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Pedepar:

1.V nucepranii gocnimkeHo MeTony Ta Mozesli 06poOKU TaHUX, AITOPUTMU MAIIMHHOTO HABYaHHS Ta MigXoau 10
no6y10BY PEKOMEHIALITHMX CUCTEM Yy KOHTEKCTi 3abe3nedyeHHs iHquBinyanizanii ocBiTHbOro npotecy. OKpeceHi
TeopeTUyHi 3acazy GOPMYIOTh METO/OJIOTIYHY OCHOBY [1J1s1 CTBOPEHHS iHTeJIeKTYaJIbHOI CUCTEMH, 1110 J03BOJISIE
aBTOMaTU3yBaTu (OPMYBaHHS iHIMBiNyaJbHOT0 HaByanbHOro miaany (IHII), cnpusiioun nigsuineHHI0 e(peKTUBHOCTI
IIJIaHYBaHHS OCBiTHBOI TPaeKTOPii, onTumisaliii Bubopy AUCLUUILIIH Ta ajanTtalii HaByaHHs 40 Npo@eciiiHuX
iHTepeciB 3m06yBauiB. BripoBa/pKeHHS pO3pO6IeHNX MOZeser Y IPaKTUKY cripustuMe nudposisaLii yHiBepCUTETIB,
3MEHIIEHHIO aMIHICTPAaTUBHOIO HABAHTAXXEHHS Ta MiJIBUIEHHIO MOTUBALlii CTYIEHTIiB Yepe3 [1epCOoHai3alito
HaB4yaHHs. Ha 0CHOBI peasibHUX JaHUX HAaBYJILHOTO NpoLiecy (3 cuctemu «EnexTpoHHUI nekaHaT» Ta €JEBO)
cpopmoBaHO eMIipuyHy 6a3y TOCIIIKEHHS, IO OXOIJII0E BUOIPKY 3 2543 3100yBauiB BUIOi OCBiTH. Lle 103B0No0

IIPOBECTH TIIMOOKUM aHasli3 YCHIMIHOCTI Ta OCBITHIX BIIOJI00aHb, BUSIBUTH IIPUXOBaHi 3aKOHOMIPHOCTI y BUOOPI



IOVCLMILIIH Ta 106yAyBaTU HAiHi IPOrHOCTUYHI Mofiei. Pe3ysibTaTu aHai3y MigTBepAuiIN HEOOXigHICTh
nepexopy Bif yHipiKoBaHMX HaBYAJIbHUX I1JIaHIB O THYYKUX TPAEKTOPIH, [0 6a3yI0ThCSI HA iHTEIEKTyaJIbHOMY
aHali3i BeJIMKUX JaHUX. BcTaHOB/IEHO, 10 HalbiIblI e(PEKTMBHUM MiIXOIOM [J1s1 IPOrHO3YBaHHS YCIIIHOCTI B
YMOBaX PO3PiIyKEHOCTI JaHUX (10 € XapaKTEPHUM [J151 BUOIPDKOBUX AUCLUILIIH) € METOJ, MaTPUYHOI pakTopu3aLlii 3
peryJsisipu3satielo 3a Hopmoto Ppobeniyca. Po3po6sieHO Ta MPOrpaMHO peasiz3oBaHO aIrOPUTM, SIKUI1 MiHiMi3ye
dyHkuiio BTpat (RMSE) Ta 103BoJIsIE BUSBIISATY NIOTEHLiIHI TPYJHOIL y HaBYaHHI Ha paHHIX eTamnax.
ExcriepuMeHTasibHa NIepeBipKa Ha TECTOBiN BUOIpLi NToKazasa, o cepeHs noxubka nporao3ysaHHs (RMSE)
ctaHoBUTH 13.37 6ana (Ha 100-6aspHil mKasmi), a TOUHICTh IOTPAIJIIHHS PEKOMEHI0OBAHOI JUCLUILIIHY 3 TOII BUGOPY
3n06yBaya ckianae 31,15 %. Taki MOKa3HUKY CBi4aTh [IPO 3[ATHICTb CUCTEMU e(DEeKTHBHO PAHXKyBATU JUCLIUIIIIHA
Ta HaJlaBaTU peJleBaHTHI pekomeHpalii. O6IpyHTOBAaHO MaTeMaTU4Hy MoJiesib GOPMYyBaHHS iHIMBIlyaJlbHOTO
HaBYaJIBHOTO IJIaHY $IK 33[1a4y JIiHifHOTO IPOrpaMyBaHHS, 10 BpaxOBye OOMEKEHHS Ha KiJIbKiCTb KPEJUTIB, JIOTiUHY
MIOCJIJOBHICTh BUBYEHHSI AUCLUILUIIH Ta BAMOTY OCBITHBOI ITporpamMu. Lle 103Bosisie aBTOMaTU3yBaTU POLEC
IepeBipKU BajlifHOCTI NIJIaHy 1je Ha eTalli reHepalii pekoMeHalil, ycyBaiouy pu3uku (OpMYBaHHS IOMUJIKOBUX
TpaeKTopiil. JlocimKeHo NpobeMy «X0JI0GHOTO CTapTy» AJ1s1 HOBUX KOPUCTYBAUiB CUCTEMHU Ta 3alIpPOIIOHOBAHO
riopugHuil MEXaHi3M peKOMeH Iallil, o MoeNHY€E KOIabopaTuBHY (PinbTpaliiio 3 aHaNi30M aHKETHUX JaHUX Ta
Kap'epHUX Line 3n00yBava. BusBieHo, o iHTerpaiisi KOHTEeKCTHUX AaHUX (KJII04O0Bi cj10Ba, X001, npodinb
BUKJIa/]a4a) T03BOJISIE MiABULIUTH TOUHICTb [TI€PCOHAI3allii MOPiBHSIHO 3 BUKOPUCTAHHSIM BUKJIIOYHO iCTOPUYHUX
IAHUX PO OLiHKU. PO3p06IeHO TPOTOTUII PEKOMEHIALIIMHOI CUCTEMU HA OCHOBI MIKpOCEPBICHOI apXiTeKTypH 3
BuKopuctanHaMm TexHosoriii ASP.NET Core, Angular Ta 6i6;ioTeku mamuHHOTo HaB4yaHHSI ML.NET. ApxiTeKkTypHe
pileHHs 3a6e3nevyye MOAY/bHICTb, MACIITA00BaHICTh Ta MOXKJIMBICTb iHTerpalii 3 icHyrounMu iHpopmaLitHumu
€KOCHCTEMAaMU YHIBEPCUTETIB. PeasizoBaHO MexaHi3MM B3aeMOJil MixK cepBicamu yepes onTrumizoBane API, mo
MIOKPAIINJIO TPOLYKTUBHICTh OOMIHY JaHMMU Ta 3a6€3M1€Y1JI0 POOOTY CUCTEMU B PEKMMI peasibHOro yacy. 3a
pe3yJbTaTaMU BIIPOBAMI)KEHHS Ta ONUTYBaHHS 220 PECIIOHAEHTIB BCTAHOBJIEHO BUCOKUI PiBEHb 33JJ0BOJIEHOCTI
KOPHUCTYBauiB poOOTOI0 cUCTEMU — 74 % NO3UTHUBHUX Ta 3MillIaHUX BiAI'YyKiB. 3400yBayi BiA3HAYM/IM 3PY4HICTh
inTepgericy Ta pesieBaHTHICTb HaIJAHUX peKOMeHTalill. BogHovyac BUsIBJIEHO NOTPeOY Y BIPOBAIKEHHI METOIB
[TOSICHIOBAHOTO LITYYHOT'O iHTEJIEKTY AJ1s1 MiIBUILIEHHS JOBIpU 4O aBTOMAaTUYHUX PillIeHb Ta ITPO30POCTi IIPOLECY
dhopMyBaHHS pEKOMEHalliil. 3aporIOHOBaHMI OpraHizalifHO-TeXHIYHUI MeXaHi3M 1100yI0BY iHAMBIAyaIbHUX
HaBYaJIbHUX IJIaHIB I'PYHTYETbCS HAa JUQEePEeHLifioBaHOMY MiAX0i A0 KOXKHOTO 3[100yBaya, 10 J03BOJISIE
BPaxXOBYBATH 1OT0 aKaieMiuyHui 6eKrpayHz, Ta npodeciiiHi nparneHHs. [IpakTUyHe 3aCTOCYBaHHS pe3yJbTaTiB
IocCHimKeHHs B cucremMax «Ocobuctuil KabiHeT 3106yBada» CTBOPIOE NepeLiyMOBH [1J1s1 TOBHOLIIHHOI peasi3arii
CTYIEHTOLEHTPOBAHOTO MiIXOAY Yy BUILIN OCBITi YKpaiHU.

2. Thesis for the degree of Doctor of Philosophy in specialty 122 «Computer Science». National University of Life
and Environmental Sciences of Ukraine. Kyiv, 2025. The dissertation investigates data processing methods and
models, machine learning algorithms, and approaches to building recommender systems within the context of
ensuring the individualization of the educational process. The outlined theoretical foundations form the
methodological basis for creating an intelligent system that automates the formation of an Individual Study Plan
(ISP). This contributes to increasing the efficiency of planning educational trajectories, optimizing the selection of
disciplines, and adapting learning to the professional interests of students. The implementation of the developed
models will facilitate the digitalization of universities, reduce administrative burdens, and increase student
motivation through personalized learning. An empirical research base was formed using real data from the
educational process (sourced from the «Electronic Dean’s Office» system and EDEBO), covering a sample of 2,543
higher education applicants. This allowed for a deep analysis of academic performance and educational
preferences, the identification of hidden patterns in course selection, and the construction of reliable predictive
models. The analysis results confirmed the necessity of shifting from unified curricula to flexible trajectories based
on intelligent big data analysis. It was established that the most effective approach for predicting academic
performance under conditions of data sparsity (typical for elective disciplines) is the matrix factorization method
with Frobenius norm regularization. An algorithm minimizing the loss function (RMSE) was developed and
implemented, allowing for the detection of potential learning difficulties at early stages. Experimental verification



on a test set showed that the average prediction error (RMSE) is 13.37 points (on a 100-point scale), and the
accuracy of a recommended discipline appearing in the student's top choices is 31.15 %. These indicators
demonstrate the system's ability to effectively rank disciplines and provide relevant recommendations. A
mathematical model for ISP formation is substantiated as a linear programming problem that accounts for
constraints on the number of credits, the logical sequence of studying disciplines, and the requirements of the
educational program. This allows for automating the process of validating the plan during the recommendation
generation stage, thereby eliminating the risk of forming erroneous trajectories. The «cold start» problem for new
system users was investigated, and a hybrid recommendation mechanism was proposed, combining collaborative
filtering with the analysis of questionnaire data and the student's career goals. It was found that integrating
contextual data (keywords, hobbies, instructor profiles) improves personalization accuracy compared to using
historical grade data alone. A prototype of the recommender system was developed based on a microservice
architecture using ASP.NET Core, Angular, and the ML.NET machine learning library. The architectural solution
ensures modularity, scalability, and the capability to integrate with existing university information ecosystems.
Mechanisms for service interaction via an optimized API were implemented, improving data exchange
performance and ensuring real-time system operation. Based on implementation results and a survey of 220
respondents, a high level of user satisfaction with the system was established - 74 % positive and mixed feedback.
Students noted the convenience of the interface and the relevance of the provided recommendations. At the same
time, a need for the implementation of Explainable Al methods was identified to increase trust in automated
decisions and transparency in the recommendation formation process. The proposed organizational-technical
mechanism for building individual study plans is based on a differentiated approach to each student, allowing for
the consideration of their academic background and professional aspirations. The practical application of the
research results in «Student Personal Cabinet» systems creates the prerequisites for the full implementation of a
student-centered approach in higher education in Ukraine.
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