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2 Clarivate

Analytics

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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.



bBacpengakrtoph
3. . 1., mpodeccop, KP ¥FA akagemuri
N.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pengakxnous ankacs

AbaxanoB T./. mpod. (Kazakctan)

Abumesa 3.C. pod., akagemuk (Kazakcran)
Ara6exoB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (O3ipOaikan)
Bakupor A.B. npod., (KsipreicTan)

Becnae X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpoo., akanemuk (Kasakcran)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anuer U.H. poo., akanemuk (ToxikcTaH)
I'paBuc P.M. npod. (AKLL)

Epranues I'.K. npod., akanemuk (Kazakcran)
Kykos H.M. npoo. (Kazaxcran)

Ken:xkanues B.K. npod. (Kazakcran)
KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akagemuk (Peceit)
KypckeeB A.K. mpod., akanemuk (KazakcTtan)
KypuaBoB A.M. nipod., (Peceit)

Meney A.P. mpod., akagemuk (Kazakcran)
MyxamenaxanoB M.A. ipod., kopp.-mymieci (Kazakcran)
HurmatoBa C.A. npod. (Kazakcran)

O3noes C.M. npod., akagemuk (Kazakcran)
MocToaaruii B. mpod., akangemuk (MomoBa)
Pakunmes B.P. npod., akagemuk (Kazakcran)
CeiitoB H.C. ipo@., kopp.-myteci (KasakcTaH)
CeiitmypaToBa I.10. npod., kopp.-myuieci (Kazakcran)
Crenanen B.I'. npod., (I'epmanms)

Xampepu Jx.J1. npod. (AKILI)

Teiinep M. npod. (I'epmanmst)

«KP ¥T' A Xa6apaapbl. ['eos1orust MeH TEXHUKAJIBIK FBUIBLIMIAP CEPUSICHD).

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Memnmrikrenymi: «Ka3akctan PecyOnuikachiHbH ¥ ATTHIK FRUIBIM akagemrisicby PKb (Anmartsl K. ).

Kazakcran pecryOnvKachiHBIH MoJIeHHET IeH akfapar MHHHUCTPIINiHIH AKHapaT jKOHE MyparaT KOMHUTETIHZE
30.04.2010 k. 6epinren Ne10892-2K mep3imik 6acbUIBIM TipKeyiHEe KOWBLTY Typalibl KYJIiK.

Mep3imuiniri: ®buibiHa 6 per.
Tupaxsr: 300 naHa.

Penaxiusaneig mekerkaiipl: 050010, Anmats K., [lleBuenko kemr., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical .kz

© Kazakcran PecrryOnukachiHbIH YITTHIK FBUIBIM akaeMusichbl, 2018

Penaxmmsaein  Kazakcran, 050010, Anmarsr K., Kaban6aii 6ateipa kerr., 69a.
mekemkaiiel: K. W. CorOaeB aTeIHAAFBI TEONOTHS FRUIBIMAAP WHCTHTYTHL, 334 6emme. Tem.: 291-59-38.

TumnorpadususlH MekeHkaibl: «ApyHa» XK, Anmarsr k., Mypat6aesa kemr., 75.

— 3 —



I'maBHBIH penakToOp
I. 3. H., ipodeccop, akanemuk HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO PEAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHH. HAYK
PenakuuoHHas KONIETr U

AbaxanoB T./l. npod. (Kazaxcran)

Abumesa 3.C. pod., akagemuk (Kazaxcran)
Ara6exoB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (AzepOaiimkan)
Bakupor A.B. pod., (Keipreizcran)

Becnae X.A. npod. (Kazaxcran)

Bumum6aes B.K. npod., akanemuk (Kazaxcran)
BykrykoB H.C. mpog., akanemuk (Kazaxcrtan)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anues U.H. npoo., akanemuk (TamkuKuCcTaH)
I'paBuc P.M. nipoo. (CILIA)

Epranmues I'.K. npod., akanemuk (Kazaxcran)
Kykos H.M. npoo. (Kazaxcran)

Ken:kanues B.K. npod. (KazaxcTan)
KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akagemuk (Poccus)
Kypckee A.K. npod., akanemux (Kazaxcran)
KypuaBoB A.M. nipod., (Poccust)

Meaey A.P. npod., akagemuk (Kazaxcran)
MyxamenaxanoB M.A. ipod., ui.-kopp. (Kazaxcran)
HurmatoBa C.A. npod. (Kazaxcran)

O3noeB C.M. nipod., akagemuk (Kazaxcran)
MocToaaruii B. mpod., akagemuk (MomnaoBa)
Pakumes B.P. npod., akagemuk (Kazaxcran)
CentoB H.C. mpo@., wr.-kopp. (Kazaxcran)
CeiitmypaToBa 2.10. npod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanms)

Xampepu JIx.J1. npod. (CLIA)

Mreiinep M. npod. (I'epmanmst)

«H3BecTusi HAH PK. Cepusi reosioruu 1 TeXHU4ECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CobctBennnk: PecmyOnmukanckoe oOmectBeHHoe oOwvenuHeHne «HammonanpHas axamemus Hayk PecryOmwmkum
Kazaxcran (r. AnMatsr)

CBHUIETENBCTBO O NIOCTAHOBKE Ha yd4eT IIEPUOANYECKOro IedaTHoro u3fanus B Komurere mHGOpMaLUK U apXUBOB
MunucrepcTBa KyabTypsl 1 uHopmanun Pecriyonnku Kazaxcran Nel0892-K, Boinannoe 30.04.2010 r.

[TepuoguvaHOCTH: 6 pa3 B TO1
Tupax: 300 sx3eMIUTSIPOB

Anpec pegakuuu: 050010, r. Anmarsl, yi. Llleuenko, 28, xom. 219, 220, Ttem.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical.kz

© HammonaneHas akanemust Hayk Pecny6mmkn Kazaxcran, 2018

Anpec pegakunn:  Kazaxctan, 050010, r. Anmarter, yin. Ka6an0Oait 6aTeipa, 69a.
Wuctutyt reonorndeckux Hayk um. K. M. CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec Tunorpadun: UIT «Apyna», r. Anmarsl, yi. Mypar6aesa, 75

— 4 —



Editor in chief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.K. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kenzhaliyev B.K. prof. (Kazakhstan)
Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz/geology-technical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2018

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 5 —



ISSN 2224-5278 Cepus 2eonozuu u mexnuueckux Hayk. Ne 4. 2018

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 430 (2018), 145 — 154

IRSTI 531, 530, 532

K. A. Kabylbekov', Kh. K. Abdrakhmanova',
G. Sh. Omashova', K.M. Lakhanova®, Zh. A. Abekova'

'M. Auezov South Kazakhstan state University (SKSU), Shymkent, Kazakhstan,
’H. A. Yassavi International Kazakh-Turkish University (IKTU), Turkistan, Kazakhstan.
E-mail: kenkab@mail.ru, khadi_kab@mail.ru, gauhar omashova@mail.ru, abekova68@mail.ru

ORGANIZATION OF COMPUTER LABORATORY WORK
“CALCULATION AND VISUALIZATION
OF SMALL FORCED OSCILLATIONS”

Abstract. In the article there are calculations and visualizations of forced oscillations of the system under the
action of constant and variable forces: 1. F=const=Fy; 2. F=at.; 3. F=Fpexp(-at); 4. F=Fyexp(-at)cos(ft). The
graphs of dependence of the above given forces on the time are drawn in one graphic window. The programs for
calculation and visualization of the forced oscillations under the action of the given forces are presented. The graphs
of dependence of the one-dimensional forced oscillations on the time are submitted. Formulas (1-4), describing the
laws of oscillations, are difficult for understanding the features of oscillations. Their visualization makes the nature
of the system oscillations more evident and clear.

For the solution of this task the MATLAB language is used. It is known that the MATLAB language has
opportunities for modeling and visualization of physical processes. MATLAB allows presenting visually the
complicated formulas in the form of graphs that considerably makes easier the comprehension of the nature of the
process or the phenomenon.

Aim of the work: To work out the program for calculations and visualizations of forced oscillations of the
system under the action of the force F(?) if at the initial time ¢ = 0 the system is at rest in an equilibrium state
x(=0)=0, (+=0)=0).

The results of this study can be used on theoretical mechanics classes of the higher school.

Key words: forced oscillations, visualization, oscillation graph, amplitude.

Introduction. 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 for professional development. Hence the educational institutions have all conditions for
using computer training programs and models for performing computer laboratory works. During several
years we have been conducting the work on organization computer laboratory works on physics with use
of resources of the Fizikon Company [1, 2] which are developed at Al-Farabi Kazakh National University
by V. V. Kashkarov and his group. Some of worksheet templates for computer laboratory works are in-
troduced in educational process of our university and schools of the Southern Kazakhstan [3—-29]. Students
of the physics specialties 5B060400 and 5B011000 successfully master 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 system [30], acquaintance with its
huge opportunities for modeling and visualization of physical processes. This article is devoted to organi-
zation of performance of the laboratory work "Calculation and visualization of the system undergoing
one-dimensional small oscillations" using the MATLAB language.

The aim of the work is to work out the program for calculations and visualizations of forced oscilla-
tions of the system under the action of the force F() if at the initial time ¢# = 0 the system is at rest in an
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equilibrium state (x(z=0)=0, v(+=0)=0). (The problems are taken from [31]. They were solved at practical
classes on classical mechanics).

Methods. The program for calculation and visualization of forces acting on the system:

>>F(0=1; m=0.2; w=1; % input the parameters

>> t=0:pi/10:2*pi; % input the time vector

>> subplot(2,2,1);plot(t,F0,'’k-") % plotting the graph in the first sub-window

>> a=1; F=a.*t; % input the parameters

>> subplot(2,2,2);plot(t,F,’k-") % plotting the graph in the second sub-window

>> grid on% drawing the coordinate grid

>> F0=1; alfa=0.5; %

>> F=F(.*exp(-alfa.*t); %

>> subplot(2,2,3);plot(t,F,'’k-") % plotting the graph in the third sub-window

>> grid on% drawing the coordinate grid

>> beta=0.2;alfa=0.5; % input the parameters

>> F=F(.*exp(-alfa.*t).*cos(beta.*t); % calculation of the acting force

>> subplot(2,2,4);plot(t,F,'’k-") % plotting the graph in the fourth sub-window

>> orid on% drawing the coordinate grid

Results and discussion. The result is presented in the figure 1.

FO=const. F=at
2 8 I I I
1.5 | 6 - T R RN
Z | | |
©  Lpececescecacecnacenns Z 4 3em--- o remee
0.5 ] 2t----- oo R e
0 ‘ ‘ ‘ 0 | | |
0 2 4 6 8 0 2 4 6 8
t,s t,s
F=F0*exp(-alfa*t) F=F0.*exp(-alfa.*t).*cos(beta.*t)
1 I I I 1 I I I
Z 05\ [ SR — Z o5\ F—— S N
T | | | T | | |
0 1 1 1 0 1 1 :
0 2 4 6 8 0 2 4 6 8
t,s t,s

Figure 1 — The graphs of acting forces versus time in one graphic window

1. F=const=F,. Under the action of a constant force the system is displaced from its equilibrium
position and oscillates about this position according to the equation:

£y
— _ , 1
X 2(1 cosa)t) (1)

where m is the mass of the system, @ is the oscillation frequency.
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The program for calculation and visualization:
>>F(0=1; m=0.2; w=1; % input the parameters
>> t=0:pi/10:2*pi; % input the time vector

>> x=F0.*(1-cos(w.*t))./ m*w."2; %

>> plot(t,x) % plotting the graph

>> orid on% drawing the coordinate grid

The result is presented in the figure 2.

10 I I
| | |
R I A
l l l
[ [ L/
l l l
L S BEnhnk BAEEEESEEEESEREESE
| | |
I Lo/ [ !
l l l
€ g5l __L__ vy 1N ____d_____]
< | | |
| | |
P /A
l l l
3F--———— e - — o +
, l l
e e R N
| | |
| | |
1F--—/- r----—- T - T
l l l
0 1 1 1
0 1 2 3

Figure 2 — The graph of displacement x versus time ¢

2. F=at, a=1; The force is directly proportional to the time. Oscillation obeys the following law:

xX= (oot —sin oot ) )

mao’
The program for calculation and visualization:
>> a=1; % input the parameters
>> x=a.*(w*t-sin(w.*t))./m*w."3; % calculation of the system oscillation
>> plot(t,x) % plotting the graph
>> orid on% drawing the coordinate grid
The result is presented in the figure 3.
3. F=Fyexp(-at); The force exponentially decreases with time. Oscillation obeys the following law:

F, o
x=—r—"——v| € " —coswt +—sinwt 3)
m(a) +a ) w

The program for calculation and visualization:

>> F0=1; alfa=0.5; % input the parameters

>> F=F(.*exp(-alfa.*t); % calculation of the acting force
>> plot(t,F) % plotting the graph

>> orid on% drawing the coordinate grid

The result is presented in the figure 4.
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Figure 4 — The graph of the acting force versus time

>> A=F0/(m*w."2+m*0.5.%2); % calculation of the first factor

>> B=exp(-0.5.*t)-cos(w.*t)+0.5*sin(w.*t)./w; % calculation of the second factor
>>x=A.*B; % calculation of the oscillation

>> plot(x,t) % plotting the graph

>> grid on% drawing the coordinate grid

The result is presented in the figure 5.
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Figure 5 — Oscillation of the system under the action of the force F’=Fjexp(-at)

4. F=Fexp(-at)cos(f). The solution of an inhomogeneous linear differential equation describing the
oscillations under the action of such driving force is very complicated to understand its nature. It is easier
to realize the solution in the form of graph using the following program for calculation and visualization:

>> beta=0.2;alfa=0.5; % input the parameters

>> F0=1; m=0.2; w=1; % input the parameters

>> t=0:pi/10:2*pi; % input the time vector

>> F=F(.*exp(-alfa.*t).*cos(beta.*t); % calculation of the acting force

>> plot(t,F); % plotting the graph

>> grid on% drawing the coordinate grid

The result is presented in the figure 6.

F=F0.*exp(-alfa.*t).*cos(beta.*t);
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Figure 6 — The graph of the acting force versus time

Oscillation under the action of the given force obeys the following equation:

i {—(a)2+a2—ﬁ2)cosa)t+

m[(a)2+a2—ﬁ2)2+4a2ﬁﬂ )

X =

ad - 2 2\ - —at 2 2 2 .
+;(a) +a’ +p )sma)t+e [(a) +a - pf )cosﬂt—2aﬂsmﬂt]}
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Program for calculation and visualization:

>> beta=0.2;alfa=0.5; % input the parameters

>> A1=F0./m*((w."2+alfa."2-beta."2)."2+4*alfa."2*beta.”2);% calculation of factor

>> Bl=-(w."2+alfa."2-beta.”2).*cos(w.*t); % calculation of the first term

>> C=alfa.*(w."2+alfa."2+beta.”2).*sin(w.*t); % calculation of the second term

>> D=exp(-alfa.*t).*((w."2+alfa.”2-beta.”2).*cos(beta. *t)-2*alfa*beta. *sin(beta. *t));% calculation
of the third term

>> x=A1.%*(B1+C+D); % calculation of the product of the factor and the sum of the terms

>> plot(x,t) % plotting the graph

>> orid on% drawing the coordinate grid

The result is presented in the figure 7.

Figure 7 — Oscillation of the system under the action of the force F=Fjexp(-at)cos(f})

The graphs of oscillations of the system under the actions of forces F=Fpexp (-o#) and
F=Fexp(-at)cos(ft) for a longer time interval of oscillations are shown in figure 8. For comparison
convenience the graphs are drawn in one graphic window. Below there is the program for calculation and
visualization of oscillations in one graphic window:

>> t=0:pi/10:8*pi; input the time vector

>> A=F0/(m*w."2+m*0.5.72); % calculation of the first term

>> B=exp(-0.5.*t)-cos(w.*t)+0.5*sin(w.*t)./w; % calculation of the second term

>>x=A.*B; % calculation of the oscillation

>> subplot(2,2,1);plot(t,x);

>> grid on

>> beta=0.2;alfa=0.5; % input the parameters

>> A1=F0./m*((w."2+alfa.”2-beta.”2)."2+4*alfa."2*beta.”2);% calculation of the factor

>> B1=-(w."2+alfa."2-beta."2).*cos(w.*t); % calculation of the first term

>> C=alfa.*(w."2+alfa.”"2+beta.”2).*sin(w.*t); % calculation of the second term

>> D=exp(-alfa.*t).*((w."2+alfa.”2 beta.”2).*cos(beta.*t)2*alfa*beta.*sin(beta.*t));%calculation

of the third term

>>x=A1.*(B1+C+D); % calculation of the oscillation

>> subplot(2,2,2);plot(t,x);

>> orid on

The result is presented in the figure 8.

— 150 ——



ISSN 2224-5278 Cepus 2eonozuu u mexnuueckux Hayk. Ne 4. 2018

3.x=x(t), F=F0exp(-at). 4, x=x(t), F=F0exp(-t)cos(-t)

Figure 8 — The graphs of oscillations of the system under the action of forces
F=Fexp (-at) and F=F yexp(-at)cos(ft) in one graphic window

Here is the program for calculation and visualization of forces in one graphical window:
F0=1; alfa=0.5; % input the parameters

F=F0.*exp(-alfa.*t); % calculation of the acting force

>> plot(t,F) % plotting the graph grid on% drawing the coordinate grid

>> hold on

>> F=F(.*exp(-alfa.*t).*cos(beta.*t); % calculation of the acting force

>> plot(t,F,'-+'"); % plotting the graph

The result is presented in the figure 9.

F=FOexp(-at), F=FOexp(-t)cos(-t)
1.2 T

F=F0Oexp(-~t)
—F— F=FOexp(-t)cos(-t) |]

F,N

Figure 9 — The graphs of acting forces versus time

Conclusion. Formulas (1)-(4) describing the laws of oscillations are difficult for understanding the
features of oscillations. Their visualization makes them more evident and clear.

Oscillations of the system under the actions of forces F=Fyexp (-at) and F=Fexp(-at)cos(Bt) at first
sight seem to be similar (see figures 5 and 7) since the graphs of these forces as a function of time are
similar (see figures 4 and 6). However, if to draw the oscillations for a longer time (Fig. 8.), then it can be
noticed that as the time goes on the oscillations begin to differ markedly from each other: under the action
of the force F=Fjexp(-at) the oscillation amplitude decreases considerably during the first 12 seconds, and
further it decreases not so much; under the action of the force F=Fjexp(-at)cos(ft) the oscillation
amplitude during the first 5 seconds increases and further practically doesn't change., i.e. the oscillation
stabilizes.

So, the use of the MATLAB language for calculation and visualization of small forced oscillations
shows that it is an effective tool for studying the complicated oscillations.
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M. Oye3oB aTbiHaaHel OHTYCTiIK Kasakcran MmemiekeTTik yHuBepcureTi. llIsiMkent, Kasaxcran,
*X. A. Slccayu aThIHIAFbI Ka3aK-TYPiK XanbIKapanblk yauBepcututi. Typkicran, Kazaxcran

«AYBITKYbI A3 MOKBYP TEPBEJICTEP/II ECENITEY MEH BEVMHEJIEYTE»
APHAJIFAH KOMITBIOTEPJIIK 3EPTXAHAJIBIK )KYMBICTbI OPBIHJIAY 1bI
YUBIMJIACTBIPY

AnHoTanus. TepOernic XyiHeciHe TyYpaKThl >KOHE aWHBIMAIbl KYIITEp dCEpiHEH TybIHAaraH MaXOyp Tepbe-
jmicrepal ecentey MeH OeifHeney mnporpaMmanapsl ycblHbUIab: 1. F=const=F,. 2. F=at. 3. F=Fjexp(-ot).
4. F=Fyexp(-at)cos(ft). bepiren KyuwTepIiH yakbITKa TOyelaUTK rpadukrepi Oip Tepe3ene caiblHFaH. ATanraH
KYILITEPIiH ocepiHeH TepOeireH KyieHiH OipeamemMai MaxOyp TepOeniciH ecentey MeH Oeitneneynin MATLAB
KyieciHneri nporpaMmanapsl KentipiireH. MaxOyp TepOenicTepaiiH yaKbITKbl TOYENAUIK rpadHUKTepi CajbIHFaH.
MaxOyp TepOernicTepii cunaTTaiTeiH popMyiaiap (pU3UKa TYPFBICBIHAH TYCIHIKCI3[EY, ajl onapbl TpaduK apKbLIbl
Oelinenerenze TepOeltic cunarsl alKBIHAANBII, (U3UKA TYPFBICEIHAH TYCIHYTe O0Iabl.

By maceneni memy ymin MATLAB Tini konnansiiaasl. GU3nKalblk IporieccTepli MOJAEbICY JKoHe OeiiHe-
ney 6apeiceinna MATLAB TininiH opacaH 30p MyMKiHZiKTepi 6ap exeni maniM. MATLAB kypzeni ¢opmymnanapast
rpaduk TypiHAe OeliHenmeyre MYMKIHAIK Oepermi, Oy TpolecTiH HeMece KYOBUIBICTBIH TaOWFATHIH TYCIHYIH
alTapIbIKTal KEeHUIIETe Il TYCeIi.

MaxanaHsIH MaKcaThl F(?) KYmTiH ocepiHeH OoiFaH MOKOYp TepOericTi ecenteyre xoHe OeifHeneyre apHaIFaH
MATLAB rininge Oargapiiama xacay. 3epTrey apThl OOMbIHIIA OAaCTaKbl YaKpITTa ¢ = 0 XKYHEeHIH RKbULAaMIbBIFbI
Tene-TeHIK KYIIe HOIbre TeH JIeN ajJaMbl3, SFHU XKyie TRIHBIITHIK Kyiine 6omansl ((1 = 0) =0, u(t = 0) = 0).

3epTTey HOTHXKEIepl XKOFapbl OKY OPbIHIAPbIHIAFbl TEOPHSIIBIK MEXaHUKA J9piCTepiHIe KOaHyFa O0naibl.

Tyiiin ce3aep: MoxOyp Tepbernic, OeitHeney, TepOeny yaKbIThl, aMILTUTYAA.
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OPTAHU3AIIASA KOMITBIOTEPHOM JIABOPATOPHOM PABOTHI .
«BBIYUCJIEHUE U BU3YAJIM3ALIUSA MAJIBIX BBIHYKJIEHHBIX KOJTEBAHUHN»

AnHOTanusi. B craTbe paccMaTpHBAaIOTCsI BEIYMCICHUS M BU3yaln3allMy BBIHY)KJICHHBIX KOJICOAHMH CHCTEMBI
IO/ IEHCTBUEM MTOCTOSIHHBIX M IepeMeHHbIX cuil: 1. F=const=Fy; 2. F=at.; 3. F=Fpexp(-at); 4. F=Fyexp(-at)cos(pt).
I'padykn 3aBUCHMOCTH BBIIICYNOMSHYTBIX CHJI OT BPEMEHH IpEJICTaBJIECHBI B OAHOM rpaduueckoMm okHe. IIpuse-
JIEHBI TIPOTPaMMBI JUIs1 BEIYUCIICHUS U BU3yaJIM3ally BEIHYKJICHHBIX KOJeOaHUIl Mo JecTBHEM MaHHBIX ciil. [Ipen-
CTaBJIEHBI TpaUKH 3aBUCHMOCTH OJHOMEPHBIX BBIHYXIIECHHBIX KonebaHuil ot BpemeHu. @opmyisr (1-4), omucer-
BaIOIIIE 3aKOHBI KOJICOAHMIA, SIBISIOTCS TPYIHBIMHU IJISI MOHUMaHHUA OCOOCHHOCTeH KoneOaHmil. VX BH3yanmzarus
JleNiaeT MPUPOAY KOoebaH i CUCTeMbI 00Jiee OYEBHIHOM U SICHOM.

Jlnst penieHnss JaHHOM 3amaun Wcmonb3oBaH s3Ik MATLAB. M3BectHo, uTo si36ik MATLAB o6namaer or-
POMHBIMH BO3MOXKHOCTSIMH JUII MOJEIUPOBaHMUA M BH3yanm3anun (usndeckux mporeccoB. MATLAB mo3Bomser
HarJSIHO MPEJICTABUTD CIIOKHBIE (opMyIbl B BUJE IrpaMKOB, YTO 3HAYUTENBHO OOJeryaeT MOHMMaHWE HPUPOJIbI
Ipoliecca Wi SBICHUS.

Henp nanHol cratbu paspaborarh nporpamMmy Ha sisbike MATLAB nnst BerumcineHMid ¥ BU3yasIM3aldid BbI-
HY)KICHHBIX KOJICOAHUH CHCTEMBI MMOJ JIeHCTBAEM CWIIBI F(?) eclii B HAYaabHBI MOMEHT BpeMeHH ¢ = ( cucrema
HaXxOJUTCs B MOKOE B paBHOBeCHOM cocTosiHuU (x(=0)=0, u(=0)=0).

PesynbraThl HcciieoBaHusl MOTYT OBITH HCIIOJIB30BaHBI HA 3aHATHSAX 110 TEOPETHYECKOW MEXaHUKE B BBICIINX
y4eOHBIX 3aBE/ICHHSX.

KuroueBble cji0Ba: BEIHYKICHHBIE KOJICOAHS, BU3yalTU3aIis, TpapuK KoJeOaHs, aMILTUTYAa.

Cgenenusi 00 aBTopax:

Kab6rui6exoB K.A. — k.¢b-M.H., moueHT Kadenprr «Pusnkay FOKI'Y nm.M.Ayes3osa
AbppaxmanoBa X.K. — k.x.H., gorneHT kadpenps! «Pmuka» FOKI'Y um. M. Aye3oa
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