ISSN 2786-5460 (Print)
ISSN 2786-5479 (Online)

MDKPEI'TOHAJIbHA AKAZEMIA VIIPABJIIHHA I[TEPCOHAJIOM
INTERREGIONAL ACADEMY OF PERSONNEL MANAGEMENT

IH®OPMAIIMHI TEXHOJOTII
TA CYCHLJIbCTBO

INFORMATION TECHNOLOGY
AND SOCIETY

Bunyck 4 (10), 2023
Issue 4 (10), 2023

BupaBunuuii gim
«TeanBeTHKA»
2023



Pexomenoosano 00 opyky Buenoio paooro
Mixcpezionanvnoi Akademii ynpaeninna nepconanom
(npomoxkon Ne 10 6io 29 nucmonaoa 2023 poxy)

Indopmaniiini Texnosorii Ta cycniabeTBo / [ronoBauit penakrop O. [Tormos]. — Kui : MixkperionansHa Akanaemist yIpaBIiHHSI
nepcoHanom, 2023. — Bumyck 4 (10). — 32 c.

Kypnan «IHdopmaniiiHi TEXHOIOTIT Ta CYCHIJIbCTBO» € HAYKOBUM PELICH30BaHUM BHUIAHHSM, B SIKOMY 3/1iHCHIOEThCS ITyOTiKa-
11is1 MaTepiaiB HAyKOBLIB Pi3HUX PIBHIB Y BUIJISAI HAYKOBHUX CTAaTeil 3 METOIO 1X MOIIMPEHHS K Cepel BITUU3HSIHUX JI0CIITHUKIB,
TakK i 32 KOPIOHOM.

Penmakuiitna koneris He 00OB’SI3KOBO MOJIISIE TO3UIIII0, BUCIOBICHY aBTOPAMHU Y CTATTAX, TAa HE HECE BIINOBITATBHOCTI 3a
JIOCTOBIPHICTh HABEJICHUX JTAHUX 1 TOCHJIAHb.

TI'onoenuii peoaxmop: Tonos O. O. — wren-kop. HAH Vkpaiuu, n-p TexH. Hayk, npodecop, C.H.C., B.0. aupekTopa LleHTpy
iH(pOpMaIifHO-aHATITHYHOTO Ta TEXHIYHOTO 3a0e3MeYeHHs] MOHITOPUHTY 00’ €KTiB aTOMHOI eHepreTuku HarioHanpHOT akagemii
HayK YKpaiHu

Peoaxuyiitna xonezis:

Bacuienko M. JI. — n-p di3.-mar. Hayk, npod., npodecop kadenpu kidepoesnexu, Hamionansuuii ynisepcurer «Onecbka
opunuuHa akaznemis»; Iopoo I. B. — kxaHn. TexH. HayK, C.H.C., CTapUIMii HAayKOBHH CHiBpOOITHHK, [HCTHUTYT mpobiem
peectpanii indopmanii HAH VYkpainm; Jdyanik A. C. — 1o-p TexH. HayK, JOL., JOLUEGHT KaQeapH MEpeKeBHX Ta IHTEpPHET
TexHoJorii, KuiBcbkuil HauionansHuii yHiBepcuteT imeni Tapaca IlleBuenka; €BceeB C. Il. — n-p TexH. Hayk, mpodecop
kaenpu kibepOesneku Ta iHGOPMAIIHHUX TEXHONIOTIH, XapKiBChKUI HALllOHANIBHUH €KOHOMIUHMH yHiBepcuTeT iMeHi CeMeHa
Kysuer; 3ubin C. B. — n-p TexH. Hayk, 101, 3aBimxyBad kadenpu imkeHepii mporpamuoro 3abesmedenHs, HamionambHuii
aBiauiiinuii yniBepcuter; KaBym C. B. — 1-p ekoH. Hayk, KaHI. TeXH. Hayk, Hpod., 3aBiayBad Kaeapu KOMII IOTEPHUX
iHpOpMAIIHIX CHCTEM Ta TeXHoJorid, MixperioHansHa Axagemis ympaBmiHHS nepcoHanoM; Komaposa JI. O. — a-p TexH.
HayK, C.H.C., AupekTop HaBuanpHo-HayKoBOrO iHCTHUTYTY iH(OpMAaIiiHOT Oe3IeKn Ta CTpaTerivHux KoMyHikarii, HarionansHa
akagemist Ciryx6u Oesnexku Ykpainu; MinoB O. B. — n-p TexH. Hayk, npodecop xadenpu kidepbesnexu Ta iHpopmaniiiHux
TEXHOJOTiH, XapKiBCbKHUII HAIlOHATbHUI eKOHOMiuHWH yHiBepcuTeT iMeHI Cemena Kysuems; Oxpimenko T. O. — xanm.
TeXH. HayK, CTapIINi HAyKOBHI CHIBPOOITHHK HAayKOBO-HOCIIIHOI Jaboparopii mporuaii xibep3arpo3am B aBiamiiHiil ramysi,
Harionaneuuii apiamiitnuii yaiBepcuter; Pyanivenko M. JI. — kaHI. TeXH. HayK, JOIl., TOUCHT Kadeapu iH(popMaIiitHuX
TexHoNoriH, JlepxaBuuii yHiBepcuteT «Opmecbka momitexHikay; CkyparoBeskuii P. B. — xann. ¢i3.-mar. Hayk, J0I., JTOLEHT
Kadeapy 00IHNCIIIOBATIBHOI MAaTEMATHKHU Ta KOMIT IOTEPHOTO MOJETIOBAaHHs, MixperioHanbHa AKaJeMis yIpaBIiHHS IIePCOHAIOM;
Cynpyn O. M. — kaHj. }i3.-Mat. HayK, JOIl., TOUEHT KadeapH MPOrpaMHUX CHUCTEM i TeXHOJOrid, KuiBChbKHii HaIliOHATBHUN
yuiBepcutet iMeHi Tapaca llleBuenka; Ta0ynmuk I. B. — xana. Texs. Hayk, npod., mpodecop kadeapu mporpaMHUX 3aco0iB,
HanionansauityniBepcntet «3anopispkanonirexaikay; @omin O. O.—xa-p TexH. HayK, 1011, Tpodecop KadepH KOMIT FOTePH30BAHUX
CHCTEM yIpaBiiHHA, npodecop kadeapu MPHUKIATHOI MATEMaTHKH Ta iHGOPMAIIHUX TEXHOJOTIH, JlepkaBHUII yHIBEPCHUTET
«Opecpka monitTexHika»; XoxJayosa FO. €. — xaHa. TexH. HayK, JOL., JOICHT Kadeapu Oe3meku iHPOPMAIHHIX TEXHOJIOTIMH,
Hanionansuuii aBianiitauii ynisepcuter; Yommmkina O. I. — kaHj. TexH. HayK, JIOI., AUPEKTOp [HCTHTYTy KOMII IOTEpHO-
iHpopMaliiHUX TEeXHOJNOTIH Ta au3aiiHy, MikperionambHa Akanemis ynpasiiHHs nepconanom; Yopumii O. II. — mokrop
TEXHIYHUX HayK, mpodecop, aupekrop HaBuambHO-HAyKOBOTO IHCTUTYTY €NEKTPUYHOI iHKeHepii Ta iH(HOpMAaLiITHUX TEXHOJIOT1H,
Kpemenuynpknii HamioHambHUH yHiBepcuTeT imeHi Muxaiima Octporpancekoro; FOapin O. K. — n-p Texn. Hayk, mpod.,
JUPEKTOp LEeHTpY KibepOesnekn HaBuanbHO-HaykoBOro iHCTHTYTY iH(oOpMamiiiHOT Oe3rmeku Ta CTpaTeriyHMX KOMYyHIKamiii,
Hamionanena axanemis Ciyx6m Oe3mexkn Ykpainu; Tonmeenko Bikrop — dr. sc. ing., mpod., mpopekrop 3 HayKoBOi poOOTH,
JUPEKTOp HaBYaIbHOI MporpaMu MaricTparypu «Komm’roTepHi cucteMu», YHiBepcuTeT NpHKIagHux Hayk ISMA (Jlarsificeka
Pecny6mika); Leszezyna Rafal — dr hab. inz., npodecop kadeapu koMt IOTepHUX HayK Y MEHEIDKMEHTI, [ TaHCHKMIT TEXHOJIOT1YHUIA
yuiBepcutet (Pecny6imika [Tonbma).

Csidoymeo npo Oepaicasy peccmpayito OpyKo8aHo2o 3acody macoeoi ingopmayii
«Inghopmayiiini mexnonoeii ma cycninbemeoy Cepis KB Ne 24815-14755P 6i0 27.04.2021 p.

Binnosinxo 1o Hakasy MOH Vkpaiau Ne 1290 Big 30 muctonana 2021 poky (nomatok 3) »KypHail BKIIOUYEHO
1o Iepeniky HaykoBux (axoBux Buaanb Ykpainu (kareropis b) 3i cneriansrocteit 121 — [HkeHepist mporpaMHOro 3a0e3neueHHs,
122 — Komm'totepHi Hayku, 123 — Komm'totepHa imkenepis, 124 — CuctemMHuii aHamis,
125 — Kibepbesneka, 126 — [HpopmariiiiHi CHCTEMH Ta TEXHOJOTII.

Vci enekTpoHHI Bepcii cTareil :KypHaIly ONPHIFOIHIOITHCS Ha O(IMiiHII CTOPIHII BUAAHHSI
http://journals.maup.com.ua/index.php/it

CrarTi y BUIaHHI IepeBipeHi Ha HasIBHICTb IUIATiaTy 3a JOMOMOTO0 ITPOTPaMHOTo 3a0e3edeHHS
StrikePlagiarism.com Bix monbcbkoi kommanii Plagiat.pl.

© MixperioHabHa AKasieMisl yIIpaBiIiHHS epcoHanom, 2023
© Asropu crareit, 2023



Recommended for publication
by Interregional Academy of Personnel Management
(Minutes No. 10 dated 29 November 2023)

Information Technology and Society / [chief editor Oleksandr Popov]. — Kyiv : Interregional Academy of Personnel
Management, 2023. — Issue 4 (10). — 32 p.

Journal «Information Technology and Society» is a peer-reviewed scientific edition, which publishes materials of scientists of
various levels in the form of scientific articles for the purpose of their dissemination both among domestic researchers and abroad.

Editorial board do not necessarily reflect the position expressed by the authors of articles, and are not responsible for the
accuracy of the data and references.

Chief editor: Oleksandr Popov — Corresponding Member of NAS of Ukraine, Doctor of Engineering, Professor, Senior
Research Scientist, Acting Director of the Center for Information-Analytical and Technical Support of Nuclear Power Facilities
Monitoring of the National Academy of Sciences of Ukraine

Editorial Board:

Mykola Vasylenko — Doctor of Physics and Mathematics, Professor, Professor at the Department of Cybersecurity,
National University «Odesa Law Academy»; Ivan Horbov — PhD in Engineering, Senior Research Associate, Senior Research
Fellow, Institute for Information Recording of NAS of Ukraine; Andrii Dudnik — Doctor of Engineering, Associate Professor,
Senior Lecturer at the Department of Networking and Internet Technologies, Taras Shevchenko National University of Kyiv;
SerhiiYevseiev—DoctorofEngineering, Professoratthe DepartmentofCybersecurityand Information Technologies, SimonKuznets
Kharkiv National University of Economics; Serhii Zybin — Doctor of Engineering, Associate Professor, Head of the Department
of Software Engineering, National Aviation University; Serhii Kavun — Doctor of Economics, PhD in Engineering, Professor,
Head of the Department of Computer Information Systems and Technologies Interregional Academy of Personnel Management;
Larysa Komarova — Doctor of Engineering, Senior Research Scientist, Laureate of State Prize, Director of Educational-
Scientific Institute of Information Security and Strategic Communications, National Academy of the Security Service of Ukraine;
Oleksandr Milov — Doctor of Engineering, Professor at the Department of Cybersecurity and Information Technologies,
Simon Kuznets Kharkiv National University of Economics; Tetiana Okhrimenko — PhD in Engineering, Senior Research
Scientist at the Scientific Research Laboratory for Countering Aviation Cyberthreats, National Aviation University; Mykola
Rudnichenko — PhD in Engineering, Associate Professor, Senior Lecturer at the Department of Information Technologies, Odessa
Polytechnic State University; Ruslan Skuratovskyi — PhD in Physics and Mathematics, Associate Professor, Senior Lecturer
at the Department of Computational Mathematics and Computer Modeling, Interregional Academy of Personnel Management;
Olha Suprun — PhD in Physics and Mathematics, Associate Professor, Senior Lecturer at the Department of Software Systems
and Technologies, Taras Shevchenko National University of Kyiv; Halyna Tabunshchyk — PhD in Engineering, Professor,
Professor at the Department of Software Tools, “Zaporizhzhia Polytechnic” National university; Oleksandr Fomin — Doctor of
Engineering, Associate Professor, Professor at the Department of Computerized Control Systems, Professor at the Department
of Applied Mathematics and Information Technologies, Odessa Polytechnic State University; Yuliia Khokhlachova — PhD in
Engineering, Associate Professor, Senior Lecturer at the Department of Information Technology Security, National Aviation
University; Olha Cholyshkina — PhD in Engineering, Associate Professor, Director of the Institute of Computer Information
Technologies and Design, Interregional Academy of Personnel Management; Oleksii Chornyi — Doctor of Technical Sciences,
Professor, Director of the Educational and Scientific Institute of Electrical Engineering and Information Technologies, Kremenchuk
National University named after Mykhailo Ostrogradskyi; Oleksandr Yudin — Doctor of Engineering, Professor, Director of the
Cybersecurity Center of the Educational-Scientific Institute of Information Security and Strategic Communications, National
Academy of the Security Service of Ukraine; Hopeienko Viktor — dr. sc. ing., Professor, Vice Rector for Research, Director
of the study programme “Computer systems”, ISMA University of Applied Sciences (Republic of Latvia); Leszczyna Rafal —
dr hab. inz., Profesor, Katedra Informatyki w Zarzadzaniu, Politechnika Gdanska (Republic of Poland).

Print media registration certifi cate «Information Technology and Society»
series KV No. 24815-14755P dated 27.04.2021

According to the Decree of MES No. 1290 (Annex 3) dated November 30, 2021, the journal was included in the List of scientific
professional publications of Ukraine (category B) in specialties 121 — Software engineering, 122 — Computer sciences,
123 — Computer engineering, 124 — Systems analysis, 125 — Cybersecurity, 126 — Information systems and technologies.

All electronic versions of articles in the collection are available on the official website edition
http://journals.maup.com.ua/index.php/it

The articles were checked for plagiarism using the software
StrikePlagiarism.com developed by the Polish company Plagiat.pl.

© Interregional Academy of Personnel Management, 2023
© Copyright by the contributors, 2023



3micm

3MICT

Enyapp ’KAPIKOB, Bosiogumup }KHAKIH
YIOCKOHAJIEHUU TEOMETPUYHUU AJITOPUTM TA ITIPOT'PAMHE 3ABE3INTEYEHHA
B 3AZIAYAX ONITUMIBALIT TPAHCIIOPTHUX MAPIIPYTIB ........oooooroivvveesssssssssssisssesssssssssssssssssssssssssssssssisssssssssnnes

Nataliia KOTENKO, Tetyana ZHYROVA
ANALYSIS OF ARTIFICIAL INTELLIGENCE TECHNOLOGIES
TO OPTIMISE INCLUSIVE PRACTICES IN HIGHER EDUCATION......c.cocvitiinirerinenienieeineinesiiesiiessieesisessssesasesisens

H01is IAP®EHEHKO, Jenuc OPYEHKO, /iImutpo TPOLLEHKO
PO3POBJIEHHS BEB/IOJIATKY JI/I1 OPTAHI3AL[IT 3AMOBJIEHHSA CUCTEM «PO3YMHHUM BYIUHOK> ..........

4 Ingpopmayiiini mexnonozii ma cycninbemeo. Bunyck 4 (10). 2023



Contents

CONTENTS

Eduard ZHARIKOV, Volodymyr ZHNAKIN
AN IMPROVED GEOMETRIC ALGORITHM AND SOFTWARE IN TRANSPORT ROUTE

OPTIMIZATION PROBLEMS. .......ooooirininniessrie i ssssessssssessssesssesane

Nataliia KOTENKO, Tetyana ZHYROVA
ANALYSIS OF ARTIFICIAL INTELLIGENCE TECHNOLOGIES

TO OPTIMISE INCLUSIVE PRACTICES IN HIGHER EDUCATION.........ccccooveevmnirmrnerirneriens

Yuliia PARFENENKO, Denys YURCHENKO, Dmytro TROTSENKO
DEVELOPMENT OF A WEB APPLICATION FOR SMART HOME SYSTEMS ORDERING

Information Technology and Society. Issue 4 (10). 2023



Inghopmayiiini mexnonoeii ma cycninecmeo. Bunyck 4 (10). 2023

YAK 004.42
DOI https://doi.org/10.32689/maup.it.2023.4.1

Edyapd KAPIKOB
dokmop mexHiYHUX HAYK, npogecop, 3asidysay kagedpu iHhopmamuKku ma npoepamuoi inxiceHepii, HayioHaabHuil
mexHiuHuli yHisepcumem Ykpainu "Kuigcbkuli nosaimexuiuHuli iHcmumym imeHi lzopsi Cikopcbkozo”,
Bepecmelicokuii npocnekm (Ilepemozu), 37, Kuis, YkpaiHa, indekc 03056 (zharikov.edu@i.ua)

ORCID: 0000-0003-1811-9336

Bosaodumup JKHAKIH
MazicmpaHm kagedpu iHpopmamuku ma npozpamHoi iHxceHepii, HayioHaabHUll mexHiyHUill yHigepcumem
Ykpainu "Kuiscobkuil nosaimexuiuHuil iHcmumym imeHi leopsi Cikopcbkozo", Bepecmelicbkuill npocnekm
(llepemozu), 37, Kuis, Ykpaina, indekc 03056 (vovancom98@gmail.com)

ORCID: 0009-0003-3074-4748

Eduard ZHARIKOV

Doctor of Technical Sciences, Professor, Head of the Department of Informatics and Software Engineering
of National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute’, 37, Beresteysky (Peremohy)
Ave, Kyiv, Ukraine, postal code 03056 (zharikov.edu@i.ua)

Volodymyr ZHNAKIN

Master's Student of the Department of Informatics and Software Engineering of National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute’, 37, Beresteysky (Peremohy) Ave, Kyiv, Ukraine,
postal code 03056 (vovancom98@gmail.com)

Bi6iorpagiunuii onuc cratri: XKapikos, E., )Knakin, B. (2023). YiockoHa/ieHU N TeOMeTPUYHU N aJITOPUTM
Ta porpaMHe 3a6e3neyeHHs B 3a/ja4ax ONTHUMi3allii TpaHCIOPTHUX MapLIPYTiB. [HPopmayiiiHi mexHo102ii ma
cycninbcmso, DOI: https://doi.org/10.32689 /maup.it.2023.4.1

Bibliographic description of the article: Zharikov, E., Zhnakin, V. (2023). Udoskonalenyi heometrychnyi
alhorytm ta prohramne zabezpechennia v zadachakh optymizatsii transportnykh marshrutiv [Improved
geometric algorithm and software in transport route optimization problems]. Informatsiini tekhnolohii ta
suspilstvo - Information technology and society, DOI: https://doi.org/10.32689 /maup.it.2023.4.1

YAOCKOHAJIEHU TEOMETPUYHHUI AJITOPUTM TA IIPOTPAMHE 3ABE3IEYEHHA
B 3AJAYAX ONTHUMI3ALIT TPAHCIIOPTHUX MAPIIPYTIB

AHnomayis. CyvacHi cucmemu Kepy8aHHs mpaHCnOpMHUMU MApWpymamu nompe6yoms po3po6aeHHs Npo2paMHO20 34-
6e3neyeHHs], Wo peanisye 6iabw MOYHI ma weudKi aseopummu po3e’sa3aHHs 3adaui Komigosixcepa, sKi 3abesneuyroms 015
8€/1IUKOI KiAbKOCMI MOY0K NOWYK HAlIKpaujo2o Mapwpymy 3 NOpi8HsAHO He8eAUKOH NoXUbKo 3a kopomuwull 4ac. OCHOBHUMU
HedoJlikamu icHyl04uX peaizayill € cmoxacmuyHicms, 06MexceHa adanmugHicms do napamempie 3adayi ma eeaAuka 4ymau-
gicmb do no4amKo8ux yMos, uo npu3zeodums 00 HeGipHUX piuleHb ma Henompi6HUx eumpam pecypcis. Y cmammi HagedeHa
nocmaHoska 3adavi NOWYKy HaUMeHWO020 MONHCAUBO20 YUKATYHO20 MApWpymy, Wo npoxodums vepe3 3a0aHull Habip micm,
NOYUHAYU i 3aKiHYYI04U 8 MoMy camomy micmi. Y peaysbmami, an2opumm nosuHeH 3Hatimu nocaido8Hicme 8ideidyeanHs
Micm, Wo6 3a2a/1bHA 008HCUHA WASXY MINC HUMU 6Y/1a MIHIMA/IbHOMK, | WASX NPOX0OUB Yepe3 KOXCHe MIicmo pieHO 00uH pas.
IlpogedeHo ekchepumeHmMaabHi A0CAiIONHCEHHS MA NOPIBHAHO epeKMUBHICMb YOOCKOHA/IEH020 280MEeMPUHHO20 AA20pUMMY
0415 10, 50, 100 ma 1000 micm. Pe3ynemamu po6omu y900CKOHA/IEHO20 2e0MeMpU4YHO20 aizopummy 045 10 micm nopigHsiHO
3 6a308UM 2e0MEMPUYHUM AA20PUMMOM MA A120PUMMOM NOBHO20 nepebopy, Wob nepekoHamucs, o € NOKPaujeHHs: He
miaAbKU Yacy nowyKy mapuwpymy, aje i 008xcuHu 3HatideHozo wasxy. [asa 50, 100 1000 micm pezyabmamu po6omu ydocko-
HA/1eH020 2e0MeMpUHYHO20 A/120PUMMY NOPIBHAEMO 3 6A308UM 2e0MEMPUHHUM AA20PUMMOM, 2eHEMUYHUM AA20PUMMOM i
a/s120pumMmoM onmumizayii MypawuHoi Ko/10Hii, w06 nepekoHamucsi, Wo y00CKOHA/IEHUT 2e0MeMPUYHUL a120pumm Npayre
He eipwie [ weudwe Hixc iHWi aszopummu. Y 8unadkax, Koau y0oCKoHAAeHUl 2e0MempuvHUll a120pumm npayroe 3 NOXUOGKo0
8I0HOCHO THWUX a/120pumMIs, 8iH 00380/15€ OmpuMamu cymmesutl euzpaw 3a 4acom 8UKOHaHHS. Ekcnepumenmu nokasanu,
Wo 3anponoHo8aHull y pobomi y0ockoHa/ieHull 2eoMmempuyHull ai2opumm 00380159€ 0emepMIiHO8AHO 3HAX00UMU HALKpa-
wutl mapwpym 3 noxubkoro 6,82% das 1000 micm. IIpu ybomy 8iH 3Haxo0ums piweHHs y 2,8 pasu weudwe, Hixe a120pumm
MYpAawuHUX Ko/oHIl, may 265 pasz weudwe, Hix 2eHemuyHull aszopumm. Hasedero npukaad peasaiszayii ydockoHaseHoz2o
260MempuyH020 a120pUMMY MOBOK NPO2PAMYBAHHS SWIft 0151 sukopucmauHs Ha naamgopmu iOS.

Kniwouogi caoea: kom6iHamopHa onmumisayis, 3ada4a Komigosicepa, onmuMaabHUll Mapwpym, 4dc SUKOHAHHS,
mouHicmo.
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AN IMPROVED GEOMETRIC ALGORITHM AND SOFTWARE IN TRANSPORT ROUTE
OPTIMIZATION PROBLEMS

Abstract. Modern transport route management systems require the development of software that implements more
accurate and faster algorithms for solving the traveling salesman problem, which provide for a large number of points the
search for the best route with a relatively small error in a shorter time.

The main disadvantages of the existing implementations are stochasticity, limited adaptability to the parameters of the
problem and high sensitivity to the initial conditions, which leads to incorrect decisions and loss of resources. The article presents
the formulation of the problem of finding the smallest possible circular route passing through a given set of cities, starting and
ending in the same city. As a result, the algorithm must find a sequence of visiting cities so that the total length of the path between
them is minimal, and the path passes through each city exactly once. Experimental studies were conducted, and the efficiency of
the improved geometric algorithm was compared for 10, 50, 100 and 1000 cities. The performance of the improved geometric
algorithm for 10 cities is compared to the basic geometric algorithm and the brute force algorithm to verify that there is an
improvement not only in the route search time but also in the length of the path found. For 50, 100, 1000 cities, the results of the
improved geometric algorithm will be compared with the basic geometric algorithm, the genetic algorithm, and the ant colony
optimization algorithm to make sure that the improved geometric algorithm works no worse and faster than other algorithms. In
cases where the improved geometric algorithm works with an error relative to other algorithms, it allows to obtain a significant
gain in execution time. Experiments show that the improved geometric algorithm proposed in the article allows deterministically
finding the best route with an error of 6.82% for 1000 cities. At the same time, it finds solutions 2.8 times faster than the ant
colony optimization algorithm and 265 times faster than the genetic algorithm. The example of implementation of the improved
geometric algorithm in the swift programming language for use on the i0S platform is given.

Key words: combinatorial optimization, traveling salesman problem, optimal route, execution time, accuracy.

Bctyn

Y cyyacHoMy cBiTi, /ie ebeKTHBHE yIpaB/aiHHS MapUIpyTaMU Ta ONTHUMi3allis MJIAXiB MalOTh KJIOYOBE 3Ha-
YeHHsd JAJis 6araThox rajaysei, 3ajjaya KoMmiBoskepa [1] 3anuiaeTbes ofHi€0 3 HalBax/uBimux. Heoo6xif-
HICTb 3HAXO/)KeHHS ONTUMAaJIbHOTO MapuIpyTy AJis BiJiBiyBaHHSA Habopy 3a/jlaHUX TOYOK € 0COOJIMBO aKTy-
aJIbHOIO B JIOTiCTUII].

[IpoTe, icHytoui peanisarii nporpaMHoro 3a6esnevyeHHs AJis PO3B’sI3aHHA 3a7a4i KoMiBosikepa [2] yacTo
CTUKAIOThCA 3 PAAOM Npob6JieM, IKi 00MeXyoTh ixHI0 eQeKTHUBHICTb Ta TOYHICTb. OZjHi€l0 3 OCHOBHUX IIPO-
6J1eM € HeJJOCTaTHsS TOYHICTh HAassBHUX aJIOPUTMIB, 1110 BAKOPHUCTOBYIOTBCS [JIs1 PO3PAaxXyHKY MapLIpyTy 4ye-
pe3 BeJIMKY KiJIbKiCTb TO4OK. Lle Moke MpHU3BOAUTHU 10 HEBIpHUX pillleHb Ta HENOTPiIOGHUX BUTPAT PeCYpPCiB.

3anponoHoBaHe po3B’si3aHHS 3a/iaui ONTUMIi3allil MOIIYKY TPAaHCIOPTHOI'0 MaplIpyTy CIpsIMOBaHe Ha ycy-
HeHHs HeJI0J1iKiB iCHYIOUMX MiAX0/iB y croci6 po3po6KU NPOoTrpaMHOro 3abe3neyeHHs Ha OCHOBI yI0CKOHaJIe-
HOT'0 reOMeTPUYHOro airopuTMy. OCHOBHUMU He/l0JliKaMH iCHYIOUUX peastizalliil € o6MexkeHa alal TUBHICTb
Jlo pi3HOMaHITHUX MapaMeTpiB Ta BeJMKa Yy TJIUBICTb [0 MOYAaTKOBUX YMOB [3]. 3anponoHOBaHUN aBTOpaMU
reOMeTPUYHUHN aJrOPUTM 3/4aTHUH epeKTUBHO NPUCTOCOBYBATUCH /10 Pi3HUX YMOB Ta 3abe3Neyuye BUCOKY
TOYHICTb y BU3HAUYEeHHI ONITUMAJbHOTO 33 IEBHUM KPUTEPIiEM MapILpYTY.

Xo4a 3anponoHOBaHO 6araTo MeTOAiB Ta aITOPUTMIB PO3B’sI3aHHA 3a/jaui KoMiBosikepa [4], il ckiagHicTh
Ta BOXXJIUBICTh 3a/JUINAIOTHCSA aKTYaJbHUMU BUKJIUKAMU AJis JOCHIHUKIB Ta pO3pOOHHUKIB BiJjIOBiHOTO
porpaMHoro 3abe3sneyeHHs. BpaxoByouH 1ii BUKJIMKH, 3alIPONIOHOBaHe NporpaMHe 3abe3ne4eHHs Ha OCHOBI
HOBOI'0O TeOMETPHUYHOI0 aJITOPUTMY Ma€ Ha MeTi NMOA0JIaTH HeJO/MiKU Ta 0OMeXKeHHs, 1110 iCHYIOTb Y icHy!o-
YUX MiiX0AaX. 3a paXyHOK BUKOPHCTaHHS BJLOCKOHa/IeHUX FTeOMeTPUYHUX METO/iB Ta MOKPalleHUX CTpaTerii
onTuMizanii [5], y il po60Ti 0CATHYTO 3HAYHOI'0 OKPallleHHS y TOYHOCTI Ta IBUKOCTI pOo3B’si3aHHS 3a1aui
KOMiBOsIXKepa, 1110 Bi/IKPUBA€E HOBI IepCIeKTUBHU JJIs IPAaKTUYHOI0 BUKOPUCTAHHS 3alIpONIOHOBAHOI0O Y/0CKO-
HaJIeHOT0 reOMeTPUYHOr0 aJIFOPUTMY B peajlbHUX YMOBaX.

1. [locTaHoBKa 3aaa4i

3azaya koMiBospkepa (aHru. Traveling Salesman Problem, TSP) siBsisie co6ot10 3a/jayy KOMG6iHATOPHOI ONTH-
Misarii, B ikiii He06XiZJHO 3HANUTU HaMeHIIMN MOXKJIUBUHN UKIIUHUN MapLIPyT, 110 MPOXOAUTH Yepes 3a/ia-
HUH Habip MicT (TOYOK), MOYMHAIOYH i 3aKiHYYI0UU B TOMy caMOMy MicTi. MeTow po3B’si3Ky 3ajJjaui € MOLIyK
TaKoI MOC/IiAOBHOCTI Bi/IBi/lyBaHHS MicCT, 11106 3arajibHa JOBXKHHA HIJISAXY Mi>K HUMU 6y/1a MiHIMabHOO, | X
MPOXO/MB Yepe3 KOXKHe MiCTO piBHO OJMH pas3.

BusHauyeHHd 3aa4i KOMiBos2Kepa BKJIKOYAE:

- Ha6ip MicT (TOYOK): BXiIHUMHU JaHUMHU € MHOXKHHA MICT, KO>KHe 3 IKUX NIpe/icTaB/ieHe 3 KOOpAUHATaMu
abo BificTaHAMMU Bif iHIINX MicT. MicTa MoKy Th MaTH pi3Hi BificTaHi Mixk co6ot0 [6];

- LiboBY QYHKIiIO: METOIO € 3HAXO/KEHHS TaKOi MOC/iJ0BHOCTI 06X0/ly MicT, 11106 cyMa BijicTaHel Mix
LUMH MicTaMu 6y/1a MiHiMaibHOIO [7];

- 0OMeXeHHH: KOXXKHe MicTo Ma€ 6yTH BijiBilaHe piBHO OJUH pa3, i MapIlIpPyT MOBUHEH MOYMHATHUCA i 3a-
KiHYyBaTHCs B TOMy caMoMy MicTi [8];

- CHMMeTPUYHICTB: BiZicTaHb Bij MicTa A 1o B fopiBHIo€ BifcTaHi Big B g0 A [9].
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He 3Bakarouwy, 110 3a4a4a KOMiBOsKepa 3aJUIIAETHCS OJHIE 3 HAUBIZOMILIMX i JOCHIPKEHUX Y Trasy3i
koMbiHaTopHOI onTuMmizanii [10], if po3B’a3aHHs A1 BeJIMKOI KIJTbKOCTI MicT Bce 1ie Ma€ BeJIMKe MPaKTUYHE
3HA4YEeHH y Pi3HUX rajiy3sx, Bi/j MiaHyBaHHS MapIIPyTiB BAaHTAXKiBOK Ta 06CJIyroByBaHHS KJIIEHTIB, 10 ONTH-
Mi3anii BUpo6GHUUYMX NpoLeciB. Y 3B'A3Ky 3 UM po3pobka eHeKTUBHUX METO/IB PO3B'si3aHHSA 33/a4i KoMiBO-
sKepa 3aJIMIIAETHCS AKTYaJIbHUM 3aBJaHHSM i € 06'€KTOM MOCTIHHOIO NOC/Ii/[XKEHHS Ta PO3POOKHU MOKpale-
HUX aJITOPUTMIB.

2. IcHyto4i MeToZM po3B’sI3aHHS 3a/ja4i KOMiBosKEpa

IcHy€e Aekinbka TpaAULiMHUX aJrOPUTMIB /18 3HAXOJPKEHHS ONTHMaJbHOI0 MapuIpyTy y 3aZa4i KOMiBo-
sbkepa. HauiBigomimi 3 HUX - 11e MeTo/ 1 Halbmx4oro cyciga [11], meTox risok i mex [12], anroputm Mypa-
mwurHoI KostoHii [13-15] Ta reHeTr4Hi aaroputmu [16-18]. AIropyuTM, IKMH TOYHO 3HAXOAUTh HAUKOPOTILHUH
MapuIpyT BiJiBiZiyBaHHS BCiX MICT - 1€ aJiIrOpUTM NOBHOTO nepe6opy [19], ogHak BiH moTpe6ye 3HAYHOTO Yacy
pPO6OTH NPH KiJIbKOCTI MiCT Gisblie M'ITHAZLSATH, L0 CTAaBUTh ITi/i CYMHIB HOr'0 MpaKTHUYHE 3aCTOCYBAHHA Y Cy-
YaCHOMY IPOrpaMHOMY 3a6e3nevYeHHi.

[IpocTi afiropuTMH 3HAXO/KEHHS ONTUMAJILHOTO pillleHHs, TaKi 1K MeTO/ Hah6JIMKIOro Cycijia Ta MeTOJ,
TiJIOK 1 MeX MalTb Macy OKpeMUX BUINIAZKIB, Zie 1X 3aCTOCYBaHHA NMOKaXke OJMH 3 HAWTipIIMUX BapiaHTIB J/1d
no6yl0BY HAWKOPOTLIOTO MapIipyTy. | suie reHeTUYHI i MypalvHi aJIrOPUTMH L03BOJISTIOTh OTPUMATH I10-
PIBHAHO XOpOoLIi pe3y/IbTaTH K y JJOBXXKUHI HAMKPAI0oro MapupyTy, Tak i 3a 4aCOM NOIIYKY I1bOI0 MaplIPYyTy.

ToMy nmokasHHWKH po6OTH 3aIPONIOHOBAHOI0 F€OMETPUYHOI0 aJITOPUTMY PO3B’si3aHHS 3a/a4i KOMiBosKe-
pa 6yzeMo MOpiBHIOBATH 3:

1) aJIropuTMOM MOBHOT'0 Nepe6opy, 11106 BUSHAYUTH, YA MOXKe r€OMETPUYHUHN aJTOPUTM 3HAXOJUTH Hal-
KOpOTUIi NIJISIXW 06X0AY [IJ/151 KiJIbKOCTI MicT He 6isible 15 i po6UTH 1je 3HAaUYHO IBU/IIIE;

2) reHeTUYHUM i MypallMHUM aJITOPUTMaMy, 11106 BUSHAYUTH, YU MOXKE TEOMETPUYHUN aJIFCOPUTM 3HAXO-
JUTH ONTHUMaJIbHI MaplIpyTH He Tipiie 3a MapIpyTH, OTPUMaHi IUMH aJIFCOPUTMaMH i pOOGUTH e MBHU/LIE,
a60 3HAXOAUTHU MAapPUIPYTH AOCTATHBO OJIM3bKI 10 ONTUMAJIbHUX, aJle POOUTH 1€ CYyTTEBO LIBU/ILIE.

3. [IpyHOUO po60TH 6a30BOT0 TEOMETPUIHOTO AITOPUTMY

[eoMeTpHUYHUI aJITOPUTM MOJIATAE Y NOIIYKY HAMKOPOTIIOI BiZiCTaHi Mi>k TOYKaMHU, BUPIly04YX 3aBAaHHA
064YHC/IeHHS IEpUMeTpa N-KyTHUKA, BUKOPUCTOBYIOYHX TaKi MPUHIUIIN:

1) HEOOXiAHO YHUKATH MOXJIMBUX NepeTUHIB MapupyTy [20];

2) HeoOXiZiHO pyXaTHCs BiJ 0HIEl TOYKM 10 iHIIIOT, BUKOPUCTOBYIOYM HAWKOPOTILY BiZcTaHb Bij o6paHoi
HACTYIIHOI TOYKH /10 IPSIMO], siKa B:Ke nNo6y/joBaHa yepe3 JIBi TOUYKH, 1[0 NepeLyBasH iH;

3) KyTH, IKi BUXO/SITh LIJISIXOM /0/laBaHHs KOXKHOI HOBOI TOYKHM MOBUHHI OYTH SIKHAHMEHII FTOCTPUMH i SIK-
HallMeHII pO3TOPHYTHMH, TO6TO BCiMa cuiaMu parHyTH Jjo kyta 180 rpazgycis.

TakuM 4YMHOM, KiIBKICTh MOX/JIMBUX BapiaHTiB M0o6y10BY MapuIpyTy K Mo>KHa 064HUCIUTH 32 GOPMYJIO0

1
k=g(31+3),

Jle n — KiJIbKiCTb TOYOK abo MiCT, siki NOTpi6HO BiZABijaTH, TOOTO aAropUTMiuHa Ta YacoBa CKJIaJHICTb 3alpo-
IIOHOBAHOI'0 'eOMETPUYHOI0 aITOPUTMY eKCIIOHEeHIiliHO 3pocTaTuMe. Ha pucyHky 1 npeJicTaB/jieHa nporpe-
Cist MOXXJIMBUX BapiaHTiB MaplIpyTiB. Y TaKOMy CTaHi reoMeTpPUYHUI aJITOPUTM X04 i Oy/ie moKa3yBaTu cebe
3HAYHO Kpallle, HiXK aJIFTOPUTM OBHOTO Ilepebopy, IpoTe BiH Oy/ie BUKOHYBAaTHUCSA yKe JJOBro AJs KiJbKOCTI
TO4OK Gisblle 50, i B>XXe He 3MOXe KOHKYPyBaTH 3 FTeHeTUYHHUM ab0 MypallMHUM aJropuTMaMu. TOMy BUHUKAE
HeOoOXiIHICTb ONTHUMIi3yBaTU reOMETPUYHUUN aJITOPUTM [1J1s1 pOGOTH 3 BETUKOIO KiJIbKICTIO MICT.

Puc. 1. [Iporpecis BapiaHTiB Qiryp B 3a/1€3KHOCTI BiJ, KiJIbKOCTI MicT
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4. YnockoHaJIeHHS TeOMETPUYHOT0 aJITOPUTMY

Sk 6aunMo 3 pucyHka 1, 1151 n = 4 € n'ATh BapiaHTIB MOXKJIMBUX NO6Y/J0B MapIIPYTiB, IPU YOMYy MapLIPyTH
Ne3 ta Ne4 € nizikoM ileHTUYHUMHU 33 BU3HAYEHHSM. | [je MapIIpyTH, B IKMX YeTBepTa TO4YKa 36iraerbcs 3 of-
Hi€lo 3 icHyrounx npssMux. Tozi posnuiiemMo 3arajabHy 3aKOHOMIPHICTB, SIK Bil0YBa€ThCS A,0/JaBaHHAM KOXKHOT
HACTYIIHOI TOYKH /10 BXKe MoOyAoBaHUX Giryp. Ik 6a4nMo 3 pucyHka 1, /i IBOX TOYOK € OJJMH BapiaHT 06X0-
Iy - i e npsMa. [lyis TpbOX TOYOK iCHYE /1Ba BapiaHTH 06X0/Y, 3a/I€XKHO BiJl IXHbOT'O B3AEMHOTO PO3TaIllyBaH-
HS: SIKILO BCi TPY TOYKM JieXKaTh Ha OAHIN npsaMil, To 1 ¢irypa - 1e npsma; a K0 0JjHa 3 TOUOK He JIEXKUTh
Ha NpsAMiH, fie 3HaxXoAAThCsA ABi iHILI - Ije TPUKYTHUK. OTKe, MepIIOI0 YMOBOIO /1J151 TIEPEBIPKHU 6y/ie - JIEXKUTh
(abo He JIEXXUTD) HACTYIIHA TOYKA Ha iICHYIO4il mpsAMil.

JlJ1s1 4OTUPBOX TOYOK PO3IJITHEMO MOXKJ/IUBI ofiepKaHi Girypu feTanbHo. SKIIo 10 bOTO TPU TOYKH JieXKa-
JIV Ha OJIHi¥ NpsIMiH, TO YeTBepTa TOUKA MOXKe TAaKOX JIEXKaTH Ha Iild mpsMiii, a60 6y TH 1mo3a Hero. A AKIIO 0
LbOI'0 TPU TOYKH HE JIeXKaTM Ha OJIHIM NPsAMiH, TO YyeTBepTa TOYKA MOXe a0 HaJIeKaTH OJHIM 3 OTPUMaHUX
npsMUX, a60 JIeKaTH 032 OTPUMAaHUM TPUKYTHHUKOM, a60 JieXaTH BCEPeJMHI OTPHMAaHOT0 TPUKYTHHKA. Ta-
KHM YMHOM, TOYKa MOXE JIe)KaTH Ha OTpUMaHil ¢irypi, 6yTH BcepeAuHi Hei abo JiexxaTH 3a MeXaMu OTpUMa-
Hoi dirypu - i e Gy/ie APYTrol0 YMOBOIO NepeBipKH /I YL0CKOHA/IEHHSI FTEOMETPUYHOI0 aJITOPUTMY.

Hexaii 0 - mo3HaueHHsI MapUIPYTY, L0 ABJISIE COGO0I0 MPSAMY JIiHiI0, 1 — MO3HAYeHHS MapLIPYTY, IKUH € TPU-
KyTHUKOM. Tozi /i/ist mo3HauyeHHS HOBOI Qirypu mic/is JoAaBaHHS HOBOI TOYKU BBEJIEMO TaKi MO3HAYEHHS: +
(ntrOC) - TOYKA JIEXKUTh 3a MeXKaMH OTPUMaHOoi panime Gpirypu; - (MiHyc) - ToYKa JIEXXUTh ycepeAnHi oTpuMa-
Hol ¢irypu; /151 mo3HayeHHs Qirypy, fie HOBa 0JjaHa TOUKaA JIEXKHUTh Ha O/[HiN i3 BKe M06yZ,0BaHUX NPSIMUX He
JlofaBaTuMeMo Hi + (mu1oc) Hi - (MiHyc) 10 mo3HayeHHs HOBOI irypu. Toai HoBa mporpecist BapiaHTiB Map1u-
pyTiB 6y/Jie BUIVISAZIaTH TaK, sIK TIOKa3aHO HA PUCYHKY 2.

Puc. 2. IIporpecis BapiaHTiB ¢iryp y 3a/1€3kHOCTI BiJ KiJIbKOCTi MiCT AJ11 yA0CKOHAJIEHOTO
reoOMeTPUYHOIO0 aJITOPUTMY

OTKe, KIJIBKICTb BapiaHTIB MapLIPYTiB A/ YA0CKOHAJIEHOI0 TeOMETPUYHOI0 aJITOPUTMY MOKHA BU3HAYM-
TH 32 $OPMYyJI0I0

k:%(nz “3n+4),

Jle n — KiJIbKicTh TO4YOK abo MicT, ki Heo6xigHO BiABifaTU. OTXKe, aJITOPUTMIYHA i YacoBa CKJIAJLHICTb yJ0-
CKOHAJIEHOTO aJIFOPUTMY OYAe CJilyBaTU KBaJpaTHU4Hii QyHKII], 1110 € 3HAYHUM MOJIINILIEeHHSIM Y IOPiBHAHHI
3 6a30BOI0 BepCi€l0 reOMeTPUYHOTO AJrOPUTMY, OCKIJIbKM Telep aJI'OPUTM 3MOKe BUKOHATH OOYMCJIEHHS
HalKpaloro MapIupyTy [AJs BeJUKOI KiIbKOCTi MicT, HanpukJazj, n>1000.

Ha pucyHnky 3 HaBeZieHO KO/l MOBOIO IporpaMyBaHHs swift 115 peanisanii yiockoHa/ieHOro reoMeTPUYHO-
ro aJroputmy. Bubip MoBU nporpaMyBaHHSI 00YMOBJIEHUHM HeOOXiAHICTIO BUKOpPUCTAaHHS Mi1aTdopmu i0S s
peaJtizallii nporpaMHoro 3abe3ne4yeHHs NOLIYKYy HalKpalloro MapuIpyTy cepef, 3alaHuX TOYOK.
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Puc. 3. Kopg, swift peanizanii yiockoHa1eHOro reoMeTpU4YHOT0 aJIrTOPUTMY

5. Oninka epeKTHBHOCTI y/JOCKOHAJIEHOTO TEOMETPHUYHOTO aJITOPUTMY Ta eKCIIepUMEHTaIbHI [0 CTiIKEHHS

[IpoBOANTH €KCllepUMEHTAJIbHI J0CHi/)KeHHs Ta MOPiBHIOBAaTH epEKTUBHICTh y/JOCKOHAJEHOI'0 reoMe-
TPUYHOTO AJITOPUTMY GYZIEMO 33 TAKOIO CXEMOIO TIOCTAHOBKU EKCIIEPUMEHTY.

Juist n=10 nopiBHSIEMO Pe3y/bTAaTH POBOTH Y/JOCKOHAJIEHOT'0 TEOMETPUYHOTO aJTOPUTMY 3 6a30BUM reo-
MEeTPUYHHUM QITOPUTMOM Ta AJITOPUTMOM ITIOBHOTO epe6opy, 11106 NepeKOHATHCS, L0 € OKpalleHHs He Tilb-
KU 4acy MOLIyKy MaplipyTy, aje i J0BXUHU 3HANU/IEHOT0 IJIAXY.

Juisa n=50, n=100 ta n=1000 nopiBHsIEMO pe3y/nbTaTH POOOTH YZ0CKOHAJIEHOT'0 FTEOMETPUYHOI0 aJITOPUT-
My 3 6a30BUM reOMETPUYHUM aJTOPUTMOM, FreHETUYHUM QJITOPUTMOM i MypallMHUM aJrOPUTMOM, 11106 me-
PEKOHATHCS, 110 Y/IOCKOHAJIEHUH reOMeTPUYHUN a/ITOPUTM IPAIIOE He Tipiie i BU/LIe HiXK iHIII aJropuTMHy,
a60 HOBUI reOMeTPUYHUM aJITOPUTM MPALIOE 3 HEBEJIUKOIO MOXUOKOI0 BiIHOCHO iHIIKMX aJITOPUTMIB, ajie A€
CYyTTEBUH BUTpAIll 32 YaCOM BUKOHAHHs. Tak 1K reHeTUYHUM i MypalIMHUNA aJITOPUTM € BUIAJKOBUMHU aJITr0-
pUTMaMy, TO /IJIs1 OTPUMAaHHS NOKa3HUKIB iX po60TH 6y/1eM0 BUKOHYBATH 15 3amyckiB i 06uKC/II0BaTH cepe/-
HE 3HAaUYeHHs YaCy BUKOHAHHS Ta JIOBXXUHU MapUIPYTY.

[Toxubky Oy/eMO OOYMC/IIOBATH BiJHOCHO HAWKpALOro cepefHbOro 3HaueHHs. KoopJuHATH TOYOK, 110
€ BXiIHUMH JJaHUMH JJI51 yCiX YOTUPHOX AJITOPUTMIB, 6yZIeMOo reHepyBaTH BUIA/IKOBO. BizicTaHb Mixk oTprMaHu-
MU TOYKaMH MapuIpyTy 6yZeMo BUMIpIOBAaTH B YMOBHUX OJJMHHULSAX, 3 YaC BUKOHAHHS aJITOPUTMY B CEKYH/IaX.

Ha pucyHKy 4 nokasaHo pe3ysbTaTH [iJisl OPiBHSAHHSA PO6OTH aJrOpUTMY MOBHOTO nepe6opy, 6a30Boro
reoOMeTPUYHOI0 aJITOPUTMY i y/IOCKOHAJIEHOI'0 TeOMETPUYHOT0 aJITOPUTMY.

Puc. 4. Pe3y/ibTaTi po60TH aJIFOPUTMY IOBHOI'0 NepeGopy, 6a30BOro reOMETPUYHOT0 aJITOPUTMY
i yA0CKOHa/1eHOro reOMeTPUYHOr0 AJITOPUTMY
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Ha pucyHnky 5 nokasaHo pe3yJjbTaTH poGOTH NPOTPaMHOTro 3abe3nedeHHs AJis TOPiBHAHHS YA0CKOHasle-
HOT'0 TEOMETPUYHOTO AJITOPUTMY, FTEHETUYHOTO aJITOPUTMY | MypallnHOTro aaroputmy ajasa n=50. s reHe-
THUYHOTO aJITOPUTMY Y [[bOMY Ta MOAAJIbIIMNX eKCIIEPUMEHTAX B35ITO cTapTOBY nomnyJsito B 1000 ocib i kiib-
KicTb noxoJsinb 100.

Puc. 5. /loB)KHHA OTPUMAHOI0 MapIIPyTy (B YMOBHUX OAMHHUIAX) AJIsA YAOCKOHA/IEHOT0
reoMeTPUYHOTO aJITOPUTMY, TeHETUYHOTO a/ITOPUTMY i MypaIIMHOTO aJITOPUTMY AJIA n=50

Ha pucyHky 6 noka3aHo pe3yJbTaTH pOGOTH NPOrpaMHOTro 3abe3nedeHHs JJisl TOPiBHSAHHSA YA0CKOHaIe-
HOT'0 TEOMETPHUYHOTO AJITOPUTMY, FTEHETHUYHOTO QJITOPUTMY i MypalIMHOro aaroputmy ajs n=100.

Puc. 6. loB)KHHA OTPUMAHOI0 MapIIPyTy (B YMOBHUX OAMHHUIAX) AJIA YAOCKOHA/IEHOTO
reoMeTPUYHOTO aJIFTOPUTMY, TeHETUYHOTO A/ITOPUTMY i MypaIIMHOTO aJAropuTMy AJjs n=100

Ha pucyHky 7 nokasaHo pe3yJbTaTH pOGOTH NPOrpaMHOTro 3abe3nedeHHs AJis TOPiBHSAHHSA YA0CKOHaIe-
HOT'0 TEOMETPHUYHOT0 aJITOPUTMY, FTEHETUYHOTO AITOPUTMY i MypalIMHoro aaroputmy ais n=1000.

Puc. 7. loB:KMHA OTPUMAHOro MapupyTy (B YMOBHMX OJUHULAX) AJIA Y0CKOHA/IEHOr0
reOMeTPUYHOI0 aJITOPUTMY, FTEHETUYHOTI0 AJITOPUTMY i MypalIMHOro aJaroputmy assa n=1000
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[TopiBHAIBHI pe3y/IbTaTH pOGOTH AOCTIPKYBaHUX aITOPUTMIB OKa3aHi Ha PUCYHKY 8.

Puc. 8. [lopiBHAHHA Yacy BUKOHAHHSA, JOBXXWUHU OTPUMaHHUX MapLIPYTiB i MOXMGOK
AJI JOCHiAKyBaHUX aJITOPUTMIB (cepeAHi 3Ha4eHHs I’ ATHAALATH 3aNyCKiB)

Ha pucyHky 9 306pakeHo rpadik 3a/1e3KHOCTi Yacy BUKOHAHHS NPOrpaMHu y 3aJ1eXKHOCTI BiJl KiJIbKOCTi MiCT
JlJIs1 6A30BOr0 reOMETPUYHOTr0 AJITOPUTMY, YAOCKOHAJIEHOTO TEOMETPHUYHOTO aJITOPUTMY, TEeHETUYHOTO aJIro-
PUTMY i MypaIIMHOI0 aJITOPUTMY.

Puc. 9. I'padik 3a/1e’kHOCTi Yacy BUKOHAHHS NPOrpaMM y 3a/1€>KHOCTI BiJ, KIJIbKOCTI MicT

flk 6ayuMo 3 PUCYHKIB, HaBeJleHUX BUILe, YOCKOHAJEHUH reOMeTPUYHUN aJFOPUTM MpPALIOE 3HAYHO
mBH/LIe 6a30BOr0 reOMETPUYHOIO AJFOPUTMY, IPU YoMy 36epirae i Horo To4HicTb 064YHCIEHb ONTHMAJb-
HOro LLIAXy. ba3oBuil reoMeTpUYHUN aJITOPUTM MaB €KCIIOHEHILIMHY 4YacOBY CKJIQ[HICTh, XOU I MeHIIy, Hi>K
aJICOPUTM MOBHOT0 nepe6opy. HaToMicTh B yZ0CKOHa/IEHOMY reOMETPUYHOMY aJIFTOPUTMI 4acoBa CKJIaJHICTh
Ma€e KBaJ[paTUYHY CKJIAAHICTB, 110 J03BOJISE 06YHCAOBATH MapUIPYTH JJisi BeJIMKOI KisbKocTi MicT. Takox,
AK 6a4MMO 3 PUCYHKA 9, yZIOCKOHA/IEHUH reOMeTPUYHHUIN aJITOPUTM Ma€ BUTPATH Yacy Ha 0OUUCIEeHHS HIXKYe
HIXK 0/1Hi 3 KpaIMX BapiaHTiB reHETUYHHUX | MypallMHUX aJITOPUTMIB 3a JOCUTb HU3bKOI IOXUOKH 0GUHCIIEHb.

BucHOBKM

Y crarTi 3anponoHOBaHUH yJOCKOHA/JIEHUH reOMeTPUYHUI aJIFOPUTM PO3B’sA3aHHA 3aZa4i KoMiBosKepa Ta
nporpamMHe 3a6esneyeHHs Horo peaizanil Ha muatdopmi i0S. YiockoHa/ieHUH reOMeTPUYHUHN aITOPUTM Jj03-
BOJISIE OTPMMATH Kpalli MoKa3HUKU epeKTHBHOCTI pO6OTH MOPIBHSAHO 3 KJIACUYHUMU METOJaMU PO3B’sI3aHHS
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3aZa4i KoMiBosKepa. OTpHUMaHi pe3ysbTaTH L03BOJSAIOTh CTBEPPKYBATH, L0 SKICHI MOKa3HUKH POOGOTH YZ0-
CKOHQJIEHOTO FeOMEeTPUYHOTO JITOPUTMY MAOTh TEHAEHI[iI0 /0 MOJINIIeHHs 3i 301/IbIIeHHSIM KiJIbKOCTi MiCT
y NOPIBHAAHHI 3 MypallVHUM Ta FeHeTUYHHUM aJITOPUTMaMu. BiH [103BoJISIE leTepMiHOBaHO 3HAXOAUTH HalKpa-
MK MapHpyT 3 NOPiBHSAHO HEBEJIMKOIO NMOXUOKOI0 (6,82% ass1 1000 MicT) 3a KOPOTIIMH Yac, HIXK aJIfOPUTM
MypaLIMHUX KOJIOHiH (y 2,8 pa3u WBUANININ) Ta TeHETUYHUHN aropuTM (y 265 pas WBUAILINN), 1[0 POGUTH HOTO
IIBU/IKUM | HEBUOATJIMBUM /10 PECYPCiB iHCTPYMEHTOM /1JIl MOLIYKY ONTHMa/IbHUX MapUIPyTHHX MJIaHIB.

[IporpamHe 3a6e3neyeHHs], po3po6JieHe 3 ypaxXyBaHHAM JaHOTO aITOPUTMY, MOXKE 3aCTOCOBYBATHCH y pi3-
HUX Tasly3dx, /e ONTHMIi3alia MaplpyTiB Ma€E KpUTHYHE 3Ha4eHHs. 3alpONOHOBAHUM aJITOPUTM He TiJIbKU
MOKPALUTh NMPOAYKTHUBHICTh Ta ePpEeKTUBHICTh JIOTICTUYHUX MPOLECIB, a ¥ BiAKpHE HOBI MOXJIMBOCTI A5
NIPAaKTUYHOTO 3aCTOCYBAHHA 334a4i KOMiBosKepa.
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ANALYSIS OF ARTIFICIAL INTELLIGENCE TECHNOLOGIES
TO OPTIMISE INCLUSIVE PRACTICES IN HIGHER EDUCATION

Abstract. The article analyzes the potential of artificial intelligence (Al) technologies to optimize inclusive practices in
higher education. Artificial intelligence opens up new opportunities for adapting the educational process to the individual
characteristics of each student, which is especially important for people with special educational needs. The article discusses
key aspects of the use of modern Al technologies in the educational process, including adaptive learning systems, voice assistants
and text analyzers, and face and gesture recognition technologies. Both global trends and Ukraine's specific experience in
implementing Al to support inclusiveness in education are analyzed. In particular, the article focuses on how Al technologies
can help develop an educational environment for people with visual and hearing impairments, autism spectrum disorders,
ADHD, and other disabilities. In conclusion, the article emphasizes the need for further research and development of innovative
approaches to the implementation of artificial intelligence technologies in the educational process to create an inclusive,
accessible and effective educational environment. The article contributes to the formation of a new view of the possibilities of
integrating inclusive practices and artificial intelligence in the context of higher education.

Key words: Artificial intelligence, inclusive education, higher education, adaptive learning, voice assistants, facial
recognition, text analyzers, augmented reality technologies, intelligent systems.

AHAJII3 TEXHOJIOTTi IITYYHOTO IHTEJIEKTY
1010 ONMTUMI3ALI IHK/IIO3UBHUX MPAKTHUK Y BUILIHA OCBITI

AHomayia. Cmamms npucesiueHa ava.izy nomeHyiaay mexHvosoziil wmyuHozo iHmeaekmy (LII) wodo onmumizayii
iHKkA03UBHUX npakmukK y euwitl oceimi. IlImyuHull iHmesekm eidkpusae Hosi moxcaugocmi 014 adanmayii HA84a 1bHO20
npoyecy do iHOusidyasnbHuUx ocobaugocmell KojicHO20 cmydeHma, Wo € 0CO6/AUBO 8aXHCAUBUM 05 0OCi6 3 0co6AUBUMU
ocgimHimMu nompebamu.

Y cmammi poszasdaromuscs KA0408i acnekmu UKOPUCMAHHS Cy4dacHux mexHosozitl LI 8 oceimHboMy npoyeci,
BK/AHYANHU CUCMEMU A0aNnMUEH020 HA8YAHHS, 20/10C081 ACUCMeHMU ma mekcmosi aHaiz3amopu, mexHo102ii po3nisHa8aHHs
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06.1u44s1 ma scecmis. [I[poaHanizosaHo sik 2a06a1b6Hi meHdeHYil, mak i KoHKpemHutl doceid Ykpainu e imnaemenmayii L1 a5
niompumku iHK/1103Uu8Hocmi 8 ocgimi.

3okpema, akyeHmyemucs ygaza Ha momy, ik mexvo.ro2ii LI moxcyms donomozmu 8 po3sumky 0ceimHb020 cepedosuuja
015 0CI6 3 NOpYWEHHAMU 30Dy, CAYXY, po3aadamu aymucmuyHozo cnekmpy, C/IYT ma iHwumu ocob6au8ocmsamu.

Y nidcymky, cmamms Hazosouwye Ha He0b6XiOHOCMI N00A/bLUWI020 AOCAIANHCEHHSI ma po38UMKY iHHo8ayiliHux niodxodie do
8np0o8addceHHs: MexHo102ill WMy4HOo20 iHmesekmy 8 0c8imHill npoyec 3 MemMox CMeopeHHs [HKA3UB8HO20, JOCMYNHO20
ma egpekmusHo20 oceimHbo20 cepedosuwia. Cmamms cnpusie PopMy8aHHIO HO8020 N02A510y HA MoxcAugocmi iHmezpayii
[HK/IH3UBHUX NPAKMUK Ma WmMy4H020 IHme/ieKmy 8 KoHmekcmi suujoi ocgimu.

Kntouosi cnosa: wmyyHuti inmesekm, iHKA03Uu8Ha oceima, suwa oceima, adanmusHe HA8YAHHS, 2010C08I acucmeHmu,
pO3Ni3HABAHHS 06.1UYYS, MeKcmosi aHa1i3amopu, mexHo102ii donoeHeHoi peasibHOCMI, iIHMeeKkMyaabHI cucmemu.

Introduction. In today's world, inclusiveness is not new, but it is gaining importance as it is one of the main
principles of many democratic societies. This is reflected not only in the political but also in the educational
field in many countries, including Ukraine. Thus, human rights in education are reflected in several legal doc-
uments of both national and international importance: Article 24 of the Constitution of Ukraine enshrines the
principle of equality of all citizens before the law; Article 6 of the Law of Ukraine "On Education" (2017) defines
inclusive education as one of the directions of state policy in the field of education; the Strategy of National
Policy on Education Development in Ukraine until 2021 calls for the introduction of inclusive education in all
educational institutions of the country; Article 26 of the Universal Declaration of Human Rights (1948) defines
The Strategy for the Development of Inclusive Education envisages creating conditions for all students, regard-
less of their characteristics, to have full access to the educational process.

It is in the interest of society to find ways to optimize inclusive practices to integrate a wide range of individuals
into higher education institutions. Modern artificial intelligence technologies open up unlimited possibilities for re-
alizing this task, as they can ensure that the educational process is adapted to the needs of each student.

The analysis of artificial intelligence technologies in the context of optimizing inclusive practices in higher
education reveals the potential of modern innovations to solve this significant social problem. Possible areas of
Al implementation include adaptive learning systems, voice assistants, face recognition technologies, etc. Arti-
ficial intelligence technologies help to solve the issues of accessibility of education for people with disabilities,
improving the quality of education and promoting their social inclusion.

Thus, the analysis of modern technologies and the study of their potential for optimizing inclusive practices
in higher education is a promising area of research that can contribute to the development of effective strate-
gies for integrating all categories of students into the educational process.

Purpose. The goal of this study is to analyze modern artificial intelligence technologies and identify ways to
use them effectively to optimize inclusive practices in higher education, to improve the accessibility and quality
of the educational process for students with special educational needs.

The subject of the study is a set of artificial intelligence technologies (such as adaptive learning systems,
voice assistants, face recognition systems, etc.) and their potential to solve the problems of optimizing inclusive
education in higher education institutions.

The object of the study is the process of inclusive education in higher education institutions, including edu-
cational programs, teaching methods, tools and technologies used to ensure inclusiveness.

Literature review. A number of domestic and foreign scholars study the issue of inclusive education in gen-
eral and in higher education institutions in particular: Gokul Yenduri [1], Vasiliki loannidi [2], Junaidi, Ahsan [3],
Palamarchuk E.A. [4], Bortun K.O. and others. Many scientists study the digitalization of the educational process,
in particular, focusing on the use of artificial intelligence in education: Ushakova O.L [5], Michurin M. [6], Sharov
S.V. [7], Barna O.V. [8], Somenko D.V. [9], Mupaikwa E. [10] and others. It should be noted that the issue of using
artificial intelligence to organize inclusive education in higher education institutions is not sufficiently covered.

Inclusive education and artificial intelligence are fairly new areas of research. Given that this field of study
has just begun to develop quite dynamically, many scientists and researchers are still formulating basic con-
cepts and theories. The analysis of information sources confirmed the hypothesis that the use of artificial intel-
ligence to organize inclusive education in higher education institutions is not sufficiently described.

Results. Inclusive education has its roots in the global civil rights movement, which emphasized equal rights
for all individuals, regardless of their physical, mental or social differences. Starting in the 1990s, inclusive ed-
ucation was gradually introduced into the curricula of many countries around the world, with special attention
paid to individualizing the learning process. Today, inclusive education continues to develop and adapt to mod-
ern realities. In Ukraine, as well as in other countries, there are numerous programs and initiatives aimed at
implementing inclusive practices in the educational process. In this context, artificial intelligence opens up new
perspectives, allowing for the creation of adaptive learning systems that can take into account the individual
characteristics of each student.
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The global context is characterized by a trend towards the democratization of education, using artificial intelli-
gence technologies to expand access to educational resources and create more personalized learning experiences.

Inclusive education has its roots in the global civil rights movement, which emphasized equal rights for all individ-
uals, regardless of their physical, mental or social differences. Starting in the 1990s, inclusive education was gradual-
ly introduced into the curricula of many countries around the globe, with particular attention paid to individualizing
the learning process. Today, inclusive education continues to develop and adapt to modern realities. In Ukraine, as
in other countries, many programs and initiatives exist to implement inclusive practices in the educational process.

The global context is characterized by a trend towards democratization of education, using artificial intelli-
gence technologies to expand access to educational resources and create more personalized learning experiences.

Inclusive education has its own peculiarities that should be taken into account to enhance the processes of
inclusion of all citizens in social relations, regardless of their physical, intellectual, cultural, linguistic, national,
and other characteristics. The principle of inclusion is based on the realization of the value of human diversity
and differences between people. It excludes any discrimination and reflects one of the main features of a dem-
ocratic society. It applies to all citizens, regardless of age. However, it should be borne in mind that most people
studying in educational institutions belong to the age category of children and youth. Unfortunately, it is tradi-
tionally believed that the concept of inclusion is associated only with people who have a “disability”, a measure
of health loss due to illness, injury (its consequences), or congenital defects, which, in turn, in interaction with
the external environment, can lead to restrictions on a person's life. Mainstream education applies to all citi-
zens with special educational needs (SEN) [4].

According to the UNESCO classification [11], persons with SEN include those who have the following devel-
opmental disabilities: emotional and behavioural; physical/neuromotor; speech and communication; learning
difficulties; hearing vision; delayed/limited intellectual development.

This list is supplemented by children who grew up in unfavourable conditions, children from ethnic minor-
ities, street children and children with HIV/AIDS.

According to the source [12], the structure of inclusive perfection has five dimensions: intrapersonal aware-
ness; interpersonal awareness; transformation of the curriculum; inclusive pedagogy; and inclusive learning
environments.

The difficulties of forming an electronic inclusive educational environment lie in the need to identify elec-
tronic tools for people with disabilities and their integration into the learning management system. Some tools
require the implementation of projects for their development and implementation. In this study, we will use the
general requirements for electronic resources in accordance with the features of inclusion, which are described
in Table 1 of source [4].

The use of artificial intelligence in education is growing rapidly, and with it, the potential to create a more
accessible and inclusive learning environment. Al-based technologies can be used to customize learning expe-
riences for students with different needs, abilities, and backgrounds [13].

The term 'artificial intelligence' is relatively new, so it requires additional justification. Artificial intelligence
is a toolkit of a system or service that can be used to collect and adapt user data (or data posted in open repos-
itories) and generate new solutions or conclusions based on them, according to the user's request [14].

Artificial Intelligence can be divided in various types, there are mainly two types of main categorization
which are based on capabilities and based on functionally of Al. Following is flow diagram which explain the
types of Al (see Fig. 1) [15].

—Weak AT or Narrow AL

— Based on Capabilities |4 General AT

- Super A
Artificial Intelligence
— Reactive Machines

— Limited Memory

‘{Based on functionality [—

H  Theoryof Mind

] Self-Awareness

Fig. 1. Types of Artificial Intelligence
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Based on Capabilities:

1. Weak Al or Narrow Al:

¢ Narrow Al is a type of Al which is able to perform a dedicated task with intelligence.The most common
and currently available Al is Narrow Al in the world of Artificial Intelligence.

¢ Narrow Al cannot perform beyond its field or limitations, as it is only trained for one specific task. Hence
itis also termed as weak Al. Narrow Al can fail in unpredictable ways if it goes beyond its limits.

¢ Apple Siriis a good example of Narrow Al, but it operates with a limited pre-defined range of functions.

e IBM's Watson supercomputer also comes under Narrow Al, as it uses an Expert system approach
combined with Machine learning and natural language processing.

¢ Some Examples of Narrow Al are playing chess, purchasing suggestions on e-commerce site, self-driving
cars, speech recognition, and image recognition.

2. General Al

¢ General Al is a type of intelligence which could perform any intellectual task with efficiency like a human.

¢ The idea behind the general Al to make such a system which could be smarter and think like a human by its own.

¢ Currently, there is no such system exist which could come under general Al and can perform any task as
perfect as a human.

¢ The worldwide researchers are now focused on developing machines with General AL

¢ Assystems with general Al are still under research, and it will take lots of efforts and time to develop such
systems.

3. Super AL

e Super Al is alevel of Intelligence of Systems at which machines could surpass human intelligence, and can
perform any task better than human with cognitive properties. It is an outcome of general Al

¢ Some key characteristics of strong Al include capability include the ability to think, to reason,solve the
puzzle, make judgments, plan, learn, and communicate by its own.

e Super Al is still a hypothetical concept of Artificial Intelligence. Development of such systems in real is
still world changing task.

Based on functionality:

1. Reactive Machines:

Purely reactive machines are the most basic types of Artificial Intelligence.
Such Al systems do not store memories or past experiences for future actions.
These machines only focus on current scenarios and react on it as per possible best action.
IBM's Deep Blue system is an example of reactive machines.
Google's AlphaGo is also an example of reactive machines.
. Limited Memory:
Limited memory machines can store past experiences or some data for a short period of time.
These machines can use stored data for a limited time period only.

e Self-driving cars are one of the best examples of Limited Memory systems. These cars can store recent
speed of nearby cars, the distance of other cars, speed limit, and other information to navigate the road.

3. Theory of Mind:

¢ Theory of Mind Al should understand the human emotions, people, beliefs, and be able to interact socially
like humans.

o Thistype of Almachines are stillnotdeveloped, butresearchers are makinglots of efforts and improvement
for developing such Al machines.

4. Self-Awareness:

e Self-awareness Al is the future of Artificial Intelligence. These machines will be super intelligent, and will
have their own consciousness, sentiments, and self-awareness.

¢ These machines will be smarter than human mind.

o Self-Awareness Al does not exist in reality still and it is a hypothetical concept [15].

In the 1970s, AIED has occurred as a specialist area to cover new technology to teaching & learning,
specifically for higher education. The main aim of AIED is to facilitate the learners with flexible, personalized,
and engaging learning along with the basic automated task. Some popular trends in AIED include Intelligent
tutor systems, smart classroom technologies, adaptive learning, and pedagogical agents. Below diagram shows
the relationship between all these trends.

In the 1970s, a specialized discipline known as the Automated Intelligent Educational Environment
(AIED) emerged in higher education, aimed at introducing the latest technologies into the learning and
teaching processes. The main goal of AIED is to create conditions for flexible, individualized learning, which is
complemented by the automation of basic tasks.

Among the significant trends in AIED are the creation of intelligent tutoring systems, technologies for
smart classrooms, adaptive learning, and pedagogical agents. The figure below demonstrates the relationship
between all these areas (see Fig. 2).

e 0 P O e o o o
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Fig. 2. Interconnection of artificial intelligence elements in higher education

The following ways of applying artificial intelligence in higher education institutions can be identified:
. Automation of the same type of actions to assess students' knowledge.

. Use of tutor programs to study basic material.

. Provide instant feedback.

. Provide personalized learning.

. Create smart content using artificial intelligence.

. Providing access to education for students with special needs:

Adaptive learning systems use artificial intelligence algorithms to create individualized learning plans
and monitor student progress. This helps optimize the learning process, making it more efficient and helping
students with special needs find their way to success. Technologies analyze the dynamics of student learning
and automatically adapt materials to their current level of knowledge and skills.

¢ Voice assistants and text analyzers can be extremely useful tools in inclusive education. They can help
organize the learning process, convert text to speech, and support students with special needs through voice
feedback and textual information analysis. This makes it possible to create a more accessible and inclusive
learning environment where each student can work with the material in the most suitable format for them.

e Face and gesture recognition technologies open up new horizons for inclusive education. They can help
analyze the emotional state and reaction of students to learning material, as well as adapt the learning process
to the peculiarities of each student's perception.

To ensure an inclusive educational environment for students with SEN, it is advisable to use appropriate
artificial intelligence systems:

1. Adaptive learning systems:

e Squirrel Al: is an adaptive learning system that uses artificial intelligence algorithms to personalize each
student, analyzing their strengths and weaknesses and offering the most optimal learning path.

¢ DreamBox Learning: a math learning platform that adapts tasks and instructions in real time to the
student's learning pace.

e ALEKS (Assessment and Learning in Knowledge Spaces) is an adaptive learning platform that provides
individualized learning materials in math, chemistry, statistics, etc.

¢ Knewton is a system that uses big data to adapt learning materials to the needs of each student.

e Maple Learn is an interactive math learning tool that adapts the material to each student's level of
proficiency.

2. Voice assistants and text analyzers:

¢ Google Assistant and Amazon Alexa: these assistants can help students organize their learning process,
provide quick answers to questions, and help them solve various tasks.

e Grammarly: This tool uses Al to analyze text and detect grammatical, stylistic, and spelling errors, helping
students improve their writing skills.

e Twinword Text Analysis: An API for text analysis that can detect sentiment, categorize text, and perform
other tasks related to natural language processing.

3. Face and gesture recognition to adapt learning material:

¢ BrainCo: The company has developed a physical headband that can measure students' attention levels
through brainwave analysis, allowing teachers to adapt their approach on the fly.

e Microsoft's Immersive Reader: This tool uses artificial intelligence technology to make reading and
comprehension easier for students with special needs, including features such as reading text aloud, breaking
words into syllables, and helping to translate text.

¢ Control other smart devices (lights, locks, thermostats, vacuum cleaners, switches) [16].

¢ Kinect (Microsoft) - Although initially developed for gaming, Kinect can be used for education for
developing applications that respond to the user's physical actions.

Thus, we can summarize the correlation between the type of inclusion and the artificial intelligence system
[4, 17-20], which should be used (Table 1).

e NUTH WN -
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Table 1

Available artificial intelligence systems depending on student inclusion

Disorders in
Students with SEN

Partial visual
impairment

Visual impairment is
complete

Hearing impairment

Features

Partial visual
impairment, ability to
work at a computer for
some time

Lack of vision

It is possible to listen by
amplifying the sound
level

Ability to hear only
with the help of special
devices

Non-perception of
auditory information

Artificial intelligence
systems

Text and image enlargement
systems.

Adaptive lighting and contrast.

Screen readers: Programs such
as JAWS or NVDA can read the
text displayed on the screen
out loud to help the visually
impaired.

Voice Assistants: Voice
assistants such as Google
Assistant, Siri, or Alexa can
help students find information
or complete tasks without a
screen.

Text-to-Speech (TTS): TTS
technologies can turn text
documents into audio files,
which can help visually
impaired people listen to text
instead of reading.

Optical Character Recognition
(OCR): Programs that use
OCR technology can convert
scanned documents or photos
of text into editable text files,
allowing students to use other
technologies, such as TTS, to
access the material.

For people with partial
hearing loss, specialized
artificial intelligence systems
can be used to facilitate
communication and learning.
Here are some examples of
such systems:

Automatic speech recognition
(ASR) and sign language
translation systems.

Systems for transcribing sound
into text.

Video and audio analyzers.
Edutainment platforms with
integrated subtitles and sign

languages.

Specialized software for
teaching sign language.

Adaptive learning platforms.

Examples

Windows Magnifier: A magnification
tool built into Windows operating
systems.

ZoomText: An application
that provides powerful screen
magnification and reading tools.

Adaptive lighting and contrast: f.lux:
a program that automatically adjusts
the colour of your computer screen
according to the time of day.

JAWS (Job Access With Speech): one
of the most popular screen reader
programs.

NVDA (NonVisual Desktop Access): A
free and open-source screen reader.

Voice assistants: Google Assistant,
Siri, Alexa.

Text-to-Speech (TTS): NaturalReader:
a program that allows you to convert
text to audio; Kurzweil 3000: an
educational tool that provides
various tools to support learning,
including TTS.

Optical Character Recognition
(OCR): Adobe Acrobat: can use
OCR technology to convert scanned
documents into editable text files;
ABBYY FineReader: a program that
uses OCR technology to recognize
text in scanned documents.

Specialized keyboards and mice.

AVA: A mobile app that converts
speech to text in real-time, helping
deaf and hard-of-hearing people
communicate more effectively.

Google Live Transcribe: provides
real-time transcription, helping
people with hearing impairments
to "read" what is being said around
them.

Kapwing: an online tool for
automatically creating video
subtitles.

Coursera, edX: many online courses
on these platforms have integrated
subtitles and the ability to watch
videos at a slower pace to make it
easier to understand the material.

Blackboard: a learning platform that
includes tools for creating accessible
content, including audio descriptions
and subtitles.
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Disorders in

Artificial intelligence

Students with SEN Features systems Examples
Diseases of the Cerebral palsy and other | For people with Microsoft Teams: Allows students
musculoskeletal diseases musculoskeletal disorders, with physical disabilities to study
system artificial intelligence systems  remotely, avoiding the hassle of

can help create a more
comfortable and accessible
learning environment.

Distance learning tools.

physical travel.

Robot assistants, such as Robear
or Toyota's Human Support Robot
(HSR): help people with physical

Robotics for assistance. disabilities in everyday life and

education.

DreamBox Learning, ALEKS: These
systems adapt to the individual needs
of the student, allowing them to learn
at a comfortable pace.

ASD (autism
spectrum disorder)

One of the disorders

of psychological
development. Symptoms
manifested in the
following disorders:
understanding and
expressiveness of
speech; development
of attachment; social
contacts; functional

or symbolic play. ASD
may be accompanied by
intellectual disabilities,
problems with
concentration, sensory
over/under sensitivity,
and reduced motivation
to interact.

Adaptive learning systems.
Social robots and assistants.

Voice assistants.

Robots like Milo: specially designed
to interact with children with ASD,
helping them learn to recognize
emotions and improve socialization
skills.

Technologies to improve
concentration and focus.

Visual and audio tools.

Apps to improve
communication skills.

Amazon Alexa, Google Assistant:
can facilitate learning by answering
questions and helping to organize the

Specialized training software.  learning process.

Apps like Brili: help children

with ASD structure their day by
maintaining consistency and routine,
which is often necessary for children
with ASD.

Visual schedules, Audio books: can
facilitate the learning process by
providing visual or audio cues.

Proloquo2Go, Avaz: help improve
communication skills by using
icons and other visual tools to
communicate.

Conclusions. Thus, based on the study of the role of artificial intelligence technologies in optimizing inclu-
sive practices in higher education, we can conclude that Al plays a key role in the modern educational process.
Adaptive learning systems, which allow individualized learning for a particular student, have proven to be par-
ticularly effective in this context.

Additionally, the use of voice assistants and text analyzers opens up new perspectives for people with visual
and hearing impairments, making it easier for them to access educational materials and providing them with
the opportunity to immerse themselves in the learning process.

In addition, facial and gesture recognition technologies can serve as tools to create a more personalized and
adaptive learning experience, taking into account the individual characteristics of each student.

Thus, further study and implementation of artificial intelligence technologies in higher education is an im-
portant step towards creating a more inclusive and accessible educational environment. This will ensure qual-
ity education for all students, regardless of their characteristics and needs.
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PO3POBJIEHHA BEBIOJIATKY /111 OPTAHI3AILLIi 3AMOBJIEHHSA CUCTEM «PO3YMHUM BYAUHOK»

AHnomayis. Memoio po6omu € po3pobseHHs: 8e6000amKy 015 op2aHi3ayii 3aMo81eHHsl cucmeM «po3yMHUll 6YOUHOK» 3
Moxcaugicmio nidbopy okpemux esemeHmie ma pizHogudie cucmem po3yMHull 6YOUHOK 0151 piI3HUX hompeb Kopucmyeaduie.
Memodousozis. [Ipu npoekmysaHHi ma po3pob.aeHHI 6e6dodamky 6y/710 8UKOPUCMAHO Mem0d0.102i10 CUCMeMHO20 aHAI3Y,
cmpyKkmypHo-@yHKYioHa1bHO20 M00e108aHHs iHpopmayiliHux cucmem, UML modeatosanHs, memodo.io2ito cmpykmypHo20
npozpamysaHHsi ma po3pobserHs 6as daHux. Pesyasmamu. [IpogsedeHo 024150 cyuacHozo cmaHy 3acmocy8aHHs iHpopma-
yiliHux mexHo.02itll npu opeaHizayii 3amos1eHHs1 cucmem «po3ymHuli 6youHok». BusHaueHo sumozu do ee600damky opeaHi-
3ayii 3amMoseHHs1 cucmeM «po3yMHUll 6yduHok». CnpoekmposaHo apximekmypy 8e60odamky y 8ues0i KAiEHmM-cepeepHo20
3acmocyHKy. [IposedeHo modent08aHHS 8apiaHmie sukopucmaHHs ee6dodamky 3acobamu yHighikoeaHoi Mosu Modes18aH-
Hsa UML. CnpoekmogaHo Mmodenb 6a3u daHux ee6dodamky, 045 i npoepamHoi peanizayii sukopucmaHo cucmemy Kepys8aHHs
6azamu danux MySQL. [lns eubopy eapianmie cucmem po3yMHO020 6YOUHKY BUKOPUCIMAHO Memod nidmpumKku nputinimmsi
piuleHb 3 BUKOPUCMAHHAM depes piuieHb. Po3pobaeHo inmepdelicu 015 kaieHma ma kabiHem adMiHicmpamopa 8e6000amky.
Haykoea HOo8uU3HA pobomu no/asi2ae y momy, ujo Ha 8idmiHy 8id icHyrouux ee6dodamkie 3aM08/1eHHS cucmeM «Po3yMHUL
6Y0UHOK», peani3o8aHo Moxcaugicms aubopy eapiaHmie cucmeM 3 ypaxyeaHHsaM nompeb Kopucmyeayd, a He JUule OKpeMux
KOMNOHeHmMIis, 3 BUKOpUCMAHHAM depesa piweHs. [IpakmuyHa 3HaYUMicmb pobomu NoAsSI2a€ y MO*CAUBOCMI BUKOPUCMO-
gysamu po3pobsaeHuli ee6dodamok 015 iHOUu8iI0ya1bHO20 3aAMOB8AEHHS CUCMeM «pOo3yMHUll 6yduHoK». BucHog8ok. Y po6omi
npedcmas./ieHo apximekmypy 86e6000amky op2aHi3ayii 3amMo81eHHS cucmem «po3yMHUll 6yOUHOK», 8apIaHMU 8UKOPUCMAHHS
8e6000amkKy K/JAIEHMOM ma admiHicmpamopoM, HA8e0eHO NPOEKMYBAHHS 6a3u 0aHUX, onuc 6i3Hec-/102iKU BUKOPUCMAHHS
8e6000amky KaieHmamu.

Kawouosi cioea: cucmema «po3ymHuil 6y0uHOK», 3aMo8/1eHHsl, 8e6000amok, 6aza 0aHux, depego piuieHb.
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DEVELOPMENT OF A WEB APPLICATION FOR SMART HOME SYSTEMS ORDERING

Abstract. The purpose of the work is to develop a web application for organizing the order of smart home systems with
the possibility of selecting individual elements and types of smart home systems for different user needs. Methodology. The
methodology of system analysis, structural and functional modeling of information systems, UML modeling, the methodology
of structural programming and database development were used in the design and development of the web application. The
results. An overview of the current state of the use of information technologies in the organization of the order of "smart home"
systems was carried out. The requirements for the web application of the organization of ordering "smart house" systems have
been determined. The architecture of the web application was designed in the form of a client-server application. Modeling of
options for using the web application was carried out using the unified modeling language UML. The database model of the
web application was designed, and the MySQL database management system was used for its software implementation. The
decision support method using decision trees was used to select options for smart home systems. Interfaces for the client and
the web application administrator's office have been developed. The scientific novelty of the work lies in the fact that, unlike
existing web applications for ordering "smart home" systems, it is possible to choose system variants taking into account the
needs of the user, and not just individual components, using a decision tree. The practical significance of the work lies in the
possibility of using the developed web application for individual ordering of "smart house" systems. Conclusion. The work
presents the architecture of the web application for the organization of ordering "smart house" systems, the options for using
the web application by the client and the administrator, the design of the database, and the description of the business logic of
using the web application by clients.

Key words: smart home system, order, web application, database, decision tree.

IlocTaHoBKa npo6seMHu. Ha cboro/iHilIHIN AeHb CUCTEMU «PO3YMHUH GYAMHOK» CTAIOTh BCE GiIbLI MOMy-
JIIPHUMH 3 OIVISAZly Ha NOTpe6u y 3abe3nedyeHHi KoMpopTy Ta ekosoriyHocTi. CucTeMa «pO3yMHUM GYUHOK»
€ CKJ1aJ10BOoI0 IHTepHeT Peuel, 0 6a3yeThCs HA B3aEMOJii pi3HUX MPUJIAZIB 3 MOXKJIMBICTIO BiJila/IeHOTO aB-
TOMaTH30BAaHOTO yNPaBJiHHSA 6€3 BTPy4YaHHs 0CO6H, 1110 MpUiiMaEe pimeHHs. [Ipusajy, K npaBuJio, OCHaleHi
JlaTYMKaMHU, Ki BUMipIOIOTh TapaMeTPU 30BHIIIHBOTO CEPE/IOBHUIIA TA TOKA3HUKU QYHKI[IOHYBaHHS CUCTEMH.
CucreMa «po3yMHUH 6yJMHOK» IPUHMaE pilleHHs BiANOBIAHO /10 aHUX, OTpUMaHUX 3 ii oToyeHHs [1]. Kisb-
KiCTh JOMOTOCIIOAAPCTB, IKi BCTAHOBJIKIOTh CUCTEMU «PO3yMHUN GYIMHOK», 3 POKY B PiK 3pOCTaE, 30KpeMa
yepe3 noTpeby B eHeprosabesneyeHHi, ske MiJJIalITOBYETbCA ITiJ| peasbHi MOTpebu CoXUBadiB i BpaxoBye
npodisb eHeprocrnokuBaHHA [2]. JlocaipkeHHS, MPUCBSAYEHI aHaTi3y IEePCIEeKTUB NMOUIMPEeHHS TeXHOJIOTII [H-
TepHeT Pedeil B YkpaiHi [3], cBif9aTh Npo MOXKJ/IMBICTB MiJiBUIIEHHS eKOHOMIYHUX NOKAa3HUKIB Yy BUNA/IKY ILIH-
POKOI'0 pO3MOBCIOAXKEHHS JaHOI TEXHOJIOTII /i1 BUKOPUCTAHHA Y MOBCAKAEHHOMY XUTTI, IPUKJIAZL0M YOI 0
€ BIIPOBA/PKEHHS CUCTEM «PO3YMHHUH OYAMHOK», ajle caM Ipoliec 3MiH noTpebye BianosigHoi iHpopmanifiHol
MiATPUMKH [4].

CucTteMH «pO3yMHUN GYAUHOK» MOXYTb OYTH CIPOEKTOBAHI 3 pi3HOMAHITTS KOMILJIEKTYIOUHX BiJ pi3HUX
BUPOGHUKIB, HAABHUX HA PUHKY, 3 YpaxyBaHHSAM 3alUTIB KJaieHTa. Po3po6ieHHs Be6ojaTKy opraHisauii 3a-
MOBJIEHHSI CUCTEM «PO3YMHUI O6YyJMHOK» € aKTYya/IbHOIO 3a/la4elo, OCKIJIbKY [103BOJIS€ 3a6e3NeYrTH KJIiEHTA
HeoOXiZiHOIO0 iHpopMarii€to /1J1s1 BUGOPY CUCTEMU «PO3YMHUH OYAMHOK», @ TAKOXK CIIPOILYE CaM MPOILeC 3aMOB-
JIEHHSI CUCTEM «PO3yMHUH OGYAUHOK» Ta il OKPEMHUX KOMITOHEHTIB.

AHani3 ocTaHHiX gocaigXKeHb i nyGrikaii.

Be60/1aTKH BUKOPUCTOBYIOThCS [IJ1s1 Pi3HUX aCNeKTiB BIPOBa/PKEHHS Ta BUKOPUCTAHHS CUCTEM «PO3yM-
HUH 6yIUHOK». ¥ po6oTi [5] mpeacTaBieHO Be6AOJATOK AJIS TECTYBAaHHS KJIIEHTOM MOMXJIMBOCTEH CUCTEMH,
1106 3pO6UTH POGOTY CUCTEMH TPO30PIIIOI0 Ta 3PO3YMiJTiIIO0, 3a6e3MeYrBIIH JJOBIpY 0 KOpUCTyBava. B po-
60Ti [6] 3aMpPONOHOBAHO CUCTEMY 3aMOBJIEHHS CKJIQJIOBUX «PO3YMHOI0 OYAMHKY» i3 aJirOpUTMOM mifi60py
ONTHMaJbHUX apaMeTPiB.

Bysio mpoaHasizoBaHo mixoau 10 po3pobJieHHs Be6CUCTeM JJisi OpraHisaljii 3aMoBJIeHb i BCTAHOBJIEHO,
1110 MOMIMPEHNMH € peaslizalii 3 BUKOPUCTaHHSAM cTeKy TexHosorii MERN, sikuii Bkirouae B ce6e MongoDB ta
Node.]S, Taku# nizxiz 3anponoHoBaHo B po6oTax [7, 8].

B po6oTi [9] mpexacTaBieHO po3po6JIeHHS CHUCTEM OHJIAHH-3aMOBJIEHHSI Ha OCHOBi CTEKY TEXHOJIOTIH
LNPM/LAPM, 1o Bk/t04a€E B cebe onepaniiiHy cucremy Linux, HTTP-cepBepu Nginx/Apache, MoBy nporpamy-
BaHHA PHP Ta cucremy kepyBaHHsa 6a3amMu ganux MySQL.

B po6ori [10] po3risifatoThcst 0COGIMBOCTI MOGY0BY BEGJOAATKY /i1 OHJIAMH-3aMOBJIEHHs ToBapiB. Ha-
BOJSATHCS NPUKJIAY iHTepderica KoprcTyBaya JiJis OIYKy ToBapiB, popMyBaHHS CIMCKY 3aMOBJIEHD, YIIPaB-
JIIHHA 3aMOBJICHHAMM.

IlocTaHOBKa 3aBAAaHHS.

MeTorw po60THU € po3p0o6JIeHHS Be6JOAATKY OpraHisallii 3aMOBJIEHHSI CUCTEM «PO3yMHHU OYANMHOK». Pe-
aJtizalis CUCTEMH 3aMOBJIEHHs y BUIVIAJI Be6J0aTKy CIpsIMOBaHA Ha Te, {06 3pOOGUTH [JaHy TEXHOJIOTiI0
JIOCTYITHOIO JJIsI LTUPOKOT0 KOJIa KOPUCTYBaviB Ta HaJlacTh HEOOXiAHY iHdopMaliito 1151 06IPyHTOBAHOTO BU-
60py BapiaHTIB CUCTEMU «PO3yMHUM OYAMHOK» MiJ BjacHi moTpe6u. KoprucryBauamMu Be610AaTKY OYAYTh yci
3arjikaBJyieHi 0co6H, sIKi pO3IJIAZAlTh MOXKJIMBICTh BIPOBa/PKEHHSI CUCTEMHU «PO3yMHUM 6YJMHOK» Y BJIACHO-
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My ZJOMOTOCNOZAPCTBi, a60 BXK€ eKCIIyaTYIOTh TaKy CUCTEMY i MaloThb noTpeby B 1i MozepHizanil 41 3amiHi
KOMILJIEKTYIHOYUX.

BukJ/1ag, OCHOBHOI'O MaTepiaJy.

IIpoekmyeanHsa apximekmypu 8e600damky. ApxiTeKTypa Be6J0/laTKy CIPpOeKTpPOBaHA Yy BUIVIALI TpH-
piBHEBOI apxiTEKTypH MO6YL0BH Be6-3aCTOCYHKIB. BoHa onucye HOTo CTPYKTYpPY Ta B3aEMO/Ii10 Mi>k OCHOBHHU-
MU KOMITIOHeHTaMU. Takok apxiTeKkTypa BU3HA4Ya€ MPUHIUMIN Ta MiJX0AH [0 Po3pobsieHHsT Be6oAaTKYy. Ap-
xiTeKTypa Be6AOAATKy opraHisarii 3aMOBJIEHHSI CUCTEMU «pO3YyMHHUH OynuHOK y Buriani UML piarpamu
KOMIIOHEHTIB NpeJcTaBjeHa Ha puc. 1.

Puc. 1. ApxiTeKTypa Be6J04aTKy opraHi3anii 3aMoBJIEHHS CUCTEeM «PO3YMHHMI GYAUHOK»

ApxiTeKTypa BUJIiJIsIE KJIIEHTCbKUH PiBeHb, PiBHI cepBepa [0JaTKy Ta cepBepa 6a3u JAaHUX, MiXK IKUMHU
HaJ/laro/pKeHa JIBOCTOPOHHS B3aeMo/is. KiieHT B3aeMojie 3 BeGJofaTKOM depe3 mporpamy - Gpaysep i3
6y/ib-SIKOI'0 KOMIT'I0Tepa Y1 MOGIJIbHOIO MPUCTPOIO, 110 Ma€ BUXiJ, B Mepexy [HTepHeT. 06po6Ka 3anuTiB Bij
KJIiEHTa BUKOHYETbCS Web-cepBepoM, BizobpakatoThcs BifgnoBigHi .html gakium 31 cTaTUMHUM KOHTEHTOM.
Jis mojaBaHHS [UHAMIYHOTO KOHTEHTY Ha CTOPOHI KJIIEHTA BUKOPHUCTOBYIOThCSA JavaScript 6i61ioTekw, 30-
kpeMma jQuery. i B3aEMozii i3 cepBepoM Ta OTPUMaHHS BiJl HbOTO BiZimoBifel 6e3 mepe3aBaHTAKeHHSI CTO-
PiHOK BUKOPHUCTAHO TEXHOJIOTiI0 AjaX. Ycs iHQopMariisi mpo KOMIIOHEHTH CUCTEM «PO3YMHOIr0 OYAUHKY », Ka-
Teropii KOpUCTyBaviB 36epiraeTbces y 6a3i ganux. Web-cepBep BUKOHYE B3aEMO/IiI0 i3 cepBepoM 6a3u JJaHUX,
yepe3 SQL 3anuTH, OTPUMYIOYH HeO6XiAHI 1151 BimobpaskeHHs HAa BeOCTOpiHKax JMaHi. Hanmpukiazg, i3 6a3u ga-
HUX BUBOJMUTHCS KaTaJOT KOMIIOHEHTIB CUCTEMHU «PO3YMHUU OYIMHOK», iHopMallis Mpo 3aMOBJIeH] CUCTEMHU
3aHOCUTBCA Yy 6a3y AAaHUX MiC/s MiATBEPKEHHS 3aMOBJIEHHS aZiMiHiCTpaTOpoOM.

ModeatoeaHHA 6Gi3Hec-/102iKU 8UKOPUCMAHHSA 8e6dodamkKy. [IpoBeZieHO MO/ieJIIOBaHHS 6i3HeC-JIOriKU
Be60IaTKy Ta BU3HAUYeHO MOT0 OCHOBHUX CTEHKXOJIZIepiB — KJi€HTa Ta aaMiHicTpaTopa. [lo6ymoBano UML
JliarpaMu BapiaHTiB BUKOPHUCTAHHS Be6A0/JaTKy, IpeCcTaBJIeHi Ha puc. 2 Ta 3.

KuienToM € 0co6a, 110 BUKOPUCTOBYE Be60/IaTOK /151 ONTHMi3anii mpouecy 3aMOBJIEHHSI KOMIIOHEHTIB
CHUCTEMH «PO3YMHHH B6YJMHOK» YU MiAG0PY CUCTEMH 3a/IEKHO BiJ| CBOiX OTPED.

Hwxde BUKJIazieHa 6i3Hec-JIoTikKa BUKOPHUCTAaHHS BEG0IaTKY KJIiEHTOM.

1. KinienToM Moxke 6yTH ¢pizudyHa abo puAuIHa 0c06a, KA BijiBiZjaa CTOpiHKY calTy yepe3 6paysep.

2. KnieHT MOXe neper/iisiiaTy ToOBapH B KaTaslo3l.

3. /lnsg opopMiieHHST 3aMOBJIEHHS KJIIEHT Ma€ 3apeECTPYBATUCH i YBIHTH B CHUCTEMY SIK aBTOPH30BaHUH
KOPUCTYyBau.
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4. ABTOpU30BaHUH KOPHUCTYBA4Y MOXKe 0aBaTH TOBAPH 3 KaTaJIOTy J10 KOIIMKA, 0pOPMJIIOBATH 3aMOBJIEH-
Hf, BiZICJIIIKOBYBaTH ICTOPiI0 BJIaCHUX 3aMOBJIEHb.

5. KilieHT MoXe BUKOHYBATH Mii6ip CHCTEMH «PO3yMHUM OYAMHOK», HAJlaBIIM iH$opMaLio npo cBoi mo-
TpeOH LIISIXOM ONUTYBaHHA y BeO-iHTepeci.

Ha puc. 2 na giarpami BapiaHTiB BUKOPUCTAaHHS OKa3aHO JABOX aKTOPIB. 3J1iBa aKTOPOM BUCTYIAE KJIIEHT,
TO6TO 0c06a, 1110 3a1liKaBJIeHa Y CIPOIeHH] 3aMOBJIEHHS Ta BUOOPY CUCTEM «PO3YMHUI OYAUHOK». [l/151 326€3-
NeYeHHs BJACHUX NOTPeb KIEHT = GyJile BUKOPUCTOBYBATH pPO3PO6JIEHUH BEOLOAATOK, IKUK B CBOIO Yepry
MOBUHEH peasi3oByBaTH 6i3HEC-JIOTIKYy KJIi€HTa. Be610/JaTOK MOBUHEH I03BOJISITU KJIIEHTY MepersiJjaTy iH-
¢dopmMalio npo ToBapy Ta CUCTEMH «PO3YMHHH OYAUHOK», 3Z{HCHIOBATH HiA6ip CHCTEM «PO3YMHUH OYAUHOK»
3a BKa3aHMMHM NOTPe6aMu Ta HaJlaBaTH MOKJIMBICTb 0PpOpMJIEHHST 3aMOBJIEHHS NMPOAYKIii. IHIIKMM akTOpoM
€ 6a3a JaHuX, sIKa B3aEMO/Ii€ 3 KJIIIEHTOM 4Yepes NMpelefeHTH, HaZlaloyH aHi 38 3allMTOM KOpHCTyBayva.

Puc. 2. JliarpamMa BapiaHTiB BUKOPUCTAaHHS Be6A0AATKY KJI1€EHTOM

BisHec-yorika afMiHicTpaTopa Be6[0AaTKy HaBe[eHa HIKYe.

1. AgmiHicTpaTOp Ma€ MOBHUM JOCTYII 10 yCix GYHKLIM Be6/J0AATKY, Y TOMY YHCJI KJIiEHTChKUX.

2. ApmiHicTpaTop BUKOHYE yIpaB/IiHHSA JAaHUMHU B 6a3i TaHUX - pearyBaHHs, 10/[aBaHHs, BUaJIeHHS Ja-
HUX IIPO TOBapH.

3. AamiHicTpaTop NiTBepAXKY€E peecTpaLilo KJIi€HTIB.

4. AnMiHicTpaTOp BUKOHY€E 06p06.JIeHHS] 3aMOBJIEHD BiJi KJIi€EHTA, NepeBipsi€ A0CTOBIPHICTh HaZAHOT KJIiEH-
ToM iHdopMalii, 3a moTpebyu pesarye 3aMoBJIeHHs KJIieHTa a6o BUJAJIsSIE HOTO.

5. AnmiHicTpyBaHHS 6a3u JaHUX AJIsI ONTUMIi3allil Yacy BUKOHAHHS 3aMUTIB Ta 3aXUCTY JJAHUX Bi/l HECaHK-
LiIOHOBAHOT'O AOCTYIY.

ApMiHicTpaTOp BHKOHYE HaslalITYBaHHS BeGA0JATKY Ha XOCTUHIY, € Bi/INOBiJa/IbHUM 3a CTBOPEHHS pe-
3epBHUX KoNii Ta 6e3neKy Be6j0AaTKY.

Ha UML giarpawmi (puc. 3) akTop agMiHicTpaTop Be6a04aTKy 306paskeHuH 3.iBa. [lics aBTopusauii iomy
JocTtymHi yci ¢yHKIil, 1m0 i KIEHTY, TOOTO 3a MOTPeOU BiH TaK0XK MOXe 3pOOHUTH 3aMOBJIEHHS, ajie Horo oc-
HOBHOIO LIIJLIIO € MiITPUMKa po60TH Be6A0AaTKY. Byb-sika Aist agMiHicTpaTopa B CUCTEMI CYyITPOBO/KYETHCS
3alMUTOM 10 6a3u JlaHUX, KA [I0Ka3aHa CIpaBa sIK OJIUH i3 aKTOpIB.

[To6yoBaHi fgiarpamy BapiaHTiB BUKOPHUCTaHHSI Be6/10AaTKy OopraHisallii 3aMOBJIEHHS CUCTEM «PO3YMHHUHN
OyAMHOK» BiJlo6pa)kaloTh 6i3HeC-JI0TiKy HOro BUKOPUCTAHHS OCHOBHHMMHU aKTOpaMU — KJIEHTOM Ta a/MiHi-
CTPaTOpPOM Ta BiZjIOBiZjal0Th BU3HAYeHUM PyHKI[iOHAJIbHUM BHMOIaM.

IIpoekmyesaHHA 6a3u daHUX 86e6000amKy.

[Ipu mpoekTyBaHHi 6a3u JaHUX Be601aTKy opraHisaliil 3aMOBJIEHHSI CUCTEMHU «PO3YMHUHN O6YITUHOK» OYJ/I10
pPO3p06JIEHO KOHLENTYa/JIbHY MOJIeJIb, siKa BiloOpaka€ 3B’AI3KU Mi>k OCHOBHUMHU CYTHOCTSIMHU U aTpUOyTaMHy,
Ta JIOTIYHY MOZeJIb.
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®isuyHa Mozesb 623U JaHUX € PO3IIMPEHHSM Ta JIONOBHEHHSM KOHIENTYaJbHOI MOJeJi, 0 € 6ibiI
JIeTanizoBaHow. BoHa Bifjo6paxkae cnenudikamii /i1 KOXKHOTO i3 aTpubyTiB, 30KpeMa JOBXUHY MO0JIiB, THII
JaHux. lg Mozes1b MpU3HAYa€ETHCS AJisi PO3POOHUKIB 633U AaHuX. Takox Ha Ppi3uyHIN Moesi JaHUX TTOKa3y-
I0ThCsI IEPBUHHI KJIIO4i, 00MeXKeHHS, IKi HaKJIaJaloThCs Ha JaHi, npoueaypu. ®isuyHa Mozesb 6a3u JaHUX
Be6/10/1aTKy opraHisanii 3aMOBJIEHHSI CUCTEMHU «PO3YMHMH OYZMHOK» 300paskeHa Ha puc. 4.

Puc. 3. /liarpama BapiaHTiB BUKOPHCTaHHS Be6A0AATKY aJMiHicTpaTopoM

Puc. 4. ®isuuHa moze b 6a3u JaHUX Be6J04aTKy opraHisanii 3aMoBJ/IEHHSA CHCTEM
«PO3yMHUM GYAUHOK»
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basa aHuX CKJIaJla€ThCSA i3 BOCbMU B3aEMOIOB s13aHUX TabuIlb. Tabauns Categories 36epirae maHi mpo
kaTeropii ToBapiB. Tabsungs Products micTuTh gaHi npo okpeMi ToBapu. Bona nos’sisana 3 Ta6Jviero KaTero-
pi#t Categories 30BHiLIHIM kJt04eM category_id. Lle# 3’130k BU3HA4Ya€ HaJIEXKHICTh TOBapiB /10 NEBHOI KaTe-
ropii komnoHeHTiB cuctemu. Tabuns Orders 36epirae ani npo yci cdopmoBani 3aMoBIeHHS KJli€HTIB. Bona
MiCTHUTB JiaHi 3araJibHOI CyMH TOBapiB y KOIIMKY, JaTy 3aMOBJIEHHS], HOT0 MOTOYHUH CTATYC Ta iHAeTUdIKaTOD
kJieHTa. Tabunga Customers MiCTUTHUTD JJaHi KOPHUCTYBAYa, 10 BUKOPUCTOBYIOTHCS IPY aBTOpPH3allii Ta 3BO-
POTHBOMY 3B’I3Ky 3 KOPUCTYBadeM.

Ta6saung Deliveries MicTUTb ZjaHi Ipo J0CTaBKy KOHKpeTHOTO 3aMoBJ/ieHHs. Tabnii Order Systems List Ta
Order Items List MiCTATb CHMCKH KOMIIOHEHTIB Ta CHCTEM PO3YMHUH GYMHOK, 1[0 MiCTATbCS Yy KOHKPETHOMY
3aMoBJieHHi kiieHTa. [lani y Tabaunsax ¢opMyroThcs i3 moJiB, 1110 € ijleHTHdiKaTopaMu 3aMOBJIEHOI CUCTEMHU
4Yu KOMIOHeHTa system_id Ta product_id, a Takox ix KisibKoCTi system_count_id Ta item_count _id.

Ta6saung Standart sets MicTUTB jaHi Ipo BapiaHTH CUCTEMU «PO3yMHUM OYIMHOK», sIKi Oy1yTh 3alIPOTIOHO-
BaHi KJIIEHTY 3a pe3ysbTaTaMy onuTyBaHHs. [losie complectation 36epirae nepesiik KOMIIOHEHTIB, 1110 CKJIa/a-
I0Th Habip, is_comfort, is_economy, is_protect, set_type - BiinoBizjaroTb moTpe6bi KiIiEHTA i3 BHGOPOM MOHOCHC-
TEMH YU MYJIbTUCUCTEMH i3 3a6e3nedeHHsIM KOMDOPTY, EKOHOMIYHOCTI Y1 €KOJIOT{4HOCTI.

Po3po6/1eHHs1 depesa piwleHb 015 iHOUBIOYA/ILHO20 3AMO08/1EHHS cUCMeMU «PO3YMHUU 6YOUHOK».
Oco6uBicTIO BE6AOAATKY OpraHisarii 3aMOBJIEHHSI CUCTEMH «PO3YMHHUH OYIMHOK» € MOXJIUBICTh mifjoopy
BapiaHTy CUCTEMHM cepeJi 3aIIPONOHOBAHMX Yepe3 BU3HAYEHHS yNoA06aHb KOPHUCTYBaya LLJISXOM ONUTYBaH-
He. /[lns 3a6e3neyeHHs NiATPUMKYA NPUUHATTSA pillleHb 100 Mi60py CUCTEMH «PO3YMHHUH 6YJUHOK» GYJI0
no6GyoBaHe Ta MPOrpaMHO peasi3oBaHe JiepeBo pillleHb, CXeMaTHYHE 300paKeHHS SIKOT0 HaBeJleHe Ha PUC.5.

CTpyKTypa, MoKa3aHa Ha pUC. 5, € OpiEHTOBHO1O, i 3a MOTPe6bU MoXKe OYTH pO3IIKpeHa /i JeTaai30BaHOT0
BUGODPY. [lepeBo pillleHb cCXeMaTUYHO BiZjoOpaka€ 3B’ 130K MiXK 3aIUTAHHSAMU, SIKi CTABJISATHCS KJIEHTY, Ta Ba-
piaHTamMu nifi6paHux cucteMm.

Ha koxxHOMY eTami BUGOPY KOpHUCTYyBady MOTPiOHO 3JiHCHUTH BUOip, BUCJIOBUBIIN CBOI MOXKJIMBOCTI Ta
ynoJ06aHHs, 00Mpalyy OfMH i3 3aNpONOHOBaHUX BapiaHTiB. HanpukJ/aj, o6paTu 0iMH i3 TPhOX CIieHapiiB
BUKOPHCTAHHS CUCTEMHU «PO3YMHHUH OYAMHOK» MPHU BUGOPI MOHOCHCTEMH abo 3 [|BOX BapiaHTiB mpy BUOOPY
THUI CUCTEMHU.

Puc. 5. /lepeBo pilieHb A1 Nig60py BapiaHTiB CUCTEMU «PO3YMHUM OYIUHOK»

fAx pe3ynbTaT MOC/AiIOBHOI BiANOBi/{i HAa MOCTaBJIEHI 3alUTAaHHSA KJIEHTY Oy/le 3alPONOHOBAHO MEpeliK
BapiaHTIB cUCTeM «pO3yMHUIN OYIUHOKY, 1110 Bi/INOBiJal0Th KOT0 3alUTaM.

BukopucmaHHs 8e6d0damky 0.1 3amoes1eHHs cucmem «Po3ymHuuii 6yduHok» kaienmom. PoGora i3
MIOYMHAETHCA i3 FOJIOBHOI CTOPiHKH, 306pakeHoi Ha puc. 6. HeaBToOpH30BaHMUM KOPUCTYyBay Ma€ MOKJIUBICTb
neperJ/sZy TOBapiB, 1110 HaJIexKaTh [0 BiAOBiAHOI KaTeropii, Hanpukaaz, JlaT4uKHy.
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3siBa 3HaxX0AUTHCS MaHe b GiNbTPIB [/ BUBEIeHHS YCiX TOBapiB BiAnoBiAHOI KaTeropii, jianazoxy nid Ta
kispkocTi cieHapiiB. @inbTp Gyzse 3acTocoBaHUH Mic/si HATUCKAHHA Ha KHOMNKY «[lomyk». PeasisoBaHo Mox-
JIUBICTb COPTYBaHHS TOBapiB 3a I[iHO0 Ta Ha3Bow. Tako HasiBHa ¢opMa MOIUIyKy TOBapiB 3a Ha3Bow. KaTasor
TOBApiB BilOOPAKAETHCA Y IIEHTPAIbHIM YaCTHHI TOJIOBHOI CTOPiHKYM Be6A0AATKY. [T KOXKHOTO TOBapy Bifi0-
OpaKaeThCsl 300pakeHHs TOBapy, Ha3Ba Ta LiHa. CTopiHKa 3 AeTanbHOI iHpopMaliero mpo ToBap AOCTyNnHA
3apeecTpOBaHUM KOPUCTYBa4yaM Mic/s HATUCKaHHSA Ha KHONKY «[leperyiaHy TH».

Puc. 6. Intepdeiic Be6aoaaTKy. CropiHKa KaTajiory

[ Toro, 1106 neperiiHyTH JieTalbHy iHpopMallito Ta npuAabaTy ToBap, KJIEHTY HEOOXiHO 3apeecTpy-
BaTHCsl Ta aBTOPU3YBATUCH.

3a HeoOXiHOCTI iHAMBIAYaNbHOrO MiAGOPY CUCTEMU «PO3YMHUH OYIUHOK» KJIEHTY MOTPi6GHO 0bpaTu
nyHKT «[lifg6ip cucTeMu» Ha rosoBHOMy MeHIo. [lic/ia nboro y Be6-iHTepdelici cucteMu 6y/ie BUBeJieHa aH-
KeTa, 0 MICTUTb BapiaHTHU BUOOpY i3 ZeTaJbHUM MOSICHEHHAM, 1110 c06010 NpeJCTaB/sA€ KOXKEH KPUTepii
BUGOpy cucteMu. Crieplily KOpUCTyBad 06HUpaA€E IPOLIOBUHM Jlialla30H, BKa3y04H, Ha IKYy CYMy pPO3PaX0BYE NPU
npuAb6aHHI cucTeMU «pO3yMHUN OYAMHOK». Ha HacTynmHoMy Kpoui npu mifg6opi cucTeMu «po3yMHUMN 6yaU-
HOK» NOTPiOHO 3a3HAUYUTH THUII CUCTEMU: MOHOCUCTEMU YH MYJIbTUCUCTEMHU. Y BUNIaJKy BUOOPY MOHOCUCTEMHU
KJIIEHTY Tpeba BUBHAUUTHUCA i3 i TUTIOM 3a/1€2KHO Bif clieHapito BUKOpUcTaHHS. [[ponoHYEThCSA 341 CHUTU BU-
6ip 3a TppboMa BapiaHTaMu: KOMPOPT, EKOHOMIisl Ta 3aXUCT A0BKi/LIA. [Ipukiaz iHTepdeiicy BUbopy creHapito
BUKOPHCTAaHHS CUCTEMU «PO3YMHUI OyJMHOK» I0Ka3aHOo Ha puc 7.

Puc. 7. InTepdeiic Be6a0aaTKy. BUGip XapaKTepUCTUKU CUCTEMHU KPO3YMHUI GYAUHOK»
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fkuo BapianTH cucTeM, sIKi BiZjTOBiJal0Th 3alIMTaM KOPUCTYBaua, He 6yAyTh 3HalAeHi, BiH oTpuMae BiJ-
MOBi/iHe MOBiJJOMJIEHHS Y iHTepdelici Be6gonaTKy.

[licns Toro, IK KOMIIOHEHTH CUCTEMU YH CaMi CUCTEMH «PO3YMHOTr0 OYAUHKY» JI0AAHO [JI0 KOIUHUKY, Bif-
OyBa€eTbCSA Nepexif, 0 CTOPiHKK 0QOPMJIEHHS 3aMOBJIEHHS, /i€ KJIIEHT MOXKe MepPerISHYTH 3arajbHy CyMy
MOKYTKY Ta MATBEPAUTH 3aMOBJIEHHs], BKa3aBIIM KOHTAKTHI JjaHi. TAKUM YUHOM BiZI0YBAa€ETbCS MiATPUMKA
opranisaril 3aMoBJIEHHS CUCTEM «PO3YMHHH OYZHUHOKY.

OkpeMo peasi3oBaHO NaHeJsb aJ|MiHICTpaTOpa, IKUKA Ma€ MOBHI NMpaBa Ha yHpaBJliHHS 3aMOBJIEHHSIMH,
a TaKOX peJaryBaHHs, BUAJIeHHs, 10/jJaBaHHs iHpopMariil Mpo CUCTeMU Ta IX KOMIIOHEHTH.

BuUCHOBKHU. B po60Ti onrcaHo NpoeKTyBaHHs Ta peasisaliito Be610JaTKy 3aMOBJIEHHSI CHCTEMHU «PO3YMHUH
OyZIMHOK» 13 MOXKJIMBICTIO MiZI60PY BapiaHTy CUCTEMHU 3 ypaxyBaHHSAM NOTped KopucTyBayva. [1inbip 3ailicHIOETh-
cs1 Ha OCHOBI OGY/ZI0BAHOTO JlepeBa pillleHb, sIKe peasli3oBaHe Y BUIVISA/] ONMUTYBaJbHUKA, IKUH MPOMOHYETHCS
kJieHTy. [lic/isi 3a3HaYeHHsT BJIaCHUX MOTPe6 KJIIEHTY HAIAEThCS MOXK/IUBICTD MEPETITHYTH y Beb-iHTepdeiici
MOXKJIMBi BapiaHTH Ta 00paTH HaUOIbII miaAXoAAUMNA. TakKUK MigXiJ A0 Mi00py CUCTEM «PO3yMHUM GYITUHOK»
Jl03BOJISIE 3a0€3MeYUTH KJIIEHTOOPIEHTOBAHICTD i 3pyYHICTh KOPUCTYBAaHHS BE6/0/JATKOM.
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