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1. Incepraist Ha 30O6YTTSI HAYKOBOTO CTyIeHs Jokropa ¢inocodii 3a cnenianpHicTo 122 «Komm'iotepHi Hayku» (12
- InpopmarniiiHi TexHoiorii). - CyMCcbKUM Aep>KaBHUI yHiBepcuTeT, MiHicTepcTBO ocBiTy i Hayku YKkpainu, Cymu,
2026. JuceprauiiiHy poboTy NPUCBSYEHO PO3B'I3aHHIO aKTyaJIbHOI HAyKOBO-TIPUKJIAJIHOI 334a4i aBTOMAaTU30BaHO]
reHepatlii, Tpancdopmaliii Ta 36epiraHHs CKJIaJHUX FTeOMETPUYHUX MOZEJeN y YOTUpUBUMipHOMY (4D) mpocTopi
IIJIIXOM PO3pO0JIeHHS iHTeIeKTyalbHOI iHdopMaLifiHOI TeXHOJIOT, 1[0 06’€JHYyEe METO Y IIPOEKTUBHO]
reOMETPUYHOI anredpy, iHKpeMeHTaJIbHOI TOIOJIOTI] Ta aAallTUBHOTO CTUCHEHHS JAHUX. Y BCTYIi OGIPYHTOBAHO
aKTyaJbHICTb TeMU, CHOPMYJIbOBAHO METY Ta 3311a4i JOCTiIKEHHSs, BU3BHAYEHO 00 €KT i IpeMeT, PO3KPUTO HAYKOBY
HOBU3HY Ta IIPAaKTUYHY 3HAUYILIiCTh pe3yJIbTaTiB, HAaBEJ€HO OCOOMCTUI BHECOK 3100yBaya, IOCTOBIpHICTD
pe3yJbTaTiB, nepesik ny6sikaliil Ta pesynbraty anpobaii. [lepmuil po3fin NprucBsiYeHo aHaslizy Cy4yaCHUX IiX0/iB
IO TEOMETPUYHOTO MOZEJIOBAHHS y 6araTOBUMipHUX [IPOCTOPAX Ta BIPOBAI’)KEHHST YOTUPUBUMIPHUX-
iHpopMaLiiHUX TEXHOJIOTIN y HAYKOBY NPAKTUKY. OL[iHEHO CUJIbHI Ta C1abKi CTOPOHHU iCHYIOUMX CUCTEM
pernpeseHnTauii mex (Boundary Representation) Ta MaTpUYHUX [1ePETBOPEHb, O JO3BOJIUIIO CPOPMYIIIOBATH



BAMOTH [0 NOJAJIBIIMX JOCIIAKEHD. 3MiMICHEHO MTOPIBHAJIbHUI aHalli3 pe3yabTaTMBHOCTI 3aCTOCYBaHHS
TPaULiHOI JiHIAHOI anrebpy Ta MaTpPULb 5X5 B 06J1aCTi aBBTOMATU30BaHO1 6araroBUMipHOi TpaHcdopmallii.
AKIIEHTOBAHO yBary Ha KJIIOYOBill poJii SIBUILA «IIPOKJISITTSI PO3MIPHOCTI» SIK 6ap'epy 1J1s1 eeKTUBHOI poOOTH 3i
CKJIJHAMMU TOIOJIOTIYHMMHU MaHi(poibIaMu. PO3IJISIHYTO aKTyasbHi MATAHHS, NIOB'S13aHi 3 BUHUKHEHHSIM
TOIOJIOTIYHUX CUHTYJISIPHOCTEN Ta HAKONMYEHHSAM Noxu60k okpyrieHHs (Floating-point Drift). ¥ pesysnbrari
3p006JIeHO BUCHOBOK IIPO HarajbHy OTpedy y CTBOPEHHI HOBOI iHGopMaliliHO] TeXHOJIOTII 1715 reHepariii
YOTUPUBUMIPHUX-00'€KTIB, sIKa 6 FAPMOHIMHO NO€AHYBaja BUCOKY OOUMCIIIOBaJIbHY TOUHICTD 3i 30aTHICTIO
e(eKTUBHO CTMCKAaTU 6araTOBUMIPHI JaHi, 1[0 i CTAaHOBUTb OCHOBY IJIs1 IOJAJIbIIMX HAaYKOBUX IIOMIYKiB. Y IPYyroMy
po3zini cpopMyIbOBAaHO MaTEMATUYHY MOZEJIb TEXHOJIOTI YIIPaB/IiHHS YOTUPUBUMIPHOIO-T€OMeTpi€elo Ha OCHOBI
[IO€HAHHS METOJiB a0CTPaKTHUX KJIITUHHUX KOMILJIEKCIB Ta IPOEKTUBHOI reoMeTpuyHOi anredpu (PGA).
OG6I'PyHTOBAHO JOLiNMbHICTb BUKOpucTaHHs anredpu Kinipdopaa Cl\left(4,0,1\right) Ta My/1IbTUBEKTOPHHUX MOTOPIB
1711 BUKOHaHHS IIPOCTOPOBMX i30METPil. 3alpONOHOBAHO YHIKa/JIbHI MaTeMaTUYHI MOZEJIi ITPOLENyPHOI
4OTUPUBUMIPHOI-€KCTPy3ii, BKIII0Ualouu JIiHilHY, i30roHasbHe rBUHTOBE (Twist) CKpydyBaHHS Ta rapMOHIHY
cuHycoifgasnpHy (Sine) gedopmaliiio, 1o A03BoJIsie GopMasizyBaTu MPOCTOPOBi TpaHCchopMallii 6e3 pU3UKY
BVMHUKHEHHS TOIOJIOTIYHUX PO3PUBIB. Uepe3 Hee(EKTUBHICTb KJIACUYHUX METOMIB PO3PaxyHKYy rilepHOpMaien as
CKJIaHUX 6araToBUMipHUX MaHi(posIbAiB 06rpYHTOBAHO BUOIp CTpaTerii reoMeTpUYHOI IyalbHOCTI Ha 6a3i
oneparopa 3ipku Xomka. Po3pobsieHo YoTupUpiBHEBY iepapxito peacTaBiaeHHs nomairona (Vertex-Edge-Face-Cell)
i3 3aCcTOCYBaHHSIM TeTpaenpiB sIK 6a30BUX KOMIPOK [J1s1 iJBUIIEHHS] MaHi(posbgHOCTI Mogesneil. JogaTkoBO
31ilICHEHO OCJIiIPKEHHSI iHBapiaHTHUX orepaTopiB popmyBaHHs 3D-npoekuiil Ta nuHamiyHnx W-3pisis (W-slicing),
110 JISITJIM B OCHOBY (POPMYBaHHS OOUMCIIIOBAJILHOTO anapaty iHpopmaliiiiHoi TexHosorii renepauii nosironis. ¥
TPETbOMY PO37iJi po3pobseHo MeTog, GOPMYBaHHS Ta 36€piraHHs YOTUPUBUMIPHUX-CTPYKTYP Ha OCHOBI
NpoLenypHOi eKCTPYy3ii, IK1il BUKOPUCTOBYE MPELM3iliHNI aJlrOPUTM BiJHOBJIEHHS TOYaTKOBOi reomeTpii (Mesh
Healing) sk pesysbTaT yikBigaii ne@ekTiB BUXifHUX TPUBUMIPHUX CiTOK. [1711 po6OTH 3 6araTOBUMIPHUMU JAHUMU
no6y0BaHO iHHOBALIHUI (popMaT IIpeJCTaBIeHHs 3 THYUYKO0 4aHK0BOMO (chunk) apxiTexTypoio, 1m0 gpiznyHo
PO31isie KOOPAUHATHU, TOMOJIOTiI0 Ta aTpUOYTH. 3alIPOIIOHOBAHO METOJ, peyKIii 06'eMy IaHUX 3a JOIIOMOTOIO
aZanTUBHOrO JleJIbTa-KOJyBaHHS Ta 6iTOBOro nakysaHH4 (bit-packing). [IpoBeeHO OBHUI LMKJI OLiHIOBAaHHS
aJITOPUTMIB aHANITUYHOTO ayIUTy: IMHaMiYHOro W-3pisy yepe3 YOTUPUBUMIPHI-OKTOZiepeBa, CTPYKTYPHOT'O BUOYXY
koMipok (Cell Explosion) Ta anroputmy isomerpuynux po3roptok (Unfolding). Po3po6yieHo cTpyKTypy
iHKpEeMEHTaJIbHOI TOIIOJIOTIYHOI 3B'I3HOCTI, 110 3abe3nevye afanTalilo CUCTEMU 10 AUHAMIYHUX 3MiH IapaMeTpiB
pPyxy 6e3 oBHOi pereHeparii MaHiQosbza Ta MpeACTaBIeHO apXiTeKTypy aJIrOPUTMIB MacIiTaboBaHOI meTanizanii
(4D LOD), sxi crinpaloTbCsl Ha aHasli3 po3pifkeHux nyanbHux rpadis Xomaxa. [JoBeneHo, 0 3aCTOCYBaHHS YaHKOBOI
apxiTeKTypHu Ta [,eJIbTa-KOAYBaHHS 33 PaXyHOK IIPOCTOPOBOI KOTEPEHTHOCTI CYMIKHUX TETPAenpiB MiHIMi3ye

Ipo6JieMy €KCIIOHEHIialbHOTO 3pOCTaHHS OOCSTY IaHUX MOPIBHSIHO 3 TPAAULIITHUM 1y6JII0BAaHHSIM TeOMeTPii.

2. Dissertation for the degree of Doctor of Philosophy in specialty 122 "Computer Science" (12 - Information
Technologies). - Sumy State University, Ministry of Education and Science of Ukraine, Sumy, 2026. The
dissertation work is devoted to solving the current scientific and applied problem of automated generation,
transformation and storage of complex geometric models in four-dimensional (4D) space by developing an
intelligent information technology that combines the methods of projective geometric algebra, incremental
topology and adaptive data compression. The introduction substantiates the relevance of the topic, formulates the
goal and objectives of the research, defines the object and subject, reveals the scientific novelty and practical
significance of the results, provides the personal contribution of the applicant, the reliability of the results, a list of
publications and the results of testing. The first section is devoted to the analysis of modern approaches to
geometric modeling in multidimensional spaces and the introduction of 4D information technologies into scientific
practice. The strengths and weaknesses of existing boundary representation systems and matrix transformations
are assessed, which allowed us to formulate requirements for further research. A comparative analysis of the
effectiveness of using traditional linear algebra and 5x5 matrices in the field of automated multidimensional
transformation is carried out. Attention is focused on the key role of the "curse of dimensionality" phenomenon as
a barrier to effective work with complex topological manifolds. Current issues related to the emergence of



topological singularities and the accumulation of rounding errors (Floating-point Drift) are considered. As a result,
a conclusion is made about the urgent need to create a new information technology for generating 4D objects,
which would harmoniously combine high computational accuracy with the ability to effectively compress
multidimensional data, which is the basis for further scientific research. In the second section, a mathematical
model of 4D geometry control technology is formulated based on a combination of abstract cell complexes
methods and projective geometric algebra (PGA). The feasibility of using Clifford algebra Cl(4,0,1) and multivector
motors to perform spatial isometries is substantiated. Unique mathematical models of procedural 4D extrusion are
proposed, including linear, isogonal helical (Twist) twisting and harmonic sinusoidal (Sine) deformation, which
allows formalizing spatial transformations without the risk of topological discontinuities. Due to the inefficiency of
classical methods for calculating hypernormals for complex multidimensional manifolds, the choice of a geometric
duality strategy based on the Hodge star operator is justified. A four-level hierarchy of polytope representation
(Vertex-Edge-Face-Cell) is developed using tetrahedra as basic cells to increase the manifoldness of models.
Additionally, invariant operators for forming 3D projections and dynamic W-slicing (W-slicing) are studied, which
formed the basis for the formation of a computing device for the information technology of polytope generation. In
the third section, a method for forming and storing 4D structures based on procedural extrusion is developed,
which uses a precision algorithm for restoring the initial geometry (Mesh Healing) as a result of eliminating defects
in the original three-dimensional meshes. To work with multidimensional data, an innovative representation
format with a flexible chunk architecture that physically separates coordinates, topology, and attributes has been
built. A method for reducing data volume using adaptive delta coding and bit-packing has been proposed. A full
cycle of evaluation of analytical audit algorithms has been carried out: dynamic W-slice through a 4D octotree,
structural cell explosion (Cell Explosion), and isometric unfolding algorithm (Unfolding). A structure of incremental
topological connectivity has been developed that ensures system adaptation to dynamic changes in motion
parameters without full regeneration of the manifold, and architectures of scaled detailing algorithms (4D LOD)
based on the analysis of sparse Hodge dual graphs have been presented. It is proven that the use of chunk
architecture and delta coding due to the spatial coherence of adjacent tetrahedra minimizes the problem of
exponential growth of data volume compared to traditional geometry duplication.
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