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Jvutpo AHAPOHIK
3000y8ay euwyoi oceimu neputoco (6aKaiaspcbko20) pieHs
4 poxy nasuanHs cneyianvrocmi 122 Komn romepni nayku
Hayxoswuii kepiBauk: Bikrop HIUPBA
Kanouoam ¢hizuxo-mamemamudHux Hayx, OOYyeHm
JOCJIIKEHHS AJITOPUTMIB IOITYKY MAKCUMAJIBHOT'O
IMOTOKY B IOTOKOBIIA MEPEXI

Y pobomi pozenamymo meopemuuni acnekmu ma MOMCIU8i cghepu
3aCMOCYSAHHS OCHOGHUX AN2OPUMMIE NOULYKY MAKCUMATLHO20 HOMOKY. Ix eueuenns
00380/1€ He Juuie 3po3yMimu OCHO8U meopii epaghie, ane U 6nposadicysamu
eghexmueHi piueHHs: Ha NPaKmuyi.

Kntouosi cnosa: nomoxosi mepeoici, ancopummu Ha epagax.

AKTyaJbHicTb TeMH. [IpoOiema 3HAXOJKEHHS MaKCUMaJIbHOTO IMOTOKY B
MEpeXl € OJIHIEI0 3 OCHOBHUX y Teopli rpagiB Ta Ma€ YHCICHHI MNpPaKTHYHI
3aCTOCYBaHHs. BHUBYEHHS anropuTMiB MaKCHMaJIbHOI'O IOTOKY JO3BOJIE€ Kpalle
3p03yMITH OCHOBH TeOpii rpadiB Ta iX 3aCTOCYBaHHS Ha MIPAKTHIILI.

Mera myOJikaunii € aHaji3 OCHOBHUX aJTOPUTMIB MOILIYKY MaKCHMaJbHOTO
MOTOKY, iX TEOPETUYHHUX AacCMeKTIB Ta MOXJIMBUX c(ep 3acTOCyBaHHA. 30Kpema,
PO3TIIAIAI0THCS aJITOPUTMU ®opna-PankepcoHa, Enmonnca-Kapna,
MPOLLITOBXYBAHHS MPEANOTOKY Ta 3HAXOIKEHHSI OTOKY MIHIMaJIbHOI BApPTOCTI.

Bukiaan ocHoBHoro marepianay nocaimkennss. TEOPETUYHI ACIIEKTU
AJITOPUTMIB MAKCHUMAJIBHOI'O IIOTOKY. Anroputm ®@opuna-Pankepcona
0a3yeThCsl HAa ITEPaTUBHOMY 30UIbIIEHH] MOTOKY B MEPEXi, IIYKalOUn JTOTIOBHIOKOYI
NUISIXA Y 3aJUIIKOBIA Mepexi. BiH BUKOPHUCTOBYE METOJ TOIIYKY B TNIMOUHY a0o0
IMIUPUHY U1 BU3HAYEHHS NUIAXYy 3 HEBUYEPIAHOK MPOMYCKHOK 3AaTHICTIO.
AJNTrOpUTM MpaIoe A0 THUX Mip, TOKH ICHY€ JOMOBHIOIOUUHN HUIAX, IO J03BOJISE
30UTbIIMTH MOTIK. OCHOBHA 1/iesl aJiTOPUTMY MOJISITa€ B MOCTYNOBOMY 301bIIEHHI
MOTOKY IIJISIXOM 3HaXO/DKEHHS JIAHIIIOTIB 3 3JIMIIKOBOIO IPOMYCKHOIO 3/1aTHICTIO.

OnHi€l0 3 KIIIOYOBUX OCOOJMBOCTEH aNrOpuTMy € MOro 3ajJeXHICTh BiJ
BUOOpY JOMOBHIOIOYUX MHUISAXIB. XO04a TEOPETHUYHO AJITOPUTM MOKE MpaIfOBaTH

HECKIHYEHHO JIOBTO Ha rpadax 3 AIMCHUMH 3HAYEHHSIMH MPOMYCKHHX 3/1aTHOCTEH,



Ha MPAKTHUI[l BIH YacTO 3aCTOCOBYEThCS pa3zoM 3 meroaoM BFS, mo 3HauHO
IPUCKOPIOE pOOOTY.

Anroputm Enmonnca-Kapma € mokxpaieHoro Bepcieto anroputmy Doppa-
dankepcoHa, sika BUKOPUCTOBY€E METOJT MOITYKY B mupuny (BFS) nins 3naxomkeHHs
HAWKOPOTIIUX JOTIOBHIOIOUUX NUIAXIB. Lle 103BOJIsi€ 3MEHIITUTH YacOBY CKJIA/IHICTh
a0 O(V * E*2). Iges anropuTmy mojsira€ B TOMy, 1100 KOKHOTO pa3y 3HAXOIUTH
HAWKOPOTIINN JOTTOBHIOIOUUH IIJISX 1 301IbIIYBATH MOTIK B3I0BXK IILOTO HUIAXY.

AJNTOPUTM 3aCTOCOBYETHCS /Ui PO3B'SI3aHHS 3a/1a4 3 BEJIMKUMHU rpadamu, e
onTuMizalisl yacy € KpuTuuHor. OpHI€l0 3 mepeBar € JIeTEpPMIHOBAHICTh Ta
rapaHTOBaHE 3HAXOPKCHHS ONTUMAJILHOTO PIIIEHHS 3a KIHIIEBY KiJIBKICTh 1T€pallii.

Meron npowmToBXyBaHHS NpeAnoToKy Ller Meron TIpyHTyeTbes Ha
BUKOPHUCTAHHI BUCOTH BEPIIMH Ta HAAJIUIIKOBOTO TMOTOKY. OCHOBHA i/1es MOJSTaE y
TOMY, 1100 MPOIITOBXYBATH MOTIK 3 MEPENOBHEHUX BEPIIUH O CYCIJIHIX BEPIIMH 3
MEHIIOK BHCOTOK. Omepalii migiioMy Ta MPOIITOBXYBaHHS 3a0€3MeUyIOTh
e(eKTUBHE YCYHEHHSI HAJIJTUIIIKIB.

Meton ocobmmBo eheKTHBHUN Ha MIUIBHUX rpadax, A€ IHII aJIrOpPUTMH
MOXYTh OyTM MEHII MPOJYKTUBHUMH. BiH neMOHCTpye n00py TPOIYyKTHUBHICTb
3aBASKA OJJHOYACHOMY OOpPOOJICHHIO KIJTBKOX MEPETIOBHEHUX BEPIIIHH.

[ToTik miHimManbHOi BapTocTi Llel anropuT™m crnpsiMOBaHUN Ha MIHIMI3aliO
BapTOCTI MOTOKY TMpH JOTPUMaHHI OOMEXKEHb Ha MPOIMYCKHY 3AaTHICTb. BiH
BUKOPUCTOBYETHCS B 3ajayaxX OMNTHMI3allli JIOTICTUYHUX MEpPEX Ta YIpaBIiHHSA
pecypcamu. OCHOBHUH MIiAX1] 0a3yeThcsa HA KOMOIHYBaHHI METO/[1B MAaKCUMaIbHOTO
MOTOKY 3 MiHIMaJILHOIO BapTICTIO MIUISIXIB.

[MPAKTUYHE 3ACTOCYBAHHA AJITOPUTMIB. Anroputmu
MaKCHMAaJIbHOTO TIOTOKY 3HaXOJATh IIMPOKE 3aCTOCYBAHHS B pEabHUX CHCTEMax.
30kpeMa, BOHM BHUKOPHCTOBYIOTHCS JUIsl ONTHUMI3AIlii TPAHCMOPTHUX IOTOKIB,
MapuipyTHh3alii B KOMIT'IOTEPHUX MEpekax Ta pO3MOJLIy €HEeprii B eHEepreTuyHuX
Mepexkax. Hampuknaa, y JOTICTHIN Il QJITOPUTMH JOTIOMarairoTh BU3HAYUTH
ONTHUMAJIBHAN MIISAX 711 IEPEBE3CHHS BAHTAXKIB 3 MiHIMAJIBHIMH BUTPATAMH.

Y KOMI'IOTEpHHX Mepexkax alropuTMu 3a0e3nedyroTh OallaHCyBaHHS

HAaBaHTaXXCHHA Ta e(eKTHMBHE BUKOPUCTAHHS KaHaJiB 3BSI3Ky. TakoXX BOHU



3aCTOCOBYIOTHCS B 3aJjauyax IUIAaHYBAHHS PECYPCiB, HANPUKIAA, TIPU OMTHUMI3AIIi]
BUKOPHUCTAaHHSI BUPOOHUYUX MOTYKHOCTEH.

BucHoBkH. PO3risHyTI aJropuTMM MaKCHMaJbHOTO MOTOKY € Ba)XJIMBHUM
THCTPYMEHTOM JJisi pO3B'si3aHHS 3a7ad ontuMizamii B Teopii rpadis. Koxen 3
QJITOPUTMIB MAa€ CBOI MEepeBark Ta HEAOMIKH, 10 103BOJIIE€ BUOMPATH ONTUMAJIbHUI
METO/T 3aJIEKHO BiJ KOHKPETHOT 3a1adyi. [IpakTnuHe BUKOPUCTAHHS X aJTOPUTMIB
CHpUs€ MABUIICHHIO €()EeKTUBHOCTI MPOIIECIB Y PI3HUX Taly3aX HAYKH Ta TEXHIKH.

CIIMCOK BUKOPUCTAHUX JUKEPEJI:

1. baprimm M. . Jocnimxennsa onepauiid. Y. 2. AaroputmMu ontumizanii
Ha rpadax, 2007. 168 c.

2. ['muboBents M. M. OcHoBM KoMIT IOTEpHUX anroputMiB. Kui: Bus. nim
“KM Axanemis”, 2003. 450 c.

3. Hikonbcbkuit FO. B., Ilaciunuk B. B., lllepouna 0. M. JluckpetHa
maremartuka: [ligpyunuk. Kuis: Bunasauua rpyna BHV, 2007. 368 c.

Ouexcanap BEKTEPEB
3000y8au 6uwoi oceimu nepuiozo (6aKanaspcvKoeo) pigHs
1 poky nasuanmus cneyianvnocmi 122 Komn'tomephi nayxu

HaykoBuii kepiBauk: Tersina IIMJIMITFOK
Kanouoam Qizuko-mamemamudHux HayxK, 0OyeHm

INOKPAIIEHHA IITYYHOI'O IHTEJIEKTY: CYHACHI METO/IHN

Poszensanymo  cyuacni  memoou  nokpawjeHHs — WMYYHO2O — IHMENLeKmy,
BKIIOYAIOYU ONMUMI3AYII0  ANI2OPUMMIB, NIOBUUEHHS eDEeKMUBHOCMI HABUAHHS
MooOenell ma iHmezspayio 3 HWUMU MEXHON02IAMU. AHANI3YIOMbC nepCneKmusu
suxopucmanus L1 y piznux cghepax.

Knrouosi cnosa: wmyunuii inmenekm, onmumizayis aicopummis, KEAHMOSI
00YUCTIeHH S, HEetPOMOPPHI 0OUUCTEHHS, eKOHOMIYHULL 6NIUB

AKTyajbHicTh TeMHu. lIBUAKMII PO3BUTOK IITYYHOTO IHTEIEKTY BHMMArae

HOBUX MIIXOIB JI0 IiIBUIIICHHS HOTO €()EKTUBHOCTI.



Merta my6uikanii. BuBunty Ta nmpoaHanizyBaTH Cy4acHi METOU MOKPAICHHS
MITYYHOTO 1HTEJUICKTY.

Buxiaa ocHoBHOro Marepiaay aociaiikeHHs. OIHMM 13  KIIOUYOBUX
HanpsaMKiB mokpamienHs I e onTumizamiss HEWPOHHUX MEpEX 3a JIOTIOMOTOIO
HOBHUX METOJIB pEryispu3allii, BUKOPHUCTAHHSI TpaHchHOpMEpPiB Ta MiAXOIIB 0
CaMOHaBYaHHsJ. 3HauHI YCHIXH CIOCTEPIraloTbCs Yy BIPOBAIKEHHI KBAHTOBUX
OoOuYMCIIeHb AJI TMPUCKOPEHHS POOOTHM Mojenei. [HIHMM BaKJTMBUM aclEeKTOM €
nosicHroBaHicTh LI, o no3Bossie po3poOHMKaM Ta KOPUCTyBauaM Kpale po3yMiTH
MPUIHATI aNropuTMOM pimieHHsA. Lle ocoOnuBO KpuUTUYHO y cdepl MEIUUUHH,
¢iHaHCIB Ta OE3MEKU.

Ontumizamiss anroputMmiB I 103Bossi€ MIABUIIUTH €()EKTUBHICTH MOJCIICH
IUISIXOM YAOCKOHAJIEHHS METOJIB peryiispu3allii, 3MEHIIEHHS MNepeoOydYeHHs Ta
BUKOPUCTAHHS aJaNTUBHUX aJTOPUTMIB HaBUYaHHA. BaXJIMBUMU acleKTaMu €
ONTHUMI3alllsl aApXITEKTyp HEHPOHHHX MEPEX, IO CIPHUSE 3HUKEHHIO BUTpAT
oOuncioBaIbLHUX pecypceis [1; 3].

KBaHTOBI OOuYMCIIEHHS CHPUSIOTH 3HAYHOMY MPUIIBUIIICHHIO IIPOLECIB
MAIIMHHOTO HaBUaHHS 3aBISKHU TMapajedbHUM OOYHCICHHSIM Ta BUKOPUCTAHHIO
cyrnepriosuilii craHiB. BoHU 03BOJISIIOTH PO3B’SI3yBaTH CKJIAJHI 3aBAAHHS, Kl €
OOYHUCITIOBAILHO HEMIAAOMHUMM [IJI1 KJIIACUMYHUX CHCTEM, IO BiJKpUBAE HOBI
MOXJIMBOCTI JJIsl CTBOpeHHs Oubin noTyxHux LIII-moneneit [4; 7].

[TosicatoBanicth 111 Mae kiTto4oBe 3HAUCHHS Y KPUTHYHUX Cepax, TaKUX K
MeauInHa, (IHAHCHU Ta Oe3MeKa, e pillleHHs Mojieliel MatoTh OyTH 3pO3YyMIJIUMHU Ta
nependauyBanumu. Explainable Al (XAI) migBumiye noBipy KOPHCTYBadiB [0
CUCTEMH, JIO3BOJISIIOYM AaHATI3yBaTH JIOTIKY MPUUAHATUX pINIEHbh Ta BUSIBISTH
MOTEHIIIHI MOMUJIKK a00 yriepemkeHocTi [5; 8].

HetipomopdHi 00YUCICHHS IMITYIOTh TPUHIUIN POOOTH JIFOACHKOTO MO3KY,
BUKOPHMCTOBYIOUM CIIEI1alI30BaHl anapaTHi apXiTEeKTypH, IO IMITYIOTh HEHpPOHHI
3B’3Kd. BoHu  3a0e3neuyloTh  BUCOKY MPOAYKTUBHICTh TPU  3HUKEHHI
€HEPrOCIOKMBAHHS, 10 € KPUTHYHO BAXKIWUBHUM JUIs MOOUIPHUX MPHUCTPOIB Ta

ABTOHOMHHX CUCTEM [6; 3].



I Ta OloiHkeHepiss BIAKPUBAIOTH HOBI MOXIUBOCTI JJii CTBOPEHHS
riOpUIHUX IHTENEKTyaIbHUX CHUCTeM. 30Kpema, 1HTEerpallisi TYYHOTO 1HTEJIEKTY 3
HelpoinTepdelicamu JI03BOJISIE PO3IIMPIOBATH MO>KJIMBOCTI JFO/IMHU,
BHUKOPHCTOBYIOUM IMITJIAHTOBAH1 MPHUCTPOI AJISl MOKPAIIEHHS! KOTHITUBHUX (DYHKITIH
a00 yIpaBJIiHHS TEXHIYHUMH 3aC00aMH Yepe3 MO3KOB1 CUTHaAIIH [6-8].

Exonomiunuit  BmmmB LI Tpancopmye puHOK Tmpal, CHOPUSIOUH
aBTOMaru3allii BUPOOHUYUX Ta aHANITUYHHX MpoIeciB. BrnpoBamkeHHs po3yMHUX
CHUCTEM J03BOJISI€ MIABUIIUTH MPOIYKTUBHICTH Ipalli, 3MEHIIUTH BUTpaTH Oi3HECY
Ta CTBOPUTH HOBI Ipodecli, NOB’sA3aHI 3 pPO3POOKOI0 Ta BIPOBAIHKCHHIM
IHTEJIeKTyaJIbHUX TeXHOJIOT1H [8; 3].

BucHoBku. IlokpamieHHs MTY4HOTO 1HTENEKTY MOXJIHMBE  3aBJISKH
MOEAHAHHIO HOBUX TEXHOJIOTIH, TAKUX K KBAaHTOB1 OOYMCIIEHHS, TpaHChOopMEpHU Ta
nosicHroBanui _111.

CITMCOK BUKOPUCTAHUX JIXKEPEJI:
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5. Miller T. Explainable Artificial Intelligence: Understanding, Trust, and Society.
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Maxkcum BIJIOYC
3000y8ay euwyoi oceimu neputoco (6aKaiaspcbko20) pieHs
4 poxy nasuanHs cneyianvrocmi 122 Komn romepni nayku
Hayxoswuii kepiBank: Mapuna MACTKOBCBKA
Kauouoam neodazo2ivHux HayK
MOJIEJIb ABTOMATHU30BAHOI CUCTEMHU BUBOPY TA
AHAJII3Y BUBIPKOBUX OCBITHIX KOMIIOHEHTIB

Y pobomi poszenanymo npobaemy asmomamuszayii 6ubopy ubipKoux
OUCYUNIIH Y 3aKNA0ax 6uwjoi oceimu ma 3anponoHO8AHO MOOelb BION08IOHOT
iHopmayitinoi cucmemu. Po3pobnena cucmema, wo 6xnouac 6e63acmocyHOK Ha
Angular, 6a3y oanux Google Sheets ma asmomamuszayiro na Google Apps Script,
00380J151€  CHpOCMUMU  npoyec 6UOOpPyYy ma auanizy GUOIPKOBUX OCBIMHIX
komnonenmis. Lle pooums 11020 Oinbus SHYUKUM MA NPO3OPUM OJiL 8CIX VUACHUKIB
0C8IMHBLO20 NpoYecy.

Knrwouosi cnosa: aemomamuzosana cucmema, 6uOip OUCYUNJIH, BUOIPKOGI
KOMNOHeHmu, 0C8imHill npoyec, sebzacmocynok, Google Sheets.

AKTyaJIbHICTh TeMH. B yMOBax Cy4yacHOTO PO3BUTKY OCBITH, KOJIU CTYJI€HTU
MalOTh MOJIMBICTh (OPMYBaTH BIACHY OCBITHIO TPAEKTOPIIO, aBTOMATH3AIIis
BUOOpPY BHOIPKOBUX JHUCIUILUIIH CTa€ HAA3BUYANHO aKkTyaibHOW. BuOIpKoBi
KOMITOHEHTH OCBITHIX MPOTPaM JI03BOJISIOTH CTYJEHTaM PO3IIUPIOBATH CBOI 3HAHHS
3a MeXamM¥ 000B’SI3KOBUX JIMCIMILIIH, aIaliTyBaTH HaBUAaHHSA JI0 BIACHUX MOTPed Ta
NiJBUILIYBAaTH KOHKYPEHTOCHPOMOXKHICTh Ha pUHKY mpati. OgHak TpaauuiitHui
mpoiiec BUOOPY JUCIUILIIH y 0arathOx 3aKiiajiax BUIIOI OCBITH BCE I 3aTUIIAETHCS
TPOMI3IKUM, TOTpeOye 3HAYHUX aJAMIHICTPATHBHUX 3yCWJIb Ta HE 3aBXKIAU €
3pYYHHM JIJISI CTYJICHTIB.

OpHi€ro 3 TOJOBHHUX MPOOJIEM € BiACYTHICTh €(heKTUBHUX NU(PPOBUX PIIICHB,
AKl MoOriau O 3a0e3NeyuTd I[IBUAKUHN, 3pY4YHUI Ta NEpCOHATi30BaHM BHUOIp
aucIUIUIiH. YacTo CTyneHTH 3MYIIeH! MeperjsaaTH TPOMI3AKI CHUCKH KYPCIB y
(dopMaTi TEKCTOBUX JOKYMEHTIB a00 TabIuIh, 0€3 MOMXKIMBOCTI MOWITYKY, (iIbTparii

Yyl PEKOMEHJallli Ha OCHOBI iXHIX 1HTepeciB. 31 CBOro OOKYy, aaMiHICTparlis
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YHIBEPCUTETY CTHKA€ETHCS 3 MpoOieMaMu OOpOOKH 3asBOK, aHAJI3y MOMYJSPHOCTI
JUCHUIUIIH Ta ONITUMAJIBHOTO PO3MOAUTY CTYACHTIB MK KypcaMH.

Cucrema BuOOpY BUOIPKOBUX JMUCIMILIIH y 3aKJIajaX BHILOI OCBITH YKpaiHU
4acTO peani3yeTbcsi BpydyHy ab0 3a JIOMOMOTOK0 3acTapiiux 1HCTPYMEHTIB
(HampuKIIaa, EJEKTPOHHUX Taliauib Oe3 aBToMarm3aiii). lle mnpu3BoaUTH [0
YUCJICHHUX TpoOsieM: ayOatoBaHHS MUCIMILIIH, TIEPEBUIICHHS KBOT, TPYIHOIIIB Y
peecTpaiii BHOOpY Ta WOro KOPUTYBaHHI, TOMWIJIOK TIpW BBEICHHI JIaHUX.
ABTOMaTH3aIlis [HOTO MPOIIECY JO3BOJIUTH 3pOOUTH MOTO MIBUIIINM, 3pYUYHIIIUM Ta
MPO30PIIIUM JIsl BCIX YYACHUKIB.

Meta nmyOJikauii — BUKJIaJ OCHOBHOTO MaTtepiaity JOCIIIKEHHS 3 TOOYI0BU
MOZEeJII aBTOMATU30BAHOI CUCTEMH BHOOpPY Ta aHali3y BHOIPKOBUX OCBITHIX
KOMIIOHEHTIB, sika 3a0e3leuye peecTpallito, 00OpoOKy Ta aHaji3 BUOOPY CTYJEHTIB,
BUKOPHUCTOBYIOUM Cy4yacH1 BeO-TexHoJorii Ta cepBicu Google Workspace.

Buxiaa ocHOBHOro martepiajny A0cC/izKeHHs. Y XO1 JOCHIIKEHHS OyIio
CTBOPEHO MOJIEJIb ABTOMATHU30BAaHOT CUCTEMU BUOOPY AUCIUIUIIH, IO CKJIAIA€THCS 3
TaKUX KOMIIOHEHTIB:

1. Be6-3actocynok (Angular) — 3abesmneuye iHTepdeiic s CTyACHTIB 1
aJMIHICTPATOPIB.
2. baza manux (Google Sheets) — cxoBuie BUOOpPY CTYACHTIB Ta JOCTYITHHUX

TUCIUAILIIH.

3. ABtomarwu3ailig o0poOku nanux (Google Apps Script) — peanizaliis CKpUITIB

JUTS YIIpaBJIiHHSA 1H(QOpMaII€ro.

@OyHKI10HAT CUCTEMHU:

e ABTOpH3aIlis CTYJEHTIB Yepe3 KOPIOPATUBHY TIOIITY.

e Bulip aucuuruiia y Mexax (akyJibTeTy Ta Kypcy.

e ABTOMATHUYHUN KOHTPOJb OOMEXEHb (KIJIbKICTh BUOpAHUX TMPEIMETIB,

ypaxyBaHHs Bjke 00paHHUX AMCLHUILIIH Y TOMEPeIHI CEMECTPH).

e @dopmyBaHHS 3BITIB Ta AHAJTITUKU AJIA aAMIHICTpAIli.

Buxopuctanns Google Apps Script 103BoJIsIE aBTOMATHU3YBATH

e Peectparrito BubOpy crynenta B 6a3i JaHuX.

e [lepeBipKy nepeBUILIEHHS KBOT Ta JOCTYMHOCTI MICIIb.
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e CTBOpEHHs JIOTIB JUIA aHATI3y MOMYISPHOCTI AUCLHUILTIH.

e [‘eHeparlito 3BiTiB Mpo BUOIP CTYACHTIB.

Jlnst TecTyBaHHS CHUCTEMH BHUKOPHUCTOBYBAJIMCS CTYIEHTCbKI faHi. byio
IIPOBEJICHO TECTOBUM BUOIP AMCIUIUIIH JUIs TPyl OakaaBpiB Ta MaricTpiB. AHai3
MOKa3aB, IO 3alporlOHOBaHa MOJETh 3HAYHO 3MEHIIYE aJMiHICTpaTHBHE
HaBaHTaXKEHHS, MiHIMI3y€ MIOMIJIKHY Ta I1JIBUIIYE 3pYIHICTh MPOIeCy BUOODY.

BubipkoBi OCBITHI KOMIIOHEHTH € BAXJIMBOIO YACTHHOIO OCBITHHOTO IMPOIIECY
y 3aknagax BHUIIOI ocBiTH. OJHAK TPaJMIIiiHI METOAX BHOOPY JUCIHUIUIIH YacTO €
Hee(hEeKTUBHUMU, OCKIJIBKH MOTPEOYIOTh 3HAYHUX BUTPAT Yacy Ta pecypciB. Y JaHii
poboTi  Oyso PpO3MIAHYTO TpoOJieMy aBTOMarH3allii I[bOro Mpolecy Ta
3aMpONOHOBAHO BIIMOBIIHY MOJIeb 1H()OPMAIIHHOT CUCTEMHU.

VY mporect gociikeHHs: 0yJio MpoaHaIi30BaHO 1CHYIOYI MIJXOAH 0 BUOOPY
JTUCLUILUIIH, BUSIBICHO iXHI HEJOJIKA Ta OOIPYHTOBAHO HEOOXIAHICTH CTBOPEHHS
aBTOMATU30BaHOI cUCTeMH. bysio po3po0eHo MoJIeNh TaKoi CUCTEMHU, sIKa BKIIIOYAE
MEXaHI3M aBTOpH3allli CTYJEHTIB, (YHKIIOHAI BUOOPY AMCIMILIIH 13 MOKJIHMBICTIO
dinpTpamii 3a dakyapbTeToM 1 Kadeapor, a TaKoXk JOTyBaHHS BHOOpY st
MOJATBIIIOTO aHATI3Y.

Ha ocHOBI1 po3po6eHoi Mojesni Oyi0 CTBOPEHO BE03aCTOCYHOK Ha IiaTdopmi
Angular, e B SIKOCTI CXOBHINIA JaHUX BUKOPHCTOBYeThCcs (Google Sheets, Google
Apps Script ayis aBTomMaTH3aIlii MpoIleciB, a JJisl aBTeHTU(IKaIlil Ta JOTyBaHHS Aiil
CTyIEHTIB 3acTtocoByeThesi Firebase. IlpoBenmene TecTyBaHHS —MiATBEPAMNIIO
e(eKTUBHICTh 3alPOIIOHOBAHOT CHCTEMH, a TAKOX ii MepeBaru y MOPIBHSHHI 3
TpaAUuIIHHUMU METOAaMU BUOOPY TUCITUTLITIH.

BucHoBKH. 3amponoHOBaHa CHCTEMa JO3BOJIE€ 3HAYHO CHPOCTUTH MPOLEC
BUOOpY Ta aHami3y BUOIPKOBUX OCBITHIX KOMIIOHEHTIB, 3pOOMTH HOTO OLIBIIT
THYYKHM Ta TIpo30puM. BoHa Moxe OyTH BUKOPHCTaHA Y HaBYAJbHUX 3aKjIaax sl
MOKPAIICHHS YMPaBJIiHHS BUOIPKOBUMH KOMIIOHEHTAMH Ta MOJAIBIIOTO aHaTi3y
CTYJIEHTCbKUX YIIO/100aHb.

[lepcriekTBM pO3BUTKY [JaHOI CHUCTEMH BKJIIOYAKOTh PO3MIMPEHHA 11
(GyHKIIIOHaTy 3a PaxyHOK BIPOBA/HKCHHS MEXaHI3MIB PEKOMEHJAIli Ha OCHOBI

nonepeAaHix  BHOOPIB  CTYACHTIB,  IHTErpamil0 3  YHIBEPCUTETCHKUMHU
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1HGOpMalLIHUMU CUCTEMAaMH Ta BUKOPUCTAHHS METOMAIB IITYYHOTO 1HTENEKTY AJIs
nepcoHaizaiii BuOOpy JUCIMILTIH.
CIIMCOK BUKOPUCTAHUX JUKEPEJI:

1. Kauypiscekuit B.O., Kauypiceka [.M. MogemtoBanus iH(opmariiitHo-
JOKYMEHTAJIBHOI CHCTEMU TMPEe3eHTallli OCBITHIX KOMIIOHEHT OCBITHBOL
nporpamu. lleHTpanbHOYKpAiHChKMII HAyKOBHUW BICHHK. TEeXHIUHI HAyKH,
2022. Bum. 6 (37) , g2, C. 17-25. URL:
https://mapiea.kntu.kr.ua/pdf/6(37) I1/4.pdf

2. Caiit mpoaykty Angular. URL: https://angular.dev/

3. Caiit mpoaykry Firebase. URL: https://firebase.google.com/

4. Cailt OPOAYKTY Google Sheets. URL.:
https://docs.google.com/spreadsheets/u/0/

5. Cemurina, T.B. & Homak, A.C. (2023). IadopmamiitHi cuctemu mis
BHOIPKOBMX JUCIHMIUIIH y 3aKiagax BuImoi oceith. Vectors of the
development of science and education in the modern world : collective
monograph / V. Shpak, ed. (c.5- 13). Sherman Oaks, California : GS
Publishing Services.

https://www.eo.kiev.ua/resources/zmist/mono_2023 14/mono_2023 14.pdf

Maxkcum BEJIBMA

3000y8au Opy2020 (Maz2icmepcbko2o) pieHs 8UUL0i 0C8imu

1 poky nasuanusa cneyianvrnocmi 122 Komn tomepHi Hayku
Hayxoswuii kepiBauk: Poctuecaas MOLIUK
KaHOuoam neoda2ociuHux HayK, OOYeHm

PO3POBKA TA JOCJIIKEHHS MOJEJENR MAILIMHHOI'O
HABYAHHS U151 BUSBJIEHHS KIBEPATAK

V' Oocniosicenni npeocmasieHo auaniz Ccy4acHux mooenel MAWUHHO2O
HAB4aHHs O BUAGNEHHA Kibepamak, 30Kpema Kiacuuuux aneopummie (Random
Forest, XGBoost) ma memoodis enuboxozo nasuanus (LSTM, Autoencoder). Poboma
OXONJIIOE 02710 KIIOU0B8UX NPoONieM, MaKux 5K 00pobKa eeiukux 00cs2ie 0aHux y

PeanbHOMY Yaci ma HeoOXiOHicmb OANaHCy MIdHC MOUHICMIO I NPOOYKMUBHICIO.
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Pesynomamu  cgiouamv npo nepcnekmusHicmv MAWUHHO20 HABYAHHA  Ons
Kibepbe3nexu, ane 86Ka3yoms Ha HeOOXIOHICMb pe2YNIsIPHO20 OHOBNEeHHS Mooeell ma
onmumizayii 0y pooomu 8 peaibHOMy YACl.

Knouosi cnosa: «xibepamaku, mawunHe HABYAHHA, 2IUOOKE HABUAHHA,
Kibepbe3nexa, analiz mepexiceso2o mpagixky, 0emexkmyeaHHs AHOMAI.

Kibepataku cTaroTh Bce CKIAIHIIIMMH Ta MaCIITAOHIMIMMHU, IO TOTPeOye
PO3BUTKY aBTOMATH30BaHUX METOJIB iX BusABIeHHSA. MammaHe HaB4yanHs (MH)
BIJIIFPA€ KIIOUOBY POJIb y CTBOPEHHI €PEKTUBHHX CUCTEM KiOepOesmeku. Y i
poOOTI PO3TIIANAIOTECS CyYacH1 MIIXOAW A0 PO3POOKH Ta OCHIIHKEHHS MOJeJeH
MH s nerektyBaHHs KiOepaTak, aHANI3YIOThCS iX IepeBard, OOMEXEHHS Ta
MEPCIIEKTUBH BJIOCKOHAJICHHS.

B nHamomMy AochnipKeHHI MU pO3IVISIIAEMO KIIOYOBI IpoOieMH, a came:
IIBUJIKA €BOJIIOIIISI METO/IIB aTaK; HEOOX1AHICTh 0OpOOKH BEIMKUX OOCATIB TaHUX Y
peanbHOMY 4aci; OajlaHC MIK TOYHICTIO Ta MPOAYKTUBHICTIO MOJICIIEH.

Mu nipoBenH OrJIsii CydaCHUX METO/IB MAITMHHOTO HABYAHHS JIJISl BUSIBJICHHS
kibepaTak BUKOPUCTOBYIOThCS pi3Hi miaxoan MH:

1. KitacuuHi anropurmu:

- llepeBa pimens Ta Random Forest — edexTuBHI aia aHamizy MepexKeBOTO
Tpadiky.

- Metoau knacrepusarii (K-means, DBSCAN) — BUsBIISIFOTh aHOMATII.

- SVM (Support Vector Machines) — no6pe mpaiftoTh i3 JIiHIHHO PO3IITBHUMHU
JTaHUMU.

2. I'muboke HaBUaHHS:

- RNN/LSTM — aHasi3 mocinigoBHOCTEH (HAITPHUKIIAI, JIOT1B aTaku).

- CNN — o06poOka cTpyKTypOBaHMX AaHUX (Hampukiad, rpadiB MEPEKEBUX
3’€/IHaHb).

- Autoencoders — BUsIBJIICHHSI aHOMaJTil Yepe3 PEKOHCTPYKIIIIO JaHUX.

3. AucaMmOneBi MeToM Ta TpaHchepHEe HABYAHHS:

- Kom6inyBanHs Mozeneit s miABUILEHHS TOYHOCTI.

- Bukopucranas nomnepenHbO HaBUeHHMX Mozenei (Hampukiaa, BERT mus

aHaI3y MIKIIJIUBUX TEKCTIB).
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B mpakTuuHiii YacTHMHI HAIIOro AOCTIIKEHHS MPEACTABIECHO METOOJIOTIIO
JOCIIKEHHS! €(EeKTUBHOCTI MOJEJIe MAIIMHHOTO HaBYaHHS JJisi BUSBIICHHS
kibeparak, BKJIIOYAIOYM BUOIp JAaHUX, MIATOTOBKY, HAaBUAHHS MOJIeNied Ta aHali3
pE3yIbTaTIB.

JIns eKCIIepuMEHTIB BUKOPUCTAHO TPH IyOJiuH1 HAOOpH JaHUX, SKI MICTAThH
K HOpMaJIbHUN MepexeBuil Tpadik, Tak 1 pi3H1 THIH KibepaTak:

1. CIC-IDS2017 (Mictuth cydacHi ataku, Taki sk DDoS, Brute Force, SQL-
iH'exmii, XSS, cepen oCHOBHHMX XapakTepucTuk Iie 80 + O03HaK, BKJIIOYAIOYH
TPUBAJICTh CEAHCIB, KUIBKICTh MAKETIB, PO3MIpP JaHUX )

2. NSL-KDD (Ile moxpamiena Bepciss KDD Cup 99 3 meHIow KiIbKiCTIO
nyOJikaTiB, cepen ocobnuBocTed 1e 41 o3Haka, BKIOYAarOYM 0a30Bl METPUKHU
tpadixy)

3. UNSW-NB15 (CyyacHuit HaOip i3 pisHomaHiTHUMHU atakamu (Exploits,
Backdoors, Worms, cepen xapakTeprCTUK i€ BUAUICHHS HAWBAXIIMBIIINX O3HAK 32
nonomororo Feature Importance (Random Forest).

JlocmimpKkeHHsT OXOIUIIOE KiIacu4Hl anroputMu ML Ta meroau riambGOKOro

HaB4YaHHA:

Mopnens Apxirekrypa/llapameTpu IIpn3HaueHHs

Random 100 nepes, kpurepiit "Gini" Knacudikamist anomariit

Forest

XGBoost I'mubuna 6, mBHaKICT HaBYaHHS 0.1 [TinBUIIEHHS] TOYHOCTI 3@ paXyHOK
OycTuHTy

LSTM 2 mapu no 64 neiiponu, dropout=0.2 AHati3 yacoBUX psliB (HANIPHUKIIAL,
JIOTH)

Autoencoder | 4 mapwu (256-128-64-128-256), axtuBaiiis | BusBieHHs anoMaii yepe3

RelLU PEKOHCTPYKITIIO

J71st HOpiBHSHHS MO/l BUKOPUCTAHO TaKl METPUKHU:

- Tounicte (Accuracy) s CHIBBIAHOLIEHHS MPAaBUJIbHUX IPOTHO3IB 10
3arajbHO1 KIJIbKOCTI.

- Precision Ta Recall, sax BaxiauBI Ui BUSABJICHHS PIAKICHUX aTak
(manpuknaa, Precision = 99% o3Hauae, mo 99% BuUSBICHHX aTak CHOpaBIi OyiH

aTakammu).
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- Fl-score, cepenne rapmoniiine Precision ta Recall (onmrtumansno st
He30aJIaHCOBAaHUX JaHUX ).

- AUC-ROC, sk oIiHKa 3JaTHOCTI MOJACTI BIJIPI3HATH aTaKd Bij
HOPMAaJILHOTO Tpadiky.

Pe3ynbTaTi eKCIEpUMEHTIB BiJIOOpakeH1 B TaOIHUIII

Mopaeinb Accuracy Precision Recall F1-score | AUC-ROC
Random Forest 98.2% 97.8% 98.5% 0.981 0.995
XGBoost 98.5% 98.1% 98.9% 0.985 0.997
LSTM 99.1% 98.7% 99.4% 0.990 0.999
Autoencoder 97.5% 96.9% 97.8% 0.972 0.988

LSTM noxka3aB HallBUILly TOYHICTb 3aBASKH aHAII3Y MOCIIIOBHOCTEHN y Yacl,
ajie BuUMarae OuIbllle OOYHMCIIOBaJIbHUX pecypciB, Toal sk Random Forest Ta
XGBoost 0ynyTh epexTrBHI JUIsl IIBUAKOIO PO3rOPTAHHS B PEATbHUX CHCTEMAaX 1
Autoencoder BUSIBUBCS KOPUCHUM ISl BUSIBIGHHS HOBHX aTak, ajie Ma€ HIDKYUN
Recall.

BucHOBKH 3 DOCHIUKECHHS:

1. T'OpuaHi miaxoau sSK KOMOIHAINS KIACHYHUX QJITOPUTMIB 13 TIMOOKUM
HaBYAHHSIM, MOXYTh M1JBUIIUTH TOYHICTb.

2. BaxuBicTh 1HXXEHEpli O3HaK, SK HaNpUKIad, J0JaBaHHS YacCOBUX
xapaktepuctuk st LSTM.

3. OnTuMmizamisi AJis peaJbHOrO BUKOPUCTAHHA JUIsl BUKOPHUCTAHHS JIETKUX
Mojienelt (HanmpukiIaa, KBaHTyBaHHS Ayig Autoencoder).

MaiurHHe HaBYaHHS € MOTYXHUM 1HCTPYMEHTOM JJis BUSABIICHHS KiOepaTak,
ajie moTpedye peryiasipHOTO OHOBJICHHS MoOJieiel; 0OOpOOKM HEBIIOMUX THIIIB aTak
(Zero-day); ontumizartii 1yt pOOOTH B peaibHOMY Yaci.

CIIMCOK BUKOPUCTAHUX JIDKEPEJI:

1. Ahmad, Z., Shahid Khan, A., Wai Shiang, C. et al. Network intrusion
detection system: A systematic study of machine learning and deep learning
approaches. Transactions on Emerging Telecommunications Technologies, 2021.
P. 25-37.

2. Cisco Annual Cybersecurity Report. 2023. P. 247,
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Oanexcanap JOIITA
3000y8au Opy2020 (Ma2icmepcbko2o) pieHs 8uujoi oceimu
1 poky nasuannus cneyianvnocmi 122 Komn tomephi Hayku
Hayxoswuii kepiBauk: Poctucaas MOLIUK
Kanouoam neoazo2ivHux HaykK, OOYeHm
PO3POBKA METO/Y OIIEPATUBHOI'O PO3III3HABAHHSA
®EMKOBHUX HOBUH 3A OBMEKEHOIO AITPIOPHOIO
ITHOOPMALIEIO

Y oocniosxcenni npeocmasieHo memoo OnepamuHo20 PO3NI3HABAHHSL
¢hetikosux HOBUH 3a YMOB 0OMedceHol anpiopHol inghopmayii. Asmopu nponoHyoms
komoOinayiro ninesicmuunoeo auanizy (TF-1DF, N-epamu, Zero-shot knacughixayis)
ma 2paghosux mepedxc 015 8UsBlleH s 0e3iHpopmayii, o 00380.J15€ 00CACMU BUCOKOT
mounocmi (92.3%) na manux nabopax oanux. Memoo cnpamosanuii Ha NOOOJAHHS
HeOolKi8 MpaouyiHux nioxoois, maxKux K 3a1eHCHICMb IO BEIUKUX PO3MIYEHUX
OaHux ma HU3bKa adanmueHicms 00 Hoeux ¢opmamis @etikie. Pezyromamu
0eMOHCmpYIomsb  NOKpawjeHHs: mouynocmi Ha 3—7% nopisHano 3 6azo8umu
memodamu (Random Forest, BERT), a makodc modxcaugicms MOHIMOPUH2Y 8
PearbHOMY 4acl.

Knrouoei cnosa: gheiikosi nosunu, onepamuene po3nizHa8aHHs, NIHSGICMUYHULL
ananis, epagosi mepesxci, Zero-shot rnacugikayia, TF-IDF, BERT, coyianvni
Mepeoici, Oesinghopmauyisn, mounicms kiacugikayii.

[Tommpenns ¢eiikoBux HoBuH (Fake News) € cepiio3HOIO 3arpo3oro s
CYCIIJIbCTBA, €KOHOMIKH Ta MOJITUKUA. CydacHI METOAM JETEKIli 4acTo 0a3yroThCs
Ha BEJIMKUX 00CsATaxX ampiopHUX JaHUX (HAPHKIAA, ICTOPUYHHUX 0azax (pewkiB), 110
YCKJIQJHIOE iX 3aCTOCYBaHHS JUIsl ONCPATHUBHOTO BHSBJICHHS HOBUX THIIIB
nesingopmMaitii. MeTor HaIoro IOCTIDKEHHS € pPO3poOKa MeTomy, 37aTHOTO
knacudikyBatu  (elKoBI HOBUHM 3a OOMEXeHOi ampiopHoi iH(opMallii,
BUKOPUCTOBYIOYHM KOMOIHAIIIIO JIIHTBICTUYHOTO aHaJi3y, rpad)OBUX MEPEXK Ta MaJol
KUIBKOCTI pO3MIYEHUX JaHUX.

AKTyaJIbHICTh HAIIOi TEMHU TMOJIATa€ B JOCIHIIKEHHI 3POCTAHHIO KUIBKOCTI

delikiB y conMepexax (Hampukiaj, Mg Yac BiH), HEOOXIMHICTH IBHUIKOTO
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pearyBanHs Ha HOBI (opmatu nesiHdopmaii (Hanmpukiaag, TIAUOOKI Qeikn),
0OMEKEHICTh ICTOPUYHMX JaHUX ISl HAaBYaHHS MOJIeTIeH.

B Hamomy gociikeHH1 BUKOHAHO HACTYITHI KJIFOYOBI 3a/1a4l, TaKi sK:

1. BusiBnenns o3Hak ()eWKOBMX HOBHH 3a BIJICYTHOCTI BEJIHKOI pO3MIYEHOI
0a3u.

2. OnrruMmi3altist MBHIKOCTI pOOOTH IJIsT OTIEPATUBHOTO aHAII3Y.

3. 3a0e3meueHHS I1HTEPIPETOBAHOCTI pe3ybTaTiB (MOSCHEHHS pIlICHb
MOJIEI).

Hamu npoBeieHO OrJisij] iCHYIOUMX METOMAIB, TAKUX SIK:

- JlekcuuH1 03HAKHW ¢ YacTOTa CTOI-CJIIB, eMOIIiitHEe 3a0apBiIeHHs, HAAMIpHE
BUKOPHCTAHHS BEJIUKHUX JITEP.

- Ctunictuunuid anani3z npu BukopuctanHi BERT/RoBERTa niist BUsiBiIeHHs
HECTHJIICTUYHUX 3MIH Y TEKCTI.

- DaKT-4eKIHT NP 3ICTABJICHHI 3 aBTOPUTETHUMU JKeperamMu (HAMpUKIIAL,
Factmata, Google Fact Check Tools).

- AHami3 MOMMPEHHS i1 BUSBIECHHSA OOT-MEPEX uepe3 COoIllajbHI 3B’SI3KU
(manpuxnan, Bukopuctanisa GNN).

- Kinacrepuzariist mxepen npu 00’ € JHaHHI CXOXKUX 32 TOBEATHKOIO aKKayHTIB.

JlocniKyroun HaBeAEHI METOJIM MU BHUSIBUIM HENOMIKM ICHYIOUHX PILIEHb.
Cepen sKMX 3al€XKHICTh BIJl BEJIMKUX PO3MIYEHHX HAaOOpIB AaHUX Ta HHU3bKa
aJanTUBHICTB 0 HOBUX (hopMaTiB GerKiB.

Jlo MeTomomorii HaIoro MOCHIIKEHHS BHOKPEMHMMO JIIHTBICTUYHI O3HAKH,
cepen sikux TF-IDF + N-rpamu 11 BUSBICHHS HE3BHYAWHMX JIEKCUYHHUX
KOHCTPYKIIIH, Ta BUKOpUCTaHHS Zero-shot knacudikaropa (manpukian, BART) nns
OIIHKH MPaBJOMOIIOHOCTI TEKCTY.

['padoBa cknamoBa nyst moOy10BU Tpady MOMMPEHHS] HOBUHU B COIMEpEKax,
Ta BUABJICHHS MiJAO3pUIMX IIAa0JOHIB (HANpUKIA[, CHamM-aKayHTH, IIBUIKE
MIOLIUPEHHS).

[TpoBeneHo mopiBHSIHHS 3 0a30BUMHU METOIAMU:
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Metoa Accuracy | F1-score | Yac o0pooku (c¢)
3anmponoHOBaHU MiIX1]1 92.3% 0.915 0.8
Tpanumiiiauii Random Forest | 85.1% 0.832 0.3
BERT (fine-tuning) 89.7% 0.881 1.5

VY miacyMKy MU BUSBWIM, 10 KomOiHaris rpadoBux 1 NLP-meronis
MiIBUIKIIA TOYHICTh Ha 3—7% Ta BUKOPHCTAHHS CUHTECTUYHHX JAHUX MOKPAIIHIIO
SKICTh KJacuikarii 1J1s1 HOBUX THIIIB (PEHKIB.

Jlo mepeBar HaIIOro METOJY MOJKHAa BIJHECTH Te, IO BiH IIpaIoe 3
OOMEXEHUMH JTaHUMH, MOJIMBICTh BHOKPEMJICHHS KIIOYOBUX O3HAK (erKy
(HATIPUKIIAJI, «IKEPEI0», KCTUIb TEKCTY»), IIBUIKICTb, IOCTATHS IS MOHITOPHUHTY
B peaJibHOMY 4aci. € TakoX IMEeBHI OOMEXEHHS TakKi SK: 3aJ€XKHICTh BiJ SKOCTI
CUHTETUYHMX JIaHUX Ta CKJIAJHICTh aHAII3y MYJIbTUMOJANBHUX (HEeUKIB (HANIPUKIIA,
TEKCT + 300paKeHHs ).

Cepell OCHOBHHMX JIOCATHEHb MOXXEMO BIJIHECTH, IO PO3POOJICHUI HaMH
MeTof, nocsrae 92% TOYHOCTI Ha MallUX AaHUX Ta JOBEJAEHO €(PEKTHUBHICTh
KoMOiHaIli rpadgoBuX Mepex 1 TpaHCc(hepHOTO HAaBYAHHS.

CIIMCOK BUKOPUCTAHUX JIDKEPEJI:

1. Shu, K. et al. «FakeNewsNet: A Data Repository with News Content and
Social Contexty. ACM, 2020. P. 236.

2. Devlin, J. «BERT: Pre-training of Deep Bidirectional Transformersy.

NAACL, 2019. P. 125.

Masio DKUOBKUAN

3000y6ay4 uwyoi oceimu neputoco (6aKaiaspcvbKo20) pieHs

4 poxy nagsuanns cneyianvrocmi 122 Komn romepnui nayku

HayxkoBuii kepisauk: Bonogumup ®E/IOPUYK

npocghecop kagheopu Komn r1omepHux HayK, OOKMop MexHIYHUX HAYK

AHAJII3 PYXY 3AJIBHUYHOT O MOTSTY HA OCHOBI IOT'O

KOMIT’FOTEPHOI MOJIEJII

Y pobomi pozenanymo npobremy mooeno8anus pyxy 3ali3HUYHO20 nomsea 3

BUKOPUCMAHHAM YUCETbHUX MemOo0is. 3anponoHo8aHO MAmMemMamudny mMooeisb, o

8PAX0BYE B3AEMOOIIO0 MIdHC 8A2OHAMU MA IXHIU 8NIUE HA 3A2ATbHY OUHAMIKY CKI1AO).
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Mooenv peanizosano y cepedosuwsi MATLAB/Simulink, wo 0oszsonuro nposecmu
YUCeNbHULl aHani3 pizHux pexcumie pyxy. OmpumaHi pe3yiomamu Moxcyms Oymu
BUKOPUCMAHI OIS OnmMuMizayii pyxy nomseié i 3MeHUIeHHS HABAHMAJICeHHS HA
3uenyieHts 8aA20HI8.

Knrwouosi  cnosa:  komn’romepne  Mmoldento8amHs,  OuHaMiKa — nomsead,
MATLAB/Simulink, uucenvni memoou.

3ami3HUYHUN TPAHCIOPT € OJHIEI0 3 OCHOBHUX CKJIQJ0BUX Cy4YacHOI
TpaHCHOPTHOT  1HGPACTPYKTYpH, 1m0 3a0e3neuye edEeKTHUBHE MEPEBE3CHHS
MacaXupiB 1 BaHTaXIB Ha jJanekl BiacTta”i. Ilpore #Horo ekcruryaramis
CYNPOBOKYEThCS. HHU3KOIO TEXHIYHUX BUKJIMKIB, TaKUX SK HEPIBHOMIPHHMA
pPO3MOJIIT HAaBaHTaXEHb MIXK BaroHamH, XBWJIbOBI €(PEKTHU y 3UYCIUICHHSIX, BIUIMB
npoQuUI0 NUISIXY Ta 1HINI AMHAMIYHI (akTopu. TpaauiiiiHi aHATITUYHI METOIU HE
3aBIM 3/1aTHI TOYHO OINUCATU Il SBUINA 4Yepe3 iXHIO CKIAJTHICTh 1 HENIHIMHUMA
xapaxrep [1; 4].

Komn’totepHe MojentoBaHHS Ha OCHOBI YHMCEIbHUX METOJIB JI03BOJISIE
JOCIIKYBaTH AUHAMIYHI TIPOLIECH PYXy MOTATa 3 ypaxXyBaHHSM pPEabHUX yMOB
excrutyataiii. Bukopucranuss MATLAB/Simulink nns nmoOGynoBu koM’ toTepHUX
MOJIeTiel 1a€ 3MOTY BUBYATH BIUTUB PI3HUX (PAKTOPIB HA TUHAMIKY PyXy IMOTATa Ta
ONTHUMI3yBaTH HOTO EKCILTyaTalliitHl XapakTepucTukH [3; 4].

3 omsay Ha CydacHI BUMOTM J0 O€3leKd Ta eHeproe(eKTUBHOCTI
3QJII3HUYHOTO TPAHCIOPTY, HEOOXIMHICTh PO3POOKH TOYHUX 1 THYUKHX MOJENEH
JUHAMIKH TOTATa CTa€ BCE OUIBIN aKTyaabHOIO. Taki MOAeN MOXYTh JAONOMOITH Y
MPOTHO3YBaHHI MOTEHINIHHUX aBapiHUX CHUTYaIliil, po3po0ill eheKTUBHUX CHCTEM
KepyBaHHS Ta TOKpAIIEHHI EKCIUTyaTallliHUX [apaMeTpiB  3aJi3HUYHOTO
TpaHCHopTy [2].

MeToro gaHOTO JOCITIIKEHHSI € po3po0Ka Ta aHalli3 KOMIT I0OTEPHOI MoJemi
pyXy BaI3HUYHOTO TOTATa Ji1 OLIHKK HOro JUHAMIYHUX XapaKTepUCTUK Ta
BUSBJICHHsSI (DaKTOpIB, IO BIUIMBAIOTh HA CTIMKICTh PyXy Ta HaBaHTAXXEHHS Ha
BaroHu.

J{nst qocsITHEHHS 111€1 METH HEOOX1THO BUPIIIUTH TaKi 3aBJaHHS:
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« JlocmiauTu  ICHyrOUl ~METOAM  MaTeMaTUYHOTO Ta  KOMII FOTEPHOTO

MOJIETIIOBaHHS PyXy MOTSTA.

« Po3pobutu maTeMaTHyHy MOJIETh JUHAMIKM 3aJII3HUYHOTO CKJIady, IO

BpaxoBYe€ BILTUB 34YEIUICHb, OTIOPY PyXy Ta IHIINX 30BHIMIHIX (DaKTOPIB.

« PeanizyBatu komm’ioTepHy monenb y cepenouili MATLAB/Simulink, o

J03BOJIUTH MPOBOJIUTH YHCEIbHE MOJICTIOBAHHA PI3HUX PEXKHUMIB PyXY.

= IlpoBecTu cepito €KCIIEpUMEHTIB AJisl aHai3y MOBEAIHKH IMOTATA 3a PI3HUX

YMOB eKCIUTyararlii (raJilbMyBaHHSI, PO3T1H, BIUITMB IPOQ1II0 KOJIIT)

« OuiHutd eQEeKTUBHICTh MOJENl Ta ii NPUIATHICTh JIA HPAKTUYHOTO

BUKOPHUCTAHHS y TPAHCIIOPTHIN ramy3i.

OtpumaHi pe3yiabTaTH MOXYTb OYTH BHUKOPUCTaH1 JUIsl TOKPAIICHHS
YVIOPABIIHHS PYXOM 3aJI3HUYHUX CKJIJ(IB, 3SMEHIICHHS! MEXaHIYHUX HaBAaHTaXEHb Ha
KOHCTPYKIIii BaroHiB Ta IMABUIIICHHS 0€3IeKH eKCIUTyaTallii.

3aI3HUYHUI TPAHCIOPT € OJHUM 13 HalepEeKTHUBHINIMX Ta HANOUIbII
€KOJIOTIYHUX 3ac00iB MEPEeBE3CHHS MacaxkupiB 1 BaHTaxiB. [IpoTe ioro epexrtuBHe
(GYHKIIOHYBaHHSI TOTpeOy€e€ PETENbHOrO aHali3y JIWHAMIKH pPyXy, OCOOJIMBO 3
ypaxyBaHHAM B3a€MOJII MK BaroHaMu, BIUIMBY 30BHIIIHIX (aKTOpiB Ta
XapaKTEPUCTHUK KOIIIHOTO MOJOTHA.

KoM’ roTepHe MojentoBaHHs O3BOJISI€ BUBYATH IIi ACMIEKTH Ta PO3POOISATH
ONTUMAaJIbHI METOJM KEPYBaHHS 3aTI3HUYHUMU CKJagaMu. YHCelbHI METOJIH, TakKi
K METOJ MPSIMUX, CKIHUEHHHUX PI3HUILL Ta 0araTOTUILHOI IMHAMIKH, 3a0€3MEUYI0Th
TOYHE MMPOTHO3YBAaHHA MOBEIIHKY MOTATA 32 PI3HUX YMOB eKcIuTyaTauii [3; 4].

CydJacHl miaxoaw 10 MOJCIIOBAHHSA JTUHAMIKH 3aJI3HUYHOTO TPAHCIIOPTY
MOJUIAIOTECS HAa aHAIITUYHI Ta YHUCENbHI. AHAIITAYHI METOAM 0a3yloThCs Ha
BUKOPHUCTaHHI AU(EpEHIIaIbHUX PIBHSAHD, 1110 OMUCYIOTh PYX MOTATA SIK CUCTEMY 3
CKIHUCHHHUM YHUCJIOM CTyNeHiB cBoOoau [1; 2]. BoHu 103BOJISIFOTE OTpUMATH TOYHI
MaTeMaTU4YHI MOJENI, OJHAK Yy peajlbHUX yYMOBaxX iX 3aCTOCYBaHHS € OOMEXKECHUM
4yepe3 CKIAAHICTh (PI3MYHUX TPOIIECIB.

YwucenbHI METOIH, TaKi SIK METOJ CKIHYEHHUX PI3HUIb, METOJ CKIHUYCHHUX
€JIEMEHTIB Ta MeTOJ] OaraToTuibHOl fuHamMiku (MBD), 103BOJISIFOTE TUCKPETU3YBATH

MOJIETb 1 OTPUMATH PO3B'A3KM HAaBITh AN CKJIAJAHUX JWHAMIYHHX CHCTEM.
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Oco06mMBO €PEeKTUBHUM € MiaXiJ 0aratoTiIbHOI AUHAMIKH, SKHU PO3TISIAE TOTST
SIK CHCTEMY B3a€EMOJIIFOUMX TBEPAUX T [4].

[Iporpamue cepenoBuiie MATLAB/Simulink mupoko 3acTocoByeThCS 115
MOJICITIOBAHHSI MEXaHIYHUX CHCTEM, BKJIIOYAIOYW 3aJlI3HUYHUNA TpaHCHOpT. BoHO
JI03BOJISIE CTBOPIOBATU CTPYKTYPHI OJOKOBI MOJIEN, SIKI BPAaXOBYIOTh 3B'S3KH MIXK
BaroHaMu, CHJIA OTIOPY PyXY Ta XapaKTEPUCTUKH PEHKOBOTO MIIIXY.

3anpomnoHoBaHa MoOJIeNb 0a3yeThCs Ha MOJAHHI MOTATa SK CHUCTEMH Mac,
3'eIHAaHUX TPYKHUMH Ta JeMidepHuMu eneMeHTaMu. JudepeHiianbHi piBHSIHHS
JPYTOTo TOPSIKY BUKOPHCTOBYIOTHCS ISl OMKCY PyXy KOXKHOTO BaroHa BiJTHOCHO
CYCIJIHIX €JIEMEHTIB. AMPOKCHUMAIIisl METOJIOM MPSIMUX JI03BOJIIE OTPUMATH CUCTEMY

piBHSHB (1), IKy MOKHa PO3B'A3aTH YUCETbHUMU METOaMu [4].
Xi(p) =
ki 1 W 1, 1 1.
oz Kinn(0) = 2Xi(p) + Xiea D] 2 — - Xi(P) 5 + - Fi(p) 5, (1 = 1.2,...,m).

m;0? p m
1)
Peanizanis moaem 3aikicHioeTbest y cepenoBuiii MATLAB/Simulink nuisxom
noOy0BH OJIOKOBHX Jliarpam, SiIKi MPEICTaBIIAIOTh OKPEMI BaroHU SIK MiJCHUCTEMHU.

Peanizariiro miacucteMu 300pakeHO Ha pUCYHKY 1.

;

Xi+1

Puc. 1. [lincucrema, 1o peandizye OKpeMUd BaroH MOTATY
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Chjaa TiArHu JIOKOMOTHBA,

Wil

X+l . xi+1 Xiol
Xl X9 X Kif— X X XK X K
= %1 X1 — — X1 - Ll {1
Sub_X-Q1 Sub_X-02 Sub_X-Q3 Sub_X-Q4 Sub_X-05 Sub_X-06 Sub_X-G7 Sub_X-08 Sub_X-Q9 Sub_X-010
1 ] |
Xiet [ Xie1 QJ Xiet CJ Xie1 J Xiet Xie1 4J Xiet ¢J Xie1 J Xie1 ‘J Xis1 <J
% i % ——x 1 % s i % %
it [ X1 it f— i1 —] Xt it f—] X1 1—] X1 Xt i1 ]
Sub_X-020 Sub_ X019 Sub X018 Sub_X-017 Sub_X-016 Sub_X-015 Sub_X-01d Sub_X-013 Sub_X-012 Sub_X-Q11
T I I
L)u 1 |—bx.‘| |—>x.‘| |—Dxm |—D)u‘| X+l |—bx.‘| |—Dx..| |—Dx.‘| e Ll
%i 4 %i[—4 Xi i — % i —4 %i—1 i — % %i —
Displacement Ly y; 4 L] g L] X1 L {21 X1 L1 {31 e L] {1
Sub_X-021 Sub X-G22  Sub X023 Sub_K-024 Sub_X-025 Sub_X-G26 Sub_X-027 Sub_X-028 Sub_X-02% Sub_X-030
] 1 1 1
Xiet Xis1 QJ X+t QJ Xis1 4J xist Xis1 4J X1 J Xis1 J X1 <J Xis1 ¢J
- — % —x - % - - % |
it ! Xiet it f— it [—! Xirt it fag—] it f—! Xiet Xiet <—r it !
Sub_X-040 Sub X038 Sub X038 Sub_X-037 Sub_X-036 Sub_K-035 Sub_X-0134 Sub_X-0033 Sub_X-032 Sub_¥-0031
I [ [ [
Lxm xi+1 |—>xm |—>)m |—>xm i+l |—>xm |—.x..| |—>xm {xie1
xi—4 i [— Xi xil—4 % i — x| —4 xil— % i —
Lt -1 Ll o Lo %1 L 21 %1 o L L {351 o L] 1
Sub_X-0d1 Sub X-G42  Sub X-043 Sub_X-Cdd Sub_X-045 Sub_X-048 Sub_X-047 Sub_X-048 Sub_X-049 Sub_X-Q50
1 ]
X1 f— Xis1 J Xis1 'J Xis1 QJ Xi#1 Xis1 'J Xi#1 QJ Xi#1 J Xi#1 QJ Xis1 J
b pe i % % % 1 % i —
it ] et fog— xid i1 fg—] it it fg—] it Xie1 4—] i1 <—| i1 ]
Sub_X-060 Sub_X-Q58 Sub_X-058 Sub_X-057 Sub_X-056 Sub_X-055 Sub_X-054 Sub_X-053 Sub_X-052 Sub_X-Q51
I I
Lxm el |->x..1 I—>>m |—>x..1 s} I—yxm I—»xm I—pxm sy
%i[—4 % Xi i — % i —4 % xi—4 % |+ %i —
L1 %1 - X1 — X1 - X1 — X1
Sub_X-061 Sub_X-Q62 Sub_X-063 Sub_X-064 Sub_X-065 Sub_X-066 Sub_X-Q67 Sub_X-068 Sub_X-089 ‘ Sub_X-Q70
] ] 1
Xt CJ Xiv1 X+t Xiv1 Xist Xiv1 CJ X1 J Xiv1 <J X1 CJ Xis1 J
% % i % % % 1 % i %
Xt X1 Xt i1 —] Xt i1 f—] X1 X1 1—] Xt i1 ]
Sub_X-0B0 Sub X079 Sub X078 Sub_X-077 Sub_X-076 Sub_X-075 Sub_X-a74 Sub_X-Q73 Sub_X-072 Sub_X-Q71

Puc. 2. Simulink mozenn

Bukopucrano HacTymH1 mapameTpu:

Maca Barona: 82500 kr;

koedimienT nemndysanus: 1241.2 xr/c;

moxayib FOnra marepiamy: 2.1 x 10" Ia;

JIOBKMHA BaroHa: 14.5 m;

30Ha HeuyTAuBOCTI y 3uemieHHax: 0.00001 m.

Takox Oyn0 BpaXxOBaHO MOJIMBICTh MOJICTIOBAHHS JTIOMTIB y 3USTJICHHSIX 32

Ha JUHAMIKy ToTsra [4].

nomnomororo 0sioky Dead Zone, 1110 103BOJIsI€ OLIHUTH BIUIMB MEXAaHIYHUX 3a30piB

PeSYJ'ILTaTI/I YUCCIBHOI'O MOACIOBAHHA ITOKa3aJu, 10 I[I/IHaMiI(a PyXy moTsra

CIIPUYMHSATHA HEPIBHOMIPHE HaBaHTAXEHHS HAa BaroHu [4].

3HAYHOIO MIpPOIO 3aJIEKUThH BiJ XapaKTEPUCTUK 3YEIIEHb MK BaroHaMu. 30Kpema,

MpU PI3KOMY TaJlbMyBaHHI CIOCTEpITAlOTHCS XBUIBOBI €(EKTH, IO MOXYTh

Byno mpoBeaeHo cepito TECTOBUX €KCIIEPUMEHTIB, Mij Yac SKUX 3MIHIOBAIUCS

300pa’keHO Ha PUCYHKY 3.
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Puc. 3. I'padik 3MiHM MIBUAKOCTI OCTAHHBOT'O BaroHy 3 BpaxXyBaHHSAM OMOPY
pyxy (F = 8000 H)

Pe3ynpTaTé NMpoAEMOHCTPYBaJIM, IO BKJIIOYEHHS HENIHIMHUX e(eKTiB (30H
HEUYYTJIUBOCTI, JeMII(pyBaHHS) 3HAYHO IMOKpAIIlye€ TOYHICTh MPOTHO3YBaHHS
MOBEIIHKHU I1OTATA.

BucnoBku. Po3po0ieHa koM’ roTepHa MOJIEIb J03BOJIIE€ aHATMI3yBaTH Pi3H1
aCMeKTU PYXy BaJi3HUYHOrO TMOTATa, BKJIIOYAIOUM JWHAMIYHI B3a€MOIi MIXK
BaroHaMH, BIUIMB TSITU JIOKOMOTHBAa Ta ONOpPYy pyXy. Buxopucranus
MATLAB/Simulink 3a0e3neuye edekTuBHE MOJETIOBAaHHSI Ta Bi3yali3alliio
MpoIieciB. Y MOJANBIIUX JOCHTIKEHHSAX TUIAHYETHCS PO3LIUPEHHS MOJIENI HMIISTXOM
BpaxyBaHHs aepoJIMHAMIYHUX BIUIMBIB Ta CKJIAJHUX HEJIHIMHUX €(PEKTIB y CUCTEMI
KEepyBaHHS MTOTATOM.

CIIMCOK BUKOPUCTAHUX JIXKEPEJI:

1. D. C. Karnopp, D. L. Margolis, R. C. Rosenberg. System Dynamics: Modeling,
Simulation, and Control of Mechatronic Systems. NY, Wiley, 2012. 656 p.

2. George Pelz. Mechatronic Systems: Modeling and Simulation with HDL:
Principles of Modeling and Simulation. NJ, John Wiley & Sons Inc., 2003. 223
p.

3. Navarro-Lopez, E. Bit-sticking phenomena in a multi-degree-of-freedom
controlled drill string. Exploration and Production: Oil and Gas Review, 8(2),
2010, pp. 70-75.
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4. Bepnanb A.®., ®egopuyk B. A. Moxeni auHamMiKu eIeKTPOMEXaHIYHUX

cucteM. Kuis: Hayk. nymka, 2013. 222 c.

Bikrop KHATHULIbKUH
3000y6a4 uwoi oceimu neputoco (6aKaiaspcvbKo2o) pieHs
4 poky nasuanus cneyianonocmi 122 Komn tomepni nayku
Hayxoswuii kepiank: Mapuna MACTKOBCBKA
Kanouoam neodazo2ivHux HayK
CTBOPEHHS CUCTEM BIPTYAJIbHOI PEAJIBHOCTI
JIJIsI TPE3EHTALII CYBEHIPIB

Y pobomi pozensoacmuvcsi po3pobka cucmemu npeseHmayii cy8eHipié Ha
ocHosi nanopam 360°, sika 0036075€ cmMEOpOBaAMU peaicmuite cepedosuiye OJis
o210y 6upobis. OcHosHa Yy6aza NpudilIAEMbCA [HMEPAKMUBHOMY IHmepgelicy,
3pyuHOCmi Hagieayii ma UCOKIU AKOCmI 8i3yanizayii.

Knouosi cnosa: eipmyanvua peanvuicme, nanopama 360°, inmepaxkmueHa
npeseumayis, yugposa sizyanizayis.

AkTyanbHicTb TeMu. CyyacHi HUQPPOBI TEXHOJOTIi BIIKPUBAIOTH HOBI
MO>KJIMBOCTI ISl MPE3EHTAllli TOBapiB, 3a0€3MeUylour 1HTEPAKTHBHICTh Ta €(eKT
3aHypeHHs. Y cdepl CYBEHIpHOI MPOIYKIii Ba)XJIMBUM AaclEKTOM € MOKJIUBICTh
JETaTbHOTO O3HAWOMJICHHS 3 BHpOOaMH, IXHIM JHU3aHHOM Ta OCOOJIMBOCTSIMH.
OpHak TpaauiliiiHI METOAW JEeMOHCTpallli, Takl SK KaTajoru 4yu ¢oTorpadii, He
3aBXAM JIO3BOJISIIOTH CTBOPUTH €(PEKT MPUCYTHOCTI Ta MOBHOLIHHOIO OTJIALY
MIPOJTYKIIii.

OpHuM 13 MEePCNEeKTUBHUX PIIIEHb € BUKOPUCTAHHS MaHOPAMHHUX 300pakeHb
360°, aki JarOTh 3MOTY KOpPUCTyBauyaM IE€pErJisiiaTd CYBEHIpU Yy BIPTyaJlbHOMY
MPOCTOPi, 3MIHIOIOUM PAKYpC Ta OTPUMYIOUH JI€TalbHy 1H(OpPMAIlI0 PO KOXKEH
00’ekt. lle 3a0e3medye I1HTEPAKTUBHUM JOCBIJ Ta 3HAYHO MOKpaIIy€e€ IPOIEC
03HAHOMIICHHS 3 TIPOYKITI€IO.

VY cydacHOMy CBITI HM(POBI TEXHOJOTI] BIAIrPalOTh BaXIJIKUBY poiib y cepi
KOMeEpIIii Ta MapKETHUHTY, 30KpeMa Yy Ipe3eHTallli ToBapiB. TpaauiiiiiHi crocoou

J€MOHCTpAallli CyBeHIpHOT MPOAYKIIii — GoTorpadii abo Bieo — MalOTh OOMEKEHHS,
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OCKIJTbKM BOHHM HE 3a0€3MeUyIOTh JTOCTATHHOT B3aEMO/III KOPUCTYBAYiB 13 TOBAPOM.
OnnuM 13 epeKTUBHUX pILIEHb € BUKOPUCTAHHS 1HTEepakTUBHUX 3D-Mopenein y
noeHaHHI 3 TMaHopamamu 360°, 10 J03BOJSE CTBOPUTH €(EKT pealbHOI
MIPUCYTHOCTI Ta IOBHOIIIHHOTO OTJISITY BUPOOY.

BukopucTaHHsS TakKMX TEXHOJOTIH Ja€ MOXJIMBICTh MOTEHIIMHUM MOKYMIISIM
abo KIi€HTaM MeperjsaaTd CyBEHIpH 3 ycix OOKiB, mMacumiTabyBaTH 300pa>KeHHS,
po3rasAgatu ApiOHI JeTani Ta HaBiTh 3MIHIOBaTH MapameTpu Bizyamizamii. Lle
0COOJIMBO aKTyaJIbHO JJIsI IHAYCTPIi CYBEHIPHOI MPOYKIIii, € IU3aiH 1 30BHIMIHIN
BUTJIST MAIOTh BEJIMKE 3HAUCHHS IS IPUUHSTTS PIICHHS PO MOKYTIKY.

Takum uyrHOM, po3poOKa BeO-TUIATPOPMHU [JIsi TMPE3CHTAllll CYBEHIPIB 13
MIATPUMKOIO MaHOpaMHOTo nepersiny 360° € BaXXJIMBUM KpPOKOM Y IT1/IBUILECHHI
€()EeKTUBHOCTI MAPKETHHIOBUX CTpaTeriil, MOKpaIlIeHH] B3aeMOJil KOPUCTYBaYiB 13
TOBapOM Ta CTBOPEHHI HOBOT'O PiBHS IIM(PPOBOTO JOCBITY SISl KIIEHTIB.

Mera myOJikamii — BHUKJIAJ OCHOBHOTO MaTepiany IOCHIIKEHHS 010
CTBOPEHHSI CHUCTEM BIPTYaJIbHOI PEaJIbHOCTI JjIsi MPE3eHTAaIlli CyBEHIpiB, 30Kpema,
CTBOPECHHSI  IHTEPAaKTUBHOTO Be0-3aCTOCYHKY JJIsi TPE3CHTAIlll CyBEHIPHOI
MPOJYKUIi, SIKHHA J03BOJIsiE iMIopTyBatu 3D-moneni, meperiasgaTd iX y pexumi
naHopamu 360° Ta B3a€MOJIISITH 3 HUMHU y peajJbHOMY Yaci.

Buxiaa ocHOBHOro martepiajy a0cCJizKeHHsl. Y Tpoiieci po3poOku 0yIio
CTBOPEHO CHUCTEMY, IO CKIIAIA€THCS 3 TAKUX OCHOBHUX KOMIIOHEHTIB:

1. Inrepdetic kopuctysaua (React) [4].

o Po3pobnennii agantuBHUI iHTEpPEiic, Mo 3a0e3neuye 3pydyHy HaBiraiiro Ta

B3aeMozito 3 3D-Moaensimu.

o Ilanens kepyBaHHsS JO3BOJISIE€ 3MIHIOBAaTH paKkypc Meperisay, MaciradyBaTu

MOJIEJb, PETYJIIOBATH SICKPABICTh Ta YBIMKHYTH/BUMKHYTH JTOAATKOBI €(hEKTH.

« Buxopucranas KOMIIOHEHTHOTO MiaXoay React 103Bosisi€ IeTKO OHOBIIIOBATH

(yHKIIOHAT Ta IHTETPYBATH HOBI MOXJIMBOCTI.

1.2. Bizyamizamist moneneit cyseHipiB (Three.js, WebGL) [5].

« BnpoBamxkeno nanopamuuii neperysia 360°, kUil A03BOJIAE KOpUCTyBayam

PO3TIIsIaTH MOJIENI 3 YCiX OOKIB.

26



o Texnonoris Three.js BUKOPHUCTOBYeTbCs nsi peHAepuHTy 3D-00'exTiB y
peaJbHOMY Yaci.
o OnTUMI30BaHO 3aBaHTAXKEHHS MOJIEJICH: 3aCTOCOBYIOTHCSI METOAM KEITyBaHHS

Ta MOTNEPETHBOT 0OPOOKH, 10 3MEHIITY€E Yac OYiKyBaHHSI.

1.3. B3zaemosis 3 mojensimu (yrpaBiaiHHS KaMeporo Ta 00'€KTaMM ).

« KopucryBau Moke 3MIHIOBaTH TOJOXKEHHS Kamepu, oOepTaTh MOJElNb,
3MIHIOBAaTH MaclITad Ta akTUBYBAaTH aHIMalliliHI e()eKTH.
o IHTErpoBaHO MIATPUMKY JKECTIB JJI1 MOOUTBHUX MPHUCTPOIB: MaciITaOyBaHHS

JIBOMa TMaJbISIMU, 0OEpTaHHs Ta CBAUIIH.

Cucrema Oyia IpOTECTOBaHA Ha PI3HUX MPUCTPOSX, BKIKOYAIOUU JIECKTOIH,
IJIAHIIETA Ta MOOUIBHI TeneoHu. AHali3 B3aeMOJIli KOPUCTYBadiB MOKa3aB, 110
BUKOpPUCTaHHsS MaHopaMm 360° 3HAYHO MOKpallye CIPUUHATTS TOBapy, H03BOJIAE
Kpale OLIHUTHA WOTO JAeTalli Ta MiJBUIIYE PIBEHb 3aI[IKaBICHOCTI KIIIE€HTIB.

BucHoBkn. Y naniii po0oTi Oyj0 3ampOlnOHOBAHO CTBOPEHHSI BEO-CUCTEMHU,
sAKa BUKOPHUCTOBYE MaHopamy 360° st iHTEpaKTHUBHOTO Meperyisany cyBeHipiB. Lle
JI03BOJISIE  KOPUCTyBadaM OTpUMAaTH JETAbHY BI3yali3aimilo MPOJYKTIB, 3
MOXJIUBICTIO OO€pTaHHS Ta MacluTa0yBaHHsA 00’ekTa. Taka TEXHOJIOTISI CTBOPIOE
e(eKT TMPUCYTHOCTI, 10 MiABUIIYE 3aI[IKABICHICTh MOKYIIIB 1 CIPHUSE KPAIIOMY
CHPUIHSATTIO TPEJMETIB.

VY mporneci JocaimpKeHHsT OyJIo PO3MJISTHYTO BUKOPUCTAHHS TEXHOJIOT1N BeO-
po3pooku (React, Three.js), skl 703BOJISAIOTH CTBOPUTH BUCOKOSKICHY 1HTEPAKTUBHY
naHopamy 360°, a TakoX 3a0€3MeUnTH 3py4YHH 1HTEpPEic 11 KopucTyBayiB. Beo-
3aCTOCYHOK 1HTErpy€e MOJieni CyBeHipiB y (hopmati 3D, 1110 1a€ 3MOTy KOPUCTyBa4am
OTJISIAATH MPOAYKTH 3 PI3HUX PAaKypCIB 1 BUBYATH 1XHI JETaI.

Po3pobiiena cuctema J03BOJIS€ 3HAYHO TOJETIINTH MPOILEC TMOKYIKH
CYBEHIpIB, HAJalOYd MOTECHUINHUM TMOKYMISIM 1HCTPYMEHTH MJIs OIJIsay Ta
B3a€EMOIT 3 TpoAyKTaMHU Oe3 HeoOXigHOCTI ¢i3uyHO TMepedyBaTH Ha MICII.
Texnoumnorii, Taki six Three.js, 3a0e3MeUyOTh BUCOKOSIKICHY Ipadiky Ta 103BOJISAIOTH

B1J100pa3uTH CYBEHIPH B PEaTiCTUYHOMY BUTJISAII.
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CITMCOK BUKOPUCTAHUX JIXKEPEJI:
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https://cases.media/en/article/virtualna-realnist-yak-instrument-3d-
marketingu?srsltid=AfmB0O0q8h5LyR6wc43vsCIGpDGmM52XdXQCzRcloLxM
_agBgzy70Gu0C7
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MOKpAIlleHHs! KOPHUCTyBallbkoro 1iHTepdelicy. Maricrepcbka IucepTarlis.
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THCTUTYT IMEHI1 Irops CiKOpCBKOTOY. 2024. 78 c. URL.:
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Jennc KOJIECHUK
3000y8au 6uwyoi ocgimu 0py2020 (Mazicmepcbko2o) pieHs
1 poky nasuanus cneyianvrocmi 122 Komn romepHi Hayku
HayxkoBuii kepiBHuk: Bikrop LLIUPBA
Kanouoam ¢hizuxo-mamemamudHux Hayx, OOYyeHm
MHNPUKJIAAHI IUHAMIYHI 3AJIAYI B MOJEJISAX
OPIEHTOBAHUX I'PA®IB
Y pobomi pozenadaromvcs cucmemu, AKi uyepe3 NeBHI NPOMINCKU HacCy
3MiHIOIOMb  C6ili cmaH. Ix Mooicna modentosamu 3a O0ONOMO20'0 OpPIEHMOBAHUX
AHMUYUKTTYHUX 8a208UX 2pa)is.

Kniouogi cnosa: ounamiuni cucmemu, opienmosaui epagu.
AKTyaJbHicTL TemMH. [l onTuMmizamiiHUX 3adad, 0 MOJCIIOIOTHCS 3a
JIOTIOMOTOI0  TpaiB, BAXKIUBUM BHUCTYMA€ MPABWIBHUN TMIAXiA A0 IIBHIKOTO
MONIYKY ONTHUMATBHOTO MapmipyTy. B AUCKpeTHUX 3ajadyax 4YuCIIO JOMYCTUMHUX

PO3B’SI3KIB € CKIHYEHHHM 1 METOJIOM Tiepebopy 3aBXJW MOXKHA BiIIyKaTH
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Havikpamuid. [ cTaTMUHUX 3a1ad ICHYe 4YMMAao alropuTMiB, sIKi Habararo
MIBU/IIIE 3HAXOSATh ONTUMAJIBHUN MUISIX, YOTO HE CKaXKEeIll PO JUHAMIYHI 3a]1ayi.

Meta mnyoOJaikamii po3risiHyTH METOJ 3BOPOTHOTO XOAY, SKHM MOKHA
ITyKaTH ONTUMAJIbHI MIUISIXH 1 B TWHAMIYHUX 3a7a4ax.

Buxiaa ocHoBHOro Marepiaay JociixkeHHsi. JuHamiuHl  3amadi
PO3MIISIAI0Th CYKYIMHOCTI 00’€KTIB, SIKI TOCTIHHO 3MIHIOETHCS, 3MIHIOIOTBCS iX
BIacTUBOCTI. [Ipu IbOMy MOKHA TPOTJIIHYTH TUCKPETHY MOCIHITOBHICTh X 3MIH
yepe3 MEeBHI MPOMDKKHU yacy. [I[pMHIIMIOBUM TaKOX € TOM MOMEHT, L0 MEBHUM
YUHOM Ha 111 3MIHM MO’KHA BILJIMBATH 1 Ba)KJIMBO OI[IHUTH 3arajbHUN 00’€M 3aTpar
JUTSL OJIEp>KaHHS KIHIIEBOTO CTAHy CHCTEMH.

MaremaTuyHe JOCHIKEHHS JUHAMIYHOI 3ajadi mepeadadyae MOMKIHUBICTD
moOy/I0BU BIOPSIAKOBAHOI IMOCIIOBHOCTI CTaHIB 00’€KTIB Sp, Si, ..., Sp, B SKIH
BKa3yIOThCA 3MIHU BJIACTUBOCTEH Bijl CTApTOBOI (ha3u JOCTIIKEHHS 0 KiHIEeBOi. B
3aJIEKHOCTI B1Jl BIUIMBY YIPABIIHCHKUX PIIICHb KIHIIEBUX CTaHIB MOYKE BUSBUTHCS
nexuibka. KokeH cTaH cucTeMu I1e¢ Hallp 3HayeHb IEBHHUX ii BJIACTHUBOCTEH
Vi, Vo, ..., Vk.

[Tpu MomemoBaHHI IPUKIAAHUX 33729 TUHAMIYHOTO XapaKTepy KIFOYOBUMHU
eJIeMEHTaMH BHUCTYMAIOTh MOXJIHMBOCTI BIUIMBY Ha TIepexXii 3 OJHOIO
(momepenHLOT0) CTaHy B IHIIMA. SIKIIO CUJa BIUIMBY MiJAA€ETHCA YUCIOBIN
XapaKTepUCTHIll, TO TOMA1 BIAMOBIAHOMY peOpy (TouHime ay3i, 00 Tpad
OpIEHTOBaHUWM) HaJaeTbcs Aeska Bara. OT)ke, MaTeMaTHYHA MOJEIb JTUHAMIYHOT
3a/1a4l MOKe OyTH TIpeACTaBIeHa BaroBOK MaTPHUIICHO.

VY npuknagHuX 3a7avax MOMNIyKY ONTUMAIbLHOTO YIPABIIHHS AUHAMIYHUMHA
00’exTaMi HEOOX1HO 3HAMTH TaKy MOCIIAOBHICTh KE€pPyBaHb, NMPHU fAKiil 3araiabHa
CyMma BUTpaT uu NpuOyTKIB MpHiiMana O eKCcTpeMallbHe 3HauUeHHs 1 3a0e3euyBaia
0 mepexijg TOCTIKYBaHOT CUCTEMU 3 (Da3u CTapTOBOTO CTaHy Yy (iHIIIHUNA CTaH.

[Ipyn po3B’si3aHHI TakuxX 3ajady NOTPIOHO CHOYaTKy copMmyloBaTH iX y
TEpMiHAX OpIEHTOBAHWX BaroBux TpadiB, ToOTO mMoOyayBaTtu Tpad, BEepIIMHAMHU
gakoro OyayTb CTaHH Sp, Si, ..., Sp, @ JAYraMH 3 Barol — YIPaBIIHHA, SKi
3a0e3neuyoTh MepexiJi 3 OJHOr0 CTaHy y HacTynHud. ONTUMaNbHUN MUISX

IIYKaIOTh 3BOPOTHIM LUISIXOM BiJi OCTAHHBOI BEPIINHU J0 CTAPTOBOI.
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Linuit psa npUKIagHUX 3a1ad 3 JOCIIHKEHHS JUHAMIYHUX MPOLIECIB MOXKHA
YCHINIHO MOJIETIOBATH 1 €(EKTUBHO PO3B’SA3YBAaTH 3a IIUM alropuTMoMm. Takumwu
3aJla4aMu €, HaIpUKIaJ, 3ajadl €KOHOMIYHOIO 3MICTY: 3aMiHU OOJagHaHHSA,
PO3MOJIUTY IHBECTHIIIH, 3aBAaHTAKEHHS aBTOMOOLIIS TOIIIO.

BucnoBku. CucreMy, sika 3 4acOM 3MIHIOE TOCIIJJOBHO CBOi BJIACTUBOCTI,
MOKHa TOJATH y BUIJSAL OpieHTOBaHOro rpady. YmpaBmiHHS MPOLECOM 3MiH
MOJIA€ThCSl BaroBol0 Martpuieio. OnTuMalnbHE YIPaBIiHHA HEOOXITHO BUOUpATH
3BOPOTHIM IUISIXOM Bij (DiHIIIHUX BEPIIHUH JI0 CTAPTOBOI.

CIIMCOK BUKOPUCTAHUX JUKEPEJI:

1. baprim M. . Jlocmimkenns omepaiid. Y. 2. ANropuTMu ONTHMI3allii Ha
rpadax, 2007. 168 c.

2. Hanuyk B. JI., Cearko B. B. Onrtumizamii momyky HUisixiB mo rpady B
TUHAMIYHIA 3a/Jadi  KOMIBOSDKEpa METOJIOM MOJU(IKOBAaHOTO MYpPaIInHOTO
anroputMy: HaykoBa ctarts. CUCTEMHI JOCIHIIKEHHS Ta 1H(QOpMaIliiiHl TEXHOJIOTTI,

2012. Ne 2. C. 78-86.

Baagucaasa KOJISIIEHKO
3000y6ay 8UWOi 0Cc8ImMuU Opy202o (Mazicmepcvkozo) pieHs 1 poKy HaguanHs
cneyianvrocmi 014 Cepeons oceima (Dizuxa ma acmpoHomis)
HaykoBuii kepiBauk: Apkagiii KYX
OOKMOp NedacociuHUX HAyK, O0YeHm

IHTEPAKTUBHI METOJIY TA TEXHOJIOTIi

BUBYEHHS OIITUKHU B 11 KJIACI

Te3u npucesueni yOOCKOHANEHHIO Memooi8 eukiadanns onmuku y 11 kiaci
WIAXOM  8NPOBAONCEHHS IHMEPAKMUBHUX MEXHONO02IU Ma CYYaACHUX OCBIMHIX
iHcmpymenmie. Pozenanymo ocobausocmi iHmepakmueHo2o HABYAHHA i3uKu,
30Kpema mem 3 ONMUKU, ONUCAHO Nepedacu GUKOPUCMAHHA YUDPOBUX pecypci8 i
niam@opm, a makoxc NpaKmuiHi APUKIAOU eqheKmuHo2o ix 3acmoCy8aHHs 8
HasuanbHoMy npoyeci. AKyeHmosano yeacy HA pO36UMK) 6 VUHIE@ HABUYOK
KPpUMUYHO2O MUCTeHHs, ei3yanizayii Gisuunux seuwy i ¢opmyeanHi 2audbuux

npedMemHux KOMnemenmuocmel.
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Knwouosi  cnosa: ¢hisuxa, onmuxa, inmepakmueni memoou, yupposi
mexHon02ii, 6ipmyaivti 1a60pamopii, 00ONOBHEHA PeabHICMb, HABYAILHUL NPoYec.

AxkTyanbHicTb TemH. CydacHa cucTeMa CepeAHbOi OCBITU aAKTUBHO
BIIPOBA/KY€ NU(POBI Ta IHTEPAKTUBHI IHCTPYMEHTH Yy HaBUYAJIbHHUI MPOIIEC, 10 €
HEOOX1THOI0 YMOBOIO (DOpMYBaHHS KJIIFOUOBHX KOMIIETCHTHOCTEH YUHIB BiATIOBITHO
1o Bumor HoBoi ykpaiHchKkoi mikosnu. Po3fin onTUKM B IMIKUIBHOMY Kypcl (pi3UKH
XapaKTepPU3ye€TbCs BUCOKUM pIBHEM aOCTpakiii, CKIaJHUMH I CIPUHHATTS
MOHSTTSMHU 1 SBUILIAMH, SIK1 BAKKO YSBUTH 0€3 HAOUHOCTI. Y 3B’43KY 3 IIUM BUHHUKAE
norpeda y BOPOBAIKEHH1 1HHOBALIMHUX MIJXOAIB /10 BUKIIAJAHHS, Kl HE JIUIIE
aKTHUBI3YIOTh IMi3HABAJbHY [ISUIbHICTH YYHIB, aj€ ¥ CHOPUATHUMYTH Kpalomy
3aCBOEHHIO MaTepiany. BHKOpHCTaHHS IHTEpAaKTHBHUX METOAIB HaBYAHHS
(BipTyanpHI Jlabopatopii, HUPPOBI CUMYIISLII, HaBYaIbHI maTtdopmu, QR-kBecTH,
JIOTIOBHEHA PEaIbHICTh) JA03BOJISIE CTBOPUTH €(DEKTHUBHE HABUAJIbHE CEPEAOBHUIIE, B
AKOMY YY€Hb BHCTYyNAa€ aKTUBHUM YYaCHHKOM ITiI3HABAJILHOTO TMpouecy. Taxuit
MiJX1JT CIPHUS€ PO3BUTKY KPUTUYHOTO MUCJICHHS, HABUYOK EKCIEPUMEHTYBaHHS,
CaMOCTIMHOTO aHai3y W 1HTeprpeTali pe3yiabTaTiB. TaKuM YUHOM, 1THTEPAKTHUBHE
BUBUYEHHSI ONTUKU B 11 Kjaci € akTyaqibHUM HampsMOM MoOjepHi3auii (i3u4HOi
OCBITH, 110 3a0e3medye MiBUILEHHS MOTUBAIIl] YYHIB, X aKaJeMI4HOI YCHIIITHOCTI
Ta 3arajibHOI SIKOCTI HABYAJILHOTO MPOIIECY.

Mera nyOJaikaunii. Onucatd JOUUIBHICT, Ta €()EKTUBHICTh 3aCTOCYBaHHS
IHTEPaKTUBHUX METOJIIB 1 TEXHOJOTIA y Tpoiieci BUBYEHHS onTuku B 11 kiaci;
MPOJICMOHCTPYBATH TepeBarM IMX METOJIB JUIS aKTUBIi3alli Mi3HABAJIbHOI
TISTTBHOCTI  yYHIB Ta TOKPAIIEHHS PO3YMIHHS CKIAQAHUX (I3UYHUX —SIBUII,
OoOTpyHTYBAaTH iX POJb y (HOpMyBaHHI HAYKOBOTO CBITOTJISITY CTAPIIOKIACHUKIB.

Buksiaa ocHOBHOro marepiany aociizkeHHss. OqHUM 13 HallepeKTUBHIIINX
Croco0iB BUBYECHHSI ONTHUKH Yy CTapIIiii MIKOJI € BIPOBAKEHHS IHTEPAKTHBHUX
pecypciB, sIKi JarOTh 3MOTY BiI3yalli3yBaTH aOCTpakTHi (izuuHi MHOHATTA [1].
Hanpuxnan, 3a nonomoroto onnaitH-cumynsaropiB (PhET, Algodoo) yuHi MOXyTb
3MOJICTIOBATH PO3IMOBCIOKEHHS CBITJIOBUX TPOMEHIB, 3aJOMJICHHS, AU(GPAKIIIO,
iHTepdepeniito tomo. i 1HCTpyMeHTH He nuIIe MiABHUIIYIOTh I1HTEpeC [0

HAaBYaHH], a ¥ CHPHUSAIOTH TIMOIMIOMY OCMHUCJICHHIO Marepialy. 3acTOCyBaHHS
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IHTEPaKTUBHUX TPE3EHTAIllll, BIJCOCKCIIEPUMEHTIB, JOMOBHEHOI peanbHOCTI (AR)
JI03BOJISIE BIATBOPUTH EKCIIEPUMEHTH, SIKI BaXXKO a00 HEMOXJIMBO IPOBECTH Y
3BHYAHOMY INKUIbHOMY KabOineTi [5]. BipryanpHi nmabopatopii 3a0e3nedyroTh
Oe3nedHe CcepeloBHINE JJsA  JAOCHDKEHb, JI€ Yy4YHI MaloTh MOKJIMBICTb
EKCIIEpUMEHTYBATH 0€3 PU3UKY MOIIKOIKEHHS 00J1aTHAHHS.

Metonu HaBuyanHs y (opmari BeO-KBECTIB, irpoBUX (GOpM 1 TeMaTHUYHUX
MPOEKTIB aKTUBI3YIOTh CAMOCTIIHY Mi3HABaIbHY JiSUIBHICTH HIKOJSPIB, PO3BUBAIOTH
KOMYHIKaiiiiHi Ta uu@posBi HaBUYKH. Oco0JUBO €()EKTUBHOIO € IHTErpais Iux
dbopm 3 mnarpopmamu Google Classroom, Moodle, Kahoot, Quizizz, Phet Too,
AK1 JIO3BOJISIIOTH OPraHi30BYBaTH 3BOPOTHUM 3B’SI30K, TECTYBAHHS 1 KOMaHIHY
pobory [3].

TakuM YMHOM, BOPOBA/DKEHHS IHTEPAKTUBHUX METOMIB Ta TEXHOJIOTIH Yy
IpolleC HABYAHHS ONTHKM BIJIMOBIJAE Cy4aCHUM OCBITHIM BHUMOram 1 mnorpedam
YUYHIB CTapIlKX KJaciB, 3a0€3Meuylour HOBUH PIBEHB SKOCTI HABYAJIBLHOT'O MPOLECY.

BucHoBku. BukopucTaHHsS IHTEpAaKTHBHUX METOJIB Ta IUGPOBUX
TEXHOJIOT1i y TIpoIleci BUBYEHHS ONTHUKHU B 11 Kilaci CTBOPIOE CIPHUSATIUBI YMOBH
s (GopmMyBaHHS THMOOKMX  3HaHb, PO3BUTKY KPUTHYHOTO  MHCIICHHS,
JOCIITHUIIBKMX HAaBUYOK Ta CTIMKOI MOTHBAIli 10 BUBYEHHS (i3UKHU. [HTepaKkTUBHE
HaBUYaHHA CIpUA€E KpPAIIOMY PO3YMIHHIO CKJIQJHUX SIBUI 1 MpOILECiB, 3a0e3mneuye
aKTUBHY Yy4YacThb YYHIB Yy HaBYaJIbHOMY IIpOLIECI Ta CTUMYJIOE CaMOCTIIHY
Mi3HABAJIBHY MiSUIBHICTh. 3alpOBaPKCHHS TAKUX TEXHOJOTIM J03BOJISIE OHOBUTH
METOJIMKY BHKJIaJaHHS (PI3UKH, 3pOOMTH ii OLIBII CYy4acHOI, IOCTYIHOI Ta
edexTuBHOIO. OTXKE, IHTEPAaKTHBHI 3acOO0M HABYaHHS € MI€EBUM I1HCTPYMEHTOM
I IBUIIICHHS SIKOCTI ()i3WYHOT OCBITH B 3aKJIaJIaX 3arajibHOI CepeIHhOI OCBITH.
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Baagucaas KOCTHUHIOK

3000y6a4 U0l 0ceimu neputoco (6aKkaiaspcbKko20) pieHs

4 poxy naguanns cneyianvrocmi 122 Komn romepui nayku

Haykosuii kepiBauk: Ogaexkcanap CJIOBOISAHIOK

KaHOUOAm mexHiuHux HayK, OOyeHm

PO3POBKA APXITEKTYPU XMAPHOI'O CEPBICY 1JIsA 3bOPY TA
OBPOBKU JAHUX BIJI IoT-IIPUCTPOIB

YV cmammi 0ocniodicylomvcst Kowosi acnekmu po3pooKu apXimexmypu XmapHux

cepsicis ona Inmepuemy peueti (loT), ki 3abe3neuyroms eghexmusHy 00poOKY ma ananiz

BENUKUX 00C52I8 OaHUX Y pedicuMi peanbHo2o uacy. TIpoananizoeano ocHO8HI eumozc 00

MAaKux cepeicis, 30Kpema Macumabo8anicmy, HAOIHICMb, Oe3NeKy, HU3LKY 3aMPUMKY,

eHepeemuyHy — eghekmueHicmb ma  SHYYKiCmb.  3anponoHo8aHo  6azamopisHesy

apximexkmypy, wo CK1a0acmvCs 3 PIiGHs NPUCMPOi8, ULTIO3I8 1 XMAPHO20 DIBHSA, 13

sukopucmanHam cyyacrhux mexronoeit, maxkux sk AWS IoT Core, Apache Kafka, ma

InfluxDB. Ocobnusy ysazy npudinero sacmocysanmio Memoois uimyuHo2o iHmenekmy ois

asmomamuzayii aHanizy OaHux, NPOSHO3VEAHHS CMAHY OONAOHAHHS, ONMUMI3AYLT

pecypcis i sussnenHs anomanit. Pe3ynomamu 00CHiOHCeH s MOXICYIb OYMU BUKOPUCTNAHI

0711 cmeopeHHsl innosayitinux loT-piuenb, cnpsamosanux Ha NIOBUUEHHS eqheKmMUBHOCI
VAPAGTIHHSA OQHUMU A MEXHOJIO2IYHUX NPOYECI8 Y PISHUX 2ATTY35X.

Knruoei cnosa: 10T, xmapui mexronoeii.
Beryn. I3 posButkom Iuteprery peueir (IoT) 3mauno 3pocna KUTBKICTh
IMPUCTPOIB, SIKI T€HEPYIOTh BEIHMKY KUIBKICTh JIAHUX Y PEXKHUMI pEaJIbHOTO Yacy.

EdexTuBHe 30upanns, oOpoOKa Ta aHali3 MUX JAaHUX € BOKIUBUMHU IS TIPUAHSTTS
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pillIeHb Ta ONTHUMI3allii MPOLECIB Y PI3HUX Taly3sx, 30KpeMa y MPOMHCIOBOCTI,
MEJIMIIMHI, TPaHCIOPTI Ta PO3YMHHMX MicTax. XMapHi cepBicHM 3a0€3IMeuyIoTh
MaciTaboBaHy, THYUKy Ta 0e3neuny iHGpacTpyKTypy st podbotu 3 nanumu [oT.

[nrepuer peueit (IoT) € ogHier0 3 HAMOUIBII AUHAMIYHUX TEXHOJOTTYHHUX cdep
Cy4aCHOCTI, SIKa 3HAYHO 3MIHIOE crocoOu OOpoOKHM Ta aHali3y AaHMX Yy PI3HUX
rajgy3sx: IPOMUCIOBOCTI, MEUIIMHI, TPAHCTIOPTI Ta YMPaBIiHHI PO3YMHUMH MiCTaMH.
3pocTaHHsl KUTBKOCTI MPUCTPOIB, SIKI T€HEPYIOTh BEJNWKI OOCSITH JaHUX y PEXUMI
PEABHOTO Yacy, BUCYBa€ HOBI BUMOTH JI0 IHMOPACTPYKTYpH JJIs 30epiraHHs, 00poOKu
Ta mepenavi JaHUX. XMapHI CEepBICH, SIKI 3a0€3Meuyl0Th MAaclITa0OBaHy, THYUYKY Ta
Oe3neuHy miIaTGopMy, CTarOThb HEBIJ€MHOIO CKIanoBOO pobotu 3 loT-manumu.
BoaHowac  akTyanbHICTh — 3a0€3MEYEHHST  HU3bKOI  3aTPUMKH, E€HEpPreTUYHOl
e(EeKTUBHOCTI Ta IHTErpauii pPi3HOMAHITHUX MPOTOKOJIB 3B’SI3KY € KIIFOYOBHM
3aBJJaHHSIM CyYaCHHX JIOCHI/DKEHb Y 11 chepi.

BnpoBamxennss meroniB mrydHoro iHtenekty (L) B xmapni loT-cepicu
J0JJa€ HOBUX MOJKJIMBOCTEW JJIsl aHAJI3y JIaHUX, 30KpeMa y BHSIBJICHHI aHOMAaJii,
IPOTHO3YBaHHI1 CTaHy OOJaJHAHHS Ta ONTUMI3AIli BUTpaT pecypciB. Lle Binkpusae
MEePCHEKTUBH MiABUIICHHS €(DEKTUBHOCTI YIPABIIHHS TEXHOJOTTYHUMH MPOLECAMHU,
10 pOOUTH AOCTIHKEHHS Y 11K cepl BaKIUBUM JIJIsl BIPOBAKEHHS 1HHOBAIIHHUX
plLIEHb.

Po3pobka apxitektypu xmapHux [oT-cepBicCiB TOCTIKY€EThCS OaraTbMa aBTOpaMH.
30KkpeMa, MUTaHHS MaclITabOBAaHOCTI Ta HHU3BKOI 3aTPUMKHU TPU pOOOTI 3 BEIMKUMHU
oOcsiraMy 1aHuX po3nsiHyTo y mpatsix [1]. Hocmimkenass meroniB iHterparii loT-
MIPUCTPOIB uepe3 mpoTokou 3B’ 13Ky, Taki sk MQTT 1 CoAP, npeacraBineHo B podoTax
[2]. Ormsin cydacaux xmapaux miarhopm (AWS IoT Core, Microsoft Azure IoT Hub)
Ta 1X 3aCTOCYBaHHS y PI3HUX CIIEHapisX Oysno BUCBITIIEHO y [3]. 3HaYHMII BHECOK Y
BUBUeHHS 3actocyBaHHs LI myist apromaruzanii aHamizy nanux loT 3po6seno aBropamu
y [4], A€ MOCHKYeTbCs TMPOTHO3YBAHHS CTaHy OOJagHAHHS Ta ONTHUMI3ALlLS
BUKOPHUCTaHHS PECYPCIB.

VY pobotax [5] mocmiaxKeHO eHepreTHUHy e(PEeKTUBHICTh XMAapPHUX PILIEHbB, L0

€ BAXJIMBUM acClEKTOM CTBOpPEHHs CTiikoi iH@pacTpykTypu mus loT. 3aramowm,
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noTmepeHl AOCTIIKEHHST 3aKJIalaloTh OCHOBY JJI MOJAJBIIOTO BJOCKOHAJICHHS
apxiTektypu xmapHux loT-cepBiciB 13 hokycoM Ha iHTerpariro TexHosorii LI.

HaykoBa HOBHM3HA JOCHIDKEHHS TMOJiArae y po3poOIll  1HTErpoBaHOl
apxiTEKTypd XMapHOTO CEpBiCy, SKa BpaxoBye BUMOTHM MaclITabOBaHOCTI,
€HEepPreTuyHoi e(PEeKTUBHOCTI Ta HU3BKOI 3aTPUMKH, 3a0€3MEUyIOYH MOKIHUBICTD
aJIanTUBHOT poOOTH 3 pi3HOMaHITHUME loT-mmaThopmMaMu Ta MPOTOKOIAMHU 3B’ A3KY.
KpiM Toro, 3ampomnoHOBaHE BIPOBAIHKCHHS METO/AIB MAIIMHHOTO HAaBYAHHA IS
BUSBJICHHS aHOMAaii, NPOrHO3YBaHHS CTaHy OOJIafHAHHA Ta ONTHMIi3alii
CHOKMBAHHSI pECypciB  POOUTH 3alpONOHOBAaHY AapXITEKTYpy I1HHOBaUIWHUM
IHCTpyMEHTOM AJis pobotu 3 loT-ganumu.

I. OcHOBHI BUMOI'M 10 apXiTEKTYpH XMAapHOI'0 CepBicy

Po3pobka apxitektypu xmapHoro cepicy s loT morpeOye BpaxyBaHHS
TaKUX KJIFOUOBUX ACIEKTIB:

o MacmraboBaHICTh — 34aTHICTh OOPOOJISATH BEIUKI OOCATH JTaHUX BIJ TUCAY
a00 HaBITh MUIBHOHIB MPUCTPOIB.

o Hapifinicte 1 Oe3meka —  3a0e3medyeHHsS  3aXHCTy  JaHUX  BIJ
HECaHKI[I0HOBAHOTO JIOCTYITy Ta BTPATH.

o Hwuspka 3arpuMka — MiHIMI3aIlsS 4Yacy Iepenadl Ta oOpoOKH MaHUX IS
CHCTEM PEaJbHOTO Yacy.

o EHeprernuHa eQeKTHBHICTh — ONTHUMI3allll BUKOPUCTAHHS PECYpCIB IS
MiHIMI3aIlli CIIOKUBaHHS €HEeprii.

o I'myukicTh — MOXIMBICTH iHTerpauii 3 pizaumu loT-tumarpopmamu Ta
MIITPUMKA PI3HOMAHITHUX TTPOTOKOJIB 3B'SI3KY.

I1. ApxiTekTypa XMapHOro cepBicy
3anporoHoBaHa apXITEKTypa CKIAJAETHCA 3 KUIbKOX OCHOBHUX PIBHIB:

1. PiBens mpuctpoiB (Edge Layer) — micture l0T-mipucTpoi (ceHcopu, KOHTpOJepH,
MIKPOKOM TI'FOTEPH), SIK1 30MparoTh Ta MONEPEIHRO 00POOIISIIOTH JaHi Mepe]] X nepeaadero y
XMapy.

2. PiBenr mumo3iB (Gateway Layer) — BiAmoBifae 3a arperamit0 JaHUX, ix
dinpTpario Ta nepenaBaHHs y xmapHuil cepsic 3a gonomororo MQTT, CoAP abo

HTTP/HTTPS.
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3. Xmapuuii piBerb (Cloud Layer) — meHTpanpHa 4acTWHA apXiTEKTypH, sSKa
CKJIQ/IA€THCA 3:

o Cucremu 30epiranns ganux (Data Storage) — ansg po3MIIIEHHS BEIHKUX
MacCHBIB CTPYKTYPOBAHUX 1 HECTPYKTYPOBAaHUX JTaHUX.

o Monynie anamiTuku Ta 00poOku (Analytics & Processing) — BUKOpUCTaHHS
TexHoJjorii Big Data Ta miTydyHOro iHTENEKTY JUIsl aHaJi3y OTPUMAHUX JTaHUX.

o Iurepdeiicy B3aemonii (APl & Dashboard) — 3aGesmedyennst moctymy 10
JTaHux 4epe3 BeO-iHTepdeiicu abo MOOUIBbHI T10JJaTKH.

Peamizamisi XxMapHOro cepBicy MoKe OyTH 3iiiCHEHa 3a JIOMOMOIOK TaKHX
TEXHOJIOT1i:

o XwmapHui miargpopmu: AWS IoT Core, Microsoft Azure [oT Hub, Google Cloud
loT.

Cucremu ynpasiinas 6azamu ganux: InfluxDB, MongoDB, PostgreSQL.

Cepgicu s 00pooku nanux: Apache Kafka, Apache Spark.
[Tporokomu 38’sa3ky: MQTT, CoAP, HTTP/HTTPS.

3aco6wm Bizyamizalii: Grafana, Power BI.

II1. BukopucTranus ITy4HOro inrenekry y xmapaux loT-cepsicax

Mtyynnit iaTenext (II) Bimirpae kio4YoBY poib y TpaHcopmailii XMapHUX
cepsiciB st [areprery peueir (IoT). 3aBmsxu I, xmaphui loT-cepBicu 3maTHi He
nuie 30epiraty Ta o0poOIATH BeUKI 00CATH JaHUX, alle il 3a0e3MevuyBaTH iX aHali3 y
PEXUMI pEATbHOTO Yacy. 3aCTOCYBAaHHS METOJIIB MAIIMHHOTO HAaBYaHHS Ta 0OpOOKU
OPUPOJHOI MOBM 3HAUHO MiABMILYE TOYHICTH 1 IIBHJKICTH aHami3y, IO3BOJISIOUM
aBTOMAaTH3yBaTW TPUUHATTS pilieHb 1 MporHo3yBaHHS craHy loT-cucrem. Ile
BIIKPUBA€ HOBI MOXJIMBOCTI Ui BJAOCKOHAJIEHHS YIPABIIHHS TPUCTPOSMHU Ta
OINTUMI3allll BUKOPUCTaHHS PECYPCIB Y TakuxX cdepax, K po3yMHI MICTa, MEAUIIMHA,
TPAHCIOPT 1 IPOMUCIIOBICTb.

Onniero 3 HaWBAKIMBIIIMX 3a7a4 € BUSABJICHHS aHOMalil y JaHUX, SKi
reHepytotbest loT-ipuctposimu. Bukopuctanns anroputmis LI no3Bossie BusBiAsSTH
HEBIMOBIIHOCTI Y (PYHKIIOHYBaHHI MPHUCTPOIB, IO MOXYTh CUTHANII3yBaTHU MPO
MOXJIMBI ~ HECHpaBHOCTI abo kiOepataku. Hampukian, aHamiz  TPeHIIB

€HEPrOCIOKUBAHHSI CEHCOpaMHM a00 TMOKAa3HWKIB CTaHy OOJIaMHAHHA MOXE
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JOTIOMOTTH TepeA0aYnTH MOTEHIIHI TOJIOMKH Ta 3a100irTé aBapiiftHUM CUTYAaIIisIM.
Ile 3abe3neuye miaBuieHHs HaaiiHOCTI loT-cucTteM 1 CKOpoYeHHS BUTpaT Ha
00CITyrOByBaHHS.

Interpamis LI B xmapni loT-cepBicu Takok 103BOJISIE ONTHUMI3yBaTU BUTpPATU
pecypciB. Mojieni MalMHHOTO HaBYaHHS aHAII3yIOTh ICTOPUYHI JaHi Ta MPOTHO3YIOTh
HEOOXiTHI OOCSTH eHeprii, OOYMCIIOBAJIBHUX PECypciB ab0 MPOITyCKHOI 31aTHOCTI
Mepexi. Hampukman, y cuctemax "pozymuoro gomy" III moke amanTyBaté poOOTY
IPUCTPOIB JI0 3MIH Y MOBEAIHIII KOPUCTYBaya, MIHIMI3YIOUM CIIOKHMBaHHS eHeprii 0e3
3HWOKEHHS KoM(opTy. Takuil MiAXin Cropusie CTajloMy pPO3BUTKY Ta €(PEKTHBHOMY
BUKOPHUCTAHHIO PECYPCIB.

Oco0suBe 3HaueHHs1 mae BUkopuctanua LI ns oOpoOku Ta aHaII3y BEJIUKUX
00CsTIB JJaHMX Y XMAapHHUX CEpBicax. 3aBISIKU aJIrOpuTMaM TJIUOOKOr0 HaBUYaHHS
MOXHa OTPUMYBATH IHCAWTH, SIKI BaKKO BUSBHUTH 3a JIONMOMOTOIO TPAJAMIIHHUX
MeToaIB  aHam3y. lle BkIOWae  KiacTepu3allilo  JaHUX, BU3HAUYCHHS
3aKOHOMIPHOCTEH, aHaji3 Kopesslid Ta NporHo3yBaHHs mnoxil. Hampuknan, y
norictuunux cucteMax loT mnardopmu Ha ocHosi I gornomararoTe onTUMI3yBaTH
MapIIpyTH TepeBe3eHb, BPAXOBYIOYH YMOBH JIOPOXHBOTO PyXy, MOTOAy Ta CTaH
TPAHCIIOPTHUX 3aCO01B.

Kpim toro, cydacni xmapHi loT-cepBicu akTtuBHO BUKOpUCTOBYIOTH LI st
MOKpAIIeHHs] B3a€MOJIl 3 KIHIIEBUMHU KOpHUCTyBauamH. Po3ymHI 1HTepdeiicu, 1o
0a3yroThCsl Ha 0O0poOIl MPUPOAHOI MOBH, 3a0€3IMEUyIOTh MIBHUIKHN HOCTYIT 0
JaHUX, 3pY4YHY HaBITallll0 Ta aBTOMATHYHY TEHEpalil0 3BITIB. Y MEpPCHEKTUBI
noennanns I ta [oT mo3BonHMTH CTBOpPIOBATH OUIBINI aNanTHBHI CHUCTEMH, SKi
OynyTh 3/1aTHI HE JIMIIIEC pearyBaTH Ha 3MIHU, aJie i mepeadadaru ix, 3a0e3neuyrdn
MaKCHUMaJIbHY €()eKTUBHICTb POOOTH B PI3HUX ray3siX.

3acTocyBaHHS METO/IB MAIIMHHOTO HaBYaHHsS JO3BOJISIE aBTOMATHU3YyBaTH
00poOKy Ta aHani3 qaHux [oT. OCHOBHI HANPSIMKU BUKOPUCTAHHS:

o AHaIi3 aHOMaJiii — BUSBIICHHS BIJIXWJICHb y TMOKAa3HUKAX MPUCTPOIB, IO
MO’K€ CUTHAJII3yBaTH MPO HECTIPABHOCTI.

o IIporHozyBanHsi cTaHy OOJaJHAHHS — 3aBJASKUA ICTOPUYHUM JaHUM MOXHA

MIPOTHO3YBAaTH MaOYyTHI IMOJOMKH Ta 3aro0iratv aBapiiHUM CUTYAITisIM.
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o OmrTumizamisi BUTpaT pECypciB — aHaji3 CHOXHUBAaHHS €Heprii i
M1IBUIIECHHS €(EKTUBHOCTI pOOOTH IIPUCTPOIB.

BucnoBku. Apxitektypa XMapHux cepBiciB mias [oT € kimo4oBuM etarnom
CTBOpPEHHSI MacIITabOBaHUX 1 e)eKTUBHUX CHCTEM 00poOku manux. BoHa 3abe3neuye
IPOIYKTUBHICTh, O€3IEKy Ta 1HTErpalliio 3 Pi3HUMHU IuTaTGopmMamu, 0 € KPUTHIHO
BaxnuBuM a1 [oT y Takux cdepax, sK MeAWIIMHA, TPAHCHOPT, MPOMHUCIIOBICTH 1
po3ymHi Mmicta. [lomanpmmii po3BUTOK BKIIIOYAE OMTHUMI3AII0 OOPOOKH MaHUX Y
peasibHOMY 4aci Ta BukopucTanss LI 1y mporao3yBaHHs 1 aBTOMATH3AIlii.

I TyyHMit 1HTENEKT PO3IUPIOE MOKIIMBOCTI loT-cepBICiB 3aBIsSKMA aBTOMATU3aLIT
aHaJIi3y, MPOrHO3YBAaHHIO CTaHy OOJIaJHAHHA Ta omTuMizallli pecypciB. Lle miaBurnrye
HAJIMHICTh 1 €HEeproe(eKTUBHICTb CUCTEM. ApXITEKTypa, IO BKIIOYAE pIBHI
MIPUCTPOIB, IUTIO31B 1 XMapHUX MOJYJIB, BUKOpUCTOBYE cydacHl TexHonorii (MQTT,
Apache Katka, AWS IoT Core) nns 3HIWKEHHS 3aTpUMKU Ta 3a0€3MeUeHHS
MacIITabOBaHOCTI.

Inrerparis I cnpusie ontumizaliii eHEeprocrnoKMBaHHs, ajanTailii 10 moTped
KOpUCTYBaJiB 1 3MEHIIEHHIO BIUIMBY Ha MOBKULEL. [loemnanns I[oT, xmaphHux
oOurcnensb 1 I BikpuBae MOXKIMBOCTI JI CTBOPEHHS IHTEJEKTYaIbHUX CHCTEM, IO
nependavyaoTh 3MiHM, AaBTOMATU3YIOTh MPOIECH W MIABUINYIOTh €(PEKTHBHICTH Yy
PI3HUX TaTy3sX.

Cyuachi 1iHTepdericu 3 LI 3abe3nedyroTs 3pydyHUM JOCTYyNl [0 JIaHUX,
ABTOMATHUYHI 3BITH Ta IHTYITMBHY HaBIraIfiro, miBUIYIOYHA JOCTYIHICTh TEXHOJIOTIH.
[TomanmeIm JOCTIKEHHS 30CEPE/DKEHI HA 3MEHIIICHHI 3aTPUMOK, MMOCUJICHHI O€3MeKn
Ta BIIOCKOHAJICHHI METO/IIB aHATI3Y JIaHUX.

CITMCOK BUKOPUCTAHUX JIXKEPEJI:
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Oaekcanap KYUMIN

3000y8au euwyoi oceimu 0py2020 (Ma2icmepcbko2o) pieHs

1 poky nasuanus cneyianvnocmi 122 Komn romepHi Hayku

Hayxouii kepiBHuk: Bonogumup ®E/IOPUYYK

O00KMOp MEeXHIUHUX HAVK, npogecop

METO/IU TA 3ACOBU CTBOPEHHS BEBILVIAT®OPMMU MO/ 3

HIATPUMKOIO IEPCOHAJI3OBAHUX PEKOMEHJIALIIA

Y pobomi oocniddceno memodonocito npoekmyeawHs eebniamgopmu

MICOKUX NOOIU 3 NIOMPUMKOIO NEPCOHANIZ08AHUX PEKOMEeHOayil ma elemMeHmamu

eeumigpikayii.  OOIPYHMOBAHO  AKMYAIbHICMb  CMBOPEHHA  YEeHMpPAani308aH020

yugpposozo piwienHs, wo 00'conye 8i08I0Y8auis, opeauizamopié ma G0JI0HMepI8 8

eouniu exocucmemi. Ilpeocmaesneno konyenmyanvuui npoexkm niamgopmu "Urban

Gather", cnpoexkmoanoi Ha OCHO8I CY4acHO20 MeXHO02iyHo20 cmeKy Next]s,

TypeScript ma PostgreSQL. Jlemanvno posensnymo apximekmypy Cucmemu,

3aNPONOHOBAHO (DYHKYIOHANLHI MONCIUBOCMI OJISl PI3HUX MUNIE KOPUCMY8AUI8 ma

ONUCAHO MexaHizmu nepconanizayii i eeumighixayii. IIpoananizoeano nomeyitini

nepeeazu 3anponoHO8AHO20 PiuleHHsl OJisl PO3BUMK)Y MICbKOI KYIbmMYpPHOI CRilbHOMU

ma niosuwenHs egexkmusnocmi opearizayii nooiu. OKpecienHo nepcnekmueu
MexHIYHOI peanizayii npoexmy ma uo2o inmezpayii 3 308HIUHIMU Cep8iCaMu.

Knrouoei  cnosa: eebniamgopma  nooiu, nepcomanizosami - pexomenoayii,

eeumigpivayis, Nextjs, TypeScript, PostgreSQL, kopucmysayvkuii 00c8i0,

NnpPOeKmy8ants 6eb-cucmem, MicbKi nodii, yugposa exocucmema.

AKTyaJbHicTh TeMU. B yMoBax po3BUTKY 1H(OPMaLIHHOTO CYCIHIJIbCTBA Ta

aKkTUBI3allll MICBKOTO  KyJIbTYpHOTO JKHTTA ICHye TocTpa morpeba B

[EHTpaIi30BaHUX LUQPPOBUX PIMIEHHSIX JJIsI  OpraHi3ailii, IPOCYBaHHS Ta

BiABiAyBaHHS monid. CywacHI KOpPHUCTyBadl CTHUKAaIOTbCSI 3  MPOOIEMOIO
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1HGOPMaLIHHOTO TEPEBAaHTAKEHHS TMpPH TMOIIYKY pEIeBaHTHUX 3aXOJiB, a
OpraHi3aToOpy 3a3HalOTh CKJIAIHOINIIB Yy 3ajJydeHHl IIJIbOBOI ayJauTopii Ta
edexkTHBHOMY ympaBiiHHI monisiMu. IIpoekTyBanHs eauHOi BeOIIaThOpPMHU, IO
noeaHye (yHKI[IOHATBHICTh IS BiJBiJyBadiB, OpraHi3aTopiB Ta BOJOHTEPIB, 3
IHTETpOBAaHUMM CHCTEMaMU IEPCOHATI30BAaHUX PEKOMEHAaIlii Ta redmidikaiii, €
aKTyaJlbHUM TEXHOJIOTIYHMM BHUKIUKOM 1 BIAMOBIa€ CydYacHHM MOTpedam
CYCITUTbCTRBA.

Mera nyOJaikamii — A0CHIIUTA Ta CHUCTEMATH3yBaTH METOAU 1 3acolu
MIPOEKTYBaHHS KOMIUIEKCHOI BeOmmIaT(opMu MOAINA 3 aKIEHTOM Ha apXITEKTypi
CUCTEMH, (YHKIIOHAIBHOCTI JJIA BCIX THMIB KOPHUCTYBaudiB Ta I1HTErparii
MEXaHI3MIB NepcoHamizamii 1 rerdmidikamii Ha 0a31 Cy4yaCHOTO TEXHOJOTTYHOIO
creky Next.js, TypeScript Ta PostgreSQL.

Bukiaa OCHOBHOrO Martepiajgy [AOCHiI:KeHHSl. Y paMKax JaHOTo
JTOCJIIIKEHHST 3alpornoHOBaHO MpoekT BedOmiargopmu noxait "Urban Gather", mo
KOHIIETITYyaJIbHO ~ po3po0jieHa SK KOMIUIEKCHE pilleHHs Ui 00'e€HaHHS
BIJIBIIyBayiB, OpraHi3aTopiB Ta BOJIOHTEPIB y €AWHIN exocuctemi. I[IpoekToBana
mnatgopMa  peanizye  KOHIENiro "eauHoro mudpoBoro  xaby  momii",
nependayaroyu MEHTPATI30BaHUN MPOCTIpP VISl TIONIYKY, OpTaHi3allli Ta mpoCyBaHHS
MICBHKHMX 3aXO/IIB PI3HOTO MaclITady.

DOYHKUIOHAJBHICTD AJIA PI3HUX THIIIB KOPUCTYBaviB

Jasa  BigBigyBauiB mogii  TpoekTOM  IepeadadeHO  KOMILUICKCHUMN
dbyHKITIOHAN, 0 OXOIUTIOE MMUPOKUM CIEKTp MoTped kopuctyBauiB. [lepmr 3a Bce,
wiargopma 3a0e3MedynTh 1HTYITUBHY CHUCTEMY MOHIYKY Ta (uibTpaiii momaid 3a
KaTerOpisIMH, JaTaMH Ta JIOKAIISIMH, 10 JTI03BOJIMTH IMIBUJIKO 3HAXOIUTH PEJICBaHTHI
3axoau. OKpiM TOro, Ha JeTajlbHUX CTOPIHKAX MOAINA KOPUCTyBadl MaTUMYTh
JOCTYT A0 BCi€l HEOOX1MHOI 1H(popMaIllli, BKIIFOYAIOYN JE€TATLHUN OTHC, MPOTpamy,
JIOKAI[iI0 Ta IHTEPAKTHBHY KapTy. BakIIMBHM €lIeMEHTOM CTaHE 3pydYHa CHCTEeMa
OpoHIOBaHHS Ta TpUAOAHHS KBUTKIB 3 IHTETPAIli€l0 PI3HOMAHITHUX TUIATIKHUX
IIUTIO31B, 10 3a0e3MeunTh Oe3repediitHuil poIec OTUIaTH.

Jis1 opranizaTtopiB mogii miatrgopMa MpPONOHYBATHUME HAOIp MOTYXHUX

THCTPYMEHTIB AJi1 e(EeKTUBHOTO YIpPaBIiHHA 3axoAaMu. B ocHOBI 1iporo Habopy —
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IHTYITUBHO 3pO3yMiTUi 1HTEpdeic s CTBOPEHHS Ta YNPaBIiHHSA MOMIAMU 3
JNeTaJbHUMH  HaJallTyBaHHAMHM BCIX acmekTiB 3axoxy. Jlig  onrumizarii
aIMIHICTPAaTUBHUX  TIPOIIECIB  PO3POONISIETBCS  3pydHA TIaHENb  YIPaBIIHHS
peecTpallisiMu Ta MPOJAXEM KBHUTKIB, IO JO3BOJUTH B PEKMMI peajbHOrO 4Yacy
BIICTE)KYBaTH JWHAMIKy TIpojaxiB. JIJIsi MIJABUILNEHHS  BII3HABAaHOCTI Ta
BIJIBITyBaHOCTI MOAIA miaTgopma 3ampoIloOHye I1HTETPOBaHI MapKETUHIOBI
THCTPpYMEHTH 11 €(PEeKTUBHOTO MPOCYBaHHS 3aXO0(iB Cepe/I IIIbOBOI Ay AUTOPIi.

Jl1s1 BOJIOHTepIB aThopMa CTBOPIOE OKPEMY E€KOCHUCTEMY MOXKIMBOCTEH,
0 PO3MOYMHAETHCS 3 THYYKOI CHUCTEMH TMOIIYKY BOJIOHTEPCHKHX TMO3UIINA 3a
PI3HUMH TTapaMeTpaMu, TAKUMHU SIK THI TOJ(1i, HEOOX1/IHI HABUYKHU YU YaCOB1 PaMKH.
[Iporiec momydeHHs 10 moAii OyAe MaKCHMaidbHO CHPOINCHUHN 3aBISKU 3PYYHOMY
(yHKIIOHATY TOJAHHS 3afBOK HAa BOJOHTEPCHKI mo3uiii. [l BiACTEKEHHS
0COOHUCTOrO MPOTpecy Ta YNPaBIIHHSI AKTUBHOCTSMU BOJOHTEPH MATUMYTh JOCTYII
710 TIEPCOHAIILHOTO Ka0IHETYy 3 JETAJbHOK ICTOPIEI0 BOJOHTEPCHKOI MISIIBHOCTI. 3
METOIO MiJABUIIICHHS MOTHWBAIIl Ta BU3HAHHS BHECKY BOJOHTEPIB BIPOBAHKYETHCS
crieliaJbHUN MEXaH13M HaKOIMMYEHHS JOCBIY Ta OTPUMAHHS BiJ3HAK 3a Pi3HI THUITH
AKTUBHOCTEM.

CucreMa nepcoHai30BAHUX peKOMeHAAlii

VY npoekTi mepcoHali30BaHl PEKOMEHIaIlll PO3IIsSAal0ThCsl SIK 1IHTErpOBaHUM
KOMIIOHEHT  IUIaTpOpMH, 10 Ma€ 3HAYHO MIJABUINUTH  PEJIEBAHTHICTh
IIPOIIOHOBAHOTO KOHTEHTY st kopuctyBauiB [1]. [IpoekTHe pimenHs nependadae
KOMIUIGKCHUM TIiaXig g0 300py [AaHUX TMpo BIOAOOAHHS Ta TOBEIIHKY
KOPHUCTYBaYiB, SKUW BKIIOUAE aHAII3 SBHUX BIOA00aHb, TAKUX K 00paHi KaTeropii
Ta BIJICTeKYyBaHI OPraHi3aTOpH, a TaKOX MOHITOPUHI HESIBHUX B3a€EMOJIINA, Cepen
AKUX TeperyiaaM nonid. BaxmmBuM mxepenoMm 1H(opMmauii s nepcoHami3alii
CTaHe TaKOX ICTOpIs BiABIAYBaHb Ta HaJaHWH KOPUCTyBayaMH 3BOPOTHHI 3B'A30K,
0 JI0O3BOJIUTh CTBOPUTH BCEOIYHY MOJIeNIb yMoJ00aHb KOXKHOTO BiJIBiayBada
m1aThOPMH.

Ha ocHoBi 310paHux naHux mnependadaeThCcsi BOPOBAIKEHHS OaraToOpiBHEBOI
QITOPUTMIYHOI OOpOOKM 3 BHUKOPHUCTAHHSAM PI3HUX METOJIOJOTIH. 30Kpema,

3aCTOCYBAaHHSA KOJAOOpaTHBHOI (PUIbTpalii JO3BOJIUTH BUSBISATH CXOXI MAaTEPHH
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MOBE/IHKU Cepe/l KOPUCTYBadiB Ta HAJaBaTH PEKOMEHalli HAa OCHOBI BINOAOOAHb
noaioHuX BiaBiAyBadiB. [lapanenbHo 3 MM, KOHTeHTHa (uIbTparlis 3a0e3MeUnTh
aHaI3 XapaKTepUCTUK CaMUX MOMIN NIl 3HAaXOJKEHHS KOHTEHTY, L0 BIATOBIAA€E
iHTEepecaM KOHKPETHOTO KopucTyBada [2]. [nsg migBUINEHHS  TOYHOCTI
PEKOMEHJAIIN TUIAHYETHhCS TAKOXK BpaxyBaHHS KOHTEKCTyaJIbHHX (PAKTOPiB, TAKUX
K 4ac 100u, reorpadiuHe po3TalryBaHHs KOPUCTYBaya Ta TOCTYIHICTh 3aXO0/I1B, 110
3a0e3MeYNTh MaKCHUMAaJIbHY PEJIEBAHTHICTh MPOMO3UIIN Y KOKHOMY KOHKPETHOMY
BUIIAJIKY.

OcoOnuBa yBara B NPOEKTI MNPUAUIIETbCS IHTErpamii peKOMEHJalll y
KOpUCTYBalbKUW 1HTEp(ENC UIsl CTBOPEHHS O€3MepepBHOIO IMEPCOHATI30BAHOTO
nocBiny. lle mepenbavae po3poOKy 1HIMBIAyali30BaHOI T'OJIOBHOI CTOPIHKH, fKa
JTUHAMIYHO aJlallTyBaTUMEThCS BIJMOBIAHO 10 mpodiato BiaBiLyBaya. Kpim Toro, B
pe3yJabTarax MouykKy OyayTh IpeACTaBIIeHI creliaibHi cekiii "PekoMenmoBaHo s
Bac", 110 MICTUTUMYTh MOJ11, BiIOpaHi Ha OCHOBI MEPCOHATBLHUX BIOAOOAHb [3]. A
Ha CTOPIHKAaxX JeTaje OKPeMHX 3aX0/lIB KOPUCTYyBa4aM MPOMOHYBATUMYThCS CXOXI
nmojii, M0 TOTEHIIMHO MOXYTh 3alllKaBUTH iX, PO3IIMPIOIYM TAKUM YHUHOM
MOXJIMBOCTI B3a€MO/I1i 3 KOHTEHTOM IJIaT(HOPMHU.

BucnoBku. IIpoext Be6margopmu nomiii "Urban Gather" 3 BukopucTanHsImM
Next.js, TypeScript Ta PostgreSQL aemMoHCTpye MNEpCHEKTUBHUNA MIiAXIA 110
CTBOPEHHSI KOMIUIEKCHMX BeO-pimieHb. [HTerpamis CUCTEM MepCOHATI30BaHUX
peKoMeHaaIiid Ta relmidikamii MOTEHIIHHO 3HAYHO  IMABUIIUATH  SKICTh
KOPHUCTYBAIbKOTO AOCBIAY Ta €PEKTUBHICTh B3a€MOJII BCIX YYACHUKIB €KOCHCTEMHU
TTO/Tii.

CIIMCOK BUKOPUCTAHUX JI’KEPEJI:
1. IMapizep E. ByanOarmika QibTpiB: K MEpcOHATI30BaHUA BEO 3MIHIOE T€, 110
MU YUTAEMO 1 5K MU tymaeMo / iep. 3 anri. K. Kotrok. Kuis: KM-bykc, 2022. 240 c.

2. Yopuuit O.A., baiigtok HO.€. Bukopucranus airoputMmiB KojaOOpaTHUBHOI
dutbTparii s mooyI0BH PEKOMEHAANINHUX CUCTEM B YKPATHChKUX OHJIAlH-CEpBicax.
[ndopmartiiini Texnosorii 1 3acoou HaBuanus. 2022. T. 89, Ne 3. C. 152-165.

3. Menbuauk B.IL., Pizuk C.O. PexomeHpaliifHi CUCTEMHU B Cy4acHUX BeO-

nopranax Ta comianbHux Mepexax. Bicnuk HTY «XIII». 2022. Ne 23. C. 53-62.
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Maniin KYLIHIP
3000y8au nepuioco (6akaiagpcvKo2o) pieHs suwoi oceimu
1 poky nasuannus cneyianvnocmi 122 Komn tomephi Hayku

Hayxoswuii kepiBauk: Terana IIAJIAITIOK

Kanouoam ¢hizuxo-mamemamudHux Hayx, OOYyeHm

HOPIBHAHHSA METO/IB PO3POBKU ITPOEKTIB
HA PYTHON I JAVASCRIPT

Te3u npuceiaueHo NOPIGHAHHIO MemoOi8 pOo3POOKU NPOEKMI8 MOBAMU
npoepamysanunsi Python ma JavaScript, a maxoowc idesim cmeopeHHs NpOCmux
3acmocynkie na Python/JavaScript. Yeacy npuoineno onmumizayii kooie o0na
geb3acmocynkie. Poszenanymo ocnogni emanu po3poOKu NpOEKmy ma NONYIAPHI
npoexkmu o151 Python i JavaScript.

Knrouosi cnosa: npoekm, memoou po3pobku, onmumizayis Kooy, CMEOpeHHs.
3acmocynkis, Python, JavaScript.

AkTyanabHicTh TeMu. Python Ta JavaScript € onHUME 3 HAUTOMYJISPHIIIMX
MOB TIporpamyBaHHs y cBIiTi (pucyHok 1) [1]. Ha pucynky 2 300paxeni rpadiku
3MIHM TOMYJSIpHOCTI MOB mporpamyBaHHs 3a 2019-2024 pp. [1] Python Ta
JavaScript mmpoko BUKOPHUCTOBYIOTHCS B PI3HHX cepax, Takux K BeO-po3podOKa,
aHail3 JaHUX, IITYYHUH IHTENEKT, aBTOMAaTHU3allisl Ta pPO3poOKa MIpPOrpamMHOro
3a0e3MeyeHHs.

Bukiaang ocHoBHoro marepiaay. Python — iHtepmnperoBana 00'ekTHO-
OpiEHTOBaHA MOBa IIPOTpaMyBaHHS BHUCOKOTO PIBHSA 13 CYBOPOIO JWHAMIYHOKO
TUIII3AIlEI0, siKa po3pobieHa Ha mouatky 1990-x pokiB ['Bimo Ban Poccymowm.
CTpyKkTypd JaHUX BHCOKOTO PIBHS pa3oM 13 JUHAMIYHOK CEMaHTHUKOIO Ta
JUHAMIYHUM 3B'SI3yBaHHAM pPOOJATH i1 MPUBAOIMBOIO JIs IIBUAKOI PO3POOKH
Mporpam, a TaKoX SK 3ac10 MO€HYBaHHS HAIBHUX KOMITOHEHTIB [2]. [TimxoauTh st
aHaJi3y JIaHWX, MAIIMHHOTO HaBYaHHsS, aBTOMaTH3allii Ta BeO-po3poOku (Django,
Flask).

JavaScript — pgumHamivHa, OO0'€KTHO-OpPiEHTOBaHAa MPOTOTUIIHA MOBA
nporpaMmyBaHHs, ska € peamizamiero crangapty ECMAScript. Haityactime
BUKOPHUCTOBYETHCS JIJISi CTBOPEHHS CLIEHApiiB BEOCTOPIHOK, IO HAJA€ MOXJIMBICTD
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Ha Oo11i KJi€HTa (MPUCTPOI KIHIIEBOTO KOPUCTYBaua) B3a€EMOJIISATH 3 KOPUCTYBAUEM,
KepyBaTH Opay3epoM, aCHHXPOHHO OOMIHIOBATHCS JAHUMH 3 CEPBEPOM, 3MIHIOBATH
CTPYKTYpPY Ta 30BHILIHINA BUTIs BeOcTopiHku [3]. JavaScript € OCHOBHOIO MOBOIO
JUIA CTBOPEHHS 1HTEpAaKTHBHUX Be03aCTOCYHKIB Ta mpairoe Ha ¢ponTeHai (React,

Vue, Angular).
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[TopiBHsiHHS MeTOAIB po3poOku mpoekTiB Ha Python 1 JavaScript € BaxnuBoro
TEMOIO JUIsl Cy4acHUX IPOTPaMICTIB, sIKI XOUyTh €(DEKTHUBHO OOMpATH TEXHOJIOTil
JUTSI CBOIX MPOEKTIB.

Pizni nioxoou 0o pospobku. Python Oinbliie Opi€eHTOBaHH Ha MPOCTOTY
CHHTAKCHUCY, YUTA0EIbHICTh KOy Ta BUCOKY IMPOAYKTHUBHICTH Y cdepl HaAyKOBUX
po3paxyHKiB, OekeHJy Ta aBTomartm3ailii. JavaScript € OCHOBHOIO MOBOIO [IJISt
(GpoHTEHA-PO3pOOKH, JO3BOJSIOYM CTBOPIOBATH IHTEPAKTHUBHI BEO3aCTOCYHKH, a
TaKO0X BUKOPUCTOBYEThHCS JIJIs OekeHay 3aBaaku miaaTtdopmi Node.js.

Pizui  apximexmypni  nioxoou. Python Oudbllle BHUKOPHUCTOBYETHCS Yy
MOHOJIITHUX 1 MIKPOCEPBICHUX apXITeKTypax mis OekeHmy, Tonai sik JavaScript
(ocobmmBO B moenaHaHHI 3 (peiimMBopkamu, TakuMu sk React, Angular, Vue)
dokycyethcs Ha SPA (Single Page Application) Ta cepBepHO-KIIEHTCHKUX
MOJIENSIX.

3ampebysanicms Ha punky npayi. Bubip mixx Python 1 JavaScript BaxnuBuii
JUTsl pO3pOOHHUKIB-TIOYATKIBIIIB, SIKI XOUYTh CHeIiani3yBaTUCs y neBHid ramysi [T.

Texnonoeciuni menoenyii. PO3BUTOK BeO-TEXHOJIOTIH, MAIIMHHOIO HAaBYaHHS,
[oT 1 MOO1IBHOT pO3pOOKK BUMAarae po3yMiHHS epeBar Ta 00OMeXeHb 000X MOB, L0
POOUTDH MOPIBHAHHS aAKTYaJbHUM JIJIs1 PO3POOHHKIB 1 KOMIaHIH.

[Ilomo eTamniB po3poOKHU MPOEKTY, TO OCHOBHUMU €:

— BHU3HAUEHHA IIed Ta (QyHKIIOHATYy(OCHOBHA MeETa TNPOEKTY, SKUH
dbyHKII0HAT MOTPIOEH, XTO KIHIIEB1 KOPUCTYBaYl);

— BHOIp CTEKy TE€XHOJIOT1i (MOBH MporpamyBaHHs, ppelMBOpPKH Ta 010110TEKH,
0a3u JaHuXx);

— HamnuCcaHHS KOAY;

— TECTYBaHHsI Ta HAJIATOJKEHHS;

— ONTUMI3alisl TPOJYKTUBHOCTI;

— pO3ropTaHHA Ta MIATPUMKA.
B tabnuii 1 HaBeaeHO MOMyJIApHI BapiaHTH MPOEKTIB, PO3POOJIEHUX MOBAMHU

nporpamyBaHHsi Python Ta JavaScript
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Ta0mums 1

[Tonynsapui mpoektu Python ta JavaScript

Ionmyasipui npoexTn s Python IomyasipHi npoexTn s JavaScript

Bot mns Telegram To-Do List (iHTepakTHBHHI Be03aCTOCYHOK

JJIA IJTaHYBAHHSA 3aB,I[aHI>)

Irpu Ha Pygame

Kanbkyisarop

Onmumizayia Kooy o0aa eedzacmocynkie na Python i JavaScript €
BAKJIMBUM €TArOM pO3pOOKH, SIKHI BIUIMBAE HA MPOJIYKTUBHICTh, MACIITA0OBAHICTh
1 3pY4YHICTh MIATPUMKH TpoekTy. OCHOBHI acleKTH omnTumizaiii s 000X MOB
mogaMo B Tadymi 2:

Tabmnis 2

OnTuMizarlist Kogy Juist Bed3actocyHkiB Ha Python 1 JavaScript

Python yacTo BUKOpPUCTOBY€ETbCS /17151 OEKEHIY
(Flask, Django, FastAPI), i fioro ontumizaris
BKJTIOYAE:
1. OnTuMizariis IpOLYKTUBHOCTI KOy
— BuxopucTaHHS aCHHXPOHHOTO
nporpamysannsi (AsynclO, FastAPI)

JUIs TIOKpaIlleHHs] 0OpOOKY 3aIuTIB.

— 3acrocyBanns kemyBanHs (Redis,
Memcached) a1 3MeHIeHHs
HaBaHTAKCHHs Ha 0a3y JaHMX.

- BukopucrtanHs Npo(iIlOBaHHSA KOAY
(cProfile, line_profiler) nns BusiBieHHs
BY3bKUX MICIIb.

2. OnTumizaliis B3aeMozii 3 0azaMu JaHuX

— Buxkopucranas ORM (Django ORM,
SQLAIchemy) 3 npaBuiibHO
HaJIAIITOBAaHUMU 3alUTaMHU.

—  3MeHIIeHHs KIJIbKOCTI 3amuTiB 10 bJ]
(rexnika Select_related,

prefetch_related 8 Django).

— Bukopucranns inaekciB y B/ nis

JavaScript BUKOPUCTOBYETBCS SIK IJIs1
¢dpouteny (React, Vue, Angular), Tak i ms
oexenay (Node.js, Express).
1. OnTuMmizaliis OpOAYKTUBHOCTI POHTEHAY
— Buxkopucranus Code Splitting
(mTMHAMIYHE 3aBaHTaXEHHS MOJYTIB Y

React/Vue).

— 3MeHIIeHHs 00CATY 3aBaHTAXYBaHUX
nanux yepe3 Minification i
Compression (Webpack, UglifyJS).

- Bukopucranns Lazy Loading mis
300pa)ke€Hb 1 KOMITOHEHTIB.

—  3MEHIIEeHHS KUTBKOCTI pepeHiepiB y
React 3a gorromororo useMemo,
useCallback.

2. Ontumizanisa 6ekenay Ha Node.js

-~ BuxopucTtaHHsI aCHHXPOHHOT0
00po0JienHd (async/await, Promises)
JUTSL KpaIoi MpoTyKTUBHOCTI.

— Bukopucranns kemryBanHus (Redis,

LRU cache) mis 3MeHIIIEHHS KiTBKOCTI
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MIPUIIBHUIIIICHHS BUOIPOK. 3anuTiB 10 0a3u JaHUX.

3. OnTumizalis poOoTH cepBepiB - Buxopucranns kiaacrepu3auii (cluster,
- Buxopucrtanns Gunicorn a6o Uvicorn PM2) st 6ararornoTokoBoi 0OpOOKH.
3 BIJNOBIZHOIO KiJIbKICTIO BOPKEPIB. —  Minimi3anis BUKOPHCTaHHS IaM’ATi
- banancyBaHHsI HaBaHTa)XEHHS 4epe3 (setTimeout i setInterval MoXyTh
NGINX a6o Load Balancer. cTBOproBaTH memory leaks).
—  Buxopucranns Docker ta CI/CD s 3. OnrruMizarnisg BzaeMoii 3 0a3010 JaHUX
aBTOMATH3aIlil PO3rOpTaHHS. —  Buxopucranus ORM (Sequelize,
4. 3MEHIIICHHS CIIOYKUBAHHS 11aM’sITi TypeORM, Mongoose) Ta batch-
— BukopucranHus reHepaTopiB 3amicTh 3aNuTIB.
criuckiB (yield 3amictb return). - 3actocyBaHHs ingekciB y bJ[ nis

— Kourpons  BuTOKiB  mam’saTi  3a TTOKPAIICHHA MPOAYKTUBHOCTI.

nonomororo gc (garbage collector). - Buxopucranusa WebSockets 3amicTn
HTTP-3anuTiB 1151 peanbHOro yacy.
4. Onrumizalis 0e3neKu
— Baxwucr Big XSS, CSRF, SQL Injection
(Helmet.js, CSRF-tokenn).

— Buxopucranus ~ JWT-TokeniB  abo

OAuth 2.0 s aBTeHTH]IKALI].

BucnoBok. Po3poOka npoekty Ha Python a6o JavaScript 103Bossie cTBOpUTH
KOpUCHI Ta e(EeKTHUBHI 3aCTOCYHKH, PO3BUHYTHM HABUYKM MpPOTpaMyBaHHS Ta
ONTHUMI3yBaTH TMPOAYKTUBHICTh 3aCTOCYHKIB [IJIsi TOKPAIICHHS KOPHUCTYBAI[bKOTO
JOCBITTY.

CITMCOK BUKOPUCTAHUX JIXKEPEJI:
1. Peittunr MOB MpOrpaMyBaHHs 2025. URL:
https://dou.ua/lenta/articles/language-rating-2025/

2. Guido van Rossum, Python Reference Manual, release 2.4.4, 18 October
2006

3. ECMAScript Language Specification (PDF). Apxis opurinany (PDF) 3a 12
kBiTHS 2015.
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KOpiit ME/IBI/Ib
3000y8au Opy2020 (Ma2icmepcbKoco) pieHs U0l 0ceimu
1 poxy naeuanmus cneyianonocmi 122 Komn tomepni nayKu
Hayxoswuii kepiBauk: QOnena CMAJIBKO
KaHouoam neodazo2ivHux HayK, 00YyeHm
BUKOPUCTAHHS HEMPOHHUX MEPEX Y ITPOIEYPHIN
TEHEPAIIII ITPOBUX CBITIB

Y pobomi posensoacmovca BUKOpUCMAHHA WMYYHO20 IHMeENeKmy ma
HEUPOHHUX Mepedc V NpoyeoypHill 2eHepayii ieposux ceimie, wo 00380J€
Cmeoprosamu  YHIKQIbHI, a0anmueHi ma pealicmu4ui i2posi cepedosuiya.
Ananizyromocs  Ku0408i mexHoaoeii, AKi cnpusioms asmomamusayii npoyecy
po3pobku  kowmenmy.  Ilpedcmaeneno  pesynemamu  eKCNepUMEHMANbHO20
MOOeN08aHHs Hetipomepedici 0 2eHepayii pienie Ha ocHoei wymy Ileprina.
locnioosiceno nepesacu  Llll-mexanizmie 6 onmumizayii pecypcié po3pooxu,
NOKpawjeHHi Oanaucy 2pu ma niosuweHHi pieHs 3aHypenHs epasyis. OKpeciieHo
nepcnexmusl po3eUmKy mexHol02il Wmy4Ho20 iHmeneKkmy 8 ieposii inoycmpii, ujo
MOdHCYmMb  cnpusamu - mpancopmayii  cnocobie¢ cmeopeHHs ma  CHPULHAMMs
8i0eoicop Y MalOymHovoM).

Kniowuoei cnoea: Hneiiponni mepeosici, npoyeodypHa 2eeHepayis, MauuHHe
HABYAHHS, 12POGI C8IMU, WUMYYHUL IHMeIeKM.

AxkTtyanbHicTb TeMu. [lITyunnii intenext (L) Ta mammHHe HaBYaHHS CTaIH
KJIIOYOBUMHU HaNpsMaMy PO3BUTKY ITM(POBUX TEXHOJIOTIN, IO KapAUHAILHO
3MIHIOIOTH Pi3HI raiy3i, 30KkpemMa i po3poOKy Bijeoirop. BukopucranHs airoputMis
reHepairii, Takux SK MmymMoBi (yHKIil, dpakTaapHi anropuTMu Ta Tpadosi
CTPYKTYPH, BKE€ TPUBAJIUN Yac € CTaHIapToOM y po3po0iii irop. IIpore, 3 mosisoro 1111
Ta MAalIMHHOTO HABYaHHS 3’ SBWJIACS MOKJIMBICTH IMIJHSTH 1M MPOIEC HA HOBUU
piBEHb, POONSYM HOro 3HAYHO THYYKIIIMM, aJanNTUBHIIIUM 1 3AaTHUM [0
CaMOHAaBYaHHS Ha OCHOBI BEJIUKOI KUIBKOCTI BXIIHUX JaHUX.

®opmyawoBaHHs MeTu myoOJikanii. Meroro poboTH € AOCTIHKEHHS

MO>KJIMBOCTEN BUKOPHUCTAHHS HEUPOHHUX MEPEXK Yy MPOLEAYPHIN reHepailii irpoBux
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CBITIB, @ TaKOX aHaJI3 Cy4YaCHMX TEXHOJIOTIH, IO CHPUSIOTH PO3BUTKY IIHOTO
1IX0Y.

BuxJjiaa ocHOBHOro MaTepiajy 10caiTKeHHs. 3 KOXKHUM POKOM TEXHOJIOT11
BCce OUIBINIE MPOHUKAIOTH Yy PI3HI ACMEKTH HAIIOTO YKUTTS, 3MIHIOIOYH MIIXOIU 10
CTBOPEHHS TMpPOAYKTIB 1 mocuyr. IrpoBa iHaycTpiss He € BuHATKOM. I
PEBOIIOIIOHI3YE ITPOBY 1HAYCTPiIO, 3MIHIOIOUH CITOCIO pO3pOOKH Ta BUKOPUCTAHHS
irop. OCKUTBKM KOHTEHT, CTBOpeHu# 3a goromororo 11, cTae Bce OinbIn ckIaaamM,
IrpU J1OCATAlOTh HOBHMX BHCOT 3aHYpPEHHS Ta TepcoHaiizaiii. 3a MpOrHO3amH,
ceitoBuid puHok LI y Bigeoirpax CTpIMKO 3pOCTE€, a EKCHEPTH MPOTHO3YIOTh
npurojoMiiuBe 3poctanHs A0 438,9 minbitoniB nonapis CLIA mo 2027 poky npu
CepEeIHLOPIYHOMY TeMIli 3pocTaHHs Ha 27%. BimoOpaxeni pmani (puc. 1)
JEMOHCTPYIOTh MOXJIMBI 3MIiHM B TONHTI Ha pi3HI kaHpu 10 2032 poky,
BpaxoBytouu BripoBapkeHHs I B mporiec po3poOku.

3aBasaxku LI cTBOprOrOTHCS BCe OUNBII 1HHOBAIIMHI ITPH, SKI TPOMOHYIOTh

Adventure Fuzzle Simulation Role playing

Puc. 1. Ilpoeno3sysanns pozsumky eioeoicp 3a oonomozoro LI

TpaBIsIM HOBHM pIBEHb 3aHypeHHS Ta mepcoHamizamii. OpHiero 3 HaWOLIBII
e(eKTUBHUX 1HHOBAI[I{ € 3aCTOCYBaHHS MPOLEAYPHUX METOIB reHepallii KOHTEHTY,
0 JIO3BOJISE PO3POOHMKAM IIBHJIKO CTBOPIOBATH BeEJIMUYE3HI, Oarari Ha jaeTaii
irpoBi cBiTu. Lle 3HaYHO CIpOIIy€e Ta MPUIIBHAIIYE TPOIEC PO3POOKH, JO3BOJISIOUH
¢doKycyBaTHCS Ha BAXXJIMBUX aclIeKTaX FeHMILICIO Ta B3aEMO/IIT 3 KOPUCTYyBaUYECM.
[Iponenypra reHepaiiisi KOHTeHTY 3a gomnomororo I kapauHanpHO 3MiHIOE
npaBuiia rpu sl po3poOHuKiB [3]. LI TeXHOJOTII J03BOISAIOTH CTBOPIOBATH CBITH,
SKI HE TUIBKU BUIJISJAIOTH IMPABAOINOAIOHO, aje ¥ BOJIOJIIOTH BHCOKHM PIBHEM

aIaITUBHOCTI Ta 1HTEPaKTUBHOCTI. OCHOBHI MiIXOI1 O BUKOPUCTAHHS HEHPOHHUX
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MEpeX y TPOILETypHIM TeHepallii irpOBUX CBITIB MOXKHA PO3MIISIATA Yepe3 KUTbKa
KJIFOUOBHUX TEXHOJIOT1M, KOXHA 3 SAKUX Ma€ CBOi MepeBard B KOHTEKCTI CTBOPEHHSI
CKJIaHUX 1rpoBUX NpocTopiB. Cepea HANOUIBII MEPCIIEKTUBHUX TEXHOJIOTIH MOXKHA
BHUJIUTUTH KUTbKAa OCHOBHHX: TeHepaTHBHO-3MarajibHi Mepexi (GAN) m03BOJISIOTH
CTBOPIOBATH pPEANICTHYHI TEKCTYpU Ta JiaHamadTd, aBTOKOAEpU 3a0e3MedyloTh
TeHepalliio piBHIB Ha OCHOBI MOMEPEAHIX CTPYKTYp [1], a peKypeHTHI HelipoMepexi
(RNN) [2] Ta Tparchopmepu [5] MOKyTh (popMyBaTH aganTUBHI CIIEHAPII.

VY Mexax JocliKeHHs OyJio peani3oBaHO MOJeNb HEMPOHHOI Mepexi s
MPOIIEIYPHOI TeHeparlii iIrpoBUX CBiTiB Ha OocHOBI myMmy Ilepmina. OcHoBHA imes
noJisirajia y BUKOPUCTaHHI 1IbOTO TUITY IIYMY sIK 6a30BOr0 Ha0Opy BX1IHUX JaHUX,
Ha SKUX HaBYaJlacs HeHpoMepeska, a MOTiM BUKOPUCTOBYBaJla OTPUMAaH1 3HAHHS IS
CTBOpEHHS HOBUX KapT. [1i1 yac ekcriepuMeHTiB OyJI0 MPOBENCHO CEPi0 HABYAHb 13
PI3HOIO KUIBKICTIO ITepaiiid. BusBIeHO, 10 TMicig TEBHOTO YHCIa €moxX
HelipoMepeka modaiga (GopMyBaTH KapTH, SKi 30epirajd KIIOYOBI OCOOIHBOCTI
MOYATKOBHX 3Pa3KiB, aji¢ BOJAHOYAC MaJld HOBI YHIKaJIbHI Bapialiii (puc. 2).

le cBiquUTH TPO 3AATHICTH HEMpPOMEPEXKI HE JUINEe KOIMIIOBAaTH HaJaHl
MPUKIAAH, a ¥ y3arajlbHIOBaTH 1H()OpMaIit0, CTBOPIOIOYH HOBUI KOHTEHT HAa OCHOBI

¥ Display1 = FullHD

LWYM NEPNIHA -

3rEHEPYBATW CEIT

O4YHUCTUTH CBIT
OYUCTHTH OB'EKTH

Puc. 2. 3acmocyHnok 0ns npoyedypHoi eenepayii 3a donomozoio LI
HaBYaJIbHUX daHuX. KpiM Toro, mporpec y MHpoleAypHIM TeHepallii KOHTEHTY 3

BukopucTanHsaMm Il mae MOXIMBICTH PO3POOHUKAM 30CEPEAUTUCS Ha OLIbII
BAXXJIMBUX AaCIEKTaxX Irop, TaKUX SK PO3BUTOK CIOKETHHUX JIHIN, BIOCKOHAJICHHS

redMIUIeHHUX MEXaHI1K a00 MiBUILCHHS PIBHS €MOIIHHO1 3AJTy4E€HOCT] TPABIIIB.
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Bucnosku. 11l Bineoirop € pymriitHOI CHIJIOIO €BOJIOLIL IrpOBOi 1HAYCTPIi.
Bin Mae moteHItian 3MiHUTH T€, SIK JIFOAU CTBOPIOIOTH, IPalOTh 1 BIIUYBaIOTh ITPH,
BIJIKpUBAIOYM HOBY €py IHHOBAIlid 1 3aHypeHHS. Y MailOyTHROMY MH MOXEMO
OYIKYBaTH TiMeppeaTiCTUYHE ITPOBE CEPEIOBHINE, MPOIETYPHO 3TCHEPOBaHI CBITH,
7€ KOXEH eJeMeHT Oyjae MaKCUMajbHO aJalTOBaHWM T 1HJAUBIIyaJIbHI
BIIOI00AHHSI TPaBIIs, 1110 3a0€3MEUNTh HOBUN PIBEHb PEAICTUYHOCTI 1 3aXOIUICHHS.
Taxi 3MiHH MOXYTb CTBOPUTH HOBI MOXKIIUBOCTI /71l PO3POOHHUKIB Ta KOPUCTYBAUiB,
BIIKPUBAIOYM III€ IIUPIII TOPU3OHTU JUIi PO3BUTKY TeWMIHTY B HACTYIIHI
JNECATHIITTS.

CITMCOK BUKOPUCTAHUX IXKEPEJI:
1. Foster D.Generative Deep Learning. 2nd edition. O'Reilly Media, 2023 453 p.
2. Jones A. M. Mastering game development with Python. Practical Al for game
developers: Design intelligent games with Python. 2024. 105 p.

3. Millington I. Al for games. 3rd edition. CRC Press, 2019. 1030 p.
4. Mitchell A. Al and ML in game development in 2024. URL.: https:/nandbox.com/ai-

and-ml-in-game-development-in-2024 (date of access: 05.04.2025).
5. Prince S.J.D. Understanding Deep Learning. Cambridge: The MIT Press, 2023.
544 p.

Mukosaa MO3OJIIOK
3000y8au 6uwyoi ocgimu 0py2020 (Ma2icmepcbko2o) pieHs
1 poxy naeuanmus cneyianonocmi 122 Komn tomepni nayKku
Hayxkosuii kepiBauk: Terana IIMJIUITIOK
KaHouoam Qhizuxo-mamemamudrux HayK, OOyeHm
WHITE LABEL-PIIIEHHSA B EJJEKTPOHHINA KOMEPIIII:
TEXHOJIOI'TI TA HEPCHEKTHUBHU PO3BUTKY
Te3u npucesaueHo O00CHIONCEHHIO MEXHON02IU PO3POOKU MA 6NPOBAOIHCEHHS
white label-piwens y cpepi erexkmponnoi komepyii. YV pobomi poszensoaromscs
nepesazu GUKOPUCMAHHS 20MOBUX NAAMPOPM O 3anyCKy IHMepHem-Maca3uHis,

MEeXHONO2IUHI AcneKmu ix po3poOKU 3 BUKOPUCMAHHAM CYYACHUX 6eOMEXHON02il
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(MEAN-cmex, mixpocepeicua apximexkmypa, Docker-konmeiinepusayis, REST API)
ma nepcnexmusu noOAIbUL020 PO3GUMKY.

Kniouosi cnosa: enekmponna komepyis, white label-piwenus, inmeprnem-
maeazun, MEAN-cmek, kacmomizayis, Saas.

AKTYaJIbHICTh TeMH. Y Cy4aCHHUX yMOBaX CTPIMKOIO PO3BHUTKY HUGPOBOI
C€KOHOMIKM €JeKTpPOHHa KOMEpIis BHUCTYNA€ OJHUM 13 HaWJUHAMIYHIIIUX
HanpsiMkiB. [loTpe6a omepaTMBHOTO BXOMy Ha PHHOK CIPUYMHEHA BHCOKOIO
KOHKYPEHI[I€I0, IIBUJKUM PO3BUTKOM TEXHOJOTIH Ta 3pOCTaHHSM BHUMOT
cnokuBauiB. CTBOpPEHHSI BJIACHOTO IHTEPHET-MarasvHy 3 HyJs 4acTO € HaJTo
BUTpPATHUM SIK 3 TOYKH 30py yacy, Tak 1 piHaHcoBux pecypciB. Came Tomy white
label-pimenHs, sk TOTOBI TEXHONOTiIYHI TUIATGOPMH, CTAIOTh HAA3BHYANHO
aKTyalbHUMHU. BOHHM J03BONSIOTH MIANPHUEMISIM 30CEPEAUTUCH HA PO3BUTKY
OpeHly, MapKETUHTOBHUX CTPATErisiX Ta 3allyd4eHHI KJI€HTIB, 3QJIUIIAI0YN TEXHIYHY
CKJIaZIOBY TOTOBUM mpoaykram. Kpim Toro, B yMoBax HLH(poBOi TpaHchopmarii
Majoro Ta CepeAHboro Oi3Hecy B VYKpaiHl 3aCTOCYBaHHsS TOTOBUX PIIICHb
JI0TIOMArae IBHIIIE aanTyBaTUCS 10 PUHKOBUX 3MiH [2].

Meta myOJikamii. MeTow IOCTIKEHHS € aHalll3 TEXHOJOTTYHUX aCTEKTIB
po3poOku Ta BrpoBamkeHHs white label-pimeHs B eeKTpoHHIN KOMEPIIii, a TaKOK
OILliHKa iX e(ekTuBHOCTI i Oi3Hecy. OCHOBHA yBara HpPUILISETHCS MPAKTUUHIN
peanizaiiii KacTOMi30BaHOi TIaTGOpMU JIS 1HTEpHET-Mara3MHiB Ha OCHOBI
Cy4aCHOTO TEXHOJIOTTYHOro cTeka, 3okpema MEAN-cteky Ta MIKpOCEpBICHOT
apxitekTypu. JocnipkeHHsT Mae Ha MeTi cOpMyYBaTU MIATPYHTS ISl OJAJIBIIOTO
BIIPOBA/KCHHsST SaaS-pimieHb y cdepi eNeKTPOHHOT KOMeEpIlii, 10 J03BOJISTH
CKOPOTUTHU BUTPATH Ha PO3POOKY Ta MPUCKOPHUTH 3aMTyCK OHJIAWH-CEPBICIB.

Bukiaa ocHoBHoro marepiaiy pocaimxkennsi. White label-murardopma mst
€JIEKTPOHHOI KOMEpLlii, 1110 03BOJIIE CTBOPIOBATU Ta KEPyBATH 1HAUBIAYaTbHUMHU
IHTEpHET-Mara3uHaMu, po3poOJIIe€ThCA Y MeXaX TUIUIOMHOTO MpOoeKTy. OCHOBHI
TEXHOJIOT1YH1 PillIeHHs 0a3yI0ThCS HA TAKUX TMPUHITUIIAX:

1. IImatdhopma mae Oyt moOymoBaHa 3a TPHUHIIMIIAMH MIKPOCEPBICHOT
apXiTEeKTypH, IO JIO3BOJIMJIb MOJIYJIBHO PO3IIIUTH (DYHKIIOHAJIBHICTh. Takuit

MiaXig 3a0e3MeunTh JIETKY MAacIITa0OBaHICTh, HE3AJICKHE OHOBJICHHS OKPEMHUX
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KOMIIOHEHTIB 1 CHPOCTUTH IHTETpaliio 3 IHIIMMH CHCTEMaMHU. 3acTOCYBaHHS
Docker-xonTteiinepiB J03BOJIMTh 130JI0BATH KOXKEH CEPBIC, 1[0 3HAYHO ITiJIBHIIUTH
cTallIpHICTh poOOTH mIaThopmu [3, ¢. 78—80].

2. nsa po3poOku BukopuctoByeTbcsi MEAN-cTek, 1o cKiagaeTscs 3
MongoDB, Express.js, Angular Ta Node.js. Lleit crek 3abe3neuye eauHANA MAX11 10
pPO3pOOKH SIK CEpBEPHOI, TaK 1 KIIEHTCHKOI YaCTHH MOAaTKy. Taka IHTerparis
CHpHUs€ 3MEHIICHHIO 00CATy KOy, CIPOIIy€E MIATPUMKY Ta BIIPOBAKEHHS HOBHUX
¢yukuin. REST API, peanizoBanuii B pamkax I1atr@opMu, CHOpUs€ 3py4yHId
iHTerpauii 3 CRM-cucremamu, MiiaTi>KHUMH CEpBICAMH Ta MapKeTIuiecaMu [4].

3. Po3pobnena mmarpopma Mae OyTu 0a30BUM BapiaHTOM I 3aIyCKy
IHTepHET-Mara3uHiB, aj€ Ma€ BEJMKUW MOTEHINaN Jyis po3iupeHHs. [lnanyerbes
IHTerpamisi MOJIYJIB IITYYHOTO 1HTENEKTY [ NEepCOHa3alli MpOIO3HUIIii,
aBTOMATHU3allli JIOTICTUYHUX TMPOIECIB Ta BIPOBAIKECHHS MEPEJOBUX aHATITUIHUX
IHCTPYMEHTIB Il MOHITOPUHTY npoAaxiB. L1 JOMOBHEHHS O3BOJATH HE JIUIIE
HIIBUIIUTH €()EKTUBHICTh POOOTH CUCTEMH, ajie W 3MIMHUTH il MO3HUIIII0 HA PUHKY
K KOHKYPEHTOCHPOMOYXKHOTO SaaS-MpoAYKTY.

OcHoOBHI (GyHKIIIT CHCTEMH BKJIFOYAIOTh:

— MOKJIMBICTh HAJIAIITYBATH U3ailH MarasuHy 3TiJIHO 3 BUMOTaMu OpeH/y;

— 1HCTPYMEHTH JJIsl YIIPaBJIiHHS TOBapaMH, 3aMOBJICHHSIMHU Ta aHATITHKOIO;

— aBTOMAaTHYHE OHOBJICHHS] aCOPTUMEHTY Ta 00pOOKa 3aMOBJIEHb;

— BukopuctanHs CI/CD gnst peryiaspHOro OHOBJEHHS 3aCTOCYHKY Ta

3a0€e3Me4eHHs] BUCOKOT IOCTYIHOCTI CEPBICY;

— 3a0e3neueHHs1 O€3MEeKM KOPUCTYBAaLbKMX JaHUX Ta I1ITBEPAKEHHS

JOCTYILY.

BucnoBku. White label-pimmennst B enextponHiii komepilii € epeKTHBHUM
THCTPYMEHTOM JIJIs1 IBUJIKOTO BXO/KEHHS HA PUHOK MPY MIHIMAIBHUX BUTPATaX Ha
po3poOKy. PeanizoBana mmiargopMa AEMOHCTPYE, W10 TOEIHAHHS CY4YaCHUX
texnonorii  (MEAN-ctek, MikpocepBicHa  apxiTeKTypa, KOHTEWHEpH3allis)
3a0e3MeynTh CTBOPEHHS THYYKHMX Ta MacmraboBaHux cucreM. Otpumani
pe3ynbTaTH CBIIYATh MPO MOKIJIMBICTH BIPOBAIKEHHS TaKUX PIIIEHb Y HIMPOKOMY

CHEeKTpi Oi3HEC-CErMEHTIB, IO CIPUATUME MOAANBIITN HU(POBi3alii TOProBeIbHUX
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npoueciB. [lepcneKTUBHUM HaMpsIMKOM PO3BUTKY € 1HTErpamis J10JaTKOBHUX
MOJIYJIIB, IIIO JIO3BOJIATH PO3MMPUTH (QYHKIIIOHATIBHICTH IJIaTGOPMHU Ta alanTyBaTH
il 10 3pOoCTalO4YuX BUMOT pUHKY [1; 4].
CITMCOK BUKOPUCTAHUX JIXKEPEJI:
1. Forbes. The Benefits Of White Label Solutions For Business. URL:

https://www.forbes.com/councils/forbestechcouncil/2024/12/18/understandin

g-embedded-finance-and-the-growth-of-white-label-neobanking/.

2. MinictepcerBo udpoBoi Tpancopmartii Yipainu. L{udposa Tpancopmarris

MCB. URL: https://thedigital.gov.ua/projects.

3. Burnham A. Microservices Architecture. O’Reilly Media, 2021. 240 c.

4. White-Label Software: Types, Examples, and Implementation. URL.:

https://solutionshub.epam.com/blog/post/white-label-software.

Ouaexcanap MPAUKOBCBKUI
3000y6a4 uwyoi oceimu neputoco (6akaiaspcvKo20) pigHs.
3 poky nasuanus cneyianvnocmi 122 Komn romephi nayku
Hayxkouii kepiBHuk: Borogumup ®E/IOPUYK
OOKMOp MeXHIUHUX HAYK, npogecop
PO3POBKA THOOPMAIIMHOI CUCTEMU Y BUTJISIJII WEB-
PECYPCY TA MOBIJIBHOTI'O JOJATKY IJIs1 HAJIAHHS CEPBICIB
AOTJIA Y 3A JOMAIIHIMUA TBAPUHAMU
V' cyuwacnux ymosax 3pocmaroyoi nonyaapHocmi OOMAWHIX mMeapux ma
PO3UIUPEHHS. CHeKMPY NOCTY2 3 00210y 34 HUMU BUHUKAE HEOOXIOHICMb Y 3PYYHUX
yugposux iHcmpymeHmax O0as 6IACHUKI6 I npoghecionanie eanysi. Po3pobka
iHhopmayitinoi cucmemu y 6u2nadi web-pecypcy ma mobinbHO20 000amKy OJisl
HAO0auHsl cepeicie 002140y 3a OOMAWHIMU MEAPUHAMU 00380IUMb YEHMPANIZ308AHO
Kepyeamu IHGopMayieo npo meapud, iXHE 300p08's, eemepuHapHi KIIHIKU ma
cepsicu. Tpaouyitini memoou 8edeHHs 00NIKY 4acmo He3pYUHi ma HeedheKmueHi, wo
CMBOPIOE MpPYOHOWI 01 6IACHUKI8 meapuH i ¢axisyis. 3anpononosana cucmema
CHIPAMOBAHA HA ONMUMI3AYII0 npoyecy 30epedicerHs ma 00poOKU OaHux,

asmomamuzayiro 3anuUcy 00 8emeputapis.
54


https://www.forbes.com/councils/forbestechcouncil/2024/12/18/understanding-embedded-finance-and-the-growth-of-white-label-neobanking/
https://www.forbes.com/councils/forbestechcouncil/2024/12/18/understanding-embedded-finance-and-the-growth-of-white-label-neobanking/
https://thedigital.gov.ua/projects
https://solutionshub.epam.com/blog/post/white-label-software

Knouosi cnosa: o0oensd 3a Oomawmivu meapuHamu, asmomMamu3ayis,
iHhopmayitina cucmema.

AKTyaabHicTh TeMu. CydyacHi CEpBICH JOTJSAY 32 JTOMAIIHIMU TBapUHAMHU
MalOTh HHU3KY Mpo0iieM, TMOB'I3aHUX 13 HeedEeKTUBHUM 30epiraHHsIM JaHHX,
CKJIaJIHICTIO YIpaBIiHHS 1H(OpMALIIE€I0 MPO 370pPOB'Sl BUXOBAHIIIB Ta B3a€EMO/IIEI0
MDK BIIACHUKaMU TBAapWH 1 BETEPHUHAPHUMH KIIHIKaMH. BiICyTHICTH €IuHOI
u(ppPOBOi CUCTEMH MPU3BOIUTH 10 AyONtOBaHHS 1H(OpMAIli, BTpaTh IaHUX Ta
CKJIaJIHOIIIB y JOCTYIIl JI0 1CTOpIi 3/10pOB'sS TBapuH. ABTOMATH3allisl 1IUX MPOIECIB
J03BOJIUTH MIJBUIIUTH €PEKTUBHICTH POOOTH CEPBICIB, 3a0€3MEUUTH 3PYUHICTD IS
KOPHUCTYBAuiB Ta MOKPALTUTH SKICTh IOTIISTY 32 TBAPUHAMU.

Mera mnyOJaikaunii. Po3poOutu iH(popmaliiiHy cucteMy y BUIIsIl web-
pecypcy Ta MOOUIBHOTO JOJATKY, IO 3a0€3MEeUUTh 3pYYHUM TOCTYH 1O CEPBICIB
JOTJISIAY 3a JIOMAaIllHIMUA TBapUHAMU, CIPOILNEHHS B3a€MOJII MK BJIACHHUKAMHU Ta
BETEpPUHAPAMH.

Buk/jax 0OCHOBHOro Martepiajgy AOCHIIKeHHA. Y NPOLEC] JOCHIIKEHHS
OyJl0 CTBOpPEHO MOCHb 1HGOPMAIIMHOI CHCTEMH, IO CKIAJAETHCS 3 TaKUX
KOMIIOHEHTIB:

— Be6-mogatox (Angular) — 3a0esneuye iHTepdeiic i KOPUCTYBadyiB,
BKJIFOYAIOYH BJIACHUKIB TBAPUH, BETEPUHAPIB Ta aJIMIHICTPATOPIB CEPBICIB.

— baza ganux (MongoDB) — BUKOpUCTOBY€EThCS ISl 30€pekeHHs 1H(opMmaii
PO TBApHH, ICTOPIIO IXHIX 3aXBOPIOBaHb, JlaHI BETEPUHAPHUX KIIHIK 1
MOCITYT.

— Mo0OinpHUN T0AATOK — peasli30oBaHUM Ha OCHOBI CyYaCHUX TEXHOJOTIM s
MIBUAKOTO JOCTYIY JIO CEPBICIB 13 MOOUIBHUX MPUCTPOIB.

— OyHKIIOHAT CUCTEMHU:

— CrBopeHHs npodiTiB TOMAIIIHIX TBAPUH 13 MOMKIJIMBICTIO BHECEHHSI JIETabHOI
1H(dopMmarii.

— Benenns ictopii 310pOB's TBApUH 13 3amMcaMu IPO TPUHOMH Y BETEpUHApaA Ta
JIKyBaHHSI.

— Tlomyk BeTepuHApHUX KJIIHIK 1 CEPBICIB IOTJISIAY.

— Amnani3 Ta Bi3yasi3allis JaHUX JJIs BJIACHUKIB 1 BETEpUHAPIB.
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AHami3 T1oKazaB, IO 3ampolOHOBaHA MOJENh 3HAYHO  3MEHIIYE
aIMIHICTpaTUBHE HABaHTa)XCHHS, MIHIMI3Y€ PHU3UK BTPATH BAXKJIMBUX JAHUX Ta
M1JBUIIY€ 3pYYHICTh B3a€MO/I1i KOPUCTYBaYiB.

BucHoBku. 3amnporioHoBaHa iH(pOpMaIliiiHa CHCTeMa JO03BOJISIE CIPOCTHUTH
mporiec YIpaBiiHHA 1HQOpMAIli€0 PO JIOMAIHIX TBAapWH, aBTOMAaTU3YBaTH
B3a€MOII0 MIX BJIIACHUKAMHU Ta BETEpUHApPAMH, a TaKOX IMIJBUIIUTU SKICTb
HaJaHHS cepBiciB goryany. lIpoBeaeHe TecTyBaHHS MIATBEPIMIO €()EKTHBHICTD
po3po0IIeHOT MOJIel Ta ii epeBaru Hajl TPaaulli HHUMHA METOIaMH OOJIIKY.

[lepcniekTHBY PO3BUTKY CHUCTEMH BKJIIOYAIOTH PO3IMIMPEHHS (QYHKITIOHATY
MOO1JIBHOTO JIOJIATKY Ta BJOCKOHAJICHHS IHCTPYMEHTIB aHAJIITUKH.

CIIMCOK BUKOPUCTAHUX JI’KEPEJI:
1. Caiir mpoaykry Angular. URL: https://angular.dev/

2. Caiit mpoaykty MongoDB. URL: https://www.mongodb.com/

3. Caiit mpoaykty Node.js. URL: https://nodejs.org/en

4. Caiit npoaykry waw Framework. URL: https://wawjs.wiki/#
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1 poky nasuanus cneyianvnocmi 122 Komn rtomepui nayku

HayxkoBunii kepiBauk: Terana IIMJIUITIOK

KaHouoam ¢hizuxo-mamemamuyrux HayK, OOyeHm

JIMTHAMIKA TA EBOJIIOIIS COLIAJIBHOI MEPEXKI
YEPE3 MOJEJII 3POCTAHHSA I'PA®IB

V me3ax poszenadaromvca mooeni spocmanns epagié Ak incmpymenm O

ananizy ouHamixu ma esonoyii coyianvuux mepesic. Poskpusaromovcs ocobausocmi

mooenei Erdos—Rényi, Barabasi—Albert ma Watts—Strogatz, axi Odonomazaroms

0ocnioumu nosi8y HOBUX 38 53Ki6, (QopMysaHHs Xabié ma pPoO3N0BCHOONCEHHS

inpopmayii. Ilpoananizosano ponb KIOUOBUX BY31i6 MA CHLILHOM Y 3MiHI
CMPYKMYPU Mepedici.

Knrouoei cnosa: coyianvhi mepesici, epag, 3pocmamms, eBooYis, MOOeb

Barabasi—Albert.
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AkTyajabHicTh Temu. CowiagbHl MepeXi TMOCTIMHO  3MIHIOIOTHCA:
3’ABISIOTECS ~ HOBI  YYacCHUKH, (OPMYIOTBCS  CHUIBHOTH,  PO3BUBAIOTHCS
iHpopMarifiHi MOTOKH, 3MIHIOIOTBCS MEXaHI3MH TIOIMIMPEHHS KOHTEHTY Ta
YTBOPIOIOTHCSI HOBI B3a€MO3B’SI3KM MK KopuctyBadamu [1]. Taka amHamika
oOyMOBJI€Ha SIK COLIJIbHUMH, TaK 1 TEXHOJOTIYHMMU YUHHUKAMH, 30KpeMa
3pOCTaHHSAM KUTBKOCTI OHJAMH-TIIATPOPM, PO3BUTKOM aJTOPUTMIB PEKOMEHJALIH,
BIUTUBOM BIPYCHOTO KOHTEHTY Ta IMIOCTIHOIO TIOSIBOIO HOBHUX (YHKIUN IS
B3a€MOJIIi MK KopucTyBauamu. CTpPyKTypa COILIaJIbHOI MEPEXi 3MIHIOETHCS HE
JuIIe KUIbKICHO, Yepe3 J0/laBaHHsI HOBUX BY3JiB, alle ¥ SIKICHO — 3MIHIOETHCSI THUII
B3a€EMOJIIA, XapakTep 00 €HAHHS YYaCHHUKIB y CHUIBHOTH Ta IIBUIKICTb
PO3MOBCIOIKEHHS 1H(DOpMaIli.

Mopeni 3poctanHs rpadiB J03BOJSAIOTh MAaTEMAaTUYHO OINMCATH Il CKJIAJHI
POLECH, MOJIETIOIOUH, SIK 13 IPOCTHUX JIOKAIBHUX MPaBUJI YTBOPIOIOTHCS TI100abHI
CTPYKTYPH, XapaKTepHi U COLiaTbHUX Mepex [4]. 3a 70ImoMOror Takux MoJIescH
MOJKJIMBO MEPeN0aunTH, SIK PO3LIUPIOETHCA MEpeka 3 4acoM, sKI BY3JIH MaroTh
HaWBUIIy WMOBIPHICTh CTAaTU KIIOUOBUMHU a00 «BIUTMBOBUMMY, SIK 3MIHIOETHCS
TOTIOJIOTISI MEPEXI Ta SIK PO3BUBAETHCS ii 3B’SA3HICTh 1 CTIWKICTH 10 300iB.
JlocmiKeHHsT TaKUX 3aKOHOMIPHOCTEH € HEOOXITHUM ISl PO3YMIHHS MPUHIIUIIIB
(YHKILIOHYBaHHS CY4YaCHHUX COLIQJIBHUX CHCTEM, ONTUMI3alii 1HpOpMaLITHUX
KaMIlaHii, 00poThOM 3 Ae3iHdopMalli€l0 Ta MIJBUILCHHS SKOCTI aHaI3y BEJIHUKUX
00CAT1B JIaHUX.

Meta nyOaikanii. MeToro IOCTIDKEHHS € aHalli3 JUHAMIKH COLIAJIbHUX
MepeK Yepe3 BiIOMI MO 3poCcTaHHs rpadiB, 30KpeMa BU3HAYEHHS 0COOIMBOCTEM
iXHBOI eBOMIONIT, (OPMYBaHHS 3B’S3KIB Ta BIUIMBOBHX BYy3/diB [2]. OcoOsuBwuii
aKIEHT CTAaBUTHCS HA PO3YMIHHS TOTO, IKUM YHHOM JIOKAJIbHI TPaBHUiIa IPUETHAHHS
HOBUX YYaCHUKIB BIUIMBAIOTh Ha TIJIOOANBHY CTPYKTYPYy MEpexi, a TakoX SK
BUHUKAIOTh XapaKTepHI JJIS COLIaJIbHUX MEPEeX BIACTUBOCTI, 30Kpema
6e3MacmTabHICTh, €PEKT «MaJIOTO CBITY» Ta KilacTepu3arlis.

Bukiaa oCHOBHOIO MaTepiany J0CTiIKeHHS.

BaxnuBoro 3amauero € JTOCHIIKEHHS MPOLECIB, K MPU3BOASTH 10 IMOSBU

BY3J1B-Xa0iB, 110 CTalOTh 1H(QOPMALIHHUMHU LIEHTpaMH ab0 Tak 3BaHUMU «JI1IepamMu
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AYMOK» y comianbHuX Mepexax [3].Taki By3mu MOXKYTh MaTH BUPIIIATBHUAN BILTUB
Ha MIBHJKICTh 1 HAIPSAMOK MOIIMPEHHS 1H(QopMaIlii, pekjiaMu Yd HaBiTh (eHKOBUX
HOBUH. KpiM Toro, Mojeni 3poCTaHHsI MOXKYTh JJOTIOMOTI'TH HE TUIBKU B CTATUYHOMY
aHaJli31 COIladbHOI MEPEeXi, a i y MPOrHO3yBaHHI i MOJANBIIOT0 PO3BUTKY B 4aci.
Ile no3Bosie epeKTUBHO MJIAHYBAaTH cTpaTerii iHOpMaIIHHOTO BIUIUBY, BU3HAYATH
KJTFOYOB1 TOYKM JJIsl IHTEPBEHINM Ta OLIHIOBAaTH PU3HKU BTpPATH CTiMKOCTI abo
dbparMeHTairii Mepexi y pasi BiIKITIOUEHHS OKPEMUX BY3IiB.

bazoBumu € kisibka Mojieneit 3poctanHs rpadis:

— Erdds—Rényi — Moziens BUNIAAKOBOTO MpUETHAHHS, KA JEMOHCTPYE 3arajbHI
BJIACTUBOCTI BUITAJIKOBUX IpadiB.
— Barabasi—-Albert — moxens npedepeHIIHHOIO TpUETHAHHS, IO TOSCHIOE
BUHHKHEHHS BIUIMBOBHX BY3J11B-Xa01B.
— Wiatts-Strogatz — wmogenp, MmO JEMOHCTPYE €QEeKT «Maloro CBITYY,
OpUTaMaHHUI 0araTbOM COLIIAJIbHUM MepexkKam.
BuxopuctoByrouu 111 Mojieli, MOKHA 3MOJIETTIOBATH:
1)  ¢dopmyBaHHS HOBHX 3B’SI3KiB Y MEPEXKi;
2)  ToeTarHe 3pOCTaHHS YHCia BY3IiB;
3) nuHamiky opMyBaHHS CHUIBHOT Ta OOMiHY 1H(OpPMAIIIETO.

IIpakTuuHe 3actocyBaHHsl. J[ns MoIETIOBaHHS 3POCTAHHS COIIATIBHOI
Mepexi 3actocoBaHo Mojenb Barabasi—Albert. Ha mnodatkoBomy etami rpad
CKJIaaBcs 3 S5 BY3JIB. 3TJIHO 3 MPUHLUUIOM NpePepeHLIHOro MpUETHAHHS,
WMOBIPHICTh TOTO, 10 HOBUW By30J Oyjae MpUEIHAHUN O ICHYIOYOTO By3ia 1,
IPOMOPLIITHO WOTO CTENEHI:

P(k_i) = \frac{k_i}{\sum_j k_j},
ne: P(k 1) — iMOBIpHICTbh NpUEIHAHHS 10 By37a 1; K 1 — KUIBKICTh 3’€IHAaHb By3Ja 1;
\sum_j K_j — cyma Bcix 3’eqHanb y rpadi.

VY pesynbrari cumynsamii gogaHo 100 HOBuX By3miB. Cmoctepiranocs
dbopMyBaHHS CTPYKTYpU 3 By3JIaMu-Xxabamu, SKi OTPUMYBAIM OUTBIIICTH HOBUX
3B’s3KiB. Lle BimoOpaskae peanbHy MOBEAIHKY COIIAIbHUX MEPEX, A€ TMOMYyJsIpHI
npodimi  3ay4aroTh OUTbIIE MIAMUCHUKIB 3aBISKH CBOiM aKTUBHOCTI Ta

aBTOPUTETHOCTI.

58



BucnoBku. Mogeni 3poctans rpadiB € epeKTUBHUM 3aCO00M ISl OMUCY
€BOJIIONIT COIllaJIbHUX MepeX. BOHM [03BOJISIOTH BUSIBISATH BIUIMBOBI BY3IIH,
IIPOTHO3YBAaTH CTPYKTYPHI 3MIHU Ta JOCTIKYBaTH Ipoliec popMyBaHHS 3B’SI3KIB y
nuHaMii. [Toganpine moCiiKEHHS MOXKIIMBE B HAMPSMKY TIOE€THAHHS X MOJIEIICH
3 METOJJaMU MAllIMHHOTO HaBYaHHS JJIs MOOY/I0BU aJIallTUBHUX MPOTHO31B.

CITMCOK BUKOPUCTAHUX JIXKEPEJI:
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rpadiB s aHami3y COIIAbHUX MepexX. TeopeTuyHl Ta MpaKkTU4HI
nocHiKeHHs: Motoux BueHux. Xapkis: HTY "XTII", 2021. C. 46-47.
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KOniana HEKPACOBA
3000y8ay UWOI OCBIMU nepuio2o (baxkaraspcbkozo) piets
1 poky nasuanus cneyianonocmi 122 Komn romepni nayku
Haykosuii kepiBauk: Tersina IIMJIUITFOK
Kanouoam ¢hizuxo-mamemamudHux Hayx, OOyeHm
OLIHKA IMMPOAYKTUBHOCTI, BE3IIEKU TA 3ACTOCYBAHHSA
MOB ITPOI'PAMYBAHHS PYTHON, C++ TA RUST
Te3u npuceaueHo nopieHANbHOMY aHali3y M08 npozpamyeants Python, C++
ma Rust. /locniooicenns oxonntoe Kaovosi napamempu. npooyKmusHicmo, 6e3nexy,
nonyusipHicms ma cgpepu 3acmocysants yux mog y 2025 poyi.
Knrwouosi  cnosa: ananiz, moeu npoepamysauns, Python, C++, Rust,
NPOOYKMUBHICMb, Oe3neKa, NONYIAPHICMb, cghepu 3aCmocy8anHsL.
AKTyaJabHicTh TeMH. Bubip MOBHU mporpaMmyBaHHS € BaXKJIMBUM €TalloOM Y

po3po0Ili MpOrpaMHOTO 3a0€3MEUeHHS, OCKIIbKM BIH BU3HAYA€ TPOAYKTHBHICTB,
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Oe3mneky Ta eexTuBHICTh MPO€EKTyY. Python, C++ Ta Rust matoTs pi3Hi 0cOOMMBOCTI
Ta 3aCTOCYBaHHSI, 110 POOUTH MOPIBHSAHHS IIUX MOB HEOOX1THUM JIJIsl BU3HAUYECHHS 1X
ONTUMAJIBHOCTI B KOHKpETHHX 3aaadax. ¥ 2025 poii, 3 ypaxyBaHHSIM 3pOCTaI0YUX
BUMOT 710 Oe3neku Ta e€()EKTUBHOCTI, 11€ MOCTI/DKEHHS € BAXJIUBUM ISl BUOOPY
HaWKpamioi MOBHM MpOrpaMyBaHHS B pi3HUX cdepax, TaKuX SK CHCTEMHE
porpaMyBaHHs, po3poOKa irop, aHaji3 JaHUX 1 MallMHHE HaBYaHHS.

Mera myOaikaunii. MeTor0o 1BOro  JOCHIDKEHHA €  TOpPIBHSAJIbHA
XapakTepucTuka MoOB mnporpamyBaHHsi Python, C++ ta Rust y 2025 poumi 3a
OCHOBHUMH IMapaMeTpaMu: MNPOAYKTUBHICTh, Oe3leka, MOMYISIPHICTb Ta cdepu
3aCTOCYBaHHS.

Buxkiaaa ocHOBHOro Marepiajy [IOCHiIKeHHsl. Y Cy4yacHOMY CBITI
1H(OpMAaLIITHUX TEXHOJIOT1 BHUOIp MOBU NMPOTpaMyBaHHS € KPUTHYHO BaKJIMBUM
1S yerixy npoekty. Python, C++ ta Rust — Tpu nmoTyxHi MOBH, KOXHA 3 SIKMX Ma€
CBOI YHIKaJbHI OCOOJIMBOCTI Ta cepu 3aCTOCYBaHHS. METOI0 1[bOTO JI0CIIIPKEHHS €
HNOPIBHSAHHSA LIMX MOB 3a KJIIOUOBUMHU MapaMeTpaMu: NMPOAYKTHUBHICTIO, O€3MEKOI0 Ta
obnacTsimMu Bukopuctanus y 2025 porii.

Ilpooykmuenicmo. ITIpONyKTHUBHICTH € OJHUM 13 TOJIOBHMX KPHUTEPIiB MpH
BUOOPI MOBHU MIPOTpaMyBaHHS JJI PECYPCOMICTKHX 3a]1ad.

C++ BiIOMHI CBOE€H0 BHCOKOI IIBUAKICTIO BUKOHAHHS Ta €(EKTUBHUM
BUKOPHUCTAHHAM PeCypciB. 3aBAsSKA KOMOUISLIT B MallMHHUN kon, C++ 3abe3nedye
HU3bKOPIBHEBUI KOHTPOJb HAJ amapaTHUMHU pecypcamH, II0 poOUTh HOro
171ea]IbHUM JJI1 CHCTEMHOTO ITPOrpaMyBaHHs Ta po3poOkw irop [1].

Rust mpomnonye npoayKTHBHICTh, MOpiBHAHHY 3 C++, 3a0e3meuyrouu MpH
oMy Oesreky nam'siti. Lle mocsraeThest 3aBASKHM yHIKAIbHIA MOJE BOJOJAIHHS Ta
CHUCTEMI TMEPEeBIPKU 3alo3u4eHb, 110 3arodirac 0araThboM THUIAM TMOMMJIOK ITiJT 4ac
KOMITUTSIIIII.

Xoua Python e inTepmpeToBaHoro MoBor0 1 moctrynaetbcss C++ Ta Rust y
IIBUIKOCTI BUKOHaHHs, Python 3anmummaeTrbcst MOMyISPHUM 3aBASKA TPOCTOTI
BUKOPUCTAHHS Ta IIUPOKOMY Habopy 6i6miorek. i miABUILEHHS TPOXYKTUBHOCTI
B KPUTHUYHHUX MICISIX YaCTO BHKOPHUCTOBYIOThCS O10mioreku, Hamucani Ha C abo

C++[2].
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besnexa. be3neka xony Ta ympaBiiHHS NaM'sTTIO € BaXJIMBUMH aclEKTaMu
IIpH pO3poOIll HAIIMHUX JTOATKIB.

C++ Hazmae po3poOHMKAM PYyYHUN KOHTPOJIb HAJ YIPABIIHHIM MaM'sITTIO, 110
MOJKE TTPU3BECTH JI0 TOMIJIOK, TAKMX SIK BUTOKH TIaM'sTi a00 mepenoBHeHHs Oydepa,
SIKITO HE TOTPUMYBATHCS 00EPEeKHOCTI [2].

Rust Bupimrye nmpobaemu Oe3meku mam'sTi 3a JTOMOMOTOI0 CyBOPOi CHCTEMHU
TUIIB Ta TMEPEBIPKM 3aMO3MYEHb Ha €Tari KOMMOUIAIII, 0 POOUTh MOXXIMBUM
HaIycaHHs 0€3MEeYHOro Ta BUCOKOMPOAYKTUBHOIO KoAy 0€3 HeOoOX1THOCTI B 30Mpayi
cMmitTd [3].

Python BukopucTOBy€e aBTOMaTHUHE 30MpaHHSA CMITTS, W10 CHPOILYE
VIOPABIIHHS MaM'ATTIO, aje MOXKE MPU3BECTU 10 HemnepeadauyBaHUX 3aTPUMOK Iif
yac BUKOHAaHHS nporpamu [1].

3acmocyeanns. KoxHa 3 pO3DIAHYTMX MOB Mae€ CBOi oOinacTi, ¢ BOHa
MposBIIA€ ceOe Hallkpale.

C++ mupoKOo BHUKOPUCTOBYETHCS B CHUCTEMHOMY IpPOrpaMyBaHHI, po3pooii
irop, BOyJOBaHMX CHCTEMax Ta IHIIMX OOJNAcTAX, J€ KPUTUYHO BaKIIMBA
MPOAYKTUBHICTb.

Rust naOyBae moOmMyIIpHOCTI B PO3pOOIl CUCTEMHOTO Ta MEPEKEBOTrO
nporpaMHoro  3a0e3NedyeHHs, a TakKoXXK y  CTBOPEHHI  Oe3nme4yHux  Ta
BHCOKOITPOAYKTUBHUX JTOJIATKIB.

Python — mimep y cdepax anamizy gaHuUX, MAIIMHHOTO HaBYaHHS, BeO-
pPO3pOOKK Ta aBTOMATH3AIlli 3aBASIKU MPOCTOTI CHHTAKCUCY Ta Oarariii eKocuctemi
616mioTex [4].

VY3aranbHEeHHS MOPIBHSHHS MOB MPOTpaMyBaHHs MO/IaHO Y Tadnui 1.

Ta0muns 1
[TopiBHSHHS MOB MIpOTpaMyBaHHS
Kpurepiii Python C++ Rust

Bucoka

Huspka Bucoka (KoMMiIbOBaHa,

IIponykTuBHicTH (iHTEeprpeToBaHa (KoMIibOBaHa, py4yHe | Oe3neuHe

MOBa) KEpyBaHHS IIaM ATTIO) | YIIPaBIiHHSA

mmam’sITTIO )
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Bucoka Bucoka (cucrema
Cepenns (pu3uk

besneka (aBTOMaTHYHE . ' BJIACHOCTI Ta
) BUTOKIB I1aM’AIT1)
30UpaHHS CMITTS) 3ar031U4€eHb )
Mammunhue
) Irpu, cucremne Cucremne
HaBYaHHS, aHAI3
Coepn MporpamMmyBaHHS, porpamMyBaHHS,
JlaHuX, BeO- )
3aCTOCYBAHHSA BHCOKOIPOJYKTHBHI OnokueiiH, Oe3nevne
po3podKa,
) JOIaTKU I13
aBTOMaru3aIlis
Bucoxka (craGinbHuit 3pocrae (Tomn-1 y
Monyasipuicts  y | Bucoka (Ton-1 3a minep y peiTHHry
2025 poui TIOBE) BHUCOKOIIPOAYKTUBHOMY | "ymtoOneHux MoB" 3a
IporpaMyBaHHi) Stack Overflow)

BucnoBku. BubGip mix Python, C++ Ta Rust 3anexuts Bin crnenudiku
MPOEKTY. SKII0 NOTPIOHA MAKCUMaJIbHA MMPOYKTUBHICTb 1 I€TAIIbHUI KOHTPOJIb Ha
cucTeMHUMH pecypcamu, C++ Oyne onTumanbHuM BuOOpoMm. [y 3aBnaHb, A€
BaXKJIMBE 30epeKeHHs Oe3neku maM'sTi 0e3 Koy i BUIkoaii, Rust 3abe3neuye
cyyacHi pimieHHs. Koiau TroloBHUI aKIEHT Ha MIBUAKOCTI pO3pOOKH Ta MPOCTOTI,
30KpeMa B Taly3siX aHalidy JaHUX 1 MalluHHOTO HaBuaHHsA, Python 3amuimmaerscs
HE3aMIHHUM IHCTPYMEHTOM.

CIIMCOK BUKOPUCTAHUX JKEPEJI:
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https://peerdh.com/uk/blogs/programming-insights/comparing-rust-and-python-a-

performance-perspective?
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Jmutpo ITACTYIIKOB
3000y8au euwjoi oceimu 0py2020 (Mazicmepcbko2o) pieHs
1 poky nasuanus cneyianvnocmi 122 Komn romepHi Hayku
Hayxoswuii kepiBauk: AHTOH PIJIATOB
KaHOUOam mexHivHux HayK
METO/IX TA 3ACOBU YIIPABJIIHHS ITAPKYBAHHSAM HA
OCHOBI MOBLJIbHUX TEXHOJIOI'TA

Y pobomi poszenamymo cyuacni memoou ma 3acobu  YNpaeniHHA
NAPKYBAHHAM 3 GUKOPUCMAHHAM MOOIIbHUX mexuonoeiu. Onucano nepesacu
MODIIbHO2O 000amKY OJis1 MOHIMOPUHEY MA OPOHIOBAHHS NAPKOMICYb )Y MICmax
HA0 MpaouyitiHuMu Memooamu NOULYKy NapKy8aIbHUX Micyb.

Kntouosi  cnosa: ynpaeninns — napky8amHsAM, MOOLIbHI — MEXHO02II,
MOHIMOPUH2 NAPKOMICYb, OPOHIOBAHHS, EKOHOMIS YAC) .

[IpoGyiema 3 mapKyBaHHSAM € aKTyaJIbHOIO JJIs Oaratbox MicT, 1 Kam'sHelb-
[TominbChKuii HE € BUHATKOM. Y IIEHTpalbHIA YacTHHI MiCTa, 30KpeMa MoOJIu3y
PUHKY, IIOJHS YTBOPIOIOTHCS TPAHCIOPTHI 3aTOPU 4Yepe3 HecTady AOCTYIMHHUX
napKoMiclb. BIiACYTHICTh CHCTEM MOHITOPUHTY BUIBHMX MICHb YCKIIIHIOE
NMapKyBaHHSA Ta 3MYIIy€ BOJIiB BUTpayaTH Yac HA MONIYK MICI, M0 30UIbIIyE
KUIBKICTh TMOI3I0K 1 3a0pyaHIoe TMOBITpsA. BupimenHns 1iei mpobiemu 3a
JIOIOMOTOI0  MOOUIBHOTO JIOAATKY JOMOMOXKE HE TUIBKA BOMISIM IIBUJIIIE
3HAXOJHUTH MICIIs, aJie ¥ OMTUMI3yBaTh BUKOPUCTAHHS MMaPKOMICIIb 3arajioM.

Metor TOCTIKEHHS € po3poOKa MOOITLHOTO JOATKY, SKUM 3a0€3MeUnTh
BO/IIB 1H(OpMAIli€I0 TIPO HASBHICTH BIIBHUX IMAPKOMICIIb, BAPTICTh Ta YMOBHU
NapKyBaHHA y HalOMmK4IuX jokaiisax. JlogaTok TakoX HaJlaBaTUME MOKJIMBICTh
OpOHIOBaHHS MICI 3a3/1aJI€Ti/Ib, IO CTAaHE BAXIMBUM KPOKOM JUTS TTiABUIIICHHS
3pYYHOCTI KOPUCTYBAHHS MiCHKOIO TPAHCIIOPTHOIO 1HPPACTPYKTYPOIO.

OCHOBHUMU 3aBIAHHIMM €:

1. OwmiauTtH e(QEeKTUBHICTHh BHUKOPUCTAHHS MOOIUTBHUX TEXHOJOTIH IS
YIPaBITIHHS TapKyBaHHSIM.

2. Pozpobutun METOIN iHTerpari JOJIaTKy 3 1CHYIOUOIO

1H(PaCTPYKTYPOIO MapKyBaHHS.
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3.  Hocniautu HOUUIBHICTH BIPOBAKEHHs €EKTPOHHUX MapKo-0ap’epiB
TS peanizainii GyHKINT OpOHIOBaHHS.

4. Po3pobutu ¢dyHKIIOHAT JJIs1 MOOUIBHOTO JOJATKY, SIKMM JT03BOJIUTH
nepersiiaTd  iHQOpMaIllo MNpo JOCTYMHICTH MICLb Yy peaJbHOMY Yaci Ta
CIJIa4yBaTH 3a MOCIYTH B ACKUJIbKA KIIIKIB.

Ha crorogni B OaraThbOoX MiCTaX aKTHBHO BIPOBATKYIOTHCS CHCTEMH
IHTEICKTYyaJIbHOTO MMApKyBaHHS, 10 0a3yIOThCS HAa CEHCOpax, KaMepax Ta 1HIIUX
MPUCTPOSIX JUIsI MOHITOPUHTY. Y OUIBIIIOCT] BUIAIKIB 11 PIIICHHS € JOPOTHMHU 1
NOTPEOYIOTh 3HAYHUX PECYPCIB ISl IXHHOTO BCTAHOBJIEHHS Ta 0OCIyrOBYBaHHSI.
Tomy MOOUIBHI JTOAATKH, IO MPALIOIOTh 3 1H(QOpPMAIIE€I0 MPO MAPKOMICIS Ta
JAI0Th 3MOTY OpOHIOBAaTU iX y PEXKHMI peaJbHOro 4acy, CTaloTh €KOHOMIYHO
JOITIBHIIIO aJIbTEPHATUBROIO.

3anponoHOBaHUN MOOUIBHUM JOJIATOK IJIsl YIIPABIiHHS MapKOMICIISIMU Ma€e
HU3KY IIepeBar:

1. IBuakmii goctyn a0 iHdopmamii — BOAIl MOXYTh NEPETISHYTH
JIOCTYTTHI MICIISl Ha KapTi Ta OTpUMAaTH 1H(OPMAITIIO PO KIJIBKICTh BUILHUX MICITb,
iXHIO BapTICTh Ta PO3TAIIyBaHHSI.

2. bpoHwoBaHHsS — (QYHKIIIS OPOHIOBAHHS JO3BOJISIE BOMISAM 3a3/1aJIeTiIb
pe3epByBaTU MICLISL, 3SMEHIIYIOUH WMOBIPHICTh OpaKy MapKOMiCIsl IpU NPUOYTTI.

3.  Omiara yepe3 10JaTOK — 3py4YHICTh MOOITFHUX IJIATEXKIB J]A€ 3MOTY
KOpPUCTyBauyaM CIUIaYyBaTH 3a TMapKyBaHHS B JEKUIbKAa KIIIKIB, IO 3HIMAE
HEOOXIJTHICTh ITYKaTH KOHTpPOJepa Yu mapKomar.

4. EjaexkTpoHHi mapko-06ap’epm — cucteMa OpOHIOBaHHS MOXe OyTu
JIOJIATKOBO 1HTETPOBAHA 3 €JICKTPOHHUMH Oap’epamm, siki OJIOKyBAaTUMYTh MICIIE
710 IPUOYTTA 3ape3€PBOBAHOTO aBTOMOO1IIS.

OcHOBHI nepeBaru st MiCbKOi iH()paACTPYKTYpH

1. 3MeHIIeHHS 3aTOpPiB — 3MEHILIEHHS 4Yacy, HEOOXIAHOTO Ha MOIIYK
MICIISl, JOTIOMOYKE 3HU3UTH KIJIBKICTh HEIMOTPIOHUX IEePEMIIIEeHh aBTOMOO1ITIB.

2. TlokpamieHHs €eKOJOTiYHOI CcUTyamii — 3MEHIICHHS KUIBKOCTI
MOI3/I0K HABKOJIO PaloOHIB 13 OOMEXKEHOK KIJBKICTIO MICIb JIA TapKyBaHHS

CIIpUATUMC 3HUKCHHIO BI/IKI/II[iB.
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3. ExoHomiuHa edekTuBHiCTb — MOOLTbHE pIIMIEHHS J103BOJISIE
e¢()eKTUBHO BUKOPHUCTOBYBAaTH HasiBHI pecypcu 0€3 HEOOXiTHOCTI B 3HAYHHUX
IHBECTHIIISAX Y JIOPOT1 CEHCOPHI 200 B1JICOCUCTEMHU.

MoOinpHUIT AOJATOK [N YOPaBIiHHSA MapKyBaHHSIM € e(EeKTUBHUM
THCTPYMEHTOM JIsl BUPIIIEHHS TPOOJIeMU HEeCTadl MICIb JIJIsl TapKyBaHHS. 3 HOTO
JIOTIOMOTOI0 BOJIii MAaTUMYTh 3MOTY 32011/ )KyBaTH Yac Ha MOIIYK MiCIlb, a TAKOX
KOPHUCTYBaTHCSl 3py4YHOIO (yHKIi€lo OpoHioBaHHA. lle J03BOMUTH 3HAYHO
MOKpAIIUTH OpPraHi3allil0 TPAaHCHOPTHOTO TOTOKY y MICTaX, a TaKOX 3HU3UTHU
HEraTUBHUM BIUIMB TPaHCHOPTY Ha JOBKULIA. [HTerpamis Takux pilieHb y
HEBENMKUX MicTax, Takux sk Kam’sHeub-IloginbChkuii, cTaHe MNPUKIAIOM
€()EKTUBHOIO BUKOPUCTAHHS Cy4YaCHUX TEXHOJIOT1H y MOBCIKIEHHOMY KUTTI.

CIIMCOK BUKOPUCTAHUX JIUKEPEJI:

1. Baromi miacTtaBu 1 NpUHIMON YyOpaBiaiHHSA napkyBaHHsM. URL:
[https://park4sump.eu/sites/default/files/202007/PARKASUMP_reasons 1507202
0_UA web.pdf].

2. AnnpeeB B.I. Micbke mapkyBaHHS Ta MOOUIbHI TexHOJoOrii. BicHuk
TpaHcnopTHUX Hayk. 2020. Ne 2. C. 45.

3. Kysbemenko A.O. Ontumizaiiiss BAKOPUCTAHHS MAPKOMICIbL Y MICTax.
Kypuain iHHOBauiiHuX TexHoaorii. 2019. Ne 3. C. 112.

4. TIlerpenko II.M. TexHomsorii ympaBiiHHS MICBKMM TpPaHCIIOPTOM.
XapkiB: Hayka 1 cycninbetBo, 2021. C. 73.

borpan ITPOJOJISIK,
3000y6a4 8UWOI 0c8imuU Opy2020 (MA2icmepcbKo2o) piHs
1 poxy naguanmus cneyianonocmi 122 Komn tomepni HayKku
HayxkoBuii kepiBHuk: Bikrop LLIUPBA
KaHouoam Qhizuxo-mamemamudrux HayK, OOyeHm
MMOBYAOBA IIVIAT®OPMU JJISI CTBOPEHHS KACTOMI3OBAHUX
OHJIAVIH-BI3HECIB HA CTEKY MEAN
Y pob6oTi pO3MISAAOThCS MIIXOAW A0 PO3POOKH TMiIarGopmu ISl HaJaHHS
MOCIYT 31 CTBOPEHHS KAaCTOMI30BaHMX OHJIAWH-013HECIB Ha 0a3l TEXHOJIOTIYHOIO

crecka MEAN (MongoDB, Express.js, Angular, Node.js). Onucano 0OCHOBHi
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O0COONMIMBOCTI 3aCTOCYBaHHA I[bOTO CTE€Ka sl 1HTerpamii (QyHKIIH po3poOkH,
KacToMmi3allii Ta ymnpaBiiHHS KOHTEHTOM, IO CHpPHUSE NIBUIKOMY 3alyCKy OHJIailH-
O13Hecy.

Knrwouosi  cnosa: nnarpopma, MEAN-cTek, oHIaiH-013HEC, KacToMi3allis,
BeOpO3poOKa.

Meta crarri. Onucaru MoxiuBocti miargopmu Ha MEAN 1i1s1 cTBOpeHHS
KacTOMI30BaHMX  OHJIAWH-O13HECIB,  30KpeMa  aBTOMATW3allil0  IPOILIECIB
HajamTyBaHHs  Oi3Hec-Mojelell Ta  BHOPOBAKCHHS  (PYHKIINA  yIIpaBIiHHS
KOHTCHTOM.

AHaJIi3 aKTyaJbHHUX JOCTiIKeHb, NMOCTAHOBKA NMpPoOjeMu. J[ocmikeHHS B
rany3i JavaScript-cTekiB (QOKyCyrOTbCd Ha €(EKTUBHOCTI pPOOOTH JIONATKIB,
po3lIMpeHiid iHTerpamii 3 0a3zamMu AaHuX, Takux sk MongoDB, Ta mniaBuIIeHHI
rHyukocTi Ha ocHOBI Node.js 1 Angular (Grant H., Bjornson A., Dolling J.)[1].
[Tnardopmu, mo 00’enHyroTh JavaScript-cTek st peamizailii sik O€KeHJ, Tak 1
(GpOHTEHJT KOMIIOHEHTIB, 3/IaTHI 3a0e3ledyyBaTh 3pY4YHICTb OOPOOKHU BEIUKHX
00CATiB JaHUX Ta OJJHOYACHOTO HAJAIITYBAaHHS KOPUCTYBAIIbKUX 1HTEP(DENCIB, 110 €
HaJI3BUYAHO BOKJIUBUM JJIs1 KACTOMI30BaHUX PillIeHb [2].

Buxknang ocHoBHOro Marepiany gocaimxenHs. MEAN-ctek 3abesneuye
HACKpI3HUH Mponec po3poOKHu J10AaTKa: KOKEH KOMIIOHEHT BUKOHYE CBOIO (DYHKIIIIO
B CTBOPEHHI MOBHOIIHHOTO BeO-n0aaTka. MongoDB no3Bossie 30epiratu [uHamMidH1
JaHl, 10 HEeOoOXI1aHI JJIsi KacTomizamii Oi3Hec-moxeneil.[3] Angular BimmoBimae 3a
IHTEepaKTUBHUMN 1HTep(elic 1 3a0e3neuye peakTUBHICTb, JO3BOJIIOUA KOPUCTyBadyaM
HaJallITOBYBaTH (YyHKIIOHAJIBbHI Ta BI3yaJdbHlI @apaMeTpH CalTy B peXHUMI
peansHOTO yacy[4]. Node.js BuCTynae cepenoBuIieM Jisg BUKOHAaHHs JavaScript Ha
cepBepi, IO JO3BOJISIE PO3POOHMKAM BUKOPUCTOBYBATH OJWH CTEK JJISI BChOTO
nonatka[5]. Express.js BUKOHYe posib cepBepa, 1o oOpobmsie HTTP-3amutu Ta
3a0e31euye 3B’ A30K MK KJITIEHTOM 1 cepBepoM [6].

[Tnar¢popma Ha ocHoBi MEAN 3abe3neuye MOXIUBICTh MaclITaOyBaHHS Ta
nuHaMivHOi Kactowmizamii. Hampuknan, 3aBmsku MongoDB, mokna peanizyBatu
MOKJIMBICTb 30€piraHHs JaHUX MPpo KOHDIryparlli KopucTyBadiB, MA0JIOHU CTOPIHOK

Ta 1HII HaNAIITyBaHHs qu3aiHy. Lle 103Bossie KOXKHOMY KOPUCTYBaueBl MiIaTQopMu
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CTBOPIOBAaTH BJACHI, YHIKalbHI Oi13HEC-pIIEHHS 3 BUKOPUCTAHHSM 3a3IaJIeTiah
[T ATOTOBJICHUX 11a0JIOHIB.

Buxopuctanus RESTful API na mitardopmi Express.js 3a0e3neuye KoMyHiKaIliio
MK OekeHAOM 1 (POHTEHIOM, IO JO3BOJSE TUHAMIYHO OHOBIIOBATH JaHI Ta
30epiraTd IMepCOHANIbHI HaJlallTyBaHHS KOpHCTyBadiB y MongoDB. Angular, sk
yacTMHa  (POHTEHA-CTEKa, JO3BOJSIE  IHTEPAKTHUBHO  BiloOpakaTd  3MiHU
KOH(Iryparii Ta MBHUIKO Bi3yali3yBaTH MpOIEC HAIAIITYBaHHS.

Po3poOka miardhopmu ajis HaJaHHS TOCIYT 31 CTBOPEHHS KacTOMI30BaHUX
OHJIaliH-013HECIB BKJIIOYA€ KUIbKA KIIFOYOBUX €TalliB, 5IKi 3a0€3MeYy0Th MOCTYIOBE
CTBOpPEHHS (PYHKIIOHAJIBHOI Ta IHTErpoBaHOi cucreMd. Ha MOMEHT mMiaroToBKH
CTaTTI BUKOHAHO MepuIl eTanu poOOTH, Kl cTanu (PyHAAMEHTOM JUIsl MOJAIbIION
po3poOku. bByno mnpoBeneHo aHamiz moTped UUIbOBOI ayauTopii mat(opMu.
Busznaueno ocHoBHI (yHKIIIi, HEOOX1/IHI JJi1 KOPUCTYBayiB: CTBOPEHHS BEOCAMTIB,
KacToMi3allisl Ju3aiiHy, YIpaBIiHHS KOHTEHTOM Ta IHTErpaiisi 13 30BHIIIHIMHU
cepBicaMu.

Po3pobneno  apxitektypy IuiaropMu 3 ypaxyBaHHSM — MOXJIHMBOCTEH
TexHojoriyHoro creka MEAN. OcoOnuBy yBary HpUAUIEHO MAacIITabOBaHOCTI
CUCTEMH ISl MIATPUMKU 3POCTA0Y0i KITBKOCTI KOPUCTYBAYiB 1 (DYyHKI[IOHATBHUX
monyniB. HamamroBano MongoDB sik ocHOBHy ©0a3y JnaHux st 30epiraHss
iH(popMallli Tpo KOPUCTYBauiB, iXHI MPOEKTH Ta HajamTyBaHHA. Posmouaro
CTBOPEHHsI IpOTOTUITY 1HTepdelicy /st kopucTyBadiB miatdgopmu. OCHOBHaA yBara
Oyna mpuaiieHa au3aiHy 3py4YHOi TaHeNl YMOpaBIiHHSA, SKa J03BOJSE JIETKO
CTBOPIOBATH Ta HAJAITOBYBAaTU OHJIAMH-013HecH. /s 1iboro Bukopuctano Angular,
110 3a6e3mnedye TMHAMIYHICTD 1 IHTEPAKTUBHICTD 1HTEPQEHCY.

IIpakTuuHi pe3yabTarn Ta mnepesaru. [lnmardpopma cTBOproe  eauHe
IHTEPAaKTUBHE CEPEIOBHILE, SKE J03BOJIIE KOPHCTyBayaM IIBUIKO 3MIHIOBATH
HaJallITyBaHHS CTOPIHOK, JOAAOuM (PYHKIIIOHAJIbHI MOAYINI, 30Kpema: 0OpoOKy
MJIaTeXIB, YOPABIIHHSI TOBAPHUMHU OJWHUIIMU, KIIEHTCHKY MIATPUMKY Ta
IHTerpaiio 3 coliaJbHUMU Mepexkamu. KopuctyBaui miaarGopMu MOXYTb

CTBOPIOBAaTH CaWT Ha OCHOBI JEKUIBKOX JOCTYNMHHX IMa0jgoHIB abo >k OyayBaTu
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MOBHICTIO 1HAMBIAYaJlbHI PIIIEHHS, IO POOUTH TaKy IJIATPOPMY BUTIAHOIO IS
Majioro O613HeCy, CTapTaIliB Ta 1HAUBIYaIbHUX IT1IMPHUEMIIIB.

OcHoBHi mpoOsemMun Ta Ix BuUpimeHH. OCHOBHUMH TpPyJHOUIAMU TpH
po3po0Ili TakuX TUIATHOPM € CHHXPOHI3aIlisl JaHUX Ta 3a0e3MedeHHsT CTa0lIbHOCTI
Ipu  BEJIUKIM  KIIBKOCTI  OJHOYACHUX  KopuctyBadiB. Ilmardopmu, 1o
BUKOPUCTOBYIOTh ~ TEXHOJIOTiI0  Angular,  cTukaioTbcs 3 mpoOieMamMu
MacmTaOyBaHHS, 30KpeMa TIIOBUIBHOTO 3aBAaHTAXKCHHS JIaHWX, 110 BHUMAarae
ontuMizallli. Tako BaXJIMBO 3a0e3MeunTH OE3MeKy 30epiraHHs KOPUCTYBAIlbKUX
JAHUX, OCOOJMBO Yy BUIAJKY I1HAWBIIyaJbHO HAJAIITOBAHUX CAUTIB 3
IHTErpPOBAaHUMH IJIATHKHUMHU (QYHKIIIMH. 3aCTOCYBaHHS MOJY/IIB ayTeHTUDiKaIlli Ta
apropu3anii, Takux sk JWT (JSON Web Token), nomomarae BupimmTu i
npoOiemMu, 3a0e3Meuyour HaJlHUI 3aXUCT 0COOMCTUX JaHUX KOPUCTYBadiB.

BucnoBok. PosrisiHyTi migxonu a0 nmoOynoBu miatdopmu Ha ocHoBI MEAN-
CTEKa JO3BOJISIIOTH IIBUIKO CTBOPIOBAaTH KAacTOMI30BaHI pIIICHHS JJIsi OHJIAWH-
Oi3Hecy. BusBieHo, 1m0 BukopucTaHHd TOBHOTO JavaScript-creka cropusie
MOKpPAIIEHHIO TMPOMYKTUBHOCTI, 1HTErpamii Ta MacmTaboBaHOCTI TuIaTGopmu.
3anponoHoBaHa miuaTgopmMa 3ade3nedye 3py4yHICTh ISl KIHIEBUX KOPUCTYBAYiB 1 €
BUTITHUM PIIIEHHAM JUIsl IIBHJAKOTO 3alyCcKy OHJIAiH-O13HeciB. Y mporeci
BUKOHAHHS JUIUIOMHOTO TPOEKTy OyJ0 BH3HAUY€HO OCHOBHI BHMOTH IO
¢yHKIioHany miargopmu, po3polieHo ii apXiTEeKTypy, HaJalllTOBAaHO CEPBEPHE
cepenoBuiie Ha ocHOBI Node.js 1 Express.js Ta ctBopeHo 6a3oBi API mis po6oTu 3
KOpUCTyBadyaMu 1 TpoekTamMu. KpiM TOro, CTBOPEHO MPOTOTHIT KOPHUCTYBAI[bKOTO
iHTepdeiicy 3 BukopuctaHHsMm Angular, mo 3abe3nedye 3pydHICTH pPoOOTH 3
m1aTGOpPMOIO 1 JO3BOJISIE Peai3yBaT JUHAMIYHY B3a€MOJIII0 3 KOHTCHTOM.

CIIMCOK BUKOPUCTAHUX JIPKEPEJI:

1. Grant, H., Bjornson, A., Dolling, J. Full-Stack JavaScript Development with
MEAN: MongoDB, Express, Angular]S, and Node.js. New York: McGraw-Hill
Education, 2016. 352 p.

2. Mardan, A. Learning Angular: A Hands-On Guide to Angular 2 and Angular
4. Packt Publishing, 2018. 234 p.
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3. MongoDBpDocumentation:pMongoDBplnc.,p2023.ploctynHo: https:/www.
mongodb.com/docs/

4. Angular Official Documentation. Google Inc., 2023.
HoctymHo: https://v17.angular.io/docs

5. Node.jsaDeveloperpGuides.pOpenJSpFoundation,2023.p/loctynHo: https://n
odejs.org/docs/latest/api/

6. Express.jspAPIpReference.pExpresspCommunity,p2023.pJloctymno: https://e

xpressis.com/en/4x/api.html

Makcum CAC

3000y6a4 uwyoi oceimu neputoco (6akaia8pcvbKo20) pigHs

3 poxy naguanns cneyianvrocmi 122 Komn romephi nayxu

Hayxkouii kepiBauk: Bonogumup ®E/IOPUYK

O00KMOp MEXHIUHUX HAVK, Npogecop

PO3POBKA THOOPMAIIIMHOI CUCTEMH NIATPUMKHA WEB-
PECYPCY TA MOBUIBHOT'O JOJATKY IJId KEPYBAHHSA

MMPOLHECOM JIIKYBAHHSA

V' cyuacnomy ceimi yugpposizayis meduyuru 8idicpae Kaoyo8)y poab Y

ni0BUWeHHI AKOCMI HA0aHHs MeOuyHux nociye. QOHIE 3 aKmMyailbHux npooarem €

MOHIMOPUHZ MEOUUHUX OAHUX NAYIEHMIB OJisl NOKPAUWeHHs OIA2HOCMUKU, KOHMPO.IIO

JIIKYBAHHS MA ONEPpAmusHO20 peazyeéanHs Ha Kpumuuui cumyayii. Tpaouyitini

Memoou Be0eHHsT MeOUYHUX 3anucié 4acmo € HeeeKMUSHUMU Yepe3 BeNUKY

KLIbKICMb naneposoi 0oKymeHmayii ma 8i0CymHiCmMb YeHmpanizo8aHo2o 00CMyny

0o Oanux. OcCHOBHOINO  Memol  0AH020  OOCHIONCeHHS €  CMBOPEHHS

ABMOMAmMuU306aHOI CUCMeMU aHANI3y MEeOUYHUX OAHUX, WO O00380JA€ JIKAPIM

WeUOKo ompumyeamu HeoOXiOHy IHgopmayito npo nayiewma, 8i0CmMedxCcy8amu

ICMOopi  3aX60pHO6AHL, AHANIZY8AMU MEHOEHYIl ma NPOSHO3Y8AMU MONCIUB]

yeknaouenus. Cucmema 6a3yeEmvCs HA CYUACHUX 8eO-MEXHONO0ISAX ma cepgicax Ons

3abe3neueHHs WeUuoKo20 00CMyny 00 OaHUX.

Knrouosi cnosa: meouuni oani, asmomamuzayis, MOHIMOPUHE.
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AKTYaJbHICTh TeMH. Y OUIBIIOCTI MEAWYHUX 3aKJIaliB YKpaiHU Tpolec
30epiraHHs Ta OOpOoOKM MEIWYHUX JaHUX €  HECTPYKTYpOBaHHM  Ta
dbparmentoBanuM. lle yckinanHioe 0oOMiH 1H(pOpPMAITIEI0 MIXK JIKapsSIMH, CIIOBIIBLHIOE
MPUIHATTS PIIICHb Ta MIABUIIYE PU3UK MOMHUJIOK. BUKOpHCTaHHS aBTOMaTU30BaHUX
CUCTEM aHajizy MEIUYHUX JIaHUX JO3BOJISIE TMOKPAIIUTU SKICTh JIKYBaHHS,
3a0e3MeYnTH MIBUAKHN JOCTym A0 ICTOpii XBOpoOM Ta CHPOCTHUTH BEICHHS
€JIEKTPOHHUX MEANYHHUX KAPTOK.

Meta nyo6uaikamnii. Po3poOutn aBTOMaTU30BaHy CHUCTEMY JJII MOHITOPHUHTY
MEIUYHUX JIaHUX MAIll€HTIB, sIKa JO3BOJISIE JIIKApsM IIBUAKO OTPUMYBATH 3BITH Ta
npuiiMaTi OOIPYHTOBAHI PIIICHHS.

Buxiaa ocHOBHOro martepiajny A0cC/izKeHHs. Y XO1 JOCHIIKEHHS OYyIio
PO3pO0ICHO MOJIETh ABTOMATH30BaHO1 CHCTEMU MOHITOPUHTY MEANYHUX JaHUX, IO

CKJIaJa€TbCA 3 TAKHUX KOMITOHCHTIB:

Be0-3actocyHok (Angular) — ocHOBHMIA iHTepdeiic ayigd JKapiB Ta
aJMIHICTpaIIii.
baza nmanux (MongoDB) — 30epexenns iHdopmMallii Tpo MAaIli€HTIB,

J1arHO3M, 1CTOPIIO JIKYBaHHS.
ABtoMarmzaiiis 00poOku ganux (Node.js) — peanmizaiisi ajaropuTMiB
00po6ku 1HpOpMAaITii.

DyHKIIOHAJ CUCTEMU:

* JlonaBanHs1, pefaryBaHHs Ta MEePerJisii MEIUYHUX 3aIUCIB MaIll€HTIB.

* CTBOpEHHS, pelaryBaHHs Ta yNpaBJiHHA 1HPOPMALIIE€I0 PO JIKAPHI, allTEKH
Ta JIIKapChKi 3aCO0U.

Pesynbrati TecTyBaHHS TOKa3ajiM, [0 BUKOPHCTAHHS aBTOMAaTHU30BaHOI
CUCTEMH 3HAyHO CIpoIlye OOpPOOKYy AaHMX, 3MEHIIYE KUIbKICTb TMOMHJIOK Ta
MOKpAIIy€e B3a€EMO/IIF0 MK JIIKApSMH.

KpiMm Toro, posmmupeHHss (QyHKIIOHATYy MOXE BKIIOYAaTH PO3POOKY
MOOUTBHOTO 3aCTOCYHKY JJI JIKapiB Ta MAI€HTIB, [0 CHOPOCTUTh TOCTYH [0
MEIMYHUX 3aMHCIB Ta JO3BOJUTH €(EKTUBHIIIE KOMYHIKYBAaTH Mk COOOIO.

BucHOBKH. ABTOMaTH30BaHI CUCTEMHU AHATI3Y MEIUYHUX JAHUX € KPUTUYHO

BOXJIMBUM 1HCTPYMEHTOM Yy CYYacHiil MEAHIIMHI, OCKUIBKH JO3BOJSIOTH €(PEKTUBHO
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0o0poOJIsATH Ta IHTEPIPETYBATH BEIMYE3HI OOCITH MEIUYHUX TOKA3HHWKIB. BoHUM
3HAYHO TMOKPAIYIOTh MPOLEC AIarHOCTUKH, MOHITOPUHTY CTaHy MAIlleHTIB Ta
NPUAHATTS PIIICHb, 3HWKYIOUM HMOBIPHICTH JIFOJICBKUX TOMUJIOK 1 IIJIBHIIYIOYH
TOYHICTh pe3yJibTaTiB. Y paMkax IIi€i poboTu OyJo pO3MIITHYTO MpodiIieMy
aBTOMAaTH3allli MPOIIECIB 300py, aHAMI3y Ta 30epeKCHHSI MEIUYHUX JIaHUX, a TaAKOXK
3aMpONOHOBAHO MOJACNIb 1H(POPMAIIHOI CHUCTEMH, SKa BIATOBITAE CYYaCHUM
BUMOTaM JI0 0OpOOKH TaKUX JTaHUX.

3anponoHoBaHa cuUcTeMa 3a0e3leyye ONepaTUBHUN JIOCTYN A0 MEAMYHUX
3aluCIB, JO3BOJISE WIBUJIKO MOHITOPUTH 3MIHY CTaHy TMAaIllEHTIB Ta HaJae
MEIUYHOMY TEPCOHATY I1HCTPYMEHTH [JIsi TOJIETIICHHS TMPUUHSATTSA PIIICHbD.
BaxxnuBoro nepeBaror0 € 3MEHILIEHHS aAMIHICTPAaTUBHOTO HABAHTAXKEHHSI, OCKUIBKH
aBTOMAaTHU3alllsl 0ararbox MPOLIECIB 3BUIBHSE JIIKApiB 1 MEACECTEp BlJ BUKOHAHHS
PYTUHHHX 3a]1a4, JI03BOJISIIOUH OLIBIIE YBaru NPUAUISATH 0€3M0CepEaHBO MAIlIEHTAM.

OxpIM TOro, Takl CUCTEMH CIPHUSIOTHh MIJBUIIEHHIO SIKOCTI OOCIyTrOBYBAaHHS
MAIl€HTIB, CKOPOUCHHIO Yacy Ha JIarHOCTUKY 1 JIIKYBaHHS, a TaK0X ONTHUMI3allii
MEJIMYHUX PECYPCIB.

[e nuigx q0 OB AaBTOMATH30BAaHUX Ta €EKTUBHHUX IMPOLIECIB y MEAUYHIN
cdepi, 0 CIpUITUME TTOKPAIIEHHIO SKOCTI MEIMYHOI JOTIOMOTH Ta 30€peKEHHIO
3I0POB's MAIlIEHTIB HA BCIX €Tarax JIKyBaHHS.

CIIMCOK BUKOPUCTAHUX JI’KEPEJI:

1. Caiit nponykty Angular. URL: https://angular.dev/

2. Caiit npoaykty MongoDB. URL: https://www.mongodb.com/

3. Caiit mpoaykty Node.js. URL: https://nodejs.org/
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Bagentun CEPEJ/IIOK

3000y8au euwjoi oceimu 0py2020 (Mazicmepcbko2o) pieHs

1 poxy nasuanmns cneyianvricmo 122 Komn romephi nayku

Hayxoswuii kepiBauk: Borogumup ®EIOPUYK

00KMOp MeXHIUHUX HAYK, npogecop
PO3POBKA THOOPMAIIMHOI CUCTEMM JJISI ®OTOPIKCAIIL TA
OITUCY MICBKUX IMPOBJIEM I3 ITIEPEJJAYEIO TAHUX 10 OPI'AHIB

MICHEBOI'O CAMOBPAAYBAHHSA

Y meszax eucsimneno npoyec niamysanus inghopmayiinoi cucmemu Ha OCHOBI
MODINbHO20 3ACMOCYHKY 011 ¢homoghikcayii micbkux npoodnem (NowKoONCeHHs
IHbpacmpykmypu, HeHaneHCHUti cmau O0opie, 31AMAHi JIXMapi, 3aCMi4eHHs
2POMAOCLKO20 NpOCmopy ma iH.) i3 nooanbuwioo nepeoavero OaHux 00 OpeaHie
Micyesoeo camospsOy8aHHs, A MAKONMC 3 MONCIUBICINIO KOHMPOIIO 34 VYCYHEHHAM
npobaem. Onucano oCHOBHI emanu pobomu. aHAali3 NpeoMemHoi odiacmi, aHaiz
peecmpy 3ayiKagieHux CMopiH, 8UpoONIeHHs 8UMO2 00 NPOEKMY, AHAN3 OH0HCemy
npoeKmy ma pu3uKie, NPocHO3 JHCUMMEBO20 yuxny npoekmy. Ocobaugy yeacy
npuoiieHo onmumizayii MexaHizmie 00poOKU 3As60K, WO CHPUSE NIOBUUJEHHIO
epexmuenocmi  ynpaeninnsa obcnyeosysannam. Ha nomounomy emani npoexkm
nepebysac y npoyeci po3poOKU, a NPOMINCHI pe3yIbmamu 6KA3YIomb Ha
NnepCcneKmusHicmob nioxo0y wooo CKOPOUEHHs Yacy 0OpoOKU 3anumis.

Kniouosi  cnosa: ingopmayivina cucmema, MoOOLIbHUL  3ACMOCYHOK,
Gdomodghikcayis 3 2eonpus 'sa3Kor0, OpeaHizayisi 360pOMHO20 38 S3K).

AKTyaJIbHiCTb TEeMH [IOJIATa€ B TOMY, LI0 CydacHi 1H(opmamiiHo-
KOMYHIKAIlifHI ~ TEXHOJOTIi Jal0Th 3MOTY TOJO0JIAaTH BAXJIUBY MIpoOsieMy
HEJOCTAaTHbOI ~KOMYHIKalli MK TpoOMaJsgHaMH Ta OpraHaMM MICLEBOIo
camoBpsiayBanHsa. Hampuxman, mams 300py iHbopmarlii mpo iCHyro4i Herapasau Ha
TEPUTOPIi MICIIEBOI TPOMAJAM MEPCIEKTUBHUM pPIIIEHHSM € BUKOPHUCTAHHS
MOOUTBPHOTO 3aCTOCYHKY, SKMH OW B pamMkax MmMpIioi iH(OpMaIiifHoOl cHCTeMH
HaJaBaB KopuCTyBauaM Taki (yHKIii, sk (oTrodikcarlis 3 TeoJOKaIli€r, OMHC

Hp06HCMI/I, aBTOMAaTHU4YHa BiI[HpaBKa JaHUX 10 OpFaHiB MiCHCBOFO CaMOBpPAAYBAHHA,
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CHOBIIIEHHS KOPUCTYBayiB MpO CTaryCc OOpPOOKM IXHIX 3amuTIB, 30€peKEeHHS
QHOHIMHOCTI TPOMAJISIH TOIIIO.

MeTto10 pociiazkeHHsI € po3poOka iHGOPMaLIHOT CHCTEMH 3 1HTEIrPOBAaHUM
MOOUTFHUM 3aCTOCYHKOM i ¢oTodikcanii Ta OMHCY MICBKUX MpodieM i3
nepenayeio JaHuxX 1O OPraHiB MICIIEBOTO CaMOBPSAYBAaHHS Ta 3 MOXIJIMBICTIO
KOHTPOJTIO 32 YCYHEHHSIM MPOOJIeM.

OcHoBHui 3MicT aociimxennsa. s peanizauii iHQopmaiiiftHOT cUCTeMH
OyJI0 BHPIIIEHO CTBOPUTH MOOIIBHUM 3aCTOCYHOK Ta CEPBEPHY KOMIIOHEHTY 13
HACTYITHUMH BUMOTAaMHU: MOXJIMBICTh 3aBaHTKEHHS (OTO 3 OMHCOM, 3PYUHHI Ta
IHTYITUBHUN 1HTepdeiic, TOUHEe BU3HAUEHHS T€OJIOKAIlli, BIJCTEKEHHS CTaTyCy
3BepHEHHS, AaBTOMAaTWYHA I[iepefada 3BEPHEHb O OpraHiB  MiCIIEBOTO
CaMOBPSAYBaHHS, 3a0€3M1€UEHHS 3aXUCTY JaHUX KOPUCTYBayiB.

JUig TmOOKOro aHaiizy JKUTTE3NATHOCTI MPOEKTY Ta HOro HMpOrHO30BaHOI
e(hEeKTUBHOCTI 11010 BUPIIICHHS MOCTaBIEHUX 3ajad [ 1] Oyio mpoaHaii30BaHO KOJIO
3aIliKaBJICHUX CTOpiH (Tabnuis 1), BUMOTHM 10 TpOeKTy (Tabiuus 2), OIIHKY

pu3UKiB (Tabyuig 3), a TAKOXK KUTTEBUH ITUKIT MPOEKTY (TaOIUIS 4).

Tabmur 1
Peectp 3anikaB/IeHMX CTOPIH
KonTakTHa
HaszBa Pouib Bumoru OuikyBaHHs Broime |[Kiaacudikanis
iHdopMalis
3py4HHIt 3aCTOCYHOK |
i BinmpaBka mpaBIuBuX
Ta inTepdeiic,
) (oTo 3 onucamy, a
[BukopuctanHs TOYHICTH BU3HAYCHHS [BukxopucTtoBye
KopucryBay ) TaKOX BKa3aHHs Huzpkuii
3acTOCyHKY MICIIE3HAXOPKEHHS, B 3aCTOCYHOK
) [PaBUIIEHOI
[IBUIKICTh )
~ [reomokarii
BUKOHAHHS 3aITUTIB
3aBepieHHs
o [pO3pOOKH y BKa3aHi
Komanna [CtBOpeHHs Cepentok  [diTkl ymoBH Ta ] Po3pobmsie
) repminy. Hanmcanns [Bucokuii
[po3poOku  [actocyrky  [B.B. TepMIHY BUKOHAHHS 3aCTOCYHOK
BHCOKOIPOJYKTUBHOT
0 KOAY.
Buminenus Bukopuctanus
) ) [HBecTyE
KOLITIB HA KomTiB eexTrBHO [Hamanus Bummar y )
[uBecTop o K-TIHY ) ) CepennilifkomTa y
[peanizallito Ta 3a MPU3HAYCHHSIM. [BKa3aH1 TEPMIHU
[pO3POOKY
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BusnaueHHs

) JloTpuMaHHs HanaHHS 4iTKO
) (pyHKIiOHANTY |Denopuyk _ [Hanae nopanu
KepiBHnK [HayKOBHX BUMOT Ta [c(hOpMOBaHHUX Cepennii o
Ta cTBOpeHHs |B.A. ) 151 peanizarii
(yHKLIOHAITY. 3aBIaHb.
3a1ad
Taomurg 2
Bumoru 10 npoekry
Kox BanikaBiiena Metosx
Bumora Kareropis [Ipiopurer(Kpurepiii npuiiomkun
BHMOTH CTOPOHA nepeBipku
Mo>xuBiCTB
3aBaHTa)KeHHS (HOTO Ta ) )
) HassHicTh BinnpaBku [Pyune
1 10JaBaHHS OIIUCY KopuctyBau |DyHKIioHansHa [Bucoxwuii
(boTo 3 onrcoM TeCTyBaHHS
mpoGneMu
KOpHCTyBauaMH.
HasBHiCTB
[BrzHaueHHs reoyokaii ) MOXKITMBOCTI Pyune
2 KopuctyBau [DyHkuioHansHa [Bucokuit
ABTOMAaTHYHO 200 BPYYHY. BCTAHOBJICHHS TeCTyBaHHS
reostoKarii
[Tepenaua nanux 110 )
) . ) ) /laHi 1ocTaBIAIOTEC [PydHE
3 Micbkoi paau B pexxumi  [KopuctyBau  [DyHkuionansHa [Bucokuit ] . .
10 1HIT0T MICBKOT pau{TecTyBaHHS
[peanbHOTO vacy.
Kopucrygaui
) HTYITHBHO
[HTYITUBHO 3pO3yMUINI ) ) )
4 ) Kopuctysau |HedynkrionansHalCepenHiil [po3yMitoTh Pyune
iHTepdeiic
STk BUKOPHCTOBYBATH  [TECTYBaHHS
3aCTOCYHOK
[HaanHs 3B0pOTHOTO KopuctyBau moxe
. Pyune
5 3B’SI3Ky CTOCOBHO crarycy[KopucrtyBau [PyHkuioHansHa |[BUCOKMH |[mepenisiHYTH CTaTycH
TeCTyBaHHS
3BEpHEHHS. 3BEpHEHb
/laHi KOopUcTyBaya He
[OBUHHI OyTH
3aXHCT NepCOHATBHUX ) ) )
6 ) KopucryBau |HedyHnkuionansHalBucokuii  jnoctymaumu mix yac [FOHIT TecTH
TaHNX KOPUCTYBAYiB
cripoOm ix
BUKpaIaHHs

74




Taomurs 3

PeecTp pusukin

Ko . BB
DopMyJIIOBAHHS PU3HKY ImoBipHicT
PU3HKY 3micT AxicTh
o [Tomuiku npu cpo6i  [HemoctynHicTs 10
1 [TpoGnemu i3 BiaieHNM cepBEPOM Husbka ) )
BiZNPAaBKH 3aIUTIB cucrema
) ] [Torpamsiaus nanux  [Hebesnexa iHdopmarii
2 Buroku indopmarii Husbka ) )
CTOPOHHIM 0co0am KOPHCTYBadiB
HasiBHicTb BianpaBok (oto i3 )
] [TopyuieHHs KpuminanbHa
4 3200pOHEHUMH /I IOKpPeHHs 00°ekTiB  [/lyKe BHUCOKa ) ) ]
) ] 3aKOHOZIABCTBA BiZTIOBiAJIBHICTH
(BifiCBKOBi 00’ €KTH)
o [lepeBUIIEHHS JIIMITIB
5 HenepenbadeHi 3MiHI Kypcy BaJiOT Bucoka [lepeBuILIEHHS BUTpAT )
OromkeTy iHBECTOpA

Tabmnis 4

AKuTTEBHM HUKJ NPOEKTY

o Crpox .

OCHOBHI BiXH ITPOEKTY KirouoBi pesynbratu
(mara)

®dopMyBaHHS TEXHITHOTO CdopmoBaHe TexHIYHE 3aBAaHHA i3 yciMa (QYHKIIIOHATEHUMH Ta
01.12.2024 )

3aBIaHHA He(yHKIIOHATEHIMH BUMOTaMH1

) ) [IpoananizoBaHO KOHKYpPEHTIB 200 CIOCO0IB KOMYHIKAIIT i3
Amnani3 npeaMeTHoi o061acTi 01.02.2025 ) ] ]
MICBKOIO PaJIoIo, SIKi IOCTYIIHI Ha JaHUH MOMEHT.

Po3poOka apxitekTypu Po3po0iena apxiTekrypa, HaJaHO KOMITOHEHTY Jiarpamy, Iiarpamy
01.04.2025 ]

MIPOTPaMHOTO 3a0€3MeYESHHS KJaciB Ta cxeMy 0a3u TaHnuX

Po3pobxka cepBepHOT yacTHHU Kon cepBepHOT YacTHHU 3aCTOCYHKY, SIKUI TOKPUTHH TeCTaMH Ta
01.07.2025

3aCTOCYHKY 371aTeH JIOKAIBHO PO3TOPTYBAaTHUCh.

Po3pobka KiieHTCHKOTO ) ) )
01.09.2025 | Kox kii€HTCHKOT YaCTHHHM 3aCTOCYHKY Ta BifmoBinHui .apk dai.

3aCTOCYHKY

TecTyBaHHS 3aCTOCYHKY 15.09.2025 | PesynbraTn TECTYBaHHS 3 OIIMCOM YCiX TECT KEHCIB.

3 MeTor 3a0e3lecdyeHHS

MacITabOBAHOCTI, THYYKOCTI PO3POOKH Ta

MOJIMBOCTI HE3AJIEKHOTO PO3TOPTAHHS KOMIIOHEHTIB OyJI0 0OpaHO MIKpOCEPBICHY

KIIIEHT-CEPBEPHY apXiTekTypy. JlaHuii maTepH MO3BOJISE€ PO3AUIUTH CHCTEMY Ha

130JIbOBaH1 CEpPBICH 3 YITKO BMU3HAYEHUMH 30HAMHU BIAMOBIAAIBHOCTI, 1110, Y CBOIO

4epry, CIpOIIye MiATPUMKY, PO3IIUPEHHS (PYHKIIIOHATY Ta TECTyBaHHS [2].
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VY skocTi mnatdopMu Asis po3poOKH MOOUIBHOTO 3aCTOCYHKY Oylio 0OpaHo
omeparliiny cucteMy Android dYepe3 i BHCOKY MOMYJSPHICTh CEpell JKUTEIIB
VYkpainu Ta BenuKuii BUOIp HAsBHUX IHCTPYMEHTIB AJi1 poOOTH 13 reojiokaltiero [3].

CepBepHa KOMITOHEHTA peani3yeTbes 3 Bukopuctanasm Go (Golang) — moBu
IporpamMyBaHHs, sKa 3a0e3nedye BHUCOKY MPOJYKTHUBHICTb, HU3BKE CIIOKHWBAHHS
pecypciB Ta 3pydHy napajieiabHy oOpoOKy 3amuTiB. 3aBAsSkd BOYIOBaHIN i ATPUMIII
0araTormoTOYHOCTI Ta 3PO3YMUTIN MOAYIbHINA CTpykTypi, GO € ONTUMaTbHUM
BUOOPOM JIJII MIKPOCEPBICHOTO M1IXOTY.

Jlns 30epiraHHs OCHOBHUX CTPYKTYpOBaHHMX AaHUX 00paHo PostgreSQL —
pensiiiHy 06a3y JaHMX 3 MIATPUMKOI TpaH3aKIld, CKJIQJHUX 3alldTiB Ta
MOXJIMBOCTEW MaciitadyBaHHs. BuOip nanoi b/[ no3Bonuth mBuako Ta 0€3 BTpaT
OTPUMYBATH arperoBaHi JaHl, skl HEOOX1AH1 JJIsl 3BOPOTHOTO 3B’s3Ky. Ilpore miis
OUIBIII MPOCTUX Omepalii MK cepBicaMH, BHUKOPUCTOBYIOThCS OpOKEpH
noBigomsienb Kafka Ta RabbitMQ, mo n03BoiuTh TrapaHTyBaTH ILIUIICHICTb
cuctemu [4].

BucnoBku. Ha nanuii MOMEHT 3aBEpIIIEHO aHAII3 KUTTE3JATHOCTI MPOEKTY
Ta mnpeaMeTHoi obOmnacti. Takox OyJo MNPOBENEHO MIOCHIIKEHHS Ta oOOpaHo
MIKPOCEPBICHUN KJIIEHT-CEPBEPHUM TATEPH JUIsl MPOEKTYBAHHS apXITEKTYpH, 3
METOI0 3a0e3MeyYeHHsT BUCOKOI NMPOAYKTHBHOCTI 3amuTiB. Hapasi, 1H(popmariiiina
cucteMa s ¢oTodikcauii Ta ONMUCY MICBKMX MpoOiieM mnepedyBae Ha cTail
PO3pOOKH CEepBEPHOI YACTHMHHM 3aCTOCYHKY. Y TOAajibIloMy, Oyjae pealli3oBaHO
KOPHUCTYBallbKUii iHTep(deiic mig MOOLIBHI MPUCTPOI Ta MPOBEACHO €Tall TECTYBAaHHS
JUTS T IBUIIEHHS BIAMOBOCTIMKOCTI Ta 3aXUIIEHOCTI CUCTEMHU.

CITMCOK BUKOPUCTAHUX JIXKEPEJI:

1. EnexTpoHHuii apxiB HaykoBuX Ta oOcBITHIX MarepianiB KIII im. Irops
Cikopcbkoro.  URL: https://ela.kpi.ua/server/api/core/bitstreams/7c313e5c-
5477-4be2-9806-d32e9eaceOc3/content.

2. What are Microservices? | AWS. Amazon Web Services, Inc. URL:
https://aws.amazon.com/ru/microservices/.

3. Punoxk MOO1LJIBHUX JIOJATKIB. ASOMobile. URL:
https://asomobile.net/uk/blog/rinok-mobilnih-dodatkiv-2023-zvit/.
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4. Arshad H. Choosing the Right Messaging System: Kafka, Redis, RabbitMQ,
ActiveMQ, and NATS Compared. Medium. URL.:
https://medium.com/@sheikh.hamza.arshad/choosing-the-right-messaging-

system-kafka-redis-rabbitmqg-activemqg-and-nats-compared-fa2dd385976f.

Muxaiino CIIEJIbChKHN

3000y8au Opy2020 (Ma2icmepcbKo2o) piHs 8UU0i 0ceimu
1 poky nasuannus cneyianvnocmi 122 Komn romepHi Hayku
Hayxkouii kepiBHuk: Poctucaas MOIIUK

KaHouoam neodazo2ivHux Hayk, OOYeHm

IHTEJIEKTYAJIbBHA MOJIEJIb CUCTEMUA NIATPUMKHA
INPUUHATTSA PIIIEHD JIJISI ONTUMIBAIIIL
BUPOBHHUIITBA B XJIIBOIIEKAPHI

Y Oocnioscenni  npedocmagneno  iHmenekmyanibHy —Mooeilb — CUucmemu
niompumku nputinamms piwenv (CIIIIP) ons onmumizayii 6upoOnuuux npoyecis y
xnibonexapui. Modenv 6azyemvcs HA WMYYHOMY IHmeNleKmi ma iHmezpye Oaui 3
l0T-cencopis, 306niwnix Odicepen (YiHu Ha CupoBuHy, NONUM V coyMepesCax) ma
icmopuuni OaHi Ol NPOSHO3YBAHHS ONMUMANbHUX NAPAMempie UpOOHUYMEA.
Bukopucmanna maxux memoodis, sik ARIMA, LSTM, ecenemuuni anecopummu ma
Isolation Forest, 0oszsonsc aemomamu3zyéamu aualis, 3HUSUMU GUMPAMU HA
cuposuny Ha 12% ma ckopomumu 6i0xoou eupobnuymea 3 8% 0o 3.5%.
3anpononosane pivienHs GIOPI3HAEMbCA BUCOKOI0 ONEPAMUBHICMIO (YacC pea2y8aHHs
HA 3MIHU NONUMY CKOPOYeHO 3 24 200 00 2 200) ma modcausicmio inmezpayii 3
icuyrouumu SCADA-cucmemamu.

Kniouosi cnosa. Cucmema niompumxu npuinsmms piuieHb, ONMumizayis
sUpobHUYymea, xiioonexkaphs, wmyunuti inmenexkm, loT-cencopu, ARIMA, LSTM,
eenemuuni aneopummu, Isolation Forest, SCADA, 3uusicenus eumpam.

OnTumizaliss BUpOOHMYUX TMPOIECIB y XJi0omnekapHi moTpedye BpaxyBaHHS
YUCJIEHHUX (PAKTOPIB: KOJUBAHb IOIUTY, SKOCTI CUPOBHHH, €HEProe(peKTHUBHOCTI

TOIIO. 3ampONOHOBaHA IHTENEKTyalbHA MOJEIb CHUCTEMHU MIATPUMKH MPUHHATTS
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pimens (CIIIIP) Ha OCHOBI IITYYHOTrO 1HTENEKTY J103BOJISIE aBTOMATH3yBaTH aHANTI3
mux (GakTopiB Ta TEHEpyBaTH peKOMEHAAIlli Ui MABUIIEHHS e()EeKTUBHOCTI
BUPOOHUIITBA.

CyuacHuil pUHOK XJ10OMEKapHOI MPOMHUCIOBOCTI CTHKAEThCS 3 HU3KOIO
BUKJIMKIB, SIKI POOJISITH 3allpPONOHOBAHY TEMY HaJ3BUYalHO akTyaiabHO0. OnuH 13
HaWBaXIUBIIINX — EKOHOMIYHUI (PaKTop, 110 BKIIOYAE KOJIUBAHHS IIH HA CUPOBUHY
(6oporrHo, APIXKIKI, CHEPrOHOCIT) BUMAraroTh JUHAMIYHOTO KOPUTYBAaHHSI BUTpAT;
BHCOKAa KOHKYpEHIlis 3 OOKy BEIMKHUX MEPEX Ta MaluX IMEKapeHb, II0 3MYIIYE
IIyKaTH 1HHOBALIHI CIOCOOM 3HM>KEHHSI COOIBapTOCTI; BIAXOAM BUPOOHHULTBA (10
10% npoaykiiii) uepe3 HETOUYHICTh MPOTHO3YBAHHS TOTHUTY.

Takox BeNHMKY pOJIb BIAICPAIOTH 1 TEXHOJIOTIYHI BHUKJIMKH, CEpENl SKHX
HECTaOUIBHICTh SIKOCTI CHUPOBHHM (HAlpUKIAZ, PI3HUM BMICT KJIECHKOBUHHU Yy
OopoiiHi) MoTpedye MUTTEBOTO AJanTyBaHHS PELENTYp; 3HOIICHICTh OOJaJHAHHS
Ta Moro Hee()eKTHUBHA €KCILTyaTallisl 4epe3 BIACYTHICTh MOHITOPHHIY B PEAIbHOMY
yaci; pydHE YIpaBIIHHA TMpOLECAaMU MPU3BOAUTH JO JIOACBKUX IOMUJIOK
(HampuKiIaa, NOPYLIEHHS TEMIIEPATYPHOTO PEXKUMY).

OmuuM 13 0co0MMBUX (PAKTOPIB € CoIliaibHI Ta €KOJOTIYHI TPEHAH, CHPHJ
SAKUX 3pOCTaHHS TMOMUTY Ha TIEPCOHATI30BAHY TMPOAYKIIO (OE3TIII0TEHOBY,
BEraHChKY) YCKIIQJHIO€ IUIaHyBaHHs; BukopucTaHHs [oT Tta Al y xapdosiii
MPOMUCIIOBOCTI ~ CTa€  CTaHAApTOM  (HANpUKIAJ, TMPEBEHTUBHE  TEXHIYHE
00CIIyTrOBYBaHHS); €KOJIOT1YHI BHMOTH JO 3MCHIICHHS CHEPTrOCIOXHUBAHHSI Ta
BinxoAdiB (CO, Bix meuen).

Sxi x mepeBary 3anpornoHOBAHOTO PIMICHHS:

1. OnepaTuBHICTh — aHaATI3 JIaHUX Y peaJbHOMY 4aci I03BOJISIE€ pearyBaTH Ha
3MIHHU 3a J14YEH] TOANHH.

2. ExoHOMISI pecypciB — ONITHMI3allisl PELENTYP 1 peKUMIB BUITIKAHHS 3HIDKYE
ButpaTt Ha 10-15%.

3. CkacyBaHHS «pydHOro» ¢akropa — aBTOMATH30BaHI pPEKOMEHAAII]
3MEHIIYIOTh 3aJIEKHICTh Bl KBadi(ikalii mepcoHaty.

Tomy intenektyanpbHa CIIIIP € xputuuHorwo s XJIi0OMEKapeHb, SKi

MparHyTh 3aJUINIATUCA KOHKYPEHTOCIIPOMOXXHHUMH B YMOBax JUHAMIYHOTO PUHKY,
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00OMEKEHUX PEeCypPCiB Ta 3pOCTAIOYHMX BUMOT CTIO’KHMBAYIB.

OcHOBHA M€Ta HAIIOro JAOCHIHKEHHS - 1€ PO3pO0Ka THTEIEKTyalIbHOI MOJIE1
JUISL TIPOTHO3YBAHHS ONTUMAJIBHUX MMapaMeTpiB BUPOOHMIITBA (KIJIBKICTh MIPOIYKIIII,
peKUMU BHITIKAHHS, JIOTICTHKAa) Ha OCHOBI AaHux loT-ceHcopiB Ta i1CTOPUYHHMX
JaHUX.

Ha nanuii 9ac iCHyIOTh HACTYIIHI PillICHHS:

- ERP-cuctemu (manpuknan, SAP, 1C): o6k pecypciB, ajae He IPOMOHYIOTh
POTHO3HUX AHATITUYHUX MOJIEIEH.

- CrartucTuyHl METOAM: PEerpeciiHui aHami3 i HPOTHO3YBaHHS BHTpAT,
IPOTE HE BPaXOBYIOTh HEJIHIMHI 3a71€KHOCTI.

- IIpocte mammHHe HaBYaHHS: Kiacudikaiis neekTiB NpoAyKili, ane 0e3
KOMIUIEKCHOI ONTHUMI3allii BUPOOHUIITBA.

I 1o HemomikiB MU MOXEMO BITHECTH — BIJACYTHICTH aJallTUBHOCTI JI0
JUHAMIYHUX 3MIH (HaOpUKIa, pi3Ki 3MIHU LIH Ha OOPOIIIHO).

3anponoHoBaHa HaMU apXITEKTypa MOJIEN, CKIIalaeThes 3 «Jlkeperna JaHux»
(loT-maTunku (Temreparypa Tedeil, BOJIOTICTh TiCTa) Ta 30BHIIIHI JdaHi (I[iHK Ha
CHUPOBHUHY, MOr0/ia, MOMUT y cOIMepekax). "AHamITHYHI MOAYJ1» (MPOTrHO3YBaHHS
nonuty: 4dacoBi pamu (ARIMA + LSTM); ontumizamis peunentyp: TeHETHYHI
QITOPUTMU JJIsl TIONIYKY OajaHCcy MiX COOIBapTICTIO Ta SKICTIO; <JICTEKIIis
aHomamiit»: 13onsuidiaui dic (Isolation Forest) myist BUsiBIEeHHS! BIAXWIEHb Y poOOTI
oOnmagHaHHS Ta «iHTEepdeldc peKoOMEeHJaIii»: Bidyali3allis y BUIJISNIl 3BITIB
(HampukIa, «3MEHIIUTH BUMIYKY 0aTOHIB Ha 15% y cepemy»).

EdexTuBHICTh 3ampONOHOBAHOT MOJIETI:

IMapamerp o BnpoBamxenns | Ilicast BHpoBagKeHHs
Butpatu Ha cupoBUHY - -12%
Binxonu BupoOHHUIITBA 8% 3.5%
Yac pearyBaHHS Ha 3MiHH ITOTIUTY 24 ron 2 ron

Jlo mepeBar MoHa BigHecTu: iHTerpamis 3 icHytounmu SCADA -cuctemamu

Ta MOJIMBICTh KacToMizalii mia crenudiky nexapHi (Hampukian, O0e3raioTeHOBa
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MIPOJTYKITiS).

BucHoBku. I[HTENekTyanbHa MOJEIb 3HU3WIA BUTPATH Ha CUPOBUHY Ta
Bigxoau Ha 8.5%. Ilomanpmmii po3BUTOK: MiAKIOUYeHHS HaHux 3 RFID-miTok s
B1JICT€)KEHHS JIOTICTUKH CUPOBHHH.

CIIMCOK BUKOPUCTAHUX JIDKEPEJI:

1. Wang, L. Smart Manufacturing in the Baking Industry". IEEE 10T Journal,
2022. P. 36-48.

2. Pynenko O. IITyyHuil I1HTENEKT y XapyoBi mnpomucioBocTi. Kwuis:

Bunaxomam, 2023. 124 c.

Oaexcanap CKUPJIEHKO

3000y6a4 uwyoi oceimu neputoco (6aKaiaspcvbKo20) pigHs

1 poky nasuanus cneyianonocmi 122 Komn romephi Hayku

Hayxouii kepiBauk: Mapuna MACTKOBCBKA

Kanouoam neodazo2ivHux HayK

BIIVIUB LITYYHOI'O IHTEJIEKTY HA PUHOK ITPAIII

Y Oocniosicenni  nmpoananizosano  enaugy WMY4HO20 IHMeENeKmy Ha

VKPAIHCOKULL PUHOK Npayi: GUMICHeHHS DPYMUHHUX npoghecii (upooHuymeo,

noeicmuxa) ma 3pocmanus nonumy Ha Al-gpaxieyis. Busnaueno K10408i GUKIUKU.

HeobxiOHicmb nepexeanighixayii 50% npayisnukie 0o 2030 poky, emuuHi pusuxu

aneopummie, 2n006anvHa KOHKypenyisn. Takooc Oyiu 3anponoHo8aHi pexomeHOayii

o1 adanmauii.

Kniouosi  cnoea: wmyunuii inmenekm, puHOK npayi, asmomamusayis,
mpancgopmayis 3aiuHsmocmi, nepexksaniQikayis.

AKTyadbHICTh TeMH. CTPIMKUNA PO3BUTOK TEXHOJOTIA IITYYHOTO THTEIEKTY

(IIT) 3ymoBmto€ raMOOKI CTPYKTYpHI 3MIHHM y TJIOOQIBHIN €KOHOMIIII, 30KpeMa Ha

puHKy mpaii. 3a ominkamu McKinsey Global Institute, 1o 2030 poky moxe OyTu

aBromMatu3oBaHo j0 300 MuiH poOOYMX MICIlh, IO aKTyali3ye€ MUTAHHS aaarnTarlii

npamiBHUKIB 0 HOBUX yMoB [8]. B Vkpaini mi mporecu BinOyBarOThCs HA Tii

HEJIOCTaTHbOI TOTOBHOCTI OCBITHBOI CHCTeMH Ta Oi3HECY J0 TEXHOJOTIYHUX

BUKIIMKIB, 110 MOTpe0y€e KOMIUIEKCHOTO aHaJli3y Ta CTpaTeriyHOro MjaaHyBaHHS [S].
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Mera mnyoOuaikauii. Jocmigutun Brums Il wHa crpykTypy 3aiiHATOCTI,
BU3HAYUTH KJIIOYOBI BUKJIMKH Ta MOXJIMBOCTI JJIsi YKPAiHCHKOTO PHUHKY Mpalli, a
TaKOXX PO3POOMTH PEKOMEHJaIlll I0JI0 MiHIMI3allli HeraTUBHUX HACIIAKIB
aBTOMATH3AIIii.

BukJiiag 0CHOBHOr0 MaTepiajty a0CaiIKeHHs.

Tpanrcdopmaris npodeciitaoro mauamadTy. LI mpu3BoauTh 10 BUTICHEHHS
PYTMHHUX Ta alropuTMmizoBaHux npodeciii. Hampuxman, y TpoMHUCIOBOCTI Ta
JIOTICTHIIl aBTOMAaTH3allisl 3MEHINYE IIOMMT Ha OIEpaTOpiB MaIlWH, BOJIIB
BaHTaxki1BOK [4]. OmHOYacHO 3’SBISIOTHCS HOBI Mpodecii: 1HXEHEPH MAaIIMHHOTO
HAaBYaHHS, aHATITUKUA AaHUX, KOHCYJIbTaHTH 3 eTuku I [9]. 3a nanumu CBiTOBOTO
€KOHOMIYHOTO (hopymy, 10 2025 poky 97 MIIH HOBUX POOOUYMX MiCIlb BUHUKHYTh Y
cdepax, OB’ A3aHUX 13 TEXHOJIOTIsIMU [3].

BmivB Ha ykpaiHchbkui puHOK mipaill. B Ykpaini HaillOuIbll ypa3nuBUMU €
rajy3l 3 BHCOKMM pIBHEM pYTHHU: BUPOOHHUIITBO, aJMIHICTpaTHBHA poOOTa,
norictuka [4]. IIpore po3Butok IT-cekTopy cTtBOproe momut Ha Qaxisiis 31 LI
3rigHo 3 manumu 1aTdopmu Djinni.co, KUIBKICTh BakaHCIM y cdepl MAIIMHHOTO
HaBuaHHs 3pocia Ha 40% 3a 2024 pik [5]. KintouoBow mpoOiemMoro 3ajIUIIA€ThCs
nucOaiane MIXK TTPOTIO3HINIEID OCBITHIX MPOTpaM Ta motpedbamu puHKY [8].

Bukivku a1 mpailiBHUKIB Ta pOOOTO/IaBIIIB.

— HeoOxianicte nepekBamidikamii. Jo 2030 poky 50% mnpamniBHHKIB
noTpe0yBaTUMYTh IOAATKOBOI MIATOTOBKH it poboTu 31 LI [3].

— Etnuni acnexktu. BukopucTaHHS aJrOPUTMIB JUIsl OL[IHKA TIEPCOHANY YH
MPUIHATTS PIIEHb MOTPeOye peryssiii s 3amooirands ucKpumMiHarii [5, 7].

— I'moGamizariss koHKypeHIi. Bimmamena pob6ota Ta Trir-eKoHOMiKa
30UTBIIYIOTh KOHKYPEHIIIO 3 (paxiBLSAMHU 3 IHIIUX KpaiH [7].

Pexomenmari i agamnrari.

— Pedopma ocBiTHBOI cuctemu. Brposamxenns nporpam 3 AI/ML (Artificial
Intelligence/Machine Learning) y BWIIMX HaBUaJbHUX 3aKiajax Ta MiATPUMKA
OHJIAItH-KYpCIB A Aopociux [3, 8].

— CTBOpeHHs  JepKaBHUX T@porpaMm mnepemniarotoBku. Hanpuxnan,

cyOcu0BaHI HaBYaJIbHI MIPOrpaMH JJIs MPALiBHUKIB 31 3HUKal0UuX mpodeciii [3].
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— ChiBmpatsi 3 MDKHApOJHUMH OpraHizalisiMH. Y4YacThb Yy €BPOMEHCHKUX
1HiIaTuBax 3 MUdpoBoi TpaHchopmMallii 111 0OMiHY JOCBIIOM [8].

— Po3BUTOK colliaIbHOTO 3axUCTy. BHpoBajpkeHHS NUIBL IS THUX, XTO
TUMYacOBO BTPAaTUB POOOTY uepe3 aBToMaTu3aiiio [3].

BucnoBkn. Brmup Il Ha puHOK mpaiil € JABOICTUM: 3 OJHOTO OOKy, BiH
3YMOBIIIOE 3HUKHEHHSI TpaJuLIAHUX TMpodeciid, 3 I1HIIOr0 — BIAKPUBAE HOBI
MOKJIUBOCTI ISl iHHOBamii. g YKpaiHU KPUTHYHO BaKJIMBUMHU € 1HBECTHIIII B
OCBITY, ajanTaiisi TpyJOBOrO 3aKOHOJABCTBA JI0 TEXHOJOTIYHUX 3MIH Ta
3a0€3MEeUCHHS COIIAJIbHOTO 3aXUCTY MPAIIBHUKIB. Y CIIX aJlanTailii 3ajexxaTuMe BiJ
KOHCOJIIJIallii 3yCHJIb Jiep>KaBu, O13HECY Ta OCBITHIX IHCTUTYIIIH [3, 5, 8].

CITMCOK BUKOPUCTAHUX JIXKEPEJI:
1. Azpmyk H.A. IITy4yHMil 1IHTENEKT y Mpoleci mpaml y HUPPOBiii eKOHOMILIL:

HOBI BUKJIIMKHA Ta MOXJIUBOCTI. ExoHOMmiunuii BicHMK [lonOacy, 2019. Ne3.

C. 137-145. URL: https://www.academia.edu/41491125.

2. AntonoB B. llITyynuii iHTENEKT K pyIIid TpaHCHOPMALIMHOTO PO3BUTKY
puaky  mpami. Koudepenmis  KITI, 2023. URL:  https://conf-
keip.kpi.ua/article/view/294520.

3. AntonoB B. IllTyynuii iHTENEKT AK Py TpaHCPOPMAIIMHOTO PO3BUTKY
puaky  mpani. Kondepenmis  KIII, 2023. URL:  https://conf-
keip.kpi.ua/article/view/294520.

4. BruB IITYYHOTO 1HTENIEKTY Ha pUHOK Tipaili B Ykpaini. Finway, 2024. URL:

https://finway.com.ua/yak-shtuchnyj-intelekt-zminyuye-rynok/.

5. BB mitydHOrO 1HTENEKTYy Ha pWHOK mipari B Ykpaini. CytHicts. 2024.

URL.: https://sutnist.com/blog/how-ai-affect-jobs/.

6. BrumB mtydyHoro iHTenaeKkTy Ha puHOK mpaii €Bponu Ta cBity. UP-STUDY.

2024. URL.: https://up-study.ua/uk/posts/vpliv-shtuchnogo-intelektu-na-rinok-

pratsi-evropi-ta-svitu.

7. Jlironenxo JI., HaymoB I. BriuB mTy4HOro iHTeJIeKTy Ha mepcoHan Oi3Hec-
Oprasizariii. Exonomika Ta CYCIILIIBCTBO. 2024. URL:

https://economyandsociety.in.ua/index.php/journal/article/view/4407 .
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https://economyandsociety.in.ua/index.php/journal/article/view/4407

8. Poccomaxa I.JI., Kupunenko O.M., bopuciok A.B. BmmuB mrydnoro
IHTEJIGKTY Ha PHUHOK TIpalll y CBiTi Ta B YKpaiHi 30kpema. ExoHoMika.

®inancu. [IpaBo. 2024. Ne2. URL: http://efp.in.ua/uk/journal-article/1261.

9. Sk mWITy4YHUH IHTENEKT 3MIHIOE PHHOK Ipalli: HOBI MOXJIMBOCTI Ta BUKIIUKU.

OcsgiTta.ua. 2025. URL: https://www.education.ua/blog/49313/.

Jleonin CMOTPUKOBCBKUIA
3000y8ay UWOI 0c8imMuU nepuio2o (baxkaiaspcbko2o) pieHs
3 poxy naguanns cneyianvrocmi 122 Komn tomephi nayxku
HaykoBuii kepiBauk: Mapuna MAACTKOBCBbKA
KaHouoam neoazo2iunux HayK
CTBOPEHHA JOJATKY 3ACOBAMMU FLUTTER/DART 3 IHTETPAIIIE€IO
BA3U JAHUX, CTBOPEHOI HA IIJIAT®OPMI FIREBASE
Y pobomi pozenanymo npoyec cmeopenHs MOOIIbHO2O MEOUUHO20 000AMKY 3
suxopucmanuam Flutter/Dart ma inmeepayicro 6azu danux Firebase ons 30epieanns
ma 06pobku Oanux nayieumis. Jlooamok 3abe3neuye 3pyuHUll IHCmMpymeHm OJis
3anucy uMipié WULHO20 GI00LYy Xpebma ma YNpasiinHsa IHopmayiero npo
nayienmie.
Knrouosi cnosa: Flutter, Dart, Firebase, mobinenuti 0ooamoxk, b6aza 0aHux.
AKTyaJbHiCTH TeMH. MOO1TBHI JOJAaTKU BCe OUIbIEe BXOJSATH y BCl cdepu
JIIOICHKOTO JKUTTS: TIEPEKa3U KOIITIB, 3/IHCHEHHS MOKYIOK, 3aMOBJICHHSI TOCTABKU
KI, 3aCTOCYHKHM JJisi MOOYTOBMX MpUCTPOiB Ta 1HIIL. (OCHOBOIO OLIBIIOCTI
3aCTOCYHKIB € 0a3u JaHux, SKi 30epiraroTb 1 0OpOOJSIOTH BEIMYE3HI OOCSTH
iH(popmarlii, 3a0e3neuyroun MBUAKANA JTOCTYN Ta BUCOKUU piBeHb Oe3neku. OKkpim
JOJATKIB, SIKI POOJIATH KUTTSI KOM(POPTHIIIUM Ta TPUCKOPIOIOTh BUKOHAHHS TIEBHUX
3a/1a4, € 3aCTOCYHKH MPOQECIHHOTO CIPSIMYyBaHHs. 30KpeMa € psJl 3aCTOCYHKIB JIsI
nikapiB: Praxify, My Clinic, Healow Ta iHIi, oiHaK BOHU € CKJIaJHUMU Ta HE
3aBXKIM MAarOTh MOTPIOHMU (QYHKIIIOHAN 7T OKpeMHux crerianictiB. Tomy Oymo
BUPIIIEHO CTBOPUTU JONATOK MJisi JIIKaps-pealimiTonora, SIKMWA 3amucye BUMIPU
IIMAHOTO BIJILTY XpeOTa MalieHTiB.

MeTtoro nyOaikanii € BUKJIaJ OCHOBHOTO Marepiany JOCIIKEHHS CTBOPEHHS
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noaatky 3acobamu Flutter/Dart 3 inTerpariiero 6a3u 1aHuX, CTBOPEHOT Ha miIaTdopmi
Firebase.

BukJjiaa oCHOBHOTO MaTtepiaay gociaixkenHs. [Iporpamaa yacTuHa 101aTKy
CTBOpPEHA 3a JIOMOMOTOI0 MOBHM mporpamyBaHHs Dart ta ¢peiimBopky Flutter, mo
3abe3reuye KpocIuiarpopMHICTh, a IS 30epiraHHs JaHUX Ta aBTeHTU]IKamil
KOpPHUCTYBauiB BUKOpUCTOBYeThCs Tiardopma Firebase, 3o0kpema ii cepicu Firebase
Auth (ms aBrenTHdIKaMmii kKopucTtyBadiB) Ta Cloud Firestore (6a3a ganux).

[lepen modaTkoM pO3pOOKK 3aCTOCYHKY OyJI0 CTBOpEHO 0a3y MaHUX s
MOJIMBOCTI BUKOPUCTAHHS Ha3B KOJICKIIM, JOKYMEHTIB Ta TMOJIB Yy MPOTPAMHOMY
komi. Jlns mporo cmouatky Oylio BU3HA4YeHO MJaHi, sKi MOTpiOHO 30epiraru, Ta
CTPYKTYpy ix 30epiranHs. Ockiuibku 0a3a AaHUX po3poOJsiacs s 3pYy4YHOCTI
BEJICHHS MMALIEHTIB JIIKAPEM, TO JUIsl peecTpallii 0yJa0 0OpaHo Juile MOTpiOHI JaHI.

Crpykrypa 0a3u JaHUX 3 TMOJISIMH, JTOKYMEHTAMU Ta KOJICKIISIMH y CepBicl
Cloud Firestore mae HaCTyMHUMN BUTIISI:

users (KOJISKIIisl 3 JOKYMEHTaMH JIIKapiB)

|— {userld} (moxymeHT)

| |— Name (Im'st mikapst)

|— Surname (IIpi3Burie nikaps)

|— Middle name (ITo 6aTbkoBI JiKapst)

|— Email (Enekrponna aapeca nikaps)

|— patients (IT1IKOJIEKIIis)

| |— {patientld} (moxymeHT)

| I— Surname (Ipi3Buiie namieHTa)

| I— Name (Im'st martienTa)

| |— Middle name (Ilo 6aTbkoBi marieHTa)

| I— Birth date (/laTa HapomxeHHs naiieHTa)
| |— Sex (Cratp namienTa: "4onoBik", "xiHka"

| I— Address (Aapeca npokuBaHHS)

| |— Phone number (Homep tenedony marmienTa)
|
|

|— measurements (T1IKOIEKIT15)

| |— {measurementld} (moxymeHT)
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I— Date (/lara BumiproBaHHs)
I—— Down (KyT Haxuiy BHU3)

|

|

| I—— Up (KyT nigHsTTs Bropy)

| |— Left (Kyt Haxuiy BiiBO)

| I—— Right (KyT Haxwmity Briparo)

| |— Turn left (Kyt moBopoty B11iBO)

| |— Turn right (Kyt moBopoty BripaBo)

Takox JJIA Oe3mneKu JaHUuX Ta 3a0e3IeueHHS ABTOPHU30BAHOTO OOCTYIIY

HaJAIITOBYBAJIUCS MMPABUJIA JOCTYIY JJIsl KOPUCTYBayiB (JI1IKapiB).

J{ns poOOTH 3 TaHUMU JIIKapiB Ta Mall€HTIB JOIaTOK Ma€ (PYHKIIT: peecTpariis

JiKaps 3 BUKOPUCTAHHSM EJEKTPOHHOI aJpecH; BXiJ B OONIKOBHH 3amuc; BUXIA 3

OOJIIKOBOTO 3amuCy; 3MIHA JAHMX JIIKaps; BUJAJIEHHS OOJIIKOBOTO 3alHCy JIKaps;

3MIHa IMapoJr0 KOPHUCTYBadad, CTBOPCHHA KapTKHU HaI_IiCHTa; 3MIHa JaHHUX Haui€HTa;

BUJIQJICHHS KapTKMU TMAIll€HTa; JOJaBaHHS BHUMIpPiB, 3MiHAa BHUMIpPIB; BUIAJICHHS

BUMIpIB.

VY nporpamMHOMY KOJII JJIS peaizallii BUIlle nmepeiideHoro GyHKIioHaTy Oyau

BUKOPHUCTaH1 creuianbHi (QyHKIii 3 mnakeriB firebase core, firebase auth Ta

cloud firestore mist po6otu 3 Firebase.

0 @ B o4
' ®

NackaBo npocumo, JleoHia!

[ MauieHTn j

[ 3wiHuTU ocabucTi gaHl ]

MauieHTwn Bunipu nauiexTa

Mowyk nawienra

25.11.2024

Bsealrb npissuuwie Ta im'a naulie...

Chervatiuk Yulila Vasylivna Haxwun Biims: 31

16.12.2004

MiauaTTA Bropy: 32

Petrenchuk Ihor Oleksiyovych

1.06.1974 Haxun aniso: 40

Smotrykovskyi Leonid

Leonidovych
14.04.2005

Haxun anpago: 41

Mosopor Bniso: 53

MosopoT Bnpaso: 56

—m

Puc. 1. 3o06niwniti suennd inmepgheticy 000amky
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BucnoBku. Pesynbratu 1bOTO MOCTIHKCHHS MOXYTh CTaTH OCHOBOIO JIJISt
PO3pOOKK aHAJOTIYHMUX JOAATKIB JIJIS 1HIIMX JIiKapiB a00 K CTBOPEHHS MOJ10HOTO
JoAaTKa IS TAIli€HTIB, 16 BOHH 3MOXKYTh TEpEIVIsSAaTH CIHCOK CBOIX JIKapiB Ta
ICTOPIIO BCIX CBOIX XBOP0O. AJKe 3pyUHICTh BUKOPUCTAHHS Ta MIBUAKUI JOCTYII JI0
1H(opMalii Ipo 310POB’S € KIOYOBUMH (paKTOpaMu y BUOOP1 TaKUX JOJIATKIB.

CITMCOK BUKOPUCTAHUX JIXKEPEJI:
1. Add Firebase to your Flutter app. URL.:

https://firebase.google.com/docs/flutter/setup?platform=android

2. Firebase sx 6exeny st OyIb-IKUX 3aCTOCYHKIB, Ta SIK BAKOPHCTOBYBATH
Firebase-cepsicu. URL: https://dou.ua/forums/topic/44058/

3. Flutter documentation. URL.:
https://docs.flutter.dev/? _gl=1*1u5gm8s* ga*MTM5NzQ5MjIxNi4xNzMxNzg
ANTM2* ga_04YGWKO0175*MTczMTc5NjkwOS4yL JEuMTczMTc5NzUWM
yAwL]AuMA

4. Start building Flutter Android apps on Windows. URL.:

https://docs.flutter.dev/get-started/install/windows/mobile

5. What is Dart Programming. URL.: https://www.javatpoint.com/flutter-dart-

programming

6. Po3pobOka nonatkiB Ha ¢peiimBopky Flutter. URL: https://avada-

media.ua/services/flutter/

7. Haconona T.I. [amieHT 13 OosieM y K1 B MPAKTHUIl CiMeHHOTO Jikaps, abo 1o
Take KOMI IoTepHa mus. Meauuna razera «310poB’st YKpainu 21 cropiuus»
Nel11-12 (504-505), 2021 p. URL: https://health-ua.com/neurology/bolyovi-
sindromi/66325-patcnt-zbolem-ushi-vpraktitc-smejnogo-Ikarya-abo-sho-take-

kompyuterna-shiya
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KOpiii CTE®YPA
3000y6a4 uwoi oceimu neputoco (6aKaiaspcvKo2o) pieHs
4 poxy nasuanHs cneyianvrocmi 122 Komn romepni nayku
Hayxoswuii kepiBauk: Terana IIAJIAITIOK
Kanouoam ¢hizuxo-mamemamudHux Hayx, OOYyeHm
I'PA®OBI METO/IM JJ51 MIHIMIZAIT YACY JOCTABKH ¥
MAJIUX MICTAX

Y pobomi pozensdoaemvcs  3acmocyéanHs  2pagoeux memooie O
onmumizayii Mapupymis 00CmMasKu 8 MAaiux MICmax 3 Memorw MiHiMmizayii uacy
nepege3eHHsl.

Kntouosi cnosa: epagosi memoou, onmumizayiss mapwpymis, MIHIMI3ayis
yacy 0ocmaesKu, Mai micma.

AKTyaJIbHiCTL TeMH. MiHIMI3aIlid Yacy JOCTaBKM B MaJlMX MICTax €
KPUTUYHO B&XXJIMBOIO JUISl MiJABUIICHHS €(QEKTUBHOCTI JIOTICTUYHUX IMPOLECIB Ta
3aJI0BOJICHHS MOTpeO crokuBadiB. BukopuctanHs rpadoBUX METOJIB JO3BOJISIE
OINTUMI3yBaTH MapIIPyTH3aIlil0 Ta 3MEHIIIMTHA BUTPATH Yacy Ha goctaBky [1; 2].

Mera nyoOaikamii. Jlocmiautu 3actocyBaHHs rpaOBUX METOIIB IS
onTUMi3allii MapIIpyTiB JOCTaBKM B YMOBax MaJIUX MICT 3 METOI0 MiHIMi3allli 4acy
nepeBe3eHHS.

Buxiaa ocHoBHOro marepiaay aociaimxkenHsi. ['padoBi MeToau mUApoOKO
BUKOPUCTOBYIOTBCSL JIJII BUPIIICHHS 3a/lad MapuipyTu3ailii, 30KpeMa, 3ajadi
KOMIBOsDKEpa Ta TpaHcmopTHOi 3amavi [3]. BoHu 03BOJNSIOTH MOJAETIOBATH
TPAHCTIOPTHY MEPEeXKy y BUIIISLAL rpada, /1€ BEpPIIMHU MPEICTABISAIOTh ITyHKTH
JOCTaBKH, a pebpa — MOXJIMBI NUISXHM MK HHMH 3 BIJIIOBIIHUMH Baramu, IO
B1JI00pakaloTh 4yac abo BiJICTaHb.

OaHuM 13 KJIIOYOBHUX TIAXOMIB € BHUKOPUCTaHHS aJTOPUTMIB TOLIYKY
HAaWKOPOTILOrO HUISIXY, TakuX sK anroput™m Jleiiketpu abo anroputm Dioiiga-
Bapmanna [3]. Lli aroput™Mu 103BOJISIOTH BU3HAYUTH ONTHMAIbHI MapIIPyTH MikK
MYHKTaMH JIOCTaBKH, BPaxOBYIOUM pi3HI (aKTOpHW, BKJIIOYAIOYM CTaH JOpPIr Ta
IHTEHCUBHICTh Tpadiky. 3aCTOCYBaHHS ILMX METOJIB CHpPUSE 3MEHIICHHIO Yacy

JOCTAaBKH Ta MiABUIIEHHIO (DeKTUBHOCTI JIOTiICTUYHUX TporeciB [3].

87



Kpim Ttoro, meromu xkmnacrepusaiii MOXyTb OyTH BHKOpPUCTaHI IS
IpynyBaHHS 3aMOBJIEHB, IO 3HAXOJATHCS OJM3BKO OJHE JO OIHOTO, IO JO3BOJISE
3MEHIIIUTH KIIBKICTh MOT3/I0K Ta ONTHUMI3yBaTH BUKOpHUCTaHHs TpaHcnopTy [4]. Lle
0COOJIMBO AaKTyaJdbHO MJIi MaJMX MICT, /1€ OOCSTH 3aMOBJIEHb MOXYTh OyTH
MEHIINMHU, aJjie reorpadiyHa po3MOPOILIECHICTh 3AIUIIAETHCS 3HAYHOIO.

Bukopuctanus cyyacHuX iHGOpMamiiHUX TeXHOJOTiH, Takux sk GPS-
HaBIraIisi Ta CHUCTEMH YMPAaBIiHHSA TPAHCIOPTOM, JO3BOJSE B peallbHOMY daci
BIJICTeKYBaTH  MICIE3HAXO/PKEHHSI TPAHCIOPTHUX 3ac0o0iB  Ta  ONEpaTHUBHO
kopuryBaTi Mapuipytu [5]. Lle cnpuse MiIBUINCHHIO TOYHOCTI Ta IIBHIKOCTI
JOCTaBKM, a TAaKOXX 3MEHILEHHIO BHUTpaT Ha MaIMBO Ta OOCIyroBYBaHHS
TpaHcnopry [5].

JlocnmiKeHHsT MOKa3yloTh, IO BIPOBAKEHHS TrpadoBUX METOAIB Ta
CyyaCHMX TEXHOJIOTIM y TMpoliec IUIaHyBaHHS MapLIPYyTIB MOKE HPU3BECTH [0
3HQYHOTO CKOPOYEHHS 4Yacy JOCTAaBKM Ta TIJBUINECHHS 3aJI0BOJICHOCTI KJIIEHTIB
[3; 5]. Hampukman, omTuMmizaiis MapHipyTiB 3 ypaxyBaHHSIM 4YacOBHUX BIiKOH
JOCTaBKM Ta MPIOPUTETHOCTI  3aMOBJICHb  JO3BOJIsI€E  OULIBII  €(PEKTHUBHO
BUKOPUCTOBYBATH PECYpPCH Ta YHUKATH 3aIli3HEHb [5].

Buxopuctanns rpadoBux METOMIB y MallUX MicTax MOTpedye BpaxyBaHHS
crienundiku micueBoi iHdpacTpykTypu. Hanmpukian, By3bki ByJuill a00 0OMeKEeHHS
pyXy MOXYTh BHMAaratu ajamntauii CTaHJapTHUX aJTOPUTMIB JJisi 3a0e3NeUYeHHs
ixHpoi eekTuBHOCTI [2]. KpiMm Toro, iHTETpallis JaHUX PO PeaIbHUM CTaH JIOpIr Ta
IPOrHO3yBaHHs TpadiKy MOKe MOKPALTUTH TOYHICTh MOOYJ0BU MapuIpyTiB [3].

BaxxnuBUM acnekToM € TaKOX HaBYaHHS IEPCOHATy Ta BIPOBAKECHHS
BiJIMTOBITHOTO MTPOTPaMHOTO 3a0€3MeUeHHSI, IKEe JO3BOJISIE aBTOMATH3yBATH MPOIIECH
IUTAaHyBaHHS Ta MOHITOPWHTY MapuipyTiB. Lle crpusie 3MeHIIEeHHIO JIOACHKOTO
¢hakTOpa Ta IMiABUIIICHHIO TOYHOCTI BUKOHAHHS JIOTICTUYHUX onepariii [4].

BucHoBku. 3actocyBaHHS TrpaOoBUX METOJIB Yy IUIAHYBAHHI MaplIpyTiB
JOCTaBKM B MaJMX MICTax JI03BOJIIE CYTTEBO 3MEHIIUTH 4Yac IEepPEBE3CHHS,
ONTHMI3YBaT JIOTICTHYHI TMPOLECH Ta TMIJBUIMUTH PIBEHb OOCIyroBYBaHHS
kiieHTiB. [lomanpin AOCHIIKEHHS] MOXYTh OyTH CHpPSIMOBaHI Ha aJanTalfiio Iux

METOMIB 10 cheuupiyHUX yMOB MajJMX MICT Ta IHTErpalil0 3 CyYaCHUMH
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1H(GOpMaLIHHUMHU TEXHOJIOTISIMH JIJIsl pEaIbHOTO Yacy MOHITOPUHTY Ta KOPUTyBaHHS
MapIIpyTiB.
CIIMCOK BUKOPUCTAHUX JUKEPEJI:
1. Mapmpytuzamist B Aii: OntuMizariisi MapmpyTiB JUisl 3MEHILIEHHS BUTpPAT

[Enextponnuii pecypc]. URL: https:/fulfillment-rating.com/marshrutyzacziya-v-

diyi-optymizacziya-marshrutiv-dlya-zmenshennya-vytrat/ (mara 3BEPHCHHS:
23.03.2025).

2. EdextuBHe T1UIaHyBaHHA MAapHIPYTIB JJIS TIEPEBE3CHHS BaHTaXIB

[Enextponnmii  pecypc]. URL:  https://don-trans.com/efektyvne-planuvannya-

marshrutiv-dlya-perevezennya-vantazhiv/ (nara 3sepuenns: 24.03.2025).

3. CyTHICTh TPaHCHOPTHHUX 3a7a4 Ta METOAM iX BUpilieHHs [EmekrpoHHUi
pecypc]. URL:
https://pidru4niki.com/12560607/ekonomika/sutnist transportnih zadach metodi v

irishennya (nara 3BepHenns: 26.03.2025).
4. 5 crioco0iB ONTUMI3YBAaTH MapHIPYTH JOCTaBKU ISl Kpanioi e(eKTUBHOCTI

[Enextponnnii  pecypc]. URL: https://zeorouteplanner.com/uk/onTumizyBaru-

MapuIpyTHu-10cTaBky/ (nara 38epHenHs: 18.03.2025).

5. MarematuuHi MeTOU, MOJEII Ta 1H(GOPMAIIIHI TEXHOJIOTIi B €KOHOMIIT
[EnexTpoHHwMiA pecypc]. URL: https://www.easterneurope-
ebm.in.ua/journal/38 2023/16.pdf (nara 3BepuenHs: 15.03.2025).

Poman CTOJIAP
3000y6au 8uwoi 0ceimu nepuio2o (6axkanaspcvko2o) piHs
3 poxy HasuaHHs cneyianvHicms 122 Komn romepni Hayku
HayxkoBuii kepiBHuk: Borogumup ®E/TOPUYK
O0OKMOp MeXHIUHUX HAYK, npoghecop
PO3POBKA WEB-PECYPCY TA MOBUUIBHOT'O IOJATKY IS
THO®OPMAIIMHOI NIITPUMKH ITPOIECIB OBCJIYTOBYBAHHS
HEPYXOMOI'O MAWMHA
YV mesax eucsimneno npoyec pospobku web-pecypcy ma mobiibHO20

0o0amky, NpusHaweHux Oas  IHopmayiuHoi  niOmMpumKu  00CY208)8AHHS.
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https://www.easterneurope-ebm.in.ua/journal/38_2023/16.pdf
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Hepyxomozo maiina. Onucano OCHO8HI emanu pobOmMu. aHaniz iCHYIOYUX pilieHb,
CmeBopeHHsl cepsepHoi no2iku Ha 6azi MongoDB, po3pobky ¢ponmeno-vacmunu 3a
oonomoeoro Angular ma peanizayito mobinbHozo 0ooamky. Ocobausy yeaey
NPUOIIEeHO ONMUMI3AYIi MexaHizmie 0OpPOOKU 3AsA60K, WO CHPUAE NIOBUUEHHIO
ehekmusHocmi ynpasninHa obcayeosysanuam. Ha nomounomy emani npoexkm
nepebysac y npoyeci po3poOKU, a NPOMIICHI pe3yIbmamu 6KA3YIomb Ha
nepCcneKmusHicms nioxo0y wo0o CKOPOUEHHs 4acy 0OpoOKU 3anumie i NOKPaAujeHHs.
KOpUCmy8aybko2o 00c8ioy.

Kmouoei cnosa: Web-pecypc, mobinbnuii 0ooamox, Angular, MongoDB,
00CY208YBAHHS HEPYXOMO20 MALIHA.

AKTyanbHicTb TeMH. Cy4yacHi TEXHOJIOTIT 3HAYHO CIPOLLYIOTh YIpPaBIIHHA
HEPYXOMICTIO, IPOTE TPaJuLIiHI METOAM OpraHi3alli MpoLeciB 0OCIyroByBaHHS
4acTo € pecypco3aTpaTHUMU Ta HeepeKTUBHUMU. BrpoBamkenHs web-pecypcy Ta
MOOUIBHOIO JOJATKY A03BOJISIE aBTOMATHU3YBATH MPOLECH O0IIKY, 0OCIyTrOBYBAHHS
Ta TUIAHYBaHHS, 110 CIpPHUSE MiJBUILEHHIO €()EKTUBHOCTI YIPaBIIHHSI HEPYXOMHM
MaHOM.

Meta pociaimkenHss. Metow poOOTH € po3poOka iHTEerpoBaHoro web-
pecypcy Ta MOOUIBHOTO MJOJATKy JJIs ONTHUMI3aIlii IMpOIEeCciB 0OCIyroByBaHHS
HepyxomocTi. Bukopucranus Angular nns  @pontenny ta MongoDB s
30epiraHHsl JaHUX J103BOJIsi€ 3a0€3MEUYMTH 3PYYHICTh B3a€EMOAIl Ta THYYKICTb
CUCTEMH.

OcHoBHuUIiI 3MicT gochaigkeHHss. EdexkTuBHe ympaBiiHHS MpoliecaMu
00CITyroByBaHHS HEPYXOMOCTI € BaXKJIMBUM 3aBIaHHSM JIJIsl BIIACHUKIB, OPEH/IAPIB
Ta YIOPaBISIOUMX KOMIMaHiM. Y poOOTI MpeacTaBIeHO TMIAXiA 10 CTBOPCHHS
IHTErpoBaHoi MmiIaTGopMH, IO AaBTOMATHU3y€ KIKOYOBI MPOLECH KOMYHIKallii,
MJTAaHYBaHHS Ta 3BITHOCTI.

Onuc cucreMd Ta BHKOPHCTOBYBAHMX TexHOJIOrii. Po3pobOitoBana
cUcCTeMa BKJIOYae web-pecypc Ha 0asi Angular Ta MOOUIBHHMI A0AATOK, IO
B3a€MOJIIOTH Yepes crniibHui cepBepuuit APIL. Jlani 36epiratotsest B MongoDB, 1o
03BOJIIE  00poOIATH 1H(MOpPMALID TIPO O00’€KTH HEPYXOMOCTI, 3asBKM Ha

oOCTyroByBaHHs, iXHI CTaTyCH Ta B3a€EMOJIII0 KOPHUCTYyBadiB. ApXITEKTypa
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nependadae po3mojiieHe 30epiraHHs JaHUX 1 BHUKOPUCTAHHS Cy4YaCHHX BeO-
TEXHOJIOTIH JIJIsl IIBUKOI Ta €(peKTUBHOI POOOTH.

Po3poOka BebinTepdeiicy. IHTepdeiic cnpoekTOBaHO 3 ypaxyBaHHSIM
npuniuniB UX/UI nu3aiiny. 3aBnsku Angular peanizoBaHo TMHAMIYHI KOMIIOHCHTH
Ta aJanTUBHUNA Ju3aiiH, 1m0 3a0e3nedye 3pyYHICTh BUKOPUCTAaHHS fAK Ha
HACTUIbHHUX, TaK 1 Ha MOOUIbHMX NpHUCTPosix. OCHOBHHUU akIEHT 3poOJeHO Ha
CIPOIICHOMY JTOCTYII 710 iH(opMaIii Ta iHTerparii GyHKIIHA IIBUAKOTO YIIPaBIIHHS
3asiBKaMH.

CepsepHa Jsorika Ta interpaunis 3 MongoDB. CepsepHa uactuHa 0a3zyeTbCs
Ha Node.js y noeananni 3 MongoDB nnsi epextuBHOrO 30€epiraHHs Ta oOpoOKH
naHux. PeanizoBaHO MeXaHI3MHM aBTOMAaTHYHOI'O OHOBJIEHHA 1H(popMmalii, 00poOku
3asBOK Ta (popmyBaHHs 3BiTiB. Bukopucranus MongoDB no3Bosisie 3a0e3neduTu
IIBUJIKUI JOCTYII 10 TAaHUX Ta MIHIMI3yBaTH 3aTPUMKH ITPU BUKOHAHHI 3aITUTIB.

TecryBannss Ta onTtumizamis. Ha noTouHoMy erami  TeCTyeTbCs
npare3aTHICTh yCiX KOMIIOHEHTIB CHUCTEMH, BKIIOYHO 3 KOPEKTHICTIO OOMIHY
JTaHUMH MDK BeO-1HTepdericoM, MOOUTBHUM J0JaTKOM 1 cepBepoM. [IpoBomuthcs
BUSIBJICHHSI Ta BUIPABJICHHS KPUTUYHUX MMOMMJIOK, ONTUMI3AIlis 3aluTIB 10 0a3u
JTAHUX Ta MOKPaIIEHHS B3a€MO/IIT MK KIIIEHTCHKOIO Ta CEPBEPHOIO YaCTHHAMH.

BucnoBkn. Po3poOka web-pecypcy Ta MOOUIBHOTO 10JaTKy mnepelOyBae y
MpoIeci TeCTyBaHHS Ta BJIOCKOHAJCHHS. [HTerpoBaHa cuHCTEMa TIOKJIMKaHA
3a0e3MeUYnTH aBTOMATHU3AII0 OOJIIKYy 3asBOK, KOHTPOJIb BUKOHAaHHA poOOIT Ta
NOiABULIUTH €(QEeKTUBHICTh YNPaBIiHHSI HepyxoMicTio. Iloganbiumii po3BUTOK
nepenbavae po3muMpeHHsT (QYHKIIIOHATY, IHTETpaIliio 3 IHIIMMH CcepBicaMu Ta
3aCTOCYBAHHS TEXHOJIOTIM HITYYHOTO IHTENEKTY JUIsl POTHO3YBaHHS HEOOX1AHOCTI
TEXHIYHOT'O 0OCTyTOBYBaHHS.

CITMCOK BUKOPUCTAHUX JIXKEPEJI:

1.  Angular. «Angular Documentation». URL: https://angular.io/docs

2. MongoDB.  «MongoDB  Developer = Documentation».  URL:
https://www.mongodb.com/docs

3. MDN Web Docs. «HTML: HyperText Markup Language». URL:
https://developer.mozilla.org/en-US/docs/\Web/HTML
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IOais CYP2KEHKO

3000y6a4 uwoi oceimu neputoco (6akaiaspcvbKo2o) pieHs
4 poxy nasuanHs cneyianvrocmi 122 Komn tomephi Hayku

Hayxoswuii kepiBauk: Terana IIMJIAITIOK

Kanouoam ¢hizuxo-mamemamudHux Hayx, OOYyeHm

PO3POBKA ABTOMATHU30BAHOI CUCTEMMU YIIPABJIHHSI
KYPCAMM NIJABUIIEHHSA KBAJI®IKALI NEJATOT'TYHUX
IHPAINIBHUKIB TA KEPIBHUKIB 3AKJIAIIB OCBITHU

Y pobomi poszensioacmvcsa epexmusnicmv YNpasniHHA OAHUMU YUACHUKIB
Kypcie niosuwjeHns keanigixayii 3a01s1 3ab6e3neyeHHs asmomamusayii 2enepayii
cepmugbixamis.

Kniouosi cnosa: cemepayisn cepmugpbixamis, asmomamuzayis npoyecy,
apximexmypa cucmemu, 3aeanmadicenHss ma obpooka ¢atinie Word ma Excel,
npozpamu Kypcis.

AKTyaJIbHICTH TeMHU. 3pocTae notpeda B €peKTUBHOMY yIIPaBJiHHI KypcaMu
MiIBHUIICHHS KBai(ikalli negaroriyHux mpariBHUKIB ISl MiHIMI3aIil 3aJIy4eHOCT]
moJickKoro pecypcey. [lotounuii mpoiiec cepTudikaiiii 3aIuIaeThes TPYAOMICTKUM,
BAMAararoud 3HAYHUX aJMIHICTPATHBHUX pecypciB. BiACyTHICTh IEHTpasi30BaHOI
CUCTEMH YIPABIIHHS cepTUdiKalliero, 00podka JaHUX MPO MPOrpamMu IiJIBUILIEHHS
KBamiikaiii Ta iX YYaCHUKIB BPYYHY, a TAaKOXX HECTAHIApTU30BaHA CTPYKTypa
JIOKyMEHTIB KypCIB CTBOPIOIOTH 3HAYHI TPYIHOIII. ABTOMaTH3allisl I[LOTO MPOIIECY
JO3BOJIUTH MIABUIIUTH €()EKTUBHICTh POOOTH LIEHTPY MIABUIICHHS KBamiQikailii,
MIHIMI3yBaTH TOMUWJIKHU Ta 3a0€3MEUNTH SAKICHUI KOHTPOJIb 32 CEPTH(IKAIIETO.

Mera nyOaikamii. MeToro MOCTIIKEHHS € po3poOKa Ta BIPOBAKEHHS
ABTOMATH30BaHOI CHUCTEMM YMPABIIHHA KypcaMu MIABUIIEHHS KBamigikarlii
MeJaroriyanx mpamiBHUKIB. OCHOBHI 3aBJaHHS BKIIIOYAIOTh aHaJ3 1CHYIOYOTO

nporiecy reHepaiiii ceptudikaTiB, MOITYK BapiaHTIB HOr0 aBTOMaTH3aIlli, po3poOKy
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apXITeKTYpU CHUCTEMH, peaTi3allilo MEXaHi3MIB 3aBaHTAXKECHHsI Ta OOPOOKH CHHCKIB
YYaCHUKIB, a TAKOXK 3a0€3MeUeHHS OE3MEeKH Ta MacIITaboOBaHOCTI CUCTEMH.

Buxiaa ocHoBHoOro wmarepiaay jaociaiikeHHs. B xomi poGotu Oyio
PO3pO0JICHO apXiTEKTypy aBTOMaTH30BaHO1 CUCTEMHU, 1110 BKirodae: 6ekera (Node.js
+ MySQL n1s1 36epesxxerHs: Ta 00poOku ganux), hponrenn (React + TypeScript mis
B3a€EMOJIII KOPHUCTYBadiB 13 CHCTEMOIO), CHCTEMY aBTOpH3allii MJii KOHTPOIIO

JOCTYIy.

OcHoBHU (hYHKITIOHAT CUCTEMHU BKJIIOYA€E B ceO€ TaKi MyHKTH:

1. 3aBaHTa)k€HHS CIUCKIB y4acHUKIB y popmati Excel Ta mabnony ceptudikara

y dopmati Word.

2. YmpaBiiHHS MIPOrpaMaMu KypciB, IO T03BOJISIE TOIaBaTH HA3BY MPOTPAMHU Ta

OUIKyBaH1 pe3yJbTaTh HaBYAHHS.

3. 3rigHo 3 JaHUMH, oTpuMaHuMH 3 Excel-tabnuii 3 yqacHUKaMu, Bi1OyBaeThCs
iX mpuB’si3Ka 10 KypcCIB JUIsl MIATOTOBKM YCIX JAHUX JJIE aBTOMAaTUYHOIO

(dopmyBaHHs cepTU(DIKaTIB.

4. O6poOka mabnoHiB ceptudikariB y d¢opmari Word, iXx aBTOMaTthyHa
TeHepalisi, apxiByBaHHS Ta 3aBaHTAKEHHS IMOMHO  3TCHEPOBAHUX
ceptudikatiB y Zip-popmari.

B xomi po3poOku Takox OyJ0 BHUABJICHO psJa MpPoOJIeM: TIOMUJIKA B
30epexeHH] KUPUIMYHUX Ha3B (DaiisiiB, XeUIyBaHHS MApOJII0, BIICYTHICTh €UHOTO
mabnony s (GopmyBaHHS TporpaMm KypciB (3Bicu TpoOiema i3 BHIUICHHSIM
KOHKPETHO1 YacTHHHM 1H(popMallii 3 ¢aiay mporpamu npu Woro oopooiri).

BucHoBKH. 3amporioHoBaHe PIlICHHS J03BOJISIE aBTOMATHU3YyBaTH IPOICCH
reHepaiii cepTudikariB, 10 3MEHITyE HABAaHTAKEHHS Ha aJMIHICTPATUBHUM
nepcoHas. I[lomanbmmii pO3BUTOK CUCTEMHM BKJIIOUae BIpOBaKeHHS API s
ABTOMATUYHOI B3a€MOJII1 3 OCBITSHAMHU Ta MOXJIMBICTb €JIEKTPOHHOI peecTparii Ta
pO3MIKpPEHHS PYHKIIIOHATBHOCTI 3 aBTOMATU3AIll1 YIIPABIIHHA KypcaMH MiABUILEHHS

kBai(ikallii negaroriyHyuX MpariBHUKIB Ta KEPIBHUKIB 3aKJIaJ(iB OCBITH.
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bornan TKAYYK
3000y8au euwjoi oceimu 0py2020 (Mazicmepcbko2o) pieHs
1 poky nasuanus, cneyianvricms 122 Komn tomepHi HayKu
Hayxoswuii kepiBauk: QOnena CMAJIBKO
KaHouoam neodazo2ivHux HayK, 00YeHm
IHTEI'PALISA IITYYHOI'O IHTEJEKTY B OCBITHIO IVIAT®OPMY
JIJISI HEPCOHAJII30BAHOI'O BUBYEHHS AHIVIIMCHKOI MOBH

Y pobomi onucyemvcsi npoekm 0c8imHbOi naam@opmu, SAKa HOEOHYE
KIACUYHI Memoou HAGYAHHA 3 IHMENeKmMYaIbHUMU MEeXAHI3MAMU HA OCHOBI
wmyyHoeo inmenekmy. OKpecaoromuscs ii 0CHO8HI (DYHKYIOHAIbHI MONCIUBOCTI, WO
gxatouarome inmepakmusnoo LllI-acucmenma, sacobu eeiimigixkayii naguarbHO20
npoyecy ma IHHOBAYIUHI MeXHIKU O peanizayii adanmueHo20 HABYAHHSL.
IInamgopma cnpsamosana na nioguueHHs egheKMUBHOCmi CamMOCmMiliHO20 BUBYEHHS
AH2NIUCLKOI MOBU Yepe3 NepcoHanizo8ani nioxoou, MUmMmeESUU 360POMHUL 36 30K
3a donomozoro LlII-mexnonociii ma i2poeux MOMu8ayiHUX MEXAHIK.

Kniouosi cnoea: wmyunuii inmenexm, nepcoHanizoeamne Ha84aHHs, OCGIMHSL
niamgopma, adanmuene HA8YAHHs, 2euMipikayis.

AkTyanabHicTb TeMu. CydacHi TEXHOJIOTi(, 30KpeMa INTYYHHH IHTEIEKT
(IT), 3HauHO TpaHcHOPMYIOTh MIIXOAU 10 BUBUEHHS 1HO3EeMHHMX MOB. Tpaauuiiini
METOAW HaBYAaHHS, XOo4a W e(EeKTHUBHI, aje JOCUTh YacTO HE BPaxOBYIOThH
1HUBITyaJIbHI TTOTPEOU JITEH 1 JOPOCIUX, a TAKOXK IXHI Pi3HI CTUJII HaBYaHHS. 3i
30UIBIICHHSIM JAOCTYITY /10 MU(POBUX TEXHOJIOTIM BUHUKAE HEOOX1AHICTh 1HTErparii
IHTEJICKTyaJIbHUX CHUCTEM Yy HaBYAJIBHHUHI TIpoliec, MO0 3poOutu HOro OiIbII
aJanTUBHUM 1 TIepcoHasizoBanuM. OJTHUM 13 HAUTIEPCTIEKTUBHININX HAMPSIMKIB HOTO
BIOCKOHANCHHS € BukopucTaHHs LI mist cTBopeHHs IHTEpaKTUBHUX JUHAMIYHUX
HaBUAJbHUX CEPEJOBUI, J€ CHUCTEeMa camMa KOPUTYE METOAW 1 TeMITM HaBYaHHS
BIJIMOBIAHO JI0 PiBHS 3HAHb YYHIB 1 CTY/ICHTIB.

VY poboTi OMHCY€ETHCA TMPOEKT OCBITHHOI MIATHOPMH, B SIKIH peanizyeThCs
HOBITHSI METOJMKA, 110 CIIUPAETHCA HA BUKOPUCTAHHS PI3HOMAHITHUX 1HOBaHIMHUX

nigxoaiB [1-2], 1o CcHOpusiOTh ajanTaiii HaBYIbHUX CTpaTeri I KOXKHOTO
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KOpHCTyBadya 3 METOI0 OTPUMAaHHSA THYYKOTO Ta 1HTYiTHBHO 3pO3yMLJIOr0 JOCBITY
BHBUYCHHS aHTJIIHCHKOI MOBH.

Merta nyoOuaikanii. Mera po0GoTM — omnucard po3pOOTIOBaHUN MPOEKT
OCBITHBOI TUTAT(HOPMH 3 MEXaHI3MaMH, [0 BTUTIOIOTH HAHCydYacCHIII METOI0JIOT1uHI
X0 O BUBUYEHHS AHMIIIMCHKOI MOBU IUISIXOM BIPOBAKEHHS 1HTEJICKTYaIbHUX
MexaHisMiB Ha ocHoBI I, ski amanTyroTbcs 10 1HAMBIAYaJlbHHUX TOTPEO
KOPHUCTYBauiB Ta COPUSIIOTh €PEKTUBHOMY OCBOEHHIO MOBH.

BuxJjaa ocHOBHOro marepiajay A0cCaizkeHHs. Y Mexax KpaidikamiiHoi
pobOTH MaricTpa po3poOJIETbCS OCBITHS IuIaTdopma i TMEePCOHATI30BAHOIO
BUBUYCHHS AHTJIINCHKOI MOBH, SIKa TMOEAHY€ KIACUYHI TPUHIIUIN HABYaHHSA 3
moxuBocTamu I, KopuctyBau oTpuMye 1HCTPYMEHT, SIKMM T03BOJISIE HE TIPOCTO
BUBYATH CJIOBAa YW IMpaBWIa, a B3aEMOJIATH 3 CHUCTEMOI0 B peajbHOMY 4acl,
OTPUMYIOUYH 3BOPOTHHUM 3B’SI30K, MOSICHEHHS, PEKOMEHAIT Ta MIATPUMKY Yy Pi3HUX
dbopmaTrax — TEKCTOBOMY, TOJIOCOBOMY, IHTEPAaKTHUBHOMY.

Jns peamizanii I Bukopucrano a8i MoBHI Moaeni — OpenAl GPT-4 yepes
API Ta nokaneno posropuyty LLaMA. O6uaBi Mojieni HaJamToBaHO Ha POOOTY y
HaBYAJIBHOMY KOHTEKCTi: IM 3aJlaHO 4YITKI 1HCTPYKLII IIOJ0 POl acCUCTEHTa Yy
BUBYCHHI aHTIcbkoi MOBU. Mojnenb GPT-4 BUKOpHCTOBYETBCS SIK OCHOBA JIs
J1aJIoTOBOTO  CHIJIKYBaHHS, TeHepalli MOsICHEHb, PEKOMEHAAIllld, MPHUKIAIIB Ta
aJanTUBHUX BIpaB. BoHa 3/1aTHa aHami3yBaTH BIJANOBIJI KOPUCTyBaya, 3HAXOAUTH
NOMIIKH (TpaMaTU4H1, IEKCUYHI, CTHJIICTUYH1) Ta MOSCHIOBATH, AK 1 YOMY iX Tpeba
BunpaBUTU. KOHTEKCT cCHuIKyBaHHS (OPMYETbCS JTUHAMIYHO: Ha OCHOBI
BM3HAYECHOTO PIiBHS KOPUCTyBada, HOTO MOMEPEHIX BIAMOBICH, TeM HaBYaHHS Ta
IIporpecy.

Mopens LLaMA BHUKOPHUCTOBYETHCS ISl JIOKAIBHOI OOpPOOKH 1 IIBHUIKOTO
aHaI3y BBEJACHUX JAHWUX, HAPUKIIAJ, JJIs TEHEpaIlii MiIKpOTeCTIB a00 IS MBUAKOT
NEepPEeBIPKU IPAMATUUYHUX KOHCTPYKI[IH O€3 3aTpUMOK, IKI MOKYTh BUHHUKATH TpPH
po6oTi 3 3oBHIHIMU API. Ile m03BOMsE MOETHATH THYYKICTh BEIMKUX XMapHUX
MoOJIeTIell 13 IIBHIKOIIEI0 Ta CTAaOUIBHICTIO JOKalbHOI 00poOku. OOuaBi Momeni
Ipaliol0Th Y KOMIUIEKCI: OAMH MOJYJb BIJIIOBIJA€ 3a TE€HEpalil0 HaBYAIbHOIO

KOHTEHTY, 1HIINA — 3a TIUOIINIA aHaJi3 1 MepeBipKy 3HAHb KOPHUCTYyBava.
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3 TeXHIYHOTO TOYKH 30py IuaTdopma peaiizoBaHa Ha cTeky Java + Spring
Boot mns cepBepHoi wacTuHM, 10 00poOJsge 3amuTH, B3aeMojie 3 API Ta kepye
cecisiMi KopucTyBauiB. BeOintepdelic crtBopeHo 3a mpomomoroio React. Vi
KOMIOHEeHTH B3aeMoaitoTh uepe3 REST API ta WebSocket, mo 3abe3neuye
IHTepaKTUBHY po00Ty ©0e3 3aTpuMoK. IlmaHyeTrbcsi peayizyBaTu MiATPUMKY
roJIocoBOi B3aeMofii y BeOBepcii miargopmu. J[ns mporo Oyae BHUKOPHUCTAHO
inTepdeiic Web Speech API, skmii 3a0e3nednTh pO3Mi3HABAHHS MOBICHHS Y
peaqbHOMy daci 0e3 TMOoTpeOuM Yy CTOpPOHHIX mporpamMHux 3acobax. Takox
PO3TIAIAETHCA MOXKIIUBICTD 1HTerpaiii Mmoaeni Whisper Bin OpenAl aist TouHimoi
00poOKK T0J0COBUX MOBiAOMIEHb. lle nacTh 3MOry KOpUCTyBayaM TpEHYBaTH
HaBUYKU YCHOT'O MOBJICHHS, CHIJIKYIOUHCH 13 CUCTEMOIO Y TOJIOCOBOMY (popmari.

PeanizoBano HactynHi  (yHKmioHanmbHI  MoxiuBocTi  [I-nmomiunmka:
nepenucKa 3 aHali30M BIAMOBIJEH, CIPUSHHS BUBUYCHHIO HOBUX CIIB 1 IPaMaTHKH,
reHepallisl TECTIB Ta IHTEPAKTUBHUX 3aBJaHb, KOHTEKCTHA MIATPUMKA KOPUCTyBaya,
rojiocoBuil yar. III-moMiuHUK 371aTEH MiJIAIITOBYBATUCS 1] KOPUCTYBaya: SKIIO
TOW 4acTo pOOHWTH OAHAKOBI IMTOMUJIKH, CHCTEMa MOYMHAE MPOMOHYBATH JIOJATKOBI
MOSICHEHHST caMe€ 3 IHMX TeM. T[aKoXX CTBOPIOIOTBCS KApTKW 31 CIIOBaMH, SKi
KOPUCTYBad 4YacTO HEMPABWJIBHO BXHUBA€, 3 MPUKIAJAMU pPEeUeHb, BUMOBOIO Ta
TeCTaMU. 3aBIAKM LI aJanTUBHOCTI, MaTdopMa Npalroe SK OCOOMCTHIA
peneTuTop, 10 «3HAa€» CWIbHI Ta clIabKli CTOPOHU YYHS/CTYIAEHTa 1 MOCTYINOBO
MOKpaIlye X, BAKOPUCTOBYIOYH aHaI3 ONEePeIHbOT aKTUBHOCTI.

BOauaeTbcsi, mo mnoegHanHs Biakputux Mmozenei (OpenAl) 1 sokanbHOT
00pobku (LLaMA) no3BoiuTh CTBOpUTH €(EKTUBHY Ta MaclITabOBaHy CHCTEMY,
OpIEHTOBaHy Ha CydacHi MOTpeOM y BHMBUCHHI aHTNMCHKOT MOBHW. Takuil mimxif
3a0e3neuye He JIMILE MepCOHaNI3allil0 HaBUaHH, a W IHTYITUBHUI KOPUCTYBAbKUIA
JIOCBIJI, IO CTIPUSE 3ATyYCHHIO i YTPUMAHHIO MOTHBAIIIT 10 BUBYEHHS MOBH.

OuiHIOIYY HOBU3HY 1 BUCOKOTEXHOJIOTTUHICTh peali30BaHUX MiIXO/1B, BAPTO
AKIICHTYBAaTU Ha BAXJIMBUX BJIACTHBOCTSIX CTBOPIOBAHOI OCBITHBOI TMIATHOPMH:
aoanmueHicms HaeuauwHs (CUCTEMa BPAaXOBY€ I1HAWBIMyaJbHI 3HAHHA Ta TEMI
HABYAJIBHOTO TPOTrpecy KOXKHOTO KOPHUCTyBaya, 1€ J03BOJIIE MAKCHUMAJbHO

MEepCOHANI3yBaTH HABYAJIBHUN TMPOIIEC), eHYuKicmb ) euxopucmanui (maatdopma
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HOIATPUMY€E PIZHOMAaHITHI ClEHapii HaBYaHHS: TEpPENUCKy, BHUKOHAHHSA BIIPaB,

TECTYBaHHS, IO Ja€ MOXJIMBICTH OOHMpAaTH HaWOLIbII 3pydyHUU dopmaT st

KOXKHOT'O €Taly HaBUaHHS), iHmepakmusHuil nioxio (Ha J0AaTOK JO CTaHJIapTHUX

TecToBHX 3aBAaHb II[-uaT akTHUBHO 3aydyae KOpUCTyBaya JI0 KUBOTO CIIIKYBaHHS,

10 crpusie OUTbII €PEKTUBHOMY Ta IPUPOTHOMY 3aCBOEHHIO aHTJIIHCHKOT MOBH).

BucHoBKHU. 3anpomnoHOBaHMN MiIX1A [0 peanizaimii OCBITHBOI IMIaTGOpMH
3HaYHO TMIJBUIIMTH €(QEKTUBHICT, Ta MEPCOHATI3AIII0 TMPOLECY BUBYCHHS

aHrniicbkoi MoBU. Bukopucranus Il copusitume 3aHypeHHIO KOPHUCTYBadiB y

MOBHE CEpENOBHIIE, 1€ JO3BOJUTH MOKPAIIUTH iXHI HABHYKH Ta MPHUIIBHIIINTH

JOCSITHEHHSI BUCOKOTO PIBHS BOJIOJIHHS MOBOIO. TakoX MJIAaHY€ThCS PO3IIUPEHHS

(yHKIIOHATY, 30KpeMa 4epe3 JO0AaBaHHS TOJIOCOBOIO aCMCTEHTA Ta 1HTErpaliio 3

IHIIMMHU OCBITHIMM IUTaT(OopMamMu AJisi CTBOPEHHS OLIbII KOMILJIEKCHOI HaBYaJIbHOI

€KOCHUCTEMU.

CIIMCOK BUKOPUCTAHUX JKEPEJI:

1. Raisspour N. The role of Al and adaptive learning in transforming english teaching
methods. 2024. URL:
https://papers.ssrn.com/sol3/papers.cfm?abstract id=4968283 (date of access:
06.04.2025).

2. Qin L., Zhong W. Adaptive system of english-speaking learning based on

artificial intelligence. Journal of Education and Science, 2024. URL:
https://journal.esrgroups.org/jes/article/view/2637/2138  (date  of  access:
06.04.2025).

KOais YEPBATIOK
3000y8ay 8UWOI 0c8imuU nepuio2o (baxaiaspcbko2o) pieHsi
3 poky HasuanHs cneyianvrocmi 122 Komn romephi nayku
HayxoBuii kepiBHuk: Mapuna MACTKOBCBKA
KaHOUOam neoa2o2iuHux HayK
CTBOPEHHS ®YHKUHIOHAJIY POBOTHU 3 BA30OIO JAHUX
PEABLIIITAIIIMHOI'O KABIHETY

YV meszax poszensnymo cmeopenHs ¢pyukyionany podoomu 3 0a3010 OAHUX
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peabinimayitinoeo kabinemy. Onucano cmpykmypy mabauyb 6a3u OaHux ma
@YHKYIT 051 000AB8AHHA, 3MIHU MA 8UBe0eHHs iHghopmayii npo nikapis, nayicHmis
ma npoyecu peabinimayii. Po3pobaena 6aza oanux 0036015€ ephekmusno eecmu
00J1iK ma Kepysamu iHgopmayicto 6 peabinimayitiHux yeHmpax.

Kniouosi cnosa: 6asza oanux, peabinimayitnuii xabinem, YHKYIOHAT,
asmomamu3zayis 001Ky, npoyec peadbinimayii, phpMyAdmin.

AKTyaJIbHiCTb TeMH. Y Cy4acHOMY CBITI icHye Oarato cdep AiSUIBHOCTI
JIOJIMHU, TPOTE € OJIHA, sIKa 3aBXKIU Oyle Ha MEepIIoMy MICIi, — 1€ MEIUIIMHA.
JlItomuHa Moke MpOoXXUTHU 0e3 0ararbOx MaTepiajibHUX pedyeH, ajle y KOXKHOIOo 3
4acoM MOXYTh BUHUKHYTH II€BHI MpoOJieMH 31 3JI0pOB’SIM, IO MOTPEOYIOThH
3BEPHEHHS y JIKApHIO. AJIe € 3aXBOPIOBaHHS [JIsl SIKUX HEOOXIJTHO BTpPYYaHHS
JiKapiB 1HIIOrO Hpo(dimo, a caMe — JIKapiB-peaduIITONOrIB, SKI MPAaLOTh Y
peabimiTaliftHUX [EHTpaXx.

[Ipn mpaBUIIbHO CTBOpEHIM 0a3l JAaHMX KOXKEH LIEHTP 3MOKE BECTH OOJIIK
JiKapiB Ta TAIlEHTIB, a TakKoX 30epiratd iHQOpMAIlI0 TPO BCl NPOHEH]
peabumiramii Ta iXx pe3ynbratd. lle B CBO dYepry MoOKe TMOKpaIluTH Ta
MPUIIBUAIIATYA OAYXAHHS MaLlI€HTIB.

Metoro nyoOJikamii € BHUKJIaJ OCHOBHOTO Marepiaidy JOCIHIKEHHS II0/10
CTBOPEHHS (PyHKIIIOHATY POOOTH 3 023010 JaHUX peadlTITAIlIHHOTO KaOlHEeTY.

Buxiaa ocHoBHOro marepianay aociaigxkennsi. [Ipu ctBopeHHi 6a3u JaHuUX
OyIyTh peaizoBaHi HACTYITHI TaOJHIIl 3 TIOJISIMHU:

— «Jlikapi»: mpizBumie, iM’s, 1Mo OaTbKOBI, cremiaiizaiis, HoMep Tenedony,

rpadik poOOTH BiJ MMOHEAIKA 10 IT° ITHUIII,

— «llamienTn»: npi3Buile, iM’s, M0 OATHKOBI, CTaTh, JaTa HAPOKEHHS, KpaiHa,
obOnacTh, paiioH, MmicTo abo ceno, aapeca, HoMmep TenedoHy, OIHC

3aXBOPIOBaHHS;
— «PeabimiTamnii»: Ha3Ba, ONMUC, TPUBATICTb, I11HA;

— «Peabinitauiiinuit nporecy: ineHTudikatop ID mamienTa, sIKuii CTBOPIOETHCS
aBromMatnuyHo y Taomuii «[lamientny, inentudikarop ID mikaps, skuii

CTBOPIOEThCS aBTOMarnyHo Yy Tabmuumi «Jlikapi», igentudikarop ID
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peabumiTarlii, SIKHA CTBOPIOETHCS aBTOMATWUYHO y Tabmwii «Peabimitariiy,
CTaH /10 peaOuliTarii, cTaH Micias pealuTiTaIli, JaTa MoYarky peabimTarii,

JlaTa 3aBeplIeHHs peadimiTaliii.

st poGoTH 3 TaHUMU OYTyTh CTBOPEHI HACTYIHI QyHKIIIT (TIpoLieaypH):

1. JlomaBanus mikapsi. Jlyjis Toro, mo0 J0maTh HOBOTO JHKaps, MOTPiIOHO
3anoBHUTH ToJist: [IpizBuie, Im’s, [To GatekoBi, Crerianizaiis, Homep tenedony,
[Toneninok, Bisropok, Cepena, Uersep, [’ sTHUII.

P nopsno g iaps X

NapamMeTpu nopaaky

IM'a Tun DyHKUin 3HaueHHA

Mpisewwe  VARCHAR v ‘ |
Tna VARCHAR v
Mo 6aTbkosi  VARCHAR v

Creuianizauis VARCHAR v

Homep

VARCHAR v
TenedoHy

Moweginok VARCHAR v
BisTopok VARCHAR v
Cepena VARCHAR v
Yereep VARCHAR v

NatHnus VARCHAR v

Bukonatm Sakputn

Puc. 1. Buenao sikna npoyedypu JlooamuJlikaps

2. JlonaBanHs mamieHTa. /s Toro, mo6 J10JaTH HOBOTO MAIli€EHTA, MOTPIOHO
3anoBHuTU noJist: [Ipi3Buie, Im’s, [1o 6atekoBi, Ctath, JlaTa HapomkeHHs, KpaiHa,
O6mnacts, Paiton, Micto/Ceno, Anpeca, Homep Tenedony, Onuc 3axBOproBaHHS.

3. HonmaBanus peaOumitarii. Jlyisi Toro, mo0 aojgaTH HOBY peabimiTalliio,
noTpiOHO 3anoBHUTH 1oJist: Ha3pa peabimirariii, Onuc, TpuBamicts, [{iHa.

4. Jlomatu mporec peadbimitamii. Jms Toro, mo® mogaTH HOBHUM IPOIEC
peabuniTanii, moTpiOHO 3amoBHUTH Toys: [lpi3Buie mamieHta, Im’s mamienta, I1o
OatpkoBi mariienta, [Ipi3Bume mikaps, Im’s mikaps, I[lo GatpkoBi mikapsi, Hazpa
peabimitanii, Ctan go peabimitanii, Cran micns peabumitauii, lata mouatky, [ata
3aBEPIIICHHS.

5. 3mina nanux Jikaps. s Toro, mo6 3MIHUTH AaHi JiKaps NOTPIOHO BBECTU
rioro Ilpi3Buie, Im’s1, [1o barbkoBi, a B moJis, K1 TpeOa 3MIHUTH, BBECTH HOBI JIaHI.
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Bukonatn nopsaok "~ 3minutu[aniflikapa™ X

MNapaMeTpu nopanky

Im'sn Tun DyHKUIA 3HaueHHs

Mpiseuwe VARCHAR v

Ima VARCHAR v

Mo 6aTbkosi  VARCHAR v

Cneuianizauia VARCHAR v

Homep

VARCHAR v
TenedoHy

BuKoHaTHM 3aKpuTh

Puc. 2. Buensio sikna npoyedypu 3minumu/lani/lixaps

6. 3miHa naHuXx maiieHTta. s Toro, 1mod 3MIHUTH JaH1 MalieHTa MoTpiOHO
BBecTu Horo IlpizBume, Im’s, I1lo baTekoBi, a B mois, siki Tpeba 3MIHUTH, BBECTH
HOBI JIaHi.

7. 3MiHa po3kiany Jikaps. st Toro, mo6 3MIHUTH PO3KIIaJ] JliKapsi MOTPIOHO
BBecTu I[IpizBuie, Im’s, I1lo baTbkoBi, a B moss, ski Tpeba 3MIHUTH, BBECTH HOBI
JIaHI.

8. 3MmiHa naHux mpo peabumiTarito. s Toro, mo0 3MIHUTH JaHi PO
pealiniTalito, MOTpiIOHO BBECTH ii HA3BY, a B MOJs, sIKI Tpeba 3MIHUTH, BBECTH HOBI
JIaHI.

9. 3MiHa maHuX mOpo mporec peabimramii. 3MiHA JaHUX TPO TPOIEC
peabumiTaiii aHanoriyHa a0 nomnepeAdix. IIpore mnowmyk psaaka st 3MiHU
BinmOyBaeTbcsi 3a IlpizBumem, Imenem Ta Ilo barpkoBi mamienTa, Ha3zporo
Peabimitarii ta Jlatoro mouatky peadimiTaiii. [le moB’s3aHo 3 TUM, 1[0 caMe 111 AaH1
€ YHIKQJIbHUMHU, aJK€ MaIll€eHT HEe MOXE MOoYaTH OJHY 1 Ty K pealdiiTaiiio OuIbIIe
OJIHOTO pa3y y TOM CAMHM JI€Hb.

10. BuBenenns poskiany Jjikaps. s Toro, mod BHUBECTH PO3KIIAJ JiKaps
noTpidHo BBectu [Ipizumie, Im’s, [lo batekoBi mikaps.

11. BuBegenns mpotieciB peadinitaiii 3a napamMerpamu. BuBegaeHHs mnpoiieciB
B110YBa€ThCS 3a TphOMA MapaMeTpaMHu: NAIlle€HT, Jiikap Ta peadumiTaris. [IpamoBaTu
nporieaypa Oyie mpu BKa3aHHI OHOTO, TBOX UM BCIX MApPAMETPIB.

12. BuBenenns mnporieciB peabumiTallii Ha JaHUH MOMEHT 3a IMapaMeTpamH.

[Iponenypa anayioriuHa 10 TOMEPEAHBOI, ajié BUBOJAWTH JIUIIE peadimiTariii, sKi
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B1I0yBAIOTHCS HA TAHUW MOMEHT.

BukoHatu nopapok - BusectullpouecPeabinitaniiHa/laHniiMomeHT X

MapameTpwn nopsaaxy

Im'n Tun OyHKUia 3HauyeHHs
MPISBUALE /0o ctiaR v

nauieHTa

s VARCHAR v

nauiexTa

Mo

Gatokosi  VARCHAR v
nauienTa

MpizBuwe

. VARCHAR ~ Knumerko
nikaps
Ims nikaps  VARCHAR ~ Aptem
Mo
baTbKoBi VARCHAR v ApTeMoBMY
nikaps
H
assar ‘ARCHAR ¥ Korxitueha peabinitauiita
peabinitauii

BukoHaTtn 3aKkputi

Puc. 3. Buensao sikna npoyedypu BusecmullpoyecPeabinimayiiHa/]lanutiMomenm
PeaynsTary BUKoHaHKA nopaaky ‘BueectulpouecPeabinitauiiHalaruitMomenT’

ID NaujetTpisenwe Mauientiv's MavientMoBarekosi likaplpizeuwe MNikaplm'A MNikapMoBatekosi HaieaPeabinitauii  CranOoPeaGinitauii CranficnAPeabinitauii Oarallovarky Hara3aeepweHHs

Korxituana 3anvLKa, WBAKA BTOMTIOBAHICTS
Janniuka 3HauHo

22 Crenogwit fpocnas  Mupocnagosiy Knumerko Aptem  Apremosiny peabiniTayixa CNAQKICTb, apUTMI, MIABMLLEHHI 20241118 2024-11-30
_ 3MeHLMNacA
Tepania piBeHb XONECTEpHHY, MIOKO3H B KPOBi

Puc. 4. Pe3ynomam euxonanus npoyeoypu
BusecmullpoyecPeabinimayiiHa/[anutiMomenm
BucHoBku. TakuM 4YWMHOM, MH YCHIIIHO PO3TOpHYJIM 0azy JaHHUX
peabimrariitHoro kabinety B cepefoBuini phpMyAdmin ta peanizyBaiu HeoOXiaH1
npoueaypu s eheKTUBHOTO YMpaBliHHS HaHuUMH. Ha HacTymHux eramax poOoTu
OCHOBHa yBara Oyne 3ocepe/keHa Ha ontuMizaiii SQL-3amuTiB, MOKpalieHH1
MeXaHI3MIB  3a0e3leuyeHHs IUIICHOCTI JaHMX Ta IIABUINEHH] 3arajlbHol
IPOIYKTUBHOCTI 0a3u AaHUX JUIs 11 CTaOUIbHOTO Ta MIBUAKOTO (GYHKIIOHYBAHHS.
CITMCOK BUKOPUCTAHUX JIXKEPEJI:

1. Kuinika pea6imiranii Onexcanaposa. URL: https://olexandrova.com.ua/

2. JlackaBo MIPOCUMO hi( phpMyAdmin JIOKyMEHTAII{1. URL:
https://docs.phpmyadmin.net/uk/latest/

3. TlonsaTTs 0Oa3m AaHUX 1 CHUCTEM KepyBaHHsS Oa3zaMM NaHHMX, iX TMPU3HAYCHHSI.
URL:  https://www.miyklas.com.ua/p/informatica/10-klas/sistemi-keruvannia-
bazami-danikh-326161/skbd-reliatciini-bazi-danikh-326453/re-ecb32162-0c19-
4¢15-bc5d-61d53b7add6b
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4. PeaOumitamiinuii neHtp «sxyro». URL: https://thankyou.org.ua/

Oaexkcanap HIEBUYK
3000y8au euwjoi ocimu 0py2020 (Mazicmepcbko2o) pieHs
1 poxy nasuanmus cneyianonocmi 122 Komn tomepni nayku
Hayxkouii kepiBuuk: Terana IIMJIUITIOK
Kanouoam hizuxo-mamemamuyrux HayK, OOyeHm
PO3POBKA MOBIJIBHOTI'O 3ACTOCYHKY JJUIA BIACTEXXKEHHSA
PO3KJALY 3AHATH 3J06YBAUYAMM BUIIIOI OCBITH

Te3su npucesueni noKpawjeHHto e@eKmusHOCmi GIOCMENCEeHHs PO3KIA0Y
3aHaAmMb 3000y8auamu GUWOI OCBIMU 6 YHIGepcUMemi ULIAXOM BUKOPUCMAHHS
PO3p06IeH020 MODIILHO20 3ACMOCYHKY 8 OC8IMHbOMY cepeoosuwyi. J{ocnioxceHo
IHCMPYMEHMANbHI 3aco0U CMBOpeHHs. MOOLIbHO20 3ACMOCYHKY Md ONUCAHO U020
@yHKyionanvri moxciusocmi. Takooc euceimieno npoyec 300py iHgopmayii npo
PO3KIA0 3aHAmMb [ OaHUX OJIs1 agmopusayii 3000y6auie y 3acmocyHK).

Kniouosi  cnosa: eiocmedwcenuss po3xknady 3aHAmMb, 3acodu  po3pooxu
MOOIIbHO20 3acMOCYHKY, Android-3acmocyHox, po3Kna0 HABUANbHUX 3AHAMD,
OCBIMHIl npoyec, MauM-mMeHeOHCMEHM.

AkTyanabHicTb TeMH. CTpIMKUN pO3BUTOK HHU(PPOBUX TEXHOJIOTIH Ta
MOIIMPEHHA MOOLIBHUX MPHUCTPOIB 3yMOBIIIOIOTH MOTPEOY y CTBOPEHHI €(hEKTUBHUX
pillieHb, 1 OCBITHS cdepa HEe € BUHITKOM. BakiMBUM mpiopuTeToM B i cdepi €
mpoliec axanTaiii 3100yBaviB 0 OCBITHBOTO mporiecy. OJHUM 3 OCHOBHUX aCIEKTIB
mi€i amanraiii — 3a0e3MeUeHHs I1X 3PYYHUMH I1HCTPYMEHTaMU JJIsi KOHTPOJIIO
BJIACHOTO OCBITHHOTO Tporiecy. Kiro4oBUM B KOHTpPOJII OCBITHBROTO MPOIIECY Cepes
3100yBayiB BUIOT OCBITH € BiJICTEKEHHS PO3KJIaAy 3aHATh, /)K€ BIH BU3HAUAE JIaTy
I yac TpOBEICHHS TEOPETUYHOTO Ta MPAKTUYHOTO HABYaAHHS, 1 MOro 3a3BUYail
KOPUTYIOTh TPOTSATOM HABYAIBHOTO POKY. TOMy CTBOpPEHHS 1HCTPYMEHTY, SIKHM
J03BOJISIE €PEKTUBHO BIJICTEXKYBATU PO3KJIAJ] 3aHATh € aKTyaJIbHUM PIILICHHSAM, IO
COpUATHME MIJBUIICHHIO OPraHI30BaHOCTI 3/100yBaviB BUIIOi OCBITH, JO3BOJISIOUH
iM HE TPOIYyCKAaTH BAXJIMBI 3aHATTS, CBOEYACHO OTPUMYBATH 1H(MOpPMAIIIO MPO

PO3KJIaJ] Ta MOKPAILyBaTH HABUYKU KEPYBAaHHS YaCOM B OCBITHIH A1SUIBHOCTI.
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Mera mnyoOuaikamii. Omnucatu po3poOKy MOOITBHOTO 3aCTOCYHKY IS
BIJICTEKEHHS PO3KJIAAY 3aHITh 37/00yBayaMy BUILOT OCBITH, IOCTIAUTH i BU3HAYUTH
OCHOBHI 3ac0o0M I HOro peanizallii 3 METO MOKpaIeHHs MPOIECYy BIJICTEKECHHS
PO3KJIaay B YHIBEPCUTETI.

Buxiaa ocHoBHOro Mmarepiaay aociaimxkeHHsi. Android € J0MiHYHOYOHO
OTEpaIliiiHOI0 CHCTEMOIO [UIsi MOOUIBHMX MPHUCTPOiB, 30KpeMa 3a JaHUMH
StatCounter Global Stats, BoHa 3ailiMae 3HauHy YacTKy PUHKY cepell MOOLIbHHUX
ornepaniiHux cucreM B Ykpaini — 70,59% [5]. Bubip moBu nporpamysanus Kotlin
U1 pO3pOOKH MOOITBHOTO 3aCTOCYHKY IIii 0OpaHy oOmepaiiiHy CHUCTEMY €
OOTPYHTOBAaHMM DIIICHHSM, BpaxoBylOuu 1ii cTaryc oOQimiitHOi MOBH JUId
Android-po3po6ku 3 2019 poky. Kotlin mponoHye HU3Ky niepeBar MopiBHSHO 3 Java,
BKJIIOUAIOYM TOKpalleHy Oe3NeKy, 3MEHIIECHHS O0O0CsAry KOIy, MOXJIMBOCTI
(GYHKIIOHATBHOTO MPOTPpaMyBaHHS, a TaKOX CYMICHICTh 13 Java, 110 Jae 3MOry
JIETKO 1HTErpyBaTH ii B HAsIBHI IPOEKTH Ta BUKOPUCTOBYBATH ii 010moreku. Android
Studio € odimiitauM cepenoBuieM po3pooku s Android Bim Google, sike
3a0e3neuye pO3pOOHUKIB IMIMPOKUM HAOOPOM I1HCTPYMEHTIB JJIsi CTBOPEHHS,
TECTyBaHHS Ta HaJaro/pKeHHs 3acTocyHkiB. Bubip SQLite ayig 30epiranas qaHux y
MOO1TLHOMY 3aCTOCYHKY € JOIUIBHUM, OCKUIBKHM I pefsiiiHa 0a3a JaHuX He
noTpedye cepBepa il PyHKIIOHYE K 3BUUAHUN JTOKATbHUHN (aii.

OckiJIbKM aBTOMatu3allisi 300py JaHMX € TOJIOBHOK JIAHKOK MOOIIBHOIO
3aCTOCYHKY, pO3KJIaa 3aHsITh, (akyJbTeTH, aKaJeMiuHi Tpynd Ta iH.
OTPUMYBaTUMEMO 4epe3 OHiaH-3anuTH 10 BeOcepepa HJI IIIT [3, c. 203],
po3pobuuka AC «Jlexkanat» (kommoneHT ACY «Buriumii HaBuanbHui 3akmany) [1].
Jns 1poro BukopuctoByBaTMMemo 0Oi0mioreky OkHttp, ska 3a0e3neuyuTsb
edexTuBHy poboTy 3 mpotokosioM HTTP. V 3B’s3ky 3 TuM, 1110 BeOCepBep HaACUIAE
BimoBiab y popmati JSON, st aHamizy Ta 00poOKH JaHUX BUKOPHUCTOBYBATHMEMO
Kjacu 3 makera org.json. [1lo06 3pydHO BMBOAWTH PO3KJIAJ HAa €KpaH 3aCTOCYHKY,
MOTPiOHO BUKOHATH TaKi KPOKH:

1. PeamizyBaTu MakeT AJs €IeMEHTa CIHCKY, KU MICTUTHUME 1H(OpMAIIito

PO Yac, Ha3BY 3aHATTSA, BUKJIa/laya, TUIM 3aHATTSA, ayIUTOPIIO Ta HIATPYILY.
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2. PeanizyBatu Maker, sSikuii BimoOpakaTuMe NaTy i cTaTyc AHS (ChOTOIHI,
3aBTpa) HaJl KO)KHUM CIUCKOM PO3KJIaay HOBOTO JIHS.

3. CrtBOopuTH MOJENb JAHUX, fKa MPEACTaBIslE OAWH 3alUC y PO3KIAIIL.
Takox CTBOpPUTH MOJENb NAaHHUX, II0 BHUKOPHUCTOBYBATUMETHCS ISl TPYITyBaHHS
KUIBKOX TIOTIEPEIHIX 3aIMCIB 32 JIaTOXO.

4. CTBOpUTH KJIac ajmanrtepa il BiMoOpakKeHHsS JaHUX 13 3aroJOBKaMU JIaT
Ta (iKcali€ro MPOKPYTKH 0 MO3HUIIIT pO3KIaay, SKUH BIAMOBIIa€ MEBHIM IaTi.

5. Bino6pa3utu po3kiiaJ Ha €KpaHi 3aCTOCYHKY, BUKOPUCTABIIM KOMITOHEHT
RecyclerView.

3aranoMm, y MOOUIBHOMY 3aCTOCYHKY IS BIJICTEKEHHS PO3KIANy 3aHSITh
peasnizoBaHO TaKui PyHKII1IOHAI:

— apTopM3auiid 3100yBadiB BUIIOI OCBITH HUIIXOM BHOOpY (akyibTery,
dbopMH HaBYaHHS, KypCy Ta aKaJIeMI4HOI TPYIu;

— TI0OKa3  aKTyaJlbHOTO  PO3KIaAy  3aHATh 13  (QUIBTPYBaJIbHUMU
MOXJIUBOCTAMHM (B1IOOpaXeHHs! pO3KJaay Ha BHOpaH1 JIHI, IPUXOBYBaHHS MEBHUX
3aHATH 1 MIATPYII TOIIO);

— Teperyisj po3Kiaay 3aHsTh IEBHOTO BUKJIAJavya Ta aKaJIeMI4HOl TPYIIH;

— BIJICTEXEHHSI ayJIUTOPHUX TOJUH (BIIOOPaKEHHS 3arajibHOi KUIbKOCTI
TOJIMH 1 MPOBEACHUX 3aHSTh B ayAUTOPISIX 3a EP10J] MOTOYHOTO CEMECTPY);

— 1H(opMyBaHHA Npo MOAIl (3MIHM B PO3KJIaji, HAraJyBaHHS 3a 5 XBUIIUH
710 TIOYATKY 3aHSTTS);

— JIOCTYTI JI0 TIEPETJISIY BIACHOTO PO3KIIaAy B OQIIaiiH-PEKUMI.

BucHoBku. 3anpornoHOBaHUN  MOOUIBHMM  3aCTOCYHOK  3a0e3MeyuTh
3100yBadiB MPOCTUM 1 €()EKTUBHUM IHCTPYMEHTOM JUIsl BIJICTEKEHHS PO3KIIATy
3aHATH B 3aKja/i BHIIOI OCBITH, OCKIJIBKA BOHH 3MOXKYTh OTPHUMYBATH aKTyaJbHY
iH(pOpMaIlito MPO CBOI 3aHATTS, BPAaXOBYIOUH BUTHHHUI BUOIP OCBITHIX KOMITOHEHTIB 1
HiATPYI, a TaKOX 3MIWCHIOBATH KOHTPOJb 3a ayAuTOpHMMHU TomuHamu. lle y
M1JICYMKY CYTT€BO IiIBUIIUTH OpraHi3aliiHy e(eKTUBHICTh Ta MOKPAITUTh OCBITHIN
nporec 3700yBauiB BUIOI OCBITH, POOJISUM 1X 1HILIATUBHUMU YYaCHHUKAMU J1aHOTO

polecy.
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Pycaan APEMKO
3000y6a4 uwoi oceimu neputoco (6aKaiaspcbko2o) pieHs
4 poxy naguanns cneyianvrocmi 122 Komn romepnui nayku
Hayxkosuii kepiBHuk: Bikrop LLIUPBA
KaHouoam ¢hizuxo-mamemamuyrux HayK, OOyeHm
BATATOIMOTOKOBI METO/IU ®OPMYBAHHS MAPHIPYTIB
TA IX ONTUMI3ALIA

B pobomi poszensoaiomvcs memoou b6azamonomokosoi 06pobKu OaHux 0
onmumizayii Mapupymie y mpaHcnopmuux ma a02iCMU4HuUxX cucmemax. 30Kpema,
NPOAHANI308aHO  epeKmusHicms BUKOPUCMAHHA  NAPANEIbHUX O00YUCIeHb mda
MYPAWUHO20 AN2OPUMMY OJisl 3HAXOONCEHHS ONMUMANbHUX WAAXI8 Y epaghosux
CMPYKMypax.

Knrouosi cnosa: 6azamonomoxogi aneopummu, Onmumizayis mMapupymis,

MYPAWUHUL Al120pUMM, NAPAJlesibHi 00YUCTIeHHS, epaghosi cmpyKmypu.
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AKTyaJbHicTh TeMH. OnNTuUMi3allisi MapHIPyTIB € KPUTHYHO BaKIHBOIO
3aauero i 6aratbox cep, BKIIOYAIOUHU JIOTICTUKY, TPAHCIOPTHI TIEPEBE3CHHS Ta
MepexeBl KOMyHikallii. 30UIbIICHHS OOCATIB JaHUX Ta HEOOXIJIHICTh IIBHAKOT
oOpoOKM  BUMAaraioThb BUKOPHUCTaHHA  0araTONMOTOKOBHX  aNTOPUTMIB IS
e(eKTUBHOTO 3HAXOJ/KEHHs HaWKpauux pimeHb. KiiacuuHi MeTonu 3HAXOMKEHHS
ONTUMAJIBFHOTO MapuIpyTy, Taki sk aiaroputmu [leiikctpu abo bemnmana-®dopna,
MpalolOTh €(PEKTUBHO B CTATUYHUX CEPEAOBHINAX, MPOTE BOHU MOXKYTh OyTH
MOBUIBHUMH TIPU BEIUKINH KITBKOCTI MOXJIMBHX MaplIpyTiB Ta 3MIHHHUX yMOBax.
Tomy BUKOpHUCTaHHS NapaieIbHUX 0O0UUCIICHb Ta €BOJIIOIIMHUX MIIX0/IIB, TAKUX SIK
MYpalIuHUN aITOPUTM, € IEPCIEKTUBHUM HAMPSAMKOM JOCIIIKECHb.

Mera myOaikanii — gocmiautd 0araTONOTOKOBI MeToAu (OpMYBaHHS
MapuipyTiB, OLIHUTU iX €(PEKTUBHICTh Ta PO3IVISIHYTH MOKJIMBOCTI ONTHUMI3ALii
IUIIXOM BUKOPUCTAHHS MapaJiebHUX O0YHCIICHbD.

Buxiaa ocHOBHOro martepiajy aociaiaxeHHsi. baraTonoTokoBi aJiroputMu
J03BOJISIIOTh  3HAYHO  TNPUCKOPUTH  OOYHMCIIEHHS 34 PaxyHOK  pO3NOALTY
HaBaHTaXXEHHS MK KUIbKOMa IIporiecopamu abo sapaMH OJHOTO Mpoliecopa. Y
3a7layax ONTHMI3alli MapUIpyTiB BUKOPHCTaHHS OaraTOmoOTOKOBOCTI MOXeE
3a0e3neunT e(PeKTUBHE TMapayielbHe OOYHCICHHS BapiaHTIB MapuIpyTiB, 110
3HAYHO 3HIDKYE Yac BUKOHAHHS anropuTMiB. OCHOBHUMH ITiIXOJIaMHU €:

. Po3noain 3agady MiX NOTOKAMH — KOXKEH MOTIK 00poOiisie okpemy
yacTUHY rpada abo neBHUI Hal0lp MOKIMBUX ILISAXIB.

. ACHHXpOHHE BUKOHAHHS OOYHCIEHb — TOTOKM MOXYTh MpPAaIIOBaTH
HE3aJIeKHO, 110 JI03BOJIIE CKOPOTUTH 3arajbHHUI yac MOUIYKY PilICHHS.

. Bukopucranas MexaHi3MiB CHHXPOHI3aIl — KOOPAWHAIISA TOTOKIB IS
YHUKHEHHSI KOH(IIIKTIB MPU AOCTYMI1 10 3aralbHUX PECypCiB.

MypamvHuii ajaroput™M y 0araromotrokoBiii o0poOui. MypamuHuii
QITOPUTM € OJHUM 13 HalledEeKTUBHIIMX MIAXOAIB 1O PO3B’s3aHHS 3ajadi
KOMiBOSDKEpa Ta MOIIYKY ONTHMAJIbHAX MapuIpyTiB y rpadax. Horo cyTs nonsrae B
IMITaIll MOBEIIHKH Mypax, AKl IIyKalOTh HAWKOPOTIIMNA HUIAX MK DKEPEIOM Ta

i>kero. OCHOBHI €Tanu ajJropuTMy:
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1. Iniyianizayis — CTBOPEHHS TTOYATKOBOTO Tpada 3 BUTIAJKOBHUMH BaraMu
pebep.

2.  Posmiwenns mypax — KOXXHa Mypaxa BUIAQJKOBUM UYHWHOM BHOUpae
MMOYATKOBY TOYKY.

3. O6xio epagha — mMypaxu OyaylOTb MapUIpyTH, KEPYIOUHCh pPIBHEM
dbepoMony Ha pedpax.

4. Onoenenns ¢epomony — HaWKOPOTIII MapIIpyTH OTPUMYIOTh
M1JCUJICHUH PiBeHBb (hepOMOHY, 110 301IbIITyE UMOBIPHICTh iX BUOOPY Y HACTYIHUX
1Teparisx.

5. Koneepeenyiss ancopummy — KOIUW MapuIpyTH CTaOUTI3YIOTHCA,
0OUpPAETHCS ONTUMAJIbHE PILIECHHS.

Jlnst migBuiieHHd €(EeKTUBHOCTI MYpPAIIMHOIO aJITOPUTMY 3aCTOCOBYETHCS
OararonoTokoBa oOpoOKa, sika JT03BOJISIE OJHOYACHO 3allyCKaTH KUTbKa Mypax Ta
00poOIIATH X MapIIPYTH TAPAIETBHHO.

[lapanenbHi OOYUCHEHHS [O3BOJSIOTH 3HAYHO MPUCKOPUTH BUKOHAHHS
QITOPUTMIB, OCOOJMBO B 3ajadax BeJUKOi po3MipHOCTI. OCHOBHI MITXOIU 0
napaseiabHOT ONTHUMI3AIlIi:

. Posnapanenrosanns mypax — KoxkeH TOTIK 0OpoOJisie TEBHY TpyILy
Mypax HE3aJIEKHO BiJ 1HILKX.

. Onmumizayiss oHoG1eHHA (HepoMOHYy — BHUKOPUCTAHHSI MEXaHi3My
0JI0KyBaHb 200 aTOMApHUX 3MIHHHUX JIs YHUKHEHHS KOJI31M IMiJ 4yac OHOBJICHHS
dbepomony.

. Hunamiune Oanaumcy8anHs HABAHMACEHHs — PIBHOMIPHUM pPO3IMOALT
OOYHCITIOBAILHOTO  HABAaHTAKEHHS  MDK  TMOTOKaMU I  MaKCUMAaJIbHOTO
BUKOPHUCTAHHS PeCypciB mpolecopa.

IopiBHsinHa edekTUBHOCTI. /(15 OIIHKKM epeKTUBHOCTI 0araTOMOTOKOBUX
METO/IiB OYJI0 TPOBEICHO EKCIIEPUMEHTANIbHE TECTyBaHHS. Pe3ynpTaTy mokasanu:

. Bukopuctanus  6araTomoTOKOBOCTI ~ 3MEHIIYE Yac  BUKOHAHHS

anroputmy Ha 30-50% y mopiBHSHHI 3 OAHOMTOTOKOBUMU BEPCISIMH.
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. MypamuHuii  anropuT™M Yy TapajelbHOMY BHUKOHAHHI 3HAXO/HTh
onTUMallbHUK MapuipyT mBuame Ha 40% 3aBASKM OJHOYACHOMY OOUYHCIECHHIO
JEKUTbKOX BapiaHTIB IUISIXIB.

. OnTumizailiss OHOBJIICHHS (EPOMOHY [03BOJIE 3HU3UTH KOHDIIKTH
JOCTYITY JI0 TIaM’ STl Ta MOKPAIIUTH MPOTYKTUBHICTH OOUYHCIICHbD.

BucnoBku. BuxopucranHs 0araTomoTOKOBHX METOMIB Il ONTHUMI3AIli
MapIIpyTiB 3HA4YHO WiABHUINYE €QPEKTUBHICTh PO3PAaXyHKIB Ta 3MEHIIYE dYac
BUKOHAHHS anroputMmiB. [lapanenbHe BHUKOHAHHS MYpPAIIMHOTO aJTOPUTMY
JI03BOJISIE TBHUIIIE 3HAXOIUTHA ONTHUMANBHI MIISAXH, 3MEHITYIOYH HaBaHTAKCHHS Ha
HeHTpaJibHuil mporiecop. [lomanmpini AOCTIHPKEHHS MOXYTh OYTH CIpPSMOBaHI Ha
aJlanTalio aJropuTMy Juist KiactepHux cucreMm 1a GPU-004ucieHs.
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