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1. CTpyKTypOBaHi JUCKpPETHi MOZeJIi 17151 pO3B'sI3Ky KpalloBUX 33724

2. Structured discrete models for solving boundary value problems

Pedepar:

1. Xananuyk JI1.B. CTpyKTypOBaHi JUCKpETHI MozeJi [j1sl PO3B’s13Ky KpalloBux 3agad. — Ksanidikanifina HaykoBa
Ipais Ha paBax pykonucy. Jlucepratis Ha 3000yTTs HAYKOBOTO CTyIeHs nokTopa dinocodii 3a crenianpHicTio 113
[TpuknanHa MaTemaTuKa. — 3aropi3bKuil HalliOHAIbHUI YHIBEpCUTET, 3anopixoks, 2021. O6'eKTOM [OCIIPKEHHS €
CTPYKTYPOBaHi Ta 6JI04HO-CTPYKTYpPOBaHi CiTKU 1711 TEOMETPUYHUX Mogesieil. [IpegMeT JOoCHiIpKEHHS — METOU
re”epaii CTpyKTypOBaHHUX Ta 6JI0YHO-CTPYKTYPOBAHUX CITOK F€EOMETPUYHUX MOJesIel. MeToo IrucepTaniinoi
POOOTH € pO3pOoOKA MaTEMATUYHOIO anlapaTy [Ajis MoOyOBU CTPYKTYPOBAHUX Ta 6JIOYHO-CTPYKTYPOBaHUX CIiTOK i3
33/laHMMU NIapaMeTpaMu 3TYIIeHHs Ta rapaHTielo SIKOCTi Moaei. JIjis peasnisallii mocTaBieHoi METH B pOOOTi
[IOCTAaBJIEHO HACTYIIHI OCHOBHI 3aJja4i: - pO3POOUTH i BUKOHATH anpoodallilo METOly OTPUMAaHHS CTPYKTYPOBaHHUX
IUACKPETHUX MaTEMaTUYHUX MOJEJIEN, 10 BUKOHAHI HAa YOTUPUKYTHUX CKiIHYEHHUX €JIEMEHTaX, 17151 JBOBUMIpHUX

reoMeTpUYHUX 0O'EKTIB 3a JOIIOMOroI0 piBHSIHHS [lyaccoHa; - po3poOUTU METOM ONTUMI3allii reHeparii



CTPYKTYPOBaHUX JIUCKPETHUX MOjleJleil FeOMEeTPUYHUX 00’€KTiB 32 paxyHOK BUOOPY CIIOCOOY [10YATKOBOTO
PO3OUTTS; - pO3pOoOUTH MiAX0AU N0 KepyBaHHS (POPMOIO Ta IHTEHCUBHICTIO 3TylLIeHHs JIiHIN CiTKU [0 3a1aHOi 30HU
MoJeJli IBOBUMIPHOTO Ta TPMBMMIPHOTO F€OMETPHUYHOrO 00'eKTa. Y BCTYIIi OOIPYHTOBAHO aKTyaJsIbHICTh TEMU
IUCepTaLiiHOl pO60TH, 3a3HAYEHO 3B’I30K POOOTU 3 HAYKOBO-TEXHIYHUMHU IIPOEKTaMHU, CPOPMYJILOBAHO METY i
3aBJIaHHS JOCIII)KEHHS], BU3HAYEHO O0'€KT, IIPEMET Ta METOAM JOCJIiIPKEHHS, I0Ka3aHO HAYyKOBY HOBU3HY Ta
IIpakTUYHe 3HaYeHHs OTPUMAaHUX pe3ysbTaTiB, HaBeJeHo iHPpopmaliiio po NpakTUYHe BUKOPUCTAHHS IOPOOKY,
0COOMCTHI BHECOK 37,00yBaya, anpo6allilo pe3ysbTaTiB JOCIiIKEHHS Ta iX BUCBITJIEHHS Y HAyKOBUX ITy6JiKauisix. B
[epHUIOMY PO37isi MPOBEAEHO OIJISL Cy4aCHOTO CTaHy reHepallii CTpPYKTYPOBaHUX AUCKPETHUX MOJEJIEl, a CaMe:
OIIMCAaHO OCHOBHI KPOKU /1J1s1 [100YIOBY CiTKH; PO3IJISIHYTO ajurebpaiyHi, esinTu4Hi, BapialiliHi, rinep6osiyHi MeTonu
re’epauii CTpyKTypOoBaHUX Ta 6JI0YHO-CTPYKTYPOBaHUX CiTOK; IPOaHali30BaHO CIlelliajbHi IporpaMHi 3acobu, 3a
IOTIOMOTOIO SIKMX BiJI0yBa€TbCsI KOMITIOTEPHA T'eHepallisl CiTOK; HaBeJ,EeHO YMCEJIbHI METOOU, 10 BUKOPUCTOBYIOTbCSI
IIpU reHepaii CiTok; mpoaHasizoBaHo MeToau nedopMaliii CiTKY; LOCIiIKEeHO MUPOKe KOJIO 0O'EKTIB i IpoLecis,
IJI1 MOJIEJIIOBAHHS SIKOTO BUKOPUCTOBYIOTBCS CTPYKTYPOBaHi CiTku. [IpoBeieHO reHepaliilo CTPyKTypOBaHOiI CiTK1
IiTbHOCTi IMOBIPHOCTI 3HaXO[’)K€HHsI €JIEKTPOHA B 3a/1aHii 0671aCTi pi3HOMaHITHUX KBAaHTOBUX TOYOK 3 Pi3HUMU
XBWIbOBAMM YMCJIaMU. B Ipyromy po3zisi po3po61eH0 MaTeMaTUYHUH anapar 4J1si IoO0y0BYA CTPYKTYPOBAaHUX
CiTOK y BiJIbHO PO3IIOBCIOIIKYBaHOMY IIakeTi mporpam Scilab gudepeHiianbHuM MeTOLOM Ha IIPUKIIATi PiBHSIHHS
[TyaccoHa i3 3aiaHUMU NTapaMeTpaMU 3TYLIEHHS KOHTPOJIbHUX (PYHKILIiN Ta rapaHTielo IKoCTi Mogei. EmnipuyHum
METOJIOM JIOCJIiZIPKEHO BILJIMB F€OMETPIi 06s1aCTi Ta BUGIp MeTOLy OOy OB MIOYATKOBOI CITKM Ha WIBUAKICTbD
re’epariii 3a1aHOi CTPyKTYpOBaHOi MoZeJi JaHoi 06J1aCTi eMNTUYHUM METOI0M, TAKOX JOCIJIKEHO 3aJIeKHICTh
MDX 3HaUeHHSIMU 3MiHHMX PO3PaxyHKOBOI Ta (isM4HOi 06s1acTell Ta BIIJIMB reOMeTPii 06J1aCTi Ha 1110 3aJIeXKHICTb. B
TPETbOMY PO3iJi 6YJI0 NOCIiIKEeHO BIJIUB I1apaMETPiB KOHTPOJIbHUX (YHKILiN piBHSAHHS [TyaccoHa Ha 3ryleHHS
CITKM [MOBEPXOHb Pi3HUX TUIIB. Bijblll IeTabHO PO3IJISIHYTO IOBEPXHi 06€pTaHHS, OCKL/IBKY TaKi OBEPXHi ITMPOKO
BHUKOPHCTOBYIOTHCSI B Cy4acHill TeXHIUHil IPOMUCIIOBOCTI, a came: aBiabyryBaHHs, pakeToOynyBaHHS Ta iH. Tomy
0yJ10 IOCIiIPKEHO 3TYIIEeHHs CiTKM Ha TOBEPXHSIX LWIIHIPA, KOHYCA, TAaKOXK Ha Miclj 3'eIHaHHS LWIiHIPUYHOI Ta
KOHIYHOI, UIAIiHAPUYHOI Ta CPePUYHOi, IBOX KOHIYHMX NOBEPXOHB. TaKOXK MOCIiI’KEHO 3TyIIEeHHs CiTKM Ha
[IOBEPXHi, 110 MOJIEJIIOE LIiJIbHICTh IMOBIPHOCTI 3HaXO)KEHHS eJIEKTPOHA B 337jaHill 06J1aCTi KBAHTOBOI TOUKU Ha
IIpUKJIaJi KybiuHOI KBAHTOBOI TOUYKM. B ueTBepTOMY pO3[Lijii pO3IJISIHYTO reHepalilo CTPYKTYPOBaHUX IUCKPETHUX
Mogeseil 115 IepepiziB TPUBUMIPHUX reOMETPUYHUX 00'€KTiB. JI0CIiIpKEHHS TPOBEA,EHO Ha NIPUKIIAJ IEpepisy
KyTOBOTO Ta IIPSIMOTO 3'€JHAHHS IBOX 6aJloK. [ToKa3aHO po3B’s130K KPaloBOi 3a/1a4i BUTMHY TOHKOI MJIACTUHKH,
PO3B’13aHO pidHUIEeBUMU cxeMamu piBHAHHS Codi XKepmeH, BUKOHAHO 3TyIIeHHs CiTKY 10 IIeBHUX 30H [100y10BU
1711 pi3HUX (POPM MJIACTHUHKU. Y BUCHOBKAX HAroJolleHo, 10 PO3pobJieHi B fucepTalliiiHiil po6oTi MeToau
re’epauii CTpyKTypOBaHUX JUCKPETHUX MOJeJIEN T€OMETPUYHUX 00’€KTIB JO3BOJISIIOTH SIKICHO MiJIBULIUTU
pe3yJIbTaTU MATEMATUYHOTO MOJEJIIOBAHHS, BUKOPUCTOBYBATH iX IpY aHasli3i Ta onrumisaiii iHkeHepHuX
KOHCTpPYKUiil. Iix yac po3B’sa3aHHs 3aa4 AUCEPTALiiHOTO OCTiIKeHHs 6YJI0 CTBOPEHO IIPOrpaMHUI IPOIYKT Y
BiJIBHO PO3IMOBCIOJ)KyBaHOMY IaKeTi iHKeHepHUX nporpam Scilab, mo 103Bosisie eMinTUYHUM METOIOM
aBTOMATU3yBaTU FeHePaLlilo CTPYKTYPOBAHUX AUCKPETHUX MOZEJIell FTeOMETPUYHUX 00 €KTIB TaKuX, SIK JBOBUMIpPHIi
KPUBOJIiHIIHI YOTUPUKYTHUKY, IIOBEPXHI Tijl, Hepepi3yu TpUBUMIpHUX 00'€KTiB. OTpuMaHi po3B’I3Ku 3a1a4
IYICEePTaLifiHOTrO AOCIIPKEHHSI MOXKYTbh OYTU BUKOPUCTAaHI KOHCTPYKTOPCHKUMU OpraHisalisiMy Ta BUPOOHULTBAMU

K 0OAaTKU MATEMATUYHOT'O MOJEJIIOBAHHA T€EOMETPUYHUX 00'€KTIB.

2. Khalanchuk L. Structured discrete models for solving boundary value problems. - Qualification work on the
rights of the manuscript. The dissertation on competition of a scientific degree of the philosophy doctor on a
specialty 113 Applied mathematics. - Zaporizhzhia National University, Zaporizhzhia, 2021. The object of research is
structured and block-structured grids for geometric models. The subject of research - methods of generating
structured and block-structured grids of geometric models. The purpose of the dissertation is to develop a
mathematical apparatus for the construction of structured and block-structured grids with specified parameters
of thickening and quality assurance of the model. To achieve this goal in the work the following main tasks: - to
develop and test a method for obtaining structured discrete mathematical models performed on quadrilateral
finite elements for two-dimensional geometric objects using the Poisson equation; - to develop methods for



optimizing the generation of structured discrete models of geometric objects by choosing the method of initial
partitioning; - to develop approaches to control the shape and intensity of grid lines thickening to a given area of
the model of two-dimensional and three-dimensional geometric object. The Introduction substantiates the
topicality of the thesis, outlines its relationship to scientific and technical research projects. It formulates the
research goal and objectives, specifies the object, subject, and methods of research, and highlights the scientific
novelty and practical value of the obtained results. It sketches out how the research results were used in practical
cases. The first section reviews the current state of generation of structured discrete models, which is a
continuation and addition to previous studies, namely: describes the basic steps for building a grid; algebraic,
elliptic, variational, hyperbolic methods of generation of structured and block-structured grids are considered;
analyzed special software tools that are used to generate computer grids; the numerical methods used at
generation of grids are resulted; a wide range of objects and processes have been studied, for which structured
grids are used. The generation of a structured grid of electron density in a given region of various quantum points
with different wave numbers is also performed. In the second section, a mathematical apparatus was developed for
constructing structured grids in a freely distributed Scilab software package by the differential method on the
example of the Poisson equation with given parameters of control function condensation and model quality
assurance. The influence of the geometry of the region and the choice of the method of constructing the initial
grid on the generation speed of a given structured model of this region by the elliptical method is investigated by
empirical method. In the third section, the influence of the parameters of the control functions of the Poisson
equation on the thickening of the grid of surfaces of different types was investigated. Rotation surfaces are
considered in more detail, as such surfaces are widely used in the modern technical industry, namely: aircraft
construction, rocketry, etc. Therefore, the thickening of the grid on the surfaces of the cylinder, the cone, as well
as at the junction of the cylindrical and conical, cylindrical and spherical, two conical surfaces was investigated.
The compression of the grid on the surface is also investigated, which simulates the probability density of an
electron in a given region of a quantum dot on the example of a cubic quantum dot. The fourth section discusses
the generation of structured discrete models for three-dimensional objects. The study was performed on the
example of the cross section of the angular and direct connection of two beams. The fourth section shows the
solution of the boundary value problem of bending a thin plate, solves the difference schemes of Sophie Germain's
equation, condenses the grid to certain construction zones for different plate shapes. The conclusions emphasize
that the methods of generation of structured discrete models of geometric objects developed in the dissertation
work allow to qualitatively increase the results of mathematical modeling, to use them in the analysis and
optimization of engineering structures. A software product was created in the freely distributed Scilab engineering
software package, which allows the elliptical method to automate the generation of structured discrete models of
geometric objects such as two-dimensional curvilinear quadrilaterals, body surfaces, sections of three-
dimensional objects. The obtained solutions of dissertation research problems can be used by design organizations
and productions as applications of mathematical modeling of geometric objects.
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