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VY npangx koH(epeHilii HaBeIeHO JOMOBI 3a HAIPSIMAMH:
® CBITOBI TEHJEHIIIT B po3po0JeHH] 1H)OPMAIIHHUX CHCTEM
1 TEJIEKOMYHIKAI[IHHUX TEXHOJIOT1H;
® MDKHAPOJIHI CTaHJAPTH B raiy3i iHGOPMALIMHUX 1 TEJICKOM yHIKAIIHHIX
TEXHOJIOT1 Ta KiOep3axucTy;
® PO3BUTOK OCBITH 1 HAyKH B Tally31 iHPOPMAIIHHIX
1 TEJICKOM YHIKAI[IMHUX TEXHOJIOT1H Ta K10ep3axucTy;
® IHTEpHET peyeil Ta pO3BUTOK MOr0 TEXHOJOT1H JIJIsi 6e3MeYHOro
CYCH1IbCTBA;
® MOJICTIOBAHHS Ta CUMYJISLISA CTUXIMHUX JIMX, HAJ3BUYAHHUX CUTyaIliH 1
pearyBaHHS Ha HUX;
® JIOCBIJI BHUKOpPUCTaHHS 1H(OpPMAIIMHUX TEXHOJOTIM, Oe3MUIOTHUX
JITAIBHUX anapariB 1 poOOTIB AJi1 MOHITOPUHTY JOBKULISA, 3a1100iraHHs
W mkBigamii Haa3BUYAWHUX CHUTYalllil TPUPOJHOTO 1 TEXHOTEHHOTO
MOXO/I>)KEHHS,
® HEypsAJIOBl Ta TPOMAJCHKI opraHizailii y cepi IUBUILHOTO 3aXUCTY.
[Tpami xoHdepeHiii OyAyThb KOPHUCHI HAYKOBUM Ta I1HXEHEPHO-TECXHIYHUM
mpaiiBHuKaMm, crygeHtaM 3BO Ta  BCiM, XTO IIKaBUThCA CYYaCHUMU
1H(OopMaIITHUMH CUCTEeMaMH Ta TEJICKOMYHIKallIHHUMU TEXHOJIOT1SIMU.
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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 (1IS-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
(Q0S) 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;

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



¢ 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 UAVs 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/m?2. 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].

References

1. Minochkin A., Romaniuk V. (2005) 'Objectives of the unmanned aerial vehicles
network topology of military communication networks mobile component’,
Collected Works of VITI "KPI", vol. 2, pp. 83-90.

2. Han Z., Swindlehurst A., Liu K. (2006) '‘Smart deployment / movement of
unmanned air vehicle to improve connectivity in MANET', Proc. IEEE Wireless
Commun. network conf., vol. 1, pp. 252-257.

3. D'OliveiraF., Melo F., Devezas T. (2016). 'High-Altitude Platforms — Present
Situation and Technology Trends', Journal of Aerospace Technology and
Management, 8, pp. 249-262. doi.org/10.5028/jatm.v8i3.699.

4. llchenko M. (2008) Telecommunication systems based on high-rise aeroplatform,
Kyiv: Naukova Dumka.

5. Jawhar I., Mohamed N., Al-Jaroodi J. (2015) 'UAV-based data communication in
wireless sensor networks: Models and Strategies’, Intern. Conf. on Unmanned
Aircraft Systems (ICUAS).



UDC 004.9: 005.95

A MODEL OF PERSONNEL MANAGEMENT IN IT PROJECTS
BASED ON COMPETENCY INDICATORS

Gladka M., Kuchanskyi O.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
E-mail: mira@i.ua

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 BN oW B

Developers 1 Developers 2 Developers 3 Developers 4 Developers 5

- HTML Css 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

Prepr(weASing L :I‘;;b:({n-g-l;h;l;e """"""""

Origional
Dataset

(Eacoding, Normalization )

— 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
random F [3] 99.9% 99.8% 99.9% 99%

an rﬁgjelore“ [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.

3actocyBaHHs TexHosorii React y po3poOui pi3HOMaHITHUX THUITIB BeO-
JOJIaTKiB, BKJIIOYAIOYM OJHOCTOPIHKOBI Ta 0araroCTOPIHKOBI JOJATKH, a TaKOX
aJlanTUBHI MOOUIBbHI JOJIaTKU 3HAXOAUTh BCE Olibliie MmomupeHHs [1].

AHani3 po3poOku BeO-101aTKy 3 BUKOpPUCTaHHSIM 010710TeKn React Britouyae
PO3IJISII TaKWX AacCIeKTIiB, K KOMIOHEHTHUM miaxia o po3pooku, Virtual DOM,
BukopuctanHss JSX Ta onHoHampaBieHud mnoTik ganux [2]. LI ocobmuBoCTI
BIJIpI3HAIOT, React Big iHmmMX 0610mi0oTek Ta (PEUMBOPKIB 1  JTO3BOJIAIOTH
pPO3pOOHMKAaM CTBOPIOBATM BUCOKOMPOJAYKTUBHI, MaclITabOBaHI Ta JIETKlI JUIs
PO3yMiHHS BEO-T0JaTKHU.

€ 3arangbHI NPUHITUMIK Ta TIIXOAM, SIKI MOKHA BUKOPHCTOBYBATH SIK 0a3y s
oyne-saxoro React-momarky [3-5]: KomnonentHuit minaxia; OaHOHANpaBIEeHUNA TOTIK
nanux (miaxig Flux a6o Redux); Posminenns BiamoBimanbHOCTI; MOTYIBHICTS;
lepapxis  kommnonentiB; Koap-crmmitiar; Cran Ta  YnopaBiaiHHA — cTaHOM(IIO
3a0e3neuyeThcsi TakuMmu OiOmiorekamu, sk Redux abo MobX); Cepenosuiie
po3pobku(za momomororo Create React App 3 miarpumkoro JSX); Crumizaris(3a
nornoMororo  3BuvaitHoro CSS, abo cropoHHix 010m10TeK, Takux sk styled-
components a6o Emotion); TectyBanus(Jest Ta React Testing Library);
Joxymenrarris; [Iporec po3pooku (Webpack, Babel, ESLint, Prettier Ta inmi); Xyku
(Hooks); Ontumizanisa npogyktuBHocTi (lazy loading, memoization, KoA-CIUTITIHT Ta
1H111); Po3roprannsi(Ha pi3HMX XOCTHHTOBUX muaTgopmax, Takux sk Netlify, Vercel,
GitHub Pages abo Amazon Web Services (AWS)); IaTtepnHamionanizaimisi Ta
Jokamizaris (6i0moreku react-il 8next abo react-intl);

KoMmmnonenTu Ta mponcu (props) € OCHOBHUMHU KoHuemnuisiMu B React. Bonu
JO3BOJISIIOTE  pO30MTH  1HTepdEelC KOpUCTyBaya Ha  HE3aJeXHi, MOBTOPHO
BUKOPUCTOBYBaHI 4acTUHU. KOMIIOHEHTH MOXyTh OyTH (YHKIIOHAJLHUMU a0o0
KJ1acoBUMU. DYHKIIOHAIBbHI KOMIIOHEHTH — 11€ MPOCTIIIl Ta OUIbII 3pO3YyMLII, TO/I
K KJIACOBI KOMIIOHEHTH HaJal0Th Ouiblle (PYHKI[IOHAILHOCTI, TaKOi SIK JKUTTEBHM
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IIUKJI KOMIIOHEHTA.

Pennepunr BiiOyBaeThes 3a 1onomororo BipryaibHoro DOM (VDOM), sikuii €
jerkoro abcrpakiiiero peanbHoro DOM. Bipryansauit DOM no3Bosnsie React mBuko
OHOBJIIOBAaTH Ta MaHinmymoBaTu eigemMeHTamu DOM 6e3 mpsimoro B3aemofii 3
peaibHuM DOM. Ha ocHOBiI pe3ynbTaTiB pekoHcUJsiii React oHOBIOEe peanbHUi
DOM, BHocsium nwuiie HeoOx1aH1 3Minu. Lei nporec HasuBaeThest "KoMMiTOM", 1 BiH
3a0e3neuye MiHIMIZaIil0 Madinyminii 3 DOM, mo pgomoMarae miBUILUTH
NPOAYKTUBHICTh Jonatka. Kommonentn React MawTh peHuep-QyHKLIIO, SKa
MOBEPTAE CTPYKTYPY €JIEMEHTIB, K MalOTh OyTH BioOpakeHi Ha cTopiHii. Pennep-
GyHKIIST BUKIMKaeTbcs React aBTOMAaTMYHO MiJ 4Yac pEeHIAECPUHTY a00 OHOBJIEHHS
KOMITOHEHTIB. React Hamae nekiabka METOMIB Ta TEXHIK JUIsl ONTUMI3AIl MpoIecy
PEHICPUHTY Ta MIABUIICHHS MPOYKTUBHOCTI JO/ATKIB. Jl0 TakKMX METO/IB HaJeXaTh
BUKopuctanHs React.memo() s 3amoOiraHHs HENOTPIOHOTO TMepepeHIepIHTy
(G yHKITIOHATBbHIX KOMIIOHEHTIB Ta BUKOpucTaHHs MeTony shouldComponentUpdate()
B KJIACOBUX KOMIIOHEHTAX JIJI1 KOHTPOJTIO TIEPEPEHICPIHTY BPYUHY.

Vi 1i mponecu Ta TEXHIKM pa3oM CTBOPIOIOTh PEHIIEPUHT eleMeHTiB y React.
3aBasku BipryasbHOMY DOM, pekoHCHIIAIIT, onmTuMi3allii peHIepUHTY, CEPBEPHOMY
PEHICPUHTY Ta IHIIUM TEXHOJIOTisiM, React 3abe3neuye mBuUIKWI Ta ePEKTUBHHIA
PEHAEPUHT KOMIIOHEHTIB, MOKPAIYIOUX MPOAYKTUBHICTh Ta KOPUCTYBALIbKUHN JTIOCBIJ
BeO-101aTKa.

OO6pobka moniit y React mo3Bossie BIATYKHYTUCS Ha Jii KOPUCTYBaya, Taki sK
KJIIKH, HaBeJICHHS MUIII, HATUCKaHHS KJIABIII Ta 1HIIIC.

Ha ocHoBi React 6yno po3po0isieHO BeO-10/1aTOK, KU BKIIIOYAE PEECTpAIliio
KOPUCTYBauiB, aBTCHTH(IKaIlIF0, MCEHEHKMCHT KOHTAaKTIB, aBaTapiB, poOJied Ta
JI03BOJIIB, MIATPUMKY MIKHApOJAHUX KOPUCTYBAdiB, IHTErpallil0 3 COIlaJbHUMU
MepekaMH¥, CIOBIIIICHHS Ta HaraayBaHHs. Po3po0JjieHHs HoaaTKy OyJio CIpsIMOBAHO
Ha UTFOCTPAIliI0 BUKOPUCTAHHS OCHOBHHMX TEXHOJIOTIM Ta MIAXOJIIB, IO CTOCYIOTHCS
po3poOku BeO-mojaTkiB Ha React, a Takok Ha JIEMOHCTpAIlil0 SIKICHUX MPaKTHK
IPOrpaMyBaHHSI.
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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 HeiipoHHi Mepexi (CNN)[1], mmupoko
BUKOPUCTOBYIOTHCS AJIsl eMOIIiitHOTrO po3nizHaBaHHs 00and. CNN 4y10BO BUAUISIOTH
peJeBaHTHI XapaKTEPUCTUKHU 13 300pa)keHb, 3aBISKH YOMY BOHHM J00pe MiaXOASATh
JUISL aHAJII3y BUpa3y OO0y ysl.

[Iporiec 3a3BHUYail CKIATAETHCS 3 KIJILKOX eTamiB[2]:

1. IligroToBka HAOOpy JaHWX: IJIsi HABUYAHHS HEUPOHHOI Mepexi MoTpiOeH
BEIMKUNA HAOlp AaHUX 300pa)k€Hb OOJMYYs 3 MITKaMu, L0 MPEACTaBIAIOTH PI3HI
emorrii. I{i Habopu AaHUX CTBOPIOIOTHCSA MNUIIXOM 300py 300paxkeHb JIOAEH, SKi
BUPAXAIOTh Pi3H1 €MOII1i, 1 BIAMOBITHUX aHOTALIN 10 HUX.

2. HaBuanus: mo3zHaueHWid HaOip JaHUX BHKOPUCTOBYETHCS [JIsl HABYAHHS
HelpoHHOi Mepexi. [lim dvac HaBuaHHS MepeXa BYUTHCA  PO3MI3HABATH
3aKOHOMIPHOCT1 Ta OCOOJIMBOCTI, MOB’si3aHl 3 pi3HUMHU eMmollisiMu. Lle nocsraerbcs
IUIIXOM KOPHUT'YBaHHSI Bar 1 3MillIEHb MEPEKEBUX PIBHIB 3a JIOMIOMOTOI0 MPOIIECy,
SKUW HA3UBAETHCSA 3BOPOTHUM IOIIUPEHHSM, J€ TIOMIJIKH M) MPOTrHO30BAaHUMHU Ta
(haKTUIYHUMHM €MOIIISIMH 3BOISTHCS 10 MIHIMYMY.

3. BunineHHs o3HaK: KOJIM Mepeka HaBYEHA, il MOXKHA BUKOPHUCTOBYBATH JIJIs
BUJTyYEHHS 3HAYYIIMX O3HAK 13 HOBUX 300pakeHb oOymuus. Mepexa aHalizye
300paKECHHS, BU3HAUA€E PEJICBAHTHI OPIEHTUPH 00JIMUYS Ta BUTATYE 1H(POpMaIIio, sSKa
XapaKkTepHu3ye pi3Hi eMoIIii.

4. Knacudikarisi: BUTSATHYTI O3HAKU MEPENAIOTHCA B MEPEXKY, sKa MpU3HAYAE
HMOBIPHOCTI KOXXHOMY Kjacy emolii. Emoriis 3 HaWBHIIOW WMOBIPHICTIO
BBAKAETHCS MPOTHO30BAHOIO €MOLIIEI0 JJIsl JAHOTO 00Uy Ysl.

3 TOUKH 30py 3pY4YHOCTI BUKOPUCTAHHS B MallOyTHROMY, pO3II3HABaHHS 00JIMY
Mae 0araTo MOTEHIIIMHMX 3acTOCyBaHb. JlesKi IMOTOYHI Ta TOTEHIMHI BHUIAIKH
BUKOPHUCTaHHS BKIIFOYAIOTh!

1. Bzaemonist JIOOUHU 3 KOMIT' FOTEPOM: PpO3MI3HABAHHA E€MOIIA MOXKe
MNOKPAIIUTH B3a€EMOJIIIO JIIOJUHHU 3 KOMII IOTEPOM, JI03BOJISIIOUM CHUCTEMaM PO3YMHO
pearyBaTu Ha emollii KopucTyBauiB. Hampuknaa, mnepcoHanizoBaHa pekiiama,
BIpTYyaJibHI OMIYHUKHU Ta BIACOITPHM MOXYTh aJalTyBaTH CBOIO MOBEAIHKY 3aJIEKHO
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BiJl EMOIIHHOTO CTaHy KOpPHUCTYyBaya.

2. JlocmiKeHHS pUHKY Ta pekiama. Po3misHaBaHHs eMOIliid Ha 00IMY4i MOXKHA
BUKOPUCTOBYBATH B JIOCHII)KEHHI PUHKY JIJISl aHAJI3y eMOIIMHOT peakilii CrioK1BayviB
Ha TOPOAYKTH 4u peknamy. Llg iHdopmaiiss Moxe JOMOMOITH KOMIIaHISM Kpaile
3pO3yMITH BIOJOOAHHS KJIEHTIB 1 BIANOBIJIHO aJaNnTyBaTH CBOI MapKETUHIOBI
cTparterii.

3. [lcuxiyne 3m0pOB’s Ta ONaromodydus: pO3MI3HABAHHS EMOI MOXe
BIJIICPABaTH BAXJIUBY POJIb B OLIHII Ta MOHITOPUHTY IICUXIYHOTO 310poB’°s. Lle moxe
JIOTIOMOTTH y BHUSIBJIEHHI Ta BIJICTEKEHHI €MOIIMHUX CTaHIB, TIOB’SI3aHUX 13 TaKHUMU
CTaHaMHU, SIK JICTIPECis, TPUBOTA YU CTPEC, MOTEHIIHHO JOMOMAaraloyu TeparneBTaM Ta
OKpeMHUM 0c0o0aM KepyBaTH MCUXIYHUM OJIarornoayddsiM.

4. B3aemopiss TOAMHH 3 poOOTOM: pO3Mi3HABAHHS €MOIIH MOXE CIHPHITH
O1IBII TPUPOTHUM 1 UYHHUM B3a€EMOJIISIM MK JTFOJIbMH Ta poOoTamu. PobGotH, 31aTHi
pO3IMi3HaBaTH JIIOJCHKI €MOIIil Ta pearyBaTu Ha HUX, MOXYTb OyTH e()eKTUBHIIIMMHU B
Takux cepax, K 0XOpOoHa 370POB’si, 00CTYyrOByBaHHSA KIIIEHTIB 1 OCBITA.

- 4 - '
4 »
&

Puc. 1. llpuxnan suxopuctanus 11 as posmizHaBadss 00wy [3]

Bapro 3a3naunTty, 1m0, HE3BaXKalOUW Ha T, IO PO3Mi3HABAHHS OOJIMY Mae
0araToo0iLgI0ue 3aCTOCYBaHHS, ICHYIOTh TaKOX BaXKJIMBI €TUYHI MIPKYBaHHS 1010
KOHQIACHIIIITHOCTI, 3roaM Ta TOTEHIIWHUX ynepemkeHb y TexHomorii. Io6
3a0€3MeYuTy BIJAMOBIAJbHE Ta YECHE KOPUCTYBAHHS, HEOOXITHO PETEIbHO
PO3TJISIHYTH 11l (haKTOpH.

3aranom cdepa eMOILIIHOrO pOo3Mi3HABAHHS OOMUYYS 32 JIONOMOIOIO
HEHPOHHUX MEpeX Mae 3HAYHHWK MOTEHIal Ui PO3BUTKY TEXHOJOTIH 1 B3aeMoil
JIFOJIMHY 3 MAIIIMHOIO B Pi3HHUX cdepax.
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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.

Jlns 3aBIaHb MporpamMyBaHHS, MOB’SI3aHMX 13 PO3IMI3HABAHHSIM MOBHU KECTIB,
Python € mmpoko pekoMeHJ0BaHOI0 MOBOIO MPOTPaMyBaHHS.

Python mporonye kinbka mepeBar, 3aBASKU SIKUM BiH J00pe MIIXOAUThH IS
TaKHUX 3aBJIaHb:

1. IIpoctora BukopuctranHs: Python [1] Mae mnpocTuil 1 yuTaOEIbHMIA
CHHTAKCHC, IO TIOJIETIIye HaMuCaHHSI Ta pPO3YMIHHA Komy. BiH Mae Benmuky
CHIJTBHOTY PO3pPOOHHMKIB, a II¢ O3HAYa€, M0 B MOXKETE 3HAWTH BEIHMKY KIJIbKICTh
pecypciB, 61010TeK 1 GpeHMBOPKIB, CTICIIaILHO PO3POOICHUX JIJI TAKUX 3aB/IaHb, K
po3Mi3HaBaHHS 00JIMY 1 MOBH YKECTIB.

2. OpeiimBopku TiMOokoro HaBuaHHsA: [2] Python 3aGesneuye uymoBy
NiATPUMKY (peiiMBOpPKIB TNIMOOKOro HaBuaHHs, Takux sik TensorFlow, PyTorch 1
Keras. Ili ¢peiiMBOpKH MPOMOHYIOTH TOTOBI apXITEKTYpH HEUPOHHUX MEPEK,
TOPUTMU ONTHUMI3allli Ta 1HCTPYMEHTH AJii OOpOOKH 300pa’keHb 1 BiJICOJIaHUX.
Bonu chopomiytoTh Npolec CTBOPEHHS, HaBYaHHS Ta PO3rOPTaHHS Mojeneil s
pO3Mi3HaBaHHS O0JIMYYS TA MOBHU YKECTIB.

3. bibmorexku o6poOku 300pakeHs: Python mae motyxH1 610;110TeKH 00poOKHU
300paxensb, Taki Ak OpenCV [3] 1 PIL (bibmioreka 300paxens Python). L
010T10TEeKH HAJAIOTh MUPOKUN CIEKTP PYHKLIN 17151 00poOKH 300pakeHb, BUALICHHS
GyHKIIIH 1 TorepeHb01 00pOOKH, 10 € KIIOUOBUM JIJI TAKUX 3aBJaHb, K BUSBICHHS
00IMYYs, BU3HAYEHHS OPIEHTUPIB 1 TOKPAIIEHHS 300pa’KEeHHS.

4. Exocuctema Data Science: Python [4] mae HaniiiHy exocuctemy mis Data
Science Ta MammHHOrO HaBuaHHs. BiH mpormonye Taki 610mioreku, sik NumPy i
pandas 111 eheKTUBHOI OOPOOKH Ta aHaJI3y JIaHUX, & TAKOXK 010J110TEKH Bi3yasi3allii,
taki sik Matplotlib 1 Seaborn nnst npeacTaBieHHs pe3yabTaTiB.

BpaxoBytouu i nepeBaru, Python € nonynsipaum BuOopom cepes A0CTiTHUKIB
1 po3pOOHUKIB y cdepl KOMI IOTEPHOr0 30pYy, BKIIOUAIOYM PO3IMI3HABAaHHS OOJIMY 1
MOBHU ecTiB. BiH 3a0e3neuye THydKke Ta JIOCTYIHE CEpeIOBUINE JJIsi peaizalii Ta
EKCIIEPUMEHTYBAHHS 3 PI3HUMH aJITOPUTMAMH Ta MOJIEIISIMHU.
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OpHak BapTO 3a3HAYUTH, 1110 ICHYIOTh TAaKOXK 1HILII MOBH MPOTpaMyBaHHs, TaKi
gk C++ 1 Java, sKi MO)XHA BHUKOPHUCTOBYBATH /JISi IIMX 3aBJaHb, OCOOJIMBO KOJHU
ONTUMI3allisl TPOAYKTUBHOCTI € KIIFOUOBOIO MipKOI0. Lli MOBHU MPONMOHYIOTH KOHTPOJIh
HUYKYOTO PIBHS Ta MOXKYTh BUKOPUCTOBYBATHCS JUIS peajiizailii 4aCTUH aJlfOPUTMIB,
o0 NOTPeOYyIOTh IHTEHCHUBHUX OOYHCIEHb, a00 BHKOPUCTAHHSA amapaTHOro
IPUCKOPEHHS.

Iutepec iz vacom @ b o <

\'MWMW PWOH 79 .

C+ 20

Mf\
L W’WIW 2-8 keiT. 2023p.

Puc. 1. Tlonynspacts MoBH Python i C++ y Google Trend

[linBogsun migcymok, Python € HamonerimBo peKOMEHJOBAHOK MOBOKO
porpaMmyBaHHs Il pO3pOOKHU Tporpam, MOB’SI3aHUX 13 PO3Mi3HABAHHSIM OOJUYYS
ad0 MOBHM KECTIB, 3aBJIFKM CBOId MPOCTOTI, BEIMKUM O107i0T€KaM 1 MOTYXHIN
niaTpuMIl GperMBOPKIB TIIMOOKOTO 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 KOMIIO3UTHHUX Ta aPMOBAHUX MaTeplajiiB € BAMOIOI0 Cy4acHOI0
piBHS BUPOOHHUIITBA Ta KHUTTSA. 3 YCHIXOM BHKOPHUCTOBYIOTHCS 0arato METOIB
pPO3paxyHKIB 1 TPOEKTYBaHHS TaKUX MarepiaiiB. Y JaHiM CTaTTi AJisi MPOEKTYyBaHHS
KOMITO3UTHUX Ta  apMOBaHUX  MarepiadiB  BHUKOPHUCTOBYETHCS  METOAMKA
PO3B’SI3yBaHHS TUHAMIYHUX KOHTAKTHUX 33J]lad Yy MPY>KHOIUTACTUYHINA MaTeMaTU4YHIH
nocranosii [1-2].

Jns BpaxyBaHHs  (i3u4HOi  HEMHIWHOCTI  Tiporiecy  AedopMyBaHHS
BUKOPUCTOBYETHCSI METOJ] TIOCHIJIOBHUX HAOJIMKEHb, 10 JO3BOJISIE 3BECTHU
PO3B’sI3yBaHHS HEJIIHIMHOL 3a7a4i 10 pO3B’sI3yBaHHS MOCIIAOBHOCTI JIHIHHUX 3aj1ad.
Ha Bigminy Big TpaauIiiiHoi TUIOCKOI aedopmallii, KOIM OJHE HOpMajbHE
HAlpYXXEHHSI JOPIBHIOE JESKOMY IIOCTIHHOMY 3HAQUEHHIO, [JI1 YTOYHEHOTO
MoOJIeNIIOBaHHS  AedopMariii 3pa3ka 3 ypaxyBaHHSIM MOXJIMBOIO 30LIbIICHHS
MO37I0B)KHBOTO TIOJIOBKEHHSI BUKOPHCTOBYETHCS 1€ HOPMAaJIbHE HAMNPYKCHHS Y
BUTJISI1 (PYHKITIT, SIKa 3aJIeXKUTh BiJl MMapaMeTPiB, 1[0 OMUCYIOTh 3TMH MPU3MATHYHOTO
Tija, K€ 3HAXOIUTHLCA B CTaHI IJI0cKoi Aedopmarii [1-3, 5, 7].

Po3B’s13yeThesl 3a/1aua mIOCKOro JAe(OpMOBAHOIO CTaHY KOMIO3UTHOI Oaiku
CKJIOIIAKETa, SIKa KOPCTKO 3UeIlyieHa 3 a0COIIOTHO TBEPIOI0 OCHOBOIO 1 Ha SIKY 3BEPXY
MO Cepe/lMHl Ha HEBEJIMKOMY MailJlaHUYMKy MOYaTKOBOTO KOHTAKTY Ji€ aOCOJIOTHO
TBEpAWM ynapHHUK (Hampukiaan Kyist). CKIOMAaKeT CKIAAAEThCS 3 YOTHPHOX IMAPiB:
nepiui (BepXHiii) 1 TpeTi TOHKI 13 TBEpJOi CTajl Ta APYTHi 1 YeTBEPTHM (HUXKHIM)
OCHOBHI 31 CKJIa.

CkJl0 € ny)xe MILHHMM Ta JIy’)K€ KPUXKUM MaTepiajoM OJHO4YacHO. KpuxkicTh
CKJIa OOYMOBITIOETBCSI TUM, 110 HA MTOBEPXHI PO3TAIIOBYETHCS 0€3J11Y MIKPOTPIIIUH 1
Ipu Aii HABAHTAKEHHS J0 MOBEPXHI CKJa 1[I MIKPOTPIUIMHU MOYMHAIOTH 3POCTATH 1
NPU3BOAATH /10 PYWHYBaHHS CKIIHMX BHUpOOIB. SKIO CKJI€iTH ab0 3HEPYXOMUTH
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BEPIIMHN MIKPOTPIIIMH Ha MMOBEPXHI, TO OTPUMAEMO MIITHUN apMOBaHHMI MaTepial,
AKUA Oyne OUIbII JIETKMM, MIIHUM, TaKuM, 110 HE MIAAAEThCS KOPO3li 1 3HAYHO
MEHIIIE, aHDK METalld, CXWJIBHUM JI0 TIPOLIECIB Aerpajallii BIacCTUBOCTEH MaTepialy
TaKHX, SIK MPOIIECH CTAPIHHS Ta MOB3Yy4OCTi. BepxHiii 1 TpeTiil apmMyroui mapu MeTary
MOXKHA2 HAHOCUTHM Ha TOBEPXHIO CKJa Tak, 00 aTOMU MeETally, CTajll TIMOOKO
MIPOHUKAJIM, 3alOBHIOBAIM MIKPOTPIIIMHUA Ta 3B’SI3yBalM iX BepuIMHU. BepxHiil i
TPETi 1MIapu MOXKYTh OyTH JOCUTH TOHKMMU 3 TOBUIMHOIO T1B MUTIMETPH. 3UETUICHHS
MIXK IIapaMU BBAXKAETHCS 171€aTbHO JKOPCTKHUM.

[luTanHs TPAKTUYHOTO 3a0E3MEUCHHS TAKOTO 3YEIUICHHS € BaXKJIUBOIO
CKJIQJIOBOI0 TEXHOJIOTIYHOrO BHOPOBAa/KEHHA. B IHCcTUTYTI enexkTpo3BaproBaHHS
iM. €. O. Ilarona HamionansHoi Axanemii Hayk Ykpainu Ha mouatrky 2000-x pp.
Oyna po3po0iieHa TEXHOJOTIS 3BapIOBaHHS KepaMIuyHUX JeTaneid. Mix JaBoma
KepaMIYHUMHM JIeTAJIIMM 3aTHCKajgacs MijgHa mMeMOpaHa. Jlo MeMOpaHH MiJBOAUBCS
NOTY)KHUW ENEeKTPUYHUN IMIYJIbC, y pe3yibTaTi SIKOTO MiJHa MeMOpaHa MHUTTEBO
BUIIAPOBYBAIACA 1 aTOMH M1l MOTPAIUISLIIN TJIMOOKO 10 CTPYKTYPHHUX TOp, KamiJisipiB
1 MIKpPOTpPIIIMH MaTepiany. 3a paXyHOK IbOrO 3BapIOBaHHS KEpaMiuHMX JeTayen
3MIACHIOBAIOCS 3 TIOCTATHHOIO MIIHICTIO. Y HAIIOMY BUIIAAKY 3a TaKOK TEXHOJIOTIEI0
MOXXYTh JKOPCTKO 34YEIUTIOBATHCS MmIapu ckia 1 ctam. CTamb € MOMIKpUCTATIYHUM
MarepiajioM, B SIKOMy MK 3€pHaMH cepell kapOiaiB € 6araro mikporpiuuH. OTox
aTOMHM Mifi, a00 IHILIOTO MaTrepially 3a TEXHOJOTIE, IPOHUKAIOTh Y MIKPOTPIIMHU
CKJIa 1 CTaJli 1 3HEPYXOMJIFOIOTh BEPIIUHHM MIKPOTPIIIMH MaTtepiaiiB. B podorax [1-4]
JOCHI/I)KEHO IPOIIEC HECTAlllOHAPHOI B3a€MO/I1i aOCOJIFOTHO KOPCTKOrO yAapHUKa 3
IJIOCKOIO TUIOUIA/IKOI0, HANPHUKJIAA KYJIEr0, 1 KOMIIO3UTHOI JBOIIAPOBOI apMOBAaHOI
ocHOBU. KOHTaKT 3MIMCHIOETHCA TO TUIOMIMHI TJIOCKOI TUIOMIAJKU yAapHHUKA (T10
JucI ynapHuka). Takuii 4oTUpUIIApOBUI apMOBaHU KOMIIO3UTHUI MaTepial MOXe
OyTH BUKOPHCTAHO Y SKOCTI IUTACTUHU OPOHEXHIIETY 1 MIUPOKOTO CIEKTPY MOTped
Cy4acHOl 1HAYCTpii, BKJIIOYHO aBTOMOOUIEOyAyBaHHSA, OYAIBHULTBO JOpIT 1
JTOPOKHBOI 1H(1)paCprKTypI/I

Jns po3B’si3yBaHHS BUKOPHUCTOBYBAJacs pO3po0JieHa aBTOPOM METOIUKA
PO3B’SI3yBaHHS IIOCKUX 1 MPOCTOPOBUX YAAPHUX 1 HE CTAIIOHAPHUX KOHTAKTHHUX
3a/1a4 y IMHAMIYHIA MPY)KHO-TUTACTUYHIA MaTeMaTU4YHii noctanosii [ 1-9].

Po3pobnena meronuka po3B’sA3yBaHHS JUHAMIYHMX KOHTAaKTHHUX 3ajad Yy
MPYXHOIUIACTUYHIA JWHAMIYHIA MAaTeMAaTH4YHIA TIOCTAaHOBIl Ja€ 3MOTY OUIBII
aJIeKBaTHO MOJIETIOBATH IMPOLIECH YAApHOI Ta HECTAIIOHAPHOI KOHTAKTHOI B3a€MOJIT
3 MPYXHOI KOMIIO3UTHOIO OCHOBOIO. Y JaHid poOOTI aaeKBaTHO 3MOJEIHOBAHO
npoliec yaapy MO YOTHPUILIAPOBIA OCHOBI, IO CKIANAETHCS 3 BEPXHBOT'O 1 TPETHOTO
TOHKOTO IIapiB MeTaly Ta JPYroro i HIWKHHOIO OCHOBHUX IapiB ckiia. OTpuMaHo
YUCENbHI PE3yJIbTaTh, HAa OCHOBI SIKMX JIOCHIJIKEHO PO3MOBCIOJIKEHHS CYMapHUX
IUIACTUYHUX JepopMalliid 1 XBUJIb HOPMaJIbHUX HANPY>KEHb.
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CIHIEHUPIKALIA TA ITPOBJIEMATUKA TECTYBAHHSA
KOMIILIATOPIB, 3AAISIHUX Y TECTYBAHHI
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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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Komminsropu nepeTBopATh BUXIAHUI TEKCT MIPOrpaM, Ha MOBI BUCOKOT'O PIBHS,
Ha BUTJISA, IPUIATHUH A1 BUKOHAHHS. [IoMUITKM B KOMIIATOP1 MOXYTh MPU3BECTH
JI0 BIIMOBM TIpU BUKOHAHHI (aiiyiiB mporpam, MnmooyaoBaHUX KOMIIATOpoM. Taki
MOMWIKH JTy’K€ CKJIQJIHO BUSIBIISITUA Ta BUIIPABJIATH, 1X HASBHICTh CTABUTH 1]l CYMHIB
AKICTh KOMIIOHEHTIB, JUIsl T€HEepallil KMX BUKOPUCTOBYBAaBCsA KoMOuIsITOp. MoxHa 3
YIIEBHEHICTIO CTBEPKYBaTH, IO KOPEKTHICTH POOOTH KOMMUIITOpa 3 MOBHU
MPOrpaMyBaHHs € HEOOXIJHOI0 YMOBOIO OyIb-fKOi HaJIiMHOI POOOTH MPOrpaMHOIO
3a0e3MeyYeHHs, peanti30BaHOro 3 oro JOMOMOror0, a KOHTPOJIb MPABMIIBHOCTI pOOOTH
KOMITUISITOPIB — OJHUM 13 HaWBaKIIMBIIIMX 3aXO1B MO0 3a0e3eueHHs HaIIMHOCTI
mporpamMHoOro 3aoesnedeHHs. (s KoMmiasTopa OAHUM 3 HaWBAXIIMBIIIUX METOIB
3a0e3neYeHHs HaIHHOCTI € TeCTyBaHHS.

[Tporec TecTyBaHHS BKJIIOYA€ TPU OCHOBHI 3aBJIaHHS:

1. I'enepariist (HarmKMcaHHs) TECTIB.

2. BuneceHHs1 BEpAUKTY MPO MPOXOKEHHA TecTy. Lle 3aBmaHHs BUPIIIYETHCS
3a JIOOMOTOI0 TaK 3BAaHOI'O0 TECTOBOTO Opakyna. TecTOBUM OpaKyJOM Ha3WBAETHCS
npoleaypa, 0 BU3HAYA€ KOPEKTHICTh pOOOTH TECTOBAHOI CUCTEMU Ha JAHOMY TECTI.

3. OmintoBaHHS SIKOCT1 TeCTiB. {7151 1IbOTO 3aBMaHHS 3a3BUYal 3aCTOCOBYIOTHCS
Tak 3BaHl KpuTepii MOKpUTTA. [IOKpUTTSIM Ha3uBaeThCs HAOIp MIAMHOXKUH Oe3miui
BXIAHUX JaHuX. KaxyTb, 110 TECTOBHI HaOIp 3aJ0BOJBHSE KPUTEPIIO MOKPUTTS,
SKIIO JJI1 KOXXHOI MHOXKMHH 3 TIOKPUTTS 3HANAETbCA MPUHANMHI OJUH HAJICKHHMA
oMY TeCT 13 TECTOBOTI'O HAbOPYy.

Komminstopu, y mMeBHOMY IJIaHi, — OJIHE 13 HaWOLIbII NEPCHEKTUBHUX
00’€KTIB 3acTOCyBaHHS (hOpMaTbHUX METOJIB. BoHU 3’€nHaiuvcs 1Bl YMOBH, BKpaii
HEOOXIJH1 YCHIIIHOrO 3acTocyBaHHs (opmanbHuX MeroniB. [lo-mepie, 1e myxe
BIJIMOBIJATBHUN TPOrpaMHUM MPOAYKT, SK PO3POOHHMKH, 1 3aMOBHHKH 3a3BUYaAl
BU3HAIOTh PO3YMHICTh PECYPCHUX BKJIAJI€Hb Y MIJIBUILIEHHS SKOCTI KoMmuiaTopa. [lo-
Tpyre, CTPYKTYPH JaHUX, 13 IKUMH OIlepy€e KOMIIISTOP, J00pe TOKYMEHTOBaHI (OIucC
BX1HOTO MOBH, (opMar 00’€KTHOTO MOAYJs, HaOip KOMaHJ MAallMHU Ta 1HIIMUX.).
KpiM TOro, BaxiauBo, 1110, SIK IPABUIO, PO3POOHUKH KOMIUISATOPA HE CTUKAIOTHCA 3
npobjieMaMu  HEIETEepPMiHI3MY, HEBIATBOPIOBAHOCTI pPE3yJbTaTiB Ta I1HIIUMHU
npobsieMaMu TaKoro COpTY, TUIIOBUMHU, HANPUKIAN, JJIs OINEpalliiHUX CHUCTEM,
CVYB/, po3noainenux cuctem. Lle mosermiye anamxiz poOOTH KOMIMIATOpPA, 30KpeMa
MOT0 TECTYBaHHS.

HesBaxaroun Ha BHCOKMH piBeHb (opmaiizaiii B JaHiil ramgysi, 3aBIaHHS
MOBHICTIO aBTOMAaTUYHOI TeHepallii KOMIIISATOPIB Ha OCHOBI crienu(ikaiiid rpaMaTuk
Ta apXiTeKTypU MAIIMH BCe Ile He BUpilIieHo. binbie Toro, HaBiTh MpH TeHeparlii
IIOAO0 MPOCTUX KOMIIOHEHTIB KOMIIUIATOpAa, TUIY CHUHTAKCUYHOIO aHaii3aTopa
(mapcepa) Ta CEMaHTHUYHOI'O aHaI3aropa, I pealbHUX MOB MPOrpaMyBaHHS
BIAEThCS 3rEHEPYBATH JIMIIE YACTHUHY LIMX KOMIIOHEHTIB, MICHSI YOrO CIIIYE Py4HE
JOBeIeHHs (customization) — OCHOBHE JDKEPEJIO MOMUJIOK Y IHUX KOMIIOHEHTaX.
Oco0aMBO BakKKE CTAHOBUUIE CKJIANOCA 3 MEPEBIPKOIO SKOCTI HAWOLIBII CKIAJIHHUX
YaCTHH KOMIIUISATOPIB, UMl PO3POOKa, TMEPEBAKHO, BUPOOISETHCA BPYIHY —
OINTHUMI3aTOpPIB, PO3MAPAIEITIOBATOPIB 1 TEHEPATOPIB KOJY.

AKTYaJbHICTh TEMH TECTYBAHHS KOMIIUIATOPIB 1 JOOpe ompaiboBaHa TeOpis
dbopManbHOTO oOmnMUMCy MOB Ta crenudikamii OJOKIB KOMIUIATOpa Ha OCHOBI
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cnernudikaiii MOB, JO3BOJWJIM 3BEPHYTH yBary Ha MOXIJIMBICTh BHUKOPHCTOBYBATHU
(dbopMasbH1 METO/IM SIK OCHOBY TE€XHIKU TECTYBAHHS KOMITLISTOPIB.

TecToBi mporpaMu reHepyrOThCs AJIs JEAKOI MIAMHOXKUHU MOBH, JUISL SIKOTO
dbopManbHO 3a/al0ThCS CHHTAKCUC Ta cemaHTuka. LI ¢opmanbHi crnenudikarii
BUKOPUCTOBYIOTBCSl [IJIsl T€HEpalii TECTIB, TECTOBOIO Opakyja Ta BHUMIPIOBAHHS
NOKpUTTs. BubOip MiAMHOXKUHU MOBH, JJISl SIKOT T€HEPYIOTHCS TECTH, 3I1MCHIOETHCS
TECTYBAJIbLHUKOM BUXOSYHU 3 OCOOJIMBOCTEH peatizallii KOMIUISITOPa, 10 TeCTYEThCA.
[le miaMHOXMHA 3a3BUYall BKJIOYAE HAWUOLIBII CKJIQJIHI 3 MOMJISAY peanmisalii ado
HalMeEHII CTaOUIBHO MPAIOI0Yl KOHCTPYKIIIT MOBH.

3 yacom Oynu po3pobiieHi ciocoOr BUKOPUCTAHHS (hOpMaTIbHUX crienu@ikaiiif
MOB Ta (popMalIbHUX MOJENIeld MOB /I aBTOMaTUYHOI reHeparlii TeCTIB KOMIUISTOPIB
Ta IHIIUX TPOIECOopiB (HOpPMATBHUX TEKCTIB. 3alpOMOHOBAaHI CIOCOOM OyiH
BUKOPUCTAHI1 JJIs1 PO3POOKHU CHUCTEM TECTYBAaHHSI KOMIISATOPIB Ta X OKpeMHX OJIOKIB.
3aBasKu pe3yabTaTaM MOXKHA JIWTH BHCHOBKIB, IO 3aBISKH 3aCTOCYBaHHIO
3allpONIOHOBAHUX CIIOCOOIB OTpHUMAaHe TECTOBE IMOKPUTTA ICTOTHO Kpaimie 3a
MOKPUTTSI, 110 AOCATAETHCS MPU PYyYHOMY 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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CynoBor 11eHTU(DIKAILIEI0 MOBII HA3MBAETHCA Taka 1aeHTUdIKaIlsA, KOJIU
nepesl eKCIepTOM CTaBJISTh 3aBJaHHS BCTAHOBUTH, UM JIAHE BHICIIOBJIIOBAHHS OYII0
CKa3zaHe Ti€ro ado 1HII0I 0coboro, yu Hi [1]. Xoua migBUIIEHHS PiBHS JOCTYIMHOCTI
JI0 BUIIOI OCBITH JO3BOJISE JIFO/ASIM Kpallleé OMaHyBaTH HOPMU JIITEPaTypHOI MOBHU i
BUKOPUCTOBYBATH 1X, Yy CTPECOBHX CHUTYallisiX, CTaHAX E€MOLINHOro 30y KEHHS €
WMOBIPHICTh TOTO, 110 B MOBJICHHI JIIOJIMHU OYIYyTh MPOSBISATHCS MIAJIEKTHI PUCH.
30kpeMa, yBara A0 IHX PHC MOXKE OTIOMOITH TIPAaBOOXOPOHHHM OpraHaMm Yy
PO3CIIIYBaHHSIX 3JI0YMHIB, BPaXOBYIOUHM OJIHY 3 HaWOLIbII CYMHO3BICHUX CIPaB B
OpHUTAHCBHKIN 1CTOPIi, KOJHM BIANMOBIIHI BHCHOBKH €KCIIEpTa IOJO JOCTOBIPHOCTI
oco0M Ha 3amuci 3a HassBHUMH O3HAKaMH JiaJIeKTy B TOJOCI MiJO3pIOBAHOTO OYiH
npoirHopoBani [2]. Hapa3i cepen BIZOMUX TpHUKJIAAiB, SKI MICTITh 3alKUCH
JIAJeKTHOTO MOBJICHHS, BKJIIOYHO 3 aKIIGHTaMH, MOXemMo HaBecTu Taki: The
International Dialects of English Archive, The British Library Sounds Tta The
Dictionary of American Regional English.

Hackinbku HaM B1IOMO, AJis1 YKPAiHCHKOTO MOBJICHHSI MO/1I0HOT 0a3u JaHUX He
icuye. KpiMm Toro, BenuMue3Ha KIJIbKICTh 3J0YMHIB, CKOEHHX IIIJI Yac POCIMCHKO-
YKpaTHChKOI BIWHUW, 3 HAsSBHUMH ayJai03allMCaM{ TUIBKHU ITiJIKPECITIOE HEOOXI1THICTh
MPOBEACHHS JOCTIIKEHb Y LIbOMY HaIpsIMI.

3aranoM yKpaiHCbKY JlaJIeKTHY MOBY MOJUISIOTH HA TPU Hapivus: MIBHIYHE
(momicbke), MBAECHHO-CX1JIHE Ta MiBAeHHO-3axiAHe [3]. CTBOpeHHs 0a3u JaHuX, sika O
MICTHJIA 3allUCH 31 CIEeNU(pIYHUMU XapaKTePUCTUKAMH OJHOTHUITHUX M1aJeKTIiB, IO
BXOJSATh J0 IuX Hapiy (iXHIX MposBIB Ha BCIX MOBHHMX pIBHSIX, a came
dboHosoriyHomMy,  MOpGOJOTIYHOMY, JIEKCHYHOMY Ta CHUHTaKCUYHOMY), Ta
COLIIOJIEKTIB (JI1aJIEKT, SIKUM TIOCTYTOBYETHCS MIEBHA COIllaJIbHA TPYIIa JIOACH Ta KU
MPOSIBIIIETHCS B JIGKCHINl Ta (pa3eoyorismMax) 3 TOJAaHUMHU JO 3aluCiB
TPaHCKPHUOYBAHHSIM MOBJICHHS MOXX€ OyTH KOPHCHUM MpU, HAIPHUKIAJ, 3MEHIICHH]
KOJa TIiJIO3PIOBAHMX, KOJM €JWHUM JOCTYITHUM JOKa30M Yy PO3CIIIyBaHHI €
ayJiio3arnmuc.
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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.

JlocnmipKeHHsT MPUCBSIYEHO pO3pOOJIEHHIO 3ac001B 1HTErparii iHpopManiiHol
cuctemMu s pizuynoi ocoou-mignpuemit (DOII) i3 «Enextponnum kabiHEeTOM
riatauka noaatkisy (EKIIIT) ATIC Ykpainu.

EKIIT— wue iHopmamniiiHO-TeNEKOMYHIKAI[IiHA CHCTeMa, CTBOpeHa [
3a0e3neueHHs peajizailii IIaTHUKAMHU TIOJIaTKIB Ta JIEPKaBHUMH OpraHaMu CBOIX
mpaB Ta 000B’s13KiB BU3HaueHUX [lomaTkoBUM KojekcoM YKpaiHu, B €JIEKTPOHHOMY
Burisifal. EKIII nwajmae miuaTHUKaM MOAATKIB MOXIJIMBICTH MPAIIOBATH 3 OpraHaMH
(bicKabHOT CITYXOU TUCTAHIIIIHO Yy PEKUMI PEATbHOTO Yacy.

®OIl— mne ¢dizuuHa ocoba, sKa sl BEIEHHS TOCHOAAPCHKOI ISUIBHOCTI
3apeecTpoBaHa SK MiANpPUEMENb Oe€3 cTarycy HOpUAMYHOI ocoOu. Bona moxe
CaMOCTIfHO 00paTh CHpOIIEHY CHUCTEMY OMNOJATKyBaHHS, SKIIO Taka ocola
BIJITIOBi/Ia€ BUMOTAM Ta PEECTPYETHCS IJIATHUKOM €IMHOTO MOAATKY Y BU3HAYCHOMY
TOPSIZIKY.

3micT pobOTHM TmoyAra€e B PO3pOOJIEHHI MPOrpamMHOro 3acoly, SKUN
3a0e3neyyBatuMe edekTuBHY 1HTerpamito cucremu i1 DOIl 13 EKIIIL
3anponoHOBaHa iHTErpoBaHa iH(pOpMaIliifHa CUCTEMa HAJa€e JOMATKOBI CEPBICH IS
apromarmsarii B3aemomii POII 13 EKIIII: aBromarnuue minkimroueHuas no EKIIII,
BEJICHHST Ta BigoOpakeHHs (DIHAHCOBUX TOKA3HUKIB, JOJAHHS, 3MIHCHHS Ta
BUJIAJICHHS JTAHUX KOHTPAreHTIB, TOKYMEHTAIli, BUTPAT, HAIXOKEHb 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.

PO3FJ'I$IHYTO MCTOJHUKY HOCJ'IiI[OBHOFO 34aCTOCYBaHHs IIOTOKOBHX CXCM pO3HOI[iJ-[y
OJTHOPITHOTO PECypCy TS pO3B’sA3aHHS 3a/1a4l KoMiBospKepa [ 1], sika hopMyIrO€eThCS
K 3a7ja4a MOUIyKy MaplIpyTy BIABIYBaHHS 33JaHO1 KUJIBKOCTI MIiCT 0€3 MOBTOPEHb 13
MIHIMAQJIBHOIO BIJICTAHHIO PYXY UM TPUBAJICTIO MIEPECYBaHHS.

CraButhca 3aBAaHHS (¢opMmaiizaiii aJlropuTMy poO3B’sS3aHHSA 3a1adl  3a
JIOTIOMOTOI0 METOIB TOTOKOBOTO PO3MOILIY pEecypcy 1 BHKOPUCTaHHS CXEMH
backtracking (moBepHeHHs). 3anpOMOHOBaHO BUKOpUCTaHHS MeToay Opiina [2] mst
ONMTHUMI3AIlli PO3MOJILTY MOTOKY Ha rpadi. 3Bakarouu, 1110 BUKOPUCTAHHS aJITOPUTMIB
HAa OCHOBI CXE€M TIOIIYKY 3 TOBEPHEHHSM TIPH PO3B’SI3aHHI MPAKTUYHUX 3aj]ad
CYTTE€BO OOMEXKYETHCS HEBHCOKOIO MIBUAKICTIO POOOTH Ta MIABUIIICHUMU BHUMOTaMU
710 00UYHMCIIOBAJIBHUX PECYPCIB, 3aIPOIIOHOBAHO MPUCKOPEHHS pOOOTH PO3POOIIEHOTrO
AITOPUTMY TIITXOM 3TYYCHHS XKaAI0HOI METOIUKH y MPOIENYypl BUOOPY ITISTHOK
MapIipyTy: IJIaHyBaHHS KOXXHOTO €Tany TIepeCyBaHHS BH3HAYAETHCS HA OCHOBI
BUOOPY HANOIIBII IMIBUAKOTO HANpsAMY pyXy. 3acTOCYBaHHS >KaJiOHOTO MiAXOAYy
JI03BOJISIE OTPUMATH KOHCTPYKTHUBHY CXEMY PO3B’SI3aHHSA 33]1a4l KOMIBOSKEPA.

Hageneno pesysnbTaTi poOOTH 3alpONOHOBAHOIO AJITOPUTMY ISl OOYUCIICHHS
pPO3B’SI3KIB 3aJa4i KOMIBOsDKEpa 3 MIHIMI3AII€I0 TPHUBATIICTIO PyXy, IPOBEACHO
MOPIBHSIHHS OTPUMAHUX PO3B’S3KIB 3 PO3B’sI3KaMH, 3HANJACHUMH 1HIIMMHA TOYHHMH
Ta €BPUCTHUHMMHU MeTojaMu. [IpoBelneHO aHali3 BIUIMBY 3KaJiOHOrO MIAXOAy Ha
HIBUKICTh POOOTH PO3POOJICHOTO aNrOpuTMYy. 3pO0JI€HO BUCHOBKHU PO MOJATbIIHIMA
PO3BHUTOK PO3MIIIHYTOI METOJUKHU JJIsl PO3B’sI3aHHS 3a/1adi KOMIBOSDKEpA 3 ypaxyBaH-
HSIM Cy0’€KTHUBHOTO CIPUUHSTTS IUIMHY Yacy Ta IMHAMIYHOI 3a/1a4i KOMIBOsDKepa.
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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 mnepembadae mpaBo 37100yBadiB
OCBITH Ha 1HIWBIAYyaJbHY OCBITHIO TpaekTopito [1]. ®opManbHO e 3a0e3MmeuyeThes
HAsIBHICTIO BUOIPKOBUX JUCIMILIIH, aje Mo (akTy iXHii epelik CyTTeEBO 0OMEKEHUM
MO>XKJIMBOCTSIMU BHKJIaAa4iB. BonHouac y cryneHTiB cnenianbHocTer 121 «IHxenepis
nporpaMHoro 3abesnedeHHs» 1 122 «Komm’ioTepHi Haykw» MOXKE 3HAYHO
PO3PIZHATHUCS ACOPTUMEHT HEOOX1JHUX TEXHOJIOT1H B 3aJI€KHOCTI B1J1 OOpaHOi poJIl Ta
npodeciiiHoi ranysi, JAe MpaioBaTUMe 3700yBad. BiamoBiHO THUX NPAKTUYHHUX
HABUYOK, IO JIa€ 3arajibHa Mporpama, CTyJAeHTaM 4acTO HE JIOCTaTHhO, abu 3HANTH
nepmy poooty. B pesynbrari iM 9acTo TOBOAMTHCS OCBOIOBATH Oarato TEXHOJIOTIN
caMoOCTiiiHO, ©Oe3 momoMorud BHKIamadiB. Ile Beme 10 3HMKEHHS MOTHBALIl
BIJIBIIyBaTH 3aHATTSA, IO HE BIAMOBIIAIOTh IXHHOMY OOpaHOMY TMpodeciiHOMY
HaIpsIMKy, 1, SIK HACIIJIOK, O 3MEHIIEHHS 3aJ1y4e€HOCTI CTYJCHTIB y HaBUAJIbHHUI
MPOIIEC Ha CTAPIIUX KypCax.

OxnuM 31 crocoOiB MOBEpHEHHS! CTYJAEHTIB B OCBITHIN MPOLIEC MOXE CTaTU
CTBOPECHHSI MOKJIMBOCTEH 3aCTOCOBYBATU T1 IHCTPYMEHTH Ta TEXHOJIOTI, sIKi OyayTh
noTpiOHI came iM B TOHANbIIiK poOoTi. J[Js mBOro MPOMOHYETHCS PO3POOUTH
aBTOMATH30BaHY CHUCTEMY aHami3y KOmy, sika O HaaaBajia 3BOPOTHIM 3B’SI30K IS
pillICHHSI, BUKOHAHOTO OJHI€I0 3 IIATPUMYBAaHHUX MOB IpOrpaMyBaHHs. JavaScript,
Python, Java, C# um C++. BrpoBajpkeHHS Takoi CHCTEMH B OCBITHIM TIporiec
JTIO3BOJIUTH JIaBaTH 3aBJIaHHS, 1110 O BIIMOBIAAIM 1HAWBIAYalbHIN OCBITHIN TpaeKkTOPii
CTYJIEHTIB Ta HaJaBajl TOM JOCBIiJ, 10 MOTPIOHMIM JIsl IXHBOI MaOYTHBOT 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 3a3Havar0Th, 1O raMOoke HaB4daHHSA (['H) Moxke oOGpobmsTh
O1MBIIMI 00CAT HECTPYKTYPOBAHMX JIAHUX 1 JIOCATATH BUCOKOI TOYHOCTI MPpH poOOTI 3
HuMH. Lle ¢popMa MamIMHHOrO HaBYaHHS, 10 BUKOPUCTOBYE IITYYHI HEHPOMEPEKI 3
MHOXXMHOIO IIapiB oOpoOku JaHuX. HaBuaHHS MpOBOASTH Ha BENUKHX Habopax
JaHUX 1 MOXKHA BUKOPUCTATH JJIsl LIMPOKOTO CIIEKTpa 3aBJaHb. T€OpETUYHO BOHO
MO)Ke OyTH 3aCTOCOBaHE B aIallTUBHOMY QJITOPUTMI OadaHCYBaHHS HaBAaHTAKCHHS Y
PO3MOAUICHUX J0JaTKaxX JJIS MOJIIMIICHHS MPOAYKTUBHOCTI MOAATKIB 1 IMABUIIICHHS
e(peKTUBHOCTI BUKOPUCTAHHS PECYPCIB.

OmiHKa CKJIAJHOCTI 3alUTYy — BAXXJIMBUM eTan y OajaHCyBaHH1 HABaHTAKEHHSI
MDK By3i1amu Mepexi. CKIaaHICTh BH3HAYAETHCS KITBKICTIO PECYpPCIB JUIsl HOTO
00pOOKH, TaKUX SIK OOYMCIIIOBAJIbHA MOTYXKHICTh 1 maMm’siTb. OIHUM 31 crocoOiB
OLIIHIOBAHHS CKJIAJHOCTI € aHali3 MapaMeTpiB 3aluTy: PO3MIp JaHUX, BUKOPUCTaHI
QITOPUTMHU U THN O00poOIIOBaHUX NaHWX. Hampukiman, 3amuT Ha 0OpOOKY BEJIMKOTO
300pakeHHs1 MoTpedye Oible pecypciB, HIXK TekcTy. Ilpu po3moaini MiX By3JaMu
Mepexi OalaHCYyBaJIbHUK MAa€ BpPaxOBYBaTH CKJIQJHICTb KOXKHOTO 3amuTy W
PO3MOAUIATH iX Tak, abu HE MEepeBaHTAXYBaTH BY3JM CKJIAJHIIIUMU 3anuTamu. Lle
JTIO3BOJIUTH JIOCATTH €(DEKTUBHIINIOT pOOOTH MEpeXi Ta 3aro0IrTy ii mepeBaHTaXKEHHIO.

[Ipu po3risiAl BUKOPHCTAHHS HEHUpOMEpEX /sl OIIHIOBAaHHS CKJIATHOCTI
3aMUTy 1 BU3HAYEHHS ONTUMAIBHOTO CIOCO0Yy OanaHCyBaHHS HaBaHTAXKEHHS CIiJ
BpaxoOBYBaTH $IK TO3UTUBHUN €(EKT — HEIOMYyIIECHHS HAaBaHTAXXEHHSA Mepexi W
pPIBHOMIpHE BUKOPHUCTAHHS PECypciB, TaK 1 HeratuBHHWM. Jl0 HEraTMBHOrO MOXHAa
BIJIHECTH CUTYAIIi0, KOJIM BUTPATU PECYPCIB 1 4aCy Ha OIIHKY NIEBHOT'O BHUIY 3aIUTIB
MOXXYTh OyTH 3HAUHUMU TOPIBHSIHO 3 BUTPAYCHUMHU PECypCcaMU 1 4aCOM BUKOHAHHS
3anuTiB. ToAl MOIIIBHICTh BU3SHAYEHHS CKJIAAHOCTI MOAIOHUX 3aMUTIB BIJACYTHS, 1 €
CEHC BHUKOPUCTATH TPAAMIINWHUNA adroput™M OamaHcyBaHHs. Y  MalOyTHIX
JOCIIJKEHHSX PO3TISIaTUMYThCS MOXKJIMBOCTI 3actocyBaHHs ['H B amanTuBHOMY
anroputmi  OallaHCyBaHHS  HABAHTAXKEHHS Y  PO3MOJAUIEHMX  JoJaTkKax 1
BHU3HAYATUMYThCS (DOPMATH Ta THUITH 3AIUTIB, JUIS SIKUX 11€ Oy/1e TOITHHO.
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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.

MobinsHa ceHcopHa Mepeka (MCM) — 11e 6e3npoBoI0Ba CEHCOPHA Mepexka 3
MOOUIBHMMH eJleMeHTaMHU. J[uruioMHa poboTa 30cepeKyBasiacsi Ha MOOUIBHOCTI
CEHCOPHOI MEPEKi THUIY KBa3IMOOIJIbHICTb.

KBa3iMOOUTBHICT,  O3HAa4yae, 1O BCl  MOOLIBHI  €JIEMEHTH  MEpexi
NEPECYBAIOTHCS Y BU3HAUEHIM 30HI MPOTATOM «4acy MOOUIBHOCTI» 1 3aBMHUpPAIOTh
MpoTAroM «4vacy mepenadi iHdopmarii». [lepecyBanHsa Ta 3aBMHUpaHHS MEPIOJTAYHO
MOBTOPIOIOTHCS, TOMY MICIST KOXHOTO MEPECYBaHHA MijJ Yac 3aBMUPAHHS HEOOX1THO
3HOBY OOUYHMCITIOBATH KOOPIUHATH CEHCOPIB.

Tema poGoTu momsirae B po3po0ili aIropuTMy AJis 0€3MpOBOIOBUX MOOUTEHUX
CEHCOPHMUX Mepex Ha 0a3i crtannmapty ZigBee. lleit anroputM 6azyeTbcsi Ha OILIHII
BIJICTaHEH MiX O0’€KTaMH B yMOBaX IMOMMJIOK. BpaxoByeThCs HasiBHICTb YACTUHU
00’€KTIB 3 BIJIOMUMH KOOpJWHATaAaMU BcepenuHi Mepexki. OCHOBHOIO METOH €
BUPIIICHHS TPOOJIEMHU BU3HAYEHHS MICIS PO3TAIllyBaHHS OKpPEMHX 00’ €KTIB MEpEexI.
L{s Tema € aKTyanbHOKO.

Y po6oTi Oy10 pO3rIIAHYTO Psii BIAOMUX aIrOPUTMIB BU3HAUYECHHS KOOPIUHAT B
CEHCOpPHMX Mepekax Ha 0a3i crapmapry ZigBee. BuspieHo, 1o Il alropuTMu
BUPIIIYIOTh /IBA OCHOBHHUX 3aBJAaHHS: BU3HAUEHHS MICI PO3TallyBaHHS 00 €KTIB
Mepexi 1 YyTOUHEHHS BXKE€ OTPUMAHUX pe3yibTariB. OJHAK ICHYIOUl aIrOpUTMU HE
HAJAI0Th OJJHO3HAYHOTO Ta YHIBEPCAJIBLHOIO PIIICHHS 33/layl BUBHAUYCHHSI KOOPUHAT
B CEHCOpHUX Mepexkax ZigBee, mo BKazye Ha aKTyaJbHICTh MOAAJIBIINX HAYKOBHX
JIOCJIIJIPKEHB Y 111 00J1acTi.

BianoBigHo 10 aHaizy HaOUIBII BIIOMHUX aIrOPUTMIB, OYJIO 3alpPOIIOHOBAHO
HOBHI alTOPUTM BU3HAYCHHSI KOOPAWHAT i OE3IpPOTOBHX CEHCOPHUX MEpPEeX Ha
6asi CTaHIAPTy ZigBee 3 pIBHOMIPHUM BHIaJIKOBUM pOBHOI[iJ'IOM 00’€KTIB BcepeuH1
Mepexi. el anroput™ rpyHTYETHCS Ha OIlIHIIN BiACTaHEW MK 00’€KTaMU B yMOBax
MOMMJIOK 1 BHUKOPUCTOBYE iH(pOpMAIliI0 MPOo 00’€KTH 3 BIJOMUMH KOOpAMHATAMHU
BCEPEIMHI MEPEXKI.
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[IporioHOBaHUM aNTOPUTM BHU3HAYEHHS KOOPAMHAT Tependayae, 10 KOXEH
00’€KT y MEpEeKi HaJICUJIAE MOBIIOMJICHHS O KOXKHOTO 1HIIOr0 00’ €KTa, TOJAI0UH J10
HUX JlaHI TPO CBOE MICIIE pO3TAllyBaHHS, SKIIO BOHU BIJIOMI 3 JOCTaTHHOIO
TouHicTiO. CyciiHI 00’€KTH BUKOPHCTOBYIOTH OTPUMaHy IH(QOpMAIlI0 Ta OI[IHKY
BiJICTaH1 JII1 OTPUMAHHS Ta YTOYHEHHS CBOIX KOOpAWHAT. TakuM YHMHOM, ajJTOPUTM
BUKOPHUCTOBYE JHIIE 1HPOpMaIIito, JOCTYITHY 00’ €KTaM MEPEkKi B MPoIec iX poOoTH
3 Ge3nocepeHIMU CyClaamu.

3ampornoHOBaHM  AITOPUTM  BHU3HAUEHHS  KOOpPAWHAT  Mae€  KUTbKa
ocoOnuBocTel. Bin Moke OyTH 3acTOCOBaHMI B PI3HMX YMOBaX, BUMararouu JIMAIIE
TUIIOBUX YMOB JUJII CEHCOPHOI MEPEXk1, TAKMX SIK PIBHOMIPHUNA BUNIAAKOBUN PO3MOILIT
00’€KTIB, MOXIJIUBICTh OIIIHKK BiJICTAaHEH Ta HAasSBHICTh CHUCTEMU KOOPJMHAT.
Peanizariisi anroputMy € TpocTOr0 1 MOxe OyTh BOymgoBaHa B MIKPOKOHTPOJICPU
00’ekTiB Mepexi. BiH Mae HeBenuMKy OOYMCIIIOBAJIbHY CKIQIHICTh 1 MOXE OYyTH
BUKOHAHHMI Ha eNeMEHTHiM 0a3l 3 HU3bKUM eHeprocnoxuBaHHsIM. KoxkeH 00’€KT B
Mepexi MPOBOAUTH OOYUCIIEHHS CBOIX KOOPAMHAT CAMOCTIMHO HAa OCHOBI OTPHUMAaHMX
JAaHUX B1JT CYCIiB.

OpHak BapTO BpaxyBaTH, IO MPOIOHOBAHUN aNTOPUTM OUTBII MiIXOAUTH IJIs
MEpeX 3 BUCOKOIO HIUIBHICTIO PO3MOALTY 00’ €KTIB, 1€ KUTBKICTh CYCIiB IEPEBUIITYE
MIHIMaJIbHO HEOOXIJTHY i1 BHU3HAYEHHsS KOOPJWHAT KUIBKICTh (sIKa 3a3BHYAi
JOpPIBHIOE TPhOM). KOHKpETHE 3HaUeHHS BOro MapameTpa 3aleXHUTh BiJ MapaMeTpiB
Mepexi, 30KpeMa BiJi pIBHOMIPHOCTI 1 HIUTBHOCTI PO3MOLITY 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 IIKIJJIMBUX PEUYOBHH 1O armocdepw,
BUXJIOITHUX Ta3iB aBTOMOOLTIB, 3aCTOCYBaHHS (PEOHIB y TMOOYTI CIPUUYUHSIOTH
BUHHUKHEHHS IMAPHUKOBOTO €EeKTy Ha IJIAHET1, Ta 3MiHY KiIiMaTy B miomy. CuTyarris
B YKpaiHi YCKIAQIHSIETHCSA IIE ¥ BINCHKOBUMH [ISIMH, 11O BEAYTHCS MPAKTHYHO Ha
BCIi 11 TepuTopii 1 MPU3BOJATH 10 3a0pyaHEHHS aTMochepu CKIAJOBUMH BOEHHO-
TEXHOTCHHOTO TIOXO/KEHHS Ta MIPOIYKTAMH BiJ BETUKUX TTOXKEK.

Cryninp 3a0pynHeHHsT atMocepu 3aleXUTh BiJ KUIBKOCTI  BUKHJIB
IIKIJJIMBUX PEYOBHH Ta iX XIMIYHOTO CKJajay, BiJl BHUCOTH, Ha SIKIH 31HCHIOIOTHCS
BUKHUM, Ta BiJ] KJIIMaTUIHUX YMOB, III0 BH3HAYAIOTh MEPECHECEHHS, PO3CIIOBaHHS Ta
MIEPETBOPEHHS Ta30IOI0HUX PEUOBHH.

AHami3 mMOTOYHOI cuTyarii B YKpaiHI 3 TPUBEACHHS BITYM3HSIHHUX
MPUPOTOOXOPOHHUX MPAKTHK 13 3aXUCTY aTMOCPEPHOro MOBITPS Y BIAMOBIAHICTD 10
CTaHIapTIB €BPOCOIO3Y BaCBiI[‘-IYG 0 KOMIUIEKCHICTh TTPOOJIEMATHUKH 1 BiJICYTHICTh
HaAIMpalbOBAaHNX MEXAHI3MIB PETYIIOBAaHHS EKOJIOTTYHOTO CTaHy aTMOC(EpHOTo
noBITpsI, fAKI O 3a0e3neyyBayii MHOro MPOTHO30BaHY SKICTh 1 JOTPUMAHHSA
IPUPOJOOXOPOHHUX CTAHIAPTIB, CTBOPIOE MEPEHIKOIM TMEPCHEKTHUBI TapMOHi3allil
PUPOJOOXOPOHHOTO 3aKOHOAABCTBA, Ta BCTAHOBJIIOE HEBIAMOBIJIHICT BHUMOTam
€BpoMnechbKOro NpupPoOA0OXOPOHHOTO MPaBa.

BceranoBneno, mo OAHMM 3 OCHOBHHUX JIKeped 3a0pyaHeHHs aTtMocdepu €
aBTOMOOUTHHUN TPAHCIIOPT, 110 BUKUIAE B IPU3EMHUHN IIap TaKl MIKIJJIMBI pEYOBUHU,
SIK OKCHJI BYIJICIIO, OKCHJ] Ta JIIOKCU]] a30TY, TBEP/l YaCTUHKHU (IIHIT), TIOKCHJ CIpKH,
OeH3(a)MmipeH Ta CIOIYKH BAXKKUX METaJIB.

O1iHIOI0YY PO3MIPH KO JUISl 3I0pOB’ S JIt0/IeH, HeoOX1JHO OpaTu /10 yBaru,
10 XIMIYHE 3a0pyIHEHHS aTMOC(hEpPHOro MOBITPs, MO-TIEpIe, 3HMKYE aJanTalliiifi
MOXJIMBOCTI OpraHi3aMy 1, SIK HacHiJOK, CTIMKICTh JO HETaTMBHUX YMHHUKIB 1HIIOT
eTioJiorii, mMo-Apyre, MIABUINYE PIBEHb 3aXBOPIOBAHOCTI, HacamIepell OpraHiB
TUXATbHOT CHCTEMH, 1, TO-TPETE€, HEraTMBHO BIUIMBA€ Ha PIBEHb CMEPTHOCTI
HacesnieHHs. ToMy Hapasi € HarajgpHa MmoTpeda y po3poOlll MporpaMHO-anapaTHOro
KOMILJIEKCY [IJIi OlepaTUBHOro 300py 1 aHam3y idHdopmalii m0po BUKHIHA
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3a0pyIHIOIOYUX PEYOBUMH B aTMOC(EpHE TMOBITPS CTAIlIOHAPHUMHU JIKEpeliaMu
BUKHUIB, a TaKOX BEICHHS KOHTPOIIO BHKHIIB 3a0pyIHIOIOYHUX PEUYOBHH 3
NEePECyBHUX JKEPEIL.

VY poOoTi mpoBeieHO po3poOKY arnapaTHOi YaCTUHU KOMIUIEKCY, fKa BKIIOYaa
JI0 CBOTO CKJaAy CEHCOpH 3a0pyAHIOIOYUX pEYOBHH, Ta MPOrpaMHy YaCTHHY
KOMIIJIEKCY, SIKa MpU3HAYeHA Ui 0OpOOKHM pe3ynibTaTiB BUMIPIOBAHb 3 MOAAIBIIAM
MIPEJICTABIICHHAM iX B €JIEKTPOHHOMY BUIJIA/II Ta MyOJIKAIEI0 HA €IEKTPOHHINA KapTi
B reolH(OopMaiiiHIi CUCTEMI.

AmnaparHa CKJIaJ0oBa KOMILUIEKCY € MpPOrpaMHO HE3aleKHOK 1 Moxe OyTu
po3TallioBaHa K Ha aBTOMOOLI 11 3a0e3medeHHs] MOOLTBHOCTI KOMILIEKCY, TaK 1y
BUTJISIZII TIOCTIB CIIOCTEPE)KEHHS, SK CKJIaJloBa OE3MPOBITHOI CEHCOPHOI MeEpexi
(BCM). [lns BuMiptoBaHHS 3a0pyIHEHHS Ha PI3HUX BHCOTaX HaJ MOBEPXHEI0 3emill
BOHA MOX€ PO3TAIIOBYBAaTHUCh Ha MPUB’A3HOMY aepocTtari abo Ha BITJIA.

[3 BuUKOpHUCTaHHSM PO3POOJIEHOr0 MPOrPAMHO-AMAPATHOTO KOMILIEKCY OyIio
IPOBEICHO BiA0ip MpoO B JIOKAIIISX, HABEACHUX Ha €JICKTPOHHI# Mari (puc. 1).

<o Ml Map data ©2021 Google, Imagery ©2021 Terrabletrics

Puc. 1. Kapra To9ok npoOoBi100pY MOBITPS

Ha pwuc. 2 HaBeneHo iHTerpaibHY OINIHKY pe3yiabTaTiB aHami3y BimiOpaHUX
npo® y BUTISAI KOJIBOPOBOI JAiarpaMu, € 00’€qHAHI MOKa3HUKH 3a0pyIHEHHS 3a
BIJIMOBITHUMHU KJIaCaMU 3a0pyTHIOIOYMX PEUOBHH.

Po3BuHEHA Mepeka MacaKUpPChKOTO0 aBTOMOOUTBHOTO TPAHCIOPTY 3/JaTHA HE
TUIBKHU 3aJI0BOJILHSATH MOTPEOU II0JIEHHOI MOOLTLHOCTI TOPOISiH, a i OYyTH MPUUYHUHOIO
MOCTIMHOTO 3a0py/IHEHHSI TYCTOHACENEHUX PalOHIB, CIIPHUSATH PO3BUTKY XPOHIUHHMX
3aXBOPIOBaHb y MEIIKAHIIIB MIPWIIETIINX 10 aBTOMOOITBHUX JOPIT TEPUTOPIM.
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Puc. 2. Marna iHTerpanbHuX OIIHOK 3a0pyTHEHHS MPU3EMHOTO 1Iapy MOBITPSA 3a
pe3ybTaTaMy aHAIITUYHOI OOPOOKH pe3ynbTaTiB IpoOOBIAOOPY

Haiibinpie 3a0pymaHeHHS aTMOC(EpHOro mMOBITPS BHSBICHO Ha BEIMKHX
TPAaHCHOPTHUX MaricTpaisgx micta. IIpoMucioBi miAnpueEMCTBA B yMOBaX BIMHU
MPAKTUYHO HE BIUIMBAIOTH HA PiBEHb 3a0pYyAHEHHS MPU3EMHOIO MIapy aTMOC(hEepHOTO
noBiTpsi. Ha choronHi, curyanis 3 KOHTpOJEM 3a0pyJIHEHHS aTMOC(EepHOro MmoBITPs
aBTOMOO1TbHUM TpaHcropToM B KueBi € ckiagHoro. He3Bakaroum Ha HasBHICTH
3aKOHOAAaBYOi 0a3W, IO PETYITI0E BIJHOCHMHHM B 00JIACTI €KOJOTii, KOHTPOJh 3a ii
BUKOHAHHSM 3aJIMIIAETHCS HU3bKHUM.

Po3BuneHa iHbpacTpykTypa 0OCIYyroByBaHHS MOBHHHA CTUMYJIIOBATH 1HTEPEC
B YKPaiHCHKMX aBTOMEPEBI3HUKIB J0 TIOPUIHUX TPAHCHOPTHUX 3aco0iB (TpamMBai,
Tposneioycu). EnexTporpancnopt BiJirpae BaXKJIMBY pojib HA PUHKY MACAKUPCHKUX
nepeBe3eHb. ABTOOYCHI MAapKHd 3HAXOAATHCA MEPEBAXHO Yy MPUBATHIA BIACHOCTI.
HazemHMi1 eneKkTpoTpaHCOPT — Yy KOMYHajlbHIA. 3 oDsiAy Ha Te, IO
€JICKTPOTPAHCIIOPT Ma€ BUILY 3aKyIiBEJIbHY BapTICTh, B cepeaHboMy y 1,5-2 pasu
OutbIlle, HIX y TPAHCHOPTY, IO MPAIIOE Ha BYIJIEBOJHEBOMY NayvBi (OCH3WH,
JTU3€eTb, Ta3), MONYJISIPHICTIO Y MPUBATHUX KOMIIaH1M BIH HE KOPUCTYETHCSI.

OCHOBHI YMHHUKHM THTEHCUBHOTO 3a0pyIHEHHS aTMOC(Eepu aBTOTPAHCIOPTOM
B MicTi Kuesi:

® [Eepe3aBaHTAXEHICTH TOPOKHBOTPAHCIIOPTHOT MEPEKi aBTOTPAHCIIOPTOM
(TpaHCnOpTHA Mepexa, Ka cpopMyBaiacs B yMOBaX HasiBHOI 3a0y/I0BH
3apa3 OO0 ’€KTMBHO HE CIPABJSETHCA 3 TMOCTIHHUM 30LIBIICHHIM
KUJIBKOCTI TPAaHCHOPTHUX 3aCO0IB Ha BYJMISX MICTA, YCKJIQJHIOIOUH, a
4acoM 1 Mmapani3zyroun (GyHKI[IOHYBaHHS MACAKUPCHKOTO TPAHCIIOPTY);

® EKCIUTyaTallisi TEXHIYHO 3aCTapijioro aBTOMOOUIBHOTO MapKY;

® HU3bKA SKICTh NAIUBHO-MACTUIBLHUX MaTepiaiB;
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® TIOKPAIlIEHHS CTaHy «3€JICHOTO E€KpaHy» 1 CHeIlialbHUX 3aropoJKEHb,
MIPU3HAYCHUX JUIsI OOpOTHOM 13 3a0pyAHEHHSM, a came: BIJICYTHICTh Ha
TEPUTOPIT MiICTa 3€JICHUX HACAKEHb, SKI MAalOTh (PITOLHMAHY OO0 Ta
31aTHI afcopOyBaTH OKpeM1 3a0pyAHIOIOYl PEYOBUHU (IJIOKCH a30Ty,
OKcHJ Byriemto, mwi). Xoda Ha Teputopli KueBa HasBHI 4YHCIIEHHI
Haca/DKEHHS TOIOJMI, MPOTE JaHa POCIMHA HE 34aTHa A0 aacopOarrii
MUy Ta OKCUAIB Byrjemto. s Takux uuied € mpuiHATHE Haca KeHHS
Oepesu, OyKy Ta BUIbXU. SIK MOKa3aio Bi3yalibHE JOCIIKEHHS TEPUTOPIi
B1100pY mpo0, Ha TEPHUTOPIi MICTa IX KUIBKICTh HEJIOCTATHS, a B ACAKHX
paifoHax (Taki SIK IEHTp MicTa, 1 30BCIM BiACyTHe). [laHe nuTaHHs
noTpedye Po3TIsiay 3 METOK (hiTOHI3AIIT OKPEMHUX TEPUTOPIH.

OnTumizanis pobotu rPOMaJICBKOTO TPaHCIIOPTY (TpaHcnopTHE
MOJICTTFOBAHHS ):

e 0OMEXeHHs B’131ly Ta MapKyBaHHA 0COOMCTOrO TPAHCHOPTY;
® HaJaHHS MPIOPUTETY FPOMAJCHEKOMY TPAHCIIOPTY;

® TIJBHUIICHHA €KOJOT1YHOCTI TPAHCIIOPTHUX 3aC001B;

® TIPIOPUTET CICKTPUYHUM BHUIAM TPAHCIIOPTY;

® BHUKOPHUCTAHHS €KOJOTIYHO YHUCTIIIKUX BUIB MaJIUBA.

HacnigkoM mpuxuiibHOCTI ekojoriyHoi mo3uilli €C 10 CKOpOYEHHS BUKHU/IIB
CO: Ta IHmMMX 3a0pYAHIOIOYUX PEYOBUH, HAMOIMKUUM JECATUPIYHI ITPOTHO3YETHCS
CKOpOYCHHS CHOXXMBaHHS TaiuBa Ha ocHOBI Hadtu. I[Ipioputer BiggaeThes
MOHOBJIIOBAaHUM JiKepenaMm eHeprii. Sk mBuAKe PpIIIEHHS 100 MiJABUIICHHS
€KOJIOTIYHOCTI ~ HAsBHOTO  PYXOMOTO  CKJaJy, TIPONOHYEThCS  30UIBIIUTH
BUKOPHUCTaHHS OlomajnBa MICBKMMH aBTOoOycamu 1 MapiipyTHuMH Takci (Directives
2001/77 / EC and 2003/30 / EC). Jo 2040 p. yacTka aBTOMOOLTIB HA TPUPOITHOMY
ra3i moBUHHA J0cArTy 4 % B riao0aisHOMY OajlaHCi MOTOPHOTO MayiBa. be3yMOBHO,
MPIOPUTET TOBUHEH HAJaBaTHCSA ITOHOBIIOBAHUM JDKEpeslaM EHEeprii, TakuMm sK
eJIeKTpUKa abo 010ManuBoO, aje B yMOBax NEPEeXoay, KOJIM HEMOXKIIMBO 3aMIHUTH BECh
HAsiBHUM PYXOMHUM CKJIaJl, BAKOPUCTAHHS TPAHCIIOPTY, IO MPAIIOE HA TIPUPOTHOMY
rasl, € JOLLILHUM.

TpamBaiiHi cUCTeMH [JOUUILHO BHUKOPHUCTOBYBAaTH B MICTaX 3 BHCOKHM
MAaCaXUPONOTOKOM, IO OOYMOBJIEHO iX BHCOKOI MPOIMYCKHOIO CIPOMOXHICTIO. Y
MiCTaxX Ha JUISHKAaX, 7€ MacaKUPOIMOTIK MEHIIE 5 THC. MACAKUPIB B «TOAUHY ITIK»,
JOIIJIbHO CTBOPIOBATH TPOJCHOYCHI Mepexki abo aBTOOyCHM Ha eICKTPOTS3i.
Tponeitbycu Ha MICBKUX MapIIpyTax OUTBII €KOJOT14YHI, Hi’K aBTOOYCH, 3BayKal0uu Ha
BIJICYTHICTh BUKH/IIB JIBUTYHIB

HeoOxigHo maM’gTaTtu, 010 MPIOPUTETOM PO3BUTKY MICTa Ma€ OYTH 3HUKEHHS
HEraTUBHOTO BIUJIMBY TPAHCIOPTY Ha HABKOJIMIIHE CEPENOBUINE 1 JIIOAWHY, a IIe
3HaYUTh, WIO0 TPAHCIOPTHA CHUCTEMa MAa€ BHUKOPUCTOBYBATUCA MAaKCHUMaIbHO
edeKkTUBHO. Y TOH Yac K BUKOPUCTAHHS TPOMAJICHKOTO TPAHCIIOPTY € ONTUMATbLHUM
pIIlICHHSAM 1A TIOi3JI0OK Ha BEJIMKl BIJICTaHI, B CHCTEeMax 3 BHCOKHUM
MacCaKUPOIOTOKOM 1 B YMOBaX BHCOKOI ITIJIbHOCTI HACEJICHHS IS TIOT3/I0K Ha OLIbIII
KOPOTKI JUCTaHIli HaWOLIbIl €(EeKTUBHUMHU 1 €KOJOTIYHO NPUBAOIMBUMHU €
MIIOX1THUN 1 Bejocurnequuii pyx. CTBOpEHHS 3€JI€HHX €KpaHiB MiCTa, PO3BUTOK
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BEJIOCUTICTHOT 1H(PPACTPYKTYPH, CTBOPEHHS 30H, BUIBHMX BiJI aBTOMOOIJIBLHOIO
TPAHCTIOPTY CHPHUATUMYTh 3HWIKEHHIO HETAaTUBHOTO BIUIMBY TPAHCIOPTY Ha
HABKOJIMIITHE CEPEIOBUIIIE 1 JIIOIUHU.

3a manumu LI'O, Ha TepuTopii Micta 3a yeTBepTuil kBapran 2021 p. HasBHI
NepeBUILICHHS TI0 Ty (B 2,4 pa3u), okcugaM Byrieo (B 1,7 pasiB) Ta Jiokcuaam
a3oTy (mpaktuyHOo B 4 pasu). 3arajoM, 1€ 3yYMOBJICHO HECHPHUSITIMMHU
METEOPOJIOTITYHUMU YMOBaMH (3HM)KEHHS TeMmIiepaTypu Ta (OTOXiMizallisi pedyOBUH
Ha paxyHOK KOJMBaHHS BoJorocti). JloCHimKeHHs CaHITapHO-EKOJIOTTYHOI
naboparopii TOB «JJOBKIJLJIS» mokazano, 1mo cTaHOM Ha TPYACHb MEPEBUIICHHS
JIOKaT3yBaIMCh TUIbKU B Jieskux paiioHax (becapabcwka momia, mpocnekt Hayku,
oyneBap IlepoBa, Tomio). 3aramoMm, 1€ 3yMOBJICHO 3aBaHTAXEHUM PYXOM
aBTOMOO1JTBHUX JIOPIT (CIIOCTEPITAEThCS MOACHHUN aKTUBHUHN JOPOXKHIN Tpadik).

BaxnuBuMm ¢dakTopoMm npu po3poOIli KOMILIEKCY 3aX0JliB, 100 MOKPAIICHHS
cTany aTMocdepHOro moBiTps MicTa € (piTopememiallis, MO COO0I0 SIBISE KOMIUICKC
METO/IIB OYUIICHHS aTMOC(EPHOTO MOBITPS 3 BUKOPUCTAHHSAM 3€JICHUX POCIIHH.

B xonai 3acTtocyBaHHs Metoay (iTopeMeniaiil BUKOPUCTOBYIOThCS TPUPOIHI
IPOIIECH, IO BiAOYBalOThCSA B POCIMHI, IICH METOJ HE BHMAara€ BHKOPHCTAHHS
JOJJATKOBOT'0 O0JaIHAHHS 1 TPYJAOBHUX pecypciB. Takox Al OYUILEHHS TEpUTOpIi 3a
JIOTIOMOT'OF0 IIbOT'0 METOAY HE MOTPIOHO PO3KOMYBATH 1 BUBO3UTHU I'PYHT, BIJIKaUyBaTU
IPYHTOBI BOJM, a L€ EKOHOMUTH eHeprio. JlepeBa 1 JpiOHI POCIMHH TaKOX
3armo0IirarTh €po3ii IPYHTIB, MOKPAIIYIOTh 30BHIMIHIN BUTIISA 3a0pyIHEHUX JTIISHOK,
3HIDKYIOTh PIBEHb IIYMY 1 MABUIIYIOTH AKICTh MOBITPs. [HTEepec g0 ditomepeniaiii,
mepmr  3a  BCE, CTAHOBJATh  POCIHHHU-TIMEPAKYMYJISATOPH, IO  MOXYTh
HarpoMa/KyBaTu MeTaliu y KiibkocTi B 100 pa3iB OUIBIINX, aH1K 1HIII POCTUHHU.

Heabusikoro mkijyiMBoro BIUIMBY B YMOBax MicTa Bigirpae 3aOpyIHEHHs
arMocepHoro moBiTpsd NUiIoM. KUIBKICTh MUy y TOBITPl 3aJIEXKUTh BiJ HU3KU
(dbakTopiB, cepell SKHUX: YUCEIbHICTh Ta IIUIBHICTH MICBKOTO HACEJCHHS, KUIBKICTD,
MOTY)KHICTh ¥ BUPOOHWYE CHPSMYBAHHS MPOMHUCIOBUX MiAMPUEMCTB, CTYIIHb iX
oOJaJlHaHHS OYMCHUMH YCTAaHOBKAMH; THUI BYJIMYHHMX TOKPHTTIB W CTYHiHB IX
OYHIIEHHS; KUTBKICTh 1 XapaKTep OIaiB, IOpa POKY TOIIO.
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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 TpPOHMKHEHHS TEXHOJOTM IITYYHOrO 1HTENEKTY B aBTOMAaTH30BaHI
CUCTEeMHU KEpyBaHHS TEXHOJIOTIYHMMH IIPOIIeCaMU TIPU3BOIUTH 1O HEOOXiTHOCTI
3MIHU TIIXO1IB 10 300py Ta MATOTOBKH JAHUX, 1110 BUKOPHUCTOBYIOTHCS JIJI aHAJi3y
Ta HaBYAHHS MOJCIICH MTYIHOTO 1HTEIICKTY.

Huni aBromaruzoBani cucremu kepyBaHHs (ACK) OyayroTbess y BUIIIsAL
OaraTopiBHEBUX CHUCTEM, 1110 ckiamarThes 3 migcucreM SCADA/MES Ha BepXHbOMY
piBHI Ta MPOrPaMOBAHUX JIOTIYHUX KOHTPOJEPIB HA HUKHBOMY pIBHI, KOTpi
BUKOPUCTOBYIOTh BEIUKY KUIBKICTh MPOTOKOJIB OOMIHY JaHUMH Takux sik Modbus,
OPC UA, Step7 tTa MQTT. ITincucrema SCADA BHKOHY€ arperaiito ta 30epexeHHs
nanux B pessiiiianx CKB/I. Ilicas yoro gani MoxiInBO 0Opo0JIFOBATH 32 JOTIOMOT OO
ETL (Extract-Transform-Load) mporecie B pexumi MakeTHOI 0OpoOkM Ta
3aBaHTaxyBatu B Data Warehouse a1 mojansiioro anamisy.

Hasisna apxitektypa ACK He 3am0BoibHSE€ MOTPEO CHUCTEM IITYYHOTO
IHTEJIeKTY B JOCTYIl JO HEOMpalbOBaHUX JAHUX 1 HAa TMPAKTUI TOKa3ye
HEMOXJIMBICTh 1X OJIEpXKaHHs uepe3 oOMexeHl MOXIMBOCTI Tiei uu iHmoi SCADA
CUCTEeMHU a00 TPU3BOAUTH JO 3HAYHOTO 3POCTAHHS BAPTOCTI BOJIOAIHHS CHCTEMOIO
(TCO — total cost of ownership) depe3 HeOOXiAHICTHP BUKOPUCTAHHS OLIBIIOL
KuJIbKOCTI cepBepHOro odnaananus, CKb/] 3 miaTpumMkoro po3noaiieHoro 30epiranas
JaHMX 1 301IbIIEHHS 4acTOTH 3amycKy makeTHux ETL-mporecis.

Jlnst po3B’s3aHHA  MPOOJIEMHU MOXKHA CKOPUCTATUCh METOJ0OM  IOTOKOBOI
0o0poOKM JaHUX 3a JOMOMOrOK) BUKOPUCTAHHS PO3MOJIJICHOrO CXOBHINA MOMAIM Ta
napanenabHoi 00pooku Apache Kafka. Huni Kafka miarpumye Moaysi migkiItoueHHs
710 JDKepen JaHUX 13 BUKOPUCTAHHSIM IUPOKOrO CHEKTPY MPOMUCIOBUX MPOTOKOJIIB,
[0 CKOpPOYY€E Yac Ta BapTICTh PO3TOpPTaHHS CUCTEMU JUIsl 300py Ta 30epiraHHs He
00pOoOJIeHNX JaHMX Ta MNOJaNbIIOi iX o0poOku. g po3poOku morokoBux ETL
mpolieciB BUKOpUCTOBYeThesl TexHojoris Kafka Streams, mo mo3Boise po3po0stu
MOaydl 0OpoOKM JaHUX MOBOIO Java. Y mporieci poOOTH MOJYJi BUKOHYIOTH
b1IbTpalLliio, arperanio Ta KOMIIOBAHHS JaHUX Y PEXUMI pealbHOr0 4acy Ta MOXYTh
dopmyBaru Tomosnorii. Tonomorii Kafka Streams cxoxi mHa DAG (Direct Acyclic
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Graphs) mo BukopuctoBytoThesa B makeTHux ETL mpouecax. Ilicns o6poOku naHi
MOXXYTh BHKOPHCTOBYBAaTHCS JUIS HABYAHHS MOJEICH INTYIHOTO I1HTEJICKTY, B
nigcuctemax HMI Ta nepenaBarucs Ha BepxHiii piBeHb — mijgcucremam MES/ERP.

[lin gac po3poOsienns moxyniB Kafka Streams MOXIMBO BUKOPHCTOBYBATH
CydacHl MpaKTHKUH pO3POOKH MPOrpaMHOrO 3a0e3MEeUYEHHs BKIIOYAIOUM TapHE
MpPOrpaMyBaHHs, MOAYJIbHE TECTYyBaHHS, IHTErpalliiHe TECTyBaHHS Ta HEMEpepBHE
PO3TOpPTaHHs, 110 J03BOJISE 3HU3UTH KIJTLKICTh OMUJIOK B pOOOTI CUCTEMHU.

Apache Kafka niaTpumye peXuM aBTOMAaTUYHOIO OYMIIEHHS 3acTapiinx
JaHUX 1 TOpU3OHTaIbHE MaciTadyBaHHA. Cucrema Moxe OyTH pPO3rOpHyTa B
XMapHOMY CEpeoBHINI 3 BUKOpHCTaHHSAM kiacTepy Kubernetes mo mo3Bossie
BUKOPUCTOBYBATH CEPBEPHI PECYPCHU B 3aJIEKHOCTI] BiJ] HABAHTAXKEHHS.

3aBASKHA MIUPOKUM MOMKIUBOCTSIM PO3TOPTAHHS CHUCTEMU, BIIKPUTINA JIEH311
Ta THYYKOMY IMAXOAY A0 pO3poOJeHHs MOJYJiB, pinieHHs Ha 6a31 Kafka go3Bomnse
cyrreBo 3Hu3uTH 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 cporognimHiii JeHb BIpOBa)KeHHs TexHojorik Internet of Things B
eNIEKTPOCHEPTreTUKY — OJIMH 13 MPIOPUTETHUX HAMPSMIB PO3BUTKY IIi€i ramy3i. 3
TOYKH 30py EHEPreTMYHOrO-pUHKY, BUPOOHMKIB Ta CIOXKMBadyiB, iHGoOpMaIlis,
OTpUMaHa 3 CEHCOPIB IHTEPHETY peueil MOKe BUKOPUCTOBYBATHUCS 3a/JIs1 OTPUMAHHS
[IHHUX 3HaHb PO TOMHUT Ha EJIEKTPOSHEPril0 B 3aJEKHOCTI Bl MOXJIMBOCTEH
BUPOOHUKIB Ta CIIOKHUBAYIB.

MOHITOPUHT ~ €HEproCrlOXMBAaHHS,  KOHTPOJb  TEXHIYHOI  CIPABHOCTI
oOyagHaHHs, 3aM00ITaHHS aBapiiHUM CHUTYaIlisiM B €HEpPromMepekax Ta TOIOo — IIe
JMIIe JeKUTbKa 3 MOXJIMBOCTEH, $KI J03BOJisie 3a0€3MEeUUTH BIPOBAIKEHHS
TEXHOJIOT1i [HTepHEeTY peueld B CTPYKTYpPY €HEPreTUIHOI MEpexi.

Texnomorii Internet of Things 3acHoBaHI Ha MDKMAIIMHHIN B3a€MOJIi Ta
TEJNEYNpPaBJiHHI, TOMY MOXYTh BHUKOPHCTOBYBaTHCSI B Taly3i Jis MNOOYIOBH
«PO3YMHHMX» MEpeX Ta 1HOPACTPYKTYpH Y BIJMNOBIAHOCTI 13 OCHOBHHMU
MOJIOKEHHSIMU  KoHIen il Mepexx Smart Grid (puc. 1), OCHOBHOIO METOIO SKOi €
I1JBUIICHHS PIBHS MOHITOPUHTY Ta KEpyBaHHS BCIEI0 €HEPreTUYHOIO cucTtemoro. Ha
puc.l HaBeneHo TUNOBY I1HPpacTpykTypy Smart Grid mepexi peaiizoBaHy 3a
JIOTIOMOTOI0 CEHCOPIB, MAKIIYCHUX J0 3arajlbHOro xMapHoro abo online-cepaicy,
0 JT03BOJISIE 3a0€3MEeUUTH MOTPUMAHHS €JUHUX BUMOT IIOAO 1H(OpMAIiHHOTO
0OMiHY Ta KOMYHIKallli Ha BCiX 1€papX14YHUX PIBHAX €HEPTOCUCTEMHU.

S . BigHoBAntoBaHa eHepreTunKa

Mepexka Smart Grid IHTeneKTyanbHI NigCTaHLII
ABTOMATM3ALIA KOHTPOIO

PO3NOAINBYMNX MEPEK
Puc. 1. lndppacrpykrypa Smart Grid
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3actocyBaHHsI 0araTOpiBHEBOI CHUCTEMH, 110 BKIIFOYA€ CEHCOPH 1 KOHTPOJIEPH,
BCTAHOBJICHI Ha BY3Jlax 1 arperaTax MPOMHUCIOBOrO 00’€KTa, B €JIEKTPOECHEPreTHUIll
JI03BOJIUTH MPOBOAUTH MOHITOPUHI TOTOYHOIO CTaHy Mepexi, 30epiraTu JaHi Ha
XMapHHUX CEpBICax, BU3HAYATH CTYIIHb PU3UKY MOJAIBIIOI €KCIUTyaTalli 00’ ekTa Ta
HEOOX1HICTh BTPYyYaHHSI PEMOHTHO-CEPBICHUX CITYXKO.

BnpoBamxennss texnonorid Internet of Things B enekTpoeHepreTuky
JO3BOJIUTh ~ IHTETpyBaTh 1H(OpMaliHI MOTOKM Bl  PI3HUX CEHCOpIB 3
CJICKTPOEHEPTreTUYHUX 00’ €KTIB, Y TOMY YHCIII Ha OCHOBI BIJTHOBIIOBAaHUX JIXKEPEI
eHeprii Ta po3noJiIeHoi reHepailii B equny mepexy. [Ipu npomy Internet of Things
BUKOPUCTOBYETHCS AJI1 pO3pOOKH MOBHICTIO MIJKIIOUEHOI Ta THYYKOI CUCTEMH, SIKa
JO3BOJIUTh ~ aQHANI3YOUM  HasBHI  JaHHI  3HU3UTH  CIOKHUBAHHS  €Heprii,
CUCTEMAaTH3yBaTU BENUKI 00’€MH JaHUX Ta 30UIBIIMTH €(PEeKTUBHICTH POOOTU
eHeproo0IaTHaHHS.

BuchoBok: Po3ropranHs 3aco0iB peani3oBaHUX B paMKax TexHOJOrii Internet
of Things B eHepreTHYHOMY CEKTOpI € BAXKJIMBOKO 3a/Jaueio, JJI BUPIIICHHS SKOi
HeoOXiHe 3a0e3ledyeHHs] HACTYMHUX MyHKTIB: iHTerpaimis Internet of Things 3
MiJCUCTEMaMHU, CTaHAApTH3allis, Oe3leka JaHuX 1 caMOi CHCTEeMH  Ta
KOH(]1AEHIIHHICTB.
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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.

CyuacHi nocsrHeHHS mpoBiaHMX [T-KoMmMmaHiil y CHIBBITHOIIEHHI PO3MIPIB
MPOLIECOPIB 10 1X OOYMCIIOBAJIBLHUX MOTY>KHOCTEH CTBOPUIM YMOBHU JJISI MEPEXOY
JIOACTBA JO HOBOI'O KJacy NEPCOHAJIbHUX MPHUCTPOIB JONOBHEHOI pPEajbHOCTI,
1HTEepdeiicoM B3aeMOJII SKUX CIYrye MpoeKiis i1HGOopMauiiHO-QyHKIIOHATbHUX
€JIEMEHTIB Ha MPO30PY MOBEPXHIO — OKYJISIPH, JIOOOBE CKJIO TPAHCIOPTHUX 3acO0iB,
BiKHa, CTOJM Tomlo. Jleski 3 IMX JACEBaiiCiB MalOTh BIUIMB Ha OTJISIOBICTH
KOpHCTYBaua ¥ BIJMOBIAHO Ha Oe3leKy HOro opleHTauli y MpocTopi, came TOMY
noTpeOyIOTh BpaxyBaHHsS OCOOJIMBUX BHMOT IPH pO3poOIIl BIAMOBIAHOT KOHIICHIIIT
dbynkiioHanpHOro iHTEepdeiicy. Cepen KIOUOBUX KPUTEPIiB po3poOKu iHTEpdency
JUIS  JeBaliCiB JOIOBHEHOI peallbHOCTI €: diTKa Meka po0odoi IUIoNI, piBEHb
IIUTBHOCTI PO3TaIllyBaHHS €JIEMEHTIB, KM TapaHTye JOJAaTKOBY OIJISIIOBICTH 3a
pPaxyHOK MOXJIMBOCTI OauuTH CUIIYyeTH OO ’€KTIB Kpi3b MPOMIXKKH MDK OJOKamMu
iHTepdericy, a TaKoXK piBEHb MPO30POCTI KOKHOTO 3 €IEMEHTIB.

JocBin po3pobneHHsi 1HTepdeNciB uis TapHITYp BIPTYalbHOI peagbHOCTI
MoKa3ye, IO ISl 3aJ0BOJIEHHSI SK OCHOBHMX, TaK 1 cCHeUu(pIiyHUX KpUTEPiiB
¢dyHKIIOHAaTbHOTO  1HTepdeiicy  HaWOLIbIl  MEPCIEeKTUBHUMH €  HampsIMu
MiHIMOP(}13MY Ta CKIoMopdizMmy.

MiniMopdi3M — BITHOCHO HOBHH HaIpsM y po3poOiri, 1o 00’eaHye y cobi
KOHIICTIIIII0 MiHIMaJIi3My Ta y3arajlbHEHUX puc MOp(]i3mMy, BKIa1aI0Ud MaKCUMaIbHY
iHpopMaTUBHICTH Ta (YHKIIOHAT Y MIHIMAIbHUN 00°€M Bi3yadbHOTO O(GOPMIICHHS,
3aIMIIAI0YM  MOXJIMBICTh BHPAXEHHSI MEBHOTO CTWIO B MpoekTi (puc. 1). Llei
HampsiM CTaB aKTyaJbHUM JUId 1HTEPQENCIB BIPTYyaJIbHOI pEaJbHOCTI, aJKe HE
norpeOye 0OOB’SI3KOBOIO  BUKOPUCTaHHS BJIAacHOro ()OHy Ta Mae 3MOry
M1JIJIAIITOBYBATUCH MM OTOYEHHS B TOJII 30py KOPUCTYyBayva.

Cxknomop(izmM — KoHIENis 1HTepeicy, MO THTEPIPETYE 1€PAPXII0 BEPCTB Y
BUTJISI/II TIApIB TIPO30POT0 «MATOBOTO CKiIay. PO3MUTTS (pOHY MOTOUYHOTO €leMEHTY
MIPUXOBYE yC1 HUXKY1 3a MPIOPUTETOM, IO J03BOJISIE MOBHICTIO KOHTPOJIOBATH (DOKYC
yBaru y mpoiieci B3a€MOil, a TaKOX HE MEePEBAHTAXYBATH TOJIE 30py KOPUCTYBaua,
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II0 € BOXJIMBUM aCIEKTOM JJIs JIeBaiiCiB JJOMIOBHEHOI pealbHOCTI, 110 MalOTh BIUIUB
Ha OTJISIOBICTH (pHC. 2).

MiHimopd3im

ChopmnedHs He Bararto, NpoTe BOHD MEE CEHC
| BIOODRAKAE TEMATHEY

Minimaniam Mopdiam

MeHwe ohopMneHHa Binblue ohopMNeHHa

Puc. 1. IlpencraBnenHs MiHIMOP(}i3My SIK OKPEMOT0 HampsMY Po3poOKH iHTepdecy

Puc. 2. Tlpuxinan Bizyanizaiiii ckioMmoppizmy

SIK1110 X MOPIBHIOBATH 111 JIBA HAMPSMHU B MEPCIEKTHUBI MMOBHOIIHHOT KOHIIETITIT
iHTepdeiicy JOMOBHEHOI pEalTbHOCTI, TO CTAa€ 3pO3yMiIo, MO0 MiHIMOpP(hI3M
MOCTYMAETHCS CKIOMOP(DI3MY Yy TAKOMY BKJIMBOMY aCIIEKTi, SIK BUPXEHHS i€papxii
€JIEMEHTIB, OCKIIBKA HE Ma€ TaKUX PillIeHb yepe3 0OMEKEHHs CBOET KOHIICTIIIi.

Hunimni  iHTepdeiicn  rapHITYp  BIpTyaJbHOI  PEambHOCTI  CIYTYIOTh
31€01IBIIOTO JUIS CUMYJIAIIA Ta po3Bar i HE MOTPEOYIOTh BEIMKOI KiTBKOCTI
€JIEMEHTIB 1HTepdeicy, 3aBASKM 4OMY MIHIMOP(DI3M Ma€ MOXJIHUBICTH peai3allii
nocTtaBieHux 3aaad. lIpore y mpoueci po3BUTKY Iboro Hampsmyy IT mume
CKJIOMOp(}i3M 3MOKE 3a/I0BOJILHUTH BCl MOTPEOM KOPUCTYBAUIB AJIsi PO3B’SI3aHHS SIK
MPOCTHUX, TaK 1 CKJIAIHUX 3a71a4.
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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.

[Ipy  cTBOpeHHI Cy4acHHX TeOlH(OPMALIITHUX  CHUCTEM, BUKOHAaHHI
re0/IC3UYHUX 1 KaJacTPOBUX POOIT BUKOPUCTOBYIOTH IIMPOKUN MEPENiK MpUiaaiB
r€0/Ie3UYHOTO MPU3HAUEHHS, L0 SBISAIOTH COOOI0 IMOEJHAHHS EJIEKTPOHHOro abo
ONTUKO-EJICKTPOHHOTO YCTaTKyBaHHA Ta IIpoliecopa, W0 3ade3nedye oO0poOKy
BUMIPIOBaHb B PEXUMI peasibHOTO 4acy. [Ipaktuunuii gocBin mokasye, mo 60-70%
reofIec3UYHUX poOIT HA BEIUKUX OO0’ €KTaX BUKOHYETHCS 3 BUKOPUCTaHHSIM
CYyTHUKOBUX METO/iB, a BCE€ IHIIE HA3eMHUMHU METOJaMH, B OCHOBHOMY
CNEKTPOHHUMH Taxeomerpamu [1-2]. TouHICTh TaKUX BHMIpPIOBaHb 3a0€3MEUYETHCS
KOHTPOJIEM METPOJIOTIYHOI HAIIMHOCTI TaXEOMETPIB — BJIACTHUBOCTI 30epiratu
BCTAHOBJICH]1 3HAYEHHSI iX METPOJIOTIYHUX XapakTepucTuk (MX) mpoTarom neBHOIO
yacy TMpH HOPMAJbHUX pexuMax 1 poOounx yMoBax ekcruryararii. s
NPOrHO3YBaHHS  I[bOTO Yacy Ta  BCTAaHOBJICHHS  ONTUMAaJbHUX  3HAYEHb
MDKMoOBipoyHOro iHTepBany (MIIl) nmnpunamiB reoge3uyHOro  mpU3HAYEHHS
BUKOPUCTOBYIOTh CTaHIAPTH30BaHI Ta CHEIliabHI METOAM 1 MOJEN IMPOrHO3yBaHHS
npeiidy (3MiHM y yaci) MX.

3 MeTor po3poOKH MOAENi Ta METOAWKH Jii OLIHKKA Ta MPOTHO3YBaHHS
METPOJIOTIYHOI HAJIHHOCTI TaxeOMETpiB B pe3yibTaTi aHaI3y JKEpeT HayKOBO-
TEXHIYHOI 1H(OpMaIlii Ta HOPMATUBHUX JIOKYMEHTIB, 1[0 PETJIaMEHTYIOTh HaJIIMHICTh
3ac00iB BuUMiproBasibHOI TexHikn (3BT) Ta Meromm omiHroBanHs MIII, Oyio
BCTAHOBJICHO MEpEIiK OCHOBHUX METPOJIOTIYHUX XapaKTEPUCTHUK TaXCOMETPIB Ta iX
JOMYCTUMI1 3HAUYEHHS.

Ha ocHOBI MOPIBHSJIBHOTO aHAJI3y METO/IB KOHTPOJIIO MOKa3HUKIB HAIHHOCTI
BCTQHOBJICHO, IO I EJICKTPOHHUX TaxeoMETpiB HaWOiIbIl e(PEeKTUBHUM €
3aCTOCYBaHHSI PO3paxyHKOBO-EKCIIEPUMEHTAIBHOIO METOAY Ha OCHOBI MapKiBCHKOI
MojieNn MporHo3yBaHHs apeiihpy MX 13 JHCKpEeTHUMHM CTaHaMu 1 Oe3nepepBHUM
gyacoM. OOrpyHTOBaHO HEOOXIJIHICTh BIPOBA)KCHHS B METPOJIOTIYHY MPAKTUKY
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METO/IIB OIIIHIOBaHHS 1HJAWBIAyanbHOI MeTpojoriunoi HagiHocTi 3BT. Ilokazano,
0 ChOTOAHI BIJCYTHI HAyKOBO JOBeAeHl Moxeni aAperdy noxubdbkum 3BT, sxi
XapaKTepU3YIOThCS BIACTUBICTIO YHIBEPCAJIBHOCTI, TOMY OCHOBHUM IUIIXOM
3a0e3neueHHs MeTposioriyHoi chpaBHocti 3BT mig wac ix ekcruryaramii €
BIIPOBA/PKCHHSI QJITCOPUTMIB OI[IHIOBAHHS IX METPOJIOTIYHOT HAAIMHOCTI, 0 SIKHX
HAJICKUTh aJITOPUTM OIlIHIOBaHHA MeTpojoridyHoi HamiiHocti 3BT Ha ocHOBI
Koe(ilieHTa METPOJIOTTYHOrO 3amacy Ta CepeAHbOI YaCTOTH METPOJOTIYHUX BIJIMOB
onHotunHux 3BT, mo 3abe3neuye NiABUIIEHHS OOIPYHTOBAHOCTI BCTAaHOBJICHHS
MIIL

ExcnepymeHTanbH1I JOCHIPKEHHST MPOBOJAWINCH 3a JAaHUMU BHUMIPIOBAIBHOL
naboparopii Il «Ykpmerprecrcranaapt» npo MX eJIeKTpOHHUX TaXeOMETPIB TUIY
Ta5 pizuux ipM-BupobHUKIB. CTBOPEHO MOJICIH IPSIMOIIAPOBOI HEHPOHHOT MEpexi
JUIs BU3HAYEHHS HaAWOUIbIN 1H(GOPMATUBHOI METPOJIOTIYHOI XapaKTEPUCTUKH. Y
SIKOCT1 HaBYAJILHOTO MOKa3HUKA HelpoMepexi 0yi0 00paHo y3araabHEHHM MOKa3HUK
TOYHOCTI TaXE€OMETPIB, PO3pPaxXOBaHWK HA OCHOBI (yHKIli OakaHOCTI XappiHTTOHA.
BuxopucranHs po3po0jeHoi HeHpoMEepekKHOi MOJell y CHCTeMi MPOrHO3yBaHHS
BrainMaker Ta mgocmimkeHHS il BIIACTUBOCTEH O3BOJIMIO BU3HAYUTH HAWOLIBII
iHpopMmaTHBHY XapakTepucTuky — EBK (excrieHTpucuTeT BepTHKaIbHOro KoJja), 10
MIJITBEPNIIO JaHl Pe3yJbTaTiB BUIPOOYBaHb, 3riAHO SAKUX Oyja BCTaHOBJICHA
HalOUIbIIA KUIBKICTh BIJIMOB €JIEKTPOHHHX TaX€OMETPIB came 3a miero MX.

3a nmanumu nipo EBK y cucremi marematuunoro moaenroBanHs MathCAD nHa
OCHOBI METOJly JlaHIforiB MapkoBa po3pobiieHa MaTeMaTH4Ha MOJIeNIb HMOBIPHICHOT
OLIIHKHU 1 MPOTHO3YBAaHHS METPOJIOTTYHOI HAIMHOCTI €IEKTPOHHUX TaxeoMeTpiB [3].
Ha ocHoBI MmaremaTu4yHOi MoOzAENi 3 YpaxXyBaHHAM HOPMOBAHOI'O KPHUTEPIIO
“MoBipHOCTI MeTpoJioriuyHoi cripaBHocTi 3BT PMC=0,95 ta PMC=0,99 Bu3naueHo
pauionansHuid  MIII enekTpoHHuXx TaxeomerpiB Tuny Ta5, skuil aopiBHIOE 9
micsrsM. 3rigao 13 TOCT 51774-2001 3unauenus MIII s taxeometpiB tumy Tas
CTaHOBUTH 12 MicsIiB. 3alIpOIIOHOBaHA METOAMKA MPOrHO3YBaHHS BIAPI3HAETHCS BiJl
BIJOMHX THM, IO JO3BOJSIE CTBOPIOBATH CTATUCTHUYHI MOJENi Oe3MOoCepeHbo 3a
EKCIIEPUMEHTATPHUMU JaHUMH 1 HE MPU3BOAUTH N0 TPOOJIEM HEaJaeKBaTHOCTI
OTPUMAaHUX 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.

AHaii3 eMOLIHHOTO BIATIHKY, HACTPOIB T4 TOHAJIBHOCTI € aKTUBHOIO TaTy3310
JOCIIKEHb, CIIPSIMOBAHOIO Ha KiacuQiKallilo TeKCTIB K MO3UTUBHUX, HETAaTUBHUX,
HEUTpaIbHUX a00 BIJHOCATHCA N0 KOHKPETHOI TOHanbHOi karteropii [1]. s
JIOCSTHEHHS I11€T METH 1CHYIOTh Pi3HI METOAU €(DEKTHBHOTO OOYMCIICHHS Ta aHATI3y
HACTPOIB, SIKI MOXKHA PO3JIUIUTH HA TPU KaTEropii: METO/M, 3aCHOBaHI HAa 3HAHHSX,
CTaTUCTUYHI METOJM Ta rOpUIHI METOIH.

OnuH 13 HalleeKTUBHIMIMX MIAXOIB JO PO3B’sA3aHHS 3amadi Kiaacudikariii
TEKCTY MOJISTa€ y BUKOPUCTAHHI METOY TJIMOOKOTrOo (MAllMHHOTO) HABYAHHS, KU
0a3yeTbCsl HA CTBOPEHH1 HEMPOHHOT Mepesxi s Kiacuikaiii Tekcty. [Ipornonyerbes
BUKOpUCTOBYBath apxitektypy BiLSTM (Bidirectional Long Short-Term Memory)
HEUPOHHOI Mepeki 3 JBOHANPABICHUM CKaHYBaHHSM TEKCTy. Y IbOMY IIiJXO/1
nependavaecThCcs: 3HAXOKEHHST HAOOPIB JaHUX, IO MICTITh O3HAKU EMOIIAHOI
knacudikanii; gopmyBanHs Ta HaBuaHHS Mojeni BiLSTM Ha 3naiigennx Habopax
JIaHNX; MOPIBHAHHSA e(peKTUBHOCTI BHKOpucTaHHiS BiLSTM 3 2 Tumamu mapiB —
spuuaiinum LSTM 1 Gated Recurrent Unit (GRU) [2]; po3poOiieHHS mporpaMHuX
3aco01B IS Kiacuikalii TOHAIbHOCTI BX1IHOTO TEKCTY 3 BUKOPUCTAHHAM HaBYECHOI
HEHPOHHOT Mepexi; po3poOJIeHHSI CepBICY I MEPIOAUYHOrO MAPCUHTY HOBUHHUX
pecypciB; HAINOBHECHHsSI 0a3W JaHWUX I 30epiraHHs OTPUMAaHUX pe3yJIbTaTiB;
CTBOPEHHSI MEpEXi 3 BUKOPUCTAaHHSIM TEXHOJOTIH Opokepa TMOBIIOMIICHb st
HEenepepBHOI 0OPOOKU TEKCTIB HOBUH KIACU(PIKATOPOM €MOITIH.

Takox nmpononyerbes nepenik [T-3aco01B 1uist WIBUAKOI 1 cTab1IbHOT poOOTH 3
MO>KJIMBICTIO IIBUAKOTO PO3MIUPEHHS IPU 301JIbIIIEHHI BXITHUX TEKCTOBUX MOTOKIB.

Jlitreparypa

1. CambriaE. [etal.] (2017) A Practical Guide to Sentiment Analysis, Springer, 196 p.
2. Yao K. [et al.] (2015) Depth-Gated Recurrent Neural Networks: arXiv preprint
[online]. URL.: arXiv:1508.03790, 6 p.

45



VJIK 004.93

ITPO OJUH CIIOCIb Y3ATI'AJIBHEHHA METOY KOJIABOPATUBHOI
OIIIbTPALII 3 YPAXYBAHHAM CEMAHTUYHOI'O TA YACOBOI'O
DAKTOPIB

IBoxin €. B., llleaskin I'. B.
Kuiscokuu nayionanvnuu ynisepcumem imeni Tapaca Illesuenxa, Kuis, Yxkpaina
E-mail: ivohin@univ.kiev.ua, shelyakingleb17@gmail.com

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 crorosani icHye 6arato mijaxodiB JJisi CTBOPEHHS PEKOMEHAAIIMHUX CUCTEM
[1], koxeH 3 IKMX Ma€ CBOi MepeBaru Ta HeAoiku. HalBigominti nmigxoau 0a3yroThes
Ha BUKOPUCTaHH1 HEHPOHHUX MEPEXK 1 CTATUCTUIHUX MOJICIIEH.

Cepen iCHYIOUMX MPAaKTHYHUX METOJIB peaiizallii peKoMeHaalii HaiOuIbIn
BIJIOM1 MeTOH (PUIbTpallii HA OCHOBI BMICTY, KOJJAOOpAaTUBHOI (hUIbTpallli HA OCHOBI
iHpopMalii mpo kopuctyBada (user-based) Ta Ha OCHOBiI TMOpPIBHSHB 00 €KTIB
pekomenaiii (item-based) [2]. B ymoBax 3pocTaHHs KIIbKOCTI KOHTEHTY Ta KOPHC-
TyBadiB IiJIBUIIYIOTECS BUMOTH JI0 OOYHCITIOBAILHUX MOTYKHOCTEH IPOrpaMHHUX
CHCTEM, 110 3a0e3MeUyI0Th e(heKTHBHY POOOTY pEKOMEHIAIIMHIX TT1IXO/I1B.

VY po6oTi 3ampornoHOBaHO METOJIUKY MPUCKOPEHHS 0OPOOKU OTPUMAHHUX MPO
KOPHUCTYBauiB JaHUX, 3p00JIeHO cripoOy BpaxoByBaTH (PakT 3MiHM 3 YaCOM 1HTEpECIB
KOPHCTYBauiB 1 MOXJIMBICTh PO3OHUTTS KOHTEHTY CTAaTUCTUYHUX JaHUX Ha
NIIMHOKMHU 32 TEBHUMM O3HakaMu. [ligxim peanizoBaHO Ha OCHOBI METONY
KJIACTEPHOTO aHaJli3y Ta METOMY KojabopaTHBHOI (uIbTpamii 13 3a0e3neueHHsIM
MOPIBHSHHA 00’ €KTIB 3 YpaxyBaHHSIM 4acoBOT0 (pakTopy Ta CeMaHTHUYHOI OIOHOCTI.
PosrnsiHyTo 1 mpoaHami30BaHO HAiBHUH METOA KojJabopaTUBHOI (inbTparii THIY
item-based. Po3po0sieHO BiANMOBIIHHMNA NPOrpaMHUN 3acid, TPOBEICHO IEPEBIPKY
aJICKBaTHOCT1 POOOTH 3aMpOIIOHOBAHOTO METOJY BUKOPHCTOBYIOUHM HAOOPH JAaHUX 3
pi3HUX TpoOJeMHUX oOjacTedi. Ha oCHOBI OTpuMaHHMX pe3yJbTaTiB MiATBEPIKEHO
KOHCTPYKTHBHICTh 3aIIPOIIOHOBAHOI METOAMKH, 1110 JTO3BOJISIE TTIOKPAIIUTH IIBUAKICTH
poOOTH Ta SAKICTh PEKOMEHAATEILHUX CUCTEM Y PI3HUX MPOOIEMHUX 00JIaCTAX.

Jlitreparypa

1. Aggarwal C. C. (2015) Recommender Systems, Springer. 518 p.
2. Menemko €. B. (2018) 'TlpobmemMu cydacHUX pPEKOMEHJIAIIMHNX CHCTEM Ta
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MOJAEJIIOBAHHS MPOLHECY KOHTPOJIIO BUKOHAHHA
MHOCAJOBUX JOPYUYEHDb HA KA®E/IPI YHIBEPCUTETY

Kapnumunens B. B., I'opaoa T. M., Koctikos M. I1.
Hayionanvnuti ynigeepcumem xapuogux mexuonoziu, Kuis, Yxkpaina
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 pO3BUTKY Cy4acHOTO CYCIUIbLCTBA I1H(MOPMAIliHI TEXHOJOTI 3alMarOTh
neHTpanbue micie. [lBunkuit nporpec y cdepi KOMIT IOTEPHOI TEXHIKH, POTPAMHUX
3ac00iB 1 Mepek 3B 3Ky BiIKpuUBa€ Oe€3llid MOXJIMBOCTEH Ui aBTOMaTH3allii Ta
ONTHUMI3alli pI3HUX MPOLIECIB.

OpHniero 3 ramyseid, ae 1HQOpMaIiiHI CUCTEMH MOXYTh 3J1MCHUTH 3HAYHUIMA
BILJIMB, € KOHTPOJIb BUKOHAHHS MOCAJ0BUX JAOPYYEHb Ha Kadeapi. YHIBEPCUTETChKI
kKadenpu, HAyKOBl YCTAaHOBM Ta OpraHizalii MalOTh CKJIAJHY CTPYKTYpPy Ta BEITUKHM
noTik 1H(opmarlii, MoB’sI3aHUI 13 Opra”izalli€l0 Ta BUKOHAHHSM PI3HUX 3aB/aHb.
MopnentoBaHHs MPOLECY KOHTPOII BUKOHAHHS MOCAaJOBUX JAOPYYEHb Ha Kadeapl €
BXJIMBUM €TalioM MpU PO3pOOJICHHI 1H(GOPMAIIMHOI CHUCTEMHU ISl yIpaBIiHHSA
nopydeHHsmu. Lleit mporec 103BosIsie aHANI3yBaTH Ta BU3HAYATH ONTUMANbHI KPOKH,
MOCJIIJIOBHICTh Ta B3a€EMO3B’SI3KM, a0u 3a0e3neynTd e(OEeKTUBHUM KOHTPOJIb 1
BUKOHAHHS 3aBJlaHb Ha Kadempi.

Meta MozemOBaHHS POLECY KOHTPOIIO BUKOHAHHS MOCAIOBUX TOPYyYEHb Ha
Kadeapi moisirac B CTBOPEHHI aOCTPAKTHOI perpe3eHTallli 1boro Mporecy 3 MeTOko
aHalizy, ONTHMI3allli Ta TMOKpAIleHHsS MHOro eQEeKTUBHOCTI Ta MPOIYKTHUBHOCTI.
MopnentoBaHHs JO3BOJIIE 3pO3YMITH CTPYKTYPY Ta 3aJ€KHOCTI MK pI3HUMU €TanaMu
Ta yJaCHHKaMHU TIpolecy, 1ICHTU(DIKYBATH MOXKJIUBI PU3UKH Ta MPOOJEMHU, a TaKOXK
3HAWTH IIJISIXU JUIA IXHBOTO PO3B’SI3aHHSI.

OCHOBHI 1UJII MOJIETIIOBAHHS TMPOILIECY KOHTPOIIO BHUKOHAHHS IOCATOBUX
JIOpy4YeHb Ha Kadeapi BKIIYAIOTh Y ce0e HACTYITHE:

e AHaJNi3 Ta BIOCKOHAJIEHHS mpouecy. MojentoBaHHs J03BOJISE
AEeTaabHO PO3iOpaTHCS B KOXXHOMY €Tamli MpoLecy, BUSBUTH MOXKIIUBI
poOJIEMH] 30HH, 3aiiBl KPOKH a00 HEe(EKTHUBHICTh Ta 3alpONOHYBaTH
ONTUMAaJIbHI 3MIHH JIJIS MIOKPAIICHHS TIPOIIECY;

e BusnaueHHsi poJeii i B3aemonii. Mojenb gormoMarae 4iTKO BU3HAYUTH
POl Ta BIAMOBIIATBLHOCTI YYAaCHHUKIB TPOIECY KOHTPOJIO, a TaKOX
BCTAHOBUTH €()EKTUBHY KOMYHIKAIIIO Ta B3aEMO/III0 MK HUMU;
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e Omnrumizaumia  pecypciB.  MojenoBaHHsT  J03BOJISIE  BUSIBUTH
HAJUIUIIKOBICTh 200 HEM0CTayy pecypciB (JTIOJACHKHUX, MaTepialibHUX,
YacOBHUX TOIIO) Ta 3HAWUTU NUIAXU I ONTUMAJIbHOIO BUKOPUCTAHHS
pECypCiB Ta 3MEHIIICHHSI BUTPAT;

o [IporuHo3yBaHHsl Ta aHAJI3 pe3yJabTaTiB. 3 JTOMOMOTOI0 MOJICII MOKHA
MPOBECTH TIPOTHO3YBAHHS PE3yJIbTAaTiB BUKOHAHHS JOPYYCHB, OIIIHUTH
MPOJNYKTHBHICTh Ta €(QEKTHBHICTh IIPOIIECY, BHUSBUTH ITOTSHIIMHI
PU3HUKHU Ta pO3POOUTH CTPATETIi JIs1 X YHUKHEHHS a00 MiHIMI3aIlii.

Mopnens mporiecy po3MOYMHAETHCS 3 BUIa4l Ta PO3MOJLUTY HABAaHTAXKEHHS MIXK
npamiBHuKamu. Jlam Bukiagadi GopMyroTh 1HANBIyaIbHI JIAHU POOIT 1 BAKOHYIOTh
BIIMOBIIHI TIOCaA0B1 JopydeHHs. Ilicisi BukoHaHHS 3aBAaHb (OPMYIOTHCA Ta
3aTBEPIKYIOTHCSl 3BITH, 3aBEpINYEThCS BUKOHAHHS TIaHy poOiT kadeapu. Moaenb
0i3HeC- mporiecy B cepenoBuli Bizagi HaBeneHo Ha puc. 1.
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Puc. 1. Jliarpama BepXHBOTO PiBHs O13HEC MPOLIECY KOHTPOIIIO
BUKOHAHHS TIOCAI0BUX IOPYyYEHb Ha Kadeapi
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Pe3ynpTaToM MOJENIOBAaHHS TIPOLECY KOHTPOJIIO BHUKOHAHHS TIOCATOBUX
JTOpy4YeHb Ha Kadeapi € CTBOpEHHs aOCTpaKTHOI MOJIEN, fKa OMUCYE KIHOYOBI
€JIEMEHTH Ta B3a€MO3B’SA3KM B LbOMY Ipoueci. BropoBamxenHs iHpopMauiiHol
CUCTEMHU JJIsi KOHTPOJIO BUKOHAHHS IOCAJOBUX JOPY4YE€Hb Ha Kadenpl J03BOJMUTH
e(peKTUBHO aBTOMATH3yBaTH IPOLIEC, COPOCTUTH OOMIH 1H(POPMAILIEIO, MOMIMILINATHA
BIJICTeKEHHSI CTaTyCy BHKOHAHHS, 3a0€3MEYUTH TOUYHICTh 1 aKTyaJdbHICTh JAHUX, a
TaKOX MIABULIUTH TPOAYKTUBHICTH 1 €(PEKTUBHICTh poOOTH Kadenpu.

BnpoBamxenns iHdopMaliiiHOi CUCTEMH JUIi  KOHTPOJIIO  BHUKOHAHHS
MOCaIOBUX JIOPYYEHb Ha Kadenpi Hajae NeKiIbKa OCHOBHHUX TIEpPeBar:

e 3pyuyHui Ta NeHTpaJi3oBaHuil aoctyn a0 iHpopmamii. Cucrema
3a0esneuye 30epeKeHHS Ta Opra”izalilo JIaHUX TMpO  IOCAI0BI
JIOpYYEHHS, X BUKOHABIIIB, CTaTyC BUKOHAHHS Ta 1HII BaXKJIMB1 JIETAJI.
Ile mo3Bomsie 3a0€3MeYnTH 3PYIHUI Ta MBUAKUAN JOCTYI A0 HEOOXiTHOT
1H(pOopMaIlii BCIM 3alliKaBI€HUM CTOPOHAM;

e EdexTnBHe BiiCTekeHH BHMKOHAHHSI JAOpY4YeHb. iHQOpMaIiiiHa
cuctema(IC) A03BOJMUTH CTEKUTH 32 MPOLECOM BUKOHAHHS JIOPYYEHb,
BKJIIOYAIOYM TEPEBIPKY TEPMiHIB, OHOBJIEHHS CTAaTyCy Ta HarajayBaHHS
npo HeoOxinmui nii. lle crhpuse ByacHOMYy Ta TOYHOMY BHUKOHAHHIO
3aBJlaHb Ta MOKpaIlye KOHTPOJIb 32 IPOLIECOM ;

e 3MeHIIeHHsl BTPaTU AaHuX Ta noMuiok. IC no3Bomsie 306epiratu naHi
B €JIEKTPOHHOMY BUrsiai. lle momomarae YHUKHYTH BTpaTH Ba)JIMBOI
iH(popMalii 1 3MEHIIMTH WMOBIPHICTH NOMHJIOK Mpu 00poOli Ta
nepeaayi JaHux,

o Ilokpamena cmiBnpausi tTa komyHikaunia. IC Moxe 3a0e3nedyBaTu
3py4YHi 1HCTPYMEHTH JUIsl CITIBIpalll Ta KOMYHIKAIii MK y4aCHUKaMu
nporiecy. Cucrema Moke BKIrOYaTH (yHKINND CHijbHOI poOOTH Haf
3aBIaHHSAMHM, OOMIH TOBIOMJICHHSIMHU, KOMEHTapsIMU Ta 3BOPOTHUM
3B’s3koM. lle cmpusie TmoOKpalieHHI0O KOMYHIKalli Ta 3abe3mnedye
3TypTOBaHICTh KOMaH/IH;

e AHaJITHYHI MOXKJIMBOCTI Ta 3BiTHicTh. IC MOXe HajgaTH aHAIITAYHL
IHCTPYMEHTH IS aHajli3y Ta BHUBEACHHSA 3BITIB II0J0 BHUKOHAHHS
nocajioBux jaopydyeHb. Lle nmo3Bossie mpoBoauTu aHami3 €(eKTUBHOCTI
IpOIIECy, BUSIBIATH TEHICHIIII, 1ICHTHU(IKYBaTU MPOOIEMHI aCeKTH Ta
NpuAMaTy OOTPYHTOBAHI YIPABIIHCHKI PIMICHHS IS TOMITIIIEHHS
MpoIECY KOHTPOITIO;

e 30epe:kenHss 4acy Ta pecypciB. BrnpoBamkenHsa IC  nmo3Bossie
aBTOMAaTU3yBaTH 0arato pyTMHHUX Ta MOBTOPIOBAHMX 33734, TaKUX SIK
pPO3MOJIT JTOPYy4YeHb, BIJICTEKEHHS CTaTycy Ta TeHeparlis 3BiTiB. lle
JIOTIOMAarae 3MEHIIUTH Yac, 3aTpayeHuil Ha aMIHICTPATUBHI MPOLIECH, Ta
3BUIBHUTH PECYpPCH JJIsl OUIbII BaXKIMBUX 3aBJaHb.

BnpoBamxkennss  iHdopmariiiHoi CHUCTeMH IS KOHTPOJIIO  BHUKOHAHHS
MOCaIOBUX JIOPYYEHb Ha Kadeapi J03BOIUThH MOKPAIIUTHA OPraHizallito, €eKTUBHICTb
1 TOYHICTH YympaBiiHHSA mnponecoM. Cucrema cnpuaTUMe 30€pekKEeHHI0 Yacy,
3MEHUICHHIO MMOMMJIOK, MOJIIMIICHHI0 KOMYHIKaIii Ta 3a0e3MeuuTh 3py4HHIl JOCTYI
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no 1H@opMmamii. Taka cuctema CTBOPUTH YMOBH Il OUIbIl €(GEKTUBHOIO Ta
IIPO30POr0 KOHTPOJIK0 BUKOHAHHS MOCAJOBUX JOPYYE€Hb Ha Kadeapi, CIpHUSIOUd
JIOCSITHEHHIO TIOCTABJICHUX IT1JIeH 1 TBUIIIEHHIO SIKOCT1 poOOTH Kadeapu.

Jlitreparypa
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MOXJIUBOCTI TA HEPEBAT'U GITHUB ACTIONS TA 3BACTOCYBAHHSA
GITHUB ACTIONS B IMHAMIYHUX PO3I'OPTAHHSAX HA CEPBICAX
AZURE

Kacsanenko B. O.
Hayionanvnuti ynisepcumem xapuogux mexuonoz2iu, Kuis, Yxkpaina
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.

[IporpamicTd Tpu CBOii poOOTI BHUKOPHUCTOBYIOTH PEMO3UTOPIi, fAKI €
IHCTPYMEHTOM [UUIsl KOHTpONMIO Bepcit koxy. CamMuMm MONyJISIpHUM  ITyOJIIYHUM
penosutopieM € GitHub. GitHub nigTrpumye cBoro momyssipHicTh J0OaBISIOUMA HOBI
b yHKIII.

Opna 3 Takux QyHkuii € GitHub Actions sxa mictuth B co01 “workflows” mo
€ poboyMMHM TMpollecaMH IO pearyroTh Ha TI YM 1HINL 3MIHM B PEMO3UTOPIIO.
Hanpukan push HOBUX 3MiH B BITKY pO3pOOKH.

GitHub Actions mae B coOi BXXe TOTOBI IA0JIOHU K1 OyJIM CTBOPEHI cCaMUMU
GitHub mpariBHuKaMu, 4d BXKe 10[aHi KopucTyBadamu (puc. 1).
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Choose a workflow

o]

Suggested for this repository

Publish Node.js Package to GitHul.

Configure avaScript Configure cz Configure

Publish Node.js Package

Pul

Configure avaScript Configure avascrip Configure

Deployment

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

Puc. 1. az[Ka BH60p mabJIoHy Workflow

Sk11o >k mporpamicT He 3HAMIIOB T€ 10 HOMY MOTPIOHO B 11a0JOHAX, TO BiH
Ma€e MOXKJIMBICTh caM HayamTyBatu cBiif workflow.

Cam xe GitHub Actions, a came workflow, Hamae 3mory aBTOMarusyBatu
BEIIMKY KUIbKICTh (yHKIII. Hampukmaa, HamamTyBaTH, MIOOM IOpa3y, KOMH KO
OHOBJIIOETHCSI, MPOBOJIMIIMCH AaBTOMATHU30BaHI TECTH MPOTPAMHOTO 3a0e3MeueHHS,
HAJCHJIAJTUCh TIOBIIOMJICHHS TIPO OHOBJICHHS PEMO3UTOPI0, 1 IO Ba)KJIMBIIIE
JMHAMIYHE PO3rOPTAaHHS CBOI'O BEO-CEPBICY B MEpEXKi iHTEpHET (pHcC. 2).

Home >

Create Web App

Basics Deployment  Networking 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 & 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 deplay 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 7

GitHub Actions settings
Continuous 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 ~ |
Repository * | Select repository hd |
Branch * | Select branch ~ |

Workflow configuration

File with the GitHub Actions workflow configuration.

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

| < Previous ‘ | Next : Networking > |
Puc. 2. Bxnanka HajalmTyBaHHS JUHAMIYHOTO pO3TOpPTaHHS Ha Azure
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JluHaMiuyHe pO3ropTaHHS CBOTO BeO-CepBiCy mepembadae, MO KOPUCTYyBad HE
MaTUMe HEe3PYYHOCTEH y BUTJIAJII JOBTOTPUBAIIMX BIAKIIOUECHB BiJl BeO-CEpBICY, KOIU
MpPOrpaMiCT TOYMHAE PO3TOPTAHHS OHOBJIEHOT Bepcii BeO-cepBicy, akKe Bce
MPOXOIUTH Ha (HOHI 1 BUKOHYETHCS MIBUIAKO. TaKoX, KOJIM pO3rOpTaHHS BeO-CEpBICY
HEYCITIIIHE, TO HISKUX 3MIH HE Mpoe.

Konm Beck mpormec HamamToBaHWN, TO MOXKHA TEPETJISTHYTH TE SK BOHO
npaittoe, B GitHub Actions (puc. 3).

E KasianenkoViacheslavMiki / space-station-14-mapsviewer ( Public
¢» Code (2) Issues [ Pullrequests () Actions [ Projects [0 Wiki () Security |~ Insights 8 Settings

< Build and deploy .NET Core

@ Update map: Cluste

I u"ﬂ Summary

Status Total duration

I @ KasianenkoViacheslavMiki pushed -o- eala7el master Success 5m 27s

@ build
deplo . o

e mapsviewer-mikiyml

on: push

Run details

% Usage

&9 Workflow file 3m31s @ deploy

Puc. 3. Pesynbrar pobotu workflow

Skuio migcymyBatu siki MoxksiBocTi Hajgae GitHub Actions To 1e:
e MOXJIMBICTh aBTOMATHU3yBaTH TECTYBAHHS MPOTPAMHOTO TPOIYKTY.
(Unit Tectn)
o MOXJHMBICTh aBTOMATH3YBaTH MYOJIiKaIli TPOrPaMHOTO MPOTYKTY.
e MOXJHBICTh TUHAMIYHOTO PO3TOPTaHHS BEO-CEPBICIB.
e MOXJIMBICTh HaJAIITyBaTH PeakKilii Ha 3MiHU KOJY.
A B mepeBaru BigHecy Te 110 BukoprcroBytoun GitHub Actions B pemosuropiit
BUHOCATHCS TECTH MPOrPAMHOIO MPOAYKTY UM CalTy, MyOJiKallisl cCalTy, CTBOPEHHS
peINi3HO1 Bepcii mporpaMu JijIsi CKauyyBaHHS.

Jliteparypa
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V]IK 539.3

KOMIPIOTEPHE MOJAEJIIOBAHHSA PO3ITOALTY HAIIPY)KEHb
Y IPE3OEJIEKTPUYHOMY TUII ITPU NIEPEMIINEHHI
TA IIOBOPOTI KPYI'OBOI'O JTUCKY

Kupuiawk B. C., JIesuyk O. L.
Incemumym mexanixu im. C.I1. Tumowenxa HAH Yxpainu, Kuis, Yxkpaina
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.

[upoke BUKOPUCTAHHS Yy I1HXKEHEPHIM MPaKTUIl  EIEKTPONPYKHUX
(1’ €30€NeKTPUYHMX) MaTEPIaliB MPU CTBOPEHHI MEPETBOPIOBAYIB €HEPrii, EJIEeMEHTIB
BUMIPIOBAIBHUX CHCTEM 1 MPUIJIAIB NOTPEOYe MpHU iX MPOEKTYBAHHI JTOCIHIJIKEHHS 1
JETAIBHOTO aHaNI3y PO3MOJiITY Hampy>KeHb IMO0JIM3y KOHIIEHTPATOPIB HAMPYKEHb
TUIly TOPOKHUH, BKJIIOYEHb, TPILIMH Ta MPU KOHTAKTHIM B3a€MOJIi 31 IITaMIamHu.
[Ipy upomMy 3B’S3aHICTh CHJIOBUX 1 €JIEKTPUYHHUX IIOJNIB, IO Ma€ Micle Y
II’€30€JIEKTPUYHUX MaTepiajiaX, CYTTE€BO YCKIAIHIOE JOCIIDKEHHS 1 aHawi3
HaIPY>XEHOr O CTaHy.

OCHOBOIO AJIS1 AOCIIIKEHHS CHIIOBHUX 1 €JIEKTPUYHUX TOJIIB Y €IEKTPONIPYKHUX
MaTepiaiax Ta eJeMEeHTax KOHCTPYKIIN 3 HUX € CTpora MaTeMaTH4Ha MOZEIb , L0
0a3yeThCs Ha 3B’sA3aHIN cucTeMl AU(EpeHLIalbHUX PIBHSIHb Y YACTUHHUX MOXIJIHHUX
JUIA  OMHCY ENeKTPUYHUX TOMiB 1 HanpyxceHo-zLeq)opMOBaHoro CTaHy ¥y
1’ €30€7eKTpUYHUX Tinax. [Ipyu 3HaUHOMY B3a€MHOMY BIUIMBI CUJIOBHX 1 €JIEKTPUYHHUX
nomB (eQekT 3B’SA3aHOCTI), SKUM € XapaKTepHUM IS Kjacy I €30KepamMIdyHUX
MaTepiaiiB, CIPOOM BUKOPUCTAHHS CIPOILIYIOUMX TIMOTE3 1 MiJX0/IB MPU3BOIATE 10
3HAYHUX MOXHUOOK IpPU PO3PaXyHKY 1 aHali3l HAIpPYKEHOI'O CTaHy 1 €NEeKTPUYHMX
HOJIIB.

3a J0MOMOroK CTPOroi MaTeMaTWyHOI MojeNl (BpaXxOBYye B3a€EMO3B 30K
CHJIOBOTO Ta EJEKTPUYHOIO IOJIB) 3HAWJIEHO aHAJMITHYHI PO3B’SA3KK 3a/ad Ipo
NepeMilleHHs Ta  o0epTaHHA  JKOPCTKOTO  KPYrOBOIO  BKIIOYEHHS Y
I’ €30€JIEKTPUYHOMY TLJIl Ta OTPUMAHO TOYHI BUPA3H ISl PO3MOALTY HANPYKEHb Ii]1
KpyroBuM JquckoM. lpu nocmimkeHH1 3a1a4 BUKOPUCTAHO MPEICTABICHHS PO3B 3Ky
CUCTEMHU CTaTUYHUX PIBHSAHB EJIEKTPONPYKHOCTI TPAHCBEPCATHHO 130TPOMHOrO Tija
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yepe3 rapmoHiuHi ¢yHkuii. [IpoBeneHO KOMITIOTEPHE MOJCIIOBAHHS PO3IMOILTY
HANPY)KEHb Y TI’€30€JeKTPUYHOMY MPOCTOPI MiJ >KOPCTKAM KPYIJIMM JHUCKOM Ta
JOCHI/I)KEHO BIUIMB €JIEKTPOIPYKHUX BJIACTUBOCTEN I1’€30€JEKTPUYHOrO Marepiaiy,
rEOMETPUYHUX [apaMeTpiB JAHCKa, pPOOOYMX HABAHTAXKEHb, 3B 53Ky CHJIM Ta
CNIEKTPUYHOTO CTPYMY. TIOJISI HA PO3MOALT HAIIPY>KCHb.

[TpoBeneHi 3a JOMOMOIO0 MaTeMaTUYHOIO Ta KOMII IOTEPHOTO MOJIEIIOBAaHHS
JOCIIKEHHSI € OCHOBOIO ISl HAYKOBO-OOI'PYHTOBAHOTO MPOTHO3YBAaHHS MILHOCTI 1
HAJ1MHOCTI €JIEMEHTIB KOHCTPYKIIN 3 11’ €30€JIEKTPUYHUX MaTePIaliB.

V]IK 539.3

MATEMATHUYHE MOJAEJIIOBAHHA KOHTAKTHUX HAITPY)>XEHbD ITPH
CTUCKAHHI ABOX PI3HUX 3A BJIACTUBOCTAMMU
EJEKTPOIIPYKHUX ITIBITPOCTOPIB 3A HAABHOCTI IVIOCKOI'O
BKIIOYEHHA MK HUMH

Kupuawk B. C., JleBuyk O. 1.
Incmumym mexanixu im. C. I1. Tumowenxa HAH Yxpainu, 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 TpO€EKTyBaHHI €JIEMEHTIB KOHCTPYKI[H, €JIEMEHTIB BHUMIPIOBATbHUX
npuiagiB HeoOXigHa OIIHKA iX MINHOCTI 1 HaalMHOCTI. IIpoBOSITH TaKy OLIHKY Ha
OCHOBI aHaI3y HAMNPYKEHOro CTaHy IMiJ JI€I0 HAaBaHTaXEHb OJU3bKUX IO YMOB
eKcIUTyaraiii. BukopucTaHHs y IHXKEHEPHIH TPaKTHUINl 11’ €30€IEKTPUIHUX
(EJIEKTPOMPY>KHUX) MaTepialliB MPU PO3POOIl MEPETBOPIOBAYIB €HEPrii, €JIEMEHTIB
BUMIPIOBAIBHUX CUCTEM CTHMYJIIOE 1HTEPEC 0 TOCTIIHKEHHS 1 aHaII3y HAMPY>KEHOTO
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CTaHy y eJIeMEHTaXx KOHCTPYKIIM 3 TakuxX MaTepiaiiB, OCOOJIMBO IOOJU3Y
KOHILIEHTPATOPIB HANpPYKEHb Ta MPU KOHTAKTHIA B3a€MOAIl 31 IITaMIIAMH YU MIX
co0oro. BaxianBo  OCOONHMBICTIO  JOCHIJKEHb  PO3MOJIINY HANpYyKEeHb Y
I’ €30€JIEKTPUYHUX MaTepianax € 3B’SI3aHICTh CHUJIOBUX 1 EJEKTPUYHUX IMOJIB, SKa
CYTTEBO YCKJIQJHIOE IX IIPOBEIACHHS.

HaykxoB0-00TpyHTOBaHUHM M1IX1/1 10 BUBUCHHS CHJIOBUX 1 €JIEKTPUYHUX TTOJIIB Yy
CJICKTPONPYKHUX MaTrepiajiax 0a3yeThbCsi HA CTPOrid MaTeMaTUYHIA MO, SKIi
BIJIOBIJIAE 3B’s13aHA cucTeMa TudepeHiadbHUX PIBHIHb Y YACTUHHUX MOXIJHUX JJIs
OMUCY CWJIOBHUX 1 €JIEKTPUYHHUX TOJIB y T’ €30€JEKTPUIHUX TijlaX. 3HAYHUN edeKT
3B’S3aHOCT1 CHJIOBUX 1 €JNEKTPUYHUX MOJIB JJI LIJIOr0 Kiacy I1°€30€IeKTPUIHUX
MaTepialliB He I03BOJIsIE BAKOPUCTOBYBATH CIPOIIYIOUI TITOTE3H 1 MIIXOIH.

VY JomoBiAl Ha OCHOBI CTPOroi MaTeMaTHMYHOI MoOjeii, 1o Oa3yeTbhCcsl Ha
3B’SI3aHI CUCTEM1 PIBHSHB EJEKTPONPY>KHOCTI, JOCHIKEHO 3a7a4y KOHTaKTHOI
B3a€MOJIIi JBOX PI3HUX 3a BIIACTUBOCTSIMH I1 €30€JCKTPUYHHUX IIBIPOCTOPIB 3a
HAsBHOCTI IIJIOCKOTO BKJIFOUEHHS CTajloi TOBUIMHHM JIOBUIBHOTO TIepepi3y Mpu
ctuckanHi. [Ipu po3risani 3amaydl MPUIYCKAEThCs, 110 MOBEPXHI EIEKTPONPYKHUX
MiBIIPOCTOPIB HE MICTATH EJIEKTPOJHOTO MOKPUTTS Ta PO3TAIIOBaHI y IUIOMIMHI,
NEPIEeHANKYISAPHIM 0cCi CHUMETpii eJeKTpONpyKHHX MarepianiB. BcTaHoBieHo
INPUHIIMIIOBI  OCOOJMBOCTI PO3MOJIIY KOHTAKTHUX HAMPYKEHb JUIS  TUIOCKOTO
BKIIIOYEHHS JOBUTbHOT (opmu. [l BUManKy KpyroBOrO BKJIIOYEHHS CTaioi
TOBILMHHU, PO3TAIIOBAHOTO MIXK €JEKTPOIPYKHUMHU MIBIIPOCTOPAMHU, IPOBEIACHO
KOMII'FOTEpHE MOJEIIOBAHHS, JOCIIPKEHO PO3MOAUT HAlpyXEeHb Ta PO3MIPH 30HA
po3lIapyBaHHS MDK TMIBOPOCTOpaMHM B  3aJIEKHOCTI BiJl 1 €30€JIEKTPUUYHUX
BJIACTMBOCTEM MaTepiaiiB, TEOMETPUYHUX TapaMeTpPiB BKJIIOYEHHS, CHJIOBHUX
HaBaHTAKEHb.

V]IK 539.3

KOMITIOTEPHE MOJEJIIOBAHHS BILUIUBY BUJIY KOHTAKTHOI
B3AEMO/III HA PO3MO/AL1 HAIIPYKEHD ITPU NEPEMIIIEHHI
KOPCTKOI'O IUCKY HA I'PAHULI ITOALITY ABOX
EJIEKTPOIIPYKHUX ITIIBITPOCTOPIB

Kupuaok B. C., JleBuyk O. 1., Kykosa H. b.
Inemumym mexanixu im. C.I1. Tumowenka HAH Yxpainu, Kuis, Ykpaina
E-mail: kirilyuk60@gmail.com, 2013levchuk@gmail.com, zhukova_n@ukr.net

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 mnpoekTyBaHHI €JIEMEHTIB BUMIPIOBAIBHUX TIPUJIAIAIB 1 CHCTEM,
NEPETBOPIOBAYIB eHeprii LIUPOKO BUKOPHUCTOBYIOTh ENIEKTPOIIPYXKH1
(m’e30enekTpuyHi) Matepiani. s OIIHKA MIMHOCTI B HAAIAHOCTI €JIEMEHTIB
KOHCTPYKIIIM ¥ BUMIPIOBAIBHUX CUCTEM HEOOX1HO MPOBECTU JOCTIHKEHHS 1 aHaJI13
pPO3MOITYy HampyKeHb Yy HUX TPU HABAHTAKEHHSX, IO BIJAMOBITAIOTH yMOBaM
eKCIUTyaTalii. AJlle TPOBEJEHHS TAaKOro aHali3y 3HAYHO YCKIAIHIOETHCS €(PEeKTOM
3B’S3aHOCTI CHJIOBHX 1 €JIEKTPUYHHUX MOJIB, II0 Ma€ MICLE AJS I €30€TCKTPUYHUX
MarepiajliB, OCKUIbKM B I[bOMY BHIIQJIKy CIPOLIYIOYl TINOTE3H Ta MIIXOIU
MPU3BOIATH JI0 3HAYHUX OXUOOK MPHU aHaJi31 PO3MOALTY HAPYKEHb.

Jlns HaAiiHOro 1 JOCTOBIPHOTO aHaJi3y CHJIOBHX 1 €JIEKTPUYHUX TMOJIB 3a
3HAYHOrO e(eKTy iX 3B’S3aHHOCTI HEOOXIIHO BUKOPUCTOBYBATH CTPOT'Y
MaTeMaTU4Hy MOjeNb, 110 0a3yeTbCcs Ha  PO3IJSAL  3B’A3aHOI  CHCTEMH
nudepeHIialbHUX PIBHSIHB Y YACTUHHUX MOX1THUX JJIs1 OMKUCY €1EKTPUYHUX 1 TIOJIB 1
HAMPYXXEHO CTaHy Yy EJEKTPONPYKHUX TilaX, IO CYTTEBO YCKIAIHIOE TIPOIEC
JIOCHIKEHHS.

3a 10MOMOro MaTeMaTHYHOI MOJEINI, sika BPaxOBYE 3B’S3aHICTh CHUJIOBUX 1
CJICKTPUYHUX TIOJIIB, OTPUMAHO TOYHWUN PO3B’SA30K 3aadyi MPO MEePEeMIlICHHS
JKOPCTKOTO ~ KPYTOBOTO  JHCKY, pO3MINIEHOTO Ha TPaHUIll TOMITY JBOX
I’ €30€JIEKTPUYHUX MIBOPOCTOPIB. PO3rIsiHYyTO ABa BUAM KOHTAaKTHOI B3a€MOIl Ha
TPaHUIll TIOAUTY MBOPOCTOPIB (i€ATbHUI KOHTAaKT Ta THAAKANW KOHTAKT). [lpm
pO3rJIsAl  3a/mayul  MPHUITYCKAEThCS, IO IMOBEPXHI IMIBIPOCTOPIB HE MICTITh
CJICKTPOAHOTO TOKPUTTSA. BHUKOPUCTaHO TMpEACTaBICHHS PO3B’SI3KYy CTaTUYHUX
PIBHSIHb  €NEKTPONPYKHOCTI ISl  TPaHCBEPCATbHO-130TPOMHOrO  Tila  4epes
rapMoHiyH1 ¢yHKIi. OTpUMaHO TOYHI BHUpa3u Uil PO3MOAUTY HANpPYXKEHb Mif
KPYrOBUM JIUCKOM, TIpM HOro TMepeMillleHHI Ha TpaHUIll TMOAUTYy JBOX
I1’€30€JIEKTPUYHUX  MiBOPOCTOpiB.  [IpoBeeHO  KOMIT'IOTEpHE  MOJCIIIOBAHHS
HAlpy»XEHOTO CTaHy B  3aJIEKHOCTI  BiJ  CJIIEKTPONPYNKHUX  BJIACTUBOCTEU
MIBIPOCTOPIB, TUIY KOHTAKTHOI B3a€MOJli, J1I0YMX HABAaHTAXKE€Hb, N'€OMETPUYHUX
PO3MIpIB KPYrOBOT'O JUCKY, BCTAHOBJICHO BIUIUB 3B’ SI3aHOCTI CUJIOBUX 1 €JIEKTPUYHUX
TIOJTIB HA PO3IO/ILT HAMPYKCHb.
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V]IK 539.3

MATEMATHUYHE TA KOMI'IOTEPHE MOJIEJIIOBAHHA
PO3ITOALTY HAIIPY)XEHD V¥V IPE€30EJIEKTPUYHOMY ITPOCTOPI
MOBJN3Y BKJIIOUEHHS HAPABOJIOIJAJIBHOI ®OPMHU
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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 imxeHepH1l MpakTHUIll IPU MPOEKTYBAHHI €JIEMEHTIB BUMIPIOBAJILHUX CHCTEM
Ta MpUJIAJIiB, IEPETBOPIOBAUIB €HEPrii MIUPOKO BI/IKopI/ICTOByIOTBCSI €JIEKTPOIPYXKHI
(1’€30€NEeKTPUYHUX) MaTepiaiB, 10 XapaKTepU3YIOThCS 3B ’SI3aHICTIO (B3a€EMHHUM
BIUIMBOM) CHJIOBHX 1 €JIEKTPUYHHMX HOJIB. AJe pO3paXyHOK HAINPYXKEHOrO CTaHy B
TaKWX MaTepianax, 0COOTMBO MOOINU3Y KOHIIEHTPATOPIB HAMIPY>KEHb TUITY TIOPOKHHH,
BKJIIOYEHb, TPIUIMH, T[OB’SA3aHUNA 31 3HAYHMMU TPYAHOIIAMH MaTeMaTUYHOI'O
XapakTepy, aJe MoTpedye po3risay MOBHOI CUCTEMU 3B’SI3aHUX JU(epeHIIaTbHUX
PIBHSIHB Y YAaCTUHHUX MOXITHUX U OMHUCY CHJIOBHX 1 €IeKTpUYHUX moiniB. Cripodu
BUKOPUCTAaHHS CHPOIIEHUX MIAXOJIB 1 Teopid A aHalizy 3B S3aHUX IIOJIB
MPU3BOJATH A0 3HAYHUX MOXMOOK Y OILIHIII PO3MO/ALTY HAMIPYKEHb.

Ha ocHOBi cTporoi MaTeMaTHuyHOi MOJIEN, 0 BPaXOBYE 3B’ A3aHICTh CHJIOBUX 1
CJICKTPUYHUX TIONIB 3HAWJIEHO AaQHANITHYHHA PO3B’SI30K 3a7adi MpO PO3MOALI
HaNpPYKEHb y I’ €30€JIEKTPUUHOMY IPOCTOP1 3 NapadosoijalbHUM BKIIOUYEHHSAM IIpU
pO3T#31, OTPUMAaHO TOYHI BUPA3U JJIsl OOUMCICHHS HAMpY>KEHOrO CTaHy y MaTepiaii
noOiu3y BkIoueHHs. [lpu nmocmimkeHH] 3amadi BUKOPUCTAHO MOJAHHS PO3B’S3KY
CUCTEMHU CTATUYHUX DPIBHSIHb EJIEKTPOIPYKHOCTI JJIsi TPAHCBEPCAIBHO-130TPOIHOIO
TiJa Yepe3 rapMOHI4HI (YHKIIT Ta CIMEWCTBO TapMOHIYHUX (DYHKIINA CIENniaaTbHOTO
Burisiny. IIpoBemeHO KOMIT'IOTEpHE MOJEIIOBAHHS PpO3MOALIY HaMpyXeHb V
II’€30€JEKTPUYHOMY  MPOCTOpI  MOOJM3Y  1apaboJIoiajJbHOrO  BKJIFOUEHHH,
BCTaHOBJICHO BILJIMB BJIACTUBOCTEH I1’€30€IEKTPUYHOIO MaTepialy, T€OMETPUIHHIX
napaMeTpiB BKJIIOYEHHS, HaBaHTa)XCHb, 3B’SI3aHOCTI CHJIOBUX 1 €JIEKTPUYHUX IOJIIB
Ha pO3MOJUT HAIIPYKEHb N00IN3Y NapadoJI0iJalIbHOTO BKIOYEHHS.

OTpuMani 3a JOMOMOTOK0 MAaTEMaTHYHOTO Ta KOMIT FOTEPHOTO MOJIEITIOBAHHS
pe3yJbTaTh aHali3y HAMNpPyXKEHOT0 CTaHy Yy I €30€JIEeKTPUIHOMY MaTepiani 31
BKJIFOUEHHSIM € OCHOBOIO I HAYKOBO- 06rpyHTOBaHoro IPOrHO3Y 3 OLIHKHU MIITHOCTI
1 HamiMHOCTI €NEeMEHTIB KOHCTPYKIIA 13 I1’€30€NeKTPUYHUX MaTepiamiB  3i
BKJTIOUEHHSIMHU.
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CHUHXPOHI3ALIA YACY B BE3ITPOBOJIOBUX
CEHCOPHUX MEPEKAX
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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.

CuHXpOHI3aIisl 4Yacy € BaXJIMBOIO MpoOsieMoro. [HOMI CEHCOpHOMY BY3ITYy
Ba)XJIMBO 3HATH, B KM Yac BiAOyacs Ta 4M 1HIIA MOisS B KOHTPOJIbOBAHINM 00IacTi.
Bucoka TOYHICTh JOKAJILHUX TOAWHHHUKIB HEOOXIaHA [UIA 3a0e3IeyeHHs B3aeMOdil
BY3JiB Mepexi. Lli ceHCOpHI By3iM KOOPAUMHYIOTH CBOI 3yCHJUIA 1 MPALIOIOTh pa3oM
JUIS JOCSTHEHHS CKJIQJIHOTO 3aBAaHHsA 1neHTHdIKaiii / 30HayBaHHA. OmHUM 3
MPUKJIAIIB TaKoi KOOpJMHAILII € 37IUTTS Ta 00’ €/IHaHHS JaHHUX, IPU SKOMY JlaHi
MOBUHHI 30MpaTUCS 3 PI3HUX AKTUBHUX BY3JIIB Ta arperyBaTUCs, HAKONUYYIOUUCH Y
KOPHCHI pe3yJIbTaTH.

Hanpuknan, B CUCTEMI  BIJICTEXEHHS  TPAHCHOPTHUX  3aco0iB,
MICII€3HAXO/IPKEHHSI TPAHCIIOPTHOTO 3ac00y, IO BIJICJIIKOBYETHCS, TTOBIIOMIISETHCS
CEHCOpPHUMU By3JIaMU. Y I[bOMY BHUIIAJKY, SIKIIIO CEHCOPHI BY3JIM HE CHHXPOHI30BaH1
(TOOTO HE MAIOTh CMUJILHOI YaCOBOi LIKAJIM), iX OLIHKK Oy1yTh HETOUHUMH. & TEPMIH
CIIyKOU MepeX MoXKe OyTu 30UIbIIEHUN, SKII0 CXEMU eHepro30epeKeHHs
BUKOPUCTOBYIOTh METOJIM CUHXPOHI3aIlli, MHOXUHHHUI JOCTYIl 3 YaCOBUM IMOI1IIOM
ka"HamB (Time division multiple access, TDMA) Ta iHIIl aJrOpuTMU IUIaHYBaHHS
HNOJUISIIOTh CEPEeOBUILE Tepeaadl AaHuX Ha 4acoBl 00JacTi, yCyBalouyu KOmi3ii Ta
320IIa/DKYIOYM €HEPTil0, TOMY OCTAaHHIM YacoM Bce OUIbINE yBaru MPUIITISETHCS
pOo3po0IIi AIrOPUTMIB CUHXPOHI3AITii CIIeIialbHO JII CCHCOPHUX MEPEK.

OOuuncioBaIbHI ~ TPUCTPOi  37AeOUIBIION0  OCHAIEHI  TeHepaTopoM 3
HOiATPUMKOIO TonWHHUKA. KOXXeH OKpeMuil CEeHCOp y Mepexi Mae CBiii BIacHUMN
TOJMHHUK. B i/1€ai rOqMHHUK CEHCOPHOTO By3Jia MOBUHEH OYTH HAJIAIITOBAHUM Tak,
mob6 C (t ) =t , me t mo3Hauvae ijea,abo eTaJoHHUM 4Yac. 3 iHIIOro OOKy, 4Yepe3
HECIIPABHOCTI Ta HEBIAMOBIJHOCTI TOJWHHUKOBOIO TE€HEpaTopa, TOAMHHHUK Oyre
BIIXWJISITHUCS BiJI 171€aIbHOTO Yacy 1 MaTHME PI3HMIIO Y BiUTIKaX, HaBITh SIKIIO BiH
CIOYATKY 1J€JIbHO HaJAlITOBAHWM, 1 1€ MOXXHA 3MOJENIIOBATH, SIK TMOKAa3aHO Y
piBHsAHHI 1:

Ci(t) = 0 +ft (1)
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ne 0 1 f Ha3uBaIOThCS TAKTOBHM 3CYBOM (TOOTO pi3HHUIICIO ¢a3 1 Bapiallii) Ta
3CYB TaKTOBOI YaCTOTH (TOOTO PI3HUIISA Ta Bapiallisl YaCTOTH) BIAMOBIIHO. 3 PIBHSHHS
1, TakTOBUIA 3B’30K JBOX BY3/1iB A 1 B MOXHa mojiaT y BUTJISIAL PIBHSAHHS 2:

C(t) = 68 + £ 48,CA(1) )

ne 6”8 ta fAB — BigHocHa pi3HMLA TAKTOBHMX YACTOT 1 Pi3HMIS 4acTOT Mixk
By3n1amu A Ta B, a rpadiune nogaHHs nokasaHo Ha puc. 1.
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Puc. 1. 'opiHHUKOBA MOJI€NTb CEHCOPHUX BY3JIIB

3naBanocst O, SKIIO JBa TOAMHHUKM CHHXPOHI30BaHI Ta O€3/10raHHO
HanamroBani, To 0”8 = 0 ta f”® Bysom A posrismaeTbcs K ONOPHUIM BY301, TO
CUHXPOHI3aIlil TOJMHHUKA IIOBUHHA aNpOKCUMYyBaTH Ta OI[IHIOBaTU III JBa
napaMeTpyd TaKuM YUHOM, 100 By30J71 B ckopuryBaB CBiii BIaCHHM TOJUHHUK a00
TIEPEBIB CBOIO YaCOBY 1H(POPMAIIIIO JO YACOBOI ITKAIHN By3ia A, KOJIU 1€ He0OXiTHO.

JlokanpHU Yac Ha OyAb-IKOMY OOpaHOMY «ETaJOHHOMY» BY3JlI MOXKE OyTH
MIO0ATEHAM 9acoM, JI0 SIKOTO MalOTh OYTH CHHXPOHI30BaH1 BC1 BY3JIH.

Hacnpasai mpoOnema cHHXpOHI3allli yacy — 1€ IpobiieMa OIIHKH 3CYyBIB
(mpeiidiB) 1 3MilIEHb KOKHOTO By3Ja. [lapamMerpu ronuHHmKa € cPeporo T0CiIKEeHb
1 IWCKYCii, HA SKi JITKO BIUIMBAIOTH PI3HI 3MIHM HABKOJHUIITHHOTO CEPEIOBHINA Ta
1HII 30BHIMIHI (PakTopu/eeKxTH, Taki SK 3MIHA HANpyrd, CTapiHHSA OOJagHAHHS,
aTMoc(epHU THUCK 1 TeMIepaTypa.
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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.

VY TemepimHIA dYac CTPIMKOIO PO3BUTKY KOMII'IOTEPHUX TEXHOJOIII
YIOCKOHAJICHHS! aBTOMAaTHU30BAaHOI CHUCTEMH NPOEKTYBAHHS ICTOTHO JO3BOJISIE
OINTUMI3YBaTH poOOTY 3 CKIaJHUMU T€OMETPUUHUMHU MOOYI0BaMU, JI€ CYTTEBY POJIb
BIJIICPAE€ MEXAHI3M MPOEKTYBAHHS TJAJKUX KPUBUX, IMOBEPXOHb, KPUBOJIHIMHUX
00BOMIB. YMOBa TJIAJKOCTI 1 HEMEPEPBHOCTI, BIJACYTHICTh OCIWISIIINA KpPUBOI, IO
MOJIETIOETHCS, TIAAKOCTI CTUKOBKHM TOPIiM MOBEPXOHB, L0 MEXKYIOTh, Iependaydae
J0JJaTKOB1 BUMOTH /10 pOOOTH MaTeMaTUYHOTO anapaTy Ta IporpaMHOi peaisaiii.

Jlns BUpimIeHHs uX Npo0JieM B TEOMETPUYHOMY MOJIEIIOBaHHI 1CHYIOTh MEBH1
nigxoau. JIisi MPOEKTYyBaHHS arperariB 1 MalluH, SKI MPaliOlTh Y PYyXOMOMY
CepeIOBUII, 3Ba)kalouM Ha cHenu@iKy iX BUKOPUCTAHHS, JI€ YaCTOK BHUMOIOIO €
30epekeHHsT 3—4 TOPSAAKY TJAAKOCTI, 3alpOlOHOBAHO METON TMOJITKAaHUHHUX
NEepPEeTBOPEHb. 3BaXKAOUM Ha Te, 110 LEed MeToj mnepeadayae MPOBENEHHS BEIMKO1
KUTBKOCTI OOYHCIIeHb, 30€pEKEHHs Pi3HUX KOMOIHAIIN JaHWX Ta Tepexia 3 OmHiel
CHCTEMHU B 1HIIY, IOCTa€ HOBA 3aJa4ya y BUOOPI MiIXOIB, 1110 MAIOTh 3a0e3MeuyBaTi
Py 1[bOMY BIJMOBIAHY aJICKBaTHICTh BUKOHAHUX Jiil. J[JIT mporpamMHOro piiieHHs
3a3HaYeHUX 3aBJaHb OOpaHO aJroOpuTM Mirpamii AaHux. PesynpTatu pobOTH LBOTO
ATOPUTMY € JOCTaTHHO €(EKTHUBHMMH 3 TOUKH 30pYy BUTpPATH Yacy Ha OOpOOKY
iH(opMariii B mpolieci ii mepeHeceHHs 3 OJHOTO CXOBHIIA B 1HIIIC.

Po3pobiieHe koHpirypabenpbHe MporpamHe pillleHHs IS MIrpamii JaHuX, B
SKOMY aJTrOpUTM Mirpamii KOXHOI'O OKpPEMOro IOJisl BKa3yeThCs SIK Mapamerp,
nepenbdavyae ofHOYACHE 3’ €HAHHS MIHIMYM 3 JBoMa 0azamu gaHux. [Iporec mirparrii
B1I0YBa€ThCSl HA OCHOBI MPaBUJI CIIBCTABJICHHS, SIKI 3a3/1ajierilb BU3HAYAIOTHCS Ta
y3rOJKYIOThCS, aJI€ MOXKYTh 3MIHIOBATUCh Y MAOYTHHOMY.

Cnmig  3a3HauuTH, W10  peaji3aiiss  OCOOJIMBOCTEM  3alpONOHOBAHOTO
POrPaMHOI0 PIIIEHHS TO3BOJMTH OTPUMATH BEJIMKY KUIbKICTh PI3HUX BaplaHTIB
re€OMETPUYHOIO MOJIETIOBaHHS Y KOHCTPYIOBaHH1 00’ €KTIB.
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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.

[Tpuckoputu nportec po3B’sa3aHHs MpobdsieM cTBopeHHsT HarioHanbHOT Mepexi
Curyauiitnux uentpiB OpraniB JlepxaBHoi Bmagu Cexrtopy besnexu 1 O6oponu
(OIB CBO) mae po3poOka TUIIOBUX IIIJIXOJIIB, PIIICH 1 MPOTOTHIIB iX peanizalii 3
MOJAITBIIMM BiJIPAIFOBAaHHIM, PO3BUTKOM 1 BHpoBakeHHsAM [1]. 3 orminy Ha
oesnekoBi acnektd (¢yHkuionyBanHs CI[ OJIB CbO Ta HeoOXiIHICTh IHTErparlii
PI3HOPITHUX BIJJOMYMX CHUCTEM OCOOJIMBO BaXKJIMBE 3HAYEHHS HAOyBa€ MOHITOPUHT 1
JKypHauizanis noAid B Bysnax mepexi CII Ta menTpanizoBaHa oOpoOKa >KypHasiB
(;tor-(haiiniB) 3 METOO BUSIBJICHHSI TIOMUWJIOK, 3arpo3, TOIIO.

B koHTEeKkCTI mpoToTHMI3amii BIAMOBIAHUX pINIEHh OO0 MPOTrPamMHOL
peanmizamii cucteM ympaBiiHHs KypHanmamu (LMS) Bin3HaualoThbCs J1Ba MOXKIIMBHX
nigxoau: 1) anmanramis 1 BUKOPHCTaHHS roToBux free open-sourse cucrem; 2)
po3poOka Ha 0a3i 11eomorii 1 ampoOOBaHUX aApPXITEKTYPHUX PIIICHb CHelialli30BaHUX
MpPOrpaMHUX CHUCTEM, OpIEHTOBaHUX Oe3mocepeHbO Ha 3aJadi 1 O0COOJMBOCTI
dyrakmionyBanHs Mepexxi CI[ OJIB. CtocoBHO nepwoco nioxody Orisiag
JIEKJIApOBAHUX MOXKJIMBOCTEH, MepeBar 1 HEMOJIKIB HaWOLIbII MOMYJISpHUX OpPen-
sourse cucrem i okpemux iHcrpymentrie LMS (ELK, Graylog, Grafana Loki,
GoAccess, Fluentd, LOGalyze Ta in) [2] mae miacraBu s 3BY)KEHHS 00JIacTi
NPUWHATHUX PIIIICHB JI0 IBOX KOMITJICKCHUX MOBHO(YHKITIOHATHHUX cUcTeM. Lle cTek
ELK (Elasticsearch+mnocrauansuuk xyprainiB Logstash+ kopucryBanbkuii iHTepderic
JUIA TIOMIYKY 1 Bi3yamizamii kypHaitiB Kibana) Ta moBHHI caMOJOCTaTHIM MakKeT
Graylog (BOynoBana Elasticsearch + BiacHi 3acoou 300py, 0OpoOKH 1 Bi3yaui3artii).
Ko’kHa 3 BiA3HaUY€HMX CHUCTEM Ma€ CBOi MepeBaru 1 HEJAOJIKHM CTOCOBHO IIJILOBOIO
3aCTOCYBaHHSI 3a KPUTEpIIMH MOBHOTHM (DYHKIIOHANy, MaciiTaOyBaHHS, XMapHOI
peatizaniii, CKJIaJHOCTI OMaHyBaHHS 1 PO3BUTKY TOIIO.

Peanizauist opyeoco nioxody monsirae B ‘“‘CaMOCTIHHIN™ arperauii JaHuX 3
XKYpHaTIB TOMIA. Arperamis CcTae MOXIHMBOIO Ta €()EKTUBHOIO 3a PaxyHOK
HEHTpati3alii *KypHaiiB, TOOTO, 30€peKeHHs X y OJHOMY MiCIll 1 CTPYKTYpYyBaHHs
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JAaHUX, OTPUMAHMX 3 PI3HUX JKepen. [Haekcalis JaHuxX Ta 30€pexeHHs KypHaIiB B
JOKYMEHTO-OPIEHTOBaHIM 0a3l JaHMX CTBOPIOIOTH YMOBH JJISl MOIIYKY HEOOXITHUX
JAaHUX Ta iX aHaM3y yepe3 eAuHuM iHTepdeiic kopucTyBaya.

[lepeBaru arperaiiii mOJsATaOTh V:

® [[EHTPaJII30BAaHOMY PO3TalllyBaHHI;

® CTPYKTYpYBaHHI JaHUX;

® JIOCTYyMi 0 MOTOKY JAaHUX Yy peajbHOMY 4aci 1 opraHizaili MIBUIKOTO
CEMaHTUYHOTO MOIIYKY Ha OCHOBI 3MICTY JIaHHX.

Ha BigMmiHy BiJl CTPYKTYpH MOBIIOMJIEHb y CUCTEMHUX KypHaJlax MOJIH, sKa €
YiITKO BU3HAYEHOIO, Ui MPHUKIAJHUX 3a7ad JOLUIbHO chOpMyBaTH BHUMOTH 0
yHI1(IKOBAHOI CTPYKTYpPH TMOBIJJOMJICHbD, SIKa CKJIAJIAE€THCS 3 MOKA3HUKIB, HEOOX1THUX
JUTS aHAJT3Yy.

[IpukiaaoM 1 MOXJIMBUM MOYATKOBUM MPOTOTUIIOM LIEHTPAI30BaHOI CUCTEMU
arperarii >KxypHaJIiB IOJIil MOXe OyTH apXiTEeKTypa, 3apornoHoBaHa B podori [3], 1m0
3a0e3nedyye 30€peKEeHHs, IOIIYK Ta aHalll3 1HJEKCOBaHUX OO0 €KTIB KypHAJIIB Y
nokymento-opieHToBaHii CKBJ] MongoDB. Jlns arperariii i cucremaTu3aiiii JaHUX
KYPHAIIB iICHYE PSIJl TOTOBUX IHCTPYMEHTIB, a came [2]:

e Syslog, rsyslog (Tiapku arperartis);

e Sematext Logs (arperamiss Ta aHami3, HEMae MIATPUMKH IS
HECTPYKTYPOBAHOTO TEeKCTY, TUTbKH popmaTt JSON);

e SolarWinds Papertrail (xmapHe mnporpamHe cepeoBUIIE, MIYyKae 1
aHam3ye (ailmm xKypHainy y Oyab-ikoMy popMari B peaJbHOMY 4acl);

e Splunk (arperamis xypHaiiB, MOIIYK 1 aHaJI3 )KYPHAJIIB 32 ICTOPUYHUMHU
JIAHUMHU, TUTFOC aHaJIi3, Bi3yaJsi3ailisl Ta 3BITYBaHHS B peajbHOMY 4aci);

e Sumo Logic (arperamisi *ypHajiB, pO3IIMpPEHa AHATITUKA 32 PaXyHOK
1HJIeKCYBaHHS Ta (QUIBTpAIlii, IPAIIOE B PEKUMI PEATHHOTO Yacy) TOIIIO.

Henonikamu nepeigeHnX Mporpam € iXHs BapTICTh Ta «3aKPUTICTHY.

Ocrarounuit BUOIp MIAXOMIB Mae Oa3yBaTHCS Ha (PIHAHCOBO-TIOMITUYHUX
pIICHHSX 1 TMPAKTUYHUX BHUIPOOYBAHHSX TMPOTOTUITIB CHUCTEM Ha OOMEXKEHHX

NOTOKaX JaHMX 3 ypaxyBaHHAM IMpH3HaueHHA 1 ocobmuBocteit mepexi CL[ OB
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 cyyacHOMY IIporpaMmyBaHH1 0araTornoTOKOBICTh BUKOPHUCTOBY€ETHCS 3 METOIO
e(eKTUBHOIO BUKOPHUCTAHHS PECYpPCIB OOYMCIIOBAIBHOI CHCTEMHU Ta I1JBUIIECHHS
NPOIYKTUBHOCTI TiporpaM. IllnsaxomM po3aiieHHs 3a7ad Ha OKpeMi MOTOKUA B OJIHIN
mporpami, 0araTornoTOKOBE MPOrpaMyBaHHS J03BOJISIE BUKOHYBATH PI3HI oreparrii
napajieJibHo Ta OJTHOYAacHO OOpoOJIATH Oarato 3aBllaHb. 3a JIOMOMOTOK I[LOTO Yac
BUKOHAHHSI MIPOrPaM 3MEHIIYETHCS Ta MIJBUILYETHCS PEAKTUBHICTD Ta BIJMOBIIHICTD
CUCTEMH 10 BXITHUX ITOIHN.

B 1onoBiAl BHUCBITIIOETHCS XapakKTEpHI pUCH 0araTOMOTOKOBOCTI Ta iX
MPAKTUYHE 3aCTOCYBAHHSI, 10 MOXKE OYTH JOCTaTHHO IIMPOKO BUKOPHUCTOBYBATHCH
JUISL OJHOTO KJjacy 3amad. A came: JOCTIIPKEHO Ta TPOBEJACHO aHalll3 TmepeBar
0araTormoTOKOBOTO MPOrPaMyBaHHS B KOHTEKCTI CYJaCHMX KOMIT IOTEPHUX CHCTEM;
OMMCAaHO TMPAKTUYHI 3aCTOCYBaHHA Ta BHUAUIEHO TepeBaru, 5K OTPUMYIOTh
pPO3pOOHMKM Ta KOPHCTYBadl 3aBIASKH BHKOPHUCTAHHIO 0araronoTOKOBOCTI;
PO3MJITHYTO 3ajadul 3 peajizaifi€l0 BUCOKOIIBHAKICHUX OOYUCIEHb, MapajebHOTO
BUKOHAHHSI 3aBJ]aHb Ta MOKJIUBOCT1 OJTHOYACHOI 00pOOKHM 6araTh0X Omepariii.

3 wMeroro (QopmyBaHHA €QEKTHUBHUX TMIAXOMIB IIOJO0  PO3POOJICHHS
IporpamMHOro 3a0e3nedeHHs BUAICHO Pi3HI METOAM poOOTH 3 TTOTOKAMH, MPOBEICHO
JOCHIPKEHHSI OCHOBHMX IMIJIXOJIB, alNTOPUTMIB Ta TEXHOJOTIN, SKiI CIPUSIOTH
e(eKTUBHOMY YIIPABIIIHHIO Ta KOOPAUHAIIIT TOTOKIB B 0araToroTOKOBUX MpOrpamax.

KutteBuil MUK B KOHTEKCTI 0araTomoTOKOBHX MPOrpaM pO3rJISIHYTO Ha [5]
(puc. 1). IlpoBeneHno anami3 CTaHiB, yepe3 SIKI MPOXOASTh MOTOKHU, 1 BIAMOBIIHHUX
MEePEexXo/iB MK IIUMH CTaHaMU. BUSBIEHO OCHOBHI MPOOJEMH, IO CTOCYETHCS
VIIPABIIIHHS JKUTTEBUM ITUKJIOM TIOTOKIB, BKJIFOYAIOYM CTBOPEHHS, 3aITyCK,
NPU3YNIMHEHHS Ta 3aBEPIUEHHS MOTOKIB. BUIIIEH! BaXKJIMBI aCHEKTH €(PEKTUBHOIO
YIIPaBJIIHHS ITUKJIOM KHUTTS TIOTOKIB JJIs 3a0€3MeUeHHs] cTablIBHOCTI Ta HaIIMHOCTI
POTPaMHOTO MPOIYKTY.
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Puc. 1. )KutteBuil IMKIJI TOTOKY B MPOrpaM yBaHH1

Po3rnsiHyTo cMHXpOHI3allii MOTOKIB Ta MPOo0JeMH, sIKi MOKYTh BUHUKATH MPHU
KOHKYpEHIIil 3a pecypcu. BusBieHo, 0 BapTO BUKOPHUCTOBYBATH CHHXPOHI3AIIIIO,
BKJIIOUAIOYM OJIOKYBaHHS Ta 1HIII MEXaH13MU, K1 3a0€3Me4yI0Th B3aEMOBUKIIIOUEHHS
Ta KOOpJMHAIlIIO MOTOKIB. Ha OCHOBI MPHUKIIAIB PO3IISHYTO CUTYaIlii, KOJU MOTOKHU
3ajeKaTh BiJ CHUIBHUX PECYpCiB Ta MOXKYTh MOPYIIMTH IIUTICHICTH JaHuX. B
pe3ynbTaTi BUSABJICHO MPOOJIEMU B3a€EMHOI'O BUKJIIOYEHHS Ta B3a€MOJIl MOTOKIB, a
TAaKOX 3allpOIIOHOBAHO €(EeKTUBHI cTpaTerii JJs YHUKHEHHS KOH(IIKTIB Ta
3a0e3MeueHHs B3aEMO/I11 IOTOKIB y O€3MEeYHUI Ta KOOPAMHOBAHUH cIOCiO.

JI1s1 KOHKpEeTHO1 3a7a4i BUKOPUCTaHO ceMadop K IHCTPYMEHT CHUHXPOHI3aIlii
MOTOKIB y 0araToOIoTOKOBUX MPOrpaMax 1 BABHAYEHO HOro BIACTUBOCTI Ta MPUHLUIN
pobotu. IlpoBeneHo aHami3 NpUKIAAIB BUKOPUCTaHHS ceMadopiB ISl JOCSITHEHHS
B3a€MOBHKJIFOUCHHS, B3a€MOJIi MDK IIOTOKaMHM, a TaKOXX BHJIUIEHI OCOOJMBOCTI
0araTomoTOKOBOTO TMpOrpaMyBaHHS 3 BHUKOPHUCTaHHSM ceMadopy, BKIIOUYAIOYU
cemadopu 3 oJHUM Ta 6araTbma J03BOJIAMH.

Crnix 3a3HauuTH, 10 0araTONoOTOKOBICTh y Java IMIMPOKO BHUKOPHUCTOBYETHCS
JUIA TIOKpAIlleHHs TMPOAYKTUBHOCTI TMporpamMu Ta €QEKTUBHOTO BUKOPHUCTAHHS
pECYpCiB KOMIT FOTEPHUX 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.

Metoan wmapmipyTu3ainii € HaWBa)XJIMBIIIOK MPOOJIEMOI0 ISl MEpexX 3
O0OMEXEHUMH pecypcaMu. 3pOCTaHHsI 00YUCITIOBATIBLHOI NOTYXHOCTI TexHosorii WSN
BUMarae, 1mo0 Il CEHCOpPHI BY3/M OyJM OCHAIEHI Bce OUIBIIO MIpOI IS
BUKOHAaHHS OUIbII CKIaAHUX (QYHKOIA. KOoXXEeH Aardyuk nepeBaxHO OOMEKEHHI
piBHEM €Heprii, MOTYXHICTIO OOpOOKM Ta 3[ATHICTIO CHPUUHATTS. TakuM YUHOM,
Mepeka IHUX JATYUKIB CTBOPIOE OLIBIN HAJNIMHY, HaAIMHY Ta TOYHY Mepexy. byro
npoBeaeHo Oarato gociimxeHb WSN, siki MOKa3ylTh, 110 151 TEXHOJOT1S MOCTIMHO
3HAaXOJIUTh HOBE 3aCTOCYBaHHA B pi3HUX cdepax [1,2,3], a came: B BifichbKOBIH cdepi,
B CEKTOp1 37I0pOB’S, a TAKOXK y PO3rOpTaHHI B 30HAX, CXWJIBHUX /10 CTUXIMHUX JIUX.
3a3HavaeThCs, M0 I MATPUMKH HaJAIWHOT 1oCcTaBKU iH(OpMaIlii, arperaiii JaHuXx 1
3muTTs 1HQopMarii € HeoOXigHI st €heKTUBHOTO Ta €(PEKTUBHOTO 3B’SI3KY MIiXK
IUMHU By3l1aMu JaT4yukiB. Jlume oOpoOnena Ta crtucna iHpopMallis MOBUHHA
HAJXOAUTH JIO0 TNpHiiMaviB, 1100 3MEHIIUTH EHEPril0 3B’SI3KYy, MPOJOBXKUBIIH
e(peKTUBHUHN TEPMIH CIY>KOU MEpEexkK1 3 ONTUMAILHOIO IOCTABKOIO TaHUX.

HeedexTuBHE BHKOPUCTAHHS JOCTYITHOI €HEprii NpPU3BOAUTHL 10 HHU3BKOI
MPOAYKTUBHOCTI Ta KOPOTKOT'O JKUTTEBOIO LIUKITY Mepexi. 3 I[I€F0 METOI €HEepris B
IIUX JaTdyuKax € JOeIMUTHUM pecypcoM, 1 HEl MOTpiOHO KepyBaTh e(hEeKTHUBHO.
HaBeneno HoBuil npoTokon, akuii € posmupeHHsmM LEACH [4], nns npaBuIJIBHOTO
PO3MOJILTY €Heprii Ta 3a0e3MeueHHss MAKCUMaJIbHOTO TEPMIHY CIIY>KOU Mepexi.

Anroputm BuOopy tnmo3y [5]. IB-LEACH, skwuii € posmmpennsm LEACH,
SAKUH MOKpallye cTablibHy 001acTh 1€papxii KJlacTepu3allii Ta 3MEHIIye WMOBIPHICTh
BIJIMOB BY3JIB 32 JIOIOMOIOK) XapakKTEepHUX IMapaMeTpiB  HEOJHOPIIHOCTI.
Mapmpyruzanis B IB-LEACH mpamtoe B payHnax, i KoKeH payHJ AUIMTHCSA Ha AB1
da3u: ¢azy HajamTyBaHHS Ta CTAaIllOHAPHUU CTaH; KOXKEH JaT4MK 3HA€, KOJIHU
MOYMHAETHCSI KOXEH payHJ, BHUKOPUCTOBYIOUM CHHXPOHI30BaHWUU TOAWHHUK.
[TpunmycTiMO BHUMANOK, KOJU BIJICOTOK CEHCOPHHUX BY3JIIB OCHAIIEHWN OLUIBIIO0
KUIBKICTIO €HEepPreTUYHUX PEecypciB, HDK pemita By3miB. Hexait m € dacTtkow Bif
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3arajibHOI KiJIbKOCTI BY3J1iB N, sIKi OCHAIIEHI B pa3H OLIbIIOK SHEPri€l0, Hi 1HIII, 1 D
€ YaCTKOIO BIJl 3arajbHOi KIIBKOCTI By3miB N, siki € oOpanumu numo3amu. Li By3nu
HazuBaroThcs By3namMu NCG (By3oin, BuOpaHHil sSIK 3BHYAHUI BY30J, TOJIOBHOTO
Kiaactepa uM 1uto3), a pemra (1-m) X N — 3Buyaitni By3nu. [IpumyineHo, 1mo Bci
BY3JIM PIBHOMIPHO PO3IMOJLIEH] 110 CeHCOpHOMY momo. KoxeH natyuk 1 ooupae cede
IIJIFO30M Ha moyatky payHay r+1 i3 imoBipHicTiO Pgi(t). Pgi(t) BuOupaeThest Tak, 1o
OYiKyBaHa KUIbKICTh BY3JIIB IIUTIO3Y JIJISl ILOTO PAayHIy CTaHOBHUTH Kg. Takum 4rHOM,
SKIO B Mepexki € N:M po3mupeHux BY3JiB, BY30JI | CTa€ ILITO30M Yy payHIi I i3
imoBipHicTIO Pyi(t):

By (1)
97 Nxm
BusnayaeMo sik T(Sgat) TOpIr asist By3JIiB HUTIO3Y:
[ g SnoTounnii
% E
T(Sgat) = i 1 — Pg X (?" mod Plg) SnouaTroBHi
{ 0 iHaKIIe (2)

o Ky = OaxxaHuif HOMEp LLIIO3Y;

® | = [IOTOYHUI payHI;

o (g = Halbip By31iB, sIKi He Oynu 1UTI030M y payHaax 1/Pg

[Tpunyckaemo, 1m0 O4iKyBaHa KUIBKICTh HUTIO31B 30ITa€ThCS 3 ONTUMAIBLHOIO

KIJTBKICTIO IIUTFO31B JJIsi CEHCOPHOT Mepexi i Ha3BOIO Kgopt . PearmizoBano anropurm
BUOOpY ITIO3Y, JOAABIIH ABa Kpoku. Ha kpoiri 1 3MIHIOETHCS CUCTEMHUIN TTapaMeTp
Kg, 1 Hexait Kg Oinmbie  Kgopt. YCi By3imu MaroTh Oijbliie IIAHCIB CTATH IUTIO3aMHU,
SKIIO BY3JM OOMparOTh ceOe NII03aMHu; BOHM HAJCHIIAIOTH CBIM 17eHTU(IKATOp Ta
iHopmariito mpo eHeprito Ha 0a30By craHiio. Ha kpormi 2, SKIO KUIBKICTh
imeHTH(iKaTopiB, OTPUMaHUX 0a30BOI0 CTAHIIIEIO, MEPEBUIIYE Kgopt , OA30Ba cTaHIIIS
BUOMpAE BY3IH Kgopt 3 OUIBIIOI CHEPTi€r0 K IUIIO3M, a 1HII — SK HUTI03U. SIKIIo
KUIBKICTh 17IeHTU(}IKATOPIB, OTPUMAaHUX 0A30BOIO CTAHIII€IO, TOPIBHIOE a00 MEHIIE
Kgopt , 0a30Ba cTaHIIisI BAOMPAE 111 BY3JIH 5K ILIFO3M.
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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 BTopraHeHb (Intrusion Detection Systems — IDS) — me
IporpaMHHil 3aci0, KM MOXXE€ BHKOPUCTOBYBATUCH JJIi MOOYIOBU KOMILJIEKCHUX
cucteM 3axucry iHpopMmarii. Y 3B’S3Ky 3 IHTEHCUBHUM POCTOM KOMII FOTEPHUX
MEpeX, a TaKoXK OO0CITy HaHHWX, SKI TEepPeAaloThCs B TAaKUX CHUCTEMaX, BHHHKAE
HEOOXIHICTh BUABIIATH BHUIMAJKU HECAHKI[IOHOBAHOI'O JOCTYNY N0 1H(opmalii Ha
BEJIMKUX 00CsATaxX JaHWX 1 BEJHUKIN KiJIbKOCTI By31iB y Mepexax [1]. Takum uuHOM,
icnye motpeba moOymoBu IDS 3 BHCOKMM piBHEM BHUSBIICHHS 3arpo3 i1 sIKOMora
MEHIIMM 3alydeHHSIM JIIOJCBKUX Ta OOYHMCIIOBAJIBHUX pecypciB. MaiinHHe Ta
ITIMOMHHE HaBYaHHS YAaCTKOBO 3/1aTHI PO3B’s3aTH MPOOJEMY 3allydeHHS JIHOJCHKUX
pecypciB, OCKIIBKH 3 JAOMOMOTOI0 IIMX TEXHOJOTIH MOMJIMBO CTBOPUTU alTOPHUTMH,
K1 OylyTh pO3Mi3HABATH Ta BUSBIIATU 3arpO3H aBTOMATUYHO.

Posrnssnemo tunu IDS, npu moOynoBi SKMX MOKHAa BHUKOPUCTATH MAaIIMHHE
HABYaHHS HAa OCHOBI:

® METOJMIB po3ropTaHHs (ToB’s3aHl 3 posminieHHsaM |IDS Ha By3max
KOMIT FOTEpPHUX MEPEXK);
e METO/IB BUsBICHHS (OB’ s13aH1 3 TUM, 5K IDS BusBsie Bropruenns) [2].

Caoero ueproro, IDS Ha OCHOBI METOAIB BUSABJICHHS MOAUIAIOTHCS Ha IDS 3
BUKOPUCTAHHSIM CUTHATyp (pearyioTh, fKIIO B Mepexi IMOMIYEHO AaKTHBHICTD,
OIMCaHy paHillle), a TaKOXX Ha CHUCTEMHU 3 BHSBJICHHSIM aHOMaliil — TOOTO TakuX
aKTUBHOCTEH, SKI BIAXWISIOTBCS BiJ HOPMHU. 30KpeMa, OCTaHHI MOXYTh OyTH
e eKTHBHI ITpH BUSBJICHHI paHille HEBiTOMUX 3arpo3 [1].

Ockiibku MepekeBUil Tpaik B CydacCHHX KOMIT IOTEPHHX MEpEekax JI0CsTae
3HaYHUX O00CATIB, WOr0 MOXKHA PO3TIIAAATH SK JOMEH BEIHKHUX JAHUX, N0 SKHAX
MOKHa 3acTOCYBAaTH QJITOPUTMHM MAIIMHHOTO Ta T[JIMOMHHOTO HaBYaHHS 1
BUKOPUCTOBYBAaTH I1i anroputmu juis noOymosu IDS [3]. TunmoBumu Habopamwu
HaBYAIbHUX JaHuX s IDS (dki BKIFOYAOTh SK HOpMajbHI JaHi, Tak 1 JaHi IMpo
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3arpo3u) € KDD-Cup’99, NSL-KDD, ane icHytoTh O1IbIIlI aKTyaJIbHI HAOOPH, TaKl SIK
UNSW-NBI15, CICIDS2017, sxi MIiCTSTh AaHi PO OLIBITY KUTBKICTH THITIB 3arpo3 1 €
Kpamie cTpykrypoBanumu. Hampukian, skio B Habopi NSL-KDD posrasgaerbes
nuie 4oTupH rpynu 3arpos: Denial of service, User to Root, Root to local ta Probe,
to B Habopi UNSW-NBI15 3arpo3u moxinsrotsest Ha EXploits, Shellcode, Fuzzers,
Generic, Worms, DoS, Reconnaissance, Analysis, Backdoor and Reconnaissance [4].
[Ipy upomy B HaOOpax MAaHUX 3alMMCH ONUCYIOTHCS 32 JOMOMOIOK MOAIOHHUX
napaMmeTpiB, TAKUX K TUII MEPEKEBOro MpPOTOKoay, IP-anpeca, mopt BianpaBHUKA i
OTpUMYBay4a, JaHi MPO MIATBEPKEHHS TPUHHATTA MEPEKEBUX TMaKETIB (IIs
MepexeBoro nporokony TCP) Tomio.

[lepcieKTUBHUMH alIropuTMaMM MaliMHHOro HaBuaHHs |IDS € anroputmu
JIEPEeB pillieHb, OMOPHO-BEKTOPHI MAITMHU, BUKOPUCTAHHS IMTYYHUX HEHPOMEpEK, a
TaKOXX TMOE€AHAHHA IUX MeToaiB. Cepen 1HCTPYMEHTIB TNIMOMHHOTO HaBYaHHS, SIK1
MOKHa 3acTocyBaTu aisi moOynoBu IDS, € pexypeHTHI HEHpOHHI Mepexi Taki, K
JIOBra KOpPOTKOYacHa mam’siTb ab0 BEHTWIbHI peKypeHTHi By3i:m [4], a Takox
3ropTKOBI HelpoHHI Mepexki [2]. JlocuTh HemoraHi pe3yabTaTH 3a IPOAYKTUBHICTIO 1
e(EKTUBHICTIO JAIOTh aJTOPUTMU JIHUBOTO HaBYaHHS, SKi OOpOOJSIIOTH HaBUAbHI
naHi 6e3rmocepeHbo MPH 3alluTaxX y CUCTEMY, Ta B HUX € Psii HEJOMIKIB: HAIIPUKIA/,
BUMAararTh 3HAYHUX 00CATIB IIaM’sITi I 30epiraHHs HaBUYAJIbHUX JaHuX [3].

Metpukamu [ OLIHIOBaHHS €(QEKTUBHOCTI METOMIB MAIMHHOTO Ta
rIIMOMHHOTO HaBYaHHS 1pu 1mooyaoBi IDS € Taki mapamerpu K TOYHICTh, KOS(ILIEHT
BUSBIICHHS, KOS(DIIIEHT XUOHUX CIpaIlbOBYBaHb, SIKI MOXKHA OOYMCIUTA HAa OCHOBI
MaTpHIll HEBIAMOBIIHOCTEH, TOOTO 3 ypaxyBaHHSM KIUIbKOCTI MOMHJIOK MEPIIOTro
(po3mi3HaBaHHS CIIPaBKHBOT 3arPO3H SIK HOPMAJILHOTO CTaHy MEPEXK1) 1 IPyroro poay
(po3mi3HaBaHHS HOPMAJILHOTO CTaHY K 3arpo3u) (Tad. 1).

Taobn 1
Mampuys negionosionocmet

CripaBxHii cTaH

Ilo3uTuBHUMN CTaH HeratuBuuii ctan
[Ho3zuTnBHMUI IcTuaHO XUOHO MO3UTHUBHUM
[Iporuo3oBaHnuii CTaH NIO3UTUBHUN (momwmika | pony)
CTaH Heratusuum XHnOHO HETATUBHUI o
IcTUHHO HETAaTUBHUU
CTaH (mommiika Il pony)

EdextupHicTh IDS 13 BUKOpPUCTaHHAM MITYYHOTO 1HTEIEKTY 3HAYHOIO MipOIO
MOKJIA/Ia€ThCd Ha SKICTh HABYAJIBHUX JaHUX. | SKII0 aNropuTMH MAIIUHHOTO
HaBYaHHS MOXHA TPEHYBAaTH Ha HEBEIMKHX Habopax MaHWX, TO I TJIMOWHHOTO
noTpiOH1 OuIbIIl HAOOpPU MEpPEeKEeBUX JaHUX. A OCKUIbKM TJIMOMHHE HaBYaHHS
BUKOPHUCTOBYE BEJIMKI MAaCUBH JaHUX, Mpolec HaBuaHHs |DS B Takomy pasi € J0CUTh
pecypcomictkuM. Ilopsia 3 uum € iHI1 npoOJaemMu, MOB’sI3aHl 3 JaHUMH, HAPUKIIAL
BIJICYTHICTh CHCTEMAaTH30BAHMX Ta HE30aJIAHCOBAHICTh HAOOPIB MEPEKEBUX JAaHUX
MPU3BOIATH 10 HU3HKOI TOYHOCTI BHSBJICHHS BTOPTrHEHb. [[OTEHIIMHNM pO3B’SI3KOM
11€i Mpo0JIeMH € NepBUHHA 00poOKa 1 ONTUMI3allIA JAHUX, HAIIPUKIIAJ BUKOPUCTAHHS
aropuT™MiB OycTuHTY, Takux sik XGBOOSt, siki 3maTHI BiACIIOBAaTH MEHII Ba)KIIUBI
napaMeTpu B Habopax JaHWX, IO JO3BOJIIE CKOPOTHUTH PECYpCH Ha HaBUaHHS
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Heiipomepex [4]. CucremaTu3yBaBIIM BCE BHIIEC3a3HAYCHE, MOXHA CTBOPUTH
3arajibHy CXeMY 3aCTOCYBaHHS MAaITMHHOTO HaBYaHHs nipu po3podii IDS (puc. 1) [4].

Takox, Taki |IDS MarTh HU3bKY IMPOJYKTUBHICTh B PEATBHOMY CEpPEIOBHIIL.
binbiricte momiOHUX Mojeneit Oy po3poOJieHl Ta MPOTECTOBaHI B JIAOOPATOPHUX
YMOBaXxX 3 BUKOPUCTAaHHSM 3acTapuInx HaOopiB JaHuX, Takux Kk NSL-KDD ta KDD
Cup'99, Tox pe’eBaHTHICTh TaKMX MOJEJICH € He MYyKe BHUCOKOI. [[Is BUpIEeHHS
miei mpoOjeMu MOXXHA PO3TIISIHYTH TIOEAHAHHS HEWPOMEpEeXK Ta MPOTrPaMHUX
010J110TeK I aHai3y MepekeBoro Tpagiky, Kl JO3BOJSATH IMEPEBIPATH HaBUYEHI
HellpoMepexi 3a JIOMOMOIOI0 peaibHUX MEpeXeBUX JaHUX. JOCHTh MOIIMPEHUM 3
TAKOK METOK € BHKOpHCTaHHs OiOmioreku libpcap, sika € ocHOBOIO mporpamHOro
nponykty Wireshark, o no3Bossie ananizyBaTi MepexxeBuil Tpadik.

OopobKa oaHux Mobynoea moneni
e Hopmanizauis Bubip Tany
~— ] OaHKX HeRpomepexi
Habip o J' 4' MopieHAHHA
> OnTMMizauia > Ta BUGIp
HABMAMBHUX NaHMX HasaHHA MoZen;
OaHNx J' J'
\.,__‘__‘_‘__.__,_/
BHaHaueHHA Menegipka
NopoOroBUY IHaYEHE peaip

Puc. 1. Cxema 3acToCyBaHHS MallTMHHOTO HaBYAHHS TIpH po3poo1ti IDS

Takum YMHOM, CUCTEMH BHUSIBIICHHS BTOPTHEHb HA OCHOBI IITYYHOTO 1HTEIIEKTY
€ JII€EBUM IHCTPYMEHTOM i1 TOOYIOBH CHUCTEM 3axXHUCTy 1HQopMallli, aie BOHU
NOTPeOyIOTh aKTyalIbHUX, CHCTEMAaTU30BaHUX 1 ONTUMI30BaHUX HAOOPIB HABYAIbHHUX
JAaHUX, a TaKOX BHUKOPHUCTAHHS 30aJaHCOBAHOTO MIAXOAYy 10 PO3POOKH, 11100
CKJIaJHICTh MOJIEJeH TakuxX CHCTeM 3ale3leuyBaia JOCTaTHIO €(EeKTUBHICTh 1
BUKOPHUCTOBYBAJIa MPUUHATHY KUTbKICTh OOUHCIIOBAJIbHIUX 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.

OmHuM 13 3aBJaHb KOMII'IOTEPHOI Tpadiku B PI3HUX 3aCTOCYBAaHHSX €
peajicTUYHe BIATBOPEHHS POCIMHHOCTI B peaJbHOMY daci. Bizyamizaris
POCIIMHHOCTI Ma€ TIeBHI IPOOJEeMH, OCKUIBKM BOHA BKJIIOYA€ BEIMKY KIIbKICTH
CKJIQJHUX TE€OMETPUYHHUX €JIEMEHTIB, TaKUX SIK JHCTS Ta TUIKH, SIKI MOTPIOHO
MPABWJIBHO OCBITIIOBATU Ta 3aTiHIOBaTH. KpiM TOro, Ha JIMCTA 4acTO BIUIMBAE BITEP
Ta 1HII1 (haKTOPH HABKOJIHUIITHBOTO CEPEJOBHINA, a I1€¢ BUMarae JWHAMIYHOI aHIMAIlii
Ta aKTUBHOI B3a€EMOJiI MDK LEHTpaJlbHUM Ta rpadiyHuM mporeccopoM. Hapemri,
BXJIMBUM €JIEMEHTOM PEATICTHYHOTO BIATBOPEHHS POCIMHHOCTI € 3aCTOCYBaHHS
ONnTHUMI3alli, 0 JO3BOJISIOTh F'€HEPYBATH 300paKEHHS B peanbHOMY 4Yacil. OCKUIbKU
BEJIMKI CIEHW MOXXYTh MICTUTH 3HAYHY KUIBKICTh POCIMHHHUX 00’ €KTIB, €(EKTUBHE
BUKOPUCTaHHSI PECYpCIB KOMIT' FOTEpAa € BUpIMAIbHUM. J[Ji1 TOCATHEHHS BHCOKOI
SKOCTI Bi3yasi3allii JIUCTS ICHYIOTh pi3HI METOJIU, TaKi Ak impostors, billboards, LOD
(piBHI nmeramizamii) Ta amb(da-tectyBanHHs [1]. Koxken 3 mmx meTomiB Mae CBOi
nepeBar Ta oOMmexxeHHs. Hampuxman, impostors Ta billboards BUKOPHCTOBYIOTH
JIBOMIpHI a00 TPUBHUMIpPHI TEKCTYpH JJIsI CTBOPEHHS 1110311 TpuBUMipHOCTI, a LOD
JI03BOJISIE 3MEHIIUTH JETaNi3allilo POCIMHHOCTI Ha BeNWKHUX BinctaHsx. [Ipore, i
METOIM MAalOTh 1 HEIOJIKH, 30KpeMa apTedakTH 3IJaJpKyBaHHS, JI0JaTKOBE
BUKOPUCTAHHS MaM’ATi Ta mpoOsiemMu 3 overdraw (HaJIMIIIKOBI BUKJIUKH IIeHepa).
Tomy momryk onTUMaabHOTO PIIIEHHS AJIS Bi3yallizallii JIMCTS BCE IIE 3aJHUIIAETHCS
BIJIKPUTOIO TTPOOJIEMOI0 B KOMIT FOTE€pHIN rpadilii.

[TpoGiema overdraw ocoOaMBO TIOMITHA TPH BHUMAalIbOBYBaHHI 00’ €KTIiB
HeBenukoro posmipy (Puc. 1). Bona 3ymoBieHa TuUM, 110, 4epe3 OCOOJIMBOCTI
amapaTtHoi peaiizailii rpadiqyHOro KOHBEEpa, MIKCEIbHUMN MIEHep BUKOHYETHCS IS
KOXKHOT'O MIKCeJIs B CITI 2X2 1 HaBITh JIsl TUX TIKCENIB (BUIAIJIEHO CUHIM KOJIHOPOM),
SKi 3HAXOMATHCS T03a TPUKYTHUKOM, CTBOPEHHM pAacTepizaTOpOM, 1 € YaCTHHOIO
reoMeTpii 300paskeHHs.

Jns  BupimeHHss mpoOjeMu  overdraw — MpPOMOHYEThCS ~ BUKOPUCTAHHS
BIIKJIQJICHOTO TEKCTYpyBaHHS, OCHOBHOI iJI€€I0 SKOTO €  3aCTOCYBaHHS
O0YHUCTIOBATBPHUX MIEHEpiB y 3B’s311 3 Oydepom Bumumocti [2]. Ile mo3BomuThH
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Kpalie KOHTPOJIIOBATH, Ha SIKUX CaM€ IIKCeNsiX BUKOHYeThCs Ieinep. Peanizaris
BIJIKJIAJIEHOTO TEKCTYpYyBaHHs nepeadayvae po3B’i3aHHs HACTYITHUX 33]1a4:

e Moaudikallis KIACHYHOTO CIIOCO0Y PEHIEPIHTY CIICHU;

e 3anoBHEHHs Oydepa BUIUMOCTI;

® BHU3HAUYCHHS €(EKTUBHOIO aJIrOpuTMy BHOOpPY  MIKCENIB IS

3aTIHIOBAHHS;
® [IporpaMHa peajizailis ASsIKUX anapaTHux ¢yHKITIN.
3aranomM, peajyiCTUYHE BIATBOPEHHS POCIMHHOCTI B KOMII IOTE€pHINA rpadirr

BUMAarae IMOE€JHAHHS PI3HOMAHITHUX TEXHIK MOJETIOBAHHS, TEKCTYPYBAaHHS,
OCBITJICHHSI Ta aHiMauii. BUkopuCTaHHS BIJKJIAJEHOTO TEKCTYpPYBAaHHS JO3BOJIUTH
3a0IaIUTH PECYPCH KOMII 0Tepa, 3MEHIIIUTH OOCATH JaHUX, IO MEePeIar0ThCId MIK
IPOIICCOPOM Ta BIJICOKApPTOIO, Ta HIBEJIIOBATH HEraTHUBHI edekTh Bij overdraw.
HenepepBHuil po3BUTOK KOMIT'IOTEpHOI Tpadiku Ta 30UIBLICHHS OOYHUCIIOBAIBHOL
MIOTY)KHOCTI CIIpUSIE CTBOPEHHIO BCE OINBII JETali30BaHUX Ta PEATICTUYHHX
BI3yaJIbHUX CBITIB, III0 BUKOPHUCTBYIOTHCS MPH CTBOPEHHI BIPTyaJIbHOI PEaIbHOCTI,
KOMIT IOTEPHUX 1r0p, apXiTEeKTYPHOT'0 JU3aiHy Ta HAYKOBHX Bi3yasi3alliil.

Puc. 1. Tlpuxmnan overdraw
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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.

[HdopMmariitHi TEXHOJIOTII HaIal0Th 0araTo MOXKIIUBOCTEH JIJIS YIOCKOHAJICHHS
O13HeC-POIIECiB, 30KpEMa Ha MIAMPUEMCTBAX, 110 HAIAIOTh MOCIYTU AJI HACEJICHHS.
K0 po3rasHYyTH POOOTY KEpiBHUKA TEXHIYHOTO BIAJIIY MiJNPHEMCTBA, SIKE
3aiiMaeTbCsl OPOPMIICHHSIM Ta BUKOHAHHSM 3aMOBJICHHS HAa MOHTaX 1HXXCHEPHHUX
CUCTEM, TO MO)XHa BHU3HAYWUTH, IO IEHd MPO MpolLeC € KPOMITKUM 1 nepeadayae
BUKOPUCTaHHS BEJIMKOIO MOTOKY 1H(oOpMarlii, 10 MOB’S3aHO 3 OpraHi3alli€o Ta
peamizaili€elo pi3HUX TPOLECIB HAa KOXXHOMY €Tami CHIBOpali 3 3aMOBHUKOM.
CyTTeBUM eTarioM B CTBOPEHHI 1H(OpMAIIHHOT CHUCTEMHU MIATPUMKHU iSTIBHOCTI
BIIJIUTY € MOJIEJIFOBaHHs O13HEC-TIPoliecy KOOpAuHallll poOOTH IiJi 4ac BUKOHAHHS
3aMOBJIEHHS. AJDKE BIH HaJa€ MOXIIMBICTH MPOBOJIUTU TOMEPEIHIN aHai3 Ta
3a0e3neunTy eHeKTUBHUN KOHTPOJIh POOOTH HAJl 3aMOBJICHHSIMHU.

MopnentoBanHs cucreMu. MojientoBaHHs O13HeC-TIpolecy KOOpAuHallii poOoTH
TEXHIYHOTO BIJIUTY MIAMPUEMCTBA 3 MOHTAXY 1HXKCHEPHUX CHUCTEM BUKOHYETHCS 3
METOI0 KpaIioro po3yMiHHS TPOIeciB 0hOPMIICHHS Ta BUKOHAHHS 3aMOBJICHb 331715
BUSBIICHHS 1 YCYHEHHS BY3bKUX MiCllb. MOJIETIOBaHHS JOMOMAarae BUSBUTH PU3UKU
9y MpoOJieMHU, KOTPI MOXKYTh BUHMKHYTHU MiJ 4Yac BUKOHaHHs poOiT. Came 3aBIsSKU
MO/ICJTIOBAaHHIO MOKHA 3HAWTH METOAM BUPIIICHHS LIUX MTPOOJIEM.

A came, 3aBISIKM MOJICIIIOBAaHHIO KOOpAHMHAII POOOTH TEXHIYHOTO BIJIILITY
HiAIPUEMCTBA B MPOIIECI BUKOHAHHS 3aMOBJICHHS MOYKHA!

® TiABUNUTH  €(EKTHBHICTh  TISUTBHOCTI  MIANPUEMCTBA  [UISIXOM
BUSIBJICHHS HEE(PEKTUBHUX KPOKIB Ta 1HIIKUX IpoOsieM B Oi3HeC-TipoIieci 1
3alpOMOHYBAaTU IUIAXM I1X BHUPIIICHHS 32 PaxyHOK BIPOBAHKCHHS
iH(popmariitHoi cucreMu. B pe3ynpTaTi MIABUIIUTHCA €(PEKTUBHICTD
poOOTH BiAALTY, IO MPHU3BEAE, SK MIHIMYM, JI0 TMOKpAIIEHHS SKOCTI
00CTyroByBaHHS KJIIE€HTIB Ta 3MEHIIICHHS] TOMHJIOK B PYTUHHHX JIISX;

® TIOKPAIIUTA KOMYHIKAIllF0: MOJIETIOBAHHS JIO3BOJISIE PO3YMITH  SIK
B3a€EMOJIIIOTh YYaCHMKM TIPOIECY Ta BU3HAUUTH iXHIO chepy
BIJIMOBIJANBHOCTI Ta poui. Lle Mo)ke MOKpaluTH KOMYHIKALIl0 MIX
CHIBpOOITHUKAMHU,  3MEHIIUTH  HEMOPO3yMIHHS  Ta  MOKPAIIUTH
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CI1BMPAILIIO;

® TIOKPAIUTU SIKICTh HAJIaHHA TOCIYr: MOXXHA TMOJICTIIUTH BHUPIIICHHS
npo0OJsieM, BUSBHBIIM iX B pe3yjbTaTl aHaizy Mojeni Oi13Hec-Mpolecy
BIALTY. Lle MOoXke JOMOMOITH MOKPAIIMTH SKICTh MOCHYT, IO MPU3BENIE
JI0 3a/I0BOJICHHSI KJIIEHTIB Ta M1JBUIIEHHS iX JIOSIBHOCTI,

® TIOKPAIIUTH TMPUAHSITTS PIillICHb: 32 paXyHOK aBTOMAaTH3allii aHaJIi3yBaTh
pi3HI BapiaHTH PO3BUTKY Ipoliecy Ta ixHl Hachiaku. Lle momomarae
OpUiiMaTH Kpamil pillleHHd Ta 3MEHIIYBAaTH PHU3UKH, IOB’S3aHI 3
BHECEHHSM 3MiH y 0613HEC-TIPOIIECH;

® TMPOTHO3YBATU PE3yJbTaTH: MOJETIOBAHHS J03BOJISIE TTOKA3aTH Ha SIKUX
eTamax CJiJ 3aJisTH aBTOMATHU3AIlI0 TPOTHO3YBaHHS pE3yJbTaTiB Ta
BUSIBJICHHSI PHU3UKIB, TOB’si3aHUX 3 Oi3Hec-mporiecoMm. lle momomarae
BU3HAUUTH TMOTEHIUIWHI MpoOJeMH Ta MNPUHHATH 3aX0AM Ui 1X
YHUKHEHHS a00 MiHIMI3aIlii.

Onuc mopeni. PobGora koopaumHaTopa HaJ 3aMOBJICHHSIM TOYMHAETHCSA 31
3BEPHECHHS KJIIEHTA Ta 3aKIHYYETHCS 3aKPUTTIM TPOeKTy. IIpu poOGOTI 3 KiliEHTOM
daxiBerp yTOUHIOE BCl TOOAKaHHS Ta JOMOBJIIETHCS TIPO 3ycTpid Ha 00’ exTi. [licms
OTpPMMAaHHS 3aMOBJICHHS, KOOPJMHATOP BH3HA4Ya€ MPaIiBHUKIB SK1 OyayTh 3adisiHi,
MICS YOTO BHUKOHYETHCS PO3MITKa MailOyTHROI cucreMu. HacTymHMM Kpokom €
BU3HAYEHHS MONEPEIHBOI BApTOCTI pOOIT Ta MaTepiaiiB 1 BIAMOBIAHO X OTPUMaHHAM
nepenoriaty 3a marepianu. Koim KkoopiuHAaTOp 3aMOBUB Ta BXKE OTPMMAaB MaTepialiu
TO BIH HAaIpaBJisie TEXHIUYHY IPyMy Ha 00 ’€KT Uil BUKOHAaHHS poOiT. B pe3ynbTari,
KOOpAMHATOp (POopMye BCIO HEOOXIIHY JOKYMEHTALlI0, Ul Tiepeiadl il 3aMOBHUKY Ta
oyxranrepy. Mojens Oi3Hec-miporiecy B cepenoBuili Bizagi 3.7, BiamoBigHO 10
cranaapty BPMN, naBeneno Ha puc.1.

Pagora 3 knlewrom 3 MigraTonxa ge sukonannn poir b Brwonanna posir : Sakpurra npoexty N

Knignr

Koopauratop npoekry

Mpauionuku

Byxranrep

Puc. 1. Jliarpama BepXHBOTO PiBHS O13HEC-TIPOIIECY
KOOpAWHAIlT pOOOTH TEXHIYHOTO BIIUTY MIAIPUEMCTBA

BPMN miarpumye TUibku HaOlp KOHIIEMINIH, 1110 HEOOX1THI I MOJICTTFOBAHHS
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BUKJIIOYHO O13Hec-mporieciB, aine B HoTtamii BPMN nepenbaueno MoXIMBICTH
MOJICITIOBAaHHS MOTOKIB JIAHUX Ta ITOTOKIB IMOBIJOMJIEHB, @ TAKOXK acoIliaiii JaHuX Ta
.

B pesynbrari cTBOpeHHS Mojeii Oi3HeC Mpolecy OTPUMAEMO Bi3yallbHE
BIIOOpaKeHHSI HAsBHOrO Ol13HEC-TIPOIECy, IO MOKa3ye MOCIIOBHICTh i, SKI
NOTPIOHO BHWKOHATH, B3Aa€EMO3B’SI3KM MK PI3SHUMHU €TalmaMd Ta PoJib KOXKHOTO
yuyacHuka B mporeci. lle mo3Bosisie po3ymiTu Oi3HEC-TIpollec, HOro CKIagoBl Ta
B3aEMOJIII0 €JIEMEHTIB Oi3Hec-mpoliecy Mix coborwo. Ha ocHoOBI aHamizy mojeni
MO’KHA BUSIBUTH, IIO JJISI YIOCKOHAJIEHHsI O13HEC-MPOLIECIB B OpraHi3alii HeoOXiTHO
CTBOPUTH 1H(MOpMAIIiHY cUCTEMY M MIATPUMKH POOOTH KOOpAMHATOpA, sKa
3aMIHUTh TPaJMIIIIiHY MarepoBy CHUCTEMY Ha €JNEeKTpOHHY, Oyne 3abe3nedyBaTu
MOXKJIMBICTh (DOpMYyBaHHS 1 30€pekKeHHS BCiEl HEOOXITHOT TOKYMEHTAIlii Ta TPOEKTIB
B €JICKTPOHHOMY BUTJISI/I, aHAJI3 3amaciB HalO1IbII BUKOPUCTOBYBAHUX MaTepiaiB,
3a0€3MeUnTh MIABHUILEHHS SAKOCTI YINPaBIIHHSI 1 CHOpUSE YTBOPEHHIO IIIICHOI
eNIEKTPOHHOI CHCTEMHU JOKyMeHTooOIry. Takox, 3aBasku i1H(QOpMaliiHii cucTemi
KOOPJIMHATOp 3MOXE€ BECTH OOJIIK MaTepiajiiB, HaJaHWUX IOCIYTr, XiJ BHKOHAHUX
IIPOEKTIB Ta MPAI[iBHUKIB.

MogemoBanHss ~ Oi3Hec-TIpolieciB €  €(PEeKTUBHHUM  1HCTPYMEHTOM  JUJIS
M1JIBUIIICHHS €(EKTUBHOCTI Ta aBTOMATH3aIlli ICHYFOUUX IPOLIECIB BIAILTY. 3aBASKH
Bi3yalli3alii HasgBHOIO MPOLECY, € MOXJIMBICTh 3PO3YMITH IOCHIJIOBHICTh A1 Ta
B3a€MO3B’SI3KM MK PI3HUMH eTanamMu. AHall3 BY3bKHX MICIb MOJEII J103BOJISIE
BUSBUTH MPOOJIEMHI MOMEHTH Ta MOKPAIIUTH ICHYIOU1 O013HEC MPOIIECH.

Ha ocHOBiI cTBOpeHOi MoOJen MNpouecy KOOpAHMHAIT POOOTH TEXHIYHOTO
BIIIUTY MIANPUEMCTBA TI1JT Yac BHUKOHAHHS 3aMOBJICHHS MOXHA CTBOPUTH
iH(opmarliiiny cucteMy, sika JO3BOJUTH 3a0€3MEYUTH MOXKIIUBICTh 0€3 IMEPEIIKol
dbopmyBaTH BCl HEOOXIJHI JOKYMEHTH Ta TIPU3BEAEC 10 TMIJABUIIEHHS SKOCTI
yhpaBiiHHs. [HbopMmariiiHa cucTeMa 03BOJIMTH IIBHJIKO Ta TOYHO 0O0pOOIATH
BEJIUKUI 00CAT JaHUX, 3MEHIIIUTHU KUIbKICTh PYYHUX OIMEpalliil Ta yCyHYTH TTpoOIeMu
B KOOpAMHAIIT poOIT IMpaIliBHUKIB M1AMPUEMCTBA.

OTxe, MonenioBaHHS Oi3HEC MPOLECIB € TMOTY)KHUM 1HCTPYMEHTOM, SKHUH
JorioMarae IMmiaABUIIMTA €(PEeKTUBHICTb POOOTH HE JHMINE IMEBHOrO BIIIALTY, ajie i
BCHOT'O MIAPUEMCTBA B I1IJIOMY.
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METOJUKH, IPOUHEAYPH, CIIOCOBHU TA AJI'OPUTMU
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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.

Ornsan Texuomorii MIMO (Multiple-Input Multiple-Output) Tta 1i 3acTocyBanHs
y MOOUIBHUX CEHCOPHHMX MepekaxX. AHami3 pIi3HUX METOAUK 1 Mpoleayp, Lo
BUKOPUCTOBYIOTHCS JJIs BOpOBaKeHHsT TexHojorii MIMO y MOOIIbHUX CEHCOPHHX
Mepexax. JlocmimkeHHss epeKTUBHOCTI alropuTMiB 00poOku curHaiis st MIMO B
MOOUIBHMX CEHCOPHHX Mepekax. BHBUEHHS BIUIMBY PO3MIIICHHS aHTEH Ta iX
KoH(Iirypamiii Ha NOPOAYKTHBHICTH TexHoyorii MIMO B MOOUTBHHX CEHCOPHHX
Mepexkax. Po3poOka onTUManbHUX JITOPUTMIB IJIAHYBAaHHS Ta PO3IMOALLY PECYpPCIB
st texnonorii MIMO 'y MOOITBHUX CEHCOpHUX Mepekax. ExcnepuMmeHTanbHe
MOpIBHSIHHS pi3HUX BapiaHTiB MIMO-cuctem B MOOITBHUX CEHCOPHUX MEpexax 3a
MOKa3HUKAaMU MPOAYKTUBHOCTI. AHali3 BHUKJIMKIB Ta IMEPEIIKOJ Y BIPOBAKEHHI
texHonorii MIMO y MOOUIBHHUX CEHCOpPHHUX Mepekax Ta MPOMO3MIIl I10A0
MOJIOJIAHHS IIUX MPOOJIEM.
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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.

KoHnteiHepr3oBaHuii  10AaTOK — KOMIUIEKC TOJI0OHMX KOHTECHHEpIB 13
EK3eMIUIIPOM TIporpaMu. [IpuMipHUKN PO3TOAUISIOTHCS MO PI3HUX O0UUCTIOBATHHUX
BY3JIax 1 NPUUMAIOTh 3alUTH MapayielbHO. MK 00UMCIIIOBaIbHUMU By3J1aMU 3allUTH
PO3MOJISIOTh TaK, a0M HaBaHTaXXEHHS BY3JIiB Oyno omHopinHum [1]. Peamizaris
TaKoi HapajiedbHOI CHUCTEMH MOTpeOye anropuTMiB CHUHXpOHI3auli 00’ekTiB. s
ehekTUBHOTO OajaHCyBaHHS HABAaHTAXKEHHS aJITOPUTM Ma€  MaKCUMAaJbHO
3aJIOBOJILHATH KpPUTEPil MAaKCUMaJbHOI e()EeKTUBHOCTI BUKOPHUCTAHHS BY3IIiB,
ONTUMAJILHOCTI JOJaBaHHS a00 BIIKIFOYEHHS O0UYMCITIOBAIBHUX BY3JIIB.

JInst  JOCATHEHHS IUX KPUTEPIiB MPOMOHYETHCS PO3POOKAa aJaNTHBHOTO
AITOPUTMY OaJIaHCYBaHHSI, SIKHI pOOWB OM BUCHOBOK Ha OCHOBI KOMILIEKCHOI O3HAKH
PECYPCOEMHOCTI OOUMCITIOBATILHOTO BY3Jj1a, TOOTO BEJIMUMHH, sIKa O XapaKkTepu3yBaJa,
o 1 By301 Moke 00pobuTu N oreparriif meBHOro TUITY O€3 BTpaTH B Yacl BUKOHAHHS
omepauii. J{ng 1boro ciii BU3HAYUTH PECYpCOMICTKICTh Hamoro Bysia B RPS
(Requests Per Second — kinbkicTh 3anmuTiB 3a 1 c¢). BusHauntit RPS mi1st koskHOTO
tany 3anary. Tun  3anury Bus3Hadaetbcsa 3a URI, 1mo € HenoBTopHUM
171eHTU(PIKATOPOM 3aMUTy 1 rapaHTye, IO MPHU MPABWIBHIA apXITEKTypl Iporpamu
KoxkeH 3anuT 3a TUM ke URI BUKOpucTOBYBaTMME NMPUOIU3HO OJTHAKOBY KIJIBKICTh
pecypciB cepBepa. TouHicTe Bu3HaueHHS RPS 1 koxHoro 3samuty Oyne
Oe3rocepeHbO BIUIMBAaTH Ha €(PEKTUBHICTh CHHXPOHI3aTOpa IpH J0JIaBaHHI YH
BUMKHEHHI OOYMCITIOBAILHUX BY3JIiB. Y Pe3ynbTari peajizallii ailropuTMy O4iKy€eThCSI
3HMKEHHSI KUIBKOCTI HE3aJIIHUX BY3JIB 1 BY3JIB 13 YaCTKOBOI 3aBAHTAKEHICTIO Ta
3MEHIIIEHHS PECYPCIB JIJISl TPUMHSATTS PIIICHHS 11010 PO3MOALTY 3alHTiB.
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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.

besnporoBa ceHcopHa Mepexa abo 0e3apoToBa JaTUYMKOBA MeEpeka —
po3MojijieHa Mepeka 0e3liyul JaTYMKIB 1 BUKOHABYMX MPUCTPOIB, 00’ €THAHUX MIXK
co0010 3a JOTMOMOTIO0 paJioKaHay JUisi MOHITOPUHTY (DI3UYHUX MPOILIECIB.

besnporoBa ceHcopHa Mepeka 3a3BHYA CKIAJAE€ThCS 3 BEIMKOI KUIHKOCTI
JENIeBUX eHeproeeKTUBHUX OE3pOTOBUX MOAYJIB, MAaTYMKIB 1 BUKOHABYUX
MPUCTPOIB, TAKOX YacTO BHJAUISIIOTH CEpBep MJisi 300py Ta 00poOku iH(opmariii.
Bysnu ceHcopHOT Mepeki po3TalioBaHI Ha HEBENMKIN BiJICTaHI OJWH Bijl OJHOTO 1
CHUIKYIOTBCS 32 JOIOMOIOI0 pajiioKaHaly, Mepeiatoyi HeoOXiHy 1H(POopMallito, TaKy
K TIOKa3HUKHU JaTYMKIB (TeMmIiepaTypa, BOJIOTICTh 1 T.A.) 1 CUTHAJIM BHUKOHABYUM
MexaHizMaMm. OCHOBHA 17iesl CEHCOPHUX OE3APOTOBUX MEPEXK MOJIATAE B TOMY, IO, B
TOM Yac sIK MOKJIMBOCTI OJTHOTO By3j1a 0OMEKeH1, 3arajibHa MOTYKHICTh BCIE€T Mepexi
JIOCTATHS [l BAKOHAHHSI MIOCTaBJICHUX 3aBaHb.

3a3BUuail CEHCOpHI Mepexi OyayroThCs 0€3 SBHOTO 3aBIaHHS TOIOJIOTIT
MEpexi, OJHOrO0 pa3y BCTAHOBJIEHA Mepeka, MOBMHHA CaMOOpPraHi3yBaTHCS 1
JI0JTaBaHHS HOBHX BY3JIiB IIOBHHHO BiI0YBAaTUCS aBTOMATHYIHO.

barato ramyseii i chep IIsUIBHOCTI (TPOMUCIIOBICTh, TPAHCIIOPT, KOMYHAJIbHE
rOCIIO/IAPCTBO, OXOPOHA) 3allIKaBJIEH1 Y BIPOBAKEHHI TAaTYUKOBUX MEPEXK, 1 YHCIIO
CIIOXKMBaYiB Oe€3MepepBHO 30UIBIITYEThCS. TEHIEHIIS 3yMOBJIEHA YCKJIaJHEHHSIM
TEXHOJOTIYHUX TPOLECIB, PO3BUTKOM BHUPOOHUIITBA, PO3LIKUPIOIOTHCA MOTpedaMu
npuBaTHUX o0cCi0 B cerMeHTax Oe3MeKkH, KOHTPOJI pecypciB 1 BUKOPUCTaHHS
TOBapHO-MaTrepialbHUX LIHHOCTEH. 3 PO3BUTKOM MIKPOEIEKTPOHHUX TEXHOIOTIN
3’SBIISIFOTHCS. HOBI MPAKTHYHI 3aBJaHHA 1 TEOPETUYHI MpoOJIeMH, TOB’sA3aHl 3
3aCTOCYBaHHSIMHM JaTYUKOBUX MEPEK B MPOMHCIOBOCTI, YKUTIOBO-KOMYHAJTHLHOMY
KOMIUJIEKCI, JOMAITHIX TOCIOAapCTBax.
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[Mpuknanu obnacTeit 3acTocyBaHHs 0e3ApoToBUX Mepex [1]:

1. 30ip indgopmanii Ha BUpoOHMUTBI. CEHCOPHI MEpeXl BUKOPUCTOBYIOTHCS
JUISL CTEXEHHS 3a CTaHOM OOJaJHaHHs, 300py IOKAa3HUKIB JIaTYUKIB, a TaKOX
MOKA3HUKIB BOJIOTOCT1, TEMIIEpATypH, JTUMY B II€XaX.

2. Monitopunr 3a0pyaHenHsi mnoBiTpsi. CeHcopHi O€3ApOTOBI MeEpexi He
BHMAraroTh HasBHOCTI JIPOTIB, IO POOWUTH YCTAaHOBKY Takoi Mepexki HabaraTto
MPOCTILIE, HIXK IPOTOBUI aHAJIOT.

3. BusiBjieHHsI moxke:xk y Jicax. By3nmu moaiOHOI CeHCOpHOT Mepeki MICTATh
JATYNKA AUMY 1 TEMIepaTypHd, IO JO3BOJSIE BU3HAYUTH TIOYATKY MOXKEXKI
MaKCHMaJbHO IIBHIKO. 3aBISKH CEHCOPHUM O€3IpOTOBHM MeEpexkaMm, MOXKEKHI
MOXYTh J13HATUCSA, KOJIM MoYaiacs Moxexa 1 B sKUil 01K BOHA MOUITUPIOETHCS.

4. Tnmii cdepu, OB’ s13aHI 3 OXOPOHOIO HABKOJIMIIIHBOTO CEPEIOBUINA, TaKl SK
MOHITOPHUHT SIKOCT1 BOJIM 1 MOHITOPUHT CTUXIMHUX JIHX.

OCHOBHI XapaKTePUCTUKH CEHCOPHUX 0€3[POTOBUX MEPEK BKIIFOUAIOTh [2—3]:

e EHeprocnokuBaHHSI BY3JIiB Mepexi:

VY GaratboX CEHCOpHUX Mepexax >KUBJICHHS BY3JiB MMOXOAUTH BiJ OaTapei, AKy
B pa3i pO3psIKK JOBENEThCS MIHATU a00 M03apspKaTH, 10 HE 3aBXKIU MOXKIHUBO.
ToMy eHeprocnoXMBaHHS — OJHA 3 HAWBAXKJIMBILIIUX XapaKTEPUCTUK CEHCOPHHUX
0€3ApOTOBUX MEPEXK.

e BiaMoBoOCTIliKICTB.

CeHcopHa Mepeka MOBUHHA MPOJIOBKYBATH MPALOBATH MPHU BIAMOBI OJHOIO
ab0 JeKUIbKOX BY3MiB. UMM OUIbIIMI BIJICOTOK HEpOOOYMX BY3JIB HE BILIMBAE Ha
Mpane31aTHICTh MEPEeXk1, TUM BUIIE BIJIMOBOCTIMKICTh

e MoOIIBHICTH BY3JIiB:

Leit xpuTepiil BaXIMBUH JUIsl CEHCOPHUX MEPEXK, B SIKUX BY3JIU MOCTIMHO
MEePEMIITYIOThCS.

e MacmradoBaHiCTh:

MacmraboBaHicTh Mepexi O3Haudae, M0 KOHGITyparlisi Mepexl T03BOJIIE
JI0J1aBaTH HOBI BY3JIK 0€3 a00 3 MIHIMAJILHOIO KUTBKICTIO PyYHOT HACTPOHKH.

e CriiiKicTh 10 YMOB HABKOJIMIIHBOI 0 CePeIOBUINA

CeHcopHl 0€31pOTOBI MEpPEXi 4acTO PO3TAIIOBYIOTHCS B YMOBaX, BIIMIHHUX
BiJl KIMHATHUX, Ha €JEKTPOHIKY MO>K€ CTBOPIOBATHM HETaTUBHUM BIUIMB BHUCOKI Ta
HU3bK1 TEMIIEpaTypH, BOJIOTICTh, BITEp Ta 1HIII YMOBH HABKOJUIIHBOTO CEPEIOBHIIA.
CTiMKICTh 10 HECTIPUSATIMBUX YMOB JIOCSATAETHCSA 32 PAXYHOK 3aXHUIICHOI'O KOPITYCY
JUIA By3lla CEHCOPHOI MeEpexki, a TaKoX 3a paxXyHOK TMpaBUIIBLHOTO BHOOPY
eJIEKTPOHHUX KOMITOHEHTIB, 110 MOXYTh MPAIIOBATH Y CKJIATHUX YMOBAX.

e besneka:

Ockibku 1H(MOpMaIlis TIepeaeTbecs 4Yepe3 BY3NIU Oe3ApOoTOBOI Mepexi, I
BY3JIM MOXKYTh TEPEXOIUTIOBATH 1 HaBITh MIAMIHATU 1H(opMalito. Jjig BUpIiIEHHS
11€1 MPoOJIEMH 3aCTOCOBYIOTHCS AJITOPUTMHU U (DPYBaHHS

Konu moTyxHicTh nepeaadi BCiX MOAYJIB CEHCOPHUX BY3JIIB JIOCUThH BEJIMKA 1
CEHCOpU MOXKYTh TIepedaBaTH JdaHl Oe3mocepelHbO J10 0a30BOi CTaHIlli, BOHU
(GYHKIIIOHYIOTh 3a TOIOJOTIEI0 «3ipKay, SK TMOKa3aHO Ha pucyHky l.1. VYV naniif
TOMOJIOTIT KOJKEH CEHCOP B3aeMOJIi€ Oe3mocepeIHbo 3 0a30BOI0 CTAHIIIETO.
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OpHak, CEHCOpHI Mepekl YacTO MOKPHUBAIOTH BEJIMKI TEPUTOPIi 1 MOTYKHICTh
neperaBaya NOBMHHA OyTHM 3MEHILEHA A0 MIHIMyMy, 1100 30epertu eHepriro. Sk
HACJIJIOK, Tepejavya JaHUX Yepe3 KiJbKa BY3JB — OUIbII MOLIUPEHA CUTYaLlisl IS
CEHCOPHUX MEpPEX, SIK MOKa3aHo Ha puc. 1. Y Takiil MeUI-Tononorii By30J1 CEHCOPHOT
Mepexl TOBUHEH HE TUIbKM OTPUMYBATH 1 MEpelaBaTH CBOI JlaHl, ajie 1 TpaTH pojb
IIUTFO3Y JUTSI 3B’ SI3KY 1HIITUX BY3JIiB 13 0230BOO CTAHIIIEHO.

BY30/1/

- Wnos

.

Ba3oBa aa“’ Ba3oBa cTaHUIA
Puc. 1. Tononorii «3ipka» (J1BOPYY) Ta «Memn» (MpaBopyY)

YV uii myOmikaiii po3TASHYTO HasBHI PIIICHHS CTBOPEHHS CEHCOPHOI
0€3pOTOBOI MEPEXKI, sIKa MOXKE OYTH 3aCTOCOBAHA B PI3HUX 00JIACTSIX, TAKUX SIK: 301p
JAHUX y KOMIUIEKCI TeIUIUIlb, CUCTEMA <<po3yMHHH OyIMHOK», MOHITOPUHT TOKa3aHb
TEMIIepaTypyd 1 BOJOTOCTI TpH 30epiraHHl CIILCHKOTOCIOAAPCHKOT MPOIYKITIT,
MOHITOPHUHT MOKa3aHb Ha BUPOOHUIITBI 1 T. 1.

PosrnsiHyTi  ceHCOpHI 0€3ApOoTOBI Mepeki MOXKYTh TPAlOBaTH B JBOX
peXuMax: «3ipka» Ta «meshy, M0 T03BOJSE CTBOPUTH SIK MEPEXKY, J€ KPUTUIHO
€HEprocroXXMBaHHs, sfka Oyae mpaioBatd 0e3 3aMiHM a00 JOJATKOBOI 3apsaKu
aKyMYJSITOpIB KUTbKAa MICAIB, TaK 1 Mepexy, A€ MOTPIOHO OXOMHUTH BEIUKY
TEPUTOPIIO 3 JKEPEJIaMU KUBJICHHS BEJTMKOI 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.

MobineHi cencopHi Mepexi (MCM) 6e3CyMHIBHO € OHUM 3 HaBaJIUBIIIHX
TEXHOJIOTIYHUX JOCATHEHb. 3a OCTaHHI JIeCATh POKIB MOOLUIBHI CEHCOpHI Mepexi
OTPUMAaJIH IIMPOKE BU3HAHHS N0 BCbOMY CBITY, 11 MEPEXK1 MAIOTh BaXJIMBE 3HAUCHHS
JUIA PI3HUX 3aCTOCYBaHb, HANPUKIIAJ MOHITOPUHI HABKOJMLIHBOTO CEPEJOBHILA,
OXOpOHA 3JI0pOB’ s, BAKOPUCTAHHS y BINCbKOBUX LUIAX Tow0. OHAaK, IIeH TUIl Mepex
Ma€ JOCHUTh CEpHO3HY MpOOJeMYy IO 3HUXKYE iX €(EeKTUBHICTh — II€ OOMEXKEHUM
TEpPMIH CITykOu Oartapei.

CeHCOpHI BY3JIM 3 SKUX CKJIAQJIa€ThCSI MEpeKa BUKOPUCTOBYIOTh €HEPrito JIst
nepenayl Ta 0OpoOKM JaHUX, (PAKTUYHO TEPMIH CITy>KOM CEHCOPHOI MEPEXKI 3aJIECKUTh
BiJl TEpMIHY CITy)OM Oarapei CEHCOpPHUX NaTYuKiB. B 1iil cTarTi HaBeAeH] TpU Pi3HI
METOIM SIKI MOXYTh TOKpAIIMTH €HEpPro30epeKeHHs] CEHCOPHUX JaT4yuKiB, 1
BIZITIOBITHO 301JIBIIIMTH TEPMIH CITY>KOU BCi€i ceHcopHOT Mepexi (puc. 1.)

Metoou eneprozbepesenna g MCM

EneproethexTHER Konctpysan
26 i 3 HHIBKHM
AT OpHTNH P SHEpTR EHEPT OCIIOMHE AHHAM

Puc. 1. Meronu eneprozoepexxenns B MCM

e EHeproedexTuBHI aNrOpuTMHU: BHUKOPUCTAHHS €HEProe(eKTUBHHUX
QITOPUTMIB ~ MOXE  JOMNOMOITH  3MEHIIMTH  OOYHCITIOBAJIbHE
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HABAaHTAXXEHHS Ta BIANOBIHO CHOXXMUBAaHHS eHeprii. ['apHuM npukiiagom
TaKMX QITOPUTMIB € QITOPUTMH KJacTepu3alli [0 3aCHOBaHI Ha
lepapxiuHiii Mojeni MmoOyq0oBU CEHCOpHUX Mepex. [Ipu BUKOpHCTaHHI
aJITOPUTMIB KJacTepu3allii, BCA CEHCOpHA Mepexa po30MBAaeThCS Ha
OKpeMi KJIaCTE€pH, B KOXXKHOMY KJIACTEpl OOMpAEThCS OAMH BY30J, LIO
BIJIMOBIA€ 3a KOOPJMHAII0 poOOTH Ta 30Mpae JaHl BiJ yCiX 1HIIHX
BY3JIIB KJIaCTEpy, TAKMM YHMHOM, Iepelaya JaHUX Bl OKPEMHUX BY3JIiB
BIIOYBA€THCSI HA HEBEJIMKI BIJCTaHI y YITKO BU3HAYEHUX MEXKax, IIO
JI03BOJISIE 3MEHIIUTHU MOTYKHICTh NIEpeaBayviB.

e 30ip eHeprii 3 HABKOJIUIIIHHOTO CEPEJIOBUIINA € 1€ OJHUM 3 METOIB fKI
MOXYTh  TIOKPAIIUTA  €HEProeEeKTUBHICTh  CEHCOPHUX  MEPEK.
Heob6xinHo 00saqHaTH CEHCOPHI NaTUYUKHU BiMOBITHUMU MOIYJISIMU JJIs
300py eHeprii HampuKIiIal, TeroBoi a0 coHsyHoi. [le Moxke momomorTu
HiATpUMYBaTH 3apsj O0aTtapei MOOUTBHUX CEHCOPHUX JaTUHKIB.

e BukopHucTaHHS KOHCTPYKLIM 3 HU3bKHUM EHEPrOCHOXUBAHHSIM MOXKE
MOJAOBXKHUTH  TepMiH  caykOu  Oarapei  CEHCOpPHHUX  BY3JIB.
BuxopucroBytouun METO/IU MPOEKTYBAHHS 3 HU3BKUM
CHEpProCHOKMBaHHSAM, HAMpPHUKIAI: CTPOOYBaHHS MOTYKHOCTi, 3MiHa
HABaHTAXEHHS Ta MaclmTa0yBaHHS HANpyrd, MOXHA 3MEHIIUTH
€HEpProCIOKMBaHHS alapaTHUX KOMIIOHEHTIB HaIlPUKIIa[ MPOLIECOPIB Ta
MOJIYJIiB 0€3APOTOBOIO 3B SI3KY.

Ax yxe Oylo 3a3Ha4eHO, MOOUIBbHI CEHCOPHI MEpEeXl BIAIrpaloTh BAKIUBY

pOJb B JKUTTI JIIOJUHHU, OCOOJMBO KOPUCHUMHU BOHM € TpPU BUKOPUCTaHHI iX B
BaXKOJOCTYITHUX MICIISIX, 00 B yMOBAax sKl € HEOE3MEeYHUMU JIJIs JIH0Jed, 00J1acTh
3acTocyBaHHs TexHONOT1H MCM CTpIMKO pO3IIUPIOETHCS, TPOTE OOMEKEHUIM TEPMiH
CIIyKOU CEHCOPHUX BY3JIIB BCE I11€ 3aJIUIIAETHCS CEPUO3HOIO MTPOOIEMOIO KA 3HIKYE
iX €(PEKTUBHICTb.
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Strategies for Applying MIMO Technology in Maobile 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 ocranHi1 poku MOOUIBHI CEHCOPHI MEPEXKi CTAlOTh BCE O1IBII MOMUPEHUMH B
pi3HUX cdepax >KUTTSA, TaKuX SIK MEAUIMHA, CIOPT, MPOMUCIOBICTh Ta iHIm. Ll
Mepexi BUKOPUCTOBYIOTh JATUMKH Uil 300py PI3HOMAaHITHUX JlaHUX, HalpUKIas,
TEeMIEpaTypH, BOJOrOCTI, pIBHA IIyMYy Ta 1HIIMX napamerpiB. Ilpore, 3 po3BUTKOM
MOOUIBHMX CEHCOPHMX MEpPEX BHHHUKAIOTh PI3HI NPOOJIEMH, Taki SIK HEAOCTaTHS
MPOITYCKHA 3/1aTHICTh, OOMEKeHa eHeproedeKTUBHICTh, CKIAJAHICTh MapIIpyTU3aIli
Ta 1HIII.

OgHuM 3 MeTOAIB, SKUH JOMOMAara€ BHUpIIIYBaTH 11 OpoOJIeMH, €
Bukopuctanus TexHojyorii MIMO (Multiple-Input/Multiple-Output). Texnosmoris
MIMO 3acTocoByeThCcsl B 0ararboX CHUCTEMax pajio3B’si3Ky, Bkiarovaroun Wi-Fi ta
MOOUTbHMI 3B’s130K. BOHa [103BOJISIE BUKOPUCTOBYBATH OUNIbIIE OAHIET aHTEHU AJIs
nepeaadi Ta OTPUMAHHS CUTHAJIB, IO 30UIbIIYE KUIBKICTh NEpeaBaibHUX KaHaJIB
Ta TMOKpallye sKicTb curHaay. OTke, y MOOUIBHMX CEHCOPHUX Mepexax
BUKOpUcTaHHs TexHosorii MIMO no3Bosisie MIABUIIMTH MPONYCKHY 3/aTHICTb,
3MEHIIIUTH CIIOKWBAaHHS CHEPrii Ta MOKPAIIUTH MapIIpyTH3allito nanux [1-2].

Tabn. 1.
llepesazu i neoonixu euxkopucmanus MIMO 6 MobinbHUX CEHCOPHUX Mepedcax
IlepeBaru Hepnomiku
30611bI1IEHA TTPOITYCKHA 3JaTHICTh Bucoki BuMor#u /10 arapatHoro 3a0e3rneueHHs
3MEHIIICHHS CITO)KUBAHHS €HEeprii CknagHicTh peanizaii
ITokpareHa sxicTh nepenadi ganux | OOMeKeHe MOKPUTTS

Metoau BukopuctanHs TexHosnorii MIMO B MOOUIBHUX CEHCOPHUX MeEpekax
MaroTh Ha METI MOJINIIEHHS MPOJTYKTUBHOCTI Ta SKOCTI Mepeaadi JaHuX, 3MEHIIEHHS
iHTepdepeHiii Ta 3abe3neueHHs HaAiWHOT mepedadi maHux. llommupeni meromau
BKJIIOYAIOTH [3]:
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[Tpoctopose koxyBanus (Space-Time Coding): meit Mmeron 3abe3mneuye
pEe3epBH1 KOIi JaHUX, 110 MePeIaloThCsl, TOKPAIIYIOUHU SKICTh Mepeayi.
Bin 3MeHIIye BIUIMB BTpaTH JIaHUX Ha Mepeavy, aje MOXe MOTIPIIUTH
MPOITYCKHY 34aTHICTh MEPEXKI.

[IpocTropoBe MynbTHILIeKCYBaHHS (Spatial Multiplexing): ueit meron
JI03BOJISIE BUKOPUCTOBYBATH KUIbKA aHTEH Ui Nepeaadl JaHUX 3 pI3HUX
noTokiB. BiH 30uIbllye NMPOMYCKHY 3/aTHICTH MEPEXKI Ta 3MEHIIYE
1HTEpEpPEeHLiI0, ajle MOXKE 3HU3UTU HAJIWHICTh Mepeaadl 1aHuX.
Macusae MIMO (Massive MIMO): 1ieif MeTolT BUKOPUCTOBYE BEITUKY
KUTBKICTh @HTEH JJIS Nepefadi Ta OTPUMaHHS JaHUX, 3HKYIOUW BIUIMB
mymiB Ta iHTepdepeHiii Ha mnepemady. Bin 3a0e3medye BUCOKY
MPONYCKHY 37IaTHICTh Ta HU3bKY 3aTPUMKY, ajie Ma€ CKJIaJHYy peaji3aliio
Ta BUMArae moTy)KHUX 00YHCITIOBAIBHHUX pecypciB [4].

Yactrorne MIMO (Frequency MIMO): 1eilt MeToJT BUKOPUCTOBYETHCS
JUTSL TOCSITHEHHSI BUCOKOI1 MPOIYCKHOI 3JJaTHOCTI Ta HU3BKOI 3aTPUMKHU
IIUIIXOM BUKOPWCTAaHHS KITLKOX YAaCTOTHHUX Jlama3oHiB. BiH Takox
MIJBUINYE HAMIMHICT, Tlepedadl JaHuX, aje BUMarae OuIblie
O0YHCITIOBATILHUX PECYPCIB Ta Ma€ CKJIAIHY peati3alliio.

Takum 4YMHOM, METOAM 3acTocyBaHHs TexHojorii MIMO B MoOUIBHUX

CCHCOPHUX MEpekax MaloTh CBOi MepeBard Ta OOMEXKEHHs, 1 BUOIp MiAXOny
3aJIEKUTh B1J] KOHKPETHUX BUMOT Ta OOMEXEHb MEPEXI.

OauH 13 HAUMOMYJAPHIIIMX MPUKIAAIB BUKOpHCTaHHS TexHosorii MIMO B

MOOUIBHMX CEHCOPHHX Mepekax — Iie 3acrocyBanHs B ctrannapti LTE. V crangapri
LTE BUKOPUCTOBYETBCS METOJ IMPOCTOPOBOTO MYJIBTUIUIEKCYBAHHS, KA J0O3BOJISIE
nepeaaBaTy JIaHl Ha KIJIBKOX IMOTOKAax 3a JOIMOMOIOK OaraThbOX aHTEH Ha 0a3o0Bid
CTaHIlii Ta KiHIleBoMy TpucTpoi. lle 3abesneuye BUCOKY MPOIYCKHY 3/IaTHICTh Ta
e eKTHBHICTh TIepeiavi TaHUX Y MOOUILHUX Mepexax [5].

Puc. 1. Cuenapiii Buxkopuctanaa MIMO B 5G

VY cydacHHX MOOITBHUX MepekaxX BUKOPUCTOBYeThCs TexHojoris MIMO mis

3a0e3neyeHHs IIBUJIKOI TMepefadyl JaHuX Ha BHCOKOYACTOTHUX Jliala3oHax.
Hanpuknan, B mepexxkax 5G BUKOpUCTOBYEThCS TexHonoris Massive MIMO, ska
JTO3BOJISIE TOCSITTH BHUCOKOI TIPOMYCKHOI 37JTaTHOCTI Ta 3HUKEHHS 3aTPUMKH Iepeaadi
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nanux. 3acrtocyBanHga Massive MIMO B mepexkax 5SG 103BoJIsiE BUKOPUCTOBYBATU
OUIbIy KUJIBKICTh aHTE€H Ha 0a30BIM CTaHII Ta OOCIYrOBYBAaTH OUIbIINY KUIBKICTh
KOPHUCTYBauiB OJHOYACHO, 3a0e3MeUyloYd BHCOKY SKICTh OOCIYrOBYBaHHS Ta
HMIBUAKICTH mepeaayi ganux [4].

VY Mmepexkax Wi-Fi takox BukopuctoByerbcst MIMO nnst HamiiiHol nepenadi
naHux. TeXHOJOTis MPOCTOPOBOIO KOIYBAaHHS 3aCTOCOBYEThCS B cTaHmapTi Wi-Fi
802.11n, mro 3abe3nedyye BHCOKY MPOIMYCKHY 3AAaTHICTh Ta CTA0UIBHICTH 3B 3Ky Yy
nopiBHsHHI 31 crangaptoM 802.11b/g.

VY CeHCOpHHX Mepexax TakoX BUKOPUCTOBYyeTbcs MIMO mist edexkTuBHOT
nepefadi JaHUX BIJI CEHCOpIB JO IIEHTPaJbHOro By3ja Mepexi. Hampuxnan, y
Mepexkax Oe3IpOTOBOrO0 3YMTYBAaHHS IOKa3HUKIB eHeprocnoxkuBaHHsa (Wireless
Smart Metering), MIMO no3Bossie 0JHOYACHO TepeiaBaTh JaHi 3 KUIBKOX CEHCOPIB
3a IOMOMOTOI0 KIJIbKOX aHTeH 0a30BOi CTaHIIii, 1110 3a0e3nedye HaaIMHICTh Tepeaadl
JTaHWUX Ta ePEKTHBHICTH Mepexi [5].

MIMO B MOOIIBHMX MepeXkax BiAirpae Bce OUIBII BaXJMBY pOJb Y
3a0e3nedyeHH1 MBUAKOCTI Nepeaadl gaHux. Ll TexHomoris 103B0Is€ epeaaBaTy JaHi
Ha BENHMKINA BIJCTaHI 3 BUCOKOIO HIBHAKICTIO, IO J03BOJISIE MOOUIEHUM MPUCTPOSIM
eeKTUBHO TpAIIOBaTH 3 BEIUKUM oOcsroM manmx. Kpim Ttoro, MIMO
BUKOPUCTOBYETbCS JIJISl TIOMIMIIEHHS $IKOCTI 3B’SI3Ky Ta 3MEHIIECHHS IIyMIB Ta
1HTEep(epeHLiid B MOOITTbHUX Mepexax.

Ocob6muBo B Mepexax S5G, texnonoris MIMO € KIOYOBUM €IE€MEHTOM,
3a0e3neuyrodn eheKTUBHY Mepeaady JaHUX 3a JOMOMOTrO0 OUIBIINOI KIJTbKOCTI aHTEH.
Ile o0co0aMBO BaXIWBO I BHCOKOIIBUJKICHMX  JOJATKIB, TakKHX SK
BiJICOKOH(EPEHIIii Ta CTPIMIHTOBI CEPBICH.

Y migcymky, MIMO € edekTUBHOIO TEXHOJNOTIE Ui TMOKpaIIeHHS
MPOJYKTUBHOCTI MOOUIbHUX Mepexk. BoHa 3a0e3neuye MBUAKY Mepenadyy AaHUX Ha
BEJIMKIHM BiJICTaH1 Ta MOKpaIlye AKICTh 3B’ s13Ky. B maii0yrupomy, MIMO marume 1e
Ounbllle 3HAYEHHS Yy MOOUIBHMX MEpexax, OCOOJMBO 3 PO3BUTKOM HOBHUX
BHUCOKOIIBHUIKICHUX JTIOAaTKIB 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.

Bigeopo3mnizHaBaHHs 00JWYYs Ta MPEAMETIB BUKOPHUCTOBYETHCS B PIZHUX
00J1aCTAX, BKIIOYAIOYM OC3IIEKY, BiJACOCIIOCTCPEIKEHHS, PO3Ii3HABaHHS aBTOMOOLIIB
Ha JI0pO031, peKiiaMy, aHaJli3 MOBEAIHKUA 00’ €KTIB, PO3MI3HABAHHS €MOIIiil TOLIO.

JIs1 Bimeopo3mi3HaBaHHs OOJWYYS ¥ IHIIUX MPEIMETIB BUKOPUCTOBYIOTh Pi3HI
METO/Y 1 AITOPUTMHU MAIIMHHOTO HaB4YaHHA [1 ], 30kpemMa HeMpOHHI Mepexi, IITMOOoKe
HAaBYaHHS, AJITOPUTMU BUSBICHHS O0’€KTIB, aHamizy 300paxeHb Ta iHm. [Ipore
O1MBIIICTh AJTOPUTMIB MAIIMHHOTO HaBYAaHHS MJI1 €(PEKTHBHOI poOOTH MOTpedye
3HAUHUX OOYMCIIOBAILHUX TOTYKHOCTEM, 10 MiABUIINYE BapTICTh amapaTHO-
MPOrPaMHMX PIIIEHB JJI KIHIIEBUX CIOKMBAYiB 1 0OMEXKYE iX MTUPOKE BUKOPUCTAHHS
B CUCTEMax PO3YMHHX OYIMHKIB MOOYTOBOIO PiBHSI.

[IpoBeneHo aHami3 ICHYIOYMX QJITOPUTMIYHO-TIPOIPAMHHMX — PILIEHb JJIs
pO3Mi3HABaHHS MPEAMETIB Ta OOJIMYYS JIIOJIMHU 32 JOTOMOror IudpoBux kamep. B
SKOCTI OCHOBH Ui pealizaiii y BIaCHOMY IPOEKTI po3Mi3HaBaHHSA 00JUY OOpaHO
HalOUThIl e(EeKTHBHI 3 TOYKH 30py TOYHOCTI PO3MI3HABAaHHS PYyXOMHUX 00’ €KTIB
aimroput™  CNN, sxuii morpebye amanTarii s poOOTH HaA MaJOMOTYXHUX
MiKpOKOHTpOJIean 110 JIETKO IHTETPYIOTHCS Y CUCTEMHU PO3YMHUX OYJIWHKIB.

Ha ocHoBi 00paHoro ajroputTMmy po3poOJeHO HOro yIOCKOHAJIEHY BEpCiio i
alanToBaHy NPOTpaMHY peali3alil0 MPOIIUBKH MAJOMOTY>KHOTO 1 HEZ0pOro
MikpokoHTposepa ESP32-S3 i3 mudpoBoro kameporo, 1m0 JT03BOJISIE yIOCKOHAIUTH
1H(popMaIliiiny cucteMy po3yMHOTo OyJIMHKY 0e3 3HauHUX (DIHAHCOBUX BUTpAT.

[IpoBeneHi HaBYaHHSI HEHUpPOMEPEkKI 1 TECTYBaHHSA POOOTH AJTOPUTMY JOBEIH
HOro epeKTUBHICTH 1 CTAOUIbHICTH POOOTH.
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Information Security System for a Smart Home Using 10T 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 cydacHomy unudpoBoMy CBITI, 1€ JaHi BIAITpalOTh KIIOUYOBY pOJIb,
3abe3nedeHHs Oe3neku iH(opMallli cTa€ KPUTUYHO BKIIMBUM 3aBJaHHSAM Ui Oynb-
aKoi opraHizaiii. [ndopmariiiina cucrema O€3MEKH BU3HAYAETHCS K KOMIUICKCHUM
MIJIX1J A0 3aXUCTY KOH(IICHIIIHHOCTI, IIJIICHOCTI Ta JAOCTYMHOCTI naHuX. L{s Tema
JOCITIJKY€e CydacHUU cTaH 1H(opMailiiiHoi Oe3leku B OpraHizaiisx Ta IpPONOHYE
aHaJ3yBaTH Ta ONTHUMI3yBaTH ICHYIOYl 1H(OpMAIlIHI CUCTEMU O€3MEKH 3 METOI0
3a0e3neyeHHs €(EeKTUBHOIO YIPABIIHHS pPU3UKAMHU Ta 3a0€3MEeUeHHS HaJIiHOro
3aXUCTY JaHUX.

OcHOBHa MeTa PO3yMHOro OYAMHKY TONIArae y Tomy, 100 3a0e3nedyuTu
MaKCUMaJIbHUI piBEHb KOM@OPTYy Ta O€3MeKH i1 MEINIKaHIIB. 3a JOMOMOIOI0
BOY/IOBaHWX CEHCOPIB, CHUCTEM KOHTPOJIO Ta VYIPaBIiHHS, OYIHMHOK MOXeE
aHaJI3yBaTH JaHl Ta 3a0e3leuyBaTH ONTUMAJbHUN pIBEHb (DYHKI[IOHYBAHHS PI3HUX
CUCTEM, IO JO3BOJISIE 3MEHIIIUTH BUTPATH HA €HEPrito Ta 3a0e3NneuuTH ePeKTUBHE
BUKOPHUCTaHHS PECYPCIB.

Pozymuuii OynuHOK MOXxe OyTHM BIJJAJIEHO KEpOBaHUM 3a JIOMOMOIOIO
MOOITFHUX J0AATKIB a00 BeO-1HTEepdeiicy, 0 J03BOJISIE MEIIKAHLIAM KOHTPOJIIOBATH
po6oTYy OyIMHKY 3 OYAb-SIKOTO MICIIS Ta B Oy/Ib-sIKUI Yac.

VYce ne nmiarpumyethbes 3apasku TexHosorii IoT — Internet of Things, a6o
IHTEpHET pedyeil, sika ysaBisie 3 ce0e Mepexy (I3MUHUX MPUCTPOIB, LIO MiJKIIOYEH] 10
IHTepHETYy Ta OOMIHIOIOTBCA JaHUMU MK c000I0 0e3 HeoOXiTHOCTI B3aeMOIl 3
JOIUHOW a00 iHmuMHU Tpuctposmu. Ilpuctpoi [oT mMoxyTe OyTH pi3HOTO THUIY,
BKJIFOYAIOYM JIATYMKHU, KOHTPOJEPH, PO3YMHI JIOMallHi MPHUCTPOi, aBTOMOOLII,
MEJIUYHI MPUJIaIu Ta 1HIII

Taka cuctema 3abe3neuye 11107000BUN KOHTPOJb Ha/ PI3HUMHU MapaMeTpaMu
OYJIMHKY, TaKUMHU SIK OCBITJICHHS, OINAaJIeHHS, KOHJUIIIOHYBaHHS TOBITPS, a TaKOX
0e3MeKo0, BKII0Yal0YH KOHTPOJb JOCTYIY, BUSBICHHS MOXEXK1, BATOKY ra3y Ta IHIII
HeOe3MneuH1 cuTyariii.

OnHa 3 OCHOBHUX MPOOJIeM ToJisArae y 3a0e3neueHH] Oe3MeKku nepenayl JaHux
MDK PI3HUMH KOMIIOHEHTaMH cucteMu. HemocraTHbo 3axuineHa mepefada JaHuX
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MOXE TPU3BECTH JI0 BUTOKY KOHOIACHIIHHOI 1HGopMaIli Ta 30UIBIIMTH PHU3UK
kioeparak. Jlns 3amoOiranHs kiOepaTakam TMOTPIOHO pO3pOOJIATH  CUCTEMU
3a0e3neueHHss Oe3leKH, K1 BKIIIOYAIOTh B ce0€ 3aXHCT BiJ BIJOMHMX BHIIB aTak,
MOHITOPUHT CUCTEMH Ha BUTAJKUA HECIIPABHOCTEH Ta MIBUIKUM BIATYK HA HUX

[Hmoro mpobyiemoro € 3abe3neyeHHs] HaAIMHOCTI Ta CTIMKOCTI CHCTEMH.
Po3ymHuuii OynmMHOK MICTHTH ©araTo pi3HHX €JIEKTPOHHHUX MPHUCTPOIB, SKI MOBUHHI
CIIBMPAIIOBATH MiX COOOI0, 1 HEMPABUJILHO HaJAIITOBAaHA CUCTEMa MOXKE MPUBECTHU
710 HECTIPAaBHOCTEH Ta aBapiil.

BaxxnuBo Takox 3a0e3neunTy CyMICHICTh 1H(MOpPMAIHOI cCUCTeMH Oe3MeKkH 3
IHIIMMU CHCTEMaMHM Ta MPHUCTPOSIMHU, LI0 MOXKe OyTH NpoOJIEeMOI0 uepe3 pi3Hi
CTaHJApTH Ta TPOTOKOJIW. HegocrtaTHd CyMICHICTH MOXE TIPH3BECTH 10
HEMPaBWIBHOI pOOOTH CUCTEMU Ta 3MEHIIIEHHS i1 €)eKTUBHOCTI.
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SECURITY CHALLENGES
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INSUFFICIENT [@,
PRIVACY
PROTECTION

INSECURE DATA (@,
STORAGE AND
TRANSFER

INSECURE
NETWORK
SERVICES

IOT CHALLENGES FOR DEVICES ENVIRONMENTAL IOT CHALLENGES

Puc. 1. Tlepenik BimoMux npoo6eM iHGOpMaIliiHUX CUCTEM
Oe3nexkn po3yMHUX OYIUHKIB

@Y PRIORITISATION
OF PRODUCTIVITY

Icnye Oarato TOTOBHX DpIillleHb, SIKI MOXYTh BXOAUTH 1O CKJIaAy CHCTEMU
pO3yMHOro OYIMHKY Ta JomnoMarati y 3a0e3leueHHI KOHTPOJI0 Ta Oe3MeKH.
Hapenemo niesiki 3 HaUMOMTUPEHITUX TPUKIIAIB TAKUX PIIICHb.

1. Momyneaa cucremu Oesreku: OCHOBHHUM HANpPSIMKOM €  CTBOPCHHSI
MOJIyJIbHOI CHUCTeMH O€3MeKH, fKa JO03BOJUTH KOPHCTyBadaM HaJallITOBYBaTH Ta
MaciTabyBaTy pIllIEHHS BIATMOBIAHO MO0 CBOiX moTped Ta Oromkery. lle moxke
BKJIFOYATH PI3HI BUAM CEHCOPIB, KAMEP Ta CUCTEM KOHTPOJIIO AOCTYIY, SIKI MOXKYTh
JIETKO IHTETPYBATUCS Ta CIIBOPALIOBATH MIXK COOOIO.

2. BukopuctanHs  IMTY4HOrO0  IHTEJIEKTY Ta  MAIIMHHOTO  HABYAHHS:
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3acToCyBaHHSI QJITOPUTMIB IITYYHOTO I1HTEJNEKTY Ta MAIIMHHOIO HaBYaHHS ISt
aHay3y JaHuX, 30MpaHHA 1H(poOpMalli PO HABKOJMIIHE CEPElIOBULIE Ta
nependadeHHsT MOTCHIIMHUX 3arpo3 Oesmeku. Lle Moxke miaBUIIUTH €(hEeKTUBHICTH
CUCTEeMHU Ta 3a0€3MeYUTH MIBUJKE BHUSIBICHHS Ta BIATYK Ha TMOJii, MOB’sA3aHl 3
0€3MeKOI0.

3. EneproedextuBHi pimeHHs: Po3poOka eHeproeeKTUBHUX TEXHOJOTIH IS
cucteM Oe3MeKH PO3yMHOTro OYIWHKY, TAKUX SK CEHCOPU 3 HU3bKUM CIOXHBAHHSIM
€Heprii Ta ONTUMI3alLlisl AITOPUTMIB JIJIs1 3MEHILIEHHS €HEPrOBUTPAT.

4. KibepOe3neka Ta 3axuCT JaHuUX: BpaxoByrouM akTyallbHI TNHTaHHS
Ki0epOe3neku Ta 3aXUCTy JaHUX, PO3POOJISATH CUCTEMY O€3MEKH PO3YMHOT0 OYJAUHKY
Ta 3a0€3MeUUTH BUKOPUCTAHHS CY4aCHUX METOJIB IM(pPYyBaHHS, ayTeHTU]iKawii Ta
aBTOpU3AIlil /U 3aXUCTy JaHUX KOPHCTYBAdiB Ta 3amo0iraHHs HECAHKI[IOHOBAHOMY
JOCTYTY.

5. CucreMu JUCTAaHLIWHOTO KEpPyBaHHS — 11  MOPUCTPOI  JO3BOJIAIOTH
BJaCHHKaM OyIWHKY KepyBaTH OCBITJICHHSIM, OIAaJCHHSIM, KOHIUI[IOHEPOM Ta
IHITMMH MPUCTPOSIMU B OYJMHKY 3 JIOIIOMOT0r0 cMapTdoHa ado IIaHIIeTa.

6. CucreMu "pozymHHX" BIKOH Ta JBEpei — Il MPUCTPOI MOXKYTh
BIIKPUBATHCS Ta 3aKPUBATHCSI aBTOMATHUYHO 3 JIOMIOMOT'OI0 IaTYUKIB PyXY, JaTUHKIB
OCBITJICHHS 200 1HIIUX MTapaMeTpiB.

[{i npukiagy € JauIle HEMOBHUM IEPENTIKOM MOXJIMBHUX PIIIEHb, SIKI MOXKYTb
OyTHM BUKOpPHUCTaHI B CHCTEMI PO3YMHOTO OYyIHWHKY. PO3BHUTOK TEXHOJOTIH IIBUJIIKO
301TBIIYE KUTBKICTh JTOCTYIHUX MPUCTPOIB, SIKI MOXKYTh OyTH BKJIOUEHI JJO CUCTEMU
BaxmmBo mam’sTaTH, MO CUCTEMa PO3YMHOTO OYAMHKY MOBHHHA OyTH THYYKOIO Ta
MOXJIMBOIO JIO PO3IIMPEHHS, OCKIJIbKA BHUMOTH Ta MOTPEOM KOPHUCTYBaudiB 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 3a3HayeHo B [1], CBOEUACHICTh HaJaHHSI €KCTPEHOI MEIMYHOI JOMOMOTH B
VYkpaini HU3bKa, 0COOJIMBO y CUTbCHKIN MicIeBOCTi. Lle € ofHI€r0 3 OCHOBHUX TTPUYHH
BHCOKO1 IMOBIPHOCTI MEpeaYacHOi CMEPTHOCTI HACEJIEHHS IIUX PErioHiB (IOPiBHSHO
3 MICBKMM) Hacammepen Bia HeiHekmiiiHux xBopoO6. Kpim Toro, 1e
CYIPOBOKYETHCSI TIOCTIMHO 3pOCTAI04Y0i HECTauelo KBaTi(hiKOBAHOTO MEIUYHOTO
MEePCOHANY B CUIbCHKIA MICIIEBOCTI, CEJIMIAX MICBKOTO THIy Ta MaJUX MICBKUX
nocesneHHsx [2]. besyMoBHO, 110 Npu BUHUKHEHH1 Haa3BuuaHux cutyaiiin (HC)
IPUPOTHOTO TOXOKEHHSI, YUCIO KU B CBITI 1 B YKpaiHi MEpEeBUINYE KUTbKICTh
TEXHOT€HHUX KaTacTpod, MOXKIMBICTh OTpPUMaHHS HACENEHHAM CBOEYACHUX 1
SAKICHUX MEIWMYHUX TOCTYT 3HAYHO 3MEHITYETHCS.

B naHuii yac HaKONMWYEHO 3HAYHMUNA MO3UTUBHUM JOCBIJ IIOJ0 3aCTOCYBaHHS
METO/IB TEJIEMEIUIIMHU JUIsl HaJaHHS KBali(iKOBAHOI MEIWYHOI JOTIOMOTH
HACEJICHHIO CUILChKUX a00 BiAAJICHUX pailoHIB [3, 4] 1 TUM, XTO 3HAXOJUTHCS B 30HI
BIUIMBY Bpaxkarouux ¢paktopiB HC [5, 6]. Tenemenuimua nependadae HasiBHICTb
MOXJIMBOCTI Tepefadl Ha 3HA4YHY BiJACTaHb JaHUX MEIWYHOI JIarHOCTUKU Ta
OTpUMaHHs KBaJll(PiKOBaHOI KOHCYJbTaIli (haxiBLsl, KA aapecyeTbcs Oe3MocepeIHbO
namieHTy abo JKapro sKid 3maiiicHioe JiKyBaHHS. Ha skanb, sk 3a3HadeHo B [7], B
CUTbCBHKIM MiICIEBOCTI 65% ci1 HE TOKPHUTI IIHMPOKOCMYTOBUM JIOCTYIOM 1O
iHTEepHEeTY Ta 4,2 MJIH HAaceleHHs MpOXKHUBAE€ B HACEJIEHWX NYHKTaX, J€ HEeMae
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’KOJTHOTO ONTUYHOTO IpOBaiiiepa.

VY [5] HaBeaeHO pe3ynabTaTH aHaTI3y HIICTHAAUATH HalOinbm pyitHiBHUX HC,
aki BimOynucst y cBiTi 3a mepiog 2001-2018 pokiB. Cepen HHX MNpeACTaBliCHI, B
OCHOBHOMY, MPUPOJHI KartacTpodu (yparanu, 3emMyIeTpyCH TOIIO), alie € 1 (aKkTu
TepopusMmy (pyhHyBaHHS BexX — OmusHiOKiB B CIIIA Tomo). Bei mi momii
CYNPOBOKYBAIMCA 3HAUHUMM PYHHYBaHHSAMH 1 UHCICHHUMH  JIIOJCHBKUMU
xeptBamu. Ha mincraBi ganmx HaBeneHux y [S5], Oymo moOymoBaHO giarpamwu, siki
HAOYHO LTIOCTPYIOTh Pi3HI BaplaHTHU BUKOPUCTAHHS TEJIEKOMYHIKAIMHUX TEXHOJIOT1N
JUIA opraHizamii Meau4Hoi gomoMord (puc. 1), a Takox po3monin (akTiB
BUKOPUCTaHHS TEJIEMEIULMHU Il HAJaHHS JIOMOMOTM MOCTPAKIAIMM Ha PI3HUX
eranax HC (puc.2).

Puc. 1. TenekoMyHiKailiiiHi TEXHOJOT11, 16 A — 3aCHOBaH1 Ha BUKOPUCTaHHI1
[arepuery, B —renedonnnii 38’130k, C — CymyTHUKOBUH 3B’ SI30K

KinekicTs BUNaakie

2 1
0 l [ |
A B c

Puc. 2. Etanm HC Ha sKuX 3aCTOCOBYBAJIacs TeJEMEAUITMHA I HaITaHHS JOITOMOTH
nocTpaxaanum, ne A — no, mia yac 1 micisgs HC, B — micig HC, C — mijg yac HC

Ax BugHO 3 puC. 1, HAMOLIBIIT MOMMUPEHUM METOJOM 3IIMCHEHHS 3aXOJiB Y
paMKax TeJeMEIUIIMHU € BUKOPUCTAHHS iHTepHeTy. OJHaK Il TeJIeKOMYyHiKaIliiHi
TEXHOJIOT1i MaroTh oOMekeHHs. Hampukiaz, BiampaBka peHTTCHOJIOTIYHUX 3HIMKIB
a00 MeanuHUX BUCHOBKIB HeMoxiuBa [5]. Lo crocyeTscst 6€3ApOTOBOTO 3B’ SI3KY, TO
BiH, SIK 3a3HAY€HO Y [8], B 3HA4YHIN Mipl Ypa3IMBHUH /10 BILUIMBY 30BHIIIHIX MEPEIIKO/T
(BUMAIKOBUX a00 LUIECHPSIMOBAHUX), 110 CTBOPIOE CEPHO3HI MPOOJEMHU, a TAKOK
BU3HAE BiJICYTHICTh a0COJIOTHUX TapaHTil 0e3neku Ta KOH(]IACHIIHHOCTI MepeTaHnx
JAHUX.
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OT}KC, B HO,ZIi6HI/IX BHUIIaAKax H€06XiI[HO 34CTOCOBYBATH KOMINUIICKCHY CUCTEMY

HA/IaHHA TOCIYT 3 TeIEMEIUIIMHHU. AJle OCHOBY TaKOi CHCTEMH IMOBUHHA CKJIa/IaTH HE
il mporpamHe 3abe3nedyeHHs, He 0a3u Ta CXOBHUINA JaHuX, a [T-iHhpacTpyKTypa, sika
CIIPOMOXKHSI 3a0e3meunTH 30MpaHHs, Tepenady Ta IMEepBICHY 0O0poOKy Oyab-sSKHUX
MEIUYHUX JaHUX Ha Oyab-skoMy erami Oyab-akoi HC (3 mepeniky MOXIUBUX Yy
Kpaini). Sk omHa 31 CTpaTeriyHMX KOHLEMIiH moOymoBu Takoi Tenemenuunoi IT-
1H(PPaCTPyKTYpH TMPOMOHYETHCS KOHIEMINSE CTBOPEHHS Ta PO3BUTKY BHUJILICHOI
tenemenuuHoi IT-iHdpacTpykrypu MupHoro uyacy Ta mnigpo3aunie MHC, ski
3a0e3neuyroTh icCHyBaHHs MoO1IbHOI [ T-1HpacTpykTypu Ha Bunagox 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.

[lin posmoaineHumMu TexHoreHHUMHU 00’ektamu (PTO) Oymemo po3ymiTh
BUNMPOOYBabHI TOJITOHM, Kap €pH, IIaXTH, TEXHOTCHHI O00’€KTH 13 3HAYHOIO
IPOCTOPOBOIO TPOTSDKHICTIO Ta MNPWICTIIMMHU TEPUTOPISAMU (HAMPHUKIAA, aTOMHI
€JIEKTPOCTAHIlli), TEpUTOpii 3aXOpPOHEHHS 3a0pYIHIOIOYUX PEYOBUH. a TaKOXK
BiJIXOJTIB BUPOOHUIITBA Ta JKUTTEIISITLHOCTI, 30HU CTUXiMHOTO Jmxa [1].

[cToprYHO CKNaIOCh TaK, 10 3HAYHA ILJIOIIA TEPUTOpii YKpaiHU € HAOUIbII
TpaHC(OPMOBAHOIO B PE3yJbTaTl JISJIBHOCTI TeXHOTeHHUX 00’ekTiB. [licns
0araTopiyHOro0 TEXHOTEHHOI'0 HABAaHTAXXECHHS Ha JOBKIUISI HE MPOBOIUINCH
KOMIUIEKCHI ~3aXOJM WIOJAO0 €KOJOriyHoro ooOcTtexxeHHs Teputopii PTO 3a
BUKJTIOUCHHSIM CHUTYaIlill €KOJOriyHOro Jymxa. JloImiapbHO 3ayBaKUTH, IO ITOHA
2 Tic. KM? nux 3emenb BigHocaThes a0 IBA-teputopiii (Important Bird Area —
TEPUTOPIi, BAXKIWBI JUIsl ICHYBaHHS TNTaxXiB), AKi BIIITPAIOTh BaXJHUBY POJb JUIS
30€pe’KeHHs BUAOBOIO PI3HOMAHITTS Ta KIJIbKICHOTO OararcTBa nraxiB Ykpainu [2].

BiaminHOIO pHCOIO arpecuBHOI TeXHOreHHO1 AisuibHOCTI PTO € npioputeTHiCTh
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TEXHOJIOTIYHO — BUPOOHHYMX 3aaad. Jns pesynbratuBHOro ¢QyHkiionyBanus PTO
oMy notpioHa teputopida. PTO “BinOupae” ii y npupoau NUIIXoM nepeolJiafHaHHs
OPUPOAHUX JAHAIA(TIB, MTPOKIAIKH JOPIT, CHOPYIKEHHA (PYHKIIOHAIBHUX
00’ekTiB Tomo. B mporeci dyHkmionyBanHs PTO cTBOprorOTHCS 3HA4YHI KIJIBKOCTI
TBEPAMX, PIAKUX 1 ra300110HUX BIAXOIB, K1 3a0pYyAHIOIOTh HABKOJMIIIHE ITPUPOJHE
cepenopumie (HIIC), Ta pizHOro poay BIUIMBH, IO 3MIHIOIOTH MIiCIIEBUMA
MIKpOKJIIMaT, 00cTaHoBKYy. Tox PTO € moTeHIIHHUMU KepernamMu 3a0pyqHEHHS
HIIC, axi MoxxyTh ipu3BecTy 10 3a0pynHeHHs: camoro PTO 1 npuiernux Teputopii.

AmHani3 pe3ynbTaTiB oocTexkenHs Teputopiit PTO no3Bosisie 3poOUTH BUCHOBKHU
npo Te, mo piBeHb 3a0pynHeHHs 18 % Big Bcix PTO nyxe Bucokuid, 24 % —
BUCOKUH, 38 % — cepeaniii 1 20 % — ciabkuit [3].

BukopucroByroun naHi 1mMOA0 OOCSTIB arpecCHMBHOI TEXHOTEHHOI IisSITbHOCTI
PTO 0Oyno o6paxoBaHO piBe€Hb TEXHOT'C€HHOTO HABAaHTAXXEHHsI, 110 3A1HCHIOI0TH PTO
Ha ekocucTemy periony posrauryBanss PTO [4].

Ha TenepimHiii 4ac cHCTeMHU MiABHUILEHHS PIBHS EKOJOTIYHOI O€3MeKu Ta
nomninmenHs crany HIIC PTO He mictany 3HaYHOTO PO3BUTKY Y 3B SI3KY 13 TUM, IO
HE PO3TOPHYTI MOBHOIIHHI CUCTEMH IOCTauyaHHs MEPBUHHOI 1HQOpMAIl Mpo CcTaH
HABKOJHUITHKOTO TIpupoaHoro cepenosumia PTO. Takumu cucreMamMu MOXYTh OyTH
6e3npoBooBi ceHcopHi Mepexi (BCM). B mux yMoBax CTalTh akTyalbHUMHU
po3poOka MeToiiB 1 MeTtoauk (opmymoBanHs BuMor Ao bCM, 1o mocravaroTh
MEePBUHHY 1H(OpMaIIiiO JJIsI CUCTEM OLIIHKH BIUIMBY €KOJIOTO-HeOe3MeuHnX (haKTopiB
PTO na HIIC. 3aBnsku oTpuMaHHIO SKICHOI Ta KUIbKiCHOI 1iH(MopMalii Bix bCM i
CUCTEMH JI03BOJIATH 00’ €KTUBHO, TOYHO, IOCTOBIPHO 1 EKOHOMHO BUTpadYaTH PECYPCH,
BU/IIJIEH1 HA TIPUPOIOOXOPOHHY NisuibHICTH Ta 3axucT HIIC Bix BBy PTO.

OCHOBHMM  KJIIOYOBHM  HEJOJIKOM ICHYIOUOi CHCTEMHU  EKOJIOT1YHOTO
MoHiTOpuHTy PTO € Te, 1m0 mnpakTU4HO BCSI OTpUMyBaHa iH(opmalis €
Cy0’€KTHBHOIO 1 OPIEHTOBAaHA TOJOBHUM YMHOM Ha ()aKTOPH TEXHOTCHHOTO BILIUBY
pesynbTariB pyHkiionyBanHs PTO Ha crtan abiotuuHoi ckianoBoi HIIC, a He Ha
€KOJIOT1YHY OIlIHKY CTaHy BCIX KOMIIOHEHTIB €KOCHCTeMH Micilsl po3TamryBanHs PTO.
Ha Tenepimniit vac matemarnani moxaeni (MM) Hazemaunx exosoriyaux cuctem PTO
HE BUKOPUCTOBYIOThCS JIJIS OL[IHKM CTaHy IIuX exocucteM. Kpim Toro, He po3poliieHa
METO/IMKA KOMIUJIEKCHOT OLIIHKY CTaHy HazeMHUX exocuctem PTO.

3a3Buyail y texnonoriuHoMy mporeci PTO BUKOpHUCTOBYETHCS TEXHOTEHHO-
arpecrBHI TEXHIKa Ta TEXHOJIOT1i, 110 CIPUSIOTh BUHUKHEHHIO 0111 80 crenudiaamx
3a0pynHeHb. Bu3HaueHHs KUTBKICHHX TMapaMmeTpiB 3a0pyIHEHHS BiAOyBaeThCs
HUITXOM  BUMIPIOBaHHS 32  JOMIOMOTOI0  BIAMOBIAHOTO  OOnmajHaHHA — abo
OloiHuKaTopiB. BHHMKae 3amaya CTBOPEHHS CEHCOPHOI MEpexki HJisi OTpUMAaHHS
HE0O0X1/1HOi 1HpOopMaIIii.

[lincymok aHamizy 3a0e3MedeHHs] CHUCTEM €KOJIOTiuHOro Moditopurry PTO
JaTYMKaMU TEPBUHHOI 1HGOpMallii mpo piBeHb 1 CKIaJ 3a0pyIHEHb CBIIYUTH IIPO
HEMOXJIMBICTh BUKOHAHHS €()EKTHUBHOTO CIIOCTEPEXKEHHSI Ta KOHTpPOJo 0e3
Bukopuctaniss bCM [5]. OcHoBHuMH TipoOsieMamMu 1HGOPMAIIHHOTO 3a0e3MeUeHHS
€KOJIOTTYHOT'O MOHITOPUHTY CIIiJ] BBKaTH HACTYITHE.

1. HeMOXJTUBICTh ONEPAaTUBHOI'O BU3HAYEHHS BCIX 1HTPEIIEHTIB 3a0pyAHEHHS
exocuctem PTO depe3 BiACYTHICTh BIAMOBIAHOTO 00JIaIHAHHS.
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2. IcHyI0Yl CHCTEMH €KOJIOT1YHOTO MOHITOPHUHTY OpPIEHTOBAHI Ha BUSIBICHHS
BUIIAJKIB BUXOAY 3a0pyIHEHHsS 3a MEXI1 caHiTapHOo-3axucHOi 30HM PTO. TobOTto
CIIOCTEPESIKCHHSI 3a 3a0pyJHEHHSIM €KOCHCTeM BinOyBaeTbes Ha Mexi PTO 3
MPUWIETJIOI TEPUTOpi€r0 (30BHIIIHINA miepumeTp). CTaH BHYTPINIHIX HA3eMHUX
exocucrteM PTO maiike HE KOHTPOJIIOETHCS.

3. 3amipu mapameTpiB 3a0pynHeHHs HazeMHHX ekocucteM PTO BUKOHYIOThCA
HEPEryJISIpHO, HEOOX1/IHA JJIsl OLIIHKM Ta MPOTHO3YBAaHHS TOYHICTH 3aMIpiB JIOCI HE
JTOCJTIJI>KYBaJ1acCh.

4. ]lna  crocTepekeHHsd 3a cTaHoM Ha3zeMHuX ekocucteM PTO He
BUKOPUCTOBYIOTHCSI O10JIOT1UHI 1HANKATOPH.

5. BiacyTHs MeTonMKa OLIIHKU 1HTErpajbHOrO 3a0pyAHEHHS CTaHy Ha3eMHHUX
exocuctem PTO.

BuieBukianene a03BoJisi€e 3pOOMTH BHMCHOBOK, IIO MHTaHHS oOpraHizarii
e(peKTUBHOrO eKooriyHoro MoHiTopuHry PTO € akryansHuM. Ta ioro po3B’sa3aHHIO
MIEPEIIKOKAE Psifl MPUYUH, OCHOBHOIO 3 SIKMX € BIJICYTHICTh METOJWKH OIlIHKH Ta
MIPOTHO3YBAaHHSI 3MIH CTaHy Ha3eMHOi ekocucTteMu PTO — oOCHOBHOI CKJIag0BO1
EKOJIOTIYHOTO MOHITOpUHTY. lle BuUMarae mpOBENCHHS TOMATKOBHX JOCIIIKCHb
IIOAO0 CTBOPEHHS CHCTEMHU KOMILJICKCHOI OLIIHKHU 1 MPOTHO3YBAHHS BIUIUBY IMPOILECY
dbyukuionyBanHss PTO Ha ekocuctemy perioHy. Takok yHacCHiJIOK BiJICYTHOCTI
BIJIMOBIIHUX METOJIMK BUHUKAE 3aj7a4a po3poOKu crienr(piyHOl METOJAUKU OIIHKU Ta
MIPOrHO3YBAaHHS CTaHy Ha3eMHUX eKkoJyioriunux cuctem PTO.
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CUCTEMHHMH NIIXIJ O MIATPUMKHU IPUMHATTS PIIIEHD
OO0 PEAT'YBAHHSI HA 3ATPO3U 3ACTOCYBAHHSI
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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 Boennuit yac, HaazBuyvaitHi cutyaiii (HC), moBs3ani 13 3acTocyBaHHSIM 30poi
MacoBoro ypaxeHHs (3MVY), MOXyTh BUHUKATH 3 HeMepea0auyBaHOO MIBUIKICTIO Ta
MalOTh MOTEHIIHHO CEPHO3HI HACHTIIKHU ISl HACEICHHS Ta 1HPPACTPYKTypU KpaiHu.
Po3pobka cucremu miarpuMmku npudHATTS pimeHb (CIITP) crae BaXJIMBUM KPOKOM
U1 epekTuBHOrO pearyBanHs Ha Taki HC.

Posrmsayri HC MOXyTh BKITIOYalOTH 3acTOoCyBaHHS 3MY TakTUYHOTO pPiBHS
MiJ, 4Yac AaKkTUBHUX OOWOBUX [ii, Osokagum ¥ oOmorm (Mapiynons, baxmyr),
pYWHYBAaHHS KPUTHYHOI 1H(QPACTPYKTYypH, 3YNUHKH BHUPOOHHUIITBA OOOPOHHO-
npomucioBoro komiuiekcy (OIIK) BaxiauBOi OOOPOHHOI MPOAYKIIl, 3HUIICHHS
nignpuemctB OIIK, pyliHyBaHHS JIOTICTUYHUX BY3JI1B TPAHCIIOPTHOI 1HPPACTPYKTYpHU
Ta NOPYILIEHHS (PYHKI[IOHYBaHHS arpONpOMHUCIOBOIO0 KOMILIEKCY.

Posrnsinemo y3arambaeny crpykrypy CIIIIP, Bona Bkirowae 4oTwpu piBHI
00poOkHu 1H(hOpMAaIlil OEePaTUBHOIO MOHITOPUHTY, aHAIITUYHOT 0OpOOKH, MIATPUMKHU
VIIPABJIIHCHKUX PIII€Hb, OMOBIIIEHHS Ta €BaKyailii. 3arajibHy CXeMYy TaKOi CHCTEMHU
HaBeJICHO Ha puc.l.

Momnitopunr ta 30ip nanux. [IpornosyBannsis HC BumMarae cucreMmaTuuHOro
MOHITOPUHTY Ta 300py AaHUX 3 pi3HUX Kepen. OauH 3 epeKTUBHUX METOIB
MOJISITa€ Y BUKOPUCTAHHI CYMYTHUKOBUX 300paykeHb JJIsl BUSIBJICHHS PYXIB BIMChbK Ta
MaciTaliB pylHyBaHb 1HGpacTpykTypH. s 3a0e3reueHHs] MOHITOPUHTY Ta 300py
JaHUX Ui CHCTEMHU MIATpUMKHM mpuiHATTS pimeHb y HC B VYkpaiHi MoOXyTh
BUKOPHUCTOBYBATHCA Pi3HI CIIOCOOH 1 TexHOIOr1i. OCh MeKUTbKa MPUKIAIIB:

1. lucraHiiiine 30HAYBaHHS 3€MJli: BUKOPHCTAHHS CYIYTHUKOBUX CHCTEM
J03BOJISIE OTPUMYBATH 300pakeHHsI TepuTopli YKpaiHu B peasbHOMy daci. lle
JoTIOMara€e BUSIBIISITU aKTHUBHI OOMOBI 1ii, pyHHYBaHHS 1H(QpacTpyKTypHu, 3MiHH B
TpaHcnopTHIN Mepexi Ta iHmi HC.

2. CucteMHu MOHITOPUHTY COIIIAIbHUX MeEJia: MOHITOPUHT COIIalbHUX Meia
miatdopMm, Takux sk Twitter, Facebook, Instagram 1 T.n., mM03BoJIsIE BHSBISATH
BaKJIMBI IMOBIJIOMJICHHSI Ta TpeHau, ToB’s3aHl 3 HC. AHami3 TEKCTiB MOBIJOMJICHD,
XEHITEr1B Ta reorpad@iuHuX MITOK JOMOMara€ OTpUMATH IIBUAKY 1H(GOpPMAIO PO
MoJIii Ta peaKiliro TPOMaJChKOCTI.
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Puc. 1. CrpykrypHa cxema CIIIIP oniHroBaHHSI BOEHHO-TEXHOT€HHUX 3arpo3
1 pU3UKIB 3acTocyBaHHs 3MY

3. besmpoBoaoBi cencopHi mepexi (BCM): BecraHoBieHHSI CEHCOPHUX MEPEK,
TaKMX $K JaT4YUKU THUCKY, TEMIIEpaTypu, BOJOTOCTI, aKyCTHYHI JaTYUKU TOIIO,
JI03BOJISIE BUSIBJIATH 3MIHU B HaBKOJHWIITHBOMY CEPEIOBHII Ta pearyBaTH Ha HUX.
Hanpuknan, 1ie Moxe OyTH KOPUCHO JIJIsl BUSIBJICHHS MOXKEX, BUOYXIB a00 MPOTiKaHb
rasy.

4. Mepexi kamep croctepekeHHs: Po3MillleHHs KaMmep CIOCTEPEKEHHS B
CTpaTeTiyHUX MICIAX JOIOMAarae Bi3yalli3yBaTH CHUTYallil0, BUSBIATH HeOE3NeKy Ta
KOHTPOJIFOBATH JOCTyNm 10 00’ekTiB. lle Moke OyTH KOpPUCHO ISl BUSIBJICHHS
HE3aKOHHMX BTOPTHEHb, HE3BUYAWHOI aKTHUBHOCTI a00 HaBiTh 3HU OayeHHS
3pyiHOBaHUX OynaiBens abo iHppacTpykTypu mig yac HC.

5. CucteMu paHHBOrO TOMNEPEIKEHHS: BHUKOpUCTAaHHS CHUCTEM PaHHBOTO
MONEPE/DKCHHS, TaKuX SK CEeUCMIYHI MOHITOPHM, JAaT4YMKH pajiaiii, CHCTEMH
BUSIBJICHHS TIPUPOJAHUX KaTacTpod TOIO, JJO3BOJISIE BHSABIATH HEOE3MEKy Ta
HaJaBaTH IMIBUKY PEaKIil0 Ha MOTEHIIIHO HEOE3MEeUH1 CUTYyallii.

6. ABTOMaTH30BaHI cucTeMH 300py maHmXx: Po3poOka criemiamizoBaHHX
aBTOMATHU30BAaHUX CHUCTEM 300py JaHUX, Kl IHTErPYIOTHCS 3 PI3HUMU JKepeamMu
iHdopmariii, TakuMu K 0a3u JTaHWUX, CEHCOPHI MEpEXi, CYMyTHHKOBI JaHl TOIIO,
N03BOJIsSIE €(DEKTUBHO 30Mpatu Ta oO0poOssATH Benukud oOcsr nanux. lle Hamae
MOXJIMBICTh OINEPATUBHO OTPUMYBATU AaKTyaJlbHY 1H(QOpMaIi0 Mg NPUAHSATTS
pillICHb.

7. EKCiepTHI CUCTEMHM Ta aHAJITUKA JaHUX: BHUKOpUCTaHHA EKCHNEPTHHUX
CUCTEM Ta AaHANTHKMA JIaHUX JIOIOMarae€ BUSBISATA TAaTepHU, TPEHAW Ta
BCTAHOBJIIOBAaTH 3B’si3KM B 1H(popmariii, mo 3i0pana. lle mo3Bossie mpoBoauTH
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MIPOTHO3YBAHHS, OI[IHIOBATH PU3UKHU Ta PO3POOISITH ePEKTHBHI CTpaTerii pearyBaHHs
Ha HaJ[3BUYalHI CUTYyallii.

8. BukopucranHs 1mMx crnoco0iB MOHITOPUHTY Ta 300py JaHUX J03BOJIAE
CTBOPUTH KOMIUJIEKCHY CUCTEMY, sKa 3a0e3Meuye onepaTuBHE OTPUMAaHHS, aHAJll3 Ta
1HTeprpeTanio 1HQopMmalli Mpo HaA3BUYalHI cuTyauii B YkpaiHi. Lle mo3Bomsie
npuiiMaTH OOTPYHTOBAH1 PIIICHHS Ta 3A1MCHIOBATH IIBUJIKY PEAKIIIO I 3aXHCTY
HaceJICHHs Ta MiHIMIi3allii 30UTKIB.

AHaJi3 Ta ouiHoBaHHA AaHuX. OTpuMaHi JaHi NMOTPIOHO aHali3yBaTH Ta
OLIIHIOBAaTH 3 METOI0 3pO3YyMITH MaciuTabu HaJ3BUYalHOI cUTyallil Ta 1 MOTEeHIINHH]
HACNIIKU. BaxMBO BU3HAYUTH, SIKI pailoHU MOTPeOYIOTh HETailHOTO pearyBaHHs Ta
Kl BUJM JOMOMOTU € HaWOUIbII KPUTUYHUMHU JJIs 3a0e3redeHHs Oe3MeKu Ta
3a0e3MeueHHs JKUTTEBO BAXIIMBUX MOTPEO HaceneHHs. MeTou aHami3y Ta OIiHKH:

1. CrarucTuyHuit aHamis3.

2. MopemoBaHHS (BKITIOYAIOUN KOMIT FOTEPHE MOJICTIOBAHHS T4 CUMYJIAIIIT).

3. 'eonpocropoBuii aHami3 (3 BUKOPUCTAHHSAM reorpadiuHux iH(OpMaIiiHuX
CUCTEM).

4. ExcriepTHI OLIHKH.

Po3podka moneneii Ta cuenapiiB. Ha ocHOBI 310paHux AaHUX Ta iX aHAII3y
pO3pOOJIIOTECA MOJIEl Ta CleHapii, SKiI BIITBOPIOIOTH MOTEHIIMHUN PO3BUTOK
noxii. Ile no3Bossie mependavynuT MOKIIMBI HACTIAKY PI3HUX PIIICHB Ta IONOMArae y
NpUAHATTI eDEKTUBHUX CTpaTeriii pearyBanus (Taoum. 1).

Koxen kputepiit ormiHtoerbest 3a mkanoro Big 0 mgo 100, nme 0 o3Hayae
HaWHMWKYUH piBeHb, a 100 — HaWBUIIMIL PIBEHB.

[[IBunke iHPpOpMYBaHHS HACEJICHHS MPO HAA3BUYAWHY CHUTYAIll0 € KPUTUYHO
BOXJIUBUM IS 3a0e3rnedyeHHs Oe3nekw Ta MiHiMizamli pusukiB. Ock JIeKigbKa
Croc001B MBUAKOTO 1HHOPMYBaHHS HACEICHHS:

1. Cucremn  aBapiiiHOrO  TOBIJIOMJICHHS:  BuKopucCTaHHS  aBapiiHHUX
MOBIJOMJICHb IIJIIXOM HaJCWIaHHS SMS-TOBIIOMJICHB, PO3CHIIKH CICKTPOHHUX
JIUCTIB, TeJIePOHHUX JI3BIHKIB 200 BUKOPUCTAHHS CHEIAIbHUX MOOIIBHUX JOJATKIB
JO3BOJISIE HAJICUJIATH TIIBUIKI MTOBIIOMJICHHSI HACEJICHHIO 3 BAKJIIMBOIO 1H(GOPMAITIEIO
PO HAJ3BUYAWHY CUTYaLlilo.

2. CucteMu TpOMAJICBKOrO  CIHOBIIIEHHS: BCTaHOBIGHHS  TpOMaJICHKUX
CTIOBIIIEHb, TAKUX SIK JUHAMIYHI Ta0JO, 3BYKOBI CHCTEeMH a0O0 CIIOBIIIEHHS 4Yepe3
IpOMaJICbKUN TPAHCIOPT, 03BOJISIE TIEPe/laBaTh BaXKIMBY 1H(OpMAIliI0O HACETIECHHIO
Ha BYIHINX, B 00’€KTax TPOMAJCHKOTO CIIOXKWBAHHS Ta HA I1HIIMX MICISIX
TPOMAJICHKOTO CKYITYEHHS.

3. 3acobu MacoBoi iH(popMmarii: CmiBmpald 3 MICIIEBUMH 3aco0aMH MacoBOi
iH(popMallii, TakUMH SK TejleOadyeHHs, pajio, Ta3eTH Ta OHJANH-TIIaTPOpMH,
JTO3BOJISIE IIBUJIKO MOIIMPIOBATH 1H(OPMAIIIIO TTPO HAJ3BUYAWHY CUTYAIIIIO HA BEJIUKY
ayJUTOPIIO.

4. ComianbHl Mepexl Ta MECEHJKepU: BUKOpUCTaHHS  MONYJISAPHUX
COIIAIbHUX MEPEX Ta MeceHJKepiB, Takux sk Facebook, Twitter, WhatsApp,
Telegram ToI10, 03BOJSIE MIBUAKO PO3MOBCIOKYBATH IMOBITOMJICHHS, HOBUHU Ta
THCTPYKIIIT 11010 HAJA3BUYAMHOT CUTYaIIii.
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Taon. 1.

3arpoza  3MeHIEHHS
i § 3arpo3u JJist
HACeJIeHHsI HaceJIeHHs

3MeHIIeHHA
HACJIIKIB

Hap3Buuaiina .. TAKKICTD
. IMmoBipHicTH . .
CUTYyaIlis HACJIAKIB

AKTI/IBHIH §OH031 30 90
i
PyiinyBanHs
KPUTHUYIHOL 70 80 85 75 80
1H(ppacTpyKTypu
3ynuHKa
BUPOOHUIITBA
BAXKJIMBOL
IPOYKIIIT

95 70 75

60 60 70 55 70

SHHICHHS 70 85 80 70 85
HlI[HpI/ICMCTBa

PyiinyBanHs
TPaHCIOPTHOT 75 80 90 80 80
1H(dpacTpyKTypu
[TopyiieHHs

CLIIBCHKOTO 60 70 75 70 80
rOCIIOJIapCTBA

5. Uepes rpoMaachbKuX JiAEPIB Ta JTOKAIBHY aIMIHICTPAIIIO:

6. CucteMn  aBTOMATHYHOTO  OTOBIMICHHS:  BCTAaHOBIEGHHS  CHUCTEM
ABTOMATHYHOTO OIOBIIICHHS, TAaKUX SIK CHUPECHH, J3BOHM, Merad)OHH, JI03BOJISIE
nepeiaBaTi 3BYKOBI CUTHAJM Ta MOBITOMJICHHS B IIMPOKUMA paaiyc Iii, M0 CIpuUse
HIBUAKOMY 1HPOPMYBAaHHIO HACEJIEHHS MPO HAJI3BUYAIHY CUTYAII110.

7. MoOinmeH1  nojatku: Po3poOka creriagibHUX MOOIIBHUX JOMATKIB JIJIs
Ha/JaHHA 1H(popMalii Npo HaA3BUYANHY CHUTYAIlil0, BKJIIOYAIOUYM KapTy HEOe3MeKHu,
IHCTPYKIIIi 11070 TIOBEIIHKH, KOHTAKTH EKCTPEHHX CIyXO0 Ta 1HIIY KOPHUCHY
iH(opMariiro.

8. CuctemMu eNeKTPOHHUX IOBITOMJICHb: BUKOpHUCTaHHS €IEKTPOHHOI IOIITH,
MECEH/DKEpIB Ta 1HIIMX EJICKTPOHHUX 3ac0o0iB KOMYHIKAIi IS HaJICHUJIaHHS
MIBUIKUAX TIOBIIOMJICHB Ta 1H(OpMAIIil Ha eEKTPOHHI IPUCTPOI HACEIICHHS.

9. Iatepuer-mardpopmu Ta BeO-caiith: Po3pobOka cmemiadbHUX 1HTEpHET-
mwiatgopM Ta BeO-cailTiB, € MOXKHA HIBUIKO MyOJIKYBaTH OHOBIIEHY 1H(OpMAIIiIO
PO HAJ3BHYAWHY CUTYallll0, BKIIIOUYAIOUX HOBHHH, IMOPAJU, IHCTPYKILII Ta KOHTAKTU
EKCTPEHUX CITYXKO.

10. ABTOMaTH4YHI CHUCTEMHU CIOCTEPEKEHHsS: BUKOpHCTaHHS aBTOMATHYHHUX
CHCTEM CIIOCTEePEKECHHS, TaKUX SK KaMepH BIJICOCIIOCTEPE)KCHHS, JTATUYUKH, TPOHH,
JI03BOJISIE 30MpaTH BAXKJIMBI JlaHI MPO HAJ3BHYANHY CHUTYAIlill0 Ta MepefaBaTd ix B
pearbHOMY 4aci Ui HIBUAKOTO aHaji3y Ta 1HGOpMYBaHHS HaceJIeHHS.
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[li cmocobu mBHAKOTO 1HMOPMYBaHHS HACEICHHS JOMOMOXKYTh 3a0e3MeunTH
IIMPOKE OXOIUIEHHS 1 WIBUAKY Mepenady iHpopmalii npo HaA3BHYAWHY CHUTYAIIIo,
110 JIO3BOJIUTH HAJIS)KHO pearyBaTu Ta MpuiiMaTu B

BucnoBku. Cucrema MATPUMKH NPUUAHSATTS PIlIEHb JJII MOHITOPUHTY Ta
pearyBaHHd Ha HaJ3BUYailHI cuTyallli B yMOBaX BIMHM B YKpaiHI Mae€ BeJMKE
3HAYEHHA i1 HACEJCHHs. 3aBJsKU I CUCTEMI, HACEJIEHHS OTPUMYE IIBHJAKY Ta
JTOCTOBIpHY 1H(OpMAIlI0 MpOo HEOE3MeKy, IO J03BOJISIE 3MEHIIUTH 3arpo3y s
KUTTS Ta 370poB’s moAed. Kpim Toro, cucrema gomnomMarae 3a0€3MEUUTH IIBUIKE
pearyBaHHS Ha HaJ3BUYAlHI CUTYyaIlli, KOOpJAWHAIIO Aii CIy)KOOBHX OpraHiB Ta
MOOUTI3aIlI0  pecypciB JJisi MOJOJaHHS KPU30BUX cuTyalid. Bona chpuse
30€pEeKEHHIO JKUTTIB, 3aXMCTy MailHa Ta 1HQPACTPYKTypH, a TakoX 3abe3neuye
IIBUJIKE BITHOBJICHHS micis kpu3oBux momiit. Ile momomarae 3menmutu BrmuB HC
Ha HaceJIeHHs Ta crpusie Oe3Melli Ta CTINKOCT1 CYCIIbCTRA.
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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.

Y MBUAKOMY TE€MIII Ta KOHKYPEHTHOMY CEpEeIOBHIII Xap4OBOi MPOMHUCIOBOCT]
e(peKTUBHE BHPOOHMIITBO Ta CBO€YACHA IOCTaBKA NPOAYKLII € KIOYOBUMH JJIst
yemixy. Konmemnis «rouyno B ctpok» (Just-in-Time) HaOyna Barm sIK CTpareris
onTuMizalii BUpOOHHUIITBA Ta MiHIMI3aIlli BTpaT. B cydacHHMX peanisix Taka cTpareris
3a0e3neunTh e()EeKTUBHUN Ta ONTUMI30BAaHUI MPOIEC BUPOOHUIITBA 1 MOCTAYaHHS
npoaykiii. Jns yemimnuoi peam3aiii JIT nns xapuoBoro BUpoOHUIITBA HEOOXIiTHA
1H(popMalliiiHa TEXHOJIOT1S, 10 3a0€3MeUnTh i1 peani3amio.

CtpykTypa TMpOMOHOBaHOI 1H(GOpPMAIIHOI TeXHOJorli i TUIaHyBaHHS
BUPOOHHUIITBA Ta TMOCTayaHHs TIpPyHTYyeThcs Ha koHmeniii JIT. Bona Bkitouae
JeKUJIbKa KIOYOBMX KOMIIOHEHTIB 1 MOAYMiB. Moayib TUIaHYBaHHS BUPOOHUIITBA
COpPSMOBaHUI Ha TEHEpalil0 ONTHUMalbHUX TpadikiB BUPOOHUITBA HAa OCHOBI
MPOrHO3Y MOMUTY Ta HAsBHOCTI pecypciB. MoyJib ypaBIliHHS 3aracaMu 3a0e3nevye
ONTUMAJILHUM PIBEHb 3allaciB Ta MIHIMI3ye PU3HK Opaky abo mepeBHPOOHMIITBA.
Monayne ympaBiiHHS TOCTa4allbHUKAMH —CIpusie  Oe3nmepepBHIN  cHiBIpami 3
nocTayajbHUKaMH, 3a0e3MeUyloYd CBO€YACHY TIOCTaBKY CHpPOBUHU. Moayib
YIOpaBIiHHS  3aMOBJCHHAMH  ONTHUMI3YE  TPOIEC  BUKOHAHHS  3aMOBJICHb,
3a0e3Meuy0ud TOYHE BiICTEKEHHS Ta CBOEYACHY JOCTaBKY.

Taka TeXHOJIOriS Mpaloe Ha OCHOBI aKTyalbHMX JaHMUX, IO JO3BOJISIE
npuiiMaTd  e(pEeKTHBHI  pIIEHHS Ta  PO3NOJAUIATH  pecypcu.  AJITOpUTMU
IPOTHO3YBaHHS MONUTY JONOMOXKE NependaunTi MailOyTHI BUMOIHM, ONTHMI3yBaTH
rpadiku BUpPOOHHMIITBA Ta 3abe3neuuTH eGEeKTUBHE BHUKOPHUCTAHHS PECYPCIB.
TexHonoris 103BOJISIE TICHO KOHTPOJIFOBATHU X1 BUPOOHUIITBA, 10 A03BOJIIE BHOCUTH
CBOE€YACHI KOPEKTHMBM Ta MiHIMI3yBaTh 3aTpuMku. Omnrumizailisi piBHIB 3amaciB
JloTIoMarae 3MEHIIUTH BTPATH MPOAYKTIB XapuyBaHHs, CIPUSAIOUN JOCATHEHHIO LiIeH
crasiocTi. KpiM Toro, momimnmieHa cmiBOpans 3 MNOCTaYaJIbHUKAMU Ta KII€HTaMU
MOKparye ePeKTUBHICTh BCHOTO JIAHITIOKKA TOCTAa4YaHHS.
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VYemimHa peanizartis miel iHpopMaliitHoT TEXHOJIOTII crocTepirajiach B pi3sHUX
BUPOOHMYMX MIJIPUEMCTBAX XapyoBOi IPOMHUCIOBOCTI. Benuki BUPOOHUKHU
MOBIJOMJISLITM TPO 3HAYHI MOKPAIIEHHs Y e)eKTUBHOCTI BUPOOHHUIITBA T CBOEYACHIN
MOCTABIIl, 10 MPHU3BENIO O 30UIBIICHHS 33JJ0BOJIEHOCTI KIIIEHTIB. Maji BUPOOHUKH
TaKO0X BIPOBAIXKYBaJIM TEXHOJIOT1sI, IPUCTOCOBYIOUH 1i 10 CBOIX KOHKPETHHUX MOTPeO
1 JOocsTaNIM MOAIOHUX TIepeBar.

OpHak, ICHYIOTh MEBHI BHUKJIMKH, SIKI MOTpiIOHO BpaxoByBaTH. HeoOximHO
BUPIIIUTH NUTaHHS O€3MEeKU JaHUX Ta KOH(PIAEHIIWHOCTI, 00 3aXUCTUTH YYTIUBY
iHdopmartito. [aTerpaiis 3 icuyrounmu IT-cuctemamu Ta iHPPACTPYKTYPOIO BUMArae
peTeNpbHOTO TUTAaHYBAaHHS Ta BIPOBAKEHHA, 100 3a0e3neuuTu Oe3nepediiiHy
3B’ s13H1CcTh. HeoOXi/IHI HaJIeXH1 TPEHYBaHHS Ta MPOrpamMu yIpaBiIiHHS 3MIHaMHU, 1100
320e3NeYnTH MPUUHATTS MpaIliBHUKAMH Ta TJIAIKI IEPeXOau.

Jns edexkTuBHOI peamizarii 1i€i iHGOPMAIIHHOI TEXHOJOT1T PEKOMEHIYEThCS
cmiBOpaus 3 MnocradajdbHUKamMu [T-pimieHp Ta KOHCynbTaHTaMU. BOHH MOXYTh
HaJaTH €KCIEepPTU3y y AW3aiiHi, HAJAIMTyBaHHI Ta iHTerpamii cuctemu. [loctitHuit
MOHITOPHUHT Ta OIIHKA MPOAYKTUBHOCTI TEXHOJIOTI JO3BOJUTH TMOCTIMHO
BJIOCKOHATIOBATH Ta YJOCKOHAIIOBATH ii poOOTYy.

Jlnst peamizarii  iHGOpMaIiifHOI TEXHOMOTI] TUIAHYBAaHHS BUTOTOBJICHHS Ta
MOCTaYaHHA TOTOBOI MPOAYKINi 3a KOHIIEMIEK "TOYHO B CTPOK" JII XapuyoOBUX
BUPOOHUIITB MOYXXHA BUKOPUCTOBYBATH HACTYITHI TEXHOJIOTI:

1. ERP-cuctemu (Enterprise Resource Planning): Ile inTerpoBani mporpamHi
mwiatgopMu, fAKi OO0 €JHYIOTH YCl acmekTh Oi3Hecy, BKIIOYArO4Yu TUIaHyBaHHS
BUPOOHUIITBA, YIpPaBIiHHSA CKJIagoM, (iHaHCH, JIOricTUKy Ttouo. ERP-cucremu
JIO3BOJISIIOTh LIEHTPATI30BaHO KEPYBAaTH IpoIlecaMH Ta pecypcaMu, 3a0e3nedyrodu
e(eKTUBHY KOOPAMHAIIIIO 1 ONTHUMI3allif0 BUPOOHHUIITBA.

2. CucteMu ympaBiiHHA JaHmiorom mnocradanHs (SCM): Ili  cucremu
JTO3BOJISIFOTH ONTHUMI3yBaTH MOCTavYaHHS CUPOBMHU Ta MaTepialliB JJisi BUPOOHHUIITBA
npoaykiii. BoHW BKIOYAOTH MO AT MPOTHO3YBaHHS TOMHUTY, IJIaHYBaHHS
3araciB, YIPaBIIHHS MOCTaYaIbHUKAMHU Ta JIOTICTUKOIO.

3. Enextponna oOminna gokymentauis (EDI): Lle texnomoris, sika A03BOJSIE
OOMIHIOBATUCS E€JIEKTPOHHUMH JIOKYMEHTaMHU MK PI3HUMHU CTOPOHAMHU, TAKUMH SIK
BUPOOHUKH, TOCTaYaJbHUKK 1 KiIl€eHTH. BoHa chpoilye mnpolec 3aMOBJIEHHS
CHUPOBHHH, B1JICTe)KEHHS IMOCTABOK Ta OOJIKY IJIATEXKIB.

4. MRP-cuctemu (Material Requirements Planning): 1li cuctemMu 103BOJISIOTH
aBTOMAaTU3yBaTH IIJIaHYBaHHS BHUPOOHMIITBA HA OCHOBI MOTped y Marepiajnax Ta
KOMIIOHEHTaX. BOHM BpaxoBYIOTh pIBEHb 3allaciB, MPOTHO3 TIOMUTY, TEPMIHU
MOCTABKU Ta 1HII (PaKTOPH JIJIsi ONTUMAJILHOTO TIJIaHYyBaHHS! BUPOOHMUIITBA.

5. AHQJITUYHI CHUCTEMH Ta MPOrHO3yBaHHSA: BHKOpHUCTaHHA aHaTITUYHUX
IHCTPYMEHTIB Ta aJITOPUTMIB MAIIMHHOT'O HaBYaHHS JI03BOJISIE aHATI3YBAaTH 1CTOPUYHI
JaHl PO TOMUT, MPOTHO3YBaTH MaWOyTHI TEHJCHII Ta IJIaHYBaTHU BUPOOHMIITBO
BIJIMIOBITHO 10 TIOTIUTY.

6. APS-cucremun (Advanced Planning and Scheduling): Ili cucremu
BUKOPUCTOBYIOTHCSL  JJIsl  JIETAJbHOTO ITUIAHYBaHHS  BUPOOHMYMX  OMeparlii,
BPaxOBYIOUM PECYpPCH, MaplIpyTH3ailito, OoOMeXeHHs Ta iHmil ¢aktopu. BoHu
JTO3BOJISIFOTH ONTUMI3yBaTH BUPOOHUY1 MIpOIIecH, 3a0€3Meuyr0Yu TOUHICTh BUKOHAHHS
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rpadika BUpOOHHIITBA.

7. MoGinbHi qonatku Ta loT-pimenHs: Bukoprcrands MOOUIBHUX TOJATKIB Ta
pimens Inteprery peueit (IoT) nmo3Bossie 30upaTé naHi B peajbHOMY dHaci,
MOHITOPUTH CTaH OOJIa[HAaHHSA, BIJCTE)KYBaTH TIOCTaBKM Ta 3a0e3leuyBaTu
KOMYHIKaIII0 M1 PI3HUMHA BUPOOHUYHUMH €JIEMEHTAMU.

8. Cloud-rexnomorii: BukopucTanHs XMapHHX IUIaTGOPM JT03BOJIIE 30epiratu
Ta OOMIHIOBaTUCh J@HUMHU B PEXHMI PEAIbHOTO 4acy, CHUIbHO MpalioBaTH Haj
IJIAaHYBAaHHSIM 3 PI3HUX pO3TalllyBaHb, a TAKOXK 3a0e3reuye OUTbIly MacliTabOBaHICTh
Ta JOCTYMHICTh CUCTEMHU.

Otxe, cTpykTypa iHGOPMAIIMHOI TEXHOJIOTI JJI TUIAaHYBaHHS BUPOOHUIITBA
Ta TOCTa4YaHHS, BIAMOBIAHO 10 KoHIEHIil Just-in-Time, Hagae CyTTEBI MepeBaru
XapUYoBif IPOMHCIIOBOCTI. 3aBISIKH ONTHMI3arlii BAPOOHHUIITBA, ONITHUMI3aIlii MPOIeCiB
JIAHII0)KKA TIOCTaYaHHs Ta TMOJIMIIEHIA CIIBOpami MOXHa JOCATTH e()EKTHBHOIO
BUPOOHUIITBA Ta CBOEYACHOI TOCTaBKH NPOAYKIii. I[HTErparist 1€l TeXHOMOril
BUMara€e IMEeBHUX 3YyCWIb Ta PECYpPCiB, ajie MOXKE TMPUHECTH 3HAYHY BHUTOAY IS
Xap4OBUX 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 KIJBKOCTI 300pak€Hb Ta JaHWX, BHHHUKJIA
noTpeda B po3poOlil CUCTEM pO3IMi3HABaHHS O0pa3iB JUIsl aBTOMATHYHOI 0OpOOKH Ta
aHamizy 1ux manmx. CydacHi mporpamHi 3aco0M BCE 4YacTillle BHKOPHCTOBYIOTH
METOIM INTYYHOTO IHTEJNEKTY, 30KpeMa aJIrOpUTMH MAITWHHOTO HABYaHHS, IS
MOKpaIeHHs  a”am3y 300paxeHb. CporogHi moTtpebu B po3Mi3HABaHHI
BUKOPUCTOBYIOTbCSI B Oaratbox cdepax 1 IMOCTIIHO 3pOCTalOTh B SKICHOMY
BiHOIIEHHI. HeWpoHHi Mepexi, SKi € OJHUM 3 OCHOBHUX I1HCTPYMEHTIB Jisi
po3mi3HaBaHHs 00pa3iB, CTANMM JAenaii OUTbII MOMYISIPHUMH Ta €)EeKTUBHUMU B IIIH
obnacTi. Ile cTumyItoe JOCHIIKEHHS Ta pO3pOOKY HOBUX METOIB Ta TEXHOJIOT1H, 110
BUKOPUCTOBYIOTh HEHPOHH1 MEPEXI1 JIsi pO3Mi3HaBaHHS 00pa3iB.

PosmiznaBanHs oOpasiB — 1€ TpoIeC BHUSBICHHS 3aKOHOMIPHOCTEW abo
mabnoHiB y nanux. lle dyHaamenTanbHa mpobiemMa KOMIT IOTEPHUX HAyK, fKa Mae
3aCTOCYBaHHS B PI3HUX Tally3sX, TAKUX K 00poOKa 300pakeHb, po3Mi3HaBaHHS MOBU
Ta 00poOKa MPUPOTHOI MOBH.

HetiponHi mepexi — 11e TUI Mojiefied MalllMHHOI'O HaBYaHHs, SIKI HATXHEHH1
CTPYKTYPOIO 1 ()YHKIISIMH JIFOJICBKOTO MO3Ky. BOHU TIPOAEMOHCTpYBaIM BEJIMKHUI
yCHIX Yy 3aBAaHHSAX pO3Mi3HaBaHHS o0Opa3iB 3aBISKUM CBOIM 3/IaTHOCTI BHUBYATH
CKJIQJ(H1 B3a€EMO3B’S3KM MK BXOJaMU 1 BUXojgaMu. HelpoHH1 Mepexi CKIIaIaloThes 3
B3a€MOIOB’SI3aHUX BY3MiB, a00 HEHPOHIB, sKi 00poOIAIOTH 1H(pOpMaIio 1
BUPOOJIAIOTH BUXiAHI 1aHi. Ko)keH HEeHpOoH OTpuMye BXiJHI JaH1 Bl IHIIUX HEUPOHIB
1 3acTocoBye (DYHKITIIO aKTUBAIIT 111 OTPUMaHHS BUX1THUX JTaHUX.

VY 3agadi po3mi3HaBaHHS 00pa3iB HEMPOHHI MEpEXl HAaBUAIOTHCA Ha HaOOpi
MapKOBaHUX MPHUKJIAIIB, 1100 BUBUUTH B3a€EMO3B’S30K MDK BXOJaMHU 1 BHXOJAMH.
[Ticns HaBUaHHS MeEpeKy MOKHAa BUKOPHUCTOBYBATH JIsl TPOTHO3YBAHHS HOBUX, IIE
HEBHU3HAYCHHX JaHUX.

HeitponHna mepeka CKiIalaeTbCs 3 TPbOX OCHOBHMX KOMITOHEHTIB: BX1JHOTO
nmiapy, TpUXOBAaHMUX IIAPiB 1 BUXIJHOTO wapy. Bxiguuil map — 1e $pakTu4HO map,
AKUW Hajae HelpoMmepexi 1HQopMmaliio A nojanbinoi oopooku. s iHdopmaris
MOXKE€ TPEACTaBIATH OyIb-Ky 3MIHHY, Ky Mepeka IOBHHHA IpOaHali3yBaTH,
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HaMpUKJIaA, KBaJpaTHI METpu OYIUHKY HJisi CHUCTEMHU MPOTHO3YBaHHS BapTOCTI
OyanHKY a00 3HaYEHHS MIKCENIB Ha €KpaHi JIsi KOMIT I0TEPHOTO 30pYy.

OnHi€r0 3 TONOBHUX HpoOJeM IMUOOKOro HaBYAHHS € OTPUMAaHHS JOCTaTHBO
BEJIMKUX MapKOBaHUX HaBUaJbHUX HAOOPIB JIaHUX, 301p SAKUX MOKE OYTH JOPOTUM 1
TPYAOMICTKMM. YHIKQJIbHMM TIAXiJA A0 HABYAHHS CErMEHTalli [ojsirae y
BUKOPUCTaHHI Mojene rimbokux HedpoHHux wepex (DNN) 3 MiHIMaIbHOIO
KUIBKICTIO TIOYaTKOBUX MidueHuX JaHux. llpouenypa mnependavae CTBOpEHHS
CUHTETUYHUX JAHUX 1 BUKOPUCTaHHS peecTpauli 300paxeHb s OOYMCIEHHS
NEPETBOPEHb, SIK1 3aCTOCOBYIOTHCS O CHHTETUYHUX JTaHUX.

s Toro, mo6 CKIACTH MOYATKOBHH IJIaH PO3POOKU CHCTEMHU PO3Mi3HaBaHHS
00’€KTIB, HEOOX1THO BU3HAUUTH apXITEKTypy Mepexi. CioBo "apxiTekTypa" o3Hauae
3arajJibHy CTPYKTYPY Mepexki: CKiUIbKMA OJIOKIB BOHA TMOBWHHA MaTH 1 SK 11 OJIOKH
MOBHHHI OyTH 3’€JIHaH1 OAWH 3 OJHUM. BiIbIIICTE HEHPOHHUX MEPEK OpraHi30BaHI B
rpynu OJIOKIB, sIKI HA3WBAIOTHCA IapaMu. BITBIIICTE apXiTEKTyp HEHPOHHUX MEPEX
OpraHi3OBYIOTh Il IIAPU Yy BUTJISAL JIAHIIOXKKA, JIe KOKEH map € pyHKIi€o Bif 1mapy,
SAKUH KOMY TIEPEITYE.

B pe3ynbpTaTi gocmikeHHs 0yJI0 BUSABIEHO, 1[0 CHCTEMa KOMIT IOTEPHOTO 30py
3 BUKOPUCTAHHSIM MIMOMHHOTO HABUAHHS 3/7aTHA M0Ope CHpaBIATHUCS 13 3aBJaHHSIM
po3Ili3HaBaHHs 00’ €KTIB 1 Ma€ BEIMKUM MOTEHITIAJ JJIS TOJAIBIIIOT0 BIOCKOHAICHHS.
Po3pobka Takoi cucTtemMu BHMarae TEBHUX 3HAaHb 1 HABMYOK IMPOTpaMyBaHHS W
MaITMHHOTO HAaBYaHHS Ta BEJIMKOI KIJIBKOCTI Yacy Jjisi 300py Ta MiArOTOBKHU JaHUX,
TECTYyBaHHS Ta HaJAIITYBaHHS MapaMeTpiB MOJIEN, aje pe3yJbTaT MOKa3aB, 110 JJIs
PO3pPOOKH MIiHIMAJIBHOTO TMPOTOTUIY CUCTEMHU PO3Mi3HABAHHS MOXE 3HAJI00UTHCS
0a3oBe PO3YMIHHS TOTrO, K MPAIIOIOTH HEUPOHHI MEPEXi, SKI TUMH 1 METOIU
HaBYaHHS BOHU MArOTh, 1 K1 3 HUX HaWKpaIle MiaxoaaTh I KOHKPETHOI pOOOTH.
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Visualization of Computer-Assisted Ecological and Economic
Monitoring Results Using SDF Graphics

The report explores the application of SDF graphics methods in visualizing ecological and
economic monitoring results. The research considers the effectiveness of SDF graphics in
portraying three-dimensional objects for ecological and economic analysis. This paper highlights
the interactive features and detailed rendering capabilities of SDF graphics, offering insights into
its potential for enhancing data interpretation in environmental and economic monitoring contexts.

Jns mojmanHa reomeTpuyHOi 1H(opmariii npu penaepunry o6’ektiB SDF-
rpadika BukopructoBye KoHnenmiro «Signed Distance Fields» [1], cyrs sikoi momsirae
B TOMY, 10 KOXKHIM TOYI[l y MPOCTOPI MPUCBOIOIOTHCA 3HAYEHHS, K1 BU3HAYAIOTH
BIJICTaHb JI0 HaWOIMXK4YOoro o6’exkTa Ta Moro HampsMok. lLle mae MOXIHBICTBH
OTpUMAaTH OLIbII TOYHE Ta JETali30BaHE 300pa)k€HHs, O0COOJIMBO MpH Bizyamizamli
ckiaagHuxX QopM Ta 00’ekTiB. IlpoBefeHI HaMHM JOCHIKEHHS OOIPYHTOBYIOTH
edeKTUBHICT, BHKOpUCTaHHA MeTofiB SDF-rpadiku nns momaHHS TPUBUMIPHUX
00’€KTIB  Bi3yami3allii pe3yibTaTiB €KOJOr0-€KOHOMIYHOIO MOHITOPUHTY Ta
MIPOTMIOHYIOTH BIMOBIAHUI 1HCprMeHTap11/I JUI IXHBOTO MPAKTUYHOTO 3aCTOCYBAHHS.

OCHOBHI THUIIIB TaKUX OO0’€KTIB 1 LUIbOBI mepeBaru BukopuctaHHs SDF-
rpadiku 11 X TOJaHHS BKIIOYAIOTh Yy cebe:

e 00’eMHI XMapu TOYOK JJisi Kpamloro aHajmizy iXHIX TEeOMETPUYHHX 1
TOMOJIOTIYHUX BIACTUBOCTEH;

e 00’emMHI TemIoBI Mamu I 1HGOPMATUBHOIO BIJIOOPAKEHHS PO3MOILTY
3Ha4Y€Hb Y TPUBUMIPHOMY MPOCTOPI;

e 00’eMHI Mojeni penbedy, IPyHTY, JICOBHX MAaCHBIB, BOJHHX pPECYpCiB Ta
aTMoc(epHUX SIBUIN s OUTBII JETali30BaHUX 1 pEaTiCTUYHUX MoJenen
nanamadry;

e 00’eMHI aHiIMallii 3 YaCOBOIO «TTTUOMHOIO» ISl OKA3y AMHAMIKM 3MiH Y 4yaci.
Otpumani pe3yJabTaTd JAl0Th MiJCTaBU AJi OOIPYHTYBaHHS TBEPIKEHHS MPO

JOLUIbHICTh BKIMIOUeHHS MeToniB SDF-rpadgiku B 3arambHuil  1HCTpyMEHTapiid
Bi3yalli3allii JaHUX €KOJOr0-€KOHOMIYHOIO MOHITOPUHTY.
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