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Abstract 

The main idea of this article is using the electronic educational resources (EER) in higher educational institutions. The main advantages of 
virtual instruments are given. It is shown, that implementation of virtual instruments in studying physics play the important role at the 
creation of original and sometimes fundamentally new physical practical works. 
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1 General 

At present, in such areas as education, science, engineering 
and technologies computer information systems are of great 
interest. Moreover, the continuous development of science, 
engineering and technologies leads to the appearance of new 
information systems, as well as to the development and 
improvement of existing ones. With regard to education, the 
introduction of new technologies, as well as the 
comprehensive modernization, is the main issues, to which 
special attention not only in Kazakhstan, but also around the 
world is paid. The authors believe that the main focus of the 
modernization of education is the use of new information 
technologies, computerization of educational institutions 
and innovative activity of the teaching staff of higher 
education institutions.   

The use of electronic educational resources (EER) in 
higher educational institutions has become common 
nowadays. The latest information technologies facilitate this 
process. Particularly, the development of laboratory works 
on science and technology disciplines requires the use of 
technology of virtual instruments (VIs). The advantages of 
this technology are significant and appear as the use of EER, 
and during their development. 

In the study of natural-scientific and technical 
disciplines an integral part of the educational process is a 
laboratory session. Its task is to develop students' practical 
skills during work with equipment, production and 
processing of experimental data, the ability to design an 
experiment, analyze and compare the results with data in the 
literature. Nowadays, there is a sharp increase in the 
development and implementation of computer-based 
training systems, in particular, the creation of automated 
learning systems as virtual computer laboratories. The basis 
of a virtual computer lab is a computer program or a set of 
related programs, carrying out computer simulations of 

certain processes. 
However, it is necessary to consider that introduction of 

information technologies in educational process will be 
justified, if they are effectively supplemented with the 
existing technologies of training or have additional 
advantages in comparison with traditional forms of education. 
For example, the use of virtual laboratory works in teaching 
natural-science disciplines allows making laboratory works in 
physics, chemistry and biology more interesting, increasing at 
the same time quality of the higher education. 

The use of virtual instruments is particularly important 
in cases, where it is impossible to make a real experiment as 
an example, when teaching physics. Here you can simulate 
almost everything. For example, the motion of material 
points and bodies in gravitational, electric and magnetic 
fields, the processes occurring in the different states of 
matter - solid, liquid, gas, plasma, and etc.  

1.1 VIRTUAL LABORATORY WORKS - 
ADVANTAGES AND DISADVANTAGES 

A virtual laboratory work represents the hardware and 
software system that allows making experiments without 
direct contact with the real installation or at its total absence. 

At the same time it is necessary to distinguish such 
concepts as a "virtual laboratory" and a "virtual remote 
laboratory". The basis of the virtual laboratory is a computer 
program or a complex of programs, which carry out 
computer modeling of some processes. The virtual remote 
laboratory represents a network organizational structure of 
several groups of scientists who belong to various scientific 
centers and interconnected by the relations of mutually 
beneficial cooperation, thanks to the Internet.  

In comparison with traditional laboratory works virtual 
laboratory works have a number of advantages. Firstly, 
there is no need to buy the expensive equipment and 



The 14th INTERNATIONAL SCIENTIFIC CONFERENCE 

INFORMATION TECHNOLOGIES AND MANAGEMENT 2016 

April 14-15, 2016, ISMA University, Riga, Latvia Daineko Ye A, Ipalakova M T, Brodyagina M A, Yunnikova M V 

92 
CM29 Computer Modelling and Information Technologies 

dangerous radioactive materials. For example, for 
laboratory works on quantum or nuclear physics specially 
equipped laboratories are required. Virtual laboratory works 
allow studying such phenomena as photo effect, Rutherford 
experiment on dispersion of alpha particles, definition of the 
period of a crystal lattice by method of diffraction of 
electrons, Zeeman and Stark's effects, nuclear reactors, etc.  

Secondly, there is a possibility of modeling of processes 
that are not available in the laboratory. In particular, the 
majority of classical laboratory works in molecular physics 
and thermodynamics represent the closed systems, the 
output of which is measured by a set of electrical quantities, 
which then are calculated using the equations of 
electrodynamics and thermodynamics. All the molecular-
kinetic and thermodynamic processes occurring in 
experiment at the same time remain inaccessible for 
supervision. During performance of virtual laboratory 
works on these sections of physics or chemistry students can 
observe by means of the animated models dynamic 
illustrations of the studied physical and chemical 
phenomena and processes inaccessible for supervision in a 
real experiment, at the same time it is possible to observe 
graphic construction of the corresponding dependences of 
physical and chemical quantities during the experiment.  

Thirdly, virtual laboratory works have clearer 
visualization of physical or chemical processes in 
comparison with traditional laboratory works. It is also 
possible to get into the processes happening in fractions of a 
second or lasting for several years, for example, studying of 
the planetary motion by gravity of the central body.  

One of the main advantages of virtual instruments is that 
programs that simulate physical processes can be developed 
and written in any programming language. 

One more advantage of virtual laboratory works in 
comparison with traditional is security. Compared with the 
use of real laboratory equipment using virtual instruments 
for the study of physical processes is undoubtedly safer way 
of learning. Basically, the use of virtual instruments is more 
than justified in cases where we work with high voltage or 
dangerous chemicals. 

However, virtual laboratory works also have 
disadvantages. The main one is the lack of direct contact 
with the object of research, devices, equipment. It is 
absolutely impossible to train an expert who has seen 
technical object only on the computer screen. Therefore, the 
most reasonable decision is the combination of introduction 
of traditional and virtual laboratory works in educational 
process taking into account their strengths and weaknesses. 

1.2 APPLICATION OF VIRTUAL LABORATORY 
WORKS IN STUDYING OF PHYSICS 

Deep assimilation of physics is possible by studying the 
theory and in the process of its application for the solution 
of various computational, qualitative and experimental tasks. 
If on lectures students are introduced with theoretical 
questions, on laboratories they apply the theory, and 
practical skills in carrying out physical measurements, 
processing and representation of results.  

High-quality performance and successful defense of the 

results of laboratory works by students are impossible without 
independent preliminary preparation for laboratory researches. 
Preparation for the next lesson includes study of the description 
of the performed work. However, you should not be limited 
only by preparation, because theoretical introduction to each 
work cannot be considered as sufficient minimum for deep 
understanding of physical bases of task. Therefore, it is 
necessary to read the material corresponding to the subject 
according to the textbook. You should not start a task without 
mastering the basic theoretical positions, without having 
realized logic of the procedure of measurements, without being 
able to use the measuring devices related to this work. Getting 
started, a student should understand the purpose of the work, 
the general plan of the work, i.e. sequence of actions when 
carrying out measurements. This is the main reason to start 
working on the task during interview with the teacher at the 
beginning of classes. 

For ensuring quality and mobile education at the 
International IT University the project of innovative training 
of students – a virtual computer laboratory on physics is 
developed and implemented (FIGURE 1) which includes 
four main laboratory works from the sections "Mechanic", 
"Molecular Physics", "Electricity and Magnetism". 

The virtual computer laboratory contains the methodical 
instructions to perform the task, constructed uniformly in 
the following form: purpose of the work, theoretical 
materials, experimental installation, steps to perform the 
work, report. Besides, each laboratory work contains the test, 
which includes the assessment of the basic knowledge, 
necessary for successful performance of the task, and the 
final test, which is directed to control the residual 
knowledge of the results of the laboratory work.  

 
FIGURE 1 Fragment of virtual computer laboratory of Physics 

The theoretical materials in the virtual laboratory work 
is accompanied in the form of the electronic textbook, i.e. 
material is presented in the form of the hypertext, which 
contains evident dynamic and graphic objects, and also 
references and hints, animation means, help data, which 
allow expanding the possibilities of students at questions 
answering. 

The virtual laboratory work includes a structured 
description of the technical facilities, which are located inside 
the graphic illustrations (photographs, diagrams, pictures) and 
hyperlinks, under which more graphic illustrations of a 
similar type are "hidden", as well as video and audio clips, 
animations. To improve the efficiency of perception of 
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educational materials special processing methods are also 
used, such as flash-animation (FIGURE 2) that allows seeing 
experimental installation as a whole and considering its small 
details. At the end of the description of each laboratory work, 
there are questions for self-checking and training on the 
passed materials with the short comments "hidden" under 
hyperlinks that allows intensifying process of mastering of a 
training material, making it interactive, and helps with 
preparation for examinations. 

 
FIGURE 2 An example of flash-animations for understanding of the 

principle of Maxwell's pendulum 

Students make up results of measurements in the form 
of the summary report. In the virtual laboratory work sample 
forms of reports are given. They show exactly which tables, 
graphs and calculations are required. The reports must 
contain the conclusions obtained on the basis of the results. 

If there is a need, the student may correct a report form, 
trying to obtain the maximum clearness of representation of 
the results. In processing the results of measurements, it is 
necessary to pay much attention to calculation of errors of 
measurements and the critical analysis of the obtained 
results, which has to be presented in conclusions. 

Thus, modern information and communication tech-
nologies allow carrying out any forms of experimental activity, 
open broad prospects in creation of original and sometimes 
essentially new works of physical practical training sessions. 

2 Conclusions 

The use of virtual instruments as a computer "simulator" 
allows the students to prepare better for the physical 
experiment, to improve the understanding of the effect, to 
acquire skills in instrumentation (if a virtual workshop 
includes computer models of measuring devices with 
properties similar to the properties of real instruments). 

Therefore, the use of virtual instrumentation allows any 
form of experimentation, open up broad prospects in the 
creation of original and sometimes fundamentally new 
physical practical works.  
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