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NUMERICAL METHODS FOR SOLVING DIFFERENTIAL
EQUATIONS USING APPLICATION PROGRAMS

Abstract. The  modern  stage of  society’s  development is
characterized by the strong influence of computer technologies on it,
which penetrate into all spheres of human activity. The use of
computers  activates the process of studying the discipline by
students, facilitates and accelerates the assimilation of new material and
control, which ultimately improves the quality of education and deepens
students” knowledge. At the same time, both standard programs
and those developed at departments are used when studying the
most important topics of the theoretical course and the material of
practical and laboratory classes. Also, in conditions of versatility, the
availability of textbooks saturated with theory, and a shortage of classroom
time, new approaches to conducting classes are needed to achieve high
quality knowledge and skills. The  article  discusses the  possibilities
of using modern computer technologies, in particular, the
Mathcad application program  for visual representation of physical
processes. This article shows methods for solving ordinary differential
equations in the Mathcad package based on numerical methods. As an
example of anonlinear process, the Cauchy problem for a second order
ordinary differential equation is solved wusing the Mathcad odesolve
function, which is a complication of the linear oscillator equation,
and a graph is obtained. It also talks about the advantages of
using the Mathcad application program for solving problems in
physics, which allows you to not only make the necessary calculations, but
also to arrange your
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work using graphs, drawings, tables and mathematical formulas. Based on
the results of these modeling works, the user gets the system model ready and
can only set the initial conditions and control all the parameters of the model
during the numerical experiment. In this regard, this program provides an
opportunity to expand the teaching activities of the teacher and increase the
independence and activity of students.

Key words: physical processes; MathCad; modeling; physical models;
Runge-Kutta method; complex systems; solutions of ordinary differential
equations; learning process; examples of problem solving.
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KOJIIAHBAJIbI BAFJAPTAMAJIAPIBI KOJJJAHA OTBIPBITT
TN ®PEPEHIUAIIBIK TEHJAE YJIEPII INEITYIIH CAHJIBIK
OJIICTEPI

AnHotanusi. Koram gamybIHBIH Ka3ipri Ke3eHi OFaH agaM KbI3MEeTIHIH
OapibIK cajajgapblHa C€HETIH KOMIIBIOTEPIIK TEXHOJOTHSJIAPIbIH KATThI
ocepiMeH cunartanaiasl. Komrbrorepiaepai KoJIaHy CTYISHTTEPIiH IOHI1
OKY TpoLeciH OenceHaipei, xaHa MaTepuaibl Urepydl KoHe OaKbLIayIbI
KCHIJIIETE Tl )KOHE JKbUIIaMIaTaIbl, HOTH)KECIH/IC OKY CallaChlH apTThIPAJIbI
KOHE CTyAeHTTepaiH OimimiH Tepenaereni. byn »xarmaiima cTraHaapTThl
Oarmapnamanap J1a, TCOPUSIIBIK KYPCTBIH MaHBI3/IbI TaKbIPBIITAPBIH,
MPAKTUKAJIBIK )KOHE 3€PTXaHAIIBIK CabaKTapbIH MaTepHUasIapblH OKY Ke3iH/1e
kadeapanapa skacanran OarapiamMmanap Ja Kojaaanbuiaael. CoHai-ak, Kel
caJiajibl, TEOPHSIFA TOJbI OKYJIBIKTAPIbIH OOJYbI, ayAUTOPHUSIIBIK YaKbITTHIH
KETICTICYIILIT JKaFAabIiHAa OUTIM MEH JIaFbUIapAblH JKOFaphl canachlHa
KOJI JKeTKI3yre MYMKIHIIK OepeTiH cabakTapabl OTKI3YIiH KaHa TIciaaepl
KaXeT

Makasaja 3aMaHayd KOMITBIOTEPIIIK TEXHOJIOTHSJIAP/bI, aTal alTKaH/1a
¢bu3MKanblK TpouecTepal KepHeki Typae kepcery ymiH Mathcad
KoJaHOabl OargapiamMachlH KOJMJIaHy MYMKIHIIKTEpT KapacThIPbLIAJbL.
byn skympicTa caHObIK omictepre HerizgenreH Mathcad maketinaeri
KapanaiibiM nuddepeHmanaplk TeHaeyaepal Menry 9/1icTepi KOPCeTUIreH.
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CBI3BIKTBIK €MeC MPOIIECTIH MbICAJIBl PETIHJIE CKIHIII PETTI KaparaibIM
muddepeHnnanaplk TeHaey yiniH Komm ecedi ChI3BIKTBIK OCHUILISATOP
TeHJeyiHIH KypaeneHyi Oombin TaObuiareiH Mathcad maketiniy odesolve
(GYHKIMSCHIH KOJIJaHAa OTBIPBIIN MISHIAL KoHe rpaduk anbiHiabl. CoHpaii-
ak, ¢gusuka ecentepin menryne Mathcad kommanOGanel GargapiamachiH
KOJIZIAHY/IBIH apTHIKIIBUIBIKTAPBl Typaibl aWThuIaabel. by e3 keserinue
KQXETTI ecernTeyepl Kypri3yre FaHa eMec, COHbIMEH Karap rpadukrep,
CypeTTep, KeCTelep )KOHE MATEMAaTHKAIIBIK OpMYyJIaliap KOMETIMEH )KYMBICTBI
yUBIMIACTBIpYFa MYMKIHAIK Oepeni. OcCbhl MOAETBAIK KYMBICTAP/bIH
HOTIKeIIepi OOMBIHIIIA Al JaJIaHy bl JAWbIH )KYHEHIH MOJICIIIH aJlaibl )KOHE
CaHJIBIK SKCIIEPUMEHT Ke3iH/ie OacTanKpl MapTTap/ibl €PKiH OpHATYFA JKOHE
MOJIENbIIH OapiblK MmapameTpriepin 6ackapyra MYMKIHIIK anajabl. OcblFaHn
OaliTaHbICThI OYJ1 OaFapiiaMa OKbITYIIBIHBIH OKY KbI3METiH KEHEUTYTE )KOHE
CTYIEHTTEpAiH AepOecTiri MeH OeJICeHILTITH apTThIpyFa MYMKIHIIK Oepe/i.

Tyiiin ce3aep: ¢usukanelk mnpomectep, Mathcad, wmozaenbaey,
dbusukaneiKk Monenbaep, Pynre-Kytra omici, kypaeni sxyienep, Kapamnaibim
muddepeHnnanabK TeHASyIepIi ey, 3epTTey MpoLeci, mpodieManapabl
IICITY MBICAJIIapPhI.
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YUCJIEHHBIE METOAbI PEIHEHUA TUPPEPEHIIUAJIBHBIX
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AnHotanusi. CoBpeMEeHHBIN STal CTaHOBJICHMS O0IECTBA XapaKTepu-
3yeTCsl MOILITHBIM BIMSHUEM HA HETO KOMIBIOTEPHBIX TEXHOJIOTH, KOTOpbIE
MIPOHUKAIOT BO BCce c(ephl uemoBedeckol nearenbHocTU. Mcmonb3oBanue
KOMITBIOTEPOB aKTUBU3UPYET MPOLECC U3YyUEHUS TUCIUTUIMHBI CTyICHTAMH,
o0seryaer U yCKopsieT yCBOCHHE HOBOTO MaTepHalia U KOHTPOIIb, YTO B pe-
3yJbTaTe MOBBIIIAET Ka4eCTBO OOYUYECHHSI U yIIIyONIsieT MO3HAHUS CTYICHTOB.
[Ipu 3TOM IPUMEHSIOTCS KaK CTaHJIapTHBIE IPOrpaMMBI, TaK U pa3pabaThi-
BaeMble Ha Kaeapax mpu U3y4eHUU 0COOEHHO BaXKHBIX TEM TEOPETUUECKOTO
Kypca ¥ Marepualia MpakTUYeCKuX U J1abopaTopHbIX 3aHsATUH. Takxke B yc-
JIOBUSIX MHOTONPO(HUILHOCTH, HANUYUSI YYEOHUKOB HACBHIIIEHHBIX TEOPH-
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€1, HeXBaTKH ayJJMTOPHOTO BPEMEHH HYHbI HOBBIC TIOIXO/IbI K IPOBEICHHUIO
3aHSATHH, TTO3BOJIIONINE JOOMBATHCS BEICOKOTO Ka4eCTBA 3HAHUN U YMEHHIA.

B crarbe paccmarpuBaroTCsi BOBMOYKHOCTH TIPUMEHEHHUSI COBPEMEHHBIX
KOMIIBIOTEPHBIX TEXHOJIOTUH, B YACTHOCTH, INPUKIATHONW MPOrPaMMbI
Mathcad s HarIsIIHOTO TPEACTaBICHHS (QHU3MUECKUX TpoleccoB. B
JAHHOM paboTe TMOKa3aHbl METOJbI PEIICHHS OOBIKHOBEHHBIX mudde-
pCHIIMANBHBIX ypaBHeHWI B makere Mathcad Ha OCHOBE 4YHCICHHBIX
MeTonoB. Kak mpumep HenuHeitHOTO mpoiiecca Obula pelieHa 3ajada
Kommwm misi 0ObIKHOBEHHOTO JU(B(HEPEHIIMAIBHOTO YPaBHEHUS BTOPOTO
nopsaka ¢ nomoinplo ¢yHkiun odesolve makera Mathcad, sBnstoierocs
YCIO)KHCHUEM YpaBHEHHS JIMHEHHOTO OCHMJUISATOPA M TONy4YeH rpaduk.
Takke TOBOPUTCS O MPEHMYINECTBAX IPUMEHECHHUS MPUKIATHONW TIPOT-
pammbl Mathcad npu pereHnn 3a1a4 Mo GU3UKe, YTO MO3BOJISIET HE TOJIBKO
MIPOBECTH HEOOXOAMMBIE PaCUYeThl, HO M 0(DOPMHUTH CBOIO PA0OTY C TOMOIIBIO
rpadMKOB, pUCYHKOB, TaONIUI 1 MaTreMarndeckux ¢popmyi. 1o pesynbraram
JAHHBIX MOJICIBHBIX PA0OT, IMOJIb30BATEIb IOJY4YaeT MOJEIb CHCTEMbI
TOTOBOM W UMEET BO3MOXKHOCTH JIMIIb MPOHM3BOJIBHO 3371aBaTh HaYallbHbIC
YCIIOBHS W YIPABISATh BCEMH IMapaMeTpaMU MOJEIH B XOJ€ YHUCICHHOTO
IKCIIEPUMEHTA. B CBs3M C 3TUM JaHHAs MporpamMMa JacT BO3MOXKHOCTh
pacmMpuTh OOYYAIONIYIO JCATEIBHOCTh IPEIOIaBaTeisi W IOBBICHTH
CaMOCTOSITEIIbHOCTh U aKTUBHOCTbD CTYJICHTOB.

Karwuesrblie cioBa: pusnueckue mporeccol, Mathcad, MmonenupoBanue,
¢busnueckre moxaenu, Merox Pynre-KyTTa, CloXKHBIE CHCTEMBI, PEIICHUS
OOBIKHOBEHHBIX JU(D()EpPCHIMANIBHBIX YPaBHEHUH, TpoIecC H3YYCHUs,
MIPUMEPBI PEIICHUS TPOOIIEM.

Introduction. In modern conditions of intensive development of
information technology, there is a need to create a new system (methods,
forms, etc.) of the educational environment. Currently, the urgent issue is
the use of program-pedagogical and telecommunication facilities in the
educational process of a higher educational institution, and, in particular, in
teaching physics

Sincetheintroduction ofinformationtechnology inthe educational process,
the role of their use has increased. Physics as an educational discipline lends
itself perfectly to the process of computerization. Information technology
in the process of teaching physics can be used to study theoretical material,
training, as a means of modeling and visualization, as well as in solving
physical problems.

One of the main disciplines in technical universities is “Physics”. Solving
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problems in physics classes contributes to the formation and consolidation of
acquired knowledge and skills in practice in order to use them in professional
activities. It is applied physical problems that reflect the technical content
and essence of the future professional activities of a university graduate. The
solution to this type of problem allows students to get acquainted with the
various principles of the operation of technical devices, physical research
methods (Bursian et al, 2015).

However, in the educational process, students encounter many difficulties
and the use of computer technology in solving problems greatly facilitates
and solves these difficulties. And also computer technologies in the process
of solving problems develop students\’ interest in the subject of physics and
computer technology.

Computer programs help students solve applied physical problems.
Many tasks contain huge calculations, in the solution of which, by making
a small mistake, you can get the wrong answer. Computer programs make it
possible to prevent such errors and make it possible to come to the correct
answer quickly enough. The use of such programs can reduce the time for
calculations, and increase the time spent on analysis and conclusion.

To date, computer programs that help solve applied physical problems
are many. Many of them allow the calculation of tasks; some of them make
charts, graphs and diagrams for which students would spend a lot of time;
others allow virtual experiments and experiments, that is, many physical
phenomena are clearly demonstrated to students.

Modern computer programs and telecommunication technologies provide
students with access to non-traditional sources of information - electronic
hypertext textbooks, application software packages, distance learning
systems, etc., this is designed to increase the efficiency of development of
cognitive independence and provide new opportunities for creative personal
growth

The development of information and telecommunication technologies is
so fast that the existing pedagogical research does not have time to analyze
new methods, means and forms of teaching physics [Dyakonov et al, 2019].

The use of computers in the study of physics provides great opportunities.
For example, computers are increasingly being used in laboratory work. More
and more, the so-called virtual laboratory work is being introduced into the
educational process in universities. Many programs such as Matcad, Matlab
and others are used to process the results, which leads to a reduction in the
time for this calculation of results and more time is left for better laboratory
work. The use of computers in teaching physics allows you to change the
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teaching methodology, and this leads to the facilitation of the work of the
teacher. A personal computer is not replaced by traditional teaching aids,
but supplementing them and together with them form a system of teaching
aids focused on the use of new information technologies, the use of which
creates the conditions for teaching physics in the educational information
environment.

Materials and basic methods. Computer labs satisfy almost all the
requirements of a physical experiment, except that they are not familiar with
specific devices. Further, they can be used in distance learning. Computer
labs can be used when a real physical experiment is not possible at all. For
example, in the implementation of thought experiments that play an important
role in the development of physics. They can also be used when the material
is very complex and to study it requires increased visibility. It is computer
labs that have such increased visibility. During computer experiments,
the studied physical processes are visualized, and due to the application
of computer modeling methods, graphic symbols on the screen depicting
physical objects move in accordance with the laws of physics. However,
these computer experiments were created precisely as interactive laboratory
work, i.e. students in the course of their implementation can independently
change the values of physical parameters and take measurements of “virtual”
physical quantities, and then by calculating or plotting to determine other
physical quantities. These “virtual” laboratory work can be performed along
with the usual ones, they are not alternative, but mutually complement each
other. In most of these laboratory works, phenomena are studied, the study of
which is difficult using ordinary field works (Guld, Tobochnik et al, 2017).

First of all, it is extremely convenient to use computer models in a demo
version when explaining new material or in solving problems. Problem
solving is a necessary element of teaching physics and the formation of a
creative personality. Using a computer in the process of solving physical
problems allows not only to better absorb physics, but also demonstrates the
importance of a computer as an instrument of creativity and as an effective
assistant in the study of the laws of nature.

Numerical methods for solving ordinary differential equations
(odes). As you know, any physical phenomena are described by differential
equations, so the solution of ordinary differential equations for modeling
physical processes is of great practical importance. The solution of ordinary
differential equations based on numerical methods is widely used in the
practice of scientific and technical calculations, as well as in solving various
problems of physics, mechanics and other natural Sciences.
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The main form of setting the initial conditions, which is used for
modeling real processes using ordinary differential equations, is associated
with determining the values of all lower derivatives at the starting point of
the variable change interval. So, in physics, ordinary differential equations
usually describe the change in the studied characteristic over time, and the
initial conditions are determined at the moment ¢ = 0 (Gorbatenko, 2019).

Thus, given ordinary differential equations and systems of differential
equations are called Cauchy tasks, that is, if additional conditions are given
for a single value of an independent variable, then such a task is called a
Cauchy task.

Methods for numerical solution of ordinary differential equations in the
form of the Cauchy task are developed in great detail. The most popular of
them are deservedly the Runge-Kutta algorithm, which is successfully used
for solving the vast majority of differential equations.

To solve an ordinary differential equation, you need to know the values
of the dependent variable and the derivatives for some values of the
independent variable. If the conditions are set for two or more values of
an independent variable, the problem is called a boundary value problem.
Such tasks require finding a function (or several functions) of a single
variable, if, first, a differential equation (or system of equations) containing
the derivative of the function is defined, and, second, the necessary number
of additional conditions specifying the value of the function at some starting
point (Kondratiev et al, 2015).

Solving Cauchy tasks for ordinary differential equations is a technology
that has been developed in detail for a long time. With “good” ordinary
differential equations, no computational problems usually arise at all (most
often they are solved using the Euler and Runge — Kutta algorithm), and for
a special type of ordinary differential equations, called hard ones, special
methods must be used. All these features are embedded in Mathcad, and the
user is allowed to choose a specific solution algorithm.

The Cauchy task can be formulated as follows: let be an ordinary
differential equation:

%=f(x,y) (1)

¥(x) initial condition y(x,) = y,. You need to find a function y(x) that
satisfies both the specified equation and the initial condition.

The numerical solution of the Cauchy task consists in constructing a table
of approximate values of y, y,...,y, for solving the equation y(x) at points
X, X,..., X . Most often x =x +ih,i=0,1,...n,where h is the increment step of
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the variable x, n is the number of intervals of the solution with a step 4.
Here we consider two groups of numerical methods for solving the
Cauchy task: one-step and multi-step.
One-step methods are methods where finding the next point on the
y(x)=f(x) curve requires information about only one previous step. The
simplest one step method is the Euler method:

R R (AR (2)
i=0,1,...n—1.

The Euler method has low accuracy (on the order of /).
To achieve higher accuracy (order #4?), the fourth-order Runge-Kutta
method is used:
Kot 2k 42k 4k e ko =h- f(x.3,), )
yi+ = yi ’ ’
1 6 k1=h-f(x,,+§,yi+7°
h k
k,=h-f(x. +—,y +—
2 f( i 2 yl 2 )

b

ks =h-f(x; +hy, +k;)

Based on the above, now let’s try to solve physical problems using Matcad
based on numerical methods.

Results. The results of numerical modeling. The solution of linear
differential equations and their systems in Mathcad is presented in two
forms: as a computational block and as inlinefunctions. The first form is
preferable from the point of view of visual representation of the solution
and technical simplicity, while the second opens up much wider possibilities
(Levitskij et al, 2016).

The differential equation of the first order can by definition contain, in
addition to the function y(?) itself, only its first derivative y’(?). In the vast
majority of cases, the differential equation can be written in standard form
(Cauchy form):

Y ®=fy(t)1) 3)

and only with this form can the Mathcad computing processor work.
Correct from a mathematical point of view, the formulation of the
corresponding Cauchy task for first-order ordinary differential equations
must contain one initial condition in addition to the equation itself -function
value y(7)) the value of the function x at some point 7, . You need to explicitly
define the function y(?) on the interval from 7, to 7. By the nature of the
performance the Cauchy tasks are also called tasks with initial conditions
(Matros, Polev, Melnikova et al, 2017).
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To numerically integrate a single ordinary differential equation, the
Mathcad user has the choice of either using the given/odesoive computing
block, or using built-in functions, such as the rkfixed function, as in previous
versions of Mathcad. The first way is preferable for reasons of visual
representation of the problem and results, and the second gives the user
more leverage over the parameters of the numerical method.

Computing block Given/Odesolve

A computational block for solving a single ordinary differential equation
that implements the Runge-Kutta numerical method consists of three parts:

- Given-keyword;

- the ordinary differential equation and the initial condition written using
logical operators must be typed on the Boolean toolbar (Boolean operators)
and the initial condition must be in the form of y(z0)=b;

- odesolve x (1,¢) - inline function for solving an ordinary differential
equation with respect to a variable ¢ on aninterval (7, ¢,), withz <,

It is acceptable, and even often preferable, to set the Odesolve function
(t, t,, step) with three parameters, where step is an internal parameter of the
numerical method that determines the number of steps in which the Runge
- Kutta method will calculate the solution of the differential equation. The
larger the step, the more accurate the result will be, but the more time will
be spent searching for it. Keep in mind that selecting this parameter can
significantly (several times) speed up calculations without significantly
impairing their accuracy.

Anexample of solving the Cauchy task for a first order ordinary differential
equation y’=y—)” using a computational block is given in listing 1.

Listing 1. Solution of the Cauchy problem for an ordinary differential
equation of the first order

Given
y(0)=0.1  y’ (t)=y(t)-y(t)* y:=Odesolve (t,10)
1
y(t) 0.5~ —
o |
a 5 10

Fig. 1. Solution of the Cauchy task
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Keep in mind that you should insert Boolean operators using the Boolean
operators toolbar. When entering from the keyboard, remember that the
logical equal sign corresponds to the keyboard shortcut <Ctrl>+<=>.The
derivative symbol can be entered using the Calculus panel. Mathcad requires
that the end point of integration of an ordinary differential equation lies to
the right of the initial one: (¢,<¢,) (in listing 1. ¢,=0, ¢,=10), otherwise an
error message will be returned.

As you can see, the result of using the Given/odesoive block is a function
¥(t) defined on the interval (7,¢,). You should use the usual Mathcad tools
to plot it or get the function value at some point in the specified interval,
for example: y(3)=0.691. The user has the option to choose between two
modifications and the Runge-Kutta numerical method. To change the
method, right-click on the odesolve function area to open the context menu
and select one of two options: Fixed (Fixed step) or Adaptive (Adaptive). By
default, the first one is used, i.e. the Runge-Kutta method with a fixed step
(Verzhbitsky at al, 2001).

Now let’s try using the method of solving equations using the odesolve
function to simulate various processes, in particular the model of a nonlinear
harmonic oscillator. It is based on the solution of the Cauchy problem for an
ordinary differential equation of the second order, which is a complication
of the equation (2ay"+pv'+y+»° =0) of a linear oscillator, where @ is
the cyclic frequency of oscillations, 7 is the attenuation coefficient. The
harmonic oscillator model describes, in particular, the pendulum oscillations:
(1) describes changes in the angle of its deviation from the vertical, y ’(¢)-the
angular speed of the pendulum, y ”’(?) -acceleration, and the initial conditions,
respectively, the initial deviation of the pendulum y(0)=1.0 and the initial
speed y’(0)=0. It is important to note that the model is linear, that is, the
unknown function (and its derivatives) are included in the equation in the
first degree (Samarsky , Mikhailov et al, 2001).

The method for solving the equation for the nonlinear case is given in
Listing 2, and the result is shown in Fig.2. Here the symbol of the derivative
is allowed to enter the tools panel, Calculus (Computing). Once again, we
emphasize that the result of applying the Given/odesolve block is the function
¥(1) defined on the interval (7,¢,). You should use the usual Mathcad tools
to plot it or get the function value at some point in the specified interval, for
example: y(10)=0.048.

Listing 2. Modeling of a nonlinear oscillator
w:=0.5p:=0.2 7:=0.95
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Given

2
W2.d_2y(t) + B(i Y(t)j + y(t) + y.y(t)z =0

y(0)=0  y’(0)=3
y:=0desolve (t,20)

y(10)=0.048
4 I I

a T ™

—y(t) \

dt i

—  0oF +

_ I

2 - | )
0 ° 10 2 -l 0 1
' y(1)

Fig 2. The model of nonlinear harmonic oscillator

Discussion. As Listing 2 shows, in addition to the equation itself, it was
necessary to define two initial conditions (the third and fourth lines of the
listing) — initial values of y(t) and y’(t) for t=0. Generally speaking, ordinary
differential equations have a unique solution if, in addition to the equation,
the initial or boundary conditions are specified in a certain way (Turin,
Markov, Poyarkov, 2018).

The resulting nonlinear model is widely used in the study of sections
of physics: mechanics, molecular, electricity and magnetism, vibrations
and waves. Nonlinear systems with dynamic chaos are used in systems of
hidden information transmission, as well as in communication systems that
use dynamic chaos as a source of vibrations that carry information.

From the above, it follows that the use of modern application packages in
the educational process allows you to significantly change the methodology of
studying some issues of the physics course related to conducting cumbersome,
repetitive computational procedures, solving systems of differential
equations, plotting graphs and surfaces, with a visual representation of the
results of solving the problem using application packages. If before the
behavior of a physical system was analyzed exclusively analytically, now
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it is possible to use numerical methods of computer simulation, which have
certain advantages (Tarasova, 2014).

Computer modeling, conducting a computational experiment is one
of the modern methods of studying physical phenomena. It has its own
characteristics, advantages and disadvantages compared to other methods
of studying physical systems. It is quite obvious that students of higher
educational institutions should have ideas about computer models,
numerical methods for studying various objects of cognition, and be fairly
free to navigate in modern software products. It is modern application
packages that make it possible to solve a complex system of equations in
a few seconds, construct a graph of the studied dependence, and simulate a
difficult reproducible experiment.

The advantages of modern packages are expressed in providing the
ability to enter mathematical formulas or functions for numerical calculation
by them, setting various values of the quantities used, plotting graphs for a
visual representation of the simulation results, generating random variables
(modeling random processes), performing logical operations, which allows
you to implement various numerical methods. Using Mathcad, the student
does not waste time coding the computational algorithm and programming
auxiliary blocks i.e. saves the student from the mass of routine computing
work. Also, its advantages are that Mathcad makes studying physics easier,
the Mathcad program itself is easy to learn, and does not require reading
thick books, conducting abstracts and memorizing complex rules for
studying and applying. Mathcad is simple in that a solution to a problem of
interest can be obtained in a short period of time. In this regard, the Mathcad
package is very effective in the educational process, makes it possible to
teach a number of educational disciplines (computer modeling of physical
processes, physics, mathematical modeling, numerical methods, etc.) at a
higher level (Robert et al, 1994).

The results of the work can be used when reading courses of computer
modeling of physical processes, when conducting practical, lecture,
laboratory classes. The complex complements traditional forms of teaching
(lectures, seminars, physical laboratory) and can be used in computer
classes of all universities, technical, pedagogical institutes and other higher
educational institutions as a modern addition to physics courses.

Conclusion. Thus, solving the problem of the General course of physics
using Mathcad allows you to form an idea of the possibilities of using this
mathematical package for further research. Using the Mathcad program not
only reduces the time for laboratory work, but also activates the process of
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studying the discipline by students, facilitates and accelerates the assimilation
of new material and control, which ultimately improves the quality and
deepens student’ knowledge

The integration of physics, mathematics and computer technology, and the
creation of a whole set of exercises and tasks, and tasks that are specific, and
not abstract from practice, will allow you to achieve a deeper understanding
of the physical foundations and a more focused and meaningful development
of the mathematical apparatus.

This application of mathematical modeling can result in huge cost
savings and a significant reduction in research time. Mathematical modeling
for the control and evaluation of design solutions and experimental methods
created not only significantly improves the quality of design solutions, but
also dramatically reduces the cost of creating experimental installations and
conducting scientific research using them.
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