MIH *
XAPKIBCbKMI?l

MI)KHAPUHHUI Y| '”'":l KT LlpU KO
“CYYACHI IHlDOP ALTIHI C Litb EMATATE U!Ls,l,

—\‘ '_a‘..u.

B LICoPOBOMY CYGI'IIH 1Bl

16 - 17 KBiTHA 2026 -r

ABSTRACTS OF RE fUm IS

INTERNATIONAL SCIENTIFIC AND PRAGTICAL CONFERENCE
"MODERN INFORMATION SYSTEMS AND TEOHN_DLUGIES
IN THE DIGITAL SOCIETY" |

APRIL 16 - 17, 2026

XapkiB
2026



Information Systems
Department

«Cy4acHi iHcpopmaUiWHi cUcCTEMU Ta TEXHONOTIT
B unchpoBoMy CycninbCcTei»

\\

AN

YK 004

MaTtepiann MikHapogHOT HayKoBO-NPakTUYHOI KoHgepeHuil «CydacHi iHopmaLinHi
cucTeMu Ta TexHonorii B LMpoBOMyY CycCninbCTBI»: Te3n gonosigen, 16 — 17 keiTHA 2026
p. — X.: XHEY imeHi CemeHa KysHeus, 2026. — 111 c.

HaBefeHi Te3n nneHapHuX Ta CeKUiMHMX [OMoBigen 3a TEeOPEeTUMHMMWU Ta NPaKTUYHUMMWU
pesynbTaTaMn HaykoBUX OOCHIMKeEHb i po3pobok. NMpeacTaBneHi pesynbTaTu TEOPETUYHUX Ta
NPaKTUYHUX OOCNiAKEeHb CTOCOBHO ranysi KOMMIOTEPHUX HaykK, iHXeHepii nporpamHoro
3abe3neyeHHs, kibepbesnekn, a TakoX CUCTEM Ta TEXHOJSOrN iHTenekTyanbHOI 06poOKu
OaHUX.

Matepianu nybnikytoTbCsi B aBTOPCbKIN pefakuii.

Materials of the International scientific-practical conference "Modern information systems
and technologies in the digital society": abstracts of reports, April 16 - 17, 2026. - Kh.:
Simon Kuznets Kharkiv National University of Economics, 2026. — 111 p.

The theses of plenary and sectional reports present theoretical and practical results of
scientific research and development. The collection includes findings in the fields of computer
science, software engineering, cybersecurity, and intelligent data processing systems and
technologies.

The materials are published in the original author's edition.

Disclaimer

The content of these proceedings represents the views of the author only and is his/her
sole responsibility. The European Commission does not accept any responsibility for use
that may be made of the information it contains

3a oocmogipuicme euxnadenux gpakmis, yumam ma iHwWIUX 6i0oMoCcmell 8i0n0BIOANbHICMb Hece Agmop.

© XapkiBCchKHI HalllOHATBHUH eKOHOMIUHUM yHiBepcuTeT iMeni Cemena Kysneus, 2026



Information Systems
Department

«Cy4acHi iHcpopmaUinHi cUCTEeMU Ta TeXHOMoril
B unchpoBOMYy CYCNiNnbLCTBI»

\{

\

CEKIIA 1. KOMIPIOTEPHI HAYKH

YJIK 005.8:004

Aximenko Kupun, Konrarin Onekcanap

akimenkokir@gmail.com, oleksandr.kolgatin@m.hneu.edu.ua

Xapxiecokuul Hayionanvhuil ekonomiunuu ynigepcumem imeni Cemena Kysneys, Xapxie

CTOXACTUYHE NPOIrHO3YBAHHA PU3UKIB: MOEOHAHHA
MOAENMIOBAHHA MOHTE-KAPJIO TA BAECIBCbKOIO OHOBJIEHHA

VYpaBiiHHS pU3UKaMU € KPUTHYHOO CKJIaJI0BOIO
yemimHocTi [T-po€eKTIB, OCKIIbKM HEBH3HAYEHICTh
BHMOT, TEXHOJOTIYHI 3MIiHHM Ta KaJapoBi (akropu
NPU3BOIATE 1O BIAXWICHb y CTPOKax 1 OoKeri.
Krnacuuni  nerepmiHOBaHI  OLHKM — 4acTo  He
BiZIOOPaXal0Th PEaIbHOTO PO3KUILY PE3YNbTaTiB, TOMY
aKTyaJlbHOIM €  3aCTOCYBaHHS  CTOXacCTHYHOTO
MOJICTIIOBAHHS JJIs1 TPOTHO3YBaHHA WMOBIPHICHHX
iHTepBaJIiB 1 clieHapiiB BUKOHAHHSA. TOMYy B Cy4acHHX
HAyKOBHX JIOCHI/DKCHHSAX aKTHUBHO IIPOMOHYETHCS
KOMOIHOBaHHM miaXxin:

1) cumymsnis Monre-Kapno st nommpeHHs
HEBM3HAYEHOCTI Bijl OLIHOK POOIT i pU3UKOBUX TOIN
JI0 MiJICyMKOBUX METPHUK ITPOEKTY;

2) OaeciBCbKe OHOBJICHHS  IapamerpiB  /
IMOBIpHOCTEH 32 HOBUMHU (DAaKTHYHUMH JIaHUMHU
crpuHTIB 200 KOHTPOIBHHUX TOYOK [1]. OTXe, MeTor0
maHoi  pobotm € 0OTpyHTYBaHHSA Mozemi
MIPOTHO3yBaHHs Ha 0a3i 3a3HaUYE€HOr0 KOMOIHOBAHOTO
migxomy  ans  ynpasmiHHs  IT-mpoektamm B
crenuigHIX yMOBax YKpaiHi.

Hexaif mpoexT cximamgaetscst n pobiT i = 1.n 3
BUIAJJKOBUMH TpuBajocTamMu D; i Burparamu C;, a
TAKOXX MHOXMHHM PHU3MKOBUX Mofii r = l.m 3
IMOBIpHOCTSIMH Dr Ta BIUTHBAMU Ha
tpuBaiicts/Bapricts AD;,., AC,,.. lloTpiGHO OiHKUTH:

1) posmomin miACYMKOBOI TpUBaIOCTI T |
BapTocTi B;

2) iimoBipHOCTI TiepesuieHHs noporis P (T >Tj)
iP (B> By);

3) ouHAMiYHe YTOYHEHHs p, (abo mapamerpiB
posmoxmimie  D;, C;) Ha OCHOBI CIIOCTEPEKCHb
nporpecy, 30kpema innukaropis EVM: SPI ta CPIL.

Jns koxHOi poOOTH 3a7aloOThCs  PO3IOALIN
HEBU3HAUEHOCTI (Hampukman, tpukyTaud Tri (a;, b;,
C;) 3a OIliHKaMW ‘“ONTUMICTHYHA /HaliMOBipHimIa/
necumictuuna”). Y kokuid cumymsii k= 1.N

TE€HEPYIOThCS Di(k), Ci(k), a pU3MKOBI  momii

. . k
MOJICTIIOIOTHCSI OEPHYJUTIBCBKUMH 3MiHHUMH Rﬁ )
Bern(p,). IlincyMKoBi MOKa3HUKH:
k) — yn (k) m k)
T( ) = Zi:l (DL + Zr:l Rr ADir)l
k) — yn (k) m (k)
BW =%, (G7+X% ROACG)(D)
Janxi  OIIHIOIOTbCS  €MHIpUYHI  IMOBIPHOCTI
MIEPEeBUIICHHS Ta KBaHTWII (Hampukian, Pgy ). o6
BpaxyBaTH HOBi JaHi BHMKOHaHHS, 3aCTOCOBYETHCS
0aeciBCbKE OHOBJICHHS /IS IMOBIPHOCCTEH PH3HKIB.
Skmo nans momid r y TepioJ] CIOCTEPIraEMo X,

CHpaiioBaHb 3 1, MOXIHBOCTeH, a ampiopHUi
posmonin p, ~ Beta(a,, f5,), Ta anocrepiopHuii:
Prlx, ~ Beta(a, + X, Br + 1y — %) (2)

OHOBNEHI P, MIACTAaBISIOTECS B HACTYIHI
nporonn Momnrte-Kapno, ¢opmyoun axanTHBHHN
MPOTHO3 PU3HKIB.

Jnst nemoHcTpamii Mmiaxomy poO3IISTHYTO PEEcTp
TUIOBHX PH3HKIB Ta 3M0/esib0BaHo 10000 cumyisiiid.
Pe3ynbTaTi MOJAIOTHCS y BUMJIA PparMeHTa peecTpy
pusukiB (Tabmn. 1) Ta KBaHTWIIIB TPUBAJIOCTI/BAPTOCTI
(Tabm. 2).

Tabu. 1
DparMeHT peecTpy pU3HKIB
Kon Pusux p Bruus
R1 |3wmina BumMor 0.30 |AT=+8%
R2 | dedimut kaapis 0.20 |AT=+12%
R3 | Aedextu/mepepodka 0.25 |AB =+10%

Tabm. 2
KBaHTHIIN TiICYMKOBUX NOKa3HHKIB 32 MoHTe-Kapio
IToxasauk Psq Py
Tpusanicts T (THXHI) 24.1 27.8
Bromxer B (ym. o1.) 1.02 1.12

3anpornoHoBaHHHN MiIXix 3a0e3meuye

1) mpo3ope KIUTBKiCHE
HEBU3HAYCHOCTI CTPOKIB i OFOIIKETY;

2) ajanTUBHE YTOYHEHHS PU3UKIB 32 PaxyHOK
06a€CiBCHKOTO OHOBJICHHS,

3) MOXJIMBICTH iHTerpaumii 3 NpaKTUKaMH
yYOpaBIiHHA TpoekTamMu (peectp pms3ukiB, EVM-
ingukaropu). llogampmii  JOCHIIKEHHS  JOIIIBHO
CIIpSIMYyBaTH Ha BU3HAYEHHS crierugiTHIX
KoedimieHTiB MoJeni, ii ajanTaiio 10 BITYH3HIHHX
YMOB Ta HOPIBHSIHHS MOJIENIeH pO3MOIUIIB JUIsl Pi3HUX
tumiB I T-npoexTiB.

OILIIHIOBaHHS

Cnucok nitepatypm

1. Long Chen, Qiuchen Lu, Daguang Han, "A Bayesian-
driven Monte Carlo approach for managing construction
schedule risks of infrastructures under uncertainty", Expert
Systems with Applications, Vol. 212, 2023, 118810,
https://doi.org/10.1016/j.eswa.2022.118810.
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DEVELOPMENT OF A WEB APPLICATION FOR TRACKING POSTAL
TRANSPORTATION

The purpose of the study is to develop a web
application for modeling postal logistics
processes, which allows you to create virtual
items, manage their states, and track their
movement in a closed software environment.

The object of the study is the information
processes of managing the statuses of objects in
logistics networks.

For research, frontend (to build a dynamic
tracking interface) and backend (to implement
the business logic of moving parcels) of web
development based on the Java Script
programming language are used.

Database tools are used to store a complete
history of changes in the statuses of each virtual
shipment. It uses its own emulator service that
simulates delays and logistical events.

Modern logistics requires a high level of
digitalization, but the development and
implementation of new tracking systems is often
hampered by the high cost of integration with
commercial APIls, the limitations of test
environments of real carriers, and the risks of
working with live data.

The relevance of this work is due to the need
to create an autonomous tool - a "digital twin" of
the logistics chain.

The use of the sandbox system allows not
only to safely test architectural solutions, but also
to simulate critical scenarios (delays at customs,
logistics errors, cargo losses) that are difficult to
reproduce using real services.

This makes the project important both for
software developers (as a rapid prototyping
environment) and for educational or business
intelligence purposes, where you need to
visualize complex processes of moving goods
without financial and operational costs for real
infrastructure.

In addition to the technical and economic
aspects, the importance of developing such a

system is reinforced by the growing demand for
specialized educational tools for the training of
personnel of logistics companies.

The virtual sandbox is becoming an
indispensable testing ground for practicing crisis
management skills without risking real supply
chains.

This allows future specialists to better
understand the dynamics of interconnections
between different stages of delivery, and
interface developers to validate the convenience
and informativeness of Ul solutions based on
synthetic scenarios that are as close to reality as
possible.

The practical value is to create a ready-made
prototype for training logistics company
personnel or testing interfaces without the risk of
damaging real data.

The scientific novelty lies in the
development of a model of postal statuses, which
can be adapted to any carrier by setting up the
rules for the transition between statuses.

Thus, the conducted research makes a
significant contribution to the optimization and
automation of logistics chains of transport and
postal services, staff training, safe business
analysis of costs and risks in transportation.

References

1. Grieves, M. (2014). Digital Twin: Manufacturing
Excellence through Virtual Factory Replication.

2. Grigoriev, O. V., Kulbachnyi, Y. I. (2021). Modeling of
logistics processes in complex systems.
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IHOOPMALIMHA CACTEMA MOOENIOBAHHA ANAPATHOI KOH®IFYPALYIT
NK 3 NPOrHO3YBAHHAM NMPOAYKTUBHOCTI

[TinGip KOMIUIEKTYIOUHMX JUIA TIEPCOHAIBHOTO
KOMITIOTEpa € KPUTHYHO BKJIMBUM 3aBIAHHSIM SIK
JUIS  3BUYAHUX KOPUCTYyBaviB, Tak 1 s
npodecionaniB. TpamuimiiiHi MeTOoouM  BHOOPY
Jeraneil 4acto He 3a0e3MedyroTh JOCTaTHBOI
BIICBHEHOCTI y 1XHIH amapaTHIH CyMIiCHOCTI Ta
MiJICYMKOBIH MPOyKTHBHOCTI CHCTEMHU.

JocnmijpkeHHsT ~ pUHKY — TOKasylTh,  LIO
OUIBIIICTh ICHYIOUMX pIllIeHb Bil MapKeTIUIeHciB
30CEpPEeIKYIOTECS TEPEeBaKHO HA TMpOJakaX, He
Ha/al04X 1HCTPYMEHTIB sl 00'€KTUBHOTO aHAJI3y
MIBUAKOI1 MalOyTHBOT 301pKH.

AKTyaJIbHOIO —MPOOJIEMOIO €  BIJICYTHICTB
KOMIUICKCHUX  CHCTeM, sKi O TIOemHyBaH
(YHKIIIOHANBHICT, THYYKOTO KOHiryparopa 3
MPOTHO3YBaHHAM  IPOJYKTHBHOCTI Ha  OCHOBI
CTaHAAPTU30BAHMX  METPUK. TakuM  YHHOM,
3alpOIIOHOBAHE pileHHs BiJIPI3HATUMETHCS
KOMILIEKCHUAM MiIX0J0M, IO MTOEAHYE MTOKPOKOBHIA
BHOIp KOMIIOHEHTIB 3 aHAJIITUKOO MPOYKTHBHOCTI,
0a3yI04nCh Ha BEpH(PIKOBAHUX JaHUX.

Metoro  OCHIDKEHHI €  PO3pOOJICHHS
THTENIEKTYaJIbHOI CUCTEMH MOJICITIOBAHHS arapaTHOl
KoH(iryparii [IK 3 MIPOTHO3yBaHHIM
MPOAYKTUBHOCTI AJISI CHIPOILEHHS IpoIecy 30ipKu
Ta ONTUMI3allii BUTPAT KOPUCTYBAYiB.

IlimsoBoro  aymutopietro € IT-cmeriamicT,
reiiMepu, AU3aifHepH Ta 3BUUAiHI KOPUCTyBadi, Ki
MpardyTh 3i0paTH  ONTHUMAJIbHY KOMITHOTEPHY
CUCTEMY ITiJ] BJIACHI MOTPEOH.

3anponoHoBaHe JIOCTIIPKEHHS
30CEPEMKYETHCS Ha TPHOX OCHOBHHX 3alPSIMKAX:
— JOCHIDKEHHS  aIrOpPUTMIB  amapaTHoOl

cyMmicHocTi: Po3poOka rayuxoi Moaeni 30epexeHHs
naHux Ha 0a3i NoSQL pimens a1 Bamigamnii
CYMICHOCTI KOMHOHEHTiB. CucTeMa aBTOMAaTHYHO
BiI(iMbTPOBYBAaTUME HEMIAXOJIANI  JeTalni Ha
KO)KHOMY  eTami BHOOpY, aHaJi3ylo4d TaKi
mapaMeTpu K COKETH  IPOIECOpiB,  THIIH
OTIepaTUBHOT nam'siti, (hopMm-dakTopu
MaTePUHCBKUX IUTAT Ta HEOOXITHY IOTYKHICTH
OJIOKIB JKHBJIEHHS,

— MOJICNTIOBaHHS Ta aHaji3 "BY3bKHX MicCIp"
(Bottleneck)[1]:  Po3poOieHHS  €BPUCTUYIHOTO
QITOPUTMY ULt BUSIBIICHHS amapaTHoro
mucbanancy Mix neHTpanbHuM mnporecopom (CPU)
ta Bigeokaptoro (GPU). Moaynb NporHo3yBaHHS
BUKOPUCTOBYE  TIOKa3HUKH OeHYMapKiB 3
odimiitHoro caiity PassMark Software [2] mns
OIIHKM 3arajibHoi TOTYyXHOCTi 3i0panoro IIK.

ANTOPUTM  JTOCTIDKY€  CITIBBIIHOIIECHHS  ITHX
MOKA3HUKIB MpPU PI3HUX PO3AUIBHUX 3JaTHOCTSX
€KpaHa, MOSICHIOIYN KOPUCTYBady IPUPOIY BTPATH
NPOAYKTHBHOCTI  Ta  MPONOHYIOUH  IIUIAXH
ontuMmizauii. Ile  mporpamuHe  3a0e3nedyeHHs
3amIMOMIIOCST B MIJBHOHU PE3yJIbTaTiB TECTyBaHb,
sKi kopuctyBaui PerformanceTest ormy0ikyBanu Ha
Horo BeO-caiiTi, i CTBOPWIIO YOTHPH Jiarpami, oo
JIOTIOMOTTH TIOPiBHATU BiJHOCHY NPOAYKTHBHICTb
Pi3HUX KOMITOHEHTIB,;

— TporHo3yBaHHA KaapoBoi yactotu (FPS)
[3] 3a momomororo III: BrpoBamkenHs Momemi
MITYYHOTO IHTEJIEKTY, HaBYeHOI Ha 3i0paHux
MacHBax IIpOBHUX TECTiB, /Uil IPOTHO3YBaHHS

cepeHbOro mokasHuka FPS y  KOHKpeTHHX
BiJleoirpax mig 3aJaHUMUA rpadiyHIMH
HaJIAIITYBAaHHSIMU.

ExcriepuMeHTanpHa 4acTHHA — JOCIIKEHHS
CKJIaJa€ThCA 3 IBOX OCHOBHUX €TaIliB:

[Tepmuit eTam 30cepeKeHU Ha HABYaHHI Ta
Bayijanii iHTEJEeKTyalbHOI MOJIENI MPOrHO3YBaHHSA
KaJIpoBO1 4acTOTH Ha 0a3i aJrOpUTMIB MAaITUHHOTO
HaBYaHHA  (30KpeMa, perpeciiHuX  Mojenen
ancambieBoro tumy). [na 3abe3meueHHs] BHUCOKOI
TOYHOCTI TMPOTHO3IB Ta YHUKHEHHS CHHTETHYHHUX
MOXWUOOK, (OpMyBaHHS €TaJOHHOTO HA0OPY JaHHX
(ground truth) [4] 3nilCHIOETBCS MUISIXOM arperarii
pealbHUX  eMIIpHYHMX  pe3ynbTariB.  Jani
30MparOThC 3 HE3AIEKHUX JDKEpeN, 30KpeMa
IUISIXOM aHaJIi3y Pe3yNbTaTiB HATYpHHUX TECTYBaHb
amapatHux 30ipok Ha mnpo¢ineHuX YouTube-
KaHajax Ta CIeIiali30BaHuX OBEPKIOKEPCHKUX
pecypcax. Y XoIi €KCIEepUMEHTY IPOTHO30BaHi
Momelmo 3HadeHHs FPS  mopiBHIOIOTBCS 3
(aKTHYHUMHM IIOKa3HUKaMH 3 BiZ€O-TECTiB, IO
JIO3BOJISIE  PO3paxyBaTH METPHKHM TOXMOKH Ta
JIOBECTH  JIOCTOBIpHICTH  pOOOTH  aJrOpPHUTMY.
HasBricts Momynmst po3paxyHKy bottleneck [1]
JIOATKOBO KOPUTY€E TIPOTHO3M MOZENI, 3HIKYIOUH

ouikyBanuii FPS 'y Bumagkax amapaTHOTO
nucbamancy. [ns  aBTromartm3amii  300py Ta
aKTyamizamii JaHUX pealli30BaHO  aJITOPHTMHU

IHTETIeKTyaJIbHOTO TApCUHTY [5] Ta KOHBEepH
00po6ku manux (ETL-mpomecn), siki peryssipHo
BUTATYIOTh OHOBJICHI TOKa3HUKH OCHUMApKIB Ta
pe3yJIbTaTH IrPOBUX TECTIB, HOPMATI3YIOUH iX IS
MOJANBIIOTO HABYAHHSI MOZETCH MAIIWHHOTO
HaBuaHHA. [lepen nomadero 3i0paHUX daHUX Y
MOJIENTb  IITyYHOTO  IHTENEKTY  MPOBOIMTHCS
000B'I3KOBUH eTamn monepeaHboi oOpodku. llew

5
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MmpoIleC  BKIIOYAE OYMIICHHS JaTaceTiB  Bix
AHOMAJILHHUX 3HAYCHb, SKi MOKYTh BHHUKATH Yepe3
cnermdiuai  mporpamHi  360i abo  ¢doHOBe
HABaHTAXXEHHS IIiJ] Yac 3amucy HATYpPHUX BiJeo-
TecTiB. Jl0MaTKOBO 3aCTOCOBYIOThCS MaTeMaTH4Hi
METOJ HOpMaii3amii Ta MaciTa0yBaHHS O3HaK,
o Jo03BoJisie 30ajaHCyBaTH BIUIMB aOCOJIOTHO
pI3HUX amapaTHUX XapaKTePUCTUK Ha KiHIIEBUI
pe3yabTaT MPOTHO3YBAHHSI.

Hpyruii  eram  €KCIEPUMEHTY  BKIIIOYAe€
pO3TOPTaHHS AapXiTEKTYpH CHUCTEMH B KiacTepi
Kubernetes [6] JUTSE 3a0€3eYCHHS
MacmTaboOBaHOCTI Ta CTIMKOCTI 1O BigmoB. Jlist
MIPOBEICHHSI HaBaHTaXXyBaJIbHOI'O TECTYBaHHS Oyze
CTBOPIOBATHCh IITYYHUH Tpadik 3a JOMOMOTOIO
yrumitd JMeter [7], mo iMiTye MacoBy TOBEIIHKY
pealbHMX  KOPHUCTYBauiB y  KOH(iryparopi.
MoOHITOPUHT ~ CTaHy CHCTEMH, BHKOPHUCTAHHS
pecypciB (CPU/RAM) Ta anami3 dYacy BIiATYKY
KOMITOHEHTIB il HABaHTA)KEHHSM 31HCHIOETHCS 32
nornomoroto miardopmu Grafana [8], 1o go3Bossie
BHABUTH  IHQPAacTpyKTypHi  "BY3bKi  Micia"
po3pobinenoro pimeHHs. HeoOXiIHICTh MPOBENCHHS
TaKOro IIMUOO0KOT0 iH(PACTPYKTYPHOTO TECTYBaHHS
3yMOBJICHA BHCOKOIO 00YHCITIOBATIHHOIO
CKIAJHICTIO QJITOPUTMIB 0OaraToKpUTEpiaIbHOTO
MOLUTYKY CYMICHUX KOMIIOHEHTIB Ta poOOTH
IHTENIEKTYyallbHUX MOZENel y peKHMi PeaJbHOro
yacy. BuUKOpHCTaHHA MIKpPOCEPBICHOTO TiAXOMy
JO3BOJISIE  HAAIMHO  130JIIOBaTH  PECYpCOMICTKI
(OHOBI TIPOIlECH TIAPCUHTY Ta MPEIUKTHBHOI
AQHANIITUKK BiJ 0e3MOCepeHhOr0 O0CITyroBYBaHHS
KOPUCTYBAaIlbKUX 3aIlUTiB, MIHIMI3YIOUHM PH3UKH
KaCKaJHUX BiZIMOB CHCTEMH IpPH Pi3KUX CTpHOKax
BeO-Tpadiky.

BnpoBamxenHss po3pobienoi iHpopmartiitnol
CUCTEMH HO3BOJUTH SIKICHO 3MIHHTH MIiAXiJ 1O
BHOODY KOMITFOTEPHUX KOMILICKTYIOUHX,
MEPETBOPUBIIA HOTO 3 IHTYITUBHOIO MpOIleCy Ha
HAayKOBO OOIDYHTOBaHE amapaTHE MOJETIOBAHHS.
3aBasku iHTEerpamii 0a3d JaHUX CYMICHOCTI Ha
ocHOBI THyuknx NoSQL pimenp, KOpHCTyBadi
OTPUMYIOTh TapaHTOBAHUM 3aXUCT BiA PU3HKIB
npunabaHHs (i3UIHO YH TEXHOJOTIYHO HECYMICHUX
JeTaneil Ha BCix eramax 30ipKH.

Oco0nHMBy HAayKOBY Ta MPaKTUYHY I[IHHICTh
CTaHOBHThH PEai30BAHUIl MOIYJIb MPOTHO3YBAHHS
MPOAYKTHBHOCTI Ta  BHABJICHHS  amapaTHOTO
nucOanancy. BukopucrtaHHsS Mopenell IITYyYHOTO
IHTENeKTy, Bepu(iKOBAHMX HAa OCHOBI MAacHBIB
peabHUX EMITIpHYHHUX TECTIiB, 3a0e3Meuye BUCOKY
TOYHICTH NMPOTHO3YBaHHS KanapoBoi gactotu (FPS)
y Bimeoirpax. Ile mo3Bosisie KOpHCTyBadyam
00'€KTHBHO OIIHIOBATH OallaHC MDK IEHTPATbHUM
MPOIIECOPOM  Ta  BINEOKAPTOI TIPU  PI3HUX
HABAaHTAKCHHAX,  YHUKAIOYH  HCBHUIPABIAHHX
meperiaT 3a HAJUIMIIKOBY IOTYXKHICTH OKPEMHUX

BYy3JiB, SiIka He 3Moxe OyTH peasi3oBaHa uepes
CHCTEMHI OOMEKECHHSI.

TakuM YHHOM, pPE3yNBTATOM OCIiHKEHHS
oyne MIPEACTABIIATH coboro IHHOBaLlIHE
KOMIUICGKCHE pillleHHs, 10 O0O0'€qHye 3py4YHHI
KOHQITYpaTop 3 MOTY)KHAM aHAIITHIHUM SIPOM.
[MoemHaHHS METOMIB MAIIMHHOTO HaBYaHHSI 3
TITUOOKIM EKCTIIePUMEHTATbHUM
1HGPACTPYKTYpHUM TECTYBaHHAIM CTBOPIOE
MaciiTabOBaHMM, CTIMKHMH 1O BIIMOB HPOAYKT.
Cuctema He muue crpourye npouec 30ipku 11K,
ajsie 1 BUKOHYE POJIb IHTEIEKTYaIbHOTO TIOMIYHHKA,
o chpuse onTuMisanii (iHAHCOBHX BHUTpAT
KOPUCTYBauiB Ta MakcuMmizalii IpOLYKTUBHOCTI
ixHIX poOoYMxX craHIii. J[0MaTKOBOIO IepeBaror
CTaHE MOXJIMBICTh  aJaNTHBHOTO  OHOBJICHHS
MOJEEd BIAIIOBIMHO OO IOSABA HOBUX ITOKOIIHB
amapaTtHoro 3a0e3leyeHHs, 10 3a0e3NevnTh
JIOBTOTPUBATY  aKTYalbHICTh  CHCTEMH  0e3
IMIUIEMEHTAIlisl MOAIOHOI CHUCTeMH B CepeloBUILE
CJICKTPOHHOT ~ KOMEpIIii  JI0O3BOJIUTh  IHTEpHET-
MaraspHaM 3HAYHO 3HH3UTH BiICOTOK IOBEPHCHb
TOBapy, MOB'SI3aHUX 13 MPOOJIEMOI0 CaMOCTIHHOTO
miadopy KOMIDICKTYIOUMX KOpHUCTyBauamu 0e3
MEePEBIpKH TMPOJAYKTHUBHOCTI IS TIEBHUX 3a1ad, a
TaKoX MIIBUIIUTUA PiBEHb JOBIPH CIIOXHBAYiB 10
U(GPOBUX CEPBICIB MIA00PY TEXHIKH.
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HYBRIDIZATION OF PMBOK STANDARDS AND GENETIC ALGORITHMS FOR
IT PROJECT OPTIMIZATION

In IT project management, schedule optimization
methods play a key role, allowing project managers to
utilize available time and resources with maximum
efficiency. In a fast-paced technological environment
where flexibility and speed are critical, precise
planning and workflow optimization become decisive
success factors [1]. These methods help ensure timely
project completion and adherence to budget
constraints, while also contributing to the
improvement of the final product's quality through
optimal resource utilization and effective risk
management [2]. The Project Management Body of
Knowledge (PMBOK) is recognized as the gold
standard in project management, offering best
practices and guidelines that cover all aspects of a
project [3].

However, this standard can prove difficult to adapt
within small organizations or in rapidly changing
environments [4]. Figure 1 illustrates the project life
cycle.

S

Process
Groups

Fig. 1. PMBOK Project Management Standard

In modern conditions, there is a need for
technology integration to bridge the gap between the
requirements of a contemporary project management
environment - which must remain stable and
competitive in the business market - and the
capabilities offered by traditional project management
planning tools.

Genetic  algorithms represent an alternative
approach that allows for adaptation to changes and the
optimization of project management processes.

By utilizing evolutionary principles, such
algorithms are capable of consolidating various
project tasks into a single optimization process and
constructing the most effective implementation plan.

The shortcomings of PMBOK recommendations
manifest in their limited flexibility for dynamic
project management. At the same time, methods based
on genetic algorithms allow for the integration of
flexibility and adaptability into planning processes,
going beyond traditional approaches, which leads to
more effective project management.

Conclusions. This work examines the relevance
of applying optimization methods to improve the
efficiency of IT project management. Analysis has
shown that traditional approaches, specifically the
PMBOK standard, while fundamental for process
structuring, have significant limitations in conditions
of high uncertainty and the need for rapid adaptation.
Thus, the proposed hybrid approach allows for the
combination of PMBOK's structural reliability with
the flexibility of intelligent algorithms, creating a
foundation for minimizing temporal risks and ensuring
optimal utilization of organizational resources.
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BUSINESS MODEL FOR FORECASTING DEMAND FOR TRAVEL SERVICES

The purpose of the study is to develop a
business model that would automate the process
of accounting, analysis and forecasting of
demand for tourist services of the travel agency's
information systems.

Such an application will allow you to
register user requests, store data on destinations
and categories of travel services, filter requests,
generate reports, and also provide multi-level
authorization for users of different roles.

Today, the sphere of tourist services is
rapidly transforming under the influence of
computerization of all sectors of the national
economy, which covers both the processes of
promotion of services and the management of
internal data, including demand accounting.

In traditional practice, managers of travel
companies keep track of customer requests and
interests manually or using  primitive
spreadsheets, which makes it impossible to
quickly analyze trends and form strategic
information for making managerial decisions.

In modern conditions of growing
competition in the market, the need to create
specialized systems that automate the processes
of demand accounting is extremely relevant.

It should be noted that tourist demand is
characterized by a complex nature, which
depends on many variables, namely:

1. seasonality;

2. political stability;

3. economic situation;

4. infrastructural accessibility of
directions;

5. weather conditions;

6. local events;

7. cultural  holidays,
risks, etc.

A system that would take into account all
these parameters and allow tracking changes in
demand over time would significantly increase
the efficiency of travel companies.

Traditional CRM systems, although they
have a wide range of functionality, often turn out

epidemiological

to be redundant or too complex for small travel
agencies.

In such conditions, a convenient and highly
specialized solution, focused specifically on
demand accounting, allows you to better adapt
the system to the needs of a particular business.

It is this logic that is the basis of the web
application being developed.

Automation of the demand accounting
process provides for the possibility of prompt
data entry, processing, storage in a structured
form, as well as obtaining final statistics or
dynamic analysis in the form of filters and
reports.

The system should provide for such key
parameters of requests as the country and city of
destination, the number of people, the desired
date of departure and return, the expected budget,
the category of the tour, the duration of the trip,
etc.

In the future, such a system can be
integrated with a mobile application or a web
platform for the end user, but at the development
stage, internal demand accounting remains in
focus.

This allows you to focus on improving the
analytical unit, setting up filtering logic,
reporting, supporting various user roles
(manager, analyst, administrator), etc.
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OVERCOMING RESOURCE CONSTRAINTS IN IT PROJECT PLANNING THROUGH
SOM HYBRIDIZATION

In today's dynamic business environment, most
projects are characterized by high complexity and
require significant resource involvement. Effective
project organization involves the optimal allocation of
labor and material resources, which presents a
substantial challenge for project managers during the
planning phase [1].

This issue is particularly acute in the field of
information technology, where projects have specific
requirements and demand specialized approaches to
planning and management. Project planning is one of
the key tasks in project management [2].

Depending on project priorities and objectives,
the optimization task may involve minimizing the
total project duration or ensuring optimal resource
distribution among tasks [3].

Despite a variety of optimization criteria, the
planning process remains complex, requiring the
application of effective methods and lacking a
universal solution. To increase the efficiency of
project planning, this study proposes exploring the
integration of Self-Organizing Maps with genetic
algorithms [4].

Utilizing SOM in combination with a genetic
algorithm has the potential to improve the efficiency
of searching for optimal solutions and prevent the
algorithm's premature convergence to local optima
[5]. In the field of IT project management, effective
planning is a key success factor. A successful project
begins with proper planning, which includes detailed
analysis and a strategic approach to defining the scope
of work, resources, timelines, and quality
requirements.  Project planning faces several
challenges, notably the problem of establishing a work
plan under resource constraints. Existing planning
standards, such as the Project Management Body of
Knowledge, ISO 15288, and 1SO 12207, provide
valuable recommendations for effective project
management; however, they offer only general
guidelines and do not resolve specific problems that
arise during the planning process. The development of
artificial intelligence opens new opportunities for
overcoming these challenges and improving project
planning efficiency. Let us consider how project
planning processes are organized according to general
recommendations. According to these standards, the
project planning process includes the development and
coordination of effective plans, the definition of
project  objectives and  constraints, resource
management, the establishment of a work breakdown
structure (WBS) based on system architecture, and
technical management planning.

The integration of modern artificial intelligence
tools, such as Kohonen Self-Organizing Maps and
genetic algorithms, can significantly enhance planning
processes by providing more accurate and flexible
management of resources and tasks. This approach
facilitates the avoidance of premature convergence to
local optima and increases the efficiency of projects.

Conclusions. This study investigated the problem
of planning complex IT projects, which are
characterized by high resource intensity and
dynamism. It has been proven that using artificial
intelligence technologies is advisable to increase
planning efficiency. Thus, combining the systematic
approach embedded in international standards with the
power of hybrid intelligent algorithms creates an
effective mechanism for optimizing the temporal and
resource parameters of IT projects, ensuring their
competitiveness in the modern business environment.
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NATURAL LANGUAGE PROCESSING TO EXAMINE USER FEEDBACK

The aim of the research is to devise an
automated system for user feedback analysis
utilizing natural speech processing techniques to
ascertain sentiment, main aspects, and subjects.

The focus of the study involves
methodologies and frameworks for natural
speech processing to streamline the evaluation of
text responses. Research approaches comprise
machine learning, deep neural networks,
statistical text scrutiny methods, and framework
quality appraisal techniques.

Classic algorithms, neural network designs,
and transformer structures are employed. The
study's outcomes can be utilized in e-commerce,
service  organizations, software  creation,
marketing, and analytics to automate the
assessment of evaluations and discover patterns
within vast quantities of text information. In the
current digital environment, the volume of text
data generated by users of goods and services is
rapidly increasing. Specifically, user evaluations
have become a vital component of the
contemporary business structure.

The capacity to efficiently analyze these
evaluations has transformed into a crucial factor
for business success for enterprises aiming to stay
competitive. Established approaches to analyzing
feedback relying on manual handling encounter
numerous  constraints. Experts can only
effectively examine a finite number of texts, and
the inherent bias of human understanding results
in disparities in findings.

Furthermore, human resources frequently
concentrate on the most recent input, entirely
overlooking historical data that might disclose
long-term directions. From a business viewpoint,
user evaluations supply precious intelligence
regarding: the merits and demerits of a product or
service; the desires and necessities of clientele; a
comparison against rivals; suggestions for
enhancement and progress; issues needing
immediate resolution.

Nevertheless, drawing out this intelligence
from a large collection of unstructured text
information remains an arduous endeavor. This is

where natural speech processing (NLP)
technologies become relevant. NLP is a
multidisciplinary area that merges computer
science, artificial intelligence, and linguistics to
permit interaction between computers and human
language.

To address the objectives, a comprehensive
methodological strategy will be implemented,
integrating the techniques of machine learning,
deep learning, natural language processing, and
data evaluation.

The practical value of the achieved findings
rests in the potential to deploy them for building
efficient systems for automated user feedback
analysis, which can be incorporated into the
operational processes of firms across various
scales and sectors.

Such systems permit not only the lowering
of costs associated with evaluation analysis but
also gaining deeper and more impartial
perceptions into how users perceive products and
services, identifying subtle patterns and trends,
and responding swiftly to serious issues.

Therefore, the performed investigation
offers a significant contribution to advancing
methods for automating the scrutiny of user
evaluations using natural language processing
and establishes the foundation for further
refinement of such frameworks.
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ENHANCING ADAPTABILITY IN IT PROJECT PLANNING THROUGH SOM
HYBRIDIZATION

Successful project management requires the
integration of risk planning at an early stage. Effective
risk management allows for minimizing potential
negative impacts on the project and its objectives.
Regular review of project progress and its alignment
with established goals helps identify and correct
deviations in a timely manner, ensuring adaptability
and flexibility in project management [1].

Together, these elements form the foundation for
creating a resilient and successful IT project. Effective
planning, resource and risk management, as well as
the use of modern artificial intelligence tools, ensure
project integrity and success, making it more resilient
to challenges and unforeseen circumstances [2].

In the field of IT project planning, the
methodologies defined by the ISO 15288 and 1SO
12207 standards are standard frameworks that offer a
comprehensive approach to managing the life cycle of
systems and software, respectively. 1SO 15288
focuses on system engineering, presenting a structured
process that covers all phases of the system life cycle,
from concept to disposal [3].

It emphasizes the importance of integrating
various disciplines and processes to ensure effective
and efficient system delivery. ISO 12207, on the other
hand, is oriented toward the software life cycle,
providing a detailed structure for planning,
management, development, and maintenance of
software products. Both standards establish clear
frameworks for organizing processes that assist in
defining the scope of work, resources, timelines, and
quality [4].

A key aspect of these methodologies is the
integration of risk management at an early stage.
Identifying, analyzing, and developing response
strategies for potential risks allow for minimizing their
negative impact on the project. Regular monitoring of
project progress and its compliance with established
goals ensures the timely identification and correction
of deviations, which increases the adaptability and
flexibility of project management [5].

In modern IT projects, the application of
artificial intelligence, such as Kohonen Self-
Organizing Maps and genetic algorithms, can
significantly improve planning and management
processes. These tools contribute to more accurate and
flexible management of resources and tasks, helping
to avoid premature convergence to local optima and
increasing the overall efficiency of projects.

Overall, comprehensive planning, which
includes resource management, risk management, and
the use of modern technologies, creates the basis for

the successful execution of IT projects. Both standards
advocate for a process-oriented approach to project
management, emphasizing the importance of clearly
defined processes, roles, and responsibilities
throughout the project life cycle. They share the goal
of ensuring quality, reliability, and efficiency in
project implementation.

Conclusions.  This  work conducted a
comprehensive analysis of IT project planning
methodologies based on the international standards
ISO 15288 and ISO 12207. It was established that a
key success factor in the modern development of
complex systems is the combination of a structured
process approach with flexible adaptation mechanisms
at the early stages of the life cycle. The research
results confirm that the integration of intelligent
methods into the classical frameworks of systems
engineering creates a solid foundation for ensuring the
quality, reliability, and high overall efficiency of
complex IT system implementations.
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HYBRID ENCRYPTION TECHNIQUES IN BLOCKCHAIN NETWORKS

The goal of the research is to implement
hybrid encryption methods to guarantee the
confidentiality, integrity, and authenticity of
conveyed data in blockchain  networks.
Contemporary cryptographic algorithms were
examined, their pros and cons were determined,
and a hybrid scheme integrating symmetric and
asymmetric encryption was suggested. The focus
of the research is the procedure of data exchange
among participants in the blockchain network.
The subject of the research involves
cryptographic methods aimed at enhancing the
security of information transmission.

An analysis of cryptographic dangers was
performed, noting typical weaknesses of data
transmission in public blockchains, especially
when exchanging keys and moving sensitive
information to or outside the network consensus.
The outcome of the research is the creation of a
solution for a secure data transfer channel
utilizing hybrid encryption, which is tailored to
the specifics of the blockchain setting.

In today's information sphere, blockchain
technologies are actively being adopted across
diverse sectors, spanning from finance and
logistics to education, medicine, and public
governance.

The primary merit of blockchain is
guaranteeing the integrity, openness, and
immutability of information recorded on a shared
ledger. Simultaneously, contrary to the
widespread perception regarding the robust
security of decentralized systems, the blockchain
itself does not afford complete defense for
transmitted information, particularly at the level
of communication between system members.

Threats common to traditional computer
networks remain pertinent: Man-in-the-Middle
(MITM) assaults, which permit disruption of data
transfer  between nodes; substitution of
transactions or tampering with content prior to
their inclusion in the block; seizure of private
details during the creation, signing, or forwarding
of transactions; leveraging weak or obsolete
cryptography algorithms that fail to meet current
standards.

During the research, an extensive study of
hybrid encryption methods and their use for
safeguarding information in blockchain settings
was carried out. Based on the theoretical review,
it was ascertained that hybrid cryptography
merges the strengths of both symmetric and
asymmetric  encryption  techniques:  rapid
processing of symmetric algorithms (such as
AES) and safe key exchange facilitated by
asymmetric algorithms (for instance, ECC). This
convergence enables achieving an optimal
equilibrium between performance and security
within decentralized network conditions.

The study's findings illustrated the high
effectiveness of the selected cryptographic
model: minimal latency in encrypting and
decrypting, adherence to modern standards,
scalability, and defense against major attack
vectors (including MITM and traffic pattern
analysis).

The comparative assessment  also
corroborated the benefits of the hybrid model
over conventional methods. Therefore, the
derived results form the foundation for
developing practical applications in secure data
transmission for Web3 systems, decentralized
applications, and  next-generation  digital
ecosystems.
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ARTIFICIAL INTELLIGENCE IN FINANCIAL RISK OVERSIGHT SYSTEMS

The aim of the investigation is to deploy
artificial intelligence in automated financial risk
oversight systems so as to boost the precision,
expediency, and efficacy of administrative
choices in the finance sector.

Within the scope of the investigation, a
framework for anticipating the credit exposure of
bank patrons has been created, enabling solvency
appraisal based on past records and contemporary
machine learning techniques. The focus of the
investigation is automated financial risk oversight
mechanisms operating in the banking and finance
domains. The subject matter is artificial
intelligence algorithms and frameworks that can
be incorporated into automated financial risk
oversight systems to enhance forecast accuracy
and pinpoint risky clientele. The research
technique involves modeling utilizing machine
learning utilities, specifically neural networks
and ensemble learning approaches. The outcome
of the investigation is the development of a
potent framework for predicting credit exposure,
showcasing a high degree of classification
correctness and the capacity to adjust to shifts in
input conditions.

As part of the investigation, a hands-on
instance of constructing a framework for
anticipating the credit exposure of bank clientele
was executed. The primary objective is to
establish an intelligent classification process
capable of determining if the client will manage
to repay the obligation promptly in the future.
Such a process permits the bank to lessen the
probability of losses owing to loan defaults,
augment risk management potency, and render
well-founded credit determinations. For the
simulation, an accessible data collection from the
Kaggle platform — Home Credit Default Risk —
was utilized. This data collection includes over
300,000 entries of clientele with diverse
attributes such as age, earnings tier, count of
dependents, credit background, accommodation
style, occupation, and so forth. The study
examined the prospects, advantages, and hurdles

of employing artificial intelligence in automated
financial risk oversight systems. The evaluation
of theoretical underpinnings, categorization of
financial exposures, technical specifications for
deploying intelligent systems, along with
practical modeling using credit exposure
forecasting as an illustration, was conducted.
General methodologies for financial risk
oversight are reviewed, their grouping and traits
in current economic settings are ascertained.
Special consideration is given to aspects of model
explanation, which constitutes a critical element
for embedding Al in risk oversight procedures to
comply with regulatory mandates. A practical
exercise was performed to devise a framework
for anticipating the credit exposure of a bank
patron. Actual figures were pre-processed,
multiple frameworks were constructed and
assessed, and correctness was gauged employing
metrics.

Concurrently, their deployment necessitates
appropriate technical and organizational backing,
encompassing matters of explanation,
verification, and modification to fluctuations in
the commercial landscape.
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PERFORMANCE TRADE-OFFS AND EXPERIMENTAL EVALUATION OF DATA
SERIALIZATION PROTOCOLS IN MICROSERVICE ARCHITECTURES

In contemporary distributed systems,
microservices communicate extensively via network-
based message exchange, and the serialization
mechanism is a critical infrastructure component that
influences overall system behavior. Even marginal
overhead in serialization and deserialization
operations may accumulate significantly in high-
throughput environments, directly affecting latency,
throughput, CPU  utilization, and  memory
consumption. Consequently, selecting an appropriate
serialization format represents not merely a technical
detail but a strategic architectural decision. The
research aimed to conduct a comprehensive,
methodologically consistent comparative evaluation of
serialization protocols in microservice architectures,
with particular emphasis on performance efficiency,
payload compactness, scalability under load, and
resilience to schema evolution.

To ensure the reliability and validity of results,
the experimental design was constructed around the
principles of reproducibility, environmental isolation,
and equivalence of testing conditions. Hardware
parameters were fixed throughout the testing process,
background processes were minimized to reduce
interference, and consistent runtime configurations
were maintained. Such preparation was necessary to
prevent external factors from distorting performance
measurements. The evaluation framework included
multiple complementary testing scenarios in order to
reflect both synthetic and realistic operational
conditions. These scenarios comprised isolated
microbenchmarks  for raw  serialization  and
deserialization speed measurement, integration tests
simulating inter-service communication patterns,
stress testing under concurrent load, and validation
scenarios addressing schema evolution and backward
compatibility.

The empirical analysis focused on three widely
discussed serialization approaches: a text-based format
(JSON) and two binary formats (MessagePack and
MemoryPack). JSON remains one of the most broadly
adopted serialization formats due to its simplicity,
human readability, and universal ecosystem support.
However, its textual representation inherently
introduces redundancy, as field names and structural
delimiters are explicitly transmitted in every message.
Binary formats, in contrast, are designed to minimize
representation overhead by encoding structural
information more compactly and avoiding repeated
textual identifiers.

During experimentation, several quantitative
metrics were systematically recorded. These included

serialization time, deserialization time, size of the
serialized payload, memory allocation behavior, and
end-to-end latency under concurrent execution. In
addition to mean values, the analysis incorporated
medians, standard deviations, and high-percentile
measurements such as the 95th and 99th percentiles.
This statistical approach enabled not only the
evaluation of average-case performance but also the
assessment of stability and tail behavior under peak
conditions, which is particularly important for high-
availability distributed systems.

Mixed Sync + Async Serialization Architecture
O
j:
LoadGenerator

HTTP Requests

APl Gateway

Forward Request

Service A
HTTP Call (Serialized Payload) / HTTP Response (Serialized) Produce Message (Serialized)
Service B (Sync) @Tnp;ic\ul

Consume Message {Deserialized)

‘ Service C (Async Consumer) ‘

Update Aggregation / State

[ In-Memory Store |

Fig. 1. Component diagram of a microservices test
environment

Experiments involving simple object models
with nullable fields revealed substantial differences in
compactness  between text-based and binary
representations. The binary formats significantly
reduced payload size compared to JSON, which
incurred notable overhead due to textual field naming
and formatting. Although all evaluated protocols
correctly preserved null values during deserialization,
the magnitude of payload differences becomes
increasingly important at scales of millions of
messages exchanged per second. In high-load
microservice ecosystems, even a modest reduction in
message size can lead to measurable improvements in
network throughput and reduced transmission latency.

Further experiments addressed robustness in the
presence of schema evolution and type modifications.
In distributed systems, service contracts frequently
evolve, and serialization formats must handle
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structural changes predictably. The analysis
demonstrated that certain formats explicitly raise
exceptions when encountering incompatible type
transformations, thereby preserving deterministic
failure behavior. In contrast, one of the evaluated
binary approaches in a specific scenario completed
deserialization without generating an error despite a
structural mismatch. While this behavior may enhance
flexibility in some contexts, it also introduces the risk
of silent logical inconsistencies. This observation
underscores the need to integrate robust validation
mechanisms in systems where data integrity is critical.

Performance  benchmarking on  medium-
complexity models containing nested objects,
collections, and variable-length data structures
provided further insight into computational efficiency.
Binary formats demonstrated a pronounced advantage
in serialization speed over the text-based approach,
particularly for simple and moderately complex
structures. In certain test cases, one binary protocol
achieved multiple-fold improvements in serialization
throughput compared to JSON. However, as structural
complexity increased—especially in the presence of
deeply nested hierarchies or union-type constructs—
the relative performance gap narrowed. Additional
processing required to manage structural metadata
partially offset the raw speed advantage observed in
simpler cases.

Load testing under concurrent execution
conditions further illuminated scalability
characteristics. When subjected to parallel request
processing, the binary formats maintained consistent
throughput while utilizing lower bandwidth, owing to
their compact payload representation. The text-based
format exhibited increased latency growth as message
size and structural complexity expanded, reflecting
cumulative parsing overhead. In runtime environments
optimized for memory efficiency, one binary protocol
demonstrated particularly strong performance, thanks
to reduced data copying and direct memory access
optimizations. Nevertheless, real-world performance
gains were somewhat lower than those reported in
synthetic benchmark environments, especially for
complex composite data models. This discrepancy
underscores the importance of evaluating serialization
mechanisms under realistic workload conditions rather
than relying solely on microbenchmark claims.

The experimental findings confirm that selecting
the serialization protocol cannot be based solely on
raw speed metrics. Architectural suitability must be
assessed through a multi-criteria perspective that
considers interoperability, maintainability, schema
evolution strategy, ecosystem maturity, and long-term
support.  Binary formats provide measurable
improvements in compactness and computational
efficiency; however, they may complicate cross-
platform integration, debugging, and transparency.
Text-based formats, despite their higher overhead,
offer advantages in readability, ease of inspection, and
broad compatibility across heterogeneous technology
stacks.

An additional dimension of analysis concerns
maintainability and developer productivity. Human-

readable formats facilitate debugging, logging, and
troubleshooting in distributed environments. Binary
formats, while more efficient, often require
specialized tooling for inspection and diagnostics.
Consequently, the system's operational context plays a
decisive role in determining whether compactness or
transparency should be prioritized. Systems that
expose public APIs or interact with diverse external
consumers may favor textual formats for
compatibility, whereas internal high-frequency
communication channels may benefit substantially
from binary encoding.

Another important observation relates to memory
allocation behavior. Efficient serialization not only
reduces network traffic but also influences garbage
collection patterns and heap pressure in managed
runtime environments. Reduced memory allocation
and minimized object copying can lower pause times
and enhance overall system responsiveness. Binary
formats that employ optimized memory access
strategies may therefore contribute indirectly to
improved stability under sustained load conditions.

The overall synthesis of results leads to several
principal conclusions. First, binary serialization
formats consistently outperform text-based formats in
terms of payload size and raw processing speed.
Second, performance gains vary depending on data
model complexity and runtime environment
characteristics. Third, robustness to schema evolution
differs among protocols and must be carefully
evaluated in long-lived distributed systems. Fourth,
interoperability and ecosystem considerations remain
decisive factors in architectural decision-making.
Finally, real-world workload testing is essential for
obtaining reliable performance assessments that reflect
operational behavior rather than isolated synthetic
benchmarks.

In summary, the research provides a structured,
empirically grounded understanding of the trade-offs
inherent in selecting a serialization protocol within
microservice architectures. The findings emphasize
that optimal design decisions emerge from balancing
efficiency, compatibility, = maintainability, and
reliability requirements. By integrating quantitative
performance analysis with qualitative architectural
considerations, system designers can make evidence-
based choices aligned with both technical constraints
and long-term strategic objectives.
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APPLICATION OF WEB TECHNOLOGIES FOR THE DEVELOPMENT OF
ORDER MANAGEMENT SYSTEMS IN THE FLOWER INDUSTRY SEGMENT

The purpose of the study is to identify the
features and justify the use of web technologies
to automate order accounting in the flower
business, especially for small and medium-sized
enterprises.

Due to high competition and the specifics of
working with perishable goods, there is a
problem of inefficiency of manual accounting,
which leads to errors in the execution of
operations, loss of important information about
orders, complication of inventory control and
logistics, as well as deterioration in the quality of
customer service.

Traditional methods such as paper media or
individual spreadsheets do not meet the needs of
today's market, where speed, accuracy, and
personalization are major success factors [1].

A modern way to solve these problems is to
create a specialized web application that provides
a single digital platform for managing all aspects
of the business.

Web technologies provide a stable basis for
the integration of a product catalog with updated
balances, a dynamic order builder that allows
customers to create special bouquets, plan and
track delivery in real time, as well as
automatically prepare reports.

This approach reduces document chaos,
reduces the impact of human errors, and ensures
transparency across all processes. The ability to
work from any device — computer, tablet or
smartphone — provides flexibility to the owner,
manager, florist and courier, which increases the
overall efficiency [2].

Currently, the market is seeing a great
demand for the digitalization of the flower
business due to the growing expectations of
customers for speed and quality of service, as
well as the need to reduce costs.

Despite the fact that there are universal
programs for retail, they are partially not suitable

for the flower industry: the lack of tools for
working with the shelf life of flowers, the ability
to create compositions or convenient delivery
management makes them less effective.

The developed web application is designed to
overcome these problems.

It allows centralized management of orders
and inventory, provides convenient tools for
employees and couriers, and also carries out
automated analytics for managerial decision-
making, thus creating a pleasant and efficient
environment for doing business [3].

Therefore, automation of order accounting
using web technologies allows you to change the
main processes of the flower enterprise, making
them better, more organized and customer-
oriented.

This is an important investment that aims to
reduce costs, reduce losses due to spoilage of
goods, increase customer satisfaction and create
sustainable competitive advantages.
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DEVELOPMENT OF A WEB APPLICATION TO SUPPORT THE PROCESS OF
LEARNING FOREIGN LANGUAGES

The purpose of the study is to identify the
possibilities of using web technologies to
improve the efficiency and convenience of
teaching foreign languages in the digital
environment.

Due to the growing requirements for
language training, the problem of the lack of
interactive, accessible and flexible tools that
would ensure the learning process and motivate
the user to active practice becomes obvious.

Thus, traditional methods often become less
effective due to the low level of interactivity,
difficulty in controlling learning outcomes, and
lack of emotional involvement, which leads to a
rapid decrease in interest in classes [1].

One way to solve these problems is to use
web technologies, which provide a stable basis
for combining lessons with multimedia,
gamification, automated control of results, and
flexible content customization.

Considering the work of a modern web
platform, it can be noted that automated training
of some parts of the material increases
motivation, and the ability to use the service on
any device provides easy access to learning [2].

Real-time feedback and interactive exercises
make web solutions the most flexible way to
learn in today's fast-paced and ever-changing
content environment.

The current growth in the popularity of
learning foreign languages online is due to the
spread of international interaction, the
development of the global labor market and
platforms, and the growth of the digital economy.

Although there are many learning apps,
many users encounter problems with insufficient
adaptation, lack of interactive elements or
restricted access, so they reduce the frequency of
practice.

Current research shows that the combination
of multimedia, gamification, and the possibility
of multiple learning without wasting time and
resources helps to build motivation and positive

learning dynamics. That is why it is necessary to
create accessible platforms that allow users to
learn at their own pace, conveniently and
regularly, regardless of what device they use.

The developed web application is aimed at
supporting language practice thanks to interactive
modules, a system of tests, the mechanics of
unlimited "lives", which contributes to the
repetition of tasks without penalties, and the
ability to track your achievements in a user-
friendly interface.

The presented application provides ease of
use, accessibility, increases interest through game
elements, and also creates an impactful, stress-
free environment for users with different levels of
knowledge [3].

Thus, the use of web technologies in
teaching foreign languages allows you to make
the learning process more flexible, dynamic and
focused on the needs of students.

The results of the research confirm that the
further development of web tools is a promising
way to support independent learning and increase
general language competence.
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NMOPIBHANbHUA AHANI3 3ACOEIB 36IPKU ®POHTEH-YACTUHU BEB-
3ACTOCYHKIB

B ymoBax cTpiMKOTO pO3BHUTKY BeO-
TEXHOJIOTIH Ta 3POCTaHHS CKJIAJHOCTI KIIEHTCHKHUX
3aCTOCYHKIB, €(EeKTHBHICTh TMpolecy 30ipku
(pPOHTEHI-KOAY  CTa€  KPUTUYHO  BaXKIUBHM
(hakTOpoM TMPOAYKTHUBHOCTI po3poOku. CydacHi
Be0-3aCTOCYHKH CKIIQIAlOThCA 3 THCSY MOJYIIB,
KOMIIOHEHTIB Ta 3aJIeKHOCTeH, SKI MOTPeOYIOTh
Tparcdopmarii, 00’eTHAHHS Ta ONTHMI3allii Tepen
pO3TOpTaHHSIM y BUPOOHHYOMY cCepeloBUIIi. 3a
JanuMH  gocmimkenas State of JS, momazm 90%
PO3pOOHUKIB ~ BUKOPUCTOBYIOTH  CII€liajli30BaHi
3acobu 30ipku Ul aBTOMAaTH3Aallii I[LOTO MPOLECY.
Yac, sKkuWid BHUTpavaeThcs Ha 30IpKy MPOEKTY,
BAMIPIOETBCS CEKYHAAaMH, OJHAK dYepe3 BHUCOKY
YacTOTy iTepallii mig yac po3poOKH, HEOOX1AHICTH
MIBHIKOTO Tapsdoro Iepe3aBaHTAKEHHS MOIYIIB
(HMR) Ta BHMOrM 110 omnTHMI3amii BUPOOHHYHMX
30ipoK, BHOIp ONTHMAIBHOIO IHCTPYMEHTY MOXeE
CYTT€BO BIUTUHYTH Ha MIPOIYyKTHBHICTH KOMaHIHN Ta
KOHKYPEHTOCITPOMOIKHICTD Oi3HeCy.

Js Js
.png .css
modules webpack static
with dependencies MODULE BUNDLER assets

Puc. 1. [lpuanmn po6oTH KOMIIOHYBaIbHIKA MOYJIiB

KoxeHn 3aci6 30ipkd Mae He TUIBKH CBOI
OoOMEXEHHsT B ONTUMI3allii 4Yacy KOMITUIAIMII Ta
KOMIIOHYBaHHS, ajJie 1 0COOIMBOCTI BIPOBAKEHHS,
MIATPUMKA Ta MONAIBIIOTO PO3BUTKY. He icHye
€JIMHOTO 1/1eaIbHOTO PIllIEHHs JJIsl BCiX BUMAJKIB, a
OTXXEe TIpu BUOOpi iHCTpyMeHTy 30ipkm Tpeba
BpaxOBYBAaTH pi3HI YHHHUKA Ta YHIKaJbHICTH
KOXHOTO TpOeKTy. 3acobu 36ipku (build tools) —
e MporpamMHe 3a0e3MEYCHHS, M0 aBTOMATH3YE
MPOIIECH KOMIUIAIIT, TPaHCIUISMIi, KOMIIOHYBaHHS
MOJIYJIB Ta MiHi(iKaIii BUXiTHOTO KOAY Yy TOTOBI
JUIs po3ropTaHHs apTedaktu. TpaaumidHui miaxin
no 30ipku, peamizoBanuit y Webpack, momsrae y
MMOBHOMY KOMIIOHYBaHHI BCiX MOMYIIIB 3aCTOCYHKY
mepe;l 3alyckoM cepBepa po3poOku. Ha ocHoBi
Webpack mobynoBano inctpymenT Create React
App (CRA) — odimiitne CLI-pimenns Bix Meta s

CTBOPEHHS React-nipoekTiB 3
KOH(]iryparmiero.

JavaScript € HaHNOIyIAPHINIO  MOBOIO
MporpamMyBaHHs y cdepi BeO-po3poOKH: 3a JTaHUMHU
W3Techs, nonan 98% BeO-caiiTiB BHKOPHCTOBYIOTb
JavaScript ~Ha  crtoponi  kimieHTa.  React,
po3pobneHuid KoMmIlaHiero Meta, € ogHHUM i3
HalinommpeHimux JavaScript-¢ppedMBOpKIiB ISt

HYJIBOBOIO

no0yI0BU IHTePaKTUBHUX KOPUCTYBAIbKUX
inTepdeticis. KirouoBoro ocobnmBicTio React €
KOMIIOHCHTHAa  apXiTEKTypa, sKa  JO3BOJIE
CTBOPIOBATH HE3aJICKHI Ta MMOBTOPHO

BHKOPHCTOBYBaHI €JIEMEHTH iHTepdelcy, a TaKkok
BUKOPUCTaHHA BIpTYaJILHOTO DOM itk
e(heKTUBHOTO OHOBJICHHS CTOPiHKM 0€3 MOBHOTO ii
nepe3zaBanTakeHHs. Came g React-mpoexTis
MUTaHHA BHOOPY 3aco0y 30ipKHM € HalOLIbII
AKTyalbHUM, OCKUIBKH PO3POOHHUKH MPAILOITh 13
BEJIMKOIO KIJIBKICTIO KOMIIOHEHTIB, CTWIIB Ta
3aJIKHOCTEH, IO MOTPEOYIOTh MIBUAKOI 0OPOOKH.

ITompu 3pyunictes Bukopucranusi, CRA wMae
CYTT€B1 OOMEXKCHHS, ITOB’s3aHi 3 MPOAYKTHBHICTIO.
Ockinekn Webpack BUKOHY€E TTOBHE KOMIOHYBaHHS
yCiX MOAYJIIB IpU KOXHOMY 3aIyCKy, dac 30ipku
3HAYHO 3pOCTAE JUIS BETUKUX MPOEKTIB 13 TUCSYAMU
KOMITOHEHTIB Ta 3anexnocreil. Kpim Ttoro, CRA
MICTHTh ~ HaAMIpPHY  KUJIBKICTH  TONEPEIHBO
BCTAHOBJICHMX TMakeTiB Ta  momidimi, 1o
MPU3BOJIUTH JIO 30UTBIICHHS PO3MIPY TPOEKTY Ta
YIOBUTbHEHHS Tiporiecy po3pobku. Ili mpobiemu
CTaJM MPUYHHOIO TOro, 10 y OepesHi 2023 poky
KOMaH1a React odiiiHO MIPUITHHWIIA
pexomennyBath CRA 18  CTBOpeHHS HOBHX
3aCTOCYHKIB, IO TIOCTaBWJIO Tiepe]] CIiTBHOTOIO
PO3pPOOHMKIB NHTaHHS BHOOpPY aJBTCPHATHBHOTO
IHCTPYMEHTY 30ipKH.

CporofiHi pO3pOOHHMKH MaroTh BHOIp MiXK
JEKITbKOMa 1HCTpYMEHTaMHu 30i1pKH, cepex SKhX

ocobnmBe Micie 3aiimae Vite — cydacHHR 3acid
30ipkn, ctBopeHmid Emanmom 1O, aBTOpOM
¢dpeiiMBopky  Vue.js. Vite BHUKOPUCTOBYE

MPUHIMIIOBO IHINMKA TMIiAXIA: 3aMiCTh ITOBHOTO
KOMIIOHYBaHHS BiH CIHMPAEThCs Ha HaTUBHI ES-

Momynmi  Opay3epa Ta  momepeaHr  30ipKy
3aJIE)KHOCTEM  3a  gomomoror  esbuild  —
HAQAMIBHIAKOTO  KOMIIOHYBAJIbHHKA,  HAIMCAHOTO

MoBor Go. bpaysep Oepe Ha cebe poib 0OpoOKH
MonayniB, a Vite nwuiie TpaHchOpMye Ta Hajae
BUXiTHHHA Kox 3a 3amuToM. lle 3abesmeuye
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MUTTEBUI 3aIlyCK CE€pBEpa pO3pO6KI/I Ta IMIPAKTUIHO

MUTTEBE Trapsde Tepe3aBaHTaKCHHS  MOJIYJIiB
HE3aJISKHO BiJl pO3MIpYy MPOEKTY.
— \
—— Internet
| -
Clients —
Server

.-

Puc. 2. ApxitekTypa cepBepa po3poOKH Ha OCHOBI
KOMITOHYBaJIbHUKA

Metoro  nmaHOi poOOTH €  KOMILICKCHE
JOCTI/DKCHHS Ta TOPIBHAJIBHHNA aHalli3 3aco0iB
30ipKku  (PpOHTEHA-4YacTUHU Be0-3aCTOCYHKIB Ha
mpukiani Create React App Tta Vite. g 1poro
OyIyThb PpO3TIIAHYTI KIIOYOBI  XapaKTEPHCTUKH
KOXKHOTO 13 3aco0iB 30ipkM, IXHI mepeBaru Ta
HENOJIKM, a  TakoXX  [pOBEIEHO  aHawi3
eKCTIIEPAMEHTATBHOTO TECTyBaHHSI Ha peajbHUX
CIIEHapisiX BUKOPUCTAHHA. Y TPOIECi AOCIIHKEHHS
OyAyTb OLIIHEHI TaKi MapaMeTpH:

— IIBHJKICTh TIOYATKOBOT 30ipKH TPOEKTY Ta
3aITyCKy cepBepa po3poOKy;

— Yac Tapsyoro Irnepe3aBaHTaKEHHS MOIYIIB
(HMR);

— o0csar modaTKOBUX (haliIiB MPOEKTY Ta
(hbiHATBHOTO MMAaKeTy PecypciB;

— IPOAYKTHUBHICTb BeO-CTOPIHOK 3a
Metpukamu Google Lighthouse;

— CYMICHICTD 3 pi3HUMH (pEeHMBOPKaMH Ta
miathopMamu;

— 0coOJIHMBOCTI KOH(]Iryparllii, 0OMeXeHHs Ta
piBEHb MIATPUMKH CHUIBHOTH;

— MiATpUMKA Cy4acHHUX CTaHAAPTIiB
ECMAScript ta MmoxxsmBocti podotu 3 TypeScript,
CSS-npenporniecopamu i MOITYJTEHUMHU CHCTEMaMU;

— 3py4YHICTh pO3rOpTaHHS 3aCTOCYHKY Y

MIPOIaKIITH-CEePEIOBHUIII Ta IHTErpalis 3
nonymsipaumu Cl/CD-mmatdopmamu;
— CcTabUIbHICT,  POOOTH Ta  TMOBEAIHKA

IHCTpYMEHTIB TIpH MAacIITa0yBaHHI MPOEKTY 3
BEITUKOIO KIJIBKICTIO MOJTYJIIB 1 3aJIE)KHOCTEH.
HocmimkenHs 0a3yeTbCsl Ha MAXOMi, IO
MOEAHY€E aHali3 HAyKOBOI JITEpaTypH, KUIBKiCHE
TECTYBaHHS TPOJYKTUBHOCTI 3aco0iB 30ipKu Ta
SIKICHUH aHayi3 HiATPUMKH CIUIBHOTH
PO3pOOHHUKIB. HomynspHicTh IHCTPYMECHTIB
OLIHIOETECS 3a gaHuMu Imiatgopm GitHub, npm
trends Ta Google Trends. IIpoaykTuBHICTH 3ac00iB

30ipKM  IUTAaHYEThCS ~ BUMIPIOBATH  [UITXOM
MOPIBHAHHS dYacy 30ipKH, IIBHIKOCTI 3aIlyCKy
cepBepa po3poOku, yacy HMR Tta posmipy daiinis
npoekty. Jlnsg ayamTy NOpOZyKTHBHOCTI BeO-
CTOpPIHOK MOXe OyTH BUKOPUCTAHWUH IHCTPYMEHT
Google Lighthouse, skmii Hamae MeTpuku First
Contentful Paint, Speed Index, Largest Contentful
Paint ta Total Blocking Time. Taxuii KoMITIeKCHHI
MiJAXIJ JO3BOJSE OTPUMATH OO0’ €KTHBHY KapTHHY
mepeBar Ta HEHOJNIKIB KOXKHOTO 3 JIOCITIHKYBaHUX
3ac00iB 301pKH.

s mpoBemeHHS — EKCIEPUMEHTAIBHOTO
JOCITI/DKEHHS IUIAHYEThCS CTBOPHUTH  ICHTHYHI
TecToBi React-mpoekTH, MmO MICTATH OIHAKOBY
KUIBKICTh KOMIIOHEHTIB, 3aJ€KHOCTEH Ta o0car
BHUX1THOTO KoAay. TectyBaHHs Oyje POBOJUTHCH B
OJTHAKOBUX AarapaTHUX Ta MPOrPAMHUX YMOBAax 3
METOI0 3a0e3IeueHHs 00'€KTUBHOCTI Pe3yJIbTaTIB.

BucHoBku. AHani3 egektuBHOCTI Create React
App Ta Vite y KOHTeKCTi 30ipku (pOHTEH]-
YaCTHHU Be0-3aCTOCYHKIB  JO3BOJSI€  3POOUTH
BHCHOBKM TMpO iXHIO MPUAATHICTh JUIS PI3HUX
clieHapiiB PpO3poOKH. [Micas odimiitHOTO
npunuHeHHs mintpumkun CRA xomanmoro React,
BHOIp ONTHMAJIBHOTO 3ac00y 30ipKH cTae 0COOIMBO
aKTyaJlbHUM 1 MOXE CYTTEBO BIUIMHYTH Ha
MPOAYKTUBHICTh PO3POOKH, MO0 € KPUTUIHO
BKJIMBUM YAHHUKOM JJI1 BCHOTO Oi3HECY.

Cnucok nitepatypm

1. State of JavaScript Survey 2022. [EnextponHuii pecypc]|
— Pesxxum moctymy: https:/stateofjs.com/

2. Roy, S. What is a Build tool? BrowserStack, 2023.
[Enexrponnuit pecypc] — Pexum JIOCTYIY:
https://www.browserstack.com/guide/build-tools

3. Webpack Documentation. [Enekrponnuii pecypc] —
Pesxxum moctymy: https://webpack.js.org/

4. Create React App Documentation. [EnexkrponHmit
pecypc] — Pexxum moctymy: https://create-react-app.dev/

5. Vite: Next Generation Frontend Tooling. [Enexrponuuii
pecypc] — Pexxum mocryny: https://vitejs.dev/

6. esbuild — An extremely fast bundler for the web.
[Enexrponnuit pecypc] — Pexum JIOCTYIY:
https://esbuild.github.io/

7. Gurung, B. A comparative analysis of create-react-app
(CRA) and Vite for React.js projects. Bachelor’s Thesis.
Haaga-Helia University of Applied Sciences, 2024.
[EmexTponHuit pecype] — Pexum JIOCTYIY:
https://www.theseus.fi/handle/10024/860241

8. React Documentation: Start a New React Project.
[Enextponnuii pecype] — Pexxum JIOCTYyITy:
https://react.dev/learn/start-a-new-react-project

9. Rollup Documentation. [Enexktponnuii pecypc] —
Pesxxum mocrymy: https://rollupjs.org/

10. Google Lighthouse Documentation. [Enexrponnuii
pecypc] — Pexxum JOCTYTIy:
https://developer.chrome.com/docs/lighthouse/
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LUTYYHUN IHTENEKT Y AUCTAHUINHOMY HABYAHHI: BMJIUB HA
MOTUBALIIO CTYOEHTIB

YMmoBH CTPIMKO1 g poBoi
Tpancdopmarii OCBITH 3YMOBJTIOIOTh
HEOOXIIHICTh BIPOBA/DKCHHS 1HHOBAIlIHHUX
TEXHOJIOTI, 3IaTHUX [T IBUIIUTA
e(peKTUBHICTh  OCBITHROTO  TpOIECY B
JIUCTaHIIHHOMY ¢dopmari. Onuum 13

NEPCHEKTUBHUX HAINPSIMIB € IHTerpalis CUCTEM
mry4yHoro inrenekty (ILI), sxi 3abe3neuyroTsh
MOJKJIUBICTh nepcoHanizanii HaBYaHHS,
a/IalITUBHOTO J1000pPY OCBITHHOTO KOHTEHTY Ta
ONEPaTUBHOTO  3BOPOTHOTO  3B’S3Ky  3i
3nmo0yBayaMu OCBITH. BHKOpUCTaHHS Takux
TEXHOJIOTI  CHpHs€e MiJBUIICHHIO  SKOCTI
HABYaHHSI, PIBHA MOTHBAIIIl Ta aKTUBHOI yJacTi
CTYACHTIB Y HaBUaJIbHOMY Ipoleci. ¥ 3B’s3Ky
3 IIUM JOCHIPKEHHS BIUTUBY CHCTEM ILITYYHOTO
IHTEJIeKTY Ha MOTHBALI0 Ta 3allyyeHICTh
CTYACHTIB Yy JAWUCTAaHLIAHOMY HaBYaHHI €
aKTyaJIbHUM 1 Ma€ Ba)KJIMBE 3HAYCHHS IS
MOJAIIBIIIONO PO3BUTKY CYYacHHX OCBITHIX
npakTuk. [1].

MeToro  JOCHIDKEHHS €  BUSIBJICHHS
BIUIMBY  BHUKOpuUCTaHHs cuctem LI vy
JUCTAHIIWHIA OCBITI Ha pIBEHb HAaBYAJIBHOI
MOTHBAIT CTYyJIICHTIB TEXHIYHUX
CHeniaTbHOCTEH, a TAKOXK JOCIIIKEHH] BILUTUBY
BUKOpHUCTaHHA cucteM SmartLearn.Al Ha
3aJIy4eHICTh CTYJICHTIB ITiJl Yac OHJIAMH-KYypCIiB.

[linx dac excnepuMeHTy MPOBOAMIIOCS
aHKeTyBaHHs 124 CTyIEeHTIB, sSKi HaBYAJIHCA 3
BUKOPDUCTAHHSAM  1HTEJIEKTyaJIbHUX  OCBITHIX
mwiatpopm (ChatGPT, Coursera Al Tutor,
Grammarly EDU). Amnani3 aaHux moKa3aB
CyTT€BE TMIJBUIICHHS PIBHS BHYTPILIHbOI
MOTHBAIIII Ta 3MEHIIEHHS KiJTbKOCTi CTY/ICHTIB
13 HU3BKUM piBHEM 3allydeHocTi (Tabu. 1).

Sx BUIHO 3 maHWX Tabi. 1, BUKOpUCTAHHS
CUCTEeM  IITYYHOTO  IHTENEKTy  CIpHSE
CYTTEBOMY 3POCTaHHIO PIBHA BHYTPIIIHBOI
MOTHBAIIii CTY/I€HTIB.

[le moB’s13aHO 3 TUM, IO THTEIEKTYyalbHI
IHCTPYMEHTH 3a0€3MeuyloTh OUIbIl THYYKHH,
aJanTUBHUN 1 TIEPCOHANI30BaHUMN MiAXiA J0
HaBYaHHI. BOHM [03BONIAIOTH  CTYyJEHTaM
HaBYATUCS y BIIACHOMY TEMII, OTPHUMYBAaTH

MUTTEBUA 3BOPOTHUHM 3B’SI30K Ta OayuTH
Mporpec, MO MiJICHIIOE BIMIYTTS KOHTPOIIO
HaJ pe3yJIbTaTOM.

Tabx. 1
JlnHaMmika IOKa3HUKIB HaBYAJIBHOI MOTHBALIi1
CTYJICHTIB
Ho [Ticns
[Toka3HMK |BIPOBAHKCHHS | BIPOBAIKCHHS
1111 1111
BayTpimms
TPt 54% 79%
MOTHBAIlis
30BHINIHA
. 32% 18%
MOTHBALiS
BincyrHicTs
ACYTHICT 14% 3%
MOTHBAI]

Kpim Ttoro, LI cnpusie 3HWKEHHIO
30BHIIIHBOT MOTHBALI1, ajKe AKLIEHT
MIEPEHOCUTHCS 3 OI[IHOK i BUMOT BUKJIajIaya Ha
BHYTpIlIHE Oa)kaHHS 3100yBaTW  3HAHHS.

BinznaueHo, 1m0 CTyAEHTH MOYalIM 4YacTille
3BEpPTATUCS bi (o) JOAATKOBUX IDKepen
iHpopMmalii, cTaBUTH OlIblIIe 3aUTaHb Yy YaTax
1 OpaTH y4acTh B OHJIAiH-TUCKYCIsX.

OTpumaHi pe3ylNbTaTH Y3TOKYIOThCS 3
nparsMu YKpPaiHCBKUX JIOCJTi THUKIB
(I'onuapenko, 2022; Koanpuyk, 2023) [2, 3],
SKi  TJKPECTIOTh, IO  IHTEICKTyallbHi
TEXHOJIOT1] 37aTHI CTUMYJIOBATU Mi3HABAJIbHY
aKTUBHICTh, (OPMYyBaTH CaMOPETYIAIII0 Ta
MiABUIIYBAaTH  KOTHITHBHY  3alliKaBJICHICTb
CTYJICHTIB.

B cucremi BHIOI OCBITH AUCTaHINIHE
HaBYaHHA HAOYJO WIMPOKOTO TMOIIUPEHHS,
OlHAK  OJHIEI0 3  KIIOYOBUX  MpolieM
3aJIUIIAETHCS 3HIKEHHS PIBHS 3aJy4€HOCTI Ta

AKTUBHOCTI  CTYJIEHTIB Yy  HaBYaJIbHOMY
mporeci. Y 3B’A3Ky 3 UM OCOOJIMBOTO
3HAYCHHS HaOyBae BUKOPHCTAHHS
IHHOBAIITHAX TEXHOJIOT1H, 30KpemMa

IHTEJIEKTYaIbHUX CUCTEM I ITPUMKH HaBUAHHS
(Intelligent Tutoring Systems, ITS). Taxki
CHUCTEMH 3a0e31edyI0Th MOYJIMBICTh ajarnTartii
HAaBYAIGHUX 3aBJaHb JO 1HIWBITyaTbHUX
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moTped CTYNEHTIB, BUKOPUCTAHHS E€JICMEHTIB
reiimidikanii  Ta  HAJAHHA  MUTTEBOTO
3BOPOTHOTO 3B SI3KY. 3acToCyBaHHS
3a3HAYEHUX MIJXOJIB CTBOPIOE MEPEIyMOBH
JUIS.  TABUINCHHS 1HTEpecy N0 HaBYaHHS,
aKTUBI3allli Mi3HABaJbHOI  JISJIBHOCTI  Ta
MTOKPAIIEHHS e(eKTUBHOCTI OCBITHBOTO
MPOIIECY B YMOBAaX JHUCTAHINIIHOI OCBITH. [4].

[TpoTATOM MIECTH THKHIB CIIOCTEPITaioCs
MTOCTYIIOBE ITiIBUIIICHHS aKTHBHOCTI CTY/ICHTIB
Ha Tuiatdopmi SmartLearn. Al (Tabm. 2).

Tabmn. 2
[Toka3HMKH 3aJTy4€HOCTI CTYIEHTIB Mij Yac
BUKOpHUCTaHHs cucteMu SmartLearn. Al

. . KinpkicTs
[lepion AKTHUBHICTb
BHKOHAHUX
CIIOCTEPEKECHHS (%)
3aBJaHb

1-2 TwxneHs 64 57

3—4 TIKIeHb 81 12

5-6 TmxneHs 92 77

Sx moka3zye aHami3 JaHuXx B Tabm. 2,

BIPOBAJKCHHS CUCTEMU SmartLearn.Al
3a0e31euniio CcTaOlIbHE M ABUILIEHHS
HaBYaJIbHOI AKTHUBHOCTI CTYJICHTIB.

Haii0Oinpmmii npupicT Bi3Ha4YeHO y mepiof i3
TPETHOIO IO IIOCTHM THXKACHb, IO IOB’S3aHO
3 TOCTYIIOBOKO aJamnTalli€l0 KOPUCTYBadiB [0
iHTepdeiicy cucTeMu Ta MIABUIIEHHAM PIBHA
1HTEepecy 10 HaBYAIbHUX 3aBIaHb.

JlonaTkoBo Oyno 3aikcoBaHO
301BIICHHS KUTBKOCTI JIOOPOBUIBHUX 3aBIaHb,
SKI CTYJCHTH BHKOHYBaJIH 0€3 MpUMYyCy, IO
CBITYUTH TIPO TIJIBHIICHHS CaMOCTIHHOCTI Ta
iHTEpecy 110 mpeaMeTa.

Taki  pe3ynbTaTH  y3rOMKYIOTBCA 3
BHUCHOBKaMH YKpaiHChKUX HAYKOBIIIB
(Menwsauk, 2021; Pynenko, 2023) [5, 6], sxki
HarOJIONIYIOTh, 110 BHKOPUCTAHHS TEXHOJIOTIH
HII y Bumii mxoni crpuse (HOpMyBaHHIO
HAaBUYOK CaMOCTIHOTO HaBYaHHS Ta PO3BHUTKY
KPUTUYHOTO MHUCIICHHS.

BucnoBku. JlocmipkeHHsT TiATBEPIUTIO,
110 1HTErpamis CUCTEM IITYYHOTO 1HTENEKTY Y

TUCTAHIIIfHE  HaBYaHHSI  Ma€  CYTTEBHH
MO3UTUBHMI BIUIMB Ha MOTHBAIIIO CTYJ/CHTIB.
3acTocyBaHHS ~ TaKMX  CHUCTEM  CIIpHSE
MepCOHaTI3aIlil OCBITHBOTO MPOIIECY, aJanTallii
HaBUAJbHUX 3aBAaHb [0 IHIWBIIyalbHUX
norpe®  CTYAEGHTIB Ta  ONEPATUBHOMY
3BOPOTHOMY 3B’S3Ky, IO TiJBHUIIYE pPiBEHb
3a]lydeHOCTI Ta  AKTUBHOCTI  yYacCHHKIB
HaBYaJIBHOTO MPOIIECY.

Haii6inem  epeKTUBHIM € KOMIUICKCHE
noequanus Moxutusocteil 1111 3 memaroriusoro
MIATPUMKOIO, sKe 3a0e3mnedye OalaHc Mix
aBTOMATH3ALII€I0 MPOIECiB i JKHBOIO
B3aEMOJIi€r0 31 cryiaeHTamu. lle mo3Bonse He
JMIIEe ONTHUMI3YyBaTH OCBITHIM npouec, a i
(bopMyBaTH y CTYAEHTIB CTIKYy MOTHUBAIIIO 1O

CaMOCTIHHOTO HaBYaHHS, PO3BUTOK
KPUTHYHOTO MUCJICHHS Ta HABHYOK
camooprasizarii.

3aCTOCyBaHHS 1HTEJEKTyalbHUX CHCTEM
HiATPUMKH HaBYaHHS JO3BOJISAE MiJABUILUTH
piBEHb 3aJy4CHOCT1 CTYJIEHTIB, aKTHUBI3yBaTH
HaBYAJIbHUH IIpOIEC Ta IMIABUIIUTU SKICTb
quctaHiiHoi ocBiTH. [loganbii gocmimKeHHs
MalTh OyTH CHpsIMOBaHI Ha pPO3pOOJICHHS
monenedt interpauii Il y  Tpanumiiini
HaBYaJIbHI CEpeIOBUILA.

Cnucok nitepatypm

1. Aljarrah A., Thomas R. Al-Driven Personalization in
Online Learning: Motivation and Engagement Outcomes.
Computers & Education, 2023.

2. T'onuapenko C. M. IlTyuHuil iHTENIEKT y cHUCTeMi
CyyacHOi  OCBITH: HOBI MOXIHMBOCTI Ta  BUKJIHKH.
Indopmariiini TexHomnorii B ocBiTi, Ne2, 2022.

3. Kosampuyk I. 1. [lepconamnizamis HaBYaIBHOTO TPOLECY
3acobamMu mTy4HOTrO iHTenekry. OcBiTHiM muckypc, Ned,
2023.

4. Holmes W., Bialik M., Fadel C. Artificial Intelligence in
Education. Center for Curriculum Redesign, 2022

5. Menbuauk O. B. IHrenexrtyanbHi TeXHOJOTIi y BHILiH
IIKOJTi: METOMYHI acriekTH. [legaroriuni iHHOBAIIT: Teopis i
npakTuka, Nel, 2021.

6. Pynmenko T. I. BUKOpHCTaHHS IITYYHOTO IHTENEKTY IS
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AOCNIAXEHHA HE®YHKLIOHAJIbHOINO TECTYBAHHA XMAPHOIO
NMPOrPAMHOIO 3ABE3MNEYEHHA

HedyHkiioHansHe TECTyBaHHS TaKOXK BiIOME SIK
TECTYBaHHS  TPOAYKTUBHOCTi,  OCKUIBKH  BOHO
JO3BOJIIE  TIEPEBIpATH HE(PYHKIIOHATIbHI  aCIIEKTH
MporpaMHOTO  3a0e3medeHHs, Taki K  Horo
MPOAYKTUBHICTh, 3pYyYHICTH  BHUKOPHUCTAaHHSI Ta
HagiiHIcTh [1].

Jln1s IpoBeIeHHS IIbOTO THUITYy TECTYBaHHS MOKHA
BUKOPHCTOBYBAaTH XMapHi IHCTPYMEHTH, Taki sK
CloudTest, AppPerfect, CloudTestGo Ta AppLoader.

Lli iHCTpyMEHTH TeCcTyBaHHS INPONOHYIOTH TaKi
TUNH He(DYHKIIOHALHOTO TECTYBaHHSI:

-TecTyBaHHs 0i3Hec-BuMoOr. [leit Tum TecTyBaHHS
nepeBipsie, HACKIJIBKM TOYHO MporpaMa BiINOBiAaE
3a3HaYCHUM Oi3Hec-BUMoraM. BiH TakoX BKIIOYa€e
TECTyBaHHS XMAapHOI JIOCTYHHOCTI, SKE€ TapaHTye
BIZICYTHICTB 4acy IPOCTOIO MIPOTPaMH;

-TecTyBaHHS Oe3meku. Lledl Tum TecTyBaHHA
HEOOX1IHUI IUTS 3a0e3neueHHs 0€e3IeYHOro
30epiranHs Ta mepemadi maHux. MexaHi3MHU Oe3meKu
JIOAATKIB TECTYIOTHCS BiJIIIOBIIHO 10 TPHOX KPUTEPIiB:

-e()EKTHBHICTH;

-TOYHICTB;

-IPOAYKTHUBHICTb.

Haii6inpin momyJsipHUMHE  1HCTpYMEHTaMH LIS
TecTyBaHHs Oe3meku y xmapi € Nmap, Nessus rta
Wireshark.

-MacmITaboBaHICTh Ta
MIPOyKTUBHOCTI.

Xoua  XMapHi  pimieHHS  MaloTh  OyTH
MacmTabOBaHUMH Ha BHMOTY, LI€H THII TECTyBaHHS
rapaHTy€, 0 JOAATOK OyJe MpaloBaTH NPaBHIBHO 3
pi3HOIO KinmbKicTIO KopucTyBauiB [2]. Ilig wac
HaBaHTAXXYBAIbHHUX BUIPOOYBaHb TecTepu
BUMIPIOIOTH Yac BIATYKY IPOrPaMHOro 3a0e3neveHHs,
TOM1 SIK CHUCTEMA  MIOOACTBCI 301JIBIIIEHHIO
HABaHTAXKCHHS.

Takox HEOOXiJJHO MEPEBIPUTH, K JOIAATOK Oy1e
NIPaIfOBaTH TPH HaJIMIPHOMY CTpeci, TOMY TaKOX
HEeoOXiHO BUKOHATH CTpec-TecTyBaHHs [3].

Skmo HeoOXiAHO BUMIPSATH 3aTPUMKY BiJIIOBiII
Iporpamu Micist HOro po3ropTaHHs Y XMapi, MOXHa
MPOBECTH TECTYBaHHS JIATEHTHOCTi. TecTyBaHHS
Mpare3aaTHOCTI HeoOXigHe UId TepeBipKH TOTro, Yd
JifICHO KOPUCTYBadi OTPUMYIOTh NPHUKJIAIHI TOCITYTH
3 BuMor# [4].

[[o6 mepeBipuTH 11€, KOMaH/a TECTYBaHHS MOXeE
MIPOBOJINTH HACTYIIHI THITH TECTYBaHHS:

-TECTyBaHHS Ha CyMiCHICTb;

-CyMICHICTh TporpamMmu 3
cepenoBHIIaMH Ta aTGopmamu;

TECTYBaHHA

pi3HUMHU

-aBapiliHe BiJJHOBJICHHS, JIO3BOJISIE OL[IHUTH Yac
aBapifHOTO BITHOBJICHHS Ta IIEPEKOHATHCA, IO
nporpaMa 3HOBY CTa€ JOCTYIIHHM KOPHCTyBauyaMm 3
MiHIMaJIFHOIO BTPATOIO JaHUX;

-OaraTopiBHEBE TECTYBaHHS.

Lle TectyBaHHsS IepeBipse, Yd MOXE IOIATOK
3a0€3MEYUTH TOCTATHIH piBeHb OE3MEeKN Ta KOHTPOIIO
JIOCTYIy, KOJIM SIKICb KOPUCTYBad4iB 3BEpPTAIOTHCS 10
HBOT'O y XMapi.

IlepepaxoBaHi BUIllE TECTH XMAapHUX TOJATKIB
MOXYTh MaTH Pi3HI LTI Ta pe3ylbTaTH TECTyBaHHS
[5].

Pe3ynbraT LIHOTO JOCIIIKEHHS AEMOHCTPYIOTh
3HAYHUA TNPaKTHYHUA MOTEHIHan Uil PO3BHTKY
CydJacHHX OU(PPOBUX TEXHOIOTIH.
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AOCNIAXEHHA ICHYIOUYUX METOAUK XMAPHOIO TECTYBAHHA
NMPOrPAMHOIO 3ABE3MNEYEHHA

[Mipamiza  aBTOMaTW30BaHOTO  TECTyBaHHS
3anponoHoBaHo M. KoHoOM, sSKuUH mpeacTaBisB
mporec aBTOMAaTH3alii CHCTEMH Ta IEpeBipKH
nporpaMHoro 3abesmedcHHs y ¢opmi mipamima [1].

[ipamina ABTOMATH30BaHOTO TECTYBaHHSI
CKJIAIA€TBCSl 3 HACTYNHUX OCHOBHHX MLIAPiB (3HHBY-
BroOpy):

-aBTOMaTHU30BaHE TECTYBaHHS MOIYJIiB;

-aBTOMaTHU30BaHEe IHTErpalliiHe TeCTYBaHHS;

-aBToMaru3oBaHe  HackpizHe  (end-to-end)
TECTyBaHHS.

Hackpi3He TecTyBaHHS 3HaXOMUTHCS HA CaMiid
BEepUIMHI  MipaMiM  TEeCTyBaHHA, a MOJIYJbHE
TECTyBaHHs yTBOPIOE ii OcHOBY. BepxHilf KOMIOHEHT
mpamiTM  TakoXK BKJIIOYa€ TECTH KOPHCTyBada
iaTepdeiicy  [2]. Emementm  miel  mipamigm
BIJIPI3HSIOTECS ONUH BiJ OJHOTO PO3MIpOM, OCKUTBKH
BOHH MICTATh pPi3HY KIJIBKICTh TECTOBHX BHIIAIKIB,
HEOOXiTHUX [JIs BHUKOHAHHS TOTO YH IHINOTO THILY
TecTyBaHHs. KpiM TOoro, Ha BepuIMHI mHipamian €
xmapa [3]. Came py4yHE TeCTyBaHHS IIOJAETHCS Y
BUTJISIII XMapH, OCKUIbKM BOHO HE € HEBIJI'€MHOIO Ta
000B'SI3KOBOI0 YaCTHHOIO MipaMijiu.

Taka mipamiga THIOBa JJIsl  TECTyBaHHS
mporpamMHoro  3abesnedyeHHs. Ane €  Oarato
Monudikariii. Bce 3aexuTs Bi THITY MpOTrpamu, IO
TecTyeThes. CKIIAIOBI €IEMEHTH MipaMiH, a TAaKOXK IX
po3TanryBaHHS MOXKYTh OyTH 3MiHeHO. [HOI mipamina
Moske OyTH 3MiHEHa TIOBHICTIO [4].

Xmapuuit tect SOASTA posropraerscs sk
CepBIC Ha BHMMOIY, BHUKOPHUCTOBYIOUM XMapy [UIsi
(byH/IaMEHTalbHOI CTBOPEHHS HaBaHTAXKEHHsS BeO-
caiitiB. BiH BKIIOYAaE TOCIYrH, IO HAAIOTHCS
TECTyBaJbHUKAMU HABaHTAXKEHHS, Ta marGopmy
Global Cloud Test Platform, sxa 3aGesmeuye xpoc-
XMapHy iHPPACTPYKTYPY JUISL CTBOPEHHS
HaBaHTAXKCHHS.

Bcepenuni nporpamu 6i0:110TeKH 3 BIAKPUTHM
BUXIJTHUIM KOJOM € YacTHHOIO NPOIO3HIIi, 10
BUKOPDHCTOBYETHCS Yy  BCBOMY  TPOAYKTI  JUIS
3abe3neueHHss pisHOMaHITHHX ¢QyHKOiii. SOASTA
HaJla€ nporpamHe 3a0e3IeyYeHHs K YacTHHY CepBICy.
Y TOll wac SK KJII€EHTH MOXYTh BHUKOPHCTOBYBAaTH
nporpamy SOASTA ans cTBOpeHHS Ta BHKOHAHHS
tecti, miaarpopma Global Cloud Test Platform
CTBOpEHA ISl MIATPUMKH JOAATKOBHX 1HCTPYMEHTIB,
Bimrouaroun Apache JMeter, HalOiIbII TOMYIAPHIIA
IHCTpyMEHT /I8 TECTYBaHHS HaBaHTaKCHHSI 3
BIZIKpUTHM BUXigHUM KojoMm. IInmardpopma SOASTA
3MEHIIYE CKJIaJHICTh Ta 4ac PO3TrOpPTaHHs CleHapiiB
JMeter y xmapi, 1m0 3HA4YHO MOJIETIIYE CHLUIBHOTI
JMeter cTBOpeHHsS, pPO3rOpTaHHS, BHUKOHAHHSA Ta

aHaJi3 TECTIB HABaHTa)XCHHS Ta IPOJYKTUBHOCTI Yy
Macmrabax mepexi. Ckpunru JMeter mpartoioTs 6e3
3miH. [licnsa ¢opmyBanuas tecty SOASTA HeoOxinHO
3a0e3NeYUTH KepyBaHHSA Ta IIATOTOBKY CEpBEpIiB Ta
MpoBeeHHS TecTy. TexHojoris 3a0e3medeHHS B
peamizamii SOASTA € opHiEl0O 3  KIFOYOBHUX
ocobmBocTei miatdhopmu. Y Mipy nosBu HoBux API,
B TOMY YHCJII QJbTEPHATHB 3 BIJAKPHUTUM BUXITHUM
KOJIOM, TaKUX SIK libCloud, SOASTA
BUKOPHCTOBYBaTHME iX JISl PO3LIMPEHHS OXOIJICHHS
Global Test Cloud.

[lepepaxoBaHi BHIIE METOAUKH XMapHHX
JIOZIATKIB MOXYTh MaTd Pi3HI Ul Ta pe3yNbTaTh
TectyBaHHs [5].

PesynbraT OO HOCTIIKEHHS JEMOHCTPYIOTH
3HAYHUA NPaKkTHYHUH MOTCHLIAN Ul PO3BUTKY
CydJacHHX IU(PPOBUX TEXHOIOTIH.

Cnucok nitepatypm

1. L.E. Gryzun, V.V. Tokariev. Mobile applications design
for digital education: IT-students’ engagement experience
on conditions of online learning the course "Mobile
technologies”. Proceedings of the 2nd Workshop on Digital
Transformation of Education, co-located with the 18th
International Conference on ICT in Education, Research,
and Industrial Applications: (ICTERI 2023). CEUR
Workshop Proceedings, 2023. lvano-Frankivsk. Ukraine, pp.
110-123. Available: https://ceur-ws.org/Vol-
3553/paperl5.https://ceur-ws.org/\VVol-3553/paperl5.pdf.

2. Toxapes B., Iimpina 1., lleBuenko 1., I'punenko 1. IIpo oquH
Mmiaxin no pimeHHs acuMerpudHoi TSP - 3amaui mpu B2C
JIOCTaBKax 3a JoroMororo riardopmu "Swarm-bot” - system y
¢dismgHOMY ~ HeopraHizoBaHoMy  cepenoBumii.  CucreMu
yrnpaBniHHs, HaBiramii Ta 383Ky, 2023. - Ne4(74), cc. 110-113.
Auvailable: doi: 10.26906/SUNZ.2023.4.110.

3. Koshovyi M. D., Pylypenko O. T., llyina I. V., Tokarev V. V.
Growing tree method for optimization of multifactorial
experiments, Radio Electronics, Computer Science, Control,
2023. - Ne 3, pp. 55-61. Available:
doi.org/10.15588/1607-3274-2023-3-6.

4. Tokapes B. B. Po3poOka edeKTHBHOI METOIMKH XMapHOTO
tecryBanust / B.B. Tokapes // Modern engineering and
innovative technologies : the International periodic scientific
journal. — 2025. - Issue No41. Part 1. - C. 146 — 151.Available:
https://www.moderntechno.de/index.php/meit/issue/view/m
eit41-01/meit41-01.

5. Imeina 1.B., Tokapes B.B., SIkoenes A.B., LlleBuenko L.I.
BuxopucranHs CHCTEMH MIATPUMKH TPUHHATTA pilIeHb UL
oprasizarii TymasiTapHOi yoricTuky, CHCTeMH YTIpaBIiHHS,
HaBiraii ta 313Ky, 2024, Ne1(75), cc. 88-91. Available:

doi: 10.26906/SUNZ.2024.1.088.

23



2

Information Systems
Department

«Cy4acHi iHcpopmauiiHi cucreMu Ta TexHonoril
B uuchpoBOMYy CycninbCTEi»

A\

VK 004.8

Tokap Koctsiatus, [lapdronos FOpiit

kostiantyn.tokar@m.hneu.edu.ua, yurii.parfonov@m.hneu.edu.ua

Xapxiscokuil HayioHaneHull exonomiunuil yHieepcumem imeni Cemena Kysneys, Xapkis

3ACTOCYBAHHA KOMITIOTEPHOI'O 30PY AJ1A PO3MNI3BHABAHHA
NOBITPAHUX OB’EKTIB

CrpiMKHi pPO3BUTOK Ta MacoBe IOIIUPEHHS
O6esmimoTHMX  JitanpHHX  amapartiB  (BIIJIA) y
OUBUTBHIA Ta BIMCBKOBIH cdepax CTBOPIOIOTH HOBI
BUKIMKHA JUII CHCTEM MOHITOPHHTY IOBITPSHOTO
mpoctopy. OnHi€I0 3 KIIFOYOBHX TNPOOJIEM HasSBHHUX
CHCTEM € BHCOKa HMOBIPHICTH XMOHHX CIIPaIfOBaHb
4yepe3 Bi3yalbHY MOIIOHICTH APOHIB A0 mraxiB. Lle
0CcOONMBO TMOMITHO Ha 3HAYHHUX BiACTaHAX abo B
YMOBax CKJIaJHOT BHIUMOCTI. Y IIbOMY KOHTEKCTI
aKTyaJIbHAM CTa€ 3aCTOCYBaHHS METOMIB IITYYHOTO
IHTEJIEKTY, 30KpeMa 3TOPTKOBUX HEHPOHHHUX MEpex
(CNN), ski 34aTHI  aBTOMATHYHO  BHIUIATH
OaraTopiBHEBI O3HaKM 300paXKeHb JUII  TOYHOL
imeHTHdiKarii 00’ exTiB [1].

In poboTa mpHCcBAYEeHa pPO3POOIECHHIO Ta
HAaBYaHHIO TPOTOTHITy HEHPOHHOI Mepexi s
OinapHOi Kiacudikarii 300pakeHb 3a KaTeropisMu
“IpOH” Ta «ITaxX».

Y xomi pmocmimkeHHA OyJ0 MpoaHaIi30BaHO
CydacHi apXiTeKTypd TJIMOOKOr0 HABYAHHSI Ta
MOPIBHSHO  J1BA  MIJXO/M: CTBOPEHHS  BJIACHOI
copoieHoi momeni CNN Ta BUKOPHUCTaHHS METOMY
Transfer Learning Ha 6a3i morepenHb0 HATPEHOBAHOT
Mepexi MobileNetV2. Bubip OCTaHHBOT
00yMOBJICHHI HEOOXiTHICTIO OalaHCy MiK TOYHICTIO
Ta  OOYHCIIOBaNbHOIO  e(QEKTHUBHICTIO, IO €
KPUTUYHHM JUIsSl CUCTEM peajbHOro vacy [2].

[ mpoBeneHHS eKCIepHMEHTaIbHOT YacTHHH
BHKOPUCTaHO BinkpuTHid Habip mammx «Drone vs
Bird» 3 mrardopmu Kaggle, [3] saxuii uepe3 HassBHICTh
mIyMiB Ta JaucOadaHC KIAciB MiJIaBcsi CYTTEBOMY
JIOOIPAIFOBAHHIO, BKITIOUAIOUN py4uHE ouuileHHs. Jis
YCYHCHHS JOUCOaTaHCy Ta MIiJABHIICHHS  SIKOCTI
HaBYaHHS  3aCTOCOBAHO  METOAM  ayrMeHTail
(moBopoOTH, BiIA3epKajeHHS, MacIITaOyBaHHA), a BCi
300paKe€HHS HOpPMAaTi30BaHO Ta TMPHUBEACHO O
cranpapry 224x224 mikceni. HaBuanHs npoBoauiiocs
3 BUKOPUCTaHHSM aJalTHBHOTO onrtuMizaropa Adam
ta yHkuii BTpar binary cross-entropy.

PesynbraTi TecTyBaHHS 3acBIMUWIM  3HAYHY
nepesary miaxoxy Transfer Learning. Mogens Ha
ocHoBl MobileNetV2 pocsarima 3araabHOT TOYHOCTI
(Accuracy) 93,4%, Tomi sK BiacHa apxiTEKTypa
mokaszana pesyabtatr 85,3%. Kpim Toro, moxenn
MobileNetV2 mpoaeMOHCTpyBaia BHCOKI TMOKa3HUKH
JIOMATKOBUX METPHK: TOYHICTH TporHo3y (Precision)
cknana 94,1%, mosrota (Recall) — 92,0%, a F1-mipa —
93,0% [4]. Anani3 mMaTpuLi IIyTaHHHH [IOKA3aB, IIO

OCHOBHAa YacTKa IIOMHWJIOK TPHIIAJa€ Ha CKJIaJHI
YMOBH OCBITJICHHA a00 YacTKOBE MEPEKPHTTS
00’exTiB. Lle y3romKkyeTsest 3 JOCHIIHKEHHMH 1HITIX
aBTOPIB II0JI0 JIETKOBArOBHX Mepex [5].

3 METOI0 3a0e3neueHHs MIPaKTUIHOTO
3aCTOCYBaHHS Ta MAacIITa0OBaHOCTI PO3pOOIICHOTO
pilIeHHS 3alpOIIOHOBAHO XMapHY AapXiTeKTypy B
cepenosuii Microsoft Azure. Peamizariisi BKiIrOUae
KOHTEHHepu3alilo MoZedi 3a JormoMorow Azure
Container Instances ta po3pooky REST API na 06asi
¢dpeiimBopky  Flask.  Takwmit miaxim  m03BoJIsiE
IHTErpyBaTH CHUCTEMY 3 30BHIIIHIMH JDKepeJIaMu
BiZICOTIOTOKY Ta OTPUMYBAaTH pe3ysbTaTtu
knacudikamii y gopmari JSON. Ile BimOyBaeTbcs B
PeXUMi peampHOr0 dacy, 3a0e3ledylodd THYYKiCTh
PO3ropTaHHs HE3aJIeKHO BiZ JIOKaIbHUX
00YHCITIOBAIEHUX TOTYXKHOCTEH [6].

Taxum YHHOM, pe3ynbpTaTiu poboru
MiATBEPIKYIOTh e(EeKTHBHICTh BHUKOpPUCTAHHS
ontuMizoBannx CNN apxiTekTyp A BHSBICHHS
nonbotiB BITJIA, mo HecaHKIioHOBaHi a0 HeECYTh
3arposy.
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OOCNIMXEHHA METOY YOPHOI CKPUHbBKU NI YAC TECTYBAHHA
NMPOrPAMHOIO 3ABE3MNEYEHHA

[MocriliHe 3poCTaHHS BUKOPUCTAHHS JOAATKIB,
HAaCHYEHUX MYyNbTHMEAIHHUMHU NaHNMH, TPU3BOIHUTH
JO TOro, IO BCE OUNBIIE KOPHCTYBAadiB dacTile
CTHKAIOThCA 3 HH3BKOIO SKICTIO O0OCIyroBYBaHHS.
XMapHUH HaTa-IeHTp Mae€ HaWKpally MOJKIHBICTh
BHUPIIIUTH [aHy NpoOJIeMH 3aBIJKHA EIaCTHIHOCTI
CMYTH TIPOIyCKaHHS.

{06 3a0e3neynTH SIKICHY JAOCTaBKY JOAATKIB,
MIPUCTPOT 3aXUCTy MEPUMETpa, Taki K OpaHIMayepH,
CHUCTEeMM 3amlo0iraHHs BTOPTHEHHSM, YHi(ikoBaHi
CHUCTEMM YNpaBIiHHS 3arpo3amMu Ta nutto3n VPN
MOXYTh OyTH TPOTECTOBaHI 3 BHKOPUCTaHHSIM
MOEJHAHHS ~ pealbHOro  Tpadiky  JOAaTKIB  Ta
IIKI[UIMBUX MPOrpaM AJsl BU3HAUECHHS €(EeKTUBHOCTI,
TOYHOCTI Ta TPONYKTHBHOCTI Oe3meku. IlikoBi
€MHOCTI Ta IIBHUAKOCTI 3'€mMHaHHA/ TpaH3aKmii /
tyremto (IPsec) wmoxma ouinuTH mns BHOOpPY
MOCTaYaIbHUKA Ta HAIAIITYBAHHSI MEPEXi.

Bynp-sixka myOmiyra abo mpWBaTHa XMapa
moTpedye MOTPUMAHHS SKOCTI OOCITyrOBYBaHHS BiJ
MOPTY BXOAY II00aJbHOT MEpEki M0 BChOMY ILISXY
JI0 OKPEMHX BIpTyaJIbHUX MAIlHH.

HeooOxinHo MIPOTECTYBATH apxiTeKTypy
oOuncimoBaibHOT  TuIaTGOpMU  Ta  AOAATKIB, SIKi
MOXYTh  OXOIUTFOBaTH  Oe3mia  ¢Qi3myHMX  Ta
BipTyalli30BaHUX cepBepiB, BHKOPHUCTOBYIOUH
BeMUYe3HU 00csAr Tpadiky MiX HEHTpaMHu 00poOKH
JAHWX, a TAKOXK BEIMYE3HUH 00CAT 3yCTPIyHUX BiJeo-
Cecii. BoxHouac HEOOXITHO KOHCTaTyBaTH
HEIOCTAaTHICTH  pOOIT, MPHCBIYCHUX  PO3pOoOII
METOIMYHOIO 3a0e3Me4eHHs] MpoleCy XMapHOTro
tectyBaHH: [13.

Y XMapHOMYy TECTyBaHHI 3aCTOCOBYHOTHCS
KjaacuuHi Meronu TectyBaHHs [1]. Merox uopHOl
CKPMHBKM, TaKOXX BIIOMHH K  IIOBEIiHKOBE
TECTyBaHHS € METOJOM TecTyBanHs I3, B skomy
BHYTPIIIHSA ~ CTPYKTypa, JW3aiiH Ta peanizamis
tectoBaHoro [13 He BijjoMi TecTyBalIbHUKY [2].

Lli Tect MOXyTh OyTH SIK (YHKI[IOHaJIBHUMHU
(mepeBaxHO), Tak He auchyHkuiiHEMH  [3].
MeroyKa TECTYBaHHS 3a METOOM YOPHOI CKPHHBKH
€ OMHC MPOLEAYPU OTPUMAaHHS Ta/abo BHOOpPY TecT-
KeWciB Ha  OCHOBI  aHamizy  cmenmikamii,
(YHKIIOHATTPHOTO UM HE(YHKI[IOHAIBHOTO OIHCY
KOMIIOHEHTa YH CHCTEeMH O€3 IOCHIaHHA 3 HOro
BHYTPIIIHIO CTPYKTYpy [4].

TectyBanHA 3a MeTOJOM 01101 CKPHUHBKH
(TakoX BiOME SK IPO30pE TECTYBaHHS, TECTYyBAaHHSI
Ha OCHOBI Koxy ab0 CTPYKTypHE TECTyBaHHS) — L&
Meron TectyBaHHi [I3, B sSKOMy BHYTPIIIHS

CTPYKTYpa, JHM3allH Ta peaji3alisi TeCTOBAHOTO
€JIeMEeHTa BiZIOMi TeCTyBaJIbHHUKY.

TectyBaHHs OO0 IIYXJSAAW - 1€ TECTYBaHHA,
0 BUXOJIWTH 32 paMKH iHTepdeicy KopucTyBada i B
HaiapiOHIMMX MOAPOOHIAX cUcTeMH. TecTyBaHHS 3a
METOZOM Cipoi CKPUHBKM - L€ METOJX TECTYBaHHS,
SIKHH SIBIITE COOOK0 KOMOIHAIIF0 METOMIB YOPHOTO Ta
6imoro suwmKiB [S].

L1i 3HaHHS BKJIIOYAIOTH JOCTYH 0 BHYTPILIHIX
CTPYKTYp JA@HHMX 1 QJrOpUTMIB Ul LIed po3poOKu
TECTOBUX BHIAJKIB, XO4a TECTYBAaHHS IPOBOIUTHCS
Ha piBHI KOpHCTyBada ab0 YOpHOI CKpHHBKU. Bubip
TOTO 4YM IHINOTO METOAY TECTYBaHHS BH3HAYAETHCS

0COOIMBOCTIIMU BHKOPHUCTOBYBAHOI METOIUKH
XMapHOTO TECTyBaHHS.
Pesyneratn LBOTO JIOCIIIKEHHS

JIEMOHCTPYIOTh 3HAYHHMH NMPAaKTHYHWN MOTEHINAN IS
PO3BUTKY Cy4acHHX IU(POBUX TEXHOJIOTIH.
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AOCNIAXEHHA ®YHKUIOHAJIbBHOIO TECTYBAHHA XMAPHOIO
NMPOrPAMHOIO 3ABE3MNEYEHHA

Bennuesnmii obcsr Tpadiky NpOXOIUTh MiX
mporpaMaMyd B HEHTPI 0OpoOKHM JaHWX HAa OKPEMEX
¢ismgnux ceprepax (3i cxoxay Ha 3axin) [1].

OCKITBKH THCSYl KOPUCTYBadiB OIJHOYACHO
OTPUMYIOTh ~ JIOCTYH [0 KOHTEHTy/mporpam 3
IaTreprery (3 miBHOUI Ha MiBAEHB), BaM HEOOXiTHO
MepeMUKATH PiBHI, SIKi MOXKHA MaciTadysartu [2].

TecTyBaHHS Ma€ MEPEBIPUTH MACIITAOOBaHICTh
Ta BIIMOBOCTIHKICTH MEpEKEeBHX IOMEHIB. OCKUIBKU
OmepaTopu IEHTPIB OOpOOKHM JaHWUX CTHKAIOTHCSA 3
npobiemoro miarpumku IPv6 y ueHtpi 006poOku
JaHUX, HEOOXiJHO BUPOOHMTH paIiOHAJbHI PIILICHHS
[3].

ApXiTeKTypa XMapHUX OOYHCIICHB, 5K 1 OyIb-
SIKMHA 1HITUE 10JaToK abo mporpaMHe 3a0e3MCUeHHS,
CKJIQIAETHCS 3 TBOX OCHOBHUX PO3JILIIB!

-front-end;

-back-end.

Front end - e kimienT abo Oyab-sika mporpama,
110 BUKOPUCTOBY€E XMapHi MOCIIyTH.

Back-end - 1e Mepeka KIEHTCHKHX MAIIKH i3
cepBepamMHM, II0 MalTh KOMI'IOTEPHY IMporpaMmy Ta
cucremy 30epiraHHs JaHUX.

XMmapa Mae IICHTpPali30BaHUI cepBep Ui
aJIMIHICTPYBaHHS CHCTEMHHUX KITI€HTIB, 3aIIUTiB TOIIO.
[Micns po3poOKM KOPUCTYBANBHHUIBKUX CIIEHAPIiB,
PO3po0KH Ta BUKOHAHHSI TicTa [4].

IMicns  3aBepmieHHS TECTy IOCTAYAIBHHK
XMapHUX TMOCHYr Hajga€ pe3ylbTaTH Ta aHAIITHKY
kopropaTuBHAM [T-daxiBisaM depes iH(popMaIiiHi
maHejgi B peajbHOMY dYaci JJIs TOBHOTO aHai3y ix
po0OTH TOATKIB Y NEPIOIH MKOBUX HABAHTAXKCHb.

Po3risiHeMo  0coOnuBOCTI  (DYHKIIOHAIBHOTO
TECTyBaHHs XMapHOTO IPOTPaMHOro 3abe3reveHHs.
OynkmionansHe TecTyBaHHS II3  mepeBipse Bci
¢yHknii  mporpamHOro  3abesmedyeHHS Ta KOO
B3a€MO/Iis 3 00aTHAHHAM [5].

Jus MIPOBECHHS (yHKITIOHATBHUX
BUIIPOOYBaHb TECTYBaJbHUKHI MOXYTb
BUKOPHCTOBYBAaTH TaKi IHCTpyMeHTH, sk Rapise,
Sauce Labs ta TimeShiftX.

i XMapHi IHCTPYMEHTH TECTYBaHHS
MIPOTPaMHOTO 3abe3redeHHs] BUKOPHCTOBYIOTh TaKi
METO/IH:

-TecTyBaHHs cuctemH. Lleit Mmeron TecTyBaHHS
OIIIHIOE BiJMOBIIHICTh CUCTEMH (PYHKIIIOHATHHUM Ta
CHUCTEMHUM BUMOTaM;

-npuiiMainbHi  BunpoOyBanHs. lle noBOAMTH,
IO  JOJATOK  3aJ0BOJIbHSE  IIEBHI  HOTpeOun
KOpPHUCTYBayiB;

-iHTerpaniiine TectyBaHHs. lle TecTyBaHHS
rapaHTye, 1LI0 Iporpama CyMicHa 3 pI3HUMH

wiatpopMamMu 1 100pe MpaIoe MpH MEPEXOMdl Bif

ontHi€T XMapHOi iHPPACTPYKTYpH A0 1HIIOI.
OyHKIIIOHATHHE BeO-TeCcTyBaHH: MOXe

BUKOHYBaTHCh SIK BpPY4YHY TECTYBAIbHHKOM, TaK i

AQBTOMaTUYHO 3  BHKOPHCTAHHSAM  IIPOTPAMHOTO
3a0e3neueHHd.  [HCTpyMeHTH  (YHKIIOHAIHHOTO
TECTYBaHHSA  INPOrpaMHOTO  3abe3medueHHs,  fKi

BUKOPDHCTOBYIOTBCS  JUISI  TECTyBaHHS 3BHYAWHHUX
JIOJAaTKIB, MalTh OyTH IEpeOoLiHeHI CTOCOBHO
JIOJIATKY TECTYBaHHs, po3MimieHoro B xwmapi. lle
BaXXJIUBO, OCKIJbKH HEOOXigHI IHCTPYMEHTH, IO

JIO3BOJISIIOTh iH)KeHepaM-TeCTyBAIbHUKAM
aHali3yBaTH MEPEKY, pOOOUYHIi CTIT Ta HACIIAKK 3MiH
y XMapi.

Pesynbratu [bOTO JIOCITIPKSHHS

JIEMOHCTPYIOTh 3HAYHWH NMPAKTHYHWN MOTEHINAN I
PO3BUTKY Cy4acHHX IU(POBUX TEXHOJIOTIH.
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CUCTEMA MNMOMNEPEAHBLOIO AHANI3Y AKAOEMIYHUX 3BITIB

[Iporpamu BHIOi OCBITH YacTo IepeadavaroTh
CTBOPEHHSI CTPYKTYpPOBaHHX aKaJeMiYHUX 3BITIB,
Takux SK JabopaTopHi, mpoekTHi Tomo. Ili 3BiTH
MAaIOTh BIJIIOBIATH NMEBHUM BHMOTaM IIOJI0 BMICTY,
MOCITIIOBHOCTI PO3/1TiB Ta (POPMATYBaHHSI.

OpHak X pydYHUl aHAJ3 € TPYJOMICTKUM Ta HE
3aBK/IY MOCITIJOBHHM.

HasgBui aBTOMaTHM30BaHi 3aco0HM 31€OUIBIIOrO
30Cepe/KeHl Ha BUABJCHHI ILIariaTy i BUIPaBIICHHI
rpaMaTHKH Ta CTWIO. BoHEM He 3a0e3medyroTh
MIEPEBIPKY CTPYKTYpH PO3AUTIB 3BITIB Ta HamaHHS
TIIMOOKOTO CEMAaHTUIHOTO 3BOPOTHOTO 3B’ SI3KY.

3 MOSBOIO BEIMKUX MOBHHX Mozeneii (BMM)
3’SIBUJIACS MOJKJIMBICTh 3alOBHUTH IO TMPOTAJIUHY.
BMM 3natHi reHepyBaTH CKIAAHHWNA CEMaHTUYHUI
3BOPOTHHUI 3B’30K 1070 uepHeTok 3itie [1]. Lle
MOXE JOIOMOITH CTyIEHTaM YyIOCKOHAIIOBAaTH IXHI
pobotu mepen nepeBipkoro BukiagadeM. Xoua BMM i
MaloTh PO3IIUPEHI MOXKIUBOCTI, IX HEKOHTPOJIbOBAHE
BHUKOPUCTAHHS U aKaJeMIYHOTO OI[iHIOBaHHSA YacTo
YCKITATHIOETHCS. CHCTEMATUIHOIO YIEPEHKCHICTIO Ta
HETOCIIOBHICTIO [2].

o6 momomatm 1i  oOMexeHHS, Oyl
po3pobneno Be6G3actocynok Human-Aligned Rubric
and Review System (HARRS) aist caMOOIiHIOBaHHS
CTYACHTCHKHUX 3BITiB. BiH Mae riOpuaHy apXiTeKkTypy,
sIKa TIOEJTHY€E JIETEPMIHOBaHY JIOTIKY Ha OCHOBI NPaBHJI
Ta KOHTPOJbOBAHUM T€HEPATUBHUM ILIAP 3BOPOTHOTO
3B'SI3KY.

HARRS BukopucroBye eaumHy pyOpuKy, sika
BM3HAYa€ BUMOTM IO BCIX akKaJeMIYHUX 3BiTiB.
OcHOBHa  iHHOBaIlii  CHCTEMH  TOJSATae  y
apxiTekTypHOMy posmonimi poboru. Tyt pyOpuka
Kepye IBOMa OKPEMHUMH IIapaMH: JETEPMIHOBAHUM
mapoM Ha ocHOBi mpaBun (LLOIT) ta cemaHTHYHUM
oIapoM Ha OCHOBI BENHKHX MOBHHX MOJEICH
(BMMIL).

HARRS Mparroe K MOCITIJOBHUHA
nBocTymiHdacTuii kouseep, nae Buxin IIOIT cmyrye
KOHTEKCTHUM BxomoMm aiuss  BMMIIL.  Jliarpama
komnoHeHTiB UML (puc. 1) moxasye CTpyKTypHi
€JIEMEHTHU CHCTEMH Ta TXHIO B3AEMOJIIO.

Aptedakr AcademicReport.docx pempeseHTye
BXIHHMHA aKafeMiyHuii 3BiT. ['OJIOBHHMII KOMIIOHEHT,
HARRS, cknanaetbcsi 3 ABOX KIIOYOBHX ITiJICHCTEM:
IIOII ta BMMIIIL. IIOII 3a0e3medye iHTEpdEiic,
mo3Hauennii sk [Payload. Bin BHKOpHUCTOBYy€eThCS
BMMIIl pns 0o6pobku  crpykrypoBanoro JSON-
noBigomaeHHs Bix LIIOTT.

ECOMPOnant:
HARRS
@bﬂm}}g .
oI b
"Us2
<<artifact>> ‘{Uz‘e—- (5 <<artifact>>
e Fort Payioad 7 rubric json
g]-
azubsystemte -
EMMII
fk IUszarNotifier

?
—

Odpodra peavaETATIE

Puc. 1. Apxitektypa HARRS

[Ticns 3aBepureHHs aHami3zy komrmoHeHT HARRS
notpedye inTepdeiicy IUserNotifier mus myOGmikarii
BHCHOBKIB Ta PEKOMEHAAIIN MO0 BIOCKOHAICHHSI
3pity. Llelt inTepdeiic Hamae kommoHeHT <<OOpoOKa
pe3ynmpTaTiB>>, SKWHH BINNOBimAaE 3a  JIOCTAaBKY
pe3yabTaTiB aHamizy a0 IiHTepdeiicy KopucTyBaya.
IMigcuctemu IIOII Tta BMMIIl BHKOPHCTOBYIOTH
30BHIIIHIN (aiin pyOpuku (apredakt rubric.json).

BucnoBku. OOmexeHHs reHepatuBHoro IIII
paMKaMH BH3HAUCHOI JIIOJUHOI pyOpUKH, MOXE
nepetBoputh  BMM  Ha  HamifiHHH ~ MexaHi3M
PO3LIMPEHOTO0  3BOPOTHOIO  3B'SI3KY. HARRS
JIOTPUMY€ETHCST  (pimocodii «TOAMHA B LUKII», IO
3a0e3rneyye 3aMIICHHS HAaBYAJIbHUX CTaHIAPTIB IIiJ
KOHTPOJIEM BHKIQJAlbKOTO CKIAmy. Pe3yibpraTté
JMOCTIDKCHHS ~ CBi4aTh, IO TIOPHIHUA  MiIXix
3a0e3nedye HATIHHUNA MEXaHi3M ISl IIiABHIICHHS
CaMOperyJisiiii  CTYACHTIB  BWIIMX  HABYAIbHHX
3aKIagiB.
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BLOCKCHAIN-BASED ELECTRONIC VOTING SYSTEMS: ARCHITECTURE,
SECURITY MECHANISMS, AND EXPERIMENTAL EVALUATION

The rapid digitalization of modern society is
driving the active adoption of information
technologies in public administration and collective
decision-making processes. One of the most complex
and socially significant directions in this context is the
development of electronic voting systems that must
simultaneously ensure transparency in vote counting,
voter confidentiality, data integrity, and resistance to
external  interference.  Traditional  centralized
electronic voting systems are characterized by several
structural limitations, among which the most critical
are a single point of failure, dependence on a
centralized administrator, insufficient transparency for
independent auditing, and increased vulnerability to
cyberattacks. These challenges have led to growing
interest in blockchain technology as a foundation for
the next generation of secure digital voting platforms.

The rapid digitalization of modern society is
driving the active adoption of information
technologies in public administration and collective
decision-making processes. One of the most complex
and socially significant directions in this context is the
development of electronic voting systems that must
simultaneously ensure transparency in vote counting,
voter confidentiality, data integrity, and resistance to
external  interference.  Traditional  centralized
electronic voting systems are characterized by several
structural limitations, among which the most critical
are a single point of failure, dependence on a
centralized administrator, insufficient transparency for
independent auditing, and increased vulnerability to
cyberattacks. These challenges have led to growing
interest in blockchain technology as a foundation for
the next generation of secure digital voting platforms
[1].

Blockchain technology provides a distributed
ledger mechanism in which all transactions are
recorded as a sequence of cryptographically linked
blocks. Each block contains a hash of the previous
block, which creates an immutable chain of records.
This structure ensures that any attempt to modify
previously recorded data results in a change of the
corresponding cryptographic hash, thereby revealing
unauthorized modifications. As a result, blockchain-
based systems inherently provide high levels of data
integrity and transparency. In addition, the distributed
nature of blockchain networks eliminates centralized
control over stored information, allowing independent
verification of voting results by multiple participants
within the network [2].

The research focuses on the architectural
principles and technological mechanisms required to

implement a secure blockchain-based electronic
voting system. Particular attention is devoted to
integrating cryptographic authentication methods,
smart contract technologies, and consensus algorithms
that ensure network nodes agree on the validity of
transactions. Cryptographic mechanisms play a crucial
role in guaranteeing the authenticity and integrity of
votes. In particular, the use of the Keccak-256 hashing
algorithm ensures the immutability of stored data,
while the ECDSA-secp256Kk1 digital signature scheme
allows secure verification of voter identities without
revealing personal information [3]. Through these
mechanisms, each vote can be cryptographically
verified while preserving voter anonymity, a
fundamental requirement for democratic voting
procedures.

The study also examines the role of consensus
algorithms in distributed voting networks. Different
blockchain platforms employ different consensus
mechanisms to ensure agreement among participating
nodes. Algorithms such as Proof-of-Work and Proof-
of-Stake are widely used in public blockchain
systems; however, they may introduce significant
computational overhead or latency. For controlled
environments such as electronic voting systems, a
more efficient approach is the Proof-of-Authority
consensus mechanism [4]. This algorithm relies on a
predefined set of trusted validator nodes whose
identities are verified in advance. Because block
generation does not depend on computational
competition or token ownership, the network can
achieve significantly lower transaction confirmation
times and more predictable throughput.

An experimental evaluation was conducted to
assess the performance, reliability, and security
properties of the proposed architecture. During testing,
several critical system properties were analyzed,
including transaction processing speed, resistance to
duplicate voting attempts, and the accuracy of vote-
counting mechanisms implemented through smart
contracts. The results demonstrate that the system
maintains stable operation even under increased load
conditions. The smart contract logic effectively
prevents repeated voting attempts by verifying the
uniqueness of voter identifiers and rejecting duplicate
transactions. Additionally, no inconsistencies were
observed between the vote counts generated by the
smart contract and independently verified results,
confirming the reliability of the implemented vote-
counting algorithm.

Performance measurements obtained during the
experimental phase indicate that the prototype system
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can process approximately 28 transactions per second
under typical operational conditions. This throughput
level demonstrates that blockchain-based voting
solutions can support moderate-scale voting scenarios
while maintaining high reliability and transparency.
The system's decentralized architecture ensures that
recorded voting data remains publicly verifiable while
protecting the confidentiality of individual voter
identities. Furthermore, the use of distributed ledger
technology significantly reduces the risk of
unauthorized manipulation of voting records, since
altering historical data would require compromising
multiple nodes simultaneously [2].
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Fig. 1. The experimental modeling results

Another important aspect of the proposed
architecture is the extensive use of smart contracts to
automate the core stages of the voting process. Within
the system, smart contracts perform several key
functions, including voter registration, transaction
validation, vote recording, and automatic calculation
of final results once the voting period ends. By
embedding these procedures directly into the
blockchain network, the system eliminates the need
for centralized administrative control during vote
counting. This automation significantly reduces the
risk of human error and ensures that all operations are
executed strictly in accordance with predefined
algorithmic rules.

The conducted experiments demonstrate that
blockchain technology can serve as a reliable
foundation for secure electronic voting systems. The
combination of a distributed ledger architecture,
cryptographic  authentication  mechanisms, and
automated smart contract logic provides a powerful
framework for implementing transparent, tamper-
resistant voting platforms. In addition, adopting a
consortium blockchain model with a Proof-of-
Authority consensus mechanism enables a balance
between security, performance, and governance
control.

An additional direction of the research involved
evaluating the scalability potential of the proposed
system architecture. As the number of voters
increases, the system must maintain stable
performance characteristics while preserving data
integrity and security guarantees. The conducted
modeling experiments indicate that the modular

structure of the blockchain network allows horizontal
scaling through the addition of validator nodes and
optimization of transaction processing pipelines. This
property is particularly important for large-scale
voting scenarios where thousands or even millions of
users may participate simultaneously.

Another important research aspect concerns the
transparency and auditability of the voting process.
Since every transaction recorded in the blockchain
ledger is publicly verifiable, independent observers
can validate the correctness of vote-counting
procedures without privileged access to internal
databases. This property significantly increases trust
in the system, especially in contexts where
transparency in democratic processes is critical. At the
same time, the use of cryptographic techniques
ensures that individual voters' anonymity remains
fully protected.

The main outcomes of the research confirm that
blockchain-based electronic voting systems can
significantly increase trust in digital voting
infrastructure. The proposed architectural approach
ensures transparency in vote counting, protects voter
anonymity, and  resists  unauthorized  data
modification. At the same time, the use of smart
contracts enables the automation of all major voting
procedures and ensures deterministic execution of
system logic. These characteristics make blockchain-
based voting platforms promising tools for
implementing  secure  digital  decision-making
mechanisms in governmental institutions, corporate
governance systems, and various forms of electronic
democracy.

Overall, the results demonstrate that integrating
blockchain technologies into electronic voting
infrastructure provides a viable pathway to creating
reliable and transparent digital voting systems. Further
research may focus on improving scalability,
optimizing consensus mechanisms, and developing
advanced privacy-preserving protocols to enable such
systems to support large-scale national elections while
maintaining strict security guarantees and public
verifiability [5].
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COLLECTION AND VISUALIZATION OF STATISTICAL DATA FROM IT
RESOURCES FOR LABOR MARKET ANALYSIS

In the modern socio-economic context, the HR
strategy of an enterprise appears as a flexible and
multi-level tool that allows the organization to
effectively adapt to changes in the internal and
external environment. This forces companies to
reconsider their approaches to human capital
management, in particular, to focus on creating
attractive  working  conditions,  investing in
professional training of young specialists and
improving mechanisms for internal promotion of
personnel. During crises or economic instability,
companies often change their approaches to human
resource management - they reduce personnel costs,
switch to flexible forms of employment or refocus on
retaining key employees through motivational
programs. In stable periods, on the contrary, the
emphasis shifts to the development and expansion of
human resources potential, the introduction of loyalty
programs and the attraction of new personnel. One of
the key factors shaping modern HR strategy is
technological development. The digitalization of
management processes is gradually changing classical
approaches to organizing work with personnel. By
using innovative IT solutions in the areas of
recruitment, performance assessment and human
capital management, companies are able to reduce the
burden on administrative staff and refocus resources
on solving long-term tasks. Such a transformation
leads to an increasing need for personnel who are able
to quickly adapt to new conditions, master modern
tools and continuously improve their professional
competence. The modern labor market in the field of
information technologies is characterized by high
dynamics of development, rapid change of
technological trends and constant growth of
requirements for qualification of specialists. The
active development of such areas as artificial
intelligence, cloud technologies, big data,
cybersecurity, DevOps and automation of software
development leads to the emergence of new
professional roles and transformation of traditional
specialties in the field of software engineering. In such
conditions, a systematic analysis of labor market
trends becomes an important task, which allows to
assess the current state of the industry and predict
further changes in the demand for specialists.
Effective monitoring of the labor market is of great
importance for different groups of users. For IT
companies, it allows to more accurately form
personnel policy, determine optimal recruitment
strategies and plan personnel development. For
educational institutions, the results of labor market

analysis can be used to update curricula, adjust the
content of educational disciplines and adapt
educational standards to the current needs of the
industry. For industry professionals themselves, such
information is an important source for career planning,
identifying promising technologies for studying and
forming competitive professional competencies.
Traditional methods of labor market analysis are
usually based on manual collection of information
from various sources, in particular, job sites, analytical
reports of recruiting companies, results of industry
research and professional communities. However, this
approach has a number of disadvantages. First,
manual collection of information is quite laborious
and requires significant time. Second, information on
the IT market changes very quickly, which makes it
difficult to maintain the relevance of the results
obtained. Third, manual processing of large volumes
of data increases the risk of errors and subjective
interpretations. In this regard, a relevant area of
research is the development of methods for automated
collection, processing and visualization of statistical
data from web resources containing information on
vacancies, professional requirements, salary levels and
other characteristics of the labor market. The use of
automated data analysis systems allows to
significantly increase the efficiency of analytical
activities and to ensure prompt receipt of relevant
information. The main sources of data for labor
market analysis can be specialized web portals with
vacancies, professional social networks, analytical
platforms, results of international surveys of software
developers, as well as open statistical resources. These
sources contain a significant amount of information
about job titles, a list of required technologies, work
experience requirements, salary level, employment
format and geographical location of jobs. The process
of collecting and analyzing statistical data from IT
resources can be presented as a sequence of
interconnected stages. The first stage is data
collection, which is carried out using web scraping
technologies or the use of open application
programming interfaces. Web scraping involves
automatically obtaining information from web pages
by analyzing the structure of HTML documents. To
implement this approach, Python programming
language tools are used, in particular the Requests and
BeautifulSoup libraries. Requests provides the ability
to send HTTP requests to web servers and retrieve
web pages, while BeautifulSoup allows you to parse
HTML code and highlight the necessary page
elements. The second stage is data preprocessing. Data
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received from different sources may have different
presentation formats, contain duplicates, missing
values, or inaccuracies. Bbefore performing the
analysis, it is necessary to perform data cleaning and
normalization procedures. This process includes
removing duplicate records, standardizing technology
names, normalizing job titles, and converting text
values into a structured format. To perform these
operations, the Pandas library is used, which provides
effective tools for working with tabular data and
allows filtering, grouping, and aggregation of
information. The third stage is analytical data
processing, which involves the use of statistical
methods and data analysis algorithms. The most
popular specialties, the popularity of programming
languages and software platforms, the average salary
level for different categories of specialists, and the
ratio of supply and demand in the labor market can be
determined. Additionally, regional market features can
be analyzed, such as the concentration of vacancies in
cities or countries. Of particular interest is the analysis
of technology stacks that are most often found in
vacancies. Such analysis allows you to identify the
most popular combinations of technologies used in
modern software projects. For web development, these
can be combinations of the programming languages
JavaScript, Python or Java with the frameworks React,
Angular or Django. The fourth stage is visualization
of the analysis results. Visualization is an important
tool for presenting statistical data, as it allows you to
significantly simplify their interpretation and identify
patterns. The Matplotlib, Seaborn, and Plotly libraries
can be used to build graphical representations.
Matplotlib provides basic capabilities for building
graphs, Seaborn allows you to create more complex
statistical visualizations, and Plotly provides the
creation of interactive graphs and analytical panels.
Interactive panels (dashboards) allow users to analyze
data in real time, change filtering parameters, select
time periods or regions for analysis. To create such
panels, specialized BI tools can be used, in particular
Power Bl or Tableau, as well as software solutions
based on the Dash or Streamlit libraries. An important
direction in this development is the use of methods for
processing unstructured data. A significant part of the
information about vacancies is contained in text
descriptions of job duties, requirements for candidates,
and working conditions. Analysis of such text data
allows you to get a deeper understanding of the real
needs of employers. Natural Language Processing
(NLP) methods can be used to process text data. The
use of such methods allows you to automatically
highlight keywords, determine the frequency of
mentions of technologies, analyze the context of the
use of certain terms, and classify vacancies by
thematic categories. The implementation of such tasks
is possible using the NLTK or SpaCy libraries, which
provide a wide range of tools for linguistic analysis of
texts. The use of NLP technologies allows you to
identify hidden trends in the development of the labor
market. For example, it is possible to determine the
growth of demand for certain skills or technologies
even before they become widely represented in

statistical reports. In addition, it is possible to analyze
the requirements for so-called “soft skills” such as
communication skills, the ability to work in a team, or
project management skills. Automation of the
collection and analysis of statistical data has
significant advantages compared to traditional
methods. First, it allows you to significantly reduce
the time for preparing analytical reports. Secondly, it
provides the possibility of regular data updating and
constant monitoring of changes in the labor market.
Thirdly, the use of data analysis algorithms allows you
to identify complex patterns that may be invisible
during manual analysis. The results of collecting and
analyzing statistical data can be used to forecast the
development of the IT labor market. For example,
analyzing the dynamics of demand for certain
technologies allows you to predict their further
popularity and determine the directions of
development of professional competencies of
specialists. The expected results of implementing the
proposed model are: ensuring prompt access to current
statistical data on the state of the IT labor market;
increasing the efficiency of analytical activities in the
field of personnel management; the possibility of
rapid adaptation of educational programs to the needs
of the IT industry; improving recruitment and human
resource management strategies; increasing the
validity of management decisions in the field of
personnel policy. The results of the study can be used
to create decision support systems in HR departments
of companies, recruitment agencies and educational
institutions. Such systems allow you to automatically
generate analytical reports, identify key market trends
and predict the needs of specialists in certain
specialties.

Thus, the use of modern technologies for
collecting and analyzing data, in particular web
scraping, statistical processing and natural language
processing methods, allows you to create effective
tools for analyzing the labor market in the field of
information  technology. Automation of these
processes helps to increase the accuracy of analytical
assessments, ensures the efficiency of obtaining
information and creates the prerequisites for more
effective planning of the development of the IT
industry.
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SYSTEMATIZATION OF MACHINE LEARNING MODELS FOR ASSESSING
FINANCIAL RELIABILITY IN FINANCIAL SCORING TASKS

The relevance of the task of increasing the
accuracy of assessing the financial reliability of clients
is due to the rapid growth of credit risks and intensive
digitalization of financial services. Modern conditions
dictate the need to transition from traditional statistical
approaches to advanced machine learning methods
capable of detecting complex nonlinear dependencies
in large arrays of heterogeneous data. The
development of machine learning algorithms in recent
years is characterized by the emergence of a
significant number of heterogeneous methods, each of
which has unique characteristics and scope. Such
diversity creates the need for careful comparative
analysis and classification of algorithms in accordance
with the specifics of financial scoring tasks, which
includes processing high-dimensional data, working
with class imbalance and ensuring interpretability of
results. Within the framework of the credit scoring
task, the key stage is the construction of a model
capable of classifying clients by the level of financial
reliability. From a technical point of view, this task
belongs to the category of binary classification, where
the object (borrower) belongs to one of two classes:
“reliable” or “unreliable”.

Machine learning models allow you to automate
the decision-making process, taking into account a
wide range of features - from financial indicators to
behavioral characteristics. Unlike traditional expert
systems, ML algorithms are able to detect complex
relationships between variables, adapt to new data and
provide high forecasting accuracy.

Logistic regression remains the fundamental
method of binary classification in financial scoring
tasks, despite the emergence of more complex
algorithms. Its main advantage is the high
interpretability of the results - the model provides a
clear probability of belonging to the object to the
“reliable/unreliable client” class, which is critical for
decision-making in the financial sector. The
mathematical foundations of the method are based on
the sigmoid function, which transforms a linear
combination of input features into a probability from 0
to 1. The key advantages of logistic regression in the
context of financial scoring include: balance between
predictive accuracy and interpretability of results,
stability and unbiasedness of parameter estimates with
a limited sample size, the availability of a statistical
apparatus for testing the significance of predictors, as
well as low computational costs and high speed of
model training, which is critically important for
making operational decisions in the financial sector.
Logistic regression is especially effective at the stage

of preliminary data analysis and as a basic benchmark
for comparison with more complex models. The
model is widely used in credit scoring due to
compliance with regulatory requirements for the
transparency of decision-making algorithms.

Decision trees are a model that represents a
logical sequence of decision-making rules of the form
"If ..., then ..". Decision trees sequentially divide
customers into classes according to one of the
variables so that these classes differ as much as
possible in the magnitude of credit risk. In this case, at
the first stage, the division is carried out according to
the most significant factor. Then the process continues
until the remaining classes become so small that the
next division does not lead to a statistically significant
difference in the level of risk. The number of classes
at each step of the decision tree construction
procedure is selected automatically [1, 2]. The
advantages of decision trees include fast processing of
large amounts of data, easy interpretation of results,
work with missing, numerical and non-numerical data
types, as well as the absence of restrictions on
correlations between dependent variables. The
disadvantages of the method include the ambiguity of
the algorithm for building the tree structure and the
complexity of computer calculations. The method is
usually used as an auxiliary for determining dependent
variables Random Forest, as one of the most popular
ensemble methods, is based on a combination of the
bootstrap aggregating principle with the use of a set of
decision trees. The algorithm generates a series of
classification or regression trees, each of which is
trained on a random subsample of observations with
random selection of features, which ensures
decorrelation of individual forecasts. The final
forecast is formed by aggregating the results of all
classifier trees according to the principle of majority
voting or averaging the responses in the case of
regression. The key advantages of Random Forest in
the context of financial scoring include: high
resistance to overtraining, due to the randomization of
the training process of each tree; the ability to
efficiently process high-dimensional data with a large
number of features; automated selection of the most
informative predictors through feature importance
analysis; resistance to outliers and noise in the data;
the possibility of parallelizing calculations, which
significantly speeds up the process of training the
model.Among the limitations of the method, it should
be noted: reduced interpretability compared to a single
decision tree due to the complexity of analyzing a set
of trees; increased computational costs associated with
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the need to train and store a large number of trees;
potential tendency to over-fitting on noisy data with
excessive tree depth or a large number of iterations.

Gradient  boosting (XGBoost, LightGBM,
CatBoost) is a class of sequential ensemble methods in
which each subsequent model iteratively corrects the
errors of the previous ones, which makes this
approach especially effective for complex problems
with high requirements for prediction accuracy [3,4].

XGBoost is distinguished by the implementation
of L1 and L2 regularization to minimize the risk of
overfitting, the development of efficient algorithms
for handling missing values, the use of optimized
computational procedures (for example, historical
accumulation for selecting optimal partitions), as well
as support for parallel and distributed computing for
processing large-scale data. LightGBM offers high
learning speed thanks to Gradient-based One-Side
Sampling (GOSS) technology, which reduces the
number of computational operations by focusing on
observations with large gradients, efficient work with
big data by using Exclusive Feature Bundling (EFB)
for memory optimization, and optimized memory
usage through effective data compression.

CatBoost specializes in efficient processing of
categorical features without the need for pre-encoding
by implementing algorithms based on Ordered
Boosting, which also reduces information leakage;
includes built-in mechanisms to combat overlearning,
such as regularization and early stopping; provides
high accuracy on a variety of data types thanks to
adaptive optimization algorithms.

The application of ensemble methods in financial
scoring includes achieving maximum accuracy in
credit risk forecasting, efficient work with large
volumes of historical data, detection of complex
nonlinear relationships between features and the target
variable, as well as automation of the process of
selecting the most informative features through feature
importance analysis, which contributes to increasing
the efficiency and reliability of scoring systems.
Interpretation of machine learning models, known as
Explainable Al (XAl), is a critical element of modern
financial analytics, especially in the context of
increasing complexity of algorithms such as deep
neural networks and ensemble models. In the financial
sector, where decisions on lending, risk assessment or
fraud detection affect economic stability and
regulatory compliance, model transparency is
becoming not only an ethical but also a legal
requirement.

According to systematic reviews, XAl allows for
a balance between high predictive accuracy and
decision clarity, reducing the risk of bias and ensuring
compliance with regulations such as GDPR or the
Basel Committee on Banking Supervision. In the
context of assessing the financial soundness of
customers, XAl helps explain why the model
classified a customer as “risky” based on factors such
as credit history or income, which contributes to
stakeholder trust and improves decision-making.

The theoretical foundations of XAl are based on
the concept of interpretability, which is divided into

global (understanding the model as a whole) and local
(explanation of a specific prediction). As noted in the
literature, XAl methods are divided into two
categories: built-in (ante-hoc), where interpretability is
part of the model structure, and post-hoc, which are
applied to “black boxes” after training. In financial
applications, where data is often tabular and high-
dimensional, post-hoc methods dominate, as they
allow the use of powerful models such as XGBoost or
LSTM without losing accuracy. Research highlights
that XAl not only increases transparency, but also
helps to identify biases, such as gender or ethnicity, in
credit scoring.

XAl not only provides transparency, but also
directly contributes to improving the accuracy of
customer creditworthiness models by identifying and
correcting flaws in algorithms and data. Traditionally,
“black boxes” like neural networks achieve high
accuracy (e.g., AUC-ROC >0.9), but without
interpretation, their errors remain hidden, leading to
systematic biases and reduced reliability of
predictions. XAl transforms this process by turning
interpretation into a tool for iteratively improving
models, increasing their overall effectiveness.
According to research, implementing XAl can
improve accuracy by 10-20% by identifying biases,
optimizing features, and increasing robustness to noise
in the data.

Conclusions. The application of ML for
assessing the reliability of customers transforms
banking  practices, increasing accuracy and
transparency. The integration of XAl eliminates the
limitations of "black boxes", contributing to regulatory
compliance and risk reduction. Perspectives: hybrid
models for dynamic data. Recommendations:
implementation of XAl in Ukrainian banks to
optimize scoring.
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COMPARISON OF ORM AND DIRECT INTERACTION APPROACHES FOR
WORKING WITH LARGE VOLUMES OF DATA IN .NET

The current stage of information technology
development is characterized by a rapid growth in the
amount of data processed by corporate systems.
According to analysts, the annual increase in digital
information is growing rapidly, which creates new
challenges for software developers. In such
conditions, the issue of effective interaction with
databases becomes particularly relevant, since not
only the speed of the system, but also the cost of its
support and scalability depend on the correct choice of
technological approach. In the .NET platform
environment, there are several approaches to working
with databases. The most common are the use of
ORM (Object-Relational Mapping) tools and direct
interaction with the database using low-level data
access mechanisms. ORM approach allows developers
to work with data in the form of programming
language objects, while direct interaction involves
executing SQL queries directly to the database
management system. Traditionally, developers are
faced with the need to choose between the
convenience of development and maximum
performance. On the one hand, modern ORM
frameworks significantly accelerate the process of
creating applications and lower the entry threshold for
new team members. On the other hand, for critical
operations with large data sets, there is often a need
for optimization at the level of direct SQL queries.

The growth of data volumes in corporate
information systems requires solutions that provide
high performance, scalability and reliability. For
example, studies show that the choice of data access
technology significantly affects the overall system
performance and resource efficiency. Other studies
have shown that different ORM frameworks have
different effects on query processing speed and
memory consumption when working with large data
sets. Both approaches have their advantages and
disadvantages, especially in the context of working
with large amounts of data. The choice between them
often depends on the requirements for performance,
scalability, code maintainability, and the complexity
of the system's business logic. This review examines
the main features of the ORM approach and direct
interaction with the database in the .NET
environment, and also analyzes their capabilities and
limitations when working with large data sets.

Object-Relational Mapping (ORM) is a
technology that allows you to map the object-oriented
model of a software system to the relational model of
a database. The main idea of ORM is that database
tables are represented as classes, rows as objects, and

columns as properties of these objects. In the .NET
environment, one of the most popular ORM
frameworks is Entity Framework, as well as its
modern version Entity Framework Core [1, 3, 4].
Using ORM allows developers to work with the
database using the C# programming language and
LINQ queries, which significantly increases
development productivity and reduces the amount of
low-level code.

The main advantages of the ORM approach are:
increasing development speed. ORM frameworks
automate a significant part of routine operations, such
as creating SQL queries, mapping results to objects,
and managing transactions. This allows developers to
focus on the business logic of the system; abstraction
from a specific DBMS. ORM provides a certain level
of independence from a specific database management
system. This simplifies migration between different
DBMSs and increases the flexibility of the system
architecture; support for an object-oriented approach.
Developers can use the full potential of object-
oriented  programming, including inheritance,
encapsulation, and polymorphism; reduced errors. The
use of typed queries and automatic SQL code
generation reduces the risk of syntax errors and SQL
injections. However, ORM has certain limitations
when working with large amounts of data. One of the
main problems is the decrease in performance due to
the additional layer of abstraction. ORM frameworks
perform conversions between objects and relational
structures, which requires additional computing
resources. In addition, ORMs can generate complex
SQL queries that are not always optimal in terms of
performance. In the case of large data sets, this can
lead to a significant load on the database server and an
increase in query execution time. Another aspect is the
management of the change tracking context. ORM
frameworks usually track the state of an object , which
allows you to automatically generate queries to update
data. However, when working with large data sets,
this can lead to significant memory consumption.

Direct database interaction in the .NET
environment is usually carried out using ADO.NET
technology. This approach involves the use of SQL
queries that are executed directly through a database
connection [2]. The main advantage of direct
interaction is high performance. The developer has
full control over SQL queries and can optimize them
according to the specifics of the database and table
structure. Key advantages of the direct interaction
approach: maximum performance. SQL queries can be
optimized manually, which allows you to achieve
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significantly better performance when working with
large tables; full control over query execution. The
developer can use complex queries, stored procedures,
indexes, and other optimization mechanisms; efficient
use of memory. When using DataReader, data is read
in a stream, which allows processing large data sets
without loading them completely into memory.

At the same time, direct interaction with the
database has certain disadvantages. The main one is an
increase in development complexity. Developers need
to manually write SQL queries, process results, and
perform data conversions into program objects. In
addition, this approach complicates the maintenance
and scaling of the program code, since the data access
logic can be distributed across different parts of the
system. The features of working with large amounts of
data are as follows. When working with large amounts
of data, issues of performance, scalability, and
efficient use of resources become particularly
important. There are certain optimization methods for
the ORM approach: using NoTracking queries, which
disable the change tracking mechanism; using
projections (Select) to retrieve only the necessary
fields; using batch processing; optimizing indexes in
the database. It is also important to avoid a situation
known as the N+1 problem, when the ORM performs
a large number of additional queries to the database
when loading related objects. In the case of direct
interaction with the database, the main optimization
methods are: using stored procedures; using indexes;
optimizing SQL queries; using batch operations (bulk
operations).

To work with very large amounts of data, a
hybrid approach is often used, when ORM is used for
most standard operations, and direct access to the
database is used for parts of the system that are critical
in terms of performance.

A comparison of ORM and direct interaction
with the database shows that each of the approaches
has its own area of effective application. ORM s
better suited for: rapid development of business
applications; systems with medium amounts of data;
projects where code maintainability is important.
Direct interaction with the database is more
appropriate in cases of: working with large amounts of
data; highly loaded systems; complex analytical
queries. Thus, the optimal architecture of modern
systems often combines both approaches, using ORM
for standard operations and low-level data access
mechanisms for critical parts of the system.

In further research, it is recommended to conduct
a comparative analysis of existing approaches in order
to determine the most effective method for different
usage scenarios. For practical verification of the
selected methods, a test application based on
ASP.NET Core with support for .NET 9 and SQL
Server will be implemented. The results obtained will
allow determining the optimal approach to interacting
with the database depending on the type of operations,
data volume and performance requirements.

Special attention is paid to studying the behavior
of different approaches when performing typical
operations of corporate systems. Entity Framework

Core will be tested both with change tracking enabled
and in AsNoTracking mode for read operations. Direct
interaction via ADO.NET will be evaluated for
performance when performing mass insert operations
and efficiency of complex analytical queries with
aggregation of large data. Of particular interest is the
comparison of SQL code generation by different
ORM frameworks and its optimality from the point of
view of the SQL Server query planner. The results of
this analysis will allow us to formulate practical
recommendations for choosing a data access
technology for specific business scenarios.

Conclusions. The use of the ORM approach and
direct interaction with the database in the .NET
environment has a significant impact on the
performance, scalability and maintainability of
software systems. ORM frameworks significantly
simplify software development, providing a high level
of abstraction and integration with object-oriented
programming languages. However, when working
with large amounts of data, this approach can create
additional overhead. Direct interaction with the
database, on the contrary, allows you to achieve
maximum productivity and resource efficiency, but
requires more manual work and a deep understanding
of the principles of the DBMS. In modern software
systems, a combined approach is increasingly used,
which allows you to combine the advantages of both
methods. Using ORM for most standard operations
and direct access to the database for high-load
scenarios allows you to create flexible, scalable and
efficient information systems.

Thus, the right choice of an approach to data
access is an important factor in the successful
implementation of software projects in the .NET
environment, especially in conditions of constant
growth in data volumes and system performance
requirements. The ORM approach, implemented using
Entity Framework Core and Dapper on the .NET
platform, is widely used due to its rapid development
capabilities, database abstraction, and type safety.
However, to achieve truly high performance, it is
important to consider a number of key parameters:
data sample size, query complexity, change tracking
settings, linked data loading strategies, use of
compiled queries, and database connection
configuration.

References

1. Entity Framework Core [Electronic resources] //
Microsoft Learn. - Pexum JIOCTYTIY:
https://learn.microsoft.com/en-us/ef/core/.

2. ADO.NET [Electronic resources] // Microsoft Learn. —
Access mode: https://learn.microsoft.com/en-
us/dotnet/framework/data/adonet/.

3. Performance considerations for EF Core [Electronic
resources] //  Microsoft Learn. — Access mode:
https://learn.microsoft.com/en-us/ef/core/performance/.

4. EntityFramework Core vs Dapper [Electronic resources]
/I Code Maze. - Access mode: https://code-
maze.com/entityframeworkcore-vs-dapper/.

35


https://learn.microsoft.com/en-us/ef/core/
https://learn.microsoft.com/en-us/ef/core/
https://learn.microsoft.com/en-us/ef/core/
https://learn.microsoft.com/en-us/dotnet/framework/data/adonet/
https://learn.microsoft.com/en-us/dotnet/framework/data/adonet/
https://learn.microsoft.com/en-us/dotnet/framework/data/adonet/
https://learn.microsoft.com/en-us/ef/core/performance/
https://code-maze.com/entityframeworkcore-vs-dapper/
https://code-maze.com/entityframeworkcore-vs-dapper/
https://code-maze.com/entityframeworkcore-vs-dapper/

22

Information Systems

Department

«Cy4acHi iHcpopmauiiHi cucreMu Ta TexHonoril
B yncppoBOMY CYCNinbLCTBI»

\

AN\

UDC 004.89:371.31

Trunov Mykyta, Ushakova Iryna

mykyta.trunov@m.hneu.edu.ua, iryna.ushakova@m.hneu.edu.ua

Simyon Kuznets Kharkiv National University of Economics, Kharkiv

DEVELOPMENT OF A WEB APPLICATION FOR PERSONALIZED ENGLISH
LANGUAGE LEARNING USING ARTIFICIAL INTELLIGENCE

The integration of modern technologies into the
educational process significantly improves the
efficiency of acquiring new skills. Increasing
satisfaction with learning is a key aspect of language
learning applications that distinguishes this method of
learning foreign languages among a number of other
methods. This is achieved by collecting data about
users, their habits, preferences, which allows you to
create a personal language learning program for each
user. Another method of increasing satisfaction is
gamification of the process - this is when users are
awarded points for their activity in the application, for
completing exercises. This method can also include
comparing the user's progress with others. This allows
you to create an improvised competition and increase
user motivation. As indicated in [8], such approaches
can significantly increase user engagement. Thus,
using a foreign language learning application, you can
increase the motivation and engagement of users who
are learning foreign languages. This has a positive
effect on the quality of knowledge, speed of learning,
and satisfaction with the product.

Instant feedback is also an important advantage
of the application. The main problem of standard
methods of learning foreign languages is the
distribution of the teacher's time between students. If a
teacher has many students, this can lead to slow
feedback, which negatively affects the speed of
learning. It can also lead to some students receiving
less attention than others. A language learning app
helps to avoid these problems with personalized
exercises and instant feedback.

The development of a web application for
interactive English language learning using Atrtificial
Intelligence represents a necessary modernization of
educational tools. This project aims to build an
adaptive platform that customizes the learning
experience for each individual user, avoiding the
limitations of rigid, pre-planned curricula. By
combining interactive tasks, dynamically generated
content, and a functional interface, the platform
maintains user motivation and provides highly
relevant educational materials.

A significant number of users globally utilize
mobile and web applications to study English
languages. However, most traditional language
learning platforms face a fundamental structural
limitation: their content is entirely static. This means
that all questions, vocabulary lists, and grammar tests
must be manually created, verified, and programmed
by developers and educators prior to the application's
release. While static applications function adequately

during the initial stages of learning, they fail to
provide sustained personalization. Every user is forced
to follow an identical progression path. Individuals
with different professional backgrounds or specific
academic interests receive the exact same generalized
lessons, which often lack relevance to their actual
daily activities or career requirements. Furthermore,
the static model presents a scalability issue. The
educational process stops when a user completes all
available levels,. Continuously creating new,
specialized lessons requires significant financial and
time investments from the developers. As a result,
users frequently experience a decline in motivation
and eventually abandon the learning process.

To resolve the limitations of static databases, this
project implements Artificial Intelligence to generate
educational content dynamically. The primary
architectural concept of this web application is to
eliminate the reliance on pre-written test databases.
The application functions as an automated
intermediary system between the user's specific
learning parameters and the generative capabilities of
the language model. The process provides the user
with complete control over their educational
trajectory. Upon accessing the application, the user
interacts with a configuration panel to set up their
study session. The user selects the target language,
specifies their current proficiency level based on
standard frameworks from Al to C1, and inputs an
exact topic of interest into a text field [7]. Based on
these defined parameters, the system instantly
generates a unique set of questions, vocabulary, and
practical exercises centered entirely on the requested
subject. This algorithmic approach ensures that the
application possesses a theoretically infinite volume of
content, constantly adapting to the precise needs of the
learner. An effective educational application must
offer diverse methods of practice to ensure
comprehensive material retention and prevent
cognitive fatigue. To achieve this, the system
architecture supports several standardized types of
interactive tasks integrated directly into a continuous
learning flow without using isolated lists. The first
type involves classic multiple-choice quizzes, where
the user reads a generated question and selects the
single correct answer from four provided options. This
specific format is highly effective for rapid vocabulary
assessment and general reading comprehension
checks. The second type of task focuses on fill-in-the-
blank exercises. In this scenario, the user is presented
with a generated sentence containing a missing
element and must manually type the correct word
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using their keyboard. This format strictly enforces
spelling accuracy and helps the user memorize the
exact morphological structure of the word. The third
type of task involves complex sentence construction.
The user interacts with a randomized array of
generated words and must arrange them into the
correct syntactic order to form a coherent,
grammatically correct sentence.

A critical feature of this application is its
contextual feedback system. In  conventional
applications, an incorrect answer typically triggers a
basic negative visual indicator. In this application,
when a user submits an incorrect response, the system
utilizes Artificial Intelligence to instantly generate a
detailed, context-specific explanation of the
grammatical rule or vocabulary nuance that was
violated. This immediate, personalized feedback
facilitates a much deeper understanding of the
material. The server-side operations of the application
are powered by Django, a robust and secure Python-
based web framework [1]. Django performs two
primary functions within the system architecture.
First, it manages the relational database, securely
storing user accounts, authentication credentials, and
historical learning progress. The framework tracks
user activity and records completion metrics to
provide statistical feedback. Second, Django manages
all external communications with the generative Al
interface. The application utilizes the Gemini API to
request and receive the educational tests. APl keys,
which are critical for system security and access
authorization, are securely isolated on the server side
by Django, preventing any unauthorized client-side
access [6]. To ensure system stability, the server
enforces strict data typing rules. The Al is
programmed to return all generated content
exclusively in the JSON format. This structured data
format allows the application's code to reliably parse
the generated questions, options, and correct answers
into distinct variables without encountering parsing
errors caused by conversational text. The visual
presentation and client-side interactions are built using
HTML, CSS, JavaScript, and the Bootstrap 5
framework [2, 3, 5]. Bootstrap 5 provides
standardized, responsive design components. The use
of this framework ensures that all interface elements,
such as buttons, input fields, and navigation menus,
automatically scale and reorganize themselves to fit
any screen resolution. This responsive design
guarantees  full  functionality —across desktop
computers, tablets, and mobile devices [5]. JavaScript
is utilized to manage asynchronous operations via the
Fetch API, allowing the platform to function as a
Single-Page Application [4]. When the user interacts
with a task and submits an answer, the page does not
undergo a complete reload. Instead, JavaScript
transmits the data to the server in the background and
immediately updates the graphical interface to reflect
the result. This architectural choice significantly
reduces server load and provides a rapid,
uninterrupted user experience.

The practical value of this project applies to both
end-users and the educational technology sector. For

individual learners, it provides access to a highly
personalized educational tool that focuses entirely on
their specific academic or professional interests,
optimizing the time spent on language acquisition.

For the educational technology market, this
approach drastically reduces operational and
maintenance costs. The automated generation of
content via API integrations eliminates the continuous
need for manual curriculum development, making the
platform highly scalable and economically efficient.

The modular architecture of the application
allows for straightforward implementation of future
technical updates. The first planned enhancement is
the integration of Speech-to-Text application
programming interfaces. This will allow users to
submit answers utilizing their microphone, thereby
adding pronunciation and speaking practice to the
existing reading and writing tasks. The second
planned enhancement is the implementation of an
adaptive memory algorithm. The database will track
specific vocabulary items that a user frequently
answers incorrectly and automatically append
instructions to the Al prompt to include these specific
items in future generated lessons.

The development of this Al-powered web
application represents a functional transition toward
adaptive digital education. By synthesizing the
backend security of the Django framework, the
responsive design capabilities of Bootstrap, the
asynchronous processing of JavaScript, and the
generative capacity of Artificial Intelligence, the
project addresses the core structural limitations of
static language applications. It establishes an
educational environment that provides continuous,
highly relevant, and structurally sound learning
materials for its users.
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IMPROVING ONLINE LEARNING BASED ON THE APPLICATION OF
ARTIFICIAL INTELLIGENCE TECHNOLOGIES

The current stage of society's development is
characterized by rapid digitalization , which covers
almost all spheres of human activity, including
education. The modern education system is
undergoing profound changes under the influence of
digital technologies, among which distance learning
has become a key element in the transformation of the
educational environment. The active introduction of
information technologies into the educational process
contributes to the formation of new models of
organizing learning, among which online education is
of particular importance. Online learning provides
access to educational resources regardless of
geographical location, promotes flexibility of the
educational process and allows you to adapt
educational programs to the needs of modern society.

One of the key factors in the development of
digital education is the use of artificial intelligence
technologies. Artificial intelligence is becoming an
important tool for increasing the efficiency of
educational services, as it allows you to automate a
significant part of learning management processes,
analyze large amounts of data, and also provide
personalization of the educational process [2].

In the context of the growing need for quality
distance education, there is a need to improve online
platforms and services for organizing learning.
Acrtificial intelligence technologies are able to
significantly expand the functionality of educational
systems, increase the level of interactivity , and also
provide an individual approach to each user. Thus,
researching the possibilities of using artificial
intelligence to improve online learning services is a
relevant and important direction in the development of
modern education. The purpose of the work is to
investigate the possibilities of using artificial
intelligence technologies to improve online learning
services and increase the efficiency of the educational
process. To achieve the goal, the following tasks have
been identified: to analyze the current state of
development of online education; to investigate the
main directions of using artificial intelligence
technologies in education; to determine the functional
capabilities of intelligent educational systems; to
analyze the advantages and limitations of using
artificial intelligence in online learning; to determine
the prospects for the development of educational
services based on artificial intelligence technologies.

Modern  information  technologies  have
significantly changed traditional approaches to
organizing the educational process. Online education
has become an integral part of the modern educational

system, as it provides: accessibility of education to a
wide range of users; flexibility in choosing the time
and pace of learning; the ability to use a variety of
multimedia resources; interactive interaction between
teachers and students.

An important role in the development of distance
learning is played by educational platforms that
provide management of the educational process,
organization of educational materials, testing, and
assessment of learning outcomes. However, traditional
online platforms have certain limitations, including
insufficient level of personalization of learning,
limited capabilities for analyzing user behavior, and
insufficient interactivity. That is why the integration
of artificial intelligence technologies is an important
direction for the development of such systems.

Artificial intelligence encompasses a wide range
of technologies that can be wused to improve
educational services. Among them, the following play
a special role: Natural language processing
technologies allow systems to analyze text
information, recognize the content of messages, and
interact with users in a dialogic manner. This makes it
possible to create intelligent chatbots that can answer
students' questions, provide advice, and assist in the
learning process; machine learning allows systems to
analyze large amounts of educational data and identify
patterns in user behavior. This makes it possible to
create adaptive learning systems that adjust
educational material to the level of knowledge and
individual characteristics of students; computer vision
is used to analyze images and videos. In education,
this technology can be used for facial recognition,
analyzing student attention during learning, and
automatically monitoring online exams; speech
recognition systems allow you to convert spoken
language into text. This opens up opportunities for
creating voice assistants in educational systems,
automatically creating subtitles for lectures, and
facilitating user interaction with educational
platforms.

The use of artificial intelligence technologies in
the field of online education allows you to
significantly expand the functionality of educational
services. One of the main advantages of using
artificial intelligence is the ability to personalize the
learning process. Intelligent systems can analyze
student performance, their activity and learning style,
and then offer individual recommendations for
educational material. Recommendation systems allow
you to offer students educational resources that best
meet their needs. These can be additional materials,
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video lectures, articles or exercises. Artificial
intelligence can be used to automatically evaluate test
tasks, analyze written work and check the correctness
of task completion. This significantly reduces the
workload on teachers and speeds up the process of
obtaining results. Chatbots based on artificial
intelligence can act as virtual assistants for students.
They answer questions, help find educational
materials, remind about deadlines and support users in
the learning process. The use of artificial intelligence
technologies in online learning has a number of
advantages: increasing the efficiency of the
educational process; the ability to individualize
learning; automation of routine tasks; improving the
availability of educational resources; increasing the
level of interaction between students and teachers; the
ability to analyze large amounts of educational data.
Due to these advantages, artificial intelligence can
significantly improve the quality of online education.

Despite significant opportunities, the
implementation of artificial intelligence in the
educational process is associated with certain
difficulties. One of the key problems is limited
communication and interaction in a virtual
environment [2]. In online learning, there is no full
emotional contact, characteristic of traditional
classroom communication. This complicates feedback,
prompt response to non-verbal signals of students,
reduces the level of engagement and motivation for
learning. Some platforms, in particular Zoom or
Google Meet, provide only basic communication
capabilities (video, audio, chat), without in-depth
analytics of emotional state or engagement, which
creates barriers for the teacher in tracking the
dynamics of the educational process.

The next problem is technical limitations and
digital inequality. Not all learners have the same
access to high-speed Internet, modern devices, or a
comfortable learning environment at home. This leads
to inequality in learning conditions and a decrease in
the quality of learning. Even the most functional
services cannot compensate for the physical absence
of a student in the educational process if he does not
have the technical ability to fully participate in classes.
Often, platforms perform only part of the educational
functions: Zoom or Google Meet are focused
primarily on synchronous interaction, while Moodle
provides more opportunities for asynchronous
learning, but does not have built-in video
communication. This requires additional integrations,
technical support, and skills in working with several
services at the same time, which makes it difficult to
organize a single, holistic learning space [1].

Special attention should be paid to the lack of
adaptation and personalization of educational content.
Platforms often do not take into account the individual
characteristics of students, their level of knowledge,
learning style or pace of learning. Most online systems
are built on the principle of “one format for all”,
which contradicts the principles of adaptive learning.
Without the implementation of intelligent algorithms
and analytical modules, it is impossible to effectively
implement individual educational trajectories.

Ncessary to highlight the problem of overloading
teachers, who are forced to simultaneously perform
pedagogical, technical, administrative and
communicative functions. The organization of online
learning requires the teacher to master digital tools,
knowledge of technical aspects, moderation of
activities, control of presence and assessment in the
digital environment. In the absence of automated
mechanisms, these processes lead to an increase in
workload, emotional burnout and a decrease in the
quality of teaching.

Finally, another problem is the low level of data
security and privacy. Online learning platforms
collect, process and store large amounts of personal
data of students and teachers. With an insufficient
level of protection or incorrect access settings, there
may be a threat of data leakage, unauthorized access
to information or loss of confidentiality. This is
especially critical in the context of Al integration,
where the processing of sensitive information requires
strict adherence to ethical norms and legislation on
personal data protection (in particular, GDPR) [3].

The main areas of development may be: the
creation of fully adaptive learning environments; the
use of intelligent analytical systems to predict learning
outcomes; the integration of augmented and virtual
reality technologies with artificial intelligence
systems; the development of intelligent assistants for
teachers and students.

Conclusions. Therefore, artificial intelligence
technologies play an important role in the
development of modern online education . Their use
allows to significantly increase the efficiency of the
organization of the educational process, ensure the
personalization of learning and expand the
functionality of educational platforms. The integration
of intelligent technologies into distance learning
systems contributes to improving the quality of
education, improving interaction between participants
in the educational process, and creating more flexible
and adaptive educational environments. Despite the
existing challenges, the further development of
artificial intelligence opens up broad prospects for
improving educational services. The use of such
technologies will allow creating a new generation of
educational systems that will take into account the
needs of users as much as possible and ensure a high
level of learning efficiency.
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COMPARISON OF TASK PRIORITIZATION TECHNIQUES FOR IT TEAMS

In the modern IT industry, effective task
management is one of the key factors for the
successful implementation of software projects. With
the increasing complexity of software systems, the
increase in the number of functional requirements and
the need to quickly respond to market changes, there
is a need to apply effective methods for determining
task priorities. It is the prioritization process that
allows teams to focus on the most important and
valuable tasks, ensuring optimal use of resources and
timely achievement of business goals. In the context
of flexible software development methodologies such
as Agile, Scrum and Kanban, determining task
priorities plays an important role in forming a product
backlog, planning sprints and managing the workflow.
Incorrect or insufficiently justified prioritization can
lead to development delays, inefficient use of team
resources and a decrease in the quality of the software
product. There are a significant number of task
prioritization techniques used in IT projects. Among
the most common are the MoSCoW method, the Kano
model, the WSJF (Weighted Shortest Job First)
method, RICE, the Eisenhower matrix method, and
the Story Mapping method. Each of these approaches
has its own principles, evaluation criteria, and scope.
Therefore, it is important to conduct a comparative
analysis of these methods in terms of their
effectiveness, ease of use, and suitability for different
types of IT teams [1-2]. The purpose of these theses is
to analyze and compare the main techniques for
determining task priorities used in IT teams, as well as
to determine their advantages, disadvantages, and
features of application in modern software
development projects. The role of task prioritization in
the software development process is as follows. Task
prioritization is an important element of requirements
management and software development planning. In a
typical IT project, the number of potential features,
bug fixes, and technical tasks significantly exceeds the
team's ability to implement them in a given time. That
is why it is necessary to determine which tasks should
be performed first and which can be postponed or
even excluded from the development plan. Within the
framework of Agile approaches, prioritization is
usually carried out at the product backlog level, where
all tasks are ordered according to their value to the
business, complexity of implementation and impact on
users. This approach allows for the gradual creation of
the most important functionality of the software
product. In addition, the correct determination of
priorities contributes to increasing the transparency of
the development process and improves interaction
between stakeholders, such as customers, product

managers and developers. This allows for more
informed decisions regarding the development of the
software product. The MoSCoW method is one of the
most  well-known  requirements  prioritization
techniques [1-3]. The name of the method is an
abbreviation consisting of the first letters of four
priority  categories: Must have - mandatory
requirements; Should have - desirable requirements;
Could have - secondary requirements; Won’t have -
requirements that will not be implemented in the
current release. The main idea of the method is to
classify tasks according to their importance for the
project. Must have tasks are critical for the functioning
of the system and must be implemented first. Should
have category includes important but not critical
functions. Could have tasks have a relatively low
priority and can be implemented only with the
availability of additional resources. Won’t have
category defines functions that are not included in the
current scope of work. The advantage of the
MoSCoW method is its simplicity and clarity for all
project participants. It allows you to quickly identify
the most important tasks and ensure the team’s focus
on the key functionality of the product. However, one
of the disadvantages is the lack of quantitative
evaluation criteria, which can lead to subjectivity in
determining priorities. The Kano model is used to
evaluate the functionality of a product from the point
of view of user satisfaction. It was proposed by
Japanese researcher Noriaki Kano and is widely used
in the field of quality management and product
development. Within the framework of this model, all
functions are divided into several categories: basic
functions; expected functions; attractive functions;
neutral features. Basic features are the minimum
necessary for the normal functioning of the product.
Their absence causes significant user dissatisfaction.
Expected features increase the level of user
satisfaction in proportion to the quality of their
implementation. Attractive features, in turn, can
significantly increase user satisfaction, although their
absence does not cause a negative reaction. The main
advantage of the Kano model is its user orientation
and the ability to evaluate the impact of features on
customer satisfaction. However, the application of this
approach often requires conducting a user questions
and additional analysis, which can complicate its use
in rapid iterative development processes. The
Weighted Shortest Job First (WSJF) method is widely
used in the Scaled Agile Framework (SAFe). The
main idea of this approach is to determine the
priorities of tasks based on the ratio of their value to
the duration of execution. The priority of a task is
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determined by the formula: WSJF = (cost of delay) /
(duration of work). The cost of delay can include the
following components: business value, time criticality,
risk reduction. Tasks with the highest WSJF value
receive the highest priority. The advantage of this
method is the use of quantitative indicators, which
allows to reduce subjectivity in the process of
determining priorities. However, the use of WSJF
requires sufficiently accurate estimates of the cost of
delay and the duration of task execution, which is not
always possible in the early stages of the project. The
RICE method is a popular approach to prioritizing
tasks in product teams. The name of the method is an
abbreviation of four evaluation criteria: Reach — user
reach, Impact — impact on users, Confidence — level
of confidence in estimates, Effort — complexity of
execution. The priority of the task is determined by
the formula: RICE = (Reach x Impact x Confidence) /
Effort. This approach allows you to take into account
both the potential benefit of the function for users and
the complexity of its implementation. The RICE
method is well suited for product teams working on
the development of digital services and platforms. The
disadvantage of this method is the need to evaluate a
large number of parameters, which may require
additional analytical efforts. The Eisenhower matrix is
a universal task management tool that can also be used
in IT teams. It is based on the division of tasks
according to two criteria: importance, urgency. As a
result, four categories of tasks are formed: important
and urgent; important but not urgent; urgent but not
important; unimportant and non-urgent. This approach
allows you to quickly determine which tasks need to
be completed immediately and which can be
postponed or delegated. However, for large IT
projects, this technique is often used only as an
auxiliary tool. User Story Mapping (USM) is a visual
technique in Agile development, proposed by Jeff
Patton, which structures user stories (stories) in the
form of a map that reflects the user journey. It helps
teams better understand user needs, prioritize features
and define a Minimum Viable Product (MVP). The
method organizes user stories (tasks) as a two-
dimensional map: horizontally — user steps (scenario),
vertically — priority of features. The main
characteristics and advantages of this method: task
visualization presents tasks as a sequence of steps
(workflow), which shows a complete picture of the
product instead of a linear list (backlog), the map has a
hierarchical structure, which usually consists of three
levels: activities (Activity), steps (Steps/User Tasks)
and details (Stories); A focus on value helps to
understand why each task is being done, providing an
understanding of the value to the user and the
business; a shared understanding of the project’s tasks
and goals unites the team, allowing everyone to see
the context of the project and improving
communication. The team uses a large board or wall
to create a visual diagram of the user’s interaction
with the product, first identifying important steps and
then adding individual stories under them. When the
map is complete, the team has a logical view of the
user’s interaction and can determine which stories are

high priority and which are low priority. Comparative
analysis of techniques. A comparison of the
considered methods shows that they have different
approaches to prioritizing tasks. The MoSCoW
method is simple and straightforward, but has limited
accuracy. The Kano model is user-centered and allows
you to identify features that can improve customer
satisfaction. The WSJF method provides a more
formal approach to prioritizing and takes into account
the economic aspects of development. The RICE
method allows you to comprehensively assess the
potential impact of features on the product. The
Eisenhower Matrix, in turn, is a universal task
management tool that can be used to quickly assess
their importance. The User Story Mapping is a tool
that transforms abstract requirements into a clear
release plan with a representation of task priorities,
which are divided into releases. The choice of a
specific technique depends on the type of IT team,
project size, level of requirement uncertainty, and
availability —of analytical data. Conclusions.
Prioritization of tasks is an important element of
software development process management. It allows
for efficient use of team resources, increased
transparency in decision-making, and focus on the
most  important  product  functionalities.  The
considered prioritization techniques have various
advantages and limitations. The MoSCoW and
Eisenhower matrix methods are easy to use, but have
limited accuracy. The Kano model allows you to take
into account the user satisfaction factor, which is
important for product companies. The WSJF and
RICE methods provide a more formalized approach to
prioritization and allow you to take into account the
economic and analytical aspects of development.
USM is aimed at providing MVP. In modern IT
teams, the most effective approach is the combined
use of wvarious techniques for determining task
priorities. This allows you to take into account both
the business value of functions and the technical
aspects of their implementation, and also provides
more informed management decision-making. Thus,
the correct choice and application of prioritization
techniques is an important factor in the successful
implementation of IT projects, especially in conditions
of high competition, rapid technological changes and
increasing complexity of software systems.

References

1. €nikeeBa XK. 12 MeToniB mpiopuTH3aLil MPOIYKTOBHX
uwineii: RICE, WSJF, KANO Tta immi / J)K. €HikeeBa
[Electronic resources] // Linkedin. — Access mode:
https://www.linkedin.com/pulse/12-meToniB-npiopuTu3arii-
npoayKTOBHX-IIinei-rice-wsjf-kano-zhanna-hmz2zf/.

2. 3ocum M. OpeiimBopkn mnpiopurmzanii / M.3ocum
[Electronic resources]. - Access mode:
https://www.maxzosim.com/prioritization-frameworks/.

3. Vijayakumar S. Assessing the Effectiveness of MoSCoW
Prioritization in Software Development: A Holistic Analysis
across Methodologies / S. Vijayakumar, K. Prasad, R. Holla
/I EAl Endorsed Transactionson Internet of Things. — 2024.
-Vol. 10. — 9 p. — DOI: 10.4108/eetiot.6515.

41



2

Information Systems
Department

«Cy4acHi iHcpopmauiiHi cucreMu Ta TexHonoril
B uuchpoBOMYy CycninbCTEi»

A\

UDC 519.85

Zadachyn Viktor
viktor.zadachyn@m.hneu.edu.ua

Simyon Kuznets Kharkiv National University of Economics, Kharkiv

APPLICATION OF THE COMBINED QUASI-NEWTON METHOD TO SOLVE
OPTIMIZATION PROBLEMS IN MACHINE LEARNING

Currently, neural network training primarily
relies on gradient-based methods (e.g., ADAM or
stochastic gradient descent [1]) due to their lower
computational complexity and reduced memory
requirements. However, a significant drawback of
gradient descent methods is their very slow
convergence rate [1], particularly for ill-conditioned
problems. In contrast, quasi-Newton optimization
methods  typically demonstrate much  faster
convergence but require more memory and
computational  resources.  Nonetheless, limited-
memory variants of quasi-Newton methods (such as
L-BFGS [1]) make them applicable to large-scale
problems. In the author's view, with the advancement
of computing technologies, such as quantum
computing, it is expected that quasi-Newton methods
will become increasingly applicable in machine
learning, specifically for neural network training [2].

We consider the unconstrained optimization
problem:

min f(x), xeR", 1)

where f(x) is a twice continuously differentiable
function, and there exists a point x* € R" that is a
local minimizer of f(x). The Hessian matrix V> f(x")
is either degenerate (i.e., rank(V?f(x*) <n) or ill-
conditioned (i.e., cond (V2f (x*) > 1).

Combined quasi-Newton methods [3, 4] for
solving problem (1) generate an iterative sequence of
approximate solutions using the following formula:

x(k+1) = x(k) + aklugk) + akzugk), k= 0, 11 2; L] (2)

where x© is the initial guess, u{” and u{® are

orthogonal search directions, and a,, «;, are the

corresponding step sizes. The orthogonal vectors ugk)

and ugk) are determined as follows.

At each iteration k, we compute the gradient
vector g® = vf(x®) and an approximation H, of
the Hessian matrix V2£(x(®)), which is updated using
the BFGS formula [1]:

T T
ViV Hys, (Hys))
ykTsk skTHksk

Hyy = Hy +

where Sk = 1) — U1

g%V H, = I; | is the identity matrix.

Since the matrix H, is symmetric, it can be
diagonalized via spectral decomposition:

Hi = QMQy,

Y, = g(k) —

where @, is an orthogonal matrix and Ax = diag(2"”)

is a diagonal matrix of the eigenvalues Afk) of Hy,
ordered by descending absolute value:

(k) (k)
|277] = |/12 | > 2P|

The diagonal matrix A, can be partitioned into

block form:
Ay O ]

0 ALl

where A, = diagO\i(k)) for indices i =1, ..., 1y,
such that [2%°]/|2%°] > & , withr,, < n, & > 0isa
numerical parameter for the method at iteration k; and
Ny = diag(ki(k)) for i =(r, +1),..,n, such that
|/1(k)| |A(k)| <

S A ] S e

The orthogonal matrix @, is also partitioned

accordingly:

Ak=

Q. =[Qu  Qul,

where Q,, is an n X7, matrix and Q,, is an
n X (n — ry) matrix.

In the methods defined by equation (2), the
quasi-Newton algorithm is applied to the orthogonal
complement of the subspace ker(H,.). Specifically,

the vector ugk) is computed as follows [3]

k
ul? = —H;Ptg®, 3)

where Hj, denotes the pseudo-inverse of the
matrix Hy, = Q,,AnQp, P =1-0Q,,Q},, Pr=
I= P = leQIZr

The method used to compute the vector ugk)
defines a family of algorithms based on the
aforementioned subspace decomposition approach [3,
4].

In [3], a method was proposed in which the
gradient descent algorithm is applied on the subspace

ker(Hy,), i.e., the vector ugk) is defined as:
k
ug) = _Pkg(k)-

In [4], the conjugate gradient method is applied
on the subspace ker(H.), and the vector u;") is

computed as:
® {—Pkg(k), if kmodn = 0;

u 4
2 —Pkg(k) + ﬂkugk_l), if kmodn > 0; )

where g, is computed using the CD formula:
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The conjugate gradient method is clearly more
effective than basic gradient descent, especially when
the degeneracy rank (i.e.,, the dimension of the
subspace ker(H,.) exceeds one, i.e., when (n—
1) > 1.

The efficiency of the proposed method is
demonstrated through numerical experiments on
standard test problems from machine learning. The
results are compared with implementations from
widely used software environments, including Python,
and PyTorch.

Numerical experiments were also conducted
using objective functions widely used in machine
learning [1-2]: Logistic Regression Loss, Neural
Network Loss, and Multi-class Cross-Entropy Loss. In
this work, as an illustrative example, we provide
numerical results for a single test function.

Extended Logistic Regression Loss Function
with regularization parameter A >0 and condition
number cond = 10°:

f(x) =", log(1+ exp (—b;alx) + %IIxIIZ,

where b;e(—1,1), and a;eR"denotes the i-th
row of matrix A. The matrix A is generated as

A=UxVT,

where U and V are orthogonal matrices, and
is a diagonal matrix with rapidly decaying singular
values such that cond (X) = cond.

The initial approximation is X0 = (0.5, 0.5,
..., 0.5).

For 1 =0, the minimal function value
satisfies f(x™) = 0, and the Hessian at the solution is
ill-conditioned with cond (V2f (x*)) = cond.

Table 1 use the following abbreviations for all
optimization procedures:

— P_BFG - the minimize function from the
SciPy package (version 1.16.3, Python), method
BFGS; the gradient was computed using PyTorch;

— P_LBB - the minimize function from the
SciPy package (version 1.16.3, Python), method L-
BFGS-B; the gradient was computed using PyTorch;

- T_LBF - the optimizer
torch.optim.LBFGS (with 1lr = 0.5,
history size = 75) from the PyTorch package
(version 2.10.0+cpu);

— T_Adam - the optimizer
torch.optim.Adam (with 1r = 0.01, betas
= (0.9, 0.999)) from the PyTorch package
(version 2.10.0+cpu);

- T_RMSp - the optimizer
torch.optim.RMSprop (with 1r = 0.01,
alpha = 0.99) from the PyTorch package (version
2.10.0+cpu);

— CQN&CG - the implementation of method
), (3), 4.

All methods were initialized from the same
starting point and terminated using identical storﬁ&hg
criteria based on the gradient norm (set to 10°2).

For A2=0, the results of the numerical
experiments are presented in Table 1:

— fmin is f(X), where X is the solution
approximation  returned by the optimization
procedure;

— Nit — the number of iterations performed;

— Nf — the number of objective function
evaluations;

— Ngr — the number of gradient evaluations;

— NormGr — the Euclidean norm of the gradient

fO@.

Table 1
Numerical Results
n=200, m=2000, A = 0

Nit Nf Ngr |[NormGr

P_BFG |9.2e-19| 348 351 351 9.2e-19
P LBB |1.1e-12| 128 134 133 1.1e-14
T_LBF |4.8e-10 111 111 3.4e-12
PT_Adam |4.4857 | 10000 |10000 |10000 | 7.0e-04
T_RMSp [5.9053 | 20000 |20000 |20000 | 1.6e-03
CON&CG 0.0 60 62 0.0

As shown in Table 1, the best performance in
terms of accuracy and convergence speed was
achieved by the CQN&CG method ((2), (3), (4)),
particularly in ill-conditioned settings. In contrast,
stochastic methods (Adam, RMSprop) often required
significantly more iterations and struggled with
precision, especially when the condition number was
high. This also confirms that for these stochastic
methods, the application of regularization is
mandatory, whereas in quasi-Newton methods,
regularization is effectively handled internally.

Overall, these results confirm that our combined
approach effectively captures spectral properties,
outperforming standard optimizers in degenerate
machine learning problems.
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DEVELOPMENT OF A WEB APPLICATION FOR DIAGNOSING DISEASES
BASED ON DERMATOSCOPIC IMAGES

Malignant skin tumours represent one of the
most widespread and acute problems facing the
modern global healthcare system, demonstrating a
steady upward trend over recent decades [1].

In Ukraine, the situation regarding malignant
skin tumours is becoming critical. Analysis of
statistical data recorded in the Unified Electronic
Health Care System shows a steady negative trend. As
of June 2024, the system had registered 21885 patients
with malignant melanoma of the skin and 93223
patients with other forms of malignant skin tumours.
In particular, in 2022, there were 2403 cases of
malignant melanoma, in 2023 were 2648 cases, and in
2024, this figure reached 3100 cases [2].

Dermatoscopy allows for greater diagnostic
accuracy compared to  conventional  visual
examination, but requires considerable experience on
the part of the physician. Automated systems based on
deep learning methods can significantly speed up the
screening process, which can increase patient survival
rates, as early diagnosis is a key factor in successful
treatment.

The aim of the work is to develop a web
application  for automated classification  of
dermatoscopic images of skin neoplasms based on
convolutional neural networks. The main tasks are:

— analysis of existing approaches to computer
diagnostics of dermatological diseases;

— selection and training of deep neural network
architecture;

— development of server and client parts of the
web application;

—assessing the quality of the model on a test
sample.

The object of the study is the process of
automated diagnosis of skin neoplasms based on
dermatoscopic images. The subject of the study is
deep learning methods and tools for building
classification models in medical diagnosis tasks.

The HAM10000 dataset, containing over 10000
high-quality dermatoscopic images collected from
various clinical institutions around the world, is used
for training and evaluating the model [3]. Each image
is accompanied by an accurate diagnosis that has been
verified using evidence-based medicine standards:
histological analysis of tissue samples, a consensus
decision by a group of leading dermatology experts, or
long-term clinical observation.

In order to solve the problem of unprocessed and
unbalanced data, preliminary image processing is
applied. The first stage involves removing artefacts,
such as hair on the skin. The second stage involves

applying classic geometric transformations to images
of classes: rotation at different angles, horizontal and
vertical mirroring, and scaling.

EfficientNetB3 was chosen as the basic
architecture of the neural network. The model was
pre-trained on the ImageNet dataset, which allows the
use of transfer learning techniques and significantly
reduces the amount of training data required.

The web application is developed based on the
Python programming language using the Django
framework, which provides implementation of both
server logic and client part according to the MVT
(Model-View-Template) architectural pattern. The
deep learning model is loaded when the server is
started and is called when a request is received from
the user. The client part is implemented using standard
web technologies: HTML for page markup, CSS for
interface styling, and JavaScript for dynamic
interaction. The user uploads a dermatoscopic image
via a form on the website, the server performs model
inference and returns the classification result — the
name of the most likely diagnosis and a probability
vector for each class, which are displayed directly on
the page.

It is expected that the implementation of the
developed application will contribute to the
automation of the preliminary assessment of
dermatoscopic images, which will reduce the time
from the detection of a suspicious formation to the
establishment of a diagnosis.

The use of a modern technology stack, including
the Django framework and  EfficientNetB3
architecture,  ensures  convenient  application
deployment and an intuitive interface for end users.
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NMOPIBHAHHA ®OPMATIB JSON TA PROTOBUF AJ1A OBMIHY AAHUMW MIXK
MIKPOCEPBICAMMU

CyuacHi BHUKIMKH y PO3poOIi MiKpOCEepBiCHUX
apxiTeKTyp BHMAaraloTh ONTHMi3amii MIBHUAKOCTI
0oOMiHYy MaHUMH Ta MiHiIMi3amii HaBaHTa)kKeHHS Ha
MepexeBi pecypcu. Bubip dopmary cepiamizarmii
MOBIJOMJIEHb € OJHHM 13 KJIIOYOBMX YMHHHUKIB, IIIO
Oe3mocepe/iHbO BILUTHBAE HA 3arajibHy NPOIYKTHBHICTD
PO3MOIICHUX CHCTEM.

OpHi€r0 3 TOJIOBHHX  BIAMIHHOCTEH  Mixk
¢dbopmaramu € miaxig mo Ttumizamii: skmo JSON e
TeKcToBUM QopmaroM 0e3 cyBopoi Tumizamii, 0
3abe3neuye THYy4YKicTh, TO Protobuf 6asyerhcst Ha
MONepeIHbOMY ~ OIMCI  CTPYKTYpH  JaHUX Yy
CremianbHuX .Proto (aiimax, mo rapaHTye CyBOpY
TUMI3aI[il0 Ta AaBTOMATHYHY BaNifalil0 Ha eTari
koMmmmiyamii  [1]. Takuii  MexaHi3M  JT03BOJISIE
3a0e3neunTH  CyBOpY — THIN3AIil0, a  TakKoXK
ABTOMATHYHY TMEPEBIPKY KOPEKTHOCTI CTPYKTypH
JAHUX IIe Ha eTani KOMIIIAMIl, 0 CYTTEBO 3HIKYE
HMOBIpHICT TOMIJIOK TTiJT 9aC BUKOHAHHS.

3actocyBanHs cyBopoi Tumizamii B Protobuf
CTBOPIOE TMEPEAYMOBH sl OUTbIN mepeadadyBaHOl
MOBENiHKM cucreMu. KOXKHE Iojle Mae YiTKo
Bu3HaueHunil Tun (Hanpukiaxa, int32, string, bool
TOIIO), a TaKOX YHIKaJIbHU I YHCIIOBUH
iIeHTU(IKaTOp, SKUHA BHUKOPHUCTOBYETHCS TiJ dYac
cepianizamii. lle mo3BoNsIE ePeKTHBHO KOIYBATH AaHI
Yy KOMITaKTHOMY OIiHApHOMY BHIIAMI, YHHKAIOYH
nyomoBanHs iH(opMarii, xapaktepHoro st JSON,
JIe HA3BH MOJIiB MMOBTOPIOIOTHCS JIJIS KOKHOTO 00’ €KTA.
VY pe3ynbTaTi po3Mip noBigoMieHs y Protobuf 3Hagno
MEHIIMH, 0 OCOOJMBO Ba)JIMBO JUIi CHCTEM i3
BUCOKMMHM BHMMOTaMH JI0 MPOIYCKHOi 3JaTHOCTI
Mepexi, TaKuX SK MIKPOCEPBICHI apXiTeKTypH,
CHUCTEMH TOTOKOBOI OOpOOKHM HdaHWX abo MOOUIbHI
JIONaTKH 3 0OMEKESHUMHU PECYPCaMH.

3aBisku  OiHapHOMY  KojayBaHHiO — Protobuf
JI03BOJISIE  CYTTEBO 3MEHIINTH PO3MIp TEpefaHux
MAaKeTiB MOPIBHAHO 3 TEKCTOBHM IPEACTABICHHAM Y
JSON, 110 €  KpUTUYHO  B@XKJIUBUM  JUIS
BUCOKOHABaHTa)KEHUX CUCTEM [2].

BinapHuii ¢dopmar KOJyBaHHs, SAKUN
BHKOPUCTOBY€EThCS  Protobuf, Takox mo3uTHBHO
BIUIMBA€ Ha IIBHUAKICTH 00poOkm manmx. Ha Bigminy
Bix JSON, ne HeoOXiHO BHUKOHYBATH IAPCHHT
TEKCTY, IEPETBOPIOIOYH HOT0 y BHYTPILIHI CTPYKTYpH
JIaHKX, Protobuf JI03BOJISIE 31ACHIOBATH
Jiecepiamizallifo 3HaYHO WIBWJAINE 3aBISKA YiTKO
BU3HAYEHIH CXEMi Ta KOMIIAKTHOMY IpEICTaBIJICHHIO.
Ile 3HMXKy€e HaBaHTaXXCHHSA Ha MPOIECOP 1 Mam’sTh,
o0 € KPUTHYHO BAXKJIMBHM Y BHCOKOHABaHTA)KCHUX
cucreMax, JAe¢ OOpoOJIAIOThCS THCSYl ab0 HaBIiTh
MIJIBHOHH 3aITUTIB 38 CEKYHITY.

Ha puc. 1 npoieMOHCTPOBAHO PI3HUIO B OIMHCI
onHi€l 1 Ti€l K CTPYKTYpPH AaHUX: BiJ YHTaOEIBHOTO
s monuan  JSON-00'ekTa 110 CTPYKTYpPOBaHOTO
BH3HAYEHHA ToBimomyeHHs B Protobuf, ske
ONTUMI30BaHE JJISI MAITMHHOI OOPOOKH.

message e,

Uid!: 123,
Example |Iname".llA1ice|l
1 int32 id ’ *

: "active: true
2 string name

3 bool active

Puc. 1. BisyanbHe OpiBHAHHS CTPYKTYpPH JaHHUX Y
tdopmatax Proto Ta JSON

OkpeMy yBary ciuii HOpUAUTITH MeXaHi3MaM
€BOJIOLII CXeM JaHWX Ta IATPUMKH 3BOPOTHOL
cyMicHocti. Protobuf crnpoekroBanuii TakMM YHHOM,
100 3MIHH y CTPYKTYPI MOBIZOMIICHb HE MPHU3BOIHIN
0 TOpYHICHHS pPOOOTH  ICHYHOUMX  KIIEHTIB.
Hanpuknan, po3poOHHKH MOXYTh JIOAaBaTH HOBI
NoJIs /10 TOBIZOMIIEHb, HE 3MIHIOIOYM BXE ICHYHOYl
inenTudikatopu. Crapi KII€HTH, 5KI HE 3HAIOTh PO
HOBI IIOJI, TPOCTO ITHOPYBaTHMYTh iX TIijJ dYac
Jecepiamizamii, TOHlI SK HOBI KII€HTH 3MOXYTh
BUKOPUCTOBYBaTH 1IIi 1mmonsi ©Oe3 oOmexeHb. Lle
JIO3BOJISIE  TIOCTYTIOBO ~ PO3BMBATH  CHUCTEMY 0Oe3
HEOOXITHOCTI OJHOYACHOTO OHOBJEHHA BCiX Ii
KOMITOHEHTIB, II0 € KPUTHYHO BaXKJIMBUM IS
BEJIMKUX PO3IOIIIEHUX CUCTEM.

Kpim Toro, Protobuf miarpumye MOXIHBICTH
pe3epByBaHHs 1IeHTU(IKATOPIB MOMIB, MmO 3amodirae
iX MOBTOPHOMY BHKOPHCTaHHIO y MaiOyTHbOMY, a
TaKOX J03BOJIIE O€3MEeYHO BUIAIATH  3acTapiii
eIeMEeHTH CTpyKTypH. Takmif migxig  3HAYHO
noserurye ynpasiiHHs BepcisiMu APl ta 3abe3neuye
CTaOUIbHICTh KOHTPAKTIB MiX pPI3HUMH YacTHHAMH
CHCTEMU.

Boagnouac JSON, He3Baxkalou Ha CBOIO
BIJHOCHY HQJIMIIKOBICTb, Ma€ HHU3KY CYTTEBHX
mepesar, ki poOisATh HOro MOmyJISIpHUM BHOOPOM Y
GaraThoX creHapisx. MOro rooBHOI MepeBarow €
guTabenpHICTh I MoauHu. Jlani y ¢dopmati JSON
JIETKO TIeperIsiIaTH, peJaryBaTh Ta aHami3yBaTH 0e3
BUKOPUCTAHHS CIEI[iali30BaHUX i1HCTpyMeHTiB. lLle
3HAYHO CIPOLIy€E MPOLEC HAJIATOJHKEHHS, TECTyBaHHS
Ta iHTerpauii cucreM, OCOOJMBO Ha paHHIX eramax
PO3po0KH.
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Iayukicte JSON  TakoX MPOSBISETBCT Yy
BIZICYyTHOCTI JXOPCTKMX OOMEXEHb LION0 CTPYKTYypH
JaHuX. Po3poOHMKM MOXYTh JIETKO [0JaBaTH abo
3MIHIOBaTH TN 0Oe3 HEeOoOXiJHOCTI OHOBICHHS
(dopManbHOi  CXeMH, IO IPUCKOPIOE  MPOLEC
MPOTOTUITYBaHHSA. Y CEpEIOBHUIIAX, J€ BHMOTH 10
JAHUX 9acTO 3MIHIOIOTHCS, 1€ € 3HAYHOIO IIEPEBAroio,
OCKIJIBKH JTO3BOJISIE IIBUAKO AJANTYBATHCSA IO HOBHX
yMOB 0€3 3HaYHUX BUTPAT 4acy.

IIle omHMM BaXXJIMBMM acCIEKTOM € INHPOKa
migrpuMka JSON y pi3HEX MOBax IporpamMyBaHHS Ta
mwiat¢popmax. [IpakTHYHO BCi CydyacHi MOBH MAalOTh
BOy0BaHi 3acobu ans podotu 3 JSON, mo poOuth
Horo yHiBepcaibHUM (hopMmaroM Jisi OOMIHY JaHHMHU
MDK KJII€EHTCBKUMH Ta CEPBEPHUMH KOMIIOHEHTaMH.
Lle ocobmuBo akTyanbHO At BeG-po3pooku, e JSON
(akTU4YHO CTaB CTaHAapTOM jAe-(hakTo Juisi mepenadi
JAHUX MK Opay3epoM i cepBepoM.

Ipore BigcyTHicTE cyBopoi Tumizamii y JSON
MOXE TIPU3BOAWTH IO TNEBHHUX MpoOieM. OCKUIBKH
TUTN JaHUX HE TEPEBIPSIOTHCS Ha eTali KOMITLIISIIIL,
TIOMHUJIKM MOXXYTh BUHUKATH BXKE I 9aC BUKOHAHHS
nporpamu. Hampuknaz, 3amMicTh YUCIOBOIO 3HAYCHHS
MOXe OyTH INepeJaHo psIOK, IO IpU3BeAe M0
HEKOPEKTHOI pOOOTH aNropuTMiB abo HaBiTh 10
aBapiifHOro 3aBeplIeHHs MporpamMu. Y CKIaJHHX
cUCTeMax 116 MOKEe CTBOPIOBATH JOJATKOBI PU3HMKHU Ta
YCKJIaTHFOBATH IMPOLIEC JIarHOCTUKHU TOMUIIOK.

Kpim Toro, JSON He wMmae BOymOBaHHX
MEXaHi3MIB JJIsI ONUCY CXEM JaHWX, X04Ya ICHYIOTh
cropoHHI pimenns, Taki sk JSON Schema. IIpore
BOHM HE € OOOB’SI3KOBMMH JJIsI BUKOPHUCTAHHS 1 He
IHTETPYIOTBCS TaK TICHO 3 TPOILIECOM PO3POOKH, SIK IIe
peanizoBano y Protobuf. V pesymprari KOHTpONB 32
BIJIMOBIJTHICTIO CTPYKTYPH JAaHUX YaCTO TTOKJIAAAETHCS
Ha PO3POOHHUKIB, 1110 301IbIIY€E HMOBIPHICTH TOMHJIOK.

[MopiBHIOIOYK 00M/BA MiJXOH, MOXHA 3pOOUTH
BUCHOBOK, 10 JSON i Protobuf opienroBaHi Ha pi3Hi
€Talu )KUTTEBOTO IIMKIY MPOrpaMHOro 3a0e3reyeHHs.
JSON € ontumanbHuM BHOOpPOM Ui  IIBHJIKOI
pO3pOOKH, TPOTOTHUIYBaHHSA Ta IHTErparmii, Je
BaXIJIMBUMH € THYYKICTh 1 3pYy4YHICTH pOOOTH 3
naanMu. Hatomicte Protobuf 3abesmeuye BuCOKy
MIPOAYKTUBHICTB, e(heKTUBHICT BHKOPHCTAHHS
pecypciB  Ta  HamIWHICTP Y  TPOAYKTHBHOMY
CepeoBUIIN, /e KPUTHUYHUMHU € MIBHIKICTH 0OpOOKH
Ta MiHIMi3aIis 00CITy MepeaaHnuX JaHUX.

Takok BapTo BpaxoBYBaTH BIUIMB BHOOPY
dbopmaTy Ha apXiTeKTypy CHCTeMH. BuKopHCTaHHS
Protobuf wacto mepenbauae Gimpmn QopmarnizoBaHUi
miaxix 1o npoektyBaHHS API, 1e Bci KOHTpaKTH 9iTKO
BU3Ha4yeHI 1 KOHTpomroroThes. lle cnpusie kparmiit
y3TOJDKEHOCTI MK KOMaHJIaMHM pO3pOOHHMKIB Ta
3HW)KY€ PHU3HMK HETIOPO3YMiHb NpH iHTErpamii pizHHX

KOMITOHEHTIiB. Y cBoto uepry, JSON no3Bossie Oinbmn
THYYKO MIJXOJUTH JI0 NPOEKTYBAaHHS, ajleé BUMarae
OimbmIOl  AMCHMIUIIHM 3 OOKy pO3pOOHMKIB ISt
MiATPUMAaHHS y3Tr0/KEHOCTI.

Ille onHMUM acreKTOM € THUTaHHS CYMICHOCTI 3
pi3HUMH TIpoTOKONIaMH repenadi ganux. JSON mobpe
inTerpyerbess 3 HTTP i mmpoko BUKOPUCTOBYETHCS Y
RESTful cepsicax. Protobuf, y cBotw uepry, usacrto
BUKOPUCTOBY€EThCS pa3oM i3 gRPC, mo mo3Boise
CTBOpIOBaTH BHCOKompoxyktuBHi RPC-cucremn 3
M ATPAMKOIO CTPIMIHTY Ta JBOCTOPOHHBOL
komyHikanii. Ile BigkpuBae I0IAaTKOBI MOXIJIMBOCTI
UIs  TOOyHOBM MaciiTaboBaHMX Ta e()EKTUBHHUX
po3moxainenux  cuctem.lIpomec  cepiamizamii  Ta
necepiamizanii B Protobuf BigOyBaeTbcst 3Ha4HO
IIBHJIIIC, OCKUIBKH BiH HE MOTPEeOye CKIAIHOTO
MapCHHTY TEKCTY, 10 € xapaktepuum miss JSON [1].
I[Mpore JSON 3anumaeTscst HE3aMiHHUM IS
myomiganx APl Ta B3aeMomii 3  KIIEHTCHKOIO
YaCTHHOIO Be03aCTOCYHKIB 3aBJIKH CBOTi
YHIBepCalbHOCTI Ta JIETKOCTI Bi3yaJbHOTO
Hanmaro/pkennst  [2].  Bmpoamkenus Protobuf y
BHYTpIlIHIX ~KOMyHiKamisix (3okpema B (RPC)
JIO3BOJISIE 3HAYHO CKOPOTHUTHU 3aTPUMKH Ta BUTPATH Ha
MepexxeBHid  Tpadik 3a paxyHOK e(eKTHBHOTO
BUKOPHCTaHHs pecypcis [1].

Y miacymky, BuGip mMixk JSON i Protobuf ne €
NUTAHHAM TOTO, SIKUH QOpMaT € «Kpamum» Yy
3arampHOMY ceHci. lle mmHTaHHA —BigNOBITHOCTI
KOHKPETHUM BHMOT'aM CHUCTEMH. SIKIIO NPIOPUTETOM €
MIBHJIKICTE  PO3pOOKH, MPOCTOTa iHTErpamii Ta
3pYy4HICTB pobotu 3 JTaHUMH, JIOIIJIBHO
BukopucToByBaTd JSON. koo » KJIIOYOBUMU
(hakTopaMu €  TPOAYKTHBHICTh, €(EKTHBHICTP
nepeaayi JaHWX Ta HamildHICTh, TO Protobuf e Oinbm
JIOLILHUM BHOOPOM.

Takum yuHOM, BUOIp dopMaTy OOMiHY NaHUMHU
Mae 6a3yBaTucs Ha OanaHCi MiX 3Py4YHICTIO PO3POOKH
Ta BUMOTaMHM [0 IPOIyCKHOI 37aTHOCTI CHUCTEMH.
[MoganpmuM  PO3BUTKOM  poOOTH  MOXe  OyTH
OCIHIIKEHHS BILJIBY IIUX ¢dopmaris Ha
eHeproe(peKTHBHICTh MOOUIFHUX 3aCTOCYHKIB ITiJ] Yac
IHTCHCHBHOTO OOMIHY TaHUMH.

Cnucok nitepatypm

1. Proto vs JSON: When to Use Which (and Why)
[Enexrponmmit pecype]. - Pexum JIOCTYIILY.
https://medium.com/proandroiddev/proto-vs-json-when-to-use-
which-and-why-525256a4d4ed

2. Data Exchange in Embedded Systems — JSON vs Protocol
Buffers [Enmextponmmii pecypc]. — Pexnm mocrymy:
https://infinum.com/blog/json-vs-protocol-buffers/
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HTENEKTYAJIbHA CUCTEMA NIATPUMKW EHEPFTOMEHEOXKMEHTY MAJIUX
TA CEPEOHIX NIANPUEMCTB B YMOBAX AE®PILNTY ENNIEKTPOEHEPTII

Yepe3 o0cTpinK KpUTHYHOI I1HPPAKCTPYKTYpH,
30KpeMa 00’€KTIB eNIEKTPOCHEPTETHKH, IO 3YMOBITIOE
HECTaOUIBHICTD €JIEKTPONIOCTadYaHHS, YMOBH
(YHKIIOHYBaHHS MIATIPHEMCTB B YKpaiHi CYTTEBO
YCKIAQHIOIOTECSA, IO MNPU3BOJAMTH IO IPOCTOIB,
3pOCTaHHSA BUTPAT Ta 3HIKEHHS e(peKTUBHOCTI Oi3HEeC-
mporeciB. OcoOIMBO Bpas3IMBIMHU € Malli Ta cepenHi
MAPUEMCTBA, SKI HE MaloTh PECYpCiB AJsl JOPOTHX
PE3epBHUX JKEpeNl eHeprii abo CKIaJHUX CUCTEM
yOpaBiaiHHSA. Y TaKMX YMOBaxX akTyaJbHUM €

CTBOPEHHSA IHTEJIEKTYaIbHIX IHCTPYMEHTIB
MIATPUMKH MPUAHATTS pileHp B
€HEPrOMCHEPKMEHTI.

[cHyrOWi WiOXOAM O  EHEPrOMEHEIKMEHTY
31€01IBIIIOrO Opi€HTOBaHI Ha SHIDKEHHS
CHEPrOCHOXXMBAaHHSA,  HPOTE  HE  BPAaXOBYIOTh
HEOOXIIHICTH MiATPUMAHHS CTa0lIIBHOCTI
(YHKIIOHYBaHHS T ITPUEMCTBA B yMOBax

00MeXeHOro eHeproszabesredeHHs. Y 3B’S3Ky 3 LHM
aKTyaJIbHUM € JOCIIIDKCHHSI METO/IIB 1HTEJIEKTYalbHOT
MIATPUMKH OPUHHATTS pillIeHb, CHPSIMOBAaHUX Ha
ONTUMAJTbHUI PO3MOALT eHepropecypcis 3
ypaxyBaHHIM KPUTHYHOCTI Oi3HEC-TIPOIIECIB.
OO0’eKTOM JOCIIKEHHSI € TpOLEeC YNpaBIiHHSI

€HEepPTrOCIIOKUBAaHHIM  IMIJIPHEMCTBA B YMOBax
00MEKEHOTO eJIEKTPONIOCTaYaHHS.
[Ipenmerom JIOCIIOKEHHS € METOIHU

IHTENIeKTYaNbHOI MIATPUMKHA TIPUAHATTS pIMICHh Ha
OCHOBI aHANI3y JaHUX Ta ONTHMI3allil.

Y Mexax JDOCIiKEHHS IHTEIEeKTyalbHIX CHCTEM
MIITPUMKH TIPUHAHSTTS PillIeHb B €HEPrOMEHEPKMEHTI
MaJlUX Ta CepeAHIX MiJIPHEMCTB PO3IIISAAETHCS
miXig, mo 0a3yeTbesi Ha MOEJHAHHI METOJIB aHaIIi3y
JaHUX Ta MAaUIMHHOTO HaBYaHHA. 30Kpema, [Jist
OI[IHIOBaHHS MaiOyTHIX HaBaHTaXeHb JOIIIHHO
BHUKOPHCTOBYBATH MPOTHO3yBaHHS
CHEProCIIOKMBAHHS HAa OCHOBI ICTOPHMYHHX JaHUX i3
3aCTOCYBaHHSIM MOJIEJICH 4acOBHX PsIiB (HaNpHKIIaL,
LSTM abo perpeciiinux Mozenei), MO 1O3BOJISIE
BPaxOBYBaTH JVHAMIYHAH Xapakrep 3MiH
€HEProCIIOKUBaHHS B yMOBax nedinury
€JIEKTPOeHEePTii. Y3araJpbHEHO MPOIEC IPOTHO3YBAHHS
MOe OyTH NpeCTaBICHHH SIK:

yit=f(t-1Dy (t-2),...,.y(t—n))

Jnst  oOrpyHTYBaHHS YHPaBIIHCBKUAX pillleHb
3aCTOCOBYETBCA X GaraTtokpurepialbHOT
onTHMi3alii, B SIKOMY BpaxOBYIOThCS Taki (akropw,
SIK KPUTUYHICTh 0i3HEC-TIPOIIECiB, piBCHB
€HEProCIIOKUBaHHS, MOXJIMBI €KOHOMIYHI BTpPAaTH Ta

JIOCTYIHICTD JKEepeN eHeprii. Y3araipHEeHO 3aaady
BHOOPY ONTHMAIIFHOTO Ha0Opy TIPOILECIiB MOXKHA
NPEICTaBUTH Y BUTIIALI:

F =Y {i=1{n}w.i - f_i(x) - min

e Barosi
NPIOPUTETHICTH
HIAPUEMCTBA.

BXiIHUMH JaHUMHU BHCTYMAIOTh ICTOPUYHI JaHi
€HEeproCcHoX1BaHHS, XapaKTepUCTUKH 6i3Hec-
npouecis, iHpopMalis npo rpadikd BiIKIIOYEHb Ta
JIOCTYTIHI JoKepea eHeprii. PesynpraTom
3aCTOCYBaHHS MiAXOIy € NMPOTHO3 HAaBaHTA)XXCHHS Ta
OOTpYyHTOBaHI pPEKOMEHIAMIi IOJ0 ONTHMAaJIbHOTO
pO3TOAiTY eHepropecypcin y cucTeMi
CHEPrOMEHEIKMEHTY IiANPUEMCTBA.

3anponoHOBaHUH IiIXi BiAPI3HAETHCSA THM, IO
NpH  PO3MONUTI  EHEPropecypciB  BPaxOBYETHCS
BOXJIMBICTh  Oi3HEC-TIpOIECiB, 10 Jae  3MOry
MiATpUMYyBaTH Oe3MepepBHICTh POOOTH MiANPUEMCTBA.

[MpakTyHa WiHHICTH pOOOTH  MOJSIrae y
MIABUICHHI ~ CTIMKOCTI ~ MajJuX Ta  CEepPEeAHIX
MIANPUEMCTB 10 CHEPreTMYHUX  OOMEKEHb,
3MEHIICHHI MPOCTOIB Ta ONTHUMI3allii BUTPAT.

OTxe, 3ampONOHOBAaHUM  MiIXix
MM ABUIIIATH e(eKTUBHICTH
CHEProCIOXUBAHHAM B yMOBax aediuuty
CNIEKTpOeHeprii 32  paXyHOK  BHKOPHCTaHHS
IHTENEKTYalbHUX METO[IB aHaji3y Ta ONTHUMIi3allil.
[Mogasnpuni TOCHiPKEHHSI MOXKYTh OyTH CIPsIMOBaHI Ha
inTerpanito 3 loT-cucremamu MOHITOPUHTY Ta
BJIOCKOHAJICHHS MOJIeJIeil MPOTrHO3yBaHHS.

KoeilieHTH
OKpEMHUX

BiTOOpaXaroTh
KpHTEpIiB Ui

JIO3BOJISIE
YIpaBITiHHS

Cnucok nitepatypm

1. MinictepcTBo eHepreTHkn VYxkpainu. [EnexrponHmit
pecypc]. — Pexxum noctymy: https://www.mev.gov.ua/ (ata
3sepHeHHs: 20.03.2026).

2. European Commission — REPowerEU Plan.
[Enexrponnuit pecypc]. - Pexum JIOCTYyIy:
https://commission.europa.eu/topics/energy/repowereu_en
(Hara 3Beprenns: 20.03.2026).

3. IEA — Energy Efficiency 2023. — [Enekrponnwuii pecypc].
— Pexum goctymy: https://www.iea.org/reports/energy-
efficiency-2023 (ara 3Beprenns: 21.03.2026).

4. DiXi Group. IlyOnikanii Ta aHaliTHKa E€HEPreTHMYHOTO
cexktopy VYkpainu. [Enextponnmii pecypc]. — Pexum
nocrymy: https:/dixigroup.org/analytic/rosijska-vijna-proti-
ukra%d1%97ni-energetichnij-vimir-dixi-group-alert-
shhotizhnevij-oglyad-13/ ([Jara 3Beprenns: 21.03.2026)
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PO3POBJIEHHA PEKOMEHOALINHOI CUCTEMM O4NA OONOMOIm
CTYOAEHTAM Y BUBOPI BAPIAHTIB HABYAJIbHUX 3ABAOAHb

CyuvacHmii ctan Bumoi ocBitm 3a IT-
CHeLiaIbHOCTAMHU XapaKTepHU3y€eThCs 3HAYHUM
00cATOM TMPAaKTHYHUX 3aBlIaHb, SKI CTYACHT Mae
BHKOHYBaTH CaMOCTiiHO. Bmukmamad, sx mpaBuio,
¢opMye CIHCOK BapiaHTiB, 3 SKOro 3100yBadi
obuparote Temy i pobotu. CTYICHT 3MyIIeHHUH
CaMOCTIIHO OIIHIOBAaTH peaibHy CKJIAaTHICTh KOXKHOI
TeMH 0e3 KOJHMX OO'€KTUBHHX OpPIEHTHPIB IIOJO
e(EeKTUBHOCTI TOrO 4YM IHINIOrO BapiaHTy s
npodeciitHoro 3pocranHs. Bupimenns uiei npodaemu
€ AKTyaJIbHUM 3aBJaHHSIM, OCKIJTBKU
MEPCOHATI30BAHUI MIiAXiA 10 HAaBYaHHS BH3HAHO
ONHMM 13 KIIOYOBMX MNPHHLIMIIB €Bporneiicbkol
KPEIUTHOI TpaHC(EpHO-HAKOMUYYBAIbHOI CHCTEMHU
(EKTC).

Metor0o poOOTH € BH3HAYCHHS TMPHHIHIIIB
moOyIOBH PEKOMEHIAIIIMHOT CHCTEMH, SKa aHANi3ye
oUppOBUA TPOQiNe CTyIeHTa Ta aBTOMATHIHO
(dbopMye UII HOTO BHOPSIIKOBAHHHN 32 €(hEeKTUBHICTIO
CITHCOK HaWOLIBII pEJIeBaHTHUX BapiaHTiB
HaBYAJILHUX 3aBJaHb.

PexkomeHalli#iHi CHCTEMH € YCTaJICHHM KJIacoM
MporpaMHAX  3aco0iB Ui MEPCOHATi30BaHOT
¢uteTpanii  indopmarnii. CucremMaTMuHUA  OIIIsA
JOCITI/DKeHb OCTaHHIX POKIB, MPHUCBIYEHUX PO3BUTKY
TaKHX CHCTEM Bl TpamWIifHUX METOHIB 1O
rHOOKOT0 HABYAHHS T4 BEJIMKHX MOBHHX MOJICICH,
MiATBEPIXKYE, IO HAWBHINY TOYHICTH PEKOMEHIAIIN
JEeMOHCTPYIOTh TiOpUIHI TMiIXOAH, SKi ITOETHYIOTH
nekinbka TexHik [1]. Cepem 0a30BHX METOIIB
BHAULIIOTE 1Ba. llepmmii — KOHTEHTHa (iIbTparis
(content-based filtering, CBF), y sikomy ¢dopMyroThCst
peKoMeHalil Ha OCHOBI aTpHOYTIB caMuX 00'€KTIB Ta
npodiIl0 KOPUCTYyBaya, HE 3aJCKUTh BiJ] HASIBHOCTI
JAHWX IHIINX KOPUCTYBadiB i 3abe3medye mpo30picTh
MOSICHEHb,  NPOTE  CTpPaXAa€  Bi  HAAMIPHOI
cnemianizamii. Apyruii — xormaboparuBHa (inbTparis
(collaborative filtering, CF), skumii crimpaetbcs Ha
MaTpUII0  B3aEMOJIH  «KOPUCTYBau-00'€kT» i1
3HAXOJUTh CXOXKHX 3a IOBEAIHKOIO KOPHCTYBauiB.
Are JnaHWA MeTOX € Bpa3lMBMM J0 HpoOieMu
xonmogHoro crapry (cold start) — BimcyTHoCTi
JIOCTaTHBOI KUIBKOCTI TaHHUX JUISl HOBUX KOPUCTYBadiB
a0b0 HOBUX 00'eKTiB [2].

[Ipobnema xosogHOTO CTAapTy € 0COOIMBO
KPUTHUYHOIO B OCBITHHOMY KOHTEKCTi, /I¢ Ha MOYaTKy
HABYAJILHOTO CEMECTPY CTYACHT LIe HE HAKOIIMYUB
XKOIHOI icTopii BHOOPY B MOTOYHIM IUCHUILTIHI.
CucreMaTHyHUN OMJISLA JITEPATYpH BHUSBHB, IO IS
mpobleMa  CyTTEBO  OOMEXye  3aCTOCOBHICTH
kmacmyHoi CF 1 morpebye OKpemMHX cTpaTeriit
mogonanHs [3]. OmHuM i3 e(DEeKTHBHHX MMIAXOIIB €

ribpusiHa pekoMeHpaaliiiHa cucTeMa, sika KOMOIHye
CBF ta CF: mepma ckiazoBa 37aTHa TeHEPYBaTH
peKoMeHpamii  HaBiTh 3a  BiACyTHOCTI  icropii
B3a€MOJIiH (CITUPAIOYNCh HA TETH HABMYOK Yy Mpodini),
TOJI AK ApyTa MiIBUIIYE SKICTh PEKOMEHIAIIH Y Mipy
HaKONMYECHHS  JaHUX Tpo  BHOIp  CTYACHTIB.
JlocmikeHHsT  MOKa3yloTh, IO TaKWuid  TiOpun
JIEMOHCTPY€ BHIIY TOYHICTH 1 PI3HOMAHITHICTh
pekoMeHaaIliii mopiBHsIHO sk 3 yucroro CBF, Tak i 3
uucroro CF [4].

Ha ocHOBI mpoBemeHOro aHamizy 0OpaHO
apXiTEeKTypy CHCTEMH, IIO CKJIAJAETHCS 3 YOTUPHOX
komroHeHTiB. [lepmmit — 1udposuit  npodins
CTYyJICHTa: aKyMYJIFO€ Oasii 3a 3aBEpIICHI JUCIUILTIHU
Ta TEpeliK OCBOEHHX TEXHOJOTiH, CIyryrouu
BXIIHUMH JaHUMHU A1 000X CKIIAJOBHX TiOpHIHOTO
anmroput™my. Jlpyrmii —  CHOHCOK  3aBAaHb i3
METaJIaHNMHU: KOXKEH BapiaHT OIMCYETHCS pPIBHEM
CKJIIATHOCTI, TEPeTiKOM HEOOXiTHWX TEXHOJOTIH Ta
oOMeXeHHSAMH I ydacHUKiB. Lli MeramaHi MokHa
posrisiaTy K npodins 3aBaaHHA. Taka CTpyKTypa €
ocHoBot st CBF-mopiBusHHEs. Tperiit — ribpumHuit
peKOMEHAANIHHMA pymiii: Ha WepmoMy KpoIli
00uncIoe KoedilieHT PeJIeBaHTHOCTI 3aB/IaHHA Yepe3
MOPIBHSHHS BEKTOPIB MPODIIIO CTYJeHTa Ta MPodisro
3apnanHs (CBF-ckimanoBa); Ha ApyroMy — KOpHUTYE
OLIIHKY Ha OCHOBI YacTOTH BHOOpPY AaHAJIOTIYHHX
3aBJaHb CTyleHTaMH 3i cxoxumu npodinsmu (CF-
CKJIaioBa); (iHAIbHA OIIHKA € 3BaXKCHOI CYMOIO
JIBOX CKianoBux. OcTaHHIM Oyne MOJIyJb 3BITHOCTI,
SIKHHA TICIIT MATBEPIDKCHHS CTYACHTAMH iX BHOODPY
ABTOMATHYHO T'€HEpPY€ BiJIOMICTh PO3IOJIUTY TEM s
BUKJIaa4a.

PesynbraToM poOOTH peKOMEHAAIiHOTO PYIIis
€ BIOPSAAKOBAaHUIM CIMCOK BapiaHTIB 3aBJaHb 13
YHUCIIOBUM  KOE(Qii€EHTOM  pPEJIEBaHTHOCTI  Ta
MOSICHEHHSIM ~ TICTaB PEKOMEHJAIl JuUIsi KOXKHO1
no3utlii. Ha pucysky 1 mpeacraBieHO MakeT OCHOBHOT
ekpaHHoi ¢opmm cuctemu: iHTepdeic BimoOpaxae
TpH KapTKH BapiaHTIB, BIOPSAIKOBAHUX 3a CIATAHHAM
peneBanTHOCTI (94%, 81%, 63%), i3 3a3HaYCHHAM
TeriB HEOOXITHUX TEXHOJIOTiH, MPUYMH PEKOMEHIAIlii
(«36ir HaBH4OK: 5/5», «Cx0Xi CTyaeHTH oOpaiu
BapiaHT»), PIBHSA CKJIAJHOCTI Ta KUIBKOCTI BUIBHHX
Mmicub. BwunineHHs mepmioi KapTKH  KOJIbOPOBOIO
paMKoro Ta KHomKoto «O0pary e BapiaHT» peaizye
NPUHLOUI  TIpiopUTH3alii HaWOUIBII peJeBaHTHOTO
BapiaHTa, 3HWKYIOUM KOTHITHBHE HAaBaHTAXXEHHS Ha
CTyIeHTa Tix wac BuOopy. biuna manens mpodimro
BifoOpakae TOTOYHI TOKA3HWKH YCHIITHOCTI ¥y
BUIUIANI  Tporpec-0apiB  Ta  CIIMCOK  OCBOEHHX
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TEXHOJIOTiH, 3a0e3nedyloun IMpo30picTh MIJCTaB IS
PEKOMEHIAIIH.

TaskMatch 1 Peomenpauii [

PeKoMeHAOBaHI BapiaHTW 3aBAaHb

PaKOMEHAGRAG %
Kpwsouora B. K . ! Be%
BK BapianT 7 —Pexomenaauiiina cHcTeMa Ans e-leaming

QparTn yoh sapiast

[e—
a1%

Puc. 1. Expanna ¢opma nepcoHanizoBaHUX peKOMEHAAIH
CUCTCMH

Texuiuny wiatdopmy CUCTEMHU Oyne
peainizoBano Ha MoBi Python i3 ¢pelimBopkom Django,
SIKHH 3a0e3Medye cepBepHY JIOTIKY, MapIIpyTH3AIi0
sarmuTiB Tta REST APl mia  B3aemomii  Mik
KIIIEHTCHKOI0 YaCTHHOIO 1 peKOMECHIAIHHUM PYIIiEM.
Pemamiitna CYB] PostgreSQL
BHKOPHUCTOBYBAaTUMEThCA U1 30epiraHHs mpodiiiB
CTYJICHTIB, OaHKY 3aB/IaHb 13 MCTaJJAaHUMH Ta KYPHAITY
BUOOpIB, 10 € BXigHuMu nanumu s CF-ckianoBoi.
PexoMeHmaniiHuil pymii IUIaHYeTbCS K OKPEMHH
Monyns Django: mpu 3BEpHEHHI CTyACHTa O
CTOPIHKM BHOOPY BiH aCHHXPOHHO OTPUMY€E MpOodisb
i3 0a3u, popmye TF-IDF-BekTopu npodiniB cryaeHTa
Ta 3aBJaHHA 3a JoroMoror 6Oiomioreku scikit-learn,
obunciroe kocuHycHy nofioHicts (CBF), 3Baxye 1i 3
HOPMaITi30BaHOI0 YacTOTO momepenHix Buoopis (CF)
Ta TOBepTae BijcoproBaHWi crmcok. CepBepHa
YacTHHA 3aCTOCYHKY OyIyBaTHMeThCs Ha  0asi
mabnonie Django 3 BukopuctamHsM HTMX s
ACHHXPOHHOI'O OHOBJICHHsI CIIMCKY peKOMeHaalii 6e3
repe3aBaHTaXKEHHS! CTOPIHKH.

SIkicTh pEeKOMeHaLiHHOTO AITOPUTMY
IUIAHYETHCSI  OLIIHIOBATH 32 JIBOMa OCHOBHHMH
Merpukamu. Precision@K moxasye, sika yactka i3 K
3aMpONOHOBAHUX BApIaHTIB € MIWCHO PEICBAHTHUMHU
JUIL  CTyZA€HTa, TOOTO HACKUIBKM TOYHHMH €
peKOMEHAalii Ha BEpPXHIX IO3HWIISAX  CIUCKY.
Recall@K BigoOpakae, sIKy 4YacTKy Bif ycix
MOTEHLIHO MiAXOAAMX 3aBAaHb CHCTEMa 3MOrJia
BUSIBUTH Ta BKIIIOUNTH 10 K pexomengamii.

3TiIHO MPOBENECHOTO aHai3y MOYKHA BHCIIOBUTH
rinore3u CTOCOBHO BIUIUBY  BIIPOBADKEHHS
peKOMEeHAAIIfHOI CHCTEMH Ha OCBITHIH mporiec:

— TiABWINEHHS €(QEeKTUBHOCTI HaBYaHHS dYepe3
OiTpIl TepcoHaNi3oOBaHWK BHUOIp 3aBHaHb, IO €
0COOJIMBO B&KJIMBUM B YMOBax JUCTaHLIHHOTO
HaBYaHHS, KOJNM BHKJIaJad HE Ma€ JIOCTaTHHOI
KOMYHIKaIlii 31 CTyICHTAaMH i HE MO)XE HAJaTH TaKy
JIOIIOMOTY 0COOHMCTO;

— CKOpOYEHHSI Yacy Ha BUOIp BapiaHTa 3aBIaHHS
CTYAEHTOM — 3aMiCTh IEperiisily BCbOro OaHKy TeM
3100yBau  OTPUMY€ KOPOTKMH MEpPCOHATI30BaHUI
CIMCOK 13 TIIOACHEHHSIM  JOLUTBHOCTI  KOYHOI
pEKOMEHIAIlil;

— 3HIKEHHS TEXHIYHOTO HAaBAHTAXKCHHS Ha
BUKJIaJlaya JacTb HOMY 3MOTY 30CEpeIUTH YyBary Ha
THX CTYJCHTaX, SKi HAHOLIBII MOTPEOYIOTh JIOTIOMOTH;

— aBTOMaTH4YHE (POPMYyBaHHS 3BEJECHOI BiJOMOCTI
PO3IOJITY TeM YCYBa€ 3HAUHY YaCTUHY TEXHIUHUX Jif
MO0 OpraHi3amii mporecy po3noAiTy 3aBJaHb.

PexoMenpmariiina cucTeMa MOXKE JIOJATKOBO
KOHTPOJIOBaTH YHIKaNbHICTh BapiaHTIB 3aBOaHb, SIKi
OTPUMYIOTh 3m00yBaui ocBitTu. I[Ipote, Ha Ham
MoTJIsAg, e He € ii ToNoBHOIO 3amadero. CydacHuit
piBeHp iHPOPMANIHHUX TEXHONOTIH TMPAKTHIHO
MOBHICTIO ~ T030aBisie  BHUKJIAJadya  MOXKJIMBOCTI
30IMCHEHHST O00'€KTMBHOTO KOHTDPOJIO 32 YMOBH
OakaHHs 3 OOKy 3100yBadiB OCBITH CIIOTBOPHUTH
pe3yJbTaTé KOHTPONIIO. BHYTpilIHE po3yMiHHS MeTH
HABYAHHS Ta aKaJeMIi4HOI JOOPOYECHOCTI — €IMHA
YMOBa CaMOCTIHHOCTI BUKOHAHHS 3aBlIaHb. 3aBIaHHS
MawTh OyTH TakUMH, OO KOXEH pe3ynbTaT, L0
OTpUMY€ TIeBHHU 3100yBad OCBITH, OYB YHIKaJIbHUM,
HAaBITh JJISI OZHOTO i TOTO K 3aBIaHHS.

Omxke, 3a pe3yjbTaTaMd INPOBEACHOTO aHANI3y
3aIPOIIOHOBAHO  ApPXITEKTYpy  PEKOMEHIALHHOT
CHUCTEMH Ha OCHOBI TiOpPHIHOIO AaJrOPUTMY, IO
MOEJHYE KOHTCHTHY Ta KOJaOOpaTHBHY (iIbTpAILiIO.
OOpanmii miaxin mae 3MoOry JojiaTd  MpodieMy
xojoaHoro crapty depe3 CBF-ckiazoBy Ha paHHIX
erarax CeMecTpy 3 IOCTYIOBHM IiJIBUIEHHSIM
TOYHOCTI B Mipy HaKOIHMYEHHS JAaHUX NpO BHOIp
cryneHTiB. IlomanpmmM — HampsMoM — poOOTH €
peamizamis anroputMy Ta Horo Bepudikaiis Ha
peabHUX JaHUX Ta JOCHTIDKCHHS 3aCTOCYBaHHS
HEHpOHHMX  MepeX I  IMiABUINCHHS  SIKOCTI
pEeKOMEeHAaIIi .
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AOCNIAXKEHHA METOAIB MALUMHHOIO HABYAHHA ANA ABTOMATUYHOI
MOZAEPALUII TEKCTOBOIO KOHTEHTY LUM®POBUX NMITATO®OPM

Hudposi mnardpopmu, 30KpemMa  CoLiajbHI
Mepexi, CTpuMiHroBi  cepBicu, QopymuH Ta
BiJICOXOCTHHTH, IIOJCHHO 00pOOIAIOTH 3HAYHI 00CSTH
KOPHCTYBAIlbKOIO TEKCTOBOTO KOHTCHTY. 3HayHa
JaCTHHA TAKWX IOBIOMJIICHbP MOXE MICTHUTH CIIaM,
HEKOPEKTHI BHCIOBJIIOBAHHA, MOBY BOpOXKHEYi abo
iHIII TOpYIIeHHS TpaBWiI KomyHikamii. Yepes
3HAUYHHUK 00CST KOPHCTYBalbKUX MOBIIOMIICHb py4Ha
Mojepaliss He 3a0e3ledye CBO€YacHy IepeBipKy
BCBOTO KOHTEHTY, IO TNPHU3BOJAUTH JI0 3aTPUMOK Yy
BUSIBJICHHI ~HeOakaHMX MyOmikamiii Ta  3HIKYE

e()eKTUBHICTD KOHTPOJIIO iHpopMauiiHOTO
CepeIoBUIIIa TUIATPOPM.
OCHOBHOIO  TPOONIEMOI0 €  HEOoOXimHICTPH

ABTOMATHYHOTO T4 MAacIITaDOBAHOTO aHAII3Y BEIUKOL
KUTBKOCTI ~ TEKCTOBHX  IOBIIOMIEHH 3  METOIO
BUSIBIICHHSI TOKCHYHOTO 200 HeOakaHOTO KOHTEHTY. Y
3B’S13Ky 3 I[MM aKTyalbHHM € 3aCTOCYBaHHS METOIIB
MAIIMHHOTO HABYaHHS, SIKi I03BOJIIOTH AaBTOMATHYHO
aHai3yBaTH TEKCTOBI IIOBINOMJICHHSI, BPaxOBYBAaTH
KOHTEKCT BHUKOPHCTAHHs CJIiB Ta IIiJBHIYBAaTH
TOYHICTh BHSIBJIICHHS NOPYILIEHb MPaBHJ KOMYHiKallii
Ha uudposux miarpopmax [1].

MeTor J1aHOTO JOCIHIIPKEHHSI € JIOCIIKEHHS
e(pEKTHBHOCTI 3aCTOCYBaHHS METOJMIB MAIIHMHHOTO
HABYAHHS U1l ABTOMATUYHOTO BHSIBJICHHS TOKCHYHHX
ab0 HEKOPEeKTHHX [MOBIJOMIICHb Y TEKCTOBOMY
KOHTEHTI mudpoBux 1miarhopMm. [ns mpoBemeHHS
JOCIIJDKEHHST BHKOPHCTOBYIOTHCS BIIKPHUTI Habopu
TEKCTOBHX JIaHHX, [0 MICTATh MOBIIOMIICHHS
KOPUCTYBa4iB 13 MO3HAuYKaMH IOPYLICHb MPaBHI
KOMyHiKaIlii. 30kpemMa y poOOTi 3aCTOCOBYIOThCS TaKi
naracetn: Hate Speech and Offensive Language
Dataset — nHaOip nmaHuX, MmO MicTHTh NpUOIM3HO 25
THCSY TIOBIJIOMJIEHb 3 comiambHOI Mepexi Twitter,
po3mivennx 3a kareropismu hate speech, offensive
language Ta neither [2];

Jigsaw Toxic Comment Classification Dataset —
Ha0ip TaHMUX, MO MICTHTh ToHAA 150 THCSIY TEKCTOBUX
KOMEHTapiB, OTPUMaHHUX 3 0OTOBOPEHb KOPHCTYBauiB
Ha mmarpopmi  Wikipedia. Koxen komeHTap
AQHOTOBAHO 3a JEKiTbKOMa KaTeropisiMd TOKCUYHOCTI:
toxic, severe toxic, obscene, threat, insult Ta identity
hate. [3]. Bukopucranus nekinmbKoX HaGOPiB AaHUX
JI03BOJISIE IOCHIIATH e(exTuBHICTD MoJienen
MAIIMHHOTO HABYaHHS JUISl PI3HUX THIIB TEKCTOBHX
MOBIIOMJICHh ~ Ta  THIB  IOPYIIEHb  IPABHI
KOMYHIKalii. MeToau OCHi/KCHHsS BKIOYAIOTh
3aCTOCYBaHHS METOIIB OOpOOKHM IPUPOXHOI MOBH
(NLP) myist miArOTOBKM TEKCTOBHX jJaHuX. [lomepeans
oOpoOka mependayae MNpPUBENCHHS TEKCTYy 10
HIDKHBOTO DPETIiCTpY, BHAAJIEHHsI 3HAKIB IyHKTyauii,

CTOTI-CIIIB Ta TOKEHi3allifo TEKCTY. Js
MPE/ICTABICHHS TEKCTOBUX [JAaHUX y YHUCIOBOMY
BUTJISAL JIOMUTBHO BHKOPHUCTOBYBaTH Metox 1F-IDF
(Term Frequency — Inverse Document Frequency).
Jns xmacudikarii TEKCTOBHX ITOBiIOMIICHb HOTPiOHO
IOCHIIATH e(eKTUBHICTh TaKuX AITOPUTMIB
MaIlMHHOTO HaB4YaHHsA sK Logistic  Regression,
Support Vector Machine (SVM) ta Random Forest.
3a3HaucHi aJrOPUTMHU IMUPOKO 3aCTOCOBYIOTHCS
y 3amavax Kiacudikaii TEKCTOBUX JaHHUX Ta

JIO3BOJISIIOTH ~ MPOBOJMTH  TOPIBHSUIBHUW  aHaji3
e(eKTUBHOCTI Mozerel [4].
Peanizauis €KCIIePUMEHTAIILHOT YaCTHHH

JOCHIIKEHHST Tepen0adaeTbCsi 3 BHKOPHUCTaHHAM
MOBH TmporpamyBaHHsI Python Tta 6i0motex scikit-
learn, pandas i matplotlib mns miATOTOBKM NaHWX,
HaBYaHHS MOJIETICH 1 aHai3y pe3ysbTaTiB.

IIpomec  moOymoBm  Mozeni  MaIIMHHOTO
HaBYaHHS BKJIIOYAE JIEKIJIbKa OCHOBHUX €TAlliB:

1. Tlomepenns oOpoOKa TEKCTOBUX JAaHHX.

2. IleperBopeHHs TEKCTY y YHCIIOBE

npenacrasiaeHHs 3a nonomoroto TF-IDF.

3. Posmoxin naHWX Ha HaBYAIbHY Ta TECTOBY

BUOIipkH (train/test split).

4. HaBuaHHS MoJiesIeii MAaIlIMHHOTO HaBYaHHS.

5.  OuiHtoBaHHS e(pEKTUBHOCTI MOJIEIEH.

Y  pesymbTaTi NPOBENEHOTO  JTOCIIPKCHHS
nepe10a4aeThCsl OTPUMATH EKCIIEPUMEHTAIIbHI MOJIEN]
MalIMHHOTO  HAaBYaHHS,  37aTHI  aBTOMAaTHYHO
BU3HAYATH TIOBIJIOMJIEHHS, IO MICTSATh TOKCHYHHH
ab6o HeOaXaHMH KOHTEHT, IO B IOJAIBIIOMY MOXE
CIPOCTHTH  POOOTY  MojepaTopiB y HUPPOBHX
iatdopmax.
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PEKYPCUBHA CEMAHTUYHA AOQ'FOAUKALIA Y MYJIbTUMOAAJIbHUX
CUCTEMAX

CyvacHuit PO3BUTOK MYJIbTUMOJATBHUX
MozeNnell 3yMOBIIOE TIepexil Bil OJHOIPOXiTHOI
TeHepamii 0 mapagurMy 3aMKHEHOI BepHQikarii aist
[OJI0JIAHHS ceMaHTHYHUX ramonuHanii. MIRROR [1]
peaiizye IMKJI «4YepHETKa—peBi3isy, 3abe3mnedyrodn
MOBHY Bi3yalibHy 3a3eMJjeHicTh pe3ynbrary. VIGA [2]
yepe3  «iHBepcHy  rpadiky»  (write-run-render-
compare-revise) miJBUILYE TOYHICTh BepHuikarii Ha
124,7%. 3aMKkHEeHe IUIaHYBaHHsS CTa€ CTaHIAPTOM
JTUHAMIYHUX CEepPEIOBHIIL. ExploreVLM [3]
BHUKOPHCTOBY€E BaJiAIlIO il Ui MEpEIUIaHyBaHHS B
pobototexHini. RADAR [4] BrpoBalky€e TUCKPETHO-
Opi€EHTOBaHMH apOiTpaX y MEIMIUHI Ha OCHOBI
Bi3yalbHHX JIOKa3iB. 3alpoIlOHOBaHa pPEKypCHBHA

Y3TOKEHICTh rapaHrye HATIHHICTP yepes
MYJIbTHATCHTHUI LUK reHepanii-Bepudikarii
(renepatop, apOiTp, DenseNet-121) Ta
(bopmaizoBaHe BUTATYBaHHS O3HAK:

Fuis = @ penseNet (1) (1)

ne Fs— Buxigamit TeHzop o3HaK; D pgngeNet

omeparliss BUTATYBaHHs O3HaK; | — BxigHa Mmarpwuist
300pa)KEeHHsI JJIs1 IEPIIOTO eTAMy IUKITY.

Jins 224x224 remepyetses temsop RO

areHT-apOiTp 00YHCITIOE HMOBIPHICTD IMiATBEPIKECHHS
0J10KiB (2):

Ris (Si | Fis) = oWg, - GAP(Fs) +bg,) (2)
ne Rys(sj|FRjs) — BisyamsHa noipa Gioky S; 3a
mMamu Fjs;, o — ¢dysknis curmoinum; W, — Barm

1
CEeMaHTHYHOTO Kiacy; GAP — rmobameHUil cepenHiit
OyJTiHT TeH30pa; by — mHapameTp 3MilleHHA a7t
1
JIHIKHOTO MEePeTBOPEHHSI.
Tperiii eran mepexbauyae ananiz po30iKHOCTEH
nuixoM obuncienHs iHamkatopa D(Sj) Ha ocHOBI

3a/IaHOTO TIOPOTY BIIEBHEHOCTI 7, IO BH3HAYAETHCS
sk (3):

0, sxmo Ris(Sj| Rjis)=7
D(s;) = o Ryis (S | Fiis) 3)
1 o Ris(si | Riis) <7
ne D(sj) - Oinapunii iHanKaTop po30LKHOCTI
cemaHTHYHOrO OIOKY; Ryis(Sj | Fyjjs) — #MoBipHicTh

HOTO Bi3yallbHOTO MiATBEPKEHHS; 7 - BCTAHOBJICHHMA
nopir BrieBHeHOCTI (6a30Be 3HauenHs — 0,85).

3a wuesigmosigHocti Y, D(S;) >0 Bamizarop
TreHEepy€e TOKEH NOMIIKA. Ha deTBepTOoMy erami
MOJENb  aBTOMAaTHYHO  KOpPErye  IPOIO3HUILIO,
BIIPOBA/KYFOUH [IEH TOKEH SIK HETATUBHE OOMEKCHHS:

s{t¥) = Proposer; | (S ® F{D) 4

e Sétr;%t) — OHOBJIEHA CTpPyKTypa, Proposer  y -

. g® . . S
LLM-reneparop; S — JSON-pimenns irepauii t;
D —
po30iXHOCTEH (HeraTUBHE OOMEKCHHS).

Le#t itepaTWBHUII NHKI TOBTOPIOETHCSA MO
JIOCATHEHHS TJI00aJhHOTO KPUTEPiI0 BIIEBHEHOCTI, IO
BHPAXAETHCS YMOBOIO (5):

P(Sfinal |1 Sqraft) > 7 < minjcs . Ris (5 | Riis) Z(ST lobal

IHTETpaliss IPOMIITY; Fe(rtr) —  TOKEH

ae P(Stinal | 1. Sqraft) — AMOBIpHICTb CTPYKTYpH; T —
MOPIT BIIEBHEHOCTI; <> — yMOBa BUXO/Y; miniesfinal

— wminimym  6m0kiB;  Ryis (Si | Fis) #iMOBIpHiCTb

MIATBEPIKESHHS; Tglobal — KpHTEpiil 3aBepIICHHS.

Jnst aymuty pilieHb KOXKEH KpoK (iKCYeThCs SIK
30BHIIIHIH cI1ig MipKyBaHb (6):

Ty = (51, Ris (). C) (6)
ne Tj — ciig MipKyBaHb KOMIIOHEHTA | ISl ayAnuTy
pilieHb; Sj — eJEMEHT CEMaHTHYHOI CTPYKTYpH;
Pvis (Si)
npucytHocti; Cj — KasyanbHE NPHUIYIICHHS 3

— ckaysipHa iiMoBipHicTh (0—1) BizyanbHOT

TEKCTOBHMM OOIPYHTYBaHHSM JIOTIKH BaJli1aTopa
Iligxig OiABHIYE HAMIHHICTE aBTOHOMHHX
cucrteM. MyJlbTHareHTHa apxXiTeKTypa 3 Bi3yallbHUM
apOiTpakeM Ta TIOpOraMH BIIEBHEHOCTI MiHIMIi3ye
rajgrouHaIli. 30BHIIIHIA CJIil MIpKyBaHb TapaHTYe
npo3opicth ayauTy. OuikyeTbes, 110 PEeKypCHBHA
Y3rODKEHICTh 3a0€3MeYnTh CTIHKICTh IO TOMIUIOK 1
CaMOKOPEKIIiF0 Ha OCHOBI Bi3yallbHUX O3HAK.
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OOCNIMKEHHA BUKOPUCTAHHA BENTUKUX MOBHUX MOAENEN |
CEHCOPHUX OAHUX B PEKOMEHOALIIMHUX CACTEMAX ONs
ABTOMATU3OBAHOIO KOHTPOIJIIO CTAHY TA XAPHOBOIO

MOHITOPUHTY NIOAUHU

IMopiBHANBEHNMIT aHATI3 BETUKIX MOBHUX MOJIENEi
Gemini, GPT, Llama ta LLaVA cnpsamoBanuii Ha
MOIMIYK  ONTHMAaJIbHHUX  pIMeHb I 0OpoOKH
CCHCOPHMX JAAaHHUX 3 HOCUMHX IIPUCTPOIB Ta CTBOPEHHS
TIEPCOHAI30BaHUX PEKOMEHIALill MO0 XapdyBaHHS
1l KOHTPOJIIO CTaHy 370POB’sl. Y CydaCHHX peaisx, e
BUpIIIaJbHUMU  (AaKTOpaMH € BHCOKAa TOYHICTS,
3aXMCT TPHBAaTHOCTI Ta MiHIMalbHAa 3aTpUMKa
00poOKHM, TpaBWILHUI BUOIp MOMAETI I03BOJISE
JOCATTU MaKCHUMaJIbHO1 e()eKTUBHOCTI
PEKOMEHAALIHHOI CHCTeMHU 0e3 MOUIMPEHUX MpodiIeM
TATIOLMHALIINA Ta HETOYHOCTEM.

OpHiero 3 ToOBHEX TiepeBar € fine-tuned Bepcii
Bimkpuroi Llama mis BHCOKOTOYHHX HYTPIEHTHHX
PO3paxyHKIiB Ta XapuoBOTO MOHITOpWHTY. Momeni Ha
6a3i Llama (3okpema HealthAlpaca Ta moniOHI
ajanrarii) Noka3ylTh HaWKpalll pe3yJbTaTy B OLIHII
MeTadoIIizMy, HiIpaxyHKy KaJopii Ta
MaKpoOHyTpieHTiB, mnepeBepmytoun GPT-40 Ta
6azoBuii Gemini y cueHapisx 3 0OOMeXEHUMH
pecypcamu  (edge-oOumcienns) [1].  3aBasku
MOXIIMBOCTI ~ JIOK&JIbHOrO  JiIOHaBuaHHs  Llama
ieaTbHO MIAXOIUTH [UIA poOOTH 3 1HIWBIAYyaIbHUMH
HYTPIEHTHUMH 0a3aMH Ta CEHCOPHUMH IIOTOKaMH,
3a0e3Meuyroun BHCOKY TOYHICTH i TIOBHHI KOHTPOJH
HaJl JaHUMH KOPUCTyBaya.

Fine-tuned Llama nepesepinye mnponpierapHi
MoJiei B 3ajiadax IMPOTHO3yBaHHS CTaHy 3a JIaHHUMH
HOCMMMX IpucTpoiB. Ha yacoBux pspax cepuesoro
pHUTMY, CHY, aKTHBHOCTI Ta PIBHS CTpeCy aJamnToBaHi
Bepcii Llama 1eMOHCTPYIOTH JIiAEPCTBO B OLIBIIOCTI
OeHumapkiB, Bunepepkatoun GPT-40 Ta Gemini-Pro.

CreuianizoBanuit fine-tuning Gemini
3abe3neuye nepesary B JIOBIOCTPOKOBOMY
NIEpCOHAI30BAaHOMY KOYYMHTY CHY Ta (izudanoi
aktuBHOCTi. Monmenps PH-LLM (Ha 6a3i Gemini)
MepeBepIIye JIIOACBKUX (axiBIiB y TecTax 3HaHb (79
% mpotu 76 % 3i cHy, 88 % npotu 71 % 3 ditHECy) 1
reHepye OUTbII SIKICHI, KOHTEKCTHO OOIPYHTOBaHi
peKOMeH/IaIll Ha OCHOBI arperoBaHux jaanux 3a 15-30
nHiB [2]. Le miaTBepmxye, Mo mpompieTapHi Mojemi 3
MOTYXHUM JIOHaBYaHHSAM OCOOIMBO e(EeKTHUBHI IS
CKJIaJIHUX CLIEHAPITB TPUBAJIOIO CYIPOBOLY.

LLaVA Bupi3HA€TBCI B MYJBTUMOAAIHHOMY
aHaJi31i XapuyBaHHS Ta 300pa)keHb DKi. Sk BiakpuTa
Bi3yallbHO-MOBHa Mopenb Ha 06a3i Llama, LLaVA
3abe3nedye HaJiiiHE pO3MI3HABAaHHSA CTPaB, OLIHKY
po3Mipy mopuiii 1 HyTpieHTHMH  po30ip 3a
¢dororpadisiMu, OpraHiuHO JOMOBHIOKOYH TEKCTOBI

pexomenaanii Bix Gemini Ta GPT [3]. Lle mo3Bomse
CTBOPIOBaTH NOBHOIIHHI I1HTEPAaKTHBHI YaT-00TH 3
Bi3yaIbHUM  pPO3YMIHHAM, yCYBalO4UM  KJIFOUOBI
00MEXEHHS TEKCTOBHX MOJICTICH.

OnruManbHUH TiOpUIHUH MiAXin mepegodavae:

— nokanbHi fine-tuned Llama ta LLaVA — s
NPUBATHOI OOpPOOKM CEHCOPHHMX MOTOKIB 1 aHanizy
dotorpadiii ki (MiHIMalTbHA 3aTPHMKa, IOBHUI
KOHTPOJIb JaHUX);

— xwmapai Gemini (PH-LLM) ta GPT — nns
TIMOOKOTO KOYYHHIY, KOMIUIEKCHHX PEKOMEHZAIii
XapuyBaHHS Ta MOTHBALIITHNX TEKCTIB;

— RAG-Mmexanizm 3 USDA-6a3010,
CCHCOPHUMH apXiBaMH Ta MEAWYHUMH 3HAHHAMH —
JUIl YCYHEHHs OOMEXEHb KOHTEKCTHOTO BiKHA Ta
TUHAMIYHOT afanTarii mix BIATyKH KopucTyBada [4].

3aranom, riOpuaHa —apxiTeKkTypa J03BOJISIE
KOXKHIA MOJesli BUKOHYBaTH caMe Ty pOJib, JI¢ BOHA
HaiicwipHima: Llama ta LLaVA 3abe3meuyrorh
IIBUJIKY, TPUBaTHy Ta TOYHy OOpOOKYy MOaHMX Ha
npuctpoi, Gemini Ta GPT noxaroTs rianbokuiit anamis
i IpUpPOTHY KOMYHiKamiro B xMmapi, a RAG rapantye
(hakTHIHY TOYHICTh. Takuil pO3MOALT 3aBIaHbh POOUTH
cucTeMy OJTHOYACHO BHCOKOE()EKTHBHOIO,
€KOHOMIYHOI0O 32  pecypcamMH,  MaKCHMaJIbHO
3aXMIIEHOI0 Ta aJalTUBHOIO /IO pealbHUX IOTPed
KOpHCTYBaya B  IIOBCAKJICHHOMY  MOHITOPHHTY
3/10pOB’S Ta Xap4IyBaHHS.

Cnucok nitepatypm

1. Kim Y., Xu X., McDuff D., Breazeal C., Park H. W.
Health-LLM: Large Language Models for Health Prediction
via  Wearable Sensor Data. arXiv preprint
arXiv:2401.06866. [EnexrponHuii pecypc] — Pexum
nmoctymy: https://arxiv.org/abs/2401.06866

2. Khasentino J. et al. A personal health large language
model for sleep and fitness coaching. Nature Medicine.
[Enextponnuii pecype] — Pexum JIOCTYIy:
https://www.nature.com/articles/s41591-025-03888-0

3. Tanabe H. et al. Reasoning-Driven Food Energy
Estimation via Multimodal Large Language Models.
Nutrients, 17(7), 1128. [Enexrponnuii pecypc] — Pexum
nocryiy: https://www.mdpi.com/2072-6643/17/7/1128

4. Yang Z., Khatibi E. et al. ChatDiet: Empowering
personalized nutrition-oriented food recommender chatbots
through an LLM-augmented framework. arXiv preprint
arXiv:2403.00781. [Enexrponnuii pecypc] — Pexum
nocrymy: https://arxiv.org/abs/2403.00781

52



22

Information Systems

Department

«Cy4acHi iHcpopmauiiHi cucreMu Ta TexHonoril
B unchpoBoMy CycninbCcTei»

A\

UDC 004.9

Skorin Yuriy, Simonovich Stanislav

yuriy.skorin@m.hneu.edu.ua, simon.stas@m.hneu.edu.ua

Simyon Kuznets Kharkiv National University of Economics, Kharkiv

WORDPRESS CONTENT MANAGEMENT PLATFORM

The aim of the research is to ascertain the best
methods for deploying the WordPress system,
which not only shares information but also
functions as a means for streamlining essential
business operations.

The focus of the research is the procedure of
establishing WordPress as an instrument for
automating operational tasks within the setting of
small and medium-sized businesses that must
enhance their efficiency. The core of the research is
a collection of approaches and utilities that facilitate
carrying out the automation routine, ranging from
native WordPress functions to extensions and links
with external data handling platforms. Most content
management platforms, such as WordPress, are
straightforward and quite user-friendly utilities that
are well suited for personal blogs or websites and
even for signing up users and remarks [2].

WordPress grants proprietors the complete
capacity to generate, distribute, and oversee their
material.

Due to its straightforward interface,
WordPress is excellent for users who prefer dealing
with text processors over FTP programs and
manually coded web pages. Coders have released
thousands of WordPress add-ons and display
elements that enable the creation of a truly superior
website.

WordPress offers a significant array of
possibilities to the programmer. At the core of
WordPress lies a solid link between the main
program and the repository.

This can readily be leveraged for your benefit.
Furthermore, the WordPress Gutenberg editor —an
add-on already embedded in newer WordPress
versions—permits visual modification of page and
post material without needing to write code.

Let us examine the kinds of material:

Fixed material is information kept in a
separate file.

In contrast to the former, changing material is
information residing in a data repository. From this

repository, it is immediately shown to the user on
the web viewer's screen.

WordPress  possesses
repository of add-ons created by regular
individuals; some require  payment, but
complimentary options exist too. We utilized a
complimentary add-on with the prospect of
extending its features subsequent to payment.

Putting WordPress into practice as a system
for streamlining business functions can bring about
a favorable effect on the pace and caliber of the
firm's output, decrease expenditures, and enable
personnel to concentrate on more vital duties.

The investigation will give consideration to
both technical facets and the matter of adjusting a
new work style within the group, as automation
might prove inefficient without grasping the human
element.

The research findings will certainly assist
software creators and business proprietors in
obtaining actionable advice and bypassing
bothersome errors during the shift toward a more
"intelligent" technological framework.

a very extensive
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Al-AUGMENTED AGILE PROJECT MANAGEMENT

The convergence of large language models
(LLMs), agentic Al architectures, and Agile
methodologies represents a paradigm shift in software
project management. This paper presents a rigorously
validated, modular multi-agent framework designed to
augment Scrum-based delivery processes through
predictive analytics, automated backlog governance,
and dynamic resource optimization. Empirical
evaluations demonstrate  statistically significant
improvements across key performance indicators:
94% accuracy in risk identification, 25% enhancement
in workload distribution equity, and 18% acceleration
in sprint completion rates (p < 0.01). The proposed
architecture reconciles Al's computational superiority
with Agile's anthropocentric ethos, establishing a
scalable blueprint for Al-native project delivery in
enterprise contexts.

Contemporary software project management
confronts a persistent and well-documented efficacy
deficit. Despite near-universal Agile adoption -
reported at 87-97% across surveyed organizations by
2025 — comprehensive project success rates remain
markedly suboptimal, with only 16-30% of IT
initiatives delivered on time, within budget, and to full
scope. This systemic underperformance is attributable
to structural limitations inherent in human-led Agile
execution [2]: cognitive biases in  backlog
prioritization, inconsistent effort-estimation heuristics,
reactive rather than anticipatory risk management, and
inequitable workload distribution across distributed,
cross-functional teams. Concurrently, the rapid
maturation of generative Al and agentic multi-agent
systems — exemplified by Claude 4 series, Gemini 2.5
Pro, DeepSeek-R1/V3, and domain-specialized coding
LLMs — has produced capabilities that transcend
conventional tooling limitations. State-of-the-art
models now reliably emulate critical project roles,
including Product Owner, Technical Architect, Code
Reviewer, and Risk Analyst, frequently surpassing
mid-to-senior human performance benchmarks in
consistency, throughput, and analytical depth.
Controlled  benchmarks  document  Al-assisted
workflows delivering 90%+ accuracy in predictive
tasks and 20-35% improvements in cycle time
optimization. Yet a pronounced utilization gap
persists:  while Al tools proliferate  across
organizational functions, only 12-25% of enterprises
apply them substantively within project management
workflows. The absence of a rigorous, replicable, and
ethically grounded Al-hybrid project management
architecture constitutes the central problem this
investigation addresses.

Research objectives: 1) to architect a flexible
multi-agent system embodying key Agile roles across
complete sprint lifecycles; 2) to validate Al-driven
workflow automation across  dimensions  of
throughput, defect density, and stakeholder
satisfaction; 3) to derive actionable implementation
guidelines and a phased organizational maturity
model.

The proposed framework is grounded in three
interdependent pillars: adaptability to volatile project
environments, scalability across organizational scopes
from  startup teams to  enterprise  SAFe
implementations, and user-centricity, preserving
Agile's empiricist and collaborative ethos [3]. The
theoretical model synthesizes decision support
systems (DSS) theory, multi-agent systems (MAS)
architecture, and Agile empiricism — transparency,
inspection, and adaptation — into a unified operational
schema. The framework operationalizes specialized
Al agents instantiated via the CrewAl orchestration
platform [1]:

Product Owner Agent. Ingests raw, variably-
elaborated requirements and synthesizes INVEST-
compliant user stories with predefined acceptance
criteria,  incorporating  security  considerations,
architectural patterns, and testing protocols.

Developer Agent. Generates production-grade
code artifacts adhering to SOLID principles,
comprehensive error handling, and separation-of-
concerns conventions, powered by CodelLlama for
precision-oriented generation.

Reviewer Agent. Conducts rigorous quality
evaluations assessing security compliance,
performance optimization, and user story alignment,
producing structured, actionable feedback reports.

Agent interactions are orchestrated sequentially
within Crew workflows, powered by locally or cloud-
hosted LLMs — Mixtral for reasoning-intensive roles,
CodeLlama for code generation — ensuring data
sovereignty and latency optimization.

The Al-Powered Risk Mitigation Module
deploys machine learning models that integrate
historical ~ project repositories  with  real-time
performance indicators to generate probabilistic risk
forecasts. Natural Language Processing techniques
extract latent risks from unstructured artifacts — such
as retrospective notes and team communications —
while sentiment analysis identifies early indicators of
team dissatisfaction that may precipitate productivity
declines. Risk scoring follows the formula R =P x I,
where probability P and impact | are computed via
gradient-boosted classifiers trained on multi-project
historical corpora. The Resource Optimization Engine
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orchestrates dynamic task allocation based on
workload profiles, task criticality, and capacity
constraints. Linear programming formulations resolve
bottleneck conditions while enforcing empirically
derived constraints — a maximum of 5 concurrent
tasks per team member — and risk-weighted priority
multipliers to ensure elevated attention to critical path
elements without disrupting workflow. Agile Process
Integration Layer ensures bidirectional interoperability
with Jira, Trello, and Azure DevOps, enabling
automated backlog instantiation, real-time
synchronization, and collaborative visualization
dashboards with predictive notifications.

The investigation adopts a pragmatic, sequential
mixed-methods design comprising three interlinked
phases: 1) qualitative synthesis for theoretical
grounding and gap identification via systematic
literature review of 50+ peer-reviewed sources; 2)
quantitative modeling and simulation for hypothesis
validation; 3) integrative validation through controlled
comparative studies. Data architecture employs an 80-
10-10 train-validation-test split across historical
project repositories encompassing task trend logs,
defect density records, and sprint velocity time series.
The technical stack integrates Python 3.9 with Pandas,
NumPy, TensorFlow, and Scikit-learn for analytical
computation, supplemented by Power BI for real-time
dashboard visualization. Evaluation metrics span
dimensions of AUC-ROC for risk classification
reliability, Mean Squared Error (MSE) for velocity
forecasting precision, Structural Similarity Index
(SSIM) for content preservation in documentation
generation, sprint velocity delta for delivery efficiency
quantification, and user satisfaction scores via
validated Likert-scale surveys. Controlled evaluations
across simulated sprint environments and preliminary
production deployments yielded the following
statistically significant results (p < 0.01) (Table 1).

Table 1
Performance | Baseline Al- Improvement
Dimension Augmented
Risk ~71 % 94 % +23 pp
identification
accuracy
Resource ~74 % 92 % +18 pp
utilization
balance
Sprint Baseline +18 % 18 % gain
completion
rate
Estimation | Baseline +20 % 20 % gain
accuracy
Administrative — 30 % 30 %
task reduction reduction

Sprint cycle acceleration of 15 — 35 % was
observed across both simulated and early production
deployments, corroborating findings from analogous
Al-Agile integration studies. Thematic analysis of
retrospective artifacts and stakeholder interview
transcripts  revealed three  dominant  benefit
dimensions: operational efficiency through automated

execution of routine tasks; enhanced risk transparency
via real-time dashboards and probabilistic forecasting;
and improved team equity through algorithmic
workload balancing that mitigated cognitive load
disparities  characteristic ~ of  human-assigned
distribution. Adoption barriers identified include
organizational resistance to delegating Al decision-
making, data  privacy concerns  requiring
GDPR/CCPA-compliant implementation, and
competency gaps, with only 35 % of project managers
reporting sufficient proficiency with Al tools. The
framework advances beyond fragmented
implementations — isolated GitHub Copilot, Jira Al
features, or standalone predictive plugins — by
providing a cohesive, principled end-to-end
architecture. Unlike prior proposals, it explicitly
addresses the full Agile lifecycle: inception through
post-release retrospective synthesis, incorporating
human-in-the-loop  oversight gates at strategic
decision junctures to preserve managerial agency and
ethical accountability.

Conclusions. This investigation establishes both
the theoretical validity and practical viability of Al-
augmented Agile project management as a
transformative organizational capability. The multi-
agent framework demonstrates that Al systems, when
architecturally integrated within Agile ceremonies
rather than appended as peripheral tools, deliver
measurable, replicable improvements across delivery
velocity, risk predictability, and resource equity.

Three contributions are offered to theory and
practice. First, a validated multi-agent architecture that
operationalizes Al participation across the full sprint
lifecycle while preserving Agile’'s empiricist
foundations. Second, empirical performance baselines
provide benchmarking standards for future Al-PM
evaluation research. Third, a phased adoption roadmap
enabling organizations to progress from fragmented
Al experimentation to systematic Al-native delivery
transformation. Limitations acknowledge reliance on
secondary and simulated data sources, which constrain
full generalizability across diverse non-technical
organizational contexts. Future research directions
include longitudinal production deployments across
heterogeneous industry sectors, investigations of bias-
propagation mechanisms in Al-generated
prioritization recommendations, and the development
of standardized competency frameworks for Al-
augmented project manager roles.
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APl GATEWAY Y 3ABE3MNEYEHHI KEPOBAHOCTI IHTEFPALIT 30BHILLHIX
CEPBICIB

CyuacHi BeOGopieHTOBaHI iHpOpMaIiiiHi cucTeMU
Bce dUacTime (yHKIIOHYIOTH SK CKIAIHI IUPPOBI
€KOCHCTEMH, II[0 B3a€EMOIIIOTH 13 BEJIHUKOIO KIJBKICTIO
30BHIIIHIX  cepBiciB. Taki  cepBicH  MOXYTh
BIJIPI3HATHUCS 3a MPOTOKOJIAMH B3a€EMOJi1, (hopMaTaMu
JaHUX T4 MeXaHi3MaMH{ aBTOPHU3aLil, IO YCKIIAIHIOE
moOyIOoBy KEpPOBAaHOTO IHTETPaliiHOTO  KOHTYpPY
cucteMd. Y I[HMX YMOBaX Ba)XJIHMBOIO 3HA4YCHHS
HaOyBae 3a0e3redeHHs KepOBAaHOCTI IHTerpaii, sika
BKJIIOYA€  LEHTPATI30BaHMH  KOHTPOJb  JIOCTYILY,
MapuIpyTH3aliio, Tpanchopmanio GopMariB T1aHUX Ta
MOHITOPUHT 3aIUTiB.

Mertoro poboTu € ananmi3z pom APl Gateway y
3a0e3nmeueHHl KepOBAHOCTI IHTETpamii 30BHIMIHIX

cepBiciB 'y  BeOOpi€eHTOBaHUX  IHPOPMALIHHIX
CHCTEMax.

OO0’€KTOM JOCHIIKEHHS € TIpOIeC iHTerpamii
30BHIIIHIX cepBiciB y BeOOPIEHTOBaHUX
iHpOpMaLiHHIX CHCTEMax. [Ipenmerom -

Bukopuctanus APl Gateway sk 3aco0y 3a0e3mnedyeHHs
KEpOBAHOCTI 1HTerpallii 30BHILIHIX CEPBICIB.

OpHuM 13 MiAXOMIB O BHUPIIMICHHS Ii€l 3a1a4i €
BUKOPHCTaHHS  apXiTekrypHoro mabmony  API
Gateway [1], sxuif BUCTyTa€ €IMHOI0 TOYKOIO BXOIY
JI0 CHCTeMH Ta 3abe3ledye IEeHTpalti30BaHy 00poOKy
3alUTIB 10 BHYTPIIIHIX cepBiciB abo 30BHImHIX API,
SIK BiToOpaxkeHo Ha puc. 1.

AP Gatoway

Puc. 1. Mopens iHTerpariii 30BHIMNIHIX CEPBICIB uepe3
API Gateway

Buxopucranns  API  Gateway  no3Bosisie
peanisyBaTh  HM3KY  (YHKUiH, BaXIMBHX IS
moOynoBH iHTerpamiiiHoi apxitektypu. J[lo HuX
HaJIe)XaTh MapHIpyTH3aIlis 3amuTiB 10 BiIMOBITHUX
CepBiciB, TpaHchopMaris thopmaris JIaHUX,
arperyBaHHS BINMOBiAeH KITBKOX CEPBICIB, a TaKOX
LEHTpaJli30BaHEe 3aCTOCYBAaHHS TIOJITHK Oe3lexkn Ta

KoHTpoito noctymy. Kpim toro, APl Gateway mosxe
3a0e3medyBaTH KeUTyBaHHS pPEe3yNbTaTiB, OOMEXCHHS
MIBUAKOCTI 3alMTIB Ta OaJlaHCYBAaHHS HABAHTAXKCHHS
MIX cepBicamu.

BaxnmBoro mepeBaroro Takoro mMiIXoLy € TaKOX
MOKpAIIEHHS  CIIOCTEPEKYBAHOCTI  IHTErpariiitHux
MPOLIECIB. 3aBIsIKH LEHTPAII30BAHOMY
JKypHaJIfoBaHHIO Ta 300py Metpuk API Gateway
JIO3BOJISIE BIJIICTEXKYBAaTH BHUKOHAHHS 1HTETPAIliiHIX
omeparii Ta IIBUAKO JIOKAJIi3yBaTH IOMWIKH Yy
po3noaiicHOMY cepenoBuiii. [le 0co0aMBO BaXKIMBO Y
cUCTEeMaX, IO IHTErPYIOTHCSA 3 BEJIHMKOK KUIBKICTIO
30BHILIHIX CEPBICIB, IOCTYHHICTh SKHX MOXe OyTH
HecTablIbHOIO.

Pazom i3 tum BukopuctanHs API Gateway mae
neBHI oOmexeHHa. LleHTpamizamis iHTerparmiifaoi
JIOTIKH MOXK€ TPHU3BOANUTH IO BHUHUKHEHHS BY3BKOTO
Micist B cucteMi abo 30UIBIIEHHSA CKJIAIHOCTI
KOH]Iryparlii mpu 3pocTaHHI KiTbKOCTI IHTETpalliiftHIX
cuenapiie  [2]. Tomy edexTuBHa apXiTeKkTypa
inTerpauii 3a3Buyaii noennye APl Gateway 3 iHIIMMHU
MeXaHi3MaMH, 30KpeMa  aJanrtepamu  CepBiCiB,
ACHHXPOHHUMH YepraMH MOBiIOMJICHb a00 TOAI€EBUMHU
MexaHi3MaMu B3aemoii [3].

BucHoBku. AHami3 mokasaB, IO 3acCTOCYBaHHS
API Gateway € NOIUIEHUM TIEpeNycCiM y CHCTEMax i3
Ppi3HOPIAHUMEU 30BHINIHIMA cepBicamu, e
LEHTPATI30BaHUI  KOHTPOJIb  3HIDKYE  CKIIAJHICTh
IHTETpaniifHOTO KOHTYDY. LenTtparnizoBane
JKYpHQJIIOBaHHS ~Ta  30ip  METPHK  JIOJATKOBO
MIiBUILYIOTh  CHOCTEPEKYBAHICTh  IHTErpauiiHux
NpOLECiB, W0 € KPUTHYHUM Yy PO3IOALICHHX
Cepe/loBUINaX 13  HECTaOUIbHMMH  30BHINIHIMU
cepBicamu.

[onmampmmM  po3BUTKOM poboTH Mae OyTH
JIOCTIDKeHHS malioHy circuit breaker sx mexaHi3my
I ABUIIEHHS HAXIMHOCTI.
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VECTOR DATABASE ARCHITECTURES FOR RECOMMENDER SYSTEMS

Recommender systems constitute a foundational
component of contemporary e-commerce, digital
marketplace, and content discovery platforms.
Conventional ~ recommendation ~ paradigms -
collaborative  filtering,  content-based  keyword
matching, and behavioral history exploitation —
exhibit well-documented limitations: sensitivity to
data sparsity, cold-start vulnerability, and inability to
accommodate free-form natural language queries that
do not conform to predefined taxonomic structures
[1]. These deficiencies are particularly acute in
advertisement recommendation scenarios, where item
descriptions are heterogeneous, user intent is
linguistically diverse, and historical interaction data
may be absent.

Research Objectives: 1. To design and
implement a semantic advertisement recommender
system based on dense vector embeddings generated
via transformer-based language models, enabling free-
form natural language query processing independent
of keyword matching or historical user interaction
data. 2. To architect, configure, and deploy three
functionally equivalent yet structurally distinct vector
search infrastructures — Milvus, MongoDB Atlas
Vector Search, and a MongoDB-FAISS hybrid -
under methodologically controlled and comparability-
ensuring conditions. 3. To conduct a systematic
empirical  evaluation of the aforementioned
architectures across multidimensional performance
criteria, encompassing retrieval accuracy. 4. To
empirically validate or refute the central research
hypothesis that the MongoDB-FAISS hybrid
architecture achieves statistically superior query
performance on small-to-medium scale datasets
relative to fully managed cloud-native alternatives,

attributing  observed  differentials to  specific
architectural factors.
Semantic  similarity-based = recommendation,

operationalized through dense vector embeddings
derived from transformer-based language models,
addresses these limitations by projecting both user
queries and item descriptions into a shared continuous
representational space. Similarity computation in this
space — typically via cosine distance — captures latent
semantic relationships that transcend lexical overlap,
enabling free-form query formulation and zero-shot
generalization to previously unseen content. The
practical viability of such systems, however, is
contingent upon the performance characteristics of the
underlying vector storage and retrieval infrastructure.
Specifically, the trade-off between search accuracy
(measured by recall) and query latency determines the
system's  suitability for real-time user-facing

applications. Different vector database architectures —
cloud-managed  services, hybrid  cloud-local
configurations, and in-memory libraries — exhibit
markedly divergent performance profiles across
dataset scales, query volumes, and hardware
configurations. Prior to embedding generation, all
advertisement  textual descriptions undergo a
standardized preprocessing pipeline comprising: noise
and extraneous character removal; tokenization into
semantically meaningful units; Unicode normalization
and lowercasing for lexical unification; stemming for
morphological normalization; and stop word
elimination to reduce dimensionality and improve
embedding signal quality. This pipeline is applied
uniformly across all experimental conditions to isolate
infrastructure-level performance differences from data
preprocessing variance. Vector representations are
generated using the Sentence-Transformers MiniLM-
L6-v2 model, producing 384-dimensional dense
embeddings that encode the semantic content of
advertisement descriptions composed of concatenated
Name and Description fields. All vectors are L2-
normalized prior to storage, ensuring that cosine
similarity computations reduce to inner-product
operations,  thereby  enabling  computational
optimizations within FAISS's flat inner-product
routines [2]. ThreeArchitectures was proposed:

I. Milvus. A managed Milvus cluster deployed
on the AWS free-tier plan. Indexing employs the
HNSW algorithm with the cosine metric and M = 16.
Data ingestion and query operations are mediated via
authenticated Python client connections to the public
cluster endpoint.

Il. MongoDB Atlas Vector Search. A cloud-
native vector search service integrated within
MongoDB Atlas, operating on MongoDB version
8.0.15 under the AWS free-tier plan. The collection

schema mirrors Architecture 1. Vector indexing
exclusively employs the HNSW algorithm with cosine
metricc, M = 16, ensuring direct algorithmic

comparability.

I1l. MongoDB Atlas + FAISS Hybrid. This
configuration reuses the MongoDB Atlas collection
from architecture Il as a persistent metadata and
vector store, loading embeddings into a local FAISS
in-memory index at query time. FAISS employs.
Vectors are converted to float32 arrays and
normalized before insertion into FAISS. This
architecture decouples persistent cloud storage from
high-performance local retrieval, hypothesizing that
FAISS's optimized C++ implementation delivers
lower query latency than fully managed cloud services
for datasets within memory-feasible scales. A curated
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dataset of advertisement listings was extracted from
open data sources, preprocessed according to the
pipeline described above, and partitioned into a main
corpus for indexing and a held-out test set for
inference evaluation. A reference benchmark of 50
randomly  sampled advertisement descriptions
constitutes the query set, providing statistical stability
for latency and recall measurements while remaining
computationally tractable for comparative analysis.
Performance assessment encompasses the following
metrics. Recall@k quantifying retrieval accuracy
relative to ground-truth nearest neighbors; mean
search time and mean total query time characterizing
per-request latency; latency percentiles (p50, p95,
p99) characterizing tail latency distributions critical
for user experience guarantees; and QPS (queries per
second) measuring sustained throughput capacity.
This multidimensional metric suite enables orthogonal
assessment of accuracy and efficiency, preventing
misleading conclusions from single-metric
comparisons. All three architectures employ the
HNSW graph algorithm for approximate nearest-
neighbor (ANN) search. HNSW constructs a multi-
layer proximity graph in which the upper layers enable
coarse, long-range navigation and the lower layers
facilitate fine-grained local search. The parameter M
governs graph connectivity (edges per node) and
directly influences both index construction cost and
query traversal efficiency. efConstruction controls the
beam width during index construction, affecting index
quality at the expense of build time. efSearch
modulates the query-time exploration frontier,
presenting a tunable accuracy-latency trade-off at
inference.  Post-normalization, cosine  similarity
between vectors u and v reduces to their inner product:
cos(0) = u-v, enabling highly optimized BLAS-level
matrix operations within FAISS. This equivalence
justifies the normalization preprocessing step and
ensures  that distance  computations  across
architectures are mathematically identical despite
implementation differences. The primary experimental
hypothesis states that the MongoDB-FAISS hybrid
architecture achieves statistically lower mean query
latency and higher QPS than Milvus and MongoDB
Atlas Vector Search on the experimental dataset,
attributable  to  FAISS's in-memory  C++
implementation, which eliminates the network round-
trip overhead inherent in cloud-managed query
processing pipelines. Secondary hypotheses examine
whether increased M (32 vs. 16) in the FAISS
configuration improves Recall@k relative to managed
alternatives, and whether cloud-native architectures
exhibit  superior tail latency stability (p99
characteristics) due to managed infrastructure
optimization. Recall@k measurements across the 50-
query benchmark demonstrate competitive accuracy
across all three architectures, with marginal
differentiation attributable to efSearch
parameterization in the FAISS configuration. The
increased M = 32 in Architecture Il results in denser
graph connectivity, potentially improving recall at
equivalent efSearch values compared to M = 16
configurations. However, managed cloud services

benefit from wvendor-specific HNSW optimizations
that partially compensate for lower M values.
Empirical latency measurements support the primary
hypothesis: the MongoDB-FAISS hybrid exhibits
lower mean query latency than fully managed
alternatives, consistent with the elimination of
HTTP/TCP network overhead incurred by cloud API
requests in Architectures | and Il. The p50 latency
advantage is most pronounced, while p99 tail latency
reveals greater variance in the local FAISS
configuration — attributed to occasional garbage
collection pauses in the Python runtime and FAISS
index traversal variance under high-connectivity graph
configurations (M = 32). MongoDB Atlas Vector
Search demonstrates the most constrained throughput
under the free-tier rate limit (<100 ops/sec), which
represents an architectural ceiling independent of
indexing efficiency and must be considered in
production capacity planning. Milvus on Cloud
exhibits intermediate latency, benefiting from in-
cluster GPU-accelerated FAISS execution without
client-side network round-trips to external services.
The hybrid architecture's primary limitation is
memory-boundedness. FAISS indices must reside in
RAM, constraining scalability to dataset sizes feasible
for in-memory representation. For corpora exceeding
available memory, managed solutions providing disk-
based HNSW with memory-mapped access — as
implemented in Milvus — offer superior scalability
without proportional latency degradation.

Conclusions. A reproducible, comparative
experimental framework is established to evaluate
heterogeneous vector database architectures under
controlled, methodologically equivalent conditions —
identical embedding models, indexing algorithms, and
query benchmarks — enabling valid cross-architecture
performance attribution. Empirical evidence supports
the hypothesis that FAISS-augmented hybrid
architectures achieve lower mean query latency than
fully managed cloud-native solutions on small-to-
medium datasets, with the latency advantage
attributable to the elimination of network round-trip
overhead rather than algorithmic superiority. The
study demonstrates that semantic similarity-based
recommendation — requiring neither keyword
matching nor historical interaction data — constitutes a
viable, practically deployable paradigm for free-form
advertisement  discovery, with all evaluated
architectures achieving acceptably high recall.
Practical architectural selection guidelines are derived.
MongoDB-FAISS  hybrid  configurations  are
recommended for latency-sensitive applications with
memory-feasible dataset scales.
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YAOCKOHAJEHHA IHCDOPMALI,IVIHO-I'IOLLIYKOBOU'I' CUCTEMU ANA
OPIAHISALII POBOTU MEPEXI ®OTOCTYAIN HA OCHOBI
BUKOPUCTAHHSA IHTEJNEKTYAJIbHUX AITTOPUTMIB MNMOLUYKY

AKTyanmbpHICTE  TOCHI[DKeHHA. B cydacHHX
yMoBax  nudposizamii  OGi3Hecy  3HauHy  pOJib
BiZiIrpatoTh iHGOPMaNiHHO-TIOIYKOBI CHCTEMH, IO
3a0e3MeuyTh e(heKTUBHY B3a€EMOIITO MiXx
KopucTyBauamMu Ta cepBicamu. OcoOmuBo 1
aKTyalnbHO s chepu  (HOTOMOCIYT, € KIIEHTH
MOTPeOYIOTh IIBUIKOTO Ta 3PYyYHOrO JOCTYIY [0
iHpopmanii nmpo GoTocTyaii, iX ZOCTYIHICTB, BApTICTH
Ta JOJATKOBI MOXIMBOCTI. 3 PO3BHUTKOM PHHKY
¢doroctyniit 3pocTae TOTpeda B  yIOCKOHAJICHHI
ICHYIOUHX CHCTEM TOIIYKY Ta OpOHIOBaHHS, OCKLIBKHI
Tpanmimiiiai migxogu He 3a0e3MedyloTh JAOCTaTHHOTO
piBHS IepcoHami3alii Ta MBUAKOCTI 0OPOOKH 3amuTiB
kopuctyBadiB. OTxe, TeMa pOOOTH € aKTyaJbHOIO.

Merolo smaHOi  poOOTH €  yIOCKOHAJICHHS
po3pobineHoi iHpopMaliiHO-TIOIIYKOBOT CUCTEMH ISt
opraHizanii po0OTH Mepexi (OToCTyniil HIIIXOM
BIIPOBAJKCHHS IHTEJIEKTYJIbHUX aJITOPUTMIB MOLIYKY
Ta peKOMECHIAIHUX MEXaHi3MiB.

y pobori MIPOaHaJi30BaHO ICHYIOUY
iH(pOpPMaNifHO-TIONIYKOBY CHCTEMY, ska 3abe3redye
MOJIMBICTB PEECTpaIlii KOPHCTYBaUiB, MEpPErisiay
JOCTYImHHUX (OTOCTymii, BHOOpPY HaTH Ta dYacy
OpOHIOBAaHHS, a TAaKOX YIPABIiHHS 3aMOBJICHHIMH
yepe3 ocoOucTHii KaOiHeT. BUSBIEHO OCHOBHI
HEJIOJIKH: BIZICYTHICTh HEepPCOHATI30BaHUX
PEKOMEHIAII )11 KOPUCTYBadiB, 0A30BHi TEKCTOBHI
momyk 0e3 BpaxyBaHHS CEMaHTHYHOI OJIHM3BKOCTI
3aIMTiB, HEMOXIIUBICT OOPOOKH 3aITUTIB, 1110 MICTSTh
TIOMUJIKU Ta BIJICYTHICTh PaH)KyBaHHs Pe3yJIbTATIB 3a

PEIIeBaHTHICTIO.
Hdns  BupimieHHs  3a3Ha4YeHUX  OpodieM
3aIIPOIIOHOBAHO BIPOBAUKCHHS KOMILIIEKCY

IHTeNeKTyaIbHUX ~ anroputMiB. s ¢opmyBaHHS
NIEPCOHATI30BaHUX  PEKOMEHJAALI  JOLUIBHUM €
BUKOPHCTAaHHS aJlTOPUTMY KOHTEHTHOI (inmbTpamii Ha
ocHoBi TF-IDF mns BekTopm3amii TEKCTOBHX OITHCIB
crymii Ta amroputMmy Cosine Similarity s
00YHCIeHHS MipH CXOXKOCTI MiX cTyaismu [1, 2].
HonatkoBo IJIAHY€ThCS peautizaris
peKOMeHAAIIHOT CUCTEMH Ha OCHOBI
kosabopatuBHOI Qinbrpanii 3 BukopucranusMm User-
Based migxomy, oo J03BOJUTH aHAN3yBaTH ICTOPIrO

OpOHIOBAaHb KOpHUCTYBadiB Ta ¢dopmyBatu
peKOMeHIalii Ha  OCHOBI  NepeBar  CXOXKHX
KopHucTyBadiB [2].

Hdast MIOKpAaIIeHHS SIKOCTI TIOLTYKY

3alIpOIIOHOBAHO  BIPOBA/PKCHHA  ITOBHOTEKCTOBOTO

momyky 3 BukopuctaHHaM PostgreSQL Full-Text
Search 13 MexaHi3MaMH 3BaKEHOTO pPaH)KyBaHHS
pe3ynbTaTiB  3a  peneBaHTHICTIO.  JlogaTkoBo
IUIAaHYETBCSI peallizallisi HEe4iTKOro Imomyky Ha 0asi
anroputMy JleBeHmureiiHa, o 3a0e3MeYnTh KOPEKTHY
00pOOKY MONIYKOBHX 3aIHTIB, IO MICTATh MOMIIKA
[4].

Hdist  oumiHKM e(pEeKTUBHOCTI 3alpOIIOHOBAHHUX
pilieHbp mependavaeThcs  BUKOPUCTAHHA  METPHK
Precision@K, Recall@K ta MAP.

OuikyeTbes, 110 BIPOBAIKCHHS
IHTEJIEKTYaIbHUX AJITOPUTMIB JO3BOJIUTH ITiABHIIUTH
TOYHICTh PEKOMEHHAIii Ta TOKpAIIUTH SKIiCTh
MOIIYKOBOI BUJAdi TOPIBHSAHO 3 0a30BOI0 BEPCi€lo
CHCTEMH 3 MPOCTUM TEKCTOBHUM IOLIYKOM.

BucHoBkn. Takum 4YMHOM, BIPOBAIKEHHS
IHTEJIEKTYaIbHIX QITOPUTMIB MOILIYKY Ta
PEeKOMEHAAIIIHUX  CHUCTEM €  IEepCIEeKTUBHUM
HAIPsIMOM YIOCKOHAJICHHS iH(popMaIIiifHO-
MOITYKOBUX  CHUCTeM Y  cdepi  (OTOMOCIHYT.
3anporoHoBaHe BUKOPHCTAHHS KoMOiHaIi1
KOHTGHTHOI ~ Ta  KomabopaTHBHOI  (imbTparii,

MOBHOTEKCTOBOTO  MOIIYKY 3 pamKyBaHHAM Ta
HEYITKOTO TOIIYKY JO3BOJUTH 3HAYHO IIiJBHIIUTH
SKICTh 00CJIyrOBYyBaHHS KOPHCTYBayiB, CKODOTUTH 4ac
MOIIYKY HEOoOXiqHOI CTyAili Ta MOKpaLMTH 3arajlbHUI
KOPHUCTYBaIbKHI JIOCBIz, 1110 CHpUSITUME
MABUIICHHIO KOHKYPEHTOCITPOMOXKHOCTI cepBicy [S].
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PO3POBKA IH®OPMALIIMHOI CUCTEMM OBJIKY NPOOYKLIT
KOHOAUTEPCBLKOIO NiaAnPUEMCTBA

udposizarist AiUIBHOCTI MIANPUEMCTB MaJIOTO
Ta CepeAHpOro Oi3HECy 3YMOBIIOE HEOOXiTHICTh
BIIPOBAKCHHS iHpOpMaLiHHIX CUCTEM TS
aBTOMaTH3amii  oOmikoBHX mporeciB. Y cdepi
Xap4uoBOi MIPOMHCIIOBOCTI, 30KpemMa Ha
KOHOUTEPCHKUX  MIANPHEMCTBAX,  3IiHCHIOETHCS
3HaYHUH OOCST omepamiid, TOB’s3aHUX 3 OOJIKOM
MPOJIYKLIT, NOCTa4YaJIbHUKIB, (dbopMyBaHHIM
HakyiaaHuX Ta (ikcamiero npomaxiB. HemocraTHiit
piBeHb aBTOMATM3allii MPU3BOIAWTH 0 3POCTAHHS
KUJIBKOCTI  [TOMWJIOK Ta 3HIDKCHHS e(eKTHBHOCTI
yIpaBJIiHHSL.

OTKe, 3aBIaHHSIM JOCIHI)KCHHS BH3HA4€HO
MPOEKTYBAaHHS Ta BIPOBAKCHHSA iH(OpMAIITHOT
CHCTeMH M1 OOJIKYy TPOAYKIii KOHIWTEPCHKOTO
MiATPHEMCTBA, sKa Oa3yeTbcs Ha peJLAMiiHIA 0as3i
JaHUX 13 3aCTOCYBaHHSAM Cy4YacHHX TEXHOJOTiH
PO3pOOKH IPOrpaMHOTO 3a0€3EeYCHHS.

B cTpykTypi 0a3u maHuxX yCyHyTi QyHKIIOHATBHI
3aJIKHOCTI MK HEKJIIOYOBHMHU aTprOyTaMu Ta OyJo
3MEHIIeHo AyOsoBanHs iHpopmMariii. Lle migBuiye
HaJifHICTh 30epiraHHs JaHUX Ta CHPOLIYE CYMpOBiJ
CUCTEMH.

VY po6oTi po3mISIHYTO JBa MiAXOMH AOCTYIY IO
JaHuX: TpsMe BukopuctaHHd SQL-3amutie Ta ORM-
miaxia. [Ipu npsmomy BukopuctarHi SQL po3pobHMK
¢dbopMye 3amuTH BpY4YHY, IO 3a0e3ledye THYUYKICTb,
mpote 30UTeIIye CcKIamHiCTh miaTpuMka. ORM-
TEXHOJIOTIS  JIO3BOJISIE  OINEpyBaTH 00’ €KTaMH
mpeaqMetHoi oOmacti, a TeHepamis SQL-3amuTiB
3IICHIOETHCS ABTOMAaTHYHO. Hast 3a1a4
aBTOMAaTH3aLlii MaJIOr0 MiANPUEMCTBA BUKOPHCTAHHS
ORM € 101iIbHAM, OCKUIBKU 3MEHIIIYE 00CAT KOy Ta
I/IBUIILY€ TIPOAYKTHBHICTb PO3POOKH.

Y pamkax M[porpaMmHOro pillleHHS CTBOPEHO
(yHKIiIOHATBHI MOAYMI ISl KEPYBaHHS TOBITHUKAMH
Ta OOJIKOBMMH OMepalissMi. 3aCTOCYHOK 3a0e3redye
BukoHanHss CRUD-onepariii, KOHTpOIJIb IPaBHIBLHOCTI
BBE/ICHHUX JlaHHX Ta OOpOOKY BHHSTKOBHX CHUTYyaliid.
ApXiTeKkTypa cucTeMH TIiepeadadae 3acTOCYBaHHS
KOHTEKCTy 0a3M JaHuX JUIi IIEHTPaJli30BaHOTO
YOpaBIiHHS 30epeKeHHIM 3MiH.

TecTyBaHHS CHCTEMH BKIIOHANO IE€PEBIPKY
KOPEKTHOCTI CTBOpPEHHS 3alllCiB, pedaryBaHHA Ta
BHJIQJICHHS JAaHWX, a TaKOX IepeBipKy OOMeKeHb
mimicHocTi.  OTpuMaHi  pe3yipTaTH  MiATBEPIUIN
cTabinbpHICTh (yHKIIOHYBaHHS IIPOrPaMHOTO
MIPOJYKTY.

Takum ymHOM OyNO OOIPYHTOBAHO JOLIIBHICTBH
3aCTOCYBaHHSI CHCTEMH YIPaBIiHHA 0a3aMu JaHHUX
Microsoft SQL Server y mnoenHaHHI 3 TEXHOJIOTi€IO

Entity Framework sk 3aco0y 00’€KTHO-pensIiiiHOro
BimoOpakeHHs. [IpoBeneHnii TOPIBHAUIBHUHA aHANI3
HiIXOIiB NOCTYIy OO AAaHHWX IO3BOJMB BCTAHOBHTH,
mo BukopuctanHi ORM-texHomorii € edexTnBHUM
pimeHHsIM U1 iHQOPMALIHHIX CHCTEM MAaJloro Ta
cepelHpOro Oi3Hecy 3 OIJIAQy Ha 3MCHIICHHS
CKJIaMHOCTI TIPOTpaMHOI peamizamii Ta CIPOIMICHHS
CYNpPOBOAY MPOrPaMHOro 3a0e3MeyeHHSI.

OTtpumani pe3ynpTaTu MIATBEPIXKYIOTh
MOXIIMBICTbh IIPAKTUYHOTO 3aCTOCYBaHHS PO3pO0IeHOT
iH(popMaIiHHOT CUCTEMH IS i ABUIIEHHS
e(eKTUBHOCTI YIpaBIiHHA OOJIKOBUMHU MpPOLIECAMHU
MIANPUEMCTB ~ XapuoBoi  raimy3i.  3amporoHOBaHi
MiAXOOM A0 MPOEKTYBAaHHS 0a3W NaHWX Ta peaii3amii
MPUKIAMHOTO PIBHA MOXYTh OYTH BHUKOPHCTaHI SIK
METOAWYHA OCHOBA JJII CTBOPSHHS aHAJIOTIYHUX
CHCTEM aBTOMAaTH3alil B IHIIMX HPEIMETHUX
o0xacTsx.

[TepcneKTHBH PO3BHTKY CHCTEMH MOJATAIOTH Y
PO3MIUpPEHH] (YHKI[IOHATBHOCTI MUITXOM CTBOPCHHS
BeO-Bepcil 3actocyHky Ha ocHoBi ASP.NET Core,
peanizauii REST APl ans inrerpamii 3 iHmmMMH
iHpOpMaliHUMH ~ CHUCTEMaMH Ta  BIPOBAKCHHS
MOJIyJIsl aHAJITHYHOI 3BITHOCTI. JI0JJaTKOBO MOMJIMBE
BIIPOBA/DKCHHS POJICH KOPUCTYBadiB Ta MEXaHi3MiB
aBTOPH3AIii IS i IBUIIICHHS PiBHS OC3IEKH.

[lpakTuyHe 3Ha4YeHHs pPOOOTH MONATAE Yy
MOYKJIUBOCTI BIPOBAJDKEHHS CHCTEMH v
aBTOMATH3AaIlii MisUTPHOCTI HEBEIHWKHX MiATPHEMCTB
XapyoBOi rany3i. 3alpoIOHOBaHAa CTPYKTypa 0asu
JIaHUX € MacmTaboBaHOIO Ta MOKe OyTH aJanmToBaHa
JI0 IHIIMX cdep TisUTbHOCTI.
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NOPIBHANbHUA AHANI3 CTPATEIN PO3rOPTAHHA PEKOMEHOALIMHUX
CUCTEM Y XMAPHOMY CEPENOBULLI AWS 3A KPUTEPIAMU BAPTOCTITA
NMPOAYKTUBHOCTI

VY cywacHy enoxy mmdpoBoi TpaHchopmarii,
Koyu o0csru iH(opMaIli 3pOCTar0Th EKCIIOHEHINIHHO,
MUTAHHSA 1HTEJNEKTyaJbHOI OOpOOKM JaHHX CTae
CTpaTeriyHor0 HEOOXIAHICTIO JUIi BW)KHMBaHHSA Ha
PHUHKY. PexoMmennaniiini CUCTEMU CBHOTO/IHI
BUCTYMAIOTh TUM HEBUAMMHM MICTKOM, L0 3’€IHYE
XaOTHYHHUI OKeaH KOHTEHTY 3 IepCOHai30BaHUMHU
morpebaMy  KiHIIEBOTO CHOXWBa4da. EQeKTHBHICTH
TaKUX CHCTEM BH3HA4a€ HE JIMIIE PIBEHb 3aIyYEHOCTI
ayoutopii, a ¥ 3araJbHy >KUTTE3IATHICTH Oi3Hec-
MOJIETi B yMOBax >KOPCTKOi KOHKypeHuii. Came ToMy
MEPEOCMHUCIIEHHS  MAXONIB A0  apXiTeKTypHOI
peamizamii UUX IHCTPYMEHTIB CTa€ IICHTPAIHHOIO
TEMOIO JUIsl PO3POOHUKIB Ta CUCTEMHHUX apXITEKTOPIB,
SKi TparHyTh 3HAWTH 1IealibHUII OamaHc Mik
IHHOBALISIMH Ta MPAarMaTu3MOM.

EdexruBnicts pekomenpaniiinux cucrem (PC)
TPaAMUIIHO  OIIHIOETBCS  TOYHICTIO  AJTOPUTMIB
(RMSE, Precision), mpoTe B peambHOMY Oi3Heci
KPUTHYHHMH €  apXiTeKTypHi  pimeHHs. g
crabinpHOI  poboTM  TpWM  HemependavyBaHUX
HaBaHTaXCHHAX [T-koMmaHii ONTHMI3YIOTH XMapHi
iHppacTpykTypu  mix  KoHKpetHi THmm  PC:
KOJTa0OpaTUBHY (iNbTpalilo, KOHTEHTO-OPIEHTOBaHI
abo TiopunHi Mozpeni. CydacHi MiIXOJM BHMAararoThb
no0yn0BH CKJIaTHUX HEHUPOMEPEIKEBUX PC,
alanToOBaHUX Oe3M0CepPeHbO ISl XMapHUX CEpPBICIB,
LI0 Mae JOBrOCTPOKOBHMH BIUIMB Ha apXiTeKTypHI
MiAXO01U mignpueMcts [1].

Posroprannst PC — 11¢ kKOMIUIEKCHE 3aBIaHHS,
ske B AWS peamizyeTscsi depe3 IIHUPOKUIH CHEKTP
cepBiciB. Bubip crtparerii 3amexuTh BiI METOLY
00poOku nmanmx: Batch-pekomenmamii (odmaita) um
Real-time cepsicu. He3Baxkaroun Ha mporpec, BHOIp
ONTHMAJIBHOI MOJIENIl PO3TOPTaHHSA Ui MaTpPUYHOL
¢axropuszanii un Deep Learning PC 3ammmaerscs
CKJIaJIHAM 3aBIAHHSAM, [I0 MOTpPeOye JeTalbHOro
aHamizy.

VYemimHa — iHQpacTpyKTypa HE €  JIHIIe
pe3yibTaTOM BHKOPUCTAHHS KEPOBAHHX CEPBICIB.
[ignpuemctBa obupatots Mixk AWS SageMaker mms
MIOBHOTO HTTEBOro nukiny ML, koHTelHepu3aui€ro
yepe3 Amazon EKS [3] mis raydkocti, abo AWS
Lambda [4] mus lightweight-moneneit. Bapto
BpPaxOBYBaTH  KOMIIPOMIC ~ MDK  BapTiCTIO  Ta
3atpuMkoro. [l OamaHcyBaHHS BUTpaT Ta dHacy
HaBYaHHS MOJIeJied BCE YacTillle 3aCTOCOBYIOTBHCS
CHCTEMH TMIITPUMKH TPUHHATTA PpillleHb HAa OCHOBI
AHAJITHKY BEJIUKHX JaHUX Oe3rmocepeIHbo y XMapi.

Tpagumiiai migxomu Ha 6a3i EC2 moTtpebyroTh
MTOCTIHHOTO MOHITOPHHTY JJIS TOTOBHOCTI JIO MIKOBHX

HAaBaHTa)XCHb, TOMY aBTOMATH30BaHE PO3TOPTAHHS
crao uactuHolo DevOps-ponienyp. OcHoBHa
KOHIICIII[i — TOTOBHICTh JIO CIUICCKIB Tpadiky depe3
cuenapii aBTomacmTabyBanHs. Koxkxern wmoxayns PC
(reHeparisi KaHIUAATIB YW PAaHXXyBaHHS) Mae pi3Hi
BUMOTH bile) pecypcis, 110 notpedye
JqudepeHIioBaHuX MiAXOIB IMijJ Yac HaNAIITYBaHHS.
CyuacHi cTpaTterii HIyTh Ha KPOK MOIEpeny — CTiiika
apXiTeKTypa afanTye CIOXXHUBAHHS PECypCiB HA OCHOBI
MOTOYHNX  3aIlHTiB. Mix  po3poOKoro Ta
eKCIUTyaTaIli€elo 3'ABIAEThCSA TMiAeTal: CHUTYalliifHUH
apxiTeKTypHUH aHami3. BiH BKIfOYa€ MOHITOPHHT
METPUK MNPOAYKTHBHOCTI Ta BHUTpAT U1 KOXHOI
crparerii. [lpuknanom € TIOpUmHMHA MAXiA: A
crabinpHOr0 HaBaHtakeHHs EKS, a mis oOpoOku
cruteckiB — serverless. Ile BupimiagpHO 11T aganrarii
iHQpacTPyKTypu 1O 3MiH aKTHBHOCTI KOPUCTYBayiB
[2].

3 ornsamy Ha [ei aHaii3, BUIUICHO ITSATh KPOKIB
JUTSL IOCSTHEHHSI ONITHMAaJIEHOTO PO3TOPTaHHSL:

1. Bu3sHaueHHS BUMOT JI0 IPOIYKTHBHOCTI;

2. IlporHo3yBaHHS BHTpaT dYepe3 aHANITHYHI
inctpymenTa AWS [1];

3. Poszmopmin BiAMOBiNANBEHOCTI 3a MiATPUMKY

iH(ppacTpyKTypH;

4. HaBaHTaxXyBaJIbHE TECTyBaHHS  OOpaHUX
apXxiTeKTyp;
5. HanamryBanHs aBTOMaTUYHOI'O
MOHITOPHHTY Ta ajepTis [2].
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MOJAEJIIOBAHHA TA AHANI3 MPOAYKTUBHOCTI ORM-TEXHONOTIA NPU
MACLWUTABOBAHIN POBOTI 3 PENAUIMHUMU BA3AMU OAHUX

CrpiMkwuii PO3BUTOK PO3MOIIICHIX
OOYHCITIOBAIFHUX CHCTEM Ta XMapHUX TEXHOIOTiH
(dopMye OKOPCTKI BHMOTH [0 UIIBHOKOMII Imapy
JocTymy Ao maHumX. Ilim  wac  poborm 3
BHCOKOHABAaHTAXCHUMH PEIAMiHHUME 0a3aMu JTaHUX,
Je KITbKICTh TpaH3aKIill csArae NOeciITKiB THCAY Ha
CeKyHIY, BHUHHKAE npobiema HaaMipHOT
pecypCOEMHOCTI NpOrPaMHUX a0bcTpaxuii.
BukopucTaHHsT BHKIIOYHO IMOBHO(]YHKIIOHAIBHUX
IHCTPYMEHTIB 00’ €KTHO-PEISALIHHOTO BiOOpaXKeHHS
(ORM) npu3BOAUTH A0 MPUXOBAHOTO CIOXKUBAHHS
ornepaTuBHOi nam'siTi (memory leaks, GC overhead) Ta
Jaerpanaimii  OPOMYKTHBHOCTI  NMPH  BUKOHAHHI
0araTomoTOKOBMX 3amuTiB. BiamosimHo, momryk
ONTUMAIIFHUX  apXiTeKTYpHHX  OajaHCiB  MiK
HIBUIKICTIO PO3pOOKH Ta €(pEeKTUBHICTIO BUKOHAHHS
3amuTiB 0 0asW MJaHUX € HarajgbHOI HAayKOBO-
MIPaKTHYHOIO NTPOOIEMO}O.

JocmimkeHHsT MEXaHI3MIiB B3a€MOJIII CYYacHHX
3actocyHkiB 3 PBJ] BusBIsie cyTTeBI OOMEKEHHS
ICHyIOUMX  IHCTpyMeHTiB. 3  ojHoro  OOKy,
iH}pacTpyKTypHO Garari ORM-dpeitMBopKu
(3okpema, Entity Framework Core) 3a0e3mneuyroTh
BUCOKHMII piBeHb aOcTpakuii, Oe3meky THIIB Ta
MexaHi3mu BifctexxenHs crany (Change Tracking).
OmHak  aNrOpUTMiYHA  CKJIATHICTE  TPAHCIAIIT
abctpaktHux gepeB Bupa3iB  (LINQ) y SQL-
IHCTPYKIii pOOUTH iX BKpail Hee()eKTUBHUMHU IIPH
00pobmi macuBiB Big Data. Ha mportmBary mpomy,
BHKOpUCTaHHA Mikpo-ORM (mampuxman, Dapper)
0azyeTbcs Ha MpsIMid TreHepalii MPOMIKHOIO KOAy
(IL) rta wmaminry "Ha usboTy", 10 3abe3neuye
MPOJIYKTUBHICTb, HAOJIKEHY /0 HHU3bKOPIBHEBOI'O
ADO.NET. Ilpore Takuii miIxiJ 3HaYHO YCKJIaJHIOE
MATPUMKY TpaH3akmidHOoi Oi3Hec-noriku. Takum
YMHOM, JKOJHA 3 ICHYIOYHMX MapajurM y YHUCTOMY
BUTJISIII HE BUpiMIye pobieMy mMaciuraOyBaHHs [1].

lonoBHa wMera pgaHoi poboTH mossirae y
NIPOBEJICHHI ~ KOMIUIEKCHOTO ~ MOJIGJIIOBAHHA  Ta
MOPIBHSUIBHOTO ~ aHaNli3y  HpoxykTuBHOCTi  Entity
Framework Core i Dapper B yMOBaX BHCOKOIO
HAaBaHTAXCHHSA, a TaKoX po3poOIl pexoMeHaariit
moa0 iX e(eKTHBHOTO TiOpHWAHOTO 3aCTOCYBaHHS Y
KOPHOPAaTHUBHUX CHCTEMaX.

Jist NOCSITHEHHS! TTOCTABJICHOT METH PO3pO0JIeHO
KOHILIENTYaJbHY apXiTeKTypy CUMYJILIHHOTO CTEeH/a,
0 iMiTy€ TOBEAIHKY BUCOKOHABAHTA)XKEHOI CHCTEMU.
Ha npoMy cTeHAI BHKOHYETBCS CTpEC-TECTyBaHHS

0a30BUX omepalliii (MacoBe YUTaHHS, OaraToTabIMYHI
o0'emHaHHA, TapaleNnpHi TpaH3akmii) 3 (ikcariero
TaKWX almapaTHUX METPUK, sK dac 3aTpuMkH (latency),
mpomyckHa 30aTHICTh (throughput) Ta wacroTa po6oTn
36upaua cmitra (GC cycles). Ha ocHOBI oTpuMaHHX
SMITIpUYHMAX JAHWUX IIPOIOHYETHCS BIPOBAHKCHHS
apxitekrypaoro marepHy CQRS (Command Query
Responsibility Segregation) sik OCHOBH JyIsi Ti0pHIHOT
MozeNi JAOCTymy a0 naHux [2]. 3rimHo 3 Ii€r
MOJICIUTIO, CKJIa[HI orepamii 3amucy Ta JOTPUMAaHHS
IiTicHOCTI cyTHOCTeH Aeneryiotbes EF Core, Tomi sk
PECYPCOMICTKI 3alUTH Ha YHTAHHS pPEai3yrThCs
4yepe3 BUCOKONponykTHBHUIT Maminr Dapper. Takwuii
NPOCTOPOBMH Ta JIOTIYHUA PO3MOALT  JTO3BOJIE
ANTOPUTMIYHO HIBEIIOBATH 3aTPUMKH, IIOB'SI3aHi 3

noOynoBOKO  KOHTEKCTY  JaHMX Yy  HaM'sTi.
EdexTuBHICTH 3arporOHOBAHOT MoJei
HiITBEPIKYETHCS HUTIXOM CTaTHCTUYHOTO

MOPIBHAHHA OTPUMAaHMUX METPHUK 13 KIACHUYHUMHU
MOHOJITHUMH IiAXOJaMH, IO J03BOJSE aHAIITHIHO
JIOBECTH €KOHOMIIO IIPOLIECOPHOTO 4acy.

Otmxe, rapaHTyBaHHsS CTaOUIBHOI MPOMYCKHOT
3JIaTHOCTI MacIITaOOBaHUX CUCTEM BHMArae nepexojy
BiJl YHIBEpCaJIbHUX IHCTPYMEHTIB J0 Crelialli30BaHUX
riopunHux apxitektyp. KoMmOiHOBaHE BHKOPHUCTAHHS
MTOBHOIIIHHUX Ta Mikpo-ORM-dpeiimBOpKiB,
HiKpimeHe pe3ynbTaTamMmu arnapaTHoro
MOJICITIOBAaHHS, (OpPMy€ HAIIMHUN TEOpEeTHYHUH Ta
MPaKTHYHAN 0a3uc Uil TIPOEKTYBAaHHS CTIHKHX 10
BiIMOB iHpOpMaNIHHUX TIaTPopM MaiOyTHROTO [3].
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IHTENEKTYANbHA CUCTEMA MOLUYKY LUM®POBUX ABINHUKIB Y
PEHTITEHIBCbKUX 3O0BPAXEHHAX

VY cydacHHX yMOBax pPO3BHUTKY iH(pOpMaIiiHUX
TEXHOJIOTiH Ta IMI(POBOI METUIIMHHN 3pOCTae mMoTpeda
B e¢(eKTHBHUX MporpaMHHX 3acobax It oOpoOKwH,
aHaJi3y Ta IMOIIYyKYy MEIWYHUX 300pakeHb, 30Kpema
peHTreHiBcbkux. OIHUM 13 IEPCHEKTHBHUX HATIPSIMIB
y miff ramysi € BUKOPHCTaHHS KOHIEMIii «IH(pPOBUX
IOBIMHHKIBY, sKa Tependadac CTBOPEHHSA Ta IIOIIYK
BIpTyaJIbHUX aHAJIOTIB peajbHUX 00’€KTiB Ha OCHOBI
ixHix xapaktepuctuk. IIpore icHyrodi mnporpamHi
PIILICHHS YacTO MaloTh 0OMEXEHY TOYHICTb, CKJIaJHI Y
BUKOPHCTaHHI abo noTpedyroTh 3HAYHUX
o0YHCITIOBAIBHUX ~ pecypciB. Y 3B’3Ky 3 LUM
aKTyaJbHUM € pPO3pOOJIEHHS MPOTrpaMHOro 3acooy,
SIKHH 3a0e31edye aBTOMaTH30BaHUH Ta TOYHUH MONIyK
IU(PPOBHUX ABIHHUKIB PEHTTCHIBCHKUX 300pakeHb.

VY Mmexax poOOTH MPOBEACHO aHANI3 MPEIMETHOT
ramysi Ta po3TIsHyTO OCHOBHI IiAXOIH 10 00poOKH Ta
3icTaBieHHS 300pakeHb. OCOOIMBY yBary HpUALIICHO
MeTOJaM BUAUICHHS O3HAaK 1 Kiacudikarii 300pakeHb
Ha OCHOBI INTyYHMX HEHPOHHHX MEpexK, LI0
JO3BOJISIFOTE ~ BPaxOBYBaTH  CKJAJHI  Bi3yalibHI
3aJI)KHOCTI Y PEHTIeHIBCbKUX 3HIMKaX.

Ha ocHOBI mpoBeieHOro aHaji3y CIpOeKTOBaHO
apXiTeKTypy  NpOrpaMHOrO  3aCTOCYHKY,  sKa
nependavae MO CHCTEMH Ha JIOTiYHI MOy, IIO
BIZMOBIIAIOTE 32 3aBaHTAXEHHS Ta IONEPEIHIO
00poOKy 300paXkeHb, BHKOHAHHS allTOPUTMIB MOLTYKY
IU(pPOBUX IBIHHUKIB, 30epiraHHs JaHWUX 1 B3a€MOIII0
3 KopucTyBadeM. Takuii minxix 3abesnedye 3pydHicTh
CYNIpOBOAY,  MOXIMBICTH  MacmtaOyBaHHA  Ta
O/IAJIBLIOTO PO3LIMPEHHS (yHKIIOHATBHUX
MOXIIMBOCTEH cHcTeMH. Y  mpoleci  po3poOku
cOpMOBaHO HaBYaJbHY BHOIPKY pPEHTI€HIBCHKHX
300pa)KeHb 1 peaizoBaHO KiNbKa ajJrOPUTMIB IOIIYKY
muppPOBUX IBIHHUKIB, IO AAJO 3MOTY MPOBECTH iX
MIOPiBHSHHSI 32 MOKa3HUKAMHU TOYHOCTI Ta MIBUIKOIII.

Husa  migBumeHHs — eeKkTuBHOCTI  POOOTH
MPOrPpaMHOTO  3aco0y  peai3oBaHO  MeXaHi3MHU
MoTepeIHhOi 0OPOOKU 300pa)KeHb, SKi JTO3BOJSIIOTH
3MEHIIWTH BIUIMB IIyMIB Ta MiJABUIIUTH SKICTh
BXimHMX naHux. lle chopuse OUTBII KOPEKTHOMY
BHIUICHHIO O3HAK Ta MOKPAIIEHHIO pEe3yibTaTiB
3iCTABIEHHS PEHTTCHIBCBKUX 300pa)eHb. Takuit
MiaXix 103BOJIAE 3a0e3MeunuTH CTabimbHICTE POOOTH
CHUCTEMH TIpH 00poOI 300pakeHb Pi3HOI AKOCTI Ta
PO3ITBHOT 3JaTHOCTI.

PeanizoBanuii mporpamHuii 3aci6 3abe3neuye
nouryk 300paxkeHb y 0asi JaHuMX 3a 300pakKeHHSIM
3alUTy Ta HaJae KOPHCTYBAueBi pe3yJabTaTH Yy
3py4HOMY Uil aHamizy Burisin. @OyHKuHioHanbHI
MOXIIMBOCTI ~ CUCTEMH  JIO3BOJIIIOTH  OLIHIOBATH
CTYHiHb ~ HOAIOHOCTI MK  300paXeHHSAMH  Ta

3OificHIOBaTH  BINOip — HAMOUIBII  pesieBaHTHHUX
pesynbTatiB. lle 3Ha4YHO cHpoIIye MpoIec aHami3y
PEHTIeHIBCHKUX 3HIMKIB i 3MEHIIy€ YacoBi BUTpATH
Ha TTOITYK aHAJIOTIYHUX BHUITAJIKIB.

[IpoBeneHe TecTyBaHHS INIPOTPAMHOTO 3aco0y
MiATBEPIMIO HOTO Tpame3JaTHICTh Ta CTAaOLIBHICTD
OCHOBHHX  (YHKIIOHAJPHUX  MOXYJIB.  AHami3
pe3yabTaTiB  TECTYBaHHS  JIO3BOJUB  OI[IHUTHU
e()eKTUBHICTh 3aCTOCOBAHHUX AJITOPUTMIB 1 BU3HAYUTH
HAMOLIBII AOIIBHUM MiIXia I PO3B’sA3aHHs 3aaadi
NOMIYKY  IM(QPOBUX  JBIHUKIB  PEHTI€HIBCHKHX
300pakeHb.

3anponoHOBaHUH MpOrpaMHUiA 3acid 3abe3mnedye
aBTOMATH3alil0  HpOIeCy  MOMYKy  IHPPOBUX
IBIHHUKIB PEHTICHIBCHKUX 300pakeHb Ta CIIPHSIE
MiABUIICHHIO TOYHOCTI ¥ MBHOKOCTI 0OpOOKH

MEIHMYHUX JaHHX. OtpumaHi pe3ysbTaTH
MiATBEPIKYIOTh JOLIJIBHICTE BHUKOPUCTAHHS
HEHpOMEpe:KeBUX METOMIB IS aHaJli3y 300pakeHb Ta
MOXITHBICTh MPaKTHYHOTO 3aCTOCYBaHHS

PO3p00JICHOro pilieHHS B iHPOPMALIHHUX CHCTEMax
MEIUYHOTO NMPU3HAYCHHSI.

[Momanmpmmii  pPO3BUTOK MPOTPAMHOTO 3acO0y
MOJKe OyTH CIPSAMOBAHUI HA PO3UIMPCHHS 033U JaHUX
PEHTTCHIBCEKUX 300pakeHb, MIiABHIICHHS TOYHOCTI
NTOPUTMIB TIOMIYKY Ta aJanTaIiio CACTEMH JI0 1HIITHX
TUTIB MEIUYHUX 300paxkeHb. KpiM TOro, MOXIUBUM €
BIPOBAJKEHHS [I0JIATKOBHX IHCTPYMEHTIB aHATITHKU
Ta MTATPUMKHA TPHUAHATTSA pilleHb, IO IiJBUIIUTH
MPaKTUYHY MIHHICTH PO3POOICHOT0 IMPOrPaMHOTO
3aco0y.
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PO3POBKA ANDROID-3ACTOCYHKY AJ14 YNPABJIHHA B3AEMOJIEIO
KNIEHTIB Y PO3APIBHIN TOPTIBIII

Y konrekcti  nu¢ppoBoi  TpaHchopmarii
€KOHOMIKM BH3HAYaJHbHUM (DaKTOPOM  ITiJBUIICHHS
KOHKYPEHTOCIIPOMOKHOCT] IIIPUEMCTB PO3PiOHOT
TOPTiBIIi BUCTyNAa€ HAJICKHUHA pPIBEHb OpraHizamii
B3a€MOJIii MK yJacHHKaMH Oi3Hec-TpoIieciB. 3HAYHY
Ba)XJIMBICTh y I[bOMY acIeKTi (hopMye BIPOBAIKECHHS
MOOLTPHUX 1H(QOpPMALIHHNX cucTeM, (QyHKIIOHAIBEHE
MIPU3HAYCHHS SIKUX IOJISTa€ B IHTErpauii KIIiEHTChKUX
cepBiciB Ta onTuMizauii KomyHikaniid. Pazom i3 Tum,
JUI. HasBHUX NPOTPaMHUX pIllEeHb TUIOBHUMHU €
00MEKEHI MOKIIMBOCTI aBTOMAaTH3alii ado miaBUIIeHA
CKJIJHICTh  eKCIUTyaTalil, HacJiKOM 4YOro €
3HW)KEHHS 1X MPaKTUYHOI pe3yJIbTaTHBHOCTI.

Y Mexax [AaHOTO JOCHIPKCHHS PpO3IIIAHYTO
CTBOPCHHS MOOIUTHHOTO 3aCTOCYHKY Ha IUIaThopmi
Android, ¢yHKIiOHaTbHE  TPH3HAYCHHA  SIKOTO
MOJISITae y MIATPUMINL JisTIBHOCTI pO3ApiOHOT Mepexi
MarasuHiB Ta IIiJIBUIICHHI €()eKTUBHOCTI yIPaBIiHHSI
B33a€EMOJIIEI0 3 KJIIEHTAMH 13 3aCTOCYBAHHSAM CYYaCHHX
iHpOPMAIIHHIX TEXHOJIOTIH.

VY Mexax JOCHIJPKEHHS MPOBEJIEHO CHCTEMHUM
aHali3 iCHyrouux nuQpoBux mIardhopMm Bzaemomnii 3
KJIIEHTaMH, BU3HAYEHO 1X (YHKIIOHAIbHI 0OMEKEHHS
Ta c(hOpPMYJILOBAaHO BHMMOTH JIO PO3POOIIOBAaHOI
CHCTEMH. 3anpornoHoBaHO MeXaHi3M
AaBTOMATH30BAaHOTO  MmiAOOpy  BHKOHABIIB  (abo
CepBiciB) Ha OCHOBI MapaMeTpiB 3aMOBJICHHS, IO
JI03BOJISIE 3MEHIIUTH YacoBi BUTPATH HA NPHHHATTS
PpIIICHB Ta MiABUIINTH PEIEBAHTHICTH PE3yIbTATIB.

ApXITeKTypa CHUCTEMH IMOOyJIOBaHa Ha OCHOBI
MIKpOCEpBiCHOTO nigxony, 10 3abe3mneuye
MOJYJIbHICTh, MAacCIITa0OBaHICTh 1 BiIMOBOCTIHKICTH
nporpamMHoro  pimenHs.  KiieHTchbka — 4acTHHA
peanizoBaHa 13 3aCTOCYBaHHSM Cy4acHHX BeO-
TexHoJoriid, 30kpema Reactjs Ta TypeScript, mo
JO3BOJISIE  MIJBUITUTH  HAAIWHICT KOOy  Ta
e(eKTUBHICTh YIIPABJIIHHS CTaHOM 3aCTOCYHKy. Jlis
MoOyZOBH alaliTUBHOTO iHTepdelcy BHUKOPUCTAHO
Tailwind CSS, a s Bizyami3amii aHAIITHYHUX JTaHIX
Chart.js.

CepBepHa  KOMIIOHEHTa  mHOOysmoBaHa 3
BukopucTanasM Node.js Ta ¢peiiMBopky Express.js,
1I0 J103BOJISIE €(DEKTHBHO OINPAllbOBYBATH BEIMKHI
0o0cST 3amWTiB Yy peXKUMi peanbHOro dyacy. s
30epiranHa  iHQoOpMaIlii 3acTocoBaHa  pelAlliiiHa
cuctemMa ympaBiiHHS 0a3amu ganmx PostgreSQL, a
inTerpamiss ORM-texHonorii  Sequelize cmpornrye
JOCTYyNl JI0 JaHuX Ta IX TOJaJbIIy OOpOOKy.
B3aemonmiss MiX  KIIEHTCBKOIO Ta  CCPBEPHOIO
YacTHHAMM peaiizoBaHa 3 BukopucTanHsAM GraphQL,
IO J03BOJIAE ONTHMI3yBaTH mepenady naHux. Jlns

MIBUIIEHHS. TPOJIYKTHUBHOCTI CHCTEMH 3aCTOCOBAHO
KelTyBaHHs Ha ocHOBI Redis.

Juis  KinbKiCHOTO OMLiIHIOBaHHSA e(eKTUBHOCTI
BIPOBAKCHOT0 HPOrPaMHOTO pinreHHs
3aIPOIIOHOBAHO IHTerpaIbHUH MOKa3HHK
pe3ynpTaTUBHOCTI (yHKUHioHyBaHHS cuctemu (KPI),
II0 BPaxOBY€ KIIFOYOBI acIeKTH OOpPOOKH 3aMOBJICHB,
MPOJYKTUBHOCTI Ta SIKOCTi 0OCIYyTOBYBaHHSI:

T, E

KPI =w; - =2 +w, - =2 4+ w; -5 (1)
Thase Epase

Ie: Thase, Tnew - CEpeIHiil yac 0OPOOKH 3aMOBIICHHS 10

Ta micis BIIPOBAKCHHS CHCTEMH;
Ebase, Enew KITBKICTH MOMHJIOK OOpPOOKH 3aMOBIICHB
BiJIIOBITHO;

S - iHTerpambHMH  IOKa3HUK  3aJOBOJICHOCTI
kopuctyBauiB  (Customer  Satisfaction  Score);
Wi, Wz, Ws - BaroBi KoeQiIlieHTH 3HAdymIOCTI

nokasHukis (Y wi=1).

3arpornoHoBaHa METPUKA JI03BOJISIE KOMILIEKCHO
OLIHMTH  BIUIMB  CHCTEMH  Ha  OmepauiiiHy
e(heKTUBHICTB, SKICTh 00CITyroBYBaHHS Ta
KOPUCTYBaIbKuil A0CBiA. 3pocrtanHs 3HaueHHs KPI
CBIIYMTH NP0  MIABUIIEHHS  IPOJYKTHBHOCTI
(yHKIIOHYBaHHs — IaTGOpMU  Ta  €()EeKTHBHOCTI
Oi3Hec-TpoIeciB.

ExcrieppuMeHTambHE  TECTyBaHHS 32  yd4acTiO
KOPHCTYBa4iB  IPOJIEMOHCTPYBAJO  IiBHIICHHS
MIBUJIKOCTI  OOpOOKH  3aMOBJICHb,  3MEHIIICHHS
KUTPKOCTI TTOMIJIOK 1 TMOJIMIIEHHS KOPHCTYBAIBKOTO
nocBiny. OTpuMaHi pe3yJbTaTi CBiA4aTh MpoO Te, L0
po3po0sieHuit mporpaMHuii 3acid € eheKTHBHUM
IHCTPYMEHTOM uudpooi tpaHchopmarii
MiATPHEMCTB  pO3ApiOHOT TOpriBii, 3abe3meuyroun
aBTOMATH3AIliI0 KIIOYOBHUX MPOIECIB Ta IiABHUIIECHHS
omepaniiHoOi IPOTyKTHBHOCTI.
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OOCNIMKEHHA NAKETHOIO BUKOHAHHSA SQL-3AMUTIB B PENALIMHUX
BA3AX OAHUX HA XMAPHUX NMNAT®OPMAX

CrpiMke 3pocTaHHA OOCITIB JaHUX, IO
TCHEPYIOTBCS Ta OOpOONAIOTBCSA, 30KpeMa dYepes
PO3BHUTOK comiaibHUX Mepex, [Hreprery peuei (IoT)
Ta MyJBTHMEia, CTBOPIOE HOBI BUKIMKH U CHCTEM
ynpaBiuiHHA ~ 0Oasamm  ganmx. Lle  Bumarae
BJIOCKOHAJICHHS! MiAXOIB 10 ()OPMYBaHHS 3aIlUTIB Ta
ONTHMI3alil BAKOPUCTAHHS PECYPCIB ISl IMiIBUILCHHS
npoayktuBHocTi CVYBJl. OmauM 3 iCHYROYHX
e(eKTUBHHUX 3aco0iB BHpilIeHHs Iii€i mpobiemu €
BUKOPHUCTAaHHS MakeTHOTo pexxumy (Batches of SQL
Statements) [1, 2], B sIKOMy BUKOPHUCTOBY€ETECS Tpyma
3 1BoX abo Oinmbrre SQL-3amuTiB. [TakeTHe BUKOHAHHS
omepauit 3 BJ[ Azure SQL, 6azor0 manmx SQL y
Fabric ta kepoBanuM exzeMiuripoM Azure SQL moxe
3HAYHO 301IBIIUTH MPOAYKTUBHICTD Ta
MacImTaboBaHICTh 3aCTOCYHKIB [3] mie i 3a paxyHOK
iHTeJeKTyanbHOi 00poOku 3anutiB [4]. Pasom 3 Tum,
Tpeba 3a3HAYMTH, IO ICHYyE€ MEeBHA mporanuHa [5]
LI0/I0 Tpoliecy po3polieHHs cTpareriii (opMyBaHHS
nmakery, sAki 0  jgo3BommiM  (opmManizyBaTH
MOCIIZIOBHICT, 200 K TOPSAJOK 3aluTiB Ha OCHOBI
ICHyIOUMX METPHK Ta OILIHUTH HOro BIUIMB Ha
MPOAYKTUBHICTE  CEPBICIB XMapHHUX CEpEIOBUIL,
30kpema Azure SQL Database.

Tomy B aaHOMy JOCIHIIKEHHI NPONOHYIOTHCS
HACTYIIHI CTpaTeTii (hopMyBaHH MMAKETiB 3aIHUTIB.

1. 3a JIOBUIBHAM TOPSIAKOM. 3anutn
TPYIYIOTbCA y TAKeTH JOBUTBHMM YHHOM 0e3
ypaxyBaHHS IapameTpiB, SKi  XapaKTepU3ylTh
BUKOPHCTaHI OOYMCIIOBaNIbHI pecypcH abo icHyroui
MeTpuKd e(EeKTUBHOCTI 3aBJaHb (4ac BHUKOHAHHS,
3aBaHTaXXEHICTh MPOLIECOPIB BUKOPUCTAHUX
€K3eMIUIAPIB BipTyaJbHUX MalIMH TOLIO).

2. 3a 3pocTaHHSAM 4Yacy BHKOHAaHHS 3aIMNTY,
BU3HAYEHOTO B IHTEPAKTHBHOMY pEXHMi. 3alHTH Yy
MaKeTi BIOPSIKOBYIOTBCS 3a 3POCTaHHSAM dacy ix
o0OpoOmenns. Lls crpateriss 30inblIye 3arajbHY
MPOAYKTUBHICTB, OCKIJIbKHY LIBUIII 3aUTH
BUKOHYIOTBCS ~ paHille, 10 MOXE 3MEHIIUTH
3araJibHAA  4Yac OYIKyBaHHS BHWKOHAHHSA  1HIIHUX
3aBJaHb nakery. lle BaJIMBO B THUX CLEHapisx, Jie
HEOOXiJHO  MaKCHMajJbHO  MIBUAKO  00pobuTH
OUIBIITICTH 3aIUTIB.

3. 3a cnagaHHSAM Yacy BHUKOHAHHS 3aIHTY.
3anmuTu  BIOPSIKOBYIOTHCS 3a CHAJaHHSAM 4acy ix
00poOieHHsa. BuxoHaHHs OinbIl TpHUBaNIMX 3alMTIB
CIOYaTKy JO3BOJISIE OL[IHUTH BIUIMB OUIBII CKJIaJHHUX
3aIUTIB HA 3arajbHy NPOJYKTHBHICTH cepsicy. Llei
CICHApIi MOXXE BUSBUTH, SKUM YHHOM  OLIBII
pECypCOEMHI  3alMTH BIUIMBAIOTh HA BUKOHAHHS
HACTYITHUX, MECHII CKJIAJTHUX, 3aIUTIB Y TIAKETI.

OCOONMMBICTIO TAKETHOTO PEXKUMY BHUKOHAHHS

SQL-3amuTiB, € Te, MO BiH BHKOPHUCTOBYE CTATHYHI
nai moyo piBHs Bukopuctanus DTU i CPU neBHux
eK3eMIUIpiB  BipTyanpHHx MamuH. Lle Hamae
MOXKJIUBICTD X aBTOMAaTHYHOI'O IOBTOPIOBAHHSL.

B naniii poOOTI NpPONOHYETHCS TaKUH METOH
(hopMyBaHHS ITaKETiB:

1. 306ip naHuX Npo 3aIMTH:

MONepeaHs OLHKA XapaKTepHUCTUK 3alMTiB: HA
MOYAaTKOBOMY €Talli BCi 3alUTH, SIKI IUIAHYETHCS
BKIIOYHTH B TAaKeT (MIKpONAaKeT), BHKOHYIOTHCS
OKpEMO Ha JIOKAJILHOMY pecypci;

UL KOXHOTO  3amuTy  (ikcyeTbes — bac
BUKOHaHHA. I[i JaHi € OCHOBOIO Ui MOJANIBIIOrO
aHaJi3y i COpTYBaHHS 3alUTiB B paMKaX MaKeTiB.

2. CopTyBaHHS 3aITUTIB:

3alIUTH COPTYIOTBCS 32 IIGBHHM KpHUTEpieEM,
HaNpHKiag, 3a 3pOCTaHHAM ab0 CHaJaHHAM Yacy
BUKOHAHHSI. v HOJAIBILIOMY IUIAHY €THCS
BUKOPHCTOBYBaTH METPHKH 3aBaHTaKEHOCTI pecypciB
—DTU, CPU, nam'siTh Ha )KOPCTKOMY IHCKY.

3. ®opmyBaHHS MAKETIB 3aIHTIB:

micas — NPOBEACHHS  COPTYBaHHS  3aldTH
00’eHyI0ThCS B MakeTu. [laker — 1e rpymna 3amuris,
sKa BHKOHYETBCA 3a OfHI€O iHcTpykuiero. Lle
JIO3BOJIUTh 3MEHIIMTH HAKJIaJHI BUTPATH Ha 3aMycK i
3aBEPIICHHS OKPEMOTO 3aIlUTy, 3MEHIIHTH MEpeKeBe
HABAaHTAXXCHHS Ta  [MIABUIIMTH  MPOJYKTHBHICTh
pobotu cepBicy XMapHOI mIaTGopMu.

Cnucok nitepatypm

1. Batches of SQL Statements [Enexrponuuii pecypc] —
Pexum JOCTYTIy: https://learn.microsoft.com/en-
us/sql/odbc/reference/develop-app/batches-of-sql-
statements?view=sql-server-verl7.

2. Gupta, Surabhi, and Karthik Ramachandra. Procedural
Extensions of SQL: Understanding their usage in the wild."
Proceedings of the VLDB Endowment 14.8 (2021): 1378-
1391. [EnextponHmii pecypc] — Pexum moctymy:
https://15799.courses.cs.cmu.edu/spring2025/papers/19-
udfs/p1378-ramachandra.pdf.

3. How to wuse batching to improve application
performance [Enextponnmii pecypc] — Pexum mocrymy:
https://learn.microsoft.com/en-us/azure/azure-
sql/performance-improve-use-batching?view=azuresql.

4. . Intelligent query processing features in detail
[EmexTponHuit pecype] - Pexxum JIOCTYTIY:
https://learn.microsoft.com/en-us/sql/relational-
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Technologies and Scientific Solutions for Industries, 2022.
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https://doi.org/10.30837/ITSSI1.2022.19.027.
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BMOBAOXEHHA METOLY ,EI,I/IHAMILIHQ'I' OPKECTPAULI
ABTOMATU3OBAHOIO TECTYBAHHA Y PPEUMBOPK PLAYWRIGHT

CydacHi  TEHICHIIi  IBUIKOI  PO3pOOKH
HPOrpaMHOTro 3a0e3IeUeHHS BUMAraroThb
ONEpaTHUBHOTO OTPHMAHHS pPEe3yJbTaTiB TECTYyBaHHS
[2]. ¥V 2024-2026 pokax MeTOx JHHAMIYHOI
OpKecTpawil aBTOMAaTH30BAaHOTO TECTYBAaHHS aKTHBHO
BrpoBamkyeTbcst B Cloud-native pimeHHsIX Ta
MIKpOCEpBICHUX apxiTekTypax [5].

Meroto pobotn € ToOymoBa  KOHLEMLT
BIPOBA/DKEHHST ~ NPOTPaMHOTO  pilleHHS  JUIs
JUHAMIYHOT OpKECTpaIlii Ha OCHOBI JCKIapaTHBHHUX
MojIeneli 3anexnocTel y dpeiimBopk Playwright.

[lporoTurnoM BHUCTymae CTaHAApTHA MOJENb
3amycky cueHapiiB Playwright depes iHTepdeiic

KOMAaHIHOTO panka (CLI), e KEepyBaHHs
IIOCJIIIOBHICTIO obMexeHe CTaTHYHUMH
HAJIAIITyBaHHIMHA KOoH(}irypariiiHoro (hatiry.

HayxkoBuit iHCTpyMeHTapiifi TpPyHTYETbCA Ta Teopil
rpadiB, 30KpeMa CIPAMOBAaHUX AalMKIIYHUX Tpadax
(DAG) [1], mo mae 3Mory ¢popmalizyBaT CTPYKTypy
JIOTIYHUX 3B’S3KIB MIDK TecTaMH Ta CTBOPHTH
BHUCOKOPIBHEBY  aOCTpakilit0 Hax IMIIEPaTHBHUM

pyuriem, 3abe3nedyroud  OesneuHe — TapasesbHe
BHUKOHAHHS MMOTOKIB Ta JHHAMIYHE KEPYBaHHS YSPIrOIO
[4].

HoBusna migxoxy momsirae y ajanraiii MeToxy
JMHAMIYHOT opkecTparii aBTOMAaTH30BaHOTO
TECTYBaHHS JI0 apXiTeKTypu ¢peiiBopky Playwright
IIISIXOM PO3pPOOKH JeKJIapaTHBHOI MOJIEI METagaHuX
tectoBoro  By3ma  (TestNode), 30kpema y
BIIPOBA/KEHHI ceNU(IYHUX aTpUOYTiB KOHTEKCTY Ta
MOJIITUK KPUTUYHOCTI By3JiB rpada (puc. 1). Lle mae
3MOTY peaizyBaTu MeXaHI3MHU CIIJIBHOTO
BukopuctanHs  crany  (Context  Sharing) Ta
IHTEJIeKTyaJIbHY JIOTiKy paHHboro npunuHenHs (Fail-
fast) [3], sxi BincyTHI y 6a30Biif Bepcii HpperMBOpKY.

“enumerations
TestNade Criticality

+ test_id: String BLOCKER
+ description: String NON_CRITICAL

mmams/ ' \hmn's
e defines
|

DataContract

ExecutionPalicy

+ requires: List<String>
+ provides: List<String>
+ scope: String

+ eriticality: Criticality

Puc. 1 UML-aiarpama KiiaciB MoJesti METalaHiX TECTOBOTO
CIICHApII0

BximHumMu nmaHuMu i cUcTeMH € Habip
aTOMapHUX TECTOBHX CKPHITIB Ta KOHQirypariiiai
(haiinm 3 ormucoM iepapxii 3aIeKHOCTEH.

AAPO yNpasninHe cHCTEMOIo

MoGyaosHuk

i J SHTEH
3anexHocTeR = repgenc <
J KomyHikauii |
‘—)lﬁ
uepru

BuKoHaBuA piset 3ait
(Runtime) oo

_ [ Bukorasuni
arent 1
BrikoHasuni
SR S 1
arent N

Puc. 1 MonynbHa CTpyKTypa CHCTEMH YIIPaBIiHHS
MOTOKaMH TE€CTyBaHHS

i~

ABcTpakTtha
Mopens

(ISON)

Kowrexctra
iH'exuin

PiseHb onucy Ta aHaniay
ExctpaxTop
MeTagaHux

Cneundikauin
3anemHocTed TecTis

cTan

OuikyBaHUM  pE3yJITATOM  BIPOBAHKCHHS
METOJly € 3HAuyHe CKOPOYCHHS 4Yacy perpeciiHoro
TECTyBaHHS 3a PAaXYHOK YCYHEHHS IOBTOPHHX
omepaniit Ta onrrumisanis surpat CI/CD cepsepis.

BucHOBKM MiATBEpPIKYIOTh, MO TEpexid Bif
CTaTUYHOI JIHIHOI [0 JWHAMIYHOI iepapXigHOi
OpKeCTpalli MiJBUINY€E CTAOUIBHICTH Ta MPO30PICTh
aproMatm3amii. [lomanbiiiM pO3BHUTKOM pPOOOTH €
iHTerpallisi opkecTparopa 3 IHIIUMH (peliMBOpKaMu
JUTS PO3IIMPEHHS CPepH 3aCTOCYBAHHS METO/IY.
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AHATNI3 EQEKTUBHOCTI ANIFOPUTMIB LUM®PYBAHHA MYNbTUMELIMHUX
AOAHUX

VY cygacHOMY nHU(pPOBOMY CBITi CTPIMKO 3pOCTae
00cAT MyJNBTUMEOIHHOTO KOHTEHTY, SKHH TOTpedye
HAJIHHOTO 3aXHCTy SIK MiJ Yac Iepenadi Mepexero,
Tak 1 TpPH JIOKATbHOMY 30epiraHHi Ha MPHUCTPOIX
KOPHCTYBadiB.

JaHe nocmipkeHHSs Mae€ Ha MeTi IPOBECTH
MOPIBHSUIBHUI aHalli3 TPOJYKTHBHOCTI Ta Oe3nexu
AITOPUTMIB ~ CHUMETpUYHOro  Inudpysanus. s
MIPOBEJCHHS JOCIIKEHHs TUIAHYEThCSI BUKOPHCTATH
JIBa MPOBIJHI CTAHJAPTH CUMETPUYHOI Kpunrorpadii:
knacuyHuid  O6mokoBuit  anroputm AES  (Advanced
Encryption Standard) [1] Ta cy4acHuii MOTOKOBHIA
airoputM ChaCha20 [2]. Bubip 3ymoBneHuit ixaiMm
JOMIHYIOUMM CTaTycOM Yy CYYacHHX IIPOTOKOJax
0e3IeKn Ta Pi3HO0 apXITeKTyporo 00poOKH OaiTiB.

OCHOBHMUM  IHCTPyMEHTOM sl  CTBOPCHHS
TECTOBOTO CEepelIOBHINA Ta aBTOMATW3allii 3amipiB €
MOBa IporpaMyBaHHSA Python. Takox
BHUKOPUCTOBY€EThCs  0i0mioTeka Cryptography, ska
Hajmae Oe3nmeyHui JOCTYNm JO  HHU3BKOPIBHEBHX
kpurtorpadiyHuX npuMiTUBIB [3].

TectyBanHns MPOBOAUTHMETHCS Ha
MYyJIBTHMEIIHHAX (aiax pi3HOTO THITY, BKIFOYHO 3
HOMYJIIPHAMH (bopmaramu CTHCHEHUX Ta

HECTHCHCHHX 300paXeHb, a TaKOX Bimeodaimamu
Benukoro obcsary. lle nmacte 3Mory 00'€eKTHBHO
OLIHUTH HAaBaHTaXCHHS Ha TMpOIecop IIija dYac
KpuUnrorpadigHUX omepariil Ta Bi3yalbHO NEepEBIpUTH
CTIMKICTh ~QITOPUTMIB 1O BHSBJICHHS IIa0JIOHIB
BUXIJHUX JAHHX.

CraHiapTHUil miaxig g0 mudpyBaHHS (ainiB
4acTo  mependavyae  BUKOPUCTAHHS  KIACHYHHUX
OJI0KOBHMX INUQPIB y 0a30BHX pEXKHUMax, TAKUX SIK
ECB (Electronic Codebook). Ipote et meron mae
BiZIOMI Bpa3JIMBOCTI NpH poboTi 3 Mexiadaiinamu:
yepe3 NOOJOKOBY OOpOOKY MOXYTh 3alWIIATHCS
BUIMMMMH KOHTYPH IIOYaTKOBUX 300pakeHp [4]. YV
MeXax IbOTO JOCIHIKEHHS INPOIOHYETHCS MEPeHTH
JO0  TECTyBaHHS  Cy4YacHIIMX  pPeXHMIB 13
aBTeHTH(]iKamieto, Takux sk AES-GCM, Ta nopiBHATH
ix i3 motokoBuMm mudpysanusm ChaCha20-Poly1305.
ExcriepuMeHTH mepen0dayaoTh MOKPOKOBE UYHMTAHHS
MemiadaiimiB  (iKCOBaHUMH  YaCTHHAMH,  IXHE
mmdpyBanHs "Ha JTpOTY" Ta MOJANBIINKA 3amuc Ha
JMCK, 10 JO3BOJISIE YHUKHYTH IIE€PEHOBHEHHS
oneparuBHOi mam'saTi [S5]. s 3a0e3nedeHHs YACTOTH
eKCIIEPUMEHTY  TECTyBaHHS  NPOXOJWTHME B
130JIbOBAaHUX CEpPENOBHINAX i3 MOJENIOBAHHAM SIK
MOTYXXHUX arapaTHUX KOHQIrypauii, Tak i npucTpoiB
3 oOMmexeHMMH pecypcamu. Ilig dYac KOXHOTO

mporoHy  (iKCYyBaTHMYyTBCS  KIIIOYOBI  METPHKH:
3araJpHUA  dYac KpuUOTOTpadidHuX IEepPETBOPEHB,
MUHAMIKa BHUKOPWUCTAHHS OIEPAaTHBHOI MaM'sATi Ta
piBEeHb HAaBAaHTAXCHHSI HA [CHTPAIBHHHA IIPOLECOp.
3i0paHa CTaTUCTHKAa CTaHE HANIHHOIO EMIIPUIHOIO
6azor0 it (HOpMyBaHHS MPAKTUUYHUX PEKOMEHMIAIliH
I0JI0 IHTEerpalii [UX alrOpPUTMIB Y peajbHi MPOEKTH.
OkpiM IIOTO, Ha OCHOBI OTpPHMaHHX JaHUX OyJe
pPO3pOOJICHO CTATUCTHYHI TaOMuUIl, JiarpaMd Ta
MOpIBHSUIbHA MAaTpHIlsl. BoHa J0MOMOXE 3HAWTH
ONTUMANIEHUI OaaHC MK IIBHIKOIIEI0 Ta PIiBHEM
0e3MeKH 3aJIeKHO BiJ] HITOBOT IIaT)opMHu.

Taknit migXix DO3BOJIMTH HE JIWIIE TEOPETUIHO
oOrpyHTYBaTH BHOIp KpHUNTOTPa(igHOTO aITrOpUTMY,
ale ¥ ONTHMI3yBaTH apXiTEKTypH JIOKAJIBHOTO
30epiraHHs JaHWX IS 3HIKEHHS CHEPrOCIIOKUBAHHS
HPUCTPOIB. OuikyeTbcs, 1110 pe3ynbTatu
MPOJIEMOHCTPYIOTh ITIepeBary OJIOKOBOTO alropuTMy
Ha  apXiTeKTypax 3 amapaTHOK  MiATPUMKOIO
iHcTpykuii AES-NI. Takoxx mnporHosyerbcs, MIO
norokoBuid mudp ChaCha20 BuUSBHUTBCS 3HAYHO
eheKTHUBHIMIUM  JUIsI  CHCTEM 3  OOMEKEHHMU
OOYHCITIOBAIFHUMH PECypcaMH 3aBASKH BiJCYTHOCTI
JIOZATKOBUX BHUTpaT Ha omepanii BUPIBHIOBaHHS
OIOKIB.

Pesynprat poOOTH 03BONATH PO3POOHUKAM
MPOTpaMHOTO 3a0e3NeUeHHs Ta iHKeHepaM 3 Oe3neKn
0o0MpaTH ONTHMANbHI KpHUNTOrpadivdHi PIiOICHHS A
3aXHMCTYy PI3HOMaHITHHX MeiadaiiiiB 6e3 KpUTHUHOT
BTpaTH IIBWJAKOAIL. 3pemror, IX IpakTH4HA
IMIUIEMEHTAIisl COPUSITUME MiIBUIIEHHIO 3arajbHOro
piBHS KiOepCTIMKOCTI Cy4acHMX MYJIbTUMEHIHHMX
CHCTEM.
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3ACTOCYBAHHA KOMIMIOTEPHOIO MOAEJIFOBAHHA ANA BUSHAYEHHA
ONTUMAJBLHOI TOYHOCTI BUMIPIOBAJIbHOIO NPUNALY MPU
CENEKTUBHOMY CKITAOAHHI

Iix qac BHPOOHHIITBA IeTanen y
MalMHOOY/lyBaHHI Ha iXHIO TOYHICTbH BIUIMBAE BEIIUKA
KiJIBKICTh (DAaKTOPiB, TOMY HEMOJJIMBO BHIOTOBHTH
aOCOJIOTHO TOYHE 3HauyeHHs po3mipy. Po3mip
BUXOIUTh BHIMAJAKOBUM, IiJIIOPSAKOBAHUM IIEBHOMY
3aKOHY pO3MOJUTYy, 1 JUIs NPUAATHOI JAeTali BiH
MOBUHEH 3HAXOAUTHCS B MeXaxX JOMycKy. Y
BHUCOKOTOYHHX 3'e THAaHHAX 3aCTOCOBY€THCSA
CCNICKTHBHE KOMIUIEKTYBAaHHS, IIPH SKOMY JAeTaii
ITCJIT BUMIPIOBaHHS TOMIISIOTECS Ha PO3MIPHI TPYIH
ceJeKIii, 1 30MparoThest IeTalll, IO MOTPAIHIN B OTHY
rpymy.

BumiproBansHuH NpuIag TeX Ja€ pe3ynbTaT 3
Jeskor noxuoOkoro. Omxke, AIMCHUME po3mip Aeraii
MiICYMOBY€E ICTUHHUH pO3MIp JAeTajdl Ta IOXUOKY
BUMIpIOBAJILHOTO TMpwiany. HasBHICTH HEHYJIOBOT
MOXMOKM BUMIPIOBaHHS MNPU3BOJUTH JO TOTO, IO
MOXIIMBHI IepexiJi NMpUAaTHUX Aeraned y Opak i,
HaBIaKW, OpakoBaHWX y TPHIATHI — pPHU3HKH
BUPOOHMKA Ta CIIOKMBAYa.

Jnst CeNeKTUBHOTO KOMIUICKTYBaHHS MOMMIKH
BHMIpIOBaHb MOJKJIFIBI HE JIMIIEC HA MEXI JIOMYCKY, a i
Ha MexXIi rpyn ceneknii. TyT T pU3UKOM CITOKHBada
PO3YMi€ThCS WMOBIPHICTh TEpexoxy OJHi€i abo 000X
JeTanieil y po3MipHI TpyIH, sSKi He BIANOBINAIOTH
iXHbOMY AiiCHOMY po3Mipy. I1ix pu3rkomM BUpOOHMKA
po3yMinacs WMOBIPHICTh BH3HaHHS OHiel abo 000X
JeTanel IpUAaTHOTO 3'€THAHHS OpaKOBaHUMH.

MopentoBaHHs OyJI0 BUKOHAHO JJIsl MOCAJIKU 13
3azopoM @150 E9/h8, cepenni 3HaueHHs pO3MipiB
BaJia Ta OTBOPY NpHitHATO Bianosiauo d, = 149,9685
MM Ta d, = 150,135 MM, JOMyCKH BUTOTOBJICHHS Basia
ta otBopy 7, = 0,063 mm ta T, = 0,01 MM, moxubku
BUMIpDIOBaHHS ~ pO3Mipy Bajga Ta  OTBOPY O
smiHtoBanucs B inTepBam Bim 0,001 MM go 0,1 mm.
Ilpn copryBanHi Ha 6 Tpyn cenekuii OJHaKOBOI
UIMPUHE OTPUMAaHMN JIOMYCK MOCAIKU TMPHUOIU3HO
BiAMOBiZa€ 6+7 KBAIITETY.

Posmoxin sx po3mipiB aeraneid, Tak i OXUOOK
BUMIPIOBAHHS BBKAJIUCS TAKHMH, LIO ITiIKOPSIOTHCS
HOpMaJTbHOMY 3aKOHY PO3MOILTY.
BukopucToByBajocst  CTaTUCTUYHE  MOJIEIIOBAHHS
(meton Momnre-Kapio). [Ipouenypa ¢dopmyBaHHS
BUIIAJJKOBUX YHCEN 3 HOPMAJIBHUM PO3HOAIIIOM
nojsAraina B HactynHomy [1]: 1) oGuuciroBanacs cyma
n IUId N BHUNAJIKOBHX YHCEN 3 IICEBJOPIBHOMIPHUM
PO3MOIiNIOM (OTPUMAHMX 3a JOIIOMOT'OI0 CTaH/IAPTHOT
MianporpamMu); 2) BU3HAYAJIOCS BHUIAIKOBE YHCIIO 3
HOPMaJIBHEM 3aKOHOM posmofiny: p=+v3(2n —n)/
\/n, a n npuiiMaeTbes piBHUM 6.

Jns  3a0e3nmedyeHHS 3aJaHOi  TOYHOCTI Ta
JIOCTOBIPHOCTI PE3yJIbTaT yCEPEIHIOBABCS 3a NaHHUMHU
B = G / K peanizauiii, ne K — po3mip maprtii, ast skoi
BU3HAYAETHCA HMOBIpHICTH KOMIUIEKTYBaHHS.
HeoOxinna BennunHa G 111 BUSHAYEHHS HMOBIPHOCTI
KOMIUTIEKTYBAHHSI 3 TOUHICTIO € 1 IOCTOBIPHICTIO O TIPX
HOPMaJIbHOMY PO3IOJIiIi pO3MIpiB OOUHUCIIOBAIACS 3a
dopmynoro G =t2(P(1-P))/e?, ne P -
HMOBIipHICTB TOII, t, 3HAXOAUTHCS 3 YMOBHU 2t, = Q.

Pe3ynbpraTi MOIENIOBaHHS PH3MKY CIIOKHBaya
HaBeJeHO Ha puc.l. VY pa3i  CceNeKTHBHOTO
KOMIUIEKTYBaHHS BUMOT'H 10 TOYHOCTI
BHUMIPIOBAJIFHOTO TIPMIIAAY 3HAYHO BHWIN, HIK y pasi
KOMIUIEKTYBaHHS 3 TIOBHOKO B3a€Mo3aMiHHicTI0. Moro
TOYHICTh HE OBHHHA NEPEBHUIIYBATH 5% Bil MIHPUHA
TIOJIS IOTYCKY, IIPU LIEOMY PU3MK CHOXHUBa4a P, =2 +
2,5 %, pusuk BupobHUKa P, = 0,005 +~ 0,2 %. Pmux
CHOXWBaYa 3AJICKUTH IIe W Bill KUTBKOCTI PO3MIPHHUX
Ipyl, IO 3YMOBJIOE HEOOXigHICTh Mmigdopy ix
ONTHMANBHOI KUIBKOCTI 3aJIe)KHO Bl BHMOT J0
TOYHOCTI 3'€lHaHHS. Pu3nk BHpOOHMKAa Manuii, i He
BILTUBAE HA BUPOOHUIITBO.
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Puc. 1. Pusuk croxuBaya Ipyu CelIeKTUBHOMY
KOMIUICKTYBaHHi

BucuoBku. [loxmbka BHMIpIOBaHHS pO3MipiB
JleTajeil Mae HaHOUTBIINI BIUIMB Ha PIBEHb PHU3UKIB
JUTSI CTIOKHMBada Ta BUPOOHHUKA TIiJ] 9ac CEJIEKTHBHOTO
KOMIUICKTYBaHHS, 1€ PU3MKA MOXIIHBI HE JIMIIC Ha
MEXi JIONMYCKiB, a W Ha MeXi pPO3MIPHUX TPYII.
PexoMeHIyeTbCSI BHKOPHCTOBYBAaTH —BHMIPIOBAIIbHI
MPWIaJli 3 TOYHICTH B MeXax 5% BiJ OJISI JOITYCKY.
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OOCNIMKEHHA METOAIB ONTUMI3ALIT COLUIANTbHUX B3BAEMOLIN Y
BIPTYAJIbHUX CBITAX

CyuacHi  0araTOKOpUCTyBalbKi  IIaThopMu
€BOJIIOIIIOHYBAJM 0 TIO0AIBFHUX COMiaJbHUX XaOiB.
OmHak 31 3pOCTaHHAM  KIIBKOCTI  OZHOYACHHUX
migkmoderss (CCU) BHHMKAIOTH KPUTHYHI TEXHIYHI
BUKIMKH. Cripobu 00'eqHATH THCSYi aBaTapiB B ONHIHN
JOKalii NPU3BOAATE 10 €KCIIOHEHLIHOTO 3pOCTaHHS
OOYHCITIOBAIbHOTO ~ HABAaHTAXXCHHS,  BUHUKHCHHS
KPUTUYHHX MEPEKEBUX 3aTPHUMOK Ta MpobieMm i3
CUHXpOHi3alieto craHiB. e poOuTh po3poOKy HOBHX
METOJ[IB Ta KOHIENTyaJbHHUX MOJCNCH OmTUMIi3aIlil
coLiaIbHUX B3a€MOJIH HAJ3BHYaHO aKTyaJIbHOIO
HayKOBO-JJOCJIITHUIIBKOIO 3a]1auerto.

CucteMHHMH aHaji3 MOKa3ye, L0 alrOPUTMHU
00OpOOKM CHHXPOHHHX B3a€MOJil € TOJOBHUM
"By3pkuM  wmicueM".  MOHONITHI  apXiTeKTypu
MEPEBAHTAXKYIOTHCS Yepe3 BUCOKY YacTOTY OHOBIICHB,
a MIKpPOCEepBiCHI MiIXoAW TMOTPEOYIOTh CKIIAQJHUAX
MaTeMaTHYHUX MOJENCH IPOCTOPOBOTO PO3OHTTSL
OKkpeMHM BHUKIMKOM € OOpoOKa BEIMKHUX MACHBIB
nanux (Big Data). BukopucraHHs TpamuiiiiHuX
pemsiniiaux B/l st AMHAMIYHOTO — TPEKIHTY
couianbHUX 3B'A3KIB € HeedexkTuBHUM [1]. ¥V 1mpomy
KOHTEKCTI ~ Teopist rpadiB  BUCTymae  3HAYHO
MOTYXKHIIIOK MaTeMaTHYHOK OCHOBOIO, OCKUIBKH
JI03BOJISIE TEOPETHYHO ONTHMI3yBaTH OOXOOHM IaHUX
Ta 3HU3UTHU X OOYHCIIOBANBHY CKIamHicTh [2]. Kpim
toro, icHyroui moxem moeninku IlI-arenrtiB (NPC)
BHMAraloTh 3HAYHHUX pecypciB. [Ipm anmropurTmiuHiit
CHUMYJISIIi HATOBITY CKJIAQIHICTh OOYHMCICHb CTPIMKO
3pocTae, IO BUMAara€ TEOPETUYHOrO MeperisiLy
MiaAXoaiB 40 0araToareHTHUX CHUCTEM.

Metor0  JOCHIIDKEHHS € aHajli3 ICHYIUYHX

MiAXOIiB Ta po3pobka OIITUMI30BaHUX
KOHLENTYaJbHUX 1 QJITOPUTMIYHUX pilIeHb IS
YIpaBITiHHA COMiaTbHUMHU B3a€EMOJIIIMHU y
BIpTYaIbHUX CBiTax 3aais MiHIMI3aIlil MepexeBux
3aTPUMOK Ta 3a0e3neueHHs cTabiabpHOT
MaciTaboBaHOCTI.

®dokyc TOCHiKEHHS 30CEpePKEH0 Ha po3podi
BJIOCKOHAJICHOT KOHLENTYalbHOI MOJAEN CHMYJISLIi,
sKa 3/aTHa aJalnTyBaTHCS A0 IIKOBUX HaBaHTAXEHb
6e3 BTpaTu MPOYKTUBHOCTI. [Tnanyerbes
CHPOEKTYBATH KOHIENTYaIbHY apXiTEeKTypy CHCTEMH
YOpaBIiHHA  COWIaJJbHUMH  B3a€MOJISIMH,  IIO
0a3yBaTHMETBCS HAa  QJITOPUTMAaxX  JAWHAMIYHOTO
OanaHCyBaHHS ~ HAaBaHTAXEHHsS Ta  PO3YMHOIO
IIPOCTOPOBOTO PO3OHTTS BIPTYaIBHOTO CEpPEIOBHINA.
Ile mnepenbavyae CTBOPEHHS TEOPETUYHHX CXEM
MapupyTH3alii JaHuX, SKI MIHIMI3YIOTb MepeKeBi
3aTPUMKHM TiJ 4Yac MacoBux mnoaid. Hactynmaum
KPOKOM CTaHe poO3po0Ka TEOPEeTHMKO-MHOXHHHOT
(rpacdoBoi) mMomeni mnms onTHMizamii 30€peKCHHS Ta

00poOKM  comiajbHUX  3B'A3KiB.  BukopucTaHHs
MaTeMaTHYHOTO amapary Teopii TpadiB I03BONUTH
KOHIICTITYaJdbHO MPUIIBHIIIATH OOpOOKYy 3amuTiB,
3aMIHUBINM BaXKi PEJLAMiMHI TpaH3akKIii Ha MIBUAKI
MaTeMaTH4Hi o0xomm rTpagiB, OO € KPUTUIHO
BaXMMBUM Ui cepepoBuml Big Data [3]. Oxpim
IIbOTO,  Tepen0dadaeTsCsi  3alpPOINOHYBAaTH  HOBI
ITOPUTMIYHI pillIeHHs Uil 0araToOareHTHUX CHCTEM.
3 METOI TCOPETUYHOTO 3HIDKCHHS OOYHCIIIOBATIBHOT
CKJIQJIHOCTI CHMYJIALIT HaTOBIy OyIyTh JOCIIJDKEHI
MEXaHi3MU MPOCTOPOBOTO XEIIyBaHHA Ta aOCTpPaKTHI
momeni "Level of Detail" (LOD) mias mTy4HOTO
IHTEJIEKTY, IO JO3BOJISIIOTH IEPEMHKATHCS MiX
CKJIQJTHOIO JIOTIKOIO Ta CIIPOIIEHUMH CTaTHCTHUYHHMH
MOJICISIMU  3aJISKHO BiJ BifcTaHi IO crocrepiraga.
3aBepHIabHAM €TalloM CTaHE BH3HAUCHHS HAIPSAMIB
iHTerpamii ~ 3aIpONOHOBAHMX  MAaTEeMaTHYHHX  Ta
ApXITEKTYpPHUX MOZEJCH B iCHYF0U1 irpoBi pymmii. J{is
MiATBEP/KCHHS HAYKOBOI TinoTe3u Oyae NMpOBEICHO
ruOOKMH  TMOPIBHAJIBHUEM — aHali3  TEOpEeTHYHOI
obuncioBasibHOT ~ ckimagHocTi (i3 3aCTOCYBaHHAM
worarii Big O) 3ampomoHoBaHuX 1 0a30BHX
AITOPUTMIB, IO JI03BOJINTH aHAJITUYHO OOTPYHTYBAaTH
iXHIO e(EeKTUBHICTh MO0 MOTEHIIIHHOT EeKOHOMIT
MPOLIECOPHOT0 Yacy Ta OINepaTHBHOI IaM’sITi CepBepy.

Hdiss  MacmtaboBaHOCTI  BIpTyadbHHX  CBITIB
HEJOCTaTHbO  JIMIIE  aNapaTHUX  IOTY)KHOCTEH.
BrnpoBapkeHHst rpadoBUX MOJENEH, ONTHMI30BaHHX
OaraToareHTHHX CHCTEM Ta HOBITHIX apXiTeKTyp
JIO3BOJIUTH TI0/I0JIATH MEPEKEBI 3aTPUMKH i CTBOPUTH
HaniiiHui (yHAaMEHT Uil po3poOKKM MacoBUX CBITIB
MaiOyTHBOTO.
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ANALYSIS OF JWT-BASED AUTHENTICATION PERFORMANCE AND
SIGNATURE ALGORITHM SELECTION IN MICROSERVICE ARCHITECTURES

Relevance of the study. In the context of ongoing
digital transformation, web-oriented information
systems have become a foundational infrastructure for
e-commerce, financial services, government electronic
services, and corporate information resources. The
pervasive implementation of distributed architectures,
notably microservices, along with the integration of
cloud and container platforms, has led to a heightened
demand for reliable authentication of both users and
services while ensuring acceptable performance
levels. In such circumstances, authentication
mechanisms transcend their traditional role as local
security components, exerting a substantial influence
on factors such as scalability, fault tolerance, and the
effective utilization of computational resources. JSON
Web Token (JWT) is a de facto standard for token-
based authentication. It is widely used in the OAuth
2.0 and OpenlD Connect (OIDC) ecosystems, as well
as in proprietary solutions for securing RESTful APIs
and microservice interactions. Standards and
regulatory documents (e.g., RFC 7519, RFC 7518,
RFC 8032) delineate the token format and permissible
signature algorithms. However, in practical web
application design, selecting a specific cryptographic
algorithm and authentication scheme is often made
empirically, without recourse to formalized models or
quantitative criteria to assess the impact of this choice
on latency, throughput, and system resource
consumption.  Consequently,  developers  may
implement either overly resource-intensive algorithms
that significantly increase latency under high load, or
overly lightweight mechanisms that do not provide
adequate cryptographic protection. This issue assumes
particular significance in the context of microservice
architectures, where tokens may be verified multiple
times within a service chain.

Main Part. In contemporary web applications,
authentication is a fundamental security mechanism
that verifies the identity of a user, device, or service
before granting access to protected resources.
Authentication and authorization, these mechanisms
are closely interconnected in practical architectures;
they serve different functions within the overall
security model. Therefore, a reliable access-control
infrastructure requires not only credential verification
but also secure communication channels, session
management, controlled token lifetime, and regulated
interaction between system components. Among the
earliest approaches is HTTP authentication. In its
simplest form, credentials are transmitted through the
Authorization header. Under Basic Authentication, the

username and password are concatenated and Base64-
encoded. This method is easy to implement but does
not itself provide cryptographic protection, since
Base64 is only a representation format rather than an
encryption mechanism [1]. A more secure alternative
is Digest Authentication, in which the client responds
to a server challenge by computing a hash based on
the identifier, password, and nonce. Despite its
stronger security properties, Digest Authentication did
not become dominant in modern web systems because
of its implementation complexity and the widespread
adoption of token-based mechanisms [2]. Another
common approach is the use of API keys. An API key
is a cryptographically strong random value that acts as
a shared secret between the client and the API
provider. This mechanism is suitable for identifying
applications, services, or integration components. Its
principal advantages are simplicity and convenience in
system-to-system interaction. However, APl keys are
limited as a mechanism for end-user authentication.
Since the key is a shared secret, its compromise
enables unauthorized impersonation. Embedding API
keys into client-side code or exposing them in public
repositories creates a substantial security risk.
Therefore, such secrets should be stored in
environment variables, secret-management systems, or
server-side proxy components. Thus, API keys are
more appropriate for application-level identification
than for comprehensive user authentication and
authorization [3, 4]. A more scalable approach is
token-based authentication. Unlike stateful session
models, In which the server maintains per-client
session state, the token model supports stateless
interaction. After successful authentication, the client
receives a token that is subsequently presented to
protected resources without requiring the server to
store detailed session information. This property is
especially important in distributed and cloud-native
environments, where horizontal scalability should not
depend on the local state of individual nodes. The
standardized protocol extending this model is OpenlD
Connect, built on top of OAuth 2.0. In the OIDC
model, the user authenticates not directly with the
application but with a trusted identity provider that
verifies credentials and, when necessary, additional
authentication factors. Upon successful authentication,
the client receives an ID token and an access token.
The ID token confirms the user’s identity, whereas the
access token is used to invoke protected APIs. The ID
token contains standardized claims related to subject
identity, authentication time, issuer, audience, and
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validity period. In server-side applications and single-
page applications with a backend component, the most
common pattern is the Authorization Code Flow, in
which the client first obtains an authorization code and
then exchanges it for tokens at the token endpoint [5].
The practical value of OIDC extends beyond login
itself. It enables interoperability across applications
and identity providers and provides the technical basis
for Single Sign-On. In an organizational environment,
SSO allows a user to authenticate once with a
centralized identity provider and then access multiple
trusted systems without re-entering credentials. This
improves usability and centralizes enforcement of
password policies, multi-factor authentication, and
access revocation. Accordingly, OIDC transforms
authentication from an isolated application function
into an element of broader identity infrastructure [6].
An essential aspect of token-based authentication is
session management. Since tokens are typically short-
lived, the client must support token renewal or re-
authentication mechanisms. This reduces the impact
of token compromise and limits the risks associated
with long-lived credentials. If the identity provider
terminates a user session, previously issued tokens
should no longer be trusted, regardless of their
nominal expiration time. Therefore, the combination
of short token lifetime and centralized revocation
constitutes a major advantage of modern token-based
authentication. The de facto standard token format in
such systems is JSON Web Token. JWT is a compact
JSON-based structure designed for transmission
through HTTP headers and similar channels. It
consists of three parts: the header, the payload, and the
signature. The header specifies the token type and
cryptographic algorithm. The payload contains claims
describing the subject, session, permissions, or other
contextual information. The signature provides
integrity and authenticity protection. This property is
critical: a decoded token is not necessarily trustworthy
unless its signature has been successfully verified [7].
JWT validation generally includes three stages:
decoding, signature verification, and claim validation.
Only after successful verification of the digital
signature and validation of claims such as issuer,
audience, and expiration time can the token be used in
authorization logic. The architectural advantage of this
approach is that sufficient context can be obtained
without repeated queries to a centralized session store,
thereby reducing latency and supporting stateless
service interaction [8, 9]. The role of JWT becomes
particularly important in microservice architectures. In
such systems, the security problem extends beyond
end-user authentication, because user context must
also be propagated across services while service-to-
service communication remains protected. In this
setting, JWT provides a mechanism for combining
identity propagation, contextual information transfer,
and integrity protection of transmitted attributes. A
common architectural component is the Security
Token Service, trusted by all services within a trust
domain. The client interacts with the APl Gateway,
which validates the external token and requests from
the STS a new JWT suitable for internal

communication. In practice, this architecture is
typically reinforced by TLS or mTLS at the transport
layer. One possible design is the propagation of a
shared JWT across several internal services. In this
model, the gateway authenticates the user, passes the
external token to the STS, and receives a new token
containing the relevant user claims. That token is then
reused across downstream service calls. The
advantage of this approach is simplicity, since a new
token is not required for each internal request.
However, its drawback is weaker service isolation,
because multiple services must accept the same token
and a relatively broad audience scope. A stronger
alternative is token exchange, in which a service does
not forward the token it received but requests from the
STS a new token specifically targeted to the
downstream service. This creates explicit binding
between token and recipient, prevents unauthorized
reuse outside the intended context, and better supports
the principle of least privilege. Additional complexity
arises in communication across different trust
domains. A token issued in one domain cannot
automatically be accepted in another. Therefore, the
receiving gateway or local STS must validate the
external issuer using the corresponding public key and
trust policy, after which a new internal token is issued
for use within the local domain. This preserves the
internal trust architecture of each domain while
allowing user context to cross organizational
boundaries. Within the study, a microservice-based e-
commerce model was implemented to evaluate JWT-
based authentication and authorization not only as
access-control mechanisms but also as factors
influencing service interaction performance. The
architecture included separate REST microservices,
each deployed in an individual container with isolated
data storage. The experimental setup applied fixed
container resource constraints and used a checkout-
based load model, since this scenario includes
multiple internal service calls and is representative of
security overhead in distributed applications.
Sequential request series were executed in two modes:
without enabled security mechanisms and with JWT
validation. The study recorded total execution time,
average request duration, and throughput. The results
demonstrated that JWT validation introduces a
moderate but stable performance overhead. Under low
load, the difference between protected and unprotected
modes remained small. As the number of requests
increased, the time overhead became more
pronounced, but it remained bounded. The relative
increase in total request-processing time was
approximately 10-20%, while throughput decreased
by about 10-15%. The protected configuration did not
exhibit a critical decline in performance, which
indicates that JWT validation alone does not
undermine architectural scalability. A separate
experimental stage examined the performance of
different signing and verification algorithms,
including HS256, ES256, EADSA, RS256, and PS256.
The results showed a clear hierarchy. During token
generation, HS256 exhibited the highest performance,
while RSA-based algorithms were the slowest. During
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verification, HS256 again remained the most efficient,
whereas RSA-based algorithms outperformed elliptic-
curve schemes. These findings are important for
practical architecture design, since the choice of JWT
algorithm depends not only on cryptographic strength
but also on which operation dominates in the system:
token issuance or token verification.

Conclusion. During the research, it was observed
that as the number of requests increases, network
interactions between microservices introduce delays of
millisecond-scale. Consequently, the contribution of
core security functions to the overall request
processing time becomes relatively insignificant. In
order to obtain a more realistic picture, it is advisable
to perform extended load testing. This involves the
CPU operating under sustained high utilization and
system behavior being analyzed under
computationally intensive workloads. In order to
reduce response time, it is possible to implement
caching mechanisms at the APl Gateway level or
within the User Authentication Service. However, it is
essential to ensure that expired tokens are removed via
an appropriate cache eviction policy once their
validity period has elapsed. It is feasible to substitute
JWT validation in each microservice with validation
performed exclusively in a select group of specialized
services, thereby reducing overall load. Should the
request rate increase substantially, the deployment of
multiple internal APl gateways should be considered.
The addition of a unique request identifier to the JWT
would facilitate more precise correlation of user
activity logs, enabling analysis of specific functions
executed. Another potential avenue for improvement
involves selecting JWT signature algorithms with
superior performance. Specifically, Edwards-curve
schemes, such as Ed25519 and Ed448, have
demonstrated remarkable efficacy in the conducted
measurements. In order to limit the number of
requests and to mitigate Distributed Denial of Service
(DDosS) attacks originating from a single user, device,
IP address, or set of credentials, rate-limiting and
load-balancing mechanisms can be applied at the API
Gateway level.

As illustrated in Table 1, recommendations are
provided for the selection of JWT signature
algorithms. These recommendations are based on
experimental analysis of the encode and verify modes,
as well as the typical requirements of information-
rate-limiting and load-balancing systems. The
following table provides a synopsis of the key
performance metrics for each of the algorithms:
HS256, ES256, EADSA, PS256 and RS256.

It is recommended that HS256 be regarded as the
baseline choice for high-load services, based on its
minimal encoding and verification times and
maximum throughput, provided that a symmetric-key
model is deemed acceptable. ES256 has been
developed to balance performance with modern
asymmetric cryptography requirements, making it
suitable for external integrations and contemporary
web and mobile applications. In circumstances where
greater cryptographic strength is a prerequisite and
reduced throughput is deemed an acceptable

compromise given contemporary primitives, EdDSA
(Ed25519) is the recommended solution.
Table 1
Recommendations for Using Algorithms in JWT
Algo-rithm  Key Features (Performance/Security)
HS256 |Fastest in both encoding and verifying;
very high throughput; requires secure
storage of a shared secret key across all
services.
ES256 [Moderate performance; asymmetric keys;
compact EC key material.

EdDSA [High cryptographic strength and modern
(Ed25519) design; encode/verify slower than HS256
and ES256; lowest throughput among the
evaluated verify modes.

PS256 |Very slow encode; verify is noticeably faster|
and comparable to RS256; asymmetric RSA
signature.
RS256 [Very slow encode; fast verify; widely
supported across libraries and infrastructure.
RSA-based algorithms are considered separately.
It is evident that PS256 and RS256 exhibit
considerably  diminished encoding performance;
nevertheless, they provide adequate verification speed
and remain relevant due to their pervasive
implementation and the need for security policies
within extant infrastructure. The table recommends
using these algorithms primarily in scenarios where
compatibility with established solutions (SSO, OIDC,
enterprise platforms) is more critical than maximum
throughput. The table is a practical checklist for
engineers and architects. It enables rapid mapping of
algorithm properties to project requirements and
informed choice of JWT signing mode.
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NMOPIBHANbHUA AHATI3 TPAHC®OPMEPHUX MOOENEN Y 3A0AYAX
NMATANBbHO-BIANOBIAHUX CUCTEM 3 YPAXYBAHHAM
OBYUCIIIOBAJIbHUX OBMEXEHb

Y cydacHOMy iH(pOpMAIIHHOMY CYCHLIBCTBI
e(EeKTUBHHUH JOCTYN IO BEIHMKUX OOCATIB TEKCTOBHX
JaHUX € KPUTUYHO BaXKJIMBUM 3aBIAHHSM, TOZl SK
TpagMUiiiHI WaXomu 10 1H(OpMamiiHOTO MOUIYKY
4acTo He 3a0e3MeuyloTh TOYHUX BIAMOBiEH Ha
KOHKpPETHI ~ 3amuTh  KopuctyBadya.  [luTaipHo-
BimnoBigHi cuctemu (Question Answering, QA), o
0a3yloThCsI Ha MeToJax OOpOOKH MPHUPOIHOI MOBH,
JI03BOJISIFOTE  aBTOMATH3YBaTH IIPOIEC OTPHUMAaHHS
perneBanTHOI iH(OpMarii, Gopmyroun Oe3mocepenHi
BignoBini Ha 3ammraHHA. CydacHi TpaHChOpMepHi
mozemi, 30kpema BERT [1] Ta #oro mommoikarii,
JEMOHCTPYIOTh BHCOKY €(EeKTHBHICTD Yy 3amadax
BUTATYBaHHS BIAMOBiAEH 13 TEKCTy, OJHAK iX
MPaKTHYHE 3aCTOCYBaHHS OOMEXY€Th-Cs 3HAUYHUMH
00YHCITIOBAILHUMU  BUTpaTaMH Ta BapiaTUBHICTIO
SIKOCTI 3aJIE)KHO Bl YMOB BUKOPHCTAHHSL.

Metoro  maHOi  poOOTH €  JOCIHIPKEHHS
KOMIIPOMICYy MiXK TOYHICTIO Ta OOYHCIIOBaIBHOIO
e(pEKTHBHICTIO TpaHCHOPMEPHUX MOJEICH y 3amadax
extractive Question Answering. Oco0muBa yBara
MPUIUIIEThCS  TOPIBHAJIBHOMY — aHANi3y MoJenei
BERT, RoBERTa Ta DistilBERT 3 Touku 30py siKOCTi
BIJINIOBiJIeH, IIBHIAKOIIi Ta PECYpCOCIIOKHUBAaHHI. Y
po0OTI BHCYBA€ThCS TiMOTE3a MPO TE, IO KOMIIAKTHI
moneni  (3okpema  DistilBERT)  3abesneuyrorh
KOHKYPEHTHY SIKICTh BIATIOBIJIeH NIPU CyTTEBO HUIKUMX
O00YHCITIOBAIHUX BHUTpPATax, L0 POOUTH 1X OUIbII
NPWJIATHAMH ~ JJIsl  BUKOPHCTaHHS B yMOBax
oOMexxeHux pecypciB. JI0JaTKOBO JOCIIKY€ETHCS
BIUIMB PO3MIipy BXiHOTO KOHTEKCTY Ta 00csATy
TPEHYBILHHUX JAHWUX Ha €PEKTUBHICTH MOJIETICH.

Y pamkax JOCHIDKCHHS BHKOPHUCTOBYIOTHCS
BIKpHTI nmaTaceTd it 3amavi Question Answering,
30kpema SQuUAD [2], mo MiCTATh TPIHKA “KOHTEKCT—
3alATAaHHA—BIANOBIAL”. METOMOJIOrIS  TOCIIIIKEHHS
BKIIOYae Kinmpka eramiB. Ha mepmomy erami
3MIMCHIOETHCS  aHaNli3 Ta TomepenHs o0OpoOka
TEKCTOBMX JaHux. Ha npyromy — peamisamis Ta
amanramis  Tpanchopmepunx  mogmeneir  (BERT,
RoBERTa, DistilBERT) 1o 3amadi BUTSATYBaHHS
BiAmoBineil. Ha TpeTboMy eTarri poBOJUTHCS TOHKE
HaJlAIITYBaHHS MoOJIeNiel 13 BapilOBaHHAM o00cCsTy
TPEHYBJIbHOI BHOIPDKM Ta JIOBXHMHHU KOHTEKCTY.
OniHroBaHHS ~ ©(EKTHBHOCTI  3IIMCHIOETHCS 32
nonomororo merpuk Exact Match (EM) ta F1-score, a
TaKOX JIOJaTKOBHX ITOKa3HMKIB, II0 XapaKTEePU3yIOTh
MPakTHYHy TPUAATHICTD MOJENCH, 30KpeMa dgacy
iHpepeHCY Ta  BHKOpHCTaHHA mam saTi. Jlna
M ABUIIIEHHS BaJIiTHOCTI1 pe3yJIbTaTIB

BHKOPUCTOBY€ETRCS 0a30Ba Monenb iH(OpMAaIiitHOTO
nomryky (BM25) six koHTposisHu# baseline.

Peamizaiiss  eKCIIEPUMEHTIB  3MIIHCHIOETBCS 3
BUKOPDHCTaHHSIM MOBH IporpamyBanHHs Python Ta
oiomiorek Hugging Face Transformers, PyTorch,
NumPy Ta Pandas. ETwuHi acmekTd qOCHiIKCHHS
BPaxOBYIOTh BUKOPHCTAaHHS BIIKPUTHX JIATACETIB, LIO
HE MICTSITh MNEPCOHATBHUX JAaHUX, a TaKOXK
BiJICYTHICTh 00pOOKH KOH(}imeHIiHOT iHpopMaIil.
BomHouac 0OMEXKEHHSIM JIOCITIIDKSHHS €
BUKOPHCTAHHSI y3arajibHEHUX JIATACETIB, 10 MOXE HE
MOBHICTIO  BimoOpakaTu cnenu(iky NPUKIATHAX
JIOMEHIB, a Takok (Gokyc Ha extractive-migxomax 6e3
ypaxyBaHHs TCHEPAaTUBHUX MoOjeleii Ta retrieval-
augmented cucrem, 110 BU3HA4Ya€e IEPCHEKTHBU
MOJAIBLINX JOCIIKECHB.

3aranbHa cxeMa pOOOTH MUTALHO-BIAMOBIIHOT
CHUCTeMH HaBeJleHa Ha puc. 1.

S3AMUTAHHA % KOHTEKCT
(Question) (Context)
flka cTonuus...? Kuig — cTonuus...
NONEPEAHS OBPOBKA {@} =00
TA TOKEHI3ALIA =5 g =)
(Pre-processing & Tokenization) (=]
MOJENNb BERT LUAP MUTANBHO-
(BERT MODEL) BlIAnNoBIAl
Simplifizeed - (QA HEAD / Output Layer)
tokens
Mpor+Ho3s Ctapty

/i

MporHo3 KiHus

MonepegHbo
HaBYeHa MoAens

BIAMOBIAL
(Answer)

@ Bianosiab: Kuis

Puc. 1. 3araisHa cxema poOOTH MUTATBHO-BIAMOBITHOT
CHUCTEMH
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PO3POBJIEHHA BEB3ACTOCYHKY AJ1A YNPABJIIHHA CKITAAOM TA
3AKYNIBNAMU MAJTOIro BUPOBHULITBA

Hudposa TpaHchopmaris BUPOOHHYHMX
MATPHEMCTB € ONHUM i3 BH3HAYANFHUX TPEHIIB
CydacHOI eKOHOMIKH. JlOCHi/KeHHS CBig4aTh MpO
MMO3UTHBHUIN KOpEISLIAHMA 3B'I30K MK piBHEM
nudpoBi3alii Ta pe3yabTaTUBHICTIO MallX 1 CepeqHix
mignpuemctd  (SME)  [1], a  BmpoBamkeHHS
iHpopManitHMX cucteM |y cdepi  yIpaBIiHHA
3amacaMd  Ta  3aKyHIBISIMH  PO3IVINAETBHCSA K
CTpaTeriyHuil mpiopureT y KoHTekcTi [Hmyctpii 4.0
[2].

Bonnouac 3HayHa yacTuHa BupoOHHuYMx SME
JOCI TOKJIAJA€ThCs HAa PY4YHI METOOU OOJIKY, IO
TeHEepy€e CUCTEMHI ONepaliiiHi pU3UKU: MOMWIKH NPU
BBEJICHHI JaHWX, pO30DKHOCTI MpH iHBEHTapH3alii Ta
HECBOE€YAaCHE IIOMOBHEHHS 3araciB  0e3nocepenHbo
MOPYIIYIOTh puT™ BUPOOHUYOTO TIPOIIECy.
I'moGanbHMii PHHOK CHCTEM YIPAaBIiHHA CKJIAIOM
(WMS) 3pocTae 3i cepeTHROPIYHAM TEMIIOM OJIH3BKO
18% 1 mo 2031 poky mepeBumuts 10,89 mupxa mo.

CIODA  [3], 1mo  mMepeKOHJIMBO  BimoOpakae
3araJbHOCBITOBE BU3HAHHSI aBTOMAaTH3aLli]
CKJIaJICBKOrO  OOJNIKYy  HEBIJ'€MHOIO  yYMOBOIO

KOHKYPEHTOCIPOMOKHOCTI.

[MpoGiiema, Ha BUpIlIEHHS SIKOT CHpsIMOBaHA
naHa poOoTa, MOJNSATrae y BIICYTHOCTI JOCTYITHOTO
CIIEIiali30BaHOTO BEOIHCTPYMEHTY ISl HACKPi3HOTO
YIpaBIIiHHA CKJIAJICHKMMH 3allacaMH Ta 3aKyIiBISIMHU
Ha piBHI BHpPOOHHWYOTrO MaiinaHumka. KopmoparusHi
ERP-cuctemu (SAP, Oracle) BupimyroTts 10 3amady
Ha CTpaTeriyHOMY piBHi, NpOT€ € HAJAMIPHO
CKJIaJIHUMH Ta (HiHAHCOBO HEJOCTYITHUMH JJIsI MaJIOTO
BupoOHuTBa. ['oTOBI XMapHi pimenns (MRPeasy,
Zoho Inventory, Fishbowl Inventory) me amanroBani
0 crenudikd JIOKaJbHUX pPHHKIB, 30KpeMa He
MATPUMYIOTH  (OPMH  TEPBUHHUX  JIOKYMEHTIB
BiJIMTOBIZTHO JI0 3aKOHO/IaBCTBA Y KpaiHU.

3a maHWMU JOCIHiIKeHHS [2] BOpPOBAKCHHS e-
3akymiBenb 'y SME  BupoOHHYOro  cexTopy,
KIIFOYOBUMH Gap'epamu 3aJIMIIAIOTHCS
HEBIAMOBIIHICTh HASBHUX PIlICHb crienudimi Oi3Hec-
MIPOIIECIB MiIMIPUEMCTBA Ta 3aJICKHICTh BiJl 30BHIIIHIX
MOCTa4YaJIbHUKIB IIPOrPAMHOT0 3a0e3IeYCeHHS.

Metoto pobOTH € BH3HAYCHHS MPHUHIHUIIB
moOy0BH Be03aCTOCYHKY HJsl YIPABIIHHSA CKIAJAO0M
Ta  3aKyMiBISIMH ~ MajJoro  BHPOOHHWIITBA,  IIO
aBTOMATHU3y€ TpaH3aAKIIHHUK O0O0JIIK MarepiamiB i
dbopMye aHANITUYHY 3BITHICTH JJIA  MATPUMKH
YIPaBIIHCBKUX PpIilleHb 3TiAHO 31 CcTaHIapTaMu

VYkpainn.

Inest poGotn mossirae 'y po3MexyBaHHI Oi3Hec-
mporecy Ha  JBI  B3a€MOINOB'A3aHI  CKJIAJIOBI:
TpaH3akIiiHy — U1 30MpaHHs, HAKONHWYEHHS M

OIPALIOBaHHS KUIBKICHUX JaHUX TPO MOTOYHHH CTaH
3amaciB 1 3aKymiBenb y pealbHOMY daci, Ta

QHAMTHYHY — UL JOCHI[HKCHHS HAKOIHMYCHHUX
MOKAa3HWKIB Yy  po3pi3ax  YacoBUX  TEpiofiB,
HOMEHKJIATYpHUX  MO3WIHA,  MOCTAa4albHHUKIB 1

BUPOOHMYMX mimpo3aimiB. Takwil miaxin BixmoBimae
CydJacHId apXiTeKTypi iHpOpMamiiHUX CHCTEM, e
TpaH3aKWiMHUN  piBEeHB (OLTP) 3abe3neuye
ornepaTHBHUI 00K, a aHamiTuaHuil piBeHb (OLAP) —
MIATPUMKY VIPaBITIHCBKAX pilieHb. JlocmimKkeHHs
UQPOBI3aIl]l JAHIIOTIB MOCTaYaHb MiATBEPIKYIOTh,
0 caMe IHTerpamiss IMX JBOX pIBHIB B €IUHY
wiaTopMy € JKepernoM KOHKYpPEHTHOI mepeBart st
BUPOOHHYHMX MiApUEMCTB [4].

Jo GyHKIIOHAJIBHOTO CKJIQAy TpaH3aKIiHHOT
CKJIQJIOBOI BXOZAATh YOTHPH MOAYJI: yNpaBIiHHS
Ha/IXOJKEHHIM MaTepialiB (ommpuOyTKyBaHHSA,
MepeBipKa BiAMOBITHOCTI CYMPOBIIHAM JTOKYMEHTaM);
YOpaBITiHHS CKJIAJCHKIMH 3amacaMu (0OJIK 3aJIHIIKIB
y pearpHOMY 4aci, BiICTeKCHHSI MiHIMAIEHOTO PiBHS,
BIIIIyCK Y BHUPOOHWIITBO); YIPAaBIiHHSA 3aKyITiBISIMHU
(bopmyBaHHS ~ 3asBOK, BHOIp  TOCTayaJIbHUKA,
BIZICTE)KEHHSI 3aMOBJICHb); aBTOMaTH4YHE (OPMYBaHHS
3aMOBJICHHSl ~ IIOCTAQYaJIbHUKY  TPH  JIOCSITHEHHI
MOPOTOBOTO  3HAYEHHS  3aIMINKY.  AHaJliTUYHA
ckianoBa 3abesnedye (OpPMYyBaHHS YIPaBIIHCHKUX
3BITIB: JMHaMiKa 3alMIIKIB Yy u4aci, OOOpOTHICTh
HOMEHKJIAaTypHUX no3uliii, ABC-aHaii3, omiHIOBaHHS
HAIIHHOCTI MOCTaYaIbHUKIB, IMOPIBHIHHS TUIAHOBHUX i
(haKTHYHUX TOKAa3HHWKIB BHTpar. JlocmiKeHHS ¥
chepi  e-3aKkymiBemb  HIATBEPUKYIOTh, MO  €-
procurement crucremu, sIKi MOEJHYIOTH OTEpAIlifHUH
Ta AHANITHYHUHA piBHI, 3a0e3Me4ylOTh IiABHIICHHS
e(eKTUBHOCTI 3aKyIiBeIIb Ta 3arajgbHOL
pe3yapTaTUBHOCTI Oi3Hecy [2].

Jns peamizarii 3acTOCyHKy 0OpaHO CydacHUi
TEXHOJIOTIYHMIA CTEK, WIO BiJMOBiAa€ MPHUHIIMIIAM
PO3iIEHHsT BiJNOBiNadbHOCTEH MK KIIEHTCHKOIO Ta
cepBepHOl0  uactuHamu.  CepBepHa  YacTHHA
po3pobisieTbess MoBOl  Python 3  BHKOpHCTaHHSAM
(dpeiimBopky FastAPI, skuii 3abe3nedye acHHXpOHHY
00poOKy 3amuTiB, aBTOMaTH4Hy reHeparito OpenAPl-
JIOKyMeHTaIlii Ta BOyIOBaHY BaJilaIlif0 JaHUX depe3
6i6miotexy Pydantic. B3aemonis 3 pensuiiiHo 6a3or0
nanux  PostgreSQL  peamizoBana depe3 ORM
SQLAIchemy, mo nmae 3mory abctparyBaTa poOoTy 3
maamMu  Bim  koHKperHoi CVYBJl Ta cmpomrye
MiATPUMKY 1 Mirparito cxemu 6a3u.

Bubip FastAPI sk cepBepHOTro (hpeiiMBOpKY
OOTpYHTOBaHHH IOCIHIHKEHHAMH, MO0 JAEMOHCTPYIOTH
HOro CyTTEBO BHILY INPOAYKTHBHICTH IOPIBHSHO 3
cuaxpouuumu  Qperimopkamu (Flask, Django) npu
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00po0Ili KOHKYPEHTHHX 3aIlUTiB, IO € KPUTUYHUM
JUIL  CHCTEM 3 OJHOYACHUM JIOCTYIIOM KUIBKOX
OIIepaTopiB CKIIALY.

Kmientcpka wactuHa Oyae peaii3oBaHa sK
3actocyHok (SPA) 3 BukopucTaHHsAM 0i0mioTeKH
React. KommonenTHa apxiTexrypa React 3abe3medye
MOIYyTBHICTE iHTEpdeiicy: KoxeH Oi3Hec-MOIyIh
(cxiaz, 3aKymiBIIi, 3BITHICTH) € CAMOCTIHHIM HA60pOM
KOMIIOHEHTIB i3 BIACHUM CTaHOM 1 JIOTIKOIO
BimoOpaxkeHHs. [ms  moOymoBH  IHTEpaKTHBHHUX
AHATITHYHUX JAaImOOp/iB 3aCTOCOBYETHCS OiOmioTexa
Recharts, mo mo3Bomsie peanizyBaTu JIUHAMIYHI
rpadiky 3aMUIIKIB y 4Yaci, Kpyrosi miarpamu ABC-
aHali3y Ta CTOBIYMKOBI JiarpaMy IOPIBHSHHS
MOCTaYaJIbHUKIB.

B3aemomiss MK  KIi€EHTOM 1  cepBepoM
smificHrioeThes  uepes REST  API 3 JSON-
cepiamizamiero, MO 3a0e3nedye MOBHE PO3IUICHHS
¢poHTeHAY 1 OCKCHOY Ta BIOKPHUBAE MOXKIHUBICTP
po3poOku MOOLTBHOTO KiTi€HTa 0e3 3MiH cepBepHOI
yacTuHU. [ KoHTelHepH3alii Ta BiATBOPIOBAHOTO
posropranHs 3actocoByeThcsi Docker 1 Docker
Compose.

OxpemMuMm HAYKOBHUM MTUTaHHAM npH
PO3pobiIeHH] Be03acTOCYHKY € BHOIp apXiTeKTypHOTO
migxony. IlopiBHsJIBHMN —aHalli3 MOHOJITHOI Ta
MIKPOCEPBICHOI apXiTeKTyp € MNPEeIMETOM aKTHBHHX
JOCII/DKeHb:  BCTaHOBJEGHO, 1LI0  MiKpocepBicHa
apxiTektypa 3a0e3ledye BUIIY MacIITaOOBaHICTh Ta
CTIMKICTH 10 BIZMOB 3aBISKH 13011 KOMIIOHEHTIB,
OJTHAK IS MaJIUX i CepeHIX 3aCTOCYHKIB MOHOJITHA
apXiTeKkTypa AEMOHCTPYE Kpally NpOXYKTHBHICTH
4yepe3  BIACYTHICTh  HaKJIaJHUX  BUTpPaT  Ha
MIXIIPOLIECHY KOMYHIKaIifo [5].

JlocmikeHHsT  BHMAJIKIB  TOBEPHEHHS  Bif
MiKpocepBiciB 710 MOHOIITY (30kpema, Amazon Prime
Video, Segment) miATBepIKYIOTh, 10 HaaAMIpHA
JICKOMITO3MIliS 30UIBIIYE CKJIAAHICTh CHCTEMH Ta
orepariifHi BUTpaTu 0e3 MPONOPLIHHOTO MPHPOCTY
repeBar Jyisi CHCTEM CepeIHbOro MacimTady [6].

3 OTJIIIY Ha UTEOBY ayIUTOPIIO
pO3pOOTIOBAHOTO  3aCTOCYHKY (Mami  BHUpPOOHWYI
mianpueMcTBa 3 obmexeHnoro IT-iHdpacTpykryporo)
00paHO MOHOJITHY apXiTEKTYypy 3 YiITKHM BHYTPIIIHIM
pO3NiICHHAM Ha mmapu (MapmpyTH3amis, Oi3Hec-
JIOTiKa, JOCTYI 10 JaHWX), IO 3a0e3rneuye MpoCTOTy
po3ropTaHHsi, OOCIyroByBaHHS Ta  IOJAJbIIOTO
po3mupeHHsT  QYHKI[IOHAJTBHOCTI 0€3  CYTTEBOTO
3pOCTaHHS OTepaIliiHOl CKJIATHOCTI.

OxpemMuM ACIEKTOM MPOEKTYBaHHS €
3a0e3neueHHs 3pyYHOCTi iHTepdelicy ams onepaTopin
CKIIQAy Ta MEHEKEepiB 3aKymiBeJb — KIiHIIEBUX
KopucTyBauiB cucremu. JlocmimkeHHs y  cdepi
NIPOEKTYBAaHHS BeOIHTEp(EHCIB CHCTEM YINpaBIiHHS
CKJIaJIOM CBiI4aTh, IO 3aCTOCYBAaHHS METOMOJIOTIT
nu3aitH-mucienss (design thinking) ta opienroBanoro
Ha KopucTyBava migxomy (user-centered design) e
KJIFOYOBOIO  YMOBOIO  YCIIIIHOTO  BIPOBAKEHHS
CHCTEMH CepeJl IePCOHAy 3 Pi3HUM piBHEM IHU(POBOT
rpamMoTHOCTi  [7]. 30Kpema, BCTaHOBJIICHO, IO
rpadiuauii  iHTEpdelc i3 BI3yaJlbHO  YiTKOIO
HaBITALIE€IO0 Ta MIHIMAJIBHOIO KIJIBKICTIO 000B'I3KOBHX

KPOKIB JJIsi BUKOHAHHsS THUIIOBHX OIEpaliil CyTTEBO
CKOpPOYY€ KUIBKICTb IIOMWJIOK 1 Yac BUKOHAaHHS
3aBaHb MOPIBHSHO 3 TEKCTOBUMH iHTep(ericamu.

Y po3po0biroBaHOMY 3aCTOCYHKY ILii HPHHIUIN
peanizyloTbcsi depe3 iHTepdeic: KOMIpHUK 0aduTh
JUIIE MOJYJIi IPUIIMaHHS, MEPEMIIIeHHS Ta BiAITyCKY
MaTepiamiB, a MeHeKep 3aKymiBelb — MOy
3aMOBJICHb 1 AQHANITHKH, IO MiHIMi3y€ KOTHITUBHE
HAaBaHTa)XCHHS Ta CKOPOYye 4Yac aJanTamii HOBUX

CHiBpOOITHUKIB.
[Ipaktnura 1wiHHICTE poOOTH TONATAE Y
CTBOPEHHI TOTOBOTO hi () BIPOBAKEHHS

BEOIHCTPYMEHTY, IO YCyBa€ KIIOYOBI HEIOJIKH
py4HOro oOJIKy: MiZBMINYE TOYHICTh JaHHUX IPO
3aJMIIKK, CKOPOYYyE 4Yac peakmii Ha moTpedy
TIOTIOBHEHHS 3aIlaciB, HaJae KEPIBHULTBY aHAITHYHY
0a3y A1 OOTPYHTOBAHUX PIlIICHB 11010 3aKYITiBEIb.

PesynbraT JOCHTIKEHHS BIUTUBY HU(pOBI3aIii
Ha €(eKTUBHICTh 3aKyMiBeNb WiATBEPHKYIOTH, IO
caMe aBTOMATH3allisl 3aKyIiBEIbHHUX TIIPOLECIB €
TepIMM 1 HaOUTEIT e(peKTUBHUM KPOKOM IH(POBOI
TpaHchopmamii migmpuemctBa [4]. IlepcnexktuBu
PO3BHUTKY 3aCTOCYHKY BKIIIOYAIOTh peaizallilo MOIYIIs
MPOTHO3YBaHHSA MOTPeOM B Marepiajax Ha OCHOBI
aHaJ i3y ICTOpPMYHMX JaHUX Ta IHTErpamiio 3
MOOITBHUMH ~ TOPUCTPOSIMHA ~ JUIS  aBTOMAaTH3aIlil
NpUiiMaHHS MaTepialiB 3a JIOTIOMOTOI CKaHyBaHHS
IITPUXKOJIIB.
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A HYBRID APPROACH TO MINIMIZING TEMPORAL RISKS IN RCPSP
PROBLEMS

The Resource-Constrained Project Scheduling
Problem (RCPSP) is a classic combinatorial
optimization problem with extensive practical
applications in project management. Within the
RCPSP context, a project is represented as a set of
activities, each characterized by a specific duration
and resource requirements. Resources are limited,
necessitating their efficient allocation for activity
execution. Furthermore, the execution order is
governed by precedence relations between activities.
Management efficiency directly depends on the
timeliness and validity of the decisions made.
Consequently, automating the quantitative assessment
of risks within the management process is a highly
relevant task.

RCPSP belongs to the class of NP-hard
problems. This implies that for large-scale instances
with numerous tasks and resources, finding an
"optimal” schedule via exhaustive search is
computationally intensive and practically unfeasible.
Therefore, corporate systems typically employ the
following methods for resolution:

-heuristic algorithms (priority rules);

-metaheuristics (genetic algorithms, ant colony
optimization).

As the number of activities and resources
increases, the computational complexity grows
significantly. The objective of this work is to construct
a feasible project schedule that adheres to precedence
constraints and resource availability while optimizing
a specific performance criterion. The most common
criterion is the minimization of the total project
completion time (makespan). The object of study is
the resource-constrained project scheduling process.
This problem is vital for practical application, as its
solution facilitates effective management of complex
projects and ensures optimal utilization of time and
resources.

This study considers a single objective function
aimed at minimizing the total project completion time,
defined as the finish time of the final activity:

f(x) — min Cmax, 1)
where: C - represents the project duration.

Since adherence to constraints is critical, such
constraints must be explicitly defined. These include
precedence constraints and resource constraints.

This paper examines a modification of the
genetic algorithm combined with Self-Organizing
Maps (SOM) to ensure population diversity and an
effective global optimum search while satisfying the
aforementioned optimization constraints. SOMs are a
type of artificial neural network that utilize

unsupervised learning. Their primary advantage lies in
high-dimensional data reduction while preserving the
topological structure of the data.

The core idea of applying SOM is to identify a
project schedule that satisfies resource and precedence
constraints while minimizing the total execution time.
SOM is utilized to generate a low-dimensional
discrete map, where each neuron represents a feasible
solution or a specific project schedule variant.

Conclusions. An in-depth analysis of the SOM
structure, its characteristics, and its impact on solving
RCPSP problems was conducted. Both the advantages
and limitations of these methods were evaluated.
Based on this analysis, the specific techniques to be
integrated into the hybrid algorithm were identified.
This systematic approach enables the effective
integration of SOM to enhance the quality of solutions
in RCPSP problems.
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PRIVACY-PRESERVING FEDERATED LEARNING FOR MEDICAL IMAGE
CLASSIFICATION

The rapid adoption of machine learning in
healthcare increases the need for data privacy,
especially when medical images contain sensitive
information. A centralized approach to model training
often requires moving data from hospitals to a single
repository, which creates legal and security risks
under regulations such as GDPR and HIPAA.

Centralized training  requires  transferring
sensitive medical images to a single storage, creating
significant legal and security risks under the EU’s
General Data Protection Regulation (GDPR) and the
US Health Insurance Portability and Accountability
Act (HIPAA). Under GDPR, health data constitutes a
special category (Article 9), requiring explicit consent
or another lawful basis, data minimization, purpose
limitation, and strong safeguards such as
pseudonymization or anonymization; automated
processing must also comply with Article 22, ensuring
patients receive meaningful information and the right
to human intervention. HIPAA treats medical images
as Protected Health Information (PHI) and permits
their use for Al training only under the “minimum
necessary” standard or with patient authorization,
while mandating administrative, physical, and
technical safeguards (including encryption, access
controls, and audit logs); proper de-identification via
Safe Harbor or Expert Determination is often required
to eliminate re-identification risks. Non-compliance
can lead to severe fines, legal liability, and loss of
patient trust.

Federated Learning (FL) addresses this issue by
training a global model collaboratively without
transferring raw data to a central server. In the
canonical Federated Averaging (FedAvg) method,
local models are trained at each institution, and only
model updates are aggregated centrally [1]. This setup
helps preserve privacy and enables multi-institutional
learning.

However, FL is vulnerable to gradient inversion,
poisoning attacks, and data heterogeneity across
clients. Recent works propose robust aggregation
methods and secure protocols to mitigate these risks
[2, 3]. Differential privacy and secure aggregation can
additionally reduce information leakage from model
updates [4].

In medical imaging, FL has shown practical
value in tasks such as tumor segmentation and disease
classification, where institutions cannot share raw
datasets. A major challenge remains balancing model
quality with privacy guarantees and communication
efficiency [5].

This thesis focuses on designing and evaluating
an FL pipeline for binary chest X-ray classification in
a simulated multi-hospital setting (Figure 1).
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nodes mode without
accessing any data

Central server pools

Figure 1. Federated learning workflow

The expected contribution is a reproducible
baseline combining FedAvg, differential privacy, and
secure aggregation, with evaluation in terms of
accuracy, privacy budget, and communication
overhead (Figure 2).
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Figure 2. Differential privacy concept and privacy-utility
tradeoff

Conclusions. Federated learning is a promising
direction for privacy-preserving medical Al. Future
work should include non-1ID data balancing,
adversarial ~ robustness tests, and deployment
constraints for low-resource clinical environments.
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DEVELOPMENT OF A METHOD FOR SELECTING AN EFFECTIVE MACHINE
LEARNING MODEL BASED ON SYSTEM REQUIREMENTS

Relevance of the Study. Over the past decade,
machine learning (ML) has moved from experimental
use to deployment in high-stakes real-world contexts.
ML models are now routinely applied to credit scoring,
bail and parole decision-making, and multimodal
generative tasks involving text and image data.
However, as ML systems have become embedded in
socially consequential domains, it has become
increasingly clear that their predictive performance
cannot be evaluated independently of their social
effects. In particular, although such models are trained
to optimise predictive accuracy, they may also
reproduce and amplify discriminatory patterns present
in the data, thereby generating unfair outcomes. A
substantial body of research has demonstrated that data-
driven methods can inadvertently reinforce existing
societal biases [1]. Accordingly, fairness has emerged as
a core problem in the broader agenda of responsible
artificial intelligence.

Within ML research, group fairness is typically
formulated as the requirement that model performance
be comparable across socially salient groups. At its
core, this concern may be expressed as the question of
whether model predictions are equally accurate, on
average, for different groups. One common
operationalisation of this principle requires comparable
error profiles across groups. This perspective has led to
the development of numerous fairness metrics,
commonly defined as differences or ratios of
performance-related error measures, such as the true
positive rate or the true negative rate, aggregated over
privileged and underprivileged groups [2]. These
metrics have become central instruments for assessing
disparate  model behaviour in socially sensitive
applications. At the same time, safety-oriented research
in ML has primarily focused on technical properties
such as stability, robustness, and reliability. In this
context, stability refers to the extent of variability or
stochasticity in model predictions under comparable
conditions. Recent work at the intersection of fairness
and safety has begun to examine how stochastic
variation in model behaviour may itself be unevenly
distributed across groups, particularly in high-impact
decision settings. This line of inquiry is closely related
to the problem of model multiplicity, which highlights
that multiple models with similar aggregate
performance may produce materially different outcomes
for particular individuals or groups [3].

This study builds on the position advanced by
Creel and Hellman [4], who argue that the central
problem posed by random algorithms lies not in

randomness per se, but in the systematicity of that
randomness. Following this view, we contend that
variance as such is not inherently a moral problem.
Rather, the ethically salient issue arises when
randomness is distributed disproportionately across
groups, thereby introducing an additional and uneven
burden in decision-making outcomes. On this basis, the
analysis of disproportionate randomness should be
regarded as an important extension of contemporary
fairness research in machine learning.
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Figure 1. Software library archives.

Input Variables. To use the library, users are
required to provide three primary inputs:

Base flow dataset: a dedicated object representing
the user’s dataset, including its descriptive properties,
such as the target column, numerical and categorical
features, and the training and test splits. This object is
derived from the BaseFlowDataset class, which was
designed to improve usability. The use of a shared base
class enables preliminary validation of user-provided
data and thereby simplifies the logic of subsequent
metric computation. YAML configuration file (Config
YAML): a file that specifies the configuration
parameters for the framework’s user-facing interfaces
responsible for metric computation. Allowing users to
define these parameters externally increases flexibility
and facilitates experimentation. With a single YAML
configuration file for each experiment, users can switch
between experimental settings without modifying the
library interface. In addition, the configuration file
provides an efficient mechanism for specifying complex
subgroup definitions and for consolidating all
parameters required for model auditing in one place.

The YAML file contains a range of settings,
including the number of estimators in the ensemble used
for variance analysis, the sampling fraction for random
subsampling from the training set, the metric
computation mode, and other relevant parameters.
Importantly, subgroups of interest are defined by
passing a dictionary of key—value pairs, where the keys
denote the relevant column names and the values
correspond to the disadvantaged value, or a list of
values, of the sensitive attribute. This design enables
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subgroup partitioning and also supports the specification
of intersectional groups when required. Model
configuration: a Python dictionary that maps model
names to their initialized instances for analysis. This
design supports the auditing of multiple models and
enables the evaluation of different model types, thereby
providing flexibility for comprehensive  model
assessment.

Experimental Details. We evaluate trade-offs
between accuracy, stability, and fairness on four
benchmark datasets from policy-relevant domains: ACS
Income, ACS Public Coverage, Law School, and Ricci
v. DeStefano [5]. The tasks span finance, healthcare,
education, and law, with sensitive groups defined by
sex, race, or their intersection. Two tasks are drawn
from Folktables, using 2018 state-level data from
Georgia and California, respectively, each subsampled
to 15,000 records for computational tractability. Law
School is used in full, whereas Ricci is evaluated with a
67:33 train-test split because of its small sample size.

Model Training and Evaluation. To analyse
empirical trade-offs between fairness, stability, and
accuracy, we combine the proposed stability framework
with fairness-oriented preprocessing. Specifically, we
apply the IBM AIF360 DisparatelmpactRemover [6]. In
each run, the dataset is randomly split into training and
test sets, the preprocessor is fitted on the training data
and applied to both splits, and a base model H is trained
with hyperparameters tuned once per correction-
level/model-type pair. Stability is then estimated using a
bootstrap-based approximate ensemble of m = 200
models. The full procedure is repeated six times with
different random train-test splits for each correction-
level/model-type configuration.

Experimental Design. Two experiments were
conducted for each dataset and task. In Experiment 1,
the model architecture was fixed and the fairness-
preprocessing correction level, a, was varied. Random
Forest was used throughout, with «a € [0,1]in
increments of 0.1. This experiment was designed to
analyse the trade-offs between accuracy and fairness,
stability and fairness, and group parity in stability-
related fairness In Experiment 2, one or two relevant
values of awere selected based on Experiment 1, and
multiple model classes were trained under the same
fairness-correction setting. The evaluated model classes
included linear, tree-based, ensemble, and neural
network models implemented in scikit-learn. Model
Performance Metrics. Four dimensions of model
performance were considered. Correctness was
measured by predictive accuracy. Stability was
quantified using the mean standard deviation of
predictions and mean label stability across samples.
Error parity was measured as disparity in false positive
and false negative rates between unprivileged and
privileged groups. Stability parity was measured using
Std parity and the label stability ratio, which capture
group disparities in predictive randomness. A Std parity
of 0 and a label stability ratio of 1 indicate equal
randomness across groups.

Experiment  1:
Accuracy. Predictive

Fairness—Stability—Accuracy/
accuracy remains largely

unchanged for three of the four datasets under fairness-
oriented preprocessing, indicating the presence of
models with comparable predictive performance but
different fairness properties, i.e. the condition for model
multiplicity. The exception is Ricci v. DeStefano, where
increasing the fairness correction level, a, reduces
accuracy. In this case, multiplicity does not arise
because comparatively fairer models exhibit lower
predictive performance.

Stability. The standard deviation of predictions and
label stability are evaluated across fairness levels (a),
with additional disaggregation by demographic group
and prediction outcome. Because Ricci v. DeStefano is
too small for this analysis, only aggregate trends are
considered. Overall, model stability is affected by
fairness preprocessing, but the direction of the effect
varies across datasets. Models are consistently more
stable on correctly classified samples. In ACS Public
Coverage and Law School, stability is higher for
privileged than for unprivileged groups, whereas the
opposite pattern is observed for ACS Income. The
largest stability disparities across groups and error types
occur in Law School, while ACS Public Coverage
shows the greatest variation across values of a. Parity
metrics. Both the conventional fairness metric based on
error-rate disparity and the proposed stability-parity
measures, namely Std parity and the label stability ratio,
are analysed. Increasing the fairness level generally
reduces error-rate disparity across datasets. For Ricci v.
DeStefano, however, the unconstrained model achieves
perfect accuracy; thus, fairness improvement is obtained
by worsening outcomes for the privileged group rather
than improving outcomes for the unprivileged group. As
a result, fairness preprocessing induces reverse
discrimination, with error disparity increasing in favour
of the unprivileged group at higher fairness levels. For
ACS Income and Law School, the datasets in which
model multiplicity is observed, increasing the fairness
level improves stability parity: Std parity moves
towards 0 and the label stability ratio moves towards 1.
By contrast, for ACS Public Coverage, Std parity
remains close to its baseline value at « = 0, whereas the
label stability ratio deteriorates slightly as aincreases.
Overall, four empirical patterns emerge. First, accuracy
and stability generally move together. Second, under
model multiplicity, when fairness interventions have
little effect on accuracy and stability, improvements in
error parity are accompanied by improvements in
stability parity. Third, when accuracy remains
unchanged but stability varies, improvements in error
parity do not improve stability parity. Fourth, when
fairness interventions substantially reduce both accuracy
and stability, improvements in error parity likewise fail
to improve stability parity.

Experiment 2: Model-Centric Stability Analysis/
We next examine how fairness interventions affect the
stability of different model classes. One or two relevant
values of aare selected, multiple models are trained
under the same fairness setting, and their performance is
compared. Neural networks exhibit the strongest
stability response to fairness interventions. This effect is
not unidirectional: stability improves for two datasets
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and deteriorates for the other two, but in all cases the
magnitude of the effect exceeds that observed for other
model classes. Neural networks also show the lowest
label stability across nearly all datasets, with the
exception of LGBM on Ricci, likely due to the very
small sample size of that dataset. In addition, they
exhibit the weakest stability parity on most tasks among
all evaluated model classes. By contrast, linear models
are the most stable across tasks. For Ricci, the only
dataset that does not exhibit model multiplicity, most

models remain relatively stable. In contrast, for ACS
Income, ACS Public Coverage, and Law School, where
fairness interventions induce multiplicity, stability
trade-offs are strongly model-dependent. Together with
the earlier finding that stability losses track accuracy
losses, this suggests that when fairness interventions
reduce both stability and accuracy, the effect is largely
independent of model class. When stability deteriorates
while accuracy remains unchanged, however, the effect
becomes highly model-specific.
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Figure 2. Responsible model selection: incorporating normatively desirable fairness and stability criteria into model
selection resolves model multiplicity.

Responsible Model Selection. We further assess
whether incorporating stability metrics—both overall
and group-disparity-aware —improves model selection.
To this end, we simulate model selection across all
trained models, considering different values of a in
Experiment 1 and different model classes in
Experiment 2, with six random runs per setting. In
total, approximately 90 models are evaluated for each
dataset. Figure 2 reports the number of models selected
as “best” under four criteria: accuracy, stability, error
parity, and stability parity. These criteria are applied
first independently and then jointly. For the three tasks
in which multiplicity emerged after the fairness
intervention, multiple models achieve comparable
accuracy; however, only one or two satisfy all criteria
simultaneously, i.e., they remain accurate, stable, and
fair with respect to both error parity and stability parity
across groups.

By contrast, no single best model is identified for
the Ricci dataset. Ricci is the only dataset for which
fairness preprocessing does not induce multiplicity and
instead reduces predictive accuracy. This result
supports the interpretation of multiplicity as an
opportunity rather than a challenge [7].

Figure 2 also summarizes the selected models by
model class. Tree-based and linear models account for
most selected models, confirming their strong
performance on tabular data. In addition, these model
classes show the most favourable stability profiles
under the considered selection criteria.

Conclusions.  We introduced a software
framework (Fig. 1) for integrating fairness and stability
assessment into the model development pipeline. Using
bias—variance decomposition, we motivated stability
parity as a novel group fairness criterion and examined
its relationship to accuracy, stability, and error parity
under fairness interventions. These results enabled the

formulation of a responsible model selection method
under model multiplicity. Although several models
may achieve similar accuracy, only one, or a small
subset, jointly satisfies the criteria of stability, fairness,
and robustness.
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MOQAEJIb NPOMHO3YBAHHA STORY POINTS HA OCHOBI CEMAHTUYHUX
EMBEAIHINB TEKCTOBUX OMNMUCIB 3AAAY I3 BUKOPUCTAHHAM METOAIB
MALWWWHHOIO HABYAHHA

OniHoBaHHS  3yCHJIb €  Ba)XJIMBOIO
CKJIQIOBOIO TIpOLleCy IUIaHyBaHHSI B Agile-
MPOEKTaX, Ji¢ JUI1 BHU3HAYCHHS  BiJHOCHOI
CKJIaJJHOCTI 3aBJJaHb BUKOPHUCTOBYETHCS METPHKA
Story Points. TpaauiiiiHO Taki  OI[HKH
(OpMYIOTBCSI €KCIIEPTHUM MUIAXOM T dYac
KOMaHJHUX OOrOBOPEHb, IO CYMPOBOKYETHCS
3HAYHUMH BUTpaTaMU 4acy Ta 3aJICKHICTIO Bij
cy0’extuBHEX (akTopiB. B ymoBax Bimmamenoi
B3aeMOMi1 Agile-komaHz jigl HEIOIKH
MOCUIIIOIOTECS, 10 OOYMOBJIOE aKTYaJbHICTh
3a/layi aBTOMAaTH30BaHOTO MPOTHO3YBAaHHS Story
Points Ha ocHOBI icTOpruHUX AaHuX [3; 4].

VY IOCHiDKeHHI BHKOPUCTAHO MyOiYHUN
nmatacer TAWOS, axuif MiCTUTh TEKCTOBI OIHCH
3amad (title, description) Ta BiAmOBigHI 3HaUEHHS
Story  Points. [lns  moOynoBu — moneni
MPOTHO3YBaHHS TEKCTOBI aTpuOyTH 3amad Oyio
00’€JIHAHO B €IMHE TEKCTOBE MPEJICTABICHHS, 10
JIO3BOJISIE  BPAXOBYBAaTH SIK KOPOTKHHA OITUC
3ajmavi, Tak 1 ii geranpHmMi KoHTekcT [2]. Ha
OCHOBI  OTPMMAHOTO  TEKCTYy  c(HOPMOBAHO
CEMAaHTHYHI  BEKTOpHI  TIPEJCTABICHHS 32
JIOTIOMOTOI0  TIOTIEPEIHRO HABYEHHUX MOJIENei
dbopMyBaHHs ~eMOenmiHTiB, MOOYyJIOBaHUX Ha
TpaHchopmepHiii apxitektypi GPT — text-
embedding-3-small Ta text-embedding-3-large
[5].

Otpumani eMOeniHI'M BUKOPHCTOBYBAJIUCS
SIK BXiJHI O3HAKW JUIS TOOYIOBH perpeciiHux
Mojeneit. Y Mexax JIOCHIDKeHHs — OyIio
mporectoBaHo Metoau ElasticNet, Random
Forest, ExtraTrees, XGBoost, LightGBM,
CatBoost, K-Nearest Neighbors Ta
Oaratornapouit  nepuentpoH.  OLiHIOBaHHS
SKOCTI Mojelneil 3aificHIOBanocs 3a METpPUKaMHu
MAE, MdAE Ta SA, sKi € CTaHIapTHUMHU Yy
3a/1adax MPOTHO3YBaHHS 3ycwihb [1; 3].

Pesynpratu EKCTIEPUMEHTAIILHOTO
JIOCHIDKEHHS IS eMOe/IIHT1B MEHIIIOT
PO3MIPHOCTI HaBEJCHO B Ta0HIIi 1.

AHali3 OTpUMaHHMX pe3yJbTaTiB IIOKa3ye,
mo wmogens CatBoost 3abesmeuye HalimeHrne
3HaueHHS MAE, 1m0 CBiTYHTH TPO BHCOKY
3arajibHy TOYHICTh MpPOTHO3YBaHHA. BojgHouac
meronn  K-Nearest Neighbors  nmemoHcTpye

Habikpamti 3HaueHHSI MdAE Ta SA, 1m0 Bkasye Ha
BHCOKY SIKICTh TPOTHO3YBaHHS sl OUTBIIOCTI
THTIOBUX 3aj1ad. Monens ExtraTrees
XapaKTepU3yEThCS 30aJlaHCOBaHUMHU
pe3yIbTaTamMu 3a BCiMa METPUKAaMH, IO CBiTYUTH
mpo 1l CTIHKICTh A0 IIyMy Ta 3IaTHICTH [0
y3arajibHEHHS.

Taomums 1
SkicTh 0a30BUX MOJEICH MPOrHO3yBaHHS Story
Points Ha ocHoBi text-embedding-3-small

Merton MAE | MdAE SA
CatBoost 1.7305 | 1.3144 | 0.3102
ExtraTrees 1.7824 | 1.4695 | 0.2849
Random Forest 1.8597 | 1.4586 | 0.2555
KNN 1.7114 | 1.0363 | 0.3343
XGBoost 1.9926 | 1.4301 | 0.2159
LightGBM 2.3811 | 1.4886 | 0.0488
ElasticNet 2.0594 | 1.4776 | 0.1844
MLP 1.9324 | 1.2266 | 0.2678

OtpumaHi pe3yJbTaTH J03BOJIWIN BHIUTHTH
HaWO1IbII MEPCIICKTUBHI Mozeli VIS
MoJabLIIoOro Jociimkenas, a came CatBoost,
ExtraTrees Ta KNN.

[omampmmit  eram  gocmimkeHHS  OyB
CIpsSIMOBaHUM Ha aHaji3 BIUIMBY PO3MIPHOCTI
CEMaHTUYHUX eMOEIiHTiB Ha SKICTD
MTPOTHO3YBaHHS Ha OCHOBI HaHOUTBII
MEPCIEKTHBHUX MOJIeliel 6a30BOro eTaIry, a came
CatBoost, ExtraTrees Ta KNN. Pesynpratn
nopiBHsHHS Mozeneli text-embedding-3-small Ta
text-embedding-3-large HaBeeHo y Tabnummi 2.

Tabnuus 2
BB po3mipy eMOeiHTiB Ha SAKiCTh MOAENeH
nporHo3yBaHHst Story Points

Mogenb MAE | MdAE SA
CatBoost small | 1.7305 | 1.3144 | 0.3102
CatBoost large 1.7336 | 1.3398 | 0.2999

ExtraTrees small | 1.7824 | 1.4695 | 0.2849

ExtraTrees large | 1.9241 | 1.4953 | 0.2330

KNN small 1.7114 | 1.0363 | 0.3343

KNN large 1.9759 | 1.0994 | 0.1841
81




22

Information Systems

Department

«Cy4acHi iHcpopmauiiHi cucreMu Ta TexHonoril
B unchpoBoMy CycninbCcTei»

A\

OrpumaHi  pe3yJdbTaTH  CBIOYaTh  IPO
BIJICYTHICTh CYTTEBOTO TIOKPAIIEHHS TOYHOCTI
MPOTHO3YBaHHS TMpPU BUKOPHCTaHHI eMOEiHTiB
Oinpioi posmipHocti. Jns Oinbrmocti mMopenein
CIIOCTEPITAETHCS abo HE3HAYHA 3MiHa
ITOKa3HUKIB, a00 HABITH 1X MOTIPIIICHHS.

3 METOXO M1 IBUILEHHS SIKOCTI
MIPOTHO3YBaHHS OyJI0O TaKOX JOCIHIIHPKEHO BILIUB
sorapuMigHOT TpaHchopmarii IITEOBOL
3MiHHOi. HeoOxigHicTh Takoi TpaHcdopMmarii
00yMOBIIEHa OCOOJIMBOCTSIMH PO3MOALTY 3HAYECHb
Story Points, siknif XxapaKTepu3y€eThCsl HASIBHICTIO
3HAYHUX BUKUAIB. Pe3yibpTaTH 3acTOCYBaHHS
JorapuMmiuyHOi TpaHcopmalii HaBEACHO Y
Tabmumi 3.

Tabnuns 3
Brumus norapudgmivaoi Tpancdopmarii Ha SKiCTh
Mojiesel mporao3yBanHs Story Points

pe3yibpTaTiB  HaBiTh  IMICIA
sorapudMidHoi TpaHchopmaii.

3aCTOCYBaHHS

Taonuusa 4
[lopiBHAHHS BIUITMBY HaWKpaIINX BapiaHTIB
MozeIIeH 3 JorapuMidHOI0 TpaHchopMaIliero
eMOeiHTiB OLTBIIOT PO3MIPHOCTI Ha SIKICTh
Mojeneil mporao3yBanHs Story Points

Moienb MAE | MdJAE SA
CatBoost 1.7305 | 1.3144 | 0.3102
CatBoost log 1.6310 | 1.1124 | 0.3179
ExtraTrees 1.7824 | 1.4695 | 0.2849
ExtraTrees log 1.6025 | 1.1226 | 0.3338
KNN 1.7114 | 1.0363 | 0.3343
KNN log 1.5757 | 1.0251 | 0.3344

AHaii3 OTpPUMaHUX pe3yJbTATIB IOKA3YE,
mo JorapugmiuHa TpaHchopmalis 3adesnedye
MOKpAIIEHHsT SIKOCTI TPOTHO3YBAaHHS ISt BCiX
PO3IIISIHY TUX MOJIENIEN. 3okpema,
CIIOCTEPIraeThcs 3MEHIICHHS 3HaueHb MAE Ta
MJAE, 1m0 cBiq4uTh MPO MiABUIIEHHS TOYHOCTI
NPOTHO3YBaHHS SIK Yy CEpPeIHbOMY, TaK 1 JUId
THUIOBHX 3a/1a4. [1iIBUICHHS 3HAYEHHSI METPUKH
SA 0IaTKOBO MiATBEPIKYE, IO MOJEII MiCs
TpaHcopmarlii JEMOHCTPYIOTh Kpari
pe3yJbTaTH TOPIBHSAHO 3 0a30BHM BHUIIAJJKOBUM
MPOTHO30M.

Ha nactymHoMYy etami Oyio nmpoaHaizoBaHO
KOMOiHOBaHUI BIUIVB norapudmigHol
TpaHchopManii Ta BUKOPUCTaHHS eMOEIIHTiB
Oumpimoi  posmipHocTi.  Pesdympratm  1boro
EKCIIEpUMEHTY HaBeJIeHO y Tabnuii 4.

Haiikpami pesynbpTaTd NpOAEMOHCTpYyBaja
monenb ExtraTrees, sika 3a0e3neunsia HaliMEHIIIE
3HadueHHs MAE Ta maiiBumie 3HaueHHS SA cepen
ycix posrmsHyTux Mozenei. s mogmeni
CatBoost crioctepiraerbcs moMipHe MOKpAIeHHS
pe3yJIbTaTIB, 30KpeMa 3a METPUKOK SA, 110
BKazye Ha 1i cTaOiNbHICTh, NpPOTE MEHIIY
YyTJIMBICTH IO 3MiH pO3MIPHOCTI O3HaK. Y
uniagky mojeni KNN 30inbiieHHsT po3MipHOCTI
eMOEJIIHTiIB HE NPHU3BOJUTH JO IOKPAIICHHS

Monens MAE | MdAE SA

CatBoost log 1.6310 | 1.1124 | 0.3179

CatBoost large log | 1.6201 | 1.0998 | 0.3698

ExtraTrees log 1.6025 | 1.1226 | 0.3338

ExtraTrees large | 1.5916 | 1.0631 | 0.3868

log

KNN log 1.5757 | 1.0251 | 0.3344

KNN large log | 1.5839 | 1.1432 | 0.3503
[IpoBenene  mocmimpkeHHS  MiATBEPIKYE
e(PeKTUBHICTh  BUKOPHCTaHHS  CEMaHTUYHHUX
eMOEeIHrB TEKCTOBUX OIMCIB  3amad  JuUIs
nporaosyBaHHs  Story Points.  Ontumanshe

MO€AHAHHS METOIB MAalIMHHOTO HaBYaHHS Ta
norepeHpoi 00poOKH JAaHUX JTO3BOJISIE CYTTEBO
MiJBUIIATA TOYHICTh  OIIIHIOBaHHS  3YCHIIb.
Hatikpami pe3ynbpTaTé OTpUMaHO s MOAETI
ExtraTrees y mnoeaHaHHi 3 JIOrapu(MiuHOO
TparcopMaIi€ero, mo PoOUTH i1 IePCTIIEKTHBHOIO
JUIi  BUKOPUCTAHHS Yy CHCTEMax MiATPUMKH
OPUAHATTS  pIIeHh MiJ 4Yac IUIAHYBaHHS
CIIPMHTIB, OCOOJIMBO B yMOBax BiJJIajeHOT
B3aeMomii Agile-komaH.
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IHOOPMALINHA CTIMKICTb OB’E€KTIB NIASEMHUX IHHKEHEPHUX MEPEX

[Tigzemni imxeHepHi MepeKi (BOAOTPOBIIHI,

KaHami3aIliiiHi, Ta30Bi, TEIUIOBI, CJICKTPUIHI
kaberi) € KPUTHYHO BKITUBOIO
iHpPACTPYKTYpOIO JUIST 3a0e3neueHHs
KUTTEMISUTBHOCTI MicCT i TIPOMHUCITOBUX
MIANPHEMCTB. Bonu XapaKTepU3YIOThCS
¢iznyHOI0 PO3MOALICHICTIO, 00MEKEeHIM

JOCTYNIOM Uil OOCIYrOBYBaHHS Ta BHCOKOIO
3aJIEKHICTIO BiJl 6e3nepebiitHOTO
¢yHKIionyBaHHSI. B ymoBax cydacHHX 3arpos,
30KpeMa aBapidi Ta KiOepaTak Ha CHCTEMHU
SCADA, BUHHKAaE HEOOXIIHICTH 3a0e3ledeHHs
iHdopmariitaoi crilikocti mux mMepex [1-3].

[Hdopmaniiina cTIHKICTh MI3EeMHUX MEPEK
BU3HAYAETHCS SIK 3IIATHICTb CHCTEMH
MOHITOPHHTY Ta YHPaBIIHHA MiATPUMYBaTH
OesnepepBHMil  30ip, 00poOKy Ta mepenady
JOCTOBIpHOT iH(pOpMAIii Mpo CcTaH MeEpexi,
HaBiTh y pa3i aBapii, TEXHIYHHX BiAMOB abo
Kibeparax [4-5].

J10 OCHOBHUIX 3arpo3 Jyis MiJ3eMHHUX MEpPEexK
HAJICXKATh!

BIJIMOBH
SCADA;

(i3W4HI TOUIKOKEHHS TPYO 1 KabediBs;

BUTOKH Ta3y, BOjaU abo Tera;

kiOepaTaky Ha CHCTEMH aBTOMaTH3allil;

npUpoAHi a00 TeXHOTeHHi aBapii [3, 6].

B ymoBax Takux 3arpo3 CHCTeMa MOBHHHA
3a0e3nevyyBaTu 3aro0iraHus, aJanTariro,
pearyBaHHs Ta IIBUJKE BigHOBIEHHS [1, 12].

Cepen cuCTeM MOHITOPHHTY MiJA3EMHHUX
MEpPEK BUAUISIOTH HACTYIIHI.

1 SCADA-cucremu.

SCADA (Supervisory Control and Data
Acquisition) 03BONISIFOTH  30MpaTH  JaHi 3
JaTYuKiB  TUCKY, BHUTOKY, pIiBHS piAWHH,
TEeMIepaTypu,  YOpaBiIsITH  HacocamMW  Ta
KJalaHamMH, a TakoX ¢opMyBaTH aBapiiHi
cnoBimenHs. [lpuknamu: Siemens SIMATIC
SCADA, Schneider Electric EcoStruxure [8, 9].

2 CucreMH eTeKIii BUTOKIB:

HWM Water Management Systems -—
KOHTPOJIb TUCKY Ta BUTOKIB Y BOJIOIIPOBOJIAX;

GasSecure — 6e31pOTOBI TATYUKHU Ta3y JUIs
PaHHBOTO BUSIBICHHS BUTOKIB;

SmartBall (Xylem) — «miaBaroui» npuctpoi
JUTS BUSIBJICHHS BUTOKIB 1 gedekTtie Tpy6 [10, 11].

ceHcopiB  abo  KOHTpOJepiB

3 loT-mmardopmu.

Sensus FlexNet, Kamstrup FlowlQ -
0e3gpoToBi  Mepexi anuA 300py  gaHUX 3
JIYWJIBLHUKIB Ta JATYMKIB, TIepeada Ha CepBepU
IUISL aHATITHKH [5, 6].

4 Ananitiani ta I'lC-mmmatdopmu:

Bentley OpenUtilities — nporHo3yBanHs
BHTOKIB, OITTUMI3allisl HACOCIB,;

Esri ArcGIS Utility Network — inTterparis
reomaHux 1 SCADA  pmns  ympaBiiHHA
MiJ3eMHUME Mepexami [7].

5 IpakTudaHi KOMepIiiiHi pilIeHHS:

SebaKMT® — panHe BUSBICHHS BHTOKIB i3
BUKOPUCTAHHSIM aKyCTHYHHX 1 TiApaBIiqHHUX
CEHCOPIB;

Electro Scan Inc. -  ckaHyBaHHSA
TpyOONPOBOAIB JJisi JIIarHOCTUKU CTaHy Ta
nepeaavi JaHux Ha cepsep [6, 7].

Jost 3a0e3meueHHs iH(opMaIiHOT
CTIHKOCTI MI3eMHUX Mepex HeoOXigHe
MOEHAHHS ~ TEXHIYHMX, OpraizamiiHux 1

AHATITHYHUX 3aXO0MIB:

1. TexmiuHi:  pe3epBYBaHHS  JIaTYHKIB,
mmdpyBanHs kanamis, iHTerpanisi SCADA Ta
loT [1, 5].

2. OpranizauiiiHi: perinaMeHTauisi IOCTyIy,
HaBYaHHs TepcoHaly, aBapiiiHi mpouenypu |2,
4].

3. AHamiTH4HI Ta TPOTHO3HI: BHUSIBJICHHS
aHOMaJlil, MpOTHO3yBaHHS aBapiil, iHTerparis 3
r'1icC [7].

3acTocyBaHHS TaKuX KOMIUTEKCHUX
MiJIXO/IIB JTO3BOJISE 3a0€3MEeUUTH Oe3MEePEePBHICTh
MOHITOPHHTY Ta yIIpaBIiHHS, IIBUJIKE
pearyBaHHsS ~ Ha  aBapii Ta  MIATPUMKY
Npane3gaTHOCTI MepeX y KPUTUYHUX YMOBax
[12-17].

Indopmaniitna CTIHKiCTh MiA3eMHUX
IHKEHEpHUX Mepex 3ade3nedye HaaiiHuil 30ip i
nepeaady JaHUX, CBO€YacHE BHSABJIICHHS aBapii,

ajanTariro Ta BIJTHOBJIEHHS hyHKIIT
ynpasiinasa. Bukopucranus SCADA, oT,
aHAMITUYHUX  TUIATGOPM  Ta  NPAKTUIHHUX
TEXHOJIOTI MOHITOPHHTY pPOOUTH  CHUCTEMH

MiI3eMHUX MEpeX CTIHKAMH JI0 (I3UYHUX 1
Kibep3arpo3, MmO € KPUTHYHO BaXKIUBUM IS
6e3meku Mmict i gepxkaswu [1-7, 12, 17].
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A SYSTEMATIC APPROACH TO COMPARATIVE ANALYSIS OF SOFTWARE
TESTING METHODS

Software quality assurance is one of the most
significant challenges confronting the modern IT
industry. Errors in software products not only lead to
direct financial losses but also diminish user
confidence, disrupt business operations, and weaken a
company's competitiveness in the market. A crucial
aspect of quality management is the testing process,
which helps identify defects at various stages of the
software product life cycle. However, selecting the
most effective testing approach can be challenging
because each method has its own advantages and
limitations. The effectiveness of a testing approach is
often influenced by the specific requirements of the
project at hand.

Manual testing is traditionally viewed as a
universal method for verifying software functionality,
user interface, and usability. Its primary advantages
include flexibility and the capacity to handle non-
standard or specific interaction scenarios. However,
this approach is also known to be labor-intensive and
to have a relatively low execution speed. Automated
testing greatly accelerates the verification process and
ensures consistent, repeatable results. However, it
requires a substantial initial investment to develop,
implement, and maintain test scenarios. Intelligent
testing, which leverages artificial intelligence and
machine learning, further improves quality control by
automating test generation, adapting to code changes,
and predicting potential defects. Nevertheless, this
approach is still in active development and comes with
challenges, including a high entry threshold,
dependence on the quality of the training data, and a
significant investment in computing infrastructure.

Under such conditions, a scientific problem
arises: the lack of a unified, comprehensive approach
to the rational selection and comparison of testing
methods that consider the characteristics of the
software product, available resources, customer
requirements, and the specifics of the project life cycle.
This necessitates the development of a systematic
methodology that would allow comparing different
types of testing according to objective criteria and
formulating practical recommendations for their most
appropriate and effective application.

The choice of technologies for exploring a
systematic approach to analyzing manual, automated,
and intelligent software testing is influenced by the
need to combine theoretical methods of systematic
analysis with practical tools. This combination ensures

efficient data processing, model development, and
evaluation of results.

To facilitate manual testing, we selected tools like
TestRail, Jira, and Redmine. These tools effectively
manage test documentation, test planning, and defect
tracking. For automated testing, we chose Selenium,
JUnit, and TestNG, all recognized industry standards
for developing and executing test scenarios.
Additionally, we incorporate Al-driven solutions such
as Testim, Mabl, and Applitools for intelligent testing.
These solutions are leverage machine learning
algorithms to automatically adjust tests in response to
application changes, minimize false positives, and
improve test stability.

Implementing a systematic approach to the
analysis of manual, automated, and intelligent software
testing involves a structured process that combines
theoretical training, data collection and processing,
modeling, and the practical evaluation of results. This
process has been developed with the specifics of the
selected technologies and methods, as well as the needs
of the modern IT market as of October 2025, in mind.

The first stage involves preparing and gathering
source data. This includes analyzing open sources,
particularly GitHub repositories, as well as reviewing
analytical reports from IBM and Google covering the
period from 2022 to 2025. Additionally, this stage
entails collecting information on test cases and their
results. The second stage consists of a comparative
analysis of different testing methods. The evaluation
criteria for this analysis include cost, defect detection
accuracy, and execution time. The third stage is
devoted to mathematical modeling of testing processes.
The fourth stage involves using machine learning
methods. The fifth stage involves conducting
experiments. Testing is performed on a real or model
project using selected tools: TestRail for manual
testing, Selenium for automated testing, and Testim for
intelligent testing. The study demonstrates that using a
systematic approach to analyze manual, automated,
and intelligent software testing is feasible.
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SMALL LANGUAGE MODELS FOR PERPLEXITY-BASED TEXT
CLASSIFICATION

Classifying whether text is Al-generated or
human-written remains a significant challenge,
particularly given the rapid development of new large
language models (LLMs). Even if a theoretically
perfect classifier were available, a further issue arises:
what are the explicit reasons underlying its specific
decisions?

The use of LLMs, the most powerful artificial
intelligence tools, is very popular nowadays. But the
majority of them are so large that deployment in local
environments, such as a home PC or laptop, is not
possible. In this research, we are interested in “small”
language models (SLMs) that can run on regular
hardware without high resource requirements. As we
will be using perplexities, these models should also
provide sufficient data to calculate them.

Perplexity is one of the well-known features of
the text that reflects the average uncertainty or
"surprisal” the model experiences when generating or
evaluating text. A low perplexity value indicates that
the model confidently chooses the required tokens at
generation, a high value indicates a greater variety of
tokens used and a higher level of ‘“uncertainty”.
Conversely, a higher value indicates less reliable
predictions of subsequent tokens and poorer model
quality. It is believed that human-generated texts have
higher perplexity values than Al-generated texts.
Language models are optimized to generate text that is
statistically probable for their training data, which
naturally results in low perplexity by design. Human
writing often deviates from these statistical norms,
introducing elements of “surprise” or higher
perplexity. So, higher perplexity can be interpreted as
an indicator of human creativity, beyond statistical
features. On the other side, sophisticated LLMs
trained on diverse data can reach human-like
perplexity.

In this research, we used the dataset proposed
and described in [1]. The dataset contained 2533
human-written text chunks, and 2634 Al-generated
(GPT-40-mini) pieces.

At the first stage, we tested different SLMs to
determine whether the perplexity calculated on them
could be used to classify Al-written and human-
written texts. We applied a brute-force search for the
classification threshold, and a perplexity value of
14.28 yielded 0.71 accuracy with the Gemma 3 1B IT
model; the same accuracy was obtained with the
Gemma 3 270m IT model at a perplexity value of
23.28. Finally, the classification based on the Llama
3.2 1B model achieved 0.69 accuracy with a
perplexity of 9.28. These models showed positive

feedback on the potential of the perplexity value for
classification.

Further testing was conducted using a modified
version of the dataset, which was built in several
steps. The input text is tokenized into numerical 1Ds
and attention masks to distinguish actual tokens from
padding; these are then fed into an SLM running in
inference mode to produce logits, which are raw
prediction scores for each possible next token. The
logits are shifted to align with the appropriate input
tokens, reflecting the model's next-token prediction
mechanism. Finally, a softmax function is applied to
the aligned logits, generating output probabilities that
provide a detailed, token-level profile of the input text
for further analysis. As a result, each input text chunk
is represented as a probability vector of size 567 (for
Gemma models) and 650 (for Llama). Smaller vectors
were padded with zeros to match the length of the
longer vector.

Applying KNN to these vectors' classification
yielded an accuracy of about 0.68. We have also
trained many CNN models with different architectures
for classification and selected the best ones. They start
with three 1D convolutional layers with 16 RELU-
activated neurons and a kernel size of 3, followed by a
1D global average pooling layer. Models based on
Gemma 3 SLM had just 2 dense neurons with RELU
and an L2 (0.02) regularizer after the feature detection
layers and achieved 0.822 and 0.8424 in accuracy for
Gemma 3 270m/1 B, respectively. The Llama model
features ended with two dense layers containing 16
RELU neurons and 2 RELU neurons. An L2 (0.01)
regularizer was applied for both. The accuracy for this
model was 0.8559.

It is worth noting that we used small language
models (with 1B parameters or fewer) in this research
to build feature vectors and classify Al-generated text
in Ukrainian. But the text paragraphs we tried to
process were generated by much more powerful
existing LLM models with hundreds of billions of
parameters (gpt-4o-mini for the train/test dataset,
GPT5 / Gemini 2.5 Flash / Claude Sonnet 4.5 for the
test document example). Probably, implementing the
proposed idea could yield better results for the
perplexity calculated with more powerful models.
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APPLICATION OF ADAPTIVE CRITICS IN REINFORCEMENT LEARNING
PROBLEMS

The report considers the possibility of using
adaptive critics in RL learning tasks.

Using neural network models for function
approximation in reinforcement learning problems
differs from conventional supervised learning. In
conventional approximation problems, learning is
performed on a training set whose elements are
constantly repeated. In reinforcement learning, there is
no predefined training set. In reinforcement learning,
the true values of the function being approximated are
not known in advance, and learning occurs based on
estimates of Q-values, which gradually change during
the learning process. The Q-function is adjusted based
on estimates of the current and subsequent states, i.e.,
on estimates of adjacent states. At the same time, the
learning process assumes the possibility of short-term
losses in order to subsequently obtain maximum gains
over a long time interval. Due to this, reinforcement
learning is a method conceptually suitable for
effective work in intelligent systems with a high level
of internal and external disturbances (for example, in
trading systems, inventory management systems,
dynamic object control systems under uncertainty,
etc.). Adaptive critic designs can be viewed as an
extension of reinforcement learning models for the
case where both situations and actions are defined by
state vectors S and action vectors A, and the standard
iterative generation of Q-function values fails. In this
case, it is advisable to represent the characteristics of
the decision-making system using parametrically
defined approximating functions (e.g., artificial neural
networks), and training is performed through iterative
parameter optimization [1, 2]. Agent designs based on
adaptive critics include two main blocks: "Critic" and
"Actor":

- "Critic" is the system block that evaluates the
quality of its operation;

- "Actor" is the system block that defines the
agent's actions.

Below are the most common adaptive critic
designs: the Q-critic and the V-critic, which use neural
network approximation of the control system
characteristics. Let's consider a modified scheme for
using the Q-critic. Assume that both the "Critic" and
the "Actor" are multilayer perceptrons (the same as
those used in the backpropagation method) with
synapse weights W, and W, . This scheme operates as

follows. At time t, the "Actor" block determines an
action vector (commands to effectors) A(t) based on

the input situation vector S(t). The action A(t) Iis

executed, and the agent receives a reward r(t). Two

vectors are fed to the inputs of the "Critic" block:
S(t) and A(t)-

Based on this composite vector, the "Critic"
block evaluates the quality Q(t)=Q(S(t),A(t)) of
the action A(t) in the current situation g(t). It then

moves on to the next time point (t + 1). All operations

are repeated, including evaluating the value of Q(t+1).

After this, the time difference error is determined.
Neural network training is performed as follows:

AW, = azgrady¢(Q(t))a(t),
AW, = ay Xi{[0Q(2)/
Ar(D]grady A (D)},

where ¢, and ¢, are the learning rate parameters.

The derivatives with respect to the synapse
weights grad,.(.) and grad,,(.). as well as
oQ(t)/ oA (t), are calculated as derivatives of

complex functions, similar to how this is done in the
backpropagation method. This means taking
derivatives with respect to all components of the
vector A(t) and summing over all these components.

The purpose of synapse weight changes is to
reduce the error in estimating the expected total
reward (training the Critic block) and increase the
value of the reward itself when the agent encounters
similar situations (training the Actor block). Training
is performed using a gradient-based method. An
analysis of the state of the art in the application of
machine learning methods and their modifications
demonstrates the feasibility and relevance of
developing hybrid machine learning methods in
intelligent systems of various functional purposes (in
particular, intelligent control systems), which will
improve the effectiveness of decision-making
strategies.
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SHALLOW NEURAL NETWORKS FOR CLASSIFYING
UKRAINIAN AI-GENERATED CONTENT

Artificial Intelligence (Al) and Generative Al
(GenAl) tools are fundamentally transforming
education by providing new opportunities for both
students and teachers. These technologies facilitate
personalized learning through chatbots, automate
routine tasks, generate tests and assignments
(including grading), and customize course content,
among other advantages.

A major risk to academic integrity arises from
the use of Al-generated content as a substitute for
expected human work. Conversely, current Al content
detectors are unreliable, potentially leading to false
accusations of academic misconduct. Although the use
of such detectors is generally discouraged, they
remain in practice. Instead of relying on Al detectors,
it is recommended to improve teaching methods and
educate all interested parties on the responsible use of
Al tools.

The goal of this research [1] is to develop an Al
tool for detecting Al-generated content in Ukrainian
within the narrow domain of IT documents and
coursework. Based on the considerations outlined
above, this tool could be used only as an assistant (not
a judge), requiring human validation and making no
automated decisions. The tool is designed to utilize
custom data, employ shallow artificial neural network
(ANN) models that can be trained on a standard
laptop, and provide transparent quality evaluation.

To address this task, a custom dataset was
created, comprising 2533 human-written text chunks
and 2634 Al-generated (GPT-40-mini) pieces. All
fragments underwent manual inspection and cleaning,
resulting in a challenging dataset that is difficult for
humans to classify accurately.

This dataset was partially evaluated using several
commercial detectors, yielding the following results:

—GPTZero provided many "uncertain” decisions;
for five human-written samples, only one was
correctly identified;

—ZeroGPT misclassified 9 out of 10 human-
written pieces as Al-generated,;

—Copyleaks & Originality.ai, while showing high
confidence, still produced notable false positives and
false negatives on the Ukrainian data;

—Isgen.ai correctly classified all human-written
test chunks but missed 40% of Al-generated pieces.

A traditional natural language processing (NLP)
pipeline was employed to construct shallow ANN
models, consisting of an embedding layer, a single
dense layer, and a single sigmoid output neuron. The
optimal number of neurons was determined through a
grid search procedure. Five specific architectures,

designated M1-M5, were selected, achieving test
accuracy rates of 87-88%.

The developed Al tool processes PDF documents
using two primary approaches.

1. Chunk Report. The PDF document is divided
into non-overlapping text chunks of approximately
1000 symbols each, with each chunk processed by the
five models M1-M5. The results are averaged per
chunk, and statistics are compiled to indicate the
overall probability that a random text chunk from the
document is Al-generated. A histogram summarizes
the classification results for all chunks (Fig. 1).

chunk }—
chunk '—
chunk )—

chunk

chunk )—
chunk '—
chunk '—

chunks report

Figure 1. The processing pipeline to create a chunks report.

2. Sentence Report. To analyze individual
sentences, the text is divided into overlapping chunks,
with the step length corresponding to the sentence
length. The first 2000 symbols form the initial chunk;
subsequent chunks are created by shifting the window
to exclude the first sentence, then the second, and so
forth. Each sentence appears in multiple chunks,
allowing the accumulation of prediction results for
each sentence as represented across these chunks.
Each prediction is already averaged across all models
M1-M5, and these values can be further averaged or
visualized without aggregation for more detailed
analysis, resulting in a single output value per
sentence.

The findings confirm  that  Al-content
classification remains a complex and evolving
challenge. Although the shallow models provide a
solid foundation with approximately 88% accuracy,
substantial opportunities for improvement exist,
including evaluating more advanced models and
enhancing ANN explainability, as the current models
function as black boxes and cannot justify their
decisions.
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RAG SYSTEM FOR EDUCATIONAL CHAT BOT BASED ON OPENAI,
PINECONE AND LANGCHAIN

Modern challenges in education require
innovative solutions, and artificial intelligence (Al)
is becoming an increasingly important tool for
improving the learning process. Al can help
personalise learning, automate assessment, and
provide real-time support to students.

Consider various ways of using Al in
education and its potential benefits:

- Personalisation of learning: Al can analyse
data on students' learning habits and performance to
create individual learning plans.

- Automation of assessment: Al can
automatically grade tests and assignments, allowing
instructors to focus on more complex aspects of
teaching. This also provides students with rapid
feedback.

- Student support: Al can provide real-time
support via chatbots and virtual assistants.

- Data analysis: Al can analyse large
amounts of data about the educational process to
identify trends and problems.

As the first step in implementing Al at HNEU,
it is planned to start with small projects such as
creating a chatbot to support prospective applicants.
This will allow us to gain experience in
implementing Al and evaluate its effectiveness in
improving the educational process.

It is proposed to create a RAG
(Retrieval-Augmented Generation) system [1] that
uses a vector database containing information about
the university, courses, the regulatory framework,
and answers to frequently asked questions.

For the implementation of the RAG system for
the chatbot, the following architecture is proposed:

- Vector database — Pinecone: This
database will contain all necessary information,
split into chunks (small informational parts) [2].
Chunks are used to quickly retrieve answers to
students' questions.

- To populate the wvector database,
information will be scraped from the official
university website and other sources, as specified
via an administrator interface. The Scrapy library in
Python is proposed to implement this process.
Collected data will be processed and split into
chunks for further storage in the vector database.

- As a basis, it is proposed to use the GPT-5
mini model, which will be adapted to work with the
vector database.

- The server-side is proposed to be
implemented in Python using the Django
framework. For integration with the OpenAl API,
the OpenAl Python SDK, LangChain, LangGraph
libraries, and the LangSmith platform will be used.

- A simple JavaScript widget will be
developed for users (Fig. 1) and integrated into the
official university website.

< nigrpumka cTygel
Crnaitr - Bianos

@ Mpwueit! /5 A — BipTyansHUM NOMIYHKK YHIBEPCHTETY.
OBepiTh Temy abo HANMWITL CBOE 3ANUTAHHA.

03Knan 3ansTs & BibnioTexa ~ Onnara HasuamHs

& Myproxurox 2 Axapemiuna posinxa # Crunengjs

Hanuuwits sanuTanks..

Fig. 1. Chatbot application form layout

Implementing this RAG system for the chatbot
will enable students to receive quick, accurate
answers to their questions, improving their learning
experience and reducing the workload on
instructors and administrators. It will also
contribute to increasing the level of digitalisation of
education at the university and creating a more
innovative learning environment.
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MATEMATUYHA MOAEJIb 3A0AUI CTPYKTYPHOI[ AﬂAI'ITALI,I'I' )
NOriCTU4YHOI MEPEXI 4O HACHIAKIB HAA3BUYAUHOI CUTYAUII

3a HacHigKaMH HAJI3BUYalHUX CHUTyaIlliil Juis
JIOTICTHYHUX MEPEeX BUHUKAE HEOOXITHICTH po3poOKH
IUIaHIB UM, CIIPSIMOBAHUX Ha MIBUIKY
PECTPYKTypHM3aIlifo  JIAHIIOTiB ~ moctadaHHs  [1].
3aBoaHHS ~ BIAHOBICHHS  JIOTICTHYHUX  MEpex
PO3B’A3YFOThCS 3 ypaxyBaHHAM MHOXHHHI
(GYHKIIOHAJBHUX 1 BHUTPAaTHHX IIOKa3HHMKIB YH
00OMeXKeHb Ta MAlOTh BIIMIHHOCTI Bill TpaaWIliHHHX
3aga4  ixHpoi onrtuMizamii [2-3]. Posrmsmaerscs
3aj1a4a JUIsl TPUPIBHEBOI LICHTPAII30BAHOT MEPEXIi, U1
skol BimoMi [2]: MHOXHMHA  €JEMEHTIB, LIO
3aMIIIACE HEYIIKO[DKCHUMH N ; ii Tomomoriyna
CTpyKTypa (MICI  pO3TAallyBaHHS  CIOXHBAYiB,
TEpMiHANIB, LEHTPY, JAHIIOTH MDK IEHTPOM,
TEepMiHaJIaMH 1 CIIOKMBaYaMH ) Si'j ; HaBeJIeH1 BUTPaTH
Ha CTBOpeHHS Ta (a0o0) BITHOBJICHHS TEPMIiHAIIB,
peaiizalilo IepeBe3eHb; BUTPATH PECypCiB, SKi
MOXYTh OyTH TMOBTOPHO BHKOPHCTaHI B OHOBIICHiI
Mepexi. HeoOXigHo BH3HAYUTH HaWKpamuid 3
MHOXHMHH [TONYCTHMHX BapiaHT SE€S Mepexi 3a
MOKa3HUKaMU ONIEPATUBHOCTI Ta BUTPAT.

3 BUKOPHCTaHHSM BBEICHUX MO3HAYEHP LIIJIbOBY
(GYHKINIO IHTEPBAJbHO MMOJAHMX BUTPAT IS Ili€l
3a/1a4i 3aIPONIOHOBAHO ITOJATH y TAKOMY BHIJISI:

n n n
/ .
[ky(s',s)] :Z[Ci Isi +ZZ[CU Isj — m'?: 1)
i—1 i-1 j-1 5
[ci] , [cij], i,j=1n — iHTepBasbHE MONAHHSI
HaBeJEHUX BUTPAT Ha €KCIUIyaTallilo | -ro TepMiHaiy
i peanizalilo NepeBe3eHb MiXK €leMEHTaMu | Ta ||
Si/j =1, sxkmo Mix enementamud | Ta | icHye
(X9 s RD = [T;q !
OesnocepeHiil 38’530K Ta J- s =0 -8
inmomy Bunazaky (i =1 — Bignosigae uentpy; s, =1
Vi=1n - sxmo Ha 6a3i i-To enementa YTBOPEHO
TepMinain). [HTepBa yacy Ha JOCTaBKy BaHTaxy 10 | -

ro OTpHUMyBada CKIIAMA€TBCS 3 Yacy JOCTAaBKH Bi
LeHTpy fo tepminany [t;(s)], o6poOku BaHTaxy B

mbomy [tj(s)] Ta mocrakm #oro Bin Heoro m0
orpumysaua [t;(s)]:
n {[t;;(s)]+[t;(s)] +
L) = M2 pty(s)psy ) — min.
MaremaTuuHy MOJEIb I[BOKpHTepiaHBSIjO'l' 3amadi
MPONOHYETHCS MOJATH Y TAKOMY BHIJISII:
[a(s',s)] = min, ky(s':$)] <K,

[k(s',)] — min, [ky(s)] <k,

* * . .
e ki, k, — TpaHWYHI JOMYCTHMi 3HAYCHHS
MOKa3HUKIB BUTPAT 1 OMEPATUBHOCTI, [0 BU3HAYAIOTH
0OMeXeHHS 3a1aui.

Bubip BapianTy aganTaiii = OPONOHYETHCS
3MIMCHIOBATH 33 y3araJbHCHUM MOKa3HUKOM [3—4]:

s® =arg max [P(s)], (4)
seS

3 3 3
[P(s) =2 AL&(SN+D. > A L& (IE(S)] +..
i=1

i=1 j=i

(®)
me /4, 4 — BaroBi koediuieHTH KpuTepiiB Ta ix
moOytkie 4 20, 4; 20;  §(s) - dynkuix
KOPHUCHOCTI JtokanbHOro kpurepito K (s), 1=1,j .

Jlist HopMmautizanii 3Ha4eHb JIOKaJIbHUX KPUTEPiiB
MPOMOHYEThCS ~ BHUKOPHCTOBYBATH  YHIBepCaJbHY
byukuioo-ckieiiky & (S), sika D03BOJISE peanizyBaTh
SK JIiHIMHI, Tak 1 HeJiHiHHI (BKmoyaroum S- i Z-
MomiOHI  3aJIEXKHOCTI  BiJ 3HAYEHb JIOKAJBLHOTO
KPHUTEPII0) Ta Ma€e MeIly OOYHNCIIOBAIBHY CKIIAIHICTD
HDK KJIacH4Hi (GyHKIIT KopuUcHOCTI [2].

HanpsiMKoM MOanbiux JOCHTiHKEHb MOXe OyTH
PO3pOOJICHHS IMITAIMHUX CTATHCTHYHUX MOJEICH
JUIL YTOYHEHHS OIIHOK OINEPAaTHBHOCTI MeEpex Ta
BUSIBJICHHSI BY3bKHX MICIb y HHX Ta MaTeMaTHIHHUX
MoJleNiell 1 MeTOIIB Ul IJIaHyBaHHS BiXHOBIICHHS 1
PO3BHUTKY TOMOJOTTYHUX CTPYKTYP MEPEIK.
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MOAEJNIOBAHHA KOMITIOTEPHUX MEPEX CUCTEM YMNPABJIHHA
TEXHONOMNYHUMU MPOLIECAMU HA ETAII IX PEIHXXWUHIPUHIY

3MiHM HOMEHKJIATypu 1 00cCsAriB BUPOOHHLTBA,
BIIPOBA/KEHHS 3aCO0IB aBTOMATH3AIlil if aBTOMAaTHKH,
moTpeOyroTh BIATIOBIAHUX 3MIiH y CTPYKTypi #
obmamHanHi TexHoyoriuHmx mporecie  (TII) Ta
cucrteMax YIpaBITiHHS HUMIL. OcHoBY
iHppacTpykTypu cucteM ympasiiaasa TII ckiragaroTh
komn'iorepri  Mepexi (KM), ski J0O3BOISIOTH
aBTOMAaTH3yBaTu (YHKLIl yNpaBIiHHS Pi3HUX PIiBHIB
[1, 2]. 3aBnanns peimkunipuary KM Task nos'sizane
3 HEOOXIMHICTIO 1 peopraHisallii BHACTIIOK CYTTEBHX
3MiH 3aBJaHb YIPAaBIiHHS, SKI pOONATH ICHYIOYHH
BapiaHT moOymoBu ManoedekTuBHUM. OnTuMizalis
KM B mpomeci i peimXHHIpHHTY (TIPOEKTYBaHHS,
MOJIEpHI3allil YM TUIaHyBaHHS PO3BHUTKY) Tepeadadae
iTepalliifHe BHUpIMICHHS 3 BHKOPHCTAHHAM TEXHOJIOTil
IITYy9HOTO IHTENEKTy KOMIUICKCY KOMOIHaTOPHHX
3aBIaHb CTPYKTYpPHOI, TOIOJOTIYHOI, MapaMeTpHIHOL
Ta TEXHOJIOT1YHOT onTuMizaii [3]:

Tasks = {Task;}, i=16 (D)
ne Task, - BuOip mpuHImIiB noOynosu; Task, —
ontuMizamis crpykrypu; Task; — Bubip Tomosorii
eneMeHTiB i kaHaniB; Task, — BuOip TexHosoril
¢bynkuionyBanns; Tasks —  Bubip napamerpis
eneMeHTiB 1 kaHaniB; Task, — oniHKa eeKTUBHOCTI
Ta BUOIp KPAIIOTO BapiaHTy.

3 ypaxyBaHHSAM CTOXaCTHYHOCTI ITOTOKY 3aITHTiB
JI0 pecypciB Mepexi, yacy iX mepemaui Ta 00poOKu
aKTyaJIbHOIO € 3aJlauya BU3HAYEHHS «BY3bKHX MICIIb)
Mepexi. Jast 10 po3B’s3aHHS — MPOIMOHYETHCS
BUKOPHCTaTH MIAXiJ] Ha OCHOBI iMiTaliiiHOTrO
CTaTUCTUYHOTO MOJIENIIOBaHHs. bynemo posrisgaru
KM sk Oararoda3Hy OaraTOKaHaJIFHY CHCTEMY
MacoBoro oocayroByBanas (CMO) [4]:

Q =<A,B,C,D,E,F >, (2)
ne A — BXiJHI MOTOKH 3alUTIB (3aKOHH PO3MOJILTY);
B — noToku 00ciryroByBaHb (3aKoHH po3noainy); C —
MHOXKMHA BHYTPIIITHIX TapaMmeTpiB (00cArH mam’sTi,
MPOIMYCKHI 3/[aTHOCTI, NPOJYKTHBHOCTI BY3JiB 1
cepBepiB); D — MHOXWHA CTaHIB CJICMEHTIB Mepexi; E
— CcXeMa Tepenavi 3amWTiB 1 pPe3yIbTaTiB  MiX
eJIeMEeHTaMU Mepexi; F — alropuT™ aucnerdepusantii
3aIMTIB (JUCIUILTIHA 00CITyrOBYBaHHS).

[pu BUOOPi MIPUHIUITY noOyoBH
MO/IEIIFOBAJIBHOTO ANTOPUTMY MPOTIOHY€THCS
BPaxOBYBaTH, 1110 B Npolieci PyHKIIOHYBaHHS MEpexi
MOXHAa  BHIUIMTA 1Bl  IJAMHOXHHHM  CTaHIB:
HEOcoOJIMBI, Y SKHX CTaH MEpEXi He 3MIHIOETHCA, Ta
0COOMHBI, y SIKMX CTaH MEPEXi 3MIHIOETHCS CTPHOKOM.
BincmigkoByroun y dwaci 0coOnMBI CTaHH MeEpexi,
MOXXHAa OTpUMaTH iHQOPMAIIO JOCTATHIO  JJIA
noOynoBu (GYHKLIH 3MiHM I cTaHy 3 ypaxyBaHHSIM
BUIIAJIKOBOTO Xapakrepy mnpouecy. Ilpu BuboOpi

3aco0iB MpOrpaMmyBaHHS JUIS peaiizanii
MOJCIIIOBAJIBHOTO AJITOPHTMY BPaxOBYBaIUCS Taki
BUMOTH [4]: 3pydYHICTh ONHCY BCIX €TaIiB MpOIECY
(YHKIIOHYBaHHS  MEpeXi; 3pY4YHICTh  BBEACHHS
BXIIHUX JaHWX, BHECEHHS 3MiH JO CTPYKTYpH 1
mapaMeTpiB  MOJENi, IMO BiZOOpaXkalOTh 3MiHHU
CTPYKTYpH 1 TapaMmeTpiB Mepexi; e(PeKTHBHICTh
3aco0iB  CTBOpEeHHA Mojeni, 300py CTaTHCTHKH,
aHasi3y 1 BimoOpa)KeHHs Pe3ysIbTaTiB MOJCIIOBAHHS. 3
ypaxyBaHHIM I[OT0O, ISl peaji3allii MOJCITIOBaHHS
00paHO MakKeT IMITAI[ITHOr0 MOJCIIOBAHHS CHCTEM 3
yepraMu (MacoBOTO 0OCITyrOBYBaHHS).

Jlist oTpuMaHHs TOCTOBIPHUX PE3yJITATIB OyJI0
PO3B’3aHO OCHOBHI 3aJa4yi TAKTHYHOTO ITaHYBaHHS,
MOB’s3aHI 3 BHOOPOM  IIOYAaTKOBHX BHMOT 1
BU3HAUCHHSM YMOB 3YNHHKH CKCIICPUMCHTIB. 3
METOI0 TIiJBUIICHHS TOYHOCTI OTPUMYBAaHHX OIIHOK
3MIHCHIOBAIMCh ~ MHOXXHHM  CKCIICPUMEHTIB 3
MOJANIBIIIOK0 CTATUCTUYHOIO 0OPOOKOIO Pe3yIbTATIB.

BukopucTaHHs  3ampoNOHOBAaHOI  iMiTamidHOT
CTaTHUCTHUYHOT MoJeni npouecy ¢yHkiioHyBanHs KM
JIO3BOJISIE  MIABHUILYBaTH  TOYHICTh  PE3YJITATIB
MO/ICTFOBaHHSI 3a paxyHOK BpaxyBaHHs;
HMOBIpHICHOTO ~ XapakTepy TIOTOKY 3alHTiB J0
pecypciB Mepexi 1 9acy ix BukoHaHHs. Lle cpustume
BHOOpPY HaiOIIbII e()eKTUBHUX BapiaHTIB IOOYIOBH
Mepex 3a MHOXKMHOKO IIOKa3HHUKIB y TEXHOJOTISX X
omntuMmizamii. HampsmMkoM moampInX HOCHTIIKEHB
MOKe OyTH po3poOIIeHHS TEXHOJIOTIi peiHKUHIpHUHTY 1
IUIAHYBaHHS PO3BUTKY BHPOOHHYMX TEXHOJOTTYHUX
npoleciB 1 CHUCTeM  yNpaBliHHA  HUMH 3
BUKOPHCTaHHSIM TEXHOJIOTIH IITYYHOTO IHTEJIEKTY B
yMOBax HEMOBHOI BH3HAYEHOCTI BXIJHHMX JaHHUX 3
ypaxyBaHHIM MHOXHHA  (DYHKI[IOHAJIBHUX 1
BUTPATHHUX MMOKA3HHUKIB.
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OHTOJOINYHA CUCTEMA NEPCOHANI3ALITI HABYANBHUX MNJIAHIB
3ACOBAMU NLP

Y  cywachomy  IT-cepenoBumii ¢axisri
CTHKAIOThCA 3 TpoOJIEeMOr0 HaaMIpHOI KITBKOCTI
iHpopMarii Ta CKJIAIHICTIO BHOOPY ONTHMAJIBEHOTO
nUIAXy HaB4aHHA. HasBHI ocBiTHI miatdopMu gacto
HaJlaI0Th PO3pPi3HEHI 3HaHHS, HE BPAXOBYIOUYH KOPCTKI
NepeyMOBH BUBYCHHS KOHKPETHHX MAWCLUILTIH Ta
mornepeHii mocBin kopuctyBaya [1]. IcHye mpobiema
«CEeMaHTHYHOTO PO3pHBY» MiX PHHKOBOIO
TEPMIHOJIOTIEI0 (3amuTH KOPHCTYBaUiB) Ta
aKaJIeMIYHOI0 HOMEHKJIATyporo. IMOBipHiCHI Momeni
HE MOXYTb rapaHTyBaTH BepH(]IKOBaHICTb Ta iCTHHY

3HaHb HA BIOMIHHICTE BiI  (hopMami30BaHUX
(Hanpuknazn, oHroJdorid). OO’eKT  JOCHIIPKEHHS.
Iporec aBTOMATH30BaHOI'O MPOCKTYBaHHS
NepCOHAJI30BaHUX  OCBITHIX IUIAHIB Yy  cdepi

iHpopManiiHNX TexHONOoTid. [IpeaMeT mociiIKeHHS.
MeToau CEeMaHTHYHOTO aHai3y 3alHTiB IMPUPOIHOIO
MOBOIO Ta aNropuTMH 00xoxy rpadiB mepexymMoB Ha
OCHOBI OHTOJIOTIYHHX MOJeNeH 3HaHb [2, 3, 4]. MeTta

pobotn — po3poOka KOHIEMII Ta apXiTeKTypu
IHTENEeKTyalbHO! ~ CHCTEMH,  fKa Ha  OCHOBI
HedopMaIli30BaHOTO 3aIuTy KOpHUCTyBaya

aBTOMaTHYHO (hOpMye BIOPSIKOBAHMH HaBYAIBHUI
wiad [4]. OCHOBHI 3aBIaHHsI Ta eTaly peari3arii:

1) cemMaHTHYHWI aHAi3 3amuTy Ta iHTEepdeiic
nepekiany. Lleil eran BUKOHYE POJIb «BX1THHX BOPITY,
Jie HECTPYKTYypOBaHHUH TEKCT TPaHCPOPMY€EThCS Y AaHi
JUIL  OHTOJIOTIYHOTO  pe3oHaropa. BukopucTaHHs
tpanchopmepiB  (BERT, RoBERTa) no3Bose
peanizyBaTH pOJIb  «IepeKiiazaday 3  I[POCTOPY
MPUPOIHOT MOBH Y TMPOCTIp KOHIICNTIB OHTOJOTII.
IIporec BKIIOYA€ TOKEHI3AIil0, JIEMATH3AIlil0 Ta
BUSIBJICHHS IMEHOBAaHMX CcyTHOCTeH. JIist OWiHKK
ONMM3BKOCTI MIX 3allUTOM Ta ONKHCOM JUCLHILIIH
BUKOPHCTOBYIOTBCS METO! BEKTOPHOTO
npeacraenenHs ciiB [3]. Ha BigMiHy Big peryisipHux
BUpaziB, TpaHchopmep 0OpoOIIsiE KOHTEKCTyalbHI
CHHOHIMH Ta CIIEHT, 3a0e3Meuyloud CTIHKICTh
inTepdeiicy. PesynpraroM € TeHepawis JOTi4HOTO
samuty (SPARQL/DL Query);

2) moOymoBa OHTOJOTIYHOI MOJENI 3HAHB.
CTBOpEHHS i€papXiyHOTO JepeBa AWCIMILIIH 3 SBHO
BU3HAYEHUMH  CEMAaHTHYHMMH  3B’SI3KAMH  THITY
«batpko-Hamanaok» [2, 4]. Koxna aucrnurmiiHa B
OHTOJNIOTII Mae Habip arpuOyTiB (KOoMHIeTeHii,
MIPEePeKBi3uTH). BaxkIMBo, MO cHCTEMa HE «BHTaLye»
3HAHHS, a JMIIe MapUIpyTH3ye€ KOpHCTyBada 10
BepH(iKOBAHNX aKaJIEMIYHUX CTaHAAPTIB, 3aKJIaICHUX
B 0azy 3HaHb, 10 TapaHTye JOCTOBIpHICTh
chopmoBaHOTO TIIAHY;

3) anroputmiuHe 3abe3medeHHsA. DPOpMyBaHHA
IlaHy 0a3yeThCsl Ha TPEJCTaBJICHHI OHTOJOTIT SIK
OpIEHTOBAHOTO AaNMKIIIYHOTO Tpada. 3a ITOTIOMOTOI0
PEKYPCUBHHX alTOPUTMIB 00X0/y Yy IJIMOMHY cHUcTeMa
BHSIBIISIE TIOBHY MHOXHHY MPEPEKBI3UTIB BiJ MITFOBOT

KOMIETeHINT 10 0a30BuX aucuuruiid. Jlns moOymoBu
JHIHHOT MOCIiZOBHOCTI BUBUYEHHS BHKOPHCTOBYETHCS
TOINOJIOTIYHE  COpTYBaHHA [5], 11O  rapaHrye
JOTPUMAHHS JIOTIKH «Bifl IPOCTOTO A0 CKJIAJHOTO» Ta
BUKJIIOYAE CYNEPEYHOCT] y HaBUAIBHIH TpaeKkTopii;

4) apanrarmis. Etam 3a6e3nedye mepcoHami3amiro
IUIAXOM 3iCTaBJICHHS KOMIIETCHTHICHOTO MPOQiIo
KOpHuCTyBaua i3 moOymoBaHmM TrpadoM 3HaHB.
Mopayii, 0 BiIIOBIIAIOTH MiATBEPIKEHOMY JOCBIiNY,
MapKylOTBCSI K «3aCBOEHI» Ta BHIIyYarOThCS 3
aKTHBHOI TpaekTopii HaBYaHHS 3a JONOMOIOIO
anroputMiB ¢inprpamii By3miB [1]. CuctemMa BUKOHY€E
Bepu(ikaiio: y pasi BHUABICHHSA pO3PHUBIB MiK
3asBICHUMH 3HAaHHAMHU Ta HEOOXiTHIMU
NpepeKBi3UTaMU, BOHA MIPOTIOHYE aJlaNTalliiHi OJIOKH.

Y TOlf Wac sK OUIBIIICTP CydYacHHX pIlIeHb
MOK/IAJATbCd BUKIIOYHO Ha reHepartuBHui IIII,
3allpONOHOBAHWN  TIOpHIHWIA  WAXim  peamizye
konuenuito Explainable Al. Cucrema He mpocto
TeHepy€e CIIHCOK, a OOIPYHTOBY€E TPAEeKTOpio uepe3
ceMaHTH4YHI 3B'si3ku rpada 3HaHB [5]. IloemHaHHS
THYYKOCTI TpaHchopmepiB 3i CTPOTICTIO
OHTOJIOTIYHOTO  MOJICNIOBAHHA €  KPOKOM  J0
CTBOpPEHHS HaJ[IMHUX OCBITHIX cucTeM. TecTyBaHHS Ha
MATBEPAWIO  BHCOKY  TOYHICTH  CEMaHTHYHOTO
sicraBnennst (Top-3 Accuracy), MmO JOBOJHUTH
mepeBary ImiaxoQy B yMoBax BoslaTwibHOCTI IT-
TEPMIHOJIOTI.

BucuoBku. 3anumaerscst BIAKPUTUM ITHTAHHS
MIATPUMKH aKTYaJIbHOCTI OHTOJIOTIT IPH HOSIBI HOBHX
TexHoNOTii. TakoX NpH 3aHAITO IMIMPOKHUX 3alnTax
(mampuknaa, «xouy B IT») HeoOXigHO mepeadaunTH
MEXaHi3M YTOUHIOIOUMX 3allMTaHb Uil 0O0pOOKH
HEOJTHO3HAYHOCTI.
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IHTENEKTYAIbHA NIOMNCTUKA B YMOBAX KPUTUYHOI HECTABIIbHOCTI

OyHKIIOHYBaHHS JIOTICTUYHUX CHCTEM YKpaiHh
B YMOBaX BOEHHOTO CTaHy XapaKTepU3YETHCS
Mepexo oM BiJl KJIACHYHOI ONTHMI3alii «BUTpaTH—
gac» JI0 CTpaTerii «CTilKiCTh—BIKUBaHHM). KitacudaHi
JETePMIHOBaHI MOJETI € HECIPOMOXHUMHU dYepe3
HU3KY KPUTHYHUX (aKTOPIB — IUHAMIYHA AECTPYKIIiS
iHppacTpykTypu  (pyWHYBaHHS  MOCTIB,  JOpir)
BUMAarae IepepaxyHKy MapLipyTiB Yy  peXuMi
peajbHOrO uacy; HeIeTepMiHOBaHI 3aTpPUMKH Ha
MuTHUX myHKTax Ta KIIII cTBOprolOTh «iIym» y
rpadikax [1]. [debiuut eHepromocrayaHHs —Ta
HecTaOUIbHUM 3B’A30K PO3pUBAIOTH  iH(pOpMAIiiHi
JAHIIOTH, 10 MOTpedy€e BIPOBA/KCHHS aBTOHOMHHX
MiJICHCTEM, 3IaTHUX MO0 JIOKAIBHOTO MPHHHATTS
pimens. OOMeXeHHS pyXy B  HIYHHA  dHac
(komenganTcbka romuHa, KI') BBOIHMTH KOPCTKY
PaMKy Yy BIKHO IUTaHYBaHHS, 10 3yMOBIIIOE IOTPEOY B
aroput™Max iHTerpamii O€3MeYHUX JIOKAIii st
Bigcroro (Safe Hubs).

JocnipkyBaHe CepeloBHIE BHU3HAYAETHCS SIK
arpecuBHe Ta Baxkkornependauysane. OcoOnHuBy yBary
MIPUIICHO IMITOPTY TOBApiB KPUTUYHOT HEOOXITHOCTI,
Jie TOpPYLICHHS TEMIICPAaTypHOrO pEXUMY depes
3aTPUMKH TPH3BOIUTH 1O IOBHOI BTPAaTH BaHTAXY.
IOpuanyHuil  acrekT YCKIIQJHIOETBCS CHEeU]IKO0
pobotu BOJIIiB y Mexax JI03BOJIEHOTO
KOMCHIAHTCHKOTO Yacy Ta HEOOXIJHICTIO CyBOPOIO
JIOTPUMAaHHS TIPOTOKOITIB Ge3mexu [2].

Meta poGoTH — po3poOKa IHTEIEKTYabHOT
CHCTEMH aJalTHBHOTO YIPAaBIiHHS JIOTICTHKOK Ha
0a3i METOJIB MAaIIMHHOTO HABYAaHHS Ta AarcHTHHUX
TEXHOJIOTI i1 3abesmedeHHs  Oe3mepediiHOro
MOCTAQYaHHs B yMOBaX BHCOKOI BOJATHJIBHOCTI
cepeloBHIIa.

Y po0oTi 3amponoOHOBAaHO TIOPUAHMNA MiAXim —
MOE/IHAHHS AaBTOMATH30BAaHUX AJITOPUTMIB i3 PyYHHUM
MIATBEPKCHHSAM BiJl CTEHKIOIICPIB Yepe3 MOOUIbHI
nonatku. Konuenuis Edge Computing (o6uncieHHs
Ha TPUCTPOi BOAIs), A€ Komis rpada Jopir Ta
QITOPUTM  ONTHUMI3alil  MpaIo0Th  JIOKAJIBHO,
3abe3neduye JKUBYYIiCTh CHCTEMH Y pa3i BiJICYTHOCTI
3B’SI3Ky, 10 € IIepeBarol  Haj  XMapHUMH
apxitektypamu [3].

MaremaTiuHa MOJIEh Ta KpUTEPil ONTUMI3aIlii.

1. TaTerparis comiasibHOTO BekTOpa. Tpaauimiiiaa
mitboBa  (YHKIST ~ JOMOBHIOETHCS  MOKA3HUKOM
couianeHO1 3HauyiocTi Bantaxy (SV). Lle nossoise
cUCTeMi HaJaBaTH IIPIOPUTET MEJUKaMEHTaM Ta
MPOJyKTaM HaBiTh 3a YMOBH 3pOCTaHHS BHUTpaT.
LinsoBa ¢dyHkuiss Habysae Burisimy: Z = o - C(x) +
B-T(x)—vy-SV(x) > min, ne C(X) — dyHKuis
CYKYITHHX BUTpAT (3 ypaxyBaHHsIM pH3uKiB); T(X) —
4acoBi  3arpaTM 3  ypaxyBaHHSIM  JHUCKPETHHX
oOMexeHb (KOMEHIAHTChKa roauHa, uepru); SV(X) —
MMOKAa3HKWK COIliaJbHOI I[IHHOCTI BaHTaxy; «,f,y —
BaroBi KOeQilli€eHTH TPIOPUTETHOCTI, MO0 HE €

KoHCTaHTamMu. lle nmo3Boisie cucremi  HajmaBaTh
NPIOPHUTET JOCTaBII TOBApPiB KPUTUYHOI HEOOXIAHOCTI
(MeIMKaMeHTH, MPOJYKTH XapuyBaHHs, €HEpreTHdHe
oOnagHaHHSA)  HaBITP 32  yYMOBH  3POCTAaHHS
JIOTiICTHIHUX BHTpAT. HinpoBa GbyHKIIISA
OaraTokpuTepiadbHOI ONTHMi3amii HaOyBa€ BHTIIAIY.
Bonn wmarote OyTH AWHAMIYHUMHE, HANPUKIAA, Y
BUIIAJKY HAaOMIDKEHHS 4Yacy 10 KOMEHIaHTCHKOI
roiuHu Bara dacoBoro ¢akropa [3 TOBHHHA
€KCIIOHEHI1aJIbHO 3POCTaTH.

2. JluHamiyHe TepeIUlaHyBaHHS Ta ABTOHOMHI
arentu. [Ipiopuresaliss  J03BOJIsiE  BUPIIIyBaTH
KOH(IIKTH JIOCTYIy A0 OOMEXEHHUX pecypciB (4epru
Ha KIIIT). BukopuctanHs iHTEICKTyalbHHUX arcHTIB
(HA) peaiizye MEXaHi3M «TyMaHITapHOTO
MPIOPUTETY». ATCHT-BaHTaXX 3 BHCOKHUM SV iHIIIIO€
3allUT Ha CHCMiaJbHUKA CympoBix abo OpOHIOBaHHS
Mmicus B Oe3neqHoMy xabi o nouatky KI'.

3. Aumropurm Safe Stop Selection. Jlns
JIOTPUMAaHHS peXUMY pPyxy BIPOBAJPKEHO
NPEJMKTUBHUI MOIIYK 3YMHMHOK. YMOBa YCIIIIHOCTI
CErMEHTY peiicy:

Tarive (Pcurr: Ni) + ATsafetty = Tcurf = Thow: A€
Tarive(Peyrr» N;)  — TIPOTHO3HHH dYac pyxy Bif
norouHoi nosuuii g0 Bysna Ni; ATsqpe, - uacoBuit
Oydep pusuky Ha HemepeadadyBaHi 3aTPUMKH,
Teurf — Thow — Yac 10 novaTky oOMexeHHs pyxy [4].

4. ApxitekTypHa peainizamis. MybTHareHTHA
cucreMa OyAyeTbCs Ha TPHUHIMIAX JCHEHTpaizalril.
ArenTt-BanTax B3aEMOJIIE 3 AreHTOM-
[HdpacTpykryporo (IIyHKTH TepeTHHY, Xa0u) Ta
ArenroM-MoHITOpHHTY (IaHi PO OOCTPiNM, CTaH
mopir). YV pasi BTpatd 3B’S3KYy 3 ICHTPaIbHUM
cepBepoM, JIOKaIbHHUIT areHT Ha npuctpoi Bofis (Edge
node) mepexonTh y peXKUM aBTOHOMHOT HaBirarii.

BripoBapKkeHHsI CHCTEMH J03BOJISIE€ MIHIMI3yBaTh
PHM3UKH BTPAaTH BAaHTaXIB 3aBISKU INPEIUKTUBHOMY

MOJICITIOBAHHIO 3aTPHMOK Ta 3a0e3NeYUTH
OesnepepBHicTh ympaeiiHHsS 3a ymoB Blackout-
(axropis. ExcriepuMeHTaIbHE MOJICITFOBaHHSI

MiATBEPIMIO 3HIDKEHHS IMOBIPHOCTI MOPYIICHHS
KoMeHaHTchkoro  pexunmy Ha  30-35%  mnpm
30epeKeHHI IPIOPUTETHOCTI KPUTHIHUX MTOCTABOK.
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dynamic rerouting strategies // International Journal of
Production Research. — 2023. — Vol. 61. — P. 124-138.

2. Ilpo mpaBoBHii peXUM BOEHHOTO CTaHy: 3aKOH YKpaiHU
Big 12.05.2015 Ne 389-VIII (3i 3miHamu).

3. Shi W., Cao J. Edge Computing: Vision and Challenges //
IEEE Internet of Things Journal. — 2022. — Vol. 3, No. 5. —
P. 637-646.

4. Wooldridge M. An Introduction to MultiAgent Systems. —
2nd Edition. — John Wiley & Sons, 2021. — 484 p.
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CUCTEMA NrEAMI®IKOBAHOI NOANBLHOCTI ANA CYNEPMAPKETIB HA
OCHOBI AI-OBPOBKU YEKIB 3 BAKOPUCTAHHAM BEKTOPHOI'O NMOLUYKY

[Ipobnema HaaMipHUX BHUTpaT MOKYNLIB 1
HEOOXiJHICTh BECTH OOJIIK CBOiX KOINTIB IPHU3BENa 10
po3poOKH  3HAYHOI KUTBKOCTI 3aCTOCYHKIB IS
BiJICITITKOBYBaHHS KacOBUX 4YeKiB. OHAK Ha CHOTOIHI
BOHHM BCE II¢ HE HAIalOTh KOPHCTyBayaM JOCTaTHIX
IHCTPYMEHTIB JJIs TOTO, MO0 e(pEeKTUBHO BECTH TaKUil
00mik. J[OmiTBHO pO3pOOUTH MOIYJH AJs HPOTPaMU
BelleHHS (PIHAHCOBOTO OOJIIKY, SIKMH JO3BOJHTH Ha
OCHOBI  (pororpadii KacoBOro ueKy HaJaBaTH
KopHUcTyBauy iH(opMmamlilo Mpo NpoMo-akii yepes
IIPOCTUH Tpollec CKaHyBaHHA 4eka [1].

OcraHHIM YacoM Ha0yJlId PpO3BUTKY METOAU
ONTHYHOTO  pO3Mi3HAaBaHHA  TEKCTy  4YEKiB 3
MOAANIBIIOKD 1HTEJIEKTYaIbHOI KOPEKII€K MOMIIOK
pO3Mi3HaBaHHS.

Onruune posnizuaBanns cumBoiiB (OCR) — e
SNICKTPOHHE MEPEeTBOPCHHS HAOpaHHX, PYKOIUCHUX
a0  HaApPYKOBaHMX TEKCTOBHX 300paXXeHb Y
MAaIIMHHO-3aKOIOBAaHMI TEKCT. 3aBISKH TEXHOJIOTiSM
OCR namepoBi JOKyMEHTH Ha pI3HHX MOBax Ta B
pi3Hux ¢dopmarax MOXyTh OyTH onudpoBaHi B
MAaIIMHO-00pOOIIOBAHUIA  TEKCT, 110 HE TUIBKH
noJieruye 30epiranHsi, ajne i Hajae TOCTyH JI0 paHile
HEJOCTYIIHUX JIaHUX KOPUCTyBady 3a JeKiJIbKa
HaTUCKaHb KJIaBinmi mumi [2].

Taki 300pakeHHs Ta JOKYMEHTH MOXHA
CKaHyBaTH 5K JOKYMEHT, GoTorpadiro JOKyMeHTa 4u
¢dororpadii oToueHHS (HAIPUKIAL, TEKCT HA KaCOBHUX
YeKax).

lonoaum BukimkoM TexHoorii OCR €
BUDIIIEHHS NPOOJIeMH, sKa TOJISITae y TOMY, LIO
ICHYIOTh Ppi3HI MmpUBTH Ta COOCOOM HAIMCAHHS
oIHOTO 1 TOro x cumBoisry. OKpiM TOro, mepur Hix
BubOupatu anroputM OCR, 300paxkeHHs Mae OyTH
nonepeaHro 06pobieHe, Mod BOHO OyJI0 TOTOBUM JI0
cuntyBanHs. llporpamue 3abesmedenHs OCR wmae
BHKOHYE CaMOCTIHO med eram, 00 30UITBIIATH
LIaHCH Ha PO3Ii3HABaHH.

B JIONIOBiI PO3TIIAAI0THCS MTUTAHHS
pPO3pOOEHHS  1HTENeKTyalbHOI cucTeMu O0O0poOKH
KacoBUX UYEKIB 3 BHKOPHCTaHHSIM  TEXHOJIOTIH
MAIIMHHOTO HAaBYaHHS, ONTHYHOIO PO3IMi3HABAHHS
TEKCTy Ta BEKTOPHOTO TOINYKY [JIsi aBTOMAaTH3awii
NpOMO-KaMIMaHiif y  NPOAYKTOBHX  Mepexax.
3ampornoHoBaHa ~ CHCTEMa  JIO3BOJISIE  MOKYILISIM
OTPUMYBaTH MUTTEBI BUHATOPOAH 32 Y4acTh Y IPOMO-
aKIlisix 4yepe3 MPOCTHH MPOIEC CKaHyBaHHS dYeKa y
MOOUTBHOMY  JIOJaTKy, TIIpH IbOMY BHPOOHHKH
OpeHAIB OTPUMYIOTH LIIHHY aHAIITHKY IIPO MOBEAIHKY
CIOXXMBauiB, reorpadiro NpojaxiB Ta ePEeKTUBHICTH
MapKETHHTOBHX KaMIIaHiil B peXXHUMIi peabHOTO Yacy.

TexHiyHa apXiTeKTypa cUCTEMH 0a3yeTbcs Ha
xMmapHiii mmatpopmi Google Cloud Platform Ta
BKIIIOYAa€ KiUTbKa KIIOYOBMX KOMIIOHEHTIB ISt
3a0e3neueHHs HaIiifHOT Ta MacmTaboBaHOI 0OPOOKH
nmaHux. Ilpomec moumHaeThes 3 TOTO, IO TOKYIELb
(oTorpadye kacoBuil yek depe3 MOOLTBHUH TOATOK
Ta 3aBaHTaXye 300paXeHHS Ha  cepsep, e
3actocoByeTbess Google Vision APl mms ontuvnHOTro
PpOo3ITi3HaBaHHS TEKCTY 3 MOJIAJIBIIOI0
IHTEJIEKTYaIbHOIO KOPEKII€I0 MTOMUJIOK
po3mi3HaBaHHS 32 JIONIOMOTOI0 BEJIMKHX MOBHHUX
mogened  Gemini  API.  Ilicns  orpumanHs
CTPYKTYpPOBaHUX JaHUX [P0 Ha3BH TOBapiB, ix
KIJIbKICTh Ta BapTICTh CHCTEMa BHKOPHUCTOBYE Vertex
Al Vector Search mist BekTopu3anii Ha3B IPOAYKTIB Ta
iX TOpIBHSHHS 3 OHJIANH-KATaJOroM IPOMO-TOBAPIB,
0 J03BOJISIE e(PEKTUBHO 3HAXOAUTH 30ird HaBITh TPH
HasBHOCTI optorpadigamx TTOMIJIOK abo
BapiaTWBHOCTI HammcaHHS Ha3B. Jlami BinOyBaeTbcs
Balifalisi yYMOB TIPOMO-akiii dYepe3 IepeBipKy
BIJIMIOBIJTHOCTI TOPTOBENILHOI MEPEXKi, AaTH MOKYIIKH,
MIHIMaJILHOI CyMH Y€Ka Ta KiJIbKOCTI TOBapy, a TaKOK
3MIACHIOETHCS TEPEBIpKAa HAa MOXKIIHUBE MIAXPaliCTBO
4yepe3 BHSBJICHHS MOBTOPHOIO BHKOPUCTAHHS 4YeKiB
a00 Mi03PIIHNX MAaTEPHIB TOBEIIHKH KOPHCTYBAiB.

Jus 30epiraHHs Ta OOpOOKH BEIMKUX OOCATIB
naHnx cucrema BukopuctoBye Cloud Storage s
30epiraHHs OpHUTiHATBHHUX 300pakeHb 4ekiB, Firestore
JUIl  ONEpPAaTUBHHMX MJaHUX TIIPO KOPUCTYBadiB Ta
MOTOYHI IpoMo-KamiiaHii, BigQuery mns aHamiTHIHHX
3amuTiB Ta (OPMYBaHHsS 3BITHOCTIB. AHAIITHYHUI
Moaynb Ha 6a3i Looker Studio Hajae ToproBesibHUM
MepexxaM Ta BHPOOHHMKaM JIeTalibHi Jamodopan 3
Bi3yajli3ali€lo KIOYOBHX METPHK  e(EeKTHBHOCTI
MIPOMO-KaMTaHii, BKIIOYAIOUH KUIBKICTh YYacCHHKIB,
reorpadiuHUil po3monin TmpomaxiB, AeMorpadiuHi
XapaKTepPUCTUKU TIOKYIIIB, IOMYJSIpHI KOMOiHamii
TOBapiB y KOLIMKY Ta PO3PaXxyHOK PEHTa0eIbHOCTI
IHBECTHIIH Y MApKETHHT.

TecTyBaHHSI 3alpPONOHOBAHOI IHTENEKTYaJIbHOT
cucteMn OOpOOKHM KacOBHUX YEKiB 3 BHKOPHCTaHHSM
TEXHOJIOTI MAIIMHHOTO HaBYaHHS Ta ONTHYHOTO
pO3mi3HaBaHHS TEKCTY HiATBEPINIO i
Mpame3aaTHICTb.

Cnucok nitepatypm

1. ABBYY FineReader Engine. — [Enexrponuuii pecypc]. —
Pexxum moctymy: https://www.abbyy.com/ocr-sdk/.

2. Building Custom Deep Learning Based OCR models. —
[Enexrponnuit pecypc]. - Pexum JOCTYILY:
https://nanonets.com/blog/attention-ocr-for-text-recogntion/
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CUCTEMU TECTYBAHHA 3HAHb B HABYAJIbHOMY MNMPOLIECI

[lix d9ac poO3poOKM CUCTEMH TeCTyBaHHA
Ba)XJIMBO 00paTd I1HCTpYMEHT, SIKUH HE Juile
3abe3nedye (YyHKIIOHAIBHI MOMIIMBOCTI KOHTPOJIO
3HaHb, ajc¢ W BIANOBIZa€ BUMOTaM IHTErpaii,
3pyYHOCTI BHKOPHCTaHHA Ta MAacIITabOBaHOCTI.
CyuyacHi  OCBITHI TpOIlECH JAedali  aKTHBHIIIE
nepexoiaTe 'y muppose cepeposumie. OnHiero 3
HAWITOUIMPEHIIINX CUCTEM JAUCTAHIIIHHOTO HABYAHHS €
Moodle, sixka MIMPOKO BUKOPHCTOBYETHCS y 3aKIagax
BHUIIOT OCBITH /I OpraHi3aiii HaBYaHHs, KOHTPOJIIO
Ta OLIHIOBAaHHS 3HAHb CTY/ICHTIB.

B ymoBax mepexony 0 JOHUCTaHLitHOTO
HaBYAaHHSA 3 NOYATKy IMaHAEMii, a TMOTiM BIiffHH 3
poci€ro, 3acodu CalTy MEePCOHAIBHUX HABYAIBHUX
cuctreM (ITHC) XHEY im. C.Ky3mens cramm
HEe3aMiHHMMHU JUTS [IPOBEJCHHS 3aHAThH Ta OLIHIOBAHHS
3HaHb CTyAeHTiB [1]. Baxmmee wmicie B Moodle
3aiiMae  MOAYJb  TECTyBaHHS, WO  JIO3BOJISIE
aBTOMAaTH3YBaTHU IIEPEBIPKY PE3yIbTaTiB HABIAHHS.

Pazom i3 mepeBaramm cucTeMa TECTYBaHHS
Moodle mMae HH3KY OOMEKeHb, SKi BIUIMBAIOTH Ha
00’€KTHBHICTH OI[IHIOBAHHS, 3pPYYHICTh BUKOPUCTaHHS
Ta MeJaroriyny e(eKTUBHICTD.

Monyne TtecrtyBanus Moodle miarpumMye pisHi
TUTM ~ 3aldTaHb: 3 BHOOPOM  BIiANOBimi, Ha
BIJIMIOBIHICTh, YHCIIOBI, KOPOTKY BIAMOBiAb, ece
tomo. Cucrema /103Boisie (hopMyBaT OAHKHM MHUTaHb,
BCTaHOBJIIOBATH OOMEKCHHS Yacy, KUIBKICTh CIIPOO,
BHIIAJIKOBY BHUOIPKY Ta aBTOMAaTHYHE OIIiHIOBAaHHS.
IMonpu GyHKI[IOHAIBHICTh, TPAKTUYHE BUKOPUCTAHHS
MoKaszye, 10 CTaHAapTHI MoxiuBocti Moodle He
3aBXKIM 3a0€3MeuyroTh SKICHHH KOHTPOJIb 3HAaHb,
0COOJIMBO 32 MACOBOT'O Ta IUCTAHIIIHHOTO HABYAHHSI.

Moodle He miaTpUMy€e TOBHOILIHHE aJaNTHBHE
TecTyBaHHs. Y craHpaptHomy Moodle BigcyTtHi
BOyzOBaHi IHCTpYMEHTH MIPOKTOPUHTY Ta
IHTEJIeKTYaIbHOTO aHaJli3y MOBEHIHKH KOPHCTyBada
[2]. DBinpmicte TecTiB opieHTOBaHI Ha  BHOIp
MpaBUIBHOI  BIANOBiZi, a He Ha TEpeBipKy
aHaNITUYHOrO MHCIeHHs. lle crpuse MexaHIYHOMY
3armaMm’sSITOBYBaHHIO, a HE TJIMOOKOMY pO3YMiHHIO
HaBYAJILHOTO MaTepiaiy.

Po3pobka sxicHOTO 0aHKYy TECTOBHX 3aBJaHb
BHUMarae 3HaYHUX YaCOBHX 1 METOJUYHUX BHUTpaT. be3
HaJIeKHOT MiZATOTOBKM BUKIJIaJa4a TECTH MOXKYTh OyTH
HEBaJIIIHUMHU a00 OJHOMAaHITHUMH.

Crangaptauii Moodle maiike HE BUKOPHCTOBYE
MOXJIMBOCTI IITYYHOTO IHTEJIEKTY ISt
ABTOMATUYHOTO aHaNi3y BiJMOBiJeH, aganTaiii TECTIB
YM BUSBJICHHS Mi03piN0i aKTUBHOCTI. 3aylydeHHS
IITY9HOTO 1HTENIEKTY [O3BOJHUTH 3POOUTH CHCTEMY
OUThII  NEPCOHAN30BaHOK,  OO0’€KTHBHOI  Ta
HaIIHHOIO.

[opanbmmii po3BUTOK CHCTEM TECTYBaHHS Mae

IPYHTYBaTHCSl HAa BIPOBAUKEHHI IHTENEKTYaJIbHHX
TEXHOJIOTiM,  IEepCOHai30BaHMX  MIAXOAIB  Ta
aBTOMATH30BAaHOTO aHAJNi3y HABYAIBHOI IiSUTBHOCTI,
0 CHPUSITHME TMiJBHIICHHIO SKOCTI OCBITHBOTO
mporiecy.

[lix wac po3poOKM cUCTEMH TEeCTYBaHHS
BaXIMBO OOpaTH IHCTPYMEHT, SKHH He JIHIIC
3abe3neuye (HyHKIIOHAIBHI MOMIHUBOCTI KOHTPOJIO
3HaHb, aje U BIANOBiZae BUMOTaM IHTeTpaIii,
3pYYHOCTI BHKOPHUCTaHHS Ta MacuiTaboBaHocTi. J{ist
peamizalii TeCTOBOrOo MOIYJS HPOIOHYETHCS 00paTn
wiarii WP Pro Quiz, mo (QyHKIIIOHYyE B cepeIOBHII
WordPress. JOninbHICTE TaKoro BHOODY
MIATBEPKYETHCSL  TIOPIBHSHHAM 13 TOIIMPEHOIO
CUCTEMOIO OUCTAHIIIMHOTO HaBYaHHA Moodle.

Cuctema TtectyBanHs Moodle opieHTOBaHa Ha
IMOBHOIIHHE JAUCTaHIlliHe HaBYaHHsA, Toxl Sk WP Pro
Quiz Gimbln THYYKHIT ¥ KOHTEKCTiI BeO-3aCTOCYHKIB i
iHTepakTHBHUX cepBiciB. Moodle BuMmarae Oinmpm
CKJIQJHOTO iHTepdeiicy KepyBaHHS, IO MOXKe
YCKJIaIHIOBATH pOOOTY BUKIIAadiB-TIOYATKIBIIiB.

WP Pro Quiz /103BoisiE THYYKO KepyBaTH
TECTAMHU: 3aJaBaTH BHUIAJKOBY BHOIPKY IUTaHb,
4acoBi JIIMITH, CHCTeMy OajiB, KUIBKICTH COpod Ta
MHUTTEBUI 3BOPOTHUHN 3B’S30K. 3aBASKH BIIKPUTOCTI
WordPress-miathopMu 3 SABIAETBCS  MOXKIIHBICTH
MOJANTBIIOTO PO3MIMPEHHS (QYHKI[IOHATY, 30KpeMa
iHTerpauii MOJyJIB aHAJITUKH, MepcoHami3auii Ta
mryqHoro inTenekty. Kpim toro, WP Pro Quiz kpame
MIAXOMUTH YIS IHTErparii 3 MyJbTHMEIIHHUMH BeO-
cUCTeMaMH, Jie TECTYBaHHsS € YaCTHHOIO 3arajbHOro
iHpopMamiifHOTO pecypcy, a He okpemor LMS-
iatgopmoto, sk y Bunaaky Moodle.

TakuMm YHHOM, TIOPIBHSJIBHHU aHAI3 ITOKA3ye,
mo xo4ya Moodle € TOTYXHUM cepeloBHIIEM
JMUCTAHIIIHHOTO HAaBYaHHsS, BHKOpucTaHHI WP Pro
Quiz € OimBII MOUIMBHWM U CTBOPEHHS T'HYYKOI,
JIETKO 1HTETpOBAaHOI Ta PO3MIMPIOBAHOI BEO-CHCTEMHU
TectyBaHHs. Lle 3a0e3neuye NpoCTOTy BIPOBAIDKEHHS,
3pY4HICTB KOPHUCTYBaHHS Ta MEPCICKTHBH
MOJAJIBIIOTO THTENEKTYIIbHOIO PO3BUTKY CHCTEMH Ta
pobuth #oro edeKTMBHUM IHCTPYMEHTOM IS
CTBOPEHHSI Cy4YaCHHX BEO-OpIEHTOBAaHHX CHCTEM
KOHTPOJIIO 3HAHb.

Cnucok nitepatypm

1. Bukopucranns 3acobie [IHC gns mpoBexeHHs
IiJICYMKOBOTO KOHTPOJIIO 3HaHb CTyneHTiB - Ky3us. Ky3us
KOHTEHTY. URL:
https://content.hneu.edu.ua/s/V8_yMSkMU

2. Moodle Proctoring || Can Moodle Detect Cheating in
Exams?. Beyond Key. URL: https://www.beyondkey.com/
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BUBIP NMPOrPAMHOIO 3ABE3INEYEHHA ANA HABYAHHA OCHOBAM
POBOTU 3 BIG DATA

Texnouorii Big Data craroTh 0IHHM i3 KIIIOUOBHX
HaTpsAMIB PO3BUTKY Cy4acHOi mHU(POBOI €KOHOMIKH,
Hayk# Ta ocBiTH. OOpoOKa BEIHKHUX OOCATIB JaHUX €
HEOOXITHOIO JJIS NPUHHATTSA OOIPYHTOBAHUX PIllICHB,
MATIPUEMHUNBKOI aHAITUKH, HAYKOBUX IOCIIIKEHb
Ta PO3BHUTKY iHHOBaliii. B maHWii yac BUKOpUCTaHHS
BEIMKUX JaHUX B OCBITHBOMY TIIPOIECI BHIIMX
HaBUYAJILHHUX 3aKJaJiB cTae OiIbLI akTyalbHUM. Tomy
y migrotoBui  ¢axiBuiB  IT-chepn  BaxkauBum
3aBIaHHsIM € (OpPMyBaHHS BMIiHb TIpallOBaTH 3
inctpymentamu  Big Data. Bubip BimmosigHoro
nporpamHoro 3abesnedenHs (II3) mmga HaB4aIbHOTO
mpouecy — BH3Hayae  ©(DEeKTHBHICTH  3aCBOEHHS
TEOPETUYHHX 3HAHb 1 MPAKTUYHUX HAaBUUOK.

Icaye ©Oarato mporpaMHHX TPOIYKTiB, SKi
JOIIOMOTAlOTh ~ pealli3yBaTH  IOBHHUH  CIIEKTP
AHANITHYHUX IHIIIATUB 3 ypaxyBaHHIM JaHUX — Bif
3BITHOCTI y Yac A0 MONATKiB MAIIMHHOTO HaBYaHHS.
Kpim TOro, icHye Oe3iiu IHCTPYMEHTIB BEIIUKHX
JAHUX 3 BIJKPUTHUM BHXIIHUM KOIOM, JIEAKi 3 SIKUX
TaKOX TPONOHYIOThCS Y KOMEPIIHHUX Bepcisix abo sk
YacTHHA IUIATGOPM BEIMKHX JaHUX Ta KEpOBaHHX
HOCTIYT.

Jo xirouoBuxX KputepiiB 1ooopy 13 ans HaBuaHHS
Big Data HanmexaTh: JOCTYITHICTD Ta O€3KOIITOBHICTH;
MIPOCTOTa  BCTAHOBJEGHHS Ta BHUKOPHCTaHHSI —
MOXIJIMBICT POOOTH y JIOKaJbHOMY Ta HaBYaJbHOMY
pexnMmax; (YHKIIOHabHA TOBHOTa — MIiATPHMKA
30epiranHs, oOpoOKH, aHAJ3y Ta Bi3yami3amii JaHWX;
MacuTaboBaHICTh — NEPEXiJ Bijl HABYAIbHUX 33134 10
MIPOMUCIIOBUX CLEHApiiB; HAsBHICTh JOKYMEHTalil Ta
CHUIbHOTH MIATPUMKH — JOCTYN [0 HaBYaIbHHX
MaTepialiB, IPUKIAIIB i PopyMiB.

Apache Hadoop € xmacndHo0 miaThopMor0 IS
posmoxinenoro 36epiranns nmanumx (HDFS) Ta
00poOkn 3a mnpunHiMnoM MapReduce. Ilepesaru:
BHUCOKA HaJiiHICTh, BIJIOBIIHICTE IPOMHUCIOBUM
CTaHAapTaM, MOXJMBICTH pPOOOTH B KiacTepi Ta
nokanbHO.Henonikn:  TOpIBHSAHO — CKIagHHUN  Topir
BXOJ/DKEHHsI, HeOOXIHICTh HonepenHbpoi KoHpiryparii
[1].

Apache Spark — BHCOKOTIPOJIYKTHBHA CHCTEMa
00poOkn nmaHmx y mam’arti. llintpumye wmomydmi
MAaIIMHHOTO HaBYaHHS, MOTOKOBY 00poOky Ta SQL-
aHamiTuKy. IlepeBaru: MBHIKOMISA, IIUPOKUI CIIEKTP
6ibmioTek, cydacHa apxiTektypa. Hemomiku: morpedye
6a30BHX 3HAHb NPOTPaMyBaHHSI.

Jupyter Notebook — 3py4ne iHTepakTHBHE
CepelloBHIIE JUIS HAaBYaHHS aHami3y JaHUX 3
BukopuctaHHsiM  Python. IlepeBarm: mpocrora,

HAOYHICTh, iHTerpamis 3 Pandas, NumPy, Matplotlib.
Pore: mouaTkoBMit eTarm HaBYaHHS POOOTH 3 TAaHIMHU.

Google Colab — omnnaiie-mwratpopma, 110
JIO3BOJISIE TMPAIIOBATH 3 BEJIMKUMU HAOOpaMHu JaHHX
06e3  iHcramamii  nokampHOro  II3.  Ilepemarm:
OCTYIHICTh,  IATPUMKA  XMAapHUX  pECypcCiB,
3pYYHICTh AUCTAHIIHHOTO HABYAHHS.

NoSQL-cucremu (MongoDB, Cassandra) naroth
3MOTY O3HaWOMUTH CTYJEHTIB 3 HepessLiiHUMU
MOJIeTsIMU TaHKX. [lepeBaru: THy4KicTh, aKTyaJIbHICTh
JUTsl Cy9acHUX 3aCTOCyBaHb [2].

PexoMeHnoBaHa HaBYalbHa MOJENb MOXE MaTH
HACTYITHUN BUIJISL.

1. TlouarkoBuii eram: Jupyter Notebook /

Google Colab — 6a3u anamizy nmanumx, 00poOKa
HaOOpiB.

2. Cepenmniii eran: Hadoop — BuBYCHHA
apxitekrypu Ta MapReduce.

3. Tlormubnenuii eram: Spark — moTOKOBa

00po0OKa, MaIIMHHE HABYAHHS, aHAJTITHKA.

4. Tlpuknaguuii eran: NoSQL + iHCTpyMeHTH
BizyaJi3anii — npakTH4Hi KeHCH.

Buchosku. Bubip nporpamHoro 3abe3neueHHs st
HaBuaHHA Big Data mae 0a3yBaTucs Ha TO€IHAHHI
JIOCTYIHOCTI, (PYHKIIOHANIFHOCTI Ta BIAMMOBITHOCTI
ocBiTHIM mimsM. KomrmekcHe BHKOopucTaHHS Jupyter
Notebook, Hadoop, Spark, NoSQL Ta 3aco0iB
Bi3yamizamii  Jo3BoNisie  BHOYIOyBaTH  e(QEKTHBHY
CHUCTEMY TIATOTOBKH CTYICHTIB, c(opMyBaTtu sK
TEOPETHYHI 3HAHHSA, TaK 1 MPAKTUYHI KOMIIETEHTHOCTI,
HEOOXIimHI Juis pPOOOTH 3 BEIMKUMH JIaHUMHU.
Komruiekcuuii minxix no Bubopy I13 3abe3neuntsb
CTy/IEHTaM SIKICHY IJJTOTOBKY Ta chopMy€e MpaKkTHUYHI
HaBUYKH, BOCTpeOyBaHi Ha pUHKY TIpaIli.

Iomanemi JIOCTIJKSHHS MOXYTb Oyt
CHpsIMOBaHI Ha PO3POOKY METOANYHUX PEKOMEHJAIii
moxo BhpoBapkeHHs Big Data y HaBuanbHi
MPOTpaMH, CTBOPEHHS Ja0OPaTOPHUX KOMIUIEKCIB Ta

OLIHIOBaHHSA  €(EeKTUBHOCTI  PI3HMX  OCBITHIX
IHCTPYMEHTIB.

Cnucok nitepatypm
1. White T. Hadoop: The Definitive Guide. — 4th
ed. — O’Reilly Media, 2015. — 808 p. URL:

https://github.com/Farheen2302/hadoop-
project/blob/master/hadoop_reading/Hadoop%20The%20De
finitive%20Guide%2C%204th%20Edition.pdf

2. MongoDB Documentation. MongoDB Manual. — URL:
https://www.mongodb.com/docs
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IHTEJNIEKTYAJIbHA CUCTEMA TEAMFINDER OJ14 r6PUAHUX CEPBICIB

CyuacHi 1mdpoBi cepBicH MalOTh CYTTEBHA
HEeNOoJIK: BOHM abo  By3bKOCHELiali30BaHI Ha
mpodeciitanx ~ 3aBmaHHsx  (TaskRabbit),  a6o
OpIEHTOBAHI BUKJIIOYHO Ha MacoBi mofii (Meetup), o
He 3a0e3Medye THyYKOCTI JJIs pa30BHX MOOYTOBHUX YU
comianbHMX ~ 3amuTiB. B ymoBax  BO€HHOI
HECTaOUTFHOCTI Ta KPUTHYHOTO AeinuTy KajgpiB B
VYkpaini BHHHKae moTpeba y CTBOPEHHI «IIPOCTOPY
JOBipI», AKUH iHTErpye QYHKUIi momyKy (axiBIiB i3
MeXaHI3MaMH COIliasibHOI B3aeMoii Ta Al- miaTpumMku
[1]. OO’ekr mocmiIpKeHHS — TPOIECH MOIIYKY
BUKOHABIIB I HAJaHHSA MOCIYr Ta KOOPMHAI]
HehopMaNBHUX — cowiaNbHUX — Tpym.  Ilpemmer
JOCITJPKSHHSI - MoJeni IHTEJIEKTYyaIbHOT
JCKOMIIO3HLIT 3alHTIB Ta AJTOPHTMHU aIalTHBHOIO
IUIAHYBaHHS B YMOBaX OOMEXEHOro JIFOJCHKOTO
pecypcy. Mera poboTH — IPOEKTYBaHHS Ta Po3poOKa
riopunnoi cucremu TeamFinder, mo mnoenHye
¢yHKIioHan  QpiraHC-TIATPOPMH Ta  COMLIATBHOT
Mepexi Ha ocHOBI NLP ta Al

OCHOBHI 3aB/IaHHS Ta IHHOBALIMHI PillICHHSL.

1. IdrenmexkrtyanmpHa JaekoMmmosuiis  (Smart
Decomposition). IIpomec iHTeNeKTyaJbHOrO aHamizy
CKJIATHOT'O 3alUTy KOPHCTyBa4ya MOXKHA MPEACTABUTH
Sk BimoOpaxenHs fo QO —G, ne Q — 3amur
mpupogHoro MoBoo, a G —  opieHTOBaHHH
arkiuanii rpad (DAG) 3aBmanb. Hexail ckiamHuii
3armuT T (Hanpukian, « Pemonm @anHoi») € KOPCHEBUM
By3j0M iepapxii. Ilpomec nekommoswuiii po3ousae T
Ha MHOXXHHY aTOMapHHX Iia3aBaanb 1={Si, Sz, ..., Sn},
Jie Si — KOHKpEeTHa Tociyra (JIeMOHTaX, CaHTEeXHIKa,
IUINTKA), 110 BIiJNOBiZae TIeBHiH Kareropii B 0as3i
naHux cuctemMu. OCKUTBKA BHKOHAHHS pOOIT Mae
4acoBy Ta JIOTIYHY IMOCIIIOBHICTH, MH OyIyeMO Tpad
G=(V,E), ne V — mHuoxuHa BepuuH (Mia3aBaaHb Sj).
E — wmHOXuHa pebep, MO0 BU3HAYAIOTH BiTHOUICHHS
nepeayBaHHs Si<Sj (HApHUKIaA, YKIAQAaHHSA IUIUTKH
HE MOXKE PO3IOYATUCS O 3aBEPLICHHS CaHTEXHIYHUX
po0Oit). 3amicTe JTIHIKHOTO TOIIYKYy CHCTEMa
BUKOpHCTOBYe Al nnst aHamizy CKIagHMX 3alMTIB.
MarematiuuHy JIOTiKYy npotecy JIOLIITBHO
NIPEACTaBUTH dYepe3 amapar Tteopii rpadiB Ta
iepapxiuanx Mmepex 3amanb (HTN) [2]. Hampuxman,

3anmuT  «PeMOHT y  BaHHI»  aBTOMaTH4HO
CTPYKTYPYETBCS B iepapxiqHnit rpag:
Hemonmaoi <Canmexnixa <IInumxka. Kopuctysau

OTPUMY€E MOXJIMBICTH a00 CaMOCTIHHO TigOuparu
BHKOHABIIIB Ha KOXKHY JIAHKY, a00 3allyduTH pOIb
«BukoHpob6a» —  yHIBepCalbHOTO  MEHEIKepa
BCEPEIMHI CHCTEMH ISl KOOPIUHAIIi BCi€i KOMaH/IH.
Ile no3Bomse cucTeMi NMPOMOHYBATH IBI CTpaTerii —
JICIICHTPaTi30BaHa (HE3aJICKHUNA TMOUTYK BHKOHABIIB
Ei s xoxHOro Si) Ta meHTpaizoBana («BukorpoOy,
BUOIp KoopanHaropa M juist yrpaBiiHHS BCiM rpadom
G) [3].

2. PerionanpHa aganranigs Ta  AUMHAMIYHE
ManyBaHHS. CHcTeMa aHalli3y€e HIUTBHICTD JOCTYIHHX

(axiBLiB y KOHKPETHiH JoKarii (Hanpukiaa, XapKis).

Y  pa3si  BUWSBIGHHS  KpPUTHYHOrO  Jedinuty
cnemiamiictiB, Al TIpeBEeHTHBHO TONEpekKae Ta
NPONIOHY€E  albTEPHATHBHI  JIOKAJIBHI  pecypcH

(Mara3uHH, BOJIOHTEPCHKI Xa0H, TOIIO).

3. JIBoXCTamiiHM{ alrOpuTM OOCIYrOBYBaHHS
(Path A/B). Ilpomec B3aeMomii pO3TalIyXyeTbCS
3aJIe)KHO Bil MpEAMKATy HasBHOCTI pecypcy R(s;) €
{0,1}.

lnax A4 (R=1, BuxoHaBelp 3HAWAEHHIA) —
CTaHJapTHUM LUKII (Jorosip —BukonaHHs
—Biaryx).

HInsx B (R=0, pecypc BiAcyTHiif) — akTuBais
pexumy Smart Assistant (DIY Mode) [4]. ¥V 1upomy
BUTAJIKy CHCTEMa HE TPOCTO BHAA€ MOMWIKY, a
TpaHcopmyeTbes 'y 06a3y 3HaHb, Hajgaoounm Al-
KOHCYNbTAIlii Ta IHCTPYKIii MO CcaMOCTIiHHOTO
BUpIIIEHHS TpoOJieMH Ha OCHOBI  NPHHIMIIB
IHTEeNeKTyalbHUX areHTiB. Lle 3a0e3meuye BUHATKOBY
JKUBYUYICTB (robustness) cepBicy.

4, CemMaHTHYHUI NLP-anamis. Host
KaTeropusanii 3anuTiB BHUKOPUCTOBYETHCS IIPOCTIP
BEKTOPHUX  mpexacraBieHb [5].  Bukopucranus
Sentence-BERT i ceMaHTHYHOrO  aHaJi3y
BiJNIOBiZae CBiTOBUM craHmaptaM y ramy3i NLP ta
3a0e3Medy€e BUCOKY TOYHICTh Kiacu]ikallii HaBiTh s
CKJIaJHUX CEMAaHTUYHHX KOHCTPYyKHiiH. Al-monenms
00YHCITIOE KOCHHYCHY OJIM3BKICTh MK BEKTOPOM
3aIUTy Vg Ta €TAJOHHUMH KaTeropisMH Veat:

similarity = cos(0) = —YqVeat
llvglllveacll

IIpoext 6azyerbecss Ha UML-MonmemtoBaHHI Ta
BITPOBAKCHHI Smart-KOHTpPaKTIB. CtBOpEHO
anropuTMivHe  3a0e3ledeHHs, 10  3abe3medye
CTIMKICTh CEpBICHOT €KOCHCTEMH, HABITh 3a IOBHOI
BiJICYTHOCTI (paxiBIiB y perioHi, KOPUCTyBad OTPUMYE
IHTEJIEKTYaIbHY HIATPUMKY B peKUMI
«CaMOJIOTIOMOTH», 10 poOuThH TeamFinder
a/IalITHBHOIO €KCIIEPTHOIO CUCTEMOIO.

Cnucok nitepatypm

1. Parker, G. G., Van Alstyne, M. W., & Choudary, S. P.
(2016). Platform Revolution: How Networked Markets Are
Transforming the Economy. W. W. Norton & Company.

2. Nau, D., Au, T. C,, llghami, O., & Kuter, U. (2003).
SHOP2: An HTN Planning System. Journal of Artificial
Intelligence Research, 20, 379-404.

3. Kerzner, H. (2017). Project Management: A Systems
Approach to Planning, Scheduling, and Controlling (12th
ed.). Wiley.

4. Russell, S., & Norvig, P. (2020). Artificial Intelligence: A
Modern Approach (4th ed.). Pearson.

5. Reimers, N., & Gurevych, I. (2019). Sentence-BERT:
Sentence Embeddings using Siamese BERT-Networks.
Proceedings of the 2019 Conference on Empirical Methods
in Natural Language Processing.
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IHTENEKTYAIIbHA OBPOBKA OCBITHIX AAHUX'Y CUCTEMAX NIATPUMKH
NMPUNHATTA PILLUEHDb

Hudposizarnis OCBITH CYTIPOBOJIXKYEThCA
CTPIMKMM  3pOCTaHHSIM  OOCSTiB  [NaHUX, IMIO
(opMyIOTECSL B TIpolleci HaBYaibHOI misimbHOCTI. o
HHUX HaJe)XaThb Pe3yJbTaTH OLIHIOBaHHS, MMOKA3HHKU
BiJIBIAyBaHOCTI, AKTHUBHICTD y cucTeMax
JMCTAHLII{HOTO HABYaHH], JdaHi [P0 BUKOHAHHA
3aBllaHb, B3aEMO/III0 3100yBaviB OCBITH 3 MH(YPOBUMHU
wiaTgopMamMy Ta IHIN XapaKTEPUCTUKU OCBITHBOTO
npotecy. 3a TaKUX YMOB 3pOCTaE MOTpeda B Cy4acHUX
mixoax no aHamizy iHdopmarii, sIKi 1al0Th 3MOTY He
quie (ikCyBaTH CTaH OCBITHBOTO CEpelOBHINA, a U
BUSIBJISITH TPUXOBaHI 3aKOHOMIPHOCTI, NMPOTHO3YBAaTH

pe3ynbTatu Ta MiATPUMYBaATH MPUAHSTTS
YOpaBIIHCBKHX 1 TeJaroriyHMX  pimeHs. Sk
3aCBIQUYIOTh  CYYacHI  JOCHIIDKEHHS, IITYYHHAN

IHTEJIeKT Jelalli aKTUBHIIIE IHTETPYETHCS B OCBITHE
CepelOBHILE, OXOIUIIOIYM aJIaNTUBHE HaBYAHHS,
IHTENeKTyallbHe OLIHIOBAHHS, HaBYAJIbHY aHATITHKY
Ta IPOTHO3YBaHHSA yCITIITHOCTI.

TpamuuiliHi maXomyw IO aHami3y OCBITHIX
MOKa3HUKIB IEPEBAXHO IPYHTYIOTbCS Ha OIMCOBIH

CTaTHCTHII, eKCIIePTHUX OLIIHKAxX i
peTpociieKTUBHOMY aHaiizi. OnHaK BOHH HE 3aBXKIH
3a0e3Meuy0Th  CBOE€YACHE  BUSIBJICHHS  PHU3HKIB
aKaeMiqHOl HEYCITIIHOCTI, HEIOCTATHHO

BpPaxOBYIOTh MTOBEIIHKOBI MaTepHH 3400yBaviB OCBITH
Ta OOMEXEHO WiATPUMYIOTH NPUHHATTS PIlICHb Y
peansHOMY 4aci. Ha BiqMiHy BiJ HUX, iHTENIEKTyalbHA
00poOKa OCBITHIX MaHWX Tependavdae BUKOPUCTAHHS
METOJIB  MAalIMHHOTO HaBYaHHSA, KiIacuQikalii,
CerMeHTallii, BUSBJICHHS aHOMAJil Ta MPOTHO3YBaHHS
JUIsL  TIMOIIOr0 PpO3yMiHHS HaBYalbHOI JAWHAMIKH.
Takuil migxig CTBOPIOE MEPEAYMOBH Ui TMEPEXOMY
BiJI KOHCTartalii pe3yJbTaTiB A0 BUIEPEIHKAILHOTO
YIpaBIIiHHA OCBITHIM miporiecoM [1], [2].

Y cucremMax MATPUMKH TPHHAHATTSA pillleHb
IHTEJeKTyanbHa OOpoOKa OCBITHIX JNaHHX MOXeE
3aCTOCOBYBAaTHCSl 32  KUIBKOMa  KIIFOYOBHMH
HampsiMamu.  [lo-mepmre,  BOHa ~ Jae  3MOTy
MIPOTHO3YBAaTH PE3yJIbTaTH HaBYaHHS Ta BHSBIATH
3100yBauiB OCBITH, SIKI HaJeXaTh 10 TPYNH PHU3UKY.
ITo-npyre, pe3ynbTatu aHawizy MOXYTh
BHKOPHCTOBYBATHCS TSI MIEPCOHANI3AI] HaBYAIBHUX
TPaeKTOpiH, aganTamii 3MicTy W TeMIy HaBYaHHS IO
igauBigyansHnx motpeb. Ilo-Tpere, amMiHicTparis
3aKJadiB  OCBITH MOXE BHKOPHCTOBYBaTH  TaKi
CHCTEMH [UIi MOHITOPDHUHTY SKOCTI OCBITHBOTO
MpoIrecy, OIIHIOBaHHA  €(EKTUBHOCTI  OCBITHIX
KOMITOHEHTIB, YJAOCKOHAJICHHS PO3IOJLUTYy pecypciB i
M ABULLIEHHS 00TpYHTOBAHOCTI OpraHizamiiHux
pimens. [lns BuKIagaya I O3HA4Ya€ MOJKIIUBICTH
ONEpPaTUBHO OTPUMYBaTH iHpOopMaIiio po

YCHIMIHICTh, AaKTUBHICTh 1 TPYAHOLI KOHKPETHUX
CTYICHTIB, a ;s 3400yBada OCBITH — OTPHUMYBATH
OimpII  iHOWBiAyalli30BaHI  pEeKOMEHAALil  IIOIO0
MOJAJIBIIIOTO HABYAHHSI.

BogHouac pe3ynbTaTHBHICTH TakKHX CHCTEM
BU3HAYAETHCS HE JINILIE MOXKIMBOCTSIMH aITOPUTMIB, a
i sKicTIO opraHi3alii poooTu 3 gaHuMmu. HermoBHi ab6o
HEKOPEKTHI JlaHi MOXYTh 3HIDKYBATH TOYHICTb
MPOTHO3IB 1 CIIOTBOPIOBaTH pexoMeHanii. Kpim toro,
Ba)KJIMBOTO 3HAYEHHS Ha0yBaloTh NHUTaHHS
Mpo30pocTi  MOAeJeH, IHTeprperauii pe3yJbTaTiB,
3abe3neueHHs KOH(DIACHUIHOCTI Ta JIOTpPUMaHHS
€TMYHUX  NPUHIOMIIB ~ BUKOPUCTAHHA  OCBITHBOT
aHamiTHKH. CydacHi OTIISAN HiAKPECTIOITE TOTpedy B
JIOAWHO TCHTPUYHOMY MIiAXOAi 1O po3poOIcHHS
TaKMX CHCTeM, SKUH mependadae  BpaxyBaHHS
IHTepeCiB OCHOBHHX YYaCHHKIB OCBITHBOTO IPOIIECY,
Oalagc MK  aBTOMATH3ALI€0 Ta  JIFOJCBKHUM
KOHTpPOJIEeM, a TaKoX yBary Jo Oe3Ie4HOCTI,
HAIWHOCTI ¥ JOBIPH 10 aHATITHYHHX PIilIeHb [2].

Otxe, iHTeNeKTyalbHa 00p0oOKa OCBITHIX JJAHUX
€ TIEPCIIEKTHBHOI0 OCHOBOIO JUISl PO3BUTKY CY4acCHHX
CHUCTEM MIATPUMKH NPUHHATTA pilleHb y cdepi
ocsitn. [i 3acTocyBaHHA CHpHs€  MiIBHUIIEHHIO
TOYHOCTI  AHANITHYHHX  OIIIHOK,  CBOEYACHOMY
BUSBJICHHIO HABUYANBFHUX Tpo0ieM, IepcoHami3aril
OCBITHBOTO MpOLIECY Ta MOKPALICHHIO YIPABIIiHHI
OCBITHIM cepeqoBHIIEeM. Y TMEePCIEeKTHUBI TaKi MiAX0IU
MOXXYTh CTaTH BaXJIMBUM IHCTPYMEHTOM IiJBHILICHHS
SIKOCT1 OCBITH B YMOBax IidpoBoro cycminbctsa [1],

[3].
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MYJNIbTUMOJAINBHE NEPEABAYEHHSA TUNIB NNIKAPCbKUX B3AEMOAIN

3 PO3BUTKOM Ta MOMIMPEHHSIM HEHPOMEPEKEBUX
TEXHOJIOTIH  3'SBHIacS MOJKJIMBICTG  IiIBHUIIEHHS
SIKOCTI TIPOTHO31B B CHCTEMaX MEIMYHHX JOCIIIKEHb.

I[Monan 40% mnauieHTiB crapumie 65 pokiB
NpUiMaloTh M'ATh 1 OUIbIE NpenapaTiB OJHOYACHO
[1], mo cunpuumHsie HenependavdyBaHi B3a€MOJII:
MiBUICHHS TOKCHUYHOCTI, 3HMUXKCHHSA €()EKTUBHOCTI
abo po3BuToK mOOIUHMX peakmiid [2]. IloBHe
7mabopaToOpHE TECTYBaHHSA HEMOJJIMBE, amke il 14
000 mpemaparie DrugBank mpoctip map mepeBurrye
98 MiH, a 3agoKyMeHTOBaHO Jjuie 1,4 miaH [6].
Icayroui SOTA-mozmeni (TIGER [3], KnowDDI [4])
OIHIOIOTECS Y «TEIUIOMY» pexknMi Ha 86 kiacax DDI,
0 3aBUINYE peajbHy sKicTh [5]. Y it pobGori
PO3MIIsAAEThCs 3a/1a4a JociimkeHHs 180 yHiKaIbHUX
epekTiB B yMmoBax cTpororo cold-start. Basa
DrugBank 6.0 [6] mictuts 17 430 mpenapariB i 1,4
MJIH B3aemofiii. Po3mozin edekTiB 3a 9acTOTOrO
HaBegeHo B Tabn. 1. Tpu Haiwacrimi PK-edexrn
ckinamaioth 51,3% Bubipku, moHam 80 edexTiB
3yctpivarotscs pimme 0,1%. BukopucroByerses drug-
wise po3ourts 60/20/20; TectoBa BHOipKa — 29 479
B3a€MOJIil Mi>K HEBITOMUMH MOJICITI MperapaTaMH.

Tabmuis 2 — [opiBHSIHHS pe3yAbTaTIB MOACTICH

System | Effect F1-

Monens
n Acc Acc macro

ITapamerpu

exp001
(Termi):
npsiMa
Kk1acuQikaris

1,6M 49,1% 26,2% —

exp002
(XOmoHMiA):
GAT (panus 6,8M 45,9% — —
3YIHHKA, CII.
12)

exp003
(X0NoAHMiA):
Kackall, piBeHb
1 (PK/non-PK)

~2M — — 72,9%

TIGER | 092
(terumii, 86 K1) - - >90% | Aupr

KnowDDI . }
(Tenmit, 86 K11.) - — >88% 0,89

Tabmuus 1 — Po3monin edekrtiB JikapchKUX

B3a€EMO/IIH 32 YaCTOTOIO

Edexr YacTka
concentration (PK) 22,4%

excretion (PK) 15,0%
metabolism (PK) 13,9%
cns_depression (PD) 9,2%

efficacy (PD) 7,5%

Perura 175 edekTi 32,0%

Tpu Haiiuactimni epeKTH BIAHOCATHCS 0
«concentration», «excretion» Ta  «metabolismy.
KosxeH mpemnapar KOAyeTbCsl TPhOMa MOAAIBHOCTSIMHU:
Mmosekyssipauii  rpad  (GIN, 3 mapu), ESM-2
emOenuHrn OinkiB-MmileHed (attention pooling) Ta
MmonekyssipHi BiractuBocti (MLP). Ilapa xomyerscs
CUMETPUYHO Yepe3 KOHKAaTEHAIil0 IT0EJIEeMEHTHHUX
cymu, 1o0yTKy Ta pisHuni. Hapuanns — focal loss (y =
2). Kackaynna apxitekTypa po30HBae 3aqady Ha piBHi:
PK vs. non-PK — miakmacu. Pe3ynpraTé TppoX cepiit
€KCIIEPUMEHTIB HaBelleHO B Tabiu. 2. He3amoBinbHICTH
IJIOCKOT  KiIacu@ikaimii 3yMOBIIEHA €KCTPeMabHUM
JarcOalaHCOM KJIaciB, HEIOCTATHICTIO MOJIEKYJISIPHOTO
CUTHANy JUIS TOHKO3EPHHCTOI'O PO3PI3HEHHS Ta
MIPUHITUIIOBO pizHOIO mpuponoro PK i PD B3aemoniii.
Kackaguuii minxin (exp003) mocsrae Fl-macro =
72,9% — na 24,6 n.I. BHIIC IUIOCKOTO, B YMOBaX,
cknaguimux 3a TIGER 1 KnowDDI.

BucHoBku. IIpsima HelipoMepexeBa
kinacudikanis 172 edekris DDI B cold-start pexumi
HexuTTesnarHa. Kackagna aexomnosuis PK/non-PK
Ta MynbTEMoOnanbHa iHTerpamis GIN + ESM-2 +
MOJIEKYJISIpHI BJIaCTHBOCTI 3a0e3neuytorh F1-macro =
72,9%.
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OCOBJIMBOCTI ®OPMYBAHHA TPAEKTOPII MONbOTY BE3MNINOTHUX
NITANBHUX ANAPATIB AN EKONON4YHOro MOHITOPUHTY B 30HI
HAO3BUYAUHUX CUTYALIU

Y pobGori [1] 3ampormoHOBaHO METOAWKY
(GhOopMyBaHHS  TPAeKTOpii MONBOTY  OC3MUIOTHUX
mitaneHux anapariB (BITJIA) ns BUKOHaHHS 3aBIaHb
PO3BIKM Ta YTOYHEHHS HapaMeTpiB 30HH XIMIYHOTO
3apa)KeHHsI MICHEBOCTI SIK Y BHIIQJIKy 3aCTOCYBaHHS
OJIHOTO amapara, Tak i NpPU OpraHizamii rpyrnoBOro
moJsib0Ty. OLIHIOBAHHS XiMIYHOT OOCTaHOBKH IIijl Yac

aBapif Ha  XIMiYHO  HeOesmeyHHX  00’€KTax
3MIMCHIOETBCA BIAMOBIZHO M0 4YHHHOI "MeToauku
MPOTHO3YBAaHHS  HACHIAKIB  BWINBY  (BHKHIY)

HeOe3NMeYHNX XIMIYHMX PEYOBHH I dYac aBapid Ha
XiMiuHO HeOe3nmeuHNX 00’€KTax i TpaHCIOpTi", 3TiTHO
3 SIKOK MPOTHO30BaHA 30HA XIMIYHOTO 3a0pyIHEHHS
amNpOKCHMY€EThCS Y BHIVISAI  ENINTUYHOI  00JACTI.
BomHouac CyTTeBUM  OOMEXEHHSM 3a3HA4E€HOTO
MiAXOMYy € HEHOCTATHA TOYHICTh BHU3HAYCHHS
rapaMeTpiB 30HU 3apayKeHHs, a TAKOK HEBPaxXyBaHHS
IUHAMIYHOCTI Ta MIBUAKOIUIMHHOCTI 3MiH
METEOpPOJIOTiYHMX ~ YMOB, IO HPH3BOJUTH [0

3HIKCHHS JIOCTOBIPHOCTI pe3yJIbTaTiB OIlIHFOBAHHSI.
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Puc. 1. Bapiant ¢hopmyBanHi Tpacu nmonsoty BITJIA mpu
po3Biari 3001 3a0pyaHeHHs MicieBocti HXP

IlepcieKTUBHUM HANpPsIMKOM MOAOJAaHHS LUX
HenoutikiB € BukopuctaHHs BITJTA mis mpoBemeHHS
PO3BIIKH Ta YTOYHEHHS HapaMETPiB 30H 3apaKCHHS
micueBocti  HXP. OueBugHo, 1m0  T'OJIOBHUM
Kkputepiem edexTuBHOCTI Bukopuctanusi BIIJIA e gac
MpoBeACHHS pO3Bigku. Yac NPOBEAECHHS pPO3BiIKH
BHU3HAYAEThCS K XapakTepuctukamu BIIJIA, Tak i
¢opmyBanHsM  Tpacu monbory  BIUIA.  Ilpwm
¢opmyBanHi Tpacu monboTy BIIJIA mono po3Biaku
30H 3a0pyIHCHHS MIiCIIEBOCTI HEOOXiTHO
JOTPUMYBATUCS HACTYHMHHUX BHUMOT: omeparop BITJIA
MTOBHHEH IIOBHICTIO BUKOHATH IIOJILOTHE 3aBJaHHSI
IOZI0 PO3BiIKU 30H 3a0pynHeHHsS MicieBocTi; BITJIA
MTOBHHEH 3HAXOJHUTHUCS Ha NAIBHOCTI Palio3B’s3Ky i3
CHCTEMOIO HOTO KepyBaHHA Ta mepenadi iHpopmarmii 3
00pTy JITATBHOTO amapaTy; NMPH BUKOHAHHI MOJBOTY
HAa HAJ MaluX BHCOTAaX HEOOXITHO BpPaxOBYBaTH
MIPUPOJHUN penbed MICIIEBOCTI, BUCOTH OYIiBEINb,

TIpoTHO30RAHA 30HA
XiMiunoro sadpyaucuns

HasBHICTH JiHIA enexTporepenad. MoXIUBUAN BHTII
Tpacu o0JIboTy 3a0pyaHeHoi TepuTopii ogaum BITJIA
noxasaso Ha puc. 1, e R — paniyc possopory BITIA.

[Tpu mpOMy it BpaxOBYBaTH SIK MIPOTHO3HI JaHi
mozao 30H 3a0pyaueHHs teputopii HXP (omepkani 3a
JIOTIOMOT0I0 MeTonuku), Tak i MoxiauBocTi BITJIA,
30KpeMa TPHUBAJICTh MOJBOTY Ta IHOTO IIBHAKICTS.
Ipu ¢opmysBanni Tpacm mompoty BIIJIA 30Ha
3a0pyJHEHHSI AalPOKCHUMYEThCS IMPSIMOKYTHUKOM 31
croponamu [ i Ill,,,,. Panmiyc possopory

JitanpHOrO amapaty R ToBHHEH JOpiBHIOBATH
paniycy nii mpuiamiB KOHTpOJ. 3 BpaxyBaHHSAM
IIbOT'0 Yac OJHOTO LUKy PO3BLIKH Oyne CKIataTy:

_ FR+FZUH3X3+ZUH3X3R, )

toos
po RV
neV — cepenHs MBHUIAKICTH MOIboTy BITJIA.

HeoOxinmHa ymMoBa BHMKOpPHCTaHHS Takoi Tpacu
nosiboTy BITJIA:

tpa*s. < tno.zbomyv (2)

ze tnoﬂbomy — TexXHI4Ha TpHUBaIiCTh monbory BIIJIA y

BignosinHocTi 3 TTX.

TakiuM YHHOM, 3 METOI0 pPO3POOKU MiAXOIY
IIOJI0  ONEpPaTUBHOTO  MOHITOPHHTY  OKpemoil
MICLIEBOCTI, 1€ CTajoCs HaA3BHYaiHA EKOJIOriYHa
CHUTYyaIlisl, IPOAHATI30BaHO MOXJIMBOCTI TECOPETUIHOTO
MPOTHO3YBaHHS 30H 3apakeHHst Tepuropii HXP. B
pe3ynIbTaTi BCTAHOBJICHO, IO OCHOBHHUH HEIOTIK MpHU
BUKOPUCTAHHI BIAMOBIMHUX METOIUK TIIOJSITaE B
HETOYHOCTI BHU3HAYCHHS rmapamMeTpiB 30HU
3a0pyHCHHS Ta HEBpPaxXyBaHHS IIBUAKOIUIMHHOCTI
3MiH  METEOpONIOTiYHMX  yMOB. IlepcrnexTMBHUM
HaIpsIMKOM MOJ0JIaHHS 11704 HEJIOJIKIB €
Bukopuctanas BITJIA mis mpoBeneHHs PO3BiAKU Ta
YTOUHEHHS MapaMeTpiB 30H 3a0pyAHEHHS MiCIIeBOCTI
HXP. T'onoBuuM KpHUTepieMm e(eKTUBHOCTI
BukopuctanHs BIIJIA € wac mpoBeneHHS pPO3BIIKH,
SIKMH BU3HAYa€eThCs sIK Xapakrtepuctukamu BITIA, tak
i popMyBaHHAM TpacH noiboTy BITJIA.

Cnucok nitepatypm

1. 3axapuenko O B, Isanens I'.B., Isanens M.I'., Kanyrin
B.J., Tiottonuk B.B. ®opmyBaHHS Tpac NOJBOTY
OC3MUJIOTHUX JITAIPHUX amnapariB IiJ Yac OIEePaTUBHOTO
MOHITOPHHTY OKpeMOI MiCIIeBOCTI, Jie cTanacs HaJ3BHYaiHa
eKOoJIOTiuHa cHTyalis. TeXHOreHHO-eKoJIoriuHa Oe3meka.
2022. Ne 1(11). C. 23-33
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3ACTOCYBAHHA CLLEHAPHOI'O KOHITUBHOIO MOAENOBAHHA ANA
AHANI3Y 3AIrPO3 IHPOPMALUINHIN BE3NELI KPUTUYHOI
IHOPPACTPYKTYPU

Y poboti [1] KOTHITHBHY MOIENh MOAAHO Y
BUIVISI JJAHUX pHC. | Ta OpIEHTOBAaHOTO 3BAKEHOT'O

mpapa  G=(C,LEW), ne C={c,C,,..C,} -
EcCxC -

OpIEHTOBAHMX 3B’s3KiB Mik KoHienTamu, W = {Wij} —

MHO>XXHWHa KOHI_Iel'[TiB, MHO>XXHWHa

MHOXKHHA Bar 3B 3KiB, W,; € [-L

? AR

11]?;-'-9?

Puc. 1. KorHiTHBHA MOJIEINb CLIEHAPHOTO BILIMBY
3arpo3 Ha iHpopMamiiHy 0e3neKy 00’ €KTiB KpUTHIHOT
iHQpacTPyKTypH B yMOBaX 3alpOBaKCHHS
MPaBOBOTO PEXXUMY BOEHHOTO CTaHy

3 ypaxyBaHHAM crenudikud (QyHKIIOHYBaHHI
00’extiB kKpuTHaHOI iH(pacTpykrypu (OKI) B ymoBax
BBE/ICHHS IIPaBOBOTO PEXHUMY BOEHHOIO CTaHy
MHOXHHA KOHIENTIB (OPMYETbCI 3  UYOTHUPHOX
JIOT{YHUX TPYTL.

Iepma rpyma — xowmentu-3arposu (Driver-
concepts): C, :{01,02,03,04,05} , Ie C, — kibepaTaku

Ha iHQopMmamiitai cuctemn OKI, C, — disuune
ypakeHHsI 00’ €KTiB 1HPpacTpyKTypH, C, — MOPYIIEHHS
TEJIEKOMYHIKAIlifHNX KaHaliB, C, — iH(opmamniiiHo-
TICUXOJIOTIYHI BIUIMBH, C, — iHCAWIEpChKi 3arposu.

JlaHi KOHIIETITH € 30BHIIIHIMU IO BiJHONICHHIO [0
CHCTEMH Ta IHILIIOIOTH CLIEHAapii BIUTUBY.
Jpyra rpyna — KOHIENTA YMOB BOEHHOTO CTaHY

(Ordinary-concepts): G, ={C;,C,,C5,Cy} ze G5 —
pecypcis, c, —
yIpaBIIiHHS, C; —  mediuur

00OMEXKEHICTH HEHTpaTi3aIlis

KBaJTi()iKOBAHOTO

nepcoHaiy, C, — Mi[BUINEHA IHTEHCUBHICTb 30BHIIIHIX

3arpo3. L{i KOHIeNTH BUCTYMAOTh SK MiJICHITIOBadl a00
JemMidepy BIUIUBIB.

Tpers rtpyma — xoHmentd iHdopMariitHOl
6esnexu (Ordinary-concepts): C,; ={Cy,C;,C5,Cis}
ne C, — KoHQimeHuiHicTs iHMoOpMamii, C,; —
uiicHicTh iH(opMalii, €, — AOCTYNHICTH iHpOpMAIiT,
C,; — CTIHKICTB IHPOPMALIIHIX CHCTEM.

YerBepra rpyna — koHuentu Hacihiakis (Receiver-
concepts): Cg ={Cy,Ci5,Cis}, Ze Cyy —

¢ynkmionyBanns OKI, C —

MOPYLIEHHS
COLIiaIbHO-EKOHOMIYHI
30UTKH, Cq — 3HIKEHHS PiBHA HAI[IOHAIBHOT OE3MeKH.

Po3pobsieHa  KOTHITMBHA MOJENb  J03BOJISIE
3MOIMCHIOBATH CIIGHApHE MOJICNIOBAHHS  PO3BUTKY
CUTYyaIlif, OIHIOBATH UYTIUBICTh iH(OpPMAIiHOT
6esnexn (IB) mo okpemmx 3arpo3 Ta oOTpYHTOBYBAaTH
MpiopuTeTHI Hampsmu migBuineHHs crifikocti OKI B
yMOBax BBEAEHHA IIPABOBOTO DPEXHMY BOEHHOTO
craHy. Pe3ynbTaTi crieHapHOTO MOJICITIOBaHHS BIUTMBY
3arpo3 Ha Ib OKI B ymoOBax BO€HHOro CTaHy
JIO3BOJISIIOTh ~ BUSIBUTH ~ CHUCTEMHI  3aKOHOMIPHOCTI
MOIIMPEHHS HETaTUBHUX BIUIUBIB, 8 TAKOXX BU3HAYUTH
KJIF04YOBi  (akTopu, MmO (OPMYIOTh CTIHKICTh abo
BPA3JIMBICTh JOCIIIXKYBaHOT CUCTEMH.

Tak, nopiBHsUIbHUI aHaui3 6a30BOro, KPU30BOTO
Ta KaTacTpo(iYHOTO CIeHapiiB MOKa3aB, IO 3i
3pOCTaHHAM IHTEHCHUBHOCTI 3arpo3 CIIOCTEpIraeThCs
HENIHIAHWA XapakTep 3MiH cTaHIB KoHIenTiB. HaBiTh
MOMIpHE MMiABHIIEHHS aKTHBHOCTI driVEr-KOHIENTIiB 3a
HassBHOCTI HECHPUSTIMBAX YMOB BOEHHOTO CTaHy
NPU3BOJUTE JI0 CYTTEBOTO 3HIDKCHHS MOKA3HUKIB
JIOCTYTIHOCTI Ta CTiliKoCTi iH(popManiiHUX cucTteM. Y
KPU30BOMY creHapii 3a(ikcoBaHO €(eKT KacKaIHOTO
MOIIMPEHHS BIUIMBIB, KOJIM TEPBHHHI KiOepHETHUHI
abo ¢bizngHi 3arposu yepes CUCTEMY
OTIOCEPEIKOBAHNX 3B SA3KIB CIIPUYMHSIOTH TOPYIICHHS
¢dyrkmionyBanas OKI. Lle miaTBepmxye OOIIBHICTH
BpaxyBaHHS  HENpSIMUX  BIUIMBIB y  MeXax
KOTHITUBHOTO ITiIXOAY.

Cnucok nitepatypm

1. Trotroruk B.B., Trotiornk O.0. CueHapHe KOTHITHBHE
MOJICITIOBaHHS BIUIMBY 3arpo3 Ha iHQopMaliiftHy Oe3meky
00’exTiB  KpUTHYHOi  iHQpacTpykTypm B  yMOBax
3alPOBA/DKEHHS] IPAaBOBOTO PEXHMMY BOEHHOTO CTaHy.
Komynanvne 2ocnooapcmeo micm. Cepis: Ingpopmayiiini
mexnonoeii ma inocenepis. 2026. T. 1. Bun. 196. C. 22-33.
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CLEHAPHE MOAENIOBAHHA BMMBY BOEHHUX 3AINPO3 HA
®YHKUIOHYBAHHA KPUTUYHOI IHOPACTPYKTYPU
HA OCHOBI HEMITKUX KOTHITUBHUX KAPT

VY pob6oti [1] po3pobiicHO KOTHITHBHY MOJENb
(YHKIIOHYBaHHS 00’€eKTIB KPUTUYHOI
iHppactpykrypu (OKI) B  ymoBax  BIUIMBY
PI3HOMaHITHUX 3arpo3, sIKi Ha KOHLENTYyallbHIld cXxeMi
(puc. 1) mpexacTaBneHi y BUTJISIII 30BHIIIHIX BIUTHBIB.
OCHOBHI KOMITIOHEHTH MOJIeNli 3rPYNOBaHO Y TpHU
3MicToBHI Onoku. Ilepmmii OJIOK OXOILTIOE CKIIAHOBI
MTOBCAKACHHOTO (DYHKITIOHYBaHHS, MO BigOOpa)karoTh
B32€MO3B’SI3KH MK  piBHeM (hinaHCYBaHHS,
pecypcHHM — 3a0€3MeYCHHSIM, TEXHIYHHM  CTaHOM
o0agHaHHS, SAKICTIO TIPOAYKIII, a  TaKoX
YHCENBHICTIO Ta KBalidikamiero nmepcoHary. Jpyruit
670K (pOpMYIOTH UMHHHMKM 30BHILIHIX 1 BHYTPILIHIX
3arpo3, 10 SKUX BigHEeceHO (HiHAHCOBI, NPHUPOIHI,
TEXHOTEHHI, couianbHi, iH(popMaliiiHi pU3UKH, a

TAaKOX  3arpo3u, TIOB’si3aHi i3  3aCTOCYBaHHSM
OesminoTHux  siTaneHux  amaparie  (BIIJIA) i
BOTHENAJIBHOL 30poi, TTOXKEIKHI Ta iHTI

Jectabinmizyrodi (akTopw; MpH IIBOMY BPaxOBYETHCS
CTymiHb iX BIUIMBY Ha piBeHb HOPMAJIBHOIO
¢yHKIioHYBaHHS 00’€ekTa. TpeTiit 610K XapakTepuszye
HACIIIOKU peai3amii 3arpo3, IO MPOSBISAIOTECT Y
BUTJISIII COLIAIbHUX, MaTepialbHAX Ta EKOJIOTIYHHX
30UTKIB.

Puc. 1. Konuenryansna cxema gociimpkenHs merogqom HKK
piBus 3axumuerocti OKI. Konuenrtu 06’eHaHi y Tpu rpymnu:
1 — ck1azioBi MOBCSKAEHHOTO (QYHKIIOHYBaHHS; 2 —
CKJIaJIOBI 30BHIIIHIX Ta BHYTPILIHIX 3arpo3; 3 — HACIiAKK
BiJ1 HEOE3EK

Ha ocHOBI IpoBeeHOr0 ONMTYBaHHS EKCIEPTiB
OyJI0 BU3HAYEHO TPIOPUTETHI KOHIENTH CHUCTEMHU Ta
CTYIIiHb BIUIMBY B3a€MO3B’S3KIB MIX HHUMH B
TexHoJoriyHoMy  mporeci. Ileir mpomec  OKI
CKJIAIA€ThCS 3 HACTYIHUX eeMeHTiB: 1) konuent C, —

obmagnanns; 2) kommentC, —  (iHAHCYBaHHS;
3) konnent C, — pecypeu; 4) xonuent C, — mepcoHal;

5) xonuenTt C, — IPOAYKLIsL.

VY pesynbTaTi MPOBEICHOTO AaHAi3y MOMNIHBHX
3arpo3 Oesnekn OKI Oyno chopmoBaHo mneperik
30BHIIIHIX Ta BHYyTpimHiX 3arpo3: C;' — QinaHCOBi

3arposu; C, — npuposHi 3arposu; C, — TEXHOTEHHi

sarposu; C, — comiambHi 3arposu; C; — 3arposu

3actocyBanHsi BIIJIA; C; — indopmaniiiHi 3arposu;
u : N .

C; — He sAKiCHe BHKOHAHHA CIy’kK00BHX 0OOB’SI3KiB;

C; — IOpYILICHHS PEXUMIB TEXHOIOIT4HOTO IPOLIECY;
u : . u

C, — noxexHi 3arposu; C;, — 3arpo3u BUPOOHHYOTO
u

Cll -

BOTHENaNbHOI 30poi. KpiM TOrOo, B KOHIENTyanbHIN

cxeMi Ha puc. 1 HaBeneHO, IO KPiM KOHIIETITIB Ciu e

TpaBMaTU3MYy, 3arpo3u 34CTOCYBAaHHA

OIaHI KOHIIEITH CiG , 0 XapaKTepU3yIOTh HACII KU
pisHOrO XapakTepy, a came: C — colianbHi 36MTKH;
C; — marepianbHi 36utku; C; — eKONOriuHi 36UTKH.

[IpoBeneHO CTPYKTYpHO-TOIOJIOTIYHUI —aHalli3
nobymoanoi HKK Ta BcraHOBNIEHO, 0 1S KapTa €
aJeKBaTHOI [UIA OILIHKA BIUIMBY 30BHINIHIX Ta

BHYTPIIIHIX 3arpos. Jns 3aIIpOIIOHOBAHO]
KOTHITUBHOI MOJIeJIi BU3HAYEHO KOHIENTH, SIKi MaloTh
HaliBUIy  CTPYKTYpPHY  3HAuuMicTh.  30Kpema,

MpOaHalTi3yBaBIIN 3HAYSHHS CKIJIQJIOBHX 1MOOYI0BaHOT
HKK, Bu3HaueHo, 10 B yMOBaX yBEJCHHS B JiepiKaBi
NPaBOr0 PEXHMMY BOEHHOTO CTaHy HaiBaromimmMu
KOHLIENTaMH  JIOCHI/DKYBAaHOT ~CHCTEMH 3arpo3 €
3arpo3u 3acrtocyBaHHs BIIJIA, mokexHi 3arpo3u Ta
3arpo3M 3aCTOCYBaHHs BOTHENaNbHOI 30poi. OTpumani
pe3yibTaTd  MaloTh NpPUKIAAHE 3HAYCHHS  JUIs
NoOy/I0BH aJalITHBHUX CHUCTEM YNPaBIIiHHS O€3IEK0I0
KI Ha piBHAX MiCT, perioHiB Ta aepkaBH. Mojenb
MOXe OyTH iHTerpoBaHa B iCHYIOUY €JMHY IEpKaBHY
CHCTEMy  IMBUIBHOTO  3aXUCTy,  MiJBHIIYIOYH
e(eKTUBHICTH 1 (QYHKIIOHATBHUX Ta TEPUTOPIATEHUX
MIICUCTEM B PEXUMAaxX HaJ3BHYAMHOIO Ta BOEHHOTO
CTaHiB.

Cnucok nitepatypm

1. Twotionuk B.B., Trotionuk 0.0., VYcauo [I.B.
Oco0IMBOCTI 3aCTOCYBAHHS HEUITKUX KOTHITHBHHX KapT
JUTSL CLICHApPHOTO MOZEIOBaHHs (DYHKI[IOHYBaHHS KPUTHIHOT
iHppacTpyKTypu B yMOBaX Haa3BMYailHUX CHTyauiif
BoeHHOTO Xapakrtepy. CydacHi iHpopMmaniiiHi TexHOJOTi y
cdepi 6e3neku ta o6oponu. 2025. Bum. 3(54). C. 93-102
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PO3POBJIEHHA BEEOPIEHTOBAHOI CUCTEMM ONA MAFA3UHY 3
MPOAOAXY XKIHOYOIO B3YTTA

v Cy4YacHUX yMOBax udposizarii
BeOOpieHTOBaHOT CUCTEMH €  KIIOYOBHM
IHCTPYMEHTOM PO3BHUTKY €JEKTPOHHOI KOMEpIIil.
OcobmuBoro 3HadeHHA HaOyBae SKICTh JU3aiiHy
iHTepdeiicy,  OCKUTBKM  camMe  BiH  Qopmye
KOPHUCTYBAaIbKUI OCBi Ta BIUIMBA€ HA €(EKTUBHICTh
B3aemoxii 3 cucremoro. Jlnsd  oOHIAWH-MaraswHiB
KIHOYOTO B3YTTsl Bi3yaJlbHa CKJIQJIOBa € KPUTHYHO
Ba)XXJIMBOI, a/DKE DILICHHS MNpPO TOKYNKY 3HAYHOIO
MIpOIO 3aJISKUTh BiJl 3pyYHOCTI MEperisiyy TOBapiB i
MIPUBa0JIMBOCTI iHTEPDEHCY .

MeTor0 poOOTH € JOCHIIKCHHS METOJIB
po3pobieHHss BebOcaiiTy 3 akmentoMm Ha UI/UX
IW3aiiH, 10 CIpHs€e MiJBHIICHHIO  3pYYHOCTI
BUKOPHCTAHHS Ta KOHBEPCii KOPUCTYBadiB.

ITpomec po3pobneHHs cucremMu mnependadae
3acTocyBaHHsi —mnpuHUmmiB  user-centered  design
(UCD), sixi opieHTOBaHiI Ha MOTPeOM KOPUCTYBAUiB HA
BCIX eTamax CTBOpPEHHA Nponykry [3]. BaxkmmBum €
3abe3neueHHs MPOCTOTH Ta IHTYITUBHOCTI
iHTepdeiicy, 10 BIAMOBIAE NPHHIUIY MiHIMi3amil
KOTHITHBHOT'O HaBaHTaXeHHs [2]. 3riHO 3 Cy4acHUMU
migxomamu, e(QEKTUBHHMIA Tu3aiiH TMOBUHEH OYyTH
HEMOMITHUM JJIsl KOPHUCTyBaua, JO3BOJISIIOUH HOMY
IIBUJIKO TOCATATH MOCTaBJIeHUX IiteH [1]. ItepatuBHe
nocmimpkenas LA - rmuOunHi iHTEepB't0, card sorting,
usability-rectyBanus mo3Bossie BepudikyBaTH AU3aiH
pilIeHHs 10 iX peaiizamii Ta CyTTEBO 3HU3UTH PU3UK
TIOMUJIOK .

OgHuM i3 KIFOYOBUX MIAXOMIB € KOHIEHIis
aTOMapHOTO JM3aiiHy, sKa JO03BOJISIE CTBOPIOBATH
MaciTabOBaHi Ta y3ropkeHi intepdeiicu

Meronosoris crpykrypye Ul-enemenT Bin
HaMEHIIUX OJUHUIb (ATOMH: KHOTIKH, IKOHKH, TErd
po3MipiB) uepe3 MoIeKynu (KapTka TOBapy, IIOJe
MoIIyKy) Ta opraismu (QpimeTp-manens, header) mo
mabnoHiB 1 mMOBHUX cropiHOK. Ile ocoGmmBo
aKTyaJIbHO JUIsS IHTEpHET-MarasuHiB, Ji¢ HEOOXiIHO
3a0e3MeunTH  €JHICTh  CTHII0 Ta  HOBTOPHE
BUKOPHUCTAaHHS KOMITOHEHTIB. KommonentHa
apxirektypa (React, Vue.js) peanizye npHHIMITN
aTOMapHOTO JAW3aifHy Ha TEXHOJOTIYHOMY piBHI:
KO)XKEH KOMIIOHEHT € CaMOJOCTaTHIM 1 JIeTKO
MacmTaboBanuMm [3].

CyuacHi BeOCHCTEeMH TIOBMHHI BPaxOBYBaTH
MOOiTBHY opieHTarifo (mobile-first), mo mependauae
ajanTamio iHTEpdeicy miJ pi3HI TUOH MPHUCTPOIB.
[Mpuanun  mobile-first Bumarae nepeocMuCIEHHS
komrionyBaHHs: thumb-zone CTA y HwkHIH TpeTHHI
eKpaHa, MiHIMaIbHMH tap-target 44x44 px (Apple
HIG), ontumizoBasni 300paxenHs y gopmari WebP ta
lazy loading. BaxxnuBUM € ImpOBEOEHHS JIOCHIKEHb

KOpUCTYBa4iB Ta TECTyBaHHsA iHTepdelcy s
BUSBJICHHS IIPOOJIEMHIX aCTIEKTiB B3a€MOJIII.

EBpuctiune ormiHroBaHHA 3a 10 mpuHIHDAMH
Hinbcena Tta think-aloud-rectyBamast (n = 5
YYaCHHKIB) JO3BOJISIOTH BHSIBUTH 110 85% KPUTHUHHIX
UX-TIOMHUIIOK 1I1e 10 BUXOAY MPOIYKTY .

OcobmmBa yBara MPHUOUIAETHCS TEPCOHATI3AMIT
KOPUCTYBAI[bKOTO JOCBIAY, IO TO3BOJISIE IiIBUIIMTH
e(eKTHBHICTh B3aemMomii 3 CHUCTEMOI0  Ta
3aJI0BOJICHICTh KJIIEHTIB Pexomennaniiini  010Ku
(«Cxoxi Mopmenmi», «3 [UM B3yTTSAM HOCSTBY),
aJaNTUBHUHA  KOHTEHT TOJIOBHOI  CTOPIHKM  Ta
nepcoHaiizoBadi push-croBilieHHs 0a3ylOThCsA Ha
aHaJi31 MOBENIHKOBUX HAaHUX 1 CIIPHSIIOTH 3POCTAHHIO
CepeIHBOTO YCKa.

3 0OKy po3poOKH B OCHOBI Cy4acHOTO iHTEpHET-
MarasuHy CIyTrye KII€HT-CEPBEpPHa apXiTeKTypa, ne
(hpoHTEHT (React abo Vue.js) BIIIOBIAaE
BimoOpakeHHIO iHTepdeiicy, a OekeHJ Hamae naHi
gyepe3 REST a6o GraphQL API.

Jnst ynpaBiiHHS KOHTEHTOM (Karajor TOBapiB,
Oanepwu, akiii) BukopuctoByiire headless CMS —
cucteMy, sika 30epirae naHi okpemo Bia iHTepdeiicy
Ta JI03BOJISIE OHOBJIIOBATH 1X 03 ydacTi po3poOHHKa .
Aptomarm3oBannii  CI/CD-mafinmaitn ~ 3a0e3meuye
Oe3nepepBHE PO3TOPTAaHHS 3MiH: KOXXHE OHOBIICHHS
KOy aBTOMAaTHYHO NPOXOAWUTH TECTYBaHHS Ta
MOTPAIISIE HA CepBep, M0 MIiHIMI3y€e PH3HK ITOMILIOK
y TpOJAKIIeHi Ta J03BOJISIE MIBUIKO BIPOBALKYBATH
pe3ynbTaté A/B-TectiB nu3aiiny [3].

Takum YUHOM, PO3POOJCHHS BEOOPIEHTOBAHOL
CHCTEMHU ISl Mara3uHy J>KIHOYOTO B3YTTs MOBHHHO
0asyBaTuCsi Ha TMOEJHAHHI CyYaCHHUX TEXHOJIOTIH,
npunnunie - UI/UX  auzaiiHy Ta opieHTtanii Ha
kopuctyBada. KirouoBumu meronamu €: UCD-minxin
i3 iTEpaTHBHUM TE€CTYBAaHHSAM, aTOMAapHUNA TU3aiH 11
Y3TrOJUKEHOCTI Ta MacTaboBaHOCTI KOMITOHEHTIB.

Cnucok nitepatypm

1 D. A. Norman, The Design of Everyday Things, rev. ed.
New York: Basic Books, 2013. 368 p.
URL:https://dl.icdst.org/pdfs/files4/4bb8d08a9b309df7d86e
62ec4056ceef.pdf

2 S. Krug, Don't Make Me Think, Revisited, 3rd ed. New
Riders / Pearson Education, 2014. 212 p.
URL:https://dn790002.ca.archive.org/0/items/SteveKrugDo
ntMakeMeThink/Steve_Krug_Don%E2%80%99t_Make_M
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3ACTOCYBAHHA IHOOPMALIMHMUX TEXHONOIW Y CUCTEMAX
MNIATPUMKU NMPUNHATTA PILLEHD LLOAO NMCUXOJON4YHOro CTAHY

OCOBM
3abe3neueHHs Oe3mekn KUTTEISITBHOCTI 3IIACHIOBATH HAa OCHOBI KOMIUIEKCHOTO BpaxyBaHHS
JIIOIMHA B YMOBaX 3pOCTaHHS KiTBKOCTI KPU30BHX Ta MOBE/IIHKOBHX, KOTHITHMBHUX 1 TNCHUX0(]i3ioNoriyHux
MOTEHIIIHO  HeOe3mewyHWx  curyamii  morpelye MTOKA3HHKIB, 0 MOXYTh HAJIXOANUTH 3 PI3HHUX JDKEpET,
BIIPOBAKEHHS Cy4YacHUX iHpopManiHHUX 30KpeMa  CEHCOPHHMX  CHUCTeM,  iH(pOpMAaIiiHUX

TEXHOJIOTIH, 3AaTHUX CBOEYACHO BHSBIATH (HaKTOPU
pusuky. Oco0nBOI akTyalbHOCTI HaOyBae mpodaeMa
OIIIHIOBAHHS TIICHXOJIOTIYHOTO CTaHy OCOOH, SKUH
MOJXXE CYTTE€BO BIUIMBATH HA TPUUHITTA pIlICHb Ta
MOBEIiHKY B YMOBaxX HEBH3HA4YCHOCTI, CTpecy abo

30BHILIHBOTO  BIUIMBY. BHKOpUCTaHHS  cHUCTEM
MATPUMKH TIPHHHATTS pIlIeHb, 10 0a3yloThcs Ha
IHTEJIEKTYyalbHOMY  aHali3i  JaHWX,  JI03BOJISIE
M ABUIIIATH 00’ €KTUBHICTH OLIIHIOBAHHS
NICUXOEMOIIIHHOTO CTaHy Ta CBO€YACHO
imeHTHdiKyBaTH TepeyMOBH BUHUKHCHHS
HeOe3neyHnx  cuTyauid. Y  [bOMYy  KOHTEKCTI
aKTyalbHAM €  JOCHIDKeHHS  OCOOJHMBOCTEH
3aCTOCYBaHHS  iHGOPMAaIiMHUX  TEXHOJIOTIH IS
(dbopmyBaHHS e(heKTUBHHUX pileHs 1010
HONEPEXKEHHS PU3HKOBAHOT HOBEIIHKH JFOJHHH.
CyuacHi X OTH o OIIHIOBAHHS
MICUXOJIOTIYHOTO ~ CTaHy oco0u  0a3yloThCsl Ha
BUKOPHCTaHHI OKpEeMHUX MICUXO/11arHOCTHYHHX
METOJMK, eKCIIEPTHUX OIIHOK abo  aHami3zy
MOBEJIHKOBHX  XapakTepuCTHK. BojaHowyac — Taki

MIXOAW YacTO XapaKTepH3YIOThCs CyO €KTHBHICTIO,
0OMEKEHOI0 TOYHICTIO Ta CKIJIAJHICTIO BpaxyBaHHS
JVHAMIYHMX 3MiH CTaHy JIOJUHU. Y 3B’SI3Ky 3 IIUM
aKTyaJIbHAM € 3aCTOCYBaHHS CHUCTEM MIiJATPUMKH
TIPUHHATTA pileHs, o BUKOPHCTOBYIOTb
iH(opMaiiHi TEXHOJIOTIT Il KOMIUIEKCHOTO aHalli3y
pi3HOpiAHUX HaHUX Ta (GopMyBaHHS OOIPYHTOBAHUX
YIPaBIIHCHKUX PillIeHb.

MeTtor0 poOOTH € IOCHIIPKEHHS OCOONUBOCTEH
3acTocyBaHHs  iHQOpMaLiiiHUX  TeXHOJIOTIH Yy
chUcTeMax MiATPUMKHM HPUHHATTA  pilIeHb s
OI[IHIOBAHHS  TICHMXOJIOTIYHOTO CTaHy OcoO0M Ta
Tornepe/KeHHs: BUHUKHEHHS HeOe3NeuHuX CHUTYyamii.
Jlns mocSATHEHHS MOCTaBJIGHOI METH BH3HAYEHO TakKi
OCHOBHI  3aBJIaHHS: aHaJi3 CyYaCHMX METOJIB
OIIHIOBAHHS  IICHXOEMOLIHHOTO CTaHy JIFOJWHH;
JOCII/DKEHHS. TiIXO/AIB 10 OOpOOKHM IOBEIIHKOBHX,

KOTHITUBHHUX i ncuxodi3ioaorigHuX JIaHUX;
OOIpYHTYBaHHSI CTPYKTYPH CHUCTEMH MiATPUMKH
IPUUHATTS pimeHs; BU3HAYEHHS KpUTEpiiB

OIIIHIOBAHHS PIiBHS PU3HKY; PO3POOIICHHS MiIXOAIB 10
iHTerpanii iHGOpMaLiiHNX TEXHOJOrH Yy Tpolec
MIPUHHATTS PillICHb.

Y pobori [1] 3ampomoHoBaHO WiAXig 10
MoOyIOBH CHCTEMH MiATPUMKH HPUHHATTA pIlICHB,
mo  0a3yeTbcss Ha  BHKOPHCTaHHI  CyYacHHX
iHpOpMaliHHUX TEXHOJOTiH O0OpoOKM JaHWX Ta
IHTEJIEKTyaJIbHOTO aHaizy. OuiHIOBaHHS
IICUXOJIOTIYHOTO ~ CTaHy  OCOOM  TIPOTIOHYETHCS

wratgopM abo pe3ynbTaTiB TecTyBaHHA. {151 00poOKH
iHpopmarlii JOIIBHUM € 3aCTOCYBaHHS METOJIB

MAIIMHHOTO  HABYaHHS, HEYITKOI  JIOTIKK  Ta
KOTHITHBHOT'O MO/ICITFOBAHHS, o0 JI03BOJISE
BpPaxOBYBaTH  HEBU3HAYCHICTb,  HEMOBHOTY  Ta
CYNEPEeWINBICTh BXITHUX JaHHX.

3anponoHOBaHUH ushivebit nependavae
dhopMyBaHHS IHTEerPaIbHOTO MOKa3HUKA

MICUXOJIOTIYHOTO CTaHy OCOOM, SIKMH y3arajabHIOE
CYKyIHICTb OKpEeMHX IapaMeTpiB Ta JI03BOJISIE
KUTBKICHO ~ OIIIHATH  piBeHb  BIOXWICHHS  Bif
HOpPMaJbHOTO cTaHy. Ha OCHOBI IIbOTO IOKa3HUKA
3MIACHIOETBCS — KIAcHikamiss CcTaHy oco0Hm Ta
BU3HAYCHHS PIBHSA PU3MKY BHHUKHEHHs HeOe3ne4Hol
noBeiHky. CucTeMa MiATPUMKH TPUHHSTTS PillleHb
dbopMye pexoMeHmamii [mOa0 TOAANBIINX [iH,
CHPSIMOBAaHMX Ha 3HIDKCHHS PHU3UKIB, [0 MOXeE
BKIIOYaTH SIK IIOTIEPe/DKYBaJIbHI  3aXOIM, Tak 1
olepaTHBHE pearyBaHHsI.

HaykoBa HOBM3Ha OTpPHMaHMX pe3yJbTaTiB
NOJIATae y BIOCKOHAJIEHHI MiIXOIy /0 OLIHIOBaHHS
TICHXOJIOTIYHOTO CTaHy OCOOM IIISIXOM KOMIUIEKCHOTO
BUKOPDHUCTaHHS  IHQOpMAIiMHUX  TEXHOJOTIH A
0OpOOKHM pI3HOPIMTHUX JaHWX Ta BPaxyBaHHSI ix
HEBU3HAYEHOCTI 1 JAMHAMIYHOCTI. 3ampONOHOBAHO
(hopmyBaHHS IHTErpaIbHOTO MTOKa3HUKA
MICUXOJIOTIYHOTO CTaHy Ta MiAXiJ A0 OLIHIOBaHHSI
piBHS PHU3WKY BHHHKHEHHS HEOE3MEYHHX CHTYalil,
0  JI03BOJISIE  MIJABMIIMTH  OO’€KTHBHICTD 1
JIOCTOBIPHICTh PUHHATTS PillICHb.

[lpaktiyHe 3HaueHHS pOOOTH MOJSITac Yy
MOXIIMBOCTI 3aCTOCYBaHHsI PO3pOOJIEHOTO MiJAXOIy B
iHpopMamiiHO-aHATIITHYHNX  CHUCTeMax  Oe3Iekw,
crcTeMax MOHITOPHHTY CTaHy HepcoHaly, y cdepi
LUBUIBHOTO  3aXHCTy, a TaKOX y CHCTeMax
3a0e3neueHHs TPOMAJChKOi  Oesmeku. Peamizarris
3aMpOIIOHOBAHNX pIlIeHb CIPHUATHME IIiIBUIIECHHIO
e(eKTUBHOCTI yNpPAaBIiHHS PU3UKAMH, IIOB’SI3aHUMU 3
JMOJACHKAM  (paKTOpOM, Ta 3a0e3MeunuTh CBOEYACHE
BUSIBJICHHS TIOTEHIIIHHO HEOE3MEYHUX CTaHiB 0COOH.

Cnucok nitepatypm

1. Tiotromuk O.0., Hocaus 10.B. OcobmmBocri
3acToCyBaHHS iH(OPMALiHHUX TEXHOJOTIH ISl MiATPHUMKH
HIPUUAHSTTS PillIeHb IOAO0 TICHUXOJIOTIYHOTO CTaHy 0COOH ISt
HEJONyIIeHHs II TMOTpAIUISHHSA y HeOe3NeuHi CcuTyamii.
Komynanmsre rocmomapctBo Mict. Cepist:  [ndopmariiini
texHouorii Ta imkenepis. 2025. T. 6. Bum. 194. C. 10-19.
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ONTUMI3ALIA YNPABJIIHHA TPA®IKOM JIOKAINIbHOI OBYMCNIOBAIBLHOI
MEPEXI

3agaui  ynpaBimiHHS ~ TpadikoM  JIOKaJIbHUX
obuncmroBaibHUX Mepexxk  (JIOM) wMoxyTs Oyt
peaiizoBaHi 3 BUKOPHUCTAHHSIM KOMYTAIlil ITakeTiB Ha
ocHOBi cTteka mporokoniB TCP/IP. OcHoBHEMHU
KPUTEPIsIMH TIPU IBOMY €: 3a0e3NeueHHs IiUTiCHOCTI,
JOCTYIHOCTI Ta KOHQINCHHOIHHOCTI JaHUX, IO
MepeIaroThCs Yepe3 MeEpexy, a TaKoX MiHiMi3alis
3aBaHTa)KCHHSI KaHAJIB 3B’ SI3KY.

Y 1omoBimi poO3risNAEThCS METOA YHpaBIiHHS
TpadikoM Ha MiKMepexeBux By3nax JIOM.

IcHyroui Martematnuni Mogeni  Tpadiky |y
cy4acHUX 1HQOMYHIKalIfHUX CUCTEMax € Jenio
CHpPOLIEHMMU  Ta  BY3bKOCHEIiaJdi30BaHMMH. 3
BHKOPUCTAHHAM KpUOTOTPapidHNX TPOTOKOJIB YU
€JIEMEHTApHOTO APOOJICHHS TaKeTiB JaHi METOIOHW He
3aBXIM JAlOTh OAHO3HAYHUM pe3ynbraT [5]. [HKOIHM
JOLITEHO ONlepyBAaTH  TEPMIHOM  IIPOITyCKHOL
CIPOMOYHOCTI, 110 BU3HAYAa€E MaKCHMAaIIbHO MOXKIIMBY
HIBHAKICTh Tepefadi AaHUX B OJWHHULIO 4acy depes
JIHI0/BY30:1 3B'513Ky. OHUM 13 KIIFOYOBUX MMOKA3HUKIB
ONTHMAIBHOCTI ~ BUDINIEHHS  3a7adi  yNpaBJiHHS
tpadikom JIOM Ha MiKMeEpeKEeBOMY XOCTi € piBEHb
3aBaHTa)KEHHS KaHaJYy.

Bapto BpaxoByBatu, 1m0 (HyHKIIT 3aBaHTAKCHHS
KaHally MICTATh BEJIHMKY KIJIBKICTh  JIOKQJIBHHX
eKCTPEMYMIB HaBiTh Ha JOCHTh MaJOMy IHTEepBai
qacy.

Sk  kpurtepii onrtmmameHOCcTI J B 3amaui
ynpaBiiaHA Tpadikom JIOM pmominmeHO po3riIsLgaTu
CyMapHHH KpHUTepii MiHIMi3allii 3aBaHTa)KCHHS IiHIT
3B'a3ky J1 i mBuakomii J2:

J=J1+ J2=mingeq F(uh) + mingeq, 7,

Je U — Kepyruuil BIDIMB (HaOip KOMaHA MOIYISM
CHCTEMH BIAIIOBIHO JIO0 CTparerii pearyBaHH:); QU —
pobouya obmacth Kepyrouux BrUmBiB; F(u,ht) —
HeNiHIHHA (QYHKIIS 3aBaHTaXCHHS KaHalIy, [IO0
omucye 3MiHy TpomyckHoi 3aatHocti JIOM vy gaci t; h
- 3JI0OBMHCHI MEpEXHI BIUIMBH, NEPEIIKOAN Ta
HEMONAJKA y POOOTI CUCTEMH; | — dYac MPUAHSATTS
piIIeHs 3 yIpaBTiHHS.

Iro 3amaqy MO>KHA peamizyBatu 3
BUKOpHCTaHHSAM TeHernunoi omnrumizarmii (I'O), mio
JI03BOJISIE OTPUMYBATH CTiMKI PIlIEHHsS NpH 3HAYHIN
Hecraui ampiopHoi iHpoOpMamii mHpo  CTPYKTYpY
cuctemMu Ta xapakrtep 30ypeHp [11]. Ockiigbku B
TOCTAaBIEHI  3agadi  JAeski  BapiaHTH  pillleHb
HETPUITYCTHMI (MOXYTh MPU3BECTH 10 BUXOJY 3 JIagy
CHCTEMH), TO TPOMOHYETHCSI JOMOBHUTH CTAaHIAPTHY
cxemy 'O O6mokoM HewiTKOi JOTIKM (IOJATKOBOTO

¢binpTpa).

Posrissremo poboty 3aIpOIIOHOBAHOTO
anroputMy. Ha MonmenbHHX 00'€KTaX MPOBOAHUTHCS
MPOTHO3YBAaHHS pEakilii CHCTEeMH Ha aHOMAaIbHI
MepexeBi mii. IloTiM 1O 3BOpPOTHOMY 3B'SI3KY
3MIACHIOETBCS KOPHUTYBAaHHS II0YaTKOBOi BHOIpKH
(HoBUX TmOKONiHB). HamamryBanHs ¢ineTpa 3
BUKOPHCTAHHIM HEYITKOI JIOTIKM JJO3BOJISIE BUOMPATH
3 TNpaBWIbHUX pILICHb HAaHOLIBII ONTHUMANbBHI, IO
MiHIMI3ye 3aBaHTaXEHHS SK cepBepa, TaK 1
MEpEKEBOT0 KaHAITY 3B'SI3KY.

[Momynsiniero 0COOMH TYT € KiHI[EBa MHOXXHHA
MOXIIMBHX pillleHb. Sk OLIHKY HpPUCTOCOBAHOCTI
MPOTIOHY€THCSI BAKOPUCTOBYBATH BapTiCHY (YHKIIIO:
w ti = N traffic + traffic ti — traffic ; i €N,

ne N — KiTBbKiCTh BUMIpIOBaHb HaBaHTAXKCHHS
KaHaly B pO3MMSIHYTOMY iHTepBani yacy T; traffic —
cepenHe apuMeETHYHE 3HAYCHHS 3aBaHTAXKCHHS
KaHally mboro iHtepBami uacy; traffic i - 3HaueHHs
HaBaHTAKCHHS KaHAIy KOXKHOTO BiITiKy Jacy ti, .

[epmmit 10#aHOK OIHKM TPHCTOCOBAHOCTI
NPE/ICTAaBIIsIE HAKOMUYEHY OLIHKY HABAaHTA)KEHHS Ha
KaHall 3B'A3Ky, a Jpyrdd — HaKONHMYEHY OI[HKY
BIAXWJICHb  HABAHTAXXCHHS  BHIIE  CEPEAHBOTO
MOKA3HHKA.

Jnst po3napainenioBaHHS aHali3y Te€HEPOBaHUX
pillICHb MPOIOHYETHCS IEPEHANPABICHHS 1ICHTUYHUX
iH(pOopMaliHHUX TOTOKIB HAa MoAenbHI 00'ektr (MO)
CHCTEMH, MiJKIIOYEHI N0 aJbTEePHATUBHOTO KaHAIy
3B'13KY. J[JIsl KO’KHOTO 3 IMX PillIeHb Ha BiAMOBIJHOMY
MO o6uuncioeThCst GYHKIS aganTtamii 3 3aJisHHSIM
Osoky HeuiTkoi Jorikk. OuiHka e(eKTHBHOCTI
pillieHHs] 3/1IHCHIOETBCS 3 BUKOPHUCTAHHSIM (QYHKIIT
titHeCy:

Fi = AW(tl)W(tL) X 100%.

3 1l JONOMOroI MPOBOAMTHCS IiAPAXyHOK
MPOLIEHTHOTO CITiBBiHOMICHHS 30UIbIICHHS 3HAYEHHS
BapTicHOI (yHKMIT) 10 3HaYeHHS BapTiCHOI (PpyHKII B
MOMEHT JI0 IPUHHATTS PilICHHS.

3anexHO BiJ MOKa3HUKIB QyHKLIH QiTHeCyy Ta
CTaTUCTHYHHUX JIAaHUX TMIPO TONEPeAHi NapameTpu
e(heKTUBHOCTI pilleHb OJIOK HEUiTKOI JIOTIKU 3IHCHIOE
BHOIp ONITHIMAJIBHOTO PIiIEHHS JUII CUCTEMHU.
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