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THE STUDY OF THE OPTIMUM ELECTRONIC DOCUMENT
FLOW MANAGEMENT PRINCIPLES
(ACCORDING TO UKRAINIAN E-HEALTH SERVICES)

A. Chepok, A. Kamienieva, D. Larin, H. Korenkova, S. Stukalov
Odesa I.1.Mechnikov National University
andrew.chepok@gmail.com

The authors researched some modern trends in electronic services supplying in the field
of Health care, as well as some problems of implementing e-document circulation at all levels
of the public Health care system. The paper analyzes the principles of building an optimal
electronic document flow for the “grassroots” links of the Ukrainian Ministry of Health.

The purpose of the work: At present, the idea of “clectronic document circulation” itself
is not at all new one, but this branch of daily activity of modern humans (if it is taken in
particular) and the functioning of modern civilization (if it is in general) has an extraordinary
practical value. Therefore, plenty positive achievements in this area were and are very important
and desirable, and literally for each of us. The experience of various countries, which are
considered economically and socially developed and successful, convincingly shows that in
addition to modern management of the industry and the introduction of HiTech Medical
equipment, the development and implementation of the principles of e-document circulation at
all levels of one’s country’s Health Care System are extremely necessary [1, 2].

On the relevance of this work: The problems of creating and then functioning of
electronic document set are related to almost all stages of the life cycle of such e-documents —
from their actual generation up to their archival storage ensuring. It should also be remembered
that in the mentioned area, issues of confidentiality and rules for using information contained
in such documents are so-called critical topics [1].

Since the main issues related to the health care system functioning in general, i.e. at all
links of this chain, may affect many “sensitive” and “ultra-sensitive” spheres of both private
life and public one: here are the costs of both personal and public funds, some industrial
achievements and labor productivity as well, plus a whole series of moral and ethical issues,
scientific and technological achievements, the skill of being a manager in this field, a certain
level of qualification of representatives of many professions, mainly science-intensive, then the
named above fields of human activity require the implementation of a number of well-thought-
out, and carefully balanced organizational solutions aimed at further development of many
areas of health care in Ukraine.

The COVID-19 Pandemic has radically “digitized” patients’ affairs and dramatically
increased the number of remote medical services. This wicked event convincingly proved the
need to apply “high technologies” in our everyday practice in the shortest possible time for
almost a third of the Planet’s human population.

Electronic document circulation in Ukraine is now regulated by the following Laws:
“On electronic documents and electronic document circulation” and “On electronic Trust
Services”. According to these State acts, e-documents have the same legal force as paper ones:
that is, documentation in digital form is completely legalized. This is possible only if current
electronic documentation contains all the required details.

Today, the electronic document management should act as the main tool for optimizing
the functioning (i.e., for current works) of almost any enterprise in many economic and social
sectors [1, 2].
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Analysis of existent document management systems within the framework of the
Ministry of Health of Ukraine and some known trends in their development, according to the
authors’ viewpoints, in the development of optimal e-document management, it is advisable to
use the powerful capabilities of MS Excel and MS Word software products, at least at the levels
of the basic or “grassroots” links of the existing health care system.

In the authors’ opinion, after taking into account the above notions, the principles of
building an optimal e-document flow in the basic links of Ukrainian Ministry of Health system
should be as follows:

1) Automation of the most of routine tasks concerning to medical staff works, and so
significant reduction of time spent on “redundant actions” and unproductive functions of
medical personnel;

2) Evident reduction of the influence of so-called human factor on errors in datum regarding
the patient himself and/or regarding the most basic unit of the Ministry of Health at various
stages of the “life cycle” of various specific documents;

3) Significant minimization (to the level of impossibility of existence) of the most significant
“diseases” of this area — from the forgery of certain documents up to their improper storage
(well known “loss of documents” events).

4) Acceleration (as caused by automation) of appropriate information conveying to those
employees of certain departments/institutions of the Ministry of Health, who need it
accordingly to their Service Instructions (that is, accordingly to the principle “to whom it
may concern’);

5) Active protection of important information due to adequate setting of appropriate
administrative, as well as technical and technological rules for processing of such
information.

6) Transparency of e-document circulation with the possibility of “end-to-end” tracking of
each necessary document registered in the e-document circulation system (surely, with
proper recording of all “steps” of each document in the System — from the very fact of the
document’s birth to all stages of its storage, taking into account the history of its editing).

7) Compliance with International Information Security Standards, such as 1SO 9000.

Conclusions. When performing this work, the authors have solved the following tasks:

1. Determination of the basic principles of building an optimal electronic document flow
in the “lower” links of the system of the Ministry of Health of Ukraine;

2. Development of some specific algorithms for generation, protection, addressing,
storage and archiving routines of certain internal documents of the Ministry of Health of
Ukraine according to the approved instructions of the Ministry of Health;

3. Development of a modular structure of relevant programs for the generation and
addressing of certain internal documents of the Ministry of Health of Ukraine, as well as
ensuring interaction between program modules;

4. Development of a clear-and-understandable user interface (UserForm).

[1] Casey J.A., Schwartz B.S., Stewart W.F., Adler N.E. Using Electronic Health Records for
Population Health Research: A Review of Methods and Applications, Annual Review of
Public Health Vol. 37. (2016). P.61-81.

[2] Chepok A.O. The electronic medical record documentation automating accordingly to the

e-Health system. Bicauk XMeIbHUIIBKOTO HAI[IOHATLHOTO YHIBepcUTeTYy. TeXHIYHI HAYKH.
Bum. 4. (2018). C. 239-246.
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ON USE OF THE FRAME-BASED MODELING LANGUAGE
FOR INFORMATION SYSTEM DEVELOPMENT

O. Lytvynov, V. Khandetsky, M. Lytvynov
Oles Honchar Dnipro National University
lishu.dnepr.ua@gmail.com, v.khandetsky@gmail.com, litvinovmaO@gmail.com

Today's business requires more flexible and agile, maintainable, and testable, robust and
scalable IT infrastructure able to meet the challenges of the business. Multi-layered and service-
oriented software architectures, domain-driven design approach with its modifications, test-
driven development and behavior-driven development approaches can be seen as a response to
those challenges. But the implementing of such approaches results in dozens of huge projects
with hundreds and even thousands of classes and sophisticated testing infrastructure necessary
to support continuous refactoring of the system. It complicates the process of development and
maintenance, increases the level of mental load on personal.

One of the effective solutions of the above problem is to provide a modeling language
able to represent all the necessary information about the domain and provide a mechanism of
the transformation of the models described in that language into a set of software components
and other artifacts such as tests, configuration files, database scripts etc.

The results of previous research were published in [1]. The provided minimal
description is based on domain description using high-level language and then can be
transformed into a set of artifacts. For this purpose, we propose to use an extended frame-based
language described in detail in [2]. This language can describe domain in a full, platform
independent manner, considering all necessary information that could be effectively used by
the transformation mechanism for system construction and maintenance. The expressiveness of
the language is based on the descriptive power of facets used by both frame and slot structures.

The presented work is devoted to the specific of transformation engine construction, the
problems of its flexibility and adaptation to new architectures and technologies. The proposed
solution is as follows. To transform the description written in the XCore language into
metalanguage objects Antlr library is used. After acquiring, the model can be mapped into
several platform independent models (domain-specific models - DSL models). Then DSL
models can be transformed into the code using a set of resolvers which are responsible for DSL
model interpretation. Since the components of the application are different from each other,
separate Resolvers are used. For example, to generate C# and MySQL code there would be used
CSharpResolver and MySqlResolver respectively. The transformation of the model into code
is based on templates.

In order to estimate the effectiveness of the provided approach, the following
experiment was set up. After the realization of typical functions of the typical project [2] and
refactoring aimed to achieve the desired level of standardization, we started to train the
generator to acquire the results we get earlier but without manual coding. At this point it should
be evaluated which templates and resolvers should be created or modified. After the generator’s
training we tried to build new system components to realize new use-cases like those that have
been already implemented. We estimated the time spent on generated code modification as well
as the time spent on generator tuning. After the implementation of all functions, we tried to
evaluate the effectiveness of the provided approach in comparison to the potential time and
efforts expenses which would be required for solving the problem in the conventional way.

In the case of implementation of the testing project with a new architecture (layers, and
typical patterns and components used within these layers) and a new technology stack, the
acquired results can be described as follows.
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1. To achieve the maximum effectiveness of the approach the project should be thoroughly
analyzed in order to discover the subset of the typical functions which would be considered
as the foundation of the whole set of functions to be implemented.

2. During the implementation of the functions, it is necessary to train the generator following
the principle of the synergy of the architecture and generator. That means that the generator
relies on the prepared infrastructure consisting of basic and auxiliary classes that
significantly simplify the construction of new code and, accordingly, its generation, because
the generation relies on standardization of typical tasks’ solutions. Tuning of the generator
was carried out mainly due to the addition of new transformation templates, and the
construction and improvement of model transformers in the code.

3. During new functions implementation with the use of the generator, the generator’s tuning
is mostly connected with the modification of the existing templates and transformers.

4. During the modification of already existing components, the use of the generator also proved
to be effective. Updating the system is always associated with a greater effort on the part of
the developer than with development, because it is necessary to focus more attention on the
exclusion of damage to ready-made functions, which can be partially implemented thanks
to the creation of tests. Exclusion of syntactic and semantic errors, which usually occur
during such modifications, with the help of a generator significantly reduces not only the
time, but also the effort (mental stress) spent on solving problems.

The realization of the project including generator tuning took 6 weeks instead of 8 weeks
planned for project realization without using the generator. Generator tuning took
approximately 17 hours. Firstly, 5 typical functions were selected and realized manually. The
realization of those functions took approximately 5 weeks including refactoring, the goal of
which was to obtain the basic patterns and prepare the common infrastructure for further
development. Although the generator teaching, defining templates and resolvers, had been
started in parallel with manual functions realization, the main part of the tuning was made after
the refactoring had been finished. Tuning the generator to be able to generate the code for
already realized functions took approximately 5-7 hours. Then the realization of new functions
ran smoothly without significant generator updates, i.e., the creation of new templates and
resolvers, and was primarily focused on their modifications and improvement.

The estimation of the hypothetical time required to realize the project without the
generator was based on the minimum time required to develop functions manually without
considering the time and effort usually spent on switching the focus of the developer's attention
from one context to another, errors which appear in result of creating new code by copying
existing one, time required for debugging, formatting, commenting classes and functions, etc.
We considered only the time required to create the necessary components, i.e., creating new
files and writing the code.

Thus, the use of the frame-based approach and the generator had a significant effect in
the process of developing the information system, but the best results obtained if the generator
is configured for a specific architecture and the architecture can help or hinder the use of the
generator. Due to the fact that the system was built using a flexible architecture, the use of the
generator was expedient.

[1] Litvinov A.A. On a frame-based language used for software modelling. System
technologies. Nol (108). (2017). P. 55-63.

[2] Litvinov A. A., Gerasimov V. V., Kovalchuk D. S., Krokhin V. V. On basic principles of
minimum valuable information system development and preparation of professional
software developers. System technologies. Nol (120). (2019). P. 107-114.
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3ACAIA I3BOEPEKTUBHOI'O AHAJII3Y JJ1d OUIHKHA
MACHITABOBAHOCTI HAPAJIEJIbBHUX OBYUCJIEHDb

I. HazapoBa
JloHeybKuul HayioHanbHUU MEXHIYHUL YHIGepCUmem
iryna.nazarova@donntu.edu.ua

MacmtaboBaHIiCTh € BaXKIMBUM aTpUOYTOM TapalelbHUX CHCTEM, SIKHH 4YacTo
BUKOPHUCTOBYIOTH, ajleé TaKUM, LI0 HE MAa€ 3arallIbHONPUMHATOrO (GOpMaIbHOTO BU3SHAYEHHS. 3
i€l MPUYUHU, TEOPETUYHI JOCHTIDKEHHS Ta MPAKTUYHE 3aCTOCYBAaHHS METOJIB OIIIHKU
MacmTabOBaHOCTI AJITOPUTMIYHO-IPOTPAMHUX JIOAATKIB y CYKYITHOCTI 3 IapajeibHOI0
apXITEKTypOI0 € CYYacHOK HAYKOBOIO MpoOieMor. Y MOKIaAl MPOMOHYETHCS MIIXiT IS
JOCTIIPKEHHSI MacITabOBaHOCTI PO3POOJIECHUX MapalielbHUX JOJATKIB PO3B’S3aHHSA CHUCTEM
3BHUYAHUX JUQEpeHIIfHNX pPIBHSHb HAa OCHOBI 3acaja i3oeeKkTHBHOTrO aHamizy [l] mis
HACTYIHOT MHOXKHHHU OJHOKPOKOBHUX METOMIB: €KCIIOHEHIIMHI IS PO3B’sA3aHHS JIHIMHUX
3amad  Komri, OararocrajiiiHi TOBHICTIO HEsBHI, JiarOHaJbHI HEsSBHI Ta OJIHOKPATHO-
niaroHanbHi HesBHI 1o Tuny Pynre-KyTu, 6ararorouxoBi a0o G10KOBI A1 )KOPCTKUX 1 3a7a4 3
0COOJTMBOCTSIMH, EKCTPANOJIALiiHI Tomio [2-3].

[30edexTuBHUI aHATI3 € KOPUCHUM IHCTPYMEHTOM MpPU TEOPETUYHOMY IOCITIIKEHH1
napanenpHux anroputmiB [1]. Takuiéi miaxix m03Bojsie KOpPUCTyBauaM i pO3POOHHKAM
MOPIBHIOBAaTH PIi3HI albTEPHATHBH KOMOIHAIIl NapajelbHUN alropuTM-apXiTEeKTypa Ta
BUOMpATH TaKWi BapiaHT, y IKOMY pO3Mip BXOJy 3pOCTA€ MOBUIBHIIIE MOPIBHSAHO 3 KUIBKICTIO
napajeibHUX NpUCTpoiB. Ha mpakTuili, ofHaK, HaKIaIHI BUTPATH Ha KOHKYPEHLIIO pecypciB
MOKYTh TEPEBUIIMTH IHII TUIMK HAKIAJHUX BHTPAT i 3p0OMTH MacmTaOOBaHWUN aJITOPUTM
HenpuIaTHUM abo HeedEeKTUBHUM [0 BUKOHAHHS. 3aCTOCOBAaHA METOJOJIOTiSI BUPIIIYE IO
po0JieMy HUIIXOM MOJIETIOBAaHHS eMITIPUYHUX (QYHKIIH 130€(DEKTUBHOCTI SIK caMoi Iporpamy,
TaK 1 0e3KOH(IIKTHOTO BIITBOPEHHSI TPOrPaMH.

JBonapameTpuuHa (GyHKIISI 130€EKTUBHOCTI BU3HAYAETHCS HA OCHOBI HACTYITHOTO
AQHATITUIHOTO BUpa3y: m = fr(p), e m — po3MipHICTh BXiAHOI MPOOIEMHU/PO3Mip BXOIY, P —
KUIBKICTh TMapaJieIbHUX MPHUCTPOiB B OOYMCIIOBAJIbHIA CHUCTEMi, YMOBHO IpouecopiB, E —
Koe(ILIEHT €PEeKTUBHOCTI MapajieIbHOr0 aIrOPUTMY, 10 OOUUCIIIOETHCS HACTYITHUM YHHOM:

Stmp) _ Ti(m)
P pT,(m,p)’

E(m,p) =

S(m,p) — NpUCKOpeHHsT ~ mapanenbHoro anroputmy, Tp,T, —dYac BUKOHAHHS
ITOPUTMY Ha OJHONPOLIECOPHiil Ta pP-NPOLIECOPHIM 0OUNCIIIOBAIBHUX CUCTEMaX BiJMOBIIHO.
[30edexTuBHICTD, fKa 00’€AHYE KUIBKICTH MPOLECOPIB 1 BXITHUI pO3MIp ANl KOHKPETHOT
MOCTINHOT €()eKTUBHOCTI, € KOHTYPHOIO JIiHI€I0 Ha oBepxHi E (m, p). i oTpuMaHHs BUpa3y
¢yHKUii 130eEeKTUBHOCTI BBOJUTHCS XapaKTEPUCTUKAa — 3arajbHi HaK/IaJHI BUTPAaTH Ha
napajnenizM a0o 3aranbHuii yac Haknaguux Butpat: To(m,p) = pT,(p,m) — Ti(m). Le
3arajlbHa KUIBKICTh 4Yacy, SKy BCl MPOIIECOPH BUTPAYalOTh, ajie HE HAa BHUPILICHHS BXI1JIHOI
npobaemMu, a Ha KOH(IIKT 3a pecypcH, 4yac MPOCTO0 Ta HAKIIAAHI BUTPATH Ha TUIAHYBaHHS.

OcHOBHE CITIBBIIHOIIEHHS 130€(DeKTUBHOIO aHAI3y Ma€e BUTIIS;

Ti(m) = K - To(m, p),

ne K — koedimieHT MacmTaOyBaHHs, 0 po3paxoByeThes, sik: K = E /(1 — E).
3 1[bOT0 CMIBBITHOLIEHHS 1 OTPUMYETHCS aHAIITUYHUM BUpa3 QyHKIIT 130€(pEKTUBHOCTI.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 aucronana 2023 p., M. /Ininpo, Ykpaina



14 Cexuisi |. IHOOPMAIIIHI CACTEMM I TEXHOJIOI'Ti

Jis  omiHkM MacmTabOBaHOCTI MPAKTUYHOTO 3aBJIaHHS JOCHIIKYIOTBCA Ta
MOPIBHIOKOTECA TpHU pi3HI  (yHKHiT 130edektuBHOCTI. [lo-mepmie, dakTuuna GyHKIISA
130€()eKTUBHOCTI IPOTPaMu, 3MOJICIIbOBAHA 32 EMITIPHYHIUMHU PE3yIbTATAMH TECTiB BUKOHAHHSI.
L5 ¢pyHKIis BigoOpakae peanicTUYHy TPOAYKTUBHICTD IPOrpaMu, BKIIOUAIOYH BMICT PECYpPCiB
1 Burparn Ha 1utanyBaHHs. [lo-mpyre, QyHKiis i30edekTuBHOCTI «0€3 KOHQIIIKTIBY,
3MOJICIbOBAaHA 3a pe3yJbTaTaMH IMOBTOPHOTO BIATBOPEHHS IOPOXKHIX OCTOBIB 3aBIaHb
BIZIMOBIHO 10 rpady BrmBy 3anadi. OCKUIBKH il Yac MOBTOPHOTO BiATBOPEHHS HE BUHHKAE
KOHKYpeHIIi 3a pecypcH, sl QYyHKIIs eeKTHBHOCTI BioOpakae ifeaqbHy CUTYaIlilo, KOJIU
nporpama He 3a3Ha€ KOHKYPEHIIil, CHPUYMHEHOI OJJHOYACHUM JIOCTYIIOM JI0 pecypcy. Tperii
BapiaHT, 1e OI[IHKa BEPXHBOI MeXi eeKTHBHOCTI AoAatky: E = min (1, Dop/p), Tyt Dop —
MaKCUMaJIbHUH CTYIIHB mapanenizMy. Lls pyHKIIis onucye i1eaibHy CUTYaIlio, IKa HaBpsI Y1
JOCSKHA Ha MPAKTHIIL.

CyTrreBa pO3ODKHICTE MDK (PAaKTUYHOIO Ta OC3KOH(MIIKTHOK e()EeKTHBHICTIO
XapaKTepu3ye, HACKUIbKYA CEpHO3HUMU € HAKJIaHI BUTPATH Ha KOHKYPEHIII0 pecypciB, TOOTO,
MO CYTi, 3HAYHOIO MEPEIIKOJO0 JUIsi MacIiTabOBaHOCTI mMmporpamu. Bemmka po30iKHICTH
CBITUUTH TPO TE€, IO 3YCWUJUIA 3 ONTHUMI3allii MOBUHHI OyTH 30Cepe/ eHi Ha 3MEHIICHHI
KOHKYpeHIIi 3a pecypcH Ha piBHI mporpamu abo ocHOBHOI cuctemu. CTpyKTypHa
HEBIJMOBIIHICTh MIXK BEPXHBOIO MEXEI0 Ta 0€3KOH(DIIKTHOIO 130€()eKTUBHICTIO XapaKTepU3Ye
MOTEHIIa]l ONTHMI3allii mporpaMu Ha piBHI rpada BIJIMBY: 3MEHIICHHS 3aJIeKHOCTEH Yy
3aBllaHHI, HaJAIITYBAaHHS JeTali3alii 3aBJaHb a00 BUKOPUCTAHHS OiLTbII e(EeKTUBHOTO
IUTaHyBaJlbHUKA. 3 iHIIOro OOKYy, HEBEJHMKa PO301KHICTh O3HAYae, 110, HE3BAKAIOUM Ha
CyINepeyKH, peatizallis alroputMy OJIu3bKa J0 MaKCHMalbHOI €(EeKTHUBHOCTI, SIKYy BiH MOXeE
nocsartd. OTHaK MOXKYTh ICHYBATH iHIII, MOXKIIMBO, Kpalli aJrOPUTMH, SIKi CTBOPIOBATUMYTh
pi3Hi GyHKIIT 130€(PEKTHBHOCTI 1, MOXKIIMBO, KpAIly MAaKCUMaIbHY €(EKTHBHICTb.

[1] Grama A., Gupta A., Karypis G., Vipin K. Introduction to Parallel Computing. Addison
Wesley. (2003). 856 p.

[2] HazapoBa L.A., ImutpieBa O.A. IlapanenbHi 00YMCIICHHS: HaBYalIbHUI TOCiOHUK / [LA.
Hazaposa, O.A. [ImutpieBa. [Tokposcrk: JABH3 JonHTY, 2020. 246¢.

[3] MapanenbHi OMHOKPOKOBI METOIM YHCEIBHOTO PO3B’si3aHHs 3amadi Korimi: MoHorpadis /
JLII. ®enpnman, [.A. Hazaposa. Jonenwk: JIBH3 JJorHTY. (2011). 185 c.

PRINCIPLES OF ISOEFFECTIVE ANALYSIS FOR
ESTIMATES THE SCALING OF PARALLEL
CALCULATIONS

I. Nazarova
Donetsk National Technical University
iryna.nazarova@donntu.edu.ua

The development of parallel applications can have as its goal both the reduction of
execution time and the provision of the possibility of solving larger tasks. The ability of a
parallel algorithm to efficiently use processors with increasing computational complexity is an
important characteristic of parallel computing and is called scalability. A parallel algorithm is
scalable if, as the number of processors increases, it provides increased acceleration while
maintaining a constant level of processor efficiency. The study of the scalability of parallel
calculations was carried out on the example of solving the Cauchy problem on the basis of one-
step numerical schemes: fully implicit Runge-Kuta type methods, diagonally implicit, single-
diagonal implicit, extrapolation, block methods.
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MPOBJEMA E®EKTUBHOI PEAJII3ALII MAPAJIEJBHUX
AJTOPUTMIB HU®POBOI ®LILTPALIT JJAHUX HA
CYUYACHUX OBUMCJIIOBAJILHUX CHCTEMAX

M. SAnxkak
ITnemumym npuxnadnux npoobiem mexaniKu i Mamemamuxu
im. A. C. Iliocmpueaua HAH Yxpainu
JIvsiscokuil Hayionanvhuil yHigepcumem imeni leana @panka
yadzhak_ms@ukr.net

VY GinbmocTi BUNaakiB 3anadi mudposoi ¢inerparnii (3LD) pizHoi po3mipHOCTI HEOO-
X1JTHO PO3B’SI3yBaTH B PEXKUMI peaIbHOTO Yacy. 3 Ii€l0 METOK MOTPIOHO po3po0IsATH Ta 10C-
JDKYBaTH MapajeabHl aTOPUTMHU JUIS peati3amii Ha Cy4acHUX OOUYMCIIIOBAJIBHHUX 3ac00ax.
3aranom posrisayBana Hamu 31D nonsrae y BUkoHaHHi J1eskoi KibKocTi (C) nepeobuncieHb
3rIaJpKyBaHHs MacuBy 3HadeHb N 3MIHHUX uepe3 pyXoMme BIKHO 3amaHoro posmipy M.
3a3Buuail Ha MPAKTHUL, M Yac 3aiicHeHHS HdpoBoi (iabTpallii, BAKOHYIOTHCSI HEPIBHOCTI:
N>>C,N>>M.

Jnist po3B’si3aHHs 32124 (iabTpalii pizHoi pO3MIPHOCTI HAMU 3aIPOIIOHOBAHO [Ty HHU-
3Ky MmapajieibHuX anroput™Mis [1-3], 30pieHTOBaHKX Ha Pi3Hi THUIH apXiTEKTYp 0OUHCITIOBAIIb-
HUX CHCTEM.

IMapaneabHo-kouBeepHi anroputmu (IIKA) ¢iasTpanii. Ha ocHoBI 3anponoHoBa-
HOTrO KBaszicucroiiuyHoro meroay [1] opranizamii oOuuciieHb NOOYZIOBAaHO ONTUMAJbHI 3a
MIBUIKOI€I0 Ta BUkopucTanHsaM nam’siti [IKA posp’sizanns 31D. OnTuManbHICTh T0BEICHO
y BKa3aHHX KJIacax ajrOPUTMIB, SIKi € €KBIBAJICHTHUMH 32 iH(QopMaIiitHuM rpadom 3 TOUHICTIO
JI0 BUKOHAHH$ CIIBBITHOIIEHb aCOI[IaTUBHOCTI Ta KOMYTaTHUBHOCTI JJIsl Omepallii Jo/1aBaHHS.
OpepxaHo OLIHKK HpUcKopeHHs i nmooynoBanux IIKA ¢inpTpamii, ski 30pi€eHTOBaHI Ha
peanizaiiro Ha BIAMOBIAHUX KBa3ziCHUCTONIYHUX obOuucmoBanbHuX CcTpykTypax (KCOC).
OcTtaHHI BIAPI3HAIOTHCS Bl YUCTO CUCTOJIYHUX CTPYKTYP TUM, 1110 J103BOJISIFOTH MepeaaBaHHs
JTAHMX BiJl OJTHIET «IHCTAHII1» 0/Ipa3y B AEKUIbKA «TOUOK MPUIOMY», 10 MOPYIIYIOYH JOKa-
JBHICTh MDKEJIEMEHTHUX 3B’s13KiB. OHAK, Ha TPAKTHUIIl 1€ JIETKO MOXKHA YCYHYTH IUIIXOM
BUKOPUCTAHHS ONTOEJIEKTPOHHUX E€JIEMEHTIB y CHCTeMaX KOMYTallil Ta 3B’S3Ky. 3a3Ha4MMO,
mo crpykrypa KCOC noBHICTIO KOIiIO€ MOTAaKTOBY cxeMy BianoBigHoro ITKA ¢insTparii.
[TpoTe, MOIMBI pi3HI MIAX0AU 10 ii onTUMI3alii, K 3a KUIBKICTIO (DYHKIIOHAJIbHUX eJIEeMEH-
TiB, TaK 132 4aCOM ixX crpairoBanHs. HeoOx11HO 3a3HaYUTH, 0 y IEPIIIOMY BUIIAJKY MOTPIOHO
nepeadauynuTH BiJNOBIIHI 3ac00M CHHXPOHI3aLIi JUIs TMepelaBaHHS pe3yJbTaTiB MIXK Iepe-
0OYMCIIEHHSIMU 3TJIaJPKyBaHHS. Y JIpyromMy BUMNAJKY, JUIS peaiizaiii pyHKLINH eTeMeHTIB MO-
JKHa 3aJy4aT, HallpHUKIIajd, 3aCO00M OAHOPITHUX OOUNCIIIOBAIBHUX CEPEelOBUIL, KIITUHHHUX aB-
TOMATiB, CXEM MOTOKIB JaHUX Tolo. 3ayBaxkumo, o KCOC cnig po3risaaTd 1 sk OKpeMi BU-
COKOIPOAYKTHUBHI OOUMCITIOBAIIbHI BY3JIM KJIACTEPHUX CHCTEM a00 MiOpUAHUX apXiTEKTyp i
BUKOHAHHS CHEL[IaII30BAHUX O0OYHUCIICHE.

3anpononoBani I[IKA ¢inbTpariii Ta noGy1oBaHi Ha iX OCHOBI AITOPUTMHU 3 0OMEKEHUM
napajenisMoM MOXYTb OyTH TakoX €(pEeKTHBHO peaii3oBaHl Ha CUCTeMax 31 CTPYKTYypHO-
MpOLEAYPHOIO opraHizaiiero obuucienb. OCTaHHI € 00UNCIIOBATHLHIME 3ac00aMHu 3 TMapale-
JIBHOFO TIaM’SITTIO [2], B SIKMX Yac JOCTYITy KOXKHOTO IpoIiecopa 0 Oyab-SKOro MOTYJIsl TTaM’ sITi
€ onHakoBUM. OnHaK, TyT BUHHMKae mpoOieMa Oe3KOH(IIIKTHOTO pPO3TAallyBaHHS JaHUX Y
MOJIYJISIX TIaM’STi, IKY HOTPIOHO BUPIIIYBaTH Y KO)KHOMY KOHKPETHOMY BUIIAJIKY.

ITapanenbHi aJaropuT™M# 3 aBTOHOMHMMH TrijikamMu. Ha 0CHOBI BUKOpHCTaHHS CUHX-
POHHOT cXeMU opraHizailii 00YHCclIeHb Ta 171eil MeToly mipamij Ui po3napaeatoBaHHs [IUKIIIB
HamMM OyJIM 3alpoINOHOBaHI MapalieNbHi anropuT™Mu [3] 3 aBTOHOMHUMH TUIKaAMH Ui PO3-
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B’s3aHHs 31D pizHOI po3mipHOCTi. LI anroput™mu 3aramom 30pi€HTOBaHI 1Jisi BUKOHAHHS Ha
MIMPOKOAOCTYITHHX JUISI KOPUCTYBadiB OOUMCITIOBAILHUX 3aC00aX — KJIACTEPHUX CHUCTEMax Ta
KOMIT I0Tepax i3 OaraTosiepHUMHU MPOIeCOpaMu. 3ayBaXKMMO, 110 Y 3TaJlaHuX MapajielIbHUX
ITOpUTMax IepedadeHa MOXIMBICTh BpaxyBaHHS 00CATY BUKOPHUCTOBYBAaHHMX OOUYHMCIIIOBA-
JBHUX pecypciB (KIIBKOCTI MPOIECOPiB (AAep), OOUMCIIOBAIBHUX BY3JiB, MPOAYKTHBHOCTI
KOMYHIKaI[IHHOTO cepeaoBuIia Tomio). Kpim 11p0ro, yist arOpUTMIB 3 aBTOHOMHHUMH T1TKaMHU
nepeadavyeHo TEeBHI MPOIEAypH VIS TOKpAIIESHHs TPOIEeCy 3IUIaJPKyBaHHS MAacHUBY 3HA4YCHb
3MiHHUX. TakoX oJep»aHo OLIHKU IPUCKOPEHHS, K1 MiATBEPKYIOTh, 10 BOHO € JIOBOJI CY-
TTEBHUM JIJISl X AJITOPUTMIB, IO 3a0€31eUy€ThCSl BAKOHAHHSM HAaBEJACHUX BUIIIEC HEPIBHOCTEH.
Heo0xigHO 3ayBakuTH, IO MPU MEPEXOi 10 OOMEKEHOTO MapalieNni3My y JTaHOMY BHIIAJIKy
CYTTEBO 3MEHIIYETHCS KUIBKICTh TyOJFOBaHb OOYMCIICHD B ITEpAIlisX IIUKITY, 1110 € BOKIHUBUM,
OCKUTBKM Taki AyONIOBaHHS — II€ TEBHUI HEMONIK BHUKOPHUCTOBYBAHOTO ITiJI Yac po3mapa-
JICITFOBAHHS METOJTY Tipamij.

BucHoBOK. [3 BUKIIaZICHOTO BHIIE BUILTUBAE, IO 3AJIEKHO BiJl BAMOT 10 Yacy BUKOHA-
HHS QiIbTpallii Ta HASBHUX TEXHIYHUX MOXKJIMBOCTEH JJIsl €(DEKTUBHOI peaizallii 3arpornoHo-
BaHUX IMMapaJieIbHUX aJITOPUTMIB MOKHA BHKOPHCTOBYBaTH sK crneniaiizoani (KCOC), Tak i
yHIBepcallbHi (KJIacTepH, KOMIT IOTEpU 3 OaraTosACpHUMH MPOIECOPAMHU, CHCTEMH 31 CTPYK-
TYPHO-TIPOIIETYPHOIO OpraHi3aliel0 004YHCIeHb) 00UNCITIOBaIbHI 3aco0u. OnepikaHi B 1l po-
00T HAYKOBI pe3yJIbTATH MOXKYTh OYTH BUKOPUCTaHI JUTsl TIONIEPEAHBOTO ONPAIFOBAHHS B pe-
KUMI PEaTbHOTO Yacy BEIMKHX MACUBIB BXIJTHUX JAHUX y PI3HUX MPEIMETHUX TaTy3sX ITiJ] 9ac
JOCTIIPKEHHS CTaHy Ta Mpolecy (PyHKIIIOHYBaHHS 00’ €KTIB CKIAAHUX 1€papXiuHO-MEPEKEBUX
CHCTEM, a TaKOX aHaJl3y Ta ONTHUMIi3allii MDKCHCTEMHHX B3a€MOJII PI3HUX THUIIB 3 METOIO
3aXHCTy CHCTEM a00 TX OKPEMHUX CKJIAJOBUX BiJI HEraTUBHUX IJICCIIPIMOBAHUX YK BUTIAIKOBUX
30BHIIIHIX 1 BHYTPIIIHIX BIJIMBIB.

[1] Yadzhak M. S., Tyutyunnyk M. I. An optimal algorithm to solve digital filtering problem
with the use of adaptive smoothing. Cybernetics and Systems Analysis. VVol. 49. (2013). P.
449-456.

[2] Amxak M. C. BupitieHHs mpodiaeMu peaizaliii JesKuX napajieibHUX alrOPUTMIB IUPPO-
BOi (pinmpTpanii nanux. Binbip 1 o6podka indopmarii. Bum. 35 (111). C. 116-121.

[3] SAAmxax M. C. IMapanesnphi anroput™u mudpoBoi ¢inbrpartii ganux. KibepHernka Ta cuc-
TeMHu# anamiz. 59, Ne 1. (2023). C. 46-56.

THE PROBLEM OF EFFECTIVE IMPLEMENTATION OF
PARALLEL ALGORITHMS FOR DATA DIGITAL
FILTERING ON MODERN COMPUTER SYSTEMS

M. Yadzhak
Pidstryhach Institute for Applied Problems of Mechanics and Mathematics NAS of Ukraine
Ivan Franko National University of L viv
yadzhak_ms@ukr.net

The paper describes parallel methods and algorithms proposed by the author for solving
digital filtering problems of different dimensions. Modern computing means for their effective
implementation are considered (quasi-systolic computing structures, systems with structural-
procedural organization of calculations, clusters). Depending on the requirements for the
execution time of digital filtering, it is possible to choose one or another parallel algorithm and
the appropriate computer system for its effective implementation. The obtained results can be
used for preliminary processing in real time of large arrays of input data in various subject areas.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 aucronana 2023 p., M. /Ininpo, Ykpaina



Cexuisi |. IHOOPMAIIIHI CACTEMM I TEXHOJIOI'Ti 17

ON A PROBLEM OF SYNCHRONIZATION OF SEQUENTIAL
EVENTS IN CQRS WITH EVENT SOURCING SYSTEMS

O. Lytvynov, D. Hruzin
Oles Honchar Dnipro National University
lytvynov@ffeks.dnu.edu.ua, hruzin_dl@ffeks.dnu.edu.ua

Software is developed for businesses the core feature of which is agility: changing
business rules, adding new activities, modifications of procedures and processes is not
something special for modern business. To handle this challenge different approaches and
architectural solutions are proposed. One of the effective solutions is to build the system using
event-driven architecture [1]. This architecture involves breaking down a complex system into
modules that react to events and, in turn, generate other events. It allows to reach a high level
of scalability and rapid adaptation to constantly changing business process requirements. To
increase the performance of the system developers often use a variant of event-driven
architecture which is based on the combination of Command Query Responsibility Segregation
(CQRS) architectural design pattern with Event Sourcing.

CQRS is a design pattern that separates the command (write) side of an application from
the query (read) side. CQRS is used in conjunction with Event Sourcing to provide a clear
separation between the handling of commands that change the application state and the retrieval
of data for querying. During a write operation, events are recorded in the event store, and the
client is informed that the source of truth of the system has been updated, and eventually, the
other parts of the system (e.g., projections, services) will be updated. Read operations are
reduced to selecting pre-prepared data causing significant speed-up of user query processing.

There are a number of well-known problems connected to this approach, such as events
replay performance, issues with event versioning, issues with asynchronous events dispatching,
etc. One of the important problems which does not have a strong and well-documented solution
is the problem of synchronization of sequential events. The source of the problem is the fact
that the event delivery subsystem does not guarantee that published events will be delivered in
order they were published. Thus, there could be a situation when the logic for which the order
of the events is critical, fails because of the improper order of the incoming delivered events.

Let us see an example. In a financial system, the broker is the owner of the group of
users. Each broker must be connected with the group, but the group can be temporarily without
an owner (this exceptional case can happen when the broker leaves the system for some reasons
etc.). As a rule, the creation of the group is the part of the broker creation process, but it could
be the situation when the broker is assigned to the existing group which was owned by another
broker. Thus, when we add the broker the system can generate at least two variants of event
sequences: <GroupCreated, BrokerCreated>, <BrokerCreated>.

The application which uses the API reacts to the BrokerCreated event by checking the
existence of the group and if the group does not exist it causes the error. But in the case of an
event delivery system which does not guarantee the order, the events which were published in
order <GroupCreated, BrokerCreated> can be delivered in order <BrokerCreated,
GroupCreated> causing the error.

The first variant of the solution is to create a new event BrokerCreatedWithGroup as a
composition of BrokerCreated and GroupCreated. However, firstly, it is a simple example that
in reality could have more than two events. For instance, let us assume that we have an
additional BrokerPersonallnfoCreated event which should come to the client only after the
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BrokerCreated event and that we can have the case when BrokerPersonalIinfoCreated could be
omitted when the broker is created (e.g., it can be added in the future). For that case we will
have BrokerWithGroupAndPersonalInfoCreated, BrokerWithPersonalInfoCreated,
BrokerWithGroupCreated, BrokerCreated and BrokerPersonalIinfoCreated events. It is easy to
see that the number of event combinations in the real system could be rather high. Secondly,
there may be event handlers subscribed to the part of the nested events. For example, we can
have projections subscribed to BrokerCreated and GroupCreated events accordingly. But if we
try to implement the above solution we need to subscribe those handlers to all the variants of
events that include BrokerCreated or GroupCreated. Thus, the provided solution can lead to an
increase in code complexity and often results in code duplication.

The second known way to solve the problem is based on using synchronous event
queues instead of classical event bus variant [3]. It solves the issue by ordering the handling of
events but causes performance issues.

The third variant bets on client side complication in order to resolve such situations. For
example, after receiving BrokerCreated notification and defining that the group which the
broker belongs to does not exist, Client waits for a GroupCreated event for a defined period of
time and if that event does not come, it causes the error. But this solution is not perfect, because
it significantly complicates the Client construction which can be regarded as a weak point of
system API.

Thus, each of these solutions impacts performance and notably complicates the
implementation.

To resolve the problem, we propose to introduce a container of events which can be
used for delivering the group of ordered events. It can be called a complex event or a group
event. The event publisher unit considering this modification works as follows. For the handler
subscribed to the type of events it delivers all the events of that type including the events from
containers. Or in other words, it analyzes the content of the container and if some handler is
subscribed to one or more events from the group, delivers the group event to that handler.

For the above example it works as follows. For the broker creation task the command
handler puts the sequence of generated events into a container with the name
“BrokerCreation”(<GroupCreated, BrokerCreated>). Then it passes the container to the Event
Store which unpacks the container, saves events and publishes the container. Then the event
handlers subscribed to the GroupCreated or BrokerCreated events receive the container. In our
case  UpdateGroupProjection handler is subscribed to GroupCreated event,
UpdateBrokerProjection - to BrokerCreated event and ClientNotifier handler - to both of them.
So all these handlers will receive the container, unpack that container and process the events in
proper order which is <GroupCreated, BrokerCreated>.

The cost of the solution is cheaper in comparison to the methods mentioned above
because of lower developer effort and increasing the flexibility of the system. This solution
allows to solve an issue with relatively small development effort and no code duplication.

[1] Brenda M. Michelson, Elemental Links. Event-Driven Architecture Overview (2011).
URL: http://felementallinks.com/el-reports/EventDrivenArchitectureOverview_ElementalLinks_
Feb2011.pdf

[2] Greg Young. CQRS Documents by Greg Young (2010). [Enexkrponnuii pecypc]. Pexum
noctymy: https://cqrs.files.wordpress.com/2010/11/cqrs_documents.pdf.

[3] How Event-Driven Architectures Benefit from Stream Processing (2023). [Enexkrponuuit
pecypc]. Pexxum nocrymy: https://pandio.com/event-streams-queues/
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PO3MNI3HABAHHSI MYJIbTUCIIEKTPAJILHUX OGPA3IB
MOBITPSIHUX LIJIEM 3A TOMIOMOT'OI0 OCHUJASITOPHOI
HEWPOHHOI MEPEXKI

I. Henemax?, P. Ieaemax'?, A. Biaozop’
YHayionanvnuii ynisepcumem "/osiscora Ilonimexnixa"
2JTpo2obuybruil Oepaicasnutl nedazoziunuii yuisepcumem im. 1. @panxa
peleshchakivan@gmail.com

[lepcnekTiBHUM ~ HampsMKOM  iH(QOpMaliMHMX  TEXHOJIOTIH €  po3poOka
HEHpPOMEPEKEBUX METOJIB PO3IMi3HABAHHA PaAiOJIOKAIIHUX IIiIe HA OCHOBI IPOCTOPOBO
po3HeceHoro Oaratojiara3oHHoro pamaionokaiiinoro kommiekcy (bJIPK). Takuii koMruiekc
CKJIQJIAE€ThCS 13 PO3HECEHUX Yy NPOCTOPI PaIIONOKAIIMHUX CTaHIIN, SIKI BEAYyTh CIIJIbHE
panionokaniiine BusiBiaeHHs 1ineid. OcHosHa ifest bJIPK momnsirae B Tomy, 110 pajiofokariiiai
CHCTEMH IPALIOIOTh Ha PI3HUX YacTOTaxX 3 PI3HUMHU MOJSPU3AIISAMH 1 PO3MILIEH] y Pi3HUX
Mmicisx. Lle mae 3Mory BUSBIIATH OJTHOYACHO JCCITKH PaJiONOKAIIHHUX IIJIEH 1 pO3Mi3HaABaTH
iX y pexumi peaqbHOro 4Yacy 3a JIOTIOMOTOI0 HEHpoMmepexi 3 mapalelibHUMU OJIOKaMu
OCLMJIITOPHUX CHUHANTUYHUX 3B’s3KiB (Puc. 1) 3a paxyHOK BMHUKHEHHS iHGOpPMAaIiHOTO
pe3oHaHCy. BXimHMMM O3HaKaMu IS PO3Mi3HABAaHHS € JiarpaMu PO3CISHHS IUJICH, 10 €
IHTErpaJIbHUMHU XapaKTEPUCTUKAMHU €EKTUBHUX ILIOII PO3CISIHHS IIUICH.
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Puc. 1. HelipomeperxkeBuii IETEKTOP 3 MapaieIbHUMH 0JIOKaMH OCITMIIATOPHUX CUHANITUYHHX 3B’ S3KiB
OYHKIIOHYBaHHA HEUPOHHOT MeEpeXi 3 mapajelbHUMU OJOKaMU OCIUJISTOPHUX

CHUHAITUYHUX 3B’SA3KiB OMUCYETHCS HACTYIHOIO CHCTEMOIO PIBHSHD:
* BXIJIHOTO IIapy HEHPOHHOI Mepexi

X(@yt)= (% (@)% (@t),o X (@58) 0%, (50)) 1)

* TPUXOBAHOIO MIAPYy 3 TNapajelbHUMU OJOKAMH OCHWISTOPHUX CHHANTHYHUX
3B SI3KIB
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o= ZM (1)U (x (@;t))+b 2)
* BHXIJIHOTO IIapy HEHPOHHOI Mepexi

[zﬁll y! +boutput ]

output = f bOUtPUt e (3)
(Z BII yl j [iﬁuy}l)*'bfmwtj

e i=1
1=1
BanOByIO‘lH YMOBY BHHUKHCHHSI inopmauiitnoro pe30HaHCy
2 . . o=
D = Of \/ g ?—(8-PB)" , pesonancHe 3HAUECHHS AMILTITy/I1 CHTHAILy Ha BUXO/] J-TO

OCIWISITOPHOTO HeHpoHa npuiiMe BUrisif [ 1]

- 5902, (1)
2J(B -5’ (03 (£)-5?)

Sk mokasye aHaji3 3aJI€KHOCTEH aMILTITYIU BUX1HOTO CUTHAITY BiJl 4aCTOTH Ta 4YaCOBOI
3aJIeKHOCTI BUX1THOTO CUTHAJY MPU PIBHOCTI YaCTOTH 30BHIIIHBOTO CUTHATY 3 PE30HAHCHOIO
YaCcTOTOI BUHUKAE PE30HAHCHA aMIUIITyJa CUTHAIy, AKii NpUIIUCYeTbCs OyieBa OJMHMLIS.
Take pe3oHaHCHE 30UIBIIEHHS CHTHATY Ha BUXOMAl OCIHJISTOPHOTO HEWpOHA Ma€ MPAaKTUYHE
3aCTOCYBAHHS IpU po3Mi3HaBaHHI 00pa3iB 3 HU3bKUM B1IHOIICHHAM CUTHAJI/IIYM.

[Ipu BuKOpHCTaHHI O3HAKU €(PEKTUBHUX IIOI PO3CISIHHS €IEKTPOMArHiTHUX CUTHAJIIB
LUIAMHA Ha¥BHII IMOBIPHOCTI iX MPHUBAJBHOIO PO3Mi3HABAHHS MAIOTh MOBITPSAHI 00’€KTH 3
OUIBILIMM cepelHIM 3HaueHHSIM edexkTuBHOI miomi 1ii. [e noscHioeTscs THM, 1110 ridpugHa
HEepOHHA MepeXka NMPaBUIbHO HaBYEHA 1 LI TUIM MOBITPSHUX LiJeH MPpaBUIIbHO PO3ALIEH] 32
BIJIONTUMHU €JIEKTPOMArHITHUMU TTOPTPETAMHU.

(4)

[1] Peleshchak, R. M., Lytvyn, V. V., & Peleshchak, I. R. (2018). The dynamics of nonlinear
ocillator neuron by the action of external non-stationary signal. Radio Electronics,
Computer Science, Control, (4), 97-105. https://doi.org/10.15588/1607-3274-2017-4-11

RECOGNITION OF MULTISPECTRAL IMAGES OF AIR
TARGETS USING AN OSCILLATORY NEURAL NETWORK

I. Peleshchak?, R. Peleshkak!?, A. Bilozor?!
!Lviv Polytechnic National University
2Drohobych lvan Franko State Pedagogical University
peleshchakivan@gmail.com

The main idea of a multi-band radar complex is that radar systems operate at different
frequencies with different polarizations and are located in different places. This makes it
possible to simultaneously detect dozens of radar targets and recognize them in real time using
a neural network with parallel blocks of oscillatory synaptic connections due to the occurrence
of information resonance.
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PEAJIIBALIA ITATTEPHY VISITOR Y MOBI C++
3A JOIMOMOI'OIO STD::VARIANT

P. Ilonos, H. Kapnenko
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
popov_ro@ffeks.dnu.edu.ua

[Tig gac po3poOKH KOMIUIATOPIB Ta IHTEPIPETATOPIB BUHUKAE MMPOOIeMa opraHizaiii Ta
MOJICITIOBaHHS BY3JiB JepeBa abcrpakTHoro cuHTakcucy (HAC). Lli mporpamMu MOXYTh
BUKOHYBaTH pizHoMaHiTHI naii Han JIAC. Hanpuknan, KOMIUISTOp MOXE MPOBOJUTH
ONTUMI3aIlil0 Mporpamu (pe3ynsTaroM Takoi aii Oyne HOBE JAEpeBO), IHTEPIPETaTOp MOXKeE
BUKOHATH IPOrpaMy, HaNpUKIIaz, GyHKIIS MOXKE IOBEPHYTH 3HAYECHHS, ajle MOXe i BUKIIMKATH
no0iuHi eeKTH, HAPUKIIAJ, 3MiHY CTaHy 00’ €KTY, BUBEIeHHs iH(popMaIlii B KOHCOJIb ab0 JIor-
¢aiin Tomo. OTxe, Hoctae npodiaeMa KoJJyBaHHS AepeBa TAKMM YUHHOM, 11100 MOKHA OyJ10 JIETKO
nonaBatu QyHKUI ams 06poOku 1poro nepesa. s mpobnema y 3apyOixkHiil niTeparypi mMae
Ha3By “‘expression problem” [1].

3a3Buuail y MoBax 00’€KTHO-OPIEHTOBAHOTO MPOTpaMyBaHHA, Takux sik C++ un Java,
JAC mae Burisin iepapxii kiraciB. Metoau poOOTH HaJI ITUM JEPEBOM IIEPEHECEHI Ha CIICHiabHI
KJIacH, K1 peani3ytoTs inTepgeiic Visitor. Visitor — 1ie marepH, 3a TOIOMOTO0 SKOTO MOXHA
JofaBaTi HOBI (PyHKIIIT 70 KiaciB He 3MiHIOKOYH iX. Buxomuts, mo mani JJAC Ta kxom, 110
Mpaloe HaJl HUM, PO3/1IeHI Ha ABa kiacu: By3oid JJAC ta BinBimyBay [2].

Jlnsa peanizauii natepuy Visitor y MmoBi C++ crodaTky CTBOPIOIOTh aOCTPaKTHUMN Kiac
Visitor, B SIKOMYy ONMCYIOTb BipTyajibHiI METOIU poOOTH Haja KokHUM By3i10M HAC (visitInteger,
visitBinOp tomro). [Ticns uporo neBHuil (hyHKIIOHAT 00epTa€eThCS y KIac, sIKUK peanisye e
iHTepgeiic. Y koxnoro Byzna JJAC mae OyTu BipTyalnbHMA MeTOn accept s Hmpuiiomy
MOCHJIAaHHS Ha €K3eMIUIp Kiacy Visitor Ta BUKJIIMKY B HbOMY METOAY Visit, IKMH BIAIOBIAA€
upomy By3ny JIAC. Takum unHOM yBech (yHKIioHan podotu Han JAC posnopiuieHuilt Ha
KOHKPETHI KJIacH, OT)KE HE BUHUKA€ MOTPEOU 3MIHIOBATH BHU3HAUEHHS BY3JIIB 1 MOXKHA JIETKO
oJaBaTH HOB1 METOIU.

HenonikoM Takoro mijaxoay € Te, 1o 3 A0AaBaHHsIM HOBOro By3ia JJAC noTpiOHO KOXKeH
pa3 BUKOHATH LIJIMH KOMIUIEKC /il B HACTYITHOMY MOPSIKY:

1) cTBOpUTH BipTyanbHHUI METOJ Visit, SIKHii BiIOBiIa€ HOBOMY BY3IY;
2) y By3mi peaii3yBaTu METO[ accept;

3) mepeBipUTH KOPEKTHICTh BUKOPUCTAHHS THIIIB TIEPe]l X peai3ami€ro;
4) nonmatv HOBHIA (DYHKITIOHAI.

Bunukae nutaHHs: YM MOXKHA BIATBOPUTH IIe¥ marepH Jermie? Binmosine Ha 1€ aae
crangapt mMoBu C++, gKuUH OMUCYe€ Cy4YacHY THIIOBO-OE3MEUYHYy peaiizallito 00’ €THaHHS
(Std::variant). [Ipu mpoMy HOCTym A0 3MIHHMX KOMITOHEHTIB 31HCHIOETHCS Yepe3 BHKIIUK
¢ynkuii std::visit, sxa npuitmae Callable 00’ext, B sskomy MaroTh OyTH (yHKLIT 715 poOOTH 3
BIJIMOBIAHUM TUTIOM JaHUX, SIKUN 30epexenuii B std::variant [3].

3anponoHoBaHu# cnoci6 peanizauii natepHy Visitor y MoBi C++ noJsirae B Tomy, o0
npeacraButi abctpaktHi By3nu JIAC (taki sik Declaration, Statement, Expression) 3a
nornomororo std::variant. IleBuuit gynkiionan Haa By3namu JJAC peamizyeThbes sIK OKpEMHA
KJ1ac, 110 MICTUTh (YHKIIII, K1 IpUHMalOTh apryMeHTH ycix By3iiB JJAC.

[TepeBaramu 11pboro croco0y € BUKOPUCTAHHS BOYIOBaHUX MOXJIHUBOCTEH MoBU C++,
IIpU LbOMY HeMae MoTpedu B CTBOPEHHI OKpeMoro iHtepdeiicy Visitor, He Tpeba 3MiHIOBaTH
By3nmu JIAC 1 crBoproBatu Meron accept. CTBOpPEHHsSI HOBOIO By3ja IMOJSTae B CTBOPEHI
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OKPEMOTO KJIacy Ta JofaBaHHi oro B std::variant. OCKITbKY BUKIUK HEOOX1THUX (QDYyHKIIIH JTst
po0OTH 31 30€peIKEHUMHU JTAHUMH peajli30BaHU aBTOMAaTUYHO 3a JOTIOMOTOI CHCTEMH THITIB,
TO Tporpamict yOepexeHuil Bing opdorpadiyHUX TOMHIIOK, SKI MOXYTh BHHUKHYTH IIPH
peaizaii MeToiB Visit.

Ane HaHOUIBIIOK TEPEeBAro 3ampoNOHOBAHOTO IMIAXOAY € Te, IO METOAH, SKi
npamroioTh Hag JIAC, MOXKYTh MOBepTaTH Oy[b-SKHA THIT JAHUX. 32 KJIACHYHOIO peati3alliero
narepHa Visitor, yci QyHKIIi1 visit € BIpTyaabHUMH, a OT)KE Ha/l HUIMU HE MO>Ke OyTH CTBOPEHHI
mraboH. OnTUMi3aTop HE MOXE MIOBEPHYTH HOBE JIEPEBO, IHTEPIIPETATOP HE MOXKE MOBEPHYTH
pe3ysbTaT 00YMCIIeHb, TOMY BOHM BUMYIIIEHI 30epirata yci pe3yasTaTd y Moji CBOTO KJiacy.

Y 1poro Meromy € JAeKUTbKa HENOJNIKIB, Ha SKi CIiJ 3BEpHYTH YyBary Imepen
BHUKOPUCTAHHSIM:

v’ std::variant goctynuauii muie 3i crangapry C++17;

v’ std::variant peaiizoBaHMii 3a JIOIOMOIOK INAOJIOHHOTO METAIPOrpaMyBaHHS, TOMY
KOMIILISITOP, Y pa3i AKUX-HeOynb MOMIIIOK y KO/Ai, MOXKE BUJABaTU TUBHI Ta CKJIaJHI
MIOB1JOMJICHHS TTPO TTIOMUJIKH;

v tunm Statement aGo Expression mepecratorh OyTH aO0CTPaKTHUMH MOJTIMOPOHAMU
KJIJaCaMHW, HATOMICTh BOHH CTAalOTh OO0 €JHAHHSIMH, TOMY IIporpamMa MOXe
BUKOPHCTOBYBATH OibIIe aM’ATi HiXK MOTPiOHO (ane Hacmpapai koMmiastop Rust Ta
CPython peanizytors JJAC came TaKUM YHHOM);

v’ Tpeba OyTH aKypaTHUM Ipu cTBOpeHHI By3iiB JIAC, iX He MOKHa BUKOPHCTOBYBAaTH
BCcepenuHi Bysna std::variant, 10 SKOTO BiH HAJIEKUTh, OCKIJIbKA BUHUKHE KJIACUYHA
npo0iieMa BUKOPUCTaHHSI CTPYKTYPHU yCepeauHi camoi cebe.

Takum unHOM, y maHiii myOmikamii OyB pO3IISTHYTHH KJIACHYHUI CIIOCiO BiATBOpEHHS
JAC y moBi C++ 3a ormomororo narepHa Visitor Ta 3anporoHOBaHO HOBUH CIIOCIO KOAyBaHHS
L[bOTO MAaTEPHY, AKUH € MBUININM Y HalMCAHHI Ta Ha/la€ OLIbIIE MOXKIUBOCTEH.

[1] Expression problem [EnexTponHMit pecypc]. Pexum JOCTYIILY:
https://wiki.c2.com/?ExpressionProblem.

[2] Visitor in C++ / Design Patterns [Enexkrponnuii pecypc]. Pexum mgoctymy:
https://refactoring.guru/design-patterns/visitor/cpp/example.

[3] std::variant - cppreference.com  [Enexktponnmit  pecypc]. Pexum  mocrymy:
https://en.cppreference.com/w/cpp/utility/variant.

IMPLEMENTATION OF VISITOR PATTERN IN C++
BY USING STD::VARIANT

R. Popov, N. Karpenko
Oles Honchar Dnipro National University
popov_ro@ffeks.dnu.edu.ua

In this paper we presented a new way to implement the Visitor pattern in C++ by using
the standard container std::variant.

We have shown how this method solves the expression problem and simplifies the
creation of compilers and interpreters.

We compared the classical approach with ours and highlighted all the pros and cons of
the new solution.
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OCOBJIUBOCTI MOBHU NIPOT'PAMYBAHHA SOLIDITY
JJIAA CTBOPEHHSA CMAPT-KOHTPAKTIB
HA INTAT®OPMI ETHEREUM

I. lTonomapnoB
J[Hinposcokuil Hayionaneruu yHieepcumem imeni Oneca [ onuapa
ponomarov@ffeks.dnu.edu.ua

Mepexa Ethereum — e mipuHroBa mepeska, By3JH sIKOi 00CIyTrOBYIOTH OJIOKYEHH Ta

OepyTh y4acTh y TOCSTHEHHI KOHCeHcycy. Y Ethereum icHye nBa Buau 00JI1KOBUX 3aIHCIB:
* 13 30BHIIIHIM BJIACHHUKOM;
* KOHTPAKTHI.

KonTpakTHi 0011KOBI 3aMMCH MOXYTh aKTUBYBATHCh Ta BUKOHATH KOJ Y BIAMOBIIL HA
TpaH3aKIlii abo MOBIIOMJICHHS 3 IHIIMX KOHTPakTiB. Uepe3 BUKOPUCTAHHS THIOPIHT-IIOBHOI
MOBH IporpaMyBaHHs B Ook4eiiHi Ethereum ko KOHTpakTHUX 0OJIIKOBHX 3aITUCIB MOXKE MaTh
OyIb-sKUi piBeHb CKIAAHOCTI. BiH BUKOHYy€eThCs y BipTyanbpHiid MamuHi Ethereum (Ethereum
Virtual Machine a6o EVM) koxHoro By3na mepexi Ethereum, sixuii 3aiiMmaeTbcst MalHIHTOM.

Jlnsi BUKOHAHHS OyIb-SKOi IHCTPYKIIi CMapT-KOHTPAkKTy NOTpiOEH MEBHHUM oOcsT
BaioTu OnokueitHy Ethereum — edip (Ether) abo iioro wactmna — ra3. lle BuxiOuae
MOYJIMBICTh BUKOPUCTAHHS HECKIHUCHHUX LUKJIIB, IKi MOXKYTbh Ipu3BecTd 10 DDoS arak.

Jlis  CTBOpEHHST  CMapT-KOHTPAakTiB y  OsokueitHi  Ethereum  mHaifuacrimre
BUKOPHCTOBYIOTH MOBY BUCOKOTO piBHs Solidity. Bona no3Bossie po3poOHHKaM CTBOPIOBATH
JEICHTPATI30BaHl MPOTpaMK Ta BHKOHYBaTH Oi3HEC-NIOTiKy Ha OyokdeiHi. CHHTAKCHC i€l
moBu Haragye JavaScript ta C. Lle cTaruyHO THMi30BaHAa MOBa — TOOTO THUMM 3MIHHUX
nepeBipsroThes Ha erani komnisanii. KoxHa 3MiHHa, r1o6anbHa abo JIoKanbHa MOBUHHA MAaTH
SBHO 3a3Hau€HUN THUM. 3aBASKHA LbOMY BCl NEPEBIPKM BUKOHYIOTHCS KOMIIUIATOPOM, IO
JI03BOJISIE BUSIBIIATH TaKi MOMUJIKY SIK IHTEPIIPETaLlisl TUIIB JaHUX Ha paHHIX CTa/iIX pPO3pOOKH.
Pob6utu 1ie Ha erani BUKOHaHHS 0yJ10 O TOCUTh HEBUT1JHO, BPaXOBYIOUH Napagurmy OJIOKYEHHY
Ta CMapT-KOHTPAKTIB.

Moga Solidity Takox € KOHTPaKTHO-Opi€EHTOBaHOI. KOHTpaKTH rpatoTh Taky Xk poJib,
SIK 1 KOHIIETIIIS KJIaciB B 00'€KTHO-Op1€EHTOBAHUX MOBax. KOHTpakT — 11e CyKyIHICTb KOy (HOro
¢yHKUii) Ta maHux (Horo craHy), sSKa 3HAXOAMTHCA 3a MEBHOI AAPECO0 y OJIOKYEeiHI
Ethereum. CwmapT-koHTpakT, HamucaHuii MoBoio Solidity, kommutoeTbcst B OaifT-KO7,
CYMICHHMH 3 BipTyalibHOIO MamnHow Ethereum.

Crnenudiuni ocobauBocTi MOBU MporpamyBaHHs Solidity BKIIOYatOTh pO3TalTyBaHHS
JTaHUX, MoAU(IKaTopu QPyHKIIIH, crieniadbHUI THI JaHUX, [T100abH1 3MiHHI Ta 6arato iHIIOro.

V¥ Solidity mokHa BkazaTtu Micie, Je 30epiraTUMyThCsl JIaHHI: MOCTIHHE CXOBHIIE
(storage) uu maM'aTh.

3MiHHI CTaHy - 1€ 3MiHHI, 3HAQUY€HHS SKUX IOCTIIfHO 30epiraloTbCcsi y CXOBHILI
KOHTPAKTiB.

KomnitoBaHHS JaHUX MK CXOBHUIIEM 1 MaM'ATTIO MOXKe OyTH JIOCUTh HaKJIaJIHUM, TOMY
SBHE 3aBJaHHsS pPO3TallyBaHHS 1HOJI JONOMara€ KOHTPOJIOBATH BUTpATH Trazy. BHyTpimiHi
¢byHKLIT 32 MPOMOBUAHHSIM 30€piraloTh CBOi apryMEHTH y Nam'sTi, MpoTe iX JOKaJbHI 3MiHHI
nepedyBaloTh y nocTiiiHoMy cxouie [1].

Oyukuii Solidity € moxyni koamy, moB'sizaHi 3 KoHTpakToM. llpu iX orosjomeHHi
BKa3YIOThCS 1M's, MapaMeTpu (OMIIOHAIBHO), crenudikaTop AocTymy, MoandikaTop QyHKII
Ta, y pa3l noTpeOu, TUIl 3HAYEHHS, 1[0 TOBEPTAETHCSI.
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Icnye nBa Buam (GyHKIIW: BHYTpIMIHI Ta 30BHINIHI. BHyTpimmHI ¢yHKIIT MOXHA
BUKOPUCTOBYBaTH Yy KOHTEKCTI TIOTOYHOTO KOHTPAKTy. 3OBHIIIHI (YHKIIT MOXYTh
BHUKJIMKATHCS 330BHI. Sk MoaudikaTopu GyHKIIH BUCTYIIAIOTh:

* pure. 3a00pOHsI€ YNTAHHSA/3MIHY CTaHY;

* view. 3a00poHsie Oy1b-5IKy 3MiHY CTaHY;

* payable. /[o3Bosie mepenaBaTH pa3oM i3 BUKJIMKOM 1uiaty y Burisial Ether;
* constant. 3a00poHsi€ 3MiHY CTaHYy.

DYHKIISIM TOMIYEHUM SIK pure, view ado constant 3a00pOHEHO BHOCUTH Oy 1b-SIKi 3MIHH
10 KOHTpakTy. [Ipy BUKIMKY Taki (QyHKIIT JIMIe TTOBEPTAIOTh 3HAYCHHS 1 HE BUTPAYarOTh ra3

[1].

/I SPDX-License-ldentifier: GPL-3.0
pragma solidity >=0.4.16 <0.9.0;
contract SimpleStorage {
uint storedData; /[ storage
function set(uint x) public {
storedData = Xx;
}
function get() public view returns (uint) {
return storedData;

k
¥

OcobmmBocTi MOBHM mporpamyBaHHsi Solidity, sKi BU3HAYarOThCS OJOKYCHHOM
Ethereum, BpaxoByBaucs Mpy CTBOPEHHI JACIEHTPATI30BaHOTO T0ATKy rojocyBaHHs [2,3].

[1] Solidity is an object-oriented, high-level language for implementing smart contracts
[Enextponnuii pecypc]. Pexxum nocryny: https://docs.soliditylang.org/en/latest/.

[2] 1.V. Ponomarev Development of a decentralized voting application using blockchain
technology - Cucremni TexHomorii. PerioHaqpHHI MiKBY3IBCHKHI 30ipHUK HayKOBUX
npauk. Bunyck 1(126). — {ainpo, 2020, - c. 104-110.

[3] I.V. Ponomarev Features of creating a voting system using the Ethereum blockchain
platform - CucremHi TexHoJOTIi. PerioHanbHuii MiXKBY31BChbKHIA 30ipHUK HAYKOBUX MpAIlb.
Bunyck 1(132). — dninpo, 2021, - c. 124-129.

FEATURES OF PROGRAMMING LANGUAGE SOLIDITY
TO CREATE SMART CONTRACTS ON
THE ETHEREUM PLATFORM

. Ponomarev
Oles Honchar Dnipro National University
ponomarov@ffeks.dnu.edu.ua

The Solidity programming language allows you to create smart contracts for the
Ethereum blockchain. When writing contracts, it is necessary to take into account such features
of the Solidity language as payment for executing program commands, data location, function
modifiers, special data types, and others.
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PO3MI3BHABAHHS TOHAJIBHOCTI TEKCTIB 3A
JJOIMOMOTI'OIO I'BPUJHOI HEUPOHHOI MEPEXKI

I. Henemax?, P. Meaemax!?, JI. Jyaux’, C. Banmak?®
YHayionanvnuii ynisepcumem "/osiscora Ilonimexnika"
2JTpo2obuybruil Oepacagnuti nedazoziunuii yuisepcumem im. 1. dpanka
peleshchakivan@gmail.com

AHaJi3 TOHAIBHOCTI TEKCTIB € aKTyaJIbHOIO MPOOIEMOI0 B 00J1aCTi 0OPOOKH MPUPOTHOT
MOBH, SIKa 9aCTO BUPIIIYETHCS 32 JOMOMOTOI0 3TOPTKOBUX HEHPOHHHUX Mepek. [IpononyeThes
riOpuHa 3ropTKOBa HEWPOHHA MEpeka 3 apayIeIbHO-TIOCIIIIOBHUMH 3B’SI3KaMU MK [IapaMH
Ta 3 I[IApy MAaKCHUMAaJIbHOTO IIyJIiHTY, OTPUMAHOTO 3 MATPHIl OpPUTIHAJIBHOTO TEKCTY.
3anpornoHoBaHa TiOpUAHA 3rOPTKOBA HEMPOHHA Mepexka BHIOOYBa€ O3HAKM TEKCTy 3a
JIOTIOMOT'OI0  [TapajielIbHO-3B’s13aHOT0 3ropTKOBoro Oioky. [licimst 4oro HeipoHHa Mepexa
3MHCHIOE Ki1acu(DiKalliio 03HaK 1 00’ €IHY€ 111 03HAKH 3 OPUTIHATLHUMH TEKCTOBUMH O3HAKaAMHU.
Moens 3alporoHOBaHOT HEHPOHHOT MEepeXi 37]aTHA BHUBYATH SIK JIOKAJIBHI, TaK 1 Ti1o0ambHi
0COOIMBOCTI KOPOTKHX TeKCTiB (Puc. 1).

dimension d

Xy
X2

- £

I T -
filter size: filter size: |
d=dd Sxd
Convolutional

Xp
i 4
filter size: filter size:
Ind

Ixd

Con Cony Conv
layer layer layer layer
i i

A i [ .
filter size: filter size: filter size: filter size: it | $ size: 50
2xd Ind Il Sxd Maxpooling
Tational C = T— T / layer
layer layer layer layer 2

Con I Conv I Cenvoluti

i i i i 7, € R**Mm
[ size: 49 [ size: 48 [ size: 47 [ size: 46 ] 12
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layer layer layer layer £
z
; fxny
11 ER
e
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MLP
Classification

Puc. 1. Ctpykrypa riOpuaHOi 3ropTKOBOT HEMPOHHOT MEPEXKi 3 TapaeIbHO-TIOCTIJOBHUMH 3B’ I3KaMU Mixk
rapamu

Ha Bxig posramyxeHoi 3ropTKOBOi HEWpPOHHOI MepeXi BBOAMUTHCS TEKCT
%o = (X0 Xorein Xy ) gr X € RY, i=12,...,m nmoskuroro M [1]. Lla HeiipoHHa Mepexa
CKJIAJa€TbCs JBOX 4YAacTUH: 3 OJOKY 3rOPTKOBOI HEHPOHHOI Mepexi 3 IapajelbHo-
MOCIIJOBHUMH 3B’ SI3KaMM MK LIapaMu Ta 3 Iapy MaKCUMaJbHOIO MYyJIHTY. biiok 3ropTkoBoi
HEHPOHHOT Mepexi CKIaaeTheA 13 IapiB 3 PI3HUM PO3MipOM BiKHa, SIKi OB’ s13aHi1 MapaiesibHO
MO CTOBOLISAX 1 MOCIIJOBHO MO PAJIKaX CTPYKTYpH. BXi7 KOKHOTO 3ropTKOBOTO 11apy Y CTOBOII
CKJIA/IA€ThCS 13 CyMH BUXO/IIB YCIX MonepeaHix mapiB. Ha BX1 3ropTKOBUX 1IapiB 3 po3MipaMu

5xd,4xd,3xd,2xd, AKl MOB’s3aHI TMapajelbHO BBOJUTHCS TEKCTOBA MATPHIIS YO. Jlost
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kinacudikamii TOHATBHOCTI TEKCTIB OyAeMO BUKOPUCTOBYBATH CEPEIHIO  3arajbHy
XapaKTEPUCTHKY, SIKY MO’KHA OTPUMATH 32 PaXyHOK 00’ €JHaHHS IBOX XapaKTEPUCTHK (O3HAKH,

10 OTpUMaHi 3 OJIOKY 3TOPTKOBOT MEpexXi X, Ta 3 Iapy MaKCHUMAJIBHOTO IyJIHTY j,) uepes

riobanpHe cepeAaHe 3HaueHHS. KokHa 3ropTkoBa miAMepeka BHUKOPUCTOBYETHCS IS
BHUJIOOYBaHHS O3HAK 3 BUKOPUCTAHHSAM PI3HUX KOMOIHAIM CJiB, B 3aJIGKHOCTI BiJ pO3MIpy
saapa. 3okpeMa, ais siapa 5xd BHKOPUCTOBYIOTH KOMOIHAINIO 3 5 CIiB JUIsi BHIOOYBaHHS
O3HAaK. AHAJIOTIYHO BXiJHA TEKCTOBAa MATPHLS IMOJAETbCA Ha MIAMEPEXi 3 sApaMu
2xd,3xd,4xd .

VY HamoMy JOCIiIKeHHI pedeHHsI 0yJIo mepeTBOpeHo y MaTpuirto po3mipom 150x300 3a
noromoroto word2vector. Byno BcTaHOBIEHO aAeski MapaMeTpu, Taki SK BHKOPHCTAHHS
onTuMizaropa Ajama Ta BCTaHOBJIEHHs mBUKOCTI HaBuaHHs Ha 0,001, koedimieHTa BiACiBY
na 0,2 Ta L2 prparu Baru nma 107, Posmip maprii Mozmeni cranoBus 50, a KiIbKiCTh €mox
cTaHoBMJIA 5. SIK10 BTpaTH HE 3MEHITyBaIucs npotiarom 10 mocniJOBHUX Mepio/iiB, HABYAHHS
OpUNUHSUIOCS. Y  Mozeni BOyIOBYBaHHSI CIIiB TiepeJ HaBYaHHSAM OyJi0 BHKOPHCTAHO
BOynoByBanHs ciiB 300D word2vector.

Tabm. 1

Model GameMultiTweet | SemEval | SS-Tweet | AG News | R8 | Yahoo! Answers
CNN 73,5 60,5 50,2 85,6 92,3 47,3
TextCNN 77,5 62,7 51,1 88,9 94,4 49,5
FastText 78,3 63,8 514 88,5 96,1 39,8
DPCNN 75,6 47,5 43,2 87,1 88,5 47,5
Our Model 78,5 66,0 524 89,7 98,1 51,6

3 pe3ynbTaTiB, 110 HaBeneHI y Ta0m. 1, BHIHO, IO Halla MOJENb JOCATNIa BHILIOT
TOYHOCTI, HIXK 1 aHAJIOTH.

[1] Peleshchak, R., Lytvyn, V., Mediakov, O., Peleshchak, I. (2023). Morphology of
Convolutional Neural Network with Diagonalized Pooling. MDIS, vol 1761. Springer,
Cham. https://doi.org/10.1007/978-3-031-27034-5_11

RECOGNITION OF TONE OF TEXT USING A HYBRID
NEURAL NETWORK

I. Peleshchak?, R. Peleshkak!?, D. Dudyk?, S. Blyshchak
!Lviv Polytechnic National University
2Drohobych lvan Franko State Pedagogical University
peleshchakivan@gmail.com

Analysis of the tonality of texts is an actual problem in the field of natural language
processing, which is often solved with the help of convolutional neural networks. A hybrid
convolutional neural network with parallel-serial connections between layers and from the
maximum pooling layer obtained from the matrix of the original text is proposed. The proposed
hybrid convolutional neural network extracts text features using a parallel-connected
convolutional block. After that, the neural network classifies the features and combines these
features with the original text features.
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ONTUMIBALIS JOITTYHOI CXEMHU OJJHO PO3PSIJHOI'O
MOBHOI'O CYMATOPA 13 3BEPEKEHHSIM LIBUAKOJI1

A. Psary3os, M. TBepaoctyn

J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
tven72@ukr.net

B migpyuynmkax 3 mucuuriinn «Komm’roTepHa enekTpoHikay [1] Ta BiAMOBimHIN
TEeXHIYHIN JITEpaTypl aHATMI3YEThCS JOTIYHA CXeMa OJTHO PO3PSIHOTO ITOBHOTO CyMaTopa, sKa
npU3HAYCHA JUIS JIOJaBaHHS JBOX OMHO 0iTOBUX umncen. DyHKIIOHYBaHHS TaKOrO cymMaropa
JUIs UGP B AOBUIBHOMY I-My PO3psii OMUCYETHCS JOTTYHUME PiBHSHHSIMH, BIAMOBIAHO IS
0ITiB cyMu 5; Ta nmepeHeceHHs F;

5?-:ﬂiﬁ5+35-ﬁ,+P5_1ﬁ,‘+ﬂ,‘B,‘P;‘_1 ) (1)
F;=A;B, +B,P,_y T+ APy, 2

ne A;, B; — uudpu B i-my pospsiai geskux uncen 4 i B,
5; — dbyHKIIIS BUXOy OJTHO PO3PSAHOTO CyMaTopa;
P; — pyHK1is mepeHeceHHs;
P;_, — QyHKIis IepeHEeCeHHS 13 MONEePETHBOTO PO3PSIY.

Jloriuna cxema Takoro cymaropa B OyieBomy 6a3uci Ha OcHOBI piBHsHB (1) 1(2) MicTUTB
10 nmoriYHMX eJIEeMEHTIB 1 Mae MBHUAKOIIIO Sty (TYT lp — 9ac 3aTPUMKH PO3MOBCIOKCHHS
CHTHAITy OKPEMOT'0 JIOT'1YHOI0 eJeMeHTa cymaropa) [1].

MeToro poOOTH € CTBOPEHHS JIOTIYHOI CXEMH OJTHO PO3PSIHOTO CyMaTopa 3 MEHIIOI
KUIBKICTIO JIOT1YHUX €JIEMEHTIB, 110 mepeadayae MiABUINECHHS HAIIHHOCTI (PYHKI[IOHYBaHHS,
npu 30€peKeHH1 MIBUAKOIII.

Jlns BUpiIeHHs 1iel 3ajaui HanueMo piBHAHHA (1) 3 ypaxyBaHHSAM peKOMEHIalii 10
NIePETBOPEHb JIOTIYHMX BUPA3iB, HABEJCHUX y MIAPYYHUKY [2, cTop. 96]. 3 ypaxyBaHHIM
peKoMeHalllil cucTeMa piBHIHb TEIep MAae BUIJISA

5'?.=£35[.£1?.+E?.-|-F‘,._1]+H,-5,-P,-_1, ®)
P;=AB;, +B;P,_, T AP, . )

Ha ocHoBi aHani3y noriyHux omnepariiii B piBHAHH:X (3) 1 (4) BU3Ha4aeMo, 1110 PIBHAHHS
CYMH 5; MICTUTh HACTYITHI omepariii:

a) a3 FOHKIIS 3MiHHUX A;, B; 1 P;_4;

0) xou’roukmis 4;, B; 1 P;_y;

B) KOH IOHKIA P, 3 13’ 10HKIL€I0 3MinHuX 4;, B; 1 P,_y;

r) 3anepedyeHHs P,.

PiBHsiHHS mepeHeceHHs P; (4) ckiamaerbes i3 TpboX KoH'roHKIiM A;B;, B;P; 4 Ta
A;P;_1 3 HACTYIHOIO 13 FOHKIIIEI0 IIMX KOH TOHKIIN. OTXe, Ipu TOOYA0BI OJTHO PO3PSITHOTO
cymaropa AJis peajizaiii JoriYHoro piBHAHHSA (3) HEoOX1JIHI OJIMH W3 FOHKTOP Ha TPHU BXOJIH,
OJIMH KOH IOHKTOP Ha TPU BXOJM, ABOX BXOJIOBHI KOH IOHKTOD, ABOX BXOJIOBHH 13 FOHKTOD 1
OJIMH 1HBEPTOP; A7 peanizauii piBHAHHS (4) MOTpiOHI TPHU JBOX BXOJI0BI KOH IOHKTOPH 1 OJJUH
TpU BXOAOBUH 1u3’10HKTOp. CyKyNHICTh IMX JIOTIYHHUX €JIEMEHTIB Hajajla MOXKJIHMBICTb
noOyayBaTu JIOTIYHY CXEMy ONTHMI30BAHOTO OJIHO PO3PSIHOTO MOBHOTO cymaTopa, sKa
BUIUJIMBAE 13 JIOTiYHUX piBHAHB (3) 1 (4) 1 HaBemeHa Ha puc. 1. B miif cxeMi Ha JOTTYHUX
enementax D1, D2, D3, D4, D8 peanizoBana ¢yHkuis Buxoay 5; (3) a Ha enemenrax D5, DG,
D7, D9 — ¢yHukiist nepenecenns F; (4).
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Puc. 1. - OnTumi3zoBaHa JIOTiYHa cXeMa OIHO PO3PAAHOIO MOBHOT'O CyMaTopa.

Ha BinmMiHy BiJl MMOYaTKOBOiI JIOTIYHOI CXe€MH MOBHOro cymartopa [l] omTumizoBaHa
CXeMa MICTHTh TUIBKH JICB’SATh JIOTIYHUX elleMeHTIB. LIIBuaKomis 11iei cXeMu 0OMEXKYEThCS
MiHIMaJdbHO HEOOXIHOK KIUIBKICTIO JIOTIYHHX €JIEMEHTIB Ha HAWJIOBIIOMY MUISIXY
PO3MOBCIOKEHHS CUTHAITY (hOpMyBaHHs QyHKIIIT BUXOy 5;, a came: enemeHTH D5 (abo D6 un
D9), notim D7, D8, D3 i D4. Buano, 1mo mBUAKOIIS ONTUMI30BaHOI CXeMH 30epiraerhces i
cKkianae Stsp , M0 CHiBMAAE 3 MOKA3HUKOM ITOYATKOBOI CXEMH CyMaTopa.

BucnoBok: OnTumisatiist JIOTIYHOI CXEMHU OJIHO PO3PSAIHOr0 MOBHOTO cyMmMaropa Jaia
MO’KJIMBICTh 3MEHIIUTH KUIBKICTh JIOTITYHUX €JIEMEHTIB IPH 30€peKeHH1 IIBUIAKOIII.

[1] Yepnenko .M., IBon O.I1. OcHOBH KOMIT FOTEPHOI eNeKTPOHIKH. ENeKTpOHHI eneMeHTH Ta
By3,1 KoMt totepiB. JlHimponerposerbk: Jlitorpad. (2009). 478 c.

[2] Kouy6eit O.0., Comninbauk O.B. [Ipukiaana Teopis unppoBux aBTomaTiB. JIOTiuHi OCHOBH.
Nuinporerposcek: PBB JIHY. (2009). 264 c.

OPTIMIZATION OF THE LOGIC CIRCUIT OF A SINGLE-
BIT FULL ADDER WHILE MAINTAINING
PERFORMANCE

A. Riahuzov, M. Tverdostup
Oles Gonchar Dnipro National University
tven72@ukr.net

The logic scheme of a single-bit full adder with a smaller number of logic elements is
developed, which provides for an increase in the reliability of functioning while maintaining
speed.
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KIBEP®I3UYHA CUCTEMA MOXXEXHOI BE3IEKH
®IPMU «<MEGAMART» HA OCHOBI RFID-TEXHO.IOI'T]
3 OIPAIIIOBAHHAM NOBYJIOBU KOMIT'IOTEPHOI
MEPEXI

O. IlananoB, H. MaTBeeBa
Jninpoecvkuii HayionanvHuti yHieepcumem imeni Onecs [ onuapa
oleksandrpapanovO@gmail.com

Cdepa indopmariiitno-komyHikamiitaux Texnosorid (IKT) akruBHO po3BHUBAa€ETHCS B
OCTaHHI IECATHIIITT 1 T KOHIENTYaTbHHUH armapar MocTifHO PO3BUBAETHCS. IHTEpHET-00'€KTH €
HEOOX1JHOFO JIAHKOO JIJIs1 CTBOPEHHSI Ta MOZACPHI3allii KOHIEMIIT «PO3yMHOTO MICTay.

[TpoexT «po3yMHE MiCTO» € HACIIAKOM CTPYKTYPYBAaHHS X CBOJIOMIMHUAX TEHICHITIN.
3 omsaay Ha mporecH rrodaizamii Ta iHTerpaii B CBITi, «pO3yMHI MiCTa» BXe JaBHO MOYaH
HaOMpaTH NOMYISPHICTH cepel o0CHOBHUX KpaiH €C y Bcix cdepax, sk B moOyTi, Tak 1 B cepax,
HOB'SI3aHUX 3 IPOMHCIOBICTIO, TPOMAJCHKOIO OE€3MEKOI0, JEepKABHUM  YIIPABIIHHSIM,
MEIUIMHOI0, €KOJIOTI€I0, TPAHCIOPTOM Ta IHIIMMHU BaXJIMBUMU cepaMu JKUTTS Ha
HAI[IOHAJILHOMY PiBHI.

ABTOMAaTH30BaHI CHCTEMH CIIOCTEPEKCHHSI BiJIITPAIOTh BAXKIIMBY POJIb Y JKUTTI JIFONCH.
BoHu BUKOpHCTOBYIOTHCS 1A i1eHTH(DIKALlIT 00'€KTIB 1 CIOCTEPEKEHHS 32 HUIMH BCepeIrHi a0o
B MeBHi obOnacti. J{ns Bu3HadeHHs Micusg postamryBaHHs RFID-teriB BUKOpHCTOBY€THCS
OTpUMaHa NOTY>KHICTh curHany (RSS-sumiproBanHs).

Jlerki Tpekepu Ha ocHOBI RFID, siki MOXyTh BUSIBUTH MICIIE€3HAXO/KCHHS YJICHIB
KOMaH/U 3 Oynb-sIKOi KoMIlaHii B Oyap-sIKMi 9ac, 1 sKi 1HTErpoBaHi B OyAb-KHH KOCTIOM,
3HA4YOK, MPOXiA, OpesnoK Ta 1HII pedl JUIsl MOCTIMHOrO 3B'SI3KY 3 MIJKIIOUYEHOK MEPEXKEI0.
PaniouacroTHa ineHTH]IKALIS - 1€ 3araJIbHUI TEPMiH, SKUH BUKOPUCTOBYETHCS JIsl TO3HAYEHHS
cucTeM, sKi 0e3ApOTOBUM CHOCOOOM 3YMUTYIOTH 1AeHTH(]IKaLiiHIA HOMEp (Y BUIVISII OJHOTO
psny) Oyab-sikoro o0'ekra abo JIOAMHM 3a jaomnomoror paaioxBwib. RFID BigHOCHTBCS 10
HIMPOKOTO CHEKTPY TeXHOJIOT1H aproMaTnyHoi i1eHTHdikauii (AutolD), sKi BKIIIOYAIOTh IITPHUX-
KOAM, ONTHUYHI 34MTyBadl Ta ONMu3bko 39 OlOMETPUYHUX TEXHOJIOTIH, TAKUX SK CKaHyBaHHS
CITKIBKH.

B minomy TexHomorii aBroMatuyHO1 1IeHTU(]IKAIli BUKOPUCTOBYIOTHCS ISl €KOHOMIT
yacy 1 mpatli, BUTpa4eHOi BPyYHY Ha BBEIEHHs JAaHUX 1 MIJBUILEHHS TOYHOCTI iH(opmarii.
[IIkana B peanbHOMY Haci.

Texnonorist RFID npuHOCUTH KOPUCTh B caMUX Pi3HUX c(epax JHOACHKOI AiSIIbHOCTI,
BKJIFOYAIOYM TPOMUCIIOBICTh, TOPTIBIO, OCBITY, MeauuuHy tomo. Jlroda RFID-cuctema
CKJIQIa€ThCsl 3 34YMTyBada Ta HEBEIMKUX 1aeHTu¢ikauiiHux npuctpoiB (RFID-rteriB), ski
MICTSTh 3a3BU4ail pe3oHaHcHY cxeMy LC, kontposnep Ta npuctpii EEPROM (Enexrpuuno
CTHPA€ETHCS MPOrpaMoBaHa aM'sATh JIMIIE JJIs YUTAHH ), SKUH TOCTIHHO NepenporpaMoBy€EThCs
Ta 30epiraeTbes.

[IpuBaOnuBicTh TaKoOi CUCTEMHU MOJSATAa€ B TOMY, 110 BOHA 3abe3mneuye OEe3KOHTaKTHY
B3aeMofit0 MK 3uutyBadyeM 1 RFID-teramm (Takum umHOM yHHKaroun OOMEXKEHb Ha
MIO3HIIIOHYBaHHS 00'€KTa 3 TETOM), @ TETH HE BUMAraroTh JHKepesa KUBJICHHsI, ajie KOJIM B TIOJi
3YMTyBaya € JIBa TETH, BOHU 0OUIBA pearyioTh Ha CUTHAJ, 0 BULIPOMIHIOETbCS unTadeM. [Ipu
IbOMY JIEMOIYJIALIHHUNA CUTHAN 3UMTyBaya sIBJIsI€ COOOI0 KOMOIHAIIIIO ABOX KOMIIOHEHTIB ABOX
€TUKETOK 1 He Moxke Oyt posmmdpoBanuil. Taka cucrema He 37aTHa iAEHTH(]IKYBaTu JBa
00'€eKTH OZJHOUYACHO.
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IcHye nekinbka croco0iB BUPIICHHS ITi€T TpoOiaemu. JlesKi 3 HUX MOJISIraloTh B TOMY, 110
3YUTYBa4 1 €TUKETKH B3aEMOJIIOTH BiJIIOBITHO JI0 3a3/JAJIET1/Ib BU3HAYEHOTO IIPOTOKOIY, TaK 110
40 curHamiB BiI KOXKHOI MITKH YCIIIITHO BiJOKPEMJIIOIOThCS. [HINWIA MiIXix Monsrae y
BUKOPHUCTAHHI €TUKETOK Ha PI3HUX POOOYHMX YaCTOTaX.

Hiana3on 3unutyBadya RFID-cucTtemMun MoxHA pO3AUIMTH HA Taki BUIU: iACHTH(IKAIIS
noOau3y (3YMTYyBaHHS 3MIMCHIOETHCS Ha BifactaHi mo 20 cm), igeHTH]IKAIiA CepeaHbol
nanbHOCTI (Bix 20 cM 10 5 M), nanbHs inentudikamis (Big 5 m 1o 100 m).

Bukopucranass RFID-cucreM 0coOnMBO akTyanbHO AJIsi KOMIaHIN, MI0 3aiMaroThbCs
BUPOOHUIITBOM, TIOCTAYaHHSM 1 peajti3alieto pi3sHux ToBapis [1].

ITepur 3a Bece, 3a nonomororo RFID-cuctem cnpornryeTbcsi iHBeHTapH3allisi TOBapiB Ha
cknani. [IpuiioM 1 mocTaBka iX TakoXK 3HAYHO crpouryeThes. KpiM Toro, 3aBIsSKyd HasBHOCTI
RFID-teriB i RFID-3unTyBadiB 1 criemiagbHOi KOMIT'FOTEPHOI TEXHIKH 3'SBUJIACS MOXJIUBICTH
CTBOpEHHS 00'eMHMX 0a3 naHMX I 00Ky 1 HepeMillleHHs TOBapiB.

OcHoBHi kommioreHTH RFID-crcremu:

1. RFID Ter - Tpancnionnep. OcHoBuuii komnoneHT RFID-cucremu.

2. Awntenu. [TigxrouaeTbes 10 34UTyBava, MiACUITIOE 1 TOCUIIA€ CUTHAIIH.

3. IIporpamue 3abe3nedeHHss MiKpoKoHTposepa yutada. OTpumye i 00pobmsie THCsUl
CUTHAJIIB BiJ] YuTaya i epeTBOPIOE iX B iHPOPMALIit0, 3 AKOI 3pyUHO MPAILIOBATH KOPUCTYBaYEBl
abo nporpamMHOMY 3a0€3MEYCHHIO KOPHCTYBaya.

Bukonana po3poOka kommnoHeHTa KiOepdizmuHOi cucTeMa ISl MOXKEKHOI Oe3neKn
dipmu «Megamart» y m. J{Hinpo, sika OCHOBaHA HAa BUKOPUCTAaHHI CTaHIAPTHUX KOMIIOHEHTIB
cyuyacHoi RFID-texHos10r11 3 onpaioBaHHsIM I0OYI0BU KOMIT I0TEpHOT Kibep]i3ndHOi cucTeMu
Ha OCHOBI MepexeBoro odnagHants ¢pipmu Cisco™ 1 OCHOBHUX MepeKeBUX Bys3IIiB.

BukoHaHo po3paxyHOK HalalmTyBaHb JJIg 3alaHoi Tomojorii Mepexi, oOpaHo
CcTaHapTHI iHTepdeicH s KaHaTiB 3B’A3KYy Ta MPOTOKOJIM OOMIHY JJIsi HUX, pO3paxoBaHa
TOTOJIOTIYHA CXEMa KOMII'IOTEPHOI CHCTEMH, pPO3PaxOBaHl HaJAIITyBaHHS MaplIpyTH3alii
KOMIT IOTEPHOT Mepexi, a TaKO)K BUKOHAHE MOJIEJIOBaHHS 1 epeBipka podoTu KibepdiznuHoi
cucTeMa MoxexxHoi oe3nexu it pipmu «Megamart» Ha ocHOBI RFID-TexHomortii.

[1] IpoektyBanus Iutepuer peuerr (IoT) [Enexrponnuit pecypc]. Pexum mocrymy:
https://www .slideshare.net/ssuserf405bc/iot-79608563

CYBERPHYSICAL FIRE SAFETY SYSTEM FROM
MEGAMART, BASED ON RFID TECHNOLOGY WITH
COMPUTER-BASED PROCESSING

O. Papanov, N. Matveeva
Oles Honchar Dnipro National University
oleksandrpapanovO@gmail.com

RFID (Radio Frequency Identification) - radio frequency identification. Allows
automatic accounting of goods/cargo within the warehouse without direct human participation.
The operation of the RFID system is based on the use of special RFID tags and devices that
read the information stored in the RFID tag.

The reading range of the RFID system can be divided into the following types: near-
range identification (reading is valid at a distance of up to 20 cm), mid-range identification
(from 20 cm to 5 m), long-range Identification (from 5 m to 100 m).
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HOKPALIEHHA AKOCTI POBMUTUX 30bPAKEHD
TEKCTY HA OCHOBI TEXHOJIOI'TI MACHINE LEARNING

b. lapan, C. BoBk

J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
bogdantsaran@gmail.com

Jis BupilIeHHs MpoOJieMH TOKpAIIEHHS SKOCTI PO3MHUTHUX 300pa’keHb TEKCTY, SIKi
3yCTPIYaroThCA, 30KpeMa, B 00ITy IpYKOBAaHUX JOKYMEHTIB a00 MpU3HAUYEH1 JIJIs pO3ITi3HABAHHS
TEeKCTy Ha (pororpadisix ToIo, BAKOPUCTOBYIOThCS Pi3HI MeToau Ta miaxoau. Cepen HUX BCe
OUITBIITY TIOMYJISIPHICTH HA0YBAIOTh METOTH Ta IMiXOAHM Ha OCHOBI TexHoJorii Machine Learning
[1]-[2]. [Tepu 3a Bce, 1e BKItOYA€E B ceOe BUKOPUCTAHHS INTHOOKOTO HABYAHHS Ta HEHPOHHUX
Mepex I BUSIBJIIEHHS Ta KOPEKIil pO3MUTOCTI TeKCcTy. Mogeni, siki 6a3ytoThCsi Ha HEHPOHHUX
Mepexax, JO3BOJSAIOTh BIOCKOHAIIOBATH SIKICTh PO3MUTHUX 300pakeHb LIUIIXOM aBTOMaTUYHOI
¢inpTpanii Ta BirHOBIEHHS TeKcTy. [1ig yac po3poOku TakuxX MO/eel BaXJIMBO BPaXOBYBAaTH
Pi3HI aCIeKTH, TakKi SK pO3Mip HEUPOHHOI Mepexi, PyHKIIT akTUBAIIi], apXITEKTypa MEpexi Ta
MeTo U HaBuaHHA. KpiMm Toro, ayrmenTaiis Janux (To0To 3011blIeHHs] BUOIPKH JIsl HABYaAHHS
MoJeII HUIIXOM Moaudikallii HasBHUX JIaHWX), BAKOPUCTAHHS BEJIUKHX HAOOpIB JaHHUX Ta
reHepaTtuBHI aaBepcapianbHi (3MaranbHi) Mepexi (GAN) MOXYTh 3HAYHO TOKPAIIUTH
pe3yJIbTaTH.

Jis  anropuTMIYHOTO BHpIIICHHS 3ajadi  yBeOeMO Taki mo3HaueHHd. Hexait
X € RVM*N2 posmauae 306pakeHHs TekcTy BHCOKOI skocTi, a ¥ € RM*M2 pospauace
HEsIKICHE  300pakeHHs, sSIKE MOXKHA  ONWCAaTH  HACTYIIHUM  CHiBBITHOIICHHSM:
Y= (K®X)lr +N,nae® - oneparop 3ropTku, 1 - oneparop Aenumariii 3 uactotoro r, K
— (yHKIisA po3CitOBaHHS TOYKH, KA OIMHCYE PO3MUTTS 300pak€Hb CUCTEMOIO (POpPMYyBaHHS
300paxkeHb, N — mryM. [l allrOpUTMI4HOTO BUpIIIEHHS MPOOJIEMH MPONOHYETHCS MOAUTUTH
nporec Ha JBa MOXYJ, a caMe€ — 3TOPTKOBY HEWPOHHY MEpeXy /Ul IMPOTHO3YBaHHS
iH(opmMartrii, MmoB'si3aHOT 3 BHUCOKMMH YacTOTaMH, Ta 3TOPTKOBY HEUPOHHY MEpEexXy s
BIJTHOBJIEHHsI 300paxkeHHs. ToJi, BPaxOBYIOUM pO3MHUTE 300pa)K€HHs, HEHpOHHa Mepexka
3MO’K€e TeHepyBaTH MOCII0BHICTh YITKHX 300paXeHb.

Jlyis mporpaMHOro BHpPILIEHHS 3a/ladl 3alpONOHOBAHO BHKOPHCTOBYBATH 010/110TEKH
TensorFlow ta PyTorch. O6uzaBi 016:110T€kr BUKOPUCTOBYIOTHCS JIIsl CTBOPEHHS, HABUaHHS Ta
3aCTOCYBaHHS HEHPOHHUX MEpPEX, aje BOHM MaroTh JesAKi BiIMIHHOCTI B JAu3aiiHi Ta
¢dyukuionansHocTi. bibmioreka TensorFlow po3po6iiena komangoro Google Brain 1 Bumymiena
Google. Bona € oani€ro 3 nepiux 6i0;110TeK A1 INTHOOKOr0o HaBUaHHs Ta INTYYHUX HEMPOHHUX
Mepex. g 616mioTeka BUKOPUCTOBYE TpadoBy MOJCIIb 0OUNCIIEHB, III0 03HAYAE, IO CITOYATKY
NOTPIOHO BU3HAUUTHU CTPYKTYpY rpady, a Bxke MOTIM 00UHCIIOI0ThCA 3HaueHHs. Lle no3Bomnsie
ONTUMI3yBaTl BHKOHAHHS Tpady Ha pizHux npuctposx (CPU, GPU, TPU). bibGmioreka
TensorFlow Mae po3mmpeny ¢yHKITIOHATBHICTD U PO3pOOKH MOJIeei TTHOOKOT0 HaBYaHHS,
BKJItoyatoun BucokopiBHeBe API s moOGynoBu ta HaBuanHs mozenedt TensorFlow Keras,
616miotexy TensorFlow Lite ans posropranHs Mozeneit Ha MOOUTBHUX MPUCTPOSIX, 010110TEKyY
TensorFlow Serving anst o6¢ciyroByBaHHsI MO/IeIe MAlIMHHOTO HaBYaHHS, PO3pOOJIEHUX 32
nornomoroto TensorFlow Ta inmii. bibmiorexka PyTorch po3po6iena komanaoro Facebook's Al
Research (FAIR). Lls 6i6mioTeka oTpumana MOMYJSPHICTh 3aBISKH CBOEMY 3pYyYHOMY 1
JUHAMIYHOMY MiIX0/ly J0 BU3HaueHHs rpadiB oouucnens. PyTorch mae BOy0BaHy MIATPUMKY
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TUHAMIYHOTO OOYHMCIICHHS, 10 POOUTH HOTro O0COOJWBO TPHAATHUM IS POOOTH 3
MOCTIIOBHUMHU MOJIENISIMHU, SIKI MOXYTh JWHAMiYHO 3MIHIOBATH CBOIO CTPYKTYpY Hija dYac
po6otu. Ilono BukopucraHHs 1HXx 0ibmioTek BapTo 3ayBaxkuTH, mo TensorFlow wuacto
BUKOPHCTOBYETBCS JJIsI PO3TOPTAaHHS HAa BHPOOHMYMX CEpBEpax Ta MACIITAOHUX CHUCTEMaXx,
toni sk PyTorch € 3pydnum 11 1ociiUkeHb Ta pO3POOKH HOBHX MOJENIeH 3aBASKH CBOEMY
iHTyiTHBHOMY  iHTepdelicy. Hamami pans  po3poOku  mporpamMHOro  3a0e3nedeHHs
BUKOpUCTOBYBasiach 0iomioreka PyTorch.

Ha puc. 1 HaBexeHo BXigHE pO3MHTE 300paKCHHS TEKCTy, Ha pHUC. 2 300pakeHO
pe3ysbTaT MOKPALICHHS SKOCTI I[bOTO 300pa)KeHHS Ha OCHOBI PO3POOJIEHOTO MPOTPaMHOIO
3a0e3neueHHs 3 BAKOPUCTAaHHIM MoJieni yecyHeHHs: po3MuTTs DeblurGAN.

HOKPAHIEHHA AKOCTI POSMHTHN 30bPAXKEHD
FTEKCTY HA OCHOBI TEXHO.TOI'HI MACHINE LEARNING

b. lHapan, C. Bosx

LA S

HIMABAMMS 1

Pucynok 1 — BxinHe 300paeHHs pO3MUTOIO TEKCTY.

exanin I TEHOOPMAIIHIT CHCTENIE E2UJ10J10

IHOKPAINEHHS AIKOCTI POSMUTHX 30bPA’KEHD
TEKCTY HA OCHOBI TEXHOJIOI'TI MACHINE LEARNING

B. Hapan, C. BoBk
Jninpoacorufl naiflonanonui ynisopcionem inteni Oneca I'onwvapa, Juinpo, YKkpaiia

e-piail: bogdantsaran@gmail.com

Jnn pnpimenin 0podnedtil MOKPAMICHHA SIKOCTI POINIITIIX J06paMelL TCKOTY, St
IYOTPIvNIOTLOA.  JOKPOMA, 00iry ApYKODAHIIX NOKYMCOHTIB a00 MpInHAYICHI IUIA
POINIIHABOHIL TEKOTY HO GoTorpadisix TOMO, BIFKOPIICTOBYIOTHON PidNi BETOMUI TA MIINOIUT

Pucynok 2 — Pe3ynbpTat 00poOKH 300pakeHHs, MOAaHOro Ha puc.l

[1] Moser B., Raue F., Frolov S., Palacio S., Hees J., Dengel A. Hitchhiker's Guide to Super-
Resolution: Introduction and Recent Advances. IEEE Tr. Pattern Analysis & Machine
Intelligence. Vol. 45, no. 08 (2023). P. 9862-9882. DOI: 10.1109/TPAMI.2023.3243794.

[2] Norvig P. Artificial Intelligence: A Modern Approach / P. Norvig, S. Russell. — 1136 p. —
(2020). — (4).

IMPROVEMENT OF BLURRED TEXT IMAGES BASED ON
MACHINE LEARNING TECHNOLOGY

B. Tsaran, S. Vovk
Oles Honchar Dnipro National University
bogdantsaran@gmail.com

The problem of creating software that allows for the improvement of blurred text using
Machine Learning technology is considered.
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3ACTOCYBAHHS PEKYPEHTHOI HEMPOHHOI MEPEXKI
LSTM JUISI 3BIJIBINEHHS IMTPOJYKTUBHOCTI TA
TPUBAJIOCTI CJIYKBU AKYMYJISITOPIB

K. Tapacenko, M. AHapeeB
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
korvOneO@gmail.com

AKyMYJSTOPH € HEBiJl'€MHOIO YaCTHHOIO Cy4acHOTO CBITY Ta BUKOPUCTOBYIOTHCS Y
Oararpox rany3sx. OTHUMH 3 HAUTIOMUPEHIIINX € JITIH-10HH] aKyMYJISITOPH, K1 3aBASKHA CBOTH
BIJTHOCHO MaJiil Ba3i MalOTh CYTTEBY CHEPIeTHYHY €MHICTh 1 TOMY 3HAXOIATh IIHPOKE
3aCTOCYBaHHS B YMMAaJIIM KUIBKOCTI MPUCTPOIB, TAKUX K CMapTHOHHU, HOYTOYKH, €ICKTPUYIHI
NOPTATUBHI 1HCTPYMEHTH, €IEKTPOMOOLT Tomo. Aje, SK 1 IHII THIHA aKyMyJSTOPiB, BOHH
CTPaJatoTh BiJ] IOCTYNOBOI BTPaTH €MHOCTI Ta MOYATKOBUX BJIACTUBOCTEH IiJ] yac MOCTIHHOTO
BUKOpUCTaHHA. HanmipHe 3apspkaHHs, TIMOOKWMN po3psd, HOBrOTpUBaIMiA dYac 0e3
eKcIUTyarallii, poooTa Impu 3aBUCOKii a00 3aHU3BKIH TeMIIepaTypi — yce e MOKe MPU3BECTH JI0
KOPOTKOTPUBAJIOi a00 JOBrOTPUBAIOI BTPATH aKyMYJISTOPOM HOro SIKICHUX BJIACTHBOCTEH,
TaKUX K BTpaTa 3araJlbHOI €EMHOCTI aKyMYJISITOpa, MaJiHH HAIIPYTH TOIO. Big BChOTO 1IbOTO
MOJKHa yOe31eunTUCs, K0 BKa3aH1 YaCOBI MPOLIECH KOHTPOJIIOBATH 32 I0IIOMOTOI0 IITYYHUX
HEHPOHHUX MEPEXK.

Po3rnsaanack MOXKIMBICTb 3aCTOCYBaHHS IITYYHOI HEHPOHHOI Mepexi JJIs aHali3y Ta
MPOTHO3YBAHHS YaCOBOI JMHAMIKH TAKMX OCHOBHHUX IApaMeTPiB aKyMyJISTOPA, IK HOMiHaJIbHA
€MHICTh aKyMYyJIAITOpa, BUXIJHA Hampyra, LUK 3apsOKEHHSA-PO3PSUKEHHS, TeMIlepaTypa
akymynaropa. /s oTpuMaHHS Ta OmpamoBaHHSA iHGopMmamii Mmpo aKyMyJISATOp, IO
KOHTPOJIIOEThCSA, OyJI0 0OpaHO HACTyMHMH HiAX1A: TECTOBUH aKyMyJIATOp MiAKIIIOYaBCS 1O
CHCTEMH TECTYBaHHS, IICIIs IIEPEBIPKH HANIPYTH MOYMHAJIACH 3aps/IKa 3 TOCTIHHUM 3HAYCHHIM
CTPYMY, 3apsiKaHHS IPOIOBXKYBAJIOCH 0 THUX Mip, IOKK HAIIPyTa He JOCSITHE MaKCUMaJIbHOTO
JIOITyCTUMOTO 3HAUEHHS, IMICJs JOCSITHEHHS MAaKCHMAaJIbHOTO 3HAYECHHS IMMOYMHABCS TPOIIEC
PO3PSKEHHST aKyMYJIATOPY [0 MIHIMAIbHOTO 3HaueHHs Hanpyru. [li1 yac BUKOHaHHS BCiX
[IUX Olepalii KOMITIOTeprU30BaHa CUCTEMa MOHITOPUHTY 3a0e3mnedyBalia MoCTiiHy (ikcalliro
BCIX BJIACTUBOCTEH akymyJisTopa. Ilo 3akiHUeHHIO PO3IJIHYTOI MpOLEAypHU OTPUMYBalIach
MOCJIIIOBHICTh IAHUX Y BUTJISI JUCKPETHU30BAHO1 3a7I€KHOCTI BKa3aHUX MapaMeTpiB BiJ 4acy,
a TaKOX BH3HAUYAJIACh KUIBKICTh €HEpril, sIKy OYyJI0 BiJIaHO/OTPUMAHO aKyMyJISATOPOM, 11l AaHi
BUKOPHCTOBYBAJIMCH IPH NMOAAIBIIOMY aHaJi3y Ta JUIsl HABUaHHI HEHPOHHOI MepexKl.

Jns aHamizy orpumManoi iHdopmamii mpo akymynsTopu Oyilo oOpaHO pPEeKypeHTHi
HeriporHi mepexi (RNN), ski € myxe epexTHBHUMHU TPH aHali31 MOCHIOBHOCTI aHUX Ta
4acOBHX PAiB. | '0JIOBHOIO ITEpEeBarol0 peKypeHTHUX HEHPOHHUX MEPEX HaJl IHIIMMHU BUIAMU
HEHPOHHUX MEpEeX € 3/1aTHICTh MEPEX1 BpaXOBYBAaTH MOIEPE/IHI 1aHl PU aHali31 HOBUX, 1110
Jla€ MOKJIMBICTh BPaXOBYBAaTH KOHTEKCT Ta 3aJ€KHOCTI MDK JaHMMHU y 4Yaci 1 e(eKTUBHO
MPOrHO3YBATH MOXJIMBI 3MIHM Yy cCTaHl 00'€ekTa, IO KOHTPOJIOEThCA. Po3rmsganoch
BUKOPHCTaHHS SK MPOCTHX pekypeHTHuX mepex tuimy SimpleRNN, Tak i Ouibmn ckiaaHux
mepexx LSTM (Long Short-Term Memory) Ta GRU (Gated Recurrent Unit). PexypenTHi
mepexi tuny LSTM Tta GRU MaioTe 101aTKOBI MexaHi3MH (BHYTpIIIHI BEHTHII), SKi
JIO3BOJISIIOTH 1M Kpallle BpPaxOBYBaTH JOBTOCTPOKOBI 3aJIEKHOCTI B TOCIHIIOBHUX JaHUX, a
TaKO’X MOXIJIMBICTh 3a0yBaTu HEMOTPiOHY iH(OpPMAIIiIO, 110 € JIy’Ke€ KOPUCHUM MpHU POoOOTi 3
BEITMKOI0 ToCIiIoBHICTIO ManuX [1]. Mepexi GRU € 6ib11 mpocTuMu, Taka CTPYKTypa MOXKe
OyTH KOPUCHOIO B yMOBaX 0OMEKEHOT MOTY>KHOCTI 00YHCIIeHb, alie SIK HACTAO0K SKICTh MO
Oyne ripmoro. ToMmy mis peasnizaiiii HEHPOHHOT MEPEXi, MPU3HAYCHOT JIT KOHTPOIIOBAHHS Ta
IPOTHO3YBAHHS JIMHAMIKH YaCOBUX IIPOILECIB B aKyMyJIATOPI, Oyso obpano moaens LSTM.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 aucronana 2023 p., M. /Ininpo, Ykpaina



34 Cexuisi |. IHOOPMAIIIHI CACTEMM I TEXHOJIOI'Ti

[Iporpamua peamnizariss 0yna BukoHaHa Ha MoBi Python. Jlns peamizamii RNN Tumy
LSTM posrnsaascst BuOip Mixk JBoMa (hpeiiMBOpKaMy MallMHHOTO HAaBYaHHS Ha MoBi Python
— PyTorch [2] Ta TensorFlow [3]. O6uaBa GppeiiMBOPKH € AyXKe MOTYKHUMHU IHCTPYMEHTAMH
Ui poOoTH 3 HellpoHHMMH Mepekamu: PyTorch mae mpoctimmii ta OLIbII JOCTYMHHIA
nporpamuuii iHTepdeiic, Tomi sk TensorFlow € ckmamHimmM 3a CBOIM MPOTPaMHUM
iHTepdeiicom, ane HATOMICTh Mae€ e(eKTHBHY NIiATPUMKY BHMKOPHCTaHHS BiJ€OKapT Ta
TEH30PHHUX MPOLECOPiB, LI0 3HAYHO MPUCKOPIOE MPOLEC HABYAHHS HEUPOHHOI MeEpexi.
BpaxoBytoun e, 11 peanizaiii Heiiponnoi mepexxi LSTM Gyino o6pano TensorFlow pazom i3
BUKOpUCTaHHSM 1HTepdeticy Keras API mist 3pydyHoro MozentoBaHHs Ta HaBYaHHS HEHPOHHOT
Mepexi.

B pesynpTaTi mpoBeNeHUX JOCHIIXKEHb OYJI0 BCTAHOBJIEHO, LIO0 BUKOPHUCTAHHS
Heiiponnoi mepexxi LSTM no3Bonmino mependayatd TPUBAIICTb LUKIIB 3apsIKUA-PO3PSAKH
aKyMyJIsITOpa 3 HAQJIEKHOI TOYHICTIO Ta 3a0€3MeYUTH 3MEHIIEHHS MIHIMaJIbHOIO Ta
MaKCHUMaJIbHOTO 3HAYCHHS HAIIPYTH aKyMYJISITOpa UL pO3PSKAHHS Ta 3apsKaHHS, IKE MOXKE
MIPUBECTHU JIO MOBIIBHIIIO! BTPATH aKyMYJIATOPOM CBOET €EMHOCTI. Byio BU3HauY€HO, 110 B TaKUI
cnoci6 ¢akTHYHA AOCTYIHA €MHICTh aKyMyJsiTOpy Oyae MEHIIOI0, ajieé HaTOMICTh Oyxe
MPOJIOBXKEHUN TEPMiH POOOTH aKyMyJSITOPY, a TaKoX 3MEHIIEHAa WMOBIPHICTh HeOaKaHHX
MOJTiH, TAKUX SIK IEPETPiBaHHS aKyMYJISTOPY.

[1] Greff, K., Srivastava, R. K., Koutnik, J., Steunebrink, B. R., & Schmidhuber, J. LSTM: A
Search Space Odyssey. IEEE Transactions on Neural Networks and Learning Systems,
28(10), 2017, pp. 2222-2232.

[2] Paszke, A., Gross, S., Massa, F., Lerer, A., Bradbury, J., Chanan, G., Chintala, S.
PyTorch: An Imperative Style, High-Performance Deep Learning Library. In Wallach, H.,
Larochelle, H., Beygelzimer, A., d'Alché-Buc, F., Fox, E., & Garnett, R. (Eds.), Advances
in Neural Information Processing Systems 32 (NeurIPS 2019), 2019, pp. 8026-8037.

[3] Abadi, M., Barham, P., Chen, J., Chen, Z., Davis, A., Dean, J., Zheng, X. (). TensorFlow:
A System for Large-Scale Machine Learning. In Proceedings of the 12th USENIX
Conference on Operating Systems Design and Implementation, 2016, pp. 265-283.

IMPROVING BATTERY PERFOMANCE AND LONGEVITY
WITH NEURAL NETWORKS LSTM

K. Tarasenko, M. Andreev
Oles Honchar Dnipro National University
korvOneO@gmail.com

This work investigates the properties of lithium-ion batteries and explores a
methodology for data collection and testing of batteries. Different types of recurrent neural
networks (RNNSs), including simple RNNs, LSTM (Long Short-Term Memory), and GRU
(Gated Recurrent Unit), were considered for battery analysis. The LSTM model was chosen for
its ability to handle long-term dependencies in the data.

For implementing the mentioned methodology, a choice was made between two popular
machine learning frameworks in Python - PyTorch and TensorFlow. Both frameworks are
powerful tools, but TensorFlow was selected to ensure broader hardware support. The findings
of this research have the potential to extend the lifespan and improve the efficiency of lithium-
ion batteries in various devices and systems.
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KOMIT'IOTEPHE A'EHT-OPIEHTOBHE MOJAEJIIOBAHHSA
CKUIIAJHUX AJAIITUBHUX CUCTEM HA ITPUKJIAII
AHAJII3Y NOIINUPEHHSA COVID-19

M. Ceanx, M. Anapeen
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
siedykh_ms@ffeks.dnu.edu.ua

MopentoBaHHsl CKJIaJHUX CHUCTEM 3a JIOIOMOI'OI0 areHT-OPi€EHTOBHOIO MIiAXOAY CTa€e
HAJ3BUYAIHO BAXKIUBUM Yy 3B'A3Ky 31 3pPOCTAaHHSM CKJIAJHOCTI B3a€MOJI B CY4acCHUX
comianbHUX Ta OioyoriuHuX cucteMax. Lleil miaxia 103BoJIsie HE JIUIIE aHai3yBaTH B3a€MOJIT
MK OKpEMHMH CKJIQJIOBUMH CHUCTEMH, aJie 1 BpaXOBYBATH MOBEIHKY OKPEMHX areHTIB B IIUX
CUCTEMaXx, IO € BKpail BXJIMBUM JJS BUPIMICHHS PI3HOMAHITHUX MPOOJEM CY4acHOCTI.
3pOCTaHHS CKJIAJHOCTI B3a€MOJII B COIIAJIbHUX CHCTEMax, TaKUX SK MepexXi COLialbHUX
Mejiia, eKOHOMIUHI CTPYKTYypH ab0 3aKJaJd OXOPOHHU 3[I0POB'S, BUMAara€ HOBUX IiJIXOIB JI0
aHaizy Ta nependadenHs noaii. Kpim toro, B cucreMax, Jie €BOMIOLIIHI IPOIECH Ta TPYIOBi
B3a€MOJI1 BIJIIrPalOTh BaXJIMBY POJib, areHT-OPIEHTOBHE MOJICIIOBAaHHS JOMOMArae Kpaiie
pO3yMiTH Ta mependadaTH 3MiHH B IIMX CHUCTEMax, HANpPUKIAJ TOMHUPEHHS XBOPOO,
€KOCHCTEMHI 3MiHH Ta aJlanTamis BUIIB /10 3MiH y cepenoBuili [1]. Y 1iboMy KOHTEKCTi, areHT-
OpIEHTOBHHM MiAXiJ CTA€ MOTYKHUM 1HCTPYMEHTOM i1 HAYKOBHX JIOCIIKEHb Ta PO3POOKHU
CTpaTeriil yrpaBJIiHHS B Cy4aCHOMY CBITI.

MeTor JaHoro JOCHiKCHHsS Oyiia po3poOKa Ta TECTYBaHHS areHT-OPIEHTOBHUX
MojieIel Jisl aHaji3y AWHaMIKH MOIIMPEHHS emiieMild Ta OonTuUMi3alii cTparerii ynpaBiaiHHSI
rpOMaJICbKUM 370poB'siM. B sikocTi mpukiagy Oyjao BHKOPUCTAHO EHiAEMIYHHUN MpoIlec
nomupenast COVID-19, ans nporHo3yBaHHS BUKOPHUCTOBYBAJIOCS IPOTPAMHE CEpPEIOBUINE
areHT-opienToBHOTO MoemoBanHs NetLogo [2].

IIpoBenenHs uncnoBux cumyisniil y cepemoBumni NetLogo Hagamo MoXiIMBICTH
aHaJII3yBaTH BIUIMB PI3HUX MapaMeTpiB Ta CIIEHapiiB Ha IMPOLEC €MiAeMIYHOTO IMOIIUPEHHS
COVID-19. Hanpuknan, st moyatkoBoi BuOipku 3 50 3m0poBux Ta 1 3apaxkenoro COVID-19
CUMYIJIAIIIIS MTOKa3ana, 1o Bxe Ha 20 neHpb Oyne 4 iHdikoBaHi moauHu, Ha 40 IeHb iX cTaHe 8,
a MOBHICTIO BCIX Jrofiei Oyno iH¢pikoBaHo Bxke Ha 150 neHb. SIKIIO MpOBECTH CUMYJIIALIIO 1
JI0JIaTH /10 Hel JItoJIeH, sIKl Oy 3aXUILEeH] BAaKLIMHOIO TO pe3yJbTaTH OyayTh TPOXH 1HII. Tak,
qutst Butiafiky S 3apaxkenux COVID-19, 50 3nopoBux Ta 45 3aXUIeHNX BaKIIMHAIIEIO HA 5 IeHb
CUMYJIAIIT KUTBKICTB 1H(IKOBaHUX TtoeH 3pocna a0 8, Ha 20 JeHb BOHA B)Ke cTaHOBMIA 13, Ha
100 nenp BoHa craHoBwiIa 17, mpu YoMy s MQpa Aajl BXKe He 3MiHIOBajacs. 3 I[bOr0 MOXHa
3poOUTH BUCHOBOK, IO BiJICOTOK JtojeH, siki 3axuiieHi Bix COVID-19 He 000B’s13k0BO Mae
cranoButd 100%, 3axWcT HaBiTh TMOJIOBUHU JIOACH 3amobirae  po3MOBCIOKEHHIO
3axBOproBaHHA. [l MiATBEp/KEHHS IBOro OyJl0 TMPOBENEHO IIe JeKUIbKa payHIIB
MIPOTHO3YBAHHS, 1 pe3yibTaTH BUSABUIIUCH CXOKUMHU — KUTBKICTh 1HQIKOBaHUX 3pocTaiio 10 20-
35, 1 micng 100 mHIB iX KUTBKICTH B)K€ HE 30UIbIIyBallach, 110 JOBOAUTH MOBHY 130JISIII0
XBOpOOHW. Pe3ynapTaT IbOTO MOJENMIOBAaHHS Yy BHUIJIAAI YacOBOi JWHAMIKUA KUTBKOCTI
1H(}IKOBaHUX 300pa)k€HO Ha puC. 1, MPOCTOPOBUI PO3MOLT areHTIB JOCIIKYBaHOI MOJAEN]
HANIPUKIHIT MOJICTIOBaHH 300paskeHO Ha pHC. 2.

ITpoBeneHi MoCHiIKEHHS MOKa3ajiH, 110 3aCTOCYBAaHHS MPOIPAMHOr0 3a0e3neueHHs
areHT-OpI€EHTOBHOT'O MO/JICJIIOBAaHHS JTO3BOJIUJIO CTBOPUTH PEANIICTUYHI CUMYJIALIT Ta OTpUMATH
BA)XJIUBI 1HCAWTH 110JI0 ONITUMAJILHUX CTpATETil yHpaBIiHHA KPU30BUMHU CUTYallisIMU B Taly3i
IrpOMaJChKOro 3710poB's. Bukopucrtanns mnporpamHoro cepenosuina NetLogo no3Bonuio
pPO3pOOUTH IMIIJIEMEHTOBAHI areHTHI MOJENI IS JOCTIKEHHS TOIMPEHHS emijeMiil Ta
ONTHUMI3alll cTpaTerii ynmpasiliHHA Ipoliecamu BakuuHauii. Lle miarBepkye ehekTUBHICTH
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areHT-OpIEHTOBHOTO MOJICNIOBaHHS y cdepi TpPOMaACBKOrO 3J0pOB'sl Ta BIIKpPHBA€E
NEepPCIEeKTUBH Ul MOJAJbIINX JOCI/KEHb B IIbOMY HampsMKy. OTpuMaHi pe3ysibTaTtu
JOCIIPKeHb MOXXYTh OyTHM BHKOPHCTaHHI JUIS BHU3HAYCHHS ONTHUMAJIBHUX CTpAaTerid
YIpaBIiHHS TPOMAJICEKUAM 3/I0POB'SIM Ta /715l IPOTHO3YBAHHS PO3BUTKY €IT1AEMIYHHX MTPOIECIB.
Buxopucranas NetLOQO crpusisio peasicTUYHOMY MOJENIOBAHHIO Ta HAJal0 MOXKJIHMBICTBH
BHUSIBUTH KIIFOUOBI (DaKTOpH, 110 BIUIMBAIOTh HA JUHAMIKY €I11IEMIYHOTO MPOIIECY.

Spread Graph
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0 250
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Pucynok 1 — Pe3ynbpTat MosieIrOBaHHS YacOBOT IMHAMIKH KITBKOCTI 1H(IKOBaHUX

Pucynoxk 2 — IIpoctopoBuii po3nois areHTiB JOCIIKyBaHOI MOIEN]

[1] Collins A. Complex Adaptive Systems / A. Collins, M. Hadzikadi¢, T. Carmichael. — 2019:
Springer International Publishing. — 250 c.

[2] NetLogo User Community Models. [Enextponnuii pecypc]. Pexum gocrymy:
https://ccl.northwestern.edu/netlogo/models/community/

COMPUTER AGENT-BASED MODELING OF COMPLEX
ADAPTIVE SYSTEMS ON THE EXAMPLE OF ANALYSIS OF
THE SPREAD OF COVID-19

M. Siedykh, M. Andreev
Oles Honchar Dnipro National University
siedykh_ms@ffeks.dnu.edu.ua

Modeling complex systems using an agent-oriented approach is key in modern social
and biological systems. An agent-oriented approach allows to take into account the behavior of
individual agents in the system and analyze complex interactions. In social systems, such as
social media networks, and in biological systems where evolutionary processes are important,
this approach is important for problem solving. The study has been used an agent-based
approach to analyze the spread of epidemics, particularly COVID-19, and found that
vaccination can significantly reduce the spread of the disease.
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IMPOEKTYBAHHS LIF-MOJEJII HEMPOHA JJISI
IMIIYJbCHOI MEPEXI HEUPOMOP®HOI'O ITPOIIECOPA

O. I'nniienko
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
gnilenko@ua.fm

CTpiMKHii CIUIECK IHTEPECY 10 CHUCTEM IITYYHOTO iHTENEKTY, IKUH MU CIIOCTEPIraemo,
3YMOBHB 1HTEHCHU(DIKAIIO MMOITYKIB OLIBII aICKBATHOI apXITEKTYypH OOUUCTIOBAIBHUX 3aC001B
i pearmizanii Takux cucreM. CydacHI CHCTEMH IITYYHOTO IHTEJEKTY Ha OCHOBI MAacCHBIB
rpadgiyHUX MPOIECOPIB BOYEBHIb € MPOMDKHUM PIIICHHSIM, SKE HE PO3B’sA3ye MpoOieMu
€HEeproeKOHOMIYHOCTI, aBTOHOMHOCT], MacIITaOOBAaHOCTI TOIIIO.

B ocranHi poku Bce OUIBII MOMYJSAPHUM CTa€ MEPEXi J0 IMIYJIbCHUX HEHPOHHHX
Mepex Ta iX armapaTHa peai3aiis Ha OCHOBI HeipoMop(dHOT apXiTEKTypH, SIKa HAMAraeThCs SIK
MO’KHA TOYHIIIE€ BiJTBOPUTH TMOBEIIHKY Mepexi O10JIOriuHUX HEUPOHIB BUKOPUCTOBYIOUHU
eJIeMEHTHY 0a3y MikpoeleKTpoHiku [1]. IMmynbcHI HEHpOHHI Mepexi, sIKi BiIHOCSTH JO
TPETHOTO TOKOJIHHS HEHPOHHUX MepexX, CKIaJaloThCcsi 3 HEWpPOHIB, IO 3A1MCHIOIOTH
OO0YHCIICHHSI TUTPKU TPHU HASBHOCTI BXIJHUX CHUTHATIB y BUTIIAAI KOPOTKHX IMITYJBCIB 1 HE
BUTPAuYalOTh C€HEPriro B pa3l iX BIICYTHOCTI. 3aBASKU LIbOMY HeilpomopdHi mpoiecopu,
noOy/I0BaHI Ha OCHOBI IMITYJIbCHUX HEWPOHHUX MEPEX CIOKUBAIOTh HAa KUTbKa IMOPSIKIB
MEHIIIe eHeprii HiXkK MPOIecCOpH TPaaAUuLliiHOT apXiTekTypH ¢oH HelimaHa.

OCHOBOIO IMIYJILCHOT HEHpPOHHOI Mepexi € IMIyIbCHUI HeHpoH, (QyHKIII SKOTO
HaMararoThcsl 3pOOUTH MaKCUMalIbHO HAOMMKEHMMH O HOro OioyoriyHoro opwurinamy [2].
ArmaparHa peaizailisi iMITyJIbCHOT'O HeHpoHa MOXe OyTH BUKOHAHA y BUTJISII 200 aHAIOTOBOI,
abo 1mudpoBoi cxemu. AHajoroBa peaiizaiis Ma€ CBOI MepeBarv, OCKUIbKH caMi (hi3U4HI
3aKOHM, IO JIIOTh B EJIEKTPUYHMX KOJIAX, JIOMOMararoThb BIJTBOPUTH OCHOBHI (YHKIIT
HEMpoHa, HampUKIaJ TiJCYMOBYBAaHHS 3BaXEHHUX BXIJIHUX CHUTHANIB BiJOyBaeThCs
Oe3nocepenHbo 3a 3akoHoM Kipxroda.

IcHy1OTB pi3HI MiAXOMU 10 anmapaTHOi peaii3allii aHaJI0roBOro iMIyJbCHOTO HeWpoHa
cepen sSIKUX HaOUTbII nomyssipHoto € Leaky Integrate-and-Fire (LIF) monens Helipona, T00TO
MO/IeJ]Ib HAKOITMYYBaJIbHO-aKTHBATOPHOT0 HelipoHa 3 BUTOKOM. LIF-mMonens Helipona no3Bosise
BIIPOJIOB)K IIEBHOT'O Yacy HAKONMWYYyBAaTH (IHTErpyBaTH) iH(GOpMaIlito, 1110 MOCTyIae 330BHI Ha
HOro CHHanTH4YHI BXOJH, y BUIJISAI MEMOpPaHHOrO MOTEHIially, SIKHH XapaKTepu3ye CTaH
HelipoHa, T'eHepyBaTH BUXIAHMHM IMIYyJIbC (aKTUBYBAaTH HEMPOH), SKIIO L€l MOoTeHIial
NEpeBUINye JesKe IOpPOroBe 3HAYEHHs, Ta IOCTYNOBO BTpauaTH pIBEHb MEMOpPaHHOIO
noTeHuiany (3adyBaTu iHpOpMaIliI0) 32 paXyHOK BUTOKY, fK 1€ POIEMOHCTPOBAHO Ha pHcC. 1.
KoHCTpyKTHBHO MO/i€b HEHpOHA MOXKE CKJIaJaTHCA 3 KUIBKOX OJIOKIB MOKa3aHMUX Ha pHC.2,
KOKEH 3 SIKUX B1ITBOPIOE MEBHY (YHKI[II0 O10JI0TIYHOTO HEHpPOHa.
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B miit poGori, Ha ocHoBi BukopuctaHHs LIF-monmeni weiipona [3], mposeneHo
NPOEKTYBAHHS IMITyJIbCHOTO AHAJOrOBOIO HEWpOHa 3 JBOMAa CHHANTHUYHUMH BXOJAaMH, SIKi
MaroTh IH(pPOBE KepyBaHHS BaroBUMHU KoedimieHtamu. MapuipyT NpOEKTYBaHHS anmapaTHOi
peamizarnii HepoHa BKJIFOYAE JIOTTYHHUHM, TPAH3UCTOPHHUI Ta TOMOJOTIYHUHI piBHI. Pe3ynbrar
NPOEKTYBAHHS y BUTJIS/I1 TOMOJIOTYHOTO KPECIICHHS anapaTHOi peatizaiii HeHpoHa MmoKa3aHun
Ha puc. 3.

1 S

Puc. 3 — Tonosnoriyna cxema iMITyJIbCHOTO HEeHpoHa 3 HU(POBUM KepyBaHHSIM BaroBUMH KoedilieHTaMu

Bepudixkamiro Tomosnorii nposeaeno 3a mpamiamu Electrical Rules Check (ERC),
Design Rules Check (DRC) ta Layout versus Schematics (LVS). [Ipane3naTtHicts cxemu
NEepeBIipeH0 Ha TMPHKIAAl peanmizamii JOriyHUX (YHKIIH SK OJHUM HEHpOHOM, TakK i
JIBOLIIAPOBOIO HEMPOHHOIO MEPEXKEIO.

[1] Yang J.-Q., Wang R., Ren Yi, Mao J.-Yu, Wang Z.-P. Zhou Ye, Han S.-T. Neuromorphic
engineering: from biological to spike-based hardware nervous systems. Advanced
Materials. (2020). P. 2003610 (1-32).

[2] Indiveri G., Linares-Barranco B., Hamilton T.J. Neuromorphic silicon neuron circuits.
Frontiers in neuroscience. Vol. 5, Art. 73. (2011). P. 1-23.

[3] Gnilenko A.B. Hardware implementation design of a spiking neuron. System Technology.
Vol. 132, No. 1. (2021). P. 116-123.

DESIGN OF A LIF NEURON MODEL FOR THE SPIKING
NETWORK OF A NEUROMORPHIC PROCESSOR

A. Gnilenko
Oles Honchar Dnipro National University
gnilenko@ua.fm

The design of an analog spiking neuron with digitally controlled synaptic weight
coefficients is presented based on Leaky Integrate-and-Fire model. A compact-sized layout is
obtained and verified for neuron hardware implementation in spiking neural networks.
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JOCJIIITKEHHA ABTOMATU30BAHOI'O TECTYBAHHSA
BEB-IOJATKY HA BA31 SELENIUM WEBDRIVER

. CobosieBcbkuii, O. CnipiHnena
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
sobolevskyi_dd@ffeks.dnu.edu.ua

B po6oti mosicHeHa HEOOXiAHICTh BUKOPUCTAHHS €Tally TECTYBAaHHS IMPOrPaMHOTO
3a0e3neueHHs i 4ac Horo po3poOku. HaBeneH1 KiIt040OBI MOHATTS Ta NPUHLIMIIN TECTYyBaHHS
IpOTrpaMHOro 3a0e3neueHHs. 3HAyHA yBara NpUAUICHAa TEpeliKy IepeBar aBTOMaTH3allil
TecTyBaHHs. IlpoBeneHMil KOpOTKMM omIfg cydacHOI IIaTGOpMHU aBTOMAaTH30BAHOIO
tectyBaHHs Selenium Webdriver. CpopmynboBane 3aBIaHHs HA MOAAIBINI JOCIIHKEHHS.

TecTyBaHHS € HEBIJI'€EMHUM NPOLIECOM JKUTTEBOTO LUKy IIPOrPaMHOIO 3a0e31eueHHs
(I13), mix gac s;koro JOBOAMUTHCS BiANOBiAHICTH 13 3amaHuM BUMoOTram i morpedam 3aMOBHUKA,
TUM caMuUM 3abe3neuyerbest sKicTb po3pobinenoro 13 [1]. OcHoBHa Teopis TecTyBaHHS
BKJTIOYA€ TaKi KJIFOUOBI MOHSTTS Ta MPUHIUTIH:

1. IlpunymenHs npo HasBHICTh AedekTiB. OCHOBHUM MPUITYIIICHHSM B T€OPii TECTYBaHHS € T€,
10 Oy/Ib-sIKa TIporpama MIiCTHTh Je()eKTH a00 TTIOMHUIIKH.

2. [ToBHOTa TeCTyBaHHSA HEMOXIIMBA. TECTYBaHHS HE MOX€E TOKPUTHU BC1 MOXJIMBI KOMOiHAIIi{
BXI/IHUX JAHUX Ta CTaHIiB MporpaMu. TOMy Ba)KIIMBO BH3HAYUTH CTPATETiI0 TECTyBaHHS, SKa
MaKCUMAaJIbHO €()EKTUBHO BUSBIISE 1€(EKTH.

3. [lpuHIMI paHHBOTO TOYATKY TECTyBaHHS. TecTyBaHHS Mae OyTH IHTEIPOBAHO B IPOIIEC
PO3pOOKH BiJl CAMOTO MOYATKY.

4. Ilpuanun  nofiry OOOB'SI3KIB Ta HE3AJIEKHOCTI TECTyBaHHA. BaxiamBo, mo0 TecTu
PO3pobIIsITICS OKpeMUMHU po3poOHuKaMu. Lle tonomarae yHUKHYTH KOH(ITIKTIB 1 3a0€31eUnTH
00'€KTUBHICTb.

5. CucTeMHICTh 1 METOIMYHICTh. TecTyBaHHS Ma€e OyTH CUCTEMHUM 1 METOIMYHUM HPOLIECOM,
KU OXOIUIIOE BCl acleKTH MpOorpamu 1 BKJIKOYA€E y cebe pi3HI BUAM TECTYBAHHS, TaKl SIK
¢byHKLI0OHaTBHE, HeQYHKIIOHATIbHE, IHTErpalliiiHe, MOJYJIbHE 1 T.[.

6. KouTponp i 3BiTHiCT. BakmuBo BecTH OOINIK BCiX TMPOBENEHHX TECTIB, PE3YJbTATiB 1
BUSIBIICHUX JE(PEKTIB.

7. [IpuHIUI TOCTIHHOTO BJOCKOHAJICHHS.

8. TecTyBaHHS 3a JIOMOMOTOI0 TECTOBHX KEHCIB 1 CIeHapiiB, SKi BH3HAYalOTh BXIiJIHI JaHi,
OUIKyBaHWUW pe3yNbTaT 1 Tpouenypy TecTyBaHHs. lle momomarae cucremaTuzyBaTH 1
aBTOMAaTH3YyBAaTH MPOLIEC TECTYBAHHS.

9. Perpeciiine tectyBanHs. [liciisi BHECEHHS 3MiH B TIPOTpaMy Ba)KJIMBO ITOBTOPHO BUKOHATH
TECTyBaHHsI [yl NEPEBIPKHU, UM HOB1 3MIHM HE BIUIMHYJIM Ha ICHYIOUNH (PYHKIIOHA.

10. ABTOoMaTH3aIlisl TECTyBaHHS JIOMOMara€ 30UTBIIMTH TPOAYKTHUBHICTH Ta IOKPUTTS
TECTYBaHHsI, 0COOJIMBO B MPOEKTAX 3 BEUKOIO KUIBKICTIO TECTIB.

[lepexig Ha aBTOMATH3AIIIIO0 JO3BOJISIE CKOPOTUTH YacC TECTYBAHHS 1 3HAYHO MPUCKOPUTHU
neil mporec [2]. ABTOMaTH30BaHEe TECTYBAaHHS Ma€ YMCIIEHHI mepeBar, ski poOisTh Horo
BaXUIMBUM 1HCTPYMEHTOM Y Tpoiieci po3pooku I13:

1. TToBTOpIOBaHICTH 1 perpeciiiHe TecTyBaHHsA. ABTOMAaTU30BaH1 TECTH MOXKYTh OYTH BUKOHAH1
0e3:114 pa3iB 3 0JIHAKOBOIO TOYHICTIO, 110 OCOOJIMBO KOPHUCHO IIPU PErpeciiHOoMy TeCTyBaHHI,
KOJIM HEeOOX1HO NMepeBipUTH, Y1 HOB1 3MIHM HE BIUIMHYJIM Ha iICHYIOUMH QyHKIIOHA.

2. EpekTHBHICTh JOCSATAETHCS 32 PaXyHOK IIBHIIIOTO BUKOHAHHS Y TIOPIBHSHHI 3 PYYHHMH
TECTaMH.

3. [lokpuTTst TecTyBaHHS. ABTOMATH3aIlisl TO3BOJSIE JIETKO CTBOPIOBATH Ta MiATPUMYBATH
BEJIMKI 00CATH TECTIB, 10 MOKPUBAIOThH Pi3HI ACHEKTH MTPOrPaMH.
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4. MacmtaboBaHiCTh. ABTOMaTH30BaH1 TECTH MOKHA JIETKO MaciITabyBaTH JjIsl BAKOHAHHS Ha
BEJIMKIH KUTBKOCTI IPUCTPOIB, OMEPALIfHAX CUCTEM, Opay3epax TOILO.

5. TouHICTh 1 00'€KTUBHICTh. ABTOMATHU30BaHI TECTH BUKOHYIOThCS 0€3 y4acTi JIIOJWHH, IO
3MEHIIy€E PHU3HMK JIOJACBKUX MOMUJIOK Ta 3abe3mneuye Oinblry O0'€KTHBHICTH pPE3yJIbTaTiB
TECTYBaHHS.

6. CriporieHHsT BIJUTaro/LKCHHs. ABTOMATH3allisl JO3BOJIE€ MIBHAKO BH3HAYUTH MICIE Ta
NpUYHHY ePEKTIB 3aBISKH TOKJIAIHUM 3BiTaM MPO TOMUIIKH.

7. EdpextuBHICTH pecypciB. IHBecTHIiS B aBTOMATH3aLlil0 TECTYBAaHHS 3MEHIIY€E HEOOXITHY
KUTBKICTh PyYHOT'O TECTYBaHHSI, IO J03BOJISIE €PEKTUBHO BUKOPUCTOBYBATH PECYPCH.

8. Ilintpumka CI/CD (Continuous Integration/Continuous Deployment), ne TecTu npu KoxHil
3MiHI KOJTy aBTOMAaTHYHO 3aITyCKAIOThCS Ta BUSIBIISIIOTH MOXKIIUBI Ie(DEKTH 3aBYACHO.

9. JlokyMeHTamis TeCTyBaHHs. ABTOMaTH30BaHI TECTU MOXYTh CIIy’)KUTH JTOKYMEHTALI€I0 10
IPOTPAMHOTO MPOYKTY, OMIUCYIOUN OYiKyBaHY MOBEIIHKY CUCTEMH.

3a3HaueHi mepeBaru JEMOHCTPYIOTh, II0 AaBTOMATH30BaHE TECTYBaHHS JOIIOMArae
HiJBUIIUTH SKICTh MPOAYKTY, 3MEHIIUTH PH3MK IMOMHJIOK Ta 36KOHOMHUTH 4ac i pecypcu B
poIeci po3poOKH MPOTrPaMHOTO 3a0€3MECUCHHS.

Selenium Webdriver - iHcTtpymeHT [Uis aBTOMAaTH3allil peaabHOro Opaysepa, SK
JIOKAJIBHO, TaK 1 BIJJIaJICHO, M0 HAWOLIBII OMM3bKO iMiTye il KopucryBada. Lle ocranHe
TIOTIOBHEHHS B MAKETI IHCTpyMeEHTIB Selenium, sike € OCHOBHHM BEKTOPOM PO3BUTKY MPOEKTY.
Ha Bimminy Bix Selenium RC Webdriver BiH 6e3mocepeHb0 BUKIMKAaE KOMaHIN Opay3epa,
BUKOPUCTOBYIOYH PiHY ISl KOXKHOTO KOHKPETHOTO 6pay3epa APL. Y toii xe uac Selenium RC
BIIPOBa/KyBaB JavaScript B Opay3ep mpH 3amycKy i BUKOPUCTOBYBAB HOTO Uil YIPaBIiHHS
B€0-10JaTKOM.

Taxum unHOM, aKTyaJTbHIM 3aBAaHHSAM cydacHOi [T ramy3i € po3poOka Ta JOCIHiHKEHHS
HiAXO0/IB 0 aBTOMaTH30BaHoro TecTyBaHHs [13. [Tomanbiii JOCTIKEHHS BApPTO MPOBOJIUTH Y
HANpsIMKYy aHali3y  MOXJIMBOCTEH aBTOMAaTH30BaHOTO TECTyBaHHS BeO-IOJATKIB 3a
jnornomororo  iHcTpyMeHty Selenium  WebDriver Ta OIIHKM OTpUMaHMX pe3yJbTaTiB
TECTYBaHHS.

[1] Kupuuek I'., TsrynoBa M., Kypau A. ABTOMaTtu3oBaHe TeCTyBaHHs BeO-tuiaTGopMm 3
BUKopucTanHsaM Java ta Selenium. Information technology and society. Bum. 1. (2022).
C. 31-37.

[2] 3acopuoBa I, ToBopymienko T., Boituyp O. AHami3 iHCTPYMEHTIB  TeCTyBaHHs
porpaMHOTo 3abe3MeyeHHs BiANOBIIHO 10 piBHIB TecTyBanHs. Computer systems and
information technologies. Bum. 1. (2023). C. 38-46.

STUDY OF AUTOMATED WEB APPLICATION TESTING
BASED ON SELENIUM WEBDRIVER

D. Sobolevskyi, O. Spirintseva
Oles Honchar Dnipro National University
sobolevskyi_dd@ffeks.dnu.edu.ua

The work explains the necessity of using the software testing stage during its
development. The key concepts and principles of software testing are presented. Considerable
attention is paid to the list of advantages of test automation. A brief overview of the modern
automated testing platform Selenium Webdriver was conducted. The task for further research
is formulated.
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CUCTEMA IIJIbOBOI'O BUKOPUCTAHHSA BA3 TAHUX
PI3BHUX THUIIB AJIA ONTUMI3ALIL ®YHKIIOHAJY

A. Anekceenko, T. ITIpokod'en
J[Hinposcokuil Hayionanvuuu yHieepcumem imeni Onecs [ onuapa
alieksieienko_am@ffeks.dnu.edu.ua, prokofjjev@ffeks.dnu.edu.ua

Bubip crocoby 30epiranHs JaHUX NpPU MPOEKTYBAaHHI OyIb-sIKOI CHUCTEMH BHMAarae
JOCUTh JIETATbHOTO Ta IJIHOOKOTO aHamily IHMX JaHuX. Takuil acmekT BHU3HAuYaTUME
e(eKTUBHICTh POOOTH PO3POOIIOBAHOTO (PYHKIIIOHATY Ta JOCSATHEHHS TOCTaBJICHHUX IUIEH
I0JI0 MPOJYKTUBHOCTI poboTH camoi cucteMu. OKpiM 1IbOTO, TaHWM BUOIp BIIMBAaTUME Ha
BapTiCTh 0OCITYrOBYBAaHHSI, JOCTYITHICTh TJAHUX Ta MOXJIMBICTh MacIITaOyBaHHS.

[To-nepire, HEOOX1THO BpaxOBYBAaTH MPUPOAY AaHUX, sIKI OyayTh 0OpOOJIFOBATHCS Ta
30epiratuck. AJKe 11e MOXKYTh OYTH SIK CTPYKTYpOBaHi JIaHi, 0 BUMArarTh YiTKOT CXEMH, TaK
1 Ti, 0 HAaBMaKKM HE MAlOTh YITKOI CTPYKTYpH 1 MOTPeOYyIOTh OuIbIIOq FHy‘IKOCTl Ta
TOPH30HTAILHOTO MacmTa0yBaHHs. BpaxoByroun mei GpaxTop, AJs Mepuioro BapiaHTy MOXKe
OyTu OLIBII TOUIIBHUM BHOIp pensuiiHol 6a3u JaHUX IS AETaIbHOTO 1 CTPOTOr0 KOHTPOIIIO
HaJ CTPYKTYpOI0. B To¥ wac sk [uist qpyroro Bapianty Oyjie KpaluM pillieHHSM BUKOPHUCTaHHS
NoSQL, mo mae MakcuManbHy THYYKICTH 1 J0O3BOJISIE 3MIHIOBAaTH CXeMy B OyJb-KHil yac,
ockizbkrt NoSQL 6a3u JaHux He HaB’s3yHOTh BU3HAYCHY CTPYKTYpY. [1, 2]

[To-gpyre, ciig 30cepeuTH CBOIO YBary Ha TOMY, SIKUM came OyJe 30epiraHHs JaHHX.
LlinssMu ipu poOOTi 3 JAHUMH MOXKYTh OYTH JTOBroTpuBaie 30epiranss iHpopmallii, BAKOHaHHS
CKJIQJIHUX 3aIUTIB, MOXJIMBICTh MOCTIHHOTO €()EeKTHUBHOTO 3aMucy, peanisallis KelulyBaHHs 31
HIBUJIKUM JIOCTYIIOM JIO IAHUX Ta 1HIII.

BpaxoByroun Buille HaBelneHe, OyJO CTBOPEHO CHCTEMY, fKa JO3BOJIS€
BUKOPHUCTOBYBaTH 0a3u NaHUX pPI3HUX TUMIB. [ 1pboro Oyslo JOCHIIPKEHO Ta 3A1MCHEHO
nopiBasHHs Takux SQL ta NoSQL 3aco6iB, sik Microsoft SQL Server, Redis, Azure Cosmos
DB, Azure Blob Storage.

Po3pobnena cucrema Moxe OyTHM BHUKOpUCTaHa y pi3HHUX oOnacTsax Ta chepax
JUSUTBHOCTI, J€ BaKJIMBO MATH MOTYXHY 1H(QOPMaIiiiHy CUCTEMY 3 MOXJIUBICTIO €()EKTUBHOTO
YIOpaBIiHHS pecypcaMy Ta aHami3y JaHuX. BoHa MOXe 3HAMTHU 3aCTOCYBaHHS Yy MPOEKTAX, 1€
MOETHYIOTHCS PI3HI JIaH1 Ta Pi3HI CIIOCOOM IXHBOTO BUKOPUCTAHHS.

[1] Mark J.Price. Apps and Services with .NET 7. Birmingham: Packt Publishing Ltd. (2022).
[2] Scaling up vs. scaling out [Enmexrponnwmii pecypc]. Pexxum mocrymy: https://azure.
microsoft.com/en-us/resources/cloud-computing-dictionary/scaling-out-vs-scaling-up/ .

SYSTEM OF TARGETED USE OF VARIOUS DATABASE
TYPES FOR FUNCTIONAL OPTIMIZATION

A. Alieksieienko, T. Prokofiev
Oles Honchar Dnipro National University

This article explores the pressing issue of data storage methods for system design. It is
considered a hybrid approach involving multiple database types to optimize software
development. It also highlights the importance of defining data nature and storage goals.

The project involves an analysis and comparison of database options to meet specific
project requirements.
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PO3POBKA TA JOCJIJKEHHSI PEKOMEHJIALIAHOT
CUCTEMM HA OCHOBI KJIACTEPU3ALIL
KOPUCTYBAUIB

I. Cxpur
Xapxiscokutl HAYIOHATbHUL YHIBEpCUmMen padioeleKmpOoHIKU
iryna.skryt@nure.ua

JlropuHa moIHS OTPUMYE JOCUTH BENUKY KUIbKicTh iHpopMarii. He 3aBxau oTpumana
iHpopMalliss € peleBaHTHOIO, IO 3YMOBIIIOE HEOOXIAHICTH TMOIIYKY JDKepes, sKi OyayTh
[[IKaBUMH Ta KM MOXHa JIOBIpsATH. [locuTh 9acTo ocoba TOHE B Tiil BeNIWYE3HIN KUTBKOCTI
MaTepiajiB, KOJHM IIyKae, camMe Te Lo il moTpiOHo. B ommcanux Bumaakax BUHHKAE
HEOOXI1THICTh CITUTATH B KOTOCH ITOPAJIH, 1 3BICHO HE 3aBXK/IH B HAC € TaKa MOXKIIMBICTh. B Takux
BUIMAJKaX Ha JIONOMOTY, TPUXOIATh caMe€ pEeKOMEHJalliiiHi cucremu. binpuiicts
PEKOMEHIAMIMHAX CHUCTEM BHJAIOTH IPOIO3HII HAa OCHOBI paHIlIe MEPerisaHyTUX abo Ha
OCHOBI CXOKUX MartepianiB. Takok y BUTIAAKY, SKIIO JFOJAMHA XOTiJIa O AI3HATHCS, IO I[IKaBO
il OTHOIYMIISIM, TO PEKOMEH/IAIIisl HA OCHOBI paHillle MepersaHyTUX MaTepiaiiB Moxe iif mpocTo
HE TTINATH.

PexoMenpariiiini cucteMu — 1€ OKpeMHUH Kiac BeO-AOAATKIB ISl MPOTHO3YBAaHHSA
BHOOPY KOpUCTYBada. 3aBJIaHHS PEKOMEHIAIIIMHOT CUCTEMH — MPOIHPOPMYBATH KOPHUCTyBada
po ToBap a00 KOHTEHT, KU1 oMy MOke OyTH HalOUIbII LIKaBUil y AaHui MOMEHT 4acy. [Ipu
IbOMY KOPHCTYBa4 OTPUMY€E TOTPiOHI BIAOMOCTI, a cepBic 3apobisie HAa HAJAaHHI SKICHUX
nociyr [1].

Pexomennanii (opMyrOTbCS OKpeMO Uil KOXKHOI JIFOJMHM, CIUPAIOYNCh HAa HOTO
norepeaHi Jii Ha KOHKPETHOMY BeO-pecypci UM Ha OCHOBI MUHYJOi akTHBHOCTI. Kpim TOrO,
3HAYCHHS M€ 1 MOBEIIHKA MOTNEPEIHIX YUaCHUKIB MPOIIECY.

PexoMmeHOaLiHHI CHCTEMH KopHeTyBa4
A“f:,mg . .- — - .‘_]'[apamerpn—
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Puc. 1. — CtpykTypa pekoMeHaaliitHoi cucteMu
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Kiacrepuzarist - 11e METO MOIIYKY 3aKOHOMIPHOCTEH, MPU3HAYECHUN ISl pO3OUTTS
CYKYITHOCTI 00'€KTiB Ha OJTHOPIJHI IpynH (KJIacTep) abo MOIIYyKY iICHYIOUUX CTPYKTYp AaHUX.
K-Means anroput™m mepeadadae, 0 HasBHI JaHl PO KITIEHTIB, TakKi sIK i1CTOPiS MOKYIOK Ta
neMorpadivHi 1aHi, i € HoTpeda 3rpynyBaTH KII€HTIB HAa OCHOBI iX cxoxocTi [2].

B naniit poO0Ti 10CiKY€ETHCS pOo3pOOKa Ta BIPOBAIKEHHS PEKOMEHIAIIHHOT CHCTEMHU
MarasuHy KOCMETHYHHMX TOBapiB, IO 3aCHOBaHAa Ha METOJAX KJacTepH3allii KOpHCTyBauyiB.
AHaIT3yH04H MTOBEAIHKY KOPUCTYBAUiB 1 MOJIEb KYITiBJIi, KOPUCTYBadi 00’ € THYIOTHCS Y OKpeMi
CEeTMEHTH 31 CXOXHMH BIOJ00aHHSIMHU. BHKOPUCTOBYIOUM II0 CEIMEHTAIlil0, PO3pPOOICHO
CHUCTEMYy PEKOMEHJAllii, sKa TPOIMOHYE TMO3MIlli 13 3aJaHOTO Mara3uHy BiJIIIOBIHO [0
BII0JI00AHh KOXKHOTO Kiactepa. [IpoBemeHi TecTyBaHHS IMOKA3ylOTh 3HAYHE MOKpAIICHHS
3QJIy4eHOCTI KOPUCTYBadiB 1 KoOe(QilliEHT KOHBEpPCii, MiAKpecIodd e(QeKTUBHICTh
KJlacTepu3allii KOpUCTyBadiB Ha OCHOBI JaHUX OTPUMaHUX Y Mexax iH(opMalliitHoi cuctemu
Mara3uHy KOCMETHKH [3].

3amanuii BXiMHUA HaOip BEKTOPIB KOPUCTYBAdiB, BEKTOPH BPaXOBYIOThH [isUIbHICTh
KOpHCTYyBaya B MeXaX CHCTEMH, 10 po3poldiiseThes. 3aiannuil Halip TOBAapiB MEBHOTO TUIY —
IPOJYKTH Mara3uHy KOCMeTHKH. Ha OCHOBI MOBEIIHKH 0COOM B MeXaX CepBiCY TOTYIOTHCS
[JIHOB1 MPOMO3HIIi, sIKi OyayTh 3aJ0BUIbHUMH Asi Hei. OCHOBHA LIb JAHOTO CEpBICY 31
CTOpOHH 0i3HeCy: 30UIBIINTH ayTUTOPII0, TAKOXK 30UIBIIUTH Yac rnepedyBaHHs KOPHCTYBadiB
Ha CaliTi, HOKPAIIUTH HaJaHHs PEKJIAMHUX MPOIO3UIIIH, TaH1 3MiHH IMOKJIMKaHI B CBOIO Yepry
301U TH IPUOYTOK Oi3HECY. JJOCATHYTO TaKOX LIJIb 31 CTOPOHU KOPUCTYBaya: 3HU3UTHU Yac
Ha IOIYK HEOOX1IHOTO TOBApPY, MOKPAIIUTH JTOCBI]] KOPHUCTYBAHHS CATOM.

Cucrema po3poOiieHa y ¢opmaTi BeO-I0IaTKy 3a/Is 3a0e3MeueHHsT MaKCUMAJIbHOT
3pYYHOCTI KOPUCTYBaHHS yciM KopucTyBauaMm. [IpaBunpHuil miaxia 10 noOy10BU apXiTeKTypH
3a0e3medye iHTerparliro 3i CTOpoHHIMH cucTeMaMu. B pe3ynbpTati po3po0ieHna pekoMeHaiitna
CUCTeMa JI03BOJIsIE 3a0€3MeUnTH OUIbII EPCOHANTI30BAHUMN 1 aKTyaJIbHHUM JTOCBI MOKYIIOK, 1110
npu3BeC 10 MiTBUIICHHS 33JI0BOJICHOCTI KIIIEHTIB, BUIIUX IMOKA3HHUKIB KOHBEPCIi MPOJIAKIB,
HiBUILIEHHS 3aJly4€HHS KOpPHUCTYBauiB 1 OLIbII CHJIBHOI KOHKYPEHTHOI IepeBard Ha
pO3ApiOHOMY PUHKY, 1110 OCTIHHO PO3BUBAETHCS.

[1] Tonenko M. FO. OGnacTh 3acTocyBaHHS Ta BUIHM peKOMEHAAIIHNX cucTeM [EnexTpoHHui
pecypc]. Pexxum noctymy: https://conf.ztu.edu.ua/wp-content/uploads/2021/01/41-2.pdf.
[2] KimacTepu3aliiss KOpUCTyBadiB CHCTEMH €JIeKTpOHHOI komepilii [Enekrponnuit pecypc].

Pexxum moctymy: https://habr.com/ru/companies/datawiz/articles/248863/.
[3] Anderberg M.R., Cluster Analysis for Applications. New York: Academic Press. (1973).
359 p.

DEVELOPMENT AND RESEARCH OF RECOMMENDATION
SYSTEMS BASED ON USER CLUSTERING

I. Skryt
Kharkiv National University of Radio Electronics
iryna.skryt@nure.ua

Analyzing user behavior and purchasing patterns, we group users into separate segments
with similar preferences. Using this segmentation, we develop a recommendation system that
offers items from a given store according to the preferences of each cluster.

The store's recommendation system will allow for more personalized and relevant
shopping experiences, leading to increased customer satisfaction, higher sales conversion rates,
improved user engagement, and a stronger competitive edge in the ever-evolving retail market.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 aucronana 2023 p., M. /Ininpo, Ykpaina



44 Cexuis |. [HOOPMAIITHI CHCTEMU I TEXHOJIOTIi

PO3POBKA BIBJIIOTEKH JJIAA BIIPOBA/IZKEHHSA
MULTI-TENANT ARCHITECTURE B JAVA SPRING
3ACTOCYHKAX

. leBuenko, I. CkypaToBchbKui
J[Hinposcokuil Hayionanehuu yHieepcumem imeni Onecs [ onuapa
denys.shevchnk@gmail.com

VY cydacHOMY CBITi, JIe IBUAKICTh PO3BUTKY iH()OPMAIITHUX TEXHOJIOTIH HEYXUIHHO
3pocTae, KOMIMaHii Ta opraHizaiii Bce YacTillle 3BEpTAIOThCs 10 BUKOPUCTAHHS PI3HUX 0a3
JIaHux Uit 30epiranHs, opraHizarii Ta 00poOku cBoei iHdopmartii. OmHaK, 11T KOMITaHIH, 1110
HA/Ial0Th MOCIYTH OPEHIM, BUHUKAE CKIIQJHICTh Y MiJKIIOYEHH] iX KIIIE€HTIB 10 OKpeMux 0a3
IaHUX, 3a0e31eUeHH] iX 0€3IIeKO0I0 Ta 130JILIEI0 TaHUX.

VY 3B'A3Ky 3 UM, aKTyaJbHUM CTa€ po3poOKa 010110TEKH, sIKa TI03BOIUTh €(hEKTUBHO Ta
0e3MmeyHo MiAKITI0YaTH OPEeHIapiB 10 pi3HUX 0a3 JaHWX, BUKOPUCTOBYIOUHM apXiTekTypy Multi-
Tenant Architecture B Java Spring 3acrocynkax. Multi-Tenant Architecture € migxomaom, 1o
JO3BOJIIE PO3IUINTH PI3HUX OPEHIApiB Ha OAHIN (i3uuHIA 1HPpPACTPYKTYpi, 3a0e3Meuyroun
130JIA11IF0 JaHUX Ta 3HIDKEHHSI BUTPAT HA yTPUMAaHHSI.

bibmioreka moxinena Ha 3 kiro4oBi maketu. [laker Multitenant BAKOPUCTOBY€EThCS JIIIst
MEPEXOIICHHS 3aIUTy 1 MiAKIIOUEHHSI KOpUCTyBaua 10 oro 6a3u nanux. [laker Datasource
noTpiOeH AJs MIAKIIOYEeHHS yCiX 06a3 JaHMX MPH 3aIyCKy J0JIaTKy a TaKOX BiH BIIIOBIAA€ 3a
Te Ky 0asy min’exnary. | maker Cleaner uist ounieHHs 6a3u JaHUX MICJISI BUKOHAHHS 3aITUTY.

[Taker Multitenant. Kinac MultiTenancyFilter € ¢inbTpom, sikuii BUKOHYETHCS MEpen
00pobkoro koxkHoro HTTP-3anuty. B meroai doFilterInternal, sxuit nepeBu3Hau€HO y LILOMY
KJIaci, BiIOyBa€eThCs BU3HAUCHHS aKTUBHOTO opeHaapa. OpeHnap BU3HAYAETHCS yepe3 00'eKT,
akuil peanizye iHTepdeiic HttpRequestProcessor, ne BUKOHY€eThCS JIOTiKAa OTPUMAaHHS IMEHI
KopucTyBaya 6a3u nanux 3 HTTP-3anury.

[Taket Datasource. Kinac DataSourceProperties orpumye nani 3 config daitiry 6a3 nanux
openzaapiB 3 YAML-gaitny. i nanamryBanHs 3a3Buuail mictsate URL, 5oriH, maposip To1o.

Knac DataSourceConfig namamroBye Ta cTBOproe 00'ekT DataSource Ha OCHOBI
OoTpuMaHUX HamamTyBanb 3 DataSourceProperties. Ileit o06'ekt DataSource MicTuTh
MIIKIIFOYEHHS 10 0a3 JaHUX JUIs pi3HUX OPEHAApIB.

Knac TenantAwareRoutingDataSource € BaJIMBUM KOMIIOHEHTOM JJI1 MapUIpyTH3aLii
3alUTiB A0 BIANOBIAHMX 0a3 gaHux opeHgapiB. lleil kiac BHU3Hauae, SKUH OpeHIAp
BUKOPHUCTOBYETHCSI B IMOTOYHOMY 3amuTi, 1 3a0e3neuye BUOIp BIAMOBIAHOI 0a3u JaHUX JUIS
00poOKH 3anury.

ITaket Cleaner. Knac TenantInterceptor € nepexomitoBadeM, sIKUil BUKOPUCTOBY€ETHCS
Juis 00poOKM pPi3HMX eTamiB OOpOOKHM 3amuTy B BeO-104aTKy. BiH Jomomarae 3abe3neuuTH
ounieHHs akTuBHOro opeHmapa 3 TenantThreadLocalStorage micis 3aBepiieHHs 0OpOOKH
3aMuTy, 100 YHUKHYTH KOH(IIIKTIB MiXK 3allUTaMM Pi3HUX OpPEHIapiB.

Knac InterceptorsConfig BHKOpPHUCTOBYETbCS MJIsi HAaJaIITYBaHHS Ta JOJaBaHHS
TenantInterceptor 10 xkoHbirypaiii BeO-101aTKy, 3a0€3MeUy0un HOTo peecTparlito, mod BiH
Mir oOpoOmsaTu 3amuTH mia yac o0pooku HTTP-3anutiB y BeO-101aTKYy.

BpaxoByroun 11i KOMIIOHEHTH, Bama O0i0yioTeka 3abe3neyye MyJIbTUTCHAHTHY
HiATPUMKY, 1€ KOKE€H OpeH/Jap MOKE MaTH CBOIO BJAacHy 0a3y JaHWX Ta WOMY HaTaeTbCs
MO>KJIUBICTH O€3MEYHOTO JAOCTYMy 110 Hel mia yac 00podku HTTP-3anuTiB y Be6-101aTKYy.

[1] Multi-Tenant Application. Software Architecture | Update on... | by Sudheer Sandu |
Medium [Enextpounuii pecypc]. — Pexxum moctymy:
https://medium.com/@sudheer.sandu/multi-tenant-application-68c11cc68929
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<<interface>> EmptyTenantinRequestException
HttpRequestProcessor

wcreates a"f\ _ wcreates

LN :
e SRR,
1] httpRequestProcessor

MultiTenancyFilter : E HeaderProcessor

- httpRequestProcessor. HitpRequestProcessor JwtProcessor - tenantHeader: String

- claimMame: String

Pucynok 1 — 38's130k ki1acis B makeri Multitenant

DataSourceProperties TenantNotInConfigurationException

- dataSources: Map<Object, Object> ﬁ\

.

tenantProperties

dataSourceProperties q ecC.reateni

TenantAwareRoutingDataSource

DataSourceConfig - dataSourceProperties: DataSourceProperties

- tenantProperties: DataSourceProperties A acreates

Pucynox 2 — 3B'130k kiaciB B maketi Datasource

InterceptorsConfig tenantinterceptor
1 1

Tenantinterceptor

- tenantinterceptor: Tenantinterceptor

Pucynoxk 3 — 3B's30k kiaciB B maketi Cleaner

DEVELOPING A LIBRARY FOR IMPLEMENTATION
MULTI-TENANT ARCHITECTURE IN JAVA SPRING
APPLICATIONS

D. Shevchenko, I. Skuratovskyi
Oles Honchar Dnipro National University
denys.shevchnk@gmail.com

In today's world, where the speed of information technology development is steadily
increasing, companies and organizations are increasingly turning to the use of different
databases to store, organize and process their information. However, rental companies face
difficulties in connecting their customers to separate databases, ensuring their security and data
isolation.

In this regard, it becomes important to develop a library that will allow you to efficiently
and securely connect tenants to different databases using Multi-Tenant Architecture in Java
Spring applications. Multi-Tenant Architecture is an approach that allows you to separate
different tenants on the same physical infrastructure, providing data isolation and reducing
maintenance costs.
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THOOPMAIIMHA CUCTEMA JIJISI PO3BUTKY
MOBJIEHHEBUX HABUYOK Y AITEHA 3 PO3JIAJAMU
AYTUCTUYHOI'O CIIEKTPA

B. Kyuepenko, O. BosikoBcbkHi
J[Hinposcoxuii Hayionanevhuu yHieepcumem imeni Onecs I onuapa
kucherenko.volodymyr@gmail.com

Posnmagn aytuctuunoro cnektpa (PAC) — me rpyma posnaniB HEHPOpPO3BUTKY, SIKi
BUHHMKAIOTh y PAHHBOMY BiIll 1 XapaKTepU3YIOThCSA JEHIIMTOM COLIATbHOI KOMYHIKaIi Ta
oOMexeHUMH a00 TOBTOPIOBAaHMMH MOJEISIMU TOBENIHKA 4M iHTepeciB. L[i Kio4oBi
XapaKTEPUCTUKH YacTO CYIPOBOKYIOTHCS TPYAHOIIAMH 3 YCHUM Ta NMCbMOBUM MOBJICHHSIM,
a TaKOXX 1HIIMMU MMOPYIICHHSIMH, SIKi HETaTUBHO BIUIMBAIOTH HA HABYAJIbHI JOCSATHEHHS JITEH 3
PAC. 3 ornsiny Ha Te, 1110 32 JaHUMH BeecBITHROT Opranizaliii 0OXOpoHH 3/10pOB'sl B yCbOMY CBIT1
npubmm3ao y 1 i3 88 oci6 miarHocroBano PAC, icHye HarambHa motpeba y po3poOir
e(EeKTUBHUX METO/IIB Ta 3aC001B BTPYYaHHS JJISl IUTSYOTO CErMEHTA IIi€l TPYIU HAaCceIeHHs. Y
[bOMY KOHTEKCTi 1H(OpMaIliiiHi TE€XHOJOrli MalOTh MOTEHLIaN Ui MIATPUMKUA CTaHIAPTHOI
teparnii mpu PAC, ockibky BOHH, MO-TIEPIIE, € TOCTYITHUMH, TO-APYyTe — MO00aI0THCS TITSAM.
MoOinpHI HaBYallbHI 3aCTOCYHKH BXKE€ JIOBENM CBOIO €(DEKTHBHICTh, ajle Ha YKpPaiHCBKOMY
PHMHKY JUIS AiTeil 3 0COONIMBUMH OCBITHIMHU MOTpeOamMu X KPUTUYHO Majo.[1]

Ines nonsrae y moaudikarii 1 JOCTiAKEHHI HOBUX MOXIIMBOCTEH PO3BUTKY paHillie
PO3p00ICHOT0 MOOIIBHOTO 3aCTOCYHKY, KOTPUH MpHU3HAYABCA U TOJETIICHHS MpPOIECy
(opMyBaHHS MOBJICHHEBO-KOMYHIKATHUBHUX HAaBHYOK IOHMX KOPHUCTYBauiB, 3pOoOMTH Horo
OUTBII 3pYYHUM Ta €PEKTHBHUM 32 PaXyHOK THYYKOi aIbTePHATUBHOI CHCTEMH KOMYHIKaIlii Ta
IrpOBMX HaBYAJIbHUX 3aBJ/laHb, K1 BIAMNOBIAAI0OTh OTOYHUM PEKOMEHJALISIM 111010 HABYaHHS
niteit 3 PAC. Jlogatok Moke OyTH 3aCTOCOBAaHUM B OCBITHIN CHUCTEMI.

Jns  po3poOKuM  MOOUIBHOTO 3aCTOCYHKY HPOBEJEHI JOCHIPKEHHS ICHYIOUYHMX
3aCTOCYHKIB-aHAJIOTIB, @ TAKOX TaTdopm Ta cepenoBuIl st po3podku MoOutpHIX Android
JOJIaTKIB Ta MOB JJIs peaii3alii cepBepHOi ckiafoBoi. Bynu mpoaHaizoBaHi MOXIJIMBOCTI
PO3p0OOKH MOOITFHUX 3aCTOCYHKIB 3 BUKOPUCTAHHSAM CepBEpPy Ta 0€3 3aCTOCYBaHHS CEpBEPHOI
YaCTHHH.

[IporpamHua peani3zaiiiss MOOUIBHOTO 3aCTOCYHKY MICTHTh B c00i: J0JaTK Ha 06a31 MOBU
nporpamyBaHHs Java B cepeioBuIi po3podku Android Studio 13 3acTocyBaHHAM apXiTeKTypH
npoektyBaHHI MVVM, s BinoOpaxeHHs 1HTepdeiicy BUKOpUCTaHa MOBa po3MiTkn XML,
JUIsE poOOTH 3 JIOKaTbHOIO 0a3010 JaHWX 3acTocoBaHa 6ibmioreka Room.[2] [lns peamizamii
CepBepHOi YacTMHU BHUKOpHCTaHWi cepBic Firebase ta 6a3za manmx NoSQL.[3] Ilix wac
peamizanii rpadiyHoro iHrepdeiicy OynaM BpaxoBaHI BHUMOTM IOJO HOTO I1HTYITMBHOCTI,
JIPYKET0OHOCTI 10 KOPUCTYBayda, 3pyYHOCTI Ta TPOCTOTH HAJIAIITYBaHb.

1100 mostermmTH B3a€MO/II0 MK KOPUCTYBAa4aMH 3aCTOCYHKY Ta MPOBITHUM (axiBLeM
(memaroroM, TICHMXOJOTOM abo0 1H.), Ha OCHOBI MPOBEIACHUX OCITIKeHb Oyia oOpaHa
TEXHOJIOTisl 4ar-00Ta il MeceHpkepa 1elegram, sikuii BUKOHYBaB IMOIEPEIHE CIIOBIICHHS
¢daxiBIiB PO OHOBJIEHHS JaHUX B 0a3l KJII€HTa-KOpUCTyBaya IIISXOM Oe3neuHoi nepenadyi
MOB1JIOMJIEHb JI0 0OpaHOi TPYyIU MeceHKepa. AJITOPUTM 3aCTOCYBaHHS MOHOJIOTY Yepe3 yart-
60T OyB OOMEXEeHHI MEBHOIO KUIBKICTIO YHI(DIKOBaHMX 3amlMTIB, IO MOAAIOTHCS HAOOpOM
KJIIOYOBHUX CIIB.

B npoueci Bu3HaueHHS e€(EKTUBHOCTI MOOLIBHOTO 3aCTOCYHKY Oynu 3amyyeHi 12
niteir 3 PAC BikomM 5—7 pokiB, ki MPOTATOM § THXKHIB BUKOHYBAJIHM B JOMAIHIX yMOBax
3aBAaHHS 3 JOJATKy SIK JOJATKOBHM TPEHIHT B mo3aypouHuid 4dac. Jle'ste miteit 3 PAC
BIJIMIOBITHOTO BIKY Ta 3/1i0HOCTEH CTaHOBWJIM KOHTpPOJIbHY TIpymy. Pe3ynpTaté BUSBWIN
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CTATUCTUYHO 3HAYYIII MTepeBark y 30UIbIICHH] YaCTOTH 3BEPHEHB YUHIB, TOYHOCTI BUKOHAHHS
YCHUX IHCTPYKIIM JOPOCTUX Ta MOKpPAIEHHS EKCIPECHBHOTO MOBJICHHS B YYaCHUKIB
eKCIICPUMEHTAJIBHOI TPYIH B IOPIBHSHHI 3 KOHTPOJIbHOMW. Lle cBimuuTh mpo e(heKTUBHICTH
3aCTOCYHKY B YacCTHHI NOKpPAILICHHS MOBJICHHEBO-KOMYHIKaTUBHHMX HaBHUYOK iiteid 3 PAC.
Takox 3aCTOCYHOK IOJICTTITY€ TPOIIEC KOHTPOJIIO MPOCYBAHHS YUHIB IS (DaxXiBIIiB.

BukopucTanHs cy4acHUX FHYYKHX TEXHOJIOTIH Ta IHCTPYMEHTIB pO3pOOKH MOOUTEHIX
JIOJIaTKIB JIO3BOJIUTH 1 HAJaJIl pO3IMIKPIOBATH (PYHKIIIOHAIBHICTH J1aHO1 1HDOPMAIIITHOT CUCTEMU
Ta BHOCHUTHU 3MiHHU JI0 1 MOTOYHOI (DYHKIIOHATBHOCTI 3 MOXJIMBUM 3aCTOCYBAaHHIM iHIINX
POTPaMHUX MPOIYKTIB.

[1]He raki, sk Bci. Ilokasuuk gmiteii 3 PAC  [Enekrponnuit  pecypc] -
https://Ib.ua/blog/iryna_suslova/481569 taki_yak vsi.html

[2] Po3pobka Android 3 mysms: Ilocionuk, apyxHiit 10 mo3ky, Dawn Griffiths, David Griffiths
[Enextponnuii pecypc]| - https://pdfroom.com/books/head-first-android-development-a-
brain-friendly-guide/p0g2JQGRgXE

[3] [oBuuit mociouuk i3 Firebase: CtBopenns noxatkis s Android Ha MOOiIbHIN 1aThopmi
Google [EnexTponHuit pecypc] -
https://books.google.com.ua/books/about/The_Definitive_Guide_to_Firebase.html

INFORMATION SYSTEM FOR THE DEVELOPMENT OF
SPEECH SKILLS IN CHILDREN WITH AUTISM
SPECTRUM DISORDERS

V. Kucherenko, O. Volkovskyj
Oles Honchar Dnipro National University
kucherenko.volodymyr@gmail.com

Autism spectrum disorders (ASDs) are a group of neurodevelopmental disorders that
occur at an early age and are characterized by deficits in social communication and limited or
repetitive patterns of behavior or interests. These key characteristics are often accompanied by
difficulties with oral and written language, as well as other disorders that negatively affect the
academic achievement of children with ASD. In this context, information technology has the
potential to support standard therapy for ASD because it is, firstly, affordable and, secondly,
appealing to children. Mobile learning applications have already proven their effectiveness, but
there are critically few of them on the Ukrainian market for children with special educational
needs.

Therefore, this project aims to create a mobile application designed to facilitate the
process of developing users' speech and communication skills, make it more convenient and
effective through a flexible alternative communication system and game-based learning tasks.
The application can be used in the educational system.

The software implementation of the mobile application involves: the development of an
application based on the Java programming language in the Android Studio development
environment using the MVVM design architecture, the XML markup language is used to
display the interface, and the Room library is used to work with the local database. Firebase
service and NoSQL database were used to implement the server part. When implementing the
graphical interface, the requirements for its intuitiveness, user-friendliness, convenience and
ease of settings were taken into account.
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CUCTEMA ACUHXPOHHOI'O KOHTPOJIIO
HABYAJBHOI'O ITPOIIECY 3 BUKOPUCTAHHSIM
XMAPHUX CEPBICIB, KPOCIIJIAT®OPMHHUX
IHOOPMAIIHHUX TEXHOJIOTINA TA MOBH C#

O. Aynnik, T. IIpoxod’eB
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
sashaad2014@gmail.com

B yacu emnizeMionoriyHux oOMexeHb Ta 0OMEKEHb 3yMOBJICHHX BIICHKOBUM CTaHOM
OHUMH 3 TPUHHATHUX IHCTPYMEHTIB JUIs OpraHi3aiii HaBYaHHA B BHUIIMX HaBYAIbHUX
3aKJaJax CTaloTh IHTEPHET-IUIATGOPMU aCHHXPOHHOTO Ta CHHXPOHHOTO HABYAaHHS. 3py4YHICTh
BUKOPHUCTAHHSA TaKUX IUIATHOPM CYTTEBUM YMHOM POOUTH poOOTy Oinbil KOMGOPTHOIO Ta
mBHIKOI0. [IpoTe cimijt 3ayBaXKUTH, 1110 KOJIM YaCTHHA BUKJIA/IaviB Ta CTY/ICHTIB 3HAXOISATHCS B
pi3HUX MicTax, o0JacTsIX Ta HAaBITh KpaiHaX 3py4yHE MpOrpaMHe 3a0e3MeueHHs] Ma€, 30KpeMa,
MICTUTH 3pY4YHY CUCTEMY JOKYMEHTOO0OIry, 110 Ma€ OpraHi3yBaTy B3a€EMHY pOOOTY CTYJICHTIB,
BUKJIAJ[a4iB, JICKAaHATY Ta 1HIIIOTO JOMOMIXKHOTO IEPCOHANY (haKyIbTETY.

B po6oti nociikeHo MUTaHHS MPOEKTYBAaHHS Ta PO3POOKH CHCTEMH aCHHXPOHHOTO
KOHTPOJIIO HABYAIBLHOT'O IIPOLECY 3 BUKOPHCTAHHIM XMapHUX CEPBICIB, TaKuX sik google muck,
Microsoft OneDrive, iCloud, kpocruatdopmaux iHGOpPMALiHHUX TEXHOJIOTIH TaKUX SK
Windows Azure, Microsoft SQL Services Ta moBu C#. ACHHXPOHHICTb CUCTEMH OKPECITIOE,
30Kpema, Jesiki 0cOoOMMBOCTI (DYHKIIOHYBaHHS CHUCTEMH, AaKTyallbHICTh 3aCTOCYyBaHHS
BUKIIMKAHE BIJICYTHICTIO Takoi iHGOpMaliiHOI cHCTEMHU B BUIIMX HAaBYAJbHUX 3aKiIajgax, a
BUKOPHCTaHHS XMapHUX TexHoJorii google auck, Microsoft OneDrive Ta iCloud, o6ymoBiene
CY4YacHOIO KOHIIEMIIE€I0 MOOYI0BH KIII€HT-CEPBEPHUX J0AATKIB. Byiio cTBopeHo 0a3y naHuXx,
CHCTEMY KEpyBaHHS HEI0, pO3poOJIEHO MPOrpaMHUN MPOAYKT JUIsl aBTOMAaTH3allil MpOLECiB
ACHHXPOHHOTO KOHTPOJIIO HABYAJIHHOTO TIPOIIECY.

OCHOBHOI0O MOBOIO TNpOTpaMyBaHHS JUJIsl peaiizallli mpoekTy oOpaHa moBa C#, 6a3a
naHux Oyna pospoOnena 3 BukopuctaHHAM SQL, CKBJl cnpoekToBaHa BiANOBIAHO [0
CTaHJApTIB Ta peaji3oBaHa B PaMKax 3arajbHOro noaaTky Ha MoBi C# ta mutatdopmu .NET
Framework. eski Front end enemenTtu peasnizoBaHi 3 BAKOPUCTAHHSIM CKPUIITOBHX MOB.

SYSTEM OF ASYNCHRONOUS CONTROL OF THE
EDUCATIONAL PROCESS USING CLOUD SERVICES,
CROSS-PLATFORM INFORMATION TECHNOLOGIES, C#

O.Dudnik, T. Prokofyev
Oles Honchar Dnipro National University
sashaad2014@gmail.com

The work examines the issue of designing and developing a system of asynchronous
control of the educational process using cloud services, cross-platform information
technologies and the C# language. The asynchrony of the system outlines, in particular, some
features of the system's functioning, the relevance of the application is caused by the lack of
such an information system in the university, and the use of cloud technologies is due to the
modern concept of building client-server applications. The work also includes the design and
development of the database and its management system, the choice of technology for the
implementation of the DB and DBMS, etc.
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KOMIPT'IOTEPHE MOJAEJJIIOBAHHA PO3KJIALY
HABYAHHA B YHIBEPCUTETI

A. Kocoaan, M. KpoJab
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
anivkos@ua.fm, nikkOroll00@gmail.com

3amaua CKIIaJaHHS PO3KIAAYy HaBYaHHS CTYJIEHTIB BUPIIIYETHCS KiJIbKA pa3iB HA pPiK B
KOKHOMY yHiBepcuTeTi. Lle mocuth ckiaana 3agava i s i1 po3B’si3aHHS BUKOPUCTOBYETHCS
3HaYHE YHWCJIO CHIBPOOITHUKIB YHIBEPCUTETY. B pe3ynbTaTi OTpUMYyEMO pO3KIAJ, YacTo
JAJCKUH B onTUMaabHOTO. TOoMy B Oararbox yHIBEpCHUTETaxX OyJIO PO3pOOJICHO MporpamMHe
3a0e3neueHHs], SKe CIPOIIYy€e CKIAJaHHS pPO3KIaxy. Ajne 1e mporpaMHe 3a0e3ledyeHHs He
3HAXOJIUTh ONTHUMAJIbHUIM PO3B’A30K JaHOi 3adadi. ICHyroul mMaTemMaTuyHi MOJENi JOCUTh
CKJIaIHI 1 HE MOXYTh OyTH PO3B’s3aHI Cy4acHUMH MeToJaMH. TOMy aKkTyaJbHOIO € 3aaada
noOy0BU OLIBII MPOCTINIOT ONTUMI3alIHHOT MO/IET Ta BUKOPUCTAHHS €(EKTUBHOTO METOY
Ut 11 po3B’si3yBaHHA. byaeMo TpeacTaBisTH PO3KIAA Yy BUTISAAI TaOMUI Xij, IO MICTHTH
TUIBKM Hym Ta oauHMIi. CTpoykaM i€l TaOJMII BiIMOBIIAIOTh MapH 3aHATh (K 10
YUCENbHUKY TaK 1 110 3HAMEHHHKY) JIJIsI KOKHOTO JHS THXKHS, & CTOBIIIM MPEAMETH (JISKITii,
MPaKTU4HI 4¥ JabopaTtopHi poOoTH). SIKIIO HA MEPEeTHHI Mapu i MpeaIMeTy B TaOJulli CTOITh
OJIMHMIIS, TO TAHUH MpeIMEeT NPOBOJUTHCA Ha JaHii mapi. Jlam HeoOXinHO BKa3aTH KPUTEPil
3a1ay4i Ta BU3HAYUTH 11 OOMEKEHHS.

Mu BBakaeMo, 10 PO3KJIaa OyJe ONTHMAILHUM, SKIIO JUCIIEPCis KiITBKOCTI 3aHATH
CTYJIEHTIB KOKHOTO JTHS TWXKHs Oyjae MiHiManbHOIO. Lle 03Havae, 1m0 cyma KBajapaTiB 3aHATh
JUTS. KOYKHOTO JTHSI THKHS KOJKHOI Tpynu Oyae MiHiMansHOW. el MiHiMyM noTpiOHO 3HaiTH
py BUKOHAHHI HACTYNMHUX oOMexeHb. CTyIEeHTH OJHI€i Tpymu MOXYTh OyTH OJHOYACHO
IPUCYTHI TUIBKM HA OJHOMY 3aHSATTI (CyMH Xjj IO CTpPOKaM 1 CTOBIISAM, IO BiJMOBIAAIOTh
rpynam MoBHUHHI OyTH He OiNble OAMHMII), KOKEH BUKIAAa4 OJHOYACHO MPOBOAUTH TiIbKU
OJIHE 3aHATTS (CyMH Xjj 110 CTPOKaM IO KOXKHOMY BHKJIa/JaueBi He OuIblle oauHuIll). IcHye
OOMEXEHHS MO KUIBKOCTI KOMIT IOTEPHUX KJAciB JUIsl MPOBEIEHHS J1abopaTopHUX poOiT, Mo
KUIBKOCT1 Tap 3aHATh KOXHOTO JIHS, y CTYJCHTCHKUX 3aHSTTSAX HE MOBUHHO OyTH BIKOH,
3aHSTTS MPOBOJATHCA 3TIHO 3 HaBUAIbHOMY IUTaHy. JlaHa MOCTaHOBKa 3ajadvi CKJIaJaHHS
PO3KJIaay BIAPI3HAETHCS BiJl ICHYIOUMX BUOOPOM KPHUTEPIsSs ONTUMAJIbHOCTI Ta OOMEXKEHHSIMU
Ha BIJICYTHICTh BIKOH B 3aHSTTSX CTY/ICHTIB (3HaleHI BIAMOBITHI OOMEXEHHS).

Po3MipHicTh AaHOT 3a7a4i JUIsl S-TH KypcCiB HABUAHHS, MAaKCUMYyM 5 nap 3aHATh B JCHbD,
JIBOX TPYII HAa KO)KHOMY Kypci (BpaxoByeMo J1abopaTopHi poOOTH B MIArpymnax), a Takox 6-TH
MPEMETIB Ha KO)KHOMY Kypci, TO OTpuMyeMo 3aaady 3 7500 sminaumu. s 3agada moxxe Oytu
pO3B’si3aHa METOJOM TOYHOI KBaApaTHYHOI peryispusamii. B poOori Taka 3amaua
pO3B’sA3yBaach BKazaHUM MeToa0M Jytst 600 3MIHHHX.

COMPUTER SIMULATION OF THE COURSE
SCHEDULE IN THE UNIVERSITY

A. Kosolap, M. Krol
Oles Honchar Dnipro National University
anivkos@ua.fm, nikkOroll00@gmail.com

We offer an optimization model for drawing up a schedule of classes at the university.
Such a model can be effectively solved by the exact quadratic regularization method.
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CHUCTEMA BE3IIEYHOI'O 3ABAHTAKEHHS ®AWJIIB B
MACOS 3 IHTETPOBAHUM AHTUBIPYCHHUM API

O. Tumenko, T. IIpoxod'en
J[Hinposcokuil Hayionanvuuu yHieepcumem imeni Onecs [ onuapa
tyshchenko_oo@ffeks.dnu.edu.ua, prokofjjev@ffeks.dnu.edu.ua

CyvacHuii cBIT 1HGOPMAIIHHUX TEXHOJIOTIM CTHKAETbCcS 3  Oe3NpereIeHTHUMU
BHUKJIMKaMHU B cdepi kidepoesneku. OnepaiiitHa cuctema macOS He € BUHATKOM, 1 3pocTaryda
KUTBKICTh IIKUTMBHUX IPOTPaM Ta 3arpo3 JUis i€l I1aThopMH CTBOPIOE MOTPeOy B e(hEeKTUBHUX
IHCTpyMEHTaX 3axucTy. [1]

VY 1iii cTarTi pO3TISIIAETHCS MPOEKT PO3POOKH CHUCTEMH OE3MEYHOr0 3aBaHTAKEHHS
dainie ama macOS, ska iHTerpye antuBipycHe APl st migBuimmeHHs piBHsA Oe3neku
KopuctyBadiB. Ha Tii 3pocrarouoro oOcsry kiGep3arpo3 st i€l 1aTdopmu, TaKui
IHHOBAIIITHUM MIXiJl € BaXJIMBUM KPOKOM Yy 3abe3nedenHi 6e3nexu macOS-kopuctyBadis. |
TOMY BUKOPUCTaHHS CHCTEM O€3IeYHOT0 3aBaHTaKeHHS (DaiiiliB 3 iIHTErPOBAHUM aHTIBIpYCHUM
API crae akTya’abHUM 3aBAAHHSIM.

Cucrtema 0a3yeTbcss Ha ICHYIOUMX JOCHIDKEHHSX y cdepi kibepOesmeku, a Takox
MeToaX OOXITHUX aTak Ta 3axUcHUX TexHousoriid B macOS. IIpoekt BkiIrouae B cebe aHami3
notped Oesrmekn kopucTyBadiB macOS Ta imeHTH(IKAIIIO TOTEHIIHHNX 3arpo3. Ha mincrasi
BOTO aHaNi3y pPO3pOOJsEThCS cHucTeMa Oe3MEeYHOro 3aBaHTaKEHHs (DaiiliB, IO BKIIOYAE
iHTerpanito anTuBipycHoro API 3 MeToro e(h)eKTHBHOTO BUSIBICHHS Ta OJOKYBaHHS HIKiIJTHBHX
daiiniB. EQeKTUBHICTH CHCTEMH OLIIHIOETHCS 32 IOTIOMOT0I0 €KCIIEPUMEHTAIBHOTO TeCTYBAaHHS
3 BUKOPHUCTaHHSIM TECTOBUX JAHUX.

[IpoekT Bupinlye BaxkiuBi 3aBAaHHs y cepi kiOepOesneku, 3a0e3neuyoun HaaiiHun
MEXaHI3M JJIs BUSBICHHS Ta OJIOKYBaHHS IIKIAIUBUX (aiiiaiB, 110 MOXYTh IIKOJUTH
kopuctyBadaM macOS. OTpruMaHi pe3yibTaTH MaloTh MOTEHI[iall CTATH BaXXKJIMBUM BHECKOM B
rajry3b KibepOe3nexku ais 1iel miaThopMu.

[Toanpmnii po3BUTOK IOTO JOCHTIKEHHS Ta MPOEKTY OOIls€ HOBI MOXIMBOCTI Ta
MOKpaIieHHs Juisi KopuctyBadiB macOS, momomaratoun 30epertd ixHio mu(poBy Oe3meKy.
KiGep6e3neka 3ayMmIaeTbCs O/IHIEIO 3 HallBaXXIMBILUX cdep B iHGopMaliiiHOMY CyCIiIbCTBI,
11151 poOOTa € BAYKIMBUM KPOKOM J10 11 3a0€31eUEHHS.

[1] Joe Kissell. Mac Security Bible. — Wiley ; John Wiley [distributor], Indianapolis, IN,
Chichester.(2010).

SECURE FILE DOWNLOAD SYSTEM IN MACOS WITH
INTEGRATED ANTIVIRUS API

O. Tyshchenko, T. Prokofiev
Oles Honchar Dnipro National University
tyshchenko_oo@ffeks.dnu.edu.ua, prokofjjev@ffeks.dnu.edu.ua

This article explores the pressing issue of cybersecurity in the macOS operating system
and describes the project to develop a secure file download system with an integrated antivirus
API to protect users from potential threats. It discusses cybersecurity threats to macOS and the
need for the creation of effective security tools in the face of evolving malicious software.
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MOJEJII ITPOLHECY OBPOBKHU JAHUX, CIIOTBOPEHHUX
HIYMOM I AHOMAJIBHUMHU 3HAYEHHAMUAU

C. BoBk

J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
vovk_s_m@ukr.net

BaxnuBy HaykoBy mpoOjeMy CTaHOBUTH MpoOiema epeKTUBHOI OOpOOKHM ITaHWX,
CHOTBOPEHHX LITYMOM 1 aHOMaJIbHUMH 3HAa4eHHSAMH. Yepe3 po3MaiTiCTh CTATUCTHYHOI TPUPOIN
IIyMiB Ta aHOMAJIbHUX 3HAYEHb Y MPAKTUYHUX 3aCTOCYBAHHSX, BUPILMICHHS L€l MPOOIeMH €
CKJIaJHUM 3aBJaHHSIM Ta BUMarae moOy/I0OBH MEBHOI y3arajJbHEHOI MOJAEII Mporecy oOpoOKu
TaKUX [JaHMUX, sKa JO3BOJMTh HAJIAIITOBYBAaTH IpolieC OOpoOKM JaHMX Ha Halkpamui
pe3ynbTar. Y JOMOBiAl MOJAHO OIS TPAAMIIMHMX MoOJeneil mpoiecy oOpoOKM MaHUX,
CHOTBOPEHMX UIYMOM 1 aHOMAJbHUMH 3HAUEHHSAMM, JO SKOTO BKJIKOYEHO KJIACHYHI
napaMeTpHuHi, HermapaMeTpuyHi 1 pobacTHi MoieNi, MO/IeTi HEKBaJpaTUYHOI perysapu3allii, a
TaKOXX PO3IIITHYTO XapaKTePUCTHKU 3aIPOIIOHOBAHO]1 y3araibHeHol Mojedi [1].

KrnacuuHi mapaMeTpwuHi MOJENI TpoIecy OOpOOKM JaHWX BHUMAararTh ITOBHOTO
CTaTUCTHYHOTO ONHCY JAHUX Ta pEai3ylOThCS HAa OCHOBI KPHUTEPII0 MaKCHMaJIbHOI
npasaononioHocTi. Lleil kpurepiii YMOXIHMBIIIOE ONEp)KaHHS aHATITHYHUX PO3B'SA3KIB 3a1ad
JUIS BUTIAJIKIB IIYMOBUX CEpPEJIOBUII, ONMMCYBAHUX y3arajJbHEHUMH po3mnojinamu [aycca abo
Ko, a TakoX 4yMCEeIbHUX PO3B'A3KIB JJI IUX Ta IHIIMX BIJJOMUX LIYMOBHMX CEpEIOBHIIL.
CyTTeBUM OOMEKEHHSIM y 3aCTOCYBaHHI KJIACUYHUX MTapaMETPUUYHUX MOJIENEH € Te, 1110 3aKOH
PO3MOALTY JTaHUX HE NOBUHEH MICTUTH «3a0pyHEHb)» HEBIIOMOI CTATUCTUYHOI IPUPOAHU, SKI
BUHUKAIOTh 3@ HAasBHOCTI B IaHUX aHOMAJIbHUX 3HAYEHb.

HenapamerpuuHni Mozeni mporecy oOpoOKM JaHHMX, SKi Ha MPOTHBAry KJIaCUYHUM
napaMeTpUYHUM MOJIENISIM IIPAKTUYHO € BUIIbHUMHU B1Jl OOMEXEHb Ha 3aKOH PO3MOJLTY, TOAAHO
MoAeNnsaMH (UIBTPIB HA TOPSJAKOBUX CTATUCTUKAX M TIMOTE3aMU 3 TMEPEBIPKU HASBHOCTI
AHOMAJIbHUX 3HAYEHb Ta PO3TJITHYTO B KOHTEKCTI pelaryBaHHs JaHuX. [opsIKOBI CTaTHCTUKA
CTaHOBJIATH OCHOBY HEMapaMETPUYHHX MOJENIeH, a Haly)XUBAHIIIOK TIOPSIKOBOIO
CTaTUCTHKOIO € MeniaHa. Lle no3Bonse OyayBaTu CTiiKi 10 aHOMaJIbHUX 3HA4YEHb MPOLEAYPHU
00poOKM JaHUX, SKI BHUKOPHCTOBYIOTH OIepalii 3pi3aHHs 1 BiH30pyBaHHS BUOIpkH. Aue
HOPSIIKOBI CTAaTUCTHKH HE MPUB’SI3YIOTHCA A0 JKOJHOTO PO3MOALTY, 1, OTXe, (UIbTPH Ha
HOPSIKOBUX CTATHCTUKAX HE € ONTUMaJbHUMHM 32 BUHATKOM OKpEMHX BUMAJKiB. I'imoresu 3
NEepeBIpKU HASBHOCTI B JAHUX aHOMAJIbHUX 3HA4Y€Hb PO3IJIIHYTO Ha 6a3i kpurepito ['pad0Oca,
3a SIKUM MOYKHA 3/IIHCHIOBATH MEPEBIPKY HA HAsBHICTb OJHOTO, JIBOX Ta OUIBIIOI KUIBKOCTI
AQHOMAJIbHUX 3HA4Y€Hb 332 YMOB HOPMAJIBHOT'O 3aKOHY PO3IOJALTY Ta HAasBHOCTI BIJNOBIIHUX
TabJIMLb MPOLEHTHUX TOYOK. B miTeparypi 3a3Ha4yeHo, 1110 HE ICHY€ IPUHLUIIOBUX TPYIHOILIB
3 MOOYIOBHM TaKUX KPUTEPIIB /Uil OyAb-SIKUX TaHUX Ta Oyab-IKOr0 3aKOHY PO3MOJLTY. YTIM €
CYTTEBI HEJIOJIKHU: MepeBipKa rifnoTe3 Mae 31HCHIOBAaTUCSA 32 YMOBH, IO 3aKOH PO3MOILUTY €
BiJIOMUM 1 ICHYIOTB TaOJIHIIi MPOLIEHTHUX TOYOK VIS TapaMeTpa PO3IMOoILTy; OLIIHKH CEPETHBOTO
Ta IUcnepcii, iKi 3BUYaitHo HeOOX1IH1 17151 OOUMCIICHHS TOTPIOHOT CTATUCTHKH, HE € CTIHKUMU;
JUI CKJIAJIHUX TapaMeTpUYHUX MoJeNeld NaHMX aHOMajbHI 3HAYeHHS CKJIAHO BHSBIATH,
OCKIUJIBKM PO3B’s3yBaHa MpolsieMa MoJjisirae came B OL[IHIOBaHHI IapaMeTpiB MOJIeNi JaHUX, Ta
iHII. 3araoM, MiAKPECTIOEThCS AyMKa Mpo Te, MO 3aMiCTh pelaryBaHHS JaHUX IUITXOM
BUUJICHHS Ta BHJAJICHHS aHOMAaJIbHHMX 3HAYeHb Kpallle BUKOPHCTOBYBATH pOOACTHI MOJEINi
npoiiecy oOpoOKHu JaHUX.
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PobGacTHi Mozeni nporiecy 0OpoOKH TaHWX BUKOPUCTOBYIOTH HETIOBHUM CTATHCTHYHHUMA
OIIKC JIaHUX, aJle B JIITEPATypi 10 HUX TAKOXK BiJHOCSTH BUIAJKH OIMKCY JTAHUX PO3IOAIIAMH 3
KJacy y3araJibHeHUX posnoaitiB Komii. PoGacTHi Mopenm mojaroThCs 4Yepe3 KpUTEpii
y3arajbHEHOT MaKCHUMaJbHOI MPaBIOMOMIOHOCTI, SKHH YMOXXJIUBIIOE OOpPOOKY JaHHX 13
"3a0pynHeHuM" posnoaiiom. Lle mocsraeTbes NUITXOM HaJlaHHS Pi3HUM BiIXHJIAM JIaHUX, SKi
dopMyIoTh LUTBOBY (YHKLIIO 3a1adi onTHMizamii, pi3HOi BapTOCTi. 3arajibHOI0 PHCOIO
BIJIMIOBITHUX BapTICHUX (DYHKIIIH € X HEOMYKJIICTh, 1110 3BUYAIHO BeJE 0 3a7a4 ONTHMi3alii 3
0araToeKCTpeMalIbHOIO IUILOBOIO (PyHKIiE€0. AHani3 (GopMU BiJOMUX BapTICHUX (YHKIIN
nokasye, o 0arato 3 HUX € cXOkuMu (mpumipoM, ¢ynkmii Xamnens, Trioki, Enaproca i
Memankina), i, OT)Ke, BOHH BEIyTh MPAKTUYHO J0 OAHAKOBUX PE3YJIbTATiB. Y 3B'A3KY 3 UM
BOKJIMBOIO 33J1a4€i0 € 1M00Y10Ba MEBHO1 "yHIBepCcaabHOI" MHOXWUHHU BapTICHUX (DYHKIIIH, sKa
YCYHUTh 110 HAAMIPHICTH Ta 3a0€3MeYuTh HIMPOKUI Jiala30H MOXKJIMBUX PO3B'S3KIB,
BKJIFOYAIOYM MeiaHy, cepeaHe apu(pMeTHaHe 3HAaYCHHS, Mipiaay i MepuaiaHy.

Mopeni HeKBaapaTUYHOI perysipu3allii mpu3HayeHi sl CyTTEBOTO 3BYKEHHs 001acTi
TMOLIYKY PO3B’5I3KY 0OCPHEHHX 3a/[a4 LIIIXOM dopmarizarii anpiopHO BiIOMHUX BIACTHBOCTEH
pO3B'A3Ky. IX OCHOBY CKIIanaloTh HEKBaApPATUUHI MOTEHILiNHI (yHKUII, HampuKIazx, Taki (1e

O<a<m): @(X) =X, a#2; @,(x)=va+x*; @,(x) =min{ ax?, 1}; o,(x)=x*/(@a+x°);
Ps()=In@X*+1); () =1-e"; @, () =Ax|/@+|x]);  @g(x)=In(alx|+1);
P, (X) =sgn?(X) . i dynxuii (kpiMm @ (x) s a>1 ta ¢,(X)) BeayTh 10 HEOMYKIOi i,

3BHYAIHO, HEYHIMOJAIBHOI I[UILOBOI (PYHKIIi, IO CYTTEBO YCKJIAIHIOE IMOIIYK PO3B'SI3KY.
BapTto 3a3HauuTH, 10 3a3HaueHl MOTEHIIHI (YHKIIi BUKOPUCTOBYIOTHCS 1 SIK BapTIiCHI

¢yHxuii B Mogensx podactHoi 00poOku JaHuX, a aedki 3 Hux (¢,(X) wa a=1, (ps(X) , (pg(X)

) BEIYTh /10 ONTUMAaJIbHOT 0OpOOKH JAHUX Ul EBHUX ILIYMOBUX CEPEIOBUILL.
3anpornoHoBaHa B [1] y3araibHeHa MOJeNb 3aCHOBaHAa Ha BUKOPHMCTaHHI BapTiCHOI

Gymii: pg(X) =K -[(1+ | x[* /o) =11, me |xl<oo; ke =1/[A+] Xy [* /) -1];
a>0; —wo<B<1l; 0<g<owo,; B<q; ps(Xy)=1. B nonosimi o6roBoproroThCca ii

MOXXJIUBOCTI Ta OOMEXKEHHs, a TaKOX pO3TJISAAEThCS QITOPUTMIUYHE Ta TIPOTPAMHE
3a0e3neueHHs, sKe € HeoOX1IHUM JUIsl peani3alii 3alpoloHOBAaHOI y3arajJbHEHOI MOJENl y
BUIJISAJII BIAMOBIAHOI 1H(GOpMALIHOT TEXHOJIOT1i 00pOOKH CIOTBOPEHUX JAHUX.

[1] BoBk C. M. Y3aranpHeHa MaTeMaTH4HA MOJIEIb HPOLeCy OOPOOKU AaHHX JUIsS CKIIHOTO
IIYMOBOTO OTOYEHHs. [IuTaHHs MpUKIIaAHOI MaTEMAaTUKU 1 MATEMaTUYHOTO MOJIEITIOBaHHS.
Bumn. 21 (2021). C. 26-33.

PROCESSING MODELS FOR DATA DISTORTED BY NOISE
AND ANOMALOUS VALUES

S. Vovk
Oles Honchar Dnipro National University
vovk_s m@ukr.net

Traditional mathematical models for processing data distorted by noise and anomalous
values are considered, and their generalization is discussed.
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MATEMATHUYHA MOJEJIb I'lCTEPE3UCHHUX EJEKTPO-
MAT'HITOCTPUKIIMHUX ®PAKTAJIBHUX EJIEMEHTIB

B. Ony¢pienko, O. Onypienko
Hayionanvnuu ynieepcumem «3anopizoka nonimexHikay»
onvm@i.ua

Bimomumu teopetnyHuME MozensMu [1] mns maTepiadbHOrO CepeloBHUINA Ta s
TreOMETPUYHO (PAKTAIBHOI KOH(DIrypoBaHOI pedoBUHH [2], sika (I3UYHO YSIBISETHCS SK
HEOJHOPIHUI MaTepiall 3 PEKYpPCHBHOIO 1 CaMOIMOAIOHOIO JOMEHHOI CTPYKTYpPOIO,
BU3HAYAIOTHCS TYCTUHU 3apsliB (CTpyMiB) Ta eNeKTpWYHI (MarHiTHi) MOMEHTH, IO HE
3aJIeKaTh BiJ CIOCO0Y PO3OUTTA 00°€My Ha eJIEMEHTApHI CTPYKTYpOBaHi pakTaibHi €JIeMEHTH
Ta TIOBEPXHEBI TYCTHHH 3apsaiB (CTpyMmiB): B cepeauHi 00‘€eMy - TyCTHHaA 3apsiiB
pd(F)=—divP“(r) ta crpymis JJ(F)+rotM“(F); Ha moBepxHi - TyCTHHa 3apsuiB
ne(F)+n-P*(r) tacrpymis K (F)—fAxM*(F), ze N - 30BHiLIHSI HOPMAIb JO MOBEPXHi
061acTi, B kil Bu3HauaeThes nonspuszosanicte P” (I) ta mamarnivenicts M “ ().

JI1sl MOCTAaHOBKH 1 pO3B‘sI3yBaHHS TaKUX 3a/1a4 BUKOPUCTOBYeMO audepinrerpan d“z
Ta foro 3B°s130K 3 apobosoro noxinuowo d“L(z)=,D;L(z)d“z, ne ,D; L(z) obupaemo y
dopmi Pimana-JliyBiyuis 31 3MIHHMM CKEWTiHroM «(z) 1 BU3HA4aeMO TaK 3BaHI O —

a o o .
XApPaKTCPUCTHUKH I10JIA L (Z) . Takuit maTemMaTu4yHUi ariapar A03BOJIA€ OIIKMCATU HAABHICTb

CIOHTAaHHOI ~ €JEKTPUYHOI MoJisipHu3amii, BUHUKHEHHA (PaKTaIbHO KOH(ITYpOBaHMX
€JIGKTPUYHUX JIOMEHIB Ta Nepe0yJoBy (pakTaJbHOI JOMEHHOI CTPYKTYpH, L0 BIUIMBAE Ha
nepedir eaeKTpo- Ta MarHiTOCTPUKLIIMHMX MpoleciB. Y 3aloBHEHIH MaTepiasioM oO0JacTi
BUHUKAIOTh HECTALIOHAPHI YMOBHM, KOJIU TYCTUHU € QYHKIIIMH HE TUIBKM KOOpPJIMHAT,

ane i qacy: BHyTpimHi TOYKHM  o0jacTi  XapakTepu3ylTh  UIIJIBHOCTI
p“(F,1), J°(F,t), P*(F,1), M“(F,t), a moBepxHioo i Mexi omHCYlOTh  (yHKIIi

(F,t), K“(F, ).
st BUKOHAHHS YMOBH 30epexKeHHS €JEKTPUYHOTO 3apsny

divJ“(F,t) + o9p"(r,Y) — (0 (pIBHSIHHSI HEIEPEPBHOCTI) Y CTPYKTYPOBAHOMY HEOJHOPIAHOMY
ot

cepeloBUIIl (II0 XapaKTEPU3YETbCS CKEHIIHMOBUM IOKAa3HUKOM OL) y3arajJbHIOEMO
3aJIe)KHY BiJl 4yacy OO0‘€MHY TYCTHHY YChOT'O PYXOMOIO 3apsiy [IOJaBaHHSIM UJICHA
OP*(F,t)/0t (ax i y knacuunHomy Bumanky). B ycix BHYTpimHiXx Toukax o6nacTi
1HBapiaHTHI H[iIJIBHOCTI 3apsniB (cTpyMiB) 3aMUCYOThCS y BUTJIS 1
pA(F 1) =p*(F,t) —divP*(F,t), J*(F,t)=J*(F,t) + rotM *(F,t) + oP*(F,t)/ ot.

3anponoHOBAaHUM BaplaHTOM MOJEIl BHAUIEHHS (pPaKTaJbHUX €JIEMEHTIB Ta
BUKOPUCTaHHA iX Yy (opMyItoBaHHI piBHAHB MakcBemna y audepiHTerpaibHii dopmi 3
BiJIMIOBITHIMHA TPAaHUYHUMH yMOBaMH BHU3HAYAETHhCS JIMIIE YAaCTWHA CWJI, IIO BXOJSATH B
3arajibHi YMOBH PiBHOBArH.

Jlst moOymoBM TTOBHOT MOJIEN PO3TIIAIAEMO TOAATKOBE BBEJICHHS CHJI 1 MEXaHIYHOTO
MOMEHTY, 110 JiIOTh Ha BUJUIEHUI (paKkTalbHUI €JIeMEHT CepeIoBHINA, KOJIH iICHYE MoJIe, 110
CTBOPIOETHCS 3apsAfaMH 1 CTpyMaMd B IHIIUX Tifax 1 obnactsx [1]. Jlns Hamoro miaxomy
pe3y/IbTOBHA CHiIa, WO Ji€ Ha dpakTameHuii emement, F(F,t) = lfe(f,t)+ Ifm(F,t), ae

CJIICKTPHUYHA YaCTUHA CHUJIN:
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(F.1) =] p* (FOE(F, AV +[ 5 (F,O)E(F,1)d "o (1)

1 MardiTHa 4acTUHA CUJIU:

F (F,t)=[J“(F,t)x B(F,t)d“v +[K*(F,t) x B(F,t)d“c, 2
a CTBOPIOBAHMI CHJIOI0 MexaHiumuii MomenT R(F,t) = ﬁe (F,t) + Iim (f,t), ne

R,(F,t)=[FxdF, +[FxdF,_; R (F,t)=[FxdF, +[FxdF,_. (3)

B (1)-(3) rycTuHE pO3IISIIaIOTHCS BCEPEIMHI i Ha TTOBEPXHI (PpaKTAIBHOTO €JIEMEHTA,
a eJIeKTPUYHI i MarHiTHI MOJISl CTBOPEHi 3apsIaMH 1 CTPyMaMH 1HIIUX TiJI.

3anpornoHOBaHUM TEOPETUYHUN TMiAXiJ [0 BHU3HAYEHHSA TONS Yy CTPUKIIHHHX
(GpaKkTaIbHUX €IEMEHTAaX CIPHSIE BHUSBJICHHIO T4 YHCEIHLHOMY MOJICITIOBAHHIO JESKUX 1HIINX
e(deKTiB, MO0 BHUHUKAIOTh HA MEXI B3aEMOJIi €JIEKTPOMAarHiTHOI XBWII 3 (paKTaabHO
KoH(IrypoBaHuM MeTamarepiaioM [3], 30kpema, B Ui BU3HAYCHHS XapaKTEPUCTHK
rpadeHOBUX TMOJBOBUX TPAH3UCTOPIB Ta aHAII3y CTPUKIIHHUX MPOLECIB yHpPaBIiHHS
iH(pOpMAaLIfTHUMH TOTOKAMH.

Po6ora BukoHyeTbcst y Mexax aepxkOromkerHoi Tematuku 01611 “MaremaTtnune
MOJICITIOBAHHS TICTEPE3UCHHUX (DI3MKO-MEXaHIYHUX TONIB AUQEpiHTErpaTbHUMU PIBHIHIMH
HAI[IOHAJILHOTO  yHIBepcUTETYy  ‘“3amopi3bka MmoiiTexHika” (KepiBHUK TeMHu - mpodecop
Onydpienko B.M.).

[1] King R., Smith G. Antennas in Matter. London, 1981.

[2] Ony¢pierko B.M., Mictopa A. Ilonsipu30BaHICTh Ha HaMarHi4eHiCTh HECY LIIBHOTO
dpakTambHOTO cepenopuia. Pamioenekrponika. Inpopmaruka. Yrpasninasa. Bum. 1 (15).
(2006). C. 9-13.

[3] Onydpienko B.M., Cmiocaposa T.I.,  Onydpienko JILM. MarematnuyHa  MOJECIb
TUQepiIHTErpaJIbHOrO TICTEPE3UCY KOMILJIEKCHOIO XBUJIBOBOTO ONOpPY Ta MPOBIIHOCTI
¢13uuHux ¢paxtanis. [X MikHapoaHa HAyKOBO-TIpaKTUYHA KOH(epeHuis ,,MaTemaTrka B
Cy4acHOMY TeXHIUHOMY yHiBepcuTeTi”(28-29 rpyaus 2020). Kuis. 2020. C.125-128.

MATHEMATICAL MODEL OF HYSTERESIS
ELECTRO-MAGNETOSTRICTION FRACTAL ELEMENTS

V. Onufrienko, O. Onufrienko
National University ‘“Zaporizhzhia Polytechnic
onvm@i.ua

The differential integral and a fractional derivative with variable scaling were used to
model the fractal configured substance and determine the alpha characteristics of the field. This
approach allows us to describe the presence of spontaneous electrical polarization, the
emergence of fractally configured electrical domains and the restructuring of the fractal domain
structure, which affects the course of electro- and magnetostrictive processes in space and time.
The method is applicable for numerical modeling of the characteristics of graphene field-effect
transistors and analysis of striction processes of information flow management.
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OCOBJUBOCTI BUAIVIEHHSA TAM’ATI 1JIs1 MACUBIB
HA MOBI C++

A. lloayabko, H. Kapnenko

J[Hinposcovkuii hayionanvruii ynieepcumem imeni Onecs I onuapa
sholudko av@ffeks.dnu.edu.ua

VY 3aBHaHHAX, sIKi BUPILIYIOTH 3a JOMOMOTOI KOMI'IOTEpa, sIK MPaBUJIO, AaHI MalOTh
dbopMy umCen, CUMBOIIB, TEKCTy Ta OUIBII CKJIAJHUX CTPYKTYp, HANPHUKIAJ, CIUCKIB, IEPEB
tomo. IIpu po3podii mporpamMHOro 3a0e3medeHHs] BaKJIMBY pPOJIb BIIIrpae MPOCKTYBaHHS
cxoBumla aaHux. JJoOpe CIpoeKToBaHE CXOBHILNE JAHUX ONTHMi3y€ BUKOPUCTAHHS PECypcCiB
(TakMx SIK Yac BHMKOHAHHS OIepaliid, oOcAr omepaTuBHOI MaM'ATi, KUIBKICTh 3BEPHEHb 10
JIMCKOBUX HAKOIMYYBayiB), SIK1 HOTPiOHI JIsl BUKOHAHHS HAHOUIBIII KPUTUYHUX OTIEpaIlii.

3aneXHO BiJ XapaKTepy B3a€MHOTO PO3TAlIyBaHHS E€JIEMEHTIB, CTPYKTYpPH MOXKHA
pPO3IUIMTH Ha Ti, B SKHX EJIIEMEHTH PO3TANIOBaHI MOCTIIOBHO, 1 CTPYKTYpH 31 3B'SI3HUM
pO3MoALIOM eneMeHTIB y maM'ari. OkpiM IIbOro, 3a O3HAKOI 3MIHIOBAHOCTI KIUIBKOCTI
€JIEMEHTIB Ta 3B'SI3KiB M’k HUMHU, PO3PI3HAIOTh CTPYKTYpHU CTaTU4HI Ta quHamiuHi [1-2]. Takum
YHHOM, PO3POOHUK MOBHHEH YiTKO PO3YMITH, B SKHX BUMAJIKAX 1 JJIS SIKUX KOMILICKTIB JaHUX
HiXOMUTh Ta YW IHIIA CTPYKTypa. Y AaHiii poOoTi Oyio mpoaHami30BaHO 4Yac BUKOHAHHS
CTaHJApTHUX Olepaliil (3almOBHEHHSI, JOCTYI, BCTaBKa TOIO) JJs MAacHBIB CTaTMUYHUX Ta
JTUHAMIYHHX, a TAKOXK MACHBIB 3 PO3pHUBaMHU.

[Tpu cTBOpEeHHI MacuBy MPOTPaMICT 33/1a€ HOro PO3MIPHICTH Ta MEXI i€l pO3MipHOCTI.
Hampuknan, nBoBumipauii MmacuB Mae 100 psiakiB mo 200 enemeHTiB koxkeH. I1ix wac pobotu 3
MacHBaMH BHSIBIJIOCH, 1110 KOMIT IOTEP HE 3aBXK/M BUKOHYE BUMOTY IIPOTpaMicTa Ha BHIIJICHHS
ram’siTi, HaBITh JIJISl CTATHYHUX MAacUBIB, TOOTO BUHUKAE MPOOIeMa 3 MOKJIMBUM BUJIICHHSM
mam’ari. Y MoBi C++ € oOMeXeHHS Ha BHIOIJIEHHSA IaM ATl g CTaTUYHHX MAcCHUBIB,
OTOJIOIIEHUX SIK JIOKabHA 3MiHHA (254 899 xomipok ais Tuny aanux Integer, To6to 1 019 596
6aittiB) [3]. Lle € HacaiakoMm Toro 110, B C++ cTek € oOmexeHuM. OO1ATH 11€ OOMEXEHHS MOXKHA
HACTYITHUM YHUHOM:

1) orosocuTH TMHAMIYHUN MacCHUB;

2) OroJIOCUTH MaCUB SIK INI00aIbHY 3MIHHY;

3) OroJIOCUTH MAaCcHUB 3 BUKOPUCTAHHSIM KIIFOYOBOTO cJIoBa (crienudikaropa) “static’;

4) nonatu aupekTuBy #pragma comment(linker, “/STACK: N”) y kox, ne N — KiJIbKiCTh
0aiTiB 17151 CTEKY.

Takum unHOM, MOKHA 3pOOMTH MacUB HACTUIbKHM BEJIMKUM, HACKIJIbKU JO3BOJISIE 00’ €M
OTepaTUBHOI MaM’ATi KoM totepa. HalimpocTimum pilieHHSIM € BUKOPUCTaHHS AMHAMIYHOTO
MacuBy. [Ipy BHKOpHCTaHHI JIPyroro M TPETHOTO CHOCOOy mam’sTh Oyae 3aHATa A0 KIHIA
poOoTu nmporpamu, 110 OyJe BIJTUBATH Ha IPOAYKTUBHICTh poOoTH nporpamu. [1pu uerBepromy
cnoco0i Tpeba OyTH JIy’ke 00epeXHUM, OCKUIBKH NPH JAYKE BEIUKOMY pO3Mipl CTEKa MOXe
3aKIHUMTHCA [1aM’ATh, a IPU Jy’Ke MaJIoMy po3Mipi Oyae nepernoBHeHuH crek [3].

Jlnsi BU3HAUSHHsI 4acy BMKOHAHHS CTaHIAPTHHUX OIEpallii B MacWBax pi3HUX BHIIB
BUKOPHCTOBYBABCSI KOMIT IOTEp 3 HACTYITHUMH XapaKTEPUCTHUKaMU: ONlepaThBHA nam'sith: 16 10,
2133MTI'; mponecop: AMD Ryzen 5 5600 6-Core Processor 3.50 GHz; OC Windows 10,
Bepcis: 22H2.

[Ipu BukoHaHH1 JaHOi poO6OTH OyJIO CTBOPEHO TPU MACHBH, 1110 3alIOBHIOBANIU LIUIUMU
YHCIIaMU: CTAaTHYHUHN, TUTHAMIYHUN Ta MaCcUB 3 pO3pUBaMHU OHAKOBOTO po3mipy 10 000x10 000
(Bcroro 100 000 000 ememeHTiB). Y pe3yabTaTi TECTyBaHHS OTPUMAHO pE3yibTaTH, IO
HaBezneHi B Ta0m. 1.
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Tabmums 1
[TopiBHSIHHS Yacy BUKOHAHHS CTaHIAPTHUX OMepalliii HaJl MaCHBaMH
Onepanii Yac BI/IK‘OHaHHSI, C
CrarnyHuit JuHamiyHuit Macus 3 po3pruBOM
3anoBHEHHSI MaCUBY YHMCIaMU 0.24+0.01 0.12+0.02 1691455
Jloctyn 110 nepuuoro 1.10-107 1.44-107 2107
€JIEMEHTY MaCUBY
Hloctyny 1o octattiboro 1.00-107 1.00-10” 1560107
€JIEMEHTY MaCUBY
3MiHa 3HaYCHb
1000 eneMeHTiB, sKi 1.17-10°® 1.44.10°® 0.567-10°°
pO3TaIIOBaH] TOPST
lOO(I)BZJTIae];iaHTiB He moximuBo 7.92.10° 11.7-10°
Mowyx (ainimmii) 0.089+0.002 |  0.1110.001 0.314£0.001
CJIEMEHTY
Bupnanenns
1000 eneMeHTIB, 110 He MOKIIHBO 5.39.10°° 0.02.10°3
po3TalnioBaHi MOCIJIOBHO

Takum unHOM, Oynu MpoBeAEH! AOCTIIKEHHS, SKi MOXYTh JOIOMOITH PO3POOHHKAM

o0paT THII MacWBY BHUXOJSYM 13 XapaKTEPUCTHK, IO KPUTUYHI JUIS BHUPINIyBaHOI
PO3pPOOHUKAMH ITPOOITIEMH.

[1] Robert Sedgewick Algorithms in C++. Yactuna 1. (1990), P. 87-92.

[2] Stephens R. Essential Algorithms: F Practical approach to computer algorithms.
Indianapolis, Indiana: John Wiley & Sons, Inc. (2013). 568 p.

[3] STACK (Stack allocations) | Microsoft Learn. [Enexrponnuii pecypc]. Pexxum gocrymy:

https://learn.microsoft.com/en-us/cpp/build/reference/stack-stack-allocations?view=msvc-
170

FEATURES OF MEMORY ALLOCATION FOR ARRAYS
IN C++ LANGUAGE

A. Sholudko, N. Karpenko
Oles Honchar Dnipro National University
sholudko av@ffeks.dnu.edu.ua

In this work, the execution time of standard operations (filling, access, insertion, etc.)
for static and dynamic arrays, as well as arrays with gaps, was analysed. When working with
arrays, it turned out that the computer does not always fulfill the programmer's request for
memory allocation. Actions are given that allow you to bypass the memory allocation limit for
the array. The conducted research can help developers choose the type of array based on the
characteristics that are critical to the problem being solved by the developers.
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MPOBJEMH €IMHOI CUCTEMM YIIPABJIIHHS
POBOTOIO 3AKJIAJIIB BULLIOI OCBITHU

C. Baituekayckac, B. I'epacumoB
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
vaichekauskas_sk@ffeks.dnu.edu.ua, gerasymov@ffeks.dnu.edu.ua

B cyuacHOMy CBIiTi BHUIIIa OCBiTa CTa€ BCE OUIBII MOOUIBLHOIO, 1 CTYJICHTH 9acTO MArOTh
MOXJIMBICTH MOJ]aBaTH 3asBKU Ha BCTYI JIO PI3HUX HAaBYAJbHUX 3akiaiiB. ¥ camux xe 3BO e
BEJIMKA KUTBKICTh CIIEIIATbHOCTEH, TUCIIUTLIIH, JIESIKi 3 HUX OOMPAIOTHCS CTYICHTOM BXKE B ITPOIIECi
HaB4aHHS. € MOXKIIMBICTh TIEPEBEICHHS CTYJCHTIB MK PI3HUMH CHELIATBPHOCTSIMH Ta PI3HUMH
3BO 3 BHpaxoByBaHHSIM aKaJeMiYHOi PI3HUII Ta 3aKpUTTSAM ii cTyaeHToM. Poborta camoro
HABYAJIBHOT'O 3aKJIa 1y MOTpedye 00Ky BEIMKOT KUTBKOCTI iH(OpMaIllii, TOYMHAIOYH 3 0COOMCTHX
CIIpaB CTYJICHTIB 1 3aKiHUYIOYH OpraHi3alier0 HaBYaJIbHOTO MPOIIECY Ta POOOTH 3aKIIady.

3 po3BUTKOM 1H(GOpPMAIIMHUX TEXHOJIOTIA OCTaHHI MOCTYNOBO BIPOBAIKYBAJIHCh Y
pOOOTY HaBYAIBHUX 3aKJIA/IB, K HA JIOKAJHLHOMY PIBHI Y caMOMY 3aKJIajii, Ui BHYTPIIITHHOTO
00Ky CTYAEHTIB Ta HaBUAJIBHOTO IMpOIECY, TaK 1 Ha JEp>KaBHOMY piBHI, UId HaJaHHS
3arajpHOro peectpy 3BO Ta 3pyuHOro oOMiHy JOKyMEHTaMH MiX aOiTypi€eHTOM Ha 3aKJIafioM.
Lleit mpouec xo4 1 OyB 3amylIeHUH, HIIOB Ay)Xe MOBUIbHO. Uepe3 BiICYTHICTh YITKUX BUMOT
1010 BHYTPINIHBOI OpraHi3aiii JOKyMeHTOoOoOIry Ta iHpopMaiiiiHux cucrem, copmMmyBaiacs
nyXe pi3HOpigHa iH(opMmaliiiHa CTpyKTypa y KoKHOMY okpemoMmy 3BO, abo Bzarani
3aJIUIIMIACS Y TTariepoBOMY BUTIIsmi [1].

3a ocTaHHI JIeKiJIbKa POKiB MOMUT Ha EPEHECeHHs y400BOro Mporiecy Ta podotu 3BO Ha
JWCTaHLIHHY (OpMy 3HAYHO BHPIC, @ TEPMIHOBE BIIPOBA/KCHHS TAKUX PIlIEHb YCKIIAJIHUIIO
pOOOTY HABYATBHUX 3aKJIAIB.

3 MeTor0 3a0e3MeueHHs 3pyYHOCTI Ta €()EeKTHBHOCTI OOMIHY JaHUMM MDK 3aKiaJaMu
BUILOI OCBITM Ta IHIIMMH YYaCHUKAaMHM OCBITHBOTO TIPOLECY, HEOOXiTHO CTBOPUTH €IUHY
iHTerpanii y iHpopmaniiiny iHppacTpykTypy 3BO moBMHHa MaTH YiTKy CTPYKTypy JaHHX,
ONHCaHy Ha JIEpP’)KaBHOMY pIBHI, JJIi KOXHOI 13 CKJIaJI0BUX pOoOOTH HABUAIBHOIO 3aKjaay Ta
HiATPUMKY yCiX iHPOpMaLiiHUX pillleHb, BIIpoBakeHUX B 3BO ocTaHHIM YacoMm.

Ha puHKy Bke 3aniponoHOBaH1 Ta BUKOPUCTOBYIOTHCS TOTOBI PILLIEHHSI /1715 €JIEKTPOHHOTO
yIpaBITiHHS HABYAILHUM 3aKIJIaJIoM, II€ 1 cTierianizoBaHi pimeHHs, Taki sk « ACY «BH3» [2], mo
CTOCYIOThCSI KOKHOT cepu skutremisuibHocTi 3BO, Tak 1 mpoctimii, MO CTOCYIOTHCS JIUIIE
€JIEKTPOHHOTO JIOKyMEHTOOOIry HaBYaJbHOro 3akyaay, Hampuknan «Megapolis.DocNety.
TakoX TPaIuIsIOTECS BHIIAJAKH PO3POOKM BIACHUX CHCTEM HAaBYAJbHUMH 3aKjaJaMH Ta
oprasizatiii po60oTH came y HUX. X0u4a 1€ 3Ha4HO IOJIETIIy€e poOOTY HABYAJILHOTO 3aKJIa1y, IPOTe
B TaKMX CHCTEMax BCE 1€ 3aIMIIAIOTHCA HeMomiku. Lle BincyTHICTH MATPUMKH YCiX cdep
XKUTTENIUIBHOCTI 3BO, 1110 MOXe NMPU3BOAUTH 10 IUTYyTaHUHU Y JOKYMEHTOOOIry HaBYaJIbHOTO
3aKJIagy, 4Yd JOpOTe CYNPOBODKEHHS TaKOTO TIPOrpaMHOrO 3a0e3mnedyeHHs. Takok, 3
BIPOBA/DKEHHSM JIMCTAHIIIHOTO HAaBYaHHSA 1 MEPEeHECEHHAM HaBYAJbHOTO MpOILECY Ha
€JIEKTPOHHI1 TUIaTOPMH, € HEOOXITHICTh 1IHTErpallii CUCTEM 3 HUMH, HAUIIOMYJIIPHILINM 3 SIKUX
€ Moodle Ta Microsoft 365.

[Ipote mie omHier0 MPOOIEMOIO € 30CepeKeHHs (DYHKIIOHATY TaKUX PIIICHb JIMIIe Ha
BHYTpilHIO po6ory 3BO, Tomi sK 30BHIMIHSA 3aJMINAETHCS 3AEOUIBIIOTO pPYYHOIO, a
KOHIIEHTpALllsl JaHUX JIMIIE JIOKAJIbHO Y CHCTEMI 3aKJIajy, JIUIIAa€e IPO30pOCTi HOro BHYTPILIHIX
MPOILIECIB Ta HE CIIPOILLye KOMYHIKAIIIO 3 IHIIMMH 3aKJIaJJaMH 1 IepKaBoIo.

B cBoro uepry nmepkaBoro Oyno pospobneHo cuctemy €JAEBO [3] myis 30BHINTHBOT
poOOTH HaBYAILHUX 3aKIMiB, II0 HAa JaHW MOMEHT 3aiiMaeThCsi 300poM, Bepudikarriero,
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00poOKoI0, 30epiraHHsIM Ta 3aXMCTOM 1H(GOpMaIlii MPo cucTeMy OCBITH. | X04a 1€ CIPOCTHIIO
poOOTYy HAaBYAILHUX 3aKJIaJiB, MPOTE€ HE ICHY€ MOBHOIIIHHOI MiATPUMKH aBTOMATHYHOTO
3aBaHTAKEHHS JIAHUX 13 BHYTPIIIHIX CUCTEM €JIEKTPOHHOTO TIOKYMEHTOO0Iry 110 Hed.

Crnmparounch Ha JIOCBiJ| ICHYIOUMX pIII€Hb Ta BIPOBAPKEHHSA TUCTAHLIWHOI (GopMu
pobotu 3BO, HEOOXiTHO BHPOBAIUTH HOBY CHUCTEMY EJIEKTPOHHOTO KEpYyBaHHS pPOOOTOIO
HABYAJIBHUX 3aKJIA/IiB, KA HAJIIUyBaTUME JIB1 CKJIAJOBI.

[Tepira — 1ie enuHMl 6aHK aHUX, IEBHUM peecTp cTyAeHTiB Ta 3BO, ne Oye 30epexeHa
iHpOpMallig PO CTYIEHTIB, X OCBITY Ta IMpOiJIeHy HaBYaJbHY MpOrpamy, a TaKOXK PEECTP
HAaBYAJIbHUX 3aKjajiiB, iX (haKylbTETiB, CHEIIAJIBHOCTEH Ta MUCIUILUTIH JUIA KOKHOTO PIBHS
ocBiTH. Llg yactnna moBuHHA OyTu 3arambHa A Bcix 3BO Ta miaTpUMyBaTHCh AESIKUM
HEHTPAILHUM JICPKABHUM OPT'aHOM.

JIpyroro CKJIagoBOO CUCTEMHU TIOBUHHO OyTH MIpOTrpamMHe 3a0e3MeueHHs JJIsl OpraHizaiii
poOOTH CaMOT0 HABYAJILHOTO 3aKjaay, IO CTOCYBAaTHMETbCS OOJIIKY JAaHHMX YyCixX cdep Horo
KUTTEASUTLHOCTI 32 3araIbHUMU JUTSI YCIX CTaHAapTaMu, IepeI0adYeHIMH JAEePIKaBoIo.

CrtBopeHHsI enuHOro OaHKy AAaHUX JOMOMOKE aKTyali3yBaTd JaHl Mpo CTyIEHTa Ta
3a0e3MmeunTi 30BHINIHIO B3aeMofiro MK 3BO 3 mpuBomy mepeBeneHHs a0o0 3apaxyBaHHS
CTYICHTIB 3 PI3HMX HaBYaJIbHUX 3aKjaiB. 3aimydeHHs (axiBLiB 3 opraHizailii HaBYaJIHLHOTO
IpoIecy JO03BOJIUTh OPTaHi3yBaTH OIIHKY BIIMOBITHOCTI JHMCIUIUIIH PI3HUX HABYAIBHUX
3aKJIa/1iB, 32 JOIIOMOTOI0 SIKOi MOKHA Oy/Ie OTIepaTUBHO MTPOBOIUTH OLIIHKY aKaJeMiuyHOI pi3HHUIII
Ipy TIEpEBENICHH] CTYIeHTIB MK pisHuME 3BO Ta pi3HUMU CHeIiabHOCTSAMH, a00 TPH BCTYII
abiTypi€HTIB 32 CKOPOUEHOIO (POPMOIO HaBUAHHS 3 KOJIE/KIB POOUTH OLIIHKY 3HaHb, (hOpMYyBaTH
MUTAHHSA Ha €K3aMCHU Ta IHAMBIIYaTbHO JUII KOXKHOTO POOUTH IMEpe3allik BXKE MPOUICHHUX
CTYZCHTOM IPEIMETIB B IHIIIOMY HaBYaIbHOMY 3aKJIa/Il.

BripoBa/pkeHHsT €IMHOTO pilIeHHs Uit 00Ky BHYTpimHbo1 podotn 3BO m03BONMHUTH
CTaHJAPTU3yBAaTU Ta 3pOOHUTH MPO30puM AOKyMeHTooOIir 3BO, a HamaHHS LEHTpali30BaHUX
OHOBJICHb — OIIEPATUBHO Ta OJHOMOMEHTHO KOpEryBaTH pOOOTYy 3aKjaliB 3TiHO 3MiH Y
3aKOHOJIaBCTBI.

[1] 3actpoxnikoBa I.B. EnextponHuii 1okyMeHTO0OIr y cdepi ocitr [EnexTponnuii pecypc].
Pexxum moctymy: https://grani-print.dp.ua/index.php/dridu/article/download/429/346/.

[2] ACY «BH3» [Enexrponnuii pecypc]. Pesxxum goctymy: https://vuz.osvita.net.

[3] €EAEBO [Enexrponnuii pecypc]. Pexxum goctymy:
https://mon.gov.ua/ua/ministerstvo/yedebo.

PROBLEMS OF THE UNIFIED WORK MANAGEMENT
SYSTEM OF HIGHER EDUCATION INSTITUTIONS

S. Vaichekauskas, V. Gerasimov
Oles Honchar Dnipro National University
vaichekauskas_sk@ffeks.dnu.edu.ua, gerasymov@ffeks.dnu.edu.ua

To improve data exchange between higher education institutions and other participants
in the educational process in a remote learning format, it is proposed to create a system
consisting of two components: the first being a unified database, a registry of students and
higher education institutions, and the second being software for organizing the operations of
educational institutions. This system will facilitate the internal workings of higher education
institutions and enable external interaction among them, promoting standardization and
transparency within the higher education system.
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OIITUMIBAIIA NPOAYKTUBHOCTI BEB-CEPBEPIB

. €Eppemon

Jninpoecoxuii nayionanonuil ynieepcumem imeni Onecsa I onuapa
yefremov_da@ffeks.dnu.edu.ua

BaxnuBicTh onTuMmizaliii IpoyKTUBHOCTI BeO-cepBepiB y cydacHOMy I[HTepHETI He
MOke OyTH HemoolliHeHa. BeO-cepBepu BIZITparOTh KIOYOBY poib y 3a0e3medyeHHi
JIOCTYITHOCTI Ta MIBHJKOCTI BeO-pecypciB, 1o Oe3rnocepeHb0 BIUIMBAE HA KOPHCTYBAIbKHUMA
JIOCBIJ] Ta KOHKYPEHTOCIPOMOXKHICTh BeO-TIPOEKTIB. 3pOcTaroua KUIbKICTh KOPUCTYBadiB Ta
iXHI BUMOTH CTaBIISAThH MIJBHINEHI BUMOTH J0O MPOAYKTUBHOCTI BeO-cepBepiB. Jlana pobora
MPHUCBSIYCHUN BAXKIIMBOCTI Ta METOJ]aM ONTHUMI3allii TPOAYKTHBHOCTI BeO-cepBepiB. Y IIbOMY
KOHTEKCTI, poO0Ta IpUCBSYEHA OOTOBOPEHHIO HACTYTHHUX ITyHKTIB!
— ArmnaparHe Ta nporpamHe 3a0e3neueHHs.
- MepesxeBi HaJIAIITYBaHHS Ta aJITOPUTMH 0OPOOKH 3aIHTiB.
- KemryBanHs sk MeTO OnTHUMI3allii.
- banancyBaHHs HaBaHTa)XEHHsI BEO-CEpBEPIB.
- CTucHeHHs AaHuX Ui HiABULEHHS IPOJAYKTUBHOCTI.
- MOHITOPHHT Ta BiJUIarOKEHHS.
- OcTaHH1 TEXHOJOTIYHI PIIICHHS Ta TPEHIH.
Ili acriekT CTAaHOBIATH BAXJIMBUK (YHIAMEHT JUIS PO3YMIHHS Ta BIPOBAKCHHS
ONTHUMI3AIITHUX CTpaTerii sl BeO-CepBepiB y cydacHOMY [HTEpHET-CepeIOBHIILI.
OnTuMmizanis TPOXYKTHBHOCTI BeO-CEpBEpIB € KIIOYOBHM  3aBHAHHSAM  JUIA
3a0e3MeyYeHHs] BHCOKOi JOCTYIHOCTI Ta IIBHAKOCTI BeO-pecypciB. Brums amapatHoro
3a0e3nedeHHs, MPOrpaMHOro 3a0e3MeueHHs, MEPEeKEeBUX HaJallITyBaHb Ta METO/11B ONTHMI3allii
Ha TPONYKTHBHICTH BeO-cepBepiB MoTpedye JeTambHOro JociikeHHs. KenryBaHHS,
OanaHCcyBaHHS HaBaHTAXXCHHs, CTUCHEHHS JaHMX Ta BUKOPHCTAHHS OCTAHHIX TEXHOJIOTTYHHX
pillleHb € BXXJIMBUMHM CTpaTerisiMu ontumizamii. Po3pobka cucreM MOHITOPUHTY Ta MOCTiiHe
BIJICTE)KEHHS TPOJYKTHUBHOCTI AOMOMAararTh NIATPUMYBATH ONTHUMI3allil0 HA BUCOKOMY PIBHI.

OPTIMIZATION OF THE PRODUCTIVITY OF WEB
SERVERS

D. Yefremov
Oles Honchar Dnipro National University
yefremov_da@ffeks.dnu.edu.ua

This article delves into the critical topic of enhancing web server performance. It
discusses a comprehensive strategy that combines various optimization techniques to
streamline server operations, with a focus on improving response times and ensuring efficient
resource utilization. The research emphasizes the significance of tailoring these optimizations
to the specific needs and workload of a web server.

The master's thesis project entails an in-depth examination and comparison of
optimization methods and configurations to boost the overall performance of web servers,
ultimately enhancing the user experience and the server's ability to handle increased loads.
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IHTEPAKTUBHE CEPEJOBMILE JJISI ATANITUBHOI
MIJITOTOBKU ABITYPICHTIB 10 BCTYITHUX ICITUTIB

C. Ilinuyk, O. IloBkomisc
Cymcoxuti 0epaircasnuil yHisepcumem
sofiya.pinchuk28@gmail.com, o.shovkoplyas@mss.sumdu.edu.ua

VY cydacHOMy CBiTi, J€ Hi/DKATaNi3alis pi3HUX cdep KUTTS CHPUYHHSAE IXHIO
HEHWMOBIpHY TpaHcdopMalliro, iHGopMaIliiHI TEXHOJIOTII CTalOTh KIIOUYOBHUM IHCTPYMEHTOM
JUIS BIOCKOHAJIEHHSI OCBITHBOTO mporiecy. Ll TeHmeHmis aipkuTaizaiiii iCTOTHO ITiIBUIILY€
KOHKypeHTocnpoMoxHicTe BH3 1 3a6e3neuye sikicHuM, cyyacHUl piBeHb OCBIiTH [1].

VY npaniii poGoTi JocmiukyeTbes BuKopucTaHHS Telegram-0oTy sik iHHOBaLIHHOTO
IHCTPYMEHTY aJanTHBHOI MiATOTOBKU a0iTYpIiEHTIB 10 BCTYNMHUX icmuTiB. Telegram-60TH B
OCBITI TMPEJCTABISAIOTH COOOI0 TOTY)XKHHW IHCTPYMEHT JJsi TOJINIICHHS HaBYaHHA Ta
3a0e3neueHHs] JOCTYIly 10 OCBITHM JUIsI LIMPOKOro Koja Joied. BoHum moxyTts OyTu
BUKOPHUCTaHI K i1 HedopManbHOI OCBITH, Tak 1 B O(MIMIHHUX HAaBYAJBLHHUX 3aKJaJiax.
Telegram-6otr Moske cTatd e(hEKTHBHUM iHCTPYMEHTOM IS IHAMBIAyai3aiil HaBYaHHS,
HA/AlOYM TIEPCOHANI30BAaHUM MIAXiA 10 KOXHOTrO aldiTypieHTa. 3 BHKOPHCTAaHHIM
aJanToOBAaHOTO MaTepialy Ta 3aBIaHb, OOT MOXKE JOIOMOITH ITiJrOTYBATHUCh IO ICIUTIB,
BpPaxOBYIOUH IHJMBiAyalbHI TOTpeOM KOXHOro aOitypienta. Takmii miaxim gomomarae
OiAroTyBaTH  MalOyTHBOIO  CTyJAEHTa JO0 BCTYNHHMX ICHOUTIB 3  BUKOPUCTAHHSAM
MEepPCOHANI30BaHNX Ta e(QEeKTUBHMX METOAIB HaBuaHHS, 3ab0e3meuyroyd  HEOOXiTHUMU
3HAHHSMM Ta HABUYKAMHM JUIs YCIIIIIHOTO CKJIQJAAHHS 1ICIIUTIB.

[udposuit popMaT 0CBOEHHSI HABUAIBHUX MPOTrpaM MPOIOBKYE CBOIO €KCHAHCII0 Ha
BCIX PIBHAX OCBITH. | X04a MacoBi BIIKpUTI OHJIANH-KYpPCH 3pOOUIIN HABUYAHHS IOCTYITHUM JUIS
MIJTBHOHIB JIFO/IEH TI0O BChOMY CBITY, JOCIIKEHHS MOKa3ylOTh, IO TUTBKUA 7% cCilyXxadiB Bij
3apaxOBaHUX Ha Kypc (DaKTUYHO 3aBEpLIYIOTh X, B OUIBLIOCTI BUNAJKIB Yepe3 BiACYTHICTh
3BOPOTHOIO 3B 53Ky Ta miaTpuMku [2]. Telegram-60T Moxe HagaBaTh 3BOPOTHHUH 3B’SA30K y
BUIJIAJII aHANI3y BIANOBIAEH KOpUCTyBauya, BUBEICHHS CTATUCTUKU HOro BIANOBIJIEH Ta
MPOIOHYBATH MaTepial Mo TeMaM, ki abITypleHT Xoue nokpamuTy. J[ana poboTa Bif3Hauae
BaXUIMBICTH 1HTErpalii iHpopMaliifHUX TEXHOJIOrN y HaBYaJIbHUN MpOIlec Ta iX MOTEHLIaN y
3MILIHEHH] SIKOCT1 OCBITH Ta MiITOTOBKH a0iTypi€HTIB.

3acrocyBaHHa Telegram-00TiB y MiArOTOBLI 0 ICHHUTIB MOXXe OyTH HaJ3BHYailHO
pi3HOMaHITHUM Ta KopucHUM. Hanpukmnan:

* IlepconanizoBani HaB4aidbHI MaTepianu. Telegram-60T MoXke aHai3yBaTH BiANOBIL
a0ITypieHTIB Ha TECTOBI 3aBJaHHS Ta BUOKPEMIIIOBATH iXH1 ciabki micus. Ha ocHOBI 1boro
aHaiizy OOT MOXe HaJCHJIaTH IEepPCOHAI30BaHl HaBYaJbHI Marepiayid, sIKl JIOMOMOXYTh
abiTypieHTaM 3MILHUTH CBOI 3HAHHS B KOHKPETHUX 00JIaCTAX.

» TecryBanHs Ta 3BOpOTHHH 3B’5130K. Telegram-00T Moke MPOBOAUTHU PETYIISPHI TECTH
3 PI3HMX MpPEIMETIB, a MOTIM HAJACWIATH JeTaJbHUU aHami3 BiamoBifei aliTypieHtis. Lle
JI03BOJISIE CTYACHTAM BIJICTE)KYBATH CBill MPOTpeC Ta 30CepeKyBaTHCS HA THX acleKTax, /e
BOHM NMOTPEOYIOTh MOTIMILIEHb.

* Pexomenpamii momo BcTymHuHX icnuTiB. Telegram-060T Mo’ke HamaBaTH KOPHUCHI
nopajau Ta peKoMeHAalii 00 MiArOTOBKU 0 KOHKPETHUX BCTYIHHUX ICHUTIB, BKJIIOYAIOUU
BaYXJIMB1 TEeMH, TUIH 3alIUTaHb Ta CTPATETii BIIMOBIACH.

* Cratuctuka Ta mnporpec: Telegram-00T MoXe BIJCTE€XKYBAaTH IPOrpec KOXKHOTO
abiTypieHTa, 30epiraTd WOro pe3yjabTaTH Ta JIaBaTH 3BOPOTHHH 3B'S30K IIOJ0 MOKPAIICHb y
BUBYCHHI TICBHUX TEM.
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3 BukopuctaHHsiMm Telegram-00TiB MOXHAa CTBOPUTH IHAMBIAYyaJbHI HaBYaJbHI
TPAEKTOPIT 111 KOKHOTO a0ITypieHTa, BPAaXOBYIOUH HOT0 MOTPEOH Ta OCOOIMBOCTI B HABYAHHI.
Lle 103BOANTH MaiOyTHIM CTyJIEHTaM 30CEPEIUTHCS Ha TUX ACMEKTax, e BOHU NOTPeOYIOTh
JIOJJATKOBOT JIONIOMOTH, Ta PO3BHBATH CBOI CHJIbHI CTOPOHH, IO TMOKPAIIUTh IX IIAHCH Ha
YCHIITHUHN BCTYII.

Po3pobOiiennii  yat-60T Mae Takmii QyHkioHan. Biakpusatoun Telegram-6ot
KOpUCTYBad MOXe oOparu, SKMi came IiCIUT Horo mikaBuTh. Jlami BiH 0auyuTh CIHCOK
JTUCITUILIIH, 32 SKUMH MPOBOAUTHCS icmuT. MoXKHa O00paTh OKpPEeMO OJHY IUCIUILTIHY abo
obparu «lcuty», ne MICTATHCS MHUTaHHS 32 yciMa auciuiuiinamu. Crepury nopedHo odparu
«lcruty, 00 abiTYypiEHT YCBIIOMUB, 32 SIKUMH TUCIHUILUTIHAMH BiH Ma€ «IIPOTATHHIY, B YOMY
fioro cuibHI Ta ciadki croponu. Jlaii, Bke CIUParYnch Ha KOHKPETHI MIPEIMETH, KOPUCTYBaY
MOJKE TOJIMIITYBATH CBOI 3HAHHS 3a MEBHUMHU TemaMmu. ['oyioBHOM (imkoro Telegram-6ota €
MOYJIMBICTh aHaJi3y (CTAaTUCTHKH) BIANOBIJACH a0iTypi€HTa, IO € BaXJIMBUM CTUMYJIOM JUIs
JOCSATHEHHS MIOCTaBIeHOT MeTH. [Ipy IbOMy NMUTaHHA y TECTaX OPraHi30BaHi TakK, IO Ti, HA SKI
a0ITypiEHT HENpPaBWIBLHO BIJIOBIB, 3 SBISIOTHCS YAaCTIINE, HIX Ti, Ha SIKI BiH BIJNOBIB
npaBwibHO. Lle cripusie kpaiomy 3acBO€HHIO MaTepiany. Takoxk JIy:Ke 3pyYHHM € MTOCUJIaHHS
Ha HABYAIBHUN KOHTECHT MO KOXXHOMY 3 MHUTaHb, IO J03BOJISE a0ITypi€HTY MOBTOPHTH abo
3akpinuty iHGopMarito. 3aramoMm (yHKLIOHANT 00Ta MOXe OyTH AyXKe PI3HOMaHITHUM Ta
BKJTFOYATH JIOAATKOBI (PYHKIII1, BUXOISIYH 3 TIOTPEO TEMATHKH.

Telegram-6or, sk 3aci0 i iH;UBiAYyami3amii HaBYAIBHOTO MPOIECy, HaIae
NepCOHATI30BaHI MaTepialy Ta 3aBIaHHS, 1110 BiAMOBIAAI0TH MOTpedam aditypienTa. Lle cripuse
CTBOPCHHIO 1HTEPAKTHBHOI'O Ta aJalTHBHOTO HABYAJIbHOTO CEPEIOBHIIA, CIPSIMOBAHOTO Ha
e(eKTUBHY MIATOTOBKY 10 BCTymHHMX icmuTiB. KomOiHaiisi 3pydHOCTi, mepcoHamizamii i
e(eKTUBHOCTI poOUTH 1eH MiAXif yKe NpUBaOIUBUM /ISl abITYPi€HTIB.

[1] Using the messenger software opportunities in distance education [Enexrpounwuii pecypc].
Pexxum noctymy: https://www.redalyc.org/journal/6377/637767290002/html/.

[2] Yar-0otu y HaBuanHi: 7 igedl mis ix BukopucTaHHs [EnexktponHmii pecypc]. Pexim
nocrymy: https://learnlifelong.net/chat-boty-u-navchanni-7-idej-dlya-yih-vykory/.

[3] 6 Best uses of chatbots in education: Pros & Cons [Enektponnuii pecypc]. Pesxum goctymy:
https://botpenguin.com/blogs/6-best-uses-of-chatbots-in-education-pros-and-cons.

INTERACTIVE ENVIRONMENT FOR ADAPTIVE
PREPARATION OF APPLICANTS FOR ENTRANCE
EXAMINATION

S. Pinchuk, O. Shovkoplias
Sumy State University
sofiya.pinchuk28@gmail.com, o.shovkoplyas@mss.sumdu.edu.ua

In the modern world, where the digitalization of various spheres of life is leading to their
incredible transformation, information technology is becoming a key tool for improving the
educational process. This paper investigates the use of Telegram bots as an innovative tool for
adaptive preparation of applicants for entrance exams. This bot can be considered as an
individualization of the educational process with adapted material and tasks to the needs of the
applicant. The use of Telegram bots in exam preparation can be extremely diverse and useful.
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CTET'AHOI'PA®IYHE BbY/IOBYBAHHSA JOJATKOBUX
JAHUX B IPOT'PAMHUIA KOJ MIKPOCXEM FPGA

C. Anromyk, O. IBanoBa, K. 3amoukin
Hayionanvnuii ynisepcumem «Ooecvka nonimexuikay»
const-z@te.net.ua

Mikpocxemun FPGA € mporpamoBanuMu ITU(POBUMHU TPHUCTPOSMH 3 IMapaeIbHOIO
CTPYKTyporo. Ha BimMiHy BiJl MIKPOHIPOIIECOPIB Ta MIKpOKOHTpOJepiB Mikpocxemu FPGA
MOXYTh 3MIHIOBAaTH CBOIO BHYTPILIHIO KOH(ITYypalilo BiAMOBIAHO 0 mporpamHoro koxy. Lle
00yMOBJIIOE 3HA4YHO OLIbITy NpoAykTHBHICTE FPGA mopiBHSHO 3 IHIIMMH Kjlacamu
porpaMoBaHuX MPUCTPoiB. OIHUM 3 MIAXOMAIB J0 3aXUCTy CHUCTEM, MOOYJOBAaHUX Ha OCHOBI
FPGA Big HEraTMBHOTO BTPYYaHHs, € OTIEPATUBHUI MOHITOPUHT iX MPOrpaMHOTO KOJY.

Jli1si BUKOHAHHSI MOHITOPUHTY BHKOPHCTOBYIOTHCSI KOHTPOJIBHI JIaHi, SIKi 30€piratoThcs
pa3oM 3 00’€KTOM MpPOrpaMHOr0 KOJy Ta BUKOPHUCTOBYIOThCS Yy Ipolieci MOHITOpHHTY. Ha
NPaKTHUIIl 3aCTOCOBYIOTH ITIXOAH, B MEKaX SKUX KOHTPOJbHI JaHi 30epiratoThcst B GpaidoBii
CUCTEMI pa3oM 00’ekToM IporpamMHoro koay FPGA, y ckiazai 006’ekTa mporpaMHOro Koay abo
y BigmaneHid 6a3i ganux. L{i migxoaw MarOTh HENOJIKH, MOB’S3aHI 3 OUEBUIHICTIO (haKTy
BUKOHAHHSI MOHITOPUHTY Ta JAOCTYIHICTIO €TAIOHHUX KOHTPOJIbHUX JAAHUX JIJISI 3UMTYBaHHS.

OnavH 3 NepCHeKTHBHHUX MiAXOJIB 10 30epiraHHs KOHTPOJBHHUX TaHUX 0a3yeThCcs Ha
BUKOPHUCTAaHHI CTeraHorpadiuHOro MNPUXOBYBaHHS JaHUX O€3MOCepeHbO B CEPEAOBHUII
00’exta mporpamuHoro koay FPGA. Ilpu BUKOpPUCTaHHI Takoro MiAXOAy KOHTPOJbHI JaHi
YTBOPIOIOTH 3 OO0’€KTOM MPOTpaMHOro Koay e€nuHe uwie. llpu 1upoMy CTOPOHHBOMY
CHOCTepirady He € OYEBHIHHUM, JIe caMe B MPOrPaMHOMY KOJIi 3HAXOIATHCS J0IaTKOBI JaHHI.
Opnak Takui MiAXI Ja€ MOXIHMBICTH BOYJOBYBAaHHS 1O MPOTPAMHOTO KOAY BiJTHOCHO
HEBEJIMKOTO 00CITY KOHTPOJIbHUX JJaHuX. B poO0TI mpornonyeTbest iHGopMaliiiiHuii pecypc st
BOYJIOBYBaHHS JIOJAaTKOBUX JaHUX B mporpamHuil koj FPGA-Tpo€KTiB, sIKi BHKOHYIOTBH
aprudMeTHUHI oneparlii Ha/l YMCJIaMU 3 TUIaBalovor0 Kparnkoro. [Ipy BUKOHAHHI TaKKX ornepanii
ix crenudikamis BUMarae npuBeleHHs (GopmaTty pesyibrary no (opmaTy omnepaniiB. [[ns
3MIHCHEHHS TaKOTO MPHUBEICHHS YaCTHHA PO3PSIiB PE3yNbTaTy BIAKHIAETHCS 3 HACTYITHOO
KOPEKIII€I0, 110 KOMIIEHCYE 1ie BiAKuAanHsA. Moaudikaiiist mporpaMHoro koay tux 6iokis LUT
FPGA, ski oOYHCIIOIOTH pPO3pAIU, WO BIAKWAAIOTHCS, HE WPHU3BOJAE IO 3MIiHU
(GYHKIIOHAIBHOCTI MPUCTPOI0. ToMy B pOoOOTI MPONMOHYETHCS BUKOPHUCTOBYBATH MPOTrPaMHHMA
Koz Takux 050kiB LUT B sikocTi pecypcy s creraHorpagiqHoro 30epexeHHs] KOHTPOJIbHUX
JTAHUX MOHITOPUHTY.

STEGANOGRAPHIC EMBEDDING OF ADDITIONAL DATA
INTO THE PROGRAM CODE OF FPGA CHIPS

S. Antoshchuk, O. lvanova, K. Zashcholkin
Odesa polytechnic national university
const-z@te.net.ua

The paper is devoted to the storage of control data that is used to monitor the program
code of FPGA chips. We propose an approach to steganographic hiding of control data in the
program code of FPGA. When performing floating-point arithmetic operations, part of the
result bits is discarded. The approach is based on using a subset of the LUT units of the FPGA
that compute the discarded digits. For hidden embedding of additional data is proposed to use
the program code of such LUT units.
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COMPUTER SIMULATION
OF BIOMIMETIC ROBOT's SEARCHER ACTIVITY
BASED ON FORAGE BEHAVIOUR OF ANTS

A. Chepok, B. Panchenko, S. Stukalov
Odesa I.1.Mechnikov National University
andrew.chepok@gmail.com

Nature has given us — human beings — countless examples of successful search
operations in difficult conditions; — just remember the foraging behavior of insects, reptiles,
birds or mammals. In the 21% century, designers of autonomous robots are increasingly
considering the achievements of the evolution of the Planet life as a worthy example for
studying and implementing the acquired knowledge [1].

Inspired by the ideas above, the authors of this work consider ants as a prototype of a
successful search engine: authors study the search strategy and behavioral tactics of a scout ant
in order to develop a suitable Math model of mentioned searching and to realize the “obtained
rules” via appropriate numerical experiments based on this modeling routine.

The purpose of the work:

1) Taking into account some “‘structural” data of the ant as an insect and based on the
characteristic behavioral principles of the scout ant [2], one has to develop a mathematical
model of the search strategy of an autonomous robotic unit equipped with paired sensors (plus
a comparator, surely enough) and the necessary actuators to be functional.

2) and to create an author’s computer simulating model of such search on its basis;

3) then to investigate how the model suggested is able to describe the actual searching
behavior of biomimetic autonomous robots;

4) and finally, to find out how search algorithms developed can be applied to biomimetic
robotic searchers.

On the relevance of this work: there is an actual need to understand the successful
strategy of finding a signal source by an individual “scout/searcher” — either a biological being
or a biomimetic robot which has its paired sensors mounted as a “crown” capable of rotating
around its vertical axis.

As for the authors the basis for modeling the phenomenon of searching for a signal
source is as following:

1) When modeling the process of searching for a signal source, the authors assumed that
the solution to the main task for an autonomous robot search engine (the stage of searching for
objects signaling their presence) is based on the principles of insect behavior using the example
of the search activity of a single scout ant.

2) The mentioned mathematical modeling is based on the fact that the nature and style
of movement of a robot inside the outer zone relatively to the minimum signal level (“Outer
Tactics” or Tactics #1) is very different from the nature and style of movement of the same
robot inside the zone of confident reception of a given signal (“Inner Tactics” or Tactics #2).

3) based on the patterns of this behavior and taking into account mathematical
optimization methods, develop algorithms for the search behavior that can be applied to a
biomimetic robot acting as an autonomous searching machine;

4) further conduction a series of numerical experiments (i.e. computer simulation of the
mentioned phenomenon) that will make it possible to confirm or refute a number of the author’s
working hypotheses.

Conclusions (the results obtained and some ways of further development of this IT-
project):
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1. The authors’ Math model of a simplest searching activity of autonomous biomimetic
robot (the case mentioned above) was developed.

2. The proposed Math model prescribes the virtual biomimetic robot analyzing of some
“certain signal measurements” through its paired sensors in order to do further refinement of
the robot’s behavior. This Math model was developed with some limitations, such as follow:
the virtual Landscape does not contain mechanical and other obstacles to the robot’s movement;
there is isotropy of the signal spread throughout the Landscape as a result of lack of wind and
other circumstances.

3. The authors’ computer model of search stage of an autonomous biomimetic robot’s
searching behavior is created (with visual part of). The input data for the conducted numerical
experiments are some empirical and practical data. The output data of the conducted numerical
experiments are a number of values as follow: the total search distance travelled; the average
speed of the virtual robotic unit while searching; the average time of the robot spent while
searching for a signal source location; the number of successful attempts for virtual robot to
find attractive food in a certain series of its scout travels, and more.

4. As a result of the conducted numerical experiments the data which well correspond
to certain realistic and reasonable data are received.

5. The authors of the IT-project believe that the created software modules are first steps
to get appropriate software for autonomous biomimetic reconnaissance robots or search engine
robots as well.

[1] Bernstein D., Puttick G., Wendell K. et al. Designing biomimetic robots: iterative
development of an integrated technology design curriculum. Education Tech Research
Dev., vol. 70. (2022). P. 119-147. https://doi.org/10.1007/s11423-021-10061-0

[2] Gullan P.J., Cranston P.S. The Insects: An Outline of Entomology (3 ed.). Oxford:
Blackwell Publishing. (2005). ISBN 1-4051-1113-5.

TPEHYBAJIbHA CUCTEMA JJ151 310BYTTSI HABUYOK
E®EKTUBHOI POBOTH B IHTEPAKTUBHUX
CEPEJOBHUIIAX

0. Ky3emcokuii, T. IIpokod’es
JHinposcokuii nayionanehuil yHieepcumem imeni Onecs [ onuapa
Senselessexistence@gmail.com

3 MOMEHTY MOsBHU y cBiTi Kibepcriopty Dota 2, 111 rpa 3aBoroBasia MOMyJIsIPHICTb 1 cTana
OJIHIEI0 3 HAWCKIATHINIMX Ta KOHKYPEHTO3JaTHUX 0araTOKOPHCTYBAIlbKUX OHJIANH-ITOP.
HaBuanHst 1 BIOCKOHaJEeHHS B Tpi BUMAarae SKICHOTO OCBITHBOTO KOHTEHTY, SKOTO Ha
CHOTOJHINTHIA JIeHb HEAOCTAaTHHO. BiACYTHICTh SIKICHUX HABYAIBHUX PECYPCIB YCKIAIHIOE
HABYAHHSI TPaBI[iB, OCOOIMBO MOYATKIBI[IB. Y CBITJi IUX BUKJIHUKIB TOCIIHKEHHS CIIPSIMOBaHE
Ha po3poO0Ky 1 aHai3 IHHOBAIIIHOI OCBITHBOI IUIaTGopMHU Uit HaBYaHHS Dota 2, 1110 0XOIuIoe
Pi3HI aCMIEKTH TPU Ta MOKE MOKPAIUTH HABUYKH T'PABIIIB.

Jl1st mocsiITHEHHS 111 1 3aBJaHb AOCIIHKEHHS Oy10 po3p0o0IeHO OCBITHIO IIaThopMy
"EternalCoach".
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Byno po3pobieHo cydacHHWil Ta I1HTYITHBHO 3pO3YMUIMHA BeO-Iu3aiiH Ha OCHOBI
iHcTpyMenTty Figma. ITnordopma ckiaganacs 3 KiabKox po3ainis : ['onoBHa cropinka, Po3ain
HaBuaHHsa, ®opyM Ta obroBopeHHs, OriHka Ta mporpec, i Hagae Taky (yHKIIOHAJIbHICTD:
Bineoypoxu ta crarti, B3aemosis 3 BUKIaaqaMu, OI[IHIOBaHHS Ta TECTYBaHHSI.

Jns ominku edexkruBHOcTi "EternalCoach" Oyno mpoanainizoBaHO KOPHUCTYBAIbKY
CTaTUCTHKY, BKJIFOUAIOYH OKa3HUKH, Taki sk Experience Per Minute (XPM), Gold Per Minute
(GPM), i Actions Per Minute (APM). B ananizi Opanu y4acTh SIK TpaBlli, SIK1 3aBEPIIMIH
HaBYaJIbHI KypCH, TaK 1 Ti, SIKi He Opaiu y4yacTi B HUX. Pe3ynbraTi aHamizy nmokas3ajiu 3Ha4He
MOJTITIIICHHS TPU YYaCHUKIB, SIK1 3aBepIIIIHM Kypcu HaBuaHHs Ha ratdopmi "EternalCoach".

KopucrtyBaui mnosutuBHO BiarykyBamuck 1mpo "EternalCoach" 1 BucmoBmiu
3aJI0BOJICHHS SIKICTIO KOHTEHTY, a TAaKOK MOXKIIMBICTIO B3a€MOJIiT 3 BHKJIaadyaMH Ta IHITMMHA
YYHSIMH Ha TUIaTHOpMi.

TRAINING SYSTEM FOR ACQUIRING SKILLS OF
EFFECTIVE WORK IN INTERACTIVE ENVIRONMENTS

O. Kuzemsky, T. Prokofiev
Oles Honchar Dnipro National University
Senselessexistence@gmail.com

The article investigates the creation of a training system for teaching effective work
skills in interactive environments on the example of a website for learning to play dota 2. It is
shown that a training system in interactive environments can improve results, reduce the time
for training players and improve the result due to the contact of students with each other and
coaches, which makes it an important factor in successful learning.

MOBYJIOBA JJAHIIIOTOBOTI'O JIPOBY
TIJIE-EPMITA B TOYIII

1O. MucJio, M. Ilarips

Yorccopoocvruil nayionanvruii ynisepcumem
julia.mislo@uzhnu.edu.ua, mykhaylo.pahirya@uzhnu.edu.ua

ITin gac po3B’si3aHHS OaraTbOX MPAKTUYHUX 3a7a4 BHUHUKAE HEOOXIAHICTH y 300-
pakeHHsI (PyHKIIH OfHI€I0 AiiCHOT a00 KOMIUIEKCHOI 3MIHHOI alpOKCUMAaHTOM, OOUYMCICHHS
SKOT0 3py4He Ta eeKTUBHE MpH peasizaiii Ha komn 1oTepax [1].

ITopsin 13 MHOrouwsieHamH, CIUIaHAMH, y3araJbHEHHMMH MHOTOWIEHAMH, pallioHallb-
HUMHU QyHKIIsIMH, anpokcuMaHTamu [lage Tomo QyHKiii yacTo HaOIMKalOTh JTAHIIIOTOBUMU
npobamu Ta ix y3arambHeHHsMH [2], [3]. BigoMo, 1o nmaHIIOroBi IpoOU OUIBII CTiHKiI 10
MOXHUOOK OOYHCIIOBAIbHUX MOXUOOK 3a0KPYIJIEHHS, a PO3BUHEHHsI (YHKI[ Yy JIaHIIOTOB1
IpoOu MaroTh OUIBII IIUPOKY OO0JIACTH 301KHOCTI y TOPIBHSAHHI 3 aHAJOTIYHUMHU Hpen-
CTaBJICHHSIMH, JI0 TIPUKJIATY, CTCTIEHEBUMH psiiaMu. ToMy 3ajada MONIYKYy HOBHX METOIIB
no0y/I0BM JIAHIIOTOBUX Jp00iB aKTyalbHa 1 MA€ MPAKTUYHE 3HAYCHHS.
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Posrnsmaersest 3amaya: Hexait GpyHKIS KOMIUIEKCHOT 3MiHHOI f BU3HaueHa cBOiM 3Ha-
YCHHSIM Ta 3HAYSHHSIMU MOXITHUX J0 N-20 MOPSAIKY BKIFOYHO B JIesKil Touli Z € Z € C, T00TO
3amaHl 3HA4YEHHS szf(zo)(m),mzo,l,...,n. [ToTpi6HO BW3HAuMTH KoedilieHTH by,b,..,b,
nanutorosoro 1po0y Tine-Epmita (JIATE) Burnsaay

_ Z—2Zy
l)Tl(Z) —_— bO _F by + Z—Z( 1

1 Z—Z(
by+"+
2 bn

11100 BUKOHYBAJIHCS IHTEPIOJISALIiHI yMOBU

(Dn (ZO))(m)zwm,m=0,1,...,n.

PosrnsnyBanuit JIITE B Touri z, Oyzae 36iratvcs 13 anpoOKCUMAIIHHUM JIAHIFOTOBUM
npobom Tine, ane croci0 BiAmIyKaHHS HOro KOe(iliEHTIB CyTTEBO BIIPI3HAETHCS BiA paHille
Biomux. Koedimientn JIATE MokHa 3HalTH, SKIIO 13 €IEMEHTIB MHOXXHHHM 3HAYCHb

S . o ..
{wp,m=0,1,..,n}chopmyBaT Bu3HAYHWMKH | aHKEIs H,E ). Toni xoxumii koedimient JIATE
OyJie BU3HAYATHCS Yepe3 BIIHOIICHHS BU3HAYHUKIB ["aHKEsI HACTYTHIM YHUHOM [2,3]

= (HP) /(HPHD,) k=12,..[n/2].

Binomo, 1o anpokcumaniifHuii JaHorouit Apid Tie € aHaIOroM CTENeHeBOro psay
Teiinopa ¢yHkmii B Teopii naHmroroBux apoOiB. Koedimientn naniroroBoro apo0y Time
BU3HAYaIOTHCS Yepe3 Tak 3BaHi o0epHeHi noxiaHi Tiie, To6To

bOZWOibl = f(Zo),bk = f(ZO) - f(ZO)'kZZ'?"""nI

ne f(zy)3uaueHns obepHenoi moxinHoi Tije k-ro mopsaKy B TOYII Zg.

Buxonsuu 13 ocTaHOBKH 3a/1a4il 3alpPONOHOBAHO PEKYPEHTHHUH alropuT™M 00YMCIIEHHS
koedimientiB JIATE. 3anponoHoBaHuii alroput™m J03BOJISiE 3HAUTH KOeQilleHT by uepes
3HAYeHHS TOXiMHOI K-TO MOpsaKy (YHKINI B TOYII WjTa 3HAWJEHI Ha MOMEPEeIHIX KpOoKax
KoeQitieHTH  bgy,bq,...br_1. Anroput™M Jerko Moxke OyTH peadi3oBaHUH Ha MOBI
porpaMmyBaHHs BUCOKOTO PiBHs, a00 CHCTEMI KOMII FOTEPHOI alreOpH.

Bynmu po3risiHyTi nmpukiagu. 3okpema s GyHKIIT e? 3a 3Ha4deHHS QyHKIIl Ta il
NOX1HUX B Toulll zy = 0 Oynu 3HalaeHi koedimientu JIATE

by = 1,0y 1 = (—1)¥1(2k — 1),by = (=1k2,k=1,2,..

3HaiifieHi koegilieHTH 30iraloTbes 13 KoedillieHTaMM BIAMOBIIHOTO CTENEHEBOMY pSAy
JAHLIOTOBOTO J1pody [2,3].

3a 3HAYeHHAMHU MOX1MHUX QYHKUIT vV 1+z B Hyni Oynu 3HaiaeHi koediuientu JIATE
by = 1,b,, = 2,n € N. KoediuienTtn 36iratothcs i3 koedilieHTamu, 1o 0yiu 3HaiiieH1 IHIUMA
criocobamu [3].

Oco61MBO KOPUCHUM BHUSBUBCS 3alPOIIOHOBAHHMM METOI JUIs BIIIIYKaHHS KOe(illieHTIB
JIATE ¢yukmiii sin(z),cos(z),sinh(z),cosh(z)3aransauii BUrIsg KoedimieHTiB PO3BUHEHHS B
OKOJIl IKOiCh TOYKM B JaHIforoBuil npi® Tine He Bimomuil. BukopucToByroun pekypeHTHI
(bopMyIHM MOKHA 3HAWTH MOTPIOHY IS MPAKTHUYHUX I[JIeH KUTBKICTh TAKUX KOE(Ili€HTIB.
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[1] Beebe N.H.F. The mathematical-function computation handbook. Programming using the
MathCW portable software library. Springer. (2017). 1119 p.

[2] Cuyt A., Petersen V.B., Verdonk B., Waadeland H., Jones W.B. Handbook of continued
fractions for special function. Springer (2008). 432 p.

[3] Marips M. Habmmxenns GpyHkiii nanmoroBuMu apodamu. Yxropox: [paxaa. (2016). 412 c.

CONSTRUCTING OF THE THIELE-HERMITE
CONTINUED FRACTION AT THE POINT

YU. Myslo, M. Pahirya
Uzhhorod National University
julia.mislo@uzhnu.edu.ua, mykhaylo.pahirya@uzhnu.edu.ua

The problem of interpolation of the function of a complex variable at the point of the
compact by the Thiele--Hermite continued fraction was investigate. Formulas for calculating
the coefficients of the continued fraction based on values of the function and its derivatives at
a point have obtained. Examples are give.

METOJU AHAJII3Y BILIUBY O3HAK HA PE3YJIbTATH
MOJEJI PET'PECII

. KpaBuos, H. IlosieTaes
Ooecvruti Hayionanvuuti Mopcokuii Ynieepcumem
dmkravtsov@gmail.com

B cyuacHOoMy CBIiTI JaHMX MOJEINI perpecii cTajld HEBIA'€MHOK YaCTHMHOI 0araThbox
AHAITUYHUX JOCTIJKeHb. BOHM 03BOJISAIOTH MPOrHO3YBAaTH 3HAYEHHS LIJIHOBOI 3MIHHOI Ha
OCHOBI 0J1HOT0 a00 AEKUIBKOX BX1JTHMX O3HaK. OJHAK, KO MU OyJTyeMO Taki MOJIEJi, YacTo
BUHUKA€E NUTaHHS: "fIKi O3HaKU € HalBAXIUBIIIUMHU?".

Po3yMiHHS BIUTUBY KOKHOI O3HAKH Ha 3arajibHUI pe3yabTaT MOJIEN1 He JIUIIE JO3BOJISIE
OTPUMATH TIHOIIE PO3YMIHHS JaHMX, aje ¥ MOXe CIYXUTH OCHOBOIO JUIS 1HXEHepil O3HaK,
ONTHUMI3AI] MOJIENI Ta NPUUHATTSA OOIPYHTOBAHMX PILLIEHb B PEaJIbHOMY CBITI.

Ha cborogHimHiii AeHb A OLIHKHM BIUTUBY O3HAK HailyacTille BUKOPHCTOBYIOTh HACTYIHI
IiAX0TH:

e KoediuienTu perpecii: B niHiiiHill perpecii koeiieHT, pU3HaUY€HUIH KOXKHIN 03Halll,
MOKa3y€, HACKUIbKM 3MIHIOETHCS MPOTHO30BAaHE 3HAYEHHS BIATYKY MPHU 3MiHI IIi€i
O3HaKH Ha OJIMHHUIIIO, TIPH YMOBI, 1110 1HIII O3HAKHU 3AJIMIIAI0THCS HE3MIHHUMU.

e BaxausicTb 03HaK y JepeBax pimeHb: Mojeni, 3aCHOBaHI Ha JiepeBax pillleHb
(manpuxmnaa, Random Forest), BU3Ha4arOTh BaKIWBICTh O3HAK HA OCHOB1 KUIBKOCTI
pasiB, KOJIM 03HAaKa BUKOPUCTOBYETHCS AJIst pO3OUTTS JaHUX, Ta HACKUIBKH 11€ pO3OUTTS
HOJIMIIY€E YACTOTY BYy3Ja.

e IlepecranoBka BaxiauBocTi: Lleil MeTon BUMIpIOE BIUIUB O3HAKHM Ha SIKICTh MOJE1
[UIIXOM BHIIQJKOBOTO MEPEMIIIyBaHHS 3HAUEHb O3HAK Ta CIIOCTEPEKEHHS 3a 3MIHOIO
SKOCT1 MOJieNi. SIKIO SKICTh 3HMXKYETHCS, 03HAKA BBAKAETHCS BAXKIIUBOIO.
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e Baxumusicts Ha ocHOBi LASSQO: LASSO perpecist BukopucroBye L1 perynspusarito
Ju1s1 BUOOpY 03HaK. O3HAKH, SIKI MalOTh HU3bKY BaKIIMBICTh, OTPUMYIOTH KOC(IIlI€EHTH,
OMM3bKI 10 HYyJSA, TOMAI SIK OUIBII BaXJIMBI O3HAKHM MarOTh KOe(IIiEHTH, SKi
BIJIXHJISTIFOTHCS BiJT HYJIS.

Hageneni migxoan MaroTh CBOT HE/IONIIKM Ta IIEPEBArH, ajie, sIK OKa3aB HaIl aHaJ13 HallKpaluii
OaylaHC MK TOYHICTIO MOJIEJ perpecii Ta ii IHTepnpeTOBaHICTIO MOKe OyTe JOCATHYTHH Ha
ocuoBi metony SHAP (SHapley Additive exPlanations) [1-2]. Metoa SHAP BigHOCHO HOBWHIA
MiIXia M0 IHTepHpeTanii Mojeleld MallMHHOTO HaBuaHHSA. BiH 0a3yerbcss Ha Teopii
KOOTIEpaTUBHUX 1rop 1 po3poOIeHUi 111 BUBHAYSHHS BIUIMBY KOXHOI 03HAKU Ha MIPOTHO3 [T
KOHKPETHOTO criocTepeskeHus [3].

OcHosHa iness SHAP monsrae B TomMy, 00 pO3IIISAIaTH KOKHE CIIOCTEPEIKEHHS 5K
"rpy", ne o3Haku "cmiBmpaipoioTe", mo6 "orpumaru" mporHo3. Bapricte miei "cmiBmpari"
PO3MOJUISETbCA MK O3HAKaMU TaKUM YUHOM, II00 BpaxyBaTH BHECOK KOXKHOI 3 HUX B
3arajlbHUN pe3ysbTart.

Buxopucranast SHAP nae 3Mory orpumaru rimboKke po3yMiHHS TOTO, SIK KOHKpETHa
O3HAaKa BIUIMBA€E Ha MPOTHO3, BPAaXOBYIOYM B3a€MOJIIO 3 IHITUMHU o3Hakamu. Lle poOuTs Horo
BKpail KOPHCHUM Y CKJIAJJHUX MOJEISAX 3 BEIMKOIO KIJIBKICTIO O3HAK.

HonatkoBoro nepesaroto metoxy SHAP € iioro yHiBepcanbHicTs. He3Bakatoun Ha ioro
cknaanictb, SHAP moxke OyTu agantoBaHuii uist poOOTH 3 Pi3HUMHU TUTIaMU perpeccopis. Lle
0COOJIMBO aKTyaJIbHO y CBITI TTTHOOKOTO HaBYaHHS, /I MOJEIl CTalOTh BCE OLIbII CKIaJHUMHU.
Hagith U1 Takux apxiTekTyp, sk HelpoHHI Mepexi, SHAP 3matHuili HamaBaTH iHTYiTUBHO
3pO3yMiJli iHTEpIIpeTallii, M0 J03BOJSE aHANITUKAM Ta JOCHIJIHUKAM TIHOIIE PO3YyMITH, SK
MoOJIeJIb MPUHAMAE PIIIICHHS.

BpaxoBytouu Te, 0 po3yMiHHSI BaXJIMBOCTI O3HAK Y MOJIEISIX pPerpecii € KII0YOBUM
JUIsi €PEKTUBHOTO aHaNi3y JaHWX Ta MPUUHSATTS PilllcHb, aBTOPU BBAXKAIOTh, IO PO30yI0Ba
nigxoxy Ha ocHoBI Merony SHAP € mepcrneKTMBHUM HAmpsIMKOM aHalli3y JaHUX, OCKUIBKH
HaJa€ MOXJIMBICTh INIMOOKOrO aHaii3y BIIMBY O3HAK 1 CIPUSE€ CTBOPEHHIO HAAIMHIMIMX Ta
IHTEPIPETOBAHUX MOJIENEH.

[1] Scott M. Lundberg and Su-In Lee. A Unified Approach to Interpreting Model Predictions
31st Conference on Neural Information Processing Systems (NIPS 2017), Long Beach, CA,
USA.

[2] Welcome to the SHAP documentation [Enekrponnmii pecypc]. Pexum gocrymy:
https://shap.readthedocs.io/en/latest/.

[3] Lin, K., & Gao, Y. Model interpretability of financial fraud detection by group SHAP.
Expert Systems with Applications. (2022). Vol. 210, p. 118354

METHODS OF ANALYZING THE INFLUENCE OF
FEATURES ON REGRESSION MODEL RESULTS

D. Kravtsov, N. Poletaev
Odesa National Maritime University
dmkravtsov@gmail.com

In our contemporary data-driven era, regression models play a pivotal role in numerous
analytical endeavors. These models predict target variable values based on input features. A
prevalent concern among researchers and analysts is determining which features exert the most
influence on predictions. Properly gauging the impact of individual features on a model's
overall outcome provides valuable insights, aiding in feature engineering and model
optimization.
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Various methodologies, including regression coefficients and advanced techniques like
SHAP, have emerged to address this. Specifically, the SHAP method offers profound insights
into feature contributions, especially in intricate models with numerous features. Overall,
understanding feature importance is paramount for effective data utilization and informed
decision-making.

CUCTEMA IHTEJIEKTYAJIBHOI'O AHAJII3Y
JOPOZKHIX YMOB

I1. IlopTsinka, C. BoBk

Jninpoecoxuii hayionanvruti ynieepcumem imeni Onecs I onuapa
Port19682000d@gmail.com

CyuacHuii Tpadik Ha TOporax BUMarae po3poOKHu Ta BIIPOBAKEHHS 1HTEIEKTyaIbHUX
CUCTEM aHaJi3y JOPOXKHIX YMOB, SIKi 37aTHI JIOTIOMAaraTd BOJI€BI a00 X HaBITh 3aMiHIOBATH
fioro, mepebuparoun Ha cebe KepyBaHHS IIiJ] 4ac pyXy aBToMOOuIA. 30inbmieHHS 00'emMy
ABTOTPAHCIOPTY Ta PI3HOMAaHITHI (aKkTOpH, Taki SK MOroja, IOPOKHI poOOTH Ta HEUIACH1
BUIIAJIKU, CTBOPIOIOTH CKIAJHY 1HPPACTPYKTYpPY JOPOKHBOTO PYXY, sIKA BUMAarae moCTiHHOTO
MOHITOPUHTY Ta ynpaBiiHHi. MeToro miei poboTn € po3poOka CHCTEMH IHTENEKTyalbHOTO
aHai3y JOPOXKHIX YMOB 3217151 30UTbIIIEHHS O€3MEKU Ha I0porax, eeKTUBHOT opraHizalii pyxy
Ta MiABUILEHHS PiBHSA KOM(POPTY BOAIIB.

3amaua noJisirae B opraHizariii 300py Ta MpoBeJeHH] aHATI3Y JaHHUX 3 TaKUX JHKEPeTI, sK
KaMepHu CIIOCTEPEKEHHS, TaTYNKH, MeTeoposioriyHi craniii Ta GPS-nani. [ po3s's3anns i€l
3ajadi  3alpONOHOBAHO BHKOPHCTOBYBATH METOAM KOMIT'IOTEPHOTO 30pYy, MAIIMHHOTO
HaBUYaHHSA Ta IITYYHOTO iHTENEKTY. OCOONMBICTIO CUCTEMHU € BUSBICHHS Ta Kiacuikarlis
TaKUX BKJIMBUX JIOPOKHIX YMOB, SIK JOII, CHIT, TYMaH, JJOPOXHI pOOOTH TOIIIO, IO JJO3BOJISIE
CBO€YACHO 1H()OPMYBATH BOJIS PO HUX Ta AaBTOMATUYHO KEPYBATU JOPOXKHIM PYXOM.

Jns  po3B'si3aHHSA  3ajadi  IHTENEKTYalbHOTO  aHali3y  JIOPOKHIX  yYMOB
BUKOPUCTOBYIOTbCSL QITOPUTMHU, IO JO3BOJISIIOTH CHCTEMi INBHIKO MPOAHATI3yBaTh
iHpopMallilo 3 PI3HUX JoKepen Ta KiacugikyBaTHM HOTOYHI JIOpOXKHI yMOBU. OCHOBHI
KOMITOHEHTH aJIFTOPUTMIYHOTO 3a0€31eYeHHs BKII0YAIOTh:

® QITOPUTMHU BHSIBJIEHHS 00'€KTIB Ha J0pO3i: IS IbOTO BUKOPUCTOBYIOTHCS aJTOPUTMH
koMmm'torepHoro 3opy Taki, sk YOLO (You Only Look Once) ab6o Faster R-CNN

(Region-based Convolutional Neural Network). Lli anropur™Mu 103BOJSIOTE CHCTEMI

BUSIBJSITU y BIJICOIOTOIIl 3 KaMep CIOCTEPEXEHHS Taki pi3HI 00'€KTH, K aBTOMOOLNI,

MIIIOXO0/TU, TOPOKHI 3HAKH Ta 1HII 00'€KTH;

® QITOPUTMU CETMEHTAllll JOPOKHBbOI MOBEPXHI: JUIS IIbOIO BHKOPHCTOBYIOTHCS

QITOPUTMHU CEeTMEHTaIll 300pakeHb, Hampukiaaa, aiaroputM Mask R-CNN. Ili

QITOPUTMHU JIO3BOJISIFOTH CHUCTEM1 BHUJIUISATH JOPOKHIO MOBEPXHIO Ta 1HIII JIOPOXKHI

€JIEMEHTH, 1110 € BOXJIMBUMHU 151 KiIacu(ikaiii JOpOKHIX YMOB;

® QITOPUTMU MAIIMHHOTO HAaBYaHHA JUIs BUKOHAHHS Kiacu(ikallii: Micias BUSBICHHS
00'eKTIB Ta CerMeHTauii JOPOXKHBOI TOBEPXHI BUKOPUCTOBYIOTHCA aJITOPUTMH

MaIlIMHHOTO HaBYaHHA A Kiacudikauii AopoxHiX ymoB. JlaHi mpo oO'ektu Ta

JIOPOH1 YMOBH aHATI3YIOThCS 3 METOIO BH3HAYEHHS, YU € HA I0PO31 JOIII, CHIT, TYMaH

ab0 TOpoXxHI pobOTH;
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® AITOPUTMH MOTEPEIHBbOI OOPOOKH MaHUX: Mepes; 0OOPOOKOI JTaHWX BUKOHYETHCS iXHS

MiJIrOTOBKA, SIKa BKJIFOYAE B ce0e mornepeiHio 00poOKy 300pakeHb 3 METOK BHIATICHHS

IIyMy, a TAKOX HOpMaTi3alliio JaHuX.

[IporpamMue 3a0e3nedeHHs, SKE BHKOPUCTOBYETHCS IS PO3B'sI3aHHSA  3aadi
IHTEJIEKTYaJIbHOTO aHaJi3y JOPOXHIX YMOB, CKIATAEThCSA 3 JEKUIBKOX KOMIIOHEHTIB, IO
CIUTBHO MPAIIOIOTh HaJ 300poM, 00poOKOr0 Ta Bizyamnizaiieto iHpopmariii. OCHOBHI CKJIa0B1
IPOTPAMHOTO 320€3MeYeHHS BKIFOYAIOTh:

® CepBepHY YacTHUHY (puc.l), sika BiJMOBiIae 3a 00pOOKyY Ta aHaAJI3 JaHUX, 1110 HAIXOISITh

3 KaMepH CIIOCTEPEKECHHS Ta IaATYMKIB METEOPOJIOTIYHOI cTaHIlil. BoHa BKitoUae B cede

QITOPUTMHU KOMIT'FOTEPHOTO 30py, MAIIMHHOTO HABYAHHS Ta MOMEPEIHBOI 0OpOOKH

JIAaHUX W BiJNOBIa€ 3a 30€pEKECHHSI JaHUX Ta iX apXiByBaHHS JIJIS MOJIAJIBIIIOT0 aHATI3Y;

® KJIEHTCHKY YaCTHUHY y BUTJISAII JOAATKY, KM OTPUMYE Ta BigoOpaxkae iHdopmarlito

PO JOPOXKHI YMOBH y peasibHOMY 4aci. Lleil momaTtok Hajae CHOBIMICHHS Ta MOPaaH

BOJIISIM, SIKI TOTIOMAraroTh IM a/IaliTyBaTHCs J0 3MiHH YMOB Ta 3a0€3Me4y0Th 0e3meKy

Ha JIOPO3i.

Client Camera #1

Weather: Loading...

Time: 19:52:22

Location: Dnipro

Pucynok 1 — I'padiunmii inTepdeiic cepBepHOT YaCTUHU 3 OTPUMAHHUM 3 Kamepu
300paKeHHSIM

Po3pobnena cuctema iHTENEKTYalbHOTO aHaNi3y JOPOXKHIX YMOB MOKpallye Oe3reKy
BOJIISl HAa JIOpPO31 Ta Hajgae Womy BIAMOBIAHY 1H(OpMaIlilo y peanbHOMy uaci. Po3pobnene
nporpaMHe 3a0e3leueHHs peati3oBaHo Ha MOOUTBHIN mmardopmi B cepenoBuii Android ta
MIPOXO/IUTH TECTYBaHHSI.

SYSTEM FOR INTELLECTUAL ANALYSIS OF ROAD
CONDITIONS

P. Portyanka, S. Vovk
Oles Honchar Dnipro National University
Port19682000d@gmail.com

An intelligent system for analyzing the road conditions has been proposed. It based on
the algorithms of computer vision, machine learning, and artificial intelligence.
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HIAXIA A0 OIHKA EPEKTUBHUX TEIVIO®ISUYHUX
IHAPAMETPIB BY AIBEJIb

O. CiabkeBuy, I. Osenny, O. @yreii
JIvsiscokuil Hayionanvhuil yHigepcumem imeni leana @panka
oleh.sinkevych@Inu.edu.ua

[IpoexTyBaHHSI eHeproeeKTUBHUX CHUCTEM Ta 3aco0iB eHepro30epexeHHS YacTo
noTpeOye 3HAHHSA TPO TeruIo(Mi3WyHI XapaKTepUCTUKH OyaiBiai. Taki XapakTepUCTUKH
NOJEKy 11 OyBa€e TOCUTH CKJIAIHO BU3HAUUTH Yepe3 HeCcTauy JOKyMEHTAIlil Ta pi3HOMaHITHICTb
¥ o€ JTHAaHHA MaTepiajiB, 110 BUKOPUCTOBYIOTHCS IIPpH OyA1BHULTBI. Jl0 TAKUX XapaKTEpUCTHUK,
30KpeMa, Halexarb e(EeKTHBHI MapaMeTpu TEIIOEMHOCTI BMICTy Oy[IiBIi, a TaKoX
TETJIOTIPOBITHOCTI 130JIFOI0YMX MTOBEPXOHb. Ha nanuii yac BioMi AE€KiIbKa MiX0iB 10 OLIIHKH
TaKUX XapaKTePUCTHK, sKi 0a3yloTbCs Ha CTATUCTUYHOMY aHaNi3li Ta pPO3B’sS3yBaHHS
HECTaIlllOHApHUX 3a7a4 TerutonposinHocti [1, 2]. TpyaHomii 3acTocyBaHHS TaKUX MITXOIIB
MOSICHIOIOTHCSI HEOOXITHICTIO 300py TeMIlepaTypHHX JaHUX Ta JAHUX CIIO)KWBAaHHS €HEprii
00IrpiBy MpOTSTOM TPUBAJIOTO Yacy y BIAMOBIIHOCTI J0 XOJOIHOI mOpU poky. Takox 1e i
KOMILJIEKCHA Tpo0ieMa BUOKPEMIICHHS 3 CyMapHOTO CIIOYKUBAHHS, HAPUKJIIAl, Ta3y, YaCTHHU
eHeprii, SIKi BUKOPUCTOBYEThCS JUIIIE Ui 00irpiBy [3].

Y nmaHiii poOOTI TpeAcTaBiIeHA METOAWKA OINHKH E(QEKTHBHHUX TEIUIO(Qi3HIHUX
XapaKTepUCTHK OY[iBIi HAa OCHOBI PO3B’sI3yBaHHS NPSIMHUX Ta OOEPHEHUX HECTalllOHAPHHUX
3aJ1a4 TEIUIOPOBIIHOCTI. 3 BUKOPUCTAHHAM JaHHX (Ta iX CTATUCTUYHOI 0OpOOKH Ha MpeaMeT
OUMIICHHS Ta BUSBIICHHS aHOMAJIii), a caMe IHTerpaJIbHUX PO3MOLIIB BHYTPIIIHIX 1 30BHIIIHIX
Temreparyp y OyIWHKY, a TaKoX CyMapHOTO CIIO)KMBaHHSI razy MW c(opMyIoBaim Ta
JOCTHIIMINA (METOIOM CKIHUYEHHHMX DI3HMIB) MpsAMY 3ajady TElJIONepeHocy, sKa BKIoYana
epeKTHBHI Koe(illi€eHTH TEeTUIONPOBITHOCTI Ta TEIUNIOEMHOCTI BHYTPIIIHBOTO BMICTY OYIIBIIi.
Byno mepeBipeHO 1 MiATBEp/HKEHO, IO ii PO3B’SI3KM JIOCTATHHO UYTIMBI A0 3MIHM TaKHX
KOe(QILIEHTIB.

Ha ocHoBI pe3ynbTaTiB npsMoi 3aaadi, Oyna copMyiabOBaHa BiJINOBiHA oOepHEHA
3a7a4a LIOJI0 ULIYKaHMX KOEQILI€HTIB, 10 Mependadae MiHIMI3alLil0 KBaJApaTUYHOTO
¢dyHKLIOHAYy Ta pPO3B’s3yBaHHA MpsAMHUX 334ad MiJ 4Yac iTepaiiiiHoro mnpouecy. Yepes
00YMCIIIOBAJIbHY CKJIQ/IHICTh, MIPOLIEC PO3B’si3aHHS OYB MOOYIOBaHMM y JBa €Tamu: CHepury,
00YMCITIOBaBCS HAOMMKEHUH PO3B’SI30K METOJOM «OpyTaabHOro» nepedopy, a 3roJoM Ien
PO3B’S130K YTOUHIOBAaBCS KBa31HbIOTOHIBCHKUM MeTo0M BSGS [4].

OTtpumaHi pe3ynbTaTH MOKa3alM €(QEeKTUBHICTh 3alPOINOHOBAHOTO CTATUCTHYHO-
TEII0(I3UYHOTO MIIXOAY MJI1 OLIHKM e(QEeKTHMBHUX MapaMeTpiB TEIUIONPOBIIHOCTI Ta
TEIUIOEMHOCTI Oy[iBii. YCi 4YUCeNbHI EKCHepUMEHTH 3]IHCHIOBAJIUCh 3 BHUKOPUCTaHHAM
BIJIKpUTHX MIPOrpaHuX 3aco0iB, a came Python 3 ta BinnmoBigHUX oMy 610T10TEK.

[1] Himpe E. Characterisation of the thermal performance of a test house based on dynamic
measurements / Eline Himpe, Arnold Janssens // Energy procedia. — 2015. — Vol. 78. — P.
3294-3299..

[2] A data analysis technique to estimate the thermal characteristics of a house / Seyed Tabatabaei
[Ta in.] // Energies. — 2017. — Vol. 10, Ne 9. — P. 1358.

[3] Sinkevych O. Gas Disaggregation Approach Based on Cluster Analysis / O. Sinkevych, L.
Monastyrskii, B. Sokolovskii, Ya. Boyko // Computer Technologies of Printing. — 2019. —
No.- 41 (1). — P. 23-33.

[4] Battiti R. BFGS optimization for faster and automated supervised learning / Roberto Battiti,
Francesco Masulli // International neural network conference. — Dordrecht, 1990. — P. 757—760.
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APPROACH TO ASSESSMENT OF EFFECTIVE THERMAL
PHYSICAL PARAMETERS OF BUILDINGS

O. Sinkevych, 1. Olenych, O. Futey
Ivan Franko National University of Lviv,
oleh.sinkevych@Inu.edu.ua

The paper discusses the challenges associated with designing energy-efficient systems
and energy conservation methods, particularly when it comes to determining the thermal
properties of buildings. These properties, such as thermal capacity and thermal conductivity,
can be difficult to ascertain due to a lack of documentation and the variety of materials used in
construction. Various approaches to estimating these characteristics have been explored, often
involving statistical analysis and solving non-stationary heat conduction problems.

This work presents a methodology for assessing the effective thermal properties of a
building based on solving direct and inverse non-stationary heat conduction problems. This
approach uses data, statistically processed to remove anomalies, including integral temperature
distributions inside and outside the building and the total gas consumption. It was found that
the solutions to these problems are sensitive to changes in thermal conductivity and thermal
capacity coefficients. The results of the direct problem led to the formulation of an inverse
problem to determine the sought-after coefficients, involving the minimization of a quadratic
functional and solving direct problems iteratively. Due to computational complexity, the
solving process was divided into two stages: an approximate solution obtained through a brute-
force method, followed by refinement using the BSGS quasi-Newton method.

The obtained results demonstrated the effectiveness of the proposed statistical-thermal
physics approach for assessing the effective thermal conductivity and thermal capacity
parameters of the building. All numerical experiments were conducted using open-source tools,
particularly Python 3 and its corresponding libraries.

HJIAT®OPMHU TA APXITEKTYPA XMAPHUX OBYUCJ/IEHD

J. Komumnmuii, 1. [lonomapsoB
Jninposecoxuii hayionanvruti yHieepcumem imeni Onecs [ onuapa
dmytro_do@ffeks.dnu.edu.ua

Beb-mogatku B cydacHOMY JKUTTI CTalld HE BII'€MHOIO HOro wyacTuHOw. Bin
HANTIPOCTIIIOTO MEePETIIsAy MEHIO PECTOPaHy Ta OpOHIOBAHHS Yacy JI0 JIIKaps 9 CIIOPT3ay JI0
CKJIQJIHUX PIlIeHb JUIs Oi3HeCy TaKuX SIK OHJAiH OaHKIHT. TakoX TEHACHIIiS Ha BIMOBY Bif
HACTUIBHUX pIlIEHh B MepeBary BeO JoAaTkaM Jaio IMOIITOBX Ta IMOMUT Ha CEPBICH, SKi
HAJAI0Th XMapHi 00YNCIICHHS.

[TnaTdhopmu mist XMapHOTO 00UKCTIEHHS 1€ Oe3aTbTepHATUBHUN BapiaHT JIJIsl MaJIOTO Ta
cepeiHbOro Oi3HeCy, OCKUIBKU J03BOJIUTH PiBEHb HATIMHOCTI, SKUH NPOMOHYIOTH (h1arMaHu
rajxysi, BAXKKO JOCSATHYTH BEIMKOMY OI3HECY — II€ aBTOMAaTH4HI OajlaHCepH HaBaHTAXEHHS,
YMOBHO, 0€3J1IMITHUI pecypc, MIHIMYyM JIBl TEPUTOPIaJIbHO B1JIJAJIEHI 30HU 3 CEpBEpaMHu, sKi
JIO3BOJIATH IIBUJIKO NMEPEHECTH PECYPCH Y BUTIATKY MIPUPOIHIX KaTacTpod, BIAKIIOUYEHD CBITIIA,
To110. TOOTO MPOMOHYIOTH TAPAHTOBAHY JIOCTYIHICTh Ta PE3E€PBHE KOMIFOBAHHSI.
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Hactynna oueBugHa mnepeBara — 1€ CKOPOYCHHsSI BUTpAaT Ha OOCIyroBYBaHHs
iHppacTpykTypu. Takox ciif Ha3BaTH OAHY 3 HAMOUIBIIMX mepeBar — Iie HEHMOBIpHA
IHYYKICTh Ta IUIaTa JIMILIE 33 T1 PeCypcH, Ki BUKOPUCTOBYIOThCS, 1110 B IIO€AHAHHI J103BOJISIE
JWIIe B MIKOBI MOMEHTH MacmTaOyBaTh pecypcH JUIs MIATPUMKH BEJIHKOI KUTbKOCTI
KOPUCTYBaJiB, SIK HAIPUKJIAJA Il 4Yac PI3ABSIHMX CBAT Ul €JIEKTPOHHOI KoMeplii, Ta He
OIJIauyBaTH 1IeH pecypc BECh IHIIMIA Yac.

ITonpu BuIe nepeinivyeHi nepeBary, miarGopMu Ui XMapHUX O0YHCIEHb MAIOTh P
HENOJIIKIB Ta 0OMexeHb. Haii3nauHire oOMexeHHs — 11e 3a00poHa PEryIsITOPHUX OpraHiB Ha
30epiraHHs Ta 00poOKy JaHKUX abo 3a00poHa Ha CIUIBHE BUKOPUCTAHHS (i3MYHUX PECYPCIB 3
IHIIUMH TOJaTKaMH.

30epiranHs 1 00poOka JaHUX B XMapHOMY CEPEJIOBHII MOXKE CTAHOBUTHU 3arpo3y IJIs
Oe3nekn Ta koHdiaeHuiitHocTi. KopucTyBadi MOBMHHI NPUALISTH OCOOJHMBY YBary 3axucTy
JaHUX 1 BOPOBADKEHHIO KpUnTorpadgiuyHuX pimeHb. JlaHi KopucTyBadiB OyayTh pO3MOIiICHI
M OKpPEMHUMH KOMIT IOT€paMH, HE3aJIe)KHO BiJl TOTO, JIe B KIHIICBOMY MiJICYMKY 30epiraeThcs
0azoBuil (Qaitn. 3arpo3u, Taki SK 370M BeO-CalTiB Ta BIpyCHI araku, € HaWOUIBIIUMU
npobiemMaMy Oe3MeKd MaHWX XMapHUX TEXHOJIOTiH, TOMY IO 3JOBMHUCHUKH MOXYTh
BTOPTHYTHUCS IIPAKTUYHO Ha Oyab-sikuii cepsep [1].

[Tpu BUKOpUCTaHHI XMapHUX MMOCITYT KOMITAHI1 CTAIOTh 3aJIE)KHUMH BiJl IOCTavYaIbHUKA
xMapHux mnociayr. lle Moxe npusBectd 10 OOMEXeHb Yy BHOOpI Ta KOHTPOJIL Haj
1H(PPACTPYKTYPOIO.

Osuparounch Ha IepeBard Ta MOMKJIMBOCTI XMapHHMX IUIaT(GOPM BHUKOPUCTOBYIOTh
HACTYITHI apXiTEKTYpHI MIX0/I1: MIKPOCEPBICHA apXiTEKTypa Ta cepBepHi QyHKIIT (Serverless).

MikpocepBicHa apXiTeKTypa J103BOJISIE PO3IIITUTH Be0-101aTOK Ha HEBEJIMKI HE3aIeKH1
KOMITOHEHTH, II0 MOJIEeTIIye po3poOKy Ta MacmTabyBaHHs [2]. OCHOBHA LiJb, SIKOTO MOJISATAE
B JICKOMIIO3MILII{ JOJaTKa Ha MOAYIMI, SKI MOXYTh OyTH OKpeMO pO3ropHyTi. JlaHui miaxif
no3Boisie e(heKTHBHINIE 1 mpocrtime MacmradyBanHs. [lil 4ac TIKOBUX HaBaHTAXKEHBb
MacimTaOyBaHHA BiAOYBAa€ThCS 3HAYHO IIBUAMIE Ta 3aCTOCOBYETHCS MEHINA KUIBKICTb
pecypciB — Ie TOCATAETHCS 32 PaXyHOK MAacIITa0yBaHHS JIUIIE KOHKPETHUX HABAaHTAKEHHUX
MOJIYJIiB, a HE BCbOTO CEpPBICY.

ApxitekTypa 6e3cepBepHUX JOJATKIB J03BOJISIE BUKOPUCTOBYBATH (PYHKIIIi B XMapi 6e3
HEOOXIJTHOCT1 yrpaBiliHHS cepBepamu. Lle crmporrye po3poOKy Ta 103BOJIsI€ ONTUMI3yBaTH
BUTpaTh. JlaHuM apXiTeKTypHMH MiAX1J 1J€aJbHO MIIXOAUTHh IO CEPBICIB, SIKI BUMAraroTh
OaraTto pecypciB, aje iX BUKJIHMK BiJOYy€TbCS 13 3HAUHUM IHTEPBAJIOM Hacy, OIiaTa SKHX Ha
MOCTINHIA OCHOBI HE JolIbHA. Hampukiaa reHepailis KBapTaabHOTO 3BITY, SKHH MOTpeOye
3HaYHMX PECYypCiB, ajle BUKJIMKAETHCS JIMIIE OAWH pa3 B KBapTan. ToOTO JuIlIe OAMH pa3 B
KBapTan OyJe BiANpalboByBaTH (YHKIIIS, SKa peajizoBaHa TaKMM YMHOM, IO MiJ KOXKHUI
3anuT OyJe CTBOPIOBATHCS OKpPEMHUH cepBep, KM BUKOHAE€ (YHKIIO Ta 3HUIIUThHCS. Taky
apXITeKTypH 3a3BUYail HE BAKOPUCTOBYIOTH JUIS «BAKKHX) CEPBEPIB J€ UaC CTBOPEHHS CEPBEPY
Oyze 3Ha4HO OLTBIIMIA 3a yac 00paxyHKy. BoHa He MiAXoIuTh JUIs 3BUYaHOTO JOAATKY, SKUN
MOCTIHO Oy/e AaBaTH BIAMOBiAb, OCKUTBKH Yac Ha IMPOCTI 3aMHUTH Oy/1e MOMITHO OUTHIIMIA
TOMY, III0 KO>)KHUI pa3 CTBOPIOETHCS HOBA KOIIisl cepBepy I KOXKHOTO 3alHUTy 1 OCHOBHA i/1es
B €KOHOMII Ha pecypcax BTPav4a€eThCs.

ApxiTekTypa BeO-I0JaTKiB y XMapi Mae 06aratro nepesar, Takux SIK MaclITabOBaHICTb,
BHCOKA JIOCTYIHICTh Ta e()eKTUBHE yNpaBIIiHHS BUTpaTamMu. [IpoTe BOHA TaK0X CTUKAETHCS 3
BHKJIIMKAMH, IIOB'I3aHMMH 3 O€3[eKOI0, JIOKAi3alli€l0 MOaHuX Ta 3aleKHICTIO Bif
nocrayajibHuKa. Bubip apXiTEeKTypHOTo MiAXO0Iy, TaKOro SIK MIKpOCEpBICH YU Oe3cepBepHi
(byHKII, 3a71€KUTh BiJl KOHKPETHUX MOTPEO Ta 3aB/IaHb.

[1] InbkeBuu H.C. XmapHi TexHouorii B ocBiT. Kutomup (2021) 88c.
[2] Newman S. Building Microservices. O'Reilly Media, Incorporated, (2015). P. 259.
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CLOUD COMPUTING PLATFORMS AND ARCHITECTURES

D. Komyshnyi, I. Ponomarev
Oles Honchar Dnipro National University
komyshnyi_do@ffeks.dnu.edu.ua

This work explores contemporary trends in web application development and cloud-
based architecture. Cloud-based web applications offer scalability, high availability, and cost
efficiency. They enable flexible resource allocation, automated scaling, and data redundancy.
However, security and data localization challenges exist. Protecting sensitive data requires
strong security measures. Regulatory data localization requirements can complicate
deployment. Reliance on cloud providers should be considered. The choice of architectural
paradigms, like microservices or serverless computing, significantly affects performance. In
conclusion, cloud-based web applications provide benefits and challenges, and users should
carefully assess these factors to make informed decisions. Cloud technologies continue to
evolve, playing a crucial role in modern information infrastructure.

DEEPFAKE TECHNOLOGIES AND THEIR LEGAL STATUS

V. Dubrovin!, L. Deineha?, M. Zhmutskyi?®
National University "Zaporizhzhia Polytechnic"
vdubrovin@gmail.com, 2deynega.larisa@gmail.com, 3maksym.zhmutskyi@gmail.com

Deepfake is an artificial intelligence technology that creates highly realistic audio and
video content by combining individual sounds, facial expressions, and body movements using
neural networks. This poses a threat as it can lead to the fabrication of content that is virtually
indistinguishable from reality, complicating the detection process for observers. Such abuses
of deepfake technology could accelerate the era of "post-truth,” endangering personal rights,
social and public safety, and even national security.

"Deepfake" combines the terms "deep learning” and "fake." This technology is based
on deep learning algorithm models, including Autoencoder and Generative Adversarial
Network (GAN).

Autoencoder is a neural network structure consisting of two main components: an
encoder and a decoder. The encoder reduces the size of an image and compresses it,
transforming it into vector values in an internal space. The decoder reconstructs the original
image from the vector values obtained by the encoder, attempting to make it as close as possible
to the input data of the encoder.

To implement the swapping of faces between source and target images, two sets of
encoders and two sets of decoders are required. The parameters of these sets are shared between
the two encoders, allowing for image reconstruction using different decoders during the
restoration process.

The technology GAN (Generative Adversarial Networks), which serves as the
foundational model for creating deepfakes, was introduced by lan J. Goodfellow and others in
October 2014.
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In traditional deep learning methods, data is processed in a single-level manner.
However, GAN introduces a competitive mechanism. It consists of two main components: the
generator and the discriminator, both represented by deep convolutional neural networks. The
generator learns statistical patterns from the input data and creates convincing forged images
or videos, while the discriminator evaluates the authenticity of the generated data compared to
real data, sending the discrimination results back. Then, the generator corrects errors and
improves the output data. Both components learn mutually in an iterative training process.

As deepfake technology becomes increasingly accessible to non-professionals, there is
a significant surge in fake audio and video content. According to a report published in 2018 by
the Institute for Future Life [1], which deals with the misuse of artificial intelligence, there is a
risk of unethical use of artificial intelligence, and deepfake technology is one of the potential
threats.

The spread of pornographic fake videos featuring well-known personalities and even
ordinary citizens has sparked significant outrage. Furthermore, fake videos related to political
figures such as Trump and Obama have emerged, posing a potential threat to national image
and diplomatic security.

Deepfake also poses a threat to the legal practice and the legal system. The use of
artificial intelligence in legal proceedings is becoming increasingly common. If Deepfake
detection technology cannot keep up with the advancement of the technology itself, it may lead
to wrongful adjudication of cases, seriously undermining trust in the judicial system and the
rights of victims.

Therefore, it is urgently necessary to take measures to regulate deepfake technology
using tools not directly related to the technology itself. On March 7, 2020, a symposium titled
"When Seeing Isn't Believing: Deepfakes and the Law" was held in New York, during which
the legal and regulatory aspects of addressing the deepfake issue were discussed [2].

The United States was the first country to take the initiative to respond to artificial
intelligence technology. In December 2018, the U.S. Congress passed the Deepfake Prohibition
Act of 2018, which was the first legislative act to provide a definition for the term "Deepfake.”
The DEEPFAKES Accountability Act was introduced in June 2019 but faced opposition from
the public due to its vague definitions and potential conflicts with the First Amendment to the
United States Constitution. In the same year, Congress proposed the Deepfake Reports Act of
2019, which requires the U.S. Department of Homeland Security to regularly publish reports
related to the assessment of deepfake technology.

The European Union has not implemented specific legislation directly aimed at
"deepfake," but it has adopted a series of regulatory acts and programs to incorporate aspects
related to "deepfake" into its regulatory framework. These measures are aimed at limiting the
use of "deepfake" in the context of combating disinformation, protecting personal data, and
regulating artificial intelligence.

China, too, has not introduced specific legislation regarding "deepfake,” but it actively
standardizes and restricts the creation, publication, and dissemination of "deepfake"
information with a focus on protecting citizens' rights, such as the right to image, reputation, as
well as national and social security. Additionally, its legal norms emphasize mandatory labeling
of such materials.

Thus, laws represent a reactive response after the problem has arisen, and while they
can impose restrictions on the dissemination of false information in specific areas, they are
insufficiently effective in addressing the damage already done. Social trust in social media often
declines in the wake of negative events, and this can be irreparable.

Therefore, it is crucial to focus on proactive prevention and control during the
development of such technologies. Establishing ethical norms that limit the use of new
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technologies, implementing industry self-regulation over their development, and strengthening
critical thinking and media literacy skills among citizens are essential steps to take.

[1] Brundage M, Avin S, Clark J, et al. The malicioususe of artificial intelligence: Forecasting,
prevention, and mitigation. (2018). P. 102.
[2] Yamaoka-Enkerlin A. Disrupting disinformation:Deepfakes and the Law. (2020). P. 25.

MOIEJIOBAHHSA ITPOLHECY PO3KJIAJJAHHA
EKCIIHEPUMEHTAJIBHUX 3AJIEXKHOCTEM HA CYMY
JOAJATHUX I'AYCCIBCBKHUX ®YHKIIN

C. Ilnsika, C. BoBk

Jninposecoxuii hayionanvruti ynieepcumem imeni Onecs [ onuapa

plyaka@ffeks.dnu.edu.ua

Po3knanaHHs eKcliepMMEHTabHUX 3aJIeKHOCTEH Ha cyMmy raycCiBCbKMX (yHKIIH €
aKTyaJIbHOIO TIPOOJIEMOIO B 0araTthox ranyssx Hayku i rexHiku [1]. Leit mpouec 3ycTpivaeTbes
B 00poOIll CUTHAJIIB, aHAIi31 JaHWUX, MPH PO3B'S3aHHI ONTHUMI3AIlIMHUX 3a1a4 Ta 0araThoX
IHIIMX 3aCTOCYBaHHAX. B mporieci 00poOKH CIIOCTepeKeHb EKCIIEPUMEHTATOP 3a3BHUail Oyaye
JeSIKY MOJIENb SIBUILA, HAMAratouuch ONUCATH HOro 0OMEXEHUM YK CIIOM NTapaMeTpiB, 100U
3apeecTpOBaHMI CKIIQAHUM CUTHAT KOMITO3ULIIEI0 POCTUX, OUIBII 3pYYHUX [ aHati3y. Tomy
4acTO B JOCHIUKEHHSAX PpI3HOI MPUPOAM BUHHMKAE€ THTAaHHS TPO MPEACTaBICHHS
eKCIIEPUMEHTAJIbHUX JaHUX CYKYMHICTIO PYHKIIIH 3a1aHOr0 BUAY (0a3UCHI, €TalIOHH] PYHKIIIT
a6o (¢ynkuii mopiBHSHHS). OCHOBHOIO METOI pOOOTH € PO3KIaJaHHS CKJIaJHUX
eKCIIEPUMEHTAJIbHUX 3aJIeKHOCTEH Ha MpOCTIli KOMIOHEHTH [UIsl OTPUMaHHSA OUIbII
JieTanizoBaHoi iH(popMariii.

3amaya mossirae B po3poOlll METOMIB Ta alIrOpPUTMIB, AKI MOXYTb €()EKTUBHO
MOJICJIIOBATH Ta allPOKCUMYBATH EKCIIEPUMEHTAJbHI JJaHi 3 BHUKOPHCTAHHSIM TIayCCIBCHKHX
¢byHki. BapTo 3ayBa)uTH, 110 1]l YaC 3aCTOCYBAaHHS METO/IB MAaTEMATHYHOI TEKOMIO3HUIIIT
J10 337124 CHEKTPaJIbHOTO aHaNi3y TOJIOBHY NMPOOJIEMY CTAaHOBUTH TUTAHHS MPO YUCIIO OKPEMUX
CIIEKTPATbHUX CMYT, SIKE€ HE € BIJIOMHUM 3a3JaJIETib 1 SIK€ € ICTOTHOI YacCTHHOKO Tie€l
iH(popMartii, 1o NoTpiOHO OTpUMATH 3 eKcriepuMeHTy. Ha BupimeHHs uiei npo0iaeMu CyTTeEBO
BIUTMBAE SIK IIyM, TaK 1 OJIM3BbKICTh PO3TAIIyBaHHS BIAMOBIAHUX CIEKTPAIbHUX KOMITOHEHT.
OauH 13 HaWNOUMPEHIIUX METOMIB TayCCIBCbKOi JEKOMMO3ULii 0a3yeTbcss Ha METO.I
HaMEHIIIMX KBAJPAaTiB 3 IOJAaBAaHHIM QJUTUBHOTO PETYISIPU3YIOUOro wieHa. JocmimkeHHs 1
JIOCBiJ] BUKOPUCTAHHS MPOrpam, siKi peaizyloTh MeTO ] HallMEHIINX KBaJpaTiB, CBiAYATh MPO
TE, IO JIaHi PO YHUCIO KOMIIOHEHT MOKHA OTPHMATH TUTBKH 32 YMOBH JTOCTATHHO BEJIHKOI
PO3JIUIBHOCTI KOMIIOHEHT B CHEKTpl Ta HEBEIMKOMY iX 4ucii. Y IHIIOMY BHIAJKY JAaHi
BUSIBJSIFOTHCS. HEOTHO3HAYHUMH U 3aJIeKaTh BiJ XapakTepy BUXITHOTO HaOMmkeHHs. Takoxk
MEXI HOro BHKOpPHCTaHHS OOMEXKEHI ICHYBaHHSIM BHIIQJKOBUX BHUKHIIB Ta MOXIIMBHX
MPOIYCKIB aHUX. J[eKOMIO3UIlS OTPUMaHUX €KCIEPUMEHTAIbHUX PE3yJIbTaTiB MOXke OyTH
BHMKOHAHA 1 Ha OCHOBI 1HIIIUX MiJXO/iB; TaK, B [2] onucaHo MpUHIUI 00pOOKH, sIKUit 0a3yeThes
Ha BHUMO31 MiHIMI3alii MPOTSYKHOCTI LIIbOBOI (YHKILII 3a HEBIJOMHMH IapamMeTpamHu.
BuxopucTaHHs Takoro miJIxoay J1a€ MOKJIMBICTh BUKOHYBATH JIEKOMITO3UIIIIO 3AJIEKHOCTEN 32
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HasBHOCTI IMITyJIbCHOTO ImyMy. OmHak mpoOiema 3alUIIAEThCS HE BUPIMICHOI ISl TUX
BUIIAJIKIB, KOJIM TayCCIBChKI CKIIQJ0B1 3HAXOIATHCS IyKe OJIM3BKO OJIHA 10 OJJHOI, YTBOPIOIOYHN
OJIHY 3arajbpHy “0gHOTOPOY” KPHUBY.

Metoro poOOTH € MOJENIOBaHHS TPOLECY pPO3KIATaHHA EKCHEPUMEHTAIbHUX
3aJIKHOCTE Ha CyMy JOJaTHUX TayCCIBCbKMX (YHKIIM Yy BHMAJIKy, KOJHM CKJIaJOB1
po3TamoBaHi OJIM3bKO O/IHA JIO OJHOI 32 YMOBH, 1110 HAMEHIIIA BiJICTAHb MK JJBOMA CYCITHIMU
raycciBCbKkUMH (YHKIISIMM HE € MEHIIOK 3a OUIbINYy 3 MIBIIMPUH OfHI€l 13 Hux. [ns
JOCSATHEHHSI METH MPOTIOHYETHCS METOA JCKOMITO3HIIIT €KCIIEPUMEHTAIBHUX 3aIEKHOCTEH Ha
CyMy JOJATHHUX TayCCIBCBKMX (YHKI[I Ha OCHOBI YHCEIBHOTO PO3PaXyHKY 3a MHOKHHOIO
3HaYeHb y TPhOX TOYKAX EKCIIEPUMEHTAIBHOI 3aJIeKHOCTI 3 BHUKOPUCTAHHAM TMPUHIIHUITY
MaKCUMyMY TPUBUMIPHOT T1CTOTPaMH.

3anponoHOBaHUN METOJ IPYHTYETHCS Ha PO3PAXYHKY IapaMeTpiB TayCCiBCHKUX
CKJIa/IOBUX Yepe3 3HaYCHHsI TPhOX TOUYOK, PO3TAIIOBAHUX HA EKCIIEPUMEHTANIBbHIN 3aJI€KHOCTI.
3a I0TIOMOT0I0 IUX TOYOK 3MIHCHIOETHCS aHATITUYHUN PO3PaXyHOK IMapaMeTpiB TayCcCiBChKOT
byHKIH, a caMe 11 aMIUTITYAu, MOJIO0XKEHHS Ta MIBIIUPUHU. [[1s1 e()eKTUBHOTO BUKOPUCTaHHS
3aMpOINOHOBAHOTO IMMIJXO0AYy BapTO BHKOPHCTOBYBAaTH ampiopHi BiZOMOCTI TMPO iana3oHH
3HAaYeHb 3a3HAYCHUX IMapaMeTpiB. SIKIIO K Taki ampiopHi BIIOMOCTI € BiJICYTHIMH, TO TOIl
BUKOPUCTOBYIOTbCS POOOYI MPUIYIICHHS MPO T€, IO aMIUITYAH TayCCiBCHKUX (DYHKIIH €
JOJIATHUMU Ta 1X 3HAYEHHSI HE MEPEBUIIYIOTh MaKCUMAIbHOIO 3HA4YeHHs, 3a()iKCOBAHOTO B
eKCIEPUMEHTAIbHIA  3aJIC)KHOCTI, TMOJOXEHHS MAaKCHUMyMIB TayCCIBCBKHX  (YHKIIN
3HAXOJATHCA B MEXaxX IHTEpBaNly CHOCTEPEKEHHS, a MIBIIUPHHU TayCCIBCBKUX (PYHKIIIH He
NEPEBUIIYIOTh IOBKUHU 1HTEPBATY CIIOCTEPEKEHHSI.

AnroputMmiuHe 3a0e3Me4YeHHs PO3B'A3KY 3a7aul MOJETIOBAHHSA MPOLECY PO3KIATaHHI
EKCIEPUMEHTAIBHUX 3AJIKHOCTEH Ha CyMy JOAATHUX rayCCiBCHKMX (DYHKIII 3acHOBaHE Ha
aNIropuTMax HapOUIYBAaHHS MOPSAKY MOJIEN1, aHATITHYHUX PO3PAXYHKIB MapaMeTpiB MOTOUHOT
rayccoBoi (yHKIii, TOOyZOBH TPUBHUMIpHOI TicTOrpaMH Ta ii MakCHMi3allii, a TakoX Ha
aIropuTMax yTOYHEHHs OTPUMaHUX 3HaueHb mapamerpiB. [Iporpamne 3a0e3neueHHS
pearnizoBane B cepenosuii Matlab.

Y  JomoBiAl  MOJAHO — MPHUKJIAAM  MOJENIOBaHHA  NIPOLECy  PO3KJIAIaHHA
eKCIIEPUMEHTATBHHX 3aJISKHOCTEH Ha CyMy JBOX Ta TPbOX JIOJATHHUX TayCCIBCHKUX (DYHKIIIN
Ta HaBOJAATHCS PE3yJIbTaTH LIOA0 TPaHUIb 3aCTOCOBHOCTI 3alIPOIIOHOBAHOTO METO/TY.

[1] Riener M., Kainulainen J., Henshaw J.D., Orkisz J.H., Murray C.E., and Beuther H.
GaussPy+: A fully automated Gaussian decomposition package foremission line spectra.
Astronomy & Astrophysics. Vol. A78. (2019). P. 1-35.

[2] BoBk C.M. JlekoMIoO3HIIUSI CyMMBI TayCCHaH, HMCKa)KEHHBIX HMITYJIbCHBIM IIIYMOM.
PanioenexktpoHnika, inpopmaruka, yrnpasminas. Ne. 1. (2017). C.91-99.

MODELING OF EXPERIMENTAL DEPENDENCIES
DECOMPOSITION INTO THE SUM OF GAUSSIAN
FUNCTIONS

S. Pliaka, S. Vovk
Oles Honchar Dnipro National University
plyaka@ffeks.dnu.edu.ua

The work is dedicated to decomposing complex experimental dependencies into a sum
of positive Gaussian functions. The research aims to find the decomposition method for the
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case when Gaussian components are closely positioned and certain conditions regarding their
mutual arrangement are considered. To achieve this goal, the method of decomposing the
experimental dependencies into the sum of positive Gaussian functions based on parameter
calculation using three points of experimental dependencies is employed, utilizing the
maximization of the 3D histogram of parameters.

MOPIBHAHHSA TPAJULIIMHOI'O TA OCHOBAHOT'O HA
IMTYYHOMY IHTEJIEKTI IHCTPYMEHTIB
ABTOMATHU3ALII TECTYBAHHSA BEb 1OAATKIB

H. binnuk, B. OneBcbKkuii
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
natasha.bidnyk@gmail.com

VY 3B’sa3Ky 31 30UTBIICHHSIM KUTBKOCTI BeO JTOJATKIB Ta CAaWTIB 3pOCTaE HEOOXIIHICTh
aBToMaru3arlii ix rectyBanHs [1]. OctanHiM yacoM 1eii mpoiec O0yJI0 PO3UIMPEHO 332 PaXyHOK
HITYYHOTO iHTENEeKTY. ToMy HEOOXiHO MOPIBHATH €(EKTUBHICTh BUKOPUCTAHHS IHCTPYMEHTIB
1 JOLUIBHICTh 1X BUKOPUCTAHHS.

Mertoro po6oTH Oysi0 BH3HAYCHHS KpPAIIOTO iHCTPYMEHTY aBTOMATH3alii TeCTyBaHHS
BeO nonatky. g mopiBHsHHA Oynu oOpaHi JABI TEXHOJOTIl: TpaAWUIAHUN I1HCTPYMEHT,
ocHOBaHMi1 Ha MOBI Python Ta ¢peiimBopky Robot Framework [2] Ta cyuacHuit iHCTpyMeHT
Testim [3], ocHOBaHMii HA ITYYHOMY IHTEJIEKTI.

JIBa HaBe/leH1 BUIIE IHCTPYMEHTHU OYJIM MOPIBHSAHI 32 HACTYITHUMH KPUTEPISIMHU:
9ac, BATpauYE€HUI Ha CTBOPEHHS IIPOTPAMHU TECTYBAaHHS
yac poOOTH IporpaMu
pecypcu porpaMHOTo 3a0e3neueHHs
BapTICTh
KUIBKICTb J1e()eKTiB, 0 OYJIM 3HAIAEHI 1J] Yac poOOTH MpOrpamMu TeCTyBaHHS

e mepenik mIaTGopm Mo MiATPUMYIOThCS

3a 00’exT TecTyBaHHA Oysio oOpaHo Beb caiit |IT komranii.

B pesynbTati po6oTu 0ysio CTBOPEHO JIBI IPOrpamMu JijIsl aBTOMATH3alLlii TECTYBaHHS Ta
OyJI0 TIOpPIBHSHO SIKICTh Ta PECypco3aTpaTHICTh iX poOOTH. 3a YacoMm, BUTPAuYE€HUM Ha
CTBOPEHHS TpOrpaMH TECTyBaHHsS, OCHOBAaHUM Ha IITyYHOMY IHTENEKTI IHCTPYMEHT
aBTOMaTH3aIlli TECTyBaHHs IOKa3aB cebe Kpalle TpaaulliifHoro. AJle 3a 4acoM poOOTH
IporpaMy TECTyBaHHSA, BapTICTIO, KUIBKICTIO JIe(eKTiB 1o Oy 3HaijeHi mia 4ac poboTu
IporpaMu TECTyBaHHS, IMEPeNiKy IUIarGopM 0 MIATPUMYIOTHCS B3SB BEpPX TPaIULIAHUN
IHCTPYMEHT.

3riIHO pe3yJIbTaTiB BUIPOOYBaHHS MOYKHA 3pOOUTH BUCHOBOK, 1110 HA CY4YaCHOMY PiBHI
PO3BHUTKY IITYYHOT'O IHTEJIEKTY MEPEXOIUTH MMOBHICTIO HA HHOTO IIIE 3apaHo.

[1] Top 9 Benefits of Automation testing [Enexrponnuii pecypc]. Pexum mocrymy:
https://www.hurix.com/advantages-of-automation-testing/

[2] O¢iuiitanit  caiir  Robot Framework [Enextponnuit pecypc]. Pexum moctymy:
https://robotframework.org/
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[3] Odiiitauii caiit Testim [Exekrponnuii pecype]. Pexxum goctymy: https://www.testim.io/

COMPARTION OF CLASSIC AND MODERN AI-BASED WEB
APPLICATION TESTING AUTOMATION TOOLS

N. Bidnyk, V. Olevskyi
Oles Honchar Dnipro National University
natasha.bidnyk@gmail.com

During the work, two test automation tools are compared — a traditional one based on
the Python programming language and the Robot framework, and a modern one based on
artificial intelligence using the Testim application. The following were chosen as the main
comparison criteria: cost, the time spent on learning the testing tool, time spent on creating a
test program, program runtime, the quantity of bugs that were found during the program
runtime. Test results showed that Al-based tool does not have a lot of advantages.

KOMIP'IOTEPHE MOJAEJIIOBAHHA CIHEH HA OCHOBI
TEHEPATUBHOI MOJEJI IITYYHOI'O IHTEJEKTY
STABLE DIFFUSION

B. SInuk, C. BoBk

Hninpoecoxuti nayionanvnuu yrieepcumem imeni Oneca I onuapa
vladcase53@gmail.com

VY cydacHOMy CBITI KOMI'IOTEpHI Tpadika CTa€ BCE BaXIIMBIIIOK Taily33i0 SK s
po3Bar, Tak 1 Jjs pi3HUX IHIMX cep XKUTTA, TAKUX SIK HayKa, METUIIMHA Ta 1HXeHepisd. Ane
reHepariss peamctuuaux 3D cieH BuMarae 3HayHOI OOYHMCITIOBAJIIBHOI TMOTYKHOCTI Ta
eKCHEepTHUX OIIIHOK B Taiy3i KoMIl'toTepHoi rpadiku. OnuH 13 miaxoaiB, sikuil HaOyBae Bce
OUTHIIOI TIOMYJIAPHOCTI, TOB’S3aHUN 3 BHUKOPUCTAHHSIM MOJIENEeH TIMOOKOr0 HaBYaHHS,
30KpeMa, FeHepaTUBHOI MOJIeNi IITYYHOTro iHTenekTy Stable Diffusion. ¥V gonosiai po3riasiHyTO
npo0eMy KOMIT FOTEPHOT0 MOJetoBaHHs 3D ciieH Ta 3ampornoHOBaHO METOJ i1 pO3B'sI3aHHS
Ha OCHOBI MoJieli riinbokoro HaBuanus Stable Diffusion.

Stable Diffusion — me mOTyXHI TeHEepaTHUBHI MOJENTI, SIKi CHCHiali3ylOThCcs Ha
NEpEeTBOPEHHI TEKCTOBOTO OMHCY B 300paxkeHHs (text-to-image synthesis). Lli mopmeni
HABYAIOTHCSl HA BEIIMKHUX 00CsITaxX NaHWX, IO CKIAJAIOThCS 3 Tap TEKCT-300pa)keHHs. BoHm
JIOCATAIOTh FTApPHUX PE3YyJIbTATIB Y CTBOPEHHI 300pakeHb, 1110 BIAMOBIAI0Th TEKCTOBOMY OIIHCY.
Y TiM BUKOPUCTAHHS IIHOTO MiAXOTy ISl TeHEpYBaHHS TPHBUMIPHHX CIICH € 3aBJIaHHSIM 3HAYHOI
ckiagHocTi. [Ing mporo moTpiOHI HaaBENMKI HAOOPU AAHUX, SKI MICTATH 1H(GOPMAIIIO PO
TPUBUMIPHI 00'€KTH, a TAKOXK YJOCKOHAJICH1 apXiTeKTYpH MOJeNel A 3MEHIIeHHs IyMy B
TPUBUMIpHUX JaHUX. Ha choromHinHii 1eHb Taki 00csHkHI HAOOpH JaHKX € BIACYTHIMHU.

NeRF - me minxix 1o peBepcuBHOro peHAepuHry [1], TOOTO mpolecy BiATBOPEHHS
TPUBMMIPHUX 300pa’keHb HAa OCHOBI iX Bi3zyasizaii, TOOTO 3 JBOBUMIPHHMX 300pakeHb. Y
bOMY MIAXOJA1 MOENHYETbCS 00 €MHUI Tpeiicep NMPOMEHIB Ta HEWPOHHE MEPETBOPEHHS
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MIPOCTOPOBUX KOOPAMHAT Yy 3HAYEHHS KOJIbOpy Ta o00’eMHOI mmIuibHOCTI. barato 3D
TeHEPAaTUBHUX IIPOEKTIB BUKOPUCTOBYIOTH cX0ki HAa NeRF moneni ans moOyoBu cBOIX OLIBIII
CKJIaIHUX reHepaTuBHHX cucteM. Hampukian, DreamFields [2] nokaszas, mo momepeaHbo
HaTtpeHoBaHi 2D-moneni 300paxkeHHsA-TeKkeT (Image-text) MokHa BUKOpHCTOBYBATH Juist 3D-
CHHTE3Y, Xo4a 3D-00’ekTam, CTBOPEHUM 3a JJOIIOMOI'0I0 LIbOT0 MiAXO0Y, K IpaBuilo, Opakye
peanizMy Ta TOYHOCTI. B mopjaniii poOOTi 3amporNOHOBAHO BHUKOPUCTOBYBATH AITOPHTM
DreamFusion [3], sikuii BUKOpHCTOBYe momioOHuit g0 DreamFields migxia, ame 3amMicTh
Bukopuctanus Mmojeni CLIP (Contrastive Language-lmage Pre-Training) mis renepamii
300pakeHb BIJIOBIJHO IO TEKCTOBHMX 3allUTiB, BUKOPUCTOBYE BTPATH, OTPUMaHI 3 MPOLECY
muctwsnii (distillation) mogeni 2D diffusion, To6To 3 mporuecy nepenadi 3HaHb BiJ OJHIET
Mozeni A0 iHmoi. B 1boMy BHMNAAKy BTpaTH IPYHTYIOThCS Ha JUCTWIALNI IIIJIBHOCTI
iimoBipHoCTi. Meton Score Distillation Sampling (SDS) nae 3mory 3aiiicHroBaTH BHOIpKY 3a
JIOTIOMOT'OF0 OTNITUMI3aIlli audepeHiiiiopanux napameTpiB 300paxenHs. [loexnyroun SDS i3
BapiantoM NeRF, cmenianpHo amanroBanuM s 3aBaanHs 3D renepamii, DreamFusion
reHepye BHCOKOTOYHI KorepeHTHI 3D-00’€kTHM Ta cCleHu A pPI3HOMAHITHOTO Habopy
TEKCTOBHX 3aIUTIB, HAJJAHUX KOPUCTYBa4eM. TakiM YMHOM, MTOTIEPETHHO HATPEHOBAHA MOJIEIb
reHepariii Tekcty B 300paxkenHs Stable Diffusion, audepenmiiioBana mapamerpusaiis
300paxkeHHs y popmi NeRF 1 pyHKIIist BTpaT Haqar0Th Ti KOMIIOHEHTH, SIKi € HEOOX1THUMH JIJIS
cuHTe3y TekcTy B 3D cueny Oe3 BuxopucranHs 3D-panux. Ilpu 1mpomy, JUisi KOKHOTO
TEKCTOBOTO 3alUTy BUMAAKOBO iHimianmizoBanuii NeRF nHaBuaerscs 3 Hyna. Koxkna itepartis
ontumizanii DreamFusion BukoHye HacTymHi kpoku. [lo-mepiie, BUMagKOBO BHOMPAIOTHCS
napaMeTpy KaMepu Ta CBITJIA, IO A03BOJISIE OTPUMATH PI3HOMAaHITHI KyTH CIIOCTEPEKECHHS Ta
ocBiTJIeHHs /Ui KoxkHOro 3D o0'exra. Jlani Ha ocHOBI ux mapameTpiB mojesb NeRF renepye
300pakeHHs 3 00paHOT KaMepH Ta 3aCTOCOBYE €()EeKTH 3aTiIHEHHS CBITJIA, O JOJAI0Th peaii3M
creHi. Jlani HaJAITOBYEThCS OCHOBHUI KOMIIOHEHT L[bOT'O aITOPUTMY - IPOLeC OOYHCICHHS
rpaxienTiB BTpat SDS (Score Distillation Sampling) BigHocHO mapametpiB mozaeni NeRF, ski
BKa3yIOTh HampsM, y SKOMy MOTpiOHO kopuryBatu mnapamerpu NeRF, mo0 nokpammru
BIJIMOBIJIHICTh CIICHH JIO TEKCTOBOTO Omucy. HampukiHIll KOXKHOiI iTeparlii BHUKOHYETHCS
oHoBieHHs nmapameTrpiB NeRF 3a qonomororo neBHoro ontumiszaropa.

Jlnig peanizaiiii ONMCaHUX aJTOPUTMIB Ta METOIB BUPILIEHHS 3a7a4l MoJientoBaHHs 3D
clieH Ha ocHOBI Mozeni Stable Diffusion BHKOpPHCTOBY€TBCS crieliani3oBaHe HpOTpaMHe
3abe3neueHHs1. Lle mporpamue 3a0e3neueHHs BKIOYae B cebe O10I0TEKH IJisi TIUOOKOTO
HaB4aHHs, BKMovaoun PyTorch ta TensorFlow, monepennbo HarpeHoBani Mozeni Stable
Diffusion ta peanizamis NeRF. Takox BHKOPHUCTOBYIOThCS OI0TIOTEKH Il ONTHMI3AIIil, sKi
JOTIOMAralTh MiABUIIWTH MIBUAKICT, HAaBYaHHS Ta ONTHUMI3AIlil0 MapaMeTpiB MoOelneH.
[Tporpamue 3a0e3ne4eHHs MICTUTh 1HTepdeiic UId BBEIEHHS TEKCTOBHUX 3aIllUTIB B CUCTEMY Ta
Bizyaunizauii pe3ynpTartiB. Lleit iHTepdeiic 103Bosie KOpUCTyBayaM yBOAMTH ONMCHU CIEH Ta
00'eKTiB 1 OTpUMYyBaTu BiANoBiAHI 3D 300pakeHHs] Ha OCHOBI 3a/aHuX 3anuTiB. [Iporpamue
3a0e3meueHHs TakoxX 3a0e3reuye Bizyali3alilo 00YMCIeHHX CLeH 1 00'€KTIB JIs1 KOpHCTyBaya,
10 A0MIOMAarae OLIHUTH OTPUMaHi pe3yybTaTu.

VY uinomy, B MojaHiil AOMOBIAI PO3MISHYTO MOXIIMBICTH Ta PE3yJIbTaTH MOOYA0BU
cucrtemMu mopuemroBaHHs 3D cueH Ha ocHOBI mMozenl rianOokoro HaBuanHsa Stable Diffusion.
[IpencraBiena cucreMa BiKPUBA€E MOXKIIMBICTh CTBOPIOBATH BUCOKOSKICHI TPUBUMIpHI CIIEHU
Ha OCHOBI TEKCTOBHMX 3amUTIB KopucTyBauiB. O4IKyeTbcs, IO Il cHCTeMa MoXe OyTH
BUKOPUCTaHA B PI3HUX 00JACTAX, BKIIOYAIOUU Bi3yallbHY CHUMYJIALIO, AW3alH, peKiIaMy, a
TaKOX 1 B HABYAJIIBHUX IUIAX JJIl CTBOPEHHS BIPTYaJIbHUX CBITIB.

[1] NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis [Enextponnuii
pecypc]. Pexum noctymy no pecypey: https://doi.org/10.48550/arXiv.2003.08934.
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[2] Zero-Shot Text-Guided Object Generation with Dream Fields [Enextponnmuii pecypc]. —
2021. — Pexxum poctyiy 1o pecypcey: https://doi.org/10.48550/arXiv.2112.01455.

[3] DreamFusion: Text-to-3D using 2D Diffusion [Enextponnuii pecypc]. — 2022. — Pexum
nocTymy 1o pecypey: https://doi.org/10.48550/arXiv.2209.14988.

COMPUTER SIMULATION OF SCENES BASED ON STABLE
DIFFUSION GENERATIVE MODEL OF ARTIFICIAL
INTELLIGENCE

V. Yatsyk, S. Vovk
Oles Honchar Dnipro National University
vladcase53@gmail.com

The possibility and results of building a system for modeling 3D scenes based on the
Stable Diffusion deep learning model have been considered and discussed.

THE APPLICATION OF MACHINE LEARNING TO THE
ANALYSIS AND PREDICTION OF ENERGY SPECTRUM
DEPENDENCIES OF QUANTUM DOTS ON SIZE AND
MATERIAL PARAMETERS

R. Leshko, V. Holskyi, S. Sozanska
Drohobych Ivan Franko State Pedagogical University
leshkoroman@dspu.edu.ua

Artificial Intelligence (Al), with a significant emphasis on machine learning, has
witnessed remarkable advancements in recent years. These advancements have been
transformative and have found application across various domains, making Al an integral part
of our modern technology landscape.

Machine learning (as a subfield of Al) has emerged as a powerful tool with the potential
to revolutionize the field of physics, especially in the study of nanosystems. Its applications in
this domain have opened up new avenues for understanding, simulating, and predicting
complex physical phenomena at the nanoscale. The marriage of machine learning and physics
is enabling researchers to harness the vast potential of nanotechnology, paving the way for
breakthroughs in materials science, quantum mechanics, and the development of novel
nanoscale devices.

Modern nanoscale materials are combinations of various materials in the form of the
most unexpected shapes and their combinations. In particular, quantum dots formed from solid
solutions can exhibit a wide range of effective properties and bandgaps between the conduction
and valence bands. Due to this diversity, it is crucial to have the ability to predict their energy
spectra based on effective masses, bandgap sizes, and geometric dimensions.

That is why in this study, we apply machine learning techniques to predict the energy
spectrum of a spherical quantum dot embedded in a matrix. The input parameters include the
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effective masses of the quantum dot, the matrix, the quantum dot-matrix bandgap, and the
quantum dot radius. The outcome consists of the energy values of the ground state and the first
excited state.

To achieve this goal, we utilized Python's scikit-learn libraries for model construction
and training. We defined the training data by performing calculations of the ground and excited
states of quantum dots based on the exact solution of the Schrodinger equation for a range of
radii from 2 to 10 nm, incorporating various effective masses and bandgap values.

The obtained model enabled the analysis and rapid determination of energy spectra
(ground and first excited states) for different quantum dots with high accuracy within the radius
range of 2-10 nm. The maximum error did not exceed 12%.

CTBOPEHHA BEB-TOAATKY JJ1A CHHIVIKYBAHHA Y
COHIAJBHUX MEPE/KAX

B. Pexa, H. MaTBeeBa
Jninposecoxuii hayionanvruti ynieepcumem imeni Onecs I onuapa
v.reka212@gmail.com

Ha cporomgHimHiii 1eHb CTBOpPEHHS BeO-I0JATKIB CTa€ BCE OLIBII AaKTyallbHUM.
CrinkyBaHHS 3 BHKOpHCTaHHsIM Web-101aTKiB CTalOTh BCE MOMYJSPHINIMMUA, HAOYHUM
MPUKIAIOM LLOTO € BigoMi BciM momatku Facebook, Instagram ta Twitter. Jlrogun MoXyTh
CHUIKYBaTHCA 3 PIJHUMH, APY35IMH Ta 3HAXOJUTH HOBUX 3HAHOMHUX B PI3HUX KYTOUYKax HaIIOi
3eMIII.

Be6-nonatok Mae 3po3ymMulnii JUIsl KOpUCTYyBadiB iHTepdeic, BKIOYae (QyHKIIi
peecTparlii, aBTopHu3allii, CTBOPEHHsI Ta BUJAJIEHHS IOCTIB, MiANUC HA KOPUCTYBAyiB, 3MiHa
KOJIbOPOBOI TEMH.

Jlnia peanizanii X QyHKIIT BUKOPUCTOBYBAJIOCS CEPBEPHE CEPEIOBUILE 3 BIAKPUTUM
BuxiHUM KkojoM Node.js, Express.js — ¢peiiMBopk BeOG-nonatkiB 1 ctBopeHHss RESTful
API 3 Node.js, 6a3a nanux NoSQL MongoDB i nonomixHi 6165110TeKH 11 cepBEPHOi YaCTUHHU.

JIi KJTI€HTCHKOI YaCTMHM BUKOpUCTOBYBasucs Oi0miotexku JavaScript 3 BiAKpUTUM
kogoM React, Redux, Formik, Yup ta 6i6mi0Texy kommnonentiB Material UL

51 BukopucToByBaB React ToMy, 1110 BiH JJ03BOJIsIE pO30MTH iHTEpdEiic Ha KOMIOHEHTH,
e(heKTUBHO KepyBaTH CTAHOM J0JIaTKy, cipolrye B3aemoito 3 API ta 3a0e3neuye mBuaKuii Ta
MacIITabOBaHUM PEaKTUBHUMN PEHJIEPIHT.

Redux - 11e iHCTpYMEHT ISl YIPaBIIiHHS CTAaHOM JIaHHX 1 iHTep(deiicoM KopucTyBaya B
nomaTkax JavaScript 3 BEIMKOIO KilbKicTIO cyTHOCTei. Moro po6ota cxoxa Ha KOHIEIIIIO
«3MEHIICHH» Y QYHKIIOHATILHOMY ITPOrpaMyBaHHI.

st ctBopeHHs (Qopm s BUKopHucTaB 0i6mioreky Formik, sika Bupimrye nBi 3ajaui:
yIpaBIiHHSA CTaHOM (popMHu Ta ii BiAmpaBKa.

[I1o6 peamnizyBatu Baiamiro Ay Gpopm st 06paB 6i00TEKyY yup.

Jlns OesnevyHoro 30epiraHHs MmapoiiB B 0a3l JaHUX S BHKOPHCTaB aJalTHBHY
kpuntorpadiuny ¢Qynkuiro QopmyBaHHs Kimroya berypt. Jlnms 3axmcry Big aTak  3a
JIOTIOMOTO10 paliIy’)KHUX TaOIuIb berypt BUKOPUCTOBYE ciib (salt), kpiM Toro, QyHKIs €
aJIanTUBHOIO, Yac ii pOOOTH JIETKO HAJIAIITOBYETHCSA 1 11 MOYKHA CIIOBIJIBHUTH, 1ITO0 YCKIIaTHUTH
aTaku nepedopoM.
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CtpykTypa cepBepHOI YaCTHHU IOAUICHA HAa 3 PO3IUIN: KOHTPOJIEPH, MAapIIPYTH Ta
MOJIelT.

B Temi KoHTposiepum 3HAaXOmATHCS OCHOBHI (PYHKINI AOMATKY Taki, SK: (QyHKIT
peectparii Ta aBTOpHW3alii KOpUCTyBada, QYHKIII Uisi poOOTH 3 MOCTamMH (CTBOPEHHS,
OTPUMAHHS1, BUAAJICHHS, JIaliK), QYHKIIIT AJ1s1 OTPUMAaHHs KOPUCTYBAYiB Ta APY3iB KOPUCTyBaya,
BUJIAJICHHS 1 J0JJaBaHHS JIPY3iB.

B teni mapmipy T 3HaX0AATCS MApIIPYTH, K1 TO3BOJISAIOTH 3p03yMITH KOJIH MOTPIOHO
CepBEpHIl YaCTHUHI BUKOHYBATHU Ty UM 1HIIY (DYHKIIIIO.

B Ttemi monmeni 3a momomororo 010JIOTEKHM MONZOO0SE CTBOPIOETHCSA 0Oa3a JaHUX,
BKA3yIOTHCS THUITH JAHHUX Ta IOJATKOBI KPUTEPIi.

KiieHTchka yacTHHA J10/1aTKa CKIIAAAETHCS 3 JOJATKOBUX KOMIIOHEHTIB Ta BiJDKETIB 3
SAKUX OyIyTh CKIQIaTUCS CTOPIHKH 1oAaTKYy. L{e Oymo 3po0iieHo /iist BUKITFOUEHHS Ty OTFOBaHHS
KOJIy.

Be6-mo1aTok MICTHTh Taki CTOPIHKH: TOJOBHA, peECTpallii Ta aBTopu3allii, mpodiTo
KOpHUCTYBaya.

PosristHemo BifpkeTH gogarka:

- FriendListWidget - moka3sye BCi MiINMCKA KOPUCTyBadya Ha IHIIUX KOPUCTYBadiB
JOJIaTKY;

- MyPostWidget — BikeT 1151 CTBOPEHHS ITOCTIB;

- PostsWidget — 3HaxoauThCsI CTpivKa BCiX MOCTIB.

- PostWidget — micTuth B co0i iH(pOpMAILIifO PO BIACHUKA, OIKC Ta 300paXKEHHS ITOCTA.

- UserWidget — nokasye indopmairito npo KOprcTyBaya,

- Navbar — e manens Mictuth mojie MyBlog /11 MOBepHEHHSI Ha TOJIOBHY CTOPIHKY,
KHOIIKY BUXOJY, 5IKa 3’ BIISIETHCS MPU HATHCKAHHI HA MEHIO-alTEM.

B nomatky MoxHa 3MiHMTH TeMy O(OpMIJICHHS Ha TeMHY 4M Ha cBiTiny. Lle mMoxHa
3poOHTH B IPAaBOMY BEpXHHOMY KyTi HATUCHYBIIIM Ha BiJAOBIIHY KHOIIKY.

Po3pobrneno odopmienHs ans BeO-70JaTKy Ha BCl PO3LIMPEHHS €KpaHiB MPUCTPOIB
(cMapTQoOH, IIaHIIET, HOYTOYK, KOMIT IOTED).

[1] Ornsim ®peiimBopki s JavaScript — DOU [Enexkrponnuit pecypc]. Pexxum mocrtymy:.
https://dou.ua/forums/topic/34739/.

[2] OchoBu MongoDB — codeguida [Enexktponnuit pecypc]. Pexum moctymy:
https://codeguida.com/post/519.

[3] o Take React — Cases Media [Enexkrponnuii pecypc]. Pesxxum mocryy:
https://cases.media/article/sho-take-react-js-yak-pochati-vivchati-reakt-navichki-dlya-
react-developer.

CREATING A WEB APPLICATION FOR COMMUNICATION
IN SOCIAL NETWORKS

V. Reka, N. Matvieieva
Oles Honchar Dnipro National University
v.reka212@gmail.com

A web application for communication in social networks has been created. An open
source server environment like Node.js, Express.js a back end web application framework for
building RESTful APIs with Node.js , NoSQL MongoDB database and auxiliary libraries for
the server part were used for implementation. React, Redux, Formik, Yup open-source front-
end JavaScript libraries were used for the client part.
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The structure of the server part is divided into 3 sections: controllers, routes and models.
The client part consists of additional components and widgets, which together will make up the
pages of the application.

OINTUMI3ZALIS TOPTIBJI HIJISIXOM 3AJIYYEHHS
TEXHOJIOTTi ITEHTU®UKALIT NOKYIILS HA BA3I
®PENMBOPKIB OPENCV TA FACE RECOGNITION

C. Hecrepenko, B. OsneBcbkuii
Jninpoecoxuii nayionanvnuti ynieepcumem imeni Onecs I onuapa
nesterenko.c.n@gmail.com, olevskiy_vi@ffeks.dnu.edu.ua

Ha tenepimHiii yac B 3B’513Ky 3 00HOBUMHU J1IMU B YKpaiHi Ta HEOOX1AHICTIO pestoKarlii
MajuX IMiJMPUEMCTB, 10 3aWMarOThCA PO3APIOHOI0 TOPTiBJEIO, € MOTpeda B MPOrpaMHUX
IPOAYKTaxX IO TOTMOMOXYTh MiJIPUEMIISIM HIBHJIKO HAJAroJUTH CBOIO POOOTY Ha HOBOMY
MicIIi.

JIist BUAKOTO PO3TOPTaHHS TOPTOBUX TOYOK Ta 3PYYHOCTI B HAIl Yac € MOXIIUBICTh
3aJIy4eHHs TEXHOJIOTIi mepcoHali3allii MoKy B mpoueci (opMyBaHHS YEeKy 32 JIOTIOMOTOI0
dpeiimBopky OpenCV Ta Face Recognition, mist aBToMaTH3ariii mporecy po3apioHoT TOPriBIIi.
CrtBopena mporpama Bmie (OpMyBaTH Ha OCHOBI OlOMETPUYHHMX TEXHOJOTIH O0101i0TeKy
KJIIEHTIB 110 BIABIAJIM XOY pa3 TOProBY TOUKY, Ta MpPHU HACTYIHOMY BiJBIIyBaHHI KJi€HTa
BITI3HA€ HOTO Ta B 3aJ€KHOCTI BiJl TOJaTKOBUX HAJAIITYBaHb MPOTPAMU MOKE aBTOMATHYHO
KOpEeryBaTH LiHY (AJIs MOCTIMHUX KIIIEHTIB).

[Tpuniun po6oTu nporpamu BiloOpakeHo Ha puc. 1:

Kiienr 3BepHyBcs 10 Kacu

OTtpumaHnHs 300pakeHHs @DopMyBaHHS YEKY
baza 300paxeHpb Bukopucranus OpenCV ta Face Recognition
30epesxeHHs 300pakeHHs Hema 36iry € 36ir

Yek rotoBui 10 BUAAUI

R

3BUYaitHUI uek CxopuroBaHuit 4ek

Puc.1: CxemaTtnune 300pakeHHsI aBTOMATH3aIlii MPOIIecy po3apiOHOT TOPTiBIIL.
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B nmpoexTi € Taki mepeBaru:
- IIBUJIKE PO3TOPTAHHS TOPTrOBOi TOUKH,
- MepCcoHaTI3aIli MOKYIIIS B MPOIIECi pO3ApiOHOT TOPTiBIIi;
- aBTOMATHU3AIIIS MPOIIECY TOPTIBIIL.

B mpoekTi moku 110 € Taki HeAOMIKH:

- HEOOXITHICTh MTOCTIHO MaTH IHTEPHET 3B’ SI30K JUIsl 00pOOKH 300paKeHb
HEUPOMEPEKEIO;

- croci6 30epexeHHs 010yi0TeK JaHWX (HAa KOMIT'IOTEpi, 30BHIIIHI
HakonuyyBadi iH(opmariii, a00 B XMapHOMY-CXOBHIILI TaHUX);

- HEOOXIJTHICTh MaTH J00pe OCBITJIICHHS IMPU OTPUMaHHI 300paKeHHS
KIII€EHTA, a[pke NpU PI3HUX PIBHAX OCBITJIEHHS, SKICTh iAeHTHdiKail
300pa)keHHS KJII€HTA 3HUKYETHCS.

[lepeniyeHi MyHKTH BIUIMBAIOTh HA MOXKIIUBICTh BUKOPHCTOBYBATH JaHUH MPOIYKT, Ta
HOro KiHIIEBY LiHY, 10 MOTPedye MOJANBIIOTO T0OPAIIOBAHHS IPOrPaMHU.

[Tix uwac BIOCKOHAJCHHA TPOEKTY, KpPIM TIOKPALICHHS SKOCTI ()yHKI[IOHYBaHHS
3a3HauYEHUX MOXKIIMBOCTEH MU MOXKEMO J100aBIIATH HOBI, TAKOXK.

[Is po3poOka mporpamMHOro 3a0e3nedyeHHs B MallOyTHbOMY MOXKE€ aBTOMATHU3yBaTH
JIOKAJIbHY Ta MOOUIBHY pO3[ApiOHY TOPTiBIIO, IO MiJKPECIIOE€ BAXIWBICTH MOJAATBIIOTO
BJIOCKOHAJICHHS HasiBHUX (PEMMBOpPKIB, Ta 00’€JHAHHS IX 3 HOBUMH JI0ATKAMH.

[ana po3poOka nependauae ananiz podoru ppeiimBopkiB OpenCV ta Face Recognition
1 TIOpIBHSHHA BHUKOPHUCTaHHS BapiaHTiB 0a3 NaHUX A 33J0BOJICHHS KOHKPETHUX BHUMOT
MIPOEKTY.

[1] What is OpenCV and how does it work? [Enekrponuuii pecypc]. Pexum moctymy:
https://www.saasworthy.com/product/open-cv#overview

[2] Face Recognition: Issues, Methods and Alternative Applications [Enektponnwuii pecypc].
Pexxum moctymy: https://www.intechopen.com/chapters/51031

[3] History of Python [EnexTponHwMii pecypc]. Pexum JOCTYIY:
https://www.geeksforgeeks.org/history-of-python/

OPTIMIZATION OF TRADE BY INVOLVING BUYER
IDENTIFICATION TECHNOLOGY BASED ON OPENCV AND
FACE RECOGNITION FRAMEWORKS

S. Nesterenko, V. Olevskyi
Oles Honchar Dnipro National University
nesterenko.c.n@gmail.com, olevskiy vi@ffeks.dnu.edu.ua

This article explores the integration of OpenCV and facial recognition frameworks to
optimize the trading process.

This software development has the potential to automate local and mobile retail in the
future, highlighting the importance of further improving existing frameworks and combining
them with new applications.

This development involves analyzing the operation of the OpenCV and Face
Recognition frameworks and comparing the use of database options to meet specific project
requirements.
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PO3POBKA BIBJIIOTEKU JJI151 CTBOPEHHA
HABYAJIBHUX ITOP JIJIS1 IPOI'PAM JJOUIKIJIBHOI TA
IKIJIbHOI OCBITHU B ITPOBOMY PYIIII UNITY

A. Cepawk
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
ander.freton@gmail.com

3 movaTky HaB4aJIbHOTO poKy y 2018 poui mepii KJ1acH ycix MK nepeduii Ha popmy
HaBuaHHs 32 pedopmoro «HoBa ykpainceka mkona». OnHiero 3 niiei pepopmu 0yiio «3poouTr
YKpaiHCBKY IIKOJIY BIJKPHUTOIO, IIKaBOO Ta cydacHoo» [1] . Oguum i3 3aco0iB 3aiikaBieHHs
JiTeH M 4Yac ypokKy, a00 MEepeBIpKH Ta OI[IHKM BXE OTPUMAHHMX 3HaHb MOXYThb OyTH
KOMIT FOTEpHI irpH.

Hapasi Bukiagauam 10OCTYIIHI Taki MIaTQOpMH SIK:

e LearningApps (https://learningapps.org/) — 1e owHmaiiH cepsic, IS
CTBOPCHHSI 1HTEPAaKTHBHHX BIpaB. BiH (QYHKIIOHye $SK KOHCTPYKTOD,
MPU3HAYCHUN ISl pO3POOKH THTEPAKTHUBHHX 3aBJaHb 3 PI3HUX HABYAIbHUX

MIPEIMETIB.

e Kahoot! (https://kahoot.com) — ownmaiin mnardpopma it CTBOPSHHS
IHTEpaKTUBHHX 3aBJlaHb, KOTPA J03BOJISIE CTBOPIOBATH TECTH, OLIUTYBAHHS,
BIKTOPHHH.

[Ipore y Garatbox miatdopm iCHye HEAOMIK TOTO L0 AJIs IX BUKOPHCTAHHS MOTPiOHE
MOCTIHE ITiIKJIFOYSHHS 70 IHTEPHETY, Ta BOHH HE TAI0Th 0a)kaHoi rHy4YKocTi. Tomy MHOI0 OyI10
BUPIIIEHO pO3pOOUTH 010J110TEKH AJIsi CTBOPEHHS HaBYaIbHUX irop B pyirii Unity.

€ 0e3Jiy IHIIUX ITPOBUX PYLIIiB, MPOTE OYJI0 BUPILIEHO CTBOPUTHU O10/110TEKY caMe B
Unity, 60 BiH Ma€ Hai3pyuHilly MOJIUBICTh JJIi OE€3KOIITOBHOTO PO3MOBCIOJUKECHHS, Y
BHYTPIITHFOMY MarasuHi.

Jlns BUKOHaAHHSA 1€l 3a1a4i cmif Oyne po3poOUTH Ta afanTyBaTH JAJs HalAIITyBaHHS
TaKl iIrpu K 3HAXO/KEHHS Map, 3HaXOHKCHHS BIMOBITHOCTEH Ha 300paykKeHH1, TECTH Ta 1HIII,
a TaKOK CTBOPHUTH IIaT(opMy /s HOJaHHs HaBYaJIbHUX MaTepiatiB. st Toro mo6 BukIagayi
MOTJIM 3pOOUTH CBOI JTOJATKU OLIbII KOMIUIEKCHUMH, 3 MOKJIMBICTIO KOMOIHYBAaHHS 1rop Ta
HaBYaJIbHUX MaTepialliB, € oTpeda y CTBOPEHHI KOHTpOJIEpa IUX KOMIIOHEHTIB, Ta IX 3py4HOT0
NepeMUKaHHS.

Cama 6i6nioTeka Oyzae ckiIagaTuch 3 ¢aililiB Koy B KOTpUX Oyje onucaHa JIOTika Ta
napaMeTpy KOMIIOHEHTIB 1rop, Ta Iiat(opMu Ajs MOIaHHs HaBYaJIbHUX MaTepiajiiB, a TAKOXK
OyAyTh HajJaHi 3arOTOBKH JUI MPOCTILIOrO BUKOPUCTAHHS IrPOBOTO PYIis BUKJIAJayaMu, Ta
JUIsL KOPEKTHOI poOOTH 1rop.

MoxuBocTi 0i0J1IOTEKH JT03BOJISIIOTH CTBOPUTU CLIEHApili BUKOPUCTAHHS, KOTPUH
JIO3BOJIMTH OYTH TIOMIYHHKOM BHUKJIaJady MPOTATOM yChOro Ypoky. Ha mpukman, MoxHa Oye
CTBOPHTH CIIEPIILY MOSICHIOBAJIbHI MaTEPLIIN, KOTP1 03HAHOMIISTh YUHIB 3 HOBOIO TEMOIO, a MiCIIs
MIPOBECTU OMUTYBAHHS TECTaMH, a00 TPOI0 3 MOIIYKOM map. AGO MOKHaA OJpa3y NEepenTH 10
NEepeBipKU OCBOEHHX 3HAHb, HA TIONEPEAHBOMY YPOILI, MIAKPINUTH iX, a00 JTOMMOBHUTH HOBUMH,
Ta 3HOB JaTH JITSAM IOTpaTH Ta 3aCBOITH MpOiIeH] MaTepianu. Takox 1 0i0mioTexa MOXe
OyTH KOpHCHA JIJIsl BUKJIa[ayiB MO3aKJIACHOTO HaBYaHH, a00 MPUBATHUX PETIETUTOPIB.

3arydeHHs1 YYHIB Y HaBUAJbHUU MPOIEC € BAXKKOIO 3ajadero s puutens. Pedopma
«HoBa ykpaiHChbKa IIKOJIa» HaMaraeTbcs TMOJIETIIUTH KOMYHIKAI[l0 MK JITbMH Ta
BUKJIafaueM. J{7s 11 TOMOBHEHHS CJi/l CTBOPUTH IHCTPYMEHTH, KOTP1 JOMOMOXYTh 3alliKaBUTH
YUHIB 10 HABYAJILHOTO IpOIleCy, i 115 010ioTeka Oy/ie O/IHIEI0 3 HUX.
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[1] MinictepcTBo ocBitH i Hayku Ykpainu - HOBA YKPATHCBHKA IIKOJIA. [Enexrponnuii
pecypc]. — Pexxum noctymy: https://mon.gov.ua/ua/tag/nova-ukrainska-shkola

DEVELOPMENT OF A LIBRARY FOR CREATING
EDUCATIONAL GAMES FOR PRESCHOOL AND SCHOOL
EDUCATION PROGRAMS IN THE UNITY GAME ENGINE

A. Serdyuk
Oles Honchar Dnipro National University
ander.freton@gmail.com

Involvement of students in the educational process is a difficult task for the teacher. The
"New Ukrainian School" reform tries to facilitate communication between children and the
teacher. To supplement it, tools should be created that will help to interest students in the
educational process, and this library will be one of them.

MNPUHIUAIIA POBOTU MIKPOCEPBICHOI APXITEKTYPHU.
IHEPEBAI'U TA HEJJOJIIKA HIAXOOY

O. Hignio, B. I'epacumos

Jninpoecoxuii hayionanvruti yHieepcumem imeni Onecs [ onuapa
tsidylo_od@ffeks.dnu.edu.ua

MikpocepsicHa apxiTekTypa (Microservices Architecture) [1] — e MogyabHMN MiaXin
0 pO3poOKM TporpaMHOro 3abe3medyeHHs, M0 Tependayac CTBOPEHHS HEBEIHKHUX,
HE3AJIKHUX KOMITOHEHTIB, SIKi Ha3MBaIOThCSA MiKpocepBicaMH. 3aMiCTh TOro, o0 OymyBaTu
MOHOJIITHUH JI0J]aTOK, B IKOMY BCi (DyHKIIi IHTErpoBaHi B OJJUH KOJOBUI 6a3uc, MikpocepBicH
IPEJICTaBISIIOTh COO0I0 OKpeEMI CITy>KOH, sIKI BUKOHYIOTh KOHKPETHI (DyHKIIIi.

[Ipu po3poOliii MOHOJIITHOIO J0AATKA BECh IMPOIEC PO3MOYMHAETHCA 31 CTBOPEHHS
€IMHOI KOJ0BOi 0a3u, Ae Bci (QYHKII Ta KOMIOHEHTH J0JaTKa 00'€THYIOThCS pa3oM. Yci
MOJyJi Ta (PYHKIIIOHAJIBHICTh BHYTPIIIHBOIO IHTEpQEiicy po3TamioBaHi B OJHOMY MicIi, 1
pO3po0Ka BEIETHCS Y ME¥kKaxX I[bOT0 €MHOTO KOJY.

[Tpu po3podiii MikpocepBiCHOT0 A0AaTKa MPOIEC PO3MOYMHAETHCS 3 iMeHTH(IKAII]
OKpeMHUX ()YHKI[IOHAIBHUX KOMIIOHEHTIB Ta iX pO30MTTA Ha okpemi MikpocepBicu. Koxen
MIKpOCEpBIC MpPEJCTaBiIsie COO0I0 OKPEMHI MPOEKT 31 CBOEIO BIACHOIO KOJOBOK 0a3or0 Ta
¢dbyukionanpHicTIO. KoXeH 3 IUX MiIKpocepBIiCiB MOxke OyTH po3poOJIeHUI, TeCTOBaHUM Ta
PO3TOPHYTHI HE3alIeXKHO BiJ| 1HIIHX.

i ABa miIX0a¥ 10 MOYATKy pO3pOoOKH MarOTh Ba)JINB1 BIIMIHHOCTI, SIK1 BIUIMBAIOTh Ha
oprasizanio poOoTH pOo3pOOHUKIB Ta CTPYKTYpYy MpoeKTy. Bubip MK HUMHU 3al€KUTh BiJ
cnenn}iky 3aBJlaHb Ta BUMOT 10 IPOEKTY.

OnHUM 3 BIIOMHMX NPUKJIAIIB BUKOPHUCTAHHS MIKPOCEPBICHOI apXITEKTYPH € KOMITaHis
Netflix. Bonu po30uiu cBoro iHGpacTpyKTypy Ha 0e371i4 MIKpOCEepBICiB, K1 BIAMOBIAAIOTH 32
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pi3HI acniekTH m1aTGopMH, Taki K peKoMeHaallii, o0poOka rurarexis Tomro. Lle mo3Bonuio im
MacmTaOyBaT Ta BIOCKOHAJIOBAaTH CBOIO Iutardopmy Habarato edexrtusHime. [Ipote mpu
TaKOMY MIJIX0/1 TOTpiOHE oOepekHEe KepyBaHHS B3aEMO3B'SI3KaMH MK CITy)KO0aMH, 110 MOXKE
OyTH BUKIIMKOM.

Likasuii ¢axm: Netflix [2] Bumyckae COTHI HOBHUX BEpCii CBOTO IPOrPamMHOTO
3a0e3nedeHHs MO/AHA, 1 MIKpOCEpBICHA apXiTEKTypa Jomnomarae iMm pooutu ue 6e3 300iB Ta
3aTPUMOK.

IlepeBaru mikpocepBicHOI apxiTeKTypH:

- THy4YkicTh i MacmrTadoBaHicTh: MikpocepBicHk MOXYTh OYTH PpO3pOOJIeHi,
MacimTaboBaHi Ta OHOBJICHI HE3aJISKHO OJMH Bix oaHoro. Lle cnpoinye aganrarito 10 BUMOT,
10 3MIHIOIOThCS, Ta 3a0e31euye JIeTrKiCTh MacIITa0yBaHHSI.

- Jlerkictb y po3po0ui Ta o0cayroByBaHHi: MikpocepBicu 3a3BHYail MeHIIE 3a
PO3MIPOM Ta JIETKOKEPOBaHi, 1110 CIIPOLIYE MPOLECH PO3POOKHU, TECTYBAHHS Ta MIATPUMKH.

- po3nineHHs BignmoBizaabHocTi: KokeH MiKpocepBic BiONOBigae 3a KOHKPETHY
byHKIiI0 200 MOXKITUBICTH CHCTEMH, 10 CHPHUSIE YITKOMY PO3JIUICHHIO BIIMOBIAATIBHOCTI MiXkK
KOMaHJJaMH PO3POOHHKIB.

- BUKOPHMCTAHHS Pi3HUX TeXHoJoriii: Pi3H1 MikpocepBicH MOXKYTh BUKOPHUCTOBYBATH
Pi3HI MOBH IIPOTpaMyBaHHS Ta TEXHOJIOTI1, 110 JJ03BOJISIE OOMPATH HAHKpAIIl IHCTPYMEHTH /IS
KO>KHOT'O 3aBJIaHHS.

Henonixu MmikpocepBicHoi apxiTekTypu:

- CKJIQJHICTh YHpPAaBJIiHHSA: YTPaBIiHHS BEJIUKOIO KUIBKICTIO MIKPOCEPBICIB BUMArae
XOpOIIIOi OpraHi3alii Ta iIHCTPYMEHTIB ISl MOHITOPUHTY Ta yrpaBiiHHs. [le Moke BUKITMKATH
JOJIATKOB1 TPYAHOIII.

- CKJIAJHICTBh Yy JOcATHeHHI cniBMipHOCTI: 3a0e3reyeHHs CIiBMIPHOCTI TaHUX MiX
MiKpocepBicaMd Moke OyTH CKIIQJHOIO 33Ja4yel0, OCOOJMBO B PO3MOALICHUX CHUCTEMaXx.
[ToTpiOHI MexaHi3MU I 3a0e31eUeHHs HIJTICHOCTI JaHUX.

- BUTPAaTH Ha Mepe:keBY B3aeMoil0: OCKUIBKM MIKPOCEpPBICH B3a€EMOJIIOTH Yepe3
MEpExKY, I1e MOXKe IMPU3BECTH 0 JI0IaTKOBUX BUTPAT Ha MEPEKEBY B3aEMOJIIO Ta 301IbIICHHS
3aTPUMOK.

MikpocepBicHa apXiTeKTypa BIAMIHHO MiAXOJIUTH I MEBHUX CLIEHApIiB, ajle TaKoX
Mae cBoi oOmexkeHHs. OnHiero 3 11 mepeBar € THYYKICTb Ta MOXJIUBICTh €(EKTUBHOIO
MaciITadyBaHHsI, 1110 0COOJIMBO KOPUCHO JUIsl BETUKUX IHTEPHET-CEPBICIB, SIKI 0OCIyTOBYIOTh
BEJIMKY KUIBKICTh KOPHCTYBauiB y peXHMi peaibHoro dacy. Lle no3Bonsie 3abe3neuyBaru
BHUCOKY MPOJYKTUBHICThH Ta MacIITa00BaHICTh, 110 € BAKJIMBUM JIJIsl TOAIOHUX MTPOEKTIB.

ITpoTe BapTO BpaxoBYBaTH, 110 MIKPOCEPBICH MOKYTb OyTH MEHII MiAXOSAMUMU IS
pO3pOOKK KOPHOpPAaTUBHUX 1H(POPMALIMHUX CHCTEM. Y TaKWX BHIIAJIKaX, N MOTpiOHO
3a0€3MeUnTH BUCOKY CTYIIHb IHTerpauii Ta yHi]ikallii, BAKOPUCTaHHS MIKPOCEpPBICIB MOXeE
MPU3BECTH 10 30UIBIICHHS CKJIAIHOCTI eKCIuTyartamii Ta cympoBoay cuctemu. [lorpeba B
yIpaBliHHI OaraTbMa pi3HUMH cepBicaMu Ta 3a0e3NedyeHH1 iXHbOT B3a€MOJIil MOXKe MPU3BECTH
70 30UTbLICHHS] E€KCIUTyaTallliHUX BUTPAT, SKI MOXYThb OyTH HENpPaBOMIPHO BUCOKHUMH B
JeSIKUX CIIeHApisX.

Otxe, ocHOoBHa c¢epa e(eKTHUBHOIO 3aCTOCYBaHHS MIKPOCEPBICHOI apXITEKTypH
NOJISiTa€ B BEJIMKUX IHTEPHET-CEpBicax, sKi MpPaLIOIOTh Yy PEXHUMI peaJbHOTO Yacy Ta
00CIyroBylOTh BENMKY KUIBKICTh aKTHMBHMX KOpHUCTyBauiB. B 1HIIMX cCIieHapisix BaKJIMBO
o0aymMaTH BIANOBIAHICTE Ta IE€pPEeBard BUKOPUCTAHHA MIKPOCEPBICIB TMepel IHIIMMHU
apXITEKTYpPHUMH M1IXO0JAaMHU.

[1] What are microservices? [Enexkrponnuii pecypc]. Pexxum goctymy: https://microservices.io.
[2] Netflix. [Enexrponnuii pecypc]. Pexxum goctymy: https://www.netflix.com/
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PRINCIPLES OF MICROSERVICES ARCHITECTURE.
ADVANTAGES AND DISADVANTAGES OF THIS APPROACH

O. Tsidylo, V. Gerasimov
Oles Honchar Dnipro National University
tsidylo_od@ffeks.dnu.edu.ua

Microservices Architecture is a software development approach that involves creating
small, independent components called microservices instead of a monolithic application. Each
microservice is an independent project with its own codebase and functionality.

Microservices offer flexibility, ease of development, and the ability to use different
technologies. However, they bring complexity in managing multiple services and require data
consistency standards.

Microservices are well-suited for large internet services but may not be ideal for
corporate information systems.

PO3POBKA TA JOCJIIKEHHS POBOTU OCBITHBOT'O
CAUTY HA BA3I TEXHOJIOI'II ASPNET CORE

H. CmouaikoB, O. CnipinueBa
Jninpoecoxuii Hayionanvrui yHieepcumem imeni Onecs I onuapa
nsmolikov99@gmail.com

ASP.NET Core — 11e noTy>kHa Ta yHiBepcajbHa TEXHOJIOT1s U1 pO3pOoOKH BeO-10/JaTKiB.
[i apXiTekTypHi npuMHIMIH, KpOC-TIAT(OPMHICT Ta BUCOKA HPOXYKTHBHICTH POOJIATH il
npUBabIMBUM BUOOPOM I PO3POOHHKIB.

Onnieto 3 kmouoBux ocodnuBocteir ASP.NET Core € #oro apxiTeKTypHa THYy4YKiCTb.
Middleware, 1m0 € JaHIFO)KKOM KOMITOHEHTIB U1t 00po6kun HTTP-3amuTiB Ta dopMmyBaHHS
HTTP-Bianosinet, no3Bosigse po3poOHUKaM OyayBaTH MpOrpaMy 3 JIMIIE HEOOX1IHOK
(GYHKIIIOHAJIBHICTIO. [HIIIOIO BaXXJIMBOIO apXITEKTypHOIO ckianoBoto € Model-View-Controller
(MVC), mo poszainsie noaaToK Ha MOJEN JaHWX, YABICHHsS Ta KOHTPOJIEPH, IO CIPOIILYE
CTPYKTypyBaHHs Ta po3poOky nporpamu. ASP.NET Core cnpusie MaciitabyBaHHIO JI0JIaTKiB,
1110 BXKJIMBO JUUISI TPOEKTIB 31 3pOCTAIOYMM HABAaHTAKEHHSIM Ta 3POCTaHHAM JaHUX.

ASP.NET Core Hazjae po3poOHHKaM IIMPOKH CIEKTP IHCTPYMEHTIB JUIs Oe3MeKu BeO-
JOJATKIB: MeXaHI3MM aBTeHTH(IKallii, aBTOpH3allii Ta 3aXHCT BiJ PI3HUX BHJIB arak,
BKJTFOUAIOYH aTaku nepenoBHeHHs Oydepa Ta iH'exmii SQL [1].

CrBopennst Ta oociyroByBanHsi BeO-caiity Ha ASP.NET Core, mo Hamae iHCTpyKITi
I10/I0 CTBOPEHHS BEO-MPOEKTIB Ta JIaHi Mo HOro TeCTyBaHHS, 03HAYMTHME, III0 KOPHUCTYyBaul
OTPUMAIOTh IIHHUW BHUXITHUN MaTepian JUisi TOKpPAIIEHHS CBOIX BEO-TPOEKTIB, a TaKOX
MOJIMBICTh MIATPUMYBATH iX HAWOUIbII aKTyaJlbHUMH Ta NpOoRyKTUBHUMHU. Hananus
iHdopMmanii npo TtectyBaHHs caiity Ha ASP.NET Core cnpuse 3a0e3NedeHHIO BHCOKOI
HAAIMHOCTI Ta MPOIYKTUBHOCTI, 1[0 CHPHUSE PO3BUTKY Ta BJOCKOHAJIEHHIO BEO-TEXHOJOTH Ha
wiatpopmi ASPNET Core. Taka po3poOka Oyne KOPHUCHOIO $IK TOYATKIBISIM, TaK 1
JIOCBITYEHUM BeO-pO3pOOHUKAM, a TAKOXK YCIM, XTO I[IKABUThCS BEO-TEXHOJIOTISIMU Ta MparHe
CTBOPIOBATH Ta JOCHTIKYBAaTH BUCOKOSIKICHI BEO-ITPOEKTH.
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[1] ASPNET documentation [EnexTponHMit pecypc]. Pexxum JOCTYIIY:
https://learn.microsoft.com/en-us/aspnet/core/?view=aspnetcore-7.0

DEVELOPMENT AND RESEARCH OF EDUCATIONAL
WEBSITE BASED ON ASP.NET CORE TECHNOLOGY

N. Smolikov, O. Spirintseva
Oles Honchar Dnipro National University
nsmolikov99@gmail.com

ASP.NET Core is a powerful and flexible technology that makes a big difference in the
world of web development. Its architectural principles, cross-platform compatibility, and high
performance make it an attractive choice for developers. It continues to evolve and provide new
capabilities for creating modern web applications.

BUKOPUCTAHHS CUCTEM OB’EKTHO-PEJIALIMHOI
MMPOEKIIII JPA TA HIBERNATE B JAVA SPRING

. Ocrpomeuskuii, I. CkypaToBcbKHMi
Hninpoecoxuti nayionanvnuu yrieepcumem imeni Oneca I onuapa
denys.ostrometskyi@gmail.com

VY cyuacHoMy CBITI po3poOka mporpamMHoro 3abe3medeHHss Ha 0a3l 0a3 JaHUX €
HOLIMPEHO0 MpakTHKowo. s 3pydyHoi Ta epexkTuBHOI poOoTH 3 0a3amMM JaHUX Ha PiBHI
00'€KTHO-OPIEHTOBAHOTO MPOrPaMyBaHHS BUKOPUCTOBYIOTh O0'€KTHO-pENALINHI CHUCTEMH
ynpasiiHHs 6a3amu janux (ORM). JIBoma HaitnonynsgpHimuMu ppeiiMBopKaMu i poOOTH 3
ORM B moBI nporpamyBanHs Java € JPA (Java Persistence API) i Hibernate. Bonu Hanaroth
UPOKUiT HAOIp (YHKIIOHATBHOCTI [UIsl 3py4YHOI poboTH 3 0a3zamu nanux [1].

Buxopucranns JPA ta Hibernate B Java Spring € myke MOIMMPEHOIO MPAKTHKOIO IS
po3poOku BeO-m0AaTKIB. BOHU cHpolrytoTh B3aemojir0 3 0a3010 JaHUX, J03BOJISIIOTH
30CepeAUTUCS Ha PO3po01Ii Oi3HEC-TIOTIKH Ta MPUCKOPIOIOTh MPOLIEC PO3POOKH.

JPA, a6o Java Persistence API, € crienudikairiero, sika BU3HaYa€e CTaHIapTHUN CIOCiO
B3a€MOJII 3 persiiiHuMHu 0a3aMH JaHUX 3 BUKOpUCTaHHSAM Java o0'exTiB. BoHa Hajmae Ham
MOYKJIMBICTh MPALIOBATH 3 0a3aMH JaHUX, HE BIAIOUUCH J0 HU3bKOpiBHEBUX JeTaneil SQL-
3anuTiB. 3aMiCTh IIbOI'0, MU MO>KEMO MPALIOBATH 3 00'€KTaMH, 1110 MPEICTABIAIOTH JIaHi B 6a3i,
1 BAKOPHUCTOBYBATH 00'€KTHO-OP1EHTOBAHY MapagurMy Juist 30epiranHs, OHOBJIEHHS Ta BUOIPKHU
naHux [2].

Hibernate, 3 inmoro 6oky, € peanizaiieto JPA. Bin Hajae HaM KOHKpPETHY peaji3alito
JPA-inTepdeticiB Ta gomatkoBi (QyHKINI s 30epiraHHs Java o0'ekTiB y 0a3ax aHHX.
Hibernate no3Bosisie HaM BHUKOPHUCTOBYBaTH aHOTalii Ta KOHQIrypauiHi Qaimm nmis
HaJIAIITyBaHHA MaIlyBaHHA 00'€KTiB Ha Ta0nuili 0a3u TaHUX, BUKOHAHHS 3allUTIiB Ta KEpyBaHHs
TPaH3aKIISIMH.

Hibernate € ORM-dpeliMBopkoM, sSIKU HaJla€ MOBHUM crieKTp QyHKLINA 171 poOOTH 3
6a3amu aHUX yepe3 00'ekTHO-opieHTOBaHMM mijxin [3]. Spring Data JPA nangae aGcTpaxkiito
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Hajx Hibernate ta inmmmu ORM-dpeiiMBOpKamMH, CIpOIIyl0Yd poOOoTy 3 0a3amMu JaHHUX Y
Spring-nonatkax. Hibernate nmpornoHye MUPOKUi CIIEKTP MOMKIIMBOCTEH, TAKUX K YIIPABITiHHS
TpaH3aKIIIMK, KEIIyBaHHS, JIIHMBE 3aBaHTakeHHs. Spring Data JPA 3ocepemxeHa Ha
CHPOIIEHH] JOCTYIy N0 JaHUX, HAaJal04d aBTOMAaTHMYHO T'€HEPOBaHI PEro3uTopii Ta 3pydHi
croco0M BH3HAYEHHS 3amuTiB KopucTyBaya. Hibernate Bumarae HanmamTyBaHHS Ta
koH(piryparii ORM-cyTHOCTEH 3 BUKOPUCTAHHSIM aHOTaIlii abo ¢aiinie XML-maninry. Spring
Data JPA no3Bosisie BU3HAYUTH CYTHOCTI Ta 3alUTH 3 BUKOPUCTAHHIM aHOTAIi Ta METOMIB
iHTepdeiiciB penozutopiiB. Y minomy Hibernate € moTy>KHUM 1 THyYKHM 1HCTPYMEHTOM JIJIst
poboTtu 3 6azamu naHux, B Toi yac sk Spring Data JPA npomoHye 3pydHICTh 1 MPOCTOTY
BUKOPHUCTAHHS MPU poOOTi 3 6a3aMu JaHUX B Spring-m1o01aTKax.

Spring Data JPA € aOcrpakii€ro, sika cOpollye podoTy 3 mocradanbHUKOM JPA.
3okpema, Spring Data JPA nanmae HaOip inTepeiciB Ui 3pyYHOTO CTBOPEHHS PEMO3UTOPIiB
JOCTYIY JI0 JaHUX. 3a JOMOMOTIOI0 IUX iHTep(delciB MOKHA BU3HAYATH METOIU Ui poOOTH 3
0a3010 aHUX, Taki SK 30€peKCHHs, OHOBICHHS, BHIAICHHS Ta 3amuTh, 1 Spring Data JPA
aBTOMAaTUYHO TeHepye peamizamito mux weroaiB. Insgxom po3mupeHHs iHTepdeiicy
JpaRepository y pemosuropii UsersRepository, OTpEUMYye€TbCS MOCTYII 10 aBTOMATHYHO
3T€HEPOBAaHUX METO/IIB, SIKl CIIPOILYIOTh POOOTY 3 MEPCUCTEHTHUMU 00'eKTaMu B 0a3i JaHHX.
[Tpu Bukopucranni Spring 3 Hibernate motpiono matu intepdetic DAO, Ta peanizamito KoTpa
rpy0o HammcaHa 3a qonomororo SessionFactory.

Buxopucrtanns Spring Data JPA no3Bonsie po3poOHMKaM HamucaTd MEHLIE KOAY
3aBASKM aBTOMATHUYHIN TreHepallii perno3uTopiiB Ha OCHOBI iHTEpQEHCIB Ta CTaHIAPTHHUX
meroxniB (Hampukian, findByld, findAll, save Tomo). ¥ Spring Hibernate, moBogutbcs
HamucaTy OUIbIIe KOy Ui KepYBaHHS TPAH3aKI[IIMU, CTBOPEHHSI 3alUTIB Ta KOH(IrypyBaHHS
CECiif.

Spring Data JPA Hamae po3mupeHHil MeXaHi3M reHepallii 3amuTiB 3a JOMOMOTOI0
METOJIIB PEMO3UTOPII0, KPUTEPIiB Ta IMCHOBAHUX 3alUTIB. BUKOpPHCTAaHHS WX MEXaHI3MiB
CIPOIIY€e CTBOPEHHS 3allUTIB 1 3MEHIIyE HWMOBIPHICTh BHHUKHEHHS MOMWIOK. Y Spring
Hibernate noBoautbes camoctiitno nucatu HQL aGo kputepii 3anuTH 1715 BUOIpKH JaHUX.

[1] Hibernate ORM 5.4.33.Final User Guide [Enexktponnuii pecypc]. Pexxum moctymy:
https://docs.jboss.org/hibernate/orm/5.4/userguide/html_single/Hibernate_User_Guide.ht
ml.

[2] What is JPA? Introduction to Java persistence [Enextponnuii pecypc]. Pexum mocrymy:
https://www.infoworld.com/article/3379043/what-is-jpa-introduction-to-the-java-
persistence-api.html

[3] Advantages and disadvantages of JPA and Hibernate [Enextponnwmii pecypc]. Pexum
JOCTYIIY: https://topic.alibabacloud.com/a/advantages-and-disadvantages-of-jpa-and-
hibernate_1 11 30698940.html

USING JPA AND HIBERNATE OBJECT-RELATIONAL
DESIGN SYSTEM IN JAVA SPRING

D. Ostrometskyi, 1. Skuratovskyi
Oles Honchar Dnipro National University
denys.ostrometskyi@gmail.com

In today's world, database-driven software development is a common practice. For
convenient and effective work with databases at the level of object-oriented programming,
object-relational database management systems (ORM) are used. The two most popular
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frameworks for working with ORM in the Java programming language are JPA (Java
Persistence API) and Hibernate. They provide a wide range of functionality for convenient work
with databases.

Using JPA and Hibernate in Java Spring is a very common practice for web application
development. They simplify interaction with the database, allow you to focus on the
development of business logic, and speed up the development process.

BUABJIEHHA MYJIbBTUKOIITEPIB 3 BIIEO30OBPAKEHD 13
3ACTOCYBAHHSAM BIBJIIOTEKH ULTRALYTICS YOLO

P. 3epkaisb, B. OneBcbknit
Jninposecoxuii hayionanvruti ynieepcumem imeni Onecs I onuapa
zerkal _rr@ffeks.dnu.edu.ua

VY cydyacHOMY CBiTi pO3BUTOK O€3MUIOTHUX arapariB NIBUAKO HaOyBae MOMYJISPHOCTI Ta
pO3MaiTTsl 3acTocyBaHb. Bijg BUKOpUCTAaHHS B Tamy3i reojesii Ta kaprorpadii 10 momroBoi
JIOCTaBKM Ta Harjsly 3a BEJIMKUMH TEPUTOPISIMHU, MYJIbTHUKONTEPU BXKE CTAJIM HEB1I'€MHOIO
YaCTUHOIO HAIIOro XHUTTA. Benmuke mommpenHs i Oararo3amaunicte BIIJIA cTBOpIOIOTH
HEOOX1THICTh BIJACIIIKOBYBaHHS 1 KOHTPOIIO 32 iX MisMu. CHCTEeMH KOMITHOTEPHOTO 30pPYy €
B)XJIMBUM KOMIIOHEHTOM B 0araTbox cdepax, BKJItoyarouu 0e3nexy Ta Haruisj. J{is BUsiBJIeHHs
00'eKTIB 3a JIOOMOI'OI0 KOMIT' FOTEPHOTO 30pY LIMPOKO BHUKOPUCTOBYIOTHCS HEMpPOMEpEKEB1
CHCTEMH.

Y poGoti OyB po3po0JieHHH 3aCTOCYHOK 3a JOMOMOTOI SIKOTO MOJKHA BHSBIATH
MYJBTUKONTEPU Ha (OTO 1 BiJIEO B aBTOMAaTUYHOMY PEXKMMI. 3aCTOCYHOK peasli30BaHUN Ha
OCHOB1 HEHpOHHMUX Mepexk. B po3pobui Bukopucranuii anroputm YOLO (You Only Look
Once) 1 iloro peanizauis Big kommnanii Ultralytics.

bibmioreka Ultralytics YOLOVS Hanae yHidikoBaHy CTPYKTYpY HaBYaHHS MOJIEJICH JJIs
BUSIBJICHHS OO0'€KTIB, CerMeHTalii ek3eMIUIpiB Ta kiacudikaiii 300paxens. [lpu anamizi
300pakeHHs, YOLO 3niilicHIO€ HaCKpi3HE BUSBIECHHS 00’ €KTIB 0€3 BU3HAYEHHS CTAJINX O3HAK.
€1Ha 3ropTKOBa Mepeka OJHOYACHO MPOTHO3Y€E MHOKMHHI 0OMEXyBaJlbHI pPaMKHU Ta Kjacu
i X pamok. YOLO HaBuaeTbcs Ha MOBHUX 300pakeHHSX 1 0e3rmocepeHbO ONTUMI3Yye
edexTuBHICTh posmizHaBaHHs. [lepeBaroto monmeni YOLO mepen 1HIIUMH HEHPOHHUMHU
MOJIENISIMU € HIBHJIKA poO0Ta Ipu 30epexeHHi TOYHOCTi. OcoOIMBOCTI AaHO0i 61010TEKH:

1. Binkpute nporpamue 3abe3neueHHs 3 qoctynom Ha GitHub ta minensiero MIT.
2. Posmmproernest Ha monepeani Bepcii YOLO .

3. Hamae monepeHhO HaBYECHI MOJEIII.

4. 3pyunnii 1 kopuctyBada APL

5. [linTpumka 06poOKH BijI€O.

6. IlinTpuMka poboTH Ha pizHUX oOuHcmoBanbHUX iargpopmax (GPU 1 CPU).

[Tpuknaa BUSBICHHS MYJIbTHKOIITEPA Ha 300pakeHHIX HaBEeICHUI HA PUCYHKY 1.

B 3actocyHky g peanmizainii BUSBIEHHS MYJbTHKONTEPIB OyJO BUKOPUCTaHO
nornepeaHbo HaBueHy Mojens YOLOVS. 3 BiakpuTx mxepen chopMoBaHuil HaOlp JaHUX JUIs
JI0ZIATKOBOT'O HAaBYaHHS Mepeski. Po3po0iieHuit 3acToCyHOK Hanucanuii MoBoro Python.
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Puc.1 BusBieHHS MyJIbTHKONIITEPIiB HA 300paXeHi.

Pe3ynbpTaToM € 3aCTOCYHOK SIKHI MOYKE IPUHMATH BiJieo 3 kamepu abo 006pobistu hoTo
g Bigeo aitnmu. Y pa3i BUSBJICHHS MYJBTHKONTEpAa Ha 300pakKeHHI BIANPABISETHCS
NOBIIOMJICHHS. TpO BUsBIEHHS JApoHa. [lpu npomy, BHSABICHOMY O00’€KTYy B Kajpi
IPUCBOIOETHCS KOJ, 1100 YHMKHYTH MOBTOPIOIOYM IOBIIOMJIEHb NPO OAUH 00’€KT. Y pasi
BUXO/Y BU3HAYEHOI'0 00’€KTa 3a MEX1 KaJpy 1 HOro MOBTOPHOI MOSBHU, NOBIIOMJICHHS 3HOBY
HaJlile, a KonTepy Oy/ie MPUCBOECHUN 1HIINI KOJI.

[1] Ultralytics  YOLOvV8  Docs.  [Enektponnmii  pecypc].  Pexum  jmoctymy:
https://docs.ultralytics.com.

[2] Perosuropiit  6iGmiorexkn  ultralytics. [Enextponnuii pecypc]. Pexum moctymy:
https://github.com/ultralytics/ultralytics.

MULTICOPTER DETECTION FROM VIDEO IMAGES
USING THE YOLO ULTRALYTICS LIBRARY

R. Zerkal, V. Olevskyi
Oles Honchar Dnipro National University
zerkal_rr@ffeks.dnu.edu.ua

The widespread use and multitasking capabilities of UAVS create the need to track and
monitor their activities. Computer vision systems are an important component in many areas,
including security and surveillance. Neural network systems are widely used to detect objects
by computer vision systems. The abstract presents the results of developing a software
application for detecting multicopters.

The application is implemented on the basis of neural networks. The development used
the YOLO algorithm and its implementation from Ultralytics. The application can be useful for
detecting drones from video from camera or photo and video files.
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PO3POBKA ITPOI'PAMHOTI'O 3ABE3IIEYEHHS 1151
MOBLJIBHUX IPUCTPOIB HA BA3I TEXHOJIOITI
REACT NATIVE

K. Pi3yn, B. I'epacumos
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
kostyakrolll@gmail.com

VY cydacHOMY CBiTi MOOLITBHI MPUCTPOT € HEB1T'EMHOIO YaCTHHOIO HAIIOTO KUTTS. BoHU
BUKOPHUCTOBYIOTBCSL Il poOOTH, HaBuaHHS, po3Bar 1 couikyBaHHs. [lns po3pobku
IPOTPAMHOTO 3a0e3MeUeHHs sl MOOUIBHUX MPHUCTPOIB iCHYe O€3Jid TEXHOJIOTIH, OJTHIEI0 3
akux € React Native.

React Native — ¢peiiMmBopk iHTepdeiicy KopucTyBaya 3 BIIKPUTUM KOJIOM, CTBOPCHUI
Meta Platforms, Inc. Bin BukopuctoByeTbes 11t po3poOku nmporpam aist Android, Android TV,
108, macOS, tvOS, Web, Windows i UWP, no3Bossitoun po3poOHHUKaM BHUKOPHUCTOBYBATH
¢dpeiimBopk React pa3oM 13 HATHBHUMH MOXIMBOCTSIMH Iatgopmu. BiH  Takox
BUKOPHCTOBYETRCS ISl PO3POOKH MPOrpam BipTyaibHOi peanbHocTi B Oculus [1].

[Mpunmunu pobotu React Native mpakTuuHo ieHTHYHI React, 3a BUHATKOM TOTO, 110
React Native e BukopuctoBye DOM uepe3 Virtual DOM. Bin npaiitoe y ¢oHOBOMY pexumi
(axmii iHTEepHpeTye JavaScript, HamucaHWil po3poOHMKAMHU) OE3MOCepeHbO HAa KiHIIEBOMY
OpPUCTPOi Ta CHUIKYEThCS 3 PIIHOKO IUIAaTGOPMOI0 depe3 cepiasli3oBaHi JaHi uepe3
ACUHXPOHHHH 1 TAKETHUH MICT.

Kommnonentu React o0ropTaroTh iCHyrOUMiI HATUBHHIA KOJT 1 B3a€MOIIIOTh 13 HATUBHUMU
APl uepe3 gexnapatuBHy nmapagurmy inrepdeiicy React i JavaScript . Xoua ctub React Native
Mae moniOHuit cuntakcuc no CSS, Bin He BukopuctoBye HTML a6o CSS. Harowmicth
MOBIAOMJIEHHSI 3 TOTOKY JavaScript BUKOPHUCTOBYIOTHCSI NIl MaHIMYJIOBaHHS HAaTUBHUMU
npencraBieHHsMu. be3 React Native po3poOHUKM MMOBHMHHI MHCATH HATUBHUM KOJI HA MOBax
L1IbOBOI MIaTGopMu, Takux sk Java ado Kotlin mst Android, Objective-C a6o Swift s 10S
i C++/WinRT a6o C# ans Windows [2].

React Native mae psan mepeBar mepej 1HITUMUA TEXHOJOTISIMU PO3POOKHA MOOUIBHUX
JIOJIaTKIB:

e E€aunuii kox 17 10S 1 Android: React Native 103BoJisie po3poOHHKaM CTBOPIOBATH

Mo6inpHI noxatku anst i0S 1 Android 3a momomororo enuHoro koxy. Lle 3HauHO
CKOpOUY€ yac 1 BUTPATH Ha PO3POOKY.

e Buxkopucranus JavaScript: React Native BukopuctoBye JavaScript, sika €
NOMYJIAPHOIO ~ MOBOIO  nporpaMmyBaHHs.  Lle  103Bosise  po3poOHHUKAM
BUKOPUCTOBYBaTH CBiM a0cBig pobotu 3 JavaScript st po3poOku MOOITBHUX
JIOJTATKIB.

e EdextuBnicte: React Native € edexTUBHUM (peMBOPKOM, SKUH JT03BOJISE
CTBOPIOBATU MOOLJIBHI JOAATKHU 3 BUCOKOIO MPOTYKTUBHICTIO.

o IligTpumka crimpHOTH: React Native Mae akTHBHY CIUIBHOTY PO3POOHHKIB, sKa
Ha/1a€ MiITPUMKY 1 pecypcHu.

React Native Mae 1 qesiki HEIOIIKH:

e Bara gonmatka: React Native momaTku MOXyTh OyTH BaXYHUMH, HDK JTOJATKH,
HanucaHi HATUBHOIO MOBOIO.

e Edextu: React Native He 3aBxau 100pe CIpaBiseTbes 3 ePEeKTaMu, TAKUMHU SIK
aHIMallis 1 mapaneabHe BUKOHAHHS.

e [linTpumka: React Native nigrpumye He Bel ¢pyHkii 10S 1 Android.
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React Native BHUKOPHUCTOBYETBHCS IS PO3POOKH IIMPOKOTO CIEKTPY MOOUIBHHUX
IOJATKIB, BKIIOYAIOYH:

e ComianpHi Mepexi: Facebook, Instagram, Twitter

e [eonoxkaris: Uber, Lyft, Google Maps

e EnektponHa komepiiis: Amazon, eBay, Alibaba

React Native — e noryxxuuii ppeiiMBOpK Uit pO3pOOKH MOOUTBHUX JOJATKIB, KUl
Mae psiji MepeBar Iepel IHIIMMU TEXHOJOTIsIMU. BiH 03BoJsie po3poOHUKAM CTBOPIOBATH
MoOinpHI gogatku ams i0S 1 Android 3a 10OMOTO0 €AMHOTO KO, IO 3HAYHO CKOPOYYE Yac
1 BUTpaTH Ha PO3POOKY.

[1] React Native [Enextponnuii pecypc]. Peskum mocrymy:
https://uk.wikipedia.org/wiki/React_Native.

[2] React Native: mpenmymiecTBa U HEAOCTATKH, OTaK4KsA OT React [Enextponuwmii pecypc].
Pexxum noctymy: https://highload.today/blogs/pochemu-reklama-sygrala-s-react-native-
zluyu-shutku-preimushhestva-i-nedostatki-frejmvorka/.

SOFTWARE DEVELOPMENT FOR MOBILE DEVICES
BASED ON REACT NATIVE TECHNOLOGY

K. Rizun, V. Gerasimov
Oles Honchar Dnipro National University
kostyakrolll@gmail.com

The development of software for mobile devices based on React Native technology is
under consideration. It provides information on how React Native works, the benefits of using
this framework, and additional aspects related to mobile application development. React Native
runs directly on mobile devices and interacts with the platform’s native APIs through serialized
data. It does not use the DOM, but retains the declarative paradigm of the React interface and
the JavaScript programming language.

React Native is a powerful framework for developing mobile applications that combines
cross-platform and efficiency. It allows developers to build apps for different platforms using
a single code, making it an essential tool in today's world of mobile app development.

PO3POBKA TELEGRAM BOTY HA MOBI PYTHON JIJIAA
ONTUMIBALIIl POBOYOI'O I'PA®IKY

M. Bbaraneun
Jninpoecoxuii Hayionanvnuti ynieepcumem imeni Onecs I onuapa
baganetcnik@gmail.com

Hanwnii Telegram-60T OyB po3poOaeHHiA 3 OJHIEI0 KOHKPETHOI METOI0 — 3a0MIAIUTH
JIOPOTOIIIHHUNA Yac CHiBpOOITHUKIB y Hammi kommanii. Panime, ams Toro mo6 nepeBipuTH
pobounii rpadik abo HaBITH CTBOPUTH HaraayBaHHs, MpalliBHUKAM JOBOJMIIOCS 3aIllyCKaTH

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 aucronana 2023 p., M. /Ininpo, Ykpaina



96 Cexuisi |. IHOOPMAIIIHI CACTEMM I TEXHOJIOI'Ti

KOMITIOTEpH ab0 HOyTOykm, miakmrodaTd VPN, BXOauTH Ha calWT 1 HIyKaTw TOTPIOHY
iHopmariro. Ileir mporec OyB HaaTO BHTpAaTHUM 1 moTpeOyBaB OaraTto dYacy, a TaKOX
CYIIPOBOJIXKYBABCSl PU3MKOM MPOITYCTUTH Ba)KJIMBI 3MiHU B Tpadiky.

Tenep 3aBasku nHamomy Telegram-0oTy el mpouec cTaB 3HAYHO MPOCTIHIMM i
3pyuHimmM. Bcei cniBpoOiTHHKM HamIoi KOMIaHii BUKOPUCTOBYIOTH Telegram, i Temep BOHM
MOXXYTb JIETKO TIEPEBIPUTH CBili poOoumii rpadik Ta CTBOPUTH HaraJyBaHHs, HE MMOKHIAIOYH
yIr00JIEHOT0 MeceH/pKepa. Hamr 60T BIpoBaKye 3pyqHICTh y poOOYHI IPOLEeC 1 3MEHIIye
HAaBAaHTAKCHHsI HA CIIBPOOITHUKIB, HAMAIOYHM iM IHCTPYMEHT Jisi €()EKTUBHOTO YMPAaBIIIHHSI
JaCOM.

Onuc moxauBocTei 6ora:
1. CrBopenHs Ta peaaryBaHHs podo4oro rpagiky: Ham 6ot Hamae crmiBpoOiTHHKaM
MOJKJIMBICTh JIETKO CTBOPIOBATH Ta pelaryBaTH CBiii poOouwmii rpadik. BoHHm MOXyTh
BKazaTu poOOYl T'OJIMHM, BCTAHOBUTH NEPEpBH 1 BU3HA4YMTH BuXigHi AHi. Ile 3HauHO
CHPOIIy€ TPOIIEC TUIaHYBaHHS poO0OYOro Yacy Ta J0IOMarae ONTHMi3yBaTH poOoTy.
2. CnoBimennss mpo moaii: Ham 00T aBTOMaTHYHO HAJCHIIA€ CIOBIIIEHHS TIPO
Hallonmmk4di poboui mofii, Taki fK 3ycTpiyi, 3aBAaHHs abo BaxuuBi aemtaiinu. lle
JIOTIOMAra€e YHUKHYTH TPOMYIICHUX TOJIIH Ta 3aBXK 11 OyTH B KypCi IIOJICHHUX 00OB'SI3KIB.
3. InTepakTHBHa B3aemonisi: Ham GoT pearye Ha KOMaHAM Ta 3alMTU KOPHUCTYBAuiB,
JIO3BOJISIFOYH iM JIETKO OTPUMYBATH iH(OpPMAIIito po CBiif rpadik Ta 101aBaTH HOBI MOIII.
IHTepakTHBHA B3a€MOJIS JO3BOJISE CHIBPOOITHUKAM JIETKO KOHTPOJIIOBATH CBil poOOYMit
Yac Ta OTPUMYBATH HEOOXiIHY iH(OpMAIliI0 B peXKHMi PeaIbHOTO Yacy.

Buxkopucrani TexHoJiorii:
1. Mogsa nporpamyBanns Python: Mu BukopructoByeMo MOBY mporpamyBanHs Python
Uit po3podku Telegram-00Ta, OCKIIBKY BOHA BiZJlOMa CBO€IO MPOCTOTOIO Ta 3PYUYHICTIO Y
po6ori 3 Telegram API. Python 103Bos1sI€ HaM MIBUAKO CTBOPUTH (PYHKITIOHATBHUAN OOT.
2. bioaioreka telebot: bibnioTeka telebot BukopuctoByeThes ans interpanii 3 Telegram
API ta cTBOpeHHs iHTepdelicy s B3aeMOJli 3 KopucTyBauaMu depe3 yatu Telegram.
Bona n03Bos1st€ 1erko 06po0IIATH MOBIAOMIIEHHS Ta B3a€MOISTH 3 KOPUCTYBaYaMHU.
3. Bbioumioreka traceback: Traceback BukopuCTOBY€TBCS /Jisl OOPOOKH Ta BiJICTEKESHHS
NOMWIOK B mporpami. Bona nomomarae po3poOHMKaM Jeriie 3HalTH Ta BUIIPABUTH
MTOMUJIKH B KOJII.
4. BioJaiorexa pytz: Pytz — e 6i6nioTeka 11 poOOTH 3 YaCOBUMHU IOSICAMHU, 1110 J03BOJISIE
e(heKTUBHO KepyBaTH YaCOBHUMH 30HAMU Ta TOIISIMH.
5. Bbi0Jaiorexa datetime: biGmioTeka datetime BUKOpPHUCTOBY€ETbCS A1 pOOOTH 3 JaTaMu
Ta yacoM. BoHa Hajae MOXIMBOCTI JUIsl pPO3paxyHKy pi3HHMIII Yacy Ta IHIIUX oOIleparlii,
NOB'SI3aHUX 3 YACOM.
6. Biomioreka requests: Requests BUKOPHCTOBYETBCS JUIS B3a€MOJIl 3 IHIMUMHU BeO-
cepBepamu Ta BukoHaHHs HTTP-zanutis. Lle n03Boisie 60Ty OTpuMYBaTH JAaH1 3 IHIIMX
JOKEpeJ Ta BUKOHYBAaTH PI3HOMAaHITHI orepartii.
7. Bbidaiorexa pandas: Pandas BukopucToByeThCs 11 00pOOKH Ta aHami3y nJaHux. Bona
J103BOJIsA€ OOTY e(heKTUBHO pOOUTH oreparlii 3 JaHUMHU, TaKl sIK QUIbTpalis, COPTyBaHHS Ta
00YMCIIeHHS.
8. Bbioaiorexa apscheduler: biomioreka apscheduler BHKOpUCTOBYETBCS TS TUTAHYBaHHS
noAiii ta 3aBnaHb. BoHa m03Bosise OOTYy aBTOMAaTHYHO BHUKOHYBAaTH pi3HI 3aBJaHHS Yy
BCTaHOBJIEH] YaCH.
9. Bibaioreka time: Time BUKOPHCTOBYEThCA sl pOOOTH 3 YacoM 1 3aTpuMkaMu. Bona
JI03BOJISIE OOTY KOHTPOJTIOBATH Yac Ta BUKOHYBATH JISsIKi oTiepariii y eBHHI MOMEHT 4acy.
10. Namecheap Shared Stellar Hosting: Hamr 60T po3mimenuii Ha xocturry Namecheap
Shared Stellar qis magiiinocTi Ta gqocTymHOCTI. L{e# XOCTHHT 103BOJISIE HaM 3a0€3MEUNTH
HerepepBHy poboTy 0ota 24/7, rapaHTyr0un KOpHCTyBayaM MOCTIHHUMI JOCTYH JI0 CEpBICY.
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PosrnsnyTi  6i07i0TeKHM JOMOMararoTh PO3POOHWMKAM CTBOPUTH TOTY)KHHH —Ta
¢ynkuionansauii  Telegram-60T nans onTuMmizamii pobodoro rpadiky Ta CHOBIIICHHS
KOPHUCTYBaYiB.

Po6ouwnii rpagik Ta cnocodu cnoBimeHHs:

CriBpoOITHUKM HE TOTPeOyIOTh BpY4YHY BCTAHOBIIIOBATH CBili poOoumii Tpadik,
OCKLUJIBKH 00T aBTOMaTUYHO OTpHUMYE iH(popMaliiro mpo podounii rpadik 3 BeO-cailTy kommnaHii
1 camocTiiiHO 00poOitoe 1o iH(opmarito. Ilicns orpumanHs rpadiky 00T aBTOMATUYHO
HAJICWJIa€ CIIOBIIIEHHS KOpPUCTyBayaM BIJIMOBIIHO JO dYacy, 3a3Ha4yeHOro B Tpadiky.
Hanpuknan, sxmo rpadik Bu3Hauae, mo criBpoOiTHUK npamroe 3 9:00 no 17:00 B OynHi 1Hi, TO
0ot Hajcuiae crioBimeHHs o 8:30, TOTyUH iX 10 Halbamxk40i podovoi roguau. Kopucrtysaui
TaKOX MOXXYTh 3alUTYBaTH iH(opMaIito mpo cBiit podounii rpadik y Oynb-sKuil MOMEHT, 1100
3aBXIH OYTH B Kypci CBOTO po60voro yacy. Bei 11i MOKIMBOCTI TOTIOMararTh CIiBPOOITHUKAM
ONTUMI3yBaT POOOYHIA IEHb, IJIAHYBATH po00Yi OIT Ta 3aBXa1u OyTH iHPOPMOBAaHUMH PO
CBiii rpadik.

DEVELOPMENT OF THE TELEGRAM BOT IN
PYTHON LANGUAGE FOR OPTIMIZING THE WORKING
SCHEDULE

M. Baganets
Oles Honchar Dnipro National University
baganetcnik@gmail.com

In this problem a Telegram bot is developed, which greatly simplifies checking the
schedule and creating messages about the user's working day. The Telegram bot interface and
software is written in Python.
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AHAJII3 EOEKTUBHOCTI ®LJIBTPALIT MICJS
CTUCHEHHA 3 BTPATAMMU 306PAKEHD 3 ITYMOM

B. PeOpoB, B. JIykin
Hayionanvnuu aepoxocmiunuu ynieepcumem im. M. €. JKykoscorkozo
«Xapkiecokuti agiayitHuu IHCIUMYm »
mr.vladimirrebrov@gmail.com, v.lukin@khai.edu

Po3BuTOK CcydacHHX 1H(POpPMALIMHUX CHCTEM Ta MEPEX IMPHU3BIB N0 IIUPOKOTO
BUKOpUCTaHHSA LU(PpOBUX 300paxeHb. CTUCHEHHS 300pa)XKeHb, OTPUMAHUX CHCTEMaMHU
JTUCTAHIIMHOTO  30HJAyBaHHSA, MEJAMYHUM OOJIaJHAHHAM Ta Yy 3acobax 0OpoOKu
MYJIbTUMEIIMHUX JaHUX, € OJIHIEIO 3 TUIIOBHUX OIEpaLil, JO3BOJISIOUN CIPOCTUTH 30epiraHHs
Ta mepenady JaHWX 3a paXyHOK 3MEHIICHHS iX 00'eMy, ajie MpPU IbOMY CIOCTEpIraeThes i
3HIDKEHHS SKOCTi 300paxkeHb. Halfuacrime BBaKarTh, IO SKICTh 300pasKeHHS, IO iA1a€ThCS
CTHCKY, € 1IeaJIbHIUM YU IOCUTh BUCOKUM, TOOTO IIyM Y HbOMY BiACyTHill. BTim, ayia 6aratbox
3aCTOCYBaHb IIyM € MPHUCYTHIM Ta MOMITHHM Ha OTPUMAaHHX 300paKCHHSX, a CTHUCHEHHS 3
BTpaTaMH HOTO JIMIIEC TPOXH MpHUAyInye. Toai MOXKIMBUM € IiJIBUIICHHS SKOCTI 300paKeHb
iCIIsl IeKoMIIpecii 3aBasiKK (ibTpallii.

Puc. 1 — a) 300paxxenns Fr03 3 1ocuTh CKIaIHOIO CTPYKTYPOIO; 0) 300paxkeHHs Frisco 3 1OCHTh IPOCTOO
CTPYKTYPOIO

EdextuBnicTh Takoi OaraToeranmHoi OOpOOKM 3alieXHUTh BiJl 0aratbox (akTopis,
30KpeMa, CKJIaJHOCTI 300paXKeHHs, pIBHA 1 TUIy 3aBaj, KojJepy Ta OiIbTpy, LIO
BUKOPHUCTOBYIOTBCS, Ta iX mapaMeTpiB. BaxnBow € BizyalbHa SIKICTh 300pa)K€HHS MICIS
00po6ku. Tox 1711 OLIHKM e(PEeKTUBHOCTI MOCT-(PiIbTpaLii 300pakeHb, 1110 CHIOTBOPEH1 ITyMOM
Ta CTUCHEHI 3 BTpaTaMH, BUKOPUCTOBYBaiMcCs ABI MeTpuku: 1) Tpaguniiine PSNR - mikose
BIJTHOIIEHHS CUTHAJTY JI0 IIyMY, LII0 BUPa)XaeThCsl B ennbenax; 2) MeTpuKa Bi3yajabHOI SIKOCTI
PSNR-HVS-M, sika BpaxoBye 0coOnMBOCTI 30py JroauHH [1] 1 Takox BupakaeTbes B Ab. Jlist
000X METpUK OLIBII 3HAUEHHS BiMOBIAAIOTH O1IBIII BUCOKIN SKOCTI.

Mertoro aHanizy Oyj0 BU3HAYUTH MOPOTOBE 3HAUEHHS MapaMeTpy CTUCHEHHS Q ams
cyuyacHoro kozaepy BPG (better portable graphics) [2], npu sikomy nopanbiia (igbTparis 3
ONTUMAIILHUM Koe(DillieHTOM [3, SKUX BU3HAYAE XapaKTEPUCTUKU (LIBTPY, MPU3BOAUTH O
PI3KOr0 3HIKEHHS AKOCTI 300paskeHHs. JlochmiakeHHs NpOBOAMIOCH ISl 300pa)Ke€Hb B
rpajauisgix ciporo pi3Hoi CKJIQJAHOCTI, 0 MpeacTaBieHi Ha pucyHky 1. Lli 300pakeHHs Oynu
IITYYHO CTIOTBOPEHi aIUTHBHUM OilMM TayCOBHM IIyMoM 3 maucmepcicro ¢>=100. IToct-
¢inpTpallis BUKOHYBaIach 3a IOIOMOror0 cyyacHoro ¢ginetpy BM3D [3].

MeTpukH po3paxoByBaJIUCh y MOPIBHSIHHI /10 300paXeHb, 110 HE CIOTBOPEH1 LIYMOM. 3
OTPUMAaHUX pe3yJIbTaTiB, 10 HaBeJeHI y Tabnuui 1, MokHa 3poOUTH HACTyIHI BUCHOBKH. ITo-
niepie, mpu 3poctanHi Q (110 T03BOJISE MABUIIUTHA KOS(DIIIEHT CTUCHEHHS ), IKICTh 300paKeHb
Ha BUXOJIl GUIBTPY 3HUKYETHCA, @ ONTUMaJIbHI 3HaYeHH 3 3MeHIIYI0ThCs. [Ipu 1iboMy sIKiCTh
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300pakeHb MICHIsI OOPOOKH TAaKOXK CYTTEBO 3AJICKHUTh TAKOXK Bia ix ckmamgHocti. [lo-mpyre,
CIIOCTEPITaeThCSl 3MEHIIEHHS ONTHMalbHOTO 3HadeHHs f. Ilo-Tpere, mis 000x 300pakeHb
Bukopuctanus Q=32 1 HactynHa QinbTpanis 3 f=2.3 37a€ThCA HAMKpaAIIMM KOMIIPOMICHUM
pimennam s 6°=100, 103BONAI0YN 36eperTH IPUHHATHY SKiCTh 300pa’keHb Y BiANOBiAHOCTI
10 metpuk PSNR 1 PSNR-HVS-M i nocuthk BUCOKI 3HA4eHHS KOS(DIIEHTY CTUCHEHHS SIKUH
JOPIBHIOE 5,73.

Tabmuus 1 — Pesynbratu noct-¢inbrpanii (HaBeaeHi Uil ONTUMaLHUX 3HAUEHb P, sIKi 3a0e31euyoTh
HaWOUIbI 3HAYEHHSI METPHK)

dinpTp BM3D
Q Frisco Fro3
B PSNR, 16 | PSNR-HVS-M, nb B PSNR, 16 | PSNR-HVS-M, nb

24 | 25 37,76 36,11 2,3 31,59 34,11
25 | 25 37,73 36,08 2,4 31,57 34,09
26 | 2,5 37,70 36,00 2,3 31,55 34,02
27 | 2,5 37,67 35,93 2,4 31,51 33,93
28 | 24 37,59 35,86 2,3 31,46 33,83
29 | 2,3 37,48 35,79 2,3 31,38 33,66
30 | 23 37,42 35,62 2,3 31,30 33,55
31| 23 37,34 35,47 2,3 31,19 33,42
32| 23 37,24 35,21 2,2 31,04 33,13
33| 23 37,14 34,98 2,1 30,85 32,91
34| 21 36,97 34,72 2,0 30,63 32,52
35| 20 36,68 34,31 1,8 30,34 32,12
36 | 1,3 36,33 33,87 1,7 29,94 31,59
37 | 1,3 35,95 33,41 1,2 29,47 30,96
38| 1,1 35,48 32,87 1,0 28,98 30,25
39 | 1,0 34,90 32,11 1,0 28,43 29,47

[1] Jiykin B.B., Ilonomapenxko H.M., Kpuenko C.C.; AHami3 e(peKTHBHOCTI METOJIB
CTHCHEHHS 300pakeHb BIAMOBIIHO /0 Pi3HUX KpHUTEpiiB sikocTi. PamioenekTpoHika Ta
iHpopmartuka. 2007. Ne2.

[2] KoBanenko b.B., JIykia B.B. (2021); BukopucranHs Bi3yalnbHHX MOKa3HUKIB JJIs aHATI3Y
CTHCHEHHSI 13 BTpaTaMH 3allyMJIEHUX 300pakeHb. AepOKOCMIUHA TEXHIKa 1 TEXHOJIOTs; C.
83-91.

[3] Marc Lebrun, An Analysis and Implementation of the BM3D Image Denoising Method,
Image Processing On Line, 2 (2012), pp. 175-213.

ANALYSIS OF FILTERING EFFICIENCY OF NOISY
IMAGES AFTER LOSSY COMPRESSION

V. Rebrov, V. Lukin
National Aerospace University «Kharkiv Aviation Institute», Ukraine

The purpose of the analysis is to determine the threshold of the compression parameter
Q for a modern BPG (better portable graphics) encoder, for which further filtering with the
optimal coefficient B, which determines the characteristics of the filter, leads to a sharp decrease
in image quality. The research is performed for grayscale images of different complexity.
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3ACTOCYBAHHS KOMITIOTEPHOI OBPOBKH JAHUX
B JOCJKEHHSIX 3A JOMTOMOTI'OIO
TA30BUX CEHCOPIB

A. JlozoBcbkuii, O. Tonkomkyp, O. Jsmkos, 1. 'omisiko
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
alexdnu@ukr.net

Komn'toTepHi TexHoorii 00po0KH eKCIEpUMEHTAIBHUX JJAHUX B)KE HaOYJIHM MIMPOKOTO
BUKOPUCTAHHS B PI3HUX Tally3sX HayKd 1 TexXHiKH, 1 cepa iX 3aCTOCYBaHHS NPOJOBXKYE
MOCTINHO 30ibIyBaTiCh [1-2].

Y @it poOOTi pO3MISAHYTI TUTAHHS peajizalii cremiani3oBaHoi iHpopMaiiHol
BuMiproBanbHOi cuctemu (IBC) ans xomn'torepHoi oOpoOKM AaHUX MPU BUMIPIOBAHHSIX Ta
KOHTPOJII TapaMmeTpiB Ta30BHUX CEHCOPIB HAa OCHOBI EKCHEPUMEHTAIbHHUX JOCHIIKEHb
KIHETUYHHUX 3aJI€KHOCTEH BIATYKY Ta3odyTJIMBHX CEHCOpIB, Ta iX ampokKcuUMaIllii BiJIOMOIO
Moeso po3TsaruyToi ¢pyukuii Konbpayma-Binesmca-Yorrcea [2].

Sk HalOLIbII IPUWHATHUN BapiaHT 3aCTOCYBaHHS KOMI'IOTEPHOI OOPOOKU JaHUX IS
3raJlaHoro BUMIPIOBAJILHOTO TMIpoliecy MpeAcTaBisieThesi po3podka IBC, ska mnoBuHHA
3a0e3MeYNTH BUPIIICHHS BOX 3aB/IaHb:

- onudpyBaHHA Ta BBEIEHHS JaHUX BHUMIipIOBaHb Ha mam st EOM y Burmsami
TEKCTOBHUX (pailiiB;

- 00poOKy Ta aHaii3 JaHUX y paMKaX MOJEI PO3TATHYTOI eKCIIOHEHIIaIbHOT (QYHKIII,
30KpemMa 3a0e3NeyuTH BU3HAYEHHS ii mapameTpiB Ta MoOyAOBY iX 3aJ€KHOCTI BiJl Pi3HUX
dakTopiB  (TeMmreparypH, MapliaJibHOIO THUCKY JAETEKTOBAHOTO Ta3y, CTPYKTYpHHUX
0c00IMBOCTEH Ta XIMIYHOTO CKJIaJy BUKOPHUCTOBYBAHOTO CEHCOPA, TOILO).

OCHOBHHMH BUMIipPIOBAHHMH XapaKTEPHUCTHKAMH Ta304yTIHBHUX CEHCOPIB € [2]:

- KIHETUKA BIATYKY NP BBEJICHHI/BUIAJIEHHI JIESIKOT KIJIbKOCTI aJICOPOTUBY (aKTUBHOTO
ra3y) B armoc(epy HaBKOJIO ceHcopa (TIpH MOCTIHHIN TeMIepaTypi ceHcopa);

- TeMIIepaTypHa 3aJIeXKHICTh BIATYKY 3a MOCTIHHOI KOHIIEHTpALil a/IcCO0THBA;

- 3JIEXKHICTh BIATYKY BiJl KOHIEHTpallli aAcOpOTHUBY MpH NOCTIHHINA TeMIepaTypi.

Biaryk BusnauaBcs sik Rs/Ro, me Rs — omip nmaTymka B cepeloBHINI IO MICTUTH
aacopOTuB, Ro — Ha noBiTpi.

[IporpaMHo-anapaTtHe 3a0e3nedeHHs] olU(pyBaHHS Ta BBEIECHHS JaHUX BUMIPIOBaHb
6a3yerbca Ha ARM wmikpokonTposnepi STM32F103C8T6.

AHanorosa Hampyra, sika onu¢poByBaiach, HaJXoIuia BiJ IUIbHUKA HAMpYTH, IO
sKoro mpukianeHa mnocriiiHa Hanpyra Uc = 3,3 B. JlitbHUK OyB IMOCIIIOBHUM 3'€THAHHSIM
npenusitHoro crpyMoBoro pesuctopa (Rx) 1 Oesmocepennnro cencopa (Rsen). Yactuna
HaIpyTH, 110 3HIMA€eThCs 3 ceHcopa Usen HaaXo1uIIa Ha BIANIOBIAHUIN BUB1I MIKPOKOHTpPOJIEpa,
AKUA € BXOoAoM 12-06iTHoro BOYJOBAaHOTO AaHAJIOTOBO-IM(POBOTO  IMEpPETBOPIOBAYA.
BukoprcTaHHS 1HOTO MEPETBOPIOBAaYa JIO3BOJISIE TIPOBOJAUTH ONM(PYBaHHS 3 TOUYHICTIO HE
MeHie 1 MB.

Taka cxema 3'eTHaHHS JO3BOJISIE BU3HAYUTH OTIIP CEHCOPA K BITHOMICHHS HAMIPYTH, 1110
omudpoByerbest Usen 1 ctpymy [, mo mnpoxomuts depe3 mimbHUK Rsen = Usen/l, ne
| = (Uc — Usen)/Rx. 3B'SI30K 3 MepCOHATBHUM KOMITIOTEPOM 3IiHCHIOETHCS 3a JOTIOMOTOI0
iHTepdeiicy USB.

Jy1g ynipaBIliHHS €IeKTPUYHOI0 CXeMOI0 Ol (pyBaHHs Ta BBEACHHS JaHUX BUMIPIOBAaHb
y nam'stb EOM ciy>kuth mporpama, ctBopeHa MoBoro Python 1 mepeTrpanciboBaHa Ha MOBY
MaITMHHUX KOIB 32 TOTIOMOTOK0 KOMIIIIATOpa ckpuntiB At Windows — Auto-PY-to-EXE.
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[Iporpamue 3abe3neueHHs OOpOOKM Ta aHamM3y EKCHEPUMEHTAIBHUX JaHHUX
nepeabdavae peaizaimiio TPhOX PEKHUMIB: TECTOBOTO (MMPU3HAYECHOTO ISl HABYAHHS METOJIUII
po0oTH 3 HEK), aBTOMAaTH30BAaHOTO Ta PEXKUMY 3 CYIPOBOJAOM oleparopa (moeramnHe
BHUKOHAHHSI 00pOOKH Ta aHaji3y €KCIIEPUMEHTAIbHUX JIaHUX, 10 JIOMYCKAae€ BHECEHHS 3MIH 10
il anropuTMy KOPUCTYBadeM).

Cepenosuiem, 1o 3ade3nedye poOOTy IpOrpaMHOTO IPOIYKTY, € OnepaliifHa cucremMa
Windows. Hagiramist Mi>xk po3aiiamMmu BiIOyBa€eThCs 3a JOMOMOTOI0 KHOMOK T4 MEHIO Pi3HHX
piBHIB (FOJIOBHOTO, MIPOMIKHUX Ta pobouux MeHi0) [3].

Jnst kepyBaHHS 00pOOKOIO BUXIIHUX JAHUX BUKOPUCTOBYETHCS MOHITOp MAKeTy, SIKUM
HamMcaHWii 13 3actocyBaHHsAM MoBH C# Ta Tumy mnpoekty Windows Forms Application
miatdopmu  Visual Studio. Ilpuxnagri mporpamui Momyni 010Ji0TEKH PO3paxyHKOBUX
AITOPUTMIB € JIOKYMEHTaMH BiJIOMOro MaTeMaTthyHoro makery Mathcad. Kpim 1woro,
rporpamMa BUKOPHUCTOBY€E yHIBepcalbHI 3ac00M poOOTH 3 daiaamu, Ki MalOTh PO3IIMPEHHS
tuny .xIsx, .dat(txt), docx ta .pdf.

Cucrema Hajae HacTynHi cepBicHI (QyHKIii 0OpoOKM Ta aHANI3y JaHUX OCIITKCHb
KIHETHKH BIATYKY PE3UCTHBHHUX ra30BHX CEHCOPIB:

- aBTOMaTH30BaHe ONU(PYBAHHS Ta BBEJCHHS JaHUX BUMIpIOBaHb B mam'stb EOM y
BUTJISIAI TEKCTOBUX (haimiB Oe3MocepelHbO BiJl amapaTHUX 3aco0iB BUMIpIOBaHHS a0o
KOHTPOJIIO;

- IEpBUHHY OOpOOKYy Ta aHali3 JaHUX Y paMKax MOJEJi PO3TATHYTOI €KCHOHEHIIWHOT
byHKIil, 30Kpema, A03BOJsi€ 3a0e3MeYUTH BU3HAYEHHS ii mapameTpiB Ta MOOYAOBY ix
3aJIe)KHOCTEH BiJl pi3HUX (PaAKTOpiB (TeMIlepaTypH, HapiiaJbHOTrO TUCKY JETEKTOBAHOIO rasy,
CTPYKTYpPHHUX O0COOIMBOCTEN Ta XIMIYHOTO CKJIaJy CEHCOpPa, TOIIIO).

[1] Klimentov A.A. Exascale Data Processing in Heterogeneous Distributed Computing
Infrastructure for Applications in High Energy Physics. Physics of Particles and Nuclei.
Vol. 51 (2020). P. 995-1068.

[2] Tonkoshkur A.S., Lyashkov A.Y., Povzlo E.L. Kinetics of Response of ZnO-Ag Ceramics
for Resistive Gas Sensor to the Impact of Methane, and its Analysis Using a Stretched
Exponential Function. Sensors and Actuators B: Chemical. VVol. 255 Part 2. (2018). P. 1680-
1686.

[3] Tonkoshkur A.S., Lozovskyi A.S. Software for processing and analysis of experimental
data in researching of gas sensors. System technologies. 1(138). (2022). P. 175-184.

APPLICATION OF COMPUTER DATA PROCESSING IN
RESEARCH USING GAS SENSORS

A. Lozovskyi, A. Tonkoshkur, A. Lyashkov, I. Gomilko
Oles Honchar Dnipro National University
alexdnu@ukr.net

An option for implementing a specialized information-measuring system for computer
processing of research data and monitoring the parameters of gas sensors is presented based on
experimental measurements of the kinetic dependences of the response of gas-sensitive sensors,
and their approximation by the well-known model of the extended Kohlrausch-Williams-Watts
function.
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HHPOI'PAMHE 3ABE3IIEYEHHA AJISA BUMIPIOBAHHA
IHAPAMETPIB HIKCEJIIB PACTPOBUX 30bPAKEHD

O. IBon, C. IliBenn
J[Hinposcokuil Hayionaneruu yHieepcumem imeni Oneca [ onuapa
aii_vel93@i.ua

PacTpoBi 300pakeHHs 30epiraroThCsi B MmaM’sTi KoMIT'toTepa sik rpadivdi daimm i
B1JIOOpKAIOTHCS HA MOr0 €KpaHi SK MPSAMOKYTHAa MAaTpPHII, IO CKJIAJAAEThCS 3 TIKCEIIB.
[TapameTpamul MIKCENIB € KOOPAWHATH, IO 33JAI0ThCS BIJIHOCHO BEPXHBOTO JIIBOIO KyTa
300pakeHHS, KOJIIp, MPO30PICTh Ta SCKPaBICTh. 3BHYAWHO KOJIP IMKCENS 3aMaeThes 24-X
6itoBuM aBiiikoBuM RGB xo1oM i popmyeTbes K cyMiln TppoX 6a30BUX KOJIBOPIB: YEPBOHOTO,
3€JICHOTO 1 CHHBOTO. BHECOK B KOJIip KOKHOTO 3 0a30BUX KOJIHOPIB 33/1a€ThCs 8-MU OITOBUM
JBIAKOBUM KOJIOM 1 MOKe MaTH 256 piBHIB y NIECATKOBIN cucTemi umcienHi Bix 0 go 255.
[Tpo30opicTh miKceNs TaKOXK 3a1a€ThCs 8-MHU OITOBUM KOJOM. Y JECATKOBIM CUCTEMI YMCICHHS
BOHA MOXe MaTH 3HadeHHs Big 0 1o 255. SIckpaBicTh MmiKcenst BA3HAYAETHCS K CyMa BHECKIB
0a30BUX KOJIBOPIB 1 MOKE MPUUMATH 3HAUCHHSA y AECATKOBIH cuctemi uncienns Bif 0 (4opHuit
Koutip) 10 765 (Oinwmii Kouip).

[Ipu BUMiproBaHHI T€OMETPUYHHUX IapaMeTPiB 00’€KTIB pacTpOBUX 300pakeHb [1] 1
pO3po0IIi MoJeneir 0OpoOKH pacTpOBUX 300pakKeHb, HAINPHKIA, 3 METOK TMOKpANICHHS I1X
SAKOCTI BUHUKA€ HEOOX1IHICTh OTPUMYBATH 1H(OPMAILIiIO PO MapaMeTpH OKPEMUX MIKCeliB. Y
3B’SI3Ky 3 IIUM METOI0 JaHOoi poOOTH € CTBOpeHHs mporpamHoro 3adesmneuenns (I13) s
BHUMIPIOBAaHHS 03HAYEHUX BUILE ApaMETPiB MiKCEsl.

3Ha4YHI MOMJIMBOCTI I JOCTYIy [0 MapaMeTpiB IIKCENiB IUISIXOM CKaHyBaHHS
pacTpoBUX 300pa)keHb HAJAIOTh MOBHI 3aCO0HM, II0 BUKOPHUCTOBYIOTHCS MJSl TOJAHHS
iHpopmarii B mepexi [nrepuer: HTML, CSS, JavaScript i rexunomnorist Canvas [2]. CkanyBaHHs
MOJKHa peali3yBaTH HaBEJIEHHSIM Kypcopy y BHOpaHy TOYKY pacTpOBOro 300pa’keHHs 3
MOJAJIBIIAM KJIAIIAHHSM JIiBOIO KJIABIIICO MUIII. 3UATYBAaHHS KOOPJAMHAT TIKCENS X, Y B IIbOMY
BUIA/IKy MOXXHA OpraHi3yBaTH HPOTPaMHUM LUISAXOM 32 IMOAI€0 MOUSeUP BHUKOPHCTABLIM
BiactuBocti pageX i pageY o6’exty event mosu JavaScript.

O6’ext canvas mosu JavaScript mae metos getimageData(), sikuii Hagae MOKIIUBICTD B
CKpUITaxX OTPUMATH 1H(POPMAII0 MPO KOJIp 1 MPO30pICTh OYyJib SIKOTO MIKCENIs pacTpOBOTO
300pakeHHs BOYTOBAaHOTO B IOJIOTHO. Llel MeTo/1 103BOJIsIE B CKPUIITAX CTBOPUTH MOCUIIATIbHE
iM’s Ha 00 ekt ImgData, BinacTuBicTh MacuB sikoro data[] moBepTae 3HaYeHHS BHECKIB 0a30BUX
KOJIbOPIB B KOJIIp MIKCENs 1 piBeHb Mpo30pocTi mikcens. Ha migcraBi oTpUMaHUX 3HA4YEHb
BHECKIB 0a30BHX KOJIbOPIB MOKHA PO3PaxyBaTH SICKPABICTh MIKCEIS.

Takum umHOM 3acobamu MoBu JavaScript i Texnosorii Canvas mpu ckaHyBaHHI
pacTpoBOro 300pa’keHHsI MO’KHa OTpUMAaTH MOBHY 1H(OpMalliio Ipo napaMmerpu Oyab sIKOTo
HiKCeJNs pacTpOBOro 300pakeHHS.

3 ypaxyBaHHSIM BUKJIAJeHOro Buile anroput™ II3 s BuMiproBaHHS mapaMmeTrpiB
MiKCeJNiB PacTPOBUX 300paKeHb MOBUHEH CKJIAATHCS 3 HACTYNHUX eTamiB: 1. 3aBaHTaXeHHs
pacTpoBoro 300pakeHHs JI0 BikHa Opay3epa; 2). BOymoByBanHs 300paxenHs 3acodbamu Canvas
B MOJIOTHO; 3). CkaHyBaHHS 00paHOi TOYKH PacTPOBOTO 300paskeHHs ISl 3aIlyCKy CKPHITIB,
siki 3acobamu JavaScript i Texuosorii Canvas HamaroTh iHGOPMAIIifo PO MapaMeTPH MIKCEs;
4). Bizyamizamiss TOYKM pacTpoBOro 300paxkeHHS Jae OyJi0 BHUKOHaHE CKaHyBaHHS; S).
BuBenenHs pe3yapTaTiB BAMIPIOBaHHS TapaMeTPIB MIKCEIs.

Ha puc. 1 moka3zaHo BiKHO MHporpaMu Ha 3aKIIOYHOMY eTami i BUKOHaHHA. Sk
porpaMHe CepeOBHIIE JIJIsT BUKOHAHHS MpOoTrpaMH BUKOprcTaHo Opay3ep Opera.
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Choose File FAY I:=Nelyls
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Puc. 1. Burnsan BikHa nporpamMu Ha 3aKIIOYHOMY €Tarli BAKOHAHHS

Iarepdeiic mporpamu peanizoBano 3acodamu Mo HTMLS 1 CSS3. Bin cxiiagaerses 3
OJIOKY 3aBaHTaXEHHS PacTpPOBOro 300pakeHHs (mone ¢dopMu TUIY «daim», KHOMKHU
«3aBantaxutu (ainm» Ta «lHBepTyBaTH KOIIp»), ONOKY iHAMKALIi MOTOYHUX KOOPIMHAT
Kypcopy, OJIOKy BHUBEICHHS pe3yJIbTaTiB BUMIPIOBaHHS 3 KHONKOH «OYHCTUTH MOJOTHO» 1
KHOMNOK «30UIbIIUTH 300pakKeHHA» 1 «3MEHIIUTH 300pa’keHHs» JJIs IPOTPAMHOT0 KEpyBaHHS
pO3MipaMM 3aBAaHTAKEHOTrO pacTpoBoro 3o0pakeHHs. IlonoTHo Mae posmipu 2300x1750
TMIKCEJIB 1 TO3UI[IOHOBAHE Y BEpXHHOMY JIIBOMY KyTI BiKHa Opay3epa.

CkaHoBaHa TOouka 300paxkeHHs (puc. 1) BIAMIYA€TbCS KOHTYPHUM KOJIOM YEpPBOHOTO
KOJIbOPY 3 LEHTPOM Yy BHIJISAI YEPBOHOTO KpyXkka pazaiycom 2 mikcens. [lapamerpu
CKAQHOBAHOTO MIKCENsl, PO3TAIIOBAHOTIO Y LEHTP1 IIbOr0 KPYXKa BHUBOIATHCS A0 MPUXOBAHHX
noJiiB (popm OJIOKY BUBEIEHHS pe3yibTaTiB BUMiproBaHHs (puc. 1).

[1] A. Ivon, V. Istushkin Use of the digital images for measurement of small planar objects
geometric parameters with high precision / Cucremui texuosorii. 2022, Ne 138, p. 120-126.

[2] T'peiic Yonkep. OcnoBu HTML 5: Yactuna 4. 3aBepmansauii mtpux — Canvas. URL:
https://www.ibm.com/developerworks/ru/library/wa-html5fundamentals4/index.html

SOFTWARE FOR MEASURING THE PIXELS PARAMETERS
OF RASTER IMAGES

A. lvon, S. Piven
Oles Honchar Dnipro National University
aii_vel93@i.ua

Using the languages HTML5, CSS3, JavaScript and Canvas technology, software has
created for measuring the parameters of pixels in a bitmaps: coordinates, color, transparency
and brightness. The environment for executing the software is Internet browsers.
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CTBOPEHHSI CACTEMU CETMETHAIII 305PA’KEHbD 3
BUKOPUCTAHHAM MOBHU PYTHON

JI. Axmerminna, C. Mitpoganos
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
mitrofanov.stas@hotmail.com

brusbko 80% Bciel iHdopMmalii TF0AHA OTPUMYE 3 JOTIOMOTOF0 30py. Bee Oinbina poib
IIpU [IBOMY BIJBOAMTHCS CHCTEMaM TEXHIYHOTO 30py, Kl peai3yloTh METOAU OO0pOOKH
300paxxeHb I MOJANIBIIOT0 MPEICTaBICHHS JIF0IMH1, a00 /711 aBTOMaTHUYHOTr0 aHanizy. Yucio
o0nacTeil, y SIKUX BHXIIHI JaHI HAIXOIATh y BUTISAL 300paskeHb, MOCTIHO 3pocTae. J[o HuX
BIIHOCATBCS Pi3HI CHUCTEMHU CIIOCTEPESIKCHHS, TEXHIYHOTO 30pYy, MOHITOPHHTY, aBTOHOMHI
cucTeMH, noiirpadisi, MEUIMHA, IHTEPHET Ta 0araTto 1HIIMX.

Onnum 3 ehekTHBHUX 32c00iB 00p0OKHM 300paskeHs € MoBa Python, 3aBasiku cBoi Oaratii
€KOCHCTeMI TaKeTiB Ta 61010TeK, K1 HalaloTh IMUPOKUI QyHKIIOHAI 1715 €(heKTUBHOI poOOTH
3 300paxeHHsAMHU. TakoX BaXXJIMBO BiJI3HAYUTH yHIBEPCAJIBHICTH Ii€1 MOBH MpOTrpamMyBaHHS,
IO HaJa€ IIHUPOKI MOXKIMBOCTI Ul TMOAANBINOI 1HTErpaiii po3poOJIeHUX aJrOpUTMIB Yy
JIECKTOTI- Ta BeO- 3aCTOCYHKH.

OcHoBoro Oinbmocti 6i6mioTek Ui poOOTH 3 OaraTOMIpHUMH JaHUMH, OKPEMHUM
BUIAJKOM sIKuX € 300pakeHHs, y Python € NUmPy [1]. Lla 6i6nioTeka eQekTUBHO peaiizye
MaTeMaTH4Hi Orepalii 3 BEKTOPaMH Ta MaTPHUISIMU, 3aBJIIKH BUKOPUCTaHHIO 0i0moTex BLAS
ta LAPACK, nanucanux 3 Buxkopuctanusm moBu C. SCiPy - me posmmpenHs 0i0mioTexku
NumPYy, sika peamnizye dbyHIaMeHTalIbHI alTOPUTMHU JIJIs1 MOJICTIIOBAaHHSA Ta aHaNi3y AaHuX [2].
BoHa BkiIrOWae anropuTMH JUIS ONTHMI3allii, iHTerpaiii, iHTepHoJsIii, 3aJa4 Ha BIacHI
3HAYCHHsI, alreOpaiyHuX piBHAHB, AU(EpPEHIIaJbHUX PIBHSAHb Ta 0ararbox I1HIIMX KJIACiB
po0JeM.

Matplotlib — e OiGmioreka Bi3yamizamii naHux. BoHa Hajgae iHCTpyMEHTH IS
CTBOPEHHs JAiarpam, rpadikis, cxeM Ta BioOpaxkeHHs 300paxens y 2D ta 3D ¢opmarax.

bi6mioreka scikit-image ticHo iHTerpOBaHa 3 0ibmioTekaMu NumPy ta SCiPy, BoHa
HAJIa€ MUPOKUH CIIEKTP IHCTPYMEHTIB Ta aJTOPUTMIB JIJIs 06p061<1/1 aHaJizy Ta TePEeTBOPCHHT
300paxensp [3]. Cepen KIFOYOBHX MOJIYIIB 0i0TI0TEKH MOYKHA BiI3HAYMTH HACTYIIHI:

e color — xouBepraris Mixk kKonipaumu mpocropamu (RGB 1o LAB, HSV 10 RGB,
TOIIO);

e exposure — omepamii 3 pIBHAMH IHTEHCHUBHOCTI, HalpHUKIa] eKBali3allis
riCTOrpaMu;

e feature — anropuT™Mu BUSIBIICHHSI O3HAK, HATIPUKIIA/ TCKCTYpHHIA aHAi3;

e Mmeasure - BUMIPIOBaHHS BJIACTHUBOCTEH 300pa’keHHs, HANPHUKIAJ, CXOXICTh Ta
KOHTYDH;

e restoration - anropuTMHu BiJHOBIICHHS, HAIPUKIA[, ICKOHBOJIOIS, yCYHECHHS
[IyMy TOIIIO.

e segmentation — anroputmu cermenraii, Hanpukiaa anroputM SLIC (Simple
Linear Iterative Clustering).

e transform - reoMeTpuuHi TEpPETBOPEHHS, HANpHKIaa, oOepTaHHs abo
nepeTBopeHHs PagoHa.

Y KOHTEKCTI B€0-3aCTOCYHKIB AJi1 00poOKU HU(POBUX 300paxeHb, OHUM 3 HAUOUIbIII
e(eKTUBHHUX MiAXO/IB, € apXITEKTypa 3 BHUKOPUCTAHHSIM DPO3MOAUIEHOI Yepru 3aBlaHb, 1110
703BOJIsIE  €(DEKTHBHO PO3MOAUIATH PECypcH MiX mpauiBHUKamMu(WOrker), ta crnpocTuTu
MmaciitadyBanHs. MoBa Python Hagae mpocTi Ta epekTUBHI IHCTPYMEHTH ISl peanizalii Takoi
apxitexkrypu. Hanpukian, FastAPl BUKOpUCTOBYIOTh y SIKOCTI CEPBEPHOTO 3aCTOCYHKY, SKUN
00poOITI0€ 3aTUTH KOPUCTYBaya, Ta MyOJIiKy€ 3aBIaHHs Y Yepry. Y sIKOCTI CHCTEMH yIpaBIiHHS
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Ta BHKOHAHHS 3aBJaHb 3 4Yepru, 3a3BuU4ail, BUKOPUCTOBYIOTh Celery, mpalliBHUKH SKOi
00pOOJISIOTH 3aIUT, BAKOHYIOTH IIEPETBOPEHHSI, Ta MOBEPTAOTH PE3YJIbTaT.

Y IomoBiai PO3TISAAETHCS apXITEKTypa, CTBOPEHOTO BEO-3aCTOCYHKY, JJIsi 0OpOOKHU
300pakeHb, 3 BUKopucTtaHHsIM TexHousorii FastAPI ta Celery, BucokopiBHEBa Jiarpama siKoi
HaBeZieHa Ha puc l. Y pamMkax HaBEACHOI apXiTEKTypH BCi OOYMCIIIOBAIILHO Ba)KKi 3amadi
(TIepeTBOpPEHHS Ta CErMEHTAIlis]) BAKOHYIOTHCS B paMKax mpamiBHUKIB Celery.

HTTP API Server
rronTEND | FastAPI
(Result Store)

\é redis —

Puc. 1 ApxitekTypa Be0-3aCTOCYHKY i1 00pOOKH I POBHX 300paKeHb

BucnoBku. biomioreka scikit-image moBu Python mae Benukuii Habop IHCTPYMEHTIB
Ta aNrOpUTMIB JUIs Bi3yami3amii, TEpPETBOPEHHS Ta aHaNi3y Bi3yalbHUX [aHHX.
VYHiBepcallbHICTh IIi€] MOBU MPOTpaMyBaHHS, J03BOJSE IMPOCTO IHTErpyBaTH pPO3pOOIIEHI
anroputMu 'y BeO-3actocyHku. [HcTpymentu FastAPl ta Celery mo3Bomsitore po3poOutu
e(eKTUBHY apXiTEKTypy JUIs 3aBIaHHs MEPETBOPEHHS Ta CErMEHTallii 300paKeHb.

[1] Harris, C.R., Millman, K.J., van der Walt, S.J. Array programming with NumPy. Nature.
Vol. 585. (2020). P. 357-362.

[2] Harris, C.R., Millman, K.J., van der Walt, S.J. Array programming with NumPy. Nature.
Vol. 585. (2020). P.357-362. Virtanen, P., Gommers, R., Oliphant, T.E. SciPy 1.0:
fundamental algorithms for scientific computing in Python. Nat Methods. Vol. 17. (2020).
P. 261-272.

[3] van der Walt, S.J. scikit-image: image processing in Python. PeerJ. VVol. 2. (2014). e453. 19
Jun. 2014, doi:10.7717/peerj.453.

ARCHITECTURE OF THE IMAGE SEGMENTATION
SYSTEM USING THE PYTHON LANGUAGE

L. Akhmetshina, S. Mitrofanov
Oles Honchar Dnipro National University
mitrofanov.stas@hotmail.com

The work is devoted to highlighting Python's capabilities, leveraging its rich ecosystem
of libraries like NumPy, SciPy, Matplotlib, and scikit-image for efficient image manipulation.
Further discusses the advantages of distributed task queue architecture for web applications in

image processing, emphasizing the effectiveness of tools like FastAPI and Celery in scaling
and resource distribution.
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KOMITAKTHA T'IBPUJHA MOJIEJb KOPUCTYBAYA JJIS1
MOKPAIEHHS PEKOMEHJIALIHUX CUCTEM

M. I'pedenmok, II. CutHikoBa
Xapxiscokutl HAYiOHANbHUL YHIBEpCUmMem padioeleKmpOHIKU
mykyta.hrebeniuk@nure.ua, polina.sytnikova@nure.ua

PexomeHaniifHi CHCTEMH CTaJIM HEBIJI'€MHOIO YaCTHHOIO HALIOTO IHU(POBOTO KHUTTH,
JIOTIOMAararoyuy HaM 3HaXOMTH LIKaBUH KOHTEHT B IHTEPHETI, TAKUHU K (DIIbMU, My3UKa, KHUTH
Ta TOBapW. Benmnka 9acTWHA IOTO YCMIXy IOJSATAE B TOMY, SIK CUCTEMH aHANI3yHOTh Ta
MPOTHO3YIOTh Halll iHAMBiAyanbHiI ynomoOanHs. OJHAK BOHU CTHUKAIOTHCS 3 BUKIHKAMH,
TaKUMHU SIK PO3PIHKEHICTh JaHUX Ta MpobiieMu MacmtaboBaHOCTi. OIHUM 3 TIIXOIIB IS
BHUpIIIEHHS TPOOJEM PO3PIHKEHOCTI Ta MAacIITabOBAaHOCTI € TiOpHIHI PEKOMEHJAIlilHI
cucremu [1]. TonoBHa imes mossirae B 00'eqHanHi abo iHTerpalii pisHUX mKepen iHpopmarrii
JUIst 3a0e3nedeHH s OUTbII TOYHUX Ta MEPCOHATI30BAaHUX PEKOMEHalId. Y I[bOMY KOHTEKCTI
3alpONIOHOBAHO CTBOPCHHS KOMITAKTHOI TiOpHUIHOT MOJIENI KOPUCTYyBaya, sika MOEIHYE SBHI
OLIIHKHM KOPUCTYBAaYiB Ta OMUCH BMICTy 00'€KTIB, TaKi K KaHPH (PiIbMIB.

LentpanbsHoro ieero € BrpoBakeHHs "Mipu mikaBocTi xxanpy" (GII), sixa € riopuaHoI0
03HaKOM [2] i MoeMHY€ OLIHKH KOPHCTYBadiB Ta *aHpH ¢inbMiB. ['onoBHa MeTa momsirae B
TOMY, 11100 OIIIHUTH, HACKUTBKY KOPUCTYBAY I[iIKaBUTHCSI TIEBHUM YKaHPOM, BPAXOBYIOUH SIK SIBHI
OIiHKH (iIbMIB, TaK 1 iXHi orucH. L{s omiHKa 103BOJIsSIE 30€piraTd TOYHICTh CUCTEMH CIIIBHOT
dinpTparii Ta oqHOYaCHO 3a0e3MeuyBaTH MacIITa0OBaHICTh pekoMeHalii. s oouncieHHs
"Mipu nikaBocTi xkaHpy" BBeeHO psia Gpopmya. OCHOBHI KPOKH BKIIOYAIOTh:

1. CtBopenHs Habopy ¢iIbMIB 3 BUCOKOIO OLIHKOIO, SKi OyJM OLiHEHI KopucTyBauem. J{is
NEBHOTO KOPHCTYBaua, u; 1 NEBHOTO JKaHpy, G; , HaOlp (iNbMIB 3 BUCOKOIO OILIHKOIO, H; €

(popmymna 1):

Hi = {T‘i‘klsk € Si, Tik > 3} (1)

2. OGumcnenHs 3aranbHOi omiHKHM TR(u;), kopucryBada u; (popmyna 2). Tyt S; — HaOip
(G11bMIB, OLIIHEHUX U;:

TR(u;) = Xses;Tik 2

3. PospaxyHOK aHpOBOro peHTHHTry GR, (G;) (dhopmyna 3) i wacroru xaupy GF, (G))
(popmyna 4) nns BUCOKO oLiHEHUX (PibMiB (TOOTO (PibMU, OLIHEH] K 100pe «3», TyxKe
no6pe «4» abo BiAMIHHO «5») xKaHpy G;, IO BiANOBIJAIOTh KOPUCTYBATY U;:

GRui(Gj) = Zskec;chi Tik 3)
GF,,(Gj) = Zspec,en, 02(rix) 7 € (34,5}, 4)
ae
1 z=rx
GZ(ri'k) = {0 VA S Iik (5)
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4. OOYMCICHHS BiZIHOCHOIO XaHPOBOro pedTHHry RGR (dpopmyia 6) i BiTHOCHOI YacTOTH »KaHPIB
RGF (popmymna 7):

GRy, (Gj)

RGRy, (G)) = —rbs (6)
GFy(Gj)

RGF,,(Gj) = T‘l; (7

ne 3aranbHa yactota TF (u;) = |S;| € moTyXHicTIO S;;
5. CtBopeHns KiH1eBoi "Mipu 1ikaBocTi xanpy" (GII) 3a qormoMororo KoMrieKcHOi popmMyu
(9). Cxooxuii miaxia ais BuBeaeHHs Gopmyiu (8) Bukopucranuii y [3]:

LsyeGjeh; 83(Tik) +2X84 (ri) +3%85 (k)

MRGF,,(G;) = TR 8)
__ 2xnfxRGRy; (Gj)xMRGFy, (Gj)
Glly, (Gi) "~ RGRy,(Gj)XMRGFy,(Gj) ©)

Bukopucranss Takoi riopuaHOi MOIeIi J03BOJISIE 30€perTH TOYHICTh PEKOMEH IAIlIN Ha
OCHOBI maM'siTi Ta BOJHOYAC 30€perTh MacimTaboBaHICTb Ha OCHOBI Mojeni. Llg momenb
JIO3BOJISIE BUPIIITUTH ITPOOIEMH PO3PIKEHOCT] JaHUX Ta 00MeXeHo1 1HpopMarlii mpo 00'eKTH.
Ile cnpuse 3HAaYHOMY 3MCHIICHHIO CKJIQJIHOCTI CHCTEMH 3a0e3redye BUKOHAHHS
B3a€MOBITHOIIICHHS TPAH3UTHUBHOCTI MIXK CyCiaMu.

3aramoM, MOJENTh KOPHUCTyBada, sika ONKWCaHa B JaHii poOOTi, BiOKpHUBa€e HOBI
MO>KJITMBOCTI JUIsI TIOKPAIICHHS PEKOMEHIAIIMHUX cucTeM. J{OCIIiPKeHHS B IIbOMY HAIMPSMKY €
MEPCIeKTUBHUM 1 MOXe OyTH BHUKOPHUCTaHO JUIsi TOJANBIIOTO  BIOCKOHAJIEHHS
PEKOMEHIAIIHHUX CUCTEM.

[1] Charu C. Aggarwal. Recommender Systems: The Textbook. (2016). 19 p.

[2] Andreu Vall, Matthias Dorfer, Hamid Eghbal-zadeh, Markus Schedl, Keki Burjorjee &
Gerhard Widmer. Feature-combination hybrid recommender systems for automated music
playlist continuation. (2019). P. 9-16.

[3] Sebastien Fremal, Fabian Lecron. Weighting Strategies for a Recommender System Using
Item Clustering Based on Genres. (2017). P. 6-11.

COMPACT HYBRID USER MODEL FOR IMPROVING
RECOMMENDATION SYSTEMS

M. Hrebeniuk, P. Sytnikova
Kharkiv National University of Radio Electronics
mykyta.hrebeniuk@nure.ua, polina.sytnikova@nure.ua

Proposed a compact hybrid user model to improve recommendation systems. The model
integrates explicit user ratings with content descriptions, specifically genre information, to
estimate the user's interest in different genres. This approach addresses data sparsity and
scalability issues, improving recommendation accuracy while maintaining system efficiency.
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AHAJII3 BATATO®YHKIIOHAJIBHUX KOHTPOJIEPIB
JJIA CIJIBCBKOI'O I'OCITOJAPCTBA

A. UepHeHKoO
JIHinposcokuil nayionanerui yHieepcumem imeni Onecs [ onuapa
lunaticla040@gmail.com

Arduino - e enexTpoHHa atdopma 3 BIIKPUTUM BUX1THUM KOJIOM, 1110 0a3y€eThCs Ha
POCTOMY y BUKOPUCTaHHI amapaTHOMYy Ta HIporpamHoMy 3a0esnedeHHi. [[ns cTBopeHHS
IHCTPYKLIH MIKpPOKOHTPOJIEPY BUKOPHCTOBYETHCS MOBa mporpamyBanHs Arduino (3acHoBaHa
Ha Wiring) i mporpamue 3abe3neuenns Arduino (IDE), 3acHoBane Ha Processing.

ESP32 - me OararodyHKIiOHAIBHUNA MIKpOKOHTponepHuit Omok (MCU) 3
IHTETPOBAaHMMH MOXJIMBOCTAMU TMin'eqHanHs Wi-Fi Tta Bluetooth mms mmpokoro cmekrpa
3acTocyBaHb. BiH 3mareH HajiifiHO (yHKIIOHYBaTH B TPOMHCIOBHX YMOBax 3a po0Ooyoi
temneparypu Big -40°C go +125°C. 3aBasku BIOCKOHaNEHUM cxemaM KaniOpyBaHHs ESP32
MOJKE JUHAMIYHO yCYBaTH HEIOJIKH 30BHINIHIX JAHITIOTIB 1 aJJanTyBaTHCS 10 3MiH 30BHIITHIX
yMOB. Hu3bpke eHeprocnoXuBaHHS POOUTH MOro igealdbHUM PIIIEHHSAM Ui MOOUIBHHX
IPUCTPOIB, IepeHocHO]1 enekTpoHiku Ta loT-mogarkis. ESP32 mae Bucokuit cTyminb iHTETpamii
3aBIsKH BOYIOBaHMM AaHTEHHUM KOMYTaropaM, paJio4acTOTHOMY OJIOKY, MiJCHIIIOBadaM 3
HU3BKUM piBHEM HIyMY, QLIBTPaM 1 MOIYIISIM KepyBaHHs )KUBJICHHAM. BiH MOjke MpaioBaTH sk
MOBHICTIO aBTOHOMHA CUCTeMa a0o K BeleHui npuctpiil ans ronosHoro MCU, 1o nae 3Mory
3HU3UTH HABAaHTAXXEHHS Ha CTEK 3B'SI3Ky OCHOBHOTO MpHKJIaAHOrO mpoiecopa. ESP32 moxe
B3a€MOJIIATHU 3 IHIIMMH CUCTeMaMu IS 3a0e3nedyeHHs ¢pyHkuioHanbHocti Wi-Fi ta Bluetooth
yepes inTepdericu SPI/SDIO a6o I2C/UART.

MikpoxkouTtponepu STM32 - 1e ciMelicTBO 32-po3psSAHUX MIKpPOKOHTPOJIEpiB Ha Oasi
aapa ARM Cortex-M3, npusHaueHux uisg BOYyZOBaHUX 3aCTOCYHKIB, SIKI TOTPEOYIOTh BUCOKOI
IPOYKTUBHOCTI, HU3BKOT BAPTOCTI Ta HU3BKOTO eHeprocnoxuBaHHsA. Cepisi MIKPOKOHTPOJIEPiB
STM32 3a0e3neuye OagaHC MK TPOIYKTUBHICTIO, MOTYXKHICTIO, OE3MEKOI0 Ta EKOHOMIYHICTIO,
peasi3ye MOXJIMBOCTI peallbHOTO 4acy, IHM(pOBEe ONpAIlOBaHHS CUTHAJIIB, HHU3bKe
€HEProCIOKUBAHHA/HU3bKY HANpyry OKUBJIEHHS 1 IIMPOKI MOXKIIMBOCTI IiA'€THAHHS,
30epirarouy MOBHY 1HTETrpaLlilo Ta MPOCTOTY po3pobiaeHHs[1].

Raspberry Pi - ne Henmoporuii koMmm'rorep po3MipoM 13 KpEAUTHY KapTKy, IO
H1AKJII0YAETHCS 10 KOMITFOTEPHOTO MOHITOPA 1 BUKOPUCTOBYE CTaHAAPTHY KJIaBiaTypy Ta MUILY.
Bin mae QyHKIIOHAIBHI MOXJIUBOCTI 11010 MEperisiay BeO-CTOPIHOK 1 BIATBOPEHHS BIIEO
BHCOKOI YITKOCTi, CTBOPEHHSI €IEKTPOHHUX TaOIUIh, TEKCTOBUX PEAaKTOPiB Ta irop[2].

Orange Pi - 1e ciMEHCTBO E€KOHOMIYHUX OIHOIUIATHUX KOMII'IOTEPIB, CXOXKHX 3a
nu3aitHom 3 Raspberry Pi. Orange Pi Moxe mpariroBaTy mijl ypaBlIiHHAM pi3HUX ONepaniiHux
CUCTEM, BKIIFOUHO 3 aucTpuOytmBamu Linux, sik-oT Raspbian, Ubuntu, Arch Linux i Debian,
omepariinumu cucremamu  Android, sx-or Android 4.4 i1 Android 5.1, Ta iHmIUMUK
onepamiitaumu cucteMamu, k-oT OpenELEC 1 Armbian [2].

ITnatu Orange Pi i Raspberry Pi, Arduino 3acHoBani Ha nporecopax ARM. Bouu, sik
MpaBWJIO, OUIBII eHeproeQeKTUBHI, HDXK Mpouecopu x86 1 3a0e3meuyroTh OUIBII BHCOKY
IPOJyKTUBHICTh HA BaT, HLK Mporiecopu x86.

[IpoBenemo nopiBHUIBHUIN aHaII3 HaBeJIEHUX 3ac001B.

Arduino Hazmae mpocrte 1 100OpO3UUWINBE CEPEOBUIIE PO3POOKH Ui MOYATKIBIIB 1
npodecionaniB. Bona 3acHoBaHa Ha MOBI TporpamyBaHHs, Mo 0a3zyeTbes Ha C/CH++, 1 mMae
BEJIMKY 0a3y HaBYaJbHMX MarepiajiiB i CHUIBHOTY pO3pOOHHUKIB; MiKpokoHTposiepu Arduino
Uno, n1o0pe maxoAsaTh AJIS MPOEKTIB 3 OOMEKEHUM EHEPrOCIOXHBAHHSAM 1 MPAIIOIOTh BiJ
Oarapeif; Arduino yacTo BHUKOPHCTOBYETHCS JUIsI MPOCTUX BOYJOBAaHUX CHCTEM KEpyBaHHS
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JaTYMKaMU W aKTyaTopamH; 3a3BHYail CTaOLILHO TPAILIOE B PEXKHMI PEATBHOrO dYacy i
3abe3neuye HaIHY pOoOOTY BOYJJOBAHUX CHCTEM.

ESP32 mae Buiiry o0uncroBalbHY MOTYKHICTb 1 OUTBIINN 00'€M OIepaTUBHOI Mam'sITi y
nopiBHsTH 3 Arduino; mae BOymoBani Wi-Fi 1 Bluetooth; mpononye pisHoMaHiTHI nudposi Ta
aHaJIOTOB1 BXOJU/BUXO/IH, & TAKOX MIATPUMKY PI3HOMaHITHUX KOMYHIKAIIHHUX 1HTEpENCIB -
UART, SPI ta 12C; mae cywmicHicth 3 Arduino IDE: ESP32 moxnHa mporpamyBaTu 3
BukopuctanHsM Arduino IDE, mo mnonermye po6oty 3 miardopmor s po3pOOHHKIB
Arduino; BUKOPUCTOBYE Pi3HI peKUMHU €HEPTro30epeKeHHS.

STM32 MIKpOKOHTpOJEpH YacTo MawTh BOymoBaHi ¢yHkiii: ADC (anamsororo-
i poBwii iepeTBoproBad ), PWM (iMmynbCHO-IIMPOTHO-MOAYILOBAHHM CUTHAI) 1 PSIT 1HIIHX;
aHajoriyHo HaBegeHUM BuIne. STM32 moxe OyTHu 3anporpaMOBaHHi 3 BUKOPUCTAHHSIM PI3HUX
MoB, BkItouHO 3 C, C ++, Python Ta inmi; STM32 MiKpOKOHTpOJEpPH MPOIOHYIOTH Pi3HI
PEKUMU €HEpPro30epekeHHs, 10 POOUTH IX MNPUAATHUMHU g OaTapelHUX 1 COHSYHHUX
3aCTOCYBAaHb.

B pesynbrari mpoBeeHOro MOPIBHSHHS Ci 3a3HAYUTHU HACTyMHE. Y Psijii BUMAAKIB
Arduino Hagae OUTBII TPOCTE CEPEIOBHINE PO3POOKH IS 3aCO0IB KOHTPOJIS 1 aBTOMATH3AIlIl B
ciibcKoMYy rocnoaapctsi. s peanizariii anroputmis ynpapiiHHs Arduino BAKOPUCTOBY€E MOBU
nporpamyBanHas C/C++, B TeNepiliHiid 9ac JOCUTH HIMPOKO TaKOK BUKOPUCTOBYEThCss Python,
1 Mae BenmuKy 0a3y 010710TeK, IO HAXOIATHCA Yy IIMPOKOMY AocTymi; tiatu Arduino mpobpe
MIIXOJATH JJIsI POEKTIB 3 OOMEKCHUM CHEPrOCIIOKUBAHHSIM, 3a3BHYall CTA0UIBHO MPAIOIOTH
B pEXHMI pealbHOro yacy. BBaxaro, 110 1Ji1 HECKJIaJHUX aBTOHOMHUX MPOEKTIB KOHTPOIIO 1
aBTOMATH3aIlil B CLIIbCHKOMY TOCIIOIAPCTBI JIOIIIBHO BUKOPUCTOBYBaTH cepenoBuiie Arduino
3 BIATOBIAHUMU TIepiepitHUMU TPUCTPOSIMH.

[1] Introduction to STM32 Microcontrollers [Enexrponnuii pecypc]. Pexum mpocrymy:
https://www.utmel.com/blog/categories/microcontrollers/introduction-to-stm32-
microcontrollers .

[2] Orange Pi vs. Raspberry Pi: Which is Better? [Enexrponnuii pecypc]. Pexxum mocrtymy:
https://electronicshacks.com/orange-pi-vs-raspberry-pi/ .

ANALYSIS OF MULTIFUNCTIONAL CONTROLLERS
FOR AGRICULTURE

A. Chernenko

Oles Honchar Dnipro National University
lunaticla040@gmail.com

Arduino is an open-source electronics platform based on easy-to-use hardware and
software. Raspberry Pi and Orange Pi belong to the class of single board computers (SBCs).

There are two main types of SBCs available on the market: those based on ARM
processors and those based on x86 processors. Orange Pi and Raspberry Pi, Arduino boards are
based on ARM processors.

As a result of the comparison, the following should be noted. In some cases, Arduino
provides a simpler development environment for control and automation in agriculture. To
implement control algorithms, Arduino uses C/C++ programming languages, Python is now
also widely used, and has a large base of publicly available libraries; Arduino boards are well
suited for projects with limited power consumption, usually working stably in real time. I
believe that for simple stand-alone control and automation projects in agriculture, it is advisable
to use the Arduino environment with appropriate peripherals.
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ABTOMATU3ALIIA CUCTEMU KEPYBAHHA IPOHOM HA
OCHOBI AJITOPUTMIB KOMIT'IOTEPHOI'O 30PY

1. TitroB, M. AHapeeB
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
daniil.titov.2000@gmail.com

Ha cyudacHomy erami pO3BUTKY TEXHOJIOTiI aKTHBHO BTITIOIOTHCS HOBITHI TEXHIUHI
pIIIICHHS 1711 aBTOMATH3allii MOBCAKACHHUX MOTPeO crioskuBaviB. OIHIEIO 13 HAHAKTYaIbHIIIIAX
€ gocraBka 3amoBiieHb. Kommanii, taki sk Bolt, Glovo, Aliexpress, Amazon, HamamTh
MO>KJIMBICTh IIBHJKO 3aMOBJISITH TOBapH, sSKi 3a KOPOTKHH Yac JTOCTaBISAIOTHCS 10 JIBEpeit
CHOXHBaya, IPOTE iICHyIOYa MPU IIbOMY 3aJI€KHICTh BiJ JIFOJICEKOT pOOOYOi CUIIH YCKIIQIHIOE
JOTICTUKY Ta 0OMeXy€e MOXKIMBOCTI JJIsi IOBHOT aBTOMartu3auii mporecy. Bianosiae Ha nei
BUKJIMK MOXXe OyTH peaii3oBaHa 3aBISIKM BHKOPHCTAaHHIO JIPOHIB, SIKi 3/aTHI aBTOMATHYHO
JOCTaBIISITH TOBAPH JI0 BU3HAYCHHUX MIEBHUM YHHOM MICIb TPU3EMIICHHS.

o6 3abe3meynTH II0 aBTOMATHU3allil0, MU MPOMOHYEMO CHCTEMY, J€ KOPHCTyBad
1HILIIFO€ MpolIeC, BKa3yI4H MicIle MPU3eMIIEHHS JPOHY 3a Aoromororo ¢ortorpadii. Lg cucrema
0a3yeThCsl Ha aNrOpUTMax KOMI'IOTEPHOTO 30py: HEHpOHHAa Mepexa, B SKii peaizyeTbes
anroput™ Y OLO, anainizye 300paskeHHsI 17151 BUSIBICHHS OTEHIIIMHUX ITOCAI0YHUX IJI0MIAIO0K,
a airoput™ SIFT (Scale-Invariant Feature Transform) 3a0e3neuye netanbHAN aHami3 TEKCTYpH
MICIIEBOCTI I TOYHOTO BU3HAUEHHS ONTUMAIBHOTO MicIsl mocaaku. JloCmiKeHHS CUCTEMU
MPOBOAMIIOCH 3 BUKOPUCTaHHIM cumyssatopa Gazebo, 110 J03BOJIsI€ MOJECIIOBATH MOBEAIHKY
JIPOHIB Yy BIpTyaJlbHUX YMOBax Mepes iX peanbHOI eKcIulyaTaliero, Ta cuctemu ROS2, mo
3a0e3reuye KOOpAUHAIII0 pOOOTH JAPOHIB B €IUHIN MEpexi.

[IpoBeneHi nocniKeHHs oKa3aiu, 10 OAHOYacHE 3acTocyBaHHsA anropurMis Y OLO
ta SIFT no03BOMMIO 3HAYHO NIABUIIWTU €QEKTUBHICTh BU3HAYEHHS LIJIBOBUX TOYOK
NPU3HAYEHHS, BIIKPUBAIOYHU HIMPOKI NEPCHEKTUBH AJIsl ONTHUMI3allli Ta aBTOMATU3alli1 TPOLECy
JIOCTaBKM KOPUCHOT'O HaBaHTaKEHHs IpOHAMU B MailOyTHEOMY .

AUTOMATION OF THE DRONE CONTROL SYSTEM BASED
ON COMPUTER VISION ALGORITHMS

D. Titov, M. Andreev
Oles Honchar Dnipro National University
daniil.titov.2000@gmail.com

At this stage of technology development predominant delivery mechanisms,
exemplified by entities such as Amazon and Glovo, are substantially contingent upon human
intervention. Addressing this limitation, we propose an innovative drone-based delivery
framework wherein end-users demarcate the landing trajectory using photographic input.
Utilizing advanced computer vision techniques, namely the neural network YOLO and the
algorithm SIFT, this system meticulously identifies and validates potential landing zones. The
simulator Gazebo was used to simulate the behavior of drones in virtual conditions before their
real operation. Integrated with ROS2, this framework facilitates synchronized multi-drone
operations, presenting a significant stride towards minimizing human dependency and
enhancing the scope for comprehensive automation in the delivery domain.
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JTOCJIJUKEHHS METO/IB AJANITUBHOI ®IIBTPALTT
EKT-CUTHAJIB JJ1S1 BUSIBJAEHHSI AHOMAJIINA
CEPLIEBO-CY/IMHHOI CUCTEMM 3A JOIMOMOI'OIO
TEJEMEJINYHOTO KOMILIEKCY

. €Epbomenko, /1. YepHeTueHKO

Jninpoecvkuii HayionanvHuti yHieepcumem imeni Onecs [ onuapa
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PO3BUTOK MIKpPOEIEKTPOHIKM Ta TEXHOJOTrIH BHUPOOHMIITBA HAMIBIPOBITHUKOBUX
BUPOOIB J1aB 3MOT'Y 3MEHILIUTH OOUUCITIOBAJIbHI IPUCTPOT, SHU3UTHU IXHE €JICKTPOCIIOKUBAHHS 1
BIJKPUB HOBI MOJMJIMBOCTI JUIi IXHBOTO 3aCTOCYBaHHS. 3apa3 MIKpOIpPOLECOPU
3aCTOCOBYIOTHCSI Hal4acTille B CIIOKUBYiH €JIEKTPOHILi, HANPHUKIAJ, EPEHOCHI MPUCTPOI,
cMapT(OHH, a TAKOXK BCUIsIKE 00MaqHaHHA U1 MeInYHUX nieil. [lomynsipaumu € npouecopu
xomnanii Qualcomm, sika BUpOOJISi€ K MPOLIECOPH ISl 3aralbHOTO NMPU3HAYCHHS, HATPUKIIAI,
poLecop Snapdragon 8 Gen 2, sxuit BUKOPUCTOBYIOTH Y cMapTdoHax Ta iHIIINA NepeHOCH N
€JIEKTPOHIIl, TaK 1 BY3bKOCIICI[iaJIi30BaHi MPOLECOPH JJsl TEJICKOMYHIKAIliHHUX TOTpeo,
Hanpukiaa, Qualcomm Atheros IPQ8072A, sxuii Moxke 0OpoOUTH BEIMKUI 00CST TaHUX. YCi
nepepaxoBaHi MpoIecopu 00'eHYE Te, 0 BOHU BUKOPUCTOBYIOTH apXiTekTypy ARM [1].

Tenemenuuuna - 1e NpakTHKa HaJaHHS MEIUYHUX TMOCIYI, BKJIIOYAIOUM MEIUYHI
KOHCYINIbTalii, MIarHOCTHKY, JIKyBaHHS Ta MOHITOPWHI, TUCTAHIIHHO 3 BHKOPUCTAHHSIM
TeJIeKOMYHIKaliifHUX TexHojoriii. Bona mepenbadyae oOMiH MenW4YHOK iH(OPMALIE€I0 MiXK
HarieHTaMi Ta MEAWYHUMHU TpAIliBHUKAMH, SIK MpaBUIo, yepe3 [HTepHeT abo iHII KaHaM
3B's3Ky. TesnemenuuuHa J03BOJISIE MEIUYHUM IpalliBHUKAM OLIHIOBAaTH, A1arHOCTYBaTH Ta
JKyBaTH MaIl€HTIB 0€3 HEOOX1HOCTI 0coOnCcTOl B3aeMoii [2].

OnHuM 13 HanpsIMiB TeJIEMEIUIIMHY € BiJJIaJIeHUIl MOHITOPUHT CTaHy MAalli€HTa, 110 1€
3MOT'Yy MEIMYHHUM IpalliBHUKaM Oe3MepepBHO BIJCTEKYBAaTH KUTTEBO BAXKJIMBI MOKAa3HUKH Ta
JlaHi po cTaH 310poB's. OnHuM 13 moaioHux nocnimkeHs € 30ip EKI npoTsrom Tpusasioro yacy
TaK 3BaHUM MeTOJ XOJaTepa.

Jlnst moOynoBU KOMILIEKCY Ul TelleMeIMYHOro kKomruiekcy MoHitopunry EKIT Gyno
obpano miary Raspberry Pi 4, B sikoi Ha 60pTy po3mimiero yun Broadcom BCM2711, mo mae
Ha OopTy 4 siapa Cortex-A72 (ARM v8) 3 taktoBoto yactotoro 1.5 I'Tu. Ak natuuk ans EKT
BUKOPHCTOBYETbCSI MOYIIb, OOy 0BaHM Ha Mikpocxemi AD8232. Ockinbku Raspberry P 4 ve
MOXe€ NpUiMaTh aHaJoroBl CHUTHalM, HEOOXIJHO BHMKOPUCTOBYBaTH aHaJOrOBO-LU(POBI
nepetBoproBaui (ALIIT). Sx AIIIT Oyno Bukopuctano mikpokontposiep RP2040, ockinbku BiH
Mmae Ha 6opty 12 6iT ALIII i Moke 3a06€3MeUnTH TOCTATHIO YaCTOTy AUCKPETHU3allii Ui 3aIucy
EKT" curnainy.

[IporpamHa YacTuHa IOTO KOMIUIEKCY CKJIAJA€TbCsA 3 TPhOX OCHOBHHUX OJIOKIB.
[Tepumuit Onok - 1e mporpama ans MikpokoHTposiepa RP2040, sika BUKOHYe 3amuc JaHHUX 3
naruuka st EKT 1 nepenauy HeoObpobnenux nanux Ha Raspberry P11 4. [Ipyruit 6ok - e Ha0ip
nporpam, siki BUKOHYI0ThCSl Ha Raspberry PI, Hanucanux Ha MoBi porpamysanns Python 3.10
Ui 0OOpOOKHM JTaHMX, OTPUMaHMX BiJ MIKpOKOHTposepa. Tperiii 610k - 11 BeO-107aToK,
HaIMCcaHWi MOBOIO MporpamyBaHHs JavaScript, y sikomy MoxHa nodauntu EKI" y peansHomy
yaci, kepyBaTtu 3anucoM EKI, 3aBanTaxutu nomepenHi 3anucu. [[ns oTpuMaHHs 1aHUX BeO-
JonaTok crinkyeThbest 3 Raspberry PI, BukopucroBytoun mpotokon WebSocket.

Wi-Fi (Ge3apoToBwii 3B'130K) - 11€ TEXHOJIOT1S, SIKa J]a€ 3MOTY IPUCTPOSIM ITiIKITFOUaTHCS
0 IHTEpHETY Ta IHIIMX Mepexk 0e3 BUKOpHCTaHHS IpoTiB. BoHa 3acHOBaHa Ha cTaHAapTi
6e3npotoBoro 3B's13ky IEEE 802.11 i BUKOpUCTOBY€E paIioXBUWIIL JUIsS TIepelaBaHHsI JAHUX MK
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MPUCTPOSMH, IO MIATPUMYIOTH 1€ cTaHmapt. s 3abe3meueHHs Oe3meku Oe3mpoBOIOBOT
Mepexi BUkopuctoByerbess WPA2 [3].

Byno nokasano 1o peagizoBaHa ccTeMa Ma€ IepeBar rnepej THMU chucTeMa 10 MOJKHa
3HaWTH B TMpojaxy. llepeBara 1i€l CUCTEMH y TOMY IO MOXKJIMBO BHKOHYBaTW MOHITOPUHT
CTaHy MaIfi€eHTa y peaJbHOMY Yaci.
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[1] Smartphone  processors  rating [Enextponnuii  pecypc]. Pexum  goctymy:
https://nanoreview.net/en/soc-list/rating.

[2] o Take TeneMeauuuHa’? [EnexTponHmit pecypc]. Pexum JOCTYyNy:
https://doc.ua/ua/news/news/chto-takoe-telemedicina.

[3] o Take Wi-Fi? [Enexrponnuii pecypc]. Pexxum noctymy: http://ipkey.com.ua/faq/463-
what-is-wi-fi.html.

STUDY OF METHODS OF ADAPTIVE FILTERING OF ECG
SIGNALS FOR DETECTION OF CARDIOVASCULAR
SYSTEM ANOMALIES USING A TELEMEDICINE COMPLEX

D. Yeromenko, D. Chernetchenko
Oles Honchar Dnipro National University
dan2001.03.31@gmail.com

A System-on-Chip (SoC) is a compact and integrated electronic circuit that combines
multiple essential components of a computer or electronic system onto a single chip. It is a
highly integrated solution that includes various hardware and software components required for
a specific application or purpose. SoCs are commonly used in a wide range of devices, from
smartphones and tablets to embedded systems and [oT (Internet of Things) devices. Considering
the capabilities of the systems-on-chip they were chosen to build the system for the ECG
telemedicine stand.
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CYYACHI 3ACOBHU CTBOPEHHA IPYKOBAHUX IIJIAT
JJIA KOMIPIOTEPHUX CUCTEM

1O. Pyaenko
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
yuliarudenko2311@gmail.com

JIpyKOBaHOIO MJIATOI0 HA3MBAETHhCA IUIACTMHA 3 JICJIEKTPHKA, Ha MOBEPXHI KO €
€JICKTPOIIPOBIIHI JIAHIIOTH €JICKTPOHHO1 cxemu. IlnmaTu mpu3HaueHi I MeXaHIYHOTO abo
€JIGKTPUYHOTO 3’€JHAHHS PI3HUX EIEKTPOHHUX KOMIOHEHTIB. Bix marepiany 3anexuTs, Oyae
1j1aTa )KOPCTKOI0, TETUIONPOBITHOIO YK THYYKO0. B 3a1€XHOCTI BiJl KUIBKOCTI mIapiB OyBarOTh
OJTHOIIIAPOBI, IBOIIAPOBI Ta Oararomaposi. [cHye 6arato TEXHOIOTiH CTBOPEHHS APYKOBAHUX
at. Po3riisiHemMo feski 3 HuX.

Merton ¢pesepyBanHs. Binpi3HsA€ThCS KOPOTKUM TEXHOJIOTIYHAM IUKIIOM BUTOTOBIICHHS
Ta MaJOK KaliTaJIOMICTKICTIO. 3pyYHHMH Ui BHUTOTOBJICHHSI €KCIIEPUMEHTAIbHHUX 3pa3KiB
MOHTQ)XHUX ITJIKJIAJIOK, ajleé BOHU BUXOJSTH JOPOKYMMHU Yepe3 BeluKi BUTpatu ¢pes. Tomy i
yepe3 BEJIMKUNH PUTM BUIYCKY (IUIaTa BUTOTOBISEThCS Oinbiie 4 TroAvH) LEed METoa He
iIXOAUTH JUISI BAPOOHUYHMX MacIITa0iB.

JlazepHo-nIpackoBa TeXHOJOris. BBakaeTbcs amaTopcbkoro. Jl03BONsSlE CTBOPHOBATH
wiaté 'y JoMamHix ymoBax. Cnepmry BinOyBaeTbCsi po3poOkKa IpyKOBaHO! —IUIATH,
BUTOTOBJIEHHS ii 13 3aCTOCYBAaHHSAM TEXHOJIOINl TEpMONEPEHECEHHs HAJApyKOBAHOIO Ha
Ja3epHOMY TPUHTEPl PUCYyHKa Ha (QOJIbry IIaTH. PUCYHOK IIaTh APYKY€ETHCS, 300pa)KeHHs
HepeHOCUThCs 3 oTonanepy Ha Qojbry, KO0 MOKpUTa 3aroToBKa miatu. [loBepxHs doabru
PIBHOMIPHO 0OpOOIISETHCS APIOHO3EPHUCTHM HAKAAYHUM TIAriepoM Ta 3HEKHUPIOETHCS. s
IePEeHOCYy PUCYHKA 3 Malepy Ha IJIaTy BUKOPUCTOBYIOTh IIpackKy. [licis 1iporo namip HeoO0XiJHO
PO3MOYHUTH BOJIOIO Ta CTEPTH 3 TUIATH TaK, 100 TOHEP 3aJIUIIMBCS Ha T1aTi. Jlani BuganseTses
¢ombra, He BKpUTA TOHEPOM (3aHYPEHHSI 3aTOTOBKH Y PO34MH), Ta CBEPAIIATHCS OTBOPH.

MeTto1 HaHeceHHS JOPIKOK IIPOBITHUKIB Ha Tuiaty. J{is peanizaiii HeoOX11HO HaHECTH
TUM YU 1HIIUM CIOCOOOM PHCYHOK ITPOBIJHHUKIB Ha IOBEPXHIO (hOJIBIOBAHOT'O CKJIOTEKCTOJITY
a00 TeTiHaKCy Ta CTepPTH CIIUPTOBUM PO3UMHOM/HAKJAYHUM MANIepOM IICJIs TPABJICHHS.

Hapasi icHylOTh TakoX Taki METOJM CTBOPEHHs JPYKOBAaHHMX IJIaT: €JIeKTPOICKPOBHil,
METO/I TIEPEHECeHHS, JIa3epHa TEXHOJIOTisA, (OTOATUTHBHUN METOM, Tapsue 3ampecyBaHHS
METaJIeBOr0 MOPOIIKY (THUCHEHHS), POTOPE3UCTUBHUI METO/ Ta 1HIIII.

Panime Oyna TakoX pO3MOBCIO/KEHA 17iesl CyOTpaKTMBHOTO BHUTOTOBJIEHHS IUIAT 13
3aCTOCYBaHHAM MapadiHOBOro 3axucHOro mapy. Bunanenus napaginy BigOyBajgocs BpyuHY.
3apa3z, KoJi BiI0OYBAETHCS aBTOMATH3allisl 0araThoX MPOIIECIB, 1 TEXHOJIOTISA JOC1 HE 3HAMIIIA
CBOTO MICIIsl y BUTOTOBJIEHH1 IPYKOBAaHUX TLJIAT.

MeToro CTBOpEHHSI MEXaTPOHHOTO TPHUCTPOIO JJISi BUTOTOBIICHHS MPYKOBAHUX IUIAT €
3aCTOCYBaHHS aBTOMAaTH3allii 3a JOMOMOTOK MIKPOKOHTPOJIEPIB O KJIACHYHOTO METOTY
BUJAJIEHHA napadiHoBoro mapy 3 miaT. [lepeBaramu Takoro miaxony € 3MEHIICHHS Py4YHOT
npaui y nopiBHsHHI 3 JIIIT Ta (oTOpe3nCTUBHOIO TEXHONOTi€0. TakoX € MOXKJIMBICTH
OTpUMAaTH Kpallty TouHicTh y nopiBHsHHI 3 JIIIT Ta ppesepyBanHsM, Ta 3pocTaHHS IIBUIKOCTI
BUTOTOBJICHHA y MOPiBHsIHHI 3 PpesepyBanusm, JIIIT Ta inmumu Metogamu. Ciij 3a3HaAYUTH,
110 JJaHa TEXHOJIOTisI PO3TISIIAETHCS SIK TEXHOJIOT IS ISl POTOTUITYBAaHHS,  HE K IIPOMHCIIOBA.

[Mpuctpiii BunansTiMe napadiHOBUI IIap aBTOMAaTHYHO mmij KoHTposem Arduino Pro
Mini. ITicns BunaneHHs napadidy mporec CTBOPSHHS IUIATH HE BIAPI3HAETHCS BiJl CTAHAAPTHUX
(3HATTSA 3IMIIKOBOTO Iapy napadiny, CBepIIiHHS OTBOPIB).

Anroput™m 3HATTA mwapy napadiny 3 miatu. [InaTta 3akpimoeTbcss Ha poOOYOMY CTOJI.
Crin pyXaeTbes 1O IBOM KOOpAMHATAM 3a JIONIOMOT0I0 KPOKOBUX MOTOpiB. ['0j1Ka, 1110 3HIMae
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map napadiny, OImyCKaeThCs Ta IMiAIMMAETHCS 3a JOIMOMOTOI0 CEPBOMPUBOIY. Y BEPXHBOMY
MIOJIOKEHHI BOHA HE TOPAKAETHCS MOKPUTTS, B HIDKHBOMY - 3HIMae map napadiny, HIMpUHA
3HSATOTO TOKPUTTS BU3HAYAETHCS JI1aMETPOM TOJKU. 3HATTS mapadiHy BiIOyBaeThCs
pacTpoBUM METOJOM: (IKCYETHCS TOJOXKEHHS X, poOouMid CTi pyXaeTbcs Mo Y, rojka
HiiiiMaeThes 1 OMyCKAETHCS B 3aJICKHOCTI B/l pUCYHKA IJIaTH, YTBOPIOIOUN MYHKTUPHY JIHIIO.
Hani poOoumii cTin mepecyBaeTbcsi MO OCi X HAa TOBUIMHY TOJKW 1 MOAIOHWIA mporiec
MOBTOPIOETHCS. TakKUM YMHOM BCs T1aTa MO30aBISAE€THCSA TOKPUTTS Y MOTPIOHUX MICLISX.

Y oaHO- 1 JBOCTOPOHHIX IJIaTaX BEJIMKA YacTWHA TOBEPXHI IUIATH HE 3alHATA ITiJ
MPOBIAHUKA YW KOHTAKTHI IUIOMAAKKA. TOOTO BEIMKI MOJITOHM TOTPEOYIOTh 3HATTS
napagiHOBOTO IIapy, TOJI BEKTOPHHUIA METOJ 3HATTS Iapy napadiny He OyJe MaTH mepeBar
HaJI PACTPOBHUM, a TAKOX PACTPOBUI METO]I IIPOCTIIIIE Peai3y€eThCs MPOrpPaMHo.

[IpucTpiii At CTBOPEHHS APYKOBAHMX IUIAT Y MPOIIECi BUTOTOBJICHHS IJIATH

Takum 9uHOM OYIJI0 CTBOPEHO JIFOUHIA MEXaTPOHHHUN MPUCTPIH, IO 103BOJISIE €(PEKTUBHO
HaHOCUTH PUCYHOK Ha (hoJIbroBaHUiIl MaTepiai 3 napadiHOBUM IIAPOM 3 METOIO MOJANIBLIOrO
BUKOPUCTAHHS XIMIYHOI CyOTpakTHBHOI TexHoorii. TouHicTh, AKy 3abe3nedye MpHUCTPii,
noctaTHs A MoHTaxy DIP-mikpocxem Ta iHIIMX pagioeneMeHTiB, BiICTaHb MK BUBOJAaMU
SKUX HEe MeHIna 3a 2.54mm. ExcriepuMeHTaabHO TIepeBipeHo Mpane3aTHiCTh IPUCTPOIO, SIKHN
31HCHUB 3HATTA NapagiHOBOTO 1Iapy 3 MIaTtu po3Mipom 35*35mMm nmpuOIM3HO 3a 5XB.

[1] Ckopusikos B. O. 3aranbpHa enekTpoTexHika Ta ejgekrponika (2021). 176 c.

MODERN METHODS FOR CREATING PRINTED PLATES
FOR COMPUTER SYSTEMS

Y. Rudenko
Oles Honchar Dnipro National University
yuliarudenko2311@gmail.com

The existing methods of creating printed circuit boards are investigated. Their
disadvantages and advantages are determined. The method of creating printed circuit boards by
removing a layer of paraffin is investigated. A device for automatic removal of a layer of
paraffin from a printed circuit board based on Arduino Pro Mini was created.
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CUCTEMA TEXHIYHOI'O 3AXUCTY NIPUMILHEHHA

I. JlomoBIIEB

Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
illy121231illy61@gmail.com

Y cyyacHOMYy CBITI B@XXKO TMEPEOLIHUTH BAXIMBICTh 3aXUCTy MEPCOHATBHOI
iHpopmanii. OxHuM 13 BUAIB 3axUCTy iH(OpMAaIi € TeXHIYHUHA 3aXHCT, came Horo i Oyne
PO3MISIHYTO Yy Iill poOoTi. OCHOBHUMH NpUYMHAMH TOPYIICHHS 3axUCTy iH(opmarii e:
HECaHKI[IOHOBaHUHM JOCTyN, HEIOCTaTHIM piBeHb KBaii(ikalii mepcoHamry, mis BIPYCiB,
TEXHIYHI BIIMOBH anapaTypH Ta LJIECIPIMOBaHi Jii mepcoHaity.

3axuCT MPUMIIICHHS € OJHUM 13 Mepiux Oap'epiB HA HUIAXY HEKEPOBAHOTO BUTOKY
BYUIMBUX JaHUX. 3aJady 3axXUCTy HPUMILIEHHS MOXHAa BHUPIIIUTH 3aBASKH KOMILIEKCY
OXOpPOHHOI CHTHAJI3aIlil Ta KaMep BiIEOCIIOCTEPEKEHHs, AKI €(pEKTHBHO 3aXWIIAIOTH BiJ
BTpaTH iH(OpMaIrii.

Cucrema ckjiaiaeTbcsi 3 Ha0Opy JaTYMKIB, YOTUPHOX KaMep BiI€OCHOCTEPEIKEHHS,
TOJIOBHOTO OJIOKY Ta CUPEHH.

Byna po3pobiieHa cxema 3 BUKOPHCTAHHSM TOJIOBHOTO OJIOKY, SIKHiA ITOEIHYE B COOI sIK
CHCTEMYy CHUTHai3alll, TaK 1 CUCTeMy BifeocrocTepeskeHHs 1 peectpaiii. [Ipu poMy ronoBHui
0ok Bifmpasisie iHGOPMALIIIO ONepaTopy Ui TOro, 00 OXOPOHHA KOMIIaHIsl Maya J0CTYIl J0
iH(opMallil mpo CTaH CHUCTEMH, TOAII HA TEPUTOPIi MPUMIMICHHS, a TAKOX KOPUCTYBad MaB
MOXKJIMBICTB 13 Oy/Ib-SIKOT YaCTHHHM CBITY OTPUMYBATH TaKy camy iH(opmarliro.

VY pasi crpalroBaHHi JaT4MKa, BiH TeHEPY€E CUTHAII, IO MEPEAAETHCS 110 CUTHATILHOMY
nuieidy A0 TONOBHOTO OJOKY CHCTEMH OXOPOHHM MPHUMIIICHHA. Y TOJOBHOMY OJIOIi
BiZIOyBa€ThCS 3BIPSHHS PIBHA CUTHATY 3 HOPMAJIBHUM 33JUIs TOTO, MO0 PO3Mi3HATH CIIPOOY
oOMaHy cucteMu. SIKIo piBeHb BUXOIUTH 32 HOPMY — FOJIOBHHI OJIOK 10/1a€ CUTHAT TPUBOTH.
Lleit curnan ize napajieabHO Ha 3BYKOBY cupeHy Ta Ha GSM-Moyib, 3 IKOT0 y BUIIIsLII SMS-
MOBITOMJICHHS 200 J3BIHKY MEPEIA€ThCS IO OXOPOHHOT KOMIaH1i Ta KOPUCTyBaya.

Kamepu BineocnoctepexeHHs: 00’ €1HaHI yepe3 0e3pOTOBY MEPEKY, a MiAKITIOYUTHCS
JI0 HUX MO>kHa 4yepes ix [P-aapecy, B cnenianbHOMY 1o1aTKy. OCKIJIbKY CUCTeMa IOBUHHA OyTH
3axXUIIeHa BiJ] BIIKJIIOUEHHS dKUBJICHHS, Y CXEMI € JIBa HE3aJIeKHUX JIKepena xuBieHHs, Crain
6 nepmuii - e noOyToBa eNeKTpoMmepexka, Ipyruil - akymyistopHa Oarapes. OCKUIbKU
aKyMyJIaTop Tpeba 3aps/KaTi Ta KOHTPOIIOBATH HOTO 3apsi]l, y CXeMy J0JaHO MOTYJIb 3apsi/IKU
aKyMyJIsiITOpa, BiH IIOCTIMHO KOHTPOJIIOE 3apsA] akyMmyjsiTopa 1y pa3l HeoOX1AHOCTI
nig3apsKae oro.

Axymynsatop Mae Harpyry 3,7V, a uig po6otu HeoOxiaHo 12 V. 1o npoGiemy serko
BUPILIUTH, BUKOPUCTABIIH IMiIBUILYIOUNI IepeTBOpIoBay, sakuii 3 3,7 V 3poduts 12V.

Pene xoHTpOMIO KMBIIEHHS. ABapiiiHe >KUBIICHHS BiJl aKyMYyJIsITOpa TOJIA€ThCSA Yepes
HOPMAaJIbHO 3aMKHYTHUH KOHTAaKT peJie, KOJH BIJIKJIIOYEHO OCHOBHE JDKepeso >kuBleHHS. [lpu
nojayi )KUBJICHHS OCHOBHHMM JKEPEJIOM uepe3 Ji0J], Halpyra MOCTyla€e B IUHY KUBJICHHSA 1
00OMOTKY pejie, depe3 IIe peiie 3aMHUKA€ThCS Ta BITKIIOYAE aKyMyJsITOp. SIKIIO OCHOBHE
YKUBJICHHS TIPOIIAJIA€, PEie BIIKPUBAETHCS 1 HANIPYTa BXKE 11 3 aKyMYJIATOpa Ha IEPETBOPIOBAY

Jlami 3HaJoOUTHCS IIMHA JKUBJICHHS, OCKUTBKU Y CXEMi € CIOXKWBadi, JJsl pOOOTH SKUX
NoTpiOHA pi3Ha HAMpyTa, a y pa3l BAKOPUCTAHHS PE3EPBHOTO KUBIICHHS aKyMyJsiTop Bujaae 3,7V.

LenTpansHuM npuctpoeM B cxeMi Buctynae Arduino Nano.

GSM-Monyne - HeoOxinHuit /i 3a0e3nedenns 3B’ 13Ky Mk CT3II, omeparopom Ta
KOpUCTYBa4yeM, 3a JIOIIOMOTOI0 CBOro TenedoHa KOpHCTYyBay MOXKE HE TUIbKUM OTPUMYBATH
CIOBIIIEHHS B1JI TOJIOBHOTO OJIOKY, a i HATAIITOBYBATH CUCTEMY.

Monynp KoMyTarlii 30BHINIHIX HAaBaHTaKEHb - HEBiA'eMHa 4acTuHa Oyab-skoi CT3II,
yepe3 BUKOPUCTaHHS TaKOro MOJYJISl MOKJIMBO HaJlAIITyBaTH MOIH, B pe3ysbTaTi SKUX Oyje
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MO/IaBaTUCS JKUBJICHHS HA MiTKIIOYCHI IO MOAYIIO MPUCTpoi. Hampukian, sIKIo crpaioBaB
JATYUK PO3OUTTS CKJIA - ABTOMATHYHO OITYCKATH POJIETH Ha BiKHAX.

brok crnioBimeHHsI, B KM BXOJAUTh CHUPEHA Ta CBITJIOIO, HEOOXIAHUN JUIsl CHIOBILIICHHS
PO CHPAIFOBAHHS CUTHATI3AIIIT Ta BITOOPAKEHHSI CTaTyCy CHCTEMHU Yepe3 CBITIOMION.

biiok KOHTpOJIFO TaTYMKIB - OCHOBHA (DYHKIIIS I[LOTO OJIOKY - KOMYyTallisl JaTYMKIB Ta
3aXMCT MIKPOKOHTpOJIEpA BiJl BITHOCHO BUCOKOI HANIPYTH, HA AKIHM MPALIOIOTh JATYUKH.

OxoponHuii nwierd, B AKUH BXOIUTh HAOIP JATYHMKIB 3 JOJATKOBUM OIIOPOM, SIKUA
KOHTPOJTIOE TTApaMeTPU KOKHOTO IIIeH(y Y He0OOXiJHOMY Aiarma3oHi Iy TOro, o0 MPpH BUXOI1
3a 1Iei Jiarma3oH KOHTPOJIEp BUaBaB CUTHAJ TPHBOTH.

Moy kamep HEOOXiIHI AJIs peatizailii BiIeOCTIOCTEPEKEHHS.

Jlnst Toro mo6 meperyisigati 300pakeHHsT 3 KaMep MoKHa Oylio uepe3 J0JaToK Ha
KOMTII F0Tepi a0o TenedoHi, He0OXiTHO 3aMIHUTH MTPOIITUBKY B MOYJISIX Kamep.

LILILILE
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Takum yrHOM OyJsia po3poOiieHa cucTeMa TEXHIYHOTO 3aXWUCTy MPUMIIIEHHS Ha OCHOBI
MikpokoHTposiepa Arduino. Cama cucrema po3poOiieHa Tak, 100 Oyjla MOMKJIMBICTH
MIIKIIOYATA HEOOXIHY KIIBKICTh JAaTUMKIB, a caMml JaTYUKH MOIJIH OyTH Oyab-sSKHX
BUPOOHUKIB, 200 cCaMOpOOHI.

Cxema rooBHOTO OJIOKY

[1] Arduino: Advanced Methods and Strategies of Using Arduino (2020). 214 p.

TECHNICAL PROTECTION SYSTEM FOR THE PREMISES

I.Lomovtsev
Oles Honchar Dnipro National University
illy121231illy61@gmail.com

A scheme that combines both an alarm system and a video surveillance and recording
system was developed. A perimeter protection system based on Arduino Nano was developed,
modules and sensors were selected for the correct operation of the system. The system's
functionality was tested and analyzed.
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ABTOHOMHA MOBIJIBHA IIVIAT®OPMA 3
OBMEKEHUMH OBYUCJ/IIOBAJIBHUMHA
MOXJINBOCTAMHU

T. CutnikoB, O. HIkoxain, O. Jinenko, C. Kepeodkin, B. CutHikoB
Hayionanvnuii ynisepcumem "Oodecvka nonimexuixa"
sitnikov@op.edu.ua

ABTOHOMHI MOO1JIBbHI TUIATGOPMH HA CHOTOJIHINIHIN JIEHb CTAIOTh YK€ MOMYJIAPHUMU
K Y CYyCHUIBHOMY KHTTi, Ta K y BIMCBKOBHX Miapos3aigax. Taki miaThopMu MOXYTh OyTH
Ha3€MHHUMH, MOBITPSHUMH, HAIBOJHUMH Ta MiABOAHUMHU. 3 Jpyroro OOKy - Oararopa3oBHUMHU
Ta OZAHOPa30BUMH.

Posrnsgaroun ogHOpa3oBi aBTOHOMHI MOOiBHI Tutatdopmu (OAMII) ciin 3a3HaunTH,
110 BUKOPUCTAHHS JOPOTMX alapaTHUX MPHUCTPOIB y TpakTi 0OpOOKM CUTHAIIIB JATUYUKIB HE
JOLIIBHO, TOMY iX OyIylOTh Ha JEMIEBUX MPUCTPOSX. AJie JAeUIeBi MPUCTPOI HE JO3BOJIIOTH
NPOBOIUTH OOpPOOKY CHTHANIB y pealbHOMY dYaci 3 JOCTaTHBOIO TO4YHICTIO. Tomy mepen
PO3pOOHMKOM BUHUKAE 33/1a4a 3a0€311eUUTH JOCTATHIO JICIIEBU3HY IPU HAsIBHOCTI I0CTaTHHOIO
TOYHICTIO 32 PaXyHOK BUKOPHCTAHHS OOMEXEHHX MPOTPaMHO-alapaTHUX MOXKIIMBOCTEH.

Haii6inpin ckIaHOI0 YacTUHOIO TaKOl CUCTEMH € 00poOKa CHUTHAIIB aTYMKiB, TOMY
HaiOlIbIIa yBara MPUAUISIIACE JOCITIHKEHHIO BIACTUBOCTEW HU(POBUX (QUIBTPIB MPH 3MiHI
KoedilieHTiB nepenaBanbHoi QyHKuii Ta Woro mopsaky [1, 2]. Jns miaBUIleHHS HOPSAKY
(GiNbTpY MpU HASIBHOCTI BEIMKHUX MEPEIIKO BUKOHYETHCS X IMOCIIOBHE 3'€THAHHS.

Tonai npu mocnioBHOMY 3'€JHaHHI TIepeaBaIbHUX (PYHKIIA OJHOTUITHUX KOMIIOHEHT
HU3BKOTO TOPSIKY IX TeperaBaibHI (YHKHII MepeMHOXKYIOThcs. OCKUTBKH TepenaBabHi
byHKIT cKkiIamaThes 3 aMmIuliTyaHo-dyactoTHOi (AYX) Tta (¢azo-uactorHoi (DPUX)
XapaKTePUCTHK, a KOMIOHEHTH OJHOTHIIHI, TO MpPH KACKaJHOMY 3'€THaHHI OIHOTHITHUX
KOMITOHEHT X MepEMHOKEHHS IEPETBOPIOETHCS Y BO3BEJICHHS Y CTyIeHb. B 11boMy BUIIAAKY iX
xapaktepuctTuku AYX m @YX BiINOBIAHO TpaHCHOPMYIOThCS HACTymHMM unHOM: AUX
BO3BOJIUTHCS y CTyneHb, a @YX MOMHOXYETbCS Ha MOKAa3HMK cTymeHs. Toxi, mpu Takomy
3'e/lHaHHI OCHOBHI1 3MiHH B1710yBatoThcs y AUX.

MeToro J0CHIKEHHS € TOCIIPKEHHS] HOBUX IMiJIXO/AIB /10 OOUNCIIEHHS MUPHUHUA CMYTH
MPOITYCKaHHS MPH MOCIIJOBHOMY 3'€/IHaHH1 OJJHOTUITHUX (PUIBTPIB JUIsl MIABUILEHHS KPYTU3HU
AYX npu HassBHOCTI 0OMEXEHUX 00YHCITIOBAIBHUX MOKIMBOCTEH.

[Ipu mocniioBHOMY 3'€IHaHHI OJHOTMIIHMX CMYTIOBHUX IHepefaBaJIbHUX (QYHKIIN ix
ocHoBHa AUX BO3BOAMTBCA y CTYNEHb, a L€ BIIOOpPaKaeTbCS HAa XapaKTEPUCTHI SK
"cTUCKaHHA", MpPU LBOMY YaCTOTHU 3pi3y 3CYBAIOThCS JI0 LIEHTPAJIbHOI YacTOTH, fKa He
3pylIyeThes, 1 3pocTae kpyTusHa AUX [3].

[lepenaBanbHa (YHKIS OCHOBHOTO CMYTrOBOTO (UIbTPY MaTeMaTH4YHE OMUCYEThCS

1'IThMa Koe]illieHTamMu - 1Ba y 3HaMeHHuKy 0,0, Ta Tpu y uncensnuxy - a,,a,,8,, oqHak oxun

3 HUX JIOPiBHIOE & =2, a JIBa iHIIKMX OJHAKOBI &, = a,

-1 -2
a,+27 +a,z

H(z)=
@) 1+bz " +b,z7?

1)

Ile n03BOJIsAE PO3PAXOBYBATH TiNbKU TpH Koedimienta - 8,,0;,0, . Tlicns nepersopenns

KOMILJIEKCHOI YaCTOTHOI XaPAKTCPUCTUKHU OACPIKYEMO MATCMATUYHEC OITMCAHHA AUYX
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H(@) = J _ (asin@)’ .
(A—b,)" +b”+2b,(1+b,)cos(w) +4b,(cos(w))

e o= Zﬂfi ,@ € [0, 7] - nopmosana kyrosa 4acrora, f, f; - Biznosinna niniiina vacrora ta
d
4acTOTa IUCKPETU3ALlii.

3BICHO, IO pIBEHb HAa SKOMY BH3HAYaKOTh 4YacTOTy 3pi3dy nopiBHioe 0.707. Ilpum
BO3BEJICHHS y CTyINeHb OMHOTHUIHUX AUX 11eii piBeHb 3a/IMIIA€ThCS HE3MIHHUM, alie TOJI TS
BU3HAYCHHS 4acTOT 3pi3y HOBUX AUX HeoOXiqHO 100yBaTH KOPiHb MOPSAKY, KU JOPIBHIOE
KUTBKOCTI 3'€THAHUX OJHOTHUITHUX KOMIIOHEHT, 3 IIbOrO PiBHS. Y TakoMy BUNaaky mo AUX
OCHOBHOTO (hiIbTPY MO’KHA BU3HAYUTH YaCTOTH 3pi3y HOBoi AUX Ha piBHI 100yTOr0o KOpeHs 3
MIOYaTKOBOTO PiBHSI.

TakuM YWHOM, [OCHIMKEHHS TOKa3ajo, U0 TIOCTII0OBHE 3'€HAHHS OJHOTHITHHX
YaCTOTHO-3JI)KHUX KOMITOHCHT JIO3BOJISIE  IMIJIBHITUTH KpyTU3HYy AUYX TUCKPETHO.
[TinBuIIEHHS KPYTU3HU NPUBOAUTS 1 10 "cTuckanusa" AUX Ta 3ByKEHHS] CMyTH MIPOITyCKAHHSI.
Ha mincrasi ananmizy oTpuMaHi HOBi (hOPMYIIH JIJIi TOYHOTO PO3PAXYHKY HOBHX YacTOT 3pi3y.
Ile no3Bossie omepaTUBHO OOYHMCIMTH HEOOXimHe auckpeTHe 'cruckanHsa" AUX, a npu
OOMEKEHUX OOYHUCIIOBAIBPHUX MOJMJIMBOCTAX Ha OOPTYy CKOPHUCTATHCS TONEPeAHIMU
pO3paxyHKaMH y BUTIIAI1 TaOIUIh 3HAYEeHb. Takuil MiAXiJ Aa€ MOKIUBICTh Y aBTOMAaTHUYHOMY
PEXUMI TIBUCUTH 3aXHUILIEHICTh 0OPOOKHM CUTHATIB P HASBHOCTI MEPEIIKO/.

[1] Ukhina H., Sytnikov V., Streltsov O., Stupen P., Yakovlev D. Specialized computer
systems digital bandpass frequency-dependent components rearrangement.Proceedings of
the 2019 10th IEEE International Conference on Intelligent Data Acquisition and Advanced
Computing Systems: Technology and Applications, IDAACS 2019 (France). 2019.
DOI:10.1109/IDAACS.2019.8924368.

[2] Ukhina, H., Sytnikov, V., Streltsov, O., Stupen, P., Kudria, V. "Application of the Computer
System Component with Adjustment Elements for Processing Sensor Signals" Proceedings
of the 11th IEEE International Conference on Intelligent Data Acquisition and Advanced
Computing Systems: Technology and Applications, IDAACS 2021, 2021, 1, pp. 12-17; 22-
25 September 2021; Cracow, Poland.

[3] Afanasyev, 1., Sytnikov, V., Strelsov, O., Stupen,P. "The Applying of Low Order
Frequency-Dependent Covponents in Signal Processing of Autonomous Mobile Robotic
Platfoms". Lecture Notes in Networks and Systems, 2022, 507 LNNS, pp. 882-891.

STAND-ALONE MOBILE PLATFORM WITH LIMITED
COMPUTING CAPABILITIES

T. Syitnikov, O. Shkodin, O. Dilenko, S. Zherebkin, V. Sytnikov
National University "Odessa Polytechnic"
sitnikov@op.edu.ua

The problem of providing signal processing from sensors of an autonomous mobile
platform with limited computing capabilities is considered through the use of low-order blocks
of the same type and their sequential connection to increase the slope of the amplitude-
frequency response as increase in noise level. The application of this approach to bandpass
filters is considered.

The possibility of accurately calculating the bandwidth when connecting them in series
is shown.
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BUSIBJIEHHA AI'PECII Y TEKCTOBHUX MOBIJOMJIEHHSX
3ACOBAMU MAIIINHHOI'O HABYAHHA

M. IIpuryJaa, I. Oenunq
JIvsiscokuil Hayionanvhuil yHigepcumem imeni leana @panka
marianna.prytula@Inu.edu.ua

BusBneHHst arpecuBHOi PUTOPHKM y HOBHHHHUX IIOBIIOMIIGHHSX € HaJ3BUYAWHO
BOKJIMBUM 3aBJaHHSAM y cydacHOMY iH(popMaliifHOMy cycriyibeTBi. Lle macth 3Mory He TUTbKH
BYACHO pearyBaTH Ha HeOe3MeuHi CUTyallii, ajne i 3SMEHIIUTH PU3UKH [TOJAIBIIOTO MOIIUPEHHS
arpecuBHUX imeosoriii i morysiniB y 3MI Ta couianbHuX Mepexkax. Tomy DoCHiKEHHS
croco0iB MiABUIICHHS €()EeKTUBHOCTI KOMIT IOTEPHOTO aHai3y TEKCTOBUX IOBIJOMIICHb Yy
peaTbHOMY Yaci € Ha/JI3BUYAHO BAXKIIMBOIO 3a/1a4cto iHpopMalliiHoi Oe3nekn. J[0 OCHOBHUX
MiXOAIB aBTOMAaTUYHOI Kiacu(ikaiii TEKCTy MOXHa BIJHECTH TaKi METOAM MAIIMHHOTO
HaBYaHHs, SIK 0aileciBCbKUI KiacugikaTop, AepeBoO pillieHb, JOTICTUYHY perpecito, meroa K-
HAOMIKYIMX CyCiiB, METOA ONOPHHUX BeKTOPiB (SVM), Heliponni Mepexi Ta inmii [1]. Ilporte
OUIBILIICTH MOJENIEH MAIIMHHOTO HaBYaHHS 0a3yrOThCS Ha aHIVIOMOBHHMX HabOpax TEKCTOBHUX
JAHHX.

Y pobori pgochimkeHo e(QeKTUBHICTH KiIacH]iKalii TEKCTOBUX IOBIIOMIICHb
YKpalHChKOIO Ta POCIHCHKOIO MOBaMH 3a JOMOMOror anroputmiB SVM, HaiBHOTO
kinacudikaropa baiieca, morictiunoi perpecii Ta Metony Random forest. [{ns TpenyBaHHS
3alpOMOHOBAHMX MOJIENICi MAIIMHHOTO HaBYaHHS Ta OLIHKM TOYHOCTI pPO3Mi3HABAaHHS
arpecMBHOI PUTOPUKH BHKOPUCTAHO Hallp HOBHHHUX MarepiaiiB, TMOB’S3aHUNA 3
MOBHOMACIITAOHOIO POCIHCHKOIO arpeciero, SIKHi CKIIATAEThCs 3 MOHAA 4 THC. MOBIJOMIICHB
YKpaiHCBKOIO Ta POCIHCHKOI0 MOBaMH. PO3MOAIT HOBUH BIJNOBITHO /O KJACiB CYTT€BO
BIJIpi3HABCA: Oyno kiacugikoBaHo 2962 eMorliiiHo HeWTpaibHUX HOBHMH 1 1330 arpecuBHUX
noBioMiieHb. [licias momepenHboi OOpOOKM TEKCTOBOI i1HQoOpMalii Ta BeKTopu3alii 3
BUKOpUCTaHHAM ctaTucTuyHoro Metony TF-IDF npoBeneno 6iHapHy kiacuikaliirto HOBHH
3a3HaYCHUMH AITOPUTMAMH MAIIMHHOTO HABYaHHSI.

Ta6x. 1. TounicTs (aCcuracy) posmisHaBaHHs arpEeCHBHOT pUTOPHUKH y TEKCTOBUX MOBITOMIICHHAX 3ac00aMu
MalIMHHOTO HaBYaHHs 0e3 BUKOPUCTaHHSI JOJaTKOBUX O3HAK

Merton TounicTs (accuracy)
Hes6amancopana | Hes0anancoBana | 30amancoBaHa | Hes0amancoBaHna 36anaHcoBaHa
BUOIpKa HOBUH BUOIpKa HOBUH | BUOIpKa HOBUH BUOIpKa HOBUH BUOIpKa HOBUH
YKPalHCHKOIO POCIHCBKOIO pociiicbkoro YKpaiHCBKOIO Ta | YKPaiHCBKOIO Ta
MOBOIO MOBOIO MOBOIO pociiicbkor0 POCiiicbKOI0
MOBaMH MOBaMU
Naive 76 % 81 % 86 % 75 % 82 %
Bayes
SVM 75 % 84 % 88 % 78 % 80 %
Random 72% 76 % 81 % 74% 76 %
Forest
Logistic 73 % 84 % 89 % 79 % 80 %
Regression

Jnst migBUIIIEHHST TOYHOCTI MOJIENIeld BBEJICHO J0JIaTKOBI O3HAKH, a caMe: 3arajbHy
KUIBKICTh CJIB y TOBIIOMJICHHI, KUTBKICTh TO3UTUBHUX 1 HETaTUBHUX CJIiB, BU3HAYCHUX 3a
JOTIOMOTOI0 TOHAJIBHHUX CIIOBHHUKIB, @ TaKOX €MOIHY TOHAIbHICTh TekcTy. Ille omHiero
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JTIOTATKOBOIO O3HAKOIO OyIia MPUHAICKHICTh MTOBITOMIICHHS 10 (DEHKIB 3 TIOIIJIOM Ha TP KJIacH
(petixoBa, MOkITUBO (peliKOBa Ta MpaBAMBA HOBHHA), sIKA TPYHTYETHCS HA BUSBJICHIHN JTHIHHIN
Kopeysinii ae3iHdopmariii 3 arpeCMBHOI0 PUTOPHUKOI 1HGOPMAIIHHUX TOBIIOMIICHD [2].
PesynbraTi ouiHIOBaHHS €(EKTUBHOCTI BHUSBJICHHS arpecii y TEKCTOBUX IOBILIOMIICHHSX
PO3TISTHYTUMHU MOJICIISIMU 32 METPUKOIO accuracy HaBeseHi y Tabm. 1, 2.

Tabu. 2. TounicTs (accuracy) posmizHaBaHHs arpeCUBHOI PUTOPHKU Y TEKCTOBUX ITOBIIOMJICHHSAX 3aC00aMHU
MaIIMHHOTO HaBYaHHS 3 BUKOPHCTAHHSIM JIOJIATKOBUX O3HAK

Meron Tounicts (accuracy)
HesbanancoBana | HesbamancoBana | 30amaHcoBana | HesbanancoBana | 30anaHcoBaHa
BHOIpKa HOBUH BHOipKa HOBUH BHOipKa HOBUH BHOipKa HOBUH BUOIpKa HOBUH
YKPaIHCBKOIO pociiicbkoro pociiicbkoro YKpalHCBKOIO Ta | YKPaiHCBKOIO Ta
MOBOIO MOBOIO MOBOIO pociiicbkoro pociiicbkoro
MOBaMHU MOBaMHU
Naive Bayes 78 % 88 % 95 % 78 % 83 %
SVM 78 % 90 % 98 % 82 % 86 %
Random 76 % 88 % 92 % 79 % 80 %
Forest
Logistic 78 % 89 % 98 % 81 % 85 %
Regression
3nilicCHEHO TIOPIBHSHHS €(QEKTUBHOCTI MOJEICH MAIIMHHOTO HaBYaHHS Ha

30amaHCcOBaHMX 1 He30aJaCHOBaHMX BHOIpKax. BcTaHOBIEHO, IO TOYHICTH MOACIEH
KJIacudikaiii 3Ha4HO MiABUINY€THCS 3aBISKH BPaXyBaHHIO J0aTKOBUX O3HAK.

[1] Hassan S.U., Ahamed J., Ahmad K. Analytics of machine learning-based algorithms for text
classification. Sustainable Operations and Computers. Vol. 3. (2022). P. 238-248.

[2] [Tputyna M., Onennu 1. BusiBieHHs arpecHBHOI PUTOPHKHM B TEKCTi 3 BUKOPHCTAHHSIM
QITOPUTMIB MalllMHHOTO HaBYaHHsA. EnekTpoHika Ta iHpopmamiiiHi TexHoiorii. Bum. 22.

(2023). C. 34-45,

DETECTING AGGRESSION IN TEXT MESSAGES USING
MACHINE LEARNING

M. Prytula, 1. Olenych
Ivan Franko National University of Lviv
marianna.prytula@Inu.edu.ua

Aggression detection models using a naive Bayes classifier, support vector methods,
random forest, and logistic regression were studied and evaluated according to the accuracy
metric for the classification of Ukrainian and Russian languages news in electronic media and
social networks. Additional features such as word count, amount of negative and positive
words, tonality value obtained using tonality dictionaries and fake affiliation according to found
linear correlation between fake news and aggressive rhetoric in information messages have been
used for classification. The obtained results have shown a significant increase in classification
effectiveness for the proposed models due to feature engineering.
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MNPOBJIEMU TA OBMEKEHHS TEXHOJIOI'T
PO3HI3HABAHHSA )KECTOBUX KOMAH/ B PEAJIBHOMY
YACI

K. 3inkeBuy, I. CkypaToBchbKuii
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
kyrylo2626@gmail.com

TexHoorist po3mi3HaBaHHS 00’€KTiB Ha 300pa)KeHI HE HOBA, aJie 3aBISIKU CTPIMKOMY
3pOCTaHHIO OOYHUCIIOBAJIBHUX IOTYKHOCTEH IIBUAKO 3pOCTAa€ 1 IONUT Ha TEXHOJOTI]
0E3KOHTAaKTHOI B3aEMOJII MIXK JIOJAMHOIO Ta KOMIT IOTEpOM. ['OJIOBHHI IHCTPYMEHT JIIOAMHU
JUIS B3a€EMOJIIi 3 MaTepiaJbHUMH 00’ €KTaMHu IIe pykKd. Tomy, depe3 BiJACYTHICTh JOCTATHBO
PO3BMHEHUX Ta JOCTYIHHX 3BUYaHOMY KOPHCTYBaueBi HEHPOKOMIT IOTEPHHUX iHTEpQEiiciB
OYEBUJIHO, 1O JUISL B3a€EMOJIT JIFOJUHU 3 BIPTyaJIbHUMH 00 €KTaMM T€X IOBHUHHI CIyTyBaTH
PYKH Ta IX pyXd Y IpOCTOPi.

Cucrema KepyBaHHs IPOTPAMHHIM CEPEIOBHILEM 32 JOTTOMOTOI0 KECTOBUX KOMaH/I pyK
IPALIOE 32 HACTYITHUM aJITOPUTMOM: 3 BIJIEOKaMepH MPUCTPOIO, B peaIbHOMY 4aci, 3YUTYEThCS
300pakeHHsT — BifgeomnoTik. Kaapu — 300paskeHHs, 3 SKHX BiH CKJIQAA€THCS, TOYEPTOBO
HepeaaThesl B HEHpOMEpexKy, 1110 BU3HAYA€ HAABHICTh HAa NOJaHOMY 300pakeHi pyku. [Ipu
BIAQJIIN TepeBipli KOOPAMHATH KIIOYOBHX TOUYOK JIOJIOHI MEPEAAEThCSl B HACTYIHY
HellpoMepexy, sfKa 11eHTU(]IKYye )KeCTOBY KOMaHIy, 3a ii HasBHOCTI, Ta MepeJae KepyBaHHs
BIJIIIOBIAHAM €JIEMEHTAM.

I'onoBHOI0O MpoOIEMOIO KEPYyBaHHS CHCTEMOIO 3a JOINOMOIOI0 JKECTOBUX KOMAaH[ €
OCBITJICHHS — CUCTEMa HE 3MOKe 1IeHTHU(IKYBaTH KOMaH/Ty, SIKIIO Ha 300pa)keHi 3 BicoKaMepu
Hiyoro He Oyze BUAHO. BUKOpUCTOBYBATH MiJCBIUEHHS 30HHU IIE€PE]] BIACOKAMEPOIO MPOTATrOM
YChOTO IUKIY POOOTH CHUCTEMH € POOOYMM METOJIOM, ajie YacTo He MyXKe 3py4HHM. binmbmr
BJIAJIUM BUOOPOM € OCHAIIIEHHS CUCTEMHM BiJI€OKaMeporo, 10 37aTHa 3UUTYBAaTH 300paKeHHs
me ¥ B Y cmekrpi. Helipomepexa, 110 BH3HA4Ya€e HASBHICTH PYKH B KaJpl OMpPaIbOBYE
300pakeHHs1 KOHBEPTOBAHE B Cipl BIATIHKHU, Jpyra Heilpomepeska 3 300pakeHHSIM He Mpaltoe
B3arajii, TOMy BUTpPaTH Ha JOJIaBaHHS HOBOTO IpPOrpaMHOro (yHKIIOHaNy BiACyTHI. IHIe
NUTAHHSA BUTPAaTH Ha amapaTHy 4YacTHHY — BiJleOKaMepH, N0 3JaTHI 3UUTYBaTH TEIUIOBI
CUTHATYpH JIy>Ke JIOPOTi, X0ua 1 Kpale BIOpaiuch OU 13 TTOJAaHUM 3aBAaHHAM. ToMy Kpalium
pimeHHsM € kamepu 3 [Y mincBivyBanHsaM. Ha puc.1 300paxeHo pe3yiabTaT poOOTH CUCTEMHU
I10/10 BJIAJIOrO BU3HAYEHHS HAsIBHOCTI PYKH Ha 300pa)KeHi B yCIX TPhOX BUIAJKAX.

Puc.1 — Pe3ynbrat posmizHaBaHHS JTOJIOHI pyKH CUCTEMOIO 3 BXiTHUM 300paKeHHSM: 31 3BUYAHHOT BiZleOKaMepH;
3 Biteokamepu 3 YU migBiuyBaHHIM; 3 TEIIOBI3iiHOT BieokamepH.
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[Ile omHIEIO BAXITHMBOIO TIPOOIEMOIO € HEMOXIIMBICTH BUKOPUCTAHHS CHCTEMH 0CO0aMU
3 00MeXEeHUMH (I3UIHUMHU MOKIUBOCTSAMH — BiJl BIICYTHOCTI PYK 10 TOBHOTO Mapajivy Tija.
SIk11o Ka3aT Mpo CUCTEMY KEpyBaHHS KECTOBUMHU KOMaHAaMHU SIK OOMEXEHY KecTaMu pPYK,
TO, HaXkajlb, CYTTEBOTO pIIICHHS TYT HeMae. HaTomicTh MOXHA PO3IIMPUTH CHCTEMY Ha
KOMaHJH PyXiB rOJIOBOIO, OYMMa, pOTOM 1 T. 1. Take pimeHHs noTpedye BaroMux BUTpPAT HA
pOrpaMHy YacTUHY, Ta TOTPeOye OKPEMOTO TOCIIHKEHHS 00 HEOOX1THOCTI Ta NOILIBHOCTI
TaKoi CHCTEMH BiJ] IIIbOBUX KOPUCTYBAYiB.

Takox BaXIWMBOIO MPOOJIEMOI0 € CICHApid, KoM BiJeokamepa MPHUCTPOIO
MOIIKO/DKYEThCS 200 30BCIM TepecTae MpalroBaTH, 1 Yepe3 BIACYTHICTh 300pakKeHHS
KEepyBaHHS CHUCTEMOIO CTa€ HEMOXJIHMBHUM. Lls mpobiema CTOCYeTbCS THX BHIAJKIB, KOJIH
CHCTEeMa IHTEeTpOBaHa B OKPEMHUU MPUCTPIN 0€3 HAIBHOCTI JIFDAMHO-MAIIMHHOTO 1HTEpdeicy
(Human Machine Interface). MeHm BUTpaTHHUM Ta HAWMPOCTIIIMM PILICHHSM € iHTErparis
MOXKJIMBOCTI TijJ’€THAaHHSA 30BHINIHBOI Bijeokamepu. B OLIbII CKIQTHUX Ta BUTPATHUX
pimeHHsX 6€3 PO3pOOKM CHUCTEMH aJbTEPHATHBHOTO KepyBaHHsS He 00iiTuch. [Ipukmamamu
MOXYTh OYyTH SIK JUCTaHIIIiHE KEpyBaHHS 3a JOMOMOIrol MOOiIbHOro TenedoHy, Tak i
pO3po0OKa Ta ImiJ1’ € THAHHS CIICIiaTi30BaHOT0 IPUCTPOIO JJIS aBapIHHOTO KEPYBaHHS CUCTEMOIO.

[1] Pantic M., Nijholt A., Human-Centered Intelligent Human-Computer Interaction (HCI?):
How Far We From Attaining It?, International Jounal of Autonomous and Adaptive
Communications Systems (IJAACS), vol.1 no.2, 2008. pp 168-187. [Enxekrponnuii pecypc].
Pexxum noctymy: https://www.inderscience.com/offers.php?id=19799.

[2] Rautaray S., Agrawal A., Vision Based Hand Gesture Recognition for Human Computer
Interaction: A Survey. Springer Artificial Intelligence Review. 2012. [EnextpoHHmii
pecypce]. Pexxum noctymy: https://link.springer.com/article/10.1007/s10462-012-9356-9.

[3] Cardoso T., Delgado J., Hand Gesture Recognition toward Echancing Accessibility. In 6th
International Conference on Software Development and Technologies for Enhancing and
Fighting Infoexclusion (DSAI). Procedia Computer Sciences vol.67. 2015. pp.419-429.

CHALLENGES AND LIMITATIONS IN REAL-TIME
GESTURE COMMAND RECOGNITION TECHNOLOGY

K. Zinkevych, I. Skuratovsky
Oles Honchar Dnipro National University
kyrylo2626@gmail.com

As the computing capabilities of modern computers grow, so does the need to facilitate
natural human-computer interaction (HCI). Developing new approaches and technologies to
overcome the barrier between human and computer can be the solution to create a completely
natural user interface. Such interfaces should be people-centred and based on natural
multimodal human communications. These interfaces should go beyond the traditional
keyboard and mouse and have the ability to understand and reproduce a person’s
communicative intentions expressed through behavioral signals. The ultimate goal is to bring
the HCI into a mode where interaction with computers is as natural as human interaction, and
to this end, including gestures in the HCI is an important area of research. However, like any
other system being developed, it is not without obstacles in its creation. This article presents an
analysis of existing problems and limitations concerning sign recognition systems for human
interaction with the computer.
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THTEI'PAIIISI HEHPOHHUX MEPEX IS
PO3II3HABAHHS 306PAKEHD Y BEB-ITPOI'PAMMU 13
3ACTOCYBAHHSAM MOBHU ITPOI'PAMYBAHHSA JAVA

I. 'oienko, M. Auapees
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
illia.holenko@gmail.com

BukopuctanHs TEXHOJIOTi] KOMIT IOTEPHOTO 30py JAJIs Kiacu]ikalii Ta po3i3HaBaHHS
00’€KTIB Ha BigeomaTepiaiax Ta 300paXKEHHSAX Ma€ IMHUPOKUN CIEKTP 3aCTOCYBaHHS Yy
Cy4acHOMY CBITI B TakuX OONACTAX SK BIJCOCIOCTEPEKEHHS, CaMOKEpPOBaHI aBTOHOMHI
TPAHCIOPTHI 3aCO0M, aBTOMAaTH3AIlisl TEXHOJOTIYHUX MPOIIECIB Y TPOMHCIIOBOCTI TOIIIO.

CyuacHi KOMIT'IOTEpHI CHCTEMH pO3Ii3HaBaHHA 300paXeHb YacTO 3aCHOBaHI Ha
BUKOPUCTaHHI 3TOPTKOBUX HEWPOHHMX Mepex. HalnommpeHimumHu alropurMamMu TakKuX
mepexx € R-CNN 1a YOLO (You Only Look Once). Illogo MoB mporpaMyBaHHS SKi
BUKOPUCTOBYIOTHCSI NPH CTBOPEHHI TAaKUX alTOPUTMIB, HAWOUIbII BHKOPHCTOBYBAHUMH €
Python ta C. Hanpurua, nepii immemenTarii YOLO Oynu 3acHoBani Ha TexHoutorii DarkNet
(moBa mporpamyBanns C), Ounbmr mi3Hi Bepcii (Taki sk YOLOv2, YOLOV3 i T.1.) MOXYTh
BUKOPHCTOBYBATH iHIi 0i0ioTeku, Taki sk TensorFlow uu PyTorch (moBa mporpamyBaHHs
Python), B sikuix 3pyuHile npairoBaTi 3 HEHPOHHUMHU MEPEkKaMH Ta IIIMOMHHUM HaBYAHHSIM

B Toit e yac mpu po3poOii BeO-CEpBEpPHUX HPOTrpaM € MOXKIIUBICTb BUKOPUCTAHHS
IHIIMX MOB TMporpamyBaHHs. 3TiTHO 70 CTaTUCTHKH, moaaHoi Ha pecypci W3Techs, moBa
nporpamMyBaHHs Java € BTpudi Oibin mommpeHoro 3a Python npu nporpamyBaHHi cepBepHOI
yacTuHHU BeO-mporpam. /o mepesar Java MOXKHA BiJIHECTH OUTBIIY HIBHIKOMIIO Ta JIETKICTH
MacmrtadyBanHs. OKpiM TOro, Mo)Ke€ BUHMKAaTH NoTpeba iHTerpaiii HEeHpOHHUX Mepex y BxkKe
ICHY041 BeO-CHCTEMH, 1110 ICTOPUYHO CTBOPEHI 13 3aCTOCYBaHHAM Java.

Mertoro poboTH Oyin0o pO3MNISHYTH Ta MEPEeBIPUTH MOKJIMBICTH 1HTerpamii Mozesi
HEHpOHHOI Mepexi Yy BeO-porpaMmy, CTBOpPEHY MOBOK IIporpaMyBaHHS Java, Ta
IpoaHaji3yBaTH JOLUUIBHICTh Ta €(EeKTHBHICTh Takoro miaxony. Po3pobieHe mporpamze
3a0€3MeUYeHHs] pealli3oBaHO Y BUIJISI BEO-TIpOrpaMu, M0 HAJAA€ MOXIJIMBICTh 3aBAHTAXUTH
300pakeHHst uepe3 HTTP-3amuT, Ta y BiANOBiAb OTPUMATH THUI Ta KIJIBKICTH PO3MI3HAHUX
00’exTiB. B sKoCTI HEWpPOHHOI Mepexi Oyl0 BHUKOPUCTAHO 3TOPTKOBY HEHPOHHY MEpEeKY,
3acHoBaHy Ha anroputMi YOLO. Moaens HelipoHHOT Mepeski Oyi10 3a3/1aieriib HaTpEHOBAHO
Ha CTaHIapTHOMY JIIs OAIOHMX 3a71a4d Habopi manux Microsoft COCO (Common Objects in
Context), mo MICTUTh po3MiueHi 300pakeHHs, Ha SKUX NpucyTHi 80 KiaciB 00 €KTIB A
po3Mi3HaBaHHS.

B skocTti ocHOBHOro ¢peiMBOpKYy s po3poOku BeO-mporpamMu Oyno oOpaHO
dpeitmBopk Spring Boot. [lanuii miaxin J03BOJIMB MIBUIAKO CTBOPUTH MPOTOTHUIT BEO-CEPBICY,
3acHoBaHU Ha BOynoBaHoMmy HTTP-cepsepi Jetty. dpeliMBopk Mae AOCTYIHY Ta 3p0O3yMilTy
JIOKYMEHTAIIII0, & TAKOX BEJIMKY KUTBKICTh HaBUaIbHUX MaTepianiB. @peiimBopk Spring MVC
OyJ10 BUKOPUCTAHO AJist 00poOku BxigHux HTTP-3amwuris.

Jnst iHTerparii HeipoHHOI Mepexi Oyno Bukopuctano Oidmioreky OpenCV. [lana
0ibmioTeka HaJae MOXKIMBICTD TMiJ €IHATH TMOMEPETHHO HATPEHOBAHY HEUPOHHY MEPEKy
BUKOPHUCTOBYIOUM (aill KoHGIrypaiii, o MICTUTh iHGOpMaIi0 PO HEHPOHHY MEPEKYy,
KUIBKICTh IIapiB Ta HEMPOHIB, Ta (hailyl, 110 MICTUTH JaHi PO Baru 3B’sA3KiB Mk HEHpOHaMHU.
[lepeBaroto 11i€i 010;110TEKH € BUCOKHM CTyMHiHb aOCTpaKIlii, 10 T03BOJISIE BUKOPHUCTOBYBAaTH
pi3HI aNrOpUTMH HEHPOHHHUX MepexX, a TaKoX pi3Hi (Gopmatu 30epiraHHs HATPEHOBAHUX
mozeneii. Hanpukmaz, kinac DetectionModel nangae BrcokopiBHEBY aOCTpakxilito HEHPOHHOT
Mmepexi st Takux anroputMmiB sk SSD, Faster R-CNN ta YOLO. Kmac Dnn wmictuth
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MO>KJIUBICTh 3aBaHTQKEHHS HEHPOHHHUX MEpeX 13 pi3HuX (opmartiB daiini, Takux sk ONNX
(Open Neural Network Exchange), Caffe (.caffemodel, .prototxt), DarkNet (.cfg, .weights),
Torch (.t7), TensorFlow (.pb) Ta immmi.

PesynbraToM poOoTu mporpamu € BeO-cepBic, 10 IpUiMae Ha BXiJ 300pakeHHS, a Y
BianoBiap moBeptae JSSON-daiin i3 aconiaTUBHUM MacHUBOM, B SIKOMY Kjacy 00’ €KTy 110 OyB
PO3Mi3HAHUM Ha 300pa)KeHHI BiNOBIa€ KIIBKICTh PO3Mi3HaHUX 00’ €KTiB. Takuii cepBic MOXxe
OyTH BHUKOPHCTAHO JUIsi BU3HAYECHHS KUIBKOCTI JIIOJEH B d4ep3i, KUIBKOCTI 3amapKOBaHUX
aBTOMOOUTIB Ui BMU3HAUYEHHS HASBHOCTI BUIBHUX MICIIb Ha MapKiHTy, TOIIO. MOXIJIHMBUM
PO3IIMPEHHSIM CEPBICY MOXKE OYTH HaJlaHHS MOXJIMBOCTI 3aBaHTa)KyBaTH Bijieohaiiy.

B pesynbpTari mpoBeAeHOro aHamizy OyJi0 BHUSBICHO MOXJIMBICTH BHUKOPHCTaHHS
MOMEepeIHbO HATPEHOBAHMX HEMPOHHMX MepexX Yy BeO-MporpaMax, CTBOPEHUX MOBOIO
nporpamyBaHHs Java. IlepeBaramm Takoro MiAXOAy BHU3HAYCHO MOXJIMBICTH I1HTErparii
Cy4acHHMX pIIICHb 3aJa4 KOMIT FOTEPHOTO 30py Yy BXK€ ICHYIOUl CEpBICH, IIBUAKOIISA Ta
miATpuMKa MacmTaOyBaHHS, HasBHICTE J00pe 3aoKyMeHTOBaHHMX (peiimBopkiB. o
HEJONIKIB MOXKHA BiHECTH TOM (DaKT, 110 MOJenb Mae OyTH MOMEpeIHbO HaTpeHoBaHa. Lle
NPU3BOJMTH 10 HEOOXIAHOCTI pO3rOpTaTH Ta MIATPUMYBATH JIBa PI3HUX CEPEIOBUINA PO3POOKH
Ta BUKOHAHHS IpPOTrpaM: cepeloBUIle BUKOHAHHS Java Ta OKpeMme cepeoBHILE pO3pPOOKU
MoBoro Python mis minroroBku wmopeneit. lLle Takox 30iblIye HEOOXIJHY KiUIbKICTh
CHEIIaNiCTIB y IITaTi KOMIIaHii Ta yCKJIaHIOE 3arajibHy 1HPPACTPYKTYPy CHCTEMHU.

[1] Juan Terven, Diana Cordova-Esparz. A Comprehensive Review of YOLO: From YOLOv1
and Beyond. (2023). P. 34.

[2] OpenCV  Java documentation  [Enektponumii  pecypc]. Pexum  moctymy:
https://docs.opencv.org/4.x/javadoc/.

[3] Historical yearly trends in the usage statistics of server-side programming languages for
websites [Enektponnuii pecypc]. Pexum moctymy: https://w3techs.com/technologies/
history _overview/programming_language/msly.

INTEGRATION OF NEURAL NETWORKS FOR IMAGE
RECOGNITION INTO WEB-SERVICES IMPLEMENTED IN
JAVA

I. Holenko, M. Andreev
Oles Honchar Dnipro National University
illia.holenko@gmail.com

The purpose of this work is to analyze the possibility and suitability of using pre-trained
neural networks in existing Java web-applications. The prototype was developed using Spring
Boot and OpenCV Java-based libraries. YOLO (You Only Look Once) neural network was
used. It was pre-trained on Microsoft COCO dataset and exported as configuration file and
weights file.

This approach provides the possibility to integrate the pre-trained neural network model
into existing Java web-application with high performance and scalability, with the access to
well documented and widely used frameworks. On the other hand, this approach requires to
have two separate development and execution environments: one for Java application and one
for Python development for model training. This also leads to complex infrastructure, higher
requirements to employees’ skills, higher count of employees in general.
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3ACOBH MOBH PYTHON JIJI51 PO3POBKH MOJEJIENA
HITYYHOI'O IHTEJIEKTY

JI. AxMerminHa, A. Hecrepenko
J[Hinposcokuil nayionaneruil yHieepcumem imeni. Onecs I onuapa
an.nestere@gmail.com

Komn'toTepHuii 3ip Ha cydacHOMY €Tari PO3BHTKY € OJHHM 3 HAWOLIbII MOMYJISIPHUX
HarpsAMiB 1HQOPMAIIHHUX TEXHOJIOTIH y IIJIOMY Ta IITYYHOTO IHTEJIEKTY 30KpeMa. Y paMKax
3aBJlaHb PO3YMIHHS Ta IHTEpIIpeTalii Bi3yaabHOi iHpopMalii, HampuKIIaz, po3i3HaBaHHS 0Ci0
YU BUSBIICHHSI 00'€KTIB IHTEpPECY, OCTAaHHIM YacOM IITUPOKOTO 3aCTOCYBaHHs HA0yB 0COOIMBUI
TUI HEHPOHHUX Mepex — 3ropTKoBi HelponHi Mepexki (Convolutional Neural Networks, CNN)
[1]. Koxken map Takoi Mepexi oOpoOiisie naHI Ta CHPSMOBYE BHUSBIICHI OCOOJMBOCTI 10
HACTYIHOTO Iapy AJIsl ool 00pooku. Ha KokHOMY IIapi BAKOPHCTOBYIOTHCS (QLIBTPH,
3a IOTIOMOT' 00 SIKMX 3/IIHCHIOETHCS BUSBIIEHHS OCOOJIMBOCTEH PI3HUX PiBHIB, HAIIPUKIIAM, KPaiB
00'exTiB, 200 X Gopm.

Cepen IHCTPYMEHTIB Ul CTBOPEHHS 1 BUKOPUCTAHHS 3TrOPTKOBUX HEMPOHHUX MEpex
BUAUIAETHCS MOBa nporpamyBanHs Python, sika € ne-¢axto crangapToM iHmycTpii B 0bmacTi
aHaJIi3y 300pa’keHb Ta LITYYHOr0 1HTENEKTy. BUpilleHHs MpakTUYHUX 33a]a4 3 BUKOPUCTaHHAM
CNN 3a3Buyail BKJIIOYAE JEKiIbKAa PI3HUX eTamiB: poOoTa 3 300paXCHHSIMH B TaM'ATi
porpamMmu, iX CerMeHTallis Ta MiAroToBKa 10 0OpoOKH, HOpMai3allisi, YCYHeHHs IIyMIiB Ta
nedeKkTiB, TOMEPEeIHI aHali3 300pakeHb, CTBOPCHHS, HABYAHHS Ta TECTyBaHHS MOJCIEH
IITYYHUX HEHPOHHUX MEPEK.

Jiis isoro y MoBi Python mpucyTHi crienianizoBaHi 06101i0TeKH, SKi HAAAIOTh ITUPOKHUNA
dbyukionan y Burisai nporpamuux intepdeiiciBs (API). 3okpema, nns 3aBgaHp y ramysi
aHali3y 300pa)kKeHb MOYKHA BUALUIUTH Taki O10mioTeku [2]:

Pillow — 6ibmioTeka ass omepailiii i3 300pakeHHsIMU Pi3HUX (OpMATiB, KOHBEpTAIlii
300paxkeHb MK (popmaTamu TOILIIO;

Scikit-lmage - ©6iOmioteka, 1m0 3abe3medyye MOXKIMBOCTI  MOP(OIOTIYHOTO
NepEeTBOPEHHSI 300pakeHb, KOJIIPHOI (iIbTpallii, 1o0yI0BHU TicTOrpam;

OpenCV — kpocmardopmoBa 6i0mioTeka, 110 Hajla€e MIMPOKUNA HaOlp aaropuTMiB
aHai3y Ta oOpoOKM 300pa’keHb, BKJIIOUAIOUM BHSBIIEHHS KOHTYDIB Ta MEpEnajiB rpaji€HTa
KOJIbOPIB, 3LIMBKY 300pa’keHb, 31CTaBICHHS 00'€KTIB Ha IEKUJIbKOX 300paKeHHAX Ta 1H.;

TensorFlow — ¢pemBopk, po3podieHuii kommaniero Google, MUPOKO 3aCTOCOBYETHCS
JUIs CTBOPEHHS MOJieNiell «TTTHO0KNX» HEHPOHHUX MEPEX, TOMY J00pe MiIXOAUTh I aHaJi3y
300pakeHb.

PyTorch — ¢peiimBopk kommanii Facebook. I1Inpoko BUKOPUCTOBY€EThCS Y 3aBIAHHSIX
pO3Mi3HaBaHHs roj0cy, aBTOMaTH3allli, 1, 30KpeMa, 00poOKu 300pakeHb;

ML.NET - 6ibmioTexka MammMHHOTO HaB4YaHHsS kommaHii Microsoft. [Ipu3nauena s
exocuctemu dotnet, ane Mae CyMICHICTb 3 MOJENISIMH, CTBOpeHuMH Ha Python;

Keras — 6i6ioTexa BUCOKOTO PiBHS, [0 HAJA€ CHPOIICHUN JAOCTYI A0 (YHKIIOHATY
NOMyJIsIpHUX 010J110TEK MaIlIMHHOTO HaBuaHHS, Takux sk TensorFlow ta PyTorch. Yepes cBoro
IPOCTOTY BUKOPHCTAHHS JOOpe MiIXOAUTH JUIsl eKCIEPUMEHTAIbHUX 1 JOCIHIAHULBKUX LiTeH
[3].

VY n0mnoBiji MpeICTaBIEeHO CXeMY IPOTPaMHOT0 KOMITIEKCY (puc. 1), Mpu3HaYeHOTo A
BUSBJIEHHS aHOMaJbHUX JUISHOK Ha 300paXeHHSX aepodoTo3oMKku. Y  po3polii
BUKOPHCTOBYIOThCs O010mioTexu Pillow mst 6a3oBux onepartiii i3 300paxenusmu, Scikit-lmage
ta OpenCV mns momepeaHboro aHamizy, a Takox Keras (ma ocuoBi TensorFlow) mis
HaBYaHHS Ta BUKOPUCTAHHS HEMPOHHOI MEpexi - aBTOKOAYBAIbHUKA 13 IIIapaMU 3TOPTKH.
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Man. 1. Cxema nporpamMHOi CUCTEMH MOLTYKY aHOMaJii i3 3a3Ha4eHHsIM BUKOPUCTOBYBaHHX 010mioTeK

BucnoBku. I[HcTpymeHTanmbHI 3aco0u MoBH mporpamyBaHHs Python mo3Bommmm
CTBOPHTH IpOTpaMHe 3a0e3MeUeHHs AJIs pillieHHs 33134l 00poOKku Ta aHamizy ¢ororpadigHux
nanux. HasBHicTh 0i0miOTEK, OpiEHTOBAaHMX SK Ha IMPOCTI oreparlii, Tak i Ha CTBOPCHHS
CKJIaTHUX MOJIeJICH ITYYHOTO 1HTEJIEKTY JI03BOJISIE BUPIIIyBaTH OaraTocTaiiiHi 3a/1a4i.

[1] O'Shea, K., Nash, R. An Introduction to Convolutional Neural Networks, Preprint
arXiv:1511.08458, (2015).

[2] Bhanu, R. J., Saradhambekai, S. (2019). Python Libraries and Packages for Image
Processing Survey. International Journal of Innovative Research in Technology, 5(11),
ISSN: 2349-6002.

[3] Kumar, V. H. Python Libraries, Development Frameworks and Algorithms for Machine
Learning Applications. International Journal of Engineering Research & Technology
(ERT), 7 (04), April, (2018).

PYTHON LANGUAGE TOOLS FOR DEVELOPING
ARTIFICIAL INTELLIGENCE MODELS

L. Ahmetshina, A. Nesterenko
Oles Honchar Dnipro National University
an.nestere@gmail.com

Computer vision, at its current stage of development, is one of the most popular fields
of information technology in general and of artificial intelligence in particular. When it comes
to tasks of understanding and interpreting visual information, for example, recognizing people
or identifying objects of interest, a special type of neural networks - convolutional neural
networks (CNN) - has recently become widely used. Among the tools for creating and using
convolutional neural networks, the Python programming language stands out, being the de
facto industry standard in the field of image analysis and artificial intelligence.
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CTBOPEHHSI KOPIIOPATUBHOI VoIP-MEPEXI I3
3ACTOCYBAHHSAM COPTP®OHIB

B. CmupHoB
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
Blucheesus@gmail.com

IP-tenedonist — ne Tenedonnuii 3B'A30Kk yepe3 iHTepHET, o npoTtokoiny IP. ITix IP-
TeneoHi€l0 MaeTbcs Ha yBa3i Hallp KOMyHIKamiHUX MpoTokoidiB, VolP obnannaHHS,
MIPOrpaMHOTO 3a0e3IMeUeHHs, TEXHOJOTrId 1 METOiB, 10 3a0e3nedyroTh Habip HoMmepa,
JIBOCTOPOHHE T'OJIOCOBE CITUIKYBAaHHS, Ta BiJICOCIIUTKYBaHHS Yepe3 Mepexy [HTepaer abo uepe3
Oyzap sky innry IP-mepexy. Curnan mepen nepeiadero nepeTBOPIOETHCS 3 METOK BUAAIUTH
HAJJIMIIOK 1H(opMalii Ta 3HU3UTH HaBaHTAKEHHS HAa Mepexy nepenadi ganux. OcHOBHA
nepeBara [P-tenedonii B 3HIKEHHI BUTpAT Ha 3B'30K. Y Oarathox Bumaakax VolP-3B's30k —
0€3KOIITOBHU.

g Toro, mo0 MaKCHUMallbHO 3HU3WUTU BUTPATH HA OpraHizaiilo KOPHOPaTUBHOIO
TeIeQOHHOTO 3B'A3Ky, PEKOMEHAYEThCS BHUKOPUCTOBYBATH THporpamHe 3ale3meueHHs 3
BIIKPUTUM BUXIIHUM KOJIOM JJIsl PO3rOpTaHHS cepBepa TenedoHii Ha 0a3i auctpuOyTnBa
Asterisk.

Apxitektypa mepexi VolP moxke OyTu mpenctaBieHa y BUIIIsII ABOX MTomuH. Hikus
BiZJOOpakae TPaHCIOPTHUN MeXaHI3M HETrapaHTOBAHOI JIOCTaBKH MYJIbTUMEIIHHOTO Tpadiky
sk iepapxii nporokoniB RTP/UDP/IP, a BepxHs - MeXaHi3M yNpaBIiHHA 0OCIYTrOBYBaHHIM
BUMKJIMKiB. 1i KirogoBuMu mportokonamu € H.323 ITU-T, SIP, MGCP i MEGACO, mo €
pi3HUMU pearizalisMu 00CITyrOByBaHHS BUKIIUKIB y Mepexax [P-renedonii.

TpancnoptHuii mpoTokon peanbHoro yacy (Real-time Transport Protocol, RTP) nanae
TPAHCHOPTHI MOCIYTH MYyJbTUMEIIHUX mporpaM. BiH He rapaHTye J0CTaBKy, aje J03BOJISIE
nporpamMaM BHUSIBUTH BTpaTy a00 MOPYLICHHS MOPSAKY NPSMYBaHHS MAKeTIB 32 PaxyHOK
NPUCBOEHHST KOKHOMY 3 HHUX HoMmepa. [IpoTokon mpusHadeHuWd aisi poOOTH B pekuMax
nepefayl «Toyka-Touka» abo «Touka-MHOXKMHa To4ok» [1]. RTP mpartoe cninpHO 3
IPOTOKOJIOM KepyBaHH: peaibHoro yacy (Real Time Control Protocol, RTCP), o 3a6e3neuye
KepyBaHHS IIOTOKOM JJaHUX Ta KOHTPOJIb IEPEBaHTAKEHHS KaHATY.

VYyacuuku ceancy RTP nepiognuno oomintoroTeest nakeramu RTCP 31 cratuctuunnmu
JaHUMH (KUIBKICTh HAJICIaHUX TAaKeTiB, YMCIO BTPAuYEHUX TOIIO), SKI MOXYTh OyTH
BUKOPUCTAHI BIMPABHUKOM MYJIbTUME1a, HAMPUKIIA, I AUHAMIYHOI KOPEKIIi1 MBUIKOCTI
nepeaadi 1 HaBiTh 3MIHHM TUITY HaBaHTaKEeHHS [ 1].

Cepen MynbTUMEIIHHUX CTaHAAPTIB HalOube ocBoeHo cTanaapT H.323 ITU-T, mo
TOTO K BiH MTOCTIMHO BJIOCKOHAJIIOETHCS 1 Mae N'sATh Bepciii. OCHOBHUMHU eJIeMEHTaMH Mepexi
craugapty H.323 e rtepminanu (terminal), mumro3m (gateway), BopoTapi (gatekeeper) Ta
npuctpoi kepyBaHHs koH(pepeHuismu (Multipoint Control Units, MCU). 1lle onun enemeHT
mepexi H.323, Ha3zBaHMii proxy-cepBepom, Iparoe Ha MPUKIAJAHOMY PiBHI, BiH BU3HAYAE TUII
mporpaMu  Ta BHKOHYe moTpiOHe 3'emHanHs [2].ILmommHa 00CTyroBYBaHHS BHKIIHKIB
crangapty H.323 Bxitouae TpH OCHOBHI TNPOTOKOJHM: TMPOTOKON B3a€EMOJII KIHIIEBOTO
oOmagHanHa 3 BopotapeM RAS (Registration, Admission and Status), mpoTOKOJ yHpaBIiHHS
3'eqHanHsAsMH H.225 Ta mpoTokon ympaBiiHHS JoriyHuMu KaHajmamu H.245. Jlns nepenaui
CUTHAJIbHUX MOBioMIIEHb RAS BukopuctoByeThest mpotokona UDP, a mepenadi curHaibHHUX
noBigomienb H.225 1 H.245 - mporoxon TCP.

3a peammizartieto [P-tenedoHiii B KopropaTUBHUX Mepekax MOYKHA PO3IUTUTH HA 4 TUTIN:
tpanuuiiini kaHaneHi [P-ATC, nporpamui IP-ATC, Bipryansni IP-A ATC, IP-ATC na 6a3i
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Asterisk. Haitbinpm nepcniektuBHUM THIOM € Asterisk — mardopma IP Tenedonii 3
BIIKDUTHM BHUXIJIHUM KOJIOM, IO HaJa€ pi3HI (PyHKIIi kepyBaHHs A3BiHKaMu. Lle mae Ham
MOYJIMBICTh 3pOOHUTH YCTaHOBKY Ta HajamTyBaHHS Asterisk nokanbHo (Ha cepBepi Kili€HTa)
abo y xmapi 3 OJaNBIIO MiATPpUMKO0. ['onoBHUME niepeBaramu nporpamuoi ATC Asterisk
€ THyYKicTh Ta Oesmeka. Ha 6a3i Asterisk MokHa CTBOPUTH THYUYKY MYJIbTH(QYHKIIOHATBHY
odicay ™miHi-ATC, By3on 3B's3ky ab6o call-mentp. Asterisk Mae MmHPOKI MOXKIUBOCTI
MacimTaOyBaHHs, HAJIAIITYBAHHS Ta peaji3allil BIaCHUX aJrOpUTMIB BUKIUKIB [3].
[IpakTnyna poGora B raiy3i KOMYHIKalliHHOTO 3B’S3KYy JIO3BOJISIE PEKOMEHYBaTH
BUKOpPUCTaHHs Tuiathopmu  Asterisk Juist oprasizailii cy4acHOro KOPIOPATOBHOTO 3B’SI3KY B
CEepe/IHIX 1 BEJIMKUX KOMIIaHiAX, 0COOJIMBO MMPU BUKOPUCTaHHI XMapHUX cepBiciB [P-tenedomii.

[1] Oracle VM VirtualBox [EnexTpoHHwMi pecype]. Pexum JIOCTYITY:
https://docs.oracle.com/en/virtualization/virtualbox/6.0/user/features-overview.htmil

[2] Asterisk introduction [Enexktponnmii pecypc]. Pexum moctymy: https://www.voip-
info.org/asterisk-introduction/

[3] IP-ATC Asterisk [Enexrponnwuii pecypc]. Pexxum goctymy: https://ic-sts.com/solutions-
and-service/articles/asterisk/

CREATION OF A CORPORATE VolP NETWORK USING
SOFTPHONES

V. Smirnov
Oles Honchar Dnipro National University
Blucheesus@gmail.com

IP-telephony is telephone communication over the Internet, using the IP protocol. IP
telephony refers to a set of communication protocols, VolP equipment, software, technologies
and methods that provide dialing, two-way voice communication, and video communication
over the Internet or any other IP network. The signal is converted before transmission in order
to remove excess information and reduce the load on the data transmission network. The main
advantage of IP telephony is the reduction of communication costs. In many cases, VolP
communication is free.

In order to minimize the costs of organizing corporate telephony, it is recommended to
use open source software for deploying the telephony server based on the Asterisk distribution.

VolP network architecture can be represented in the form of two planes. The lower one
shows the transport mechanism of non-guaranteed delivery of multimedia traffic as a hierarchy
of RTP/UDP/IP protocols, and the upper one - the call service management mechanism. Its key
protocols are H.323 ITU-T, SIP, MGCP and MEGACO, which are different implementations
of call service in IP telephony networks.

According to the implementation of IP telephony in corporate networks, it can be
divided into 4 types: traditional channel IP-PBX, software IP-PBX, virtual IP-A PBX, IP-PBX
based on Asterisk. The most promising type is Asterisk, an open source IP telephony platform
that provides various call management functions. This gives us the opportunity to install and
configure Asterisk locally (on the client's server) or in the cloud with further support. The main
advantages of the Asterisk software PBX are flexibility and security.

Practical work in the field of communications makes it possible to recommend the use
of the Asterisk platform for the organization of modern corporate communication in medium
and large companies, especially when using cloud IP telephony services.
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CTBOPEHHS BEB-CAUTY HA BA3I MAKETY FIGMA 3
BUKOPUCTAHHAM 3ACOBY VISUAL STUDIO CODE

B. OBuapyk, JI. AxmeTmuHa
JIHinposcokuil nayionanvhuu yHieepcumem imeni Onecs [ onuapa
viadikogterrr@gmail.com

CyvacHuil nu3aifHep mae Oe3Jlid IHCTPYMEHTIB I MPOAYKTHUBHOI PoOOTH, 30KpeMa,
Photoshop, Sketch, abo Figma. Came ocTaHHIi IHCTPyMEHT CTPIMKO cTa€ (haBOPUTOM BeO-
nu3aitaepis [1]. Figma - rie Be6-mutatdopma Juist AM3aiiHy Ta IPOTOTUITYBaHHS iHTepdeiciB, o
JI03BOJISIE KOPHCTYBauaM CTBOPIOBATH, peIaryBaTd 1 CIUJIBHO TPAIIOBATH HaJl MPOCKTaMHU
nu3aiiHy. Figma Hamae 3aco0u Juisi CTBOPEHHS BHCOKOSIKICHUX MAaKeTiB BeO-CTOPIHOK,
MOOUTBHUX JOAATKIB, TpadiuHuX iHTep(deHCiB KOpUCTyBaya Ta IHIIMX THUMIB IUPPOBUX
npoxaykriB. OCh JIesiKi 3 OCHOBHHX MOXKIIMBOCTel Figma Brirtouarots B cede:

e Inrtepdeiic nuzaitny — Figma Hagae IHTYITHBHO 3po3yMinmid iHTepdeiic, sSKuit
JI03BOJISIE KOPUCTYBayaM JIETKO CTBOPIOBATH MaKeTH 1HTEpdelcy KOpHCTyBaua 3a JOIOMOTO0
BEKTOPHUX IHCTPYMEHTIB, TaKHX K (POPMH, IIIJISIXU Ta TEKCT.

e CninpHa poboTta — OfHi€l0 3 KIIOUOBUX mepeBar Figma € MOXIIMBICTh CHUIBHOT
pobotu OaratbOX KOPHCTYBauiB HaJ OAHMM TpoeKkToM. lLle mo3Boisie mpamroBaTé Hax
POEKTaMH OJJHOYACHO, KOMEHTYBATH Ta PEIICH3yBaTH 3MiHH B pealbHOMY Yaci.

e [IporormmyBanus — Figma 103Boisi€ CTBOPIOBATH TPOTOTHIHM, IO MOXYTh
BiJIOOpakaTu B3a€MOJIIF0 KOPUCTyBaYa 3 JoIaTkoM abo BeO-caiitom. Lle no3sosse nu3aiinepam ta
po3poOHMKaM TecTyBaTH (YHKIIOHABHICTh Ta HAaBIraIlio MPOMYKTY Mepell HOro peaizalii€ro.

e Amimanis — Figma Hamae iHCTpyMEHTH AJisi CTBOPEHHS MPOCTUX aHIMaIllill, 110
JIOTIOMAararoTh Ju3aifHepaM JEMOHCTPYBATH B3aEMOJIIIO Ta PyX Y CBOIX JU3aifHaX.
e JHTerpamis 3 IHIIMMH I1HCTpyMeHTamMH — Figma Moxe iHTerpyBaTtucs 3

PI3HOMAHITHUMHM 1HCTPYMEHTaMH pO3pOOKHM MPOrpaMHOro 3a0e3leueHHs Ta CHCTEMaMu
yIpaBIliHHSA IpoeKTaMu, TakuMH K Slack, Jira, Zeplin Ta iH111, 10 MoJEruIye Nponec CuiIbHOT
po6OTH Ta OOMIHY JaHUMH.

Figma € noTy>kHUM 1HCTPYMEHTOM JJis AU3ailHEpIB Ta PO3POOHMKIB, SIKUM JolMOMarae
CIIPOCTHUTH TIPOIIEC PO3POOKH MPOAYKTIB, MiIBUIIUTH €()EKTUBHICTh Ta MOJIETHIMTH CHIIbHY
poOOTy HaJl MPOEKTaMHU.

[1] o Taxe Figma: gyHkuii, iHcTpymeHTH Ta nepeBaru [ Enexrponnuii pecypc]. Pexxum nocrymy:
https://wezom.academy/ua/chto-takoe-figma-funktsii-instrumenty-ipreimuschestva/

SOFTWARE-DEFINED NETWORKING (SDN)
TECHNOLOGY RESEARCH

V. Ovcharuk, L. Akhmetshina

Oles Honchar Dnipro National University
viadikogterrr@gmail.com

Figma is a web-based design and interface prototyping platform that allows designers
to create, edit and collaborate on design projects. Figma provides tools for creating high-quality
layouts for web pages, mobile apps, graphical user interfaces and other types of digital products.
Figma is an essential tool for designers and developers to help simplify the product development
process, increase efficiency, and make it easier to work on projects.
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JOCJIJKEHHS TEXHOJIOTTT NUXT.JS JUISI CTBOPEHHS
BEB JIOJATKIB

€. llleBuenko, M. TBepaocTyn
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
korsunelo@gmail.com

CyuacHuil BeO-pO3BUTOK BHMArae BiJl pO3pOOHUKIB IHCTPYMEHTIB, SIKi CIIPOIIYIOTh MIPOLIEC
CTBOPEHHS BUCOKOMPOIYKTHUBHHUX Ta ONTUMI30BAHUX JJISl MOLITYKOBUX CHUCTEM BeO-10/1aTKiB. Y
IIbOMY KOHTEKCTi, TexHojoriss Nuxt.js CTae KIIOYOBUM IHCTPYMEHTOM, SIKHH J103BOJISIE
PO3pOOHUKAM CTBOPIOBATH SIKICHI BeO-0IaTKU Ha OCHOBI VUe.jS 3 HU3KOK BaXKJIMBHX IIEpeBar.
L{st poGoTa po3risigae pe3yabTaTH TOCHIHKEHHS TeXHOJor1i Nuxt.js Ta BKa3ye Ha i OTeHITian y
Be0-pO3poOIIi.

Hocmimxennss texHomorii Nuxt.js aiasi CTBOpPEHHS BeO-I0JaTKiB PO3KPUBAE BasKIIMBI
nepeBary Ta MoTeHIal Hboro ppeiiMBopKy Ha OCHOBI Vue.js. Nuxt.js npencTasiise COO00 MIIIHO
CTPYKTYpPOBaHHH Ta BHCOKO(YHKIIOHATbHUI I1HCTPYMEHT, NpPU3HAUYCHHUH JIi CTBOPEHHS
SIKICHUX BeO-I10/1aTKIB.

[To-nepmie, Nuxt.js mponoHye nepeadadyyBaHy Ta ONTHMI30BaHY JUIsl MONIYKOBUX CHUCTEM
CTPYKTYpY, 10 A03Boisie miaBumut SEO-edexTrBHICTh BeO-n101aTKIB. DPEHMBOpPK 103BOJISIE
ABTOMATHYHO TE€HEpyBaTH METaTeru, OmucH Ta iHm BaxiuBl SEO-eneMeHTH, CIpOLIyIouu
3aBJIaHHS ONTUMI3AIi IS TONTYKOBUX CUCTEM.

[To-mpyre, Nuxtjs Haza€e MOXJIHMBICTh CTBOPEHHS  YHIBEpPCAIbHUX  JOJATKIB,
BUKOpUCTOBYIOUM server-side rendering (peHaepiHr Ha cTOpoHi cepBepa). Lle 3HauuTh, 110
CTOPIHKHM BIANIPABISIOTHECS HA CEpBEpP VIS PEHACPIHTY Tepel THM, SIK KIIE€HT OTPUMAE iX, IO
MOJIMIITY€E IIBUJIKICTh 3aBAaHTAXKEHHS Ta 3a0e3medye Kpaluii JOCBiJ KOPUCTyBaya, 0COOIMBO Ha
MOBUIBHKX 3'€HaHHAX. KpiM Toro, 1mel miaxia cupuse Kpamiii MmiaITpuMIl aHATITHKHA Ta THIITHAX
IHCTPYMEHTIB BeO-aHATITUKH.

[To-tpere, Nuxtjs Mae po3MIHMpPEeHy CHCTEMY MapUIpyTH3alii, M0 JO3BOJISE JIETKO
OpraHizoByBaTM Ta KepyBaTH MapuipyTaMu B JIONIaTKy . BOynoBana cucrema pobotu 3
MapIIpyTaMH CIPOIIYE CTBOPCHHS aJalTHBHUX Ta IHTYITUBHUX IHTEpQENCIiB, a TAKOXK HAIAE
MOXJTUBICTB JIETKO HAJIAIITOBYBAaTH PEIMPEKTH Ta 0OPOOKY MOMMIIOK.

BucHOBOK monsirae B TOMY, III0 BUKOPUCTaHHS TexHONOTii Nuxt.js ajst CTBOpEeHHS BeO-
JIOJIATKIB MOYXK€E 3HAYHO MOKPAIIUTH €()EeKTUBHICTh Ta PO3BUTOK BeO-TIpoeKTiB. Llel ppeitmBopk
JoroMarae 3a0e3neunTH BUCOKY MPOIYKTUBHICTD, BIIMIHHY ontuMizaiito anst SEO, BiqMiHHUN
JIOCB1JT KOPHCTYBayva 3aB/IsSKH YHIBEpCATLHUM JIOJJATKaM Ta HpOCTOTl y KepyBaHHI MapIIpyTaMH,
a TaKoXX Crpusie 301TbIIEHHIO (YHKIIIOHATFHOCTI Ta MATPUMII aHATITUKH.

STUDY OF NUXT.JS TECHNOLOGY FOR CREATING WEB
APPLICATIONS

Y. Shevchenko, M. Tverdostup
Oles Honchar Dnipro National University

Nuxt.js technology, developed on the basis of the Vue.js framework, is a powerful tool for
creating high-performance and search engine-optimized web applications. This work explores the
possibilities and benefits of using Nuxt.js in the context of the web development.

Overall, using Nuxt.js technology to build web applications has significant potential to
improve the performance and development of web projects. This framework helps ensure high
performance, search engine optimization, great user experience with universal apps and
simplified routing, and also helps extend functionality and support analytics.
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MOBLIbHU JIOAATOK YOURAIRTEST

B. lenuk, B. I'epacumos
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
vlad.detsyk@gmail.com

CrarucTrka 3a0pyTHEHHS MMOBITPS CBIIYUTH PO PICT KIJIBKOCTI MIKIJTMBUX PEYOBUH B
noBiTpi. Yepe3 3poCTaHHS KIIBKOCTI TPAHCIOPTY Ta BUPOOHUITB CHPUYHMHEHE PO3BUTKOM,
pOCTE KUIBKICTh IIKIJUIMBUX BHUKHIIB B aTMocdepy Ta y BomoiMu. Lle cTBoproe THCk Ha
€KOCHCTEMY Ta BCiX )KHTEIIB IUIAHETH.

3anponoHOBaHUN JOJATOK € YACTUHOIO CUCTEMHU 3 MOHITOPUHIY SIKOCTI MOBITPS, SKa
BUKOPHCTOBYE MEPEKY HA3eMHUX CTAHIIIH 17151 BU3HAUCHHS KOHLIEHTpAIii TBepAnX 4acTok (PM
2.5, PM 10 [1]), ra3iB ta piBas pamiamii (CO, CO2, NO2, SOz, uSv [2]), morogaux ymMoB Ta
HasIBHOCTI MOKeX. MOHITOPUHT IIUX MapaMeTPiB HAJACTh 3MOT'Y KOHTPOJIFOBATH BMICT MOBITPS
B MiCTax Ta pearyBaTd Ha MOXUIMBUN BUKHUJ IIKIJJIMBUX PEYOBHH 3 BUPOOHMUUTB abo mpu
aBapisix Ha AEC, mo 3a0e3neuye MOKIMBICTh HIBHIKOTO PearyBaHHs Ha KPUTHYHY CHTYAIlif0
JUIl YCYHEHHsI HEraTMBHOTO BIUIMBY ISl 3/I0pOB’S Ta Ha HAaBKOJIMIIHE cepefoBUIIE. Takox
3aBISKA MOOUTPHOMY JOJNATKy € MOXKIIHUBICTh IIBHUIKOI MEPEBIPKH BiJJaICHMX HACEICHHX
IYHKTIB Ta OTPUMaHHS IOBIJJOMJIEHb IIPO MOKJIMBY 3arpo3y 370pOB’10 JIOAUHU, TAKUM YHHOM
MOKPAIIYEThCS MOXJIMBICTD 3PYYHOTO Ta INBHUIAKOTO iH(POpPMYBaHHS O€3 BUKOPUCTAHHS
BEJIMKOI KIIBbKOCTI pi3HUX kepen iHopmariii. Po6oTa € yacTHHOO J0CiKeHb MOHITOPUHTY
BIUTMBY BUKHUIB y TIOBITPS Ta HABKOJIMIIHE CEPEIOBHUIIE BiJ 3a0pyAHUKIB aTMOC(EpPHOTO
MOBITPS 1 CIIPHSIE MIABUIIICHHIO PiBHS 1IHPOPMOBAHOCTI HACEICHHS 1010 €KOJIOTTYHHUX 3arpo3.

CucremMa MOHITOPHHTY TOBITPS pPEANi3yeThCsl Y BChbOMY CBIiTi. OIIHIOETBCS piBEHBb
3a0pyJHEHHs B MICTax Ta Ha OCHOBI JIaHUX BiJ Ha3eMHHX CTaHIli OyayeTbcsi MaTeMaTH4YHA
MOJIeJIb 3a0pyAHEHHS U1 00JIacTeM, 7 111€ He BCTAHOBJICHI CTaHIIII.

[Ticna anHamizy iCHYIOUMX CHUCTeM, OyJI0 CTBOPEHO BIIACHMM J/0/JATOK, SIKUH CTaB
YaCTMHOI0 €KOCHCTEMHU KOHTPOJIIO SIKOCTI MOBITPS, 1 SIKUH HAJA€ 3MOTY 3pPY4YHO Ta IIBUIKO
BUKOPHCTOBYBATH CUCTEMY MOHITOPUHTY SIKOCTI MOBITPA (puc. 1).

Honarok BimoOpaxae iH(opmallio, MO HAAXOAUTH 31 CTaHIK B paaiyci 15 km. B
3aJIeKHOCTI BiJl MOMKJIMBOCTI CTaHIll, KOPUCTYBad Ma€ 3MOTY NEperisHyTH IOKa3HUK
KoHIIeHTpalii pedoBuH PM 2.5 ta/a6o PM 10. PM (particulate matter) o3Hadae, 1110 MOKa3HUK
BIJTHOCUTBCS IO TBEPJIUX YACTUHOK, K1 3HaxoaThcs y noBiTpi. Hudpu 10 ta 2.5 y Ha3Bi 1ux
MOKa3HUKIB — 1€ po3Mipu dYacTMHOK. Humu Moke OyTH opraHiuHMid mwi, Oakrepii,
OyAiBeNbHUM MW, YACTUHKU BYTULIS 3 €JIEKTPOCTaHIIIH, 1110 MOTPAIUISIOTh Yy MOBITPS, TOIIO.
[Toxazunk CO — me yamHuii ra3, sIKMif He Ma€ CMaKy, KoIbopy Ta 3anaxy; CO2 — ByTJIeKHCIHA
ra3; NO2 — Oypuit ra3, SO2 — cipuncrtuii ra3. I[lokaznuk pSv — ne piBeHb pamiamii. Bei
MOKA3HUKH B1A0OpPaXKarOThCS HA TOJIOBHOMY €KpaHi, TAKOX TYT e BUBOJAUTHCA 1H(OpMarlist
ctocoBHO noroju. KopuctyBau moxe odupatu cucremy sikocti mositpst EAQI a6o US AQI. Li
CUCTEMHM € CBITOBUMH CTaHIapTaMU Jjs BU3Ha4YeHHS 3a0pynHeHHs mnoBiTps. EAQI e
eBponelicbkkuM crangaptom, a US AQI — amepukaHcbkuil. Pi3HUISI MiXK HUMH JMIIe B
MOPOTOBUX 3HAYEHHSAX IIOKa3HWKA IHJEKCY SIKOCTI TOBITps, a (opMysia 3aJuIIacThCs
HE3MIHHOIO:

I = W (C - Clow) + Liow,
high—%“low
ne I — inpekc skocti moBiTps; C — KoHIEHTparis 3a0pyaHIOBabHOT pedoBUHH; Ciow —
KoHIeHTpauis 3ynuHkH, < C; Chigh — KOHIEHTpauis 3ynuHKH, > C; liow — TOYKA 3yHNHHKH
ingexcy, mo Biamosigae Ciow; lhigh — TOUYKa 3yImHMHKH 1HAEKCY, 110 Bigmosigae Chigh [3].
TakoX € MOXIUBICTh 3MIHIOBATH JTU3alH MEPCOHAXY Ha TOJIOBHOMY eKpaHi. IcHye
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MO>KJIMBICTB 30€epiraT JIoKallii Ta MiHSITH iX Ha TOJIOBHOMY €KpaHi, peaji30BaHO BUBIJl Marl,
Ha AKiil MOJKHA TIeperysiIaTH piBeHb 3a0pyAHEHb, patiamiiinuii (oH Ta po3y BiTpiB (puc. 2).

3ay1s 3pyYHOCTI BUKOPUCTAHHS Ta CKOPOUCHHSI Yacy ISl meperisay iHpopMmaiii 0yso
JOJJAHO MOXKIIUBICTH MeEperisay iHdopmaiii B OKpeMOMy BIJDKETI Ta Ha TOJMHHUKY Apple
Watch.

JlogaToK ONTHMI30BaHO Ta HAJAIITOBAHO I €(EKTHMBHOTO BUKOPHUCTaHHS IaM SITi
MOOUIPHUX MPUCTPOIB Ta BUKOPUCTAHHS IMOTYKHOCTEH 3T1IHO BCiX cTaHmapTiB Apple, Oyma
npoiineHa cepTudikalis 1 JoKai3amis Ha YKpaiHChKY, aHIIIHCHKY, HIMEUBKY, (paHIy3bKY,
STIOHCHKY MOBH, JIOJIATOK OYJI0 JIOMYIICHO 10 PO3MOBCIOKEHHS Ha tuiatdopmi App Store.

aoe fn

Map

£>YourAirTest bu&TYo,f,’J rTest
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Pucynok 1. — Inrepdeiic nonatky YourAirTest Pucynoxk 2. — Mana

[1] Mereomoct - Illo Ttake PM2.5 ta PMI10 [Enexkrponnuii pecypc]. Pexum moctymy:
https://meteopost.com/info/PM/

[2] [ToroBopuMo Tpo pajialiito Ta Mpo BUAU BUMPOMiHIOBaHHS [ EnextponHMit pecypc].
Pesxxum moctymy: https://brom.ua/uk/sho-take-radiaciya-ta-vidy-viprominuvannya-ukr

[3] Innekc axocti noBiTpsa — Bikinexis [Enextponnuii pecypc]. Pexum nocrymy:
https://uk.wikipedia.org/wiki/Ilanexkc stkocTi moBiTpsi#:~:text=IHaekc sKoCTi MOBITPsI
(aHII1.,cepiO3HUMHU HACHIIKAMHU TSI 3JI0POB'S.

MOBILE APPLICATION YOURAIRTEST

V. Detsyk, V. Gerasimov
Oles Honchar Dnipro National University
vlad.detsyk@gmail.com

We offer an application that is part of the ecosystem for monitoring the state of the
environment, it can provide up-to-date information on air pollution and warn about emissions
of harmful substances into the atmosphere, the information can be viewed using a mobile
application, widgets, an application on a watch.
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BITHOBJIEHHA 30bPA’KEHHSA 3 BUKOPUCTAHHAM
METOAY CYHNEP-PO3ILIBHOI 3IATHOCTI

JI. AXxMeTinuHa, A. ®oMiH
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
fominartempost@gmail.com

Y cyuacHOMYy CBIiTI ITU(PPOBOT 0OPOOKK 300paKeHbh Ta KOMIT'FOTEPHOT'O 30pYy BUHUKAE
0e37114 3aB/IaHb, MOB'SI3aHUX 13 MOKPAIIEHHSAM SIKOCTI Ta PO3AUIBHOI 3IaTHOCTI 300pa’KeHb.
Hampuknan, skicTe 300pake€Hb, OTPUMAHUX B PEATbHUX CHUCTEMaX, TaKUX SK Tomorpad,
PEHTI'eH, MIKPOCKOII Ta 1H. 4aCTO MAaOTh HU3bKUI KOHTPAcT ab0 pO3MHUTICTh, AEKTH TOIIIO.
31aTHICTh BiITBOPIOBATH JICTali 1 BITHOBUTH CIIOTBOPEHI 3HAUCHHS, € BAXKIIMBOIO 33/1a4et0. Y
IIbOMY KOHTEKCTI METOJ Cymnep-po3aiapHOoi 3aaTHOCTI (SR) 3aiimMae meHTpainbHE MICIE 5K
NOTY>KHUH IHCTPYMEHT /IS IOKPAIEHHS SIKOCTi 300pakeHs [1].

Cynep-po3ninsHa 3aaTtHICTh (SR) BiTHOCHUTBCSA 1O MPOLIECY CTBOPEHHS 300pa)KeHHS
BHCOKOI MPOcTOpoBOi po3ainbHoi 3paTHOCTI (HR) 3 0mHOTO0 260 KisTbKOX 300pakeHb 3 HU3bKOIO
posaineHoO 3naTHICTIO (LR) (puc. 1. a, 6) . O6pobka SR BKiIO4Yae TpH OCHOBHI 3aBJAaHHS:
HiABUIIEHHS PO3AUIBFHOI 3AaTHOCTI a00 MacITadyBaHHs 300pakeHHs 0e3 MmosiBu apTe(dakTis,
BIJIOMUX SK aJllaCHHT, 30UIBIICHHS PO3JUIBHOI 3IaTHOCTI 300pa)KeHHSA, THM CaMUM
30UTBIITYI0OYH MaKCUMAJTBHY IIPOCTOPOBY YacTOTY, 1 BUIAJICHHS JeTpaialliid, 0 BUAHUKAIOT ITi]T
Yac 3aXOIUICHHS 300pa)XeHHs, a caMe, PO3MUTTSI Ta IIyMy.

3aranpHa imes MeToay SR momsrae B po3MupeHHi KOOPAUHATHOTO IPOCTOPY BUX1THHUX
3HAYCHb BXIJIHOI'O HU3BKO-PO3IJILHOTO 300pa)KEHHS HEBIAOMHMH 3Ha4yeHHSAMHU (puc.l B), 3
HACTYITHUM iX PO3PaxyHKOM (BiJHOBIICHHSM) Ha OCHOBI METO/IIB IHTEPIIOJISAIII.

LR Pixel HR Pixel
/
/ HR Grid I x A A A
v,
= ) S 0, P, o, T
450 LR Grid
4 =i el Legend
JA LJA LJA L] : Original HR Grid
O : Original HR Pixels
A O : Shifted Hr Pixels
LR Image HR Image L L L

a 0 B
Puc. 1. Hp)()CTip METOAY cynep-powinLH())'i 3IATHOCTi 300pakeHb: a, 0 — BI/IXi,I[)Ha LR i HR citkn, BiamoBinHo;
B — 3MI1IICH1 IMKCEJI1
HailinommpenimmmMu MeTogaMu 1HTepIoALii € 61KkyOiuHa 1HTEPIIOJILIs Ta ITepaTUBHA
3BOPOTHA MPOEKIIis, a /IS OLIIHIOBAHHS HEBIJOMUX 3Ha4YeHb — anroput™m [lamymica-I'epxbepra
(IIT"), sikuit iTepaTUBHO KOPUTYE HU3bKOYACTOTHI Ta BUCOKOYACTOTHI KOMIIOHEHTH 300paxKeHHs
[2]. B momoBiai mu posrasgaemo anroputm [II7 mis Bumanka, KOiaw JOCTyIHE JUIIE OJHE
300paxenss LR [3]:
1- mouatkoBe 300pa)Ke€HHS PO3IMIUPIOETHCS CITKOIO OUTBIINX PO3MIpiB, TOMI, 3HAUEHHS
NESIKUX MIKCENTIB BiJOMI, a AEIKUX — HEBIOMI;
2- 3HAYEHHS HEBIJJOMHX MIKCEIiB BCTAHOBIIOIOTHCS HA HYIIb;
3- 300pakeHHS MMPOITYCKAETHCS depe3 PUIBTPY 3 HOPMOBAHOO YaCTOTOIO 3pi3y G, sKa
BBa)XA€THCSI MAKCUMAJIBHO JOITYCTUMOIO YaCTOTOIO;
4- HeBiAOMI MIKCeNl OTPUMYIOTh NEBHI 3HAUEHHS, BIJIOMI1 3HAYEHHS IMIKCEJIB TaKOX
3a3HAIOTh 3MiH - 11€ TPU3BOAUTH O POSMHUTOCTI 300pasKeHHS;
5- BUXIJTHI 3HAYEHHS BIJOMHX MIKCEIIB BIIHOBIIOIOTHCS, CTBOPIOIOYN BUCOKOYACTOTHI
KOMIIOHEHTHU, BECH MPOIIEC TOBTOPIOETHCS.
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Y gnomoBimi  po3risgaeTbest  3actocyBaHHsS  meromy IIIT mms BimHOBIEHHS
MeTaorpadiyHoro 300paskeHHs, sKke Ma€ eeKTH (TPILIUHH, TOAPATUHY Ta iH.), 110 YUHSITD
CYTTEBUH BIUIUB HAa TOYHICTh BU3HAYCHHS 00'€MHOTO BMICTY (a3 abo po3Mipy 3epeH, MOsIBY
SIKMX 3yMOBIICHO BUTOTOBJICHHSIM 3pa3KiB, M0 aHAI3YyIOThcsa. Ha puc. 2 HaBelIeHO pe3ysibTaT
00pOOKH, KU IEMOHCTPYE CYTTEBE 3MEHILICHHS 1e(DEKTiB.

a) 0)

Puc. 2 — Bignosnenns 300pakenHs metooM I11°: a — BuXigHe 300paXkeHHs; O — pe3yabTaT 00poOKU

BucHoBKkH. Y X0/1i eKCIIEpUMEHTIB 0yJI0 BCTAHOBIICHO, 110 SKICTh Pe3yJIbTaTy 00pOOKH
300paKeHHS CYTTEBO 3aJI€KUTH BiJ] TOYHOCTI BU3HAUCHHS MOJOXKEHHS 1e(heKTiB, iX po3Mipy Ta
HOPMOBAHOI YacTOTH 3pi3y G anroputmy III.

[1] Sung Cheol Park, Min Kyu Park & Moon Gi Kang, “Super-Resolution Image
Reconstruction: A Technical Overview,” IEEE Signal Processing Magazine Vol. 20, No. 3
pp.21-36, May 2003.

[2] R. W. Gerchberg. Super-resolution through error energy reduction. Optica Acta, 21(9):709—
720, 1974

[3] Vandewalle, P., Susstrunk, S., and Vetterli, M. (2003) Super-resolution images
reconstructed from aliased images. In Ebrahimi, T. and Sikora, T. (eds.), SPIE/IS&T Visual
Communication and Image Processing Conference, Lugano, Switzerland, July, pp. 1398—
1405.

IMAGE RESTORATION USING THE SUPER-
RESOLUTION METHOD

L. Ahmetshina, A. Fomin
Oles Honchar Dnipro National University

The results of experimental studies of the ability of the super-resolution method to
restore a metallographic image with defects (cracks, scratches, etc.) that have a significant
impact on the accuracy of the determination of the volume content of phases or grain size, the
appearance of which is caused by the manufacture of the samples under analysis. Figure 2
shows the result of processing, which demonstrates a significant reduction in defects.
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BUKOPUCTAHHA HLITYYHOI'O UHTEJIEKTA JJIA
IMPOIHO3YBAHHS BJACTUBOCTEHN
BATATOKOMIIOHEHTHUX CYMIIIENA OKCU/IIB
METAJIIB

O. KoBasienko, C. Ma3ypuk
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
stas_mazurik@ukr.net

OcrtanHi poKM OOYHMCIIIOBaJIbHA TEXHIKAa MPOHHMKIA y BCl cepu rocrnoaapchbkoi
TISUTBHICTI 1€ O03HAMEHYBAJOCS MOSBOI IIMPOKOTO IOCTYIY N0 IITYYHOTO 1HTENEKTY.
Bpaxkae macmTabHiCTh 1OTO BUKOPUCTAHHS 1 SIK BiH HIBUJKO yJIOCKOHaNIO€Thed. Lle nmae
MiJICTaBy BUKOPUCTATH MOKJIMBOCTI IITYYHOTO 1HTEJEKTY 00 MPOTHO3YBAHHS (Pi3HUHUX
BIIACTUBOCTEH Pi3HOMaHITHUX MaTepHalliB B TOMY YHCII 1 0araTOKOMIIOHEHTHUX CyMillen
OKCHUJIIB METaIIiB.

TpaaumiiHuM MISXOM OTPUMAHHS KepaMiKd 3 OKCHIIB METaliB € 3MillyBaHHS
MNOPOIIKIB OKCHJIB METATiB B MOTPIOHMX MPOMOPIiAX 1 OTPUMAHHS IIIMKepa i3
3aCTOCYBaHHSAM OpraHigyHux 3B's3yrouux. Jlami 3 mwiikepa ¢GOpPMYIOTHCS 3arOTOBKHU
noTpiOHOT (GopMH 1 MPOBOAMTHCS BUNAN 13 3aJlaHUMH Mapamerpamu HarpiBy. Koxen i3
OKCHJIIB METaliB Ja€ CBiil BKJaJ y 3arajibHi BJIACTUBOCTI OTpUMaHOi KepaMiku. Jlms
pPO3yMiHHS SIKI BJIACTHUBOCTI [101a€ KOHKPETHUIH OKCHJl MeTalla BUTOTOBIISIIOTH 3pa3KH
KepaMmiku 0e3 I[bOro OKCHUJIy MeTala Ta 3pa3Ku KepaMiKu 3 1oro pisHUM BMICTOM. 3BUYAHHO,
pe3yabTaT pO3TNIANAIOTh y BHUIJISAAI rpadikiB 3 SIKUX pOOIATH BUCHOBKH IIOJO BILTUBY
KOXKHOTO 3 KOMIIOHEHTIB Ha BIACTUBOCTI 3pa3ka KepaMiku B uiiomy. [Ipu mocmimxkeHi
0araTOKOMIIOHEHTHUX 3pa3KiB KepaMikM JOBOAUTHCS MPOBOJUTH BEIUKHH 00’eM
eKCIepUMEHTaNbHOI po0oTH. € 0arato cmoco0iB 3MEHIIUTH OOCAT eKCIepUMEHTAIbHOT
pobotu. Hampukiaa MOXIMBO, BAKOPUCTOBYIOUYH 3acobu rpadivynoro makery OriginPro8,
OILIIHIOBATH BIUIMB HA OJIHY 13 BJIACTUBOCTEH KepaMikH 3pa3y TpbOX MapaMeTpiB.

[Tonermutu 3aBIaHHsS OTPUMAaHHS 3pa3KiB KE€paMIKHU 13 3aJJaHMMH BIIACTUBOCTSAMHU
MO>KHA IIIJIIXOM 3acToCyBaHHS PizuuHux Moaeneil. OHak cama nodynoBa GpizuuHo1 Mozeni
YCKIIAIHIOETBCA Yepe3 HEeNIHINHY TNOBEJIHKY KepaMIUHMX MaTepialliB 3alleKHO BIJ
BIJICOTKOBOTO 3MICTy CKJAJOBHUX, HEMOXJIMBOCTI ONHUCY OJIHOYACHOI B3aeMOJIl
0araTOKOMIIOHEHTHUX MaTepialiB Ta CKJIaJAHOCTI IpaigyHOTO B11OOpaKEHHS.

[Ipore OypxiMBUM pPO3BUTOK IUTYYHOTO IHTEIEKTY OCTaHHIMH pOKaMHu Jae
anbTepPHATUBHUN P13UyHUM MozensM miaxin. [1igxia, 3acHOBaHWI Ha METOJaX IITYYHOTO
IHTEJIEKTY, 30KpeMa, BUKOPUCTaHHS HEHPOHHHX MEPEX, L0 CaMOOPraHi3yIOThCs, MEPEX
Koxonena, siki poOJaTh MOXJIMBUM BUKOHAHHS NMPOTHO3Y HA OCHOBI HEBEJIHUKHX OOCSTIB
iHdopmarii. Boun no6pe 3apekomeHyBanu cebe MpU MOJIEIIOBAHHI CUCTEM 1 MPOIECIB,
BHYTPIITHI OOMEXEHHsI SIKMX ab0 HEIOCTaTHbO BHBYEHI, a00 B3aEMOJIIOTH CKJAJIHUM
gyuHOM. ToMy 3a HasBHOCTI HEBEIUKOT0 O0O0CATYy TEXHOJOTiuHoi iHdopMamii mpo
BUTOTOBJICHHSI 0araTOKOMITOHEHTHUX 3pa3KiB KepaMiKu, BUKOPUCTAHHSI HEHPOHHUX MEPExK
KoxoHeHa, 10 CcaMOOpPraHi3ylThCs, 3pO0JIATH MOXKJIMBUM ICTOTHE 3MEHIIEHHS
eKCIEePUMEHTAIIbHUX POOIT 3 OTpUMaHHA O0araTOKOMIIOHEHTHHUX 3pa3KiB KepaMiKu 13
3a/IaHMMH BJIACTUBOCTSMH.

B wnamomy Bumagky s moOyZOBM HEHPOHHHX MeEpEX BHUKOPHUCTOBYBAIHCS
pe3ynbTaTH JOCHIKEHHSI BapUCTOPHOI KepaMiKd Ha OCHOBI OKCHAY IUHKY ZnO, BMICT
sKoro 0yio He MeHIre 95%, 3 nomimkamu PbO, B203, C0304, 3HauCHHS IKUX 3MIHIOBATHCS
B niana3oHi 0,1 1o 5%. SIx ocHOBHI mapaMeTpu po3riasaaIucs KoedilieHT HeTiHIHHOCTI Ta
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kinacudikariitna Harpyra. MeToro O0yJ10 3HaXOKEHHS CKJIaay 3 HaHOUIbIIMM KoediieHToM
HEeJHIMHOCTI Ta HAWMEHIIOI0 KJIacH(iKallIifHO HANIPYTok0. Y pe3yabTari 0yJio BU3HAUYCHO
ONTUMaJIbHI 3HAYEHHS CKJIAJy KepaMiKH, Kl OyJIu MepeBipeHi eKCIIEPUMEHTOM.

USING ARTIFICIAL INTELLIGENCE TO PREDICT
THE PROPERTIES OF MULTICOMPONENT MIXTURES OF
METAL OXIDES

A. Kovalenko, S. Mazuryk
Oles Honchar Dnipro National University
stas_mazurik@ukr.net

Recent years have been marked by the emergence of wide access to artificial
intelligence. This gives reason to use the possibilities of artificial intelligence in predicting the
physical properties of various materials, including ceramics from multicomponent mixtures of
metal oxides.

The work presents a technique based on the existing research results of varistor ceramics
based on zinc oxide ZnO, using artificial intelligence algorithms, to find optimal values of the
composition of ceramics for further physical experiments.

JTOCJIUIKEHHS TEXHOJIOTTI SOFTWARE-DEFINED
NETWORKING (SDN)

A. Ma3zyp, B. Xanneubkui
Jninpoecoxuii HayionanvHuti yHieepcumem imeni Onecs [ onuapa
artmazur@proton.me

B cyuacHomy iHGopMalifHOMY CyCHiJIbCTBI 3pOCTAa€ 3HAUYUMICTh MEPEXKEBHX
TEXHOJIOTIH 1 IX BIUIMB Ha PO3BUTOK Ta (DyHKIIOHYBaHHS PI3HMX Tajy3eil rocrnomapcrsa Ta
HAIlIOTO MOBCSKAEHHOTO >KUTTA. OfHiI€0 3 KIIOYOBUX IHHOBALIWHUX TEXHOJOTIH, sKa
NEPETBOPIOE CIOCIO MPOEKTYBAaHHS, HAJAIITYBaHHS Ta KEPyBaHHS MEpEKaMH, € TEXHOJIOI1S
Software-defined networking (nani SDN). SDN — 1ie MepeskeBa apXiTeKTypa, B OCHOBI SKOI €
MIPEJCTaBICHHS MepeX1 y BUIVISAL CUCTEMH TporpamoBanoi Jioriku. [lorenmian SDN nae 3mory
3MIHUTH MIPOLIECH IPOEKTYBAaHHSI Ta YIPABIIHHSA poOOOTOI0 MEPEXK, SMEHIIIYIOUH iXHIO BapTiCTh,
301IbIIYIOYM MPOAYKTHUBHICTD 1 MIABUIIYIOYH (QyHKILIOHANBHICTh. Texonoris SDN 6a3yeTbcs
Ha BIpTyaJbHHUX KaHaJlaX, SKUMU MOXE KepyBaTH CUCTEMHHUH aJMIiHICTPATOp 3a JOINOMOTOIO
mporpamMHoro 3abe3nedeHHs. Binmanae HeoOX1aHICTh (HI3UIHOT MPUCYTHOCTI 00CTYTOBYHOUOTO
NEepCOHAY B MICLISX PO3TAIlyBaHHS MEPEXKEBOTr0 00JIaHAHHS, 1110 Y Pl BUMAIKIB IIPUCKOPIOE
poOOTy Mepexi, 3MEHIye BUTpaTH Ha ii excruryataiito. [lepeBaroro SDN Takox € Te, 1o ii
1o0yJ0BaHO 3 BUKOPHCTAHHSIM CTAHAAPTIB 3 BIAKPUTUM BUX1THUM KoJoM [1].

Apxitektypa SDN ckiiaaeTbes 3 TpbOX TOJIOBHUX KOMITOHEHTIB: MPHUKIAIHUN PIBEHb
(application layer), piBenp ymnpasiinHa (control layer) Ta iHdpacTpykTypHUil piBeHb
(infrastructure layer).
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[Ipuknaguuii piBeHb MICTUTHh CTAaHIAPTHI MEPEXKEB1 MOMAaTKM Ta (QYHKINI, sKi
BUKOPHCTOBYIOTbCS JUIsI TPUCKOPEHHS MIBHAKOCTI poOOTH, ONTUMI3allii KOAY, MOCHUICHHS
0e3meKH, 30KpeMa CHUCTEMH PO3Ii3HABaHHS BTOPTHEHHS B CUCTEMY, CUCTEMM OajaHCyBaHHS
HaBaHTAXEHHS TOILO.

PiBenb kepyBaHHs 3a0e3neuye (QYHKI[IOHYBAaHHS MEPEKI Ta YIPaBIIHHSA MOTOKAMH
tpadixy. Ha mpomy piBHI 0OpOOISIOTHCS BUMOTH TPHKIAIHOTO PIBHS 1 peami3yloThCs 3a
JoTIoMoror0  MepexeBoi iH(pacTpykTypu. Kontposnep SDN 3B'si3ye mnpukiagHuidi Ta
iHpacTpykTypHUil piBHi. Llel KOHTpoJIep € YaCTHHOIO KEPYIOUOTo PiBHS 1 3A1MCHIOE MOTOYHUN
KOHTPOJIb Haj yciero Mepexero. CUCTEeMHUI aJMIHICTpaToOp BHUKOPUCTOBYE KOHTpOJEp IS
yHpaBliHHA TpahikoM 3 ypaxyBaHHSIM HOTO MPIOPUTETY i AOCTYITHUX PECYpPCiB MEPEXKI.

[HbpacTpyKkTypHHI piBEeHb pealizye JIOTIKY (PYHKI[IOHYBaHHS KOMYTaTOPiB Ta pOyTepiB
Mepexi. Bin BiAnoBigae 3a nepecuiiants JaHuX, 30ip Ta 00poOKy JaHUX MO0 3aBaHTAXKEHOCTI
Mepexi, 3MiH 1i TomoJorii.

B tunosiii apxitexktypi SDN npukiaaHuii piBeHs i piBeHb KepyBaHHS KOMYHIKYIOTb MK
coboro 3a nomomoror miBHiYHOrO API (Application Programming Interface), a piBHi
KepyBaHHs 1 IHPpaCTPYKTypH — 3a TOTOMOToI0 miBaeHHOTO API.

YV SDN-mepexax J0oAaTKU BUKOPUCTOBYIOTh POTpaMHi KOHTPOJIEpH, 1100 OTpUMYBaTu
iH(OpMaliIo 3 MPUBOIY JOCTYIMHOCTI Mepexi Ta ii pecypciB. KonTposnep rapanrye, mo tpadik
HepecyBaeThCs BIAMOBIAHO 10 3a/laHUX MpaBuJl. J{01aTK1 BUKOPUCTOBYIOTH MiBHIYHUNA AP ju1s
KOMYHIKYBaHHS 3 PIBHEM YIPaBJIiHHSA, SIKHI OPraHi30BY€ PO3MOALT JOCTYITHUX PECypCiB Mix
JI0ZIaTKaMH B MEPEXi, a TAKOXK BU3HAYa€ HaHKpaluil nuiax i Tpadiky 3 oMy Ha 3aTPUMKY
ta Oesnexy. B sxocti niBHiuHnX API 3a3Buuaii BukopucroBytotbcst RESTful API. Oprani3aris
POOOTH MMOBHICTIO aBTOMATH30BAaHA.

SDN koHTposiep BuxopuctoBye miBaeHHUH APl g 3'eqHaHHs 3 MepexeBOro
1H(DpacTpyKTyporo — BIpTyalbHI poyTepH, KomyTatopu Tomo. s iHbpacTpykTypa BU3HAUAE
MapIIpyTH TiepecyBaHHs naHuX. KoHTposiep MoXke 3MIHIOBATH JIOTIYHY TOIOJIOTIF0 MEpPEexi,
KOHTPOJIFOBATH BUNAJIKU MOXJIMBHUX 3001B, KEpyBaTu MPOLIECOM BiJIHOBICHHS Mepexi Micis
MOKJIMBHUX MOPYIIEHb Nepeaadl iHpopmalliii, BTpar nakeTiB AaHUX [2].

Icuye kinbka apxitektyp SDN, siki BIJIPi3HSIOTBCS IMILJIEMEHTALI€I0, CTPYKTYpPOIO
KOHTpPOJIEPIB Ta IHTEepPeiicaMu yIpaBIiHHA:

J OpenSDN — apxiTekTypa peani3ye YIpaBliHHS BIPTyaJlbHUMH 1 (I3MUHUMU
HPUCTPOSIMHU, SIKI TIEpEIalOTh MMAKETH TaHUX, BUKOPUCTOBYIOUHU BIAKPUTI MPOTOKOJIH;

o API SDN — 3a7ae TONoMOTIO 1 yHpaBiisie€ MOTOKaMH JaHUX MK BIpTyalbHUMHU
HOPUCTPOSIMH, BUKOPUCTOBYIOUM IIPOTpaMoBaHi iHTepdeiicy;

o Overlay model SDN — SDN cTBOpro€e BipTyaJlbHy Mepexy MOBEpX HasBHUX
MPUCTPOIB, HAJJAIOUX TYHEN1 3 KaHAJIaMHU JI0 LEHTPIB 0OpOOKH TaHUX;

J Hybrid model SDN — tonosnorisi BukopuctoBye ocodnubocti SDN y noeaHanH1

3 TpaJULIMHUM METOJ0M MOOYI0BH Mepexk. 3a3BUYail BUKOPUCTOBYETHCS MpPH MEPEXoAl 10
SDN.

B mepexax SDN Ha BiIMiHY BiJl TpaAMLIHHIX MEpPEX MPOIleC KOHBEPreHIlii HOBHICTIO
3aneXuTh BiJl KoHTposepy SDN, skuil HeHTpai30BaHO yNpaBisie MEPEKEBUMU MPUCTPOSMHU.
[Topsin 3 mepeBaraMu IIbOTO pIlIEHHS, SKI MPOAaHATI30BaHI BHIIE, II€ MOXE MPUBECTH 0
BUHUKHEHHS €JIMHOI TOYKHM BIJIMOBH, IO 3MeHIIye HalidHicTh Mepexxk SDN. Ilposeneni
JOCTI/KeHHS TOKa3alu, 10 HaJIWHICTh 1 CTYNEHb YHPABIIHHSA PO3MOAUICHUMH MepexaMu
Moke OyTH MiABHUINEHA IIISAXOM MoenHaHHs TexHojorii SDN 3 TpaauuiiHUMU pilIEHHSIMU
I10/10 TOTIOJIOTIT siipa Mepexi 3 BAKOPUCTAHHAM 3aC00iB pe3epBYBaHHS.

[1] The Definitive Guide to Software Defined Networking [Enexrponnuit pecypc]. Pexum
JIOCTYTY: https://www.forfusion.com/guides/the-definitive-guide-to-software-defined-
networking.
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[2] A Complete Guide to Software-Defined Networking [Enextponnuii pecypc]. Pexum
noctymy: https://www.g2.com/articles/software-defined-networking.

SOFTWARE-DEFINED NETWORKING (SDN)
TECHNOLOGY RESEARCH

A. Mazur, V. Khandetskyi

Oles Honchar Dnipro National University
artmazur@proton.me

SDN is a network architecture that, instead of relying on network devices, treats the
network as programmable logic. SDN has the potential to change the way networks are built
and operated, reducing their cost, increasing performance, and enhancing functionality.

In SDN networks the process of convergence depends entirely with the controller, which
centrally manages the network devices. This can lead to appearance a single point of failure
which reduces the reliability of the SDV network. The research has shown that the reliability
and level of network control can be enhanced by combining SDN technology with traditional
network core topology using the reserve tools.

ON FUNDAMENTALS OF CREATING AN EXPERT SYSTEM
FOR DIGITIZED TEXTS’ STYLE IDENTIFICATION

A. Chepok, D. Larin, L. Martynovych, B. Panchenko, I. Sharipova
Odesa I.1.Mechnikov National University
andrew.chepok@gmail.com

The work examines the principles of creating an automated system which is capable to
identify the style of digitized texts which are located at various “traditional” media. The
mentioned system can process *.txt-, *.doc/*.docx-files on the basis of text decomposition and
further analysis of the received text fragments for the presence of certain signatures.

Since Humans are social beings by nature, so communication is characteristic of them.
On the one hand, this communication is extremely diverse — from “conversation with oneself”
up to communication with various groups (e.g. members of one’s family, or with fellow
tribesmen, or with the broadest strata of society), and on the other hand, all these variants of
forms of information presentation subject to regulation. All thoughts and expressions of a
person, apparently, most often exist in written form, that is, in the form of texts of various
content and dignity.

The purpose of the work: As you know, human culture has developed appropriate
criteria for the systematization of created texts — a wide variety of subjects can be included here,
for example, stories and memories, teachings and instructions, codes and rules, monuments and
wishes, as well as artistic stories and other fictions (fairy tales, phantasmagorias, etc.) as well.
According to these criteria, there have long been more or less clearly defined (or formulated)
styles of the text; they are called “book styles” in another way. Five varieties are usually
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distinguished among text styles: scientific, official-business, journalistic, artistic, and
conversational ones [1, 2].

On the relevance of this work: In the current century, in connection with mass
digitalization, a huge number of digitized texts appeared; they are stored and “multiplied” in
every “library” — in small, medium and large ones, both in private and public repositories of
information. All these texts are also written in different styles, besides, they are not accumulated
systematically, and they are composed almost chaotically. In order to reduce this chaos during
storage and simply to systematize the contents of such libraries (in other words, “deposits” of
such texts in “storages”) and current systematization of “freshly provided” files or “who knows
when it was compiled” files, so it is necessary to make an analyzer of the styles of the content
of various text files. In this case, it is possible to state the need to automate such analysis
procedures.

Since the definition of texts by style requires an appropriate analysis of the given text
and the correlation of the results of it's analysis with certain criteria — in this case, features of
style — then to automate such a process, it is necessary to know the mathematical analogues of
similar criteria (sometimes one says “signatures”) [1-3]. If these signatures are known, after
the analysis of the studied text, that is, its decomposition, a statistical analysis of the
correspondence of linguistic fragments to certain signatures is carried out [3]. Such statistical
analysis is the basis for further interpretation of the obtained data based on the verification of
statistical hypotheses [2, 3]. The decision on compliance with a certain style is made based on
the achievement of a given error probability (or the significance level) [2, 3]. The following
values are usually chosen as confidence probabilities: 95%, 99% and 99.9%.

To automate the mentioned process using certain computer programs (or apps), as a rule
it is necessary to go through the following path: Phenomenon (a Natural or Techno process) —
Math modeling — the process Algorithmization — creation of corresponding Program modules
[2, 3].

Such a task can be performed by combining the potential of two common computer tools
— MS Word (as a storehouse of information — certain procedures can be carried out
automatically in it — due to access to existing “libraries” of) and MS Excel (here there are certain
built-in functions, for example, a package analysis, and other necessary “libraries” of). It was
possible to combine the capabilities of the specified products due to the creation of proprietary
software modules.

Conclusions. When performing this work, the author solved the following tasks:

1. Determination of mathematical and/or statistical characteristics of the provided texts,
which can provide objective information about their features;

2. Development of specific algorithms for determining the stylistic features of the
provided texts: these algorithms are based on the verification of regular statistical hypotheses;

3. Development of specific algorithms and methods of analysis of submitted texts in
order to establish the presence of predetermined words or phrases or other signatures in them,
and development of algorithms for further “reaction” of the program to found signatures and
stylistic features;

4. Organizing the modular structure of the specified program and ensuring interaction
between its modules, as well as ensuring the compatibility of MS Word and MS Excel during
the analysis of submitted texts using the authors’ software code;

5. Development of a clear-and-understandable user interface (UserForm).

[1] L. Duskova, “Textual links as indicators of different functional styles”, Acta Universitatis
Carolinae — Philologica 2, Prague Studies in English XXI (1996), pp. 113-123.

[2] Chepok A.O. The stylistic content-analyzer of texts: part A — validation of proposed
algorithms // BumiproBaibHa Ta 00YHCITIOBaJbHA TEXHIKA B TEXHOJIOTTYHHX IMPOIECAX. —
2016. — Ne 3. — C. 110-116. — Pexxum noctymy: http://nbuv.gov.ua/UJRN/vott_2016_3_20.
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[3] Chepok A.O. The stylistic content-analyzer of texts: part B — towards the automatic text
style recognizing // BumiproBaibHa Ta OOYHCIIOBAIbHA TEXHIKA B TEXHOJOTIYHHX
mpomecax. — 2017, — Ne 2. — C. 196-201. — Pexum gocrymy:
http://nbuv.gov.ua/UJRN/vott_2017_ 2 36.

OCOBJIUBOCTI PO3POBKU MIKPOCEPBICIB J1JI5
OBPOBKH IIVIATE’KIB HA MOBI RUST

I1. IIBaiixo, B. I'epacumos
J[Hinposcokuil nayionaneruil yHieepcumem imeni Onecs I onuapa

shvayko.p.y@gmail.com

Rust — »xopcTka 3a THII3ALI€I0 Ta BUCOKOIPOAYKTHBHA MOBA POrpaMyBaHHs, SIKa
AKTHBHO PO3BMBAETHCS TA MA€ YHIBEPCAIbHI XapaKTEPUCTHKH. 11 5KOPCTKA THIIi3Allisl CITYKUTh
HaJIHHUM 3aXMCTOM BiJ IOMWJIOK, a BHCOKa IPOAYKTUBHICTH pPOOUTH i iAeadbHUM
IHCTPYMEHTOM JIJIsl CHCTEMHOTO IporpaMyBaHHs. KpiM TOro, akTHBHA CIIUTbHOTA pO3pOOHUKIB
HOCTIHO YJIOCKOHAJIIOE€ MOBY, IO HiAKPECHO€ ii aKTyaJbHICTh Ta NMEPCHEKTUBHICTh. Rust
OXOIUTIOE INMUPOKUH CIIEKTp 3aBlaHb, IIOYMHAIOUYM 3 BOYIOBAaHOTO 1 CHCTEMHOIO
IporpaMmyBaHHs Ta 3aBEPIIYIOYH MIKpOCepBicaaMu.

Oo6roBopumo came iXx. OCHOBHI TlepeBaru MiKpOCEPBICHOI apXiTEKTYypH BKIIOYAIOTH
THYYKICTh Ta MaciTaboBaHicTh. MikpocepBicH MpeACTaBIsAIOTh COO0K0 HEBENINKi, aBTOHOMHI
KOMIIOHEHTH, W0 CIPOIIYIOTh MpPOIec po3poOKH Ta MiATpUMKH. BOHU MOXYTh
MaciTa0yBaTHCs HE3aJI€KHO IS ONTHUMI3aLlli MPOAYKTUBHOCTI. OJJHAK BaXJIMBUM aCIIEKTOM €
e(heKTUBHE YMPAaBIIIHHS CKJIA/IHICTIO Ta CHCTEMHUM MOHITOPUHTOM JIJIs 3a0€3MeUeHHsI Oe3MeKn
Ta CTaOUIPHOCTI (YHKLIOHYBaHHS cUCTeMHU. Rust i3 Horo O0e3mekor0 Ta YUCIEHHUMHU
nepeBaraMu J100pe NIAXOAWUTH Ul pealli3alii MIKPOCEpBICHMX pillleHb, 3a0e3Medylouu
Ha/IIHHICTh Ta MPOJYKTUBHICTh Y PI3HUX chepax.

3 orisily Ha BUlecka3zaHe 0yJi0o BUPILLIEHO peani3yBaTh MEXaH13M BiANPaBKU KBUTAHLIN
€JIEKTPOHHOIO IMOILITOO MICIs YCMIIIHOI OIJIaTH Yepe3 IUIaThKHUN cepBic Stripe, a came uyepe3
MIKpOCEpBICHE pillieHHsI Ha MOBI1 RuSt.

B pamkax wiei 3aa4i 6ys10 po3po0JIeHO KiIbKa MIKPOCEPBICIB, KOKEH 3 SKMX Ma€ CBOIO
KOHKPETHY POJIb Y CUCTEMI:

template-db — noBoni nmpoctuii MikpocepBic SKuil CHITKYETHCS 3 peISILiHHOI 6a30t0
nannx PostgreSQL. Horo 3a/1aua TMoJiArae B TOMy, 100 3a Ha3BOIO MIA0JIOHY MMOBEPTATH cam
mabson (i pdf daitny um ans 3BuyaitHoro nucra). s cninkyBaHHs 3 6a30t0 O0ys0 06paHO
ORM ¢peitmBopk RBatis, sixkuii moka3aB cebe 3 He IyXe rapHOI CTOPOHH, OCOOJIUBO B
nopiBHsAHHI 3 SeaORM abo Diesel. Hanpuknan RBatis na Bigminy Bij Diesel He Mae inTerpamiit
3 MirpamissM, mo OyJo TMEepeKpUTO HalMCaHHsAM cremianpHoro derive maxpocy (3acid
reHepyBaHHs KOy Ha eTamni KOMIUIALIi, BUINIAJa€ SIK aHOTallis Y MOBI IporpamyBaHHs Java,
Ta J03BOJISIE HE MUCATH [MIAOJIOHHUI KOJ), SIKMMl CTBOPIOE TaONMIIl Ha OCHOBI ONHMCAHHUX
cTpykTyp. Takox, mo auBHO, y RBatis HeMa MOXJIMBOCTI PALIOBATH 3 BiAHOMEHHIMH (OHH
JI0 OJTHOTO, OJIUH 110 0aratbox, 0arato 0 OJHOTO 1 6arato o 6aratbox), OKpiM sIK MHCATH
3anuTH Bpy4yHY. Takok 70 MiHYCiB MOXHA BIJHECTH Majy CIUIBHOTY, B MOPIBHSIHHI 3 BUIIE
3rajaHuMHu (pperiMBOpKaMu, 3 IbOT'O BUILUIMBAE 1 MEHIIA KIIbKICTh KOPUCHUX (QYHKIIHN 1 TOBOJI1
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CKyJHa JIOKyMEHTaIlisg. AJe, THM He MeHIle, Oyino oOpano RBatis, TOMy 110 BUKOpHUCTaHHS
115010 (hpeMBOPKY OyJI0 YMOBOIO BiJl 3aMOBHHUKA.

pdf-app — cepBic, sKwHif, SK MOKHA 3pO3YMITH 3 Ha3BH, BiIIIOBi1a€ 3a reHepyBanHs pdf
¢aiiniB. Y HBOTO IIiJ] KAOTOM IPALIOE CTOPOHHS OibmioTeka Ha Mol C — wkhtmltopdf [1],
sika renepye pdf ¢aiinum 3 TekcTy Ha MOBI html.

email-app — cepBic, BiAMOBIabHUN 32 HAJICUIIAHHS CICKTPOHHUX JUCTIB. [Ipu 3anuTi
3 BIJIMOBITHOO iH(OpMAITi€I0 Ta OMIIOHATBHUM (hailyioM, BiIPABIISIE TOBITOMJICHHS HA TIOIITY
KopucTyBady. PeasizoBaHa MOXIJIMBICTh HAJICHJIATH JMCTH JBOMA CIIOCOOaMU: 32 JIOTIOMOTOIO
SparkPost [2] — 3oBHimHI cepBic, SIKUl Haga€ 3MOTY BiIIPaBIATH €JIEKTPOHHI JHMCTH 1
CHUIKYBaHHS 3 SIKMM BigOyBaeThCs 3a J1omomororo http, Ta 3a J0MOMOrow OKpemo
posropuyToro SMTP cepBepy, ClIiIKyBaHHS 3 IKUM, BiJIITOBIIHO, BiIOYBAa€THCS 32 TOTIOMOTOFO
SMTP nporoxkouy.

payment-app — KJIIOYOBUH, Y IIbOMY KOHTEKCTI, CEpBIC, SKHW BIIMOBITa€e 3a
HAJICWJIaHHS JIUCTIB 3 KBUTAHIIISIMA KOPUCTYBadaM IpH yCHimHii omari. CepBep MIaTiHOI
cuctemu Stripe [3] Hancunae o Beoxyky (WebHook — mexaHi3m, 3a 10IOMOT 010 SKOTO BEO-
cepsep aBromaTaHo Haacwiae HTTP-3anutu (3a3Buuait POST) 1o iHmoro Be6-cepBepy, KoIu
BiI0YBa€ThHCS NIEBHA MOIis1//1is1) 1aHl PO YCIIIIHY OIJIAaTy Ha el cepBic, MOTIM BiH 3alUTY€E Y
template-db mabnon i nucTa 1 KBUTaHIIT, Tiepegae madaoH KBUTAHIT Ta AaHi Ui Hel 10
pdf-app, dbopmye TekcT UCTa i HAJACKIIAE 3aMUT 3 TEKCTOM JMcTa Ta (aiiiom 1o email-app,
SIKMIA 1 BUTIPABIISE JIUCT.

¥Yci mikpocepBicu HamucaHi Ha MOBi Rust, 3 Bukopuctanusam Beb-dpeitmBopky Actix, y
SIKOCTI aCHHXPOHHOTO cepeioBuIia 0yino BuKopucTaHo 0i0morexy Tokio, a s criakyBaHHS
MIX cepBicaMH BHKOPHCTOBYBaslach 0i0mioTexka Reqwest — 3pyuHuii y BHUKOpuCTaHHI http-
KJIEHT, SIKUI 10Ope BOUCYETHCS B aCHHXPOHHUN KOHTEKCT.

Rust — 11e mepcnekTUBHA MOBa MPOrpaMyBaHHS, 110 AKTUBHO PO3BUBAEThCA. OCTaHHIM
4acoM BOHA HaOyJIsi 3HAUHOTO MOIUTY 3aBISKHU CBOIM O€3MEKOBUM OCOOJIMBOCTSAM Ta BUCOKIHM
IPOAYKTUBHOCTI. AKTHUBHA CIIIBHOTa PO3POOHMKIB TOCTIHHO BJIOCKOHAJIIOE MOBY Ta
po3mupioe i MOXJIMBOCTI. Rust mpuBepTae yBary Ta 3aJHIIAE€THCS OJHICIO 3 HAWOUIBII
OOIIAI0YMX MOB IPOTPaMyBaHHS B Cy4acCHOMY 1HJTyCTPii.

[1] wkhtmltopdf [Enextponnuii pecypc]. Pesxum moctymy: https://wkhtmltopdf.org/

[3] SparkPost Developers [Enexkrponnuii pecypc]. Pexum goctymy:
https://developers.sparkpost.com/

[2] Stripe | Payment Processing Platform for the Internet [Enextponnuii pecypc]. Pexum
noctyiy: https:/stripe.com/

FEATURES OF DEVELOPING MICROSERVICES FOR
PAYMENT PROCESSING IN RUST

P. Shvayko, V. Gerasimov
Oles Honchar Dnipro National University
shvayko.p.y@gmail.com

Rust, a high-performance and strongly typed programming language, offers reliability
and versatility. It's ideal for tasks ranging from embedded systems to microservices, providing
robust protection against errors. This project focuses on implementing email receipt delivery
using a microservices architecture, featuring 'template-db," '‘pdf-app,' ‘'email-app,’ and ‘payment-
app' services, all developed in Rust. This setup leverages Rust's security and performance
advantages, showcasing its potential in diverse applications.
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PO3POBKA IMTPOTPAMHO-AITAPATHOI'O KOMILIEKCY
TS TOCAKEHHS IKOCTI TOBITPS

C. ba0’sk, 1. Onennu

JIvsiscokuil Hayionanvhuil yHigepcumem imeni leana @panka
frageks@gmail.com

CtpiMKe 30UIBIICHHS CBITOBOI'O HACEJICHHS Ta HOTO BHCOKHH CIIOKWUBYUK TIOMUT
3aroCTPIOIOTh HU3KY €KOJIOTTYHHUX IpobiaeMu. 30KkpeMa, 3a0py THEHHS ITOBITPS Pa3oM 31 3MiHOIO
KJIIMATy € OJTHI€I0 3 HAWTOJOBHIMIUX 3arpo3 I 370poB’s mroaei. Cepen HAMMOMUPEHITNX
OPUYMH 3HIDKEHHS SIKOCTI JOBKULIS € ypOaHizalisi, BHPOOHUITBO €HEPrii, Baxka
IPOMMCIIOBICTE 1 TpaHcnopT. OCHOBHUMM aHTPONOI€HHUMM 3a0pyAHIOBayaMH IOBITPSA
BBAXKAIOTh TBEPAl MIKPOYAaCTUHKU po3MipoM 10 2,5 mxm (PM2,5) [1]. Kpim Ge3nocepenHboi
HeOe3NeKku AJIs CepleBO-CYAMHHOI Ta IUXaJbHOI CUCTEM JIIOAMHHU, 3yMOBJICHOI iX 3/IaTHICTIO
NPOHHMKATH TIIMOOKO B JIET€HI Ta KPOB, MiKpodacTHHKH PM2,5 MoxyTh ancopOyBaTu Ha CBOiN
MOBEpXHi 1HII HeOe3MeuHi PEYOBHMHHU, BHUCTYMATH KaTalli3aTOpaMH XIMIYHUX peakiii i
CIPHYUHATH JOJaTKOBI HeratuBHi Hachiaku [2]. Tomy tokcmuna nis PM2,5 wmoxe
HOCUJIIOBATUCS Yepe3 BMICT IHIIMX 3a0pyAHIOBAIbHUX PEYOBUH y NOBITpi. Lle yHeMOoXKIHMBIIIO€E
YiTKE BU3HAYCHHS O€3MeYHOI KOHIICHTPAII] APIOHOJUCTICPCHUX MIKPOYACTHHOK Ta 3yMOBIIIOE
HEOOX1IHICTh KOMIUIEKCHOT'O MOHITOPHHTY Ta aHalli3y PI3HUX MMapaMeTpiB AKOCTI MOBITPSL.

JlocImipkeHHsT SIKOCTI TOBITPSI € BaXXJIMBOIO 33/1a4€l0 JUISI HayKOBHX JIOCIIKEHb Ta
MICBKOTO IUJIAaHYBaHHS, sIKa MOTpe0ye CydacHHMX MiAXOJIB aHaji3y OaHWX 1 BIAMOBIIHUX
nporpaMHo-anapaTHux 3aco0iB [3]. 3 mi€r0 MeTOor pPO3pOOJIEHO CHUCTEMY MOHITOPHHTY
OCHOBHUX IapaMeTpiB SKOCTI MOBITPsS 3 BUKOpUCTaHHAM minaTdopmu Arduino Uno Ta HU3KH
ceHcopiB. Y mikpokoHTposepi Arduino Uno mepenbadeHa MOKIMBICTh iHTErpallii 3 pi3HUMHU
TUIIAMHU CEHCOpIB, 30KpeMa BiH IIOBHICTIO CYMICHMH 3 ONTHYHUM CEHCOPOM TBEpIUX
MmikpouactTuHok HM-3301 ta anamizatopom piBHs CO2 MH-Z19B [4]. OnHi€lo 3 KIOYOBUX
(GYHKLIOHATBHUX OCOOIMBOCTEH pO3pOOJIEHOr0 MNPOrpaMHO-alapaTHOIO KOMIUIEKCY €
MOJKJIMBICTh HE TUIbKM 30MpaTH CEHCOpH1 JaHi, ane i 30epirath iX 1 mepenaBaTd JUIs
NOJANBIIOro aHamizy Ta Bisyamizamii. Lle mae 3mory 3aificHIOBaTH J1OBrOTEpPMiHOBI
JOCTIPKEHHS SIKOCTI TOBITPS B PI3HUX MICISIX 1 MPOBOJUTH MOHITOPUHT 3MIH €KOJOTTYHHUX
napameTpiB 3 IJIMHOM 4Yacy, BPaxOBYIOUM CE30HHICTh IUX 3MiH. BusBIEHI 3aKOHOMIpHOCTI
MOXYTh OYTH BUKOPHCTaHI [T TPOTHO3YBaHHS 3a0pYy/IHEHD, BUSBIICHHS 1X JDKEPEI TOIIO.

Po3pobnennii KoMIIeKC BUKOPUCTOBYE MOIYJb Oe3apoToBOi mepenadi gaHux ESP-
8266 1 € MOBHICTIO AaBTOHOMHHUM, IO MOX€ OyTH BHUKOPUCTAHO JUIsl JUCTaHIIITHOTO
JIOCIIJIKEHHS SIKOCTI MOBITPS Y PI3HUX €KOJOTTUYHUX yMoOBax. 310paHi JlaH1 Ha/ICUIAI0ThCS Ha
BianeHuil Bed-cepsep 3 BukopuctanHsM HTTP-npoTokomny Ta 36epiratoTbesi B 6a3i JaHMX.
[TapanenbHO 3 JTaHUMHU MPO SKICThH MOBITPS 3aPOIIOHOBAHA cHCTeMa 3/1HcHIOE 301p iH(popMartii
PO MOTOJ[HI YMOBH, 1110 JJa€ 3MOT'Y BUBYATH 3AJIEKHICTh MK pIBHEM 3a0pyAHIOIOYHX PEYOBHH,
TaKUMH SIK TBEpPZl MIKPOUYACTMHKH Ta BYTJEKHCIHMH ra3, 1 METEOpOJOriYHUMH (BaKTOpaMu, a
came: MIBUIKICTIO BITPY, TEMIEPATypOI0 Ta BOJIOTICTIO TOBITPS. Yci 11l 3aJ€KHOCTI MOXKHA
Bi10Opa3uTu rpadiuHo YW y BHUIJISAAI TaOMUIL 32 JOMOMOTOI 3pYYHOTrO Beb-iHTepdeiicy.
OTpumaHi JaHi JalOTh 3MOTY BHU3HAUUTH pPIBEHb 3a0pyJHEHHsS MOBITPS Ta pPO3pOOUTH
CTpATETiI0 MOKPAICHHS IKOCTI MOBITPs y KOHKPETHUX PET10HAX, SIKI HE OXOIUIeHI II100aJIbHOI0
CHCTEMOI0 MOHITOpUHTY aTtmocdepu. 30KpeMa, pe3yJbTaTH JOCHI/DKEHh MOXYTh
JIONOBHIOBaTH AaHi Mepexi SaveEcoBot [5], sika ¢pyHKkuioHye B YKpaiHi.

3anpornoHoOBaHUK y POOOTI MPOTrpaMHO-anapaTHU KOMILIEKC MOXe OyTH KOPHUCHUM
IHCTPYMEHTOM JUISi MOHITOPUHTY SIKOCTi MOBITPS B MICBKHX arjioMepauisx, y MpOMHUCIOBHX
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perioHax, MICIISIX TEXHOTCHHUX KaTacTpo( 1 Ha3BHYaHUX CUTYAIlIl, a TAKOXK JIJIT HAYKOBHUX
JIOCITIJIKEHD 1 pO3B’sI3aHHSI €KOJIOTTYHHUX MPOOIIEM.

[1] Air  quality in the world [Enextponnmii pecypc]. Pexum  mocrymy:
https://www.igair.com/world-air-quality.

[2] Kunzli N., Jerrett M., Mack W.J., et al. Ambient air pollution and atherosclerosis in Los
Angeles. Environmental Health Perspectives. Vol. 113. (2005). P. 201-206.

[3] Kortoci P., Motlagh N.H., Zaidan M.A., et al. Air pollution exposure monitoring using
portable low-cost air quality sensors. Smart Health. VVol. 23. (2022). P. 100241.

[4] Brown C., Milke D. The use of portable air quality sensors to monitor exposure to
pollutants: A pilot study. Journal of Environmental and Public Health. (2018).

[5] SaveEcoBot [Enextponnuii pecypc]. Pexxum goctymy: https://www.saveecobot.com.

DEVELOPMENT OF SOFTWARE AND HARDWARE
SYSTEM FOR AIR QUALITY RESEARCH

S. Babiak, I. Olenych
Ivan Franko National University of Lviv
frageks@gmail.com

The hardware-software system for real-time air quality monitoring has been developed
using the Arduino platform. The system integrates a precision sensor network to measure
various air quality parameters such as particulate matter (PM1.0, PM2.5, and PM10), and
carbon dioxide (CO.) levels. The adaptive and real-time monitoring capability is critical to
ensuring a timely response to air quality problems, making the developed hardware-software
system a valuable tool for scientific research.

BIIVIMB AKOCTI JAHUX HA PE3YJIBTATHU DATA MINING
AJII'OPUTMIB

B. lyoposin, JI. [leiinera, K. Biacenko
Hayionanvnuii ynisepcumem «3anopizvka nojimextikay
vdubrovin@gmail.com, deynega.larisa@gmail.com, vlas.mi3@ukr.net

Hemae yHiBepcallbHO Y3ro/PKEHUX BU3HAYCHD SIKOCTI JJaHUX a00 HaBiTh caMoi AKOCTi[1].
OpnHak HEMae KOJHUX CYNMEPEedoK IMOJ0 BAXIIMBOCTI SKOCTI JaHWX 1 HACHIJKIB, SIKI BOHH
MOKYTh MaTH, SIKIIIO BOHU ToraHi. [Ipukiamu BOIUBY HU3BKOI SKOCTI JaHHUX JIETKO 3HAWMTH,
BOHU BapilOIOThCS BIJ HE3HAYHUX IHIUJICHTIB 1O CEpPHO3HUX (PIHAHCOBUX HACTIAKIB 1
HEMiApaxOBaHUX BTpaT.

He3Bakaroun Ha BaXKJIMBICTH SIK SIKOCT1 JaHUX, TaK 1 JOCHIIPKEHHS 1HTEJIEKTYalIbHOIO
aHaNmi3y JaHUX, KOXKHE 3 HHUX 3aIHIIAEThCS 3HAYHOIO MIPOI0 OKPEMHM TIOTOKOM. Y
JOCIII/DKEHHAX IHTENEKTyalbHOTO aHali3y JaHWUX KOHIICMIliS BHUMIPIOBAHHS TOYHOCTI
HaANOIIbIIE BIAMOBIIAE JOCHIKEHHSIM BIUIMBY IIYMy AAHHUX, a KOHIICTIIS BUMIpIOBaHHS
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MMOBHOTH — JIOCIIIJIPKEHHSM BiZICYTHIX 3Ha4eHb. [IpoTe MOCTIAHUKH 1HTEIEKTYaIbHOTO aHaIi3y
JAHUX 3a3BUYail HE MOCHUJIAIOTHCA HA MapaMeTpu SKOCTI JaHUX 1 HE MPUIUIAIOTH YiTKOTO
PO3TISAY KOHCTPYKLISM SKOCTI JaHUX.

IcHye 4OTHpU OCHOBHI TIMOTE3M, KOXKHA 3 SKUX CKJIAJAETHCA 3 TPYNH AHAIOTIYHHUX
okpemux rimore3 [2]. KoxkHa okpema rimoresa nepeadadae OKpeMuii BUMIP SIKOCTI JaHHUX i
BIUTMB OJHOTO a00 KUIBKOX PIBHIB SKOCTI JAaHWX 1 OAHOTO YW KIJIBKOX PIBHIB CKJIAJHOCTI
npo0iieMu Ha pe3yJbTaTH aHani3y Aanux. HynboBa rinotesa st KOXKHOTO MOJISITae B TOMY, 1110
SKICTh TJaHUX 200 CKJIIQJHICTh MPOOJIEMH HE MATUME ICTOTHOTO BIUTMBY Ha PE3yIbTaTH aHAIIIZY
naHux. KoskeH BHCIOBIIOETHCS B MO3UTHBHIN (GopMi sIK anbTepHAaTUBHA TiloTe3a Mpo
HasBHICTH 3HaYHMX edekTiB. JKoaHa 3 4OTHPHOX OCHOBHHUX TIOTE3 HE MAa€ Ha MeTi OyTu
KOJIEKTUBHOIO; IIIBU/IIIIC aHAJIOT1YHI OKPEMI TimoTe3u OyJIu 3rpyIoBaHi pa3oM, o0 YHUKHYTH
JIOBIOTO CIHCKY Jy>Ke MOJIOHUX TimoTes3.

I'imote3a I: Oxpemo KOXeH piBEHb SKOCTI JAaHMX ab0 PiBEHb CKIIATHOCTI MpoOIeMu
MaTHMe 3HAYHUH BIUIMB HA PE3yJIbTAaTH IHTEJIEKTYAIIbHOTO aHaJli3y JaHuX, sK BKasye F-mipa.
[mote3a I cknagaeTses 3 M STH OKPEMHX TilMOTe3, MO OHIN IJIs TOYHOCTI, Y3TOJKEHOCTI,
MOBHOTH, CBOE€YACHOCTI Ta CKJIAJIHOCTI MPOOJIEMH, 1 BCi BOHW BIUIMBAIOTH HAa PE3YJIBTATH
aHaizy JaHuX.

INimoresa II: s Oynb-sKOTO 3aJaHOTO PIBHS CKIAIHOCTI MPOOJIIEMH, OCKIJIBKU PiBEHBb
AKOCTI JAaHUX Y OyIb-SIKOMY 3aJaHOMYy BHMIpi 3HIDKYETbCSA, 1€ MaTUME BIAMOBITHUMN
HETAaTHUBHHIA 1 3HAUHUI BIUIMB HAa PE3YJIbTAaTH 1HTEJICKTYAIBHOTO aHaJi3y JaHUX, K BKa3ye F-
Mipa.

INmore3za Il cTBepmkye, MO SKICTh JaHUX HE TUIBKM MaTUME 3HAYHUK BIUIMB Ha
pe3yNbTaTU 1HTEJEKTYalbHOTO aHali3y JAaHUX, ale ¥ Mo Ii pe3ylbTaTH 3MEHIIAThCA 3
HIDKYMMH PIBHSIMH SKOCTI JaHUX.

INimoresa III: [Inst OyAb-sIKOTO 3aJaHOTO PiBHSA SKOCTI JAHUX Yy BHU3HAYEHOMY BUMIpi
SKOCTI JAHUX Y Mipy 3pOCTaHHS PiBHS CKJIQJHOCTI MpoOaemu Oy ie BiNOBITHUN HETaTUBHUN 1
3HaYHM BIUIMB HA pe3yJIbTaTH aHalizy naHux. I'inoresa Il crocyeThest 3HaU€HHS Ta HaNpsAMy
OCHOBHUX BIUIMBIB PIBHIB CKJIQJHOCTI MPOOJIEMU Ha pe3yJbTaTH 1HTEJIEKTYyaJIbHOTO aHali3y
naHux. 1100 BU3HAUUTH, YU € CYTTEBI OCHOBHI €(EKTH, 1 AKIIO TaK, HAMPSIMOK X €(eKTiB,
HEOOX1/THO MOPIBHATH HU3bKUM 1 cepeiHiN, cepeHIN 1 BUCOKHI, a TaK0K HU3bKUN 1 BUCOKUI
PiBHI CKJIAJIHOCTI MPOOJIEMH, YTPUMYIOUM HE3MIHHMH piBeHb AKOCTI JAaHUX. OCKUIbKH 1CHY€
TPU MOPIBHSAHHS CKJIAIHOCTI MPOOIEMHU JUIsl KOYKHOTO 3 TPhOX PIBHIB SKOCTI IaHUX 1 YOTUPHOX
BUMIpPiB AKOCTI JaHHUX, 3arajioM 36 OKpeMHX MOMIOHUX 1 aHAJOTIYHHMX TIMOTE3 CKIIAJar0Th
INnore3y III. KoxHe 3 MOpIBHSAHB BKJIIOYAE BIUIMB JBOX PIBHIB SIKOCTI JaHUX SIK METO/IIB
00pOOKH, yTPUMYIOUH €IMHUN PIBEHB CKJIATHOCTI MPOOIEMHU MOCTIHHUM.

I'imore3a IV: 3aranom, ocKigbKH PIBEHb SIKOCTI JaHUX OYJb-SKOIO OKPEMOro BHUMIpPY
SKOCTI JaHUX 3HMXKY€ThCS, a piBEHb CKJIAJHOCTI IMpOOJIEeMH 3pOCTae, iX B3aEMOAIS MaTHMe
BIJIMOB1IHUM 3HAYHHUH 1 HETATUBHUM BIUTMB Ha pe3yJIbTaTH aHAJI3y JaHUX.

I'imote3a IV mae ogHy okpemy rimoresy [uis KOKHOTO BUMIpY sSKOCTiI gaHux. KoskHa
rinore3a 6a3yeThCsl Ha TBEP/AXKEHHI PO Te, 110 BIUIUB B3a€MO/IIi OKpEMHUX HapaMeTpiB SAKOCTI
JTAaHMX 1 CKJIAIHOCTI MPOOJIEMH Ha pe3yJIbTaTH aHali3y JaHux Oyae 3HauHuM. KpiM Toro, y Mipy
MOTIPIIEHHS SKOCT1 JaHUX a00 30UTHIICHHS CKJIQJHOCTI MPOOJSeMU 1HIWBIAyaTIbHUN BIUIUB
KOXKHOT'O Ha Pe3yJIbTaTH IHTENEKTYaJIbHOI0 aHaNi3y JaHUX Oy/Ji€ HEraTUBHUM 1 3HAYHUM.

OcHoBHI edekTH, nepeadadedi B rinore3ax [-I1I, npuznayeni nns po3sutky rinoresu [V
Ta OLIHKH e(eKTiB B3aeMoii. OuikyeThes, 10 BCi €PeKTH, sIKi HEOOX1IHO OLIIHUTH B TiMoTe3ax
I-1II, OynyTh 3HAYHUMM; BUSBJICHHSI 3HAUHUX e€QeKkTiB B3aemojli B rimoresi IV 1 Oyab-ski
3aKOHOMIPHOCTI IUX e(ekTiB Oynu 6 KOPUCHUMHU JUIsl BU3HAUEHHS TOTO, SKMM YUHOM CIIiJ{
PO3CTaBISATH MPIOPUTETH TSl TOKPAIICHHS SIKOCT1 IAHUX 1 5K 11€ BIUIMBAE HA aHAJII3 TaHUX.

[1] T.C. Redman, "Data: An unfolding quality disaster," DM Review, vol. 6. (2004). 7 c.
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[2] Blake R.H. The Effects and Interactions of Data Quality and Problem Complexity on Data
Mining. Conference: Proceedings of the 13th International Conference on Information
Quality, MIT, Cambridge, MA, USA. (2008). 17 c.

INFLUENCE OF DATA QUALITY ON THE RESULTS OF
DATA MINING ALGORITHMS

V. Dubrovin, L. Deynega, K. Vlasenko
Zaporizhia Polytechnic National University
vdubrovin@gmail.com, deynega.larisa@gmail.com, vlas.mi3@ukr.net

This annotated summary discusses the importance of data quality and it’s impact on data
analysis, emphasizing the lack of universally agreed-upon definitions of data quality. Despite
this ambiguity, there is a consensus on the significance of data quality and the potential
consequences of poor data quality, ranging from minor incidents to severe financial
repercussions and unforeseen losses. The paper addresses the separation between data quality
and data analysis research streams, highlighting the need for a cohesive approach. It emphasizes
that while the concept of measuring accuracy aligns with the investigation of data noise effects
and completeness measurement relates to the study of missing values, data quality parameters
are often overlooked in data analysis research. The study introduces four primary hypotheses,
each comprising a group of related sub-hypotheses, aiming to understand how different levels
of data quality and problem complexity impact data analysis outcomes and interactions among
these factors.

CITPOLIEHHS PO3PAXYHKIB IIOJI0 AMILTITY/ I
IIUPUH ABOX HAWBLIBIINX CKJIAJTOBUX CIIEKTPY
®OTOJIOMIHECHEHLII ZnS:Mn

O. Mopo3zoB
Hninpoecoxuti nayionanvnuu yrieepcumem imeni Oneca I onuapa
morozov@ffeks.dnu.edu.ua

OO6xosun TpPyAHOILI 3arajibHOT MpPoOJIeMH PO3KJIalaHHA OyIb-sKOTO CIEKTpy Ha
okpemi cMmyru — ¢yHkii layca, MH CKOpPHUCTAEMOCS OCOOJMBOCTSIMH  CIEKTpPIB
doromominecteHii 00'eMHUX KpucTtamiB ZnS:Mn, oOyMOBJIEHMMM pI3HMMHM TUNaMd Mn
LEHTPiB BUMPOMiHIOBaHHA [1].

Ax Bimomo, crmekTp doTomomiHecteHlli ZnS:Mn Mae 5 CKIamoBuX, JBI 3 SKHX
HaANO1IBII01 IHTEHCUBHOCTI, pO3TAIIOBaHi IOPYY OJHA 3 OJHOI0, JABi CEPEIHBOT IHTEHCUBHOCTI,
T€X pO3TallOBaHI MOPYyY OJHA 3 OJHOIO, 1 OJIHa HU3bKOI 1HTEHCHBHOCTI, JWB. pHUC. 1, 110
HaBeZeHuid B [2]. JIBi okpeMi CMyrd HalOUIbIIOT IHTEHCHBHOCTI MalOTh JOBKWHU XBUJIb
MaKCHMYyMIB BUIIPOMiHIOBaHHS A1 = 578 HM 1 A2 = 600 aM. CripocTHM 3a7a4y 3HAXOKEHHS Y
nepuioMy HaOJNMKEHHI JBOX MapaMmeTpiB: aMIUIITYId A 1 HIHMPUHU G — LUX CKJIAJI0BUX
HEe3aJIe)KHO BIJ IHIIMX OKPEMHUX CMYT B DIBHSHHAX (4), mo HaBeneHi B [2] 1 oTpuMaHi
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MIPOEIIIOBAHHSIM 1HTETPAIBHOTO CIIEKTPY, AampOKCHMOBAHOTO CTEICHEBOIO (YHKIIEIO B
iaTepBani 500 aM - 700 HM, Ha KOXKHY 3 IIUX ABOX cMyT ((yHKIi0 ['ayca 3 HEBU3HAYEHOIO
HNIMPUHOI0) Y OE3MEKHUX TpaHUIBIX. lle mpusBene 10 MOSBH EKCIIOHCHIIWHUX YICHIB 3
HEBU3HAUYEHUM apryMEHTOM (HEBIJOMI IIUPHHU CMYT G1 1 G2) Y IUX PIBHAHHSX.

CrporieHHs1, IO 103BOJISIE 30UIBIIMNTHA TOYHICTh MEPIIOr0 HAOIMKECHHS IUPHUH IHX
CMYT, 3B’513aHO 3 IEPEHECCHHSIM MT0YaTKa KOOPAMHAT HA OC1 JOBXKHH XBUJIb BUIIPOMIHIOBaHHSI.
BuKOpHCTOBYIOUH ampoOKCUMAIiF0 YaCTHH JI0 Ta MICIs MaKCUMYMY IHTETPaJbHOTO CIEKTPY
¢doromoMinecenii kpuctaiiB ZnS:Mn aBoma ¢yHKIisiMEA [ayca 3 pi3sHUMHU HIMPUHAMH, IO
Jla€ 3MOTY TPOEIIIOBATH HOTro Ha CTENeHeBl (PYHKINT x0, xL X3, X8, x4 Yy HEOOMEXEHOMY
1HTEepBaJIi JTOBXKUH XBUJIb, OTPUMAEMO III€ OJHY CUCTeMY piBHSHB (19), 1m0 HaBeneHi B [2], s
HEBU3HAUCHUX AaMIUTITYZ 1 IIUPUH OKpeMHX CMyT. llepeHeceHHs TOoYaTKy KOOpPIUHAT
MOCEePEINHI MK MaKCUMyMaMu cMyT A3 = 616 HM 1 A4 = 637 HM (CepenHixX 3a BKJIAJIOM) JIJIs
PIBHSIHB I11€1 CHCTEMH O3HAyae, 10 3araJIbHUI BKIIAJ CEPEIHIX CMYT B HEIApHI MPOEKIi Oyae
MiHIMaTbHUM. TOMY B CHCTEMI PiBHSIHB JJIsi CMYT MAaKCHUMAJIBHOT IHTEHCUBHOCTI Y CHEKTP A1 1
A2 Tpeba BUKOPHUCTOBYBATH came MPOEKIIi Ha JIiHIAHY 1 KyOl4HYy (YHKIIT BiJ] JOBKUHU XBUJI1
BUIIPOMIHIOBaHHSI.

3 CUCTEeMH MEPIIOro Ta APYroro piBHAHG (4) 1 APYroro Ta 4eTBEPTOro PiBHSIHb CUCTEMU
(19), mo HaBexeHi B [2], MHIHHUX 32 aMIUTITyJIaMH, OJEPKHMO CHUCTEMY IBOX HENiHIHHUX
PIBHSIHB JJISl IIUPUHU CMYT G1 1 G2, sIKA MICTUTB IX Y CTETEHSIX 1 € apr'yMEHTOM E€KCIIOHEHIIIIHOT
GyHKITI.

[1] Bynanuiit M. @. MapraHIieBi IEHTpY BUIIPOMIHIOBaHHSI B MOHOKPHCTAJIAaX CyIb(iny IIMHKA
/ M. @. bynanuii, O. B. KoBanenko, C. O. Omenbuenko, A. P. Omenbuyk, O. C. Mopo3os
// ®@i3mka 1 ximist TBepaoro Tina. - 2011, - T. 12, Ne 3. - C. 573-578. - Pexxum moctymy:
http://nbuv.gov.ua/UJRN/PhKhTT_ 2011 12 3 5

[2] Mopo3zor O.C. Buznauenns napametpiB ¢ynkuiid ['ayca iHAMBiIyalbHUX CMYT CIIEKTpa
(OTOMIOMIHECIIEHIIIT METOJIOM PO3KJIaJIeHHs 3a BIaCHUMH (opMaMu. 30IpHUK HayKOBUX
npamb «Cuctemai TexHosorin - 2022, Bumyck 3 (140), [1.: HMetAY, c. 155-162. - Pexxum
noctymy: https://journals. nmetau.edu.ua/index.php/st/article/view/1060

SIMPLIFICATION OF CALCULATION OF AMPLITUDES
AND WIDTHS OF THE TWO LARGEST COMPONENTS OF
ZnS:Mn PHOTOLUMINESCENCE SPECTRUM

A. Morozov
Oles Honchar Dnipro National University
morozov@ffeks.dnu.edu.ua

The task of disintegration the photoluminescence spectrum of ZnS:Mn into individual bands
- Gaussian functions, with unknown amplitudes and widths is solved by projecting the
experimental spectrum. The entire experimental spectrum is approximated by an eighth-degree
polynomial for projection onto five individual bands, as well as two parts by halves of Gaussian
functions when projecting the spectrum onto a system of power functions x0, x1, x2, X3, x4. A
system of 10 equations is obtained regarding the unknown amplitudes and widths of five bands.
It is linear for amplitude and nonlinear for width. To determine the parameters of the most
intense bands, equations of projection of the spectrum onto these bands are used. To calculate
the first approximation, the terms of the bands of lower intensity are ignored in these equations.
Equations of projection of the spectrum onto a linear function and a cubic parabola are also
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used. The choice of projection onto functions of odd degrees is associated with the transfer of
the origin of coordinates to a point in the middle between the bands of average intensity. The
term corresponding to one such band in these equations is compensated by the term for the
other. As a result, we obtain a system of two equations for the widths of these bands. This
system is nonlinear, contains their powers and exponential functions of them, and is solved
numerically.

MOPIBHSIHHSI ®PEMIMBOPKIB LARAVEL TA SYMFONY
JUISI PO3POBKM BEB-1O/JATKIB

/. bonxapenko, B. I'epacumoB
JlHinpoBchkuii HamioHaBEHUH yHIBepcuTeT iMeHi Onecst ['onuapa
bondarenko_ds@ffeks.dnu.edu.ua

[Tpu cTBOpeHHI BeO-I0AATKIB OJHUM 3 MEPIIOUEPrOBUX MMUTAHb, SKi MOCTAIOTH MEPe
po3poOHUKamMu, € BUOIp ONTUMAIBHUX IHCTPYMEHTIB. DpeiiMBOpKH — 11€ Ha0ip IHCTPYMEHTIB
Ta TOTOBHX PINICHb JJIS1 PO3POOHUKIB, SIKi JTO3BOJSIOTH CIPOCTHTH Ta MPUCKOPUTH IPOIIEC
CTBOpeHHA BeO-10aTKiB. Haif0inbm momynsspHuMu GppeiiMBOpKaMH JUIE MOBH IIPOTpaMyBaHHS
PHP € Laravel ta Symfony.

Laravel — 1ie PHP-dpeiiMBOpK 3 BIAKPUTHM BHUXIAHAM KOJIOM, MPU3HAYCHUH IS
MOJICTTIIEHHS Ta IPUCKOPEHHS pO3pOOKH BeO-T0aTKIB.
Symfony — ue PHP-¢peiiMBOpk 3 BIAKpUTHM BUXIIHAM KOJIOM ISl CTBOPEHHS

CKJIQJIHUX BeO-10aTKiB, a TakoX Ha0ip PHP-koMmoHeHTiB, 1110 TOBTOPHO BUKOPUCTOBYIOTHCS.

@peliMBOPKH MOPIBHIOBAJIUCH 32 TAKUMU MOKa3HUKAMU:

e Apxirektypa MVC. Laravel 1 Symfony cninytots apxiTekTypHomy natepay MVC,
10 JI03BOJISIE PO3POOHHMKAM PO3AUISATH JIOTIKY IpOrpaMu, IpPEJICTaBICHHS Ta
ynpaBiliHHA JaHuMU. Lle 3a0e3nedye JIerkicTb MiATPUMKHU Ta PO3LIMPEHHS JOJATKIB.

e [llaGmonizatop. B 000x ¢peiiMBOpkax BHUKOPUCTOBYIOTHCS MIAOJIOHU TSt
B1JI0OpaXeHHs JaHUX y IpenacTaBieHHsIX. Symfony BukopuctoBye Twig, KUl €
OKpemMuM IadjoHi3atopoM, Toal sk Laravel BHKOpHUCTOBYE CBOIO CHCTEMY
mabmoHiB, mo Ha3uBaeThcs Blade. ObunBa mabnoHi3aTOpU HAMAIOTH CXOXKHMA
(GbyHKIIIOHAJ Ta 3pYYHUI CUHTAKCHUC JJIsi CTBOPEHHS MPECTABIIECHb.

e ORM. Laravel BukopucroBye Eloquent ORM, sxuii peanizye marepH Active
Record, mo no3Boisie mpamoBatd 3 0a3010 AaHUX 3 BUKOPUCTAHHSAM OO0'€KTHO-
opieHToBaHoro minxoxy. Symfony BukopuctoBye Doctrine ORM, skuii Hangae
OUTBIII THYYKHH METOT poOOTH 3 0a3010 JaHUX 1 ciiaye matepHy Data Mapper.

e IIpoaykruBHicTb. O6UIBa PpEeMBOPKU ONTUMI30BaHi JUId 3a0€3MeYeHHs XOPOIIOoi
NPOAYKTUBHOCTI BeO-foAaTkiB. Bonum HajmaioTh 3aco0u Ul KellyBaHHS,
oITUMI3aLil 3amuTiB 10 0a3W JaHUX Ta 1HII METOIH OIITUMI3all.

e besneka. Laravel Ta Symfony 3a0e3neuyioTb BUCOKUI piBeHb Oe3MeKu i BeO-
JOJIaTKiB, HAJAIOTh 1HCTPYMEHTH IS peaiizallii ayTeHTudikaiii Ta aBTopu3arlii
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KOPHUCTYBaYiB, 3a0€3MEUyIOTh 3aXUCT JOCTYMY JO PI3HUX YacTHUH JOJATKy Ta
KOHTPOJIIOIOTH IpaBa KOPUCTYBAYiB.

OcnogHi niepeBaru Laravel:

e IIpocrora y Bukopucransi. Laravel mae mpoctuii Ta iHTYiITUBHUI CHHTaKCHC, IO
POOHTH KO JIETIINM JJIsl YUTAHHS Ta PO3YMiHHSL.

e besniu rotoBux pimensb. Laravel Hagae mmpokuii HaOip 1THCTPYMEHTIB 1 610Ti0TEeK
111 0OpOOKH 3aBlIaHb, K1 YaCTO 3yCTPIYaIOTHCS.

Henomniku Laravel:

e OHOBICHHA Ta CYyMICHICTh. BifCyTHS 3BOpPOTHAa CYMICHICTH MIXK BEpCIsIMH
(bpeliMBOPKY, OCKUIBKH BHOCSTBCS 3MIHH 10 CTPYKTYpH (PpeiiMBOpKYy Ta HOTO
KOMITIOHEHTIB, 1[0 MOX€ MPU3BECTH 10 POOJIEM 3 OHOBJICHHSMH IPU MEPEXOl Ha
HOBI Bepcii Laravel.

OcHoBHi nepeBaru Symfony:

e MoaynbHicth. Symfony mnoOyaoBaHWi Ha MNPUHIMIIAX MOJIYJBHOCTI Ta
PO3LIMPIOBAHOCTI, IO JTI03BOJISIE PO3POOHUKAM BUOMPATH TUTHKH T KOMIIOHEHTH Ta
010J1i0TeKH, K1 iM TTOTPiOHI.

e JloBrocrpokoBa miATpuMKa. Symfony Hamgae Bepcii 3 JOBrOCTPOKOBOIO
MITPUMKOIO, JO3BOJISIIOYM YHUKATH HEOOXITHOCTI 4acToi Mirpailii Ha HOB1 Bepcii
bpeiiMBOpKY.

Henomniku Symfony:

e Bucokwuii mopir Bxoay. Symfony moTpebye po3ymiHHs OaraThOX KOHIICTIIIH Ta
apXiTeKTypHUX MATEPHIB.

Bubip mix Laravel Ta Symfony 3amexurb BiJi KOHKPETHUX BUMOT Mpoekty. s
MPOCTOTO0 Ta CEPEAHBOIO 3a CKJIQAHICTIO mpoekrty Laravel migxoauTh Kparie uepes
KOMIIAKTHICTh KOAY, a TaKOX JIETKICTh Ta MIBUAKICTH po3poOku. Symfony kpaiie miixoauTh
JUI. TOBFOCTPOKOBHUX CKJIAJHUX IPOEKTIB, /1€ THYUYKICTh Ta MOAYJbHICTh MarOTh KJIIOUOBE
3HAYCHHS.

[1] Laravel - The PHP Framework For Web Artisans [Enekrponnuii pecypc]. Pexum gocrymy:
https://laravel.com.

[2] Symfony, High Performance PHP Framework for Web Development [EnextponHmii
pecypc]. Pexxum noctymy: https://symfony.com.

[3] Laravel vs. Symfony: A Side by Side Comparison [Enextponnwuii pecypc]. Pexxum qoctymy:
https://adevait.com/laravel/laravel-vs-symfony-comparison.

COMPARISON OF LARAVEL AND SYMFONY
FRAMEWORKS FOR WEB APPLICATION DEVELOPMENT

D. Bondarenko, V. Gerasimov
Oles Honchar Dnipro National University
bondarenko_ds@ffeks.dnu.edu.ua

When creating web applications, one of the primary questions faced by developers is
the choice of optimal tools. Frameworks are a set of tools and ready-made solutions for
developers that allow you to simplify and speed up the process of creating web applications.
The most popular frameworks for the PHP programming language are Laravel and Symfony.
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BEB-OPIEHTOBAHA CRM-CUCTEMA

O. Boakoscbkuii, M. Typuak

Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
turchak@ffeks.dnu.edu.ua

B cywacHOMy CBITI KOXHa JIOJUHA THUM YH IHIIMM CIOCOOOM B3a€EMOJIE 3
HiANPHEMCTBAMH, SKI HanaloTh iH(opMarmiitni abo Opokepcbki mocmyru. [is Takux
MIIMPUEMCTB ICHYE HEOOXITHICTh Oe3mepepBHOrO KOHTPOJIIO SKOCTI HaJaHUX IOCHYT,
MOYJIMBOCTI LIEHTPAIi30BaHO 30epiratu Ta 00poOIATH BCIO 1HPOPMALIit0, KOTPa CTOCYETHCS 1X
KIIIEHTIB, Ta KOHTpOJIOBAaTH pobOoui mpouecu mianpuemcta [1]. Ockinbku HaIaHHS
HiANPHEMCTBAMH CBOIX IMOCIYT YacTille 3a Bce BiOYBA€ThCS IAMCTAHIIIHO, 332 JTOTOMOIOIO
tenedoHy abo IHTEPHET Mepexi, Il MANPHEMCTBA MOTPEOYIOTh HASBHOCTI KOMILIEKCY
IHCTPYMEHTIB, IO 33JI0BOJILHSIN O moTpebaM BeaeHHs Oi3Hecy, Ta 3MoriH O 3a0e3meunTH
B3a€MO/III0 CIIBPOOITHHUKIB 3 KIIIEHTAMHU, SIK1 3BEPTAIOTHCS 32 OYIb-SIKUM 3 MOKIIMBUX KaHATIB
3B’SI3KY, Ta MUTTEBUI 3BOPOTHIH 3B’ 530K [2].

[IpoanamizyBaBiiK OpUHLOUI poOOTH KOMMAaHii, KOTpa 3aiiMaeTbcsd HaJaHHAM
iH(pOopMaiifHUX/OPOKEPCHKUX TOCIYT, OyJI0 BH3HAUEHO, IO po0oUi MpOoIecH, B IJIOMY, €
MO/IM(DIKOBAHOK KOMI€I MpoIleciB poOOTH HEHTpY oOpoOku n3BiHKIB. IpoTe, BUMOrH, 110
CTaBIATBCS X O pPOOOYMX IHCTPYMEHTIB PI3HATHCS B MIJBUIIEHMX BHUMOTaX CTOCOBHO
iH(dopmaliifHOT Oe3MeKu, MOXIIMBOCTI MaciiTaOyBaHHS, Ta BigmoBocTidkocTi. Lli Bumoru
BUKJIMKAHI HAsSBHICTIO MEPCOHAIBHUX JIAHUX KIIIEHTIB, Ta iH(OpMAaIiero o0 ix GiHaHcOBOT
TISUTBHOCTI.

Hapasi icHye Benmue3Ha KUTBKICTh IPOTPAMHUX KOMILIEKCIB, SIKi HAZJAFOTh MOYJIUBICTh
BUKOPUCTAHHA PI3HOMAHITHUX IHCTPYMEHTIB. ['HyUKiCTh IIMX CHCTEM Ja€ MOKIHUBICTh
aJlanTyBaTH iX A0 NoTped Mmaibke Oyabp-skoro Oi3Hecy. [IpoTe, Ha ChOTOAHINIHIN AEHb HE ICHY€
TaKOi CHCTEMH, UM MPOTPAMHOTO KOMIUIEKCY, IO 3aJOBUILHUB OM MOTPeOH MiAMPUEMCTB 3
HaJaHHS 1HQOpMaLiHUX/OpOKEPCHKUX MOCIYT B MOBHIN MIpi.

Be6-opieHTOBaHa cucTemMa aBTOMAaTH3allli YNpaBliHHA B3a€MOBIIHOCUHAMM 3
KJIIEHTaMU CIIpSIMOBaHa Ha 3a0e3neueHHs noTped B GyHKIIIOHAMI MiAMPUEMCTB, IO HAAIOTh
1H(popMarliifHi/OpoKepChKi MOCIYTH, a CaMe:

. Knienrcepka 0a3za.

. IcTopis 3BepHEHD KIli€HTA.

. Iarerpauis ¢ BipryanbHoto ATC Asterisk, peakiist cucteMu Ha BUX1JIHI/BX1H1
J3BIHKH.

. Tpancdep 13BiHKA Mk KOPUCTYBaYaMHU CUCTEMHU.

. Iarepdeiic 1 OTpUMaHHs 3BEpHEHb KIIIEHTIB 3 CTOPOHHIX CaiTiB.

. [1nanyBaHHS Mepe3BOHIB IEBHOMY KITIEHTY.

. 3abe3nedeHHs MPO3BOHY KOPUCTYBaYaMM CIMCKIB MOTEHIIHHUX KITIEHTIB.

. [ToBHOTEKCTOBUI MOLIYK MO KIIEHTCHhKIHN 6a3i.

. 4 piBHIi octymy 10 cucteMu — Aaminictparop, Menemxep, Closer, Oneparop.

. MouBICTh pOOOTH IEKUIBKOX 0(iciB Ha OJIHIN 1HCTAJIALIT CHCTEMHU.

Moaudikaris Ta 00’eTHaHHA METOIMK JJsl B3a€EMOJIl MpaliBHUKIB 1HGOpMAIiHIX
HIAIPUEMCTB, OINTUMI3alis PoOOTH KOPUCTYBayiB 3 POOOYMMH IHCTPYMEHTAMH MLUISIXOM
HAJAaHHS €JUHOI TOYKHU JOCTYMy JO BCIX HEOOXITHMX KIIEHTCHKUX IaHHX Ta poO0OYHX
IHCTPYMEHTIB 3a0e3MeuyloTh BHUCOKI IMOKa3HUKH POOOTH CUCTEMH, L0 MIATBEPKYETHCS
JOCITIJDKEHHSIMU CHCTEMHM Ta BIUIMBY IHTErpamii po3po0iieHOro pilleHHS Ha MOKa3HUKU
e(eKTUBHOCTI CIIBPOOITHUKIB MiANprUeMcTBa [3].
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[1] Mangenko K. II{o take CRM-cuctema: moBuwmii rig mo Bubopy CRM. Bror NetHunt.
[Enextponnmii pecypc]. Pexum goctymy: https://nethunt.ua/blog/shcho-takie-crm-
sistiema-povnii-ghid-po-viboru-crm-dlia-pochatkivtsiv/ (narta 3sepuenns: 12.10.2023).

[2] Llo Take CRM: Bu3HaueHHs, TUIH Ta cTpaterii | Snov.i0. Sales automation & acceleration
at scale | Snov.io. [EnexTpoHHmMi pecypc]. Pexum JIOCTYIITY:
https://snov.io/glossary/ua/customer-relationship-management-crm-ua/ (mata 3BepHEHHS:
12.10.2023).

[3] Best Web-Based CRM Software - 2023 Reviews & Pricing. Business Software Reviews
from Software Advice®. [EnextponHMit pecypc]. Pexum JIOCTYIIY:
https://www.softwareadvice.com/crm/online-crm-comparison/ (date of access:
12.10.2023).

WEB-BASED CRM SOFTWARE

0. Volkovskyi, M. Turchak
Oles Honchar Dnipro National University
turchak@ffeks.dnu.edu.ua

The developed web-based customer relationship management automation system is
aimed at meeting the functionality needs of enterprises providing information/brokerage
services.

Modification and unification of methods for interaction between employees of
information enterprises, optimisation of users' work with working tools by providing a single
point of access to all necessary client data and working tools ensure high performance of the
system, which is confirmed by research of the system and the impact of the integration of the
developed solution on the performance indicators of the enterprise’'s employees.
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BITHOBJIEHHSA MPAILE3TATHOCTI PEA
HIJIAXOM PEIH KUHIPUHI'Y

1O. JlaBpuu, C. ILnakcin, I. Tumuenko, Q. HIkiab
Incmumym mpancnopmuux cucmem i mexnonoeitt HAH Ykpainu
lavrich@westa-inter.com, jurynlav@gmail.com

Bitumsnsna pagioenekrponna amapatypa (PEA), ska mepeOyBae B ekcrutyartarii 3
MHUHYJIOTO CTOJITTSI, B OUIBIIOCTI MPAaKTHYHO BUYEpIIajia BCTAHOBJICHUN TEXHIYHUH pecypc.
[IpakTu4HO BCi 3pa3k, 1m0 nepedyBaroTh y eKCIuTyaTallii, 3HITO 3 BUPOOHHUIITBA, IPUITUHEHO
BUPOOHMIITBO BCi€i HOMEHKJIATYpPH 1i €JEMEHTIB, IO POOUTh TUTAHHS BIJHOBJICHHS
npane3gataocti PEA nyxe akTyaqbHUM Ha Cy4acHOMY €Tarli.

[luranns 3abesneueHHs HanmiiHOI ekcrutyaramii PEA 3 MopanbpHO 3acTapisioro
€JIEMEHTHOIO 0a3010, XapaKTepHa He JHIIe I YKpaiHu, ane i Jnsd pagy NPOBITHHX
3apyOixHUX KpaiH. Kutteuii uki cydacuux PEA icToTHO BUIIMii 32 3aCTOCOBaHY €I€MEHTHY
6a3y (EKDB) i BinOyBaerbcst Ge3naniiine crapinns Bupo6iB EKbB i ¢pyHkuionansHa aerpanaris
€JIEKTPOHHUX CHUCTEM, Y pa3l SIKIIO CUCTEMU HE3JIaTHI €BOJIOLIOHYBaTH 1 PO3BUBATHUCS B
IPOIIECi CBOET eKCIUTyaTallii.

Pimennsim cydacHoi mpo0OiieMd Moxe OyTH OTpUMaHHS 1HCTPYMEHTapil0 BHBUYEHHS
ICHYIOUMX TEXHIYHUX PIlIEHb 3 YpaxyBaHHSAM X MOJAIBIIOTO BUKOPHCTAHHS 3a JOITOMOTOIO
peikuHipuHry. OCHOBHA MeTa PEIHKUHIPUHIY — 1I€ HE KJIOHYBAaHHS ICHYIOYMX O00'€KTiB
TEXHIKH, a CTBOPEHHSI IHHOBAI[IHHUX TEXHIYHUX PIIICHb 3 BUKOPUCTAHHSIM BXKE OTPHUMAaHUX
JAHMUX JJIs1 BIACHUX PO3poOoK. Bubopy sik camoro o0'ekTa peiHKUHIPUHTY Mae IepenyBaTu
TEXHIKO-€KOHOMIYHHH Ta TEXHOJIOTIYHHUHA ayIuT 00'€KTa, 3aIJIAaHOBAHOTO JUISl TIEpEBEICHHS Ha
HOBY €JEMEHTHY 0a3y. 3acTOCyBaHHS pEIHXMHIPHUHTY HOTpedye (yHIaMEHTaIbHOIO
NIEPEOCMUCIICHHS Ta MEPETPOSKTYBAHHS ICHYIOUHX KOHCTPYKTHBHO-CXEMHHX OCHOB MTOOY/TOBH
JUTst 3a0e3meueHHs BIAHOBIEHHS 00'ekTa peiHkuHIpuHTY. Lle € HeoOXinHui Ta 0060B'I3KOBUI
eTan CTBOPEHHsI IHCTPYMEHTY 3a0€3MeUeHHs] YMOB PEIHKUHIPUHTY .

KoHcTpykTrBHO-i€papxiuHa cxema 6inbi1octi PEA € 6aratopiBHeBoI0. Ajie Ipu IbOMY
B Outbmiocti PEA BUKOpHCTOBY€ETHCS MPUHLMI MOAYJIBHOCTI, SIK CYKYHMHOCTI IHMPHUHIIMIIIB
IPOEKTYBaHHS Ta KOHCTPYIOBaHHS, /Ul IKOT'0 XapaKTepHa OJ[HA 3arajlbHa BUMOTa — eJIeKTpUYHI
CXEMHU Ta KOHCTPYKIIi (MOAYJb, ocepenok, 010k Tomo) PEA noBunHI OyTH (pyHKIIOHAIBHO
3akiHueHUMH (P3A) Ha BIANOBITHUX piBHAX. BUOip KOHCTpYKTUBHOTO piBHS icHyr0ouoi PEA,
AK 00'€eKTa pelIHKUHIPUHTY, 31MCHIOIOTh, BUXOASUU 3 TOr0, HACKIJIbKU 3aTpeOyBaHUIl TaHUM
piBeHb, SKI BHUTpaTH Horo pecypcy, ski o0carun (opMyBaHHS LUIOBUX (DyHKIiH.
Buxopucrtanns icHyrouoi ©0a3oBo-Hecy4oi koHcTpykuii (BHK) nosBonsie 3meHmuTh
co0iBapTICTh MepeBeICHHs OCepeIKY Ha HOBY eleMeHTHY 0a3y npubmau3Ho Ha 30 %, ocKiIbKU
yactka BHK B ontoBiii mini cranoButh 65m3bk0 40 %. 36epexxenns BHK ycix piBHIB, y ToMy
YUCITl MOJYJISl Ta OCEPEIKY, T03BOJIUTh, OKPIM 3MEHIIEHHS! MaTepialbHUX BUTPAT, 3MEHILIUTH
yac MepeBe/IeHHs Ha HOBY €JIEMEHTHY 0a3y, 3a0e3MeYnTH MOBHY KOHCTPYKTHUBHY 1IEHTHUHICTh
Ta B3a€EMO3aMiHHICTb Ha BCiX piBHIB D3A.

HoBa cxemorexHiuHa moOyaoBa OOpaHHX OO'€KTIB pPEIHKUHIPUHTY MOXe OyTu
3a0e3meydeHa JIMIe Nepexo10M Ha CyyacHy eleMeHTHY 0a3y. s 1poro motpiOHO sk BHOIp
€JIeMEHTHOI 0a3u, Tak 1 JOCHIPKEHHS CXEMOTEXHIUYHUX pIllIeHb (YHKIIOHAIbHHUX BY3JIIB Ha
JOTIYHOMY Ta ENEKTPUYHOMY pIBHSX, 1X MOJEIIOBAHHS Ta IMOAAJbINE MEPENPOCKTYBaHHS
MOJTyJIIB 1 OCEPEIKIB, SIK €IEMEHTIB MEPIIOro 1 APYroro KOHCTpykTUBHOTrO piBHA PJIC.

Ha puc.1 nokazana Mozenb 0HOTO KaHaly JIorigHoi cxemu Moyt 2TM PJIC SH6.

[IpoBeneHe MojeTIOBaHHS ICHYIOUMX MOYJIB JTO3BOJWJIO OTPUMATH JaHl A
IPOBE/ICHHS MEPENPOEKTYBaHHS X HA HOBIiM eleMeHTHil 0as3i.
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Puc.1 — Mogens ogaoro kanHaiy norignoi cxemu 21 — HI momyms 2TM — 50.

BuximHuM TpPOIYKTOM pEIHXKMHIPHHTY CTa€ MOJENb, SKa JO03BOJISIE TIPOBECTH
JOCTII)KEHHS MOAYJIB OCEepeAKYy, MPUHIUMIIB POOOTH, CTYNEHsS BIAMOBIIHOCTI 3aKJIaJCHUM
(GyHKLIAM 1 cTIOCO0iB peatizarii.

Jl1is mepeBipKu MO>KIIMBOCTI 30€peKEHHS ICHYIOUUX MPUHIUIIB pOOOTH OCEpeKiB Ta
monyniB Ha HoBii EKB  Takox NIpoBEIEHO MOJICNIIOBAHHS OCEPEIKIB Ta MOIYJIB 3
BUKOPHCTaHHSAM IHCTPYMEHTIB CUMYJIsALIi mporpamMuux 3aco0iB Nina-Ti (Texas Instruments),
BUKOPHCTOBYIOUH PE3yJIbTaTH MOJICITIOBAaHHA iCHYyI0unx MoayiiB Ha ix EKB. Moxens omHOTrO
kaHaimy moayist 2TM — 50 na HoBiit EKb nokasana Ha puc2.
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Puc.2 — Mogenb oqHoro kanaiy joriunoi cxemu 21 — HI moayns 2TM — 50.

OTtpumani 3a pe3yibTaTaMH MOJICIIOBAHHS TaONMII ICTUHHOCTI B JIOTIYHUX PIiBHSX, B
PIBHSIX HANpYTW Ta 4acoBl JiarpaMu B 000X BHITaJIKaxX MOPIBHIOIOTHCS IIOJIO BIAMOBIIHOCTI
po3pobnenux Mogneneld. PospoGneni 3pasku moxyns Ha Hosii EKbB nokasanu mnoBHy

BIJIMOBIIAJILHICTh ICHYIOUMM 1 T[OKa3ajH, IO PEIHKUHIPUHT € OJHUM 13 €(EeKTHBHUX
MeXaHi3MiB BIJTHOBJIEHH npane3faatiocti PEA.

RESTORATION OF WORKING CAPACITY OF REA
THROUGH REENGINEERING

Yu. Lavrych, S. Plaksin, I. Timchenko, Yu. Shkil
Institute of Transport Systems and Technologies
of the National Academy of Sciences of Ukraine
lavrich@westa-inter.com, jurynlav@gmail.com

The problems of maintaining the operational efficiency of the radio-electronic
equipment, which has developed its technical resource and the production of the elemental base
of which has been discontinued, are analyzed. An approach to restoring the operability of radio-
electronic equipment through the use of reengineering technologies is substantiated.
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JOCJUIIIZKEHHA XAPAKTEPUCTUK BIABUTTA HHNIHHUX
CTPYKTYP B MUIIMETPOBOMY JAIAITIA3OHI

JI. ®dinincbkui, O. [Ipodaxin

J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
leonidfil2016@gmail.com

BuBueHHS MUTaHb BiIOWTTS €JIEKTPOMArHITHOIO BUIIPOMIHIOBAHHS B MIIMETPOBOMY
Jliara3oHi B IMIHHHUX CTPYKTypax CTaHOBUTH IHTEpEC SK 3 TOYKH 30py Teopii BIIOUTTS,
PO3CIIOBaHHS 1 IEpEHECEHHS BUIIPOMIHIOBaHHS cepeAoBHIaMH [1], Tak i s pi3HUX 3aBAaHb
riagpodizuku, KoI0inHOo1 XiMii, paaiodi3uKu Ta TPAKTUIHUX 3aBJIaHh HAPOTHOTO rOCTIOIAPCTRA,
JIe IIMPOKO BUKOPUCTOBYIOTHCS TiHH.

B naniit po6GoTi mpuBeieHi pe3yabTaTi BUMIPIOBaHb XapaKTEPUCTHK BIIOUTTS PiAKHX
HNiHHUX CTPYKTYp B MitiMeTpoBOoMy nianma3oHi Bix 38 mo 52 I'Tm BmpomoBx iHTEpBaly yacy
ICHYBaHHS MHHUX CTPYKTYP, SIKUH csiraB 250 XBUITUH 1 OijbIIIE.

Ha puc. 1. nana cxema yCTaHOBKH JJisi BUBUEHHS BiIOMTTSI XBUJIb B MIHHUX CTPYKTYypax Ha
0a31 BUMipIOBaIbHO-00YHCIIIOBAILHOTO KOMILIIEKCA, 110 CKIIaAaeThes 3: 1 — cBinm renepaTtopa; 2
- MIKpoXBWJEBOro Kkabems; 3, 4 — CHOpSAMOBAaHMX BiATANTy)KyBadiB XBHJIEBITHOTO
pedaekTomerpa; S5 - aHTeHH; 6 - 3pa3Ka IMiHU JJIS JTOCIIKCHHS, PO3MIIIIEHOTO HAa METaJIeBil
migKIaani; 7 — MeraneBol migkinaaku; 8 - ingukaropa; 9 - IIEOM; 10 - 6ioka 3arajibHOTO
intepdeiicy; 11 — LAIL; 12 - ALIL Jlanuit xommiekc 3a0e3neyyBaB BHUMIPIOBaHHS B
3a3HauEHUX J[1ara30Hax 4acToT.

Jlns  kanmiOpyBaHHST BHUKOPUCTOBYETHCS BIAOWUTTS BiJ METalNeBOTO JIUCTA, SKUAU
PO3MIIYIOTh B BEpXHIH Ta HWXKHIH IJIOMIMHI 3pa3ka. [Ipu po3milieHHi BUMIPIOBAHOTO 3pa3Ka
MIHHOI CTPYKTypHU 6 Ha MeTaleBii miKiIaall 7 Ha eKpaHl 1HAUKaTopa 8 MOXHa CIOCTEpIiraTu
aMIUNITYJHO-4aCTOTHY XapaKTepUCTHUKY BIIOUTTS, abo micias mnepeTBopeHHs Dyp’e
IPOCTOPOBY XapaKTEPUCTUKY CUTHANy BIIOMTTS BiJl JOCHIJKYBAHOTO 3pa3Ka IiHH, SKa Hajae
PO3MOALT BIAOUTTS 1O TIIMOUHI 3pa3Ka.
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Puc.1. Cxema BUMipIOBaJIbHOTO Puc.2. [Ipocroposa XapaKTepUCTHKA
KOMILJIEKCA. HEOJITHOPITHOCTEN BUMIPIOBAIBHOIO TPAKTY 31

3pa3KoM ITiHU (Yac iCHyBaHHS 35 XB).
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At el

t, min

t, min
Puc. 3. XapakTepuctuka BigOUTTS BiJl Puc.4. XapakrepucTtuka BiIOUTTS Bij
BEPXHBOI TpaHi 3pa3ka B 3aJIS)KHOCTI Bi HWKHBOI TpaHi 3pa3ka B 3aJIC)KHOCTI BiJT
Yyacy iCHyBaHHs 3pa3Ka MiHHOI CTPYKTYPH. Yyacy iCHyBaHHS 3pa3Ka MiHHOT CTPYKTYPH.

JocaimkyBanucsa MiHHI CTPYKTYPH, YTBOPEHI MOBITPSHO-MEXaHIYHUM criocoooM 3 6%
BOJIHOTO PO34MHY alkiicynbdary. KpaTHicTs minu - 45, cepenniii giamerp Oynap0amox 1 M,
TOBIIHA 3pa3Ka MiHA 54 MM.

Ha puc. 2 (35 xBuiMH — yac iCHyBaHHs 3pa3ka) B oOusacti, Onu3bkiii q0 205 MM,
MOKa3aHUW IMITYJIbC BiIOMTTSA BiJ BEPXHBOI IUIONIMHU 3pa3Ka MiHH, HOro aMIuliTyia Mae
3naueHHs 0,00018. BinOuTTs Big HIXKHBOT IJIOLIMHY 3pa3Ka MHHO1 CTPYKTYPU BUIHO B 00J1aCT1
65m3bK0 250 MM, BOHO 3HaX0AUThCs Ha piBHI ammutiTyau 0,00026.

Ha puc. 3 HaBeneHo iH(opMaIliro mpo 3MiHy BiIOUTTS BiJl BEpPXHBOI IUIONIMHH 3pa3Ka MiHN
B 3aJIEKHOCTI BiJl 4acy icHyBaHHs 3pa3ka. Bix 1 1o 10 XBuinH amIutiTyia BIOUTTS OCTYTIOBO
3menmryBanacs Big 0.001 no 0,00084 1 3anuimanacs Ha TakoMy piBHI A0 50 XBUJIMH, a MOTIM
nocTynoBo 30unbiTyBanacs 10 0.006 B o6macti 6:1u3bKii 10 250 XBUIHUH.

Ha puc. 4 npuBeneHo 3MiHy BiIOMTTS BiJl HU)KHBOI T'paHi 3pa3ka MiHU B 3aJIEXKHOCTI Bij
yacy #oro icHyBaHHs. Bin 1 no 50 xBuinuH ammiityna BigOUTTA 3aiuiaiach Ha piBHi 0,00084,
a MoTiM nocTynoBo 30ibmryBanacs 10 0.06 B o6nacti 0:1m3bKiH 10 250 XBUINH.

ITinHa cTpykTypa Gopmye Maie BIJOUTTS HaBITh BiJl METay, 3 YaCOM BOHO 3MIiHIOEThCH,
1110 00yMOBJIEHO MTOCTIIHOO 3MIHOIO BHYTPIIIHBOT CTPYKTYPH MIHHOTO 3pa3Ka.

[1] Kharkovsky S., Case J.T., Abou-Khousa M.A., Zoughi R., and Hepburn F.L. Millimeter-
wave detection of localized anomalies in the space shuttle external fuel tank insulating foam,
IEEE Trans. Instrum. Meas. vol. 55 no. 4 pp. 1250-1257 Aug. 2006.

STUDY OF REFLECTION CHARACTERISTICS OF FOAM
STRUCTURES IN THE MILLIMETER RANGE

L. Filins’kyy, O. Drobakhin
Oles Honchar Dnipro National University
leonidfil2016@gmail.com

Some experimental results for dynamic foam structures reflection in frequency range of
38-52 GHz against foam existence time up to 250 min are presented.
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HTAPOBA AIEJIEKTPUYHA Y3I'O1KYBAJIbBHO-BIIUBHA
CTPYKTYPA JIJIS1 CHCTEMMU IEPEJIJABAHHSI EHEPTII
MIKPOXBHUJIBOBUMMU ITPUCTPOAMMU

M. HoTanos, O. lpodaxin
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
maks104p@gmail.com

OcranHiM dYacoM Bce Oinbplle MPUIUIAETHCS yBara HampsMy HAyKH 1 TEXHIKH
HOB'SI3aHUM 3 PO3POOKOI0 1HHOBALIMHUX TEXHOJIOTIM CTBOPEHHSI HOBHUX BUCOKOE(EKTUBHHMX
cucrem OesnposinHoro nepenaBanns eHeprii (BI1IE) [1]. be3snposinne nepenaBaHHs eHeprii —
LI MEPCIEeKTUBHA TEXHOJIOTI €HepronocTadyaHHs pI3HUX CIIOoKMBadiB eHeprii. Ha mei gac
MOYKHA BUAUTUTH KitbKa crioco0iB BIIE: iHayKmiifHN#{, MiKpOXBHIILOBHM IIPOMEHEM, JIA3EPHUM
poMeHeM Ta 30ip eHeprii 3 HaBKOJIMIIHBOTO eJleKTpoMarHiTHoro nois. Kiacuuna cucrema
BIIE MikKpOXBHJIBOBUM IPOMEHEM CKJIAJAETHCS 3 MEepPelaBAIbHOI MiACUCTEMH, B Kl €Hepris
NIEPBUHHOTO JDKEPEIIa MEPETBOPIOETHCS 3a JOMTOMOT' 00 MiKpOXBUIIHOBOTO T€HEPATOPA 1 aHTCHH
B c(oKycoBaHEe €JNEKTpPOMAarHiTHe BHIIPOMiHIOBaHHSA. Y 30HI ®peHenss po3ramioBaHa
npuiiMalibHa MiJCHCTEMa Yy BUIIIAI PEKTEHH, 3aBAAHHAM SIKOi € MPUWMaHHS 1 TIEpETBOPECHHS
€JIGKTPOMArHiTHOIO BMIIPOMIHIOBAaHHS B IMOCTIMHHUM CTpPyM, IO HAJXOAMUTH 10 CIIOKHMBaya
eneprii. Kimacuuni cucremu BIIE mmpoko BUKOPUCTOBYIOTBCS B Pi3HOMaHITHHX obOnacTsax. B
Hepury 4epry L€ CTBOPEHHs albTEPHATUBHHUX JKEpEeN €Heprii — COHSYHUX KOCMIYHHUX
€JIEKTPOCTAHIIIN, €Heprif 3 SIKMX MOBHHHA MEPeAaBaTUCS CPOKYCOBAHUM MiKPOXBHIHLOBHM
OpOMEHEM 1 MNpuiMaTuCs HAa3eMHUMH pEKTeHHMMHU CHCTeMaMM, Iiepeiada eHeprii B
Ba)XKKOJIOCTYITHI paifOHH, TUCTAHIIII{HE €HEPTOMOCTaYaHHs 00'€KTIB, K1 3HAXOATHCS TPUBATHNA
Jac B MOBITPI Ta iH.

Uepe3 HasgBHICT, HeNiHIMHMX enemeHTiB y cucremMi BIIE  BinOyBaerbes
NEPEeBUIIPOMIHIOBAaHHS BHUIIUX TapMOHIK. ['OJIOBHOIO JUIsl MPAaKTUYHOTO PO3MNIALY € Jpyra
rapmonika. J{mst Toro, mo0 BiIOMTH BUIIPOMIHIOBAHHS Ha 4YaCTOTI JIPYroi rapMoHikH, Oyia
PO3MIISIHYTa Y3TOJUKYBaJIbHO-BIIOMBHA CTPYKTypa B BUIIIAAL 13 dieNeKTpUYHMX MIapiB y
NpSIMOKYTHOMY XBHWJIEBOJI, fKa Majia BigOuBatu cur"an Ha yactoti 20 [T (wactora apyroi
rapMOHIKM), Ta OyTH Y3rO/DKyBaJbHOIO JUIi YacTOTH NEpUIOi TapMOHIKM, Ha SKIH e
nepeaaBaHHs eHeprii. L{g ctpykrypa € B3aeMHOI0, TOOTO KOS(PIIIEHT BIIOUTTS 3 OJIHIET CTOPOHHU
CTPYKTYPH JIOpPIBHIOE KOE(]IIIEHTY BIAOUTTA 3 1HIIOI CTOPOHH. {1l po3paxyHKy CTPYKTYypH
Oysa BHKOpHMCTaHa MaTeMmaThdHa mnporpama. [lo-mepmie, Oyyio 3HaWAEHO IiE€IEKTPUUHI
MPOHUKHOCTI A7s mepimux 7 mapiB 3 €1=1.45 no €7=33.3, motiM A0 HUX Oylo AoAaHo 1ie 6
TaKMX K€ MapiB, aje B obepHeHOMY mOpsaaky 3 €=18.9 mo €13=1.45. Il crpykTypa Oyia
y3romkeHa Ha yactori 10T Ta mepebyBasa y NpsIMOKYTHOMY XBWJIEBOJI, SIKHH MaB
nonepeunuit mepepiz 23mm*x10mMMm Ta OyB 3amoBHeHu# moBiTpsM (g€=1). Ilo-mpyre, Oymo
3HAWJICHO TaKi ONTHMAaJIbHI TOBIIMHU IMX 13 miapis, npu skux Ha yactori f=10 I'Tn moxxHa
OTpUMATH MiHIMaIbHUE KoedilieHT BimouTTsA, a Ha vacrori f=20 [Tu — makcumambHHI
koedimieHT BiaOUTTS. [Ipu oMy Oyso BpaxoBaHO, 110 KYT MaJiHHS €JIeKTPOMArHiTHOI XBUIII
Ha [IapyBaTy CTPYKTYPY B XBWJICBOJI 3aJIOKHUTH BiJl JOBKWUHH XBWJII Ta 3HAXOIUTHCS 32
KoHIenuiero bpimtoena st ocHoBHOT xBuIli Hio 32 Takoro ¢opmysoro (1):

6, = asin[:—ﬂj . 1)

KoediieHT BiIOUTTS CTpYKTYpH OyB 3HaiiieHUH 3a JOMTOMOTO10 BiIoMOro BUpasy (2):
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__ Ry, tR,pexpi—i-2gp)
R(f) = 1+ Ry, Rypexp(—i-2g) )

ne Roi1 ta Ri2 koedinieHTH BiTOUTTS, SKi 3HAXOAATHCA 32 BigoMoro popmyioro @penens. Takum
YUHOM JUJIS PO3TJISTHYTOI CTPYKTypu Oyrna moOynoBaHa 3ajekKHICTh MOy KoedillieHTa
BITOWTTS 32 MOTYXKHICTIO Bi yacToTH (puc. 1).
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Pucynok 1 — 3anexHicTh MOy KoedillieHTa BITOUTTS 32 TIOTYXKHICTIO BiJl 4aCTOTH

VY emysi wacrot Big 9 I'T'iy o 10 I'T'1 € cmyra yactot, 1e Moaynb KoedilieHTa BIAOUTTS
3a TOTYXHICTIO TIpUIIMae MPaKTHYHO HYJbOBI 3HaueHHs. Ha wacToTi apyroi rapmoHikd
(20 I'Tn) peai3yeThest TOBOJI BEIMKE 3HAUCHHS BETMYMHU MOAYJIS KoedilieHTa BiIOUTTS 3a
MOTY>KHICTIO, IO BIJIMOBIJIa€ CHJIBHOMY BIIOMTTIO BiJ CTPYKTypu. Taka CTpyKTypa MOXe
BUKOPHCTOBYBATHCh HE TUIBKU /ISl TIEPEJaBaHHs HETEPepBHUX CHTHAJIB, aje TaKoXK 1 JUis
JiHIMHO YacTOTHO-MoAyIboBaHoro (JIYM) curnany y cmysi yactot B 1 I'T'w.

[1] Alieksieiev, V., Gretskih, D., Gavva, D., & Lykhograi, V. (2022). Wireless power
transmission technologies. Radiotekhnika, 4(211), 114-132.

LAYERED DIELECTRIC MATCHING-REFLECTIVE
STRUCTURE FOR ENERGY TRANSMISSION SYSTEM
WITH MICROWAVE DEVICES

M. Potapov, O. Drobakhin
Oles Honchar Dnipro National University
maks104p@gmail.com

A matching-reflective structure was built in the form of 13 dielectric layers in a
rectangular waveguide. Optimal dielectric constants and thicknesses of these layers were found.
A graph of the dependence of the modulus of the power reflection coefficient against the
frequency was constructed. The frequency band from 9 GHz to 10 GHz with minimal value of
the power reflection coefficient modulus was obtained. And at the second harmonic frequency
of 20 GHz, a large value of the modulus of the reflection coefficient was provided.
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BUKOPUCTAHHSI PYIIOPIB U151 IOKPAIIIEHHS
XAPAKTEPUCTUK ®A30BAHOI AHTEHHOI PEIIIITKHA

€. TpaxTman, /I. CaaTukos
JIHinposcokuil nayionanerui yHieepcumem imeni Onecs [ onuapa
genya.trakhtman(@gmail.com

Jliniiiai  antenHi pewiTku 3 TEM pymnopiB IIMPOKO BUKOPUCTOBYIOTBCS —SIK
HAAIIMPOKOCMYTOBl ~ aHTEHH, a  TaKoX  SK  €JIEMEHTH  HaJIIHPOKOCMYTOBUX
JBOMIDHONEPIOJMYHUX  IUIOCKMX 1  UWIHAPUYHMX  PEINTOK.  XapaKTepHUCTUKU
BHUITPOMIHIOBaHHS Ta y3ro/PKCHHS JIIHIMHKUX pemniTok 3 TEM pymopis, po3ramoBanux sk B E,
tak 1 H-rmomuni, gocmimpkeni B podorax [1-2]. 3a 1omomMoror pynopiB BIAETCS 3MEHIIUTH
3HAYEHHsI MOAYIs KoedimieHTa BimOUTTA |R|, a TakoX pO3MUPUTH CMYTy pOOOYHMX YacTOT
aHTeHHoi pemriTku. Hanpukiman, po6oda cMyra y3romkeHHs JiHiiHOI perritku 3 TEM pymopis,
MOYMHAIOUN 3 6-€JIEMEHTHUX PEUIITOK, NepeBuilye Beanunny 1:20. A y pexxumi CKaHyBaHHS
JUTSL TAKO1 PemIiTKu poboda cMyra 4acToT 3BYXKYeThes 10 1:5. TIpoBogMiIMCh JOCTIKEHHS 3
BUKOPUCTAaHHSIM DPYIOpIB 3 PpPOBHUMHU CTiHKamMu (perynspHi) Ta 31 CTIHKaMd 3
EKCTIOHCHIIIAJIbHOI0 200 KBAAPATHYHOIO TBIPHOIO (HEPETYIISAPHI).

B nontepeniii po6oti [3] Oyi10 po3mISIHYTO Y3T0PKEHHST XBUJICBIAHOT aHTEHHOT PEIITiTKA
3a JIOMOMOTOI0 JieNIEKTPUYHOI BKJIAJKU; METaneBoi AiagparMu; a TakoK CYMICHO IIapy
nienekrpuka i niapparmu. MeToro 1aHoi poOoTH OyII0 TOCITIIKSHHS MOYXITHBOCTEH y3TOKESHHS
AQHTEHHOI pEIITKH B YyChOMY Jiala3oHl KyTiB CKaHyBaHHS 3a JIOTIOMOTOI PYHOPHUX
BUIIPOMIHIOBAYiB.

MeTto0oM CKIHYEHHUX €JIEMEHTIB OyIJI0 MPOBEACHO YUCEIIbHE MOJICTIOBaHHS (ha30BaHOT
AQHTEHHOI PElIITKU 3 METaJeBUMH pymnopamu. 3HAIEHO ONTHUMAaJIbHI T€OMETPUYHI pO3MipH
pynopa Juisi HalKpamoro y3rojyK€HHS aHTEHHOI PELIITKU IMpH CKaHyBaHHI B H-mommHi
(puc. 1). diarpama cipssiMOBaHOCTI JUIA 1i€i PELIITKA HABEJCHA HA PUCYHKY 2.

1.00
0.80-
0.60- e
A ]
0.40
0.20-
] 2
0.00 TS T T
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Pucynok 1 — a) Monens oxHiei KoMipkn ¢a30BaHOi aHTEHHOI penriTku (25X25 eneMeHTiB) 3 IPAMOKYTHHX
XBHJIEBOIB (po3mipu 22.86x10.16 MM) 3 MeTaseBUMH pyrnopaMH Ha KiHIi (po3MipH KiHI pynopa 63.5x50.8 Mwm;
Bucota 76.2 Mm; yacrora pimneHss 9.25 ['Tn); 6) 3anexnicTs |R| Big kyra ckanyBanus B H-mmommuHi 1u1s
AQHTEHHOI PEIITKH 3 MPSIMOKYTHUX XBWIEBO/IB: | — 0e3 BUKOpHUCTaHHA pyHopiB (cepenne 3HaueHHS [R|=0.324);
2 — 3 pynopamu (cepenHe 3HaueHHs |R|=0.027)
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Pucynok 2 — [liarpama cripsMoBaHOCTI JJ1s1 pa30BaHOT aHTEHHOT pelriTKH (25X25 eneMeHTiB) 3 MPIMOKYTHUX
XBHJIEBOJIIB 3 PyIIOPHHMH BUIIPOMiHIOBauamH (B aenubenax): 1 — kyT ckanyBaHHs 0°; 2 — kyT ckanyBaHHs 30°

SIKIIO B3ATH 1HII PO3MIPH PyIOpa IS 3MEHIICHHST HOro po3Mipy — 43.18%30.48 mMm i
Bucoty 43.18 MM, TO cepenne 3HaueHHs |[R|=0.054.

Bynu posmnsnyTi pynopu pizHux KoH@irypariii. Betanosneno, mo H-cexktopianbHuit
pyIop, IKHiA po3IMUPSIETHCS TUTbKH B H-Tut01mmHI, 703BOIISIE€ 3SMEHIIMTH 3Ha4eHHS |R| mutre st
MaJuXx KyTiB ckanyBaHHS (0 < 40°). E-cekropianbHuil pynop, SKUid po3IIUPIOEThCS TITbKH B E-
TUTONIVHI, Y3TO/DKY€E Kpate, Hixk H-rumockocTHui, cepenniii cepenne 3nadenns |[R|=0.112, ane
1€ BCE OJIHO B JIEKJIbKA pa3iB OuIbIe, UM y pa3si MipaMiIaibHOTO PYIIOPY, IUIsl SIKOTO CEpeIHE
3nadeHHs [R|=0.027.

[1] Wang J., Tian C., Luo G., Chen Y., Ge D. Four-element TEM horn array for radiating
ultrawideband electromagnetic pulses. Microw. Opt. Technology Lett. Vol. 31. (2001).
P. 190 — 194.

[2] Keskin A.K., Senturk M.D., Turk A.S. Quasi TEM horn antenna array for rescue radar
buried victims under rubble. 8th International Workshop Advanced Ground Penetrating
Radar (IWAGPR). Florence, Italy, 2015, pp. 1-3.

[3] Morozov V.M., Magro V.l., Trakhtman E.Yu. Study of electromagnetic wave diffraction
by a dielectric coating and metal diaphragm over an endless waveguide antenna array.
Journal of Physics and Electronics. VVol. 30(1). (2022). P. 65-70.

IMPROVING THE CHARACTERISTICS OF THE PHASED
ANTENNA ARRAY BY USING HORNS

Ye. Trakhtman, D. Saltykov

Oles Honchar Dnipro National University
genya.trakhtman@gmail.com

A two-dimensional phased antenna array consisting of rectangular waveguides and horn
emitters is considered. The research of scanning in the H-plane was carried out using the finite
element method. The dependence of the module of the reflection coefficient of the incident
wave on the scanning angle is calculated. The optimal geometric dimensions of the horn were
obtained.
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CUCTEMA JIAA ABTOMATHU30BAHOI'O BUMIPIOBAHHA
IHAPAMETPIB AHTEH HA BA31 MIKPOKOHTPOJIEPHOI'O
IMPUCTPOIO

I. ITpoxkonenko, /. YepHeTyeHKO
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
ivanprokopenko567@gmail.com

MiKpOKOHTpoOJIep - 1€ TOPTaTUBHUI MPOTPaMHO-KEPOBAHUHN MPHUCTPIH At 0OpoOKU
iH(opmMartii Ha OHIN IHTErpadbHIA CXeMi, IKMM MTPU3HAYECHUH IS YIIPABITIHHS KOHKPETHUMH
3aB/IaHHSMH B ICKTPOHHUX cucTeMax. Bin moennye B co0i PyHKIIIT IEHTPATBHOTO IMPOIIECcopa,
naMm'ati Ta iHTepdelciB BBOAY/BUBOAY Ha OJHIA MiKpocxeMi. MiKpOKOHTPOJEPH MIHPOKO
BUKOPUCTOBYIOThCS y BOYZAOBAaHUX Ta MPOMHUCIOBUX CHCTEMaXxX YIPaBIiHHS, TAKUX SIK: irpOBI
cucTeMu, HU(PPOB1 KaMepu, CUCTEMH PO3YMHOTI'0 JIOMY, aBTOMATH3allisl IPOMHUCIOBUX 00’ €KTIB,
TOILIO.

KitouoBa 0cOOMUBICTH MOJISTAE B TOMY, IO 1X MOXKHA IIPOTPaMyBaTH, a 11e 03HaYae, 10
MH Ma€MO 3MOTY HaJlallITyBaTH CUCTEMY 3 BUKOPUCTAHHSAM MIKPOKOHTPOJIEPIB [l BUKOHAHHS
KOHKPETHHUX 3aBlaHb. MOBU MpOTpaMyBaHHs, [0 BUKOPUCTOBYIOTHCS Ul HAITUCAHHS KOIY
JUIsE MIKPOKOHTPOJIEpIB, 3ajeXaTh BiJl BUPOOHUKA 1 TUIY MIKpOKOHTpoiepa. Haibinbim
nomyisipaumu € C, C++ Ta moBa acembiep [1]. CBoe Miciie MiKpOKOHTPOJIEPH 3HAWILIM 1 B
o0racti 0OpoOKM MPUIHATHX Ta MEePEJaHUX CUTHAJIB, aHATI3y 1X MapaMeTpiB Ta 300paKeHHS
rpadiyanx curHaiiB. [IpucTpiil sikuil moegHye Bech NepepaxoBaHUil PYHKIIOHAT Ma€ Ha3BY
BEKTOPHUN MEPEKEBUI aHAIi3aTopP.

Bekropuuii mepexxeBuii anamizarop (VNA) nyxe CXOXUH Ha MYJIBTUMETP, SKUN
BUMIpIOE omip. AJle SKIIO MyJIbTUMETP BUMIPIOE OIip mpu noctiitHomy ctpymi (DC, 0 '), To
VNA BuMipro€ omip paiio4acTOTHOTO a00 MIKPOXBHJIBOBOTO JIAHIIOTA Ha iX poOOoUiif 4acToTi,
BUMIPIOIOYN SIK OHip, Tak 1 a3y (BOHU CKiIagaroTh BeKTOp) JaHmoora. Kpim roro, VNA Mosxe
TaK0X BUMIPIOBATH KOE(DILIEHT MIJCUIIEHHS a00 BTPATHU MIX JIBOMa IOPTaMH JIaHIIOra, 3HOBY
XK TakM 3a BEIMYMHOIO 1 (pa30i0. A BUMIpPIOIOUM Jiana3oH 4acTOT, BOHM HaAaloTh rpadik
IMIIeaHCy 1 KoeilieHTa MiJCUIICHHS B Jlana3oHi 4acToT.

PangiouacToTHa cuctema mpaifoe Haikpaiie, KOMW ii KOMIOHEHTH Y3TOIKEeHI MiXK
co0o010, a BUXIJHUI IMIIEaHC BIAMOBIAa€ BXIJHOMY IMIIEJAHCY HACTYMHOTO KOMIIOHEHTA.
Oco0MBO aHTEHU MOXKYTh MaTH IIMPOKUH Jllala30H IMIEJaHCIB, 1 iX MOTpiOHO BUMIpIOBAaTH
Ta y3TOJKyBaTH 3 IPUCTPOSMH, /10 SIKUX BOHU MIAKIIOYAIOTHCS [2].

OcHoBotO A7151 po3po0II0BaHOI cucTeMu 0yi10 o6pano komn'totep Raspberry Pi 4 Model
B. Raspberry Pi mpaitoe B exocucteMi 3 BIAKPUTHM BHUXITHUM KOJOM: BIH TpAIfIO€ T
ynpaBmiHHAM Linux (pi3Hi AMCcTpUOYTHMBH), a HOro OCHOBHA MiJTpPUMyBaHa omepariiiHa
cuctema, Pi OS, mae BiAKpUTUH BUXIIHUH KOJA 1 Mpalloe 3 HaOOPOM MPOrPaMHOIO
3a0e3nedeHHs 3 BIIKPUTUM BUXITHUM KojioM. Raspberry Pi 4B € 3HauHuM mokpalieHHsIM y
MOPIBHSIHHI 31 CBOIMH MOINEPETHUKAMHU, 3 pI3HUM 00'eMoM omnepaTuBHOI mam'sti Big 2 I'b 1o 8
I'b onepatuBHOi nam'saTi. BiH Tako Mae MIBUALIMIA ITPOLECOpP 3 TAKTOBOIO yacTtoToro 1,5 I'T
1 rapHe noeananns noptis USB 2.0 1 3.0 [3].

Raspberry Pi 4 Model B 3aiimaeThcsi ynpaBlliHHSIM CHCTEMOIO Ta KOPETYBaHHSIM
TOYHOCTI HaBeACHHS aHTEH. Biamoigae 3a 3’€HaHHS Ta Mepenavyy JaHuX IS BiIIaJIE€HOTO
KepyBaHHs 3a JOMOMOTOI0 CTaHIapTy mrmpokocMyroBoi 6e3aporoBoi mepexi IEEE 802.11ac
Wireless (2.4 I'Tt 5.0 I'T'mr). Bignanene kepyBaHHs 3a0e3me4yeThCsi MOOUTBHIM MPUCTPOEM Ha
SIKOMY BCTaHOBJIEHO MOOIJTbHUI JOJATOK OPUTiHAIBHOI PO3POOKH.

Taxox Raspberry Pi 4 Model B 3aiimaeTscst BIANPaBKOIO OTPUMaHUX XapaKTEPUCTHK
BiJ] BEKTOpHOTO aHanizaropa NanoVNA, Ha MOOUIbHUI IPUCTPIi.
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MoOiTbHUI TOMAaTOK J03BOJISIE BIAAIO CKOMIIOHYBATH BiOOpaKeHHS POOOTH BCiX
CHCTEM Ha OJJHOMY MPHUCTPOi I OLTBII HArIsIHOT Ta KOM(BOPTHOI pOOOTH KOPUCTYBaya Mpu
BUKOPUCTaHHI J1aHO1 cucTeMu. CaM J0JIaTOK PO3pOOJICHO 3a TeXHOJIOTier (GperimBopka Flutter
Ta MOBH TIporpamyBaHHs Dart. 3a 1omoMoror BOYJOBaHHMX alTOPUTMIB MOXKIIMBO JTOCSTTH
TOYHOTO HaBEICHHS aHTCHH SK B aBTOMAaTUYHOMY TaK 1 B PyYHOMY peKUMaXx.

[IporpaMHe HanmamTyBaHHS MMOBOPOTHOTO MEXaHI3MY peani30BaHO 3 BUKOPUCTAHHSIM
anroputmy [II[-perymsmii. Ile#i cmoci® m03BOJsS€ HaNAITyBaTH KpPOKOBI JBUTYHH 3
JOCTATHBOIO JIJISi CUCTEMHU TOYHICTIO.

KopekTHe mnoeaHanHs poOOTH mepepaxoBaHUX Bullle (YHKIIOHAIBHUX BY3JIB J1a€
MOJKJIMBICTh TOYHOTO HAJIAINTYBAHHS AHTCH Y MPOCTOpPi. A BHKOPUCTAHHS BEKTOPHOTO
MEpPEeKEBOT0 aHali3aTopy Ha/lae TOYHI MapaMeTpy BUMIPIOBaHHSA POOOTH aHTEH.

T | 7 | 3 [ )

MoBopoTHa cHcTema
i= BCTAHOBNEHOK AHTEHOMK

m nifd-peryaston *

MobinsHuiA geeaiic EezapoToemii :
R . sttty P Raspberry Pi 4 Model B
iz BCTAHOBNEHMM AoaaTKOM wanan

h 4
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Puc.1. dynakuioHanbHa cxeMa poOOTH CHCTEMH

[1] Microcontroller and its Types [Enmextponnmii pecypc]. Pexum  goctymy:
https://www.geeksforgeeks.org/microcontroller-and-its-types/.

[2] Vector Netwok Analyzer FAQ [Enektponumii pecypc]. Pexum goctymy:
https://www.megig.com/resources/vector-network-analyzer-fag.

[3]What is a Raspberry Pi? [Enexkrponnuit pecypc]. Pexum  goctymy:
https://opensource.com/resources/raspberry-pi.

SYSTEM FOR AUTOMATIZED MEASUREMENT OF
ANTENNA PARAMETERS BASED ON
A MICROCONTROLLER DEVICE

I. Prokopenko, D. Chernetchenko
Oles Honchar Dnipro National University

A vector network analyzer is utilized to measure the productivity of circuits or networks
such as amplifiers, filters, attenuators, cables, and antennas. For that, it applies a test signal to
the network, measures the reflected and transmitted signals, and compares them to the test one.
Such parameters as signal amplitude and phase are also measured.
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JIOI'OIIEPIOINYHA AHTEHA HA BA3I1
HIMPOKOCMYIT'OBOI'O BIBPATOPA

C. byxapos, B. Ycarenko
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
sergeyvbuharov@gmail.com

JloromepiguyHi aHTEHHU IIMPOKO BHKOPHCTOBYIOTHCS y TEIEKOMYHIKAIlisX, paJapHUX
3aCTOCYBaHHAX, CUCTEMaXx pajioesieKTpoHHo1 60poThoH [ 1]. Kmacuuna JITTA Oynyerbcs Ha 6a3i
IWITIHAPUYHUX JPOTOBUX BiOpaTopiB. B poOOTI MOCHiIKYIOTbCS BIACTHUBOCTI JIPYKOBAHOI
JITTA, mo nmoOymoBaHa Ha 6a3i MIMPOKOCMYTOBOTO BiOpaTopa (puc.1).

Puc.1 JITTA =a 6a3i mIpoKOCMYTOBOTO BiOpaTopa.

g mopemoBaHHS 3aaaul Oyno BukopuctaHo cepenosuiie FEKO, B sxomy
peanizoBano Metoa MoMeHTiB (MoM). Otpumano pobouiit mianmazon yactot 800-2700 MI'1,

MOKPAIIEHO Y3TO/KEHHS Yy BEpXHI TPUTHHI PoO0YOi CMyTH, Koe(ilieHT IMiACUICHHS
6.5-8 1b.

[1] Ayopoeka @.®., Bacunenko J[.0., Opcsauk FO.A. YibTpammpoKoCMyroBi IUIaHApHI
anteHu. Bicuuk HarionansHoro texuiuHoro ysiBepcutery Ykpainu "KIII". Cepis -
Paniorexnika. PanioanaparoOynyBanns. Bun. 33 (2006).

LOGO-PERIODIC ANTENNA BASED ON A BROADBAND
VIBRATOR.

S. Bukharov, V. Usatenko
Oles Honchar Dnipro National University
sergeyvbuharov@gmail.com

The properties of the printed LPA built on the basis of a broadband vibrator were
investagated. The working frequency range of 900-2700 MHz was obtained, the agreement in

the upper third of the working band was improved, the amplification factor was 6.5-8 dB in
the entire working band.
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YITPABJIIHHSA HIBUJIKICTIO ITIEPEJIAYI JAHHUX 11O
TEJEKOMYHIKAIIHHUX KAHAJIAX 3 AIUTUBHUM
HyYMOM

B. KopunHcbKkHni

J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
korchins50k@i.ua

VY po6oTi MpONOHYETHCS METOJ YIIPABIiHHS MBUAKICTIO TIEpeladi CUTHAJIB y KaHajJax
3 aAWTUBHUM IIYMOM Ta OOMEXKEHOI0 YaCTOTHOIO CMYTOI0 MpOIyCKaHHA KaHaimy. Metox
0a3yeThCs Ha KOMIIpecii JaHUX ONTHMIi30BaHil 3a kputepiaMu: 1) MiHiMizamis iHGopMaliitHoT
BIJICTaHI MDK CKOMIIPECOBAaHMM Ta BHXIJIHUM CHUTHAJIAMH; 2) MaKCHUMIi3allisl BiJHOIICHHS
CUTHAJIbHOI eHeprii iHOopMaTUBHOIO CUTHAITY, 30€peKeHO0] Y CKOMIIPECOBAHOMY 300paXKeHHI,
JI0 CUTHaJIBbHOT eHeprii 3anmumikoBoro 1rymy (SNR).

B ocHOBY MpoOIOHOBAaHOTO METOTy MOKJIAJACHO KOMIIPECit0 1HPOPMAIIHHOTO CUTHATY 3
QIUTHBHAM IIyMOM [UISXOM TIIOJaHHS B OJHOMY 3 OPTOHOPMOBAHHMX JIHCKPETHUX
(byHKIIOHATEHUX 0A3HCIB:

N-1
s(n)= > cx - (n), 1)
k=1

ne u(n,k) - Gasnci yHKii.

3nilicHIOEMO OOHYIIIHHS YaCTUHU KoedilieHTiB po3kiany (1), mounHarouu 3 Homepy K:
Cyh=Cc mpu kK=0,K; C, =0 mpu K>K. BiIHOBIEHHS CKOMIPECOBAHHX CHTHAIIB
peani3yeTbesl NEpeTBOPEHHAM, o0epHeHUM 10 (1).

3a BapiroBaHHs TOpory OOHYJiHHA K 3MIHIOIOTHCS SIK BITHOIICHHS «CUTHA/IIIYM
(SNR), Tak # BiAMiHHICTH MK BiTHOBJIEHHM Ta BUXIAHUM iH(OPMAIIHHUMHU CUTHATIAMU

(BimmoBimHo Sp Ta Sp ), 3a Mipy sikoi mpuitHATO BiacTaH, MaxanaHoGica Misk HUMH SIK TaKy,
10 BPAaxOBY€ KOPEJNALII0 MIX CHUTHAJIaMH, 110 aHami3yrooTbes [1]. Busnauenns mopory
oOHyiHHS K QOopMyIIt0eMo SIK OHOMapaMeTpUUHY JIBOKPUTEPiabHY ONTUMI3aLINiHY 3a/1ady
JOCATHEHHS METH 3 LIbOBUMH (QYHKIISIMU Fl(K) - 3aexHicThb BiJ K Bifcrani Maxananobica
MDK BHUXIJHUM Ta BIJIHOBJIEHMM CHTHaJaMH; FQ(K) - 3anexHicTh Big K BiJHOIIEHHS
«CHTHAJI/ITyM» y BiIHOBIGHOMY CHTHami. 3HaueHHs Mern ontumizanii: Gp, Go - samani

3Ha4eHHs BincTadi MaxamanooOica Ta SNR BiamoBigHo.

Jl5is po3B’si3aHHS MOCTABIEHOI ONTUMI3AlIMHOT 3a7a4i BUKOPUCTAHO METO/, BiIOMUI
i1 Ha3Boro «goal attain methody [2], skuii y HaBeIeHIH TOCTaHOBIII 3BOIUTHCSI 10 BUSHAYCHHS
nopory K, 3a sIKoro MiHIMi3y€eThCs TOTIOMKHUI apaMeTp ) Hpu OOMEKEHHSIX

R(K)-w -7 <Gp; Fp(K)-w, -y <Gy. @)
Tyt uepes W1, W2 mo3HaueHi BaroBi KOEQII[IEHTH 3HAUYLIOCTI KPUTEPIiB, SKI HaleXaTh
inrepBany [0, 1]. Hagani npuitmaemo Wy =1, Wp =1 (oanakoBa 3Ha9ymiicTe 000X KpUTEPIiB).

3 O3HauYeHHS WPOIEAYPH KOMIpecii BHILTMBae, mo Bijacranb Maxamanobica ta SNR
BIJTHOBJICHOTO CUTHAJTY 30UIBLIYIOTHCS MPH 301IbIIEHH] TOPOTY OOHYIIHHS.
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Ha pucynky 1 momano (parmMeHT 3ae)KHOCTEH BiJ HOMEpPY BiUIIKY BHXIJHOTO Ta
BIZITBOPEHOTO 1H(POPMAIIIHIX CUTHAJIIB 32 ONTUMAIBHUX 3HAUCHb BijicTaHi Maxananobica Ta
SNR ans xaHanmpHOTO HIyMY 3 TayCiBCHKUM po3noiioM. Ha pucyHky 2 HaBeeHO aHAJIOTIYHY
3QJICKHICTD JIJIS1 PEICEBCHKOTO CTATUCTUYHOTO po3noaury mymy. CylisibHI KpUBI — IMHAMIKa
BUXIJTHOTO CUTHAJY, IITPUX-TIYHKTUPHI KPUBI — TMHAMIKAa pEKOHCTpyHOBaHOTO curHaiy. /s

KOMIIpecii CUTHaIiB BUKOPHUCTAHO

CurHan, B
Cwuruan, B

02 i i i n i i i 0.2 L L
0

; i i i i i i ; i
i i
10 20 30 40 50 B0 70 80 90 100 o 1 220 30 40 5 60 70 8 90
Homep sianiky curnany Homep eigniky curnany

Pucynox 1. /IluHaMika BUXiTHOTO Ta BiZTBOPEHOTO Pucynok 2. /lnHaMika BUXiTHOTO Ta BiITBOPEHOTO
CHUTHAJIIB JJIsl TayCiBCHKOTO KaHAJIBHOTO IIyMY CHTHAJIB ISl PEICEBCKHOTO KaHABHOTO IIyMY

ITokazano, mo iHdopmariiiina Bizcranb MaxanaHo0ica Mi>k IEPBUHHUM (BUX1IHHM) Ta
BIZITBOPEHUM CHTHAJIAMH JUIS TayCiBCHKOTO KaHATy MEHIIIA, HiXK /ISl PEJICEBCHKOTO KaHAIY.

BcranoBneHo, mo 3a BHKOPUCTAHHS MPOIMIOHOBAHOTO METOJY B3a€EMHA HIBHIKICTh
nepeaBaHHs Ha0yBae MaKCHMAaJIbHOTO 3HAUSHHS ITpH onrTuMaiibHoMY 3HaueHHI SNR.

3a pe3yibTaTaMH MOPIBHSJIBHOTO aHaNi3y BUKOPUCTAHHS PI3HUX JTUCKPETHUX
¢dyHkuioHansHUX 6a3ucis (Younmia, Xaapa, XapTii, AUCKPETHOTO KOCUHYCHOTO IEPETBOPEHHS)
SK OCHOBM JIJIsl KOMIIpecii iHpopMaliiHUX CUTHAJIIB MOKa3aHa HaiOuiblia epeKTUBHICT 3a
3a3HAYEHUMH ONTHUMIZAIITHUMU KPUTEPISIMU TUCKPETHOTO (DYHKIIIOHAIBHOTO 0a3ucy XapTii.

[1] Proakis J.G. Digital Communications. N.-Y.: McGraw-Hill (2004). 928 p.
[2] Steur R.E. Multiple Criteria Optimization: Theory, Computation and Application.
New York: John Wiley & Sons Inc. (1986). 546 p.

CONTROL OF DATA TRANSFER RATE OVER
TELECOMMUNICATION CHANNELS WITH ADDITIVE
NOISE

V. Korchynskyj
Oles Honchar Dnipro National University
korchins50k@i.ua

A method for controlling the speed of signal transmission by channels with additive
noise is proposed, which is based on data compression according to the criteria of minimizing

the information distance between the compressed and output signals and maximizing the signal-
to-noise ratio.
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YACOBA JIUHAMIKA XAPAKTEPUCTHUK
INEPEJAYI TPAH3AKTIB Y BATATOCEPBEPHHUX
TEJEKOMYHIKAOIMHUX CUCTEMAX

M. Pe3nik, B. KopunHcbkuii

J[Hinposcokuil Hayionanehuu yHieepcumem imeni Oneca [ onuapa
korchins50k@i.ua

KinpKicHI XapakTepUCTHKH SIKOCTI Tepelnadi TpaH3aKTiB y OaraToKaHaJIbHUX
TEJIEKOMYHIKaI[IHHUX cucTeMax (HMOBIPHICTB Tiepeiadi, cepeaHs KiIbKICTh 3aHATHX CEPBEPIB
Ta Koe(iIieHT 1X BHKOPHUCTAHHs) 3aJieKaTh Bil dYacy. Bimomo, mo 3 IUIMHOM dYacy Iii
XapaKTEPUCTHKH CTa0LT3yl0ThCs. CyTTEBUM y TPUKIIAIHOMY BiJHOIICHHI € MUTAHHS MO0
BU3HAUEHHS 1HTEpPBaJy Yacy, MPOTITrOM SIKOTO BiIOYyBa€eThCs Taka cTadiizalis.

Mera paHoi poOOTHM TONsTaE y BHU3HAYCHHI YAacOBOi JUHAMIKM OCHOBHUX
XapaKTepUCTHK Mepeaadl TPaH3aKTiB y 0araTOCEpBEpPHHUX TEIEKOMYHIKAIlIHHUX CHUCTeMax
(TKC) npu exnoHenialbHOMY CTATHCTUYHOMY PO3MOJIiTI MOTOKY BXiTHUX TPAH3aKTiB.

Sx  Bimomo, ¢yHkuioHyBaHHs OararocepBepHux TKC ommcyeTscsi CHCTEMOIO
mudeperniansHuX piBHAHL A.M. Koamoroposa BigHOCHO IMOBIpHOCTEH 1epeOyBaHHS CUCTEMHU
y pi3HHX cTaHax [1]. ¥ cepenoBuIli cHCTEMH aBTOMAaTHU3allli HAYKOBO-TEXHIUHUX PO3PAXYHKIB
MATLAB 6yno otrpuMano yucioBuii po3B’sa30k cuctremMu A.M. Koiamoroposa.

Ha pucynky 1 HaBeZieHO 4acoBi 3aJIeKHOCTI HMOBIPHOCTI IiepeaBaHHS TPAH3AKTIB y
nsocepBepHi TKC mpu tpadikax 2.0 epin (cyuinpHa kpuBa), 4.0 epa (MyHKTUpHA KpuBa) Ta 6.5
epi (kona).
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Puc.1. Yacona 3anexxHicTh HMOBIpPHOCTI Tepeadi AJs IBOCEPBEPHOI TEIIEKOMYHIKAIiITHOT cucTeMu
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PucyHnoxk 2 imocTpye 4acoBi 3aJ€XHOCTI KOe(IlIEHTY BUKOPUCTAHHS CEPBEPIB, KU
1 m
BU3HAYA€THCS CITIBBITHOUICHHSM K(t) =—- Z k- Pk(t), 7e M — KiIBKICTh cepBepiB, Py (t) -
m
k=1

HMOBIpHICTB 3aitHaTOCTI K-TO cepBepy s nBocepBeproi TKC mpu tpadikax 2.0 epi (cyiiibpHa
KpuBa), 4.0 eps (myHKTHpHA KpUBa) Ta 6.5 epi (Koua).

Koed iLiEHT BUKOPUCTAHHA Cepeepie

Yac, cek.

Puc.2. YacoBa 3anexHicTh Koe(illleTHY BUKOPHCTaHHs cepBepiB A 1BocepBepHoi TKC

SIK BUTUIMBAE 3 HABEJICHUX 3aJIEKHOCTEH, IHTEpBaJl yacy, IPOTITOM SIKOTO B11I0YBa€ThCS
cTabuTi3anist KUIbKICHUX XapaKTepUCTHK Mepeiadl TPaH3aKTiB, 3SMEHILYIOTHCS P 301IbIIEHH]
Tpadiky. [TokazaHo, 1110 Taka 3aJ€KHICTh Ma€ MICIE JUIs JJOBIIbHOI KiJIbKOCTI CEpPBEPIB.

[1] JloxkoBckuit A.I'. Teopust MaccoBoro o0ciykHBaHUsI B TeleKOMMyHuKanusax. Onecca:
OHAC um. A.M. ITomnoga (2012). 112 c.

TIME DYNAMICS OF TRANSACTION TRANSMISSION
CHARACTERISTICS IN MULTI-SERVER
TELECOMMUNICATION SYSTEMS

M. Reznik, V. Korchynskyj
Oles Honchar Dnipro National University
korchins50k@i.ua

The temporal dynamics of the characteristics of transaction transmission in multi-server
telecommunication systems is investigated. The time of stabilization of the probability of
transmission and the utilization rate of servers is determined.
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CIIEKTPAJIbHO-ITIPOCTOPOBUM PO3MO/L]1 BKP
MIJCUJIEHHS CUTHAJIIB Y TEJEKOMYHIKAIIMHUX
BOJTOKHAX HA OCHOBI KBAPLHOBOI'O CKJIA

A. Kononenko, C. ®enincbkuii, M. Pe3nikos, I'. ®enincbKuii
Kuiscokuu nayionanvruti ynisepcumem imeni Tapaca llleeuenka
kononenkoartem267@gmail.com

CyuacHmii mporpec y pO3BHUTKY TepaOiTHHX TEJIEKOMYHIKALid NUIIXOM OCBOEHHS
IIOBHOTO BiKHA IPO30POCTi KBApIIOBOTO BOJOKHA 3HAYHOIO MIpPOIO 3aBASYYE BIPOBAKECHHIO
HEJIHIHHO-ONTHYHOTO MiICUJICHHS CBIiTJIa HA OCHOBI BUMYIIEHOT'O KOMOIHAIIIIHOTO PO3CIsIHHS
(BKP). Cepen ocraHHIX AOCATHEHb MOJCIIOBAHHS HEIIHIMHOTO TIJICHUJICHHS CBITJIOBHUX
CHUTHAIIB CJiJ Bi3HAYUTH PO3POOKY METOJMKH AaHATITUYHOI ampokcumarii mpodirie BKP
HiJICUJICHHS CKJIAJJHOrO KOHTHHYyanbHoro tumy [1]. Came Le Haja€e MOXJIMBICTH BUPILIMTH
HU3KY aKTyaJbHHX MPOOJIEM JWHAMIKH PO3MOAUICHOTO KOMOIHAIIMHOTO IiJCUJICHHS, SKi
HaBiTh Y THUIIOBUX TEJICKOMYHIKAI[IHHUX BOJOKHAX 3aJHINAIOTHCS HEAOCTATHHO BHBUCHHMU
[2,3]. ¥V poOoti, 1m0 NPONMOHYETHCS, HATAHO PE3yJIbTaTH MOCTIOBAHHS CIEKTPAIbHO-
npoctopoBoro posnogairy BKP migcuneHHs CHTHANIB 13 JOCTIDKEHHSAM WOTO JIWHAMIKA
3aJIe)KHO BiJl MOTY>KHOCTI TIOMITyBaHHSI B aKTUBHOMY OJHOMOJ0BOMY BoJIoOkHI (OMB) tumy
TrueWave R y nopisusnsi 3 kapnosum OMB crannapry G.652.

B ocHOBy mpexacTaBieHHX pPO3paxyHKIB IMOKIAJCHO MOJENb 3aJaHOl HAKaukKd, sKa
3a0e3mnedye JOCTATHIO TOYHICTh OOYMCIIEHh B YMOBAaX PO3MOAUIEHOTO MiJACHICHHS BiTHOCHO
Ca0KOro CHrHajia 3a paxyHOK OUIbIIO MOTYKHOCTI momMnyBaHHs Pp (ujoHaliMeHIIe Ha 1Ba
HOPSIKK 32 BEJIMYMHOI0). 3a TaKUX YMOB BHpa3 ik 2D koedinienta migcunenus G, (A, L)

, 1b, TOOTO CrieKTpaNbHUN PO3MOALT 32 TOBXHHAMU XBHJII A 3aJI€KHO BiJl TOBKHHH BOJOKHA
L, MaTMe BUTIISII:

Gyyor (M L) = 4,343-{0, (L 2, ~1/ WP [L—exp(-o,, )]/ o, —at, L}, A>A,, (1)

ne Po— moTy>kHICTh HAKa4KHU; O, Olp — CTAJI 3aracaHHs BIAMOBITHO Ha CTOKCOBHUX YacTOTaXx 1
Ha JIOBXKHHI XBUJII HAKAYKH Ap; IHUCIOBHI Koedimient 4,343 = 10lge.

[Ipodine BKP mincunenuss gr 004YMCIEHO K PI3HUIIIO BIAMOBIIHUX XBHJIOBUX YUCEI
(oO6epHEHUX OBXMH XBWJi). ¥ Tabxn. | HagaHo 4MCIOBI pe3ynbTaTH po3paxyHKy. Ha puc. 1

300paxkeHo 3D nunamiky BKP migcuneHHs y BiKHI TPO30pPOCTI BOJIOKHA.
Tabauys 1
Junamiuni napamerpu BKP nincuienns: xapakrepucTuyHi BigcTaHi MaKcHMAaIbHOTO MiACHIEHHSA
cUrHana Lmax, moBHOI mpo3opocTi Lo i M0JIOBUHHOIO 3aracaHHsi NOTYKHOCTI curHana Lip
y Bosiokni TrueWave RS y nopisusinni 3 anasoriuauvu ganumu s OMB crangapry G.652

TrueWave RS gonokno OMB cmanoapmy G.652
Po, ap: 0,26 oblxm; a_= 0,2 0blkm ap: 0,4 0blkm; a_=0,2 0blkm
MmBm G Gmax 1 L max ) Lo ) Li ) G Gmax ) Lmax ) Lo ) Lip )
e ob KM KM KM e ob KM KM KM

100 11 0,4 8,0 17,5 39,5 11 0 - - 27
300 5,63 7,51 26,5 80 95,5 1,38 1,41 10,5 255 43
500 45,1 16,5 35 134 149 2,55 4,07 16,0 46,5 62
800 Ps > P = 76 mBm — MoJ1elIb HE3aCTOCOBHA 7,43 8,71 21 75,5 90,5

Hpumimku:

1. Buxopucmano maxki pospaxyuxosi napamempu: hp = 1425 nm; As = 1525 nm,

2. Ps — nomyarcnicmo cuenana ; Ps™ — kpumuuna nomyoscnicmo cuenana [2].

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 aucronana 2023 p., M. /Ininpo, Ykpaina



Cexuist 111. PATIOTEXHIYHI IPUCTPOI 1 3ACOBU TEJTEKOMYHIKAIII{ 167

OMB
cmandapmy G.652

= . RS
TrueWave™

P,=800 mBm
P,=500 mMBm %

Ap=1,45 mrm

Puc. 1. 3D qunamixa BKP mincuieHHs y BikHI PO30POCTi BOJIOKHA 13 MOHOXPOMATHYHOIO
HAKa4KoIo Ap = 1,45 MKM: a) y Bosokwi Tumy TrueWave ®° 3a ymosu Pp = 500 MBrT;
6) OMB crannapty G.652 3a ymosu Pp = 800 mBt

Takum ynHOM, 06uBa OMB Ha OCHOBI KBaplOBOTO CKJia MOKHA 3aCTOCOBYBATH SIK
aKTUBHE cepefoBHie Juisi posnomiuieHoro BKP migcuneHHS ONTHYHUX CHUTHANIB 13
30UIBIIICHHSM JOBKMHHM TTOBHOI MPO30POCTI BiJ JEKIIBKOX JECATKIB JI0 JEKUIBKOX COTEHBb
Kizometpis. Y Bonmokui Ty TrueWave R mosxna orpumatu Gonoft > 15 16 i cyTTeBO Kparmi
1HIIl MapamMeTpu 3 Orisiay Ha e(eKTHBHICTh BUKOPUCTAHHS MOTYXHOCTI MOMITyBaHHS.
Bognouac, y crammaprHomy OMB G.652 nomyckaeTbCsi BHKOPUCTAHHS 3HAYHO OiIBIION
MOTYKHOCTI TIOMITYBaHHS 13 30€peKeHHSIM JIHIHHOCTI ONTUYHOTO MiJCUIICHHS.

[1] I.V. Serdeha, V.I. Grygoruk, G.S. Felinskyi. Spectroscopic features of Raman gain profiles in single-
mode fibers based on silica glass // Ukr. J. Phys. 2018. Vol. 63, No. 8, p. 683-700.

[2] A.A. Kononenko, G.B. Zhirov, G.S. Felinskyi, O.1. Tytova. Dynamics of distributed Raman gain in
telecommunication TrueWave s and G.652 fibers. Proc. XXIII Int. Young Scientists’ Conf. on
Applied Physics, ICAP 2023, May, 16-20, 2023, Kyiv, Ukraine, p. 141-142.

[3] T'puropyk B.1., Koporkos IT1.A., ®emincekuii I.C. Heminilini Ta jasepHi Mporiecu B ONTHYHHX
BosiokHax. K.: BIIL] “KuiBchkuii yrieepcuter”, 2008. 576 c.

SPECTRAL AND SPATIAL DISTRIBUTION OF FIBER
RAMAN AMPLIFICATION IN TELECOMMUNICATION
FIBERS BASED ON SILICA GLASS

A. Kononenko®, S. Felinskyi, M. Reznikov, G. Felinskyi
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
kononenkoartem267@gmail.com

The modeling results of the spectral-spatial distribution of Raman signal amplification
are presented in this work and its dynamics as function of the pumping power distributed in
TrueWave RS type of an active fiber in comparison with a G.652 standard silica fiber was
studied. It is shown, one can obtained the Gonjoft > 15 dB and significantly better parameters in
terms of the pumping power efficiency may be achieved in the TrueWave R type fiber, but the
G.652 standard SMF allows to apply the much higher pumping power while maintaining the
optical amplification linearity.
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MPUCTPIA JJ151 BE3IPOBOJOBOI'O KOHTPOJIA
JIOCTYITY HA BA3I MIKPOKOHTPOJEPHOI CUCTEMHU
TA TEXHOJIOI'TI RFID

H. boxkayosa, /[. YepHeT4eHKO
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
nadyasapphire@gmail.com

VY cy4yacHoMy CBIiTi, 0€3CyMHIBHO, IIIHYETbCS MOJMJIMBICTH HIBHIKO Ta IPOCTO
OTpUMYBaTH BeluKi oocsaru iHdopmartii. [I{opoky BeayTbcst po3poOKH sl CTBOPSHHS 3pYYHUX
Ta KOMITAKTHUX HOCIiB JJ1s1 30epiranus, nepeaadi Ta 3aXuUCTy TUX YH IHIIUX JaHHX.

B ocraHHi pokM MoOXKHa CHOIVISIIATH 3POCTAHHS MOMYJIAPHOCTI PaaiodyacTOTHOI
inentudikanii RFID (Radio-frequency identification). [ammimu cioBamu, 1ie criocio mi3HaHHS
00'eKTiB, Y IKOMY PaJiOCUTHAIM 3aUCYIOTh a00 3YUTYIOTh 1H(OpMAIILito, 1110 30epiraeThCcs Ha
RFID-miTkax. Tak sik RFID-cucrema 31aTHa cTaTi KOPUCHUM Ta BUTITHUM BKJIQJCHHIM IS
KOMIIaHI¥ Ta opraHi3alliii, o MpaIoTh MPAKTUIHO Y OyIb-sKiid chepi.

Po3poOmsitoun  iHHOBAIiiHI MPOIYKTH, MH XOYE€MO 3pOOMTH TEXHOJIOTii Oilbil
e(eKTUBHIUMH, PO3YMHIIIMMHU Ta AOCTYNHHUMH Jisi BCix. Came TOMy B SKOCTI OCHOBHHUX
KOMIIOHEHTIB 0yj10 00paHo MikpokoHTpoiep kommanii Microchip - PIC16F688.

\
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]‘ 3MIHHIX |
\l /
T
/J_\ = ITpuzHauuTH

K2 —_———> P
Ko anMiHICTpaTopa)
Hi
OuHCTHTH
6azy
b4 |
BinKpHUTH 3aMOH 3nairmi cTaH
Ha 5 cex 7y nEepi (Bigk.
3aKp.)
VEiMEEYTH
HaKauKy aHTeHH
SunrraTi gami
MOFyTIALH

i DATA Base N
Amvin.
j/ 4l

Bwun. Pemmm

TIpOrpaMyBaHHA

_ Orwn. Pew Amvin. . Tax Beranoenm 2
A PemuM | ——— —K Baza garmmx P

nporpanys 0azm gamm

Jopati sarmic

(Anroput™M poOOTH IPOTpPaMN)
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3acobamu 8-0ITHOTO KOHTpOJIEpa HEOOXITHO peai3yBaTH IIJTUN TEpeiKk 3aBlaHb
peanpHOrOo uacy. Bsaemonis 3 Mikpocxemoro mnpuitmauem-niepenaBau RFID, inTepdeiic
B3a€EMOJIII 3 KEpPyKUYOK CHUCTEMOI0, 30epiraHHs Oa3M KIIOYIB Ta iX aJMIHICTPYBaHHS,
YOpaBIiHHSA JOCTyrmoM (BXin/Buxim). Ilpu BKIIOYEHHI HAIIOTO TPUCTPOIO 0 JDKepelna
JKUBIIGHHS HEOOXigHO OyJIo B mepury 4Yepry iHimiamxi3yBaTd IMOYaTKOBI JlaHI Ta 3MiHHI B
MIKpoIporpami ympaBiiHHs mpouecoM. J[ns B3aeMofii cucTteMH AOCTYNy 3 JIFOJUHOIO
JIOCTaTHHO MiHIMaJIBHUX 3aC001B: PaJiio KaHAJI Ta KHOIIKA BUXOTY.

BOynoBane mporpamue 3abe3rnedeHHs OyJ0 po3poOJIEHO MOBOIO BHCOKOTO PIiBHS
nporpamyBanass C B cepemoBuili po3podku mporpam Microchip MPLAB X IDE i3
3actocyBanHsaM kommisitopa MmoBu C Microchip XC8. [IpoektyBaHHS IpyKOBaHUX ILIaT OyJI0
3aiiicHeHo 3a gormomororo nporpamu P-CAD Altium.

Po3pobnennii mpoTOTUN MPUCTPOIO 31aTeH 30epiraTu y eHeproHe3alnekHii mam sTi 10
30 xoiB JOCTYITy YIIPaBJIiHHS 3aMKOM JIBEpP1 Ta KOJ aJMIHICTpaTUBHOTO Kitoua. KoHTposep
3/IaTeH YMPaBJIATH SJIEKTPOMArHITHIM 3aMKOM 3T1IHO 3 aJlTOPUTMOM BHYTPIIITHBOI TPOTPAMH.
IaTepdeiic B3aemonii KOHTpoJiepa 3 aJAMIHICTPATOPOM CHPOLIEHUN 10 OJHIE] KHOIKH Ta
aJMIHICTPATUBHOTO KITto4Ya. HU3bKMii piBEHb CIIOKUBAHHS CTPYMY J03BOJISI€ BAKOPUCTOBYBATH
JaHe PIlIeHHS B eHEeproepeKTUBHUX CHUCTEMax 3 aKyMyJSTOpHUM >kuBlieHHsSM 12 V. Ob6pani
TEXHOJIOTii Ta TPAHCIOHAEPH MAacOBO BUTOTOBIISIFOTHCS Y MIPOMHUCIIOBOCTI 1 caMe TOMY MaroTh
HU3BKY COOIBapTiCTh.

3 ormAny Ha OTPUMaHI pe3yJbTaTH TECTYBAaHHS MPHUCTPOIO B YCIX peXHMax, MOXKHA
3pOOMTH BUCHOBOK, IO JIaHE PIIICHHS € HaJIWHUM Ta MPOCTHM y BUKOPUCTAHHI, a TaKOX
JIOBEJIO0 MOXIJIMBICTh 3HIDKEHHSI COOIBAPTOCTI MOTIOHUX CUCTEM.

[1] Ilo Take pamioyactoTHa imeHtudikamis [Enextponnuii pecypc]. Pexum mocrtymy:
https://uk.wikipedia.org/wiki

[2]lo  Take  mikpokoHTposep  [Enextponnmit  pecypc].  Pexxum  gocrymy:
https://uk.fmuser.net/content/?11010.html

[3] lo Ttake mnporpamHe 3abe3neueHHs [EnextponHuit pecypc]. Pexum pocrymy:
https://translations.com.ua/programne-zabezpechennya.html

WIRELESS ACCESS CONTROL DEVICE BASED ON
MICROCONTROLLER SYSTEM AND RFID TECHNOLOGY

N. Bokachova, D. Chernetchenko
Oles Honchar Dnipro National University
nadyasapphire@gmail.com

An RFID system can be a useful and profitable investment for companies and
organizations operating in almost any field. Radio frequency identification technology will be
a way to improve the quality of work and reduce financial costs.

The developed prototype device is capable of storing up to 30 access codes for
controlling the door lock and the administrative key code in non-volatile memory. The
controller is able to control the electromagnetic lock according to the algorithm of the internal
program. The interface between the controller and the administrator is simplified to one button
and an administrative key.
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OIITUYHI BTACTUBOCTI TOHKHUX IIJIIBOK GaN/AlL O3,
JIETTOBAHUX KPEMHIEM

JI. lemunna, A. Miunsiiio, /1. llekyp, M. Byiiuuk,

I1. 'ennapsb, O. Crponchkuii, M. 3asaub, O Biacenko
Tnemumym ¢hizuxu nanienpogionuxis im. B.€. Jlawkapvosa HAH Ykpainu
rastneg@isp.kiev.ua, demid.pekur@gmail.com

Ha ocHOBI HITpHly TaJlif0 CTBOPIOIOTHCS CBITJIIOBUIIPOMIHIOKOYI TIPHIIAIN JISI BUIUMOT
obnacti cnektpy (cBiTiomiogn Ha ocHOBI GaN BHIIPOMIHIOIOTH BCi KOJBOPH BHUIAUMOTO
Jiara3oHy, BKJIIOYarOYd 1 Ounmii komip). CHIIBHMA 10HHO-KOBAJIGHTHHH 3B’S30K, BEJIHMKa
MIMpUHA 3a00pPOHEHOI 30HM TNPU TNPSMOMY PO3MIIIEHHI EHEePreTHYHUX 30H B IPOCTOPI
KBa311MITyJIbCIB BU3HAYAIOTh MOTO ONTUYHI 1 TIOMIHECHIEHTH1 BIacTUBOCTI. OHUM 13 crI0CO01B
KEepyBaHHS BUIIPOMIHIOBAILHUMH XapaKTEPUCTUKAMH IMPHJIAIIB Ha OCHOBI HITPUAY Tajiio €
JIETYBaHHSI TOHKUX €MITaKCIMHUX TUTIBOK, TOMY JIOCIIPKEHHSI BIUIMBY JIETYBaHHS Ha ONTHYHI
BJIACTUBOCTI TUTIBOK 1 XapaKTEPUCTUKH JIETOBAHHX IUTIBOK € aKTyaJbHHM.

BuUKOpUCTOBYIOUH KOPETAIiI0 MK (PCHOMEHOJIOTIYHUM MapaMETPOM YIIMPEHHS ONTHYHHX
CHeKTpiB /° 1 PyXJUBICTIO BUIBHUX HOCIiB 3apsily Y BHU3HA4alOTh €(EKTUBHY ~ONTHYHY
PYXJIUBICTb:

__en
Hopt = =7
e M* - edeKTUBHA Maca BUIBHUX HOCITB 3apsy:
1 1 1
= — 4+ — ,

m* Mme my
1€ Me 1 Mp— eeKTUBHI MacH eJIEKTPOHA 1 AIPKU BIAIOBIIHO JJIsl JAHOTO OMTUYHOTO MEPEXOTY.
V' naniii poOOTi OLIHEHO €(EKTUBHY “ONTUYHY” PYXJIHUBICTH Uope. I PO3paxyHKy
JI0 B34TO HacTymHi Bemuuunu: [ =0, e €KCIIEPUMEHT - €EHEpreTHyHe YIIUPEHHS
0 1'=0,034 eB
dyHmaMeHTaILHOTO ONTHYHOTO mepexoay Eo); mMe = 0,20 mo; mp= 0,60 mo. 3rimHo Hammx

eKCIepUMEHTAIbHUX pE3yJbTaTIB Yac €HEepreTMYHOI pesakcallii BUIBHUX HOCIiB 3apsay T
2

nopisaioe 1,936°10% ¢, a edexTuBHa ,,0nTHYHA” PYXIMBICTH Hopt nopisrioe 0,0227 Bc
C

HCXTYI-OLII/I ,Z[I/ICHepCiGIO IMMOKa3HHWKA 3aJIOMJICHHS N B iHTepBaJ'Ii JOBXXHWH CHCKTpOMaFHiTHI/IX

XBWJIb BiJ A1 10 A2 MO’KHA 3aIlMCaTH:
A2
"= G
Hamu orpumano, 1o B Jiana3oHi JOBXHH  €JNEKTPOMAarHiTHUX  XBHJIb
607 aM — 644 M (cycimHi MiHIMyMH) TIOKa3HUK 3aomiieHHs N roriBku GaN piBHuit 2,4 (ipu
ToBIIMHI TTiBKH 2,2+ 107 M).

B naniit po6oTi npoBeaeHi ONTHYHI (CIEKTPU MPOMyCcKaHHs B 001acTi (yHAaMEHTalIbHOIO
Kpato noriauHanHsa GaN, CreKTpH ONTUYHOTO BiOMBaHHA y BuAuUMIH 1 [H- obmacti cnekTpy,
cnekTpu ¢oromominecuenuii npu temneparypax 77 K 1 300 K ta crektpu kombiHaiiiHOTO
pO3CilOBaHHS CBiTJIa) JociikeHHs IUiBOK GaN JeroBaHux KpeMHieM (piBEeHb JeTyBaHHS
Nsi = 1,5-10% m3) Bupomennx MeTo10M ra30(a3Hol emiTaKcii i3 MeTan-opraHiuHuX CHOTyK Ha
migkianakax candipy, Opi€HTOBaHHMX MO KpucTaiorpagiunidi oci c. OTpuMaHO HACTYIHI
pe3yJIbTaTH: eKCIICPUMEHTAIBHO BU3HAYeHO (i3nuHi mapameTpu triBok GaN/Al,Os -- enepris
enekTpoHHoro nepexoxy Eo mpu remmneparypi 300 K (Eo = 3,406 eB); koedimieHT nornvHaHHs
a npu Eo=3,406eB (a=1,810°m?); mokassnk 3amommennss n mmiBok GaN/AlLOz B
CIEKTpaIbHOMY Jiama3oHi JOBXKHUH XBHIb 607 HM - 644 HM; OIIIHEHO Yac EHepPreTUYHOI
penakcaiii T BUIBHMX HOCIIB 3apsny (€NeKTpPOHIB) Ta €(PEeKTUBHY “ONTHUYHY’  PYXJIUBICTh
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BUIbHUX HOCIIB 3apsA/ydop¢; BUSHAYEHA €HEPTis QYyHAAMEHTATLHOTO ONTUYHOTO Tepexoay Eo
wriBok GaN na miakmammi Al.O3 npu temneparypi 77 K, sixka gopisuioe 3,477 ¢B, BuzHaueHo
TeMIepaTypHuil KoedilieHT 3MiHM mupuHU  3a0opoHeHoi 30uu dE, / dT mniBok GaN Ha

. . o . a€ev . . . .
niakmaami Al2Os, sikuit nopisaioe 3,184-10 4 ~ » BCTAHOBJICHO CITIBBIIHONICHHS MK CHEPri€io

dbyngamenTtanpHoro ontuuHoro mnepexoay Eo mis mmiBok GaN ma migxmamgmi AlOs Ta
TEMIIEpPaTyporo T B TEMIIEPaTypPHOMY niama3oHi 77 K<T<300K:

Eo(GaN)=3477 eV - 3,184-10% - < -
745 cml, cmyrum komGiHamiiiHOro posciloBaHHs cBiTIa mpu uyactoTax 569 eml i 750 cm
CBI[YaTh PO MOHOKPHUCTAIYHY CTPYKTypy IUIiBok GaN, a came mnpo TeKcaroHajJbHY
CTPYKTYypy B’ropimra cumerpii ['1; BusiBiieHo 3cyB yactotHoro nonoxeHns A1 (LO) donona
GaN B criekTpax [YU-BinOuBaHHS B 3JICKHOCTI BiJ] KyTa MAAiHHS CBITIOBOT (€JIEKTPOMAarHiTHO1)
XBUI, 1eWd e(eKT MOSCHEHO BIUIMBOM JBOX (DI3UYHUX TPOIECIB: HASBHICTIO MEXaHIYHHX
HanpyeHb B 1iBLi GaN Ta HEOAHOPIAHUM JIeTyBaHHSIM KpeMHieM eriTakciiHoi miiBku GaN
10 TOBIIMHI.

(T-77 K); cmyru IU-Bin6usanns Ha gactotax 534 cm? i

[1] ILIL bapancekuii, O.€ benses, DIl Taiinap. Kinetnuni edextn B OaraToIOIMHHUX
HaniBrpoBingHukax. Kuis «HaykoBa gymka» 2019. -448 c. ISBN 978-966-00-1616-3.

OPTICAL PROPERTIES OF SILICON-DOPED GaN/Al2O3
THIN FILMS

L. Demchyna, A. Mynaylo, D. Pekur, M. Vuichyk,

P. Gentsar, A. Stronski, M. Zayats, O. Vlasenko
V.E. Lashkaryov Institute of Semiconductor Physics NAS of Ukraine
rastneg@isp.kiev.ua, demid.pekur@gmail.com

Optical (transmission in the fundamental absorption region, reflection in the visible
region, reflection in the spectral range (1.4 - 25)-10"® m at different angles of incidence of the
electromagnetic wave, spectra of Raman scattering, photoluminescence at temperatures of 77
K and 300 K) study of GaN thin films doped with silicon (doping level Nsi= 1.5-10> m®)
grown by gas-phase epitaxy from organometallic compounds on sapphire substrates oriented
along the crystallographic c-axis. The following physical parameters were obtained from
optical studies for the grown GaN films: electronic transition energy Eo, absorption coefficient,
refractive index n. The energy relaxation time t of free charge carriers (electrons) and the
effective "optical” mobility of free charge carriers were estimated. The energy of the
fundamental optical transition Eo of GaN films on Al>O3 substrate at 77 K was determined. The
temperature coefficient of change of the band gap dEo/dT of GaN films on Al,O3 substrate was
determined to be 3.184-10* eV/K. The correlation between the energy of the fundamental
optical transition Eo for GaN films on Al>Os substrate and the temperature T in the temperature

range 77 K < T < 300 K is established: Eo(GaN)=3.477 eV - 3.184-10'4-% (T-77 K). The

frequencies of transverse and longitudinal optical vibrations of the lattice of GaN/ Al>O3 films
are typical for crystalline GaN films. A shift in the frequency of the A1 (LO) phonon of the GaN
crystal lattice in the infrared reflection spectra has been recorded, which is explained by the
influence of two physical processes: mechanical stresses in the GaN film and Al>Os substrate
and doping of the GaN film with silicon.
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IOHO-IIJIABSMOBE HAIIUJIEHHSA
BATATOKOMIIOHEHTHUX IIJIIBOK TUITY «FINEMET» 1
«METGLAS»

P. Immenxo?!, C. Paoues!, O. Kymnepros', B. Bamen?, C. Tomin?, B. ®okin?
YUTninpoecwruii nayionanvnuil ynisepcumem imeni Onecs I'onuapa
2 Tuinpogcekuil depaicasruii mexHiynuil ynigepcumem
siryabts@gmail.com

ITornuGiene BUBYEHHS (GI3MYHHUX BIIACTMBOCTEM TOHKMX METAJIEBUX IUIIBOK, IO
IPOBOJIUTHCA B OCTaHHIA Yac, CTUMYJIbOBAHO IPAKTUYHUM BUKOPUCTAHHSAM METAJIEBUX
KOHJICHCATIB y YHMCJICHHUX Taly3siX HOBOI TEXHIKM, HAPUKIaa y MikpoenekTpoHini, HBY-
texHini. [lepexin 10 MIIBOK y pamioeneKTpOoHIi 00yMOBICHHH MiKpOMIiHITIOApi3alli€ro, siKa
103BOJIsAE po3MinryBaT B 1 cm® 1o 108 emeMeHTiB.

@Di3uyHl XapaKTePUCTHKU PEUOBUHU y BUIJISJI IUIIBKM CYTTE€BO BiJIPI3HSAIOTHCS Bif
BJIACTMBOCTEH MarepianiB B MacuBHOMY BUTIsAAl. OCHOBHI CTPYKTYpHI XapaKT€PUCTHKHU
TOHKHUX IUTIBOK: po3Mip, (opma, Opi€eHTYBaHHS KPHUCTAIITIB, TYCTHHA W po3moais nedexTiB
KpUCTaTiuHOi OYZOBH, MOBEPXHEBHU peibe(d, IIIIHHO IMOB’s3aHI 3 KIHETUKOK YTBOPECHHS
KOHJICHCATy 1 BTOPMHHHMHM MpPOIECaMH, sKi BiOyBalOThCS B IUTIBII IiJ 4Yac Ta TMicCIs
KoHzeHcalii. Takium YMHOM, 3MIHOIO YMOB KOHJACHCAIIT (TeMIIepaTypH MiAKJIAIKU, TYCTHHOIO
MOTOKY, CKJIQJIOM 3aJIMIIKOBHX ra3iB) MOKHA LIJIECIPSIMOBAHO 3MIHIOBAaTH CTPYKTYPY IUTIBOK
y Iy’Ke IIUPOKUX MEXaxX.

MikpoenekTpoHika BimgdyBae moTpeOy K y HOBUX IUIIBKOBUX MaTepiajgax 3
HOJIMNIIEHUMH EKCITyaTallliHUMHU XapaKTepUCTUKAaMH, TaK 1 B yJOCKOHAIIOBaHHI METOJIIB
oJlep>KaHHA Takux MarepianiB. OTxe, AyXe BaXJIMBUMHU € pO3poOKa 1 BUBUYEHHS HOBUX
IUTIBKOBUX CTPYKTYp [1-2].

B po0oTi po3rmsmaeThcs CTPyKTypa Ta BJIACTHBOCTI IUTBOK Tumy Finemet
(Fe+5,8%Si+7,2%B+2%Cu+2%NDb) i IUTIBOK 31 CXOKUM CKJIaI0M
Fe+6%Si+13,5%B+1%Ni+1%Mo tumy Metglas ski Oynu oTpumaHi 3a JIOIMOMOTOO
MOJIEpPHI30BaHOT'O TPHOXEJIEKTPOAHOTO 10HHO - MJIa3MOBOTO METOAY Y IIOHHO OTPUMaHOMY 1
TepMOOOPOOICHOMY CTaHaX.

[lokazaHo, 1m0 B CBDKOHANMJIEHOMY CTaHl CIUIaBM MAailoTh aMOpHY Ta
HAaHOKPHUCTAIIYHY CTPYKTYPY 3 pO3MipoM o6JacTi korepeHTHOro poscitoBanHs (OKP) 2 um ta
14 aM, BiJITOBITHO.

ITpu nocnimkeHHI 3MiHU €IEKTPOONOpY MiJUac HArpiBy Ta OXOJIOMKEHHI y BakyyMi
BU3HAYEHI TeMIIEpaTypH MOYaTKy po3naay aMop(hHOi i HAHOKPUCTAIIYHOI (a3 Ta yTBOPEHHs
TBEPJIOTO PO3UYHHY 3aJTi3a.

Metonom Kuccenxepa [3] po3paxoBaHi eHeprii axkTHBaIii mModaTky (a3oBux
MepeTBOPEHB TS TUTIBOK Ty Finemet Ta Metglas, 9500 K (79000 [Ix/momb) Ta 9900K (82000
JI>x/MOJ1b) B1IITOBIHO.

Hna mnmiBok Tumy Finemet 1 Metglas 3apeectpoBaHi mpenusiiiHi 3HauY€HHS
TemmnepatypHoro koedilieHTy omopy ski mopiHiooTh 3,4x10° K71, Ta 0,9%x10° K7,
BiJITIOBIJTHO.

IToxa3zano, 1o Bignain miiBok npu tremmneparypax Big T =420 °C - 590 °C na mpots3i 1
TOJI. TIOHIKY€E KOSPIUTHBHY CHITYy IPUOIH3HO y 3 pasw, a cruiaB Finemet, micist BATPUMKH Ha
npotssi 1 rog. mpu T = 550 °C nokasye (epomarHiTHI BIACTHUBOCTI Y MONEPEYHOMY IOJi:
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KoepuuTuBHY cruiny 250 A/M, mo mpuOIN3HO B 4 pa3u MEHIIE 3HAYCHHS KOSPIUTUBHOI CHIU
Jutst criaBy Finemet y mapanensHOMY TOJI.

Pesynbratn mociipkeHHS MOXYTh OyTH BHUKOPHCTaHI MPHU PO3POOIl MPErU3iiHuX
TUTIBKOBUX PE3UCTOPIB.

[1] Kruzina, T.V., Popov, S.A., Potapovich, Y.N.et al.Electrical properties of
NaosBiosTiO3 thin films deposited on sitall substrates. Appl Nanosci Vol 12, (2022). P.
957-963 https://doi.org/10.1007/s13204-021-01831-6

[2] O. I. Kushnerov, S. I. Ryabtsev, V. F. Bashev. Metastable states and physical properties of
Co-Cr-Fe-Mn-Ni high-entropy alloy thin films. Molecular Crystals and Liquid Crystals.
Vol. 750, No 1, (2022) P. 135-143 https://www.tandfonline.com/loi/gmcl20, DOI:
10.1080/15421406.2022.2073043

[3] Kissinger H.E. Variation of peak temperature with heating rate / H.E. Kissinger / J. Research
NBS. Vol. 57, No 4 (1956). P. 217-220

ION-PLASMA SPUTTING OF MULTI-COMPONENT FILMS
TYPE "FINEMET"™ AND "METGLAS"

R. Ishchenko?, S. Ryabtsev?, O. Kushnerov?, V. Bashev?,

S. Tomin?, V. Fokin?
10les Honchar Dnipro National University
2Dnipro State Technical University
siryabts@gmail.com

The  structure and  properties of films of the Finemet type
(Fe+5.8%Si+7.2%B+2%Cu+2%Nb) and films with a similar  composition
Fe+6%Si+13.5%B+1%Ni are considered +1%Mo of the Metglas type, which were obtained
using a modernized three-electrode ion-plasma method in the freshly obtained and heat-treated
state.

It is shown that in the freshly sputtered state the alloys have an amorphous and
nanocrystalline structure with the size of the coherent scattering region (CSR) of 2 nm and 14
nm, respectively.

When studying the change in electrical resistance during heating and cooling in a
vacuum, the temperatures of the beginning of the decomposition of amorphous and
nanocrystalline phases and the formation of a solid solution of iron were determined. Using the
Kissenger method [3], the activation energies of the beginning of phase transformations for
films of the Finemet and Metglas types were calculated, 9500 K (79000 J/mol) and 9900 K
(82000 J/mol), respectively. For films of the Finemet and Metglas types, low values of the
temperature coefficient of resistance were recorded, which are equal to 3.4-10° K and 0.9-10°
5> K1, respectively.

It is shown that the annealing of films at temperatures from T=420 °C — 590 °C for 1
hour reduces the coercive force by approximately 3 times, and the Finemet alloy, after exposure
for 1 hour at T=550 °C shows ferromagnetic properties in a transverse field: a coercive force of
250 A/m, which is approximately 4 times smaller than the value of the coercive force for the
Finemet alloy in a parallel field.
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FABRICATION OF Ga:03 FILMS ON POROUS-Si/Si AND
SiC/Si SUBSTRATES

O. Sushko!, M. Derhachov?, V. Kidalov?, S. Ryabtsev?, Yu. Potapovych?
0les Honchar Dnipro National University
2Dmytro Motornyi Tavria State Agrotechnological University
alex242414@gmail.com

Gallium oxide (Ga203) has attracted a great attention as a promising material that could
enlarge the possibilities of electronic and optoelectronic devices. It is a wide band gap material
(4.7 eV) with high transparency up to 260 nm. Depending on the growth conditions, it can be
either an n-type semiconductor or a dielectric. The widespread application of heterostructures
based on Ga»Oz films, from high-temperature sensors, luminescent phosphors, and lithium
batteries up to using in solar cell [1], causes an intensive search for the most effective growth
conditions, especially using non-native substrates.

In this report we discuss the fabrication of gallium oxide films deposited on non-native
porous-Si/Si and SiC/Si substrates.

The substrates were produced on the base of Si single crystal (100) oriented plates. The
silicon carbide (SiC) layer was synthesized on Si samples by the method of atom substitution.
To do this, the samples were annealed in an atmosphere of a mixture of gases of carbon
monoxide (CO) and silane (SiH4) [2]. To obtain porous structure the (100)-oriented Si surfaces
were subjected to the electrochemical etching in accordance with the standard technique [3].

The gallium oxide films were grown on SiC/Si and porous-Si/Si substrates by applying
rf magnetron sputtering of the high-purity Ga.O3 powder at a chamber pressure of 3.5 mTorr
with Ar/O ratio of 2/1. The substrates were hold at a temperature of 473 K during the whole
procedure. The obtained films were annealed at 1073 K for two hours in air ambient, and then
were characterized with using X-ray diffraction technique and Raman spectroscopy technique.

XRD patterns were obtained in Debye-Scherrer geometry on a DRON-3 diffractometer
with Cu Ko radiation at A = 1.5418 A. Raman spectra measurements were performed under a
532 nm DPSS laser excitation in the backward scattering geometry. Diameter of the focused
laser spot on a samples surface did not exceed 0.1 mm. Scattered radiation was collected by
lens with an aperture of no more than 0.17x sr. Spectral distribution of scattered light intensity
was obtained by using double monochromator DFS-12 laser spectrometer equipped with a
photon counting system at accumulation time of 1 second each point.

Based on the results of the measurements, it was found that the 3-phase of Ga.Oz was
formed in the samples obtained after high-temperature annealing in an air atmosphere.

[1] Shi F., Qiao H. Preparations, properties and applications of gallium oxide nanomaterials —
A review. Nano Select. Vol. 3. (2022). P. 348-373.

[2] Kidalov, V., Dyadenchuk, A.F., Abbasova, C., Baturin, V., Karpenko, O., Gudimenko, O.,
& Kidalov, V.V. (2022). Synthesis and Characterization of SiC-Based Thin Film
Heterostructures. 2022 IEEE 12th International Conference Nanomaterials: Applications &
Properties (NAP), 01-04.

[3] Ulin, V.P., Ulin, N.V. & Soldatenkov, F.Y. Anodic processes in the chemical and
electrochemical etching of Si crystals in acid-fluoride solutions: Pore formation
mechanism. Semiconductors. Vol. 51. (2017). P. 458-472.
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JTOCJIP)KEHHS BJIACTUBOCTEM
HAHOKPUCTAJITYHOI'O ZnO:Mn B JIIAITA3OHI HBY 3A
JOITIOMOI'OIO BIKOHIYHOI'O PE3OHATOPA

B. Boposcbkuii, O. [{podaxin, O. KoBajsenko, JI. Caarukon
J[Hinposcokuil Hayionanenuu yHieepcumem imeni Oneca [ onuapa
d.yu.saltykov@gmail.com

Oxkcun 1UHKY sK (YHKIIOHANBHUN MaTepiajdl JIaBHO 3HAXOJUTHCS B KOJII yBaru
JTOCTIIHUKIB y 3B’SI3KYy 3 PI3HOMaHITHAMH MOKJIMBOCTSIMH MPAKTUYHOTO 3acTocyBaHHs. Lleit
ONTUYHO MPO30PHM HIMPOKO30HHI HAIIBIPOBIAHUK, B SKOMY LIMPHHA 3a00pOHEHOI 30HU
nopiBHioe EQ ~ 3,4 eB, BHUKOPHUCTOBYETHCS JUIsl CTBOPEHHS CBITJIOMIONIB B OJIAKUTHINA Ta
yIbTpadioNeTOBIN 00JIACTI CIIEKTPa, COHSYHUX CIIEMEHTIB, CCHCOPHHUX MPHUCTPOIB, ONTUIHHX
¢inpTpiB TOmoO. B ocTaHHii wac mocaimpkeHHS (I3UYHMX BIJIACTUBOCTECH HAHOKPHCTAJIIB
ZnO:Mn 00yMOBWJIM JTOAATKOBHM IMIYJBC 3aIlIKaBICHOCTI O IbOrO Marepiany. Y BUTIIAMIL
HAaHOKPHUCTANIB TaKWi MaTepiasl TposBUB (EpoOMarHiTHI BIACTHBOCTI NpPU KIMHATHIN
TEeMIEepaTypi, 1110, B CBOIO Uepry, 00yMOBIIIO€ TIEPCIIEKTUBH BUKOPUCTAHHA HOTO B MpUIIaAax
CHIHTPOHIKH.

B maniii po6oti gocnimpkyBanuck HaHOKpucTanu ZnO ta ZnO:Mn (2 a1.%), ki Oynu
OTpUMaHi B HEPIBHOBRXKHHUX YMOBAaX METOJIOM YJIbTPa3BYKOBOIO mipoizy aeposointo [1]. Taki
HAaHOKPHUCTAIM MAIOTh CTPYKTYPY THITY «SAp0-000JI0HKa - 0e371eeKTHE KPUCTAIIIYHE SAPO Ta
nedexTHa 000JIOHKA 13 3HAYHOIO KUIBKICTIO JIOMIIIKOBHX Ta BiacHUX JedekTiB. Buxoasuu 3
bOTO, BHUHHUKAE THUTAHHA MO0 3MiHM (yHAAMEHTaIbHUX (PI3UYHUX BJIACTUBOCTEH
HAHOKPUCTATIB, HANPHUKJIAA AIeJEeKTPUYHOI MPOHUKHOCTI, B MOpPIBHAHHI 3 KJIACUYHUM
00’€eMHUM MaTepianaoM.

ExcrniepumeHTanbHe JOCHTIHKEHHS 3pa3KiB HAHOKpUCTaIigHOTo ZNO:MnN mpoBoInioch
B nmiana3oHi 8 — 12 I'T'i. BumiproBaHHS MPOHUKHOCTI JOCHIKYBaHUX 3Pa3KiB 3/1IHCHHIOBAJIOCH
PE30HAHCHMM METOJIOM 13 3aCTOCYBaHHSM BIJIKpUTOro OIKOHIYHOrO pe3oHaropa [2].
BuwmiproBaiibHa ycTaHOBKa OyJiia ckiajieHa 3 reneparopa ['4-83, anamizaropa criektpa C4-27 i
OIKOHIYHOT'O pe30HaTOpa 3 MaKCUMaJIbHUM JiameTpoM 28 = 50,50 MM 1 KyTOM NpH BepLIMHI
KoHyca © =30°. Pe3onaTop miIKIOYaBCS 3a JOMOMOIOI0 CTAHAAPTHUX MPSMOKYTHHX
XBHIJIEBOJIB MepepizoM 23% 10 MM? 32 CXEMOIO «Ha TIPOXiJ», PajliycH OTBOPIB 3B’SI3KY CKIIaIaIn
r. = 4,00 mm, r; = 3,25 mm, 1o 3a6e3nedye 3B’ 430K ONU3bKUN 0 KPUTHYHOTO AJIsI KOMBAaHb
tumny Ho11. [Toporok 3 gocnipkyBaHOTO MaTepiainy 3alpecoByBaBCs B JIICJIEKTPUUHY TPYOKY,
SKy 4epe3 OTBOPH B 3aKPUTHUYHHX OOJACTSAX PE30HATOPA PO3TAIIOBYBAIM B3JIOBXK HOTO OCI
TaKUM YHHOM, 1100 3pa30K 3HAXOMBCS NocepenuHi pesonaropa (Puc. 1).

B pexxumi xonmBaHb THITY Ho11 pe3oHaHCHa yacToTa pe3oHaTopa ckimagana 9552 MIm,
HaBaHTa)keHa 100poTHICTh — 15600. VY pa3i po3millieHHs AieTeKTPHUYHOI TPYOKH 3 MOJIETUIICHY
13 30BHIIIHIM JIaME€TPOM 5 MM, TOBIIIMHOIO CTiHOK 0,5 MM 4acToTa pe3oHaTopa 3MEHIITyBalach
no 9523 MI'n, no6potnicth — 10 14500. TouHicTh BUMIPIOBaHHSI aOCOJIOTHOTO 3HAYEHHS
yactoTu ckiagana 0,5%, TouHicTh BUMipIOBaHHS pi3HULI yacTtoT — 0,2 MI'mI.

Po3zramryBanHs AOCHIKyBaHMX 3pa3KiB MPUBOAMIO /O JIOJATKOBOTO 3MEHILIEHHS
PE30HAHCHOI YacTOTH 1 JOOPOTHOCTI OIKOHIYHOIO pe30HaTropa. 3a 3MIHOK 4YacTOTH 1
JOOPOTHOCTI 3/IHCHIOBAJIaCh OIIIHKA Ji1€JIeKTPUYHOI NMPOBIIHOCTI M TaHTEHCY KyTa BTpar
JIOCJTIJDKYBAHOTO 3pa3Ky.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 mucronana 2023 p., m. /Ininpo, Ykpaina



176 Cexuist IV. ®YHKIIIOHAJIbHA EJJEKTPOHIKA. MIKPO- I HAHOTEXHOJIOT'Ti

ao

o
!
A
"
1
[

i
1
i
i
i

Zc1,

Puc. 1. BikoHIYHUH pe30HATOP 3 TOCTIIKYBaHIM 3pa3KoM

Jlnst 3pa3Ky 4uCcTOr0 HAaHOKPHUCTAIIYHOTO ZNO TOBKUHOI 6 MM OIlIHKA JICIEKTPHUIHOT
MPOHUKHOCTI craHoBwia 8,3+0,2, mo OIU3BKO 1O JaHWX HABEACHHUX Y JIOBITHUKOBOT
mitepatypi [3]. V pasi neryBanns ZnO MaprasiieM MPOHHKHICTb Martepiany 301TbIIyEThCS,
Hanpukiaan, st 3pasky ZnO:Mn (2 ar. %), CHHTE30BaHOTO METOJOM YJIbTPa3BYKOBOI'O
nipomizy aeposomo npu T; = 550°C ouinka npoHuKHOCTI ckianana 12,4+0,2. J1oGpoTHICTh
pe3oHaTopa 3 PO3MNITHYTHMH 3pa3kaMu 3MeHmryBanacs a0 13500 mis guctoro ZnO, mrio
BIJINIOBiIa€ 3HAUEHHIO tgd ~ 2° 103, i mo 8000 mist 3paszky ZnO:Mn, 110 CBiAYUTH PO CYTTEBE
(mo tgd ~ 1,5-1072) 3pocTanHs BTpaT MpH JeryBanHi HaHokpucTaiis ZnO.

PesynapTatu pociiikeHb CBiIYaTh PO MPHUHIUIIOBY MOXKIUBOCTI BHUKOPHUCTAHHS
OIKOHIYHHMX PE30HATOPIB JJISi BU3HAYEHHS [ICNIEKTPUYHOI MPOHUKHOCTI MOPOIIKOMOAIOHMX
HaHOKpicTaaiyHUX MaTepiamiB. OIHAK IS M ABUIICHHS] TOYHOCTI BUMIPIOBAHb JICJIEKTPUIHUX
BTPAT HEOOX1THO 3aCTOCOBYBATHU 3pa3KH OLIBIINX T€OMETPHUYHHUX PO3MIpiB.

[1] Kovalenko O.V., Vorovsky V.Yu., Khmelenko O.V. The effect of heat treatment on the
magnetics properties of ZnO:Mn nanocrystals obtained by ultrasonic aerosol pyrolysis.
Functional Materials 27(4), 687 (2020).

[2] Andreev M.V., Drobakhin O.O., Privalov Ye.N., Saltykov D.Yu. Measurement of
Dielectric Material Properties Using Coupled Biconical Resonators. Telecommunications
and Radio Engineering. Vol. 73. (2014). P. 1017-1032.

[3] CRC Handbook of Chemistry and Physics: 95-ed. Editor-in-Chief W.M. Haynes. CRC
Press. (2014). 2664 p.

INVESTIGATION OF THE PROPERTIES OF
NANOCRYSTALLINE ZnO:Mn USING A BICONAL
RESONATOR

V. Vorovskii, O. Drobakhiv, O. Kovalenko, D. Saltykov
Oles Honchar Dnipro National University
d.yu.saltykov@gmail.com

The paper is devoted to the measurement of dielectric constant nanocrystalline materials
at microwave frequencies using a biconical resonator. Estimates of the dielectric constant of
nanocrystalline ZnO and ZnO:Mn in the range of 8-12 GHz were obtained. Dielectric constant
estimates were 8,3+0,2 and 12,4+0,2, respectively.
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AHAJII3 KIHETUKHN OBMEXEHHS HAIIPYIT'U Y
BAPUCTOPHO-ITIO3UCTOPHUX CTPYKTYPAX

O. IBanvenko, O. ToHKOIIKYp

Jninpoecoxuii HayionanvHuti yHieepcumem imeni Onecs I onuapa
IvanchenkoAV@ukr.net

OcTaHHIM YacoM BCTaHOBJEHO NPUAATHICTb CTPYKTYpH HAa OCHOBI IIOCIHIJOBHO
3’€JHAHKX IIApiB BapICTOPHOI KEPAMIKH 1 TTO3UCTOPHOTO HAHOKOMITO3UTY, 1110 3HAXOAATHCS B
TEIJIOBOMY KOHTAaKTi, Y SKOCTI 0OMeXyBaua MOBIILHO 3MIHIOBAaHUX 1 MOCTIHHUX HAMNpyT, a
TaKO)X CaMOBITHOBJIIOBAHOTO 3aIl001KHUKA BiJ repeHanpyr [1].

Bapucropuuii map Takoi KOMOIHOBaHOI CTPYKTYypH HiAKIIOYEHHH MapajeiabHO IO
00’€KTa 3aXMCTy, a TO3UCTOPHHA — TIOCHIAOBHO. Y SIKOCTI TIO3HCTOPHOTO IIapy
BUKOPUCTOBYETHCS TMOJTIMEPHUNA KOMIIO3UT 3 HAHOBYIJICLIEBUM HAIOBHIOBAYEM TEXHOJIOTIT
PolySwitch, 6a30Bor0 (QyHKIIIOHAIBHOIO BJIACTUBICTIO SIKOTO € CTPUOKOIOIOHE 301IbIICHHS
€JIEKTPUYHOTO OIMOpY TpH 30UIBIICHHI TEMIIEpaTypd 3a pPaxyHOK CTPYKTypHO-(ha3oBoro
nepexony [2]. Pizke 30inblieHHS (HAa KiUTbKa MOPAIKIB) EJIEKTPUYHOTO OIOpYy LIapy
MO3MCTOPHOTO HAHOKOMITO3UTY TIPH Tiepeiadi KoMy TEIJIOBOI €Heprii BiJl BAPUCTOPHOTO LIAPy
HArpiTOro CTPyMOM, SIKMH TIPOTIKa€ MPH MepeHanpysi, € OCHOBHOK (YHKIIOHAIHHOIO
BJIACTUBICTIO TaKOi CTPYKTypHu. B pe3ynbTaTi Takoro 30UIbLIEHHS Ma€ MiCIe Mepepo3mnoIii
BXIJIHOI TEpeHalpyrd MK IIapamu, 1o 3abe3meuye OOMEKEHHS BHUXIJHOI Hampyrd Ha
BapiCTOPHOMY Iapi i BIAMOBITHO BKJIIOYEHOTO TTAPAJICIbHO HOMY HaBaHTaKEHHIO.

3agaua po3poOKH PO3MIAHYTUX MPUCTPOIB SIK OOMEXKYBayiB HANPYTH Ul 3arajbHOro
0araTolIbOBOrO BUKOPUCTaHHS, TaK 1 JUI1 3aCTOCYBaHHS B SIKOCTI CaMOBIJHOBJIIOBaHHX
3aMo0KHUKIB BlJl MEPEHANpYrd, 30KpeMa, y (OTOENEKTPUYHUX CHUCTEMAX COHSYHHUX
Oarapeil [3] BUMararoTh JA€TaJbHUX BIIOMOCTEH MPO X €NIEKTPUYHI 1 TEIUIOBI XapaKTEPUCTUKHU
Ta iX MOBEAIHKY B PI3HUX YMOBaX, BKIIOYAIOUH MEPEXiAHI MPOLECH.

VY miif pobOTI HaBEACHO Pe3yiabTaTH MOJEIIOBAHHS Ta aHaJi3y 4YacoBOI 3aJIeKHOCTI
XapaKTePUCTHK BAPHCTOPHO-TIO3UCTOPHOI CTPYKTYPH TIPU HOTO CIIPallbOBYBaHHI Ta BILTUBY Ha
HUX PEeXHUMIB eKCIUTyaTalii Ta mapaMeTpiB HOro CTPYKTYpPH.

[Ipu aHamizi 3a3HA4YEHOr0 TEPEXITHOTO TPOIECY JOCHIKyBaHA CTPYKTypa
po3rnsfanacs SIK CHUCTeMa 13 30Cepe/KeHHMMM NapaMeTpaMu. [[is omucy TemniaooOMiHy
BUKOPHCTOBYBAJINCS HECTALIOHAPHI PIBHSIHHS TEIUIOBOTO OanaHCy JUIst 000X IIapiB CTPYKTYPH,
Jie SIK JpKepesia Terula NpUiMamics eIeKTpUdHI MOTYKHOCTI pO3CitOBaHHs i BApUCTOPHOIO Ta
MO3UCTOPHOTO MIapiB. BpaxoByBanmocsi po3CilOBaHHsS TEIJIOBOI €HEPrii y HaBKOJIUIITHE
CepeIoBUIIIE Ta TEINIOOOMIH MIX IIapaMH.

Bupas a5 enexkTpuyHOro ornopy BapiCTOPHOTrO IIapy BpaXxOBYBaB HOT0 TeMIEpaTypHY
3aJIeKHICTh Y CIa0KHX €IeKTpUYHUX Moisx (Ha omiuHid nuisHIl BAX). Jlns anmpokcumarii
TEMIIEPaTypHOI 3aJIEKHOCTI OIMOpYy IO3UCTOPa 3aCTOCOBAHO DIBHSHHS BiJOME€ IS OIHCY
(ha30BHUX NEpexo/iB Ta Ke MOKHA BUKOPUCTOBYBATH Ul HAHOKOMIIO3UTHUX MaTepialiB Ha
ocHoBi TexHozorii PolySwitch [1].

BusHaueHHs BeTWYMHHU €NEKTPUYHOI HANMPyTH HA BapiCTOPHOMY MIapi y cxemi 3
MOCIIOBHUM 3’€HAaHHSAM BapiCTOPHOTO Ta MO3MCTOPHOIO MIAPiB, 10 SKOrO MPUKIIAIEHO
HAMpyry JpKepesa JKUBJICHHS 3 BHYTPIIIHIM €NEeKTPUYHUM OMOpPOM, MPOBOJMIIOCS HUISXOM
PO3B’sI3yBaHHS HENIHINMHOTO PIBHSAHHS, K€ MOXe OyTH OTpuMaHe 3 BiioMux 3akoHiB Kipxroda.
Horo po3s’a3ok 6yB uncensHuM (y BUITISI ABOBHMIPHOTO MACHBY). IHTErpyBaHHS CHCTEMH
nuQepeHIiaTbHUX PIBHSAHB, 10 ONMCYE HECTAllIOHAPHUU TEII000MiH, MPOBOAMIOCA 3
BUKOPHUCTAHHSAM CTaHAApTHUX BOynoBaHuX (yHKLIN nakety Mathcad.
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3HalIeHi 4YacoBi 3aJIe)KHOCTI TEMIIEpaTyp BapUCTOPHOIO Ta MO3MCTOPHOTO IMIapiB
CTPYKTYPH JIO3BOJIMIIH ITPOAHAIII3yBaTH KIHETUKY OCHOBHHX IapaMeTpiB, 0 XapaKTePU3yIOTh
MPOIIECH OOMEKEHHS HAIPYTH.

30kpemMa TOKa3aHO, IO IICIsA NPHKIAAAHHS 10 CTPYKTYpH (BXITHOI) MOCTIHHOT
NepeHanpyrd Mae MiClle CHHXPOHHE 3MEHIICHHS BHUXIJHOI HANpyrn Ha BapuCTOpi Ta
301IbIIEHHS TEMIIEPATYPH BCi€l CTPYKTYPH JI0 TOCATHEHHS CTalllOHApHUX 3HAYeHb. Penakcartis
CTpyMy CTPYKTYPH Ma€ BHIJIAJ EKCIOHEHI[IANIbHO crajardoi ¢yHKmii. 31 3pocTaHHIM
MEPEHAIIPYTH aMILTITy1a IMITYJIbCY MEPEXiTHOTO CTPYMY 3pOCTAE, & HOTO TPUBAIICTH 1 CHEPTis
NEepexiTHOTO MPOIECy 3MEHIIYIOThCs. [Ipu BUKOpHCTaHHI BapHCTOPHUX KEPaMiK 13 CHIBHOIO
3QJIE)KHICTIO HHU3BKOBOJBTHOTO OIOPY BiJ TeMmIepaTypu (BEJIMKI eHeprii akTuBailii Horo
TEMIIEPaTypHOI 3aJIeKHOCTI) Ma€ Miclle 3MEHILICHHS BUXITHOI HAIIPYTH (10 3HAYEHb MOPSAKY
OJIMHUIII BOJIBT).

BusHaueHo HasABHICTH Jiala3oHy IHTEHCHMBHOCTEH TEIUIOOOMIHY CTPYKTYpH 3
HABKOJIMIIIHIM CEPEIOBUIIEM, JIe MOXKE peai3yBaTUCs CTiliKe QyHKI[IOHYBaHHS CTPYKTYPH SIK
oOMexyBayda HaIpyru ad0 CaMOBIHOBIIOBAJILHOTO 3aIT001KHHUKA BiJl IEPEHATIPYTH.

AHali3 BIUIMBY BHYTPIIIHBOTO OIOPY JDKEpeNa MepeHanpyrd NoKas3aB, IO 3 HOro
3pOCTaHHSAM MOKJIMBO 3MEHILEHHS aMIUTITy 14 1 30UIbIIEHHS TPUBAJIOCTI EPEX1AHUX CTPYMIB.

OTpumani pe3ynbTaTH JMalOTh 3MOTY MimiOpath HEoOXigHI mapaMeTpu BKa3aHHUX
CTPYKTYp A7 3a0e3neueHHs] HEOOXITHUX peXHMiB poOOTH 00MeXyBada HANPYTH IS Pi3HUX
3aCTOCYBaHb.

[1] Tonkoshkur A.S., lvanchenko A.V. Electrical properties of structures based on varistor
ceramics and polymer nanocomposites with carbon filler. Journal of Advanced Dielectrics.
Vol. 9. No. 3. (2019). P. 1950023.1-1950023.6.

[2] Cheng S., Tom K., Pecht M. Failure precursors for polymer resettable fuses. IEEE
Transactions on Device and Materials Reliability. VVol. 10, No. 03. (2010). P. 374-380.

[3] Tonkoshkur A.S., Ivanchenko A.V., Nakashydze L.V., Lyashkov A.Yu., Gomilko L.V,
Application of polymer posistor nanocomposites in systems for protecting photovoltaic
components of solar arrays from electrical overloads. Monograph. USA, Boston: Primedia
eLaunch. (2021). 172 p.

ANALYSIS OF VOLTAGE LIMITATION KINETICS IN
VARISTOR-POSISTOR STRUCTURES

A. lvanchenko, A. Tonkoshkur
Oles Honchar Dnipro National University
IvanchenkoAV@ukr.net

The time dependences of the characteristics of a voltage limiter based on the combined
structure of layers of metal oxide varistor ceramics and posistor polymer nanocomposite of
PolySwitch technology were analyzed by modeling depending on operating modes and physical
parameters. The ranges of values for the activation energy of conduction of the varistor layer in
weak electric fields, the intensity of heat exchange between the structure under study and the
environment are determined to ensure the stable operation of this structure as a limiter of slowly
changing and constant voltages or a resettable fuse from overvoltage. The results obtained make
it possible to select the necessary parameters of these structures to ensure the required operating
modes of the voltage limiter for various applications.
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JIEJIEKTPUYHI BJIACTUBOCTI TA CTAPIHHSA
CTEKOJI HA OCHOBI CEJIEHY

A. T'opsar, O. MoJsnap, B. MinkoBu4
Yorceopoocvruii nayionanenuii ynisepcumem
ahorvat@ukr.net

XanpKOTeHIHI CKJIa, sKI MOXYTh 0araTopa3oBO IEPEMHUKATHCS MIX TBEPAOIO
KPUCTATIUYHOIO Ta aMOp(HOI0 (a3amMH, CTAHOBIATH OCOOJMBUH iHTEpec, K Marepiaiu 3
dazopumu 3miHamu (M®3). Bonu mnpuBepTaroTh yBary SK MEPCHEKTHBHI CHUCTEMHU IS
€JIEKTPOHHUX 3aCTOCYBaHb, OCKUIBKHM MPU IIbOMY IXHSI €JIEKTPOIPOBIJHICTH 3MIHIOETHCS Ha
Kutbka mopsaakiB [1,2]. BulbmiicTh XaJbKOHIAHMX CTEKOJ 0a3ylOThCs Ha €JIEMEHTApHOMY
CEJICHI, TOMY IPEJICTaBIIsIE IHTEPEC MOCIIKEHHS 1X CTaOUIBHOCTI Ta BIUIMBY Ha HEl JOMIIIOK,
30kpema eneMeHTiB III 1 V rpym, a came HeBennKuX 100aBOK (0 5 MOJSIPHUX MPOIEHTIB
MUII’ Ky Ta 1HII0 .

CkJa Ha OCHOBI CelleHy OTPHMYBAJIMCh METOJIOM TapTyBaHHS PO3ILJIaBy, aMOp(HICTh
3pa3KiB MepeBipsuiacsi 3a JOMOMOIOI0 PEHTICHOCTPYKTYpHOTO Ta TEPMIYHOTO aHamizy.
3HavyeHHs1 ailicHOI €' Ta ysABHOI €' YacTMH CKJIaJOBHX KOMIUIEKCHOI [i€NIeKTPHYHOI
MPOHUKHOCTI €* = g + 1" po3paxoBYBaJUCh 3 BUKOPHCTAHHSM CXEMH MapajielbHOTo
3aMilICHHS JieTeKTPUKiB. J[OCTIKEHO NieNeKTpHYHI mapaMeTpHu CKIOMOIIOHUX 3pa3KiB SIK
byHKIII0 TeMIiepaTypH Ha pi3HuX vactorax B aianazoHi 10 I'u - 100 k['u. 3 nux mocmikeHb
MOYKHa 3pOOWMTH OJHO3HAYHWI BHCHOBOK, IO HAa BUINE3raJlaHi MICNEKTPUYHI MapaMeTpu
CYTT€BO BIUIMBAa€ yBeACHHsS N00aBOK As Ta In. A came, mojaBaHHS 1HAIIO MPU3BOJIUTH J10
BUIIMX 3HAYEHB JIEIEKTPUYHHIX MapaMeTpiB 1 OLIBII Pi3KOTO KPHCTANI3aiiHOTO e(peKTy, B TOU
Yac K MUII'SK CIpHsie OUIbIIiNA CTabUTFHOCTI CKIIOMOAIOHOTO cTany (puc. 1).
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Puc.1. TemneparypHa 3anexHicTh JiiicHOI €' (a) Ta ysBHOI €" (6) YacTHH
KOMIUIEKCHOT JIieJIEKTPUYHOT MPOHUKHOCTI CTEKOJI HA OCHOBI CEJICHY.

[ligBumena KpucTamizaliiHa 30aTHICTh CHOCTEPITaeThCsl TAaKOX B YUCTOMY
CKJIOTIOAI0HOMY CeJIeH1, BATPUMAaHOMY JAECATUIITTSIMU B TEMPSBI IIPU KIMHATHIN TeMrepaTypi,
TOOTO y 3iCTapeHUX 3pa3Kax, B IKMX aHOMaJIii, IK IPU JieNeKTPUYHHUX JOCTIIKEHHX (puc. 2)
TaK 1 Ha KpUBUX JU(epeHIialbHO-TEPMIYHOIO aHaI3y CIIOCTEPIralOThCS MPU 3HAUHO HIKIMX
TeMIeparypax i MarTh OyXe pi3Ky (GopMy B MOPIBHAHHI 31 "CBIXHMH" CKIONOAIOHUMHU

3pa3KaMu.
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MoxHa JAonmycTHTH, IO In Ta CTpyKTypHa pellakcailisi Ipyu CTapiHHI MPU3BOIATH J0
MOSIBH 3apOJIKIB  KpHCTaNYHOI (pa3u B aMOp(QHIii MaTpHIli cKjia TOOTO MIKPOHEOIHOPIAHOCTI,
10, ¥ CBOI uepry, OOYMOBIIIOE IOSIBY JOJATKOBOTO MeXaHi3My mosisipu3ariii. HasBHIiCTb
NepexigHuX o0JIacTell MiX CTPYKTYPHHMH KJacTepaMH 3YMOBIIIOE CYTTEBY PI3HUINIO Y
MOBE/IIHIII IeNeKTPUYHUX apaMeTpiB Mij yac Kpucratizamii JoCTiKyBaHIUX CTEKOJL.

[1] Golovchak, R., Plummer, J., Kovalskiy, A. et al. Phase-change materials based on
amorphous equichalcogenides. // Scientific Reports. 2023. Vol. 13. 2881.
https://doi.org/10.1038/s41598-023-30160-7.

Avik Mandal, Yihao Cui, Liam McRae and Behrad Gholipour. Reconfigurable
chalcogenide phase change metamaterials: a material, device, and fabrication perspective.
/I J. of Physics: Photonics. -2021. - Vol. 3, No 2. 022005. https://doi.org/10.1088/2515-
7647/abe54d.

[2]

DIELECTRIC PROPERTIES AND AGING
OF SELENIUM-BASED GLASSES

A. Horvat, A. Molnar, V. Minkovych
Uzhhorod National University
ahorvat@ukr.net

The temperature dependence of the complex dielectric constant €* = ¢' + ig" for the
selenium-based glass samples at different frequencies in the range 10 Hz — 100 kHz has been
studied. The dielectric parameters of the glasses are significantly affected by the substitution of
As and In additions. Namely, the addition of indium leads to higher values of the dielectric
parameters and a sharper crystallization effect, while arsenic contributes to greater stability of
the glassy state.

We suggest that In and structural relaxation during aging leads to the appearance of an
additional polarization mechanism which is probably due to the microheterogeneity and
associated with the transition regions between the amorphous matrix and clusters of crystalline
phase nuclei.
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PRODUCTION TECHNOLOGY AND STUDY OF GAS
SENSITIVE PROPERTIES OF SENSORS BASED ON ZnO
FOR MONITORING AIR QUALITY

A. Lyashkov, A. Kovalenko, V. Vorovsky, V. Horyslavets
Oles Honchar Dnipro National University
alexdnu@ukr.net

Air quality monitoring is becoming an increasingly urgent task in connection with the
deterioration of the environment in many countries and the increase in the volume of industrial
production. To control the content of harmful impurities in the air, various control methods are
used - spectroscopic, chromatographic, chemical, analysis using catalytic and semiconductor
sensors. Recently, the use of autonomous measurement sensors for air condition monitoring has
become widespread. For them, it is important to increase sensitivity and reduce energy
consumption. The lack of such sensors limits the possibilities of monitoring in real time and
with significant detail [1]. The purpose of this work was to create multi-section sensors based
on ZnO.

In fig. 1 presents the model of the
sensor. The sensor consists of four main parts:
a substrate (1), a heating element (2), electrodes
(3) and a gas-sensitive layer (4). Polycor was
used as a substrate material. Nichrome heating
element. Electrodes were applied by burning
silver paste. The gas-sensitive layer was made
on the basis of zinc oxide.

The asymmetric arrangement of the
heating element makes it possible to obtain
Fig. 1. Sensor model substrate (1), heating different temperatures in different sections of
element (2), electrodes (3), gas-sensitive layer (4)).  the sensor. The technology of manufacturing
sensors in which there is a temperature gradient along the gas-sensitive layer is promising, as it
allows manufacturing the sensitive element of the sensor within a single technological cycle.
Due to the fact that all sections of the sensor are at different temperatures, it is possible to
selectively determine certain active gases in the environment [2-3]. Photographs of the sensor
in the infrared range were taken using the 'Seek thermal' device, which made it possible to
control the temperature distribution on its surface (fig. 2).

Fig. 2. Appearance (left) and temperature distribution (right) of the sensor.
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The measuring setup was created on the basis of ARDUINO UNO (microcontroller
ATmega328). In fig. 3 shows the time dependences of the response (S(t)) of the sensor in air
when the source of acetone (CsHesO) (a) or ammonia (NHzs) (b) vapors is introduced and
removed. Similarly, dependences were also obtained for other gases.

Section 1 Section 1

t 50 100 150 200 250 300 350 400 450 500
10
t.s

Section 2 g
Section 2

500

Section 3 "
4 Section 3

Section 4

Fig. 3. Time dependences of the response of the sensor in the air when introducing and removing the source of
acetone vapors (a) or ammonia (b).

Vapors of amyl alcohol, turpentine and acetone lead to an increase in the electrical
conductivity of the sensor, ammonia vapor to a decrease. More heated sections of the sensor
give a greater response, less heated sections give a lesser response. This indicates different
mechanisms of their interaction with the sensor material and enables their selective detection
in the air.

[1] Shelestov A., Kolotii A., Borisova T., Turos O., Milinevsky G., Gomilko I, ... &
Choliy V. Essential variables for air quality estimation. International Journal of Digital
Earth. Vol. 13(2). (2020). P. 278-298.

[2] Kupriyanov L.Y. Semiconductor Sensors in Physico-Chemical Studies. Amsterdam:
Elsevier, (1996). 412 p.

[3] Dhall S., Mehta B.R., Tyagi A.K., Sood K. A review on environmental gas sensors:
Materials and technologies. Sensors International. VVol. 2. (2021). P. 100116.

Funding received for the project “Support for improving the quality of teaching, research
and international activities at Oles Honchar Dnipro National University (DNU)” supported by
Charles University in Prague and funded by the Ministry of Foreign Affairs of the Czech
Republic.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HATIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAILIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 nucronana 2023 p., m. Ininpo, Ykpaina



Cexuis IV. ®YHKIIOHAJIBHA EJEKTPOHIKA. MIKPO- I HAHOTEXHOJIOT' T 183

CUCTEMA PO3YMHOI'O OCBITJIEHHS 3 ®YHKUICIO
ABTOHOMHOI'O KUBJIEHHSA

O. IBanuenko, B. Jliirok

Jninpoecoxuii HayionanvHuti yHieepcumem imeni Onecs I onuapa
IvanchenkoAV@ukr.net

B cyuacHomy CBiTi, A¢ €pEeKTHBHE BUKOPHUCTAHHS PECypCiB Ta 30€peKCHHS €HEeprii
HaOyBarOTh BCE OLIBINOI aKTyalbHOCTi, pO3pOOKa CHUCTEM PO3YMHOTO OCBITJIICHHS CTa€e
KJIFOYOBOKO CKJIAI0OBOIO IS MOJIMIIEHHS SIKOCTI JKUTTS, Ipalll Ta 3a0e3neueHHs 30epexeHHs
npupoau. CydacHi CUCTEMH PO3YMHOTO OCBITJIEHHS 1HTETPYIOTh B ceOe mepeoBi TEXHOIOT ],
Taki K ceHcopu pyxy Ta loT-3B’s30k. Lle no3Boisie cuctemi pearyBatu Ha NOTpeOH
KOPUCTYBayiB, aBTOMATHYHO pETYJIIOIOYM IHTCHCHUBHICTh OCBITJICHHS Ta BHMHKAaHHS
BIJITIOBIJTHO 10 KOHTEKCTy. Hampukian, cucremMa Mo)ke BUMUKATH OCBITJIEHHS B MPUMIILEHHI,
SKILO BOHO HE BUKOPUCTOBYEThHCA, 1110 1OTIOMArae 3HU3UTH BUTPATH elekTpoeHeprii. Pozymue
OCBITJICHHSI OyTMHKY BUKOPHCTOBYETHCS HE TUIBKH Yepe3 €KOHOMIIO KOIITIB Ta MPAKTHYHICTh
BUKOPHUCTAHHSI, aJie 11¢ € TAKOX BIIMIHHUM JU3alHEPCHKUM PIIICHHSAM, OCKIJIBKH SICKPaBICTh 1
Yac OCBITJICHHS MO)KE 3MIHIOBATUCS B 3pYYHHI 4ac JOOH, B PI3HUX KyTOUYKax OyJIWHKY a0o
HiAIPUEMCTBA 3 YpaxyBaHHSIM 1HJIMBIIyallbHUX YIOJI00aHb MEUIKAHIIB a00 CIiBpOOITHHUKIB.
bararo cucrem ynpaBiiHHA 34aTHI 3a(iKCyBaTH HAOLIBII MPUEMHUI I KOPHCTyBaya PiBeHb
OCBITJICHOCTI, KOJIIPHY TeMIEepaTypy CBITJa 1 BKIIIOYAaTUMYThCS BXKE B IIbOMY pexkumi. OHi€r0
3 BEJIMKHUX MEpeBar po3yMHHUX CHCTEM OCBITJICHHS € iX BIUIMB Ha 37J0POB’S Ta MPOAYKTUBHICTb
KopucTyBadiB. J{OCIIPKEHHS [TOKa3y0Th, L0 SIKICHE OCBITJICHHS MOX€e MOKpaIllyBaTH HACTPii,
301IBpIIYBaTH TPOAYKTHBHICTh Ta HaBiTh NOKpamyBatd coH. OHI€I0 3 BaXIMBUX
XapaKTepUCTUK CYYaCHHUX CHCTEM OCBITJIEHHsS € iX aBTOHOMHE >XHMBJICHHS, IO Ja€ 3MOry
3a0e3meuyBaTi OCBITJIEHHS HaBITh IiJ yac 1nepedoiB y MocTayaHHi eJleKTpoeHeprii. Y 1npomy
KOHTEKCTI, aKyMYJISITOPH CTalOTh BaXXJIMBUM KOMIIOHEHTOM, SIKMM J103BOJIs€ 30epiratu Ta
BUKOPHCTOBYBAaTH €HEPTiI0 €PEKTUBHO.

VY poboTi 3anpONOHOBAHO CUCTEMY OCBITIIEHHS 0a30BHM MPHUCTPOIM SKOiI € JDKEPEso
CBITJIa 3 (DYHKIII€EI0 aBTOHOMHOT'O XKHMBJIEHHA. KO>XKHMI Takuil mpucTpiil Mae Takox Oaratro
JOIaTKOBUX (BYHKIiH Ta pekuMiB po6oTh. Ioro OCHOBHHM ENEMEHTOM € Pi3HOKOIhOPOBa
ceiTinoaionHa crpiuka WS2812B RGB IC (nanpyra — 5 B, KiIbKICTh CBITJIONIOAIB HA METP —
60, ctyninb 3axucty — IP65, Tun ceitnogioais — SMD 5050 WS 2812, cnioxuBaHHS eHeprii —
14.4 Bt/™m, pecypc — mo 50 000 romun, xoedimient nepeaadi komsopy — 80 CRI, cBitinoBwmii
HOTIK OJHOTO CBITIOAIONY — 6 JIM), sika Mae aJpecHe YIpaBIliHHS, TOOTO KOXEH CBITIOMION
MOJKE YTPABISITUCS OKPEMO TIEBHOKO TIporpamoro 3a gornomoror RGB xortponepa. [Ipucrpiit
JIO3BOJISIE Yy PEXHUMI CTaJor0 OCBITJIEHHS BCTAHOBIIOBATU SIK SICKPABICTh CBITJIOBOTO
BUITPOMIHIOBAHHS TaK 1 KOJIPHY raMy CBITIHHS, KPIM LbOTO MOXKHA HaJAIITyBaTH IBUAKICTh
Ta MEXI 3MIHM KOJIbOpPIB Ta SCKPaBOCTI BUIIPOMiHIOBaHHS. Takoxk Ield NpUCTpiil Moxe
3abe3nevyBatu OioauHamiuHe ociTieHHs (Human Centric Lighting — HCL), sike siByisie co6010
IHTENEKTyaJIbHy CHUCTEMY OpraHi3aiii BHYTPIIIHHOI'O OCBITJIEHHS, IO BiITBOPIOE HANOIIBII
KOM(pOpPTHY s JIOAUMHM COHSYHY JuHamiky cBiTiia. Texnonoris HCL mnepenbauae
BUKOPUCTAHHS MPOTrPaMOBaHMUX OCBITJIFOBAJIBHUX NMPUIAAIB, K1 IPOTATOM AHS (PYHKIIOHYIOTb
y PpI3HUX peXuMax. 3ajekHO BiJ yacy J00u, ce30Hy abo iHmUX (aKTopiB, cHCTEMA
010JMHaMIYHOTO OCBITJICHHS JO3BOJI€ 3MIHIOBAaTH CBITJIOBHUH MOTIK (MOTY>KHICTh CBITJIIOBOTO
BUIIPOMIHIOBAHHS), KOJIIPHY TeMmIiieparypy cBitia. KoxkHa 3MiHa (PI3MYHHUX XapaKTEpUCTHK
CBITJIa 32 MIEBHOIO MTPOrpaMoI0 BIUIMBAE HA O10pUTMH JI0JIeH, K1 IepeOyBatoTh y MPUMIIICHHI.
[le#t mpunan mae 26 pexuMiB aBTOMATUYHOTO OCBITJIEHHS, BKJIIOYAIOUM PEKUMU peraKcariii,
3aCHHaHHS, CHY, NPOOY/KEHHs, aKTUBHOI pO3yMOBOI AISTBHOCTI Ta 1HII, TAKOXK Mae TaMep
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BIJIKITIOUEHHS, PyHKIIiI0 OyAUIbHUKA, BMUKAHHS Ta BIIKIIOUEHHS 32 PO3KJIaI0OM, MOKJIMBICTh
YBIMKHEHHSI Ta BIJIKIIFOYCHHS 32 JIOTIOMOTO0 TAaTYUKA PYXY.

VYrpaBiaiHHA CBITIHHSM CBITJIOMIONHOI CTPIUKM 3IIHCHIOETBCS 32 JJOMOMOTOIO
MikpokoHTposiepa ESP8266. Bin mae BOynoBanuit Wi-Fi uin 3 miarpumkoro cranaaptis 802.11
b/g/n mo nae 3MOTy MIAKIIOYUTUCS 10 MPUIAIY MO MEPEXi 3a JomoMoror cmaprdoHa abo
iPhone.

[Mpuctpiit MicTuth Tpu akymyistopHi enementn LiitoKala 18650 Li-lon Lii-25R
(Tunopo3mip — 18650, HominaneHa Hanpyra — 3.7 B, emuicts — 2500 MA - rof), 110 J03BOJISIE
MpaIloBaTH aJAPECHIM CBITIOMIOAHIN CTpPIYIll JOBXKHUHOI 3 METpa aBTOHOMHO J0 6 TOIUWH.
CBITIOBHH TMOTIK Takoi CTPIUKM Yy PEXUMI KUBIEHHS BiJ enekrpomepexi 220 B cknamae
1080 nm. Y pasi BiICyTHOCTI HAIIPyTH B MEPEX1 MPUCTPIA aBTOMATUYHO MEPEXOUTH B OJIUH 13
3a3/1ajieriib BUOPaHUX PEXHUMIB: €HEProeeKTUBHHUIA PEXUM POOOTH IMPH SIKOMY CBITIOBHIMA
noTik ckimagae 750 M, el peKUM BCTAHOBIIOKOTHCS 332 3aMOBUYYBAaHHSM, PEXKHM
MaKCHUMaJIbHOI SICKPaBOCTI BUIIPOMIHIOBAaHHS, €HEpro30epiratounii pe>kuM — CBITIOBUH MOTIK
400 nM; peXuM KOPHCTyBaua MpH SKOMY MOJKHA HaJallITyBaTH Ta BCTAHOBUTH HAWOUIBII
KOM(OPTHUH Ta ONTUMAIBHUA PEKUM OCBITIICHHS. 3apsKaHHS aKyMyJIsITOpa BiTOyBaeTbCs
aBTOMaTUYHO TIiJy 4yac poOoTu mnpuctporo Bix enekrpomepeki 220 B. KonTpoas crany
aAKyMYJISITOPIB, YIIPABIIHHS MPOIIECOM 3apsTy/po3psay 3a0e3meuy€eThess KOHTPOJICPOM 3apsiay-
pospsaay HX-3S-FL20-A (aanpyra 3apsay — 11.1-12.6 B, ctpym 3apsimy — 15 A).

JKuBNeHHST TPUCTPOIO 3MIHCHIOETHCS 3a JIONOMOrow Osoka xuBieHHs LedTech
SJ-JIN-150 (Bxigma mampyra — 220 B, Buxigna nanpyra — 5B, Buximauii ctpym — 30 A,
notyHicTh — 150 BT) Ta 3HmxyBanbHOro mneperBoproBada Harnpyrd 300W buck step down
(BxigHa Hanpyra — 4.5-30 B, Buxinna nanpyra — 0.8-30 B, Buxinnuii ctpym — 12 A).

3anmpornoHoBaHa CHCTEMa OCBITJICHHS 3 (DYHKIIIEI0 aBTOHOMHOTO YKHUBJICHHS JTO3BOJISIE
CTBOPUTH HAMOLIbII CTa0LIBHI Ta KOM(MOPTHI YMOBH JJIS )KUTTS Ta POOOTH JIFOAUHU HABITh Mi]T
yac nepe0oiB y MOCTauyaHHI €JIEKTPOCHEPrii Ta MpU 1IbOMY BUKOPUCTOBYBAaTH BCi IepeBaru
PO3YMHOTO OCBITJICHHSI.

SMART LIGHTING SYSTEM WITH
AUTONOMOUS POWER FUNCTION

A. lvanchenko, V. Litsiiuk
Oles Honchar Dnipro National University
IvanchenkoAV@ukr.net

A lighting system is proposed in the work. Its basic device is a light source with a self-
powered function. Each such device also has many additional functions and operating modes.
The device contains three LiitoKala 18650 Li-lon Lii-25R battery cells. This allows an
addressable LED strip 3 meters long to operate autonomously for up to 6 hours. The luminous
flux of such a strip is 1080 Im when powered from a 220 V power supply. The device
automatically switches to one of the pre-selected modes when there is no voltage in the network:
energy-efficient operating mode in which the luminous flux is 750 Im (default); maximum
brightness mode; energy saving mode in which the luminous flux is 400 Im; user mode in which
you can configure and set the most comfortable and optimal lighting mode. The battery is
charged automatically while the device is operating from a 220 V power supply. The proposed
lighting system with an autonomous power supply allows you to create the most stable and
comfortable conditions for human life and work, even during interruptions in the power supply,
and at the same time take advantage of all the advantages of smart lighting.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
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MIKPOKOHTPOJIEPHA CUCTEMA 3b0OPY JAHUX
EJEKTPUYHUX BUITPOBYBAHb COHAYHUX
EJIEMEHTIB

A. T’ics, L. I'ominko, C. JIarymmun, C. Ma3ypux
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
his_am@ffeks.dnu.edu.ua

OnHUM 13 HANPSAMKIB YIOCKOHAJICHHS TEXHOJIOT1i BUPOOHHUIITBA COHSIYHUX €JIEMEHTIB €
CTBOpPEHHS e(DEeKTUBHUX aBTOMATHU30BAaHUX CHCTEM KOHTPOJIO X OCHOBHMX €KCILTyaTallliHUX
napameTrpiB. OcoOIMBO 1€ BRXKIMBO MPHU MIPOBEICHHI BUITPOOYBAaHb MPAIe3AaTHOCTI Ta OIIHII
HagiiHOCTI. [IepCcreKTHBHUM IS ITUX LJICH € 3aCTOCYBaHHS MiKpOKOHTPOJIEPHOT TexHIKH. J[o
il mepeBar BITHOCATBCA T€, IO (YHKIIOHATBHI MOXIMBOCTI CHCTEM KOHTPOIIO MOXYTb
KOPHUT'yBaTHCS 32 paXyHOK 3MiHU IIPOTPAMHOTO KOy, 3aKJIaICHOTO B MIKPOKOHTPOJIED, 1 TE, 10
3aBISIKM 00pOoOIl JaHWX Yy pealbHOMY dYaci iCHy€ MOXKIIMBICTh MOMEHTAIBHOI peakiii Ha
KPUTHYHI 3MiHH, K1 MOXYTbh IPU3BECTH JI0 HEOaXKaHUX PE3yIbTATIB.

Y po06oTi HaBEICHO Pe3yIbTaTH PO3POOKH CIICIiaTi30BaHOI CHCTEMU, PU3HAYCHOT IS
BHUMIPIOBaHb BOJIbT-aMIIEPHUX XapAaKTEPUCTHK 1 XapaKTEPUCTUK HABAaHTAXKEHHS COHSUYHUX
€JIEMEHTIB, a TaKOX pPEeCTpalii KUIBKOCTI eNeKTPOeHepTii, TeHepOBaHOI COHSIYHUMHU
€JIeMEHTaMU MPOTATOM Pi3HUX MEPiOJiB Yacy, Ta 6araTo iHIIOTO.

Po3pobnena cucrema mMae TpU HE3aleXKHI KaHAM, KOXKHUH 3 SKUX BUMIPIOE CHITY
cTpyMmy Ta Hampyry. OTpumaHi JaHi MOXYTh MepeaaBaTucsa A0 MOOUIBHOTO MPUCTPOIO abo
NEPCOHAIBHOTO KOMIT oTepa 4epe3 iHtepdeiic Bluetooth mns momanpmoi 06podku. Takox €
MOXJIMBICTh TI€pe/laBaTh OTpuMaHi naHi 4vepe3 iHTepdeiic WiFi mo rimobambHOi Mepexi
InTepHer.

Cuctema pospobiieHa Ha 0a3i cydacHoro MikpokoHTposiepa ESP32, skuii mae
BOynoBaHi 1iHTepdeiicu Bluetooth Ta WiFi. VYV skocTi BUMIpIOBaIbHOIO MPHUCTPOIO
BUKOpUCTOBY€eThCsl Mikpocxema INA3221. Ile TpukaHaabHUH MOHITOpP CHJIM CTpyMy Ta
Hanpyru 3 iHTepdericom 12C ta SBUS. MikpocxeMa 3/1aTHa peecTpyBaTH Harpyry o 26 B ta
cuity ctpymy a0 3.2 A.

TectyBaHHs po3po0IEHOT CHCTEMU TOKA3aJlo, 10 MPUCTPIN T03BOJISIE BUMIPIOBATH BCi
3asBJIEH] XapaKTEPUCTUKH.

MICROCONTROLLER SYSTEM FOR COLLECTING DATA
OF ELECTRICAL TESTS OF SOLAR CELLS

A. His, I. Gomilko, S. Lyagushyn, S. Mazuryk
Oles Honchar Dnipro National University
his_am@ffeks.dnu.edu.ua

A system collecting current and voltage through three independent channels has been
developed. The system can be used to analyze the performance and assess the reliability of solar
cells. The hardware part uses a modern element base (Microcontroler ESP32 and current &
voltage monitor INA3221).

Testing of the developed system has shown that the device allows measuring all the
indicated characteristics.
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BIIJIUB KPUCTAJIOI PAGIYHOI OPIEHTALII KPEMHIIO
HA MAPAMETPHU EJIEMEHTIB ®OTOEJEKTPOHIKHA

M. Kykypymssak®?, B. Jlinka!?
YAT «llenmpanvue xoncmpyxmopcuvke 610po Pummy
2Yepniseyvkutl Hayionansrull ynisepcumem imeni FOpis ®edvkosuua
mykola.kukurudzyak@gmail.com

Oco0nuBy yBary JOCHITHUKIB B OCTaHHI JECSATHIITTS BHUKJIMKAIOTH JOCIIKCHHS Ta
BUPOOHUITBO (oTonpumadiB sl peectpallii OmmkHboro IY crmekTpalibOHOTO dianma3zoHy
BUIIPOMIHIOBaHHS. BUTOTOBICHHS JOCKOHAIHUX (DOTOJIETEKTOPIB ISl aHOI 00JacTi JOBXKUH
XBWIb 3QJIMIIAETCS aKTyalbHUM HAyKOBO-TEXHIYHUM 3aBAaHHAM. OHUM 13 NEpUINX NUTaHb,
SKi BapTO BHPIIIATH IPU MPOSKTYBAaHHI Ta BUPOOHHUITBI (oTonpuiiMaviB € BHOip 0a30BOro
HaMIBIIPOBIIHUKOBOTO  Marepiasly. B chorogenni  Haiyacrimime  BKOPHCTOBYIOTh
doromnpuiimaui 3 p-N nmepexoaoM Ha ocHOBI crionyk AsBs, 3okpema GaAs, a TakoX Ha OCHOBI
Ge Ta Bce X HaWMOUIMPEHIIINM MaTepiajoM JJisi eNEMEHTIB (DOTOCNEKTPOHIKM € KPEeMHI.
Bubip 0azoBoro martepiany [Jis BUTOTOBJICHHs (poTompuitMadiB HE OOMEXYyeTbcs BHOOPOM
HAIBIPOBIIHUKA, OCKUIBKM ICHY€ MIE€ PsJ IapaMeTpiB HAIiBIPOBITHUKOBHX 3JHUTKIB YU
IUTACTHH, K1 BApTO BPAaXxOBYBAaTU MPHU MPOEKTyBaHHI. J[0 Takux nmapameTpiB BiTHOCUTHCS THII
MPOBIAHOCTI, MUTOMUH OIIip, TYCTUHA CTPYKTYPHUX AE(EKTiB, yac )KUTTS HEOCHOBHUX HOCIIB
3apsiay, KpucrtanorpadidyHa opieHTamiss Ta iH. MOXJIMBICTH OLIHUTH BUMOTH MHapaMeTpiB
MaTepiaiay, 30KpeMa KPEMHII0, IS BUTOTOBJICHHS KOHKPETHHUX THUMIB (DOTONETEKTOpIB €
BO)XJIMBUM Ta aKTyaJbHUM HayKOBO-TEXHIYHHMM 3aBJaHHSAM. 30KpeMa METOI0 JaHOi poOoTH €
JMOCTI/DKeHHST ~ BIUTMBY  KpHcTajmorpadiuHoi  opieHTAmii Ha TapaMeTpu CJICMCHTIB
boToeneKTpoHiKH Ha mpuKiIaai P-i-n poromiais (D).

Hocnimkeno 3pazku opierrtamii [111] (D 111) Ta [100] (D [1007). DI BUTOTOBISLIACH
3TiIHO PeXKMMIB HaBeZeHUX B [1] B € AMHOMY TEXHOJIOTIYHOMY IIHKITI.

[ToBepxHIO BUPOOIB AOCHIKEHO MICIsI 0OpOOKH B CEIEKTMBHOMY TpaBHUKY CipTis
(Puc. 1). B 000ox mocmipkyBaHMX BHUIMAJKaX KPEMHI€BI MIAKIAIKU JIETYBaJld OJHAKOBOIO
KOHIEHTpall€eo qoMimok. OnHak, sk BuaHo 3 Puc. 1a noepxust ®/I[111) Mana 3Ha4HO MEHIILY
MIOBEPXHEBY I'YCTHHY IMCIIOKaIii, Hix ®Jlf100;. ['ycruna aucnokaniit ®JIj111] B N*-00mactsx
nocsrana Ngis=2:103-2-10% cm?, a B p-obmacTsax Ngis<50-90 cm?2. YV Bumagxy n*-obnacreii
@ /11007 (Puc. 16) BusHauenns Ngis yckIaHEHE yepe3 BUCOKY I'YCTUHY AMCIOKALH 1 X 37IUTTS
B JIIHIT Ta CITKH, aJie¢ MOXHA OLIHHUTH, 1[0 B IbOMY BUTAIKY Ngis~10%-10' cm™2. [lo x mo p-
obmacteit @100, T0 TyT Nais=1:10%-2:10° cm2. 3ayBaxkumo, 10 36ibIIEHHA TI'yCTHHH
JIMICTIOKAIIii TPOBOKYE 3pOCTaHHS 3HAYEHh TEMHOBIO CPYMY Ta 3HMKEHHS (DOTOUYTIMBOCTI 32
pPaxyHOK 3HI)KEHHS 4acy >KUTTS HEOCHOBHHMX HOCIIB 3apsy.

[Tpu BuMiproBaHHI MIHOWHK P-N TIepeX0ay (Xn+-p) OyJI0 BUsABIEHO, 110 B D/I[111] Xn+-p =
4-4,2 mxm, a B D J1[100] Xn+-p = 5,8-6 MKM. BiamoBigHo, 31 3MEHIIEHHSAM TIIMOWHM 3aIsSTaHHs N -
p mepexomy 3pocTae BIUIMB ()OHOBOTO BHIPOMIHIOBAaHHS HA 3HAYEHHS KOPOTKOXBHIIHOBOT
qyTIuBOCTI. Lle moB'si3aHO 3 TUM, IO 31 3MEHIIEHHSIM JOBXHHU XBWJII BUIPOMIHIOBAHHS
3MEHINYEThCS TNIMOMHA #oro mnoriauHaHHs, a B P-i-n ®J] dopmysBanus QoTocTpymy
BiZIOyBa€ThCS MpU TeHepallii HOCIiB 3apsily B BUCOKOOMHIHM p-obmacti. A y Bumaaky ®DJ[1o0]
OLTBIIMIA Jiana3oH JOBKMH XBHJIb HOTJIIMHAETHCS N'-00JIACTIO yepe3 OLIbIly TIHOuHYy P-N
nepexoay. 30kpeMa, B Aeskux 3paskax tuiy D /l[100] ciocTepiraBes 3cyB KOPOTKOXBUIbOBOTO
MIHIMyMY CIIEKTpaJIbHOI XapakTepucTuku 10 700 M (mOpiBHAHO i3 Amin=400 uM amst D J1[111]).
3ayBakuMo, 110 pi3Ha rMOuHa nudys3iiiHoro mapy B 000X BUIAAKaX MoKe OyTH MOB's3aHa 3
pizHuLEer0 B KoedinienTax qudysii pocopy uist pi3HUX KpUcTaiorpadiuHuX opieHTalii.
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a) :

Puc. 1. 300paxenns mosepxui /] micns cenexruBHOTO TpaBieHHA: a) @/I[1113; 6) D [100]

Ha moBepxHi ¢orouyrnuBux enementiB @/ BupouryBaBcsi MPOCBITISIOUNAN TIOKCH]T
KPEMHII0, SIKMI BIANOBIAAB YMOBI MiHIMyMy BinOuBaHHs [2]. [{ng poOouoi HOBXKMHU XBHII
onucaHux (HOTOMIOIB MPOCBITIAIOYMA OKCHJ MOBHHEH csAratd Osio2~0,18-0,19 mxwm. Ilpu
JOCTIIP)KEHHI TOBIIMHU BHUPOIICHOT MNPOTHBIAOMBAIOUOI IUIIBKM B JBOX JOCHIKYBaHHX
Bapiantax @/ Oys10 BusiBiieHO, 1110 ToBIIHHA Si02 B D /[111] csirae dsio2~0,183 mMxm, a B D /l[100]
- 0sio2~0,17 MkMm. IMOBipHO, pi3Ha MIBUAKICTH POCTY OKCHIHOI IUIIBKM 3YMOBIICHA Pi3HOIO
MIOBEPXHEBOIO KOHIIEHTPAII€I0 aTOMIB KPEMHIIO JUIsl PI3HUX KpUCTAJIOrpadiqHUX OpieHTamin
(N[1007=6.78-10** cM?, N1117=7.83-10™ cM? ), OCKiNBKM MOXHA MPUITYCTUTH, IO IIBHAKICTH
POCTY OKCHJTy 3pOCTaTHME 31 301ILIIICHHSIM ITOBEPXHEBOT KOHIICHTPAIIil aTOMIB.

[1] Kukurudziak, M. S.. Problems of Masking and Anti-Reflective SiO; in Silicon Technology.
East European Journal of Physics, (2), 289-295 (2023). https://doi.org/10.26565/2312-
4334-2023-2-33

[2] Khan, S. B., Irfan, S., Zhuanghao, Z., & Lee, S. L.. Influence of refractive index on
antireflectance  efficiency of thin films. Materials, 12(9), 1483 (2019).
https://doi.org/10.3390/mal12091483

INFLUENCE OF CRYSTALLOGRAPHIC ORIENTATION OF
SILICON ON THE PARAMETERS OF PHOTOVOLTAIC
ELEMENTS

M. Kukurudziak?, V. Lipkal?
1Rhythm Optoelectronics Shareholding Company
2yuriy Fedkovych Chernivtsi National University

mykola.kukurudzyak@gmail.com

The influence of the crystalographic orientation of silium on the parameters of
photovoltaics elements has been investigated. It has been shown that silicon of orientation [100]
is more prone to the formation of surface dissociations than [111]. It was found that the material
of different crystallographic orientation has different phosphorus diffusion coefficients. It has
been experimentally established that the silicon oxide film grows faster on the surface of
crystallographic orientation silicon [111] than on the surface of crystallographic orientation
silicon [100]. This is due to the difference in the surface density of silicon atoms inherent in
different crystallographic planes.
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PO3POBKA AITAPATHO-ITPOI'PAMHOI'O KOMILVIEKCY
MOHITOPHUHI'Y AKOCTI ATMOC®EPHOI'O TIOBITPA

0. Auenko, I. I'omisziko, O. I'annoHoB
Jninpoecoxuii HayionanvHuti yHieepcumem imeni Onecs I onuapa
yatsenko_ov@ffeks.dnu.edu.ua

SAxicTh aTMOC(hEpPHOTO MOBITPS € BAKIMBOIO YMOBOK O€3MEYHOTO iCHYBaHHS JIIOIMHHA
Ta 30epexeHHs ii 3A0poB’s. llepmiodeproBuM 3aBJaHHAM TPU CTBOPEHHI CHUCTEMH, IIO
KOHTPOJIIOE KUTBKICTh MIKIJJTMBUX JTOMIIIOK Y TOBITPi, € mia0ip maruukiB. Ha nmanuii MOMEHT
ICHY€ BeJHKa KIUJIBKICTh THIIIB Ta30BUX CEHCOPIB, SKi JIO3BOJSIOTh BU3HAYATH KOHIIEHTPAIIIIO
TOTO YH 1HIIOTO razy B arMoc(hepHOMyY MOBITpi. [0 TaKuX THIIB HaJIeXaTh TEPMOKATAITUYHI,
HAIBIPOBIIHUKOBI,  €NEKTPOXIMIYHI, TallbBaHi4Hi, IH(QPAYEPBOHi, TEPMOIHIYKTHBHI,
iHTepepomerpuyHi, GOTOIOHIZAIINH] Ta MIPOMITUYHI JATYUKH. Y KOXKHOTO THILY JATYHKIB €
CBOI mepeBaru Ta HefoJiku. Halikparii pe3yapTaTu Mo CIiBBIHOIICHHIO I[iHA / AKICTh MalOTh
CJICKTPOXIMIUHI JATYUKH.

Cepen nocuTh BENHMKOi KUIBKOCTI E€IEKTPOXIMIYHUX JATUYMKIB MOHITOPUHTY SIKOCTI
HOBITPS, SIKi 3’ IBUJIMCSI OCTAHHIM 4acoM, HalKpalie 3apekoMeH 1yBainu cede narunku 1 B600B
BupoOHHITBa EC Sense, 1o MaroTh rapHi CCHCOPHI XapaKTEPUCTHKHU.

B nmamiii poOoti mpexacraBieHa po3poOKa amapaTHO-NPOrPAMHOTO  KOMIUICKCY
MOHITOPHHTY SIKOCTI aTMOC(EPHOT0 MOBITPS Ha OCHOBI eneKTpoximMiyaux natuukis TB600B.
Kommuiekc Bumiproe BmicT ra3iB NOz, O3z, CO, SO, B armochepHOMY TOBITpi Ta BH3HAYAE
KOHIIEHTPAIlil0 YaCTUHOK MUy po3mipom 110 2,5 1 10 mxm (PM2.5 Ta PM10). logatkoBo 3a
JIOTIOMOTOF0 TIPHJIATy MOKHA BU3HAYUTH OCHOBHI KJIIMaTHUHI XapaKTEPUCTHKHU: TEMIIEPATYPY
MOBITPA, aTMOC(EepHUIl TUCK, BOJIOTICTh MOBITPSI, IIBUAKICTH Ta HAIIPSIMOK BITPY.

3acHoBaHWH Ha 0a3i cydacHOTO MikpokoHTpoJepa ESP32 po3poliieHnii KoOMIUIEKC Mae
BOynoBai agantepu Wi-Fi ta Bluetooth, o no3Bomnsie nepenaBati orpuMany iH)OPMAIIIFO SIK
B INI00aIbHY Mepexy IHTepHeT, Tak 1 10 MOOUIbHUX IPUCTPOIB.

TecTyBaHHSI BUTOTOBIEHOI CUCTEMHU MOKA3aJI0, 10 JaHUH MOHITOPHHTOBUI KOMILJIEKC
SIKOCT1 aTMOC(EPHOTO MOBITPS BIATOBIAA€E 3aBJICHUM BUMOTaM 132 CBOIMH XapaKTepUCTUKAMU
HE TIOCTYTMAETHCS, a JIe B YOMY HaBiTh Ma€ MepeBark HaJl iHIIMMU aHATOTTYHUMHU TPUCTPOSMHU.

DEVELOPMENT OF HARDWARE AND SOFTWARE
COMPLEX FOR MONITORING ATMOSPHERIC AIR
QUALITY

0. Yatsenko, I. Gomilko, O. Gaponov
Oles Honchar Dnipro National University
yatsenko_ov@ffeks.dnu.edu.ua

An air quality monitoring system has been developed. The developed system determines
the presence of the following harmful inclusions: NO2, Oz, CO, SO2, PM2.5, PM10. In addition,
the system measures temperature, humidity, pressure, wind strength and direction. Modern
electrochemical sensors were used as the main measuring elements.

Testing of the developed system showed that the device meets all the stated
requirements and is not inferior to any other similar devices.
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®OTONPUNMAYI HA OCHOBI HAIIBITPOBIJTHUKIB
3 I3OBAJIEHTHOIO JOMIIIKOIO Mg

M. Casotos!, O. Casoros!, B. Yepnisuan?, O. Kinzepcbka?,
C. bopral, A. Ckpununuyk?

YYepuiseyvruii nayionanvnuii ynieepcumem imeni FOpis ®edvkosuua
2Yepuiseyvkuil inoycmpianvhull paxosuii Koneoc
m.slyotov@chnu.edu.ua, o.slyotov@chnu.edu.ua

OnHuM 13 BaXJIMBHUX 3aBJaHb CY4YacHOI €NEKTPOHIKM Ta iH(OPMAIIHUX CHCTEM €
OoTpuMaHHS eQeKTHUBHUX QoTonpuiiMadiB. JIjiss HUX HEOOXIIHUM YMOBOI € IIHMPOKHMA
CHEKTpaNbHUN Jiana3oH. ToMy MpH BHUTOTOBJICHHI (OTONPHIAAIB BAaXJIUBO J00paTu
BIJIMOBIIHI MaTepiam, cepel SKUX ocoOImMBoro 3HadeHHs HaOyBaroTh II-VI cmonykw, ski 3a
cBOoiMH 0a30BMMHU NapaMeTpaMM BiJIOBIJIAIOTh IIUPOKOMY CIIEKTPAJIbHOMY Jianma3oHy. Y
HbOMY OCOOJIMBE 3HAUYEHHS Ma€ Majo ONAaHOBAaHUI KOPOTKOXBWJIBOBMH Jiana3oH. Jlis
3a3HAYCHUX MaTepiaiiB ICHYe HH3Ka OCOOJMBOCTEH — OJHOCTOPOHHE BIIXWIICHHS BiJl
CTEeX10MeTpii BIACHUX TOYKOBHX Ae(EKTiB, CXHIBHICTB 10 caMOKoMIeHcallii. Bkazani pakropu
00yMOBITIOIOTH TPYAHOIIl 3MiHU 1i TUITY Ta BEIUYUHU MPOBIAHOCTI IPU BUTOTOBIEHH] HA HUX
p—n-niepexoiB. ToMmy BayKIIMBHUM € 1001p JETY0U0i TOMIIIKH, siKa 0 3a0e3medyBana OTpUuMaHHs
IapiB 3 BiAMOBiAHUME [Tt cTBOpeHHS (hoTonpuitmauiB (PI1) BracTuBOCTIMH.

Jns ctBoperHst @I Ha OCHOBI 3a3HaUEHHX CIIOJIYK BUKOPUCTAHO 130BaJICHTHY AOMIIIKY
Mg, sika BBOAMJacs MeToaoM i3oBasieHTHoro 3amimeHHs (IB3) [1]. 3a Hum npoBoauBcs
knacuyHuid Metox audysii i3oBanentHoi gomimku (IBJ[) Mg. Bcranoeneno BinmosimHi
pexxumiu JsieryBanHs IB/l, 3a skux BUTroTOBiEeHO (oToNi0U. BOHH OTPUMYIOTHCS BHACIIIOK
YTBOPEHHS Ha MOBEpXHI 0a30BOro Marepiany N-Tumy mapy pP-tumy. B Ttakuit cmocid
dopmyeThes KimacuuHU P—N-niepexin. opMyBaHHS P—N-TIEPEX0ay T03BOJIMIO BUTOTOBUTH 32
yuactio IBJ] Mg ¢dotocercopu, 3okpema Ha ocroBi CdTe, CdogMgo2Te Ta ZnogsMgo,12S€.
[TpoBeneHi Ha HUX TOCTIIKEHHSI METOJIOM TEPMO30H1a BUSIBUIIU BKa3aHUH BUIIE TOBEPXHEBUI
miap P-TUMy MOpPOBIAHOCTI. [HBepcio THUIy NPOBITHOCTI BHACHIAOK JieryBaHHA MQ Takox
HIATBEPIKYETHCS YTBOPEHHSIM OMIYHOTO KOHTAKTy A0 AUQY3IHHUX LIApiB MpU XIMIYHOMY
ocapkeHHI Mial. TakuM 4YMHOM TMOKa3aHO, IO caMme 130BaJICHTHUHM  Xapakrep
JETyo4oi  JOMIIIKU Mg  oOymoBmIO€  iHBEpCilO  THIY EIEKTPOIPOBIAHOCTI 1
dopmyBaHHs  p-N-mepexoly  IpH No. B.O.

Tudysii. Horo enexrpodizmuni 100
BJIACTUBOCTI XapaKTepU3YIOThCS
KJACHYHOI0  CTaTUYHOIO  BOJIBT-

aMIIEpHOIO XapaKTEePUCTHKOIO JUIst P—N-
nepexoiB. KoedilieHT BUNpAMICHHS
Ui P-N-CTPYKTYp, CHOPMOBAHUX Ha
ocuosi CdTe mpu V~=1,0B, a takox 0
1,2B nmna ZnogsMgo,125¢ 1 1,5 B ms
CdogMgo.Te craHOBHTH HE MEHIIE
10°. BcTaHOBJIEHO, 110 OTPHMAaHi P-N-
CTPYKTYpH XapaKTepU3YIOThCS
BUCOKOIO  (poTouyTiIuBicTIO, pHc. 1.
CrnextpanbHuil po3noain goroctpymy 0
OXOILIIOE HIMPOKUN ONTUYHUN
niara3oH eneprii GpoToHiB—ALw = 1,5-

1,5 2,0 2,5 3,0 3,5 hw,eB
Puc. 1 Cnextpu ¢poTouyTIHBOCTI (HOTOCEHCOPIB KPUCTATIIB Ha
ocuosi CdTe (l), Cdo_sMgolzTe (2) Ta ZnggsMgo,125e (3)
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3,8 eB3makcumymom oTouyimBocti nipu fico m ~ 1,52 eB miis CdTe, a Takox fico m ~ 1,82 eB
it CdosMgo2Te Ta KOpOTKOXBHIBOBY 00dacTh Afw =2,6 —4,3¢B 3 ficwom~ 2,80 eB mns
ZnogsMQgo,12Se. HeoOXimHO 3a3HAYUTH, IO TpPU JIOCTAaTHBRO BENHKINH OOEpHEHi Hampys3i
BeJIMUrHA (POTOCTPYMY BU3HAYAETHCS TUIBKH IHTEHCUBHICTIO CBITJIa, @ HE YMOBAaMH >KUBJICHHS
cTpykTypu. CriekTpaibHa 00JIACTh 1 MOJIOKEHHSI MAKCUMYMY HE 3aJIeKUTh BiJl MPUKIAICHOT
HaIpyru B o0JacTi ii HeBenMKuX 3HadeHsb (1o V = 2,2 B).

BaxmBuMm a5 mpakTUYHOrO BHKOpHCTaHHS oTpuManux @I € MoxiuBicTh Bapiamii
PEKUMIB OTpUMaHHS (POTOUYTIUBOTrO ceHcopa. [lyis OTpUMaHHMX Ha OCHOBI 3a3HAaYEHHX
MmatepianiBa @Il BcTaHOBIIEHO YMOBH, IO 3a0€3MEUYYIOTh BEIUKHA (OTOCTPYM BHACIIIOK
ontumanbHOCTi ToBmMHM Oasu W no mudysiiinoi toBmmuu Lp — W < Lp. BignosigHo
TE€HEPOBaH1 CBITJIOM EJIEKTPOHHO-IIPKOBI MapH JICTalOThbes 0ap’epy. BeraHoBieHo pexumu
nudy3ii mpyu BUTOTOBJIGHHI CEHCOPIB 3a SKHX P—N-mepexoar (opMyroTbes Ha TIMOWHI, IO
BignoBigae OII3 oOepHeHo 3mimeHoro Oap’epy. 3a IHMX yMOB OTPHUMYETHCS ICTOTHE
301bIIeHHs. JOTOUYTIMBOCTI 6€3 3MiH XapakTepy crekrpa. Ha nocmiai ana ¢goroceHcopiB Ha
ocHoBi mocmimkyBanux CdTe, CdogMgo2Te Ta ZnogsMgo12Se crocTepiraeTbcsi iCTOTHE
30uThIIeHHST (DOTOUYTIUBOCTI y 4-5 pasu. lle BU3Ha4aeThes B P—N-TIepexo/i BiIMOBIIHAMH
yMoBamMH (OTOTECHEpaIlii eJICKTPOHHO-IIPKOBUX TMap 1 WiABUINCHHS e(QEeKTUBHOCTI IX
pO3/iIeHHsT Ha OKpeMi Hocii 3apsay. Jlo Toro 3k, ICTOTHO 3MEHIIYEThCS MIBUAKICTH
MOBEPXHEBOI peKOoMOiHAIlli BHACHIIOK CHaay TyCTUHU IMOBEpPXHEBUX CTaHiB. Takuil edext
"ounmieHHs" TOBEpXHI OOYMOBJICHHMH caMe JIETYBaHHSM 130BaJICHTHOIO AoMimkoro. lle
MiATBEPIKYETBCS  TaKOXK CIOCTEPEKYBAHOK HAa  JOCHIAI BHCOKOIO  e(EeKTHBHICTIO
JIOMIHECIEHITIi 3 KBAaHTOBUM BHXoAoM # ~ 15-18 % mia martepianiB, seroBanux Mg. Lle
CBIAYUTH PO JOCKOHAIICTh KPUCTAIIYHOT CTPYKTYpH OTPHUMAHUX IIApiB P-TUIY MPOBITHOCTI.
Jo Toro x, orpumani ®II 3a cBOIMH XapaKTePUCTUKAMH Y3TOJUKYIOTHCS 13 BIACTUBOCTSIMH Ta
napaMeTpamMH 3a3HaueHUX e(EeKTHBHHX JKEpel KOPOTKOXBUIHOBOTO BHUIIPOMIHIOBAHHS Ha
ocHoBi CdTe, CdogMgo.Te Ta ZnogsMgo12Se mpu BBemenni o mux IBJl Mg [2]. Tomy
(doTOCEHCOPH MOXYTh BIJIIpaBaTH BaXKJIMBY pOJIb MPU CTBOPEHHI BIANOBIAHMUX MpPUIIaiB
Cy4YacHO{ eJIeKTPOHIKH [UIIXOM JIETYBaHHS 130BaJICHTHOIO JOMIIIIKOIO.

[1] Slyotov M.M., Slyotov O.M. Preparation and luminescent properties of zinc sulfoselenide
thin films. Physics and Chemistry of Solid State.Vol.20, Ne 4. (2019). P. 354-359.

[2] Slyotov M., Slyotov A. The sources of radiation in the short-wave range on the basis of I1-
VI heterolayers. Journal IAPGOS. V.4. (2018). P. 4-7.

PHOTODETECTORS ON THE BASE OF SEMICONDUCTORS
WITH AN ISOVALENT Mg IMPURITY

M. Slyotov?, O. Slyotov?!, V. Chernivchan?, O. Kinzerskal, S. Bortal,

A. Skripnichuk?!
Yyuriy Fedkovych Chernivtsi National University
2Chernivtsi Industrial Vocational College
m.slyotov@chnu.edu.ua, o.slyotov@gmail.com

It was established that doping with an isovalent impurity of Mg makes it possible to
obtain photosensors based on CdTe, ZnossMgo12Se and CdosMgo2Te. The spectrum of
photosensitivity and the position of the maximum do not depend on the applied voltage. They
are characterized by a significant increase in photosensitivity (4-5 times) without a change in
character in the short-wavelength region Azw = 2.6 — 4.3 eV. The rectification coefficient at
V = 1.2 Vis at least 10 ° for p—n structures.
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METO/ OLIIHKH YACY KUTTSA HEOCHOBHUX HOCIIB
SAPAAY KPEMHIEBUX p-i-n ®OTOAIOAIB

M. Kykypym3sk!?
YAT «llenmpanvue xoncmpyxmopcuvke 610po Pummy
2Yepniseyvkutl Hayionansrull ynisepcumem imeni FOpis ®edvkosuua
mykola.kukurudzyak@gmail.com

KpewmHiii € OCHOBHMM MarepiajJoM (OTOEIEKTPOHIKH, 30KpeMa HOro Haiuacrime
BUKOPHUCTOBYIOTh JUIS BHUTOTOBICHHS P-i-N dotomiomi (PJ]). Oaumu i3 HalBaKIMBIIIHX
eJIeKTPO(I3MYHX MapaMeTpiB BHUXIJHOTO KPEMHII0 € MUTOMUK omip (p) Ta dYac XKHUTTA
HEOCHOBHUX HOCIIB 3apsny (). Bix mux xapakTepucTHK 3ajie)KaTh KIHIIEB] TapaMeTPpu TOTOBUX
BUPOOIB, 30KpeMa BiJl MUTOMOTO OTOPY 3aJIEKUTh €MHICTH (oTouyTinBux eaemeHTiB (PYE), a
BiJl 4acy UTTTSI HECOCHOBHUX HOCIIB 3aps/ly — TEMHOBUHN CTpyM Ta (hoTOUyTIuBicTh. Binomo,
IO T Ta p KPEMHIIO MICJISl TEPMIYHUX OMepalliii B MPoLeci TEXHOJIOTIYHOTO IUKITY JeTPaayIoTh.
MOKIHBICTh OIIIHUTH Ta BH3HAYUTH KIHIEBI 3HAYCHHS NAaHUX IapaMeTpPiB € aKTyaJbHUM
HAYKOBO-TEXHIYHMM 3aBIAaHHSAM. 30KpeMa, BaXIJIMBOI € MOXJIMBICTH  HEpYHHIBHOIO iXx
KOHTpomo. Tak, MeTor aHoi poOoTH € po3poOka HEPYHHIBHOTO METOJY BHU3HAUYEHHS 4Yacy
KUTTS HEOCHOBHHX HOCITB 3apsiiy KpeMHieBuX P-i-nN DJ] 1o BiJOMHX IHIIHNX [apaMeTpax.

@®J] BuroroBisIIHCS 3a AU(Y3iHHO-TUIAHAPHOIO ME3a-TEXHOJIOTIE€I0 3TiHO PEKUMIB
HaBeieHuX B [1]. ToBimHa poTouyTauBux Kpructaiis csrana 490-500 mxm. [Ipu BUTOTOBIICHH]
BUKOPHCTOBYBACSI MOHOKPHCTATIYHUI KpeMHii P-tumy 3 p~18-24 kOm-cm Ta 1=1,8-2,2 mc.

Jlis BU3HAUEHHS 4acy >KUTTS HEOCHOBHUX HOCIIB 3apsny (Tn) KIHIIEBUX BHPOOIB,
NOTPiIOHO 3HATH MUTOMHUIA OMip TX BUCOKOOMHOT I-00J1acTi, a00 KoHIeHTpaiito akienTopis (Na)
B naHiii oOmacti. 3HaueHHS Na MoxHa BuzHauuTH, 3Ha04u eMHICTH DPUE (Coyr). B
JOCTIIP)KyBaHOMY BHIIQJIKy €MHICTh BUMIpIOBaiach npu Harpysi 3mimeHHs U;,=120 B Tta
csrana Coyr=12,1 n®. I3 popmynu s 6ap’eproi emHocti GUE (1) moskHa BuzHauntu Na [2]:

gggeNy 1
Cour = AME(Z(%—UW) 2 oy

ne Aour — miomia ®YE; €, €y — nienekTpuyHi cTaml i KPEMHIIO 1 BAKyyMy BiJIIIOBIJIHO; € —
3apsjl eNIEKTPOHA; ¢ — KOHTAKTHA PI3HUILA NOTEHIIANIB.

B nanomy Bunanky Na~1,4-10% cm®.

Jlami noTpiOHO BU3HAUUTH HAIIPYTY, IIPH K1 POTOUYTIIMBICTh UM TEMHOBHH cTpyM D]
BUXOAATh B HACHYEHHS. B nMaHoOMy BHUMAIKy NPOBOAMIIOCH BHMIPIOBaBaHHS 3aJIe)KHOCTI
IMIYJIbCHOT MOHOXPOMAaTH4HOI (poTodyT/IMBOCTI Bif Hanpyru (Puc. 1).
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Puc. 1. 3anexHnicts porouyrimsocti /] Big Hanpyru 3MilEHHS.
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Buxin ¢oTouyTiuBocTi B HAacHMUEHHS ~ O3Ha4yae, IO CyMa IIUPUHU 00IacCTi
npoctopooro 3apsny (Wi) ta qudy3iitHOT JOBXXKUHM HEOCHOBHHUX HOCIIB 3apsny(Ln) € piBHOIO
TOBIIMHI BHCOKOOMHOI 00acti kpuctairy d/I, mpu 4omy moaanbIie 3pOCTaHHs YyTIUBOCTI HE
MOYKJIVBE:

W; + L, = 490 mkm 2

3 Puc. 1 moxxna no6auntu, 1o npu U;,=100 B hoTOoUyTIMBICTS BUXOAUTH B HACHUCHHS.
3natoun Na moxxna BusHauutu Wi i3 hopmymu (ipu U.,~100 B) [2]:

1
W, = ity ®)

3 dopmynu (3) Wi=310 Mxwm, BiamosigHo 3 popmynn (2) Li=180 mxm. Toxmi, 3Haroun L

BJIACHE T BU3HAYUTU MOXKHA 3 popmyiu [3]:

L = 7D, @
ne Dn — xodimienT nudysii eneKTpoHIB B KPEMHIIO.

B pocmimkyBaHOMY BHIAJAKYy KIHIEBHHA 4Yac JKUATTS HEOCHOBHHMX HOCIIB 3apsiay
KpeMHieBoro p-i-n ¢oromiona csarae =10 mxm. ToOTO 1e miaTBepmKye (GaKT 3HAYHOI
JieTpasianii yacy *KHUTTS HEOCHOBHUX HOCIIB 3apsily B TEXHOJIOTIYHOMY ITHKJIi.

3ayBa)XMMO, 1110 KOHIIEHTpAIlisl aKIEnTOpiB Na~1,4-10*? cm Bigmosinae MIUTOMOMY
oropy p=~10 kOm. Lle MoxHa BH3HAUUTH 13 (POPMYIIH MPOBITHOCTI HAIMIBIPOBITHUKA p-THITY
(5), BUpa3uBIIN €JICKTPONPOBIIHICTh Yepe3 MUTOMHM OIlip, Ta BBakarouw, mo P=Na Ta Bci

JIOMIIIIKH 10H130BaHi [2]:
1
0= o = eplp )
Jie 0 — eTeKTPOIIPOBIIHICTh HAIIBIPOBIAHUKA; [Up — PYXJIUBICTH JIIPOK.
ToO6T0 nerpanariisi IUTOMOTO OIOPY MiJ] Yac TEPMIYHUX OIEpalliil TaKOXK Ma€ Miciie, ae
Mipa JaHoi Aerpajanii 3Ha4yHO HIDKYa MOPIBHSAHO 13 Tn. B JmaHOMY BUMAAKy MUTOMHIA OMip

JICTPaJIy€e B IBA pasi.

[1] Kukurudziak M. S., & Maistruk E. V. High-responsivity silicon pin mesa-
photodiode. Semiconductor ~ Science and  Technology, (38), 085007 (2023).
https://doi.org/10.1088/1361-6641/acdf14

[2] Kukurudziak M. S. Influence of Surface Resistance of Silicon pin Photodiodes n*-Layer on
their Electrical Parameters. Physics and chemistry of solid state, 23(4), 756-763
(2022). https://doi.org/10.15330/pcss.23.4.756-763 .

[3] Yupuuk C. B. JlocmikeHHS] peKOMOIHAIIIMHUX TTapaMeTpiB HEPIBHOBAXXHUX HOCITB 3apsiay
y TEXHOJIOTTYHHUX IUIACTHHAX Si TEIJIOBI3IMHUM METOJIOM. Bicmi éuwux yubosux 3axiaois.

Paoioenexmponira, 63(9), 570-579 (2020). https://doi.org/10.20535/S0021347020090034

METHOD OF ESTIMATING OF MINORITY CHARGE
CARRIERS LIFETIME OF SILICON p-i-n PHOTODIODES

M. Kukurudziak!-2
'Rhythm Optoelectronics Shareholding Company
2Yuriy Fedkovych Chernivtsi National University
mykola.kukurudzyak@gmail.com

A method for estimating the degradation of minority charge carriers lifetime in silicon
photodiodes is proposed. It is established that this parameter reaches about 10 ps at 2000 ps of
initial. 1t was also found that the resistivity of silicon also degrades during the production
process, but to a much lesser extent (approximately two times).
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SUBSTRATE WITH SU-8 AND PMMA LAYERS AS
MATERIALS FOR X-RAY ZONE PLATES FABRICATION

D. Dmytriiev!?, S. Achenbach?, G. Wells®, Y. Houmad?*
10les Honchar Dnipro National University
2University of Saskatchewan, Canada
3Synchrotron Laboratory for Micro and Nano Devices (SyLMAND), Canadian Light Source
“University of Paris-Saclay
dmitriev.d12m@gmail.com

Since X-rays were discovered in 1895, science went very far in understanding their
nature and applying them for various of fields. However, there are still challenges to overcome
and develop.

Refractive indexes of materials are known to be different depending on the incident
wavelengths, in this case, refractive optics (i.e. refractive lenses) could be used for focusing a
visible spectrum of light. However, when it comes to the beams with higher frequencies (e.g.
X-rays) we observe a small impact of the single surface of the conventional lenses. That’s why,
focusing of X-rays is a task, which requires utilization of different approaches, such as
diffractive optics. That’s leading to lenses with different shapes, for example Fresnel zone
plates, which have proven to be a good tool for manipulating X-rays for different applications.

Nevertheless, fabrication of the diffractive lenses at high quality constitutes a substantial
technological challenge due to need of patterning sufficiently thick layers with deep sub-
micrometer resolution, and with high ratio of features height to minimum lateral features
dimensions. Parts of this challenge are tackled here using X-ray Lithography (XRL) as the high
aspect ratio patterning technique for the samples.

Moreover, materials for zone plates templates should demonstrate high quality micro-
and nano- patternability, as well as high absorption coefficient. SU-8 and PMMA photoresists
patterned by X-ray lithography have been demonstrated to be capable of providing high-quality
templates with deep sub-micrometer feature size at high aspect ratio. Such templates,
subsequently, could be used for replication of actual zone plates into metals by electroplating.
That’s why the purpose of this work was to find best parameters, for these materials, in every
step: preparation, exposure, development, and to determine the limits of the possible results,
using capabilities of SyLMAND (Synchrotron Laboratory of Micro and Nano Devices).

The experimental process included: preparation of the substrate, mounting an X-ray
lithography mask onto the sample, exposure to X-rays using synchrotron radiation at the
Canadian Light Source (CLS, Saskatoon, Canada), wet-chemical development, and final
analysis.

Preparation of the samples was performed using: 2-inch Si (<100> and <111>) wafers
as a substrate, SU-8 3005 (Kayaku Advanced Materials) as a first, adhesion-promoting seed
layer, and 950 PMMA A2 (Kayaku Advanced Materials) as a second layer to be patterned by
XRL. The nominal thickness of the SU-8 layer is 5 um and the nominal thickness of PMMA is
100 nm.

Main fabrication steps included: cleaning and activation by reactive ion etching of the
silicon wafer, coating with SU-8 3005, soft baking of the SU-8 layer, UV flood exposure of
SU-8 layer, post exposure bake of the SU-8 layer, hard bake of the SU-8 layer, coating with
950 PMMA A2, bake of the PMMA layer.

X-ray masks used were made by Applied Nanotools Inc., Edmonton. Before mounting
a mask, the test sample substrates were diced in four quarters. The mask was mounted on top
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of 12.7 um kapton shims, serving as proximity gaps, and fixed with kapton tape on two parallel
sides.

The samples were exposed with an X-ray spectrum between approx. 2 and 3.5 keV
photon energy and a dose deposition value around 3.5 k/cm? at the resist bottom and 3.7 kd/cm?®
at the resist top.

After exposure, the samples were dip-developed in GG developer.

Analysis included: optical microscopy, electron microscopy after gold sputtering, as
well as white light interferometry.

During the experimental process, different challenges were faced, in response to which
a variety of solutions were tested. Many issues circled around resists adhesion to each other, in
response to which some samples were processed using a variety of alternative parameters. It
was found that during preparation step, UV flood exposure of SU-8 for 100 mJ/cm? and 200
mJ/cm? could make a difference in adhesion, as well as bake time of the PMMA layer — 150 s
instead of 90 s.

Some samples included an SU-8 base layer, while others omitted this intermediate layer.
Some experiments were performed using 3 mm bulk PMMA blocks rather than a layered
sample.

Additionally, for some samples, the actual X-ray mask with test patterns featuring deep
sub-micrometer sizes at the cost of limited radiation opacity (i.e. mask contrast) was replaced
by a more rugged test mask with larger structures, but extremely high mask contrast (steel
stencil mask).

Best results were obtained using the
following parameters:

Dose (top to bottom): 3.7 — 3.5
kJ/cm?®

Dose expenditure: 160 mA*min/cm

GG development time: 1 min

The smallest features we could
clearly identify were between 300 — 400 nm
(Figure 1).

Besides well-defined features in
PMMA, we had found parameters for
obtaining, structures with the following : e
depths of: 35 nm, 130 nm, 140 nm, 170 nm. Figure 1. SEM image of a test sample after
This range safely, includes the original development
target depth of 100 nm.

Canacian U

Precise dose values were hard to determine, given the uncertainty of the applied double
mirror high energy cut-off setup in grazing incidence mode. The spectrum applied for this work
was set to softer spectral values than for routine operations, such that a range of exposure
conditions had to be tested and verified. It was found that dose expenditures of 320 mA*min/cm
are too high since they increase secondary defects, most notably adhesion. Likewise, 40
mA*min/cm is too low for reliable exposure of the PMMA. Respectively, GG development for
10 minutes for 100 nm thick PMMA is too much and 5 minutes is not optimal for the same
PMMA thickness.

The structure accuracy was found to also be impacted by the feature orientation on the
mask relative to the orientation of the horizontal synchrotron beam. Horizontally oriented
features were defined better than vertically oriented ones. This could possibly be attributed to
weak thermal contacting of the mask, leading to slight thermal deformations, or to a slight
relative movement between mask and sample during exposure.
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IHOHINPEHHSA TEPAI'EPIHHOBUX BUXPOBUX ITYYKIB B
BIJIBHOMY ITPOCTOPI

M. J1y0inin, B. Macaos, K. MynTsin, Q. CBHUCTYHOB
Xapxkiscokuu HayionanvHuil ynisepcumem imeni B. H. Kapa3zina
oleg.svistunov.98@gmail.com

VYHikanpHicTh TeparepreBux (TI'1) BUXpOBUX MyUKiB MOJIATAE B OCOOJIMBIH CITipaibHIN
CTPYKTYpP1 XBHJIOBOTO (PPOHTY, IO 3a0e3Meuy€e HAasBHICTh Y HUX OpPOITAIbHOTO XBHIJIBOBOTO
MOMEHTY 3 BEJIMKOIO KUTBKICTIO CTaHiB 1 BIAOBIHO JOAATKOBUX CTYIEHIB cBOOo M. Haiibinbim
BHUBYCHI MeTO U TeHepairii T1 11 BUXpOBUX MyYKiB 32 JOTIOMOT'OO JIBOX MIPUHITUITIB: MOTYJISIT
XBWJILOBOTO (PPOHTY 3a JONOMOrOI0 CHEUiaJbHUX 30BHIIIHIX TNPUCTPOIB Ta MPSMOTO
30y/DKeHHST BHXPOBHX IMydYKiB Ha BuxoJi pe3oHaropa [1, 2]. CmipanpHa ¢a3zoBa IuiacThHa
(COII) 3 TOBIIMHOIO, 1110 A3UMYTAIBHO 3MIHIOETHCS, € OJJHUM 3 HAWO1IBII BIIOMUX ONTHUYHUX
€JIEMEHTIB JUisl JOPMYBaHHS BUXPOBHX ITYUKiB.

Mertoto nanoi po6oTu € BuBUeHHs i3naHnX ocodmmBoctelt TT 1 BuxpoBux myukiB EH11
Ta TEo1 MOA mipH iX MOLIMPEHH1 y BUTBHOMY IIPOCTOPI.

B po6orti BimoOpaxkeHi pe3ylbTaTH YUCEIBHOTO MOJETIOBAHHS Ha OCHOBI BEKTOPHOT
Teopii Penes-3oMMepdernbia po3noBCIOKEHHST XBUJICBUX ITYUKiB, SIKi 30Y/UKYIOThCS JIIHIMHO
Ta a3uMyTainbHO noisipuzoBannMu EHi11 Ta TEor Mogamu mpm ix mpoxomkenHi yepe3 COII i3
tonojoriyaum 3apsaoM N =0, 1. COII 6yna po3milieHa Ha BUXO/11 XBHJIEBIIHOTO PE30HATOPA.

JloBxrHA XBUJII BUIIPOMiHIOBaHHS Oyia oOpana piBHOO A =0,4326 MM, miameTp XBHIIEBiga

cknamas 35 mM. Ha puc. 1 300paxeHi monepevynuii po3moaiT iHTeHCUBHOCTI Ta ¢asu EH1p Ta
TEo1 Moz B 30Hi @penens (2 = 700 mm). CIID nns monu EH11 3 cTpykTypr 13 MakcuMyMoM B
nertpi (N=0) dopmye kinbueBy (N=1), a gns TEor moau Hamaku. [Ipu npomy daszoa
CTPYKTypa TpoMeHs INiHIHHO monspu3oBaHoi EHii Moau mepeTBoproeTbes 13 KiNbLEBOI B
BUXPOBY 3 TOUYKOIO CHUHTYJISIPHOCTI Ha BiCl, TOAl sIK JIsl ()a30BOi CTPYKTYPH a3HUMYTaJIbHO
noJisipu3oBaHoi TEo1 Moau 3’siBisieTbest 001aCcTh 3 1BOMA TOUKaMH (pa30BOi CUHTYJISIPHOCTI.

a 0 B T

Puc. 1 Tlonepeunuii po3nonin iHTeHCHBHOCTI (a, 6) 1 pasu (1, e,) EH11 Moy Ta iHTeHCHBHOCTI (B, T) 1 ha3u
(e,x) TEgmomu ipu N=0 (a, B, 1, €) it N=1 (6, 1, e, ) Ha Bincrani 700 Mm
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Ha puc. 2 npencrasienuii mo3moBxHiiA po3noai iHTeHcuBHocTi EH11 ta TEor Mon B
3oH1 ®penens. g EHix Moam chopmoBanuii BUXpOBHIM My4YOK MPH MOIIHUPEHHI 30epirae
KUTBIIEBY CTPYKTYpY, B TOW 4Yac siK Juisi TEo1 MOJIM 1MOYATKOBHIA MPOBAJ B IICHTPI BUXPOBOTO
My4YKa MOCTYIOBO MEPETBOPIOETHCSI B MAKCHMYM.

Puc. 2 IloznoBxHiit po3noain intencuBHocti EH11 (a, 6) Ta TEo: (B, ) MO
mpu N=0 (a,8) Ta N =1 (6, ) B 30Hi Openens

BuBueno ¢izuuni ocobmuBocti TI'm BuXxpoBUX mydukiB, chopmoBaHux COII mpu ix
NOLIMPEHH] y BUIbHOMY mpoctopi. Ilokasano, mo ¢a3oBa mmactuaka anst moau EHii 3
CTPYKTYpU 13 MAaKCMMYMOM IHTEHCHUBHOCTI B LIEHTp1 (opmye KinblieBy, a mis TEor Moau
HaBnaku. [IpogemoncrpoBano Brums CPIT Ha (azoBuil po3noais BKa3aHUX MO/,

[1] Wang H., Song Q., Cai Y., Lin Q., Lu X., Shangguan H., Xu S. Recent advances in
generation of terahertz vortex beams and their applications. Chinese Physics B, Vol. 29,
(2020). P. 097404.

[2] Petrov N. V., Sokolenko B., Kulya M. S., Gorodetsky A., Chernykh A. V. Design of
broadband terahertz vector and vortex beams: I. Review of materials and components.
Light: Advanced Manufacturing, Vol. 3, (2022) , P. 640-652.

PROPAGATION OF TERAHERTZ VORTEX BEAMS
IN FREE SPACE

M. Dubinin, V. Maslov, K. Muntean, O. Svystunov
V.N. Karazin Kharkiv National University
oleg.svistunov.98@gmail.com

The physical features of THz vortex beams formed by a spiral phase plate during their
propagation in free space have been studied. It is shown that the phase plate for the EH11 mode
from the structure with the intensity maximum in the center forms an annular one, and for the
TEo1 mode, the opposite is true. The effect of the spiral phase plate on the phase distribution of
the specified modes is demonstrated.
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3ACTOCYBAHHSI TEPMOPE3UCTOPIB HA OCHOBI
JIOKCHUY BAHAIIIO 151 EJIEKTPOTEILIOBOTO
3AXHUCTY EJEMEHTIB COHSTYHUX BATAPE

B. Koa0ynosB, O. Tonkomkyp, C. Ma3ypuk,
O. JIamkos, JI. Hakamuase, 1O. I'1aaka

J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
kolbunov_vadim@i.ua

OnnuM 13 HaWOIbm HeOaKaHUX JHKEpeNl CYTTEBOTO TMOTIPIIEHHS HaIiiHOCTI
($OTOENEeKTPUYHUX KOMITOHEHTIB coHsuHux Oatapeir (CB) € BUHMKHEHHS TIEperpiBiB,
MOB'SI3aHUX 13 EJICKTPUYHUMHU HaBaHTAXKCHHSIMH. (DI3WYHUMH TMPUUYMHAMHU TAKHX CHTYaIlii
MOXXYTh OYTH IIOIIKO/DKCHHSI KOPO3I€I0 B TPOIECI CKCIUTyaTallii CKJIaJIOBUX CJICMCHTIB,
pUXxoBaHi BUpOOHUYI 1eeKTH, a00 pe3yabTaTH Aerpaarlii 1305111 mif] Ai€0 HAaBKOJIUIIHBOTO

CepeIoBUIIA.
HalinomupeHimyuM TeXHIYHUM PIlIEHHSAM [UX MPOOJIeM € BUKOPUCTAHHS JTOJaTKOBHX
eIeMEeHTIB — OalmacHUX MAiOJiB, $KI pearyloTh Ha mepeHanpyry.. OpHak mpaKTHKa

BCTAHOBJICHHSI TNApAJICIbHO JIAHIIOKKY COHSYHHMX EJIEMEHTIB TakuX [IOJiB TOKa3aja, II0
«raps4l IISAMU» BCE K TaKW BUHHUKAIOTh 1 11€ NPU3BOAMTH 10 HNPUCKOPEHOI0 MOTIPLICHHS
xapakrepuctuk CB [1]. TlimBuiieHHs TemrepaTypu He € i OOBIMHMX diOMIB BXiTHHM
KOHTPOJILOBAHUM IMMapaMeTpoM. 3 1Mi€i TOYKH 30py, € aKTyaJIbHOI pO3pOOKa EJIEeMEHTIB
3aXMCTYy, Kl pearyroTh 0e3nocepeHbO Ha MiJBUILNEHHS Temneparypu. OJHUM 13 MOXIIMBUX
pillIeHb TAaKOTO 3aBJaHHS € BUKOPHCTAHHS TEPMOPE3UCTOPIB HA OCHOBI MaTepiaiiB 3 (ha30BUM
nepexooM metan — HamiBopoBigHUK (PIIMH) npu temneparypi Tt=68°C, sike po3riasiHyTO
TEOPETHYHO B [2].

VY uiit pobOTI HaBOAATHCS PE3yNbTATU EKCIEPUMEHTAIBHUX JIOCIIKEHb BIUIUBY
TEeMIepaTypyu Ha €JeKTPUYHI XapaKTepUCTUKU MoJeli (OTOeNEeKTPUYHOTO MOAYJIS, KU €
CHCTEMOIO TIOCHIJIOBHO 3'€JHAHUX 4-X (POTOENEKTPUUYHUX EJIEMEHTIB 3 TEePMOPE3UCTOPHUM
3aXMCTOM BiJl ieperpiBy. Peanizariis Takoro 3axucty ¢otoenekTpuyHux enementis Cb sBisiia
c00010 JIBOIIAPOBY CTPYKTYPY 3 MapalesbHO 3’ €THaHUX (oToeNeKTpuyHoro enemenTa (PV) i
TEPMOPE3UCTOPA HA OCHOBI CKJIOKepaMiku Jiokcuay BaHaairo 3 GIIMII [3], siki 3HaxoagThCs B
TEIJIOBOMY KOHTAKTI.

VY 1ocniKeHHAX BUKOPUCTOBYBAJMCS 3pa3ku PV-eneMeHTIB 13 MOJIKPUCTATIYHOTO
KpEMHII0 3 reoMerpuuHuMu posmipamu 150x50 mm. IIpoBoaunauce BUMIPIOBaHHS BOJIBT-
amnepHoi [(U) xapaktepuctuku ta kpuBoi notyxkHocti P(U) 3 Bukopucranusm mozeni Cb.

Ponb HaBaHTa)KE€HHsSI BUKOHYBAB 3MIHHUN PE3UCTOP, a JUKEPEIOM CBiTiia OyB iMiTaTop
COHSTYHOTO BUIIPOMIHIOBAHHS, SIKUI Mojietoe ymMmoBu AM1,5. [{nst mociimkeHs 3a miaIBUIIEHOT
temneparypu Monenbs Cb momimanacst B po3irpiTUH TepMOCTaT, a MICis KOXHOTO TaKoro
BUMIPIOBaHHS OXOJIO/KYBAJIaCh J10 KIMHATHOI TEMIIEPATypH Y BIIIBHOMY PEXHUMI.

BcranoBneno, 1mo npu  KiMHatHIdH  (poOouiif)  Temmeparypi  HasBHICTb
TEPMOPE3UCTOPHUX OOBIIHUX €JIEMEHTIB y eleKTpuuHii cxeMi mojeni Cb, ski 3HaXoaAaThCs y
HU3BKOMPOBIAHOMY (130JTF0OF0YOMY) CTaH1, HE BILUTUBAE HA 11 (DOTOETEKTPUUHI XapaKTEPUCTUKH
y pasi crpaBHOCTI BCix i PV-enemeHTiB.

Ha puc. 1 npexacrasieni xapakrepuctuku mojeni Cb 6e3 Ta 3a HasBHOCTI BiJIMOBH,
TOOTO KOJIM O/iHE 13 KT «PV-elieMeHT — TepMOpe3nCTOp» Mae TEMIEPATypy BUILY 33 TOUKY
nepexoay TepMOpE3rCTopa y BUCOKOMPOBIIHUH (METaIeBHii) CTaH.
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Puc. 1. BonbT-aMIiepHi XapakTepHCTHKH (a) Ta KPUBi OTY>KHOCTI (0) Mozeni corstaHoro Moxyis 6e3 (1) Tta 3
00BigHIMH TepMope3ucTopami (2, 3): 2 — onud PV-enemeHT Mae Temrieparypy Bumy 3a Ty, 3 — qBa PV-
SIIEMEHTH MAIOTh TeMIIepaTypy BuILy 3a Tt

SIK BUITHO, 11l pe3yJIbTaTH MPOBEICHHUX JOCIIKEHB JO3BOJISIOTH 3pOOUTH BUCHOBOK, 1110
€JIEMEHTH 3aXHCTy Ha OCHOBI OOBITHMX KpUTHYHUX TepMmopesuctopiB 3 PIIMH moxyTh
¢dyHKIIOHYBaTH sIK Oaratopa3oBi (CaMOBiIHOBIIOBAJIbHI) 3aIIO01KHUKH BiJl €IEKTPOTEILIOBHX
nepepantaxenb B CB. IXHS ocHOBHa mepeBara — MOIIMBICTh pearyBaHHs Oe3I0CepeIHbO Ha
JIOCSITHEHHSI TPaHUYHOI TeMIepaTrypH, HeOaKaHOi NpH eKCIUTyaTalii (OTOSNEKTPUIHUX
CJIEMEHTIB.

[1] Kim K. A., Krein P. T. Reexamination of photovoltaic hot spotting to show inadequacy of
the bypass diode. IEEE Journal of Photovoltaics, 2015, vol. 5, iss. 5, pp. 1435-1441.
https://doi.org/10.1109/JPHOTOV.2015.2444091.

[2] Tonkomkyp O.C., Ianuenko O.B. 3acTocyBaHHs LIapy Ha OCHOBI MatepialiB 3 (pa3oBUM
MEPEeX0/IOM  «METAJI-HAIIBIPOBIIHUK» JUISI  €JEKTPOTEIJIOBOTO  3aXHCTY COHSYHHUX
eJleMeHTIB. TeXHOJIOTUsI U KOHCTPYMPOBaHHE B 3JIEKTPOHHOM ammaparype, 2021, Ne 3-4,
c. 57-64.

[3] Konbynos B.P., Tonkomkyp O.C., Bamepyk O.B. EnekTponpoBinHiCTh TEpMOYYTINBOI
CKJIOKEpaMIKM Ha OCHOBI HaHOpPO3MIPHOTO JIOKCHAY BaHajais. TexHonoris Ta
KOHCTPYIOBAaHHS B €JIEKTPOHHIN anapatypi, 2022, Ne 1-3. C. 39-41.

APPLICATION OF THERMORESISTORS BASED ON
VANADIUM DIOXIDE FOR ELECTRO-THERMAL
PROTECTION OF SOLAR BATTERY ELEMENTS

V. Kolbunov, O. Tonkoshkur, S. Mazurik,

A. Lyashkov, L. Nakashydze, Yu. Hladka
Oles Honchar Dnipro National University
kolbunov_vadim@i.ua

The possibilities of using bypass elements of the type of critical thermistors, which are
in thermal contact with photovoltaic elements, for the electrothermal protection of solar
batteries have been studied. It has been established that such protection elements have the
prospect of being used as reusable (self-healing) fuses that respond directly to an increase in
the temperature of photovoltaic elements to undesirable values.
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MOAEPHI3ALIA TEPMOITAPHOI'O BAKYYMMETPA BT-3 3
BUKOPUCTAHHSIM MIKPOITPOLIECOPHOI OBPOBKHU
CUT'HAJIY Al

C. Yynupa, C. biniuyk, O. I'pymka
Yepniseyvkutl Hayionanvrul yHisepcumem imeni FOpis @edvkosuua
s.chupyra@chnu.edu.ua

CyuacHMii pPO3BUTOK EJIEKTPOHIKM 1 KOMIIOHEHTHOI 0a3u I03BOJISIE pPO3POOIATH 1
BUTOTOBJISITH BUMIPIOBAJIbHI TMPWJIAAU I MPOMHUCIOBOCTI 1 HAYKOBHX JOCHIIKEHb
BUKOPUCTOBYIOUH CXEMH 13 3aIIy4E€HHSIM MIKPOKOHTPOJIEPiB, IHTETPOBAHUX aHAJIOTO-IU(PPOBUX
MEePETBOPIOBAYiB, NMU(PPO-aHATOTOBUX TMEPETBOPIOBAYIB Ta PIAKOKPUCTATIYHHMX TUCILICIB 3
BOYZIOBaHUMH KOHTPOJIEPAMU KEPyBaHHS.

BakyyMHI yCTaHOBKHM IIMPOKO BHUKOPUCTOBYIOTHCS y HAyKOBHX YCTaHOBaX st
JOCITIJKeHHsT (DiI3WYHHUX SBHII, KOHTPOJIO TEXHOJOTIYHUX MPOLECIiB SK y Haylli, Tak 1y
MIPOMUCIIOBOCTI, JUISl 3aIyCKy 1 0OCIYyroBYBaHHS KJIIMAaTHUYHOI TEXHIKU TOIIO. BumiproBaHHS
MOTIEPETHROTO BAaKyyMy 3JIIHCHIOETBCS B OCHOBHOMY 3 BHUKOPHCTaHHSM TEPMOIIAPHHUX Ta
PE3UCTUBHUX BaKyyMHHX JiaMil. OCOOMUBICTIO ITUX JIAMII € HEeNiHifHA 3aJeXHICTh BUXI1THOTO
napameTpy BiJ] piBHS BaKyyMy.

Y nmaHiii poOOTI po3poOIEHO BaKyyMMETp Ha OCHOBI TEpMOMapHOI JiaMmu 3
BUKOpUCTaHHAM MikpokoHTpoiiepa ATMega328, anamoro-nmuppoBoro mepeTBoproBavya
ADS1015 [1], mudpo-ananoroBoro mneperBoptoBaua MCP4725 [2] Ta piaKOKpUCTAIIYHOTO
mucres LCD1602. AnanoroBa yacThHa OJHOTO KaHAITy €JIEKTPHYHOI MPUHIMIIOBOI CXEMH
MIPUCTPOIO 300paxkeHa Ha puc. 1.
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Puc.1. EJ'ICKTpI/I‘IHa IMMPUHIIUIIOBA CXEMa aHAJIOr0BO1 YaCTHMHHU OJIHOTO KaHalty BI/IMipIOBaHHH
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[Tpuctpiii no3BONsA€E 3a7aBaTH 1 cTalLII3yBaTH CTpyM Jamnu B Mexax 50-200 MA 3
JTUCKPETHICTIO OnM3bko 1 MA, BHUMIpIOBaTH CHUTHaJd 3 JaMmMnu 3 AuckpeTHicTio 10 MkB,
IPOBOJUTH AaBTOMATUYHE JCTEKTYBAaHHS IIIKIIOUYEHHS JIAMIH, MOXJIIHUBICTH MPOTrPaMHOTO
KanmiopyBaHHs jamn. KpuBi 3aimeXHOCTI piBHS BaKyyMy BiJl BUXIJHOT HAIPyTW TaKUX JaMIl,
sk [IMT-2, [IMT-4 ta LT4M 3aneceni B [13I1 mikpokoHTpoJIepa, 110 J03BOJISIE BUKOPUCTOBY-
BaTU Pi3HI THUIH JIaMIT B OJTHOMY MPHUCTPOI 3 JAOBOJI TOYHUM, AJISL TAHOTO THUILY MPHUCTPOIO,
BUMIPIOBaHHAM pIiBHS BaKyyMmy. BHKOpHCTaHHS MIKpPOKOHTpOJIEpa TO3BOJHJIO JOJaTH B
HOPUCTPIN s 1OIATKOBUX KOPUCHUX (PYHKIIIM, TAaKUX K pelieHl BUXOAM 3 BKIIFOUEHHSM I10
JOCSATHEHHIO 33JJaHOTO PiBHS BaKyyMmy, Bimoopaxenns Ha LCD aucrutei piBHS BakyyMy y TpbOX
BapiaHTax OAWHUII BuUMiptoBaHHS — [la, Mm. pT. cT, Mbap (BuOHMpaeThcs B MEHIO MpHUIIAdy).
[Tepenbavena TakoK MOKIMBICTh 30€peKEHHS B CHEPrOHE3aISKHIM TaM’ATi MIKPOKOHTpOJIEpa
HaJIAITYBaHb, 00PaHUX KOPUCTYBAUYEM.

[1] Texas Instruments — ADS101x Ultra-Small, Low-Power, 12C-Compatible, 3.3-kSPS, 12-
Bit ADCs With Internal Reference, Oscillator, and Programmable Comparator [Enekt-
ponHuil pecypc]. Pexxum nocrymy:
https://www.ti.com/lit/ds/symlink/ads1015.pdf?ts=1698327225711

[2] Microchip — 12-Bit Digital-to-Analog Converter with EEPROM Memory in SOT-23-6
[Enextponnuii pecypc]. Pexum nocrymy:
https://wwZ1.microchip.com/downloads/en/devicedoc/22039d.pdf

[3] Horowitz P., Hill W. The art of electronics. Cambridge: Cambridge University Press; 3rd
edition. (2015). 1220 p.

MODERNIZATION OF THERMOCOUPLE VACUUM METER
VT-3 USING MICROPROCESSOR PROCESSING
OF ADC SIGNAL

S. Chupyra, S. Bilichuk, O. Grushka
Yuriy Fedkovych Chernivtsi National University
s.chupyra@chnu.edu.ua

A vacuum gauge based on a thermocouple lamp using an ATMega328 microcontroller,
and such converters as ADC ADS1015 and DAC MCP4725 had developed.

The device allows to set and stabilize the current of the lamp in the range of 50-200 mA
with a discreteness of about 1mA, measure the signal from the lamp with a discreteness of
10 pnV, carry out automatic detection of the connection of the lamp, the possibility of software
calibration of the lamp. The curves of the dependence of the vacuum level on the output voltage
of such lamps as PMT-2, PMT-4 and LT4M are stored in the EEPROM of the microcontroller,
which allows the use of different types of lamps in one device with a fairly accurate, for this
type of the device, measuring the vacuum level.
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MOISTURE DEPENDENCE ISOTHERMS OF RESISTANCE
FOR POROUS GLASS WITH NANOPARTICLES

Ya. Lepikh, I. Doycho, I. Brytavskii, A. Balaban
Interdepartmental educational and scientific physical and technical center of Ukrainian MES
and NAS at I.I1. Mechnikov Odesa National University
ndl_lepikh@onu.edu.ua

Traditional capacitive humidity sensors require the use of complex technological
processes to form a sensitive part of sensors of various types that intersect, but do not come into
contact with each other. This is a condition for the functionality of the sensor in a wide range
of humidity. In order to improve its metrological and constructive-technological characteristics
in this work, the task was to identify and investigate the possibility of using porous silicate glass
as a sensitive element of a humidity sensor. Any of the types of the specified material is a
system of interpenetrating cavities of various sizes in the range from 10 to more than 100
nanometers. Therefore, for any range of humidity, due to the very structure of the slotted plate,
there will always be a system of slots inside it, the sizes of which fit exactly for this range.
However, an ordinary sample of spongy silicate glass cannot play the role of an active element
of a resistive humidity sensor, since this is hindered, firstly, by the significant roughness of the
surface of the corresponding plate, which makes it impossible to create ohmic contact with it
even with the help of conductive paste, and secondly, the silicate slotted glass plate itself of any
type has a very high inherent resistance (up to hundreds of TOhms), against the background of
which the influence of environmental humidity will remain practically imperceptible. The
dependence of the sensor characteristics on temperature was studied, which is fundamentally
important for a humidity sensor of any type.

The principle of operation of the resistive humidity sensor is based on the property of
porous or powdery conductive materials to change their electrical resistance under the influence
of environmental moisture. The active element of a humidity sensor of this type, due to the
availability of the material and the simple technology of creation without the use of expensive
and cumbersome devices, has a number of advantages compared to those used in traditional
capacitance sensors. An important advantage of the specified material is its ability to work in a
fairly wide range of temperatures, from close to room temperature to negative ones. The latter
is related to the fact that at negative temperatures, humidity is determined by the number of
water molecules sublimated into the air.

Isotherms of the dependence of the resistance of the porous silicate glass of the
environment increases, the resistance of the plate synchronously decreases, because an
additional conductive phase of water molecules is gradually formed inside it. The specified
curves are the result of thermodynamic equilibrium between water particles that determine air
humidity and those that form an ensemble of nanoparticles inside the pores. The conditions of
such equilibrium are maintained at different temperatures. This fact connected with the
simultaneous increase in the number of water molecules outside the active element of the sensor
and inside of the pores with increasing humidity and with a stable configuration of a specific
porous sample, on the basis of which the sensitive element is made, regardless of temperature.

Moisture adsorption-desorption by silica porous glass wafer with a built-in conductive
phase on the graphite base was investigated. A hysteresis phenomenon of porous glass
resistance dependence by environment temperature change was detected. An explanation of this
phenomenon was proposed. The temperature ranges for its minimization were estimated. The
ways of intellectualization of such kind of sensors with using of microprocessor techniques was
demonstrated. The usage areas of such sensor were specified.
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COMPOSITES BASED ON SYNTHETIC OPALS AND
NANOCRYSTALLINE PHASES OF ACTIVE DIELECTRICS

V. Moiseienko!, M. Derhachov?, B. Abu Sal?
'0les Honchar Dnipro National University
2Tafila Technical University
vnmois@ukr.net

One of the main trends of modern solid-state physics is the increasing interest in the
properties of low-dimensional objects in which one, two, or three dimensions are confined on
the nanometer scale. Spatial confinement significantly affects the energy spectrum of electronic
and vibrational states and leads to the dominant impact of the nanocrystal surface on its
properties.

To date, methods of growing dielectric nanocrystals are known and technologies for the
formation of nanocrystalline dielectric materials with impurities of rare-earth and transition
metal ions have been developed: sol-gel technology [1], condensation after laser sputtering
("ablation™) [2], organometallic reactions, precipitation of crystallites in glass [3].

This work presents the melt- and solution-based technologies of growing nanocrystals
of complex oxides on the surface and in the pores of synthetic opals. The growth is carried out
by infiltrating the dielectric melt or solution into synthetic opal pores with the size of about 100
nm due to capillary forces. It is known that submicron and nanometer spherical particles of
amorphous silica have a complex internal hierarchical structure of fractal type and consist of
primary silica particles with a diameter of 5+20 nm. Thus, the nanostructured surface of silica
globules can serve as centers of melt crystallization on the surface and in the pores of synthetic
opals at slow cooling of the sample when the melt-based technology being used.

By this method, bulk samples of matrix nanocomposites opal-Bi12Si(Ge)O2o, opal-
Bi.TeOs, opal-NaBi(Mo0Oa)2, opal-Pbs(PosVos04)2, opal-TeO2, and opal-3-BaB20s,
containing dielectric nanocrystals on the surface and in the pores of opal, were fabricated. SEM
images of the untreated surface of some of them are presented in Fig. 1.

s 48 SEPRD
HV | spot| Lens Mode | det mag WD 1pm vV o] > mag WD
10.0kV| 45  Immersion | TLD|80000x 5.1 mm TU Chemnitz, Physik 10.0kV| 45 | Immersion | TLD|80000x 5.1 mm TU Chemnitz, Physik

Fig. 1. SEM images of the surfaces of the as-prepared opal-TeO: (left) and opal—
Bi12GeOxo (right) nanocomposites.
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It was found that the melts of nonlinear dielectrics PbsGesO11, LiB30s poorly wet the
opal surface and practically did not enter the pores located in the volume, crystallizing on the
sample surface. In all cases, except LiB3Os, the presence of nanocrystalline phase was
confirmed by the results of X-ray phase analysis, as well as measurements of Raman spectra,
which demonstrated the presence of high-quality resonance bands.

The facts of interaction of the injected dielectric melt with the surface of silica globules
have been revealed. In the case of soaking opal matrix with TeO. melt, a rare crystalline
modification of this compound, y-TeO-, non-formed under usual crystallization conditions, was
revealed in the pores of the nanocomposite together with a-TeO- phase.

In the case of embedding bismuth silicate (germanate) Bi12Si(Ge)O20 or bismuth tellurite
Bi.TeOs, the nanocrystalline phase BisSisO12 together with one of the SiO; crystalline
modifications are formed. Meanwhile, no stoichiometry deviations and new phases are detected
in opal-NaBi(Mo00Os)> composite. The observed changes are explained by interaction of the
broken Si—O bonds on the silica globule surface with Bi ions, considering their charge state and
concentration.

Besides, time evolution of the Raman
spectrum of opal matrices soaked with the
Li2BsO7 melt was found (Fig. 2). For the
shortest soaking time (0.5 min) the spectrum
contains broadened bands shifted to the low-
frequency range compared with those in the
Li,B4O7 single crystal spectrum. For a longer
soaking duration the bands assigned as the
shifted disappear and the spectrum becomes

identical to the a-quartz spectrum. The X-ray o
diffraction pattern proves the formation of o- M ,AJL
quartz phase with the remains of amorphous B Y T JSB; . o
phase of initial opal. The mechanism of the a- Raman shift, cm™’

quartz phase formation in opals soaked with the
Li-B4O7 melt is most probably due to the local
melting of silica globule’s surface due to
lithium-oxygen exothermic reaction with the
following crystallization.

In addition to the embedding of active dielectric melts into the pores of synthetic opals,
impregnation of opal samples with saturated solutions of water-soluble compounds Ba(NO3)2,
LilO3, KH2PO4 was carried out to form nanocrystalline dielectric phase. In this case the
processes of nucleation of nanocrystals on the developed system of crystallization centers also
took place on the surface and in the volume of opal matrix. Characterization of such samples
was carried out by reflection and Raman spectroscopy technique.

Finally, the most stable components for the melt- and solution-based infiltration
techniques and ways to vary chemical content of the opal-based composites have been found.

Intensity, arb. units

Fig. 2. Raman spectra of Li2B4O7
single crystal (1), opals with the soaking
duration for 0.5 min (2) and for 3 min (3),
and a - quartz (4).
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BIIJIMB BIAITAJIIB HA CTPYKTYPHI XAPAKTEPUCTHUKU
I'ETEPOIIEPEXOAIB ZnO/NiO, OTPUMAHUX
METOIOM PO3IIUJIEHHA HAHOYOPHNUJI

C. Kaxepcobkuiil, A. Onanaciok’!, M. €Epmakos?,

P. Imennynuii’, 0. Kinumop?
L Cymcvruii Oeparcasnuil ynisepcumem
2Vuieepcumem Banencii
s.kacherski@ekt.sumdu.edu.ua

[Tpo3opi consuni enemenTu (CE) € mepcreKTUBHOIO TEXHOJIOTIE0, SIKa CIIPSAMOBaHa Ha
TeHepalilo eNeKTPOHHO-IIPKOBUX Map B IIMPOKO30HHUX Marepianax. Ilpu mpomy Buamme
CBITJIO 0€3 TepernoH NPOXOAWTh dYepe3 MOAIOHI mpwiaaau, pooJsiud I1X MOTCHINHHO
«HEBUIMMHMMI JDKEpENlaMu elleKTpoeHeprii. Sk pe3ynbraT, mpo3opi TonkorutiBkoBi CE MmoxHa
1HTErpyBaTH y MOOUIbHI TesehoHu, HOYTOYKH, BikHA Oy1iBelb, TPAHCIIOPTHI 3aco0u, Tomo. He
3BaKAIOYM Ha Mally €(QEeKTHBHICTh TaKUX MEPETBOPIOBAYIB, IO HE MEPEBHUIIYE AEKIIBKOX
BIJICOTKIB, Y pPa3l YCHIIIHOTO BIIPOBAPKEHHS, Ll TEXHOJOIIS MOXKe 3a0e3[eUUTH MacoBe
BUPOOHHUIITBO €NIEKTPOCHEPTii Ha MiCILIAX 0€3 CYyTTEBHX 3MiH Y 30BHIITHBOMY BHUIJISIII Oy 1iBEINb,
TPAHCIOPTHHX 3aCc00iB a00 1HIIKMX 00’ €KTIB, JIc¢ BOHM BUKOPHCTAHI.

Marepianu st cTBOpeHHs Takux npo3opux CE MOBHHHI MaTé mUpUHY 3a00pOHEHOT
30HM (33) JOCTaTHIO [yl IPOIYCKAaHHS BUAMMOTO CBITJIA Ta MOTJIMHAHHS YIbTPadioiaeToBOro.
Jlo Takux MaTepianiB 30KpeMa BiIHOCUTHCS OKcHJ IUHKY (ZN0), sKuii Mae eNeKTPOHHUNA THIT
npoBiTHOCTI Ta mmpuHy 33, mo ckianae Eg = 3,27 eB npu kimuHatHiid Temnepatypi. s
CTBOpeHHs BikoHHOTO mapy npo3opux CE moxe Oyt Bukopucranmii okcua Hikemto (NiO)
OCKIJIBKH 1€ OJJMH 3 He0arathOX XiMiYyHO CTaOUIbHUX HMIMPOKO30HHHX Marepiani (Eg = (3,6-
4,0) eB), mo wmae p-tun mposigHOCcTi. OKpiM BuroToBieHHs mpo3opux CE miiBKoBI
rereponiepexonu (I'TI) p-NiO/n-ZnO moxyTh OyTH TaKoX BHKOPHCTaHi, Ui PO3POOKH
MOPTATUBHUX YIbTPaioNeTOBUX Ta Ta30BUX JeTeKkTopiB. CIi BIA3HAYUTH, IO OKCHUAN
MeTaiB, Ha OCHOBI sIKuX cTBopeHo 1i I'T] € cTiiikuMu B aTMOocdepi Ta MOKYTb OyTH OJiepKaHi
3 BUKOPUCTAHHSM BEJIMKOT KITBKOCTI TEXHOJOTTYHO MPOCTHUX METO/IB, a CKJIAJIOBI, 1110 BXOSAThH
y X cKJIaJl € HETOKCMYHUMH 1 IIHPOKO PO3MOBCIO/DKEHUMHU B 3€MH1H KOpi.

MeToro poOoTH € onTUMI3aLis CTPYKTYPHUX XapaKTEpUCTHK 1 (ha30BOro CKiIaay IapiB
okcuiB B miiBkoBux I'TI cki0/n-ZNn0O:In/n-ZnO/p-NiO 1usxom ix Biamamis.

VY upomy nocmimpkeni mapu ZnO ta NiO oTpuMyBaiu 3a JOMOMOIOK PO3MUICHHS
HaHOYOPHMJ Ha OCHOBI cycneH3ii HaHouacTuHOK (HY) Ha ckmsaui migkmagku. Cunres HY
MIPOBOJIUIIM  30JIb-T€TTh METOJOM. B  4KOCTI (POHTAIBHOTO CTPYMOIIPOBITHOTO IIapy
Bukoprctano ZnO neroBanmit iHmiem (N-ZnO:In-1%). Jlns nokpamieHHs CTPYKTYPHHUX
XapaKTepUCTHK Ta BUJAJIeHHs opraHiyHux jomimok [Tl BigmamioBanu y Bakyymi Hpu
temneparypax (300 — 500) °C 3 inTepBanom 50 °C mpotsrom 60 xBuiamH. CTpyKTypHi
JOCTIPKEHHS TUTIBOK OyJIM BUKOHAHI1 3a JI0MOMOI'0I0 PEHTTeHIBChbKOoro audpaktomerpa Bruker
D8. liarmazoH OperiBchbKUX KyTiB 26 mpu gociipkeHH1 ckiaaas 20° - 80°.

Pentrenorpamu Big aBomapoBux cTpykTyp NiO/ZnO, BiamajseHUX MpH Pi3HUX
TemIeparypax HaBeJeHi Ha puc. 1. Ha BianoBiaHux audpakTorpamax MoKHa CIIOCTepiraTH /Ba
Habopu nudpakuifHUX MIKiB, IO Hamexarb kKyOiyHomy NiO (miku (111), (200)) Ta
rekcaroHanbHoMy  ZnO  (miku  (100), (002), (101)). [Ilikm BTOpUHHUX (a3
PEHTTeHIU(PPAKTOMETPHYHO HE BUSBILUTUCS. B pe3ynpTari MOCITiHKEHh BCTAHOBIICHO BILIHB
BiJIMaJIiB HA MepioJ] IPpaTKu (a, ¢), po3Mipu obnacteit korepeHTHOro poscitoBanus (OKP) (L) ta
piBeHb Mikpoaedopmarliii (&) mapiB OKCHIIB.
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Puc. 1. Tudpakrorpamu rerepocrpykrypu ZNO Ta NiO singmanenux 3a pisHoi Temmeparypu

ITokazano, mo nepioa rparku mwiiBok NiO y cknani I'TI, Bu3HaueHuit 3a BiiOMBaHHIM
Bil  Kpucrajgorpadiuynoi mrommHM  (111), 3MiHIOBaBCS B IHTEpBaJi  3HAYCHb
aauy = (0,41752-0,42132) um. [Ipu upoMy BiH 30UIBIIYBaBCS MPH MiJABUIICHHI TEMIIEpaTypH
Bignany Bume 350 °C. AnanmoriyHo Bumle Li€i TemmepaTypu 30inbiryBaBcst po3mip OKP
TOHKUX mIapiB 3 Lqi) = 16,5 mo 21,2 HM 1 3MeHIIyBaBcs piBeHb Mikpomedopmariii 3
g1y = 2,19-10°% 1o 1,71- 1073, JIna miBox ZnO mepio rpaTky MaTepiany JexkaB B iHTepBali
aoo) = (0,32395-0,32805) uM, Co2) = (0,51990-0,52412) um, a po3mip OKP Tta piBeHb
Mikpoaedopmariii - Looz) = (31,8-37,7) M, gooz) = (0,96-1,14)-1073,

BcraHoBneHo TemmepaTypy BiAnany ONTHMaibHY JUIS MOKPAIICHHS CTPYKTYpPHHX
xapakTepucTuk marepianis ['T1.

FLUENCE OF ANNEALING ON THE STRUCTURAL
CHARACTERISTICS OF ZnO/NiO HETEROJUNCTIONS
OBTAINED BY METHOD OF SPRAYING NANOINK

S. Kakherskyi?, A. Opanasyuk®, M. Yermakov?,

R. Pshenychnyi!, O. Klymov?
1Sumy State University
2University of Valencia

s.kacherski@ekt.sumdu.edu.ua

The work aims to optimize the structural characteristics and phase composition of the
oxide layers in the film heterojunctions glass/n-ZnO:In/n-ZnO/p-NiO by annealing them. It was
shown that the lattice period of NiO films in the composition of heterojunctions, determined by
reflection from the (111) crystallographic plane, varied in the interval of values a(11)=(0.41752-
0.42132) nm. At the same time, it increased with an increase in the annealing temperature above
350°C. Similarly, above this temperature, the sizes of coherent scattering regions of thin layers
increased from L(111) = 16.5 to 21.2 nm, and the level of microdeformations decreased from ¢ =
2.19-10° to 1.71-1073. For ZnO films, the lattice period of the material was in the interval agoo)
= (0.32395-0.32805) nm, cqo2) = (0.51990-0.52412) nm, and the sizes of coherent scattering
regions and the level of microdeformations - L(ooz) = (31.8-37.7) nm, &ooz) = (0.96-1.14)-107.
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OINTHUYHI BJACTUBOCTI TOHKHX IIIBOK GaSe TA InSe
B OBJIACTI ®YHIAMEHTAJILHOTO EJJEKTPOHHOT O
MEPEXONY Eo

IL. I'ennaps, M. Minsiiio, /. Ilexkyp, JI. Jemunna, M. Byiiunk,

M. Kuceawk, M. 3asaub, O. Ctponcbknii, O. Biiacenko
Incmumym ¢hizuxu nanienposionuxis im. B.€. Jlawxapvosa HAH Ykpainu
rastneg@isp.kiev.ua, demid.pekur@gmail.com

[IpoGiieMa OTpUMAaHHS BHUCOKOSIKICHUX TOHKHX IUTIBOK (OCKIJTbKM BIJIACTHBOCTI
MOHOKpHUCTAIB Bxe no0pe Bimomi) AsBs, mo 3a cBoiMu (i3uuyHMMH TapamMeTpamMu Ta
XapaKTePUCTHKAMU aHAJIOTIYHI JI0 MOHOKPHCTAJIIB € aKTyalbHOW. B 3B’S3Ky 3 IHTEHCUBHUM
PO3BUTKOM HaHO(]DI3MKHU Ta HAHOCJCKTPOHIKH JOCIIHKEHHS! TOHKUX IUTIBOK € aKTyaJbHUM. B
TUTIBKAX, TOBIUHA SIKUX CIIIBMipHA 3 IOBKHHOIO XBUJI1 Jie Bpoiiis, criocTepiratoTbcsi KBAHTOBO-

MeXxaHiuH1 e()eKTH, BUBYCHHS SIKUX € aKTyaJIbHUM, TOPS 13 BUBYCHHSIM (PI3UYHUX MEXaHI3MIB
2n

——, Je
2mikT’ a
K2
m, - eeKTUBHA Maca eJIEKTPOHIB CTAE CIIBMIPHOIO 3 IPUTIOBEPXHEBUM IAPOM ILUTIBKH, SKHH

BH3HAUA€ CUTHAJ ONTUYHOTO BiIOMBaHH).
KinbKiCHOIO XapaKTepUCTUKOIO ONITUYHOTO SIBUIIA BiTOUBAHHS €JIEKTPOMArHiTHIX

1 mporeciB (GpopMyBaHHS TOHKUX IUTIBOK (IOoBkHMHA XBwii ae bpoitna, A;_p =

XBUJIb € eHepreTnuHmil xoediuienT Binousanus R (A). Koediuient Binousanns R (A1) mpu

HOPMAJIBHOMY MaiiHHi, a6o onTuuHe BinbuBanHs R (A) HamiBHeckiHueHHOTro i3oTpomHOro
cepeoBHILa (HaMBIPOBIIHUKA, TBEPOTO T1JIa) BU3HAYAETHCS HACTYITHUM CIIBBIHOLICHHSIM:

_ (n—mg)*+x?
T (n+ng)2+yx2’

Zie No, N - MOKa3HUK 3aJJOMJICHHSI 30BHIIIHHOTO CEPEIOBUINA Ta HAIIBIPOBITHUKA BiAMOBIIHO,
Y Koe(illieHT eKCTUHKIII HamiBIpOBigHUKA. OCKUIbKHM, ONTHYHA TIIMOMHA MPOHUKHEHHS
eNeKTpOMarHiTHoi XBum B 3pa3ok Oopt JOpiBHIOE ol (me o TOKA3HMK TOTJIMHAHHS
JIOCIIIJKYBAHOTO MaTtepiaiy), a JUlsl HaliBIPOBIIHUKIB B THUIIOBMX BHIIAJKaxX O BHUILE KpParo
normuHaHAS Mae mopanok 10%+10°% cm, Tomy nmpu Takux Benmkux xoedillieHTax MOrTHHAHHS
0. eJIEKTPOMAarHiTHa XBWIs Oy/ie 30HlyBaTH TUIBKHU J1y’Ke TOHKUH 11ap 011 moBepxHi 3pa3ka (1
MKM abo MeHIe). MOHOKpUCTamiuHMiA KpeMHil opieHTamiii n-Si (100) i n-Si(111)
BIJIPI3HSIETHCS TUIOLICIO €IEMEHTAPHUX KOMIPOK, YUCIOM aTOMIB Ha IUIOULY €JeMEHTapHOI
KOMIPKH, YHCJIOM BITbHUX 3B’S3KIB Ha IUIONLYy €JIEMEHTApHOI KOMIPKH, TOBEPXHEBOIO
TYCTHHOIO aTOMIB, IIOBEPXHEBOIO TYCTHHOIO BUIbHHMX 3B’si3kiB. [loBepxus (111)
XapaKTEePU3YEThCS OIIBIIMM YHCIOM BUIBHHX 3B’S3KIB Ha KBaJpPaTHUW CaHTUMETP, HIXK
noBepxHs (100). Kpim toro, mBuakicte okucineHHs moBepxHi (100) Takox Oyle MEHIIO.
['ycTuHa NOBEPXHEBUX CTaHIB TAaKOX 3aJ€KUTh BiJl OpleHTalil (OCKUIBKA NpPHU MEHIIIN
HIBUJIKOCTI OKUCIIEHHS B OKucHi SiO2 BUHUKAe MEHIIIE HAJTUIIKOBUX aTOMIB KPEMHII0, a 3a
MMOBEPXHEB1 CTaHM BIJIMOBIIAI0OTh CaMe HAJJIUIIIKOBI aTOMHU KPEMHII0 B OKHUCI). BpaxoByroun
BUIIIECKA3aHe, B 3AJIKHOCTI BiJl OpieHTalii moBepxHi n-Si 1o pizHOMY OyIyTh (pOopMyBaTHUCh
IUTIBKH, @ OTKe OyIyTh BIIPI3HATHUCH ONITUYHI BIACTUBOCTI IaHUX IJTIBOK.

Ha ocHOBI BUK/TaJeHUX €KCIIEPUMEHTAIBHUX PE3YJIbTATIB MO JOCTIKEHHIO ONTUYHHUX
CHEKTpiB BiOMBaHHS B criekTpasbHOMY miama3oHi 400 aM - 750 HM TOHKMX TUTiBOK GaSe
TOBIIMHOIO 15 HM — 60 HM Ha miAKIaaKax i3 MOHOKpHCTaimiyHOro KpemHiro n-Si(100) i
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n-Si (111), BUPOLICHUX METOMOM TEPMIYHOIO HAMWIICHHS; PE3YJbTAaTiB IO IOCHIIPKEHHIO
ONTUYHHX CIICKTPIB BiIOMBaHHS B ClIeKTpajibHOMY aiana3oHi 800 aHM - 1100 HM TOHKHUX TUTIBOK
InSe ToBmMHOW0 15 HM — 45 HM Ha MiAKIAAKaX i3 MOHOKpPHCTAIIYHOro KpeMHito n-Si (100) i
n-Si (111), BUPOIIEHHX METOAOM TEPMIYHOIO HAIMMJIEHHS Ta PE3YJbTATIB IO JOCIIIHKECHHIO
ONTUYHUX CIEKTPIB BiAOMBAHHS B CrIeKTpajabHOMY Aiama3oHi 400 HM — 750 HM TOHKHX IIJTIBOK
GaSe ToBuuHO0 350 HM - 400 HM Ha miIKIaaKax i3 MOHOKpHCTaIigyHOro kpeMuiro p-Si (100),
BUPOIIEHUX METOZOM TEPMIUYHOTO HAIMJICHHS 3p00JIEHO HACTYITHI BUCHOBKH: TIOKAa3aHO 3MIiHY
G13UYHUX MapamMeTpiB TOHKUX IUTIBOK GaSe/n-Si 1 InSe/n-Si Ta HaOIMKEHHST KpUCTATIYHOT 1
€HEepPreTUYHOI 30HHOI CTPYKTYPH TOHKHX IUTIBOK 10 MOHOKPHCTAIIB; JUIS TUTIBOK TOBIIUHOIO
60 HM MakCUMyMH CMYT OINTHYHOTO BIJIOMBaHHS TIIOSICHEHO HENPSIMHMU ONTHUYHHUMHU
nepexoiaMu (onTUYHa MmHpuHa 3a00poHeHOi 30HU Eo miBok GaSe) miicHIeHIME BHACIITOK
B1JIOMBaHHS CBITJIOBO1 (€JIEKTPOMArHiTHO1) XBHII1 BiJl TUJILHOT CTOPOHU IIIIBKH, TOOTO Bij Ti€l
CTOPOHH, SIKa 3HAXOAUTHCS Ha iHTEpQeici TIiBKa — MiIKIaIKa; 3MIIICHHS MaKCUMyMIB CMYT
ONTHUYHOTO BigOMBaHHs /I TUTiBOK GaSe ToBIMHOW 60 HM B MOPIBHSIHHI 3 MOHOKPHUCTATIaMHU
Ha BemuuuHu AE=0,24 eB (mis GaSe/n-Si (100)) ta AE=0,29 eB (mis GaSe/n-Si (111))
BIJIMOBIJTHO TOSICHEHO KBAHTOBO-PO3MIpHUMHU €()EeKTaMH B TOHKHMX ILIIBKaxX 1 BHYTPIIIHIMH
MEXaHIYHUMHU HANpYXXEHHSIMH B IUTIBKaX, SKi BIAMOBIZAIOTh BHYTPINIHIM MeEXaHIYHUM
HaNpy>KEHHSIM CTUCKY MPUIIOBEPXHEBOTO MIAPy IUIIBOK; B ONTHYHUX JOCITIKCHHSIX BHUSBIICHO
MPOsIB KBAaHTOBHUX €(EKTiB B MPUIIOBEPXHEBIM 00JIACTI TOHKUX IUIIBOK, a CaMe KBAaHTYBaHHS
BUJIBHHUX HOCIIB 3apsily Y IPUTIOBEPXHEBIN 00JIACTI TOHKHX TUTIBOK.

OPTICAL PROPERTIES OF GaSe And InSe THIN FILMS
IN THE REGION OF THE FUNDAMENTAL ELECTRONIC
TRANSITION Eo

P. Gentsar, M. Mynaylo, D. Pekur, L. Demchyna, M. Vuichyk,

M. Kysselyuk, M. Zayats, A. Stronski, O. Vlasenko
V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine
rastneg@isp.kiev.ua, demid.pekur@gmail.com

Abstract. This paper presents the experimental results of studying the optical reflection
spectra in the spectral range 400 nm - 750 nm of GaSe thin films with thicknesses of 15 nm -
60 nm on n-Si (100) and n-Si (111) single crystal silicon substrates, grown by thermal sputtering
and the results of the study of optical reflection spectra in the spectral range 800 nm - 1100 nm
of thin InSe films with a thickness of 15 nm - 45 nm on substrates of single crystal silicon n-Si
(100) and n-Si (111) grown by thermal sputtering; optical studies of the reflection spectra in the
spectral range 400 nm - 750 nm of GaSe films on p-Si (100) monocrystalline silicon substrates
with a resistivity of 2 Ohm-cm - 10 Ohm-cm and a thickness of 350 nm - 400 nm, obtained by
thermal sputtering, were carried out. The change in the physical parameters of GaSe and InSe
thin films and the approximation of the crystal and energy band structure of thin films to single
crystals are shown. The shift of the maximum optical reflection bands for GaSe films with a
thickness of 60 nm compared to single crystals by AE=0.24 eV (for GaSe/n Si(100)) and
AE=0.29 eV (for GaSe/n Si(111)), respectively, is explained by quantum-dimensional effects
in thin films and internal mechanical stresses in the films, which correspond to the internal
mechanical compressive stresses of the near-surface layer of the films. Optical studies have
revealed the manifestation of quantum effects in the near-surface region of thin films, namely,
quantisation of free charge carriers in the near-surface region of thin films.
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TOHKOIIVIIBKOBI COHAYHI EJIEMEHTH
HA OCHOBI CdTe

M. Ckinanbcbkuiil, O. 3amypyesal, P. SIBopcbkuii?, I. Bakaniok?
L BonunCoxuii nayionansuull ynisepCumem imeni JleCi Ypainxu
2[Tpuxapnamcvruii Hayionanvruii yrieepcumem iveni Bacuna Cmeganuka
zamuruyeva.oksana@vnu.edu.ua

3a octaHHe HecATUIITTI coHsuHi eneMeHTH CdTe 3a3HaiM 3HAYHOTO BIOCKOHAJIEHHS,
BPaxOBYIOYH HOBI XapaKTEPUCTHKH, TPaaIlito 3a00POHEHOT 30HH, BKIIOYCHHS MiJli Ta OUTBIIT
npo3opuid n-map [1], mo mnpuszBeno A0 NiABUIIECHHS e(EeKTUBHOCTI. [yl miIBHIICHHS
e(EeKTUBHOCTI €JIeMEHTa Ha OCHOBI TEIypHIy KaJMil0 3MEHIIYIOTh IIOPCTKICTH IOBEPXHI,
BukopuctoBytoun npoBigHuil map TCO (ZnO) [2]. 3 mumu kopuryBaHHsmHu First Solar
po3pobwna npuctpiii 3 KK/ 21,5%, sikuii genio ni3Hime cranoBus 22,1%.

@®E na ocHoBi ToHkomimiBkoBux CdTe, BigoMi CBO€I0 BHUCOKOK €(EKTHBHICTIO,
JICIIEBUMH MaTepialaMu, HaJiifHOIO Ta cTablIbHOI0 poOoTOI0 eneMeHTa. COHSYHI €IeMEHTH
CdTe maroTh Taki nepeBary, sk:

*CKOHOMIYHO e€()eKTUBHI BUPOOHUYI MPOIIECH BUTOTOBJICHHS [2];

*HaIIWJIEHHS MaTepially Ha MiIKJIAAKH, K 13 CKJIa, TaK 13 MOJIKPUCTATIYHIX MaTepialis;

*BHCOKa €(PEKTHBHICTH 1 MOMKUT Ha BUPOOHHUIITBO [3];

*ONTHMaJbHA NpsiMa MKUpHHA 3a00poHeHoi 30HU (1,54 eB) 3 Bucokum koedirieHTOM
NOTJINHAHHS.

TOHKOIUIIBKOBI ~ COHSIYHI ~ €IE€MEHTH  XapaKTepU3YyIOThCS  JBOMAa  TUIIOBUMH
KoH(Iiryparmismu: «substrate» Ta «superstrate» (puc. 1).

(@) (b)

Metal
| Buffer
CdTe
CdS
HRT

B TCO
I Substrate

Puc. 1. Cxema Oy10BH TOHKOIUTIBKOBOTO COHsIYHOTO eneMeHTa CdTe 3 mopsakoM ocamkeHHs: (a) KOH}Iryparis
«superstratex, (0) koudiryparis «substrate» [4].

OcHOBHa BIIMIHHICTD MDK IIMMH JBOMAa MOHSTTSIMH TIIOJSITa€ B TOCITiAOBHOCTI
HAaHECEHHS OKPEMHUX TOHKHX IapiB. Y KoH}irypari «superstratey» TOHKI TUTIBKH HAHOCATHCS
HAa TIiAKIAJKYy B HampsMKy BiJl OCBITIEHOi JO 3aT€MHEHOi CTOpPOHU, TOMY MOXHa
BUKOPHUCTOBYBATHU JIMIIE MPO30pi miakiIaaku. 3rigHo crpykrypu CE tumy «substrate» mapu
HAHOCSTHCS B MMPOTHIICKHIN MOCIITOBHOCTI, TOOTO B HAIIPSIMKY BiJl 3aTEMHEHOI 1O OCBITJICHOI
CTOpOHU. 3 Mi€l MPUYMHMA 3a3BUYall BUKOPHCTOBYIOTHCS HEMPO30P1 MIAKIAIKH, BKIOUYAIOYN
THYYKY TOHKY MeTaieBy (omnbry, moximepu. [cTopudHO ckiamocs Tak, Mo HaiKparili KOMipKd
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BUTOTOBJSUIUCS B KOHQIryparii «superstrate». Benuka pi3HHISI MiXK CBITOBUMH pEKOpAaMU
e(DEeKTUBHOCTI COHSYHUX €JIEMEHTIB, BUTOTOBJIEHUX Yy KOHiryparii «superstrate» ado
KOH(}iryparii «substrate», B OCHOBHOMY 3aJI€KUTh BijI 3BOPOTHOTO KOHTAKTY, IKHH yTBOPIOIOTH
metaseBi ¢oabru 3 CdTe p-tuny. Bubip MarepianiB miakiIagkd 0OMEKEHHH BiIMOBIIHICTIO
KoedimienTa po3mupeHHs Ta podoru Buxomy. Kpim Toro, mij yac akTuBauiiHOi 0OpoOKH
nudy3is JOMIIMIOK, IO HAIXOATh 3 MAKIAAKH, 3MIHIOE €JICKTPHYHI BIIACTUBOCTI KOHTAKTY.

bazoBa crpykTypa coHsuHOro enementa Ha ocHoBi CdTe 300paxeHa Ha puc. 2.
CtpyKTypa MICTUTh CKJISIHY IMiJIKJIAJIKY, I1ap mpo3oporo nposigHoro okcuay (TCO), BikoHHHI
map cynb¢hiny kaamiro n-tumy (CdS), nornunau CdTe p-Tumy Ta 3aaHil KOHTAKT.

Strengthened glass

(n)CdS

Metal contact
Encapsulated Sheet

Puc. 2. Cxema mrapis consunoro enementa CdTe/CdS (Romeo, 2007).

[1] Wilson G.M., Al-Jassim M., Metzger W.K., et al. The 2020 photovoltaic technologies
roadmap. Journal of Physics D: Applied Physics. 2020. Vol 53, No49. P. 493001.

[2] Dhere R.G., Bonnet-Eymard M., Charlet E., et al. CdTe solar cell with industrial Al: ZnO
on soda-lime glass. Thin Solid Films. 2011. Vol. 519, No21, 7142-7145.

[3] Bosio A., Rosa G., Romeo N. Past, present and future of the thin film CdTe/CdS solar cells.
Solar Energy. 2018. VVol.175. P.31-43.

THIN FILM SOLAR ELEMENTS BASED ON CdTe

M. Skipalskiy!, O. Zamurueval, R. Yavorskyi?, 1. Vakaliuk?
Lesya Ukrainka Volyn National University
Vasyl Stefanyk Precarpathian National University
zamuruyeva.oksana@vnu.edu.ua

Throughout the long history of photovoltaic development, many efforts have been made
to develop thin film solar cells with their unique technical characteristics such as lightness,
flexibility and affordability. An overview of promising technologies of photovoltaic converters
in the field of solar energy was presented. The dynamic trend of efficiency, stability and
degradation mechanism of thin-film solar cells shown. The trend of changing the efficiency of
thin-film solar cells over many years shown.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HATIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAILIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 macromana 2023 p., M. JIninpo, Ykpaina



210 Cexuisi V. ®I3UYHI IBUIIIA B MATEPIAJIAX EJIEKTPOHHOI TEXHIKH TA
TEXHOJIOI'IS iX OTPUMAHHS

BII/IUB YMOB CUHTE3Y HA ITPOLEC JIET'YBAHHS
HAHOKPUCTAJIIB ZnO:Mn

O. KoBaJjienko, B. Boposcbkuii, B. CiiaBumnii, A. Bekianu
J[Hinposcoxuii nayionaneruil yHieepcumem imeni Onecs I onuapa
kovalenko.dnu@gmail.com

Amnaii3 niTepaTypHHX JDKEpell BKa3ye Ha Te, 10 3HAYeHHS CTPYKTYPHHUX MapaMeTpiB y
Ha"okpuctanax (HK) ZnO ta ZnO:Mn B 3Ha4Hiii Mipi 3a1exaThb BiJ yMOB CUHTe3y. PiBHOBaXkH1
YMOBH CHHTE3Y NMPUBOASATH 10 YTBOPEHHS CTAJIOT KPUCTAIIYHOI TPATKH 3 MapaMeTpaMu a Ta ¢
ONMU3BKUMU /10 TTapaMeTpiB MoHOKpucTaniyHoro ZnO. [Ipu npomy nomimka Mn piBHOMIpHO
postamoByeThess B 00'emi HK. Merox ymnbprpazBykoBoro mipoimidy aeposonio (YIIA), skum
Oyno cunre3oBano HK anms nmocnmimkeHHs, 3aCHOBaHMN Ha TePMIYHOMY PO3KJIaJi Kpareib
aepOo30JII0 BUX1THOT pEUOBHHHU MIPH MIPOXOKEHH]1 Yepe3 TepMiuny 30HY[1]. Taki HepiBHOBaxHI1
ymoBu ¢popmyBanHst HK yckmamaioroTs nporec seryBanss ZnO mapranamnem. JJomimka Mn nipu
pOMY po3MinryeThesi y npunoBepxueBomy mapi HK, yrBoproroun HK 3 ctpykryporo tumy
«apo — 00oJIoHKay - Oe3aedekTHE AApo Ta AedekTHa 00osoHKa [2]. Kpim Toro, mominika Mn
YTBOPIOE Y MIKKPUCTAJIYHOMY CEPEIOBHUII aTOMHI KJIAaCTepH Ta BTOPUHHI (has3u, mapameTpu
KPUCTATIYHOI TpaTKM HaOyBalOTh 3HAYHUX 3MiH, IO NPU3BOAWTH JO TOSBH B HIil
nedopMaliiHux HarpykeHb. TeMiieparypa CUHTE3y € OCHOBHHM (haKTOpOM, KU BU3HAYA€
ymoBu ¢opmyBanHs HK.

Mertoto poOOTH € TOCTIKEHHS BIUIMBY TEMIEPAaTypH CHHTE3Y Ha MPOIIEC JIETYBaHHS
HK ZnO nomimkoro Mn npu cunte3i HK meromom VYITA. JlocmimkyBaimck 3pa3kun HK 3
KoHIeHTpauiero Mn 0, 2, 4, 8 at.% npu Temneparypax cunresy T = 650°C ta T = 750°C. Tani
penrtrenogazoBoro ananizy (PO®A) 3paskiB npuBeseHi Ha puc. 1.

Intensity (a.u)
Intensity (a.u)

45 60 75 15 30 45 60
26, (degree) 20, (degree)
a ]
Puc. 1. POA HK ZnO ta ZnO:Mn, orpumannx npu temrnepatypi cuntesy T = 650°C (a) ra T = 750°C (6):
Zn0O — (1), ZnO:Mn (2 at.% (2); 4 a1.% (3); 8 at% (4)). CumBOI*- Paza ZnMn,0a, cumBoi A — daza Mn,03.

15

Amnani3 nanux POA noxka3zye Ha Te, mo Temneparypa cuntesy T = 650°C nemoctaTHs
JUIsL OTpUMaHHs oAHOpPiAHOT ¢azu ZnO:Mn, npu LbOMY B pe3yibTaTi CUHTE3Y BiIOYBa€ThCS
yTBOpeHHs BTOpUHHUX (a3 ZnMn204 Ta Mn20s3. [1o 3MiHI mapamMeTpiB KPUCTATIYHOT TPATKH Ta
00’emy (V) enementapnoi koMipku HK ZnO:Mn npu 3poctanni koHueHnTpauii Mn (tabmn.1)
BCTaHOBJIEHO MeKy po3urHHOCTI aAoMmimiku B HK ZnO. Byno 3po0ieHo BUCHOBOK, 110 Mexa
po3unHHOCTI Mn nipu Temneparypi cuatedy T = 650°C ne nepeBumnye 2 at.%. Cuntes npu T =
750°C npuBOANTH 10 YTBOPEHHS 0OAHOPIAHOI (pa3u ZnO:Mn npu BCix KOHIIEHTPALIAX JOMIIIKH
Mn 3 MeXer0 PO3YMHHOCTI OUIBIIO0 HiX 8 aT.%.
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Tabmunsa 1. [Tapamerpu KpucTaniyHol rpaTku, 00’€M eleMEeHTapHOI KOMIpKH Ta cepeHii po3mip HK
ZnO:Mn npu Temnepatypax cuatedy T = 650°C ta T = 750°C

Tun 3pa3kis ITapamerpu, T = 650°C. IMapamerpu, T = 750°C
aA” | ¢,A° | V,A® | dyum | a,A° | ¢,A° | V,A® | d, Hm
HK ZnO 3,2415 | 5,1946 | 47,290 | 56,4 | 3,2405 | 5,2116 | 47,593 | 58,5
Mn 2a1.% 3,2431 | 5,1972 | 47,337 | 36,2 | 3,2494 | 5,2073 | 47,761 | 40,7
Mn 4ar.% 3,2403 | 5,1965 | 47,249 | 31,2 | 3,2573 | 5,2055 | 47,829 | 40,2
Mn 8a1.% 3,2389 | 5,1983 | 47,225 | 30,0 | 3,2538 | 5,2196 | 47,856 | 36,0
Kpucran ZnO | 3,2492 | 5,2053 | 47,590 - 3,2492 | 5,2053 | 47,590 -

301bIIeHHS 00’ €My eJIeMEeHTapHOI KOMIPKH y 3pa3kax, cuHTe3oBaHux npu T = 750°C,
cBiguuTh npo te, mo B HK BinOyBaeThcs mporiec eryBaHHS IIISAXOM 3aMIIEHHS Y By3Jax
kpucTaniunoi rpatku ZnO ioHiB Zn?* iomamu Mn?*, sxi MaroTh 6inbLIuit ioHHMIA pajiyc (pamiyc
Mn?* - 0,74 A , a paniyc Zn?* - 0,67 A). Ilpu TakoMy cuHTe3i BinOyBaeThCA He TilbKH
yrBopeHHs1 HK ZnO:Mn, ane i1 ix yactkoBuii Bignaiu. [Ipouec repmonudysii 3ad6e3nedye 6i1bii
e¢exrusHe jeryBanHs HK ZnO nomimkoro Mn.

[Ipu T = 650°C 30inbLIeHHS KOHIIEHTpalii Mn HNpUBOIUTH 10 3MEHIICHHS 00’ €My
€JIEMEHTAPHOI KOMIPKM Ta 3HAYHOI DI3HMII IBOTO Tapamerpa, MOPIBHIHO i3 00 €MHHUM
kpuctaniyauM ZnO. Lle € 03HaKoI0 HagBHOCTI JedopMaIifiHUX HANPYKEHb Y KPUCTANIuHIN
rpatmi. Takox 1e cBimuuTh npo vactkoBe jeryBanHs HK ZnO pomimkoio Mn. Bona, B
OCHOBHOMY, pO3TalIOBYeThCsi Ha moBepxHi HK y Bursai okpeMux atomiB ab0 BTOPUHHHX
da3 - ZnMn204 ta Mn203, o miaTBepKyeThes pesynbratamu POA.

[1] Kovalenko O.V., Vorovsky V.Yu., Khmelenko O.V. The effect of heat treatment on the
magnetics properties of ZnO:Mn nanocrystals obtained by ultrasonic aerosol pyrolysis.
Functional Materials 27(4), 687 (2020).

[2] Vorovsky V.Yu., Kovalenko A.V., Kushneryov A.l., Khmelenko O.V. Preparation of
zincoxide nanopowders doped with manganese which have ferromagnetic properties at
room temperature.// J. Functional Materials, 25, 1, 2018, p. 1-6.

INFLUENCE OF SYNTHESIS CONDITIONS ON THE
ALLOYING PROCESS OF ZnO:Mn NANOCRYSTALS

A. Kovalenko, V. VVorovsky, V. Slavnyi, A. Veklych
Oles Honchar Dnipro National University
kovalenko.dnu@gmail.com

The paper presents the results of studying the effect of temperature on the process of
doping of ZnO:Mn nanocrystals during the synthesis by ultrasonic pyrolysis aerosol. ZnO:Mn
samples with a Mn concentration of 0, 2, 4, 8 at.% were studied at synthesis temperatures
T =650 °C and T =750 °C. By the method of X-ray phase analysis analysis, it was shown that
the synthesis temperature of T=650°C is insufficient for effective alloying. The synthesis is
accompanied by the appearance of secondary phases ZnMn.Os4 and MnO3z, and the Mn
solubility in ZnO does not exceed 2 at.%. At the synthesis temperature T =750 °C the secondary
phases disappear, and the solubility limit increases to 8 at.%. At high synthesis temperature, the
influence of thermodiffusion on the formation of ZnO:Mn nanocrystals, not only their
formation but also partial annealing occurs.
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TEH30E®EKTHU B p-TEPMAHII

I'. I'aiinap
Tnemumym s0epuux docnioxcenv HAH Yxpainu

gaydar@kinr.kiev.ua

Pi3HOIIaHOBE BHMKOPHUCTaHHS Cy4acHOi MIKpPO-, HAaHO- Ta ONTOEJIEKTPOHIKU Y
BUPIMIAIBHUX JUISI TEXHOJIOTTYHOTO MPOTPECy Tary3sX HAyKH 1 TEXHIKH, a TAKOXX 3pOCTaI0Ui B
yaci BUMOTM JI0 NPOEKTYyBaHHsS Ta IMPaKTUYHOI peasi3ailii HalCKIagHIIINX eJIeKTPOHHUX
CHUCTEM 13 IIUPOKUMH (PYHKLUIOHAJBHHUMU MOXIIMUBOCTSMH, IO BUTOTOBJSIOTHCS B
IPOMMCIIOBUX MaciuTabax 3a J0MOMOIo0 IUIAaHAPHOI TEXHOJIOrI, Oe3MocepeIHbO MOB'sI3aHi 3
yCceOIYHUM BHMBUEHHSIM BJIACTUBOCTEH TAaKMX CTPATEriuHO aKTyaJlbHHX OaraToOJIMHHUX
HAaIliBIPOBIIHUKIB, K repMaHiii 1 KpeMHii [1].

Merta pobGoTu mojsranza y BCTAaHOBJICHHI 3aKOHOMIPHOCTEH BIUIMBY MEXaHIYHOTO
HaANpPYKEHHs] CTUCHEHHS Ha eheKkT XoIa 1 MO3/I0BXHIM MarHiTOOMIp KPUCTAIIIB p-TepMaHilo.

Crenudiuni 0cOOTMBOCTI BAJIGHTHOI 30HM KYyOIYHUX HAIIBIPOBITHUKIB (30Kpema, Ge)
3yMOBIIIOIOTh y MaTepiajax p-THUIy pi3HOMaHITHI aedopmariiiai edpektu. Y BaJeHTHIH 30H1
p-Ge € Tpu TUIKH, 10 XapaKTePU3yIOTh SHEPreTHYHUN CHEKTp MipoK. JIBl TUIKH — JIETKUX 1
BXKUX JIIPOK — BHPOKEHI B Toulli ¢a3oBoro K -mpocTopy, e XBUILOBHH BeKTOp K =0.
Tpers rinka "BifmernseHa" BiJl MepIIUX ABOX 3a PaxyHOK CIiH-OpOiTanbHOT B3aemomii. Jlis
nociimkyBaHoi oonacti temmeparyp (7<300K) B Ge BoHa He BCTymae y B3a€EMOIIO 3
MEXaHIYHUMHU HAINPYKECHHSMH, OCKUIBKH PO3TALIOBY€EThCS 3HA4HO HIk4e (Ha 0,29 eB) nBox
1HIINX TUIOK.

VY HeneopMOBaHUX KpPHUCTAIAX JIJISl IBOX BEPXHIX T'JIOK BaJICHTHOT 30HH, BUPOKCHHIX
y Touni Kk =0, eHeprig HOCIiB Mae CKJIaJHy 3aJeKHICTh BiJl XBHJILOBOTO BekTopa K . VY
nepopmoBanux kpucraiax (Ge Tta Si) bip 1 Ilikyc oTpumanu 3araibHy (QopMmyity Uis
€HEepreTUYHOT0 CIEKTPY JIPOK 3aJIeKHO Bij nedopmartii [2], sika 3HAUHO CIPOIIYBajIach y ABOX
IPaHUYHUX BHIaJKaxX. Y pa3l HU3BKUX TeMIepaTyp 1 BEIMKHMX THCKIB (KOJMM BCi JIpKH
3HaXOMAThCS B OKOJI MajHMX 3Ha4eHb K) OTPUMYEMO BHpa3, KW CBIMYUTH MPO T, IIO:
a) OJIHOBICHA MpY»XHa Jedopmallis MPU3BOAUTH J0 3HATTS BUPOKEHHS 30H JETKUX 1 BXKKHX
JIPOK, i eHepreTHYHa IUIMHA MK HUMH BH3HAYAEThCS IPYKHUMHU CTalMMHU S11, S12, Sas [3],
KOHCTaHTamMu JedopmaliiiHoro mnoteHiiany b, d (koMImoHeHTaMH TEH30pa MOTEHIATy
nedopmMariii) 1 MpUKIaJAEHUM MEXaHIYHUM HanpyKeHHSM X; 0) MOBEpPXHI CTaJIol eHeprii 30H,
AK1 PO3LIENMIINCS, MOOJU3y MIHIMYMYy € eJNCOiJaMH, TOJIOBHI OCi SKHMX 30iraroTbCs 3
TOJIOBHUMH OCSIMHU TE€H30pa Jedopmartii. Y TaKOMy BUTIAJIKy €HEpreTHYHa CTPYKTYpPa 3 THCKOM
HE 3MIHIOETBCS, a OTXKeE, 'HaCHUyIOThCs' BCl leopMalliiiHi eeKTH.

[HIITMM TpaHUYHUM BHITQKOM 3MiHHA €HEPTETUYHOTO CIIEKTPY JIiPOK € BUTIAJI0K BUCOKHMX
TEMITEpaTyp, KOJIM PO3MICIUICHHS 30H YHACTIIOK AedopMallii 3HaYHO MEHIe OpPiBHSIHO 3 KT.
Y upoMy BHIAJKy OCHOBHAa Maca MipOK 3HAXOJUThCS B 007acTi BEIMKUX 3HAYeHb K i
OTPUMAaHUI BUpA3 JUIA €HEPreTUYHOI CTPYKTYPHU BaJEHTHOI 30HM MOKa3ye, 10 J0O0aBKU B
eHeprii 3a paxyHok naedopmamii OyayTh JIHIHHUMH 3a JedopMalli€ro, a BEIMYMHU iX HE
3aJIeKaTUMYTh BiJl a0COIIOTHUX 3HAa4eHb K, a JIMIIIe Bij HanpsiMKy B K-ipocTopi.

Takum uwmHOM, nedopmaniiiHi epekTu B Marepianax JIpKOBOI MPOBIAHOCTI
BU3HAYAIOTHCS 3MIHAMH B €HEPreTUYHOMY CIEKTpi JIpOK, IO TATHE 32 CO0O0I0 3MIHM iXHBOT

rpymoBoi wmBmakocti U ~ (dE/ dki ), a, omKe, W edeKTUBHOI Macu mi* ~ (dzE/ dki2 )71 (3

MiJBUIICHHSAM THCKY Maca JIeTKHUX dIpOK 30UIBIIYEThCS, a Maca BaXXKUX 3MEHIIYETHCS).
IcTOTHUM € TakoX B3HITTS BHPOJDKEHHS 30H JICTKMX 1 BaXKUX JIPOK, IO BHUKIUKAE
MePepO3MOIiT HOCIiB MiK 30HAMH.
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B ekcmepuMmeHTax BHKOPUCTaHO MOHOKpucTanu P-Ge 3 KOHIGHTPAIIE IipoK
Np~2-10"cm2 (psook = 16 Om-cm). Tpu Temmeparypax 300 i 77 K BUMipsiHO HOTHOBi
sajexxHocti edexry Xomaa Ru/Ro =f (H) Ha 3paskax pisnoi kpucranorpadiunoi opieHrarii
X |l 7 II(J100] i [111]) 3a BimcyTHOCTI Ta 3a HASBHOCTI OJHOBICHOIO MEXaHIYHOTO
HanpyKeHHs: cTUCHeHHs X. Ha 1mux camMux 3paskax y IIUPOKOMY IHTEpBaji MEXaHIYHHX
HanpyxxeHb (0 < X <1TTla) mocnimkeHo TEH300mip i MO3A0BXKHINA MarHiToomip. OTpumani
pe3yJIbTaTH CB1IYATh PO HASIBHICTH aHI30TPOITi] raJiIbBaHOMAarHiTHUX ePekTiB y P-Ge He TUIbKH
npu X =0, ajge TakoX 1 3a JyXe CWIbHMX MEXaHIYHMX HaBaHTaxeHb. [lokazaHo, mI0
130€HEpPreTUYHI TOBEPXHI BAJICHTHOI 30HU B P-Ge, SKi BUHUKAIOTh y PE3yJIbTaTi OJHOBICHOI
nedopmaltii, He € enincoinamMu 0O0epTaHHs, a ABJIAIOTH CO00I0 (IrypH CKIIaIHIIIOTO BHUIIISTY
(Tumy emincoiniB 31 "BM'aturamu"). Tomy 115 moOyoBu Teopii KiHeTHUHUX edekTiB y p-Ge,
sIKa TIOCJIIOBHO BPAaXOBY€ aHI30TPOMi0 eHeKTHBHUX Mac AIPOK Ta aHI30TPOIIIO iX PO3CISHHS,
HeoOX1IHO MaTH iH(OpPMAaLIiIO PO 130€HEPTeTUYHI MOBEPXHI HE TUIBKH Yy BUXITHUX KpUCTAJIaX
p-Ge, ane TakoX i B yMOBax ix Aedopmartii.
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TENSOEFFECTS IN p-GERMANIUM

G. Gaidar
Institute for Nuclear Research of the NAS of Ukraine
gaydar@kinr.kiev.ua

For Ge crystals with a hole concentration np~ 2 x 10* cm= of two orientations
X || 7 11 (J100] u [111]) ( F is the current through the sample), the dependences of the Hall
coefficient on the magnetic field strength A at different values of the mechanical compressive
stress X were obtained at 77 and 300 K (wherein, in all cases, H || [110]). At T=77 K, a fine
structure of the field dependences of the Hall coefficient was revealed, which is associated with
the anisotropy of the band of heavy holes, which is significantly smoothed out with increasing
pressure in the case of both crystallographic orientations.

The different behavior of the Hall coefficient with pressure in weak (up to 2 kOe) and
stronger (5-20 kOe) magnetic fields was revealed.

The longitudinal tensomagnetoresistance was studied for the same p-Ge crystals at the
deformation along the [100] and [111] directions and the temperature of 77 K. Significant
anisotropic effects were revealed. It was found that with pressure (0 <X<1GPa) the
longitudinal magnetoresistance (both at X || [111] and X || [100]) does not disappear, as
would be expected in connection with the rearrangement (under the influence of deformation)
of isoenergetic surfaces of the valence band into figures such as ellipsoids of revolution. Hence
it follows that the isoenergetic surfaces of the valence band of strongly deformed p-Ge crystals
cannot be perfect ellipsoids of revolution.
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EJIEKTPOHHI BJACTUBOCTI IPUIIOBEPXHEBOI'O
IAPY MOHOKPUCTAJIIB n-GaAs (100)

JI. lemunna, A. Minsiiio, 1. Ilekyp, M. Byiiuuk, II. I'ennapsb,
O. CTpoHchkuii, O. Biaacenko

Tnemumym ¢hizuxu nanienpogionuxis im. B.€. Jlawkapvosa HAH Ykpainu
rastneg@isp.kiev.ua, demid.pekur@gmail.com

BaxuinBoro crnomykor A NPAaKTUYHOIO 3aCTOCYBAHHSA B EJIEKTPOHHIM TEXHILI €
apceHijl rajilo0 3aBJIJKM CBOIM ONTHYHUM Ta eJNEeKTPO(I3MUHUM BIACTUBOCTIM. GaAs
BUKOPHUCTOBYETHCS JUIS BHTOTOBJICHHS TpPUKWMAadiB  BUIPOMIHIOBAHHS, CBITJIOIIOMIB,
doronionis, nazepis, renepaTopiB I'aHa, ETSKTPOONTHUYHUX MOIYIATOPIB, COHSUHUX Oarapei,
ta 1H. B pmaHii poOOTI PO3IJISIHYTO CHUJIBHOIIOJNBOBI CHEKTPH  €JICKTPOBIIOMBAHHS
MOHOKpHCTaTiB n-GaAs, a caMe BCTaHOBJICHO 3B’ 530K Mk ocimisinisimu @panna — Kenauma
AEm 1 eNeKTpoOnTHYHOI0 eHeprielo A0. B cuibHOIEroBaHoMy Matepiani IifoTh (i3udHi
MeXaHi3MU, TaKi K pO3LUIMPEHHS TOMIIIKOBHUX 30H, 3MiHA T'YCTUHU CTaHIB, PO3CIFOBaHHS HOCIIB
3apsily Ha 3apsDKEHHX JIOMIIIKaX, Ha HEOIHOPIAHOCTAX JIETYBaHHS 110 00’ €My 3pa3Ka Ta iHIIi
(BIacHa KOHILIEHTpaIis Hocii 3apsmy Ni B MoHOkpucTanax GaAs nopisaioe 1,29 1012 m3).
GaAs BHUKOPHUCTOBYETBCS B SIKOCTI MIIKJIAIKHA JUISI HAHECEHHs PI3HHMX IUTIBOK, OTPUMAaHHS
HaHOCTPYKTYp, I'€T€POCTPYKTYp, IJIi BUTOTOBJICHHS CBITJIOAIO/IB, COHAYHMX EJIEMEHTIB 1
IHIINX €JIeKTPOHHUX MPUIAJIiB Cy4acCHOTO IMOKOJIHHS.

Mertoro ganoi po6oTu 0ys10 oTpuMaHHs (Hi3UUYHUX TApaMEeTPiB MPUIIOBEPXHEBOIO IIAPY
Bucokoseropanux kpuctaiiB GaAs (100) Ta 3’scyBanHs (pi3MUHUX MPOIECiB, MEXaHI3MIB Ta
npupoar (popMyBaHHS €EKTPOHHUX 1 ONTHUYHUX SBUI] HA MOBEPXHI 1 B MPUIIOBEPXHEBOMY
mapi JTaHOTO MaTepialy 13 CIEKTPIB eNeKTPOBiAOMBaHHS B 00nacTi ¢GyHAaMEHTAIHHOTO
ontuyHoro nepexony Eo B eneprernynomy nianasoni 1,3 eB— 1,6 eB 1 koHTpoab cTpykTypHOi
JOoCKOHanocTi MoHOoKpHcTaiB N-GaAs (100) BupoIIeHnx METOIOM KpUCTali3alii 13 po34HHy,
BCTAHOBJIEHHS KUIbKICHOTO CIIBBIAHOIIEHHS M1 ()€HOMEHOJIOTTYHUM TapaMeTPOM YIIUPEHHS
I' i korneHTpariero N elekTpoHiB B MOHOKpHUCTanax n-GaAs.

Ha ocHOBI mgocnimxkeHHS €JIEKTPOHHHMX BIJIACTUBOCTEH  MPHUIIOBEPXHEBOIO IIAPY
MoHOKpucTanmiB n-GaAs (100) BHpomeHHX METOJOM KpHUCTalli3allii i3 PO3YHHY 3 METOI0
BCTAHOBJIEHHS KUIbKICHOTO CIIBBIAHOIIEHHS MK ()€HOMEHOJIOTTYHUM apaMeTPOM YIIHPEHHS
I' 1 xoHIeHTpallieto enekTpoHiB N B MoHOKpucTanax n-GaAs (100) MeTogoM MOIyNIALIHHOT
CIIEKTPOCKOIIi eleKTpOoBiI0MBaHHA i3 KOHIeHTpamiclo enektponis N = 10%- 10% M3 npu
KIMHATHIH TeMmepaTypi B eHepreTnyHomy niana3oni 1,3 eB — 1,65 eB 3pobneno HacTymHi
BUCHOBKH:

1. IlpoBeneHo anami3z 3B’s3Ky ocuwmsinii @®panua - Kenauma i3 el1eKTpOHHUMH
napamMeTpamMu NpU CHIBHOIMOJIBOBOMY PEXHMI BHUMIPIOBAHb CIIEKTPIB €JIEKTPOBIIOMBaHHS,
30KpemMa Mix nepiogamu ociisniii @panna - Kennuma AEm 1 eeKTpoONnTHYHOI0 €HEPriero
ho.

2. I3 KiIbKICHOTO aHaJTi3y CHEKTPIB €JIEKTPOBIAOMBAHHS Ul 3pa3KiB 13 KOHIEHTPALIEI0
enextponis N = 7,5-10%2 M orpumani 3HayeHHs (Qi3MYHUX TIapaMeTpiB i mapamMeTpiB 06IaCTi
IPOCTOPOBOTO  3apsily MPUIIOBEPXHEBOTO MIapy JAOCHIDKYBAHOIO Marepialy: eHepris
enekTpoHHOTO Tepexony Eo (omrmunmii mepexim I'sv —sc); enexTpoonTnyHoi eneprii A6,
(eHOMEHOJIOTIYHOTO TapaMeTpa YIIUpeHHS [; MOBEepXHEBOTO eNeKTpUYHOro moins F;
BIZTHOCHOT'O (ha30BOr0 (hakTOpy Y; EHEPreTUYHOT Biialli BiJl eHEPTii eJEeKTPOHHOTO MEPEXOIY
Eo mo exkcrpemyma octaHHboi ocumisiii ®panna - Kennuima, TpOTSHKHOCTI  OCHMIIAIIT
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XBHJIbOBOI (PYHKIIIi KBAHTOBO-MEXaHIYHOT YACTUHKH AFK 13 €)EKTUBHOIO MACOIO |L TIPH TAHOMY
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[1] IL.O. I'eruaps, O.1. Bnacenko, O.B. Ctponcekuii. KOHTpOdb CTPYKTYpHOI JTOCKOHATIOCTI
emiTakciiHuX TWIiBOK n-GaP MeTonoM MomyInsiiHOi CIEKTPOCKOMi eNeKTpOBiAONBaHHS,
di3uka i ximis TBepaoro tina, 7(4), 780 (2006).

ELETCTRONIC PROPERTIES OF THE SUBSURFACE
LAYER OF THE n-GaAs SINGLE CRYSTAL (100)

L. Demchyna, A. Mynaylo, D. Pekur, M. Vuichyk, P. Gentsar,

A. Stronski, O. Vlasenko
V. Lashkaryov Institute of Semiconductor Physics NAS Ukraine
rastneg@isp.kiev.ua, demid.pekur@gmail.com

The electronic properties of the subsurface layer of n-GaAs (100) single crystals grown
by crystallization from solution were investigated using electroreflectance modulation
spectroscopy in order to establish a quantitative relationship between the phenomenological
parameter of extension I' and the concentration of electrons N in n-GaAs (100) single
crystals.The spectra of electroreflectance of the surface (chemically etched before
measurement) of n-GaAs single crystals (100) with the concentration of electrons N =
102! - 10%* m™3 were obtained by the electrolytic method at room temperature in the energy range
of 1.3 eV-1.65 eV. An analysis of the relation of Franz-Keldysch oscillations with electronic
parameters in the high-field mode of measurement of electronegativity spectra was carried out,
in particular between the Franz-Keldysch oscillation periods AEm and electro-optical energy
h6. The ratio between the energy position of the reflective peaks in the high-field mode of
measurements of electroreflectance spectra and electro-optical energy %6 (Em= f(h6), where
m=1.2, 3....) has been established. Physical parameters and parameters of the spatial charge
region of the near-surface layer of the test material are obtained.
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BIIVIUB TEMIIEPATYPHU BIAIIAJTY
HA CTPYKTYPHI TA OIITUYHI XAPAKTEPUCTUKHA
I'ETEPOCTPYKTYP ZnO/CuO

B. €goknmenko’, P. [Tmennunnii’, A. Onanaciok?,

B. IOpuenko!, O. Kiumos?
L Cymcvruii Oeparcasnuii ynisepcumem
2Vuieepcumem Banencii
v.yevdokymenko@ekt.sumdu.edu.ua

Oxcunu MertaiiB € MEepCreKTMBHUMHU MaTepialaMy AJIsl CTBOPEHHS aKTUBHUX IIapiB
COHSYHHMX €JIEMEHTIB, JAaTYMKIB MOBEPXHEBUX XBHWJIb, T'a30BUX JETEKTOPIB Ta JECTEKTOPIB
BUIIPOMIHIOBAHHS BHACIIJIOK HEBHCOKOI BapTOCTI (pOopMyBaHHSA, XiIMIYHOI CTIMKOCTI 32 YMOB
OKHUCITFOBAIBHOI aTMOC(EpH Ta EKOJIOTIYHOI OE3MEYHOCTI, SK CKJIAIOBUX CIIEMEHTIB, TakK 1
CaMMX CIIOJyK. 30Kpema, IIMPOKE 3acCTOCYyBaHHA y (DOTOBOJIBTAILI HOBOI'O IOKOJIHHSA
OTPUMAJHM Iapu OKCHIIB HHUHKY (ZnO HamiBOPOBIAHMK N-THITy EJIEKTPOIPOBIITHOCTI i3
mmMpuHOI0 3a060poneHoi 30uu Eq= 3,36 eB i nposigmictio o ~ (107-10%) Om™*-cm™?) ta mizi
(HamiBOPOBIIHUKY P-THUITY €EKTPONPOBiAHOCTI, Egcuo ~ 1,35-1,70 eB, Egcuzo ~ 2,2 €B, o~ 10
4 Omtem?). TlepcnexkTuBHICTH 3aCTOCYBaHHA HUX OKCHAIB B OCHOBHOMY IIOB'A3aHA 3
BIJIMOBIHOIO CTPYKTYPOIO EHEPreTHYHUX 30H, BHUCOKOK TEPMIUHOI CTaOUIBHICTIO Ta
JICIICBU3HOK BHUroToBNeHHs IUIiBOK. ['erepomepexomau (I'IT) n-ZnO/p-CuO BHUKIUKAIOTH
3HAYHHUM THTEPEC, OCKIIBKH BiJMOBIIHO O OCOOIMBOCTEH KPUCTAIIYHUX I'PATOK OKCUIIB TIPH
iX BU3HAYCHIN OpI€HTAI] ICHY€ MOXJIUBICTh CTBOPEHHS MTPAKTHYHO 0e3/1e()eKTHOTO ITePEXOy.

Jlns oTpuMaHHs ABOIIapoBOi cTpykTypu ZnO/CuO rortyBanucs J1Ba BOJHI PO3YMHU
arieraTty IMHKY Ta MOHOTiApaTy ameraty wimi. Anerar 1uHky (Zn(CH3COO):H20) 3
koHneHTpanietro 0,1 M po3unHsmu B JAeioHi30BaHi Boxai. MoHorigpar amneraty Mifi
(Cu(CH3COO0)2H20) 3 konrentpamiero 0,05 M Texx po3unHsin B JeioHi30BaHii Bomi. Jlmst
3011bILIEHHS CTYTEHSI PO3UMHHOCTI MiIHOTO IPEKYPCOPY J10 MOYATKOBOI'O PO3YUHY JI0aBaocs
nekinpka kpamnenb coisHoi kucnotu (HCl, 10 % BogHoro po3uuny). Jns onepskanns I'TI
METO/I0M po3NuiIeHHs Ha HarpiTy 10 200 °C ckisiHy NiAKIAAKY Co4aTKy HaHocwiu map ZnO.
[Ticist 4oro oTpuMaHe NOKPUTTS CYIININ HpoTsrom 60 XB. mpu KiIMHATHIN Temnepatypi. dami
Ha migkiaagkd 3 mapoM ZnO, HaHocwiu map CuO. [[nsg HaHeceHHS OKCUIHMX IIapiB
BUKOPHUCTOBYBaIM aeporpad 3 po3Mipom coruia 0,3 MM. Bucymieni aBomapoBi 3pas3ku, Ajs
MOKPAIIEHHS CTPYKTYPHO-(a30BUX XapaKTEpUCTHK ULIapiB Ta BUIAIIOBAHHS 3aJIMIIKOBUX
XIMIYHHX JIOMIIIIOK, BiIMAFOBAIHA y CEPEIOBUII aproHy B Jiana3oHi remreparyp Bia Ta = 300
°C 10 500 °C (3 kpokom 50 °C).

PamaHIBChKi CHIEKTPH TUTIBOK JOCIIKYBaIU B Aiana3oHi yactot 3mimieHHs (100-700)
cm? Ha cnekrpomerpi Renishaw InVia 90V727 mpu kiMHaTHil Temmeparypi. 30yIKeHHs
MPOBOAMIN BUIPOMIHIOBAaHHSM 3 JTOBXKHHOIO XBHWI1 A = 532 HM. ONTHUYHI XapaKTepUCTHKU
OaraTomapoBuX CTPYKTYyp BHMipIoBaIM Ha crekTtpodoromerpi Jasco V-650 B niama3oHi
noBxuH xBui A = (50-1000) HM 3a KIMHATHOI TEMITEPATYPH.

Ha Puc. 1 (a) HaBe1eHO CIEKTPH paMaHiBCHKOTO po3citoBaHHs Bij orpuManux [T micius
BiamaniB. Ha HuX crocrepiratothes miku Bij 1Box (a3. [Tiku 3 wactotamu 278 CM'l, 327 em?,
615 cm™ Binmosinarots Momam Ag, By, Ta B2g MOHOKJIIHHOTO OKCHLY Mijli, B TO# Yac sk mik 431
em? (E2"9") Binmosinae inmomy marepiamy — rekcaronambHiit dasi ZnO. BerarOBNEHO, 1O
paMaHiBChbKI MOJAM Ha CIIEKTpax BiJ rerepocTpykryp ZnO/CuO nemo po3mmpeHi, 0JHOYaCHO
CIIOCTEPITa€eThCs X CHHIN 3CYB Uepe3 Halpy>KEeHHS, 1110 BUHUKAIOTH I11]1 4ac MPOLIeCy poCcTy Ta
CYUIIHHS HAHOKOMITO3HUTIB.
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OnTuyHi BIacTUBOCTI OaraToumiapoBHX CTPYKTYpP BHBYAQJIM LUISXOM BHMIPIOBAHHS iX
criektpiB npomyckanHs. Li cnexktpu Big I'TI ZnO/CuO, BiamaneHux npu pi3Hid Temmeparypi,
HaBesieHo Ha Puc. 1 (0). SIk BUIHO 3 pUCYHKY, CIIEKTPH MICTATh JB1 AUISTHKH PI3KOTO MaJiHHS
MIPOITYCKaHHs, OAHY MpuOau3HO 11pu 410 HM, a iHITY iprbau3HO npu 580 HM, SKi BiJIITOBIIAI0ThH
Kpasim cMmyr normuHaHHs ZnO ta CuO, BiamoBigHo. Haiibinpima mpomyckaiabHa 31aTHICTD
(mpubnuzuo 60 % B mianmazoHi moBxkUH XBWib (600-900) HM) crocrepiranacs uist 3paska,
Bignanenoro npu Temmeparypi 350 °C. Opgnak npu 30UIblLICHI Ii€i TeMmepaTypu BOHA
3meHuryBanacs. Lle, oueBuHO, OB’ s13aHO 3 movaTkoM (azoBoro nepexoay CuO — Cu20, sk i
CIIOCTEPIrajgocs HaMu B IOMEPEAHIX poOOTax 3 BiJMAJIB OJHOIIAPOBUX CTPYKTYP Ha OCHOBI
OKCHUIY MiJIi.

0,7

a Cu0 (A,) 6
278
0,6
uo (B,)

327 CuO (By)

Zno (E,) 615 0,54
i TN

-
AR
\\::M 0.1+

M 0,0

T T T T T T T T T T
100 200 300 400 500 600 700 300 400 500 600 700 800 900

500°C

450°C

400°C

350

MponyckaHHs

300°C

e

HesignaneHui

IHTEHCMBHICTB, YM. 04,

PamaHiscbkwii 3cys, oM’ [oexuHa xsuni, HM
Puc. 1 PamaniBcbkuii criekTp (a) Ta crektp npomyckanss (6) Bix rerepoctpykryp ZnO/CuO BiananaeHux npu
pi3Hiii Temneparypi

Takum grHOM, y po0OOTI MpocTUM XiMiuHEM MeTonoM ctBopero I'TI n-ZnO/p-CuO Ta
JIOCITIJKEHO BIUIUB TEPMIUHUX BIJNAJIB Ha iX CTPYKTYpHI M ONTHYHI XapaKTePUCTUKH.

ANNEALING TEMPERATURE ON ON STRUCTURAL AND
OPTICAL PROPERTIES OF ZnO/CuO HETEROSTRUCTURE

V. Yevdokymenko?, R. Pshenychnyi!, A. Opanasyuk?,
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In the present article, n-ZnO/p-CuO GPs were obtained by a simple and inexpensive
chemical method. The Raman method confirmed that the two-layer structures include copper
oxide with a monoclinic structure and zinc oxide with a hexagonal structure. Using the Raman
method, we confirmed that the two-layer structures include copper oxide with a monoclinic
structure and zinc oxide with a hexagonal structure. The transmission spectra of the HP contain
two regions of a sharp drop in transmission, corresponding to the edges of the absorption bands
of ZnO and CuO, respectively. The highest transmittance (approximately 60% in the
wavelength range (600-900) nm) was observed for the sample annealed at 350 °C.
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CTPYKTYPA TA ®I3UYHI BTACTUBOCTI
BATATOKOMIIOHEHTHOI'O CIIJIABY CoCro.8Cuo.64FeNi,
OTPUMAHOI'O T'APTYBAHHAM 3 PIIKOI'O CTAHY
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TpanumiitHO BBaXkaJIocCs, 1110 JJIsI CTBOPEHHS CILIaBIB MOTPIOHO 0OMpPATH OJWH €JIEMEHT
K OCHOBY (Hampukiaja, craBu Ha ocHoBi Fe, Cu, Al, Ni, Mg tomo). Ane us mymka Oyna
CIOPOCTOBaHA TIC/Is BHHAWJIEHHS HOBOrO THIy CIUIaBiB - 0araTOKOMIIOHEHTHHX
BUcOKoeHTpomiiHux ciaBiB (BEC), ski ckinagatoTbes 3 °ATH a00 OLTbIIe eIEMEHTIB Y PIBHUX
eKBiMOJIIpHHX Tporiopiisix. OcobmmBicTio BEC mopiBHSHO 3 3BHUaifHUMU CIJIaBaMH € Te, 110
BOHHM MAalOTh BEJIHMKY CHTPOIIIO 3MIITyBaHHS, sIKa BU3HAYA€ iX CTPYKTypy 1 BiaactuBocTi [1].
BusiBunocs, mo crpykrypu BEC moxyTs OyTu ayxe pisHoMaHiTHUMHU. [cHyt0Th Takox BEC 3
HECKBIMOJISIPHUM BMICTOM KOMIIOHEHTIB ab0 Ouibll CKJIaAHUM (ha30BUM CKIAZOM, B SIKUX
TaKO € BIIOPSIKOBaHI TBEP/Ii PO3UMHU, IHTEPMETATIuHI CIOIYKH, Ta HaBiTh amopdHi dasu [1].
BEC maroTh BenuKuii MOTEHIIaN Ui 3aCTOCYBaHHS y PI3HUX cdepax TeXHOJOTIi 3aBISKH iX
BHCOKMM IIOKa3HMKaM TBEPJAOCTI Ta 3HOCOCTIHKOCTI, CTaOLIBLHOCTI JIO0  pajmiarlii,
aHTHOAKTEepiaTbHIM BIIACTUBOCTSM Ta CTIHKOCTI 10 KOpo3ii [1,2].

OmHUM 13 IHUPOKO PO3MOBCIODKEHUX METOIB TOKpamleHHsS (Qi3WYHUX, XIMIYHHX,
MEXaHIYHUX Ta iHIIMX BIACTHBOCTEM METANIB i CIUIaBiB € rapryBaHus 3 pigkoro crany (IPC).
Po3pobka wmetoxnie [PC 3ymoBmia MOCTIMHO 3poCTalOuuii iHTEpec O MarepiaaiB 3
TEPMOJMHAMIYHO HEPIBHOBXHUMHU CTPYKTypaMHu. Y METOAAX IIBUIKICTh OXOJOKEHHS
po3MmuaBy jgocsrae 3HadeHb noHan 10% K/c, 3aBasku 4oMy B criaBax (OPMYEThCS IIMPOKHUI
CHEKTp METAacTablIbHUX CTPYKTYPHHMX CTaHIB 3 YHIKaJbHUMHU KOMIUIEKCAMH BJIACTHBOCTEH.
Tomy I'PC mae nepcniexktusu st orpumanss BEC i3 nmokpaiueHuMu XapakTepUCTHKAMM.

OcTaHHIM YacoM MiJABUIIUBCS IHTEpeC 10 MOXJIUBOro Bukopucranis BEC He nume sik
KOHCTPYKLIWHUX, aie ¥ K (QyHKIiOHAIbHUX, 30KpeMa MarHiTHUX MaTepianiiB. [leski 3 mux
CIUIaBiB BUTJISIAIOTH TEPCIEKTHBHUMH 3 TOYKH 30pY IOEIHAHHS BHCOKMX MEXaHIYHUX 1
MarHiTHUX BJIacTUBOCTEH. MeToro naHOi poOOTHM € JOCHIIPKEHHS BIUIMBY IIBUJIKOCTI
OXOJIOJDKEHHSI pO3IUIaBy Ha CTPYKTYpPY, MIKPOTBEPIICTh Ta MAarHiTHI BJIACTHUBOCTI CILIaBY
CoCro.8Cug.e4FeNi. JTuTi 3pa3ku crutaBy Oyju OTprMaHi 3a JOMOMOTOXO iedi TaMMaHa y moToITi
aprony. Ilicns nporo 3a gonomororo Texsonorii [IPC, ska monsrana B MIBUIKOMY OXOJIOIKEHH]
Kpaneiab po3IUIaBy MpH iX 3ITKHEHHI 3 BHYTPILIIHBOIO TEIUJIONPOBITHOI IMOBEPXHEIO
MOPOXKHKUCTOTO MIJHOTO IMIIiHApa kUi mBuaKo obeptascs (~8000 06/xB) Oynau oTpuMaHi
TITiBKH JOCTiKyBAaHOTO CIIIaBy. Po3paxyHKoBa MIBUKICTH OXOMOKEHHs cTaHOBMIA 10 10°
K/e.

AHajli3 peHTreHOrpaM J03BOJIMB BCTAHOBHTH, 1110 SIK B JIMTHX, Tak i B [ PC 3paskax cruiaBy
CoCro.8CugesFeNi popmyerbest omnodasua 'K cTpykTypa, 3 mapameTpaMu KpHUCTaTidHOT
PEIIITKY 0 JOPiBHIOKTE BianosigHo 0.3593 M Ta 0.3589 M. Takum uunoM, I'PC He 3MiHIOC
(a3oBHii CKJIa] CIIJIaBY.

JlocmikeHHsT MIKPOCTPYKTYp 3pasKiB TMOKa3ajio, M0 Yy JUTUX 3pa3kax CIUIaBy
CoCrogCuoesFeNi  cmocrepiratoTbCsi ~ THUMOBI  JICHAPUTHI  CTPYKTypH.  BojHouac
mikpoctpykrypa IPC miiBok € apiOHomucrepcHor. CriocTepexyBaHe MepeTBOPEHHS MOKHA
MNOSICHUTH HACTYIHUM: 30UIbIIEHHS LIBUAKOCTI OXOJOJPKEHHS MPHU3BOJIUTH J0 BHPOKEHHS
JNEHJAPUTHOI CTPYKTYpH Ta YTBOPEHHS IIJIOCKOIO (POHTY KpuCTamizalii 3 MOsSBOIO
JpiOGHOMCIIEPCHOT CTPYKTYPH.
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MarsiToMeTpuyHi JOCIIKEHHs MoKasaaM, 1o i auTi, i [PC 3pasku HOCHiIKYBaHOTO
CIUIaBY XapaKTepU3YIOTbCS THUIOBOIO (EPOMArHiTHOIO TMOBEIIHKOIO. 3a 3HaueHHSIMU
xoepuuTuBHOi cun He (120 A/m ns mutux ta 240 A/m s IPC 3paskiB) ix MokHa BigHecTn
JI0 Mar”iToM’sIKUX MartepiaiiB . B Tol ke yac 3Ha4eHHsI TUTOMOI HAMarHi4YeHOCTI HACUYCHHS
Ms mpakTHYHO HE 3MiHIOETHCS 3i 301IbIIEHHSAM MBUAKOCTI oxonomkenns (35 A-m%/kr ta 33
A-M?/xr) . 1le NOACHIOETBCS THM, IO HAMATHiYEHICTh CIUIABY B OCHOBHOMY 3alICKHTh BiJ
CKJIaQy Ta KPUCTAJIYHOI CTPYKTYpH, SIKi HE3MiHHI JUIs 000X 3pa3kiB. Ilpu npomy 3Ha4eHHs
KOEPLUTHUBHOI CHJIM 3pOciio B/ABIUi. O4EBHUIHO, 11€ OB’ S13aHO 3 BHYTPIIIHIMH HAIPY>KEHHSIMU,
10 BHHMUKAIOTH y MaTepiaji MiJ Yac 3arapTyBaHHS 3 PO3IJIaBy, a TaKOX 3 YTBOPEHHSAM
MIKPOKPHUCTAIIIYHOT CTPYKTYPH, III0 MICTUTH Oarato Ae(eKTiB 1 HAHOPO3MIPHUX BKJIIOUYEHb, 1110
YCKJIQJHIOE 3MILIICHHS JOMEHHUX CTiHOK ITiJ] Yac repeMarHiqvyBaHHs.

BuwmiproBanus mikporsepaocti IPC 3paskis  cmaBy CoCrosCuossFeNi mokasano, 1o
3HaYeHHA H, ans HUX Bumie, HDK Ui CIUIaBy B JuToMy cTadi. (2600 MIla ta 2200 Mlla
BiAnoBiAHO). Llelf pe3ynabTaT HE € HECHOJIBaHUM, OCKUIBKM B JUTOMY CIUIaBi B IpoOIECi
cerperamii  yTBOPIOEThCS MIKPOCTPYKTYpa 3 THIIOBOIO MOP(OJIOTIE0  IEHAPUTIB 1
MDKJICHIPUTHUX 3’€HaHb. B TOil ke yac y MIBUIKOOXOJIOJKEHOMY CILIABI CIIOCTEPIraeThCs
CTPYKTypa TOHKOro KoHriomepary (a3. TakuM UYWHOM, BIACTUBOCTI JIUTOTO CIUIABY
BU3HAYAIOTBCA Horo Oumbml  piBHOBaXKHUM  OaratodasHUM  CTaHOM, TOAI SIK Y
HIBUAKOOXOJO/DKEHUX 3pa3Kax CHOCTEpIiraloThesl BHINI 3HAYEHHS TBEPAOCTI 3a paxyHOK
BHYTPIIIHIX MPYKHAX HANPy>KEHb.

[1] High entropy alloys. Innovations, advances, and applications. Ed. by T. S. Srivatsan, M.
Gupta. Boca Raton : CRC Press. (2020). 758 p.

[2] Polonskyy V. A., Bashev V.F., Kushnerov O. I. Structure and corrosion-electrochemical
properties of Fe-based cast high-entropy alloys. Journal of Chemistry and Technologies.
Vol. 28. Ne2. (2020). P. 177-185.

STRUCTURE AND PHYSICAL PROPERTIES OF MELT-
QUENCHED CoCrosCuo.esFeNi MULTICOMPONENT ALLOY
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In this work, a CoCrogCuossFeNi high-entropy alloy was obtained in the as-cast and splat
quenched state. As-cast samples of the investigated alloy were prepared on a Tamman high-
temperature electric furnace using a copper mold. Thereafter, the cast ingot was remelted, and
films were obtained from the melt. The melt-quenching technique used in this work consisted
of the rapid cooling of melt droplets when they collide with the inner surface of a rapidly
rotating (~8000 rpm) hollow copper cylinder. The cooling rate, estimated from the film
thickness, was ~ 10° K/s.

The studies carried out made it possible to establish that the alloy has an FCC structure,
which is not affected by the cooling rate. The CoCro.8Cuo.ssFeNi alloy shows soft ferromagnetic
properties, and quenching from a liquid state increases the coercivity practically without
changing the magnetization value. An increase in the cooling rate also increases the value of
the microhardness of the alloy. This can be explained by internal stresses arising during
hardening.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 aucronana 2023 p., M. /Ininpo, Ykpaina



220 Cexuisi V. ®I3UYHI IBUIIIA B MATEPIAJIAX EJIEKTPOHHOI TEXHIKH TA
TEXHOJIOI'IS iX OTPUMAHHS

BILIUB TEMITEPATYPH BIIIAJY HA LIUPUHY
3ABOPOHEHOI 30HU IUIIBOK OKCUJY LIUHKY
JIETOBAHOI'O THJIEM
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CyuacHi TeMIlu Ta MaclITabM PO3BUTKY €JIEKTPOHHOI TEXHIKM BUMAraroTh IMOLIYKY
HOBHI JICIIEBUX MaTepialiiB (PyHKIIOHATBHUX IIapiB MPUIAJ0BUX CTPYKTYp. OKCHUAN MEeTalliB
3aiiMaroTh OCOOJIMBE MICII€ MPU CTBOPEHHI KOMITOHEHTIB €JIGKTPOHHOI TEXHIKH 4Yepe3 iX
YHIKQJIbHI XapaKTEPUCTHKH, a cCaMe ITUPOKHUH Aiara30oH 3MiHU MIUPHHU 3a00poHeHoi 30HH (33),
HU3bKE 3HAUCHHsI IMTOMOI'0 OIIOPY Ta BUCOKY MPO30picTh KX croiyK. Cepes OKCUIiB MeTalliB
HaAOLIBbIly yBary MpHBEPTA€ OKCHJA I[HMHKY, NPOT€ MOXKJIMBOCTI MOKpAIIEHHS HOro
CJIEKTPUYHUX XapaKTepUCTUK Yy BHIAJAKY HEJIEroBaHOro Marepialy BXKE BHYEpIaHI.
3’sicyBasiocs, Mo Ui TaKUX MIApiB XapaKTePHHUM € SIBHILE Jerpajalii, B pe3yJabTaTi 4oro ix
UTOMA MPOBITHICTh 00YMOBIJIEHA BJIACHUMH TOYKOBHMHU J€(PEKTaMH 3 4aCOM 3MEHIIY€EThCS.

JI71st TOKpaIeHHs ONTUKO-EJIEKTPUIHUX XapakTepucTuk ZNO HOro JeryTh MeTalaMu
III rpyniu nepioauunoi Tabnuili enemeHTiB. Cepes IIUX eIeMEHTIB HalOUIbIIy yBary IpuBepTae
1H1#, BBeJIeHHS sikoro B ZnO Mae 3HAYHO MOKPANIUTH MPOBITHICTH MIApiB JaHOI CIIOyKU. B
pe3yJbTaTi MoXe OyTH OTpUMaHMI MaTepial, 0 CTaHe JIeIIEBUM aHaJIOrOM JI0pOTroro OKCHIy
inairo-onoBa (ITO), AKkMii BUKOPUCTOBYETHCS B EJEKTPOHINI Ta TETIOCHEPTETHIll B SIKOCTI
IPO30pPOro MPOBIAHOIO (PPOHTATBHOTO KOHTAKTY.

Jlnist cTBOpeHHs TUTiBOK JieroBaHoro ZnO monepeaHbo TOTYBaIM BOJIHI PO3YMHU LIUMHK
anerary ta iHmi(IIl) xmopuny, 3 monspaumu koHieHtpamismu 0,50 ta 0,25 mMonb/n, ki B
nojajibiioMy Oyiy 3MilIaHi B MipHIA Koi0i. B pe3ynbpTaTi Oyino OoTpuMaHO pO34YHMH COJNEH 3
BMicTOM iHAII0 1 %. OTpuMaHuil po34MH HAHOCHJIM HA CKJISHI MiAKJIAJKH 3a JIOTIOMOIOIO
MeToay crpeit-mipomizy. s HaHeceHHsS BUKOPHUCTOBYBaNM aeporpad 3 po3mipom coria 0,3
mM. Iligknaaka posmimjanacst Ha HarpiBadi posirpitomy no temneparypu 400 °C. s
OTpUMAaHHS OUTBII SIKICHUX IUTIBOK HAHECEHHS 1IapiB BUKOHYBAIM IUKI14HO. KITbKICTh IIUKITIB
JUTSL HAaHECeHHsI ofHi€l MiBku ckiaaana 100. TpusanmicTe OAHOTO HMUKITY 4 CeKyHIH, A€ 2 ¢ —
yac HaHeceHHS Ta 2 ¢ — may3a. OTpuMaHi IUIIBKM BIJNANIOBAIM y BaKyyMl B Jllala3oHi
temriepatyp Big Ta = 300 °C go 500 °C, 3 kpokom 50°C. Binmamu mpoBOAMIWCA ISt
MOKPAIIEHHS CTPYKTYPHO-(a30BUX XapaKTEpUCTHK ULIApiB Ta BUIAIIOBAHHS 3aJIMIIKOBUX
XIMIYHUX JOMIIIOK.

CTpyKTypHi IOCHiP)KEHHS OTPUMAHUX BHMKOHYBAJH 32 JIOTIOMOI'OI0 PEHTI'€HIBCHKOTO
nudpakromerpa JJPOH 4-07 y niamazowni kyTis 26 Bix 20 10 80°, e 20 — Gperischkmii KyT. Jlns
aHaiizy auppakTorpaM BHKOPUCTOBYBaW KapTky cmonyku ZnO (JCPDS Ne 36-1451).
OnTryH1 BUMIPIOBAHHS MPOBOIIIIKCS 32 JOMOMOTO0 criekTpodoromerpa CD-26 B inTepBaii
nosxuH XBWib A = (300-900) uM. Byso npoBezeHO BUMiprOBaHHS KOS(IIi€HTIB MPOIMYCKaHHS
Ta BIJOUTTSA HAHECEHMX IUTIBOK 3 HACTYITHUM PO3PaXyHKOM KOe(ILi€HTY MOTJIMHAHHS.

Ha Puc.1 (a) HaBeneHO pe3ysibTaTH PEeHTTeHAM(PPAKTOMETPHUYHOTO aHaNli3y, 3T1IHO 3
AKUMH oTpuMaHi 1iiBku ZnO sieropati IN He MICTATh BTOpUHHUX (a3. Ha HuX BUSBICHO TIJILKU
IiKM, fKI € XapakKTepHUMH [UIl TeKCarOHAJIbHOTO OKCHIAY IIMHKY 1 Hauexarb ioro
kpuctanorpadpiuaum momunaam (100), (002) Ta (101).

Jns Bu3HaueHHS WMpuHU 33 MaTepiany OyJo BUKOPHUCTaHO METOJl ampOKCHMALii
JIOBrOXBHJILOBOTO Kparo ix cnekTpiB noriauHanHs. Ha Puc.l (6) mpeacraBneHi BiAnoBigH1
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sajexxHocti ahv — hv Big maiBok ZnO:In BimnmameHux mpu pi3Hid Temmeparypi. AHaii3
OJIEpKAaHUX PE3yJbTATIB CBIAYUTH, IO MPH 30UTBIICHHI TeMIIEpaTypu BiAmaly, CHOYAaTKY
criocTepiraeTbes 3poctanfs mupuHu 33 okeuy Bix 3,21 eB (mpu Ta =300 °C) no 3,26 eB (mipu
Ta = 450 °C), a motim ii 3mMeHmenns a0 3HadeHHs 3,22 eB (npu Ta = 500 °C). 36unbmeHHS
mupuHn Eg MaTepiady MOSCHIOETbCS MOKPALICHHSAM HOTO CTPYKTYPHHX XapaKTEPUCTHK Ta
cTexioMeTpii, TOOTO 3MEHILICHHAM YHCIa CTPYKTYPHUX JIE(EKTIB.
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Puc. 1 Iudpakrorpamu (a) Ta 3anexHocTi ahv—hv (6) Bix miiBok ZnO neroBanux IN Ta BiananeHux
TIPH Pi3HIH TeMIepaTtypi

Pesynpratu orpumani B poOOTi cBiguarh, mo IuiiBkd ZnO neroBani In maroTh
XapaKTePUCTHKH, SKI JIO3BOJISIFOTH BUKOPHCTOBYBATH IX B SIKOCTI TPO30POTO IPOBIIHOTO
KOHTAKTy 3 MOXJIMBICTIO KOHTPOIIIO HOTO ONTUKO-EIEKTPUYHUX BIACTHBOCTEH 32 JOTIOMOTOI0
HU3bKOTEMIIEPATYPHOT'O BiHaIy.

INFLUENCE OF ANNEALING TEMPERATURE ON THE
WIDTH OF THE BAND GAP OF INDIUM-DOPED ZINC
OXIDE FILMS

M. Yermakov?!, R. Pshenychnyi, A. Opanasyuk !, V. Starikov?
1Sumy State University
2Kharkiv Polytechnic Institute
m.yermakov@ekt.sumdu.edu.ua

The current rates and scale of development of electronic equipment require the search
for new, cheap materials for the functional layers of device structures. To improve ZnQO's optical
and electrical characteristics, it is alloyed with metals of the 11l group of the periodic table of
elements. Among these elements, indium attracts the most attention, the introduction of which
into ZnO should significantly improve the conductivity of the layers of this compound.

The analysis of the obtained results shows that with an increase in the annealing
temperature, there is first an increase in the width of the oxide band gap from 3.21 eV (at Ta =
300 °C) to 3.26 eV (at Ta =450 °C), and then its decrease to a value of 3 .22 eV (at Ta = 500
°C). The increase in the width of the material's band gap is explained by improving its structural
characteristics and stoichiometry, that is, the decrease in structural defects.
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KOHTPOJIb CTPYKTYPHOI JAOCKOHAJIOCTI
HAHIBITPOBITHUKIB METO10OM MOAVYJIALIINHOI
CIHIEKTPOCKOIIII EJJEKTPOBIIGUBAHHS
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O. CTrponcbkuii, O. Biacenko

Incmumym ¢hizuxu nanienposionuxis im. B.€. Jlawxapvosa HAH Ykpainu
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deHnoMeHOIOrYHAN TapameTp yumpeHHs [ enektpoHHoro nepexony Eo nmo’sizanuii 3
4acOM JKUTTSI BUIbHUX HOCIIB 3aps/1y yepe3 B3aEMOIIO 1X 3 KOJMBAHHIMHU KPUCTATIYHOI TPATKH,
JOMIIIKaMH, 1eeKTaMu B TOMY YHCII1 1 TOBEPXHEBOTO XapakTepy. BcTaHOBIEHHS 3B’ 13Ky MikK
napaMeTpoM ymupeHHs [ enekTpoHHoro nepexoay Eo i pyXiMBICTIO BIIBHHX HOCIIB 3apsiay
(KOHILIEHTpaIli€l0 BUIBHUX HOCIIB 3apsay N) B (YHKI[IOHATbHUX MaTepiajiaX eleKTPOHHOL
TEXHIKH € aKTyaJIbHUM, OCKUIBKH KOHTPOJIb CTPYKTYPHOI JTOCKOHAJIOCTI HAIBIPOBITHUKOBUX
MartepialiB € Ty’Ke BaKIMBOIO 337a4ero.

Buxoasuu i3 nmpuHIMIy HeBU3HA4YeHOCTI [ eiizenOepra miist eneprii £ ivacy t (AE - At >
h) penakcariliHi €(peKTH B TOMVIMHAHHI CBITJIOBUX (€JICKTPOMArHITHUX) XBHWJIb KPHCTAIOM

OMKCYIOTh [MapaMeTpoM ymupeHHs [ = h/T, € T -Yac EHepPreTM4YHoi perakcarii
¢doTorenepoBaHuX HOCIIB 3apsay. Meroro ngaHoi poOOTH OyJ0 BCTAHOBJICHHS 3B’SI3KY
PYXJIMBOCTEH BUIBHHUX HOCIIB 3apsany 3 (EHOMEHOJOTIYHUM MapaMeTpoM yIupeHHs [
KpalloBOI'O OMTUYHOTO CHEKTPY. BUximHUN MOMEHT AaHOi pOOOTH MOJISATrae B MPUMYIIEHHI TIPO
HE3JICKHICTh TIPOIIECIB  pO3CiFOBaHHS (OTOTCHEpOBAHUX e€leKTpoHa 1 Jipku. Jlane
MIPUITYIIEHHS] TOBUHHO BUKOHYBATHUCH VISl CJIA0KO 3B’sI3aHMX Tap (€JIEKTPOHA 1 JIPKU), KOJIH
eHepris 3B’SI3KY €KCUTOHA Eeke 3aJI0BLIbHSIE HEPIBHICTh Eope << T.
B npomy Bumanky (eHOMEHONOriuHMN Mapamerp yumupeHHs ' 3anucyiors y Burisni ' =
eh [(me,ue)‘1 + (mp,up)_l],,ue Mg, My, - e(deKTHBHI MacH €JEeKTPOHA 1 TIPKHU BIAMOBIIHO; U,
e<t> e<t>

Up - PYXJIMBOCTI EJIEKTPOHA 1 IIPKH BIAMOBIIHO (U = oy = ).
e p

PospaxoBani 3Hauyenns I’ 1y HamiBOpOBiTHHKOBHX Matepianis rpymu AZB® (ZnSe,
ZnTe, CdS, CdSe, CdTe) mnopiBHIOIOTECA B TaONMIl 13 HaWOUIBII HAAIMHUMHA
eKCIIepUMEHTATbHUMU TaHUMH, oTpuMaHuMHu Tpu 300 K Ha moCKOHaNMMX KpucTamax, uis SIKUX
3Ha4YeHHA [y, MiHIMaNbHI. Po3paxoBanuii mapamerp yummpenss I, sk npasuio, B 1,5 — 2 pasu
BUIIMKA BUMipsHOro. Pa3om 13 TUM, INpU BHUKOPUCTaHHI TEOPETHYHHMX PYXJIHBOCTEH,
pO3paxoBaHMUX s O€3IOMILIKOBOIO KpHCTaldy, JOCSTaeTbcs J00pa Y3TOMKEHICTh 13
excriepuMeHnToM. Lleit hakt moB’s3aHuii 13 TUM, 110 B TOCTATHHO YUCTUX MaTepiaax 3apsKeH1
JIOMIIIKA HE CYTT€BO BIUIMBAIOTh HAa PO3CIIOBaHHS (POTOreHEpOBaHUX BUILHUX HOCIIB 3apsidy.
B nomipHO 1 CHJIBHO JIETOBAHUX HAMIBIPOBIIHUKAX, OJTHAK, BIUIUB JOMIIIKOBOTO PO3CIFOBaHHS
Ha rapaMeTp ymupeHHs I cyTTeBuUi, 1 A OLIHKH PYXJIUBOCTI BUIBHUX HOCIiB 3aps1y B LIbOMY
BUMAJIKYy JOIUIBHO BHUKOPUCTOBYBAaTH EMIIIPUYHY 3aJIeKHICTh PYXJIMBOCTI BUIBHMX HOCIIB
sapsay p Bim mapamerpy ymmpedas I' (u(I')). TakuM YHHOM pe3yibTaTd JIOCIIIKEHB
MOKAa3aJIx, [0 YHCENIbHI PO3paxyHKH B MIPUITYIIECHHI PO HE3AJICKHICTH MPOIIECIB PO3CIFOBAHHS
eIEeKTpOHa 1 JIpKHM J00pe OINUCYIOTh HAaMIBIIMPUHY KpaHOBUX ONTUYHUX CHEKTPIB
HAMIBIIPOBITHUKOBUX cronyk rpymu A%B® (ZnSe, ZnTe, CdS, CdSe, CdTe), me I'®
PO3PaxoBaHO 110 EKCIEPHUMEHTAIBLHUX PYXIHUBOCTAX [, 1 [y ['®- PO3paX0BaHO 110 TEOPETHIHMX

pyxmaBocTsx ult i ,uf,h ; [exen. - EKCITEPUMEHTAJIBHI JIaHI.
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[IpuBenene cmiBBiIHOMIECHHS IsI (PEHOMEHOJIOTTYHOTO MapaMeTpy yuIupeHHs I Moke
OyTH BUKOPHUCTAHE MPH aHaTi31 ONTUYHUX CIIEKTPiB HANIBIPOBIAHUKOBUX TBEPIUX PO3UMHIB.
Otpumani JaHi TOKa3ylOTh Ha MOXIIHUBICTh HEPYWHYIOUOTO KOHTPOJIIO PYXJIMBOCTI
(GYHKIIIOHAJILHUX MaTepialliB €JIEKTPOHHOT TEXHIKA ONTHYHUMH MeToIaMu. Lle myxe BaxiuBo
B TUX BUNAJIKaX, KOJIM BUKOPHCTAHHS 3BUYAHUX METO/IIB 10 Psily IPUYHH YCKIIQJHEHO.

. .. . . _ 2
Ta6nuns. EQexTuBHi MacH, eKcliepuMeHTAaNbHI 1 TeOpeTHYHi pyxauBocTi (B X 107% M /B . C)

Ta MapaMeTp yUIMPEHHS ONTUYHUX CHEKTPIB HAIIBIIPOBITHUKOBHX CIIOJIYK
rpynu A%B% (8 X 1073 eB)

[ 7nSe |ZnTe |CdS | CdSe |CdTe |

me/m, |017 015 10,204 |0,13 |0,11
m,/m, |06 |06 07 |045 |04
He 530 |[530 350 |650 |1050
pul 600 [910 |350 |630 | 1320
y 28 110 |15 50 80
u 90 114 |35 98 190
re 82 26 126 | 65 34
re 34 25 63 40 23
Loen, 33 25 61 38 21

CONTROL OF THE STRUCTURAL PERFECTION OF
SEMICONDUCTORS BY MODULATION
SPECTROSCOPY OF ELECTROREFLECTION

P. Gentsar, M. Mynaylo, D. Pekur, L. Demchyna, M. Vuichyk,

A. Stronski, O. Vlasenko
V. Lashkaryov Institute of Semiconductor Physics NAS Ukraine
rastneg@isp.kiev.ua, demid.pekur@gmail.com

Abstract. In this work, a connection is established between the phenomenological broadening
parameter - of the electronic transition g and the mobility of free charge carriers in functional

materials of electronic equipment. The broadening parameter I (' = eh [(me,ue)_1+

-1 . .
(mpup) ] where m,, m,, - are the effective masses of the electron and hole, respectively;

He, Uy - are the mobilities of the electron and hole, respectively (u, = e:>; w, = =)

mp
describes well the half-width of the edge optical spectra of functional materials of electronic
engineering (ZnSe, ZnTe, CdS, CdSe, CdTe). The data obtained indicate the possibility of non-
destructive control of the mobility of free charge carriers by optical methods. This is very
important in cases where the use of conventional research methods is difficult for a number of
reasons.
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MO3UTUBHUM BIVIUB TAPTYBAHHS 3 PIITKOI'O CTAHY
HA ®OPMYBAHHSA NEPECUYEHUX TBEPIUX PO3UHUHIB
YV CILJIABAX 3AJI30-METAJIOI A

B. Bames?, O. JIucenko!, T. Kaainina®, C. Paones?, K. Muxural,

O. Honuae!, K. llleBeanoBa’
UTninpoecwruii deporcasnuii mexuiunuil ynigepcumem
2 Tuinpoecekuil Hayionanorutl yricepcumem imeni Onecs I'onvapa
bashev_vf@ukr.net

["0J10BHOIO NEPENIKOI00 JUIsl IIMPOKOTO BIIPOBAKEHHS Y METAIypriiHy MpaKTUKY
CTaJiel 3 BUCOKMM BMICTOM Cipku Ta (pocdopy € iX HeraTMBHHMI BIUIMB Ha EKCILTyaTalliiHi
IUTACTUYHI XapaKTepUCTUKU MaTepiaiiB BHACIIOK: YEPBOHOIAMKICTh Ta XOJIOAHOJIAMKICTb.
Bimomo, 1m0 BHCOKI MIBUIKOCTI OXOJOJKCHHS (METOJ rapTyBaHHS 3 piakoro crany, ['PC)
JIO3BOJISIFOTh BHACHIIOK HaJHEPIBHOBA)XXKHOI KpHCTali3alii OTpUMYBATH CHIIBHO INE€PECHYEHI
TBEP/i pOo34MHHU i aMop(dHI MeTacTabiIbHI (a3u, M0 TPU3BOIUTE JIO TABUINECHHS TUTACTUIHIX
XapaKTepUCTHK CIUIaBIB 1, TaAKUM 4YMHOM, BigHomeHHs Xerra (0,59) mono Tumy TBEpAHX
PO3UMHIB MOXe OyTH CYTTEBO MEPEBUIICHO.

Y po0OTi JOCIIIKEHO BILIUB MIBHJIKOCTI OXOJIOHKEHHS (10 5- 108 K/c) mpu rapryBanHi
posmnagis Fe-S-P Ha xonmonny (Merox 2) i migirpity 1o 1180°C TemmonpoBigHy moBepxHIO 3
HeprkaBitouoi cram (Metrof 1). MeTronomM peHTreHOCTPYKTYPHOTO aHalli3y y poOOTi MOKa3aHo
YTBOPEHHS 3a TaKUX YyMOB HEPIBHOBKHOI KpUCTali3alii MEpecHYeHOro MOoBIHHOTO
3MILIAHOTO (3aMilLEHO-IIPOHUKHEHOT0) TBEPAOr0 PO3UMHY 3 OO0JACTAMH KOTE€PEHTHOIrO
posciroBanHs 50-60 HM. VY cramsax cipka Ta ¢ocdop, sk HeOakaHI €IEMEHTH, ICHYIOTbH
OJTHOYACHO, TOMY € NpakTUYHHUH ceHC JocmiauTu BmuuB merony I'PC Ha QopmyBaHHS
MeTacTablIbHUX (Y TOMY YHMCII MIKPO- 1 HAHOKPHUCTAIIYHUX) CTaHIB y MIBUAKO3arapTOBaHUX
3pa3Kax CIUIaBy 3alli3o-MeTanoinu. BcTaHoBieHo, 0 32 TaKUX YMOB rapTyBaHHS 3 PIIKOTO
CTaHy y CTPYKTYPpI IUTIBOK KpUcTami3yeThest ogHodazuuit OLIK-TBepauit po34uuH 3 MiABUIIICHUM
piBHEM IUIACTUYHOCTI. 3a IUIaCTHYHICTH OyB oOupanuit ymoBHUMH koediuieHT (K), sxuii
BHU3HAUaBCs BIJHOIIEHHAM KUIbKOCTI 180-TpagyCHUX NEperuHiB A0 TOBIIMHM IUTIBKH. J{is
HOPIBHSAHHS 3pa3KH 1IGHTUYHUX 3a COCTaBaMH cIuiaBiB Fe-S-P Takox mBHaKo rapryBanu 3
PLOKOTO CTaHy Ha HEp)KaBilouy IMOBEPXHIO, KA 3HAXOAMJIACA MPH KIMHATHIN TemmepaTypi
(meron 2). IlmacTuyni BIACTUBOCTI CTaled 3 MiABHIIEHUM BMICTOM Cipku Ta docdopy,
OTpUMaHuX MeTosaMu 1 1 2, HaBeleH1 y TaOauIll.

Jlani y Tabnuii BKa3ylOTh Ha Te, IO croci0d rapTyBaHHS (1) € mepCcrneKTUBHUM s
HeNTpai3alli HeraTUBHOIO BIUIMBY IIKIAJIMBUX JOMILIOK CipKH Ta pocdopy Ha IIacTUUHI
XapaKTePUCTHKH CTallell MUIIXOM 3aHYpEHHS Y KPUCTANIYHy MPH TEMIeparypi KpucTamizamii
1180°C T'LIK-pemriTKy 3afi3a J0AaTKOBOI KiMGKOCTi IIKiJUTMBUX AOMIIIOK Cipk# i pocdopy i
YTBOPEHHS, OHOYACHO 13 3aMIIIIEHUM 1 IPOHUKHEHOTO 3MIIIAHOTO TUIY TBEPAOIr0 pPO3UHHY,
10 CIPHSE MiIBUINECHHIO IUIACTUYHOCTI OTPUMAHMX 3aJli3HUX CIUIABIB 1 3MEHIIEHHIO B HUX
YEepBOHO- Ta XOJIOJHOJMAMKOCTI. 3aHypeHHs y kpuctaiiuny ['IIK-peuriTky aromiB mMeTanoinis
00yMOBJIEHO HAsIBHICTIO y HIW IpHU JaHIi TemmepaTypl OUTbIIMX 32 pO3MIPOM OKTaeIpUUHUX
0P MOPIBHSAHO 13 TeTpaeapuuHuME nopamu B OLIK-pemriTui 3ami3a.

AHani3 pe3yibTaTiB BUNPOOyBaHb 3a crocodoM (1) muisixoM MIBUIKOTO rapTyBaHHS
po3mIaBy 3anmizo-cipka-pocdop Ha migirpity mo 1180+10°C TemmonmpoBizHy moBepxXHIO 3
HEp)KaBiloUOoil CTaji MoKa3ye, MO TUIACTUYHICTh 3pa3KiB Mpu IbOMY 3pocTae y 3,5-4 pazu
MOPIBHSHO 3 TapTYBAaHHSAM Ha MOBEPXHIO TP KIMHATHIN Temiiepatypi. 3 JaHUX TaOIHUI TaKOXK
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BUIUJIMBAE, IO 3aIPOMOHOBAHUN CIIOCIO TO3BOJISAE MiABHIIUTH IUIACTHYHICTh Yy CIUIaBax 3
HaJBUCOKMM CYMapHUM BMICTOM CipkH Ta gocdopy.

3anexHicTh koedimienta K Bix ckiramy cruiaBa i TeMneparypu rapTiBHOT TOBEPXHI

Cmuas, Ko, Kq, Temneparypa
(mac.%) 3a METOJIOM 2 3a MeToJoM 1 MTOBEPXHi
cipkat+dochop migkmanku,’C
1 Fe-0,1S-0,1 P 0,011 0,042 1180
2 | Fe-0,1S+03P 0,010 0,037 1180
3 | Fe-0,2S+0,2P 0,015 0,036 1180
4 | Fe-0,255+0,1P 0,0091 0,033 1180
5 | Fe-0,3S+0,2P 0,0091 0,030 1180
6 | Fe-0,3S+03P 0,0089 0,025 1180
7 Fe-0,4S+0,4 P 0,0096 0,018 1190
8 | Fe-0,2S+0,2P 0,015 0,036 1190
9 Fe-0,35+0,2P 0,0080 0,022 1130
10 | Fe-0,3S+0,2P 0,0086 0,026 1230
11 | Fe-0,2S+0,2 P 0,015 0,036 1170

Edexr, ogepxanuii mpu BukopuctanHi crocoOy (1), 103Bosie: a) 3a paxyHOK O1IBIIOTO
crynenro mnepecudenHs OLIK-TBepmoro po3umHy HEWTpadi3yBaTH HAAMIpHY KUIBKICTh
MOCTIMHO MPUCYTHIX Y 3aJII3HUX CIUIaBaX LIKIJIMBUX JOMIIIOK Cipku Ta pochopy 1 3HU3UTH iX
HETaTHBHHI BIUIMB Ha IJIACTUYHICTH 3pa3KiB; 0) BUKIIOUYUTH 3 TEXHOJIOTI] OTPUMaHHS CTaJl Ta
IHIIKUX CIUTaBiB HAa OCHOBI 3aJli3a 3 METAJOiAaMHu 3HA4YHI IMpale- Ta EHeProEMHI BUTPATH, SIKi
MOB'I3aHI 3 OYMILEHHSM MaTepialiB BiJ MIKIAIUBUX JoMimoK. Crocid TakoX J03BOJISE
HelTpamizyBatu migBuiieHi, maikeS | P y 10 pas3iB, KiIbKOCTI IIKIAJIMBUX JOMILIOK Y
IIBHJIKO3arapTOBaHMX cruiaBax Fe-S-P.

Ha npakTuii migBUINEHHS MIBUJIKOCTEH OXOJIOJDKEHHS 3pa3KiB MOKHA 3IIHCHUTH
BUKODUCTAaHHAM JIa3epHOi OOpOOKM TMOBEpXHI MaTepiaiiB, sKa CYINPOBOIKYETHCS
aHAJIOTIYHHUMHU 3 METOJIOM TapTyBaHHS 3 P1AKOTO CTaHy 3HAYSHHSAMHU TeMIepaTypH 1 MIBUIKOCTI
OXOJIO/IPKEHHS 1 OJIep>KaHHAM Yy Hel MIABUIIEHNUX BEIWYUH IJIACTUYHOCTI TOBEPXHI.

POSITIVE INFLUENCE OF RAPID QUENCHING ON
FORMATION SATURATED SOLID SOLUTIONS IN ALLOYS
FE-METALLOID

V. Bashev!, O. Lysenko?!, T. Kalinina?, S. Ryabtsev?, K. Mykyta!,

O. Popil’?, K. Shevel’ova!l
!Dnipro State Technical University
2QOles Honchar Dnipro National University
bashev_vf@ukr.net

The new method of rapid quenching (to 5-10°K/s) of high-alloyed alloys Fe-S-P are
obtained for receiving of saturated mixed single solid solution with improved plastic
characteristics to 3,5-4 times as compared with usual method of splat-quenching. This method
allows to neutralize negative influence high concentrations of bad impurities (S and P) in steels.

VIl BeceykpaiHcbka HAYyKOBO-IPAKTHYHA KOH(pepeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2023
22-24 aucronana 2023 p., M. /Ininpo, Ykpaina



226 Cexuisi V. ®I3UYHI IBUIIIA B MATEPIAJIAX EJIEKTPOHHOI TEXHIKH TA
TEXHOJIOI'IS iX OTPUMAHHS

OIITUMIBALIIA XAPAKTEPUCTHUK IIJIIBOK CdixMn«Te,
HAHECEHHUX BAKYYMHUM BUITAPOBYBAHHAM

O. IIncanmii, A. OnaHacok
Cymcoxuti 0epaicasruil yHisepcumem
0.pysany@ekt.sumdu.edu.ua

OcranHiM dYacoMm, JUIsi BUTOTOBJICHHS JE€TEKTOPIB PEHTICHIBCBKOIO Ta TaMMa
BUIIPOMIHIOBaHHS, 10 NPALIOIOTh IPU KIMHATHIM TeMiepaTypi, sIK aJlbTepHAaTHBAa TBEPAOMY
pozuuny CdixZnxTe, Bce wyacrime BukopucToByeThesi pozunH CdixMnxTe. Ha xopuctsb
BUKOPHUCTAHHS, K JCTCKTOPHOI'O MaTepiayly, caMe ITi€l CITOIYKH CBiUaTh Taki il yHIKaJIbHI
BJIACTHBOCTI: HU3bKHI KoedilieHT cerperarnii Maprasiio (K ~ 1); 3MiHa TOBXKHHU MIXKaTOMHUX
3B’3KIB MpPHU Bapiallii cKJiagy TBEpJOro po3uuHy € y 1Ba pa3u MeHmow HiK y CdixZnTe;
CHOJyKa Ma€ JIy’Ke€ BUCOKHI MUTOMHUH OIIip; ICHYE MOXXIJIUBICTh €(EKTHBHOTO PEryIIOBaHHS
HIMPUHU 3200POHEHOT 30HU PO3YHHY 32 PaXyHOK 3MiHU KOHIIEHTpaii qomimku (12-15 meB na
1 atM % Mn B nopiBHsHHI i3 6,7 MeB/atm. % Zn); B mpoMy Martepialli MeHIIa HMOBIPHICTh
YTBOPEHHSl TMpEHUMITaTiB Teaypy Ta [JBIWHUKIB, $Ki BHUCTYNAlOTh e(EeKTUBHUMHU
pEeKOMOIHAIIIHUMY [IEHTPaMH I 3T€HEPOBAHMX BUIIPOMIHIOBAaHHIM HOCIiB 3apsiay. Bee 1ie
pobuTth TBepauii po3unH Cdi-xMnyxTe nepcrekTHBHUM MaTepiajaoM JUIsi CTBOPEHHS JETEKTOPIB
KOPCTKOTO BUIPOMIHIOBAHHSI.

JUist 3HMPKEHHSI BapTOCTI IeTEKTOPIB BUIIPOMIHIOBaHHS 3apa3 3allpOIIOHOBAHO 3aMiCTh
MAaCHBHHX MOHOKPUCTAJIIYHUX 3pa3KiB BHUKOPHUCTOBYBAaTH TOBCTI MOHOKpPHUCTaJi4HI a0o
MOJIIKPUCTANIYH] TUTIBKUA. 3 I[E€I0 K METOI MOXYTh OyTH BUKOPHCTaHI SK IIApU TBEPAUX
po3unHiB CdixZnxTe tak i CdixMnxTe. Onnak, B Ham 4ac, ruiiBku cronyku CdixMnyTe
JOCITIKEH] ¢1a0Ko B HACHIJOK CKJIAJHOCTI OAEp)KaHHS, OCKUJIBKM THUCK NMapud KOMIIOHEHTIB
MaTepiay CyTTEBO BIJIPI3HAETHCSA OJUH Bij ogHOro. e 00yMoBUIO MeTy poOOTH - BUBYEHHS
BIUIMBY TEMIIEpaTypd BHUIAPOBYBAHHS Ta MIJKJIAIKKA Ha XIMIYHUH CKJIaJ 1 CTPYKTYpHI
XapaKTepUCTHKH  IUTIBOK  TBepaux  po3unHiB  CdixMnxTe, oTpumaHux  MeTomOM
BUIAPOBYBAHHSM IIUXTH TPUKOMIIOHEHTHOI CIIOTYKH.

[1niBKM TBEpAOro PO3CHHY HAHOCWUJIM Ha CKJISIHI MIJKJIAAKA METOJOM TEPMIYHOIO
BaKyyMHOI'O BHUIApyBaHHsS Y KBa3i3aMKHeHOMY 00’emi. /[las 1bOro BUKOpUCTaHA
MoOJiepHi30BaHa BakyymHa ycTtaHoBka BYII-5M, sxa 3abe3nedyBasia O6e3MacisiHy BiJIKA4Ky
po6oyoro 00’emy. THCK 3aTUIIKOBUX Ta3iB y KaMepi IpHU OJIepKaHHI IIapiB HE EPEBUIIYyBaB
5-107 Ila. ExcriepuMeHT NpOBOAMBCS HACTYITHHM YHHOM: CIOYATKy TIPH CTaliil TeMieparypi
nigknanku Ts = 300 °C 3minropanacs Temmeparypa Bunapuuka Te = (500-600) °C, motim mpu
craniit Temneparypi Bumapauka Te = 500 °C 3minroBanacs Temneparypa migxmagku Ts = (260-
320) °C. Yac xonnencanii mapis cranosus t = (10-50) xs.

Jnst  mocnmiDKeHHS — XIMIYHOTO — CKJIaJly  HAaHECEHMX  IUTIBOK ~ BHUKOPHCTaHO
eHeproaucnepciitauii cnektpomerp AZtecOne (Bupobnuk Oxford Instruments plc, nerekrop
X-MaxN20) ckaHyBalbHOTO eneKTpoHHOTO Mikpockormy SEO-SEM Inspect S50-B. 3a
OTPUMaHMMH JaMH 3Haxoawiucs BigHomeHHs Cn/Cm aToOMHUX KOHLEHTpALid CKJIQJIOBHX
cnonyku CTpyKTypHI JOCHIDKEHHS IIapiB TBEPAMX PO3UMHIB BHKOHAHI 3a JOINOMOTIONO
aBTOMaTH30BaHOro peHreHonugpaxkromerpa JPOH 4-07 y Ni-¢pinsrpoBaHomy Ko
BUITPOMIHIOBAHHI MIJHOTO aHOJa. 3HIMAaHHS AU(PpaKTOrpaM IPOBOIUIOCH Y /liana3oHi KyTiB 26
= 20° - 80°, ne 20 — Operischkuii kyT. IIpu DOCHIIKEHHAX BUKOPUCTAHO (DOKYCyBaHHS
PEHTTeHIBCHKOTO BUIPOMiHIOBaHHS 3a bperrom-bpenrano. ®daszoBuii anHani3 mpoBOIUBCS
[IJISIXOM CITIBCTABJICHHS MDKIUIOIMHHNX BiAcTaHeH 1 BITHOCHOI IHTEHCUBHOCTI BiJOMBaHb BIJI
KpucTanorpadiyHuX IUIOIIMH JOCHIDKEHUX 3pa3KiB Ta erajoHa 3a gaHumu JCPDS (kaprka
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15-770). Po3wmip obnacrteii korepentHoro poscitoBanHs (OKP) Bu3zHauaBcs 3 BUKOPUCTAHHSIM
criiBBigHomeHHs [Hlepepa.

BcranoBieno, 1mo oaepkaHi IUTIBKY OyJIM MOJMIKPUCTATIYHUMH, PO3MIpP X KPUCTATITIB
30UTBITYBABCS MPHU MIABUIIICHH] TEMIIEPATYPH MAKIAJIKH Ta 3MEHIICHH] PI3HHUII TEMIIEpaTyp
BunapHuka ta makiaaaku AT = Te - Ts. Posmip OKP Bu3HaueHuii 3a BigOMBaHHSAM BiJl TUIOITMHA
(311) cknanas (12,7-16,9) um Ta 3MeHITyBaBCs IPU 301IBIIEHH] TEMIIEPAaTypH BUIAPOBYBAaHHS
muxth. [IniBku mictrnm Big 1,94 no 46,95 atoMHuX BifncoTKiB Maprasifto. [Ilapu 3 HU3bKEM
BMicTOM Mn Oynu ogHO(Aa3HUMHU Ta MaJH CTPYKTYpY chanepura, a mapu 3 BEIUKHUM MiCTHIN
nBi (ha3u. B mriBkax oTpuMaHUX MIPH Pi3HIN TeMIiepaTypi BUIIApHUKA Te, OJJHAK TTPH OJHAKOBIN
TEMIEPATypi MiIKIAIKA Ts, KOHIICHTPAI[is aTOMIB METaIIB TMepeBaXkaia HaJl KITbKICTIO aTOMIB
XaJbKOTeHy. B mapax HaHeceHUX MpH OJHAKOBIH TeMIIepaTypi BUIAPHUKA, OJHAK MPH Pi3HIN
TEMIeparypi MiAKIaJK{, HaBIAKW KOHIIEHTPAIisl aTOMIB XaJbKOT€HY IepeBaXkajlia Hal
KUIBKICTIO aTOMIB METaTiB. TaKuM YHHOM, 3MIHIOFOYH 111 Bl TEMIIEPATYPH MOKHA OTPUMYBATH
TUTIBKH SIK 3 €JIEKTPOHHOIO TAK 1 IIPKOBOO TIPOBITHICTIO.
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Puc. 1 3ayexHiCTh BiIHOIICHHS aTOMHHX KOHIICHTpAIlil CK1a0BuX eneMeHTiB miiBok CdixMnyTe Bin
TeMIepaTypH BUIAPHUKA | e Ta miakmanku | s (6).

Pe3ynbraTi 1OCHIIKEHB JAIOTh MOMJIMBICTh ONTUMI3YBaTH PEXKUMU HAHECEHHS TUTIBOK
Cd1-xMnyTe 3 kepoBaHUMH CTPYKTYPHHMH XapaKTEPUCTHKAMHU Ta KOHTPOJIHOBAHUM BMICTOM
Maprasio.

OPTIMIZATION OF CHARACTERISTICS OF CdixMnxTe
FILMS APPLIED BY VACUUM EVAPORATION

O. Pysanyi, A. Opanasyuk
Sumy State University

This work examines the influence of evaporation temperature (T.) and substrate
temperature (Ts) on the chemical composition and structural characteristics of CdixMnyTe films
obtained by evaporating a three-component compound charge. It was established that the films
were polycrystalline; the size of their crystallites increased with higher substrate temperature
and a decrease in the temperature difference between the evaporator and the substrate
(AT =T. - Ty). The coherent scattering regions, determined by reflection from the (311) plane,
measured L = (12.7-16.9) nm and decreased with higher charge evaporation temperature. The
films contained from 1.94 to 46.95 atomic percent of manganese. The research results enable
the optimization of deposition parameters for CdixMnyTe films with controlled structural
characteristics and regulated manganese content.
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STABILIZATION OF MAGNETIZED PLASMA IN HIGH
TEMPERATURE SU(2) GLUODYNAMICS

V. Skalozub
Oles Honchar Dnipro National University
Skalozub@ffeks.dnu.edu.ua

Deconfinement phase transition (DPT) is intensively investigated for many years. Most
results have been obtained in lattice simulations because of a large coupling value g > 1 at the
phase transition temperature T.. But at high temperatures due to asymptotic freedom the
analytic methods are also reliable. They give a possibility for investigation various phenomena
in the high temperature plasma. Among them is the creation of gauge field condensates. The
well known ones are the so-called Ao(T) condensate and the chromomagnetic field b(T).

These condensates are generated at different orders in coupling constant or the number
of loops for the effective potential (EP) W(Ao(T), b(T)). One of important problem is the
mechanism of the magnetic field stabilization. In the present research we show that the
spontaneous generation of both these fields results in the stable gluon plasma at high
temperature.

A common generation of both fields was studied in [1]. Here, new integral
representation, which generalized the known integral representation for the Bernoulli
polynomials, was introduced and admitted taking into consideration either Ao or b fields.
However, the spontaneous generation of chromomagnetic field up to two-loop order and the
mechanism of its stabilization remained not clarified. The solution was found recently [2].

In what follows, we calculate the two-loop W(Ao(T), b(T)) in SU(2) gluodynamics. Note
that the spontaneous generation of a background field is meant in the sense, that for the
corresponding field the effective action has a minimum below zero, which is energetically
favorable. First we investigate the minima of the EP in the pure magnetic case and high
temperature.

The effective potential reads

SU(2) _
Wy =

b? ATt ap™T 1b7log(4xT/u) | o(T* ab™T° abT?
29> 15 2x 24r° 24 127 327° '(1)

The first term is the classical energy. The terms proportional to T# constitute the gluon
black body radiation. The contribution from the second loop is in the parenthesis. It has the T3
order. The numbers a1 = 0.828, a2 = 1.856 are calculated in [1], eq. (22).

In one-loop approximation, the energy (1) has a non-trivial minimum resulting from the
term proportional to b3/2T. The condensate and the EP in the minimum are

2,212
pote — 9a1 a‘sT WSU(Z),one _

~ T ~ 273,*a’T?

" 167 mn 15  5127* @)

where as=0%/(1+(119%/12n%)log(4nT/u)) is running coupling constant, p is a
normalization point for temperature. In this approximation, the condensate b(T) always
presents. Here an imaginary term presents also. The standard way to remove the imaginary term
of one-loop effective potential is adding the daisy diagram contributions.
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Now we turn to the two loop case. We take into consideration the =T2 term in (1).

Denoting b'?=x we obtain the third-order polynomial equation for determining the condensate
value:

2
oS aTax’ - 9 a,T%, =0,
4w 24w ©)

The real root of it is

3
x =hY2 _if2%a ) g +ia1asT.
4\ Ar

(4)

The most interesting is the change of the temperature dependence coming from as1/3.
Hence, the first term is dominant. For the field strength we get in this limit

2/3

i =1(_2a2a3 ) / T?

16\ 7« (5)

As a result, the role of the second loop is important. The cause of instability of gluon

vacuum in magnetic field is the big gyromagnetic ratio y=2 of color charged gluons. That results

in the unstable (tachyon) mode in the spectrum in magnetic field, -ps>=po®=ps?+(2n-1)b for the
lover state n=0. In the presence of both condensates the charged gluon spectrum reads

(Pa+(9A) ) + P +(2n-1)by,. (6)

First, substituting the one loop minimum value (2) and the value (gAo)min calculated in
[1], for pa =0, p3 = 0, n = 0 we find the relation ensuring vacuum stability

4 2,2
g 281aa;. (7)

Second, for the two loop case (5) we get

2/3 /3

4
o,

9" >(2a,a,) (8)

correspondingly. The vacuum consisting of two condensates is stable because of as(T)
decreasing with temperature increasing. This is the crucial fact coming from asymptotic
freedom. There are no unstable modes at high temperature. Thus, the mechanism of vacuum
stabilization is clarified. It consists in the coexistence of the Ao(T) and b(T) condensates
generated spontaneously.

[1] M. Bordag, V. Skalozub. Effective potential of gluodynamics in background of Polyakov
loop and colormagnetic field. Eur. Phys. J. C. (2022). 82:390.

[2] Skalozub V Spontaneous magnetization of a vacuum in high temperature gluodynamics
(two-loop approximation). ArXiv:2305.00757 v2 [hep-ph] 17 May 2023.
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MEXAHI3MMU ITPOXO/’KEHHSA CTPYMY
B I'ETEPOCTPYKTYPI p-CuNiO2/n-Si

I. Ko3sipcbkmid, E. MaiicTpyk, /. Ko3sipcbkuid,
I'. Auapymak, B. [lpo3auk, A. Cipui

Yepniseyvkutl HayionanvHuil yHieepcumem imeni FOpis @edvkosuua
i.koziarskyi@chnu.edu.ua

CuNiO; HanexuTh 10 TPyIH MarepiaiiB, 3BaHHX JenadocUTaMH, SIKi BiJIOMi CBOIiM
IIUPOKUM CHEKTPOM €JEKTPUYHHUX BiacTUBOCTe. IIpoBigHicTh LUX MaTepiajliB MOXe
BapitoBaTucs Bix 3oysamiiHOI 10 MetaneBoi. CuNiOp, sk 1 iHmI aenadOCUTH, MAa€ XOPOIIIi
¢dorokaramiTuuHi BrnactuBocTi. Oxcua Miai Ta HiKedro y (GopMi TOHKOT IIIiBKH
BUKOPUCTOBYETHCS MIPU BUIOTOBJIEHHI TaKUX IPUCTPOIB, sK: naTuuk razy NOgz, aHoxn s
NAJIMBHUX €JIEMEHTIB, CEJIEKTUBHE MOKPHUTTS, COHIYHUIN €IIEMEHT, eJIeKTPOXPOMHI MPUCTPOT,
CBiTIIONIOAU, (OTOMIONU, 3aTBOP P-THUIYy B MOJBOBUX TPAH3UCTOPAX 3 TETEPOIEPEXOJIOM,
po30pi MPOBIAHI MOKPUTTS P-TUIY, MPOTUTPHUOKOBI MOKPUTTS Ta CYNEPKOHIEHCATOPHI
nokputts. Tonki miiBku CuxNiixO MOXXHAa OTpUMATH PI3HUMH METOJAMHM: MIiPOJIi30M, 30J1b-
refib, eJEeKTPOOCAIKEHHIM, IMITyJIbCHUM JIA3€PHUM OCAPKEHHSM, IMITyJIbCHUM IUIa3MOBUM
OCa/PKEHHSIM, TEPMIYHUM BUIIAPOBYBAaHHSIM, MarHETPOHHMM HAMWJIEHHSAM Ha MOCTIHHOMY
cTpymi Ta MarHeTpoHHUM BY posnmnennsM. OqHaK METOIW HAMWICHHS y BaKyyMi JalOTh
IUIiBKA BHINOI sKocTi. Tomy Oyio IikaBO BHIOTOBUTH TeTepocTpyKTypy P-CuNiO2/n-Si
MarHeTpoHHUM BY po3nuieHHAM.

lerepoctpyktypy  P-CuNiO2/n-Si  oTpumMaHo  METOAOM  Pajio4acTOTHOTO
MarHeTpOHHOTO po3nwieHHs ToHkUX IIBoK CuNiOz (TtoBmmHOO ~150 HM) Ha
IUTOCKOTIapajenpHi IIacTuHU N-Si.  JIIs BHUTOTOBIEHHS MIIIEHI BHKOPHCTOBYBAaJacs
crexiomerpuyna cymii CuO Ta NiO. Lo cyminn npecyBaiiu B crielliaibHy allOMiHIEBY YallIKy,
¢dopma yamku migidpaHa Tak, o0 MmiIa3Ma He B3aeMoJisuIa 3 MaTepianoM vanky. HanunenHs
MIPOBOJIUJIM B YHIBEpCaJIbHIM BakyyMHii yctanoBii Y BH-70, mpoiiec ocamkeHHs MPOXOIuB B
aTMocdepi iIHepTHOT 0 ra3y — aprony. Poboua yacrora maraerpoHa ctanoBuia 13,56 MI'u. [{ns
OTPUMAaHHS IUTIBKH 0€3 JOMIIIOK BUKOPHCTOBYBAIM TypOomosekysspHuii Hacoc TMH-500.
Temneparypa migknaaku craHoBwia 300 °C. Iloryxkuicte marHetpona 180 Br, wac
posmunerns 30 xB. BurotossieHHs oMidHHX KOHTAKTIB 10 mtiBok CuNiO2 Ta migkiaamok N-Si
IPOBOAMIIOCH 3a JOTIOMOTOI0 TMPOBIAHOI MAacTW Ha OCHOBI cpibsa. [lurtomuii omip IUIIBOK
BUMIPIOBAJIM YOTHUPU3OHJIO0BUM MeTonoM. KoeodilieHT mnpomyckanHs 7 JOCHIKYBaIM Ha
crektpodoromerpi CD-2000 y Bugumomy Ta OmmwkHboMy [Y-mianmazoni 0,2 — 1,1 Mxm.
Otpumani ToHki TwriBku CuNiOz Bomomitote omopom 0,2 Om:cMm i mpo3opictio T ~ 50 %.
OnTuyHa mupuHa 3a00pOHEHOT 30HM Ii€l TOHKOI TUTIBKH CTaHOBUTH Eq = 2,29 eB.

Jns BusnayenHs: BAX rerepoctpykryp P-CuNiO2/n-Si BUKOpUCTOBYBaIM amapaTHoO-
nporpamHe 3abe3neueHHs Ha 0a3i Arduino, nudposBuit mynabtumerp Agilent 34410A Ta
nporpamoBanuii 610k skuBieHHA Siglent SPD3303X, ski kepyBajucs NEpCOHATbHUM
KOMIT FOTEPOM 32 JONOMOTOK) TIPOTPaMHOTO 3a0e3MeYeHHs, CTBOPEHOTO aBTOpaMH B
cepenosuii LabView.

Pesynbrati BumiptoBanHs BAX B p-CuNiO2/n-Si rerepocTpykTypu B [iama3oHi
temmeparyp T = 293 — 343 K npencrasieni Ha puc. 1. 3 puc. 1 BUIHO, IO 11 TeTEPOCTPYKTYpa
BOJIOJII€ BUMPSAMIIIIOUUMH BJIACTUBOCTSIMU. KoedilieHT BUNPSAMIIEHHS CTPYMYy BH3HAYCHHH
npu T =293 K i manipy3si |V| =2 B ckimagae RR ~ 210.

Bucoty moteHiiiHoro 6ap’epy g@k OIIIHIOBATH EKCTPAIOJSIIEI0 JTIHIMHUX IUISHOK
BAX B 06sacTi npsIMUX 3CYBIB IO OCi Hampyr, OCKIJIBKH II€ BiANOBiAa€ pi3KOMY 301IbIICHHIO
npsiMoro ctpymy. Bucora motenmiiinoro 6ap’epy rereponepexony pP-CuNiO2/n-Si, Bu3sHaueHa
npY KIMHATHIM Temneparypi, 1opiBHIOE gk ~ 0,7 eB. 3HaueHHs BUCOTH OTEHIIiIHOTO 6ap’epy
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Opyu pi3HUX TeMIepaTypax HaBeIeHO Ha puc. | BKkIaaka, i3 sKoi Oyno BH3HAUEHO
TeMITepaTypHHUI KOedili€eHT 3MIHU BUCOTH MOTEHIIIMHOTO 6ap’epy Ta ioro 3naueHHs mpu 0 K,
AKi TOPiBHIOIOTH BiANOBiTHO d(gei)/dT = —4,2:10° eB/K Ta (0 K) = 1,93 eB.
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Puc. 1. BAX rerepoctpykrypu p-CuNiO/n-Si npu pi3aux temmneparypax (Bkinamaka - gokx = f(T))
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Puc. 2. 3anexuocti Inl = f(V) mpu npsmux 3mimmennsx rerepoctpykrypu p-CuNiOy/n-Si npu pizanx
Temnepatypax (Bknazaka - N = f(T))

JInst BU3HAUCHHS MEXaHI3MiB MPOXOKEHHS CTpyMy uepe3 rerepornepexia P-CuNiO2/n-
Si npu npsMux 3minieHHsx modynosaHo BAX B koopaunatax Inl = f(V) (puc. 2). Ha puc. 2
BU/THO JIB1 IPSIM1 JIUISIHKY 3 PI3HUMH KyTaMH HaXWJTy 10 OC1 Hallpyru. 3a TAHT€HCaMH [IUX KyTiB
BU3HAYaJIM KOe(]IilieHT HeileallbHOCTI N rereponepexodiB (puc. 2 BKIagka). Ik BUJIHO 3 pHC.
2, npu HeBenukux npsmux 3mimeHHsx (0,04 B < V < 0,4 B) nominye reHepaiiiiiHo-
pekoMOiHaLIHHUI MeXaHi3M Mepeaayi CTpyMy 3a y4acTIo MOBEpXHEBUX CTaHiB (N = 2,5), mpu
0,4 B <V <0,7 B nepeBaxae TyHentoBanus (N~ 6 —8).

CURRENT TRANSFER MECHANISMS
IN p-CuNiO2/n-Si HETEROSTRUCTURE

I. Koziarskyi, E. Maistruk, D. Koziarskyi, G. Andrushchak,
V. Drozdyk, A. Siryi
Yuriy Fedkovych Chernivtsi National University

The electrical properties of p-CuNiO2/n-Si heterostructures fabricated by radio
frequency magnetron sputtering of CuNiO> thin films on n-Si crystalline substrates were
investigated. The mechanisms of current transfer are analyzed according to the temperature
dependences of I-V-characteristics.
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MOIEJIOBAHHSA CKIAJHUX ITPOLECIB B
I'ETEPOCTPYKTYPAX

B. Haxogn, I1. Caxniok, O. 3amypyeBa
BonunCoekuit nayionansnutl yrnisepCumem imeni JleCi Yrpainku
zamuruyeva.oksana@vnu.edu.ua

HIty4yni rerepocTpykrypu Ban-nep-Baansca 3 aoBumipumu (2D) aTtoMHUMEH
KpUCTAJIaMU € MEePCHEKTUBHUMU SIK aKTUBHUI KaHal a0o sk OydepHuil KOHTaKTHUH 1ap s
MPHUCTPOIB HOBOTO MOKOJNiHHSA. OCHOBHOIO MPOOJIEMOI0 y BUTOTOBJICHHI LIUX CTPYKTYp €
dbopMyBaHHS YUCTUX I'PAaHUIB MK OKPEMUMH JIBOBUMIPHUMH MarepiajlaMu, 110 BIUIMBA€E Ha
e(EeKTUBHICTb IPUCTPOIB.

30kpemMa y HaMOLIBII IIMTOBAaHIM 3 MOJETIOBAHHS TeTEPOCTPYKTYp podoTti [1]
PO3TIISIHYTO BJIACTHBOCTI HOBHMX JIBOBHMIPHHX KpPUCTAJiB 1 BUBYEHO, SIK IXHI BIIACTHBOCTI
BUKOPHCTOBYIOTBCSI B HOBUX T€TEPOCTPYKTYpHHUX HpucTposx. PobGota [2] mnpucBsueHa
BUBYCHHIO T€TEPOCTPYKTYPH, IO CKIIAAAETHCS 3 BOIIAPOBOrO TpadeHy, B SKOMY JBa IIapH
rpadeHy 3akpyuyeHi BIAHOCHO OJMH OJHOTO Ha TNeBHUH KyT. EkcnepuMeHTalbHO
IPOIEMOHCTPOBAHO, IO JJISl KYTiB OJU3BKUX JI0 «MAariyHOrO» KyTa, CTPYKTYpa €leKTPOHHOI
30HU MMOOJIM3Y HYJIbOBOI eHeprii depMi CTae MIOCKOI0 Yyepe3 CUIbHUN MIKIIApOBUH 3B’ SI30K.
JIOCTYIHICTh TJIOCKMX 30H 4Yepe3 EJeKTPUYHY HACTPOIOBAHICTH i HACTPOIOBAHICTH CMYTH
MPOIYCKaHHS uYepe3 KyT 3aKpy4dyBaHHS MOXKE MPOKIACTU IIISAX 0 OUTbII HECTaHIAPTHHUX.
ABtopu [3] PpO3MIMPIOIOTH Jialma30H TeTEePOCTPYKTYp Ha ocHOBI 2D xkpucramiB 10
(OTOAKTUBHHX 3a JIONOMOTOI HAIMiBIPOBITHUKOBHX JiXaJbKOTEHIIIB MEPEXITHUX METaJliB
(TMDC)/rpaenoBux crekiB. CunrynspHocti Ban XoBa B elIeKTpOHHIN IMIIBHOCTI CTaHIB
TMDC rapaHTylOTh MOCHJIEHY B3a€EMOJII0 MK CBITJIOM 1 PEYOBHHOIO, 11O MPHU3BOJIUTH IO
MOCUJIEHOTO TMOTJIMHAHHA ()OTOHIB 1 CTBOPEHHS €JIEKTPOHHUX MAIPOK (Kl 30MparoThCs B
npo3opux rpadeHoBux enekTponax). Lle mo3Bossie po3poOmsaTH HaA3BUYAWHO e(eKTHBHI
THYYKi (hoToeNeKTpudHi pucTpoi 3 porouyriusicTio monan 0,1 A/Bt (KK nmonax 30 %).

[1] Novoselov K.S., Mishchenko A., Carvalho A., Castro Neto A.H. 2D materials and van der
Waals heterostructures. Science. Vol. 353. (2016). 6298. aac9439.

[2] Cao Y. et al. Correlated insulator behaviour at half-filling in magic-angle graphene
superlattices. Nature. VVol. 556. (2018). P. 80-84.

[3] Britnell L. et al. Strong light-matter interactions in heterostructures of atomically thin films.
Science. Vol. 340. (2013). P. 1311-1314.

MODELING OF COMPLEX PROCESSES IN
HETEROSTRUCTURES

V. Nahod, P. Sakhniuk, O. Zamurueva
Lesya Ukrainka Volyn National University
zamuruyeva.oksana@vnu.edu.ua

The comparative analysis of world publications related to the study of modeling
problems of the formation of heterostructures (and modeling of heterostructures) provides an
opportunity to understand what modern challenges are facing scientists and what the possible
ways to overcome them are.
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PO3PAXYHOK KOJIMBAJIbLHOI
CTPYKTYPU CIHHEKTPA IIOITIMHAHHSA
2,5-BIC(2-BEH3O0OKCA3OJIIJDI'TAPOXITHOHY

€. CeroB
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
setov2003@yahoo.com

OpraniuHa cnojiyka 2,5-6ic(2-6en3okcazosnin)riapoxinon (BBHQ) e peuoBuHoto, sika
BUSIBJISIE BHYTPIIITHBOMOJIEKYIISIpHE (hoTomepeneceHHs nporona. Ocobnusictio BBHQ € te, mo
€HOJIbHA Ta KETO- MOJICKYJISIPHI CTPYKTYPH 3HaXOJATHCS B piBHOBA3i B 30ykeHoMy cTaHi. Lli
CTPYKTYpHU OOYMOBIIIOIOTH JIBI CMYTH, IO CIOCTEPIraloThCs B CIEKTPl (iayopecreHIii — 3
HOPMaJlbHUM  Ta  aHOMaJbHO  BEJIUKUM  CTOKCOBHM  3CyBOM.  PedoBmHH 3
BHYTPIIIHLOMOJIEKYJISIPHUM (DOTOMEPEHECEHHSIM MPOTOHA BBAXKAIOTH MEPCHEKTUBHUMU IS
JeSIKUX MPHUKIIAJIHAX 3aCTOCYBaHb, TAKUX SIK ()IIyOPECEHTHI CEHCOPH, aKTUBHI CEpeIOBHUINA
JUTS JIa3epiB, ONITHUYHA ITaM’ SITh, OpraHiYHi CBITJIOMI0/IH.

KonuBanbHa CTpyKTypa CMYTH MOTIHHAHHS 2,5-01c(2-0€H30KCa30Ii)riAPOXIHOHY IS
MEPEXO/IiB 10 MEPIIOro 30yIKEHOTO eJIEeKTPOHHOrO cTaHy Oylia po3paxoBaHa B HAOIMKEHHI
O®panka-KoHgoHna Ta rapMOHIYHOI Mojeni KoiauBaHb. [loka3aHO, IO BHKOPUCTAHHS
HOPMaJIbHUX MOJ| MOJICKYJISIPHMX KOJMBaHb Ta BEJIUYUHU €HEPrii eJIEKTPOHHOTO Mepexoiy,
pO3paxoBaHUX 3a JOMOMOTOI0 (YHKIIOHATY TycTHHH ®B97X-D3 monuenroe crektp, sKHii
00pe y3ro/KYyEThCs 3 eKCIIEPUMEHTaIbHIME JaHUMH, alie 3aBUILye eHeprito nepexoay 0-0 Ha
BenmunHy 0,13 eB. Haiibinpnry iHTEHCHBHICTH BiOPOHHHX IEPEXOJiB JIEMOHCTPYIOThH
nedopMaliiifHi KOJMBaHHS, 110 3MIHIOIOTH BiJCTaHb MK aTOMaMU OKCUTE€HY Ta HITPOTE€HY
BOJHEBHMX 3B'S3KIB, JeQopMalliiiHe KOJMBaHHS OKCa30JbHUX KuIenp, nedopmaliiiHe Ta
BaJICHTHE KOJIMBAHHS T1JPOXIHOHOBOTO (hparMeHra.

CALCULATIONS OF THE VIBRATIONAL
STRUCTURE OF ABSORPTION SPECTRUM
OF 2,5-BIS(2-BENZOXAZOLIL)HYDROQUINONE

Y. Syetov
Oles Honchar Dnipro National University
setov2003@yahoo.com

The organic compound 2,5-bis(2-benzoxazolyl)hydroquinone (BBHQ) is a substance
that exhibits the excited state intramolecular proton photon transfer. Vibrational structure of the
absorption band of 2,5-bis(2-benzoxazolyl)hydroquinone for transitions to the first excited
electronic state is calculated in the Franck-Condon approximation and the harmonic model for
vibrations. The use of normal modes of molecular vibrations and the value of energy of the
electronic transition, calculated with the density functional ®B97X-D3, yields the spectrum that
agrees well with the experiments, but overestimates the energy of the 0-0 transition by 0.13 eV.
The largest intensity of vibronic transitions is demonstrated by deformation vibrations that
change the distance between hydrogen and nitrogen atoms of hydrogen bonds, deformation
vibration of the oxazole rings, deformation and stretching vibrations of the hydroquinone
moiety.
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JIOMIHECHEHIIS HEHTPIB PEKOMBIHAIIII
Y KPUCTAJIAX ZnS:Mn

M. byaanui, T. Byaana, I. I'omisnko, O. KoBanenko, B. CiiaBuuii
J[Hinposcoxuii nayionaneruil yHieepcumem imeni Onecs I onuapa
bulanyi@ukr.net

JIrominecueHist kpucranopochopiB MPOAOBKYE 3aIUIIATUCA B KOJI HHUTaHb, IO
NpUBEPTAIOTh yBary OaratboxX nociinnHukiB. Lle mos's3aHo 3 TuM, mo 70 JoMiHOGDOpIB
Hpe'aBISIOTHCA PI3HI BUMOTH OO0 iX ONTUYHUX 1 EJIEKTPUYHHUX XapaKTEPUCTHUK Ta 1HIIUX
BrnactuBocted. I[1[06 3miHIOBaTH XapakTepucTUKH (GochOopiB BIAMOBITHO 0 YMOB iX
3aCTOCYBaHHA, HEOOX1THO 3HATH MPUPOAY TUX EIEMEHTAPHUX YTBOPEHb B KPUCTANIIYHIN IpaTii
(LeHTpPIB CBITIHHS Ta 3aXOIUICHHS ), SIK1 BIIMOB1IalOTh 3a JTFOMIHECIICHIIIIO.

3anuIIKOB1 JOMIIIKH, IPU3BOASTH A0 MOSBU B iX 3a00pOHEHIH 30HI 6araToro CekTpy
€JIEKTPOHHUX CTaHIB; BEJMKE YHCIO MAKPOCKOMIYHUX Ae(eKTiB (IUCIOKalii, TpaHuIli OJIOKIB
NBIKYBaHHSA 1 T.I1.) B KpUcTanax ZnS:Mn NpuBOIUTH 10 BUHUKHEHHS CHIIBHUX €JEKTPUYHUX 1
OPYXHUX TIOJNIB, IIO CYNPOBOJXKYETHCS IX B3a€EMOJIEI0 3 TOPYIIEHHSIMH KpPUCTATI4YHOT
CTPYKTYpH 00'€KTa TOCIIKECHHSI.

MeTtor pobotu Oyi0 pO3KIAIACHHS CIEKTPIB (POTOIIOMIHECICHINI Ha eJIeMEHTapHI
CMYTH Ta BU3HAYEHHS BITHOCHOI KIJTbKOCTI LIEHTPIB peKOMOiHAIlil B €JIEeMEHTAPHUX CMYyTaX.

[Iporec 3MiHM CHEKTPANBHUX XapaKTEPUCTHK B ZnS 3yMOBIICHUI HASBHICTIO PyXOMHX
JUCIIOKAMiN, 110 MalTh CHJIBHUH elekTpuuHuil 3apsn. Came MexaHiyHa Jedopmartis
MPUBOJIUTH A0 PYXY AUCIOKALlM, MPH B3a€MOJIi SKUX 3 ToJieM Y3 KOJUBaHb, BiIOYBa€ThCS
30ymKkeHHs (10Hi3allisl) aTOMiB TOMIIIKH 3 HACTYITHUMHU BUIPOMIHIOBATbHUMHU TEPEXOAaMHU. 3
G131uHOi TOYKHM 30py IIeM Mpoliec MOXKHA IOB’S3aTH 3 SBUILEM TYHEIIOBAHHS €JIEKTPOHIB
JOMIIIKOBUX IIEHTPIB CBITIHHS B €JIEKTPUYHOMY IOJ1 PyXOMHX AMCIOKAIiH, 1[0 BUHUKAIOTh
IpH IUIACTUYHIN fedopmarii Kpucrania.

VY nmaniit poOOTI AOCHIKYBAIUCA KpUCTalIM ZnS, BUPOIIEHI 3 PO3IUIABY MiJl THCKOM
1HEpPTHOrO ra3y. Y3 KoJuBaHHS 30yJKyBaJlUCS B KEpaMIYHOMY I1'€30Me€peTBOPIOBaul 13 LUpP-
KOHaTa CBUHIIIO HAa PE30HAHCHIHM 4acTOTi epeTBOproBaya, 1o craHosuia 1 MIm.

CrnocrepexyBani 3MiHH criekTpy PJI MOsSCHIOIOTHCS MPOIIECaMy, MOB'SI3aHUMH 3 PyXOM
JUCIIOKAIi, BUKIMKAHUX TPYKHAMH MEXaHIYHMMH KOJIMBAaHHSAMH B KpHUCTajlax MpH
HOLIMPEHH] B HUX Y3 KOJUBaHb.

Oneprxana iHdopmarltis B ClieKTpax JIOMIHECIICHITI1, Ka JI03BOJISI€ BUBHAUYNUTH BITHOCHY
KUIBKICTh LIEHTPIB BUIIPOMIHIOBAHHS B €J1EMEHTAPHUX CMYTax.

LUMINESCENCE OF RECOMBINATION CENTERS IN
ZnS:Mn CRYSTALS

M. Bulanyi, T. Bulanaya, I. Gomilko, O. Kovalenko, V. Slavnyi

Oles Honchar Dnipro National University
bulanyi@ukr.net

The obtained information in the luminescence spectra allows to determine the relative
number of radiation centers in the elementary bands.
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MEXAHI3MMU ITPOTIKAHHSA CTPYMIB Y
I'ETEPOIIEPEXOJAX CoFe204/n-CdTe

I. Opaenbkuii, M. Lnamyk, 1. Ko3sipcbknii, E. MaiicTpyk,
E. Kacc, H. Capanuyk

Yepuiseyvkuil Hayionanvuuu ynisepcumem imeni FOpia ®edvkosuua
i.koziarskyi@chnu.edu.ua

®epur CoFe;04 € BaxnIMBUM Ta IIKaBUM MaTepiajioM SK 3 MPAKTHYHOI, Tak 1 3
¢ynnamenTtanbHoi Touku 30py. Hanoposmiphi miniBku CoFe2Os npuBepHynn 3HauHy yBary
3aBASKHA CBOIM XIMIUHIN 1 TEPMiIYHIN CTAOUIBHOCTI Ta YHIKAJILHUM CTPYKTYPHHUM, ONTHYHHM,
MarHiTHUM, €JIEKTPUYHUM 1 MJIETIeKTPUYHUM BJIACTUBOCTSAM, 1 IIMPOKUM MOTEHIIHHUM
TEXHOJIOTIYHUM 3acTocyBaHHAM. IlIupuna 3a6oponenoi 30uu miaiBok CoFeO4 Eq = 2,3 — 2,7
eB [1] BignoBigae ymoBaM iX 3aCTOCYBaHHS B SIKOCTI OydepHOro mapy (poTornepeTBoproBayiB
Ha OCHOBI FeTEPOCTPYKTYP 13 (PPOHTATBHUM MPOBIIHUM OKCHIOM Ta HAMiBIPOBIIHUKOM, SIKUH
e(EeKTUBHO IMOTJIIMHAE CBITJIO. BaKJIMBOIO BHUMOTOIO € YTBOPEHHS SIKICHOT'O T'eTEPOIEPEXOay
MK OydepHuM 1mmapom Ta morimHavyeM. lle cCHoOHyKamo MOCHIIKEHHS eJNEeKTPHYHHUX
BiactuBocreil rereponepexony CoFe204 13 1o6pe 3apeKOMeHI0BaHUM y (POTOBOJIBTATYHOMY
NEPETBOPEHHI €HEPrii TeIypuIoM KaaMifo.

ITpu Burorosaenni rerepornepexoniB CoFe,04/nN-CdTe mmiBku CoFe20s (TOBIIHUHOO
0,3 MKM) HaHOCHJIM Ha TIOBEPXHIO CKOJIOTHX i3 KpucTainy CdTe rmiacTHHOK METOIOM CIIpeii-
miponizy Boauux posumHiB coseit COCl:6H20 i FeClz:6H20 i3 kournentparieo 0,1 M y
criBBigHomreHHi kommnoneHT Fe/Co = 2. Iligknagku CdTe uarpiBamucs g0 350°C. Ilporec
HAHECEHHs IUIBOK NPOXOAMB B yMOBaxX aTMOC(pepHOro THUCKYy. [l YHMKHEHHS BHCOKOIO
MIOCJTIIOBHOTO OIOPY TeTepPOIepexodiB 3acTocoByBanucs miakiaaaku N-CdTe i3 muromoro
eNEeKTPONpPOBIaHICTIO 0 = 3,3 Om*tem?, KOHIIEHTPAIlI€I0 EJNEeKTpoHiB N = 2.7 101% cm3,
XOJUTIBCHKOIO PyXJHBicTIO un = 760 cm? -B-c™L. B emuOMy TexHOMOTiUHOMY IIpoOIieci CyMicHO
i3 HaneceHHsM Ha miakmanku CdTe muiBku CoFexO4 oTpuMyBaics Ha MiIKIaaKaxX HATPii-
KaJbI[IEBOTO CKJIA MJIsi JOCHI/DKEHHS ONTHYHUX BIACTUBOCTEH. 3a JaHUMH ONTHYHHUX
nociikeHb Ha cekTpodoTomeTpi CD-2000 y niana3oni JoBKUH XBUIb 0,7 — 1,1 MKM IUTIBKH
BOJIOJILTH KoedimienToM miporryckanHs 7' = 20 — 35 %. 3a ananizom koediieHTa MorIMHAHHS
wiiBok CoFe204 BU3HaueHa onTHYHA IIUpHHA 3a00poHEH0i 30HU Eg = 2,3 eB.

Jliig aHamnizy MexaHi3MiB IPOTIKaHHS CTPYMY BUKOpHUCTOBYBanucs |-V-xapaktepuctuku
rereponepexoniB CoFe204/n-CdTe, siki BumiproBanucs npu temneparypax Bix 7=293 K go T
=355 K. Koediuient Bunpsimiienns ctpymy npu 7' =293 K y BUroToBIIEHUX reTepornepexoaax
cranoBuB 3-10° (mpu Hanpyrax |V| = 1,5 B). ITpsami rinku 1-V-xapakTepucTHK y KOOpAMHATAX
Inl = f(V) npu nanpyrax 3kT/q <V < 0,5 B Oynu miHIHHUMH 13 3aJI€KHUM BiJl TEMIIEpaTypu
KyTOM HaxXuily A0 Bici HanpyT. BusHadeHuit 3a KyToM HaXUiTy Ji0JHUH KoedillieHT TOpiIBHIOBAB
n = 1,35, oo BKa3yBajo Ha HajaOap’€pHUI MEXaHi3M MPOTIKAHHS CTPYMY, SIKHI OIHCYETHCS
dbopmyoro:

| :I0~exp( qu’ 1)

nkT

ne N — mioguuid koeimmieHT, a lo BU3HAYAE€THCS BUPA3OM:

lo =A"T? -exp[— 1\_1?]’ (2)
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ne A** — nocriitHa Piwapacona, qVp — BUCOTa MOTEHIIAIBHOTO Oap’epa Ha €JIEKTPHUYHOMY
Mepexo/i.

Jlns BU3HAUEHHS BHUCOTH TMOTEHLIanbHOTO Oap’epa (Vy Ha Terepomnepexoni
excTpanosiiero 10 Bici Inl minstaok 3anexkuocrti Inl = f(V) 3 miognum xoedimientom N =~ 1,35
3Haxoaw Inlp mpu koxxHOMY 3Ha4eHHi TemriepaTypu 7. 3rinHo Bupasy (2) 3a TAHTEHCOM KyTa
Haxmy 3anexHocti In(lo/72) = f(10%/T) orpumana Benmunna Vs = 0,8 V.

[Tpu npsmux Hampyrax 0,5 V <V <1V npionnuit koediuient n = 6,3. BiacyTHicTh

TEMIIEpaTypHOI 3alle)KHOCTI TaHreHca kyra Haxwiy Inl = f(V) BkasyBama Ha TyHeIbHHIA
MeXaHi3M MPSMOTO CTPYMY, SIKHI OMHCY€ETHCS BUPA3OM:
I(V)=lo" exp(e: (Vb — V), 3

ne lo = B-exp(Ea/KT), B i a — koHcTaHTH, EA — eHepris akTuBallii TYHEITBHOTO CTPYMY.

ITpu 3BOpoTHUX 3MilieHHAX Y miama3oHi — 3 V < V < — 3KT/q miniliHa 3aJ1€XKHICTH
3BOPOTHOTO CTPyMy Bim Hampyru y kxoopmmmatax | = f((Vb — V)¥2 mns rereponepexomy
CoFe;04/n-CdTe Bka3yBaya Ha FeHEpaIlifiHUN MEeXaHi3M CTPYMOYTBOpPEHHs (TeHepallis HOCIiiB
3apsiny y 30inHeHin oonacti n-CdTe):

=29y, 4
L2y, ) @

7ie Ni — BIaCHA KOHIIEHTpallisl HOCIiB 3apsimy B N-CATe, t — vyac »UTTsI HOCITB 3apsaay y
30igHeHil obmacTi, Ng — KOHIIEHTpalisi JOHOPIB.

[TpoBeneHi MOCHIKEHHS MiATBEPIUKYIOTh YTBOPECHHS SIKICHOTO T'eTepPOIEPEXOy
CoFe;04/n-CdTe mpu BUKOPHUCTaHHI HECKJIQJHOTO i3 HU3bKOK COOIBApPTICTIO METOY CIIPEii-
nipomi3y ais HaneceHHs iiBok CoFe20a4.

[1] Jundale V.A, Chorage G.Y., Yadav A.A. Structural, morphological and optical properties
of CoFe>O4 thin film by spray pyrolysis technique. Materials Today: Proceedings. Vol.43.
(2021). P. 2678-2681.

MECHANISMS OF CURRENT FLOW IN CoFe204/n-CdTe
HETEROJUNCTIONS

I. Orletskyi, M. llashchuk, I. Koziarskyi, E. Maistruk,

E. Kass, N. Saranchuk
Yuriy Fedkovych Chernivtsi National University
I.koziarskyi@chnu.edu.ua

CoFe;04/n-CdTe heterojunctions with a current rectification ratio of 3-10° (at voltages
[V|= 1.5 V) were produced using the spray pyrolysis method of aqueous solutions of cobalt and
iron salts on n-CdTe substrates. The main mechanisms of current flow in CoFe;O4/n-CdTe
heterojunctions were established based on the analysis of the temperature dependence of the I-
V characteristics. At a forward bias in the voltage range of 3kT/q <V < 0.5V, an over-barrier
current flows, at forward bias of 0.5 V <V <1V, electron tunneling occurs through the barrier
heterojunction in the conduction band. At reverse biases — 3 V <V < — 3kT/q, a generation
mechanism of current generation due to thermal generation of charge carriers in the n-CdTe
region depleted of the main charge carriers is observed. The energy parameters of the
CoFe204/n-CdTe heterojunction were determined.
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AKYCTHYHE HA/IBUITPOMIHIOBAHHAA
TA ®A3O0BI IIEPEXO/IHN

C. JIarymmuH, O. Cok0J10BCbKHH
J[Hinposcoxuii nayionaneruil yHieepcumem imeni Onecs I onuapa
lyagush.new@gmail.com

[Tepenbauene Jlikke sBHINE HAIBUIPOMIHIOBAHHS Bke Maibke 70 pPOKIB BHUKIIHKAE
CTIMKMI iHTepec (i3UKIB: CIIOYATKY SIK KIIOY JI0 PO3YMIHHS BIIOPSIKYBAHHS MOJIS B JIA3EPHHUX
CepeIoBUINAX, MOTIM K MOKJIMBICTh OOYI0BU O€3pe30HATOPHUX T'€HEPATOPIB KOT€PEHTHOTO
BHUITPOMIHIOBAHHS 1 BECh Yac y SIKOCT1 MPOOHOT0 KaMEHIO 1715 OO0y T0BH TEOPii HEPIBHOBAKHUX
MPOIIECiB Y KBAaHTOBUX cHcCTemMax. Y cucreMi Jlikke Benmuka KiUIbKICTh N 0ogHaKOBHX
JIBOPIBHEBUX aToOMiB (pi3HMIS eHeprii piBHIB A& ), B3a€MOIIIOYMX i3 €IEKTPOMArHiTHUM

. . . AE N o
IMoJIEM, YTBOPIOE€ KOJICKTUBHHU CTAH 1 TCHCPYE HA YaCTOT1 0, = 7 KOTCPCHTHUUN CBITJIOBUU

iMITynIbC, MOTYXHicTh sAKOro mpomnopmiiina N2, a il mpocTopoBmii po3MOAIT BU3HAYAECTHCS
reomerpiero cuctemud. lIpm 1bOMYy JIOMiHYIO4Yy pOJb BiJirpa€ camMe CIOHTaHHE
BUIIPOMIHIOBaHHSI aTOMiB, TOOTO SIBUIIIE Ma€ CyTO KBaHTOBY mpupoay. Kiacmynoro MOBOIO
BOHO TJIYyMauuThCA SIK (pa30BaHE BUIPOMIHIOBAHHS 0araTbOX aToMiB Y HampsMKax, JUIS SIKHUX
BUKOHYETBCS yMOBa IPOCTOPOBOTO CHHXPOHI3MY. MaTeMaTHWYHUN ONHC JBOPIBHEBHX
BUIIPOMIHIOBaUiB y TaMiibTOHIaH1 J{ikke 3/iiiCHIOETBCS 3a TomomMoroo Marpuib Ilaymi, 1 BiH
Mae BUTIIS

~ ho R + 2 R
HD:Tozczn+zk:hwkakak_zE(Xn)'dnGxn’ (1)
n n

ae E(Xn) — ONEepaTop HAIPYKEHOCTI XBHIBOBOIO €JIEKTPUYHOIO IOJI, dn — JMIIOIbHUN

. +
MOMEHT po0O04Yoro mnepexoay N-ro BUIpPOMIHIOBaya, &, , &, — OIEepaToOpu MOPOJKEHHS Ta
3HUIIEHHS POTOHIB. OCKIIBKY raMiIbTOHIaH B3a€MO/Iii CIIIHOBHX MAarHiTHUX MOMEHTIB aTOMIB
13 30BHIIIHIM MAarHiTHUM IOJIEM Ma€ CTPYKTypy —ZB-un, KpHUCTaJI 13 MapaMarHiTHUMH

n
JIOMIIIKaMHM YTBOPIOE CKIHYEHHOPIBHEBY CHCTEMY, J€ JOMIIIKOBI IIEHTPU B3AaEMOMIIOTH 13
KOJIMBAHHAMH IPAaTKH, TOOTO 3 (DOHOHHUM IoJIeM. Y BHUIMAJKY CIIIHY 72 OCHOBHUII WiIeH y

raMiJbTOHIaHI Takoi cucteMu HaOyBae, aHajoriuyHo (1), Burismy hcooz S,,, Zle temnep
n

A

.o 1, . o . . .
, KBa3iciH G 3aMiHEHO Ha PealbHUi CIiH S, (MarHiTHE Moje Opi€HTOBAHO

B
O‘)OZHE;_ZZ

B3/IOBX OCl Z). 3MiHa HANpsSMKY MOJS Ha MPOTHIIEKHE MMoAI0Ha 10 30yPKEHHS ABOPIBHEBUX
aTOMIB KOPOTKHUM €JIEKTPOMAarHiTHUM IMITYJIbCOM, III0 CTBOPIOE 1HBEPCHY 3aCENIEHICTh PIBHIB
BUIIpOMiHIOBauiB y Mozeni Jlikke. Lle BikprBae MUIsX A0 aKyCTUYHOTO HAJBUIPOMIHIOBAHHS
— TeHeparli TOTy»XHOTO IMITYJIbCYy pe30HaHCHUX (PoHOHIB. JlOKIamHW aHali3 IBOTO SBHIIA
3niiicHeHo Y. KomniiemoM i1 cniiBaBTopami [ 1]. BuBeneHo 3aranpHuil BUIIsl onepaTopa CIiH-
(OoHOHHOT B3aeMOil, IO CBIAYUTH MPO 3aCTOCOBHICTH JOPOOKY JOCHIIKEHb ONTUYHOTO
HA/BUIIPOMIHIOBAaHHS B  aKyCTMYHINl KOTEpeHTHIH CHEeKTpOCKOmii 3 ypaxyBaHHSIM
0CO0IMBOCTEN (DOHOHHOTO TIOJISI B KOHKPETHUX KpHCTAIaXx. Y TOHM ke Yac BaXJIHBO OAUYUTH
CYTT€BY pI3HHIIO (I3UKH TMPOIECIB: CBITIOBUI IMIYJbC 3aJMINAE KpUCTal abo 1HIIE
reHepyrode cepenoBuile 0e3 CyTTEBHX 3MiH, a MAaKpPOCKOIIYHE 3alOBHEHHS PE30HAHCHOI
(OHOHHOI MO ACOIIOETHCS 3 PI3KUM 301TBIICHHSM BIJIXWUJIEHb aTOMIB B1JI PIBHOB)KHHUX
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MOJIOKEHb 1 MOXKE CHpHYMHHUTH (a3oBUil mepexin y TBepaomy Tini. Yac dopmyBaHHs
HAJBUMIPOMIHIOBAIHHOTO IMIYJIbCY 1 XapakTep 3MiH y KPUCTalIl MOXYTh JaTH 3MICTOBHY
1H(OopMaIliro MPo MIKPOCKOIIYHY CTPYKTYPY PEUOBHUHH.

ABTopu 3aiiMaInch TEOPETUUHUMU JOCTIKEHHIMU aKyCTHYHOTO
HA/IBUIIPOMIHIOBAaHHS, @ TAaKOX BIUIMBY KPUCTAJIIYHOTO CEpElOBUINA Ha KIHETHUKY
€JIEKTPOMArHiTHOTO KOTEPEHTHOTO CIIOHTAHHOTO BUIIPOMIHIOBAHHS 3 METOI0 PO3KPUTTS
MOKJIUBOCTEH METOJIIB BUIyUYeHHS 0O30HHUX 3MIHHHX i CKOPOYEHOTO OMHCY, MOB’SI3aHUX 3
inesiMu akagemika M. boromro6oBa. Po3risganucek CiiHOB1 MOJiesIi, B TOMY YHCII [Tl BUTIAAKY
chiny 1. AHanoriyHa TexHika 3aCTOCOBYBaJIach i Mojiesi Barnepa — kpucrana, 1€ YaCTUHKH
B JIOMIIIKOBUX IIEHTPaX MOXKYTh 3HaXOJWTHCh y JBOX CTaHaxX 13 pI3HOK CEHEPri€r i
TYHEIIIOBaHHS MK HUMH 3a0e3reuye T0NaTKOBUH MexaHi3M penakcamii [2]. YV wmeroxi
BUJYyYeHHS OO30HHMX 3MIHHUX BHKOPHUCTOBYETHCS YSBIEHHS MpO OO30HHUI TepMocCTar,
OyAyIOThCSl PIBHSHHS JUIA 3MIHHHUX, SIKI XapaKTepH3YyIOTh CTaH MiJICUCTEMU BUIPOMIHIOBAYiB
(171 CMIHOBUX CHCTEM 1€ Z-TIPOEKIiS CyMapHOTO CIiHYy), 1 3a iX MOBEIIHKOIO POOUTHCS
BHCHOBOK PO MO>KJIMBICTh BHHHKHCHHSI 1 9ac 3aTPUMKH HABUIIPOMIHIOBAILHOTO IMITYJIBCY.
Monens Baruepa 3Boguthest 1o MmoaudikoBanoi moaeni Jlikke, y SKii HaABUIPOMIHIOBATbHUI
PEKUM MOXIIMBUN 3a IHBEPCHOI 3aCENIEHOCTI PIBHIB aTOMIB JIOMIIIKH, IO OIHCYETHCS
BiJl’€MHOIO TEMIIEPATypOIO MiJICUCTEMHU BHUIIPOMIHIOBaYiB. MeTOJ| CTUKAETHCS 3 MPOOIEMOIO
PO3UEIUIEHHS KOPENIATOPIB BUIIKX MOPSIKIB. Y METOJIi CKOPOUEHOTO OMHCY Yy (OPMYITIOBaHHI
[Tenermincbkoro—Suenka [3] icHye peryispHa mpoleaypa BUOOpy mapameTpiB CKOPOUEHOTO
onuCy Ta OOYIOBU PIBHSHB €BOJIFOIIT U HUX 1 JOCITIDKEHHS CTaHy 0030HHOTO TOJIST TAKOXK
MO>KJTUBE.

[1] Kopvillem U.Kh., Nagibarov V.R., Samartsev V.V., Solovarov N.K. Acoustic
superradiance: (Review). Adv. Mol. Relax. Processes. Vol. 8, No. 4. (1976). P. 653-694.
[2] boromo6os H.H. (mi.), Jlarymmn C.®. IlpuMeHeHne MeToja HCKIIOYEHHS] OO30HHBIX
MNEPEMCHHBIX K aHAJIN3Y 3BOJJIIOIUHA HECKOTOPLIX MOACIIBHBIX CUCTEM, BSaHMOHeﬁCTBYIOH_[I/IX

¢ 603onHBIMU TTONIsIME. JlyOHa: Coobmenne OSSN P17-88-436. (1988). 11 c.

[3] Lyagushyn S.F., Sokolovsky A.l. Superradiation and condensed matter: reduced description
method. III International Advanced Study Conference “Condenced Matter and Low
Temperature Physics” CM&LTP 2023 (5-11 June 2023, Kharkiv, Ukraine). Book of
Abstracts. P. 195.

ACOUSTIC SUPERRADIANCE AND PHASE TRANSITIONS

S. Lyagushyn, A. Sokolovsky
Oles Honchar Dnipro National University
lyagush.new@gmail.com

The mathematical analogy of Dicke system of two-level emitter interacting via
electromagnetic field and capable to generate coherent spontaneous radiation pulses and spin
system in an external magnetic field is substantiated. The view of such system Hamiltonians is
described. The connection between resonant phonon mode amplification and structure
instability is pointed out.

Some results concerning acoustic superradiance investigations with Bogolyubov
methods of eliminating boson variable and reduced description are discussed. Such process
possibility was studied for a system with paramagnetic admixture with spin 2 and Wagner
model with alternative relaxation mechanism (a crystal with tunneling in admixture centers).
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JOCJTIIXEHHS ®OTOJIOMIHECIEHIIII
HAHOYACTHUHOK OKCHUAY HUHKY

IO. Hinyk, C. I'yceiinoBa, €. Mamoiisienko, 0. Bakcman
Ooecvruii nayionanvrull yrisepcumem imeni 1.1. Meunuxosa
nitsuk@onu.edu.ua

Hano4yacTHHKM OKCHIY IIMHKY MOXKYTh OyTH 3aCTOCOBaHI B SIKOCTi JIFOMiHECIIEHTHHX
CEHCOpIB B@XKHMX MeTalliB Ta HeOe3nmeuyHHX Oakrtepid Ta BipyciB. HasBHICTH MIMPOKOI
3a00pOHEHOI 30HHM JIO3BOJIAE peali3oByBaTH €(EKTUBHI BHUIIPOMIHIOYl CTPYKTYpH B
ynbTpadiosneToBiii, BUANMIN Ta iHppayepBoHiii oOmacTsax cuekTpy [1].

B poGori BHKOpHCTAaHMI XIMIYHMH METOJ CHHTE3y HAHOYACTHHOK, IO
XapaKTePU3YEThCSI BUCOKOKO IMBUIKICTIO OTPUMAaHHS JOCTIAHMX 3pa3KiB, MPOCTOTOIO 1
nemeBu3How. B skocTi pkepena 10HIB IUMHKY BHKOpucTOoBYBanu 10% BOIHUN pPO3YMH
cyabdary nuHKy (ZnSOs). JIxepernom i0HiB KUCHIO cityryBaB 10% BOAHHI pO3YHH TiAPOKCHITY
kamito (KOH). Pazom 3 TuM, JOCHiIKEHHS Ha CKaHYyIOUOMY EJIEKTPOHHOMY MiKPOCKOMi
MOKa3aj, M0 OTPUMaHI TaKMM METOJAOM HAaHOYACTMHKM MAalOTh 3HA4YHI BiIMIHHOCTI B
po3mipax.

[Tpu 3miHi KOoHHEHTpanii mpexypcopiB Bix 2 no 30% mupuHa 3a00pOHEHOI 30HU
3MiHIO€eThes Bia 3.9 1o 3.5 eB. 3a BenuunHOIO 3¢yBY IUPUHU 3a00pPOHEHOT 30HHU B MOPIBHIHHI
3 IOUPUHOIO 3a00pPOHEHOT 30HM O0’€MHHMX KPHUCTaJIiB BH3HAYEHI CEpelHi po3Mipu
HAaHOYACTHUHOK.

Crnektpu dotonomiHecteHii B BUAUMIA 00JacTi XapaKTepU3YIOThCA IIUPOKUMU
CMyraMu BUIIPOMIHIOBaHHS B JKOBTO-TIOMapaH4yeBiil Ta CUHbO-OJNAKUTHINA 00JACTSIX CHEKTPY.
Buninstorecst cmyru Ha 2.1, 2.2, 2.65 Ta 2.82 ¢B. BoHU He 3MiHIOBAJIM CBOTO PO3TAITyBaHHS 13
3MIHOIO MIUPUHU 3a00pOHEHOT 30HM HAHOYACTHUHOK. 3rifHo [ 1], 3a3HaueHi cMyTu MOXKYTh OyTH
00yMOBJIEHI BUIIPOMIHIOBAJIbHUMH MEPEXOAaMU B MEXaxX TOHOPHO-aKLENTOPHUX Map, 10
CKJIQJTy SIKUX BXOJSATH BJIACHI Ie(PEKTH.

B xopoTKkoXBHUJIbOBIM 00J7aCTi 3apeecTpOBaHi JIiHII BUIIPOMIHIOBAHHSI, pO3TallyBaHHs
SKHX KOPENIOE 3 IUPUHOI0 3a00pOHEHOI 30HM B JIOCHIKYBaHMX HaHOYaCTUHKaX. BincTaHp
nopsaaky 60 MeB Big kparo NOrIMHAHHS J103BOJISIE IPUITYCTUTH, 1110 BKa3aHi JIiHi1i 00yMOBJIEH1
MepexojaMu 3a Y4acTIO 3B’ sI3aHUX €KCUTOHIB.

IToka3zaHo, 1110 13 30UIBLIEHHSAM KOHLIEHTpALIil TPeKypCcOpiB 301IbIIY€ETHCS MUTOMA Bara
CMYT' B JKOBTO-TIOMapaHueBiii oOnacTi. TakuM 4MHOM, 3MIHOIO TEXHOJIOTIUHUX IMapaMeTpiB
MOYKHA BIJIMBATH Ha CIIEKTPAJIBHUNA CKJIa]l BUTIPOMIHIOBAHHSI.

[1] Kumar Jangir L. et.al. Investigation of luminescence and structural properties of ZnO
nanoparticles, synthesized with different precursors. Mater. Chem. Front. Vol. 1 (2017).
P. 1413-1421.

INVESTIGATION OF ZINC OXIDE NANOPARTICLES
PHOTOLUMINESCENCE

Yu. Nitsuk, S. Guseinova, Ye. Mamoilenko, Yu. Vaksman
Odesa I.1.Mechnikov National University
Zinc oxide nanoparticles with different sizes of crystallites were obtained by the method
of colloidal synthesis. The average size of the nanoparticles is determined by the value of the
bandgap shift. The nature of the radiative transitions determining the near-band and long-wave
luminescence of zinc oxide nanoparticles has been established.
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INDUCED COLOR CHARGES IN QGP AT
POLYAKOV’S LOOP AND CHROMOMAGNETIC FIELDS

V. Skalozub, 1. Hamolskiy
Oles Honchar Dnipro National University
skalozub@ffeks.dnu.edu.ua

Quark-gluon plasma (QGP) is the state of matter consisting of quarks and gluons
liberated form nuclei at high temperature due to asymptotic freedom of non-Abelian gauge
fields. A classical background of QGP is formed out of two type condensates — the A,(T)
(Polyakov loops (PL)) and the spontaneously generated temperature dependent
chromomagnetic H3(T), H8(T), where (3,8) are color indexes of SU(3) group, and usual
magnetic H(T) fields. The first kind condensates result in the color Z(3) symmetry breaking
and the Furry's theorem violation. The second ones considerably change the spectra of quarks
and gluons as well. So, new phenomena have to be realized. In particular, the induced color
charges Q3.;, Q8,, are expected. The PL and A,(T) are the order parameters for the phase
transition. At low temperature, PL and A, equal zero. At high temperature they become
nonzero. The same concerns the magnetic fields. Recently, on the principles of the Nielsen's
identity method and new type integral and sum representations we derived the gauge invariant
expression for the A, condensate in the magnetic fields in two-loop approximation [1], [2].
This opens a possibility for calculating the induced color charges for this case.

Figure 1. Tadpole diagram.

To realize that, we have calculated the contribution of the diagram depicted in the figure.
Here, the solid line presents the quark propagator in the A, and magnetic fields and the curvy
line presents the zero component of gluon fields G or G§. At finite temperature, in the
Matsubara formalism on has to calculate the temperature sum over discrete momenta p, =

2nT (l + %) , 1 =0,% 1, ..., integrate over momentum component p, oriented along the space

field direction, calculate the sum over spin variable 0 = +1 and sumupovern = 0,1,2, ...
, in correspondence to the fermion spectrum in magnetic field H: (p, + g4,)? = m? + p2 +
(2n+ 1)gH + ogH. That we have done in the low-level approximation, n =0, ¢ = +1
giving a leading contribution for strong external fields.

As a result, we have obtained that the induced color charges are nonzero. The presence
of the magnetic fields changes the values of them compared to the zero-field case. So that the
QGP has to be magnetized and color charged. That will generate different new type processes
for either photons or gluons.

[1] V. V. Skalozub, Phys. Part. Nucl. Letts 18 (7), 738 (2021). [ArxiV:2006.05737 hep-ph]
[2] M. Bordag, V. Skalozub, Eur. Phys. J. C. 82, 390 (2022).
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ONE-LOOP CORRECTION CONTRIBUTIONS IN THE
DECOUPLING LIMIT OF GENERALIZED YUKAWA MODEL

M. Dmytriiev, V. Skalozub
Oles Honchar Dnipro National University
dmytrijev_m@ffeks.dnu.edu.ua

There exist many models of physics beyond the Standard model (SM), which introduce
new heavy particles. Signals of such new states could be parametrized either within a complete
model of new physics or its low-energy approximation. The latter consists of effective
Lagrangian (EL), which describes the effects of interactions with heavy particles on the
dynamics of light fields when heavy states decouple. Parameters of this EL should be
constrained by an experimental data analysis. These constraints, in turn, are translated into some
limits to the parameters of the corresponding complete model. This approach is employed in
many researches [1, 2]. It is often assumed that the loop corrections to parameters of a heavy
particle coming from the light and the heavy sectors of a corresponding UV-complete model
are negligible small in the decoupling limit.

Contrary to this statement, we have shown that in the latter case the radiative corrections
given by light fields are considerable for some values of model parameters.

We begin with the following Lagrangian of a UV-complete model:

= 2 (@0 ~ 5120?43 (3,0)° —Z N2 — At — pixt — £ + @
+ ) B (0-mg— gy~ 900

a=1;2

This model consists of two scalar fields ¢ and y and two fermionic fields ¥, and v,.
We derived the low-energy EL for this model in the limit when y boson decouples. The
obtained expression is as follows:

—_ 2
Lyy =5 (0,0)° — 51202~ 29* + . (8~ my — gp@)bu + @

a=1;2

ZAZ (IIJ Il)l + ¢2¢2) .

Here the terms in the first line describe dynamics of the model light sector, while term in the
second line describes the effective four-fermion interactions. The latter approximate
contributions of heavy scalar in the model observables when y decouples. Two scattering
processes were considered within the low-energy EFT (2) — these are Ellpl - Eztpz and
Y1, = P1P,. These reactions take place in s- and t-channels, respectively. Contributions of
radiative corrections into the cross-sections of these processes are estimated in the decoupling
limit.

We find out that if |g,| and |g, | are small the loop corrections are negligible and the
EL (2) is applicable for description of scattering processes at low energies. For our model we
have that it is so if |g4| < 0.4 and |g,| < 0.4.
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If |g,| is big, then loop corrections to ¥ boson mass are to be considerable even at low
energies. These corrections are shown in Fig. 1. In our model, we have that if g, | > 2.5 then
the corrections in Fig. 1 give more than 10% of the y boson mass. These corrections suppress
the contribution of the heavy scalar in reaction cross-section. Hence, if |g,| is big, then (2)
significantly overestimates y boson contribution in the cross-sections when y decouples.

Fig. 1. One-loop correction  Fig. 2. Diagram of one-loop  Fig. 3. One-loop correction
to the y boson mass mixing of scalar fields to the Yukawa vertexes from
the interaction with ¢ boson

If |g¢| is not small, the contribution of the scalar field one-loop mixings is significant
in either s- or t-channels. One-loop mixing of ¢ and y is introduced by the diagram in Fig. 2.
In our model, we get that if |g¢| = 1.5, the contribution of one-loop mixing of scalars in the
matrix elements of the considered reactions is bigger than 50% of the four-fermion interaction
term for |g, | < 0.4. Radiative corrections to Yukawa vertexes of y boson are also significant
in this limit, since they are proportional to gé. These corrections are depicted in Fig. 3.

To conclude, in our research we have derived the conditions when radiative corrections
are negligible small in the decoupling limit in cross-sections of reactions within the generalized
Yukawa model. According to these conditions, radiative corrections become significant if the
interactions between light fermions and either light or decoupled scalar are not feeble. In such
scenarios, expression (2) should not be used as the low-energy approximation of the model (1).
The results obtained in this investigation could be applied to some models of new physics which
extend the SM, such as the two-Higgs-doublet model (2HDM). The latter has a limit when new
heavy particles decouple. So, low-energy EL could be derived for it [3]. Contributions of
radiative corrections into cross-sections within the 2HDM should be estimated in the limit when
heavy fields beyond the SM decouple. This is the problem left for the future.

[1] CMS Collaboration Search for new physics using effective field theory in 13 TeV pp
collision events that contain a top quark pair and a boosted Z or Higgs boson. CERN-EP-
2022-172. Report number CMS-TOP-21-003

[2] Ellis J., Madigan M., Mimasu K., Sanz V., Tevong Y. Top, Higgs, Diboson and Electroweak
Fit to the Standard Model Effective Field Theory. JHEP. Vol. 4. (2021). 279.

[3] Dmytriiev M., Skalozub V. Low-energy effective Lagrangian of the two-Higgs-doublet
model. Journal of Physics and Electonics. VVol. 29(2). (2021). P. 8-20.
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ONTHUYHI JOCALIKEHHSA 3MIH MIKPOMATHITHOI
CTPYKTYPU IIVIIBOK ®EPUTOBUX I'PAHATIB Y
EJEKTPUYHOMY II0JII

B. Koponoscbkuii, FO. Bakyia
Kuiscokuu nayionanvruti ynisepcumem imeni Tapaca llleeuenka
frecs@knu.ua

YuMmano AOCHiPKeHHb OCTaHHIX POKIB PI3HOMAaHITHHX MarepiajiB i KOMIO3HTHHUX
CTPYKTYP, B SIKUX MPOSBISIOTHCS MarHitoenaekTpudHi epextu (ME), BUABIIN psifi HOBUX SIBUII]
Ta MPOSIBiB MAarHITOCNEKTPUYHHUX B3a€MO/Iii1, 30KpeMa 1 Ha piBHI MiIKPOMArHITHUX CTPYKTYPHUX
€JIEMEHTIB JTOMEHHHUX CTiHOK (OJIOXIBCHKI JIiHIT Ta OJOXIBCHKI TOYKH) Yy TOHKOILUIIBKOBUX
MAarHiTHHX JienekTpukax. Beprukanphi ninii bioxa (BbBJI) y crinax brnoxa Hapa3i BUB4aroThCs
3 OIVISAY Ha MOKJIMBOCTI 1X 3aCTOCYBaHHS SIK €JIEMEHTIB MarHiTHoi nam’sti. CroctepexeHHs
MarHiTHHX JJOMEHIB 32 JOMTOMOT'OI0 MarHiTOONTHYHOI MiKpOCKOITii Ha OCHOBI edekty Dapases,
€ OJHUM 13 METOJIB Bi3yali3alii pO3MOJALTYy HaMarHi4eHOCTI B MAarHITHUX Marepiaiax,
HANPUKIIA]] Y eMiTaKCIHHUX IJTIBKaxX (epUTOBUX IpaHaTiB. 30KpemMa, METO/l HaJla€ MOKIIUBICTh
Bi3yaumizamii iHAyKOBaHHUX HE JIMIIE MAarHiTHUM, a i enekTpudHuM nojem (E-monem) sBuin y
HAaHOCTPYKTYPOBAaHMX MAarHiTHUX MarepiajaX, M0 CYTTEBO PO3IIMPIOE METOI0JIOTIO
eKCIIePUMEHTAIbHUX JIOCIIKeHb Y MpHUKiIagHoMy MarHetusmi [1,2]. OgHak, y MarHiTHUX
TUTIBKAX 3 MEepIeHANKYISPHOI aHi3oTporieto, foMeHHi cTinku (JC) 1 Taki ixHI TOmonoriyHi
nepextn sk BBJI He Bi3yamidyroTbcs (Ha BiAMIHY Bil MAarHiTHHX JOMEHIB) TMIpH
CIOCTEPE)KEHHAX y CBITIOMY I10JIi 32 JIOIOMOIOI0 MoJisipu3auiiHoro Mikpockona. ITogonaru
3a3Ha4yeHl HEJI0IKH J03BOJIsI€ BUKOPUCTAHHS METOly ONTHUYHOI MIKpOCKOII1 TeMHOT 0 1o [3],
KU J103BOJISIE JE€TEKTYBATH MIKPOMArHiTHI YTBOPEHHS 3 XapaKTEpPHUM PO3MIPOM B JIECSTI 1
COTI 4YacTKM MikpoHa. Meron no3Boisie 6e3nocepenHbo BisyamizyBatu gk JIC, Tak 1 ix
cyOCTpyKTypHi enemeHTH, 30kpema BBJI, sxi wmaroTe OuTbII CKIATHUN  PO3MOMALT
HaMarHi4yeHocCTI.

VY npexacrasneniit poOoTi moBigomiseTbes mpo gocaimpkeHHss ME BnactuBocteit JIC ta
BBJI y nniBkax ¢eputoBux rpaHatis. 1 1bOro MU afanTyBajlyd METOJ ONTHUYHOI MIKPOCKOTIIi
TEMHOTI'0 MOJIS JJIsl JOCHIJKEHHS BILUIUBY 30BHIIIHBOTO E-110J11 Ha MIKpOMArHiTHI CTPYKTYpHI
€JIEeMEHTH TIpPaHAaTOBUX IUIIBOK 3 NEPIEHIUKYJISIPHOI aHi3oTpomiero. JlocmimpkyBanach
emiTaKciiiHa IUTiBKa 3a1i30-1TPi€BOrO rpaHaTy 3 BMICTOM BICMYTY TOBILMHOIO 01 8 MKM, siKa
Oyna BuponieHa Ha miaknaani GdsGasOi2 3 opienrarnieto (111). ExciepuMeHTH TPOBOAUIUCH
B reometpii E || N ne N — HopMmaib 10 noBepxHi IUTiBKU. [11iBKy po3MillyBaii M’k ONTHYHO
npo3opumu enexkrpogamu y E-nomni gacrororo 800 ['n. OnuH 3 enexktpoaiB MaB (popmMy TOHKOT
CMYXKH (IIMPUHOIO 1 MM) 1 Lie 1aBajio 3MOr'y po3MilllyBaTH HOro HaJ pi3HUMH JIOKAJIbHUMHU
TUISTHKAMU JIOMEHHOI CTPYKTYpH IUTiBKH. [IpH BKazaHoMy MeTo/1i JOCTiKEeHb, M1ACBIUyBaHHS
JIC Bizyani3yroThCs K SICKpaBl CBITJI JIIHII Ha 3arajlbHOMY TeMHOMY Tii (Y pa3si, SKIIO BOHU
30pi€EHTOBaHI MEPHEHAUKYJISAPHO A0 IUIOIMHM MaAiHHA cBiTia). ToOTO, y LbOMY METO.I
MarHiTHi JOMEHH 3 MPOTUJICKHUM HApPsSIMOM HAMarHiu€HOCT1 Bi3yali3ylOThCs K €1MHA TEMHA
obmactse. Y pa3i, sxmio JIC mictate BBJI, To BBJI MmoxHa mobauntu sik 0067aCT1 JOKaTBHUX 3MIH
(mocuneHHs 4 ocnabneHHs ) sickpaBocTi Ha ainsHkax [IC. Ha Puc. 1 nokasani 300paxeHHs
OJIHIET 3 OKpEMUX AUISHOK JIOMEHHOI CTPYKTYpH JOCIIPKYBaHO1 TUTIBKH (ITiCJI KOMI'TOTepHOT
00poOKM 300pa’keHHs), OTPUMaHI 3 BUKOPUCTAHHSAM MeTony TeMHoro nois. IIpu npomy, Ha
nokainsHOMY cerMeHTi JIC (“rosoBka” momeHa) MokHa 6aunTH 001acTh 3MiHH sickpaBocTi I
npu npuknagani E-monsa (E=1,7 kB/MMm). bnusbka 1o mokazanoi Ha Puc.1 peakiis Ha 1HIIUX
OUISTHKaX JIOMEHHOI CTPYKTypH MpOSIBIsUIach JHIIE Ha Kiabkox ‘“‘ronoBkax” JC mpu
PO3MIIIEHHI HaJl HUMU €JIeKTPoly-cMyKKH. Peakuis npsimux cermenTiB JIC Ha miaKIO4YeHHS
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E-monst BizyanbHO He cmoctepiranach. [Ipy BUMKHEHHI OIS, BIJHOBJIEHHS IOYaTKOBOL
KapTiHU Ha “ToyioBKax” JIC mposBIsAIOCH MPUHIMIIOBO MO pizHOMY. CrocTepiraioch sK
YACTKOBE BITHOBJIEHHS moyaTkoBoro crany JIC Ha okpeMux “TojioBKax”’, Tak 1 BiJICYTHICTb
3MiH. [Ipu4nHu TakuX BiAMIHHOCTEH MOTPEOYIOTh OKPEMHUX JTOCTIIKEHb.

Puc.1 306paxeHHs JIJISIHKH JOMEHHOI CTPYKTYPH AOCTI/ZKYBAHOI ITIBKHU:
(a) - mpu E=0; (6) — npu E= 1,7 kB/mm.

Ha namy aymMKy, mpyUuMHOIO ONMUCAHOTO eeKTy Moxke OyTH o0sacTh JoKamizamii uu
rerepanii B E-moni BBJI na Brazanux ainsakax J[C. BinOyBatoTscs 1onaTkoBi AepopMyBaHHS
IIPOCTOPOBO HE OJHOpimHOTO (uepe3 HasBHICTH BBJI 1 BUTHYTICTh CTIHKM) BEPTHKAJILHOTO
npodinto auisHky AT B E-moni, mo 1 npu3BoauTth 10 edekTy, sikuil cnocrepirascsa. E-mone
3MIHIO€ MAarHITHY aHi30TPOIIi0 (epUT-rpaHaTOBUX IUTIBOK. 3MiHA eHeprii aHizoTporrii B E-noxi
NPHU3BOJUTE 10 “‘muxaHHs JokaiabHOI autsHku JIC, Haj sKor po3mimeHo enektpoxa. Lle
“IuxXaHHSA”, Yy CBOIO uepry, MOpYyIIye Ha MEpexigHiil IIISHII MOYaTKOBHM OamaHc Mix
0OMIHHOIO €HEPTi€l0 Ta JOKAIBHOIO CHEPri€l0 pO3MarHidyyBaHHs, 1110 BHHUKAE Yepe3 HasIBHICTh
y ningHni  BBJI  MarHiTHUX TMOMIOCIB, TMOB'S3aHUX 13 BIANOBIIHUMH KOMIIOHCHTaMHU
HaMarHiueHocTi. Pe3ynbpraromM mopymieHHs BKa3aHOTO OajaHCy 1 MOXYTh OyTH SIBHINA, SIKi
HaMU Bi3yaJIbHO CIIOCTEPITrairCh.

[1] V.E.Koronovskyy, S.M.Ryabchenko, V.F.Kovalenko. Electromagneto-optical effects on
local areas of ferrite-garnet film. Phys. Rev. B. Vol. 71. (2005). P. 172402-172406.

[2] V. Koronovskyy and Y. Vakyla. Magneto-electric response of iron garnet film
micromagnetic structure on combined action of AC and DC electric field. Electron. Mater.
Lett. Vol. 11 (6). (2015). P. 1028-1034.

[3] Thiaville A., and Miltat J. Neel lines in the Bloch walls of bubble garnets and their dark-
field observation. J. Appl. Phys. Vol. 68. (1990). P. 2883-2891.

OPTICAL INVESTIGATIONS OF CHANGES IN THE
MICROMAGNETIC STRUCTURE OF FERRITE GARNET
FILMS IN AN ELECTRIC FIELD

V. Koronovskyy, Y. Vakyla
Taras Shevchenko National University of Kyiv
frecs@knu.ua

The presented work reports on the study of the magnetoelectric properties of ferrite
garnet epitaxial films with perpendicular anisotropy. We adapted the dark field optical
microscopy method to study the influence of the electric field on the micromagnetic structural
elements of the domain structure of garnet films. The sensitivity of vertical Bloch lines to
changes in the electric field was revealed.
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X-RAY PHASE ANALYSIS OF LiNaGesO9 MULTIPHASE
COMPOUND

A. Diachenko?, Ye. Skrypnik!, M. Trubitsyn!, M. Volnianskii*, O. Baskevich?
YInstitute of Energy Efficient Technologies and Materials Sciences, Oles Honchar Dnipro
National University
2Ukrainian State University of Chemical Technology
zhenya.skripnik.1997.2@gmail.com

Solid electrolytes based on lithium-sodium tetragermanate LiNaGesOg (LNG) are
among the promising lithium ions conductors [1]. It is known that nanometer size structuring
Is actively used to increase ionic conductivity. So, we quenched the melt and obtained LNG
glass. Then by using the data of differential scanning calorimetry (DSC) we heat treated
amorphous-crystalline and polycrystalline LNG [2]. It is necessary to obtain complete
information about phase composition and morphology of the samples. In this work we perform
structural characterization of the obtained compounds by using X-ray phase analysis.

LNG glass was prepared by rapid quenching the melt between two massive copper
plates. The partially crystallized amorphous-crystalline samples were prepared by isothermal
heat treatment at T=794 K. This temperature was chosen within the interval between the glass
transition temperature Tg=783 K and the point Tc=829 K above which complete crystallization
was detected in DSC experiment [2]. The totally crystallized samples were prepared by heating
the glass to the temperatures (~900 K) notably above Tc. The structure of the obtained samples
was studied by X-ray phase analysis, which was carried out on X-ray diffractometer DRON-2
operating with monochromatized Co-K.. radiation (A=1.7902 A).

It was shown that in glassy samples amorphous phase occupy about 0.92 of the sample
volume. The rest of the sample volume is occupied by the ordered region with LNG structure
and structure of LisGeOs, NasGeOs and NasGe.O7. The ordered phases in amorphous-
crystalline samples occupied about 0.55 from its total volume. The estimations indicate that the
partially crystallized samples can be defined as nanocrystalline. In the polycrystalline sample
ordered phases occupied about 0.96 of the whole volume. The size of the crystallites allowed
to classify this state rather as microcrystalline.

The obtained data is compared with the results of lithium heptagermanate Li.Ge7O15
performed in [3]. On the one hand increase of alkali metal fraction in the composition (Li>O —
X(GeOy)) is expected to stimulate increase of ionic conductivity. On the other hand, it means
decrease of glass-forming germanium oxide fraction that worsens the conditions of the glass
formation. So, preparation and study of amorphous, partially and totally crystallized
compounds in the family Li(Na).O — (GeO2) should help to design ionic conductors with
optimized chemical composition and phase content.

[1] Volnianskii, M. D. Electric Properties of LiNaGe4Os Single Crystal / M. D. Volnianskii, M.
P. Trubitsyn, O. A. Bibikova // Ferroelectrics. — 2013. — Vol. 443, No. 1. — P. 16 — 19.

[2] Diachenko, A.O. Glass devitrification and electrical properties of LiNaGesOg / A.O.
Diachenko, M.P. Trubitsyn, M.D. Volnianskii, I. Jankowska-Sumara, Ye.V. Skrypnik /
Molecular Crystals and Liquid Crystals. — 2021. — Vol. 721, iss. 1. — P. 10-16.

[3] Trubitsyn, M. lonic Conductivity in Single Crystals, Amorphous and Nanocrystalline
Li>Ge7O15 Doped with Cr, Mn, Cu, Al, Gd / M. Trubitsyn, M. Koptiev, M. Volnianskii //
Chapter in book: Fesenko, O., Yatsenko, L. (eds) Nanomaterials and Nanocomposites,
Nanostructure Surfaces, and Their Applications. Springer Proceedings in Physics. —
Springer, Cham. — 2023. — Vol. 279. — P. 585 — 598.
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JUHAMIKA MOJIEJII JIKKE _
3 YPAXYBAHHAM MAJIUX KOPEJIALIN

0. CokogoBcbkuii, C. JIarymmnn
J[Hinposcoxuii nayionaneruil yHieepcumem imeni Onecs I onuapa
lyagush.new@gmail.com

Jlocmi/pkeHHST SBUINA HAJIBUIPOMIHIOBAaHHS 3aJMIIA€THCA aKTyaJIbHUM HAIPSIMKOM
¢izuku xoHAeHcoBaHOro crany. Cepen mpoOieM, sKi MPHUBEPTAIOTh YBary JIOCIHIAHUKIB €
npoOJieMa BpaxyBaHHs BIUIMBY HEPIBHOBRKHUX KOPEJISLiN HAa AWHAMIKY cuctemu [1].

Hamu posrisimaerbes cucreMa 3 JABOPIBHEBHX BHIIPOMIHIOBAYiB Ta MOMEPEYHOTO
eJIeKTpOMarHiTHOro noss. ['aminbronian Jlikke 11i€l cHCTeMH B TEpMiHAX ONEPATOPIB CHIHY §,

. . . +
1 603e-onepaTopiB GOTOHIB & ,d) Mae BUTIISA

H=Hy+H,, Hy=ho,> 8§, +> hoaia, H=- Ex)d,E +§), @

Je x; — pailyc-BeKTopl-ro BHUIIPOMIHIOBAYa, #hwm, — EHEPris Horo 30y keHHd, d,

JUMOJIbHUN MOMEHT Bi,Z[HOBi,Z[HOFO nepexony, En (X) — oreparop Hal'[py}KeHOCTi CIICKTPHUYIHOTI'O

107151 (BUKOPHUCTOBYIOTHCS CTAaHIAPTHI TIO3HAYEHHS CITIHOBUX 3MIHHUX).
CraH cucremu OyieMO ONMCYBATH CEPEAHIMU 3HAYEHHIMHU ONIEPaToOpiB 7,

Z =88 (& EZiSAii , (2)

(72

A A At A A

T]k_nk=a‘ka‘k! nl_SZ Zi
ki nosHavarotees yepes My : Ny =N, Ny =S;, N, i Ha3uBaTUMEMO MapaMeTpaMu CKOPOUYEHOTO
omucy (IICO). Bemuumum N onmcyrors HepiBHOBaxHUit cran cuctemu ¢oronis (N —

KiIBKICTE (GOTOHIB B Kk-My crami), BemMuuHa S, ONMCY€E CTYIiHb 30YIDKEHOCTI CHCTEMH

BUITPOMIHIOBAUiB, 1) onucye Kopessiii B cucTeMi BUNIpomiHioBadiB. BBaxkaeTnces [1], mo onuc

cucremu B Mozemi Jlikke Bkasanumu I[ICO aznexkBaTHO BinoOpakae mepedir sBuUIIA
HAJ[BUIIPOMIHIOBaHHS.

Bci oneparopu 1, KOMyTYIOTh Mi>k COOOIO 1 3 OCHOBHIM BHECKOM Y TaMiJIbTOHIaH

[MM6]=0,  [Hef]=0. 3)

Ile mnoka3ye, mo jauHaMiKy cuctemMu Jlikke MOKHA JOCHIIUTH B paMKax MoJeni
[enetminpkoro—Sluenka [2], BBaxaroun B3aemopito H; mamoro (H;~A, A<<1). Ti
HepiBHOBaKHUM cratuctuuHui omeparop (CO) p(n(t)) 3anexuTh Big 4yacy TUIbKH uepe3
yacoBy 3anexHictb [ICO na(t) . Oneparop p(n) B IbOMY BHpa3i 3 ypaxyBaHHsAM (popmyi (3)

3 TOYHICTIO JI0 IEPIIOT0 MOPSJIKY Teopii 30ypeHb BKIOYHO MA€ BUIJIS

1 ~
—-—1H,

0 - i o~
| A A —tHy A
p(n) =py+ [ de—lo, Hi(D]+O0()  Hy(r)=e" "He ", (4)
ne kBasipiBHoBaxHud CO Pq Mae BUIIAL p _ e® 2 %N = Do P+ P zegpfzkzkﬁk’

Pam = e Az gymait Qp(Zy), Qu(Z2y), Zi(n), Zi(m,), Z,(numy) B mmx

dbopMynax BU3HAYAIOTHCS POpMyTaMu
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SPpe =1, Sppgw =1, SppEfc =N,  SPPu =T, SPPuTL =T )

Yacosa 3anexnicts [ICO na(t), SIKI OMHUCYIOTh CTaH CHCTEMH, BH3HAYAETHCS PIBHIHHIM

atT]a(t) = La (T](t)) , 1e QyHKITis La (T]) BHPAXAETHCS yepe3 orepartop (4).
Pearnizanis onucaHoi mporpaMu BUMarae po3paxyHKy CEepeaHiX i3 KBa3ipiBHOBRKHUM
CO Py . Pospaxynoxk cmizis i3 poronnnm CO Pgr NPOBOAMTHCA 3a BIIOMUMM IpaBuiamu Bika

(B, 30kpema, [2]). Meron pospaxynky cnifiB i3 CO Pgy , AKkMHl MiCTMTh B €KCIOHEHTI
KBaJpaTH4Hy (opMy BiJ CIIHOBUX oreparopis, BiacyTHiH [3]. ¥V Toil ke yac po3poOieHa

. . .. 0 50~ R
JiarpaMHa TeXHiKa po3paxyHky cepenHix i3 CO ng = 4N (Sp ng =1, SpngnlEnl)
(muB. [3]).

Hamu y3arameneno merton IlemermiHChbKOro—SllieHKa TakUM YHHOM, IO CTaJO

MO>KJIMBUM Yy HAIi 3a/a4i JOCIITUTH BUMIAJO0K MalTUX KOpesiii, siki onucytotses [ICO 1.
Mauia Kopesiliss BU3HAYa€eThest GOopMysIor Omn, =1, —Sp ngﬁz (51’]2 ~H, n<<1), TobTo
MaJIMM BBa)KAETHCS BIAXUICHHS Kopensiinoi Gpynkuii 1, Bix Il 3HaY€HHS B HEPIBHOBAXKHOMY
CTaHi, 10 ONUCYEThCA TUIbKYU napameTpoM 1)y . Beranosieno, mo kBasipiBHoBaxHui CO Pgy

y Teopii 30ypeHb 3a ManuMm mapameTpoMm [l BupaxkaeTbcs uepe3 CO ng bopmyIor0
Pau = ng +Ap, Ap= Pgm (eF At B

SpﬁlAp =0, SpﬁzAp =0m,, SpAp =0, 5Kl po3B’A3yI0TbCs B Te€Opii 30ypeHb 3a CTEHNEHAMU

—1), ne BenuuuHu F, A, B 3a10BOJBHAIOTH piBHHHHSI

OM,, mNoYMHAKOYM 3i BHECKIB nepuioro mnopsaaky. OTxe, Hamu po3poOseHa Teopis
HEpIBHOBAKHUX CTaHIB Mojenl Jlikke 3 ypaxyBaHHSAM MalMX KOPEJSALid BEIUYUHHU 3

omeparopom M, =§'§".

[1] Lyagushyn S.F., Sokolovsky A.l. Superradiation and condensed matter: reduced description
method. III International Advanced Study Conference “Condensed Matter and Low
Temperature Physics” (5—11 June 2023, Kharkiv, Ukraine). Book of Abstracts. P. 195.

[2] Axuesep A.W., ITenermunckuii C.B. Metonsl craTuctiueckoit pusnku. Mocksa: Hayka.
(1977). 368 c.

[3] UstomoB 1O.A., Kaccan-orner @.A., Ckpsoun HO.H. IloneBbie MeToasl B TeOpHH
dbeppomarneruzma. M.: Hayka. (1974). 225 c.

DYNAMICS OF THE DICKE MODEL
TAKING INTO ACCOUNT SMALL CORRELATIONS

S. Lyagushyn, A. Sokolovsky
Oles Honchar Dnipro National University
lyagush.new@gmail.com

The Peletminskii—Yatsenko model is generalized to the case of the presence of small
parameters of the reduced description of nonequilibrium processes. For this, a new approach to
calculating averages with the quasi-equilibrium statistical operator is developed. In this
approach, the theory of superradiance in the Dicke model is elaborated with account for
correlations of the emitters.
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BIIJIMB TIOJIMOP®I3MY PbO HA EJIEKTPUYHI
BJIACTUBOCTI KPUCTAJIIB PbMoO4

T. boukoBa, M. Bosnsincbkuii, A.KpiBuenko, M. TpyOinun
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
anastasiyareisman17041997@gmail.com

Momni6nar cunio (PbMoOs) mmpoxko BHKOPHCTOBYEThCS y TexHimi. Ha ocHOBI
kpuctasiiB PbMoOs BUTOTOBIISIFOTh Pi3HI aKyCTOONTHYHI MPHJIATH: MOIYJISTOPH, XBUIICBOIH,
MIKPOCKOIH, IO CKaHyIOThb. Kpucranmu, jeroBaHi piIKICHUMH 3€MJISIMH, BUKOPHUCTOBYIOThH Y
KBAHTOBIH €JIEKTPOHIII JUIsi cTBOpeHHS PamaHiBchbkux JasepiB. CUMHTHIISIINHI BIACTUBOCTI
KPHCTAJIIB 3aCTOCOBYIOTh JIJIsl CTBOPEHHS KPIOT€HHHUX JIETEKTOPIB y (i3WIli eleMEeHTapHUX
4acTHMHOK. Bci 11l 3aCTOCYBaHHSI BUMAratoTh BEIMKOTa0ApUTHHUX KPUCTATIB BHCOKOI SIKOCTI Ta
pamiamiiiHoi cTiifikocTi. Sk mpaBWiIO, AN OTPUMAaHHS BEJHMKHX KPHCTANliB BUKOPHUCTOBYIOTH
METOJl BUTATYBaHHS 3 pO3IUIaBy Ha 3arpaBKy (Merox Yoxpanbebkoro). Iluxrty mis
BUPOIIYBaHHsI KPHCTAJIIB TOTYIOTh METOJIOM TBepIo(azHoro cuHTe3y. Bemnrke 3HaUeHHS MarOTh
YHCTOTa BUXIAHUX PEAKTHBIB, TEMIIEPATYPHUI PEKUM Ta 4ac CHHTE3y. baraTo TeXHOJIOTIYHHX
YMHHUKIB BIUIMBAIOTh Ha SKICTh OAEPKYBaHUX KPUCTaliB, iX (izuuHi BiaacTuBOCTi. OOHUM 3
TaKUX YMHHUKIB € oiiMopdizm PbO, ToOTO. 31aTHICTh OKCHTy CBHHIIIO iCHYBaTH y IBOX Pi3HHX
KpUCTATIYHUX MOoJUdiKamisax (o Ta ), CTpYKTypy SIKUX HaBeJIeHO Ha puc.l.

b

a ’
a

a 0
Puc.1. Ctpykrypa kpuctaiis PbO: a — a- mogudikaris; 6 — - moaudikarris.

Terparonansha a- PbO (uepBoHa, cBHHIEBHI TIIiT) Mae cumerpito P4/nmm, B- PbO
(»KOBTa, MaCHKOT) BITHOCUTHCS JI0 OPTOPOMOIUHOI KpucTaaiuHoi cuctemu Pbma [1]. ¥V 06ox
Mou(DIKaIliIX aTOM CBUHIIIO CIIOJIYYEHO 3 YOTHPMA aToMaMH KUCHIO y (GopMi mipamian, 1e
atoM Pb € BepmmHoro wi€i mipamiau. B 0060x Bumagkax Il mipaMigu YTBOPIOIOThH IIapu B
CTPYKTYpi Lux Moaudikaiiil. OpHak opieHTaIis HUX MipaMiJ BCepeIuHi apiB BiAPi3HAETHCS,
1 monokeHHs1 aToMiB O B1THOCHO aToMiB Pb Takox BiIpi3HAETHCS.

TerparonansHa 0o-PbO TepmogunamiyHO cTabinbHAa 33 HOPMaJbHUX  YMOB,
optopomOiuHa B-PbO € meracTabiibHOIO 3a HU3BKUX Temreparyp. TemmepaTrypa ¢ha3oBoro
nepexony ckiagae 762 K.

Binomo, mo a- 1 f-moaudikamii PbO MoxyTs nepexonutu oHa B 1HITY TIiJ] BIUTMBOM
30BHIMIHIX Ji# [2]. Sk HACTIIOK, BUXITHUN PEAKTHB OKCUY CBUHI[IO YacTO € CYMIIIIIO O- 1 3-
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Monudikamiii y OyIap-sIKUX CIIBBIIHOIICHHSX. SIK I1e BIUTMBA€ HA BJIACTUBOCTI BUPOIICHUX
KPHUCTAJIB, TIO CyTi, HEBIIOMO. Y HAYKOBIH JIiTepaTypi, IPUCBAYEHIN TEXHOJIOTIi BUPOIIYBaHHS
kpuctaiiB PbMoOQOs, 11e mUTaHHS HE BUCBITIIOBATOCA. MeTO JaHOi poOOTH € JOCIIKESHHS
BILTMBY mojiMopdizmy PbO Ha enekTpuuHi BiaacTHBOCTI kpuctainiB PbMoQOs, 30kpema Ha
MPOBITHICTH HA 3MIHHOMY CTPYMi.

Jlst mpoBeieHHs excriepuMeHTiB rpodecopom JJTHY M. BosnHsHCBKHM OyJid BUPOIIIEHI
MeTo1oM YoXpalbChKOTO 13 MIMXTH 31 CTEXIOMETpUYHMM criBBigHOmEHHsM PbO Tta MoOs3
kpuctamn PbMoOs nBox tumiB (A Tta B). Y mepimomy BHIaaKy BHKOPHCTOBYBAacs O-
moaudikanis PO (kpucramu A), y apyromy — B- mogudikauis PbO (kpucranu B). Binpasy
MICJIsl BUPOIYBaHHS KPUCTAIM MaJId OJIHAKOBHI CBITIIO-KOBTHH KoJip. Uepes3 Aesikuil yac i
BIUIMBOM 3BHYAWHOTO JEHHOTO CBiTJa KpUCTaIM A CHIBHO moTeMHimanu. IloBepHytn
MOYaTKOBEe 3abapBiicHHS MokHa Oynio HarpiBanHsM g0 700 K, T0o0TO. y Kpmcramax A
CriocTepiraBcs 3HAYHUN (OTOXPOMHHIA epeKT, TOMl sK Kpuctand b 30epiramu moyaTKkoBHMA
KOJIIp.

Ha 3pa3skax kpucraniB A 1a b 3 HaHeceHMMM IUIATUHOBUMM €JIEKTpoaaMu Oyiu
MPOBEJCHI BUMIPIOBAaHHS MPOBIAHOCTI HA 3MIHHOMY CTpyMi, BuKopuctoByrouun Keysight
E4980AL LCR Meter na pizaux gactorax (f=0,1-350 kHz) y remneparypromy iatepBani 300—
900 K.

Jlo OCHOBHUX pe3yJIbTaTiB MOKHA BIJHECTH HACTYIIHI: MEXaHi3M MPOBITHOCTI B 000X
TUNIAX KPUCTAJiB HOCHTH OJHAKOBUH XapakTep, CIOCTEPIraeThCsi 3HAYHE 3POCTAHHS
MPOBITHOCTI KPHUCTaNiB A y TMOpIBHSAHHI 3 KpuctaiamMu b y BCbOMY JOCIHIKEHOMY
TEMIIEPATypPHOMY Jiara30Hi, a TAKOXK Pi3Ke 3pOCTaHHS aHOMAJIii, 110 3’ SIBISIETbCS HA KPUBHX
TEMIEPATypHOI 3aJEKHOCTI MpoBigHOCTI mif Aiero Y@ cBitna Ha kpuctanu. OTpumMani JaHi
0OrOBOPIOIOTECSL B PaMKax MOJENi CTpHOKOBOro mepeHocy 3apsaay. OCKUTbKH pe3yibTaTd
aHaJOTIYHI JaHUM, OTpuMaHMM a1 kpuctamiB PbMo0QOs, BupolieHHX 3 IMIMXTH 3
BUKOpHUCTaHHAM [-mMoaudikarii PbO, ane 3 HagmipHOIO KiibKicTIO M0O3, MOKHA IPUITYCTHUTH,
mo i y BuUmaaKy 3 BUKOpUCTaHHAM o-Mmoau(ikanii PbO xmrouoBy ponb B yTBOpEHHI
CTpYKTypHUX JedekTiB y kpucTtanax PbMoQOy BizirparoTh BakaHCii 10HIB CBUHLIIO.

[1] Wyckoff, R.W.G..Crystal Structures — Volume 1. Interscience Publishers, New York, 85—
237.-1963.

[2] Munson, M.J., Riman, R.E. Observed phase transformations of oxalate-derived lead
monoxide powder. Journal of Thermal Analysis 37, 2555-2566. — 1991.

PbO POLYMORPHISM IMPACT ON THE ELECTRICAL
PROPERTIES OF PbMo0O4

T. Bochkova, M. Volnianskii, A. Krivchenko, M. Trubitsyn
Oles Honchar Dnipro National University
anastasiyareisman17041997@gmail.com

The effect of PbO polymorphism on electrical properties of PbMoO4 crystals has been
studied. The crystals were grown by Czochralski method. The charge was prepared from MoOs
and PbO of a - or B — structural modifications in a stoichiometric ratio. A significant increase
in AC conductivity of crystals grown from the charge using the o - modification of PbO in
temperature range 300-900 K and a sharp increase in the magnitude of the photoinduced
anomaly on the temperature dependence of conductivity were found. The results are discussed
within the framework of the model of charge hopping transfer.
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CONDUCTIVITY OF Li:Ge7015:Me** SINGLE CRYSTALS

R. Safenkov, M. Trubitsyn
Oles Honchar Dnipro National University
djamonss@gmail.com

Lithium heptagermanate (Li-Ge7O1s) is one of the promising materials for devices of
solid-state ionics. Recently, it has been shown that variation of chemical composition,
nanometer size structuring and doping with aliovalent impurities represent effective ways to
increase ionic conduction in Li2Ge7O15 [1-3]. In this work we report the data on studying ionic
conductivity in LiGe7O1s single crystals doped with trivalent metal ions Me3* (Me**=Cr, Al,
Gd, Eu). The single crystals studied were grown by Czhochralskii method, the dopants Cr (0.1
% wit), Al (0.15 % wt), Gd (0.03 % wt), Eu (0.05 % wt) were added to the initial mixture of
reagents before the synthesis of the charge for the crystal growth. The samples were prepared
as the plane parallel plates with dimensions of about 5x5mm? and widths near 1 mm. Pt
electrodes were sputtered on the sample’s main planes in an Ar atmosphere. Electrical
conductivity was measured in AC field by using AC bridge E7-10 and LCR-Meter Keysight
E4980AL.

Study of conductivity in LioGe7O1s single crystals revealed that above ~500 K ¢ became
strongly anisotropic. Along [100] crystallographic direction ¢ was more than in one order of
magnitude higher than conductivity along [001] and in two orders of magnitude higher as
compared with o measured along [010]. Study of conductivity in doped crystals
Li,Ge7015:Me* shown that small amounts of the used dopants strongly changed the typical
values and anisotropy character of conductivity. Doping with chromium and aluminum notably
increased conductivity and vice versa, introducing Gd and Eu impurities significantly decreased
c. Representing the experimental data in Arrhenius coordinates o(1/T) made it possible to
calculate the activation energy U, and attempting frequency t of the charge transfer in the
studied crystals. For pure and doped crystals Ua was in the range (0.94 — 1.27) eV.

The obtained results are explained by considering the crystal structure, the impurity
centers charge state and location in the lattice. It was shown that the doping effects were
determined by the nature of the charge compensating defects. If the doping was accompanied
by appearance of charge compensating lithium interstitials Ari, conductivity of the single
crystals increased (Cr and Al dopants). When the charge imbalance introduced by impurity (Gd,
Eu) was compensated by lithium vacancies Vi, doping significantly decreased . The obtained
data testify that charge transfer in Li2Ge7Os crystal is determined by mobile lithium interstitials
moving through the structural channels.

[1] Nesterov A.A., Trubitsyn M.P. Thermal and electrical properties of glass-ceramics based
on lithium heptagermanate. Physics of the Solid State. VVol. 54. No. 5. (2012). P. 945-946.

[2] Nesterov O.O., Trubitsyn M.P., Nedilko S.G., Volnianskii M.D., Plyaka S.M.,. Rybak Y.O.
lonic conductivity in multiphase Li.O-7GeO, compounds. Acta Physica Polonica A. Vol.
133. No. 4. (2018). P. 892-896.

[3] Trubitsyn M., Koptiev M., Volnianskii M. lonic Conductivity in Single Crystals,
Amorphous and Nanocrystalline LioGe7O15 Doped with Cr, Mn, Cu, Al, Gd. Chapter in
Springer book: Nanomaterials and Nanocomposites, Nanostructure Surfaces, and Their
Applications. Springer Proceedings in Physics. Vol. 279. (2023). P. 585-598.
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MOIEJIOBAHHS IITOTEHIIAJIIB 3ATBOPIB 3
OPAKTAJIBHO KOH®II'YPOBAHUMHU JOMIIIKAMMUA Y
I'PAOEHOBOMY TPAH3UCTOPI

B. Ony¢pienko, I. Knanmunk, T. Ciarocaposa
Hayionanvnuu ynieepcumem «3anopizoka noaimexHikay»
onvm@i.ua

JUisi  MOAETIOBAaHHS TOIOJIOTIYHOTO MpO(digI0 PO3MOAUTY AOMIMIOK (paKTaIbHO
KoH(pirypoBaHoro rpadeHOBOro TpaH3ucrtopa [l] HEOOXiTHMM €TarioM € BHUMIPIOBAaHHS
TreOMETPUYHOI MPOTSHKHOCTI JOCHIIKYBaHOI MHOXKHMHU (Iapy), 10 300paKaeThCsl TOUKAMH,
BiJ[pi3KaMH, ITUIOCKUMH Ta O0‘€MHHMMH KOMIIAKTaMH. BBOIUMO y pO3IIISI TOKPHUTTS
(pakranbHOro MmWapy npsAmoiHiiHuMu nankamu i) (I —HoMep nanku y K — My mokonminHi

MOKPUTTSA), IPU LIbOMY JIOBXHHA JIaHOK (K +1) —r0o IOKPUTTS MEHUIE TOBXKUHU JIaHOK (K)—TO0

nokputts: ligyqy <liky. Kinbkicte N nanok li) <lik) nokpurrs, mo Briasarothes Ha i)

a
€ JesKOI0 (YHKIi€0 iX BiJHOLICHHS: Nientico = F Ui /i) - Cymoro y(a)(Zlij
i=1

ANPOKCUMYETHCSI TPOTSHKHICTh (DPaKTAIBHOI MHOXHWHH, IO BHIIJICHA IS MOJCITIOBAHHS
TOMmoJOrii. VY 3araJlbHOMY BHUMAJKy MOXHA mepeadaduTu moOyIoBYy MOKPUTTS Aiamerpa L
(ppakTanbHO KOH(IrypOBaHOI MHOXHHH 3 KIHIEBOT TOYKH L.

1

Teopis ¢pakranpHOro mapy [2] Ha MeXi PO3ILTy ABOX CEPENOBHUIN 0a3yeThCs Ha
1 dx

T(e) (t=x)""

noxigaoro  d“L(X)=,Dy L(x)dy , ne npobosa moximaa ,D; L(X) Bukopucrana y dopmi

BH3HAUCHHI JpoboBoro mudepeniiana d“X = foro 3B‘s3Ky 3 JIpoOOBOIO

Pimana-JliyBims.
Po3srnsiHemMo nani BIUIMB (paKkTaabHO KOH(ITYpPOBAHOTO 3MIIllEHHS aTOMHUX IIapiB Ha
¢dpaxTaibHId TOMOJOTIT JBO3aTBOPHOTO MOJBOBOIO TPAH3UCTOpA 3 YIPaBIIHCBKUMH [ —N

nepexoJaMd Ha BEJUYMHY MOTEHIlaliB Ta OOYMCIIOBaHY Ha iX OCHOBI KpPYTH3HY
XapaKTEePUCTHK.
VY cxeMi N — KaHAIBHOTO MOJbOBOT0 TPAH3UCTOPA 3 IBOMA 3aTBOpamu [3] Ta kepoBaHHM

Pp—N mepexomom (mo3Haunmo: BUTiK S, 3atBopu G, i G,, ctik D) copsmyemo Bice OY
B37I0BK, a Bick OX meprneHaukymsipio n—kanamy mik G, ta G, 3 ¢pakransHo

KOH(IT'ypOBaHUMHM JTOMIIIKAMH; BBRKa€EMO, III0 CTPYM KaHay Tede B 00macTi X, <X <X, .

3HaueHHs MOTEHIIaNB 3aTBOp — KaHan U ()(y) Bu3HAUaEMO 3a METOOM MOMEHTIB

Xn
: N (y)=_19 7 . :
(mopie. 3 [3]) UY'(y)= P [XN(x)d”X, me Q-—3apsn emekTpoHa; & - JieNeKTpHIHA
Xp
nponukHicTs HaniBnposiguuka; N(X) =Ny — N, KoHIeHTpallis HEKOMIIEHCOBAHUX JIOHOPIB;
u®» (Y) moBHMIA MOTEHIIAT MiK 3aTBOPOM 1 KQHAJIOM, IPUYOMY Y PO3IJISYBAHOMY BHITAIKY
Uc(;ys) =Ugs +¥, O€ W —KOHTAaKTHA pI3HHI INOTeHLiadiB Ha P—N mnepexoxi, d”X-
nudepinTerpal, y - CKEHIHTOBHM MOKa3HUK PO3IOALTY JOMIMIOK y 3aTBOPi. Y TpaH3UCTOpPaAX,
0 BHUIOTOBJIEHI METOJOM TMOABIMHOT [UQY3ii, BUABIAIOTECA pI3HI XapaKTEPUCTUKU
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YIpaBIiHHSA 10 KOKHOMY 13 3aTBOPIB. Y 3B 53Ky 3 IUM OYyAE€MO PO3IIISIIATH MOJIENb 3 PI3HUMH
CKEHMJIIHrOBUMHU MTOKAa3HUKAMH B PO3MO/ALIaX JOMIIIOK Ha IEPIIOMY i IpyroMy 3aTBOPaXx.
Jlst mepexoty 3aTBOp 1-KaHa Ta KaHaI-3aTBOP2 3aIHCYE€MO IOTEHIIAIN:

(o) _ q N n a+2 _ 2
U )= M) i M@=t @
0P == plea il e] B @

PiBasnusiMu (1)-(2) BH3HA4YarOTbCA KOOPAMHATH TPaHUI 0ONAacTe MPOCTOPOBOTO
3apsmy Ol BUTOKY 1 CTOKY 4epe3 MPHUKIIAIeHI HAIpyrd Ta Oap’€pHi MOTEHIAIU, a TaK0X
KPYTU3HH « — XapaKTepUCTUK M0 3aTBOpax IMOJbOBOTO TpaH3HcTOopa. Po3paxyHkamu
BUSIBJICHO, IO HABITh y BHIAAKYy, KOJM KIACHYHUM IIiIXOJO0M TPOSIBISETHCA JHIHHICTH
KPYTHU3HH 3aTBOPIB, HASIBHICTh (PPAKTATBLHOTO PO3MOILTY MpPU 3HAYCHHSIX CKEHWITHTY o 1 [
Big 0 10 | MpU3BOANUTH O CYTTEBOI HENIHIHHOCTI KPYTHU3HU y IIMPOKOMY Jiarma3oHi 3MiHA
BITHOCHUX TMapameTpiB mnoreHmiams. Jnsa Bumanky o = =1 dopmynun (2)-(3) naroth
pe3yJIbTaTH ISl KPYTH3HH XapaKTEPUCTHUK, 110 30irafoThes 3 BUNIAIKOM KIIACHYHUX CYLITBHUX
PO3IOILIIB TOMIIIOK Ha 3aTBOpax [3].

[1] Onydpienko B.M. IMotenuianu ¢pakTaibHUX 3apsijiiB i CTPYMIB y MITYYHOMY CEPEIOBHIILI.
Pamioenektponika. Inpopmaruka. Ynpasmiaas. (2004). Nel(1). C. 18-21.

[2] Onufrienko V.M., Slyusarova T.l., Onufriyenko L.M. Modeling characteristics of field-
effect fractal nanotransistor. 15" Intern. Conf. on advanced Trends in Radioelectronics,
Telecommunications and Computer Engineering Proceedings (February 25-29,2020).
Lviv-Slavske. P.586-589.

[3] Cobbold R. Theory and applications of field-effect transistors. Wiley-interscience.1970.

SIMULATION OF GATE POTENTIALS WITH FRACTALLY
CONFIGURED IMPURITIES IN GRAPHENE TRANSISTORS

V. Onufrienko, I. Kylymnyk, T. Slyusarova
National University “Zaporizhzhia Polytechnic
onvm@i.ua

The influence of the fractally configured displacement of atomic layers on the fractal
topology of the two-gate field-effect transistor on the value of the potentials and the steepness
of the characteristics calculated on their basis is considered. The theory of the fractal layer at
the interface of two media and the fractional differential are used to analyze the circuit of the
channel field-effect transistor with two gates and a controlled transition.

To calculate the control characteristics for each of the gates, a model with different
scalings of the impurity distributions in the first and second gates is described. It was found that
the presence of a fractal distribution of impurities with different scaling values leads to a
significant nonlinearity of the slope in a wide range of changes in the relative potential
parameters.

For the case of limiting values of scaling, the results of calculating the steepness of the
characteristics coincide with the case of classical continuous distributions of impurities on
gates.
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CHUHTE3 TA IPAKTUYHE BUKOPUCTAHHA
YIABTPAMAJINX KBAHTOBUX TOYOK

1. KopoyTsik, O. Kocinos, b. Ky1bunubkuii
Incmumym ¢hizuxu nanienposionuxis im. B.€. Jlawxapvosa HAH Ykpainu
dmytro.korbutyak@gmail.com

B ocranni poku 3pocrae 3alikaBlIeHICTh 10 yhabTpamanux KBaHTOBUX To4oK (KT)
po3Mipom nopsanky 2 HM. L{sg migmuoxuna KT Brirouae kinactepu marigaoro po3mipy (MSC),
K1 3a3BHYail MEHIIEe 2 HM y JiaMeTpi Ta MalOTh TUCKPETHI PO3MIipH, SKi BiIMOBINAIOTH YITKO
BU3HAYEHOMY UMCJTy aTOMIB. IX €IleKTpOHHA CTPYKTYpa 3HAXOAUTHCSA HA MEKi MiK MOJIEKYJIaMu
i KT, BOHM MaroTh yHiKaJIbHI BIACTHUBOCTI, YiTKi CIIEKTPU MOTIMHAHHSA, 1X JIOMIHECIEHITIS
MOBHICTIO BU3HA4aeThbcsd cTaHoM moBepxHi. OOmacti 3acrocyBaHHs Ta mnepeBarn MSC
BKJTIOYAIOTh CBITJIONIOIM O1I0TO CBiTia, 010JIOTIYHI MapKepH, IX TaK CaMO BUKOPUCTOBYIOTH SIK
BUXI1IHI MaTepialiv JJi1 CTBOPEHHS OUIbII CKIaJHUX HAHOCTPYKTYP.

Hus ctBopeHHst edekTuBHO sromiHecneHTHUX KT po3po0neHo Meroa BHCOKO-
TEMIIEPATypPHOTO OPraHiYHOrO0 CHUHTE3y 3 MeTalioopraniuHumu mpekypcopamu TOP/TOPO
(Tpu-oxTHnpochin/Tpioktmndocdinokenn) [1]. BuxopucroByroum med migxin, Oynm
cuHTe30BaHi MoHoaucnepcHi kBauToBl Touku CdS, CdSe 1 CdTe, mo 7eMOHCTPYIOTh EKCUTOHY
emiciro.

T T T T T T L} L] L] T T L] T
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Puc. 1 (a) Cexktpu nornuHaHHS (HOPMOBaHI Ha MEPIINH MAaKCUMYM TIOTIIMHAHHS, KpiM 5 1 6,5 xB), (b) ciekTpu
BUIIPOMIHIOBaHHS (HOPMOBaHI 0 MaKCHMyMY BHIIPOMIHIOBAHHS, Aex = 400 HM)

Y po6oTi [2] Oyn0 3amponOHOBaHO COHOXIMIYHMI CHHTE3 HagManux 1a mMarigyaux KT
CdSe. Lleit miaxin 3abe3neuye eheKTHUBHUM, NPUCKOPEHHH Ta KOHTPOJIHOBAHMM HUIAX JI0
CHHTE3Yy CKJIaJI-HUX HaHOMaTepiaiB.

B menuiuHiI HaHOYACTUHKU BHUKOPUCTOBYIOTHCS SIK JUISl A1arHOCTHUKH, TaK 1y SKOCTI
JiKyBaJbHHUX 3aco0iB. [IpuBabnuBicTs 3acTocyBaHHs HamiBIpoBigHUKOBUX KT mosicHIO€ThCS
HasBHICTIO Y HHUX YHIKQJIbHHUX OITOEIIEKTPOHHUX BIIACTUBOCTEH, a came: peryjbOBaHMH 3a
pPO3MIPOM BY3BbKHHM CHEKTp BHUIPOMIHIOBAHHS, BHUCOKI KBAHTOBI BHUXOJH, 30YKEHHS Yy
HIMPOKOMY Jiana3oHi Ta Bucoka ¢poroctabinbHicTh. KT po3pobiistoTbes 171 pi3HUX 010J10TTUHO
OpIEHTOBAHMX JOJATKIB, Y TOMY YHCJIi IMyHOaHaJi31B, 0l0MeAMYHOI Bi3yasi3allii, JIikapcbKoi Ta
¢doronuHamiuHoi Tepamii. OgHak a8 OiosnoriyHux aoxaatkiB moBepxHs KT moBunHa OyTn
NacHMBOBaHa 1HIIMMH MaTepiajaMH, SIKi J03BOJISIOTh TUCHEPryBaTH Ta 3arobiraTd BUTOKY
TOKCHYHHUX BOKKHX METAJIB.
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BaxnuBy pombp y OlOMEOUWIMHI Biirpa€ BUBYCHHS BUCOKOJIIOMIHECIIEHTHHX
010JIOTTYHHMX 30H/IB Ha OCHOBI HAaHOYACTHHOK y OmvkHiN iH(ppadepBoHii 30H1 (NIR) depes
MiHiMi3alilo aBTroduyopectennii OionoriyHoro (GoHy Ta MiIBUIIEHOTO MNPOHUKHEHHS
30yDKYIOYOTo 1 BUIIPOMIHIOBAHOT'O CBITJIa Yepe3 TKAHWHH B Jiana3oHi JOBXHH XBUJIb NIR
(650-900 uM™).

Y pobGori [3] aBTOpaM BAaNOCAd CHHTE3yBaTU y BOJAHOMY  PO3YHHI
BucokoduryopectienTi ta Hagmani KT (CdTe/CdS sapo/oGonioHka) 3 peryiboBaHUM
BUIPOMIHIOBAHHSM Yy ONFMOKHIN 1H(pa-depBOHIM AUIsHIN. Takui Miaxia T03BOJWB YHUKHYTH
BUKOPHUCTAHHS TPEKYPCOpPIB, SKi 3a3BHYail BHKOPUCTOBYIOTHCS Yy BOJHUX PO3YMHAX, IO
JIO3BOJIMJIO TIPOBECTH CHHTE3 OE3MOCEPEHBO Y HOPMaIbHUX yMoBax. [lomanbii 1ociimKeHHs
in vivo, BpaXOBYIOUH rOCTPY TOKCHYHICTH, TICTOJIOTIYHUHN aHaNi3 Ta aKTUBHY 3/IaTHICTh 30H/iB
KT HaminroBatucs Ha NyXJIMHH, Tokasanu, mo mi KT-30HIW [03BOJIMIM OTpUMATH
BUCOKOYYTJIUBY Bi3yasi3aliro MyXJIMHHUX JUISHOK Y )KUBUX TBApUH.

CTBOpEHHSI COHSYHUX Oarapedl € OJHI€I0 3 MEPCHEKTHBHHUX Tally3ed 3acTOCYBaHHS
KOJIOITHUX KBAaHTOBHX TOYOK. KBAaHTOBI TOYKH MOXYTh YyJOBO BHUCTYIIaTH B POJIi
doroceHncudiTizaTOpa, OCKUIBKA J03BOJISIFOTh KEPYBaTH IOJIOKEHHSM CMYTH TOTJIMHAHHSL.
[HIMMH BaXJIMBUMH TIepeBaraMM € BHCOKHH KOEQIIIEHT EKCTUHKIII Ta CTaOUIbHICTb.
Kontpone po3mipy KT mpu iX cuHTE31 T03BOJIIE 3 BHUCOKOK TOYHICTIO 3MIHIOBATH iX
eJIEKTPOHHI Ta OoNTHYHI Bi1acTUBOCTI. KpiMm Toro, ockinbku KT cuHTe30BaH1 3 po34nHYy, IUTIBKH,
10 CKJIAJAIOTHCS 3 MOMIOHUX YAaCTUHOK, MOXYTh JIETKO HAaHOCHTHCS Ha BCUISKI THYYKi abo
JKOPCTKI T IKIIaIKH.

SIK KaHAMOAT HAa HEAOPOry (OTOTAIbBAHIKY MOIYJISPHI HAHOYACTKH XaIbKOTCHIIB
ceunIrto. i KT marots Hag3BuuaitHo Benukuii 60piBChKHiA pajiiyc 00'éeMHOT0 eKCUTOHY (46 HM
st PbSe 1 20 am ans PbS), mo cTBOproe CHibHE KBAaHTOBE OOMEXKCHHS B KOJIOITHHX
HAHOKPHCTAJAX 1 JJO3BOJISIE HAJIAIITOBYBATH X IIUPUHY 3a00POHEHOT 30HU 1 Kpal MOTJIMHAHHS
Yy BChOMY BHJIIMOMY CITEKTPI.

[1] Murray C.B., Norris D.B. and Bawendi M.G. Synthesis and characterization of nearly
monodisperse CdE (E = sulfur, selenium, tellurium) semiconductor nanocrystallites. J. Am.
Chem. Soc. Vol. 115. (1993). P. 8706-8715.

[2] Kastilani R. et al. On-Demand Sonochemical Synthesis of Ultrasmall and Magic-Size CdSe
Quantum Dots in Single-Phase and Emulsion Systems. Langmuir. Vol. 35. (2019).
P. 16583-16592.

[3] Chen L.-N. et al. Aqueous one-pot synthesis of bright and ultrasmall CdTe/CdS near-
infrared-emitting quantum dots and their application for tumor targeting in vivo. Chem.
Commun. Vol. 48. (2012). 48. P. 4971-4973.

SYNTHESIS AND PRACTICAL USE OF ULTRA-SMALL
QUANTUM DOTS

D. Korbutyak, O. Kosinov, B. Kulchytsky
V.E. Lashkaryov Institute of Semiconductor Physics NAS of Ukraine
dmytro.korbutyak@gmail.com

In recent years there has been a growing interest in ultrasmall quantum dots (QDs), on
the order of 2 nm in size. This subset of colloidal nanocrystals includes clusters of magic sizes
which correspond to a certain, well-defined number of atoms. Ultrasmall QDs exhibit unique
properties, such as sharp light absorption and almost complete surface luminescence, while
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exhibiting a nearly spherical shape. They show great potential for a wide range of uses,
including dye-sensitized solar cells, white light LEDs, and biomedical sensing, thanks to their
controllable electronic structure and significant surface area.

Ultrasmall quantum dots have a higher absorption efficiency than traditional materials
due to their large surface-to-volume ratio. Therefore, they can convert a greater percentage of
incident light into electricity in cells. Ultrasmall quantum dots are utilised in medicine due to
their distinct characteristics. They possess numerous benefits over conventional imaging and
sensing equipment, including increased brightness, extended fluorescence lifetimes, and
adjustable emission spectra. Modern techniques for synthesising ultrasmall quantum dots
include high-temperature organic synthesis, hot injection, and sonochemical synthesis of QDs
with magical sizes.

Current research aims to enhance the stability and biocompatibility of quantum dots,
whilst devising novel methods for their integration into diverse biomedical applications.

MNOBYIOBA KAJIBPYBAJIBHOI 3AJIEXKHOCTI
PE3OHATOPHOI'O CEHCOPY JIEJEKTPUYHOI
HNPOHUKHOCTI YUCEJIBHUMU METOAAMHU

C. byxapos, b. IllecrakoB
Hninpoecoxuti nayionanvnuu yrieepcumem imeni Oneca I onuapa
sergeyvbuharov@gmail.com

VY 6aratbox ramxy3sx KOHTPOJb IapaMeTpiB MaTepialliB 3 BaXKJIMBUM 3aBJaHHAM. IcHye
BEJIMKA KUIBKICTh HENpSMUX METOJIB BHUMIpIOBaHb, L0 IMOB’A3YIOTh HapaMeTpH SKOCTI
MaTepiady Ta BHUMIpIOBaHy (i3W4YHY BEIUYMHY. BUIBIIICTH PIAMH MOXHA PO3IIISIIATH K
JeNeKTpUK 3 BTpatamu. s JOCHiKEHHS MapaMeTpiB MAieJIeKTPUKIB MOXYTb OyTH
BUKOPHUCTAaHI XBUJIEBOJIHI, PE30HATOpPHI, AHTEHHI MeTOAu BuMipioBaHb [l1]. Pe3zonaTtopHi
METO/M MOBHOTO 3allOBHEHHS € OJHUMH 3 HaWTOYHIIIUX, ajie MPH HAsBHOCTI 3HAUYHUX BTpPaT
pPE30HAHC CTa€ HEBU3HAYEHUM, WI0 MPU3BOIUTH J10 HEOOXIAHOCTI METOMAIB YacTKOBOTO
3aII0BHEHHS PE30HATOPA.

[ToOynoBa kamiOpyBaJIbHOI 3aJIEKHOCTI, IO TOB’SI3y€ JIEIEKTPUYHY HPOHUKHICTH
3alI0BHEHHS Ta PE30HAHCHY 4YacTOTy HaiuacTillle BChOro BiJIOYyBa€ThCS 3 BUKOPHCTaHHSIM
YHCEIHbHUX METOJIIB PO3B’sI3aHHS €IEKTPOIMHAMIYHUX 3a7ad.

Ha puc.l,a mnoka3aHO mepeTHH IWIIHAPUYHOTO PE30HATOpa, IO 3aMOBHEHUM
dToporacToM, Ha OCi SKOro 3po0JieHa MIIIHAPUYHA TOPOKHUHA, IO 3alOBHIOETHCS
JIOCIIJKYBaHOIO piguHOI0. BukopucToByeThess HaitHmk4ya moma H111, sika 30ymkyeTbes
HITUpPEM, L0 XUBUTHCS KOaKClaJIbHUM KaOeneMm. TumoBa pe3oHaHCHa KpuBa Koe]ilieHTY
nepeaBaHHs Bij MEPIIOro MTUPS 0 APYroro nokasaHa Ha puc. 1,0.

Jlng mopemoBaHHS 3aaaul Oyno BukopuctaHo cepenosuiie FEKO, B sxomy
peanizoBaHo MeToJ, MoMeHTiB (MoM). Bu3HaueHHS pe30HAHCHOI YacTOTH IyCTOro Ta
MOBHICTIO 3allOBHEHOTO JIEJIEKTPUKOM pe30HaTopa Mae A00py 30DKHICTH 3 TEOpiero Ta
NPaKTUYHUMHU BUMIPIOBAHHSMH €TAJOHHUX PiAWH. Bynu BHKOpHCTaHI HACTYNHI MapaMeTpu:
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posmipu pezonaropa R1=25mm, L1=80 mm, nosue 3anoBuenns — gproporact 3 €psl=2.1,
posmipu noposkauan L2 =40mm R2=5mm.
B pe3ynbrarti MoeroBaHHSI OTPUMaHi JIaHi, 10 MpeacTaBieHi y Tabmui 1.
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Puc.1 PezonatopHMii ceHCOp IieNeKTPUYHOI IPOHUKHOCTI Ha 0a3i HMIIIHAPHYHOTO PE30HATOPY:
a) OymoBa ceHcopy; 0) KoedimieHT mepeaadi Mixk TOpTaMu
Tabmuns 1 Pe3oHaHCHI 4acTOTH NPH PI3HUX PIBHAX 3aIIOBHEHHS Ta Ai€JIEKTPUYHUX MPOHUKHOCTSX
JIOCTIIDKYBAHUX PIVH.

& f,(L2 = 30 mm), MI'g f,(L2 = 40 mm), MI'g
1 2768 2784
10 2708 2677
20 2690 2652
30 2680 2638
40 2670 2627
50 2657 2612
60 2635 2592
70 2594 2558
80 2524 2499

Crain 3a3HauuTH, L0 MOJENIOBaHHS YAacTOTHOI 3aJIeKHOCTI KoedilieHTa mnepeaayi
31MCHIOEThCA Ha TMEBHUX JUCKPETHUX TOYKAaX YAcTOTHU. bBimbIIiCTh cydacHUX 3aco0iB
BUMipIoBaHHA THITY VNA TakoX 3/iiICHIOIOTh BUMIPIOBaHHS Ha MEBHiH ciTui yactor. Takum
YHHOM JUI BU3HAUEHHS TOYHOTO IIOJIOKEHHS PE30HAHCY HEOOXIHO BUKOPHUCTOBYBATH
IHTepHOJIALIHI TOTIHOMH a00 1HII MOJIeNI PE30HAHCHOT KPUBOI.

I3 aHamizy pesysibTaTiB OTpUMaAHOI B Pe3yJbTaTl YMCEIHHOTO MOJICITIOBAHHS MOXKHA
BU3HAYUTU YYTIUBICTh BUMIPIOBaHb, BIUIMB MOXMOOK BHMIPIOBAaHHS YacTOTH, BUMOTH [0
CMyTH TeHepaTopy, TMepexigHe TMOCHa0JeHHsI CHUTHATY, KUIBKICTh TOYOK BHUMIPIOBAaHb,
HepeBIpUTH 301KHICTD 3 TEOPETUUHUMH MOJIEIISIMHU.

[1] Bukharov S.V., Filins'kyy L.A. Using of printed antennas to evaluate the permittivity of
materials. 2017 11th International Conference on Antenna Theory and Techniques, ICATT
2017, (2017), pp 239-241, 7972631.
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CONSTRUCTION OF THE CALIBRATION DEPENDENCE
OF THE RESONATOR SENSOR OF DIELECTRIC
PERMITTIVITY USING NUMERICAL METHODS

S. Bukharov, B. Shestakov
Oles Honchar Dnipro National University
sergeyvbuharov@gmail.com

The use of the method of moments to construct a theoretical calibration dependence for
a resonator sensor of dielectric permeability is considered. A cylindrical resonator partially
filled with a dielectric is used as a sensor. An example of the construction of the dependence
for the dielectric permittivity of samples from 1 to 80 is shown.

SEMICLASSICAL APPROACH TO LOGARITHMIC
PERTURBATION THEORY

A. Turinov!, M. Chyzhuk?
Oles Honchar Dnipro National University
tandrii.turinov@gmail.com, 2dyadya027@gmail.com

Logarithmic perturbation theory is a technique of approximate calculation in theoretical
and mathematical physics [1-2]. This theory is based on a method for solving quantum-
mechanical problems, which involves substituting the wave functions by their logarithmic
derivatives and going from the stationary Schrddinger equation to the nonlinear Riccati
equation [3]. In this connection, there is no need to know the spectrum for an unperturbed
problem, but the recurrent formulas have a convenient form only for the ground states.

Semiclassical treatment of logarithmic perturbation theory reduces the linear
Schrédinger equation to the nonlinear Riccati equation. But in contrast to the logarithmic
perturbation theory, solving the obtained Riccati equation is based on expanding energies and

functions F(x) = h% in powers of A, hereafter ¥(x) are wave functions. While using this

method, the difficulties of standard approach are eliminated, and obtained recurrent relations
have a simple form both for the ground and perturbed states and provide, in principle, the
calculation of perturbative corrections of arbitrary orders not only analytically, but also
numerically.

Considering the convenient recurrent algorithm development for study of bound states
of quantum mechanical equations, we studied the possibility of constructing a modified
semiclassical perturbation theory with the choice of a wave function in the same form as in the
standard logarithmic perturbation theory. Within the framework of the modified logarithmic
perturbation theory, a new approach to the construction of recurrent relations was developed.
Based on A-expansions, we obtained new convenient relations for solving the problem of the
bound state for an anharmonic oscillator in terms of the one-dimensional Schrodinger equation.
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The developed procedure completely eliminates the limitations of the standard
approach. The formulas take the same simple form both for the ground and perturbed states and
provide, in principle, the computation of arbitrary order perturbation corrections in analytical,
as well as in numerical form.

[1] Imbo T., Sukhatme U. Logarithmic perturbation expansions in nonrelativistic quantum
mechanics/ American Journal of Physics. Vol. 52. (1984). P. 140-146.

[2] Royer A. Cumulant expansions for thermal density matrices and ground state logarithmic
perturbation series. J. Math. Phys. Vol. 26. (1985). P. 1253-1260.

[3] Rogers G.W. Riccati equations and perturbation expansions in quantum mechanics. J. Math.
Phys. Vol. 26. (1985). P. 567-575.

INTERBAND AND INTRABAND ELECTROMAGNETIC
WAVES ABSORPTION OF NON-CONCENTRIC SPHERICAL
CORE-SHELL QUANTUM DOTS

R. Leshko, O. Leshko
Drohobych Ivan Franko State Pedagogical University
leshkoroman@dspu.edu.ua

A significant number of modern nanotechnologies are based on the use of quantum dots
(QDs). Thanks to their unique properties, they have permeated virtually every field of
electronics and optoelectronics. These have been used to construct sources of radiation and
electromagnetic wave detection, including white light sources. However, a common practical
issue associated with quantum dots is blinking. This problem is being addressed by using core-
shell quantum dots.

Most of the technologies that enable the production of such quantum dots are colloidal
in nature. That's why QDs typically have a spherical shape, as most of the technologies for
producing them are colloidal. However, it is challenging to create perfect conditions for
obtaining core-shell quantum dots that are strictly concentric. Non-concentricity is inevitable.
On the other hand, due to ion exchange, there may be ion transitions from one part of the
material to another, which, in turn, can also lead to disruptions in concentricity.

Considering this, we have proposed a theory [1] for non-concentric spherical core-shell
guantum dots within the framework of rectangular potential wells and barriers and the effective
mass method. The calculations conducted allowed us to determine the dependence of electron
energy on the displacement of the core from the common center. Relationships between electron
energy and other geometric dimensions of core-shell quantum dots were also established.

By conducting analogous calculations for hole states, we were able to analyze the
interband light absorption coefficient and demonstrate its clear dependence on the degree of
non-concentricity. In particular, it is shown that in certain cases, the absorption peak can shift
by 0.1-0.5 eV depending on the size and materials of the nanosystem.

In addition to interband transitions, intraband transitions have been calculated, which
fall within the terahertz frequency range. Here, the absorption coefficient of electromagnetic
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waves induced by the transition from the ground state to the first excited state is also
determined. It is shown that absorption also depends on the non-concentricity parameter.
Absorption bands in this case can shift to higher-energy regions. In particular, due to the
splitting of energy levels caused by the violation of spherical symmetry, linearly polarized and
circularly polarized electromagnetic waves are absorbed at different frequencies.

Averaging over possible non-concentricity deviations following a Gaussian and
Lifshitz-Slezov distribution allowed us to determine the dependence of the absorption band
width, which varies with the non-concentricity parameter.

[1] R.Ya. Leshko, I.V. Bilynskyi, O.V. Leshko, M.A. Slusarenko. Electron energy spectrum of
the non-concentric spherical core-shell quantum dot. Micro and Nanostructures.
Vol. 181. (2023). P. 207615.

PROPAGATION OF ELECTRON GAUSSIAN PULSES IN
MAGNETIC FIELD

V. Skalozub, A. Veres
Oles Honchar Dnipro National Univesity
skalozub@ffeks.dnu.edu.ua

Interesting phenomenon for pulse propagation thought a quantum system is the Hartman
effect [1] consisting in exceeding the speed of light velocity in transition. It is discussed for
many years from different points of view (see, for instance, [2] and references therein). In [3] a
simple analytic expression for the transition of the Gaussian pulse trough a resonant quantum
system has been obtained. It is possible to present any kind pulses in terms of the Gaussian
amplitudes and in this way solve the problem in a completely analytic form. In fact, the only
restriction is the quasi-one-dimensionality of the problem.

One of one-dimensional motions is motion of charged particle (in particular, electron)
in constant magnetic eld. The particle moves freely along the field direction whereas the
perpendicular motions are the well-known Landau levels n = 0,1,2,.... For electron, the
spectrum is (p,)* =m* + ps + (2n+ 1)eH + ueH, where p; is momentum along the field
H = Hy, = £1 is spin variable. So, it is possible to form a Gaussian pulse from the plane
waves e#=* entering the electron wave function: ¥ (x,, x, ¥, z) = C(H)e™s=_ Here the factor
C(H) includes other information about the total wave function. This representation is the same
for non-relativistic and relativistic particles. So both cases could be investigated as well. To
describe the pulse transmission, the quantum system in the momentum space was presented in
the scattering matrix form

S(p) =X, Si—1— 452, )

popitil;
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where 55 and S, are some number describing resonance levels and background of quantum
system, correspondingly, and I’ are the width of the resonance levels. These parameters could
be calculated by solving a Lippman-Schwinger equation.

The transmitted amplitude was calculated by using a saddle point asymptotic method in
an analytic form. So that time delay for a number of quantum systems has been estimated. The
most simple system is a potential barrier with one resonance level. The cases of different initial
electron state pulses with n =0,1,2 have been considered and the dependence on the
background parameter 5, investigated. Comparisons with other results and, in particular, the
Hartman effect for these cases have also been done.

[1] T. E. Hartman, J. App. Phys. 33, 3427 (1962).
[2] H. G. Winful, Phys. Rev. Lett. 91 Numb. 26, 260401 (2003).
[3] U. Wulf, V. Skalozub and A. Zakharov, Phys. Rev. B 77, 045318 (2008).

GENERATION OF PARAMETERS FOR 2HDM
WITH FIXED MASS OF HIGGS BOSON

P. Minaiev
Oles Honchar Dnipro National University
Minaevp9595@gmail.com

The Standard Model is the modern theory of fundamental interactions. There are a
number of open problems and some misunderstandings regarding modern experimental data
from the LHC and other experiments. To explain the new results, some extensions to the model
should be considered. One good extension is the Two Higgs Doublet Model, in which a new
doublet of scalar particles is added.

The parameter space of the Two Higgs Doublet Model with mp=125 GeV (2HDM) is
very rich [1]. The additional doublet of scalar fields introduces new phenomenology described
in many papers. For numerical calculations, we should include theoretical conditions for the
stability of the vacuum, experimental measurements for couplings, and more to determine the
bounds for the masses of particles. We aim to supplement the known conditions with results
from finite-temperature field theory for Electroweak Phase Transitions (EWPT) to establish
new bounds for the parameter space. These theoretical restrictions can help reduce the
parameter space in which the Sakharov conditions are satisfied and refine the region of allowed
masses for new particles.

[1] Branco G.C., Ferreira P. M., Lavoura L., Rebelo M. N., Marc Sher, Joao P. Silva. Theory
and phenomenology of two-Higgs-doublet models, Physics Reports. VVol. 516(1): (2012)
p. 1-102

[2] Minaiev P., Skalozub V. The electroweak phase transition in a spontaneously magnetized
plasma, Ukr. Phys. J., Vol. 64, No 8, (2019) p. 706
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NONEQUILIBRIUM HEAT PROPAGATION IN HEAVY-ION
PLASMA AT HIGH TEMPERATURE

E. Reznikov
Oles Honchar Dnipro National University
reznikovev1988@gmail.com

Nonequilibrium heat propagation in heavy-ion plasma at high temperature is found in a
wide range of phenomena, starting with the evolution of stars and ending with the process of
inertial fusion.

When studying processes of high energy density in plasma, one should first of all take
into account the radiation present in it and its interaction with the plasma [1]. To consider what
happens in high temperature medium, the inverse cubic dependence of radiative thermal
conductivity on temperature is important, which ensures the formation of significantly
nonlinear heat waves in the environment [2].

The presence of multi-electron shells in heavy atoms further complicates the picture of
the processes taking place. When we calculate propagation of heat in such a medium us a result
we obtain the existence of the several (from two to five) temperature regions with distinct
differences in the speed of heat waves.

The phenomena realized in heavy hot plasma allow not only describing the processes of
the evolution of stars, but also having a practical application for the calculation of inertial
fusion [3].

[1] Kuznetsova, T. D. & Frank-Kamentskii, D. A. Radiative Thermal Conductivity of a Fully
lonized Plasma. Soviet Astronomy. Vol. 6. (1962) P. 191-197.

[2] Drake, R.P. (2018). Properties of High-Energy-Density Plasmas. In: High-Energy-Density
Physics. Graduate Texts in Physics. Springer, Cham. 2018 https://doi.org/10.1007/978-3-
319-67711-8 3.

[3] Atzeni, Stefano, and Jiirgen Meyer-ter-Vehn, The Physics of Inertial Fusion: Beam Plasma
Interaction, Hydrodynamics, Hot Dense Matter, International Series of Monographs on
Physics (Oxford, 2004; online edn, Oxford Academic, 1 Jan. 2008),
https://doi.org/10.1093/acprof:0s0/9780198562641.001.0001.
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