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ABSTRACT

This paper presents the model of a black form for the organization of computer laboratory work on
studying the speed selector that provides short theoretical data, tasks with the subsequent computer check,
ambiguous tasks, research and creative assignments. Students may not complete them all, and the teacher
may combine them or offer other similar tasks taking into account the ability of each student. This model
was tested by pupils of Shymkent schools: Nazarbayev Intellectual School of Physics and Mathematics, the
regional school "Daryn" for gifted children, M. Auezov Gymnasium-School in Arys and by first-year
students enrolled in the specialty "Physics" during laboratory classes. According to the questionnaires of
students, teachers and parents, almost all the respondents noted the effectiveness of teaching: such lessons
are held with great interest of students and increased motivation for learning. This model helps to realize an
individual approach to each student as well as promotes the development of experimental skills, research
and creative abilities, critical thinking skills and adaptive competence, deep mastering of the topic, the
effective use of information and computer technology. At the same time, such assignments as solving
ambiguous tasks and tasks with missing data contribute to the development of an informal approach to the
problem of theoretical competence.
Keywords: Blank Form Model, Computer Laboratory Work, Mass Spectrometer, Speed Selector, Research
And Creative Tasks, Electric Field Intensity, Magnetic Field Induction, Electron, Proton,
Helium And Uranium Kernels.
include the development and use of modern
information technology in physics teaching. There
have been created new computer models, training

1. INTRODUCTION

Since 2013, at the Department of Physics
and Theory and Methods of Physics Teaching at M.
Auezov South-Kazakhstan State University, the
following disciplines have been introduced:
"Information Technology in Education",
"Information Technology in Physics Teaching",
"Methods of Using Electronic Textbooks", which

programs, databases and methods for their use in
physics teaching in schools, colleges, lyceums and
universities.

The purpose of this research is to develop
the model of a blank form for the organization of
computer laboratory work on studying the speed
selector; to generate interest in studying physics by
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using modern teaching information technology; to
develop cognitive universal abilities (skills of
theoretical thinking, research and creative search),
that has never been researched before. The
relevance of this work is the modern view on our
society as a learner implies that the education
system should be focused (more so than before) on
the development and education of students’
adaptive competence, i.e. the ability to consciously
and flexibly apply the acquired knowledge and
skills in different contexts.

The research includes explanation of
methods that were used, the information about
speed selector and how it is used by students. It also
contains control questions for checking readiness
for work and the results of the research.

Erik de Corte (2014) [1] discusses what
exactly should be studied in order to acquire
adaptive competence in any field. He believes that a
complex of cognitive, emotional and motivational
components is necessary for the development of
adaptive competence, namely: the subject base in
the form of structured knowledge in a certain field,
the skills of using heuristic methods of thinking,
meta-knowledge - ideas about one's own cognitive
activity, motivation and emotions, self-regulation
skills for managing one’s own cognitive,
motivational and emotional processes, as well as
positive beliefs in relation to oneself as a learner
and to the process of study in various fields.
Teaching, the purpose of which is the formation of
adaptive competence, should be a constructive, self-
regulating, specific and joint process of building
knowledge and skills [1]. The article gives an
example of creating an effective learning
environment  focused on  improving  the
effectiveness of teaching.

L.G. Bushuyev (2011) [2] presents the
criteria of information competence, expressed
through the qualities of the "information"
personality on the basis of a complex of knowledge
and skills in the field of information technology.
Among them special attention is paid to the ability
to interpret the results obtained; to make decisions
on the use of a particular software; to foresee the
consequences of decisions and to draw appropriate
conclusions. He gives a number of practical
examples of the formation of information
competence at various stages of the lesson -
research, for example, on the topic "Aeronautics".

0.V. Sviridenko (2011), L.A. Kormiltseva
(2011), S.N. Blokhina (2011) and L.L. Petryakovs
(2011) [3-6] present the developments of lessons on
the topics "Fundamentals of thermodynamics",
"Atomic  physics", "Refraction of light",

"Coefficient of efficiency” with the use of
electronic teaching aids.

A powerful means of physics teaching,
according to many domestic and foreign experts, is
the products of the "Physicon" company [7]. Their
disks "Open Physics 25" contain methodical
recommendations on the composition of tasks and
their implementation in virtually all sections of the
school curriculum. Along with other researchers [8-
13], we believe that each physics teacher, if desired,
can independently design a computer laboratory
work using interactive models from the multimedia
course "Open Physics" of the "Physicon" company.
For this, it is recommended to use the same
algorithm for creating laboratory works, which is
applied in this multimedia course. First, it is
recommended to introduce the theory of the
question, then answer control questions and
perform tasks, the solution of which requires
conducting a computer experiment and checking
the result obtained.

2. MATERIALS AND METHODS

One of the difficult problems of introducing
these results in educational institutions is the
insufficient practical ability of teachers to use
computer models of physical phenomena to
organize laboratory work. Computer laboratory
works are carried out to consolidate the topic
covered, and activization, motivation and,
ultimately, the effectiveness of training largely
depends on the organization of computer laboratory
work. Using the products of the ‘“Physicon”
company [7], we developed some models of blank
forms for the organization of computer laboratory
work on studying various physical phenomena [14-
33], which are successfully used by teachers of
educational organizations in our region. For
example, Kabelbekov and Bayzhanova with the
article “The use of multimedia capabilities of
computer systems to expand the demonstration
resources of some physical phenomena” [14]. They
include brief information from the theory of the
phenomenon, introductory tasks with the model,
computer experimental tasks with the subsequent
verification of answers, tasks with missing data and
ambiguous tasks, research, searching, creative and
problem tasks for students.

This paper presents the model of a blank
form for the organization of computer laboratory
work on studying the speed selector of isotope
nuclei for use by teachers of schools, colleges and
students-future teachers of the discipline "Physics"
in everyday practice.
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It is necessary to modernize teaching
methods and actively develop the education system,
creating regional school centers. We should
intensively introduce innovative methods, solutions
and tools into the domestic education system,
including distance learning and on-line training,
accessible to all comers [1].

3. RESULTS

A blank form
materials:

e Topic: Research of work of the speed
selector.

e Objective: To investigate the motion of an
electron, a proton, and to find conditions for
ensuring the rectilinear uniform motion of the
nuclei of helium, uranium-235 and uranium-238
isotopes.

includes the following

3.1. Brief Theoretical Information. The
Speed Selector

In a variety of devices, for example, in mass
spectrometers, it is necessary to perform a
preliminary selection of charged particles in terms
of velocities, that is, among charged particles
having different specific charges, it is necessary to
isolate those that have the same velocities and to
ensure the uniform rectilinear motion. This purpose
is performed by so-called speed selectors.

In the simplest speed selector, charged
particles move in crossed homogeneous electric and
magnetic fields. An electric field is created between
the plates of a flat capacitor; a magnetic field is
created in the gap between the poles of an
electromagnet.

The electric force F; = qE and the
Lorentz force = qu SINQ, where o is the

angle between the velocity vectors and the magnetic
field induction, affect the particle moving in the
crossed electric and magnetic fields. In both fields,
these forces deflect the charged particle from the
original direction.

Under certain conditions, these forces can
accurately balance each other. In this case, the
charged particle will move inside the condenser
evenly and rectilinearly. Such a particle, flying
through the capacitor, will pass through a small
aperture of the diaphragm and get perpendicularly
to the equal magnetic field. Once in the magnetic
field such a particle is twisted. Under the Lorentz
force, the particle moves along a circle whose
radius of curvature depends on the specific charge.

The condition of the rectilinear particle
trajectory is qE ZQLQB (when these forces

compensate each other). This condition depends not
on the charge and mass of the particle, but on the
magnitude of its initial velocity. Under given
crossed electric and magnetic fields, the selector
will separate the particles moving uniformly

rectilinearly with the velocity of $=F/B. Only
those particles that have passed through the speed
selector and have fallen into the uniform magnetic
field of the device can be divided by the mass
spectrometer by their radius of curvature.

The mutual arrangement of the vectors ¥,
B and E: for a positively charged particle is shown
in Figure 1.
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Figure 1. The Mutual Arrangement Of The Vectors ,
B And FL) For A Positively Charged Particle

The magnitude of the Lorentz force F,: is
numerically equal to the area of the parallelogram

constructed on the vectors ¥, B multiplied by the
charge value q and directed perpendicularly to the
vectors ¥ and B. When the charged particle moves
in the magnetic field, the Lorentz force does no
work. Therefore, the magnitude of the velocity
vector does not change when the particle moves.

If the charged particle moves in the
homogeneous magnetic field under the Lorentz
force, and its velocity ¥ lies in a plane
perpendicular to the vector B, then the particle will
move along the circumference of the radius:

RV

g8
The Lorentz force in this case plays the role
of a centripetal force (Figure 2).
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Figure 2. Circular Motion Of A Charged Particle In The
Homogeneous Magnetic Field

The period of circulation of the particle in
the homogeneous magnetic field is

2nR 2mm

v g8’

This expression shows that for charged
particles of a given mass m, the period of
circulation does not depend on the velocity v and
the radius of the trajectory R. The angular velocity
of motion of the charged particle along a circular
trajectory is called the cyclotron frequency:

The cyclotron frequency does not depend on
the velocity (and hence on the kinetic energy) of the
particle. This circumstance is used in cyclotrons-
accelerators of heavy particles (protons, ions).

Homogeneous magnetic fields are used in a
variety of devices and, in particular, in mass
spectrometers — devices which make is possible to
measure the masses of charged particles — ions or
nuclei of different atoms. Mass spectrometers are
used to separate isotopes, i.c. the nuclei of atoms
with the same charge, but different masses (for
example, “’Ne and *Ne). The simplest mass
spectrometer is shown in Figure 4. Ions emitted
from source S pass through several small holes
forming a narrow beam. Then they fall into the
velocity selector, in which the particles move in
crossed homogeneous electric and magnetic fields.
An electric field is created between the plates of a
flat capacitor, a magnetic field — in the gap between
the poles of an electromagnet. The initial velocity U
of charged particles is directed perpendicularly to
the vectors E and B.

The particle moving in crossed electric and
magnetic fields is affected by the electric force qFT
and the magnetic Lorentz force. Under the
condition of FE=vB, these forces exactly

counterbalance each other. If this condition is met,
the particle will move uniformly and rectilinearly
and, flying through the capacitor, it will pass
through the hole in the screen. Given the values of
electric and magnetic fields, the selector will
separate those particles that move with the velocity
ofv=E/B.

Then the particles with the same velocity
value enter the chamber of the mass spectrometer,
in which a homogeneous magnetic field B s
created. The particles move in the chamber in a
plane perpendicular to the magnetic field under the
Lorentz force. The particle trajectories are the
circumferences of the radii R = mv / ¢B'. Measuring
the radii of the trajectories at known values of v and
B’, one can determine the ratio g/m. In the case of
isotopes (q; = ¢;), the mass spectrometer makes it
possible to separate particles with different masses.
Modern mass spectrometers make it possible to
measure the masses of charged particles with an
accuracy greater than 10,

Figure 3 shows how the speed selector is
installed in front of the chamber of the mass
spectrometer.
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Figure 3. The Speed Selector And The Mass Spectrometer
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If the particle velocity ¥ has a component v,
along the direction of the magnetic field, then such
a particle will move in the homogeneous magnetic
field along the helix. In this case, the radius of the
helix R depends on the magnitude of the component
v of the vector ¥, perpendicular to the magnetic
field, and the pitch of the helix p — on the
magnitude of the longitudinal component v (Figure
5).

Figure 4. Motion Of A Charged Particle Along The Helix
In A Homogeneous Magnetic Field

Thus, the trajectory of the charged particle
kind of wounds on the line of magnetic induction.
This phenomenon is used in engineering for the
magnetic thermal insulation of high-temperature
plasma, i.e. completely ionized gas at a temperature
of about 10°K. The substance in this state is
obtained in installations of the “Tokamak” type
when studying controlled thermonuclear reactions.
Plasma should not touch the walls of the chamber.
Thermal insulation is achieved by creating a
magnetic field of special configuration.

E Interaction of parallel currents
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Figure 5. Model Of The Speed Selector Of Charged
Particles

3.2, Performance of
Laboratory Work by Students

In the computer model "The speed selector"
(Figure 5), the directions of electric and magnetic
fields are mutually perpendicular. The charged
particle with the initial velocity falls parallel to the
plates of the charged capacitor and perpendicular to
the magnetic field.

The computer experiment considers the
motion of an electron, a proton, the nuclei of

Computer

helium, uranium-235 and uranium-238 isotopes.
The velocities of charged particles can be set in the
range of 1,0¥10°-5,0¥10” m/s, depending on the
nature of the particle, the electric field intensity — in
the range from 0.2 to 5.0 kV/m, the magnetic field
induction — from 0.2 to 10.0 mT.

Students perform work in accordance with
the tasks proposed in the blank form, fill them in
and give or send them by e-mail to the teacher.

3.2.1. Control questions for checking
readiness for work:

* What forces act on a charged particle
having the initial velocity in the electric field?

* Write down the expression for the force
acting on a charged particle having a mass m and a
charge q in the electric field with a voltage E ..
ANSWET! L.t

» What forces act on a charged particle
having the initial velocity in the magnetic field?
Answers:

* Write down the expression for the force
acting on a charged particle having a mass m and a
charge q in the magnetic field with an induction B.
ANSWET! ..ot e

» Write down the expression for the radius of
a circle that is circumscribed by a charged particle
with a mass m and a charge q that is perpendicular
to the direction of the magnetic field with an
induction B at a speed of V. Answer: ..........c.........

» Write down the expression for the period
of rotation around a circle that is circumscribed by a
charged particle with a mass m and a charge q
perpendicular to the direction of the magnetic field
with an induction B at a speed of V. Answer:

* Which is the trajectory of a charged
particle having a mass m and a charge q that falls at
an angle o (0<a<n/2) to the direction of the
magnetic field with an induction B at a speed of V.
Answer: ........

* Write down the step expression for the
screw line of a charged particle having a mass m
and a charge q that has fallen at an angle o
(0<0<m/2) to the direction of the magnetic field
with an induction B at a speed of V. Answer:

* What is the condition for the linear
rectilinear motion of a charged particle that has
fallen with the perpendicular velocity of V to
mutually perpendicular electric and magnetic
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fields?

» What is the trajectory of a charged particle
in the magnetic field with a velocity V parallel to
it? Answers:

Answers:

* It is known that a charged particle that has
traveled along the direction of the electric field
moves rectilinearly in an accelerated manner. Why
is this method unsuitable as the speed selector?
Answers:

* It is known that a charged particle that has
traveled along the direction of the magnetic field
does not experience the Lorentz magnetic force and
moves rectilinearly. Why is this method unsuitable
as the speed selector? Answers:

1. Introductory tasks with the computer
model "The speed selector”.

1.1. To what extent can the intensity of the
electric field be varied during the investigation of
the motion of an electron?  Answers:

1.2. To what extent can the induction of the
magnetic field be varied during the investigation of
the motion of an electron?  Answers:

1.4. To what extent can the initial velocity of
an electron be varied during the investigation of its
motion? Answers:

1.5. To what extent can the initial velocity of
a proton be varied during the investigation of its
motion? Answers:

1.6. To what extent can the intensity of the
electric field be varied during the investigation of
the motion of a  proton? Answers:

1.7. To what extent can the induction of the
magnetic field be varied during the investigation of
the motion of a  proton? Answers:

1.8. To what extent can the initial velocity of
an a-particle (helium nucleus) be varied during the
investigation  of  its motion? Answers:

1.9. To what extent can the electric field
strength be varied during the investigation of the
motion of an a particle (helium nucleus)? Answers:

1.10. To what extent can the induction of the
magnetic field be varied during the investigation of
the motion of an o particle (helium nucleus)?
ANSWETS! eeeiiiieieeiiinieeeee e

1.11. To what extent can the initial velocity
of an a-particle (helium nucleus) be varied during
the investigation of its motion? Answers:

1.12. To what extent can the electric field
strength be varied during the investigation of the
motion of an a particle (helium nucleus)? Answers:

1.13. To what extent can the induction of the
magnetic field be varied during the investigation of
the motion of an o particle (helium nucleus)?
ANSWETS! eeeiiiiieieeiirieeeee e

1.14. To what extent can the initial velocity
of the uranium-235 nucleus be varied during the
investigation  of its  motion?  Answers:

1.15. To what extent can the intensity of the
electric field be varied during the investigation of
the motion of the uranium-235 nucleus? Answers:

1.16. To what extent can the induction of the
magnetic field be varied during the investigation of
the motion of the uranium-235 nucleus? Answers:

1.17. To what extent can the initial velocity
of the uranium-238 nucleus be varied during the
investigation  of  its  motion?  Answers:

1.18. To what extent can the intensity of the
electric field be varied during the investigation of
the motion of the uranium-238 nucleus? Answers:

1.19. To what extent can the induction of the
magnetic field be varied during the investigation of
the motion of the uranium-235 nucleus? Answers:

2. Tasks with the subsequent computer
verification of the answers:

These tasks should first be solved on paper
and checked in the course of the computer
experiment. Preliminary solution must be taken
along with the form.

2.1. What is the value of the magnetic field
induction at an electric field strength of E = 1.0 kV
/ m for ensuring a rectilinear uniform motion of an

electron with a velocity of $=20-10"m/s?
Answers:

2.2. What is the value of the magnetic field
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induction at an electric field strength of E = 1.5 kV
/ m for ensuring a rectilinear uniform motion of an

electron with a velocity of 8=15-10m/s?
Answers:

2.3. What is the value of the magnetic field
induction at an electric field strength of E = 2.0 kV
/ m for ensuring a rectilinear uniform motion of an

electron with a velocity of $=20-10m/s?
Answers:

2.4. What is the value of the magnetic field
induction at an electric field strength of E = 2.5 kV
/ m for ensuring a rectilinear uniform motion of an

electron with a velocity of 8=25-10m/s?
Answers:

2.5. What is the value of the magnetic field
induction at an electric field strength of E = 3.0 kV
/ m for ensuring a rectilinear uniform motion of an

electron with a velocity of $=30-10m/s?
Answers:

2.6. What is the value of the magnetic field
induction at an electric field strength of E = 4.0 kV
/ m for ensuring a rectilinear uniform motion of an

electron with a velocity of 8=40-10m/s?
Answers:

2.7. What is the value of the magnetic field
induction at an electric field strength of E = 5.0 kV
/ m for ensuring a rectilinear uniform motion of an

electron with a velocity of $=50-10m/s?
Answers:

2.8. What is the value of the electric field
strength at a magnetic field induction of B =0.1 mT
for ensuring a rectilinear uniform motion of a

proton with a velocity of 8=40-10m/ s?
Answers:

2.9. What is the value of the electric field
strength at a magnetic field induction of B =0.1 mT
for ensuring a rectilinear uniform motion of a

proton with a velocity of F=45-10"m / s?
Answers:

2.10. What is the value of the electric field
strength at a magnetic field induction of B =0.1 mT
for ensuring a rectilinear uniform motion of a

proton with a velocity of F=35-10"m/ s?
Answers:

3. Ambiguous tasks and tasks with missing
data

3.1. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of an

electron having an initial velocity of 3=2.0-10"m
/ s and can this experiment be realized on the
model, taking into account its capability? Realize it,
if possible. ANSWerS: .......cccceeeveveveeeneenen.

3.2. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of an

electron having an initial velocity of F=2.5 x 10
m / s and can this experiment be realized on the
model, taking into account its capability? Realize it,
if possible. ANSWerS: .......ccceeveeevevveeneenen.

3.3. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of an

electron having an initial velocity of 3=3.0-10"m
/s and can this experiment be realized on the
model, taking into account its capability? Realize it,
if possible. ANSWerS: ........ccceeevevvvveeveennen.

3.4. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of a

proton having an initial velocity of 3=1.0-10"m/
s and can this experiment be realized on the model,
taking into account its capability? Realize it, if
possible. ANSWETS: ....cccveeveveererrireeneens

3.5. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of a

proton having an initial velocity of 3=25-10m/
s and can this experiment be realized on the model,
taking into account its capability? Realize it, if
possible. ANSWETS: ....cccveeveeerverrireeneens

3.6. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of a

proton having an initial velocity of 3=3.0x10°m
/s and can this experiment be realized on the
model, taking into account its capability? Realize it,
if possible. ANSWerS: ......cccceveverereeenennen.

3.7. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of a
particle having an initial velocity of $=1.0-10"m
/ s and can this experiment be realized on the
model, taking into account its capability? Realize it,
if possible. ANSWErS: ......cccceevverereeerennen.

3005



Journal of Theoretical and Applied Information Technology =
15" July 2017. Vol.95. No 13 ~J

© 2005 — ongoing JATIT & LLS

SMiin

ISSN: 1992-8645

wWww.jatit.org

E-ISSN: 1817-3195

3.8. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of o

particle having an initial velocity of $=25-10'm
/s and can this experiment be realized on the
model, taking into account its capability? Realize it,
if possible. ANSWETS: .......cccvvveveeverrenennenn

3.9. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of «

particle having an initial velocity of $=3.0-10°m
/s and can this experiment be realized on the
model, taking into account its capability? Realize it,
if possible. ANSWETS: ......ccccvvveveererrenennenn

3.10. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of the
uranium-235 and uranium-238 nuclei having an

initial velocity of $=1.0-10° m / s and can this
experiment be realized on the model, taking into
account its capability? Realize it, if possible.
Answers: .........ce.e....

3.11. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of the
uranium-235 and uranium-238 nuclei having an

initial velocity of $=2.5-10°m / s and can this
experiment be realized on the model, taking into
account its capability? Realize it, if possible.
ANSWETS: ...coveneennenne

3.12. At what values of the electric field
strength and magnetic field induction is it possible
to achieve the rectilinear uniform motion of the
uranium-235 and uranium-238 nuclei having an

initial velocity of $=3.0-10° m / s and can this
experiment be realized on the model, taking into
account its capability? Realize it, if possible.
ANSWETS: ...oovvrenennnne

4. Research assignments.

4.1. Determine the conditions for the
rectilinear and uniform motion of an electron that
has fallen perpendicular to the speed selector.
Implement these conditions in a computer
experiment. Analyze the results 3.1-3.7 and draw
conclusions. ANSWers: ..................

4.2. Determine the conditions for the
rectilinear and uniform motion of a proton that has
fallen perpendicular to the speed selector.
Implement these conditions in a computer
experiment. Analyze the results of 3.8-3.14 and
draw conclusions. Answers: ...............

4.3. Determine the conditions for the

rectilinear and uniform motion of an a-particle that
has fallen perpendicular to the speed selector.
Implement these conditions in a computer
experiment. Analyze the results of 3.15-3.21 and
draw conclusions. Answers: ............

4.4. Determine the conditions for the
rectilinear and uniform motion of the uranium-235
nucleus that has fallen perpendicular to the speed
selector. Implement these conditions in a computer
experiment. Analyze the results of 3.22-3.28 and
draw conclusions. ANSWETS: ........ccccceeveuenneen

4.5. Determine the conditions for the
rectilinear and uniform motion of the uranium-238
nucleus that has fallen perpendicular to the speed
selector. ANSWETS: ......coeveeuvenenrennens

4.6. In the "mass spectrometer”" model, the
built-in selector operates in the mode whose
parameters can be changed: the initial velocities of
the nuclei of C'? and CM, Ne? and N22, U** and
U8 isotopes in the interval from 1,000 to 10,000
m/s. These particles fall into the homogeneous
magnetic field of the analyzer (separating them
along the radius of curvature). What should the
crossed electric and magnetic fields be, so that the
given particles fall into the analyzer with the
uniform rectilinear velocity, allowing their
composition to be analyzed? Answers should be
given separately for C"? and C", Ne? and N*, U™
and U™, Answers: ..........coccoovevnenn.

5. Creative tasks.

5.1. Suggest several tasks similar to those in
paragraphs 2-2.10. Answers: ......

5.2. Suggest several tasks similar to those in
paragraphs 3-3.28. Answers: ......

5.3. Suggest several tasks similar to those in
paragraphs 4-4.5. Answers: ......

Number of Number of Evaluation of
completed mistakes work
tasks

3. DISCUSSION

The model of the blank form for the
organization of computer laboratory work is
preliminarily distributed to all students in printed
form. Each student fulfills his or her own variant,
which is determined by the teacher, except for
control questions.

When analyzing the answers to the tasks
proposed in the form model, certain questions were
clarified with which most students had difficulties.
Such questions were discussed together with
students, for example, the accomplishment of
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assignments for solving ambiguous tasks, some
students could not choose interdependent
parameters. The teacher suggests the algorithm for
solving such tasks, then with the active
participation of students the solutions are brought to
the logical end. In assessing the work, special
attention was paid to the fulfillment of research and
creative tasks and the completeness of answers.

The comparison of the results showed that
90% of students of Nazarbayev Intellectual School
of Physics and Mathematics, 80% of the regional
school "Daryn" for gifted children and 70% of
M.Auezov School-Gymnasium in Arys successfully
coped with the tasks. Such indicators, in our
opinion, relate to the level of computerization of
schools and, of course, primarily to the level of
physics teaching, and the difficulties of students in
solving ambiguous tasks and tasks with missing
data are due to the fact that in the practice of all
schools such tasks were not offered to students
before at all. When analyzing the content of
textbooks, we found out that such tasks are
practically absent in the books recommended for
schools.

4. CONCLUSIONS

The proposed model of the blank form for
the organization of computer laboratory work on
studying the work of the speed selector includes
brief theoretical information, introductory tasks
with the computer model, tasks with the subsequent
verification of answers, tasks with missing data and
ambiguous tasks, research and creative tasks.

Brief theoretical information gives the
definition of the speed selector of charged particles
(electron, proton, a-particle and nuclei of U-235, U-
238 isotopes) and the principle of its operation.
Introductory tasks with the computer model include
a number of questions related to the ability to
change parameters (initial particle velocity, electric
field strength, magnetic field induction), taking into
account the possibility of the model. The fulfillment
of tasks with the subsequent computer verification
of answers provides for their preliminary solution
on paper, the implementation of task conditions in
the computer experiment, the verification of
coincidence of the answers and the presentation of
the results of solving tasks on paper along with the
blank.

Tasks with missing data and ambiguous
tasks provide for the implementation of an
independent choice of one of two interrelated
parameters on the computer model, their
implementation on the computer model to separate

the particles moving with the uniform rectilinear
velocity at the output of the speed selector.
Research tasks include assignments for establishing
the conditions for the rectilinear uniform motion of
particles. Tasks with the subsequent computer
verification of answers must first be solved on
paper and then checked in the computer
experiment. A preliminary solution of the task must
be submitted along with the blank form.

This model was tested by pupils at schools
of Shymkent: Nazarbayev Intellectual School of
Physics and Mathematics, the regional school
"Daryn"  for gifted children, M.Auezov
Gymnasium-School in Arys and by first-year
students enrolled in the specialty "Physics" during
laboratory classes.
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