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Relevance of research. The development of theory, methodology, and practice for applying
information technology (IT) in the educational process in general, and in higher education
institutions in particular, is one of the main and pressing problems of implementation in the
educational process.

A method is, in the broadest definition, an organized action that leads to a certain aim.
Technical teaching aids are well-known to have a significant role in the system of teaching
techniques. It is also well recognized that fresh data from contemporary science may be introduced
to pupils and that students can receive an ever-increasing amount of instructional content thanks
to technology teaching aids. Furthermore, information technology allows for the educational
process to be conducted without overload students with additional hours of classes.

An examination of how contemporary information technologies are used in the educational
system reveals a trend toward the display of information through figures and images in a wide
range of innovations.

Simultaneously, a large number of computer programmers come up with fresh visual-
figurative, virtual interpretations of scientific and instructional content, frequently in their own
unique way, working independently and in tandem.

© 2023 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).


https://univerpubl.com/index.php/woscience

WOS: Journal on Modern Research Methodologies 1SSN: 2835-3072

Degree of problem development. The use of new computer technologies in relation to the
process of teaching mathematics is considered in the works of A.N. Burov, M.N. Maryukov, M.I.
Ragulin, O.P. Solobuto, A.V. Yudakov and others. An is a means of developing creative direction.
[1-8]

From these works it can be seen that the use of IT in the education system is of a private
nature. The authors do not consider the theoretical, scientific, methodological and pedagogical
aspects of the problem in a generalized form [1-9].

Reading through republican scientific and methodological works on pedagogy and
information technologies reveals that researchers like S.S. Gulyamov, M. Aripov, L.N.
Shibarshova, A.A. Abdukadirov, and A.H. Abdullaev investigated the problems of setting up
virtual stands for virtual resources and distance learning [1-10].

The issue of developing and using electronic learning aids is covered in the research of L.H.
Zainutdinova, G.V. lvshin, D.F. Lazarev, V.V. Serikov, A.Yu. Uvarov, S.G. Shapovalenko, and
others [1-14]. Specifically, the phases involved in developing electronic textbooks and their
classifications are covered.

For instance, L.Kh. Zainutdinova's study examined and investigated the many kinds of
electronic textbooks as well as the concepts behind their development [1-8].

The connection between conceptual and figurative thinking should be altered, and the status
and degree of development of figurative thinking should be greatly elevated through the
employment of contemporary information technology in conjunction with figurative information
presentation. This tendency may indicate the start of a new phase in the evolution of human
civilisation and intellect. The use of metaphors in information presentation will aid in the
development of global communication processes by lowering language barriers.

Today's computers are far more capable of doing numerical calculations than humans are.
On the other hand, a person may easily and swiftly solve difficult tasks involving the perception
of external data, such as identifying oneself in a crowd or comprehending the speech of many
individuals; a skilled physician, on the other hand, can identify an illness from a patient’s look.
Even a contemporary supercomputer finds it extremely challenging to do all of these tasks. Why
are there these kinds of big differences? Modeling things that are functions of several factors
presents challenges. However, someone is skilled at modeling a field of study where these
functions are present.

The capacity to model a subject helps someone make predictions about different kinds of
processes, events, and occurrences. The biological neural network, which is used for human
modeling, has an architecture that is entirely distinct from that of a computer, which has a
substantial impact on the kinds of tasks that each of these models can carry out more effectively.
These systems differ in terms of their architecture, problem-solving capabilities, and the standards
by which their output is evaluated. One of the primary ways that scientists and researchers are
currently able to comprehend the world around them is via the use of computer modeling
technologies. The growth of analytical secondary schools that practice creating student-oriented
and research-based types of teaching can be greatly impacted by the usage of such technology for
educational objectives. The use of computer modeling technology in the educational system has
the potential to greatly raise educational standards. Development of various technologies, such as
virtual laboratories, will be important in order to use IT to improve education [1-14].
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Through the use of a virtual laboratory, users who lack the necessary sophisticated
computing equipment may perform experiments and can use the application without having to buy
it. This method has a lot of potential applications in teaching as well as pure science.

A virtual laboratory's computer simulations give the user, or student, more flexible,
convenient, and visible capabilities than applets or computer models, which simply let you alter
certain experimental settings.

Systematizing teaching techniques is crucial in higher education because well-built
methodological systems yield high-caliber knowledge. These systems have an educational impact
and aid in the growth of ideas and abilities as well as the strength and awareness of information.
As a result, the issue of developing a single methodological framework for all stages of the
educational process comes up.

In light of the aforementioned, it is prudent to create a methodical virtual resource system
based on computer simulation models in order to address these issues.

The purpose of this research is to develop a methodological system of virtual resources
based on computer simulation models to improve the efficiency of the educational process in
higher education. [8]

We provide a methodical framework of computer simulation modeling in order to improve
the effectiveness of ongoing multi-level education. This system's job is to create online resources
for continual multilevel education at every level. This means that a single knowledge base of
virtual resources based on computer simulation models that offer lectures, practical, and laboratory
lessons should be developed, starting with preschool education and concluding with higher
education. Every aspect of the educational system is included in this methodological approach’s
construction of virtual resources, which are based on computer simulation models. Research at
every level of the educational system is necessary for the creation of virtual resources within the
parameters of this methodological approach. [8]

It should be mentioned that study on every topic taught in a specific higher education
institution is necessary for the creation and application of virtual resources in higher education.

A methodical system of virtual resources based on computer simulation models may now be
developed and used in the educational process using contemporary information technology
instruments.

From elementary school to higher education, every aspect of the educational system is
covered by this methodological framework. This methodological system's job is to create and
apply virtual resources at all educational levels that are based on computer simulation models [8-
12].

This research work describes the structure and formalization of virtual resources based on
computer simulation models used by WEB applications

Research objectives:

To develop the theoretical foundations and practical application of virtual resources
developed on the basis of computer simulation in higher education institutions and their use for
the development and creation of:

1) Forms and methods of teaching;

2) Methods of practical and laboratory classes;
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3) Methods for conducting virtual laboratories and independent work of students;

4) Training base for distance learning;

The goal of the project is to determine how to improve the efficacy of theoretical, practical,
and laboratory instruction in higher education by using a systematic system of virtual resources
that was created using computer simulation models.

The process of creating virtual laboratories at higher education institutions using computer
simulation models is the focus of this study [1-9].

Methodology. Virtual resource organization and algorithmization were codified through the
use of frame technology.

A data structure called a frame is used to depict prototypical circumstances. There are several
kinds of information connected to each frame. Its three parts are as follows: the first describes how
a particular frame should be used, the second suggests what its implementation would involve, and
the third suggests what to do in the event that these expectations are not met [8].

You may think of a frame as a network made up of nodes and connections. Since these
notions are always fair in regard to the intended circumstance, the "upper levels™ of the frame are
well defined. Numerous unique terminal nodes, or “cells," at lower levels need to be populated
with illustrative cases or data [13].

Every terminal can establish requirements that its jobs need to meet. Markers can be used to
specify simple requirements, such as requiring that the terminal task be a given subject, an object
of a certain size, or a reference to a specific sort of subframe. The links between the ideas included
in different terminal vertices are specified by more complicated requirements.

We provide the following notation to represent the architecture of virtual resources
represented as frames:

BD - Database

KNWD - Knowledge Base

Web-P -Web applications

SER - Server

PCST - Student Personal Account

PCTCH - Personal account of the teacher

TQ - test questions

LMD - educational material base

KSM - Computer simulation model

CQ - control questions

MOD - problem model

ALG - problem algorithm

SOFTW - software

NUMSUBJ - number of academic subjects

TQ — test questions

CQ - control questions

In our case, the use of frame technology has the following form.

In this case, the KSM for each subject are determined by the following frame:

KSM; ; = (MOD, + ALG, + SOFTW,)

MOD,-KSM to that subject ALG,-algorithm to-that simulation model, SOFTW,_to-software

for that algorithm.
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Takum oOpazam [Tt KaKI0TOo IIpeaMeTa pazpabdbareiBaeTcst coBOKynmHOCTh KSM ¢peiimoB u
ux o6o3Hauum KSM; ; —i=1,n,j=1kKSM; j- osHadaet,i-KSM  j-roro mpenmera/ [lanee
BBeneM oGosHadenne NUMSUBJ,- komudecTBO yuebHBIX mpeameroB rie, |=1,m. Torma
cipaseiuBo cienyomas papeHctBo KNWD= (KSML i+ TQ), BD= (NS + CQ). Eciu yuecrs,
gyro KNWD u BD coctaBisier 0CHOBY HHTEUICKTyanbHOU cuctembl (IS) Torma cnpaBemmmBo
paBerctBo B Bume ISS{KNWD — BD + TQ + CQ}. Temepp paccmorpum KSM mist k- Toro
npeamera KSM, -k Toro npeaMera cOCTOUT U3 COJIEpKaHUs K- TEMBI K -TOTO IIPeIMETa, HalpuMep,
umerotes 1, k npeameTos Tembl. Kaxas TeMa MOXKeET COCTOMT U3 1,3- Mojeneli B 3aBUCHMOCTH
UX COJIEpXKaHMs. DT MOJEIU MOXET OBbITh OOBEAMHEHBI B OJWH MOJeNnb. TakuM o0pa3om, MbI
umeeM MOD, ;. ,,- oTHOCcsAIMIiCA K- ToMy npeamery N-oii Tembl.pperima MOD, j ,-cocTouT M3
1,k-npenMeToB U 1,K Tembl. J{ns pa3paGoTKH MOD, ;. , TpeOyeTca ompeaenuTh OT KaKHUX
napameTpoB 3aBUCHT MOD, ;. ,, 11 Kax 0¥ Tembl. COBOKYIIHOCTh ITapaMeTpoB 0003HaYUM d, —
1, erned,-03HauaeT KonmuecTBo mapameTpos dpeiima KSM 114 K -0ro mpeMeTa, TakKuM 06pa3oM
de k1 n-03HAYAET KOJTMYECTBO TAPAMETPOB K TOTO MoJienu |-Toro npeamera, K-TOi TEMEL.

Inthis way, for each subject, a set of KSM frames is developed and we denote them KSM; ; —

i=1,n,j =1,kKSM,; ;- means i-KSM j-subject/ Next, we introduce the notation NUMSUBJ,-

number of educational subjects where, I=1,m. Then the following equality is valid: KNWD=
(KSM; ; + TQ), BD= (NS + CQ). If we take into account that KNWD and BD form the basis of
the intelligent system (IS), then the equality in the form ISS{KNWD — BD + TQ + CQ}. is valid.
Now consider the KSM for the k-subject KSM-that subject consists of the content of the k-topic
of the k-subject, for example, there are 1, k subjects of the topic. Each topic may consist of (1,3) -
models depending on their content. These models can be combined into one model. Thus, we have
MOD, . »-related to the subject of the n-th topic. frame MOD,; ,-consists of 1, k —subjects and
1, k topics. To develop MOD, ,, it is necessary to determine which parameters MOD,, ;. ,depends
on for each topic. We denote the set of parameters as d, — 1, ewhered,-means the number of
parameters of the KSM frame for the k-th object, thus d_(e,k,l,n)-means the number of parameters
for that model of the I-th object, which Topics.

We denote virtual resources through the frame VR; = 1,n(i = 1,2, ...n) each subject area of
specialty corresponding to the curriculum may consist of a set of D real objects.

Torga ¢peiim VR; € D tne D cneunansHOCcTH 10 ydyeOHOMY IutaHy oOpaszoBanus. Toraa
MMEIOT MecTo yrBepkaeHus VR; # (i = 1,n)nomnexar B obmactu D u oHum MoOryr ObITh
CKOPpPEKTUpOBaHbI 1O BpeMmMeHH Irakum obOpazom VR; € D(t). Temepp omnpenenum
MpUHAICKHOCTH VR; kaxaomy nubo npeamety B obiactu D(t).

Then the frame VR; € D where D is a specialty according to the education curriculum. Then
the statements VR; # (i = 1,n)are valid in the domain D and they can be adjusted in time tthus
VR; € D(t). Now let us determine that VR;belongs to each object in the domain D(t).

[Tockonbky ¢peiim VR; npuHaanexat K onpenesneHHoMy npeamery € NUMSUBJ;- u ux
3aBUCHMOCTH OTIPEJIENAIOTCA creytomuM obpasom VR; € D;(t)u dpeiim VR; € P; € D(t)toraa
kak ¢perim KSM nis kaxoro dperimal/R; onpenenstorcs kak: KSM € VR; € P; € D(t).

Since frame VR; belong to a specific subject e NUMSUB],- and their dependency is defined
as follows VR; € D;(t) and frame VR; € P; € D(t) whereas frame KSM for each frameVR; are
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defined as: KSM € VR; € P; € D(t).

Research results. Thus, virtual resources based on KSM utilized in (VebP) Web
applications are described using frames of different levels. A frame system, for instance, is made
up of collections of frames that are semantically related to one another. Transformations across
system frames represent the outcomes of important acts. This enables the modeling of ideas like
attention and information value, improves the efficiency of some computations, and demonstrates
the usefulness of frames in IS systems.

Note that the schemes proposed in this work, the relationship of KNWD and BD frames with
other elements having relationships in the form of “The topic of the subject chosen by the teacher”,
“Electronic versions of subjects in HTML or DTML formats”, “KSM developments on selected
topics of the subject” have the following view:

KNWD frame BD frame

v

Electronic versions of
items in HTML or
DTML formats

Subject topic chosen by
the teacher

l

KSM developments on
selected subject topics

v

Figure 1. Structure of KNWD and BD frames

The relationship between the TQ and PCTCH frames is arranged in the following way, with
other elements having relationships in the form of "Using literature (LBR)", "Electronic library
(ELBR)", "PCST", "Result of control and student progress (RCAPS)", "Electronic version of the
subject (EVO)", "Scenario for lectures and practical classes with the participation of ICT
specialists (SLP)",

These structures make it evident that the substance of virtual resources in the form of
connections is appropriately described by frame technology. In these ways, an intelligent virtual
resource system built from computer simulation models in Web applications is based on the
structure of frames [7].

The structure and contents of intelligent systems are discussed in the following works.
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Figure 2. TQ and PCTCH frame structure

In light of this, this paper looks at the framework and structure of virtual resources created
using computer simulation models in Web applications. It is also proven that it is feasible to
structure the learning process around a methodical virtual resource system built on computer
simulation models of commonly used Web applications.
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