMeTpiB U, .

Hexait § = (6,,,.-.-,0,)" € excriepuMeHTATBHI BUMipIoBaHHA. SKIIIO
IIPY MiCTAaHOBILI LUX BUMIPIOBAHb Y (2) OTPUMAEMO MOKAa3HUK U, , SIKHH
BIZPI3HSETBCS Bif BUMIpIOBaHHS U, Ha BEIMUHHY 5<&,, Ae &, €
MOXMOKa BUMIPIOBAHHS MOKa3HHKA Gk, TOAI MareMaTHuHi Mojeni (2)

OyneMo Ha3MBaTH JOKAIbHUMU — AOEK8AMHUMU — MAMEMAmuyHuUMU
MoOensaimu (HI3UIHOTO TIPOIIECY.

Hanpuxnan, metoa HaliMEHIIUX KBaApaTiB HE 3a/I0BOJIbHSIE YMOBAM
aJIeKBaTHOCTI, SIK TIPaBUIIO.

HaBeneno  mpukiagum — cHHTE3y — IapamMeTpiB  aJeKBaTHHX
MaTeMaTHYHUX  Mojenell y  anreOpaiunoi  ¢opMi  MeETOIOM
ineHTugikarii.

CIIIP B OITUMU3ALIMU TEXHOJIOI'MYECKHUX
INPOLECCOB B METAJLLTYPTUHN
Muxanés A.M., Kysneuos B.!., EBrymenko I'.JI.
maillich@mail.ru

Cuctemsl nognepxku npunsatus pemennid (CIIIIP) Bcé mmpe
NPUMEHSIOTCS B aHANIM3€ W ONTUMH3aUMK Ou3Hec-mpoueccoB. s
y4eOHBIX ¥ TpUKIamHbIX 3anad  paspaborana CIIIIP NooTron
(http://nootron.net.ua). B Heli Hapsagy ¢ OUOJHMOTEKOH METOI0OB
MHOTOKpHTepuanbpHoro aHanusa (MKA) cogeprkaTcst HHTErpUpOBaHHbIE
Metobl. MaTerpupoBannsiii Mmetoq MAN/MAC+MMP noaxomut st
pelIeHns 3aja4d B YCIOBUAX HEONPEIEIEHHOCTH.

B curyanuu HeonpeneneHHOCTH MPH aHAIM3€ M ONTHMHU3ALMU
TEXHOJIOTHYECKMX CHCTEM YMECTHO  HCIOJNb30BaThb  COYETAaHHUE
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MMUTAIMOHHOTO MOJIENNPOBAHUs, TOUCKOBOM ONTUMHU3AIIMN U METOJIOB
MKA.

B pamkxax HUP pazpaborana cucreMHast MOAEb AJIs aHAIHU3a U
ONTUMU3ALIUI BHYTPEHHHUX SHEPreTUYECKUX pecypcoB
METAJITypTHYECKOTO IPOM3BOACTBA — BaXXHOIO pe3epBa HOBAIUI
SKOHOMHYECKOM, SJHEPTETHICCKOMN M KOJIOTHIECKOM 3P EKTHBHOCTH.

OnTtuMu3anus pacnpeneneHus JOMEHHOTO U KOKCOBOI'O Ia30B
o NOTpeOUTEISIM IIPOBOJMIIACH Ha OCHOBE MOJEIH
TEIUIOIHEPreTHYECKON CHCTEMbl IPOMBILIUIEHHOTO npeanpustus [1], Ho
B BEKTOPHOM MOCTAHOBKE C YYETOM BapHAaHTOB BHEIIHUX YCIOBHUH [2],
r7ie TpUMEHsICS HHTerpupoBaHHbIl meron MAW+MMP B CIIIIP
NooTron. Meron ontumMuzamum — TnonHBIA Tnepedop. Ilokazana
BO3MOXXHOCTh YJIYYILIEHHUS paclpeieieHns BHYTPEHHUX PpeCcypcoB
npousBojacTBa. [IpennokeH HOBBIM TOAXOJ K YYETYy BO3MOMKHBIX
M3MEHEHUI BapUAHTOB BHEIIHUX YCIOBUIL.

Jlutepartypa

1. CazanoB b.B., Curac B.M. TemnosHepreTuyeckue CHCTEMBI
MIPOMBIIUIEHHBIX TpeAnpusTuii. M.: Dueproatomuzaat, 1990. — 304 c.
2. MuxamsoB O.I. CucremHa wMmopmenb mansi OaraTOKpHUTEPiaIbHOTO
aHaizy  TEXHOJNOTidH  BHUKOPUCTaHHS  CHEPreTUYHUX  pecypciB
Metanypriiinoro BupoOHunTBa / MuxansoB 0.1, Kysuenos B.1,
€srymenko [.JI. / CywacHi mnpoOnemum wertamyprii. — Nel7.
Huinponerposcek. — 2014, — C. 50-65.

BEKTOPHI PIBHOBAI'H
B BA'ATOKPUTEPIAJIBHUX ITPAX
Mopeneus B.I1.
KuiBchkuit HanioHanmsHUH yHiBepcuTeT iM. Tapaca IlleBuenka
v.i.morenets@gmail.com

Jlns Gararokputepiansoi rpu G = <Xi , (uij)je,\,Ii e N> ,ne N —

MHOXHMHA TpaBUiB; X; — MHOXHHa crpareriii rpasus, 1€ N;

ul =ul(x), jeM,, — xpurepii i -ro rpaBus, sKki Bu3HaueHi Ha

MHOXKUHI cuTyanid rpu X :HXi; M. — MHOXuMHA iHZAEKCIB
ieN

KpPUTEPIiB { —TO TPaBIsl, - Y JONMOBIJI PO3TISAAETHCS Pi3HI CIIOCOOH

BHOOpPY CTpaTeriil Mpy HEKOOMEPATUBHIM MOBEIIHII TPABIIIB.

111



B yMmoBax mOBHOI i307bOBaHOCTI TpaBLiB (KOXEH TpaBelb 3HA€E
TITBKA CBOI KpuTepii, Tpa BigOYBa€TbCcS OJHOPA30BO, ITOBEIIHKA
TpaBLUiB HE 3aJeXHUTh BiJ MOYATKOBOI MO3MMLIi T'PU) PO3TIIAIAETHCS
BUOIp HEJOMIHOBAaHHMX CTpaTerid, JOMiHYyIO4Oi cTparterii i obepexHa
TOBEIiHKA TPAaBIIB. Y3araJlbHIOIOTECS Ha OaraTOKpUTepiaTbHUH
BHITAIOK TOHATTS MHOXXHH HEIOMIHOBAaHHUX 1 OOEpPEeKHHMX CTparerii
[1].

B ymoBax moBHOI  iH(GOPMOBAHOCTI TpPAaBIIB PO3TIIATAETHCS
KOHIICTIIIS BEKTOPHOI piBHOBarm B OaraTOKpUTEpiadbHIA Tpi.
HaBeneni HeoOXigHi Ta 1OCTaTHI YMOBHU CIIAOKO1 Ta CHIILHOT BEKTOPHOT
piBHOBarm [2]. VYBeoeHO TOHATTA MapaMeTpUYHOI TpU Ta
JIOCTIKY€EThCS 11 3B’A30K 3 BUXITHOI 0araTOKPUTEPIaIbHOKO TPOIO.
[IponoHyeTbest 3MilllaHE PO3MIMPEHHSI OaraTOKpUTEpiaibHOI TpU Ta
JMOCTIDKYIOThCS 11 BJIACTMBOCTI. SIKk  NPHUKIagu  3aCTOCYBaHHS
KOHIIENIIi] BEKTOPHOI piBHOBAru po3TisAal0ThCA HACTYITHI KIIACH irop:
HEYITKi irpw, irpy B YyMOBax HEBH3HAUEHOCTI, IrpH B YyMOBax
“B3a€MOJIOTIOMOTH” TPABIIIB.
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B Oaratbox poOoTax cyyacHuX BueHHX (Hampukian —[1-5])
MPOTIOHYIOTBCSI  MaTeMaTW4yHI  Mojesi  1HQOpMAI[iifHOr0  BIUIKBY,
iHpopMaLifHOro MPOTHOOPCTBA, 30KpPEMa, TEOPETUKO-irpOBI Monei
iHpopmauiiiHoro npotudopcTsa. B Hamili 7ONOBiAl pO3IIIAIA€THCS TaKa
iIrpoBa MareMaTHUYHA MOJICIIb:
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%&t)zA(t)b(t)+ B(t)u(t)+C(t)v(t), b(0)=b’, 1)
nete [O,T] — yac, b(t) = (bl(t),...., b, (t))tr — BEKTOP JyMOK (TIOTJISIB,
CBITOTJISIT 1 T.IL.) JIIOJACHKOI CIIBHOTH, SIKA CKIIANAETHCSA i3 N Tpym
(arentiB),  U(t)eU, cR™— BekTop KepyBaHb IEpIIOTO TpaBIl,
v(t)eV, cR“— BekTOp KepyBaHb ApYroro rpaBisi (IPHPOAM),
A(t),B(t),C(t)— Bimomi MaTpuumi BiANOBIAHMX —PO3MIPHOCTEIA.
Bpakaemo, W0 3aaHO OaxaHe 3HayeHHs BekTopa aymok b’ (T).

3anada nonsrae y 3HaxXOKEHHI KepyBaHHSI U () MIEPLIOTo IPaBLs, sIKE

O00YHCITIOETHCS SIK PO3B’SI30K TAKOT ONTUMI3aIiHHOT 331241
—_ 1 2 1
rrvl(a)x”b(T) b (T)| - min. (2)
Bubupaemo kepyBanas U () Y BUTTISAL
u(t)=S(t)b(t), te[0,T], ne Marpuui

S(t)— nesinomi. Toxi 3anada (2) 3BOAUTHCS 10 HACTYIIHOI:

Zl‘,i rTJEa_)x(bi (T)-b:(T)) - min.

ne 4 20,i=1n, > 4 =1.

i=1
Hns  3HaxXoMKeHHS ONTUMAJIBHUX 3HA4Y€Hb MAaTpULIb S(t)

3aCTOCOBYETBCS MATPHYHUIA IPUHIUI Makcumymy [ToHTpsiriHa [6].
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Hexaii nociinosnicts Bektop-pynkuiii  y, (X)eR™, k=LN ¢
PO3B’SI3KOM CHCTEMH PiBHSHb

Yk () + B ()i () = f (x,u), xe(a,b) 1)

3 Kpa€BUMU YMOBaMH

N I
> (Ap¥i(@+ By (0))=C,p), p=1a,  (2)
k=1

ne R.(x), Agp: Bp — Marpuuni QyHKOii Ta Marpuil  BiAIOBIIHOL
posmiprocTi, f, (X,u) —BekTop @yHKIII, U—eleMeHTH OaHaXOBOTO

npocropy X.

[Mpunyctumo, mo  D(Yy,..., Yy, U) — GyHKIiOHAN 3ajaHuil  Ha
npocropi L,(a,b)x...xL,(a,b)xX.

JocnipKyoTbesi YMOBH iCHYBaHHS MiHIMYMYy Uid (DyHKIiOHamy
D(y; ()., Yy (),U), sikmio U HanexuTh MHOXHUHI U — pediekcHBHOTO

6anaxosoro npocropy X, Y, (-), k =1,N- PO3B’sA3KH KpaiioBoi 3amaui.
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[IpuBeneHi yMOBH NpH SIKMX iCHYIOTh y3arajibHEHI PO3B’SI3KU 3a1aui
(1), (2), mo HemepepBHO 3anexarh BiA Bektopa U. Ilpm ymoBi, mo
¢dynxuii  fy (x,u), ¢, (u) —niHiliHO 3anmexaTth BiJg BekTopa U, a U —
OITyKJIa 3aMKHEHAa MHOKHHA, BUITACAH1 HEOOX1HI YMOBH MiHIMyMY.

METOIU MIPUAHSATTS PIIIEHDB, ONITUMI3AIII TA
KEPYBAHHSA
B CUCTEMI NIATPUMKHN MEJUYHUX JOCJIAKEHb
O.I'.Hakoneunuii', B.J.Mapueniok?, I.€.AHz|py1ua1c3
'KuiBchKkuii HallioHanpHMi yHiBepenTeT imeni Tapaca IlleBuenka,
*TepHOMIIBCHKMIA ePKABHUI MEMYHUIN YHIBEpCHET iMeHi
[.4.T'op6aueBchKoro,
$JTynpKuit HAIOHATBHII TEXHIYHIH YHIBEpPCHTET

OxopoHa 3/10pOB’sl HacelleHHS YKpaiHH € MpiOpUTETHUM
HaANpSIMKOM ~ COIaJibHOT TOMITUKK JepkaBu. Llmaxu momonaHHs
mpo0JieM y HaliOHANBHINA CHCTEMiI OXOPOHH 37I0POB’S TOJSATAIOTH Y
BHKOPHCTaHHI TOTEHIiady HayKOBI[iB-MEIUKIB 3 METOI PO3POOKH i
BIIPOBAJIKEHHS HOBITHIX JKyBaJbHUX, JarHOCTHYHHUX i
MpO(MITaKTUYHAX METOAMK, IO CHPUATHME IIiJABHUINEHHIO SKOCTI
MEJIMYHOT TOTIOMOTH i 30€peKEHHIO 310POB’ s HACEIICHHS.

HaykoBo-mpakTuuHi ~ gochijpkeHHS 3 iHQOpMamiitHOro
CYIIPOBOY 1HHOBAIIHHUX JIKYBaJbHUX METOJUK BKIIIOYAOTh:

- MOJEINIOBaHHS PO3BUTKY 3aXBOPIOBaHHS TMiX  Mi€I0
IHHOBAIIMHUX JIIKYBAJIbHUX METOJIUK;

- IOPIBHSUTFHUIN aHasi3 epEeKTUBHOCTI JIKyBalbHUX METOJIUK;

- OOTpyHTYBaHHS TPHUUHATTS PIIIEHHS TpU BHOOpPI TAKTHKH
JKyBaHHS;

- TpOrHO3yBaHHs (piHAaHCOBOTO 3a0e3ledeHHs! JiKYBaHHSA, TaK
HEOOX1HOTO B MEINYHOMY CTPaxyBaHHI.

AHali3 MaTeMaTHYHUX MOJENed 3 MUTaHb MEIUYHOI HayKOBOI
IISIBHOCTI  TIOKa3ye Ha HEOOXIJHICTh PO3pOOKM MaTeMaTHYHOTO
armapary METOJIB TPUHHATTS CHCTEMHUX pIillleHb, ONTHMi3alii Ta
KepyBaHHS.

Bupiiienns mnpoOieM MEIWYHOI IHHOBAIIMHOI  JiSUTBHOCTI
MOB’si3aHE 13 PO3POOKOI0 MaTeMaTHYHHX MOJIENIe PO3BHTKY 1
MOLIMPEHHA  3axBOpIOBaHb  (y ~ BHUNAAKy  €MiJeMiOJIOTi4HOTO
3aXBOPIOBAaHHS), ONMUCY iX mepeliry (y BUMagKy OaraTocTamiiHOCTI).
Taki Momenai BUKOPHUCTOBYIOTh amapar SK Teopii AudepeHIlialbHUX
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piBHSHB, BHUIAJKOBHX IMPOLECiB, Tak 1 iHQOpPMALifiHUX cHCTEM,
CHCTEMHOTO aHaNi3y Ta TPHHHATTS pilleHb. IX MpakTHUHA peamisaris
BHUMarae po3poOKH BiJIIOBITHOTO MPOrPaMHOT0 CEPEIOBHIIA

VY poboTi po3pobieHo cucTeMy MiATPUMKH MPUNAHSTTS PillicHb
ISl OCHOBHUIX 3a/1a4 CHCTEMHHMX MEINYHUX JTOCHIKEHB 3 YpaXyBaHHIM
eTioJorii 3aXBOPIOBAaHHS Ta MIATPUMKOIO METUIHOTO CTPAXyBaHHS.

Hnst 3agad AiarHOCTHKH Ta MPOQIIAKTUKH 3alpOIOHOBAHO Ta
peanizoBaHO y BHIJISAI KOMIT IOTEPHUX TEXHOJIOTIA METOAM iHIYKIIil
JepeBa pimeHb Ta o0y I0BH Kilacu(iKamiiHUX MPaBII.

JlocmimKeHo IMUTAHHI 00YHCITIOBAIBLHOT CKJIAJIHOCTI B
KOMIT FOTEPHUX TEXHOJIOTisAX Kiacudikamii B CHUCTEMi MeEAMYHOL
J1arHOCTHKH.

Po3poGiieHo  maremaTwuHi MOJeNi 1 METOAM  CHUCTEMHOIO
JOCITI/DKEHHS TIPOIIECIB MYyXJMHHOTO POCTY HA OCHOBI JMHAMIK
I'omnepma Ta Pixapna.

Po3pobiieHo Ta mporpaMHO peani3oBaHO METOIW ONTHMI3allii s
MaTeMaTHYHUX MOJeNIel XiMio-, paaio- Ta iMyHOTepamii Ha OCHOBI
nuHamik ['omnepiia ta Pixapna 3a HasBHOCTI 0OMeXEHb Ha KEpPyBaHHS 1
(hazoBwuii craH.

Ha ocHoBi ananmizy y3aranbHeHHX (i31070TIYHO-O0OTPYHTOBaHUX
dapmakokinetnunux (OODK) moneneit pospodiaeno ®ODK-monens
KIHETUKH  JIKAapCbKOTO TIpernapary, sSKa OIUCYEThCS CHCTEMOIO
HEJIHIAHUX T epeHIiaTbHAX PiBHSIHB, 1110 BKJIFOYAIOTh
CHIBBIHOIICHHS X1JUIa JIJIS OMTUCY METa0OJIIYHUX TPOIIECIB.

CTBOpEHO KOMIT'IOTEPHI TEXHOJIOTII BH3HAYCHHS ONTHMAIBHHX
CTpaTerTii JIKyBaHHS Ha OCHOBI aHali3y KpWUBUX pIllIeHb BUXOISIYU 13
3HAaYeHb CYKYMHOI (PYHKIi KOPHUCHOCTI a TaKOX i3 3aCTOCYBaHHSIM
Teopii BTpar.

Po3pobiieHo Ta mporpamMHO peani3oBaHO MYJIbTHBAPIaTHBHI METOAN
SIKICHOT'O aHaji3y JAMHAMIYHMX CHUCTEM Ha OCHOBI (DYHKI[IOHAJIHHO-
ndepeHIiaIbHUX PIBHSHb 3 TOOYJOBOIO CTPYKTYp 3HaHb — JEpeB
piteHs Ta knacudikamiiHUX TpaBuil.

CtBOopeHO  KOMITIOTepHI  TexHomorii  kimacuikauii  ¢opm
MATOJIOTIYHUX TMPOIIECIB y BUTIISII CTPYKTYp 3HAHb — JIepeB pillieHb Ta
kiacuikaliiHUX TTPaBUIL.

Po3pobneno MeToan MOIENIOBaHHS Ta aHalizy MEAWYHOrO
CTpaxyBaHHS 3 ypaxyBaHHSIM €TiONOril — emileMionoriyHux abo
OararocTaliiHUX 3aXBOPIOBAHb.
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CKOPOXOJA Y I'INIBBEPTOBOMY IMPOCTOPI
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Hexait X — cemapabenbHHN T1THOEPTIB MPOCTIP 31 CKASIPHUM
no0yTkoM (x,y) i Hopmoro [X|. Ha imoBipHicHOMy npocTopi (QQ,F,P) 3
notokom  c-anredp {F,t=0}cF  posrmaHemo  cToxacTuuHe
nudepeHiiaibHe piBHIHHS

X, = X, Adt+ Y (X, B,aW, (0 + [C, WX 7 (@dw). (1)
k=1 U

Teopema 1. Hexaii cmoxacmuyna nieepyna piGHOMIPHO
HenepepsHa y cepedubomy keaopamuunomy. Toodi exeieanenmuumu €
HACMYNHI MBEPONHCEHHSL:

1) lim [V, (1) =0;

2) icnye 0odamuuil onepamop H, skuii mae oomedcenutl obeprerutl, Oist
akozo QH)<aH, a>0;

3) ons ecix xe X I(Vt(l)x,x)dt<w.
0

AKwo 6UKOHAHOIO € 00HA 3 YUX YMOB, MO PX{!im |U2X |=0}=1.
—>®0
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MOIIYK HAMKOPOTHIOI'O HIISIXY B
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MYPAIIMHUX KOJIOHINA
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3amada MOIIYKYy HaWKOPOTLIOrO HUIAXY Ha Tpadax iHTEHCHBHO
BHUBYA€ETHCA Oiibirie 40 pOKiB 3aBASKH HIMPOKY 3aCTOCYBAHHIO Y Pi3HUX
obmactax monacekoi misuieHOCTI [1]. Posrmsmaerscs 3amada TOIIYKY
HANKOPOTIIIOTO HUISXY HA OPIEHTOBAHOMY JMHAMIYHOMY MyIbTHTpadi
3 JIOJATKOBUMH YMOBaMH — BKJIIOUYEHHIO (BHUKIIOUEHHIO) JESKUX
BEPIIMH 10 MapIIpyTy, OOMEXEHHIO JOBXHHMA MapHIpyTy y daci abo
BapTOCTI, YaCOBMI nepiof Toio. Taka Monenb rpady BiAMOBigae Mepe-
X1 aBiamepesnboTiB, B SIKid BApTOCTi (Baru Ayr) 3MiHIOIOTHCS 3 4acoM, a
YMOBH SIBIISTIOTH COOOF0 3aIUTH KOPUCTYBaya y TMOIIYKOBiH CHCTEMI.

Po3pobniennii anroputM 6a3yeThes Ha ONTUMI3allii MypalTMHAMHU
KOJIOHISIMU [2] 1 J03BOJISIE MpHHMATH JO yBard JOJATKOBI YMOBH
pO3TIsAyBaHOI 3amadi MUITXOM CIIEHiali30BaHOTO CTOXaCTHYHOTO
MeXaHi3My BHOOpY BEPIIUH JJIS1 BKJIFOUYEHHS B MapIIPyT i po3po0sieHol
Min-max mporeaypy OHOBJICHHS MaTpHIli (PEPOMOHIB, SIKa BUKOHYEThHCSI
MiCJIs KOXKHOTO TPOXOAY Mypaxu. SIKII0 yMOBH HE BHKOHYIOTHCS
MPOTSTrOM MPOXOAY, TO Mypaxa oApasy 3HuKae. Llel anroputm omnepye
OJTHUM TIOKOJIHHAM 13 3aJaHUM PO3MIpOM KOJOHII i ¢ikcoBaHHM
YHCIIOM Mypax, TOOTO yci Mypaxu (OKpiM Mepioi rpynu) NOYHMHAIOTH
CBilf TIUIAX Mics TIOBEPHEHHS a00 3HWKHEHHS MOIMEPEeNHUKIB. Takuid
iXiJT A03BOJISIE 301TBIINTH KiJBKICTh MPOXOJIB 32 OOMEKEHHUH Yac.
[IpoBeneHO OOYUCTIOBAILHUI EKCIIEPUMEHT JIJIsl peajbHOI Mepexi
MEepPeNbOTIB MK aepornopramud €Bpomnu, 0 BKIo4yae 15 THC.
aBiapeiiciB 3a oauH TWwkaeHb. J[lomaTkoBi ymoBm Oynm BuOpaHi
EKCTIEPTHUM IIUISTXOM.

JocnipkeHHs moKa3aii e)eKTHBHICTh 3aCTOCYBAHHS AJITOPHTMY
s 1noOyqoBH MPHITYyCTUMHUX PO3B’SI3KIB 32 NPUHHATHUN dac.
[opanpiioro BUB4YEHHsI NOTpeOye MOPIBHAHHS TOYHOCTI ajTOPUTMY 3
MOJKJIMBUMH aJbTEPHATUBHUMH ITiIXOJ[AMH.
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HNPUMHATTA PILIEHDb B KOTHITUBHUX MOJIEJISIX
CKUIAJJHUX CUCTEM B YMOBAX HEBU3HAYEHOCTI
JUHAMIYHUX ITAPAMETPIB IMITYJIbCHUX ITPOLECIB
Pomanenko B.Jl., MinsBebkuii FO.JL.
HapuanbHO-HayKOBHI KOMIUIEKC «IHCTUTYT NPUKIATHOTO CHCTEMHOIO
aHamizy» HarioHansHOTO TeXHIYHOTO yHiBepcuTeTy Y kpainu «KI1I»
ipsa@kpi.ua

JuHaMika iMITyTECHUX TPOLECIB Yy KOTHITUBHUX Mozensix (KM)
(hOpMyITIOETBCS Y BHIUIAMI PI3HUIIEBOTO DIBHSAHHS Y MPUPOCTaX
koopauHat KM:

Ay (k+D) =Y a8y, (k) @
j=1

ne Ay;(K)=y;(k-1), i=12,.,n; a; — Bara pebpa, sike 3’€/iHye | -Te
i i-ty Bepumnn KM. Toune 3nadenns koediuientis a; KM e
HEBIIOMUM, TOMY IO BOHHM HETOYHO OIIIHIOIOTBCS €KCHepTaMH |
MOXKYTh 3MIHIOBATHUCS 3 4aCOM TIpH (DYHKITIOHYBaHHI CKIIQJHOT CHCTEMHU.
Y po0oTi po3B’SI3yIOThCS 3ajadi ONTUMAIBHOIO NPUHHSITTSA PilllcHb
IIUPOKUM  KJIACOM  iMmyjbCHMX mpoueciB (1), mo 3abe3neuye
l!i_r)T;(IDAyi (k)=0. [ns uporo nuHamiuHa Momeib (1) IOMOBHIOETHCS

30BHIIIHIMHA CHUTHaJIaMHA KepyBaHHsI Au; (k) , i=12,..,n,
OesnocepenHbo airounmu Ha | -Ti BepumHn KM i siki GopmyroThes
JIFOJIMHOIO, 1O NpHUiMae pimenHs. [l ouiHIOBaHHA & 3aCTOCOBAHO
peKypeHTHHI MeToa HaiWmeHmmx kBazapatiB (PMHK) mpu ymoBi, mio
30ypeHHs, Ki CIIPUYMHEH] HETOUYHMM 3HAYEHHSM &, MAKOTh XapakTep

oinoro mymy. [Ipoueaypa PMHK 3actocoByeTbes 710 piBHSIHHS
n
Ay; (k) zzajiAYi(k_1)+biAui(k_1)+§i(k) , 2)
=1

e Ay (k-1 =u(k-1)—-u(k—-2), a xoediumiearn b, mnpuiimaroTs
3HaueHHss 1 abo 0 3anexHo Bix Toro, opMyeTbcs aboO Hi CHIHAI
KEpYBaHHS Ha | -Ty BEpILIHUHY.
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Cuctemu nmpuidHATTA pimieHs y KM po3po0OnieHo 1 BapiaHTiB,
Koiau Monem iMmmynscHuX mpomeciB KM (1), (2) mpuBemeni 1o
JUHAMIYHUX MOJIeNIell y pocTopi CTaHy Ta JO MOJENed TUIY «BXig—
BHX1T».

PO CIHEHAPHUM X1 IIPU OLIHIII PU3UKIB
CUCTEMHUX ABAPII
Pomanuyk K.I'y, Crepanunmun /1.B.
[HCcTUTYT TenexkoMyHiKamii 1 rmodanbHOro iHPOpPMALiITHOTO
npocropy HAH VYkpainu, Kuis
c.romanchuk@mail.ru, dvstefanyshyn@yahoo.com

Hexait aBapis B cucremi S MoXe BUHUKHYTH 3 Oyab-sKOi 3

JOBUIBHUX  MOAIA-TIPUYHH Ej e E,j=1m, BigOyBarumeTocs B

nositpHI Qopmi F, eF, i=1,_n, 1 PO3BHBAaTUMETHCS 3a OJHUAM 31
cueHapiiB A €A, i=1,_n, mo (GopMyrOTh TOBHY TpyIly MOIiH, 3
HMOBIPHICTIO

P(A)=P(A|A)-P(A). (1)

ne P(A | A) — ymoBHa HMOBIpHICTH aBapii B CHCTeMi S 3a CIeHapieM
A ; P(A) — noBHa iiMOBIpHiICTh BAHMKHEHHS aBapii B cucteMi S .
ﬁMOBipHOCTi noniit F eF, i =1,_n, Ta CHUCTeMHOI aBapii A
BH3HAYaTUMEMO 3a JIOTIOMOTOK0 CTPYKTYpHHX (yHKIIi# Oe3meku [1]:
Y(S|F):E >F,i=1Ln; ¥(S):E —>A. )
IoBuuit (cymapuuii) pusuk 30utkiB R(D,A) Bix cuctemHOT
aBapii A 3 BpaxyBaHHSAM pi3HMX HECYMICHHX CIIEHapiiB il peamizamii
AeAi =1,_n, BHU3HaUaTHMeMO K [2, 3]:

R(D,A)=3 P(A)-D(A), ®

ne D(A)) —30urok, sikio aBapisi A BinOyBaeTbes 3a cueHapiem A .
Trepaxenns 1. fkiio xoua 6 ojHa 3 aBapiiHUX MOIH-HACITIAKIB
F eF, i=1n, 3 sxkumu now’s3yrorecs pi3Hi 30utku D(A) B

pe3ysbTaTi CHCTEMHOI aBapii 3a BIANOBIIHUMHU CIHEHapisMu A, Mae
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n
«BinHOCcHY Bary» P(A|A)=P(F) ZP(Fi) 30UTKY 32 WMOBIPHICTIO

i-1
n

Horo BHHMKHEHHs BiaMmiHHy Bin «Bar» P(A|A)=P(F) ZP(FK)
i-1

30MTKIB 3a iHIMME cueHapismu it V F e F, Kk :].,_n, K=#i, o npu

P(F)>P(FR) ta D(A)<D(A) cymapuuii pusuk 36utkis R(D, A) 3a

BciMa crieHapismu A € A, i =1,n, cucreMHoi aBapii Oyne:

n
R(D,A)< D> P(F)-D(A). 4
i-1
Teepmkennst 2. Skmo asapiiini noxii F, € F, i:].,_n , 3 SIKUMH

HOB’sA3yI0Thes pizHi 30uTkn D(A) B pesynbrari cucTeMHOi aBapii 3a
BiANOBiTHMMHE creHapisMu A, i=1,n, € ogHaKOBO MMOBIpHHMH 1 1X
iimoBiprocti P(F)=P(F), i=1n, To cymapHuil pu3uK 30HTKIB Bil

aBapii B cucTeMi 3a Bcima creHapismu A € A, i =1,n, Oyxe:

R(D,A) = P(F)- 3 D(A). ®)

Teepmkennst 3. fkmo 3 pisHUMH noxismu-Hachigkamu F eF,

i=1,n, i BigmoBiAHMMH cleHapismMu aBapii A, 1 =1Nn, MOB A3yIOTHCS
onnakoBi 36utk D(A)=D(A), i=1n, To cymapHuii pu3uK 30UTKiB
3a BciMa aBapiiHMMHM mofismu-Hachmimkamu K eF, i=1n i

BIAMOBIIHMMHE CcLieHapismMu A, | = 1,_n , B cuctemi Oyne:
R(D,A) = P(A)-D(A) . (6)

Jliteparypa
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Problems of decision making under uncertainties. Abstracts of XXII Int.
Conf. September 23-27. Foros-Yalta. — K.: 2013. - C. 125.

BUKOPUCTAHHS BATATO3HAYHUX IMEH B
IHTEJEKTYAJIBHUX CUCTEMAX
Poccana T.B.
KuiBcrkuit HamioHameHUH yHiBepcuTeT iMeHi Tapaca IlleBuenka
t.rossada@gmail.com

Inrenekryansui cucremu (IC), mo momomararoTh IJIOJAMHI TPU
BUPIIICHHI CKJIaJHHUX 3a/a4, NPUHHATTI PIillleHb TOIIO Yy Cy4acHOMY
CBITI BifirparoTh Bce Oibiry pois. KirouoBum enementom IC € 3HaHHSA,
o0  MaloTh  CGKCTEHCIOHANbHY  CKIaaoBy  (¢daxkTu-gaHHi)  Ta
iHTeHCiOHaNbHY (mpaBwia-3HaHHs) [1]. ¥V momoBimi ocHoBHa yBara
30cepeHKeHa Ha aHai3i BUOOpy Mozeli mojaHHs (paKkTiB-3HAHb.

Icaye pexinmpka MiaXomiB A0 momaHHS (aKTiB, OOMH 3 HHUX —
BUKOPHUCTAHHS MOHATh — CIOBHUKA (200 iMEH) BKa3iBHUKIB HA TEPMiHH
npeaMetHoi obsacti [2]. Takuit miaxix 103BoJsie HAOIU3UTH MOJIENb
peIMeTHOI 00acTi A0 1i peambHOTO MPOTOTHITY, OCKITTBKHA MOMIJIUBHM €
CTPYKTypyBaHHS JaHUX, BBEJCHHS CHHOHIMIi, momicemii Tomo. Ha
CHOTOJIHIIIHINM JICHb TEepPEeBakHAa OUIBINICTh cucTeM mpoektyBaHHs [C
MICTUTHh MOXJIMBOCTI IS ACOLIFOBAHHS HOHATTSA 13 CIIMCKOM CHUHOHIMIB.
Y J0mOBiAI JIOCIHIPKYETHCS TMUTAHHS MOXIMBOCTI Ta JOLIIBHOCTI
BUKOPHCTaHHs 0araro3HauyHHX iMeH B cJIOBHHKY [3]. 30kpema, Takuii
miaxin 1o30aBuB OW HEOOXiMHOCTI BHKOPUCTAHHS CKIQJHHUX IMEH
MOHSTH Ta CHPOCTHB OM CTPYKTYpy 3allUTiB, OCKUIBKH 3a7ada BHOOpY
MPaBUJILHOTO 3HAuUCHHS 0araro3Ha4yHOro iMeHi Oysa O mepekiajeHa Ha
cucreMy 0OpOOKH 3amHTiB, @ HE 3BOJIMIACH OU JI0 BUOOPY MPaBHILHOTO
iMeH1 Tpu GOPMYITIOBaHHI 3aIUTy KOPUCTYBAYEM.

Jlitepatypa
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CHJIBHO 3EKHUN MOJINPIKOBAHUI
EKCTPATPAIICHTHUM AJITOPUTM JIJIS1 BAPIAIIIMHUAX
HEPIBHOCTEM
Cemenos B.B., Yaoak JI.M.

KuiBcrkuit HamioHameHUH yHiBepcuTeT iMeHi Tapaca IlleBuenka
semenov.volodya@gmail.com, lyu_bovi@mail.ru

PosrissremMo BapiariiiiHy HepiBHICTb:
suaiitn XeC: (A, y—x)>0 VyeC,

ne C — 3aMKHEHa OIyKJa MiJMHOXKMHA TibOepToBOTO mMpocTtopy H ,
A:H —>H — monoTtonHuit omepartop. Cnuparoduch Ha pe3yiabTaTd
pobotu [1] 3ampomnoHOBaHO Ta AOCHTIKEHO HOBHH €KCTparpagicHTHUH
QJITOPUTM JUTsI PO3B’si3aHHs i€l HepiBHOCTI. HaBememo Horo cxemy.

Ininianizanis. 3agaemo o >0, r€(0,1), #<(0,1) Ta enemeHT Xy e H .

Itepaniiinmii kpok. s x, e H oGuncmoemo Y, = Ps (X, —4,AX, ),
e A, OTPUMYEMO 3 YMOBHU

j(n):min{j >0: or! HAPC(Xn —arijn)—Axn <

< QHPC (xn —o-rijn)—xn

!

An = o7,

O0umnCIIroEMO
Xn1 = (1_ﬁ) l:)Tn (Xn - AnAyn ) )

ne T, ={zeH (X, = 4,A% — ¥, 2—Y,)<0}.

Jlitepatypa

1. JIsmko C.M., Cemenor B.B., BoiitoBa T.A. DOxoHOMUYHAas
Momudukanms wmeroxa KopnemeBud s MOHOTOHHBIX 3a7ad O

paBHoBecuu // KubepHeruka u cucremubii ananus. — 2011, — Ne 4. — C.
146-154.
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KOMBIHOBAHUM AJITOPUTM PO3B’SI3BAHHS 3AJTIAY
YACTKOBO JUCKPETHOI OITUMI3ALIL
CemenoBa' H.B., Ouiiinuk® C.B.

"ncruryT kiGepreruxu im. B.M. ['mymkosa HAH Vkpainu,
’KuiBchknit HarjionansHuit yaiBepentet im. T.IlleBuenka
nvsemenova@meta.ua, svetlana22.07@mail.ru

Posrnsimaerbess 3amaua  yacTKOBO —AMCKPETHOI ONTHMI3amii 3
ypaxyBaHHSM KOMOIHATOPHUX BIIACTUBOCTEH 00JacTi JOIMyCTHMHUX

PO3B’S3KiB BUIIISIY min{ch+ f(y)|AX+F(y)=>b,x>0,y e S} .

[loOymoBaHo Ta  OOIPYHTOBAaHO  QJITOPUTMHU  TOYHOTO  Ta
HAOMIKEHOTO PO3B’sI3aHHS YaCTKOBO KOMOIHATOPHMX 3aj]iad, 3aCHOBaHi
Ha TIO€AHAHHI ime w™eTtoxy aAexommo3umii benmepca [1] Ta
noJtieAipaibHOro Mmiaxony [2,3] anms 3amad KOMOIHATOPHOI ONMTHMI3aIlii.
Ockinbkn 3a7ava JiHIHHA MO X TpH (IKCOBAaHMX 3HAYEHHIX Y,

MOXXIIUBO PO3B’s3yBaTd ii muraxoMm (ikcamii Y, po3B’s3aHHS 3amadi

JHIAHOTO MPOrPaMyBaHHS BITHOCHO X, OTPUMAaHHS KPAaIoro 3HAYCHHS
BEKTOpa KOMOIHATOPHHX 3MiHHHX Y Tomo. Ilpomec po3B’s3aHHS

3BOJUTHCS JIO TOCIIIOBHOI'O 3HAXOJPKEHHS PO3B’SI3KIB JBOX ITiJ33]1a4:
JIHIAHOT Ta KOMOIHATOPHOT onTUMi3allii. ['0J0BHA iJ1es moJieApaIbHOrO
MiIXOAy TIONATAaE y  BCTAHOBJEGHHI  3B’A3KYy  E€KCTPEMaTbHUX
KOMOIHAaTOpHMX 3aja4 3 3aJa4yaMH JIHIHHOTO TpOTpaMyBaHHS.
Po3B’s13yeTbest 3a/1aua 3HAXOKEHHS eKCTpeMyMy (DYHKIIi Ha OMyKIIii
00OJIIOHIII 33JJaHUX TOYOK. SIK BiZIOMO, eKCTpeMyM IiHiiHOI QyHKIT Ha
MHOTOTPAHHUKY JOCATAETHCSA B OJHIM 3 BEPIINH, KA BKIIOYAETHCS B
MHOXHHY  KOMOIHATOPHHUX  €JIEMEHTIB, IO  PO3TJISIAIOThCS.
Bukopucranuii miaxii Ja€ MOXJIMBICTH 3aCTOCOBYBATH KJIACHYHI
METOJI  HEMepepBHOI ONTHMi3amii 10 PO3B’S3aHHS  YaCTKOBO
KOMOIHATOPHUX 33j1a4 HAa MHOKMHI IIEPECTaHOBOK Ta PO3BUBATH HOBI
METOJIM PO3B’sI3aHHSI, BUKOPHUCTOBYIOUM BJIACTUBOCTI KOMOIHATOPHUX
MHOHH Ta iX OMYKIIUX 000JIOHOK.

JitepaTypa
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3. Crosu IO.I'., €menp O.0. Teopist 1 MeTo¥ €BKIIIIOBOI KOMOIHATOPHOT
ontumizanii. — K.: [H-T cucteM. mociimkens ocsiti, 1993. —188 c.

AJITOPUTM ITOIIYKY NAPETO-OIITUMAJIBHUX
PO3B’SI3KIB BEKTOPHOI 3AJAYI METOJIOM BIICIKAHHS
CemenoBa H.B., llnu6enxo M.B.

[acruryt kibepuetnku im. B.M. I'mymkoa HAH Ykpainu
nvsemenova@meta.ua, mariannalts@gmail.com

Po3spo6ieno anroput™ 3Haxowkenns muoxunn P(F, X) Tlapero-
ONTUMAJILHUX PO3B’A3KIB OaraTokpuTepiasbHOl 3aaayi AWCKPETHOI
ONTUMi3alii BHUTIISAY max{ F(x)|xe X } , 3aCHOBaHWHU BiACiKaHHI

3aBiJIOMO HEONTHUMAaIbHUX PO3B’S3KIB.
P(F,X)={xe X :z(x,X) =2}, 7(x, X) =
={yeX:F(y)=2F(x),F(y)#F(X)} [1].  3nilicheHo  mporpamHy
peariza-1it0 3aIpOINOHOBAHOTO aNrOpPUTMy HA MOBI MPOrpaMyBaHH:
Java [1]. HaBemeHo pe3ynabTaTd OOYHCIIOBAIBHOIO CKCIIEPUMEHTY Ta
BHKOHAHO X TOPIBHSHHS 3 pe3ynbTaTaMu pobotu mporpamu Mathcad,
o peamidye MeToJ TOCHioBHOrO mepebopy. Sk BXigHi JaHi
BUKOPUCTAHO BHIIAJIKOBI 4uciia, reHepoBaHi nporpamoro MathCad, 3 ii
JOTIOMOTOI0  BUKOHAaHO TO0YJOBY pe3yibTyrouoro rpadiky Ta
MOPIBHIHHS PE3yJIbTATIB.

Jlanuii ~ anropuT™M  JI03BOJISIE  BHKOPUCTAHHS  MAapayeIbHUX
obuncinenb. OCHOBHOIO  YMOBOIO  €(EKTHBHOCTI  HapajelbHUX
o04YHCIIeHb € Te, MO 00poOKa JaHWX KOKHOTO HACTYITHOTO KPOKY HE
3aJIeKUTh BiJ] pE3yJbTATiB TONEPEIHBOTO KPOKY. Y pO3pOOIeHOMY
aTOPUTMI TaKOI YaCTHHOIO € Ipoleaypa BiJACiKaHHA. BunaneHHs
HEONTUMAJIBHUX PO3B’S3KIB  JUII  KOXKHOTO  KPUTEPII0  MOKIUBO
BUKOHYBaTH okpeMo. OTke, MakCHMalbHa KUIbKICTh IPOIECOpiB
3aJISKUTh BiJl KUIBKOCTI KpUTEPiiB. 31 3pOCTaHHAM KUIBKOCTI KPUTEPIiB
LIBUIKOMIS aJIrOpUTMY 30UIBIIYETHCS y TMOPIBHSAHHI 3 TOCIiZOBHUM
anroputMoM. [l imocTpanii  poOOTH TMapayieNbHOTO  aTOPUTMY
nporpaMy  BIOCKOHAJIEHO,  JIOJIAHO  MOXJIMBICTH  BHKOHYBAaTH
00YHCIIEHHs MapajelbHO Ta BUBOJUTH Ha €KpaH pe3yiabTaTd poOOTH Yy
BurIsii rpadiky. B pesynbrari TecTyBaHHS JUIS 5 KpUTEPIiB MIBUIKICTH
obuncieHHs 3pocna Ha 62%. OtpuMmani pe3yiabTaTH BKa3ylOTh Ha
MOKJIMBICTh 3HAYHOTO 30UIBbILIEHHA IUBUAKOCTI PO3PaxyHKiB IpH
BUKOPHUCTaHHI MapaienbHux oOunciieHb. Hamami miuanyeTbcs mpoBecTH
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OOYHCITIOBAIbHUA ~ €KCIIEPUMEHT 3  BHKOPUCTAHHSAM  OLIBIINX
PO3MIpHOCTEH AOCHTIIKYBaHUX 3a/1ad.
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OILIIHKA IIBUJIKOCTI 3BI2)KHOCTI B 3BOPOTHIN 3AJAUI
KOHII JIJIS1 TAPABOJITYHOI'O PIBHSIHHSA 31 3/IBUKKOM 3
HEPIOJUYHUMU KOIDPIIMIEHTAMUAU
Cenaropos O.C.

JloHenpknii HaioHATBHUH yHiBepcuTeT (M. BiHHUTIN)
senatorov.oleh@gmail.com

Posrmsimaetses mporec  &f (t), skuil € PO3B’SA3KOM HACTYIHOIO

CTOXaCTHYHOTO TU(epeHIIIaTbHOTO PIBHAHHS

+o0

dez (t)=ca(g (1))dt+ (£ (1)dw (t)+ [ (e & (1))7(da,dt),

ne €>0 - mammit mapamerp, koedimientn a(x), AB(x), c(a,x)
HeTIepepBHi, NepioIN4Hi 3 mepioZioM | Ta 3a10BOIBHSIOTH YMOBaM
[a()=a(y)l+]8(x)=A(y) < LIx=y|, 0<L<+oa(x)[< Cla (x) <.
0<b <f(x)<C|B;(x) <C\le(a,x)|<C,C>0,Vx,y e R".

Jlis poss’sisky U, (t,X)= Mz//(gff (T/g2 ))_ M T[ f (T,é‘ff (T/gz ))dr.

3BopotHoi 3ajgaui Komi [I] 3 ymoBowo U, (T,X):l//(x) JUTSt

1apaboJIiYHOTO PIBHSIHHS 31 3BUYXKKOM CITpaBeIjIMBa
Teopema 2. Hexaii BukoHaHi BKa3zaHi BuIE yMOBH, Ta (QYyHKIIi

w(x), f(x), taki mo |y (x)—w(y)+|f(t.x)-f(ty)<Ljx-y].
Toni cipaBeayMBa OlliHKA
u, () =y (t,X)| < L(T +1) JK (&),
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ge (K(g)>0 kom0,  u,(tx)=My(&(T))-

.
-M I f (T,Eo(r))dr , Ze  Uy(t,X) 3amoBonbHsE napaGoIidHOMY

U, (t,x) . g@uo (t,x) g Uy (t,x)

PIBHSAHHIO ™ 5 VI f(t,x)

JlitrepaTtypa
1. Ckopoxon A.B. CospemeHHble mpoOieMbl MaTeMaTUKH. DyHIAMEHT-
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CTIMKICTb ITPOILIECIB, 11O OITACYIOTh IUHAMIKY
HEHPOMEPEXK
Cipenko A.C., Xycainos /I.51.
KuiBcrkuit HanioHansHMi yHiBepcuTeT iMeHi Tapaca [lleBuenka
sandrew@online.ua, d.y.khusainov@gmail.com

ITepamitini mpomecn B HEHPOHHMX  MepeXax  BUKIMKAIH
HEOOXIHICTh JOCHIHPKEHHSI CTIMKOCT] CTalliOHAPHOTO CTaHy PiBHOBArH,
0 3HAXOJWTHCS B TEPIIOMY KBagpaHTI HENiHIMHUX CHCTEM 3
JiarOHAJIEHOKO JIIHIHHOK YacTHHOK 1 301KHOCTI /IO CTalioHapHOTO
cTany piBHoBard [1, ctp.853]. [laHa momoBins sBisie cOO0I0 TTOATBITHI
PO3BHTOK TeOpii CTIMKOCTI PillleHb Pi3HHUIIEBUX CHCTEM 3 3aIli3HEHHSM.
PosrisinaeTees HeniHIRHEA cUcTEMA «31 CIIa0KO0 HETIHINHICTION.

Posrismaerbes cucremMa, TMHaAMIKa SKOi OIMUCYETHCS CUCTEMOIO JIBOX
HEJIIHIHHUX PI3HUIIEBUX PiBHSHB.

y, (k+2) = a,y, (k) + f,,(y, (k) + £, (y, () +b,,
¥, (k+1) =a,,y, () + f,,(y, () + f,,ly, (K)+b,, (@)

A€ @y, 4a,,- KOHCTaHTH, fij(k), I,j=12 - mnenminiiini, mo

3aJI0BOJIbHAIOTE  yMOBI Jlimmmmit 3 KOHCTaHTaMHU Lij, 1,j=12,

[MpunycTimMo, 110 cucTeMa piBHSIHb

(\]--all)yl 11(y1) 12

f
(]-'a 2)y2 (y1)

(y,)=b
foly,)=b

IIH

(2)
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' Mae C%II/IHI/IM PIIIIEHHAM TOYKY Mo(yf,y;’ ) y) >0, yJ>0.
y; (k) = x (k) +yy,
00 = 5,00+ y2.F by ()= by 60+ ) £,69),
Fiabe ()= 1000+ v2)- £,02). P b G0)= 1, (x )+92)- 1al2),
iy ()= £, +y2) 203

Cucrema npuiiMae BUL

X (k+1) = a,, (k) + Fy, (%, () + F, (x, (k).
X, (k + 1) =85, (k) + F21(X1 (k)) + Fzz (Xz (k)) (3)

. . . . 0,0
Ta JOCIIIKEHHS CTIMKOCTI TOYKU PIBHOBArd MO(Y1 ) y2) cucremu (1)

3BEJIOCS IO JTOCTIIKECHHS CTIMKOCTI HYJIBOBOTO TOJIOKEHHS PiBHOBAru
cuctemu (3). MaroTs MicIie HAaCTYITHI YMOBH aCHMITOTUYHOI CTIHKOCTI.

Teopema. Hexaii icuytors koncrautu hy, >0, h,, >0, npu saxux
BUKOHYIOTBCS HEPIBHOCTI

2
Ciy >0, C11Cys - Cypy >0,
— 2 2 2
€= h11 - all)' 2hll‘all‘Lll - h11|-11 - h22 L21v

12 = 'h11|-12 qan‘ + L11)' h22 LZIGaZZ‘ + Lzz)’
Cy, = hzz - azzz)' 2h22‘a11‘|—22 - hzz ng - hllLiZ'

. . 0,0
Toxi Touka piBHOBAaru Mo(Y1 ) y2) cucremu (1) € acUMITOTUYHO

criiikoro. Hanani anamoriuHi pe3ysibTaTH OTpPHUMaHi JUIsl CHCTEM B N-
BUMIpPHOMY IIPOCTOPI 1 715l CUCTEM 3 3aIli3HEHHSIM.
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MATEMATHUYHE MOJIEJIOBAHHS 3AJIAY 30BHIIITHbOI
BAJIICTUKH
Creas O. b., Iloranenko JI. 1., Cipenko I. II.
KuiBcrkuit HanioHansHM yHiBepcuTeT iMeHi Tapaca [lleBuenka
oleg.stelya@gmail.com, Ipotapenko@ukr.net

B po0Goti posrismaeTscsi MaTeMaTHYHA MOJENb PyXy CHapsiaa
mig Ji€f0 pi3HOMAHITHUX CWJI. B OCHOBY MOKJIageHO CTaHAApPTHY
Oamictmany wmogenb HATO. Mogens nmae 3Mory po3paxoByBaTH
TPaeKTOpil0  TONBOTY 3  BpaxyBaHHAM  Hii  OalliCTUTHYHUX,
METeopoJIoriuHMX Ta Tomnorpadiunux Qakropis. Ha Ttinmo, mo Oyno

BUKHUHYTE IiJi KyTOM JI0 TOPU30HTY 3 IIOYATKOBOK HIBUAKICTIO U, , i€

cHJia TSDKIHHS Ta KOMIUIEKC AacpoJMHaMIYHUX CHJI Ta MOMEHTIB.
BuBueHHs 3aKOHOMIpHOCTEH BIUIMBY CHJI, WO JiIOTh Ha CHapsd B
MOJIBOTI, € O/IHIEIO 3 3a]1a4 AaHO1 POOOTH.

CucremMa piBHSHb, [I0 BHUKOPUCTOBYETbCI B  POOOTI,
3aIHCY€ETHCS B BEKTOPHOMY BHIJISIL

m%:(THﬁJFLTuWwT:, 1)
dx -
—— =y, 2
o 2
ut=0)=u,  X(t=0)=X, (3)

Je M- maca Tina, U - BEKTOP MIBHIKOCTI Tinma, X - BEKTOP
koopauHar Tina, GF - cuna Tspkinas, DF - cuna onopy nmositps, LF -

migifomua cuna, MF - cuma Marnyca, CF - cuna Kopiomica.

Jnst po3B's3yBaHHS CUCTEMH 3BHYAaWHUX JuQepeHLiaTbHUX
PiBHSIHb BHKOPUCTOBYEThCA uncenpHHNA Meton Kyrra-Mepcona 5-ro
MOpSZIKA.

I[lpy  npoBeneHHI  YHCENPHUX  PO3PaXyHKIB  HEOOXiTHO
3HAXOAUTH TaKUH KyT KHOAHHSA, [PH SIKOMY Micle MaJiHHS CHapsiaa
Oy/ie Ha NEBHIN BIJICTaHi BiJi TOUYKH CTPUILOM MPHU 3a[aHii BUCOTI LI
HaJ| TUIOLIMHOK CTPiIbOH. Tlpy bOMY 4Yac MObOTA CHApSIa € TaKOXK
HEB1IOMOIO BeTMUMHOI0. PO3B's13aHHs 3araibHOi 3a1a4i 311HCHIOETHCS 3a
JOTIOMOT'O0 METO/1a CTPIIIBOU.

st mepeBipkd aJeKBaTHOCTI MoJiesli Oyina TMpoBelleHa cepis
PO3paxyHKiB, SIKi HOPIBHIOBAJIMCH 3 TAOIHUISIMUA CTPLIBOH.
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PO 3AJIAYY IPUMAHATTSA PIIIEHb HA OCHOBI
HOIAPHOI'O TIOPIBHAHHA AJIBTEPHATHUB
Crepannmmna-I'aspuwmiok 10 1., Crepanummn /1.B.
[HCTHTYT TenekoMyHiKaii 1 rmodanbHOro iHPOPMALIITHOTO
npocropy HAH Vkpainu, M. Kuis
stefanishina@yahoo.com, dvstefanyshyn@yahoo.com

Posrnsremo  3amauy OaraTokpuTepiadbHOI OmTHMI3amii  Ha
3JYeHI MHOXHHI TONapHo mopiBHIOBaHWX anbrepHatuB A ={a},

i=1n:
f(a)—>extr,k=1Lp,i=Ln, a €A, (1)
B sKifl kpurepii ouinroBanus anbrepuarus f,(a;), K =1,p, MaioTh

YHCEeNbHY OIHKY 1 BBa)XalOTbCA BU3HAYCHHMHU [l], KOKHHUH 3 HHX
XapaKTepu3ye HEesKy JIOKalIbHY BIACTHBICTh albTepHATHUBH & € A, i

sicmo Bei kpurepii i, f,, .., f mocnimxyrorecs na minimym, To6T0
f (a)— min, (2)
TO cepel HUX 00OB’SI3KOBO 3HaWAEThCS Xoda O OAMH TaKul KpuUTepid
fy, ae{l2,..., p}, sHauenns sKOrO CNAMAIOTH MPH 3POCTAHHI 3HAYEHD

THIIINX KPHUTEPIiB.
3anumemMo QyHKLIT CyKynHOro (HOBHOTO) PU3UKY, ITOB’S3aHOTO 3

Bubopom anbrepHatBu @ € A, 1=0,n, 3a ymoBHM icHyBaHHs

anprepratiB @; € A, j=0,n, 1= | y Burnszi ninitianx komGinari

[2, 3]

ri=k+g;;i,j=0n;i=]j, (3)
pe |, I; ta g;, §; — mesin’emui 3navenns BiAOBiTHMM YHHOM
HOPMOBAaHHMX  3TOPTOK  KpUTepiiB, MO  MiHIMI3ylOTbCI  Ta

MaKCHUMIi3yIOThCS, JUI adbTepHATUB a; 1 a s BIJIIIOBIAHO.

Teepmkennst 1. 3amaua (1) mpu mnomapHOMY MOPiBHSHHI
aNbTEPHATUB 3BOJUTHCS JI0 HACTYITHOI 3a/a4i ONTUMI3allii;

dopt ={ai,opt | a‘i,opt € A N ri,opt = mln(rlj ! I’-j,i) v(ai ' a‘j )}1

Lj=Ln,i=#]j, 4)
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pe f;, Ij; — MOBHI pu3HKH (3), BIANOBIAHO, aNbTCPHATUBH &; MPH ii

TIOPIBHSHHI 3 @, Ta &; B IOPIBHSHHI 3 &, .

Hexaii icuye ¢yukuis xopucuocti U(@;), ska Takum YMHOM
BifoOpaka€ BiAHOIIEHHA TIE€peBarM Ha MHOXHHI  albTEPHATHB
A={a}, i=1n, wo Ginbw nepeBaxkHiii 3 HUX BiANOBiza€e Oinbie

suaveHns uiei pyukuii. Hexaii npu 3anauiii dynkuii kopucuocti U(a,),

3amava onrtumizauii Ha muoxkuni A ={a}, 1 =1,n, samucyerscsa s
[4]: B
u(@)—>max,i=1Ln, a c€A. (5)

TeepaxkeHHst 2. MHOXHHA ONTUMAJIBHUX albTepHATHB A 3a

optr

KPUTEPIEM ONTUMAIBHOTO PH3HKY I ) sk pesyabTar

i,opt = rnln(ri,j s

Ji
po3B’si3aHHS  3ajadi  (4) CHOiBmajga€ 3 MHOXHUHOK ONTUMAIBHUX

amprepHaTHB A 3a HACTYNHHM KpHUTEpPIEM MaKCHMalbHOI

optu

KOPHUCHOCTI:
U(@)op = max(u;,U;) V(@ a)} i j=1n, i=j, ()

pe U =¢; =1, u;=g;-1;; I, 1, Ta g;, g; — sinmosinmo, nporpami
Ta Burpami ampTepHatMB & €A, @, €A, i#], y surmni
HOPMOBAHHMX  3TOPTOK  KpHUTepiiB, MmO  MIHIMI3ylOTbCI  Ta
MaKCUMi3YIOThCS
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BU3HAYEHHSA NOAIBHOCTI 3AJIAY KOMBIHATOPHOI
OIITUMI3AILII 3A APTYMEHTOM IIIJILOBOI ®YHKIIIT
Tumodpiesa H.K.
MixkHapoaHuil HayKOBO-HaBUAIBHUM HEHTP iHGOpMaiHHIX
texHouorii Ta cucteM HAH ta MOH VYkpainu
tymnad@gmail.com

3amayamM KOMOIHATOPHOI ONMTHMI3allii, SKi BIJHOCATHCS 10 Pi3HHX
KIIaciB,  XapakTepHa  YHIBEPCANBHICTh, 3aBIASKH  AKi  BOHH
PO3B’S3yIOTHCSI OJJHUM 1 THM JK€ METOJIOM YU MOIU(IKAIIE0 OJHOTO 1
TOTO X anroputMmy. Lle moB’s3aHO 3 TUM, IO M BJIACTHUBA MOIIOHICTS,
siKa 3aKjajieHa B ixHid npupoi. s il BcTaHOBIIEHHS BaKJIMBO BUSBUTH
O3HaKM 32 SKAMH BOHAa BH3HAYA€ThCA. SIK TMpaBmio, MOMIOHICTH
XapakTepHa s 3ala4, apryMEeHTOM MiboBOi (YHKHii B SIKUX €
KoMOiHaTOpHI KoH(irypamii ogHoro i Toro >k Tumy. barato 3amau
KOMOIHaTOpHOI ~ ONTUMI3allii, 10 pO3B’SA3yIOThCI HAa MHOXHUHI
MEPEeCTaHOBOK, MOMIOHI 3a Ii€l0 O03HAKOI (3a7ada KOMiBOSDKeEpa,
pO3MIllIEHHsT OJHOrabapuTHUX MoayJiB, Tomio). Came 1i 3azaaui
PO3B’SA3YIOTHCSI OJHUM 1 THM >K€ METOJIOM YH MOJU(IKaIi€0 OJHOTO 1
Toro >k airoputMmy. Jleski 3agadi KOMOIHATOpHOI ONTHMI3allii, IO
BITHOCSTBCSA JI0 PI3HMX KJaciB, 3a apryMEHTOM IUIbOBOT (yHKIIi
PO3AUIAIOTBCA HA MOAIOHI IMijg3ajadi, sKi PO3B’S3YIOTHCA 3a OJHIEID
00YHCITIOBAJIbHOIO CXeMOI0. ToMy BHUSBJICHHS BIACTHBOCTI YHiBep-
CaIBHOCTI 3a/1a4 KOMOIHATOPHOI ONTHMIi3allii Pi3HUX KIACIB J03BOJISE
y3arajJbHUTH Ta BUKOPUCTOBYBATH JJIs IXHHOTO PO3B’s3aHHS €(PEKTUBHI
MAXoau, sKI [JaloTh MOJKJIMBICTh 3HAXOIMTH IJIOOAJbHHH abo
HaOJIMKEHUN JI0 TI00AIILHOTO pe3yibTaT. BUBUEHHS Ta BUKOPUCTaHHS
i€l BJIACTUBOCTI B KOMOIHATOPHIH ONTUMI3allii B MOAAJIBIIOMY
JIO3BOJIUTH 3BOJMTH HEPO3B’sI3HI 3a7adi 10 po3B’s3HuX. Hampukia,
TpPaHCIIOPTHA 33ajlaya Ta 3ajada Mpo MpHU3HAYEHHS 3aJlaloThCS JIBOMaA
MHOXXMHAMH, a BXIiJHI JIaHl — OJHIEI0 HECHMETPUYHOIO MAaTPHIICIO.
LinboBa (GyHKIIiSI 3BOAUTHCS 10 OJHOTO 1 TOTO )X BUPA3y, a ii apryMeHT
— mepecTtaHoBKa. BoHW TOMiOHI 3a aprymMeHTOM Ta pO3B’SI3YHOTHCS
MOJIIHOMIQJIbHO YTOPCHKHM aJITOPUTMOM a00 METOAOM CTPYKTYPHO-
angasitHoOro momryky [1].
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BATATOKPUTEPIAJIBHA ONITUMIBAIISA B CUCTEMAX
NIATPUMKU IPUAHATTS PINIEHHS
TynaJso SIpociaas OJieroBuy
KuiBcrkuit HanioHansHUH yHiBepcuTeT iMeHi Tapaca [lleBuenka
typaloyaroslav9l@gmail.com

PobGoTa mpucBsiueHa KOMITIEKCHOMY OCIiKEHHIO BHOOpPY TOTO
YH 1HIIOTO amnapary, KUl J030JI1B O MoOyTyBaTH CHCTEMH IiJTPUMKH
Ta TPUUHATTA pilieHHS. METOI CTaTTi € aHali3 Cy4aCHHX METOiB
NOOYIOBH CHCTEM IITYYHOTO IHTEJIEKTY 3a JOTOMOTOI0 SIKOTO MOYKHA
BUpiATH 3amadi 3 Oararbma kpurepissmu. CTaTTs NpUCBIYCHA
(eHOMEHY BHKOPHCTaHHS TPUPOJHUX MEXaHI3MiB 1 B3aKOHIB IS
noOyOBH TPOTPaMHOTO KOMILIEKCY 3a JIOTIOMOTOIO SIKOTO KEpiBHUK
MiIPUEMCTBA MOXKE TIPHIHATH T€ 4M iHIIe pimeHHs. Oco0nmBy yBary
MPUIIIIEHO HOBIH Tedii MOOYMOBH IITYYHOTO iHTEJIEKTY sika Oa3yeThes
HA TEHETUYHOMY aJTOPUTMI.

s dyskuii npuctocoBanocti W (X) B mpoctopi nomryky X tpeda

3maiitu X =argmax,_, W (X) . Jlist 3acTocyBaHHs aJroput™My HOTPiGHO:

1. BlI/IHa KOBUM YHHOM 3T€HEpYBATH KiHLIeBU# Habip mpoOHUX
pilieHs: P =1PuPny, B € (mepiiie MOKOJIIHHS, N-PO3MIp MOMYJIALLIT)

2. OI[IHUTH TPUCTOCOBAHICTh MOTOYHOT'O TTOKOJIIHHS
k k k k k
Fe={f £ 1 =W (pf)

3. Buxin, SKImIO BHKOHYETBCS KpUTEpid 3yNUHY, 1HAKIIe:
TeHEPYETHCS. HOBE TOKOJIIHHS 3a JIOTIOMOTOI0 ONeparopiB CenekIni S,
cxpectutn C i myranito M : p**' =M -C-S(p*,F*) i nepexommumo 1o
MTyHKTY 2.

VY nporieci cenekiii BIXKUBAIOTh TUIBKK KiJIbKa KPaIUX MPOOHUX
pilieHb, pemiTa Aaidi HE BHKOPHUCTOBYIOThCSA. CXpellyBaHHs 3a Micle
napu pilleHb CTBOPIOE IHIIY, €JIEMEHTH SKOi IMepeMilllaHi SKHUMOCh
0co0JMBUM YMHOM. MyTallis BHUINAJIKOBHM YHHOM MiHSE SIKY-HEOYIb
KOMIIOHEHTY NMPOOHOTO0 pillleHHs Ha iHury. Takuil nornsa Oyne mikaBuid
¢axiBUsAM B 00JacTi KOHCTPYIOBaHHS MOTYKHHX KOMIUIEKCIB CHCTEM
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MiATPUMKH MPUAHATTS PILICHHS Ta TUM SIKi XO4yTh MOJIEPHi3yBaTH CBOI
BXK€ ICHYIOY1 CHCTEMH I ITPUMKH IPUHHATTS PIIICHHS.

MOJIEJIIOBAHHS IYHAMI HA OCHOBI T-
INPEACTABJIEHDb
IO. Typ6an, A.bomo6a, P. Boruncbkuii, O.Panoseniok, H.Cbox,
M.Typo6ax
HarmioransHui yHIBEpCUTET BOAHOTO TOCTIONAPCTBA Ta
MpUPOAOKOpUCTYBaHHS, PiBHe, YKpaina
turbaly@gmail.com

[Tig myHami po3yMirOTh KPyroBy XBHIIIO, IO PO3MOBCIOKYETHCS
B OKeaHi Bif IIeHTpa ii yTBOpeHHs Ha BEJIMKI BiJCTaHi. B okeaHi BHcoTa
Takoi XBWJII BIJHOCHO HEBENWKA, OJHAK IPH HaKOYyBaHHI Ha Oeper
BHCOTA IlyHaMi 3pOCTa€ 1 BOHA CIIPUYWHSIE 3HAYHI PyIHYBaHHS.

B sxocTi Moneni po3risgacTbes CUCTEMa PiBHSIHDb THIY MIJTKOT
BOJIM 32 YMOB BiJICYTHOCTI B’SI3KOCTI Ta KOMIIOHEHT 30BHIIIIHBOT CHJIH:

oh hu,  d(hu,) 10(hu,)
—+—L+ +=
ot r or r oo
o, U ch W db
a Tor rop Tor r or’

a, uu, M, U, goh_ 1 db

ot r “or r dp rop r-op
ne h-nmpodine xBumi, U, , U , "KOMITOHCHTH IIBUJIKOCTI, b -MOBEpXHSI THA.

=0,

B po0oTi mNpONOHYETbCS METOJ] 3HAXO/KEHHS aHATITHUYHUX
pPO3B’s3KiB cucTeMH piBHSAHB (1), IO TPYHTYEThCS HA BUKOPHCTaHHI
MPeICTaBIeHb Jisg IPOQII0 XBUJI CIELiaIbHOIO BHAY Ta OTPUMAaHHI
AQHANIITHYHHUX TPEJICTABICHD JUISA MBUIKOCTI. [Ipy 1bOMY OTPUMYETHCS
pe3yibTyroue audepeHUiadbHe PIBHAHHS, SKE JO3BOJIIE MPOBOAUTH
aHaJi3 MOBEAIHKH BiJOKPEMJICHOI KpyroBoi XBWII B 3aJI€KHOCTI BiJ
MMOBEPXHi JIHA.

JocnipkeHo BUNIAIKK, P SIKUX iICHYIOTB JIOKQJIi30BaHi KpYyrosi
XBWJII HE3MIHHOro MpodiIo a TakoX BUIAJIKH, KOJU MpoQinb
3MIHIOETBCS. Y BHIAJKy 3MIHHOrO MpOQiai0 3alpoIOHOBAHO METO/I,
SIKHW JIO3BOJISIE 3HAXOJWTH TOYHI PO3B'I3KH HA MHOXHHI, IO SIBIISIE
co00I0 1 CUCTEMY KPUBHX CIIELJIEHOTO BHILY.
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OHIHKH MBUAKICTI 3BI)KHOCTI CTAHIOHAPHHUX
PO3NOAIJIIB CUCTEM 3 IOBTOPHUMH BUK/IIMKAMU
VYecap L. 5., Makymenko 1.A., IIporonon 10.0.
KuiBcrkuit HanioHansHM yHiBepcuTeT iMeHi Tapaca [lleBuenka
usar@unicyb.kiev.ua

Teopist cHCTEM 3 MMOBTOPHUMH BHKIMKAMHU € OJHHM 13 BAKIHBHX
pO3AUIIB Teopii MacoBOTO OOCIIyroBYBaHHS. Taki CHCTEMH JETaIbHO
posrisiHyTi B MoHorpadii [1]. Maremarnuni mozgenmi cucTeM 3
MOBTOPHUMH BHKJIMKAMHU MAlOTh IIUPOKE 3aCTOCYBAHHS B pakTHIl [2].

B naniii po0oTi poO3rIAgarOThCs CUCTEMH OOCITYrOBYBaHHS 3
noBTopHUMYU BUKiMKamu Ty M /M /m/N ta M/M/m/eco, m=1,2,
B SIKUX IHTEHCHUBHICTH BXIJHOTO ITOTOKY /1j 3aJIeKUTh Bill | - 4HCiIa

JoKeped TOBTOPHUX BHKIHKIB. Yac oOcCiyroByBaHHS MpHJalliB Mae
MOKa3HUKOBHUH PO3MOALT 3 MapaMeTpoM 4 . SIKIIO BCi mpritaay 3aiHATI,

TO BUMOTA MEPEXOIUTh Ha OpOITy i 3HOBY MOBTOPIOE CIIPOOY OTPUMATH
OOCITyTOBYBaHHSI ~ 4Yepe3 BUMAJKOBHHA  dac, pO3MOJUIEHWHA 32
MOKa3HUKOBUM 3aKOHOM 3 mapamerpoMm V. Ilpomec kepyBaHHA
pOOOTOI0 CHCTEM BHM3HAYA€THhCS HA OCHOBI TOPOTOBHX CTpATeriif, sKi
peani3yloTh ~ HACTyNHHMH  a@JrOpPUTM  YOpPaBIiHHA  [POLECOM
obciyroByBanns: BBakaemo A; =4, skmo j=0L1..,H, i 4;,=4,
akmo j=H +1,.... H npeacrarise co000 mopir, Ipu Mepexojii yepes
KU CTPUOKOM 3MIHIOEThCS IHTEHCHUBHICTH BXIJHOTO MOTOKY. Jlist
JaHUX CHCTeM (OPMYJIH JJIsi CTAlliOHAPHHUX PO3MOIIIB Ta YMOBH iX
icHyBaHHs Oynmu 3HaiimeHi B poOori [3]. 3MmiHHMEA XapakTep
IHTCHCHMBHOCTI BXIJIHOTO TIIOTOKY B MOJEIAX TaKOro THUIY Ja€
MOJKJIUBICTh CTaBUTH 1 PO3B’SI3yBaTH )1 HUX ONTHUMI3aLiiHI 3a1adi.

B po0oTi 3HalIEHO OIIHKK HIBUAKOCTI 301KHOCTI CTaIliOHAPHHUX

(N)

PO3MOIiIIB 7 cucTeM MQ/ M /m/N 1o BiIIOBIZHHMX PO3MOILTIB T

CHCTEM MQ /M /m/oo, m=1,2 3 MTOBTOPHUMH BUKIMKAMH.
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BUITAAKOBA EBOJIIOLIA 3 ®YHKUIEIO KEPYBAHHS B
MAPKOBCBKOMY CEPEJOBHIIII
Ximka ¥.T., Uabanwok S1.M., llIBeus O.1.
Harmionansamii yHiBepeuTeT "JIbBIBChKA MOMITEXHIKA
yaroslav_chab@yahoo.com

ACHMIITOTHYHA TIOBEIHKA BUIIQJKOBUX €BOJIIOLIN 3 MapKOBCHKUMHU
MIEPEeKITIOUEHHSIMHI B CXeMaX ycepemHeHHs, nudy3iiHOI ampokcuMariii,
MyacCOHIBCHKOI ampoKCHMaIlii ta ampokcumariiJlesi posrisiayTa B [1].
B [2] Taka moBemiHKa pO3TJISIHYyTa JJs TMPOLEIYPH CTOXAaCTHYHOI
anpoKcHMallii Ta Npoueaypy CTOXaCTUYHOI ONTUMI3allii, IK KEPOBAaHOTO
MapKOBCBKOTO TPOLIECY.

Posrismaerbess  mpolieaypu  CTOXAacTUYHOI — ampoKcuMarii 3
MapKOBCBKUMH TMEPEKIIOYCHHSIMU B cXeMi TUQY31HHOT anpoKcuMaliii Ta
IMIyIbCHUMH 30YPEHHSIMH 3 HE3aJeKHUMH mnpupoctamu. OTprMaHO
JIOCTaTHI yMOBHM 30DKHOCTI BHITQJKOBOi €BOJIIOLII 3 (YHKIII€EO
KEepYBaHHS B CXeMi aCHMITOTUYHOI Manoi mudy3ii B yMoBax OanaHcy Ha
HepIli MOMEHTH He3aJIS)KHUX IPUPOCTIB iMITYJIbCHUX ITPOLIECHB.

OtpumaHi pe3yabTaTH 3aCTOCOBAHO 10 HPOLEAYPU CTOXaCTUYHOL
ornrumizamii [3] s iHAEKCY BENMYMHH NPOTPaMHOTO MPOAYKTY HpH
TEeCTaBaHHI Ha BCTAHOBJICHHS KIUJIBKOCTI ~ HNOMHJIOK 3 (DYHKIIEO
IHTEHCUBHOCTI IIpOIIeCy TecTyBaHHS [4]

A(s,t) =6 exp(-ft).
Jliteparypa
1. KoroliukV., LimniosN. . Stochastic Systems in Merging Phase
Space.World Scientific Publishing, - 2005. - 330P.

2. M.b. Hesenbcon,P.3. Xacmunckuii. CToxacTHyeckas anminpoOKCUMAINS U
pekypenTHOe oneHuBanue. M.:Hayxka, 1972. — 304 C.
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3. V.T. Ximka, SI.M. Yabanrok. 301KHICTb CTOXaCTHYHOI OITHMI3awii 3
MapKOBChbKMMHU  mepekimoueHusamu.//  (PDMU-2009) International
Conference. Abstracts. Sxidnizya, April 27-30. Ukraine.-2009. C. 172.

4. B.C.AxoBuna,sI.M. Yabanok,M.M. Cenis, Y.T. Ximka. O1iHIOBaHHS Ta
MIPOTHO3YBaHHS HaJlIHHOCTI MPOrpaMHOro 3abe3neyeHHs Ha OCHOBI MoJieni
3 IHJIEKCOM CKJIaIHOCTI TIPOeKTY.// BicHMK XMenbHUIIPKOTO HAIliOHAIEHOTO
yHiBepcuteTy. TexHiuni Hayku. - 2011. - Ne 2. - C. 154- 162.

Ob OJHOM JUPPEPEHIIMAJIBHOM YPABHEHUN
BTOPOI'O MNOPAIAKA C HOCTOAHHBIM 3AIIA3IbIBAHUEM
Xycannos' JI51., :kannanosa U.A., Asusbexos .M.
'KuiBchkuii HarfionaneHuit yHiBepenter imMeni Tapaca Illepuenka

Kak wm3BectHo, pemrenue 3amaun Komm x(0)=x,, x'(0)=Xx;
[T TMHEHHOTO UG depeHIaIbHOrO ypaBHEHUs BTOPOTO MOPSIAKa

X"(t)+ px'(t)+gx(t)=f(t) 1

COCTOUT U3 CYMMBI OOILETO PELIeHUs] OAHOPOIHOIO YPAaBHEHHS U
YaCTHOTO pelIeHUs] HEOJHOPOIHOTO ypaBHeHUsI. Perienrne oJHOpoJHOTO
ypaBHEHUS PENICTABISAET COOOH JIMHEHHYI0O KOMOWHAIIUIO IBYX
JIMHEMHO HE3aBUCUMBIX PELIECHH, KOTOPBIE ONPENENSIOTCS KOPHIMH
XapaKTepUCTUYECKOTO yPaBHEHHUS

A +pl+q=0.

PaccmaTpuBatoTcs Tpu cydas: KOpHH JE€MCTBUTENbHBIE pa3lIU4HbIE,
KOPHHM KpaTHbBIE 1 KOPHH KOMIUIEKCHO CONPSKCHHBIE.

B nmokmane paccmoTpens! guddepeHunanbHble ypaBHEHHUS C
3arna3/ibIBaHHEM

X"(t)+ pxX'(t—7)+ox(t—27) = f(t). 2
Otn  muddepeHInanbHble  ypaBHEHHMs ABJIAIOTCA YPaBHEHUSMH B
0aHaXxOBOM IIPOCTPAHCTBE. XapaKTEPUCTHYECKOE yPABHEHHE UMEET BH ]
2%+ pie* +qe " =0.

U OHO UMEET CUETHOE YUCIIO KOPHEH.
B nokmane pemienue  cooTBeTCTBYIOIIEH 3amaun Ko
X(t) = (p(t), X’(t) = go’(t), —27<t<0 mnoay4yeHO C HCHOJIL30BAHUEM
(GyHKIMH, Ha3BaHHBIX 3ala3/bIBAIOIIMMU OKCIIOHEHIMAIAMH W HUX
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koMOuHanusmu [1,2]. B pemeHne BXOAUT «(hYHKUMOHANBHAS YacTby,
MIPEICTaBIISIONMAst COOOM MHTETPAI OT MPEANCTOPHH.

Jluteparypa

1. Xycaumno [I.4., JubGnuk n., PyxwnukoBa M., JlykauoBa .
[Ipencrasnenne permeHus 3anayn Komm my1s KonebaTeTbHOM CHCTEMEBI C
YUCTBEIM 3amasjeiBanueM // Heminiitni xommsanns, T.I1, Ne2, 2008. —
C.261-270.

2. Xycaunos J[.4., lyknma I.B. O6 0THOCUTENBHOH yIIPaBIseMOCTH
B CHCTEMax C YMCTHIM 3amasneiBanmeM. //[IpukmamHas mexaHwka. —
2005. — 41, Ne2. — C.118-130.

PO3POBKA IMHAMIYHHUX TECTOBUX MOAYJIIB JJIsA
CIH OMET A 3 HABYAJIBHOTI'O KYPCY «IMOBIPHOCHI
OCHOBH METOJY IMITAIIIHHOT O MOJAEJIOBAHHS»
HIapanos M.M., Kyuepenxo O.B.
KuiBcpkuii HanlioHansHMi yHiBepcuTeT iMeHi Tapaca IlleBuenka
boxus@ukr.net

Jnst cucremun nucraHmiiiHOro HaB4aHHS OMera Oyno po3poOiIeHO
TUHaMiuHI TecToBi Moaymi. Ha BiaMiHy Bix MOIyJiB JMHAMIYHO-
JIOTIYHOTO THUMY IWHAMIYHI TECTOBI MOXYII JTO3BOJISIOTHCA HAa OCHOBI
0a30BOi MHOXHMHH 3aJ]a4/IIMTaHh CTBOPIOBATH IICEBNIO-YHIKaJ bl TECTH
JUIs1 KOYKHOTO KOPHUCTYBaya.

[MporpamyBaHHs MPOBOIUIIOCH MOBOIO CEepBEPHOTO
nporpamyBanHs php. Ha BiaMiHy Bij 3arajibHO MPUHAHATHX MMiIXOIB, HE
ycst iHpopMarrist 30epiraerbes B 0a3i manux (MySQL), a numre ta i
YacTUHA, sIKa ONpalboBYeTbcs php-ckpuntamu C-cknagoBoi MVC-
mozeni (M — «model» — monmenb, V — «view» — mpencrasieHus, C —
«controller» — koHTpOJIED).

3acrocyBaHHS ~ JMHAMIYHMX  TECTOBHUX  MOAYJNIB  JUIst
JUCTAHIIMHOTO HAaBYaHHA 3 OJHOrO OOKy pPOOWTH CHCTEMY
JUCTAaHIIMHOTO HaBYaHHA OUIBII THYYKOIO Ta YCKJIAQIHIOE IPOLEC
TYpPTOBOTO OIPAIIOBAaHHS, a 3 IHNIOTO OOKY 3aJMIIae BiJKPUTHM
nuTaHHS Qi10cOPCHKO-TIEATOTIYHOTO XapaKTepy OJHOTUITHOCTI TECTIB
Ui yCiX 00 €KTIB TeCTyBaHHS. YCKJIQAHIOIOTHCS TaKOX CTaTUCTHYHI
METOJM BH3HAYEHHs CKJIAaJHOCTI 3amad (came 3a pe3yiabTaTamMu
TECTYBaHHsI) MO-TIepIIe, Yepe3 He-OJHOTUITHICTh CKIIQJIOBUX TECTIB JIJIs
ONUTYBAHHMX, 1 MO-APYTe, Yepe3 3MEHIIEHHs 00’ €MiB BUOIPOK 10 KOXKHIN
KOHKPETHIH 3a7a4i/IUTaHHIO.
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B o6omnonmi Owmera Oyno po3MilIEHO MaTepiaau Kypcy
«IMOBiIpHOCHI OCHOBH METOAY iMITAIlIITHOrO MOJEITIOBaHHS.
3microBuit Moayns 1 «ImiTamiiiHe MOJETIOBaHHS BHUIIaJKOBHX

BEIUYMH». 3MICTOBHHA MOAYNb 2 «IMiTanifine MoJETIOBaHHS
BHITAIKOBUX BEKTOPIB Ta MPOIIECIBY.
CroxacTu4Hi IMiTaIiifHI MOJEIT (CIM) IITUPOKO

BUKOPUCTOBYIOTBCSI ~HE  JIMIIE y  CHeliaii30BaHUX  IaKeTax
MaTeMaTHYHUX TpoTpaM, a 1 y KOMIT IOTEPHHX Irpax, TPEHYBAIbHUX
amapaTax-CUMYJISITOpax, Mpu moOymoBi BepidikaiiiHux mozenei, mpu
MOJIEJIIOBaHHI MPOLECIB y MiKPO Ta MaKpOEKOHOMIIIi, TOLIO.
JlitepaTtypa

1.IO.C. Xapun, M. CrenanoBa «lIpaktukym Ha OBM mo Mar.
CTaTUCTHUKE», MUHCK, H3aHue «YHUBEPCUTETCKOE», 1987.

MPSIMAN METO/I JISITYHOBA B ITPOBJIEMI
ABCOJIIOTHOI CTIMKOCTI HEJITHIMHUX CUCTEM
PEI'YJIIOBAHHA, SAKI ®YHKINIOHYIOTHh B YMOBAX

HEBU3HAYEHOCTI
latupxo A.B.
KuiBcpkuil HallioHansHMi yHiBepcuTeT iMeHi Tapaca IlleBueHka
shatyrko.a@gmail.com

Po3BuHyTa Ta y3arajibHeHa KOHIEHIS BHKOPUCTAHHS X0y
¢ynkuiii Jlsmynoa Ta ¢dynkmionaniB JlsmyHoBa-KpacoBckkoro s
OTPUMaHHS YMOB aOCOJIFOTHOI, iHTepBaIbHOI a0COJMIOTHOI CTIHKOCTI Ta
OIIHOK 301HOCTI PO3B’S3KiB HENIHIHHUX CHCTEM PETYJIOBaHHS, IO
OIMMCYIOTHCSI B TepMiHax (pyHKIIOHATBHO-TU(pEPEHIIATBHUX PIBHSIHD 3
3aIli3HIOBaHHIM apryMeHTy, HEUTPaJbHOTO TUITY, PI3HUIICBUX PiBHSHbD,
SIKi MarOTh YiTKO BUJIJIEHY JIIHIHHY YaCTHHY Ta «CJIa0Ky» HENiHIHHICTh
CEeKTOPHOTO  BUTJISIy, @ TakoX  MPHCYTHICTh  IHTEPBAILHOI
HEBU3HAYCHOCTI y 3aJ1aHHI KOe(IiI[IEHTIB JIiHIITHOT YaCTHHH.

BBeneHo MOHSTTS iHTEpBaIbHOI aOCOMIOTHOI CTIMKOCTI HENiHIHHUX
CHCTEM pEeryJIIOBaHHS.

[ToOymoBani  goctaTHi yMOBM  aOCOJIIOTHOI Ta  aOCOJIOTHOL
IHTEpPBAJIBHOI CTIMKOCTI HENMEepepBHUX CHUCTEM MNPSMOrO W HENpsSMOro
aBTOMATUYHOTO DETYJIIOBAHHS 3 3alli3HIOBaHHSIM apryMeHTy, Ta
HEHTpaNbHOrO THIY ¥ 1HTEPBAJIHHOI HEBH3HAYCHICTIO KOe(illi€HTIB
JIHIAHOT YaCTHHHU.
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OtpuMaHi CITiBBiIHOIIECHHS HA O -OKiUJI 30ypeHb MOYATKOBHX JaHHX,
Ta & -OKUI TOBEJIHKU PO3B’S3KiB, IO 3a0e3Me4yroTh iX BiJMOBIIHY
CTIHKICTh

BukopucToByroun miaxia ckiHueHHO-BUMIpHUX (QyHKUiH JlsamyHoBa
BCTAHOBJICHO BEIHYUHY «KPUTHYHOTO» BiJXWJICHHS apryMEHTy, MpH
SIKOMY 30epira€rbcs SKICTh TOBENIHKH CHCTEM pEryIIOBaHHA 3
3aIli3HIOBAaHHSM Ta HEUTPAJILHOTO TUILY

ChopmynpoBaHo Ta pPO3B’S3aHO AaHAJOTIYHI 3a/adyi MPO SKICHY
MOBEMIHKY PO3B’SA3KIB JUCKPETHUX CHUCTEM MPSMOTO PETyIIOBaHHA 3
YMOBaMHU IHTEpBaJbHOI HEBHU3HAYCHOCTI Ha KOCQIIIEHTH JIiHIHHOT
YaCTUHHM, IIO ONKCAHI B TEPMiHAX PI3HUIIEBUX PiBHSHb Ta PI3HUIIEBUX
PIBHSIHB 3 apTYMEHTOM IO 3aITi3HIOETHCS

[locraBneHo, 4iTkO CcOpPMYJIBOBAaHO Ta pO3B’SI3aHO  3ajavi
cTabinizamii po3B’sI3KiB HEMEPEPBHUX CHUCTEM MPSMOTO Ta HEMPSMOTO
peryioBaHHS 3 3ali3HIOBAHHSAM apryMEHTY Ta HEWTPaTbHOTO THITY JIO
cTa"y abCONMOTHOI CTIHKOCTI

PO 3BI’)KHICTb METOAY HBIOTOHA-KYPYATOBA
3A KNIJACUYHUX YMOB JINIIAIA
Hlaxno C.M., Sfipmoaa I'.I1.
JIpBiBCHKWMIT HaIlIOHABHAN YHiIBepCUTET iMeHi [BaHa dpanka
s_shakhno@franko.lviv.ua, halina_yarmola@ukr.net

Hexait Maemo HeniHiliHE PIBHSIHHS
H(x)=F(x)+G(x)=0, 1)

ne oneparopu F i G BusHaueni Ha omykiiii Maoxkuni D GanaxoBoro
npoctopy X 31 3HaueHHsMu B OanaxoBomy mpoctopi Y. F -
nudepenuiiosaunit 3a @peme oneparop, G - HenepepBHHI OrEPATOP,
TuQepeHLiioBHOCTI SIKOTO He BHMaraetbca. st po3B’s3yBaHHS
orepaTopHOro piBHAHHSA (1) 3aCTOCOBYIOTH pi3HHIIEBI 200 KOMOiHOBaHI
iTepariiHi npouecu [ 1, 2].

VY npami [3] HamMu 3anporOHOBAHO JBOTOYKOBHMH ITEpaliiHUN
npoiec, nodynoBanuii Ha ocHOBI MeToniB Hetorona Ta KypuaTosa,

Xper = X, = F'(%,)+G (2%, =X, xn_l):|_1 H(x,), n=0.1,... (2)

Ta JOC/IDKEHO HAIBIOKaIbHY 301KHICTD 3a KIIACHYHHUX yMOB JIimmuiis
it oxigHoi @dpemie Ta MOMIEHUX PI3HHUIL MEPHIOro MOpsAKy. [Ipu
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TAKUX yMOBAaX OTPUMaHO MOpsmok 36ikuocTi (L+ \E)IZ, AKUH €

HWKYUM, HIXK TIOPSIOK 301KHOCTI 0a30BUX METO/IIB.

B miii po6OTi BHUBYEHO IOKAJIbHY Ta HAIIBIOKAIBHY 30DKHICTH
Metony (2) 3a kimacmuHux ymoB Jlimmuns mns moximaoi ®dpeme Ta
MOJIIEHUX PI3HUIb MEPLUIOro Ta JAPYroro MOPSAKIB 1 BCTaHOBIECHO
KBaJpaTUUYHUA  TOPSIOOK  30DKHOCTI.  3amponoHOBaHUN  METOX
3aCTOCOBAHO [UIS PO3B’SA3YBaHHS CHCTEM HENIHIHHUX pIBHSIHD 3
HeangepeHiioBHIM onepaTtopoM. OTprMaHi pe3ynbTaTH BKa3ylOTh Ha
e(eKTHBHICTb iTepaliiiHoro mpouecy (2) B ceHci KiJbKOCTI iTepariii.
Jlitrepartypa
1 Argyros LK. A unifying local-semilocal convergence analysis and
applications for two-point Newton-like methods in Banach space //
J. Math. Anal. Appl. —2004. -V. 298. — P. 374-397.

2 Hernandez M.A., Rubio M.J. The Secant method for nondifferentiable
operators // Appl. Math. Lett. — 2002. — V. 15. — P. 395-399.

3 Ilaxno C.M., Spmona I'.Il. JIBoTOUKOBUI METOJ Ui PO3B’SI3yBaHHA
HeNHIMHUX  pIBHAHb 3 HeAn(epeHIiHOBHUM oTepaTopoM
/l Marematnusi ctymii. — 2011. — T 36, Ne2. — C. 213-220.

HOJAPOCTKHN U UHTEPHET BE3OITACHOCTD
Ilepo3ua Hato, llxBapanze Konctantun
Barymckuii 'ocynapctBennsiii YHuBepcuret uM. lllora Pycrasenu

[MoapocTok moiryyaeT orpoMHBINH 00beM HH(OpMAIMK O MUpE, B
KOTOPOM KHMBET MPH TNOMOIIM WHTEepHeTa. VHTepHeT sBisercs Kak
HUCTOYHUKOM NOMCKA MH(POPMALINH, TAK)KE€ U UCTOUHUKOM 00pa30BaHMUS,
COLMaNU3alMy M pa3BICUECHUs], KaK Ul HOAPOCTKOB, TaK U AJIS JIETEH.
XOTs UCHONB30BaHHE HWHTEPHETA JE€THbMU CBSI3aHO C HEKOTOPBIMH
pHUCKaMH, a UMEHHO:

- Jloctyn k wuH(pOpPMAnMM HEXKENATeIbHOTO COJACPKaHHA, B
YaCTHOCTH TOpPHOrpaduu, HACHIMH- OYJb 3TO BHJEO HIPbI, KAPTUHKH
WA TEKCTOBast HHPOpMAITHISL.

- Kubep nacumme (Cyber bullying) - Bua Hacumms, KoTOpoe
OCYLIECTBIISIETCS] IIPH ITOMOILM 3JIEKTPOHHBIX TeXHosoruil. [Ipumepamu
KnOep HaCWINS SABIISIOTCA: TIOCIAHUS COZIEPIKAINe YTPo3y, IPHCBOCHHE
SIPJIBIKOB B PA3JIUYHBIX COLICETSIX, BBHICTABJICHHWE B COLMAJBHBIX CETSAX
BUACO HIU (POTO OCKOPOMTEIBHOTO COAEp)KaHUs, PacIpOCTpaHEHHUE
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HEMIPUCTOWHBIX  CIUICTEH, OTHpPAaBICHHE KOPOTKO - TEKCTOBBIX
coobmienuit. Co3anue CTpaHHMIl M AKKAYHTOB TMOJ] 4y>KUM HMECHEM.

Bormpoc Hacuius 10 OTHOIIEHUIO AeTel MpoOIeMaTUYCH B HaIlICH
CTpaHe U TpeOyeT MPOBEICHUS MEp MTOMOIIIH KEPTBaM HACHIIUS U TAKXKE
MPUHATHE HYXHBIX MEp JUIS MPEBEHIUH JIETCKOTO Hacwius. Eciu mpu
MOSIBJICHUH  B3POCHIBIX PEOCHOK 3aC/IOHSET MOHUTOP, 3aKPhIBACT
MPOrpaMMy, WIH BTOPOIISX BBIKIIIOUACT KOMITBIOTEP, MOXKET YKa3bIBaTh
Ha CYIIECTBOBaHHE BBINICYIIOMSIHYTBIX OMACHOCTSIX. B 3TOM ciyuae,
IIOJIHBIA 3ampeT Ha MCIIOJb30BaHHE HMHTEPHETAa HE PELICHHE BOIIpOCa.
Bwmecrto 3Toro poauTens A0JDKEH HAYYUTh PeOCHKA KaK MPHHSITH MEPHI
WHTEPHET-0€30aCHOCTH, C OJIHOW CTOPOHBI, a C JPYrol CTOPOHHI,
caMoOMy TMpPHHATH COOTBETCTBYIOIIME MeEpbl. B 3TOM poauTtensM
MMOMOTYT CJICAYIOIIUE COBETHI: YCTAHOBUTE JIMMHUTBI IOJb30BaHUS
WHTEPHETOM; ONPECIUTE BpeMs, KOTOPOE Balllk JCTH OYyAyT MPOBOIUTH
32 KOMIIBIOTEPOM KaXIbldi JCHb W TPEIUIOKUTC HHTCPECHBIC H
MOJIC3HbIE CANThl U BEO-CTpaHMIBI TOAXOJAINIUE JJIsi €ro BO3pacTa,
TaKKE TMEPUOJUYCCKUN  CICAUTE 3a IPOIECCOM  IMOJIb30BaHUS
nHTepHeToM. CaMM  O3HaKOMBTECh C MpaBWIaMU  OE30IacHOTO
MOJIb30BAHUSI HHTEPHETOM - CYIIECTBYIOT TaK Ha3bIBAEMbIE MTPOTPAMMBI
— (UABTPBI, KOTOPBIE MPEOCTABAT BaM MH(OPMAILIUIO HE TOIBKO O TOM
Kakue BeO-CTpaHUIIbl IOCEIIA0T Ballld JIETH, HO M 3a0JIOKHUPYIOT
CTpaHHMIIBI, COICPIKAIINE HEKETATEIbHYI0 HHPOPMAIHIO.

Becenyiite ¢ merbMu 00 WHTEpHET OE30MMaCHOCTH - OecenyiiTte 00
OMMACHOCTSX, CYIISCTBYIOIIUX B HMHTEPHET MPOCTPAHCTBE YUYUTHIBAsS
BO3PACT, HAaBBIKU W yMeHHUs pebeHka. OOBSICHUTE, €CIU BO3HUKHET
JKeJIaHHUEe 3aperUCTPUPOBATLCS HA KAKOW JIMOO CTpaHHIle, 00paTUThes K
BaM 4TOOBI B IIEJAX OC30MACHOCTH O3HAKOMHTHCS C IMPEIJIOKSHHBIMU
MMH TIpaBWJIaMH M YCJIOBUAMH. Takke Mpeaynpeaure o Tex
OTMACHOCTSIX, KOTOpPbIE MOTYT OBITh CBf3aHBI C BbLIAYCH JUYHOU
uapopmarmu  (aapec, TenepoH WM T.JO.) M YrOBOPHUTE
OecrpoMeUTUTENEHO 00paIIaTbea K BaM B Cydae HaJHM4YWs IIPU3HAKOB
OMACHOCTH.

Kaxnplii M3 Hac IOMKEH UTpaTh OIPENEICHHYI) POJIb B TOM,
YTOOBI BCE MOAPOCTKH IOJIb30BAIMCH HHTEPHETOM 0€30I1acHO.

B crarbe paccMOTpeHBI BOIIPOCHI B3aUMOJICHCTBHS MTOJIPOCTKOB C
WHTEPHETOM.
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MOJAJIBHI JIOT'TIKU KBA3IAPHUX IPEIMKATIB BE3
OBMEKEHHSI MOHOTOHHOCTI
Mkiasasak O.C.

KuiBcrkuil HanioHansHMH yHiBepcuTeT iMeHi Tapaca [lleBuenka
me.oksana@gmail.com

MopanpHi JIOTIKH YCHIITHO BHUKOPHCTOBYIOTBHCS JUISI OMHCY M
MOJICTIIOBAHHS PI3HOMAHITHUX TMPEIMETHUX obOyacteil. Emicremiuni
JIOTIKH 3aCTOCOBYIOTBCSA IS OMHUCY I1H(QOPMAIIHUX Ta EKCIEePTHHX
cucteM, 0a3 gmaHmx 1 0a3 3HaHH 3 HEMOBHOIO I1H(OpMAaILi€ro.
TemmopanpHi  JIOTIKH  BHUKOPUCTOBYIOTBCSL  AJsl  crienudikamii i
Bepudikallii nporpaM. MOXIHMBOCTI TPaTUIIHHUX MOJAIBHUX JIOTIK 1
KOMITO3UIIITHO-HOMIHATHBHHAX JIOTiK KBa3iapHUX MpEeINKaTIB
MOEAHYIOTh KOMIO3UIIIfHO-HOMiHATHBHI MojansHi Jjoriku (KHMJI).
Baxnueum kimacom KHMIJI € Tpam3umiiini Momanbhi joriku (TMJI),
BOHH BiIOMBAIOTH aCIEKT 3MiHU 1 PO3BUTKY MPEAMETHHUX 00JIacTew.

B nmaniii momomizai 3amporoHoBaHo HOBI kimacu KHMIJI — TMUJI
YaCTKOBMX KBa3iapHMX TMpPEJUKATiB, HE OOMEXKEHHX YMOBOIO
MOHOTOHHOCTi. OmHCcaHO CEeMaHTHYHI MOJEeNi Ta MOBH YHCTHUX
nepmonopsinkoBux TMIJI, mocmimkeHo IX CeMaHTHYHI BIACTHBOCTI.
3anexxHo BiJl yMOB, HAKJIaJCHUX HA BiJHOILICHHS MEPEXOJy, BU3HAYCHO
pizui kimacu TMIJI. Haiinepure, e MyJbTHMOJANBHI Ta TEMIOPaIbHI
TMJLI; B wMexax wymbtumonanpanx TMJI mami Bumineno TMII
emicremiuHoro tumy Ta 3aranbHi TMJL. PosrmsHyTo B3aemoito
MOJIAJIbHUX KOMIIO3UIIIH 13 peHOMIHAI[IAMU Ta KBaHTOpamu. Iloka3aHa
BiIMIHHICTh TIpOoTIOHOBaHUX Ki1aciB TMJI HEMOHOTOHHHX TIPEIUKATIB Ta
BimoBiHUX KiaciB TMJI MOHOTOHHUX (€KBITOHHHUX ) TIPEUKATIB.

JlocipkeHO BIACTUBOCTI BiJHOIICHHS JIOTIYHOT'O HACIHIIKY JUIs
MHOXHH crienudikoBanux craHamu Qopmyn. s omucy enmiMiHamii
kBaHTOpiB TMJI HEMOHOTOHHMX TIPEIUKATIB BUKOPHUCTAHO CHEMialbHi
MPeUKATH-1HIUKATOPH HASBHOCTI 3HAYCHHS JIJISI TPEIMETHUX IMEH.

Ha ocHOBI BiacTHBOCTEH BiJHOIICHHS JIOTIYHOTO HACTIAKY JUIS
MHOXHH CTIe(iKOBaHUX cTaHaMHU (HOpMYI AJIsl MPOMOHOBAHUX KJIAciB
yiucTuX — nepmonopsakoBux  TMJI  HEMOHOTOHHMX — MpEIUKAaTiB
moOyI0BaHO YHUCIICHHS CEKBEHI[IHHOro Tumy. HaBeiaeHo cekBeHIiiHI
¢opmu (TIpaBmiia BUBEJICHHS) Ta YMOBU 3aMKHEHOCTI CEKBEHIIi B IUX
yucaeHHsaX. s OyIoBaHUX CEKBEHLIMHMX YUCIIEHb JIOBEJCHO TEOPEMH
KOPEKTHOCTI Ta IOBHOTH.
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BE3KBAHTOPHO-®YHKIIOHAJIBHI JIOT'TKHA
YACTKOBUX NIPEJAUKATIB
HIxineasak C.C., Borkopunbknii 1.b.
KuiBchkuii HanlioHambHUM yHiBepcuTeT iMeHi Tapaca llleBuenka
ttp@unicyb.kiev.ua

Po3po6iieHo 6arato pisHOMaHITHHUX JIOTTYHUX CUCTEM, SIKi 3 BEJIH-
KAM YCIIXOM BHKOPHCTOBYIOTHCS B iH(GOpMATHII ¥ MporpaMyBaHHI.
[Ipore mpuHIHITOBI OOMEKEHHS KIIACHYHOI JIOTIKH MPEINKaTIB, Ha K
3a3BUYal 0a3yrOThCS TaKi CUCTEMH, POOJISATh aKTyaJbHOIO 3a/1a4y Mmooy-
JIOBH HOBHX, ITPOTPaMHO-OPIEHTOBAHUX JIOTiK. TakuMH € KOMITO3HUIIIN-
Ho-HOoMiHaTuBHI Joriku (KHJI) yactkoBux npenukaris, OymoBaHi Ha Oa-
31 CHOUIBHOTO AJISl MPOTpaMyBaHHS ¥ JIOTiKW KOMITO3HIIIHHO-HOMiHATHB-
HOTO migxoay. B monosini npornonytothes HoBI kiacu KHIT — 6e3kBan-
TOpHO-(YHKITIOHAJIBHI JIOTIKW. BOHM 3aliMaroTh MPOMiXKHE CTAaHOBHIIE
MiX TPOIO3UIIHHOI0 JIoTiKo0 1 epmomnopsyikoBumu KHJT Ta € po3mu-
PEHHSIM BiJIOMHX PEHOMIHATHBHUX JIOTiK. BuaineHo taki iX miakmacu:

— 0e3KBaHTOPHO-PYHKIIIOHANBHI JIoTiKH (ckop. BKHJD);

— BKHJI 3 piBHictio (ckop. BKHIIP);

— BKHJI 3 crpororo piBHicTio (ckop. BKHJIPC).

bazopumu kommosumisimu BKHII € —, v, cynepno3wuiii S*, cre-
mianpHi 0-apHi KoMno3umii — QyHKIii AeHoMiHamii (po3iMeHyBaHH:) 'X.
st 0e3kBaHTOPHO-(DYHKIIOHATBHUX JIOTIK 3 PIBHICTIO 10JIaTKOBO BBO-
JMMO KOMITO3HI[iF0 piBHOCTI. Posrisimaemo 1Bi ii pi3HOBHIHOCTI: cj1a0-
KOT (3 TOYHICTIO JIO BU3HAYEHOCTI) PIBHOCTI = Ta CTPOTOi PiBHOCTI =.

Basosi kommosumii BKHJIP: —, v, S, 'X, =.

Basosi kommnosuiii BKHJIPC: —, v, S*,'X, =.

Kommosumii —, v, S*,'X, = 30epiraroTh €KBITOHHICTh KBa3iapHUX
¢dyHK1iH 1 npenukarie. [IpoTe KOMIO3HIIISl = €KBITOHHICTH He 30epirae.

OnucaHo ceMaHTUYHI MOJIeIi Ta MOBH 3a3Hau€HUX KiaciB QpyHK-
I0HATHHO-0E3KBAHTOPHUX JIOTIK. PO3IIIIHYTO BIIACTHBOCTI BiHOIIECHB
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JIOT1YHOT0 HACIIAKY JUIS map i A7 MHOKUH Qopmyi. Ha 1iit ocHOBI m1st
MIPOMTIOHOBAHUX JIOTIK IJIAHYETHCA IMOOYAOBa CEKBEHI[IWHUX YHCIIEHB.
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JI0O BUBOPY ITPOCTOPY O3HAK ITPH IPUMHSTTI PIIIEHB
MO BIJHOBJIEHHIO 3BYKOBHUX CUT'HAJIIB
Yivipin €.M.
[acruryt kibepuetnku iMm. B.M. I'mymkoa HAH Ykpainu

3rifHO BiJIOMOI KPHBOi 3aJIS)KHOCTI ITOPOTiB YyTHOCTI CUTHAJIIB
JIesIKO1 TOHAJIBHOI YacTOTH BiJl YAaCTOTH 1 PIiBHS 3BYKY, IO iX MacKye,
CTYIiHb MAacCKyBaHHS Ounblle [UIsi HU3bKOYACTOTHHUX TMOPIBHSHO 3
OCHOBHHMH CHTHaJlaMH 3BYKaMH, IO MAaCKYIOTb, i 3pOCTa€ 3 POCTOM iX
ammutitynu. JlaHa 3aneXHicTh Ui HaWOUTBII BUPAKEHUX BHIAIKIB
MacKyBaHHS HaBiTb Oe3 ypaxyBaHHS CIyXOBOi CHCTEMH KOPEIIOE 3
0CcOOJIMBOCTAMH 4YacoBHX TpadikiB MOBHHMX CHTHaliB. A came, Ha
(dpoHTax HU3HKOYACTOTHUX TAPMOHIK BEIUKOI aMILTITYH Bi3yaJbHO HE
BUSABISIOTECS ~ MakCUMyMH 1 MiHIMyMH  OimbIn  ciaOKux
BHCOKOYACTOTHHUX CIIEKTPAIbHUX CKJIAJOBUX, TOOTO caMe THX, SIKi He
CIIPUIMAaIOTHCS JTHOAUHOIO.

Takum 49uHOM, BHOIp K TPOCTOPY O3HAK IIOJIOKEHHS
EKCTPEMYMIB aMIUNTYyIHO-4aCOBUX 3aJe)KHOCTEH Ja€ NOTCHUiHHY
MOJKJIMBICTh HAWMPOCTIIIMMK ~ alTOPUTMAMHU  JIHIMHOI ~ CKJIaJHOCTI
3HU3WTH BUTPATH HAa KOAYBaHHs, 30epiraHHs Ta mepegady aynio-JaHuX.
[lpuitHATTS pilleHp TpPHW BiAHOBICHHI JAaHWX TIpH TEBHIH BTparti
iH(pOpMAIiT MOXKITUBO i3 3aCTOCYBaHHSIM Pi3HUX METOJIB iHTEPIOJISIIIi,
HanpuKiIaj, noiinomis Jlarpamxka abo HeroToHa.

Jis  OmiHKM SAKOCTI Ta CKJIQIHOCTI BITHOBIEHHS OyJo
MPOBEIEHO MOJETIOBAHHS MPOLECIB KOJYBAaHHS 1 JEKOJyBaHHS MOBHHUX
CUTHAIIB TIPU PI3HUX CTyNeHs ix CcTUcHeHHs. OnTumizais
00YHCITIOBAJIBHUX TPOLIECIB BUKOHAHA 32 PaxyHOK IEPEHECEHHS YCiX
00YHCIIOBaHb, AKI 3aJieKaTh TINBKH BiA y3JiB iHTEpPHOJALIi HA eTam
KOJ[yBaHHS CUTHAJIB.

Pesynpratn  MonemtoBaHHS ~— TOKa3anu — TOPIBHAHHY 3
(hopMaHTHUM BOKOJIEpaMH SIKICTh BiJHOBJIEHOIO CHTHaja MpH OUIBIINX
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YacOBMX BHTpaTax Ha peami3amilo aJrOpuTMIB HOTO  JEKOJyBaHHS.
HochimxyroTecs cnocobn  miaBHIIeHHS e()eKTHBHOCTI  MPOIECIB
BiTHOBJICHHS CUTHAIIB 33 PaXyHOK 3aCTOCYBaHHs MoJiiHoMiB UeOuiea.

MO/JIEJTIOBAHHSI ITPOIIECCIB IIPUMHSATTS
PUILIEHDb B CACTEMI MOHITOPUHT'Y I'IJIPOJIOr MUHOI
OBCTAHOBKH

Yiyipin €.M., Cocnenko K.II., Camoarok T.A.
[acruryt kibepuetuku im. B.M. I'mymkoa HAH Ykpainu

PosrisinaeTbest BUpilIeHHsT BUCOKOS(EKTUBHOTO OOMIHY JaHUMH
Ha JIIISHII MepeXXi 3 HaWOUIbII HACHYEHWUM TpadikoM B IHTETPOBAHOL
aBTOMATUYHOI ~CHCTEMH KEpyBaHHS, 3a paxyHOK oOprasizamii
PO3MOAITIEHNX OOYMCIICHb, 1HTENEKTyaldbHOI O0OpOOKHM Ta 30epiraHHs
ICTOpUYHUX JaHWX B I€papxidyHiii CHCTEMi, YTBOPEHOI IPOTpPaMHO-
anapataumu 3acobamu Ha MES, SCADA i PLC piBnsax. Takuii miaxin
BHUMarae CTBOPEHHSI MPOTPaMHUX 3aco0iB po3noaiiaeHol
IHTeNeKTyaIbHOT 00pOOKH «CHpUX» AaHWX. Pe3yiapTaTom momnepesHporo
aHamizy mpu OboMy Oyne He TUIBKH TPAHCHAIIA HaBepX HAHOUTBII
3HAYyIIOi, a 4acTo, i IBHO HE crpuiiMaHoi iHdopMarii npu 30epeKeHH1
3agaHux 00'eMiB Tpadiky, ane 1 MOXIHMBICTh il BUKOPUCTAaHHS B
nokanbHUX PLC- crcteMax KOHTYpHOTO PETyIIOBaHHS

Haiibinpm 3aTpeOyBaHUMH alTOPUTMAaMHU JIOKAILHOI 0OpOOKH
BUOpaHi HEWpO-MEpeKeBi alrOPUTMH, i aNTOPUTMU KOPEISAIIHHOTO Ta
CIIEKTPAJILHOTO aHaiizy. Ha BepxHbOMY piBHI BHUKOPHCTOBYIOTHCS
CTaTHCTHYHI NPUXOBaHI Mozeni MapkoBa, a TaKOX JepeBa NPUHHATTS
pimenb. [lepepaxoBaHi anropuTMH 3HAXOISATh 3aCTOCYBAHHS JUIS
CTBOPEHHS aIalTHBHUX 1 camoopranizytounx anropurmis LIOC, B Tomy
YHUCal B CHCTEMax MOHITOPHHIY 1 ympasiiHHS. OOpoOka NEepBUHHUX
JMaHUX Inepeadavae BUAUICHHS 3 HUX HAWOIIbII 3HAYYIIMX KOMOIHAIIiH
a0o maTepHiB (HaIpPUKIIaJl, HAHOUTHIN YacTO MOBTOPIOBAHUX TOEAHAHE) 3
METOI0 iAeHTH]iKalii i moganpoi 00poOKK At HPUHHATTS pillleHb Ha
Bumectosmux MES - piBHAX, mpeacTaBieHUX IUIAHYBAIbHUMH Ta
AQHAJIITHYHUMU JIOJJATKAMH 1HTETPOBAHUX CHCTEM.

Oninka e()eKTUBHOCTI 3allPONIOHOBAHMX MiIXOMAIB MIpOBEIEHa HA
3pa3kax HOBHX  BHCOKONPOIYKTHBHUX  Mikpomnpouecopi. s
MOJICJIIOBaHHs 0i10JIIOTEKM aNrOpuTMIB OYJIO CTBOPEHO IHTErpOBaHE
MOJIEITIOI0YE CEPENIOBHIIE Y CKIIaJli MPOrPAMHO-TEXHIYHOTO KOMIUIEKCY
UL PO3poOKH, Halaro/keHHs 1 Bepudikamii nudpoBUX KepyruHux
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migcucrem Hiwkyoro piBas (SCADA, PLC).  Ampobauisi mporpamMHo-
amapaTHHUX 3aco0iB Oyma mpoBeeHa 3a JOMOMOTOIO IHTETPOBAHOT
CUCTEMH MOHITOPHHTY TiAPOJIOTiYHOi OOCTAaHOBKM 1 aHami3y
XapaKTepUCTUK 3BYKOIOTJIMHAIOUMX MaTepianiB. Pe3ynbraT ampobarnii
MOKa3ajdl TMiABUINEHHS TPOAYKTHBHOCTI BHKOHAHHS ajJrOPUTMIB B
MTOPIBHAHHI 3 3ac00aMU TTOTOYHOTO TMOKOJIIHHS PiBHOI MOTYKHOCTI.

PO ONNTUMAJIBHE KEPYBAHHSA B HEJITHIMHUX
JU®EPEHUIAJIBHO — ®YHKIIOHAJIBHUX CUCTEMAX 3
BHUITAAKOBUMMU 3BYPEHHAMHU (HCAPC3B3)
Scuncopkuii B.K., CaBuyk b.B.

UepniBeupknii HallioHANbHUH yHIBepcuTeT iMeHi FOpist denpkoBrua

yasinsk@list.ru, sbohdanv@gmail.com

Ha (O, F{F .t=t,>0},P) cran nunamiusoi cucremu

3amano BumagkosuM npomecoM X(t) = X(t, ) :[0;+0)xQ —>R" B
sikocTi critbHOTO po3B’si3ky HCIPC3B3 i 3 ckiHUE€HHOO TICISTIE0

dx(t) = a(t, x, £(t), u)dt +Y (w)b(t, x, £(t))dw(t) @)
i3 30BHIiLIHIMU MapKoBCbKuMH Niepemukanusmu {77, , K > 0}
AX(®)] -, = 9t ), X (6 ), £ )t )

Ta MOYaTKOBMMH YMOBaMH
X, ={X(t, +0),—r <0 <0}=¢p(¢) € D=D([-7,0],R"),
Et)=yeY,n=heH.
Tyr X ={x((t+0),w),-7<0<0,7>0te D(R") - Binpisox
po3B’sizky HCADPC3B3 (1) — (3) 3 mepeMHUKaHHSIMH B MOMEHTH 4acy
t eS={t, T ke N}’,!Lr?otk =+00; D - mpocrip Ckopoxoma [2],

()

Y(t,w) — BumagkoBuH  TpoclEC i3 BiIOMHM  3aKOHOM
Et)=£(t w):[t,, 0)xQeR™ — wmapkosebkuit nponec. Bennuuna
u=u(t,x,y,h)eR" — | - Bumipua kepyroua nis.

OpepxaHo JOCTaTHI YMOBH ONTUMAIILHOTO KEPYBAHHS PO3B’S3KY
(1) — (3) Ha 6e3MexHOCTI TS 337aHOT IITBOBOT (PYHKITIT.
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MYPABBUHBIE AJI'OPUTMbI
B NP-TPYJHBIX CETEBBIX 3AJJAYAX
Cepreii /lonenko
KueBckuii HauroHanbHbIN YHUBEepcUTeT UMeHHU Tapaca [lleBueHko
sergei204@ukr.net

Hexoropeie NP-TpynHble ceTeBble 3amadd, HanmpuMep Takue, Kak
3ajJauya KOMMHBOSDKEpa, 3afjada ONTUMAIBLHOH pPa3BO3KH MOTYT OBITH
MPUOIMKEHHO PEUICHBI MPH MMOMOIIN OPUTHHAIBLHOTO 3BPUCTUYECKOTO
aIrOpUTMa, HAa3bIBAEMOIO MYPaBBHHBIM, CYTh KOTOPOTO COCTOHT B
CJICAYIOLIEM.

B cereBoil 3azade HILETCS HEKOTOPBIA JOIYCTUMBIM MapuIpyT,
3aTeM MOJEINPYETCsS [BIKEHHE KOJIOHWU MYpaBbEB BJOIb IAHHOTO
Mapmpyta. Kaxaelii w3 MypaBbeB, NpOIIEAMIANA IO HEKOTOPOMY
MapuipyTy, OCTaBJII€T Ha HEM “BUPTYaIbHBIH ciex QepoMoHa”,
MIPUBJIEKAIOMIUN  JPYTUX MYpaBbEB IOBTOPSTH €r0  MapuipyT.
[locnenyrome MypaBbu BBIOMPAIOT CBOM MapIpyT CIy4ailHO, HO
MpenoYTUTeNbHbIe  (T.. HauOoJiee  BEpOSTHBIC)  HaNpaBJICHUS
OTIPEJIENISIOTCSl KaK Ha OCHOBE OOBEKTUBHBIX JAHHBIX (BHEIIHSS
MPUBJIEKATENbHOCTh), TAK U B 3aBUCMMOCTH OT KOJIMYECTBa (hepoMoOHa,
OCTaBJIICHHOTO  IpeAplaymuMu  MypaBbsimu.  Cien  depomona
MIPEeICTaBIsIeT TOATBEPKACHHOE MYpPaBBUHBIM OIBITOM  JKEJIaHUE
NpOMTH MO JAaHHOMY MapUIpyTy U SBIAETCA JUHAMHYECKOH
nHpOpMaLMed — ¢ TEeYeHHEM BPEMEHH HOBBIE CJiellbl HaHOCATCS, a
cTapble “BBIBETPUBAIOTCS .

Oxa3pIBaeTcsi, YTO NPW TPUMUTHBHOM TIOBEJIEHHH areHTOB
MIOBE/ICHNE CHCTEMBI B IIEJIOM IOJIy4aeTCsl Ha yIUBICHUE Pa3yMHBIM, U
B KOHEYHOM HTOre, CpeId PELICHWM, HaWJIEeHHbIX BHUPTYyAJIbHON
KOJIOHHEIN MypaBbEB OKa3bIBAeTCS U OJIM3KOE K ONTUMAIBHOMY.
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