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CAS MAXIMA AS A TOOL FOR FORMING RESEARCH SKILLS IN THE
PROCESS OF PRE-SERVICE INFORMATICS TEACHERS TRAINING

Abstract. The article looks at the means of forming the research skills of students of pedagogical
universities. Considerable attention is paid to the formation of students' creative thinking in the
process of solving problems with parameters. A large number of applied problems, economic,
physical, chemical, biological, technical, medical, etc., involve solving problems with parameters
(within the framework of the constructed mathematical model). Tasks with parameters require
more general research than ordinary equations, inequalities and their systems. In the article,
solving problems with parameters is accompanied by graphical visualization followed by the use
of the analytical method. CAS Maxima is used for graphical visualization (animation). The choice
of tasks with parameters is due to the fact that mathematical, logical thinking and the ability to
analyze, compare, synthesize, develop research skills evolve in the course of their solution. All this
should lead to the search and introduction of new forms of pedagogy and technologies in
education. The main component of the methodology here is computer-oriented, namely the use of
a computer mathematics system. Using systems of computer mathematics, the student can improve
the programming technique and ability to focus on the analysis of methods, immerse in the
features of such concepts as the conditionality of the problem, the stability of the method,
evaluation of the results of calculations. In this paper, we used the CAS Maxima animation tools
with the wxMaxima graphical shell to investigate the problems with the parameters. The choice of
the Maxima system is due to the following reasons: it is a freely distributed system, distributed
under the GNU/GPL license; there are implementations under various operating systems,
including Windows, Linux, MacOS; it offers intuitive interface and is easy and reliable in
operation. The results of the study show that training of modern specialists, the development of
their professional potential can only be effective provided that students are involved in research
activities throughout their course of study.

Keywords: Maxima; computer algebra system; tasks with parameters; research skills.

1. INTRODUCTION

Formulation of the problem. The changes that are taking place in modern society, in
education, in particular, lead to the development and application of new pedagogical
technologies aimed at individual work with students. In training, it is necessary to pay special
attention to the individual development of students’ personalities, the search and development
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of their creative abilities, the formation of skills enabling them to solve problems
independently. Students need to be able to think independently, apply knowledge, be able to
plan activities, ask questions and find answers to them, collaborate effectively in groups. All
this should lead to the search and introduction of new pedagogical forms and technologies in
education. One of these forms is students' research.

Various aspects of the formation of students' research skills in a pedagogical university,
intensification of research activity, as well as the question of improvement of teaching
methods based on educational-research approach have been considered by many scholars in
the field of education. According to our analysis, the ways of addressing these issues have
always corresponded to a certain state of development of the educational system, the level of
psychological-pedagogical and organizational-methodological research.

First of all, it is important to develop the ability to define a goal, to see a task, to choose
the ways and means to accomplish this task and to apply the acquired knowledge in practice.
Educational research activity necessarily requires that an individual should have creative
potential. At all stages of mastering research skills, students learn to use different mental
operations, to form a plan for further activities based on their conclusions.

One of the means of forming research skills is tasks with parameters. These tasks play a
role in forming students’ logical thinking and mathematical culture. Students who have
mastered methods of solving tasks with parameters successfully cope with other tasks. A large
number of applied problems, in particular economic, physical, chemical, biological, technical,
medical, etc., are reduced to the need to solve tasks with parameters (within the built
mathematical model) [1].

We suggest studying tasks with parameters within the discipline ‘“Mathematical basics
of informatics” in informatics teachers’ curriculum (the same opinion is shared by the authors
of the article [2]).

Analysis of recent research and publications. In [3] the authors present an analysis of
students’ work with algebraic expressions and problems involving parameters. They found
that students had great difficulties in working with parameters and suggested using geometric
contexts to help learners comprehend the meaning of parameters.

In [4] the authors substantiated the principles of formation and development of a cloud-
oriented educational and scientific environment of a higher educational institution.

In [5] the authors analyzed the issue of personalized learning as a global trend of
modern ICT-based educational systems.

In [6] the authors show that the appropriate use of computer graphing software has the
potential to avoid errors and overcome misconceptions associated with the notion of
equivalence in solving inequalities.

In [7] the authors note that the computer algebra systems (CAS) have potential to
facilitate an active approach to learning, to allow students to become involved in discovery
and to consolidate their own knowledge, thus developing conceptual and geometrical
understanding and a deeper approach to learning.

The experience of teaching mathematics to first-year engineering students with the help
of the open source CAS Sage is featured in [8].

In the dissertation [9, p. 286-295], the author proposes to research the task with
parameters at the stage of solving educational problems using computer-based teaching tools.
Granl was chosen as a tool in the dissertation [10].

N.O. Buhaiets’ dissertation states that the development of students' intellectual abilities
takes place, their educational and research skills and mathematical culture are formed and
developed in the process of solving tasks with parameters [11]. The author examines examples of
using the Granl pedagogical software to solve parameter-dependent integrals and to investigate
the dynamics of growth in predator and prey populations by using CAS Mathcad.
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In [12] the authors chose CAS MAXIMA as a learning tool.

Article [13] discusses some methodological features of teaching computer modeling of
processes and phenomena using animation. CAS Maxima tools for animation modeling are
described. In [14] the authors propose to solve research tasks, including equations and
inequalities with parameters, using the GeoGebra dynamic mathematics system [15] as a
means of intensifying research activities in the process of teaching mathematical disciplines.

In [16], the authors claim that some students experience difficulties in solving tasks with
parameters. In [17] the authors provide a method for solving quadratic equations with parameters.
The basic idea is to use graphical methods in combination with analytical methods.

The purpose of the article is to look into the problem of forming research skills of pre-
service IT teachers and to consider and evaluate the use of the Maxima system as a learning
tool in the process of solving tasks with parameters.

2. RESEARCH RESULTS

In the pedagogical dictionary [18], the research method is interpreted as a method of
involving students in independent and direct observations, based on which they establish
connections between objects and phenomena of reality, draw conclusions, and learn patterns.
Introducing an element of research into educational activities contributes to the formation of
activity, initiative and curiosity, develops students’ thinking, and encourages the need for
independent search [18, p.102].

According to L.Ya. Lerner, the research method is the basic method of teaching,
developing skills and creative activity, the essence of which is as follows. In the process of its
application, the traits of creative activity are formed, students acquire creative knowledge,
learn to apply known knowledge to solve problem tasks and to acquire new knowledge. This
ensures mastery of scientific knowledge. The purpose of the research method is to organize
students’ search and creative activity to solve problem tasks [19, p. 103].

According to V.M. Lytovchenko, research skills can be divided into the following
groups [20]:

— operational research skills, that is, being able to use a variety of mental techniques
and operations used in research activities, namely comparison, analysis and synthesis,
abstraction and generalization, hypothesis, comparison;

— organizational research skills, that is, being able to apply techniques to the
organization of research activities, to plan research work, to carry out self-analysis, to regulate
actions in the process of research activity;

— practical research skills, that is, being able to process literary sources, carry out
experimental studies, process observational data, implement results in practical activities;

— communicative research skills, that is, being able to apply methods of cooperation
in the process of research activities for mutual assistance and mutual control.

As M.I. Zhaldak notes, the teacher, like any specialist, must independently acquire new
knowledge, find the necessary information, and use modern information resources. For this
purpose, he/she must know where, how and what information to look for, how to analyze and
summarize it, using it in professional activity, for which he/she needs an adequate supply of
knowledge, and not small [22, p. 8].

As Ye.l. Mashbyts points out, the research approach in teaching is the key to improving
mathematical education, the development of creative, intellectual abilities, students’
educational and research skills [21]. According to M.L. Zhaldak, you cannot be a good
programmer without the ability to solve math problems, because the teaching of computer
science forms the ability to analyze, think logically, carry out heuristic search, facilitates
creativity, ability to prove or refute various hypotheses, make argumentative conclusions
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about the phenomena being investigated and the cause and effect relationships between them.
Algorithmization and programming are the same mathematics: analysis of the conditions of
the task, construction of a mathematical (or informational) model of the task, decomposition
of a task into subtasks to the simplest ones that can be solved in an elementary way [22, p. 8].

Forming an algorithmic style of thinking is an important component of teaching pre-
service informatics teachers. One of the tasks of higher education institutions is the
development of students’ creativity, initiative and independence. Informatics, like no other
science, contributes to the development of an algorithmic style of thinking, which is an
important component of the formation of research skills.

We have chosen the tasks with parameters because in the process of solving them
mathematical, logical thinking is developing, as well as the ability to analyze, compare,
summarize; research skills are forming. This is due to the fact that each task with parameters
is a whole class of routine tasks, each of which must be solved. In addition, solving problems
with parameters helps to formulate students’ ability to develop skills concisely and
transparently, to sort through all possible variants of arrangement of graphs depending on the
value of the parameter, which is the basis for the development of research skills.

Resolving various tasks with parameters is important in the process of fundamental
training of informatics teachers. At the same time, the acquired competences are integrative,
which facilitates cross-curricular linkages and the formation of research activities.

A task (equation, inequality, system of equations, system of inequalities, etc.) with a
parameter is a task that, in addition to variables and numerical coefficients, includes
alphabetic coefficients that are quantities not specified but they are considered known on
some numerical set.

There is no single algorithm for solving tasks with parameters. In general, analytic and
graphical methods of solving are used. It is convenient to use such graphical methods as
parallel transfer, rotation and homothetic transformation.

Depending on the role assigned to the parameter, there are two main techniques:
building a graphic image on the coordinate axis xOy or x0Oa.

The use of information and communication technologies (ICT), in particular CAS, in
the training of informatics teachers at a pedagogical university gives the possibility to extend
didactic applications of research approach, not to reduce it only to methods of observation,
experiment, laboratory method, but to consider tasks of research nature.

Tasks with parameters are research tasks where it is advisable to use information and
communication technologies, such as CAS, to do graphical constructions or various
calculations. Ye.F. Vinnychenko outlines the following criteria for CAS selection:
methodological expediency; intuitive interface; licensed purity [23]. CAS Maxima fully meets
these criteria.

In this article, solving tasks with parameters is accompanied by graphical visualization,
followed by the analytical method. CAS Maxima, including the wxanimate_draw function,
was used for graphic rendering (animation). For explicitly specified dependencies the explicit
statement is used, for implicitly specified implicit ones. After calculations are completed and
the drawing is highlighted, three elements for animation control become available in the upper
panel (Fig. 1). More detailed information about graphical constructions in the Maxima system
can be found in [24, p. 157-176].

RO
N

Fig. I
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Consider some examples.

Example 1. At what values of the parameter a do roots of the equation|x — a?| = —a? +
2a+ 3 |x — a?| = —a® + 2a + 3 have the same roots in sign [25, p. 93]?

Solution. Let f; = |x —a?|, f, = —a® + 2a + 3. Graphically f; defines a family of
“right angles” whose vertices are to the right of the origin on the axis OX. Note that we should
exclude a = 0 from consideration since the equations will have different roots. Graphically f,
defines a family of right lines, parallel to axis OX. Let us turn to graphical visualization
(Fig. 2). As can be seen, the roots of the equation are the same in sign provided that:

— the parameter value a is within from —1 (Fig. 2, case 2) to = —0,8 (Fig. 2, case 3);

— the parameter value a is within from = 1,8 (Fig. 2, case 4) to 3 (Fig. 2, case 5).

a=-1.2

abs(x-a2)
-a2+2*a+3

10

-a%+2%a+3

abs(x-a2)

6 8 10

Fig. 2

a=-1.0

case 2
a=1.8
abs(¥-a?) m—
-%+2%a+3
| PR BT 1 |
2 0 2 4 6 8
case 4
a=3.1
abs(x-a2) =—
-a?4+2%a+3 —
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To clarify parameter values a 3 let’s turn to the analytic method of solution. According
to the task, the graphs f; and f, should intersect at the points whose abscesses have the same
sign values. This is possible under the following conditions:

—a?+2a+3>0.’

Having solved the following system of inequalities, we get the answer:

e (T u ()

It should be noted that, compared to CAS Mathematica and Maple, Maxima has limited
use in solving inequalities and their systems. Maxima has several functions to solve
inequalities. Here is a description of some functions.

In order to solve one rational inequality in Maxima, it is advisable to use the function
solve_rat_ineq, and to solve the system of linear inequality — fourier_elim. The
following approach is proposed to solve systems of rational inequalities. We suggest solving
inequalities with the solve_rat_ineq function. Then from the obtained linear inequalities using
logical functions or (association) and and (intersection), we build a system of inequalities
that we solve with the help of fourier_elim. Let us explain this in the example of solving
inequality systems (1).

Let’s solve the first system of inequalities (1):

sl:zclve rat ineq(—a”2+2*%a+3<a™2) ;
Af7-1 NN

2 1. [a> 2

The result is interpreted as follows: a € (—00; _«/7;1) U (

[[a<- 11

V7+1
)

. +00). Write it using
the function or:

gl: (a<—i{=zqrt{7)-11/2)or(ax>i=sqrt (7)+1)/2);

1-~7 NENY]

4 Wa
2

Let’s solve the second system of inequalities (1):

g2:golve rat ineq(—a®2+2*%a+3>0) ;

[[a=>—-1,a<3]]
The result is interpreted as follows: a € (—1; 3). Write it using the function and:
gk ([ (ax>-1) and (a<3));:

arx—-1nra<3

Connect s1 and s2 using and and apply the function fourier_elim
fourier elim(=sl and =2, [al):
AT 1 A7

—t—<a,a3a<3]w[-1l<a, a<————
[er][ fzz]

The result obtained is interpreted as follows: a € (—1; —\/72_1) U (\/72+1 ;3), that 1is,

2| =

under this condition the roots of the equation |x — a —a? + 2a + 3 have the same roots

in the sign.
Example 2. How many different solutions does the equation system have

x?+y? =38,
{(y —ax)(y - a\/i) =0

depending on the parameter value a [25, p. 112]?
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Solution. The first equation of the system defines a circle with a center at the origin and

a radius to 2v/2. The second is the set of lines.
y = ax,

y = av2.

The first equation of the set determines the family of lines that pass through the origin —
the center of rotation. The second is a family parallel to OX lines.

Let’s turn to graphical visualization (Fig. 3). As you can see, the equation system can
have two, three, or four solutions. Obviously, the system has:

1) two solutions provided (Fig. 3, cases 1, 6, 11): a € (—o0; —2) U {0} U (2; +00);

2) three solutions provided:

— line y = aV/2 is tangent to the circle x? + y? = 8 (this is possible provided a = —2
and a = 2 (Fig. 3, cases 2, 10));

— lines y = ax and y = av2 and circle x> + y? = 8 have a common point (this is
possible provided a = —v3 and a = V3, (Fig. 3, cases 4, 8)). In this case, to find the values of
the parameter a you need to solve the equation system, excluding from consideration a = 0:

x%+y%? =38,
J y = ax,
y = av2,

k a # 0.
In Maxima, this can be done using the function solve, previously from the second

equation of the system expressing x = % (x:y/a)
viar*asqrt (215

2i1y/al
golve (x"24+y"2=8, a);

[a :—'\'? ¢ 2 ='\'? ]
3) four solutions provided (Fig. 3, cases 3, 5,7,9) a € (—2; —\/§) U (—\/§; 0) U
(0:v3) U (V3; 2).

a=-2.4 a=-2.8
WhDHy Iz —— ' ' W Dy IsE ——
4+ {y=a=x)e{y=-aseqrt (2= ——— - 4+ {y=a=xy={y=-aseqrt{2)=g ——— -
2 s |
a a
-2t - -2
-4 -2 8 2 4 -4 -2 8 2 4
case 1 case 2
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a=-1.85
' :.:"‘21-9"‘2':3 _—
4qr {y-a*xry*{y-a¥z=qrt{2)=0 ——
2 -
]
_2 o
1
=4 |
-4 -2 ] 4
case 3
a=-8,73
' ' H“2+g“é=ﬁ —
4 {y=asx)*{y=-assqrt{2)}=a ——
2
T
-2 | \
—4 o
-4 - 8 4
case 5
a=8.,9
' 24y o=g
q r {y—a*x)={y—-as=sqrt{2)=0
.| H//,ﬂfﬂg_
. ( )
-
_4 o

case 7

a=-1,79
' ' W 24y tozg ——
4+ {y-asyy*#{y-axsqrt{2)= ——
2 i \
a
-2 /fj/
"'h,_‘_\_‘_\_
—4 -
-4 -2 a 2
case 4
a=a
T T Hﬂ2+gaé=3 __
4 {(y=asx)={y=-as=qrt{2)=0 ——
2
a
-2
-4
-4 -2 a 2
case 6
a=1,.75
' ' H“2+g“é=
4+ {y—a*xrr*{y—-as=qrt{2)=0
—
2 -
a
_2 -
—4 -

-4

-2 a

case 8
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a=1.,9 a=2.8
T T HA2+HA2' T ' ! l-l""'E"‘l_-l".NEI i I
qr {y—a=x}*{y-aszqrt{23=n 1 4 r {y-asx}*#{y—asfsqrt{2y=0 1
2t - 2r 1
B B
-2 | i -2 r .
—4 o E _4 ) 1
-4 -2 8 2 4
-4 -2 0 2 4
case 9 case 10
a=2.2
' ' H"2+g""'-3 —
4 {y-a=xi={y=-assqrt{F)=0 —— -
2 - -
a
_2 - o
_4 - o
| -2 a 2 4
case 11
Fig. 3

Example 3. How many solutions does the equation system have
{le +lyl=a,
xZ+y%=

depending on the parameter value a [25, p. 117]?

Solution. First of all, note that if a < 0 the system of equations has no solution. The first
equation of the system defines a family of homothetic squares with vertices lying on the
coordinate axes and with the center of homotathy in p.(0;0), the second — a circle with a center
at the origin and a radius equal to 1. Having made a graphic illustration (Fig. 4), we can see
that the system of the equation:

1) has no solutions: (Fig. 4, cases 1,5) a € (—o0; 1) U (\/f; 00);

2) has four solutions (Fig. 4, cases 2, 4): square inscribed in a circle (a = 1) or
square inscribed in a circle (a = V2);

3) has eight solutions (Fig. 4, case 3): a € (1; \/f)
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a=8.7 a=1.8
o : : . : . o . . . . T
{ahs{xX+abs{y}=a {abz{xX+abz={yl=a
1.5 | K oy~ a=1 ) 1.5 | a1
1r . 1 F
3*5 B /\ T B.ﬁ B
B \/ B
-8.5r 1 -8.5 |
—1 - B _1 |
-8 1 | -1.5 |
-2 ' ' ' ' ' ' -2 i i i i i i
-2 -1,5 -1 -8.5 @8 8.5 1 1.5 2 -2 1.5 -1 -8.5 © 8.5 1 1.5
case 1 case 2
a=1.25 a=1.45
b T T T T 2 T T T T
{abs{xX+abs{yl=a {abs{xX+ab=s={yl}=a
1.5 - W2yt 2=1 | 1.5 - K24yt 2=1
1t - 1t
8.5 . 8.5 r
a a
-8,95 1 -a8.5
_1 - 5 _1 L
=-1,5 1 =-1.9
-2 I i i i i i -5 i I i i i i
-2 -1, -1 -8,5 8 8.5 1 1.5 2 -2 -1, -1 -8,5% 8 68,5 1 1.5
case 3 case 4
a=1.55
2 T T T
{abs{x}+abs{yl=a
1.5 | 24y7271
1 - -
8,5 r 1
a
—B'E - -
_1 - .
-1'5 o -
-2 L L ; ; ; ;
-2 -1,5 -1 -8.% 8 8,5 1 1.5 2
case 5
Fig. 4
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Example 4. How many solutions does the system have
{y —x%=c,
x—yi=c
depending on the parameter ¢ [25, p. 136]?
Solution. Write this system as follows
{ y=x%*+c,
x— (x*+c)? =c.
Obviously, the number of roots of the second equation is equal to the number of roots of
the system itself. Therefore, we will solve the second equation of the system with respect to c:
al:zolve (- (¥™24+c) 2=, ) ;

z—x—l,c:x—xz]

[o=—x
We obtain a set of equations:
c=—x*—x—-1,
c=-x%+nx.
In the coordinate plane xOc build graphs (Fig. 5) c(x) = —x2 —x —1 and c(x) =
—x% +x.

a=-2,25 a=-8,75
HnPg=1 — ! ' [
1r -2 —— 1r = 2R ——
C - c —

8 8
-1 | -1 |
oL -3
-3 L -3 !
-4 | -4 |
-5 I I I L -5 i i L

-4 -2 8 2 4 -4 -2 ] 2 4

case 1 case 2
a=-8,39 a=8.,25
HAD—p— — I ' [ ——
1r R — 1r -H"24H —
c — c —

8 8
-1 -1 r
—2 - _2 L
=3 - -3 }
-4 | -4
-5 L -5

=4 =2 a 2 4 -4 -2 ] 2 4

case 3 case 4
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a=a.4

——
1r =K 24K

case 3

Fig. 5

Analysis of the graphical visualization of the task shows that in order to answer the
question, it is necessary to find the ordinates of the vertices of the parabola and their point of
intersection.

The intersection point of the parabola is as follows:

solve (evic,al[l]li=evi(c, al[2]),32);
evialll], %);

[ x= = ]
T
3
o=——
4
Parabolic vertex coordinates ¢ = —x? —x —1 and ¢ = —x? + x respectively are
c=- Z and ¢ = %. It should be noted that the intersection point of the parabola coincides with
the vertex of the parabola c = —x% — x — 1.
Now we can write the answer:
1) ifce (—00; — 2), then the system has four solutions (Fig. 5, case 1);
2) ifc € [—% ; %), then the system has two solutions (Fig. 5, case 2, case 3);
3) ifc = %, then the system has one solution (Fig. 5, case 4);
4) ifc € G; +00), then the system has no solutions (Fig. 5, case 5).

Example 5. Find all parameter values a, in which the system of inequalities
{xz +2x+a<0,
x2—4x—6a<0
has single solution [25, p. 133].
Solution. We write this system as
a < —x?-—2x,
- x? — 4x
a= —
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All solutions of the system, i.e. pairs, (x; a) form an area, which is depicted in Fig. 6.
By default, among all the solutions we should select the ones when the system has a single
solution. Graphically, this means that straight lines parallel to the axis OX should have one
point in common with the outlined area. We draw a sketched area with a function region.
As can be seen from Fig. 6, this is possible if:

1) line a = ¢ (¢ = const) passes through the intersection point of the parabola
a(x) =

2_
== 64x and a(x) = —x? — 2x (Fig. 6, case 1). To find the parameter value a it is

necessary to solve a system of equations
a=—x?>-2x,
x? — 4x
6
and choose the smallest of its possible values (as can be seen from the graphic

illustration), that is a = 0:
golve ([a=—x"2-2%x,a=(x"2-4*x1 /6], [a, €] ;

a=

([ =28 = El] [a=0, x=0]]
a= 15" = -1 a=0, x=
2) line a = ¢ is tangential to the parabola a(x) = —x? — 2x, that is, it passes

through its top. This is possible provided a = 1. (Fig. 6, case 2).

a=0 a=1.0
1.2
3 -x2-2%x L2 2oy ——
1y (-4%%)/6 —— 1] R —
0.8 - a 08 L a
0.6 0.6 L
04 04 F
02 F s L
0 0
02f 02 -
0.4 L -0.4 r
-06 - 0oLy ; w ‘
C 1 i 1
5 L 0 | 5 2 -1 0 1 2
case 1 case 2

Fig. 6

The only solution is to have a system of inequalities if a = 0 abo a = 1.

3. CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH

The results of the study show that one of the mechanisms for the formation of research
skills is the task with parameters, for which it is advisable to use ICT, including CAS
Maxima. Such an approach in teaching will contribute to the formation of an algorithmic style
of thinking, the ability to analyze, systematize, model and predict. The acquired competences
will be useful for IT students to properly master courses in professional training, including
algorithms and programming, modeling, the basics of artificial intelligence, optimization
methods and operations research, etc.
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Solving tasks with parameters requires a certain level of development of logical and
abstract thinking, the ability to analyze and generalize. Tasks with parameters require studies
of a more general nature than ordinary equations, inequalities and their systems. Solving tasks
with parameters helps to improve the ability to think logically, to refine the logical methods of
thinking (analysis, synthesis, comparison, concretization, and generalization) required for
professional growth, for teachers of informatics in particular.

The use of a research approach in the educational process is effective under the
conditions of pedagogically balanced use of CAS, whereby it is possible to focus on training
meaningful, creative aspects of educational and cognitive activity and to leave the routine and
time-consuming work to the computer.

We chose the Maxima system as a tool for researching tasks with parameters. In our
opinion, it is actually the system that is appropriate to use in pedagogical universities for teaching
computer modeling to students of physical, mathematical and informatical specialties.

Further research will focus on expanding the range of research tasks with parameters that
can be solved using the proposed Maxima system, as well as comparisons with other software
products.
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AHoTanig. Y crarti po3mIsSHYTO NpoOieMy, 0 CTOCYETHCS (OpMyBaHHS JOCIIIHULIBKUX YMIiHb
CTYJICHTIB NeEIaroriyHuX YHIBEpCUTETiB. 3HaYHA yBara HpPUAUISIETbCS (OPMYBAHHIO TBOPYOTO
MUCJICHHS CTYJICHTIB y MpoIieci po3B’ sI3yBaHHS 3a/1a4 3 apamerpamu. HeoOXigHICTh po3B’ I3yBaTH
3ama4i 3 mapamerpamu (y Mekax MoOymoBaHOI MaTeMaTHYHOI MOJeli) OOyMOBJIEHa BEIUKOIO
KUTBKICTIO TPUKJIAJHUAX 3a/ad, 30KpeMa EKOHOMIYHHMX, (i3WdHHUX, XIMIYHHX, OiOJOTIYHMX,
TEXHIYHUX, MEIUNIHUX TOINO. 3a/adi 3 rmapamMeTpaMyd BUMararoTh JAOCTIDKEHb OUTBIN 3arajibHOTO
XapakTepy, HiXK 3BUUYaiHI PIBHAHHS, HEPIBHOCTI Ta X CHCTEMHU. Y CTaTTi po3B’sA3yBaHHS 3aaad 3
nmapaMeTpamMu CYIpPOBO/DKYEThCS TpadivyHOO Bi3yamizamicro 3 MOAAIBITUM BHKOPHUCTAHHIM
aHaiitTuaHoro meroxy. st rpadivynoi Bizyanizauii (animanii) Bukopucrano CKM Maxima. Bu6ip
3aJad 3 mHapaMeTpaMd OOYMOBJIEHMH THM, IO B IpOLECi iX pO3B’S3yBaHHS PO3BUBAETHCS
MaTeMaTH4YHE, JIOTIYHE MHCJICHHS, YMIHHS aHANi3yBaTH, IIOPIBHIOBATH, Yy3arajbHIOBaTH,
(opMyIOTBCSI HaBMYKH JOCHIAHUIBKOT JisulbHOCTI. Bce 1ie Mae mpusBecTH A0 MOWIYKY 1
BIPOBA/PKCHHS! HOBMX IeJaroriyHux (opMm 1 TexXHOJOTid B OCBITI. ['OJOBHHMH KOMIIOHEHT
METOJMYHOI CHCTEMH — KOMIT'IOTEpHA Opi€HTalisl, a caMe BUKOPUCTaHHS CUCTEMH KOMIT IOTEpHOT
MaTeMaTUKH. BHUKOPHCTOBYIOYM CHCTEMU KOMO'FOTEPHOI MAareMaTHKH, CTYASHT MOXe:
YAOCKOHATIOBATH TEXHIKY MpPOTpaMyBaHHs Ta yMIiHHS 30Cepe/PKyBaTH yBary Ha aHaii3i METOIIB,
3aHYPIOBATUCh B OCOOJMBOCTI TaKWX IMOHATH, SIK OOYMOBJICHICTh 3aladi, cTabiabHICTh METOLY,
OIliHKa pe3yNbTaTiB oO0YHCIeHb. Y poOOTi IS JOCHi/DKeHHS 3a7ad 3 TapaMeTpaMu MU
BUKOpHCTOBYBaK 3acobu animamii CKM Maxima 3 rpadiunoro obononkoro wxMaxima. Bubip
cucteMd Maxima TMOSICHIOETbCS TaKUMH [PUYMHAMHU: BUIBHO TIOIIMPIOBAaHA CHCTEMA,
nommproeTbes 3a ninensiecro GNU/GPL; e peamizamii mijg pi3Hi omepariiiHi cHCTEMH, 30Kpema
Windows, Linux, MacOS; HasBHICTb IHTYITMBHO-3po3yMisioro iHrepdeiicy; mpocrora Ta
HAQIAHICTE Y poOOTi. Pe3ympTaTé MOCHIIKCHHS IMOKAa3ykTh, 0 €()EKTUBHICTh IMiATOTOBKH
cy4acHMX (axiBIiB, PO3BUTOK X mpodeciifiHOro moreHmiany peanizyeTbcsl B 3aJy4eHH] CTYICHTIB
JI0 IOCHITHALBKOT isSTTBHOCTI MPOTSATOM YChOTO HaBYAHHS.

KurouoBi cjaoBa: 3amadi 3 TmapaMeTpamu; JOCTIIHWIBKI yMIiHHS, CHUCTEMH KOMIT IOTePHOL
MaTeMaTuku; Maxima.
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AnHoTanus. B cratbe paccMoTpeHa nmpodieMa, Kacaromascs (opMHUPOBAHUS UCCICIOBATEIBCKIX
YMEHHUIl CTYIEHTOB MEJarormyeckux YHHUBEPCUTETOB. 3HAUMUTENbHOE BHUMAHUE YJENSIeTCs
(hopMHUPOBAHHIO TBOPYECKOTO MBIIUICHHS CTYIEHTOB B IPOIECCE PEIICHHS 3a/1a4 C ITapaMeTPaMu.
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HeoOxonuMocTs pemieHus 3amad ¢ napamerpamu (B paMKax IMOCTPOCHHONW MaTeMaTH4eCKOMH
MOJIeJIN) O0YCIIOBJICHA OOJIBIINM KOJIMYCCTBOM MPUKIATHBIX 3a/1a4, B YACTHOCTH IKOHOMHYCCKHX,
(bu3MUeCKUX, XUMHYECKHX, OMOJOIMYECKHX, TEXHHUYECKHX, MEIUIMHCKMX H Jp. 3amadud ¢
nmapaMmeTpamMu TpeOyIOT HCCIeoBaHWK Oojee oOImero xapakrepa, 4eM OOBIYHBIC YpaBHEHUS,
HEpaBEHCTBA M HMX CHCTeMbl. B cTaThe peleHus 3amad C HapaMeTpamy COMPOBOXKAAIOTCS
rpaguyeckoil BU3yalH3alueil ¢ MOCIeIyIOUIMM UCIOJIb30BAHHEM aHAIUTHYECKOro Meroxa. s
rpaduueckoit Buszyanmzanuu (aHUMaruu) ucnoigb3oBaHo CKM Maxima. Bwibop 3amad ¢
napaMeTpamu OOYCIIOBJIEH TEM, 4YTO B MPOLIECCE MX PEIICHHsS] pa3BHUBACTCS MaTeMaTHYecKoe,
JIOTHYECKOE MBINUICHUE, YMCHUE aHATU3UPOBATh, CPABHUBATH, 0000IIaTh, (POPMHUPYIOTCS HABBIKU
HCCIICIOBATEIbCKON NIEATEIBHOCTH. BCe 3TO NOMKHO MPHUBECTH K MOWUCKY U BHEIPCHUIO HOBBIX
nearormdeckux (GopM W TEXHONOTHIl B 00pa3oBaHWH. [J1aBHBI KOMIIOHCHT METOJUYECKON
CUCTEMBI - KOMMBIOTEPHAs OPHCHTAILMsA, a UMCHHO HCIIOJIb30BAaHHE CHUCTEMBI KOMITBEOTCPHOM
MaTeMaTHKH. Vcrmonmb3yss  CHUCTEMBI  KOMIBIOTCPHOW  MAaTEeMaTHUKU, CTYACHT  MOJXET:
COBEpILICHCTBOBaTh TCXHUKY MPOrPAaMMHPOBAaHUS Y YMCHHE KOHIICHTPUPOBATh BHUMAaHHC Ha
aHaJM3e METOJIOB, MOrPYXKAThCSI B OCOOCHHOCTH TAKHUX MOHSATHH, KaK OOYCIOBICHHOCTh 3a/1a4H,
CTabMJIBHOCTh METO/I, OLIEHKA Pe3yJIbTATOB BhIYUCICHHUIL. B pabore s mccienoBaHus 3a1ad C
nmapaMeTpamMu Mbl UCTIONB30Bau cpeactBa anuMmanun CKM Maxima ¢ rpaduueckoit o6omoukoit
wxMaxima. Bpibop cucrempl Maxima OOBSICHSICTCS CICAYIOIIMMHA TNPUIMHAMH: CBOOOIHO
pacmpocTpaHseMasl cuctema, pacnpoctpansercs mo ymneH3nn GNU / GPL; ecTh peanu3anuu mosu
pasnIUYHbBIE ONEpalMOHHBIE CHUCTeMBI, B ToM umciae Windows, Linux, MacOS; nHamuume
WHTYUTHBHO-TIOHATHOTO HWHTEpdeiica; NpocToTa ¥ HAACKHOCTH B pabore. Pe3ynbrarh
UCCIICIOBAaHMS TOKA3bIBAIOT, YTO A(PPEKTHBHOCTH IMOATOTOBKH COBPEMEHHBIX CIICI[HAIUCTOB,
pa3BuTus UX NPO(ECCHOHANBHOTO IMOTCHIMANA PEATU3YyeTCS B NPUBJICYCHHU CTYACHTOB K
HCCIICIOBATEIbCKOM ICATCIFHOCTH HA TPOTSHKCHUU BCETO O0OyUCHHS.

KioueBble cjioBa: 3ajaud C [apaMeTpaMu; HCCIEIOBATEIbCKUE YMEHHs; CHUCTEMBI
KOMITBIOTEPHON MaTeMaTHKH; Maxima.
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