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The specificity of studying mathematical disciplines in higher educational
institutions of the Ministry of Internal Affairs of Russia consists not only in the
acquisition of certain theoretical knowledge by cadets and students. Stable skills
of applying the studied theoretical material by students to solve practical
problems are important.

An important place in the process of studying mathematical disciplines by
students is the preparation of assignments for practical classes and independent
work. Traditionally, for these purposes, teachers select tasks from well-known
or independently written textbooks, manuals, collections of problems and other
educational and methodological publications. However, the effectiveness of
using such materials is extremely low. It is necessary to note the significant
limitation of the number of typical problems in these publications. Teachers are
forced to issue a general list of problems for all students during practical classes
or for independent preparation, or at best, assignments with several options. In
this regard, students lose motivation to independently complete such general
"for all" assignments. Often, there is a simple copying of completed work from
conscientious classmates or even rewriting of solutions from previous years [2].

Finally, checking such work creates serious difficulties for the teacher as
well. Analyzing students' handwritten work requires enormous labor costs. In
addition, it is simply impossible to evaluate the quality of work completed by
students outside of class time, at best through the joint efforts of the entire study
group|[2].

Our article presents a set of programs that allow automatic creation of a
large number of typical calculation tasks, and after their completion by students,
also check and evaluate them. The described software product is implemented in
the Visual Basic for Application environment, which is the main toolkit of office
packages. All programs are written as macros called by the teacher when

generating tasks and verifying them.
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The essence of the project is to generate numerical and symbolic values
for typical tasks selected by the teacher [1]. When software processes a
document with an unfilled task template, pre-prepared lists of students are

automatically processed (Fig. 1).
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Fig. 1. Blank assignment template and list of trainees.
In case of creating a task for one student, the teacher needs to select the

cell with the required surname and click on the banner "Check work", and to
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quickly generate tasks for the entire study group, it is enough to select the group
number. The number of group lists on the sheet is not limited.

The date and time automatically filled in when creating an electronic
assignment, as well as the student's last name and initials, displayed in the upper
right corner of the template, are used to calculate the version number. During the
automated check of the work, the compliance of the version number with the
time and last name of the student specified in the work is verified [5]. This
procedure allows avoiding forgeries of completed work, and if all four
components are inconsistent: version, date, time and the record identifying the
student, the work is not checked. The parameters of each task in the proposed
works are generated according to developed algorithms, which necessarily
include the version number [3].

Assignments are distributed by teachers usingeducational electronic
course management systems MOODLE, and even more often with the help
ofcloud technologies. Access to the assignment database and checked work is
open to all students 24/7. The teacher creates a virtual interactive group, all
students connect to it, who can then use the current educational resources posted
by the teacher: multimedia slides, lecture texts, individual assignments for
independent preparation, examples of problem solving, reference materials.
With the help of "cloud" technologies, you can also ask the teacher and other
group members questions, send completed work for checking, organize video
and audio conferences.

In the process of working on the creation of software products in various
areas of mathematics, we had to face a number of problems, most of which were
successfully resolved. Let's consider an example of developing software for
creating calculation tasks for cadets of the Krasnodar University of the Ministry
of Internal Affairs of Russia, studying in the specialty 10.05.05 Security of

information technologies in the law enforcement sphere.
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The described set of computer programs is intended for the teacher to
generate calculation tasks for finding optimal solutions using linear
programming methods. In addition, the process of verifying the results of the
work performed by students is fully automated.

Six software modules with templates linked to them include practical
work for training students in the graphical method for solving linear
programming problems (LPP), acquiring skills in using the Jordan-Gauss
method for solving systems of linear algebraic equations, single substitution
transformations and simplex transformations. An important part of the software
package are modules aimed at mastering the simplex method for solving LPP
and solving dual problems.

The module "Graphical method for solving linear programming
problems" (Fig. 2) is designed to solve linear programming problems of two
variables. The method is based on the possibility of graphically depicting the
region of admissible solutions to the problem and finding the optimal solution
among the vertices of the resulting polygon [4].

When solving the generated problems, the student must determine and
derive the coordinates of any points along which the lines are constructed,
limiting solutions of inequalities, the vertices of a polygon, which is the area of
feasible solutions of a linear programming problem, as well as optimal solutions.

The task is designed for students to complete during a practical lesson.
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Rice. 2. Completed and verified module template
"Graphical method for solving LLP".
Let's consider the principles of automatic filling of the task template using
the example of the code for generating "Task 1v". In the task condition, we must
specify the target functionZ(X,,X,)and derive a system of restrictions

0. (%, %,)=0,i=12,... k;
(%, %)< (2)0, j=k+1, k+2,..n’

as well as the conditions for non-negativity of

variables xlAnd X, .

Let's start with the constraint system. To build the system, given that the

range of admissible values (RV) is limited by the first quadrant of the plane
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X,0x,, we will determine the coordinates of the five corner vertices of the ODR.
Due to the fact that the vertex traversal according to the problem condition is
performed clockwise, we will place the first and fifth vertices on the axisOx,,
we will define the second vertex arbitrarily in the first quadrant, taking into
account that the ODR pentagon is convex, and the third and fourth vertices must
be on the axisOx;.

Figure 3 shows a fragment of the code for defining the array of
coordinates of the vertices of the ODR. In the body of the Do .. Loop Until
cycle, we generate the coordinates of the vertices with the condition of

convexity of the ODR. The number of the V variant serves as the generation

parameter.
z = Mgl 'OBozHaYEHME NepeMeHHON
Do
'KoopmuHEaTH 1-M VINOEOH BEpDIMHE
mP(l, 1) =0
mP(l, 2) = Rnd(v) * 1000 Mod 15 + 1
'KoopoMHEaTH 2-HM VINIOEOH BEpDIMHE
mP(2, 1) = Rnd(v) * 1000 Mod 15 + 1
mP(2, 2) = Rnd(v) * 1000 Mod 15 + 1
'KoopOoMHATH 3-HM VINIOEOH BEpDIMHE
mP(3, 1) = Rnd(v) * 1000 Mod 15 + 1
mP(3, 2) =0
'KoopoMHEaTH 4-M VINOEOH BEpIMHE
mP (4, 1} = Bnd{v) * 1000 Mod 18 + 1
mP(4, 2} = 0
'HoopoMHEaATH S5-1 VIMOEQH EBepINdHE
mP(5, 1} = 0
mP (5, 2} = Bnd({v) * 1000 Mod 18 + 1
Loop Until mP(1l, 2) > mP(5, 2) And mP(2, 2) > mP(l, 2) And _

mP(2, 1} > mP(3, 1) And mP(3, 1) > mP(4, 1)
Fig. 3. A fragment of the program code for determining the coordinates of the
ODR vertices
Given the coordinates of the vertices of the ODR, we calculate the
coefficients of the inequalities of the constraint system. The first boundary of the
ODR pentagon is drawn through the first and second vertices, the second
boundary will pass through the second and third vertices, the third and fifth

boundaries are already determined by the condition of non-negativity of the
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variables, and the fourth, determining the third inequality, is determined by the
fourth and fifth vertices.

Figure 4 shows a fragment of the program code for determining the
inequality coefficients of the constraint system and outputting these inequalities.
To calculate the inequality coefficients in general form for two points, the
previously written ABC_ObsUr2Points procedure is called. To output the
constraint system to the sheet, the LinNer3 function is used in the body of the

For .. Next cycle.

Y

wo3PdMUMeHTH HepaESeHCTE CHMCTEeMH OIpaHMYeHMHM
m&S(l) = Chr{l79) e
Call ABC ObsUrZPoints(mi(l, 1), mA(l, 2), mA{l, O},

mP(l, 1}, mP{(1l, 2), mP(2, 1), mP({2, 2))
n&S(2) = Chr{le3) 1=
Call ABC ObsUr2Points (mb(2, 1), mA(2, 2), mA(2, O0),

nP (3, 1), mP(3, 2), mP(2, 1), mP{(2, 2))
&S (3) = Chr(l79) 1=
Call ABC ObsUrZPoints(mi(3, 1), mA(3, 2), mA(3, 0),

mnP(4, 1), mP({4, 2), mP(5, 1), mP(5, 2))

'BHECO CHMCTEMH ODDaHMYEHMWH
For i = 1 To 3
t = LinNer3(m&(i, 1), ma(i, 2}, 0, —-mA(i, O0), 1 * 2 4+ 34, 2, mAS(i), =)

Hext i

Fig. 4. Fragment of the program code for determining and deriving inequalities
of the system of constraints

And finally, we need to calculate the coefficients and output the target

function (Fig. 5). In the body of the Do .. Loop Until cycle, the coefficients are

generated z, And z, objective functionZ(x,,X,), and then the coefficients in the

first three vertices of the ODR pentagon are checked. Using the LinNer3

function, we output the target function to the sheet.

'PacueT M EBHECQO LENSEOHM OVHELMM
Do
prop = True
zl = Bnd (v} * 1000 Mod 20 - 10
z2 = Bnd (v} * 1000 Mod 20 - 10
If =1 * mA{l, 1) + z2 * mA{(l, 2) = 0 Then prop = False
If =z1 * ma(2, 1) + =z2 * mA(2, 2) = 0 Then prop = False
If z1 * ma(3, 1) + z2 * mA(3, 2) = 0 Then prop = False
Loop Until prop = True &nd z1 ¥ z2 <> 0
'BRHEOO LEMASEOH dVHRLIMM

t = LinNer3(zl, z2, 0, "min", 33, 4, Chr(l74), =)

http://ej.kubagro.ru/2024/09/pdf/39.pdf
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Fig. 5. Fragment of the program code for calculating and outputting the
objective function

Now let's consider the program for checking the completed tasks. In the
same way as when loading, we generate five corner vertices of the ODR
polygon with the V parameter and calculate the inequality coefficients from the
constraint system and the objective function. The Rnd function used, when used
at the beginning of the program with a negative argument and then running the
Randomize instruction, produces the same pseudo-random sequences each time
using the same arguments as when generating. Therefore, there is no need to
analyze the task data, it is enough to know the variant number and use the
already written algorithms again.

Having received the parameters of the problem condition, we will check
the points entered by the student to construct the boundaries (Figure 6).

The coordinates of the points are substituted into the calculated equations
of the lines, and if they satisfy the equation, the variable m is increased by one,
otherwise the corresponding cells are crossed out. If two points for one line have
correct coordinates, the user gets one point.

The main results of the task are finding and entering into the template the
coordinates of the corner points and the optimal solution. Figure 7 shows a
fragment of the program code for checking and verifying the optimal solution.

We have already generated the coordinates of the vertices of the ODR
polygon, therefore, to verify the filled fields, it is sufficient to compare their
contents with the known coordinates in the For .. Next cycle. Verification of the
optimal solution comes down to calculating it by the enumeration method and

comparing it with the corresponding filled fields.
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'IpoOBESpKa TOYEE ONA OOCTDOEHA DRaHNIL

m= 0 'l-g npAMas
For j = 1 To 2
¥x1 = Cell=(3c, J + T)
2 = Cell=(35, jJ + T)
If ma(l, 1) * x1 + m&a(l, 2) * x2 + ma(l, 0) = 0 Then
m=m+ 1
Else
r = krest(36, j + T)
r = krest (38, j + T)
End If
Hext j
If m = 2 Then mark = mark + 1
m= 0 '2—g npAMad
For j = 1 To 2
xl = Cells (36, 71 + 11)
x2 = Cells (38, 71 + 11)
If ma(2, 1) * X1 + ma(2, 2) * X2 + ma(2, 0) = 0 Then
m=m+ 1
El=se

r = krest (36, j + 11)
r = krest (38, j + 11)
End If
Hext j
If m = 2 Then mark = mark + 1

'3-g npAaMad
For = 1 To 2

x1 Cell=s(4l, j + T)

x2 Cell=s(43, j + T)

[ =

If mA(3, 1) * x1 + mi(3, 2) * %2 + mik(3, 0) = 0 Then
m=m+ 1
Else

r = krest (41, j + T)
r = krest (43, i + T)

End If
Hext j
If m = 2 Then mark = mark + 1

Fig. 6. Checking the coordinates of points for constructing boundaries

http://ej.kubagro.ru/2024/09/pdf/39.pdf
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'MIpoBepKa VINIOBRX TOYER
For i = 1 To S
Fs (" + st (mPF(i, 1)) + ";" + st(mF(i, 2)) + ")} "
Qs without spaces (Cells(2 * i + 34, 16))
If Ps = Qs Then mark = mark + 1 Else r = krest(2 * 1 + 34, lg)
Hext i

'MpoEepKa OOTHMMANBHODO pPeNeHWMA
Xopt = 1: Zopt = 21 * mP(l, 1) + 22 * mP(l, 2)
For i = 2 To 5
Z=2z1 * mP(i, 1) + z2 * mP(i, 2)
If Z < Zopt Then
Zopt = Z
Xopt = 1
End If
Hext i

Ps = "(" + st (mP(Xopt, 1)) + ":" + st(mP(Xopt, 2)) + ™}"
Qs = without spaces (Cells (33, 13))
If Pz = Qs Then mark = mark + 1 Else r = krest(33, 13)

Z = Cells (33, 17)
If Zopt = £ Then mark = mark + 1 Else r = krest (33, 17)

Fig. 7. Checking corner points and optimal solution.

In the future, we will not dwell on a detailed description of the tasks in
subsequent modules, but will only give a brief description of them.

The module "Jordan-Gauss Method" (Fig. 8) is devoted to solving
systems of linear equations using the Jordan-Gauss algorithm. By performing
Jordan-Gauss transformations, the student determines whether the generated
system is compatible or incompatible, and in the case of compatibility, it is
definite or indefinite. At each step of the transformations, the system
coefficients are entered into tables, the basic variables are noted, and the

checksums are calculated for each calculated line.
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Fig. 8.Module "Jordan-Gauss Method".

In working with the module "Single Substitution Transformations"” (Fig.
9), students also use the algorithm of the Jordan-Gauss method. By solving a
system of m linear equations with n unknowns, they reduce the system to a
single basis. By introducing free variables into the basis, the basic variables are
transformed into free ones and new basic solutions are obtained. Such
transformations are called single substitutions. The task of the students is to find
all the basic solutions of the generated systems using single substitution
transformations. The results of all transformations are entered into tables, and

then the basic solutions are written out.
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Fig. 9.Module "Single Substitution Transformations".

In the Simplex Transformations module (Fig. 10), students also perform

single-substitution transformations. However, a number of restrictions are

imposed on the process:

1) The resolving element is selected only in the column where there are

positive elements;

2) If there is only one positive element, then it is taken as the resolving

element;

3) If there are several positive elements, then the one for which the ratio

of the free term to it is the smallest is taken as the resolving element [4].

As a result of executing this algorithm, all reference solutions are

determined.
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In the first task of the work, it is necessary to perform simplex

transformations of already prepared reference solutions, and in the second, it is

necessary to find any reference solution and, using simplex transformations,

determine all the others.
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Fig. 10.Module "Simplex Transformations”.

Perhaps the most labor-intensive module to complete is the “Simplex

method for solving linear programming problems” (Fig. 11).

http://ej.kubagro.ru/2024/09/pdf/39.pdf




Hayunsrii xypuan Kyol'AY, Ne203(09), 2024 rox

g MeToar: pemennsn 1129 MATEMATHIECKOTO Jlata 22.04.2024 Buumanue!!!
P~ —Semneel )
S OporpaMMHPOBAHHA Bpema 14:30:00 Avelikn Tabnuu, BbigeneHHbIE MeNThLIM LBETOM,
." TpaxTiaeckoe sananue Odpazen WENTLIM UBETOM,
CuMneKcHbIH MeToa pemenns 3111 (Saumex 1.0.) sanonusatoTcs obasatensHo!
o BapuasT 30032
1. Hafita p 3aJaHH J fiHOTO mporp T 18 CHMILTEKCHBIM METO0M
) Z(X) = x+oxy-das—max Z(X) = |xy+6%;-4x5+0xy+H0xs5+0xg > max 1 6a1a
328, H6x526 [T —— OBpasne: 3anorenenns
3xp-6xyt2x52-18 Kamomraec- | 3,463,235+ xs=18
1T t 2-<X5TRS = | 3xyHaxgt2xg - OxyHOxsH
12x;+3%,+8x5536 R B 0 435, 4 8552636 Z(0 = | 3xrtap gt OxtOxsOxg—max
x5 >=0, =1,2.3 x5>=0, =1.2,3,4.5.6
1 6 470 0 0
Com]6a3.| as | x5 [ x; [ x5 [x; [ %5 | x5 |00 /0; |2 6an1a
Mexopwoe P o3 3211 [3 [[12[ 0 [0
:;i‘;m 0 [=5f0 [-12[0[20f3[1[0
0 [ =627 |152] 0 [ -1 [32[ 0 1
z | 18 8 0273/ 0J0
Cosa|Baz.| aw | oy |2, | 25 |2y | 25 | x5 | 00 /05 262012
Ontumanetoe [ 6 | x2 [ & 0 1 0 0 M27rn7
peLueHine 0 [ =4[ 8 0 o471 [527[827
1 [x1[ 2 1 70 [23]0 (127227
z 2600 0
Xopt. = 2;4;0 I 8;0; 0) Xope.=|  (2;4;0) Zope. =l 26 2 dania
6) Z(X) = 3x1-Tag+10xz—>miin Z(X) = [3x)-Txy+ 1 0x5+ O +0x5—min 16aa1
-5+ 10%3212 x-Sy +10x5-x,=12
%1%+ 2xa=4 KmiHquc_ x-%02xe=d
3w +3%,-2x3512 KHH BHA | 3y +3x, 2xa+xs=12
x5 =0, F1.2.3 5=0. F1.2.3.4.5
JJ1070T0
Ceaz| 6a3. | @i | X1 | X7 | %3 | x, [ x5 | @ /a; |26an1a
Mexoruoe o g T4 [0 T0 110
e [0 a3 [2 1212100
P 0 |ss[6[4 2001
z 202 2 0o o
| Baz. | @y | x; | x5 | x5 | x| x5 | 0p /a5 (260002
Onmumaneroe [ O | x4 [ 8 [ 4 0 0 1 0
peLleHne 10 | =3 6 1327 0 1 0|14
-7 | x2 8 2 1 0 0 |12
z 4 20001
Xopt. = 0;8;: 6 I 8:0) Xopt. = (0; 8; 6) Zoy=[ 4 2 6axaa
Kpirrepuii onensar: KomriecTso HabpaHHLIx Gammnos: 13
13-14 GamnoE - "oTmmEo"
10-12 GamioE - "xopouze” Ouenka 2a paboTy. OTJIHYHO

7-% bamnos - "yIoENETEOpHTENEHO "

meree ] bamior - "HeYIOENeTEOpHTeNEHO "

Fig. 11.Module "Simplex method for solving LLP".
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Before solving a problem using the simplex method, students transform

the generated system so that the right-hand sides of the constraint system are

non-negative. The resulting system is then written in canonical form.

Next, the system of equations is reduced to the initial reference solution

using simplex transformations, and the resulting solution is checked for

optimality. In the case of non-optimality of the reference solution, a resolving

element is selected using the simplex method, and a transition to another basic

solution is made [4].

Solving each problem will require several steps. The results of finding the

initial reference and optimal solutions must be entered into tables.
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The program implements the problem of linear programming for
maximum and minimum, leading to systems in canonical form of four and five
variables, respectively.

The Dual Problems module (Fig. 12) is designed to solve linear

programming problems using duality theorems.
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Fig. 12.Module "Dual problems".
Students are asked to create a dual problem with two arguments for a
generated linear programming problem with more than two variables and solve

it graphically.
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In the program, students must enter the parameters of a new objective
function and the corresponding system of constraints, write out the coordinates
of the corner points of the region of admissible values, as well as the optimal
solutions to a pair of dual problems.

The presented complex of programs has been implemented in the
educational activities of the Department of Informatics and Mathematics of the
Krasnodar University of the Ministry of Internal Affairs of Russia. The
experience of using it in the educational process has yielded positive results.
Currently, work is underway to create a number of similar programs to support
the disciplines "Mathematics", "Mathematical Foundations of Information

Processing" and "Econometrics".
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