Volume 12| November 2022

ISSN: 2795-7667

Eurasian Journal of Physics,
Chemistry and Mathematics

The Theory of Catastrophes as a
Model of Learning

Rajabov Komil Askarovich

Candidate of Pedagogical Sciences, Associate Professor of the
Fergana Polytechnic Institute, Fergana, Uzbekistan

An attempt was made to create a mathematical model by reproducing new knowledge or

B previously mastered knowledge in order to group students' knowledge using the theory
< of destruction.
o
|_
%)
m
<
Keywords: Knowledge, grouping, destruction, theory, repetition, student, goal,
model.
Introduction of formation of associations of elements is

Consider in the article some abstract
knowledge base, that is, a system for storing,
transforming and generating information that
functions in interaction with the environment.
The dynamics of the knowledge base act for us
as a model for the student in the learning
system [1-3].

Schematically, the knowledge base can be
characterized by the number X - elements of
the knowledge base, which are presented in the
base, abstracting, of course, from their
qualitative features. Let us assume that the
change in X is caused by the processes of
generation and forgetting, the rates of which
depend on the value of X, that is, let us assume
that the dynamics of the base is described by an
equation of the form:

dx

a:(bJr(p(x))-x—a (1)
where a - characterizes the process of
forgetting, b - generation, and the non-linear
term @(x) will be interpreted as describing the
process of combining elements of the
knowledge base [4-9].

Let us assume that on [ element of the
knowledge base that entered the base, the rate

proportional to the square of X, that is

dx

—(b—-d.x2\x_—
a_(b d-x )x a 2)
Or,gentlyd =1
We have
dx _ 3 B
g X°+bx—a (3)

The cubic term is analogous to the term
containing the product

concentrations of reacting elements in an
equation describing the rate of a chemical
reaction involving three components. In our
case, one of the three associated elements is the
role of a “stimulus”, a link for the formation of
an association between two disparate ones [10-
14].

Thus, the cubic term on the right side (I) is
responsible for the consolidation of knowledge
base units, and the linear one is responsible for
their quantitative growth.

We will be interested in the influence of the
parameters a, and b on the stationary state of
the equation. It is known that the stationary
state is surrounded by some attraction regions,
and it is essential to know whether small
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changes in the system parameters will lead to a
shift from one attraction region to another,
which, in turn, can lead to sharp qualitative
changes in the further behaviour of the system
[14-16].

In the elementary theory of catastrophes, it is
assumed that the behaviour of the process
under study is controlled by some potential
function, the local minima of which correspond
to equilibrium states. In this case, it is often not
important to know the function; it is enough to
recognize the fact of its existence. We will
assume that the equilibrium states are
established faster than the process proceeds,
and we will study the influence of the input
parameters of systems a and b on the output
value, which is taken as the stationary value
X.p, that is, the value of X corresponding to the
minimum of the potential function

F(x,a,b):_TX4+(b—)2(2)—ax (4)

The stationary point of this function is found
from the condition:

dF 3
- — 5
Ix X°+bx—a (5

equality to zero of the left side of the equation
of dynamics of the knowledge base. The

resulting cubic equation x3 -bx +a =0 has
roots that are calculated by the Cardano
formulas, and the nature of the roots is
determined by the sign of the discriminant:

D=—75+"- (6)

If - all roots are real, different;D < 0

D = 0- all roots are real, of which at least two
are equal;

D > 0- one real root and two complex ones.

If D<O0>0, then condition b> 0 must be
satisfied, which corresponds to a positive base
change rate for each incoming knowledge base
element.

The dependence of the potential function F(x, a,
b) on the parameters has the following
character, disclosed in the graph (Fig. 1).

a< 0

L 27a®

|

Picture 1.

Outside the curve in the plane, the function has
one minimum (one steady state), and inside -
two minima and one maximum. The curve D=0,
which separates the regions where one and

two stable states are located, is called the
bifurcation curve 4b3 = 27a?.

If in space we build the dependence of the
position of stationary points on the parameters
a, and b, then we get a picture (Fig. 2).
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Figure 2.

At the points of the surface where there is a
vertical tangent through the inflexion point,
two stationary modes merge. The projection of
these points is a bifurcation curve x;, =
Xim (a! b)

The presented surface does not depict
processes in the knowledge base, but only the
dependence of stationary states on parameters.
To describe the process, assumptions are
needed about the dependence of the system
parameters in the form:

a=a(x,t); )
b=b(x,t)
Or
(3—a:a(a,x,t);
¢ (8)

db
E—ﬂ(b,xl)

However, several general qualitative properties
can be obtained in the dynamics of the system,
without resorting to the study of specific types
of function, using the methods of elementary
catastrophe theory.a(x, t)b(x, t)

The considered dependence refers to one of the
seven elementary catastrophes and is called
the “assembly” catastrophe. It has a number of
features that directly allow us to give a
psychological interpretation of the considered
model of the knowledge base.

In the region lying inside the bifurcation curve,
the system corresponds to two states for the
same values of the parameters. In addition,
there are X values at which the system cannot
be, and the transition between states is carried
out abruptly.

Two system instances with the same parameter
values move to different build levels. The noted
qualitative characteristics of the model,
discovered by methods of analysis of the
structural stability of the differential equation
(I), allow us to draw similar conclusions in
terms of characterizing the student's behaviour
in the learning system. Learning takes place in
leaps as a result of the action of two opposite
trends in the accumulation of knowledge - an
increase in the number of fragmented
knowledge, consolidation of units and the
formation of associations. The success of
learning can be different for people with the
same abilities due to minor influences of
random associations and other factors. The
model explains the positive role of "forgetting”
in the generation of knowledge, and such
substantiates well-known recommendations on
the nature of repetition. Time-dispersed
repetition is more effective than concentrated
repetition, since the same element of
knowledge finds the base in its various states,
due to the “forgetting” processes implemented
in it. Naturally, this recommendation is of
limited use, since along with the forgotten

Eurasian Journal of Physics, Chemistry and Mathematics

www.geniusjournals.org
Page |52



Volume 12| November 2022

ISSN: 2795-7667

"incorrect” associations and elements in the
database, "correct” ones can also disappear.
Repetition through a variety of activities
carried out with a certain reconstruction of the
material, such is more effective than simple
repetition, as it increases the likelihood of new
associations, therefore, jumps. The
presentation of material by immediately
connected enlarged units is more efficient in
terms of initializing additional connections and
associations and, therefore, abrupt changes in
the student's knowledge. For the purposes of
further research,

The computer form of education is
characterized by the fact that, within the
framework of this form, the student carries out
experiments with some information
environment of an imitation-game
computational nature. Thus, in its essence, such
a form is opposite to generalized knowledge
formulated in the framework of the theoretical
development of reality. Private acts obtained as
a result of individual work on a computer, in
this case, can initiate new connections, and
contribute to the formation of ideas and
hypotheses if they introduce new connecting
stimulating links into the student's knowledge.
A positive element here can be obtained by
using not separate training programs, but
complex simulation-game and computational
experimental works that form a well-thought-
out chain of training activities related in a
special way to the main course. The
effectiveness of such an "accompanying" course
of computer learning is similar to the role of
laboratory experiments in the disciplines of the
natural cycle. The effect of influence on
learning is determined by the fact that
particular facts become the foundations of true
generalizing constructions.
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