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ABSTRACT

Currently, the training of specialists in credit technology, according to which students are taught at the Univer-
sity, determines the relevance of developing new conceptual foundations in the organization of educational
and methodological work and the introduction of modern, information and communication technologies in the
educational process. The above suggests the widespread use of information technology and personal com-
puters to simulate various physical processes, both in the learning process and current control. The use of
computers activates the process of studying the discipline by students, facilitates and accelerates the assim-
ilation of new material and control, which ultimately improves the quality of education and deepens students’
knowledge. Therefore, the study of methods for modeling physical processes using modern application pack-
ages is currently the most relevant.

In the article, for a visual representation of physical processes using the MathCad program, modeling of com-
plex systems described by ordinary differential equations of the second order is given. Using this Mathcad
package, a graph of forced oscillations without resistance in the presence of an external periodic force is ob-
tained using the odesolve function. The paper also talks about the use of physical models in the educational
process.

Key words: Physical processes, Mathcad, modeling, physical models, Runge-Kutta method, complex sys-

tems, solutions of ordinary differential equations, learning process, examples of problem solving.

Introduction. Currently, in the conditions of
credit technology, pluriactivity, the availability
of textbooks saturated with theory, the shortage
of classroom time, new approaches to the design
and implementation of physics training are need-
ed to achieve high quality knowledge and skills.
At the same time, both standard programs and
those developed at departments are used when
studying the most important topics of the theo-
retical course and the material of practical and
laboratory classes.[1]

Training systems created with the use of
computer technologies belong to a specific type
of technical means of training and are designed
to facilitate the work of the teacher and free him
from laborious work.

The use of computers is associated with the
solution of a number of problems of the develop-
ment of physical education. Automated training
systems can be used as a supplement and expla-
nation of the lecture course, for the current con-
trol of knowledge in practical classes, as well as
for the automation of laboratory work.

The purpose of the work. Laboratory
classes (practicum) for a number of specialties
are one ofthe leading forms of work. The main
purpose of the workshop is to experimentally
confirm the theoretical provisions of the stud-
ied science, to ensure that students understand
the basic laws and forms of their manifestation,
to form a professional approach to scientific re-
search among future specialists, and finally, to
instill skills of experimental activity.

The increase of creative potential and
professional skills is carried out in full only
with the practical application of knowledge.
The laboratory workshop promotes students’
knowledge of the organic unity of theory and
practice, introduces them to the directions of
development of experimental science, devel-
ops interest in research and independent cre-
ative work.

Computer training systems can be widely
used at all stages of laboratory classes: exper-
iment planning, data processing and analysis,
registration of research results. 1f the computer
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is not the object of study itself, then its role is
reduced to providing work.[2]

One of the most unique features of electron-
ic technology is computer modeling of physical
processes. At the same time, a program simulat-
ing a physical experiment should be considered
as part of a whole complex of closely interacting
training programs.

The computer is equipped with means of vis-
ualizing the results, that is, it makes it possible to
present the solution ofthe problem in avisual dy-
namic form (on a graphical display), to observe
its dependence on the parameters. All this makes
it possible to bring the numerical experiment
closer to the natural experience. Working with
such a model is interesting and teaches students
to “feel” the nature of the most important equa-
tions of physics, develops intuition.

Research methods. Computer laboratory
work began to be created in the nineties ofthe last
century due to the advent of cheap microcomput-
ers, the development of a dialog mode ofworking
with a machine, machine graphics and animation.
The scientific basis of such educational works is
the methods of machine modeling, which have
greatly changed physics and led to the emergence
ofawhole new branch of science - computational
physics. “Virtual” laboratory work is an educa-
tional computer experiment that has the right to
coexist with a natural physical experiment con-
ducted in the same way in real conditions.

The objectives of the laboratory practicum
are an in-depth study of theoretical material,
familiarity with the methods of measuring vari-
ous physical quantities, the formation of exper-
imental work skills among students, etc. Labo-
ratory experiments are actively and relatively
independently performed work: after getting ac-
quainted with the theory, the student himself, un-
der the guidance of ateacher, takes measurements
of the necessary physical quantities, processes
measurement results, builds graphs and works
with them and, finally, independently draws con-
clusions based on the results of his work. Thus,
the laboratory practicum contributes to the for-
mation of students’ research skills.[3]

There are a large number of examples of

physical phenomena and processes for which
models ofvarying degrees ofrealism can be built,
and from all branches of physics. It is important
to emphasize that, using computer modeling, it is
possible and necessary to use the huge potential
of opportunities provided by modern technology
and application programs when studying various
sections of physics.

The use of specialized packages for mathe-
matical calculations presented on the market of
applied software is becoming increasingly wide-
spread in laboratory workshops on the course
“Numerical methods”. Of all the variety of such
packages, we prefer the Mathcad package, as the
most adapted from our point of view for the edu-
cational process. [4].

The Mathcad system has the ability to solve
partial differential equations and their systems.
Mathcad tools allow you to solve one-dimension-
al parabolic and hyperbolic equations (with one
spatial and one temporal variable). Such a seem-
ingly narrow range of solved problems actually
covers the vast majority of problems arising in
physics and engineering.

This paper shows methods for solving ordi-
nary differential equations in the Mathcad pack-
age based on numerical methods for modeling
oscillatory physical processes. As an example of
solving higher-order differential equations using
the odesolve function of the Mathcad package,
a graph of forced oscillations without resistance
in the presence of an external periodic force is
obtained.

The solution of a higher-order differential
equation is given using the odesolve (t,b), func-
tion, where t is a variable, a, b- the end point of
the integration segment. A graph of the resulting
solution is also plotted (parameter values are tak-
en for certainty g=a=m=1, and the initial condi-
tions are given in the formy(0)=0,y (0)= -1).[5]

From mechanics we know that forced oscil-
lations are described by the following equation:

+b% +Kky/ = Fo-sin(at) wnam

Ne +2i6M+ w lyl = f-sm(wt),,
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Given

a=1 gq=01 w:=1

y"(t) + g-y'(t) + ly(t) = asin(w-t)
y(0) =0 y(0)=1

t = 0,0.2 .. 100

y := Odesolve (t,50)

Figure 1- Forced oscillations without resistance in the
presence of an external periodic force

The main results. As aresult ofthese mode-
ling works, the user receives a ready-made model
of the system and has the opportunity only to ar-
bitrarily set the initial conditions and control all
the parameters of the model during the numer-
ical experiment. In this development, the tasks
were set: to facilitate students’ understanding of
the basic physical laws, their logical and causal
relationships; to help understand the relationship
of various physical characteristics, to establish
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MCMNOJ1Ib3OBAHVNE NH®OPMALIMOHHO-OBPA30OBATEJ/IbHBIX PECYPCOB B YYHEBHOM TMPOLIECCE
AHHOTauuma. B HacTosdlee BpeMs MOArOTOBKA CNeuuasiuctoB MO KPeauTHOW TEexXHONOoruu, no KOTOpOl
npoBoAuTCcs 06yyeHne CTyAeHTOB B By3e, o6ycnaBnusaeT akTyanbHOCTb pa3paboTku HOBbIX KOHLENTyasbHbIX
OCHOB B oOpraHusauuy y4yeb6HO-MeToAMYeCcKO paboTbl U BHeAPEHWS COBPEMEHHbIX, WHM(OpPMaLMOHHO-
KOMMYHWKATUBHbLIX TEXHO/MOruiAi B y4ebHbIli npouecc. CkasaHHoe npejnonaraeTt LUMPOKOe MCnosib3oBaHue
NH(POPMaLMOHHBLIX TEXHOOMMIA 1 MEePCOHasIbHbIX KOMMNbLIOTEPOB, A1 MOAEIMPOBaHNA Pas3NnNUHbIX PUINYECKMX
npoueccoB, kak B npouecce 0byyeHus, Tak U TekyLero KOHTposs. MNMpumMeHeHre KOMMNbTEPOB akTUBU3upyeT
npouecc N3yyeHus ANCLMNMNHBI CTyAeHTamMu, obneryaeT v yckopsieT yCBOEHWe HOBOrO MaTepuana U KOHTPOsb,
4YTO B MTOre MnoBbIIaeT KayecTBO 0OyYeHWs u yrnybnser 3HaHusa cTyAeHToB. [M0O3TOMy M3yyeHue MeTonoB
MOAEeNNpPoBaHna (PU3NYECKMX NPOLLECCOB C NMOMOLLbI0 COBPEMEHHBLIX NPUKNaAHbIX NakeToOB B HacTosLliee
Bpems siB/sSeTcs Haubosiee akTyasbHbIM.

B cTtatbe AN8 HarnsgHoro npeacTtaBfieHns (U3nYecknx npoueccoB C nomouib nporpammbl MathCad
npuBeAEHO MOAEeNMPOBaHMEe C/IOXKHbIX CUCTEM, OMUCbIBAEMbIX OObIKHOBEHHLIMWU AuddepeHunanbHbIMU
ypaBHEHUsIMW BTOPOro nopsigka. Mcnonb3ys pAdaddblli nakeT Mathcad, nonydeH rpaduk BblIHYXAEHHbIX
KonebaHuii 6e3 CoOnpOoTUBAEHUSA NPU HAJIMYMN BHELLHEA nepuoamnyeckoli cubl ¢ NOMOLLbLO yHKLMK odesolve.
B paboTe Takxe roBoputcs 06 UCNob30BaHUM (PM3MYECKUX Moenei B yuebHOM npolecce.

KntoueBble cnoBa: dusnyeckme npouecchl, Mathcad, mogenuposaHve, gusnyeckme mogenu, metog PyHre-
KyTTbl, CNOXHble CUCTEMbI, pelleHns 06bIKHOBEHHbIX AnthdepeHLanbHbIX ypaBHeHUA, NpoLecc o6ydeHus,
npuMepbl pelleHns 3adad.

OKY MPOLIECIHAE AKMAPATTbIK-61/11M BEPY PECYPCTAPbLIH MANAANAHY

TywHaeme. Kaslpn yakelTta XXOO-ga cTygeHTTepal OkbiTy 6apbiCbiHAa KpeAuT™ TexHonorns 6oibiHwa
MaMaHZapAbl Aasprnay, OK\y-3alTeMenlk XyMbICTbl YWbIMAACTbipyAa >XeHe OKy nfpoueclHe 3amaHayw,
aknapaTTbiK-KOMMYHUKATUBT TEXHOMIOTUANAPAbl €HN3yAe XaHa TyXbipbiMAamanblk Hensgepal eslpneyau
e3ekTT1lnH Hen3genak Xorapblga aliTeliraHgap oky npouecblae e, arbimgarsl 6akblnay keslHge ge eptYpni
hunsmkanblk npouectepal mogenbaey YWiH aknapaTTblk TEXHOMOrMAAap MeH gepbec komnbioTepnepal keHlHeH
KongaHyabl KkamTuibl. KomnbioTepnepgl konpaHy cTyaeHTTepal, neHgl oky npoueclH 6enceHglpepl, xaHa
mMaTepuangbl urepyal xeHe 6Gakblnayfabl xeHlngetenl eHe XbligampaTtafbl, HeTwkeclHAe OKy canacblH
apTTbipagbl XeHe cTyaeHTTepalH 61nlvlH TepeHaeTenl. CoHAbiKTaH ka3lprl 3amaHrbl kongaH6ansl naketrepal
KongaHa oTbipbin, husnkansik npouectepal mogensaey eatotepbl 3eptrey kaslprl yakbiTTa eH e3eKT Mecene
60nbIN Tabblnagpl.

Mathcad 6argapnamacbiH kKongaHa oTbipbin, husnkansik npouectepal kepHekl Typae kKepceTyre apHanraH
Makanaga kapananbiM exlHud pertl andhdepeHumangblk TeHAeynepmeH cunattanraH KYPgeni xyvenepal
mMogenbaey kenrlplareH. Ocbl Mathcad nakeTlH kongaHbin, odesolve yHKUMACHI apKblfibl CbIPTKbl NEPUOATHIK
KYw TyclpTreH ke3gerl kegeprlcls mex6Ypni TepbenlcrepalH rpaduH anbiHabl. CoHpaii-ak, XymbiCTa OKy
npouecblae dusnkansik Mogenbaepal kongaHy Typassl antblnagp.

TY~Hdi cB3gep: usmkansik npouectep, Mathcad, mogengey, pusmkansik mogenogep, PyHre-KyTtta eglcl,
KYPgeni >KYI7Ienep, kapanalibiMm auddoepeHumangbik TeHaeynepal ey, oky npouecl, ecentepal weLlyau,
Mblcangapbl.
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