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VY mpangx koHepeHIlii HaBeAeHO JIO0IMOBII1 32 HANPSIMaMU:

CBITOBI T€HAEHIIIi B po3p0o0IeHH] IHHOPMAIIITHIUX CUCTEM

1 TEIEKOMYHIKAI[IHHUX TEXHOJIOT1H;

MDKHApOJH1 CTAaHAAPTH B rany3i iIHPOpMaLiHUX 1 TETEKOMYHIKAIHHUX
TEXHOJIOT1/ Ta KiI0ep3axucTy;

PO3BUTOK OCBITH 1 HAYKHU B raiy3i iHpopMaIiitHIuX

1 TEJIEKOMYHIKAI[IMHUX TEXHOJIOT1M Ta KI0Eep3axuCTYy;

IHTEpHET pedeil Ta pO3BUTOK HOTO TEXHOJIOTIN Jisi 0€3MeYHOr0
CYCIUIbCTBA;

MOJICJTFOBAHHS Ta CUMYJISAIiS CTUXIMHUX JTUX, HaJ3BUUAHHUX CUTYAIlIH 1
pearyBaHHs Ha HUX;

JOCBII BUKOPHMCTAHHS 1HQOPMAIIMHUX TEXHOJOT1H, Oe3MUTOTHUX
JITAJILHUX anapatiB 1 poOOTIB AJIE MOHITOPUHTY JTOBKULIS, 3aM100IraHHs
I JikBiganii HaJa3BUYAMHUX CHUTYyallld NPUPOJHOIO 1 TEXHOI'€HHOI'O
HOXO/IKEHHS,

HEYPSJIOB1 Ta TPOMAJIChK1 opraHizailii y cdepi HUBUIBHOTO 3aXHUCTY.

[Ipami xoHdepeHiii OyayTh KOPHUCHI HAYKOBHM Ta i1HXEHEPHO-TEXHIYHUM
npaiiBHuKaMm, crygeHtraMm 3BO Ta  BCiM, XTO IIKaBUTbCS CYyYaCHUMHU
1HGOpMAILITHUMH CHCTEMaMHU Ta TEJICKOMYHIKAI[IHHUMH TEXHOJIOT1SIMHU.

ITonano B aBTOpPCHKIii peaakirii.

© HYXT, 2023



OPTAHIBAIIMHUN KOMITET

T'oJi0Ba OPrKoMiTeTy:

Cepriii Mukoaaiiopuu Yymavyenko, 1.T.H., C.H.C., mpodecop Kkadenpu
iHGOpMAaIITHUX TEXHOJIOT1H, IITYYHOro 1HTENEeKTy 1 KibepOesnexku HarionanbHOro
yHiBepcUTETY xapuoBux TexHouorii (Kuis, Ykpaina)

3aCTYIIHUKH I'OJIOBH

Cepriii  BiraaiiioBuu I'pubkoB, 1.1.H., mnpod., 3aBigyBau Kkadenpu
iHGOpMAaIIITHUX TEXHOJIOT1H, IITYYHOro 1HTENEKTy 1 KibepOe3neku HarionanbHOro
yHiBepcUTeTy xapuoBux TexHousorii (Kuis, Ykpaina)

Banepiii BacuaboBuu CamconoB, K.T.H., mnpod., mnpodecop Kadeapu
iHbOpMAIIITHUX TEXHOJIOT1H, IITYYHOro 1HTENEKTy 1 KibepOe3neku HarionanbHOro
yHIBEepCcUTETY xapuoBux TexHousorii (Kuis, Ykpaina)

Ounexcanap IBanoBuu Jlucenko, 1.T.H., mpod., mnpodecop kadeapu
tenexkomyHikaii HTYY «KuiBcbkuil MOJITEXHIYHUM 1HCTUTYT 1iMeH1 Irops
Cixopcwkoro» (Kui, Ykpaina)

Y1eHH opravizamiiHoro KoOMiTery:

Andre Samberg, DrSc., Prof. Dr., Panel member of the European Commission
in the security domain, European Cyber Security Organisation (ECSO) (Bprocces,
benbris)

Viktor Maskov, DrSc., RNDr., doc., npodecop kadenpu iHpopMaTuKu
VYuisepcutetry fAna EBanrenictu [lypkine (Ycti-nana-Jlabem, Yexis)

Rolf Petry, Prof. Dr., independent senior expert of Humanitarian Dialogue
(bepuin, HimewunHa)

Fedir Kirchu, PhD, Associate Professor, Head of Research and Development
Department, ROESYS MedTec GmbH (Ecnienbkam, HiMeuunna)

Rene Kanayama, MA, MBA, CEO at Japan Investment Council, UK
(JIonnon, Benuka bputanisi)

Boaonumup bopucoBuu KucennoB, 1.T.H., mpod., 3acoyKeHUN MpaIliBHUK
OCBITH YKpaiHu, nupekrop HapdanbHO-HAYKOBOTO I1HCTUTYTY MYHIIMIAIBHOTO
VIPABIIHHS Ta MICBKOTO TrocTojapcTBa TaBpiiiChKOTO HAIlIOHAJIBLHOTO YHIBEPCHTETY
imeHi B. I. Bepnancekoro (KuiB, Ykpaina)

MukoJa IlaBiaoBuu KocTtikoB, K.T.H., 011, TO1IeHT Kadeapu iHboOpMaIiiHuX
TEXHOJIOT1M, MITY4YHOrO IHTENEKTY 1 KiOepOe3neku HailloHalibHOTO YHIBEPCUTETY
xapuoBux TexHouorii (Kuis, Ykpaina)

3



Anapiii Onexcanaposnd MomeHCbKHl, K.T.H., JOL., JOLEHT Kadeapu
1HpOpMaIIITHUX TEXHOJIOT1H, IITYYHOrO 1HTENEKTy 1 KibepOesneku HarionanbHOro
YHIBEpCUTETY XapuoBux TexHousorii (Kuis, Ykpaina)

CEKPETAPIAT KOH®EPEHIIII

T'oJi0Ba cexkperapiaTy Ta peaamiiHol KoJerii 30ipHIKAa HAVKOBUX Npalb .

Muxoaa IIaBioBuu KoctikoB, K.T.H., 71011., 101eHT Kadeapu iHOpMaIITHIX
TEXHOJIOT1H, MITYYHOro 1HTENEeKTy 1 kiOepOesneku HalioHanbHOTO yHIBEPCUTETY
xapuoBux TexHosoriit (Kuis, Ykpaina)

3aCTYIHUK TOJIOBH

Anapiit OnexcanapoBud MomeHCbKHi, K.T.H., J0I., JOLEHT Kadeapu
iHGOpMAIITHUX TEXHOJIOTIH, IMITYYHOrO 1HTENIEKTY 1 KidepOesneku HartioHambHOTO
YHIBEpCUTETY XapuoBuX TexHosorii (Kuis, Ykpaina)



UDC 621.37:637.142

A SYSTEM FOR ANALYZING EVENT LOGS
IN THE NODES OF IT SYSTEM INFRASTRUCTURE

Bratskyi V., Miakshylo O., Lytvynov V.
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Institute of Mathematical Machines & Systems Problems of the NAS of Ukraine,
Kyiv, Ukraine
E-mail: mem2004@ukr.net

A diagnostic system for the analysis of log files focused on the scale of the enterprise
(corporation) is offered. The main decisions regarding the functions and structure of the system are
given, and its successful approbation in the banking information system is described.

Logging of events in network nodes with subsequent processing of logs (log
files) in the process of log management system (LMS) functioning is a necessary
measure for providing and supporting the proper functioning of IT systems. One of
the main functions of LMS is the analysis of accumulated log files to identify the
circumstances and reasons for deviations of software and technical components of the
network from the standard operation.

As an alternative to expensive and potentially dangerous for some kinds of
applications “external” solutions concerning the use of ready-made centralized LMS
and LaaS cloud services [1], a relatively simple diagnostic system for analyzing log
files, which is focused on the enterprise (corporation) scale, is offered in [2].

The system comprises the following: a parser that processes a log file and
collects parts of related messages into a single log object; a diagnostic module that
processes information about an error in a log file object; a module for the
accumulation and further use of the information about the known errors in the
functioning of network nodes, methods of their elimination, as well as problems that
were not detected before. To save log file data and accumulated information, a simple
(compared to Elasticsearch [1]) NoSQL DBMS MongoDB system is used, for which
a unified structure of log file objects has been developed. The diagnostic system has
been successfully tested and implemented in the banking system.

In authors opinion, the offered approaches, solutions, and system test results
make grounds for the possibility of its application as an initial LMS prototype and
inclusion in the software of various corporate systems.
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The key element of the latest broadband wireless access systems operating in the conditions
of a metropolis, mountainous or cross-country terrain, as well as in the conditions of combat
operations and emergency situations is a high-altitude aerial platform with special
telecommunication equipment located on it. The use of an aircraft-type small-sized unmanned
aerial vehicles (UAVs) for such systems allows to achieve the following advantages: relatively low
cost of implementation, small size, a short period of time for the deployment of communication
systems in a given area.

In our time the rapid growth of technologies in the field of telecommunications
has led, on the one hand, to the anticipatory development of commercial networks, on
the other hand, the need to reduce budget allocations for defense requires the
introduction of civil technologies into the military sphere. However, the analysis of
existing standards (I1S-54, 1S-41, IS-95A) and protocols (IPv.4, GSM MPT 1327,
TETRA, etc.) of cellular and trunked radio system, wireless local shows that their
direct application in tactical systems of military communication is impossible. The
main difference of tactical level networks is unreliability, temporality of channels,
their low survivability; at the same time, technologies, protocols, quality of service
(QoS) of the Internet are designed for the intended infrastructure at the physical level.
Commercial protocols are optimized for stationary infrastructure (base stations are
stationary) and cannot perform the functions of addressing, routing, service transfer
from one zone to another in networks with a dynamic topology. They implement
centralized control algorithms and, in addition, bring a significant service load to the
network [1].

Therefore, in promising tactical networks, it is necessary to use commercial
standards and carry out scientific developments taking into account the unique
characteristics of military infrastructure. The features of modern tactical
communication networks include:

e dynamic topology (network nodes are mobile, subject to destruction and
failures; radio communication channels are unstable, have limited
communication range and bandwidth due to the influence of the enemy's
radio-electronic countermeasures, mutual interference, conditions of
radio waves propagation, etc.);

e limited power and transmission time of subscriber equipped with radio
terminals with rechargeable batteries;

¢ significant size of networks (hundreds or thousands of elements);



e heterogeneity of network elements: by mobility (tank, soldier, helicopter,
aircraft), by level of productivity (mobile base station, mobile
subscriber).

At the same time, the main technical requirements for the next generation of
communication systems are:

e integration of all types of traffic (voice, data, video, video
conference); — full mobility of all subscribers and network elements;

e ensuring the specified quality of subscriber service (QoS) in significant
geographical areas under conditions of use of both conventional and
nuclear, biological and chemical weapons;

e guaranteed confidentiality of all types of information;

e minimal human participation in planning and communication.

Mobile ad hoc network (MANET) is a dynamic architecture of building
networks which is self-organizing and does not contain base stations and fixed
information transmission routes. A network node is a terminal (portable computer,
personal secretary, sensor device, robot, etc., equipped with a radio modem) which
utilizes the functions of a host and a router. In these networks, the topology is
random, all its elements can be mobile, the principle of organization of information
transmission is the switching of messages (packets), control type is decentralized.

Nowadays, more and more countries of the world are paying attention to the
development of UAVs that can be used in various spheres of human activity. One of
these areas is the use of UAVSs as an aerial platform for placing repeaters of wireless
episodic communication networks that are used in households and on the battlefield

[2].

High-altitude platforms are aircraft positioned above 20 km altitude, in the
stratosphere, in order to compose a telecommunications network or perform remote
sensing, for civilian or military applications. These aircraft may be airplanes, airships
or balloons, manned or unmanned. The stratosphere is the layer of the atmosphere
where the temperature starts to increase with altitude. Immediately after the
tropopause, which has a constant temperature of about —60 °C, the stratosphere starts
at an altitude of 7 km at the poles and 18 km at the Equator, extending to around 50
km [3].

Usage of economic UAVs became an important stage in the creation of aerial
platforms. Thus, as an air platform, General Atomic Aeronautical Systems
Incorporated offers the RQ-1 Predator reconnaissance aircraft with the following
characteristics: wingspan of 14.8 m; length 8.22 m; height 2.1 m; speed 200 km/h;
operating altitude 7.62 km; range 742 km; time in the air is 40 hours; empty weight
500 kg; payload mass 204 kg. The UAV has a television and infrared camera, radar,
communication and guidance equipment. Aircraft is controlled from ground by an
operator through a special station in the Ku range.

Also, the use of solar-powered UAVs as aerial platforms is a promising
direction. One of them is the unique autonomous aircraft Helios. Such aircraft with a
wingspan of 76 m accommodates 5 nacelles, which houses the landing gear, all
electronics and electrical engineering, as well as 14 engines with a power of 2 hp
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each and weighing 5 kg each. A special regenerative module can be placed in the
nacelle to provide energy to the aircraft at night. The total weight of the aircraft does
not exceed 600 kg. In August 2001, Helios made a four-day non-stop flight and
reached an altitude of 29.5 km [4]. It should be noted that the success achieved in the
field of stratospheric autonomous drones allowed the company Aero Vironment Inc.
create a new Sky Tower company specifically for the deployment of
telecommunication systems based on aerial platforms.

As an aerial platform for telecommunication systems, the Ukrainian UAV
Phaeton, which is a development of the Zhukovsky National Aerospace University
(Kharkov). The device is designed for long-term non-stop flight at a speed of 150
km/h at altitudes of up to 25 km. With a weight of 150 kg, length of 6.4 m, height of
1.9 m and wingspan of 15.8 m, the device can carry a payload from 15 to 60 kg. Own
electricity is used mainly to power two electric motors of 1.5 kW each. Electricity on
the board of the aircraft is produced by solar batteries (1.6..2 kW), which are placed
on the upper surface of the wings and fuselage. The specific power of film photocells
(on the wing consoles) is 150 W/m?, and of rigid photocells (on the fuselage) — 200
W/m2. At night, the operation of the aircraft is supported by a battery with a capacity
of 16 kwh [4].

The altitude range adopted for high-altitude platforms operation, around 20 km,
Is motivated by the facts that in these altitudes the wind speed is less intense and, as a
consequence, the HAP requires less power to maintain position. The altitude next to
20 km also has the advantage of being positioned above the strong wind currents (jet
stream) existing between 10 and 15 km. Other important advantages are a large
coverage area for telecommunications and be situated above normal commercial
airline traffic. The maximum altitude for controlled airspace varies from country to
country, 20 km (65,000 ft) being a typical value, set at the time of Concorde
commercial supersonic jet operation [5].
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In the world of IT, managing manpower is a crucial aspect of project success. Manpower
management involves identifying the right people for the right jobs and ensuring that they have the
necessary skills and competencies to complete the project effectively. Competency indicators play a
critical role in manpower management, as they allow project managers to assess the skills and
abilities of their team members and allocate resources accordingly.

Competency indicators are a set of criteria that are used to assess an
individual's skills, knowledge, and abilities in a particular area. In IT project
management, competency indicators can be used to evaluate the technical skills,
problem-solving abilities, and communication skills of team members. By assessing
these competencies, project managers can identify areas where team members excel
and areas where they need improvement. This information can then be used to
allocate resources effectively, assign tasks that play to team members' strengths, and
provide training or coaching where necessary.

To illustrate the importance of competency indicators in manpower
management, let's consider an example. Suppose we are managing an IT project that
involves developing a new software application. We have a team of five developers
with different levels of experience and expertise. We can use competency indicators
to assess each team member's skills and determine their suitability for different tasks.
For example, we might use a competency indicator to assess each developer's
proficiency in a particular programming language. Based on this assessment, we can
assign tasks that leverage each developer's strengths and ensure that the project is
completed efficiently.

To demonstrate how competency indicators can be used in manpower
management, let's consider another example. Suppose we are managing an IT project
that involves developing a new website. We have a team of five developers with
different levels of experience and expertise. We can use competency indicators to
assess each team member's skills in three key areas: technical skills, problem-solving
abilities, and communication skills. We can then use this information to allocate
resources effectively and assign tasks that play to team members' strengths.

To assess technical skills, we might use a competency indicator to evaluate
each developer's proficiency in HTML, CSS, and JavaScript. Based on this
assessment, we can assign tasks that require expertise in these areas to the most
skilled developers. To assess problem-solving abilities, we might use a competency
indicator to evaluate each developer's ability to identify and resolve technical issues.
Based on this assessment, we can assign tasks that require strong problem-solving
skills to developers who excel in this area.
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To assess communication skills, we might use a competency indicator to
evaluate each developer's ability to communicate effectively with team members,
stakeholders, and clients. Based on this assessment, we can assign tasks that require
strong communication skills to developers who excel in this area.

Once we have assessed each team member's skills in these three key areas, we
can use this information to create a manpower management plan. This plan might
involve assigning tasks based on each team member's strengths, providing training or
coaching to team members who need improvement, and adjusting the plan as the
project progresses.

To illustrate the importance of competency indicators in manpower
management, let's consider the following graph:

o R N W B

Developers 1 Developers 2 Developers 3 Developers 4 Developers 5

- HTML Ccss JavaScript

Fig. 1. Chart of developer competence levels

This graph shows the competency levels of five developers in three key areas:
technical skills, problem-solving abilities, and communication skills. Based on this
information, we can see that Developer 1 is highly skilled in all three areas and would
be an ideal candidate for tasks that require expertise in all three areas. Developers 2
and 3 have different strengths and weaknesses, which can be leveraged to assign
tasks that play to their respective strengths. Developers 4 and 5 have similar
competency levels in technical skills and problem-solving abilities

Manpower management is a critical aspect of any project, and it becomes even
more crucial in IT projects where technological advancements and innovative
solutions are continuously evolving. A comprehensive approach to manpower
management in IT projects based on competency indicators is the key to successful
project delivery.
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The issue of malicious cyber attacks on production systems and critical infrastructure has
been considered. Traditional intrusion detection methods and deep packet inspection become
insufficient. Machine learning methods for intrusion detection based on network traffic
classification have been investigated. IDS models with machine learning methods, including
Random Forest, are used. The accuracy of different algorithms on the NSL-KDD dataset is
compared. Random Forest shows the highest accuracy in intrusion identification. Requirements for
machine learning-based IDS using Random Forest include functionality, prevention of overfitting,
real-time processing, and high probability of threat detection.

Modern production systems and critical infrastructure are constantly subjected
to malicious cyber attacks that are becoming increasingly sophisticated and difficult
to identify [1]. Traditional intrusion detection and deep packet inspection methods are
still widely used and recommended, although they are no longer sufficient against
growing security threats [2].

Various machine-learning methods for intrusion detection based on network
traffic pattern classification are further discussed. In order to formulate requirements
for a machine-learning model, the most advanced intrusion detection system (IDS)
models are examined in [3].

IDS using machine-learning methods typically involve three main steps
(Fig. 1): data pre-processing, training, and testing phases.

ML /DL
Algorithm

Data

Preprocessing T L SR
« Testing Phase

Origional
Dataset

(Eacoding, Normulization)

T Trained
Testing
ML /DL

Model

Fig. 1. Structure of Intrusion Detection System
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Machine learning (ML) and data mining (DM) methods in cyber security
programs for modern IDS that use pattern classification of network traffic are studied
in [3-9]. Researchers use the benchmark dataset NSL-KDD [10] with the following
attack labels to compare different intrusion detection methods.

1. DOS (Denial of Service): denial of access to the service for authorized users.

2. R2L (Remote to user): attacker gains access to a remote computer to gain
access to the victim's computer.

3. U2R (User to Root): attacker gains access to a user's account and then gains
root access through system vulnerabilities.

4. Probing: scanning and probing of the victim's computer to discover
vulnerabilities and gain additional information about it [3].

The listed labels for cyber attack types in network traffic are established at the
data pre-processing stage, whose results should eliminate ambiguities in the traffic,
provide accurate data to IDS, and improve the accuracy of the ML model-training
algorithm.

The table presents the percentage of accuracy in identifying types of
cyberattacks obtained in [3-9] when training ML models on the NSL-KDD dataset
using machine-learning algorithms such as J48, Random Forest, Naive Bytes, and
SVM:

Parameter DOS R2L U2R Probing
[3] 99.9% 99.8% 99.9% 99%

Ra”dnﬂg(‘j;ore“ [4] | 99.67% | 99.67% | 99.67% | 99.67%
[8] 95% 93% 90% 87%

[3] 98.1% 97.5% 98.2% 95.1%

Naive Bytes model | [5] 87.5% 87.7% 90.2% 93.7%
[8] 89% 21% 47% 99%

[3] 98.7% 98% 97.5% 98.2%

SVM model [6] 98.7% 92.5% 91.4% 94.6%

[8] | 99.85% 76% 99.97% 99.71%

[3] 99.7% 99.2% 99.2% 98.9%

J48 model [7] 98.1% 97.7% 97.6% 97.5%
[9] 85.7% 85.3% 85.5% 85%

It can be seen from the table that, compared to other algorithms, the Random
Forest ensemble learning method has the highest accuracy percentage for identifying
intrusions for all four types of cyberattacks. The main requirements for machine
learning in IDS based on the Random Forest algorithm are as follows:

1. Functionality (model must be able to recognize new types of cyberattacks).

2. Prevention of overfitting of the machine learning model.

3. Processing of a large amount of data in real-time.

4. High probability of threat detection.

5. Security of the system.
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Features of Web Application Development Using the React Library

The work analyzes the peculiarities of trends and prospects for the development of React
technology and related tools and libraries. The main areas of innovation are analyzed, such as
expanding functionality, improving development productivity, improving integration with other
technologies and platforms, as well as developing the React ecosystem and community. As a result
of the detailed analysis of various aspects of web applications, the importance of choosing the right
architecture, approach to rendering and taking into account the specifics of the use of the web
application is emphasized to achieve optimal performance, scalability and user experience.

3actocyBanHsi TexHosorii React y po3poOui pi3HOMaHITHUX THUIIIB BeO-
JIO/IaTKIB, BKJIFOYAIOUM OJHOCTOPIHKOBI Ta 0araTOCTOPIHKOBI JIOJATKH, a TaKOX
aJanTUBHI MOO1TBHI T0JIaTKU 3HAXOAUTh BCe Oinbie nmomupeHHs [1].

AHani3 po3poOku BeO-10/1aTKy 3 BUKOpPUCTaHHAM 0i0ioTekn React Bkirodae
pPO3IJISi[, TaKUX AacCIeKTiB, SK KOMIIOHCHTHUM Miaxia g0 po3pooku, Virtual DOM,
BukopuctanHs JSX Ta opHOHampamneHud mOTIK nmaHux [2]. Lli ocoGauBocCTi
BiIpi3HAIOTHL React Bim 1HmmMX 0i0i0oTeK Ta (GPEHMBOPKIB 1 0O3BOJISIOTH
pPO3pOOHMKAM CTBOPIOBATH BHCOKONPOMYKTHBHI, MacimiTaboBaHi Ta Jierki s
PO3yMiHHSI B€O-10/IaTKH.

€ 3aranpH1 MPUHIIUIK Ta MIAXOU, SKI MOYKHA BUKOPHUCTOBYBATH SIK 0a3y IS
Oynb-sxoro React-mogatky [3-5]: KomnonenTHu#t minxin; OgHoHANpaBIEeHUH TOTIK
nanux (miaxing Flux a6o Redux); Po3pinenHs BianoBimanbHOCTI; MOIYJIBHICTS;
Iepapxis  kommoneHTiB; Kopg-crumitiar; Cran  Ta  YmpaBmiHHS — cTaHOM(IIIO
3abe3reuyeThcsi TakuMu OiOmiorekamu, sk Redux ab6o MobX); Cepenosuiie
po3pobku(za momomoroto Create React App 3 miarpumkoto JSX); Crumizarisi(3a
nornomororo 3BuyaiiHoro CSS, abo crTopoHHiX 0i0miorek, Takux sk styled-
components abo Emotion); TecryBanusa(Jest ta React Testing Library);
Hoxymenrartisi; [Iporiec po3pooku (Webpack, Babel, ESLint, Prettier ta ixmri); Xyku
(Hooks); Ontumizartis npoayktuBHOCTI (lazy loading, memoization, Koa-CIUTITIHT Ta
ia1r1); Posroprannsi(aa pizHuX XOCTHHTOBHX muiatdopmax, Takux sk Netlify, Vercel,
GitHub Pages abo Amazon Web Services (AWS)); Inrepnamionamizais Ta
nokaizaiis (0i0moTeku react-i18next ado react-intl);

Kommonentu Ta mporcu (props) € oCHOBHMMHU KoHIemiissMu B React. Boru
NO3BOJISIIOTh  po30uTH  1HTEepdeiic KopucTyBaya Ha  HE3aJe€XHI, IOBTOPHO
BUKOPHUCTOBYBaHI 4acTUHU. KOMMOHEHTH MOXYThb OyTH (QYyHKIIOHAJIBHUMHU abo
KJ1acoBUMU. DyHKIIIOHAIbHI KOMIOHEHTH — 1I€ MPOCTIIIl Ta OUIbII 3pO3yMUIL, TOAL
SIK KJIAaCOB1 KOMITIOHEHTH HaJal0Th OuIbIIe (QPYyHKIIIOHATBHOCTI, TaKOi SIK KUTTEBUM
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IIUKJI KOMITOHEHTA.

Pennepunr BinOyBaeThes 3a 1onomMororo BipryaasHoro DOM (VDOM), sikuii €
nerkoro aberpakiiero peanbHoro DOM. Bipryansauit DOM no3Bonsie React mBuako
OHOBJIIOBaTH Ta MaHinyaoBatu enemeHtaMu DOM 06e3 mnpsMoro B3aemonii 3
peansuuM DOM. Ha ocHOBi pe3ynbTaTiB pexoHcuisiii React oHOBIOE peanbHUi
DOM, BHoOcsiuu nuire HeoOx1aH1 3MiHM. Llel npouec Ha3uBaeThcs "KOMMITOM", 1 BiH
3abe3neuye MiHiMIzamiio MaHinymsanii 3 DOM, mo gonmomarae MiABUIIUATH
NpPOAYKTUBHICTh jJonatka. Kommonentu React wmaroTh penHuep-QyHKIio, sKa
MOBEPTAE CTPYKTYPY €IEMEHTIB, sIKI MalOTh OyTH BiqoOpa)eHi Ha cTopiHii. Penaep-
(GyHKIIisT BHKJIMKAeTbcss React aBTOMAaTWYHO Tix Yac peHIEPHHTY a00 OHOBJICHHS
KOMITOHEHTIB. React Hajmae nexiibka METOAIB Ta TEXHIK JJIsi ONTHUMI3allii Ipolecy
PEHACPUHTY Ta MIIBUIICHHS POIYKTUBHOCTI TOATKIiB. J[0 TaKUX METOIB HaJIEKATh
BUKOpucTaHHs React.memo() ans 3amobiraHHs HEMOTPIOHOrO TNEpepeHIEPIHTY
(YHKIIOHAIBHUX KOMIIOHEHTIB Ta BUKOpucTanHs Metony shouldComponentUpdate()
B KJIACOBHUX KOMITOHEHTAX I KOHTPOJIIO TIEPEPEHIEPIHTY BPYUHY.

VYeci i nporecu Ta TEXHIKM pa3oM CTBOPIOIOTh PEHIIEPUHT eneMeHTIB y React.
3apasiku BipryanbHOMy DOM, pekoHCHIIALIT, OnTUMI3allii peHICPUHTY, CEPBEPHOMY
PEHACPUHTY Ta IHIIUM TEXHOJIOTisAM, React 3abe3nedye mBUakuid Ta e)EKTUBHUN
PEHACPUHT KOMIIOHEHTIB, TTOKPAIYIOYH MPOAYKTHBHICTh Ta KOPHCTYBAIIbKHHI JOCBI
BeO-10/1aTKa.

O6po0Oka moxit y React mo3Bossie BIATYKHYTHCS Ha Jii KOPUCTyBaua, Taki K
KJIIKW, HaBEJIEHH MUIII, HATUCKAHHS KJIaBIII Ta 1HIIIE.

Ha ocnHoBi React 6yno po3po6iieHO Be0-101aTOK, SKUN BKIIIOYAE PEECTPAIlIO
KOPUCTYBayiB, aBTCHTH(}IKAIIf0, MEHEIKMEHT KOHTAaKTiB, aBaTapiB, pojed Ta
J03BOJIIB, MIATPUMKY MIDKHAPOJHUX KOPHUCTYBAdYiB, IHTETpaIlif0 3 COIllaIbHUMH
MepeXaMH, CIOBIIICHHS Ta HaraayBaHHsS. Po3po0jeHHs p01aTky OyJjo CIpsSMOBAHO
Ha UTFOCTpAIlil0 BUKOPUCTAHHS OCHOBHHMX TEXHOJIOT1H Ta MiJXOJIB, IO CTOCYHOThCS
po3poOKu BeO-mojaTKiB Ha React, a TakoX Ha JEMOHCTpAIlil0 SKICHUX TMPAKTHUK
IpPOrpaMyBaHHS.
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Using Artificial Intelligence to Analyze Emotions Based on Facial Expressions

Currently, artificial intelligence is one of the branches of information systems that is used in
many institutions and even in devices. One of the technologies that is directly related to the security
and monitoring of people's lives using artificial intelligence is facial recognition. With the help of
Al, we can track people's facial expressions and emotions.

Heiiponni mepexi, 30kpema 3ropTkoBi HelpoHHi Mepexi (CNN)[1], mupoxo
BUKOPHUCTOBYIOTBCS ISl EMOIIIHHOTO po3mizHaBaHHs 00iud. CNN 4y0BO BUAUIIIOTH
pEeJIEBaHTHI XapaKTEPUCTUKH 13 300pakeHb, 3aBISKA YOMY BOHHU JI00pE MITXOJSATh
JUTSL aHAJTI3Y BUpaA3y OOIMYYSs.

[Iporec 3a3Buyail CKIaga€eThCA 3 KUTBKOX eTamiB[2]:

1. IligrotroBka HaOOpy MaHMX: JJII HAaBYAHHS HEUPOHHOI Mepexi MoTpioeH
BEJUKUN HaOIp JaHUX 300paKeHb OOJUYYS 3 MITKAMH, IO TPEACTABISIOTH Pi3HI
emorrii. 1li HaGopw AaHWUX CTBOPIOIOTHCS NUIIXOM 300py 300pakeHb JIOACH, SKi
BHUPAXAITh Pi3HI €MOIIii, 1 BIIMOBIIHUX aHOTAIli! 10 HUX.

2. HaBuaHHs: mo3HaueHW HaOIp JaHUX BUKOPUCTOBYETHCS ISl HaBYAHHS
HelipoHHOT Mepexi. [limx dYac HaBYaHHS Mepeka BYUTHCA  PO3IMI3HABATH
3aKOHOMIPHOCTI Ta OCOOJIMBOCTI, TIOB’s13aHi 3 pizHUMHU emolrisMu. Lle mocsraerbes
IUISIXOM KOPHWT'YBaHHS Bar i1 3MiIIeHb MEPEKEBHX PIBHIB 3a JIONMOMOTOI IPOIIECY,
SAKUN HA3UBAETHCS 3BOPOTHUM MOIIMPEHHSAM, 1€ MOMHJIKH MK MPOTHO30BAHUMHU Ta
(aKTUIHUMHU €MOIIISIMU 3BOJISITHCS 10 MIHIMYMY.

3. BuaineHnHs o3Hak: KOJU Mepe)ka HaBYEHA, 1l MOXHA BUKOPHUCTOBYBATH LIS
BUJTyUYCHHS 3HAYYyIIMX O3HAK 13 HOBUX 300pakeHb oOmmuusi. Mepexa aHamizye
300paKeHHS, BU3HAYAE PEIICBAHTHI OPIEHTUPH OOIMYYS Ta BUTATYE iH(MOpMaIlito, sKa
XapaKTepu3ye Pi3Hi eMOITii.

4. Knacudikariisi: BUTATHYTI O3HAKHM MEPEalOThC B MEPEXKY, SKa MpHU3HAYAE
WMOBIPHOCTI KOXXHOMY Kiacy emoriiii. EMoris 3 HalBHIIOW WMOBIPHICTIO
BBA)KAETHCS MPOTHO30BAHOIO E€MOIIIEI0 JIJISl JAHOTO O0IHYYS.

3 TOYKH 30py 3PYYHOCTI BUKOPHCTAHHS B MalilOyTHHOMY, PO3Mi3HABAHHS 00U
Mae 0araTo TOTEHI[IHHMX 3acToCyBaHb. JIesKi MOTOYHI Ta TMOTCHIIHHI BUIAIKH
BUKOPHUCTaHHS BKIIOYAIOTH:

1. B3aeMopiss JIOJMHU 3 KOMIT IOTEPOM: pO3MI3HABAHHSA €MOLIM MOXKe
MOKPAIIUTH B3aEMOJIII0 JIOJUHU 3 KOMIT IOTEPOM, JO3BOJISIIOYM CHCTEMaM PO3yMHO
pearyBaTu Ha emollii KopucTyBauiB. Hampukinan, nepcoHanizoBaHa pekiama,
BIpTyasbHI MOMIYHUKU Ta BIACOITPU MOXKYTh aJlallTyBaTH CBOIO MOBEIIHKY 3aJI€HKHO
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BiJl €MOIIIITHOTO CTaHy KOPUCTYyBaya.

2. JlocnimpKeHHsl pUHKY Ta pekjama. Po3ni3HaBaHHA eMOLIid Ha 00JMY4l MOKHA
BUKOPUCTOBYBATH B JOCIIPKEHH] pUHKY JJI aHaNI3y €MOLIMHOI peakiii CrioK1uBaviB
Ha TPOAYKTH 4M pekinaMmy. Llg 1Hpopmalis Moke IOMOMOITH KOMIIAHIAM Kpalle
3pO3yMITH BIIOAOOAHHS KIIEHTIB 1 BIAMOBIAHO aJanTyBaTH CBOi MAapKETUHIOBI
CTpartertii.

3. [lcuxiyne 3710poB’s Ta OJaromoiyyds: poO3Mi3HABaHHSA €MOLIM Moxe
BIJIIFPABaTH BaXJIMBY POJIb B OLIHII Ta MOHITOPUHTY MICUXIYHOTO 310poB’°s. Lle Moxe
JIOTIOMOTTH Y BHUSBJICHHI Ta BIJCTEKEHH1 €MOILIIMHUX CTaHIB, MOB’S3aHUX 13 TAaKUMU
CTaHaMHu, K JIETIpecis, TPUBOTA YK CTPEC, MOTEHIIIHO AOMOMaraloyu TepaneBraM Ta
OKpPEMHUM 0co0aM KepyBaTH IMCUXIYHUM OJIaronoayddsim.

4. Bzaemoniss JMOAMHU 3 POOOTOM: PO3IMI3HABAHHSA €MOLIA MOXE CHPUSITH
OUTBIII TPUPOTHUM 1 YYHHUM B3a€EMOJIISIM MDK JIFOJbMH Ta pobotamu. Pobotu, 31aTHi
PO3MI3HABATH JIFOACHKI €MOIIIi Ta pearyBaTu Ha HUX, MOKYTh OyTH €(DEeKTUBHILINMU B
Takux cdepax, K OXOpOHa 370pOB’ s, 00CIYyroByBaHHS KIIIEHTIB 1 OCBITA.

N

Puc. 1. HpI/IKJIaI[ Bukopuctanus LI s posmizHaBanus oomnd [3]

BapTo 3a3HaunTH, 1m0, HE3Ba)XKalOYM HA T, IO PO3Mi3HABaHHS OOIUY Mae
0araToo0iII0Ye 3aCTOCYBaHHS, ICHYIOTh TAKOXK BaKJIMBI €TUYHI MIPKYBaHHS 100
KOH(IIEHIIMHOCTI, 3roAM Ta TMOTCHIIIMHUX yrepemxkeHb y TexHonorii. I1lo6
3a0e3MeunT BIAMOBINAaTbHE Ta 4YECHE KOPUCTYBaHHS, HEOOXITHO pETEIHHO
PO3TIIIHYTH 111 GaKTOPH.

3aramoMm cdepa eMOLIMHOrO pO3IMi3HABAHHSA OOJIWMYYS 32  JOTIOMOTOIO
HEHPOHHUX MEPEX Ma€ 3HAYHUN TOTEHIIaNl IS PO3BUTKY TEXHOJOTIH 1 B3aeMOJIii
JIOJIMHY 3 MAITMHOIO B Pi3HUX cdepax.

Jlireparypa

1. Evergreen (2023) 32opmxosa netiponna mepesica — npocme nosichenns CNN ma
it sacmocysanns [online]. URL: https://evergreens.com.ua/ua/articles/cnn.html.

2. Codeguida (2017) Hetiponni mepesici — winsax 00 2AUOUHHO20 HABYAHHL
https://codeguida.com /post/739.

3. Ghimire S. (2020) 'Face Recognition with Python an OpenCV' [online], Grasp
Coding. URL:https://graspcoding.com/face-recognition-with-python-and-opencv.

17



VIK 004.8

PYTHON K IHCTPYMEHT JIS1 PO3POBKU PO3III3HABAHHSA
MOBMH KECTIB 3A JOITIOMOI'OIO ITYYHOTI'O IHTEJIEKTY

Bbe3gepxuii O. L., JIyu B. €., lixrapenko B. B.
Hayionanonuu mpancnopmuuii ynieepcumem, Kuis, Ykpaina
E-mail: o_bezver@ukr.net, tibet.septim@gmail.com, dikhtiarenkoO@gmail.com

Python as a Tool for Developing Sign Language Recognition
Using Artificial Intelligence

Currently, artificial intelligence is one of the branches of information systems that is used in
many institutions and even in devices. For programming tasks related to facial recognition or sign
language, Python is a widely recommended programming language. Python is a popular choice
among researchers and developers in computer vision, including face recognition and sign
language.

Jlist 3aBJlaHb MporpamMyBaHHS, OB SI3aHMX 13 PO3ITI3HABAHHSIM MOBH KECTIB,
Python € mupoko pekoMEeHI0BaHOK MOBOIO IIPOTPaMyBaHHSI.

Python mpomonye kinbka rnepeBar, 3aBISKUA SIKUM BiH JOOpe MIAXOIUTH JJIs
TaKUX 3aB/IaHb:

1. IIpoctora BukopuctanHs: Python [1] mae mnpoctuit 1 uuTaGenbHUN
CUHTAKCUC, IO TOJETIIye HamucaHHS Ta pO3yMIHHA Koay. BiH Mae Bemuky
CIUIBHOTY PO3POOHMKIB, a II¢ O3HAYae, M0 B MOXKETE 3HAWTH BEIHKY KUIbKICTh
pecypciB, 610mi0TeK 1 GpeHMBOPKIB, CTIEIIAIEHO PO3POOTIECHUX JJIsI TAKUX 3aBJaHb, K
pO3ITi3HAaBaHHS 00JIMY 1 MOBH JKECTIB.

2. ®peiimBopkn rambokoro HaB4yaHHA: [2] Python 3abesneuye dwymoBy
miATPUMKY (pelMBOpKIB TMOOKoro HaBuaHHs, Takux sk TensorFlow, PyTorch i
Keras. Ili ¢peldMBOpKH MPOMOHYIOTh TOTOBI apXiTEKTYpH HEUPOHHHX MEPEK,
QITOPUTMHU ONTHUMI3aIlli Ta IHCTPYMEHTH IS OOpOOKH 300pakeHb 1 BiJICOJAHUX.
Bonu cnpormiyroTe mporec CTBOPEHHS, HaBYaHHS Ta PO3TOPTaHHS MOJAENEH s
pO3ITi3HABAHHS OOJIMYYs Ta MOBH JKECTiB.

3. bibmioreku 06poOku 300pakensb: Python mae motykHi 6101i0TeKH 0OPOOKH
300paxkenb, Taki sk OpenCV [3] 1 PIL (bibmioteka 300paxens Python). Ili
0107110TeKM HAJAIOTh MIUPOKUH CIIEKTP PYHKITIH 11t 0OpoOKH 300paKeHb, BUILICHHS
byHKITIH 1 TonepeTHbOi 00POOKH, 110 € KIFOYOBUM IS TAKUX 3aBIAaHb, SIK BUSBICHHS
00NN Ys, BU3SHAYCHHS OPIEHTHUPIB 1 MOKpAIIEHHS 300payKeHHSI.

4. Exocuctema Data Science: Python [4] mae HamiiiHy exocuctemy mius Data
Science Ta MamMHHOTO HaBuyaHHSA. BiH mpomonye Taki 0i0mioreku, sk NumPy i
pandas s ehekTHBHOT OOpOOKH Ta aHAII3Y JAaHUX, a TAKOXK 010JI0TEKH Bizyai3aliii,
taki sik Matplotlib 1 Seaborn 151 mpeacTaBineHHs pe3yabTaTiB.

BpaxoBytouu 11 nepeBaru, Python € nonynspaum BUOGOpoM cepe A0CIITHUKIB
1 po3pOOHUKIB y cepl KOMIT IOTEPHOrO 30pYy, BKIIOUAIOYM PO3MIZHABAHHS O0IMY 1
MOBHU *ecTiB. BiH 3a0e3neuye rHydke Ta JOCTYyIHE CEpeAOBHIIE IJis peaii3alii Ta
EKCIIEPUMEHTYBAHHS 3 PI3HUMH AJITOPAUTMAMH Ta MOJIEIISIMHU.
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OpHak BapTO 3a3HAYMTH, 110 ICHYIOTh TAKOX 1HILI MOBU MPOTPaMyBaHHs, TaKi
ak C++ 1 Java, Kl MOXHA BUKOPUCTOBYBATH ISl IIMX 3aBJaHb, OCOOJMBO KOJIU
ONTHUMI3allisl MPOAYKTUBHOCTI € KJIOYOBOIO MIpKOIO. {1 MOBH MpONOHYIOTH KOHTPOJIb
HUKYOI'O PIBHSI Ta MOKYTh BUKOPUCTOBYBATHUCS U1l pealii3allii YaCTHUH aJrOPUTMIB,
o0 NOTpeOyIOTh IHTEHCUBHUX OOYHMCIEHb, a00 BHUKOPUCTaHHS amapaTHOIo
MPUCKOPEHHS.

IHTepec i3 yacom (@ LR S

WW” Python 79 s

C++ 20

WWAMWvaNMVp“n
I MWV\”\[‘/MM ——

Puc. 1. Tlonynspuctb MmoBu Python i C++ y Google Trend

[TigBomsum mincymok, Python € HamomernmBo peKOMEHIOBAHOK MOBOIO
poTrpaMyBaHHS IIJIsI PO3POOKH TporpaM, TOB’sI3aHUX 13 PO3IMi3HABAHHSAM OOIUTUS
a00 MOBHM KECTIB, 3aBISKA CBOIM MPOCTOTI, BEJIUKHUM O10Ji0TEeKaM 1 TMOTYKHIN
miATpUMIl (PpeHMBOPKIB TIMOOKOTO HABYAHHS.
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On the Problem of the Plane Deformed State of a Four-Layer Material
in a Dynamic Elasto-Plastic Structure

In this article, the method of solving dynamic contact problems of plane strain state in the
elastoplastic mathematical formulation is used for the design of composite and reinforced
materials. The problem of the plane strain state of the composite beam is solved, which is rigidly
connected to an absolute hard base and on which a completely solid impactor (for example, a
bullet) acts from above in the middle on a small area of initial contact. The composite beam
consists of four layers: the first (upper) and third thin ones are steel and the second and fourth
(lower) main ones are glass.

[IpoekTyBaHHS KOMIIO3UTHUX Ta apPMOBAHUX MaTepialliB € BAMOTOI0 CYy4acHOIO
pPiBHS BHPOOHHUIITBA Ta KUTTSA. 3 YCIIXOM BHKOPHCTOBYIOTBCS 0OaraTo METOJIIB
PO3paxyHKIB 1 MPOEKTYBAaHHSA TaKUX MaTepiamiB. Y AaHIA CTATTi JUIS MPOEKTYBAHHS
KOMIIO3UTHUX  Ta  apMOBaHUX  MaTepialiB  BUKOPUCTOBYETHCS  METOAMKA
PO3B’sI3yBaHHS IMHAMIYHUX KOHTAKTHUX 3a/1a4d Y MPYKHOIUIACTUYHIN MaTeMaTHUYHIN
nocraHoBii [ 1-2].

Jlns  BpaxyBaHHsS  (GIBUYHOI  HENIHIMHOCTI  mporecy  AehopMyBaHHS
BUKOPUCTOBYETHCS ~METOJ] TOCHIJOBHUX HAOMMXKEHb, IO JO3BOJISIE 3BECTH
PO3B’sI3yBaHHS HENIHIWHOI 33a/1a4di O pO3B’sA3yBaHHS IMOCIIOBHOCTI JIIHIHHUX 3a/1ad.
Ha Bigminy Big TpaguiidHoi Iwiockoi ngedopmarliii, KOJIM OJIHE HOpPMaJIbHE
HAMpY>KEHHSI JOPIBHIOE JEAKOMY TOCTIHHOMY 3HAY€HHIO, [JIsi YTOYHEHOTO
MOJIeNIOBaHHS  AedopMaliii 3pa3ka 3 ypaxyBaHHSM MOXIJIMBOTO 30UTbIIEHHS
MO3/IOBKHBOTO TIOJIOBKEHHS BUKOPUCTOBYETHCA II€ HOPMAJIbHE HANPYXKEHHS Y
BUDIISIAI QYHKIT, sIKA 3aJIEKUTH Bl TApaMeTpiB, M0 OMUCYIOTh 3TUH MPU3MATHYHOTO
TiJa, IK€ 3HaXOJIUTHCS B CTaHI IJI0CKO1 aedopmariii [1-3, 5, 7].

Po3B’s13yeThest 3aaga TUIOCKOTO J1e(hOpMOBAHOTO CTaHy KOMIIO3UTHOT OasKu
CKJIOTIAKETA, KA JKOPCTKO 3YeTieHa 3 aOCOIIOTHO TBEPIOI0 OCHOBOIO 1 HA AKY 3BEPXY
M0 CEepeIMHI Ha HEBEIMKOMY MailiJIaHYMKy MOYAaTKOBOI'O KOHTAKTy i€ aOCOJIIOTHO
TBEpAUN yHapHUK (Hanmpukiaj KyJist). CKIONakeT CKIAJAEThCS 3 YOTHUPHOX IIAPIB:
nepimmii (BEpXHii) 1 TpeTid TOHKI 13 TBEPJOi CTaji Ta APYTUil 1 YeTBEPTUH (HUKHIN)
OCHOBHI 31 CKJIA.

CkJ10 € ny:)xe MIITHUM Ta Jy’Ke KPUXKHUM MarepialioM ojHo4acHO. KpuxkicTh
CKJIa 00OYMOBIIIOETBCSA THUM, 1110 HA MOBEPXHI PO3TALIOBYETHCS 0€3J114 MIKPOTPIIIHUH 1
IpU 1 HABAHTAXKEHHS JI0 MOBEPXHI CKJa 111 MIKPOTPIIIMHUA MOYMHAKOTH 3POCTAaTH 1
MPU3BOJSTh A0 PYHHYBaHHSI CKISIHMX BHUPOOIB. SKIIO CKIEITH a00 3HEPYXOMUTH
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BEPIIMHU MIKPOTPIIIMH Ha MOBEPXHi, TO OTPUMAEMO MILIHUA apMOBaHHUI Matepiad,
AKUWA Oyne OUIbII JIETKUM, MIITHUM, TakKuM, IO HE MIIJA€ThCs KOPO3ili 1 3HAYHO
MEHIIIE, aHDK METaJ, CXWJIBHUM JO0 MPOIIECiB JAerpajallii BIaCTUBOCTEH MaTepiary
TaKHX, SIK IPOLIECH CTAPIHHA Ta MOB3Yy4YOCTl. BepXHiii 1 TpeTii apMyoUi IIapy MEeTaILy
MOXXHAa HAHOCHUTH Ha IMOBEPXHIO CKJa TakK, 00 aToMH MeTally, CTajl TIUOOKO
MIPOHUKAJIM, 3alOBHIOBAJIM MIKPOTPILIMHU Ta 3B’ SI3yBalM iX BepIIMHHU. BepxHid 1
TPETiH mapu MOXKYTh OYTH JOCUTh TOHKUMH 3 TOBIIUHOIO MIB MUTIMETPHU. 3YETUICHHS
MDK IIapaMUy BBAXKAETHCS 11€TBHO JKOPCTKHUM.

[luTtaHHs mNpakTUYHOrO 3a0€3MEYEHHSI TAKOrO 3YEIUIEHHS € Ba)JIUBOIO
CKJIQJIOBOI0 TEXHOJIOTIYHOrO BOPOBaKeHHA. B I[HCTUTYTI enexkTpo3BaprOBaHHS
M. €. O. Ilatona HarmionaneHoi Axanemii Hayk Ykpainu na mouatky 2000-x pp.
Oyna po3po0OsieHa TEXHOJOTIS 3BapIOBaHHS KepaMiuHUX jaeTanel. Mix JaBoMa
KepaMIYHUMU JEeTalsIMU 3aTUCKaiacs MigHa memOpaHa. J[o MemMOpaHu MiIBOIUBCS
MOTY>KHUM EJIEKTPUYHHUM IMIYJIbC, Y Pe3yJbTaTi SIKOrO MiJHa MeMOpaHa MHTTEBO
BUIIAPOBYBAJIACA 1 ATOMHU MiJll OTPAIUISUTH TIHOOKO 10 CTPYKTYPHUX TOpP, KanuIsIpiB
1 MIKpOTpIIIMH Martepiaigy. 3a paxyHOK LbOrO 3BapIOBaHHS KepaMIuHUX JeTaliel
3MIIACHIOBAIOCA 3 IOCTaTHBOIO MIIHICTIO. Y HAIIOMY BUMAJKY 332 TAKOIO TEXHOJIOTIEIO
MOXYTh KOPCTKO 34EIUTIOBaTHCS Iapu ckia 1 ctami. Cramb € MOMIKPUCTATIYHUM
MaTepiajioM, B SIKOMy MIDX 3epHaMH cepeil kapOiniB € 6araro mikporpiuuH. OTox
aToOMH Miji, a00 1HIIOTO MaTepialy 3a TEXHOJOTIE0, MPOHUKAIOTh Y MIKPOTPIIIMHU
CKJIa 1 CTalli 1 3HEPYXOMJIIOIOTh BEPIIMHHA MIKPOTPIlIiH MaTepiaiiB. B podorax [1-4]
JOCIIHPKEHO TPOIEeC HECTAI[IOHApHOT B3a€MOJIIT aOCONIOTHO KOPCTKOTO yIapHUKa 3
IUIOCKOIO TUIOMIA/IKOI0, HAMPHUKIAA KYyJIe0, 1 KOMIO3UTHOI JBOIIAPOBOi apMOBaHOi
ocHOBU. KOHTaKT 3AIMCHIOETBCA TO IUIOLIMHI TUIOCKOT IJIOIIAAKH yIapHUKa (1o
JUCII yapHuKa). Takuil 4OTHPHUIIAPOBUI apMOBAaHUI KOMIIO3UTHHUIM MaTepiall MOXKe
OyTH BHKOPHCTAHO Yy SIKOCTI IUIACTHHU OPOHEXKHUJIETY 1 HIUPOKOTO CIIEKTPY MOTped
CydacHOi I1HAYCTpii, BKJIIOYHO aBTOMOOLIEOymyBaHHS, OyMIBHHUITBO JOpIr 1
JIOPOKHBOT iH(ppaCprKTypH

st po3B’si3yBaHHS BHKOPHUCTOBYBAjacs pO3pO0JIEHa aBTOPOM METOJIMKA
PO3B’SI3yBaHHS IIOCKUX 1 MPOCTOPOBUX YAAPHUX 1 HE CTAI[lOHAPHUX KOHTAKTHHX
3a/a4 y TMHAMIYHIA MPYKHO-TUIACTHYHIA MaTeMaTHYHii noctaHoBi [1-9].

Po3pobnena Meronuka po3B’s3yBaHHS JUHAMIYHUX KOHTAaKTHUX 3a1ad y
MPY)KHOIUIACTUYHIN JWHAMIYHIA MaTeMAaTHYHIA ITOCTAHOBIIl Ja€ 3MOTY OUIBII
aJICKBaTHO MOJICTIOBATH IMPOIIECH YAApHOI Ta HECTAIIOHAPHOI KOHTAKTHOI B3a€MOI1
3 IPYKHOI KOMIIO3UTHOIO OCHOBOIO. Y mJaHid poOOTI aaeKBaTHO 3MOJICIIHOBAHO
IpOLEC yAapy MO YOTUPHUILAPOBIM OCHOBI, IO CKJIAJAETHCA 3 BEPXHBOIO 1 TPETHOTO
TOHKOTO IApiB METATy Ta APYroro i HMXKHBOTO OCHOBHHX ImapiB ckia. OTpuMaHo
YHCENIbHI Pe3yJbTaTH, HAa OCHOBI SKUX JOCHIKEHO PO3MOBCIOKEHHS CyMapHHUX
IJIACTUYHUX AedopMalliil 1 XBUJIb HOPMaJbHUX HAMPYKEHb.
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Specification and Problems of Testing Compilers, Tasks in Testing
Based on Formal Specifications

Compilers are one of the most promising objects of application of formal methods. They
combined two conditions that are absolutely necessary for the successful application of formal
methods. For a compiler, as for any other kind of software, one of the most important methods of
ensuring reliability is testing. Despite the high level of formalization in this field, the task of fully
automatic generation of compilers based on the specifications of grammars and machine
architecture is still not solved.
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KoMninstopu nepeTBopsTh BUXITHUI TEKCT IPOrpaM, Ha MOB1 BUCOKOTO PIBHS,
Ha BUTJISJ, TPUIATHAN JJ1s1 BUKOHAHHS. [IOMUIKH B KOMIUISATOPI MOXYTh IPU3BECTH
70 BIIMOBU NpU BUKOHAHHI (hailyiiB mporpam, noOyJoBaHUX KOMIUIATOpoM. Taki
MMOMWJIKH JTY’K€ CKJIQHO BUSBIISATH Ta BUIIPABIIATH, iX HASABHICTh CTABUTH i CYMHIB
AKICTh KOMITOHEHTIB, ISl TeHepalii SKMX BUKOPUCTOBYBABCS KOMOUIITOP. MoHa 3
YIIEBHEHICTIO CTBEP/XKYBAaTH, IO KOPEKTHICTH pPOOOTH KOMIUIATOpa 3 MOBHU
MPOrpaMyBaHHs € HEOOXI1IHOI YMOBOIO OyJb-iKO1 HaA1iHOI pOOOTH MPOrpaMHOIO
3a0€e3MeUeHHsl, peasli30BaHOro 3 HOTr0 JOMOMOI00, @ KOHTPOJIb MPaBUIBHOCTI pOoOOTH
KOMIUISITOPIB — OJTHUM 13 HAaWBKJIMBIIIUX 3aXO0/(IB IIOJI0 3a0€3MEUCHHS HaIIMHOCTI
nporpaMHoOro 3a0esnedeHHs. [ KoMmuisiTopa OJHUM 3 HAaWBaXUIMBIIIMX METOJIB
3a0e3MneueHHs HaIIMHOCTI € TECTYBaHHS.

[Iporiec TecTyBaHHS BKJIIOYAE TPU OCHOBHI 3aBIaHHS:

1. I'enepartisi (HamucaHHs) TECTIB.

2. BuHECeHHsI BEpJIUKTY TIPO MPOXODKEHHS TecTy. Lle 3aBmaHHS BUPINIYETHCS
3a JOTIOMOT'OI0 TaK 3BAaHOT'O TECTOBOTO Opakyja. TecTOBUM OpaKyJoM Ha3MBAETHCS
npoleaypa, 0 BU3HAYA€ KOPEKTHICTh pOOOTH TECTOBAHOI CUCTEMHU Ha JJAHOMY TECTI.

3. OniHOBaHHS SIKOCTI T€CTiB. [[JIs1 1IbOTO 3aBIaHHS 3a3BHYAi 3aCTOCOBYIOThCS
Tak 3BaHl KpuTepii MokpUTTA. [IoKpUTTAM HazuBaeThcsl HAOIp MIAMHOXKWH Oe3livi
BXUTHMX JaHuX. KaxyTh, 110 TECTOBHMH HaOip 3a/J0BOJIBHSE KPUTEPIO TOKPHUTTS,
SKIIO JUIS KOXKHOI MHOYKHHU 3 TIOKPHTTS 3HAWJCThCS NMPUHANMHI OJMH HAJICKHUN
oMy TeCT 13 TeCTOBOT'O Habopy.

Komniutsitopu, y mneBHOMY IUIaHi, — OJIHE 13 HAWOLIBII IEpPCIEKTUBHUX
00’€eKTiB 3acTocyBaHHS (opMaTbHUX METOMIB. BoHU 3’€nHanucs 1B1 yMOBH, BKpai
HEOOXIJTHI YCHIITHOTO 3acTocyBaHHs (opManbHux MeromiB. [lo-mepiie, 1e myxe
BIMOBIAQIBHUIM TPOTPAaMHUNA TPOAYKT, SK PO3POOHHKH, 1 3aMOBHHKH 3a3BUYAl
BHU3HAIOTh PO3YMHICTh PECYPCHUX BKJIAJICHb Y MIABUIIEHHS SKOCT1 KoMmuisiTopa. Ilo-
Tpyre, CTPYKTYPH JIAHKUX, 13 IKUMHU ONIEPY€E KOMITUIATOP, 100pe TOKYyMEHTOBaHI (OIHC
BXIJTHOTO MOBH, (¢opMaT 00’€KTHOTO MOMAYJSA, HaOlp KOMaHJ MalldHHU Ta IHIIHX.).
Kpim TOTO, Ba)kKJIMBO, 1110, SIK MPABUIIO, PO3POOHUKH KOMITUIATOpA HE CTUKAIOTHCS 3
npoOjeMaMl  HEJIETePMiHI3MY, HEBIATBOPIOBAHOCTI pE3yJbTaTiB Ta IHIIUMU
mpo0jeMaMu Takoro COpPTY, TUIIOBUMH, HANPHUKIAA, JJIS OIMEpaIlliiHUX CHCTEM,
CYB/, posnoxinenux cucteM. Lle monermiye ananaiz poOOTH KOMITUIATOPA, 30KpemMa
HOr0 TECTYBaHHS.

HesBakaroum Ha BUCOKMU piBeHb (QopMamizalii B JaHiil ramy3i, 3aBIaHHS
MOBHICTIO aBTOMATHUYHOI reHepallii KOMIUISTOPIB Ha OCHOBI crienuikaIliidi rpaMaTuK
Ta apXITEKTypH MAIlUH BCE 1€ HE BHpinieHo. bimbie Toro, HaBiTh MpU TEHEpallii
[0JI0 TMPOCTHUX KOMIIOHEHTIB KOMIUISATOpA, THUILy CHHTAKCUYHOTO aHaji3zaTopa
(mapcepa) Ta CEMaHTHYHOTO aHaji3aTopa, Uil pPealbHUX MOB MPOrpaMyBaHHS
BJIA€THCSl 3r€HEPYBATH JIUIIE YACTUHY IIMX KOMIIOHEHTIB, MICIS YOTO CIIIyE pydHE
noBeJieHHs (customization) — OCHOBHE JKEpeNi0 MOMUJIOK y HHUX KOMIIOHEHTaXx.
Oco0iHMBO Ba)KKe CTAaHOBUILE CKJIAIOCA 3 MEPEBIPKOIO SKOCTI HAMOLIbLI CKIIAJHHUX
YaCTUH KOMIUISTOPIB, YU pO3po0Ka, TMEPEeBAKHO, BUPOOJISETHCS BPYUHY —
ONTUMI3aTOPIB, PO3MAPAIECIIIOBATOPIB 1 FEHEPATOPIB KOY.

AKTYaJIbHICTh TEMH TECTYBaHHsS KOMIUISTOPIB 1 I0Ope ompaiboBaHa TeOpis
dbopManbHOro omucy MOB Ta cheru@ikaiii OJOKIB KOMMIIATOpa Ha OCHOBI
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cnenugikalli MOB, JAO3BOJIMIM 3BEPHYTH yBary Ha MOXIJIMBICTh BUKOPHUCTOBYBAaTH
(opManibHI METO/IU SIK OCHOBY TEXHIKM TECTYBaHHS KOMIIUISTOPIB.

TecToBl mporpaMu TeHEPYIOThCSA ISl JEAKOI MIIMHOXUHU MOBH, JUISL SKOTO
(opManbHO 3alalOThCS CHUHTAKCUC Ta ceMaHTuka. LI ¢opmanbHi cneumdikarmii
BUKOPUCTOBYIOThCSA JIsi TE€Hepalii TEeCTiB, TECTOBOIO OpaKyja Ta BHUMIPIOBaHHS
NOKPUTTS. Bubip miAMHOXUHU MOBH, JJISl SIKOI T€HEPYIOThCS TECTH, 3A1MCHIOETHCS
TECTYBaJIbHUKOM BUXOSIYU 3 OCOOJIMBOCTEHN peaizallii KOMIUIATOPA, 0 TeCTYEThCS.
Ile migMHOXMHA 3a3BMYAll BKJIOYAE HAWOUIBIN CKJIQJHI 3 MOTJSAY peanmizaiii abo
HaliMEHII CTaOUIbHO MPALIOI0Yl KOHCTPYKI[li MOBH.

3 yacom Oynu po3pobIieH] cnocoOr BUKOPUCTaHHS (hopMallbHUX crienudikamii
MOB Ta (POpMaJIbHUX MOJIeJIeld MOB JIJIsi aBTOMATUYHOI FeHEpaIlii TECTIB KOMITUIATOPIB
Ta IHIIMX TMPOUECOpPIiB (POpMaIbHUX TEKCTIB. 3ampolOHOBaHI cHocodu Oynu
BUKOPUCTaH1 JJ11 pO3pOOKH CUCTEM TECTYBaHHS KOMIIUIATOPIB Ta iX OKpeMHUX OJIOKIB.
3aBAsikM  pe3yJbTaTaM MOXKHA JIIATH BUCHOBKIB, IO 3aBJASIKM 3aCTOCYBAHHIO
3alpONOHOBAHUX CHOCOOIB OTpUMaHe TECTOBE MOKPUTTS ICTOTHO Kpamie 3a
HOKPUTTS, IO TOCATAETHCS IPU PYYHOMY TECTYBaHHI.
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On the Need to Create a Database of Ukrainian Dialect Speech
for Forensic Speech Analysis

Variations in language and speech patterns specific to different dialects or regional accents
can be captured in a database of dialect speech, which is a collection, for example, of recorded
audio samples with their transcripts. We discuss the topicality and the importance of this kind of a
database for Ukrainian language specifically.
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CynoBoro ineHTU(IKALIEI0 MOBISI HA3UBAEThCA Taka iAeHTU(IKaLs, KOJIU
nepes eKCIepPTOM CTaBIISATH 3aBJaHHS BCTAHOBHUTH, UM JlaHE BHUCIIOBIIOBAHHS Oyi0
CKa3zaHe Ti€ro abo 1HIIOK 0c00010, yu Hi [1]. Xoua migBULIEHHS PIBHSA JOCTYIHOCTI
710 BHIIOT OCBITH J03BOJISIE JIIOASAM Kpallle ONaHyBaTH HOPMH JIITEPATypHOi MOBHU U
BUKOPUCTOBYBATH iX, y CTPECOBUX CHUTYalliiX, CTaHAX E€MOIIIHOro 30yIKEHHS €
HMOBIPHICTh TOTO, 110 B MOBJIEHHI JIIOAMHU OYAYTh MPOSIBISTUCS IIaJIEKTHI PHUCH.
30kpema, yBara 10 IMX pPHUC MOXKE JOMOMOITH IPAaBOOXOPOHHHM OpraHam Yy
PO3CIIiIyBaHHAX 3JI0YMHIB, BPAXOBYIOUM OJIHY 3 HaWOLIbII CYMHO3BICHUX CIpPaB B
OpUTaHCBHKIN 1CTOpii, KOJM BIAMOBIAHI BHCHOBKHM €KCIIEpTa II0JI0 JOCTOBIPHOCTI
0cO0OM Ha 3amuci 32 HassBHUMHU O3HAKaMH JIaJIEKTy B roJIOCI MiJI03PIOBAHOTO Oyiu
npoirHopoBaHi [2]. Hapasi cepexn BigOMUX MpHUKIaJIB, SKI MICTATh 3alUCH
TiaJIeKTHOTO MOBJICHHS, BKJIIOYHO 3 aKIIGHTaMH, MOXXeMO HaBecTH Taki: The
International Dialects of English Archive, The British Library Sounds Tta The
Dictionary of American Regional English.

Hackinpku HaMm B1IOMO, U YKPaiHCHKOTO MOBJIEHHS MOJI0HOT 0a3u TaHUX HE
icHye. Kpim Toro, Benuue3Ha KUIBKICTh 3JI0YMHIB, CKOEHUX IIiJ] 4aCc POCIHCHKO-
YKpaiHChKOI BIWHU, 3 HAsSBHUMHU ayJl03allUCaMH TUIbKU MIIKPECIIOE€ HEOOXITHICTh
TPOBEACHHS TOCIIKEHb Y IIbOMY HaIPsIMi.

3arajgoM YKpaiHCbKY AlaJIEeKTHY MOBY MOJUISIOTh Ha TPHU Hapiuysi: MiBHIYHE
(mosichbKe), MiBJACHHO-CX1IHE Ta TiBAeHHO-3axiaHe [3]. CTBOpeHHs 0a3u JaHuX, ska O
MICTHJIA 3aIlUCH 31 CHEIU(DIYHUMU XapaKTepPUCTUKAMH OJHOTUITHUX JIaJIEKTIB, IO
BXOMATh JO IMX Hapid (iXHIX TposBIB HA BCIX MOBHHUX PIBHAX, a caMe
dboHosOTIYHOMY,  MOP(OJIOTIYHOMY,  JEKCHYHOMY Ta CHHTAaKCUYHOMY), Ta
COITIOJICKTIB (JIIQJIEKT, SIKUM MOCTYTOBYETHCS TI€BHA COIliailbHA TpyTa JIJIeH Ta KUK
NPOSIBISIETECS B JIGKCHIl Ta (paszeosioriaMax) 3 TOJAaHMMHU JI0 3alluCIB
TPaHCKpUOYBaHHSIM MOBJICHHS MOKE€ OyTH KOPHCHUM IIPH, HANPHKIAJd, 3MCHIICHHI
KoJa TIiJO3PIOBAaHUX, KOJHM €IWHUM JOCTYITHHM JOKa3oM Y PO3CIiAyBaHHI €
ayJ1io3arnmuc.
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Automation of Information Interaction of Individual Entrepreneurs
with the ""Electronic Cabinet of the Tax Payer"

The paper analyzes the tools designed to automate the interaction of individual
entrepreneurs with the "Electronic Cabinet of the Taxpayer" of the State Tax Service of Ukraine. An
integrated information system has been developed that provides additional services for automating
the interaction of individual entrepreneurs with the "Electronic Cabinet of Taxpayers": automatic
connection to the taxpayer's cabinet, maintaining and displaying financial indicators, adding,
changing and deleting counterparty data, documentation, expenses, receipts, etc.

JlocnimpKeHHsl MPUCBAYEHO PO3pOOJIEHHIO 3ac00iB 1HTEerpaiii iHdopmaliiHoi
cucteMu s ¢izuanoi ocoou-mignpuemiias (DPOII) 13 «EnexktpoHHuM KabiHETOM
miatHuka mojatkisy (EKIIIT) ATIC Ykpainu.

EKIIIT — me indopmaliiiHO-TeJIeKOMYHIKaIlliiHA CHUCTEeMa, CTBOpEHa s
3a0e3MnedeH s peaji3allii IIaTHUKAMHU TMOJAaTKIB Ta JEp>KaBHUMHU OpraHamMu CBOIX
npaB Ta 00O0B’s3KIB BU3HAaUeHUX [loaTkOBUM KOAEKCOM YKpaiHU, B €IEKTPOHHOMY
Burisaai. EKIIIT mamae miaTHuKaM TOMATKIB MOXIIMBICTH IPAIlOBATH 3 OpraHaMH
¢ickambHOT CITY)KOU JUCTAHIIIMHO Y PEKUMI peaJbHOIO Yacy.

®OIl — ne ¢iduyHa ocoba, sKa IS BEACHHS TOCHOJAPCHKOI MiSIIBHOCTI
3apeecTpoBaHa SK TMIANPUEMENh 03 cTaTycy mopuaudHoi ocobu. Bona Moxke
CaMOCTIHHO 0OpaTH CHpOIIEHY CHCTEMY OIOJATKyBaHHS, SKIIO Taka ocoba
BIJIMTOBIZIa€ BUMOTAM Ta PEECTPYETHCS TUIATHUKOM €JIMHOTO TOJIATKy Y BU3HAYECHOMY
MOPSIIKY.

3micT poOOTH ToNsITae B PO3pOOJIEHHI MTPOrpamMHOro 3acoly, AKUi
3abe3neuyBatuMe edextuBHy iHTerpamiro cuctemu aua  DOOIl 13 EKIIIL
3anporioHoBaHa IHTEerpoBaHa iHGoOpMalliiiHa cUCTeMa HaJa€ J0JAaTKOBI CEPBICH IS
apromarn3arii B3aemomii @OIT i3 EKIIII: aBromatnune migxmrouendas no EKIIII,
BEJICHHS Ta BiMOOpakeHHS (IHAHCOBUX TIOKA3HUKIB, JOJAaHHSA, 3MIHEHHS Ta
BUJIAJICHHS JaHUX KOHTPAreHTIB, IOKYMEHTAIlli, BUTPaT, HAJIXO/PKEHb TOIIIO.
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About one Approach for Solving the Traveling Salesman Problem
Based on the Optimizing Data Flow Method

This work is devoted to a technique for the sequential application of flow schemes for
distributing a homogeneous resource for solving the traveling salesman problem with using the
backtracking scheme. The results of the proposed algorithm for the traveling salesman problem are
presented, the new solutions are compared with those found by known exact and heuristic methods.

PO3rIISIHYTO METOAMKY MOCITIIOBHOTO 3aCTOCYBAHHS IIOTOKOBHX CXeM PO3IOJILTY
OJTHOPITHOTO pecypcy IS po3B’s3aHHS 3a7aul KoMiBospKepa [1], sika popmyIroeThbes
K 3a/1a4a MOITyKY MapIIpyTy BiJIBIAyBaHHS 3aJ1aHOi KUIBKOCTI MICT 6€3 TOBTOPEHb 13
MIHIMAJbHOIO BIICTAHHIO PYXYy YU TPUBAIICTIO IIEpECyBaHHS.

CraBuTbcs 3aBAaHHsA ¢dopmaiizaimii  alropurMy poO3B’si3aHHS 3a7adi  3a
JIOTIOMOTOI0 METOIB TTOTOKOBOTO PO3MOAULY pPEeCcypcy 1 BUKOPUCTAHHS CXEMHU
backtracking (moBepuenHs). 3anponoHOBaHO BHKOpUCTaHHA MeTtony Opiina [2] mis
OnTUMI3aIii PO3MOALTY IMOTOKY Ha rpadi. 3Ba)kKarouu, 10 BUKOPUCTAHHS aJITOPUTMIB
Ha OCHOBI CXEM TIIOIIYKY 3 IOBEPHEHHSM IPU PO3B’sA3aHHI MPAKTUYHUX 3a7ad
CYTTEBO OOMEXKYETHCS HEBHCOKOIO IMIBUIKICTIO POOOTH Ta MIABUIICHUMH BHMOTaMH
0 00YHCIIIOBAIBHUX PECYPCIB, 3alIPOIIOHOBAHO MPUCKOPESHHS POOOTH PO3pOOICHOIO
AJTOPUTMY IUISIXOM 3aJIy4eHHS KaaiOHOT METOIMKH y IPOIEAypl BHOOPY ILISHOK
MapHipyTy: IJIJaHYBaHHS KOXKHOTO €Tally IepeCyBaHHs BH3HAUYA€THCS HAa OCHOBI
BHOOPY HAWOUIBII MIBHAKOIO HAINPsAMY PyXy. 3aCTOCYBaHHS >KaJiOHOTO ITIXOMY
JI03BOJISIE OTPUMATH KOHCTPYKTHBHY CXEMY PO3B’s3aHHS 3aJ1a4i KOMIBOSKEpA.

HaBeneno pesynpTaTé poOOTH 3alpONOHOBAHOTO ANTOPUTMY ISl OOYMCIICHHS
PO3B’SI3KIB 3a7adi KOMIBOSDKEpa 3 MIHIMIZAIIEI0 TPUBANICTIO PyXy, ITPOBEACHO
MOPIBHSIHHS OTPUMAHUX PO3B’S3KIB 3 PO3B’sI3KaMH, 3HANUJACHUMH IHITUMUA TOYHUMU
Ta €BPUCTHYHMMHU MeTojaMu. [IpoBeeHO aHali3 BIUIMBY KaJiOHOTO ITIXOay Ha
MIBUAKICTH POOOTH PO3POOICHOTO aNTOpUTMY. 3pOOJICHO BUCHOBKH MPO MOAATBIITUN
PO3BHTOK PO3TJISTHYTOT METOJIMKH JIUIS PO3B’SI3aHHS 3a7a4l KOMIBOsDKEpa 3 ypaxyBaH-
HSIM Cy0’ €KTHBHOTO CIPHUHSITTS TUIMHY Yacy Ta AMHAMIYHOI 3a/1a4i KOMIBOSDKEpa.

Jlitepatypa

1. 3aituenko lO. I1. (2006) Hocriosxrcenns onepayii, K.: CiaoBo.
2. OrlinJ. B. (1993) 'A Faster Strongly Polynomial Algorithm for the Minimum
Cost Flow Problem', Operations Research, vol. 41, no. 2, pp. 338-350.

27



YK 37.091.26

ABTOMATHU30BAHA CUCTEMA AHAJII3Y KOAY
SIK OJIUH 13 IHCTPYMEHTIB 3ABE3IEYEHHSA
IHJIUBIAYAJBbHOI OCBITHBOI TPAEKTOPII CTYJEHTIB

I'appuienko B. B., Orapkos A. B., JIamko H. L., JIsmxko B. C.
Hayionanonuu mpancnopmuuii ynieepcumem, Kuis, Ykpaina
E-mail: vvgavrilenko1953@gmail.com, acharkov@gmail.com,
lyashko.natali@gmail.com, lyashko91@gmail.com

An automated System of Code Analysis as One of the Tools
for Providing Individual Learning Paths for Students

Ukrainian education law allows for individual learning paths, but some practical limitations
exist, especially in tech specializations. This gap often necessitates self-study and can lower student
engagement. A proposed solution is an automated code analysis system to better align tasks with
students' future career requirements.

3akon Ykpainu «IIpo ocBity» y crarti 53 mepembauae mpaBo 3100yBadiB
OCBITH Ha IHIWBIAyaJIbHY OCBITHIO TpaeKkTopito [1]. DopmanbHO 1€ 3a0e3MeuyeThCs
HAsIBHICTIO BUOIPKOBUX IHMCIUILIIH, ajie Mo (pakTy iXHIHA HNepeiik CyTTEBO 0OMEKCHUH
MOJIMBOCTSIMU BUKJIaauiB. BogHouac y cTyaeHTiB crerianbHocTed 121 «lHxenepis
nporpaMHoro 3abesmedeHHs» 1 122 «Komm’roTepHi Hayku» MOXKE 3HAYHO
PO3PI3HATUCS AaCOPTUMEHT HEOOXIJHUX TEXHOJIOT1H B 3aJIe)KHOCTI BiJl 00paHoi poJi Ta
npodeciiiHoi raiy3i, e IpamBaTHMe 3400yBad. BigloBigHO THX IIPaKTUYHHX
HABUYOK, IO JIa€ 3arajbHa MporpaMa, CTyJICHTaM 4YacTO HEe JIOCTAaTHhO, a0W 3HANTH
nepury po6oty. B pe3ynpTaTi iM 4acTo TOBOIUTHCS OCBOIOBATH Oarato TEXHOJIOTIH
caMocCTiiiHO, ©0e3 pgomomorw BuKiIagadiB. lle Beme M0 3HIKEHHS MOTHBAILIil
BIIBIAYBAaTH 3aHATTSA, IO HE BIANOBIIAIOTH IXHROMY OOpaHOMY mpodeciiiHoMY
HAIpsIMKY, 1, SK HACHIJOK, JO 3MEHIIEHHs 3aJ1y4e€HOCTI CTYICEHTIB Y HaBUYaJbHUM
MPOIIeC Ha CTapIINX Kypcax.

OnauM 31 cioco0iB MMOBEPHEHHS CTYACHTIB B OCBITHIM MpOIEC MOXKE CTaTH
CTBOPECHHSI MOKJIMBOCTEH 3aCTOCOBYBATH Ti1 IHCTPYMEHTH Ta TEXHOJIOTII, K1 OyAyTh
moTpiOHI came iM B mojaibilid poOoTi. [ HBOro IPOMOHYETHCS PO3POOUTH
aBTOMAaTH30BaHy CHUCTEMY aHaji3y Kony, ska O HaJaBaja 3BOPOTHIN 3B 30K IS
pillIeHHsI, BUKOHAHOTO OJHIEI0 3 IMITPUMYBaHUX MOB IMpOrpaMmyBaHHs: JavaScript,
Python, Java, C# um C++. BropoBaJpkeHHS Takoi CHUCTEMH B OCBITHIM MpoIieC
JI03BOJIUTH JIaBaTH 3aBJIaHHS, IO O BIAMOBINAIN IHIWBITYyalIbHIN OCBITHIN TpaeKTOpii
CTYJICHTIB Ta HaJIaBaJIM TOW JOCBIJI, 110 MOTPIOHUH JIJIs iXHBOT MaltOyTHHOT pOOOTH.
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Use of Artificial Neural Networks to Evaluate the Complexity of Requests

The article discusses using deep learning in adaptive load balancing algorithms for
distributed applications. Assessing request complexity is key in load balancing, and analyzing data
size, algorithms, and data type can help distribute requests evenly. While neural networks have
benefits in load balancing, traditional algorithms may be more practical in some cases.

barato aBTopiB 3a3HavaroTh, 10 rauboke HauaHHsA (I'H) moxe oOpoOnstu
OUTBIINI 00CIT HECTPYKTYPOBAHUX JaHUX 1 JOCSATaTH BUCOKOI TOUHOCTI MPHU POOOTI 3
HuUMU. 1le ¢popMa MaIMHHOTO HaBYaHHS, 10 BUKOPHUCTOBYE MITYYHI HEHPOMEPEKi 3
MHOKMHOIO IapiB 0O0poOKku maHux. HaByaHHS NpoBOASTH HA BETUKHUX HaOOpax
JaHUX 1 MOKHAa BUKOPHMCTATHU JJIsi HIMPOKOTO CHEKTpa 3aBllaHb. 1€OpPETUYHO BOHO
MOKe OyTH 3aCTOCOBaHE B aJIalTUBHOMY aJIFOPUTMI OalaHCYBaHHSI HaBAHTAKEHHS Y
PO3MOAUICHUX TOoAaTKaX JJIS MOJIMIICHHS MPOIYKTUBHOCTI JOJATKIB 1 IMiIBUIICHHS
e(hEeKTUBHOCT1 BUKOPUCTAHHS PECYPCIB.

O1iHKa CKJIaIHOCTI 3alUTy — BaKJIUMBHK eTar y OajaHCyBaHHI HaBaHTaKEHHS
MDK By3laMu Mepexi. CKIaIHICTh BHU3HAYAETHCSA KUIBKICTIO PECypCiB IS HOTO
00poOKH, TakuX SIK OOYMCIIOBAJIbHA MOTYXXHICTh 1 mam’saTh. OgHUM 31 CHoco0iB
OIIHIOBAHHS CKJIQJHOCTI € aHaji3 MapaMeTpiB 3aluTy: PO3Mip JaHWUX, BUKOPHUCTAH1
ANTOPUTMHU W TUT 00poOIrOBaHUX AaHWX. Hampukian, 3anmut Ha 0OpOOKY BEIIMKOTO
300paxkeHHs moTpedye OuTble pecypciB, HDK TekcTy. Ilpu po3moaiini M By3JamMu
Mepexxi OalaHCyBaIbHHUK Ma€ BpaxOBYBATH CKJIQJHICTh KOXHOTO 3alHTy W
PO3MONUIATH iX Tak, aOM HE MEepeBAaHTAXXYBATH BY3JW CKIAAHIMMH 3anuTtamu. lle
JI03BOJIUTH OCATTH €(PEKTUBHIIIOT pOOOTH Mepexki Ta 3armobirTu ii mepeBaHTaXEHHIO.

[Ipu po3risal BUKOPHCTAHHS HEHPOMEpEeX  JUIsl OI[IHIOBAHHS CKJIATHOCTI
3aMUTy 1 BU3HAYEHHS ONTHMAJIBHOTO CIOCOOy OanmaHCyBaHHS HABaHTAXEHHS CIIJ
BPaxOBYBAaTH SIK TO3WTUBHUU €(EKT — HEHOMyIICHHS HaBaHTAXXCHHS MEpexi u
piBHOMIpHE BUKOPHUCTAHHS pECypciB, Tak 1 HeraTuBHHWM. J[0 HEraTMBHOrO MOXHa
BIJTHECTH CHUTYaIlil0, KOJIM BUTPATH PECYPCIB 1 4acy Ha OIIHKY MEBHOTO BUIY 3aIUTIB
MOXXYTh OyTH 3HAYHMMH TIOPIBHSIHO 3 BUTPAYCHUMH PECYpCaMH 1 4aCOM BHUKOHAHHS
3anuTiB. Toi MOIIIBHICT BU3HAYCHHS CKJIAJIHOCTI MOMIOHUX 3aIlUTIB BIICYTHS, 1 €
CEHC BHUKOPHCTaTH TPAAUIIAHUM alropuT™M OanaHCyBaHHA. Y  MallOyTHIX
TOCIIHKCHHASIX PO3TIIAIaTUMYThCS MOXKIUBOCTI 3acTtocyBanHs ['H B amanTuBHOMY
anropuTMi  OaJlaHCYBaHHS  HABAHTAXXEHHS y  PO3MNOAUICHUMX  JOJaTKax 1
BU3HAYATUMYThCS (POpMATH Ta TUIHU 3aIUTIB, IS AKUX 1€ Oye JOIIBHO.
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Improving the Algorithm for Determining the Coordinates of Sensors
in a Mobile Sensor Network

The article deals with the improvement of the algorithm intended for use in wireless sensor
networks based on the ZigBee standard based on the estimation of distances between objects in the
presence of errors, which assumes the presence of a share of objects with known coordinates within
the network, to solve the problem of the location of individual objects in the network.

MobGinsHa cercopra mepexa (MCM) — e 6e3mpoBoO/I0Ba CEHCOPHA Mepexa 3
MOOUTBHUMHU eleMeHTamMu. JlumiaomHa poboTa 30cepe/kyBaiacd Ha MOOUTBHOCTI
CEHCOPHOT Mepeki TUIY KBa31IMOOUIBHICTb.

KBa3ziMoOUIpHICT  O3HAuae, IO BCi  MOOUIBHI  €IEMEHTH  Mepexi
NEePECYBAIOThCSl Y BU3HAUEHIN 30HI MPOTITOM «4acy MOOLIBHOCTI» 1 3aBMHUPAIOThH
IpOTATOM «dacy mepenadi iHdopmarnii». [lepecyBaHHss Ta 3aBMUpaHHS MEPIOTUIHO
MOBTOPIOIOTHCS, TOMY TICHS KOXKHOTO TMEePECYBaHHS I/l Yac 3aBMHUPAHHS HEOOX1THO
3HOBY OOYMCITIOBATH KOOPJIMHATH CEHCOPIB.

Tema poOoTu mossrae B po3po0Oiii airoputMy Jjisi 0€3MpOBOAOBUX MOOUTBHHX
CEHCOpPHHUX MepeX Ha 0a3i cranmapry ZigBee. lleit anroputM 6a3yeTbcs Ha OIHITI
BiJICTAHEW MDK 00’€KTaMu B yMOBax IMOMHJIOK. BpaxoByeThCS HAsSBHICTh YAaCTUHH
00’€KTiB 3 BIIOMHMH KOOpJMHATaAaMU BcepeauHi Mepeki. OCHOBHOIO METOIO €
BUPIIIEHHS MPOOJIEeMH BU3HAYCHHS MICIS PO3TAIllyBaHHS OKpEMHX 00’ €KTIB MEpexKi.
I{s TeMa € akTyaapHOIO.

Y po6oTi Oy10 PO3TIAHYTO PSAJl BIIOMUX aJITOPUTMIB BUSHAUEHHS KOOPJIUHAT B
CEHCOpHUX Mepekax Ha 0asi cranmapry ZigBee. BusiBneno, mo 1mi anropuTMu
BUPIIIYIOTh JIBA OCHOBHUX 3aBJaHHS: BHU3HAYEHHS MICI PO3TAIlyBaHHS 00’ €KTIB
MepeXi 1 YTOUHEHHsI BXKE€ OTPUMAHUX pe3ynabTaTiB. OHAK ICHYIOUl aNTOPUTMHU HE
HAJAI0Th OJTHO3HAYHOTO Ta YHIBEPCAIBHOTO PIICHHS 3a/1a4i BU3HAYCHHS KOOPJIUHAT
B CEHCOpHUX Mepexax ZigBee, 1o BKazye Ha aKTYaldbHICTh MOJAIBIIAX HAYKOBHUX
JOCITIJDKCHB Y 11 00J1aCTi.

BianoBigHo 10 aHaNi3y HAHOUTBII BiIOMHUX aJrOpUTMIiB, OYJI0 3aIIPOIIOHOBAHO
HOBHUH aJITOPUTM BHU3HAYCHHS KOOPJAWHAT JJisi O€3IPOTOBHX CEHCOPHHX MEpEeX Ha
0a3i ctanaapty ZigBee 3 piIBHOMIpHUM BUIAJKOBUM PO3MOALIIOM 00’ €KTIB BCEPEIUH1
Mepexi. [lelt anropuT™ rpyHTYEThCSL Ha OLIHII BiACTaHEH MK 00’ €KTaMu B yMOBax
MIOMUJIOK 1 BUKOPUCTOBYE 1HQOpMAIlI0 MPO 00’ €KTH 3 BIAOMUMHU KOOpPJAMHATAMU
BCEPEIMHI MEPEXKI.
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[IpornoHOBaHUI aNrOPUTM BU3HAYEHHS KOOpPAMHAT Mepeadayae, 10 KOXKEH
00’€KT y Mepeski HaJICUJIa€ MOBIIOMIICHHS JJO KOXKHOTO 1HIIIOT0 00’ €KTa, JOAAI0UYHU 10
HUX JlaHI OpO CBOE MICIIE€ pO3TallyBaHHS, SKIIO BOHHM BIIOMI 3 JOCTaTHHOIO
TouHICTIO. CyCiHI 00’€KTH BHKOPHCTOBYIOTh OTPHMMaHy IH(OpMALII0 Ta OLIHKY
BiJICTaHi [l OTPUMAaHHSA Ta YTOYHEHHS CBOIX KOOpAWHAT. TakuMm 4WHOM, anTOpUTM
BUKOPHUCTOBYE JHILE 1H(OpMAIlit0, JOCTYIHY 00’ €KTaM MEpEexKl B MPOLEC] iX poOOTH
3 0e3nocepeHIMU CyCiJaMu.

3amporoHOBaHUN  aNTOPUTM  BHU3HAYEHHS  KOOPAWHAT  Ma€  KUIbKa
ocobnuBocTeld. BiH Moxke OyTH 3aCTOCOBAaHUU B PI3HMX YMOBax, BUMArarOuu JIUIIE
TUTMOBHUX YMOB JIJISI CEHCOPHOI MEPEXi, TAKMX K PIBHOMIPHUI BUTIQAKOBHUI PO3IMOILIT
00’€KTIB, MOXJIMBICTh OIIIHKMA BIJCTaHEH Ta HASABHICTh CHUCTEMU KOOPJUHAT.
Peanizaiiss anropurMmy € mpoctoro 1 Moxke OyTH BOyJIOBaHa B MIKPOKOHTpOJEpU
00’ekTiB Mepexi. BiH Mae HeBelnMKy OOYMCIIOBaJIbHY CKJIAAHICTH 1 MOXke OyTu
BUKOHAHHWI Ha €NEeMEHTHIM 0a3i 3 HU3BKUM €HeprocrnokuBaHHAM. KoxeH 00’€KT B
Mepexi MPOBOAUTH OOUYMCIECHHS CBOIX KOOPAMHAT CAaMOCTIMHO Ha OCHOB1 OTPUMAaHUX
JTAaHUX BIJ CYCIIIB.

OpHak BapTO BpaxyBaTH, IO MPOTIOHOBAHWH aNTOPUTM OUTBII MiIXOMUThH AJIS
MEPEX 3 BUCOKOIO IIUIBHICTIO PO3MOJALTY 00’ €KTIB, /1€ KUIBKICTh CYCIiB MEPEBUIILYE
MIHIMQJIBHO HEOOXIAHY /i BHU3HAYEHHS KOOPAMHAT KUIBKICTH (sIKa 3a3BUYai
nopiBHIOE TpbOM). KOHKpEeTHE 3HaYeHHs IIbOTO MapaMeTpa 3aJeKUTh BiJ] TapaMeTpiB
Mepexi, 30KpeMa BiJl pIBHOMIPHOCTI 1 IIUJIBHOCT1 PO3MOLTY 00’ €KTIB.
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Application of Software and Hardware Complex for the Analysis of Pollution of
the Surface Layer of the Atmosphere in Kyiv by City Transport

The authors' research shows the results of using a software-hardware complex to assess the
level of pollution of the surface layer of atmospheric air in the city of Kyiv.

[ToTyxHI BUKHIM TPOMHUCIOBUX IIKIIJIMBUX PEYOBMH JIO0 arMmocdepw,
BUXJIOTHUX Ta3iB aBTOMOOUTIB, 3aCTOCYBaHHS (PEOHIB y TOOYTI CIHPUUYUHSIOTH
BUHUKHEHHS TAPHUKOBOTO e(EKTy Ha TUIaHEeTI, Ta 3MIHY KJIIMaTy B miiomy. Cutyariis
B YKpaiHi YCKJIQTHSEThCS ¢ W BIMCHBKOBUMH JIiSIMH, IO BEAYTHCS MPAKTHYHO Ha
BCIi 11 TepuTOpii 1 MPU3BOIATH 10 3a0pyAHEHHS aTMOoc(epH CKIaJOBUMU BOEHHO-
TEXHOTEHHOT'O TIOXOJ[KEHHS Ta MPOAYKTAMH BiJl BEIUKUX IMOXKEK.

Cryninp 3a0pygHeHHS aTtMochepH 3alIeKUTh BiJ KIUIBKOCTI BHUKHJIB
IIKIIJIMBUX PEUYOBHMH Ta iX XIMIYHOTO CKJaay, Bl BUCOTH, Ha SKiH 3MIHCHIOIOTHCS
BUKHUIM, Ta Bl KJIIMATUYHUX YMOB, 1110 BU3HAYAIOTh MEPEHECEHHS, PO3CIFOBAHHS Ta
NIEPETBOPEHHS Ta30MOAIOHUX PEUOBHH.

AHami3 TOTOYHOI cHuTyamii B YKpaiHl 3 TPUBEACHHS BITYU3HSIHUX
IPUPOJOOXOPOHHUX IPAKTHK 13 3aXHCTy aTMOC(EPHOTO IMOBITPS y BiANOBIAHICTH 10
CcTaHIapTiB €BPOCOIO3Y 3aCBIAYYE, IO KOMILICKCHICTh MPOOJIEMATHKH 1 BIACYTHICTh
HaIpabOBAaHUX MEXAaHI3MIB PETYJIIOBaHHS €KOJIOTIYHOIO CTaHy aTMOC(hEepHOro
NOBITpsI, sAKi O 3a0e3medyBayii HOTr0 MPOTHO30BaHYy SKICTh 1 JOTPHMaHHS
IIPUPOJIOOXOPOHHUX CTAHAAPTIB, CTBOPIOE MEPEIIKOAN TEPCIEKTUBI TapMOHi3aIii
MIPUPOAOOXOPOHHOIO 3aKOHOAABCTBA, Ta BCTAHOBIIOE HEBIIMOBIAHICTE BHMOI'aM
€BpONEHCHKOTO MPUPOJOOXOPOHHOTO TIPaBA.

BcranoBneHo, 1m0 OAHMM 3 OCHOBHHUX JDKEpesl 3a0pyAHEHHS aTMochepH €
aBTOMOOUTLHUN TPAHCIIOPT, 110 BUKU/IA€ B MPU3EMHUM IIap TaKi MIKITMB1 pEYOBHUHH,
SIK OKCHJ] BYTJICIIIO, OKCHJ] Ta IIOKCH]T a30TY, TBEP/Ii YACTUHKH (TIHIT), TIOKCUJ] CIPKH,
OcH3(a)ImipeH Ta CIIOIyKHA BAXKKUX METAJIiB.

O1iHIOI0YH PO3MIPH MIKOAM JUISl 3I0POB S JTI0CH, He0OX1JHO OpaTh 10 yBarw,
o XiMiuHe 3a0pyIHEHHS aTMOC(HEpPHOTO TMOBITPs, MO-TIEpIe, 3HIKYE aJanTaiiiHi
MOXJIMBOCTI OPTaHi3My 1, SIK HACHIJIOK, CTIMKICTh JO HETAaTHBHUX YMHHHUKIB 1HIIOI
€TIONIOT1i, MOo-Apyre, MIABUIIYE PIBEHb 3aXBOPIOBAHOCTI, HAcaMIlepe]l OpraHiB
IUXaJIbHOI CHUCTEMH, 1, MO-TPETE, HETaTUBHO BIUJIMBAE Ha PIBEHb CMEPTHOCTI
HacenieHHs. ToMmy Hapa3i € HarajlbHa moTpeda y po3poOIll MporpaMHO-anapaTHOro
KOMIUIEKCY JJIsl OIlepaTuBHOro 300py 1 aHamizy iHQopmamii HOpo BUKUAU
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3a0pyAHIOIOYMX PEUYOBUH B aTMocepHE TMOBITPS CTaI[lOHAPHUMHU JKEepeslaMU
BUKHUJIB, @ TAaKOX BEJEHHS KOHTPOJIO BHKHU/IB 3a0pYyJHIOIOUMX PEUYOBUH 3
MEPECYBHUX JKEPET.

VY po6oti mpoBesieHO po3pOOKY anapaTHOi YaCTUHU KOMIUIEKCY, sIka BKJIIOYaia
70 CBOTO CKJIaJy CEHCOpU 3a0pyAHIOIOYMX PEUYOBMH, Ta MPOrpaMHY YAaCTHHY
KOMIUJICKCY, sIKa MIpU3HAuYeHa It OOpOOKM pe3yNbTaTiB BUMIPIOBAHb 3 MOJAJIBIIUM
MPEICTABIICHHSAM iX B €JIEKTPOHHOMY BUIJISI Ta MyOJIIKAIIEI0 HA €JIEKTPOHHIN KapTi
B reoindopmMaiiiitHiii cuctemi.

AmapaTHa CKJIaJ0Ba KOMILUICKCY € MPOrpaMHO HE3aJIe)KHOK 1 MOXKe OyTH
po3TalioBaHa SIK Ha aBTOMOOUTL JijIsi 3a0€31MeUYeHHs] MOOUTBHOCTI KOMILUIEKCY, TaK 1y
BUTJISIZII TIOCTIB CIIOCTEPEIKEHHS, SIK CKJagoBa OE3MPOBITHOI CEHCOPHOI Mepexi
(BCM). Jlnst BuMiproBaHHs 3a0pyJHEHHS Ha PI3HUX BUCOTaX HaJ MOBEPXHEIO 3emill
BOHA MOYKE€ PO3TallIOBYBATUCH Ha MIPUB’A3HOMY aepocTtati abo Ha BITJIA.

[3 BUKOpUCTAHHSAM PO3pOOJIEHOTO MPOrPaAMHO-AMAPATHOTO KOMILIEKCY OyIlo
MPOBEJICHO Big0ip Mpo0 B JIOKAI[IsX, HABEACHUX Ha eJEKTPOHHIN Mari (puc. 1).

Il Map data ©2021 Google, Imagery ©2021 TerraMetrics

Puc. 1. Kapra To490K mpo60OBinO0py mOBITPs

Ha puc. 2 HaBenmeHO iHTErpajibHY OIIIHKY pPE3yJbTaTiB aHami3y BimiOpaHux
mpo0 y BUTIAMI KOJBOPOBOI Jiarpamu, jae 00’€aHaHI MOKa3HUKW 3a0pyJHEHHS 32
BIIMMOBITHUMH KJTacaMU 3a0pyAHIOIOYUX PCUOBHH.

Po3BuHEeHa Mepeka MacakHpPChKOTO0 aBTOMOOLTRHOTO TPAHCTIOPTY 37aTHA HE
TUTBKH 33JJ0BOJIBHATH MOTPEOU MOICHHOT MOOUTBHOCTI TOPOJISIH, a ¥ OyTH IPHUUNHOIO
MOCTIMHOTO 3a0pyAHEHHS TYCTOHACEICHUX PalOHIB, CIIPHUATH PO3BUTKY XPOHIYHHX
3aXBOPIOBAaHb Y MEMIKAHIIIB MPUJIETINX 10 aBTOMOOUTEHUX JTOPIT TEPUTOPIH.
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Puc. 2. Mana iHTerpaJibHUX OI[IHOK 3a0py/THEHHS MPU3EMHOI0 IIapy MOBITPS 32
pe3ysbTaTaMH aHAJITUYHOT 00POOKU Pe3yNbTaTiB MPOOOBIAOOPY

Haii6inpime 3a0pymaHeHHS aTMOC(EPHOTrO IOBITPS BHSBICHO HA BEIIMKHX
TPAHCIIOPTHUX MaricTpayisx wmicta. [IpomMucioBi miaAmpweMCTBa B yMOBax BIMHHU
IPaKTUYHO HE BIUITMBAIOTh HA PIBEHDb 3a0PYIHEHHS MTPU3EMHOTO MIapy aTMOCHEpHOTo
noBiTps. Ha choromHi, cutyariss 3 KOHTPOJIEM 3a0pyaHEHHS aTMOC(EPHOI0 MOBITPS
aBTOMOOUTPHUM TpaHcnopToM B KueBi € ckmamHoro. HesBaxkaroun Ha HasSBHICTH
3aKOHOaBYO1 0a3u, IO PEeryJroe€ BIAHOCHHU B 00JACTi €KOJIOrii, KOHTPOJb 3a ii
BUKOHAHHSM 3aJIUIIAETHCS HU3bKUM.

Po3BuneHa iHppacTpyKTypa 0OCIyroByBaHHS IIOBHHHA CTUMYJIIOBATH 1HTEpEC
B YKpalHCBKHX aBTOICPEBI3HUKIB JI0 TIOPUIHHUX TPAHCHOPTHUX 3aco0iB (TpamBbai,
TpoJieiioycu). EnmekTpoTpaHcnopT Bimirpae BaXKJIWBY POJIb Ha PUHKY MMACaKUPCHKHUX
nepeBe3eHb. ABTOOYCHI IMapKH 3HAXOIATHCS IEPEBXHO y IPHUBATHIN BIACHOCTI.
HazemHuii eleKTpOTpaHCIOPT — y KOMYHaJIbHIM. 3 oOmIsay Ha Te, 110
€JICKTPOTPAHCIIOPT MA€ BHINY 3aKYITIBEIbHY BapTICTh, B cepeaHboMy y 1,5-2 pasm
OinpIlie, HDK y TPaHCHOPTY, IO NPAIIOE Ha BYIJICBOJAHEBOMY TMajuBi (OCH3UH,
JIU3€ITb, Ta3), MOIYJSIPHICTIO Y IPUBATHUX KOMIIAHIM BiH HE KOPUCTYETHCS.

OCHOBHI YMHHUKHU IHTCHCUBHOTO 3a0pyaHEHHS aTMOc(hepH aBTOTPAHCTIOPTOM
B MicTi Kuesi:

® Tepe3aBaHTAXKCHICTh JOPOKHBOTPAHCIIOPTHOI MEPEKI aBTOTPAHCTIOPTOM
(TpaHCTIOpTHA MEpeka, sika chopmyBanacs B yMOBax HasiBHOT 3a0y/10BU
3apa3 00’€KTHBHO HE CIPABISETHCS 3 TOCTIHHUM 30UTBIICHHAM
KUIBKOCTI TPAaHCMOPTHUX 3aC00IB Ha BYJULSX MICTa, YCKIJIQJIHIOIOUH, a
4acoM 1 mapanizyroud (pyHKI1IOHYBaHHS MacaXKUPChKOT0 TPAHCIIOPTY);

® eKCIUTyaTallisi TEXHIYHO 3aCTapijioro aBTOMOOUILHOTO NAPKY;

® HU3bKa AKICTh MAIMBHO-MACTUIIBHUX MaTepialiB;
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® TIOKpAIlleHHS CTaHy «3€JIEHOTO C€KpaHy» 1 CHEIliaIbHUX 3aropoiKCHb,
MPU3HAYCHUX sl 0OpPOTHOU 13 3a0pyAHEHHSAM, a caMe: BIACYTHICTb Ha
TEpUTOPil MiCTa 3€JICHUX HACA/KEHb, SIKI MalOTh (ITOUMAHY IO Ta
3maTtHi aacopOyBaTh OKpeMi 3a0pyAHIOIYl PEYOBUHU (IIOKCH a30TY,
OKCUJl ByrJemto, muia). Xoua Ha Teputopii KueBa HasiBHI 4YHCIIECHH1
Haca/PKECHHS TOIOJI, MPOTe JaHa POCIAMHA HE 3JaTHa 10 ajcopoOarrii
MUy Ta OKCUAIB ByTJemio. [ Takux Iiied € mpuiHATHE Haca KCHHS
Oepe3u, OyKy Ta BUIbXHU. Sk MoKa3ayio Bi3yajabHe JOCITIIKEHHS TEpUTOPIT
Bi100OpY mpo0, HA TEPUTOPIi MiCTa IX KUIBKICTh HEAOCTATHS, a B JIESIKUX
paiioHax (Taki SK IIEHTp MiCTa, 1 30BCIM BIJACYTHE). JlaHe NHTaHHS
noTpeOye poO3TIIsAay 3 METOr (DITOHI3AIlIl OKPEMUX TEPUTOPIH.

OnTumizaiis poOoTHn IrPOMAJICBKOTO TPAHCIIOPTY (TpancnopTHe
MOJICTTFOBAHHS ):

e 00OMEXeHHs B’137y Ta MapKyBaHHS OCOOMCTOTO TPAHCIIOPTY;
® HaJaHHS MPIOPUTETY TPOMAJICEKOMY TPAHCTIOPTY;

® [IIJIBUIIEHHS €KOJOTIYHOCT1 TPAHCIIOPTHHUX 3aCO0IB;

® MIPIOPUTET CICKTPHUUYHUM BHJIaM TPAHCIIOPTY;

® BHKOPHCTaHHS €KOJIOT1YHO YHCTININX BUIIB MaIMBa.

HacmigkoM mpuxuiabHOCTI ekoyioriynoi mo3umii €C g0 CKOpOYeHHS BUKHIIB
CO;7 Ta iHmHUX 3a0pyAHIOIYNX PEUYOBHH, HAHOIMKYUM ACCATHUPIYHI IMPOTHO3YETHCS
CKOPOUCHHS CIIO)KMBaHHS TajluBa Ha OCHOBI HadTu. IlpioputeT BigmaeTbes
MOHOBJIIOBAaHUM JDKepenaM eHeprii. SIKk mBHAKe pIlIeHHS I[0J0 ITiABUIICHHS
€KOJIOTTYHOCTI ~ HAssBHOTO  PYyXOMOTO  CKJaay, TMPOMOHYEThCS  3OUIBIIUTH
BUKOPHUCTaHHS OlomajanmBa MICBKUMH aBToOycamu 1 MapmpyTHuMHU Takci (Directives
2001/77 / EC and 2003/30 / EC). Io 2040 p. yacTka aBTOMOOLJIIB Ha IPUPOTHOMY
rasi moBUHHA J10ocATTH 4 % B riaobampHOMY OalaHCi MOTOPHOTO TanuBa. be3ymMoBHO,
IPIOPUTET TOBUHEH HAJABATHCS ITOHOBIIOBAHUM JDKEpenaM €Heprii, TakuM sK
eleKTpuka abo 610manrBo, ajie B yMOBax Mepexoy, KOJU HEMOKIHNBO 3aMIHUTH BECh
HassBHUN PYXOMHM CKJIaJl, BAKOPUCTAHHS TPAHCIIOPTY, IO MPAIIOE HA MPUPOTHOMY
rasi, € JOLUILHHUM.

TpamBaiiHi cHUCTeMH JOILILHO BHKOPHUCTOBYBAaTH B MICTaxX 3 BHCOKHUM
MACaXUPOMOTOKOM, 110 OOYMOBJIEHO iX BHUCOKOIO IMPOIYCKHOI CIPOMOXKHICTIO. Y
MiCTax Ha JUISHKAX, JI¢ MacaKHPOIOTIK MCHIIE 5 THC. MacCa)KHPIB B «TOAMHY ITIKY,
JOIUTBHO CTBOPIOBATH TPOJCHOYCHI Mepexki abo aBToOycHM Ha eJIeKTPOTS3i.
TponeitOycu Ha MICBKHX MapHIpyTax OUTbI €KOJOTTYHI, HXK aBTOOYCH, 3Ba)Kal0uu Ha
B1JICYTHICTh BUKH/IiB JIBUTYHIB

HeoOxigHo mam’siTaTh, 110 MPIOPUTETOM PO3BUTKY MicTa Ma€ OyTH 3HIKCHHSI
HETaTHBHOTO BIUIMBY TPAHCIOPTY HA HABKOJMIIHE CEPEIOBHUINE 1 JIIOAWHY, a II€
3HAYNTh, IO TPAHCIIOPTHA CHUCTEMA MAa€ BHUKOPUCTOBYBATUCS MaKCHMAIIBHO
edeKTHBHO. Y TOH 4Yac K BUKOPUCTAHHS IPOMAJICBKOTO TPAHCTIOPTY € ONTUMAIILHUM
pIIIEHHSIM JUIS TOI3JI0K Ha BEJIMWKI BIACTaHI, B CHCTEMax 3 BHCOKUM
MacCaXUPOMOTOKOM 1 B YMOBAX BHUCOKOI IIIJILHOCT1 HACENICHHS JIJIs TO13/I0K Ha OLIbIII
KOpPOTK1 JUCTaHIli HaWOUIbII €(EeKTUBHHUMHU 1 €KOJIOTIYHO NPUBAOIUBUMHU €
MIOX1AHUN 1 BenocuneqHuil pyx. CTBOpPEHHS 3€J€HUX EKpaHIB MICTa, PO3BUTOK
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BeJIOCHNIEHOI 1HGPACTPYKTYpH, CTBOPEHHS 30H, BUIBHHUX BiJI aBTOMOOLIBHOTO
TPAHCTIOPTY CHPHUATUMYTh 3HUKCHHIO HETaTHBHOTO BIUIMBY TPAaHCIOPTY Ha
HABKOJIUIITHE CEPEIOBUIIIC 1 JIIOTUHU.

3a manumu LI'O, Ha TepuTopii MicTa 3a yeTBepTHil kBapTan 2021 p. HasgBHI
MepeBUILICHHS 10 Ty (B 2,4 pas3u), okcuaam Byriento (B 1,7 pa3iB) Ta JloKcHIaM
azory (mpaktuuyHo B 4 pas3u). 3arajioM, 1€ 3yMOBJEHO HECHPHUATINMH
METEOPOJIOTTYHUMU YMOBaMU (3HM)KEHHS TemIiepaTypu Ta (oroximizallisi peuoBHUH
Ha paxyHOK KOJMBaHHA Boyiorocti). JloCHmiJUKeHHS  CcaHITapHO-€KOJIOTi4HOT
naboparopii TOB «/IOBKIJIJISI» moka3zano, 1o cTaHOM Ha TpyAcHb MEPEBUIIECHHS
JIOKaTI3yBaJIUCh TUTBKHM B JIesIKUX paiioHax (becapaOcbkka muiomia, npocrnekt Haykw,
OymeBap IlepoBa, Tomio). 3arajoM, 1€ 3YMOBJCHO 3aBaHTAKCHHM PYXOM
aBTOMOOUTBLHUX JOPIT (CIIOCTEPIraeThCs MIOICHHUN aKTUBHUN JOPOXKHIN Tpadik).

BaxnuBum ¢akTopoM mpu po3poOIll KOMIUIEKCY 3aXOIB, MO0 MOKpPAIICHHS
cTaHy aTMoc(epHOTo MOBITPs MicTa € ¢iTopeMemiallis, o0 o000 SABIISIE KOMILIEKC
METO/IiB OYHIIICHHS aTMOC(EPHOTO TOBITPS 3 BUKOPUCTAHHIM 3€JICHUX POCIIVH.

B xonai 3actocyBanHs MeTony (iTopemenialiii BUKOPUCTOBYIOTHCS MPHUPOJIHI
IPOIECH, IO BiTOYBAIOTHCS B POCIHHI, I METOJ HE BHUMara€ BUKOPUCTaHHS
J0JIATKOBOTO 00JIaAHAHHS 1 TPYIOBUX pecypciB. Takox M OUMIEHHS TEPUTOPIi 3a
JIOTIOMOT OO IILOTO METOAY HE MOTPIOHO PO3KOIYBATH 1 BUBO3UTH I'PYHT, BIIKAUyBaTH
IPYHTOB1 BOJHM, a II€ CEKOHOMHUTh eHepriro. JlepeBa 1 JApiOHI POCIMHU TaKOX
3amo0iraroTh €po3ii IPYHTIB, IMOKPAIIYIOTh 30BHIMIHINA BUTJISAI 3a0pYIHEHUX IUISHOK,
3HIKYIOTH PIBEHB IIyMY 1 HMIIBHINYIOTh SKICTh MOBITps. IHTepec mo ¢iTomepemialtii,
mepmr  3a  BCE, CTaHOBIATH  POCIHHHU-TINEPAKYMYJISTOPH, IO  MOXYTh
HarpoOMaJKyBaTH MeTaH y KutbKkocTi B 100 pa3iB OUTBIINX, aHDK 1HII POCTHHHU.

Heabusikoro mkiIMBOrO BIUIMBY B YMOBaxX MiICTa Bimirpae 3a0pyIHEHHS
aTMocepHOro MoBiTpsAs IHIOM. KUIBKICTh MIUIY y IOBITPI 3aJIEKUTHh Bil HH3KHU
dakTopiB, cepel SKHX: YHCCIBHICTh Ta IIUIBHICTH MICBKOI'O HACEIICHHS; KIIbKICTh,
MOTY)KHICTh ¥ BHUPOOHHYE CHPSAMYBAHHS IPOMHCIOBHX IMANPHUEMCTB, CTYMHIHB iX
oOJlaTHaHHS OYHMCHHUMM YCTAaHOBKAMHU;, THWIl BYJIMYHHUX IOKPUTTIB U CTyHiHb iX
OYMIIICHHS; KUTBKICTh M XapaKTep OIaJiiB, Iopa POKY TOIIIO.
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Streaming Data Processing for Automation Control Systems

As artificial intelligence technologies become integrated into automated control systems, it
is necessary to adapt data collection and processing methods. To train and predict accurately, Al
algorithms require vast amounts of raw data. However, gathering and storing this data using
traditional SCADA systems, batch ETL processes and Data Warehouse can prove difficult.

CTpiMKe MPOHWKHEHHS TEXHOJIOTIH IITYYHOTO IHTEJIEKTY B aBTOMAaTH30BaHI
CUCTEMHU KEpYBaHHS TEXHOJIOTIYHMMH IIPOILIECAMH TPU3BOAMTH JO HEOOXIIHOCTI
3MIHU TAXOIB 0 300py Ta MIATOTOBKH JIaHMX, 1110 BUKOPHUCTOBYIOTHCS JIJISI aHAJI3Y
Ta HaBYaHHS MOJICJICH IITYYHOTO IHTEIIEKTY.

Huni aBromatmzoBani cuctremu kepyBaHHs (ACK) OynyroThcs y BHUIIISIAL
OaraTopiBHEBUX CHCTEM, IO ckianarThes 3 macucteM SCADA/MES Ha BepXHbOMY
pPiBHI Ta TpOrpaMOBaHUX JIOTTYHUX KOHTPOJIEPIB HA HIKHBOMY PiBHI, KOTpi
BUKOPHUCTOBYIOTh BEJIMKY KUIBKICTh MPOTOKOIIB OOMiHY JHaHWMH Takux sik Modbus,
OPC UA, Step7 ta MQTT. Ilincucrema SCADA BukoHye arperariiro Ta 30epeKeHHs
nanux B pessiiianx CKB/I. Ilicas yoro gaHi MOXIMBO 00pOOITFOBATH 32 JJOTIOMOT OO
ETL (Extract-Transform-Load) mporeciB B pexumi makeTHOI 0OpoOKM Ta
3aBaHTaXyBatH B Data Warehouse mJ1st moianpeIoro ananmisy.

Hasuna apxitektypa ACK He 3aJ0BOJBHAE TOTped CHCTEM IITYYHOTO
IHTEJEKTY B JOCTYIIl JO HEONMpalbOBaHUX JaHWX 1 Ha TPAKTUIl TIOKa3ye
HEMOXKJIMBICTh iX Oflep>KaHHA depe3 oOMexeHl MoximuBocTi Tiel un iHImoi SCADA
cUCTeMHU ab0 MPU3BOJUTH 10 3HAYHOTO 3POCTaHHS BAapPTOCTI BOJIOAIHHS CHCTEMOIO
(TCO — total cost of ownership) depe3 HEOOXiAHICTP BUKOPHUCTAHHS OLIBIIOT
KinmbkocTi cepBepHoro obnanuanus, CKB/] 3 miaTpumkoro po3noaiieHoro 30epirants
JaHuX 1 301NIbIIeHHS YacToTH 3anycky nmaketHux ETL-niponecis.

st po3B’si3aHHS MPOOJEMU MOKHA CKOPUCTATUCHh METOJOM IOTOKOBOI
00OpoOKHM JaHUX 3a JOMOMOTOK BHUKOPHCTAHHS PO3MOMAUICHOTO CXOBHINA MOAIN Ta
napanensHoi 00pooku Apache Katka. Huni Kafka minrpumye Moy migkimtoueHHs
710 JDKepes JaHWX 13 BUKOPHUCTAHHSM MIUPOKOTO CHEKTPY MPOMHUCIOBUX MPOTOKOIIIB,
[0 CKOPOYY€E 4Yac Ta BapTICTh PO3TOPTaHHS CUCTEMHU it 300py Ta 30epiraHHsS HE
o0poONeHNX JaHWX Ta TOAaNbInoi iXx 00poOku. [Imst po3pobku morokoBux ETL
MpoIieciB BUKOPUCTOBYEThCs TexHojoriss Kafka Streams, mo mo3Bossie po3po0istu
MOAyJli 0OpoOKM naHuX MOBOKW Java. Y mpoueci poOOTH MOJYJl BUKOHYIOTh
GUIBTpallilo, arperaiio Ta KOMIIOBAHHS TaHUX Y PEKHUMI PEaJTbHOI0 Yacy Ta MOXYTh
dopmyBatu Tomodorii. Tomomorii Kafka Streams cxoxi Ha DAG (Direct Acyclic
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Graphs) mo BukopuctoByroThcsi B maketHux ETL mponecax. Ilicis obpoOku maHi
MOXXYTh BHUKOPHCTOBYBATHUCS JJII HABYaHHS MOJEJNEH IITYyYHOrO IHTEJIEKTy, B
nigcuctemax HMI ta nepenasatucs Ha BepxHiid piBeHb — migcucremam MES/ERP.

ITing yac po3poOsenns moxyniB Kafka Streams MoxJIMBO BHKOPUCTOBYBaTH
CyyacHI MpPaKTHUKUH pO3POOKH MPOrpaMHOro 3a0e3MedeHHs] BKIIOYAIOUM MapHe
MpPOrpaMyBaHHs, MOAYJbHE TECTYBaHHA, 1HTErpaliiHe TECTYBaHHs Ta HENepepBHE
PO3rOpTaHHS, 1110 A03BOJISIE€ 3HU3UTU KUTbKICTh TOMHIIOK B pOOOTI CUCTEMH.

Apache Kafka mninrpumye pexumM aBTOMATHYHOI'O OYMILEHHS 3acTapuiux
JaHUX 1 TOpU3OHTAbHE Maciita0yBaHHs. Cucrema Moxe OYTH pO3rOpHYTa B
XMapHOMY CEpellOBUIIl 3 BUKOpUCTaHHsAM kiactepy Kubernetes mo mo3Bosisie
BUKOPUCTOBYBATH CEPBEPHI PECYPCH B 3aJIEKHOCTI1 Bl HABAHTAKEHHS.

3aBAsIKM IIUPOKUM MOXIIMBOCTSM PO3TOPTAaHHS CHUCTEMH, BIAKPUTIN JileH31i
Ta THYYKOMY MIJIXOJly 0 PO3pOOJIeHHS MOAYJIB, pimieHHs Ha 6a31 Kafka no3Bosse
cytreBo 3Hu3uTU TCO.
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Application of 10T Technology for the Energy Industry

The use of Internet of Things technology in the energy sector provides enormous
opportunities and advantages. Using approaches that allow the integration of information data and
applications based on the Internet of Things in the structure of energy facilities, the energy sector is
taking a step forward in terms of real-time monitoring. This allows you to monitor energy
consumption, the state of energy network components and create smart energy market structure.
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Ha cporognimHiid J1eHb BOpoBajkKeHHs TexHousoriid Internet of Things B
€JIEKTPOEHEPreTUKY — OJMH 13 MPIOPUTETHUX HANPSIMIB PO3BUTKY L€l ramysi. 3
TOYKH 30py EHEPreTUYHOIO-PUHKY, BHUPOOHMKIB Ta CIHOKHMBauiB, 1H(pOpMAaIlis,
OTpUMaHa 3 CEHCOPIB IHTEPHETY peuel MO>Ke BUKOPHUCTOBYBATUCS 3a/J11 OTPUMAaHHS
IIHHUX 3HaHb NP0 TOMHUT Ha EJEKTPOCHEPril0 B 3aJIeKHOCTI B MOXIMBOCTEU
BUPOOHUKIB Ta CIIO’KUBAYIB.

MOHITOPUHT  €HEproCHOKMBAHHS,  KOHTPOJb  TEXHIYHOI  CIPaBHOCTI
oOnaaHaHHs, 3an00iraHHsl aBapiiiHUM CHUTYyalllsIM B €HEpProMepekax Ta TOIIO — L€
JUIIEe JEeKUIbKa 3 MOXJIMBOCTEH, $AKI [103BOJSE€ 3a0€3MEUYUTH BIPOBAIKEHHS
TEXHOJIOT1i IHTepHETY pedeil B CTPYKTYpY €HEPreTuyHOI Mepexl.

Texnomorii Internet of Things 3acHoBaHI Ha MDKMAaIIMHHIA B3aeMOIi Ta
TeJeyNnpaBiiHHI, TOMY MOXYTh BHUKOPUCTOBYBaTHCS B Taily3l Aid N0O0YJ0BU
«PO3YMHHX» MEpeX Ta 1HQPACTPYKTypH y BIANOBIIHOCTI 13 OCHOBHUMU
MOJIOKEHHsIMU  KoHueniii Mepexxk Smart Grid (puc. 1), OCHOBHOIO METOIO SIKOi €
I1IBUILEHHS PIBHS MOHITOPHUHTY Ta KEpyBaHHS BCI€I0 €HEPreTMYHOIO cucrteMoro. Ha
puc.l HaBemeHo TunoBy iHpacTpykTypy Smart Grid Mepexi peanizoBaHy 3a
JIOTIOMOTOI0 CEHCOPIB, MIJIKIIOYEHUX 70 3arajJilbHOro xMapHoro a6o online-cepsicy,
10 J03BOJISiE€ 3a0€3MeYuTH JOTPUMAaHHS €IMHUX BHUMOI IOAO 1H(OpMaLIMHOTO
0OMIHY Ta KOMYHIKAI[iii Ha BC1X IEpapXiqHUX PIBHSAX €HEPrOCUCTEMHU.

. BigHOBANIOBaHa eHepPreTnKka

\
\

Mepexka Smart Grid IHTenekTyanbHi NigcTaHuil
ABTOMATM3ALIA KOHTPOIO

PO3NOAINBYNX MEPEIK
Puc. 1. Tndppactpykrypa Smart Grid
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3actocyBaHHsl 0araTOpIBHEBOI CHUCTEMH, 110 BKJIIOYA€ CEHCOPH 1 KOHTPOJEPH,
BCTAHOBJICHI Ha BY3JIaX 1 arperatax IPOMUCIOBOr0 00’€KTa, B €JIEKTPOCHEPIreTHlll
J03BOJIUTH MPOBOJIUTH MOHITOPUHI IMOTOYHOIO CTaHy Mepexi, 30epiraTH JaHi Ha
XMapHHUX CEpBICax, BU3HAYaTH CTYIIHb PU3UKY MOJAJBIIOI eKCIuTyaTalii 00’ eKkTa Ta
HEOOXIAHICTh BTPYUYaHHSI PEMOHTHO-CEPBICHUX CITYXkO.

BnpoBamxennss Ttexnonorid Internet of Things B enexkTpoeHEpreTHKy
J03BOJINTh  IHTErpyBaTd 1H(OpMAIiiiHI TNOTOKM B  PI3HUX CEHCOPIB 3
€JIEKTPOEHEPreTUYHUX OO0’ €KTIB, Y TOMY YHUCI1 Ha OCHOBI BIJIHOBIIOBaHUX JIKEpPE
€Heprii Ta po3nojiyieHol reuepanii B eauny mepexy. [Ipu nupomy Internet of Things
BUKOPUCTOBYETHCA JI1 pO3pOOKH MOBHICTIO MIAKIIOYEHOI Ta THYYKOI CUCTEMH, SKa
JO03BOJINTh ~ aHAII3yIOYM  HasBHI  JIaHHI  3HU3UTH  CIOKMBAHHSA  €Heprii,
CUCTEeMAaTU3yBaTU BEJMKI OO0 €MU JaHMX Ta 30UIBIIUTH €QEeKTUBHICTH POOOTH
eHeproooOIaIHaHHS.

BucnoBok: Po3ropranus 3aco6iB peasi3oBaHUX B paMKax TeXHOJOTiH Internet
of Things B eHepreTHYHOMY CEKTOp1 € BAXKIMBOK 3a7a4€i0, I BUPIMICHHS SKOi
HeoOxi7He 3a0e3MedeHHs] HACTYNMHMX MYHKTIB: iHTerpaiis Internet of Things 3
miicucTeMaMu,  CTaHjapTh3aiis, Oe3meka JaHUX 1 caMOi CHUCTeMH  Ta
KOH(1IEHIIHHICTb.
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The Concept of Universal Interface of Augmented Reality

The article discusses the prospects for the development of the augmented reality device
industry, as a next stage in the development of personal devices for everyday use. This industry is
relatively new, so many of its fundamental aspects are still in the process of research, one of these
is the concept of the augmented reality interface, which has a number of differences from the now
familiar ones, since it is constantly in the direct field of view of the user. Some of the currently
existing interface morphism concepts are more universal and can be used for further development.

Cydacni nocsirHeHHsi npoBigHuX [T-xommnaHili y CHIBBIAHOLIEHHI PO3MipiB
IIPOIIECOPIB JI0 1X OOYHMCIIIOBAIBLHUX IMOTYKHOCTCH CTBOPWIIM YMOBH IS MEPEXOIY
JIOJCTBA JO HOBOTO KJacy TIEpPCOHAIBHUX IPUCTPOIB JIOMOBHEHOI peaIbHOCTI,
iHTEepdeiicoM B3aeMOIi SKUX CIYTrye TMpoeKiis i1HGopMaIliifHO-(YyHKIIIOHATBHUX
€JIEMEHTIB Ha MPO30pPY MOBEPXHIO — OKYJISPH, J000BE CKJIO TPAHCHOPTHUX 3aCO0IB,
BiKHa, CTOJM Tomlo. Jleski 3 IMX JeBaliciB MalOTh BIUIMB Ha OIJISJAO0BICTh
KOpUCTyBaya ¥ BIJMOBIIHO Ha Oe3MeKy MOro opieHTalii y MpOCTOpi, came TOMY
noTpeOyIOTh BpaxyBaHHs OCOOJMBHX BHUMOT IMPU PO3POOI BIAMOBIAHOT KOHIIETITIT
dbynkionanpHOrO 1HTEpdeiicy. Cepen KIIOYOBHX KPUTEPiiB po3poOku iHTEpdency
JUIS. JICBaliCiB JIOTIOBHEHOI pEalbHOCTI €: dYiTka Mea po0odYoi TIUIoNIi, pPiBEHb
IIUTPHOCTI PO3TalllyBaHHS €JIEMEHTIB, KM TrapaHTye I0JAaTKOBY OTJISIOBICTh 3a
PaxXyHOK MOJKJIMBOCTI OauuTH CHIIyeTH 00’ €KTIB KpPi3b MPOMDKKH MIXK OJIOKaMU
iHTEepdeicy, a TaKOXK PIBEHBb IIPO30POCTI KOKHOTO 3 €JICMECHTIB.

HocBix po3pobneHHs iHTepdeEiciB s TapHITYp BIPTyalbHOI peaTbHOCTI
MOKa3ye, M0 JJIA 3aJ0BOJICHHS SIK OCHOBHUX, TaK 1 cHenu@iuHuX KpUTEPIiB
dyHKIIOHANBHOTO  1HTep(deiicy  HAWOLIBII  MEPCIEKTUBHUMHU €  HalpsSMU
MiHIMOP}13MyY Ta CKIIOMOp(hiZmYy.

MiniMop}i3M — BiTHOCHO HOBHIH HampsM y po3poOri, mo o00’eqHye y cobi
KOHIIEMIIIF0 MIHIMaJII3MYy Ta y3aralbHEHUX PUC MOP(Qi3MYy, BKIATAI0YH MAKCHMAIbHY
iHGOPMATHBHICTh Ta (YHKIIOHAT y MIHIMAJIbHHUNA 00 €M Bi3yalabHOTO OGOpPMIICHHS,
3aJIMIIAI0YM MOJKJIMBICTh BHPAXXEHHS TEBHOrO CTWIKO B mpoekTi (puc. 1). Ilei
HampsiM CTaB aKTyaJdbHUM HJis1 iHTep(eiciB BIpTyaabHOI pEaTbHOCTI, aKe He
noTpedye 000B’SI3KOBOTO BUKOPHUCTAaHHS BIAacHOTO (GOHY Ta Ma€e 3MOTy
M1JTaITOBYBATUCH 17l OTOYCHHSI B TIOJI1 30py KOPUCTyBaya.

Cxrnomopizm — koHuemniist iHTepdeiicy, 1mo HTEPIpeTye iEpapxii0 BEPCTB Y
BUTJISI/II 1IAPIB MIPO30POr0 «MATOBOTO CKjIa». POZMUTTS (OHY MOTOYHOTO €JIEMEHTY
MIPUXOBYE yC1 HIXKY1 32 IPIOPUTETOM, IO JAO3BOJISIE MOBHICTIO KOHTPOJIIOBATH (DOKYC
yBaru y mporieci B3aeMoIii, a TAKOXK HE MEPEBAHTAXyBATH T0JIe 30py KOPUCTyBaya,
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10 € BOXJIMBUM acCIIEKTOM JIJIs JICBAKCIB TOMIOBHEHOT PEabHOCTI, 1[0 MalOTh BILIMB
Ha OIVISJIOBICTH (pHC. 2).

Minimopdaim

OdoptneHHs He Barato, NPoTeE BOHO MEE CeHG
i Binobpaxae TEMATHRY

MiHimaniam Mopdiam

MeHwe ohopMeHHa Binblwe odopMneHHa

Puc. 1. lIpencraBnennst MiHIMOP(]i3My K OKPEMOTO HANpsIMy po3poOKu 1HTepdecy

Puc. 2. llpuxinan Bizyanizaiii ckroMmopdizmy

SIKII10 K MOPIBHIOBATH 111 JIBA HAMPSMH B TIEPCIICKTHUB1 TOBHOI[IHHOT KOHIISITIII1
iHTepdeiicy MOMOBHEHOT pEATbHOCTI, TO CTAa€ 3pO3yMUIO, IO MiHIMOP(hIZM
MOCTYMAETHCS CKIOMOPGI3MY Y TAKOMY BaXJIMBOMY aCTICKTI, SIK BUPAKEHHS i€papxii
€JICMEHTIB, OCKLITbKH HE Ma€ TaKUX PIIIICHb Yepe3 0OOMEKCHHSI CBOET KOHIICTIIIIi.

Hunimui  iHTepdeiich  rapHITYp  BIpTyalnbHOI  PEATbHOCTI  CIYTYIOTh
31e0UTBIIOr0 UId CUMYJSLIA Ta po3Bar i He NOTPeOYIOTh BENMKOi KUTBKOCTI
€JIEMEHTIB 1HTepdeiicy, 3aBAsSKH YOMY MIHIMOP(]i3M Mae MOXKIUBICTH peajizarii
MOCTaBIICHNX 3anad. [Ipore y mporeci po3BUTKY Ihoro Hampsmyy |IT mure
CKIIOMOP(h13M 3MOXKE 3aJIOBOJIBHATH BCi TOTPEOM KOPUCTYBAUiB JJIS PO3B’SI3aHHS SIK
MPOCTHUX, TaK 1 CKIQTHUX 3a]1a4.
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Neural Network Modeling and Forecasting of Metrological Reliability
of Geodesic Instruments

In the BrainMaker neural network modeling system a straight-layer neural network model
was created to determine the most informative metrological characteristics of electronic
tacheometers. Based on the theory of Markov chains with discrete states and continuous time and
using the universal mathematical modeling system MathCAD a model was developed for predicting
the metrological reliability and determining the interverification interval of Ta5 type electronic
tacheometers.

[Ipu  cTBOpeHHI CydYacHMX TeolH(POPMAIIMHUX  CHCTEM, BHUKOHAHHI
re0JIE3NYHUX 1 KaJacTPOBUX POOIT BUKOPHCTOBYIOTH IIMPOKHU MEpesiK MpUiiasiB
re0JIe3UYHOTO TMPU3HAUEHHS, 10 SBISIOTH COOOI0 TMOEAHAHHS EIEKTPOHHOro abdo
ONTHUKO-EJIEKTPOHHOTO YCTaTKyBaHHsS Ta TMpollecopa, Io 3ade3mnedye oOpoOKy
BUMIpPIOBaHb B peXuUMi peasibHOro vacy. [Ipaktuunuii mocBia nokasye, mo 60-70%
reoJIe3UYHUX pOOIT Ha BENUKUX 00 €KTaX BUKOHYEThCS 3 BHUKOPUCTAHHSIM
CYIyTHUKOBHX METO/IB, a BCE IHIIE HAa3eMHUMHU METOJlaMU, B OCHOBHOMY
eJIeKTpOoHHUMHU TaxeoMeTpamu [1-2]. TouHICTh TaKMX BHMIPIOBaHb 3a0€3M1E€UY€ETHCS
KOHTPOJIEM METPOJIOTIYHOT HAAIMHOCTI TaXeoOMETPIB — BJIACTUBOCTI 30epiratu
BCTAaHOBJICHI 3HAYEHHA 1X METPOJOTTYHUX XapakTepucTuk (MX) mpoTsarom nmeBHOTO
Jacy TIpM HOPMaJIbHHX peXHMax 1 pobodyumx ymoBax ekcruryaraitii. Jlus
MPOTHO3YBaHHSA  I[OTO Yacy Ta  BCTAaHOBICHHS  ONTUMAJIbHUX  3HAa4Y€Hb
MiDKMOBipouyHoro iHTepBany (MIII) mpunamiB reome3wyHOro  MPU3HAYCHHS
BUKOPUCTOBYIOTh CTaHJAPTH30BaHI Ta CHEI[iaIbHI METOAM 1 MOJAEINI MPOrHO3yBaHHS
npeidy (3mian y yaci) MX.

3 METOI0 pPO3pOOKM MOJENi Ta METOAWKH JUIsl OIIHKK Ta TMPOTHO3YBAaHHS
METPOJIOTIYHOT HAIHHOCTI TaXCOMETPIB B PE3yJIbTATI aHANI3y KEpesl HayKOBO-
TEXHIYHOI 1HPOpMaIlii Ta HOPMATHBHUX JOKYMEHTIB, 1[0 PETIAMEHTYIOTh HAIHHICTh
3aco0iB BuMiproBanbHOI TexHikun (3BT) Ta wmerogm ominroBanHs MIII, Oymo
BCTAHOBJICHO TIEPENIIK OCHOBHUX METPOJIOTIYHUX XapaKTEPUCTHK TaXEOMETPIB Ta iX
JOTYCTHMI 3HAYCHHS.

Ha ocHOB1 MOPIBHSUIBHOTO aHaNi3y METO/I1B KOHTPOJIIO MOKA3HUKIB HAIIMHOCTI
BCTAHOBJICHO, 10 ISl EJIEKTPOHHUX TaXEOMETPIB HalOUIblll €(PEeKTUBHUM €
3aCTOCYBaHHS PO3PAXyHKOBO-EKCIIEPUMEHTAILHOTO METOMY Ha OCHOBI MapKiBCHKOI
Mojiedl MporHo3yBaHHs apeddy MX 13 AUCKpeTHHMMH cTaHaMu 1 Oe3nepepBHUM
gyacoM. OOrpyHTOBaHO HEOOXIAHICTh BIPOBA/KEHHS B METPOJIOTIYHY MPAKTUKY
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METO/IB OI[IHIOBaHHS I1HAMBIAyanbHOI MeTpoJsioriyHoi HaaitHocTi 3BT. Ilokasano,
IO ChOTOAHI BIJACYTHI HAyKOBO J0BeJeHlI mojenl apeddy noxubku 3BT, sxi
XapaKTepU3YyIOThCS BIACTUBICTIO YHIBEPCAIbHOCTI, TOMY OCHOBHUM ILUISIXOM
3abe3neueHHss MetposioriyHoi cmpaBHocTi 3BT mig wac iX ekcmyatamii €
BIIPOBA/PKCHHSI QJITOPUTMIB OI[IHIOBAHHS 1X METPOJIOTIYHOI HAAIWHOCTI, 1O SKUX
HaJEXUTh aJTOPUTM OLIHIOBAaHHA MeTpoJioriuHoi HaaiiHocti 3BT Ha OCHOBI
Koe(ilieHTa METPOJIOTTYHOTO 3amacy Ta CepeHbOI YaCTOTH METPOJOTIUHHUX BIIMOB
onHotunHux 3BT, mo 3abe3nedye mniABUIIEHHS OOIPYHTOBAHOCTI BCTAaHOBJICHHS
MITI.

ExcriepumeHTa bHI JTOCTIDKEHHS TPOBOIWINCH 32 JAaHUMH BHMIPIOBaJIbHOT
naboparopii AI1 «YkpmerprectcTanaapt» npo MX eneKTpOHHUX TaXCOMETPIB THUITY
Ta5 piznux ¢ipM-BupoOHHKiB. CTBOPEHO MO/IEIb NPAMOILIAPOBOi HEUPOHHOT Mepexki
JUIsl BU3HAYEHHS HaMOUIbI 1HGOPMATHUBHOI METPOJIOTIYHOI XapaKTepUCTUKH. Y
SAKOCT1 HAaBYAJILHOT'O TIOKa3HHUKa HelpoMepeki O0ysio 00paHo y3araibHEHUH MOKa3HUK
TOYHOCTI TaxeoMeTpiB, Po3paxoBaHUN Ha OCHOBI (PyHKIIII Oa)kaHOCTI XappiHTTOHA.
BuxopucranHs po3poOiieH0T HEHpOMEpe HO1 MoJeli y CHCTeMi IPOTHO3yBaHHS
BrainMaker Ta pochimpkeHHsS 11 BJIACTUBOCTEN MO3BOJHWIO BU3HAYATH HAWOUIBII
iHpopmaTuBHY XapakTepucTuKy — EBK (€KCIIEHTpUCUTET BEPTHKAIBLHOTO KOJIA), IO
OiATBEPIUIIO JaHl pe3yJbTaTiB BUMPOOYBaHb, 3TiHO SKUX Oyja BCTaHOBJIIEHA
HaWOLIBIIA KUTBKICTh BIIMOB €JIEKTPOHHUX TaXEOMETPIB caMme 3a 1icro MX.

3a nanumu npo EBK y cucremi matematuunoro monentoBanus MathCAD Ha
OCHOBI METOJY JaHIforiB MapkoBa po3po0jieHa MaTeMaTHYHa MOJIe]Ib HMOBIPHICHOT
OIIHKM 1 TIPOTHO3YBaHHS METPOJIOTTYHOT HAIHHOCTI €IEKTPOHHUX TaxeoMeTpiB [3].
Ha ocHoBi MmaTemaTu4Hoi Mozeni 3 ypaxXyBaHHSM HOPMOBAHOTO KpPUTEPIIO
nMoBipHOCTI MeTposiorigyHoi cipaBHocTi 3BT PMC=0,95 ta PMC=0,99 Bu3zHaueHo
pamionaneauii MIII enexkTpoHHUX TaxeoMeTpiB Tumy Ta5, skuii gopiBHIOE 9
micsamsaM. 3rigao 13 TOCT 51774-2001 3nauenns MIII mis taxeomerpiB tumy Tad
CTAaHOBUTH 12 MicsIiB. 3anpOIMOHOBaHA METOMKA ITPOTHO3YBAHHS BiJIPI3HAETHCS Bijl
BIIOMHUX THM, IO J03BOJISI€E CTBOPIOBATH CTATHUCTHYHI MoOjel Oe3mocepeaHbo 3a
eKCTIIEPUMEHTAIbHUMH JaHUMHU 1 HE TPU3BOAUTH JI0 MPOOJIEeM HealeKBaTHOCTI
OTPUMaHUX PE3yJbTaTIB.
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On a Way for Text Sentiment Analysis Using Artificial Neural Networks

One of the approaches to text sentiment analysis is considered, and research is carried out
on the means of automating this process with the help of machine learning and the use of neural
networks. The architecture of neural networks for working with text classification is proposed and
the optimal configuration for the software implementation of data sentiment analysis is determined.
A list of information technologies has been determined to ensure a stable mode of operation.

AHani3 eMOIIMHOr0 BIJITIHKY, HACTPOIB Ta TOHAJIIBHOCTI € aKTUBHOIO Tally3310
JTOCTIIKEHb, CIIPSIMOBAHOIO Ha KJIacH(IKAIIO TEKCTIB SK MO3UTHBHHUX, HETaTUBHUX,
HEHUTpanbHUX a00 BIZHOCATHCA OO0 KOHKPETHOI ToHanbHOI Kateropii [1]. s
TOCSATHEHHS ITIET METH ICHYIOTH PI3HI METOIHU €(EKTHUBHOI'O OOYMCIICHHS Ta aHATI3y
HACTPOIB, SKI MOKHA PO3JIUIMUTH Ha TPU KaTeropii: METOAM, 3aCHOBaHI1 Ha 3HAHHSX,
CTaTHUCTUYHI METOIH Ta T1OPUIHI METOIH.

OmuH 13 HaledEeKTHBHIMMX MIAXOAIB OO PO3B’sA3aHHA 3ajadl Kiaacudikarii
TEKCTY TOJIATa€ y BUKOPUCTAaHHI METOJY TJIMOOKOTO (MAIlMHHOTO) HaBYaHHS, SKUN
0a3yeThbCsl Ha CTBOPEHHI HEHPOHHOT MepexKi s Kinacudikailii TekcTy. IIpononyeThes
BuKopucToByBaTH apxitektypy BiLSTM (Bidirectional Long Short-Term Memory)
HEUPOHHOI MEpPEXi 3 ABOHAINPABICHUM CKAaHYBAaHHSAM TEKCTy. Y IbOMY IIIXOII
nepeadavaeThCs: 3HAXODKCHHS HAOOpIB JaHUX, IO MICTATh O3HAKHW EMOIIHHOT
knacudikarii; popmyBanHs Ta HaBdaHHS Mojaeiai BiLSTM Ha 3HalineHux Habopax
JAHUX; TIOPIBHSHHS e(peKTHBHOCTI BUKopucTaHHA BiLSTM 3 2 Tunmamm mapiB —
spuuaitiuM LSTM 1 Gated Recurrent Unit (GRU) [2]; po3po0iieHHS IPOrpaMHHX
3aco0iB Jy1s Kiaacudikairii TOHAJIBHOCTI BXIJTHOTO TEKCTY 3 BUKOPUCTAHHSAM HAaBUCHOI
HEUPOHHOT MEpeXi; pO3pOOJICHHS CEpBIiCY I MEPIOJUYHOTO MAPCHHTY HOBHHHHX
pecypciB; HamoBHeHHS 0a3uW JaHMX Ui 30epiraHHsS OTPUMaHUX PE3yNIbTaTiB,;
CTBOPCHHSI MEpPEKi 3 BHUKOPHUCTAHHAM TEXHOJIOTiH OpoKepa MOBIIOMIICHb IS
HEeTnepepBHOI 0OPOOKH TEKCTIB HOBUH KIacU(pIKaTOPOM €MOIIiH.

Taxox mpononyethes nepenik [T-3aco0iB it mBUAKOT 1 cTaOLTFHOT POOOTH 3
MO>KJIMBICTIO IIBUAKOTO PO3MIUPEHHS MIPH 30UTBIIICHH] BXITHUX TEKCTOBUX MOTOKIB.
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One Approach to the Generalizing of Colaborative Filtration Method
Taking into Account Semantic and Time Factors

The paper proposes a technique for improving the recommendation algorithm by integrating
temporal and semantic factors, as well as the method cluster analysis to reduce the load on the
system and improving the quality of recommendations by filtering out unnecessary content and
context preservation during recommendations.

Ha cporoaHi icHye 6araTo migxo/iB JUIsI CTBOPEHHS PEKOMEHIAIIMHUX CHCTEM
[1], KOKeH 3 IKMX Ma€ CBO1 MepeBaru Ta HeaoJiku. HaliBimomini migxoau 0a3yroThes
Ha BUKOPUCTaHHI HEUPOHHUX MEPEX 1 CTATUCTUUYHUX MOJIEIICH.

Cepen iCHyrOUMX NPAaKTHYHHUX METOJIB peajizallii peKoMeHIaImii HaiOUIbII
BiZloMi MeToau (iuThTpallii Ha OCHOBI BMICTY, KoJlabopaTuBHOI (puIbTpallii HA OCHOBI
iHpopmartiii mpo kopucTyBada (user-based) Ta Ha OCHOBI TOpPIBHSHBb 00’ €KTIB
pekomeHnarii (item-based) [2]. B ymoBax 3pocTaHHS KUIBKOCTI KOHTEHTY Ta KOPHC-
TyBadiB MIIBHUINYIOTHCS BHUMOTH 10 OOYMCIIOBAJIBHUX IOTYKHOCTEH IMPOTpaMHUX
CHUCTEM, 110 3a0e3MMeuyI0Th ePEeKTUBHY pOOOTY PEKOMEHIAIMHNX IT1IXO/IIB.

VY po6oTi 3anponOHOBAHO METOIUKY MPHUCKOPEHHSI OOpPOOKHM OTPUMAHHUX IPO
KOPHCTYBaYiB JTaHUX, 3p00JICHO cripo0y BpaxoByBaTH (hakT 3MIiHH 3 4acOM IHTEpECiB
KOPUCTYBa4yiB 1 MOXIJIMBICTb pO3OUTTS KOHTEHTY CTAaTUCTHYHHMX J@HUX Ha
IMIAMHOXXWHNA 3a TIEBHUMH oO3Hakamu. [ligxim peami3oBaHO Ha OCHOBI METOIY
KJIACTEpPHOT'O aHai3y Ta METOJy KojabopatwBHOI (inmbTparii i3 3a0e3reueHHsIM
MOPIBHAHHS 00’ €KTIB 3 ypaxXyBaHHAM 4acOBOT0 (paKTOPY Ta CEMAHTUYHOI MOAIOHOCTI.
PosrnsHyTo 1 mpoaHamizoBaHO HaiBHHUH METOa KOJA0OpaTHBHOI (GiuIbTparlii THITY
item-based. Po3poGiieHo BiamoBigHuiI HporpaMHUii 3acid, MPOBEICHO IEPEBIPKY
a7IeKBaTHOCTI POoOOTH 3alPOTIOHOBAHOTO METOJY BHKOPHUCTOBYIOUM HAOOpU JaHUX 3
pi3HuX mpoOiaeMHUX obOnacteil. Ha OCHOBI OTpUMaHHMX Pe3ynbTaTiB MIATBEPIHKEHO
KOHCTPYKTHBHICTh 3aIIPOIIOHOBAHOT METOJUKH, IO JIO3BOJISIE TMOKPAITUTH IIBUIAKICTh
poOOTH Ta SAKICTh PEKOMEHAATEIIBHUX CUCTEM y PI3HUX MPOOIEMHUX 00JIaCTAX.

Jlireparypa
1. Aggarwal C. C. (2015) Recommender Systems, Springer. 518 p.
2. Menemko €. B. (2018) 'TIpobiemn cydacHUX pPEKOMEHIANIMHUX CHUCTEM Ta

MeToaH iX pimens', Cucmemu ynpasninus, nasicayii ma 36 ’s3xy, 4(50).
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MOJAEJIOBAHHA ITPOLHECY KOHTPOJIIO BUKOHAHHA
HOCAAOBUX JOPYYEHD HA KA®E/JIPI YHIBEPCUTETY

Kapnummueus B. B., I'opsioBa T. M., Koctikos M. II.
Hayionanvnuuu ynisepcumem xapuosux mexnonoeiu, Kuis, Yxpaina
E-mail: vadym.karpyshynets@gmail.com

Modeling Control of Assignments Execution at a University Department

Parallel programming is an important concept that allows us to build quick and efficient
applications with responsive user interface. Python is one of the most popular programming
language that implements this concept as well as many others. The report considers capabilities of
Python for parallel programming and specific features of various approaches to its implementation,
such as multithreading and multiprocessing.

Y PpO3BUTKY Cy4acHOTO CYCHUIbCTBA I1H(OpMAIiiiHI TEXHOJOT1i 3alMaroTh
neHTpanbHe micte. [Bunkuii mporpec y chepi KOMIT FOTEPHOI TEXHIKH, TPOrPAMHHUX
3aco0iB 1 Mepex 3B’S3KYy BIIKpUBaE Oe3/114 MOXKIMBOCTEH JJisi aBTOMaTH3aIlii Ta
onTHUMI3aIlli pi3HUX MPOIIECIB.

Onniero 3 ramysed, ne iHGOpPMaIiHI CHCTEMHU MOXYTh 3IIMCHUTH 3HAYHUN
BIUIMB, € KOHTPOJIb BUKOHAHHA MOCA0BUX JOpy4YeHb Ha Kadenpi. YHIBEpCUTETCHKI
kadenpu, HAyKOBl YCTAHOBH Ta OpraHizallii MalOTh CKJIAJIHY CTPYKTYpPY Ta BEJIUKUN
noTik iH(opmaIlii, MoB’s3aHU 13 OpraHizaii€l0 Ta BUKOHAHHSIM pPI3HUX 3aBlIaHb.
MopentoBaHHs MPoOIeCy KOHTPOJIIO BUKOHAHHS TMOCAJ0BUX JIOpYYeHBb Ha Kadeapi €
BOXJIMBHM €TarioM TpU po3poOJieHHI 1HGOpPMAIlIMHOI CHUCTEMH JUIS YIpaBIiHHS
nopyueHHsami. Lle#t npoiiec 103BosIs€ aHANII3yBaTH Ta BU3HAYATH ONTUMAJIbHI KPOKH,
MOCJTIIOBHICTh Ta B3a€EMO3B’S3KH, abu 3a0e3neunTtd eGEeKTUBHUM KOHTPOJb 1
BUKOHAHHS 3aBJlaHb Ha Kadeapi.

Mera MozentoBaHHs MPOIECY KOHTPOIIO BUKOHAHHS MOCAJOBUX JIOPYYCHb Ha
Kadeapi moasirae B CTBOPEHHI aOCTPaKTHOI pempe3eHTallli [Oro MPoIecy 3 METOIO
aHami3zy, ONTHUMI3aIii Ta TOKpalieHHS HOoro e(eKTUBHOCTI Ta MPOIYKTUBHOCTI.
MopentoBaHHS JO3BOJISE 3PO3YMITH CTPYKTYPY Ta 3aJIeKHOCTI MK PI3HUMU €TarnaMu
Ta y9aCHUKaMH TPOIIEeCy, 1IeHTU(IKYBATH MOXIJIHMBI PU3UKH Ta MPOOIEMHU, a TaKOX
3HAWTH NUISIXH JJIS1 IXHBOT'O PO3B’SI3aHHS.

OCHOBHI IIiJIi MOJIETIOBAHHS TMPOIECY KOHTPOJIK BUKOHAHHS TIOCATIOBUX
JOpy4YeHb Ha Kadeapi BKIIOYAIOTh y ce0e HACTymHE:

e AHaJi3 Ta BIOCKOHAJIEHHSl mpouecy. MojentoBaHHS J03BOJISIE
JETATBHO pOo3i0paTucs B KOXKHOMY €Talli MpPOIECy, BUSBUTH MOXKIIUBI
npoOJIeMH1 30HH, 3aiiBl KpOKA a00 Hee(EKTHBHICTh Ta 3aMpONOHYBATH
ONTUMAJTBH1 3M1HH IS TIOKPAIIIEHHS TPOIIECY;

e BusnaueHHs poJieii i B3aemoaii. Mojenp jgornomarae 4iTko BU3HAYUTH
poJii Ta BIANOBIAAIBHOCTI YYACHUKIB MPOLIECY KOHTPOJIO, a TaKOK
BCTAaHOBUTH €(DEKTUBHY KOMYHIKAI[I}O Ta B3a€EMO/III0 MK HUMH;
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e OnTumizanis  pecypciB.  MogentoBaHHs ~ J03BOJIIE  BUSIBUTH
HAJIJTUIIKOBICTh 200 HeJocTady pecypciB (JIIOACHKHUX, MaTeplajbHUX,
YacOBHMX TOIIO) Ta 3HAWTH HUISXU AJI1 ONTUMAJIbHOIO BHKOPHUCTAaHHS
pecypciB Ta 3MEHIIEHHS BUTPAT;

e [lporHosyBanHsi Ta aHaJi3 pe3yabTaTiB. 3 JONOMOIOI0 MOJIEII MOXKHA
MPOBECTH MPOTHO3YBAHHS PE3YJIbTATIB BUKOHAHHA J1OPYYEHB, OLIIHUTH
MPOAYKTUBHICT Ta €(QEKTUBHICTh MpPOLECY, BHUSBUTH MOTEHLINHI
PHU3HUKHU Ta PO3pOOUTH CTpATET1l Jis IX YHUKHEHHS a00 MiHIMI3aIlii.

Mogens npoliecy po3nOYMHAETLCA 3 BUJIaul Ta PO3IMOAUTY HaBaHTAXEHHS M1k
npaiiBHuKamu. J{ani Bukiagadi GopMyroTh IHAUBIAYaJIbHI IJIAHU POOIT 1 BUKOHYIOTh
BIJIMOBIIHI MOcanoBi gopyueHHs. Ilicisi BukoHaHHS 3aBaaHb (POPMYIOTHCS Ta
3aTBEP/IKYIOThCSl 3BITH, 3aBEpUIYEThCS BUKOHAHHS IUIaHy poOiT kadeapu. Moaenb
0i3Hec- mpoliecy B cepenosuiini Bizagi HaBeneHo Ha puc. 1.
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Puc. 1. Jliarpama BepXHBOTO piBHA O13HEC MPOIECY KOHTPOIIIO
BUKOHAHHS MOCAJIOBUX JOPYUYeHb Ha Kadenpi
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Pe3ynpraToM MOJENIOBaHHS NPOLECY KOHTPOJIO BHUKOHAHHS IOCATOBUX
Iopy4eHb Ha Kadeapi € CTBOPEHHs aOCTpPaKTHOI MOJENl, sKa OMUCY€E KIIFOYOBI
€JIEeMEHTH Ta B3a€EMO3B’A3KM B LbOMY Iporeci. BrnpoBamkeHHs iHpopManiiHOi
CUCTEMH [JIsl KOHTPOJIIO BUKOHAHHS MOCAJOBHX JIOpPYYEHb Ha Kadeapl T03BOJIUTH
e(EeKTUBHO aBTOMAaTH3yBaTU MPOIEC, CIPOCTUTU OOMIH 1H(POpPMAIIi€r0, MOIIMIIUTH
BIJICTEKEHHSI CTaTyCy BUKOHAHHS, 3a0€3MEUUTH TOYHICTh 1 aKTyaJbHICTh JAaHUX, a
TaKOX MIIBUIIMTH MPOAYKTUBHICTH 1 €(EKTUBHICTh poOOTH Kadenpu.

BnpoBamkenns  iHQopmamiiHOi CUCTEMH Uil  KOHTPOJIIO  BHUKOHAHHS
MOCaJI0OBUX JIOPYUCHB Ha Kadeapl HaJae AeKIIbKa OCHOBHUX MepeBar:

e 3pyuyHui Ta uHeHTpadizoBaHuii moctyn A0 iHdopmamii. Cucrema
3abe3neuye 30€pekeHHST Ta OpraHizaiilo JaHUX Tpo IOCAJO0BI
JOpYYEHHs, X BUKOHABIIIB, CTATyC BUKOHAHHS Ta 1HII Ba)XJIUBI1 JIE€TaJIl.
Ile no3Bosie 3a0€3MeUUTH 3PYUYHUM Ta MIBUIKUI TOCTYH 10 HEOOXITHOT
1HOopMaIlii BCIM 3aI[iKaBIIEHUM CTOPOHAM;

e EdexTnBHe BiacTe:xeHHs] BHKOHAHHS JOpYy4YeHb. 1H(opmaliiiHa
cuctema(IC) A03BOJMIUTH CTEKHUTH 3a MPOLECOM BUKOHAHHS JOPYUYECHb,
BKJTIOYAIOYH TEPEBIPKY TEPMiHIB, OHOBJICHHSI CTaTyCy Ta HaraJayBaHHS
npo HeoOximHi naii. Lle cmpusie BuacHOMY Ta TOYHOMY BHKOHAHHIO
3aB/IaHb Ta MOKPAILy€e KOHTPOJb 32 MPOILIECOM;

e 3MeHIIeHHs BTPATH JaHuX Ta noMuiok. IC no3Bossie 30epiratu gaHi
B eJeKkTpoHHOMY Burisai. lle momomarae yYHUKHYTH BTpaTH Ba)KJIMBOI
iHbopMarllli 1 3MEHIIMTH WMOBIPHICTH TOMHJIOK MpuU 0O0poOIl Ta
nepenayl 1aHuXx;

e Ilokpamena cmiBnpansi Ta komyHikauis. IC Moxe 3a0e3nedyBatu
3py4Hl 1HCTPYMEHTH MJIS CIIBOpaIll Ta KOMYHIKalii MK yJaCHUKaMU
nporecy. Cucrema MoXe BKIOYaTH (YHKINT CHUIBHOI pOOOTH HaL
3aBJaHHSAMH, OOMIH ITOBIJIOMJICHHSMH, KOMEHTApSIMH Ta 3BOPOTHHUM
3B’s3k0M. lle cmpuse mokpaleHHIO KOMYHIKalii Ta 3abe3reuye
3TypTOBaHICTh KOMaH/IH;

e AHAJITHYHI MOKJIHBOCTI Ta 3BiTHicTEL. IC MOXe HamaTu aHaIITHYHI
IHCTPYMEHTH JUIS aHaji3y Ta BHBEIACHHS 3BITIB IOJI0 BUKOHAHHS
nocasioBux nopydeHs. Lle mo3Bossie mpoBoauTH aHami3 €(eKTHBHOCTI
IpOIIeCy, BUSBISATH TEHACHI, 1IeHTU(IKyBaTH MPOOJIEMHI aceKTH Ta
npuiiMaTi OOTPYHTOBAHI YMPABIIHCHKI PIIIEHHS JJIs TOJINIICHHS
IpoLecy KOHTPOJIIO;

o 30epe:xxenHsi 4Yacy Ta pecypciB. BnpoBamkenns IC no3Boiisie
aBTOMAaTU3yBaTH 0araTo PyTHHHHUX Ta MOBTOPIOBAHMX 3aJ]a4, TAKUX SK
pO3MONUT JOPYYEHb, BIIICTEXKEHHS CTAaTyCy Ta TeHepaiis 3BiTiB. lle
JI0TIOMarae 3MEHIIUTH Yac, 3aTPaueHU Ha aIMIHICTPATUBHI MPOIIECH, Ta
3BUTBHUTH PECYPCH JIJIs1 OUTBII BaXIMBUX 3aBaHb.

BnopoBamxennss  iHpopMmamiiHOi CHUCTEMU JJIS  KOHTPOJIO  BUKOHAHHS
MOCAJI0OBUX JIOPYUYEHB Ha Kadeapl J03BOTUThH MOKPAIIUTH OpraHizailito, epeKTUBHICTb
1 TOYHICTH YympaBiiHHS TmporecoM. Cucrema cOpusiTUMe 30€peKEHHIO Yacy,
3MEHIIECHHIO MMOMUJIOK, MOJIIMIIEHHI0O KOMYHIKalil Ta 3a0e3MeYuTh 3pyYHUI TOCTYyI
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no iH@popmanii. Taka cuctemMa CTBOPUTH YMOBU [UIsi OUIbII €(PEKTUBHOIO Ta
MIPO30POro KOHTPOJIK BUKOHAHHS IOCAJOBUX JOpYy4YeHb Ha Kadeapl, CIpusiouu
JOCSITHEHHIO TIOCTABJICHUX IUIEH 1 MIIBUILIEHHIO SIKOCT1 poOOTH KadeapH.

Jlitepatrypa

1. M’axmmuno O. M., 3aroposcekka JI. I'. (2017) CASE-mexnonozii y npoexmysanni
inpopmayitinux cucmem: nocio6., K.: HYXT 2017, 190 c.

2. I'pabuenxo A. I., ®enoposuu B. O., I'apamenko . M. (2009) Memoou nayxoeux
oocnioocens, X.: HTY «XIl», 142 c.
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MOXJJIUBOCTI TA IIEPEBATU GITHUB ACTIONS TA 3BACTOCYBAHHSA
GITHUB ACTIONS B IMHAMIYHUX PO3T'OPTAHHSAX HA CEPBICAX
AZURE

Kacsanenko B. O.
Hayionanvnut ynisepcumem xapuosux mexronoeiu, Kuis, Yxpaina
E-mail: slava.avals.2001@gmail.com

Capabilities and Advantages of GitHub Actions,
and Use of GitHub Actions in Dynamic Deployment on Azure Service

Developers use a repository which is a tool to control version code. The most popular public
repository has GitHub. And GitHub added more and more features to maintain its popularity. So,
one feature it's GitHub Actions which added more capabilities to this public repository. These
added capabilities build and test, deploy, and do other things. Also, GitHub Actions can
dynamically deploy web-service in Azure.

[Iporpamicti mpu cBOiii poOOTI BUKOPUCTOBYIOTH PEMO3UTOPIi, SKI €
IHCTPYMEHTOM I KOHTPOJIO Bepciii komy. CamMum MOMyNSIpHUM TTyOTIYHUM
penosutopieM € GitHub. GitHub migTpumye cBOIO MOMyNSIpHICTH J0OABISIOYN HOBI
byHKITii.

Opnna 3 takux Qynkiiit € GitHub Actions sixka mictuth B co0i “workflows” 110
€ pobounMHu TMporecaMu MO0 pearylTh HAa Ti YW IHIII 3MIHM B PEMO3UTOPIIO.
Hamnpukman push HOBUX 3MiH B BITKY PO3pOOKH.

GitHub Actions mae B co01 B:ke TOTOBI 1Ia0JOHU K1 OyJIM CTBOPEHI CAaMUMU
GitHub npaniBarkamMu, 94 BXe J10/1aHI KoprcTyBadamu (puc. 1).
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Choose a workflow

Q

Suggested for this repository

Publish Node.js Package to GitHulL
Packages
. e

Publis!

Configure t Configure cr Configure

Publish Node js Package

Pu

Configure avaScript [ avasc Configure

Deployment

Deploy Node js to Azure ° Deploy .NET Core app to ° Deploy Node s to Azure o Deploy a .NET Core app to
Web App Azure Functions App Functions App an Azure Web App
B crosoft Azure By Microsoft Azure By Microsoft Azure By Microsoft Azure

Puc. 1. Bxknagka Bubopy 1madyiony Workflow

Skio K mporpaMmicT HE 3HAUIIOB T 0 HOMY MOTPIOHO B mIabJI0OHAX, TO BiH
Ma€ MOXJIMBICTh CaM HajlamTyBaTu cBiii workflow.

Cam xe GitHub Actions, a came workflow, Hamae 3mory aBTOMaTH3yBaTH
BEIIMKY KUIbKICTh (yHKIII. Hampukiax, HamamryBaTd, IIOOHM IIopasy, KOJIH KOJ
OHOBJIIOETHCS, TPOBOJMINCH ABTOMATHU30BaHI TECTH IPOTPaMHOrO 3a0e3MeUeHHS,
HAJCUJIAJINCh TIOBIJOMJICHHS IIPO OHOBJICHHS PEIMO3UTOPi0, 1 IO BaKJIMBIIIIE
JUHAMIYHE PO3rOPTaHHS CBOrO BeO-cepBicy B Mepexki iHTepHET (puc. 2).

Home >

Create Web App

Basics Deployment Netwaorking Monitoring Tags Review + create

Enable GitHub Actions to continuously deploy your app. GitHub Actions is an automation framework that can build,
test, and deploy your app whenever a new commit is made in your repository. If your code is in GitHub, choose your
repository here and we will add a workflow file to automatically deploy your app to App Service. If your code is not in
GitHub, go to the Deployment Center once the web app is created to set up your deployment. Learn more

GitHub Actions settings
Continuaus deployment (O Disable (®) Enable

GitHub Actions details

Select your GitHub details, so Azure Web Apps can access your repasitory. You must have write access to your chosen
repository to deploy with GitHub Actions.

GitHub account

Change account @

Organization * ‘ Select organization v |
Repository * ‘ Select repository ~ |
Branch * ‘ Select branch v |

Workflow configuration

File with the GitHub Actions workflow configuration.

@ Complete the Basics tab and the form above to preview the GitHub Actions warkflow file.

[ <previous | [ Next:Networking > |
Puc. 2. Bknajka HaJamTyBaHHS TUHAMIYHOTO PO3TOPTaHHS Ha Azure
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JluHamiuHe pO3rOpTaHHS CBOTO BeO-cepBicy Iependadae, 1Mo KOPUCTyBayd He
MaTUME HE3PYUYHOCTEH Yy BUTJISAI1 JOBIOTPUBAIIUX BIAKIIOUEHB Bill BeO-CcepBICY, KOIU
MPOrpaMiCT MOYMHAE PO3TOPTaHHS OHOBJIEHOI Bepcii BeO-cepBICY, aJkKe BCe
MPOXOAUTh Ha (OHI 1 BUKOHYETHCS MIBUIKO. TaKOXK, KOJIU PO3TOPTaHHS BEO-CEpBICY
HEYCIIIITHE, TO HISKUX 3MIH HE TpoKu/Ie.

Konu Bech mporec HalamToBaHWi, TO MOXKHa TMEPETJIIHYTH T€ SK BOHO
npaitoe, B GitHub Actions (puc. 3).

@ KasianenkoViacheslavMiki / space-station-14-mapsviewer ( Public

<» Code (©) Issues 1% Pullrequests (*) Actions [ Projects [0 Wiki (U Security |~ Insights 53 Settings

€ Build and deploy .NET Cor atio \pp r-miki

@ Update map: Cluste

I 0] Summary
Status Total duration

Jobs @ KasianenkoViacheslavMiki pushed -o- ealla7e1 master Success 5m 27s

@ hbuild
deplo g g

@ deploy mapsviewer-miki.yml

on: push

Run details

f—) Usage

& Workflow file @ build

Puc. 3. PezynbraT podotn workflow

ko migcymyBatu ki MoxiuBocTi Hamae GitHub Actions To 11e:
e MOXIUBICTh aBTOMAaTHU3yBaTH TECTYBaHHS MPOTPAMHOTO TMPOIYKTY.
(Unit Tectn)
e MOXJIMBICTh aBTOMATU3yBAaTH MyOJIiKallii MPOTPaMHOTO POIYKTY.
¢ MOXIIMBICTh IMHAMIYHOTO PO3TOPTaHHS BEO-CEPBICIB.
e MOXXJIMBICTh HANAIITYBATH PEaKIlii Ha 3MIHU KOJTY.
A B mepeBaru BigHecy Te 1o BukopuctoByroun GitHub Actions B penosuropiii
BHHOCSTBLCS TECTH MPOTPaMHOTO MPOAYKTY YU CaWTy, MyOJIiKallisl caiTy, CTBOPEHHS
peIi3HO1 Bepcii mporpaMu Jijisi CKauyBaHHS.

Jlireparypa

1. Microsoft (2023) App Service documentation: Deploy to App Service using
GitHub Actions [online]. URL: https://learn.microsoft.com/en-us/azure/app-
service/deploy-github-actions?tabs=applevel.

2. GitHub (2023) Automate your workflow from idea to production [online]. URL:
https://github.com/features/actions.
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VJIK 539.3

KOMII'IOTEPHE MOJAEJIIOBAHHSA PO3IIOAIJTY HAIIPYKEHb
Y IPE3OEJIEKTPUYHOMY TIJI ITPU TIEPEMIIIEHHI
TA IIOBOPOTI KPYI'OBOI'O TUCKY

Kupuinok B. C., JIepuyk O. 1.
Inemumym mexanixu im. C.I1. Tumowenxka HAH Ykpainu, Kuis, Yxpaina

E-mail: kirilyuk60@gmail.com, 2013levchuk@gmail.com

Computer Simulation of Stress Distribution in a Piezoelectric Body During
Displacement and Rotation of a Circular Disc

On the basis of a strict mathematical model that takes into account the connectedness of
force and electric fields, analytical solutions to the problems of displacement and rotation of a rigid
circular inclusion in a piezoelectric material were found, and exact expressions for the distribution
of stresses under a circular disk were obtained. When studying the problems, the representation of
the solution of the static equations of electroelasticity for a transversely isotropic body through
harmonic functions was used. A computer simulation of the stress distribution in the piezoelectric
space under a rigid circular disk was carried out, and the influence of the electroelastic properties
of the piezoelectric material, the geometric parameters of the disk, operating loads, and the
connection of the force and electric fields on the stress distribution was determined.

lupoke BUKOPUCTaHHS y  IHXKEHEPHIA MPAKTHUIl  EJIEKTPONPYKHUX
(1’ €30€NeKTPUYHUX) MaTepialliB IPH CTBOPEHHI MIEPETBOPIOBAUIB €HEPTii, EIEMEHTIB
BUMIPIOBAJIBHUX CUCTEM 1 MPUJIAAIB MOTPEOy€e MpH iX MPOEKTYBAHHI JOCTIKEHHS 1
JETAIBLHOTO aHaJi3y pO3IMOJLTY HANpPYKeHb MOOJIU3Y KOHIICHTPATOPIB HANPYKECHBb
TUITY TIOPOKHHUH, BKIIIOYEHB, TPIIIMH Ta MPU KOHTAKTHIN B3aeMOAIi 31 IITaMIIaMH.
I[Ippu 1poMy 3B’SI3aHICTP CHJIOBHX 1 €JIEKTPUYHUX IIOJIB, IO Ma€ MiCle y
I’ €30€JICKTPUYHUX ~MaTepialiaX, CYTTEBO YCKJIAQJHIOE JOCHIDKEHHS 1 aHaii3
HAIPYXEHOTO CTaHY.

OCHOBOTO JJI TOCHTIIKEHHS CUIIOBHX 1 €JICKTPUYHHX TOJIIB y €IEKTPOTPYKHUX
Marepianax Ta eleMeHTaxX KOHCTPYKIIIH 3 HUX € CTpora MaréMaThyHa MOJENb , 110
0a3yeTbcs Ha 3B’sI3aHiN cucTeMi qudepeHIiaIbHuX PIBHIHb Y YACTHHHHUX MOX1ITHUX
JUISL  ONKCY EJIGKTPUYHUX TIONIB 1 HAmpyXeHO-AehOpPMOBAHOTO CTaHy Yy
1’ €30€NIeKTpUYHUX Tinax. [Ipy 3HaYHOMY B3a€MHOMY BIUIMBI CHJIOBHX 1 €IEKTPUIHHUX
nosiiB (edeKT 3B’S3aHOCTI), AKUH € XapaKTepHUM IJis KIacy I €30KepaMidHUX
MatepiaiiB, ClipoOW BUKOPUCTAHHS CIPOIYIOYUX TIMOTE3 1 MIAXOAIB PU3BOASATH 10
3HAYHUX TMOXHOOK TMPU PO3PaXyHKYy 1 aHaji3i HANpY>XEHOTO CTaHy 1 €NEeKTPUIHHUX
TOJTiB.

3a J0MOMOror CTPOroi MaTteMaTH4HOI Mojeil (BpaxoBye B3a€EMO3B’ 30K
CWJIOBOTO Ta EJNEKTPUYHOTO TIOJIB) 3HAWACHO AaHANITUYHI PO3B’S3KMA 3adad MPO
MepeMileHdsl Ta  OOepTaHHS  JKOPCTKOTO  KPYroBOTO  BKIIOYCHHS Y
1’ €30€NIEKTPUYHOMY TUI1 Ta OTPUMAHO TOYHI1 BUpA3M JJISl PO3NOJLTY HANPYKEHb M1
KpyroBuM auckoMm. [Ipu mocmimkeHH1 3aa4 BUKOPUCTAHO TIPEICTABICHHS PO3B’ 3Ky
CUCTEMH CTATUYHUX PIBHSIHB €JIEKTPOINPYHKHOCTI TPAHCBEPCAIBHO 130TPOMHOrO Tijia
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yepe3 rapMoHiuHi QyHkiii. [IpoBeneHO KOMITIOTEPHE MOJEIIOBAaHHS PO3MOALTY
HaIllpy>K€Hb y I €30€JEKTPUYHOMY MPOCTOPl MiJl >KOPCTKUM KPYIJIUM JTUCKOM Ta
JOCIIIPKEHO BIUIMB E€JIEKTPOIPYKHUX BIACTUBOCTEH I €30€JIEKTPUYHOIO MaTepiany,
F€OMETPUYHUX NapaMeTpiB JUCKAa, pPOOOYMX HaBaHTaXEHb, 3B 43Ky CWIH Ta
€JIEKTPUYHOTO CTPYMY. MOJIS HA PO3MOLT HANPY>KEHb.

[IpoBeneHi 3a JOMOMOIOI0 MaTEMaTUYHOI'O Ta KOMI IOTEPHOTO MOJIETIOBAHHS
JOCIIIPKEHHSI € OCHOBOIO /I HAYKOBO-OOIPYHTOBAHOTO MPOTHO3YBAaHHSA MILHOCTI 1
HAJIITHOCT1 €IEMEHTIB KOHCTPYKLIH 3 1’ €30€JIEKTPUYHUX MaTepiaiB.

VJIK 539.3

MATEMATHUYHE MOIEJIOBAHHSI KOHTAKTHUX HAIIPYXXEHD I1PH
CTUCKAHHI IBOX PI3HUX 3A BJIACTUBOCTAMUAU
EJEKTPOIIPYKHUX ITIBITPOCTOPIB 3A HAABHOCTI IVIOCKOT' O
BKVIIOYEHHA MI’K HUMHA

Kupuiaiok B. C., JleBuyk O. L.
Inemumym mexaniku im. C. I1. Tumowenka HAH Ykpainu, Kuis, Yxpaina

E-mail:kirilyuk60@gmail.com, 2013levchuk@gmail.com

Mathematical Simulation of Contact Stresses During Compression
of Two Electro-Elastic Half-Spaces with Different Properties
in the Presence of a Plane Inclusion Between Them

Using a rigorous mathematical model based on a coupled system of electroelasticity
equations, the problem of contact interaction of two piezoelectric half-spaces with different
properties in the presence of a plane inclusion of constant thickness of an arbitrary cross-section
during compression was investigated. When considering the problem, it is assumed that the
surfaces of electroelastic half-spaces do not contain an electrode coating and are located in a plane
perpendicular to the axis of symmetry of electroelastic materials. The principal features of the
distribution of contact stresses for a planar inclusion of arbitrary shape have been established. For
the case of a circular inclusion of constant thickness located between electroelastic half-spaces, a
computer simulation was carried out, the stress distribution and the size of the delamination zone
between the half-spaces were investigated depending on the piezoelectric properties of the
materials, geometrical parameters of the inclusion, and force loads.

[Ipy TpoeKTyBaHHI €IEMEHTIB KOHCTPYKIIIH, €JIEMEHTIB BHUMIPIOBaJIbHUX
puiIaaiB HeoOXigHA OIiHKa iX MIIHOCTI 1 HagiiHOCTI. IIpoBOIATH TaKy OIlIHKY Ha
OCHOBI aHaJli3y HAIMpYXEHOr0 CTaHy MiJ JI€0 HABAHTAXKEHb OJU3bKUX [0 YMOB
ekcrutyatauii. BukopucTaHHs y IHXKEHEpHIM MPaKTULl 0 €30€JEKTPUUYHUX
(eJIeKTpONpPYKHUX) MaTepiaiiB Mmpu po3poOlll MEePETBOPIOBAYIB €HEPrii, €JIEMEHTIB
BUMIPIOBAJIBHUX CUCTEM CTUMYIIIOE IHTEPEC A0 JOCTIIKEHHS 1 aHAI13y HaAIMpPy>XKEHOTO
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CTaHy Yy €JEeMEHTaX KOHCTPYKUIA 3 TaKuX MarepiajiB, OCOOJMBO MOOJIU3Y
KOHLIEHTPATOPIB HANpPYKEHb Ta MPU KOHTAKTHIA B3a€MOAIi 31 IITaMIAMH YU MIXK
co0010. BaxianBoi  OCOONMBICTIO  JOCIIDKEHb  PO3MOALTY  HAlpyKeHb Y
1’ €30€NIEKTPUYHUX MaTtepiajlaXx € 3B’SI3aHICTh CWJIOBHX 1 €JEKTPUYHHMX IMOMIB, fKa
CYTT€BO YCKJIAJIHIOE iX TPOBEICHHS.

HaykoBo-00rpyHTOBaHUM MIAX1/ 10 BUBUCHHS CUJIOBUX 1 €JICKTPUYHUX TOJIB Y
EJEKTPONPYKHUX MaTepianax 0a3yeTbCs Ha CTPOTiM MaTeMaTHYHIA MOJeni, AKid
BIJIMOBIJA€ 3B’ s13aHA cUCTeMa NU(EPEHIIaAbHUX PIBHSAHD Y YACTUHHUX MOXITHUX IS
OMKCY CUJIOBHX 1 €JIEKTPUYHHUX IOJIB Yy I’ €30€JIEKTPUUYHUX TUIaX. 3HAYHUMI edeKT
3B’SI3aHOCTI CWJIOBUX 1 €JIEKTPUYHUX MOJIB ISl LUJIOTO KJacy I’ €30€JEeKTPUYHUX
MaTepialliB He I03BOJIsIE BAKOPUCTOBYBATH CIPOIILYIOUI T'IOTE3H 1 MIAXOAHU.

VY JomoBijii Ha OCHOBI CTPOrOoi MaTeMaTU4YHOI MOJeNi, 0 Oa3yeThCs Ha
3B’s13aHIA CUCTEM1 PIBHSHB EJIEKTPONPY>KHOCTI, JOCTIIKEHO 3a/ladyy KOHTAKTHOi
B3a€MOJIIi JIBOX pPI3HUX 3a BIJIACTUBOCTSAMHM I1’€30€JEKTPUYHUX IIBIPOCTOPIB 32
HAsIBHOCTI TUIOCKOTO BKJIFOUEHHS CTajol TOBIIMHU JOBUIBHOTO TEpepidy MpHu
ctuckanHi. [Ipu po3rmsiai 3agadi MPUIMYCKAETHCS, 110 MOBEPXHI EJIEKTPOIPYKHUX
MIBIIPOCTOPIB HE MICTATh E€JIEKTPOJHOTO MOKPHUTTS Ta PO3TAIIOBaHI Yy IUIOLIWHI,
NEPIEeHIUKYSAPHIA OCl CHMETpii eJNEeKTPOINpPYKHUX MarepiaiiB. BcraHoBieHO
NPUHIIMIIOB] OCOOJIMBOCTI PO3MOJAUTY KOHTAKTHUX HANpPYXEHb I IJIOCKOTO
BKJIFOUEHHSA JOBUIBHOI (Gopmu. Jlns Bumagky KpyroBoro BKJIIOYEHHS CTajoi
TOBIIMHYU, PO3TAlIOBAHOTO MIXK €JIEKTPONPYKHUMHU IMIBIIPOCTOPAMHU, HPOBEIAECHO
KOMIT'FOTEpHE MOJIEIIOBAHHS, JOCHIPKEHO PO3MOJALT HAaIpyXeHb Ta pO3MIpH 30HA
po3lIapyBaHHS MDK HIBIPOCTOpaMH B  3aJIeKHOCTI BIJ I €30€JEKTPUUHUX
BIIACTUBOCTEM MaTepianiB, TE€OMETPUYHHX [apaMeTpiB BKJIKOYEHHS, CHJIOBHUX
HaBaHTAKEHb.

VJIK 539.3

KOMIT'IOTEPHE MOJEJIOBAHHS BILIMBY BUAY KOHTAKTHOI
B3AEMO/III HA PO3IOALI HAIPYKEHD IIPU NEPEMIIIEHHI
KOPCTKOI'O JUCKY HA 'PAHMLI TOALTY ABOX
EJIEKTPOIIPYKHUX HIBITPOCTOPIB
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Computer Simulation of the Influence of the Type of Contact Interaction on the
Distribution of Stresses During the Movement of a Hard Disk at the Boundary
of the Separation of Two Electro-Elastic Half-Spaces
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With the help of a mathematical model that takes into account the connectedness of force
and electric fields, an exact solution to the problem of moving a rigid circular disk placed on the
boundary of the separation of two piezoelectric half-spaces was obtained. Two types of contact
interaction at the boundary of the separation of half-spaces (ideal contact and smooth contact) are
considered. When considering the problem, it is assumed that the surfaces of the half-spaces do not
contain an electrode coating. The representation of the solution of the static equations of
electroelasticity for a transversely isotropic body through harmonic functions is used. Exact
expressions for the stress distribution under the circular disk, when it is moved at the boundary of
the separation of two piezoelectric half-spaces, have been obtained. Computer modeling of the
stress state depending on the electroelastic properties of half-spaces, the type of contact interaction,
loads, and geometric dimensions of the circular disk was carried out, and the influence of the
connection of force and electric fields on the stress distribution was established.

[Ipy TOpOeKTyBaHHI €JIEMEHTIB BHUMIPIOBAJbHUX NPWIAAIB 1 CHUCTEM,
NIEPETBOPIOBAYIB eHeprii IITUPOKO BUKOPUCTOBYIOTh EIEKTPOIIPYKHI
(m’e30enexkTpuyHi) MaTtepiand. [l OIIHKM MINHOCTI B HaAIMHOCTI €JIEMEHTIB
KOHCTPYKIIII Ui BUMIPIOBAJIbBHUX CUCTEM HEOOX1IHO MPOBECTH JOCTIKEHHS 1 aHAI3
pPO3MOJIUTY HANpYyXKeHb Y HHUX IPU HAaBaHTAKCHHSX, IO BIJIMOBIIAIOTh YMOBaM
eKCITyartalii. Ajie TPOBEJCHHS TaKOTO aHali3y 3HAYHO YCKIAJHIOETHCS €PEKTOM
3B’SI3aHOCTI CWJIOBHUX 1 CJICKTPHYHHUX TOJIB, IO Ma€ MiCIe IS 1’ €30CICKTPUIHUX
MarepiajiB, OCKUIBKM B I[bOMY BHUIIQJIKy CHPOIIYIOUl TIMOTE3W Ta MIAXOIU
MPU3BOJIATH 10 3HAYHUX IMMOXUOOK NP aHaJI131 pO3MOAUTY HAINPYKEHb.

Jlns HamidHOTO 1 JOCTOBIPHOTO aHAi3y CHJIOBHX 1 CJICKTPUUYHUX TIOJIB 3a
3HaYHOTO edeKTy 1iX 3B’S3aHHOCTI HEOOXITHO BHUKOPUCTOBYBATH  CTPOTY
MaTEeMaTU4YHY MOJeNb, M0 0a3yeTbCcs Ha PO3MJSAl 3B A3aHOI  CHUCTEMHU
nudepeHIiaIbHUX PIBHAHD Y YACTUHHUX MOXTHUX JJISI OTIUCY €JICKTPUYHUX 1 TTOJIB 1
HAIIPYXEHO CTaHy Yy EJNEKTPONPYXKHUX TiIaxX, IO CYTTEBO YCKIATHIOE TPOIEC
JIOCIIIPKEHHS.

3a JI0MOMOT0OK0 MaTeMaTUYHOI MOJIEN, SKa BPaXxOBYE 3B’S3aHICTh CHJIOBHX 1
CICKTPUYHUX TIOJNIB, OTPUMAHO TOYHHUHM PO3B’A30K 3a7adl PO TEPEMIlIECHHS
KOPCTKOTO  KPYIOBOTO JHUCKY, pO3MIIIEHOr0 Ha TPaHMII TOJIUTY JBOX
1’ €30€JIEKTPUYHUX MIBIPOCTOPIB. PO3rNIsgHYTO 1Ba BUAM KOHTAaKTHOI B3a€MOJIl Ha
TpaHUIll TOJLTY MIBOPOCTOPIB (iACaIbHUI KOHTAKT Ta TJIaAKUWA KOHTakT). [lpum
pO3TIIANl  3amayl TMPUITYCKAETbCA, M0 TOBEPXHI MIBIPOCTOPIB HE MICTATH
CJEKTPOAHOTO TOKPUTTSA. BUKOPUCTAHO TPEJCTABICHHS PO3B’SI3Ky CTAaTUYHHUX
PIBHAHBb  E€JEKTPOMPYKHOCTI I TPaHCBEPCATBHO-130TPOMMHOTO  TLTa  Yepes
rapMoHiuHi (yHkIii. OTpuMaHO TOYHI BHpa3W JUIsl PO3MOJLTY HAIMPYXKEHb Iij
KPYrOBUM JUCKOM, TIpM MOro TMepeMillleHHI Ha TPaHWIll TMOAUTY JBOX
1’ €30€IEKTPUYHUX  miBOpocTopiB.  [IpoBeaeHO  KOMII'IOTEpHE  MOJICJIIOBAHHS
HAlpy>KEHOTO CTaHy B  3aJIEKHOCTI  BIJl EJIEKTPONPYXKHUX  BIIACTUBOCTEH
MIBIPOCTOPIB, TUITY KOHTAKTHOI B3a€MOJIIi, JIIOYWX HABAHTAXKEHb, TCOMETPUUHHX
PO3MipiB KPYTrOBOT'O AUCKY, BCTAHOBJICHO BILJIUB 3B’ SI3aHOCTI CUJIOBUX 1 €IEKTPUYHHX
TIOJI1B Ha PO3MOLT HAMPY>KECHb.
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Mathematical and Computer Simulation of the Distribution of Stresses
in the Piezoelectric Space Near the Inclusion of a Paraboloidal Form

On the basis of a strict mathematical model that takes into account the connectedness of
force and electric fields, an analytical solution to the problem of stress distribution in the
piezoelectric space with a paraboloidal inclusion under tension was found, and exact expressions
were obtained for calculating the stress state in the material near the inclusion.

B imxeHepHii pakTUIll MPU MPOEKTYBAHHI €JIEMEHTIB BUMIPIOBAIbHUX CUCTEM
Ta MPUIAJIIB, TIEPETBOPIOBAYIB CHEPril MUPOKO BUKOPUCTOBYIOTHCS CICKTPONPYXKHI
(1’ €30€NeKTPUYHNX) MaTepiaiiB, M0 XapaKTePU3YIOThCS 3B’SI3aHICTIO (B3a€EMHUM
BIUTMBOM) CHJIOBUX 1 €NEKTPUYHHUX MOJIB. AJie pO3paxyHOK HANPYKEHOTO CTaHY B
TaKUX MaTepianax, 0COOIMBO MOOIN3Y KOHLIEHTPATOPIB HANPY>KEHb THUITY MOPOKHUH,
BKJIIOUYEHb, TPIINIMH, TOB’S3aHUM 31 3HAYHUMH TPYAHOLIAMH MATEMAaTHYHOTO
XapakTepy, aJke Mmotpedye po3risiay MOBHOI CUCTEMU 3B’ S3aHUX AU epeHIIaTbHUX
PIBHSAHb Y YACTMHHHUX MOXITHUX JJIA ONMUCY CUJIOBUX 1 eNeKTpuYHUX noiiB. Crpobu
BUKOPHUCTAHHS CIPOIICHUX MIAXOMIB 1 TEOpid I aHali3y 3B’S3aHUX IOJIIB
IPU3BOJIATH 10 3HAYHUX IMMOXHUOOK Y OIIIHII PO3IOLTY HAIIPY>KEHb.

Ha ocHOBIi cTporoi MareMaTH4HO1 MOJIEI1, III0 BPAXOBYE 3B’ SA3aHICTh CHIIOBHX 1
CJCKTPUYHUX TIOJIB 3HAWJACHO aHAJITUYHUKA PO3B’SA30K 3a7adi MpPO PO3MOALT
HANPYXEHb y T’ €30€JEeKTPUUHOMY MPOCTOPI 3 NMapadoI0inaJIbHUM BKIIOUECHHIM MpU
PO3Ts31, OTPUMAHO TOYHI BUpPa3u JUIsl OOYUCIICHHS HANPYKEHOTO CTaHy y MaTepiaii
nobnu3y BkmtodeHHs. [Ipu mociimkeHH] 3ajadyi BUKOPUCTAHO TOJAHHS PO3B’A3KY
CUCTEMHU CTATHUYHUX PIBHIHB EIEKTPOMPY>KHOCTI NI TPAHCBEPCAIBHO-130TPOITHOTO
Tia 4epe3 rapMOHIYHI (QYHKI[Ii Ta CIMEHCTBO TapMOHIYHUX (DYHKIII CIeiaTbHOTO
Burisimy. [IpoBeaeHO KOMIT'IOTEpHE MOJCIIOBAHHS PO3MOAULY HANpyXeHb
1’ €30€JICKTPUYHOMY ~ TIPOCTOpiI  MOONM3y  MapaboyioifanbHOTO  BKIFOUCHHS,
BCTAHOBJICHO BIUIMB BJIACTMBOCTEU I €30€JEKTPUYHOTO MaTepiany, T€OMETPUIHUX
napameTpiB BKIIOUEHHS, HABAHTA)KEHb, 3B’SI3aHOCTI CHJIOBHUX 1 €JICKTPUYHUX TIOJIB
Ha PO3TOJILT HAMPYKEeHb M00IN3y Mapado10iqaTbHOTO BKIFOUEHHS.

OTpumasi 3a TOMOMOTOI0 MAaTEMAaTHYHOTO Ta KOMII IOTEPHOTO MOJIEITIOBAHHS
pe3yabTaTh aHalli3y Hampy>KeHOro CTaHy Y II'€30€JIEKTPUYHOMY Martepiaii 31
BKJIIOYEHHSM € OCHOBOIO JUIsl HAYKOBO-OOIPYHTOBAHOTO MPOTHO3Y 3 OLIHKU MIITHOCTI
1 HaJIMHOCTI €JEMEHTIB KOHCTPYKIIA 13 I’€30€JEKTPUYHUX MaTtepiaiB 31
BKJTFOUCHHSIMH.
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TIME SYNCHRONIZATION IN WIRELESS SENSOR NETWORKS

WSN play a crucial role in a variety of areas, from environmental monitoring to healthcare
applications. Reliable and accurate synchronization of sensor nodes is essential to ensure efficient
data exchange and coordination in these networks. This article explores the topic of
synchronization in sensor networks.

CHHXpOHI3aIlil Yacy € BaKJIMBOIO NPoOJIeMOr0. [HOAI CEHCOpHOMY BY3IY
BaXJIMBO 3HATH, B SIKWW Yac BimOymacs Ta 4M iHIIA MOJIisl B KOHTPOJIbOBaHIM 00JIACTI.
Bucoka TOYHICTH JOKAJIBLHUX TOJAMHHHUKIB HEOOXImHA If 3a0e3leueHHsT B3aeMOIii
By3J11B Mepexi. L{i ceHCOpH1 By31u KOOPJIMHYIOTh CBOT 3yCHJUIA 1 MPalIOIOTh pa3oM
JUISL JOCSATHEHHS CKJIaAHOTO 3aBiaHHsA ineHTHdikaiii / 3o0HAyBaHHiA. OmHUM 3
NPUKIAIIB Takoi KOOpJWHALIl € 37UTTS Ta 00 €HAHHSA [aHUX, MPU SIKOMY JlaHi
NOBUHHI 30UpaTUCs 3 PI3HUX aKTUBHUX BY3JIIB Ta arperyBaTUCs, HAKOMHUYYIOYUCH Y
KOPHCHI1 pe3yJIbTaTH.

Hamnpuxman, B CHUCTEM1  BIJCTEKCHHS TPAHCIIOPTHUX  3aco0iB,
MICII€3HAXO/KEHHSI TPAHCTIOPTHOTO 3ac00y, IO BIICIIIKOBYETHCS, TOBIIOMIISIETHCS
CEHCOPHUMH BYy3JIaMH. Y IIbOMY BHUIIAJIKY, SKIIO CEHCOPHI BY3JIM HE CHHXPOHI30BaHi
(TOOTO HE MarOTh CHUIHLHOT YaCOBOI IIKAJIN), X OI[IHKK OyAyTh HETOYHUMHU. a TEPMIH
CIYy)KOU Mepex Moke OyTH 30UIbIIEHHUM, SKII0 CXEMH CHEepro30epexeHHs
BUKOPHUCTOBYIOTh METOJY CHHXPOHI3aIlli, MHOXUHHUM JTOCTYN 3 YAaCOBUM IOJ1JIOM
ka"amiB (Time division multiple access, TDMA) Ta iHIII adrOpUTMU TUIAHYBaHHS
MOJIUISIOTh CEPENOBHUIIE Tepeaadi JaHWX Ha 9acoBi 00JacTi, ycyBawouu Koii3ii Ta
3a0MIa/KYIOYU €HEPril0, TOMY OCTaHHIM 4YacoM Bce OUIbIlle yBaru MPUILISETHCS
PO3pOOIIi ANTOPUTMIB CHHXPOHI3AIIIT CTIEIIATBHO ISl CCHCOPHUX MEPEK.

OOuncmioBalibHI ~ MPUCTPOi  3A€OUTBIIIOTO  OCHAIEHI  TE€HEPaTopoM 3
MIATPUMKOIO TOAWHHHMKA. KOXKeH OKpeMuil CEeHCOp Yy Mepexi Mae CBid BIACHUU
TOJWHHUK. B imeani TOMMHHUK CEHCOPHOTO BY3Jia IOBHHEH OYTH HAJIAIITOBAHUH TaK,
mo6 C (t ) =t , ae t mo3Haudae ifean,ado eTaJoHHWH 4Yac. 3 iHIIOro OOKy, depes
HECIPABHOCTI Ta HEBIAMOBITHOCTI TOAMHHHUKOBOTO TE€HEpaTtopa, TOAWHHUK Oyje
BIIXWJISATHCS Bij iI€aJbHOIO Yacy 1 MaTHME PI3HMINIO y BiJUTIKax, HaBITh SKIIO BiH
CIIOYATKY iJ€aIbHO HANAIITOBAaHWUM, 1 1€ MOXXHA 3MOJIENIOBATH, SIK TOKA3aHO Y
piBHsIHHI 1:

Ci(t) = 0 + f.t (1)
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ne 0 1 f Ha3uBarOThCA TAaKTOBUM 3CyBOM (TOOTO pi3HMIEIO (a3 1 Bapiawii) Ta
3CYB TaKTOBOI 4acCTOTH (TOOTO PI3HMIII Ta Bapiallisl YaCTOTH) BiJIMOBIIHO. 3 PIBHSHHSA
1, TakTOBUIA 3B’ 30K IBOX BY31iB A 1 B MOXHa moiatu y BUTJIA1 PIBHSHHA 2:

C(t) = 08 + £ AB.CA(1) )

ne 0B ta fAB_— BinHocHA PI3HULA TAKTOBHX YACTOT 1 PI3HMI Y4aCTOT MDK
By31amu A Ta B, a rpadiune noganHs nokaszano Ha puc. 1.
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Puc. 1. l'onuHHUKOBA MOJIENIb CEHCOPHUX BY3IIIB

3maBanocst O, SKIIO JBa TOJWHHUKM CHHXPOHI30BaHI Ta 0€370raHHO
Hanamrosadi, To "8 = 0 ta A8 Byson A posrusamaeTbcs SK ONOPHUM BY30I, TO
CUHXPOHI3allisl TOJAMHHUKA IIOBHHHA aNpOKCUMYBAaTH Ta OIIHIOBaTH IIi JIBa
napaMeTpu TaKuM YHUHOM, 100 By30i1 B ckopuryBaB CBiif BIacHHUNM TOAMHHUK a0o
IIEpPEBIB CBOIO YaCOBY 1H(OpMAIIit0 10 YACOBOT IIKAIX By3Jia A, KOJIM 11 HEOOX1THO.

JlokanpHMii yac Ha OyIb-KOMY OOpaHOMY «ETaJOHHOMY» BY3Ili MOXke OyTH
rJI00QIBHUM YacoM, JI0 SIKOTO MalOTh OyTH CHHXPOHI30BaH1 BC1 BY3JIH.

HacmpaBai mpobiiema cuHXpoOHI3aImii yacy — IIe MpoOiieMa OIlIHKK 3CYBIB
(mpetidiB) 1 3MilIeHb KOKHOTO By3na. [lapameTpu roguHHNKA € CPEeporo TOCTIIKEHb
1 TMCKYCIH, Ha SKi JISTKO BIUIMBAIOTHh Pi3HI 3MiHM HABKOJIMIIIHHOTO CEPEJIOBHINA Ta
i 30BHImHI (pakTopu/edexTr, Taki SK 3MiHA HAMPYTH, CTApPiHHSA O0JIaTHAHHSA,
aTMoc(epHHUIl TUCK 1 TEMIIepaTypa.
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On the Features of the Software Implementation
of Geometric Modeling in the Design of Objects

One Considered problems of geometric modeling in the construction of objects that work in
a moving environment. Approaches to choosing a method for algorithm development are defined
and features of its software implementation are highlighted. The method of polytissue
transformations and the data migration algorithm were chosen.

Y TemepimHiii Yac CTPIMKOTO PO3BHUTKY KOMII FOTEPHUX TEXHOJIOT1H
yIIOCKOHAJICHHS aBTOMAaTHU30BAaHOI CHUCTEMHU TMPOEKTYBaHHS ICTOTHO JO3BOJISIE
ONTUMI3yBaTH pOOOTY 3 CKIAAHUMHU I'€OMETPUUYHUMHU MMOOY0BaMHU, JIe CYTTEBY POJIb
BIJIIIpa€ MEXaHI3M MPOEKTYBAHHS TJaJKUX KPUBHUX, IMMOBEPXOHb, KPUBOJIHIMHUX
00BO/IIB. YMOBa TJIAJIKOCTI 1 HEMEPEPBHOCTI, BIICYTHICTh OCIWISAIIN KPUBOi, IO
MOJIENIOETHCS, TJIAJIKOCTI CTUKOBKH MOPIIA MOBEPXOHB, 110 MEXKYIOTh, Mepeadadae
JTOAATKOBI BUMOTH O POOOTH MaTEMAaTUIHOTO arlapaTy Ta IIPOTrpaMHOI peai3aliii.

Jl1s1 BUpIIIEHHS [UX IIPOOJIEM B T€OMETPHYHOMY MOJICIIFOBaHHI ICHYIOTH IIEBHI
migxoau. Jlms mpoekTyBaHHS arperaTiB 1 MallldH, SKI TPAIIOIOTE Y PYXOMOMY
CEpEeIOBHIN, 3BaXKalo4M Ha crenudiky iX BHKOPHUCTAHHS, JI€ YacCTOI BHUMOIOIO €
30epexkeHHS 3—4 TOPSAOKY TJIAAKOCTI, 3allpOINOHOBAHO METOJ IOJITKAHMHHUX
NEepPEeTBOPEHb. 3Ba)kalouuW Ha Te, IO IIell MeToja mependayae MPOBENECHHS BEIHKOT
KUTBKOCTI OOYMCIICHB, 30€peKCHHS PI3HUX KOMOIHAIIM JaHUX Ta IEepexil 3 OXHIEl
CHUCTEMH B IHIIIY, TTOCTA€ HOBA 3aja4ya y BUOOPI MAXOAIB, III0 MalOTh 3a0e3euyBaTu
Py IIbOMY BIJIMOBIIHY aJ€KBATHICTh BUKOHAHUX Aid. J[JI1 mporpaMHOTO pillieHHS
3a3HAYCHUX 3aBJIaHb OOpaHO aNTOPUTM Mirpaiii nanux. Pesymbpratu poboTH 1IHOTO
QITOPUTMY € JOCTaTHhO €(MEKTUBHUMHU 3 TOYKH 30pYy BUTpATH 4Yacy Ha OOpOOKYy
iHopMarlii B iporieci ii mepeHeceHHs 3 OJHOTO CXOBUIIA B 1HIIIE.

Po3pobnene koH(irypabenpHe mporpamMHe pIlIeHHS IS Mirpaiii JaHuX, B
SKOMY QJITOPUTM MIrpaiii KOXXHOTO OKPEMOTO TOJiI BKAa3yeEThCs K Tapamerp,
nepenbavae 0JTHOYACHE 3’ €THAHHS MIHIMYM 3 BoMa Oazamu gaHux. [Iporec mirpartii
BiIOyBa€ThCS HAa OCHOBI NPABWJ CIIBCTABJICHHS, SKi 3a3/aJieTigb BU3HAYAIOTHCS Ta
Y3TOJIKYIOTHCS, aJIe MOXKYTh 3MIHIOBATUCH Y MAOYTHROMY.

Cnin  3a3HauuTH, 1O  peami3alis  OCOOJMBOCTEH  3ampONOHOBAHOIO
MPOrPaMHOI0 PIIIEHHS J103BOJIUTh OTPUMATH BEJIUKY KUIbKICTh PI3HUX BaplaHTIB
F€OMETPUYHOIO MOJICJIIOBAHHS Y KOHCTPYIOBaHH1 00’ €KTIB.
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MATEMATHUYHE MOJIEJIIOBAHHSA XBHUJIb 3CYBY
B IEPIOJUYHIN CTPYKTYPI I€'30EJEKTPUK - II[IJIMHA

JleBuenko B.B.
Heporcasnuu Yuieepcumem Tenexomyuixayiu
e-mail: ylvv @ukr.net

Mathematical modeling of shear waves in the periodic
structure, the piezoelectric is a slot

In the work, as a result of numerical experiments, the existence of pass zones for
bulk electroacoustic waves in regularly layered media of the "piezoelectric-slit” type
was established. These zones are very narrow compared to the blocking zones and are
localized in the vicinity of the curves. As the thickness of the vacuum gap increases, the
width of the transmission zone becomes narrower and eventually degenerates into a
line. It has been established that with an increase in the wave number and frequency,
the width of the gap zones slightly increases.

[IIupoke 3acCTOCYBaHHS B PI3HUX Taly3sIX HAyYKH 1 TEXHIKA 3HAWILIH
OaraToiapoBi IIapyBaTO-MEPIOUYHI CTPYKTYPH 3 €ICKTPONPYKHHX MarepialiB. Y
il po6oTi Ha minxoxay [1] BUBUAKOThCA 00'€MHI aKyCTOCIEKTPUYHI XBHUII1 3CYBY, 110
MOITUPIOIOTECS B PETYJSIPHO-IIAPYBATIH CTPYKTYPl «II'€30€TEKTPHK-BAKYyMHHMA
3a30p». Jlucmepcis TakuxX XBWJIb BU3HAYAETHCS 3B'I3KOM IT'€30€TIEKTPUYHUX IIAPiB
CIICKTPUIHUMH TIOJISIMH Yepe3 miimuny [3].

PosrnsiHeMo peryisipHO-IIapyBaTe MPOCTIp, KU BigHECEMO JO JEKapTOBOi
cucreMu KoopauHat OXYyz, SIKHH YTBOPEHO TOBTOPEHHSM Y3I0BX oci Ox 1mapy
I'€30€NIEKTPUKA TOBUIMHU /i, (I3UKO-MEXaHIUHI BIACTUBOCTI SIKOIO OMHMCYIOThCS
MaTepiaJbHUMH CIIBBIIHOMICHHSIMH KpHUCTajgorpadigHoro kimacy 6mm i BaKyyMHOTO
3a30py ( IIIMHKA) TOBUIMHU /,,. HampaBumo Bick OZ AeKapTOBOi CUCTEMH KOOPIWHAT
B3JIOBXK OCi CHMETpIi IIOCTOro MOPSAKY. PO3MOBCIOKEHHS B3/I0BXK 0oci Oy 3CyBHOI
XBWII B M'€30CJICKTPUYHUX IIapax OMUCYETHhCS BIAMOBIAHO 10 JIIHEAPU30BAHO1
CUCTEMH PIBHSIHB CJIICKTPOINPYKHOCTI BHILY [2]

2.0 — * _
PpOt Uy = Caqpluy, A, = 0, (@D
a B IIUIMHU PIBHSHHAM [2]
Agy = 0, (2)
JI€ BBEJNECHI TO3HAYEHHA Cagp, Ppr E11pr €15p— PIBMKO-MEXaHIYHI MapameTpu

1 * — 2 — €is5p .
'€30€NCKTPUYHOTO WAPY, Cagp = Caap + €155/ €11 Wp = Pp — (E) Uy, @ Pyl
¢ — €AEKTPOCTATUYHI MOTEHI[1aJIX BIAMOBIAHO B M'€30€IEKTPHUIIl Ta BAKYyMi.

Po3B's3annsa cuctemu piBHAHB (1)-(2) y KOXXKHOMY 3 IIapiB IIYKAaTUMEMO Y

BUTJIAIL



= B( ) L sin, (x —x5,,) +B 1COS.Q (x—25), ¥y = D(l) L Shk (x —
xXin) + D chk (x — x5 ),
X1y <X < Xhpi o = DS shk (x — x35.) + D2 chk (x — x5,),
Xnp <X <Xppn 0,21,£2, .. 3
ne Xy = nh+ hy, X5 = nh+ h b= hy + hy, , 0 = (k- kz)l/z, ki = w?/é,
& = Caap/ Pp, k— XBHIIBOBE UHCIIO, W— KPYroBa 4acToTa.

Ha wMexax poszimy BJIacTHBOCTEH aHaJli30BaHOrO CEPEJOBUIIA X = Xy )
MOBHHHI BUKOHYBATHCS YMOBH [ 3]

CZAL,paxup + els,paxlpp =0,, axlljp = Ox®o- l/)p - =d¢o. 4

[{i ymMOBM BHpaXarOTh BIACYTHICTh 3CYBHHUX Hampyr, Oe3nepepBHICTh
€JIEKTPUYHHUX MOTEHII1aJIIB Ta HOPMAJIbHUX KOMIIOHEHTIB €J1eKTPUYHOT 1HTYKIII.
[TincTaBnstoun pimeHHs (3) y rpaHudHi1 yMOBH (4), BUX1IHE 3aBJIaHHS 3BEJIEMO

€11p

— —
a0 HECKIHYEHHO1 CUCTEMHU P1BHAHDb IOA0 HCBITOMHX BjTaDi

N(Sn,pi k;)l_jZn—l + Nu(e15,pi 9p)§2n—1 = N(&o; 0)52711
N (&o; k;)BZn = Nu(e15,pi 0)§2n+1 + N(En,pi 0)52n+11
M(ap; Qp)§2n_1 + ]\7[)11(815,2,; k;)ﬁm—l =0,
M(ay; 0)Bynys + My(€15p;0)Danyy =0, n=0,41,%2, ... (5)
VY cucremi (5) BBeIeHO MaTpHIli

«\ _ gll,kahk;; _gll’kahk;;:l
N(erap kp) ‘[ —shk;, chky, |

w _ [€okchky, —&ok sh k{i]
N(go, ky) = [ —shk,  chki |
9) = 0 0

N(815JP’ P) - [—315,pk sinB, esykcos Gp]

BEKTOP-PSIIKH
ﬁ(ap; Qp) = [ap cos Bp e sin Bp],

Mu(e15 p; k;) = [815 pk chky; —eqspk sh k;‘,],
BEKTOP-CTOBIIIII §i = col (B(l) B(Z)) D = col (D(l) D(Z)) Ta NO3HAYEHHS
k;‘, = khy,, 0, = Qphy, a, = 03;4,1,[2,,, ky, = kh,,.

BukoHaBIIM psijl MEPEeTBOPEHB, CUCTEMY PIiBHIHB (5) MOYKHA 3BECTH JI0 CHCTEMHU

1010 HEBIIOMHUX ﬁi
N(Sll,p; k;; Hp)DZn—l = N(SO; O)DZni DZn = N(Sll,p; 0; 0)D2n+11 (6)



ne enemeHtd marpumi N (511,p$ kp; Qp) maroth Burmsgy N1t = E11,pk chky, N1Z =

Y €15, ; €15, Y
—&1pk shky, N?'=—shk, ——ER"sin6, +—=LR*  cos O, . N** = chk, +
’ €11,p €11,p
eisp. Rl — _ keisp R21 — —keysp chky—a,R'" cos 6, 5o _ keyispshky
E11p a, ' a, sin 6, ’ a,sin@,

BukopucroBytoun 3anponoHoBanuid y [1] miaxia, 3arajgbHe pilIEHHS CUCTEMHU
PIBHSAHB (6) MPEACTaBUMO y BUTIISIAL
Dypoyq = Z?:1Xjn1\7_1(811,p; 0; 0)N (&9; ky)N ™ (gp; 0) Y])',

Don = 221 x"N™1(gg; 0)Y;, n = 0, %1, %2, .., )
ne x;™ 1_/; ( j = 1,2) — xapakTepuCTH4HI 4YuClia Ta BIANOBIAHI M BJAaCHI BEKTOPH
nepeaaBagbHOT MaTPUII

N = N(ell'p; ky; Qp)l\_/_l(sn'p; 0; O)N(eo; k)N ~1(gy; 0). (8)
Ha ocHoBi cuctemu piBHSHB (5) OTpUMAEMO PIMICHHS IS §2n_1 y BUTIISIAL
§2n_1 = ZJZ-=1(I_?)1 + I_?)z))("l\_f_l(sn,p; 0; 0)6 N(&g; k)N~ 1(gy; 0)Y;,, me BBexeHi
BEKTOP-CTOBIIIII 1_2)1 = col(R'Y; R??), ﬁz = col(R?*%;0).
besnocepenni o6uucnenns nokasanu, mo det N = 1. Toni 3rigno [1], ymoBa
iCHyBaHHSI 00'€MHHX E€JICKTPOINPYKHHX XBUJIb 3CYBY Ma€ BUTJIS] |bpv| <1, by, =
spur N/2, (9) , a piBHAHHS
by, = +1 (10)
3Q/1al0Th MEXI1 ITUX 30H. Y BHUMAAKY, KOJU TOBIIWHA IIUTMHU A, = 0 nucnepciiiHe
piBHsHHSA (10) 17151 Mex 30H IpOITyCKaHHS HaOyAe BUTIISAY

. * T k(615,p)2 - _
a, sin 6, (ch ky + 1) + ey (cos 0, + 1) = 0. (11)
3nak «minyc» (11) BinmoBinae mexam, ae bp, =1. Hepaxko moda4yuty, mo pilieHHA

C0sf, =+1 pusHauaTHMe KOPiHHS OCTAHHBOTO PiBHSHHS.

B pe3ynbTaTi 4YMCENBbHUX EKCIEPUMEHTIB MIATBEP/KECHO ICHYBAaHHS 30H
MPOIYCKAaHHA ISl O0'€MHUX €JNEKTPOAKYCTHYHUX XBHWIb Y PETryISpHO-IIAPOBUX
CEpEelIOBUIIAX THUITY «II'€30€EKTPHUK — IIUTHa». L{i 30HU my»xe By3bKi B MOPIBHAHHI 3
30HaAMHM 3aMHMKaHHS Ta JIOKAJI130BaHl B OKOJIUII KpUBUX C0SOp, ==*1, BcTaHOBIIEHO, IO

31 3pOCTaHHsM k Ta @ TIMPUHA 30H HE3HAYHO 301LTBIIYETHCS.
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The Problem of Prototyping LMS in the Network of Situation Centers of State
Authorities of the Security and Defense Sector and Approaches to its Solution

Approaches to the software implementation of event log management systems in the nodes of
the National Network of Situation Centers of State Authorities (SC of SA) of the Security and
Defense Sector are considered and compared. It is emphasized that the final decision should be
based on practical tests and modeling of system prototypes on limited data flows, taking into
account the purpose and features of the network of SC of SA.

[TpuckopuTH mporiec po3B’si3aHHs MpodiieM cTBopeHHS HarioHabHOT Mepexi
Curyaniitaux 1ientpiB OpraniB JlepxaBHoi Bnagu Cektopy besneku 1 O6oponu
(OAB CBO) mae po3poOka TUMOBHX MIAXO/IB, PIIIEHh 1 MPOTOTUIIB iX peasizamii 3
MOJAJIBIIAM BIANPAIFOBAHHSM, PO3BUTKOM 1 BIpoBapkeHHsM [1]. 3 ormsaay Ha
oesnekoBi acnektu ¢yHkuionyBanus CL[ OJIB CbO Tta HeoOXigHICTh iHTErpaiii
PI3HOPITHUX BIIOMYHUX CHCTEM OCOOJIMBO BaXKJIMBE 3HAYCHHS HaOyBa€ MOHITOPHUHT 1
KypHasizaiisg nmoaiii B Bysiax mepexki CII Ta merTpanizoBana oOpoOka >KypHasiB
(Jtor-¢aiiiB) 3 METOIO BUSABJIEHHS TIOMHUJIOK, 3arpo3, TOIIIO.

B kxoHTekcTi mpoToTHMmi3amii BIAMOBIIHUX PIMICHh MI0J0 IMPOTPaMHOL
peamizamii cucreM ympabiinasa kypHanmamu (LMS) Big3HauyaroThCs JBa MOKIHMBHX
migxoau: 1) amanTallii 1 BHKOpHCTaHHS roTtoBux free open-sourse cucrem; 2)
po3pobka Ha 0a3i i71e00rii 1 anpoOOBaHUX aAPXITEKTYPHUX PIllICHb CIEliaai30BaHUX
MPOTPaMHHUX CHCTEM, OPIEHTOBAHMX O€3MOCEepeIHhO Ha 3ajadi 1 0COOJHMBOCTI
¢ynkiionyBanus Mepexi CI[ OJIB. CrtocoBHO nepwioeco nioxody Orisn
JEKIAPOBAaHUX MOXKIJIMBOCTEH, TepeBar 1 HEAONIKIB HAWOUIbII MOMyIspHUX OPEN-
sourse cumcreM i okpemux iHcTpymeHtiB LMS (ELK, Graylog, Grafana Loki,
GoAccess, Fluentd, LOGalyze ta iH) [2] mae migcTaBu uisl 3BYXKEHHS 00JacTi
MPUHHATHUX PIMIEHB A0 JBOX KOMIUIEKCHUX MOBHO(DYHKITIOHATBHUX cucTeM. Lle crek
ELK (Elasticsearch+mocrauansauk xyprainiB Logstash+ kopuctyBanbkuii iHTEpdEiic
JUIA TONIyKy 1 Bidyamizamii sxypHaniB Kibana) ta moBHuii camomocTatHiii maker
Graylog (BOynoBana Elasticsearch + BiacHi 3aco6u 300py, 00poOKH 1 Bizyauizarlii).
KosxHa 3 BiA3HAUCHHMX CHUCTEM MAa€ CBOI MEpeBarv i HEJOJIKH CTOCOBHO IIIJIBOBOTO
3aCTOCYBaHHSI 3a KpPUTEPIIMU MOBHOTU (YHKIIIOHANYy, MaclITa0yBaHHS, XMapHOI
peanizailii, CKJIaJTHOCT1 ONTaHYBAaHHS 1 PO3BUTKY TOIIIO.

Peanizauis opyzoco nioxody moinsirae B ‘‘caMOCTIWHIN arperauii JaHux 3
KYpHaIIIB TOAINA. Arperaiiss CcTae MOXJIMBOIO Ta €(QEKTUBHOI 3a pPaxyHOK
LEHTpali3alli KypHajiB, TOOTO, 30€peKeHHs X y OJHOMY MICHI1 1 CTPYKTYpyBaHHS
64



JaHUX, OTPUMAaHUX 3 PI3HUX JKepen. [Haekcaunisa qaHux Ta 30epexeHHs KypHaliB B
JOKYMEHTO-OPIEHTOBaHIM 0a3l JaHUX CTBOPIOIOTH YMOBH ISl MOIIYKY HEOOXITHUX
JAHUX Ta 1X aHai3y yepe3 eAMHuM iHTepdeiic kopuctyBaya.

[lepeBaru arperaiii noJjsratoTh y:

® [[EHTPaJII30BAaHOMY PO3TalllyBaHHI;

® CTPYKTypyBaHHI JaHUX;

® JIOCTYII O MOTOKY JAaHHMX y peajbHOMY 4acl 1 opraHizaiii IIBHIKOTO
CEMaHTUYHOIO MOIIYKY Ha OCHOBI 3MICTY JaHUX.

Ha BiaMiHy Bil CTPYKTYpH NOBIIOMJIEHb Y CUCTEMHUX KypHaiax MOJIIH, siKa €
YiTKO BHW3HAYEHOIO, /IS MPHUKIATHUX 3aJad JOLUUIPHO C(HOpMYyBaTH BUMOTH O
YHI(IKOBAHOI CTPYKTYpHU MOBIJOMIICHb, SIKA CKJIAJJAETHCS 3 MOKAa3HUKIB, HEOOXITHUX
JUTSL aHATTI3Y.

[TpuxiagoM i MOXJIMBUM MOYATKOBUM MPOTOTHIIOM IIEHTPATI30BaHOI CHCTEMHU
arperariii >XypHaJliB MoJlii Moxe OyTH apXiTeKTypa, 3alpornoHoBaHa B poooti [3], mo
3a0e3neuye 30€epeKeHHs, MOIIYK Ta aHajli3 1HAEKCOBAaHMX OO’ €KTIB KypHalIB y
nokymenTo-opienToBaHii CKBJ] MongoDB. Jlns arperarii i cucteMaru3aiiii JaHuX
’KYPHAIIB ICHY€E PsiJi TOTOBUX IHCTPYMEHTIB, a came [2]:

e Syslog, rsyslog (Tinbku arperartis);

e Sematext Logs (arperamis Ta aHali3, HEMa€ MIATPUMKH IS
HECTPYKTYPOBAHOI'O TEKCTY, TUIbKH (popmaT JSON);

e SolarWinds Papertrail (xmMapHe mnporpamMHe cepeioBHINE, IIyKae 1
aHajizye (aitnm xxypHany y 0ynb-skoMy (opMarti B peaJIbHOMY 4aci);

e Splunk (arperartiist ’kypHaJiB, IOIIYK 1 aHAII3 XYPHATIB 32 ICTOPUIYHUMU
JTAHUMH, TUTFOC aHaJji3, Bi3yasi3allis Ta 3BITYBaHHS B peajlbHOMY 4Yaci);

e Sumo Logic (arperaiiisi *ypHajiB, po3IIUpeHa aHATIITHKA 32 PaXyHOK
1HAEKCYBaHHSA Ta PUIBTpAIlii, IpaItoe B peKUMi PEIbHOTO Yacy) TOIIIO.

Henomikamu niepesrigaeHuX Mporpam € iXHsl BapTICTh Ta «3aKPUTICTHY.

Ocraroynuii BHOIp MIAXOMIB Mae Oa3yBaTHUCA Ha (PiHAHCOBO-TIOTITUIHUX
PIIEHHAX 1 NPAKTUYHUX BUIPOOYBAHHSAX TMPOTOTHIIIB CHCTEM Ha OOMEXKECHHX
MOTOKaX JaHWX 3 ypaxyBaHHsIM mpu3HadueHHs 1 ocobmuBoctedt mepexi CL[ O/IB

CBO.
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Analysis of Multi-Thread Programming in Java
for One Class of Problems

The article highlights the characteristic features of multithreading and their practical
application for one class of problems. The life cycle in the context of multithreaded programs is
considered, its states are analyzed, and the main problems are identified. The synchronization of
threads and situations when threads depend on shared resources and can compromise data
integrity are considered. Use of a semaphore as a tool for synchronizing threads in multithreaded
programs is shown, and its properties and principles of operation are defined.

VY cydacHOMY HporpaMyBaHHI 0araTornoTOKOBICTh BUKOPHCTOBYETHCS 3 METOIO
¢(EeKTHBHOTO BHUKOPUCTAHHS PECypCiB OOYHMCIIIOBAIBLHOT CUCTEMHU Ta ITiIBUIICHHS
NPOAYKTUBHOCTI mporpam. Lllnsxom po3aijgeHHs 3aj7ad Ha OKpeMi MOTOKH B OJHIN
nporpami, 0araTonmoTOKOBE MPOTpaMyBaHHS JO3BOJISIE BUKOHYBATH Pi3HI orepairii
napajgejabHO Ta OAHOYACHO OOpOOsATH 0arato 3aBlaHb. 3a JOIMOMOTOI0 IIOTO Yac
BUKOHAHHS MPOrPaM 3MEHIIYETHCS Ta MIJBUIYETHCS PEAKTUBHICTH Ta BIATOBIAHICTH
CUCTEMH JI0 BXIJTHUX MOIM.

B nomoBimi BHUCBITIIIOETBCA XapaKTepHI pPHUCH 0araTomoTOKOBOCTI Ta iX
NPAKTUYHE 3aCTOCYBaHHA, 10 MOXE OYTH JOCTaTHHO IIMPOKO BUKOPHUCTOBYBATHCH
JUIsE OJHOTO Kjacy 3amad. A came: JOCHIIKEHO Ta HpOBeI[eHO aHai i3 mepesar
0araTonoTOKOBOTO MPOTrpamMyBaHHS B KOHTEKCTI CY4aCHHX KOMII IOTEPHHX CHUCTEM;
OMMMCAHO TMPAKTHYHI 3aCTOCYBaHHS Ta BHUIUICHO TIepeBarv, SKi OTPUMYIOThH
pPO3pOOHMKHA Ta KOPHWCTYBadi 3aBISKH BHUKOPHUCTAaHHIO  0araToIlOTOKOBOCTI,
PO3MIITHYTO 3ajadi 3 peajizali€l0 BHCOKOIMBHUAKICHHX OOYHCIEHb, MapayeIbHOTO
BUKOHAHHS 3aBJIaHbh Ta MOXKJIMBOCT1 OJTHOYACHOT 00pOOKH 0aratbox Orneparrim.

3 wMeroro (QopMyBaHHA €(EKTHBHUX MIAXOMIB WIOJO0  PO3POOJICHHS
MIPOrpaMHOro 3a0e3MedeHHs BUICHO Pi3HI METOAM POOOTH 3 MOTOKAMH, ITPOBEICHO
JTOCIIJDKCHHS OCHOBHHUX ITIXOJIB, aJTOPUTMIB Ta TEXHOJIOTIH, SKI CHPHSIOTH
e(eKTHBHOMY YIIPABIIHHIO Ta KOOPAUHAIIIT TOTOKIB B 0araTomoTOKOBUX MpOTpaMax.

KutreBuil UMK B KOHTEKCTI 0AaraTOMOTOKOBUX MpOrpam pPO3TISHYTO Ha [5]
(puc. 1). TlpoBeneno anamiz cTaHiB, 4epe3 sAKI MPOXOASITh MOTOKH, 1 BIIMOBITHUX
MepexoaiB MK IHMH CTaHaMU. BHSIBICHO OCHOBHI MPOOJIEMH, IO CTOCYETHCA
VOPABIIHHS JKUTTEBUM IMKJIOM TOTOKIB, BKJIIOYAlOYM CTBOPCHHS, 3aIycCK,
MPU3YNUHEHHS Ta 3aBEPIICHHS MOTOKIB. BuauieHi BakJMB1 acnekTd €(EeKTUBHOIO
YIPABIIHHS ITUKJIOM >KUTTS MOTOKIB JIJiA 3a0€3Me4YeHHs CTaOUIbHOCTI Ta HaJIIMHOCTI
MPOTPAMHOTO MPOIYKTY.
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New P> Runnable —>»|  Running >Terminated

Puc. 1. )KutteBuil LMK MOTOKY B IPOrpaMyBaHH1

Po3risiHyTo cMHXpOHI3allii NOTOKIB Ta MpoOJeMH, IKI MOKYTh BUHUKATH TPH
KOHKYpEHIIii 3a pecypcu. BusBiIeHO, 10 BapTO BUKOPHCTOBYBAaTH CHUHXPOHI3AIIIIO,
BKJIFOYAIOUX OJIOKYBAHHS Ta 1HII MEXaHI3MU, sIKi 3a0€3MeYyI0Th B3aEMOBUKIIFOUCHHS
Ta KOOPAMHAIIII0 TOTOKIB. Ha OCHOBI MpUKIaAIB pO3MIISTHYTO CUTYallii, KOJIU MOTOKU
3ajiexaTh Bl CHUIBHUX PECYpPCIB Ta MOXYTh MOPYIIMTH UUIICHICTh JaHuX. B
pe3ynabTaTi BUSBICHO MPOOJIEMH B3a€EMHOTO BUKIIOUEHHS Ta B3a€MOJIl TOTOKIB, a
TAaKOX 3alpoONOHOBAaHO €(EeKTHUBHI CTpaTerii Uil YHUKHEHHS KOH(QIIIKTIB Ta
3a0e3IeueHHs B3a€MO/Iii MOTOKIB y O€3MeUHU Ta KOOPAUHOBAHHUM CTIOCIO.

JI1s KOHKpETHO1 3a/1a4l BUKOPUCTAHO cemMadop SK IHCTPYMEHT CHHXPOHI3aIlii
MOTOKIB y 6araTomoTOKOBUX MPOrpaMax i BA3HAYEHO MOT0 BJIIACTUBOCTI Ta MPUHIIUIN
pob6otu. IlpoBeneHo aHami3 MpUKIAAIB BUKOPUCTAHHS ceMadopiB HIsd AOCITHEHHS
B3a€EMOBHUKJIFOUEHHS, B3a€MOII MDK IIOTOKAMH, a TaKO)X BHJLIECHI OCOOJMBOCTI
0araTonoToOKOBOTO MPOTPaMyBaHHA 3 BUKOPUCTaHHSAM cemadopy, BKIIOYAIOYU
ceMadopu 3 0OTHIM Ta 6aratbMma J03BOJIAMH.

Crnin 3a3Ha4MTH, 10 0AraTornoTOKOBICTh Yy Java IMIMPOKO BUKOPHUCTOBYETHCS
JUISL  TIOKPAIllEHHS TPOJAYKTHUBHOCTI TporpaMu Ta e(EeKTHBHOTO BHUKOPUCTAHHS
PECYPCIB KOMIT FOTEPHHUX CHUCTEM.
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Analysis of an Improved Hierarchy of Balanced Adaptive Clustering
with Low Energy Consumption in Wireless Sensor Networks

In this paper, we propose Improved and Balanced LEACH (IB-LEACH), a heterogeneous-
energy protocol that offers a new method to reduce the probability of node failure and extend the
time interval until the first node dies (we call the stability period). ) and increased lifetime in
heterogeneous WSNs, which is crucial for many applications. In addition, an analysis of the
gateway selection algorithm was made.

Meronu MapuipyTusaiii € HaWBaXJIUBIIIOW MPOOIEMOI0 ISl MEPEX 3
00OMEKEHUMHU pecypcaMu. 3pOCcTaHHsI 00YUCITIOBAILHOT MOTYXHOCT1 TexHoorii WSN
BUMarae, moO Il CEHCOpHI By3JIW OyJM OCHAIIeHI BCe OUIBIIOK MIPOK s
BUKOHAHHS OUThIN ckiIagHux ¢yHKOiA. KoxkeH naTuyuk mepeBaxHO OOMEKESHUM
pIBHEM €Heprii, MOTYXHICTIO OOpOOKH Ta 3JaTHICTIO CHPUUHATTSA. TakuM YUHOM,
MepeXxa IUX JaT4MKIB CTBOPIOE OUIBII HAaAlIMHY, HaJIMHY Ta TOYHY Mepexy. bymo
npoBeaeHo Oarato mochimkeHb WSN, sKi TOKa3yrTh, IO IS TEXHOJOTIS MOCTIHHO
3HaXOJUTh HOBE 3aCTOCYBaHHs B pi3HUX cdepax [1,2,3], a came: B BICHKOBIiH cdepi,
B CEKTOPI1 37I0pOB’sl, @ TAKOX y PO3TOPTaHHI B 30HaX, CXHWJIBHUX JO CTUXIMHUX JIHX.
3a3HavaeThes, M0 ISl MIATPUMKH HAIIMHOT JOCTaBKH iH(pOpMaIlii, arperaiiii 1aHux i
3MUTTA 1HGopMalii € HeoOXimH1 s €(EeKTUBHOIO Ta €(EKTUBHOIO 3B’SI3KY MIXK
IIMMHA BYy3JlaMH JaT4yukiB. Jlume oOpobiieHa Ta ctucia iH(opMallis MOBHHHA
HaJIXOJUTH JIO TMpUKMadiB, 100 3MEHIIUTH CHEPril0 3B’SA3KY, IPOJOBKHUBIIU
e(eKTUBHUYN TEPMIH CITY’)KOU MEpEXi 3 ONTUMAIIBHOIO TOCTABKOIO JTAHUX.

HeedexTnBHEe BHUKOpUCTAHHA OCTYMHOI €HEPTii MPU3BOAUTH N0 HHU3BKOI
MPOTYKTUBHOCTI Ta KOPOTKOTO KUTTEBOTO ITUKIY MEpPEeXki. 3 I[IEF0 METOI0 €HEepTis B
[IUX JaTdyukax € OeIUTHUM pecypcoM, 1 HEl MOTpiOHO KepyBaTu €(PEKTHUBHO.
HaBeneno HoBuil nportokod, sikuil € po3mupenusm LEACH [4], nns npaBuibHOTO
pPO3MOIUTY eHeprii Ta 3a0e3MeueHHsT MAKCUMAIBHOTO TEPMIHY CITYKOU Mepexi.

Anroput™m BuOOpy nutro3y [5]. IB-LEACH, skuii € posmupenasm LEACH,
SKUH TTOKpalIye cTablIbHy 00JacTh i€papxii KiacTepu3allii Ta 3MEHIITye WMOBIPHICTh
BiIMOB BY3JIB 3a JOMOMOTOI0 XapaKTepHHUX IapaMeTpiB HEOTHOPITHOCTI.
Mapmpytuzanis B I1B-LEACH npamroe B payHnax, i KOXXeH payHI IUTUTHCS HA JIBi
da3u: (a3zy HanmamTyBaHHS Ta CTalllOHAPHUN CTaH, KOXKEH JAaT4UK 3HA€E, KOJU
MOYNHAETHCA KOXKEH payHN, BUKOPUCTOBYIOUM CHHXPOHI30BAHWH TOJWHHUK.
[IpunyctTuMo BHUMAAOK, KOJM BIJCOTOK CEHCOPHUX BY3JIB OCHAIICHHUN OUIBIION
KUIbKICTIO €HEPreTUYHUX pecypciB, HDXK pemTa By3niB. Hexail M € yacTkow Bif
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3arajibHOi KiTbKOCTI By3iiB N, sIKi OCHAIIIeH] B pa3u OUTBIIIO CHEPri€ero, HiX iHMI, 1 b
€ YaCTKOIO BIJ] 3arajbHOI KUIBKOCTI BY31iB N, siki € oOpanumu uuiro3amu. L1 By3nu
HazuBatoThesd Bys3namMu NCG (By3os, BUOpaHMil SIK 3BHYaliHMI BY30J, TOJIOBHOIO
Kjactepa ud 1no3), a pemra (1-m) X N — 3Buuaiini By3nu. [Ipumymeno, mo Bci
BY3JIM PIBHOMIPHO PO3MOJUIEHI MO0 ceHCOpHOMY moito. Koxken garuuk 1 ooupae cede
IUTI030M Ha MoYatKy payHay r+1 i3 iMoBipHICTIO Pgi(t). Pgyi(t) BuOupaetbes Tak, 1o
OYiKyBaHa KUTBKICTh BY3JIiB IIUTFO3Y JJISl IIBOTO PAyHIy CTAHOBUTH Kg. Takum 4uHOM,
SKIO B Mepexi € N:M po3mmpeHux BY3JiB, BY30J | CTae NUIO30M Yy payHi I i3
iMOBipHicTIO Py;(t):

B ¢y
9 Nxm
Busnagaemo sk T(Sgat) mopir 1 By3JiB HUTIO3Y:
[ Pg EsnochHHﬁ
“E
T(Sgat) = i 1 — Pg X (?» mod P%g) SnovarkoBmit
{ 0 iHake (2)

o Ky = OaxxaHuii HOMep LT3y,

® I = IOTOYHMH payHs;

e Gy = Habip BY3iB, SIKi HE OYyJIM ITI030M Yy payHaax 1/Pq

[Tpunyckaemo, 1m0 OYiKyBaHa KUIBKICTH IIJIIO3IB 30ITa€ThCS 3 ONTHMAJIBHOIO

KUTBKICTIO IITO31B JIJISI CEHCOPHOT MEepeXi il Ha3BOK Kgopt . PealizoBaHo anroputm
BUOOpY LUTIO3Y, MOAABIIM ABa Kpoku. Ha kpoiri 1 3MiHIOETbCS CUCTEMHUN TTapaMeTp
Kg, 1 Hexali Ky Oinbiie Kgopt. YCi By37M MaroTh OUIBIINE IIAHCIB CTATH ILIIO3aMHU,
SKIO BY3/JM OOMparOTh ceOe IUIF03aMHu; BOHHM HAJICWIIAIOTh CBiM ieHTUdIKATOp Ta
iHdopMaliro Tpo eHeprito Ha 0a3oBy craHImito. Ha kpori 2, SKIIO KUTBKICTb
ineHTH(ikaTopiB, OTPUMAHUX 0A30BOIO CTAHIIIEIO, MTEPEBUILYE Kgopt , 0A30Ba CTAHIIIS
BHOUpAE BY3IH Kgopt 3 OUTBIIO0 CHEPTi€I0 SK MUIIO3HM, a iHINI — SK IUTI03H. SIKIIo
KUIBKICTh 1IeHTHU(IKATOPIB, OTpUMaHUX 0a30BOI0 CTaHIIIE€I0, JOPIBHIOE ab0 MEHIIE
Kgopt , ©a30Ba CTaHIlisi BUOHPAE I1i BY3JIH SIK IILUTFO3H.
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Methods of Building Intrusion Detection Systems
with the Use of Machine Learning

Intrusion Detection Systems are used to build complex information protection systems
against unauthorized access. Intrusion Detection Systems based on artificial intelligence are an
effective tool for building information protection systems. They need a balanced development
approach. The complexity of the models of such systems ensures sufficient efficiency and does not
require extremely large time and computing resources.

Cucremu BusiBiieHHs BroprieHb (Intrusion Detection Systems — IDS) — e
nporpaMHuii 3aci0, KM MOXXK€ BUKOPHUCTOBYBATHCH IJisi TOOYIOBU KOMIUIEKCHUX
CUCTEM 3axucTy iHdopMmalii. Y 3B’S3Ky 3 IHTEHCUBHHUM DPOCTOM KOMIT FOTEPHHUX
MEpEeX, a TaKoXK OO0CATy JaHMX, sIKI MEPelaroThCsi B TAKUX CHCTEMaX, BUHUKAE
HEOOXITHICTh BHUSBJISITH BHUITQJIKU HECAHKI[IOHOBAHOTO IOCTYymy 10 iHdopmallii Ha
BEJIMKKX 00CsATax JaHUX 1 BEIUKIH KUTBKOCTI BY37iB y Mepexax [1]. Takum guHOM,
icuye motpeba moOymou IDS 3 BHCOKHMM piBHEM BHSBJIEHHS 3arpo3 1 sikoMora
MEHIIIMM 3ay4yeHHSIM JIOJCPKUX Ta OOYHMCIIOBAJIbHUX pecypciB. MaiinHHe Ta
rIMOWHHE HAaBYaHHS YaCTKOBO 3JaTHI PO3B’s3aTH MpOOIeMy 3alydeHHS JIIOJICHKUX
pecypciB, OCKUTBKH 3 JOTIOMOTOIO ITUX TEXHOJIOTIH MOMIIMBO CTBOPUTH AJITOPUTMH,
K1 OyIyTh PO3ITi3HABATH Ta BUSBJIATH 3arPO3H aBTOMATUYHO.

Posrnssaemo Tunu I1DS, mpu moOymoBi SKUX MOYKHA BHKOPHUCTATH MAIllMHHE
HaBYaHHS HA OCHOBI:

e MeTOAIB po3ropTanHs (moB’si3ani 3 posMimieHHsM |IDS wa By3max
KOMIT FOTEPHUX MEPEK);
e METOJiB BUsBIICHHS (1TOB’s13aHi 3 TUM, sk IDS BusiBisie Bropruenus) [2].

Cgoero yeproro, IDS Ha ocHOBI MeToaiB BHsBICHHS MoAuIIIOThcsa Ha IDS 3
BUKOPUCTAaHHSM CUTHATYp (pearyioTh, SKII0 B MEPEXi IOMIYEHO AaKTHUBHICTH,
OMMCaHy paHille), a TaKOXX HAa CHUCTEMHU 3 BHUSIBICHHSIM aHOMAaNiii — TOOTO Takux
AKTUBHOCTEH, SKI BIAXWJSIOTHCS Big HOPMHU. 30KpeMa, OCTaHHI MOXYTh OyTH
e eKTUBHI IPH BHUSBJICHHI paHille HeBiTOMuUX 3arpo3 [1].

Ockinbku MepexeBuil Tpadik B CydaCHUX KOMIT IOTEPHUX MEpPEekKax JO0CATAE
3HaYHUX OOCATIB, MOTO MOXKHA PO3TIIANATH SK JOMEH BEIMKHX JaHUX, N0 SKHUX
MOXHa 3aCTOCYBaTH QJITOPUTMH MAIIMHHOTO Ta TJAMOMHHOTO HABYaHHS 1
BUKOPHUCTOBYBaTH Ii aiaroputvu i nobymoBu IDS [3]. TumoBumm HaGopamwu
HaBYaJIbHUX JMaHuX s IDS (ski BKIFOYarOTh SK HOPMAJBbHI JaHi, Tak i JaHi Ipo
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3arpo3n) € KDD-Cup’99, NSL-KDD, ainie icHy10Tbh OUIbIII aKTyalibH1 HAOOPH, Taki sIK
UNSW-NB1S5, CICIDS2017, sxi MICTATb AaHi PO OUIbIIY KUIBKICTh THIIIB 3arpo3 1 €
Kpaie cTpykrypoBanumu. Hampukian, sikimo B Habopt NSL-KDD posrnsmaerbes
nuie 4otupu rpymu 3arpos: Denial of service, User to Root, Root to local ta Probe,
to B Habopi UNSW-NBI15 3arposu noaitsiorecss Ha EXploits, Shellcode, Fuzzers,
Generic, Worms, DoS, Reconnaissance, Analysis, Backdoor and Reconnaissance [4].
[Ipuy oMy B Habopax HaHWX 3alHCH OMHCYIOTHCA 3a JOMOMOTOK0 TOMIOHHX
napameTpiB, TaKHX SIK THUIl MEPEXKEBOro MpoTokomny, |P-agpeca, mopt BianpaBHUKA i
OTpUMYyBaya, JaHl MOpO NIATBEPIKEHHS MNPUUHATTS MEpPEXKEBUX NAKETIB (IS
MepexeBoro nporokony TCP) Tomio.

[lepcieKTUBHMMH aNropuTMaMH MamuHHOro HaB4aHHsS IDS e amroputmu
JIEpEB pillleHb, ONIOPHO-BEKTOPHI MAIlIMHHU, BUKOPUCTAHHS IITYYHUX HEHUPOMEPEK, a
TaKOX MOEAHAHHS LMX MeToAiB. Cepen IHCTPYMEHTIB TITMOMHHOTO HABYaHHSA, SKI
MOKHa 3actocyBatu 11 moOyaoBu IDS, € pekypeHTHI HEHpOHHI Mepexi Taki, SK
JIOBra KOpPOTKOYacHa mam’siTh a00 BEHTWIbHI PEKypeHTHI By3nu [4], a Takox
3ropTKOBi HeWpoHHI Mepexi [2]. locuTh HemnoraHi pe3yibTaTi 3a MPOAYKTUBHICTIO 1
€()EeKTUBHICTIO JAIOTh AJTOPUTMHU JIIHUBOTO HAaBYaHHS, SIKI 0OPOOJSIOTH HaBYaJbHI
naHi 6e3MmocepeIHbO MPH 3allUTaxX y CUCTEMY, Ta B HUX € PsJ HEJOJIKIB. HAIPUKIIA],
BUMArarTh 3HAUHUX OOCSTIB Imam’ATi JiJisl 30epiraHHs HaBYaIbHUX AaHUX [3].

MetpukamMu 171 OIIHIOBaHHS €(EKTHMBHOCTI METOJIB MAIlIMHHOTO Ta
MIMOMHHOTO HaBYaHHS TpH 1oOynoBi IDS € Taki mapamerpu sik TOYHICTD, KOSIIIEHT
BUSIBJIICHHS, KOE(QIIIEHT XUOHUX CIpPAIlbOBYBaHb, SIKI MOXXHA OOYMCIUTH HAa OCHOBI
MaTpHIll HEBIIMOBIIHOCTEH, TOOTO 3 ypaxyBaHHSM KUIBKOCTI MOMHJIOK TEPIIOTO
(po3mizHaBaHHS CHPABXKHBOIT 3arPO3U SIK HOPMAJIBLHOTO CTaHYy MEPEXi) 1 IPYroro poay
(po3mi3HaBaHHS HOPMAJILHOIO CTaHY sK 3arpo3u) (Tadi. 1).

Tab6an. 1
Mampuys nesionogionocmeti

CripaBxHIU cTaH

[lo3zutnBHUI cTaH Heratusuuii ctan
IlozuTuBHMIT IctrnaHO XUOHO MO3UTHBHUMI
IIporno3oBaHnuii CTaH ITO3UTUBHUU (mommuika | pony)
CTaH Heratusuui XnOHO HETATUBHUIA o
IcTHHHO HEraTUBHUIA
CTaH (mommuika Il pony)

EdextupnicTs IDS 13 BUKOPHCTaHHSIM IITYYHOTO 1HTEJIEKTY 3HAYHOIO MIPOIO
MOKJIAIA€ThCA HA SKICTh HAaBYAJNBHUX JaHWX. | SKIIO adrOpuTMH MAIIMHHOTO
HAaBYaHHS MOKHAa TPEHYBAaTH HA HEBEJIMKWX HA0Opax MaHWX, TO IS TIUOWMHHOTO
noTpiOHI OimbIi HAOOpPH MEpPEKEBUX JaHWUX. A OCKUIBKM TIMOWHHE HaBUYaHHS
BUKOPHUCTOBYE BEJIHMKI MAaCUBH JaHUX, Tiporiec HaB4aHHs |DS B Takomy pasi € JOCHTH
pecypcomicTkuM. Ilopsa 3 M € iHII MpoOJIeMH, OB’ sI3aHi 3 JaHUMH, HAIPUKIIA]]
BIICYTHICTh CHUCTEMAaTHU30BaHUX Ta HE30aJaHCOBAHICTh HAOOPIB MEPEKEBUX JTAHUX
MPU3BOJSITH JO HU3bKOI TOYHOCTI BUSIBJICHHSI BTOPrHEHb. [l0TEHIIMHUM pPO3B’sA3KOM
i€l mpoOsieMu € nepBUHHA 00pOoOKa 1 ONTUMI3allisl JaHUX, HAIIPUKJIAJl BUKOPUCTAHHS
anroput™MmiB OyctuHTy, Takux sk XGBOOSt, siki 37aTHI BiACifOBaTH MEHII BaXJIHBI
napaMeTpu B Ha0opax [aHMX, II0 JI03BOJIIE CKOPOTUTU PECYpCH HA HaBUYAHHS
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Heiipomepexk [4]. CuctemMaTu3yBaBIIM BCe BHUIIE3a3HAUCHE, MOXKHA CTBOPHUTH
3arajJibHy CXEMY 3aCTOCYBaHHS MAITMHHOTO HaBuaHHs mpu po3podii IDS (puc. 1) [4].

Takox, Taki IDS MaloTh HHU3BKY NPOAYKTHUBHICTh B PEAIBHOMY CEpPEIOBUIII.
binpmiicte noniOHUX Mojaeneil Oynu po3poOIieHl Ta MPOTECTOBAaHI B JJAOOPATOPHUX
YMOBaXx 3 BUKOPUCTaHHSM 3acTapuiuX HaOopiB JaHuX, Takux sik NSL-KDD ta KDD
Cup'99, ToX peneBaHTHICTh TaKUX MOJIENEH € HE JyKe BUCOKOIO. [[s BUpilIeHHs
miei mpoOjeMH MOXXHA PO3TISIHYTH TIOE€JHAHHS HEHpPOMEpeXk Ta MPOrpaMHUX
010710TeK AJIg aHalizy MepekeBoro Tpadiky, sKi J03BOJSATH NEPEBIPATH HABYEHI
HEHpoMepexi 3a JOMOMOTOI0 pEaTbHUX MEpPEeXKEeBUX NaHuX. JlOCHTh MOIIMpPEHUM 3
TAKOK METOI0 € BUKOpHcTaHHsS Oibiioreku libpcap, ska € ocHOBOIO mporpamMHOro
npoxykty Wireshark, 1o 1o3Bosisie aHanizyBaTtu MepeKeBuil Tpadik.

OopobKa maHux Mobynoea mogeni

A T Hopmanizauisa BuBGip TMRY
S~ OaHux HeApomepexi

Habip '1' 4' MopiBHAHHA

> ONTHMIzaLIA » » -
HAEMANLHKX A HasaHHA 1;?::5;?

naHK 'L ¢ '

\h‘______“__r_,_./
BHaHaueHHA P —.
NoporoBWy 3HaYeHb pealp

Puc. 1. Cxema 3acTOCyBaHHS MaIllMHHOT'O HAaBYaHHS Mpu po3pooirl IDS

Takum 9MHOM, CHCTEMU BUSBIICHHS BTOPTHEHBb HA OCHOBI IITYYHOTO IHTEIEKTY
€ JIIEBUM I1HCTPYMEHTOM JUIS TMOOYJAOBH CHCTEM 3aXUCTy iHdopMallii, aje BOHHU
OTpeOYIOTh aKTyaJIbHUX, CHCTEMAaTU30BaHUX 1 ONITUMI30BaHUX HAOOPIB HABYAIbHHUX
JAHWX, a TaKO0X BHKOPUCTAaHHsS 30aJIaHCOBAHOTO MIAXOAYy 10 pPO3poOKu, Mm00
CKJIQJIHICTh MOJCJIE TaKuX CHCTEeM 3a0e3medyBasia JOCTaTHIO €(QEeKTHBHICTh 1
BUKOPHUCTOBYBAJIA MPUHHATHY KUIBKICTh OOYUCTIOBAIBHUX PECYPCIB.
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Deferred Texturing for Foliage Rendering

Foliage rendering optimizations are essential for creating realistic and immersive 3D
environments with dense vegetation. The challenge lies in efficiently rendering a large number of
individual foliage elements while maintaining high performance and visual fidelity. There are
different techniques and tools that can be used to achieve this goal, depending on the engine and
platform. Here we will observe method called deferred texturing.

OnmuuM 13 3aBlaHb KOMIT'HOTEpHOI rpadikd B PI3HUX 3aCTOCYBAHHSAX €
peayicTUYHE BIATBOPEHHS POCIWHHOCTI B pealbHOMY 4aci. Bisyamizais
POCIMHHOCTI Ma€ IIeBHI IPOOJIEMH, OCKUIBKM BOHA BKIIFOYA€ BEJIUKY KLIbKICTH
CKJIJITHUX TEOMETPUYHHUX EJIEMEHTIB, TaKUX SK JHCTS Ta TUIKH, SKI TOTPiOHO
IPaBUJIBHO OCBITIIIOBATH Ta 3aTiHIOBAaTH. KpiM TOTO, Ha JIMCTS 4acTO BIUIMBAE BITEP
Ta iHII (paKTOPHU HABKOJHUIITHBOT'O CEPEIOBHINA, a II€¢ BUMArae JUHAMIYHOI aHIMaIlii
Ta aKTUBHOI B3a€MOJii MDK IIEHTpalbHUM Ta TpadidHHM mpoieccopoMm. Haperri,
BOKJIMBHM €JIEMEHTOM pPEaJiCTUYHOTO BIATBOPEHHS POCIMHHOCTI € 3aCTOCYBaHHS
ONTUMI3aIlii, [0 TO3BOJISIOTH I'eHEepyBaTH 300pa)KeHHsS B peallbHOMY 4daci. OCKUIbKU
BEJIMKI CIICHH MOXYTh MICTUTH 3HAYHY KIJIBKICTh POCIMHHUX 00’€KTIB, ¢(PEKTHBHE
BUKOPHUCTAHHS PECYPCIB KOMIT'IOT€pa € BUpIMadbHUM. JIJIsI TOCATHEHHS BHUCOKOI
SIKOCTI Bi3yaJjizallii JUCTs iICHYIOTh Pi3HI METOJIH, Taki Sk impostors, billboards, LOD
(piBH1 pgeramizaimii) Ta anbda-tecryBanHs [1]. KoxkeH 3 mux MeTomiB Ma€ CBOi
nepeBaru Ta oOMmexeHHs. Hampukimax, impostors Ta billboards BHKOpHCTOBYIOTH
JIBOMIpHI a00 TPUBHUMIPHI TEKCTYpH ISl CTBOPEHHS 1110311 TpuBHMipHOCTI, a LOD
JO3BOJISIE 3MEHIIIUTH JACTaIi3allil0 POCIMHHOCTI Ha BeIUKHUX BifcraHsx. [Ipore, 1mi
METOAM MAalOTh 1 HEJOJIKH, 30KpeMa apTedakTH 3riIapKyBaHHS, JIOJAaTKOBE
BUKOPHCTaHHS IaM’aTi Ta mpobiemMu 3 overdraw (HAJIUIIKOBI BHKJIUKH IeHaepa).
ToMy momryk onTHUMalIbHOTO PIllIEHHS JJIs Bi3yami3allii JTUCTA BCE e 3aIUIIAETHCS
BIIKPUTOO TTPOOJIEMOIO B KOMIT FOTEPHIM rpadirri.

[MpoGmema overdraw ocoOJUBO TIOMITHA TIpH BHMajbhOBYBaHHI 00’ €KTiB
HeBesmmkoro posmipy (Puc. 1). Bona 3ymoBiIeHa THM, IO, Yepe3 OCOOJHMBOCTI
amapatHoi peaiizaiii rpadiqYHOr0 KOHBEEpA, MKCENbHUN MIeHaep BUKOHYETHCS IS
KOYKHOTO ITIKCEJIS B CiTIi 2X2 1 HaBITh ISl TUX MIKCENIB (BUALICHO CHHIM KOJLOPOM),
K1 3HAXOJAThCS MO3a TPUKYTHUKOM, CTBOPEHHUM PacTEpi3aTOpoOM, 1 € YaCTUHOIO
reoMeTpii 300pakeHHSI.

Jns  BupimieHHs npoOiemMu  overdraw  MPONOHYEThCS ~ BUKOPUCTAHHS
BIIKJIQJICHOTO  TEKCTYpYBaHHS, OCHOBHOIO 1I€€EI0 SKOTO €  3aCTOCYyBaHHS
00UMCITIOBANIBHUX MICHAEpIB y 3B s31i 3 Oydepom Bumumocti [2]. Lle mo3BoIMTH
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Kpallle KOHTPOJIIOBAaTH, HAa SIKMX caMe IMIKCEJsIX BUKOHYEThCS Ieiaep. Peamizaris
BIJIKJIaJICHOTO TEKCTYPYBaHHS Nepeadavae po3B’ si3aHHSI HACTYITHUX 3a/1a4:

e MoAUQIKALIS KIACUYHOTO CIIOCO0Y PEHJIEPIHTY CLEHU;

e 3anoBHEHHs Oy(depa BUIUMOCTI;

® BHU3HAUYCHHS €(EKTUBHOTO  aJIrOpUTMy BHOOpY  MIKCENIB IS

3aTIHIOBAHHS,
e [IporpamHa peajizaiis AesKUX anapaTHUX QyHKLIH.
3aranoMm, peajiCTUYHE BIATBOPEHHS POCIMHHOCTI B KOMII IOTEpHIN rpadiii

BUMAara€ TIO€IHAHHS PI3HOMAHITHUX TEXHIK MOJICTIOBAHHSA, TEKCTypyBaHHS,
OCBITJICHHSA Ta aHiMalii. BUkopuUCTaHHS BIAKIAJEHOTO TEKCTYpYBaHHS JTO3BOJHUTH
320IaJUTH PECYpCH KOMIT FOTepa, 3MEHIITUTH OOCATH JaHUX, IO MEePeaaroThCsd MK
IIPOLIECOPOM Ta BIACOKAPTOIO, Ta HIBEIIOBATH HEraTuBHI edexTu Big overdraw.
HenepepBHuii po3BUTOK KOMIT IOTEpHOI rpadiku Ta 30UIBIIEHHS OOYHUCITIOBAIBHOT
MOTY>KHOCT1 CIIPUSi€ CTBOPECHHIO BCE OUIBII JETAN30BAHUX Ta PEATICTUYHUX
BI3yaJIbHUX CBITIB, 1[0 BUKOPHUCTBYIOTHCSI TIPU CTBOPEHHI BIPTyaJIbHOI PEaIbHOCTI,
KOMIT IOTEPHUX Irop, apXiTEeKTYpHOTO AU3aliHY Ta HAYKOBUX Bi3yalli3allii.

Puc. 1. TTpuxitan overdraw
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MOJEJIOBAHHS TPOIIECY KOOPJIUHAIIL POBOTH TEXHIYHOI'O
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Modeling the Process of Coordinating the Work of the Enterprise’s
Technical Department During Order Fulfillment

The paper discusses the effectiveness of modeling business processes in an enterprise and
the possibilities of improving management thanks to the creation of an information system based on
a process model.

[HdopmartiliHi TeXHOIOTI HAaJal0Th 6araTo MOMXJIMBOCTEH JJI1 YAOCKOHAICHHS
Oi3Hec-TpoleciB, 30KpeMa Ha MiANPUEMCTBAX, [0 HAJAl0Th TOCIYTH IS HACCIICHHS.
ko po3risiHYTH poOOTY KEpiBHMKA TEXHIYHOTO BUIAUTY MIANPHUEMCTBA, SKE
3aiiMaeTbcsl OOPMIICHHSIM Ta BUKOHAHHSM 3aMOBJICHHS Ha MOHTaX IHXKCHEPHHX
CUCTEM, TO MOXHa BU3HAUUTH, IO e MpO MpoleC € KPOHITKUM 1 mependadae
BUKOPUCTAHHS BEJIMKOTO TMOTOKY iH(opMmaIllii, 1o IMOB’s3aHO 3 OpraHi3alicio Ta
pearmizaiiero pi3HUX TMPOIECiB Ha KOXKHOMY €Tali CHIBIpaii 3 3aMOBHUKOM.
CyTTeBHUM e€TamoM B CTBOpPEHH1 1H(GOpPMAIIMHOI CHCTEMH MIATPUMKH IisUTBHOCTI
BIJIIUTY € MOJICNIIOBaHHs Oi3HEC-Tpoliecy KOOpAWHAIl poOOTH TIiJl YaC BHUKOHAHHSI
3aMOBJICHHS. AJKE BiH HAJa€ MOXJIMBICT, IIPOBOJMTH TIOMEPEIHIN aHami3 Ta
3a0e3rmeunTy ePeKTUBHUN KOHTPOIb POOOTH HAJl 3aMOBJICHHSIMH.

MopentoBarHs cucteMu. MojiemoBaHHs Oi3HEC-TIPOIIECY KOOPAUHAIIT poOOTH
TEXHIYHOTO BIIJLIY IMAMPHEMCTBA 3 MOHTaXY IHKEHEPHHMX CHCTEM BUKOHYETHCS 3
METOIO KpaIloro pO3yMiHHS IMPOIeCiB 0(pOopMIIEHHS Ta BUKOHAHHS 3aMOBJICHB 3aJIJIs
BUSIBJICHHS 1 YCYHEHHSI BY3bKUX MICIlb. MOJE/IOBaHHS IONIOMAra€ BUSIBUTH PU3UKHU
91 TPOoOJIeMH, KOTPlI MOKYTh BUHUKHYTHU MiJl 9ac BUKOHAHHS poOiT. Came 3aBasiku
MOJICITIOBAaHHIO MOHA 3HAWTH METOJIM BUPIMIECHHS WX MPOOIeM.

A came, 3aBISKH MOJICTIOBAHHIO KOOpAMHAIT POOOTH TEXHIYHOTO BIIJLTY
MIIIPHUEMCTBA B ITPOIICCI BUKOHAHHS 3aMOBJICHHS MOYKHA!

® IIBHINUTH  €(PEKTUBHICTh  MISUIBHOCTI  IMJINPUEMCTBA  IIISAXOM
BUSIBIICHHS Hee(EKTUBHUX KPOKIB Ta IHIIUX MpobdsieM B Oi3Hec-Tporieci i
3aMpOTIOHYBAaTH IUISAXU I1X BHUPIMICHHS 32 PaxyHOK BIPOBAIHKCHHS
iHpopmarliitHoi cuctemu. B pe3ynbTaTi MiABUIIMTHECS €(PEKTUBHICTH
pobOTH BiAUTY, IO TPHU3BEAE, AK MIHIMYM, JI0 IOKpANIeHHS SKOCTI
00CITyroByBaHHS KIII€EHTIB Ta 3MEHIICHHS TOMIJIOK B PyTUHHUX JTifX;

® [OKpalIUTH KOMYHIKAIlll0: MOJEIIOBAHHS JO3BOJSIE PO3YMITH SIK
B3a€EMOJIIOTh YYaCHHUKM TIpOLleCy Ta BHU3HAUUTH IXHIO cdepy
BIIMOBIZAABHOCTI Ta podi. lle Moke MOKpamuTH KOMYHIKAIII0 MIK
CHIBpOOITHUKAMHU,  3MEHIIUTH  HEMNOPO3YMIHHS  Ta  MHOKpalIUTH
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CIIBMPAIIIO;

® T[IOKpAIUTH SKICTh HAJaHHS MOCIYr: MOXKHA TMOJICTIIUTH BHUPIIICHHS
npoOseM, BUABUBIIM iX B pe3yJbTaTi aHalizy Moeni Oi3Hec-Mpolecy
BigAuTy. Lle Moke TOMOMOI'TH MOKPAIIMTH SIKICTh MOCIYT, 110 MPU3BEAE
JIO 3aJI0BOJICHHS KJIIEHTIB Ta MIIBUIIEHHS 1X JIOSJIBHOCTI;

® TIOKPALUTU NPUUHATTS PIICHb: 32 PaXyHOK aBTOMaTHU3allil aHaJIi3yBaTu
pi3HI BapiaHTH PO3BUTKY Mpolecy Ta ixHl Haciaiaku. Lle monmomarae
opuiiMaTh Kpaill pilieHHs Ta 3MEHUIYBAaTH pHU3HMKH, IIOB’si3aHl 3
BHECEHHSIM 3MiH y O13HEC-POLECH;

® MPOTHO3YBATH PE3yJbTATH: MOJETIOBAHHS J03BOJISIE TIOKA3aTH Ha SIKUX
eTamax CiiJl 3aJisiTH aBTOMAaTH3allil0 MPOTHO3YBaHHS pe3yJbTaTiB Ta
BUSIBJICHHS PHU3MKIB, MOB’si3aHUX 3 Oi3Hec-mporecoM. lle mgomomarae
BU3HAYUTH TOTCHIIHHI TpoOJieMH Ta TPUHHATH 3aX0au s iX
YHUKHEHHS a00 MIHIMI3aIlli.

Onuc moneni. Pobora koopauHaTopa HaJ 3aMOBJIEHHSM TIOYHMHAETHCS 31
3BEpPHEHHS KJIIEHTA Ta 3aKIHYYETbCS 3aKpUTTAM MPOeKTy. [Ipu poOOTI 3 KiIiEHTOM
daxiBenp yTOUHIOE BC1 MOOAaXKaHHA Ta JOMOBISIETHCS MPO 3ycTpid HA 00’ exTl. [licms
OTPUMAaHHS 3aMOBJICHHS, KOOPAMHATOP BH3HAYa€ MPAIIBHUKIB SKI OyAyThb 3aisHI,
Miclisi 4OTO BUKOHYETBCA PO3MiTKa MaiOyTHBOI cucTeMu. HacTymHUM KpOKOM €
BU3HAYEHHS MOTIEPEHBOT BAPTOCTI pOOIT Ta MaTepialiB 1 BIAMOBIIHO XK OTPUMAHHSIM
nepenoruiat 3a Marepianu. Komu koopauHaTop 3aMOBUB Ta BXKE€ OTPUMAB MaTepiain
TO BiH HampaBisie TEXHIUHY TPyny Ha 00’€KT IJIs1 BUKOHAHHS poOiT. B pe3ynbrarti,
KoOpauHATOp (popMye BCIO HEOOXIAHY JOKYMEHTAIIII0, JIJIs Iepeiadi il 3aMOBHUKY Ta
Ooyxranrepy. Mognens Oi3Hec-Tiporiecy B cepenoBuii Bizagi 3.7, BiamoBimHO A0
crannapty BPMN, naBeneno Ha puc.1.

[T — N [ ) [ B T —— \,

Hatop npoekry

Kooppaum

Npauinnukn

Byxra

Puc. 1. [Tiarpama BepXHBOTO PiBHsI Oi3HEC-TIPOLIECY
KOOpAUHAIIl pOOOTH TEXHIYHOTO BIAAUTY MiINMPUEMCTBA

BPMN niarpumye Tiibku HaO1p KOHLEMIIINA, 1110 HEOOX1THI 11 MOJETIOBAHHS
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BUKJIIOYHO Oi13Hec-mpoueciB, ane B Hotamii BPMN mnepenbadeHo MOXIUBICTH
MO/JICIIOBAHHS ITOTOKIB JAHUX Ta MOTOKIB ITOBIJOMIICHB, a TAKOX acoIllallii JaHUX Ta
TH.

B pe3ynbTaTi CcTBOpeHHs Mofeni Oi13HeC Mpolecy OTPUMAEMO Bi3yajbHE
BiIOOpakeHHsI HAsBHOTO Oi3HEC-TIPOIECy, IO I[OKa3ye TMOCIIIOBHICTh A1, SKi
MOTPIOHO BHUKOHATH, B3a€MO3B’SI3KM MK PI3SHUMHU e€TanaMud Ta poJib KOKHOTO
ydyacHuka B mporeci. lle mo3Bosise po3ymitu Oi3HEC-TIpoliec, HOro CKIagoBl Ta
B3a€EMOJIII0 €JIEMEHTIB Oi3Hec-Tpoliecy Mixk coboro. Ha ocHoOBI anamizy mopeni
MOXHa BHUSBUTH, 1110 ISl YIOCKOHAJICHHS O13HEC-TIPOIIECIB B OpraHizailii HeoOX1HO
CTBOpUTH 1H(OpPMAIHHY cHUCTEMY A MIATPUMKHA POOOTH KOOpAMHATOpA, SKa
3aMiHUTh TPAIWIIHHY MarnepoBy CHUCTEMY Ha EJIEeKTPOHHY, Oyne 3abe3nedyBaTu
MOKJIUBICTh (hOpMYBaHHS 1 30epeKeHHs BClel HEOOXITHOT TOKYMEHTAIli Ta MPOEKTIB
B €JIEKTPOHHOMY BUTJIS/II, aHATI3 3aMaciB HAlOUIbII BUKOPUCTOBYBAaHUX MaTepiais,
3a0e3MeunTh MIABUIICHHS SAKOCTI YNPaBIIHHA 1 CHPHUSE YTBOPEHHIO IIUTICHOI
€JIEKTPOHHOT CHUCTEMH JIOKyMEHTO0OIry. Takox, 3aBisku 1HGOpMAIiiHINA cucTeMi
KOOpJMHATOpP 3MOXKE BECTH OOJIK MaTepiayliB, HaJaHWUX MOCIYT, X1 BHUKOHAHHUX
IPOEKTIB Ta MPAI[IBHUKIB.

MopentoBanHsi  Oi3Hec-TIporieciB €  eQEeKTUBHUM  IHCTPYMEHTOM  JUIst
MiABUIICHHS €(EKTUBHOCTI Ta aBTOMATH3aIlli ICHYIOUMX MPOIIECiB BiAAUTY. 3aBasiKu
Bi3yasi3ailii HasBHOIO MPOIECY, € MOXIIMUBICTh 3pO3YMITH TOCHIIOBHICTh AiM Ta
B3a€EMO3B’SI3KM MK PI3HUMH eTarnaMu. AHalli3 BY3bKHX MICI[b MOJENII J103BOJISE
BUSIBUTH TTPOOJIEMHI MOMEHTH Ta MOKPAIIUTH ICHYIOU1 O13HEC TIPOIIECH.

Ha ocHOBi cTBOpeHOi Mojeni mporecy KoopawHallii poOOTH TEeXHIYHOTO
BIIUTY TMIAOPUEMCTBA TiJf Yac BUKOHAHHS 3aMOBJICHHS MOXXHa CTBOPUTH
iHbOopMaIliiiHy cHCTeMY, SKa J03BOJUTH 3a0€3MEeUNTH MOXIJIMBICTh 0€3 IMepelKo.
dbopmyBaTH BCi HEOOXITHI JOKYMEHTH Ta TIPU3BEAC [0 IMIJBHUINCHHS SKOCTI
ynpaBiaiaHg. [HdopMmalriiiHa cucteMa 103BOJUTH IIBHAKO Ta TOYHO OOpOOIJIATH
BEJIUKUI 00CAT JaHUX, 3MCHIIUTH KUTBKICTh PYyYHHUX OIepalliii Ta yCyHYTH IpoOIeMu
B KOOpAWHAIlI{ pOOIT IpaIiBHUKIB MiAITPUEMCTBA.

Otxe, MojeOBaHHS Oi3HEC TMPOIECIB € TOTYKHHM IHCTPYMEHTOM, SIKUU
JIOTIOMAra€ MiJBUIMUTH €(PEKTUBHICT, POOOTH HE JUIIE IEBHOTO BiIALTY, aue i
BCHOTO MIMPUEMCTBA B I[IJIOMY.
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METOAUKMU, TPOLUEAYPH, CIIOCOBHU TA AJITOPUTMHU
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B MOBIVIBHUX CEHCOPHHUX MEPEXKAX

Pyo0in b.
Hayionanonuu mexuiunuu ynisepcumem Yxpainu « Kuiscoxuu noaimexuivnuu
incmumym im. leops Cikopcokozoy, Kuis, Ykpaina

Methods, Procedures, Ways and Algorithms
of Applying MIMO Technology in Mobile Sensor Networks

The MIMO (Multiple-Input Multiple-Output) technology plays a crucial role in enhancing
the performance of wireless communication systems. It enables the use of multiple antennas for
simultaneous data transmission and reception, resulting in improved transmission speed, reliability,
and throughput. In mobile sensor networks, where efficient data collection and transmission using
mobile devices with embedded sensors are essential, the application of MIMO technology can open
new possibilities for enhancing network functionality and performance. The research on
methodologies, procedures, techniques, and algorithms for applying MIMO technology in mobile
sensor networks is an important task.

Ornsg Texuomorii MIMO (Multiple-Input Multiple-Output) ta 1i 3acTocyBanHs
y MOOUIBHMX CEHCOPHHUX Mepexax. AHai3 pI3HUX METOAMK 1 Mporeayp, IO
BUKOPHUCTOBYIOTHCS ISl BIpoBakeHHsT TexHoorii MIMO y MOOITBHUX CEHCOPHUX
Mepexax. JlocaimkeHHss epeKTUBHOCTI anropuTMiB o0pooOku curHamiis 11 MIMO B
MOOUIPHUX CEHCOPHHMX MeEpekaX. BHBUEHHS BIUIMBY pPO3MIIICHHS aHTEH Ta iX
KoH(iryparii Ha TPOAYKTHBHICTH TexHojorii MIMO B MOOUIBHHUX CEHCOPHHX
Mepexax. Po3poOka onTUMaIbHUX AJTOPUTMIB IUIAaHYBAaHHS Ta PO3MOJLTY PECypCiB
st texHonorii MIMO y MOOUIBHUX CEHCOpHUX Mepexax. ExcrnepuMeHrtanbHe
NOpiBHSHHS pi3HUX BapiaHTiB MIMO-cucteM B MOOUTBHUX CEHCOPHUX Mepexkax 3a
MOKa3HUKAMHU TMPOAYKTUBHOCTI. AHANII3 BUKIWKIB Ta IEPEIIKOJ Yy BIPOBAKEHHI
texHosjorii MIMO y MOOUIBHMX CEHCOPHHX Mepexax Ta TMPOMO3UIli 010
MOJI0JIaHHS ITUX TTPOoOJIeM.
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Adaptation of Load Balancing in Applications
Using Containerization Technology

The paper considers the very concept of "adaptive algorithm”. All the advantages and
disadvantages of the used wireless technologies were analyzed in the presented research.

KonreitHepu3zoBaHuii  10JaTOK — KOMIUIEKC TOAIOHMX KOHTEWHEpIB 13
EK3eMIUTSIPOM TporpamMu. [IpuMipHUKH PO3MOAUIIIOTECS IO PI3HUX 00YHCITIOBAIBHUX
By3J1aX i MPUWMAIOTh 3alIUTH MapajieibHO. Mk 00YMCITIOBAIbHUMH BY3JIaMU 3alUTH
PO3MOAUIAIOTh TaK, adW HaBaHTa)XEHHsI BY3JiB Oyno omHopigauM [1]. Peamizaris
TaKoi TapajeiabHOI CHUCTEMH IOTpPeOye aaropuTMIB CHUHXpOHI3allii 00’ekTiB. Jlis
eheKkTUBHOrO OaJlaHCyBaHHS HABAHTAXKEHHS  QJIFOPUTM  Ma€  MAaKCHUMAJbHO
3aJI0BOJIBHATH KpPUTEPli MaKCUMalbHOI €(EeKTUBHOCTI BUKOPHUCTAHHS BY3IIIB,
ONTUMAJIBHOCTI J01aBaHHS a00 BIIKITIOUEHHS] O0UYHCITIOBATBHUX BY3JIIB.

JIist  IOCSTHEHHS IMX KPUTEPIiB MPOMOHYETHCS pO3pOOKa adalTHBHOTO
aNTOpUTMY OalaHCyBaHHS, SIKM pOOMB OM BUCHOBOK Ha OCHOB1 KOMILJIEKCHOT O3HAKHU
PECYPCOEMHOCTI OOUYUCTIOBAILHOTO BY3JIa, TOOTO BEJTMYMHU, siKa O XapakTepu3yBaia,
mo 1 By301 Moxke 00poouTu N omeparliif meBHOTO TUITY 0€3 BTpaTH B Yaci BHKOHAHHSI
omeparttii. [lns 1poro ciil BU3HAYUTH PECYPCOMICTKICTH Hamioro By3iga B RPS
(Requests Per Second — kiiabkicTh 3anuTiB 3a 1 ¢). Busnauntu RPS s koxxkHOTO
TUIy 3anuTy. Tun 3anuty Bu3Haydaetbess 3a URI, mo € HenoBTOpHUM
1IEHTU(IKATOPOM 3alUTy 1 rapaHTye, MO0 MPH NPABWIBHINA apXiTEKTypi MporpaMu
KoxeH 3anuT 3a TuM ke URI BuUKOpHucTOBYBaTHME MPHOIU3HO OJHAKOBY KUIBKICTH
pecypciB cepBepa. Tounicte Bu3HadeHHs RPS s koxHOoro 3amuty Oyne
0e3mocepeIHb0 BIUIMBATH Ha €(EKTHUBHICTh CHHXPOHI3aTOpa MpH JOJaBaHHI YH
BUMKHEHH1 OOUYMCITIOBAIBHUX BY3JiB. Y PE3yNbTaTi peaiizalilii ailrOpuTMy OUiKy€eThCS
3HIDKEHHS KUTBKOCTI HE3aJITHUX BY3JIB 1 BY3JiB 13 YaCTKOBOKO 3aBaHTAXKEHICTIO Ta
3MEHIIICHHS PECyPCIB JJIsl IPUIHATTS PIICHHS 1010 PO3MOILTY 3aluTiB.
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The Usage of Technologies of the 10T
for Monitoring and Managing of a **'Smart House”

The existing decisions of creation of sensor wireless network that can be applied in different
areas are considered in this publication, such as: collection of data in the complex of hothouses,
system "clever house”,monitoring of testimonies of temperature and humidity at storage of
agricultural production, etc.

The sensor wireless networks were considered that can work in two modes: “star" and
"mesh",that allows to create a pattern, where an energy consumption is a critical parameter,that
will work without replacement or additional charging of accumulators for a few months, or a
pattern,when it is necessary to overcome the large territory.

be3npoToBa ceHcopHa Mepeka abo Oe3IpoToBa JaTUYMKOBA Mepexka —
po3MoIeHa Mepexa Oe3liul JaTYMKIB 1 BUKOHABYMX MPUCTPOIB, 00’ €THAHUX MIXK
c000¥0 3a TONTOMOTOI0 pajliOKaHATY Il MOHITOPUHTY (PI3MYHHUX MPOIIECIB.

be3npoToBa ceHCOpHa Mepeka 3a3BHuUall CKJIQJA€TbCS 3 BEJIMKOI KUTBKOCTI
JEIIEBUX EHEproeEeKTUBHUX OE3APOTOBHX MOMYJIB, JAaTYMKIB 1 BUKOHABYHMX
IPUCTPOiB, TAaKOX YacTO BUIUIAIOTH cepBep s 300py Ta o0poOku iHdopMaIrii.
Bysnmu ceHcopHOi Mepexi po3TamioBaHi Ha HEBEJMKIA BiICTaHI OJWH BiJ OJHOTO 1
CIIUIKYIOTBCS 3a JIONMIOMOTOI0 pajiioKaHaly, Iepeaaoyu HeoOXiaHy iHdopMalliro, TaKy
SK TIOKa3HUKHW JATYMKIB (TeMmmepaTypa, BOJOTICTh 1 T.A.) 1 CUTHAJIM BHUKOHABYUM
MexaHizMaM. OCHOBHa i7iesi CEHCOPHUX O€37IpOTOBUX MEpEX MOJIATaE B TOMY, IO, B
TOM Yac K MOMJIMBOCTI OJJHOTO By3Jla 0OMEKEHI, 3arajibHa MOTY>KHICTh BCi€T Mepexi
JIOCTATHS JJIs1 BAKOHAHHS MTOCTaBJICHUX 3aB/aHb.

3a3Buyail ceHCOpHI Mepexi OyayroThCsi 0e3 SIBHOTO 3aBlIaHHA TOMOJOTiI
MEpexXi, OIHOTO pa3y BCTAHOBIEHA Mepexka, IOBHHHA CaMOOpTaHi3yBaTHCS 1
JI0/TaBaHHS HOBUX BY3J1iB IIOBUHHO BiJIOYBAaTHCS aBTOMATHYHO.

barato ramyseii 1 cdep ASUTBHOCTI (MMPOMUCIOBICTh, TPAHCIIOPT, KOMYHAIIbHE
rOCIoAapCTBO, OXOPOHA) 3aIliKaBJIEHI Y BIPOBAKCHH] TaTYNKOBUX MEPEK, 1 YUCIIO
CIOKMBadiB Oe3mepepBHO 30UTBIIYEThCS. TEHACHINST 3yMOBJIEHA YCKIATHCHHSIM
TEXHOJIOTIYHUX TPOIECIB, PO3BUTKOM BHUPOOHUIITBA, PO3IIMPIOIOTHCS MOTpedaMu
MpUBaTHUX o0cCi0 B cerMeHTax OE3MeKH, KOHTPOJI0 pPecypciB 1 BHUKOPUCTAHHS
TOBAapHO-MaTEplabHUX IIHHOCTEH. 3 PO3BUTKOM MIKPOEIEKTPOHHUX TEXHOJOT1i
3 SIBJSIIOTHCSL HOB1 MPAKTUYHI 3aBJaHHS 1 TEOPETUYHI MpoOieMHu, MOB’sA3aHl 3
3aCTOCYBaHHSIMU JTaTYNKOBHX MEPEXK B IMPOMUCIOBOCTI, YKHUTIOBO-KOMYHaILHOMY
KOMIIJIEKC1, JOMAIIIHIX TOCIIOapCTBaX.
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[Tpuxiagu obnacteii 3acTocyBaHHsA O€3ApOTOBUX Mepex [1]:

1. 36ip indopmanii Ha BUpoOHMUTBI. CEHCOPHI Mepexl BUKOPUCTOBYIOTHCS
JUISL CTEXEHHS 3a CTaHOM O0JajHaHHs, 300py IOKAa3HUKIB JaT4YMKIB, a TaKOX
MOKa3HUKIB BOJIOTOCT1, TEMIEPATYPH, TUMY B LI€XaX.

2. MouniTopuHr 3a0pyaHeHHsi moBiTpsi. CeHCOopHI 0€3apOTOBI MEpexi He
BUMAaralmTh HasBHOCTI JPOTIB, LI0 POOUTh YCTAHOBKY TakKOi Mepeki Habarato
MpOCTilIe, HIXK IPOTOBUM aHAJIOT.

3. BusiBjieHHs1 nmoxex y Jiicax. By3nu nmoniOHOT CeHCOPHOI Mepexi MICTATh
JaTYUKH UMY 1 TEMIEpaTypH, IO JO03BOJISE BHU3HAYMUTH IIOYATKY IOXKEXKi
MaKCUMaJIbHO INBHUIKO. 3aBISKH CEHCOPHUM O€3IpPOTOBHUM MeEpekKaM, IMOKEKHI
MOJKYTh JI3HATHCS, KOJIU TIoYatacs MoKexa i B IKHi 01K BOHA IMONTHUPIOETHCS.

4. Inwi cdepu, OB’ s13aHI 3 OXOPOHOIO HABKOJIHUIIHHOTO CEPEIOBHINA, TaKi SIK
MOHITOPHUHT SIKOCT1 BOJIU 1 MOHITOPUHT CTUXIHHUX JIUX.

OCHOBHI XapaKTEPUCTUKU CCHCOPHUX OE3POTOBUX MEPEXK BKIIOYAIOTH [2—3]:

e EHeprocnokuBaHHs By3JIiB Mepexi:

VY GaraThbOX CEHCOPHHMX MEpEeKax »KUBJICHHS BY3JIIB IMOXOIUTH B Oarapei, sKy
B pa3i pO3pSAKU JOBEACThCS MIHATH a00 03apsKaTH, IO HE 3aBXKIU MOXKIUBO.
ToMy €HeprocrmoXMBaHHS — OJHA 3 HAWBAKIIMBIIIMX XapaKTEPUCTUK CEHCOPHHX
0€3/IPOTOBUX MEPEK.

e BigMoBoOCTIKICTB:

CeHcopHa Mepeka MOBMHHA MPOJOBKYBATH MPAIOBATH MPU BIAMOBI OJHOTO
a00 JNEeKUIbKOX BY3IiB. UM OUIBIIUN BiJICOTOK HEpOOOUYUX BY3JIIB HE BIUIMBAE Ha
pare31aTHICTh MEePEeXki, TUM BHIIE BIIMOBOCTIUKICTD

e MoOlIBbHICTH BY3JIIB:

Lleti xkpuTepidi BaXJIUBUN IJII CEHCOPHHX MEPEX, B SKUX BY3JU IMOCTIMHO
EePEMIITYIOThCS.

e MacmrTadoBaHiCTh:

MacmraboBaHICTh MeEpeXi oO3Hadae, 10 KOH]Irypaiis Mepexi T03BOJISE
JI0/TaBaTH HOBI1 BY3/1M 06€3 a00 3 MiHIMaJIbHOIO KUTBKICTIO pYYHOT HACTPOMKH.

e CTiMKICTH 10 YMOB HABKOJIHUIIHBLOIO CePeI0BHINA:

CencopHi 6e31pOTOBI MEpeki YaCTO PO3TANIOBYIOTHCS B YMOBaX, BIIMIHHUX
BiJl KIMHATHUX, Ha EJEKTPOHIKY MO>XE CTBOPIOBATH HETATUBHUI BIUIMB BHCOKI Ta
HU3bKI TEMIIEpATypH, BOJIOTICTh, BIT€p Ta 1HII YMOBH HAaBKOJHWIITHHOTO CEPEOBHIIA.
CTIlKICTh 10 HECTPUSTIMBUX YMOB JOCSTAETHCSA 32 PAXyHOK 3aXHUIICHOTO KOPIYCY
JUISE By3Jla CEHCOPHOI MEpexki, a TaKoX 3a paxyHOK MPaBUIBHOTO BHOOPY
EJIEKTPOHHUX KOMIIOHEHTIB, III0 MOXKYTh MIPAIIOBATH Y CKJIAJHUX yMOBaX.

e be3neka:

Ockinbku iHGOpPMAIIS TIEPEeNacThCs 4Yepe3 BY3IU OE3apOTOBOT MeEpexi, Ii
BY3JIM MOXYTh MEPEXOIUTIOBATH 1 HaBiTh MiAMIHATH iH(oOpMmalito. [ BupimeHHs
i€l TPOOIEMH 3aCTOCOBYIOTHCS QITOPUTMHU MU PYBaHHS

Konu noTyxHICTh nepenayl BCiX MOJYJIIB CEHCOPHUX BY3JIB IOCUTh BEJMKA 1
CEHCOpH MOXYTh TepeaaBaTH JaHl Oe3rmocepeHh0 10 0a30BOi CTaHIli, BOHH
(YHKIIIOHYIOTh 3a TOIOJIOTIEID «3ipKay», SIK MOKa3aHO Ha pucyHky l.1. V nauii
TOMOJIOT1i KOKEH CEHCOP B3aeMOJI1€ Oe3Mocepe/IHbO 3 0A30BOI0 CTAHIIIEIO.
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OpnHak, CEHCOpHI MepeXkl YacTO MOKPUBAIOTH BEJIMKI TEPUTOPIi 1 MOTYKHICTh
nepenaBaya MOBMHHA OyTHM 3MEHILIEHA J0 MIHIMymy, o0 30epertu eHepriro. Sk
HACHIJIOK, Mepeavya JaHUX 4Yepe3 KiabKa BY3JIIB — OUIbII MOUIMPEHA CUTYaLlsd AJis
CEHCOPHUX MEPEeXK, SK MOoKa3zaHo Ha puc. 1. ¥V Takiif Men-Tonosorii By30J CEHCOPHOT
MepeXi OBUHEH HE TUIbKM OTPUMYBATH 1 MepeAaBaTH CBOi JlaHi, ajie 1 rpaTd pojib
IUTIO3Y JIJISl 3B’ SI3KY 1HIITUX BY3J1IB 13 0230BOIO CTAHIIIEHO.

BY30/1/ - )

—k b‘.I W e I.‘ ( 1 { ( \ l ‘-"..
|

- Wnos3

L.

Bazoea Ua,.s ba3oBa cTaHuIA
Puc. 1. Tonosorii «3ipka» (JiBOpyd) Ta «MelD» (MpaBopyy)

Y i myOmikamii  po3TJISHYTO HasiBHI PIIIEHHS CTBOPEHHS CEHCOPHOI
0e3IpPOTOBOT MEPEXI, sIKa MOXkKe OYTH 3aCTOCOBAHA B PI3HUX 00JIACTAX, TAKUX SK: 301p
JTaHUX Y KOMIUIEKCI TEIUIHIIb, CHCTEMa «PO3YMHUHN OyJIWHOK», MOHITOPHHT TIOKa3aHb
TEMIEpaTypyd 1 BOJIOTOCTI TpH 30€piraHHi CUTbCHKOTOCTONAPCHKOT MPOMYKILi,
MOHITOPHHT IMOKa3aHb Ha BUPOOHUIITBI 1 T. JI.

PosrnsHyTi ceHcopHi 0€3apOTOBI Mepeki MOXYTh IMPAlOBAaTH B JBOX
peKHMax: «3ipka» Ta «meshy, MO J03BOJISIE CTBOPUTH SK MEPEKY, J€ KPUTUIHO
EHeprocCIoXKMBaHHsA, ska Oyae mpaimroBaTh 0e3 3aMiHM a0 JIOJATKOBOI 3apsiKu
aKyMyJIATOPIB KUIbKAa MICAIIB, TaK 1 MEpPEexKy, J€ TNOTPIOHO OXOMUTHU BEIIUKY
TEPUTOPIIO 3 JHKEPEIaMU KUBJICHHS BEITUKOI EMHOCTI.
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Energy Saving Methods in Mobile Sensor Networks

This article describes methods of energy saving in mobile sensor networks, which are
critical for various applications but face challenges due to limited battery life. Three methods are
described: energy-efficient algorithms, energy harvesting and low-power design. These methods
can extend the battery life of mobile sensory networks and enhance their efficiency and
effectiveness.

Mob6utbH1 ceHcopHi Mepexi (MCM) 6e3CyMHIBHO € OJHUM 3 HaWBaKJIMBIIINX
TEXHOJOTIYHUX JIOCSATHEHb. 32 OCTaHHI JECATh POKIB MOOUIbHI CEHCOPHI Mepexi
OTpPUMAJTK MIMPOKE BU3HAHHS TI0 BChOMY CBITY, IIi MEPEXi MarOTh BaXKJIMBE 3HAUCHHS
JUIsL PI3HUX 3aCTOCYBaHb, HANpPUKIAJ MOHITOPUHI HaBKOJHUIIHBOTO CEPEIOBHINA,
OXOpOHA 3/I0POB’ s, BAKOPUCTAHHA Y BIUCHKOBUX LUIAX Too. OmHAK, el THI MEPEK
Ma€ JTOCUTh CEPHO3HY MpoOJieMy IO 3HIXKYE iX ePEeKTUBHICTh — 1€ OOMEKEeHUU
TEPMIH CITy>kOu Oaraper.

CeHCOpH1 BY3JIU 3 SIKUX CKJIQIA€ThCS MEpeka BUKOPUCTOBYIOTh €HEPrit0 JJIs
nepeaadi Ta 0OpoOKu TaHuX, PAaKTHUIHO TEPMIH CITY>KOU CEHCOPHOI MEPEKi 3aJIeKUTh
BiJl TEPMIHY CITy»KOHM Oatapei CEHCOpPHUX NaT4duKiB. B 11iii cTaTTi HaBeACHI TpU Pi3HI
METOIU SIKI MOXYTh TOKPAIIUTH €HEPro30epeKeHHs] CEHCOPHMX JaT4YUKiB, 1
BIIMOBITHO 30UIBIINTH TEPMIH CITY)KOH BCiel ceHcopHOT Mepexi (puc. 1.)

MeTonn ereproszbepexenns B MCM

EneproedexTHER KoncTpyeai
26m enenri 3 HM3BEKHM
AT OpHTHH P EHER EHEPTOCTI0HHE aHHAM

Puc. 1. Metonu enepro3oepexenns 8 MCM

e FEHeproedeKTUBHI aNrOPUTMH: BHUKOPUCTAHHS €HEProe(EeKTUBHUX
QITOPUTMIB ~ MOXE  JIONOMOITH  3MEHIIUTH  OOYMCIIIOBAJIbHE
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HaBaHTA)XEHHS Ta BIAMOBIAHO CIIOKUBAHHS €HEPrii. ['apHUM IpUKIaI0M
TaKUX AJITOPUTMIB € AJTOPUTMHU KiacTepusallii [0 3acHOBaHI Ha
lepapxiuHiil Mozeni moOyloBU CEHCOpHUX Mepex. [Ipum BUKOpHCTaHHI
QITOPUTMIB KJlacTepu3allii, BCS CEHCOpHAa Mepeka po30MBAEThCA Ha
OKpeM1 KJIacTepH, B KOXKHOMY KJlacTepi OOUpAaEeTbCsl OAUH BY30J, LIO
BIJINOBI/Ia€ 3a KOOPJWHAII0 poOOTH Ta 30Mpae daHl BiJ YCIX IHIIUX
BY3JiB KJIacTepy, TaKUM YMHOM, IMepefavya JaHUX BiJ OKPEMHUX BY3JiB
BIIOYBA€ThCSI HA HEBEJIMKI BIACTAHI Y YITKO BH3HAYEHUX MEXKax, ILIO
JI03BOJISIE 3MEHIIUTH MOTYKHICTh IepeaBayiB.

e 30ip eHeprii 3 HABKOJIMIIIHHOTO CEPEJOBUINA € I11€ OJHUM 3 METOJIIB SIKi
MOXYTh  TIOKPallUTH  €HEProe(eKTHBHICTH  CEHCOPHHX  MEPEK.
Heo0xinHo 06MaaHAaTH CEHCOPHI NaTYMKHU BiIMOBITHUMHI MOIYIISIMH JIJIS
300py eHeprii HalpuKJIa, TemIoBoi a0 coHsuHoi. [le Moxke gomoMortu
HiATPUMYBATHU 3aps 6aTapei MOOUIbHUX CEHCOPHUX JAaTUYMKIB.

e BukopucTaHHS KOHCTPYKIIH 3 HHU3BKHM CHEPrOCIOKHBAHHSIM MOXE
MOJOBXHUTH  TepMiH  ciaykOu  Oarapei  CEHCOpPHHUX  BY3IIB.
BukopucroByoun METOIH IPOEKTYBaHHS 3 HU3bKUM
€HEeproCIOKMBAHHSAM, HANPUKIAA: CTPOOYBaHHS TMOTY)KHOCTI, 3MiHa
HaBaHTAKEHHS Ta MaclTaOyBaHHS HANpPyTH, MOXXHA 3MEHIIUTH
€HEProCIOKMBAHHS arapaTHUX KOMIIOHEHTIB HaIPHUKIa] MPOLEcopiB Ta
MOAYJIiB 0€3pPOTOBOTO 3B SI3KY.

Ak yxe Oyno 3a3Haue€HO, MOOUTBHI CEHCOPHI MEpPEeXi BIIITParOTh BaKIUBY

pOJIb B JKWTTI JIFOJAWHH, OCOOJMBO KOPHUCHHMH BOHHM € TIpM BHUKOPHUCTaHHI iX B
BaYKKOJIOCTYITHUX MICIIX, a00 B YMOBax skl € HEOE3MeUHUMH JIJIs JIIO/IeH, 00J1acTh
3acTocyBaHHS TeXHOJIOTiIH MCM CTpIMKO PO3IIUPIOETHCS, MPOTE OOMEKCHHH TEPMIH
CITY>KOW CEHCOPHHUX BY3JIIB BCE III€ 3aJIUIIAETHCS CEPHUO3HOIO MPOOJIEMOIO KA 3HUKYE
iX e(heKTHUBHICTb.

84

Jlitepatypa

Ixkime O. C., Koctiok C. O. (2019) 'MeTtonu eHepro30epexeHHS B CECHCOPHHX
Mmepexax', Pagioenektponika i indpopmartuka, Ne 3, c. 4249,

[Mpumemna T. O. (2017) 'Meron miABUIIEHHS MPOIYCKHOI 3MaTHOCTI MOOUTBHHX
CEHCOPHHUX MEPEXK 13 TeIIEKOMYHIKAI[IHHUMH aeporuiatrpopmamu’, Bueni 3anucku
THY imeni B. I. Bepuaocwvroeo. Cepis: Texuiuni nayku, 1. 28(67), Ne 1, c. 31-34.
[Mpumena T. O., Jlucenko O. 1. (2015). 'Be3npoBomoBi ceHCOpHI Mepexi i3
MoOUTEHUME ceHcopamu' [online], 36. mamep. Miocnap. nayk.-mexu. Koug.
«llepcnexmusu menexomynikayin». URL: http://conferenc.its.kpi.ua/proc/article/
view/104177.

Txanenko O. M., CremanoB M. M. (2018) 'OcobmmBocTi  3acTOCyBaHHS
0e3mpoBooBUX ceHcopHux Mepex'[online], 36. mamep. Mixcuap. nayk.-mexm.
kong. «llepcnekmusu menexomynikayiuy. URL: http://conferenc.its.kpi.ua/proc/
article/view/131747.



YK 621.396.96:004.738.5:004.738.7

CTPATEI'TI BUKOPUCTAHHA TEXHOJIOI'TI MIMO Y MOBILJIBHUX
CEHCOPHHUX MEPEXAX

Tumogees €. M., JIucenko O. 1.
Hayionanonuu mexuiunuu ynisepcumem Yxpainu « Kuiscoxuu noaimexuivHuu
incmumym im. leops Cikopcokozoy, Kuis, Ykpaina
E-mail: timofeeevzh@gmail.com

Strategies for Applying MIMO Technology in Mobile Sensor Networks

This paper explores the utilization of Multiple-Input/Multiple-Output (MIMO) technology in
mobile sensor networks, a promising avenue in wireless communications that offers enhanced
throughput and improved signal reception in challenging environments. The study investigates
various methodologies and strategies for incorporating MIMO technology into mobile sensor
networks. It examines the potential benefits, assesses the associated challenges, and presents
practical examples of MIMO implementation within sensor networks.

B octanHi poku MOOLUTBHI CEHCOPHI MEpEXki CTalOTh BCE OLIBII MOMIMPEHUMU B
pi3HUX cdepax KUTTSA, TAaKUX SK MEAMIIMHA, CIIOPT, MPOMUCIOBICTh Ta iHmiL. Lli
Mepexi BUKOPUCTOBYIOTH JATUYUMKH [JIs1 300py PI3HOMAHITHHX JAaHHMX, HAMpPUKIAI,
TEMIIEpaTypH, BOJIOTOCTI, PIBHS IIyMy Ta 1HIIMX napameTpis. [Iporte, 3 po3BUTKOM
MOOUIPHUX CEHCOPHUX MEpPEK BHUHHMKAIOTh Pi3HI MpOOJIEeMHU, TakKi SK HEIOCTaTHS
IIPOITYCKHA 3JIaTHICTh, OOMEXKeHa eHepProe(EeKTUBHICTb, CKIIAJIHICTh MapIIpyTH3aIlii
Ta 1HIIII.

OmuuM 3  METOJIB, SKHH JOolIOMara€ BUPIIIYBaTH 111 IPOOJeMH, €
BUKOpUCTaHHs TexHojorii MIMO (Multiple-Input/Multiple-Output). Texuosoris
MIMO 3actocoByeTbcs B 6araTb0X CHCTEMax pajiio3B’si3Ky, BKItodatoun Wi-Fi ta
MOOUTHHUH 3B’s30K. BoHa 103BOJIsSIE BUKOPHUCTOBYBATH OUTBINEC OJHIET aHTCHH JISI
nepeaavi Ta OTPUMAHHS CHTHAIIIB, IO 30UIbIIYE KUIBKICTh MEpenaBalbHUX KaHAIiB
Ta TOKpaimye sKicTh curHany. OTxe, y MOOUIBHHUX CEHCOPHHX Mepekax
BUKOpHCTaHHs TexHojorii MIMO no3Bossie MIABUIIATH TPOITYCKHY 3/IaTHICTB,
3MCHIITUTH CITO’KWBAHHS €HEPTii Ta MOKPAIUTH MapIipyTH3aiito qanux [1-2].

Taobn. 1.
Ilepesacu i nedonixu euxopucmanns MIMO 6 MobinbHUX CeHCOPHUX Mepedicax
IlepeBaru Henoaiku
30ibIIIeHa MPOITYCKHA 3/IATHICTH Bucoxki BUMoOru 10 anmapaTHOTO 3a0e3MeueHHs
3MEHIIICHHS CIIOKUBAHHS €Heprii CknagHicTh peamizarii
ITokpamiena sikicTs iepenadi Janux | OoMexeHe MOKPUTTS

Metoau BukopuctanHs TexHojorii MIMO B MOOUIBHUX CEHCOPHUX Mepexkax
MaroTh Ha METI MOJIIMIIEHHS MPOAYKTUBHOCTI Ta SIKOCTI IIepeaayl JaHUX, 3MEHIIICHHS
iHTepdepenii Ta 3abe3nedyeHHs HaAIMHOI Tepenadi gaHux. llommpeHi MeToau
BKJIIOYAIOTh [3]:
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IIpoctopoBe konyBanHs (Space-Time Coding): ueit merton 3abe3mneuye
pE3epBHI KOMii JaHUX, 110 MEePEAAOThCS, MOKPALIYIOUHU SIKICTh Mepeaayi.
Bin 3MeHIIye BIJIMB BTpaTH JaHMX Ha NEpenavy, aje MOKe MOTIPIIUTH
MPOITYCKHY 3[aTHICTh MEPEXKI.

[IpoctopoBe MynbTHIUIEKCYBaHHS (Spatial Multiplexing): neit meton
JI03BOJISIE BUKOPUCTOBYBATH KUIbKA aHTEH JUIs Mepeaayl JaHUX 3 pi3HUX
NOTOKIB. BiH 30uIblIye NPONYCKHY 3AAaTHICTb MEPEXl Ta 3MEHILYE
IHTEp(EPEHILito, ale MOXKE 3HU3UTH HAIIMHICTh Nepeadl TaHuX.
Macusae MIMO (Massive MIMO): 1ieii MeToJ BUKOPUCTOBYE BEIUKY
KUTBKICTh aHTEeH JJIs Mepejavi Ta OTPUMAaHHs JAaHUX, 3HIKYIOUU BILIUB
myMiB Ta iHTepdepeHuii Ha mnepeaady. Bin 3a0e3nedye BHCOKY
NPOIYCKHY 37aTHICTh Ta HU3bKY 3aTPUMKY, aJle Ma€ CKIaJAHY peaizallito
Ta BUMAarae moTYXHUX 00YHCITIOBAILHUX pecypciB [4].

Yactorne MIMO (Frequency MIMO): meii MeToa BUKOPUCTOBYETHCS
JUISL TOCSTHEHHSI BUCOKO1 MPOMYCKHO1 3JaTHOCTI Ta HU3BKOi 3aTPUMKH
IUISIXOM BUKOPUCTAHHS KUIBKOX YacTOTHHX Jiama3oHiB. BiH Takox
MiABUIYE HAMIWHICTH TEepeaadl JaHuX, aje BUMarae OuIbIIe
00UHCITIOBATLHUX PECYPCIB Ta MA€ CKIIAJIHY peaizalliio.

Takum uymHOM, MeTOoAM 3acTtocyBaHHs TexHoJorii MIMO B MoOUTBHHX

CEHCOPHUX Mepekax MarwTh CBOi MepeBard Ta OOMEXEHHs, 1 BUOIp MiaXomy
3aJIe)KUTh BiJl KOHKPETHUX BUMOT Ta 0OMEKEHb MEPEeXKi.

OnuH 13 HAWMOMYJSPHINIUX MPUKIAAIB BUKOpHUCTaHHS TexHosorii MIMO B

MOOLUTBHUX CEHCOPHHUX Mepekax — Iie 3acTocyBaHHs B ctanaapti LTE. ¥V cranmapri
LTE BUKOPHUCTOBYETBCS METOJI MPOCTOPOBOTO MYJIBTUILICKCYBAHHS, KU JT03BOJISE
nepeaaBaTi JlaHl Ha KUIBKOX MOTOKAax 3a JIOMIOMOI'OK OaraThOX aHTEH Ha 0a30BId
cTaHIlii Ta KiHIeBoMmy npuctpoi. Ile 3a0e3medye BHCOKY MPOIYCKHY 3/IaTHICTH Ta
eheKTUBHICTD IIepeaadl JaHUX y MOOLIbHUX Mepekax [5].

Puc. 1. Cuenapiit sukopuctanass MIMO B 5G

VY cyuyacHuX MOOUIBHUX Mepexax BUKOPUCTOBYEThCA TexHousoris MIMO nns

3a0e3medyeHHs] IBUAKOI Tepenadl JaHuX Ha BHCOKOYACTOTHHUX Jlarma3oHax.
Hamnpuknan, B Mepexax 5G BUKOPUCTOBYeThbCsl TexHosioris Massive MIMO, sika
JTIO3BOJISIE JOCSTTH BUCOKOI MPOMYCKHOI 3/TaTHOCTI1 Ta 3HM)KCHHS 3aTPUMKHU Mepeaadl
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nanux. 3actrocyBanHa Massive MIMO B mepexax 5G 103BoJisiE BUKOPUCTOBYBATU
OUTbIY KUIBKICTh AHTEH Ha 0a30BIi CTaHIll Ta OOCIYroBYBaTH OUIbIIY KUIBKICTh
KOPHUCTYBaulB OJHOYACHO, 3a0e3Meuylouyd BHCOKY SKICTb OOCIYrOBYBaHHS Ta
HIBUJIKICTH Mepeaadi Janux [4].

VY mepexkax Wi-Fi takox BuxopucroByeTbcss MIMO nnst HamiiiHoi mepepnaui
naHuX. TeXHOJIOTiS MPOCTOPOBOIO KOJYBAaHHS 3aCTOCOBYEThCS B cTaHmapti Wi-Fi
802.11n, mo 3abe3nedyye BUCOKY MPOIMYCKHY 3JaTHICTh Ta CTaOUIbHICTb 3B’SI3KYy Y
nopiBHsAHHI 31 crangapToM 802.11b/g.

VY ceHCOpHHX Mepexax TakoX BUKOpUCTOBYeTbcs MIMO mna edexkTuBHOL
nepeaavi JaHUX BiJl CEHCOPIB J0 IIEHTPAJIbHOrO By3jJa Mepexi. Hampukman, y
Mepexxkax Oe3ApOoTOBOr0 3UMTYBaHHSA IOKa3HUKIB eHeprocrnoxuBanHsa (Wireless
Smart Metering), MIMO no3BoJisie 0IHOYACHO TIEpe/laBaTH JaHl 3 KUIbKOX CEHCOpIB
3a JOMIOMOT'O0 KUIbKOX aHTeH 0a30BOi cTaHIIi, 1110 3a0e3neuye HaJAIHHICTh Tepeaadi
naHuX Ta e(PeKTUBHICTh Mepexi [5].

MIMO B MOOUIBHHMX MepeXax BIJIrpae Bce OUIBII BaXJIUBY pPOJIb Yy
3a0€e3IeueHH] MBUAKOCTI Nepeaayl ganux. L{s TexHonoris 103Bossie epeaaBaTu JaHi
Ha BEJIMKIN BIJCTaH1 3 BUCOKOIO MIBHUJIKICTIO, IIO JI03BOJISiE MOOLIBHUM MPUCTPOSIM
e(eKTUBHO TIpaIfoBaTd 3 BeIUKUM oOcsroM gaHux. Kpim Ttoro, MIMO
BUKOPHUCTOBYETHCS ISl TIOJIMIIEHHS SKOCTI 3B’S3Ky Ta 3MCHIIEHHS IIyMiB Ta
iHTepdepeHIliil B MOOLUTbHUX MepekKax.

Oco6mBo B Mepexax 5G, texuosoris MIMO € KIHOYOBUM €JIE€MEHTOM,
3abe3rneuyoun epekTUBHY Tiepeaady TaHuX 3a JIOMOMOTO0 OUIBIIOT KITbKOCT1 aHTEH.
I[le o0cobmMBO BaXJIMBO I  BHUCOKOUIBUAKICHMX  JOJATKIB, TaKUX  SK
BiJIcOKOH(EpeHIii Ta CTPIMIHTOB1 CEPBICH.

Y migcymky, MIMO € edexkTUBHOIO TEXHOJOTIE Ui TOKpaIleHHS
IIPOJIYKTUBHOCTI MOOUTBHUX Mepek. BoHa 3abe3rneuye mMBUAKY nepeaady JaHUX Ha
BEJIMKIN BIJICTaHI Ta MOKpAIIye SKiCTh 3B’ s3Ky. B Maitdytapbomy, MIMO matume e
OutbIlle 3HAYCHHS Yy MOOUIBHHX Mepexax, OCOOJMBO 3 PO3BUTKOM HOBHX
BHCOKOIIBUIKICHUX JTOJAATKIB Ta CEPBICIB.
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A Budget Solution for Recognition of the Human Face
in the Smart Home System

The paper analyzes the existing algorithmic and software solutions for recognizing objects
and human faces using digital cameras in the smart home system. An improved algorithm and an
adapted software implementation of the firmware of the low-power and inexpensive ESP32-S3
microcontroller with a digital camera were developed, which allows improving the information
system of a smart home without significant financial costs.

BineoposmizHaBanHs 00JHMYYs Ta TPEAMETIB BUKOPUCTOBYETHCS B PIZHUX
obJacTsax, BKIOYalOUn OE3IeKy, B1I€OCIOCTEPEIKCHHsI, PO3Ii3HABAaHHS aBTOMOOLIIB
Ha JI0p03i, peKJIaMy, aHaJli3 TOBEIHKU 00’ €KTIB, PO3ITi3HABaHHS €MOIIii TOIIIO.

Jlns Bimeopo3mizHABaHHS OOMYYS ¥ 1HIIUX IMPEeIMETIB BUKOPUCTOBYIOTh Pi3HI
METOJIH 1 AITOPUTMU MAIIMHHOTO HaB4YaHHA [ 1], 30KkpemMa HEeHpOHHI Mepexi, MHOoKe
HAaBYAHHS, AJITOPUTMH BHUSBJICHHS 00 €KTIB, aHamizy 300pakeHpb Ta iHmI. IIpore
OUTBIIICTh AJATOPUTMIB MAIIMHHOI'O HABYaHHS I €(EeKTUBHOI poOOTH IOTpeOye
3HAYHUX OOYMCIIOBAIBHUX TMOTYKHOCTEHW, II0 MIABUIIYE BapTICTh amapaTHO-
IPOrpaMHHUX PIIIEHB JIJIs KIHIIEBUX CTIOKUBAYIB 1 0OMEKYE iX IMPOKE BUKOPUCTAHHS
B CHCTEMaX PO3YMHHX OyJIMHKIB TOOYTOBOTO PiBHSI.

[IpoBeneHo aHami3 ICHYIOUHMX aJTOPUTMIYHO-TIPOTPAMHUX  PpIlIEHb  JJIS
pO3ITi3HABaHHS MPEAMETIB Ta OOJUYYS JIFOJMHU 3a JOTOMOTO0 IUGpPOoBUX Kamep. B
SIKOCTI OCHOBH JIJIsl peajizallli y BJIaCHOMY IPO€EKTI pO3Ii3HaBaHHA 00JuY 0OpaHO
HaWOUTbII €(EeKTHBHI 3 TOYKM 30pYy TOYHOCTI PO3MiI3HABaHHS PYXOMHUX 00’ €KTIB
amroput™M CNN, skuii motpebye anmanramii s poOOTH HA MaJOMOTY>KHUX
MIKPOKOHTPOJIEPAX, IO JIETKO IHTETPYIOTHCSA Y CUCTEMH PO3YMHUX OYIMHKIB.

Ha ocHoBi 00paHoro airoputMmy po3poOJeHO HOro yJOCKOHaJIeHy Bepciio i
aJanToOBaHy TMPOTPaMHYy peati3allif0 MPONIUBKH MAJOMOTYKHOTO 1 HEJ0pOro
MikpokoHTposepa ESP32-S3 i3 nudpoBoro kameporo, M0 J03BOISIE YAOCKOHAIUTH
iHbOpMaIliitHy cucTeMy PO3YMHOT0 OyIMHKY 03 3HauHMX (D iHAHCOBHUX BHUTpAT.

[IpoBeneni HaBYaHHS HEHUPOMEPEXKi 1 TECTYBaHHA POOOTH AITOPUTMY JTOBEIH
1oro eeKTUBHICTH 1 CTAOUTBHICTH pOOOTH.
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Information Security System for a Smart Home Using 1oT Technology

The information security system for a smart home is a comprehensive approach to ensuring
security in the face of a growing number of connected devices and data transmission. Its goal is to
protect owners' privacy, prevent unauthorized access to the system, and detect and respond to
potential threats.

B cywacHomy 1mmdpoBoMy CBITI, 1€ [aHl BIiAIrpaloTh KIIOYOBY pOJb,
3abe3rneueHHs 0e3neku iH(popmaIllli cTae KpUTUYHO BKJIUBHUM 3aBIaHHAM ISl OY/Ib-
saKoi opraHizaiii. [Hpopmariiiina cuctema Oe3neKr BU3HAYAETHCS SIK KOMIUICKCHUMA
MIAX1T 10 3aXUCTy KOH(IICHIIIHHOCTI, IIJTICHOCTI Ta JOCTYMHOCTI AaHux. Llsg Tema
JOCIIJKYE CydacHHHM cTaH iH(opMairiiiHoi Oe3leku B OpraHizallisix Ta MPOIIOHYE
aHaJI3yBaTH Ta ONTHUMI3yBaTHU ICHYIOUl iHGOpMaIliiHI cHUCTeMH O€3IMeKHu 3 METOIo
3abe3reueHHs] €()EKTUBHOTO YIPaBIIHHA pPHU3UKaMHU Ta 3a0e3leueHHs HaJiiHOTO
3aXUCTY JIaHUX.

OcHoBHa MeTa pO3yMHOTO OyAMHKY TOJIArae y ToMy, 100 3a0e3neduTu
MaKCUMaJIbHUN piBeHb KOM(MOpTy Ta Oe3neku A MEIMIKaHIB. 3a JOMOMOTOI0
BOy/IOBaHUX CEHCOPIB, CHCTEM KOHTPOJIIO Ta yHOpaBIiHHA, OyAMHOK MOXKe
aHaJi3yBaTH JlaHl Ta 3a0e3rnevyBaTH ONTHMAIBHUN piBeHb (YHKIIIOHYBAaHHS PI3HHUX
CHUCTEM, IO JO3BOJISIE 3MCHIIUTH BUTPATH Ha CHEPTi0 Ta 3a0e3medyuTH ¢(EeKTUBHE
BUKOPHUCTAHHS PECYPCiB.

Posymamnit OynmuHOK MOXe OYTH BiAJaJeHO KEpPOBAaHUM 3a JOTOMOTOIO
MOOUTBHUX TOAATKIB 200 BeO-iHTEepdeiicy, o J03BOJISE MENIKAHIIIM KOHTPOIIOBATH
poOOTy OyIMHKY 3 OyAb-SKOTO MicIis Ta B OyIb-SIKUH Yac.

Yce ne migrpumyerhbes 3apasku TexHousorii IoT — Internet of Things, abo
IHTEpHET peyei, sSKka yaBIie 3 cede Mepexy (HI3UYHUX MPUCTPOIB, IO MiTKIIOUEHI 10
IHTEpHETY Ta OOMIHIOIOTBCA JAaHUMHU MK CO00r0 0e3 HeoOXITHOCTI B3aeMOii 3
moauHOI a0o iHmuMuU npuctposmu. [lpuctpoi [oT MoxyTs OyTu pi3HOTO THUIY,
BKJIFOYAIOYM JATYUKH, KOHTPOJEPU, PO3YMHI JOMAIHI TPUCTPOi, aBTOMOOLTI,
MEIMYHI TPUJIATA Ta THIITI

Taka cuctema 3a6e3mneuye 1i10j000BUH KOHTPOIb HAJ PI3HUMHU TTapaMeTpaMu
OyIWHKY, TAaKUMH SIK OCBITJICHHS, OTIAJICHHS, KOHIWI[IOHYBaHHS TIOBITPS, a TaKOX
0€3MeKO010, BKII0YAUM KOHTPOJIb TOCTYIY, BUSIBIEHHS MOKEXK1, BATOKY Ta3y Ta IHIII
HeOe3MeYH1 CUTYaIrii.

OnHa 3 OCHOBHUX IpoO0JeM mosisirae y 3a0e3nedyeHHi Oe3nexky nepegadl J1aHux
MK pPI3HUMH KOMITOHEHTaMH CHUCTeMH. HemocTaTHbO 3axuIeHa mepeada JTaHuX
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MOXX€ MPU3BECTH 1O BUTOKY KOH(iAEHIIIHOI iH(popmalii Ta 30UIBIINTH PHU3UK
kiOepatak. Jlng 3anoOiraHHs kiOepaTakam MOTpIOHO pO3pOOJIATH  CHUCTEMU
3a0e3neueHHs Oe3NeKH, SKI BKIIOYAIOTh B ce0€ 3aXMCT BiJ BIJOMHX BHJIB aTak,
MOHITOPUHI CUCTEMH Ha BUNAJKU HECIPABHOCTEH Ta MIBUIAKUN BIATYK HA HUX

[Hmoro mpobsiemMoro € 3a0e3nmedyeHHsT HaaIMHOCTI Ta CTIMKOCTI CHCTEMH.
Po3ymHuii OynMHOK MICTUTH OaraTo pI3HUX €JIEKTPOHHMX MPHUCTPOIB, SIKI MOBUHHI
CIIBMPAIIOBATH MDX CO0O0I0, 1 HEMPaBUJIBHO HaJAIITOBAaHA CUCTEMa MOXXE MPUBECTHU
710 HECTIPAaBHOCTEH Ta aBapii.

BaxnnBo Takoxk 3a0e3MeunuTy CyMICHICTh 1H(pOpMAaIiitHOiI cucTtemMu Oe3neKku 3
IHIIMMH CHUCTEMaMM Ta HOPHUCTPOSIMU, IO MOXe OyTh mpobiieMOr0 uepe3 pi3Hi
CTaHJapTH Ta MNpOTOKoJdu. HemoctaTHs CyMICHICTD MOXE MPU3BECTH 10
HEeMpaBWIbHOI pOOOTH CUCTEMU Ta 3MEHIUIEHHS ii €()eKTUBHOCTI.
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Puc. 1. Tlepenik BinoMux mpo0sieM iHPOpMAIIHTHIX CUCTEM
Oe3IeKn PO3yMHUX OYIHUHKIB

OF PRODUCTIVITY

IcHye Garato TOTOBHX pIllleHb, SKI MOXYTh BXOJUTH JI0 CKJIQay CHCTEMHU
pO3yMHOr0 OYIWHKY Ta JjJomomMaratd y 3a0e3ledeHHl KOHTPOJI Ta Oe3MmeKH.
Hapenemo aeski 3 HAUTIOMUPEHIIITUX TPUKJIIAJIB TAKAX PIIICHb.

1. MoagynbHa cucremu Oe3neku: OCHOBHUM HAlpsSMKOM € CTBOPEHHS
MOJYJIbHOI CHUCTeMH O€3MEeKH, siKa J03BOJIUTh KOPUCTyBayaM HaJallTOBYBaTH Ta
MaciiTadyBaTu pillIeHHS BIAMOBIAHO 1O CBOiX moTped Ta Oromkety. Lle moxke
BKJIIOYATH PI3HI BUJU CEHCOPIB, KAMEp Ta CUCTEM KOHTPOJIO JOCTYIY, SIKI MOXYTb
JIETKO 1HTErpyBaTUCS Ta CIIBIPAIIOBATH M1 COOOIO.

2. BukopucTtaHHd  IITy4HOTO  IHTENEKTY Ta  MAIIMHHOTO  HABYAHHS:
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3acTocyBaHHsl QJITOPUTMIB IUTYYHOI'O IHTEJNEKTY Ta MAIIMHHOIO HaBYaHHS IS
aHamizy JaHuX, 30upaHHs iHQopMaiii TPO HABKOJUIIHE CEPEOBUIIE Ta
nepeadayeHHs MOTEHIIMHUX 3arpo3 Oe3neku. lle Moxke MiIBUIIUTH €PEKTUBHICTH
CUCTEMHU Ta 3a0e3MeuUuTH IIBUAKE BHSBJICHHS Ta BIATYK Ha MOAll, MOB’s3aHl 3
0e3MeKo10.

3. EneproedextuBHi pimeHHs: Po3poOka eHeproeeKkTuBHUX TEXHOJIOTIH st
CUCTEM O€3MEeKU PO3yMHOro OYAMHKY, TAKMX SIK CEHCOPU 3 HU3BKUM CIOKHBAHHIM
€HEprii Ta ONTUMI3allid aITOPUTMIB JIJISl 3SMEHILIEHHS €HEPrOBUTpPAT.

4. KibepOe3neka Ta 3axuMCT JaHUX: BpaxoBylouum axkTyalbHI MHTAaHHS
kiOepOe3neku Ta 3aXUCTy JaHUX, PO3POOISATH CUCTEMY O€3MEKU PO3YMHOT0 OYAUHKY
Ta 3a0€3MeUYnTH BUKOPHUCTAHHS Cy4aCHUX METOJIB MU(pyBaHHA, ayTeHTU}IKAIT Ta
aBTOpU3aIlii JJIs 3aXUCTy JaHUX KOPUCTYBauiB Ta 3amoOIraHHs HECAHKIIOHOBAHOMY
J0CTYyTYy.

5. CucteMH  JUCTAHIIMHOTO KepyBaHHS — 1[I  MPHUCTPOi  JIO3BOJSIOTH
BJIacHUKaM OyAMHKY KepyBaTH OCBITJICHHSM, OMNAaJICHHSIM, KOHIUI[IOHEPOM Ta
THIIMMU TPUCTPOSIMU B OYJIMHKY 3 TOTIOMOT'010 cMapT(doHa abo miiaHmieTa.

6. Cucremn "po3yMHuX" BIKOH Ta JBeped — III MPUCTPOT MOXKYTh
BIIKpUBATHCS Ta 3aKPUBATHUCS aBTOMATHYHO 3 JOTIOMOTOIO JTATYHKIB PyXy, JaTUUKIB
OCBITJICHHSI 200 1HIIMX MapaMeTpiB.

i npuxnanyu € auiie HEMOBHUM IEPETIKOM MOXKJIMBUX PIIICHb, SKI MOXYTh
OyTH BUKOPHCTaHI B CHCTEMI1 PO3yMHOTO OyIWHKY. PO3BUTOK TEXHOJIOTIH HIBHUJIKO
30UTBIIY€E KUTbKICTh IOCTYITHUX MPUCTPOIB, SIKI MOXKYTh OYTH BKJIIOUEHI 10 CUCTEMH
BaxxnuBo mam’satatu, 1m0 cucteMa po3yMHOTro OyAMHKY MOBHHHA OyTH THYYKOIO Ta
MOJKJTUBOIO JI0 PO3IIMPEHHS, OCKUIBKA BHUMOTH Ta MOTPEOM KOPHUCTYBAaudiB MOXKYTh
3MIHIOBATHUCS 3 YACOM.
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Telemedicine Capabilities for the Provision of Medical Services
in Rural Areas and in Emergency Situations

The main features of the use of telemedicine in Ukraine are considered. The main
shortcomings that complicate the use of telemedicine in rural areas of Ukraine and during
emergency situations are identified. A typical concentration of efforts to provide telemedicine
services during certain stages of emergency situations has been established. The concept of the IT
infrastructure development is proposed for telemedicine system of Ukraine, which will be able to
function in emergency situations.

Sk 3a3HaveHo B [1], CBOEYACHICTh HAJIaHHS €KCTPEHOI MEIUYHOI JOTIOMOTH B
VYkpaiHi HU3bKa, 0COOIMBO y CUIbCHKIN MiciieBOCTi. Lle € ofHieI0 3 OCHOBHUX IPUYUH
BHCOKOI MMOBIPHOCTI TIepeAIacHOT CMEPTHOCTI HACEJIEHHS IMX PETioHIB (ITOPIBHSIHO
3 MICBKMM) Hacammepen Bia HeiHdekmiHuX  xBopoO. Kpim Toro, e
CYNPOBOIKYETHCSI TIOCTIMHO 3pOCTar04yoi HecTauero KBadi()ikOBAaHOTO MEIMYHOTO
MepCOHATy B CLIBCHKIA MICIIEBOCTI, CENMINAX MICBKOTO THIy Ta MalluX MICBKHX
nocenieHHsax [2]. be3ymoBHO, 1m0 mpu BUHUKHEHHI Haa3BuYaHux cutyamnii (HC)
MPUPOAHOTO TIOXO/KEHHS, YHUCIO SKHM B CBITI 1 B YKpaiHl NMEPEeBUIIYE KUTBKICTh
TEXHOTEHHUX KaTacTpo(d, MOXIUBICTb OTPUMAHHS HACEIEHHSM CBOEYACHUX 1
AKICHUX MEIMYHUX TOCTYT 3HAYHO 3MEHITYEThCS.

B nanunii yac HaKOMWYEHO 3HAYHWUK MO3UTHBHHUU JOCBIJ IIOJAO 3aCTOCYBaHHS
METOIB TEJIEeMEIHWIIMHNA JUI HaJaHHS KBaTi(piKOBaHOI MEIWYHOI JIOIIOMOTH
HACEJICHHIO CUTbChKUX a00 BiAaIcHUX paiioHiIB [3, 4] 1 TUM, XTO 3HAXOJIUTHCS B 30HI
BILUIMBY Bpaxkatouux (akropiB HC [5, 6]. Tenemenuuuna nependayae HAsIBHICTb
MOXJIMBOCTI Tepenadi Ha 3HAa4yHy BiJICTaHb JaHUX MEIUYHOI JIarHOCTHUKH Ta
OTpUMaHHS KBai(iKOBAHOI KOHCYJbTallll (axiBlisl, sika aApecyeTbesi 0e3mocepeHbO
naiieHty abo Jikapro siKiil 3aiiicHioe nikyBaHHs. Ha xanb, sik 3a3HaueHo B [7], B
CUIBCBKIM MiciieBocTi 65% Ci1 HE MOKPHUTI IIMPOKOCMYTOBHM JOCTYIOM 10
iHTepHETY Ta 4,2 MJIH HACEIICHHS MPOKMBAE B HACEIICHUX NyHKTaX, J€ HEMae
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YKOJHOTO ONITUYHOTO MpoBaiaepa.

VY [5] HaBeneHO pe3yiabTaTH aHaNI3y WIICTHAALATH HauOuibl pyitHiBHUX HC,
Akl BigOynucsa y cBiTi 3a mepiog 2001-2018 pokiB. Cepexn HMX HpencTaBleHI, B
OCHOBHOMY, MPUPOAHI KatacTpodu (yparaHu, 3eMJIETPYCH TOINO), aie € 1 (pakTu
TepopusMy (pyiiHyBaHHs Bex — OnusHiokiB B CIIIA Tomo). Bcei mi momii
CYNPOBOIKYBAJIMCS 3HAYHUMM PYHHYBAaHHSAMHM 1 UHUCIECHHUMHU JIIOJICHKUMU
xeptBamu. Ha mincraBi gaHux HaBeneHux y [S5], Oyno moOyaoBaHO JiarpaMu, sKi
HAOYHO UTIOCTPYIOTh P13H1 BaAp1aHTU BUKOPUCTAHHS TEJIEKOMYHIKALIHUX TEXHOJIOT 1M
JUIsL  opraHizamii MeauyHoi nponmomoru (puc. 1), a Takox po3noAun (akTiB
BUKOPUCTAHHS TEJIEMEIMUIMHU JUIsl HaJaHHA JOMOMOIM TMOCTPAXKIAIUM Ha PIZHHUX
eranax HC (puc.2).

Puc. 1. TenekomyHIKaIliiHI TEXHOJIOT1i, e A — 3aCHOBaHI Ha BUKOPUCTAaHHI
[aTepuety, B —renedonnuii 38’5130k, C — CYIyTHUKOBUH 3B’ 30K
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Puc. 2. Erarim HC Ha sKuX 3acTOCOBYBaIacs TeICMEIUIIMHA JIJIsI HaIaHHS JJOTIOMOTH

nocTpaxkaanum, 1e A — no, mix gac i micias HC, B — micas HC, C — mig wac HC

N

Ax BugHO 3 puC. 1, HAWOLIBII MOMIMPEHUM METOJOM 3IIMCHEHHS 3aXOJIB Y
paMKax TEICMEIUIIMHN € BUKOPHUCTAaHHS iHTepHeTy. OJMHAK Il TeIeKOMYHIKaIliiH1
TEXHOJIOT1i MaroTh oOMexkeHHs. Hampukiasn, BiampaBKka PEHTICHOJOTIYHUX 3HIMKIB
a00 MenMYHUX BUCHOBKIB HeMOJuBa [5]. [Ilo cTocyeThes 6€31pOoTOBOTO 3B’ A3KY, TO
BiH, 5K 3a3Ha4CHO Y [8], B 3HAYHIN Mipi ypa3auBU 0 BIUIMBY 30BHINTHIX MEPEIIKO]T
(BumagkoBux abo0 IUIECHPSIMOBAHMX), IO CTBOPIOE CEpHO3HI MPOOJIEMH, a TaKOXK
BU3HAE BiJICYTHICTh AOCOIOTHUX TapaHTiid Oe3neku Ta KOHPIASHIIIHHOCTI IepeTaHnX
TaHUX.
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Otxe, B moAI0HUX BUMAaJAKaX HEOOXITHO 3aCTOCOBYBATH KOMILJIEKCHY CUCTEMY

HaJIaHHS TIOCYT 3 TEJIEMEIUIIMHU. AJle OCHOBY TaKOi CUCTEMHU MOBUHHA CKJIAJIaTH HE
il mporpamHe 3a0e3nedyeHHs, He 0a3u Ta cxoBuUIa AaHuX, a [T-iHppacTpykTypa, sika
CIOPOMOXKHS 3a0e3nmeynTH 30MpaHHs, Mepenady Ta MEpBICHY OOpOOKYy OyIb-sKHX
MEIUYHUX JaHUX Ha Oyap-skomy ertami Oyab-skoi HC (3 mepeniky MOXIUBUX Y
KpaiHi). SIk ogHa 31 CTpaTeriyHUX KOHIICMINN moOymoBu Takoi Ttenemenuynoi IT-
1HPACTPYKTYpH IPOMOHYETHCS KOHIICMIS CTBOPEHHS Ta PO3BUTKY BHUIUICHOT
tenemenuunoi IT-iHppacTpykTypu MupHOro dacy Ta miapos3ainie MHC, ski
3a0e3neuyroTh icHyBaHHs MOOUTBHOT IT-iHppacTpykTypu Ha Bunagoxk HC.
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Assessment of the Issues of Information Provision for Environmental
Monitoring of the State of Natural Environment in Territories with Distributed
Technogenic Objects

The paper addresses the issues of organizing effective environmental monitoring of
distributed technogenic objects. It has been determined that the main obstacles affecting the state of
environmental monitoring are the absence of a methodology for assessing and predicting changes
in the state of the terrestrial ecosystem of distributed technogenic objects (DTO), which is a
fundamental component of environmental monitoring. This necessitates further research to develop
a comprehensive assessment system and forecast the impact of DTO operation on the region's
ecosystem.

[Tin posmominenumu TexHoreHHUMHU 00’ektamu (PTO) Oymemo po3ymitu
BUNIPOOYBaNbHI TONITOHU, Kap’€pH, IIaXTH, TEXHOTEHHI OO0 €KTH 13 3HAYHOIO
MPOCTOPOBOIO TPOTSKHICTIO Ta MPWICTIUMHU TEPUTOPIAMU (HAMPUKIIAJT, aTOMHI
€JIEKTPOCTAHIlIi), TEpUTOPil 3aXOPOHEHHS 3a0pPYJHIOIOUMX PEYOBHH. a TaKOXK
B1/IXO/iB BUPOOHUIITBA Ta KUTTEMISIBHOCTI, 30HH CTHXIHHOTO JImxa [1].

[cTopu4HO CKTANOCh Tak, MO0 3HAYHA IUIONIA TEPHUTOPil YKpaiHu € HaWOLIbII
TPaHC(OPMOBAHOIO B Pe3yJbTaTi ISIIBHOCTI TEXHOTeHHUX 00’ekTiB. [licms
0aratopiyHOTO TEXHOTCHHOTO HABAaHTAXXEHHS HA JOBKULIS HE MPOBOIUINCH
KOMIUICKCHI 3aXOAW IIOJAO0 €KOJOTi4HOoro ooOctexeHHs Tteputopii PTO 3a
BUKJIFOYEHHSM CHUTYyalliil €KOJOTri4yHOTro Jjuxa. JlONUIbHO 3ayBakKWTH, IO IOHAJ
2 Thc. KM? 1uX 3emenb BigHocAThC 10 IBA-tepuropiii (Important Bird Area —
TEPUTOPIi, BaXJIMBI JJisI ICHYBaHHS MTaxiB), SKl BIAIIPAIOTh BaXKJIUBY pPOJIb s
30epeKEeHHs BUIOBOTO PI3HOMAHITTSA Ta KIJIBKICHOTO OaratrcTBa nraxiB Ykpainu [2].

BiaminHOIO prCcOI0 arpecuBHO1 TEXHOTE€HHOI JisiibHOCTI PTO € mplopuTeTHICTh
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TEXHOJOT1YHO — BUpPOOHMUUX 3aaad. [[ns pesynbratuBHoro ¢yskiionysanus PTO
Homy notpidHa Teputopisd. PTO “Binbupae” ii y npupoau LUISXOM IepeodiaHaHHs
OPUPOAHUX JIAHJIA(PTIB, MPOKIAAKK JOPIT, CHOPYIKEHHS (PYHKIIOHAIBHHUX
00’exTiB Tomo. B mponeci ¢pyHkiionyBanHs PTO cTBOpIOIOTHCS 3HA4H1 KUIBKOCTI
TBEPAMX, PIAKUX 1 ra30MmoaAi0HUX BIAXO/IIB, K1 3a0pyIHIOIOTh HABKOJUIIIHE MIPUPOIHE
cepenopumie (HIIC), Ta pi3HOrO poAy BIUIMBH, W0 3MIHIOIOTH MICIIEBUHN
MIKpoKJiMaT, 00ctaHoBKy. Tox PTO € moTeHmitHUMH Jxepenamu 3a0pyaHEHHs
HIIC, sxi MoxxyTb nipu3BecTH 110 3a0pyaHeHHs: camoro PTO 1 npunernux TepuTopii.

Amnani3 pe3ynpraTiB o0cTexxeHHs reputopii PTO go3Bosisie 3p0OUTH BUCHOBKHU
npo Te, 1Mo piBeHb 3a0pynHeHHs 18 % Binm Bcix PTO nyxke Bucokuit, 24 % —
Bucokui, 38 % — cepeqniit 1 20 % — cnabkwii [3].

BukopucroByoun JaHi 100 OOCSATIB arpecMBHOI TEXHOI€HHOI AISUIBHOCTI
PTO Oyno o6paxoBaHO piBE€Hb TEXHOTC€HHOTO HABAaHTAXEHHS, 110 311iCcHIOT, PTO
Ha eKocucTemy periony posramyBanus PTO [4].

Ha rtenepimuHiii yac cuUCTEMHU MIiABUIICHHS PIBHS €KOJOTIYHOI Oe3MeKu Ta
nosinmends ctany HIIC PTO He micTanu 3HaYHOTO PO3BUTKY Y 3B SA3KY 13 TUM, IO
HE PO3rOpHYTI MOBHOI[IHHI CUCTEMHU IMOCTAaYaHHS MEPBUMHHOI 1H(OpMAIlli Mpo cTaH
HaBKOJIMIITHBOTO TpupoaHoro cepeposuina PTO. Takumu crucreMaMu MOXYTh OyTH
6e3npoBoaoBl ceHcopHi Mepexi (BCM). B mmx ymoBax cTaioTh akTyaJlbHUMU
po3pobka meTomiB i MeTonuk (opmymroBaHHs BUMOT 10 bCM, mo mocradarTh
NEePBUHHY 1H(OPMAIIIIO ISl CHCTEM OIIHKU BIUIMBY €KOJIOTO-HeOe3MmeuyHuX (haKkTopiB
PTO na HIIC. 3apasiku oTpuMaHHIO SIKICHOT Ta KuTbKicHOT iH(opMmarii Bix BCM i
CUCTEMHU JI03BOJISATh 00’ €EKTUBHO, TOYHO, JOCTOBIPHO 1 EKOHOMHO BUTpAYaTH PECypCH,
BUJIJIEH1 Ha MPUPOAOOXOPOHHY AistbHICTE Ta 3axucT HIIC Big BrmmuBy PTO.

OCHOBHUM  KJITIOYOBUM  HEJIOJIIKOM  ICHYIOUOI CHUCTEMH  €KOJIOT1YHOTO
moHiTopunry PTO € Te, mo mnpakTH4HO BCsSI OTpUMYyBaHa iHdopmarlls €
Ccy0’€KTUBHOIO 1 OpIEHTOBaHAa TOJIOBHMM YMHOM Ha ()aKTOpHU TEXHOTEHHOI'O BILIHUBY
pesynbTatiB (yHkiionyBanHs PTO Ha cran abiotmunoi ckimamoBoi HIIC, a He Ha
€KOJIOT1UHY OIIHKY CTaHy BCiX KOMIIOHEHTIB €KOCHCTeMH MicIls po3ranryBanHs PTO.
Ha Tenepimmniit vac matrematuani moaeni (MM) HazemHux ekonoriyaux cuctem PTO
HE BUKOPUCTOBYIOTHCSA JIJISl OIIIHKU CTaHy IUX eKocucTeM. KpiM Toro, He po3pobiieHa
METOMKa KOMILJIEKCHOI OIIHKY cTaHy HazeMHHX ekocucteM PTO.

3a3Buyail y texnosoriunoMy mnporeci PTO BUKOpHUCTOBYETHCS TEXHOTEHHO-
arpecrBHI TEXHIKa Ta TEXHOJIOTI], 10 CIPUSIOTh BUHUKHEHHIO 011 80 crenmdiunmnx
3a0pynHeHb. Bu3HadeHHS KUTBKICHUX MapaMeTpiB 3a0pynHEHHS BiAOyBaeTbCA
[UISXOM  BUMIPIOBaHHS 3a  JIOTIOMOTOK0  BIAMOBIMHOTO  OOMamHaHHSA — abo
OloinauKkaTopiB. BuHMKae 3amada CTBOpPEHHS CEHCOPHOI MEpexXi Il OTpUMaHHS
He0oOX1THOT 1HpOopMaITii.

[Tincymok aHamizy 3abe3medeHHs CHUCTEM EKOJIOT1YHOTO MoHiTopuHry PTO
JaTYUKaMu TIEPBUHHOI iH(oOpMarlii mpo piBeHb 1 CKJIaa 3a0pyJHEHb CBIIYUTH PO
HEMOJIMBICTh BHMKOHAaHHS €(EKTUBHOTO CIIOCTEPEXKEHHS Ta KOHTPOMIO 0e3
Bukopuctanuss BCM [5]. OcHoBHuMEU TpoOieMaMu iHPOpMAIIHHOTO 3a0e3MeUeHHs
€KOJIOTTYHOI'0 MOHITOPUHTY CJIi/l BBaKaTH HACTYIIHE.

1. HeMOXIMBICTh ONEpPAaTUBHOTO BU3HAYEHHS BCIX IHTPEIIEHTIB 3a0pYyIHEHHS
ekocucteM PTO uepe3 BiICYTHICTh BIJIMOBIAHOTO 00IaHAHHS.
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2. IcHyro4l CHUCTEMHU €KOJIOTIYHOIO MOHITOPUHIY OpIEHTOBAaHI Ha BUSBICHHS
BUIAJKIB BUXOJY 3a0pyJHEHHsS 3a MexXi caHiTapHO-3axucHOi 30HM PTO. Tob6To
CIIOCTEPEXKEHHSI 3a 3a0pyJHEHHSIM EKOCHCTeM Bin0yBaeTbcsi Ha wmexi PTO 3
MPWIETJIO TepUTopiero (30BHIMIHIA mnepumerp). CTaH BHYTPIIHIX HA3EMHHUX
exocucteM PTO Mmaiike He KOHTPOJFOETHCH.

3. 3amipu mapameTpiB 3a0pyaHeHHS HazeMHUX exkocucteM PTO BUKOHYIOThCS
HEpEeryJIsipHO, HEOOX1Ha NIl OLIHKK Ta MPOTHO3YBAaHHS TOYHICTH 3aMIpiB J0CI HE
JOCJTIJIPKYBaJIach.

4. ]lns  crnocTepeXeHHsT 3a CTaHOM Ha3eMHUX ekocucreM PTO He
BUKOPHUCTOBYIOTHCS 010JI0T14HI1 1HAUKATOPH.

5. BiicyTHs MeTo/IMKa OLIHKHM IHTErpaJbHOrO 3a0pyAHEHHS CTaHY HA3eMHHX
exocuctrem PTO.

BumeBukianene 103BoJisi€ 3pOOWTH BHCHOBOK, IO TMHUTaHHS OpraHizailii
edeKkTUBHOro ekojoriyHoro MoHiTopuHry PTO € akryansHum. Ta iioro po3B’si3aHHIO
NEPEIIKOKAE PsAJl TPUUMH, OCHOBHOIO 3 AKUX € BIJICYTHICTh METOIUKU OI[IHKHU Ta
IIPOTHO3YBaHHSI 3MIH CTaHy HazeMHOi ekocuctemMu PTO — ocHOBHOI cCkiIagoBOi
€KOJIOTIYHOT'O0 MOHITOpUHTY. lle BuMarae mnpoBefeHHS AOJATKOBUX TOCIHIIKEHb
IIOJI0 CTBOPEHHS CHUCTEMHU KOMIUIEKCHOI OI[IHKM 1 MPOTHO3YBaHHS BIUIMBY MPOLIECY
¢yukuionyBanHss PTO Ha ekocucremy perioHy. Takox yHAcliloK BIFCYTHOCTI
BIJIMOBIIHUX METOJMK BHHUKAE 3aj1adya PO3pPOOKH crenudiqHOT METOUKHU OI[IHKH Ta
IPOTHO3YBaHHS CTaHy Ha3eMHHUX eKosIoriyHux cucreM PTO.
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The paper considers peculiarities of applying system approach for creation of a decision
support systems in circumstances of the war in Ukraine. The existing threat of using mass
destruction weapons for achieving military goals calls for application of modern information
technology. This will help to develop a state-of-the-art system for prompt reactions to existing
threats and challenges.

VY BoeHHwmit yac, Haa3Buyaiiai cutyanii (HC), mossizaHi 13 3acTocyBaHHsIM 30poi
MacoBoro ypaxeHus (3MYVY), MOXyTh BUHUKATH 3 HEMepe10aqyBaHOI0 MBHIKICTIO Ta
MarTh MOTEHIIIHO CepHO3H1 HACIIIKH JJIs HAceJIeHHs Ta IH(PPACTPYKTypH KpaiHH.
Po3poOka cucremu miaTpuMku npuiHATTS pimieHb (CIITIP) crae BaxIMBUM KpOKOM
1t eeKTUBHOTO pearyBanHs Ha Taki HC.

Posrnsayti HC MOXyTh BKITIOYArOTH 3acTOCyBaHHS 3MY TaKTUYHOTO PiBHS
miJ 4Yac aKTUBHMX OoOWOBUX i, Onokamu U o6morm (Mapiynonb, baxmyr),
pYWHYBaHHS KPUTUYHOI 1HQPACTPYKTYpPH, 3YIMUHKH BHUPOOHHUIITBA OOOPOHHO-
npomucioBoro komriuiekcy (OIIK) BaxiuBoi 0OOpPOHHOI MPOAYKIIiI, 3HUIIECHHS
nignpuemcts OIIK, pyliHyBaHHS JOTICTUYHUX BY3J1iB TPAHCTIOPTHOT IHPPACTPYKTYpH
Ta TOPYIICHHS (PYHKI[IOHYBaHHS arpOIPOMHUCIOBOTO KOMILIEKCY.

Posrnsinemo y3araneHeny ctpyktypy CIIIIP, BoHa BKIItOYae YOTHpPU PiBHI
00poOku iH(popMaIlii orepaTUBHOTO MOHITOPUHTY, aHATITUIHOT 0OpOOKH, MATPUMKHU
YIPaBIIHCHKUX pIllIeHb, OTOBIIICHHS Ta €BaKyallil. 3arajibHy CXeMy TaKoi CHCTEMH
HaBeJEeHO Ha puc. 1.

Monitopunr ta 30ip manux. [IpornosyBannss HC Bumarae cucteMaTudHOIO
MOHITOPUHTY Ta 300py JaHUX 3 pi3HUX pkepell. OauH 3 e(DEKTUBHHX METOJIB
MOJIATAE Y BUKOPUCTAHHI CYITyTHUKOBUX 300paXeHb JIJIsi BUSBICHHS PYXiB BIHCHK Ta
MacmTabiB pyliHyBaHb iHGpacTpykTypu. [ 3a0e3neueHHs: MOHITOPUHTY Ta 300py
JaHUX I CUCTEMHU MIATpUMKH TpuiHATTS pimenb y HC B VYkpaiHi MOXyTb
BUKOPUCTOBYBATHUCS Pi3HI crtocoOu 1 TexHoJorii. Och JeKiTbKa MPUKIIaIiB:

1. JlucranmiitHe 30HAYBaHHS 3€MJIi: BUKOPHUCTAHHS CYIMyTHHKOBUX CHCTEM
JI03BOJISIE OTPUMYBATH 300pakeHHS TepuTopii YKpaiHu B peampHoMy daci. lle
JI0TIOMara€e BUSIBJISITH aKTUBHI O0O#OBi 1ii, pyWHyBaHHS 1H(PACTPYKTYpH, 3MIiHU B
TpaHCTOPTHIN Mepexi Ta inmr HC.

2. CucTeMH MOHITOPHHTY COIIaJbHHUX MeJia: MOHITOPHHT COIIaIbHUX Meia
mnatpopm, Takux sk Twitter, Facebook, Instagram 1 T.1., 103BOJIsIE BUSBISITH
BKJIMB1 MOBIAOMJICHHS Ta TpeHAH, NoB’s3ani 3 HC. AHamni3 TEKCTIB MOBIIOMIICHb,
XEIITEriB Ta reorpadiuHuX MITOK JONOMAarae OTpUMAaTH MIBUJIKY 1H(OpMAILIIO PO
MOAll Ta peakiiito rPOMaICbKOCTI.
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Puc. 1. CrpykrypHa cxema CIIIIP oriHtoBaHHS BOEHHO-TEXHOT€HHUX 3arpo3
1 pU3UKIB 3acTOCyBaHHS 3MY

3. besnpoBoaoBi cerncopHi mepexi (BCM): BecTaHOBIEHHS CEHCOPHUX MEPEK,
TaKUX $IK JATYUKH THCKY, TEMIIEpaTypu, BOJOTOCTI, aKyCTHYHI JaT4YUKH TOLIO,
JI03BOJISIE BUSIBJIATH 3MIHM B HABKOJHUIIHBOMY CEpPEIOBHUIIl Ta pearyBaTH Ha HHX.
Hanpuxman, 1ie Moxke 6yTH KOPHCHO ISl BUSIBIICHHSI TTOKEX, BUOYXiB a00 IIPOTIKaHb
rasy.

4. Mepexi kamep crHocTepekeHHs: Po3MillleHHS KaMmep CIOCTEepPEKCHHS B
CTpaTEeTIUHUX MICIIX JIOTIOMarae Bi3yalli3yBaTH CHUTYaIlil0, BUSBIATH HEOE3IEKy Ta
KOHTPOJIFOBAaTH JOCTyn 10 00’ekTiB. lle Moxxe OyTM KOpPHUCHO IS BUSBJICHHS
HE3aKOHHMX BTOPTHEHb, HE3BHMYAWHOI aKTHUBHOCTI a00 HaBiTh 3HM OadeHHs
3pyitHOBaHUX OyniBenb ado iHGpacTpykTypu mig yac HC.

5. CuctemMu paHHBOTO TOMEPEIHKCHHS: BHUKOpUCTAaHHS CHCTEM pPaHHBOTO
MONEPEHDKCHHS, TaKUX SK CEHCMIYHI MOHITOPHM, JaTYWKH pajiaimii, CUCTEMH
BUSIBJIICHHSI TPUPOAHUX KaracTpod TOImIO, JO3BOJISIE BUSBIATH HEOE3MEKy Ta
HaJaBaTH MIBUIKY PEaKIIi0 HA MOTEHIIIITHO HeOe3MeuHi CUTYyaIlii.

6. ABTomMaTu30BaHi cucteMu 300py nmaHux: Po3poOka creriani3oBaHUX
aBTOMATU30BAaHUX CHUCTEM 300py MaHMX, AKI IHTETPYIOTHCS 3 PI3SHUMHU JKEepellaMu
iHboOpMarlii, TaKUMU SK 0a3W JaHUX, CEHCOPHI MEPEXi, CYIMYTHHUKOBI JlaHi TOIIO,
n03BOJIsIE e(DEKTUBHO 30MpaTH Ta 0oO0poOiaTH Benwkuil obcsar manmx. lle Hamae
MOXJIMBICTh OIEPATUBHO OTPUMYBATH AaKTyalbHY iH(OpMAIli0 s TPUHHSATTS
pIIIEHb.

/. EKciepTHi CHCTEMU Ta aHaJiTUKa JAaHUX: BUKOpPUCTaHHS EKCHEpPTHUX
CUCTEM Ta aHAIITUKU JaHWUX JOTIOMara€ BHSBISATH T[ATEPHU, TPEHAM Ta
BCTAHOBJIIOBATH 3B’SI3KM B 1HQopmailii, mo 3i0pana. lle mo3Bosisie TPOBOIUTH
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MIPOTHO3YBaHHs, OLIHIOBAaTH PU3UKH Ta PO3pOOISITH €(EKTUBHI CTpaTerii pearyBaHHs
Ha HaJI3BUYalHI CUTYaIlii.

8. BukopuctanHs mux Crnoco0iB MOHITOPUHTY Ta 300py AaHUX J03BOJISIE
CTBOPUTH KOMITJIEKCHY CHUCTEMY, siKa 3a0e3leduye ornepaTUBHE OTPUMAHHSI, aHAJI3 Ta
iHTeprpeTanilo iHGopMmauii npo HaA3BUYalHI cuTyauii B Ykpaini. lle no3Bomsie
npuiiMaTy OOIPYHTOBaHI pIlIEHHS Ta 3A1MCHIOBATH IIBHUJIKY PEAKLII0 IS 3aXHUCTY
HACEeJICHHsI Ta MiHIMi3allii 30U TKIB.

AHaJi3 Ta ouniHOBaHHA JaHuX. OTpuMaHi AaHl NOTPIOHO aHaNi3yBaTU Ta
OI[IHIOBATH 3 METOIO0 3PO3yMITH MacIITabu HaJ3BUYANHO1 CUTYallii Ta ii MOTEHIHI
HACTIJIKU. BakJIIMBO BU3HAYMTH, SIKi pailOHHM MOTPEeOYIOTh HEraifHOTO pearyBaHHS Ta
SKI BUJMA JOTMOMOTH € HAWOUIbII KPUTUYHUMHU ISl 3a0e3MedeHHs O€3MeKu Ta
3a0€3MCUYCHHS JKUTTEBO BAXIIMBUX MOTPEO HaceaeHHs. MeTou aHai3y Ta OIiHKH:

1. CraTucTHYHUM aHami3.

2. MopaentoBaHHs (BKJIIOYAIOUU KOMIT FOTEPHE MOJICIIFOBAHHS Ta CUMYJISIIIT).

3. 'eonpocTopoBHii aHami3 (3 BUKOPUCTAHHIM reorpapiyHuX 1HGOpMaIIHHIX
CUCTEM).

4. EkcriepTH1 OIIHKH.

Po3podka moaeneil Ta cuenapiiB. Ha ocHoBi 310paHux maHuX Ta iX aHamizy
PO3pOOIIAIOTECS MOJIENl Ta CIlieHapii, SKi BIATBOPIOIOTH IMOTEHIIHHUNA PO3BUTOK
noii. Ile mo3Bosisie mependauynT MOXKIIMBI HACTIIKK PI3HUX PIIICHB Ta JOTIOMArae y
OpUHHATTI €pEKTUBHUX CTpaTeriii pearyBanHs (Ta0i. 1).

Koxxen kpurepiii omiHoeThes 3a mkanow Bim 0 go 100, me O o3Havae
HaWHWKYNN piBeHb, a 100 — HaWBUIIUN PIBEHB.

[IBunke iHQOpMYyBaHHS HACEJICHHS MPO HAA3BUYANWHY CUTYAIlll0 € KPUTUIHO
BOXIUBUM sl 3a0e3meueHHs Oe3meku Ta MiHiMizamii pusukiB. OcCh JeKiIbKa
croco0iB MIBUIKOTO iHHOPMYBaHHS HACEJICHHS:

1. CuctemMu  aBapiiHOTO  TIOBIIOMJICHHsS:  BukopucTaHHs  aBapidHUX
MOBIZIOMJIEHb NUISIXOM HaACWIaHHS SMS-MOBITOMIIEHb, PO3CUIIKUA EJIECKTPOHHHUX
JIUCTIB, TeJe(OHHUX J3BIHKIB @00 BUKOPUCTAHHS CHEIiaIbHUX MOOUIbHUX JO/ATKIB
JT03BOJISI€ HAJICWJIATH IIBUAKI IMOBIIOMIICHHSI HACEJICHHIO 3 BAXKJIMBOIO 1H(GOpPMAIlI€0
PO HAJ3BUYANHY CUTYAIIIfo.

2. CucteMr TPOMAJCHKOTO  CIHOBIMICHHS: BCTaHOBIEHHS TpOMaJChKHUX
CIIOBIIIIEHb, TAKMX SK JWHAMIYHI Ta0J0, 3BYKOBI CHCTEMH a0O CIIOBIIICHHS Yepe3
TPOMAJICEKUN TPAHCTIOPT, JO3BOJISE TIEPElaBaTh BAXKIUBY 1H(OPMAIliI0 HACETIECHHIO
Ha BYyJIHIAX, B 00 €KTaX TPOMAJCHKOTO CIOXHMBAaHHS Ta Ha IHIIMX MICISIX
IrPOMAJICHKOTO CKYITYEHHS.

3. 3acobu macoBoi iHdopmarii: CmiBrpams 3 MICIEBUMH 3acOo0aMH MacOBOi
iHbopMarlii, TakuMu SIK TeiaeOadeHHs, pajio, Ta3eTH Ta OHJIANHH-TIIATGOPMH,
J03BOJISIE€ MIBUJIKO MOMIKUPIOBATH 1HPOPMAIIIO PO HAJ3BUYANHY CUTYALlII0 HA BETUKY
ayJIuTOPito.

4. ComianpHi  Mepexi Ta MECEH/KepU: BuKOpuUCTaHHS  MOMYJSIPHUX
COIlIaJIbBHUX MEpeX Ta MeceHmkepiB, Takux sk Facebook, Twitter, WhatsApp,
Telegram Tomo, M03BOMSIE MIBUAKO PO3MOBCIOKYBATH IOBIIOMJICHHS, HOBUHU Ta
THCTPYKIIT 1010 HAA3BUYANHOT CUTYaIlli.
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Tabn. 1.

3arpo3a  3MeHIIEHHS
st 3arpo3u st
HACEJIEHHSI  HACeJIEHHS

3MeHIIeHHA
HaCJIIKIB

Haa3zBuuaiina .. TsxkKicTh
. ImoBipHicTH N
cCUTyaLlist HACJiIKIiB

AxTHBHI O01OBI
aii
PylinyBaHHs

KPUTUYHOI 70 80 85 75 80
1HGPaCTPYKTYypH
3ynuHKa
BUPOOHUIITBA
BAKJIUBOI1

POTYKIIIT

80 90 95 70 75

60 60 70 55 70

3HUILICHHS
HiANPUEMCTBA

70 85 80 70 85

PylinyBaHHs
TPAHCTIOPTHOI 75 80 90 80 80
1HppacTpyKTYypH
[Topyienus
CUIBCHKOTO 60 70 75 70 80
rocrnoaapcTBa

5. Uepes rpoMacbKuX JiAEPiB Ta JOKAIBHY aAMIHICTPAIIIIO:

6. CucteMr  aBTOMAaTUYHOTO  ONOBIIIEHHA:  BcTaHoBIEeHHS  cucTeM
ABTOMATHUYHOTO OTOBINICHHS, TAaKUX SIK CHUPEHU, JA3BOHH, Mera(oHHU, HO3BOIISAE
nepeaaBaTd 3BYKOBI CUTHAIM Ta MOBIJOMJICHHS B IIMPOKHH pajiyc Jii, 10 CIpHUsE
IIBUIKOMY 1HPOPMYBAHHIO HACEJICHHS MMPO HAA3BUYANHY CHTYAIIIIO.

7. MoGinpHI gomatku: Po3poOka cremiaJbHHX MOOUIBHHUX JOJATKIB IS
HaJaHHS 1HQOpMaIii mpo HaA3BUYAWHY CHUTYaIlilo, BKIIOYAIOUM KapTy HeOe3meKkw,
IHCTPYKIII MO0 TIOBEIIHKHA, KOHTAKTH CKCTPEHHX CIY)KO Ta IHIIy KOPHUCHY
iHbOopMaTIliio.

8. Cuctemu eJIEKTPOHHUX TMOBITOMIICHb: BUKOpHUCTAHHS €JIEKTPOHHOI IMOIITH,
MECCH/DKEpIB Ta IHIIMX EJICKTPOHHUX 3ac0o0iB KOMYHIKAIii g HaJICHUIaHHS
IIBUIKWX TIOBIIOMIIEHB Ta iHGOpMAIIil Ha eIEKTPOHHI TPUCTPOT HACEICHHS.

9. Intepuer-tatpopmu Ta Beb-caiith: Po3poOka crnemiadbHUX I1HTEPHET-
miatgopM Ta BeO-CaiTiB, A€ MOXKHA MIBUIKO MyOJiKyBaTH OHOBIIEHY iH(MOpMAIlito
PO HAJ3BUYAWHY CUTYaIil0, BKIIIOYAI0YX HOBHHH, MMOPAJIH, IHCTPYKI(i Ta KOHTAKTH
€KCTPEHUX CITYKO.

10. ABTOMaTHYHI CUCTEMHU CIIOCTEPEKCHHS: BUKOpPUCTaHHS aBTOMATHYHHUX
CUCTEM CIIOCTEPEKEHHS, TAaKUX SK KaMepH BiJCOCTIOCTEPEKCHHS, JATUYNKH, POHH,
J03BOJISIE 30MpaTH BaXJIMB1 JIaH1 NIPO HA/A3BUYAHY CHUTYallil0 Ta MepelaBaTH ixX B
peasbHOMY Yaci Ui MBUAKOIO aHali3y Ta IHPOPMYBaHHS HACEICHHS.
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[i cmocobu mBUAKOro 1HPOPMYBAHHS HACEJICHHS JIOMIOMOXYTh 3a0€3MEYUTH
IIMPOKE OXOIUIEHHS 1 WIBUAKY Nepeaady iHdopmanii npo HaJA3BUYAHY CHUTYyalllo,
10 TO3BOJIUTh HAJIEKHO pearyBaTH Ta MpuiMaTu B

BucnoBku. CucreMa MIATPUMKH TNPUUHATTA pILIEHb JIsI MOHITOPHHTY Ta
pearyBaHHs Ha HaJ3BUYailHI CHUTyallii B yMOBax BIMHM B YKpaiHi Ma€ BEIUKe
3HAUEHHS /JJI1 HaceJeHHs. 3aBASKU I CUCTEMI, HACEJNEHHS OTPUMY€E IIBUAKY Ta
JOCTOBIpHY 1H(OpMAIlI0 MPO HEOE3MeKy, IO J03BOJISIE 3MEHIIUTU 3arpo3y s
KUTTS Ta 300poB’s mojed. Kpim Toro, cucrema gomomMarae 3a0€3MEUUTH LIBUIKE
pearyBaHHs Ha HaJ3BMYalHI CUTYyallli, KOOpJMWHALIIO il ciy’)kOOBUX OpraHiB Ta
MOOLTI3aII0  pecypciB JJisi MOAOJaHHSA KpU30BHX curyauid. Bona chpuse
30epeKEeHHIO JKUTTIB, 3aXMCTy MailHa Ta I1HQPACTPYKTypH, a TakoX 3abe3neuye
IIBUJIKE BIAHOBJIEHHA Ticisi Kpu3oBux mojid. Lle gomomarae 3menmmtu BB HC
Ha HAaCEJICHHs Ta crpusie Oe3Mell Ta CTIHKOCTI CyCIUIbCTBA.
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Information Technology for Manufacturing and Supply Planning
with ""Just-in-Time" Concept for Food Production

This article explores of information technology for planning the production and delivery of
finished products in the food industry based on the just-in-time concept. The key components and
functionality of the proposed technology are considered, the advantages and potential challenges
are highlighted. Real-life examples and cases of successful implementation of food production are
presented. The article concludes with recommendations for integrating this technology into existing
food production processes.

VY MBHJIKOMY TEMITi Ta KOHKYPEHTHOMY CEPEAOBHIII Xap4OBOi IPOMHUCTIOBOCTI
e(deKTUBHE BUPOOHUIITBO Ta CBOEYACHA IIOCTaBKA MPOJYKIII € KIOYOBUMHU IS
yemixy. Konmenmis «rtouHo B ctpok» (Just-in-Time) naOyma Barm sk cTpaTeris
onTUMIi3aIlli BUpOOHUIITBA Ta MiHIMIi3aIlii BTpaT. B cyuyacHHX peasisix Taka CTpaTeris
3a0e3reunTh e(PEeKTUBHUN Ta ONMTHUMI30BAHMUM IMPOIEC BUPOOHUIITBA 1 MOCTAYaHHS
nponykmii. s yenimuoi peanizamii JIT mms xapuoBoro BUpoOHHIITBA HE0OXiTHA
iH(pOopMaIIiitHa TEXHOJIOT1s, 10 3a0e3MeUHTh 11 pealTi3alliio.

Crpyktrypa mnpornoHOBaHOi 1H(OpPMAIIHOT TEXHOJOTI I IUTaHyBaHHS
BUPOOHMIITBA Ta TIOCTayaHHA IPYHTyeTbcs Ha kouuemnuii JIT. Bona Bkitouae
JeKUJIbKa KIIOYOBUX KOMIIOHEHTIB 1 MoaymiB. Mopayib IJIaHyBaHHS BHPOOHHIITBA
CIIpSIMOBAaHMI Ha TeHepallil0 ONTHUMaIbHUX TrpadikiB BHPOOHHUIITBA HA OCHOBI
MIPOTHO3Y TOIMUTY Ta HASBHOCTI pecypciB. Moayb yIpaBIiHHS 3amacamMu 3a0e3mneuye
ONTUMAJILHUN PIBEHb 3alaciB Ta MIHIMI3ye PU3UK Opaky abo mepeBHpOOHUIITBA.
Monyns ympaBiiHHS TIOCTadyaJdbHUKAMH CIpHs€e Oe3lepepBHiN cHiBmpaii 3
MoCTavajJbHUKAMH, 3a0e3MeUyloud CBO€YaCHY TIOCTaBKY CHUPOBUHHU. MoOIyinb
VOpPaBIIHHS  3aMOBJIICHHSAMH  ONTHUMI3y€  TPOIEC  BHUKOHAHHS  3aMOBJICHb,
3a0e3Mneuyoun TOUYHE BiJICTEKEHHS Ta CBOEYACHY JIOCTaBKY.

Taka TexHOJOTiS TpAIIOE HAa OCHOBI aKTyaJbHUX JaHUX, IO JO3BOJISIE
npuiimMaTi  €)EeKTHBHI  pIIEHHS Ta  PO3MOAUIATH  pPEeCcypcu. ANTOpUTMHU
MPOTHO3yBaHHS TOMHTY JOMOMOKE Tepen0adyuT MaiOyTHI BUMOTH, ONTHMI3yBaTh
rpadiky BUPOOHUIITBA Ta 3a0e3MeyuTH e(OEKTUBHE BHUKOPHCTAHHS PECYPCIB.
TexHomoris 103BOJIsI€ TICHO KOHTPOJIIOBATH X1Jl BAPOOHHUIITBA, 1O J03BOJISIE BHOCUTHU
CBO€YACHI KOPEKTHBU Ta MIHIMI3yBaTh 3aTpuMmku. OnTumizallis pIBHIB 3amaciB
JI0TIOMara€ 3MEHIIUTH BTPATH TMPOYKTIB XapuyBaHHS, CIIPUSIOYH JTOCATHEHHIO MUK
craiocti. KpiMm Toro, mosimnmieHa coiBopans 3 MOCTavyajJbHUKAMU Ta KIIEHTaAMU
MoKpartrye e(peKTUBHICTh BChOTO JAHIIFO)KKA IMOCTaYaHHS.
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VYcemimHa peanizaris 1iei iHGOpMaIIHHOI TEXHOJIOTI crocTepirajach B pi3HUX
BUPOOHUYMX MIANPUEMCTBAX XapyoBOI MPOMHUCIOBOCTI. Benuki BHUpOOHHKHU
MOBILAOMJISIIIM MPO 3HAYHI MOKpAIIeHHS Y €()eKTUBHOCTI BUPOOHUIITBA TA CBOEYACHIN
MOCTABIl, IO MPHU3BEJIO 10 30UIbLIEHHS 33J0BOJIEHOCT] KIIi€HTIB. Mani BUpOOHUKU
TaK0 BIPOBAIXKYBaJIM TEXHOJIOT1sl, MPUCTOCOBYIOYH i 10 CBOIX KOHKPETHHUX MOTPEO
1 JocsITany noaioOHuX nepenar.

OpHak, ICHYIOTH MEBHI BHUKJIMKH, AKI MOTpiOHO BpaxoByBaTH. HeoOximHO
BUPIIIATA NMUTAHHS OE3MEKH JTaHUX Ta KOH(DIACHIIHHOCTI, 00 3aXUCTUTH YYTIUBY
iHpopMartito. [HTerpanis 3 icHyrounmu [T-cuctemamu Ta iHPPACTPYKTYpPOIO BUMAarae
peTeIbHOrO TUTAaHYBAaHHS Ta BIPOBAKEHHs, 1100 3a0e3meuuTtu Oe3nepebdiiiHy
3B’s13HICTh. HeoOXi/1H1 HaJIe)KH1 TPEHYBaHHS Ta IPOrpaMM YIIpaBiIiHHS 3MIHAMU, 1100
3a0€3MeUUTH IPUHHATTS MPAIIBHUKAMH Ta TJI1aJIKI TICPEeXOJIH.

Jnst egexTuBHOI peanizaiii 1i€i iHPOPMaIIHOT TEXHOJIOT1l PEKOMEHIY€EThCS
cmiBmpan 3 mnocradanbHukamu IT-pimeHp Ta KOHCYy/JIbTaHTAaMH. BOHM MOXYTh
HAJaTH CKCIIePTU3Y Yy AW3aiiHi, HajamTyBaHHI Ta iHTerpaiii cuctemu. [loctiitHuit
MOHITOPUHT Ta OI[IHKa MPOJYKTUBHOCTI TEXHOJIOT1l JI03BOJUTH TMOCTIHHO
BJIOCKOHAJIIOBATH Ta YJIOCKOHAIIOBATH ii poOOTY.

Jns peamizarii iHGOpMAaIiitHOT TEXHOJOTII TIJIaHYBaHHS BUTOTOBJICHHS Ta
MOCTA4aHHS TOTOBOI MPOIYKIIl 32 KOHIICMIlIEI "TOYHO B CTPOK" MJIsi Xap4OBHUX
BUPOOHUIITB MOXHA BUKOPUCTOBYBATH HACTYITHI TEXHOJIOT':

1. ERP-cuctemu (Enterprise Resource Planning): Ile inTerpoBaHni mporpamHi
miathopmu, sKi 00 €IHYIOTh yci acmekTh Oi3Hecy, BKJIIOYAIOUM TUIAHYBaHHS
BUPOOHMIITBA, YIpPABIIHHSA CKJIaAoM, (iHAHCH, JOTicTHKY ToImno. ERP-cuctemwu
J03BOJIAIOTH IIEHTPAII30BaHO KEpyBaTH MpOLlECaMH Ta pecypcamu, 3a0e3neuyrouu
e(heKTUBHY KOOPAUHAIIIIO 1 ONTUMI3alliF0 BUPOOHUIITBA.

2. Cuctemun ympaBiiHHS JaHIforoMm mnocradanHs (SCM): Li  cucremu
JT03BOJISIIOTH ONTHMI3YBaTH MOCTa4aHHS CUPOBHHHU Ta MaTepiaiiB Ui BUPOOHHUIITBA
npoaykiii. BoHM BKiIIOYalOTh MOAYJI Il MPOTHO3YBaHHS TOIMUTY, IUIAHYBAaHHS
3amaciB, yIpaBJiHHS OCTa9aIbHUKAMH Ta JIOTICTUKOTO.

3. Enextponna ob6minna nokymenTtailis (EDI): Ile texHosmoris, sika m03BoJIs€
OOMIHIOBATUCS €JIEKTPOHHUMH JOKYMEHTaAMU MiX PI3HUMHU CTOPOHAMH, TAKUMH SIK
BUPOOHUKH, TIOCTAYaJbHUKH 1 KiIi€HTH. BoHa cmpomrye mporec 3aMOBICHHS
CUPOBUHH, BIICTEKEHHS MTOCTABOK Ta OOJIKY IIATEXKIB.

4. MRP-cuctemu (Material Requirements Planning): Ili cucremu 103BONSIOTH
aBTOMATU3yBaTH IUIaHYBaHHS BHPOOHHIITBA HA OCHOBI MOTped y Marepiajax Ta
KOMITOHEHTaX. BOHM BpaxoBYIOTh pIiBEHb 3amaciB, NPOTHO3 TOIHUTY, TEPMIHU
MOCTaBKU Ta 1HIII (PAKTOPH IJI1 ONTUMAIIBHOTO TJIaHYBAaHHS BUPOOHUIITBA.

5. AHanITUYHI CHCTEeMH Ta TPOTHO3yBaHHS: BHKOpWMCTaHHA aHATITUYHUX
IHCTPYMEHTIB Ta aTOPUTMIB MAIIMHHOTO HaBUAHHS JTO3BOJISIE€ aHATI3YBaTH ICTOPUYHI
JaHl MPO TOMUT, MPOTHO3YBAaTH MAWOYTHI TEHJACHINl Ta TUTAHYBATH BUPOOHMIITBO
BIIMOBITHO 10 TIOTIUTY.

6. APS-cucremun (Advanced Planning and Scheduling): Ili cucremn
BUKOPUCTOBYIOTBCS NIl JCTAJIBHOTO IJIAaHYBaHHS  BHPOOHMYWX  OIEparlii,
BPaxoBYIOUM PECYpCH, MaplIpyTu3aiito, oOMexeHHsS Ta 1Hm (akropu. Bonu
JI03BOJISIFOTH ONTUMI3yBaTh BUPOOHMUI MPOLIECH, 3a0€3MeUy0Ul TOUYHICTh BUKOHAHHS
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rpadika BUpOOHUIITBA.

7. MoGunbH1 nogatku Ta loT-pimennus: Bukopuctanusa MOOUTBHUX JOMATKIB Ta
pimienb IntepHety peueit (IoT) nmo3Bosise 30upaTH JaHi B peaJbHOMY dHaci,
MOHITOPUTH CTaH OOJaJHAHHS], BIACTEXKYBaTH TIOCTaBKM Ta 3a0e3nedyBaTu
KOMYHIKAII1}0 MK pi3HUMUA BUPOOHUYHUMHU €JIEMEHTAMHU.

8. Cloud-Texnonorii: Bukopuctanus xmMapHUX miathopMm A03BOJIsIE 30epiratu
Ta OOMIHIOBATHCH JAHUMHU B PEXKHMI pPEATbHOTO 4acy, CHUIBHO MpalioBaTH Haj
IUIaHYBAHHSM 3 PI3HUX pO3TallyBaHb, a TAKOX 3a0e3neuye OUTblly MaciTaboBaHICTh
Ta JOCTYIHICTh CUCTEMH.

Otxe, cTpykTypa iHGOpPMALIMHOI TEXHOJOTII JJIS TUTAaHYBaHHS BUPOOHMIITBA
Ta MOCTA4YaHHs, BIAMOBIAHO 10 KoHuemmii Just-in-Time, Hamae cyTTeBi mepeBaru
XapyoBii MPOMUCIIOBOCTI. 3aB/SKM ONTUMI3allii BUPOOHUIITBA, ONTUMI3allil IPOIIECIB
JIAHIIO)KKA TIOCTa4aHHS Ta TMOJIMIICHIA CHIBIpaill MOXHa JOCIATTH €()EKTUBHOTO
BUPOOHUIITBA Ta CBOEYACHOI IMOCTABKM NpoAyKiii. I[HTerparmis 1miei TexHOJOTIT
BUMAara€e TMEBHUX 3yCHJIb Ta PECYpPCiB, aje MOXE MNPUHECTH 3HAUYHY BUTOAY s
XapyOBUX BUPOOHUIITB.
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Pattern Recognition System Using Neural Networks

The development of a pattern recognition system using neural networks is a relevant and
promising topic in the field of artificial intelligence and data processing. Throughout the years it’s
getting more easier to develop a prototype program that can be used in industries that require video
surveillance and object recognition, which should provide high recognition accuracy.

3a ocTaHHI POKH 13 3POCTaHHSAM KUIBKOCTI 300pa)keHb Ta JaHUX, BUHHUKJIA
noTpeda B po3poOIli CUCTEM pO3Mi3HaBaHHs 00pasiB JjIsi aBTOMAaTUYHOT 0OpOOKHU Ta
aHamizy 1nux pgaHux. CydacHi mporpaMHi 3aco0M BCE 4YacCTillleé BUKOPHCTOBYIOTH
METOJIM IITYYHOTO IHTENIEKTY, 30KpeMa ajirOpuTMH MAaIIMHHOTO HABYaHHS, IS
MOKpaleHHs  aHalizy 300paxkeHpb. CporomHi moTpedW B pO3Mi3HABaHHI
BUKOPHUCTOBYIOTbCS B 0OaraTthoX cdepax 1 TMOCTIHHO 3pOCTalOTh B SKICHOMY
BifHOIIeHHI. He#poHHI Mepexi, fKi € OJHUM 3 OCHOBHHX I1HCTPYMEHTIB JJis
po3Ii3HaBaHHs 00pa3iB, CTAIW Jie/ali OUIbII MOMYISIPHUMHU Ta €(DEKTUBHUMU B 1M
obnacri. Ile cTumynroe qOCITIKEHHS Ta pO3pOOKY HOBUX METOIB Ta TEXHOJIOT1H, 1110
BUKOPHUCTOBYIOTh HEUPOHHI MEPEKi JIJIs pO3Ii3HABaHHS 00pa3iB.

PosnizHaBaHHs 00pa3iB — 1Iie¢ TpOIeC BHUSABICHHS 3aKOHOMIpHOCTEH abo
mabJioHiB y nanux. Lle ¢pyHaameHTanbHa mnpobiieMa KOMII IOTEPHUX HayK, sSKa Mae
3aCTOCYBAaHHS B PI3HHMX rajy3sX, TAKUX K 00poOKka 300pakeHb, pO3Ii3HABaHHSI MOBH
Ta 00poOKa MPUPOTHOT MOBH.

HetiponHi Mepexi — 11e TUI Mojielield MalllMHHOTO HaBYaHHs, SKI HaTXHEHHI
CTPYKTYpOIO 1 (DYHKIIIMH JIFOJCHKOTO MO3KY. BOHM TPOJEMOHCTpYBAJIM BEIIUKUN
yCHiX y 3aBAaHHSAX pO3Mi3HaBaHHA 0Opa3iB 3aBIASKH CBOil 3JaTHOCTI BHUBYATH
CKJIaJH1 B3a€EMO3B’I3KM MK BXOJIaMH 1 BUXoaamMu. HelpoHHI Mepexi CKIagatoThes 3
B3a€EMOIIOB’I3aHUX BY3JiB, ab0 HEWpOHIB, sSKi O00poONAIOTH i1H(MOpMaIlio 1
BHPOOJISIIOTH BUXIAHI 1aHi. KokeH HEMpOH oTpuMYye BXiIHI AaHI BiJ IHITUX HEHPOHIB
1 3acTocoBye (DYHKITIFO aKTHBAITIT 11 OTPUMaHHS BUXITHUX JIAHHX.

VY 3agaui po3mizHaBaHHS 00Opa3iB HEHPOHHI MepeXi HaBYAIOTHCA Ha HabOpi
MapKOBaHUX MPHUKIAIIB, MO0 BUBUNTH B3a€EMO3B 30K MiXK BXOJaMH 1 BHUXOJaMHU.
[Tics HaBYaHHA MEPEKYy MOXKHA BHUKOPUCTOBYBATH JUIsl MPOTHO3YBAHHS HOBUX, IIIE
HEBU3HAYCHUX JJAHUX.

Hefiponna mepeka CKIAAa€eThesl 3 TPhOX OCHOBHUX KOMITOHEHTIB: BXiJTHOTO
mapy, OpUXOBaHUX IIapiB 1 BUXIAHOrO mapy. BxigHuii map — ue (axtuyHo miap,
AKUWA Hajae HeWpomepexi 1Hpopmaliio s nojanbiioi oOpooku. Lls iHpopmalis
MOX€E MPEACTABISATH OyIb-1Ky 3MIHHY, SIKy Mepexka MOBHHHA IpOaHaII3yBaTH,
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HalpuKiIaja, KBaJpaTHI METpU OYIMHKY JII CUCTEMU MPOTHO3YBAHHS BapTOCTI
OyauHKy a00 3HAUEHHS MIKCENIB Ha €KpaH1 AJi1 KOMIT I0TEPHOIO 30pYy.

OpHi€ro 3 roJIOBHUX MPOOJIEM TITMOOKOr0 HaBYAaHHA € OTPUMAHHS JTOCTAaTHBO
BEJIMKUX MapKOBaHUX HAaBUAJbHUX HAOOPIB JIaHUX, 301p SAKUX MOKE OyTH AOPOTUM 1
TPYAOMICTKMM. VYHIKaJAbHUM MiAX1J 10 HABYaHHSA CETMEHTalll MoJysrae y
BUKOPUCTaHHI Mojened rnmbokux HedpoHHux Mepex (DNN) 3 MiHIManbHOIO
KUIBKICTIO TIOYaTKOBUX MiueHUX JaHux. I[lpouenypa mnependavyae CTBOpPEHHS
CUHTETMYHHUX JAHUX 1 BHUKOPHUCTAHHsS peecTpauii 300paxkeHb sl OOYMCIEHHS
MEPETBOPEHb, 5IK1 3ACTOCOBYIOTHCS 10 CHHTETUYHHUX JaHUX.

Jlist Toro, mo0 CKJIACTH MOYaTKOBUM IJIaH PO3POOKU CUCTEMU PO3Ii3HABAHHS
00’€KTiB, HEOOX1AHO BU3HAUUTHU apXITEKTypy Mepexi. CioBo "apxiTekTypa" o3Hadae
3arajibHy CTPYKTYPY MEpEeXi: CKUIbKM OJIOKIB BOHA MOBMHHA MaTH 1 SIK Ii OJIOKH
NOBUHHI OyTH 3’ €HaH1 OJUH 3 OJHUM. BUIbLIICTh HEUPOHHUX MEPEX OpPraHi3oBaHi B
rpynu OJIOKIB, SIKI HA3MBAIOTHCA IIAapaMu. BUIBIIICTh apXITEKTYp HEHPOHHUX MEPEX
OpraHi30BYIOTb 111 IIAPH y BUTIIA1 JIAHIIOKKA, 7€ KOXKEH IIap € (PyHKIIE Bl mapy,
SIKUW UOMY TIEpEayE.

B pesynbTaTi gocnimkeHHs: 0ya0 BUSBIEHO, IO CUCTEMa KOMIT I0TEPHOTO 30py
3 BUKOPUCTaHHSM TJIMOMHHOTO HAaBYaHHS 37aTHa J00pe CHpaBsATUCS 13 3aBIaHHSIM
pO3ITi3HaBaHHS 00’ €KTIB 1 Ma€ BEIMKUNA TMOTESHITIAT JUIS TTOAJIBIIIOT0 BIOCKOHAICHHS.
Po3poOka Takoi cucTeMH BUMAara€ IMEBHUX 3HAHb 1 HABUYOK MPOTpaMyBaHHA i
MAIIMHHOTO HABYaHHS Ta BEJUKOI KUIBKOCTI Yacy Iy 300py Ta MIArOTOBKU JAaHHX,
TECTYBaHHs Ta HaJALITYBaHHS MapaMeTpiB MOJEINI, aje pe3ysbTaT MoKa3as, 0 s
PO3pOOKH MIHIMAJIBHOTO TPOTOTUITY CHCTEMH PO3II3HABAHHS MOXKE 3HAJIOOUTHCS
0a30Be PO3YMIHHS TOTO, SIK MPAaLIOIOTh HEWPOHHI MEpexi, AKI TUMH 1 METOIU
HaBYaHHS BOHU MalOTh, 1 K1 3 HUX HalKpallle NiAX0IATh A1 KOHKPETHOI poOOTH.
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