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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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CALCULATION AND VISUALIZATION OF A BODY MOTION  
IN A GRAVITATIONAL FIELD  

 
Abstract. The article presents the program for calculation and visualization of a material particle motion 

trajectory in a gravitational field of two motionless objects M1 and M2. The system of differential equations of the 
particle motion is solved using the ode45 procedure of the MATLAB system. At first the m-file under the title 
«f=finit2(t,x)», is created and then it is connected from a command line. Experiments with change of mass of the 
second motionless object are made, i.e. at M1=50 for M2=0; 0.2; 1; 2; at M1=49 for M2=0; 1; 2; at M1=47 for 
M2=0.5; 1.0. The movement of a point in the field of one motionless object happens along an ellipse, and intro-
duction of other motionless object of small mass leads to perturbation of an orbit and the trajectory isn't closed. 
Initial parameters are introduced as global. By changing initial parameters it is possible to get various models of the 
particle’s motion in the gravitational field. The results of this study can be used on theoretical mechanics classes of 
the higher school. 

Key words: gravitational field, trajectory, perturbation, ode45 procedure. 
 
Nowadays all educational institutions of Kazakhstan are provided with computer hardware and 

software, interactive boards and internet. Almost all teachers have completed language and computer 
courses of professional development. Hence the educational institutions have all conditions for using 
computer training programs and models for performing computer laboratory works. In recent years we 
conduct work on organization computer laboratory works on physics with use of resources of the Fizikon 
Company [1] and [2], developed at Al-Farabi Kazakh National University by V. V. Kashkarov and his 
group. Some of worksheet templates for computer laboratory works are introduced in educational process 
of our university and schools of the Southern Kazakhstan [3-29]. Students of the specialties 5B060400 and 
5B011000-physics successfully study the discipline “Computer modeling of physical phenomena” which 
is the logical continuation of the disciplines “Information technologies in teaching physics” and “Use of 
electronic textbooks in teaching physics”. The aim of this discipline is to study and learn the program 
language of the MATLAB [30] system, acquaintance with its huge opportunities for the modeling and 
visualization of physical processes. The MATLAB system is widely applied for calculating and visua-
lization of problems of applied mechanics which are studied by students of specialties 5B070600-Geology 
and exploration of mineral deposits, 5B071200-Mechanical engineering, 5B072900-Construction, 
5B072400-Technological machines and the equipment, 5B071300-Transport, transport equipment and 
technologies, 5B070800-Oil and gas business, 5B090100-Organization of transportations, movement and 
operation of transport.  

This article is devoted to calculation and visualization of a body motion in a gravitational field using 
MATLAB software package. 

Laboratory work “Calculation and visualization of a body motion in a gravitational field of two 
motionless objects”. 

Aim of the work: to work out the program for calculation and visualization of a body motion in a 
gravitational field of two motionless objects. 
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The program of the movement of a particle of mass m in the field of one motionless object with mass 
M1=50. In the command line of MATLAB we write 

>> global M1 M2 c1x c1y c2x c2y 
>> M1=50; M2=0; c1x=5; c1y=0; c2x=0; c2y=10; % input of parameters 
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=4000; % input of parameter 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation 
>> x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y; 
>> plot(x,y) % drawing the motion trajectory 
>> grid on% drawing the coordinate grid 
>> hold on% drawing the next element 
% drawing the location of motionless objects 
>> plot(x1,y1,'r+',x2,y2,'r*','MarkerSize',15); 
>> plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15); 
>> gtext('M1=50') % input of the notation in the figure 
>> gtext('M2=0') % input of the notation in the figure 
The result is presented in the figure 2. 

 

 
 

Figure 2 – The trajectory of a particle motion in a gravitational field of one motionless object with mass M1 
 

It is known that the particle in a gravitational field of one motionless object with a certain mass 
moves along an ellipse or a circle. In the figure 2 the line trajectory is indistinct. This is due to insufficient 
accuracy of the calculation. By default the accuracy of calculation of the ode45 procedure is 1e-6 which 
isn't enough for the considered problem. Therefore, in the ode45 procedure the calculation accuracy is 
taken to be 1e-9. 

>> global M1 M2 c1x c1y c2x c2y 
 >>M1=50; M2=0; c1x=5; c1y=0; c2x=0; c2y=10; % input of parameters 
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=4000; 
>> tol=1e-9; 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0],odeset('RelTol',tol));  
>>x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y; 
>>plot(x,y) % drawing the trajectory of the motion 
>> grid on 
>> hold on% drawing the next element 
% drawing the location of motionless objects 
>> plot(x1,y1,'r+',x2,y2,'r*','MarkerSize',15); 
 >>plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15); 
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>>gtext('M1=50') % input of the notation in the figure 
>> gtext('M2=0') % input of the notation in the figure 
The result is presented in the figure 3. 

 

 
 

Figure 3 – The trajectory of a particle motion in a gravitational field of one motionless object with mass M1 
 

Now we have got the perfect picture of the trajectory. 
The program of the movement of a particle of mass m in the field of two motionless objects with 

masses M1=50 and M2=0.2. 
>> M1=50; M2=0.2; c1x=5; c1y=0; c2x=0; c2y=10; % input of parameters 
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation 
>> x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y;  
>> plot(x,y); % drawing the motion trajectory 
>> gtext('M2=0.2') % input of the notation in the figure 
>> gtext('M1=50') % input of the notation in the figure 
The result is presented in the figure 4. 
Figure 4 shows that introduction of the second motionless object with a small mass of M2=0.2 leads 

to disturbance of an orbit and the orbit isn't closed. 
 

 
 

Figure 4 – The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=50 and M2=0.2 
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The program of the movement of a particle of mass m in the field of two motionless objects with 
masses M1=50 and M2=1. 

>> global M1 M2 c1x c1y c2x c2y 
>> M1=50; M1=1; c1x=5; c1y=0; c2x=0; c2y=10; % input of parameters 
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation 
>> x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y; 
>> plot(x,y); % drawing the motion trajectory 
>> grid on% drawing the coordinate grid 
>> hold on% drawing the next element 
>> % drawing the location of motionless objects 
>> plot(x1,y1,'r+',x2,y2,'r*','MarkerSize',15); 
>> plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15); 
>> gtext('M1=50') % input of the notation in the figure 
>> gtext('M2=1') % input of the notation in the figure 
The result is presented in the figure 5. 

 

 
 

Figure 5 – The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=50 and M2=1 
 

Figure 5 shows that the increase in mass of the second motionless object leads to a greater distur-
bance of the orbit.  

The program of the movement of a particle of mass m in the field of two motionless objects with 
masses M1=50 and M2=2. 

>> global M1 M2 c1x c1y c2x c2y 
>> M1=50; M2=2; c1x=5; c1y=0; c2x=0; c2y=10; % input of parameters 
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation 
>> x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y; 
>> plot(x,y); % drawing the motion trajectory 
>> grid on% drawing the coordinate grid 
>> hold on% drawing the next element 
>> % drawing the location of motionless objects 
>> plot(x1,y1,'r+',x2,y2,'r*','MarkerSize',15); 
>> plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15); 
>> gtext('M1=50') % input of the notation in the figure 
>> gtext('M2=2') % input of the notation in the figure 
The result is presented in the figure 6. 
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Figure 6 – The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=50 and M2=2 
 

The program of the movement of a particle of mass m in the field of two motionless objects with 
masses M1=49 and M2=0. 

>> global M1 M2 c1x c1y c2x c2y  
 >> M1=49; M2=0; c1x=5; c1y=0; c2x=0; c2y=10; % input of parameters 
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=300; % input of parameters 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation 
>> x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y; 
>> plot(x,y); % drawing the motion trajectory 
>> grid on% drawing the coordinate grid 
>> hold on% drawing the next element 
% drawing the location of motionless objects 
>> plot(x1,y1,'r+',x2,y2,'r*','MarkerSize',15); 
>> plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15); 
>> gtext('M1=49') % input of the notation in the figure 
>> gtext('M2=0') % input of the notation in the figure 
The result is presented in the figure 7. 

 

 
 

Figure 7 – The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=49 and M2=0 
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The program of the movement of a particle of mass m in the field of two motionless objects with 
masses M1=49 and M2=1. 

>> global M1 M2 c1x c1y c2x c2y  
>> M1=49; M2=1; c1x=5; c1y=0; c2x=0; c2y=10; % input of parameters 
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation 
>> x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y; 
>> plot(x,y); % drawing the motion trajectory 
>> grid on% drawing the coordinate grid 
>> hold on% drawing the next element 
>> % drawing the location of motionless objects 
 >> plot(x1,y1,'r+',x2,y2,'r*','MarkerSize',15); 
>> plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15); 
>> gtext('M1=49') % input of the notation in the figure 
>> gtext('M2=1') % input of the notation in the figure 
The result is presented in the figure 8. 

 

 
 

Figure 8 – The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=49 and M2=1 
 

The program of the movement of a particle of mass m in the field of two motionless objects with 
masses M1=49 and M2=2. 

>> global M1 M2 c1x c1y c2x c2y  
>> M1=49; M2=2; c1x=5; c1y=0; c2x=0; c2y=10; % input of parameters 
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation 
>> x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y; 
>> plot(x,y); % drawing the motion trajectory 
>> grid on% drawing the coordinate grid 
>> hold on% drawing the next element 
% drawing the location of motionless objects 
>> plot(x1,y1,'r+',x2,y2,'r*','MarkerSize',15); 
>> plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15); 
>> gtext('M1=49') % input of the notation in the figure 
>> gtext('M2=2') % input of the notation in the figure 
The result is presented in the figure 9. 
The program of the movement of a particle of mass m in the field of two motionless objects with 

masses M1=47 and M2=0.5. 
 

0 10 20 30 40 50 60 70 80
-20

-10

0

10

20

30

40

50

M1=49

M2=1



Известия Национальной академии наук Республики Казахстан 
  

   
94  

 
 

Figure 9 – The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=49 and M2=2 
 

>> global M1 M2 c1x c1y c2x c2y; 
>> M1=47; M2=0.5; c1x=5; c1y=0; c2x=0; c2y=10; % input of parameters 
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=4000; % input of parameters 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation 
>> x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y; 
>> plot(x,y); % drawing the motion trajectory 
>> grid on% drawing the coordinate grid 
>> hold on% drawing the next element 
% drawing the location of motionless objects 
>> plot(x1,y1,'r+',x2,y2,'r*','MarkerSize',15); 
>> plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15); 
>> gtext('M1=47') % input of the notation in the figure 
>> gtext('M2=0.5') % input of the notation in the figure 
The result is presented in the figure 10. 

 

 
 
 

Figure 10 – The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=47 and M2=0.5 
 

The program of the movement of a particle of mass m in the field of two motionless objects with 
masses M1=47 and M2=1. 
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>> T1=4000; M1=47; M2=1; 
>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation 
>> x=h(:,1); y=h(:,2); x1=c1x; y1=c1y; x2=c2x; y2=c2y;  
>> plot(x,y) % drawing the motion trajectory 
>> grid on% drawing the coordinate grid 
>> hold on% drawing the next element 
% drawing the location of motionless objects 
 >> plot(x1,y1,'r+',x2,y2,'r*','MarkerSize',15); 
 >> plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15); 
>> gtext('M1=47') % input of the notation in the figure 
>> gtext('M2=1') % input of the notation in the figure 
The result is presented in the figure 11. 

 

 
 
 

Figure 11 – The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=47 and M2=1 
 

Conclusion. The program allows performing modeling at various initial parameters: for example at 
M1=50 and M2=0; 0.2; 1; 2; at M1=49 and M2=0; 1; 2; at M1=47 and M2=0.5; 1.0. Students are sug-
gested to simulate independently for other various initial parameters by changing calculation accuracy 
using the command “odeset ('RelTol', tol)”. 

The use of the MATLAB language for simulation of the material particle motion in the gravitational 
field of two motionless objects with different masses helps greatly in study of the gravitational field 
influence on the particle’s motion.  

The movement of the particle in the field of one motionless object happens along an ellipse, and 
introduction of other motionless object of small mass leads to perturbation of an orbit and the trajectory 
isn't closed. 
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ДЕНЕНІҢ ГРАВИТАЦИЯЛЫҚ ӨРІСТЕ ҚОЗҒАЛЫСЫН ЕСЕПТЕУ МЕН БЕЙНЕЛЕУ 
 

Аннотация. Екі тыныштықтағы M1 жəне M2 объектілердің гравитациялық өрісінде материялық 
нүктенің траекториясын есептеу мен бейнелеу ұсынылғанПредлагается программа расчета и визуализациии. 
Қозғалыстың дифференциалдық теңдеулер жүйесі MATLAB жүйесінде ode45 процедурасымен шешіледі. Ол 
үшін алдын-ала «f=finit2(t,x)» деп аталатын m-файл жазылады жəне ол MATLAB тың командалық 
строкасынан қосылады. Тыныштықтағы бірінші объектінің массасын өзгертпей М1=50, тыныштықтағы 
екінші объектінің массасын М2=0; 0.2; 1; 2 шамаларында өзгертіп эксперименттер жүргізілген;  

Сонымен қатар М1=49, М2=0, 1, 2; М1=47, М1=0.5,1.0 шамалар бойынша эксперименттер қайталанған. 
Тыныштықтағы бір объектінің өрісінде материялық нүктенің қозғалысы эллипс бойында, ал екінші объект 
қосылғанда нүктенің траекториясы шамалы өзгереді де траектория тұйықталмайды. Бастапқы параметрлер 
глобалды деп жарияланған. Бастапқы парметрлерін өзгерту арқылы материалдық нүктенің гравитациялық 
өрістегі қозғалысының əр түрлі моделін алуға болады.  

Зерттеу нəтижелері жоғары оқу орындарындағы теориялық механика дəрістерінде қолдануға болады. 
Түйін сөздер: гравитациялық өріс, траектория, өзгерту, ode45 процедурасы. 
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РАСЧЕТ И ВИЗУАЛИЗАЦИЯ ДВИЖЕНИЯ ТЕЛА В ГРАВИТАЦИОННОМ ПОЛЕ 
 

Аннотация. В статье приводится расчет и визуализациия траектории движения материальной точки в 
гравитационном поле двух неподвижных объектов M1 и M2. Решение системы дифференциальных уравений 
движения проводится процедурой ode45 системы MATLAB. Сначала создается m-файл под названием 
«f=finit2(t,x)», который подключается с командной строки. Далее проводится моделирование с изменением 
массы второго неподвижного объекта при постоянной массе первого объекта: М2=0; 1; 2 при М1=50; М2=0, 
1, 2 при М1=49; М1=0.5 и 1.0 при М1=47. Движение точки в поле одного неподвижного объекта происходит 
по эллипсу, а введение другого неподвижного объекта малой массы приводит к возмущению орбиты и траек-
тория незамкнута. Исходные параметры объявлены как глобальные. Меняя исходные параметры можно 
получить разные модели движения материальной точки в гравитационном поле.  

Результаты исследования могут быть использованы на занятиях по теоретической механике в высших 
учебных заведениях. 

Ключевые слова: гравитационное поле, траектория, возмущение, процедура ode45. 
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