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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.

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.
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SIMULATION OF THE SOLAR SYSTEM

Abstract. The article offers calculations and visualization of trajectories of solar system planets done by using
the MATLAB software. It contains materials such as Kepler's laws, orbital parameters of planets, formulation of the
problem, listings of programs, the model of the solar system and the trajectory of the planet Mars motion in a
heliocentric frame of reference during the observation time of one year and ten years. The submitted drawing of the
solar system model shows that all planets move along an ellipse, in one of the foci of which there is the Sun as the
center of gravity.

From the presented trajectory of Mars in Copernican heliocentric system it is seen that one year observation
reveals practically no retrograde motion of the planet but ten years observation makes such motion noticeable.
Usually planets move in the sky in a forward direction from the West to the East. Near the opposition the planet
changes the direction of its motion and moves in inverse direction from the East to the West, i.e. Mars is in a
retrograde (backward) motion. The retrograde motion of Mars with respect to Earth is explained on the base of
heliocentric model of the solar system.

Results of this article are used on the practical classes on theoretical mechanics and on the laboratory classes on
the discipline "Modeling the physical phenomena".

Key words: solar system, Kepler, trajectory, ellipse, retrograde (backward) motion.

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. In recent years the
new computer system of carrying out mathematical calculations MATLARB is being widely used in many
universities and engineering institutions throughout the world [1-7]. Unfortunately, the numerical calcu-
lations carried out by students are often done by means of the calculator. Modern computers are frequently
used only for presentation of the work. Actually students should be able not only to solve these or other
engineering problems, but also do it by using modern methods, that is, using personal computers.

Students of the physics specialties SB060400 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, acquaintance
with its huge opportunities for modeling and visualization of physical processes.

In our early works [8-23] we used the MATLAB system for modeling and visualization of physical
processes related with mechanics, molecular physics, electromagnetism and quantum physics. This
software has enabled us to solve ordinary differential equations (ODE), visualize equipotential lines of
charged conductors system, describe the motion of charged particles in electric, magnetic and gravitational
fields and etc.
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The present article is devoted to calculation and visualization of trajectories of solar system planets,
the motion path of Mars in the heliocentric system of reference by using the package of MATLAB applied

programs.

Formulation of the problem. The heliocentric model of the solar system based on the idea that the
Earth and planets move around the Sun was presented by the Polish astronomer Nicolas Copernicus in his
book “About Rotation of Celestial Spheres” in 1543. Before him the ideas about heliocentric system were
found in the works of a number of the Greek, Arab and Indian scientists. Johannes Kepler in his work
“New astronomy” written in 1609 formulated the laws of motion of planets, defined the shape of their
orbits and established mathematical relationship between their geometrical parameters and periods of their

motion.
Orbital parameters of planets

N Semimajor | Bccentricity Inclination | Revolution | Axis | Orbital

| Mame axis to the ecliptic eriod il speed

[aul [degrees] [days] degrees] [km's]
Mercury 0.38709831 0.205631752 7.004986389| 87.96843362 0.00 47.87
Venus 0.72332982 0.006771882]  3.394661944] 2246954354 17736 35.02
Earth 1.000001018 0.016708617 0| 36524218985 2345 29.79
Mars 1.523679342 009340062 1.849726389| 686.92970957 2519 2413
Jupiter 5.202603191 0.048494851 1.303269722] 4330595765 313 13.06
Saturn 9554909596 0.055508622]  2488878056| 10746.94044| 2533 9,66
H[Emu_e_ 19.21844606 0.046295899 0.77319611| 30588.74035| 97.86 6.8
eptune | 30.11038687 0.008988095 1.7699522| 59799.90046| 28.31 5.44
Pluto 395181762 0.245938782 17.12259917 90738.995| 122.52 474

The laws of motion of planets were obtained as a result of a large number of precise astronomical

observations. Let's consider three laws of Kepler:

1. The orbits of the planets are elliptical with the Sun at one focus of the ellipse.
2. The radius vector of each planet sweeps out equal areas in equal time.
3. The ratio of the square of each planet’s sidereal period to the cube of the semimajor axis of its orbit

is a constant for all the planets.

Here is the listing of the program:

>> Planet= zeros(9,3);

>> % Semimajor axis (a.u.) Eccentricity; Revolution period (days)

>> Planet(1,:)=[0.38709831; 0.205631752; 87.96843362]; % Mercury
>> Planet(2,:)=[0.72332982; 0.006771882; 224.6954354]; % Venus
>> Planet(3,:)=[1.000001018; 0.016708617; 365.24218985]; % Earth
>> Planet(4,:)=[1.523679342; 0.09340062; 686.92970957]; % Mars
>> Planet(5,:)=[5.202603191; 0.048494851; 4330.595765]; % Jupiter
>> Planet(6,:)=[9.554909596; 0.055508622; 10746.94044]; % Saturn
>> Planet(7,:)=[19.21844606; 0.046295899; 30588.74035]; % Uranus
>> Planet(8,:)=[30.11038687; 0.008988095; 59799.90046]; % Neptune
>> Planet(9,:)=[39.5181762; 0.245938782; 90738.995]; % Pluto

>> Cg: {'Il’l', 'b'a 'g'a 'r'avk'};

>> 9% drawing the orbits of planets

>> figure('Color',[1 1 1]);

>> ksi=linspace(0,2*pi,500);

>> hold on;

>> plot(0,0,'0k");

>> for iCurP=1:9

>> a=Planet(iCurP,1);
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>> e=Planet(iCurP,2);

>> T=Planet(iCurP,3);

>> t=(0.5*T/pi)*(ksi-e. *sin(ksi));

>> x=a.*(cos(ksi)-e);

>> y=a*sqrt(1-e"2).*sin(ksi);

>> plot(x,y);

>> Y%plot(x,y,Cg{iCurP-4});

>> Y%pause(2)

>>end

The result is presented in the figure 1.

Figure 1 presents the model of the solar system. The diagrams show that each planet moves along the
ellipse with the Sun at one focus of the ellipse. The Sun is the center of gravity and any such model is
always developed with violation of the scale.
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Figure 1 — Trajectories of motion of solar system planets

Calculation and visualization of Mars trajectory in the heliocentric system. Since the ancient
times the astronomy tried to solve the mystery of retrograde motions of planets. Such motions are
especially noticeable for outer planets. Usually planets move in the sky in a forward direction from the
West to the East. Near the opposition the planet changes the direction of its motion and moves in inverse
direction from the East to the West. The retrograde motion of the Mars is shown in figure 2.

Figure 2 — The retrograde motion of the Mars

Let us draw the trajectory of the Mars in the geocentric reference system being at the same time
within a heliocentric system. In other words we will answer the question: what will be the path of the Mars
in the sky for the observer on the Earth? The position vectors describing the motion of the Earth and Mars
in the heliocentric system and the position vector describing the motion of the Mars in the geocentric
system are connected by a simple relationship:
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Vsp T Ve =Ty

The abbreviation in the subscript SE means the Sun and Earth, EM means for the Earth and Mars, SM
means for the Sun and Mars. Knowing the position of planets at the same time, it is possible to define the
position vector of Mars in the geocentric reference system:

— —

Vere = Vs — Tse

The listing of the program is:

>> R1=1.496*10"8;% input the radius of the Earth’s orbit

>> T1=365.24; % input the period of the Earth revolution round the Sun in days

>> Am=2.28*10"8; % input the radius of Mars’s orbit

>> Tm=689.98; % input the period of Mars revolution round the Sun in days

>> E=0.093; % eccentricity of Mars’s orbit

>> Np=1000; % number of points for one revolution of Mars round the Sun

>> K=9; % number of revolutions of Mars round the Sun

>> dski=(2*pi)/Np*K; % calculation of the step 4e of the variable parameter €

>> ksi=0:dski:2*pi; % calculation of values of vector coordinates €;, % calculation of values of
coordinates T; = r(€;)

>> T=Tm/(2*pi)*(ksi-E*sin(ksi)); % calculation of instantaneous values of the % Mars’s radius-
vector Ox component

>> Xm=Am*((1-E.*2).70.5)*sin(ksi); % calculation of instantaneous values of % the Earth’s radius-
vector Ox component

>> Xz=R1*cos(2*pi*T/T1); % calculation of instantaneous values of the Earth’s % radius-vector Oy
component

>> Yz=R1*sin(2*pi*T/T1); calculation of instantaneous values of Mars’s % radius-vector Oy
component in the reference system connected with the Earth.

>> Xotn=Xm-Xz; % calculation of instantaneous values of the distance between % the Earth and
Mars

>> Ym=Am*((1-E."*2).70.5)*sin(ksi);

>> Xm=Am*(cos(ksi)-E);

>> Xotn=Xm-Xz;

>>Yotn=Ym-Yz;

>> plot(Xotn,Yotn,...% the orbit of Mars

>>'k',...% the initial position of Mars 'MarkerEdgeColor','b','MarkerFaceColor','g',' MarkerSize',5);

The result is presented in the figure 3.

x 10°

Figure 3 — The trajectory of the Mars (observation time is one year)
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During one year observation the retrograde motion of Mars is imperceptible therefore for obtaining
this retrograde motion we will increase the observation time up to 10 years.

The listing of the program is:

>>R1=1.496*10"8;

>> T1=365.24;

>> Am=2.28%10"8;

>> Tm=689.98;

>> E=0.093;

>> Np=10000;

>>K=9;

dski=(2*pi)/Np*K;

ksi=0:dski:2*pi;

T=10*Tm/(2*pi)*(ksi-E*sin(ksi));

Xm=Am*((1-E.”~2).70.5)*sin(ksi);

Xz=R1*cos(2*pi*T/T1);

YZz=R1*sin(2*pi*T/T1);

Xotn=Xm-Xz;

Ym=Am*((1-E.”~2).70.5)*sin(ksi);

Xm=Am*(cos(ksi)-E);

Xotn=Xm-Xz;

Yotn=Ym-Yz;

plot(Xotn,Yotn,...% the orbit of Mars

'k',...% the initial position of Mars

'MarkerEdgeColor','b','MarkerFaceColor','g','MarkerSize',5);

>> Np=10000;

>>K=9;

dski=(2*pi)/Np*K;

ksi=0:dski:2*pi;

T=10*Tm/(2*pi)*(ksi-E*sin(ksi));

Xm=Am*((1-E.”~2).70.5)*sin(ksi);

Xz=R1*cos(2*pi*T/T1);

Yz=R1*sin(2*pi*T/T1);

Xotn=Xm-Xz;

Ym=Am*((1-E.”2).70.5)*sin(ksi);

Xm=Am*(cos(ksi)-E);

Xotn=Xm-Xz;

Yotn=Ym-Yz;

plot(Xotn,Yotn,...% the orbit of Mars

'k',...% the initial position of Mars

'MarkerEdgeColor','b','MarkerFaceColor','g','MarkerSize',5);

The result is presented in the fig.4.

The figure presents the motion of the planet in the sky in the forward direction from west to east and
then near the opposition the planet changes the direction of its motion for inverse and moves from east to
west (the retrograde motion), i.e. Mars moves along a loop made near the opposition.

Conclusion. Calculations and visualization of trajectories of solar system planets are presented using
the MATLAB software. The materials such as Kepler's laws, orbital parameters of planets are applied for
simulation the solar system and the trajectory of Mars motion in a heliocentric frame of reference during
the observation time of one year and ten years. The submitted drawing of the solar system model shows
that all planets move along an ellipse, in one of the foci of which there is the Sun as the center of gravity.
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Figure 4 — The trajectory of the Mars (observation time is ten years)

From the presented trajectory of Mars in Copernican heliocentric system it is seen that one year
observation reveals practically no retrograde motion of the planet but ten years observation makes such
motion noticeable. Usually planets move in the sky in a forward direction from west to east. Near the
opposition the planet changes the direction of its motion and moves in inverse direction from east to west,
i.e. Mars is in a retrograde (backward) motion. The retrograde motion of Mars with respect to Earth is
explained on the base of heliocentric model of the solar system.

Results of this article are used on the practical classes on theoretical mechanics and on the laboratory
classes on the discipline "Modeling the physical phenomena".

K. A. Ka6bu16exos’, X. K. Aﬁupaxmaﬂosaz, A. JI. Tacubexos', C. A. Pamazanosa’, b. C. Yainxanoa®

'M. Oyesos ateiarsl OuTycTik Kasakcran Memiekerrik yausepeuterti, Illbivkent, Kasaxcran,
2OHTYCTiK Kazakcran MeMJIeKeTTiK Iefarorukaislk yansepeuteTi, LsmvkenT, Kasaxcran

KYH )KYWECIHIH MOJIEJITH KY¥PY

Annoranusi. KyH xyiieciHiH 1uaHeTanapbiHbie KosrainbicllH MATLAB Oarnapnamanblk opTachiHlia ecentey
MeH OeifHeney ychiHbUIAABL. Keruep 3aHnapsl, muiaHeTanapapH OpOUTANIBIK HapaMeTpIiepi, eCenTiH MapTTaphl, Oar-
JlapJiaMaHblH KOATapbl, KYH >KYHeciHiH Mojeni oHe Mapc IUIaHeTachIHBIH TEJIMOLEHTPIIK CaHaK JKyHeciHueri
4 >kt xkoHe 10 kb1 Gakbulay Ke3iHAeri KO3FaJIbIC TpaeTOpHsuIapbl KenrtipiareH. KentipuireH cyperrepieH KyH
JKYHeCiHIH MoaemiH OaifkaitMbI3-0apIblK TIaHeTanap Oip GokychiHaa TapTy HeHTpi-KyH opHackaH smunc OoibHIa
KO3FaJIabIHBIH OaliKaiiMBI3.

MapcCThIH KO3FaJIFaH TPAcKTOPBICHIHBIH | JKBIIIBIFBIHIA OHBIH Kepi KO3FaJbIChl OaiiKaaMmalabl, aln OHBIH Kepi
KOFaJbICHl YakbITTHI 10 XKbUTFa IeiH y3apTKaHga OaiiKanaapl. OneTTe IUIaHeTa aclaHaa OaTHICTaH IIBIFBICKA Kapai
TiKeneld Ko3raabl. AJI Kapchllac TYCKa JKaKbIH JKEpAe OJ1 KO3FaJbIC OarbITHIH Kepi ©3repTill MIBIHBICTAH OaThICKa
Kapail KO3Fayafbl, SIFHH KEPi KO3FalbIC jKacaiapl. MapCThIH OCBIHAAW Kepl KO3FajbIChIH KYH JKYHECIHIH Mozmesi
OolibIHINA TYCIHIIpiIe .

MakasaHblH HOTHIKEIEpl TEOPHSUIBIK MEXaHHKaHBIH ITPAKTUKAIBIK cadarbiHIa koHe «DH3UKaJIbIK KyObUIbIC-
Tappl MOJIENICY» MIOHIHIH 3epTXaHaIIbIK cadaKTapbIHIa KOJIIAHbUIA/IbL.

Tyiiin ce3nep: Kyn xyiieci, Kemep, Tpaekropus, 3:mric, Kepi KO3FabIC.

K. A. Ka6bui6exos', X. K. AﬁHanMaHOBaZ, A. JI. lacubexos', C. A. Pamasanosa’, Bb. C. Yainxanoa’

"TOxn0-KasaxcTanckuii TocynapcTBeHHbII yHIBepcHTeT MM. M. Ay»30Ba, IlIbivkenT, Kazaxcras,
FOxn0-KazaxcraHckuii roCyIapCTBEHHBIN neparornyeckuii yausepcutet LpmvkenT, Kasaxcran

MOJEJAPOBAHUE COJTHEYHOMW CUCTEMBbI

AnHoTauus. IIpeanaraercs pacueTsl M BU3yalIH3alMsl TPAEKTOPUNA IBHUKEHUS TUIAHET COJIHEYHOW CUCTEMBI B
nporpammuoil cpene MATLAB. IlpuBonstcs 3akonsl Kemepa, opOuTansHbIe MapaMeTphl IDIaHET, TOCTAaHOBKA 3a-
Jlauy, JIMCTUHTH IPOrpaMM, MOJENb COTHEYHON CHUCTEMbI U TPACKTOPUs ABMKEHUS IUIaHEThl Mapc B reJIHMOLEHTPH-
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YEeCKOU crcTeMe oTcueTa 3a BpeMs HaOmroneHus 1 rox u 10 net. 3 mpencTaBiIeHHOro pUCyHKA — MOJICITH COTHEYHOH
CHCTEMBI BUIHO, YTO BCE IUTAHETHI JIBMIKYTCS BJOJb 3JUTHIICA, B OJHOM U3 (okyce KoToporo Haxoautcs ComHie —
LEHTP IPUTKECHUSL.

W3 npexncraBienHol TpaekTopuu Mapca B TeIMOLIEHTPUIECOi CHCTeME 3a BpeMs HaOmoqeHns 1 roj HezameT-
HO TOISITHOE ABWXCHUE TUIAHETHI U TP YBEITUUCHUN BpeMEHH HabmoneHus 10 10 jeT Takoe IBM)KEHHE CTaHOBUTCS
3amMeTHBIM. OOBIYHO TUTAaHETH! ABMXKYTCS MO HEOOCKIIOHY B IPSMOM HAIpaBICHWH C 3amaja Ha BOCTOK. BOmm3m
MPOTUBOCTOSTHUS TNIAaHETa MEHSET HaIpaBliCHUE JIBMXKEHMS Ha 0OpaTHOE W JIBMXKETCS C BOCTOKA Ha 3amaj, T.e. Ha-
OmrofgaeTcs momsTHOe (Bo3BpaTHoe) aBmxeHHe Mapca. IlonsaTHoe nBrmxeHne Mapca Ha HeOocBoAe 3eMIU HAXOAUT
CBOE OOBSICHEHHE B paMKaX I'€IMOLEHTPUIECKON MOJIENN COTHEYHOH CHCTEMBI.

Pe3ynbraThl TaHHOW CTAaThbM HCIIONB3YIOTCS Ha MPAKTHUECKHUX 3aHSATHSAX MO TEOPETHYECKOW MEXaHHKEe W Ha
71a00paTOPHBIX 3aHATHAX MO AUCHUIUTHHE «MoaennpoBanue GU3NUECKUX SIBICHHID).

Kirouesnie ciioBa: Conneunas cucreMa, Kerep, TpaekTopus, JIIHIIC, IOMSATHOE JBIKEHHE.
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