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1. TatapHukoB A.O. ApxiTeKTypa Ta METOY NT0OYIOBY PO3MNOAiJIEHUX CUCTEM IIEPCOHAJII30BAHOTO €-HaBYaHHS Ha
OCHOBI areHTHUX TexHosorii. KBanigikauiliHa HayKoBa npals Ha paBax pykonucy. Jluceprauist Ha 3000yTTS
HAyKOBOTr'O CTyIeHs okTopa ¢inocodii 3a crienianpHicTio 123 «KoMITtoTepHa iHxkeHepis» (rayny3b 3HaHb 12
«InpopmaniiiHi TexHoOrii»). — XapKiBCbKMI1 HalliOHAJIbHUI YHIBEPCUTET PafioeseKTPOHIKY, MiHiCTepCTBO OCBITH i
HayKu YkpaiHu, Xapkis, 2026. Jlucepraliiiny po60Ty IpUCBSIY€HO PO3B’s13aHHIO HAYKOBO-TEXHIYHO] 3a1a4i
nigBuIeHHs e(PEeKTUBHOCTI PYHKLIIOHYBaHHS PO3MOiIEHNX KOMITIOTEPHUX CUCTEM IIEPCOHAJII30BAHOTO €~
HaBYaHHS WJISIXOM PO3POO6JIEHHS MIKPOCEPBiICHO-areHTHOI apXiTeKTypH 3 II0/1ieBO-OPi€HTOBAHOIO B3a€MOIi€l0
KOMIIOHEHTIB Ta y3rO[pKEHUM MEXaHi3MOM IIPUIHATTS aJallTUBHUX pilleHb. Y PO6OTI OTPUMAHO TaKi pe3yJbTaTu.
Po3po61€HO apXiTEKTYPHY MOZEJb PO3NOiNeHOI MiIKpOCEPBICHO-ar€HTHOI CUCTEMY IIEPCOHAJIIZ0BAHOTO €~

HaBYaHHS, 110 3abe3redye MacIITaboBaHiCTh, PYHKLIOHAIBHY 130JIS11i10 CEpPBiCiB Ta ACUHXPOHHY B3a€MO/IIIO.



dopmanizoBaHo 6araTodakTOPHY MOZEJb CTaHy CTyIEeHTAa 3 iHTerpalielo CEHCOPHUX i O/Ii€BUX IaHUX.
3anpornoHOBaHO METOJ, y3roIPKEHOTro MPUMHSATTS alallTUBHUX pillleHb JJ1s1 KepyBaHHS iHIWBiNyaJbHUMU
HaBYaJIbHUMU TpaeKTopismu. Po3pobseHo nifgxiz 1o ¢opmasnbpHoi Bepudikaliii 1pouecis KepyBaHHS B
posIogineHomMy cepenoBullli. EKClepuMeHTaIbHO HiATBEPIKEHO MiJBULIEHHS MaclITAb0BAaHOCTI Ta
BiZIMOBOCTIIKOCTi CHCTEMHU, 3MEHIIEHHS JIATEHTHOCTI 06pOOKY MOAii i MmigBUIneHHs CTabiIbHOCT] afalTUBHOTO
KepyBaHHS [TOPIiBHSIHO 3 LIEHTPali30BaHUMU PillleHHSIMU. MeTo10 poO0TH € MifBuIleHHS e(PeKTUBHOCTI
(OYHKLiOHYBaHHS PO3IOJiNEHNX KOMITIOTEPHUX CUCTEM [1€PCOHAi30BAaHOrO €-HaBYaHHS IIJIIXOM PO3PO0JIeHHS
apxiTeKTypu, MOJeJIeN Ta METOiB NOOYAOBY MIKPOCEPBiICHO-areHTHOI IIIaTGOPMHU 3 Y3TOJ)KEHUM ar€HTHUM
MPUMHATTSM aJaNITUBHUX PillleHb, iHTerparjiero ceHcopHux i 3 mogieBux nanux ta GopManabHOIO Bepudikaliieo
npolieciB kepyBaHHs. O6'€KT NOCiI)KeHHS — Npoliecy QYyHKIiOHYBaHHS PO3IOLiJIEHMX KOMITIOTEPHUX CUCTEM
[IEPCOHAJII30BAaHOrO €—HaB4yaHH. [IpeiMeT NOCiI>)KeHHs — apXiTeKTypa, MOJeJli Ta MeTOI U 100y L0BU
MIKpOCEPBICHO-areHTHUX CUCTEM IIEPCOHAJII30BAHOIO €-HAaBUYAHHS B PO3IIOJAUIEHUX cepenoBuiax. Haykosa
HOBUM3HA OJIeP>KaHMX Pe3yJIbTaTiB [10JIsIrae y HacTyIHOMY: 1. Biepiue 3arponoHoBaHO apXiTeKTypHY MOJeJlb
PO3NOAiTIEHOI MIKPOCEPBICHO-ar€éHTHOI CUCTEMU NIEPCOHAJII30BAHOI0 €-HaB4YaHHs, KA, HA BiIMiHY BiJl iCHyI0UMX
LIeHTPaJi30BaHMX 260 MOy IbHMX LMS-pilieHs, noeqHye piBHi CEHCOPHOTO MOHITOPUHTIY MOBEAiHKU CTYLEHTA,
300py Ta iHTerpauii noxii, aHamiTHYHOI 06POOKY, areHTHOI OpKeCTpalii Ta aJalTHBHOTO KEPYBaHHS HaBYAJIbHUMU
TPAEKTOPisIMU B €AMHOMY aHAJITUKO-KEPYIOUOMY KOHTYPI, 1110 3abe3Ieuye MaclITab0BaHiCTh, QYHKIIOHAIBHY
i30JI411i10 KOMIIOHEHTIB, aCUHXPOHHY B3a€MOJiI0 CEPBICIB i MOXKJIMBICTb ITPOAKTUBHOI IIEPCOHAI3aLLi] B
PO3IOIiIEHOMY CepeNOBULLI. 2. YIOCKOHAIEHO METO, IANITUBHOI IIEPCOHAII3allil HaBYaJIbHOI TPAEKTOPIi HA OCHOBI
areHTHOTO IiTX0/y Ta MiJCUIEHOTO HaBYaHH4, IKMH, Ha BiIMiHY Bif MiTX0/IiB, OPi€HTOBAHUX JIMIIE HA PE3yJIbTaTH
TeCTyBaHHs a60 LMS-Jory, Bifpi3Hs€eTbCsS BUKOPUCTAHHIM 6araTo(akToOpHOi MOJEJli CTaHy CTYJEHTa, 110 BpaXOBYe
piBEHDb 3HAHb, CTUJIb HABYAHHS, YBary, 3aJIy4€HICTh, [IOBEIHKOBI 6 IHAVKATOPY Ta PE3YJIbTATU B3aEMOZII 3
HaBYaJIbHUM KOHTEHTOM, i 3abe3nedye BUOip afanTUBHUX I1eJarorivyHux [ill y MeXXax areHTHOTO KOHTYPY
nepcoHasizalii 3 BUKOPUCTaHHSAM MEXaHi3MiB MiJICUJIEHOr0 HaBYaHHS. 3. YIOCKOHAJIEHO METOL, y3rOJKEHOTO
areHTHOTO NPUMHSTTS aIallITUBHUX PillleHb y PO3MOAiJNEHil CUCTEMI IEPCOHAI30BAaHOTO €-HaBYaHHS, SIKA
BiZIPi3HSETLCS KOOPAMHALIEIO [il CIeLiali30BaHMUX ar€HTiB CTYIEeHTa, BUKJIa[la4a, aHAJIITUKYA, CUCTEMHOTO
KEepyBaHHS Ta 3BOPOTHOTIO 3B'SI3Ky I1if] Yac BUSIBJIEHHS] PU3UKOBUX CTaHiB, GOPMYBaHHS peKOMeHJALl i KOpeKLii
HaBYaJILHOI TPAEKTOPIi, 0 Ja€e 3MOTy 3MEHIINUTY CYIIEPEYINBICTD il ar€HTIB, MiIBUIIATA KEPOBAHICTb IIPOLIECY
nepcoHaizauii Ta 3a6e3neYynTy TPAaCOBAHICTh IPUMHATHUX PillleHb B yMOBAaX aCUHXPOHHOI MiKpOCEPBiCHOI
B3aemogii. 4. Habynu nogansuioro po3BUTKy Mmetony popmasnbsHoi crienudikanii Ta Bepudikauii nporecis
KEepyBaHHS B areHTHUX HAaBUaJIbHUX IIJ1aTOpMax, siKi, Ha BiIMiHY Bif] CyTO imiTaliiiHOro a6o eKcriepuMeHTalIbHOTO
OLIiHIOBaHHS1, BUKOPUCTOBYIOTh TeMnopasbHi sioriku LTL /ATL Ta meTon nepeBipku Mofesneil sl IEPeBipKU
BJIACTMBOCTE O6e3I1eKH, XUBYIOCTi, JOCSKHOCTI, BilCYyTHOCTI JIOTTYHMX KOH(JIIKTIB i KOPEKTHOCTI B3a€MOJIii areHTiB
Ta MIKpPOCEPBICiB y PO3NOIiIEHOMY CEPENOBUII.

2. Tatarnykov A.O. Architecture and methods for building distributed systems of personalized e-learning based on
agent technologies. Qualification scientific work on the rights of manuscript. Dissertation for the degree of Doctor
of Philosophy in Specialty 123 “Computer Engineering” (Field of Knowledge 12 “Information Technologies”). Kharkiv
National University of Radio Electronics, Ministry of Education and Science of Ukraine, Kharkiv, 2026. The
dissertation is devoted to solving the scientific and technical problem of improving the efficiency of distributed
computer systems for personalized e-learning through the development of a microservice-agent architecture with
event-driven interaction of components and a coordinated agent-based adaptive decision-making mechanism.
The following results were obtained. An architectural model of a distributed microservice - agent system for
personalized e-learning was developed, ensuring scalability, functional isolation of services, and asynchronous
interaction. A formalized model of the learner’s state integrating sensory and event-driven data was proposed. A
method for coordinated agent-based adaptive decision-making for managing individual learning trajectories was
developed. An approach to formal verification of control processes in a distributed environment was introduced.
Experimental results confirmed improved scalability and fault tolerance of the system, reduced event-processing
latency, and increased stability of adaptive control compared to centralized solutions. The purpose of the



dissertation is to increase the efficiency of distributed computer systems for personalized e-learning by
developing architecture, models, and methods for building a microservice-agent platform with coordinated agent-
based adaptive decision-making, integration of sensor and event data, and formal verification of control processes.
11 The object of research is the functioning processes of distributed computer systems for personalized e-learning.
The subject of research is the architecture, models and methods of building microservice-agent systems for
personalized e-learning in distributed environments. The introduction substantiates the relevance of the research,
defines the goal, objectives, object, subject, and research methods, and presents the scientific novelty and practical
significance of the results. The scientific novelty of the obtained results is as follows: 1. For the first time, an
architectural model of a distributed microservice agent system for personalized e-learning is proposed, which,
unlike existing 13 centralized or modular LMS solutions, combines the levels of sensor monitoring of student
behavior, event collection and integration, analytical processing, agent orchestration, and adaptive management of
learning trajectories in a single analytical and control loop, which ensures scalability, functional isolation of
components, asynchronous interaction of services, and the possibility of proactive personalization in a distributed
environment. 2. The method of adaptive personalization of the learning trajectory based on the agent approach
and reinforced learning has been improved, which, unlike approaches focused only on test results or LMS logs, is
distinguished by the use of a multifactor model of the student's state, which takes into account the level of
knowledge, learning style, attention, involvement, behavioral indicators and results of interaction with educational
content, and provides a choice of adaptive pedagogical actions within the agent personalization circuit using
reinforced learning mechanisms. 3. The method of coordinated agent adaptive decision-making in a distributed
personalized e-learning system has been improved, which is distinguished by the coordination of actions of
specialized agents of the student, teacher, analytics, system control and feedback during the identification of risk
states, the formation of recommendations and correction of the learning trajectory, which makes it possible to
reduce the inconsistency of the agents' actions, increase the manageability of the personalization process and
ensure the traceability of decisions made in the conditions of asynchronous microservice interaction. 4. Methods
for formal specification and verification of control processes in agent-based learning platforms have been further
developed, which, unlike purely simulation or experimental evaluation, use LTL /ATL temporal logics and the
model verification method to verify the properties of security, survivability, accessibility, absence of logical

conflicts, and correctness of interaction between agents and microservices in a distributed environment.
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