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ANALYSIS AND EVALUATION OF ANNOUNCEMENT OF MEDICAL
WORKERS AND ITS AUTOMATION
Balitskiy V., 5th year of study, student
National aerospace university « Kharkiv Aviation Institute »

According to the World Health Organization, infections associated with
the provision of medical care are one of the leading causes of death and
complications of hospitalized infections worldwide. The hands of medical
personnel are a major factor in the transmission of pathogens associated with the
provision of medical care. The observance of the rules of hand hygiene by
medical workers is one of the most important measures to prevent the spread of
hospital strains of infection among staff and patients. To address the need for
additional training of health workers in hand hygiene when caring for patients, it
IS necessary to determine their level of knowledge regarding the prevention of
infections associated with the provision of medical care and hand hygiene.

We have developed a software product that allows for the evaluation and
analysis of medical questionnaires on the prevention of infections associated
with the provision of medical care. This allows you to conduct a survey in a
short period of time, as well as reduce the complexity of such an analysis
manually.

The aim of this study is to create a software package that would allow for
automated assessment of the knowledge of nurses about the prevention of hand
hygiene in the performance of professional duties. The main objectives of the
study are: the development of a questionnaire on the prevention of hand
hygiene; analysis of software for automation of the survey; the development of a
software system for assessing the knowledge of paramedical personnel; the
introduction of a software package into medical facilities and a survey of
paramedical personnel; analysis of the results of the questionnaire.

To automate the assessment of knowledge and data collection, a web
application has been developed for medical personnel. The .NET core has been
chosen as the platform for the web application. During development, most of the
required application components can be downloaded as separate modules via the
NuGet batch manager. This reduces the number of redundant dependencies and
the overall size of the finished product. Also, a project based on. NET Core can
be easily transferred to the cloud. Microsoft Azure already supports the
deployment of .NET Core projects in both Application Services and virtual
machines. .NET Core allows small projects to get all the benefits of an
enterprise-class platform, while providing convenient and development tools, as
well as an inexpensive infrastructure. Also, a .NET Core-based project is best
suited for computational and analytical tasks.

With the help of automated software, questionnaires of the average
medical personnel of the institutions of Kharkov (Ukraine) were conducted.
Analysis of the results of testing showed that in the treatment and prevention
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institutions in which the study was conducted there were clearly developed rules
for the treatment of hands based on existing regulatory documents. Seminars on
hand hygiene are held in hospitals. The majority of respondents know the
algorithms for washing and hygienic hand antiseptic, less than half know the
sequence of actions for surgical treatment of hands.

The results of the questionnaire survey of nurses showed that during the
training of nurses to the rules of hand hygiene, special attention should be paid
to the prevention of catheter associated diseases, including providing healthcare
workers with moisturizing creams, emphasizing the proper implementation of all
stages of hygienic and surgical hand treatment; it is necessary to strengthen
control over the uninterrupted provision of hospital departments with alcoholic
antiseptics and liquid soap and review the norms of nurses' loads to ensure the
possibility of quality medical care for patients.

Based on the results of the questionnaire, it is possible to organize
trainings, the amount of information provided will depend on the knowledge
gaps of the respondents. The program of such trainings will focus on the most
complex issues and tasks, the answers to which the respondents most often made
mistakes in the questionnaires. This will save time for staff training and improve
the skills of health workers.

The program complex has been developed, which allows conducting an

automated survey of medical staff and greatly simplify its analysis. It was
established that in the treatment and prophylactic institutions in which the
research was conducted, there are well-defined rules for hand treatment, based
on existing normative documents. In-patient training courses on hand hygiene
are conducted. The majority of respondents know the algorithms of washing and
hygienic hand antiseptic, less than half know the sequence of actions in the
surgical treatment of hands.
An expert system was developed and implemented that allows individual
recommendations to be based on conclusions on hand hygiene in medical
institutions, as well as general statistics and recommendations for the
administration of a hospital to eliminate the inadequate level of knowledge and
possible factors that hinder the issue of hand hygiene.

*Scientific Advisor — Chumachenko D., Ph.D., Associate Professor of
Mathematical modelling and artificial intelligence department.
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SERVERLESS COMPUTING AND CONTAINERIZATION IN
CHALLENGER BANKS SOFTWARE
Kolomytsev Artem, student of 657P1 group
National Aerospace University named after N. Ye. Zhukovsky "KHAI"

Challenger banks are small, recently-created retail banks that compete
with the longer-established banks in the country. These banks distinguish
themselves from the historic banks by modern information technology practices,
such as online-only operations, that avoid the costs and complexities of
traditional banking [1].

Challenger banks can be established firms — most likely midsize or
specialist — that seek to compete with larger institutions. These banks don’t carry
the weight of legacy technology, so they can leapfrog over traditional
infrastructure and disrupt the status quo. They are more flexible, quicker to
adapt to user needs, more user friendly and more personal than traditional banks.
Their biggest advantage is that they have started fresh with a digital offering and
the use of the latest technology available [2].

Because challenger banks’ backends often is created from scratch — they
can use lot’s of modern cloud technologies for faster time-to-market in new
features development, increases scalability and reliability. Two most important
and growing trends in cloud application’s development in 2018 /2019 are
serverless and containerization [3, 4].

"Serverless” is a type of applications where server-side logic is still
written by the application developer, but, unlike traditional architectures, it’s run
in stateless compute containers that are event-triggered, ephemeral (may only
last for one invocation), and fully managed by a third party. One way to think of
this is "Functions as a Service" or "FaaS". AWS Lambda is one of the most
popular implementations of a Functions-as-a-Service platform at present, but
there are many others, too [5].

Deployment is very different from traditional systems since we have no
server applications to run ourselves. In a FaaS environment we upload the code
for our function to the FaaS provider, and the provider does everything else
necessary for provisioning resources, instantiating VMs, managing processes,
etc.

Horizontal scaling is completely automatic, elastic, and managed by the
provider. If your system needs to be processing 100 requests in parallel the
provider will handle that without any extra configuration on your part. The
"compute containers™ executing your functions are ephemeral, with the FaaS
provider creating and destroying them purely driven by runtime need. Most
importantly, with FaaS the vendor handles all underlying resource provisioning
and allocation — no cluster or VM management is required by the user at all.
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Functions in FaaS are typically triggered by event types defined by the
provider. With Amazon AWS such stimuli include S3 (file / object) updates, time
(scheduled tasks), and messages added to a message bus (e.g., Kinesis).

Second important trend in cloud software development is containerization.
Monzo, on of the biggest challenger banks use them a lot [6].

Containers are a form of operating system virtualization. A single
container might be used to run anything from a small microservice or software
process to a larger application. Inside a container are all the necessary
executables, binary code, libraries, and configuration files.

Compared to server or machine virtualization approaches, however,
containers do not contain operating system images. This makes them more
lightweight and portable, with significantly less overhead. In larger application
deployments, multiple containers may be deployed as one or more container
clusters. Such clusters might be managed by a container orchestrator such as
Kubernetes.

In contrast with VM, each container shares the same host OS or system
kernel and is much lighter in size, often only megabytes (figure 1). This often
means a container might take just seconds to start (versus the gigabytes and
minutes required for a typical VM).

App 1 App 2 App 3

Bins/Lib Bins/Lib Bins/Lib

App 1 App 2

App 3

Guest
(O

Bins/Lib Bins/Lib Bins/Lib

Hypervisor

Infrastructure Infrastructure

Machine Virtualization Containers

Figure 1. Container’s vs VM’s layers [7]

The fintech revolution has been reshaping the landscape of the traditional
financial industry by cutting costs and improving the quality of financial
services, using big data to assess credit risks in a more intelligent way, and
creating a more diverse and stable credit sector.

Two most important and growing trends in cloud application’s
development in 2018 / 2019 are serverless and containerization.
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Using cutting edge technologies challenger banks can work more effective
and deliver features faster.
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USING WEB SYSTEMS FOR STUDY
Kuklina D.S, Mospan E.R.
National Aerospace University - Kharkov Aviation Institute

A lot of attencion given for using of modern computers technology for
testing students. In the test method of knowledge control we have a lot of
advantages such as: efficiency, manufacturability accuracy of knowledge rate
also using same rules of testing for everyone.

The lecture entitled to informational training system STM.khai.edu on a
CMS Moodle base which is intended to receive experience and abilities.
Precisely this learning platform the most popular at universities of CIS former
countries because let us to make effective internet education in own
environment. We made tests for third course in a discipline of informational
database systems and methods optimization. There is a problem that many
people overusing tests only for appraise student  attainments but not for
education. We use tests not only as revise but as an attempt to remember our
knowledge in practise. And then we open new chance to use tests as studying
tool. The aim of system is increase students efficiency on account of materials
accessibility through the internet, introduction of interactive modes studying and
rate control for knowing tasks content

This method of system on the discipline of informational database
systems and optimization methods which include theme package with
electronic lections, glossary with new terms, presentation, video course, and test
exercises homework and practise work during classes

It is possible to make enter in your account to watch your marks in the
year. Also teacher can look on your marks for control studying process [1].

AP WD a® B 5B b 48 o2 56 48 4% e ub. 48 o
e : “ o 2 P o 2 SRt
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Pic. 1. Control of the educational process.

Bibliography
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DEVELOPMENT OF COMPUTER GAME OF THE SHOOTER GENRE
BASED ON UNREAL ENGINE 4
Levchenko Bogdan Vladislavovich, 355 group
National Aerospace University "Kharkiv Aviation Institute”

Relevance. It's no secret that video games have firmly taken their position
in the modern entertainment industry. There are attempts to distinguish
computer games as a separate area of art, along with theater and cinema. It was
the game development process that gave impetus to the development of robotics,
architecture, modeling of physical processes, navigation systems and other
industries. Now this business can be not only interesting, but also profitable,
because there are plenty of examples in history.

The first primitive computer and video games were developed in the
1950s and 1960s. They worked on platforms such as oscilloscopes, university
mainframes, and EDSAC computers. Nowadays, games are created practically
on any device, and development companies have more than $ 1 billion in profits
from creating video games.

The object of the research project is the development of a bulk virtual
reality with the processing of a game mechanic, and the subject of research -
conceptual, polygonal, functional and computer simulation.

The purpose of the study - the development of computer games in the
genre shooter Unreal Engine 4 based on mathematical methods.

Despite the versatility of development, the main manipulations associated
with the collection of material into a single structure, will be executed with the
engine Unreal Engine 4, which allows the ability to write code in C ++, or its
analogue - Blueprints, which describes the logic programs and created some
scene materials. As a result, this system not only gives the skills in
programming, but also the understanding that logic needs to be built
competently, optimized and thought out. It also develops logic in the field of
modeling and processes.

Realization of the main task requires the use of methods and models of
programming and mathematics. Of these, one can distinguish:

- behavior tree;

- state machine;

- Vornoi diagram;

- inheritance;

- interpolation

Applicable methods. The scene actors are animated using a state machine
model, smoothing movements and motion are achieved by interpolation, and the
module responsible for intelligent decision making is implemented through the
behavior tree.

Results. The result of the project is a game containing a detailed
environment consisting of medium and low poly textured models of the
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environment, a flexible controller of the user's character, the artificial
intelligence of the enemy’s character and other NPCs. Various game mechanics
have been worked out: bullet ballistics, movement system, combat system
without weapons, stealth mode, cover system, movement with hook-cat, object
destruction and parkour.

Pic. 1. Game demonstration -

Findings The wuse of mathematical and quantitative methods to
substantiate decisions in any sphere of human activity is subject to discipline
called the "research of operations”. This work is a vivid example, because in
order to achieve the goal, namely the creation of a three-dimensional virtual
reality, a series of actions in the field of mathematical modeling was carried out,
in the construction of heuristic methods and models in the search for optimal
solutions. In this work, the reasons for the optimality of the choice of a
particular model were given. To a greater degree, the optimality depends on the
volume of the written code (the less code, the better), because we are basically
doing programming. However, this is not the main criterion of quality. If we
take, for example, the above-described structural model, then its advantage over
other models was that adding elements to the system does not need to spend
additional resources: to enter new variables or create new classes, and also
heavily loads the virtual reality reproduction device. In order to minimize the
load on the device in the work, it was decided to draw graphically only those
objects that are in the field of view of the cameras fixed by the character and use
low-polygonal modeling of objects.

Losses in the graphic of virtual reality lead to losses in realism, which is a
serious problem for immersion in the atmosphere. This is the main disadvantage
of the work performed. From the advantages of work | would like to emphasize
that since the purpose of the study was to demonstrate the use of a mathematical
apparatus in the development of the virtual world, the goal was fulfilled, and the
completion of defects is not a difficult problem.

ProfIT Conference 2018



12 11 Mixxnaponna HaykoBo-npakTH4HAa KoHbepeHwis IT-npodecioHanis i
aHamiTHKiB KoMl 1oTepHux cucteM «ProflT Conference»

DESIGNING AN INFORMATION-ANALYTICAL SYSTEM OF A
DISTANCE COURSE ON DISCIPLINE «METHODS OF ANALYSIS IN
SOCIOLOGY»

Mikhailichenko Pavel*, student of group 355
National Aerospace University - Kharkov Aviation Institute

The rapid development of information technology makes it possible to use
modern electronic devices as an effective learning tool. The automation of the
learning process takes place using materials and programs that are used in
various forms of digital information, including the use of the Internet.

The creation of distance learning courses opens up fundamentally new
perspectives and opportunities for improving the processes of upbringing,
learning and developing students. Under the distance learning course, they
understand the e-type learning resource, the discipline, including all the
necessary materials, as well as the methodical instructions for organizing work
with a course that uses computer technologies and Internet tools [1].

The purpose of the work is to improve the quality of student learning by
designing an information and analytical system of distance learning course in
the discipline "Methods of analysis in sociology".

Test tasks that are used as a tool for assessing the level of student
preparation must meet the requirements of quality and reliability. Therefore, one
of the main tasks of the work is to justify and select the methods and models that
are appropriate for analyzing the quality of tests and test tasks. Among the most
prominent methods of testing the results of processing, there is the classical
theory of tests.

The classic theory of tests relies on statistical analysis of the results of a
specific test does not simulate those characteristics of test participants that
determine the success of passing a particular test and at the same time do not
depend on a specific test - those characteristics of participants, for the purpose of
measuring which tests are conducted and for which the results of passing a
specific test serve only by indicators [2].

Postulated a simple linear dependence that binds the visible test score (X)
to the sum of the two invisible (or, as often called, latent) variables - the true
score (T) and the error points (E):

X=T+E (1)

So, for each participant in this equation two unknown values. The
equation can’t be solved unless one makes some simplifying assumptions: the
true ball and the error point are independent random variables; the average error
score in the group of participants is zero; Error points in parallel tests are
independent [3].
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The benefits of classical test models are that they are based on relatively
weak assumptions (that is, they are easy to satisfy on real test data), they are
well known and have long been used successfully. The population requirements
are low.

The modern distance learning systems are analyzed and the choice of the
platform LMS Moodle for the creation of a distance course is grounded. The
main elements and structure of the LMS Moodle platform are considered, the
project of the distance course on discipline "Methods of analysis in sociology" is
proposed. A functional-oriented and object-oriented information-analytical
system of the distance course was conducted using the BP WIN and Rational
Rose packages, respectively.

Designed distance course on the LMS Moodle platform and a software
toolkit for analyzing students' responses to tests based on the classical theory of
tests using R.

The paper developed the distance course «Methods of Analysis in
Sociology», which, unlike the existing ones, allows not only to organize work
on the course remotely, but also to take into account the level of students'
training at various stages of learning material through the analysis of test results
as a form of learning control. The paper proposes a software toolkit that allows
you to analyze student responses and test items using data downloaded from
LMS Moodle, which allows the teacher to form a final test based on the level of
student readiness. Analysis of the psychometric characteristics of the test is
carried out on the basis of the classical theory of testing. The advantages of the
classic test models are that they are based on relatively weak assumptions and
the methods for calculating the main indicators of test quality can be calculated
on a relatively small student population.
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*Scientific advisor — Mazorchuk M. S., Assoc. Prof., Engineering Science,
Assoc. Prof. of department 304.

ProfIT Conference 2018



14 11 MixxnaponHa HaykoBO-npakTH4HA KoHbepeHwis IT-npodecioHanis i
aHamiTHKiB KoMl 1oTepHux cucteM «ProflT Conference»

ON EFFICIENCY OF INFORMATION SYSTEM FOR FOREIGN
LANGUAGE LEARNING
Padalko Halyna, student of PNKm-61 group
Lutsk National Technical University, Lutsk

The paper explores the effectiveness of using the created information
system for independent study of a foreign language, which is especially
important in the conditions of the exchange program for students of Lutsk NTU
and the Technical University "Lublin Polytechnic”. Knowledge of a foreign
(Polish) language is a prerequisite for successful training of Ukrainian students
in the double degree or semester program. The features, patterns and principles
of implementation and use of the software in the process of teaching students of
a technical institution of higher education are investigated.

The aim of the research is to study the effectiveness of the use of the
created information system for independent study of a foreign language.
Research objectives: to analyze the current state of the use of information
systems for learning a foreign language; to develop an information system for
self-study of a foreign language; to conduct an experimental study on the
application of the information system and analyze the results of the introduction
of this tool in the educational process.

Scientific novelty of the results. The work further developed the use of
computer technology in the learning process and their integration with
traditional teaching methods. Improved learning process, through the full
activation of the organs of knowledge. Proved the high efficiency of practical
tasks in the study of theoretical material. The practical significance of the
results. The study showed that the use of an information system for self-study of
a foreign language helps to improve the foreign language communicative
competence of future specialists of a higher education institution.

It has been proven that the use of the information system in the classroom
is a fairly effective and expedient means in teaching students a foreign language
to master foreign-language communicative competence. In addition, the use of
computer technology in the teaching of a foreign language allows you to move
away from traditional forms of learning and improve the individualization of
students 'learning activities, optimize the assimilation of language structures and
grammatical rules, as well as overcome the monotony of classes in the formation
of students' speech and communication competence.
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DEVELOPMENT OF AN INTELLECTUAL COMPUTER PROGRAM,
TEACHING ALGORITHMIC SKILLS
Velichay Artem Rostislavovich, student group 355
National Aerospace University N. E. Zhukovsky "KhAI"

Introduction: From the standpoint of systematic process management, a
number of destabilizing factors characterizes traditional learning knowledge and
skills, negatively affect the quality of training of trainees. Among them:
disturbances affecting trainees and mentors; weak professional and pedagogical
training of individual mentors; low starting level of knowledge and skills and
lack of individual motivation trainees. In modern times, intelligent computer
programs are promising learning tools. Such programs are cybernetic, can have
almost unlimited resources for the effective formation of professional
competencies of the trainee and constitute a high speed [1]. So, we need for
distance and adaptive learning.

Obijective: Develop of an intellectual teaching program that will help
students learn Structured Query Language and improve algorithmic skills. The
training program should offer students, who have not passed with the task, tips,
give instructions and assist in the passage of tasks, of tasks in case of difficulties
or repeated errors

Applied method: in the course of the work were studied and used methods
of creating an intellectual teaching program, a modified g-gram method with
preliminary replacement of keywords in the Structured Query Language,
methods for building a syntax tree, methods for comparing Structured Query
Language queries.

Work results: An intelligent computer program was created. She assesses
the level of training of students, displays the assessment of the assessment of
knowledge and gives advice on their improvement in the results window.

o5 PaBoTa Hag owmBramn — Oa >

Xenaere nposectu paboty Haf ownbKamMu?

Ha Her

Pic. 1. First Results Window
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Pic. 2. Second results window

Findings: in the progress of the research, the basic principles of building
intelligent training programs were studied and the learning process of intelligent
systems was considered. The classical g-gram method was modified by
preliminary replacing the keywords Structured Query Language. An intelligent
computer program that teaches the Structured Query Language has been
developed.
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DESIGNING AN INFORMATIONAL - ANALYTICAL SYSTEM OF A
DISTANCE COURSE ON THE SUBJECT
“DATA ANALYSIS IN THE SAS SYSTEM”
Vivdenko Andrii Borisovich*, student of group 355
National Aerospace University, Kharkov Aviation Institute.

It is difficult to imagine a modern education system without distance
learning, because during it a significant part of educational processes is carried
out using modern information technologies. The analysis of publications with
the development of information technologies is becoming more and more
relevant for the use of open and remote systems using telecommunication
systems, video collections, computerized and multimedia programs, Internet. So,
in conjunction with the full-time and part-time forms of education, a distance
learning form began to function. It is considered not as a modern approach to
self-education, but as a separate system, which is a way to give a deep
knowledge, to prepare high-level specialists who have a diploma that stands next
to traditional diplomas.

The disadvantages and advantages of such a system of education are
ongoing disputes. Currently, we are considering distance learning as one of the
intermediate stages of developing a distance learning course in combination with
a traditional correspondence form. This system is especially relevant for non-
resident students who cannot seek advice directly from a teacher.

The main motive for creating the theory of IRT is the development of
such models of educational assessments, which allow determining the level of
preparedness of participants that do not depend on a specific test.

The procedure for more accurate data conversion into an interval scale
can be performed based on the Rasch model.

George Rush suggested that the level of preparedness of the tested &;
and the level of the task f; are placed on the same scale and measured in the
same units - logit. The argument for the success of the subject is the difference
8; - B;. If the difference is positive and large, then it is high, and the possibility
of success of the i-th test in j-th task [1].

If the difference is negative and large modulus, then the probability of
success of the i-th test subject in the j-th task will be low.
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Fig. 1. Characteristic Curves for ICC Problems in the 1PL Model

As a mathematical model that relates the success of the subject with the
level of his preparedness and difficulty of the problem, choose the logical
function, which for a one-parameter model, Rash has the following form:

gl'?{'g_ nE_.l}

1+ el7(e-5)

P(6) -

where u, B are independent variables for functions.

The purpose of this work is to improve the quality of student learning by
designing an information and analytical system of distance course on discipline
"Analysis of data in the system SAS".

In the framework of the study, the requirements for distance learning
systems were studied, the classification of distance learning systems was
considered. Existing remote learning systems were also reviewed and the most
commonly used analysis was analyzed, on the basis of which we chose LMS
Moodle, which is the best free software open source software and many plug-
ins.

The results obtained. A course is developed for students and a program
complex that analyzes students' answers.
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PA3PABOTKA TTPUJIOXEHU A T10 CIIOPTUBHOMY
OPUEHTHUPOBAHUIO C UCTIOJIb3OBAHUWEM JIAHHbIX
COITUAJIBHBIX CETEN 1 TEOKAPT
I niywro Upuna Bumanvesna™, cmyoenmra epynnot 356
Hayuonanonuviu aspokocmuueckuu ynusepcumem um. H.E. JKykoeckozo « XAH»

AKTyaJIbHOCTh TEMBI OOYCIIOBJIEHA TeM, YTO (UINYECKOE pPa3BUTHE
YelloBeKa 3aHMMAaeT BaXHYI0 poJib B ero Ku3HdU. HHpopmannoHHbIE
TEXHOJOTHH aKTUBHO HCMOJB3YIOTCS B OPTraHU3AlMOHHOW NEATEIBHOCTH, YTO
obnerdaer paboTy ¢ OOMbIIMMU 00BEMaMH NaHHBIX M CHIDKACT BPEMCHHBIC
3arpatbl. PazpabaTbiBaeMblil TPOTPaMMHBIN MPOYKT MPEACTaBIICT cO00i web—
CepBUC ISl OpPTaHW3allUd COPEBHOBAHUM MO CIIOPTUBHOMY OPHEHTUPOBAHMIO,
WHTETPUPYEMBIN ¢ KApTaMU U COITUATBHBIMU CETSAMH.

[TockonbKy callT OpUEHTUPOBAH Ha Y3KYH0 AyAUTOPHIO, COCTOSIIYIO B
Oonblliel CTENEeHW U3 NPOPECCHOHATIBHO 3aMHTEPECOBAHHBIX TPEHEPOB H
CIIOPTCMEHOB, TO BeChb (PYHKIIMOHAJN CcaiTa pa3JeleH Ha 4YeThIpe TPYIIIbI
I0JIb30BaTENEH: rOCTh, OPraHU3aToOpP, AAMUHUCTPATOP U CIIOPTCMEH.

st pa3paboTku BeO-TipuiiokKeHUs: ObUT BbIOpaH JavaScript B kauecTBe
KJIIMEHTCKOTro si3bIka, s3bIk (Golang juisi cepBepHOM YacTH, Amber Kak S3bIK
m1abJI0HOB 117151 cepBepHO yacTH, 1 OpenStreetMap API niia paboTel ¢ KapTamu.

CepBuc OpenStreetMap Opu1 BeIOpaH TOCTE aHaIW3a CYHIECTBYIOIIUX
KapTorpauuecKkux CEepBUCOB, IIABHOW €r0 OCOOEHHOCTHIO SIBJIACTCS HaJIMUNe
KapT MO CIIOPTUBHOMY OPHMEHTHUPOBAHWIO. DTH KapThl 3HAYUTEIHHO YHPOCTST
pHCOBaHHE MAapIIPYTOB [JIsi OPraHM3aTOPOB, TaK KaK HET HEOOXOAMMOCTH
HAHOCHUTH CHEIHALHBIC 3HAKU CAMHM.

B xkauectBe comumanpHOM cetm Obul  BeIOpaH cepBuc Facebook,
MPENOCTABISIOMIUNM  JIOTIOJIHUTENbHBIE ~ WHCTPYMEHTBHl  JJIi  TOMOIIIH
pa3paboTynMkaM, W 3a CYET JTOTO SBJSIOMIMKCA HamOoJiee YIOOHBIM IS
WHTETpallud JaHHBIX BEO—CTpaHUIl B colMalbHbIE ceTu. Jjia ympaBieHus
paboroit mpunoxkenust Obul BbIOpaH mpoTokosn Open Graph, ynpormraronui
nporiecc uutTerpupoBanus. Graph APl mpeacraBiser co00ii  0OBEKTHI
(monb3oBarenu, ororpaduu, CTpaHUIIBI) U CBSI3M MEXKIY HUMU (OTHOIICHUS,
obmee coxepxumoe U ¢Goto—rern). Kaxaplii 00bekT B rpade uMeer
YHHUKAIBHBINA HICHTU(PUKATOP, UCTIONIB3YSI KOTOPBIA MOYKHO TMOJYYUTh K HEMY
JIOCTYTI.

B pesympraTe ObLT pa3paboraH yA0OHBIM WeED-cepBUC, HMeEOMINI
NOHATHBIM MHTEep(deiic U COCOOHBIM 00JIETYUTh OPraHU3alMI0 COPEBHOBAHUMN
IO CIIOPTUBHOMY OPHEHTUpPOBaHMIO. Pa3paboranublii Web—cepBuc mmanupyercs
WHTETPUPOBATh C OOJBIIMM KOJIMYECTBOM COLMAIBHBIX CETeH, a TaKxKe
00aBUTh BO3MOKHOCTh CO3/JaHUSI HECKOJIBKUX MapUIpPyTOB Ha OJTHOM KapTe.

*Hayunwiii pykosooumens — Maneesa O.B., 0.m.H., npogeccop xag. 302.
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AHTHUAJTAN3UHT 3065PAXKEHHS KPOKOBOI TPAEKTOPIT BIJIPI3KA
[TPIMOI HA OCHOBI OLIIHIOBAJILHOI ®YHKLIII
Pomaniox Onexcanop Hukughoposuuy, npog.., 0 .m H.
Jlucenxo €szen Cepeitioguu, cmyoenm
Binnuyvxuii HayioHanbHUU MexHiYHUl YHI8epcumem

[lpu anTmamiaiizuary [1-3] KpPOKOBUX  TpaeKTOpii  IHKPEMEHTHI
NEepEeMIIEHHs] Ta 1HTEHCUBHOCTI KOJBbOPY MIKCETIB PO3PAaXOBYIOTHCA PI3SHUMHU
OpolEeAYpaMH, IO 3YMOBIIOE HEOJHOPITHICTH OOYMCIIOBAJIBLHOTO TIPOIIECY,
BiJIHOCHO BEJIMIKI BUTPATH Yacy ¥ CKIIAIHICTh amapaTHoi peamizamii. Y 3B’ 3Ky 13
UM aKTyaJbHUMH € MHTAaHHA CYMIIIEHHS IMX NOpoLeaAyp, 1o mepenadayae
BUKOPUCTAHHS HOBHUX CITIBBIJHOIIECHb 1 (DYHKIIIH, 3HAK SKUX BU3HAYAE THII
€JIEMEHTapHOI'0 Iepe-MillleHHs, a iX 3HAYE€HHS — IHTEHCHBHICTb KOJbOPY, a
TaKOXK HOBUX MOJIEJICH MKCEeiB.

YcTaHOBUMO 3B'SI30K MK TOXHMOKOIO JIIHIMHOTO 1HTEPIIOIIOBAHHS —Ta
OLIIHIOBATIbHOIO (yHKIieto [2]. Hexali Ha i-My Kpolli iHTeprossiii BUOpaHO
Touky (X,Y,) Tpaekrtopii (puc. 1). HacTynHy Touka TpaekTopii BUOMpaemo i3
nBox MoxomBHX "kaHaummatiB" (X +1, y.), (X +1,y,+1) 3amexHo Bix
3HAYCHHS a0COJIOTHUX MOXUOOK A", A, VY BUMNAAKy, KOJU Ui TPAEKTOPIil
BUOpaHO TOYKY 3 KoopauHatamu (X +1, Y. ), moxuOka Oyme MaTH Bix €eMHE

3HAUYEHH4, a ii MOAYJIb OyJie JOPIBHIOBATH

‘4_‘:%(Xi +1)_yi'

I

V= 2=
- 7 - FBII
LY~

X

— 5% LY

Puc. 1 IToxubku A", A” NiHIAHOTO IHTEPIOIIOBAHHS

3 OCTaHHBOTO PIBHSAHHS 3HAXOAUMO , O (X, +1)-MIT :‘4" -bIl -y, - BII .

3HaueHHs OLIHIOBaNBHOI QYHKMIT B Toumi (X +1,y,) 3HaiizemMo 3a GpopMyInoro
OF,=V,-Bll—(x,+1)-MII+FI1/2. TligcraBuBuii B OCTaHHii BHpa3
3HaueHHs (X +1)- MI1 3 nonepeanpoi GopMyiH, 3HAXOIMMO
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‘4‘ bll/2-OF 1 OF
bIT 2 Bl
1 OF 1 OF
3 puc. 1 BugHo, mo (A |+4 =1, Tom =l-—+—==+—2=—.V
P Ao, ‘4‘ 4 y o4 2 bBIl 2 bIT
3arajJbHOMY BHITQJIKy MOHA 3aIliCcaTH, 110 |4 | = % —sign(OF )B_IFYI

Jlerko moka3zatu, o JJs BijoMoro anroputmy bpeszenxema [2]

1 OF
=2 ~Sign(OF, )=~
4] sign(OF, ) T

Hexaii HeoOximHO ccbopMyBaTH 306pa>1<eHH;1 3TJIQ/KEHOT  TPAEKTOPii

BIApI3Ka MpsMOI 3 IHTEHCUBHICTIO Kompopy | ... Ilepeiimemo Bix

IHTEpIIOMIOBAaHHS Bijpi3ka mpsiMoi 3 HaxuwioM MII/BIl 10 iHTepIOIOBaHHS

. : : . Ml
Bigpiska | /I ., sIKi MarOTh OIHAKOBI KYTH Haxuiy, TOMY =——.3

max

-MIT

| —_max -
' BIT

Bipi3oK mpsiMoi Mae Taki npupoctn bII'=1_ ., MII'=1 . IHTEeHCHUBHICTH

OCTaHHBOTO BHPA3y 3HAXOAMMO, IO 3po3yMmisio, 10 HOBHI

KOJIbOpPY TMKCeNa BCTAHOBJIIOETHCS MPOIMOPIINHHO BIJACTaHI BiJ MiKcena [0

11€anbHOrO0 Biapizka npamoi, tooro |, =1, ‘4‘
I : OF/
|4|.|max:M_| . _ I,-

VYpaxoByrouu, mo bII'=1

max 2

3HaXOAWMO, 110 IHTE€HCHUBHICTH IMOTOYHOI
| : .
TOYKM TpaekTopii |, = |4 | o = % —sign(OF/)-OF'. ¥V mnouatkoBiii Ta

Kinnesiii toukax OF’'=0, ToMy B IMX TOYKax IHTEHCHBHICTH KOJBOPY
nopieatoe | . /2.
Cnucok BUKOPHUCTAHOI JIITEpaTypu
1. Pomantok O. H. Merogu Ta 3acoOuM aHTHamiali3MHTYy KOHTYpIB

00’€KTIB y cucteMax komm roTepHoi rpadiku. Monorpadis / O. H. Pomaniok,
M. C. Kypinnuii. — Binnauis: YHIBECYM-Binnung, 2006. — 163 c.

2. Pomantok O. H. Komm’torepna rpadika. HaByanpuuii mocionuk /
O. H. Pomanrok — Binaung: BJATY, 2001. — 129 c.
3. Pomantok O. H. Meron anTHamai3uHTy 300pa)KeHb BIJIPI3KiB

OpsMUX 3 BUKOPUCTaHHSM JOJATKOBHUX OIiHIOBaIbHUX ¢yHKINA / O. H.
Pomantox, O. B. Menpauk, O. B. Pomanwok // BumiptoBanpbHa Ta

o0YHuCITIOBalIbHA TEXHIKA B TEXHOJIOTTYHMX Tporecax. - 2014. - Ne 2. - C. 210-
214
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BUKOPUCTAHHA MOP®IHI'Y 30bPAXXEHD JIJISA MEJJUYHNX
3ACTOCYBAHb
Pomaniox Onexcanop Hukughoposuuy, npog., 0 .m H.
Heuunpyx Muxona Jleonioosuu ,cmyoenm
Binnuyvrkuu nHayionanbHuu mexHivHuu yHigepcumem

Ha nanomy ertamni xomm toTepHOi rpadika MOpGIHT OTpUMaB MOMIMPEHHS
B KiHemarorpadii, KOMIT'IOTEpHi aHiMamii Ta irpax. ParfioHadbHUM €
BUKOPHUCTaHHA MOpQIHTY 1 B MEIWIHMHI, 30KpeMa, ISl aHami3y BIKOBUX
MaTOJIOTi Ta MPOBEIEHHS TUIACTUYHUX OIEpaIlii.

[Ipu HasIBHOCTI TPUBUMIPHHX 300paK€Hb OOJIMYYS UM TOJIOBU JIIOIUHH
MOKJIMBO peajizyBaTu MOpPQIHT, KN mojsrae y (GopMyBaHHI MPOMINKHUX
3HaYeHb 300pa’ke€Hb BiJ MMOYATKOBOIO JI0 KiHIEBOro. (s 1poro, sik mpaBuio,
BUKOHYIOTh MOJIM(DIKaIlII0 TPIAHTYJIALIIHOT MOJIEN1 00’ €KTY.

ABTOpamMu po3po0JIEHO MPOTPaMHUM MOYJb peaiizallii MOphOIOTTYHUX
NEPETBOPEHD 300paKEHb JIJIs1 MEIUYHUX 3aCTOCYBaHb.

InTtepdeiic nporpamu 300paxeno Ha puc. 1  Ilporpama no3Boiisie
3aBAaHTAXUTH T[IOYaTKOBE Ta KIHIIEBE 300pakeHHs, MOAU(IKYBaTH ix
MOJIITOHAIBHI MOJE, 3a7]aBaTH KUTbKICTh MPOMDKHUX 300paskeHb (KaapiB) 1 iX
gac Bi10OpaXeHHsI, a TAKOK BUKOHYBaTH MOP(QIHT.

3obpam. 1|  3wmima |  3Gepem. | 3o6pam.2 | 3wima | 3Gepem.

KinbkicTs kaapis:
1 ' . . . . . . . . ' 0 . ' . ' . . il |
! J

Weuakicrs:

lllIltnlblun‘ctlntcllliblllutlll!

Crapr

Kineub

Puc. 1 —Inrepdeiic nporpamu 1yst MOpiHTY 300pakeHb
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[Iporpamy mMopdiHry MOXYTh €(peKTUBHO BUKOPUCTOBYBATH IIACTHYHI
XIpypru i BU3HAYCHHS ONTUMAaIbHOI (POpMHU JeskuX IUITHOK obmuyusi. Ha
puc. 2 300pakeHo MOP(IHT HOCa JJIs 33]1a4 PUHOTLIACTHUKH.

Puc.2 —Mopdinr 300pakeHHss HOCa ISl pPUHOTUIACTHKU

[TouatkoBUM 300pakeHHSIM € BHUXIJIHA TPUBHMIPHA MOJEIb OOJIUYYS
JIOJIMHY 3 BUAUICHHSAM IUISHKU Hoca. KinieBe 300pakeHHs Gopmye Xipypr 3
€CTETUYHUX MIpKyBaHb. 3a JOMOMOIOI0 MporpamMu (POpMYyIOThCS MPOMIXKHI
300pakeHHsI, 3TIHO 3 SKUM BUOMPAETHCS ONTUMAIBLHUN BapiaHT. 3pO3yMiJIO,
0 MpHU IbOMY HEO0OX1THO BpaxoByBatu opmMy Hoca Ha (HoH1 0bmmyust (puc. 3),
10 3a0e3MeYnTh NMPUUHATTS TPABUIHLHOTO MPUUHATTS PIIICHHS 3 €CTETUYHOI
TOYKH 30DY.

Puc. 3 —Mopdinr 300pakeHHsT 00mHaUs

3anpornoHOBaHO METOJI aHaJi3y BIAMNOBIIHOCTI BIKOBHX 3MiH PO3BUTKY
JUTUHU BCTAHOBJICHMM HOpPMaM. 3TiHO 3 METOJ0M (OPMYETHCS TPUBUMIpPHA
MOJIeJb TOJIOBU JUTHHHU 3 BUKOPHCTAHHS TPUBUMIPHOTO CKaHEpa YU METOIB
dbotometpii. ['eHepyeTbcs KiHIIEBE 300pakKeHHS NUIAXOM 3MiHM (opmu Ta
pPO3MIpiB TOJIOBH AWTUHU  BIJMNOBIAHO O PEKOMEHIOBAaHMX HOPMATHUBHUX
3Ha4YeHb. [IpoBOIUTHCS MOP(IHT Mi’K TOYATKOBUM Ta KIHIIEBUM 300paKE€HHSIMU.
[Ipu boMy HOPMYIOTHCSI TPOMIXKH1 300paKEHHSI.

BcTaHnoBmOETHCS BIMOBIIHICTE PO3MIPIB TOJIOBH JUTHHU TMapameTpam,
OTPUMAaHUX BiJl 3T€HEPOBAHUX 300paKeHbh HA OCHOB1 MOP(QIHTY.
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OITUMI3ALIA TPAHCIIOPTHUX MAPIIPYTIB
JIOTICTUYHOI'O ITPOBAWJIEPA B PEXXMMI PEAJIBHOI'O YACY
Tepewenxo Cepeiti FOpitiosuu, cmyoenm epynu 651nl
Hayionanvnuii aepoxocmiunuu ynieepcumem im. M. €. JKykoecvkozo « XAI»

B ymoBax puHKOBOI €KOHOMIKM ¥ TOCTIMHOTO pOCTy OOCSTIB
BUPOOHUIITBA Ta CIOXXUBAaHHS PIZHOMAHITHUX TOBApIB CIIOCTEPIra€ThCS
3pOCTaHHs POJIi MIBHUIKOTO MEPEMIIIEHHS BaHTaX1B M)XK HACEJICHUMHU ITyHKTaMH,
BUPOOHMKAMU Ta CHOXHBayaMu a00 TMPOCTO MDK BIJIPAaBHUKOM Ta
OTPUMYBayeM.

3a3HaueH1 (YyHKINT 3a3BUYail BUKOHYIOTH CIEIlialli30BaHI MiANpPUEMCTBA,
10 HA3MBAIOTHCS JIOTICTUYHUMM TpoBaiinepamu. Ilepenik OCHOBHUX (YHKIIIH
JTAHUX KOMIIaH1! TaKi:

— TPAHCTIOPTYBaHHS;

— CKJIalyBaHHS Ta BAaHTaXOINEPEPOOKH;

- 00pOOJICHHS 3aMOBJICHB;

— YIPABIIHHS 3aM1aCaMU.

Y  MDKHapoAHINW  JIOTICTUYHIA TEPMIHOJOTII MNPUMHATI  HACTYIHI
MO3HAYEHHS  KOMIIAHIM, 10 3MIMCHIOIOTH  CEepBIC IS  BHUPOOHHKIB,
nocTavyaabHUKIB 1 npoaasiiB ToBapis: 1PL, 2PL, 3PL, 4PL. IIpu nsomy, PL —
party logistics (aHr.) nmepekyiagaeThes TOCIIBHO SIK «CTOPOHA JIOTICTUKI

— 1PL (First Party Logistics) — e aBTOHOMHA JIOTICTHKA, BC1 orepariii
BUKOHY€E CaM BJIACHHUK BaHTaXYy,

- 2PL (Second Party Logistics) mependauae, mo KOMITaHisS Haja€e
TpPaJMIIIiHI TIOCIYTH 1O TPAHCIOPTYBAaHHIO W VYOPABIIHHIO CKJIAJCHKUMHU
MPUMIIICHHSIMU;

— 3PL (Third Party Logistics) B mepesik MOCIyr Takoro orneparopa
BXOJUTh CKJIaAyBaHHS Ta JOAATKOBI TMOCIYTH, a TaKO0X BHUKOPUCTAHHS
CyOII IS AHUKIB;

— APL (Fourth Party Logistics) — iHTerpamis BCiX KOMIaHIH, fKi
3alisiH1 B JIAHI1 NOCTAYaHHSA BAaHTaXIB. Takuil mpoBaiiiep BUpPIUIY€E 3aBIAHHS,
IO MOB'sI3aHI 3 IJIaHYBAHHSAM, YIMPAaBIIHHSIM 1 KOHTPOJIEM BCiX JIOTICTHUHHUX
MPOIIECIB KOMMAaHIi-KJII€EHTAa 3 BpPaxyBaHHSIM JIOBTOTEPMIHOBHX CTpPAaTETIdYHUX
LJIEH;

— 5PL (Fifth Party Logistics) — cucrema, sika MpeacTaBiisie COOOO
IHTEPHET-JIOTICTUKY — 1€ IMJIaHyBaHHS, MiJITOTOBKA, YIPABIIHHS 1 KOHTPOJIb 32
BCIMa CKJIAJOBUMH €IWHOTO JIAHIFO)KKA TPAHCIOPTYBAHHS BaHTAXIB 3a
JIOTIOMOT010 €JIEKTPOHHUX 3ac001B iHhopMallii.

Jlist 30epe’keHHs. KOHKYPEHTOCIPOMOYKHOCTI CY4aCHOMY JIOTICTUYHOMY
MpoBaiiiepy HEOOXITHO MIATPUMYBATH HA BUCOKOMY PIBHI TPU HaWBa)KJIMBIIII
MOKa3HUKU JIOTICTUYHOTO CEPBICY — KOPUCHICTb, SIKICTb Ta ONEPATHBHICTh. B
TOM Yac SK KOPHUCHICTh Ta SKICTh € OUIBII aOCTPAaKTHUMH KaTEroOpisMH Ta
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3MIHIOIOTBCSI B 3aJIeKHOCTI BiJ MoTped® abo BpakeHHS 3aMOBHHUKA, OCTaHHIM
KpUTEpIM Mae YiTKe BU3HAYEHHS, a caMe — 3JaTHICTh BHUKOHATH HEOOXITHHM
o0csr poOOTH Y HAUKOPOTIITUH TIEP10/] Yacy.

Came mu1s 3a0e3reueHHs ONepaTUBHOCTI POOOTH JIOTICTUYHI MPOBaiiepu
BUKOPUCTOBYIOTh Cy4YacHE MporpaMHe 3a0e3leueHHs, 3a JIOMOMOIrOI0 SIKOTO
MOKYTh OyZyBaTH ONTUMAJIbHI JIOTICTUYHI MapIIpyTH, BPaXOBYIOUH PU3HKH, HA
SKI HEMOXJIMBO BIUIMBATH, HANPUKJIA] — MOTOAHI a00 COMiaibHI YMOBH 1 5K
HACJIIJIOK — HEOOX1AHICTh KOPEKIIii MapuIpyTy.

Bix Takoro mporpaMHoro 3a0e3nedeHHs MOTPeOyEThCS MBUAKICTh pOOOTH
HE3aJIe)KHO Bi reorpadiyHoOro MO3UIIOHYBAaHHS KOPHCTyBada, 3PYUHICTb
BUKOPHCTAHHS Ta 3/1aTHICTh (PYHKITIOHYBAaTH B YMOBaX BUCOKHX HAaBAHTA)KEHb.

Jlnst 3a0e3nedyeHHs] BUIIECKA3aHMX BHUMOI Y CyYacHId KOMEpIiiHIN
po3po0Ill MPOrpaMHOTO 3a0e3MEeUEHHS [IUPOKO BHUKOPHUCTOBYIOTH XMapHi
TEXHOJIOT1i, SIKI JTO3BOJISIIOTh OyAyBaTH PO3MOJIICHI CHUCTEMHU MPOTPaMHOTrO
3a0e3MeyeHHs.

KitouoBoto J1aHko y ToAI0HOMY TIPOrpaMHOMY 3a0€3MedeHHl €
QITOPUTM, SKUN BUCTYNAE TEOPETUUYHOIO OCHOBOIO JJIS MOOYTyBaHHS CHCTEMHU.
OckiJIbKM 3a3HaueHa MpoOJieMa € KIACUYHOIO 337a4€r0 OUIbII BiJIOMOIO SIK
3a/lada TONIYKy ONTHUMAJIBHOTO MUIIXY Ta TEPEBAXHO PO3TIAIAETHCA K
yacTuHa Teopii rpadiB, iCHye OaraTo ajJrOpuUTMIB, IO BHPIIIYIOTh JaHY
npooiemy.

Cepen HUX MNOpPUCYTHI KIACHYHI aJIrOPUTMHU BHUpPILIEHHS 3ajadi,
HATPUKIIAT;

- anroput™ [lenkcrpu;

- anroput™m bemnmana-®dopna;

— QITOPUTM TIOITYKY A*;

— anroputm ®noiga-yopuena.

JlaH1 anropuT™MH MarOTh HU3KY TIepeBar Ta HeAOJIKIB, 10 OyJii BU3HAYECH]
M1 9ac ACTaIbHUX JOCIIKEHb Ta MPAKTUIHUX peaTi3allii.

Haiimonoamumy Ta HaWMEepCeKTUBHINTMMH aJITOPUTMaMU Ha JJAaHUM 4ac
€ MypalIMHUKW Ta TEHETUYHHHA anropuTMu. JlaHi ajaropuTMu YacTKOBO
0a3yrOThCS Ha JOCHIKEHHSX B Taly3l OloJiorii a camMe — EHTOMOJIOTIl Ta
TeHEeTHKU. [X OCOOJIMBICTH — €BOJIOLIHA CKJIa0Ba, IO JO3BOJSE CHCTEMI,
noOy0BaHiit HA OCHOBI JAHOTO AJTOPUTMY, MTOKPAIIyBaTH PE3yiabTaT poOOTH 3
IUIMHOM 4Yacy. [HIIMMM cloBamH, UIOHAWIOBIIE cucTeMa Oylie MpalroBaTh —
OUIbIII ONTUMATBHUMU OYIIyTh Pe3yNbTaTu ii podoTh. Uepes Te, 10 MypalinHHii
QITOPUTM €  aNrOpUTMOM caMme [Uisi  Oe3mocepenHbOro  BU3HAYCHHS
ONTHUMAJIBHOTO MIIAXY, JaHWUH aJITOPUTM TIPOCTINIE BHUKOPUCTATH 3a]Is
BUPILIEHHS TIOCTABJICHOI 3aJ1a4i, Ha BIIMIHY B1J TEHETUYHOTO aJTOPUTMY, KUl
€ OUTbII YHIBEPCAIIbBHUM M MOKE€ 3aCTOCOBYBATHUCS JMIIE B yMOBaX JOCTaTHBOI
BU3HAYCHOCTI.

*Haykosuil kepienux — Kysneyosa FO. A., k.m.H., Ooyenm xag. 603.
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APPLICATION OF ATOMIC FUNCTIONS TO IMAGE COMPRESSION
Brysina Iryna, Associate Professor of the Department 405
Makarichev Viktor, Associate Professor of the Department 405
National Aerospace University "Kharkiv Aviation Institute”

The function is called atomic if it is a solution of the linear functional
differential equation with constant coefficients and linear transformations of the
argument [1]. In [1 - 4], approximation properties of the atomic functions
up(x), ups(x) and their generalizations were studied. In terms of Kolmogorov

width, it was shown that these functions are just as perfect constructive tools as
classic trigonometric polynomials. Hence, their practical applications are
promising.

Discrete atomic transform (DAT), which is based on application of atomic
functions, was presented in [5]. Also, advantages of the DAT procedure over the
discrete cosine transform were given. Further DAT was used as a core step of
discrete atomic compression (DAC) [6].

DAC is an algorithm for compression of full color 24-bit images using
atomic functions. This algorithm is an effective tool for compression of digital
photos, aerial and satellite images, screenshots and all other types of
photorealistic images.

DAC is a lossy compression algorithm. By varying the parameters of this
compressor you can get results of different size and quality.

DAC is much more efficient than JPEG compression algorithm. The
figure 1 presents the results of comparison of the high quality modes of DAC
and JPEG.

16 -
14 —
12
10
8 ODAC
B JPEG
4 4
gl mll
O T T T T T T
Classic test Aerial test Screenshots CANON Small NIKON Small
images images test photos CANON test photos NIKON
photos photos

Fig. 1. Compression ratio
It should be mentioned that DAC and JPEG have almost the same loss of
quality in terms of the uniform, root mean square and peak signal to noise ratio
metrics.
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Comparison of these algorithms, which was carried out on several groups
of different test images, shows that DAC can save significantly more memory
than JPEG with the same quality of results. For instance, the size of DAC-file is
smaller than the size of the corresponding JPEG-file by 12 to 48 percent
(actually, it depends on the type of the image and the settings of quality).

400 -

300 —

200 — |Osize, mB

100 —

0 1 1
DAC JPEG

Fig. 2. Total size of compressed test images.
The total size of the original data is 1.9 gB.

It is also important that ZIP algorithm is effective for compression of
DAC-files. Using ZIP compression, we can reduce memory costs by 6 to 13
percent. At the same time, ZIP compression of the corresponding JPEG-file does
not exceed 5 percent.

Therefore, further development and wide use of DAC is promising.
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DEVELOPMENT OF METHODS FOR SOLVING RELAXATION
PROBLEMS OF OPTIMIZATION OF POLYEDRON-SPHERIAL
CONFIGURATIONS

Goncharenko Anton Sergeevich *, student of group 355
National Aerospace University of N.E. Zhukovsky "KHAI"

The report is devoted to the study of nonlinear optimization methods on a
permutation polyhedron, taking into account the specifics of the Euclidean set of
permutations and the properties of the functions defined on them.

If EcER™ afinite set of points of an arithmetic Euclidean space.
Consider the following discrete optimization problem:

£ 2] — min. (1)
_E-_':}E.:lﬂﬁ:.j.f..rk, (2)
g_r._II:-L:I=3:1-E o _T|.;, 3)

xEE (4)

where functions £} 25l %) 183w a0 defined and continuously differentiable

on E . Hereinafter we denote 71 {&--=1f
Consider as the set E the following combinatorial set of arithmetic

.3L={1-_:...:a=}

Euclidean space. Let be the set of n real numbers among which

rare different. Without loss of generality, we will assume that *1 %ajq,18
As a result, a set is generated Fax whose elements are ordered
sets¥= L¥¥a) yhere B T 3 180 g = (LT e permutation
= of the first natural numbers. If all elements of a set4 are different, then such a
set is called a Euclidean set of permutations. If the set A contains the same
elements, then we have a Euclidean set of permutations with repetitions.
Euclidean sets of permutations and permutations with repetitions are well
studied. We note the important fact that they are vertically located, i.e. coincide

with the set of vertices of their convex hull. The convex hull of a set Ey is the

so-called permutation polyhedron Tl It is known that it is described by the
following system of linear equations and inequalities

n n
POE =P a;
oy S |

inagai: TRz Ip, |[fn.
e idl | (5)
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where ¥ is the power of the set @,

Consider an optimization problem of the form (1) - (4), provided that the
set E is described by system (5). It is easy to see that this problem is a nonlinear
optimization problem on a permutation polyhedron with additional restrictions.

The report proposes an approach to solving the problem, using a
modification of the conditional gradient method. It is known that the conditional
gradient method assumes linearization of the objective function in a certain
neighborhood of a point with subsequent optimization of a linear function on the
set of feasible solutions. The peculiarity of the linear optimization problem
functions on a permutation polyhedron is the fact that its solution is written out
directly by ordering the coefficients of the objective function. The minimum of a

Il |: ]{:l = i':ﬂ{l

linear function 1-1 on a set !lw s reached at the point
]{I -I}El:"':]{l ! ¥ = 1E] = . .
' " where *® " ®7 =T ang T (m,.. ) is the permutation of

the first = natural numbers, such that R

Thus, it is possible to construct an iterative process of solving a sequence
of auxiliary problems of optimizing functions on a permutation polyhedron. At
each step in determining the direction of the decrease of a function, the problem
of optimizing a linear function is solved, the coefficients of which are the
components of its gradient at the corresponding point.

Note that if the functions fx), zi(x), i€l are convex on 1% and the

functions gilx ) i€ 1] are linear, then the method converges to the exact
solution of the problem.

The obtained results are of independent interest from the point of view of
solving conditional optimization problems on a permutation polyhedron with
allowance for functional constraints. On the other hand, the described tasks can
be considered as relaxation in various combinatorial optimization schemes, in
particular, on a set of permutations.
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*Scientific supervisor - Yakovlev S.V., D.Sc., professor 304.
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NUMERIC EVALUATION OF THE EFFECTS OF EMERGENCY
EXPLOSION OF HYDROGEN IN THE IN THE MACHINE
Gordina A.l., student of gr. 365a
National Aerospace University

Emergency emissions into the atmosphere and the explosion of gaseous
hydrogen in the closed space of the mining enterprise forms a shock-impulse
effect on the maintenance personnel and equipment. Numerical assessment of
the risk of impact of the impact of a shock wave on a person makes it possible to
carry out an integrated analysis of the danger of an anthropogenic object, to
evaluate the effectiveness of protection systems and evacuation.

The individual risk for a separate scenario of a technogenic accident R
depends on the statistical probability of the occurrence of an accident P, and the

simulated probable probability P of human damage
R=P,-P. (1)
The mathematical modeling of the explosion of gas clouds in the surface

layer of the atmosphere allows us to obtain the spatio-temporal distribution of
the main damaging factors: the maximum excess pressure APy @t the front of the

shock wave

APy, =P, Py, (2)
where P;, Py — is the current and atmospheric pressure at the calculated point of
space, and the momentum of the phase of compression|_ in the front of a shock
wave

T+,
L= [ APyt (3)
where t,, t, — the time of the beginning and extension of the phase of
compression of the wave.
Conditional probability P the damage to a person under the influence of
an explosive shock wave depends on the probe function P, — the upper limit of a
definite integral of the normal distribution law with mathematical expectation 5
and dispersion 1.

Pr 1 2
L[ o(t)
P=— dt-
NG _([ e 2 (4)
The probe function for the fatal outcome of the service personnel due to
the impact of a shock explosive wave is determined by the formula

P = 5—2,44-1n[7,38/AP¢) +1,910%/(P,, -I+)] (5)
The obtained fields of probability of human damage make it possible to
estimate the influence of the closed nature of the room and the encumbering of

space with such equipment as a mine electric locomotive.
* Scientific advisor — Skob Y.A., PhD, Ass. Prof. of the department 304.
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APPLICATION OF THE GENETIC ALGORITHM FOR SOLVING
THE PROBLEM OF OPTIMAL PLACEMENT OF RECTANGLES
Kozhina N.V.
National Aerospace University - Kharkov Aviation Institute

The placement problem as one of the most traditional optimization
problems is expanding its scope of application. This is due to the fact that today
the mathematical support has developed considerably and the possibilities of
technical support of automatic programming systems have increased, which
allows solving problems of higher complexity than it was possible before.

Problems of optimal placement arise during designing a variety of
devices, placing equipment, cargo and other engineering tasks. The ability to
optimally place objects of various shapes in productions and businesses directly
affects financial and economic performance such as material use, the number of
employees involved and the speed of production.

The problems of optimal placement of geometric objects belong to the
class of problems of optimization geometric designing. In the submitted report,
the question of optimal placement of rectangles in the field of the rectangular
form is investigated. The solution of a given problem with the help of genetic
algorithms is proposed. Since the task is NP-complete and thus has a large
number of objects, the use of most traditional algorithms is not rational. An
alternative to this is the use of evolutionary algorithms, in particular genetic.

The mathematical model of the problem was described, the main criteria
for the methods of decommissioning were discovered and a software product
was developed that satisfies the needs of the user in graphically mapped work of
the methods of solving the problem.

Two main methods for local and global extremums were considered: the
BLBF method, as one of the methods of heuristic search of a local extremum,
and a genetic algorithm as one of the types of evolutionary algorithms for the
search of a global extremum. A program on C # programming using the XAML
technology, which simulates the problem of optimal placement of rectangles in
the region, was developed.

Evolutionary algorithms, in particular genetic, can be used for problems
of two-dimensional cutting. The genetic algorithm showed satisfactory results in
a computational experiment. The visualization of the solutions was developed
and presented.

e axzopumuy e I

Fig. 1. Visualization the options for optimal placement of rectangles.
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COMPARATIVE ANALYSIS OF CONTINUOUS FUNCTIONAL
REPRESENTATIONS OF SPECIAL CLASSES OF COMBINATORIAL
CONFIGURATIONS IN DISCRETE OPTIMIZATION PROBLEMS
Kust K.S., student of group 365a
National Aerospace University “Kharkiv Aviation Institute”

The purpose of the work to create software for solving discrete
optimization problems in algebraic statement using nonlinear programming
methods. To make a comparative analysis and to create recommendations
regarding effective using of this statement.

Object of the study a class of nonlinear optimization problems on sets of
permutations and Boolean configurations immersed in arithmetic Euclidean
space, for which a series of analytic descriptions was previously constructed in
the f-representation theory of combinatorial sets.

The main content of the work is experimental researching of the tools for
solving discrete problems using methods that use the theory of f-representations,
and comparative analysing of them.

Recommendations regarding effective using of algebraic formulas for
some combinatorial optimization problems were worked out and the
comparative analysis was made .

The work is interesting both for educational purposes for demonstration
the possibilities of using classical optimization algorithms for solving discrete
problems, as well as for scientific ones, since it allows to make
recommendations for the application of one or another continuous model of a
discrete set depending on the class of tasks and their dimensionality.
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FORECASTING TUBERCULOSIS DISEASES IN UKRAINE BY THE
METHOD OF SELECTION OF THE LARGEST POSSIBILITY
Mazhar G.V., student group 355,

National Aerospace University named after. M. E. Zhukovsky "KhAI"

Mathematical modeling is one of the most effective tools for predicting
the epidemiological situation of tuberculosis, which is used to develop programs
for the prevention and control of tuberculosis and assess their impact. The
process of spreading tuberculosis infection varies significantly in different
regions of the world. This is due to different epidemic background, geographical
and climatic conditions, economic, demographic and social characteristics.

One of the most effective methods of forecasting is the maximum
likelihood method. This time series analysis model is widely used in the world
to predict cases of various diseases, including tuberculosis. The development of
computer technology, the emergence of data processing programs that are in the
open access, create favorable conditions for the application of this method in
order to predict the number of new cases of tuberculosis in the future. The
purpose of the work is to develop a time series model using the method of
greatest similarity and prediction on the basis of TB in Ukraine.

The developed application makes it possible to trace the accuracy of
patients with tuberculosis by 2018. The task of prediction of time series is actual
and is solved based on the forecasting model. The developed methodology for
predicting tuberculosis morbidity in the development of the epidemic process
can be used to plan preventive and control measures. The relevance of the
proposed methods of forecasting is largely due to the peculiarities of the
epidemiological situation in the country. Introduction of new methods of
forecasting will allow to define and plan the directions and scope of control and
preventive measures. A model of forecasting of time series was developed based
on the sampling of the maximum similarity of the types of the task of prediction
of the time series - taking into account and without taking into account external
factors.

* Scientific supervisor - Bakumenko N.S., Candidate of Technical
Sciences, Associate Professor, Department 304
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TRANSFORMATION OF DATA STRUCTURE IN SOFTWARE
SYSTEMS FOR SOLVING THE OPTIMIZATION TASKS
Rudyk Volodymyr Mykolayovych, student group 365
National Aerospace University named after. M. Ye. Zhukovsky
"Kharkiv Aviation Institute”

Modern software systems are complex multilevel systems. The purpose of
the project to create software systems is the development of complex A product
with architecture in the form of a hierarchy of elements, among which it is
possible to highlight both simple and composite objects. The simple elements
are classes that fully satisfy the description of the object (for example, sphere,
circle, combining 2 spheres, etc.), complex - elements of the middle and upper
levels (solver, system, framework).

The components in the information submission are elemental
informational constituents of the task. In the presented There are two types of
components that are the configuration elements: basic objects with generalizing
variables and adapters that can provide Depending on the type of project, use the
structure to solve the problem. In a real project of a multi-level information
system use all types of listed components. To detect the necessary data structure
Yu.G. Stoian and SV Yakovlev introduced the notion of geometric configuration
space objects based on the formalization of geometric information.

The geometric information 9 = (s} Um, (P} of the object S < R?
includes in the spatial form {s} as the equivalence class on the set of points sets;
The metric parameters of the form W= (#1,---,#;:), which specify the
dimensions object; accommodation parameters W} = (P1, -, P defining the

position object S in space R*_ On the set of geometric information Linear space
of canonical information and general information information space for the
system of geometric objects.

To solve various optimization problems there is a transformation
information from basic objects, then depending on the task Optimization is
supplemented by generalizing variables and corresponding ones limitations of
geometric objects. In order to preserve the metric characteristics of the objects
under study, existing methods were analyzed and, for a given task, a follow-up
step is the implementation of the packaging task in the container.

* Scientific supervisor - Sergey Yakovlev, Doctor
Physics and Mathematics, Professor Department 304
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NUMERICAL MODELING OF THE EVAPORATION OF THE SPILL OF
LIQUID TOXIC SUBSTANCE
Shaitan Alina Fedorivna, student group 355
National Aerospace University, “KhAIl”

One of the most dangerous types of man-made accidents is the destruction
of the storage tank of a toxic chemical (PCS) in a liquefied state with the
formation of a strait spot, the evaporation of PCS with the formation of a toxic
cloud. The mass concentration of PCS in the air is a dangerous parameter. The
exposition of the facility’s personnel to certain concentrations of PCS is formed
by a damaging factor — an inhalation toxoid dose, exceeding the threshold
values of which leads to social consequences — poisoning of varying severity
and human victims. Therefore, determining the risk of an enterprise for such an
accident is an important and urgent engineering and practical task.

The assessment of the consequences of a technogenic accident includes
the determination of the probability of damage to service personnel who may be
exposed to PCS, based on mathematical modeling of the dispersion of toxic
impurities in the atmosphere. The spatio-temporal fields of a dangerous
parameter obtained as a result of modeling — the mass concentration of a toxic
impurity — make it possible to determine the magnitude of the main damaging
factor — the inhalation toxic dose and the conditional probability of damage to
the personnel. The mathematical model is implemented as a subsystem of the
Toxic Spill Safety research software complex.

Inhalation toxicosis D depends on the mass concentration of toxic
impurities Q and exposure time <,

D= TfQ“clr, (1)
0

where n — tabular coefficient for each PCS.

The conditional probability of damage to a person under the influence of
inhalation toxic doses of PCS depends on the probit function - the upper limit of
a certain integral of the normal distribution law with a mean of 5 and variance 1.

Pr 1 2
1 -=(t-5)
P=— 2 dt. 2
o ) e (2)
The probit function for toxic damage is generally determined by the
formula 3.
P, =a+b-In(D), (3)
a and b — tabular semi-empirical coefficients.
For approbation of the developed information technology, the evaporation
of 6925 kg of liquefied hydrogen cyanide (toxic explosive substance with a
density of 689 kg / m3, molar mass of 0.027 kg / mol, boiling point of 298.6 K,
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evaporation heat of 933 kJ / kg) was simulated from a strait spot in the form of a
circle with a radius of 8 m. The center of the spill spot circumference was
located at a distance of 16 m from the origin of coordinates in the computational
domain with dimensions of 85 Y 10 Y 85 m and the number of cells along the
axes of 85 Y 10 Y 85. At a distance of 30 m along the OX axis and 28 m along
the OZ axis from the origin, a building with dimensions of 15 U 5 Y 25 m was
located. The raid wind at a speed of 3 m / s at an angle of 45¢ to the OZ axis at a
height of 0.5 m. Evaporation rate PCS was 0.00106 kg / s/ m2.

Fields of conditional probability of death for a person during inhalation of
hydrogen cyanide are presented in fig.1.
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Fig. 1. Field of conditional probability of death of a person
on the ground, %: a - without a building; b - with the building.

Conclusions. A computational safety assessment technology has been
developed on the basis of probit analysis, which allows for automated analysis
and forecasting in time and space of the relative mass concentration of a toxic
gas as a dangerous parameter, inhalation tox dose, as a damaging factor, and the
conditional probability of lethal damage to service personnel exposed to the
poison chemical as an indicator of the degree of safety of a man-made object.
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SOME PROBLEMS OF OPTIMIZATION IN THE CONFIGURATION
SPACE OF SPHERICAL OBJECTS
Skrypka Bohdan Yur'yevich*, student 355gr.
M. Zhukovsky National Aerospace Universitry “KHAI”

Consider the problem of synthesizing the optional configuration of objects
of a spherical shape. Let a system of geometric objects S;,ieJn, having the

shape of a sphere be given. We associate with each of the balls S; our own
coordinate system by selecting its origin (called the pole) at the center of

symmetry of the sphere. Then the geometrical information gi = ({si},{ui},{pi})
about the object S; will include the form {S;}, metric parameter 3= r; and

placement parameters {pi}=(xi,yi,zi). We use Stoyan-Yakovlev theory of

configuration space and form the configuration space of spherical objects as the
manifold of the space of geometric information [1-3].
The spatial from of a ball in a fixed coordinate system Oyyz IS given by

parametrically given family of functions, escribed by boundary equation
f&,r)=r>-x?-y?>-z?=0. 1)

The equation of the general position of the sphere S; of radius r; with the

placement parameters pi =(X;,¥;,Z;) in the fixed coordinate system O,,, takes
the form

F(GX0YinZioh) =12 —(x=%;)? —(y—¥;)* —(z-2;)* =0.

Geometric information gi = ({si},{pi},{pi}) induces configuration spaces
54(Si),i e J,, with generalized coordinates X;, Y;,z;,F;.

Consider the configuration space of the set of balls S;,i € Jy and uniquely
which we represent as

=M(s,,...8,) =EX (S x.. xEH(S,).

The point g = (1, X3, Y1, 21, Fy X, Yo Zpy) € E47(Sy,.-..S,) determines the
configuration of the balls S;,i € J, and uniquely determines their location in the

fixed coordinate system O,,, .
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On the set of balls S;,ieJy, we introduce the binary relation{*},
assuming S; *Sj, if intS; mintSj = . In the configuration space =4n S1,-4S,)
the relation §; *S; is formalized by means of inequality

ri+rj—\/(X—Xi)2—(y—Yi)z—(Z—Zi)z20- )

Define a matrix B =[bjj]n.n With elements

] 1, if §;*S;
v 0, otherwisw '
The configuration of balls Sj.iedn is said to be admissible if condition

(2) forany i, je Jy such that by; =1.

Suppose that a certain function to be optimized is given on the set of
admissible configurations of balls S;,i € Jy, . We obtain the optimization problem

of determining generalized variables r,Xq,¥1,21,010, X1, Y0,2,  Of @

configuration space 54”(81,...,Sn), which has a lot of geometrical

interpretations and practical applications. The report proposes a classification of
such problems depending on the type of function being optimized and the choice
of generalized variables.

The material described above represents a correct mathematical model for
the spherical configuration space problems, which can be used in various
programs for finding local optimal solution.

Literature

1. Stoyan Y.G., Yakovlev S.V. Mathematical models and optimization
methods of geometrical design. Kiev: Nauk. Dumka — 1986 p.

2. Stoyan Y.G, Yakovlev S.V. The configuration space of geometric
objects. // Cybernetics and Systems Analytics. — 2017. V. 53(5), P 725-732.

3. Stoyan Y.G, Yakovlev S.V. The configuration space of geometric
objects. // Cybernetics and Systems Analytics. — 2018. V. 54(5), P 715-724.

*Scientific director — Yakovlev Sergey Vsevolodovich, Doctor of Physical
and Mathematical sciences,, professor department 304.
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ANALYSIS OF PROTECTING METHODS OF OBJECTS
CONFIGURATION SPACE
Tomina Irina Stepanovna, student of group 365,
Pischaniy Vitaly Sergeevich, student 365 group
National Aerospace University them. NOT. Zhukovsky
KhAl

At present, when solving optimization problems you must save the objects
under consideration. Taking into account computing capabilities of computers
through use multi-core processors and DIMM extensions. In connection with
this it is necessary to apply mechanisms of effective use computing tools and
optimal placement of information. Different tasks of optimization methods are
distinguished the objects under consideration in space. To use them collection of
objects generalized by types of geometries is necessary objects that are
considered in the task. Interaction material objects involved in the process of
optimization, requires take into account their geometric shape, size, and also
different restrictions on their mutual location. To describe the external structure
and type of aggregate of material objects or their parts in Scientific terminology
uses the term configuration. Research configurations as mathematical objects are
naturally associated with the concept of the configuration space that was the first
time introduced and studied in the theory of dynamical systems. Configurable
space defines the configuration of the system, that is, the totality values of
geometric variables, which are called generalized coordinates, and specify the
location in a space of some system and its parts both relative to each other, and
according to the given fixed reference system.They were developed the
following classes for solving problems with to be investigated objects in the
form of a set spheres:

—————————— -, —_————————— -,

{ Input ¥ [ Program v | | outPut v
I Static Class 1 Class I Static Class 1
- A - A
Data A Ball A ‘ ObjectType A
Class Class Enum
\
= Fields =l Properties Undefined
@ ball » ObjectType ExternalObject
@ ballCount K R ProhibitionZone
@ C K Weight SimpleObject
@ holeCount F X CompositeObject
@ R Ky
=l Methods » Z
®, Data (+ 2 overl... = Methods
@ Ball

Figure 1.1 - Basic classes
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No dependency from the future save the collection to kind of database or
text files This collection can be used as an intermediate link on the base which
will be solved optimization problem. For the next steps in working with
geometric objects it is necessary to transfer heterogeneous initial objects to any
one solver (program designed to find optimum).

That it is necessary to implement an approach in which an arbitrary saved
the geometric object can be passed to the solver. Considering that on It is
necessary to convert the initial data in different stages, then the architecture of
the software application requires the use of the pattern Adapter for adapting one
part of the program to another.

This approach It adapts the interface of one class to another, expected by
the solver. The adapter provides classes with incompatible interfaces, and most
often used when the system supports the necessary data and behavior, but has an
inappropriate interface.

The set task is an intermediate stage for the solution various classes of
problems of methods for optimizing geometric objects. An analysis of
conservation methods is conducted and an approach to conservation is selected
metric characteristics of investigated objects.

* Scientific supervisor - Sergey Yakovlev, Doctor
Physics and Mathematics, Professor Department 304
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THE USE OF STATISTICAL METHODS FOR MODELING OF MEASLES
EPIDEMIC PROCESS
Turiy Anastasiya Nikolaevna, 355 group
National Aerospace University "Kharkiv Aviation Institute”

Relevance. Using statistical forecasting methods used in this study, we
can predict a new wave of measles to be prepared for them. Therefore, the topic
is currently relevant.

Formulation of the problem. Development of forecasting models of the
dynamics of the epidemic of measles process

The purpose of the work is to build a forecast of measles morbidity. The
object of study - a measles epidemic process. The subject of the study is the
methods for analyzing time series and constructing a forecast in epidemic
systems. The objective was to develop a prediction model of the dynamics of the
epidemic process measles. Methods of forecasting infectious diseases are
actively developing since the beginning of the XX century. In recent years, the
number of works on this topic has grown rapidly due to the development of
information systems for surveillance and the emergence of large volumes of
statistics available for analysis.

Epidemiological forecasts are performed for different terms and
depending on them serve different purposes. So, the short-term forecast for
several weeks ahead is used in operational management and in the detection of
epidemic outbreaks of morbidity. The most useful medium-term forecast can be
from two months to six months, used in tactical management. Of course, it is
less accurate than short-term, but leaves enough time to prepare for possible
emergencies and take preventive measures. When making strategic decisions
can not do without long-term forecasts for the year ahead and more.
Achievement of high quality of such predictions in most cases is impossible, but
they are necessary, for example, when estimating the necessary volumes of
production of medicines and vaccines, equipping medical institutions and
training staff.

Results. Regression analysis is a basic approach to prediction of time
series of any nature, is easily implemented through any system of computer
mathematics. In the exponential smoothing method, each new forecast is based
on the account of the value of the previous forecast and its deviation from the
actual value. Exponential smoothing models in certain cases are able to give
predictions that are not inferior to the accuracy of forecasts obtained using more
sophisticated models, while again confirming the fact that the most complicated
model is far from always the best. Construction of ARIMA models is a reliable
method for short-term forecasts of time series. Such models can be used only for
stationary time series, in which current values depend only on the previous ones
and do not depend on other external factors. The complexity of constructing the
model is its meticulousness to the input data, but after realizing their verification
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and conversion at the output, we obtain a model for a fairly accurate forecast. In
the work, examples of both models were constructed and their accuracy was
proved.

The user loads the file with the data. For different methods, there are
different data transformations. This is necessary in order for the forecast will be
correct. By choosing the forecast method, the user can also choose the time that
the forecast will be made. The graphs show the forecast and two intervals: where
the predicted value will fall with a probability of 80% (blue), and with a
probability of 95% (light blue).

Choose TS File Select method
Browse...  testi.csv

ARIMA| -

ARIMA
Frequency Epsmn

B 12
Foracas! ts from ARIMA(1,0,2) with zero mean

Start year

2010

Are you ready for the forecast?

Yes -

@
&
£
: M

Fig. 1. An example of a program with measles incidence data for 2010-2017

In the course of work, a software product was developed that builds on the
two models a forecast that quite accurately reflects the level of morbidity. The
software product itself checks and transforms the data into a form that requires a
particular model. The results of the work are built immediately in real time,
responding to user data changes.

The results of the work are implemented in the educational process of the
Kharkiv National Medical University.

*Scientific Advisor — Chumachenko D., Ph.D., Associate Professor of
Mathematical modelling and artificial intelligence department.
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OLIHIOBAHHA XAPAKTEPUCTUK ITEJAT'OI'TYHUX TECTIB HA
OCHOBIJIOT'ICTUYHUX PETPECIMHNX MOJIEJIEI
bakymenko Hina Cmanicnagisna, ooyenm kagheopu mamemamuiHo2o
MOOeN0B8AHHS MA WMYYHO20 [HMENeKmY,
Maszopuyx Kamepuna Cepeiigna, cmyoenmka epynu 345
Hayionanvnuii aepoxocmiunuu ynieepcumem im. M.€. JKykoecvkozo « XAI»

[lutaHHS OIIHIOBAHHS SIKOCTI TEAArOTIYHMX TECTIB, SK 1HCTPYMEHTIB
OLIIHIOBaHHS SIKOCTI MIATOTOBKH (DaxiBIIiB, € aKTyaIbHUMHU JJISI PI3HUX Tally3eH.
[IpoBeneHHsT MacoBUX ICHHUTIB, MOHITOPHUHTOBUX MJOCHIIKEHb,  BCTYIMHHUX
BUIMIPOOYBaHb HEMOXJIMBO 0O€3 BUKOPHUCTAaHHS Takoi (GOpMH I1HCTPYMEHTIB
OILIIHIOBAHHSI, SIK TECTIB, SIKI JIO3BOJISIOTH OMEPATUBHO 3MIACHUTH 301p JaHUX 1
OTpUMATH PE3yJIbTaTH Yy JOCTaTHHO KOPOTKI TepMiHM. MeToau 1 Mojeni
CTATUCTUYHOTO aHAJ3y TECTIB (MICUXOMETPUYHOIO aHali3y), siki 0a3ylThCs Ha
nBox Bimomux Teopisx — kimacuuHoi (Classic Test Theory - CTT) i cyuacHoi
(Item Test Theory - IRT) [1], 6yau po3pobiieHi A0Ci AaBHO, ajie y Hallii KpaiHi
MOoYajii BUKOPUCTOBYBATHUCS IOCUTh HEJTABHO. TOMY JOCIHIJIKEHHS IIUX METO/IIB
1 MoJIeJiel € aKTyaJlbHUMU 1 MOTPeOYIOTh aHali3y JUlsl BUSHAUCHHS, K Tay3l 1
YMOB iX BUKOPHCTAHHSI, TaK 1 IOSACHEHb Ta IHTEPIIPETYBaHHS apaMETPIB.

JIisi BU3HAUCHHS TICHXOMETPHUYHHUX XapaKTEPUCTHK TECTiB, a TaKOX
OI[IHIOBAHHSI PIBHS MIATOTOBKM TECTOBAHUX Yy 4aci, 3a PI3HUMHU TECTOBUMU
dbopmMaMu 4M y PI3HUX YMOBaxX HaW4YacTille BUKOPUCTOBYIOTHCS METOU
cydacHoi Teopii TectiB IRT [2]. Ane xpim mogmeneir IRT, ski HamarTh
MOXJIMBICTh OI[IHUTH K CKJIQJHICTh TECTOBUX 3aB/aHb, TaK 1 piBeHb 3/110HOCTEM
TECTOBAHUX Y €JIMHIN IIKaJi, BAKOPUCTOBYIOThH JIOTICTUYHI MOJIEN1 perpecii, ski
MaroTh Jesiki nepesaru [3,4].

VY poboTi TOCHIIKYIOTHCS BUKOPUCTAHHSI MOJIEJIEH JIOTICTUYHOI perpecii
JUIS OLIIHIOBaHHS TapaMeTpiB IEJaroriyHMX TECTIB, YMOBH 1 JOPEYHICTH iX
BUKOpHUCTaHHA. Po3pobiieHnii mporpaMHuil 1HCTpYMEHTapid Ui OIIHIOBAHHS
napaMeTpiB TECTOBHMX 3aBAaHb Ha MoBi Python mosBonse mpoBoauTh anami3
TECTIB 1 MOPIBHIOBATH CTATUCTHYHI XapaKTEPUCTUKU MOOYOBAaHUX MOJIEIEH.

[lepenik BUKOPUCTAHUX JIKEPEN

1. Crocker L., Algina J. Introduction to classical and modern test theory
[Text] — New York: Holt, Rinehart and Winston, 2006. — 527 p.

2. Baker F. B. The basics of item response theory [Text] — Washington
DC: ERIC Clearing House, 2001. — 186 p.

3. Engec Necati Logistic Regression and Item Response Theory:
Estimation Item and Ability Parameters by Using Logistic Regression in IRT
[Electronic resourse] / (1998). LSU Historical Dissertations and Theses. 6731. —
Electronic data.- 1998. — 227 p. Mode of access: World Wide Web
https://digitalcommons.Isu.edu/gradschool_disstheses/6731

4. Umobong, M. E. The One-Parameter Logistic Model (1IPLM) And Its
Application In Test Development. [Text] // Advances in Social Sciences
Research Journal.—2017. — V. 424. — P. 126-137.
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NCIIOJIb3OBAHUE MOJEJIN ARIMA U1 AHAJIM3A U
[MPOTHO3NPOBAHNA 3ABOJIEBAEMOCTU CAJIBMOHEJUJIE3OM B
XAPBKOBCKOM OBJIACTU
boecoarnoe Cepeeii Anexcanoposuu, cmyoenm epynnot 345
Hayuonanonviu aspoxocmuueckuu ynusepcumem um. H.E. JKykoeckozo « XAH»

B pabote ncmonb3oBaH METOA aBTOPETPECCHOHHOTO WHTETPUPOBAHHOTO
ckoup3smiero cpeanero (autoregressive integrated moving average, ARIMA),
KOTOPBIA SIBJIICTCS PACIIUPEHHEM MOJEIH CKoJb3smiero cpeanero(ARMA).
OTU MOJENu HCIONB3YIOTCS MpH paboTe ¢ BPEMEHHBIMHU psaaMH Uit Oojee
IyOOKOTO IMMOHWMAHUS JaHHBIX MW TPEICKa3aHus Oyaymux TOYEeK psaa, b0
JUTSl TIPOTHO3UPOBAHUSL OYAYIIUX TOYEK B PsAAy (IPOTHO3UPOBAHME), C TAKUMHU
ko3 unrmeHTamu:

p: Kak nopsijok orcraBanus (lag order).

d: crenens pasnuuus (degree of differencing)

q: IOPSZOK CKOJIB3AIIETO CPEAHETO (moving average)

Mogens ARIMA (p, d, q). — oaHa U3 HamboJjee MOMYJIAPHBIX MOJEICH
JUISL  TIOCTPOEHUSI  KPATKOCPOYHBIX  MPOTHO30B,  MOJY4YaeTcss  IMyTeM
unTerpupoBanusi ARMA(p,q) u 3amaércs cienyromnem oopazom:

jil aq
1—24@'1*&' (1—L)4X, = 1+Zﬂi*[ﬁ €,
i=1 i=1

riae X;—BpeMEHHOM psiji BEIIECTBEHHBIX YHCEIT,

t — 1ebIi UHOCKC,

L — onepaTop 3aepKKu;

P, —apaMeTphbl aBTOPErPECCHOHHON YaCTH MOJIEIH;

8, —napaMeTpsl CKOJIB3AIIETO CPEIHETO;

€;—3HAYCHUS OINOKM;

d— monoxuTenpHOE 1eI0e, 331aK0IIee YPOBEHb TU(PPEPEHIIMPOBAHNS.

B pamkax wuccienoBaHuss TPOBEIEH  aHaiIM3  3a00JI€Ba€MOCTH
CaJIbMOHEIIJIE30M B XapbKOBCKOM 00JacTH, JaHHble ObUIM TPOBEPEHBI Ha
HaJu4yue TPEHJAa, CE30HHOCTH, NpuMeHeH TecT Jluku—Dynnepa, mjid Bcex
BBEIOOPOK HCCIIEIOBAHbI TMpecKa3aHue 3a00JIeBaHMs O BO3PACTY, IMOJOBBIM
MpU3HAKAM U JJIS MOMYJISIIUAN B IIEJIOM.

[IpoBenen ananm3 3a00JIEBAEMOCTH CAJbLMOHEIIE30M B XapbKOBCKOU
obmactu B 2015-2017. IIporao3upoBanre BpEMEHHOTO psifia OKa3ajo BHICOKYIO
TOYHOCTh Ha KOPOTKUM MPOMEKYTOK BpPEMEHU IO KPUTEPHUSIM BO3pacTa U IoJja.

(1)

*Hayunwiii pykosooumens — Yymauenxo /{.H1., k.m.1., ooyenm xagheopwi
MaAmemMamu4ecko2o MooeIupo8aHus U UCKYCCMBEHHO20 UHMEILIeKma
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ITPO PO3B’ 130K INOEPEHIIAJIbHO-OYHKIIOHAJIbBHUX PIBHAHD
Y3AT'AJIbBHEHUMMU PAITAMU TEMJIOPA

leanos IOpiti Onexcanoposuu, cm. euxi. kagpeopu 405
Hayionanvnuti aepokocmiunuil ynueepcumem im. M.€. 2Kykoscvkozco
«XAD»

PiBustHHS y'(X) =Ay(ax)+puy(X) 3aCTOCOBYETHCS B SACpHIN (i3uili, B OMHUCI
XBUJILOBUX IPOIIECIB, B 010J10T1i, 1M1 Yac BUBUCHHS €JIEKTPUYHUX JIIHIN niepeaad
3QJII3HUYHUX CHCTEM Ta B IHIIMX Tajly3sX HayKd 1 TeXHIKH. Tomy Il pIBHSHHS
aKTUBHO JOCIIIKYIOThCA [4].

B nomnoBiai po3risimaeTbCss MOKIUBICTD 3HAXOIUTH OOMEKEHI HECKIHUEHO
nudepeHIiioBani po3B’sI3KK PIBHIHHA Y'(X) = Ay(3X) Ha miBBicl [0,00) y BUTJISAL
y3aragbHeHuX psafiB Teitnopa. Taki po3B’si3Kku HajIekaTh HEKBa31aHAIITUYHOMY
kiacy gynkuii [2,3]

H® =1 f(x) e C*[-11]:

n n(n-1)
f(”)(x)‘<Cx”(%j 3 2, n:0,1,2,..} .

CtBepaXy€eMoO, 110 ICHYE €IMHUI TakWW PO3B’A30K PIBHSIHHS 3aJlaHUM B

niymx toukax miBBici. Ha Bimpisky [0,1] BiH 300pakyeThcsi y3aralbHEHHM
n(n-1)

psmom Teitnopa y(x)=> > A"3 2 y(k)(1>n k (X)+Y(0)dg o (X) + YD g 1(X) ,
n=lkeK, "gn-1

ne dn () eH®, n=01.., teT,, dn(X)=8ndx » k=0L., n=0L..,teT,
,XeTy . DyHKUii ¢p(X) € JHIAHAMM KOMOIHALisMU 3CYBIB aTOMapHOI

HKITh-(X) [1], mo € HeckinuenHo audepeHiHoBaHuM (HIHITHUM PO3B’ SI3KOM
by 3(¥) [ p p

PIBHSIHHSA Y'(X) = % (y(3x+2)—y(3x-2)) .
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METO/]IY TIOBYJIOBU ITPOBHNX BUBIPOK B 3AJTAUYAX ITPUMHATTS
PILIEHb HA OCHOBI TEOPII INTAHYBAHHS EKCIIEPUMEHTY
Kpacunvnuxkosa Kamepuna leanisna, cmyoenmxa epynnot 365
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B nanumii yac mpu BUBYEHHI CKIQJAHMX TEXHIYHUX OO0'€KTIB HIMPOKO
3aCTOCOBYETHCSI CUCTEMHHUHN MiAX1J, BUXIJIHI MEPEIyMOBU SKOTO TOJSTAlOTh y
MParHeHHI 3 MaKCUMaJbHOI IOBHOTOI BpaxyBaTW BCi BXITHI 1 BHUXIJHI
XapakTepUCTHKU 00'ekTa. MeTonu MaTeMaTUYHOi Teopii EKCIEPUMEHTY €
e(eKTUBHUMHU METOJIaMH MPAKTUYHOI peanizaiii CHCTEMHOTO TiX0/y, 3aBIsIKA
CBOi#l YHIBEpPCAJTILHOCTI Ta CYTTEBOMY MIABUIICHHIO €(DEKTUBHOCTI AOCTIIKEHb.
Opranizaiiiss 1 IUTAaHYBaHHSI EKCHEPUMEHTAIBHUX JOCHIHKEHb € BaXKJIUBOIO
YaCTUHOIO [ISJIBHOCTI HAYKOBIIIB, 1H)KEHEPIB, TEXHOJOTIB. MET0/10710TTYHOI0
OCHOBOIO €KCIIEPUMEHTAIBHUX JOCTIKEHb B JAaHUW Yac CIY>KUTh MaTeMaTH4HA
TEOpisl MJIAHYBaHHS €KCIIEPUMEHTY, IO IIBUIKO PO3BUBAETHCS, sIKa 0a3yeThCs
Ha 17es1X Teopii HMOBIPHOCTI Ta MATEMAaTUYHOT CTATUCTHUKH.

Teopis mnnanyBaHHA €KCHEPUMEHTY (OpMyJtoe MNPUHOMHU 1 crocoOu
ONTUMAJIBHOI OpraHi3aiii eKCIIepUMMEHTYBaHHS MpPH JOCHIKEHHSAX O00'€KTIB
camoi pi3HOi (PI3UYHOI TPUPOAU. 3aCTOCYBAHHS METOAIB 1 MPUHOMIB WI€T TEOpii
no3Bossie  €(EeKTUBHO, 3 HaWMEHIIMMH 3aTpaTaMd BHUpIIIyBaTH Oarato
MPAKTUYHO BAKIWBHUX JOCTIAHUIIBKAX 3aBlIaHb: IMOOYI0Ba MO JOCBIAYCHHUM
JaHUMH MaTEeMAaTHUYHUX MoJiefied O00'€eKTIB 1 SIBHIN, OMNTHUMI3allil0 MPOIECIB,
MepeBIPKY PI3HUX MPUMYIICHB PO iX BIACTUBOCTI Ta 1H.

[InigHicTs Teopili IUTaHYBaHHS  €KCIEPUMEHTY Oarato B 4OMY
MIJBUIIYETHCSI TIPU  IIUPOKOMY BIIPOBAKEHHI KOMITHOTEPHUX TEXHOJIOTIH.
Bukopuctanus koMn'toTepiB HEOOXIHO /I aHaJi3y 1 CHHTE3Y ONTHUMaIbHUX
EKCIIEpUMEHTAJIbHUX TUIaHIB, TPU MPOBEACHHI OOYHUCIICHb, TMOB'SI3aHUX 31
CTATHCTUYHOIO 0OPOOKOIO JTOCBITUECHUX JaHUX.

EnexTponni oO4HMCIIOBaIbHI MAIIMHU CKJIAJal0Thb OCHOBY BHPIIIEHHS
npoOiemMu aBTOMaTH3allli HAayKOBUX JOCTIIKEHb, B paMKaX SKHUX METOIH
TJIaHYBaHHS €KCIIEPUMEHTY 3HAXO/IATh HAUIITUPIIIE 3aCTOCYBAHHS.

3a I0MOMOTOI0 METO/IIB IMJIAHYBaHHS €KCIIEPUMEHTY, MAlOUM BXIJIHI JiaHi,
MOXHa OynyBaTh BHUOIpKM i TOAANBIIOTO iX BUKOPUCTAaHHSA Yy 3ajlayax
OPUIHATTSA pillieHb. JlaHui TPOEKT NPUCBSIYEHUH 11H TeMi.

TpupiBHeBi manu PexTmadgHepa 1e Takuii jaH y SIKOMY HE3aJIEKHO B1J
yycia  BapidoBaHMX  MapaMerpiB  mnoOyaoBa  MaTpulll  IMJIaHyBaHHS
MIAMOPSAAKOBaHA OJHUM 3aKOHOMIPHOCTSAM. Bij 1HIIUX HEKOMITO3UIIHHUX
IJIaHIB BiH BIIPI3HSAETHCS OLIBIIT BHUCOKOK D-0NTHMANBHICTIO 1 MiHIMaJbHUM
YHUCJIOM JOCHIiJIIB, 10 J1a€ HaM MiHIMajibHy MOMHIKY y BCHOMY MPHUHHITOMY
Jiana3oHi 3HAYeHb 3MIHHOT CTaHy Ta BIJIHOCHO HEBEIUKY BapTICTh
eKCIIEPUMEHTY.

*Hayunwiii pykosooumens — Yepromos M.JI., 0.m.u., npogheccop xag. 304.
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[IPUMEHEHUE METOJIA Z — IIPEOEPASOBAHWM JIIS
MCCJIEJIOBAHMS ITOBEJEHNS YYACTHHKOB JIBYXYPOBHEBOI
MOJEJIM OBMEHA
Kysnuuenxo Braoumup Muxaiinosuy, K.¢h.-m.H., doyenm kagheopwi 405
Hayuonanonvii aspoxocmuueckuu ynusepcumem um. H.E. JKykoeckozo « XAH»

banaHCcoBBII METOT M CO3aBa€MbIE Ha €r0 OCHOBE OAIAHCOBBIE MOJIENH, B
KOTOpbIE BXOZSAT MOJEIM OOMEHa, CIyXaT OCHOBHBIM HMHCTPYMEHTOM
NOJJIEP>)KaHUs MPONOPUUK B HAPOJHOM XO35KCTBE, a IOTOMY MX MCCIIEIOBAHUS
SBJIFOTCSL AKTYyaJIbHBIMH.

Haunbosiee u3BECTHOM M A0 CHX MOp HCIOJB3YEMOHM B 3KOHOMHKE
0aaHCOBOM MOJIENIBIO SIBJISETCA MOJEJNb JIMHEHHOrO MEKOTpacieBoro OajgaHca
JleonTheBa «Brimyck - 3atparb». be3neduuntheie u nedpununTHRIe OaTaHCOBBIE
MOJICNIA TaKke ObuM pa3paboTaHbl B paborax [1-2]. B stux Mojemsax
«IPOAABLBDY U «IIOKYyNATEIN» OJHU U T€ )K€, a MPOLECCHl MPOJaX U MOKYIIOK
paszzieneHsl M ONHUCHIBAIOTCS LensMu MapkoBa. HaiineHHble cTanmoOHapHbIE
COCTOSIHHASL 3TUX IIPOLIECCOB JUISl KaXJOr0 YYAaCTHHKA JAalOT BO3MOXHOCTB
ONPENENNTh CAJIBI0 TOPIOBIIA, TO €CTh PABHOBECHOE PACIPEACIICHHE TOBAPO-
JI€HEXKHBIX TOTOKOB.

B cBs3u ¢ moTpeOHOCTBhIO COBEPIICHCTBOBaHUS 0ajlaHCOBBIX MOJIENICH B
JaHHOW paboTre OyAeT mMokKazaHa METOAMKA IMOJYyYCHHUS aHaJIUTUYECKOTro
pelieHust s YYaCTHHKOB JIBYXYpOBHEBOW MOJI€TM OOMEHa Ha OCHOBE
npuMeHeHus: Meroaa Z — npeodpa3oBaHuil k ensiM Mapkosa.

IlycTth E, - MaTpuna oOMeHa Mexay ydactHukamu 0 u 1 ypoBHe

Tabauua 1.
Martpuna oomMena E, mexnay yuyactaukamu 0-1ypoBHei
YyacTHukHM o6MeHa 0 ypoBHS Cymma
1 2 3 n

= 1 X11 X12 X13 oo | Xan n
g Xl == Z le
5 =
Z 2 Xo1 X22 X23 e | Xon n
g X 2 = z ij
s =

3 X X X X n
O 31 32 33 cee 3n
S X3 =D X,
S .
< j=1
S
2 m Xm1 Xm2 Xm3 voe | Xmn n
=) X = X .
> m mj

j=1
Cymma m m m m m n
T T T T
X, :zxil X, :inz Xs :zxis X, :zxin D:Z X;;
i=1 i=1 i=1 i=1 i=1 j=1

ITox x; Oynem MOHMMATh, KOJIMYECTBO Oj1ar, KOTOPHIMUA OOMEHUBAKOTCS
yuacTHUKH O 1 1 ypoBHEN.
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I[To matpunie E, ctpoum MaTpuiibl B u B :

X1 Xl X1 X1 X1 X1 X31 X
Yy Y Yoo Xa e SRR
Xz Xz Xz Xz Xi2 Xy, X3, X,
Yu Yo Xn g
Bi=| X, X, X, X, B, = Xz Xps  Xag X,
O X
Xin Xon Xan Xﬂ
T S S XT XD XT X
Xn Xo X, X

ITo MatpuiiaMm B, ¥ B] MOCTPOMM CTOXACTHYECKHME MATpHibl L, (mxm) u L,(nxn):

leBl*BzT' L2:BzT*Bl (l)
Martpuily L, Ha30BeM MaTpHIlel 0OOMEHa YYaCTHUKOB 1 — ro ypoBHS, a MaTpHUIly
L, Ha30BeM MaTpHUIleil 0OMeHa y4acTHUKOB O — O YPOBHS.

HpOI_[CCC nepexoaa u3 OJHOIr0 COCTOSAHHA B APYIOC B OTUX MOACIIAX
OIINCBIBACTCA YPABHCHUAMM:

p(n) = p(O)L" q(n)=qO)L" n=123...k,.. (2)
[Tpumenus Z — l'ip606pa30BaHI/I$I K (2), mostyyuM ypaBHEHUS:
P@)=pO(1-2L)"  (p() & P@) 3
Q=9 (1-2,)" (A <) (4)
Tak kak L] i=12 sBisieTcs 0OpaTHBIM MpeoOpa3oBaHUEM K

npeobpaszoBanuio (I —zL, )™, To Torga us (3),(4) nonydaem aHaIUTUYECKUE

penieHus 3aaauu (2).
JlanpHENIINEe UCCIIETOBAHUS BO3MOKHO PAaCIIPOCTPAaHUTh Ha
MHOTOYPOBHEBBIE CUCTEMBI OOMEHA.

CHOucox Kucroabp30BaHHOMN JTUTEPATYPHI:
1. Kuznichenko V.M, Lapshyn V.I. Probabilistic approach to the

continuous model in the economy// Scientific Bulletin of National Mining
University. -2015. - Ne 5 (149). - P. 137-141.

2. Kostenko E, Kuznichenko V.M., Lapshyn V.l.. Deficit model of
exchange for continuous processes with external control [Text] // Applied
Economic Letters. — Published online: 07 Jul 2016, 1-4. DOI:
10.1080/13504851.2016.1250717.
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Pemienne 3amaym  4YHMCIEHHOTO MOJEIMPOBAHHS HCTEUYEHUS CTPYH
TOKCUYHOIO HEPEArupyromero ra3a B 3aMKHYTOE IPOCTPAHCTBO SIBIIIETCS
aKTyaJIbHOW WH)XCHEPHOW MpOoOJIeMOH, T.K. TIO3BOJSET aHAIU3UPOBATH M
IIPOTHO3UPOBaTh BO BPEMEHU M MPOCTPAHCTBE KOHIIEHTPALHIO Ta3000pa3HOit
IIPUMECH ITPU aBApUHHBIX OTKa3ax 000pyJOBaHUS HA MPOU3BOJCTBE (HAIpUMED,
pa3pbiB TpyOOIPOBO/IA WITH IOBPEKICHUE IIUCTEPHBI XPAHCHUS).

Bo3Hukaroniee npu TeXHOI€HHOH aBapuM CTPYMHOE TEYEHHE MOXKET ObITh
CMOJICIMPOBAHO HA  OCHOBE  IPOCTPAHCTBEHHBIX  JAU(PPEepeHLnaTbHBIX
YPaBHEHUN JBWKEHUS rasza Oiiepa, INO3BOJSIOIIMX «YJIOBHUTHY» OCHOBHBIC
3¢ (eKThI CMELIeHUs M KOHBEKIUU. /[uccunaTuBHbIE IPOLECCH B KAKOW-TO Mepe
MOJEIUPYIOTCS YUCICHHOU «BA3KOCTBIO» KOHEYHO-PA3HOCTHOM CXEMBI IIEPBOIO
nopska annpokcumanuu C.K. ['ogyHoBa.

beil  mpoBeAEH  BBIYMCIHUTENBHBIM  JKCIEPUMEHT, HMHUTHUPYIOIINN
VCTEUCHHE CTPYHM TOKCHYHOI'O HEPEarupyrollero raza 4epe3 IpaHb SYEHKH,
NPUMBIKAIONIEH K HWXKHEH NOBEPXHOCTH pacueTHoM obnactu. Kapruna
pacrpeneneHnss OTHOCUTENIbHOW MAacCOBOW KOHIIEHTpAlWK IMPUMECH rasza s
JIBYX pa3IMYHbIX MOMEHTOB BPEMEHHU J1aHa Ha puc. 1.

0. % 0. %
14,3
21,5
78,6
35.7
42,4
SOL0
57,2
643
.4
8.6
8.7
92,9

nm0.a

14,3
21.5
28.5
5.7
42.9
SO0
5.2
643
.4
T8.6
B5.7
92,9
nna

a o
Puc. 1. [Toas MaccoBO# KOHIIGHTPAIIUY IPUMECH B PA3TMUIHBIE MOMCHTBI
Bpemenu: a) t=0,63¢;0)t=2,40c¢

B mpouecce pacceuBaHus IPUMECh OXUIAAEMO PACIPOCTPAHSETCA B
3aMKHYTOM IIPOCTPAHCTBE, JOCTUras BEPXHEN TpaHuUllbl. Pe3ynbTarel pacdera
MOJTBEPKAAIOT AAEKBATHOCTh MATEMATUYECKOW MOJEIM DPEATbHOM KapTHUHE
CTPYMHOTO TE€YEHHUS.
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YMCJIEHHOE MOJAEJIMPOBAHUE KOHBEKTMBHOI'O IBNKEHMA
OBJIAKA TSXKEJIOI'O T'A3A
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B nmpomecce TEXHOTEHHBIX aBapuid B BO3AYLIHOE MPOCTPAHCTBO
BbIOpPACBIBAIOTCSI TOKCHUYHBIE Ta3000pa3Hble BeUIECTBA OOJIBIION IIJIOTHOCTH,
IIPOTHO3MPOBAHUE MOJIEH KOHIIEHTPALIUA KOTOPBIX BO BPEMEHH U MPOCTPAHCTBE,
ABJISIETCA AKTyaJlbHOM 3amaded. Ha pacmpocTpaHeHne ra3oBOM CMECH BIIHSET
MHO’KECTBO (haKTOPOB, KOTOPhIE HEOOXOAUMO YUYUTHIBATH IPU MATEMATUYECKOM
MOJIETIMPOBAaHUM JaHHOro mnpouecca. OAHUM U3 Takux (HAKTOPOB SBISETCS
HEOJHOPOJHOCTh cMecH. Kak IpaBuiio, TOKCHYHBIM IMPUMECHBIA Tra3 HMEET
napaMeTpsl (IUIOTHOCTb, TEMIEPATYpPy), CYIIECTBEHHO OTJIUYAIOIIMECS OT
apaMeTpoB YUCTOTIO BO3AyXa, YTO MPUBOJUT K KOHBEKTUBHOMY MaccOOOMEHY,
«HAKJIAQ/IBIBAIOIIEMYCSI» HA OCHOBHOE TECUCHHE.

PaccMOTpuM MTHOBEHHBIN BBIOPOC TSKENIOTO ra3000pa3HOTO BEILIECTBA B
3aKpBITOM TNOMELIECHUH. B HadaabHBIE MOMEHT BpEMEHH O0JIako “IoBHCAET”’
nocepeHe pacuetHoi obOyactu (puc. 1 a). CrycTss KakoH-TO HpPOMEKYTOK
BPEMEHHU TMPOUCXOJUT OXHAaeMoe ‘“‘ocelaHue” objaka ¢ MOCIEaYIOIUM
paccestHueM IMPUMECHOTO Ta3a (puc. 1 0).

0.%
7.2
14,3
215
28.6
35,7
429
50.0
57.2
64,3
.4
78,6
85,7
92,9
100.0

.
RRRRRRERY
1

a ]
Puc. 1. Pacnpenenenre MaccoBOM KOHIIEHTPALIMH TSAKEION MPUMECH B
pasznu4yHbie MOMEHTHI Bpemernu: a) t =0¢; 6) t=80c

[IpocTpaHCTBEHHO-BPEMEHHBIE OJIS OTHOCHUTEJIbHOU MacCOBOH
KOHIICHTPALlMU TSDKEJNIOro Ta3a OBbLUIM MOJY4YeHBl Ha OCHOBE TPEXMEpPHOM
MaTeMaTH4ECKON MOJIENH JBUKECHUS JIBYXKOMIIOHEHTHOM cMecH
HEpearupyronmx razoB, KOTopas Obljia HOCTpOEHa Ha 0a3e 3aKOHOB COXPaHEHHUSI
MaccChbl, UMITYJIbCA, SJHEPTUA M KOHLIEHTPALMHU ITPUMECHOTO Ta3a, JOIMOJHEHHBIX
YpaBHEHHEM  COCTOsSHMS cMmecu  MenaeneeBa-Knaneiipona, ¢  ydyeTtom
TypOysieHTHOU Auddy3uu.
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KOHEYHO-PA3HOCTHOE ITPEJICTABJIEHUE ITJIOCKOI ®UT'VPHI,
OT'PAHUYEHHOM 3AMKHYTBIM KOHTYPOM
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OpnHuM 13 HanOoJiee ONACHBIX CLICHAPUEB PA3BUTHS TEXHOTC€HHOW aBapUH
Ha IPOMBIIIJIEHHBIX MPEAIPUATHIX, HA KOTOPBIX XPAHATCS, TPAHCIIOPTUPYIOTCS
WM UCIIONB3YIOTCS B IPOM3BOJCTBEHHOM LHKJIE CHXKUKEHHBIE TOPIOYHE H
TOKCUYHBIE rassl, SIBJISICTCS paspyuieHue €MKOCTH XpaHEHUs
(TpaHCTIOPTHPOBKK) U 00pa3oBaHME HA MOBEPXHOCTH 3€MJIM IISITHA TPOJIMBA.
CXWXKEHHbIE Ta3bl OOBIYHO HCHApPSIOTCS, MEPEeMENIMBasCh C YHUCTHIM
HaOerarolumM BO3AyX0M, 00pa3ys ra30-BO3ylIHbIe 00Jlaka, KOTOPBIE B ClIyyae
TOKCUYHOTO BEIIECTBA BO3ACHCTBYIOT Ha OOCIYKMBAIOIIUN IMEPCOHAN
NPEAUPUATUS B BUAC HMHTALALMOHHOW OTPABIIOLICH TOKCOMO3BI, IIPUBOISA K
IIOPAKCHUIO OPraHU3Ma 4YeJIOBEKa pa3jIM4YHOW CTENeHU TsoKeCTUu. Pelenue
3aJjaud YHUCJIEHHOTO MOJEIMPOBAHUS PACCMOTPEHHBIX (PU3NYECKUX IPOLIECCOB
SBJISIETCS. aKTyaJbHOM HWHXXEHEPHOM MNpoO0seMOl, T.K. TO3BOJSET MPOBOJIUTH
aHaJIM3 MNPOCTPAHCTBEHHBIX MOJIEH KOHIEHTPALMH Tra3000pa3HONM TOKCUYHOMU
IIPUMECH IIPU TEXHOICHHOM aBapuu M NPOTHO3UPOBATh BO BPEMEHU U
IIPOCTPAHCTBE  IOCIEACTBHUS  BO3JECUCTBHS  OTPABILIOLIETO XUMHUYECKOTO
BEILECTBA Ha OOCIY>KMBAIOIIMKA MEPCOHAT W JENaTh BBIBOJABI O COCTOSIHUH
0e30MacHOCTH MPEANPUATHS HA dTAIle MPUHATHUS PEILICHUS SKCIIEPTOM.

Bo3Hukaromee npu TEXHONEHHOM aBApWUU TEUEHHE «HCIIAPEHUS» MOKET
ObITh CMOJEIMPOBAHO HAa HIWKHUX TpaHsIX BBIYUCIUTENBHBIX  SlUEEK
IIPOCTPAHCTBEHHOW KOHEYHO-PAa3HOCTHOM CETKM B CJIO€ Yy 3€MIIM, LEHTPBI
KOTOPBIX HAaXOJATCS BHYTPU 3aMKHYTOIO KOHTypa nsiTHa npoausa. s
ONPEAEICHUS]  HAXOXKJIECHUS  HEKOTOpOW TOYkKM P BHyTpM  KOHTYypa
BOCIIOJIb3YEMCSl METOJIOM BBIITyCKaroLIero gy4a (puc. 1).

X

>
Puc. 1. Cxema BbIITyCKarOUIEro Jryya

Ecnu u3 xontposnbHOM Touku P Beimyctuth Jiyd PN, mapamiensHbiil ocu
koopauHatr OZ, TO MOXKHO ONPEACIUTh KOJUUECTBO IiepecedcHuin K
MHOT'OYTOJIbHUKA KOHTYpa C JaHHBIM JIydoM. Eciau ywcino K — HeweTHoe,
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3HAYMUT, KOHTPOJIbHAs TOYKa P HaxXoJWUTCs BHYTPH KOHTYypa, B IMPOTHBHOM
ciydae — Touka P pacrionaraeTcsi BHE KOHTYpa.

[IpyuMeHUB TakKoM aJrOpUTM OJIMH pa3 B Hadalle Ta30JMHAMHYECKOIO
pacuera UCIApeHHUs] TOKCHYHOTO BeIIeCTBAa C IISITHA MPOJUBA, MOXHO
aJanTUPOBATh IMATHO IMPOJIMBA, 3aJlaHHOE KOOPJMHATAMHU BEPIIUH 3aMKHYTOIO
KOHTYpa, K OpPTOrOHAJIbHON KOHEYHO-PA3HOCTHOM CETKE, UCMOJb3YIONIEHCsS B
ra3oJJuHaMU4eckoM pacyete. Ha TpaHsSIX BBIYUCIUTEIBHBIX SYEEK, IEHTPHI
KOTOPBIX NOMNaJIX BHYTPb MATHA MPOJIMBA, OYyAyT BBICTABIATHCS T'PAaHUYHBIC
YCJIOBUS «MCHApEHUsD (3aJJaHHbIA TOTOK MAacChl TOKCUYHOTO ra3a B pe3yJibTare
ucnapenusi). Ha rpansx siueex, HEHTPbI KOTOPHIX OKa3aIMCh BHE KOHTYpa MsTHA
MPOJINBA, OYAYT BBICTABIISITECA TPAHUYHBIC YCIOBUS «HENPOTEKAHUS (HYJIEBOM
MIOTOK MaccChl).

Ha puc. 2 npeacraBieHbl pe3yJabTaThl JUCKPETU3ALUM TISITHA TTPOJIMBA JIJIS
JIByX BapUaHTOB KOHEUHO-PA3HOCTHOM CETKH.

_____

Puc. 2. Peanuzarus pazpaboTaHHOTO aJIrOpPUTMA JIJIsl BEIYMCITUTEIIBHON
CETKH PAa3HOM I'yCTOTBI

Bunano, yro Oosiee Menkas ceTka gaeT Oojiee TOYHOE OIHMCaHHe 00JacTH
nsaTHa nposmBa. C yYMEHBIIEHWEM TyCTOThI CETKU TMPEJCTABICHUE 3aMKHYTOM
o0slacTh WMeEeT OOJIBIIYI0 MOrpemHocTh. Ho B 11€J10M JaHHBIA aIroOpuTM
OIMCAHMS TATHA MPOJIMBA TPEICTABIIICTCS HHKEHEPHO MMPUMEHUMBIM.
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UNCJIIEHHOE MOJEJIMPOBAHUE ITPOLIECCA BEHTWIALNA
Cko6 FOpuii Anexceesuy, k.m.H., Ooyenm xageopwi 304
Bonvckas Anacmacus /[mumpuesna, cmyoenmka 2p. 345a
Hayuonanonviu aspoxocmuueckuu ynusepcumem um. H.E. JKykoeckozo « XAH»

MHuorue Hanbosnee BEPOATHBIE CLEHAPUHU PA3BUTHS TEXHOTC€HHOW aBapuu
B MPOU3BOJICTBEHHBIX IMOMEUICHUSAX MPOMBILUIEHHBIX MNPEAUPUIATHAX, Ha
KOTOpPBIX  XpaHsTCH, TPAaHCHOPTUPYIOTCSI ~ WJIM  HCIOJB3YIOTCA B
IIPOU3BOJICTBEHHOM LIMKJIE B3pPBIBOOIACHBIE M TOKCHUYHBIE Ta3bl, CBS3aHbI C
BBEIOPOCOM WX B TIPU3EMHBIN CIIOM aTMOC(epbl, 00pa30BaHUEM Ta30-BO3YIITHOTO
o0yaka B MOMEIICHUH, TJ€ MOKET HaXOAUThCS O0OCTyXKUBaIOLUil mepconan. B
cllydae B3pBIBOONACHBIX IpPHUMECEH BO3MOYKHO BO3rOpaHUE € OOpa3oBaHUEM
B3PBIBHOM BOJHBI M MOIIHOIO TEILUIOBOTO IIOTOKa OT IUIaMeHW. B ciydae
TOKCHYHOTO Ta3a OIACHBIE KOHIEHTPALIMM €r0 MOTYT IPEBBIIIATH IPENEIBHO-
JOTIyCTUMbIE 3HAYEHHMs] U BO3JICHCTBOBaTh Ha OOCIYXUBAIOLIUN MEPCOHAT
NPEANPUATHS B BUJI€ WHTAISLMOHHON OTPABJIIFOLIEN TOKCOMO03bI, MPUBOISALIEH
K MOPAKEHHUIO OpraHU3Ma 4YeJIOBEKa Pas3IMYHOM CTeneHW TskecTH. OJIHUM U3
CHI0COO0B CHMYKEHUSI ONACHBIX KOHUEHTPALUi B3PbIBOOIIACHBIX MJIM TOKCUYHBIX
BEILECTB SIBJIACTCA MPUHYIUTEIbHAS BEHTUJISLUA NMOMEIICHUS (BBITS)KHAS WM
HaIlOpHas).

Pemenue 3agaun 4MCIEHHOTO MOJEIHUPOBAHUS (PU3HUECKUX MPOLECCOB
BBIOpOCA ONACHOM NPUMECHM B NPOCTPAHCTBO W BEHTWIALMH TOMEIIECHUS
ABJISIETCS AKTYaJIbHOWM MHKEHEPHOM 3aJayel, T.K. MO3BOJISET NPOBOANUTH aHAJIN3
MIPOCTPAHCTBEHHBIX MMOJEH KOHUEHTPALMH ra3000pa3HO B3pPHIBOONACHON WM
TOKCHYHOM NPUMECH NIPU TEXHOTEHHOW aBapuu W MPOTHO3HPOBATH BO BPEMEHHU
Y MPOCTPAHCTBE IOCJIEICTBUS BO3JEUCTBUS OIACHOIO XMMHYECKOIO BEILECTBA
Ha 00CTY>KMBAIOLUI MEPCOHAN U JeJIaTh BBIBOABI O COCTOSIHUU 0€30MacHOCTH
NPEANPUATHS HA 3TANe NPHUHITUS PEILEHUS SKCIIEPTOM.

Boznukatoniee npu paboTaronieil BEHTWISLMU TEYEHHE MOXKET ObITh
CMOJIEJIMPOBAHO HAa TEX TI'PAHSAX BBIYMCIIMTENBHBIX SYEEK IMPOCTPAHCTBEHHOU
KOHEYHO-PAa3HOCTHOM CETKM B IOMEIIEHHWH, KOTOpPBIE IPUMBIKAIOT K
BEHTUJISIIIMOHHBIM TIpoeMaM (puc. 1 a). 3amaHHbId CyMMapHBIA pacxoj Tras3a
yepe3 BeHTHILMOHHBIN npoeM Gy pa30buBaeTcs Ha cyMMy K MHAMBHIYalbHBIX
pacxonoB G aiis siueek, MPUMBIKAIOIIUX K MpoeMy. s opranuzauuu Te4eHus
yepe3  HMHAUBUAYAJIbHYI0  BEHTWIAIMOHHYIO  S4YE€WKy C  3aJaHHOU
MHTEHCUBHOCTHIO Gj Ha KaXJIOM BPEMEHHOM IlAare pacyera MNPUMEHSETCS
UTEpAIlMOHHAsI CXeMa IMoA0opa «IPOTUBOAABICHUS» B (UKTHUBHOM pacyeTHOM
sueiike B BEHTHIAIIMOHHOM TipoeMe (puc. 1 6), KoTopoe mpu perieHuu 3a1aqu
pa3pblBa IapamMeTpoB CO CpeAOdM BHYTPU IIOMEIIEHHUs BbIpaOaThIBAIO ObI
HY>XHBIN NOoTOK. MTepanionHast cxema (puc. 2) HECKOJIBKO YBEIWYMUBAET BPEMS
pacyera Ha NEPBBIX MIarax, OJHAKO B JAJBHEUILIEM 3TO YBEJIMYECHHE CTAHOBUTCS
HE3HAUNUTEIbHBIM, T.K. HAWJIEHHbIE HAa NPEIbAYLIEM IIAare I0 BpPEMEHH
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napaMcTpbl IMOTOKA B (bI/IKTI/IBHBIX sTYeMKax COXpPAaHAIOTCA U HCIIOJIB3YIOTCA B
Ka49CCTBC HAYAJIBHBIX JJIA CJIICAYIOIICTO BpEMCHHOTI'O 1Iara.

A-A
Y o * Y
A
Gz 3 - - —
, P2, U
- VB | P2, P2, Uz 3
2 1
G |
Al : g
6 1 -
KP 6
Py o Uy
YB 2
T _TA —1
(0] Z
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Puc. 1. Cxema BEeHTUJISALIMY: @) JIOKAIM3ALUsI BEHTWIALIMOHHOTO TIpoema; 0)
MO/JICJINPOBAaHNE BEHTWISIIUOHHOTO TEYEHHUS B SIUEHKE ITpoeMa

Initial flow parameters
(P, oy Uy) and (p,, 0 Uy);
preset flow rate Gp

v

Cell face flow parameters [«

v

Calculation of gas mass
flow G,

no

New pressure value p,

End of cycle

Puc. 2. UTepalluOHHBIN aNTOPUTM pacueTa MHTEHCUBHOCTH BEHTWISIIIUU YEPE3
IpaHb SSYEMKU B BEHTWISIUUOHHOM IIPOEME

Pa3paboTaHHblil anroOpuT™M U MOJI€Tb BEHTUISIIUA MOXKHO TTPUMEHUTH HE
TOJIBKO B CIly4ae BBITSDKHOM, HO U B ClIy4ae HAIlOPHOM BeHTWIALMU. [Ipu sToM
MEHSIETCSI TOJIbKO 3HaK 3aaHHOW MHTeHCHMBHOCTH Gj. B cilyyae ecTecTBEHHOM
BEHTUJIALIMM BMECTO HTEPALMOHHOIO aJIrOPUTMa MOKHO MCIOJIB30BaTh
IIOCTAHOBKY I'PAHUYHOTO YCJIOBHUS C 3aJaHHBIM «IIPOTUBOAABICHUEM).
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AHAJIN3 ITPUMEHEHM A METOAOB BBIBOPOK JIATUHCKOI'O
T'NITEPKYBA U JII -TTOCJIEJOBATEJIBHOCTH
Yaban Anacmacus Cepeeesna, cmyoenmka epynnot 355

Hayuonanvuwiti aspoxocmuueckuu ynusepcumem um. H.E. JKykoeckozo
«XAH»

CoBpeMeHHBIN  3Tanm  pa3BUTUS  MHPOPMALMOHHBIX  TEXHOJIOTHM
XapakTEepU3yeTCsl OrPOMHBIM KOJIMYECTBOM HAKOIUIEHHBIX JaHHBIX. [locTpoenue
MaTEMaTUYECKUX BEPOSITHOCTHBIX MOJIEJEH C MCIOJb30BaHUEM MOJIHOTO 00bEeMa
JAHHBIX NPEICTABIISIET ONPEACICHHBIE BBIYUCIUTENBHBIE CI0KHOCTH, MOITOMY
METOABl TEHEpallMk  BBIOOPOK  MEHBIIETO 00bEeMa ¢  COXpaHCHHEM
BEPOSITHOCTHBIX XapaKTEPUCTUK SIBISIETCA AaKTyaJbHOW 3amadveil. Jlokman
MOCBSIIIIEH 0030py METOAO0B T'€HEPAIIMU TPOOHBIX BEIOOPOK (JIbTEPHATHUB).

Meton  BbIOOpKM  JatuHckoro  rumepkyoa (MBIJII)  sBasercs
alnbTEPHATUBOM METOJA ciyyaiHoro wmojaenupoBanusi Monre-Kapno. Ilpu
ucnosbzoBanun MBJII', mpoueHTWi M, KOTOpPBIE HCIOJB3YIOTCS B KAaueCTBE
BXOJIHBIX JAHHBIX I 00pabOTKM (YHKIMN TUIOTHOCTH pacripeiesieHus
KaXJO0ro BXOJla HE TEHEpPHUPYIOTCS cllydallHbIM o0pa3oM. Bwmecto 3Toro
pacupenereHue BEPOSITHOCTEN, HHTEPECYIOIEN CIIyYalHOM BEJIIMYUHBI, CHAayasa
JIEUTCST Ha JUana3oHbl C PaBHOW BEPOATHOCTHIO, a BEJIMYMHA M3 BBIOOPKH
KQ)KJIOTO PaBHOTO JUana3oHa BEPOSITHOCTH OepeTrcs TONbKO oauH pa3. OmHaKo
NOPSIIOK BBIOOPOK, Kak MPaBUJIO, CIyYalHBIM B TE€UEHUE MOJIECITUPOBAHMS, U
CBSA3b MEXIY JABYMS X U Yy, WIM OoJjiee BXOJHBIMH TEPEMEHHBIMH OOBIYHO
paccMaTpuBalOT Kak HezaBucumyro (cor(x,y)=0). Tak, ogHUM U3 NPUMEPOB
npumeHenuss MBJIT siBiisieTcs aHAJIU3 CTOXAaCTUYECKUX MoOjieliel B 0aiieCOBCKUX
cetax [1]. B manHo¥l paboTe aBTOpamMu ObUT MPOMOACIMPOBAH MPOIECC
reHepaunn 100-mMepHOIl BBIOOPKH JIATUHCKOTO TUIEPKyOa i MPOCTOM CETH,
cocrosilel u3 3 Clly4alHbIX mepeMeHHbIX. [Ipu 3Tom ObLT moydeH crmocod
CO3[IJaHUSI TIEPEMEHHBIX B OMNPEIEIICHHBIX COCTOSHUSIX, KOTOPbIA MPUMEHUM K
JHOOBIM CTOXACTHUYECKUM aJITOPUTMaM BBIOOPKU B OAll€COBCKUX CETSIX, a TaKXKe
IPEJIOKEHO HECKOJBKO METOJO0B COKpAallleHUs TpeOOBaHMN K XpaHEHUIO
JAHHBIX, OCHOBHAs TMpoOjieMa KOTOPBIX CBA3aHHA C MPAKTHUYECKUMU
peanu3anusIMi BBHIOOPKU JIATUHCKUX THIEPKYOOB, U pa3pabOTaHO KACKAIHYIO
BEpCHUIO  BBIOOPKH, KOTOpas MPUBOJAUT K  MHHUMAJIBHBIM  TOTEPSM
MIPOU3BOIUTEIIBHOCTH.

Taxxxke w™meroq MBJII' Obu1  ycnemHo NpPUMEHEH NPU MOCTPOCHHUH
BEPOSITHOCTHOW HEUYETKOM MOJEIM OLIEHKU HEOIPEIEIICHHOCTEH M PUCKOB IPU
MOJICYETE 3aracoB yrieBoaopoaoB [2]. B astom cnyuae MBIJII' mnokazan
0oJbiyio 3P (HEeKTUBHOCThL MO CpaBHEHUIO ¢ MeToAaamMu MonTte-Kapio, Tak kak
JUISL TIONYyY€HUs] CTaOWIIM3UPOBAHHBIX PE3YJIbTATOB TPEOOBAIOCH TOPA3JIO0
MEHBIIIEE YHCIIO UCTIBITAHUM.

I'maBHbIM mpeumyinectBoM MBJIIT sBisiercst To, yTo OH ObOecreynBaeT
Jydlllee TMOKPBITHE BCEr0 JWarasoHa pacnpeacneHus. Tak Kak 1OpH
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ucnoas3oBanun MBIJID', dyHKIMK pacripeeneHuss BEpOITHOCTEH paBHOMEPHO
pacrpenienieHbl 10 BCEMY AWAlla30Hy BEPOATHBIX 3HAYEHHM, TO KOJIHYECTBO
BBIOOPOK, HEOOXOJIUMBIX JIJIsi O0JIe€ TOYHOTO MPECTABICHUS paclpeieTICHUs y
MBJII" MeHbIIIE TI0 CPAaBHEHHUIO CO Cly4alHbIM MeTo0M MoHTte-Kapiio.

Ipunmun  meroma  JIII -mocmemoBatensHocT  Gasupyercs Ha
reHepanuuu IMOCIEAOBaTENbHOCTH (g, {1, ..., {;, TOYEK W3 E€AUHUYHOTO n-
MepHoro runepkyba K™, mo0oii JBOMYHBIN y4aCTOK KOTOPOM, COAEP AL HE
menee yeM 271 touek, npencrasmser coboii 1 -cerxy. Tak npumenenue I -
IIOCJIENOBATEIPHOCTH, MO3BOJIIET pEIINTh 334ady IIOMCKAa ONTHMAJIBHOU
COBOKYITHOCTH ITapaMETPOB C YYE€TOM MHOTHMX KPUTEPUEB, a TaKXKE 3aady
ONTUMM3AIIMU CUCTEMbI YIIPABJICHUS AUHAMUYecKOro oobekTa [3]. [lonyueHHsie
pe3yJbTaThl PELICHUS 3a1a4d ONTUMAIBHOIO YIIPABJICHUs IMOKA3aJH, YTO ITOMCK
YIPABJISIOWIET0 BO3ACHCTBUS OCYLIECTBUWIICS C HEOOXOIUMOM TOYHOCTBIO.
Ucnons3oBanne wmeroma Il -mocnemoBarensHocTn  mpu  mMccleq0BaHMSIX
AITOPUTMUYECKUX METOJIOB F€HEPAIMK W300paKEHU KOMIBIOTEPHOU Ipaduku
nano OoJsee OBICTPOE CXOXKJEHHE alIrOpuTMOB KBasu- Monrte-Kapno k
HMCKOMOMY pe3yJibTary [4].

CornacHO NOpPOBEACHHOMY aHaJIW3y, MCIOJIb30BaHUE METOJ0B
BBIOOPOK JaTuHCKOro runepkyoa u JIII -mocnenoBarensHoct npu pemieHUn
Pa3IMYHOr0 pojia 3a7a4 ONTUMH3AIMU U TIPOTHO3UPOBAHMS JJaI0 00Jiee TOUHBIE
pEe3yJIbTATHI IO CPABHEHUIO C MCIIOJIb30BAHUEM KJIACCUUYECKUX METOI0B MoOHTe-
Kapmno.

CnHcoK HCTOIB30BAHHON JTUTEPATYPbI

1. Jian, Ch. Latin Hypercube Sampling in Bayesian Networks [Text] / J.
Cheng, M.J.Druzdel — Pittsburgh, PA 15260.

2. Antyaun  A. E. BeposTHOCTHbIE W HEYETKHE MOJCIHU OIEHKH
HEOMPEICTICHHOCTEW U PUCKOB MPH MOJICUETE 3a1acoB yriieBoaopoaoB [ Tekcr] //
MaremaTnyeckoe MOACIUPOBAHUE, UHWCICHHBIE METOAbl W  KOMILIEKCHI
nporpamMm.  MHpopManmonusie  TexHoioruu. BectHuk — TromeHckoro
rocyaapctBeHHoro yuuBepcuteta./, A. E. Antyaun, M.B. Cemyxus,
O.A S npbiiHuKOBa.

3. Tpsses M. B. [Ilpumenenne JIII, — nocnemosarensHOCTH TIpH
onTUMH3aIM auHamMudeckoro ooObekta [Texct] / WsBectms Tymbckoro
rocyJapCTBEHHOro yHuBepcuteTa. EcrectBenHble Hayku. M. B. I'psases, O. A.
Kysnenona, 2013. Beim. 1. C. 142-153

4. Cobomr UM. II, — cerxkn u JII, — nocnenosarensnoctu [Tekcr] /

N.M.Cob6ons - M: MuoromepHsie kBajapaTHbie (Gopmyinbl U GyHKIHH Xaapa,
1969. — C. 186 — 253

*Hayunwtii pykogsooumenv — Yepromos M.JI., 0.m.n., npogheccop
kagh. 304.
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PO3POBKA IIIAXOBOI'O JIOJATKY B JOIIOBHEHIN PEAJIBHOCTI
Yepryn A.1l., cmyoenm kag. 302
Hayionanvnuti aepoxocmiunuil ynieepcumem im. M.€. JKykoscvkozo

CborosiHi aKTUBHO pO3BHMBAIOTBCS HOB1  CIOCOOM  MPEACTAaBICHHS
KOHTEHTY Ha MOOUTHHHUX MPUCTPOsiX. OMHIUMH 3 OCHOBHUX HAIPSMIB Y IIbOMY €
TEXHOJIOT1] 3MIIIaHOi, BIPTYalIbHOI 1 JOMOBHEHOI PEaTbHOCTI.

3aBISKH Cy4aCHOMY PIBHIO TEXHOJOTIYHOT'O PO3BUTKY KOPHUCTYBAauy BXKE
HE OOOB’A3KOBO KyMyBaTh JOJATKOBI Ta/pKeTH 100 KOPUCTYBATHCS
JIOTIOBHCHOIO YHM BIPTYaJbHOIO PEaJbHICTIO. 3apa3 MJisi BUKOPHCTAHHS ITUX
TEXHOJOT1M JOCTaTHHO 3BUYAWHOTO MOOLIBHOrO TenedoHa, M0 POOUTH ixX
MaKCUMAaJIbHO JOCTYITHUMH JIJIsl KOPUCTYBaYiB.

Haitbinpmmii  iHTepec MNpeaCcTaBISIIOTh camMe TEXHOJOTI JIONMOBHEHOI
pealibHOCTI, OCKUIBKM 3aBISKH TOHIII TEXHOJIOTIH Mik kommaHismu Apple ta
Google MoxHa 0auuTH JTUHAMIYHUE PO3BUTOK IN€l TEXHOJOTIl Ta 11 IIHPOKE
BIIPOBAKCHHSI B Pi3H1 C(hEepH KUTTSL.

JIist BU3HAYEHHS aKTYyaJbHOCTI TEMH JOIMOBHEHOI peaJbHOCTI OyIo
BHUKOPHCTAHO aHATITHKY JTUHAMIKH 3pOCTaHHS pUHKY Bija komnawii Digi-Capital,
aHAJITUKYy TOTOYHUX IHBECTHUIIM B TEXHOJOTIIO JIOMOBHEHOI PEATbHOCTI Bij
kommanii  CB Insights, ta anamituky po3moniny BHUKOPHUCTaHHS TEXHOJIOTIi
JIOTIOBHEHOT peanibHOCTI 1o npuctposim Big ABI Research. Ha ocHosi 3i0panux
JaHuX OyJIO MPUMHATO PIIEHHS PO3pPOOUTH MOOLIBHUN AOJATOK I'PU B LIAXH B
JIOTIOBHEH1H peaibHOCTI.

[Ipu BU3HAYeHHI BUMOT 10 (YHKLIOHATY JOAATKy OYyJM MpoaHai30BaH1
ICHYIOYl TEXHOJIOT1i BUKOPUCTAaHHS JOMOBHEHOT peanbHOCTI. OCHOBOIO A
po3pobku cranu TexHosorii ARKit Bix kommanii Apple Ta Texnosoriro ARCore
Bin kommanii Google. B sxocti miardpopmu 1is po3poOku Oyia oOpana
texHosoriss ARKit, ockinbku BoHa Ma€e OiIbIe OXOIJICHHS KOPUCTYBAYiB.

Hnst peamizanii npoekty Oyno oOpano HaOip iHcTpymeHTiB ARKit,
BunynieHuit kommnaniero Apple mns IOS 11. B saxocti iHTErpoBaHOTO
cepenoBwIna po3pooku Oymo Bukopuctano Xcode 9. Jfomatok Oys10 peatizoBaHO
3a JIOMIOMOTOK0 MOBHU mporpamyBaHHs Swift 4, 3 BuKOpHCTaHHSIM MOBHU
nporpamyBanHs Objtctive C B meskux yactuHax goaatky. [ peanizaiii 6asu
naHux Oyno BukopuctaHo (¢perimBopk Core Data. [ns peanizamii
0araTOKOpPUCTYBAILbKOI0 Pe:kUMy Oyiia oOpaHa TexHoJoris IMessage.

OCHOBHHUM pe€3yJIbTATOM POOOTH CTaJI0 CTBOPEHHS MOOUIHLHOTO JIOJATKY
JUTSI TPH B IIIaXW B JTOTIOBHEHIHM peaabHOCTI.

*Haykosuii kepisHuk - npoghecop xkagh. 302 O.B. Maneesa.
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INTELLIGENT AGENT-BASED TECHNOLOGIES FOR NETWORK
WORMS SIMULATION
Kamaeva Kristina, student of group 345
Chumachenko Dmytro, Associate Professor of Mathematical modelling and
artificial intelligence department
National Aerospace University “Kharkiv Aviation Institute”

Widespread use and easy access to the Internet makes it a prime target for
malicious activities. In particular, the Internet has become a powerful
mechanism for malware distribution. Network worms, stand-alone programs that
spread through computer networks using automatic search, attacks and infection
of remote computers, have been developed for almost 30 years since the first
Morris worm. In modern conditions, computer infrastructure is more vulnerable
than ever before, because The speed of technology development is much higher
than the speed of developing their protective measures.

Developing an accurate Internet worm model will give an idea of its
behavior. This will identify weak points in the dynamics of the network worm,
as well as create a forecast of its distribution in order to assess the damage from
the worm's activities. In epidemiological studies, there are several deterministic
and stochastic models for the spread of viral diseases; also, some models exist
for modeling the spread of Internet worms, but they do not allow for the
dynamic nature of the development of the malware epidemic process.

As part of this study, a multi-agent model of network worm propagation
has been developed using the example of the Code Red worm, which helps
eliminate the shortcomings of deterministic analytical models.

The adequacy of the multi-agent model largely depends on the number of
agents in the system. The use of large populations and the specification of the
properties of agents leads to the need to use the most modern information tools
and technologies, in particular, algorithms that are optimal in the number of
machine operations performed. In a multi-agent approach, the modeling process
is based on building and processing an event queue, which can be divided into
two types:

1. Changing the state of the agent in terms of the external environment
(the physical position of the agent);

2. Change the internal state of the agent. Events of this type arise as a
result of the interaction of the agent with other agents, as well as with the
external environment.

The task is to find and use such a set of properties and methods of agents
as objects, which would allow to take the most advantage of the multi-agent
approach.

In the software package “Agent-based system of computer worms
distribution in fully connected heterogeneous networks“ MASWorm ”, a formal
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description of the constructed model is proposed. An agent can be considered as
a set of parameters:

a=(s,5.¢1), acAseS,ceC, (1)

where s; is the residence time of the agent in state s; A is the number of
agents; S is the number of possible states; | is life expectancy; C is the set of
cells in the workspace.

The set of agent states is predefined and permanent. In the developed
model, we define the set of states as:

S={Susceptible, Antidotal, Infected, Detected, Recovered}. (2)

where Susceptible is an agent is healthy and susceptible to infection by a
specific worm,

Antidotal agent is healthy. Agents in this state have installed anti-virus
software, therefore they cannot be infected,

Infected agent is infected and can be a carrier of the virus to other hosts,

Detected agent infection is detected by antivirus software and isolated
from the network,

Recovered agent is cured and is no longer susceptible to this type of
worm.

An analysis of the developed multi-agent model showed that there are two
factors affecting the spread of the Code Red network worm: dynamic
countermeasures taken by the ISP and users, and slowing down the speed of the
network worm propagation, since the rapid reproduction of the Code Red worm
caused slowdowns and problems with some routers. . Considering the dynamic
aspects of human countermeasures and the variable rate of infection, we have
obtained a more accurate model of the propagation of a network worm, in
comparison with deterministic analytical models. The simulation results, as well
as the numerical solution, show that the constructed multi-agent model to a high
degree coincides with the observed real data of the Code Red worm. In
particular, this explains the decrease in attempts to scan hosts during the last few
hours of the spread of the worm; none of the previous deterministic models can
explain this phenomenon.
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CREATING AN INTELLECTUAL CHAT BOT ON THE BASIS OF A
RECURRENT NEURAL NETWORK WITH SPEECH RECOGNITION
Krilivets Oleg Viktorovich* student of group 345
National Aerospace University. not. Zhukovsky "KhAI™"

Based on the generally accepted definition of artificial neural network - a
mathematical model, as well as its software or hardware implementation, built
on the principle of organization and functioning of biological neural networks -
networks of nerve cells of a living organism. INS is a system of interconnected
and interconnected simple processors (artificial neurons). Such processors are
usually quite simple (especially compared to processors used in personal
computers). Each processor of such a network only deals with signals that it
receives from time to time, and signals that it periodically sends to other
processors. And, nevertheless, being connected to a fairly large network with
controlled interaction, such individually simple processors together can perform
quite complex tasks.

There are actual data processing problems, when solving which we
encounter not individual objects, but their sequences, i.e. the order of objects
plays a significant role in the task. For example, this is a speech recognition
task, where we are dealing with sequences of sounds, or some natural-text
processing tasks, where we are dealing with sequences of words.

To solve such problems, you can use recurrent neural networks, which in the
process can save information about their previous states.

Unlike a regular direct distribution network, the input image of a recurrent

network is not one vector, but a sequence of vectors {X,X,,...,X,} {X1 Xy yeens Xn}

the vectors of the input image in a given order are fed to the input, while the new
state of the hidden layer depends on its previous states.
h(t) = f (V- x(t) +U -h(t —1) + bh)

y(®) =g(W -h(t) +by), 1)

where x(t) — input vector number t, h(t) — state of the hidden layer to enter
X(t)x(t) ( h(0)=0n(0)=0), y(t) — network output x(t), U — distribution weight
matrix, W — weight (square) matrix of feedbacks of the hidden layer, bh — lateral
layer shift vector, V — output weight matrix, by — output shift vector, f — hidden
layer activation function, g — output layer activation function.

The input signal vector is fed to the INPUT group of neurons, the zero
signal on the CONTEXT neuron group. Further, the signal propagates into the
group of neurons of the hidden layer HIDDEN, and then is transformed by them
and hits the neurons of the output layer OUTPUT. At the next iteration, along
with the INPUT signal vector, copies of the signals from the output OUTPUT
layer of the previous iteration are sent to the context group of neurons.
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The structure of the recurrent neural network for memorizing sentences is as
follows:

The CONTEXT, INPUT and OUTPUT layers each have one neuron, the
signal values at the output of which correspond to the index of a word in a set of
words. Additionally, the word __end__ is entered corresponding to the end of
the sentence. The volume of HIDDEN layers should allow you to memorize the
entire set of sentences. The network is consistently trained in the following
sentences:

«IIpuser. Kak nena? __end  Ilpuser. HopmansHo. end »

The property of the statistical communication of questions and answers in
the knowledge base and the choice of the corresponding answer from the
knowledge base to the user on the question can be realized on the basis of the
following algorithm. All questions in the knowledge base will be denoted by the
word patterns.

1) their corresponding answers in the knowledge base word templates;

2) each question and the corresponding answer is divided into an array of
words: pwords and twords;

3) the correlation between the unique words is calculated: If the word tword
is found in the array of words twords together with the word pword in the array
of words pwords, then the correlation function between the words tword and
pword is added 1: R (tword, pword) + = 1;

4) a new user question denoted by the word question;

5) the user-defined question is divided into words gwords;

6) an overview of templates responses from the knowledge base is carried
out in order to find the maximum amount of correlations between the words
from the response of twords and the words of the user's qwords.

In the process of learning the neural network, a learning approach with a
teacher was used. To do this, each (discrete) time step sends data to the input
nodes, and other nodes complete their activation, and the output data is prepared
for transmission to the next level of neurons. That is, in our case, recognized
words arrive at the output nodes. As a training sample was collected corpus
frequently asked questions of applicants for the last introductory campaign at
NAU "KhAI". The network is trained in the back propagation method.

Using the simple selection method, the most satisfactory result was shown
by a neural network with five HIDDEN layers of 700 neurons each.

Using the module of the morphological analyzer of individual words and
bringing them into the base form allows you to improve the quality of the search
for relevant responses. The recurrent neural network allows you to get answers
to questions that were not in the knowledge base, through the ability of the
network to generalize.

*Scientific supervisor —
Chumachenko D.I., Ph.D., Associate Professor of the department. 304
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APPLICATION OF NEURAL NETWORKS FOR PREDICTING
EPIDEMIC PROCESSES
Piletskyi Pavlo, group number 355a
National Aerospace University — "Kharkiv Aviation Institute"

The process of studying the studied parameters in time is described by a
dynamic series. Discrete and continuous time series are used in medical
informatics in solving problems of epidemiology, clinical medicine (functional
diagnostics), the study of morphometric data in order to predict their change.

The use of artificial neural networks to predict the level of infectious
morbidity is relevant. Fluctuations in the incidence rate during the analyzed
years, like fluctuations in perennial dynamics, arise as a result of the joint action
of constantly active, periodically activated and irregular causes. The periods of
activity of irregular random causes in the annual dynamics are distributed
randomly over several years. The result of their action is the formation of "group
morbidity” which is the reason for creating conditions for the occurrence of
epidemic outbreaks. In order to identify patterns of occurrence of annual
fluctuations, the incidence of Lyme borreliosisin the Kharkiv region was
studied.

The epidemic process is of a nature in which long-term forecasting is not
necessary. The epidemiological experts are only interested in the period of
recession-epidemic-recession, since the dynamics of the spread of the epidemic
process may change after outbreaks of disease as a result of measures taken to
reduce it, as well as the natural extinction of pathogens.

Using neural networks to predict the incidence rate allows us to estimate
the dynamics and tendency of the epidemic process. Neural networks compare
favorably with statistical methods in that they are quite flexible and allow you to
take into account an arbitrary number of external unknown factors, which is
especially important in studying the epidemic process. Such third-party factors
in different ways affect the change in the projected incidence rate. So, for
correct prediction, a time series decomposition is necessary, i.e. forecast taking
into account various external factors of trend, seasonal, irregular correction, etc.
The integration of the dynamic range was carried out, which made it possible to
predict the features of the course of the epidemic process.

The use of neural networks provides the following useful system
properties:

— Nonlinearity. Artificial neurons can be linear and nonlinear.

— Display of input-output mapping. One of the most popular teaching
paradigms is supervised learning.

— Adaptation. Neural networks have the ability to adapt their cynaptic
scales to environmental change. In particular, neural networks, trained to operate
in a particular environment, can be easily re-taught to work in conditions of
minor fluctuations in the environment parameters. Moreover, for working in a
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nonstationary environment (where statistics are changing over time), neural
networks that change synaptic scales in real time can be created.

— Evidential response. In the context of the problem of image
classification, one can develop a neural network that collects information not
only for the definition of a particular class, but also to increase the reliability of
the decision. Subsequently, this information can be used to exclude doubtful
decisions, which will increase the performance of the neural network.

— Contextual information (contextual information). Knowledge is
provided in the neural network itself by its activation status. Each network
neuron can potentially be exposed to all other of its neurons. As a result, the
existence of a neural network is directly related to contextual information.

— Fault Tolerance. Neural networks clad in electronics, potentially fail-
safe. This means that under adverse conditions, their performance falls slightly.
For example, if a neuron or its communication is damaged, the extraction of the
filled information becomes complicated. However, taking into account the
distributed nature of storing information in the neural network, it can be argued
that only serious damage to the structure of the neural network will significantly
affect its performance. Therefore, reducing the quality of the neural network is
slow. Minor damage to the structure never causes catastrophic effects. This is
obviously an advantage for calculations, but it is often ignored. To ensure fault
tolerance of the neural network, training algorithms need to be put in place
appropriate corrections.

The introduction of this technique in various branches of medicine will
allow to assess the quality of work at all stages of medical activity, thereby
predicting the trend of the level of infectious and somatic morbidity. Analysis of
the incidence and the result of the forecast allow us to present a true picture of
the course of the epidemic process of the analyzed infection.

The software package was developed, which allows to calculate the
predictive level of incidence of Lyme borreliosis on the basis of machine
learning, namely, neural networks. The adequacy of the prognosis tested is
verified on the basis of actual statistics on the incidence of Lyme borreliosis.
The prediction error was calculated, which is 3.8% (average absolute deviation).
The training took 27 seconds.

The developed forecast shows the preservation of an unstable epidemic
situation with regard to Lyme borreliosis, which requires preventive measures
both at the population level and for individual protection, the main purpose of
which is to minimize the risk of contact with ticks and reduce the incidence of
bone. A virtual test of the effectiveness of such events will be the next stage of
our study.

*Scientific supervisor —
Chumachenko D.I., Ph.D., Associate Professor of the department. 304
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CLASSIFICATION OF PATIENTS IN MEDICAL MONITORING
SYSTEMS WITH THE HELP OF TRAINED ARTIFICIAL NEURAL
NETWORKS
Rozhkova V.A., student of the group 365
National Aerospace University "Kharkiv Aviation Institute”

Methods of machine learning give you the opportunity to have knowledge
from complex clinical data sets and to model progression, treatment and disease
outcomes. The use of machine learning in medical monitoring systems is aimed
at improving the quality of diagnosing patients.

The algorithm of training the neural network with the reciprocal
distribution of error finds the value of the error between the actual and desired
initial data of the network. Reducing the error value can be achieved by
modifying the network parameters. The process is repeated until the network
reaches the ability to perform the desired type of "input-output” conversion. As a
result of the training of the neural network there are finding the weight links of
the layers, and initial parameters by input parameters and controlling variables.

Logistic regression or logit regression is a statistical model which is used
to predict the probability of occurrence of some event by fitting the data to the
logistic curve.

Logistic function looks like:

1
1+e~*

flx) =

Using the algorithm of training a unidirectional multilayer neural network
and a radial-basis neural network with reverse error distribution, a logistic
function and a set of variables, which includes all the data, we obtain at the
output the value of the probabilities of the ratio of each patient to a certain class.

Applying in practice the teaching methods in medical monitoring systems
will reduce the material costs and timing of diagnosis of patients, as well as will
provide better values of survival rates and quality of life criteria for patients.

Scientific director — Doctor of Technical Sciences, professor
M. L. Ugryumov
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APPLICATION OF THE METHOD OF FUZZY CLUSTERING OF K-
MEANS IN THE PROBLEMS OF RECOGNITION OF PATIENTS IN
MEDICAL MONITORING SYSTEMS
Zaiarna Viktoriia*, student of 304dep.
National Aerospace University — «Kharkov Aviation Institute

The mathematical apparatus clustering is widely used for diagnostic
purposes, solving classification tasks and find new patterns for establishing new
scientific hypotheses. In this paper the actual problem of clustering data in
medicine.

The analysis of the main methods of clustering, as well as the
substantiation of the choice of the k-mean method, was carried out. Its main
advantages are the versatility, speed and ease of software implementation. Also,
the method of k-means flexible to use a variety of metrics and changes.

The k-means algorithm builds k clusters are located at possibly large
distances from each other. The main type of tasks solved by the k-means
algorithm is the presence of assumptions (hypotheses) on the number of clusters,
while they must be different as far as possible. The choice of quantity k may be
based on the results of previous studies, theoretical considerations or intuitions.

In this paper, the method of fuzzy clustering is used to modify the k-
means method, which allows each object to belong to different degrees to
several or all clusters at the same time. The number of clusters is known in
advance.

The initial information is a sample of observations generated from N the
n-dimensional vector of signs X ={x(),x(2),....x(N)} x(k) e X, k=12,...,N,
The result of the method is to split the initial array of data into m classes with
some degree w;(k) of membership of the k-th feature vector of the j-th cluster.

The objective function subject to minimize is:

N m

E(w;(k),c;)=> > w/(k)d*(x(k),c;) —>min W
k=1 j=1
with restrictions:
iwj(k)ﬂ, k=1...n, (2)
j=L

0<iwj(k)< N, j=1...,m.
“ (3)

Herew; (k) [01] — is the level of belonging of the vector x(k) to the j-th
cluster, ¢c; — the centroid of the j-th cluster, d?(x(k),c;) — the distance between
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x(k) and €; in the accepted metric, B — the non-negative parameter, called the

"phasicifier" (if used d*(x(k),c;) as an Euclidean distance, is taken as 2).

The work of the algorithm begins with the assignment of the initial
random matrix of the fuzzy partition W,. According to its values, the initial set
of prototype centers ¢ is calculated according to the formula:

D IAUAQIC)
PN wWik) (4)

Based on the calculated prototype centers c? , the matrix is calculated w,
in accordance with the formula:

1
(d*(x(k),c;))"”
Y v Q)
2. (A% (x(K),c)))
After that, in batch mode cjw?,...w'ci,w" and so on, until the

difference between the current and the next values of the matrix W will not be
less than the specified threshold of accuracy. Thus, the entire available sampling
data is processed repeatedly.

As a result of the algorithm get fuzzy partition matrix in which patients
will be divided into clusters (diagnoses). The shape of the clusters can vary from
the hypershape to the hyperlipsoid, depending on the form of the source data,
that is, from the choice of the distance between x(k) and c;:

d(x(k),Cj)=\/(X(k)—cj)T A;(x(k)—c;) (6)

where A; — is a matrix that can be defined as the inverse fuzzy covariance
matrix of each cluster.
If we take A; as a matrix identity matrix, the result is the Euclidean

distance d(x(k),cj):\/(x(k)—cj)T (x(k)—c;), and form clusters will round
(hipershary).
To give clusters the form of hyperlipidsomes as a matrix A; can use a

symmetric positive definite matrix, that is, a matrix in which all eigenvalues are
real and positive.

As a result of the clustering algorithm, we obtain the division of our data
into homogeneous clusters, which can take the form of arbitrarily oriented
hyperellipsoid spaces. Also, the degree of belonging of each object to each
cluster will be known w; (k).

*Scientific advisor —
D.Sc., Professor of department 304 M.L. Ugryumov.
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OCOBJIMBOCTI BACTOCYBAHHA MAIIMHHOI'O HABUAHHA JIUTA
BUPINEHHA PEAJIBHUX 3A1AY
botixo /lenuc Anamonitiosuu, suxnaoau lIlepsomaticbkoeo Koneoxicy
Hayionanvnoco ynieepcumemy xopabaebyoysanus im. aomipanra Makaposa

MarvHHe HaBYaHHS, IITYYHUH 1HTEIEKT, HEMPOHHI MEPeXi — 11l TepMIHU
OCTaHHIM 4acoM JYy»€ aKTHBHO OOrOBOPIOIOThHCS. Benuki naHi, 00YnCIOBaibHI
MOTYXXKHOCTI TpadigyHUX KapT 1 BeIMYE3HA KiJIbKICTh HAYKOBUX OCIHIKEHb —
JO3BOJIMUIA MAIIMHHOMY HAaBYaHHIO CTaTH TEXHOJOTIEI0 IO 3MIHIOE CBIT.
HoctynHicTh (peMBOPKIB MAIIMHHOTO HAaBYaHHA Yy BUIJISAAI BIAKPUTOTO
IPOrpaMHOTO 3a0e3MeUeHHs, BiJl MPOBIIHUX JOCHITHUIBKUX TPYI TO3BOJISIOTH
[IBUJKO TMOYAaTH CAMOCTIMHO EKCIEPUMEHTYBATH 3 TIMOOKMMH HEHPOHHUMHU
Mepexxamu. OJIHaK, 111 MOXJIMBOCTI, 3aBASKHA SAKUM, 3apa3 Ay»Ke MPOCTO MOYaTH
TPEHYBaTH CBOIO BJIACHY IITYYHY HEUPOHHY CITKY, MOXKYTb BBECTH B OMaHy.
Amxe, mo0 BHUKOPUCTOBYBAaTHM MAIIMHHE HABYaHHSA JUIsl BUPIIMIEHHS CBOIX
3aB/aHb 200 3aBAaHb Oi3HECY, MOTPIOHO BpaxyBaTu 0€3/114 BOKIMBUX HIOAHCIB:
[IHHICTh JAHUX 1 MOMEPEIHbOI MIATOTOBKH, HEPIBHOMIPHICTH PO3MOALTY KJIaciB
B pEAIbHUX 3aJlayax, IHTEPIPETALIII0 MOJIEIII.

[{iHHICTh JAHUX 1 TONEPEAHBOT M1ATOTOBKH.

B obnacti MammHHOrO HaB4aHHs, 01M3bK0 80% 4vacy e Ha HMIATOTOBKY
JaHuX. SIKII0 B HAYKOBHUX CTATTAX OEpEThCs TOTOBUM HAOIp JIaHMX, HA SIKOMY
JEMOHCTPYETBhCSA, IIO Balll HOBHM anroputMm Impaumroe Ha 1% kpame, B
MOPIBHSIHHI 31 CTApUM METOJO0M, TO B JKUTTI, 3a3BUYAl, MOBa iJIe PO CTBOPEHHS
HaJIIHHOI CUCTEMHU, KA 3 TIOCTATHHOI TOYHICTIO BUPIILIYE MOCTABICHE 3aBaHHS.
[le o3nawae, mo msg Oyap-SKOI CHCTEMH MAIIMHHOTO HAaBYaHHS, MOTPIOHO
MIJrOTOBKA Ta MapKyBaHHS HAaBUaJbHOI BUOIPKH, Ha SKIH alrOPUTMH 3MOXKYTh
HaBuatucs. [Ipu 1pomy, moTpiOHO BpaxoByBaTH, IO i 0araThb0X peasbHUX
3a/lay, caM MpOIeC OTPUMAHHS Ta MIJTOTOBKH JAaHUX — MOXKE OOXOIUTHCS
TOoCcUTh aoporo. [loyactu, TyT MOXKe TOMOMOTTH BUKOPUCTAHHS MOIMEPEIHBOTO
HaBuaHHsA. OCHOBHA 1/1€sl MOMEPEIHHOI0 HABUAHHS MOJISITA€ B TOMY, IO, Ha
MoyYaTKy, HelpoHHa Mepeka (abo IHIIMKM adrOpUTM MAITUHHOTO HABYAHHS)
TPEHYETLCA Ha JEMIEBOMY 1 BEJIMKOMY HA0Opl JaHUX 3 CXOXKOK abo Tiei x
00JacTi 3aCTOCYBaHHS 400 HABITh HA 3AIIYMJICHUX JIaHUX.

HepiBHOMIpHICTH PO3MOILTY KJIACIB B PEAIbHUX 3a/1ayax.

B icHyrounx akageMiuHUX HaOOpax JaHMX, 11 JAaHl 700Ope 30aiaHCOBaHI.
B peanpHux ke 3aBAaHHSIX — AaHi, HaifuacTime, OyayTh He30amancoBaHi. Kpim
TOT0, B peJIbHUX JI0J]aTKaX I[iHa MTOMUJIKOBOI Kjlacudikarlii pisHUX KJIaciB MOXe
y’)K€ CUJIBHO BIApi3HATHCS. PimieHHs mpoOiieMu HEPIBHOMIPHOTO PO3MOILTY
KJIaCiB MOJISITa€ B OTPUMAaHHI OUIBLIOI KITBKOCTI JaHMX, y 3MiHI KJaciB, y
BiIOOpI JaHuX. SIKIIO HeMae MOXIMBOCTEH OTpUMATH OulbINe AaHUX abo
3MIHUTH KJIacH — 3HA4YUTh, MOTPIOHO TpaIfoBaTv 3 BUXiMHUMH JaHuUMU. [1[00
HAaBYMTH MOJICNIb pOOOTI Ha PIJKICHHX KJIacaX, MOXKHA 3MIHHUTH CIOCIO, SKUM
QITOPUTM OTPUMYE TPUKIAAN JUIsi HaB4YaHHSA. MOXUIHMBI Takl BaplaHTH:
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ITHOpYBaHHS — BHOIPKOBO ITHOPYBAaTH OUIBII YacTO 3YyCTPIYAIOThCS KIIACH.
Hanauckperusaiisi — 3pa3kul PiIKICHOTO KJIACy TOKAa3yIOThCS aITOpPUTMY 3
OuIbII BHCOKOIO yacTtoToro. CybOmickpeTizallis — 3pa3ku OLIbII YacTUX KJIACiB
MOKa3yIOThCs alroputMmy piame. OouaBa 11 METOAM MPUBOJATH 10 OJIHOTO 1
TOTO X pe3yabTaTy. [lepeBara nux METO/IB y OPIBHSIHHI 3 MONEPEIHIM MOJISTae
B TOMY, IIO HIAKI 3pa3ku He IrHOpPYyIOThcs. HeratuBuuii Bigdip -—
IiJIECIpsIMOBaHUH BiAOip HalCKIaAHIMKX 3pa3kiB AaHuX. [loTpiOHO perymispHO
OLIIHIOBAaTH MOJETbh IIiJi Yac HaBUaHHSA 1 BHOUpATH 3pa3ku, sKi Oynu
HENpaBWIbHO KiacugikoBaHi Mmoxemmo. Lle mo3Bossie BUOpaTtu 3pasku, SKi
NOTPIOHO yYacTillle JAEMOHCTpYBaTH airoputMy ains HaBuanHs. [lig wyac
HAaBYaHHS MOJIETi, MOXHa 30UTbIIMTH Bary (QYHKII BTpaT il 3pas3KiB 3
PIIKICHUX KJIAaciB, 100 HABYMTH MOJICIIb MPUILIATH iM O1IbIIIE YBaru.

[aTepnperartis Moaeni.

Ha BigMiHy BiJi HayKOBHX CcTaTeil, B SKUX MOJE]b TOBUHHA
IPOJAEMOHCTPYBAaTH HaWKpaIui pe3ynbTaT poOOTH, HI’)K IOTOYHE PIIICHHS, IIPH
BUPIIICHHI pealbHUX 3aBJlaHb, O MOJEINI MPE IBISIOTHCS JOJATKOBI BUMOIH:
PO3yMIHHS YOMY 1 SIK MOJIEJIb MOKE€ JIaBaTH HENPaBUJIbHI IPOTHO3U, PO3YMIHHS
YoMy MOJENIb MIpPAaLO€ Kpalle, HiX I[ONEpeIHE pPIIIEHHS, BIEBHEHICTh, IO
MOJiesIb HEe MOxke OyTh oOmanyTa. Ha BiAMIiHY Bia JIHIMHUX MOJENEH, B AKUX
3a0e3neuyeThCsl MPSAMHUA  3B’A30K MDK MapaMeTpaMd 1  IPOTHO30M,
CIPOrHO3YBaTH PIIIEHHS HEHPOHHOI Mepexxi HabaraTto Baxde. lle crae myxe
BAKJIMBOIO MPOOJEMOI0 B pEANIbHUX J0JaTKaX, OCKUIbKM pIIIEHHA Ha 0a3i
IIIMOOKUX HEMPOHHUX MEpEeX MyKe€ HMIBUIKO MPOHUKAIOTH B camil pi3HI cdepu
HAIIOTO JKUTTS: aBTOHOMHHUH TPaHCIOPT, MEAUYHA iarHOCTUKA, MPUHHATTS
(db1HaHCOBHUX PIIICHb 1 0araTo HIIOTO.

3acTOCOBYIOYM MAIllMHHE HaBYaHHS JJIsl BUPIMIEHHS peabHUX 3aBAaHb
HEOOX1THO MparMaTUYHO JUBUTHUCS HA MOXJIMBI Pe3yJbTaTH POOOTH. Y NEIKUX
00nacTsX, /1€ € JAOCTaTHS KUIbKICTh M0Ope MIArOTOBICHUX NAaHWUX — INTYYHHIM
IHTEJIEKT MOXKE JTOCSATTU XOPOUIUX PE3yJbTaTiB, MPAIIOI0YN IMIBUIIE 1 TOYHIIIIE,
moaunu. Jlo #oro mepesar, Ciijl BIAHECTH BUKIIOUEHHS JIIOJCHKOTO (hakTopy i
3/IaTHICTh 3HAXOIUTH MPHUXOBaHI KOPEJIAIii B BEJIMKIA KIJIbKOCT1 O3HaK.
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AHAJIN3 ITOJIXO10B 1 METOJIOB K KOMITbIOTEPHOM
OBPABOTKE OTKPBITBIX 3AJJAHUI ITEJJATOIT' MYECKUX TECTOB
I'epacumosa Apuna, cmyoenmka 345 epynnoi
Hayuonanvnoii aspokocmuueckuu ynusepcumem um. H.E. 2Kyxoeckozo
«XapbKko6CcKUll aBUAYUOHHBIU UHCIUMYIY

C pasBuTHEeM MOMYyJSAPHOCTH JTUCTAHIIMOHHOTO M OHJAHH-00y4YeHUs,
NOSIBISIETCS HEOOXOJUMOCTh B Pa3pabdOTKE HOBBIX METOJIOB M IMOAXOAOB JUIS
KOHTPOJISI M aHaJIN3a YCBOGHHOTO y4eOHOro Matepuaina o0ydyaeMbiMu. OHOM U3
CaMbIX pacmnpocTpaHEHHBIX (OPM KOHTPOJIS W aHaIu3a Pe3yJIbTaTOB yueOHOTO
npolecca BJIAIOTCS KOMIIBIOTEPHBIE TECTBI, B KOTOPBIX MCIOJb3YIOT 3aKPHIThIC
TUIBl TECTOBBIX 3aJaHUI, UYTO SBJIsETCS HE 3(PPEKTUBHBIM HHCTPYMEHTOM
oueHuBaHusA. [loaTOMy  akTyasJbHBIM  SBIsIETCS  pa3paboOTKa  METOOB
KOMIBIOTEPHOH  OOpaOOTKM  OTKPBITBIX  3a/JaHui,  MPEINoJarariux
UCITOJIb30BAHUE ECTECTBEHHOTO S3bIKA.

[lenbto TaHHOTO KCCIIEIOBAaHUS SIBISETCS aHAJIW3 METOJOB M IMOJXOJOB,
UCIOJIb3YEMBIX NIl KOMIIBIOTEPHON 00pabOTKH €CTECTBEHHOTO fA3bIKa, a TaKXKe
UHCTPYMEHTAJIBHBIX CPEJCTB, MO3BOJSIIOIIMX pellaTh 3aJaud UACHTU(DUKAIIH
TECTOBBIX COOOIIIEHHUH.

HeobOxoaumbie METOABI U MOAXOAbI 0A3UPYIOTCA HA MAIIMHHOM 00Y4YeHUHU
(Machine Learning — ML), xapakTepHOW 4epTOi KOTOPBIX SBIISCTCS HE MPSIMOE
perieHue 3aaadd, a oOydeHHe B IMpOIECCe MPUMEHEHMS PElICHUN MHOKECTBa
CXOIOHBIX 3ajady. JIis MOCTpOeHHs TaKMX METOJIOB HCIOJIb3YIOTCSl CpPEJICTBA
MaTEeMaTHYECKON CTAaTUCTUKH, YUCIEHHBIX METOJOB, METOJOB ONTHMH3AIUH,
TEOPUU BEPOSTHOCTEM, Teopuu rpadoB, pazIUYHbIE TEXHUKH pPAOOTHI C
JAHHBIMU B 1TU(GPOBOI Popme.

B ML paznu4aroT 1Ba OCHOBHBIX THIA OOyYEHHs: OOyUYEHHE C yUUTEIEM
u 0Oe3 yuurens. B xome oOydeHus ¢ yuuTeneM, HCHObITyeMas CUCTEMa
OPUHYAUTEIBPHO 00y4aeTcs ¢ MOMOIIbIO MPUMEPOB «CTUMYJ-peakuus». [lpu
oOydyeHun 0e3 yuuTens, WCIbITyeMas CHUCTEMa CIOHTaHHO oO0y4aercs
BBIMIOJIHATh IOCTaBJIEHHYIO 3agady 0Oe3 BMEIIATeIbCTBA CO  CTOPOHBI
HKCIIEPUMEHTATOPA.

Jlist 00paOOTKHU TECTOBBIX 3alaHUi OTKPBHITOM (OpMBbI OOJIee JIOTUYHO
UCIIOJIb30BaTh METOJ/IbI OOYYEHHUsI C yUHUTENeM, MOCKOJIbKY JUIsl ONpeAesICHUS
MPaBUJIBHBIX OTBETOB MOKHO HAKOMUTh HEOOXOJIMMBIN 00BbeM HuH(pOpMaIuH,
KoTopasi OyJeT HCIOJB30BaThCS sl 00ydeHUs Mojeiedl W HuAeHTUUKAIUU
NpaBUIBHBIX OTBETOB. Takue MeTojbl OyIyT TMOCTPOEHBI Ha OCHOBE
UCKYCCTBEHHBIX  HEWPOHHBIX  CETSAX, KOTOpble  CIIOCOOHBI  OOydarcs
CaMOCTOSITENIHO Ha 33JJaHHBIX JIaHHBIX.

*Hayunwiii pykogooumens. 00yeHm Kagheopvl Mamemamuyeckozo
MOoOenuposanus u uckyccmeenno2o unmennekma /[.M. Yymauenko

ProfIT Conference 2018



70 Tl Mi>xxnaponHa HayKoBO-IIpakTH4YHa KoHdeperuis IT-nmpodecionanis i
aHamiTHKiB KoMl 1oTepHux cucteM «ProflT Conference»

OINPEAEJIEHUE BEPOATHOCTU 3ABOJIEBAHUA
HA OCHOBE METO/IOB DATA MINING
T'opanuna Cepeeti Hzopesuu, cmyoenm epynnoi 345,
bazunesuu Kcenus Anexceesna, ooyenm kagheopwt unghopmamuxu
Hayuonanonviu aspoxocmuueckuu ynusepcumem um. H.E. JKykoeckozo « XAH»

B coBpemMeHHOM MHpe, KOTJa JIFOJW CTPaNaloT Pa3IudHBIME OOJIC3HSIMH,
MHOTHE CHCIHATUCTBI HWIIYyT CHOCOOBI ¥  METOAbl HMX JICUCHUS W
JTUArHOCTHpOBaHMA.  PemieHwe  mpoOiieMbl, KOTopas  3akKjiioJacTcs B
OTrPaHWYCHHBIX BO3MOYKHOCTSX CBOCBPEMEHHOTO JHArHOCTHPOBAHHUS, JICKUT B
o6actu metosoB Data Mining.

[lepBBIM W3 METOIIOB, PAacCMaTPUBACMBIX B HCCICIOBAHUU, SBISCTCS
METOJI OIICHUBAHHSI TTAPaMETPOB JIOTUCTHYECKON PETPecCHH Ha OCHOBE METOja
OLICHKH IIIaHCOB U BeposTHOCTEH [1]. MeTox BhIroiHEe BCEro UCIOIb30BATh IS
BBIOOPOK ¢ MajbiM KOJHMYECTBOM TapamMeTpoB. Ha BBIOOpKEe ¢ OOJBIINM
KOJIMYECTBOM TIapaMETPOB 3TOT METOJI MEPECTacT OBITh aKTyaJIbHBIM U TEpseT
CBOIO TOYHOCTh. BTOPBIM paccMaTpuBaeMbIM METOJIOM SIBIISIETCSI METO/ OIICHKH
BEPOSATHOCTH 3a00JICBaHUS C MCIOJIB30BaHUEM 0aileCOBCKOTO KIIacCHU(pHUKATOpPA.
DTOT METOJI BBITOJIHEE HCIIOJIB30BaTh HA BBIOOPKAX C OOJBIIMM KOJIHYSCTBOM
mapaMeTpoB, T.K. METOJ HE TepsSeT CBOCH TOYHOCTH IIPH YBCIMYCHHUH
KOJIMYECTBA IMEPEMEHHBIX, OJHAKO, HECMOTpPS Ha 3TO KOJIMYECTBO IPHU3HAKOB
JOJKHO OBITh TIOCTOSIHHBIM. B cilydae ¢ mepeMEeHHBIM KOJIMYECTBOM MPU3HAKOB
UCIIOJIb30BaHUE TAKOTO KiIaccu(UKATOpa B SBHOM BHUJIE MPUBOIUT K MOTEPE €ro
KOBapHaHTHOCTH.

Taxke B HCCICIOBAaHWU  pPAacCMaTPUBACTCA METOJ  OIICHHBAHWSI
apaMeTpoOB JIOTUCTHUYECKOH PErpeccCMd Ha OCHOBE METOJa MaKCHMAaJIbHOTO
PaBAONOA00Ms. DTOT METOM YK€ JOJIT0e BPEeMsl SBISICTCS OJHUM W3 JTYUIIUX
JUIS peleHHs 3a7ad MOJ00HOT0 BHUAA. DTO OOYCIOBIICHO PSIOM IPHYWH:
aKTyaJIbHOCTh U BO3MOXKHOCTh NMPUMEHEHHS B Pa3IUMYHBIX OOJACTIX, a TaKXKe
BO3MOXXHOCTh peaIM3allii METOJIa Ha COBPEMEHHBIX IPOU3BOIAUTEIHHBIX
KoMIbIoTepax. HemocTatkoM MeTo1a SIBISCTCS €T0 TPYIAO0EMKOCTb.

B pesynbraTte uccnenoBaHus ObUTH MPOAHATH3UPOBAHBI PACCMOTPCHHBIC
METOJIbI, @ TaK)Ke IMOCTPOCHBI COOTBETCTBYIOIIME MAaTeMaTHYECKHE MOJICIIH.
Bbu1a npoBeieHa OlleHKa TOYHOCTH MOJIyYEeHHBIX MOJIe/Iei Ha BRIOOPKE JTaHHBIX.
MeToapl ObUTH peaau30BaHbl B MPOTrPAMMHBIX MOAYNSX. [IpH BBIOJHECHUH
UCCIICIOBAHMS TaKXKe ObUIM PAaCCMOTPEHBI MOJAU(HUKAIIMK METOJOB, HX aHAJIN3 U
poBepKa TPeOOBAHMI K CHCTEME THarHOCTHKH.

CHOucox Ucrob30BaHHOW JTUTEPaATypPhl

1. Bailey Norman The mathematical approach to biology and medicine
[Text] / Norman T. J. Bailey // John Wiley and Sons Ltd, 1967.
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[TPOTUBOJIEMCTBUE U ITPO®UIIAKTHUKA IIPECTYITHOCTH HA
OCHOBE MHTEJUIEKTYAJIbHOI'O AHAJIM3A JAHHBIX

V3n06 [Imumpuii IOpvesuu, k.m.n., nauanvnux YUAII I'VHII 6 o6nacmu
Cmpykog Braoumup Muxatinoeuy, k.m.n., npog. kagp. UT XHYBC
Bracoe Anekce Bauecnasosuu, 3am. nay. VUAII I'VHII ¢ obnacmu

Intelligence-led Policing (ILP) - 3To Momenb mpoakTHBHOHN YITPEkKAAFOTICH
MOJTUIICHCKON JIeATENbHOCTH, KOTOpas HCHONb3yeT MaHHbIe, MHYOpPMALUIO U
3HAHMSIT B KadecTBE€  (DYHIAMEHTAIBHOIO  OOOCHOBAaHMS  MNPUHSTHS
YIPaBICHYECKUX PEIICHUM. XapaKTep NPUMEHEHHs CUJI U CPEACTB OPraHaMu U
noxpasneneHussMu - HanmonanpHOM 1oy YKpawHbl TPU  peaM3aliu
GyHKUMIA oOecrieyeHus peai3aluy MpaB U cBOOOA Tpak/iaH, IPOTUBOACHCTBUS
IPECTYIHOCTH M OXpaHbl OOILECTBEHHOTO MOpsiAKa TpeOyeT MOCTOSHHOIO
NOBBIUICHUSI  YPOBHS ~ ONEPATUBHOCTM U OOOCHOBAaHHOCTH  PEIICHUH,
IPUHUMAEMBIX JOJDKHOCTHBIMM JIMIIAMM BCEX YpOBHEW. B coBpeMeHHBIX
YCIOBUSIX pealin3alus HTOro TpeOOBaHUS HEBO3MOXKHA 0€3 aKTUBHOTO U
BCECTOPOHHETO UCIOJIb30BaHUS ABTOMATU3UPOBAHHBIX CUCTEM.

Tepmun ILP He mMeeT ycrosBIIErocsi mepeBoja WM aHajora B HallleM
KyJABTYPHOM I10JI€ ¥ CTaJI HCTIOIB30BaThCSl B MHUPOBOI TIpakTHke mpumepHo B 90-
X Tojax mpomedmero Beka. OH Hayal NOPUMEHATHCS JUIsi 0003HAUYCHUS
WHTEJJIEKTYaIbHBIX aHAJIUTHYECKUX TMOJIXOJ0B K OOECIEUEHUIO MOJIUIICHCKOM
JEATEIIbHOCTH, aJICKBaTHOM TMPOTHUBOINPABHOM AaKTUBHOCTH B  OOIIECTRBE.
CymiectBenHoe pa3putue koHuenuus ILP, kak u mogoOHbIe €l TEeXHOJOTUU B
chepe OezonacHoctu — Intelligence-Driven Defense, Intelligence-Led Security,
Cognitive Security — mony4miu mo3Ke, B IMEPHOA CTAHOBICHHS KOHICIIIHH
OOJBIINX JAaHHBIX B PE3yJbTaTe CTPEMHUTEIIBHOTO MPOrpecca KOMITbIOTEPHBIX
TEXHOJIOTUM W AaHAJWTUKH, OCHOBAHHOM HAa TMPUKJIAJIHOM MATEMATHKE W
aNITOpUTMAax MAIIMHHOTO OOyYeHHs. DTO MO3BOJHIIO 00pabaThiBaTh OrPOMHBIC
o0beMbl MH(pOpPMAIIMH, B TOM YHCIIE M IIOTOKOBBIC JIaHHBIC, MPAKTUYCCKH B
PEKUME PEaIbHOTO BPEMEHH.

ILP ocHoBana Ha OoJyiee paHHHX MapajWrMax, Takux kak Community
Policing u Problem-oriented Policing. Ona Bo3HHKIIa KaK OTKa3 OT OPHUCHTALIMU
Ha TIOJUIEHCKYIO JEATEIBHOCTh MO ()aKTy COBEPIICHUS MPECTYITHOTO JCSHUS U
MoJIpa3yMeBacT TMepexoa K aKTUBHOW mNpodUIaKTHKE, MPEayNPeKICHUTO
NPECTYIUICHUA M aHAJIMTHYECKOW Tmoanepkke pearupoBanusi. [logxom ILP
CTPOUTCS Ha aHaJdu3e TNPEICACHTOB, (OPMUPOBAHUHM JlaHAMadTa Yyrpos,
MPOTHO3WPOBAHMM  CHUTyalldd, MOHHUTOPHUHTE  CpPEIbl, CBOCBPEMEHHOM
oroBemneHnd U 3Q(HEKTUBHOM pearupoBaHUM, B TO BpeMs KaK TPaJAUIIMOHHAS
CTpaTerusi B OCHOBHOM pPETPOCIEKTHBHA, CTaTU4YHa M C(HOKyCHpOBaHA Ha
dbopMHUpOBaHUY JOKA3aTEIBHON 0a3bl M MPOBEIACHUN BEPCUOHHON PaOOTHI.
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MNPMMEPLI OTKPbLITEIX MCTOYHH

TpanCnopTHAA OTpacns
Mpawpaxckoe obwecTeo
CounansHie CETH
ObwecTeo

KOB

NPUMEPEI BHYTPEHHUX MCTOYHUKOB

HabnooeHuA, oCYLWECTRNAEMBIE COTDYAHUKAMK NONKLMKA

DamHele NONPaHUYHOrD KOHTPONA
WMudopmaumua o GHMHAHCOBRE ONEpaLIWAX
CrnegcTeeHHan QeRTeNsHOCTE

MNeyaTtHaa npecca

Hapys+oe HaGniopneHne

WHDOPMALIWA W CEEOEHWA

CobWpaemMbie CHCTEMATHYECKA W B NONHOM 00beMe M3
pPAAMHYHEIX HCTOUHHKOE.

Toprossid CeKTop

5 | e

AHAINKW3

MHhopMaLMA W CBENEHWA NPOBEPAINTCH, OLEHWBAKNTCA, 060GLAaTCA W NEPENPOBEDAKT-
CA C 33JeACTROBAHWENM COTRYOHUKOE W NDOTPAMMHOND OBeCnEYeHA.

¥

OMNEPATUBHAA MHO®OPMALIMA O NPECTYNHOW OEATENBHOCTH

OnepaTHBEHBIE 3aNWCKW, OLUEHKH YIPO3, YBEOOMIEHHA 0 PaHHEM NDENYNDEMOEHHH, AHANWIE PUCKOB, A0KNAL O
TEHAEHLMAX, CROMKA N0 BEIONACHOCTIA NOPOKHOND ARMMEHWA PACTIPOCTRAHAIOTCA B CNEIYWILLIMX LIENAX:

W W W

~

GASPAEDTHA MONUTUKK K \ GZAHMO!J.EF‘ICTBHE c h GOPbEA c ;
CTPATErM4YECKOE MECTHbIM HACENEHWEM OPrAHW3OBAHHOM
NnNAHWKPOBAHWE NMPECTYNHOCTLIO K

® BrifENEHWE Npobnem DEI0NacHOCTH, TPAHCHALMOHANBHBIMA
* [lpaRcawsie QoOKyMEeHTE GecnoKOALYMY MECTHOE HACENEHWE YIPO3AMM
* BeigeneHws CPeOCTE * [lpepynpexpenue u
NpOTHROAEACTEME HACHMNBCTEEHHOMY

*  Kovprewiaigm INCTPEMMIAMY W PAIHKANAIALMH, ¢ Teppopuau
*  biompeeTHos NNaMpoBanHine BEYLMM K TEppOpUanMy (HIPBT) *  HeaakoHHbie HapkaTHKN
®  CTpYKTYDHaR OpraHW3aUmMa BEOOMCTE # [Bopeba c NpECTYNHOCTEI HA ® Toproens nogssu
®  [nade GeACTEMA U DYKDBOOALLWE MECTHOM YPOBHE ® [pecTyNNeHWA, CBA3AHHbIE C

NPHHLANGI s  [pommeogeicTene GeToROMY MUrpaLMen

\- _/ \- HACHNHID j \: KubepnpecTynHoCTh

Puc. 1. Undpopmanmonnsie moToku B KoHueniuu 1LP.

Anamutrueckuii anmapat |LP ocHoBan Ha BcectoponneM Crime analysis.
D10 mocneaoBaTebHAs KOMIUICKCHAsT 00pa0OTKa M BBISBICHHE MPUYMHHO-
CIIC/ICTBCHHBIX ~ 3aBHCHMOCTEH B  JAHHBIX, KACAIOIIUXCS HE  TOJBKO
NPECTYIUICHUHA, HO W WHBIX JaHHBIMH, T[OTCHIMAJIbHO 3HAYMMBIX JUIS
HOJIUICHCKON, CyneOHON W KpuMmuHanucTHdeckoi mpaktuku. Crime analysis
YACTUYHO OMHPACTCS HAa METOJOJIOTHIO MHTEUICKTYaJbHOTO aHajM3a JIaHHbBIX
(BCEBO3MOXKHBIC METO/TbI KJIACCU(PHUKAITUK, MOJICITUPOBAHHS U IPOTHO3UPOBAHHS:
JICpEeBbsl pEIlICHH, HEHPOHHBIC CETH, HEYeTKasl JIOTMKA W T.J.), YaCTUYHO Ha
CTaTHUCTUYECKUE METOJbl (KOPPEISIIMOHHBIA aHAJIN3, PErPECCHOHHBIA aHAIN3,
aHaJIM3 BPEMEHHBIX PSJIOB, aHAJIN3 CBSI3CH).
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aHamiTHKiB KoMl 1oTepHux cucteM «ProflT Conference»
NCIIOJIb3OBAHUE METOJA K-CPEJHUX AJIA JUATHOCTUKNU
CTAJN OHKOJIOI'MYECKOI'O 3ABOJIEBAHU A

Deodynos Kupunn Anopeesuu, cmyoenm epynnol 345
Hayuonanonviu aspoxocmuueckuu ynusepcumem um. H.E. JKykoeckozo « XAH»

[lenpto maHHON pabOTHI SBISIETCS O3HAKOMJICHHE C MPAKTHYECKUM

MPUMEHEHUEM KJIACTEPHOTO aHaIu3a.

Knacrepuzanmst — 93TO aBTOMaTHYECKOE pa3OWEHHE DJIEMEHTOB
HEKOTOPOTO MHOKECTBA Ha TPYIIIbI B 3aBUCUMOCTH OT UX CXOKECTH.

Meron k-cpegHux cumTaercss HamOoJiee IMOMYJISIPHBIM BBUIY TOTO, YTO
QITOPUTM pa3OMBaeT 3aJJaHHOE MHOXKECTBO OOBEKTOB HAa YKa3aHHOE YHCIIO
KJIACTEPOB.

PaGoTa aToro Merosia pa3OuBaeTcsi Ha HECKOJIBKO JTaIloB:

1) cnyd4aitHO BRIOpaTh K Ha4a IbHBIX «IIEHTPOB Maccy» KJIACTEPOB;

2) OTHECTH KaxJblii 00BEKT K KJIACTEPY C OJIMKAUIITUM «IICHTPOM Maccy;

3) mepecumuTaTh «IEHTPHI MACC» KIACTEPOB;

4) mpoBepUTh KPUTEPUN OCTAHOBKH, U B CIIy4a€ €ro HE BBINOJHEHUS,

BEPHYTHCS K MIyHKTY 2;

Puc. 1. Bo3MOKHblI pe3ynbTaT paboTbl anroputma

B nmanHoli paGore ObUI OMMCAaH aJITOPUTM IS PEIISHUS 3aJa4d
KJIACTEPHOT'O aHajau3a, ObLI IMPOMILIIOCTPHPOBAH TpUMEp PabOTHl alropuTMa
Kiacrepu3anui  (K-CpEIHMX) C HCIOJIB30BAHHEM PpEAIbHBIX JaHHBIX 00
OHKOOOJIbHBIX MaI[HEHTAaX.

Cnucok UCTIOIb30BAaHHOM JTUTEPATYPbI

1. BopornnoB K.B. AnropuT™Mbl KilacTepu3allid W MHOTOMEPHOTO
mkanupoBanus [Tekct]: yue6: mocooue / K. B. BoponmoB — Kypc nekuuii.
MI'Y, 2007r. — 14c.

*Hayunwiii pykogooumens — Mensiinos E.C., cm. np. kag. 304.
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PA3PABOTKA ITPUJIOXKEHUA PACITOZHAHUA JTJOPOXHbBIX 3HAKOB
Hwuna Enena Cepeeegna, k.m.H., ooyenm kageopol 302,
3enenckuti Anopeii Anexcanopoeuu, cmyoenm epynnot 366m
Hayuonanonuwvii aspoxocmuueckuu ynugsepcumem um. H.E. JKykoeckozo « XAH»

B coBpemMeHHOM MmHpe TPOMOKAET YBEIWYUBATHCS KOJIMYECTBO
aBToMOOWJeH, 0e3 HUX TPYOHO TIPEACTABUThL HE TOJBKO €KCIHCBHBIC
MEepPEeMENICHUsI 1O TOpPOay, HO © IyTEHIECTBHUS, JIOTHCTHKY, TOHKH.
ABTOMOOWJIBHAS OTpPAclib TNPOJOJKAET pPa3BUBATBCI W MHOTO BHHMAHHS
ynensier Oe30macHOCTH. B ToMm dncine B HampaBiICHMH aBTOMOOWIIBHBIX
HAaBUTAaTOPOB Y aBTOMUJIOTOB.

Jlopo>kHbIE 3HAKM M pa3MeTKa — S3bIK aBTOMOOWIIUCTOB, 0€3 KOTOpPOTO
npo0iem He n3bexarh. M1 MIMEHHO HAy4UTh aBTOMUJIOT 3TOMY SI3bIKY — OJIHA U3
OCHOBHBIX U CJIOXHEHIMX 3a1ad. B cymHOCTH, Kak TOJBKO aBTOMOOWIIb
CMOJKET caM MOHUMATh, KyJla MOXHO €XaTh, KyJla HEJIb3sl U HaCKOJIbKO OBICTPO,
HACTYNHUT BpeMsi 6osiee 0€30MMacHOro MepeaABUKCHUS.

JlanHast paboTa MOCBSIIEHA CO3JAHUIO TMPUIOKEHUS ISl PACTIO3HAHUS
JIOPO’KHBIX 3HAKOB M MOCJEAYIONIEM MPUMEHEHUH €€ B CO3/IaHUM HAaBUTAIIUU.

JIist co3maHusl MPUIIOKEHUS B KadecTBe IUIATGOPMBI pa3paObOTKH ObLia
BbIOpana MicroSoft Visual Studio, mockosibpKy oHa ya00Ha B MCIIOJIB30BAHUU U
Onarogapsi HaJW4YWIO TOTOBOM  OMONMOTEKH, MPUCHOCOOIECHHON st
pacrno3HaHus 00bEKTOB Ha N300paKCHUH.

B kadyecTBe MCXOMHBIX JAaHHBIX WUCIOJIB3YIOTCS MAaCCHUBBI M300pKCHUNA —
KaJIphl 3aliCH C KaMmepbl, 3aKpeIruIiéHHOW Ha aBTomoOuie. J[ns pacmo3HaHus
3HAKOB Ha HM300pakeHUsSX ObLIa HCIOJIb30BaHAa OMOIMOTEKAa KOMITBIOTEPHOTO
spenus OpenCV, B KOTOpoW €CThb HEOOXOAMMBIE MOIYJH MpeoOpa3oBaHUS
[[BETA, YyAAJCHUSA IIyMOB, OIpPEACICHUS TpaHUIl. A TakKe CBEPTOUHAS
HelpoceTh, M1 OOydeHHMs] TPOrpaMMbl U YIYYIICHHUH PE3YJIbTaTOB
pacro3HaHus.

Ha Bxome mmeercss Goipmioir MaccuB n3o0paxkeHuid. (s onTumMm3zanuu
mpoiiecca OB peayiM30BaH  aliTOPUTM  C  UCIHOJIb30BAHUEM  MOJYJIS
Opencv_imgproc ais aHajdu3a IBETOBOM IMAJUTPHl HA H300pa)KCHUH, YTOOBI
MOHATh €CTh Ha HEM Kakue-TMOO 3HAKW, WM HET. ECIM ecTh 3amperniaroIime
(KpacHbI€) WK paspeliaroniue (CUHUE) 3HaKu — MporpaMMa OnpeeauT, YTo TYT
€CTh 3HAK ¥ MPOJIODKHUT C 3TUM KaJIpOM, MHAYE TIPOITYCTHT.

3HaKku pa3jiesieHbl, KpOME TOro, YyTO MO IBeTam, emé u no ¢opme, a
TOYHEE TI0 KOHTYPY, KOTOPBIH MOXKHO OTPEACIUTh C IOMOINBI0 (DYHKIIUH
OpenCV cvFindContours(). ITocne ompenencHus KOHTypa, 4TO emié OOJIbIie
OTpaHUYMBACT BBIOOPKY, Jejasi pe3yibTaT 0oJjiee JTOCTOBEPHBIM, HAET
pacmo3HaHWE PHUCYHKa 3HAKa W TOUCK HauOoJiee TOYHOTO COBMAJCHUS C
CYIIECTBYIOIMMHU 3HAKAMH.

Ha »stoM »tame mpoBomuTcs psn mpeoOpa3oBaHU HU300paKEHHS T10
pasmepy u dopme, TpuMeHeHHEe (PIIBTPOB, co3MaHue (parMeHTa MPUTOIHOTO
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JU1s pacnio3HaHus. Jlanee Ucnoyib3yeTcs CBEPTOUHASI HEMPOCETh, KOTOPask UIIET
Ha TMOJTOTOBJICHHOM (parMeHTe 3JIEMEHThI, MO KOTOPHIM MOXHO OBLIO OBl
pacrno3Hath 3HaK (IU(pPbI, CKMBOJIbI), CPABHUBAET C CYHIECCTBYIOIIMMU 3HAKaMU
U TIpoBepsAeT Ha coBmajeHus. Camoe OJM3KOE COBIaJieHUE HanboJiee BEPOSITHO
1 OyJIeT 3HAKOM YCTaHOBJIEHHBIM B peasibHOCTH. HelipoceTh B TaHHOM CUTYyalnu
MO3BOJIIET 3HAUUTENIbHO YJIYUYIUTh PE3YJbTaThl PAclo3HABaHUS M IO3BOJIUT
MPOIOIKATh YIIy4IIaTh UX CO BPEMEHEM.

PaccmatpuBaetcst Tak e BO3MOXKHOCTh ONPEACIHMB 3HAK, HCIOJIb30BAThH
3HaHuA O ¢dopMe M pa3Mepe 3HaKa, YTOOBI OMPENENSATh €ro TMOJOKEHHE U
paccTosiHAe 0 Hero. Tak Kak B KaJp MOXKET MOINACTh 3HAK, HAXOASALIUKCS Ha
MPUJICTAIOIIEH IOPOTE U HE BIMSIONIMN HA 10POTY, 10 KOTOPOU €AET BOJUTENb.
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Pucynok 1 — Anroputm paboThl IpOrpamMMBbl

bnarogapss  paspaboranHoii  mporpamMmme, B OOJacTd  CO3JaHUSA
HAaBUTAaTOPOB MOXKHO Oy/JeT aBTOMATHU3MPOBATh TPOIECC PACIIO3HAHUS
JIOPO’KHBIX 3HAKOB U J00aBJieHHs WX B 0a3zy JaHHBIX, a TAKXKE MOBBICUTH €TO
KauecTtBo. YTO, B CBOIO ouepeilb, YCKOPUT U YIPOCTUT MPOIECC OOHOBJICHUS
KapT B HaBHUraTtopax, a TaK)e CJeJNIaeT JTOT MPOIECC MeHee 3aTpaTHhiM. U
KpOME TOTr0, 3TO CIeNaeT CUTYalHI0 Ha Jopore 4yTh Oosiee O€30MacHOi U emeé
Ha TIar TpUOJIM3HUT K pean3aiii aBTOMMIOTa B aBTOMOOUJISIX.

Cnucok UCTIOIb30BAaHHOM JTUTEPATYPbI

1. TaranoB,  Anekcanap  HMBanoBuu  HeilpoceTreBble  cUCTEMBI
MCKYCCTBEHHOTO WHTEJUICKTa B 3ajadax o0paboTku u3zoOpakenwuii / Taranos
Anexcannp MBanoBuu. - M.: ['opsiuas nunus - Tenexom, 2016. - 531 c.

2. LeCun Y., Bengio Y. Word-level training of a handwritten word
recognizer based on convolutional neural networks // Proceedings of the
International Conference on Pattern Recognition, Jerusalem, Israel, 1994. Vol.
2,P.88-92
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leHepasibHUX NapTHep

SoftServe — Han6GinbLia rno6anbHa IT-KkoMnaHia 3
VKPAIHCbKUM KOPiHHAM, fiKa BXOAUTb B TON-3 IT-KOM-
naHi YKpaiHn. 3acHoBaHa y J1bBOBi ¥ 1993 poui, Cbo-
roaHi SoftServe Haniuye noHaa 30 odiciB. PO3po6HMU-
LbKi LLeHTpU KOMMNaHii po3TawoBaHi y JIbBoOBi, Kuesi,
OHinpi, XapkoBi, PiBHOMY, IBaHO-®PpaHKIBCbKY, YepHiB-
uax, Codii (bonrapia) ta Bpounasi (MonbLia). Hu3kKka
Oi3Hec-npeAcTaBHMUTB 3HaxoauTbca y CLLUA Ta KpaiHax
3axigHol €Bponu.

KnieHtamu SoftServe € Taki koMmnaHii 9K IBM, Cisco,
Panasonic, Cloudera, Henry Schein, SolarWinds,
Spillman Technologies Ta iH.

B KkoMnaHii € cBos IT Academy, ska Hapa€ 6arato MoX-
JINBOCTEN pNA CTyAeHTIiB!

SoftServe IT Academy — ue:

* Be3KOLUTOBHI KYpPCHU AN TUX, XTO Ma€ 6a30Bi TeXHiUHI
3HaHHA. Bipb6ip y 3 eTanu: TexHIYHUA TECT, aHrN. MOBQ,
cniBbecipa 3 ekcneprtoM. HaBuaHHSA 3 Mic.

* HABYaHHSA NPOBOAATb MEHTOPMU Ta ekcnepTu SoftServe
* OinbLue 70% CTyAEeHTIB 6e3KOLUTOBHUX KYPCiB CTaloOTb
npauiBHUKaMum SoftServe

°* 3a 13 pokiB icHyBaHHSA IT Academy BunycTtuna 6inbLue
7 TUC BUNYCKHMUKIB.

He nponycTtu CBOKO MOXXJ/IUBICTb HAaBYaTUCA O6e3KOo-
LUTOBHO Ta OoTpuMaTu poboty y SoftServe!

#studyhard

softserve



