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1. Cyrsrin O.0. Mogeti Ta METOIY MiATPUMKY IIPUIAHSTTS pillleHb HA OCHOBI KOJIAGOPATUBHOI 6i3HEC-aHAIITUKY. —
KBanigikanjifiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jucepralist Ha 3000yTTsI HQyKOBOTO CTYII€Hs JOKTOpa
¢dinocodii (PhD) 3a cnenjanbhicTio 122 «KoMn'toTepHi Hayku». — HallioHanbHUI TEXHIUHMI YHIBEPCUTET
«XapkiBCbKUM NMoJIiTexHiuHMM iHcTUTYT» MOH YKpainu, M. Xapkis, 2026. V nuceprauiliHiii po60Ti BUpilIeHo
HAyKOBO-TIPAaKTUYHY 33724y MiABUILEeHHS e(PEeKTUBHOCTI MiTTPUMKY IPUNHSTTS PilleHb MJIIXOM 36i/IbIIeHHS
00CSTy pesieBaHTHOTO aHaJliTUYHOIO KOHTEKCTY Ha OCHOBI K0J1abopaTUBHOI 6i3HeC-aHaMiTUKHY, 110 Ma€ iCTOTHE
3HQUEHHS [1J1 PO3BUTKY TeOpil NifTPUMKA NPUNHATTS pillleHb Ta 6i3Hec-aHaidy. O6'eKT LOCHiIpKEHHS ~
KOJIEKTUBHUY NIPOLEC MiATPUMKU NPUVHATTS pilieHb. [IpegMeT JOoCiIKeHHs — MOZEli Ta METOAU MiITPUMKU

MIPUIHSATTS pillieHb HAa OCHOBI KOJIab0paTUBHOI 6i3HeC-aHaMiTUKU. MeTa po60TH — MifgBUIIEeHHS e(PEeKTUBHOCTI



npolecy NiATPUMKY NPUMHSTTS PillleHb 32 PAXYHOK 301/IbIIE€HHS OOCSTY PEJIEBAHTHOTO KOHTEKCTY Ha OCHOBI
METO[IiB Ta Moziesiell K0oJabopaTUBHOI 6i3HeC-aHaITUKU. Y BCTYIIi OGIPYHTOBAHO aKTyaJIbHICTb TEMU,
c(OpPMYIbOBAHO METY Ta 3aBJAHHA JOCJIIKEHHS, HAyKOBY HOBU3HY i IPAKTUYHY 3HAYYILiCTh OTPMMAaHUX
Pe3yJIbTaTiB, 0COOUCTUI BHECOK 3[100yBaya, HABEAEHO BilOMOCTI IIPO anpobalio MaTepiaiiB guceprauii Ta
ny6Jikaii. Y nepmomy po3szisi npoaHani3oBaHO CTaH NUTAHHS Ta BUKOHAHO IOCTAHOBKY 3a7ja4 JAOCIIiIKEHHSI.
Po3rsissHyTO TEOpeTHYHI 3acaiu KOJIEKTUBHOTO IIPUMHSTTS pillleHb, oro popmasibHi MOAEJi Ta cydacHi nigxony Ha
OCHOBI IITyYHOTO iHTEJIEKTY, MYJIbTUAr€HTHUX CUCTEM i BEJIMKMX MOBHUX MozeJieil. [TpoaHanizoBaHo Mogei,
MEeTOJU 1 TEXHOJIOTII MiATPUMKY NIPUNHSATTS pillleHb HA OCHOBI Gi3HEC-aHaiTUKY, 30KpeMa MiIX0A4u pO3MUPEHO]
aHaJIiTUKY, TUNY KOJIAOOPaTUBHOI 6i3HEeC-aHaliTUKY, POJIb KPayACOPCUHIOBUX NIJIaTOPM, a TAKOXK 3aCTOCYBAHHS
rpa¢is 3HaHb, OLAP-Ky0iB i BipTya/lbHUX areHTiB. BusBieHO 0OMeXXEeHHS HasIBHUX pillleHb Ta C(POPMYJILOBAHO
HAyKOBY 3a/1auy AOCJiIPKEHHS. Y OPYroMy PO3Aiji po3po6yeHo MaTeMaTUuHe 3a6e3Ne4eHHs 3a4a4 HiITPUMKU
IPUIHATTS pillleHb Ha OCHOBI KOJIa60paTHMBHOI 6i3HeC-aHAJIITUKY. 3alIPOIIOHOBAHO ONIOPHY MOZEJb
KOJ1a60paTUBHOTO 6i3HEC-IHTEJIEKTY, [0 ONMUCYE KOHLEINTYaIbHY apXiTEKTypy CUCTEMU TPbOMA
B3a€MOIIOB'SI3aHMMHU PiBHSIMU: TAHNX, KOPUCTYBALbKOI B3a€MOJIii Ta aHaITUYHUX cepBiciB. Po3pobyieHo popmManbHy
MOJ€JIb IOJAHHS KOJIEKTUBHOTO aHAJIITUYHOTO JOCBiNy y BUIJIAli OPIEHTOBAHOTO MYJIbTUrpaga, B SIKil
[IPUPOJIHOMOBHI 3alIUTH KOPUCTYBAYiB IPOEKTYIOTHCS Y IIPOCTIP aHAJIITUYHUX Mip 3aC00aMU BEJIMKUX MOBHUX
MoJeJieil. 3apolIOHOBAaHO MOJIeJlb KOJIEKTUBHOIO YIIPaBJIiHHS aHAMITUYHUMU (PaKTaMy Ha OCHOBI ITIOBHOI CXEMU
rpagpa 3HaHb Ta 6araTo(pakTOPHY CKOPHMHIOBY (DYHKLIO PaH)KyBaHHS (PAKTIB, 10 NIOEAHYE CEMAaHTUYHY
peJIeBaHTHICTb, CTPYKTYPHY CyMiCHICTb 3a KoedilieHToM JKakkapa i mTpad 3a cynepeuanBiCTb Ta PO3B'SI3ye€ThCS
METOJ0M IPOEKLiiiHOro rpagienTHoro niniiomy (PGA) i3 3actocyBanHsIM aHasiszy ToHanbHOCTI VADER. V TpeTboMy
P03y po3p0o6sIeHO MeTOAY MiATPUMKY NPUNHSTTS pillleHb Ha OCHOBI KOJIa60PaTUBHOI 6i3HEC-aHaJIITUKU.
O6rpyHTOBaHO MeTOof, sikuii inTerpye OLAP-Ky6u, rpadu 3HaHb i BEJIMKi MOBHI MOJieJli B €IMHUN aHAJIITUIHUI
KOHTYp. 3allpoIIOHOBAaHO METOJ, reHepalii Ta Basiganii 3anutis go rpadoBoi 6a3u JaHUX Ha OCHOBI MyJIbTUAre€HTHO]
CHACTEMHU 3 MEXaHi3MOM caMoBepudikaliii, 1110 I0eJHye areHTa leperisgy cxemu, areura reHepatii Cypher-sanuris,
areHTa 3BOPOTHOTO 3B'43KY Ta areHTa KOPEeKLii 1 la€ 3MOry CYyTTE€BO 3HU3UTU BIUIMB TaJIIOLMHALIIA MOBHOI MOJIEJII.
Po3po6iieHo iHdpopMaliiiHy TeXHOOTiI0 NigTPUMKY PUIHSTTS pillleHb i3 3aMKHEHUM KOHTYPOM 3BOPOTHOTO
3B'SI3Ky Ta apXiTEKTypy KOJab0paTMBHOI CUCTEMU Ha OCHOBI ()POHTEH]I-3aCTOCYHKY React, 6ekeHy Java,
cemaHTuuHoro mwapy Cube i rereporeHHoro cxosuia ganux (MongoDB, PostgreSQL, Neo4j). Y uerBeproMy po3szii
IIPEICTaBJIEHO PE3YJIbTATU €KCIIEPUMEHTAIBHOTO LOCIIIIPKEHHS 3alIPONIOHOBAHMX MOZEJEN i METOIiB Ta IPAKTUYHY
peasizarito po3pobseHoi iHbopmariiriHoi TexHosorii. ChopMOBaHO TOBHOPO3MIPHUIA MPUKJIAJ, BAKOPUCTAaHHS Ha
OCHOBi Habopy 3 6;113bK0 100 aHOTOBaHUX aHANITUYHUX 3AIUTIB Y XMapHill rpadosiil 6a3i nanux Neo4j AuraDB.
OmnucaHo nporpamHe 3adesnedenHs Bl4Tourism (React, Java, Cube, Neo4j), mo geMOHCTpYye NOBHUI 3aMKHEHU
LMKJI iATPUMKY IPUVHATTS PillleHb — Bill IPUPOJHOMOBHOIO 3alIUTy KOPUCTYBaya A0 GOPMYyBaHHS aHAITUYHO]
BiZJITOBiZli Ta HAKOIIMYEHHS KOJIEKTUBHOTO aHAJIITUYHOTO JOCBify. Pe3ysbTaTh €KCIIEPUMEHTIB MiTBEPAUIN
eeKTHBHICTb 3alIpONIOHOBAaHUX MoJeiel i MeToAiB. KitoyoBi cioBa: miiTpUMKa MPUMHSTTS pillleHb,
KoJylabopaTuBHa 6i3Hec-aHaniTuKa, rpad 3HaHb, OLAP-Ky0, BeIMKi MOBHI MOZEJli, MyJIbTUAT€HTHA CUCTEMA,
iHpopMaliiiiHa TEXHOJIOTisL.

2. Sutiahin O.0. Models and methods of decision-making support based on collaborative business intelligence. -
Qualifying scientific work as a manuscript. Thesis for the Doctor of Philosophy (PhD) degree in specialty 122
"Computer Science". - National Technical University "Kharkiv Polytechnic Institute" of the Ministry of Education
and Science of Ukraine, Kharkiv, 2026. The thesis solves the scientific and practical problem of increasing the
efficiency of decision-making support by expanding the volume of relevant analytical context based on
collaborative business intelligence, which is essential for the development of the theory of decision support and
business analysis. The object of research is the collective decision-making support process. The subject of
research is models and methods of decision-making support based on collaborative business intelligence. The aim
of the work is to increase the efficiency of the decision-making support process by expanding the volume of
relevant context based on the methods and models of collaborative business intelligence. The introduction
substantiates the relevance of the research topic, formulates the aim and objectives of the study, the scientific



novelty and practical significance of the obtained results, and the personal contribution of the author; information
on the approbation of the thesis materials and publications is provided. The first chapter analyzes the state of the
art and formulates the research objectives. The theoretical foundations of collective decision-making, its formal
models, and modern approaches based on artificial intelligence, multi-agent systems, and large language models
are considered. Models, methods, and technologies of decision-making support based on business intelligence are
analyzed, including augmented analytics approaches, types of collaborative business intelligence, the role of
crowdsourcing platforms, and the application of knowledge graphs, OLAP cubes, and virtual agents. The
limitations of existing solutions are identified, and the scientific problem of the research is formulated. The second
chapter develops the mathematical support for decision-making tasks based on collaborative business intelligence.
A reference model of collaborative business intelligence is proposed, describing the conceptual architecture of the
system as three interconnected layers: the data layer, the user interaction layer, and the analytical services layer. A
formal model of representing collective analytical experience as a directed multigraph is developed, in which
natural-language user queries are projected into the space of analytical measures by means of large language
models. A model of collective management of analytical facts based on the full knowledge graph schema is
proposed, along with a multi-factor scoring function for ranking facts that combines semantic relevance,
structural compatibility based on the Jaccard coefficient, and a contradiction penalty, solved by the projected
gradient ascent (PGA) method using VADER sentiment analysis. The third chapter develops methods of decision-
making support based on collaborative business intelligence. A method integrating OLAP cubes, knowledge graphs,
and large language models into a unified analytical loop is substantiated. A method for generating and validating
graph database queries is proposed, based on a multi-agent system with a self-verification mechanism that
combines a schema review agent, a Cypher query generation agent, a feedback agent, and a correction agent,
significantly reducing the impact of language model hallucinations. An information technology of decision-making
support with a closed feedback loop is developed, as well as the architecture of a collaborative decision support
system based on a React front-end application, a Java back-end, the Cube semantic layer, and heterogeneous data
storage (MongoDB, PostgreSQL, Neo4j). The fourth chapter presents the results of the experimental study of the
proposed models and methods and the practical implementation of the developed information technology. A full-
scale use case is formed based on a set of about 100 annotated analytical queries stored in the Neo4j AuraDB cloud
graph database. The Bl4Tourism software (React, Java, Cube, Neo4j) is described, demonstrating a complete closed
cycle of decision-making support - from a natural-language user query to the formation of an analytical response
and the accumulation of collective analytical experience. The experimental results confirmed the effectiveness of
the proposed models and methods. Keywords: decision-making support, collaborative business intelligence,
knowledge graph, OLAP cube, large language models, multi-agent system, information technology.
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