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B crarbe Ha npuMepe MOCTpOeHUsI aTTpakTopa JIopeHIa U3/10KeH MEXaHNU3M, 03BOJIAIOIUI IPUMEHSTh
cuctemy Scilab nmpu MomenupoBaHNUY TMHAMHYECKHX CHCTEM, COXPAHSIS P 3TOM BBICOKYIO TOYHOCTH TIOJTY-
YeHHbIX JaHHBIX. Mozens JlopeHna nmpeacrasisier co0oil peabHbIi GU3NUECKU TPUMEpP AUHAMUYECKHUX CH-
CTEM C XaOTUYECKUM MOBEACHUEM, YEM OTIMYAETCS OT CO3AAHHBIX HCKYCCTBEHHO.

VYaanoce yCTaHOBHUTB, YTO 3aKOH, BBIBEICHHBINM JIOpeHIIEM, MMEET UCKIIOYUTEIbHYIO BajKHOCTH, IO-
CKOJIbKY XapaKTepHU3yeT MPOIECCHl KaK B TYpOYJICHTHBIX MOTOKAX, TaK U B (PU3UKE JIA3€POB U THAPOANHAMH-
YECKHX CHCTEM, B OMOJIOTHH M XUMuH. B paboTax, MOCBAIIEHHBIX YUCICHHOMY HCCIIEOBAaHHIO crcTeMbl Jlo-
pEHIa IMPH KIACCHYECKHUX 3HAYEHUAX €€ MMapaMeTpOB, OUYEHb 9aCTO ACIAIOTCS 3aKIIOUEHHs O CTPYKType aT-
TpPaKTOpa Ha OCHOBE JAHHBIX, OTYYEHHBIX M3 BBIUHCIUTENIBEHOIO 3KCIIEPUMEHTa (HaIpUMep, YTO aTTPaKTop
COJIEP>KUT ITUKJIBI).

IIporpaMma, npeUI0KEHHAsI aBTOPAMU K PACCMOTPEHMIO, JEJIUTCS Ha IBE OCHOBHBIE YacTu. [IepBas yacTs
permaMeHTHpyeT co3aanue GpyHKiu moab3osarens SOIV_lor(n), xapakrepusytomieii cucremy aubdepeHnn-
aJbHBIX YpaBHEHUM, MoJenupyomux artpakrop Jlopenua. Bo BTOpoil yacTu NHCTUHra COAEP>KUTCS BHI3OB
31Ol yHKIMHK. JlaHa XapakTepUCTHKA M3MECHCHHH B MOBEACHUH PEIICHUs cucTeMbl JIOpeHIa ¢ MpUMEHEHUEM
pa3sNUYHBIX 3HaYeHHI napaMeTpa . OTpakeHsl pe3yabTaThl MOACIUPOBAHUS C IPUMEHEHHEM Pa3INIHbIX 3HA-
YeHU napaMeTpa I'. BoIsIBIICHbI 3HAUNTENbHBIC H3MEHEHHS TPACKTOPHH IIPH OOJIBIINX 3HAYEHHAX ITapaMeTpa.

Iporpammoit 3axana ¢pyskuus nosiszopatens lorenz(t, y), B pabote ¢ KOTOPOH NPUMEHSFOTCS YHUCICHHbIC
CIIOCOOBI, UCIIONb3YeMbIE ISl PEIICHNSI CHCTEMbl OOBIKHOBEHHBIX NU(QepeHINaIbHBIX ypaBHeHHH. Kpome
TOTO, CHCTEMa Ha KA9eCTBEHHO BHICOKOM YPOBHE MO3BOJISIET OCYIIECTBILIT rpaduecKoe MOAEINPOBaHUE pe-
meHui. [Ipenycmorpen Habop rpaduiecKiux MHCTPYMEHTOB /IS BBIITOJTHEHHS JMHAMUYECKOTO PeaKTHPOBa-
HUS TpauKOB M yIpaBieHuUs napamMeTpamMu rpaguyeckoro OKHa.

IIpoBeneHHBIE KOMIBIOTEPHBIE 3KCIIEPUMEHTHI J0Ka3aJId MPOCTOTY U yJOOCTBO NMPUMEHEHHS CHCTEMBI
Scilab pu MomempoBaHNYM AMHAMUYIECKHX CHCTEM, COXPAHSSI IPH 3TOM BBICOKYIO TOYHOCTH MOJYIEHHBIX
pe3yJbTaTOB.

Knrwouesuvie cnosa: ounamuyeckue cucmemvl, mooenupoganue, ammpaxkmop Jlopenya, npoepamma, napa-
Memp, mpaekmopus, Qynkyus, oupghepenyuanvroe ypagrnenue, IUCMUH2, KOMNbIOMEPHbIE IKCHEPUMEHNBL.

ATTpaKTOpPHI — 3TO TOYKH OO 3aMKHYTEIC JIU-
HUH, PUTATHBAIONIHE K ceOe camble pasHOOOpas-
HBIC TPACKTOPHUHU MOBEICHUS CUCTEMBI. [Ipu 3TOM
B aTTpaKTOpe OMpesielicHHass OuepUYeHHAs TOUKOH
00J1aCTh, TBUTAIOIIASICS XAOTHIHO, CO3JJAET TPacK-
TOPHIO, KOTOpasi, B CBOIO OYepelb, MPHUBOIAUT K
cosmanuio Qurypsl apobHo# pasmeproctu [1].
XapakTepHO, YTO TOYKA B CTPAHHOM aTTPAKTOpE
BBIMOJIHSIET TOBOJILHO HEMIPOCTHIC IBH)KCHHUSI, HE-
MpeJIcCKa3yeMo TIepecKakuBasi BIEpel W Hazaj
Cpelu IBYX IIEHTPOB-(hOKYCOB.

C TeueHHWEM BPEMEHH YIAJIOCh YCTaHOBUTH, YTO
3aKOH, BBIBE/ICHHBIN JIOpeHIleM, MMEET HMCKIIOUH-
TEJBHYIO B&XKHOCTb, TOCKOJIBKY XapaKTepH3yeT Tpo-

[IECCHI KaK B TypOYJICHTHBIX TIOTOKAX, TaK M B (PH3HKE
Ja3epoB U THAPOJVHAMUYECCKHIX CHCTEM, a TAKKe B
CJIOHBIX MPOIIECCax OMONOrHU U XUMHH [2].

ATtTpakrtop JlopeHIa npeacraBnseT codou Ja-
KOHWYHOE WHBapHaHTHOE MHOXeCTBO L B Tpex-
MEepHOM (pa30BOM TMPOCTPaHCTBE IJIAJAKOTO II0-
TOKa, UMEIOILIEM COOCTBEHHYIO CIIOKHYIO TOIIOJIO-
THYECKYI0 CTPYKTYpPY M SIBIISIOIIEMCS TIPH 3TOM
ACUMIITOTHYECKH YCTOWYMBBIM. OHO MpPOSBISAET
YCTOWYHMBOCTB 10 JISIyHOBY, a JI00BIE TpaeKTo-
pHUH U3 HEKOTOPOH okpecTHOCTH L cTpemsres k L
npu t — oo (orcrona u HasBanue) [3].

Attpakrop JlopeHiia 65u1 0OHApyXKEH IPH H3Y-
YEeHHH YHCIIEHHBIX 3KcleprMeHToB JlopeHna, xo-
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TOPBIM MPOBEN HCCIEeIOBaHUE MOBEACHUS TPaeK-
TOPHI HEMUHEHHONU CUCTEMBI:

*

x = oy —X),
y =x(r-2)-v, )
Z:me

MPY CIICAYIONIUX 3HAYCHHUSAX mapameTpoB: ¢ = 10,
r=28,b=28/3.

Taxum o6pa3om, mozens JlopeHma cienyer oT-
HECTH K pealbHOMY (hHU3HUECKOMY ITPUMEPY TuHA-
MHYECKHUX CHCTEM C XaOTHUYCCKHM ITOBEICHHUEM B
OTJIMYHE OT MPOYMX MOJEJCH, CKOHCTPYHPOBAH-
HBIX HCKYCCTBEHHO [4].

IocTaHOBKAa MaTeMaTHYECKO 3a1a4n
nojy4yeHus arrpakropa JlopeHua

[IpoananmsupyeM W3MEHEHHs, KacaloIIuecs
MOBEIICHUS pelIeHus cucteMbl JlopeHna mpu mc-
MOJIb30BaHMH PA3IUYHBIX 3HAYCHUI TapaMeTpa I.
MonenupoBaHie OCYILECTBISUIOCH C TpPUMEHe-
HHEM aBTOPCKOW MPOTpPamMMbl, HAITMCAHHOW B CH-
creme Scilab.

Ecnu ncnons3yercs 3Hadenue I < 1, artpakTo-
POM SBIISIETCS. HAYaJI0 KOOPAWHAT, JPYTHE YCTOH-
YHMBBIC TOYKH OTCYTCTBYIOT.

[Ipu ucrons3oBanny 3HaueHw 1 > r < 13,927
HaOII01aeTCs CIUpAIbHOE MPHOJKEHUE TpacK-
TOpUH (YTO MPOIMOPIIMOHATEHO HATUYHUIO 3aTyXa-
IOIUX KOJNEOaHWi) K IByM TOYKaM, ITOJIOKCHUE
KOTOPBIX MOKHO OIIPEAETUTH POPMYITaMU:

x = +,Jb(r 1)
y = +b(r-1), )

z=r-1.

IIpu ucnonp3oBanuu 3HaueHus I > 13,927 B
clly4Jae BBIXO/1a TPAGKTOPHUHU U3 Havyajaa KOOPIHHAT
OHa BepHeTcs 0OpaTHO B HAYAIBbHYIO TOUKY, CIe-
JIaB TIONHBIA 00OPOT BOKPYT OJHOW M3 YCTOWYM-
BBIX TOYEK, MPH 3TOM HOSBISIOTCS ABE TOMOKJIHU-
HUYECKHE TeTIH. TepMHH «TrOMOKIMHHYECKas
TPAaEeKTOPHs» MPEIoiaraeT, YTO0 OHa BBIXOIUT U
BO3BPAILACTCS B OHO U TO K€ MONOKEHUE PAaBHO-
BECHSL.

Ha pucynke 1 oTpaxkeHb! pe3ynbTaTbl MOJIENHU-
POBaHUSI C HCIIOIB30BAaHUEM PA3TMYHBIX 3HAUCHHUH
napamerpa I.

[IpencraBum r =~ 24,06. B nanHOM cityuae Tpa-
EKTOPHH HE TIPUBOAAT K YCTOMYMBBIM TOUKAM, OHH
aCUMOTOTHYECKU CIEAYIOT B HAIpaBIEHUU He-
YCTOWYMBBIX MPEAETbHBIX IMKIIOB, B PE3yJbTaTe
9Yero BO3HUKAET COOCTBEHHO aTTpakTop JlopeHna.
IIpu 3TOM 00€ yCTOWUYMBBIE TOUKU COXPAHSIIOTCS
BILJIOTH JIO 3HAUEHHH I' ~ 24,74.
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Puc. 1. Tpaexmopus ammpaxmopa
Jlopenya npu v = 24,74

Fig. 1. Lorentz attraction trajectory at r = 24,74

[pu GonpIIUX 3HAYCHUAXK TTAPAMETPA TPACKTO-
pust cymectBeHHO Mensetcs. [lunpHrkoB u Kan-
JIaH MPOWLTFOCTPUPOBAIIN TIEPEXO0J1 CUCTEMBI B pe-
J)KUM aBTOKOJIcOaHWH IpW OYeHb OONBIIUX [.
Kpome Toro, eciiu mapamMeTp yMEHBIIHTh, 3TO PH-
BEJIET K XaocCy M3-3a IMOCIEeIOBATEeIHLHOIO YIBOEC-
HUS eproaa kosebanwuii [5, 6].

Crnenyet oTMeTHTh Be3eHHe JIOpeHIia mpu BbI-
0ope 3HaveHUs mapaMeTpa I, TOCKOJIbKY CUCTEMa
MPUXOIUT K CTPAHHOMY aTTPaKTOpPy HCKIIIOYH-
TENFHO B pe3yjbTaTe NPUMCHCHHsS 3HAYCHHH,
Oombiux 24,74, a Ipy UCIIOIB30BAHUH MEHBIITUX
MOBENEHHE SIBIIIETCS aDCOTIOTHO MHBIM.

JlucTuHr pacuera arTpakropa Jlopenmna

[ KOMIBIOTEPHOTO SKCHEPHUMEHTa aBTOPHI
pa3paboTaiy CIEAYIONIYI0 IPOTpaMMy:

/I bysKums moap30BaTeNst
function [x1, y1, z1, t1] = solv_lor(tnn);

X0 = rand();
y0 = rand();
z0 = rand();
sigma = 10;
b =8/3;
r=28;

n =1 000;
10 =0;

tn = tnn;

t =1t0:(tn — t0)/(n — 1):tn;
dt =t(2) — t(1);
x = zeros(1, n);
y = zeros(1, n);
z = zeros(1, n);

x(1, 1) = x0;
y(1, 1) =y0;
z(1, 1) = z0;
fori=2:n,

x(i) = dt*sigma*(y(i — 1) — x(i — 1)) + x(i — 1);

y(i) = dt(rx@i — 1) - y(i — 1) - x(i - 1)*2(i - 1)) + y(i - 1);
z(i) = dt*(—b*z(i — 1) + x(i — 1)*y(i — 1)) + z(i — 1);

end
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X1 =Xx;
yl=y;
211=1
tl=t;
endfunction;
// BBI30B (DYHKIMH TTOJIb30BATEIS
[x2,y2, 22, 12] = solv_lor(10);

IIporpamMma oOpa3zyeT JBe OCHOBHBIC YaCTH.
B mepmoii 3amaercs (YHKIHS IOTB30BATEIS
solv_lor(n), koTopas omuceiBaeT cuctemy audde-
pEHIMANIBHBIX ypaBHEHHU, MOACTUPYIOIINX aT-
tpaktop Jlopenua (puc. 2). Ilomumo 3TOro, 3a-
JaHBl YIOOHBIE I TpagUUecKOro MOJSIUpOBa-
HUSI 3HAYEHUS [apaMeTpoB  CHCTeMbl  [7].
B manHOM ciydae N ompenenseT reOMeTPHYSCKIe
apaMeTphl HCCIIeyeMOW 3aauu.

Puc. 2. Tpaexmopus ammpaxmopa Jlopenya
npur =16

Fig. 2. Lorentz attraction trajectory at r = 16

Bo BTOpOI1 4acTH TUCTUHTA COACPAKUTCS BBI30OB
co3JaHHoM (yHKIMH monb3oBatess SOlv_lor(n).

3D-monenupoBanue arTpakTopa Jlopenua

s coznanust mpoCTpaHCTBEHHOTO MOJENIUPO-
BaHUsI OyIeT MPUMEHEHA CIEAYIOIIasl porpaMma:

/I HOYHKIST TOTB30BATEIS,
function ydot = lorenz(t, y)
x=y(1);
a =[-10, 10, 0; 90, -1, —x; 0, x, -8/3];
ydot = a*y
endfunction
function j = jacobian(t, y)
x=y(1);
yy =¥(2);
2=Y(3);
j=[-10, 10, 0; 28 — z, -1, —X; —yy, X, —8/3]
endfunction

[/l NaTerpanust

y0 = [-3; -6; 12];
t0=0;

step = 0.01;

t1 =10;

instants = t0:step:tl;

y = ode(y0, t0, instants, lorenz, jacobian);

// BU3yanu3anus + aHuMAaIus
my_handle = scf(100001);
clf(my_handle, "reset");
demo_viewCode("ode_lorentz.dem.sce");
title(_("'Lorentz differential equation™))
function h = poly3d(x, y, z)
xpoly(x, y); h = gce(); h.data(;, 3) =z
endfunction
curAxe = gca();
drawlater()
curAxe = gca();
curAxe.view = '3d'
curAxe.axes_visible = 'on'
curAxe.data_bounds = [min(y, 'c")'; max(y, 'c)]
curAxe.margins(3) = 0.2;
curAxe.title.text = [_("Lorenz differential equation™)
"dyl/dt = -10*y1 + 10*y2"
"dy2/dt = 200*y1 — y2 — y1*y3"
"dy3/dt = y1*y2 — 8/3*y3"

curAxe.grid = curAxe.hidden_axis_color*ones(1, 3);
curAxe.x_label.text = 'y1'

curAxe.y_label.text ='y2'

curAxe.z_label.text = 'y3'

[//npopucoska

p = poly3d(y(1, 1), y(2, 1), y(3, 1));
drawnow()

/I arnmanmst

for k = 1:size(y, 2)

p.data = [p.data; y(1:3, k)'];
end;

B mporpamme 3amaercs QyHKIMS 1OJIB30Ba-
tens lorenz(t, y). Ilpu pabote ¢ Heli HCIIONIB3YIOTCS
YHUCJICHHBIC METOAbI PCIICHUA CHUCTCMbI O6I>IKHO—
BeHHBIX T depeHInansHbIX ypasHeHuit [8, 9], a
TaKKe 3aaeTcsi reoMeTpus 3amadd. B mporecce
IOCTPOCHUSI  NPHUMEHSIOTCS  O(hopMHUTENbCKUE
(YHKIMHM ¥ TPOLEAYpH! I MOAIHceil ocel, ux
MacCIITa0MpOBaHUS W (UKCAI[MKM peIIaeMol CH-
CTeMBI U PepeHINATBLHBIX YPABHEHUH C UCTIOJb-
30BaHUEM YCTKUX IMapaMETpOB, HCCIICAYCMbIX B
HACTOSIIIEM dKCIepuMenTe (puc. 3).

Lorenz differential equation
dy1/dt = -10"y1 + 1072

dy2/dt= 28°y1- y2- y1"3
dyardt= y1"y2 - 8373

B
B3a8B8888

Puc. 3. Tpaexmopus ammpaxmopa Jlopenya
nputr =28

Fig. 3. Lorentz attraction trajectory at r = 28
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3akirouenne

TakuMm 00pa3oM, MPOBEJACHHBIE KOMIIBIOTEP-
HBIC DKCIIEPUMEHTHI MOITBEPIUIM MPOCTOTY H
ymoOCTBO HCMONB30BaHus cucTeMbl Scilab mpu
MOJIEJIUPOBAHMY JIWHAMUYECKUX CHCTEM, MO3BO-
JISISL TIPH 3TOM COXPAHSTh BBICOKYIO TOYHOCTD I10-

aydeHHbIX pesynbraToB [10-12]. Cucrema maer
BO3MOXHOCTh Ha JIOCTaTOYHO BBICOKOM Kade-
CTBEHHOM YPOBHE OCYIIECTBISTH Tpa@uuecKoe
MojenrpoBaHue pemenuid. [lpuBenen B cucremy
KOMILJIEKC MHCTPYMEHTOB, TO3BOJISIOMINX BBITION-
HATH TUHAMHYECKOE peAaKTHUPOBaHUE rpahuKoB U
YIIPaBIATH MapaMeTpaMu rpaguIecKoro OKHA.
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Abstract. This paper describes the mechanism that allows applying the Scilab system during dynamic sys-
tems simulation with kept high accuracy of the obtained data, based on the example of the Lorentz attractor
build-up. The Lorentz model is a real physical example of dynamical systems with chaotic behavior, which
differs from other created artificial systems.

Over time, it was possible to find out that the law worked out by Lorentz has extreme importance, since it
characterizes both processes in turbulent flows and processes in the laser physics and hydrodynamic systems,
as well as in complex processes of biology and chemistry. In the literature dedicated to the numerical study of
the Lorentz system with classical values of its parameters, conclusions are often made about the structure of
the attractor based on data obtained from a computational experiment (for example, the statement that the
attractor contains cycles).

The program proposed for consideration by the authors consists of two main parts. The first part regulates
the creation of the user function solv_lor (n), which characterizes the system of differential equations that
simulates the Lorentz attractor. The second part of the listing contains a call to the created user function solv_lor
(n). The paper contains the specific changes in the behavior of the Lorentz system using various values of the
r parameter. Graphic illustrations that reflect the results of simulation using various values of the r parameter
are also given in the article. Significant changes in the trajectory have for the large values of the parameter
been found.

The program sets the user function Lorenz (t, y). The numerical methods have been used in the work with
this function in order to solve the system of ordinary differential equations. Moreover, the system allows per-
forming the graphical modeling of solutions at a qualitatively high level. A set of graphical tools is provided
for the dynamic editing of graphs and the management of graphic window parameters.

The computer experiments carried out have proved the simplicity and convenience of using the Scilab
system for modeling dynamic systems while maintaining the high accuracy of the results obtained.

Keywords: dynamic systems, simulation, Lorentz attractor, program, parameter, trajectory, function, dif-
ferential equation, listing, computer experiments.
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