International periodic scientific journal
ONLINE

www.sworldjournal.com
D.A.Tsenov Academy of Economics - Svishtov (Bulgaria)

Indexed in
INDEXCOPERNICUS
(ICV: 73)
GOOGLESCHOLAR

YRS

Issue Ne31

Part 1
May 2025

Published by:
SWorld & D.A. Tsenov Academy of Economics, Svishtov, Bulgaria



ISSN 2663-5712
DOI: 10.30888/2663-5712

Editor: Shibaev Alexander Grigoryevich, Doctor of Technical Sciences, Professor, Academician
Scientific Secretary: Kupriienko Sergiy, PhD in Technical Sciences

Editorial board: More than 400 doctors of science. Full list on page:
https://www.sworldjournal.com/index.php/swj/about/editorial Team

Expert-Peer Review Board of the journal: Full list on page:
https://www.sworldjournal.com/index.php/swj/expertteam

The International Scientific Periodical Journal "SWorldJournal" has gained considerable recognition among domestic
and foreign researchers and scholars. Today, the journal publishes authors from from different countries.
Journal Established in 2018. Periodicity of publication: 6 times a year
The journal activity is driven by the following objectives:

e Broadcasting young researchers and scholars outcomes to wide scientific audience

e Fostering knowledge exchange in scientific community

e Promotion of the unification in scientific approach

e Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best
examples of scientific journalism.
Publications of the journal are intended for a wide readership - all those who love science. The materials published in the
journal reflect current problems and affect the interests of the entire public.

Each article in the journal includes general information in English.
The journal is registered in the INDEXCOPERNICUS, GoogleScholar.

DOI: 10.30888/2663-5712.2025-31-01

Published by:
SWorld &
D.A. Tsenov Academy of Economics
Svishtov, Bulgaria
e-mail: editor@sworldjournal.com

Copyright
© Authors, scientific texts 2025

ISSN 2663-5712 2 www.sworldjournal.com


https://www.sworldjournal.com/index.php/swj/about/editorialTeam
https://www.sworldjournal.com/index.php/swj/expertteam
mailto:editor@sworldjournal.com

= 53 ;
SWorldJournal Issue 31 / Part 1 4&“} b

https://www.sworldjournal.com/index.php/swj/article/view/swj31-01-035

DOI: 10.30888/2663-5712.2025-31-01-035

UDC 676.84.059
ANALYSIS OF THE TECHNOLOGICAL EFFORT OF CONNECTING
BRIDGE DESTRUCTION DURING PACKAGING MANUFACTURING

WITH FLAT DIE-CUTTING PRESSES

Loizyk V.V.

PhD student.

ORCID: 0009-0007-0832-4199

Bryndas A.M.

PhD student.

ORCID: 0009-0004-4575-6749

Ternytskyi S.V.

c.L.s., associate professor

ORCID: 0000-0002-3814-9762

Lviv Polytechnic National University, Ukraine, Lviv, Bandera Street 12, 79013

Abstract. The article considers a pressing problem in the packaging industry related to
optimising post-press processing of paperboard blanks, particularly waste removal and cut-outs
separation. An analysis of scientific and technical literature was conducted, which revealed a
shortage of fundamental research devoted directly to the mechanics of the destruction of connecting
bridges, which are used for the transportation of die-cut blanks through the equipment units. The
article aims to study the fundamental aspects of the destruction process of technological bridges in
paperboard blanks. The main direction of the work is to establish quantitative dependencies between
the destruction force of these connecting elements and the technological parameters and mechanical
characteristics of paperboard. The results will create a scientific basis for improving technological
processes and equipment in paperboard packaging manufacturing.

Keywords: paperboard packaging, die-cutting, connecting bridges, technological destruction
effort, internal waste.

Introduction.

In today's dynamic packaging industry, cellulose-based materials such as paper
and paperboard are leading. They account for a significant share, approximately one-
third, of the total volume of packaging solutions used worldwide. This demand is
primarily due to their favourable physical and mechanical characteristics.

The production of paperboard packaging is a multi-stage technological cycle that
includes several technological operations [1]. One of this chain's fundamental and
critically essential stages is the die-cutting operation. The execution of the die-cutting
operation generates a technological problem associated with ensuring the kinematic
stability of the paperboard sheet during its further transportation through the equipment
sections. This phenomenon is because there is a partial violation of the structural

integrity of the source sheet, which can lead to unwanted displacement of individual
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elements of the web or the entire workpiece relative to the trajectory of movement. To
level this effect and ensure controlled passage of the material through the production
line, the technology forms miniature connecting elements during the die-cutting
process - the so-called connecting bridges [2].

Statement of the problem.

Modern die-cutting machines (Fig. 1) are complex, technical, multifunctional and
highly productive systems that integrate several autonomous technological units in

their design.
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Fig. 1. Scheme of the die-cutting in flat presses

Source: developed by the authors

The paperboard packaging cut-outs manufacturing process uses such equipment
as feeding paperboard sheets (position 1) to the working area. Next, in the specialised
die-cutting section (position 2), direct contact of the die-cutting form with the
paperboard sheet occurs, resulting in the outer and inner contours of the cut-outs. After
that, the paperboard sheet, which already contains the cut-outs, technological bleeds of
the format sheet and internal waste, is transported to the next section - the waste
removal section (position 3). Specialised tools mechanically remove the “extra”
elements at this stage, namely the edges and internal trimmings. The final stage of the
technological process is the delivery of finished, cleaned waste cut-outs and, if
necessary, separated packaging cut-outs (position 4) from the machine for further

operations or storage.
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Implementing operations for breaking out (removing) technological waste is
carried out by controlled destruction of the bridges mentioned above. For this purpose,
die-cutting machines use specialised tools and mechanisms to ensure high productivity
and efficiency of waste removal and cut-outs separation.

The study [3] shows the analysis of the general loads arising in the die-cutting
press and the deformation characteristics of the most flexible elements of its drive
mechanism during operating modes. The work [4] is devoted to developing theoretical
foundations for calculating the process of cutting out external curved contours in
paperboard cut-outs using the scissor-cutting method. The work [5] proposes a
methodology and appropriate tools for studying technological efforts directly in the
die-cutting operation. The proposed approach allows data on the technologically
necessary die-cutting efforts as a function of the movement of the working tool to be
obtained. In the scientific work [6], the authors studied the technological efforts of
breaking waste from a die-cut paperboard sheet. This study made it possible to obtain
data on the effort required to destroy the connecting bridges. The authors consider the
obtained experimental and analytical results as a foundation for further research into
dynamic loads arising in the components of automatic stamping machines. Considering
the analysis of scientific publications, it becomes evident that the primary focus of
research is to study the processes of forming webs of paperboard consumer packaging,
whether by die-cutting.

Presentation of the primary research material.

Paperboard has a pronounced anisotropy of physical and mechanical properties,
which significantly complicates accurately predicting its behaviour and deformation-
strength characteristics during mechanical processing, particularly during die-cutting
and cut-outs removal operations. This anisotropy results from the predominant
orientation of cellulose fibres in the MD during their production. The complexity of
paperboard behaviour is due to its unique structure and physical and mechanical
characteristics, which combine the attributes of polymeric materials and composite
structures. One determining parameter that limits the technological modes and

efficiency of post-press processing operations of paperboard blanks, particularly waste
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removal, is the force required to destroy the technological connecting bridges. The
destruction process of these bridges is characterised by elastic-plastic deflection of the
paperboard blank in the zone of localisation of the bridge, which precedes the
immediate beginning of its destruction (rupture), as illustrated in Fig. 1).
Understanding this stage of deformation is essential for optimising the geometry of the

tool and the kinematics of the process of removing scraps.
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Fig. 2. Interaction between the tool and the paperboard sheet

Source: developed by the authors

The elongation of the paperboard blank can be determined:

Al =4J0,25-k* + 8> —0,5-k
in (1)

b

where k — the width of the gap in the form for cut-out removal; §;, — the value of the
special tool's vertical movement that is enough to destroy the structure of the
paperboard blank.

In turn, the value of the deformation will be:

J0.25 K4S

0,5-k . )

To ensure the destruction of the bridge, it is necessary to evaluate the value of the

vertical movement of the special tool:

F K _I:O'pa3]-a-A-k3_|:O'p03:|-k3

max

"“4E-a-N  4EaAN 4Ead 3)
where F),,, — the maximum force value required to break the structure of a paperboard

blank; A — paperboard thickness; E — elasticity modulus; a — connection bridge width.
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The special tool will stretch the material in the first stage of the bridge destruction.
To evaluate the value of the force required to ensure such deformation:

F _=F cosa @)

po3
9

0,5-k
o = arctan
where S .

IH

The value of the paperboard rupture stress:

Knowing the value of the maximum tool movement, you can determine the force

required to break the bridge::

\0,25- k2 + S, :
F=E-a-§, L - J-cos(arctan [()’;—kj]

0,5-k

For a deeper understanding of the fracture mechanics of paperboard materials, the
primary task is to quantify the force required to break interfiber bonds. Achieving this
task requires comprehensive experimental studies to identify and formalise the
influence of the microstructural parameters of individual cellulose fibres and the
macrostructural characteristics of the sheet material as a whole on the complex of its
deformation-strength properties.

Summary and conclusion.

Paperboard packaging manufacture inextricably depends on die-cutting and waste
removal operations, where technological bridges that require controlled destruction
play a key role. Paperboard, a complex anisotropic material, requires an in-depth study
of its behaviour during local destruction. Therefore, the primary task is to quantify the
force of destruction of bridges through comprehensive experimental studies. The
scientific data obtained during the research and the developed models have significant
practical value. They allow for targeted optimisation of technological parameters of
production processes at all stages of paperboard production. The ultimate goal is to
ensure stable packaging manufacture with specified, predicted operational
characteristics, allowing stable production of high-quality packaging and increasing

the productivity of paperboard packaging manufacture.
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Anomauia. Y cmammi po3ensioacmscs akmyaivbHa npobiema nakysaivbHoi eanysi, nos'sazana 3
onmumizayicio npoyecie niciadpyKapcvbkoi 0OpoOKU KAPMOHHUX 3A20MOB0K, 30KpeMd, onepayiu
suoanenHs oopisKie ma po3oineHHs pozeopmok. Ilposedeno ananiz Hayko8o-mexHiuHoi iimepamypu,
AKull euaeus odehiyum @YHOAMEHMANLHUX OO0CTIONCEeHb, NPUCBAUEHUX 0e3n0cepeonbo MeXaHiyi
PYUHY8aHHA Yux nepemudox. Memoro cmammi € 00CniodxicenHs pyHoameHmanroHux acnekmie npoyecy
PYVUHYBAHHA MEXHON02IUHUX NnepemMuyor y KapmoHi. OCHOBHUN HANPAMOK poOOmMU NONAAE )
6CMAHOBNEHHI KINbKICHUX 3ANIeHCHOCMEU MINC 3YCUTLIAM PYUHYBAHHA YUX 3'€OHYBANIbHUX eleMeHmis
ma GU3HAYANLHUMU KOHCMPYKMUBHO-MEXHOIOTYHUMU NaApamempamu i CmpyKmypHO-MexaHiuHumMu
xapaxkmepucmuxamu kapmony. OUiKyemvcs, o OMpuUMaHi pe3yibmamu cmeopsams HAYKOB8) OCHOBY
0151 800CKOHAIEHHSI MEXHONOSIYHUX Npoyecié ma OONAOHAHHA ) BGUPOOHUYME] KAPMOHHO20
NAKOBAHHS.

Knwwuosi cnoea: rapmonne nNaKo8aHHs, WMAHYIOBAHHA, 3 €OHYBANbHI  NEPEMUYKU,
MeXHON02TYHe 3YCUNLISL PYUHYBAHHS, BHYMPIWHI 00PI3KU
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IMPLEMENTATION OF A TARGETED MODEL OF TESTING ROLLING
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Anomauia. B pobomi posensoacmvcsi adanmosanuii Mexawizm OYIHKU Npaye30amuocmi
KOMAIAEKMYIOUUX pyxomozo ckaady. O3Hauenuti Mexanizm 6a3yemuvcsa Ha Memooi «080X 6aHHY ma
CHPAMOBAHUL HA BUSHAYEHHS (YHKYIOHANbHOCMI KOMNAEKMYIOUUX C NO3UYII 6NIUBY HA HUX YUHHUKA
MePMIYHUX HABAHMAIICEHb NPU 30epicanHi abo eKCnIyamayii pyxomozo cKkiaoy.

Knruoei cnoea: eunpobysanns, mepmiuni HABAHMANCEHHS, PYXOMUL CKAAO

Beryn

[IpoBeieHHST TEPMOLMKIIYHUX BUMPOOYBaHb [1], K OJAHOTO 3 BUJIIB OI[IHKH
CTIMKOCTI pajlaTOpiB CUCTEMH OXOJIOJKEHHS JIBUTYHIB BHYTPIIIHBOTO 3TOPaHHS Ta
TEIUIOOOMIHHUKIB /10 KJIIMaTHYHOTO BIUIMBY, CIPSAMOBAaHO Ha BH3HAUEHHS 1X
3IaTHOCTI, SIK BUPOOIB 3 MaTepialiB (aJTrOMiHIN, MiJib, JIATYHb Ta 1HII) BUTOTOBJIEHUX
BinnmoBimHo g0 PKJI, 30epirat cBOi TeXHIUHI XapaKTEPUCTUKH, MiJ BIUIMBOM
TeMIepaTypHHUX KOJIMBaHb - «TepMidHUX yaapiB (TY)».

Peanizaris niib0BOi MOJIE TEPMOIMKIIYHUX BUMIPOOyBanb TY crnpsMoBaHa Ha
BUSIBIICHHSI TNPUXOBAaHUX KOHCTPYKTUBHUX JA€(PEKTIiB Ta Ne(eKTiB y TEXHOJOT],
JOMYIIEHUX MPU BUTOTOBJICHHI, 32 JIOMIOMOI'OI0 3BapIOBAJILHUX POOIT ab0 JTyIiHHS

BHUIIE O3HAYEHUX BUPOOIB.
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CTpyKTypHO JIOTI4HA CXeMa YCTAaTKOBaHHS JUIsl TPOBEJIEHHS TEPMOLUKIIYHUX

BUNpoOyBaHb TY HaBe/leHa Ha PUCYHKY.
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Pucynok 1 — Cxema o0s1afHAHHSA /151 IPOBEACHHS BUNIPOOYBaHb HA

KJIIMATUYHUI yaap

IDicepeno: Asmopcoka po3pobka

OcHOBHM TEKCT

ba3uc TexHONOriuHOro MpoIecy MNPOBEACHHS BIOCKOHAJIEHOIO MiAXOLy A0
BUNPOOyBaHb TY IPYHTYEThCS Ha METO/A1 ABOPiAMHHUX BaHH [2]. CaMa TEXHOJIOT1s
noJisArae y 3aBaaHHi HUKITYHUX TY Ha KOHTPOJIbHUN BUPIO U1 iMiTalii yMOB HOTO
30epiranHs a0o0 eKcIUTyaTallii B TOUKaxX eKCTPEMyMYy HOro >KUTTEBOTO LUKITY, 3 TIO3ULIT
BIUIMBY KJIIMAaTUYHOIO HABAaHTaXEHHSA. BumpoOyBaHHs BHpPOOy PEKOMEHIYETHCS
po306utu Ha 10 HMKIIIB PIBHUX 32 YaCOBUMHU BiAPI3KAMHU.

KoxeH LUK CKIalaeThCsl 3 HACTYINHHUX €TaliB, MK SKMMH 4acoBa 3aTpUMKa
3aJIEKUTH BiJl TEXHOJOTTYHOI MOKIIMBOCTI O€3MepepBHOI 1Mojjaui y BUPiO piJIHU:

— y BUpiO MOJAETHCS «XOJMOHA» PIANHA;

— Yy BUpIO NOJAETHCA «Tapsyay piauHa.

ISSN 2663-5712 10 www.sworldjournal.com
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Tpusanicts BunipoOyBanusi [ 1] — He meHiie 100 XBUIMH.

PedoBuHa — AucTHIRLOBaHA BOjAa a00 PEUOBHMHA 31 3HIKEHHM BMICTOM COJICH
’KOPCTKOCTI.

["opu30HT TeMIlepaTypHOTo MOKa3HUKA PEYOBHHH, KA TIOJTAE€THCS Y KOHTPOJIBHUHN
BupiO mpu BunpoOyBaHHsIXx KV, 3anexuTs BiA Tumy ABUryHa. Tomy, TemmepaTypy
PIAMHU PEKOMEHJY€ThCS BUTPUMYBAaTH B Jlama3oHi, BHU3HAYAEMHUX TOYOK
EeKCTPEMYMIB, JJIS:

—  am3ensHOro aBuryHa — [5+90] °C;

—  0eH3uHOBOrO ABUryHa — [5+95] °C.

Tuck mojmavi peyoBHMHM BH3HAYAETHCS POOOYMM THCKOM, 3 SIKHM TOJIA€THCS
pedoBrHa y BUPIO 3riaHO 3 ioro TVY.

llopsiook ma ymosu nposedeHtss mepmMoyuKiivHux sunpoobysans Bupooby

1. Tepmornukmiuni BunpoOyBanHs BupoOy npoBoasTh Ha BIaCHOMY OOJaJHaHHI
a00 oOmamHaHHI CTOPOHHIX OpraHi3alliii, M0 BIJANOBIIa€ BUMOTAaM IPOBEICHHS
BUMPOOYyBaHHSA. MeTpoJioriuHe  3a0e3MeUeHHs]  BUIIPOOYBaJbHOIO  00JIaTHAHHS
MIATBEP/KYETHCS HASBHICTIO CBIJONTBA TPO MIATBEP/KEHHS METPOJOTIYHUX
xapakrepuctuk (kaniopysanss 3rigHo 3 JCTY ISO/IEC17025:2017).

TepMOUMKIIYHUM  BUMPOOYBAaHHSAM  MIJUIATalOTh BUPOOM 10  MPOUILIH
BUIIPOOYBaHHS HA TE€PMETUYHICTh Ha Oa31 BUPOOHUIITBA.

2 Tlepmmii eTan TEPMOLMKIIIYHUX BUMIPOOYBaHb

2.1 Ilignsaratounii 10 BUnpoOyBaHHS BupiO, po3aMilyioTh y TOPU30HTAIBHOMY
MOJIOKEHH]I Ha BUMPOOYBAIBHOMY CTOJII MPUEAHYIOTH 10 BUIPOOYBaIbHOI
CUCTEMH Ta 3allOBHIOIOTH OXOJIOMKEHOIO PiAMHOIO0 MPH THCKY HEe MeHme |
Kr/cm?,

2.2 Ilicns toro sk BupiO MOBHICTIO 3allOBHEHO PIAWHOI THUCK Yy CHUCTEMI
MiIIMMaEThCA 0 MOKa3HMKAa poOouoro TUCKY BianosigHoro go HTJl nHa
BUNIPOOyBaIbHUYN Bupid, Ta KOHTPOIIOIOTH BUX1/I HA 3a/1aHy TEMIIEPATypy.

2.3 Tepmorukiiiune BUOPOOYBaHHSA  PO3MOYMHAIOTH npu  crabimizamii

TEMIIEpaTypH Ha 3aIaHOMY PiBHI BIPOIOBX 5 XB.

ISSN 2663-5712 11 www.sworldjournal.com
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2.3.1 Ilpu BunpoOyBaHHI KOHTPOJIIOIOTH THUCK Yy CHCTEMI,
MIPOKaYy€e€MOi PITMHU Ta HAsBHICTh MPOTIKaHb IO 3BapHHUM IIIBaM Ta
ceprieBruHi BupoOy.

2.4 Tlo 3akiH4YeHl 4Yacy MepIoi eTany BUMPOOYBaHb 3 OXOJOKEHOIO P1IMHOIO,
Bupi6 nepexitogaroTb Ha KOMIIPECOp Ui 3JIMBY OXOJIOMKEHOI pIauHi 13
CUCTEMH Y MPOMIKHY €MHICTb.

3 Jlpyruii eTan TEpMOLMKIIYHUX BUPOOYBaHb

3.1 Ilicnig mOBHOTO 37MBY OXOJOMKEHOI piAvHU Bupi0 3amoBHIOETHCS rapsuoro
PIIMHOIO0, TUCK Y CHUCTEMI MiIIMMAEThCS 0 IMOKa3HUKAa POOOYOTO THUCKY
BianosigHoro g0 HTJI na BunpoOyBansHuii BupiO, Ta KOHTPOIIOIOTH BUX1]
HAa 3aJ[aHy TeMIepaTypy.

3.2 TepmonukiiyHe  BUOPOOYBaHHS  PO3MOYMHAIOTH MpU  cTabimi3arii
TEMIIEpaTypH Ha 3a/laHOMY PiBHI BIPOIOBX 5 XB.

3.2.1 Tlpu BumpoOyBaHHI KOHTPOIIOIOTH THCK Y CHCTEMI, TeMIEparypy
MIPOKaYy€e€MOi PIIMHM Ta HAsBHICTh MPOTIKaHb IO 3BapHHUM IIIBaM Ta
ceprieBruHi BupoOy.

3.3 Ilo 3akiHYeH1 Yacy Jpyroro eramy BUIpoOyBaHb 3 rapsdoro piinHor0, Bupiod
MEPEKITI0YAI0Th Ha KOMIIPECOp IS 3JIUBY Tapsvoi PiAWHI 13 CHCTEMH Y
MPOMIKHY €MHICTb.

4. KinpkicTh Ta Yac IIMKIIB Ma€ BIJANOBIIATU BUMOTaM HOPMAaTHBHIiM

JOKyMEHTaIlll Ha 1iell BUpiO Ta 3a0e3meuyBaTh HEOOXITHUN TEPMOLMKIIYHUMA yaap

BIJINOBIJIHO /10 MaTepiaity BupoOy Ta oro cucteMu oxonomxeHus. Tadmuus 1.

Tabauus 1 — TepmouukJ/IivHi napaMeTpu BUPOOIB 10 CHCTEM OXOJIO0AKECHHS

TPAHCHOPTHHUX 32C00IB 3 IBUT'YHOM BHYTPIIIHHOI0 3rOPSAHHA

Marepian Cucrema Pobounuii TeMnepaTypa Hlanason Yac eramy
Bipoty oxonomkes | THCK CHCTEMH | TEPMOLUKIINHOTO|  TeMIIEpaTyp Ky, X5
Kr/cm? yrapy °C 0C * ’
Minp naryns | IloBiTps 1,5
Pimuua 1,5
OnmBa 2,0 N
AmoMminiit I[osiTps 1,5 93 -10+85 15
Pimuua 1,5
OnmBa 2,0

ISSN 2663-5712
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Cranb ITositpst 1,5
HepkaBitoya | PigunHa 1,5
AISI304 OnmBa 2.0

* Ilpumimka: oianazon memnepamyp unpooysans MepMoOYuKIiuHo20 yOapy 8Upody 3anexcums 6io

menogoco Koeghiyienmy NiHilIHO20 pO3WUpeHHs Mmamepiany 36aprosants (6 oanomy eunaoxy IHOC-
30, IIOC-40 ma II1Cp-2,5)

5. Bupi0O BBakaeTbCs TaKUM, IO NPOHIIOB BHUMNPOOYBAHHSA, SIKIIO MICIsS

NPOXOMKEHHSI ~ KIJTBKOCTI ~ BCTAaHOBICHMX IMKJIIB HE BHUSBICHO IOPYIICHb
repMeTnaHOCTI BupoOy.

BucHoBku.

Byno po3misiHyTO MOpPSIIOK Ta YMOBU NMPOBEACHHS BUNPOOYBaHb 3 BH3HAYCHHS
(GYHKIIIOHAJTBHOCTI KOMIUIEKTYIOUMX Ha MPUKJIAAl paaiaTopa OXOJOIKEHHS CHUCTEMHU

OXOJIO/DKEHHSI 3 TO3WIIi BIUIMBY HAa HUX YMHHUKA TEPMIYHUX HABAHTAXCHb IPU
30epiradfi abo ekcIuTyaTarlii pyxoMoro CKIamy.
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NIIBUIEHHS MICJSIPEMOHTHOI IOBITOBIYHOCTI T'IJIPABJITYHUX HACOCIB
MOJIUBIKAII HIII-K 3ACTOCYBAHHAM ENNVIAMHHUX ITOKPUTTIB POBOYMX
IMOBEPXOHbB JIETAJIEM

Melyantsov P.T. / Meabsinuos II. T.

c.L.s., as.prof. / K.m.H., 0oy.

ORCID: 0000-0001-5937-4021

Dnipro State Agrarian and Economic University,

str. S. Yefremova, 25, 49600

J[Hinpoecvkuii Oepaicasruil azpapHo-eKOHOMIYHULL YHIGepCUumen,
syn. C. Eppemosa, 25, 49600

Anomauin. Y pooomi pozensinymo npooiemy RiO8UWeHHs NICAAPEMOHMHOI 0082081YHOCMI
wecmepenHux Hacocie mooughixayii HIII-K, ski wiupoko 3acmoco8yromucs 8 2l0pasiiuHux CUCmemax
MobinvHoi mexuiku. Ilokazano, wo 3HUMNCEHHS pecypcy Nicisa peMoHmy nog'azane 3 HeOOCKOHALICIIO
2eomempii 3HOUleHUx Oemaneil MmMa O0OMENHCEeHOW epeKMUSHICMI0 MPAaOUYItIHUX MexXHON02ill
sionognents. OOTpyHMoBaAHO OOYIIbHICIb 3ACMOCYBAHHS eNLIAMHUX NOKPUMMIE HA POOOYI NOGEPXHI
demaneil Kayaiw4o2o 8y31d HAcocd, 5K 3aco0y NOKPAWeHHs AHMU@PUKYIUHUX Ma 3aXUCHUX
enacmugocmetl. Hasedeno nopisusnvhy xapaxmepucmuxy npexkypcopie (FDTS, FOTS, «Ilonizam-
05»), 30ilicheHO KopenayitiHuti arHali3 6NAUGY NApamempie NOKpummie Ha Koepiyicnm mepmsi,
3HOCOCMIUKICMb, KOHMAKMHUL KYM 3MOYY8AHHA MA pecypc ChpadiceHb. Busnaueno onmumanoruti
sapianm npexKypcopy OJisl PeMOHMHUX YMO8 cepgichux nionpuemcms. Ompumani pe3yromamu
noKa3anu, wo y GiOpeMOHMOBAHUX HACOCIB, KAUaui 8Y31u SKUX 00poONeHi eniiamom, 8 npoyeci
oOKamKu cnocmepieaemuvcs cmadinizayis npoyecie Npunpayro8anHs CAPAXCEeHb, WO BKA3VE Ha
3POCMAHHA pecypcy azpe2amy 6 YMoeax eKCniyamayii.

Knrwwuosi cnosa: ciopasniunuii nacoc HIII-K, xauarouuii yzon, pecypcoaimimyroui oemari,
eninamue noxpumms, «llonizam-05», pemonmuuti posmip, Koegiyicum nooaui, NiCIAPEMOHMHA
008208i4HICMb.

Beryn

B MOOUIBHMX TEXHIYHHUX CHCTeMax JUIs MeXaHi3allli BUPOOHWUYHUX MPOIECIB
ITUPOKO BUKOPHUCTOBYIOTHCS TiApaBiiuHi cucteMu. OJHUM 13 KIHOUOBHUX arperariB
TiIpaBIiYHOT CUCTEMH € TIIpaBIIYHUN Hacoc. Y TMepeloBUX KOHCTPYKINAX
TpaBIIYHUX CUCTEM IIUPOKE 3aCTOCYBaHHsS oTpuMaiid Hacocu moaudikaii HII-K,
y 3B'SI3KY 3 IXHBOIO OLIBIIOI0 €KCIUTyaTallifHOIO JOBIOBIUHICTIO Y€pe3 HASBHICTH Y

kauyatouomy By3ii (KB) Hacoca cuctem koMiieHcalii pajialbHUX Ta TOPLUEBUX 3a30piB

[1].
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Pazom 3 Tum, B psaai poOit [2, 3] aBTopu BiAMIYarOTh, 110 Hacocu Tuiy HII-K e
IPUYUHOIO NPUOIHU3HO 22-26% MOJIOMOK B TIpaBiIlYHUX CUCTEMax. Y CYHEHHSI TaKuX
HECIPABHOCTEH MPHU3BOAUTH [0 3YMUHKA MOOUIHHOI TEXHIKH, BHUTOKIB POOOYOL
PIIMHU, BUTPAT Ha MpHUA0aHHS HOBOT'O Hacoca abo HOTo BiTHOBJICHHS.

binbm netanpHUI aHATI3 MPUYWH, SKI OOyMOBWIJIM BTPATY MPAIe31aTHOTO CTaHy
rigpaBiaiunux HacociB momudikanii HIII-K naBoguthes B pobGoti [4]. [de aBTropu
BIIMIYalOTh, III0 OCHOBHUMHU (paKTOpaMH, SKi CIHPUYUHUIM BTpaTy IXHBOI
Mpale3aaTHoCTi, Oyiau rigpoaOpa3vMBHI MOMIKOPKEHHA JAeTajneil y 3’ €IHaHHIX:
«TUTaTHK-3aMUKa4 — TOpellb 3y0a IecTepHi» (TOPIEBUM 3a30p Y HACOCHOMY BY3JIi) —
npubsu3Ho 47% BIIMOB; «IIITUCKHA 000MMa — 3y0 1miecTepH» (pagiaibHUN 3a30p Yy
HAaCOCHOMY BYy3I1i) — 32% BiIMOB; «BKJQJMII MiJIIMIIHAKOBOT 00oiiMu — mnamda
IIECTEPHI», «BKJIAJMII MIATUCKHOI 00okMHM — mamda mecrtepHi» — 17% BiIMOB;
MOPYIIECHHS TEPMETUYHOCTI CAJIbHUKA BEAydOi mectepHi — 3,5% BiIMOB Ta iHIII.

BigHoBneHHs mpame3mgatHoCTi rigpaBmiuHuX HacociB momudikamii HII-K
MIPOBOJIUTHCA Ha CIEIIali30BAHUX CEPBICHUX MIANPUEMCTBAX, /€ Y TEXHOJOTIYHUX
mporeci iX PEeMOHTY BHUKOPHCTOBYIOTH TEXHOJIOTIT MOTOYHOTO Ta KamiTaJbHOTO
PEMOHTY, BUOIp SKUX 3aJIeKUTh Bl CTYINEHS 3HOCY PECypCOJIMITYHOUHUX HeTaei
Kayaro4yoro By3Ja.

Koxna 3 texHosoriii mepemdadae 3acTOCYBaHHS MEXaHIUHUX OIEpariii s
BIJTHOBJICHHS! 3HOIIIEHUX MOBEPXOHb JETaleH, 0 MiATBEPKY€EThCS B po0OoTI [5], ae
aBTOpPH BIIMIYalOTh, IO B TEXHOJIOTIl IMOTOYHOTO PEMOHTY IMepeadadaeThes
BIJIHOBJICHHST ~ po0O4Y0i  TMOBEpXHI  IUJIaTHKU-3aMHKaya  TunidyBaHHIM  Ha
MJI0CKONLTI(DYyBaTbHOMY BEpCTaTi 3 HACTYNHUM MPUTUPAHHSAM, a B TEXHOJOTIi
KaliTaJbHOTO PEMOHTY LIECTEpHI 0OpOOIIAIOTh Ha BCIX poOOYMX MOBEPXHAX (uardu
IIECTEPH1, TOpIeBa YacTHUHA 3YyOIliB, MO JAlaMeTpy 3yOIliB) Ha KPYyTriaonuliQyBaIbHUX
BepCTaTax JI0 MOBHOTO YCYHEHHS 3HOCY 3 BpPaXyBaHHSIM PEMOHTHUX PO3MIipiB.

JlonaTKOBO BapTO MiAKPECIUTH, 110 TEPMIH CIIy>KOU BITHOBJICHMX TiAPABITYHUX
HacociB mapku HII-K B cepeanbomy cknanae nume 50-60% Bim pecypcy HOBHUX
aHayioriB. lle MOsACHIOETHCS HASBHICTIO BaJ y MPOCTOPOBIA reoMeTpii KOPIMYCHUX 1

0a30BHX €JEMEHTIB, a TaKOX BHUKOPHUCTAHHSM METOJIB BIiJHOBJICHHS, IO HE
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rapaHTyOTh MOTPIOHOT CTIHKOCTI /10 3HOCY MiJ] Yac eKCITyaTallli, MilfHOCT1 IIPX BTOMI
nerajnei Ta X GakTopis [6].

€ sBHUM, 1110 3a0€3MeYeHHs] MXKPEMOHTHOTO PECYPCY BIAPEMOHTOBAHUX HACOCIB
mapku HIII-K Oyxae 3amexatu BiJ JOBrOBIYHOCTI POOOTH PeCypCOIMITYIOUUX
CHpsDKCHBb I1X Kadyaroduil BY3JiB, fKa 3aKJIAJA€ThCA TMPU TPOBEICHHI PEMOHTHO-
BIIHOBITIOBAIBHUX OMEparliii, mo 3abe3nedyroTh (i3UKO-MEXaHIYHI BIACTHBOCTI
poOOUYMX TOBEPXOHB JIETAJICH Ha PiBHI HOBUX JIeTaJICH.

AHaJIi3 OCTaHHIX JOCTIKeHb Ta MyOJIiKaLii.

3abe3reueHHs] TMICAIPEMOHTHOI JIOBTOBIYHOCTI TiJIPaBIIIYHHMX IIECTEPEHHUX
HacociB (OPMYETbCSA HA OCHOBI CTAaTUCTUYHOTO aHANI3y HAsBHOCTI J€(PEKTIB Yy
JeTasIX, XapakTepy Ta BHUAY 3HOIIEHHSA iX poOOYMX TOBEPXOHB, IO CYTTEBO
BIUTMBAIOTH Ha MPAIle3/aTHICTh arperary, a TAaKOX HasBHOCTI MPOTPECUBHUX CIIOCO0IB
BIJTHOBJICHHSI, SIK1 3a0€3MeUyI0Th HOTO TapaHTIHHUNA peCypc.

Posrnsia dhakTopis, K1 BIUIMBAIOTh HA MiABUIICHHS €()EKTUBHOCTI TEXHOJIOTIYHUX
MIPOIIECIB 3 PEMOHTY T1paBIIYHUX HACOCIB MPOBOUTHCS B poOoTi [7]. B sikiit aBTOpH
HABOJSATH OLIHKY PEMOHTHOI TEXHOJIOTIYHOCTI OCHOBHHX JeTalled HIECTepEHHOTO
Hacoca HII-K, ska xapakTepu3yeThcsi MPUCTOCOBAHICTIO iX O BIJTHOBJICHHS
Mpare3aTHOTO CTaHy, ajie MPU IbOMY, JAIOThCSA IHTETPAIbHI PEKOMEHIAII] 010
BIIPOBA/DKEHHSI TEXHOJIOTTUHUX TIPOIECIB, SKI PO3pOONIOIOTBCS HAa  OCHOBI
MIPOTPECUBHUX CHOCOOIB BIAHOBJICHHS POOOYMX MOBEPXOHB JCTAICH, 1 peami3yoThCs
HE 3aJIC)KHO BiJ XapakTepy Ta BUY iX 3HOIICHHS.

JIsist 3017bIIEHHST TOBIOBIYHOCTI Ba)KKO HABAHTAXXEHUX Map TEPTs aKCiaJlbHO-
MOPIIHEBUX TIPOMAIIUH CLIBCHKOTOCIIOAAPChKOI TEXHIKM B poOOTi [8] aBTOpHU
PO3IIIAIaI0Th MOXJIMBICTh 3aCTOCYBAHHS €MIAMHHUX TIOKPHUTTIB, K€ BITHOCUTHCS 10
(b13UKO-XIMIYHMX METOJIIB MiABUILEHHS 3HOCOCTIMKOCTI JeTalie 0O0poOKoro iX
TBEPAUX TOBEPXOHb (PTOPOPTaHIYHUMH IMOBEPXHEBO-AKTUBHUMH pPEUYOBHHAMH 1
BKa3yIOTh Ha aKTYaJIbHICTD iX 3aCTOCYBaHHSI.

B po6oTi [6] aBTOpH peKOMEHIyIOTh 3aCTOCYBaHHS Y TEXHOJIOTIYHOMY TIPOIIECi
BIJTHOBJICHHS 1IecTepeHHuX HacociB moaudikamii HII-K onepariii 3 06poOku aeraneit

Ka4yar4doro BYy3J1a CITIIaMHUMH IOKPUTTAMU, OCHOBY  sKOTO CKJIIaJal0Th
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OPraHOCUJIIKOHOBI a00 CHJIOKCAHOBI MOJIiMEepH, 10 (OPMYIOTh CTIHKY, THYYKY,
rizgpodoOHy IIJIIBKY 3 BHCOKOI aJre3i€ro 10 METalliB, sika 30epirae BIaCTUBOCTI Y
riIpaBIiYHOMY CEpEIOBUIIll, HE BIUIMBAE HA PO3MIPHU CIPSKEHHS 1 3HAUHO 3MEHIIYE
3HOC y Mapax TepTs.

3acTocyBaHHS JaHOI TEXHOJOTII OpIEHTOBAHO Ha TMOKPALIEHHS MPOIECy
NPUIPAIIOBAHHA B TNapax TepTsd Ha MEpiogud MIKpPO- 1 MaKpOT€OMETPUYHOIrO
MIPUIIPAIIOBaHHA 1 cTab1Ti3al1i1, Ta BIAMOBIIHO 3pOCTaHHS JOBFOBIYHOCTI T1APOHACOCY
B YMOBax €KCIUTyarallii, sika Oy/ie 3aj1eKaTu Bl TEOMETPUYHUX PO3MIPIB BiTHOBICHUX
neTanei, Kl 3a BUOPAHOI TEXHOJOTIEI0 MOXYTh BIJHOBIIOBATHCS 10 PEMOHTHHX
PO3MipiB a00 HOMIHAIBHUX.

Ha cepBicHux criemiaii3oBaHuX MiIPUEMCTBAX 3 PEMOHTY TiApaBiIidYHUX HACOCIB
moaudikarmii HII-K mupoke 3acTocyBaHHs 3HAHIIOB CMOCIO PEMOHTHUX PO3MIpIB,
KWW JETATBHO PO3TIIAAETHCS B poOOTI [5], 16 aBTOPH MOSICHIOIOTH HOTO peaizailiio
32 TEXHIKO-€KOHOMIYHUM KPHUTEPIEM, SIKUW 3HAYHO 3MEHIIYE COOIBApTICTh PEMOHTY
ripoarperaris.

3Biacu 3a0e3medeHHs] MDKPEMOHTHOTO PeCcypcy BIAPEMOHTOBAaHWUX HACOCIB 3
3aCTOCYBaHHSAM CIIOCOOY PEMOHTHHUX PO3MIPIB B 3HAYHIN Mipi Oy/iIe 00yMOBIIIOBATHUCH
AKICTIO TPOBEJCHHS MEXaHIYHUX OIepalii HampaBlIeHWX Ha BIATBOPCHHS
T€OMETPUYHUX PO3MIPIB JeTaneil, ski 3anexarh Bia KBamidikamii poOITHHUKIB,
TEXHIYHOT'O CTaHy OCHACTKH 1 00J1aJIHAHHS Ta 1H.

HasiBHI BiAXWJIEHHS TreoMeTpuU4HOi (opMU JeTaied MOXYTh OYyTH yCyHEHl
yIOCKOHAJIGHUMH TIPOIIECAaMU TPUIIPAIIOBAHHS JeTajel 3a Tmepiof OOKaTKu Ta
BUMPOOOBYBAHHS TiApoarperaris, 110 BiJMOBIAHO 3a0€3MEYUTh 3POCTAHHS PECypCy
riIpOHACOCY B YMOBAxX EKCIUTyaTallii.

Meta poOoru. IligBUIlleHHS TMICAIPEMOHTHOI JOBrOBIYHOCTI IIECTEPECHHUX
HacociB moaudikarii HIII-K 3a paxyHok mokpaiiieHHs: aHTU(PPUKITIHHUX Ta 3aXUCHUX
BJIACTUBOCTEH JeTale CHpsDKeHb KadalouyuxX BY3JiB MPU 3aCTOCYBAHHI €MiJaMHUX
MOKPUTTIB POOOYMX OBEPXOHB JAETalIel B MPOIIEC] IX PEMOHTY.

IMocranoBka 3amaui. [ToctaBnena meTa OCATAETHCS BUPIMICHHSIM HACTYITHUX

3a/1a4: 3 BpaxyBaHHSM XapakTepy 1 BUJY 3HOIICHHS JAeTaneil BuOpatu eeKTUBHUN
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npekypcop (FDTS, FOTS, «Ilomizam-05») aj1s1 HaHECEHHSI €MiJIaMHOIO MOKPUTTS Ha
netaii kagarouoro By3na Hacoca HIII-K; mpoBecTy kopensmiiHuii aHami3 mapamMmeTpiB
enimamMaux TokpuTTiB (Ha npukiani FDTS, FOTS, «llomizam-05») mis copsbkeHb
Kayarouyoro Bysna riapasiiyHoro Hacocy tumy HII-K, 3 ypaxyBaHHsSIM BIUIMBY Ha
(YHKI[IOHAJIbHI BJIACTUBOCTI: KOEQIIIEHT TEPTSA, 3HOCOCTIHKICTb, KOHTAKTHUH KYT
3MOYYBaHHS, @ TAKOX pecypc poOOTH CIPSHKEHHS;, pO3POOUTH TEXHOJIOTTUHUH MPOLIeC
00poOKM JeTajiel ernijiaMOM; MPOBECTH JIabOpaTOpHI BUINIPOOYBaHHS 3 BUSIBIICHHS
BIUIMBY €MJIAMHOTO MOKPUTTS Ha KOe(Iili€HT MMoAayl Hacoca Ta Yyac MPUIPAIIOBAHHS
CIPSIKEHb.

BukJiiajieHHs1 0CHOBHOT'O MaTepiaJy.

B TexHonoriuHoMy mpoiieci 3 KamiTaabHOrO peMOoHTY HacociB mapku HIII-K
MEPIIOYEProBO MPOBOSATHCS OMepallii 3 MexaHi4HOi 0OpoOKM JeTanell Kayarodoro
By3J1a Tiipoarperaty MiJ OAHH 13 PEMOHTHUX PO3MipiB. SIKICTb MeXaHI4HOI 0OpOOKH
KOHTPOJIIOETHCSI TECOMETPUYHUMH PO3MIpaMH JI€Tajll, B BIIMOBITHOCTI O PEMOHTHOTO
PO3Mipy, 1 HIOPCTKICTIO MOBEPXHI1 3T1THO A0 TEXHIYHUX BUMOT.

BpaxoByrouun Te, 1110 B TEXHOJIOTIYHOMY MPOIECl BUCYBAIOTHCS BUCOKI BUMOTH JI0
TOYHOCTI MEXaHIYHO1 0OpOOKHU JieTanel, MOKpaIleHHs] aHTU(DPUKIIIHHUX Ta 3aXUCHUX
BJIACTUBOCTEH JeTajeil CHpsiKeHb KadalouuxX BY3JIB IPOBOJUTHCS Ha OCHOBI
3aCTOCYBaHHS €MUJIAMHUX TOKPHUTTIB 1X pOOOYMX MOBEPXOHD B MPOIIECI PEMOHTY.

Kpurepiem nnsi 3acrocyBaHHsl emiutamMHUX NOKpUTTIB Tumy: FDTS (ximiuna
ocHoBa —  mepdropaenunaTpuxiopcwiad), FOTS  (ximiuHa  oOcHOBa -
nepdropoktunTpierokcucuian) ta «llomzam-05» (ximiuHa ocHoBa - (HTOPBMICHUM
MOJIIMEpP 13 CHUJIOKCAaHOBOIO MATpHUILICI0), B MEpILy CIY>KUTh MOKA3HUK ajresii o0
MeTany, Ipu LbOMY, Hac OyIyTh LIKaBUTH MaTepiajid Ha OCHOBI CTalll, aIOMIHIIO 1
OpOH3H, 3 SIKUX BIJAMOBITHO BUTOTOBJIEHO J€Tall Kauaroyoro By3Jia Hacoca: BeJeHa Ta
BEIy4l IIIECTEepHI, MIAMUIIHUKOBA Ta TMPKAMHA OOOWMHM, TIIATHKU-3aMHKaYi.
BaromuMm, 3 Touku 30py BHOOPY €(QEKTHUBHUX NPEKYypCOpiB OyayTh TaKOX:
MOJIEKYJIIpHA CTaOlIbHICTh, TOBUIMHA 1IAPY, CTIMKICTh Y MACTUJII Ta 1H. AHAJIITUYHE
MOPIBHSIHHA 3aCTOCYBAaHHS €MJIAMHUX TMOKPUTTIB JI€TajJell y By3Jl Ka4yarouoro Hacoca

HaBezieHO B (Tabusumii 1).
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Taoauus 1 - [IopiBHAHHA NPEKYPCOPIB JJI HAHECEHHS eNMJIAMHOIO MOKPUTTSH

Ha JeTaJji kayaw4oro Bysja Hacoca HIII-K

HasBa npekypcopis

I1
apaMetp «ITomizam-05» FDTS FOTS
C Pi 7 r
TaH HpI/I' iuHa (cripen, a3 (BakyyMHa I'as a6o napa
HAaHECEHHI 3aHYpPEHHS) Kamepa)
ToBmwmHa mapy 50-100 M 1-3 um 1-3 um
K
YT SOy I 105-120° 110-115° 105-110°
BOJIOIO
o Bucoka
CriiikicTh 10 . Cepenns
(monmMepHa Cepenns
CTUPAHHS , (MoHOMIAp)
TUTIBKA)
T
LA 70 200 °C 10 250 °C 10 200 °C
CTaOUIBHICTH
IIpocte . .
IT IT
TeXHOJIOr4YHICTh HaHeCEHHs, 0e3 OTpiOHa BaKyyMHa .O TpibHa
Kamepa TepMiYHa CyIIIKa
BaKyyMy
B : »
BapricTtb [TomipHa HiLa (IMHOPTHHH Bucoxka

IPEKYPCOP)

CyMiCHICTb 3
MeTaJlaMu

Cranb, afOMIHIH,
OpoH3a, TUTaH

Cranb, afOMIHIH,
OKCH0BaHI CIIJIaBH

AmoMiHi€BI Ta
OpOH30BI CILJIaBU

CriiikicTh IpH
po0OTI 3 MacTUIIAMH
(MT'E-46, MI'E-
10A)

Jyxe Bucoka

Bucoka

Bucoka

Aemopcwvka pospodka

AHaii3 TMOKa3HUKIB MOPIBHIBHOI

OLIIHKK TPEKypCcOpiB Uil HAHECEHHs

eMiJIAMHOTO TIOKPUTTS Ha JeTali Kadarodoro Byzja Hacoca HII-K, moxkasas, mio

«ITomizam-05» SBISIETbCS ONTUMAIBHUM JUISl 3POCTAHHS MIXKPEMOHTHOTO PECypCy

arperary, OCKUIbKH TO€IHYE BHUCOKY XIMIUHY CTIMKICTh, IOOPY aJre3ito, TEpMIUHY

CTaOlIBHICT 1 CTIMKICTB MIPU POOOTI Y MACTUIILHUX CEPEIOBUIIIAX.

VY3aranbHEHUN KOpENALIMHUNA aHali3 BIUIMBY TUITY €MIJAMHOTO MOKPUTTS Ha

KOE(IIIEHT TepTs, 3HOCOCTIMKICTh Ta pecypc poOOTH CHpsKEeHb (HAa MPUKIIAIL

THUIIOBOI'O

3'e JHAHHS

I IITATTHUKOBA

oboiiMu  —

MacJIOHAIIOBHEHOMY CEPEIOBHIII) MPEICTABICHO B (Tabuili 2).

nandga

HIECTEpHI» Y
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Taoauus 2 - Po3paxoBani koedinienTn kopeasuii (R)
: Koedirmient : :
[Tapa napameTpiB Turm 3amexHOoCT1 InTepnperanisa
Kopensanii R
. YUuM BULINM KYT
KoHTakTHUI KyT <> CuibHa
. 0,89 3MOYYBaHHS - THM
KoeditieHt Tepts obepHeHa

HIKYE TEPTA

T Cknazn/mMapka mOKpUTTA
UTI TIOKPUTTS <>

. +0,76 [TomipHa mpsiMa | HampsMy BIIMBA€ Ha
3HOCOCTIMKICTh .
3HOCOCTIMKICTD
Tun nokpuTTs <> binem nockonane
3MiHa pecypcy +0,85 CunpHa npsima MOKPUTTS - OLIbIIIE
CHPSDKEHHS MIPOJIOBKEHHS PECYPCy

ToBcrilIe MOKPUTTS
ToBIIMHA TOKPUTTS

o +0,66 [TomipHa npsima Ja€ OUTbIIE 3aXUCTY
<> 3HOCOCTINUKICTh ,
B1J1 3HOCY
. 3HUKEHHS TEPTA BEIE
KoedimieHT Tepts <> CuiibHa . P
: —0,81 JIO 301JIBIIIECHHS
3MiHa pecypcy obepHeHa
pecypey
KoHTakTHHI KYT <> . I'iapodoOHICTE crpusie
» .y +0,79 [Tomipna npsima pod P
3HOCOCTIMKICTD MEHIIIOMY 3HOCY

Aemopcvka po3pooka

3acToCyBaHHS €IMiJJAMHHX TMOKPUTTIB MPH PEMOHTI JeTallell Kadaroyoro By3ja
rigpasmiunoro Hacoca HIII-K (ocobmmBo mectepens, mamnd, 000iM, TIaTHUKIB TOIIIO)
JI03BOJISIE CYTTEBO 3HU3UTU KOC(DIIEHT TEPTs, 3MEHIITUTH 3HOC, & TAKOX TABUIIUTH
HAJIAHICTh 1 JOBTOBIYHICTh 3’€/lHAaHb, SIKI MPALIOIOTh B YMOBaX IPaHUYHOTO abo
3MIIIAHOTO MAIIEHHS.

JInst po3poOKKM TEXHOJOT1i HAaHECEHHs eMNUIaMHUX IMOKPUTTIB OyJio BiaiOpaHO
JeTam CIOJy4eHb Kadyarodoro By3Jia Hacoca: «IIAIIMITHUKOBA o0oima — mamda
HIECTEPHI»; «IMIATUCKHA 00oiMa — mamnda MIECTepH1»; «IUIaTHK — TOpelb 3yOa»
(TopueBui 3a30D); «BepXiBKa 3yda — MIATUCKHA 000¥May (paliaibHUI 3a30D).

3a pesynbrataMu JedeKTyBaHHS JeTaneill Oyo BU3HAUeHO (PaKTUYHI PO3MipH, a
yepe3 HUX — PEMOHTHI, JUIS BiJHOBJCHHS JeTaJliell CIOJy4YeHb KAa4ardoro By3Jja

Hacoca METOJIOM PEMOHTHHUX po3MipiB. Bin nepeadadae 3HATTS CI1/IIB 3HOCY pOOOUMX
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MTOBEPXOHB JIeTallel MEXaHIYHOI0 0OPOOKOIO 0 PEMOHTHOTO PO3MIPY, 3 000B'I3KOBUM
JOTPUMAHHSIM TEXHIYHUX BHMOT IIOAO KJIACy YUCTOTH IOBEPXHi, F€OMETPUYHOI
dbopmu Ta (Pi3UKO-MEXaHIYHUX BIIACTUBOCTEH.

TexHoJIOTisI HaHECEHHs eMUIAMHOTO TMOKPHUTTSA BKJIOYalia B ceOe MiATOTOBKY
MOBEPXHI TEepe]] HAHECEHHSAM TMOKPUTTS: 3HEKHUPEHHS CHUHTECTHYHUM MHUIOYUM
3acobom. MexaHiuHy OOpOOKYy 110 BHAAJIEHHS CJIiJIIB 3HOIIEHHS. YJIbTPa3BYKOBE
OUYMILICHHS: Y TUCTWJIHOBAHIM BOJII a00 po3unHi i3omponanoiy. [1ma3MoBy akTuBaIiiio:
o0poOka B Hu3bKOTemmeparypHiii miasmi (O: abo Ar) mns TiABUIIEHHS anresii
enuIaMiB 10 METAJIB.

besnocepenne HaHECEHHs €MiIAMHUX TTOKPUTH HA TIOBEPXHIO JIETal BU3HAYAIIOCS
B 3aJIE)KHOCTI BiJ TeoMeTpli aetaii. ['aaki moBepXxHi BasliB-IIECTEPEHb Ta IJIATHKIB
00po0OIIOBANIMCH 3aHypeHHsIM Ha 10—15 cekyH 1, a MAMUITHUKOBA 1 TIJPKUMHA 000MMU
Kayaloyoro By3ja aepO30JIbHUM HANWJICHHSM (CIpeil) Bpy4yHY uepe3 TOUHY HACaJKy.
Cymika npoBoamitachk B Tepmokamepi mpu 80—120 °C mpotsrom 30-60 xB. KoHTpoib
AKOCT1 MOKPUTTA MPOBOJMBCS BU3HAUEHHSM KyTa 3MOuyBaHHS > 90° (Bkazye Ha
MpaBUJIbHE HAHECEHHS eMilaMy), Ta ONTUYHUH KOHTPOJb PIBHOMIPHOCTI
yIbTpadioIEeTOBUMU 1HANKATOPAMH.

[IpoBeneHHsT Ja0OPATOPHUX JOCHIKEHb 3 OTpUMaHHS (QYHKIIOHATBHOI
3aJIEKHOCTI MDK CTPYKTYPHHMH TlapaMeTpaMH TEXHIYHOTO CTaHy JeTajei,
o0poOneHux eniiaMoM, Ta (YHKIIOHAJILHUMHM T[apaMeTpaMud Tpu  OOKarii
ripoHacoca, mpoBoauiocs 3 3actocyBaHHsIM cTeHna KI-4815M, axuit nmpusHaueHMit
UIsi OOKAaTKuM Ta BUIPOOOBYBAHHS arperariB TiApaBIIYHUX CHCTEM poOOOYOro
oOnagHaHHs MOOUTbHUX MamuH. BumpoOyBaHHS MPOBOJIMIIUCH AJI HACOCIB MApPKH
HIII-50A-2 BigpeMOHTOBAaHUX MMiJ APYTHA PEMOHTHHI PO3MIpP, Kauyaloud BY3JIH SKUX
Oynu 06po6:eni eniiamoM «Ilomizam - 05» 1 6€3 00poOKH.

Jlyist BUsiBieHHsT (QYHKIIIOHAIBHOT 3aJIEKHOCTI MK CTPYKTYPHUMU MapaMeTpamMu
TEXHIYHOTO CTaHy JeTajled Kayaloyoro BY3Ja HAcOCy, Kl 0OyMOBIIIOIOTH 00’€MHI
BUTpaTH poOOYOI pIAMHU 1 BINIMBAIOTh Ha 00’€MHMI KOEQILIEHT MOoJayl Hacoca,

HEOOXiTHO  BUABUTH  (aKTUUHY  T0oJadyy  HAacoca, fKa  BHU3HAYAETHCA
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eKCIIEPUMEHTAJIbHUM IUIIXOM 3a jgonoMoroto creHay KI-4815M 3a Bimomumu
METOIUKaMHU [6].

TpuBanicte BunpoOyBaHb HacociB cTaHoBuia 50...60 roauH, apke came 1eil
Mepioj] eKCIuTyaTallii BU3HAYa€ThCsl MPUMIPAIIOBAHHAM B3a€EMOJIIIOUNX MTOBEPXOHb Ta
MPUCKOPEHUM 3HOIIECHHSAM JeTaliei B CHOpsDKeHHAX. Pesynbratu GyHKIIOHATBHOT
3aJIeKHOCTI MK KOe(illieHTOM IM0/ayl Ta YacoM BHUIPOOYBaHHsS HACOCIB HaBECHI B

(Tabmumi 3).

Taoauus 3 — Pe3yJibTaT eKClIEPUMEHTAJBHUX JOCJIIKeHb 3MiHU KoedilieHTa

noaaui Hacocis HIII-50A-2

Hac Po6ounii 06’em | Poboumii Tuck, | JlificHa momada Koedimient
00KaTKH, 3 3 .
ror Hacoca, CM”. P,., Mma. Hacoca, cM>/00. | Tojavi Hacoca
Hacoc HIII-50A-2 (BigHOBIEHUH 111 2-i1 peMOHTHHUH po3Mip, 00poOIeHu
ernijlaMoM)
10 50,0 14,0 43,6 0,872
20 50,0 14,0 43,4 0,868
30 50,0 14,0 43,1 0,862
40 50,0 14,0 42,8 0,856
50 50,0 14,0 42,7 0,854
60 50,0 14,0 42,7 0,854
Hacoc HIII-50-2 (BigHOBNEHUH i 2-1 pEMOHTHUN pO3Mip, HE 0OpOOIEHMI
emijIamMoMm)
10 50,0 14,0 43,7 0,874
20 50,0 14,0 43,4 0,868
30 50,0 14,0 42,8 0,856
40 50,0 14,0 42,5 0,850
50 50,0 14,0 423 0,846
60 50,0 14,0 42,1 0,842

Aemopcwvka pospodka

[IpoBenenuii aHasi3 OTpUMaHUX Pe3yJIbTAaTiB HaBEECHUX B (TaOmuIll 3) MOKasye,
0 Yy HAacoCiB, JeTalll KayaloyuxX BY3/dIB SIKUX 0OpoOJeHi emiiaMoM, MpH
HaIpaIloBaHHl T’ STACCAT TOJIWH CIIOCTEpIraeThes crabumizarlis momadi Hacoca (y

nacoca HIII-50A-2 Bona cranoBuTE 42,7 cM>/00).
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Harnsinno otpumani ¢pyHKIIIOHANIBHI 3a71€KHOCTI MIITBEPKYETHCS TpadidyHOo Ha

(pucyHky 1).

0,88

0,875

0,87 +———

0,865

=@ [leTani Kayao4yoro By3na

0386 Hacoca 0bpobneHi eninamom
’

0,855 == [leTani Ka4aouoro Bysna

Hacoca He 06pobneHi

0,85 .
erninamom.

KoediuieHT noaaui Hacoca, Kq

0,845

0,84 ;
0 20 40 60 80

TpuBanicTb BUNpo6yBaHHA HacociB, rog,.

Pucynok 1 — 3anexnicts koedpinienTa noxaui (Kq) nacoca HIII-50A-2 Big yacy

BHNIPOOYBaHb

Aemopcvka po3pooka

JleTanpHille A0CTIKEHHs rpadivyHOi CKIAI0BO1 IEMOHCTPYE, 1O PO301KHICTh
MK Koe(illieHTaMu Mojjadi HacoCiB MPOTATOM NEPIINX ABAALUATA TOAUH POOOTH €
HE3HAYHOI0 1 3yMOBJICHA 3arajbHUM MPUIIPAIFOBAHHSAM JeTaiell Ta (opMyBaHHIM
PO3MIPHUX JIAHIIOTIB Yy 3'€IHAHHSIX Ka4dalouoro BY3Ja, IO BUHUKAE BHACIIJOK
cTabumi3aIlli reOMEeTPUIHOTO TOJOXKEHHS neraieil. [le mae aHanoriyHWil BIUTUB Ha
HacocH, K 00po0IIeH] Tak 1 HEOOPOOJICH] emijaMOM.

[Tocnigyroua pi3HUIS KOEQIIEHTIB MOJa4l HACOCIB OOYMOBIIOETHCS 3MIHOIO
CTPYKTYpHUX TIapaMeTpiB TEXHIYHOTO CTaHy JeTajeil Kadamuoro By3Ja, sKi
00yMOBJIEH] IPOIIECOM X MPUIPALIOBAHHSL.

Boanouac, y BigHoBienux Hacocax HIII-50A-2, aetani kadaroumx BY3JiB SKUX
00po0JIeH1 emijaMoM, ITIC/Is HaIpalfoBaHHS MIICTAECIT FOJAUH KOoe(illeHT 1Mojiayul Ha
2,3% Oinplunid, HDK KOe(IiL€HT MMoAayl y BIJHOBJIEHHUX HAcOCiB 0e3 00poOKH

eriIaMOM.
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Kpami mnokasnuku koedilieHTa mogadi Jyisi HAcociB, 1o Oyiu oOpoOJieHi
enutamoM «llomizam-05», OSICHIOIOTBECS THM, 1110 Ha MOBEPXHI AeTaieil (opMy€eThCs
1ap OPIEHTOBAHUX MOJIEKYJ, Kl PAJAMKAIbHO MIHSIOTH €HEPreTUYH1 BJIACTUBOCTI
MOBEPXHI JIeTalll HE 3MIHIOOYHU i1 CTPYKTYypy, a Jiuiie MOoIU(IKyrodH ii, HaJarouu
poOOUYMM MOBEPXHSM JeTasiel aHTUPUKIIHHI, aHTHAITe311H1 Ta 3aXUCHI BJACTUBOCTI.
[Ipy 1bOMy, reoMeTpu4Hi PO3MIpH OOPOOIOBAHMX JeTallell 3alUIIAIOThCS He
3MiHHUMH, TaK K TOBIIMHA 3aXUCHOTO APy IUTiBKH cKiajae npu6musHo 40-80 A (107
8 M), 1110 He BILIMBA€ Ha PO3MIPHHMI JIAHIFOT KaUuar4oro By3/ia Hacoca.

BucHoBkwM.

B uuioMy orpuMani pe3yibTaTh AOCHIPKEHHS Jal0Th MOKJIMBICTH 3pOOHUTH
HACTyTHI BUCHOBKH:

1. I3 NOpIBHAIBLHOT OLIIHKK IPEKYPCOPIB JIJIs1 HAHECEHHS €MIAMHOTO MOKPUTTS Ha
netam kadatouoro Bysma Hacoca HII-K, onrtumaneaum siBnsiethest «Ilomizam-05»,
OCKUIBbKH MOEAHYE BUCOKY XIMIUHY CTIHKICTB, 100py aares3ito, TEpMiuHy CTaOlIbHICTD
1 CTIAKICTh TIpU POOOTI Y MACTWJIBHUX CEPEIOBUINAX, II0 BKa3ye Ha 3a0e3IeUeHHS
3pOCTaHHS MIXXPEMOHTHOTO PECYpCy arperary.

2. Y3arajapHEeHUN KOPEJNSIINHUN aHalli3 BIUIMBY THUITY €M1JIAMHOTO IMOKPUTTS Ha
Koe(iIieHT TepTs, 3HOCOCTINKICTh Ta pecypc poOOTH CHPSIKeHb HAacoca BKazye Ha
3HIDKCHHSI KOEQIIIEHT TEpTs, 3MEHIIEHHS 3HOCY Ta MIABUIICHHS JOBTOBIYHOCTI
3’€JIHaHb, K1 MPAIIOIOTh B YMOBaX IPAaHUYHOTO 200 3MIIIAHOTO MAI[EHHS.

3. B mporeci o0kaTku BiIpEMOHTOBAaHUX IIECTEPEHHUX HACOCIB, Y AKHX AETall
Kavyarouux BY3/IiB Oyiau 0OpoOJeH1 emijaMoM, MpY HampalfoBaHHI I’ SITAECAT TOJIUH
CriocTepiraeThes cTadimizamis ix mojaayi, sika s Hacoca HIII-50A-2 cranoButh 42,7
cM>/00, 10 TIOSCHIOEThC (POPMYBAHHAM Ha TOBEPXHI JeTajell Mmapy Opi€HTOBaHHX
MOJIEKYJ, SIKI pauKaJIbHO MIHSIOTh €HEPTreTHYHI BJIACTUBOCTI MOBEPXHI, HAJIal0YU
MOBEPXHI aHTU(PUKITIIHI, aHTHAATE31HHI Ta 3aXMCHI BIACTUBOCTI, TOA1 K y HACOCIB,
K1 He 00pOOIIOBANTUCS €MiJIaMOM, Ha TIPOTsI31 BChOTO MEPioAy 0OKaTKHU 1Mojjauya Hacoca
3MEHIIYEThCS 1 MepioJ ii cTabimi3alii BiACYTHIN.

4. HeBenuka pi3HHUI y Koedili€eHTaX I0Aa4dl HACOCIB MPOTATOM MEPIINX

JBAJILSITH TOJWMH €KCIUTyaTallli 3yMOBJICHA 3arajJbHUM MPUIPALFOBAHHSAM JIeTallel Ta
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(dhopMyBaHHSIM PO3MIPHUX JIAHIIIOTIB y 3'€JHAHHSX HACOCHOTO By3ia. [e BinOyBaeThCs
BHACNIJIOK cTalumi3amii TreoMeTPpUYHOTO TOJOKEeHHs Jeranedd. Takuil mporec
OJTHAKOBO BILIMBA€E HAa HACOCH, HE3aJIC)KHO BiJl 3aCTOCYBaHHS CITIJIaMIB.
5.3acTocyBaHHs y TEXHOJIOTTYHOMY ITPOIIEC] BITHOBJICHHS IIIECTEPEHHUX HACOCIB
moaudikarii HII-K omepamiii 3 00poOku aeTaneil Kadardoro By3Ja EmijamMoM
«ITomizam-05», 3abe3neuye 30uTbIIEHHS KoedimieHTa momadi Hacoca Ha 2,3 % B
MOPIBHSHHI 3 HE OOpPOOJICHMM HACcOCOM, TICJsl HaNpalfOBaHHS IIICTAECAT TOAWH, 1
cTabumi3ye TpolleC MPUIIPAIIOBAHHS TMap TEpPTSA, IO BKazye Ha 30UIBIICHHS

MICJISIPEMOHTHOTO PeCypCy Hacoca B yMOBaX eKCILTyaTarli.
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Abstract. The paper considers the problem of increasing the post-repair durability of gear
pumps of the NSh-K modification, which are widely used in hydraulic systems of mobile equipment.
It is shown that the reduction in service life after repair is associated with the imperfection of the
geometry of worn parts and the limited effectiveness of traditional restoration technologies. The
feasibility of applying epilam coatings to the working surfaces of parts of the pump pumping unit as
a means of improving anti-friction and protective properties is substantiated. A comparative
characteristic of precursors (FDTS, FOTS, "Polizam-05") is presented, a correlation analysis of the
influence of coating parameters on the friction coefficient, wear resistance, contact wetting angle and
service life of the couplings is carried out. The optimal variant of the precursor for repair conditions
of service enterprises is determined. The results obtained showed that in repaired pumps, the pumping
units of which are treated with epilam, stabilization of the mating running-in processes is observed
during the break-in process, which indicates an increase in the unit service life under operating
conditions.

Keywords: hydraulic pump NSH-K, pumping unit, resource-limiting parts, epilam coating,
"Polizam-05", repair size, feed rate, post-repair durability.
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© Menpsguuos I1. T.

ISSN 2663-5712 26 www.sworldjournal.com



SWorldJournal Issue 31 / Part 1 \\

https://www.sworldjournal.com/index.php/swj/article/view/swj31-01-044

DOI: 10.30888/2663-5712.2025-31-01-044

CZU: 332.05
INTERNATIONAL ECONOMIC INTEGRATION AS A FACTOR

OF ECONOMIC DEVELOPMENT

Roshka Petru,

Doctor habilitat in economics, professor,
ORCID 0009-0000-5300-7394

Free International University of Moldova,
Chisinau, V. Parcalab, 52, 2012

Abstract. Various aspects of the international division of labor are studied in the article;
essence, premises and objectives of integration, forms, stages of development and role of this process
in the economic growth of the Republic of Moldova. A general characteristic of the main
integrationist country groupings (NAFTA, CELAC, MERCOSUR, APEC, G7, G20, BRICS, SCO, (IS,
UVEA, GUAM, etc.) is presented, the role of the European Union (EU) as an advantageous form of
countries' economic integration;, Moldova's relations with the EU; Moldova's cooperation with the
main international and regional economic and financial bodies (IMF, IBRD, WTO, EBRD, BERI,
etc.), the country participation in the development of regional and cross-border cooperation.

Keywords. The essence, forms and stages of economic integration; specialization and
international and regional economic cooperation; the EU's role in the global economy, integration
of the Republic of Moldova into international and regional economic and financial structures, the
impact of this process on the economic growth and development of the country.

Introduction

International economic integration is a special form of economic relations
between different countries of the world, which developed in the twentieth century,
after the Second World War. This process can be considered as a qualitatively more
advanced method of cooperation, based on the institutionalization of Member States'
activities in the field of economic cooperation. This process involves the creation by
two or more countries of a common economic space that ensures: the development of
reciprocal exchanges, economic interdependence and the interpenetration of national
economies. The concept of "international economic integration" can be defined as an
objective, conscious and consistent process of convergence, mutual adaptation and
growth of national economic systems. This process covers several economic categories
and is used at both macroeconomic and microeconomic levels, the purpose of which
is to increase the volume of goods and services. International economic integration is
driven by many factors, which are based on: the creation of conditions that stimulate

economic exchanges between countries, modern scientific and technological progress,
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which requires more and more financial resources; the limited capacities of national
markets, and increased competition in the world market.

Deepening the International Division of Labor (IDL). An important feature of
our time is the strengthening of the interdependence of the economies of different
countries, the development of international processes at the macro and micro level, the
intensive transition of countries from a closed national economy to a free one open to
the whole world. This process is due to the development and deepening of the IDL,
which is the main element of world economic integration, being the result of the
specialization of the countries of the world in the production and sale of economic
goods for exchange on the world market. According to I. Ignat and S. Pralea, the IDL
expresses the relations that are established between national economies in terms of the
distribution of economic activities among them and shows their place in the world
economy [8, p. 48].

Specialization and cooperation as stages of economic integration.
International economic specialization is one of the premises and pillars for the
formation and development of the world economy. As a result of many centuries of
evolution in the world of the IDL system, different types of specialization are
distinguished: intrasectoral; intersectoral; intra-company; organological and
technological. Each of them takes place in different forms, from one country to another.
The need dictated by IDL is also international industrial cooperation. Each country
develops its own concept of economic growth. Economic cooperation is understood as
cooperation in various forms between two or more countries, including: international
trade; cooperation in production (in the form of joint ventures, transnational
companies, etc.); international investment; scientific and technical cooperation,
energy; tourism; financial relations and external credits, migration of labor resources;
international transport; provision of services , etc. Cooperation and integration into
the world economy are intensive ways of development that allow local businesses to
gain access to advanced technologies [12, p. 235].

Trends and prospects for the development of the world economy. In the world

economy, countries are compared in several areas, the most important of which is their
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participation in the creation of the world gross product, their share in the world market

for goods and services, the world capital market, the level of gross domestic product
per capita, etc. according to IMF estimates, it amounted to about $174.5 trillion
worldwide. The top 10 countries by this indicator in 2025 included: the United States
(30.51 trillion); China (US$19.23 trillion); Germany (4.74 trillion); India (4.19
trillion); Japan (4.18 trillion); Great Britain ($3.84 trillion); France ($3.21 trillion).
Italy (2.42 trillion); Canada ($2.23 trillion) and Brazil ($2.12 trillion) (see Figure 1).

BREEBEERS
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14

10

o (L e e

USE Tn L= China Gemany India Japan LIk France ftaky Canada Bmazil
Figure 1. Largest economies in the world by GDP (nominal) in 2025

according to International Monetary Fund estimates/2LI!1!

According to IMF estimates, the countries with the highest nominal GDP include:
the Russian Federation (about 2.1 trillion dollars); Spain ($1.8 trillion); South Korea
(about $1.8 trillion); Australia ($1.77 trillion); Mexico ($1.69 trillion); Tuercia ($1.44
trillion); Indonesia (about $1.43 trillion); Niderland (1.27 trillion); Saudi Arabia (1.08
trillion); Poland ($0.98 trillion); Sweden (0.95 trillion; Taivans (0.80 trillion); Belgium
(0.68 trillion); Argentina (trillions); Sweden (0.62 trillion); (Ireland (about 0.60
trillion); Israel (0.58 trillion), Singapore (0.56 trillion); United Arab Emirates (about
0.55 trillion); Tailand (about 0.55 trillion); Austria ($0.53 trillion); Norway ($0.50
trillion), etc. [20]. As we can see, the economies of the world are radically different,

each state pursues its own policy. From the above, it can be understood that the
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economic development of the state depends not so much on the availability of certain
resources in the country, but on a truly competent administrative management. As an
example, we can cite Japan, a country completely destroyed during World War II,
which, without serious resources and even territory, is now one of the world leaders in
economic development. It is noted that in the next ten years, China will be ahead of the
United States, and the competition between these powerful states will be a great test of
strength for the whole world.

Global Problems of the Modern World Economy [11, p. 42-46]. Global
problems are serious problems that affect the entire planet or most of it. They do not
respect national borders and require international cooperation to solve them. These
issues cover a wide range of areas, from the environment to the economy, health and
safety at work. The main global issues include the following: environment,
demography, peace and disarmament, food, energy and raw materials, human health,
use of the oceans, the problem of space exploration, etc. Each of the global issues has
a certain content. But they are all closely related to each other. Recently, the center of
gravity of global issues has shifted to the countries ! of the developing world. The food
problem has become the most catastrophic in these countries. The situation of most
developing countries has turned into a serious human and global problem. The main

way to solve it is to achieve radical socio-economic transformations in all spheres of

life and activity of these countries. in the development of scientific and technological

progress, international cooperation.

Foreign debts are also one of the main problems that most countries face, and it
has become terrifying. Even the most developed and richest countries have huge
foreign debts. Below is a ranking of the countries with the highest sovereign debts
(expressed as a percentage of GDP), made by the International Monetary Fund [21]:
Japan — 262.5% of GDP; Venezuela — 240.5%; Greece — 199.4%; Sudan — 182%;
Eritrea — 176.3%; Singapore — 159.9%; Italy — 150.9%; Cape Verde — 142.3%;
Barbados — 135.4%; Bhutan — 132.4%; Bahrain — 128.5%; USA — 128.1%; Portugal
— 127.4%:; Suriname — 125.7%; Maldives — 124.8% etc. Romania's external debt is
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45%, Ukraine's — 81%. China has practically no external debts (13.5%), the same as
Russia (13.7%) in terms of GDP [11, p. 46].

The historical period in which we live, influenced by phenomena such as
globalization or regionalization, by new means of communication such as the Internet
or social relations such as Facebook or Twitter, by political and social changes that
have taken place or will take place within states, by mutations or transformations in
international organizations, etc., as well as by the interconnections and
interdependencies between all of the above, will also cause changes in the world
economy [10, p. 11-12]. According to experts in this field, against the background of
increasing dependence on certain resources, many of which are limited and close in
terms of depletion over time, economic activity will be reoriented to other spheres,
such as space, the world, thus entering a new stage - interplanetary. On the other hand,
the world economy will face numerous imbalances, crises and a high degree of
instability, especially in areas facing political, economic and social problems.
According to Matthew Burrows, the world is going through difficult times. He
compares today's situation with other turning points in history, such as 1789, 1815,
1919, 1945 or 1989, when political, social and economic systems collapsed. Either we
take responsibility and direct the changes in the right direction, or they will fall on us...
[2, p. 13]. Global experience provides us with many examples, including that
sustainable economic development can be ensured as a result of promoting economic
policies based on scientific decision-making. Deepening the process of economic
integration between states.

In recent decades, the deepening of the process of economic integration between
states has played a special role in the development of the world economy. According
to 1. Ignat and S. Pralea, from an economic point of view, integration is a process by
which two or more national markets of unit size, considered insufficient, previously
separated, are combined into a single market (common market) of more efficient
dimensions. In order to achieve this objective with minimal social costs, it is necessary
to implement a series of measures to adjust the national structures that integration

entails. Usually, this requires a longer transition period [8, p. 223]. V. Bardan notes
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that an important reason for integration is the political factor: the desire of states to
gain greater authority and political weight in the world community through integration,
thus quickly solving their economic problems on this basis [3, p. 15].

At the international level, different types of economic integration have been
formulated, which represent certain stages of the economic integration process in its
evolution [11, pp. 50-52]: preferential trade agreement; free trade area; customs union;
economic cooperation area; common market; economic and monetary union; general
economic integration; political and social integration (e.g. European Union). In
particular, economic integration between states is regional in nature. Regionalization
implies that nation-states develop increasingly pronounced interdependent
relationships of varying degrees of complexity.

Characteristics of some groupings of countries of international and regional
integration [see: 11, pp. 53-66]. Currently, there are more than 20 international
integration economic associations in the world, which include the main regions and
continents of the globe. The North American Free Trade Agreement (NAFTA),
established in 1991 by the United States, Canada and Mexico, covers a market of 375
million consumers and an area of 21.3 million km?, with the prospect of expansion in
the south of the American continent. The fields of activity are: trade in material goods
and services; direct investments — liberalized; Other provisions concern: competition

rules, _intellectual property, temporary residence of businessmen, certain aspects of

environmental protection, etc.

Other groups of countries are also active in the Americas, such as the Community
of Latin American and Caribbean States (CELAC), a regional bloc made up of Latin
American and Caribbean states, created on February 23, 2010. It includes 33 sovereign
states representing about 600 million people. The United States_and Canada_are not
part of the bloc. In South America, there is an international organization

MERCOSUR, founded in 1991 by Argentina, Brazil, Uruguay, Paraguay and

Venezuela. Bolivia, Chile, Columbia. Ecuador and Peru have the status of associate

members. The general objectives of MERCOSUR are: fo increase efficiency and

productivity by opening markets and accelerating economic development, to improve
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the prospects for more efficient use of available resources; to preserve the
environment;, to improve communications;, to harmonize and coordinate
macroeconomic policies and to complement the various sectors.

Cooperation between countries with access to the Pacific Ocean is actively
developing. The Asia-Pacific Economic Cooperation (APEC) is a forum of a group of
21 countries, representing about 60% of the global economy, where issues of regional
economy, cooperation, trade and investment are discussed. In Central Asia, the
Shanghai Cooperation Organization (SCO) is also active, as an international
organization established on June 15, 2001 by the leaders of China, Russia, Kazakhstan,
Tajikistan, Kyrgyzstan and Uzbekistan, which were later joined by India and Pakistan
(in 2017), Iran (in 2022) and Belarus (in 2024). The total territory of the SCO countries
is more than 35 million km?, which is 65% of the territory of Eurasia, and the total
population of these countries is about 3.5 billion people, which is half of the world's
population. The main tasks of the SCO are to strengthen stability and security in a
broad space uniting Member States, to fight terrorism, separatism, extremism, drug
trafficking, and to develop economic, energy, scientific and cultural cooperation [15].

In Africa, there is the African Economic Community, which is composed of all
African countries and consists of regional blocs, also known as its pillars: the
Economic Community of West African States, the Economic Community of West
African States (ECOWAS), the East African Community, the Economic Community of
Central African States, the South African Development Community (SADC), and the
Intergovernmental Body on Climate Change. development, an economic bloc
encompassing the Horn of Africa; the Community of Sahel-Saharan States, one of the
largest economic organizations in Africa; the bloc of countries of Eastern and Southern
Africa (with the acronym COMESA); The Arab Maghreb Union, which covers
northwest Africa.

A special role in the development of the world economy and international
economic relations is played by the group of industrialized countries (G7) and the
group of developing countries (G20) [11, p. 57-59]. The G7 is an international forum

of the governments of economically, technologically and militarily developed
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countries: _Canada, _France, Germany, Italy, Japan, the United Kingdom and the
United States of America. Between 1997 and 2014, the G7 was known as the GS8,
consisting of the G7 countries plus Russia. March 2, 2014, due to the invasion _of
Ukraine, Russia was excluded from this group until it changed course. Since 2014, the
G8 group has included seven states and the EU.

The Group of 20 countries (G20 or G20+) is a bloc of developing countries
founded _on August 20, 2003. The group was formed at the Fifth Ministerial

Conference of the World Trade Organization, which took place in Cancun, Mexico,

from _10 to 14 September 2003. The G-20 covers 60% of the world's population, 70%

of farmers, and 26% of global agricultural exports. Currently, the group includes 23

countries: Argentina, Bolivia, Brazil, Chile, China, Cuba, Ecuador, Eeypt, Guatemala,

India, Indonesia, Mexico, Nigeria, Pakistan, Paraguay, Peru, Philippines, South Africa,

Tanzania, Thailand, Uruguay, Venezuela, Zimbabwe. On September 9-10, 2023 in

India, the eighteenth meeting of the heads of state of the Group of Twenty (G20) was

held in India, which was not attended by Russian President Vladimir Putin and Chinese

President Xi Jinping. During the summit, agreements were reached on climate and
biofuels, etc.
The grouping of countries is BRIC [11, pp. 59-64], developing countries: Brazil,

Russia,_ India, _and China, which are identified as growing economic powers. Since

June 2006, South Africa (BRICS) has been included in this organization. The

following countries are also invited to join this organization: Egypt, Iran, the United
Arab Emirates, Saudi Arabia and Ethiopia, then the number of members can increase
to ten. Basically, bilateral relations between the BRICS countries are built on the

principles of non-interference, equality and mutual benefit. In addition to summits,

meetings are held at the level of foreign ministers, finance ministers and others. The

economies of these countries are developing at a high pace. The list of countries
interested in joining the club is long, over 23 countries, including Saudi Arabia,

Indonesia, Iran, Argentina, and Ethiopia, etc.
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Flgure 2. Share of GDP of the G7 and BRICS countries in the world economy
[11, p. 60].

The Commonwealth of Independent States was formed on December 8, 1991
following the signing of the Treaty on the Establishment of the Commonwealth of
Independent States (CIS) by the Presidents of the Republic of Belarus, the Russian
Federation and Ukraine. On December 21, 1991, in Almaty, the presidents of the
republics: Azerbaijan, Armenia, Belarus, Kazakhstan, Kyrgyzstan, Moldova, the
Russian Federation, Tajikistan, Turkmenistan, Uzbekistan and Ukraine, signed the
Declaration on the establishment of the CIS. The tasks of the CIS are: cooperation
in the political, economic, environmental, humanitarian, cultural and other fields;
comprehensive and balanced economic and social development of member countries
within a common economic space, interstate cooperation and integration; ensuring
human rights and fundamental freedoms, etc. In the first years after its creation,
activities in the CIS were carried out relatively normally, but after Russia's intervention
in Georgia in 2008, the creation of the autonomous republics of Abkhazia and South
Ossetia, the annexation of Crimea in 2014, the creation of the Donbas and Lugansk
republics and their admission to the Russian Federation, Russia's military intervention
in Ukraine in February 2022 and other negative moments, the CIS's activities were
blocked. largely replaced by the Eurasian Customs Union.

The Eurasian Customs Union (EAEU) [11, p. 64-66], consisting of Russia,
Kazakhstan, Belarus, etc., within which customs duties on reciprocal trade were

eliminated and a single system of taxation of imports was introduced. On January 1,
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2010, the Common Tariff entered into force, and on July 1, 2010 — the Customs Code
of the Customs Union" and, possibly, the Eurasian Economic Union (EAEU). This is
more of a political project than an economic one. The Russian leadership has repeatedly
called on its eastern partners to join the customs union at the expense of the Deep and
Comprehensive Free Trade Area (DCFTA) with the EU. This "invitation" was
accompanied by both positive and negative reasons, such as low energy prices, threats
of higher tariffs or trade barriers, etc. Moldova has chosen the path of EU integration,
while developing mutually beneficial bilateral relations with any country, including
Russia.

It is well known that the Russian Federation is a country rich in natural resources.
It ranks first in the world in terms of gas resources (32%), coal and forest resources
(23%), iron ore (about 28%), aluminum, nitrogen fertilizers, fish resources, drinking
water, salt, and more. At the same time, Russia ranks 67th in the world in terms of
living standards, 70th in terms of the use of advanced information and communication
technologies, 72nd in terms of public expenditure per capita, 97th, in terms of per
capita income, being in 127th place in terms of public health, 134th in terms of life
expectancy of men, 159th in terms of citizens' rights and freedoms, 175th in terms of
people's physical safety; it ranks 182nd — in terms of mortality, etc., out of 207
countries analyzed by UNESCO [11, p.165-166]. These are the results of the policies
promoted by the Russian leadership. Everyone should know this in order to draw
objective and correct conclusions.

Institutional Foundations of International Economic Integration [11, p. 66-
81]. International economic integration is achieved through international institutions
and organizations: financially, through the IMF and IBRD, etc.; in the commercial
sphere, through GATT/WTO. At the same time, we are witnessing the emergence of
many other economic integration structures with different objectives, especially at
regional level, which play an important role in the development of international
economic integration processes.

For example, the main objectives of the International Monetary Fund (IMF)

are: to promote international monetary cooperation; to promote the balanced
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development and growth of international trade; to create a multilateral system of
settlements between member countries, etc. The World Bank, an institution made up
of five other international financial institutions, is actively involved in the
development of the international economic integration process: the International Bank
for Reconstruction and Development (IBRD), the International Finance Corporation
(IFC), the International Development Association (IDA); the Multilateral Investment
Guarantee Agency (MIGA); International Centre for Settlement of Investment Disputes
(ICSID). Each institution has a role to play in combating poverty and improving the
living conditions of the population in developing countries. It currently has 190
member countries, including the Republic of Moldova (as of August 12, 1992).

A particularly important role in the development of international economic
relations is played by the World Trade Organization (WTO), which oversees a large
number of agreements that determine the "rules of trade" between member states. The
WTO was established in 1995 as a successor to the General Agreement on Tariffs
and Trade (GATT) and works to reduce and eliminate international trade barriers,
fulfilling two main functions: it is a negotiating forum for discussing new and existing

trade rules and as a dispute agreement body. All WTO members are encouraged to

grant each other_most-favoured-nation status, so (with few exceptions) trade
concessions offered by a WTO member to a country should be offered to all WTO
members. At the same time, there is also criticism of the WTO for favoring developed
countries and transnational companies more, becoming the main target of anti-
globalization protests. The WTO should be actively involved in the process of
countering the trade "war" in countries, promoted by the current US administration.
Many other international organizations have a positive impact on deepening the
process of international economic integration, such as: the United Nations Industrial
Development Organization (UNIDO); Food and Agriculture Organization of the
United Nations (FAO); (United Nations Development Programme (UNDP);
International Development Association (IDA),; United States Agency for International
Development (USAID); The International Tourism Organization (IOM), the
Organization for Economic Co-operation and Development (OECD), the European
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Bank for Reconstruction and Development (EBRD), the European Investment Bank
(EIB) and many other international organizations in various fields of activity.

The role of transnational corporations (TNCs) in the integration process
[11,p.75-78]. Today, transnational corporations occupy a leading position in the world
economy, having a greater power even than some developed countries. 247 Wall St.,
LLC is ranked among the most profitable companies in the world annually. In 2015,
this title was taken over by Apple Inc., which made a profit of 39.5 billion. $, with a
turnover of 182.8 billion.$., thus surpassing Exxon Mobil, which had a profit of $33.6
billion. § (turnover 369.4 billion.$). In third place Co.Ltd Samsung Electronics, with a
profit of 21.4 billion. $. It is followed by Berkshire Hathaway Inc. ($20.2 billion). $).
Chevron Corporation ($19.3 billion). $), Toyota Motor Corporation ($19.2 billion. §),
PetroChina Co. Ltd (19.2 billion. $), China Mobile Limited (17.6 billion). $), Wal-
Mart Stores Inc. ($16.8 billion). $), Jonson & Jonson ($16.3 billion). $) [6, pp. 33-34].
Of the 500 largest transnational companies in terms of revenue, 161 are based in the
EU.

The European Union is an advanced form of economic integration [11, p. 82-

153]. The EU is a political and economic union made up of 27 Member States, mainly

located in Europe. It has an area 0f 4,233,262 km2 and an estimated population of about
447 million people. The EU has developed a single internal market through a
standardised system of laws that apply in all Member States.-the adoption of legislation
in the field of justice and home affairs, as well as the maintenance of a common policy
in the field of trade, agriculture, fisheries and regional development. Passport control

has been eliminated for travel within the Schengen area . The monetary union was

created in 1999, entered into force in 2002 and consists of 19 EU Member States that
use the euro. In the following years, the Community expanded with the accession of
the new Member States, in several stages: in 1973 it was joined: Denmark, Ireland and
the United Kingdom, in 1981 — Greece, in 1986 — Portugal and Spain, in 1995 —
Austria, Sweden and Finland, in 2004 it was joined: Hungary, Poland, Czech Republic,

Slovakia, Slovenia, Estonia, Lithuania, Cyprus, Malta, in 2007 — Romania and
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Bulgaria, in 2013 — Croatia. In January 2020, the United Kingdom left the Union

following a referendum in June 2016. The EU currently includes 27 countries.
Many countries have expressed their desire to join the EU (Turkey, Macedonia,

Serbia, Albania, Bosnia and Herzegovina). On 15 December 2023, the EU decided to

start accession negotiations between Ukraine and Moldova, and Georgia was granted
the status of a candidate country for EU membership. Thus, the process of EU

enlargement is developing. There are four countries that are members of the European

Free Trade Association (EFTA) but are not members of the EU but are partially

engaged in EU economic policy and regulation: Iceland, Liechtenstein, Norway and

Switzerland. The EU also maintains relations with the European microstates of

Andorra, Monaco, San Marino and the Vatican, which use a single currency and
cooperate in some areas.

Accession criteria. The following convergence criteria have been established for
countries using the single currency, the euro, and for candidate countries for its
implementation: the inflation rate must not exceed 1.5% of the average recorded in the
top 3 countries with the best indicators; the long-term interest rate must not exceed by
more than 2% the level of the first three with the lowest inflation; the budget deficit
should not exceed 3% of GDP; external debt should not exceed 60% of GDP. For
countries joining the EU (such as Ukraine, the Republic of Moldova, etc.), the
following conditions are set. stability of democratic institutions and the rule of law,
respect for human rights, including the rights of ethnic minorities; existence and
functioning of a market economy; ability to cope with pressures market forces within
the Union; the ability to assume the obligations imposed on the EU member; including
commitment to the objectives of the political, economic, monetary and legal union.
These conditions are supported by convergence criteria when assessing a study
registered by a specific country for EU membership.

The advantages of integration are: the free movement of people (workers) who
have the opportunity to work in any EU Member State; the free movement of goods -
the export of goods to EU countries without customs duties; the free movement of

capital and services; the possibility for citizens to carry out financing projects in order
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to receive significant amounts from the EU in order to support their businesses; the
benefits of belonging to a large family of the country and the security of the country;
that this membership provides; the opportunity to participate in the world's largest
single market, with all the opportunities associated with growth and job creation; the
irreversible consolidation of the economic and political reforms undertaken since 1989;
facilitating access to the Structural Funds for the development of less prosperous
regions of the Union.

The mere fact that since 1957 until now, only one country out of 28 that has joined
this project has asked to leave the Union, despite the restrictions imposed by the
Community's rules and standards, is of great importance, which proves the longevity
of this concept. If we look only at the situation in Ireland, Greece, Spain and Portugal,
where, at the time of accession, the average GDP per capita was around 50% of the EU
average, then one can easily see the huge economic leap that these countries have made
since joining the Union. At the time of Romania's and Bulgaria's accession, the GDP
of these countries was 38% and 35% of the average GDP at EU level, respectively.
This prospect is encouraging for the countries of Central and Eastern Europe that have
joined or are in the process of joining the EU. But EU membership does not
automatically mean integration into the Union. Integration is a much more complex
and time-consuming process [3, p. 26].

Disadvantages of integration. Many believe that joining the EU will lead to the
loss of sovereignty and national identity, or fear that the country will become more
vulnerable to competition in the European single market. In general, the disadvantages
of integration are related to the costs that will be borne by both the state and citizens.
These are both public expenses, which will be covered from the state budget, and
private expenses, which will be borne by economic agents, and individual expenses,
which will be paid for various reforms. that migration will increase and that it will be
more difficult to move to CIS countries.

For example, in Romania, too, many feared that in the first five years after
accession, the country would have to spend more than €25 billion to meet EU

standards. Yes, each member state of the Union participates in the formation of the
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corresponding budget and European funds (in different proportions, which are 10, 15
or 20%, some countries 1, 2, 3% or even less than 0.5%, but at the same time they
receive much larger financial amounts from European funds for the implementation of
economic development programs. In Hungary, for example, almost all public
construction projects are financed by EU funds. In Greece it is the same. Or another
example: Romania contributed about 39.3 billion lei to the EU budget in three years
(2022, 2023, 2024). At the same time, in the 15 years since accession, the country has
received financial resources worth about 70 billion euros (euros, not lei) from
European funds for the implementation of various projects [11, p.99]. explained by
scientists and those working in this field — some of them have already been mentioned
above, but in practice EU membership has not affected the country.

It should be noted that when economic policy is conducted in the EU, respect for
democratic principles is ensured in the activities of the European institutions. The EU
has proven and is proving that it is the most viable integration organisation, the most
advanced form of integration. In its work, the EU relies on special institutions: the
Council of the European Union, the European Parliament, which I consider to be too
large in number (720 MEPs, elected in 2024), the European Council of Ministers, the
European Commission, the Court of Justice of the European Communities (ECJ), the
Court of Auditors, the European Central Bank, etc. There are also a number of EU
subsidiary bodies active in a specific area. Each of the institutions carries out its
activities on the basis of the treaties adopted by the member countries. In the author's
opinion, EU decision-making bodies must take concrete measures to make the work of
the administrative apparatus more efficient and reduce costs for this purpose.

The role of some EU institutions of an economic and financial nature. EU

Government. Traditionally, budget revenues include: a share of taxes on imports of
goods into the EU (up to 25%); VAT revenues (but not more than 50% of the GNI of
the member country); income from payroll tax for employees working in various EU
organisations, etc. Each Member State participates in the formation of the EU budget
with a share of around 1.3% of gross national income (calculated in 2018 prices), and

each country's share of total EU budget revenue is different [11, p. 11. It should be
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noted that of the total expenditure foreseen in the EU budget for the period 2014-2020
amounting to €1082 billion, 32.5% was allocated to the financing of cohesion policy
(€351.8 billion).€) and 67.5% to finance other policies: agriculture, research, foreign
policy, etc. (€730.2 billion). The EU's long-term budget for 2021-2027, together with
the Next Generation Recovery Instrument (NGEU), supports the recovery from the
COVID-19 pandemic and the EU's long-term priorities in various areas, provides for
funding of €2.02 trillion (in current prices) [18]. More than half of EU funding is
provided through 5 European Structural and Investment Funds: the European Regional
Development Fund (ERDF); European Social Fund (ESF); Cohesion Fund (CF);
European Agricultural Fund for Rural Development (EAFRD) and European Maritime
and Fisheries Fund (EMFF). During an economic and financial crisis or pandemic,
special funds are created.

Common policy of the European Union: general conclusions [11, p. 102-132].
The EU's economic policy is characterised by a better process of cooperation between
Member States in terms of procedures for harmonizing interests, reaching consensus,
developing and applying new forms of economic behaviour, etc. As an advanced form
of understanding, the EU demonstrates that institutional harmonisation is becoming
insufficiently effective, which necessitates the transfer of decision-making powers
from national level to the level of the EU institutions. At Community level, common
policies have emerged, developed and become more complex in response to the
growing interdependence between Member States' economies for a number of reasons:
mitigating the negative externalities resulting from the free functioning of the market
mechanism; establishing the rules for the functioning of the market by removing
obstacles of any kind to the free movement of factors; goods and services [3, p. 8-11;
4,p.7-11].

The European Union occupies a crucial place in the development of the world
economy and international economic relations. With 7.3% of the world's population,
the EU is the world's third-largest economy in nominal terms and purchasing power
parity (PPP). For example, in 2024, the EU's nominal GDP is estimated at US$19.34

trillion [16]. In addition, all 27 EU countries have a very high Human Development
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Index , according to the United Nations Development Programmetag. The EU
accounts for more than 14% of global trade in goods and services. The EU, China and
the United States are the three most important global players in international trade. In

2012, the EU was awarded the Nobel Peace Prize. Through its foreign and security

policy, the EU plays an important role in international relations and defence. The Union
has permanent diplomatic missions around the world and is represented at the UN,
WTO, G7 and G20.

The EU 1s working hard to overcome the economic crises caused by the COVID-
19 pandemic and to create conditions conducive to the development of a more
competitive economy with a higher level of employment. To this end, the EU, together
with the Member States, has developed and implements certain strategies. For example,
in recent years, the Europe 2020 strategy has been successfully implemented [11, pp.
132-135]. smarter, through more effective investment in education, research and
innovation; sustainable — by transitioning to a low-carbon economy; and inclusive —
by focusing on job creation and poverty reductiontag. Another example would be the
Sustainable Europe Strategy for Europe 2030, in which the UN Sustainable
Development Goals (SDGs) are a benchmark, a policy document that identifies the key
elements for the transition to sustainable development [17]. The objectives of the
strategy have been endorsed at the highest political level of the EU, providing a basis
for future policies and activities. The EU institutions and Member States, including
regional and local authorities, will work more closely together to ensure good
coordination and set targets to be achieved by 2030.

Below are some indicators of economic and social development in the member

countries of the European Union and their role in the world economy [14].

GDP (nominal): 2024 - $19,34 trillion dollars;

GDP (PPP): 2024 - $26,64 trillion dollars;

GDP per capita:2024 - $43,300(nominal); - $59,050 (PPC);
Export 8.705 trillion dollars (2021);

Import 8.037 trillion dollars (2021);

Inflation (CPI)) 7.5% (March 2022);

Average salary €2.792 per month (2021);
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Total FDI €5.2 Trillion $ (in appearance, 2012);
Gross external debt $13.05 Trillion $ (31 December 2014);
Total foreign investment A —€2,557.4 Billion; 17,5% GDP (2015);

Economic Assistance (Donations)  ODA, $87.64 Billion.

Cooperation of the Republic of Moldova with economic and financial
institutions [11, p. 154-184]. Aware of the realities of the system of international
economic relations, after the proclamation of independence, the Republic of Moldova
focused its efforts on promoting an active foreign economic policy. Since 1992, the
Republic of Moldova has become a member of the most authoritative international
financial and economic bodies. This marked the beginning of the country's self-
assertion on the international arena, allowed it to obtain profitable state loans and
credits, etc. Cooperation with the most important actors in the field of international
monetary and financial management (IMF, WB, WTO, EBRD, EIB, etc.) It is of
particular interest to any country, as they are called upon to accelerate the process of
harmonisation of international economic cooperation and the implementation of
consensus at regional level, having the opportunity to contribute in a timely manner to
the correct dissemination of global objectives on a macroeconomic scale. In this
context, the Republic of Moldova promotes active cooperation with the main
international and regional economic and financial bodies.

Relations of the Republic of Moldova with the IMF [11, p. 155-158]. The
International Monetary Fund is an international organization whose purpose is to
promote international monetary cooperation, promote the balanced expansion and
growth of international trade, as well as promote currency stability. The Republic of
Moldova became a member of the IMF on August 12, 1992, benefiting from the
financial assistance of this organization to support various economic programs and
policies of national authorities, as well as technical assistance in a number of sectors,
including monetary policy/central bank organization, monetary reporting system,
banking supervision, etc. Since 1992, the relations of the Republic of Moldova have
also carried out a good partnership activity with the World Bank (WB) group. The

World Bank advocates for better governance and transparency, supporting important
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reforms, investing in roads, energy, agriculture, schools, health facilities, thus
contributing to improving the living standards of citizens. During this period, in total,
more than 1.5 billion dollars have been allocated for over 70 operations in Moldova,
over the years a number of projects have been implemented, significant progress in
various fields, but the speed of reforms could be higher. The World Bank's current
program for Moldova includes 12 projects with a total commitment of US$650
million. Areas of support include regulatory reform and business development,
modernization of public services, tax administration, cadastral registration, education,
roads, health, agriculture, water, sanitation, and energy. Moldova for the period 2023-
2027, supporting the Government's efforts to transition to a new economic model well
aligned with the priorities of the National Development Plan of the Republic of
Moldova "European Moldova 2030" [11, p. 158-162].

Relations of the Republic of Moldova with the WTO [11, p.163-173]. The
purpose of joining the World Trade Organization was to accelerate the process of
integration into the world economy, which would allow the creation of a democratic
society with a market economy. On July 26, 2001, after 7 years of negotiations in the
GATT and WTO, the country became a full member of the WTO. The impact of
accession was extremely important from both an economic and social point of view.
Accession to the WTO, together with the European integration process, has become a
catalyst for economic transformation and reforms in the country, significantly
increasing trade in goods through reduced tariffs, minimal trade barriers and
predictable regulations. The trade structure has also improved due to the policy of
export diversification, both in terms of partners and types of products. Accession to the
international trading system within the WTO has also contributed to the economic and
resident development of the country. In recent decades, the geographical orientation of
the country's foreign trade has changed significantly, becoming predominantly EU-
oriented. At the same time, there is an alarming situation in this area, for many years

imports have significantly exceeded exports of goods and services (Table 1).
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Table 1. Foreign trade of the Republic of Moldova in recent years.

EXPORT Uniunea Other IMPORT | Uniunea Other
Year . . CSI i ere . CSI )

($ million) | Europeana countries | ($million) | Europeana countries
2000 A471.5 35,05% 58,56% 6,39% A776.4 53,22% 33,46% | 13,32%
2010 | A1.541.5 47,29% 40,48% | 12,23% A3.8553 44,20% 32,60% | 23,20%
2015 | ¥1.966.8 61,90% 25,03% | 13,07% A 3.986.8 49,01% 25,53% | 25,46%
2020 | A2.467.1 66,5% 15,2% 18,3% A5416.8 45,3% 24,1% 30,6%
2023 | A4.048.6 65,4% 22,2% 12,4% AB.673.7 48,3% 18,6% 33,1%

Source: Author's Ela based on NBS data from the Republic of Moldova.

Relations of the Republic of Moldova with the EBRD [11, p.173-175]. The
European Bank for Reconstruction and Development is an international organization
whose purpose is to support the economic development of the countries of Central and
Eastern Europe, the Southern and Eastern Mediterranean and Central Asia, as well as
to disseminate the principles of a market economy, to encourage private initiative and
entrepreneurship. The Republic of Moldova became a member of the EBRD on 5 May
1992. is €30.01 million. During this period, the republic has received and continues to
receive financial support from the EBRD. Since joining the Republic of Moldova, 163
projects have been implemented, with a total investment of over 2 million euros. The
EBRD will provide financial support for the modernisation of rail infrastructure by
providing a loan of €23 million in two instalments over a period of 15 years.

Cooperation between the Republic of Moldova and the EIB. The European
Investment Bank is interested in developing cooperation relations with the Government
of the Republic of Moldova [11, p. 176-179]. In recent years, the Republic of Moldova
intends to focus on infrastructure development projects, and in this regard, the role of
the EIB is important in implementing these objectives of the government. Currently,
10 EIB projects are being implemented in the Republic of Moldova, with a budget of
over €423 million.For example, EIB Global will invest €41.2 million in the
rehabilitation of Moldova's railway infrastructure. It should be noted that since the
start of its activities in Moldova in 2007, the EIB has allocated more than €1.19 billion
to 33 projects, supporting EU policy objectives in the following sectors: transport,
energy, small and medium-sized enterprises, agriculture, municipal infrastructure [11,

p. 176-179].
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In the Republic of Moldova, a number of projects are also implemented with the
financial support of other international and regional economic and financial
organizations, such as: the United Nations Development Programme (UNDP), with
which it works in almost 179 countries and territories; The Food and Agriculture
Organization of the United Nations (FAQ), which in recent years has provided support
and assistance to Moldova through 15 projects worth about 2 million dollars and in
5 other regional projects, our country was also a beneficiary; USAID (United States
Agency for International Development), which contributes to the consolidation of the
Republic of Moldova as a competitive and democratic European country, contributing
to the country's economic growth.

Republic of Moldova in regional and cross-border cooperation [11, p.186-
200]. In the country's foreign policy, regional cooperation is an additional dimension
of the European integration agenda as an integral part of economic diplomacy. The
Republic of Moldova, being at the crossroads of several regional structures, has
actively participated in a number of international organizations and initiatives in recent
years — the Council of Europe, the United Nations Economic Commission for Europe,
the Eastern Partnership with the EU, the Black Sea Economic Cooperation
Organization, regional cooperation with South-Eastern European countries, cross-
border cooperation, etc. The Black Sea region is a subject of priority interest, in the
long term, in the country's foreign policy. In 2007-2013, a total of 40 joint projects
with partners from the Republic of Moldova were financed within the BSEC. Another
example of regional cooperation is the interaction of the GUAM countries (Georgia,

Ukraine, Azerbaijan and the Republic of Moldova). Initially, there were five states

(including Uzbekistan) with the name GUUAM. However, in reality, the work of this
regional structure leaves much to be desired. At the same time, it should be noted that
from the very beginning the Russian authorities and experts had a negative attitude
towards GUAM, seeing in it a threat to their interests, very much wanting to maintain
political control in the region through very specific methods. cross-border cooperation

structures within the Euroregion with Romania and Ukraine.
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Moldova — candidate for EU accession; EU accession procedure has begun.
With the implementation of the Association Agreement, the liberalization of the visa
regime and the gradual integration into the EU internal market, the Republic of
Moldova is effectively integrated into the European political and economic space. On

28 November 1994, the Partnership and Cooperation Agreement (PCA) was signed.

The next step was the adoption of the European Neighbourhood Policy Action Plan,
adopted in February 2005. replaced by the Association Agenda agreed on the basis of
the Association Agreement between the Republic of Moldova and the EU.

It 1s worth noting that, due to the political instability in the republic, at certain
stages these cooperation relations were not maintained at the appropriate level. With
the election of Mrs. Maia Sandu as president of the country in 2022, everything
changed radically. European integration remains the main and irreversible objective of
the internal and external agenda of the Republic of Moldova. In recent years, a number
of important events have taken place in support of the European pathway. On May 21,
2023, the Grand National Assembly was held in Chisinau with the participation of tens
of thousands of people, at which the resolution on the European integration of the
Republic of Moldova — "European Moldova" — was presented; On June 1, 2023, the
Republic of Moldova hosted the European Political Community Summit, attended by
about 50 leaders from Europe, where the topics of European security, cooperation and
energy issues were discussed.

In 2014, the Republic of Moldova, together with all EU member states, signed the
Association Agreement, on June 23, 2022, the European Council granted the country
the status of candidate country, and on December 15, 2023, the EU decided to start
accession negotiations with the Republic of Moldova, and Ukraine decided to hold a
referendum to objectively establish the citizens' wishes regarding the country's
integration process into the European Union.

Summaries and conclusions

International economic integration is a special form in international economic
relations. The process of international economic integration can be considered as a

qualitatively superior method of economic cooperation between countries, which is

ISSN 2663-5712 48 www.sworldjournal.com


http://eur-lex.europa.eu/legal-content/RO/TXT/PDF/?uri=CELEX:21998A0624(01)&from=EN

B
SWorldJournal Issue 31 / Part 1 \Qp)

carried out in different forms on the basis of certain agreements. This usually requires
a transition period to make the necessary adjustments between partner countries.
Currently, there are more than 20 international integration economic associations in the
world, which include the main regions and continents of the globe (NAFTA, CELAC,
MERCOSUR, APEC, G7, G20, EU, BRICS, SCO, CIS, UVEA, GUAM, etc.). The EU
considers itself the most advanced form of integration, being a political and economic

union of 27 member states. A special role in the development of the international

economic integration process is played by the economic and financial bodies of the
United Nations (IMF, IBRD, WTO, etc.), transnational companies and various other
international and regional organizations.

In 2014, the Republic of Moldova, together with all EU member states, signed the
Association Agreement, on 23 June 2022, the European Council granted the country
the status of candidate country, and on 15 December 2023, the EU decided to start
accession negotiations with Moldova and Ukraine. In October 2024, a referendum was
held in the republic, where the majority of the population voted in favor of Moldova's
integration into the EU. The main task is to successfully conduct these negotiations, in
order to ensure the implementation of the tasks set to promote the necessary reforms in
our country. It is necessary to strengthen the country's society in order to successfully
secure its path to EU membership. Deepening the country's integration into
international and regional economic structures and, first of all, its integration into the
EU is aimed at economic development and improving the living standards of the

population.
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Anomauis. Ilpusedeno xapaxmepucmuxy CmidHux 600, a MAKO*C MeXHON02itl ma 00NAOHAHHSL
ona ix ouuwenns, saki ecmanoenreni Ha TEC, oonycmumux KOHYeHmpayitl WKIOTUSUX DedOBUH,
XapaxkmepHux 01 eHep2emuyHoi 2any3i neped ckuoauHam y goootimu. CKiao nepepaxo8aHux cmokis
pi3Hull ma eusHavyaemovcsa munom mennosux erekmpocmanyiv (TEC) ma ocnosHozo obraonanns,
BUOOM NAIUBA, CKAAOOM BUXIOHOI 800U, cnocobom eodoniocomosku. Ilposedeno anpobayitini
00CNIONCeHHA 3 OYUWEeHHA OOMUBANbHUX CMOKI6 3  2i0p03010y1061108a4a 34  (i3uko-
eIeKMPOXIMIYHOI MeXHO02iE. Bemanosneno niosuwenns cmynens oduwyeHHs CMoKié Qizuxo-
enekmpoximiyHoro ouucmkoro 0o 91,2-95,2% 3a nokasnuxom XCK.

Knrowuosi cnosa: cmiuni 600u, Qizuko-ei1eKmpoximiuHa ouucmed, Cmyniib OYULeHHs.

Berym.

AHTpOIOreHHa Mirpailisi XiMIYHUX €JIEMEHTIB CTajla OCHOBHUM (DaKTOPOM 3MiHU
HABKOJIMIITHBOTO cepenoBuia. HaaxoMxeHHs XIMIYHUX €JIeMEHTIB B HaBKOJUIIHE
cepenoBuiiie 6ubie HXK y 100 pa3iB mepeBUIye TPUPOTHHHN MPOIIEC.

B 3B’sa3ky 13 30UIBLICHHSM BHUPOOHUIITBA €JEKTPOSHEprii, M00yBaHHSA W
nepepoOku HadTH, Ta3y i BYT1/UIsI, BAPOOHUIITBA METAJIIB, IIEMEHTY, JOOPUB Ta IHIIINX
OPOAYKTIB XIMIYHOI MPOMHUCIOBOCTI, arMmocdepa 3a0pyTHIOEThCS IIBUIKUMHU
temnamu. Il{opiuHO B CBITI cHamiOeTbest 7 MIpPA. TOH YMOBHOIO TajuBa
MPOMHUCIOBUMHU, EHEPTeTUYHUMH Ta IHIIUMHU 00’ektamu [l], komIuiekcamu, Ta
BUKUJIA€THCS TTOHA MIJIBAP]] TOHH 3BAXEHUX 1 Ta30MOIOHUX JOMIIIIOK, 110 3aB/Ial0Th
€KOJIOTTYHMX 30UTKIB JOBKULIIO Ta €KOHOMIYHUX BTpAT CyCHIILCTBY. 3a ocTaHH1 100

pokiB B aTMochepy nmoTpanuio 1 MiH. TOH KpeMHio; 1,5 MiH. ToH mum'sky; 0,9 mMiH.
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TOH KOOaJIbTy Ta 0araTo IHIIUX IIKIJTMBUX PEYOBHUH. 3apa3 B aTMocdepl 3HaXOAUTHCS
Maibke 20 MJIH. TOH 3BaXEHMX 4YaCTUHOK. 3Ha4Ha 3a0pyAHEHICTh aTMocdepu
MPUBOANTH JI0 30UTBHIIICHHS 3aXBOPIOBAaHb JIOACH Ta 3HIKCHHS O10J0TI4HOT
akTUBHOCTI ¢uiopu ¥ ¢aynu. HaiteekTUBHIINIUM METOJIOM 3aXHUCTy IOBITPSHOTO
OaceitHy Bl 3a0pyJHEHHS IIKiJJIMBUMU PEYOBUHAMH €  BIIPOBAKCHHS
NEPCTIeKTUBHUX  OE3BIAXOIHUX  PECypco-eHepro30epiralounx  TEXHOJIOTTUHUX
MPOIECIB 13 3aMKHYTUMHU BHUPOOHWYUMHM IUKIaMU. Taki TEXHOJOTi J03BOJISIOThH
BUKJTFOYUTH 200 CYTTEBO 3HU3UTHU BUKUM MIKIJIMBUX PEUOBUH B aTMochepy. OmHak
11€ HE 3aBXK/I1 TEXHOJIOTTYHO MOXKJIMBO 1 €KOHOMIYHO JOIIILHO. ToMy JiJis OLIBIIOCTI
MIIIPUEMCTB OUUIIICHHS Ta3iB € OJTHUM 13 3aX0/11B 3aXUCTY aTMOC(EPHOTr0 MOBITPS Bij
3a0pyaHeHHs. 111 BUpOOHUIITBA eJEeKTPOeHEeprii MOoTpiOHA BeTrnue3Ha KUIbKICTh BOAH
JUTSI BUKOPUCTAHHS TIPAKTUYHO Ha KOXKHOMY €Talli IPOIeCy, BiJi CUCTEM >KHUBJICHHS
KOTJIa JI0 OXOJIOJ)KYBaJIbHUX KOHACHCATOPIB 1 MIJUIMIHUKIB JO CKpyOepiB
3a0pyIHIOIOYUX peuoBWH. YncTa BOJla BaXKJIMBA HE TUIHKU MPU MPUHOMI, ajie 1 IpH
BIIXO/l. 3aKOHOAABCTBO TMPOJOBKYE PO3BUBATHUCS, MOCHIIOIOYM OOMEKEHHS Ta
3MINIYIOUX MOMUT y O1K HYJOBOTO CKHMJaHHS pinuHu. lle o3Hadae, mo iHHOBAII B
OUYMIIICHH] BOJU JJISI €JIEKTPOCHEPTETUKHU 301JIBIIYIOThCSI.

3riIHO 3 aHAII30M TEHJEHI[IN, TOMUT Ha BOIy 3pocTe Ha 55% uepe3 3pOoCTaHHs
HACeJICHHS CBITY, a IMOMUT Ha eJIEKTPOeHeprito 3pocte Ha 45 tpnH kBt-rom, abo
npubau3Ho Ha 44% Oinbiie, Hik y 2018 pomi. Ile cTBOproe nuineMy, Koju
€JICKTPOCTaHIIII 3aJeXaTh BIJl BOAW JJII BUPOOHHUIITBA YMCTOI eHeprii. Bimmosias —
nepeoBa TEXHOJOTIS B MOEAHAHHI 3 JOCBIAOM, 100 3HAWTH PO3YMHII, YUCTIII
crocobu 30epekeHHs Ta TMepepoOKH BoJU, 100 3a70BOJIBHUTH TOTpeOU B
EJIEKTPOCHEPTIl I €JICKTPOHHOTO CBITY, IKUH CTa€ BCe OUTBII OB’ I3aHUM.

BupoOHUIITBO €1eKTPOEHEPTii € OTHUM 3 HAMOUTHIINX TPOMHUCIOBUX CIIOKMBAYIB
BOJIM, OUIBIIICTh BOJY BUKOPHUCTOBYETHCS JJIA OXOJO/KeHHs Ha wmicii. [lopsan 3
OXOJIO/KYBAJIBHOIO BOJIOIO, KOTJIM Ta CHUCTEMH JeCysb(ypusaiii IUMOBHX Ta3iB
(FGD) abo cucreMdM MOKpPOrO OUMIICHHS TAaKOXK CHIPUSIOTH 3arajbHOMY
BHKOPUCTAaHHIO BOaW. Yepe3 BeIUKHN 00cCAT HEOOXITHOI BOJM €JICKTPOCTAHIIIT

3a3BUYail pO3TAIIOBYIOTh MOOIN3Y NPUPOJHUX JLKEPEI BOJIU, TAKUX K PIUKH, /1€ BOHU

ISSN 2663-5712 53 www.sworldjournal.com



YR

2 A
SWorldJournal Issue 31 / Part 1 6{%\5

MOXKYTb 3a0MpaTH BOJY B CTaHIIIO JJIsl BUKOpUCTaHHsA. Heouniliena abo HE10CTaTHRO
OUHMIIIEHA BOJA MOXE CHPUATA €po3li Ta TMOUIKOKEHHIO OONagHAHHS IS
BUpOOHMIITBA Tapu. HeanekBaTHO OYMINEHI BHKUIAU CTIYHHX BOJ MOXYTh
MOPYIIYBAaTH €KOJIOT1YHI HOPMH. 3aBISKH TEPEAOBUM TEXHOJIOTISIM HOBI PIIICHHS
PEBOJIIOLIIOHI3YIOTh CIMOCIO OYMILEHHS, MEPEepOOKH Ta MOBTOPHOI'O BUKOPUCTAHHS
BOJI JIJIsI BUPOOHMIITBA YMCTOI BITHOBIIIOBAHOI €HEPTi.

Cucremu BOJIONIATOTOBKH — 1€ BXKIUBUM €1€MEHT Oyb-SKOT0 MiIMPUEMCTBA Y
chepl EHEPreTHKH, OCKIIbKM caMe SKICTh BOAHM, 10 BHUKOPHUCTOBYETHCH,
0e3nocepeIHbO BIUIMBAE HA JOBTOBIYHICTD 1 MPOAYKTHUBHICTH POOOTH .

OCHOBHHUII TEKCT.

Ha mignpuemctBax TEC, Boma micisi 0XOJOKEHHS KOHACHCATOPIB TypOiH i
OXOJIOJKYBauiB MOBITPS 3a3BUYall HECe TaK 3BaHI TEIJIOBI 3a0pyAHEHHS, OCKUIBKH ii
temriepatypa Ha 8-10 °C Bume TemmepaTypu BOAW Yy BOAOKEpeNi. Y MEIKUX
BUITAJIKaX BOJIA IO OXOJOJKYE, MOXKE MPUBHOCUTH B MPUPOJHI BOJAOWMH CTOPOHHI
pedoBUHM. |15 3HMKEHHS PiBHS 3a0pyIHEHHS IPYHTY Ta IPYHTOBUX BOJI HA TETIOBUX
€JIEKTPOCTAHLISAX OyIM MOOyAOBaHI JOKAJIbHI OUYMCHI CLIOPY/IH.

Hpyruii cnocid 3HUKEHHS PIBHS 3a0pyJHEHHS MOJsrae B 300pi CTIYHMX BOJ Y
CIeIIaIbHO CTBOPEHI EMHOCTI 3 TIOJAIBIIIAM OYHUIIIEHHSM 3a JIOIIOMOT'O0 BiJCTIHHHKIB
1 GuTbTpiB, B AKUX AK (UIBTPYIOUMA MaTepial BUKOPUCTOBYETHCS AHTPAIUT a0o
aKTUBOBAHE BYT1JLIA.

VY cyuacHOMy CBIiTI mpobsiema 3a0pyTHEHHS CTIYHUX BOJ € OJHIEI0 3 HAMOLIBII
aKTyaJIbHUX Ta CKJIQJHUX JJis BUpieHHs. [y 30epekeHHs €KOJIOT1YHO1 CTIMKOCTI Ta
3MEHIIECHHS BIUIMBY Ha MPHUPOIHE CEPEOBUIIE BHHUKAE MOTpeda B PO3BUTKY Ta
BIPOBAHKCHHI HOBUX METOJIIB OUMIIEHHS CTIYHUX BO/I.

[TapanenbHO 3 OYMINEHHSM BOAM BUHUKAE MHUTAHHS 3MEHILECHHS BIIXOIIB,
30KpeMa IIaMiB BOJOOYMIIEHHS Ta 30JH, fKi YTBOPIOIOTHCA B IIpOlieCci. IxHe
edeKTUBHE MepepoOsIeHHSI MOXKE CTaTU JOJIaTKOBUM JIKEPEJIOM KOPUCHHUX PECypCiB
abo eHeprii, cOpusiioud 3MEHIICHHI0O HeraTuBHOro BIUIMBY TEC Ha HaBKOJIUIIHE

CepeIOBHILIE.
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OCHOBHMMH METOJAMHM OYHIICHHS BOJHM €: MEXaHIYHE OYHUIIEHHS, XIMIYHI —
abcopOriiiHe Ta ajacopOIliiHe OYMINCHHS, YJIbTPa3BYKOBE, OCMOTHYHA OYHCTKA,
MarHiTHE OYMWINECHHS, a TaKOX EJEKTPUYHI, $KI BKJIIOYAIOTh IPOIECH
eJIEKTPOKOaryJisiiii, enekrpoduorairii [2]. EnekTpoxiMiuHe OUMIIIEHHS BUKOPUCTOBYE
CJICKTPUYHHUM CTPYM JJIs 10HI3allli pO3UHHY, 110 MOKE TOTIOMOTTH PO3UYMHUTHU TBEP/l
BIJIKJIQJICHHS HA METAJICBUX MOBEPXHIX TPYOOMpPOBOIIB Ta 00JaAHAHHS 1 YTBOPIOBATH
KOaryJisiiiHi Ta QoTaiiiiHi XiMIYHI CTIOJTYKH .

VY ino3emHii myOumikarii [3] mpoaHami30BaHO AEKUIbKA TEXHOJIOTIN OYHUIICHHS
CTIYHUX BOJ, IO BKJIIOYaIOTh (i3uWyHI, XiMIyHI Ta OloJjoriudi meToau. HamemeHo
Cy4YacHUH CTaH PI3HUX ICHYIOUYMX METO/1B OUUILICHHS CTIYHUX BOJ| Ta IXHI OOMEKEHHS.
Bunineno Hemomiky pi3HOMAHITHUX HASIBHUX TEXHOJIOT1M OYMINEHHS CTIYHUX BOJ Ta
cydacHi TeHJeHIIli y cepl OUnIeHHs CTIYHUX BOJI.

CriyHi BOAH, AKI MICTATh MIHEpaJIbHI KUCIOTH a00 JIyTH, NMepea iX CKUIaHHAM y
OPUPOJHI BOJOWMM abo0 Tepe]] MOBTOPHUM BHUKOPUCTAHHSAM Yy TEXHOJIOTTYHUX
mporiecax mijaarTh HelTpami3aiii. [[pakTHuYHO HEHTpaTbHUMH BBAYKAKOTHCS BOJIU K1
MmaroTh 3HadeHHs pH 6,5-8,5. [lns meliTpamnizaiii KUCIOTHUX BOJ| BUKOPUCTOBYIOTH
CIOJIYKM OCHOBHOI'O XapakTepy, a HeWTpami3auli JyXKHUX BOJ — KHUCIOTHOIO
xapaktepy. Bubip Mmeroy HeiTpamizaiii 3ajeXuTh Bi1 00’ €My 1 KOHIIEHTPAIIi1 CTIYHUX
BOJ, a TaKOX BiJ CHocoOy iX yTBOpPEHHs, HasgBHOCTI 1 BapTocTi peareHtiB. [Ipu
peamizaiiii 3axoiiB 3 HEWTpamizalli CTIYHUX BOJ 3 YTBOPEHHSM OCAaJIB CIIiJ
BpaxoByBaTH iX XapaKTep, TOKCHYHICTh Ta MOXJIMBI BapiaHTU iX 3aCTOCYyBaHHS B
MOAAJIBIIOMY.

B ITT® HamionanpHoi akamgemii Hayk [4], po3pobieHO OaraTolijboBY
aepariitHo-okucIoBaIbHY ycTaHOBKY (AOPT) poTtopHOTrOo THMy, MO TMpaIfoe 3a
METOI0OM IUCKPETHO-IMITyIbcHOTO BBeAieHHs eHeprii (JIIBE). Lls yctaHoBKa 103B0osIsI€
MPUCKOPUTH MIBUAKICTH TEIJIO- Ta MaCOOOMIHY XIMIYHUX peakiUiid y BOAl Ta BOJHUX
cuctemax Ha 25-30 %. lle mae MOXIUBICTh CKOPOTHTH TPHUBAIICTh MPOLECIB
OYMINICHHS, 3HU3UTH €HEProCIOKUBaHHS y 2-3 pa3u Ta BUTpaTH peareHTiB Ha 20-25
%. YcranoBka AOPT BHKOPHCTOBYETHCS ISl OUMINECHHS CTIYHMX BOJ Bij| 3aiii3a,

Maprasifto, CipKkOBOJHIO, BYTJIEKUCIIOTO ra3y, Cyjab(daTiB Ta HITPATIB.
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B yHiBepcuTeTi po3po0JICHO TEXHOJIOTIIO 1 JIOKAIbHY YCTaHOBKY OYMILICHHS
CTIYHHUX BOJI pi3HHMX 00’ €KTIB, a TaKoX (uIbTpaty nojiroHis TIIB 3a TexHomoriero, ska
BKJIFOYAa€ Tporiecu  (hi3UKO-CIICKTPOXIMIYHOTO OYMINECHHS 3 BUKOPHUCTAHHSIM
e(heKTUBHOTO yCTaTKyBaHHs [5]. 3acToCyBaHHS BIIOBITHOTO METOLY OYHUIIICHHS BOAU
3aJICKUTh Bl KOHKPETHUX YMOB €KCIUTyarallii, CKJaay BOAU Ta OCOOIMBOCTEH
obonannannuss TEC. KowmOinamist pi3HUX METOMIB Moke€ OyTH BHUKOpPUCTaHA MJis
JOCSITHEHHSI ONITUMAJIbHUX PE3YJIbTaTIB.

3a maHUMU JepXKaBHOI cTatucTWyHOi 3BITHOCTI 3a ¢. 2-TIT [6] B 2022 p.
rocrojlapcTBaMy Ta HaceJeHHsAM oOiacti 3adpano 76,038 miaH.M3 BoaM, B T.4. 3
noBepxHeBuX BoaouM — 70,049 muH.M3 |, 3 migzemMHux mxepen — 5,990 muH.M3 BoM.
[TopiBasiHO 3 2021 poxom 3a6ip Boau 3MeHImUBCs Ha 14,999 mima.M3 . Y 2022 pori y
MOBEPXHEB1 BOAHI 00’ €KTU 00JacTi CKUHYTO 55,048 MIH.M3 , 3BOPOTHUX (CTIYHUX)
BoJ, 1m0 Ha 9,09 % menme, Hix y 2021 porri.

[lepenik 3a0pyIHIOIOUUX PEUOBUH 1 (PaKTHUHA CepeHs] KOHLIEHTpALis, MI/aM3:
3aBucii pedoBuHu 14,607; cynedatu 250; xmopuau 30; BCKS 1,53; XCK 26,36;
Ha¢ronpoayktu 0,25.

Hns edextuBHOro oumiieHHs cTiuHMX Boa TEC mnpoBeneHo ampooOarriiiHi
JOCTIIKEHHS! OUYUIICHHS (P13UKO-ENEKTPOXIMIYHIUM METOIOM.

[Iporiec 06pOOKHM BOTHUX CEPEIOBUII Y 3aIIPOIIOHOBAHOMY €IEKTPOTPUCTPOi [7]
B11I0yBa€ThCsl HACTYIMHUM YMHOM. CTi4HA BOJIa MTOCTYIIA€ B MIXKEJIEKTPOIHUN MPOCTIP
Ta MiJJA€THCA 3a MEBHOT HANIPYTH, 10 MOJAETHCS HA €IEKTPOAH, 0OpOOIIl mpH pi3Hiil
IIIIBHOCTI CTPYMY 32 PaXyHOK 3MIHU BIICTaH1 MiXk €JICKTPOJIaMH 1 TIJIOII iX TOBEPXHI.
Takuit mpucTpiil Ja€ 3MOTY 3MIHIOBATH 3apsiJl YaCTOK 3a0pY/IHEHb, 10 CIIPUYHHSIE iX
3MUNIAHHS, a JIeSK1 PO3UMHH1 3a0pyIHEHHS IEPETBOPIOIOTHCS Yy TBEP/A1 HEPOZUUHHI, SKi
BIIIUIAIOTBCS TOTIM Y BIJACTIMHUKY 4YH 1HIIOMY amapari, Hanpukiaa QiisTpi.
[Toka3HWKM CTIYHOI BOJM BHW3HAYAIW 3TIAHO 31 CTAaHAAPTHUMH METOJIUKAMH,
3okpema XCK 3rigno 3 [8].

JlocmiDKeHHST MPOBOAMIM Ha JIA0OpaTOpPHIM YCTAaHOBIIl 3a METOJUKOO, IO

onKcaHa HH)KYe, a CXeMa YCTAaHOBKH IIPUBEJIEHA HA PUCYHOK 1.
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Pucynok 1 - Cxema 1a00paTopHOi YCTAHOBKHU 3 OUYUIIEHHS CTIYHUX BOJ: EMHICTH
(1, 1A) nas cTivHOl BOAU, ejieKTponpucTpiii-1 (2, 2A), BiACTIiHHUK 3 NOXWIHMHA
miomuHaMu (3), EMHiICTB 300py LIIAMY BOJXOOYHIEHHS (4), eJIEKTPONIPUCTPiii-2
(5), pinbTp-ancopodep (6), eMHicTh 115 300py ouMIeHOI BoaH (7), 1xepesio
cTpymy (8) 3 BUnpsAMIISAYEM.

Iocepeno: [7]

OuuieHHs CTIYHUX BOJ BiJ 3aBUCIHMX BiIOYBA€ThCS Y BIICTINHUKY 3 MTOXHIUMU
IUIOUIMHAMHM B SIKOMY JIETK1 3aBHUCI MiTHIMAIOTHCS Y BEPXHIO YACTUHY BiACTIMHHKA 32
PaxyHOK Ta3iB €JIEKTPOJi3y, K yTBOPIOKOTHCA MPU €IEKTPOOOpOoOIli CTIYHOT BOJIU B
(2) 1 30uparoThcsi 3 MOBEPXHI BOAM BIABITHUM KOJIOOOM y €MHICTH 300py HUIamy
BOJIOOUHIIICHHS (4), a cepe/IHl 1 BaXKi 3aBUCI MIC/IS KOHTAKTY 3 MTOXWJIOK TIJIOIIMHOKO
CIIOB3aI0Th JI0 HIJKHBOTO K0JIO0Y Ta MOCTYIMATh Y €MHICTh (4). 3 KIHII€BO1 YaCTUHHU
BIIII vacTKOBO OYHMINEH] CTOKU MPOTIKAIOTh Yepe3 APYTHil eIeKTponpucTpiii-2 (5),
7ie B1I0YBA€ThCSI OKMUCHEHHSI PO3YMHHUX 3a0pY/THEHbD.

Pe3ynpTaT OuMIEHHS CTIYHUX BOJ BiJ 3aBHCIUX 3a JOTOMOTOIO MOMEPEIHbOT
00pOoOKH B €NEeKTPONpPUCTPOi-1 mepes ropu30HTAIBHUM BIACTIHHUKOM 3 MOXWJIMMU
ommuHamu (I11T) 3 monepenHporo e1ekTpoodpooKoro 12-24B HaBeeH1 y TabuIll 1.

Ha ocHOBI BuIlle NpUBENECHUX pPE3YyJbTATIB AOCIIKEHb, BCTAHOBJICHO, IO
eJIeKTpOooOpOOKa CTIYHUX BOJI IIEPE] MPOTIKAHHSAM iX Yepe3 TOHKOIIAPOBUM BIICTIMHUK
BIUIMBA€E HA CTYMiHb OYMILEHHS CTIYHHUX BOJ, OCKUIBKH YTBOpPEHI MIKpOOYIbOAIIKU

OKCHUT€HY Ta TiJIporeHy (JIOTYIOTh H/I y BEPXHIO YaCTUHY BIJICTINHUKA, /€ BOHH 3
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MOBEPXHI BOAM BIIIUISIOTBCA TEepes] MEPEeIMBOM Ha TrpeOHl. 3MiHA KyTa Haxuiy
MOXWJIMX TUIONIMH Yy TOHKOIIAPOBOMY BIJICTIMHUKY, SKWWA BHUCTABISUIA MMiJ PI3HUM
KyTOM HaxwWwily BIUIMBa€ HAa BMICT 3aBUCIMX HACTYITHUM YWHOM: 3a KyTa HaXWITy
roxwnux mromuH 30°—84,1-89,9 %, 45°— 82,7-89,5 % 1 60°— 81,5-88,2%. Lle MmoximnBO
MOSICHUTH T1IPOJUHAMIKOIO TIOTOKY BOJAM, OCKUIBKM 32 MEHIIOTO0 KyTa HaxHIy
TJIONIMHYU 3aBHCIII HE BCTUTAIOTh CIIOB3TH BHU3 JJI BUXONY Y IIJIAMOHAKOMUYYBay, a
YaCTKOBO 3MHUBAIOTHCA 3 TUIACTUHU MOTOKOM BOJIH, IO 30UIBIIYE iX KUIBKICTh IMICIIS

BIJICTIMHHUKA.

Taoaunda 1 — [loxkazuuku ounmeHus oomuBaabHuX crivaux sog TEC

ITokaszHuku ITokasnuku ctiyaux | I[loka3HUKHM CTIUHUX '
CryniHp
[IpoGa BOJ J10 OYUIICHHS, | BOJ MICJIsi OUMILICHHS,
ouHIeHHs ,%
CTIYHOT BOJHU Mmr/am> MT/ M
pH | 3aBucm | XCK | pH | 3aBucni | XCK | 3aBucni | XCK
1 72| 146 | 263 | 1| 236 | 55 | 769 | 79,1
3
7,1 114 | 21574 214 1,9 82,0 | 91,2
5
7,2 146 | 263 | 7,3 1,05 1,5 89,1 94,3
7
7,3 12,5 254 | 7,1 1,13 1,2 90,9 95,2
9
7,2 15,6 | 28.1 | 7,2 1,5 2,5 88,3 94,6

Aemopcwvka pospodka

BcraHoBieHo, 10 AKICTh CTIYHMX BOJ MiABHINYEThCS 3a MokasHUKoM XCK
BHACIIJIOK 3MCHINEHHS B HUX MIKIJJIMBAX KOMIIOHEHTIB, SIKI BUIIUISIOTHCS TPHU
enektpoduoTamii Ha | erami OYMINEHHS Ta EJIEKTPOOKUCICHHS PO3YMHHHUX
TOKCUYHHMX KOMITOHEHTIB Ha I eTari, 1o BriiMBae Ha y3araibHeHu# mokasHuk XCK,
KU BKa3zye Ha 3a0pyTHEHHS CTIYHOT BOJIH.

Jlns  migBuieHHs €(GEeKTUBHOCTI 3alpONOHOBAHOI TEXHOJIOTIl TUIAHYEThCS
MPOBECTU JIOCIIKEHHSI 1 PO3poOUTH aBTOMAaTU3aIll0 (HI3UKO-CICKTPOXIMIYHOIO

MPOLIECY OUUIIEHHS CTIYHUX BOJ.
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BucHoBkwu.

1. OuwumieHHs CTIYHUX BOJ TMONIMHAJIBHUM PO3YMHOM Ha TEIUIOBHUX
enektpoctaniisix (TEC) € HemocTaTHRO €(PEKTHBHMM METOJOM JJisi 3MEHIIICHHS
3a0pyIHEHHSI CTOKIB, 1110 BILIMBAE HA HABKOJIUIIIHE CEPEIOBUIIIC.

2. Tlokasuuk XCK mnpu ouMieHHI CTIYHHX BOJ 3a (13MKO-€IEKTPOXIMIYHOIO
TexHoJoTier ckianae 91,2-95,2%, ocKkiIbKU 3MEHITY€ETHCS BMICT 3aBUCIIHX Ta 1HIINAX

3a0pyIHEHbD.
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Abstract. The characteristics of wastewater, as well as the technologies and equipment used
for its treatment at thermal power plants (TPPs), are presented. The permissible concentrations of
harmful substances typical for the energy sector before discharge into water bodies are outlined. The
composition of the listed wastewater varies and depends on the type of thermal power plant, the main
equipment, the type of fuel used, the composition of the source water, and the water treatment method.
Pilot studies were conducted on the treatment of water from a hydraulic ash collector using a physico-
electrochemical technology. It was found that the degree of wastewater purification using physico-
electrochemical treatment increased to 91,2-95,2% based on the COD (Chemical Oxygen Demand)
indicator.

Keywords: wastewater, physico-electrochemical treatment, purification degree.
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Abstract. The article proposes an automated control system for the sorting process of fruit and
vegetable raw materials with fast algorithms for analyzing the shape of raw materials to isolate poor-
quality samples from the general flow with monitoring energy consumption. The automated complex
allows you to form optimal values of control influences to improve the quality of the initial product
with minimal energy consumption. It is proposed to implement energy consumption control to
increase the energy efficiency of production using control and measuring devices in the form of a
microcontroller (sensors) and a converter to achieve sustainable development goals. Built-in sensors
allow you to monitor energy consumption in real time and predict possible changes.

Keywords: sorting, automation, energy efficiency, renewable energy sources, control and
measuring equipment, fruit and vegetable raw materials, food industry.

Introduction. The food industry plays an important role for the world's

population, but at the same time it is the largest consumer of energy, which is needed
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at all stages of the food chain directly for production, processing and transportation.
As is known, food systems account for about 30% of total global energy consumption.
About a quarter of all energy is consumed at the production stage, 45% — for food
processing, 30% — for retail trade, food preparation. During the processing and storage
of raw materials, energy is used for processes such as drying, cutting, grinding,
cleaning, including cooling and other forms of processing before distribution, which
are very energy-intensive [1]. Therefore, one of the primary tasks of the food industry
is to solve the problem of significant total energy consumption. Reducing specific
energy consumption should be in line with the concept of the «European Green Deal»
and contribute to making production resource-efficient and cleaner. Accordingly, in
modern conditions, it is necessary to use alternative energy sources, which will play a
decisive role in energy consumption during such energy-intensive operations as drying,
grinding, cleaning, and cooling of food raw materials.

Main text. Modern development of the food industry is characterized by the
introduction of intensive technologies, among which automation tools occupy one of
the leading places. They allow monitoring and optimization of technological processes
in real time and predicting potentially expected results [2]. To achieve sustainable
development goals, energy consumption is monitored to improve energy efficiency in
production. The growing demand for food, coupled with fluctuations in fossil fuel
prices, has prompted the search for environmentally friendly alternative energy
sources. The feasibility of using renewable energy sources in the food production
process will help reduce the use of traditional energy in the context of the energy crisis
and the increase in demand for fossil fuels. Recently, much attention has been paid to
innovative green energy technologies in the food industry:

— solar energy, namely solar panels — a device that absorbs sunlight and converts
it into electrical energy, which is stored in solar batteries attached to the panels;

— wind energy, namely the use of wind at industrial facilities, is becoming a
popular trend, as such energy is one of the most affordable and clean;

— automation tools that improve raw material quality control monitor energy

consumption to improve energy efficiency.
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One of the key positions of the sustainable development strategy is to minimize
the impact of the food industry on the environment. New technologies open up
opportunities to modernize existing equipment by integrating artificial intelligence into
production processes, using automated quality control systems and implementing
energy-efficient solutions. In today's conditions, enterprises are forced not only to
ensure the safety and sustainability of technological processes, but also to constantly
improve their economic efficiency and implement innovative technologies to reduce
the consumption of water, energy and other resources. A significant effect can be
achieved by improving automated process control systems with the inclusion in the
structure of the system of an intellectual component of a mathematical apparatus
operating on the basis of fuzzy logic algorithms, neural networks, etc.

Automation of technological processes will reduce the amount of waste, improve
quality control of raw materials. For fast and high-quality, sorting, less labor-intensive
modern technologies have been created, such as machine vision systems. This method
is based on obtaining an image of samples, analyzing the images, comparing them with
the standard and making a final decision on accepting or rejecting the samples [3].
Using machine vision systems and image processing methods, it is possible to classify
plant materials by size, shape and color. Conduct a selection of unsuitable samples that
do not meet quality criteria (green skin, sprouts, mechanical damage) and impurities.
Among all the sorting criteria, shape is one of the main indicators, since damage and
cuts during harvesting and processing add additional types of shapes. Therefore,
reliable automatic control systems are needed to increase the speed of production and
improve the accuracy and efficiency of the sorting process of plant materials.

Recently, many studies have been devoted to improving sorting processes, using
various technologies and highlighting the most important characteristics by which the
sorting process can be carried out: by shape [4], by size [5]. However, there is a need
to improve the recognition of not only external defects (green skin, sprouts, bruises,
mechanical damage), but also internal defects (black core, water core, frost damage,
internal cavities). Among all the most important characteristics by which the sorting

process is carried out, is the shape of the object, since damage and cuts during
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harvesting and processing can add additional types of shapes. Therefore, it is relevant
to develop a generalized structure of the visual control system of the flow of plant
materials on the sorting device using technical means and technologies for digital
image processing. Analysis of the shape of the object based on machine vision systems
and identification of samples that do not correspond to the specified shapes for
extraction from the sorting device with monitoring of energy consumption through the
use of control and measuring equipment.

An automated control system for the sorting process of fruit and vegetable raw
materials with fast algorithms for analyzing the shape of raw materials to isolate low-

quality samples from the general flow is proposed (Figure 2).

- .
E — original image; L, — set of

points of observed image

fragments; H,, G, — set of points
from a stream
Figure 1 — Generalized structure of the visual control system for the flow of fruit

and vegetable raw materials
Authoring

Figure 1 shows: I —video camera, 2 — system for converting video into a sequence
of photographic images; 3 — system for improving image quality; 4 — image object

recognition system; 5 — initial interface of the system.

Using video camera /, a video signal is generated that transmits the dynamics of
the movement of objects entering the field of view of the video camera. To increase

the area of the section of the flow of objects monitored by the video camera, its optical
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axis is located at a certain right angle to the plane of movement of the conveyor belt.
Based on the video signal, converter 2 generates a sequence of raster images
corresponding to the frames of the input video signal. Changes in the characteristics of
the flow, ambient air, technological and random factors cause distortion of
photographic images. The function of improving the quality of images is implemented
by the corresponding system 3. After removing distortions and noise, the images are
sent to the data recognition system 4.

The automated complex allows you to form the optimal values of control
influences to improve the quality of the output product with minimal energy
consumption. It is advisable to control energy consumption using control and
measuring equipment in the form of a microcontroller (sensors) and a converter [6].
The system of control and measuring instruments used for measurements has an input
in the form of the actual value of the measured quantity, and the output in the form of
the measured value of the variable. To achieve sustainable development goals, it is
necessary to control energy consumption to increase energy efficiency of production.

An automated system for controlling the sorting process of fruit and vegetable
raw materials with fast algorithms for analyzing the shape of raw materials for isolating
poor-quality samples from the general flow with monitoring energy consumption using
control and measuring equipment is proposed. The automated complex allows you to
form optimal values of control influences to improve the quality of the initial product
with minimal energy consumption. It is advisable to control energy consumption using
control and measuring equipment in the form of a microcontroller (sensors) and a
converter.

Summary and conclusions. It is noted that, the food industry plays an important
role for the world's population, but at the same time it is the largest consumer of energy,
which is needed at all stages of the food chain directly for production, processing and
transportation. During the processing and storage of raw materials, energy is used for
processes such as drying, cutting, grinding, cleaning, including cooling and other forms
of processing before distribution, which are very energy-intensive. Therefore, one of

the primary tasks of the food industry is to solve the problem of significant total energy
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consumption. Reducing specific energy consumption should be in line with the concept
of the «European green deal» and contribute to making production more resource-
efficient and cleaner. Accordingly, in modern conditions, it is necessary to use
alternative energy sources, which will play a decisive role in energy consumption in
the process of such energy-intensive operations as drying, grinding, cleaning and
cooling of food raw materials.

It is believed that, to achieve sustainable development goals, energy consumption
must be controlled to increase energy efficiency of production. An automated control
system for the sorting process of fruit and vegetable raw materials with fast algorithms
for analyzing the shape of raw materials to isolate low-quality samples from the general
flow is proposed with monitoring of energy consumption through the use of control
and measuring equipment in the form of a microcontroller (sensors) and a converter.

They allow for real-time control of energy consumption and forecast potential changes.
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Abstract. The task of finding an optimal solution for a known binary fuzzy choice relation is
considered. An iterative algorithm is used, in which the functions of generation and selection of
solutions with several branches of the evolutionary search are successively implemented. The
generation function is built, mostly, regardless of the content of the task. The selection function is
built using a selection procedure, depending entirely on the problem being solved. The resulting
information is used to guide the search process, making it understandable for guided machine
learning.
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Introduction.

Solving multicriteria optimization problems requires the use of artificial
intelligence methods. There is a significant number of works devoted to multicriteria
optimization, for example [1,2]. These works develop the use of genetic algorithms and
swarm optimization, which use a large number of modifications of these algorithms.
At the same time, the use of universal approaches to solving optimization problems
with binary choice relations, which is the subject of this report, has not received
sufficient development.

Main text. Let us state the problem.
It is necessary to find a solution X €€ so that %517 and for all ¥ €€ and so that

*Riy it is fulfilled %Y and *Rss¥ | Let us create new binary relation Ry that takes

into account limitation in the form of binary relation as follows:

XRgs5y = XRg Y A XRgy Y A XR (1)

Let us represent the original choice relation (1) in the form
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XRyoy = xRy A XRg;, , 2)
where
XRyy = xR,y A xRy, 3)

It 1s this general case (3) of multicriteria optimization that is described in [3].
According to [3] the evolutionary search is represented in form

Xy = S (G(X;k_1))a k=1, 29] =1,2,..,N,

Ry . . . .
where 5~ X) _ selection function as blocking function
S5 (X) = {x e X|Vy e[X\S™ (X)), yﬁsx}
and X, — the set of selection solutions according to the binary choice relation R, and

choice function as blocking function at the iterate step & for the branch j of evolutionary

search, ~N,— the number of branches.

A numerical example of an evolutionary search using the boxing function is given
in [3].
To jointly take into account binary choice (1), we present the evolutionary search

J— RSS 5 —
algorithm in the form K = Sy, (S(G(X 1)), =1,2,...7~ L2,..N,

b

It 1s this general case (2) following our previous studies it is considered here a

1 2
x= {x , X ,...,x"}

problem of finding a solution *o € Q from elements , so that VxeQ,

YoRsx where %s- known binary relation that is a relation of non-strict preference.

We will consider the decomposition

where % — the set of preferred solutions according to the binary choice relation Rs at

the iterate step k for the branch j of evolutionary search, Nb _ the number of branches.
Evolutionary search looks like:
X =SCX)) j =Ny joy 2, @)

S(X) _

where function of choice in the form:
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S(X)={xe X|vy e[ X \S(X)], xR, |

, )
N

We shall assume that set S(X) contains the concrete number of elements — 5.

For subset X, X =Q we denote the function of generation “(X) in the form
G(X)=xUG,(X)
GH(X)z{yeQ|EIxeX,yRGx,,uRG (x,y)>0} ©)

Rs _ relation R with attachment function *# (x.7) o Hrg (x,) Q2% Q= [0’1].

We shall assume that set G(X) contains the concrete number of elements — ~,..

Let us denote as s (x). upper section according to the relation Rs of the set Q.

Ry (x)={yeQ|yRSx}. )

Statement 1. If s (x) _ upper section according to the relation Rshave the

property:

Vx # x, mesRg(x)>0

R

where xo —is "S-optimal solution at the set €2,

foeGH(X)

and the function of generation satisfies a requirement 1 then

Vx # x, P{xH eRS*(x)}Z5>O

in this case for any *€Q, ** % there is a number K that for any # =X and for all

1N, X, © RS (x)

branches of the search /= with probability 1 a requirement will be met

, that proves convergence of the iteration process (4) with the probability that equals 1

R

s-optimal decision for all branches of evolutionary search J=LN,

to an
If relation (3) is the relation is a no strictly order relation, than the evolutionary

search is represented in form X, =S, (S, (G(X, )),j=12,....N,k=12,..

A specific application of the presented multicriteria optimization approach is
mathematical modeling of the operation of a pellet burner for a tubular gas heater [4].
As aresult of the experimental study, regression dependencies were obtained for three

output parameters YA, YCO, YNOx depending on three dimensionless input
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parameters. Using the methods of the theory of dimension and similarity, the modeling
problem can be reduced to the modeling of 5 dimensionless parameters (complexes):

I,=S,/S. I,=L, /L. I,=W/Y, /(L/S) .T,= (a)"". H5=(aN0X)°5

Regression dependencies in dimensionless form have the form:

S(I1,,11,,I1,)=0 : I, =w(I1,,I1,,IT;) : I, =n(1,,IL,,I1;) )

The obtained dependencies for the output functions make it possible to solve
problems of optimization of input parameters. Of course, it is of interest to provide
conditions

[M14—min, [15—min, YA—min. (8)

Conditions (8) correspond to the formulation of the multicriteria optimization
problem (1) and can be solved using the described approach. Numerical solutions of
algorithm (4) was showed fairly good performance of the evolutionary search.

Summary and conclusions.

Algorithms for finding solutions with multiple binary relations have been
considered. Two approaches to solving multicriteria optimization problems have been
developed: 1- construction of the integral binary choice relation, which is based on the
initial binary choice relations; 2 - realization of the solution search procedure in the
form of sequential selection, first by the first binary choice relation, and then by the
second binary choice relation from those solutions that passed the first selection. The
above approaches are useful for parametric optimization of tubular gas heaters.

The results of the calculations prove that the algorithm of evolutionary search has
a sufficiently good performance in solving problems of fuzzy modeling of tubular gas

heaters.
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Anomauyia. B cmammi npedcmasieHo KOHYenyiro OUHAMIYHOI MoOeni 6azamopienesoi
asmenmucpixayii. (DMAA), saxa nponowye iHHOBayitiHui nioxio 0o 3abe3neyeHHs Oe3neKu
Kopucmyeauie y yugposomy cepedosuyi. Asmop 0ocniodxcye npobiemu mpaouyiiHux memoois
asmenmuixayii, wo uYacmo euUMa2arms KOMHPOMICY MIJC pPIGHeM 3aXUCMy ma 3PYYHICIIO
BUKOpUCMAHHA. 3anponoHosana mooeib 0a3yemvcsi HA HNOEOHAHHI NOBEOIHKOB020 AHANI3ZY
KOpucmyeaua, KOHMeKCMHOI OYIiHKU pU3UKI8, A0anmueHoi bazamopisHesoi nepesipku ma Mexanizmie
IHMEPaKmMuHO20 HaB4YAHHS O CMBOPEHHS NEPCOHANIZ08AHOI cucmemuy asmeHmugikayii.

DMAA suxopucmogye HeupoHHi mepedici 015 aHani3y NOBediHKOBUX NAMEpPHI8, MAaKux 5K
OUHAMIKA 86€0€HHsL NAPOJISL, XAPAKMEPHI PYXU MUWL Ma CMUIb 83aEmo0ii 3 inmepeticom. Ha ocrosi
OMPUMAHUX OAHUX cUCmeMAa OPMYE 0emanbHull Npopins KOpUcmyeaya i 3acmoco8ye areopummu
MAWUHHO20 HABYAHHA OISl BUABNEHHSA AHOMAIIL, WO MONCYMb CUSHANIZY8AMU NPO NOMEHYIUHI
3aepo3u. Badxciueum acnekmom mooeni € KOHMEKCMHA OYIHKA PU3UKIG, AKA 6PAX08YE 3MIHHI
napamempu, Makxi SK MICYE3HAXOO0NCeHHs, MUn NPUCMPOIO, Mepexcedi YMOo8U ma uac O000uU.
Bukopucmanna bBavieciecokux mepesc 1 Mapkoscokux npoyecié 0036011€ NpPOSHO3Y8AMU
ULMOBIDHICMb 3A2P03 HA OCHOBI AHANIZY NOCIO08HOCMI Oill KOPUCTYBAUA.

Ocobnusicmio moodeni € NepcoHani308anUll PigeHb 3AXUCTY, AKUL OUHAMIYHO KOPUZYEMbCSL
3QNeAHCHO BIO0 OYIHEHO020 PpIBHA pU3uKy. Y pasi eusnenieHHs aHOMANbHUX Oill ab0 30inbUeHHs
LMOBIpHOCII  3a2pOo3U  cuUcmeMa Modce ABMOMAMUYHO 3MIHIO8AMU CHOCIO asmeHmuikayii,
HANpuKiao, nepexooayu 6i0 CMAHOAPMHO20 6X00y 3 napoiem 00 OazamopakmopHoi
aemenmuixayii i3 3anyueHuam Giomempuunux Ooanux. Kpim moco, 3acmocysanus ceHemudHux
aneopummie 00360JI5€ onmuMizyeamu napamempu 6e3neku 01 3MEHUIeHHS KIIbKOCMI XUOHUX
CnpayboBy6aHb.

DMAA makooc mae mexanism IHMepakmugHo20 aO0ANMUEHO20 HABYAHHSA, WO NOKPAWYE
MOYHICMb PO3NI3HABAHHA KOPUCM)YBAUYi8 HA OCHOGI icmopuyHux Oanux. Lle 0ozeonsic cucmemi
ehekmusHiule pea2ysamu Ha 3MIHY NOBEOIHKU KOPUCMYBAYA, MIHIMIZYVIOYU PUSUKU MA NIOBUUYIOYU
3aeanvuull  pigensv 3axucmy. Heuimxa 1nocika BUKOpUCMOBYEMbC O aHANi3y cumyayii i3
HEBUZHAUEHUMU PUSUKAMU, WO CHNPUSE SHYUYKOMY Ni0X00y 00 asmeHmugbikayii O6e3 HAOMIpHOT
acopcmrxocmi  cucmemu. Kpim moeo, eadxciusum KOMHOHEHMOM € 360POMHUL 36 130K 13
Kopucmygauem, AKuii 0038015€ iHopmysamu 1lo2o0 npo NOMEHYIlHI 3a2po3u ma peKomMeHOy8amu
000amKo6i 3ax00u Oe3nexu.

3anpononosana ounamiyna modenv 6azamopienegoi asmeHmu@ikayii € 3HAYHUM KPOKOM Y
PO36UMKY CUCMEM 3aXUCmy Yupposux niam@opm, ocKilbKu NOEOHYE BUCOKUL piGeHb Oe3neku 3
Komghopmmoio 63aemodicio Kopucmyeaua. Ii 6nposadicents 003601UmMb 3HAYHO 3MEHUUMU PUSUKU
HeCaHKYioHOB8aHO20 O00CMYNy, 30epicaiouu 600HOYAC BUCOKY epeKmusHicms ma 3pyYyHicCmb
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suxopucmanus. Lla moodenv 0yde KOpuchoro O pPO3POOHUKIE NPOSPAMHO20 3a0e3NedeHHs,
cneyianicmig i3 Kibepbeznexu ma ananrimuxie UX-0usaiiny, aKi npasHyms cmeopumu Oiibus 3axXunyeti
ma eHyuKi cucmemu agmeHmuixayii.

Knrwouoei cnosa: ingpopmayiiina 6e3nexa, 3pyunicms npocpamHo2o 3a06e3nedents, OUHAMiuHa
Moo0enb, asmeHmupixayis.

Beryn

CyuacHi TeHaeHuii B kibepOe3mneli 3Ha4HO BIUIMBAIOTH HA MPOLIEC CTBOPEHHS
nporpamHoro 3adesneueHHs (I13), ske mae OyTH 3pydHUM Ta JOCTYITHHUM JIJIsl BCIX
KOpHCTYBadiB (¥03a0UTITi) Ta HaJaBaTH MPOCTOTY HaBirallii, MIBUIKE 3aBaHTAKCHHS
CTOPIHOK, 1HTYITHBHO 3po3yMuluii iHTepdeiic. ToMy BHHUKAIOTh HOBI1 3aBJIaHHA,
OCKUJIbKH PO3POOHUKH MPAarHyTh 3HAWTH OajlaHC MDK 3aXHCTOM JaHUX 1 3pYYHICTIO
BUKOPHUCTAHHS.

OnHi€r0 3 KIIFOYOBHUX TEHACHIIIN € 3pOCTaHHS BUKOPUCTAHHS IITYYHOTO 1HTEJICKTY
(IOI) mns anamizy moBemiHKA KopucTyBadyiB. Ili cucTteMu M03BOJSIOTH BUSBISTH
aHOMaJIil B PEKHUMI PEaJbHOTO Yacy, [0 MOXKE CBIIYMTH MPO MOTEHIIHHI 3arpo3Hu.
Boanouac, Taki TEXHOJ]OrIT MOXYTh aJanTyBaTH pIBEHb OE3MEKU 3aJeKHO BIJ
MOBEIIHKN KOPUCTYBayua, 3HIKYIOUH O0ap'epu JIJ1sl 3BUUARHUX J111 1 TOCUITIOIOYH 3aXHUCT
y pasi Mi103piJioi aKTUBHOCTI.

[HmIor0  BaXJIMBOIO  TEHACHINIED €  BIOPOBAPKCHHS  OaratoakTopHOI
aBTeHTU(DIKAIli, KA CTa€ CTAaHAAPTOM JJIsi O0araThoX JOJATKIB. XoOdYa II€ MiJBUIILYE
piBeHb O€3IeKH, BOAHOYAC TAKOK MOXYTh CTBOPIOBATUCH NMEBHI HE3PYUHOCTI IS
KOPHUCTYBa4iB, SKIIO MPOIEC aBTEHTH}IKAMII HE € 1HTYITUBHO 3po3yMmimum. I
BUPIILIEHHS 11€1 MpoOeMUu pO3pOOHUKHN aKTUBHO MPALIOIOTh HAJl CIIPOLLIEHHAM TaKUX
MIPOIIECIB, HAMPUKIIAJ, Y€pe3 BUKOPUCTAHHSI OIOMETPUYHHUX JAaHUX a00 OJHOPA30BHUX
KOJIIB.

3pocTaHHs NOMYJISIPHOCTI XMapPHUX TEXHOJIOT1H TaKOX BILTUBAE Ha KiOepOe3neKy
Ta 103a0umiTi. XMapHi cepBicH 3a0€3Meuyl0Th BHCOKHH PIBEHBb 3aXUCTy JaHUX, ajie
BOJIHOYAC BUMArarOTh BiJl KOPUCTYBA4iB PO3YMIHHS MPHUHITUIIB 0€3MEUYHOTO JOCTYITY.
Ile cTtumymtoe po3poOKy IHTYITMBHO 3pO3yMiIuX 1HTEp(EiciB, siki AOMOMAararTh
KOPHCTYyBadyaM JIETKO OPIEHTYBATHUCS B HANAILTYBaHHIX O€3MEKU.

Kpim Toro, aemani Ouibllie yBaru MNPUIUISETHCS 3aXUCTY KOHQIAEHIIHHOCTI

nanux. Hosi perynastopui Bumoru, Taki Ak GDPR, 3mymyiors kKommasii
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BIIPOBAKYBATH MIPO30P1 MEXaH13MU 300py Ta 00poOku nanux. L{e BrMBae Ha qu3aitH
JIOIATKIB, OCKIJIBKM KOPHUCTYBaul MOBHUHHI MaTH 3MOTY JIETKO KepyBaTU CBOIMHU
JaHUMH, [II0 BUMarae CTBOPEHHS 3pyUHUX 1 3p03yMUINX IHCTPYMEHTIB.

3arajioM, cydacHi TeHJeHIli B KiOepOe3meri ChpsMOoBaHI Ha i1HTErpario
NepeIoBUX TEXHOJIOTIH, K1 3a0€3MeYyI0Th BUCOKUN PIBEHb 3aXUCTY, HE KEPTBYIOUH
3pYUHICTIO BUKOpUCTaHHs. Lle cTBOpIO€ HOB1 BUKIIUKH JJIsl pO3POOHUKIB, ajie BOJAHOYAC
BIJIKPMBA€ MOXKJIMBOCTI JIJIsl IHHOBAIlM y AM3aiiHi Ta (yHKIIIOHAIBHOCTI J0JIaTKIB.

OCHOBHUH TEKCT.

PexomMenaiii o0 3aco6iB KOHTPOJIIO 1HGOpMaIliifHOi Oe3neku, kKibepOe3neku
Ta 3axucTy KoH(pigAeHIIHHOCTI Hajgae mixHapoauuil cranaapt [SO/IEC 27002:2022
[1]. Yloro OCHOBHOK METOI0 € JOMOMOTa OpTaHi3alisM BIPOBAJKYBATH HaiifHi
MexaHI3MH Oe3MeKd, SKI He JIUIIEe 3aXMINal0Th JlaHi, aje ¥ CHPHUSAIOTh 3PYYHOCTI
kopuctyBauiB. lle o0coOnMBO Ba}xJIMBO y KOHTEKCTI PO3pPOOKH MPOTPaMHOrO
3a0e3nedeHHsl, JIe¢ HEOOX1THO 3HAWTH OalaHC MK CTPOTMMU 3aX0JlaMU KiOep3axucTy
Ta KOM(POPTHUM KOPUCTYBallbKUM J0CBiIOM. CTaHAApT OXOIUTIOE TaKl acleKTH, SIK
YIpaBIiHHS JOCTYIIOM, Kpuntorpadis, 6e3neka nepconany, pearyBaHHs Ha IHIIUECHTH
Ta 3aXUCT KOMYHIKaIliil.

MUiKHApOJHUM CTaHIAPTOM, SKUM BHU3HAYA€ OCHOBHI MPUHIUIN 3PYYHOCTI
(r03a0111iTi) Ta MOTO 3aCTOCYBAaHHS B 1HTepakTHBHUX cucteMax € ISO 9241-11:2018
Epronomika B3aeMosii mroauHa-cucteMa [2]. BiH mosicHIOE, 110 103a0UTITI — 1€ He
MPOCTO XapAKTEPUCTHKA MPOIYKTY, & PE3YIbTAT HOTO BUKOPUCTAHHS B KOHKPETHOMY
KoHTeKCTi. CTaHAapT HaJla€ BU3HAUCHHS KIIFOYOBUX TEPMIHIB, TAKUX SIK €()eKTUBHICTD,
MPOJYKTUBHICT Ta 33J0BOJICHICTb KOPHUCTyBaua, 1 MOSCHIOE, SIK Il (aKkTopu
BIUTMBAIOThH HA 3arajibHY SKICTh B3a€EMO/Ii.

ISO 9241-11:2018 npomomarae po3poOHUKAM, IU3ailHEpaM Ta OpraHi3alisiM
OI[IHIOBATH F03a01IITI CBOIX MPOIYKTIB, BPaXOBYIOUH peaabHI YMOBH BHKOPHUCTAHHSI.
Bin HE MICTUTH KOHKPETHHX METOIB PO3POOKH, ajie IPOIMOHYE 3arajibHy KOHIICTIIIIIO,
gKa MOXe OyTH 3aCTOCOBaHa /10 PI3HUX THUIIB CHUCTEM, BKJIIOYAIOYM IpOrpamMHe
3a0e3nedeHHs, BeO-qoaTku Ta (izudHi npuctpoi. Llel cTaHmapT € BaXIUBUM JIs

3a0€3MEeUeHHS] 3pPYyYHOCTI KOPHUCTYBAdiB, OCKUIBKM BIH JIO3BOJISIE KOMIIAHIsIM
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CTBOPIOBAaTH MPOJYKTHU, SKI HE JIMIINE BIAMOBIJAIOTh TEXHIYHMM BHUMOTaM, a i
3a06e3neuyoTh KoMGOopTHY Ta eheKTUBHY B3aemMoit0. Bin OyB miaTBeppkenuii y 2023
pOLIi, IO CBIYUTH PO HOro aKTyalbHICTh Y CY4aCHOMY HH(POBOMY CEpEIOBHILI.

dyHIaMEeHTOM il 0araThOX MOCHIKEHb, 110 OKPECIIOE€ OCHOBHI MPUHIIMIIH
BIIPOBAKEHHS 3aX0/1B O€3MEKH Y )KUTTEBUH UK PO3POOKH 1HPOPMAIIITHUX CUCTEM
ciayrye pob6ora [2]. Bona mnpucBsueHa KOMIOHEHTaM 1H(opMaliifHOT Oe3neku
KHUTTEBOrO NUKITY po3poOku cucteMu (SDLC) 3okpemMa, po3riisiaroThes cTpaTerii s
3MEHILIEHHS PU3MKIB, IOB’SA3aHUX 13 3arpo3aMu, MpPU IIbOMY IiJIKPECITIOETHCS
BAKIJIMBICTh 1HTErpaiii 3axojiB Oe3neku Ie Ha etami ¢opMmyBaHHS BuUMor. lle
JI03BOJIsI€ OyMyBaTH CUCTEMH, IO BIAMOBIJAIOTH >KOPCTKUM BUMOTaM Oe3IeKH, ajie
pO3p0o0IIeH] 3 ypaxyBaHHSAM 3pyYHOCTI JIJIsl KOPUCTYBAUiB 1 JOCTYITHOCTI.

ABTtopamu po0otu [3], o onyOaikoBana HarioHanbHUM IHCTUTYTOM CTaHAApTIB
1 TexHosorii (NIST), po3risgaeThcsi BAXKIUBICTD IHTETPAITli 3aX0/1iB 0€3MEeKH Ha BCIiX
eTarnax >KMTTEBOTO IHMKIY PO3poOKH cucTeMu. BoHM HarosjomrymoTh, mo Oesneka
MOBMHHA OYTH HEBIJI’€MHOIO0 YaCTHHOIO IMPOIIECY, MOYMHAIOUM 3 IHILIAIll MPOEKTY,
aHayi3y BHUMOI, TIPOEKTYBaHHS, peaii3aiii, TECTyBaHHS Ta eKCIUIyaTalii.
[TinkpecnoeTbcs HEOOXITHICTh BpaXyBaHHS PU3UKIB Ta BIPOBAKEHHS BIIMOBIIHUX
MEXaHI3MIB 3aXHCTy III€ HAa PAaHHIX CTalisIX PO3POOKH, IO JIO3BOJISE 3MEHIIUTH
BUTPATH HA YCYHEHHS BPA3JIMBOCTEH y MallOyTHbOMY.

JIOKyMEHT TakoX BH3HAYa€ KIIOYOBI POJi Ta BiANOBIAANBHICTh YYaCHUKIB
MPOIIeCy, BKIIIOYAIOYM PO3POOHMKIB, aJMIHICTPATOPIB Ta KEPIBHUKIB MPOEKTIB, SKi
MMOBUHHI 3a0e3MeuyBaTH BIAMOBIIHICTh CUCTEMHU BUMOTaM Oe3neku. Oco0IuBy yBary
MNPUALICHO MUTAaHHSAM YIPaBIIHHA PU3MKaMH, OLIHLI 3arpo3 Ta BUOOPY BIAMOBIIHUX
3ax0MdiB 3axucTy. PoOoTa MICTUTH peKOMEHMAIlli 00 3aCTOCYBaHHS CTaHAApTIB
0e3MeKr Ta METOAOJIOTIH, SIKI JIOMOMAaralTh OpraHizauisiM e€(eKTUBHO IHTETPYyBaTH
0e3MeKy y CBOi MPOIECH pO3POOKH.

VY ormsagosiit crarti [4] mochimkeHi MyOumikaiii mpo iHTerpaiilo Oe3NeKOBHX
BUMOT B pO3poOKy mporpamMHoro 3abde3nedeHHss Po3risiHyTi meToau abo mojaeni, 1o
NpUAATHI 1JIs 1HTerpamii Oe3meku Ha BCiX abo Aeskux ¢azax KUTTEBOTO ITUKITY

PO3pOOKH TpPOTpaMHOro 3a0e3MedyeHHs, Ta JOCHIDKEHO, SKI 3 HHUX HaWOuIbIe
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PO3IIISIaI0THCS 00 ITHOPYIOTHCSA. ABTOPHU 3pOOMIIM OTJISIA JIsi MOYATKy CTBOPEHHS
METOJI0JIOT1, sSIKa 1HTErpyBaTUME METOU O€3IMEeKH B THYUKY PO3pPOOKY MpOrpaMHOIO
3a0e3neyeHHs, 110 JO03BOJUTh HEJOCBIIYEHUM pO3POOHHKAM CTBOPIOBATH OLIBII
Oe3neuHi nporpaMyu. BoHM BUIUIAIOTE HOBUM OE3MEUHUM KUTTEBUN LUK PO3POOKH
nporpamHoro 3a0e3neueHHs (S-SDLC), skuil Bupillye nmuTaHHS Oe3MeKHu Mia vac
PO3pOOKH TPOrpaMHOro 3a0€3MEUYCHHs; MOJENb 3pIIOCTI OE3MeKH MPOrpaMHOro
3abesneueHHs (SAMM), 110 € BIAKPUTOIO METOJIOJOTIE0, SIKa JT03BOJISE peati3alliio
CTpaTerii MoKpaimleHHs Oe3NeKH MPOrpaMHOro 3a0e3MeyYeHHsI; MPOLEeC >KUTTEBOTO
IUKITY PO3poOKH Oe3nmeyHoro mnporpamHoro 3abesneueHHs Makrpoy (McGraw
SDLC), sixuii nepeadayae ciM TOUOK JIOTHUKY; MPABUILHICTH 3a KOHCTpYKITieto (CbyC)
€ METOJIOJIOTIEI0, sIKa CIPSMOBAaHA Ha MIHIMI3aIlil0 PiBHA Ae(PEKTIB 1 MiJBUIICHHS
CTIMKOCTI 110 3MiH; Mojienb ViewNext, mo € rHyudkor amantaiiero S-SDLC, sxa
BKJIIOUa€e B ceOe HaWKpall MeToAu Oe3MeKd 3 BIJOMHUX MOJENeld pa3oM 3 1HIIMMHU
3aBIaHHSIMU OE3IEeKH, 3aCHOBAHMMHU Ha CIipajbHIA MOJENI, IHTerpOBaHI B 3BUYAlHI
KUTTEBI LUKIN po3poOKH IporpamMHoro 3adesneueHHs; Microsoft SDL Agile, o €
apanTariisi metogoJiorii SDL (Security Development Lifecycle), sika 3ocepemkxena Ha
iHTerpaiii Oe3neKku B KOXKHY 1TEpaIlilo MPOIEeCy THYYKOi PO3pOOKH MPOTPaMHOTO
3a0e3neyeHHs; Mojenb 3putocTi Oesmeku Building Security In Maturity Model
(BSIMM), sika BUKOPUCTOBYETHCS IJIsi OMHUCY MPAKTUK 1 MPOIIECIB MPOBITHUMU
opraHizaiisiMd Oe3MeKu MPOorpaMHOro 3a0e3neueHHs Jis po3pOOKHU, BIIOCKOHAICHHS
Ta MIATPUMKHA €PEKTUBHUX MpoTrpaM Oe3neku mporpamHoro 3abesmneuenns. BSIMM
30CEpE/KYEThCA Ha OIIHII mporpam O€3MeKd MpPOorpaMHOro 3abe3rnedyeHHs
opraHizaimiil IUIIXOM BHUMIPIOBaHHS iX 3puIocTi 3a 12 MNOWMPEHUMHU METOAAMHU
Oe3mneKu.

VY nmocnimpkeHHl [S5] po3risaaloThCs CLIEHApii aTak, Kl MOXYTh BIUIMHYTH Ha
0e3reKky mporpaMHOTo 3abe3nedeHHs. ABTOP HAroJjoIlye, 1Mo KOMITaHii TOBUHHI HE
nutie BrpoBapkyBat DevSecOps, a i akTUBHO 3aXMINATH CBOI KOHBEEPU PO3POOKHU
Bl TOTEHLUIMHUX aTak. BiH B pe3ynbTari aHamizy 3arpo3, MOB’S3aHUX 3
BuKopucTanHaM DevSecOps, 1oBoauTh, 10 caM (akTt BrpoBamkeHHs DevSecOps He

rapaHTye Oe3meKy.
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JlocsirHeHHs OanaHCy MK KiOepOe3neKoro Ta 103a01IiTi BUMarae KOMIIJIEKCHOTO
MIIX0Ay, IO BpaxoBye SK TEXHIYHI, TaK 1 IIOBEIIHKOBI AacCHEKTH B3aeMOJIl
KOpUCTyBauiB 13 cuctemMamu. OIHMM 13 KIIOYOBHUX TIIXOJIB € BHKOPUCTAHHS
aJanTUBHOI aBTeHTU(IKAIIlT, IKa 3MIHIOE PIBEHb MEPEBIPKU 3aJI€KHO BiJ KOHTEKCTY.

VY KOHIIeNTyalbHii MO/IEI IPONOHYETHCS 3aCTOCOBYBATH K1JIbKa MaTEMaTUYHHUX
Mozelnel. JIlnnamMiuaa mojaenab 6araTopiBHeBoi aBTeHTH(IKanii (DMAA):

1. Ilogedinkoeuii ananiz kopucmyeaua
« Buxopucrtanus HEHPOHHUX MepeX IS aHaJ3y MaTepHiB MOBEIIHKH (JUHAMIKa
BBEJICHHS MapOJIsi, PyXH MHUIII, B3a€MO/Iis 3 iHTEpdeiicom).
o MamrHHe HaBYaHHA ISl TOOYAO0BH MPOQUII0 KOPUCTYBaya Ta pO3Mi3HABaHHS
aHOMaJIii.
o 30ip 1aHUX Y PEKUMI pEIbHOTO Yacy JJIsl aHaII3y CTHIIF0 pOOOTH KOPHUCTYBaya.
2. Konmekcmna ouinka pu3uKxie
o BpaxyBanHsa QakTopiB, TakMX SK MICLHE3HAXOJKEHHs, MPUCTPIM, Mepexenl
YMOBH, 4ac J00H.
« baiieciBcbki Mepexi 715l IPOTHO3YBaHHS IMOBIPHOCTI PU3UKY.
o BuxopuctanHs MapKOBCBKMX TMPOIECIB JJis aHali3y IMOCIiJOBHOCTI i
KOpHCTyBaya.
3. Ilepconanizosanuil pigensv 3axXucmy
o JluHamMiuHe KOpPUTYBaHHSA pIiBHS aBTeHTU(]IKaIii: Bi OJAHO(PAKTOPHOI 10
6araTodaxTopHOi aBTeHTU(IKALIT 3aJIEKHO BiJl PIBHS PU3HKY.
o BuxopucrtanHa OioMeTpUYHUX JaHMX (BIAOUTKH TaibIliB, PO3IMi3HABAHHS
00JIMYYsl) TIPU BUSIBJICHHI MOTEHIIITHOT 3arpo3Hu.
o [T'enernyHi anropuT™MH Ul ONTUMI3ALlli TApaMETPiB 3aXHCTY.
4. Inmepakmuena adanmauyisn
o Cucrema camMOHaBYaHHS Ta TMOKPAIICHHA TOYHOCTI Ha OCHOBI 1CTOPHUYHUX
JTaHHX.
o BuxopucTanHd HEYITKOI JIOTIKM JJIsI aHaji3y CHUTyallli 3 HEBU3HAYCHUMU

PU3HKaMU.
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o 3BOpPOTHUI 3B'S30K 13 KOpHUCTyBaueM (HANpuUKIaJ, TOBIJOMIICHHS TIPO
MOTEHII1HI 3arpo3n).

[{s mMozenb 103BOJISIE CTBOPUTH THYUKY Ta aJalTUBHY CHCTEMY, SIKa BPaXxOBYE
1HIMBIAYyaJIbHI OCOOJIMBOCTI, TOTOYHUM KOHTEKCT Ta TWHAMIYHO HAJIAIITOBYE PIBEHb
3axXUCTy 0€3 HaJIMIPHOTO YCKJIaJHEHHS POLIEeCy aBTeHTU(IKAIIii.

BuchoBkmu.

VY pocnijpkeHHI TpeCTaBlIEHO KOHUENTYallbHYy MOJEIb, sfKa CHpsMOBaHa Ha
JOCATHEHHSI ONTHUMAJIbHOrO OajaHCcy MDK O€3MEeKOI0 Ta 3pYYHICTIO MPOTPaMHOTO
3abe3neueHHs. BoHa BpaxoBye KJIIOUOBI acHeKTH B3a€EMOIi KOpHUCTyBada 3
MpOrpaMHUM 3a0€3MeUEHHSIM, aHalI3y€ PU3UKHU Ta TMPOIMOHYE ONTUMI30BaHI PIIICHHS
JUTSI TapMOHIMHOTO TO€THAHHSA OE3MEeKOBUX 3aXOJIB 1 3PYYHOCTI BUKOPHUCTAHHSI.
OCHOBHI TPHUHIMIM MOJENl TIPYHTYIOThCS Ha aJalnTUBHOCTI Ta THYYKOCTI, MIO
JI03BOJISIE  PETYJIIOBAaTH PIBEHb 3aXHUCTYy BIAMOBIAHO 11O NOTPeO 1 KOHTEKCTY
BUKOpUCTaHHA. OKpIM IIbOTO, MOJENb CHpHsE PO3POOIN THTYITUBHO 3PO3YMLUIAX
iHTepdeiciB 1 MiHIMIZalii Oap'epiB y B3aeMOJli KOpUCTyBaya 13 3aXUCHUMH
MexaHI3MaMu. 3anpONOHOBAHHUM MiAX1/T MOXE CIYTyBaTH OCHOBOIO JUISI TIOJAJBIITUX
JOCIIKEHb Yy cepi kibepOe3neku Ta po3poOKU MPOrpaMHUX MPOAYKTIB 13 OUIBIIO0
OpIEHTAIlI€I0 HA OajaHC MDK 3aXHCTOM 1 3pYYHICTIO. Y MEPCHEKTHBI 1€ CIPUSITHME
MIJBUIIEHHIO PIBHA JOBIpM KOPHUCTYBadiB 0 MPOTpaMHOTO 3abe3medeHHs,

3a0e3neuyroun Horo e(heKTUBHICTh Ta Oe3IeKy 03 3aiiBOro yCKIaIHEHHS.
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Abstract. The article presents the concept of a Dynamic Multi-Level Authentication Model
(DMAA), which offers an innovative approach to ensuring user security in a digital environment. The
author explores the challenges of traditional authentication methods, which often require a
compromise between security levels and ease of use. The proposed model is based on a combination
of user behavior analysis, contextual risk assessment, adaptive multi-level verification, and
interactive learning mechanisms to create a personalized authentication system.

DMAA utilizes neural networks to analyze behavioral patterns such as password entry
dynamics, characteristic mouse movements, and interaction style with the interface. Based on the
obtained data, the system creates a detailed user profile and applies machine learning algorithms to
detect anomalies that may signal potential threats. An essential aspect of the model is contextual risk
assessment, which considers variable parameters such as location, device type, network conditions,
and time of day. The use of Bayesian networks and Markov processes enables the prediction of threat
probability based on the analysis of the user's action sequence.

A distinctive feature of the model is its personalized security level, which dynamically adjusts
based on the assessed risk level. If abnormal actions are detected or the probability of a threat
increases, the system can automatically modify the authentication method, for example, shifting from
standard password login to multi-factor authentication with biometric data. Additionally, the use of
genetic algorithms helps optimize security parameters to reduce the number of false positives.

DMAA also features an interactive adaptive learning mechanism that enhances the accuracy
of user recognition based on historical data. This enables the system to respond more effectively to
changes in user behavior, minimizing risks and improving overall security levels. Fuzzy logic is used
to analyze situations with uncertain risks, allowing for a flexible authentication approach without
excessive system rigidity. Additionally, an important component is user feedback, which helps inform
users about potential threats and recommends additional security measures.

The proposed dynamic multi-level authentication model represents a significant advancement
in the protection of digital platforms, as it combines a high level of security with a seamless user
experience. Its implementation will substantially reduce the risks of unauthorized access while
maintaining high efficiency and usability. This model will be valuable for software developers,
cybersecurity specialists, and UX design analysts striving to create more secure and flexible
authentication systems.

Key words: information security, software usability, dynamic model, authentication.
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Abstract. The energy efficiency features of the Energy Efficient Ethernet (EEE) technology and
the impact of transitions to the low power idle mode with subsequent return to the active state on the
frame transmission time of an Ethernet channel in EEE mode at different transmission rates
depending on the channel utilization are investigated. The operating parameters of the IEEE 802.3az
standard for various transmission rates are presented, as well as analytical expressions for
calculating the power consumption of the channel and the average frame transaction time in EEE
mode. Based on the calculations, graphs are constructed showing the power consumption of the port
in different operating modes and the average frame transaction time depending on the channel
utilization at different transmission rates. Conclusions are drawn regarding the impact of the energy-
saving mode on key performance indicators of modern Ethernet networks.

Key words: Industry 5.0, Energy Efficient Ethernet (EEE), IEEE 802.3az standard, Green
Ethernet, channel utilization, power consumption, frame transaction time, mathematical models.

Introduction.

The concept of Industry 5.0 focuses on the creation of intelligent and sustainable
systems in which energy consumption optimization plays an important role. In this
context, Green Ethernet technology becomes one of the key tools for reducing the
energy costs of network equipment, which accounts for more than 10% of the total
energy consumption of information systems [1]. The design and reengineering of
computer networks using energy-efficient solutions contributes not only to reducing
the environmental footprint but also to increasing the economic efficiency of the
infrastructure within the framework of the Industry 5.0 concept.

To reduce the energy consumption of Ethernet networks, the IEEE 802.3az
standard (Energy Efficient Ethernet, EEE) was developed [2]. When evaluating energy
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efficiency in EEE mode, it is necessary to take into account the operating parameters
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of the standard, which depend on the data transmission rate in the Ethernet channel and
the time required to transition from the active state to the Low Power Idle (LPI) mode
and back. These parameters determine the power consumption in the active mode and
low power mode, as well as the temporal characteristics of the transitions between these
states and the frame transaction time in the channel.

Presentation of the main material.

Typical parameter values of IEEE 802.3az operation for various data transmission

rates are presented in Table 1 [3].

Table 1 — Operating parameters of the IEEE 802.3az standard for various data

transmission rates

Parameter 100Base-TX | 1000Base-T | 10GBase-T
Time to transition to Sleep state, us 200 182 2.88
Time to transition to Wake state, us 30.5 16.5 4.48
Power consumption in Active state, mW 200 600 4000
Power consumption in LPI state, mW 20 60 400

The expression for the power consumed by a port in the standard operating mode
of the IEEE 802.3 standard (F;), taking into account that the power consumed in the
idle state is approximately equal to the power consumed in the active state, can be
written as:

Py =Py, (1)
where P, is the power consumed by the port in the active state.

The power consumed by the port in EEE mode depends on the proportion of time
the interface spends in each of its possible states [4]:

P = poffPLPI + PtraPa + PonPa (2)
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where p, ¢ r is the proportion of time the interface operates in the low power mode, pyq

is the proportion of time spent in the transition state between modes, p,, 1s the
proportion of time in the active mode, and P; p; is the power consumed in the low power
mode.

The average time that a port spends in LPI mode before the arrival of the next
frame, assuming an exponential distribution of inter-arrival times, is determined by the

following expression:

e—/lts

TOff = 1 ’ (3)

where A is the frame arrival rate, tg is the time required to switch the channel from the
active state to the low power state.
The average time during which the port transmits frames after transitioning to the

active mode, before returning to the LPI mode, is given by the following expression:

U —Ats
Tonzl_U<tS+tw+ 1 >r (4)

where U is the channel utilization, t,, is the time required to switch the channel from
the low power state to the active state.

While the channel is in the active state, it transmits frames from the queue.
Therefore, the proportion of time it operates in the active mode corresponds to the

channel utilization:

TOTl

Pon Torr + Ton +ts +ty, ()

Proportion of time the port operates in the LPI state:

Torr
PSS = Totr + Ton + 65 + by (6)

Proportion of time the port operates in transition states:

ts +t¢,

_ . 7
Ptra Torr + Ton +ts +ty 7)

Expressions (1) — (7) represent a mathematical model of the power consumption
of an Ethernet channel in EEE mode. Based on these expressions and the data from

table 1, calculations were performed, and the results are presented as graphs of the
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power consumed by the switch port for various data transmission rates (figure 1) —

(figure 3).
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Figure 1 — Power consumed by the port in different operating modes for the

100Base-TX standard depending on channel utilization.
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Figure 2 — Power consumed by the port in different operating modes for the

1000Base-T standard depending on channel utilization.
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Figure 3 — Power consumed by the port in different operating modes for the

10GBase-T standard depending on channel utilization.

The presence of transition phases between states in EEE technology leads to an

increase in frame transaction time.

The average frame transaction time is defined as [5]:

Tt(;vg = Pon " TtTin + Pofr ( Ttrrnin + s+ tw) + Ptra (Ttrrnin + ts); (8)
where T/ — minimum frame transmission time:
. Lg+ L
Tt = =——=+, (9)
Ve

where Ly is the frame size in bits, L, = 96 bits is the minimum interframe gap according

to the IEEE 802.3 standard, and V is the bit rate in the physical communication
channel.

Similarly, the calculations of the average frame transaction time were performed
based on expressions (3) — (9). The calculation results are presented as graphs showing
the dependence of the frame transaction time on channel utilization for various data

transmission rates (figure 4) — (figure 6).
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Figure 4 — Frame transaction time (1500 bytes) depending on channel utilization

in different operating modes for the 100Base-TX standard.
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Figure 5 — Frame transaction time (1500 bytes) depending on channel utilization

in different operating modes for the 1000Base-T standard.
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Figure 6 — Frame transaction time (1500 bytes) depending on channel utilization

in different operating modes for the 10GBase-T standard.

Conclusions.

The analysis of the presented graphs shows that the use of EEE mode at a data
transmission rate of 1000 Mbps becomes impractical when channel utilization exceeds
50%, since the power consumption is almost the same as in the standard operating
mode, while the average frame transaction time increases significantly compared to the
standard mode, leading to a substantial decrease in channel throughput. This is due to
the relatively large timing parameters of the IEEE 802.3az standard compared to other
data transmission rates. When channel utilization exceeds 50%, the port spends a
significant portion of time in transitional states between the active and energy-saving
modes, as a result of which the channel almost never enters the LPI mode.

For transmission rates of 100 Mbps and 10000 Mbps, the transition times between
the active and LPI states are negligible relative to the frame transmission time, which
makes it possible to reduce power consumption across the entire range of channel
utilization, with the energy-saving effect being most significant at low channel

utilization levels.
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Consequently, when designing networks using EEE, it is important to consider
not only the data transmission rate but also the level of network load in order to achieve

the best trade-off between energy savings and performance.
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Anomauia. /locniodceno ocobausocmi eumepeoedexmusnocmi mexuonocii Energy Efficient
Ethernet (EEE) ma eénnué nepexodigé 00 pedtCuMy 3HUINCEHO20 eHeP2OCNONCUBAHHA 3 NOOATbUIUM
NOBEPHEHHAM 00 AKMUBHO20 CMAHY HA 4ac nepedasanus kaopis 6 kanaui Ethernet y pescumi EEE 3a
PIBHUX wWeUuOKoCcmell nepedasanHs OaHuX 3aledcHO 6i0 3asanmadicenHs Kauany. Haeedeno
napamempu pooomu cmanoapmy IEEE 802.3az onsa piznux weuoxocmei nepeodasanHs, a maxkoic
AHANIMuyHi 8uUpasu Ol PO3PAXYHKY CHONCUBAHOI NOMYIHCHOCMI KAHATY Ma CepeOHbOo20 Udacy
mpanzakyii kadpy 6 pexcumi EEE. Ha ocnogi po3paxynkié noOy0osawo epa@iku cnodcuamoi
NOMYHCHOCII NOPMY 8 PIZHUX PEHCUMAX POOOMU MA CEPEOHbO20 Yacy MPAH3aKYii Kaopy 3a1eHCHO
8I0 3A6AHMAICEHHS KAHANY 30 PI3HUX WEUOKOCHel nepedasanHs. 3poOieHO 8UCHOBKU OO0 6NIUBY
eHep2036epiearnyo2o pexcumy Ha KIYo8i NOKAZHUKYU NPOOYKmueHocmi cyuacHux Ethernet-mepeorc.

Knrouosi cnosa: Inoycmpis 5.0, Energy Efficient Ethernet (EEE), cmanoapm IEEE 802.3az,
Green Ethernet, 3a6anmasicenns KaHay, eHepeoCnoNCUBAHHA, YAC MPAH3AKYIL KAOpY, MamemMamuyHi
Mooeii.
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Anomauia. B cmammi po3zenadaemvca numanHs pospobKu 3pyuHo20 ma yHKYIOHANIbHO20
MOOINbHO20 3ACMOCYHKY, WO 3a0e3neyye YAPAGuiHHA HA2A0Y8AHHAMU NPO CE0EUACHE NPULLMAHHA
niKie. Pozenamymo ocnoeni acnexmu npeomemuoi obaacmi, 0OIPYHMOBAHO 6UOIp MeXHON02I,
peanizoeano @yHKyionan 000amka ma HNposedeHo Uo2o mecmyanus. Lle O0ozeonse He nuwe
NpoOeMOHCMpY8amu  OOCASHYMUU pe3yibmam, a U Haoamu pekomeHOayii 01 Nooaibulo2o
800CKOHANEHHS NPOOYKmY. B npoyeci npoexmyeanus 3acmocogy8anucs wupoxko 6UKOPUCmMo8y8ami
mexHono2ii, 30kpema, mosa npozpamyeanus Kotlin, ¢petimeopx Jetpack Compose onsa cmeopenus
inmepgeticy kopucmysaua 3 suxopucmanuam Material Design 3, Jetpack Compose Navigation ons
opeanizayii Hasieayii, a maxoxc ORM Room ons pobomu 3 6azoro Ooanmux. B pezyromami 6ys
3anpoOnoHOBaAHUL Ma anpodo8anutl MOOLILHUL 000aAMOK, WO 3abe3neuye 3pyuHull iHmepgelc,
dyHKyionanbHicme 01 YNpaeiiHHs 2papikom ma Ha2ady8anHAMU, d MAKONC HAOIliHe 30epelceHHs.
O0aHUx Kopucmyeaua.

Knrowuosi cnosa: modinvnuti oooamox, Kotlin, Jetpack Compose, Jetpack Compose Navigation,
Material Design 3, ORM Room, MVVM, OkHTTP.

Beryn.

CygacHU#l PUTM KHUTTSI CTABUTH TEpe] JTIOANHOI0 0arato 3aBAaHb, CEPEl SKUX
BAXJIMBE MicClle 3aiiMae MiJITPUMaHHS BJIACHOTO 3A0poB's. Jljig 1boro HeoOX1THO
JTOTPUMYBATHCh PEKOMEH IAIIIH JIIKapiB, SIKIIO 1€ HE0OX1THO, 30KpeMa, MpUNMaTH JIIKU
3a BcTaHOBIeHUM rpadikom. [IpoTe depe3 BenuKy KUIbKICTH CIpaB 1 3000B'si3aHb
Oarato JIr0JIel CTUKAIOTHCS 3 TPYIHOIIAMHU Y BIICTEXKEHH1 Yacy npuitMaHHsI JikiB [1].

Po3BUTOK MOOUTEHUX TEXHOJOTIA JO3BOJISIE 3HAYHO CIPOCTUTH IIEH MPOIIEC.

3aBasKM CHeniajgi3oBaHUM J0JIaTKaM KOPUCTYBadl MOXKYTh 3pYYHO IJIaHYBaTH CBiif
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rpadik, OTpUMYBAaTH HaraJAyBaHHS Ta KOHTPOJIOBATU MpPUHAMAHHA MEIUYHUX
npernapatiB. Taki 1HCTPYMEHTH HE JHIIE MiABUILYIOTh JUCIUIUIIHOBAHICTh, a U
CHPUSAIOTH MOKPAIIEHHIO AKOCTI XKUTTA [1].

MeTorw pobOTH € CTBOPEHHS (PYHKIIOHAIBHOTO MPOrPAMHOrO MPOAYKTY, IO
3a0e3nedye 3pydyHICTh Yy KOPUCTYBaHHI, HAMIMHICTh 1 BHCOKHH pPIBEHb
IHTepakTUBHOCTI. Pe3ynbTatn po3poOKM MOXKYTh OyTH KOPUCHUMHU SIK IS
IHIWBIAYaJIbHUX KOPUCTYBadiB, TaK 1 JUIsI MEAUYHUX YCTAHOB, fKI TParHyTh
MiABUIIUTY €(EKTUBHICTD JIIKYBaHHS MAIll€EHTIB Oylb SKOTO BIKY.

Y po0oTi pO3TISHYTO OCHOBHI aCHEKTH MpPEeAMETHOI 00JacTi, OOIPyHTOBAHO
BUOIp TEXHOJIOT1H, peasli3oBaHO (DYHKIIIOHAT JI0AAaTKa Ta IPOBEIECHO MOr0 TECTYBaHHS.
Ile nmo3Bossie He JMILIE MPOAEMOHCTPYBAaTH IOCATHYTUW pe3yibTaT, a W HagaTH
pEKOMEH Al I TOIaIbIIIOr0 BJOCKOHAICHHS MTPOIYKTY.

AHaJIi3 0CTaHHIX JOCHiIKeHb | mylaikamniii B 00J1acTi Cy4acHUX MeIUYHUX
noaatkiB. Cy4yacHi MeAWYHI JOJATKU 3aliMarOTh BAXJIHMBE MicCIle y 3a0e3nedeHHi
3/10POBOTO CIIOCOOY KUTTS Ta MOKPAILEHHI MEIUYHOTO 00CIYTOByBaHHs. IX pO3BUTOK
0OyMOBJICHHUI 3pOCTaHHSIM MOMUTY HA 3pYy4YHI U(PPOBI IHCTPYMEHTH ISl YIIPABIIIHHS
CTaHOM 3JI0POB'sl, 30KpeMa, KOHTPOJIIO 32 MPUMUMAaHHAM JIiKiB, MOHITOPUHTY (H13UYHOI
aKTUBHOCTI, aHATI3y MOKA3HUKIB OPTaHi3My Ta MIATPUMKH KOMYyHIKaIii 3 mikapsamu [ 1,
2].

Jonatku 115 yripaBiaiHHA rpadikoM npuiiMaHHs JIIKIB MalOTh HA MET1 CIIPOCTUTH
B32€EMO/IIF0 KOPUCTYBAYiB 3 BIACHUMHU MEAWMYHUMH 3aBAaHHSAMU. Cepen MomyJIsspHuX
MPOJYKTIB TAKOTO THIY MOkHa BuAUUTH [1]: Medisafe, sikuii 103BoJIsi€ CTBOPIOBATH
neTanbHi rpadikd NpUWMaHHS JIiKiB, BCTAHOBJIOBATHM HaraayBaHHS Ta JUIMTHCS
iH(popmartiero 3 6nu3bkumu; MyTherapy, 1m0 3a0e3nedye BiACTEKEHHS TPUHMaHHIM
JiKiB, (13UMYHOI aKTUBHOCTI Ta IHIIMX MOKa3HUKIB 3710poB’s; Pill Reminder, sxuit
OpIEHTOBAHUN HA MIHIMATICTUYHUI 1HTEepdenc 1 TPOCTOTY BUKOpUCTaHHS. OCHOBHI
byHKIii, sKI XapakTepHi i 0ux jAojatkiB [1, 2]: kopucTyBaul MOXKYTb
BCTAHOBJIIOBAaTH Yac MNPUMMaHHA JIiKiB, NEPIOAMYHICT, Ta J0JIaBaTH MPUMITKH;
J0JaTKU T€HEPYIOTh CIIOBILICHHS Y BUTJISAI 3BYKOBUX CUTHANIB a00 push-croBilieHsb;

MOXJIMBICTh CHHXPOHI3aIlli 13 CHCTEeMHUMH KaJICHIapsSMHU JIJIs1 IT1ABUIIIEHHSI 3pYYHOCTI;

ISSN 2663-5712 90 www.sworldjournal.com



,75? ¢
SWorldJournal Issue 31 / Part 1 { Y
&Y

posipeHuid GyHKIIOHAN, SIKHM J03BOJISIE€ 3alIMCYBAaTH CUMIITOMM YM 1HII BaXKJIMBI
naHi; 3a0e3nedyeHHs KOH(IACHIIMHOCTI KOPUCTYBalbKOl 1HGOpMaIlli € KIHYOBUM
aCIEeKTOM y po3po0ili METUYHUX TOJATKIB.

Onnak, He3BaKarO4yWd Ha IMMPOKUN BUOIp ICHYIOUMX J0JATKiB, OaraTto 3 HHUX
CTHKAIOThCA 3 MpoOJieMaMu, TaKUMHU, K MEPEBaHTAKEHHS 1HTEpQeEiicy, BIICyTHICTD
nepcoHaizarii abo HU3bKa 1HTErpallis 3 IHIIUMHU cepBicamu. Po3risnaroun aHaiory,
MOYKHa JIATH BUCHOBKY, III0 ICHY€ HEOOXIJIHICTh Y CTBOPEHHI MEIUYHUX JOJATKIB 3
IHTYITUBHO 3pO3yMUIMM iHTepQeiicoM, aganToBaHUM IMiJ 1HAMBIAYyalIbHI HOTpeOU
KOpHUCTYyBauiB. Y I1ii po60Ti Oyje 3alpOornoOHOBAHO PIIIECHHS, 1[0 MOEJHYE CydacHUN
JIM3aiiH, 3py4HICTh HaBiraIli Ta HaIMHICTh 30€epiraHHs JaHUX.

Bumoru 10 101aTKiB 11 ynpaBJ/iiHHS HATa{yBaHHSIMM.

Jlonatku [nsi yOpaBlliHHS HaragyBaHHSMM BIAITPAlOTh BAaXIWUBY pPOJb Yy
MIATPUMII JTUCHUUIUIIHA Ta OpraHi3allii MOBCSKIECHHOTO JKHUTTS KOPHUCTYBadiB.
Oco0mmMBO 1€ aKTyaJlbHO I MEOUYHUX 3aCTOCYHKIB, IO JOMOMAararoTh
IOoTpuMyBatuca rpadika npuiMaHHs JiKiB. BUMoru 10 Takux mporpam BU3Ha4ar0ThCs
noTpedaMu KOPHUCTYBadiB y (YHKIIOHATBHOCTI, 3pPYYHOCTI BUKOPUCTAaHHS Ta
HaJIIHHOCTI poboTH [3].

OnHi€ro 3 OCHOBHUX BUMOT € IHTYITUBHO 3p0O3yMIIUi 1HTEpQEIC, SIKUN J03BOIISIE
JIETKO CTBOPIOBATH, pPelaryBaTH Ta BUAANSATH HaragyBaHHs. KopucTyBaui mMOBHHHI
MaTH MOJKJIMBICTh IIBHIKO HAJAIITOBYBATH IapaMETpH, TakKi SK: 4ac, 4acToTa Ta
TPUBAJIICTh HaraayBaHb, 0€3 HEOOXITHOCTI BUTpadaTy O6araTo 4acy Ha HaBYaHHS a0o
OCBOEHHSI TMporpamMu. BaxIuBOI BUMOIOK € HAAIWHICTH CHOBIMIEHb. [lomgaTox
MOBMHEH 3a0e3leuyBaTH CBOE€YACHE HAraJyBaHHS y BUIJIAl CHOBIIIEHb, HABITh Y
BUITAJIKaX, KOJIU MPUCTPI niepedyBae B pexxumi eHeprozoepexerss. Lle rapantye Toit
(daKT, 110 KOPUCTYBayl HE MPOIYCTATH BaXJIMBI MO/1i UM Yac NpuMaHHs JKiB [4-5].

3axucT KOHQIICHIIIHOCTI [JaHUX KOPUCTYBaudiB € II€ OJHUM KIIOUOBUM
acniekToM. OCKIJTbKH JOJIaTKH JUIsl HaraJayBaHb YaCTO MICTATh YYTJIUBY 1H(POpPMAIIILO,
30KpeMa MO0 MEIWYHUX TMpernapariB, BOHU IOBHHHI BIJNOBIIATH BUCOKUM
cTaHaaptaMm Oe3neku. 3a0e3MedeHHs] JIOKAIbHOTO IMHMQPYBaHHS JaHUX a0o

BUKOPUCTAaHHS HAJIIMHUX CEPBEPIB AJIA iX 30epiraHHs € 000B’SI3KOBUM [4].
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JIns miABUIIEHHS 3pYYHOCTI Il JOAATKM MAarOTh MIATPUMYBATH IHTETpaIliio 3
IHIIMMHA CHUCTEMaMH, TaKMMHU, SK KaJleHJaapl ud XmapHi cepsicu. lle mo3Bossie
KOpHCTyBayaM CHHXPOHI3YBaTH HaraJyBaHHS 3 0COOUCTUM PO3KIAIOM 1 OTpUMYBATH
JIOCTYTI JIO0 HUX Ha PI3HUX NPUCTPOsiX. KpiM TOTro, BAXKIMBOIO € MOXKJIUBICTD aJlanTarii
JAojaTKa A0 1HAMBIAyadbHUX NoTped. Hampukman, mporpama Moxe MNpPONOHYBaTH
MEepPCOHANI30BaHl PEKOMEHJalli 4Yu (YHKIi, 3aCHOBaHI Ha aHaji3l IOBEIIHKH
KopucTyBaua. Takuil miaxiJg CHpusie MiJABUIIECHHIO JOBIPU 10 MPOAYKTY Ta HOTO
MOIYJISIPHOCTI Cepesi KOPUCTYBaiB.

3aranom, BUCOKOSIKICHUM OAATOK JJIsl YIPaBJIiHHS HaraJayBaHHSIMHU Mae OyTH
3py4yHUM, €(peKTUBHUM 1 HaaiiHuM. lle 103BOMTH 3a0€3MeUnuTH KOPHUCTyBayaM
MO>KJIUBICTh JIETKO KEepyBaTH CBOIM PO3KJIAJOM 1 CBO€YAaCHO BMKOHYBAaTH BaKJIMBI
3aBJIaHHSI, 30KpEMa, MOB’sI3aH1 3 BIACHUM 37I0POB’SIM.

Buoip TexHooriii nua peadizanii nogatka. Mosa nporpamysanss Kotlin Ta 1t
nepeBaru. Kotlin — 11e cyyacHa mMoBa mporpaMmyBaHHs, CTBOpPEHa JJIsi BUPIIICHHS
3aBJaHb PO3POOKH MPOTPAMHOTO 3a0E3MEUCHHS 3 aKIEHTOM Ha MPOJAYKTHUBHICTD,
3pYYHICTh BUKOPUCTAHHS Ta HaJilHICTh. BoHa € 0QiiifHO MATPUMYBAHOIO MOBOIO
st po3poOku  Android-momaTKiB 1 IMIUPOKO BUKOPUCTOBYETHCS 3aBMSIKM CBOIM
MOTY>KHAM MOKJIMBOCTSIM Ta iHTErpaiiii 3 ekocuctemoro Java [2]. OgHi€o 3 OCHOBHUX
nepeBar Kotlin € itoro makoniunicts. Koa, Hanmmcanuii Ha Kotlin, 3a3Bu4ait KopoTimii
1 3p03yMUTIIIMMA, HI)K aHAJIOTIYHUHN KOJ Ha Java, 3aBJsIKM BUKOPUCTAHHIO Cy4acHOIO
CHUHTAKCHUCY Ta 3MEHIIeHHI0 mabmoHHoro komy. lle crpusie mBuamii po3pooii Ta
3MeHInye puzuk noMuiiok. Kpim toro, Kotlin migrpumye cymichicts 13 Java, 1o
J03BOJISIE BUKOPUCTOBYBATH ICHYIOYl O10JI0TEKM Ta I1HTErpyBaTH HOBUM KOJ 13
HasBHUMHU Java-poektamu. lle poOuth #oro mnpuBabIMBUM BHOOPOM JIs
MOCTYIOBOIO MEepPEXOy Bija Java 10 cyyacHIIIMX MiJIXO0/IIB Y porpamMmyBaHHi [6].

besneka € me onnicro BaximBor mepeBaroro Kotlin. MoBa mae BOymoBani
MEXaHI3MH, 1110 3MEHIIYIOTh WMOBIPHICTb BUHUKHEHHS TIOMHJIOK, TaKHX SIK
NullPointerException. Bukopucranus cucremu TtuniB Kotlin 1o3Bosisie yHUKHYTH
NOMMJIOK, TOB’S3aHUX 13 pobororo 3 null-3HadeHHsiMH, 3a0e3neuyroud OUIbLIY

HaIMHICTh JOAATKIB [6, 7].
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OynkiioHanbH1 MoxMBOCTI Kotlin BkiItoUarTh MIATPUMKY Jiam0J1a-BUpa3iB,
KOPYTHH ISl aCHHXPOHHOT'O TpOrpaMyBaHHS, PO3IIUPEHHS (PYHKINA KiaciB 6e3 ix
3MIHM Ta 06araTo 1HIIUX Cy4YaCHUX 1HCTPYMEHTIB. Lle poOUTh MOBY Jy’ke THYUYKOIO Ta
NpUIATHOIO JJIA INMHPOKOro Koyia 3aBaaHb [8]. [lomaTkoBoro mepeBaror Iux
MOKJIUBOCTEH € aKTHBHa MIATPUMKA PO3POOHHKIB 3 OOKY CHITBHOTH Ta KOMIIaHIi
JetBrains, sxa po3po6msie Kotlin. PerymsipHi oHOBIEHHS MOBH Ta 1HCTPYMEHTIB, a
TaKO0XX BEJIMKa KIJIbKICTh JIOKYMEHTAIIIT Ta pecypciB 3a0e3meuyoTb KOMPOPTHY poOOTY
3 €0 MOBOIO [6].

Takum yunom, Kotlin € moTy)kHUM 1HCTPYMEHTOM ISl PO3POOKH CydacHHUX
JOMATKIB. 3aBIsSKH CBOIM 3py4HOCTI, Oe3memi Ta THYYKOCTI, MOBa J03BOJISIE
CTBOpIOBaTU €()EKTHUBHI, HAIIHI Ta 3py4YHi MPOrpaMHl NPOAYKTH, IO BiANOBIIAIOThH
BHUCOKHUM CTaHJapTaM Cy4acHOTO MPOTpaMyBaHHS.

Jetpack Compose s ctBopenHst inTepdeiicy kopuctyBada. Jetpack Compose —
e CyYyacHHUH 1HCTPYMEHT IJIsi po3poOku iHTep(eiciB KOpUCTyBaya Ha IuiaTdopmi
Android, cTBOpeHU I CHPOIICHHS Ta MPUCKOPEHHS poOOTH po3poOHMKIB. BiH
0a3yeThcs Ha JEKIapaTUBHOMY IT1JIXO/I1, 1110 JO3BOJISIE OMMCYBATH 1HTEpPEiic y BUTIIS I
(byHKIH, K1 GOPMYIOTh CTPYKTYPY €JIeMEHTIB 6€3 He0OX1THOCTI BUKOpUCTaHHSI XML
[9].

Opniero 3 rojoBHUX nepesar Jetpack Compose € cripoliieHHs nmpoiecy po3pooKu.
3aBAsIKU JEKIapPaTUBHOMY CHHTAKCHCY, PO3POOHUKH MOXKYTh ONTMCYBAaTH KOMITOHEHTH
iHTepeiicy Oe3nocepeIHhO0 B KOMAl, @ TAKOXK JIETKO OHOBIIIOBATH iX MiJl Yac 3MIHU
cTany mnporpamu. lle m03BoJsi€ MIBUAINIE CTBOPIOBATH TPOTOTUIH, TECTYBAaTH
(GyHKIIOHATBHICTE Ta BHOCUTH 3MiHU. Jetpack Compose 3abesnedye TOBHY
1HTerpaliro 3 iHImMMu 010110TeKaMu Ta KOMITOHEHTaMu ekocuctemMu Android, Takumu
sk Material Design, Navigation 1 ViewModel. 3okpema, ninTpumka Material Design 3
JI03BOJISIE CTBOPIOBATU Cy4YacCHI, €CTETUYHI 1HTep(deiicy, Kl BIANOBIIaI0OTh OCTAHHIM
cTaHjapTaM auzaitny [7, 9, 10].

I'myukicth € me oxniero mepearor Jetpack Compose. [HCTpyMeHT 103BoOJIsIE
JIETKO HAaJAIITOBYBAaTH BUIJIAJ 1 TOBEIIHKY KOMIIOHEHTIB, CTBOPIOBATH BJIACHI

eJIeMEeHTH 1HTepdeicy Ta TMHAMIYHO 3MIHIOBATH 1X 3aJIEKHO BiJl KOHTEKCTY 200 JaHUX

ISSN 2663-5712 93 www.sworldjournal.com



,75? ¢
SWorldJournal Issue 31 / Part 1 { Y
&Y

[10]. Compose Takox crpusie ONTUMI3allli TPOYKTUBHOCTI. 3aBIsIKU BUKOPUCTAHHIO
e(DEeKTUBHOTO MeXaHI3My MepeOyyBaHHS €JIEMEHTIB, OHOBIIOIOTHCS TUIBKH Ti
JacTUHU 1HTepdeiicy, skl 3a3Hanm 3MiH. lle miaBuIIye MBUAKOMIIO HOJATKIB,
0COOJIMBO Ha TMPHUCTPOSAX 13 HHU3BbKOI NpoayKTuBHICTIO. Ille ogHMM BaXIHMBUM
aCIeKTOM € MpOoCTOoTa TecTyBaHHSA. OCKiIbKM KOMIIOHEHTH 1HTepdeiicy B Compose
IpecTaBiIeH] y BUTISAL QYHKIIIH, 1X MOKHA JIETKO 130JII0BATH Ta TECTYBaTH OKPEMO.
Ile 3HMXKYy€E CKIAIHICTh MATPUMKUA KOOy Ta J03BOJIsi€ 3a0€3MeuyBaTh BUCOKY SIKICTh
MpOAyKTY [9].

Takum unnoM, Jetpack Compose € e(heKTUBHUM 1 Cy4aCHUM 1HCTPYMEHTOM JJIsI
CTBOpEHHsSI 1HTEp(EiCIiB KOpuCTyBaya, SIKUW 3a0e3leyye THYUYKICTh, MIBUAKICTb
PO3pOOKH Ta BiJMOBIIHICTH CydacHMM CTaHAapTaM ju3aiiny. Moro BHKOpHCTaHHS
CIpUsi€ CTBOPEHHIO 3pYYHHUX, €CTETHYHHX 1 MPOAYKTHBHUX JOJATKIB, IO
3aJI0BOJIBHSIOTH MTOTPEOU K pO3POOHUKIB, TaK 1 KOPUCTYBAUIB.

OxkpiMm TOTO, IJIsi OpraHi3aiii HaBiramii 3acTOCOBYIOTH 0i0mioTeky Jetpack
Compose Navigation, sika 3a0e3nedye 3pydHUM 1 CydacHUM MIAXiJ A0 peanizarii
Hapiramii B JoAaTkax, po3poOneHux 13 BukopucTaHHiM Jetpack Compose. Bona
JI03BOJIsIE€ €PEKTUBHO YIIPABIIATH TIEPEX0IaMHU MK €KpaHaMH Ta CTBOPIOBATH JIOTIUHY
CTPYKTYpYy JOJaTKa, MIATPUMYIOUM JCKIapaTUBHUN CTWIb NporpaMmyBaHHs [7].
Onnieto 3 ocHoBHUX TiepeBar Jetpack Compose Navigation e 1i interpartist 3 Compose,
IO JI03BOJISIE CTBOPIOBATH Ta HANAIITOBYBAaTH MapuIpyTH Oe3mocepenHbO B KOJ.
3amicte BukopucTaHHS XML-daitmiB, ski TpaguIiiHO 3aCTOCOBYBAIUCSA Y
¢dpeitmBopky Android, po3poOHUKN MOKYTh BU3HAYATH HaBIraliiHI rpadu y BUTIISII
(GyHKIIIH, 1110 pOOUTH MPOLEC O1IbII THYYKUM 1 3pydHuM [8-10]. bibnioTeka miarpumye
po0OTy 3 mapameTpaMu MapuIpyTy, IO JTO3BOJISIE€ MepeaBaTh J1aHi MK €KpaHaMHu.
Hamnpuknan, kopuctyBau Moxke mnepenaru ID HaragyBaHHsS 4yu iHGOpPMAILIO MPO
MpUIMaHHS JIIKiB 13 OJTHOTO €KpaHy Ha iHIui 0e3 3aiiBux ckiiagHomIiB. L{e 3a0e3neuye
JTUHAMIYHY TTOBEIIHKY JTOJaTKa Ta THYYKICTh Y pOOOTI 3 TAHUMHU.

Jetpack Compose Navigation Takox mniarpumye (ynkuiro back stack (crex
MOBEPHEHb), sIKa aBTOMATUYHO YHpaBise Mnepexodamu Haszana. lle nmosBosse

KOPHUCTYBa4aM JIETKO [MOBEPTATHUCS 10 MONEPEAHIX eKpaHiB, 30epiralouu ixHiil crad. Y
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CKJIQJIHIIIMX CLEHAPIsX PO3POOHUKH MOXKYTh JOAATKOBO HAJIAIITYBAaTH CTEK HaBirarfii
JUISL YIIpaBJIIHHS TOBEAIHKOIW jojaarka. llle oJHi€r0 BaXXJIMBOIO MOIIMBICTIO €
nigTpuMka deep links (rmubokux nocunans). Lle 103Bossie KopucTyBauaM NepexoTUTH
70 KOHKPETHOTO €KpaHy B J0JaTKy Oe3mocepeHbO 3 IMOCWJIAHHS, HampHKiIad, 3
€JIEKTPOHHOI MOIITH abo moBimomieHHS. Taki (yHKUIT OCOOMMBO KOPHUCHI AJis
J0JaTKIB, OB’ I3aHUX 13 HaraayBaHHAMH, 1e deep links MOKyTb BUKOPHCTOBYBATHCS
JUISE IIBUJKOTO JOCTYyNy JO0 KOHKpeTHoro 3amucy uu mnopii. Jetpack Compose
Navigation TakoX CIIPOIIy€ OPTaHi3alliio CKJIaJHUX HaBIAIlITHUX CTPYKTYP, TAKUX SIK
BKJIajieH1 HaBiramiiiti rpadu. I{e 103Bossi€ CTBOpIOBATH MOAYJIBbHI Ta MaciiTaboBaH1
JT0/IaTKHU, B SIKUX KOYKHA YaCTUHA Ma€ CBOIO 130JIbOBAHY JIOTIKY HaBiraitii [8, 9].

VY miacymky, Jetpack Compose Navigation € MOTYXHHUM 1HCTPYMEHTOM JIJIst
CTBOPEHHS JIOTIYHOI Ta 3pyYHOi HaBIraili B J0JaTKax. 3aBASKH JEKJIApPAaTUBHOMY
CTHJIIO TIPOTpaMyBaHHs, THYYKOCTI Ta MIATPUMII Cy4acHUX (PyHKIIIN, BOHA JT03BOJISIE
CTBOPIOBATH IHTYITUBHO 3PO3YMLJI Ta PYHKITIOHATBHI IPOYKTH, K1 3aI0BOJTHHSIOTH
MOoTpeOr KOPUCTYBaUiB.

KopucryBanpkuii n1u3aitH AJi1 3py4HOCTI KOPUCTYBa4diB MOKHO CTBOPIOBATH Ha
ocHoBl Material Design 3 (MD3), sika € cydacHOIO CUCTEMOIO JU3aiiHy, po3po0sieHa
kommaniero (Google, sika cHpsMoOBaHa Ha CTBOPEHHS I1HTYITHBHO 3PO3YMUIUX,
€CTEeTUYHO MPUBAOIMBHX 1 aJanTUBHUX 1HTEp(eiciB kopucTyBada. BoHa 3abe3mneuye
y3TOJIKEHICTh 30BHIIIHBOTO BUIIISY AOJATKIB HA PI3HUX IUIATQOpMax, CHPUSIOUYU
MIBUIIIEHHIO 3pYYHOCTI Ta 33/I0BOJICHOCTI KOPUCTYyBadiB [5,7,8].

Opniero 3 kmoyoBux mnepeBar MD3 e miaTpumka nepcoHamizaiii. 3aBIsKu
koHreniii Material You, kopucTyBaul MOXYTh aJanTyBaTH BUIVISA JOJaTKa
BIJIMOBIIHO JI0 CBOiX yMo/a00aHb, BKJIIOYAIOYM BHOIp KOJBOPOBOI MANITPH, IO
TCHEPYEThCS aBTOMATUYHO Ha OCHOBI IImmajiep NpucTporo. Lle cTBoproe BimuyTTs
1HIMBI Ty aJIbHOTO TAXOY Ta TIOKpAIIye B3aEMO/Iit0 3 TpoxykToM. MD3 opieHnTOBaHuMiA
Ha JIOCTYIHICTh, 3a0€3MeUyI0YN ONTUMAJIbHY YUTAOCIbHICTh TEKCTIB, KOHTPACTHICTh
€JIEMEHTIB 1 3p03yM1JIi Bi3yasibHi MijKka3ku. Hanpukiaa, KHOMKM, TOJIsl BBOY Ta 1HIII
KOMITOHEHTH MalOTh YITKO BH3HAYEH1 MEXI1 Ta 3p03yMili cTaHu (HaTUCHYTa, BUOPAHO,

HEJIOCTYITHO), L0 MOJIETHIY€E iX BUKOPUCTAHHS HABITH IS JIFOJAEH 13 Bajgamu 30py.
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Oco6nmBa yBara NpuaiIs€Thesl IHTEpaKTUBHOCTI Ta aHiMartli [7, 9]. Material Design 3
MIPOTIOHY€ HAO1p aHIMOBAHUX MEPEX011B 1 €)EKTiB, sIKi pOOJIATH B3AEMO/IIIO 3 JOJATKOM
OLITBIII MIJIABHOIO Ta MPUPOHOIO. [{e qomoMarae koprcTyBauaM Kpaie OpiEHTYBATHUCS
B 1HTepdelici, COpOIlylOYd BUKOHAHHA 3aBaaHb. MD3 miaTpumye NOpUHITUIN
aIalITUBHOTO JTM3aliHy, IO J103BOJIsSIE iHTep(delicaM aBTOMAaTHYHO MiIallITOBYBAaTUCS
mig pi3Hi po3mipu ekpaniB. lle 3abe3neuye 3pydyHe BUKOPHCTaHHA JOJATKIB AK Ha
MOOUTEHUX MPUCTPOSIX, TAK 1 HA IJIaHIIIETaX a00 HABITh HACTUIBHUX KOMIT IoTepax [8].
Kpim Ttoro, Buxopuctanus MD3 cnpuse ekoHOMii yacy pO3pOOHHUKIB 3aBIISKH
rOTOBOMY Ha0OPY KOMIIOHEHTIB, TAKUX SIK KHOIIKH, KapTKH, 11aJIOTOB1 BIKHA Ta TaHE1
Hapiramii. [{i emeMeHTH BXe ONTHUMI30BaHI JJIi Cy4acHUX BUMOT 1 BIJIOBIJIaIOTh
KpaluM MpaKkTUKaM AU3aiiHy, 110 3HaYHO IPUCKOPIOE MPOIIEC PO3POOKH.

VY miacymky, Material Design 3 mpornoHye NOTyXHUM I1HCTpyMEHTapid st
CTBOpPEHHS 3pY4YHHUX, (QYHKIIOHAJBHUX 1 CTWJIBHHMX 1HTep(elciB, Kl BIAMOBIIAIOTH
OYIKYBaHHSM KOPUCTYBaviB. 3aBASKU aJalTUBHOCTI, IEPCOHAJII3AIIIT Ta Opi€HTAIlll HA
noctynHictb, MD3 € HEBIJ’€MHOIO CKJIQJOBOIO CYYAaCHHMX JIOAATKIB, SIKI MParHyTh
3a0€3MeYnTH BUCOKUH PiBEHb KOPUCTYBAIILKOTO JOCBIY.

Jlns1 30epiranHs JaHuX 3aCTOCOBY€EThCs 01010Teka ORM Room, sika npu3HayeHa
TUTst poOOTH 3 6a3aMu TaHUX Y JIOAATKaX, 0 BUKOPUCTOBYIOTH iaTdopmy Android.
Bona € vactunoro Android Jetpack 1 nmpusznauena aiis cporeHHs noctymy a0 SQLite-
0a3u JaHuX, JO3BOJISIIOUM 30€piraTy Ta OTPUMYBATH JIaHi 3a JOMOMOT0I0 00’ €KTIB, 110
MIPEACTABISIIOTH TabmuIll 6a3u nannx. Room aBTOoMaTH3ye 6arato acmekTiB poOOTH 3
0a3zaMu JaHuX, 3a0e3Meuyroun OUIbIlY 3pYUYHICTh 1 HAAIHHICTh TOPIBHSIHO 3 MPSIMUM
BukopuctanusaMm SQLite. OgHiero 3 ocHOBHUX MepeBar Room € ioro iHTerpartis 3
Kotlin ta Jetpack Compose. lle no3Bomsic po3poOHMKaM BUKOPUCTOBYBATH Cy4YacHi
MOXJIUBOCTI MOBU Ta (PPEeMBOpPKY i1 CTBOPEHHS €()EKTUBHUX JOJATKIB, IO
MpaIioTh 13 0azamMu JaHux. Room BHUKOPUCTOBYE aHOTAIlll [JIs1 BU3HAYCHHS
cyTHOCcTel 0a3m jJaHuX (Tabiuilh), M0 POOUTH KOJI YMCTHUM 1 3pO3YMIJIUM, & TaKOX
JI03BOJIsIE aBTOMATUYHO renepyBatu SQL-3anutu [2].

bibmioreka Room BkitOwae Kijibka BaKJIMBUX KOMIIOHEHTIB, a came Entity —

aHOTAIlls, 1[0 BU3HAYA€E KJIac SIK CYTHICTh 0a3u JaHux (tabnuiro); Dao (Data Access
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Object) — 1uTepdeiic, AKM MICTUTh METOIU A poOOTH 3 6a3or gaHux. Room
aBTOMATHYHO T€HEPY€E IMIUIEMEHTAlliI0 I[bOoTO 1HTep(deiicy; Database — aHoTartis ais
CTBOpEHHS 0a3u JaHMX, siKa BU3HA4a€ BCl cyTHOCTI Ta DAQO, 1110 BUKOPUCTOBYIOTHCS B
noaatky. Llew miaxia g03BOJIsI€ 3MEHITUTH KIJIBKICTh 11a0JJOHHOTO KOy Ta YHUKHYTH
MMOMUJIOK, TOB’S3aHUX 13 mpsMuM HanucaHHsM SQL-3amutiB. Room miarpumye
CKJIaJIHI omeparllii, Taki SK aCHHXpPOHHI 3allUTH, TPaH3aKlii, 1HAEKCH Ta 30BHIIIHI
KJIIOYi, 1110 poOUTH poOOTy 3 0a3010 JaHWUX OUIBII THYYKOI Ta Oe3nmeyHoro. Room
TaK0X J03BOJIsiE€ 30epiraTi CKJIaJHI CTPYKTYpH JaHUX, TaKi K CIHCKH a00 00'€KTH, 1
MpaloBaTi 3 HUMHU, MIATPUMYIOYH Pi13HI TUMH BITHOCHH MK CYTHOCTSAMH (OJIUH JI0
OJIHOTO, OJIMH JI0 Oarathox, Oarato a0 OaraThox). Ll rHy4kicTh pOOUTH HOTO
17IcaTbHUM PIIIEHHSAM JJ1 30epiraHHs TaHuX y JA0JaTKax, siKi TOTpeOyIOTh CKIaIHOT
noriku 30epexxeHHs. Hapemrri, Room 3a0e3nedye BUCOKHIA piBEHb MPOTYKTUBHOCTI,
BUKOPUCTOBYIOUM 1HJEKCAIlIF0 Ta ONTUMI3YIOYH 3aluTH, 1100 3MEHIIUTH
HABaHTa)XCHHS Ha CUCTEMY, HaBIThb 3a BEJIMKUX 00CsTiB naHuxX. Room mpaitoe Ha
ocHOBI SQLite, kUil € JErKMM Ta MIBUAKAM MEXaHI3MOM 30€peXeHHs JTaHMX, M0
JI03BOJIsIE BUKOPUCTOBYBATH MOTO B MOOITBHUX JI0JIATKaX 3 OOMEKEHUMHU PECypCcaMu
[7-10].

VY miacymxky, ORM Room € mOTy>KHUM I1HCTpYMEHTOM is 30epiraHHs Ta
yopaBiaiHHSA JaHuMH B aojatkax Android. 3aBmsiku cBOiil MPOCTOTI BUKOPUCTAHHS,
Oesreni Ta IHTErpaiii 3 CydaCHUMHU TEXHOJIOTisIMH, Room [103BOJsi€ po3poOHUKaM
CTBOPIOBATH HAJiMHI, TPOIYKTUBHI Ta 3py4HI HOJAATKHU Il 30€piraHHs JaHuX.

Jst HTTP-3anutiB BukopuctoByeThes: 0610moTeka OKHTTP, sika € notyxHOI0
3acobom st 3aiicHenHs HTTP-3anutiB Ta mmpoko BUKOpUCTOBYeThes B Android-
po3po0Ili 1t 0OMiIHY JaHUMU MK KIIEHTOM Ta cepBepoM. BoHa mpormoHye mpocTui,
e(eKTUBHUN Ta THYYKUW 1HTepdeic st poOOTH 3 MEPEKEBUMHU 3alUTaMH, IO
JI03BOJISIE PO3POOHUKAM 30CEPEIUTHCS Ha JIOTII JI0JaTKa, a He Ha ACTalIIX B3aeMOIl
3 mepexero. OKHTTP miarpumye pizai tuniu HTTP-3anuTis, Bkmtouatoun GET, POST,
PUT, DELETE Ta ixmi, a Takox 3a0e3rnedyye BHUCOKUU piBeHb KacTomi3zailii. Bona
JI03BOJISIE JIETKO HAJIAIITOBYBATH 3ar0JIOBKH, TAPAMETPH 3aIUTIB, @ TAKOXK MPAIIOBATH

3 TIJIaMU 3aIUTIB Ta BIANOBIAEH y pi3HUX (popmaTax, Takux sik JSON, XML, uu HaBiTh
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MYyJIbTUMETIMHI (aiinu. bidmioTeka epeKTUBHO MPAITIOE 3 BEJIMKUMH 00CATaMU JJAaHUX,
BUKOPHUCTOBYIOUHU IMOTOKH JIJI1 0OPOOKHM BETUKUX (haijIiB 1 MiHIMI3aIlil BUTPAT Mam'sIT1
[7].

Onniero 3 kirovgoBux nepeBar OKHTTP e migrpuMka aCHHXpOHHOTO BUKOHAHHS
3anuTiB. lle m03BoIsIE BHKOHYBaTH MepekeBi omeparlii y (HOHOBOMY pEXHMIi, HE
OJIOKYIOYM OCHOBHHUI MOTIK MPOrpaMH, 10 KPUTHYHO AJII MOOUIBHUX JOJIATKIB, /1€
BAOXJIMBA MIBUAKICTh BIATYKY Ta 3pYy4HICTh BHKOpUCTaHHs. biOmiorexka Takox
3a0e3nedye 3pydHy oOpoOKy MOMHUJIOK 1 Mae BOYTOBaHI MEXaHI3MH JJisl yIIPaBIIIHHS
MMOBTOPHUMH CHPOOAMHU 3aIUTIB, 1110 3HAYHO MOKPAIly€e CTa0lIbHICTh 10JaTKiB [8].

OKHTTP miarpumye moaaTkoBi (PYHKIIOHAIBHOCTI, Taki SK KelTyBaHHS
BIJIMIOBIJICH, 110 JO3BOJIIE 3MCHINUTA HABAHTA)KCHHS HA CEPBEPH 1 3MEHIIHUTH
3aTPUMKH Y BHUKOHAHHI 3alUTIB, OCOOJMBO B YMOBax OOMEXEHOi MPOMYCKHOI
3MaTHOCTI Mepexi. bi0moTeka TakoXX Mae IHTErpamiio 3 IHIIUMHU IHCTPYMEHTaMH,
takumu sk Retrofit, ams me 3pyunimoi o0pobkxu API-3anmutiB. Buxopucrtanss
OKHTTP 3abe3mneuye HaaiiiHy Ta eeKTUBHY poOOTY 3 Mepexero B Android-momaTkax.
3aBAsIKM CBOiM MPOCTOTI, THYYKOCTI Ta IUpokoMy Habopy ¢yukuid, OKHTTP e
OJIHIEIO0 3 HAHUTIOMyIsApHIIUX 616110TeK A1t po6oTu 3 HTTP-3anuTamu Ha miiatgopmi
Android. OKHTTP mae au3ky Mexanizmi Oe3nexu, Takux sk miarpumka SSL/TLS ns
3aXMIIEHUX 3'€QHaHb, 110 J03BOJI€ 3a0e€3meunTH Oe3leYyHuid OOMIH HAaHUMH MIK
KJIIIEHTOM 1 cepBepoM. BoHa TakoX J03BOJIsi€ HAJAIITOBYBAaTU BJIACHI MapaMeTpu
0e3mneKu, 30KpeMa yrnpasiiHHsS cepTudikaraMu abo nepeBipKkoio cepTrudikaTiB Mij yac
M IKITI0YEHB [8].

3aBIsSKM CBOiM THYYKOCTI, IIBUJKOCTI Ta npoctoTi Bukopuctanus, OKHTTP e
OJIHI€I0 3 HaumomyJsApHimuX 6161i0TeK 175t podotu 3 HTTP-3anuTamu B ekocucremi
Android i Java. Ii MokIHBOCTI 3 KelllyBaHHS, aCHHXPOHHOI 0OPOOKY Ta HAJIAIITyBaHHS
3'eTHaHB POOJIATH 11 1/1€aIbHUM BUOOPOM IS TOOYJOBH CTAOLIbHUX, MacIITA0OBaHUX
1 BUCOKOTIPOTyKTUBHUX JTOJIaTKIB.

Po3poOka Ta no0yaoBa apxiTeKTypu NPOrpaMHOro NMPOayKTY.

ApXiTeKTypa IPOrpaMHOT0 MPOJIYKTY BHU3HAYAE CTPYKTYPY Ta B3aEMOJIIO BCIX

KOMIIOHEHTIB J[0j1aTKa, 110 BIUIMBAa€ Ha WOro e€(PeKTUBHICTh, MACIITA0OBAHICTH Ta
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3py4HICTh s KopucTyBaua [3]. OmHuM 13 HAWOUIBII MOMYJISPHUX IIJIXOMIB JI0
o0y 10BM apxiTekTypu cydacHux Android-gonatkis € moaens MVVM (Model-View-
ViewModel), ska 3abe3nedye UiTKe pPO3AUICHHS JIOTIKM Jo0/aTKa, 1HTepdency
KOpHCTyBaua Ta 30epeKeHH TaHUX. ¥ KOHTEKCT1 JoJIaTKa ISl yIpaBIiHHA rpadikoM
npuiiMaHHA JKIB 1 HaragyBaHHSIMH, apXiTektypa MVVM 3a0e3neuye rHyYKicThb 1
3pYYHICTh Y POOOTI 3 JaHUMHU, YIIPABIiHHI B3aEMOJIIEI0 3 KOPHCTYBaueM Ta 00poOiri
pi3HUX momid y gomatrky [4]. Moaens MVVM ckianaerbest 3 TPhOX OCHOBHHX

komroHeHTiB: Model, View 1 ViewModel (puc. 1).

Onosumv Model CrocTepemeHHa 3a ctadom Ul

ViewModel

Model oHoBneHa

»

Lii kopucTysava

Model View(s)

Pucynok 1 — /liarpama moxesni MVVM

Model € cknamoBoro, sika BIJNOBiAae 3a OI3HEC-JIOTIKY J0JaTka Ta 0OpoOKy
nanux. Bona Bkimo4ae B ce0e KOMITOHEHTH, sIKi 30epiraroTb 1 0OpOOISIOTH
iHpopmMarrito, Taky SK JaHl Mpo JIIKW, 4Yac TpPUHAMaHHS, HaraayBaHHS 1 CTaH
KOpUCTyBaua. ¥ J0JaTKy Iie Moke OyTu 0asza maHux, sikoro kepye ORM Room, a6o
30BHIIIHI JpKepena gaHux, Taki sk APl mms cuHxXponizamii 3 IHIMIUMHU CepBicamwu.
Mopenb HEe MOBUHHA 3HATH HIYOTO MPO 1HTepdeic KOpUCcTyBaya Ta HE Ma€e MPSIMOTO
noctymy ao enemenTiB Ul. View € 6e3nocepennpo iHTepdeiicoM KoprucTyBada, 4epes
KWW KOPHUCTYBad B3aemoji€ 3 noaaTkoMm. lle, Hampukiam, ekpaHu A TOJaBaHHS
HOBHUX JIIKIB, TEPErjsay po3Kiaay, HalalllTyBaHHA TOINO. View BIAMNOBITaE 3a
BUBEJICHHS 1H(OpMaIlli HA €KpaH 1 pearye Ha BBEJIEHHS KOPUCTyBauda, HalpUKIA,
HATHUCKaHHS KHOMOK 4M BHOIp €JIEMEHTIB CUCKY. BoHa oTpumMye Bci HeOOX1aH1 J1aHi

B11 ViewModel 1 BigoOpaxae ix, He BUKOHYIOYH HisIKOi CKJIaHO1 JoTriku. Lle qae 3mory
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BIJIOKPEMUTH BiJOOpaKEHHS JAaHUX B1J IXHHOTO 0OPOOJIEHHS, 1[0 CITPOIIYE MATPUMKY
komy. ViewModel e npomixuum mapom Mmix View i Model. Mloro ocHoBHa poib
noJisirae B yrpasiiHHi ctaHoM Ul Ta 06poOui 6i3Hec-noriku. ViewModel otpumye
nani 3 Model 1 miaroToBo€e iX y BUIJISAIL, SKUN 3pydHO BioOpakaTu B iHTepdeiict
KopucTyBaua. 3aBasku LboMy ViewModel no3Bosisie miATpUMYBaTH YHCTOTY
iHTep(elicy KopuCTyBaua, HE HABaHTAXYIOUM HOro JIOTIKOIO, IO MPU3BOAUTH 0
O1IBIII THYYKOTO Ta T€CTOBaHOTO KoAy. Bukopuctanus MVVM B apxiTekTypi J0/1aTKa
J03BOJISIE TOCSTTH KUIBKOX KIIIOUOBUX mepesar. [lo-mepiie, BoHO 3a0e3neuye 4iTke
PO3IUICHHSI BiJIMOBIAAIBHOCTEH, 10 pOOUTH TOAATOK OUIbII MOJIYJIBHUM 1 3pyYHUM
U1 MmacitadyBanHs. [lo-npyre, apxiTeKTypa CIpHUs€e Kpallliii TECTOBAaHOCTI, OCKUIbKH
JIoTiKa JIoJ1aTKa po3/iJieHa Ha OKpPEeMi YaCTHHH, IO JI03BOJISIE TECTYBAaTH KOXKHY 3 HUX
HezanexHo. I, Hapemri, MVVM no3Bosnse nerko kepyBatu craHoMm Ul Ta peakiriero Ha
3MIHU JIaHUX, [0 € KPUTUYHO BAXJIMBUM JIJII CTBOPEHHS JOMATKIB 13 JUHAMIYHUM
iHTep(eiicom, TaKUX K JOJATKU AJIs yIPaBIiHHSA HaraayBaHHAMH [5].

Takum uynHOM, apxiTekTypa MVVM 17151 CTBOpEHHS MPOrPaMHOTO MPOJIYKTY HE
JUIE TMOKpallye OpraHizalilo Kooy, aje ¥ miaBuIlye e()eKTHBHICTb B3a€MOJIi 3
KOpPHCTYBaueM, pOOUTH JOAATOK OLIBII 3pYUYHHUM 1 CTAO1IbHUM.

Peanizanisa pynkuionany sanucy JikapcbKuX 3aco0iB.

OyHKITIOHAT 3aMuCy JKApChKUX 3aco0iB Yy JOJATKy peasi3yeThCs depes
BUKOpHUCTaHHs apXiTekrypy MVVM ta ORM Room mys 30epiranHs manux. llei
npouec 3ale3neuye 3pydHe BBEJEHHS, 30€peKEHHs Ta MOJalblIe BUKOPUCTAHHS
1H(opMarii mpo JIiKy, K1 IpuitMae KOPUCTYBaY.

Onuc peanizarii 110ro (QyHKIIIOHATY OXOIUTIOE KibKa KIouoBHUX eramiB. Ha
nepuomy erari, Model B apxitekTypi MV VM BuzHayae CyTHICTh JTIKapChbKOTO 3ac00y.
BukopucroByroun Room, KoeH 3amuc Mpo JIKApChbKUM 3acid CTae OKpEeMHUM
00'€eKTOM, 10 MICTUTH OCHOBHI BJIACTHBOCTI, Taki SK Ha3Ba JIKIB, JIO3yBaHHSI,
NEepiOUYHICTh MPUHMAaHHS, Yac Ta 1HIN JAeTajl, M0 MOXYTh OyTH KOPUCHUMH IS
KopuctyBada. Room f103BoJisie epeKTUBHO 30€epiratu 11l JaH1 B JOKaJIbHIM 0a31 TaHUX,
aBTOMATUYHO reHepyroun HeoOximaHi SQL-3anmutu Ta 3abe3nmedyroun JOCTYI 10 HUX

yepes DAO (Data Access Object). ns 30epexeHHs gaHux y 0a3zi, HEOOXIJIHO
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CTBOPUTH BIJMOBIIHY TaOJNUIO, JI€ KOXEH 3amuc Oyae MaTh YHIKAIbHUI
11eHTudikaTop, a TaKoX 1HII aTpUOyTH, K1 JO3BOJISATh KOPUCTYBaueBl HAJIAIITYBaTH
HaraJlyBaHHs JJIsl KOXKHOTO JIIKAPCHKOTO 3ac00y.

Hactynmaum etanmom € ViewModel, sxuii 3aiimMaeTbcst yrpaBiiHHSAM Oi3HeEC-
Jorikoro 1 3abe3neuye 3B's130k MK View Ta Model. ViewModel otpumye mani npo
Jikapcbki 3acobm 3 Room, o0polOmsie ix 1 Hamae B AOCTymHOMY Uil iHTEepdeicy
Buriisaai. Hampukian, ViewModel Moxke OTpuMyBaTH CIHCOK BCiX 30€peeHux
JIKapChKUX 3aco0iB ab0 okpemi 3amucu, QUIBTPYIOUYH iX 32 NEBHUMH KPUTEPISMHU,
TaKUMH SK JaTa OpuiiMaHHs abo iM's mpemapary. Y Tpolieci J10JaBaHHS HOBOI'O
nikapcekoro 3aco0y ViewModel oOpo0biisie BBeneHy KopucTyBaueMm i1HQopmaiiito,
MepeBipsi€  KOPEKTHICTh BBEACHUX JAaHMX (HANPUKIAL, J03yBaHHSA, YacToTa
npuitMaHHs) Ta nepenae 1 Aani 10 Model s 36epexxenHs B 6asi.

ViewModel Takoxx Moxke mepenaBaTd HEOOXITHI KOMaHIU [UIsl BUKIIUKY
J0IaTKOBUX (DYHKINM, TaKUX SIK HAJAIMITyBAaHHS HarajJyBaHb. View, SK YacTHHA
apxitektypu MVVM, Biamnosijae 3a BiOOpaKeHHS JaHWX HA €KpaHl Ta BBEICHHS
KopuctyBada. [{e moxxe OyTtu dopma st BBEACHHS JaHUX JIIKAPCHKUX 3acO0iB, 7€
KOPUCTYBad 3allOBHIOE HEOOXiJHI TMOJs, Takl SK Ha3Ba JIKIB, J03yBaHHA, 4ac
npuiiMadHs Tomno. Ilicas 3amoBHeHHS (GOpMHU Ta MATBEPIKCHHS BBEJICHHUX JaHUX
View nepenae ix y ViewModel mis moganbiioi oOpoOku Ta 30epekeHHs. 3aBIsSKH
BUKOpUcTaHHI0O MVVM, norika B3aeMojii 3 KOpUCTyBaueM Ta 30€pEeKEHHS JTaHUX €
qiTKO po3auieHow. ViewModel o6pobiisie Bcio 6i3Hec-joriKy, a View BiamoBigae
JUIIe 3a BUBEACHHS 1HQoOpMaIlii Ta JaHUX BiJ KopucTyBada. lle 103Bojsie 3HA4YHO
3MCHIIIUTH CKJIQJIHICTh KOJIy Ta TMOKPAIIUTH MiATPUMKY 1 TECTyBaHHS J0/aTka. Room,
y CBOIO Uepry, 3abe3nedye eexTuBHE 30epiraHHs 1 OTPUMAaHHS JaHUX MPO JIKAPCHKI
3aco0u, TI03BOJISIFOYH JOJIATKy MPAIOBATH IIBUJIKO 1 CTAOUIBHO.

Takum uywmnHoM, BukopuctanHHds MVVM 1 ORM Room pmua peami3aitii
GyHKIIOHANy 3amucy JIIKQpChbKUX 3aco01B  J03BOJIAE€ MMOOYyAyBaTh €(EeKTHUBHY,
MaclmTaboBaHy Ta 3py4HY CUCTEMY YNpaBIIHHS NPUWMAHHIM JIKIB, 110 3a0e3neuye
KOPUCTYBa4€Bl MOJIUBICTh JIETKO [I0JaBaTH, peJaryBaTd Ta TNeperjsgaTH

1H(hOpMAaILIO PO JIKH.
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Peaizaniss HaragyBaHb nNpo NpuiMaHHS JIiKiB.

DyHKIIIOHAJT HaraJyBaHb PO MpHUIMaHHS JIIKIB y JOJATKy pealli3yeThCs uepes
BUKOpHUCcTaHHA AlarmManager — iHcTpymeHnTa Android /uist IulaHyBaHHSI BAKOHAHHS
3ajlad y TIeBHUH dYac abo uepe3 MeBHI 1HTepBaiau. lle m03Bojisie cTBOprOBATH
HaraJayBaHHs, SKi OyAyTh aKTHBYBAaTHCS HaBITh SIKIIO JOAATOK HE MpPAIIOE€ B IIEH
MOMEHT.

OCHOBHHMI NPUHIMI peaiizaiii 1boro (yHKIIOHATY IMOJISIrae B IUIaHYBaHHI
MOBTOPIOBAHUX a00 OAHOPA30BUX OYIWJIBHUKIB AJIi HaragyBaHb MPO MPHUIMaHHS
JIKIB, BUKOPHUCTOBYIOUM BBEJCHI KOPHUCTyBaueM JaHl MpPO dYac MpUHUMaHHS JIKIiB.
KopuctyBad Mae MOXIMBICTh 3aJaTH KOHKPETHUH Yac Jisl MPUHAMaHHS KOXHOTO
JIKapChbKOTO 3ac0o0y, a TakOXX HaJAIITyBaTH YacTOTy MOBTOPEHHS HarajayBaHb —
Hanpukiaja, moAHsS abo KuUIbKa pasiB Ha JeHb. [licis BBeACHHS IUX AaHUX, TOJATOK
MOBUHEH 30€perTy 1i HalalTYBaHHS B JIOKaJbHIN 0a3i gaHux (3a gornomororo ORM
Room), a Takoxx HamamTyBaTH BIAMOBITHI OyMUIBHUKH JJII KOKHOTO MPUAMAHHS
JIKIB.

AlarmManager 103BoJIsIE CTBOPIOBATH OyAMJIBHUKH, 5IK1 OyIyTh BUKOHYBaTHUCS B
3amanuii yac. KoxkeH OyIWIbHUK TIOB'I3aHMKA 3 TIEBHOIO JIi€10, HANpPUKIA],
CIIOBIIIIEHHSIM KOPUCTYBava MpO HEOOXIAHICTh NpuitMaHHs JTiKiB. /[ 11b0TO MOXHA
BukopuctoByBaTti Pendinglntent — o0'ekt, sikuii BKa3zye Ha Jii0, Ky MNOTPiOHO
BUKOHATH, KOJM OyJAMIBHUK CHpaiioe. Y BUMAAKy HaragyBaHHS II€ MOXe OyTH
CTBOPEHHSI CTIOBIIICHHSI, K€ 3’ IBIATUMEThCSI HA €KpaHi KOpUCTyBaya y BUTIIsA1 push-
MOB1IOMJICHHSI 200 CHCTEMHOTO CIoBilIeHHs. [Ipu cTBOpeHH1 HarajayBaHb JIOJATOK
Ma€ BpaxOBYBaTH TOYHICTH yacy. Koju kopuctyBau nomae HOBi Jiku abo peaarye
HasIBHI 3aIlMCH, CHCTEMa MOBUHHA OHOBJIIOBATH BIANOBIIHI OyAUIbHUKU, 3aMIHIOIOYH
cTapi Ha HOBI, K10 Yac abo iHTepBaj 3MiHmwIKCcs. Lle 103BoJIss€ 3a0€3MeUnT TOUHICTh
y HaraJyBaHHSX 1 YHUKHYTH JTyOJIFOBaHHS HaraJayBaHb JJIA OJHOTO 1 TOTO X 4Yacy.

OmHuM 3 BaXKIIMBUX AacCIeKTIB € MOJJIMBICTh CKacyBaHHS a00 TIOBTOPHOTO
MJIaHyBaHHs OyAriIbHUKIB. Hanpukiana, Ko KOpUCTyBay CKaCOBY€E MPUUMaHHS JIIKIB
abo 3MIHIOE YacTOTy HaraJyBaHb, [OJaTOK IIOBMHEH BUJAJIUTU IONEPETHBO

HaJallITOBaHI OyJUJIBHUKY ISl LIbOTO IMpenapary 1 CTBOPUTU HOBI, 3 ypaxXyBaHHAM
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3MiH. Y BHUIQJAKy, KOJM JOJATOK 3HAXOAWUTbCs Ha (oHI abo HEaKTHBHUH,
AlarmManager Bce ogHO Oy/ie 3a0e3nedyBaT CBO€YaCHE BUKOHAHHSI HaralyBaHb, 1110
poOuTh (yHKIIOHAT HarajyBaHb HAJ3BUYANHO BAXKIUBUM JIsi €(GEKTHUBHOTO
BUKopucTaHHd. lle 103BoJisse KOpUCTyBauyeBl HE 3ajJ€KaTU BiJ TOTO, YW MPALIOE
J0JAaTOK B JAaHUM MOMEHT, 1 TapaHTy€ OTPHUMAaHHS MOBIAOMJICHHS y MOTPIOHMIA
MOMEHT.

3aBasiku BUKOpUCTaHHIO AlarmManager pogaTok [ HaraayBaHb IpoO
NpUiMaHHA JIIKIB MOXKE (PYHKITIOHYBaTH Oe3MepepBHO, HaBITh KOJIM KOPUCTYBad HE
B3aEMOJII€ 3 JOJATKOM, 3a0€3IMeuyloud MaKCUMaJIbHY 3PY4YHICTh 1 MIATPUMKY
310pOB’sl.

Po3poOka 6a3mu nanux 1 30epeskeHHs iHopmaunii.

Jlns 30epesxkenHs iHpopmarllii mpo JiKapchbKi 3acOO0M Ta HaraayBaHHS MPO iX
npuiiMaHHg B JI0JAaTKy BUKOPHUCTOBYETHCS JIOKajdbHA 0a3za JaHuX, 110 3abe3mneuye
edekTuBHE 30€peKEeHHS Ta JOCTYN J0 JaHUX HaBiTh 0€3 MiAKIIOUEHHS 10 IHTepHeTy.
Jlns peanmizanii miei 6a3u qanux 3actocoByeTbest ORM-0i0mioTeka Room, sika Hamae
3pyunuii croci6 B3aemomii 3 SQLite. baza manmx ckimamaeTbest 3 JTBOX OCHOBHHUX
cytHocTeit: Medicine 1 NotificationCard, kokHa 3 SIKHUX BIJIIOBIIAa€ 32 30€pEKCHHS
neBHOI 1H(opMmarrii.

Cytaicte Medicine 36epirae oCHOBHY 1H(OpPMAIIIIO PO JIIKAPCHKI 3aC00U, SIKY
KOpPUCTYBau BBOJUTH ab0 penarye. BoHa MicTUTH Taki TMOJis, SIK Ha3Ba JIIKIB, THUII
mpernapary, 4yac 1 yMOBU MPUHMaHHS, @ TAKOXK J0JAaTKOBI HOTATKH, SIKI MOXYTb OyTH
KOpUCHHMMHU Jj1s1 kopuctyBada. [lose imageUri 30epirae mocusiiaHHs Ha 300pa’KeHHS
npenapary, sike Moxe OyTu KOPUCHHUM JIJIs Bi3yaibHOT i1eHTU(dIKali1 JIIKIB, XO4a BOHO
€ HeoOoB'si3k0BUM. Bcei 11 mani 30epiratotbes B TaOmuii medicines, 110 Ja€ 3MOTyY
noaaTKaM 30epiratu Ta BiHOBIIIOBATH iX JIJISl OJAJIBIIOTO BUKOpUCTaHHS. CyTHICTh
NotificationCard BiamoBimae 3a 30epexxeHHs iHGOpMAIi PO HaAraxyBaHHA IS
KOXKHOTO JIIKapchkoro 3aco0y. BoHa MicTUTh NaHi mpo Yac MpUAMaHHS JIIKIB B
¢dopmati HH:mm 1 cniucok AHIB THXKHS, KOJIM MOTPIOHO MpUWMATH JIKU. JIH1 THXKHS
30epiraloTbcs SIK cepilaji3oBaHUil CHUCOK, IO JO3BOJII€E THYYKO HaJalllTOBYBAaTH

HarajayBaHHs Ha pi3HI komOiHaiii qHIB. KoxkeHn 3amuc y tabnuii notification cards
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MOB'A3aHUH 13 KOHKPETHUM TMpenapaTom, 30epirarouu Horo Ha3By Ta 4ac NpUMaHHS,

110 J1a€ MOXKJIMBICTh CTBOPIOBATH HaraJlyBaHHs ISl KOXKHOTO 3 JIIKAPChKUX 3aC001B Ha
BIIITOBIIHI JTHI.

Bukopucranas Room 3a0e3nedye 3pydHe 30epiraHHs HUX JaHUX y JIOKaJbHIM
0a3i maHux, a Takoxk edexTuBHe ynpasmiaas HUMHU yepe3 DAO (Data Access Object).
DAQO BUKOPHUCTOBYIOTHCS JUIsI JOCTYMy 10 TaONMWIlb, BUKOHAHHS 3alHTIB IS
JI0J1aBaHHsI, OHOBJICHHS Ta BUAAJICHHS 3aITUCIB.

Takum ynHOM, 6a3a JaHUX MO3BOJISIE 30€epiraTu BCIO HEOOXI1THY 1H(POPMAITIIO PO
JiKapchKi 3acO0M Ta HaraJyBaHHS MPO iX MpuUiMaHHS, 110 3a0e3meuye 3pydHe Ta
IIBUJIKE YNPABIIHHS JAHUMH, & TAKOXK MIATPUMYE TXHIO HUIICHICTh 1 €EKTUBHICTD Y
pamkax poOotu gojaTka. Bci 1i MOXIMBOCTI JalOTh 3MOTY KOPUCTYBaueBl MaTH
JOCTYM JI0 aKTyanbHOT iHGopMallii B Oy ab-sikuii yac 6€3 HEoOX1THOCTI MKIFOYCHHS
1o Iarepuery

Po3po0ka incTpykuii kopucTyBaya.

[TounemMo 3 TOrO, IO KOPUCTYBady HEOOXiHO 3aBaHTAXUTHU Ta BCTAHOBUTHU
nojaaTok. Bigpasy micist 3amycKy J0/laTKa BiIKPUBAETHCS MOYATKOBUN €KpaH 3 AKOi

MOYKHA 1O0YaTh BUKOPUCTOBYBaTH «JlomaTok» Ta Bci Horo ¢yHkiii. Ile 300pakeHo Ha

puc. 2.
1224 vdn 1226 w40
Bci nikum Jopnatu nikn
nona-r“ o Hassa nixis |
Y Akux Brnagkax HE HDI‘IQM&TW ‘
Joa:
PucyHok 2 — IloyaTKkoBHii eKpaH Pucynok 3 - ®opma 101aBaHHs JIKIB
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HatucHyBIIM Ha KHOTIKY J0JIaTH — KOPUCTYBauy Oy/ie 3alpOIOHOBAHE 3alIOBHUTH
dbopMy Ta 10J1aTU HOBHI JTIKapChKkui 3acio (puc. 3).

Bci momani mikapceki 3aco0u OyAyTh J0JaHI HAa TOJIOBHUN €KpaH y BHIJISIL
CITUCKY 3 MOKJIUBICTIO 1X BUJIAJIUTHU, SAKIIO 11€ Oyae noTpioHo (puc. 4). st CTBOpeHHS
HaraJlyBaHHs PO MPUIIMaHHS JIIKiB — KOPUCTYBa4 MOKE MEPEUTH Ha HACTYITHUM €KpaH
(puc. 5) Ta HaTUCHYTHU Ha KHOMKY «Jlomatu», o y cBoi uepry Biakpue hopmy AJis

J0/IaBaHHs HarajayBaHHs (puc. 6).

252 2T 12:26 w4
Bci niku Bci HaragyeaHHs “34 L
Oopatm + Jonartu+ Nikn <
gi%s:;gudocrem i OBepiTh v TvwR:
O m
e e O s
e U
ﬁgﬁ‘nmm 3aMiTkM: 30BDIraTH B CYXOMY O o
0O ur
0 nr
O cs
O ra
Pucynok 4 - Cnucok .
y Pucynok S — Cropinka Pucynoxk 6 — ®opma
JIKIiB HA TOJIOBHOMY
HaFaIIYBaHB CTBOPCHHA HaraJjlyBaHHs

eKpaHy

Bci gonani HaragyBanHs OyayTh BiioOpakaTHCs Ha €KpaHl y BUTJISII CIIMCKY 3
MOJIUBICTIO TX BIAMITUTH Ta BUAAINTH, AKIIO 11€ Oy/e MOTpiOHO KOpUCTyBady (puc.
7). dns cunxponizaiii naHux Ta 30epiranHs iHGopmallii Ha BiIJajIeHOMY CepBepl —
KOPHCTYBa4 MOKE 3apEeECTPYBATUCH Ta YBIUTHU y CBiil 001iK0BUI 3amuc (puc. 8). Skio
JlaH1 BIpHI — KOPUCTYBay Mo0auuTh ekpaH (puc. 9), mo npoiHdhopMye KOpUCTyBaya,
110 BIH YCIIIIIIHO 3aMIIIOB Y CBiM 00JIIKOBUM 3aIKC 3 MOXKJIMBICTIO BUXOY 3 HBOTO.

KopuctyBaui MOXyTb peecTpyBaTUCS, BXOAUTH B CHUCTEMY, NEpErsIaTH
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JKapChKi 3ac00M, 10JaBaTH 1HII 3ac00M, a00 3MIHIOBATH 1X; BUKOHYBATH BIIPABH, SIK1

RS
3

PEKOMEHIYIOTh PeabiIiTONIOrH, IEPEBIPATH CBIM MPOTPEC Ta BUXOJIUTH 3 CUCTEMH.
BucnoBku. [IpoBeneHo anami3 mnpeameTHOi 00JacTi Ta BUMOT 0 MOOLTBHUX
JOJATKIB I yIpaBliHHSA rpadikoM 1 HaraayBaHHSMU Tpo HpuiiMaHHs JikiB. Ha
OCHOB1 I[bOTO OyJIO BHW3HAYEHO KIIOUOBI (PYHKIIOHAIBHI BHMOTH JI0 PO3POOKHU
MPOTPaMHOTO TPOIYKTY. Bysio oOrpyHTOBaHO BHOIp TEXHOJIOTIH, BKIIOYAIOYH MOBY
nporpamyBanHs Kotlin, Jetpack Compose 1151 cTBOpeHHs 1HTepdeicy KOpucTyBaya,
Material Design 3 nns 3a0esneueHHsi cydacHoro pau3aiiny, Jetpack Compose
Navigation ans Hasiranii, a Takos)k ORM Room a1 30epexennst nanux. Po3po6ieHo
apXITEKTYpy MOOLIBHOTO J0JIaTKa, siIka BKJIIOYAa€ (PYHKIi CTBOPEHHS Ta yMpPaBIIIHHS
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B sikocTi pe3loMe MOXXHA J0JaTH, IO PE3yIbTaTOM POOOTH CTaB MOOIIBHUI
J0JIaTOK, 10 3a0e3Mnedye 3pyUHUil KOPUCTYBAIbKUAN OCBI/I, TO3BOJISIE€ KOPHCTYBadaM
e(deKTUBHO KepyBaTH CBOIM rpadikoM Ta OTpUMYBATH CBO€YACHI HarajJyBaHHS IPO
npuiiMaHHs JikiB. OTpuMaHi pe3yabTaTh JEMOHCTPYIOTh MOJKJIMBICTH CTBOPECHHS
BHUCOKOSIKICHOTO MPOrPaMHOTO MPOJYKTY 3 BUKOPUCTAHHSIM CYyYaCHUX TEXHOJIOTIH 1
MOKYTh CIYT'YBAaTH OCHOBOIO JJIsl MOAAJIBIIOTO BAOCKOHAICHHS 10AaTKa HE TIBKHU JIs
HarajyBaHHs IIPO NMpUUMaHHS JIIKiB, a ¥ JIJIS 1HIIHUX 3a/1a4 (TeXHIYHUX, MTeJJaroT1YHHX,

MEJIMYHHX, HaBYAJIbHUX, OOJIKOBHUX Ta 1HIINX 3aBAaHb).
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Abstract. The article deals with the issue of developing a convenient and functional mobile
application that provides management of reminders for timely medication. The main aspects of the
subject area are considered, the choice of technologies is substantiated, the application functionality
is implemented and its testing is carried out. This allows us not only to demonstrate the achieved
result, but also to provide recommendations for further product improvement. In the design process,
we used widely used technologies, including the Kotlin programming language, the Jetpack Compose
framework for creating a user interface using Material Design 3, Jetpack Compose Navigation for
organising navigation, and ORM Room for working with the database. As a result, a mobile
application was proposed and tested that provides a user-friendly interface, functionality for
managing schedules and reminders, and reliable storage of user data.
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Abstract. The article presents a systematic generalization and typology of artificial intelligence
technologies applied not in the general context of cybersecurity but specifically for national cyber
monitoring and crisis incident management. For the first time within a scientific analysis, a list of Al
technologies is provided along with descriptions of their functional capabilities in the field of crisis
response. The article outlines the key challenges of implementing Al in state security institutions and
substantiates the need to develop a new generation of interdisciplinary specialists as a prerequisite
for effective digital transformation of national security systems. The purpose of the article is to
identify trends and justify the relevance of approaches for implementing artificial intelligence
technologies in national cyber monitoring and crisis incident management systems. The research
results show that national systems for cyber monitoring and crisis incident management are essential
components of a state’s cybersecurity architecture, as they ensure the ability to promptly detect,
prevent, and respond to threats in the digital space. An analysis was conducted on the specific
features of these systems, including the need for continuous monitoring of information flows, user
behavior, network activity, and malicious impacts on critical infrastructure. It is proven that the
evolution of digital threats has rendered traditional cybersecurity tools insufficient, prompting a
transformation in security approaches and a shift toward advanced models based on big data analysis
and predictive capabilities. The study demonstrates that modern Al-based solutions, including
machine learning, deep learning, reinforcement learning, convolutional neural networks, and hybrid
Al models, significantly enhance the efficiency of crisis response. These technologies enable
behavioral analytics, detection of hidden cyber threats, real-time log analysis, and automated
incident response. The integration of Al into cloud-based monitoring systems enables scalable data
processing, minimizes human factor impact, and ensures rapid response. The practical significance
of the study lies in establishing a methodological foundation for developing innovative Al solutions
in the field of cybersecurity at the national system level.

Keywords: artificial intelligence, cyber monitoring, crisis incidents, national security, machine
learning.

Introduction

In the modern era of technological transformation, digitalization is penetrating
every aspect of life — from everyday domestic needs to critical state institutions. At the
same time, the development of artificial intelligence (AI) is advancing at an
unprecedented pace: within just a few years, these technologies have evolved from
experimental lab solutions to practical tools capable of real-time analytics, decision-
making, process coordination, and nationwide automated management. This rapid
progress brings large-scale challenges, with security emerging not merely as a relevant

issue but as a defining one. Traditional approaches to protecting information systems
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are proving inadequate in the face of increasingly complex cyber threats and the deep
integration of digital services into public administration.

Security has long transcended individual, commercial, or even administrative
concerns — it has become a systemic issue of national importance. Given that most key
government functions — financial oversight, healthcare, energy, transportation, and
defense — operate through digital platforms, any vulnerability in cyberspace potentially
threatens national sovereignty. In this context, building an effective system for national
cyber monitoring and crisis incident management using artificial intelligence
technologies shifts from being a technical task to becoming a strategic priority that
determines a state’s ability to maintain integrity, stability, and resilience in the digital
age.

The application of Al solutions for developing national systems of cybersecurity
monitoring and incident management remains insufficiently explored in academic
literature. Existing publications only partially address this topic, mostly focusing on
related areas such as Al integration in cybersecurity, attack detection techniques,
models of governmental cyber governance, or threat analytics. Nonetheless, several
studies provide valuable theoretical and practical foundations for further analysis.

Among the most notable publications shaping the scientific background of this
subject are those by authors who explore the role of Al in cybersecurity — L. Ofusori,
T. Bokaba, S. Mhlongo [5]; M.K. Rahman, H. Dalim [6]; and C. Tiwari, S. Pillai, A.J.
Obaid, A.R. Saear, A.K. Sabr [8]. Research on aspects of national cybersecurity
governance is presented in the works of A. Davydiuk and O. Potii [2], as well as A.
Santisteban, L. Ocares-Cunyarachi, and L. Andrade-Arenas [7]. Significant
contributions to the development of cyber threat monitoring and detection methods
have been made by N. Gupta, V. Jindal, and P. Bedi [3].

Despite the available literature, there is a clear lack of structured material on the
subject of this study. Therefore, various scientific methods were applied to analyze,
categorize, and organize the available information and present it in the context of the

research topic.
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Purpose of the article

The purpose of the article is to identify trends and justify the feasibility of
applying approaches to the implementation of artificial intelligence technologies in
national systems for cyber monitoring and crisis incident management.

Research results

Technology plays a profound role in addressing global threats. This issue
concerns society as a whole and cannot be underestimated, especially considering the
growing number of victims of cyberattacks targeting national information systems.
Concerns about data fraud and cyberattacks have become critically important across
the world. According to the General Packet Radio Service, a number of technological
vulnerabilities have been identified: two-thirds of internet users are aware of the risks
associated with identity theft, fake news, and data privacy, both in business and in the
public sector [7].

Ensuring cybersecurity is an essential component of national security. The tasks
involved in building a national system for cyber monitoring and crisis incident
management include:

e active use of cyber tools in international competition;

the competitive development of cybersecurity tools amid rapid and transformative

changes in information and communication technologies, particularly in cloud

and quantum computing, 5G networks, big data, the Internet of Things (IoT),
artificial intelligence (Al), and others;

e the militarization of cyberspace and the development of cyberweapons, which
enable covert cyberattacks to support military operations and intelligence or
sabotage activities in cyberspace;

e the impact of global medical and military threats on economic activity and social
behavior, which has led to a rapid transformation and reorganization of a
significant segment of social relations into remote formats, heavily reliant on
electronic services and automated control systems;

¢ the introduction of new technologies, digital services, and electronic interaction

mechanisms between citizens and the state, which are being implemented
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inconsistently within cybersecurity frameworks and often without proper risk

assessment [2].

While information threats and risks may be universal in nature, national security
strategies vary depending on the policies adopted by individual countries or regional
alliances. For example, the European Union builds its strategies on the principles of
data privacy protection, forming a context of ethical foundations and principles to
safeguard the universal right to privacy [7]. Within the EU, a key role is played by the
EU Cybersecurity Strategy for the Digital Decade (2020), which aims to build a
resilient digital ecosystem capable of withstanding both internal and external cyber
threats. A significant regulatory foundation is also provided by the Cybersecurity Act
(Regulation (EU) 2019/881), which introduces a European cybersecurity certification
framework and strengthens the mandate of the European Union Agency for
Cybersecurity (ENISA). Additionally, the implementation of the NIS2 Directive
(Directive (EU) 2022/2555) holds great importance, as it defines the responsibilities of
member states in protecting critical infrastructure sectors, including energy, transport,
healthcare, and finance.

In developed countries outside the EU — such as the United States, Canada, Japan,
and South Korea — similar strategic documents have been adopted and tailored to the
national context, including the National Cybersecurity Strategy (USA), Canada’s
National Cyber Security Strategy, the Cybersecurity Strategy of Japan, and the Korean
National Cybersecurity Strategy. These frameworks emphasize coordination among
state bodies, the development of cyber defense, collaboration with the private sector,
enhancement of incident response capabilities, and international cooperation. In
contrast, in Latin America, although most states have the capacity to respond to
cyberattacks, only six have actually developed cybersecurity strategies. The latest
country to introduce such a strategy was Mexico, which joined the small group of Latin
American countries with similar policies — including Colombia, Panama, Paraguay,
Chile, and Costa Rica — on November 13, 2017, according to data from the OAS [1].

As cyber threats have become more complex and sophisticated, cybersecurity has

undergone a rapid evolution in recent years.
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Table 1 - Evolution of technologies used in the development of national

cybersecurity

Period Technologies Characteristics

Before Antivirus software, basic Signature-based approach: antivirus programs,
2000 firewalls firewalls, manual threat database updates.
2000— IDS/IPS, next-generation Expanded tools, network-level protection, real-time
2010 firewalls updates.

2010- SIEM, sandboxing, behavior Behavioral analysis, event correlation, automated
2015 analysis detection of advanced attacks.

2015- SOAR, threat intelligence, Use of big data, automated response, expanded
2020 cloud security cloud-based solutions.

2020- AI/ML systems, Zero Trust Artificial intelligence, Zero Trust, behavioral

present Architecture, UEBA biometrics, proactive defense.

Note: systematized by the author based on [6]

Traditional protection mechanisms based on signatures no longer provide an
adequate level of resistance to modern cyberattacks. As noted by Rahman M.K. and
Dalim H., conventional cybersecurity tools largely rely on predefined patterns to detect
malicious activity, which makes them vulnerable to emerging attack vectors [6].

Modern security systems, in contrast, must be highly adaptive, polymorphic, and
faster than human reaction capabilities [4]. Artificial intelligence in cybersecurity is
increasingly viewed not merely as a tool for solving existing problems, but as a
foundation for predictive analytics that supports a proactive approach to risk
management. This approach enables not only a rapid response to incidents but also the
anticipation of potential threats before they materialize.

The integration of predictive analytics into national cybersecurity strategies is
gaining momentum due to its proactive nature. Implementing such models also helps
reduce the number of false positives — a common issue for signature-based systems,
which often misidentify benign activity as malicious. This is especially critical in high-
risk environments, such as national cybersecurity infrastructures, where false alarms
can lead to unnecessary resource expenditure. Moreover, the predictive capabilities of
Al can be embedded into cyber intelligence systems, allowing the identification of
emerging threats before they are executed. A study by Tomar S. and Singh P.
demonstrated that Al-based cyber intelligence systems can process large volumes of

unstructured data from various sources, including open sources, the dark web, and
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historical attack data, in order to predict future cyberattacks. By identifying new threats
and adversary tactics, these systems enable governments and organizations to
proactively reduce risks and enhance the overall resilience of national cybersecurity
[9].

Artificial intelligence in cybersecurity is almost never used as a standalone tool.
Its effectiveness significantly increases when combined with other technologies that
are either built upon its core algorithms or integrate its functionality into more complex

systems. A summarized list of such technologies is presented in Table 2.

Table 2 — Technologies combined with Al in the field of cybersecurity

Technology Application characteristics
Machine learning (ML) Analysis of large data volumes, anomaly detection, adaptation
to new threats.
Deep learning Modeling complex dependencies, detection of APTs and other
sophisticated attacks.
Reinforcement learning Automated decision-making, adaptation based on feedback,
reduced response time.
Convolutional neural networks Pattern recognition in network traffic and system logs.
(CNN)
Hybrid AI models Combining learning methods to improve accuracy and
resilience to emerging threats.
Cloud systems with Al Real-time monitoring, scalability, reduced need for manual
integration intervention.

Note: systematized by the author

Al-based systems use machine learning (ML) algorithms to analyze large volumes
of data and identify behavioral patterns that may indicate potential security breaches.
These systems are capable of detecting subtle changes in network traffic, user behavior,
and system interactions that may go unnoticed by traditional monitoring tools [10]. As
a subfield of Al, machine learning is particularly valuable in the context of national
cyber monitoring and crisis incident management, as it enables systems to learn from
historical data and adapt to new threats over time. For instance, supervised learning
algorithms can be trained on labeled datasets containing both benign and malicious
activity. Once trained, the system can use this knowledge to classify incoming events
and assess their level of suspicion. Deep neural network models used to detect potential

attack patterns through system log analysis have achieved accuracy rates of up to 92%.
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This demonstrates Al’s ability to recognize complex patterns in large datasets, allowing
not only for reactive responses but also for predictive threat detection [6].

The role of machine learning in national cyber monitoring and incident
management is further supported by a study conducted by Tiwari C., Pillai S., Obaid
A.J., Saear A.R., and Sabr A.K., who proposed an automated incident response system
using reinforcement learning. This approach allows national cyber monitoring systems
to continuously adapt and optimize their actions based on outcomes of previous
decisions. ML-based automation has been shown to reduce response time by up to 60%
compared to manual methods. The authors also noted that reinforcement learning
algorithms are especially effective in combating dynamic threats, as they can learn
from both successful and unsuccessful actions, improving performance over time [8].

Similarly, other studies, including Gupta et al. (2019), have shown that Al-based
IDS systems, particularly those utilizing convolutional neural networks (CNN), can
automatically learn attack patterns from data and provide early warnings of network
security breaches. These findings highlight AI’s potential as a proactive, self-learning
technology that continuously enhances its ability to detect and neutralize threats within
national cyber monitoring and crisis response systems [3].

Deep learning — another subfield of Al —is a more advanced technique that uses
multilayered neural networks to model complex relationships within data. Deep
learning models have demonstrated high effectiveness in detecting advanced threats,
including APTs (advanced persistent threats), malware, and other sophisticated
incidents that can bypass traditional detection methods. Their ability to process and
analyze large volumes of unstructured data, such as network traffic and system logs,
makes them an optimal tool for protecting national infrastructure during crisis response
scenarios.

The integration of artificial intelligence into cloud monitoring systems enables a
powerful combination of scalability, real-time analysis, and adaptive learning. Al
algorithms can continuously monitor an entire infrastructure, detecting and

neutralizing threats as they arise. This approach reduces the need for human
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intervention and allows national response teams to focus on more complex tasks, such
as handling large-scale incidents and actively hunting threats [10].

Hybrid Al systems that combine various machine learning techniques are
becoming increasingly popular in national cyber monitoring. For example, a system
that combines supervised and unsupervised learning methods can improve the accuracy
of threat detection in dynamic environments [5]. This combination enhances the
generalization and resilience of models, making them particularly suitable for use in
national crisis incident management systems.

Despite these advances, practical implementation of Al in national cyber
monitoring still faces challenges, particularly with regard to data integration and real-
time performance. In a study by Chirag Tiwari (2020), it was noted that integrating Al
models with legacy systems in national security infrastructure is complex, as traditional
cybersecurity protocols may be incompatible with Al-based tools. The integration
process often involves overcoming barriers related to data isolation, technical system
incompatibilities, and organizational inertia [8].

In addition, the use of Al in real-time requires high computational power and low
latency, which places extra demands on resources in large-scale cyber operations. In
their study, Ofusori, Lizzy; Bokaba, Tebogo; and Mhlongo, Siyabonga emphasized the
need for high-performance computing (HPC) systems to effectively run Al models,
particularly those requiring substantial data for training and inference. This challenge
is further complicated by the need for real-time decision-making, where delays can
lead to serious security breaches [5].

One of the key problems is the need for large volumes of labeled data to
effectively train predictive models. In the context of national cyber monitoring and
crisis response, acquiring high-quality labeled data is often hindered by privacy
concerns, data fragmentation, and the constant evolution of threats [7].

Another major concern is the interpretability of Al models, especially those based
on deep learning, which are often referred to as “black boxes.” The lack of transparency
in decision-making complicates their use in critical areas where human oversight is

required. To address this, recent studies have proposed the use of explainable Al (XAI),
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which clarifies the decision-making process of the model, increasing its trustworthiness
and practical value for professionals involved in national cyber monitoring and incident
management. These approaches help bridge the gap between high-performance Al
models and the need for transparency, allowing operators to make informed decisions
based on insights provided by Al

Based on the reviewed literature, the key challenges in implementing artificial

intelligence in national cybersecurity systems can be summarized as follows (Table 3).

Table 3 — Key challenges in implementing artificial intelligence in national

cybersecurity systems

Challenge Explanation Impact on security
False positives and false | Al models may incorrectly identify | Increased response time, risk
negatives safe activity as a threat or fail to of missed threats.

detect actual threats.

Integration with legacy
systems

National infrastructure often relies
on outdated systems that are
incompatible with modern Al
solutions.

Implementation becomes
more complex and costly.

Data privacy and ethics

The use of Al may raise concerns
about data collection and privacy
violations.

Risk of personal data leaks
and loss of public trust.

Complexity of Al model
training

Al models require large and diverse
datasets as well as continuous
retraining.

High resource demand, risk
of model obsolescence.

Allocation of resources
for Al-based security

Implementing Al-based protection
requires significant resource
investment.

Budget constraints may
hinder adoption, especially in
smaller regions.

Scalability of Al models
for large systems

Al models must be capable of
processing large volumes of data.

System performance may
decline as monitoring
expands.

Human expertise for Al
implementation and
management

Skilled personnel are needed to
deploy, monitor, and manage Al
systems.

Shortage of experts may slow
down implementation and
usage of Al

Note: systematized by the author based on [10]

Among the key challenges identified in the implementation of artificial
intelligence in national cybersecurity systems, the issue of human resources stands out
as particularly critical. The application of such technologies requires the involvement
of highly qualified professionals who possess not only deep knowledge in

programming and artificial intelligence but also an understanding of the functioning of
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the national economy, critical infrastructure, and the interdisciplinary nature of public
administration. This means that the next generation of cybersecurity specialists must
have a broader range of competencies than those required in earlier stages of digital
development.

Accordingly, the successful deployment of such systems must begin with the
development of human capital — through education, retraining, and the fostering of
professional communities. In countries with underdeveloped economies and weak
educational infrastructure, sourcing such specialists may become a significant
constraint. However, states that are already investing in educational programs, centers
of excellence, and research initiatives in Al and cybersecurity will, in the long term, be
better positioned to integrate effective, adaptive, and resilient protection systems
capable of addressing modern threats. Given the projected rapid acceleration in the
development of artificial intelligence technologies, the coming years will open new
opportunities to strengthen the protection of government information systems, critical
infrastructure, and digital sovereignty more broadly. This is why states must begin
preparing for these challenges now by establishing the institutional, human, and
scientific foundations necessary for future technological security [4].

Conclusions

National cyber monitoring and crisis incident management systems are integral
components of the modern national security architecture, as they enable states to detect,
prevent, and respond swiftly to incidents in the digital environment. A defining feature
of these systems is the need for continuous monitoring of information flows, user
behavior, network interactions, and potentially malicious activity within the
infrastructure. Over the past decades, the concept of cybersecurity has evolved — from
basic signature-based solutions (such as antivirus software and firewalls) to advanced
predictive systems grounded in deep analysis of big data. This shift has been driven by
the need to adapt to dynamic, high-tech threats increasingly targeting critical national
assets.

The advancement of artificial intelligence (AI) technologies has significantly

expanded the capabilities of crisis response. Modern solutions are built on machine
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learning (ML), deep learning, reinforcement learning, convolutional neural networks
(CNN), and hybrid AI models that combine various analytical and classification
techniques. These technologies enable behavioral analytics, detection of hidden attack
patterns, real-time system log analysis, and automated incident response. A particularly
important aspect is the integration of Al into cloud monitoring systems, which ensures
scalability, high-speed data processing, and reduced reliance on human intervention in
the response process.

At the same time, despite these evident advantages, the effective implementation
of Al in national cyber monitoring systems faces a number of challenges. The most
pressing among them remains the shortage of specialists capable of developing,

deploying, and maintaining Al-driven solutions in the field of cybersecurity.
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Abstract. The article deals with the problems of traffic safety at intersections equipped with
traffic signal control, where the time of the permitted signal on one street may have different duration
on the approaches to the intersection. This method of organizing a phased junction is effective in
cases where there is a significant difference between the traffic intensity on the approaches to the
intersection, and the geometry of the roadway does not allow the introduction of a third phase for
organizing left turns. This method is also effective in reducing traffic delays at the intersection of
large buses and trolleybuses turning left. The article points out such a well-known drawback of this
method as the lack of information from drivers about traffic signals in the oncoming lanes. An
analysis of the accident rate at intersections with the organization of a split-phase junction in
Zhytomyr carried out. Statistical data provided by the Office of the Patrol Police of Ukraine in
Zhytomyr regarding road accidents with victims and fatalities that occurred at the studied
intersections, data on road accidents with material damage obtained from open sources, in particular
Zhytomyr.info, are presented. The results of a survey of professional drivers on their opinion about
the need to improve information summarizing. The survey involved drivers of trolleybuses and buses
of the Zhytomyr Tram and Trolleybus Department and truck drivers of the companies Humax and
Gladkiy in Zhytomyr. Zhytomyr. The generalized survey data indicate the need to introduce additional
information devices to indicate intersections where the permitted signal time is different for different
directions. As a solution to the problem of increasing the information content at intersections with
the organization of a split-phase crossing, proposing to introduce a static sign to be installed on the
approaches to the intersection and the use of dynamic boards that would duplicate the signals of
traffic lights on the oncoming lane.

Keywords: traffic light control, split phase, accident rate, road accidents, asynchronous
operation of traffic lights, control phases, traffic light cycle, information content, intersection.

Introduction.

Intersections are the most important part of the city's street and road network. The
efficient functioning of the street and road network depends on the operation of the
intersection. Methods of traffic management at intersections should be aimed at
providing safe crossing conditions for all road users, as well as at reducing traffic
delays when passing through the intersection, as delays lead to economic costs and
increased harmful emissions. [1]

To organize safe traffic at an intersection, traffic lights are most often used. The

introduction of traffic light control is advisable at a certain ratio of traffic intensity on
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the main and secondary roads. Traffic light control minimizes the number of conflict
points, helps to reduce delays for road users, and reduces the negative impact on the
environment.

An important stage in the introduction of traffic signal control is to determine the
number of control phases. The maximum number of phases ensures a minimum of
conflict points for the regulated directions, but increases the cycle time and the total
duration of additional cycles. Therefore, when determining the number of phases, the
specific conditions at the intersection (number and type of conflict points, traffic
volume, intersection geometry, etc.) should take into account [1].

The simplest is the two-phase traffic signal cycle. When using a two-phase cycle,
left-turning maneuvers carried out in conflict with the forward direction, so at a certain
intensity, significant delays in the movement of the left-turning direction may occur.

The literature [1, 2] regulates the expediency of introducing the third phase at a
left-turning intensity of 120 units/h. However, if the width of the roadway is
insufficient, or if the intensity of traffic in the opposite directions differs significantly,
a split phase is introduced, which gives vehicles time to make a left turn at high
intensity of oncoming traffic. There are two methods of phase separation: the delayed
start method and the early cutoff method.

A significant disadvantage of this method is the lack of information about the
traffic signal in the oncoming lane [1]. Therefore, the object of study of the article is
the intersections of Zhytomyr city, where a split-phase intersection is organized using
the split-phase method. The purpose of the study is to analyze the accident rate at a
given intersection and develop proposals to eliminate the shortcomings of this method.

Main text

The split-phase method is primarily implemented within a two-phase signal
cycle, without the inclusion of a third signal phase. Instead, a phase-like element
utilized. Within such a two-phase cycle, left- and right-turning maneuvers, as well as
pedestrian crossings, occur under conditions of conflict with other traffic streams [1].
The integration of split-phase mechanisms into the two-phase cycle does not eliminate

these conflicts; thus, turning maneuvers continue to intersect with opposing or crossing
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movements. The resulting conflict points at the intersection under a two-phase signal

regime are illustrated in Figure 1..

Figure 1-Conflict points in the two-phase cycle of traffic light control

When applying the split phase using the early cutoff method, , since traffic is
allowed in only one direction.

In certain instances, a potentially hazardous situation may arise wherein drivers
executing a left turn (from direction AB as illustrated in Figure 2), originating from a
direction where the green signal duration has been shortened (section A in Figure 2),
enter the intersection but are unable to complete the turn before the signal changes.
Upon observing the onset of a yellow signal, these drivers may attempt to expedite the
completion of their maneuver. However, being unaware that the green signal remains
active for oncoming traffic—permitting movement in all directions—they may execute
the turn hastily without yielding to vehicles proceeding straight through the intersection

on a green signal, thereby increasing the risk of a traffic collision.

dla

Figure. 2 - Scheme of a possible accident
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According to the Zhytomyr City Council, the organization of a split-phase traffic
junction is used at the intersections of Velyka Berdychivska Street and Shevchenko
Street, Velyka Berdychivska Street and Zhuika Street, Kyivska Street and Nebesna
Sotnya Street, Skhidna Street and Nezalezhnosti streets. At these intersections, a
phased crossing organized using the early cutoff method. Figure 3 shows a diagram of

one of the intersections, the others have similar geometric parameters.

—l \IjH L
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Figure 3 - Traffic pattern of cars and pedestrians through the intersection of V.

Berdychivska and Zhuyka streets

The traffic signal operation cyclogram is shown in Figure 4. In the first phase of
the control, the permitted signal is extended in direction 2 so that the left-turning

direction has time to complete the maneuver.
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Figure 4 - Traffic signal operation cyclogram at the intersection of V.

Berdychivska and Shevchenko streets

ISSN 2663-5712 124 www.sworldjournal.com



AR
SWorldJournal Issue 31 / Part 1 }K

~

According to the information provided by the Patrol Police Department, the
following number of road accidents occurred at the study intersections over the period
of 10 months in 2024, according to the scheme shown in Figure 4: Velyka
Berdychivska and Shevchenka - 3; Velyka Berdychivska and Zhuika - 2; Kyivska and
Nebesna Sotnya - 2; Skhidna and Nezalezhnosti - 3. Open sources, such as
Zhytomyr.info, also revealed cases of road accidents with material damage, in
particular at the intersections of Velyka Berdychivska and Shevchenka - 4; Velyka
Berdychivska and Zhuika - 5; Kyivska and Heavenly Hundred - 4; Skhidna and

Nezalezhnosti - 3.

Figure 5 - Number of accidents at intersections in Zhytomyr, with the

organization of a split-phase method for 10 months of 2024

People also leave complaints about the non-synchronous operation of the traffic
lights, and there are complaints on Zhytmyr.info in the comments to accidents,
specifically about the operation of the traffic lights at the V. Berdychivska-Zhuika
intersection.

According to the above statistics, it can be concluded that drivers' lack of
awareness of the traffic signal in the oncoming lane can lead to accidents.

Based on the statement that the driver is the controlling link in the traffic system
of vehicles, which specifically determines the direction and speed of vehicles at each
moment of vehicle movement. The more fully and clearly drivers are informed about
the conditions and necessary traffic modes, the more accurate and error-free the driving

actions of drivers are, and therefore the higher the level of road safety and efficiency
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[3]. A survey of professional drivers was conducted regarding the organization of a
split-phase interchange organized by the split-phase method. Drivers were asked to
answer two questions and had multiple choice answers. Before the survey, a brief
explanation of the problem under study was given: “There is a certain organization of
traffic light control, in which traffic lights on one road do not work synchronously in
different directions. The green light may be extended in one direction and shortened in
the other. This is usually using to allow vehicles to turn left and is effective in many
cases. However, the disadvantage of this organization is that drivers are not informed
about the traffic signal in the opposite lane. Please provide answers to the questions
regarding this organization of the traffic signal facility”, and then two questions were
provided:

1. Do you think that non-synchronous operation of traffic lights can lead to an
accident? Answer options “Yes”, “No”, “My own version”

2. Is there a need to increase information for drivers at intersections where traffic
lights do not work synchronously? Answer options: “Yes”, “No”, “My own version”

The survey conducted among truck drivers of the companies in the private
enterprise “Yumaks” and “Gladkyi” and drivers of trolleybuses and buses of the tram
and trolleybus department of Zhytomyr. A total of 23 truck drivers took part in the
survey. The first question was answered by 75 percent of respondents, while 25 percent
did not think an emergency situation was possible.

Regarding the second question, 90% of respondents believe it is necessary to
increase information at intersections.

Similar results obtained among bus and trolleybus drivers. A total of 40 drivers
took part in the survey. Regarding the first question, 56 percent agreed with the
possibility of an accident, 35 percent disagreed, and 9 percent gave their answer.
Regarding the second question, 80% of drivers agreed that it is necessary to increase
the level of information at intersections where split-phase traffic is organized. 15% of
respondents do not see the need for this, 5% provided their own answer, in particular,

they suggested the need to inform drivers about the traffic signal in the oncoming lane.
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Summary and conclusions. .

Despite its identified limitations, the phase splitting method offers significant
advantages over a conventional two-phase signal cycle, particularly in scenarios
characterized by uneven traffic intensities across different directions. This is especially
relevant when certain vehicles are unable to complete left-turn maneuvers within the
available signal time (as illustrated in Figure 4, direction CD), and the implementation
of a dedicated turning lane is not feasible due to geometric constraints of the roadway.
Furthermore, the phase splitting approach proves effective in intersections involving
tram and trolleybus traffic control. Notably, it facilitates a reduction in tram delays by
up to 50% and contributes to the optimization of the signal timing ratio between
conflicting vehicular and pedestrian traffic flows. Consequently, this results in a 6%
increase in the average ratio of permissive signal duration to the total signal cycle time
[2].

Therefore, this method of organizing a phased junction should not be rejected, but
in order to improve traffic safety at intersections with split phases, it is worth
introducing information signs that would attract the attention of drivers when
approaching an intersection with such an organization of traffic signal control. It is also
possible to install spherical mirrors that would display the signal group of the oncoming
traffic lane, or information boards that would duplicate the signals of traffic lights on

the oncoming lane.
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Abstract Cross-section selection determines the optimal geometry and material of beams,
columns, trusses, and slabs to satisfy strength, stiffness, serviceability, and code requirements.
Traditional methods analytical formulas, empirical code provisions, finite element analysis, and the
finite strip method are reliable but often time-consuming and conservative. Artificial intelligence (A1)
offers rapid design-space exploration, identification of non-intuitive solutions, and accelerated
workflows that augment rather than replace engineer expertise.

A variety of AI methodologies have been applied to cross-section design. Supervised learning
models artificial neural networks, support vector machines, Gaussian process regression, and
ensemble trees train on paired input—output data to predict performance metrics such as critical
buckling loads, ultimate strength, and deflections in milliseconds, while uncertainty estimates guide
risk-informed decisions. Reinforcement learning frames section assignment as a sequential decision
process, with graph-based and multi-agent architectures achieving faster convergence and greater
weight reductions than classical optimizers. Evolutionary algorithms, particle swarm optimizers, and
generative adversarial networks explore mixed continuous and discrete variables to deliver flexible,
multi-objective solutions. Hybrid physics-informed models embed equilibrium and stability equations
into training pipelines or leverage derived features slenderness ratios and section moduli to enhance
robustness, interpretability, and regulatory acceptance.

In conventional structural systems planar and three-dimensional frames, trusses, and shear
walls Al-driven workflows yield measurable benefits. Graph-based reinforcement learning has
reduced total steel weight by up to 12 percent compared to particle swarm or simulated annealing,
while surrogate-based pipelines use neural networks or Gaussian process models to propose near-
optimal member sizes in milliseconds, bypassing hours of finite element analysis. Integrated design-
co-pilot platforms combine generative algorithms with automated code compliance checks to
generate member-sizing proposals over ten times faster than manual methods, with deviations below
20 percent.
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Thin-walled elements present additional complexity due to interacting buckling modes and
nonlinear behavior. Al surrogates trained on finite-strip or finite-element datasets achieve R? values
above 0.98 for buckling-load prediction and classify failure modes with over 95 percent accuracy.
Gaussian processes and ensemble methods furnish predictive variances that support confidence-
weighted decisions. Inverse-design frameworks coupling surrogates with genetic or swarm optimizers
generate optimized profiles within 5 percent of validation targets. Symbolic regression yields explicit
design equations suitable for incorporation into codes.

Permanent formwork systems which serve as both construction support and structural elements
pose a multifaceted optimization challenge that spans structural support, thermal insulation, acoustic
attenuation, fire resistance, and constructability. AI-augmented surrogates, inverse-learning loops,
and generative networks can rapidly evaluate thousands of candidate profiles. Hybrid AI-FEA
workflows shortlist top candidates for detailed simulation, apply Al-based validation checks to detect
input inconsistencies, and iteratively refine surrogate accuracy through closed-loop retraining.

Despite these advances, critical gaps remain comprehensive case studies in active
infrastructure, alignment with existing codes, transparent reporting of failure modes, long-term
durability data, unified uncertainty quantification, and resilience under extreme loads. Addressing
these gaps through interdisciplinary collaboration among structural engineers, Al researchers,
software developers, and regulatory bodies will be essential to establish Al-driven cross-section
optimization as a reliable, industry-standard practice in modern structural engineering.

Keywords: Artificial intelligence, Machine learning, Permanent formwork, Cross-section
optimization, Surrogate modeling, Generative Design, Physics-informed neural networks, multi-
fidelity data integration, Structural health monitoring, Hybrid AI-FEA workflows.

Introduction

Cross-section selection, which involves choosing the size, shape, and material of
structural members such as beams, columns, trusses, and slabs, constitutes a
fundamental task in structural engineering design. An optimal selection ensures safe
and economical load-carrying capacity, compliance with serviceability requirements,
and adherence to relevant codes. Traditional practice relies on analytical formulas,
empirical provisions from standards such as Eurocode, AISC, and ACI, alongside
iterative numerical techniques including finite element analysis and the finite strip
method. Although these methods are well established, they often demand extensive
computational time, expert judgment to address complex stability issues such as local,
distortional, and global buckling, and tend toward conservatism to guarantee safety.

Recent advances in artificial intelligence, particularly in machine learning,
reinforcement learning, evolutionary algorithms, and generative design, have
introduced powerful decision-support tools that augment but do not replace the
engineer’s expertise. These Al-based approaches rapidly explore expansive design
spaces, uncover non-intuitive solutions, and accelerate iterative workflows. For

instance, graph-based reinforcement learning agents have been shown to assign
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standard steel sections in frame structures with reduced total weight and computational
expense relative to particle swarm or simulated annealing optimizers [2]. Multi-agent
systems further extend these benefits to three-dimensional building frames, achieving
faster convergence toward minimum-volume configurations than classical
metaheuristics, while industry applications report material savings of 18-25 percent
without compromising code compliance [4].

Surrogate models based on supervised learning, such as artificial neural networks
trained on harmony-search-optimized datasets, can predict near-optimal member
dimensions in fractions of a second compared to the hours or days required by
traditional methods. Fully automated “design co-pilot” platforms integrate generative
Al directly into structural workflows, producing complete sizing proposals for
reinforced-concrete shear walls over ten times faster than manual design, with
deviations from expert solutions typically below 20 percent [8§].

Thin-walled elements pose additional challenges due to their sensitivity to
complex buckling interactions, including local flange buckling, distortional web-flange
modes, and global flexural-torsional instabilities. Data-driven models trained on finite
strip or high-fidelity finite element datasets have demonstrated excellent predictive
accuracy: artificial neural networks forecasting critical buckling loads of cold-formed
steel channels achieve coefficients of determination up to 0.98, and deep belief
networks surpass traditional web-crippling equations, enabling the derivation of
refined design formulas [18].

Inverse design frameworks coupling trained surrogates with genetic algorithms or
particle swarm optimizers allow engineers to specify target performance criteria, such
as a desired buckling capacity, and obtain optimized geometric parameters that agree
within 5 percent of FEA validation. Moreover, gene expression programming and
multi-gene symbolic regression produce interpretable equations suitable for
incorporation into design codes [14].

Despite these promising developments, barriers to widespread Al adoption
persist. High-quality training data are often proprietary or narrowly scoped, limiting

model generalization to novel geometries and loading conditions. The opacity of many
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machine learning models raises concerns regarding interpretability and regulatory
acceptance, while professional liability and code compliance demand design outputs
that are both accurate and verifiable through conventional calculations or experimental
testing. Integrating Al tools into established workflows encompassing BIM platforms,
FEA packages, and project management systems also requires intuitive interfaces and
robust data interoperability.

This review synthesizes the body of work on Al-assisted cross-section selection
in civil and structural engineering, surveying methods applied to conventional beam-
column and frame systems as well as thin-walled members. It highlights performance
gains in material efficiency, design speed, and safety compliance, and critically
examines challenges related to model interpretability, data quality, and workflow
integration. To advance the field, we advocate embedding physics-informed constraints
directly into learning pipelines, integrating multi-fidelity datasets that combine
analytical models with high-resolution simulations, implementing dynamic model
updating through real-time structural monitoring, and incorporating uncertainty
quantification techniques such as Bayesian neural networks and Monte Carlo dropout
to accompany predictions with confidence intervals.

Finally, we explore the potential of AI-FEA hybrid workflows for permanent
formwork systems, which function both as construction formwork and as finished
structural elements. By optimizing cross-sectional profiles for structural performance,
thermal insulation, fire resistance, and constructability and by leveraging predictive
models for long-term durability Al-augmented design promises to establish new
standards in next-generation structural engineering practice.

Al Methodologies for Cross-Section Design and Analysis

The application of artificial intelligence to structural cross-section design and
analysis leverages a diverse set of algorithmic approaches. Four principal
methodological categories have emerged supervised learning, reinforcement learning,
evolutionary and generative algorithms, and hybrid physics-informed models each
offering distinct advantages for predicting performance metrics, automating decision

processes, exploring vast design spaces, or embedding fundamental physical laws. The
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following section summarizes the core principles, representative implementations, and
comparative strengths and limitations of these approaches, with pointers to the original
research where appropriate.

Supervised Learning. Supervised learning methods train predictive models on
paired examples of section geometry, material properties, loading conditions, and
corresponding performance outcomes. Once trained, these models deliver near-
instantaneous predictions of metrics such as critical buckling loads or ultimate strength.
Typical implementations include multi-layer perceptron neural networks, support
vector machines, Gaussian process regressors, and ensemble methods such as random
forests or gradient boosting. For example, feed-forward neural networks trained on
finite-strip analyses of cold-formed steel channels achieved coefficients of
determination around 0.98 in predicting buckling loads and correctly classified local,
distortional, and global failure modes without iterative eigenvalue solves [12].
Similarly, an ANN trained on 2 800 experimental and simulated compression and
impact tests of thin-walled tubes demonstrated R* = 0.86 on unseen profiles,
confirming its generalizability [11]. In fire scenarios, ANN, SVM, and random forest
models outperformed Eurocode equations for slender I-beams by accurately capturing
temperature—buckling interactions [10]. A Gaussian process surrogate trained on 280
finite-element simulations of cold-formed tubular columns delivered higher capacity-
prediction accuracy than conventional formulas [1, 19]. The primary strengths of
supervised learning lie in its inference speed and high fidelity when ample, high-quality
training data are available, along with the ability to quantify uncertainty via Bayesian
extensions. Limitations include reliance on dataset diversity which may restrict
applicability to novel geometries or load cases and the “black-box™ opacity of deep
networks, although interpretability techniques such as SHAP are increasingly applied
to mitigate this issue.

Reinforcement Learning. Reinforcement learning frames cross-section selection
as a sequential decision problem in which an agent explores actions such as choosing
or resizing members in a simulated structural environment, and receives rewards based

on objectives like weight minimization or compliance with code provisions. Graph-
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based RL agents treat structural layouts as graphs with joints as nodes and members as
edges, enabling the agent to respect connectivity and load paths naturally. Multi-agent
architectures further accelerate convergence by assigning distinct roles one agent may
select which member to modify while another chooses the section profile. In planar
steel frames, a graph-based agent reduced final weight and computational cost
compared to particle swarm optimization [2]. Extension to three-dimensional frames
via a two-agent system produced minimum-volume designs more rapidly than
simulated annealing or local search [3]. Reward functions in these studies explicitly
integrated buckling and code compliance constraints, ensuring safety alongside
material efficiency. Reinforcement learning excels when optimizing from discrete
catalogs of standard profiles and can incorporate complex performance metrics directly
into its objective, but its training phase can be computationally intensive, and the
resulting policies often remain difficult to interpret without supplementary analyses.
Evolutionary and Generative Algorithms. Evolutionary and generative methods
draw inspiration from natural processes, biological evolution, swarm behavior, or
thermal annealing to search continuous and discrete design spaces. Genetic algorithms
evolve populations of candidate cross sections through selection, crossover, and
mutation; particle swarm optimization moves design vectors according to individual
and collective best positions; simulated annealing accepts probabilistic perturbations
to escape local minimum; and generative adversarial networks learn to produce novel
geometries by pitting two neural networks against each other. Comparative
benchmarks indicate that reinforcement learning can outperform PSO in weight
reduction and convergence speed, yet PSO remains an effective baseline optimizer.
Hybrid frameworks that couple GA with ANN surrogates have optimized lipped
channel sections for web-crippling loads, yielding designs superior to standard code
recommendations [20]. Emerging GAN-based workflows propose unconventional
perforated or nonstandard profiles that satisfy structural criteria while expanding the
design vocabulary. Symbolic regression via gene expression programming has also
generated explicit formulas for GFRP hollow-section web-crippling capacity,

providing interpretable equations grounded in numerical data [14]. These algorithms
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offer flexibility in handling mixed variable types and multi-objective problems, and
symbolic approaches enhance interpretability; their drawbacks include significant
computational demands for high-dimensional searches and sensitivity to parameter
tuning.

Hybrid and Physics-Informed Models. Hybrid methodologies integrate data-
driven learning with physical principles to improve robustness, interpretability, and
regulatory acceptance. Physics-informed neural networks enforce equilibrium and
buckling differential equations within the training loss, guaranteeing that predictions
obey fundamental laws even for out-of-sample geometries. Surrogate models enriched
with engineered features such as section moduli or slenderness ratios leverage both raw
inputs and analytically derived parameters. Symbolic regression techniques evolve
human-readable design formulas that practitioners can adopt directly. To advance these
approaches, researchers propose multi-fidelity integration of analytical approximations
with high-fidelity simulations or experiments to balance training cost and accuracy,
dynamic model updating using real-time structural monitoring data for lifecycle
adaptation and embedding Bayesian neural networks or Monte Carlo dropout for
uncertainty quantification alongside point estimates. Applications of physics-informed
models include guaranteed-constraint buckling capacity prediction and surrogate-
based optimization pipelines that replace thousands of finite-elements runs with
millisecond-scale inferences. The main challenges involve the complexity of PINN
implementations requiring careful weighting of physics versus data losses and the
computational overhead of multi-fidelity training and frequent retraining.

Supervised learning delivers rapid, accurate predictions when comprehensive
labeled data exist; reinforcement learning excels in discrete-catalog optimization under
multifaceted constraints; evolutionary and generative algorithms offer flexible, multi-
objective search capabilities; and hybrid physics-informed models marry data-driven
inference with analytical rigor to enhance trust and generalization. Collectively, these
methodologies constitute a complementary toolkit for Al-augmented cross-section
design and analysis, charting a course toward more efficient, innovative, and verifiable

structural engineering workflows.
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Performance and Cost Optimization

Early demonstrations of AI’s value in conventional structures focused on
minimizing material usage while satisfying strength and serviceability requirements.
In a landmark study [2] trained a graph-based reinforcement learning agent to assign
standard steel sections to planar frame elements, achieving a lighter overall structure
and faster convergence than a particle swarm optimizer, without compromising code
compliance. Beyond academic benchmarks, Al-driven generative design platforms
have been deployed on real infrastructure projects. For example, an Al-based
generative algorithm optimized the geometry of a concrete bridge block in
Pennsylvania, maintaining its load-bearing capacity while reducing material usage by
20%, which translated directly into lower procurement and transportation costs. Across
multiple industry trials, firms have reported material procurement reductions of 18-
25%, a benefit attributable to Al’s ability to fine-tune cross-section shapes and
dimensions more precisely than manual trial-and-error methods. Moreover, by
integrating these tools early in the design phase, engineers can identify and eliminate
unnecessary safety margins inherent in heuristic code provisions, yielding leaner
sections that still satisfy ultimate strength, deflection limits, and vibration criteria.
Multi-material optimization adjusting concrete strength, reinforcement ratios, or steel
grades further balances performance and cost objectives, ensuring that Al-optimized
solutions remain robust under both service loads and extreme events [9].

Design Efficiency and Time Savings. While material and cost gains are significant,
Al integration also dramatically accelerates the design cycle. Traditional cross-section
selection often involves numerous finite element or strip analyses, each iteration
demanding hours of engineer time. Supervised-learning surrogates overcome much of
this burden by learning from pre-computed, optimized designs. Bekdas et al. [7]
demonstrated that a neural network trained on harmony-search-optimized frame
designs could ingest new geometry and loading conditions and output near-optimal
member sizes in milliseconds, eliminating repeated optimization runs. Such surrogate
models enable rapid “what-if” studies and real-time feedback during collaborative

design sessions. Fully automated “design co-pilot” platforms represent the next
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evolution in workflow augmentation. For instance, Al structure-Copilot at Tsinghua
University combines generative design with automated code compliance checks; in a
2024 case study of a reinforced-concrete shear-wall building, the system produced
member sizing proposals over ten times faster than a human engineer, with only a 20%
deviation in weight distribution. These productivity gains allow engineers to focus on
higher-order tasks conceptual design, architectural integration, and resilience planning
while routine sizing is automated, fostering innovation and reducing project lead times.

Safety and Reliability Enhancements. Ensuring that efficiency gains do not
compromise safety is paramount. Al methods embed stability and strength constraints
directly into their optimization routines. In reinforcement learning frameworks,
configurations that violate global or local buckling limits incur penalties during
training, guiding the agent toward safe yet efficient designs. Consequently, RL-
optimized frames achieve both material savings and rigorous code compliance.
Machine learning models also enhance predictive accuracy where empirical code
formulas struggle. For cold-formed steel members, Xu et al. [16, 19] trained a Gaussian
process regression surrogate on finite element simulations of stainless-steel tubular
columns, achieving higher accuracy and lower variability in capacity predictions than
Eurocode and AISC equations; this improved confidence allows engineers to reduce
conservatism in section selection. Deep learning approaches similarly advance
predictions of web-crippling strength in perforated sections, outperforming traditional
empirical relationships and informing updated design guidelines. Beyond strength
criteria, multi-objective Al optimizations incorporate deflection limits, vibration
performance, and seismic response into a unified framework. Generative algorithms
can simultaneously optimize section dimensions to satisfy drift restrictions under
lateral loads and stiffness requirements for dynamic performance, ensuring both
comfort and durability. By evaluating numerous load combinations in parallel gravity,
wind, seismic Al models support comprehensive performance-based design, enhancing
reliability without extending design timelines.

In conventional structural systems, AI methodologies have delivered measurable

benefits across performance and cost optimization, design efficiency, and safety
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assurance. Reinforcement learning and generative design algorithms yield material-
minimizing solutions that achieve 18-25% cost savings in practice. Supervised learning
surrogates and design co-pilot platforms compress design cycles by an order of
magnitude, enabling rapid exploration of alternatives and early-stage decision-making.
Safety and reliability are strengthened through constraint-aware optimization and high-
fidelity capacity prediction, resulting in lean, code-compliant cross-sections. These
advances collectively pave the way for Al’s adoption as a standard tool set in structural
engineering practice.

Al in Thin-Walled Cross-Section Analysis and Optimization

Thin-walled structural members, including cold-formed steel channels, plate
girders, and stainless-steel tubular columns, are valued for their high strength-to-weight
ratios, yet their design involves intricate interactions among local, distortional, and
global buckling modes that challenge both closed-form formulas and conventional
numerical methods. Recent advances demonstrate that artificial intelligence techniques
can accurately predict critical capacities, optimize cross-section geometry, and even
derive novel design expressions for such members. This section considers four
interrelated topics: machine learning—based prediction of buckling and strength,
ultimate strength and fire-performance modeling, inverse design and optimization, and
model performance with interpretability considerations [17].

Machine Learning-Based Prediction of Buckling and Strength. A central effort in
recent research has been the development of supervised learning surrogates that map
geometric and material descriptors directly to buckling loads and ultimate strengths,
thereby replacing iterative eigenvalue analyses in finite-strip or finite-element
frameworks. For example, feed-forward artificial neural networks trained on finite-
strip data of cold-formed steel channels with inputs such as flange width, lip length,
thickness, stiffener geometry, and effective length have achieved coefficients of
determination around 0.98 on validation sets and correctly classified buckling modes
with over 95 percent accuracy, effectively eliminating repeated eigenvalue solves [12].
Kernel methods and ensemble techniques have also proven effective: Gaussian process

regression models trained on a few hundred finite-element simulations of tubular
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stainless-steel columns reduced mean absolute error by 30 percent compared to
Eurocode 3 formulas, while providing predictive variances for confidence-weighted
decisions. Decision-tree ensembles such as Random Forests and gradient boosting
machines capture nonlinear interactions among slenderness ratios, section moduli, and
imperfection sensitivity factors, and their feature-importance metrics reveal the most
influential geometric parameters, guiding targeted stiffening strategies and rapid
stability assessments.

Ultimate Strength and Fire-Performance Modeling. Predicting ultimate capacity
under combined axial-bending loads and elevated temperatures introduces additional
complexity due to temperature-dependent stiffness degradation and nonlinear failure
modes. Machine learning models trained on extensive finite-element datasets have
outperformed empirical code equations in such scenarios. In one study, multiple
algorithms including neural networks, support vector machines, random forests, and
polynomial regressions were benchmarked against Eurocode fire provisions for slender
[-beams under lateral-torsional buckling, achieving a 40 percent reduction in predictive
error and capturing intricate interactions between thermal softening and buckling
behavior [10]. Deep belief networks applied to web-crippling of perforated channels
have likewise surpassed traditional empirical formulas, enabling the formulation of
improved capacity expressions. For combined axial-bending failure, ensemble models
trained on both experimental and simulated beam-column tests achieved coefficients
of variation near 0.07 far below the 0.22-0.23 values of Eurocode 3 and AISC
specifications thereby permitting reduced conservatism in design without sacrificing
reliability [21]. By integrating temperature-dependent material models and multiple
limit states into unified learning frameworks, Al approaches now support streamlined,
performance-based design workflows that address serviceability, strength, and fire
requirements concurrently.

Inverse Design and Optimization. Beyond forward prediction, inverse-design
methodologies leverage trained surrogates in combination with evolutionary or swarm-
based optimizers to prescribe target performance criteria and automatically generate

optimal cross-section geometries. For instance, coupling an artificial neural network
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surrogate with a genetic algorithm enabled engineers to specify a desired buckling
capacity for rib-stiffened thin-wall structures and obtain geometric parameters that
matched finite-element validation within 5 percent error, dramatically reducing the
number of design iterations required. Hybrid metaheuristic frameworks that combine
particle swarm optimization with neural-network surrogates have consistently
outperformed code-based recommendations for cold-formed channels under web-
crippling loads. Symbolic regression techniques, such as gene expression
programming, further refine this process by evolving explicit mathematical formulas
trained on extensive parametric datasets that relate geometry to capacity in a form
immediately adoptable within design guidelines [14]. Together, these workflows
accelerate the conceptual design phase by bridging performance targets and validated
cross-section proposals without laborious manual sweeps.

Model Performance and Interpretability. High predictive accuracy alone does not
guarantee engineering adoption; models must generalize to unseen geometries and
provide transparency in their decision logic. Best practices include rigorous cross-
validation, out-of-sample testing, and sensitivity analyses to ensure robust
extrapolation. Transfer-learning strategies allow pre-trained networks to adapt
efficiently to new section families, leveraging shared buckling physics to minimize
additional data requirements. Explainable Al methods, such as SHapley Additive
exPlanations, quantify the contribution of each input variable confirming, for example,
that thickness and flange dimensions dominate buckling behavior while revealing
subtle interactions among geometric parameters [12]. Embedding physically
meaningful features such as slenderness ratios and section moduli into model inputs
further enhances interpretability and reduces reliance on spurious correlations. Finally,
uncertainty quantification techniques, including Bayesian neural networks and Monte
Carlo dropout, produce prediction intervals that align with traditional reliability-based
design frameworks, enabling engineers to apply informed safety margins alongside
point estimates.

By uniting high-fidelity prediction, unified capacity modeling, inverse design

workflows, and advanced interpretability, Al methods are redefining thin-walled cross-
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section design. As datasets expand and physics-informed approaches mature, these
tools are poised to become indispensable in practice, complementing and extending the
capabilities of classical finite-element and code-based methods.

Case Studies and Practical Implementations

Academic Benchmarks. Academic research has established controlled
benchmarks that validate Al-driven cross-section methods against traditional
optimizers. In planar steel frames [2] applied a graph-based reinforcement-learning
agent to a two-bay, two-story configuration and achieved an 8 percent reduction in total
steel weight relative to a particle swarm optimizer while halving computational time.
Takenaka et al. [3] extended this approach to three-dimensional building frames, using
a multi-agent system that co-learned member selection and section assignment to
deliver a 12 percent volume reduction compared to simulated annealing and local-
search methods. Generative-design platforms such as Al structure-Copilot were
benchmarked on reinforced-concrete shear walls by Qin et al. [8], who reported
member sizing proposals meeting all code provisions with only a 20 percent deviation
in weight from expert designs and an order-of-magnitude speedup. For cold-formed
steel columns, Xu et al. [19] trained Gaussian process regressors on finite-element
simulations of tubular stainless-steel members under axial load, producing coefficients
of variation below 0.1 compared to 0.22—0.23 for Eurocode and AISC equations.
Harmony-search-optimized truss designs have likewise been emulated by neural-
network surrogates: Bekdas et al. [7] achieved over 95 percent accuracy in predicting
near-optimal member sizes for 10-bar and 25-bar trusses in under a millisecond,
compared to minutes for iterative optimization. These studies confirm that Al methods
can match or surpass classical approaches in both performance and computational
efficiency, and they provide standardized models for reproducible algorithm
comparisons.

Industry Tools and Pilot Projects. Commercial vendors and emerging start-ups
are beginning to embed Al capabilities into structural analysis and design workflows.
Autodesk’s Robot Structural Analysis and Revit generative-design modules employ

proprietary Al-inspired optimizers to suggest steel and concrete section sizes under
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load and deflection constraints, with reported material savings of 10—15 percent on
typical building projects. Tekla Structural Designer incorporates an automated steel-
sizing routine that iterates finite-element checks with code compliance verifications,
reducing manual rework by up to 30 percent in mid-rise office structures. Pathw.ai
offers specialized Al services for steel connection design, using data-driven rule
extraction to recommend bolt patterns, plate thicknesses, and weld sizes in seconds.
Cloud-based Al services deliver optimized member recommendations and design
rationales via remote APIs, though adoption is still limited by concerns over data
privacy and liability; pilot projects at European infrastructure firms have demonstrated
feasibility. In research settings, open-source frameworks built on TensorFlow and
PyTorch interface with FEA packages (OpenSees, Abaqus) via scripting, enabling rapid
prototyping of surrogates and inverse-design loops that bridge academia and industry
[5, 6, 15].

Translation to Practice. Bridging Al research outputs and routine engineering
practice involves converting model predictions into familiar design formats and
integrating surrogates into established workflows. Symbolic regression techniques
produce explicit, code-style equations that practitioners can adopt directly. Asghar et
al. [14] used gene expression programming to derive a closed-form web-crippling
equation for pultruded GFRP hollow sections, achieving mean absolute errors within 3
percent of finite-element data. Nguyen et al. [22] applied multi-gene genetic
programming to cold-formed steel channels, generating formulas that improve upon
AISI provisions for local and distortional buckling and include parameter tables and
safety factors aligned with standard formats. Surrogate-based FEA workflows use
trained ANNs, GPRs, or ensembles to prescreen candidate sections, reducing the
number of high-fidelity analyses by approximately 80 percent while preserving design
quality. Al-guided mesh refinement models identify critical regions in plate-girder
simulations, delivering two- to threefold speed-ups with error bounds below 5 percent.
Closed-loop optimization prototypes combine surrogates and FEA validation in an
iterative cycle until convergence, merging Al’s speed with numerical fidelity. Early

BIM integrations allow Al models to import loads and boundary conditions directly
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from the building model, perform surrogate evaluations, and export optimized section
properties for documentation. These pathways demonstrate how Al can augment
traditional processes automating routine tasks, expanding design exploration, and
freeing engineers to concentrate on verification and innovation.

Rigorous academic benchmarks confirm that Al algorithms can rival or exceed
classical optimizers in frames, trusses, and columns, delivering both material savings
and computational efficiency. Industry tools from Autodesk and Tekla to specialized
services like Pathw.ai are beginning to integrate Al into engineer workflows. Practical
translation strategies, including Al-derived design equations and surrogate-based FEA
pipelines, bridge the gap between research and practice. Continued collaboration
among researchers, software vendors, and regulatory bodies will be essential to realize
AT’s full potential as a mainstream toolset in structural engineering.

Proposed Improvements and Future Research

Although Al-driven methods have demonstrated considerable promise in
automating and optimizing cross-section design, key methodological gaps and industry
barriers persist. We prioritize twelve enhancements and research directions, organized
into four domains Al-based section selection, classical FEA integration, strategic real-
world applicability, and regulatory and educational alignment each mapped to earlier
recommendations.

Al-Based Section Selection Enhancements. Embedding structural mechanics
directly into learning frameworks can improve model robustness beyond the training
distribution. Physics-informed neural networks (PINNs) augment the loss function
with equilibrium, compatibility, and buckling residuals, ensuring that predicted
capacities satisfy governing equations by construction. For cold-formed steel channels,
PINNs might penalize violations of shell stability conditions and Orr—Sommerfeld
buckling criteria, markedly improving generalization to novel geometries and
boundary conditions.

A multi-fidelity data pipeline further reduces data-generation costs and accelerates
convergence. In such a scheme, a large corpus of low-fidelity data analytical buckling

formulas, simplified beam-column interaction results, and coarse FEA outputs serves
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for initial pretraining. Subsequent transfer-learning fine-tuning on smaller, high-
fidelity experimental or detailed simulation datasets refines predictions while retaining
the physics-informed structure.

To accommodate evolving materials and practices, dynamic model updating
introduces online or incremental learning from streaming structural health monitoring
(SHM) data strains, displacements, accelerations and periodic new FEA results. This
continuous-learning paradigm adjusts network weights without full retraining,
producing adaptive surrogates whose fidelity improves over a structure’s service life.

Finally, uncertainty quantification is essential for safety-critical decisions.
Bayesian neural networks with weight distributions, Monte Carlo dropout at inference,
and deep ensembles can deliver predictive distributions rather than point estimates.
Calibrated confidence intervals (e.g., 90 % or 95 %) allow engineers to apply explicit
safety factors and support regulatory risk assessments.

Integration with Classical FEA. Al-driven simplification of FEA models can
drastically reduce runtimes in early design stages. Surrogate predictors of stress
gradients and buckling zones can guide adaptive mesh refinement resolving flange—
web junctions with fine shell elements while coarsening mid-span regions thereby
cutting FEA runtimes by 30-50 % with negligible loss of accuracy.

Automated validation classifiers, trained in historical FEA cases, can scan input
decks for common setup errors unconstrained degrees of freedom, misapplied
boundary conditions, inconsistent element formulations and flag them prior to
simulation, reducing returns by up to 70 %.

Al-assisted exploration and visualization dashboards can present Pareto-optimal
sets of cross sections balancing weight, cost, and safety indices in real time. By
coupling rapid surrogate predictions with reduced-order FEA checks in a closed loop,
engineers can interactively filter and compare hundreds of options within minutes,
fostering innovation and avoiding locally confined choices.

Strategic and Real-World Applicability. The establishment of a standardized
benchmarking framework including an open-access repository of thin-walled profiles,

beam and frame assemblies, and high-fidelity FEA and experimental data will promote
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reproducibility and fair algorithm comparisons. Defined metrics such as percentage
weight reduction, computational time, and safety margins should be included, with
periodic community challenges to drive advancement and regulatory dialogue.

Integrating Al with structural health monitoring closes the loop between design
and operation. By feeding in-service SHM data (strain, acceleration, temperature) into
anomaly-detection and model-updating algorithms, emerging damage or performance
drift can be identified early, prompting maintenance or design reassessments. This
synergy enhances resilience and supports lifecycle optimization of structural systems.

Regulatory and Educational Alignment. To secure formal acceptance of Al in
safety-critical design, joint working groups of standards bodies (AISC, Eurocode
committees), academics, and software vendors must define validation protocols,
documentation requirements, and certification pathways. Specifying minimum dataset
sizes, interpretability criteria, and safety-factor methodologies will embed Al outputs
into recognized design codes.

Engineer-friendly explainable Al (XAI) tools integrated as plugins in mainstream
CAD and FEA software should provide interactive dashboards that employ SHAP,
LIME, or saliency mapping to answer “why” questions about model recommendations,
bridging the gap between black-box predictions and domain expertise.

Finally, tailored educational and training programs spanning university curricula
modules, professional certification courses, and continuing-education workshops must
cover Al fundamentals, surrogate modeling, PINNs, uncertainty quantification, and
hands-on case studies. These initiatives will equip both future and practicing engineers
with the skills required to deploy Al effectively in structural workflows.

By pursuing these enhancements from methodological advances and FEA
integration to strategic benchmarks and professional development the structural
engineering community can address data scarcity, interpretability, and regulatory
alignment, fully harnessing Al to deliver safer, more economical, and innovative
infrastructure solutions.

Research Gaps and Areas Needing Additional Attention
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Despite significant advances in Al-augmented cross-section design, several
critical gaps hinder full adoption and engineering confidence. First, most studies
remain confined to academic benchmarks or small-scale pilot projects. Comprehensive
case studies in active commercial developments such as bridges, high-rise buildings,
and industrial facilities are urgently needed. These studies should trace Al-
recommended cross-sections through construction, document material savings, cost
impacts, fabrication tolerances, and field performance under service loads. Only by
demonstrating reliability amid real-world variability can practitioners justify
investments in new Al-driven workflows.

Second, current building codes and design standards were devised around
empirical formulas and classical analysis, which often differ from Al-generated
solutions. Rigorous investigations must map Al model inputs and outputs to existing
code provisions (for example, Eurocode, AISC, ACI), establish acceptable tolerance
ranges, and propose amendments or supplemental guidelines for Al-derived designs.
Collaborative forums that bring together researchers, code committees, and industry
stakeholders will be essential to draft validation protocols and certification criteria for
Al tools.

Third, literature overwhelmingly emphasizes successes while underreporting
method failures and limitations. Systematic documentation of Al failure modes
whether due to sparse or biased data, extrapolation beyond training domains, or flawed
model assumptions is vital. A shared repository of anonymized failure cases would
enable collective learning, help define each method’s domain of applicability and guide
robust risk-mitigation strategies.

Fourth, Al-optimized cross-sections have proven effective in short-term load tests
and simulations, yet their long-term behavior such as creep, fatigue, corrosion, and
thermal cycling remains largely unquantified. Establishing longitudinal monitoring
programs for Al-designed structures will generate crucial durability data. Integrating
these observations into dynamic retraining pipelines will ensure that Al
recommendations account for real-world degradation mechanisms, thereby

safeguarding service-life performance.
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Fifth, engineers depend on probabilistic frameworks and safety factors to manage
uncertainty, but Al models typically produce deterministic outputs. Research must
develop unified risk-management methodologies that quantify input uncertainties (for
example, material properties and loading conditions), propagate them through Al
models, and translate predictive distributions into design safety factors. Demonstrating
alignment between Al-derived confidence intervals and code-prescribed reliability
indices will be key to regulatory acceptance.

Sixth, most Al investigations address routine gravity, wind, or serviceability
loads, yet structures must also resist extreme events such as seismic accelerations, blast
loads, fire exposure, and impacts. Dedicated studies are required to generate
appropriate training datasets via advanced finite-element simulations, physical testing,
or multi-physics models; to evaluate Al extrapolation capabilities; and to embed
physics-informed safeguards against unsafe predictions under novel or extreme
conditions.

Seventh, while material savings and design-cycle reductions are often
highlighted, the substantial upfront investment in data generation, model development,
software integration, and personnel training are rarely quantified. A comprehensive
cost-benefit framework should capture these initial and ongoing expenses, estimate
payback periods across project scales, and compare traditional and Al-augmented
workflows in terms of labor hours, licensing fees, and pipeline maintenance costs.

Eighth, even the most advanced Al models offer limited value if they fail to
integrate smoothly with existing engineering tools and processes. Research is needed
on human-computer interaction and workflow integration examining how Al modules
interface with BIM platforms, finite-element software, and project-management
systems. User-acceptance studies and pilot deployments across diverse engineering
teams will identify cultural and organizational barriers, preferred interfaces, and
effective change-management strategies.

Ninth, explainable Al techniques such as SHAP values, saliency maps, and
symbolic regression promise to demystify model decisions, yet their practical

effectiveness in supporting engineer judgment remains untested. Empirical evaluations
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should compare different XAI methods, assess their impact on review time and
confidence levels, and establish standardized protocols tailored to structural design
contexts.

Tenth, the ultimate promise of Al-augmented design lies in closed-loop systems
that adapt based on in-service performance. However, few implementations
demonstrate end-to-end workflows from Al-optimized cross-section selection to
structural-health-monitoring feedback. Pilot projects embedding sensors in Al-
designed members and retraining models with performance data will illustrate the
feasibility of cyber-physical systems. Detailed case reports should describe system
architectures, data-pipeline designs, retraining schedules, and retrofit decision criteria.

Addressing these gaps will require coordinated efforts among structural
engineers, Al researchers, software developers, and regulatory authorities. By pursuing
real-world validation, regulatory alignment, failure transparency, long-term
monitoring, uncertainty quantification, extreme-event robustness, economic analysis,
workflow integration, explainability, and SHM feedback loops, the community can
elevate Al-driven cross-section design from a promising research frontier to an
indispensable foundation of modern structural engineering practice.

Application for Permanent Formwork Section Calculation

Permanent formwork systems, including precast concrete panels, profiled steel
decks, insulated concrete forms (ICFs), and stay-in-place composite elements, serve
both as construction formwork and as structural components in the completed structure.
Their design must satisfy a complex matrix of requirements, such as adequate strength,
stiffness, fire resistance, long-term durability, thermal and acoustic performance,
constructability, and cost constraints. The multifaceted demands of permanent
formwork thus present an ideal opportunity for Al-augmented section calculation
methods to deliver holistic optimization.

Overview and Multi-Functional Demands. Permanent formwork remains in place
and contributes to the structural behavior of slabs, beams, or walls. During concrete
placement, it resists hydrostatic pressures and construction loads; thereafter, it

participates in composite load-carrying capacity under live and dead loads. In ICF
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systems, it provides thermal insulation that influences heat transfer and overall energy
performance, while in partition walls it offers acoustic attenuation via integral damping
layers. Formwork materials must also maintain integrity and load-bearing capacity
during fire exposure. Moreover, features such as interlocking profiles or modular
panels streamline on-site assembly and reduce labor costs. Balancing these competing
objectives through manual trial-and-error or sequential design loops is time-consuming
and prone to suboptimal trade-offs, whereas Al methods can consider all functional
requirements concurrently and identify section geometries that satisfy multi-physics
criteria.

Design Challenges in Structural, Durability, and Thermal Performance.
Permanent formwork design involves intricate load paths: during concrete placement,
formwork must accommodate dynamic pressures and construction weights, and after
curing it must act compositely under life, dead, and environmental loads. Long-term
durability challenges arise from corrosion susceptibility in steel decking interfaces with
concrete, requiring predictive models of moisture ingress and chloride diffusion.
Thermo-physical interactions in ICF systems affect both thermal gradients and bond
behavior, influencing shrinkage and cracking risk. Fire-exposure scenarios demand that
formwork prevent spalling and maintain structural integrity under elevated
temperatures governed by performance-based criteria. Classical finite-element
analyses that model contact interfaces, nonlinear material behavior, and thermal-
mechanical coupling are accurate but computationally intensive when iterating
multiple section profiles for multi-objective optimization.

AI-Driven Approaches for Rapid Evaluation and Inverse Design. Machine-
learning surrogate models trained on extensive datasets of finite-element simulations
and experimental results can predict structural capacities, deflections, thermal
resistances, and acoustic performance in milliseconds, replacing full-physics analyses
in preliminary screening. Inverse-design frameworks allow engineers to specify target
criteria such as minimum load capacity, R-value thresholds, or acoustic transmission
losses and yield optimal formwork dimensions and material configurations. These

loops typically couple neural-network or Gaussian-process surrogates with genetic
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algorithms to converge rapidly on viable solutions. Generative adversarial networks
and variational autoencoders propose novel section shapes such as variable-depth steel
decking or thermally optimized rib patterns in ICFs that satisfy multi-physics
constraints and reveal innovative designs beyond standard catalogs.

Hybrid AI-FEA Workflows for Speed and Fidelity. Combining Al predictions with
targeted finite-element validations ensures both computational efficiency and model
fidelity. Initial Al-guided screening can reduce thousands of candidate profiles to a
shortlist of five to ten, on which engineers then perform detailed finite-element
analyses, thereby cutting total simulation runs by an order of magnitude. Pre-analysis
Al classifiers can automatically detect boundary-condition mismatches, material
property errors, and meshing inconsistencies in finite-element input files, minimizing
reruns and improving workflow reliability. Closed-loop optimization pipelines feed
validated simulation results back into surrogate retraining, refining accuracy without
full dataset retraining for each iteration.

Key Benefits and Directions for Future Research. Al-augmented permanent
formwork design offers accelerated multi-objective optimization that concurrently
addresses structural, thermal, durability, and constructability targets, yielding material
and cost savings through precise geometric tuning. Constructability insights emerge
from evaluating modular assembly within the optimization loop, while resilience can
be enhanced by integrating structural health monitoring data to adapt designs over the
service life. Future research should prioritize the development of standardized, high-
fidelity datasets encompassing composite action, thermal-mechanical coupling, and
corrosion mechanisms for robust surrogate training. Life-cycle assessment metrics
including embodied carbon and maintenance costs must be incorporated into Al
objective functions. Physics-informed constraints for moisture transport, thermal
diffusion, and fire-induced spalling should be embedded within learning architectures.
Finally, field validation through pilot projects instrumented with real-time monitoring
systems will close the loop between Al design, construction realities, and in-service
performance, establishing permanent formwork section calculation as a rigorous, data-

driven practice.
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Conclusions

This review has demonstrated that artificial intelligence offers a powerful,
complementary toolkit for structural cross-section design, unifying supervised
learning, reinforcement learning, evolutionary and generative algorithms, and hybrid
physics-informed models. In conventional frames, trusses, and columns, Al methods
have matched or exceeded the efficiency and material-savings of classical optimizers,
while surrogate models and design co-pilot platforms have compressed design cycles
by an order of magnitude. For thin-walled members, machine-learning and deep-
learning surrogates accurately predict complex buckling and strength interactions,
support inverse design workflows that achieve target capacities within narrow error
bounds and yield interpretable formulas that can inform future code provisions.

Case studies in both academia and industry validate Al’s potential: benchmark
problems demonstrate reproducibility and performance gains; commercial tools embed
generative and surrogate-based routines into mainstream software; and translation
pathways through symbolic regression and surrogate-augmented FEA pipelines offer
practical routes for adoption. Yet critical challenges remain, including the need for
comprehensive real-world validations, regulatory alignment, systematic reporting of
failure modes, long-term durability monitoring, unified uncertainty quantification, and
resilience under extreme loads.

Focusing on permanent formwork systems, we have shown how Al-augmented
surrogates, inverse-learning frameworks, and generative profiles can address the multi-
physics demands of strength, stiffness, thermal insulation, acoustic performance, fire
resistance, and constructability in a single optimization loop. Hybrid AI-FEA
workflows and closed-loop retraining further balance computational speed with model
fidelity, paving the way for high-throughput, multi-objective design.

Moving forward, realizing AD’s full promise will require interdisciplinary
collaboration among structural engineers, material scientists, Al researchers, software
developers, and regulatory bodies. Standardized benchmark repositories, engineer-
friendly explainable Al tools, and integrated structural health monitoring feedback

loops will be essential to build trust and drive widespread deployment. By addressing
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data scarcity, interpretability, and code-compliance barriers, the community can
transform Al-driven cross-section optimization from a research frontier into a reliable,
industry-standard practice that delivers safer, more economical, and more resilient

infrastructure.
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Anomauin. Bubip nonepeunux nepepizié 8U3HAYAE ONMUMAIbHY 2e0Mempio ma mamepian
OanoK, KonioH, ¢hepm i naum 3 Ypaxy8awmHAM BUMOZS MIYHOCMI, IHCOPCMKOCMI, eKCHIYAmayiiHux
Xapaxkmepucmux i HOpMAMuUBHUX NOLOHCeHb. Tpaduyitini nioxoou — AHAIMUYHI PopMYyIU, emMnipudHi
NOJIONCEHHSL HOPMAMUBIB, MeMOOU CKIHUEHHUX eJleMEeHMIB | CKIHYeHOI CMYyeU € HAOTUHUMU, djle 4acmo
nompebyoms 3HAUHO20 YAacCy Ma 3aK1a0aoms KOHCepeamueHi 3anacu 6esznexu. LLmyynui inmenexm
(LLIl) npononye wsuoke 0OCHIONHCEHH NPOCMOPY NPOEKMHUX DilleHb, BUSBIEHHS HEeMPUBIATbHUX
sapianmis i npuckoperi poboui npoyecu, siKi 0ONOGHIOIOMb, A He 3AMIHIOIOMb eKCnepmu3) iHceHepa.

Pisnomanimui memoou Il 3acmocogytomsbcs 00 npoekmysanus nonepeunux nepepizis. Mooeni
3 HABYAHHAM 3 Yuumenem — WMYYHI HEUPOHHI Mepedci, Memoo ONOPHUX GEKMOpI6, 2ayCi8CbKa
npoyecitina pezpecis ma ancamobnesi depesa HA8UAMbCs HA NAPAX «BXI0-8UXIO» OJisl NPOSHO3Y8AHHS
MaKux Mempux, SAK KPUMUYHI HABAHMAICEHHA NpU 6mpami CMmIuKocmi, OCMamoyHa Hecyud
30aMHICMb 1 NPOSUHU 3G MITICEKYHOU, A OYIHKU HeBUSHAYEHOCMI 00NOMA2ams NPUUMamu pilueHHs
3 ypaxyeauuam pusuxie. IliOKpinniosanibhe HAGUAHHA PO32NA0AE NPUSHAYEHHS Nepepi3y K
NOCII006HUL NPOYeC NPULIHAMMSL pilueHb, 2pagosi ma Myr1bmuazeHmui apximexknypu 3a0e3ne4yoms
Oinbw  weuodKe 30iKHCHICMb | 3MEHWEHHST MAacu KOHCMPYKYII NOPIGHAHO 3 KAACUYHUMU
onmumizamopamu. Eeontoyitini aneopummu, onmumizayisi poro 4aCMUHOK i 2eHepamueHi 3Ma2aibHi
Mepexuci  00CHi0NHCYIOmb  OOHOUACHO HenepepeHi ma OUCKPemHI 3MIHHI, NPONOHYIOUU 2HYUKI
bacamokpumepianvhi piwenns. Liopuoni ¢izuuno-ingpopmosani mooeni 66y008yHmMv piGHAHHSL
pisHO6azu ma CmiluKocmi 8 npoyec HAGUAHHA AOO BUKOPUCTMOBYIOMb NOXIOHI XAPAKMEPUCMUKY —
KoegiyieHmu CmiHHOCMI Ma MOMEeHMU ONOpPYy 05 NLIOBUUEHHSL HAOIUHOCMI, IHMEPNPEeMmoB8aHoOCmi ma
8i0N0BIOHOCMI HOPMAMUBAM.

YV 36uunux xomcmpyxkmusHux cucmemax — NIOCKUX I MPUBUMIPHUX pam, ¢hepm i Odiagppaem
arcopcmrocmi - poboui  npoyecu Ha ocuosi LI  npunocame eumipui nepesazu. Ipagose
NIOKpINI06aibHe HABYAHHA 3MEHWUNO 3d2albHy macy cmani 0o 12 % y nopiéHAuui 3
ONMUMIZAMOPAMU POI0 YACMUHOK abO IMIMOBAHO20 GIONANY, A KOHBEEPU 3 CYPOLAMHUMU MOOENAMU
(HetiponHi Mepedici abo 2ayciBcbKi npoyecu) NPONOHYIOMb OIUZLKO ONMUMATLHUX PO3MIDIE
elleMeHmie 3a MINICeKYHOU, YHUKAIOYU 200UH AHANI3Y MemOOOM CKIHYeHHUX elemenmis. [nmeeposani
niamgopmu  «acucmeHm NPOEKMYBAHHA» 3 NOECOHAHHAM 2eHepaAmuUHUX aicopummie ma
ABMOMAmMuU308aHUX NepPesipoK GiONOBIOHOCHI HOPMAM 2eHepyromb HPOno3uyii wooo po3mipie
nepepisis y noHao oecsms pasie weuouie 3a pyuni memoou, 3 gioxuneHHamu merue 20 %.

Tonxkocminmni enemeHmu YCKIAOHEHI 83AEMOOIEI0 PI3HUX DedCUMI8 empamu CMIuKocmi ma
HeniHiliHolo nosedinkorw. Cypoeamui mMooeini, HA8YeHI HA OAHUX CKIHYEHHUX cMye aO0 CKIHYEeHHUX
enemenmis, oOocseaioms Koegiyicumie Oemepminayii R? euwe 0,98 npu npocHosysamHi
HABAHMAIICEHb, WO NPU3B00AMb 00 8MPAMU CMIUKOCMI, | 3 MOYHICMIO KAACUGPDIKVIOMb Delcumu
giomosu nonao 95 %. layciscvki npoyecu ma ancambnesi memoou 0aroms OYIHKU Oucnepcii
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NPOCHO318, WO NIOMPUMYIOMb PIUEeHHS 3 YPAXY8aHHAM 008ipu. IneepcHi cxemu npoexmyeanHs, Ki
NOEOHYIOMb CYPOAMU 3 2EHEMUYHUMU AOO0 POUOBUMU ONMUMIZAMOPAMU, 2eHEPYIOMb ONMUMANbHI
npogini 3 noxubkoro 0o 5 % e6io nepegipox. Cumeoniuna pezpecis 0036019€ OMpPUMYBAMU SGHI
dopmynu, npuoamui 015 BKIOUEHHS OO HOPM.

Cucmemu He3HIMHOI OnanyoKu, wjo BUKOHYIOMb DONb | MOHMANCHOI NIOMPUMKU, | HECyuux
enemenmie, cmaeiims 6azamoyHKyioHanbHe 3a80anHs — 0OHOYACHO 3a0e3neyyeamu CIMpyKmypHy
MIYHICMb, Mennos8y i301AYil0, 38YKOI30NAYII0, 60cHeCmiUKicmy 1 3pyunicms moumadicy. Cypoeammi
Mooeni, IH8epCHI YUKIU ma 2eHepamusHi mepedxci Ha ocnogi LIl mooicyms onepamueno oyinosamu
mucsui eapianmis npoghinie. I'iopuoni poooui npoyecu L111-MKE sioouparoms kpawi kanouoamu OJist
0emanbHo20 MOOEN08AHHSA, 3ACMOCO8YIOMb NEPEeGIPKU  KOHCUCMEHMHOCMI  6XIOHUX OaHUX i
NOCMYNO080 NIOSUWLYIOMb MOYHICIb CYPO2Ami6 3a 00NOMO2010 3AMKHYMUX YUKILIE HAGUAHHSL.

He3zeaocarouu na 0ocseHenHs, 3anumaromscs 3Ha4ywi nPo2aiuHu. KOMIIEKCHI 00CTIONCEeHHS
Ha peanbHUux 00 €Kmax, y3200H4CeHHs 3 YUHHUMU HOPMAMUBAMU, NPO30pa OOKYMeHmAayis Hegoay
Memo0is, O0aHi npo 00820CMPOKOBY 00B8208IYHICMb, €O0UHA MEMOOUKA KIIbKICHOI OYIHKU
HEeBU3HAYeHOCmI mda CMIUKICMb 6 eKCMPeMAalbHUX YMo8ax. YCYHEeHHA Yux Npo2anuH uepe3
MINCOUCYUNTITHAPHY 83AEMOOII0  iHJIceHepis, docnionukie LI, po3pobnuxie I13 i pezyrsimopHux
opeanie supiuaivbHe OISl BNPOBAOINCEHHS ONmuMizayii nonepeyHux nepepizieé na ocrosi LI sax
HAOIUHOI NPAKMUKU Y CYYACHOMY OVOIBHUYMEI.

Knrouoei cnosa: wimyunuii inmenekm, MawuHHe HA8YAHHS, HE3HIMHA ONAIyOKa, ONMUMI3AYisl
NnonepeyHux nepepizie, cypozamue MOOEN0BAHHS, 2eHepamueHe HNPOEKMYBAHHS,  DI3UYHO-
iHhopmosaHi HelpoHHI Mepedici, iHmecpayisi OAHUX pI3HOI MOYHOCMI, MOHIMOPUHE CMAHY
KOHCmpYKYitl, 2iopudni poboui npoyecu LII-MKE.
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Abstract. The article presents an approach to automating quality control of construction works
in small and medium—sized enterprises (SMEs) through the integration of Internet of Things (IoT)
technologies and artificial intelligence (Al) methods. We developed a monitoring system comprising
an array of video cameras and a YOLOvS5—based computer vision model for automatic detection of
structural defects. This solution minimizes human error, enables rapid identification of deviations
from design specifications, and thus significantly reduces production costs.

The architecture of the experimental testbed is described in detail, including the number and
types of sensors, the simulation environment, data collection protocols, and pre—processing
procedures. To evaluate system performance, we tested the model on a dataset of 2 000 annotated
images covering five defect categories (cracks, spalls, corrosion, etc.) and report key detection
metrics: Precision, Recall, and mean Average Precision (mAP). Experimental results demonstrate
the model’s high accuracy and robustness across various defect types. Consequently, the proposed
system holds strong potential as an effective tool for enhancing quality assurance and reducing costs
during both construction and handover phases in the SME construction sector.

Key words: internet of things, artificial intelligence, quality assurance, computer vision, SME
construction 4.0, cost optimization, risk assessment, civil engineering

Introduction.

The construction industry in developed countries is characterized by a low growth
rate of labor productivity, leading to significant budget overruns, delays, and decreased
quality of completed projects. In the United States, construction productivity increased
by only 0.4% in 2023 after an 8.0% decline in 2022, according to data from the U.S.
Bureau of Labor Statistics and the Bureau of Economic Analysis [1]. A similar trend
is observed in the Eurozone: construction output in 2024 fell by 0.9% compared to
2023, whereas the long—term average annual productivity growth among OECD
countries is approximately 0.2% [2, 3, 4]. In the United Kingdom, new construction
volume rose by 4.2% in 2023 (to £139 029 million); however, total construction
activity remained flat due to a 1.2% decline in repair and maintenance work [1, 5].

Poor workmanship further amplifies costs: rework expenditures in the United
States account for 7-11% of project budgets, corresponding to annual losses of $30—

40 billion [1]. In Canada, productivity in Q1 2024 remained unchanged, while
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equipment and material prices increased by 4.8% year—on—year, heightening economic
risks for construction firms in the absence of effective QA systems. Overall business
labor productivity (including construction) fell by 2.2% in 2023—marking the third
consecutive year of decline [6, 8]. In Australia, construction labor productivity declined
by 1.8% in 2023 relative to pre—pandemic levels, and it has halved over the past 30

years, contributing to a 30% cost increase since 2019 [7] (Figure 1).

Australia | -1.8%

Canadla®

United Kingdom [ +0.0%
Eurozone -0.9%

USAT +0.4%

20 15 10 05 0.0 0.5
Productivity Change (%)

Figure 1 — Change in Construction Labor Productivity (2023 vs 2022)
Authoring

For small and medium-sized construction enterprises (SMEs), these challenges
are particularly acute: limited resources and the absence of formal QA processes result
in significant losses and reduced competitiveness. Digitizing QA using Internet of
Things (IoT) technologies and artificial intelligence (Al) methods can provide a critical
solution: automated data collection and real-time analysis reduce error rates, minimize
rework, and optimize costs. In light of the official statistics on declining productivity
and high rework losses, the objective of this study is to develop and demonstrate an
IoT-based, Al-driven quality control system for SME—level construction, capable of
enhancing process efficiency and reducing expenditures.

Literature Review.

Several studies have analyzed digital technologies in construction. Althoey et al.
demonstrated that implementing IoT solutions significantly enhances resource
management efficiency in construction projects [9]. Khurshid et al. conducted a

systematic review of IoT adoption within the “Construction 4.0” framework,

ISSN 2663-5712 157 www.sworldjournal.com



,75? ¢
SWorldJournal Issue 31 / Part 1 { Y
&Y

identifying main application areas (BIM, safety, monitoring) and barriers to technology
integration [10]. Magbool et al. (2023) investigated the adoption of IT innovations
(including 10oT) in Ghana and concluded that smart construction is most prevalent, but
a lack of skills limits the use of Industry 4.0 solutions [11]. An experimental study
confirms the high effectiveness of [oT networks, showing 97.4 % accuracy and a 40 %
reduction in accident risk when monitoring structural deformations using over 200
wireless sensors, which significantly complements prior conceptual findings with
concrete metrics [18]. Thus, existing works emphasize the potential of IoT for
improving sustainability and efficiency in construction but focus predominantly on
conceptual and infrastructure aspects.

Other research addresses broader strategic questions of Al integration and
digitalization. Rane (2023) describes the synergistic role of Al, the Internet of Things,
and big data analytics in smart and sustainable construction (Construction 4.0/5.0),
linking these technologies to Sustainable Development Goals [12]. Similarly, Rane
(2023) critically evaluates the integration of BIM and Al for managing schedules,
costs, quality, and safety, pointing out challenges related to data exchange and
workforce training [13]. Zabala-Vargas et al. conducted a systematic review of big data
and Al applications in AEC project management, finding that these technologies are
used across cost-time-quality-scope dimensions and contribute to prediction, task
automation, and improved decision-making efficiency [14]. Musarat et al. (2024)
analyzed innovations in automated construction site monitoring and concluded that
photogrammetry and real-time sensors hold high importance (RII = 0.82) for enhancing
safety and accelerating BIM modeling; automation noticeably reduces labor effort and
completion times [15]. A practical implementation of this approach is demonstrated in
a study where an EfficientNet-B7—based computer vision system achieved 95.7 %
accuracy in detecting safety violations (missing hard hats, missing harnesses) on a
dataset of 50 000 images, resulting in a 58 % reduction in incidents [20]. These results
align with our focus on integrating computer vision and IoT to improve quality and

safety in construction.
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Finally, significant contributions to the topic of quality assurance have come from
review studies. Agel & Diab (2022) examined project management challenges and
BIM solutions for schedules, costs, quality, and safety, demonstrating that a BIM
platform can serve as a foundation for predictive quality control models [16]. Ghansah
et al. (2023) systematized the application of digital technologies for QA in construction
and classified them by function (data collection, decision support, collaborative tools,
safety), noting that BIM systems dominate during the execution phase [17]. Their study
also identified directions for future research (interoperability, integrated solutions for
modular construction, sustainable QA, etc.). As a direct response to Ghansah et al.’s
identified lack of experimental QA data, a study was conducted in which a hybrid
system (YOLOV7 + 3D scanning) achieved an mAP@0.5 of 0.91 for detecting cracks
and spalls in concrete with automatic BIM model updates, demonstrating both practical
implementation and quantitative effectiveness; however, this approach is mainly
applicable to large, well-capitalized firms [19]. These works underscore the growing
interest in digitalizing QA, yet they generally provide qualitative reviews without
detailed experimental data.

Research Gaps and Scientific Novelty.

The conducted analysis reveals that existing publications either theoretically
explore the potential of IoT and Al in construction [4, 9] or focus on adjacent aspects
(e.g., BIM-based project management [8]). Practical examples of integrating video
surveillance (YOLO model) into [oT-driven QA systems at SME construction sites are
virtually nonexistent. Moreover, the literature offers almost no formal descriptions of
experimental testbeds specifying the exact number and types of sensors, as well as data-
collection and processing parameters.

The scientific novelty of the proposed work is as follows:

* An integrated approach to quality control has been developed, combining loT
sensors and computer vision algorithms (YOLO model) for real-time defect
detection in SME construction.

* A detailed, formalized description of the experimental testbed is presented,

including the number of video cameras and additional sensors, the test
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environment, data-generation modes, data-collection protocols, and numerical

sensor and sample parameters.

« Simulations and evaluations of detector performance metrics (Precision, Recall,
mAP) were conducted on a synthetic dataset of construction defect images.

* A cost-optimization solution for QA is proposed: the system automatically
identifies defects and enables rapid response without excessive resource use.
This systematic approach addresses the identified gap and demonstrates the

practical significance of integrating IoT and Al to enhance quality and cost efficiency
in construction processes.

Experimental Testbed. The experimental testbed included the following
components and parameters:

1. Video cameras: 3 units (e.g., Raspberry Pi Camera Module IMX219,
resolution 1920x1080, frame rate 5 fps). Cameras are positioned around the mockup
to cover major surfaces (walls, ceilings).

2. Environmental sensors: 2 temperature/humidity sensors (DHT22, accuracy
+0.5 °C and +3 % RH) for climate control, and 1 accelerometer (MPU-6050, +16 g)
for recording structural vibrations. Sensors are mounted at critical nodes of the wall
mockup.

3. Test environment:

" 5%x5m MockuprArea
Camera

4 -

3 L
0
(7]
= o
= MPU-6050

2 =

| |
1} DHT22 DHT22
Camera Camera
0 L
0 1 2 3 Bl 5

Meters

Figure 2 — Experimental Stand Layout (Top View)
Authoring
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A laboratory testbed measuring approximately 5x5 m, simulating a construction
site. The structure consists of a frame of boards and panels with artificially created
defects (cracks, spalls, corrosion). Lighting is uniform daylight (300-500 lux). (Figure
2)

For a better understanding of the Components and Parameters of the Experimental

Testbed, we have placed the raw data into a table. (Table 1)

Table 1. Components and Parameters of the Experimental Testbed

| Component || Parameters / Model HQuantity” Notes |

Video cameras Raspberry Pi Camera Module 3 Installed to cover walls
IMX219, 1920x1080, 5 fps and ceilings

Temperature/Humidity DHT22 (+0.5 °C; £3 % RH) 2 Climate control

sensor

Accelerometer MPU-6050 (£16g) 1 Rpcords structural

vibrations
. 5%5 m mockup with defects Simulates a construction

Test environment . — :

(cracks, spalls, corrosion) site
D . . Ensures stable
Lighting Daylight, uniform (300-500 lux) |— visualization
Authoring

4. Simulated data: A synthetic dataset of 2 000 images was created with
annotated defects (each frame containing 1-3 defects: cracks, spalls, corrosion).
Simultaneously, sensor data streams (tables of temperature, humidity, and acceleration
values) were generated at 1 Hz for the accelerometer and 0.5 Hz for the DHT22.

5. Data-collection protocol: Video frames were captured every 0.2 seconds, and
sensor measurements were recorded once per second. The total experiment duration
was 40 minutes. All data were time-synchronized via timestamps and transmitted
wirelessly to a cloud storage for subsequent processing.

6. Processing methods: Images were preprocessed by resizing to 640x640 pixels
and normalizing pixel values. Defect detection employed a pre-trained YOLOvVS model
with a confidence threshold of 0.5 and Non-Maximum Suppression (NMS) threshold
of 0.4. Sensor signals were smoothed using a moving-average filter (window size = 5)

and outliers were detected using a =3¢ threshold (Table 2).
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Table 2. Data Collection and Processing Parameters
| Parameter H Value ‘
| Video capture frame rate H 5 frames/s ‘
| Capture interval H Every 0.2 seconds ‘
| Accelerometer sampling rate H 1 Hz ‘
| DHT?22 sampling rate H 0.5 Hz ‘
| Total experiment duration H 40 minutes ‘
| Image processing H 640x640, normalization, YOLOvVS ‘
| Algorithms H YOLOvS, NMS (threshold 0.4), smoothing ‘
| Data synchronization H By timestamps ‘
| Storage H Cloud ‘
Authoring

Thus, the experimental testbed recreated realistic conditions of a small-scale

construction site and provided the necessary data for evaluating defect detection

algorithms and conducting cost analyses.
YOLO Model Metrics.
Testing the YOLOvVS model on the created dataset of 2 000 images yielded the

following defect-detection performance metrics. Precision was approximately 0.85,

and Recall was about 0.80. The mean Average Precision (mAP) over the IoU range of

0.5-0.95 was around 0.82, indicating high recognition quality. At a lower Intersection-

over-Union threshold (IoU = 0.5), the Average Precision (AP) reached ~0.88, whereas
at a stricter IoU threshold (0.75) AP was =~0.76. These results demonstrate that the

model is capable of capturing the vast majority of defects with a moderate number of

false positives (Figure 3).

Metric Value

1.0

0.81 0.76

e
o
T

°
B

0.2

0.0 Precision Recall mAP@0.5:0.95 AP@0.5 AP@0.75

Figure 3 — YOLOVS Defect Detection Performance

Authoring
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These metrics confirm the suitability of the chosen approach: YOLO-based defect
detection demonstrates a balanced trade-off between precision and recall for the given
scenario. Combined with continuous monitoring via IoT sensors, this enables efficient
reduction of problem-detection time and associated remediation costs within SME
construction.

Key Findings. A review and analysis of 20 sources reveal trends in the
application of [oT and Al in the construction industry. At the same time, existing gaps
are identified: a lack of concrete loT+Al implementations for QA and a shortage of
experimental data. The proposed solution addresses these gaps by formulating a
comprehensive QA framework that leverages cameras and sensors, specifying sensor-
network parameters and processing methods, and providing substantiated numerical
results for model accuracy. This model demonstrates that even with limited financial
resources, small and medium-sized enterprises can adopt IoT+AlI, thereby improving
their performance, competing more effectively with larger firms, and confidently

establishing their market niche.
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Anomauin. B pobomi po3ensoaromscsi 0CHOBHI 0coOIUBOCMI OU3aUHY Medig-mpanchopmepis,
ix nepesacu ma cyuwacui menoenyii. Ocobrusa yeaea npuoiiaemvcsa NPUHYUNAM mparchopmayii,
KOHCMPYKYIUHUM DIULEHHAM,  ep2OHOMIYHOCMI ma Mmamepianiam, wo 6UKOPUCOBYIOMbCA Y
cmeopeHui maxkux meonie. J{o cmammi 0Y10 8KII0YEHO MAKONHC CIYOeHMCbKI po3pooKu XapKiecbKoi
0epaorcasnoi akademii Ou3auHy i Mucmeyms 3 memu meonig-mpancgopmepis.

Knwuoei cnoea: mebni-mpancgopmepu, npunyunu mparcopmayii, KomOiHamopHicme,
MOOYIbHICb, (DYHKYIOHATLHICb, eCMemuKd, CMulb, epeOHOMIKA, MEXHOI021l, BUPOOHUYMEBO.

Beryn.

VY cydacHOMy CBITI NMUTaHHsS €()EKTUBHOTO BUKOPUCTAHHS MPOCTOPY HaOyBae
0COOIMBOT BAKIIMBOCTI. 3pocTaHHs ypOaHi3allii, pO3BUTOK METAIoJIICiB Ta 0OMEXKEeHI
YKUTJIOBI TIJIOIII BUMAararoTh 1HHOBALIMHUX pillleHb Yy cdepl 1HTep €PHOTO IU3alHY.
MeOni-TpanchopMepu € OTHUM 13 HallePEKTUBHIMINUX CIOCOOIB OpraHi3allii mpocTopy,
0 TMOEAHYIOTh (YHKI[IOHAJIBHICTh, €CTETHKY Ta €proHOMIKY, 3abe3neuyrodu
MaKCHMaJIbHE BUKOPUCTAHHS IUIONI TpuMilieHHs. [(u3aiin Takux MeOiB J03BOJIsIE
ONTHUMI3YBAaTU MPOCTIp, MOETHYIOUH B OJHOMY BUPOO1 Kiibka (QyHkIiil. Kpim Toro,
PO3BUTOK TEXHOJOTIM 1 BHUKOPHUCTAHHS Cy4YaCHHUX MaTepialiB PO3IIUPIOIOTH
MOXJIMBOCTI JM3aiiHy MeOmiB-TpancdopMepiB. [HHOBaIIMHI MEXaHI3MH, JIETKI
KOHCTPYKLIi, pO3yMHI CEHCOPHI CUCTEMH Ta aBTOMAaTU30BaHE YIIPABIIHHS CTBOPIOIOTh
KOMQOPT 1 €CTETUYHE 3aJ0BOJICHHS BiJ] BAKOPUCTAHHS TakuX MeOJiB. EKOJIOTTUHICTh
TAaKOXX € BAXJIMBUM AacleKTOM aKTyaJbHOCTI. 3aBISKH OaraTo(yHKI1OHAJIBHOCTI
MeOTiB-TpaHCPOpMEPiB 3MEHIITYETHCS MOTpPeda y HAIJIUITKOBOMY BHPOOHHIITBI, IO
crpusie 30epe’KeHHIO PEeCypCiB.

Takum uWHOM, MOCHIIKEHHS B Tally3l nau3aiiHy MeOJiB-TpaHChOpMEpIB €
HAJ[3BUYANHO aKTyaJbHUM JUIsI Cy4aCHOTO CYCNUIbCTBA. BUBUEHHS HOBITHIX PIlI€Hb
Ta  BIPOBA/PKCHHS  IHHOBAIIMHMX  TEXHOJOTIM  CIOpPUSITUME  CTBOPEHHIO

(yHKITIOHATBFHUX, €CTETUYHUX Ta €KOJIOTTYHUX 1HTEP €PIB.
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Mera crartTi nonseae y 8usaeieHHi OCHOGHUX 0cCOOAUBOCMmEU OU3AUHY MeOi6-
mpancgopmepis, ix nepeeaz ma cy4acHux meHOeHyill.

Tema Tpancdopmariii B nu3aiiHi MeOJIiB AOCIIKyBajlacs Pi3HUMHU aBTOpPaMH B
HAyKOBHX Ta Au3aiiHepchkux mpaisix. Ock AesKi 3 HUX, a came Penaro Jle dycko —
y kau31 “Jle Kop6ro3pe — auzaitnep: mebi 1929 p.” (1986) ananizye me6s1eB1 NpOEKTH
Jle Kopbro3be, 30kpema ioro miaxoau ao TpaHcopmauii meOmiB [6]. Harasis
IonineBa — y mparmi "Jlu3aiiH 00'éMHO-IPOCTOPOBOTO CEPENOBUIIHOTO 00'€KTa 3
BUKOPHUCTAHHSAM MPUHIMIIB TpaHchopMalii”" JOCHIKY€E 3aCTOCYBaHHS MPUHITUIIIB
Tpancopmanii B auzaitHi 00'exTiB cepenoBumia [3]. IBan Bocmii Ta Haramis
Bpu:xadenko - aBropu cTarti "@yTypHCTHYHI po3podku MedaiB-Tpancopmepis
nepmoi mooBHHU XX CcTOpivYs: KOHIeNuii Ta mepcneKTHBH' — aHAII3YIOThH
OCHOBHI KOHIIEMIli CTBOPEHHA (YTYpUCTUYHUX MeOIiB-TpaHCPOpMeEpIB Ta IXHIN
BIUIMB HA Cy4acHy Iu3aiH-NpakTUKy [2]. A y ctarTi "[IpuHuunu ¢opMoyTBOpeHHs!
i Tpancdopmanii 00'exTiB y au3aitni me0aiB'" IBan bocuii IIpOIOHYE aBTOPCHKE
BU3HAYEHHS MOHATTS "MeOmi-Tpancopmepu”, po3Iuproe Kiacu(pikalito IXHIX TUIIIB
Ta BUJIJISI€ TEXHOJIOT1UHI M1JIX0IU 10 CTBOPEHHS Takux Me0iB [ 1]. OcoOIMBOCTI TUITIB
KOHCTPYKLIA MeOmB — TpaHcopMmepiB BH3HA4ae y CBOid cTaTTi aBTOp IpHMHAa
Ky3nenona [4]. HoBaropcbkuil miaxix 10 Au3aiiHy MeOJiB AEMOHCTPYIOTH poOOTH
BIJJOMOTI'O JaTChbKoro nu3aiinepa Bepuepa IlanToHna, Taxi sik cruiens "Panton Chair".
ABTOp eKCHepuMeHTyBaB 3 (opMOIO Ta MaTepiaJaMu MeOJiB, CTBOPIOIOYH
1HHOBAIIIHH1 Ta TpaHc(opmMoBaHi npeaMeTu 1HTEp'€py [5].

OCHOBHHUI TEKCT

Tepmin «Tpancdopmep» MOXOAUTH BiJl CIOBa «TpaHChOpMaLlis», 1110 O3HAYAE
3MiHy (popMu Ta CTPYKTypH 00’€kTa. Y mpoleci CTBOpeHHs MeOiB-TpaHchopMepiB
BXJIMBY POJb BIAIrparoTh pi3HI MeTOAUM (HOPMOYTBOPEHHS Ta KOHCTPYKTHBHI
pILIEHHS.

OcHoBol0 TpaHchOpMOBAHUX O00’€KTIB € MNPUHUUN BHAO3MIHH, 110
nependayae 3miHy ¢opmu abo (yHkIii BupoOy. s 1bOro 3aCTOCOBYIOTHCS Taki

OCHOBHI MIIXOIH:
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- Kom0OinaTopuka — TIO€IHAHHS PpI3HUX €JIEMEHTIB Il  OTPUMAaHHS

6araTopyHKI10HATBHOTO IPOAYKTY (PUCYHOK 1).

1 e |

Nge b

|

Pucynok 1

BukopucranHs eneMeHTIB KOMOIHAaTOPUKH B Au3aitH1 MeOJIiB-TpaHcPpopMepiB
- MoayJabHicTh — BUKOPHCTAHHS OKPEMHUX YacCTHH, SIKI MOXYTh 3MIHIOBAaTH

KOH(}ITypallito BiAMOBIIHO A0 MOTPeO KOPUCTyBaya (PUCYHOK 2).

PucyHnox 2

Meb6ni—Tpanchopmepu 13 3aCTOCYBaHHSIM MOIYJIBHOCTI

- KoHcTpyKkTHBHiCTH — IHTErpallis HaJlMHUX MEXaHI3MIB, IO 3a0€3MeUyIOTh
JIETKICTh TpaHcopMallii Ta TOBrOBIYHICTh BUPOOY.

OTxe, OAHIEI0 3 KIIOYOBUX XapaKTEPUCTUK MeOIiB-TpaHchopMepiB € ix
dararogyHKIioHATbHiCTH. Taki Me0J1 MOXKYTb 3MIHIOBATH CBOIO (OpMY Ta (DYyHKIIIO
3aJIeKHO Bl TOTped KopucTyBawa. llpukimaam BKIIIOYAOTH  JIDKKA,  SIKi
MepeTBOPIOIOTHCS Ha 1madu, CTOJIH, 0 TPAHCHOPMYIOTHCS Y TTOJIMIT, a00 TUBAHH, 1110
CTalOTh JBOCHAJIBHUMU JIDKKaMU (pUCYHOK 3). OCHOBHI THNH KOHCTPYKTHBHHX
pilmeHb MeduiB-TpaHc(opMepiB MOIUISIIOTHCS HAa KAPKACHUU, OE3KaApKACHUUl Ta
kapkacuui emoumosanuti [4]. KoHcTpykiii cydacHux MeOsiB-TpaHchopMepiB

3aJeXarhb BiJl MaTepiajiB, eproOHOMIYHUX BUMOT Ta 1/1eH.
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PucyHnok 3

Mebmni-Tpanchopmepu. JUNIoMHUN MPOEKT CTYACHTKH XapKiBChKOI JIep:KaBHOT
akajemii qu3aitny 1 muctentB Hanii ['epman

Kapxacui meoni-mpancgpopmepu — 1€ KOHCTPYKIIi, L0 MarOTh >KOPCTKHI
KapKac, BHUTOTOBJIEHMH 13 MeTaly, JepeBa abo muacTuky. BoHu 3abe3nedyroTh
HaJIIMHICTh 1 JIOBFOBIYHICTh, YaCTO BHUKOPUCTOBYIOTHCS Y PO3KIQJIHUX CTOJIaX,
JABaHaX, JIKKaX 13 MIHOMHUM MEXaHI13MOM.

be3xkapxacui meoni-mpancgopmepu — cTBOpeHi 6€3 )KOPCTKOT OCHOBH, 3a3BUUa
BUTOTOBJIAIOTHCS 3 THYUKMX MaTepialliB, TaKUX AK TEKCTHJIb ab0 MiHOMOJ1ypeTaH.
[Ipuknagom € 6e3kapkacHi Kpicia-MilIKu a00 MOAYJIbHI IUBAHU, SIK1 JIETKO 3MIHIOIOTh
dhopmy.

KapkacHi BMoHTOBaHI Me0JIi — 11e MeOJIl, 10 IHTErPYIOThCS B CTIHM a00 1HII
KOHCTPYKTHBHI €JIEMEHTH MpuMinieHHs. Hampukman, BiAKWIHI JIi’KKa, BOYJAOBaHI
ctoyin a0o ckiaaHi madu. Boun nonomararoTs €(eKTHBHO BUKOPUCTOBYBATH IPOCTI,
0COOIMBO B MaJIOrabapuTHUX KBapTUPaAX.

Epronomiunnii 1u3aiiH MeOIiB-TpaHCPOpMeEpiB BpaxOBY€E 3pYUHICTh Y MPOIIEC]
TpaHc@opmarlii Ta BUKOpUCTaHHS. BaXXJIMBUM acrekToM € 0€3MeUHICTh MEXaH13MIB Ta
MiHiMi3allis PI3UYHUX 3yCHIIb MM1J1 Yac 3MIHEHHsI (opMu MeOIIiB. 3aBIsIKA Cy4acCHUM
MexaHi3mMaM TpaHcopMallii, TakKuM SK eazripmu abo nHesMaAmMuuHi cucmemu,

KOPHUCTYBa4l MOXYTh JIETKO 3MIHIOBaTH KOHPITypaIlito MeOiB (PUCYHOK 4).
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BapiaHT1 TPaHCHOOPMYBAHHS KpPICAQ

- -
MeTAi 3 dhikcaueto Ta USB nopt
: W
KHOMKQ AAS BUCYBOHHS

KOAILLLGTOK TG COMI KOAILLLGTKG  [TOBOPOTHMIA MEXAHI3M 3 MiCLLe BUBOAY NPOBOATB

dbikcaLli€eio Ta BaxiAb

[

NOBOPOTHOTO MEXAHI3MY

BOXKiAb AN PETYAIOBAHHS HOXMAY Poszetka laHeAb peryAtoBaHHs EAEKTPOABMIYH 3 BUCYBHUM
CTIABHULLI BUCOTH CMMHKN TEAECKOMYHUM LLITOKOM

Pucynok 4

Kpicno-tpanchopmep (8 ocrosi enexmpoOsucyn 3 6uUCY8HUM MeNeCKONIUHUM
wmokom). JJunnoMHUN NpOEKT CTYIEHTKN XapKiBChKOI Iep:KaBHOI akaieMii Tu3ailHy
1 muctenTB apii TroTbkO

JMu3aitn  MeOmiB-TpaHC(OpPMEPIB  YacTO  OpPiEHTOBAHWMHA HA  CcyYyacHi
MiHiMaTicTHYHi cTHIIi. BOHU rapMOHIiTHO BIUCYIOThCS B IHTEP €pU 3aBIISIKU TPOCTUM
JHIAM, HEUTpaIbHUM KOJBOpaM Ta SIKICHUM MaTepianam. KpiM TOro, MOXJIHUBICTb
1HIUBITyallbHOTO JAW3aiiHy J03BOJISIE CTBOPIOBATH YHIKaJdbHI MeEOJEBI pillIeHHS

(pUCYHOK 5).
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KoHuenuis

O6'ekr 6yB CNPOEKTOBAHMIA AAS QYAMTOPIT,
fKa notpebye ocobucToro NpocTopy.
[OAOBHOK OCOBAMBICTIO LbOTO O6'EKTa €
T€, L0 B PO3IGPAHOMY CTaHI-LE WMPMA,
KA 3MOXE PO3AIAITU KiMHATY, a B 3i6paHO-
MY-KOMMNAKTHE po6oye micue, 3aBAIKK
AKOMY KAIEHT 3MOXe abCTparyBarmcs Bia
HABKOAMLLHBOTO CEPEAOBULLLa i nosHicTio
3QHYPUTHCS Y CBOIO PoBoTy.

PPArMEHTH 300D AXKEHHS
m——

b

MexaHi3m AAS BIAKUAHOTO CTOAY OTBOPU AAS MOAMHOK By: KPIiNA€HHS BEPXHbOI
MOBEPXHI CUAIHHS CTiAbLS

Pucynok 5

Micue nist po6oTH y KoHuemnii “J{omamHiit odic”. KypcoBuit mpoeKT CTyIeHTKH
XapkiBCbKOi JIep>kaBHOI  akajgemii gu3aiiHy 1 wmucreutrB Omnekcanapu €HH
/abcomoTHU nepemodiceyv VI cezony konxypcy SBID Ukraine 6 kameeopii Product
Design, 2023

CyuacHi Medi-Tpancgopmepu 4acTo OoCHAIleHi BOy10BAHUMH
TeXHOJIOTiSIMH, TaKUMH SIK aBTOMAaTHM30BaHI CHUCTEMHU YMPABIIHHS, MIACBITKA a0o
BOYy/IOBaHI1 3apsiAHi CTaHIIl s rajpkeTiB. Lle minBuiye IXHIO QYHKITIOHATBHICTH Ta
KOM(pOPT y KOPUCTYBaHHI.

Y BUpoOHUIITBI MeOJIiB-TpancdopMepiB IINPOKO 3aCTOCOBYIOTHCS €KOJIOTTYHO
ApY>KHI MaTepiajiv, Takl sK JIepeBUHA, METal, CKJIO Ta KOMIO3UTHI Martepianu. Kpim
TOT0, SIKIIO MEOJI Maroms MOOYIbHY KOHCMPYKYIo, O 1e crpuse 6araropazoBoMy
BUKOPHCTAHHIO Ta JIETKOMY PEMOHTY.

Ha cTBOpenHs 6araTopyHKIIOHATBHUX 1 aJalTUBHUX PILLIEHb, 10 JT03BOJISIOTH
ONTUMI3yBaTh MPOCTIp 1 MiJJIAIITOBYBAaTUCS MiA 3MiHHI TOTpPeOM KOPHUCTyBaya
BIUIMBAIOTh MPUHIUNH TpaHcdopmamii. Po3riissHeMo feski 3 HUX, a caMe: IPUHIUI
«3017BIIIEHHS / 3MEHIICHH», «KOMOIHYBaHHS / MOJLI», JHIMHY Ta '"narepaibHy"

Tpancdopmariito [1] .
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Taoauus 1 Ilpunuunm Tpancopmanii
MpuHyunu mpaHcgopmayii Npuknad mebis- Onuc
mpaHcgpopmepis npuknady

«36inbwWeHHA / 3MeHWeHHA»
Taknit npuHUMN 6a3yeTbCA Ha 3MiHi
¢isnyHnx rabapuTie 06'eKkTa, AK y BiK
36inblIEHHS, TaK | 3BMEHLLEHHS NPOCTopY,
AKWMI BiH 3alIMaE.

Cogpa Leonie
Y npeacraBneHomy AMBaHi
y NiANOKITHMK BOYAOBaHWUM
MexaHi3m TpaHchopmalii,
AKUIM MaE AeKinbka
bikcoBaHWX NONOXKEHDb, Ae
nepLue NONOXKEHHA — Le
OVBaH, @ OCTAaHHE — NiXKKO.

«BuseneHHA / NpuxoeyeaHHs»
OcCHOBHMIM ynop 3po61eHOo Ha BUABMEHHA
YN NPUXOBYBAHHA NOBEPXHI €/IeMEHTa,
OKpeMoi aeTani Yn KombiHau,ii KinbKox
JeTanei 3 MeToro 3MiHU OCHOBHOTO
bYHKLiOHANbHOro NpM3HaveHHA 06'eKTa.
Mpu ubomy TpaHchopMaL,is 06'eKTa MOKe
3[iNCHIOBATUCA HA KiNbKOX PIiBHAX i
TOpKaTuCcA neBHOI AeTani 0b6'ekTa, TaK i
NPUBHOCUTK 3arasbHy BUAO03MiHY B MOTO
06'eMHO-NPOCTOPOBY CTPYKTYPY.

HosamopcbKi mebni 8io
KomnaHii Schamburg +
Alvisse

Y paHomy Kpicni, 3a
A0MNOMOroto KombiHau,i
KiZIbKOX 04HaKOBMX
e/leMeHTiB, BiabyBaeTbcA
pi3HOMaHITHa
TpaHchopmauia Ta
3MIHIOETLCA PYHKLIIOHaNbHE
npu3HaYeHHA 06’eKTy, a
came, - Kpicno moxke
NepeTBOPIOBATUCD Y JIIXKKO,
nyo um y uikasmi 06’ekT
iHTep’epy.

«Komb6iHyeaHHsa / nodin»
MpuHuMn TpaHcdopmalii nondarae y
TpaHcdopmau,ii ogHoro ob'ekta y ABi Ta
BiNblue CTPYKTYPH, NPU LLbOMY OAHA 3 LMX
CTPYKTYP Ma€ OKpemy iHAMBIAYaNbHY
dYHKLUiOHaNbHICTb, 3abe3neyeHHs AKoi
MOKNKMBe Yy pasi TpaHchopmalii. Lie morke
6yTV fleKiNbKa enemeHTiB 3i
CXOXUMU/PiISHUMK PYHKLIAMN,
KombiHoBaHi abo po3aineHi Ha
$dopMyBaHHA HOBOIO NPOMMC/IOBOTO
06'ekTa.

AueaH-mpaHcgopmep
«Convertible Sofa»

B naHomy npuknagi
BifibyBa€ETbCA
TpaHCcOOPMYBaHHA ANBAHY
B 06iaHil cTin 3
TabypeTKamu, AKUIN MOoXKe
3bepiraTi BCi YacTUHM
KOMM/EKTY BCEPEAUHI, He
3alimaroum Ginble micus
Hi>K BXXe 3aMMakE.
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«/liHilinul npuHyun»
JTIHIMHWMIA NPUMHLKXN MaAE Ha yBasi
HalnpocTiWwy TpaHchopMmalito
GOPMOTBOPUUX €/IeMeHTIB 06'eKTa i
3aCHOBAHWI Ha NObyA0BI NIOCKOT KPUBOI,
BCi TOYKM AKOI NeXKaTb B OAHIN NNOLWMHI:
NiHiA, BiApi30OK, BEKTOP, CNAaiH, pagianbHa
KpMBa, KONO Ta iHWi ¢irypy reomeTpuyHo
He BnopsAKoBaHOi abo BiNbHOI

KoH®irypauii.

e

s
i

i

+
+

———

b

1]

Sipario — meb6ai, wo
mpaHcgpopmyromoeca y
poboue micye

Y paHomy 06’€eKTi MOXKHa
nobavynTn NiHiNHY
TpaHcpopmaLito poboyoro
micugq, ae TpaHchopmauin
BifOYyBaETbCA 32 PaXyHOK
nesHoro aedopmyBaHHA

dopmmn.

«/lamepanvruli» npuHyun
"NatepanbHnit" NnpMHUMN TPaHchopmaLlii
OXOMN/IHOE NepeTBoOpeHHA 06'eMHO-
NPOCTOPOBOI CTPYKTYpU 06'eKTa, W0
BilOyBa€ETbCA 3@ 0OAHOYACHUM abo
NOCNiAOBHUM CLEHapieEM.

Cminvbyuk Frog
Lleih 06'eKT HanexuTb A0
KaTeropii mebnis "Ha
BUPIcT" i NpM3HayYeHui ans
BUKOPUCTAHHA AiTbMU Big, 6
micauis go 10 pokis.
TpaHchopmauia gepes'aHoi
KOHCTPYKLLi 4,03BONAE
peryntoBaTy BUCOTY CTiNbLA
B O4HOMY BMMIpI
BigNOBIAHO A0 BiKy
KOpUCTyBauya.

Aemopcwka po3pobka

Posrnsan mpunuumiB  TpaHcdopMmaiii y Jau3aiiHi MeOJiB  BIAKpHUBAE HOBI

MOJIMBOCTI JJISI €PrOHOMIYHOTO, TEXHOJIOTIYHOTO Ta €CTETUYHOTO YIOCKOHAJICHHS

1HTep €piB, 0COOJIMBO B yMOBaX 0OMEKEHOI0 JKUTIIOBOTO MPOCTOPY.

BucHoBok

Byno po3riasHyTO OCHOBHI OCOOMMBOCTI IW3aiiHy MeOIiB-TpaHcopmepiB, ix

nepeBarn Ta CydacHi TEHJEHII Ta MiATBEPUKEHO, 10 TpaHchopmoBaHi MeOi €

BYXJIMBUM HAIPSIMOM y JTU3aMHI.

[Tonanpiuii po3BUTOK AM3aiHYy MeOIiB-TpaHchopMepiB Oyae OpIEHTOBAaHUHN Ha

TEXHOJIOTIYHY 1HHOBAIlIMHICTh, THYYKICTh Y BHKOPHCTaHHI,

€KOJIOTIYHICTh Ta

€CTETUYHY NPUBAOIUBICTb. BUKOpPUCTAHHSI PO3YMHHMX TEXHOJIOTiH JUIsI KEpyBaHHs
MeOIsIMU 32 JOMOMOTOI0 CMapT@OHIB a00 TOJIOCOBUX KOMAHJ; 3allpOBa/XKEHHS
IITYYHOI0 iHTEJIeKTy; po3poOka HecTaHAapTHUX ¢opMm i Tpanchopmamiii, 10

PO3IIMPIOIOTh MOKJIMBOCTI BUKOPUCTAHHS MeOdiB - KoMOiHalis nux (paxtopis

ISSN 2663-5712 173

www.sworldjournal.com



R
SWorldJournal Issue 31 /Part 1 \Qp)

CHpPUATHME CTBOPEHHIO MEOJIIB, sIKI MAKCUMAJIBHO B1JIMOBIAAIOTH MOTPEOaM Cy4yacHOTO

CIOXKMBaya Ta 3a0e31meuyioTh KoM(popTHE i eeKTUBHE BUKOPUCTAHHS IIPOCTOPY.
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Abstract. The article explores the relevance and innovation of transformable furniture design in
modern interior solutions, especially in the context of urbanization and limited living spaces. It
examines key design principles such as modularity, combinatorics, and ergonomic adaptability, as
well as modern trends including smart technologies, sustainability, and aesthetics. The study analyzes
historical and contemporary examples, highlights the functional and spatial benefits of transformable
furniture, and forecasts future developments in the field based on flexibility, eco-friendliness, and
user-centered design.

Key words: transforming furniture, principles of transformation, combinatoriality, modularity,
functionality, aesthetics, style, ergonomics, technologies, production.

CrarTio Hamicnano: 25.04.2025 p. © Xomenko M.O.

ISSN 2663-5712 174 www.sworldjournal.com



Loy

YA i
SWorldJournal Issue 31 / Part 1 4\&-}; \)

https://www.sworldjournal.com/index.php/swj/article/view/swj31-01-065

DOI: 10.30888/2663-5712.2025-31-01-065
EMBODIMENT AS AN ARCHIVE OF MEMORY:

THE PHENOMENOLOGY OF TRAUMATIC EXPERIENCE IN CINEMA

TIJIECHICTbDb SAIK APXIB TAM’ATI:

®EHOMEHOJIOT'TAA TPABMATHUYHOI'O JOCBIAY YV KIHEMATOI'PA®I
Demura A.A./ lemypa A.A.
https://orcid.org/0000-0002-5409-0836
PhD Student / acnipanmxa
Kyiv National 1. K. Karpenko-Karyi Theatre, Cinema and Television University
Kyiv, Yaroslaviv Val 40, 01054
Kuiscokuii nayionanvruuil ynisepcumem meampy, Kino i meneoauenns im. 1. K. Kapnenxa-Kapoeo
Kuis, Apocnasie Ban 40, 01054

Anomauia. Cmamms npucesuena anaunizy miiecHocmi K 3acody ¢hikcayii ma mpaucaayii
Mpasmamuyno2o 00ceioy 6 ayoiosizyanvhiu Kyiomypi. Ha ocnosi ¢henomenonoziunux nioxoois
Mopica Mepno-Iloumi ma [inana Tpicea, a makosc meopii eminenoco 2nadava Bisian Cobuak,
PO32NA0AIOMbCA MEXAHI3MU, Yepe3 SIKI milo Ha eKpaHi Habysae cmamycy Hocis nam smi. Ocobauea
V8a2a 30CepedIceHa Ha HCIHOUOMY 00ceioi gitinu y ginbmax «/na Camuy ma «3emasn oaaxumua, Hiou
anenvbCcuny, 0e MileCHiCmy i NPOCMip Ymeopiooms CMpyKmypu nizHanus, onopy i mypoomu. Tirecua
penpesenmayiss mpakmy€emucs K AlbMePHAMUEHA M08a Nam ami, 30amHa akmueyeamu 2110aybKy
3anyuenicme Ha emuyHomy U aghekmugnomy pieHax. OCHOBHULL 6HECOK cMammi NoOJIA2A€E Y GUABNEHHI
€nocobie, 3a 00NOMO2010 AKUX MINECHICMb HA eKPAaHi PopMY€e HO8Y eCmemuKy C8IOYeHHs Ma 3a1y4ae
2nA0a4a 00 NepeHCUBAHHS MPABMAMUYHO20 NPOCMOPY AK eMUUHO20 00C8i0).

Kniouogi cnosa: minecnicmov, mpasma, gheHOMeHON02Iis, nam sims, YKpaiHcvke KiHO, GiliHA,
mpawncgopmayisa, npocmip, MOHMAdNiC, NOCMNAM ‘AMb.

Berym.

VY cyuacHOMy ay/1i0Bi3yaJbHOMY MMCTEITBI TIJI0 JeAail aKTHUBHIIIE MOCTAE SK
JDKEpeNno TmaMm’siTi, CBIAYEHHS 1 CEHCOpPHOro nocBimy. Bizyampna MoBa ¢inbmy,
0COOJIMBO B KOHTEKCTI BOEHHHUX 1 TYMaHITapHUX KaTacTpod, 3MINIYETbCA BIJ
300pakeHHsI Mo A0 (ikcallii CTaHiB — TIJIECHOI HAMPYyTH, MOTJISY, MOPYIIEHOTO
putyaidy. Y 1IbOMy KOHTEKCTI TUIECHICTh BHWSBISE€ 3HaTHICTb (OpMyBaTH
HepallloHaJIbH1, aeKTUBHI (OPMH B3aEMO/I11 3 TPABMATUYHUM ITPOCTOPOM.

VY Mexax MOCIHiKEHHS TIPOMOHYE€ThCS IOHSITTS «MIIeCHOCMI K apXigy nam smi»
— sIK ()OpMU Bi3yaJlIbHOT'O IOCBIY, B SIKIH TUI0 30€pirae Hapyry TPaBMU 1 TPAHCIIIOE 11
yepe3 M03aHapaTUBHI €CTETUYHI CTPYKTYpH. Y CTaTTI aHAI3Y€ThCS, SIKUM YHHOM
TIJIECHUUA BUMIp €KpaHHOTO oOpa3y cTae crmocoboM ikcarii TpaBMu 1 dopmye
albTEPHATUBHY BI3yaJbHICTh, MOOYJOBaHYy Ha JKecTaX, pUTMax, Ilay3ax Ta

MPOCTOPOBUX JedopMaliisx.
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TeopeTuuHe MIATPYHTS CTAHOBIATH PEeHOMEHOJIOT1sI CIpUHHATTS Mopica Mepiio-
ITonTi, KOHLIETIIISI IpOCTOpPY Mam’sITi [imana Tpirra, Teopist BTiUIeHOTo risigada Bisian
Cobuak Ta KynpTypHa Teopis moctrnam’siti Mapianau [ipmr. ¥V ¢dokyci — 11 Tunu
300pak€HHsI, JIe TUIO aKTHUBYE MPOCTIP K IMOJIe €TUYHOI B3aeMo/ii. Taka B3aeMoIis
BUXOJIUTh 3a MEXI eMNaTiiHOi peakuii 1 aKTUBYE «PEXHUM Bi3yaJbHOTO
CHIBIEPEKUBAHHA», Y SAKOMY TJIAa4 BXOJUTh y CTaH CHIBIPUCYTHOCTI 3 TIIECHUM
obpazom. ETuuHa Bi3yanbHICTh y IIbOMY KOHTEKCTI PO3yMI€THCS sIK (hopMa T 1albKo1
BIJIMOBIIAJILHOCTI TIEpea Bpa3IUBUM TUIOM Ha €KpaHi — BIAMNOBIAAIBHOCTI, IO
IPYHTYEThCS HA YBaXKHIM npucyTHOCTI. BogHouac 11€ 1 popma miaATpUMKH BPa3JIMBOTO
o0pa3y, 1110 TOTPeOy€e HE «CIOKUBAHHS», a «CIIBOYTTs». O0pa3 dhopmye 3B’ SI30K Mik
TIJIECHICTIO Ha €KpaHi ¥ CHOPUHHATTAM Thsfada, BIIKPUBAIOYU TPOCTIp IS
BIJINOBIJIAJILHOCTI, BII3HABaHHS 1 TYpOOTIUBOI yBaru.

DEeHOMECHOJIOTIYHA OINTHKA TUIECHOI IIaM STi, IO JCXKUTh B OCHOBI I[bOTO
JOCHIIPKEHHS, CIIBBIAHOCUTHCS 3 IIUPIIMMU MOHATTAMU Cy4YacHOi ayaioBi3yajbHOI
teopii. Konuent ecretuku TpaBmH (trauma aesthetics) posrisigae TpaBMaTHUYHHIMA
JIOCBIJ] HE SIK CIOXKETHY TMOJIit0, a K hopmanbHy cTpyKkTypy (LaCapra, 1999). 3amicTs
HapaTUBHOI LIJICHOCTI BUHUKAE MOETHKA (PparMeHTalli, 3ylmuHOK, THIII, TOPYIIECHb
PUTMY ¥ KOMMO3UIIIHHOT HANIPYTH. 300pakeHHs (PIKCy€e HE CTUIBKH Te€, IO CTaJIOCH,
CKLUJIBKH T€, 110 3YIMHUIIOCS B Yaci abo BTPaTHIIO MOBY.

[eit miaxig OMU3BKUN 10 KOHIEMLIT makmuibHoco bauvenns (haptic visuality),
3anpornoHoBaHoi Jlayporo Mapkc (Marks, 2002). BizyanbHuii 10CBiA y IbOMY BUIIAAKY
aKTHUBI3YEThCS HE Uepe3 JNUCTAaHIIIIO, a Yepe3 YSABHY TUIECHY OJIM3BKICTh — JOTHK,
HIOPCTKICTh, pyX YCEpeauHy MnmoBepxHi kaapy. Komu Ti10 Ha ekpaHi 30epirae Harpyry
TpaBMHU, IJIs11a4 BTATYETHCS Y CIIBIIEPEKUBAHHS HE JIOTIKOIO OMOBI/L, & CEHCOPHOIO
npucyTHicTI0. Kamepa mpairoe sk Meniatop TaKTUIBHOTO 3B’SI3KY, /1€ KOXKEH PYX,
naysa 4d moryisiy HaOyBae Baru 0e3 BepOAJBHOTO TMOSCHEHHsS. Y TaKUX BHMAJKaX
TIJIECHICTh (PYHKITIOHY€E SIK TOYKa 3yCTpiul MK 0O0pa3oM 1 CBIJOMICTIO IJsijaua,

CTBOPIOIOYM YMOBH 7151 a)€KTUBHOT YUacCTI.
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OCHOBHHUI TEKCT.

B ymoBax BiliHH, ay/110Bi3yaibHI Meia Je/ajl yacTillle 3BepTaloThCs J0 Tijla K
o kaHaiy nepexutoro. IlpoBimai mgocmignuku, 30kpema Keri Kapyr 1 JlomiHik
JlaKamnpa, akueHTyoTh yBary Ha TOMYy, L0 TPaBMAaTHMYHUN JOCBiJA, HA BIAMIHY BiJ
icTopuunoro um GiorpadiuHoro, YMHMTH omip JiHilHiK omosigi. Moro crpykrypa
¢dparmeHnToBaHa, MOOyJAOBaHAa Ha MOBTOPIOBAHUX 00pa3ax, MOBUAHHSX, pO3pHUBax 1
EMOIIIMHUX CIUIECKAX, 1110 MMPOPHUBAIOTHCS Y CBIJIOMICTh Y HECTIOIIBAHUX (hopMax.

Oco0mMBOTO 3HAYEHHS y IIbOMY KOHTEKCTI HaOyBa€ KOHIIEMIlISI «BTIJICHOTO
risayay, 3amnpornonoBada B. CoOuak, sika TpakTye neperisia GpiabMy sSK Opouec, y
SKOMY TJIsilad TMEPEeKHBa€ BI3yallbHE uepe3 BJIacHE TUIO0. ExpaHHe 300pa)keHHs,
0CO0JIMBO y BUMAAKY 3 TUIECCHOIO PETPE3CHTAIIEI0 TPAaBMHU, BUKIIUKA€E HE a0CTPAKTHY
eMrarito, a (GI3UYHUN BIATYK — TPUBOXKHICTh, HaIpyXeHHs, pediekc. [sgad
3aJy4yeHull y Bi3yaJbHHM MPOCTIp SIK CHIByYaCHUK a(heKTUBHOI MOIIi.

[TapanensHo 3 nuM, penomenosoriuni konuenuii M. Mepno-ITonti ta /1. Tpirra
PO3KPHUBAIOTH TIJIO SIK MPOCTIP, 110 MICTUTH MaM’sTh Yepe3 Jii, Halpy>KeHHS 1 dKEeCTH.
VY 1upoMy miIXo/i TIJI0 MOCTA€ apXiBOM — HE METAQOPUUYHUM, a OyKBaJIbHO TUIECHUM,
110 BCTYTA€ Y B3a€EMO/III0 3 MPOCTOPOM TPaBMHU, (GIKCYIOUU MOTO SIK BHYTPIIIHIN CIIiI.

Vasnenus M. Mepuno-IlonTi nipo mino ax npocmip matepianizyeTbecs y (uibMi
«Knonnaiik» (2022, Mapuna Ep ['op6au) uepe3 moOyTOBY TIJIECHICTb, IO ICHYE CEpPe
pyinu. ['epoins [pka npoxxkuBae y xari, 1110 BHACIIJOK BUOYXY BTpAaTHJIa YACTUHY CTIHU.
[i giM — HaniB3pyiiHOBaHUiA, ane (yHKIIOHYIOUMIi, CTa€ MICLEM 31 CTEPTOI0 MEKEIO
MDK BHYTpilIHIM 1 30BHImHIM. Ile xutno 6e3 ¢acany, 3paHeHe cepeoBHUIlE, 110
BTPATWJIO 3JIaTHICTh OyTH 3axucToM. Ha Tii 1i€i paHU-TIPOCTOPY PO3TOPTAIOTHCS
TIJIECHO—TIO0YTOB1 [Iii, SIKI CTalOTh BTUICHHSM CHPOTHMBY 3BHYHOMY DPYWHYBaHHIO:
neperJisi TeeBi3opa Ha AUBaHi nepea ¢oTolInajiepaMu 3 najibMaMu, 301p TOMiI0piB
31 3pyHHOBAaHOI BHOYXOBOIO XBWJICIO TPSAKH, MEPETHPAaHHS iX y TOMAaTHYy IMacTy,
BapiHHA COKY Ta 3aKaTyBaHHA 0aHOK. Taki CIIeH! CTBOPIOIOTH TNIMOOKUN KOHTPACT MK
BOEHHHUM KOHTEKCTOM 1 TIJIECHUM PUTYaJIOM BMXKMBAHHSI — MOOYT TYT cTae GOpMOI0

nam’siTi, akTOM 30€peKeHHS 3BUYHOTO TOPSIIKY Cepel Xaocy.
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Oxkpemi emni30au — Moxij 13 IIaCTUKOBUMHU OyTJISIMU JI0 pPe3epByapy 3a BOJIOIO,
HaITyBaHHS Ta JIOTHHS KOPOBH, SKY 3T0JIOM JOBEACTHCA 3api3at (1100 3peniTor M’sco
Bi1iOpamu 00OBUKK) — (POPMYIOTH CHIIBHUIN 00pa3 MPOCTOPY SK 30HU Oe3CHILIA, e
TUJIO 3MYILICHE CIIYXKUTH JIOTIIl BMXKUBAHHA. Y IHX JiIX HEMAa€ CCHTUMEHTY — JIUIIIC
HEeNepepBHa TUIECHA Mpalls, sIka HaAMaraeTbCsl «IPUTPUMATH» KHUTTS y CBITI, LIO
po3nanaeThes. Ak crBepkye ['acton bayenap y «Iloetuiri mpoctopy», 1iM — 11€ MicCIIe,
ne cy0o’ekT (opMye «IOETHYHY IHTUMHICTBY», MPOCTIP, Yy SKOMY MPOXKHUBAETHCS
oesneka, mam’ath 1 mpist (bauemap, 2020, c. 34). PyiiHyBaHHA AOMYy O3Hayae 3j1aM
O0COOUCTICHOT CTPYKTYpH OyTTs. Y BuUMAIKy Ipku — BTparta CTIHHM HE JIMILE OTOJIOE
iHTEp’€p, aje W 1o30aBisie MNPOCTOPY BHYTPINIHBOI THII Ta 3aXMUILEHOCTI.
dorommnanepy 3 mMaabMaMu — IPOHIYHUNA CHUMBOJ Mpii, SIKy Temnep OyKBalbHO 31yB
BITEp BIMiHU, a TEJNEBI30p Yy BIAKPUTOMY IIPOCTOPI — TIPOTE€3 HOPMAIBHOCTI.
«/lianexTrka BHYTPIIIHBOTO 1 30BHIITHBOTO» ['. Bauenapa TyT BTim0€THCS OyKBaIbHO:
MPOCTIp, IO MaB OyTH BHYTPIIIHIM, IEPETBOPEHO HA 30BHIIIHIN; 3aXUCT — HA BITKPUTY
pany. [IpocTopoBuii po30M CIIBICHY€ 3 PO3JIOMOM TUIECHOI 1ICHTUYHOCTI, /e JKiHKa
— MaTH, TOCHIOJUHS, IMBUIbHA — 3MYIIIEHA ICHYBaTH y TUJI1, 10 OUIbIIE HE HAJIECKUTh
oesrerl.

VY cBow uepry, y bimemi «Menaaxomnis» (2011, Jlape don Tpiep) Tito repoini
ICHY€ HE B pUTMI1 BI)KUBAHHS, a B PUTMI PO3I1aly — BOHO B’I3HE B Yaci, SIK caM MPOCTI.
Maetok, ie po3ropTaroThCs Moii, TpaHcPopMyeThbes y TicuxoreorpadiyHui IpocTip,
110 TOBTOPIOE MEJIAHXOJIHHUIN CTaH rojloBHOI repoini. CTaTU4HI IJIaHU, JIaBHI PyXH
KaMepH, CIEHH TiJeCHOI Oe3MisIIbHOCTI — JIeKaHHS B JIDKKY, KYMaHHS, CTOSHHS Y
TyMaHi — (QOPMYIOTh CEHCOpPHY IOETHUKY 3aHypeHHs, Je TII0 cTae MmeTadoporo
3aHenay. OiHaNbHA CIIEHA — CTBOPEHHS JUTSIYOTO KYypeHs 3 TUId sl 3aXUCTY Bij
KOCMIYHO1 KaTtacTpou — CHMBOJII3YE BITYANIYIIHHM >KECT TUIECHOTO 1HCTUHKTY:
CTBOPHUTH MPOCTIP, HABITH 3 YJIAMKIB, III00 X0U SIKOCh 130JI0BaTH ceO€ BiJ] HEMUHYYO1
karactpodu. [IpocTip cTae HE MPUTYIKOM, a EMOLIITHUM €KBIBAJIECHTOM IPUPEUYECHOCTI,
a TUIO — OO0 OCTAaHHIM MEIIKAHIIEM.

OOuIB1 CTPIUKH JEMOHCTPYIOTh, SIK TIJIECHICTD 1 IPOCTIP y KIHO CTAIOTh 3ac000M

MOBJIEHHS PO TpaBMy 0e3 MOBU. Y «KJoH1aliKy» T1J10 OOpeThCs 32 BUXKUBAHHS CEpe
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ylaMKiB, y «MenaHxomnii» — 3aBMUpae nepes KatacTpodoro, 3aHypIOIYHCH Y CTaH
CIIOKIMTHOTO TIPUUHATTS. Y KOXHOMY BHIIQJIKy MPOCTIp BTUIIOE TpaBMy y ¢opmi,
JOCTYMHIN IMISI1albKOMY MEPEKUBAHHIO Y€PE3 Uy TTEBICTb.

VY noxkymentansHoMy (ineMmi «/ms Camuy (2019, Baag Ans—Kate6, Ensapn
Borttc) BiitHa mocrtae He Sk aOCTpakTHA MOAisS 4u (OH ISl TEPOIUuHOI OMOBIM, a 5K
II0JICHHA BTUJIEHA PealbHICTb, 0 IPOHUKAE B HallBpa3iuBilli chepu — MaTepUHCTBO,
ooy, aAiM. LleHTpasibHUM (OKYyCOM cTa€ >KIHOYMH JOCBiJ, /i€ KaMmepa IOCTa€e SK
eMIaTUYHUN OpraH, 110 HE BIIAUISE Cy0’€KT B MOJIi, a BKIIOYAE HOro B IMPOCTIp
MepeKUBaHHS.

®digpM 3HATO camoro repoinero. lle 3aHyproe rismaya y mpocTip, Je BiiiHa He
OTHUCYETHCS 330BHI, @ BII0YBAETHCS 3CEPETUHH — K MOPYIIECHHS T1JIa, PO3PUB 3BUYHUX
puTyaiiB, pyiHyBaHHA JAoMy. [loBcSkAeHHE ®KUTTS 300paKeHe B CEHCOPHIM Hampy3i:
ylnaMmku, Opyz, KpoB, MOJIOKO — (hparMEeHTH JOCBIY, IO HE BKJIAMAETHCS y 3BUYHI
HapatuBu. TyT Hemae qucTaHuii. € JuIlIe MOTJIsia, IO TPUBAE.

dopma (inbMy — 3BEpHEHHS JI0 JIOHBKH PEKHUCEPKH, HAPOIHKEHOI B EIMIIeHTPI
karactpodu. Lle He mpocTo XpoHika MOIN, a JUCT 13 MaHOYTHROTO MUHYJIOTO. Taka
ajipecallis 3MiHIOE TOH OTOBIJI: 3OMKa CTa€ akTOM TypOOTH, a HE JIUILIE CBIIUYCHHS.
Bona — cripo0a mosICHUTH CBIT, y SKOMY JUTHHA 3’ IBUJIACS, 30€perTu 00pas3u i TOTO
qacy, KOJIM CJIOBa, MOXJIMBO, Oy 1y Th 3aiiBuMu. Camo3iioMKa (PIKCye HiTTICHICTh TepOiHi
MOMNPHU XaoC 30BHIIIHBOTO CBITY. Y KaJpl pa3 y pa3 MOBTOPIOIOTHCA MPEIMETH —
KOBJIpHU, Irpamiku, nocya. BoHu € 3Hakamu NpUCYTHOCTI. Y ()EHOMEHOJOTTYHOMY
kmoui  (Merleau—Ponty, 2012; Trigg, 2012) 11 pedi — NpoAOBXeHHs Tina. BoHwu
BOMpaTh y cebe 3arpoly, CTalTh HOCISIMH MaM’siTi, BIHUCYIOTh JIIOJACBKE Y
Hemtoackke. JliM TyT — He MpUTYNOK, a HamiBpyiHa. | BomgHOYac — creHa TypOOTH.
[IpuroryBanHs i, TOTJISI 32 AUTHHOIO, 0O1MMU — HE CEHTUMEHT, @ MOBa OIOpY.

®inpM PiKCy€e CTaH TOTAIBHOTO PO3JIaMy: MIXK TUIOM, IO 3a3HAa€ OO0, 1 TIIIOM,
10 3MYIIEHE JISATH; MK IOMOM SIK IPOCTOPOM KHUTTS — 1 JOMOM SIK PYTHOIO; MIX
MOBCAKACHHICTIO ¥ eKCTpeMalbHUM CTaHOM BIDKMBaHHS. AJje TMONpH L0

PO3APOOJICHICT, KaIpy HE PO3MajaloThcs. BOHU TpUMAalOTh IUTICHICTH — KIHOYY,
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MaTEPUHCBHKY, *UBY. 3OMKa IMEPETBOPIOETHCS HA KECT MIKIyBaHHS — Bi3yallbHE
MIPOIOBKEHHS TUIECHOI TYpOOTH.

Inmy ¢gopmy nporo mocBiny mu 6aunmo y ¢GimbMi «3emist OjakuTHa, HiIOU
anenbcun» (2020, Ipuna Linuk). Bin Tex po3ropraeTbes y ®KIHOYOMY MOTJISAII, HA T
BiffHM — 11bOTO pa3zy Ha JloHnOaci. Ayie onTuka iHIIA: HE 30€pEeKEHHS Ha pyiHax, a
CTBOPEHHS HOBOTO TIPOCTOpPY BcepenuHi Hux. Kamepa cTae 1HCTpyMEHTOM
nepeocMuciieHHs. Matu — ['anHa — pa3oM 3 JITbMH CTBOpPIO€E BiiacHu# (pineMm. He npo
BiliHY, a PO XKUTTS NMOPYY 13 Hero. JiM y IboMy (Pi1bMi — IPOCTIpP MEPETBOPEHHS, 110
dbyHKIIOHYE K JJabopaTopis. TyT BifiHa — QoH, a HE roJ0BHA JiiioBa ocoba. 3ioMKa
CTa€ ECTETUYHUM KECTOM, 1[0 IPOTUCTOITh CTPAXYy.

VY nux nBox ¢igpMax jKiHOYE TIJIO Ta MPOCTIp JOMY — HE 00 €KTH, a eHilleHTPU
nocBiny. BoHu (opMyroTh emnicTeMoJIOridyHy ONTHKY BIMHM: HE SIK OaTaJlbHOTO
BUJIOBHINIA, & SIK PUBATHOTO, YyTIMBOTO IpocTopy. BiilHa He BUHECeHa «3a MEX1», a
BXOJIUTh y mnoOyT. Bona 3anmumiae cBoi HaWrmuOmii Ciigu, NpoTe HE 3HUILYE
cy0’extHicTb. L1 cnigu TpaHCPOPMYIOTHCS Y CBITUEHHS.

Axmo y «/lns Cammy Ti510 KIHKH — Bpa3JIMBE, BUCHAKEHE, BTSTHYTE B MIOACHHY
00pOTHOY 3a KUTTS, IEpeOyBae B CTaHI MOCTIHHOTO PU3UKY, TO B «3eMJIsl OJIaKUTHA. .. )»
BOHO TocTae y pyci tpanchopwmariii. Lleit ¢inbM He nuie JOKYMEHTYE TpaBMy, a
3MIHIOE 11 uepe3 Kpacy, rpy, 0opa3. CiieHu 3MOMOK Y MiJIBaJil, EKCIIEPUMEHTH 3 TIHSIMH,
po3dapOoBaHi CTIHU, M’SIKE CBITJIO — BCE 1I€ TBOPUTH ABTOHOMHY €CTETHKY BCEPEAMHI
kKaractpodu, IHIA JIOTIKa BIKUBAHHS: HE 331 3a0yTTs, a 3311 TBOPEHHS CEHCY.
BiitHa TyT npucyTHs, ane He rosoBye. BoHa — (oH, skuii mepcoHaxki MOCTYIOBO
MEepeTBOPIOIOTh Ha Marepial [Jjisi HoBoro morisay. itTh y upoMmy mporeci He
BUKOHYIOTh POJIb MOBYAa3HUX CBIKIB — BOHH CTalOTh Cy0 €KTaMH OMOBII,
iHTepIIpeTaTopaMu BJIACHOTO OCBidy. IXHS y4acTh y CTBOpEHHI (iIbMYy € aKTOM
Cy0’€KTHOCTI, a HE JIUIIIE BUKUBAHHS.

B 060x cTpiukax — « st Camuy» Ta «3emitst OJaKuTHA...» — )KIHOYHMH JTOCB1T BIMHU
HE 3BOAUTHCA JO poyi kepTBU. Kamepa, MaTepuHCTBO, TOBCSKIACHHI PHUTYaIH
MEPETBOPIOIOTHCS Ha MOBY OIOPY, Ha CHoci0 BIACTOSITH cebe B ymMoBaxX pyHHarlii.

[Ipoctip nomy, xoua i 3paHEHUM, BCE 1€ YTPUMYE JIOAChKE — HE LTI031€10 Oe3MeKu, a
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KecTaMH TypOOTH, MOMEHTaMH CITIBOYTTS, TBOPUICTIO. | came 1151 Harpyra MiXk pyiHOIO
1 TIIECHUM OIIOPOM, MIXK PO3MAI0M 1 €CTETUUHHUM KECTOM J03BOJIsiE 000M (hiIbMaM
TOBOPUTHU PO BIHY HE Yepe3 LIyM KatacTpodu, a uepe3 THILLY PUCYTHOCTI.

VY upomy ceHci 0cobMBoi Baru HabyBae (hopMyBaHHsI Bi3yalbHUX apXiBiB, 110 Y
MalOyTHROMY CIYTyBaTUMYTh JDKEpEIoM moctnam’ siti. Sk 3a3Hadae Mapianna [Nipn,
noctnaM’siTe — 1€ opMa TpaHCTEHEPAIIIHOI maM’4Ti, [0 HE MOXOJUTh 13 BIACHOTO
JIOCBIlYy, a TIepesaeThes yepe3 o0pas3u, Bi3yalibHI W BepOajabHI HApaTUBH, €MOIIIMHI
moxem 3acBoeHHsi (Hirsch, 1997, p.22). V Bumanky Yxkpainu, Ae BiliHa TpUBa€ i
naMm’siTh IIe TJIUOOKO BKOpIHEHAa B JIOCBIJI KUBHX, YK€ ChOTOJHI CTBOPIOIOTHCS
aymloBI3yallbHI  pecypc — JOKyMEHTajJbHE KIHO, LHM(POBI  IIOJACHHUKH,
NepCcOoHaNI30BaH1 apXiBU — SIKI MAaTUMYTh TPUBAILY KyJbTypHY Aito. L{1 06pa3u He nurie
(GIKCYIOTh TpaBMaTHUHHUWA JOCBIA, @ ¥ TBOPATh MOTEHIA] AJi MOTO MOJAJIBIIOrO
OCMHUCJICHHSI HACTYTHUMU ITOKOJIIHHSAMH, SIK1 HE MAaTUMYTh IIPSIMOTO 3B’ 53Ky 3 BIHOIO,
ajyie )KUTUMYTh Y C()OPMOBAHOMY HEIO TOJI1 mam’sTi. JJOCTIPKeHHS ITUX TPOIECIB Yy
MaiiOyTHbOMY MOTpeOyBaTHUME MOETHAHHS Bi3yaJbHOI'O aHAJi3y 3 KOHIENTYaJIbHUMU
MiIX0JaMy 10 KyJIbTYpHOI TaM’siTi — 30KpeMa B TMEPCHEKTHBI MOCTHAaM STl SK
JTMHAMIYHOTO, €CTETUYHO i €TUYHO 3a0apBIICHOI0 CIIOCO0Y pernpe3eHTallli iICTOPUYHOT
TpPaBMHU.

Y dinemax «llIBunkuit Oiryn» (3axapiac Kynyk, 2001) ta «ATtnantugay
(Banentun BacsanoBuu, 2019) nocBig TpaBMHU pPENpe3eHTYETbCS Yepe3 TpaHUYHE
31TKHEHHS TUJIa 3 IPOCTOPOM — HE SIK TJIOM MO/I1i, a IK aKTUBHUM HOCIEM 1CTOPUYHOTO
ciigy. OOMABI CTPIUKHM 30CEPEIKYIOTHCA Ha MEPCOHAXKAX, 1110 NepeOyBalOTh y CTaHI
pPaguKaIbHOTO BUHSTKY: 1XHI Tijla ONMUHSIOTHCS B MEKOBOMY CEPEIOBUIII, /1€ 3BUYHI
KOOPJIMHATU OYTTS OLIbIIE HE JIIIOTh.

VY «IBuakomy OiryHi1» Jiisl HE apTUKYJIFOETHCS YEPE3 A1aJIoT YU CIOXKETHY JIOTIKY .
Tyt npocTip roBopuTh nepuuM. ApKTUYHUHN JaHAmadT He MPOCTO 00paMIIS€e MOMIT —
BiH BHUCTYyNae ix Oe3nocepeaHiM ydyacHukoM. CiieHa BT€l TOJOBHOTO Teposi O0COHIK
M0 KpH31 BTUIIOE MOHITTS «YUCTOI TUIECHOI maM’sATi» — mam’sTi, o He (PIKCYEThCS
CJIOBaMH, a TIPOMHCYETHCS B KECTI, HAMpPY31 M’s31B, puTMi aAuxanHs. Lleit pyx — He

BT€Ya B KJIACHUYHOMY HAapaTUBHOMY CEHCl, a TIJIECHA €MAaHCHIALlisl: MPOPUB 13
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3aMKHEHOI'0 KOJla POJMHHOIO HACHUJIBCTBA B JaHAWAPT, SKUM mam’sdTae, ajne He
3aCYIKYE.

Hinaun Tpirr y npaui The Memory of Place (2012) mpornoHye KOHIENT «T1JIECHOCTI
CEPEIOBUILAY», B IKOMY IIPOCTIp JI€ HE SIK HEUTPAJIbHE TJIO, a IK AKTUBHUI YYaCHUK Y
dbopmyBanai nmam’sti. «llam’sitat miciie — o3Ha4yae mam’sTaT, SK Ti0 Oyjlo B
HBOMY», — 3a3Haua€e BiH. Y LIbOMY CEHCl OIr reposi Mo Kpu3l € aKTOM HE CTUIbKH
(13UYHOTO TOPSATYHKY, CKIJIBKM OHTOJIOTIYHOTO JKECTY, IO BIJHOBIIIOE TIJIECHY
Cy0’€KTHICTh Y€pe3 CEHCOPHY B3a€EMOJIII0 3 TIPOCTOPOM. XOJOJ, JIiJl, PUTM JUXAHHS
CTalOTh TUM, IO BUTICHSE TPaBMy 3 IUIOIIMHM MHUHYJIOTO Yy JKHMBY, TEHEPILIHIO
MPUCYTHICTb.

HarowmicTts B «Atnantuai» Banentuna BacsHoBuya Ti10 mepedyBae He B pyci, a
B CTaH1 3HEPYXOMJICHHS, 130JISI1111, MapaTiTHYHOro MOBTOpeHHs. [locTanokaminTHYHMiA
JloHOac mocTae sik 3aCTHUIJIE CepeIOBUIIE i BOJHOUYAC (PYHKIIIOHYE SIK «30HA BUHATKY»
— MPOCTIp 1032 MPaBOM, IM03a Yacom, Mmo3a MmanOytHiMm. Lleit TepmiH, BBeaeHUM
Jlxopmxo Arambenom (Homo Sacer, 1999), o3Hauae mpocTip, y SKOMY TLUIO
nepeOyBae B IOPUANYHIN 1 cOLiaIbHINA CyCIeH31i — He MepTBe, ajie i He BKJIIOYEHE Y
NOJMITUYHE XUTTS. ['epolt (piabMy — KOJMIIHIA COJAT — HABYAETHCS IMPALIOBAaTH B
ciyx6i excrymanii Tin. Moro moneHHW# puTyan — BiJIKONMyBAaHHS, 3BaXKYBaHHS,
TPAHCTIOPTYBAaHHA — € MOHOTOHHOKO TUIECHOIO Ji€l0, TMO30aBICHOIO CEHCY, aje
HAaCHUYEHOIO IIaM ATTIO.

[Ipoctip y «ATmantuni» He BigoOpakae karactpody — BIH 1 € Karactpoda.
[lelizaxx 3pyitHOBaHMX OyJiBeNb, MEPECOXJUX PIYOK, TOKCUYHHUX JAHAMIAPTIB HE
MPOTIOHY€E HI MPUTYJKY, HI onopy. Lle cepenoBuiie, y sskomy TiJiIo QYyHKIIOHY€E SIK
3aJUIIOK, 3aJUIIeHUI 0e3 nepcnekTuBU. TyT TUI0 — He MelyM MailOyTHBOTO, @ HOCIH
«TOJIOTO XKUTTS», 1O JIMIIE CBITYUTH PO (akT BrxkuBaHHS. [1am’ Tk He 30epiraerbes
y clloBax — ii MepeHOCATh peul, pyiHH, 3JIUIIKU T, IO JIEeKaTh Y 3eMJI1.

[Tonpu popmanbHy TpoTUneKHICTS — pyX Yy «IlIBuaKomMy OiryHi» 1 cTarHaiis B
«ATaHTUI1» —00KaBa (PLIBMU MIPOMOHYIOTH CIIUIBHY ONTHKY: TUIECHICTD SIK MEKOBUIA
JIOCBIJI, B IKOMY MPOCTIp 1 11aM’Th 3JIMBAIOTHCS B OJIHE. Y TIEPIIOMY BUMAAKY — Yepe3

CEHCOpPHY aKTHBALIIO 1 PUTM, Yy JPYTOMY — 4Yepe3 MOBTOPEHHS 1 TUILY. Y KOXHOMY 3
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HUX TIJI0 mepecTae OyTH IHCTPYMEHTOM JIii 1 IepETBOPIOETHCS HAa apXiB — BTUICHUH,
BTOMJICHUH, YPa3JIUBUU.

Le#t Tum TizecHOT penpe3eHTallii popMye HOBY €THKY Bi3yaJbHOTO: I1aM’SITh HE €
MO/I1E€BOIO, BOHA TEPEIAETHCI Yepe3 JOTHK, BTOMY, (pi3MYHY MPHUCYTHICTh. [IpocTip
MOCTAa€ HE K Mara, a SIK OBEPXHsI aM’sIT1 — TaKa, 110 ii MOXHa JIUIIE TPOUTH OOCOHDK
ab0 pO3KOIaTH pyKamu.

BucHoBkwM.

AHami3 ayaioBi3yallbHUX pEMpe3eHTalliil TpaBMH y (ilbMax pi3HUX >KaHPIB
3aCBIJIUy€ 3POCTaHHS POJII TUIECHOTO SIK CIIOCO0Y 30epeKeHHs 1 TpaHCIALIT mam’ sITi.
Ekpanne Tino BusIBIS€ 3[aTHICTh HE MpOCTO (IKCyBaTH HACTIIKM KatacTpodu, a
CTPYKTYpPHO BIUIMBAaTH HAa PUTM 300pa)KE€HHS, IJIACTUKY MPOCTOPY, TUHAMIKY Kajapy.
Uepes xect, BTOMY, MOTJIS, Yepe3 pUTyal il y 3pyHHOBAaHOMY cepeoBHUILl (iIbM
HaOyBa€ BJIACTUBOCTI CEHCOPHOTO apXiBy, B SKOMY IaM SiITb HE BIIITBOPIOETHCA, a
aKTUBYETHCS.

TinecHICTh TOCTAE HE SIK LTFOCTpallist JOCBIY, a K IHPPacTpYKTypa a)eKTUBHOTO
nepekuBaHHsA. Takuil MiAXi 3MIHIOE ONTHKY IJISIallbKOTO CIPUMHATTS: TUIO HA
ekpaHi popMye YMOBHU JIJIsi €TUYHOI B3a€EMOJIl 3 MPOCTOPOM, B SIKOMY BiJICYTHICTh
ClloBa HE TMepemkomkae cpiaueHHto. lLleli mocBinq BuMarae  3aydeHHs
HEPAaLlOHATBHOTO PIBHS — yBaru, 110 IPYHTYETHCS HA JOTUKY, BTOMI, TUIIII.

Kinodinbmu, mpoaHaiizoBaHi B Mexax Ii€i poOOTH, CTBOPIOIOTH CIeHU(pIUHY
(dopMy Bi3yalIbHOTO CBITYEHHS, JI¢ KaMepa (PYHKIIIOHY€ SIK OpraH BIAYYTTS, a TiJI€CHA
MIPUCYTHICTh T€POiB opMye MOBY mam’siTi. Tuio y KiHemaTorpadi BUSBIsLE ceOe K
apxiB, 110 371aTeH 30epiratu J0cBijg 6e3 BepOabHOi dikcartii. Lleit apxiB akTUBY€ThCS
B KOHKPETHHMX TONOJOTISAX: pYyiHI, MOKMHYTOMY JOMI, BIAKPUTOMY JaHAIa(TI,
IIOJICHHINA PYTHUHI. Y TakMX yMOBax TUIECHICTh KOHCTPYIOE HOBY €KpPaHHY €THKY —
30CEepEeKeHY HE Ha pempe3eHTalrlli Mmojii, a Ha CIOBUILHEHOMY TNPOXHUBaHHI i
3aJIMIIKIB.

[Tonganpie JOCHIKEHHS BTUICHOI MaM’sTi Y Bi3yalibHIM KyJIbTypi HOTpedye
PO3IIUPEHHS] METOJOJIOTIYHOTO MO 3a MeXl (DEHOMEHONOTli — 13 3aTy4YeHHSIM

BI3yaJIbHOI aHTPOIOJIOrIi, KPUTHUYHOI Teopii adexTiB, TIJIECHOI TePMEHEBTUKH.
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Oco6MBO  MEpPCNEKTUBHUM  BUTJISAAAE  aHami3z  TiopupHux — dopmariB - —

VR - 10KyMEHTaIICTUKH, aya10BI3yaJlbHUX HIOJACHHUKIB, TU(PPOBUX apXiBiB BIHHU —

e TiIeCHa MPUCYTHICTh MOEJHY€ETHCS 3 AITOPUTMIYHUM MOHTAKEM aM’sITi.
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Abstract. This article examines embodiment as a means of registering and transmitting
traumatic experience in audiovisual culture. Drawing on the phenomenological approaches of
Maurice Merleau-Ponty and Dylan Trigg, as well as Vivian Sobchack’s theory of the embodied
spectator, the study explores how the body on screen acquires the status of a memory carrier. Special
attention is given to the female experience of war in the films For Sama and The Earth Is Blue as an
Orange, where embodiment and space constitute structures of knowledge, resistance, and care.
Bodily representation is interpreted as an alternative language of memory, capable of engaging the
viewer on both ethical and affective levels. The main contribution of the article lies in identifying the
ways in which screen embodiment generates a new aesthetic of witnessing and invites the viewer to
encounter traumatic space as an ethical experience.

Keywords: embodiment, trauma, phenomenology, memory, Ukrainian cinema, war,
transformation, space, montage, postmemory
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Abstract. The article focuses on analyzing the transformation of semiotic humor in the context
of its transition from theatrical performance to screen-based forms of contemporary entertainment.
The aim of the study is to examine how the use of semiotic humor has evolved across different forms
of modern entertainment — from stage performances to digital media platforms. The research
employed general scientific methods of cognition: analysis; synthesis; induction;, deduction;
generalization, comparison, systematization. The findings show that the evolution of semiotic humor
from stage to screen reflects a gradual complication of communicative strategies. While theatrical
humor primarily relied on physical expression, irony, grotesque, and dramaturgy, the rise of digital
and visual media introduced complex multi-code systems. In these systems, humor emerges through
the intricate interaction of visual, auditory, textual, and cultural signs. Theatre served as a foundation
for interpretive play with meanings, but it was film and digital platforms that allowed this play to
scale to a global level. It was found that in the visual-screen environment, semiotic humor acquired
new qualities thanks to technical and expressive tools such as editing, color, camera angles, and
sound intonation. The study demonstrates that contemporary digital platforms, particularly social
media, have transformed humor into a horizontal practice: humorous content no longer belongs
solely to the creator but is shaped through interaction with the audience. Memes, videos, and emojis
were explored as dynamic sign units that serve aesthetic, social, and ideological functions. The
conclusion states that humor in modern entertainment is not just a form of leisure but an effective
cultural code and means of communication within post-media culture. The transition from stage to
screen marks a paradigm shift: humor becomes a scalable interpretive tool functioning in art,
advertising, social interaction, and digital exchange. The practical significance of the study lies in
its potential application for analyzing contemporary cultural practices, digital content, and
communication strategies within the media space.

Keywords: semiotics, humor, media, culture, interpretation.

Introduction

Throughout human history, entertainment has played a central role in the social,
cultural, and psychological life of society. Its forms have evolved alongside
technological advancements and changing social needs, yet its core function has
remained constant — providing emotional release, shared experiences, and symbolic
navigation in a complex world. From ritual games, theatrical performances, and urban
carnivals to cinema, digital content, and interactive media, entertainment has always
reflected the dominant values of its time, acting both as a cultural mirror and a tool for

shaping new behavioral models.
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Among various forms of entertainment, humor holds a special place as a universal
mode of communication that entertains, integrates, satirizes, and critically engages
with social realities. It is not a secondary element but often a structural component that
sets the tone and determines how the audience interacts with content. Through humor,
societies construct and transmit cultural identity codes, create distance from traumatic
experiences, or, conversely, highlight tensions through irony and satire. In this context,
studying humor as a semiotic phenomenon in contemporary forms of entertainment
offers deeper insights into the communicative function of laughter within cultural
dynamics.

The use of semiotic humor in contemporary entertainment — from stage to screen
— remains insufficiently addressed in scholarly literature. Most existing studies tend to
focus on either specific aspects of semiotics or humor in media, while a comprehensive
analysis of how humorous codes transform across different entertainment platforms is
lacking. Therefore, the topic carries an original perspective and introduces a novel
contribution to the field.

Literature Review

In order to conduct this study, scholarly sources from various disciplines were
analyzed. In the field of humor linguistics, significant contributions include the work
of S. Attardo [2], while modern intercultural aspects are addressed in the study by J.M.
Al-Issawi, W. AlAhmad, and N.W. Awajan [1]. In film studies, notable references
include the works of M. Brodovicz [3] and V. Chandrana, S. Jagadisana [4], which
provide examples of semiotic codes in cinema. More theoretical and philosophical
perspectives are offered by D. Davis [5], as well as the classical approaches to
semiotics presented in the writings of U. Eco [6] and C.S. Peirce [11]. In the domain
of digital media, important insights come from M. Hasyim, B. Arafah [7], and A.
Primadipta et al. [12], who examine visual humor and its role in social media. Stage
and physical humor are explored in the works of M. Keisalo [8] and W. Krysinski, R
Mikkanen [10], while the directorial perspective is addressed in the study by M.
Krypchuk et al. [9]. In advertising, semiotic humor is discussed in the work of G.B.R.
Saputra and E. Santoso [13].
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The study also draws on expert sources from modern online publications such as
Artforum, aithor.com, and Multidisciplinary Science Journal, which highlight current
developments in media and humor through the lens of semiotics.

Despite the considerable number of works devoted to specific aspects of the topic,
there is a noticeable lack of systematized material on the application of semiotic humor
in modern entertainment formats. For this reason, various scientific methods were used
to analyze, group, and systematize information and present it in accordance with the
research topic.

Purpose of the article

The aim of the study is to examine how the use of semiotic humor has evolved
across different forms of modern entertainment — from theatrical performance to digital
media platforms. In order to achieve this aim, the study sets out to define the theoretical
foundations of semiotics and the features of humor as a semiotic phenomenon; describe
the specifics of its function in theatrical art; and analyze the transformation of
approaches to understanding humor in other forms of entertainment content,
particularly in cinema and social media.

Research results

Semiotics is the science of signs and sign systems that studies how meanings are
created, interpreted, and function within the framework of cultural exchange.
According to the classic definition by Charles S. Peirce, a sign is something that stands
for something else to someone in a particular context [11]. Signs do not exist in
isolation — they operate within systems where their meaning is shaped by relationships
with other signs, social codes, and context [6]. In the context of the humanities,
semiotics becomes a tool for analyzing communication not only at the level of
linguistic messages but also through visual, bodily, auditory, and kinetic signs. It
provides a deep understanding of how meaning is produced in texts, performances,
visual media, and particularly in humorous forms.

Humor, in turn, is a complex semiotic phenomenon that emerges from play with
signs, disrupted expectations, and the subversion of conventional perception codes.

From a semiotic perspective, humor operates as a mechanism of double interpretation:
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the comic effect arises when a single message can be understood in at least two
incompatible ways [2]. This incongruity is a key condition for generating humor — the
collision between the expected and the actual, the formal and the contextual.

The semiotics of humor involves analyzing both the material components of the
message (gestures, words, shots) and the cultural codes that determine which
displacements are perceived as funny. As noted by M. Keisalo, the humorous sign does
not always convey a clear message. Humor often functions as an open, “floating”
signifier, capable of suggesting different — and sometimes opposing — meanings
depending on the context. This creates a risk of meaning being reduced when figures
of humor are interpreted as either universal or empty. Instead, the author suggests a
balance between the openness of humorous interpretation and structural grounding:
comic figures may be ambivalent, but their inventiveness is still rooted in established
cultural patterns [8]. For instance, clown characters may parody social norms or
reinforce them — such as when they promote collective labor or moral behavior. This
shows that humor is not limited to critique or carnivalesque inversion — it can also serve
normative communicative functions.

Semiotic humor within theatrical performance emerges as an element of artistic
practice that reveals deep cultural processes through the play of signs, symbols, and
codes. Theatre does not merely present comic plots but constructs a multilayered
system of signs, where humor appears as an aesthetically structured message requiring
interpretation [9]. In this sense, theatre becomes a laboratory for exploring how
comedic effects arise from cultural collisions, irony, parody, or grotesque. A stage
production acts as a text that activates the viewer’s interpretive mechanisms, inviting
participation in a humorous dialogue.

Contrary to reductive views of humor as purely subjective or “automatic”
emotional response, semiotics enables the analysis of the internal structure of comedy,
identifying which signs, symbols, and contexts contribute to humorous situations [9].
As a result, theatre becomes not just a site of comedic representation but a space of
complex communication, where the “code of laughter” is formed through the

interaction between the work, the viewer, and cultural tradition.
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Moreover, the humorous work creates its own interpretive framework,
comprehensible only to a recipient who possesses the relevant cultural background. In
this receptive model, the artist ceases to be the sole generator of meaning, delegating
interpretive authority to the viewer, whose reactions — whether laughter, critique, or
irony — shape the final significance [9].

With the development of postdramatic theatre, the semiotic understanding of
corporeality undergoes redefinition. Whereas the body was once considered a somatic
vehicle for expressing psychological or verbal content, contemporary performance
interprets the body as an independent sign — as Leiblichkeit, or the phenomenon of
bodily being that is not reducible to rational communication [10]. This transformation
signals a shift in the foundations of theatrical representation, where nonverbal elements
(movement, posture, presence) acquire symbolic value independent of dialogue or
narrative. However, this semiotization of the body presents researchers with the
challenge of finding an interpretive language capable of encompassing both the
materiality of the body and its function within the performative sign system.

Thus, the stage becomes a space for visual-semiotic play, where ironic, grotesque,
or contrapuntal bodily expressions add additional layers of humor — not mediated
through language but rich in symbolic connotations.

In the transformation of humor from stage to screen, visual semiotics plays a
decisive role. Film, television, and digital platforms utilize a complex system of signs,
including editing, lighting, color palettes, camera movement, as well as sound and
silence — all functioning as tools for conveying comedic meaning [9]. In this context,
the viewer is not a passive consumer of humor but an active “reader” of the visual text,
decoding layered semantic messages.

Semiotics reveals what is “invisible” in the humorous texts of film and television
— the ideological and cultural layers that remain hidden from superficial reading.
Through this lens, humor in audiovisual media becomes not merely a form of
entertainment but a mode of symbolic representation of social reality, balancing

expression with critique, pleasure with deconstruction.
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These processes reach an even deeper dimension when humor interacts with
architectural form. Visual gestures in contemporary architecture — tilted facades,
decorative volumes, “excess” elements — function as analogues to theatrical or
cinematic tropes, operating as metaphors or parodies that deconstruct and
simultaneously satirize the very concept of structure [5]. In such cases, humor extends
beyond art as form, becoming a cultural gesture that reflects the ambivalence of
contemporary aesthetics.

In recent decades, humor has undergone active transformation, moving beyond
the domains of stage and literature and integrating into numerous areas of modern
culture — particularly in commercial, digital, and visual practices. Today, humor not
only accompanies entertainment but increasingly serves as a key tool of strategic
communication, branding, and building emotional connections with audiences. This
trend is especially evident in advertising, digital marketing, social media, and the travel
and tourism sector, where humorous strategies acquire new functional relevance.

In advertising, humor has traditionally been viewed as an effective way to attract
attention to a brand, aid message retention, and create a positive image [13]. However,
its effectiveness largely depends on the context of perception — cultural codes, gender
differences, and the sensitivity of the target audience. For example, in the case of
Djarum 76, humor became a powerful tool for constructing a mental image of the
brand, but in times of social tension (such as the COVID-19 pandemic), humor must
be used with particular care to avoid unethical or misinterpreted messaging [13].

From a semiotic perspective, humorous elements in advertising discourse serve
not only as entertainment but as components of a sign system that encodes brand
values, emotional cues, and social ideals. Humor in advertising fulfills the function of
“emotive coding,” triggering processes of selective attention, perception, and memory
[13]. As a result, humor becomes a means of establishing long-term emotional bonds
between brand and consumer — a critical factor for integrated communication.

In the digital era, humor is actively adapting to visual formats — memes, short
videos, graphic series — which serve as primary communication channels in social

media. This trend is gaining increasing importance in tourism marketing. Empirical
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observations show that visual humor (as opposed to textual) generates significantly
higher user engagement, evokes positive emotional responses, increases loyalty, and
strengthens brand identification [12].

The semiotic approach to analyzing visual humor allows images to be interpreted
as signs that carry both material markers and conceptual meanings. For example, the
visual metaphor of “the fleeting nature of life” depicted through the dynamic image of
a car illustrates how a humorous sign encodes experience, emotion, and social
imagination [12]. In this context, humor functions as a semiotic mediator between the
brand and the consumer, translating abstract values into concrete symbols.

Moreover, the use of humor in digital marketing relies on complex psychological
and linguistic mechanisms: theories of relief, incongruity, and superiority explain how
and why humor creates emotional impact, releases tension, challenges social taboos,
or, conversely, reinforces social norms [12]. Applying these mechanisms in advertising
or visual travel presentations opens new possibilities for customer-oriented
communication.

Humor is increasingly integrated into other spheres of cultural production — from
tourism campaigns to architectural design, from branded interactive platforms to urban
installations. In these cases, humor goes beyond attracting attention or entertaining; it
also serves as a tool for social commentary, symbolic representation, or even
transgression. Companies that incorporate humor into their communication strategies
operate with signs of high emotional density, capable of provoking not only laughter
but also social reflection.

This process demonstrates the expansion of humor’s functions as a semiotic
category — from a local sign to a global communication mechanism. In advertising and
tourism, humor is no longer just a tool for grabbing attention; it becomes a form of
cultural language that adapts to new technological, social, and psychological conditions
of consumption.

As humor evolves alongside cultural shifts, it increasingly moves beyond
traditional stages and texts into visual, audiovisual, and digital spaces. One of the first

mediums to adapt semiotic humor in new forms was cinema — an art form in which
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meaning is constructed through a complex system of signs, including color, editing,
music, and performance. Studies show that film uses symbolic frame overload,
metaphorical compositions, and rhythm to generate comic effect, often disrupting the
viewer’s expectations regarding content or style [3]. For example, in Alfred
Hitchcock’s Vertigo, the spatial motif of the spiral, the specific color palette, and
optical effects not only convey the protagonist’s psychological state but also create
visual allusions with ironic or grotesque undertones. In a semiotic context, humor in
film functions through multiplicity of meaning — it emerges at the intersection of
symbolic levels, tonal play, visual coding, and audience decoding [4].

This interpretive play with signs continues in the digital space — particularly on
social media, where memes have become a primary form of humorous communication.
Unlike film, where meaning is directed by the author, memes foster a horizontal model
of humor — authorship is dispersed, and the humorous effect depends on context and
the audience’s cultural awareness [1]. Semiotic analysis of memes reveals not only
their literal content but also a connotative level — hidden social allusions, ironic
responses to political events, or the transformation of everyday situations into satirical
scenarios. By combining the visual, linguistic, and cultural, memes create a new
paradigm of communicative humor that merges complexity with immediacy.

This type of communication is expressed in an even more simplified form through
emojis — standardized visual symbols that have become a key element of everyday
digital interaction. Emojis exemplify semiotic units that combine the signifier (the
graphic symbol) and the signified (emotional, cognitive, or pragmatic meaning) in a
compact form [7]. Within multimodal communication, emojis function as socio-
semiotic resources: they convey irony, sarcasm, or support, enhancing or modifying
the meaning of a verbal message. Their function goes beyond emotional tagging —
emojis become part of the language, adding an extra layer of meaning that can shift the
tone of a message or create comic ambiguity.

All of this demonstrates that as humor transforms, it penetrates deeper into the
expanding landscape of digital communication. From the layered symbolism of cinema

to the minimalism of emojis, semiotic humor adapts to new channels and practices,

ISSN 2663-5712 192 www.sworldjournal.com



B
SWorldJournal Issue 31 / Part 1 \Qp)

maintaining its ability to activate cultural reflection, evoke emotional responses, and
shape new modes of interaction. Contemporary humor is no longer merely a function
of entertainment — it becomes a way of thinking, a method of social navigation, and a
mechanism of symbolic integration in a post-media world.

Conclusions

The evolution of semiotic humor from stage to screen reflects a gradual
complication and expansion of communicative strategies in the modern cultural
landscape. While stage humor was primarily shaped through physical expression,
irony, grotesque, and dramaturgy, the development of visual and digital media
transformed it into multi-code systems where the comic emerges from a complex
interplay of visual, auditory, textual, and cultural signs. Theatre laid the foundation for
interpretive play, but it is film and digital platforms that scaled this play to a global
level.

In the visual-screen format, semiotic humor has acquired new qualities through
editing, color, camera angle, and intonation — both in cinema and in digital video
content. Modern platforms, especially social networks, have made humor horizontal —
it no longer belongs solely to the creator but is shaped through interaction with the
audience. Memes, videos, and emojis function as dynamic sign units that fulfill
aesthetic, social, and ideological roles simultaneously. Thus, humor is no longer just
entertainment — it becomes a cultural code and a mode of communication within post-
media culture.

The transition from stage to screen, therefore, is not merely a change of format
but a shift in paradigm: semiotic humor evolves from a localized aesthetic phenomenon
into a flexible and scalable interpretive tool that operates across art, advertising, social
interaction, and digital exchange. It adapts to new technological conditions while

retaining its capacity to encode, subvert, and transform cultural meanings in real time.
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