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Efficient methods for calculating liquid and gas filtration equations and personal
computers have made it possible to solve a wide range of practical problems in the
development of oil and gas fields. The more complex the movement of the fluid, the
more time the researcher spends to analyze the results of the calculations. To reduce
this time, it is necessary to develop a convenient tool for analyzing the numerical
results of calculations.

10-20 years ago, in the era of the dawn of the modeling of plane and
axisymmetric flows, visual and simple methods for visualizing two-dimensional flows
were developed, such as isolines, tone fill, point vectors, and fluid particle tracks.

We know that, two-dimensional numerical results are presented in a two-
dimensional array. In this work, visualization and rotations in different directions of
two-dimensional numerical data in a three-dimensional graphical form are developed.

In analytical geometry, a set of matrix transformations is proposed to perform
scaling of a point relative to the center of coordinates of its displacement and rotation
relative to one of the coordinate axes.

Scaling is carried out according to the following formula:

X'=x-S,, y=y-S,2'=2-S,,

X' S, 0 0)(x
yl = O Sy 0 . y y £':S£
z' 0 0 S,z

The offset is carried out according to the following formula:
X'=x+T,, y=y+T, '=2+T,,

(.Y, 2) = (% y,2) + (T, T, T), P =P+t

Rotation is carried out according to the following formulas:

- around the X axis:
X'=X, yy=y-cosp+2z-sing, z'=-y-sinp+2z-Cos e,
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X' 1 0 0 X
y'|=|10 cose sine|-|y]| [g'ZRX((P)'S-
z' 0 -sing cose) \z

- around the Y axis:

X'=Xx-cosy —z-siny, y=y, 2/ =x-siny+z-cosy,
X' cosy 0 —siny) (x

y'l=| 0 1 0 |1yl Ig’:Ry(l//)-Ig.

Z' sihy 0 cosy z

- around the Z axis:

X'=x-cosy+y-siny, y=-x-sin y+y-cosy, z' =z,

X' cosy siny 0)(x
y'|=|=siny cosy Oyl |g'=RZ(Z)'fg-
z' 0 0 1)z

Matrix notation of geometric transformations is very convenient, since it allows
you to specify a geometric transformation in the form of a composite matrix obtained
by multiplying matrices of elementary transformations (scaling and rotation).
However, the displacement transformation is not a matrix operation, which does not
allow, in the most general case, to obtain a matrix transformation based on 3x3
matrices. This shortcoming can be circumvented by specifying the coordinates of the
point as homogeneous coordinates.

The coordinates of a point x,y,z can be specified by four numbers X,Y,Z,h, where
h=#0. the relationship between homogeneous and non-homogeneous coordinates of a

point is determined by the following relationships:

X Y,z

h h h

Obviously, the quadruple X,Y,Z,h, which uniquely specifies the position of a point,
can also be considered its coordinates. Homogeneous coordinates are remarkable in
that they can be used to set all geometric transformations in the form of matrix
operations and thus obtain a composite transformation in the form of a single matrix.
Looking ahead, we note that the transformation of the projection of a point onto the
screen plane is also performed by multiplying by some matrix.

Based on the above formula, the algorithm for drawing a three-dimensional graph
can be formulated as follows:

- reading numerical results on an array M;; ;

- introduction of initial data for drawing a three-dimensional graph on the
screen: x0=0,5; y0=0,5; zo := 0,5; A = -9,5; Alf=4,31; Bet = 4,92; Xmin =-1,5; Ymin = -1,5;

max = 1,5; Ymax = 1,5;

- function introduced f (x,y,z,x1,y1) to calculate the following expressions:

Xn = (x-%0)*cos(Alf) - (y-yo) *sin(Alf);

Yn = ((x-%0)*sin(Alf) + (y-yo) *cos(Alf))*cos(Bet)-(z-zo)*sin(Bet);
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Zn = ((x-x0)*sin(Alf) + (y-yo) * cos(Alf))*Sin(Bet)-(z-zo)*Cos(Bet);

here, x,y — index matrix Mij; z — the value of the corresponding matrix index; x1,y1
- coordinates for drawing a three-dimensional graph.

To implement the algorithm described above, a three-dimensional graph for
visualizing two-dimensional data was built and software was developed in the Delphi
language.

Figure 1 shows the main window of the software created on the basis of the
above algorithms. The operating window of the software has a user-friendly interface.

A D30 BHEYANHEallHA MaHHBIR

Figure 1- 3D visualization interface window

The following operations can be performed with the corresponding command
buttons:

- loading numerical results from a file or databases;

- drawing a three-dimensional graph based on numerical results;

- rotation along the axes;

- saving the picture on the file.
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