O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U002771
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peecrtpamnii: 26-07-2024

Craryc: 3amaHoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cmum Osier PycianoBuy

2. Oleh R. Smysh

KBasigikamis: 122

InenTudikarop ORCHID ID: 0000-0002-8074-9745

Bupg, pucepranii: nokrop dinocodii

IIIudp HayKoOBOi CIENiaIbHOCTI: 122

HasBa HayKoBoOi cneniaJbHOCTI: Komm'otepHi Hayku

T'any3b / ranysi 3HaHB: iHbopMalLiiiHi TEXHOIOTI]
OcBiTHBO-HayKOBa IMporpama 3i cneniajJbHOCTi: KoM oTepHi HayKu
JlaTa 3axHCTy.

CrneniaJbHICTh 32 OCBITOIO: [HKeHepis MPOrpaMHOro 3a6€3MeYeHHs
Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:

Micue3Haxoa KEeHHSI:

dopma By1acHoOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS




I11. BizomMocTi mIpo aucepraiiiro

IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi crieniajai3oBaHoOi BYE€HOI pazu). 1O 26.314.003
IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT TporpamMHmX cucteM HanjioHanbHOi akanemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05540149

Micqesﬂaxo,lpKeHHﬂ: nmpocnekT Akanemika ['mymkoBa, 6ya. 40, kopi. 5, Kuis, 03187, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT TpOorpamMHumx cucteM HanjoHanbHoi akangemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05540149

Micqesﬂaxon)KeHHﬂ: npocnekT Akanemika ['mymkoBa, 6ya. 40, kopi. 5, Kuis, 03187, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkagemivyHui1

V. BimoMocTi npo gucepraniio
MoBga guceprTaliii: Vkpaincbka
Koau TemaTHYHHX PYOPHK: 20.54

Tema gucepranii:
1. CTBOpeHHH peKOMeHILaHiI?IHOi CHUCTEMMU NOJid pOSB’HBYBaHHH MaTEMATUYIHUX 3a4aY, 3allMCAHUX ITPUPOJHOIO

YKPaiHCbKOI MOBOIO

2. Creating a recommendation system for solving mathematical problems that are written in Ukrainian language

Pedepar:

1. O6'€KTOM [IOCIIiIKEHHS € O6POGJIEHHS TEKCTOBUX JIAHUX YKPAIHCHKOIO MOBOIO, OXOTIIIOI0YY CTBOPEHHS Ta
BMKOPHMCTaHHs 6a3 3HaHb 7151 JIOTIYHOT'O BUBEAEHHS BUCHOBKIB Ta aHaJi3y HECYIIEPEYHOCTI JAHUX 32 JOIIOMOIOI0
OHTOJIOTii. MeTO0 POOOTH € 3alIOBHEHHS TPOTaJIVH, 110 € B JOCTYIIHUX HAa CbOTOAHI pecypcax AJisl CAMOHAaBYaHHS,
3a JOIIOMOTOI0 CTBOPEHHS PEKOMEHIALIHOI CUCTEMU, 30KPEMa B KOHTEKCTi IIePEBIPKY TOYHOCTi Ta KOPEKTHOCTI
MaTeMaTUYHUX 33724, YMOKJIMBJIEHHS pOOOTH i3 3a7iauaMy, 1110 [10JaHO YKPAiHChKOIO MOBOIO Ta aBTOMATHU3alli€lo

npoiecy GopMyBaHHS KPOKIB PO3B 3Ky 3a/ia4. METO/IM HAYKOBOTO HNOCIIIPKEHHS, 110 BUKOPUCTAHO B POGOTI:



E€MITIIpUYHUI Ta €EBPUCTAYHUN METOLU. TaKOXX BUKOPUCTAHO METOLY MATEMATUYHO] JIOTiKM, MATEMATAYHOTO
aHasizy, AUCKPETHOI MaTeMaTuKY, QyHKIIHOro porpamyBaHHs. [JoIaTKOBO: METOY CUCTEMHOTO IiIX0Ay,
30KpEMa aHaJi3, CUHTE3 (CTPYKTYPHUIA, MapaMeTPUYHUI) Ta AEeKOMII03ULlisl. Y HayKOBiil poOOTi BUKOPHUCTAHO TaKOX
CIlelliasibHi MeTOAU. A came: TOKEeHi3allisl, IeMaTr3alisi, po3MidyBaHHs YaCTUH MOBY, BUA00YBaHHA iH(popmauii. ¥
npoleci NpoBeJeHNX AOCTiIKeHb, OTPMMAHO TaKi HAyKOBi pe3yJIbTaTU: ® yIeplle po3po6aeHO METO, BULOOYBaHHS
3Hauywoi indpopmaliii 3 TeKCTiB yKpaiHCbKOMOBHUX IJIaHIMETPUYHUX 337aY, 110 c(DOPMOBAaHO Ha OCHOBI
IIPOBEJEHOTrO0 KiJIbKiICHOTO aHasli3zy 3i0paHuX IVIaHIMETPUYHUX 33a4 Ta 32 JJOIIOMOT0I0 iIHCTPYMEHTIB 06pOOKU
IPUPOJHOI YKPAiHCHKOI MOBH, /1JIsl Peastizaliii aBTOMaTUYHOTO PO3B A3yBaHHS YKPAiHCbKOMOBHUX [IAHIMETPUYHUX
3a7a4; * yIepluie 3apoloHOBAaHO METOJ, aBTOMaTUYHOI [IEPEBIpPKY Ha TPAaBUJIBHICTDb Ta HECYIIEPEUYHICTh JAHUX, SKi
OTPUMAHO I/l YaC O3B A3yBaHHsI 33/1a4i Ta JAHUX, 1[0 MOJAHO KOPUCTYyBaYeM, (GOPMYIOYN BHYTPIlIHE
MpeCTaBJieHHs PO3B A3Ky 3ajiadi SK 06YI0BY TepMa B TEOPIi TUIIIB 3a OMOMOTOI0 GYHKIIHOT MOBU
nporpamyBaHHsl Lean. ¢ yrepiie no6y0BaHO METO]] aBTOMAaTUYHOTO T€HEPYBAHHS KPOKIB [1ji1 PO3B A13yBaHHA
MaTeMaTUYHUX 33J1a4, SIKUi1 pO3p06IeHO HAa OCHOBI JIOTIYHOTO BUBEJIEHHSI BUCHOBKIB, 1[0 OTPUMAHO Bif,
BAKOPUCTAHHS OHTOJIOTIH 3 iHCTPyMEHTaMU JIOTIYHOro BUBOAY. CTBOPEHO PEKOMEHALIIHY CUCTEMY, 11O
YMOXJIABIIIOE MiBUIEHHS €(EKTUBHOCTI HABYaJIbHOTO [IPOLIECY 7S YYHIB, a6iTypieHTiB, CTyJ€HTIB, BUNTEIB i
BrKJanaviB. PakTUYHO PO3POGIEHO CUCTEMY, IO 31aTHA aBTOMATHU30BaHO [IPOAHAIIi3yBaT YMOBY MaTeMaTUYHUX
3a/1a4, NOJaHNX YKPAiHChKOIO MOBOIO, Ta F€HEPYBAaTH KPOKU IXHbOTO PO3B’s13KYy Y GOPMi, 110 € 3po3yMisoro. Lle
YMO>KJIMBJIIOE CIIPOCTUTH Ta YHAOUHUTHU [IPOL,EC HABYaHHSI Ta JOIIOMOITH YHUKHYTH TUIOBUX ITOMUJIOK IIif, 4yac
PO3B’13yBaHH 337a4. 3alIpOIIOHOBAHO METOIY Ta MifX0AN POOOTH 3 YKPAIHCPKMM TEKCTOM IIJIaHIMETPUYHUX 3a]1ad,
sIKi 6a3yI0TbCS Ha BUKOPUCTaHHI 3aC06iB 00pOOKY MPUPOAHOI yKPaiHChKOI MOBU Ta Ha NPOBELIEHOMY KiJIbKiCHOMY
aHaJli3i TEKCTIB MJIaHIMETPUYHUX 3a7a4. PeasizoBaHO METOI, IKAM aHaJli3ye TEKCT 3aa4i Ta BUKOPUCTOBYE
IIpeJMEeTHY IIJIaHIMeTPUYHY OHTOJIOTI0. ITif yac anpobanii pe3ynbTatiB JOCiIKeHHS T0Ka3aHo, 10 CepeHin
pesysibTar po3B a3aHHs 50 MIaHIMETPUYHUX 337124 BEJIMKUMY MOBHUMU MOJIEJIIMU CTAHOBUTH 53,67 %, TOMI K
3alPOIOHOBAHA PEKOMEHIALiIHA CCTEMA PO3B 93ye€ BCi 11i 50 3a1a4. TOMY 3arIpOIIOHOBaHI METOMIM ISt
BUYWIEHEHHs iHpopMmalii 3 TEKCTy Ta 3aCTOCYBaHHS IJIAHIMETPUYHOI OHTOJIOTI] HafAl0Th Mal>ke BIBidi Kpalle
CIIPaBJIIETLCA 3 posB’ﬂsaHHHM IJIAHIMETPUYHUX 337024, HiK JOCTYIIHI HA CbOTOJIHI BEJIMKi MOBHI MogeJti. Takoxx
3aMIPOMIOHOBAHO METOJ, BUIIPABJIEHHS TOMUJIOK JIEMATH3allii B yKpaiHCBhKil MOBI 32 JJOTOMOTOI0 BUKOPUCTaHHS
CJIOBHUKA, 110 CIIPUSJIO MiBUILIEHHIO (iHaJBbHOI TOYHOCTI lemaTu3alii Ha 1,66 %. 3acTocyBaHHS OHTOJIOTIH Ta
METO/IiB JIOTIYHOTO BUBEAEHHS YMOXKJIMBUIIO CTBOPEHIN CUCTEMI NepeBipsSTy OTPUMaHi pO3B'sI3KU Ha
HECYIePEeYHICTb, 1[0 € KPUTUIHUM Y TOYHUX HayKax. BIpoBajiKeHHS METOy 3 BUKOPUCTAaHHIM QYHKIIMHOI MOBHU
[IpOrpamMyBaHHA IJ1s UUX LiJIed HaZal0 KOPEKTHICTb JaHuX. OTXKe, pe3ysbTaTH AOCHII)KEHHS MAIOTh IPAKTUYHE
3aCTOCYBaHHS Ta 3[JaTHi CIIPUSITU NIOKPALIEHHIO OCBITHIX CTAaHJAPTIB B YKpaiHi, 301/IbII€HHIO KiJIbKOCTi
BUCOKOSIKICHUX pillleHb IJIs1 MaTEMATHKHY, & TAKOXK HaJAHHIO IHCTPYMEHTA [1Ji4 MiITPUMYBaHHS KOPUCTYBayYiB y
npoueci HaB4aHHA. HayKOBO-TIPAaKTU4HI Pe3yJIbTaTU NOCiIKEHHS BIIPOBAII)KEHO B HABYAJILHY JIisSJIbHICTD
daxysnbTeTy iHpopMmaTuku HanionanbsHoro yHiBepcurety «KueBo-MorussiHCbKa akaieMist», 30KpeMa Ha Kadepi
MyJbTUMELINHUX cucTeM. Hagari, pe3ysnbTat qucepTauiiHoi pob0TH TaKOXK MJIaHY€EThCS BIIPOBAAUTH TIifL 4ac
BMBYEHHSI iHIINX OUCLUILUIIH, a0U CIIPUSITH NMOIVINGJIEHHIO 3HaHb Ta aHaJi3y aBTOMAaTU30BaHUX CHUCTEM 32
IIOTIOMOTr 010 BUKOPUCTAHHS 3aIIPONIOHOBAHOI PEKOMEHIALIIMHOI CUCTEMU, 110 37aTHA IIPALIOBATH 3
YKPaiHCbKOMOBHMMHU TEKCTaMU MAaTEMATUYHMX 337134, PO3B’sI3yBaTH iX CAaMOCTIMHO Ta JONIOMAraTu 3

PO3B’S13yBaHHSM 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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InenTudikarop ORCHID ID: 0000-0001-7958-2557

JoparkoBa iHdpopmamuist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: IHCcTUTYT MporpamMHux cuctem HauioHanbHOi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05540149

Micue3HaxoaKeHHS: npocnekT Akanemika ['nymkosa, 6ya. 40, kopm. 5, Kuis, 03187, YkpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHSIZ HaujonanbHa akageMis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafieMidHuiT

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. HoBunpkuin Onexcanap Bagyumosuy



2. Oleksandr V. Novytskyi

KBasmigikamis: x.1.1., 05.13.06

ImenTudikarop ORCHID ID: 0000-0002-9955-7882

JonaTkoBa iHdopmalist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘IHOi 0COoO0M: [HcTUTYT TporpamMHux cucreMm HanioHasnbHOI akageMii HayK

YKkpainu

Kopg 3a €IPIIOY: 05540149

Micue3HaxoaKeHHS: npocnekT Akanemika ['ymkoBa, 6ya. 40, kopi. 5, Kuis, 03187, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafieMivHui1

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

roJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisSIIBHOCTI

[lleBuenko Bikrop JleoHigoBuy

[lleBuenko Bikrop JleoHigoBmy

Anvenko Osnena CraHicaBiBHA

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



