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Ilonakoe M.O. InTejiekTyajibHA iH(POKOMYHIKALiiHA CHCTEMA OLIHKH
cneniaJbHUX 30i0HOcTel mimtiTka. — KBanidikamiiiHa HaykoBa mpailsl Ha MpaBax
PYKOIIUCY.

Hucepramisi Ha 3700yTTSI HAyKOBOTO CTyIeHs JokTopa ¢utocodii 3a
crnetianbHicTIO 126 «IHpopmartiiiini cucteMu Ta TexHodorii» — KuiBcbkuii
HalllOHAJIbHUM YHIBEpCUTET OyIIBHUITBA 1 apxiTekrypu. — Kuis, 2025.

Hucepraiiiitny poOOTy TPUCBAYEHO BHPIIICHHIO 3aBAaHHS HaJlaHHS
H1JUTITKaM KBaJ1(piKOBaHOI HAYKOBOOOIPYHTOBAHOI IHTEPAKTUBHOI MIATPUMKH 100

BHOOpY npodecii.

HaykoBa HoBHM3HAa ofep:xkaHux pe3yabrariB. HaykoBa HOBHU3HA
JTUCepTaliitHOT poOOTH MOJATAE y TOMY, IIIO:

enepuie po3pooneno:

— MaTeMaTUyHy MOJEJb OI[IHKM MIpU 1HTepecy 1 mpodeciiinux 3mi0HocTen
MiJIITKA 32 pe3yiabraramMud  OaraTopiBHEBOi  MpodeciiiHO-OpiEHTOBAHOL
KOMIT FOTEpHOI I'pH, 110 Ha BIAMIHY BIJl ICHYIOUHUX, 103BOJISI€E BHOPMYBATU OLIHKY
npodeciiiHux 3a10H0CTel 3a (haKTOpaMH «4ac» 1 «KUIbKICTh CIIPOO»;

— KOHIENITyaJlbHy MOJI€JIb 1HTENEKTyalbHOi 1H(OpMAaIIiHO-KOMYHIKAIIHOT
CUCTEMH OLIHKU MpodeciiHuX 3M10HOCTeN MIAITKIB, 3/[aTHOT B peajbHOMY Yaci
dbopmyBaTH peKOMEHJAIMHUI BUCHOBOK OO JOLUIBHOCTI BUOOpY mpodecii 3a
OIlIHKAaMHM MapaMeTpiB B3aeMojii MmipmiTka 3  1podeCciiHO-OPIEHTOBAHOIO
KOMIT FOTEPHOIO TPOIO;

— MoOjielib 0araTolapoBOTO MEPIENTPOHA, IO IHTETPYETHCS 3 ICHYIOUUMU
0araropiBHEBUMHU KOMIT IOTEPHUMHM ITpaMH 1 371JaTHA B peaibHOMY 4aci GopMyBaTu

pPEKOMEHJAIIMHUIT BUCHOBOK MO0 JOIIIBLHOCTI BUOOPY mpodecii MiITITKOM 3a



OI[IHKaMHU MipU 1HTEpeCY, 4acy 1 KiIbKOCTI cpo0, BUKOPUCTAHUX MPU BUKOHAHHI
3aBJIaHb ITUX 1TOP;

YOOCKOHAEHO:

— mporiec npodeciiiHoi opieHTalli 0COOUCTOCTI B HAMPSIMKY BIPOBAKEHHS
IHTENEeKTyaJbHOI 1H()OKOMYHIKAIIHOT CUCTEMHU OLIIHKU CHELIAIbHUX 3/110HOCTEM,
10 B PEKHUMI peaqbHOT0 4acy (popMye BUCHOBOK 3a pe3yJibTaTaMH KOMIT FOTEPHOL
Ipy;

Habynu noo0anbuL020 pO36UMKY:

— KOHIIEIIIISI CTBOPEHHSI TIOPUAHUX CHCTEM, IO 3aCHOBaHI HAa 3HAHHIX 1
MOJIENISIX IITYYHOTO IHTEJIEKTY B HANpSIMKY 3aCTOCYBaHHSI IITYYHHUX HEHPOHHHUX
Mepex AJist 00pOOKH JTaHKX 1 T1JBUILICHHS HAAIHHOCTI MOJIeNIl HEMPOHHOI MEpexi 3a
PaxyHOK 3BOPOTHOTIO 3B’SI3KY 3 €KCIIEPTaMUu;

— MIOX1J [0 3acCTOCYBaHHS B MpodopieHTalilHI poOOTI 3 MiIITKAaMU
HEHPOHHHMX MEPEX, 110 Ha BIAMIHY B1J ICHYIOUMX, JTO3BOJISIOTH MacIITaOyBaTH

KUIBKICTh PIBHIB TPH, HE 3aJIy4aloun HaJIMIPHHUX JIOACHEKUX PECYPCIB.

OcHOBHMHE 3MICT AUcCepTaLiiiHOI pO0OTH.

3anpoIOHOBaHO KOHLENITyaIbHy MOJIEJIb IHTEJIEKTYaJIbHO1
1H(OKOMYHIKAI[IHHOT CUCTEMHU OLIIHKU CHELIAIbHUX 310HOCTEH MIJIITKIB, KA Ma€
MIKPOCEPBICHY apXITEKTYpy 31 3HaYHUM IMOTEHIIAJIOM JI0 PO3LIMPEHHS, 3/7aTHA
30epiraTu KoIii JaHUX y XMapHUX CXOBUIIAX 1 MIATPUMYE MOXKIIUBICTh ACHHXPOHHOL
reHepailii pe3ynbTariB TpU KOPUCTyBaua B MPOQeciiiHO-Opi€HTOBaHIM TIpl 10
3aBeplIeHHs  yciXx  piBHIB. @DOpMyBaHHS  PEKOMEHJAIIMHOTO  BUCHOBKY
chopMynbOBaHO SIK 3a7ady Kiacudikailii pe3yapTaTy I'pU 3a JaHUMU 100 MipH
1HTEpecy, 4acy 1 KUIbKOCTI Cpo0 MPOXOJKEHHS YCiX PIBHIB I'pU. 3alPOIIOHOBAHO
MaTeMaTH4Hy MOJENIb OILIIHKA MIpU 1HTepecy 1 mnpodeciiHux 3ai0HOCTEl 3a

pe3ynbraraMu Ipu, 1Mo (GopMyeThbcs 31 CHIBBIAHOIICHb MMapaMeTpiB B3aeMOJIT



KopucTyBaua 1 (axiBus 3 rpoto. OIHKH pe3yabTaTiB (PaxiBlsl BBaXKAIOTHCA
€TaJJOHHUMH 1 BUKOPHUCTOBYIOThCS I HOopMamizamii manux. s dbopmyBaHHS
PEKOMEHAIIMHOTO BUCHOBKY B peaJIbHOMY 4aci 3allpOTIOHOBAHO BUKOPUCTOBYBATH
OaraTomrapoBuil MEPIENITPOH 3 IBOMA MOCIIIOBHUMH IIPUXOBAaHUMHU Iapamu 3 32 1
16 By3miB, 10 IHTETPYETHCA 3 ICHYIOUUMH OaraTOpiBHEBHUMHU KOMII IOTEPHUMU
irpamu.

3a pe3yapTaTaMu JOCIIKEHHS po3pO0IeHO:

— KOHLIENITyaJIbHY MOJEJNb 1HTEJIEKTYaJbHO! 1H()POKOMYHIKAIIHHOT CHUCTEMU
JUIS  OIIHKH CIElaJIbHUX 3410HOCTEeH IJjIiTKa, SKa 3JaTHa HaJaBaTu
pEKOMEHJAIIMHII BUCHOBOK B PEajJbHOMY 4aci;

— MaTeMaTU4Hy MOJieNib, 3TIAHO 3 SKOK PEKOMEHAAIIWHUM BUCHOBOK
KJIacu(IKyeThCS 3a OLIHKaMH 3110HOCTEeH 1 MipH iHTepecy a0 mnpodeciitHoi
TUSITBHOCTI, IO BIATBOPIOETHCS B KOMIT IOTEPHIN Ipi;

—MOJIeNIb HEeHpOMepexi, ska Moxe OyTH BIOPOBaJKEHa B IMIPOILIEC
npodopieHTAallli 32 YMOBH 301IbIIIEHHS HaBYAJIbHOI BUOIPKU 1 3aCTOCYBAaHHS IESIKUIM

qac B TCCTOBOMY pe)KI/IMl JJI JOHaBYaHHA.

Y nepmiomy po3nini «AnHam3 mnpouecy mnpodeciiiHol iaeHTudikamii
MUTITKIB» JOCHIKEHO TPOOJieMH, 3 SKUMH CTHUKAIOThCA MMITTKH B IIPOIEC]
npodeciitnoi ineHTudikaii, 1 cydacHi MeToau npodopieHTaliiiHoi podoTH, sKa
BEJIETHCS 3 MIAJIITKAMU B PI3HUX KpaiHaX; MOKa3aHO MEePEeBary 1 BUSABJICHO HEIOTIKU
icHyrouux o(QuiailH METONIB Ta OHJalH MiIaTdopM, 110 BUKOPUCTOBYIOTHCS IS
npodeciiinoi ieHTudikaiii 0coOMCTOCTI; MOKa3aHO, WIO IrPOBHHM MIAXIJ 10
npodopieHTalil TIAIITKIB J03BOJISE CTBOPIOBATH CIICIliajbHI CEPEOBUINA, B IKHUX
yBara IMiJJIiTKa CHOPSMOBYETbCS HE Ha (¢GopMalbHy OI[IHKY BIJIOBIIHOCTI
CIELIATIbHOCTI, @ Ha Oe3MocepeiHe 3HAHOMCTBO 3 MPO(MECiHHO MiISUIBHICTIO Y

IIKaBii 1rpoBiil (opMi; pO3MISIAAETHCS MOHSITTS TeiMidikaiii sSK Cy4acHOro



(heHOMEHY, 1110 MOXKEe MIABUIIUTH €(PEKTUBHICTD Mpoiiecy npodeciiiHoi opieHTallli;
MOKa3aHl MOTEHIIIIHI MepeBaru BUKOPUCTAHHS ITPOBUX MEXaHIK y mpodeciiiHomMy

CaMOOTOTOKHEHI.

Y apyromy po3aiii «®opmanizailisi mpoiuecy mATPUMKHA PIIISHHS MiATITKa
o0 BUOOpPY chHemiadbHOCTD (OpMaTi30BaHO MPOLEC MHIATPUMKH TPUHHATTA
pIlIEHHsT MIJIITKa W00 BHOOPY CHEHIAJIBHOCTI HAa OCHOBI TECTyBaHHS 3
BUKOPUCTAHHSIM KOMI'FOTEPHHUX ITPOBUX 3aBlaHb MPOQeCciiiHOTO CHpsIMyBaHHS 1
npoiiec GopMyBaHHS MOPTPETY MIJJITKA B MPOCTOPI BUMOT 10 Tpodiito (axiBis
pI3HUX crenianizaniii; onucano npouec ¢GopMmyBaHHs 0a3u aHUX IrOp Ha OCHOBI
HasBHUX MPO(eCciiHUX Irop; MOKAa3aHO SKUM YUHOM KOMIT IOTEPHI ITPU MOXYTh
CUMyIIOBaTu Tmpodeciiiny AISUIBHICTh 1 BIOOpa)kaTh 3AaTHICTh BHUKOHYBATU
omepaliiny AiSIbHICTh CHEHIANICTIB pi3HUX mpodeciit; chopMoBaHO KpuUTEpIi
OI[IHKM XapaKTepHUX SKOCTEH MIITKIB, $KI BiIOOpaXkaloTb 1HTEpeC MO
npodeciiiHol AISIBHOCTI Ta CHeliaibHi 3A10HOCTI, K1 B Pi3HIM Mipl NOTPiOHI AJis
HaOyTTs 3HaHb, YMiHb 1 HAaBHYOK, II0 HaWKpalle BIAMOBIJAIOTh BHUMOraM 0
npod o (axiBI pi3HUX cHelianizaiii 3 ypaxyBaHHsIM KBaTi(piKaIliHHUX BUMOT JI0
BUITYCKHUKIB; 3alPOMIOHOBAHO MAaT€MaTUYHY MOJIEb, 3T1IHO 3 SIKOIO (POopMyeThCA
BHCHOBOK I110/10 3/IaTHOCTI MiJITIITKA 10 HAOYTTS 3HAHb, YMiIHb Ta HABUYOK 32 MIEBHOIO
CIICIIIaJbHICTIO Ha OCHOBI BMKOHAHHS PIBHIB KOMIT FOTEPHUX 1rop MpodeCiiHOro
CIPSIMyBaHHS PI3HOTO CTYIEHSI CKIATHOCTI.

Y Tperbomy po3aini «Po3poOka iH(GOKOMYHIKAIIITHOT CHUCTEMH OI[IHKHU
coermiaalbHuX 3A10HOCTEH MIUIITKa» BH3HAYEHO BHMOTH JO CHCTEMH, IO
pO3pOOIAEThCS; HAJaHO IJIaH PO3POOKM IHTENEKTYallbHOI 1H(OKOMYHIKAIIITHOT
CUCTEMH, sika Oyzie hopMyBaTH peKOMEHAAIlIMHUIM BUCHOBOK 111010 BUOOpY mnpodecii
Ha OCHOBI OI[IHKM pPE3yJIbTaTiB BHUKOHAHHS 3aBAaHb MpodeciiHO-OpiEHTOBAHOL

KOMIT FOTEPHOI T'pH; 3aMPONOHOBAHO KOHUENTYaJIbHY MOJENb CUCTEMU; MOKa3aHO



MOCTYNOBE TNEpPeTBOpeHHs1 1H(dopMmamii 3 «CcUpuUX» ITPOBUX MOAIN Ha
pEKOMEHJAIIMHUI BUCHOBOK, IKHH MOXYTh NEPEMISIHYTH Pi3HI aKTOPH; IPOBEACHO
JEeTalbHUI aHali3 Cy4aCHHUX TEXHOJIOTIH, sIKI MOXYTh OyTHM 3aCTOCOBaHI IpH
po3po0Ili cuCTeMHU, 1 OOIPYHTOBAHO BHOIp TEXHOJIOTIA MJis HamucaHHs 1l
(yHKIIOHATY; JETallbHO ONHUCAaHO CTPYKTypy Oasu JaHuX s 30epiraHHs
iHpopmarrii, mo HeoOXigHA [JIs1 KOPEKTHOI pPOOOTH CHUCTEMH; PO3POOICHO
apXiTEeKTypy CUCTeMHM Ha 0a3i HasIBHOTO anapaTHO-MPOrPaMHOTO 3a0e3Me4eHHS;
PO3MIISIHYTO TEXHOJOT1l, SKI MOXYTh OyTH BHKOPUCTAHI TiJI 4YaCc CTBOPEHHS
iH(pOKOMYyHIKAIIHHOT cucTeMHu [ 3a0e3nedyeHHs: NoOyJOBH MIKPOCEPBICHOI
apXiTeKTypH, 3aTHOT PO3LIMPIOBATHCS 1 3a0e3neuyBaTy 30epiraHHs KOMmid TaHuX Yy
XMapi; OMUCAHO B3aEMOJIII0 KOMIIOHEHTIB CHCTEMH 1 B3a€EMOJIII0 KOPUCTYBauiB 3

CHCTCMOIO.

Y d4erBepromy po3miji «BrpoBamxeHHS MoneNl HEHPOHHOI Mepexi B
CUCTEMY OIIIHKH CHEIladbHUX 3J10HOCTEN MIIIITKa» OOIPYHTOBAaHO BHOIp THILY
HEUpPOHHOI Mepexi Ui TeHepalii pPEeKOMEHAAIIMHOTO BHCHOBKY, IIOJO
CIEL1AIbHOCTI HA OCHOB1 BUKOHAHHS 3aBJaHb KOMIT FOTEPHOI I'PH, Ta PIILICHHS 11100
3aCTOCYBaHHSI KOHTPOJBOBAHOIO HAaBYAHHS; 3alPONOHOBAHO apXITEKTYpPYy MOZEINI
HEWPOHHO1T MEPEKi Ta ii HalaIllITyBaHHS; MOKa3aHO, 1110 0araromapoBuil MepienTpoH
3 IBOMa MOCIIJOBHUMHU MPUXOBAHUMU Iiapamu 13 32 1 16 By3/11B MOXKE HAaBUUTHUCS
MpaBWIbHIN Kiacu@ikaiii pe3yabTaTiB TPU HE TIIBKUM 3a KPUTEPIEM «4ac
MPOXOJKEHHSI PIBHS», @ 1 BPAaXOBY€ «KIIBKICTH CHpPO0» BUKOHAHHS 3aBIaHHS;
c(hopMOBaHO HaBYAIbHY BUOIPKY /ISl TPEHYBaHHS MOJIENI1; HAa IPUKJIA/ll KOHKPETHOI
IpU, EKCHEPUMEHTAJIbHO TIOKa3aHO 3/aTHICTh HABYEHOI MOJENl TeHepyBaTH
PEKOMEHIalIiHUI BUCHOBOK; PO3IISHYTO METOAM MOKpAIEHHS poOOTH 1CHYIOUOI
MoOjielli HEHPOHHOT MEpeKi; BU3HAYEHO CTparerii BJOCKOHAJIEHHS pOOOTH MOJEI;

OMKCaHl MOPaJbHO-ETHYHI BUKJIMKH 1 KJIIOUOBI YIPABIIHCHKI YMOBH, 11O MaroTh



OyTH BpaxoBaHi Mij yac MPOBEJAEHHS reiMi(iKOBAHOTO TECTYBAaHHS CHEIIaJIbHUX
3M110HOCTEN MiTITKIB.

KuaruoBi ciaoBa: GararomapoBuil mepuentpoH, remidikarisi, excrnepTHa
olliHKa, iHopmalliiHa cucrtema, iH(opMmaliiiHa TEXHOJOTis, MIKpOCEepBiCHA
apXiTeKTypa, HEHUpOHHA Mepexka, OCBITHIM MPOCTIp, OIIHKA B pealbHOMY Haci,
pEeKOMEHJAIIMHUIT BUCHOBOK, mpodeciitHa camoineHTudikaiis, nudposa ocsira,

IITYYHUHN THTEIEKT.



ABSTRACT

Poliakov M. Intelligent infocommunication system for assessing an
adolescent’s special abilities. — Qualifying scientific work presented as a
manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 126 "Information systems and technologies". - Kyiv National University
of Construction and Architecture. - Kyiv, 2025.

The dissertation is devoted to addressing the critical challenge of providing
adolescents with qualified, scientifically grounded, and interactive support in
choosing a future profession.

Scientific novelty of the obtained results. The scientific novelty of the

dissertation consists in the fact that:

developed for the first time:

— a mathematical model for assessing an adolescent’s degree of interest and
professional abilities based on the results of a multi-level profession-oriented
computer game which, unlike existing approaches, enables the assessment of
professional abilities to be normalised with respect to the factors of “time” and
“number of attempts”;

—a conceptual model of an intelligent infocommunication system for
assessing adolescents’ professional abilities, capable of generating in real time a
recommendatory conclusion on the advisability of choosing a particular profession
based on interaction parameters recorded while an adolescent plays a

profession-oriented computer game;



—a multilayer perceptron model that integrates with existing multi-level
computer games and, in real time, produces a recommendatory conclusion for an
adolescent’s career choice using the estimated degree of interest, the time spent, and
the number of attempts required to complete the game tasks;

improved:

— a career-guidance process that introduces an intelligent infocommunication
system for assessing special abilities, which generates a real-time conclusion from
the results of a computer game;

further advanced:

—a concept for building hybrid systems that combine knowledge-based
approaches with artificial-intelligence models, specifically artificial neural
networks, in order to process data and increase neural-network reliability through
expert feedback;

—an approach to using neural networks in career-guidance work with
adolescents which, unlike existing methods, allows the number of game levels to be
scaled without engaging excessive human resources.

Main content of the dissertation.

A conceptual model of an intelligent infocommunication system for assessing
adolescents’ special abilities is proposed, which adopts a microservice architecture
with considerable scalability potential, supports data replication in cloud storage,
and enables user-game results in a profession-oriented game to be generated
asynchronously before all levels are completed. Generation of the recommendatory
conclusion is framed as a classification task that uses the degree of interest, the
completion time, and the number of attempts across all game levels. A mathematical
model is proposed for assessing the degree of interest and professional abilities from
the game results, constructed from the ratios of the user’s and the expert’s interaction

parameters with the game. The expert’s result assessments are regarded as reference



values and are used to normalise the data. To generate the recommendatory
conclusion in real time, a multilayer perceptron with two consecutive hidden layers
of 32 and 16 nodes is proposed, integrated with existing multilevel computer games.

Based on the results of the study, the following have been developed:

—a conceptual model of an intelligent infocommunication system for
assessing an adolescent’s special abilities, capable of delivering a real-time
recommendatory conclusion;

—a mathematical model by which the recommendatory conclusion is
classified according to both the estimated abilities and the degree of interest in the
professional activity reproduced in the computer game;

— a neural-network model that can be introduced into the career-guidance
process, provided the training set is expanded and the system is operated in a test
mode for further fine-tuning.

Chapter 1, “Analysis of the adolescent career-identification process”,
examines the challenges adolescents face in establishing a professional identity and
reviews contemporary career-guidance practices applied to adolescents in different
countries; highlights the advantages and uncovers the shortcomings of existing
offline methods and online platforms used for individual career identification;
demonstrates that a game-based approach enables the creation of special
environments in which adolescents focus not on a formal evaluation of “fit” but on
direct, engaging exposure of professional activities presented in a game-like format;
presents the concept of gamification as a modern phenomenon that can increase the
effectiveness of the career-orientation process; shows the potential benefits of
employing game mechanics in the process of professional self-identification.

Chapter 2, “Formalisation of the decision-support process for an adolescent’s
choice of speciality”, formalises the decision-support process for adolescents

selecting a speciality based on testing with profession-oriented computer-game tasks



10

and formalises the procedure for constructing an adolescent’s profile within the
space of specialist-profile requirements for various specialisations; describes the
creation of the game database derived from existing professional games; shows how
computer games can simulate professional activities and reflect the ability to
perform the operational tasks of specialists in different fields; establishes criteria for
evaluating adolescents’ characteristic qualities that capture both their interest in
professional activity and the special abilities required, to varying degrees, for
acquiring the knowledge, skills and competences that best match the
specialist-profile requirements of different specialisations while taking into account
graduate qualification standards; proposes a mathematical model by which a
conclusion is generated on an adolescent’s capacity to acquire the knowledge, skills
and competences of a given speciality, based on performance across
profession-oriented computer-game levels of varying complexity.

Chapter 3, “Development of an infocommunication system for assessing an
adolescent’s special abilities”, specifies the requirements that the system being
developed; presents a development roadmap for an intelligent infocommunication
system that will generate a recommendatory conclusion on career choice by
assessing the results obtained in profession-oriented computer game tasks; presents
a conceptual model of the system; demonstrates the step-by-step transformation of
raw game events into a recommendatory conclusion accessible to multiple actors;
provides a detailed review of contemporary technologies that could be employed in
developing the system and justifies the choice of those used to implement its
functionality; describes in detail the database structure required for the system’s
correct operation; develops the system architecture on the basis of existing hardware
and software; examines technologies suitable for creating a microservice

architecture capable of horizontal scaling and ensuring the storage of data copies in
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the cloud; explains the interactions both among system components and between
users and the system.

Chapter 4, “Implementation of the neural-network model in the adolescent
special-abilities assessment system”, substantiates the choice of a neural-network
type for generating a recommendatory conclusion on speciality selection based on
computer-game task performance and justifies the use of supervised learning;
proposes the architecture of the neural-network model together with its
hyper-parameter settings; shows that a multilayer perceptron with two successive
hidden layers of 32 and 16 nodes can learn to classify game outcomes not only by
the criterion of level-completion time but also by accounting for the number of
attempts taken; constructs a training dataset for fitting the model; experimentally
demonstrates, using a concrete game example, the trained model’s ability to produce
a recommendatory conclusion; examines methods for improving the existing
neural-network model; identifies strategies for improving the model’s performance;
describes the moral-ethical challenges and key managerial conditions that must be
observed during gamified testing of adolescents’ special abilities.

Keywords: artificial intelligence, digital education, educational space, expert
assessment, gamification, information system, information technology, microservice
architecture, multilayer perceptron, neural network, professional self-identification,

real-time assessment, recommendatory conclusion.



