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Pedepar:

1. Inceprauiiina po60Ta NpUCBSYEHA BUPIIIEHHIO aKTyaJIbHOI HAYKOBO-TEXHIYHOI TPO6JIeMU MiIBULLLEHHS
ePeKTUBHOCTI MATEMAaTUYHOTO MO/IEIIOBaHHS (DOPM CKJIATHUX T€OMETPUYHUX O0’€KTIB, 33JaHUX aHAJTIITUYHO
6araToBUMipHUMU QYHKIiSIMY, 3 BUKOPUCTAHHSIM 3aCO0iB iJII0CTPaTUBHOI i KOrHiTUBHOI rpadiku. [1j1s1 BUpilneHHs
3a3Ha4Y€HOI NPO6JIeMU 3aIIPOIIOHOBAHO MAaTEMATUYHMI anlapaT CUHTE3Y, aHali3y Ta Bidyasisalii rpadiyHux oopasis-
mogereil (M-o6pa3iB) gudepeHLiiHIX TeOMETPUYHNX XapaKTepUCTHK GOpM OaraToBUMipHUX 06'€KTIB Ha 6a3i
IVICKPETHUX BOKCEJIBHUX CTPYKTYP 3 BUKOPUCTaHHSIM 3aC00iB KOTHITHBHOI KOMIT'IOTEPHOI rpadiku. B po6oTi
BUKOHAHO aHaJIiTUYHUI OIJISIZ, CY4aCHOTO CTaHy IPO6JIeMU MAaTEMATUYHOTO MOZE/IOBAaHHS (POPM reOMEeTPUYHUX
00’ekTiB. PO3rysiHyTO (PyHKIiOHAIbHE MTOIAHHS FreOMETPUYHMX 00'€KTiB Ha 6a3i Teopii R-PyHkuii, guckpeTHi Mozei

nogaHHs GOpM TPUBUMIPHUX reOMETPUYHUX 06'eKTiB. [I[poaHanizoBaHO METOIM TOCTiIKeHHST GOpMU



reOMEeTPUYHUX 00’eKTiB, 33JJaHMX aHAIITUYHO (PYHKLISIMU IBOX 3MiHHUX, 32 IOIIOMOrOI0 rpadiyHux o6pasis-
MoJesieil Ta Clloco6y BUKOPUCTaHHS M-00pa3iB 1Py BUPIilleHH] ONTUMI3alliiiHUX 33724 Y ABOBUMIPHOMY IIPOCTOPI.
3anpornoHOBaHO MOJEIOBAaHHS (POPM TPUBUMIPHUX FT€OMETPUYHUX OO'EKTIB HA OCHOBI BOKCEJIBHUX CTPYKTYP.
P0o3p006J1€HO IMCKPETHY BOKCEJIbHY MOJIeJb TOJaHHs GOpM 6araToBUMIpHUX reOMETPUYHUX 00'€KTiB, 3a1aHNUX
aQHAJITUYHO 32 J0NOMOrol R-(yHKIii ~-3MiHHUX. PO3p06JI€HO pEKYPCUBHUI METO, (POPMYBAHHS AUCKPETHOI
BOKCEJIbHOI MOieJli ToIaHHs OPM TPUBUMIPHUX FeOMETPUYHUX 00 €KTIB, 3aJJaHUX aHAJIITUYHO 32 JOTIOMOTroio R-
(YHKLUi TPbOX 3MiHHUX, IO [103BOJISIE OTPUMATH [1J151 KOXKHOT'O BOKCEJISI YOTUPbOXKOMIIOHEHTHUI BEKTOP HOpMaJli
Ta YaCTKOBI NOXiIHI QyHKUii nopsaKy . Po3pobsieHo iTepaliiiHnii MeTO, iHTePIOJISLIMHOTO YTOYHEHHS BOKCEJIbHOI
mogeJi rpadivHuX JaHUX, IO MigBUINYE eTali3allilo reOMETPUYHOro 06'eKTa. BUKOprcTaHHs eauHOi
iHTepnosLifiHOI PYHKLII IPyroro NopsaKy [03BOJIsS€ [IOBHICTIO abCTparyBaTUCS Bifi BULy CKJIaIHOCTI BUXiJIHOI
¢dyHK1i, 1[0 MOZIEe/I0€ TEOMETPUYHUIN 00’€KT, i PaIIoBAaTU BUKJIIOUYHO 3 BOKCEJIBHOIO MOJeJl0. PO3po6eHo
IIPOEKLifHNIT MeTOJ, BidyaJiizallii BOKcesbHOi Mozesi rpadiuHux NaHuX, 0 MOXe OYTH 3aCTOCOBAaHUM IJ1s1
1100y10BY 300pakeHb OBIJIbHUX TPUBUMIPHUX 00'€KTIB, 110 AOIYCKAIOTh PO3OUTTS HA YACTMHU i BioOpaskeHHs
OKPEMOI YaCTVHHU HEe3aJIeXXHO Bif, iHIMKX. 3alIpOIIOHOBAHO MOJe/1I0BaHHs (OpPM 6araTOBMMipHUX FEOMETPUYHUX
00’eKTiB Ha OCHOBI BOKCEJIbBHUX CTPYKTYp rpadiyHux obpasiB-mojesneil. Po3po6eHo MeToau CUHTe3y rpadiuHux
o6pa3iB-Mogerieil Ha 6a3i BOKCEJbHUX CTPYKTYP, 10 BioOpa’kaloTh JIOKaIbHI AudepeH iliHi reoMeTpruyHi
XapaKTEePUCTUKU TPUBUMIPHOTO 00’€KTY, 3aJJaHOT0 aHAJIITUYHO 32 IONIOMOTro10 R-(PyHKIIM, 3 y3arajbHEHHSIM [0 N-
BMMipHOT0 BUNaAKy. [IpoBeieHO OLiHKY CKJIAZHOCTI pEKyPCUBHOTO Migxony Npu (popMmyBaHHi rpadiyHux M-o6pasis
6araTOBUMipHUX reOMeTPUYHUX 06'€KTIB. 3alIPOTIOHOBAHO METOAM aHali3y GOpPM reoMeTpUYHUX 06’ €KTIB 3a
IIOTIOMOTOI0 BOKCEJIbHUX CTPYKTYP rpadiuHux obpasiB-mopesieil. Po3po6aeHo MeTony MpOCTOPOBOrO Pyxy 110
rpajiieHTy y TPUBUMIpPHOMY IIPOCTOPi HA OCHOBI BOKCEJIBHUX CTPYKTYP rpadiuHux obpasiB-mogesneil. Po3apobsieHo
MaTeMaTU4YHUH arapaT aBTOMATU30BAHOTO BUPILIEHHS ONTUMI3aLiHUX 33a7ja4 MaTeMaTUYHOTO IPOrPaMyBaHHs Ha
OCHOBI BOKCEJIbHUX CTPYKTYp rpadiuHux oopasiB-moneseil. OCHOBHI HayKOBi pe3ysbTaTU NUCePTaLifiHOro

IOCTiIKeHHs OyJM peasli3oBaHi B HOBIi1 Bepcii cucTeMu peKypCUBHOIO aHasli3y Ha o0pa3Hux KomrioHeHTax PAHOK.

2. The dissertation is devoted to solving the actual scientific and technical problem of increasing the effectiveness
of mathematical modeling of the forms of complex geometric objects, given analytically by multidimensional
functions, using the means of illustrative and cognitive graphics. To solve this problem, a mathematical apparatus
is proposed for the synthesis, analysis and visualization of graphic images-models (M-images) of differential
geometric characteristics of forms of multidimensional objects based on discrete voxel structures using cognitive
computer graphics. In the dissertation, an analytical review of the current state of the problem of mathematical
modeling of the shapes of geometric objects is carried out. The functional representation of geometric objects
based on the theory of R-functions, discrete models for representing the shapes of three-dimensional geometric
objects are considered. Methods for studying the shape of geometric objects, given analytically by functions of two
variables, using graphic images-models and ways of using M-images in solving optimization problems in two-
dimensional space are analyzed. Modeling of the shapes of three-dimensional geometric objects based on voxel
structures is proposed. A discrete voxel model has been developed for representing the forms of multidimensional
geometric objects, specified analytically using R-functions of n-variables. A recursive method for the formation of
a discrete voxel model for representing the shapes of three-dimensional geometric objects, specified analytically
using R-functions of three variables, has been developed, which allows obtaining for each voxel a four-component
normal vector and partial derivatives of a function of order n. An iterative method for interpolation refinement of a
voxel model of graphic data has been developed, which increases the detail of a geometric object. A projection
method for visualizing a voxel model of graphic data has been developed, which can be used to construct images of
arbitrary three-dimensional objects that can be split into parts and display a separate part independently of others.
Modeling of forms of multidimensional geometric objects based on voxel structures of graphic images-models is
proposed. Methods for the synthesis of graphic images-models based on voxel structures, reflecting the local
differential geometric characteristics of a three-dimensional object, specified analytically using R-functions, with
generalization in the n-dimensional case, have been developed. The complexity of the recursive approach in the
formation of graphical M-images of multidimensional geometric objects is estimated. Methods for analyzing the



shapes of geometric objects using voxel structures of graphic images-models are proposed. Methods of spatial
motion along a gradient in three-dimensional space based on the voxel structures of graphic images-models have
been developed. A mathematical apparatus has been developed for the automated solution of optimization
problems of mathematical programming based on the voxel structures of graphic images-models.
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