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Abstract. This article presents examples of creating a projection of a point
in space onto the plane in the discipline of "Higher Mathematics" and
"Engineering and Computer Graphics" and creating a projection of a point
in space onto a plane.

1 Introduction

It should be noted that during the visit of our President to the research institute in "Olimlar"
street in Tashkent on January 31, 2020, he paid sincere attention to the science of
mathematics. At the meeting, the need to increase interest in mathematics among young
people, the need to properly organize the work of selecting talented children and enrolling
them in specialized schools and later higher education institutions, creating popular
textbooks and training manuals for students on this subject written in simple and
understandable language, instilling mathematical consciousness, if necessary, from
kindergarten, the task of formation was set.

"Mathematics is the basis of all exact sciences. A child who knows this subject well will
grow up sane, broad-minded, and work successfully in any field," - said the President [1].

According to the curriculum, students of technical higher education institutions study
"Higher mathematics" and "Engineering and computer graphics". We believe that it is very
important to directly bring the process of interdisciplinary integration in the educational
training of professors-teachers in creating the projection of a point in space on a plane in
these subjects.

The application of the process of interdisciplinary integration in the training of
professor-teachers serves to increase the student's knowledge and the formation of the
necessary qualifications and skills from these subjects [2].

This article shows some examples and problem-solving of the interdisciplinary
integration process using the equations of spatial uniformity. The fact that the student
solves similar examples and problems outside the classroom will strengthen his knowledge
of these subjects.
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2 Methods

I present the information to higher technical educational institutions students about

equations of equality in space and the distance from a point to a straight line in higher
mathematics [3].

Let's look at the Oxyz space and the plane Q given in it. The vector perpendicular to plane Q
is called the normal vector of the plane. Given one point A (xl; V1,2 )and the normal

vector N = {A; B;C } of the plane, we derive its equation (see figure 1%).

Imagine we consider a vector QM (x; y;z)to be an arbitrary point in the plane.

MM =(x-x))i+(y—y,) j+(z—2z,) kvector (let's look at it) [4].
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Fig.1.

This vector Q lies in the plane. Since the NV vector lays in Q platitude is perpendicular to

the plane, it is also perpendicular to the vector M, M lying in this plane. For two vectors to

be perpendicular, it was inevitable that they should be a scalar productw N =0.

According to the formula for finding the scalar product of two vectors given by coordinates

W ‘N= Ax—x)+B(y—y)+C(z—z)=0o0r (1), we have equality

Ax+By+Cz+D =0.

Similarly, the equation of the plane passing through the points A(x;;V,;2,),
X=X V=V Z—Z

B(x,;v,;2,) and C(x3;y5;25) is of the form:|x, =X, ¥, =¥, 2,—2z]|=0.
X=X Vs—=0W Z374

Let be the given pointM (x;;),;z)and the straight line [ with equation

X=X Y=V _27

z
= O . A straight line/ passes through a point M, (X,; V,;Zz,) and
P q r
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has a direction vector § = { p;¢;7} . Let be the distance from the point M (X552 to

the straight line d [5].
It is equal to the length of the height of the parallelogram built on the sought-after

distance d and vectors M, oM, and S (see figure 2).
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Fig.2.
The f: i < : | MM, x5 |
e faceof the parallelogramis| M M x5 |. From this follows g = L=20 "1 22 1 (2).

5|
1. Problem. Find the coordinates of the point S(X,; y,;Z,), which is the projection of the
point K (x;; 55 2, ) on the plane Ax+ By + Cz+ D =0.
Solving. The base of the perpendicular K (x; vy ; z; ) drawn from the point S(X,; V5 2,)
to this plane is the projection of the point on the plane Ax+ By + Cz+ D = 0. To do this,

N
we take the normal vector of the given plane, the direction vector n = {A;B; C } of a
straight line/passing through the pointS(xy;),;2,). Then the canonical equation

X — X, - zZ—Zz
y, 07 Byo = c 0 (3)0f the straight line passing through the point

S(xy; o5 2,) will appear (see figure 3').
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Fig. 3.
x=At+x,
X—X - zZ—Z
Now we proceed as follows: 0 — J Byo = c 0=t = y=Bt+ Yo (4)- we
z=Ct+z,

find the value of the parameter ¢ by putting these values into the equation of the given
plane. By  setting this A(Ar+x, )+ B(Bt + y,)+ C(Ct+2,)+ D=0 =

_ Axy+By,+Cz, +D
A*+B*+C?

t, (S)to the coordinates of the point K(x);Vy;2y)

xy = Aty +x,

lying both on the given plane (4), and <y, =Bt;+y, (6) on the straight line/are
zy =Ct, +z,

determined [6].

Orthogonal projection of a point in space on a given plane in engineering and computer
graphics for technical higher education institutions students. If we project the plane onto the
plane of projections, it completely covers it, resulting in abstraction. Therefore, points,
straight lines, and flat shapes (triangle, circle, ellipse) are used to describe the plane in a
drawing (epure). The traces of the epure also represent the plane. The lines of intersection
of the plane with the projection planes are called traces of the plane. A plane has at least
two and at most three tracks. It is convenient to describe the plane by traces [7-8].

If the projection beam is perpendicular to the projection plane, it is called orthogonal
projection.
2. Problem. The coordinates of points A (115;95;85), B (95;25;5), C (10;5;50), and S
(60;85;10) are given. Find the orthogonal projection of point C on the plane of triangle
ABC.
Solving. To find the orthogonal projection of point S on the plane of the triangle ABC, it is
necessary to transfer the perpendicular from the point to the plane. The point of intersection
of the perpendicular with the plane is the sought point. For a straight line to be
perpendicular to a plane, two intersecting lines lying in the plane must be perpendicular to
the straight line. We use a horizontal and frontal plane as intersecting straight lines. The
horizontal plane is a straight line lying in the plane and parallel to the plane of horizontal
projections H. A frontal plane is a straight line lying on the plane and parallel to the plane
of frontal projections V.

We carry out the perpendicular transfer from the point S to the plane of the triangle
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ABC in the drawing (epure) as follows (see Fig. 1).

We construct the plane's horizontal h (h', h") and the front f (f, f"). From the horizontal
projection S' of point S to the horizontal projection h' of the horizontal, we transfer
perpendicularly from the frontal projection S" of point S to the frontal projection f' of the
frontal. To find the point of intersection of the perpendicular with the plane, we pass the TV
projection plane through the perpendicular. Constructing the intersection line MN (M'N',
M"N") of the given plane with the projection plane, we find the point of intersection of the
perpendicular with this line. Point K is the point we are looking for. In addition, the cross-
section SK is equal to the distance from point S to the plane of the triangle ABC. We
determine the coordinates of point K by measuring [9-10].

The algorithm for solving the problem is as follows:

1. We construct a projection according to the coordinates of the given points. We
connect projections of the same name of points A, B, and C.

2. We build the horizontal and frontal sides of the plane.h”’|Ox, f’]|Ox.

3. From the horizontal projection S' of the point S' to the horizontal projection h' of the
horizontal, we transfer perpendicularly from the frontal projection S" of the point S to the
frontal projection f" of the frontal.S' Lh' (C'1"), S" Lf" (B"’2").

4. We pass the Tv frontal projection plane through the perpendicular.

5. Constructing the intersection line MN (M'N', M"N") of the given plane with the
projecting plane, we find the intersection point of the perpendicular K (K', K") with this

line.
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6. Measure and determine the coordinates of point K: x=85.32, y=43.96, z=39.58. Point K
is the projection of point S in the given plane. We determine from the drawing that the

distance from point C to the plane of the triangle ABC is equal to |SK | =56.58 mm.

Problem 3. Find the orthogonal projection of the point S(30;15;20) on the plane whose
traces pass through the points QX(I 10,0,0), A(100;15;0), B(90;0;20).

Solving. If the plane is given by traces, it is not necessary to transfer the horizontal (S'
1Q,) and frontal plane from a given point perpendicular to it, (S" LQ, ) we pass (see Fig 2).
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Passing a horizontal projecting plane T through the perpendicular, we find the line of
intersection of this plane with the given plane Q(QH,QV)MN(M‘N‘,M”N"). We find this

line's intersection point with the perpendicular K(K',K"). We determine the coordinates of
point K by measuring: x=50.45, y=28.64, and z=40.

3 Results and Discussion

So, based on the information of engineering and computer graphics science, the orthogonal
projection of the point S(60;85;10) on the triangular plane ABC was found by measuring
and determining the coordinates of point K. That is K(85.32;43.96;39.58).

Now we determine the coordinates of the point K (x}; 15;2,) based on the equation of

the plane passing through the three points and the data of problem 1 (above presented). We
put the coordinates of the points A(115;95;85), B(95;25;5), and C(10;5;50) into the
equation of the plane passing through the three points:

x=115 y-95 z-85

95-115 25-95 5-—85|=0.We calculate this determinant and form the equation
10-115 5-95 50-85

4750x —7700y + 5550z — 286500 = 0. Comparing this equation with the general
equation Ax + By + Cz+ D = 0 of the plane, we determine the coefficients 4 = 4750,

B=-7700, C=5550, D=-286500and according to their coordinates
S5(60;85;10) . Findings would be x, =60, y, =85, z, =10.According to the formula

of problem 1 above shown (5):

475060 — 7700 -85 +5550-10 — 286500 .
- > > > =—0.00531let's put it in the
(4750) + (= 7700) + (5550)
x) =4750-(—0.0053)+ 60 = 34.825
formula  (6)4y =—7700-(~0.0053)+85=125.81, which determines the
zp =5550-(=0.0053)+10 = —19.415

coordinates of the point K (34.825;125.81;—19.415) . The distance from point C to the
plane of triangle ABC is

|SK]| = /(34.825 - 60)* +(125.81-85)* +(~19.415-10)* =56.2537 mm.
0.3263

0:

=0.006~1%to will be the absolute error

Thus, the relative error

56.58—56.2537|=0.3263.

4 Conclusions

In short, the process of solving problems from "Higher mathematics" and "Engineering and
computer graphics" subjects for students of technical higher education institutions is
presented. If the given point found on the basis of theoretical information of higher
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mathematics science is the projection of the point S(60;85;10))on the plane of the
triangle ABC, the point K(34.825;125.81;—19.415) is the point that was found based
on the practical information S(60;85;10) of the science of engineering and computer

graphics would be K(85.32;43.96;39.58). It was shown the importance of giving

assignments explaining the interdisciplinary relationship to students in solving problems of
practical importance in the conditions of a creative approach in the preparation of
competent personnel.

Formation of students' abilities such as creativity, inquisitiveness, and creative approach
is the basis which guarantees that the future specialist will be able to make independent
decisions and apply the acquired knowledge to the production process.
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