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Pedepar:

1. O6 €KTOM [IOCIII/KEHHS € 0OPOBIIEHHS TEKCTOBUX IAHUX YKPAIHCHKOIO MOBOIO, OXOIUIIOI0YM CTBOPEHHS Ta
BHUKOPHUCTaHHs 6a3 3HaHb 7151 JIOTITYHOT'O BUBEJEHHS BUCHOBKIB Ta aHaJi3y HeCcylnepe4yHoCTi JaHUX 32 JOIIOMOT 00
OHTOJIOTii. MeTOo10 pOOOTH € 3aTIOBHEHHS IIPOTAJIMH, IO € B JOCTYIIHUX HA CbOTOHI pecypcax [1ji1 CaMOHaBYaHH4,
3a IOTIOMOT0I0 CTBOPEHHS PEKOMEHIALIIHOI CUCTEMU, 30KpEMA B KOHTEKCTI IePEBiPKU TOYHOCTI Ta KOPEKTHOCTI
MaTeMaTUYHUX 337124, yMOXJIMBIIEHHS POOOTH i3 3a/la4aMy, 10 TIOJJAaHO YKPAiHChKOIO MOBOIO Ta aBTOMAaTU3ALli€l0
npouecy GbOopMyBaHHS KPOKIB PO3B 13Ky 3a/a4. MeTOM HAYKOBOTO NOCJIIPKEHHS, 1110 BUKOPUCTAHO B POGOTI:
€MIIIPUYHUY Ta EBPUCTUYHUN METOAU. TaKOK BUKOPMCTAHO METOAM MAaTEMATUYHO] JIOTIKY, MATEMAaTUYHOTO
aHali3y, AUCKPETHOI MaTeMaTUKHY, QYHKIIMHOrO MporpaMmyBaHHs. JJOIaTKOBO: METOIM CUCTEMHOTO MigXOAYy,

30KpeMa aHaJi3, CUHTe3 (CTPYKTYPHUIA, IapaMeTPUYHUI) Ta LeKOMIIO3ULlisl. Y HayKOBiil poOOTi BUKOPHUCTAHO TaKOX



CIleniasibHi MeToAu. A came: TOKeHi3allisl, JeMaTr3aliisi, po3MiuyBaHHs YaCTUH MOBU, BUA00yBaHHS iHpopmarii. ¥V
IIpolLieci NpoBeieHUX OCIiIPKeHb, OTPUMAaHO TaKi HAyKOBi pe3yJIbTaTH: ® yIepile PO3po6IeHO METO L, BUL00yBaHHS
3Hauywoi iHpopMallii 3 TEKCTiB yKpaiHCbKOMOBHUX IJIaHIMETPUYHUX 337aY, 110 C(POPMOBAHO Ha OCHOBI
IIPOBEIEHOTrO0 KiJIbKICHOTO aHasli3y 3i0paHuX IJIaHIMETPUYHUX 33a4 Ta 32 JOIIOMOTrOI0 iHCTPYMEHTIB 06pOOKU
IPUPOJHOI YKPAiHCHKOI MOBH, /1JIsl Peasti3aliii aBTOMaTUYHOTO PO3B A3yBaHHS YKPAIHChKOMOBHUX [JIAHIMETPUYHUX
3a7a4; ® yIepuie 3apoloHOBaHO METOJ, aBTOMAaTUYHOI [IEPEBIPKY Ha ITPAaBUJIBHICTb Ta HECYIIEPEUHICTh JAHUX, Ki
OTPUMAHO TIi/i 4aC PO3B A3yBaHHS 3a/ladi Ta JaHKX, L0 MOJAHO KOPUCTyBaYeM, pOPMYIOYM BHYTPIlIHE
IpeCTaBJieHHs PO3B I3Ky 3ajiadi K 06y 0By TepMa B TEOPIi TUIIIB 3a OMOMOTO0 (YHKIITHOI MOBU
nporpamyBaHHsl Lean. * yrepiie no6y0BaHO METO] aBTOMAaTUYHOTO TeHEPYBAHHS KPOKIB 11711 O3B I3yBaHHS
MaTeMaTU4YHUX 33/1a4, IKUM po3po6JIeHO Ha OCHOBI JIOTIYHOTO BUBEIEHHSI BUCHOBKIB, 110 OTPUMAaHO Bif,
BMKOPHMCTAHHSI OHTOJIOTIH 3 iIHCTPYMEHTaMU JIOTiYHOro BUBOLY. CTBOPEHO PEKOMEHIALINIHY CUCTEMY, IO
YMOXJIMABIIIOE MiIBUILEHHS €(PEKTUBHOCTI HABYaJIbLHOTO MIPOLIECY 7151 YYHIB, a6iTypieHTiB, CTyJ€HTIB, BUNTEIB i
BUKJIanaviB. akTUYHO PO3PO6IIEHO CUCTEMY, 11O 3/1aTHA aBTOMATU30BaHO [IPOAHAali3yBaT YMOBY MaTeMaTUYHUX
3a/1a4, OJaHUX YKPaiHChKOIO MOBOIO, Ta FEHEPYBATH KPOKU IXHBOTO PO3B’s13KYy Y GOPMi, 110 € 3po3yMisolo. Lle
YMOXJIUBJIIOE CIIPOCTUTH Ta YHAOYHUTH IIPOLieC HaBYaHHS Ta JOTIOMOITA YHUKHYTH TUIIOBUX IIOMUJIOK TIifi 4ac
PO3B’13yBaHHS 33a4. 3allpOIIOHOBAHO METOIY Ta MiX0AU POOOTH 3 YKPAIHCPKUM TEKCTOM IIJIaHIMETPUYHUX 3a1ad,
sIKi 6a3yI0TbCS Ha BUKOPUCTaHHI 3aC00iB 00pOOKY MPUPOAHOI YKPaiHCbKOI MOBU Ta Ha NPOBELLEHOMY KiJIbKiCHOMY
aHasli3i TEKCTIB [JIaHIMETPUYHUX 3a7a4. PeasnisoBaHO METOI, IKAM aHajli3ye TEKCT 3a4a4i Ta BUKOPUCTOBYE
[IpeJMEeTHY IIJIaHIMeTpUYHY OHTOJIOTII0. ITif yac anpobanii pe3ynbTatiB JOCiIKeHHS TI0Ka3aHo, 10 CepeHin
pesyabTar po3sB’a3anHs 50 MIaHIMEeTPUYHUX 32124 BEJIMKUMU MOBHUMU MOJIEJIIMU CTAaHOBUTH 53,67 %, TOmi K
3alPOIIOHOBAHA PEKOMEHIAIIHA CUCTEMA PO3B A3ye Bei i 50 3aay. ToMy 3apoONOHOBaHI METOAM IS
BUYWIEHEHHs iH(popMallii 3 TEKCTy Ta 3aCTOCYBAaHHS IJIAHIMETPUYHOI OHTOJIOTI] HaZAI0Th Mal>ke BIBidi Kpalle
CIIPABJISIEThCA 3 PO3B A3aHHAM IJIAHIMETPUYHKX 33124, HiXK JIOCTYIIHI Ha CbOTO/IHI BEJIMKI MOBHI Mojieti. Takox
3aIIPOMIOHOBAHO METOJ, BUIIPABJIEHHS TOMUJIOK JIEMATH3allii B yKpaiHCBhKiN MOBI 32 JJOITOMOTOI0 BUKOPUCTAHHSA
CJIOBHUKA, 10 CIIPUSJIO MiBUIIEHHIO (PiHANBHOI TOYHOCTI lemaTu3alii Ha 1,66 %. 3acTocyBaHHS OHTOJIOTIN Ta
METO/IiB JIOTiYHOTO BUBE/IE€HHS YMOXJIMBUJIO CTBOPEHIl CUCTEMI I1epeBipsiTU OTPUMaHi PO3B'SI3KU Ha
HECYIePEeYHiCTb, 1110 € KPUTUYHUM Y TOYHUX HayKax. BipoBaJkeHHs METOy 3 BUKOPUCTaHHIM QYHKIIIHOI MOBU
IIpOorpamMyBaHHsI [IJIs1 LUX Liilell Haflalo KOPEKTHICTb fJaHux. OTXKe, pe3yJIbTaTu JOCIiIKEHHS MaloTh [TPAaKTUYHE
3aCTOCYBAHHS Ta 3[1aTHi CIIPUSITU IOKPAIIEHHIO OCBITHIX CTaHAAPTIB B YKPAaiHi, 36i/bIIE€HHIO KiJTbKOCTI
BHCOKOSIKICHUX pillleHb [JIs1 MaTEMATHKHY, & TAaKOXX HaJAHHIO iHCTPYMEHTA [/ MMiITPUMYBaHHSI KOPUCTYBaviB y
npoueci HaB4aHHA. HayKOBO-TIPaKTU4HI Pe3yJIbTaTU JOCIiIKEHHS BIIPOBAIKEHO B HABYAJIbHY [isSJIbHICTD
(daxysnbTeTy iHpopMmaTuku HanionansHOro yHiBepcurety «KueBo-MorussiHCbKa akafeMisty, 30KpeMa Ha Kadepi
MyJIbTUMEAiHNUX cucTeM. Hapai, pesynbTaty guceprauiiiHoi po60TH TaKOX IJIAHY€eThCS BIPOBAIUTH IIifl 4ac
BMBYEHHSI iHIINX JUCLUILIIIH, a0y CIIPUSITH NOIVINGJIEHHIO 3HaHb Ta aHaJli3y aBTOMAaTU30BaHUX CHUCTEM 32
IIOIIOMOT'010 BUKOPUCTaHHS 3aIIPONIOHOBAHOI PEKOMEHIalliiiHOi CUCTeMH, 1110 34aTHA IIPaLlOBaTU 3
YKPaiHCPKOMOBHUMMU TEKCTaMU MaTeMaTUYHUX 3371a4, PO3B’sI3yBaTH iX CAaMOCTIHO Ta JOTIOMAraTu 3

PO3B’SI3yBaHHSM KiHI[€BUM KOPUCTYBa4yaM.

2. The object of the study is text data processing in Ukrainian, including the creation and use of knowledge bases
for logical reasoning and analysis of data consistency using ontology. The purpose of the study is to fill the gaps in
the currently available self-study resources by creating a recommendation system, in particular in the context of
checking the accuracy and correctness of mathematical problems, enabling work with problems presented in
Ukrainian, and automating the process of forming steps for solving problems. Research methods used in the study:
empirical and heuristic methods. Methods of mathematical logic, mathematical analysis, discrete mathematics, and
functional programming. Additionally: methods of the systematic approach, including analysis, synthesis
(structural, parametric) and decomposition. Special methods are also used in the research work: tokenization,
lemmatization, part-of-speech markup, and information extraction. The scientific novelty of the results obtained
in the thesis is as follows: ¢ for the first time, a method for extracting meaningful information from the texts of
Ukrainian-language planimetry problems was developed, based on the frequency analysis of the collected



planimetry problems and using natural language processing tools for Ukrainian to implement an automatic solving
of Ukrainian-language planimetry problems; ¢ for the first time, a method of automatic verification of the
correctness and consistency of the data that is obtained during the solving process of the problem and the data
provided by the user, forming an internal representation of the problem’s solution as the construction of a term of
type theory using the Lean functional programming language. * for the first time, a method for automatic
generation of steps for solving mathematical problems was built, that is based on logical inference obtained from
the use of ontologies with the logical inference tools. A recommendation system has been created that makes it
possible to improve the efficiency of the educational process for pupils, applicants, students, teachers, and
lecturers. In fact, a system has been developed that can automatically analyze the conditions of mathematical
problems presented in Ukrainian and generate steps for solving them in a form that is understandable. This makes
it possible to simplify and visualize the learning process and help avoid common mistakes when solving problems.
A method has been implemented that analyzes the text of the problem and uses the planimetry ontology. During
the testing of the study results, it was shown that the average result of solving 50 planimetry problems by using
large language models is 53.67 %, while the proposed recommendation system solves all 50 of these problems.
Therefore, the proposed methods for extracting information from the text and applying the planimetry ontology
provide almost twice as better solution to planimetry problems as currently available large language models. There
is also a method for correcting lemmatization errors in the Ukrainian language by using a dictionary, which helped
to increase the final lemmatization accuracy by 1.66 %. The use of ontologies and methods of logical inference
allowed the system to check the obtained solutions for consistency, which is critical in the exact sciences. The
implementation of a method using a functional programming language for these purposes ensured the correctness
of the data. Thus, the results of the study have practical application and can contribute to improve educational
standards in Ukraine, increasing the number of high-quality mathematics solutions, and providing a tool to
support users in the learning process. The scientific and practical results of the research have been implemented
in the educational activities of the Faculty of Informatics of the National University of Kyiv-Mohyla Academy, in
particular at the Department of Multimedia Systems. In the future, the results of the dissertation are also planned
to be implemented in the study of other disciplines to help deepen knowledge and analysis of automated systems
by using the proposed recommendation system that can work with Ukrainian-language texts of mathematical
problems, solve them independently and help end users to solve them.
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Micue3HaxoaKeHHS: npocnekT Akanemika ['mymkoBa, 6ya. 40, kopm. 5, Kuis, 03187, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: Haujonanbna akazemis HayK Ykpainu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. HoBunpkuii Osnekcanap Bagyumosnd

2. Oleksandr V. Novytskyi

KBasigikamis: x.1.1., 05.13.06

InenTudikarop ORCID ID: 0000-0002-9955-7882
JopaTrkoBa indpopmamnist:

IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT TporpamMHumx cucteM HanjoHanbHOi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05540149



Micue3HaxoaKeHHS: npocrekT Akagemika ['ymkoBa, 6yg. 40, kop. 5, Kuis, 03187, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI

TOJIOBH paju
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

[lleBuenko Bikrop JleoHigoBuy

[lleBuenko Bikrop JleoHigoBuy

An4yenko Osena CraHicsaBiBHaA

VKpIHTEI

FOpuenko TetsiHa AHaTOJiiBHA



