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1. TeomeTpUYHE MOJIEJIIOBAHHS CKAJIIPHUX Ta BEKTOPHUX I10JIiB HA PelliTKax TeTpaepajbHO-OKTaeApaIbHOi
CTPYKTYypH

2. Geometric modeling of scalar and vector fields on the lattices of tetrahedral-octahedral structure

Pedepar:

1. IIns mocimkeHHs! TPUBUMIPHUX MOZEJIell BUKOPUCTOBYIOT SIK QHAJIITUYHI, TaK i YMCeJIbHI METOIY PO3B'I3aHHS,
30KpeMa, MeTOJ, CKiHueHuX ejleMeHTiB. [Ipu peanisauii jaHoro MeTona 3acobamy yHiBepcajbHUX IPOTPaMHUX
CHACTEM CKiHU€HHO-€JIEMEHTHOI0 aHaJi3y /1J1s [106y10BU PO3PaxyHKOBOI 00J1aCTi 3 BiJlOMUMU IapameTpaMu Ta
XapaKTePUCTUKAMU 3aCTOCOBYIOTb METOIA TEOMETPUYHOIO MOJEIIOBaHHS. [JUCKpeTU3allis TPMBUMIPHOI 00J1aCTi
BHMKOHYETHCS 13 BUKOPUCTAaHHSAM 0a30BUX eJIeMeHTiB popMH, cepes SIKUX rekcaep, TeTpaemp, mpamina, npusma. v
POOOTi BUBYEHO BIJIUB BUKOPUCTAHHSI HOBOTO 6a30BOTr0 ejleMeHTa GOpPMHU - OKTaezpa abo Moro ysarajbHEHHS 0
6inipaminy, 0y TBEpIOTIIbBHOMY MOZEJIOBAHHI Ha allpOKCUMalliliHi SIKOCTi IIPU YMCEJIbHUX PO3PAaXyHKaX METOIO0M
CKiHYEHHUX €JIEMEHTIB i3 3aCTOCYBaHHSIM aJIbTEPHATUBHUX PEIIiTOK. JJ0CaimKeHO 0COOIMBOCTI BilHOBJIEHHSI

(YHKII CKaJISIPHOTO Ta BEKTOPHOTO T10J1iB METOLOM CKiHU€HHUX €JIEMEHTIB Ha pellliTkax TeTpaeApabHO-



OKTaeApasbHOI CTPYKTYPHU Y MOPIBHAHHI 3 TeTpaeapaabHUMU pelliTkamuy. Killo4oBi c0Ba: OKTaeap, TeTpaeap,

6imipamina, 6a3uc, CKiHYeHHil eJIeMeHT, MeTOJ, CKiHYeHHUX eJIEMEHTIB.

2. To study three-dimensional models, both analytical and numerical methods of solution are used, in particular,
the finite element method. At realization of the given method by means of universal program systems of the finite
element analysis for construction of settlement area with known parameters and characteristics use methods of
geometrical modeling. Sampling of the three-dimensional region is based on the use of basic elements of form,
including hexahedron, tetrahedron, pyramid and prism. The influence of a new basic element of the form o
octahedron, or its generalizations o bipyramid o in solid-state modeling on its approximation qualities of numerical
calculations by the finite element method with the use of alternative grids is studied in this paper. The features of
approximation of the functions of scalar and vector fields by finite element method on the lattices of tetrahedral-
octahedral structure in comparison with tetrahedral lattices are investigated. In this work it is first a number of
different systems of nodal coordinate functions for the finite element in the form of an octahedron with 6
interpolation nodes have been constructed, which allows us to reconcile the choice of the basis with the
peculiarities of the solvable problem. It was established that finite element in the form of a six-node octahedron
with polynomial and piecewise linear basic functions is bestowed with better local interpolation qualities than the
bases of the seven-node octahedron, which creates positive predictive conditions for their use in field-restoration
tasks by the finite element method on lattices with cells in the form of the octahedron. The multiplicity of
polynomial bases of the second degree of a finite element in the form of an octahedron, which are harmonic in
Laplace, is shown, which allows solving an additional problem of optimization of the choice of the basis of the
octahedron by the chosen local characteristic in solving boundary problems for the Laplace equation. It was
established that the degrees of approximation of the octahedron with piecewise linear and quadratic functions are
equal to 1 and coincide with the degree of approximation of a linear tetrahedron, whose nodal coordinate
functions are the nodal coordinates of its vertices. It allows to reduce the number of nodes during the
discretization of the three-dimensional region by the lattice of the tetrahedral-octahedral structure compared
with the tetrahedral, while preserving the accuracy of the resulting solutions. It is proved that the piecewise linear
and quadratic approximations by the finite element method of the displacement field functions on the lattice of
the tetrahedral-octahedral structure converge to the exact solution in problems with a differential operator of the
second order, which allows to reduce the dimension of the global stiffness matrix when solving the FEM boundary
problems for the restoration of the functions of the vector field on the lattices of the tetrahedral-octahedral
structure in comparison with the tetrahedral ones. It is proved that piecewise linear approximation by finite
elements method of a temperature field with a differential operator of the second order is an admissible function
in an area that is discrete by a tetrahedral-octahedral lattice, which allows to reduce the dimension of the global
stiffness matrix when solving the ITE boundary problems for the restoration of the functions of the scalar field on
the lattices of the tetrahedral-octahedral structure in comparison with the tetrahedral ones. An interpolation
formula for numerical integration in the region of a finite element in the form of an octahedron is obtained, which
allows precisely finding the elements of a stiffness matrix of the 6-node octahedron with piecewise linear basic
functions ten times faster than the analytical integration methods embedded in the system of computer
mathematics Maple. A finite element was found in the form of a bipyramid, for which the best accuracy of the
calculations in the mean-square sense is predicted in the absence of the correct geometric form of a finite
element, which allows it to be used as a cell of a spatial lattice in a group with a linear tetrahedron that is adapted
to the calculated areas of complex geometry, when solving the finite element method of boundary problems of
mathematical physics. The method of constructing the basic functions of convex n-dashboards is further
developed. In the dissertation for the first time it is convincingly constructed that for n = 8§ it is possible to
construct a polynomial basis of the finite element in the form of an octahedron with 6 interpolation nodes. The
proposed enhancement of the method of the Wachspress with respect to the modeling of the basic functions of
the octahedron has less cognitive and operational complexity than other methods of constructing these functions.
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