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ABSTRACT:

This article discusses the design of a
hypernet using the finite difference method in four-
dimensional space. Problems of interpolation of a
function of many variables by its individual values
are presented.
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INTRODUCTION:

In practice, the problem often arises of
interpolating a function of many variables from its
individual values obtained experimentally. If the
experimental values are taken as boundary conditions,
then the interpolation of many variables can be carried
out by the method of finite differences. The finite
difference equation in this case can be written as a
multidimensional generalization of the relationship
between coordinate groups of adjacent elements of an
elastic network [1,2].

When compiling the finite-difference equation of
the relationship between the coordinates of the hypernet
nodes, it is necessary to take into account the numerical
dependence of the mutual belonging of the hypernet
elements. The dependence of the mutual belonging of i-
dimensional cells of dimension n, where 2< i < n,
described in the first paragraph, allow us to determine
the numerical characteristics of the belonging of g-
dimensional cells to p-dimensional cells in E" space and
vice versa, i.e. Nj' € 6" Ny’ where 6 is the coefficient. So,
in accordance with the formulas, the number of cells of
dimension q; belonging to one m-cell: is defined as
follows:

n 2P mei)
6q = (m-q)! (1)

in En space, one m-dimensional cell belongs to
cells of dimension (m-1) and 2(n-m-1) cells of dimension
(m + 1). In particular, in the E° space, each 0-dimensional
cell contains ten one-dimensional cells (Table 1).

The set of nodes and links of an elastic n-
dimensional hypernet, between which a functional
dependence is established in the form of a finite-
difference equation, is the star of an elastic hypernet.

Such a star can be obtained as a set 6 ’}=%(n— 1)

broken, consisting of 0-dimensional cells and one-
dimensional cells, where n is the dimension of space.

Table 1.
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Let us consider the representation of the finite-
difference dependence between the coordinates of the
nodes of a star in an n-dimensional hypernet as a set of
finite-difference equations for i-dimensional polygonal
lines in E" space, where [1, n] €i.

Let a broken line ABCDE € { be given in the E3
space (Fig. 1.a).

Fig. 1 Dependence between the coordinates of the nodes
of the star.

It is required to determine the coordinates of
these points of the bypass with a predetermined step.
The coordinates of the nodes (0-cells) are
determined by solving the system of linear equations [1]
in the E3 space in the direction
(Zi=% (4Zi 1+ 421 = Zip — 42142 )
Vit (4Yy + 4% —Yip — 4Y) (2)
X7 (4Xiq + 44X — X — 4Xix2)

-
=6
towards
(22 (4211 + 420 — 2y — 425, ):
in%(4nq+4nn—nq—4nn)8)
Xjoz ( 4%y + 4Xj40 — Xjp — 4X4,)

If a discrete surface frame is represented as two
families broken with common nodes located in vertical
planes, then a discrete geometric model of an elastic
network with a quadrangular cell can be built.

To obtain the coordinates of an arbitrary node
Cij of a network with a quadrangular cell (Fig. 2b) in E3
space, it is necessary to determine the arithmetic mean
of the coordinates of the corresponding nodes of the
polygonal lines in directions i and j, i.e.

7 _zi+zj; yi'jzyiJrYj;X__zijrxi' (4)
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Fig?Zb. The relationship between the coordinates of the

where x:= x'; y: = y!l; z:=2""l;

nodes of the star.
2, = 12*1[
Y, = 12-1[

X = 12*1[

Then, in accordance with (2) and (3), the

coordinates of an arbitrary node Ci, j, a network with a

quadrangular cell

are determined by solving the

following system of equations:

4 (Zicyj + Zisaj + Zicaj + Zijoa + Zijan) —
~Zi2j = Ziyzj — Zivaj=Zij-2 = Zij+2

4 (Yi—l,j +Yij+YigtY+ Yi,j+1) —] (5)
_Yi—z,j - Yi+2,j - Yi+2,j_Yi,j—2 - yi,j+2

4 (Xi—l,j + Xiprj + Ximqj + Xijoq + Xi,j+1) -

—Xi—zj — Xivaj = Xivgj=Xij2 = Xijra

If the broken line ¢ is represented in E# space, then in accordance with (1) it is possible to calculate the number 6}
directions passing through the central node of the star. For example, in E* the space 67 = 3. These directions are denoted
by indices i, j k. The arithmetic mean values of coordinates along the directions ijk are determined by the following
formulas:

roo=1

J1J2,j3 3
u

J1.J2,j3

3 0. Jii
=% X

1y3 ur .
3 Zi:lxji ]
oI, g — IV,

it is necessary to solve the following system of equations:

L

X1 =187M[4(X ! + X!

IR PR Y i1, J2. 13 Ja+1,J2. s
1 1 1 1
X 1—2.J2. s X J1+2,02. i3 X Ji.j2—2,10s X
[} _ —1 [} 1 1
X Jidz.ds T 18 [4(X i1, j2.J3 + X Ji+1l,j2. 3 + X
1} 1} 1 1
X Ji—2.i2.1]3 X Ji+2,02. i3 X Ji.d2—2,]J3 X
m _ —1 m m
Xiieas =184 500, 5 + X, + X
_xm o m o m o m
Ji—2.J2.1]s J1+2,02, 13 Ji.j2—2,1J3
[A\V4 _ —1 [A\V4 [A\V4 [A\V4
X, =187 [AX L0, 5 + X jlag. + X
XV o v o v o v
h—2.J2.1]s Ji+2.02. 13 Ji.j2—2.1s

J1d2,j3
I
J1.J2,j3

1J2,j3

+ X!

Ji.j2—1. s

Ji.j2+2. 03

X ijiIF

- § Z?:l ijLV’.
i:=j, j:= j,;and by indices k: = j,.
To determine the coordinates of an arbitrary node C;

Ji.dz+2.0s

Ji.J2+2,]3 —
ji. 21 0s
Jidz+2.0s

Ji. 21 s

+ X!

(6)

of a hypernetwork in E# space with a quadrangular cell,

1
+ X e X a) —

Ji.d2+1, s i
1 1
x Ji,d2, 052 x Ji, iz 13+2]
1 1 1
+ X Ji.d2+1, 3 + X Ji.d2,03+1 + X j1r]2r]3*1) (7)
1 _ n ]
Ji. 02,032 Ji. 02,0z +2
i (L1} i
+ X s T X e T X 1)
m _ m 1
J1,J2.05—2 J1.J2,03+2
[A\V4 [A\V4 [A\V4
+ X i X e+ X )
[AV4 [A\V4
- X ji 2. iz—2 T X Ji,dz2. 0z +2

In the future, we will consider the construction of a hypernet using the finite difference method in E?, E¢ spaces.
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