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Ââåäåíèå

Scilab � ýòî ñèñòåìà êîìïüþòåðíîé ìàòåìàòèêè, èñïîëüçóþùàÿñÿ

äëÿ âûïîëíåíèÿ òàêèõ èíæåíåðíûõ è íàó÷íûõ âû÷èñëåíèé, êàê

� ðåøåíèå íåëèíåéíûõ óðàâíåíèé è ñèñòåì;

� ðåøåíèå çàäà÷ ëèíåéíîé àëãåáðû;

� ðåøåíèå çàäà÷ îïòèìèçàöèè;

� äèôôåðåíöèðîâàíèå è èíòåãðèðîâàíèå;

� ðåøåíèå îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé è ñèñòåì è ò.ä.

Êðîìå òîãî Scilab ïðåäîñòàâëÿåò øèðîêèå âîçìîæíîñòè ïî ñîçäàíèþ

è ðåäàêòèðîâàíèþ ðàçëè÷íûõ âèäîâ ãðàôèêîâ è ïîâåðõíîñòåé.

Íåñìîòðÿ íà òî, ÷òî ñèñòåìà Scilab ñîäåðæèò ìíîæåñòâî âñòðîåííûõ

êîìàíä, îïåðàòîðîâ è ôóíêöèé; ïîëüçîâàòåëü ìîæåò ñîçäàòü íîâóþ êîìàíäó

èëè ôóíêöèþ è èñïîëüçîâàòü å¼ íàðàâíå ñî âñòðîåííûìè. Ê òîìó æå, ñèñòåìà

èìååò ñâîé äîñòàòî÷íî ìîùíûé ÿçûê ïðîãðàììèðîâàíèÿ âûñîêîãî óðîâíÿ,

÷òî ïîçâîëÿåò ðåøàòü íîâûå çàäà÷è.

Ïî ñâîèì âîçìîæíîñòÿì Scilab ñîïîñòàâèì ñ èçâåñòíûì ìàòåìàòè÷åñêèì

ïàêåòîì Mathcad, à ïî èíòåðôåéñó ïîõîæ íà ïàêåò MATLAB. Îäíàêî ïðè

ýòîì ïàêåò Scilab � ñâîáîäíî ðàñïðîñòðàíÿåìàÿ ïðîãðàììà. Ñóùåñòâóþò âåð�

ñèè Scilab äëÿ ðàçëè÷íûõ îïåðàöèîííûõ ñèñòåì: Linux, Windows, Mac OS.

Ïîñëåäíþþ âåðñèþ ïàêåòà âñåãäà ìîæíî ñêà÷àòü íà îôèöèàëüíîì ñàéòå ïðî�

ãðàììû www.scilab.org. Îòìåòèì, ÷òî ïîñîáèå íàïèñàíî íà áàçå âåðñèè 5.3.3.

Ïåðâûé ðàçäåë ïîñîáèÿ ïîñâÿù¼í îñíîâàì ðàáîòû â Scilab. Îïèñàíà ðà�

áîòà ñ ïåðåìåííûìè, îñíîâíûå îïåðàöèè è ôóíêöèè.

Âî âòîðîì ðàçäåëå îáñóæäàþòñÿ ãðàôè÷åñêèå âîçìîæíîñòè Scilab.

Â òðåòüåì ðàçäåëå îïèñàíà ðàáîòà ñ ìàññèâàìè è ìàòðèöàìè â Scilab.

Â ÷åòâ¼ðòîì ðàçäåëå ðå÷ü èä¼ò î ðåøåíèè îáûêíîâåííûõ äèôôåðåíöè�

àëüíûõ óðàâíåíèé.
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Â ïÿòîì ðàçäåëå ÷èòàòåëü íàéä¼ò ñâåäåíèÿ î ïðîãðàììèðîâàíèè â ñè�

ñòåìå Scilab.

Øåñòîé ðàçäåë ïîçíàêîìèò ÷èòàòåëÿ ñ âèçóàëüíûì ïðîãðàììèðîâàíèåì

â ñèñòåìå Scilab.



Îñíîâû

Ïðèìåðû ïðîãðàìì, ïðèâåä¼ííûå â äàííîì ïîñîáèè, âûïîëíåíû â âèäå

ôàéëîâ-ñöåíàðèåâ. Ôàéë-ñöåíàðèé � ýòî ñïèñîê êîìàíä Scilab, ñîõðàí¼ííûé

íà äèñêå. Äëÿ ïîäãîòîâêè, ðåäàêòèðîâàíèÿ è îòëàäêè ôàéëîâ-ñöåíàðèåâ ñëó�

æèò ñëóæèò ñïåöèàëüíûé ðåäàêòîð SciNotes (â áîëåå ðàííèõ âåðñèÿõ îí íà�

çûâàëñÿ SciPad). Îêíî ðåäàêòîðà ôàéëîâ-ñöåíàðèåâ âûãëÿäèò ñòàíäàðòíî,

ò.å. èìååò çàãîëîâîê, ìåíþ, ñòðîêó ñîñòîÿíèÿ. Ââîä òåêñòà â îêíî ðåäàêòîðà

ôàéëà-ñöåíàðèÿ îñóùåñòâëÿåòñÿ ïî ïðàâèëàì, ïðèíÿòûì äëÿ êîìàíä Scilab.

Äëÿ âûïîëíåíèÿ ïðîñòåéøèõ àðèôìåòè÷åñêèõ îïåðàöèé â Scilab ïðèìå�

íÿþòñÿ ñëåäóþùèå îïåðàòîðû: + � ñëîæåíèå; - � âû÷èòàíèå; * � óìíîæåíèå;

/ � äåëåíèå ñëåâà íàïðàâî; \ � äåëåíèå ñïðàâà íàëåâî; � � âîçâåäåíèå â ñòå�
ïåíü.

Â Scilab ìîæíî îïðåäåëÿòü ïåðåìåííûå è çàòåì èñïîëüçîâàòü èõ â âû�

ðàæåíèÿõ. Ëþáàÿ ïåðåìåííàÿ äî èñïîëüçîâàíèÿ â ôîðìóëàõ è âûðàæåíèÿõ

äîëæíà áûòü îïðåäåëåíà. Â îáùåì âèäå îïåðàòîð ïðèñâàèâàíèÿ âûãëÿäèò

òàê:

èìÿ_ïåðåìåííîé = çíà÷åíèå_âûðàæåíèÿ

Èìÿ ïåðåìåííîé íå äîëæíî ñîâïàäàòü ñ èìåíàìè âñòðîåííûõ ôóíêöèé è

ïåðåìåííûõ ñèñòåìû è ìîæåò ñîäåðæàòü äî 24 ñèìâîëîâ. Îòìåòèì, ÷òî Scilab

ðàçëè÷àåò çàãëàâíûå è ñòðî÷íâûå áóêâû â èìåíàõ ïåðåìåííûõ. Âûðàæåíèå

â ïðàâîé ÷àñòè îïåðàòîðà ïðèñâàèâàíèÿ ìîæåò áûòü ÷èñëîì, àðèôìåòè÷å�

ñêèì âûðàæåíèåì, ñòðîêîé ñèìâîëîâ èëè ñòðîêîâûì âûðàæåíèåì. Åñëè ðå÷ü

èä¼ò î ñèìâîëüíîé èëè ñòðîêîâîé ïåðåìåííîé, òî âûðàæåíèå â ïðàâîé ÷àñòè

îïåðàòîðà ïðèñâàèâàíèÿ ñëåäóåò áðàòü â êàâû÷êè. Òàêæå â Scilab ñóùåñòâóþò

ñëåäóþùèå ñèñòåìíûå ïåðåìåííûå:

%i � ìíèìàÿ åäèíèöà;

%pi� ÷èñëî π;
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%e� ÷èñëî e;

%inf� ìàøèííûé ñèìâîë áåñêîíå÷íîñòè;

%NaN � íåîïðåäåë¼ííûé ðåçóëüòàò;

%eps� óñëîâíûé íîëü, %eps = 2.220 · 10−16.

Ïàêåò Scilab ñíàáæ¼í äîñòàòî÷íûì êîëè÷åñòâîì âñòðîåííûõ ôóíêöèé.

Â òàáë. 1 ïðèâåäåíû ýëåìåíòàðíûå ìàòåìàòè÷åñêèå ôóíêöèè, èñïîëüçóåìûå

÷àùå âñåãî

Òàáëèöà 1 Ýëåìåíòàðíûå ìàòåìàòè÷åñêèå ôóíêöèè

Ôóíêöèÿ Îïèñàíèå ôóíêöèè Ôóíêöèÿ Îïèñàíèå ôóíêöèè

sin(x) ñèíóñ ÷èñëà x atan(x) àðêòàíãåíñ ÷èñëà x

cos(x) êîñèíóñ ÷èñëà x exp(x) ýêñïîíåíòà ÷èñëà x

tan(x) òàíãåíñ ÷èñëà x log(x) íàòóðàëüíûé ëîãàðèôì x

cotg(x) êîòàíãåíñ ÷èñëà x sqrt(x) êîðåíü êâàäðàòíûé èç x

asin(x) àðêñèíóñ ÷èñëà x abs(x) ìîäóëü ÷èñëà x

acos(x) àðêêîñèíóñ ÷èñëà x log10(x) äåñÿòè÷íûé ëîãàðèôì x

Òàêæå â Scilab ìîæíî ñîçäàòü ôóíêöèþ, îïðåäåë¼ííóþ ïîëüçîâàòåëåì.

Ñäåëàòü ýòî ìîæíî, âîñïîëüçîâàâøèñü ñëåäóþùåé êîíñòðóêöèåé:

func t i on [ èìÿ1 , . . . , èìÿN ] = èìÿ_ôóíêöèè( ïåðåìåííàÿ1 , . . . ,
ïåðåìåííàÿM)
òåëî ôóíêöèè
endfunct ion

ãäå èìÿ1,..., èìÿN � ñïèñîê âûõîäíûõ ïàðàìåòðîâ; èìÿ_ôóíêöèè � èìÿ, ñ êî�

òîðûì ýòà ôóíêöèÿ áóäåò âûçûâàòüñÿ; ïåðåìåííàÿ1, ..., ïåðåìåííàÿM � âû�

õîäíûå ïàðàìåòðû.

Âñå èìåíà ïåðåìåííûõ âíóòðè ôóíêöèè, à òàêæå èìåíà èç ñïèñêà âõîä�

íûõ è âûõîäíûõ ïàðàìåòðîâ âîñïðèíèìàþòñÿ ñèñòåìîé êàê ëîêàëüíûå, ò.å.

ñ÷èòàþòñÿ îïðåäåë¼ííûìè òîëüêî âíóòðè ôóíêöèè.

Öåëåñîîáðàçíî ñîõðàíÿòü òåêñòû ôóíêöèé â âèäå îòäåëüíûõ ôàéëîâ.

Ïðè ýòîì èìÿ ôàéëà äîëæíî ñîâïàäàòü ñ èìåíåì ôóíêööèè. Îáðàùå�

íèå ê ïîëüçîâàòåëüñêîé ôóíêöèè îñóùåñòâëÿåòñÿ òàêæå, êàê è ê âñòðîåí�

íîé. Íåîáõîäèìî ïîìíèòü, ÷òî ôóíêöèè, õðàíÿùèåñÿ â îòäåëüíûõ ôàéëàõ,



7

äîëæíû áûòü ïðåäâàðèòåëüíî çàãðóæåíû â ñèñòåìó ïðè ïîìîùè îïåðàòîðà

exec(ïîëíûé_ïóòü_ê_ôàéëó).



Ïîñòðîåíèå ãðàôèêîâ

Äëÿ ïîñòðîåíèÿ äâóìåðíûõ ãðàôèêîâ ìîæíî èñïîëüçîâàòü ôóíêöèþ

plot2d. Â îáùåì ñëó÷àå îáðàùåíèå ê ôóíêöèè èìååò âèä:

p lot2d ( [ l o g f l a g , ] x , y ' , [ key1=value1 , . . . , keyN=valueN ] )

ãäå log�ag � ñòðîêà èç äâóõ ñèìâîëîâ, êàæäûé èç êîòîðûõ îïðåäåëÿåò òèï îñåé

(n � íîðìàëüíàÿ îñü, l � ëîãàðèôìè÷åñêàÿ îñü), ïî óìîë÷àíèþ "nn";

x - ìàññèâ àáñöèññ;

y � ìàññèâ îðäèíàò èëè ìàòðèöà, êàæäûé ñòîëáåö êîòîðîé ñîäåðæèò

ìàññèâ îðäèíàò î÷åðåäíîãî ãðàôèêà;

keyi=valuei � ïîñëåäîâàòåëüíîñòüçíà÷åíèé ñâîéñòâ ãðàôèêà, îïðåäåëÿþ�

ùèå åãî âíåøíèé âèä.

Âîçìîæíû ñëåäóþùèå çíà÷åíèÿ ñâîéñòâ ãðàôèêà:

style � îïðåäåëÿåò ìàññèâ ÷èñëîâûõ çíà÷åíèé öâåòîâ ãðàôèêîâ. Êîëè÷å�

ñòâî ýëåìåíòîâ ìàññèâà ñîâïàäàåò ñ êîëè÷åñòâîì èçîáðàæàåìûõ ãðàôèêîâ.

rect � ýòî âåêòîð [xmin, ymin, xmax, ymax], îïðåäåëÿþùèé ðàçìåð îêíà

âîêðóã ãðàôèêà. Çäåñü xmin, ymin � ïîëîæåíèå íèæíåé ëåâîé âåðøèíû îêíà;

xmax, ymax � ïîëîæåíèå âåðõíåé ïðàâîé âåðøèíû îêíà.

axes�ag � îïðåäåëÿåò íàëè÷èå ðàìêè âîêðóã ãðàôèêà. Íåîáõîäèìî âû�

äåëèòü ñëåäóþùèå ùíà÷åíèÿ ýòîãî ïàðàìåòðà:

0 � íåò ðàìêè;

1 � ðàìêà åñòü, îñü îðäèíàò ñëåâà (ïî óìîë÷àíèþ);

3 � ðàìêà åñòü, îñü îðäèíàò ñïðàâà;

5 � ðàìêà åñòü, îñè êîîðäèíàò ïðîõîäÿò ÷åðåç öåíòð ãðàôèêà.

×òîáû ãðàôèê ïðîùå ¾÷èòàëñÿ¿, óäîáíî âûâîäèòü ñåòêó. Â Scilab

ýòî ìîæíî ñäåëàòü ñ ïîìîùüþ êîìàíäû xgrid(color), ãäå color îïðåäåëÿåò

öâåò ëèíèé ñåòêè (ïî óìîë÷àíèþ ðèñóåòñÿ ñåòêà ÷¼ðíîãî öâåòà). Ìîæíî
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âîñïîëüçîâàòüñÿ ôóíêöèåé color, êîòîðàÿ ïî íàçâàíèþ (color("èìÿ_öâåòà"))

èëè ïî êîäó rgb (color(r, g, b)) ôîðìèðóåò íóæíûé öâåò.

Çàãîëîâîê ãðàôèêà ìîæíî âûâåñòè êîìàíäîé xtitle:

x t i t l e ( t i t l e , xstr , y s t r )

ãäå

title � íàçâàíèå ãðàôèêà;

xstr � íàçâàíèå îñè àáñöèññ;

ystr � íàçâàíèå îñè îðäèíàò.

Äëÿ èçîáðàæåíèÿ íåñêîëüêèõ ãðàôèêîâ â îäíîì îêíå ìîæíî âîñïîëüçî�

âàòüñÿ ôóíêöèåé subplot. Îíà ðàçäåëÿåò îêíî íà íåñêîëüêî îáëàñòåé. Îáðà�

ùåíèå ê íåé èìååò âèä:

subplot ( m, n , p )

Âûïîëíåíèå ôóíêöèè ïðèâîäèò ê òîìó, ÷òî ãðàôè÷åñêîå îêíî ðàçáèâà�

åòñÿ íà m îêîí ïî âåðòèêàëè è n îêîí ïî ãîðèçîíòàëè, òåêóùèì ñòàíîâèòñÿ

îêíî ñ íîìåðîì p.

Çàäà÷à 1:

Ïîñòðîèòü òðàåêòîðèþ äâèæåíèÿ òî÷êè, ïîëó÷àþùåãîñÿ ïðè ñëîæåíèè

âçàèìíî ïåðïåíäèêóëÿðíûõ êîëåáàíèé ðàçíîé ÷àñòîòû: x = a sin 2ωt ì, y =

= a sinωt ì.

Ðåøåíèå:

Âû÷åðòèì òðàåêòîðèþ òî÷êè ïðè ñëåäóþùèõ çíà÷åíèÿõ ïàðàìåòðîâ:

a = 1 ì, ω = π ðàä / ñåê. íà îòðåçêå âðåìåíè [0; π]

Ëèñòèíã 1: Ïîñòðîåíèå äâóìåðíîãî ãðàôèêà

a = 1 ;
omega = %pi ;
h=0.01;
t = 0 : h:%pi ;

x = a ∗ s i n ( omega ∗ t ) ;
y = a ∗ s i n ( 2 ∗ omega ∗ t ) ;

p lot2d ("nn" , x , y ' , s t y l e=co l o r (" blue ") ,
r e c t = [−1.25 , −1.25 , 1 . 25 , 1 . 2 5 ] , a x e s f l a g=1)

xgr id ( )
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x t i t l e (" Tra jec tory " , "X" , "Y")

Ðåçóëüòàò ðàáîòû ïðîãðàììû:

-1.0

-0.5

0.0

0.5

1.0

-1.0 -0.5 0.0 0.5 1.0

Trajectory

X

Y

Ðèñ. 1. Òðàåêòîðèÿ äâèæåíèÿ òî÷êè



Ìàññèâû

Çàäàòü îäíîìåðíûé ìàññèâ â Scilab ìîæíî ñëåäóþùèì îáðàçîì:

name = X0 : dX : XN,

ãäå name � èìÿ ïåðåìåííîé, â êîòîðóþ áóäåò çàïèñàí ñôîðìèðîâàííûé ìàñ�

ñèâ; X0 � çíà÷åíèå ïåðâîãî ýëåìåíòà ìàññèâà; dX � øàã, ñ ïîìîùüþ êîòîðîãî

ôîðìèðóåòñÿ î÷åðåäíîé ýëåìåíò ìàññèâà, ò.å. çíà÷åíèå âòîðîãî ýëåìåíòà ñî�

ñòàâèò X0 + dX, òðåòüåãî � X0 + 2 · dX è ò.ä. (ïî óìîë÷àíèþ dX = 1);

ïîñëåäíèé ýëåìåíò ïðèíèìàåò ìàêñèìàëüíî âîçìîæíîå çíà÷åíèå (ïðè óêà�

çàííîì ñïîñîáå ôîðìèðîâàíèÿ ýëåìåíòîâ ìàññèâà), íå ïðåâîñõîäÿùåå XN.

Îáðàòèòüñÿ ê ýëåìåíòó ìàññèâà ìîæíî, óêàçàâ åãî èìÿ è ïîðÿäêîâûé

íîìåð ýëåìåíòà â êðóãëûõ ñêîáêàõ (íóìåðàöèÿ ýëåìåíòîâ íà÷èíàåòñÿ ñ åäè�

íèöû):

name(èíäåêñ).

Òàêæå äëÿ çàäàíèÿ ìàññèâà ìîæíî âîñïîëüçîâàòüñÿ ïîýëåìåíòíûì ââî�

äîì. Äëÿ îïðåäåëåíèÿ âåêòîðà-ñòðîêè ñëåäóåò ââåñòè èìÿ ìàññèâà, à çàòåì

ïîñëå çíàêà ïðèñâàèâàíèÿ â êâàäðàòíûõ ñêîáêàõ ÷åðåç ïðîáåë èëè çàïÿòóþ

ïåðå÷èñëèòü ýëåìåíòû ìàññèâà:

name = [X1, X2, ..., XN ] èëè name = [X1 X2 ... XN ].

Ýëåìåíòû âåêòîðà-ñòîëáöà ââîäÿòñÿ ÷åðåç òî÷êó ñ çàïÿòîé:

name = [X11; X12; ..., X1N ].

Ââîä ýëåìåíòîâ ìàòðèöû òàêæå îñóùåñòâëÿåòñÿ â êâàäðàòíûõ ñêîáêàõ,

ïðè ýòîì ýëåìåíòû ñòðîêè îòäåëÿþòñÿ äðóã îò äðóãà ïðîáåëîì èëè çàïÿòîé,

à ñòðîêè ðàçäåëÿþòñÿ ìåæäó ñîáîé òî÷êîé ñ çàïÿòîé:

name = [X11, X12, ..., X1N ; X21, X22, ..., X2N ; ...,
XM1, XM2, ..., XMN ; ].
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Îáðàòèòüñÿ ê ýëåìåíòó ìàòðèöû ìîæíî, óêàçàâ ïîñëå èìåíè ìàòðèöû,

â êðóãëûõ ñêîáêàõ ÷åðåç çàïÿòóþ, íîìåð ñòðîêè è íîìåð ñòîëáöà, íà ïåðåñå�

÷åíèè êîòîðûõ ðàñïîëîæåí ýëåìåíò:

name(èíäåêñ1, èíäåêñ2).

Âàæíóþ ðîëü ïðè ðàáîòå ñ ìàòðèöàìè èãðàåò çíàê äâîåòî÷èÿ: ¾:¿. Óêà�

çûâàÿ åãî âìåñòî èíäåêñà ïðè îáðàùåíèè ê ìàññèâó, ìîæíî ïîëó÷àòü äîñòóï

ê ãðóïïàì åãî ýëåìåíòîâ:

Ëèñòèíã 2: Ïðèìåðû èñïîëüçîâàíèÿ îïåðàöèè ¾:¿

//Ïóñòü çàäàíà ìàòðèöà A
A = [1 , 2 ; 3 , 4 ]

d i sp ( A, "A = ")

//Âûäåëèòü èç ìàòðèöû A âòîðîé ñòîëáåö
d i sp ( A( : , 2 ) )

//Âûäåëèòü èç ìàòðèöû A ïåðâóþ ñòðîêó
di sp ( A(1 , : ) )

Ðåçóëüòàò ðàáîòû ïðîãðàììû:

A =

1 . 2 .
3 . 4 .

2 .
4 .

1 . 2 .

Äëÿ ðàáîòû ñ ìàòðèöàìè è âåêòîðàìè â Scilab ïðåäóñìîòðåíû ñëåäóþ�

ùèå îïåðàöèè:

+ � ñëîæåíèå;

- � âû÷èòàíèå;

* � ìàòðè÷íîå óìíîæåíèå è óìíîæåíèå íà ÷èñëî;

' � òðàíñïîíèðîâàíèå;
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� � âîçâåäåíèå â ñòåïåíü;

\ � ëåâîå äåëåíèå; (A\B ⇒ A−1B);

/ � ïðàâîå äåëåíèå; (B/A⇒ BA−1).

Ïîëåçíûìè òàêæå ÿâëÿþòñÿ ñëåäóþùèå ñïåöèàëüíûå ôóíêöèè Scilab:

� ones(m, n) � ñîçäà¼ò ìàòðèöó åäèíèö èç m ñòðîê è n ñòîëáöîâ.

� zeros(m, n) � ñîçäà¼ò íóëåâóþ ìàòðèöó èç m ñòðîê è n ñòîëáöîâ.

� eye(m, n) � ñîçäà¼ò åäèíè÷íóþ ìàòðèöó èç m ñòðîê è n ñòîëáöîâ.

� rand(n1, n2, ..., nm [, p] ) � ñîçäà¼ò ìíîãîìåðíóþ ìàòðèöó ñëó÷àéíûõ

÷èñåë ðàçìåðíîñòè n1×n2×· · ·×nm. Íåîáÿçàòåëüíûé ïàðàìåòð p � ñèìâîëü�
íàÿ ïåðåìåííàÿ, ñ ïîìîùüþ êîòîðîé ìîæíî çàäàòü òèï ðàñïðåäåëåíèÿ ñëó�

÷àéíîé âåëè÷èíû("uniform" � ðàâíîìåðíîå, "normal" � ãàóññîâñêîå); ðåçóëü�

òàò ôóíêöèè rand() � ñëó÷àéíûé ñêàëÿð. (Òàêæå ìîæíî èñïîëüçîâàòü ôóíê�

öèþ grand, ïîçâîëÿþùóþ ïîëó÷èòü ñëó÷àéíûå ÷èñëà, èìåþùèå áåòà-ðàñïðå�

äåëåíèå; áèíîìèàëüíîå, ïóàññîíîâñêîå ðàñïðåäåëåíèå; ðàñïðåäåíèå ¾õè-êâàä�

ðàò¿ è äð.)

� sort(X) � âûïîëíÿåò óïîðÿäî÷èâàíèå ìàññèâà X ïî óáûâàíèþ; åñëè

X � ìàòðèöà, òî ñîðòèðîâêà âûïîëíÿåòñÿ ïî ñòîëáöàì.

� size(V [, � ]) � îïðåäåëÿåò ðàçìåð ìàññèâà V; åñëè V � äâóìåðíûé

ìàññèâ, òî size(V, 1) èëè size(V, "r") îïðåäåëÿþò ÷èñëî ñòðîê ìàòðèöû V,

à size(V, 2) èëè size(V, "c") îïðåäåëÿþò ÷èñëî ñòîëáöîâ.

� max(V [, � ] ) � åñëè ïàðàìåòð � îòñóòñòâóåò, òî ôóíêöèÿ âîçâðàùàåò

íàèáîëüøèé ýëåìåíò â ìàññèâå V; åñëè �=1 èëè �="r", òî ôóíêöèÿ âåðí¼ò

ñòðîêó ìàêñèìàëüíûõ ýëåìåíòîâ ñòîëáöîâ ìàòðèöû V; åñëè �=2 èëè �="c",

òî ôóíêöèÿ âåðí¼ò ñòîëáåö ìàêñèìàëüíûõ ýëåìåíòîâ ñòðîê ìàòðèöû V.

� min(V [,�] ) � âîçâðàùàåò íàèìåíüøèé ýëåìåíò â ìàññèâå V, ðàáîòàåò

àíàëîãè÷íî ôóíêöèè max(V [,�] ).

� norm(V [, �]) � âîçâðàùàåò íîðìó âåêòîðà (ìàòðèöû) V. Òèï íîðìû

îïðåäåëÿåòñÿ ïàðàìåòðîì �.

� det( V ) � âîçâðàùàåò îïðåäåëèòåëü êâàäðàòíîé ìàòðèöû V.

� inv( V ) � âîçâðàùàåò ìàòðèöó, îáðàòíóþ ê êâàäðàòíîé ìàòðèöå V.
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� linsolve(A, b) � ðåøàåò ñèñòåìó ëèíåéíûõ óðàâíåíèé A · x− b = 0.

Çàäà÷à 2:

Ïðè ñáîðêå ìîñòà ïðèøëîñü ïîäíèìàòü ÷àñòü ìîñòîâîé ôåðìû ABC

òðåìÿ êàíàòàìè, ðàñïîëîæåííûìè, êàê óêàçàíî íà ðèñ. 2. Âåñ ýòîé ÷àñòè

ôåðìû P = 42 êÍ, öåíòð òÿæåñòè íàõîäèòñÿ â òî÷êå D. Ðàññòîÿíèÿ ñîîòâåò�

ñòâåííî ðàâíû: AD = 4 ì., DB = 2 ì., BF = 1 ì. Ïðè ýòîì óãëû íàêëîíà

êàíàòîâ ðàâíû α = 60◦, β = 45◦. Íàéòè íàòÿæåíèÿ êàíàòîâ, åñëè ïðÿìàÿ AC

ãîðèçîíòàëüíà.

A D B F C

E

A D B F C

E

αA D B F C

E

αA D B F C

E

α β

Ðèñ. 2. ×àñòü ìîñòîâîé ôåðìû ABC

Ðåøåíèå:

Ââåäåì ïðàâóþ ñèñòåìó êîîðäèíàò Axy, îñü àáñöèññ êîòîðîé ïàðàëëåëü�

íà AC, à îñü îðäèíàò íàïðàâëåíà âåðòèêàëüíî ââåðõ. Íà ðèñ. 3 ïîêàçàíû

ñèñòåìà êîîðäèíàò è ñèëû, ïðèëîæåííûå ê ÷àñòè ôåðìû ABC.
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A D B F C

E

x

y

TA

P

TB

TC

A D B F C

E

x

y

TA

P

TB

TC

αA D B F C

E

x

y

TA

P

TB

TC

αA D B F C

E

x

y

TA

P

TB

TC

α β

Ðèñ. 3. Cèëû, ïðèëîæåííûå ê ÷àñòè ôåðìû ABC

Ïðèðàâíÿåì íóëþ ñóììû ïðîåêöèé âñåõ ñèë íà îñè Ax, Ay è ñóììó

ìîìåíòîâ âñåõ ñèë îòíîñèòåëüíî òî÷êè A. Ïîëó÷èì ñëåäóþùóþ ñèñòåìó òð¼õ

ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé:

Ax : −TB cosα + Tc cos β = 0,

Ay : TA + TB sinα + Tc sin β − P = 0,

ΣmomA : TB · AB sinα + TC · AF sin β − P · AD = 0.

Çäåñü AB = AD + DB + BF + FC, AB = AD + DB. Èç ðàññìîòðå�

íèÿ 4BEF è 4CEF ñëåäóåò, ÷òî BF tanα = EF = CF tan β.

Òàêèì îáðàçîì, íåîáõîäèìî ðåøèòü ñèñòåìó ëèíåéíûõ àëãåáðàè÷åñêèõ

óðàâíåíèé âèäà Ax = B, ãäå

A =

 0 − cosα cos β
1 sinα sin β
0 AB sinα AF sin β

 ; x =

 TA
TB
TC

 ; B =

 0
P

P · AD

 .

Ëèñòèíã 3: Ðåøåíèå ñèñòåìû ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé
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P = 42 // Âåñ ÷àñòè ôåðìû â êÍ
// Óãëû íàêëîíà êàíàòîâ â ðàä .
Alpha = %pi / 3 ;
Beta = %pi / 4 ;

// Ðàññòîÿíèÿ â ì.
AD = 4 ;
DB = 2 ;
BF = 1 ;
CF = BF ∗ tan (Alpha ) / tan ( Beta ) ;
AB = AD + DB;
AF = AD + DB + BF + CF;
//Ìàòðèöà êîýôôèöèåíòîâ
A = [ [ 0 , −cos (Alpha ) , cos ( Beta ) ] ;
[ 1 , s i n (Alpha ) , s i n ( Beta ) ] ;
[ 0 , AB ∗ s i n (Alpha ) , AF ∗ s i n ( Beta ) ] ] ;

d i sp ( A, "A =" ) ;

B = [ 0 ; P; P ∗ AD] ; // Âåêòîð ñâîáîäíûõ ÷ëåíîâ

d i sp ( B, "B =" ) ;

// Ñèñòåìà A ∗ x = B
x = inv (A) ∗ B // Âåêòîð íåèçâåñòíûõ

//èëè òàê
// x = l i n s o l v e (A, −B) ;

d i sp ( x , "x =" ) ;
d i sp ( A ∗ x − B, "Îøèáêà = " ) // Ïðîâåðêà

Ðåçóëüòàò ðàáîòû ïðîãðàììû:

A =

0 . − 0 .5 0.7071068
1 . 0 .8660254 0.7071068
0 . 5 .1961524 6.1744923

B =

0 .
42 .
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168 .

x =

18 .
17.569219
12.423314

Îøèáêà =

10^(−14) ∗

0.1776357
0 .
0 .

Èòàê, TA = 18 êÍ, TB = 17.569219 êÍ, TC = 12.423314 êÍ,



Äèôôåðåíöèàëüíûå óðàâíåíèÿ

Äëÿ ðåøåíèÿ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé (ÎÄÓ) è ñè�

ñòåì, çàïèñàííûõ â íîðìàëüíîé ôîðìå Êîøè, â Scilab ïðåäóñìîòðåíà ôóíê�

öèÿ

y = ode([type, ] y0, t0, t, f)

äëÿ êîòîðîé îáÿçàòåëüíûìè âõîäíûìè ïàðàìåòðàìè ÿâëÿþòñÿ: y0 � âåêòîð

íà÷àëüíûõ óñëîâèé; t0 � íà÷àëüíàÿ òî÷êà îòðåçêà èíòåãðèðîâàíèÿ; t � âåêòîð,

ñîäåðæàùèé êîîðäèíàòû óçëîâ ñåòêè, â êîòîðûõ ïðîèñõîäèò ïîèñê ðåøåíèÿ;

f � âíåøíÿÿ ôóíêöèÿ, îïðåäåëÿþùàÿ ïðàâóþ ÷àñòü óðàâíåíèÿ èëè ñèñòåìû

óðàâíåíèé; y � âåêòîð ðåøåíèé.

Òàêèì îáðàçîì, äëÿ òîãî, ÷òîáû ðåøèòü ÎÄÓ âèäà

dy

dt
= f(t, y), y(t0) = y0;

íåîáõîäèìî âûçâàòü ôóíêöèþ y = ode(y0, t0, t, f).

Ñ ïîìîùüþ íåîáÿçàòåëüíîãî ïàðàìåòðà type ìîæíî âûáðàòü ìåòîä ðå�

øåíèÿ ÎÄÓ (åñëè ýòîò ïàðàìåòð íå çàäàòü, òî ìåòîä áóäåò âûáðàí àâòîìàòè�

÷åñêè.) Ïàðàìåòð type ìîæåò ïðèíèìàòü ñëåäóþùèå çíà÷åíèÿ:

"adams" � ìåòîä ïðîãíîçà-êîððåêöèè Àäàìñà;

"rk" � ìåòîä Ðóíãå-Êóòòà ÷åòâ¼ðòîãî ïîðÿäêà òî÷íîñòè;

"sti�" � óêàçûâàþò ïðè ðåøåíèè æ¼ñòêèõ çàäà÷ è äð.

Çàäà÷à 3:

Ãðóç ìàññû m = 24.5 êã. âèñèò íà ïðóæèíå æ¼ñòêîñòè c = 392 Í/ì.

Îïðåäåëèòü äâèæåíèå ãðóçà, åñëè íà íåãî íà÷èíàåò äåéñòâîâàòü ñèëà F (t) =

= 39.2 cos 6t Í.

Ðåøåíèå:

Ââåä¼ì êîîðäèíàòíyþ. îñü Ox, íàïðàâëåííóþ âåðòèêàëüíî âíèç. Òî÷�

êà O ñîâïàäàåò ñ íà÷àëüíûì ïîëîæåíèåì ãðóçà. Ïî âòîðîìó çàêîíó Íüþòîíà
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äèôôåðåíöèàëüíûå óðàâíåíèÿ äâèæåíèÿ ãðóçà èìåþò âèä:

mẍ = −cx+ F (t),
x(0) = 0,
ẋ(0) = 0.

(1)

Çàïèøåì (1) â íîðìàëüíîé ôîðìå Êîøè:

ẋ1 = x2,
ẋ2 = (−cx1 + F (t))/m,
x1(0) = 0,
x2(0) = 0.

Çäåñü x1 = x, à x2 = ẋ.

Ëèñòèíã 4: Èíòåãðèðîâàíèå ñèñòåìû ÎÄÓ

// Ñèëà , äåéñòâóþùàÿ íà ãðóç , â Í
func t i on f = F( t )

f = 39 .2 ∗ cos ( 6 ∗ t ) ;
endfunct ion
m = 24 . 5 ; // Ìàññà ãðóçà â êã .
c = 392 ; // Æ¼ñòêîñòü ïðóæèíû â Í/ì
// Ïðàâàÿ ÷àñòü ñèñòåìû ÎÄÓ
func t i on dy = dy ( t , y )
dy = ze ro s ( 2 , 1 ) ;
dy ( 1 ) = y( 2 ) ;
dy ( 2 ) = ( − c ∗ y ( 1 ) + F( t ) ) / m;

endfunct ion

// Íà÷àëüíûå óñëîâèÿ
y0 = [ 0 ; 0 ] ;
t0 = 0 ;
// Îòðåçîê èíòåãðèðîâàíèÿ
t = 0 :0 .01 :% pi ;

y = ode ( " rk " , y0 , t0 , t , dy )

subplot (2 , 1 , 1)
p lot2d ( t , y ( 1 , : ) , s t y l e = co l o r (" red ") , a x e s f l a g=5 ) ;
xgr id ( 1 ) ;
x t i t l e ( ' x ( t ) ' , boxed = 0 ) ;
subp lot (2 , 1 , 2)
p lot2d ( t , y ( 2 , : ) , s t y l e = co l o r (" green ") , a x e s f l a g=5 ) ;
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xgr id ( 1 ) ;
x t i t l e ( ' dx ( t ) / dt ' , boxed = 0 ) ;

Ðåçóëüòàò ðàáîòû ïðîãðàììû:

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

x(t)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

dx(t) / dt

Ðèñ. 4. Ïîëîæåíèå è ñêîðîñòü ãðóçà



Ïðîãðàììèðîâàíèå

Ðàññìîòðèì îñíîâíûå îïåðàòîðû ÿçûêà ïðîãðàììèðîâàíèÿ Scilab.

Ôóíêöèè ââîäà-âûâîäà

Äëÿ îðãàíèçàöèè ïðîñòåéøåãî ââîäà äàííûõ â Scilab ìîæíî âîñïîëüçî�

âàòüñÿ ôóíêöèÿìè

x = input(”title”)

èëè

x = x_dialog(”title ”value”).

Ôóíêöèÿ input âûâîäèò â êîìàíäíîé ñòðîêå Scilab ïîäñêàçêó title

è æä¼ò, ïîêà ïîëüçîâàòåëü ââåä¼ò çíà÷åíèå, êîòîðîå â êà÷åñòâå ðåçóëüòàòà

âîçâðàùàåòñÿ â ïåðåìåííóþ x. Ôóíêöèÿ x_dialog âûâîäèò íà ýêðàí äèàëîãî�

âîå îêíî ñ èìåíåì title, ïîñëå ÷åãî ïîëüçîâàòåëü ìîæåò ù¼ëêíóòü OK, è òî�

ãäà ñòðîêà value âåðí¼òñÿ â êà÷åñòâå ðåçóëüòàòà â ïåðåìåííóþ x; ëèáî ââåñòè

íîâîå çíà÷åíèå âìåñòî value, êîòîðîå è âåðí¼òñÿ â êà÷åñòâå ðåçóëüòàòà â ïå�

ðåìåííóþ x.

Ôóíêöèÿ input ïðåîáðàçîâûâàåò ââåä¼ííîå çíà÷åíèå ê ÷èñëîâîìó òèïó

äàííûõ, à ôóíêöèÿ x_dialog âîçâðàùàåò ñòðîêó, êîòîðóþ ìîæíî ïðåîáðàçî�

âàòü â ÷èñëî ñ ïîìîùüþ ôóíêöèè evstr :

x = evstr(x_dialog(”title ”value”)).

Äëÿ âûâîäà èíôîðìàöèè ìîæíî èñïîëüçîâàòü ôóíêöèþ disp :

disp(x).

Çäåñü x � èìÿ ïåðåìåííîé èëè çàêëþ÷¼ííûé â êàâû÷êè òåêñò.

Îïåðàòîð ïðèñâàèâàíèÿ

Îïåðàòîð ïðèñâàèâàíèÿ èìååò ñëåäóþùóþ ñòðóêòóðó:

a = b.
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Â ðåçóëüòàòå âûïîëíåíèÿ ïðèñâàèâàíèÿ ïåðåìåííîé a ïðèñâàèâàåòñÿ

çíà÷åíèå âûðàæåíèÿ b.

Óñëîâíûé îïåðàòîð

Îäíèì èç îñíîâíûõ îïåðàòîðîâ ÿâëÿåòñÿ óñëîâíûé îïåðàòîð if. Ñóùå�

ñòâóåò îáû÷íàÿ è ðàñøèðåííàÿ ôîðìû îïåðàòîðà if â Scilab. Îáû÷íàÿ ôîðìà

èìååò âèä

i f óñëîâèå then
îïåðàòîðû1
e l s e
îïåðàòîðû2
end ;

Çäåñü óñëîâèå � ëîãè÷åñêîå âûðàæåíèå; îïåðàòîðû1 è îïåðàòîðû2 � îïå�

ðàòîðû ÿçûêà Scilab èëè âñòðîåííûå ôóíêöèè. Äëÿ ïîñòðîåíèÿ ëîãè÷åñêèõ

âûðàæåíèé ìîãóò áûòü èñïîëüçîâàíû îïåðàòîðû: &, and (ëîãè÷åñêîå ¾è¿);

|, or (ëîãè÷åñêîå ¾èëè¿); not (ëîãè÷åñêîå îòðèöàíèå); < (ìåíüøå); > (áîëüøå);

== (ðàâíî); <> (íå ðàâíî); >= (áîëüøå èëè ðàâíî); <= (ìåíüøå èëè ðàâíî).

Ðàñøèðåííàÿ ôîðìà îïåðàòîðà if èìååò âèä:

i f óñëîâèå then
îïåðàòîðû1
e l s e i f óñëîâèå2
îïåðàòîðû2
e l s e i f óñëîâèå3
îïåðàòîðû3
. . .
e l s e i f óñëîâèån
îïåðàòîðûn
e l s e
îïåðàòîðû
end ;

Â ýòîì ñëó÷àå îïåðàòîð if ðàáîòàåò òàê: åñëè óñëîâèå1 èñòèííî, òî âû�

ïîëíÿþòñÿ îïåðàòîðû1, èíà÷å ïðîâåðÿåòñÿ óñëîâèå2, åñëè îíî èñòèííî, òî âû�

ïîëíÿþòñÿ îïåðàòîðû2, èíà÷å ïðîâåðÿåòñÿ óñëîâèå3 è ò.ä. Åñëè âñå óñëîâèÿ

ïî âåòêàì elseif ëîæíû, òî âûïîëíÿþòñÿ îïåðàòîðû ïî âåòêå else.

Îïåðàòîð while

Îïåðàòîð öèêëà while èìååò âèä:
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whi l e óñëîâèå
îïåðàòîðû
end ;

Îïåðàòîðû áóäóò âûïîëíÿòüñÿ ïîêà èñòèííî óñëîâèå.

Îïåðàòîð for

Îïåðàòîð öèêëà for èìååò âèä:

f o r x=x0 : dx : xn
îïåðàòîðû
end ;

Âûïîëíåíèå öèêëà íà÷èíàåòñÿ ñ ïðèñâîåíèÿ ïàðàìåòðó x ñòàðòîâîãî

çíà÷åíèÿ (x = x0). Çàòåì ñëåäóåò ïðîâåðêà, íå ïðåâîñõîäèò ëè ïàðàìåòð çà�

äàííîå çíà÷åíèå (x > xn). Åñëè x > xn, òî öèêë ñ÷èòàåòñÿ çàâåðø¼ííûì è

óïðàâëåíèå ïåðåäà¼òñÿ ñëåäóþùåìó çà òåëîì öèêëà îïåðàòîðó. Åñëè x ≤ xn,

òî âûïîëíÿþòñÿ îïåðàòîðû â öèêëå. Äàëåå ïàðàìåòð öèêëà óâåëè÷èâàåòñÿ

íà dx (x = x+ dx). Ïîñëå ýòîãî ñíîâà ïðîèçâîäèòñÿ ïðîâåðêà çíà÷åíèÿ ïàðà�

ìåòðà öèêëà è àëãîðèòì ïîâòîðÿåòñÿ.

Çàäà÷à 4:

Äâèæåíèå óïðàâëÿåìîé ñèñòåìû îïèñûâàåòñÿ ñèñòåìîé óðàâíåíèé

dx1
dt

= x2,
dx2
dt

= u. (2)

Â íà÷àëüíûé ìîìåíò âðåìåíè

ïðè t = 0 x1 = 5, x2 = 0. (3)

Â êîíå÷íûé ìîìåíò âðåìåíè

ïðè t = 4 x1 + 2x2 = 0. (4)

Êà÷åñòâî ïðîöåññà óïðàâëåíèÿ îïðåäåëÿåòñÿ ôóíêöèîíàëîì

J =

4∫
0

u2 dt. (5)

Òðåáóåòñÿ íàéòè îïòèìàëüíîå óïðàâëåíèå u = u(t), êîòîðîå ïåðåâîäèò

óïðàâëÿåìóþ ñèñòåìó (2) èç íà÷àëüíîãî ñîñòîÿíèÿ (3) íà ìíîãîîáðàçèå (4)
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çà çàäàííûé ïðîìåæóòîê âðåìåíè è ñîîáùàåò ìèíèìàëüíîå çíà÷åíèå ôóíê�

öèîíàëó (5).

Ðåøåíèå:

Ïîñòàâëåííóþ çàäà÷ó áóäåì ðåøàòü ñ ïîìîùüþ ïðèíöèïà ìàêñèìóìà

Ïîíòðÿãèíà. Äëÿ ýòîãî ââåä¼ì äîïîëíèòåëüíûå ïåðåìåííûå ψ1, ψ2, ñîïðÿ�

æ¼ííûå ïî îòíîøåíèþ ê ôàçîâûì ïåðåìåííûì x1, x2.

Ôóíêöèÿ Ãàìèëüòîíà-Ïîíòðÿãèíà èìååò âèä

H = −u2 + ψ1x2 + ψ2u.

Ñîïðÿæ¼ííûå äèôôåðåíöèàëüíûå óðàâíåíèÿ èìåþò âèä:

dψ1

dt
= −∂H

∂x1
= 0,

dψ2

dt
= −∂H

∂x2
= −ψ1. (6)

Îïòèìàëüíîå óïðàâëåíèå uopt íàõîäèòñÿ èç óñëîâèÿ ìàêñèìóìà ôóíê�

öèè Ãàìèëüòîíà-Ïîíòðÿãèíà ïî ïåðåìåííîé u. Òàê êàê íà óïðàâëåííèå íå

íàëàãàþòñÿ îãðàíè÷åíèÿ, òî

∂H

∂u

∣∣∣∣
u=uopt

= 0 ⇒ −2uopt + ψ2 = 0 ⇒ uopt =
ψ2

2
. (7)

Ïîñëå ïîäñòàíîâêè (7) â (2) ïîëó÷èì

dx1
dt

= x2,
dx2
dt

=
ψ2

2
. (8)

Òàêèì îáðàçîì, çàäà÷à îïòèìàëüíîãî óïðàâëåíèÿ ïðÿìîëèíåéíûì äâè�

æåíèåì òî÷êè ñâåäåíà ê ðåøåíèþ äâóõòî÷å÷íîé êðàåâîé çàäà÷è äëÿ ñèñòåìû

äèôôåðåíöèàëüíûõ óðàâíåíèé (6), (8), ñ íà÷àëüíûìè óñëîâèÿìè (3) ïðè t = 0

è êîíå÷íûìè óñëîâèÿìè (4) ïðè t = 4, êîòîðûå íåîáõîäèìî äîïîëíèòü óñëî�

âèåì

H(t, x1, x2, ψ1, ψ2, uopt(t))|t=4 = 0.

Äëÿ ðåøåíèÿ ïîëó÷åííîé êðàåâîé çàäà÷è ñîñòàâèì ïðîãðàììó, ÿâëÿþ�

ùóþñÿ êîìáèíàöèåé ìåòîäà Ðóíãå-Êóòòà è ìîäèôèöèðîâàííîãî ìåòîäà Íüþ�

òîíà. (Ìîæíî ïîêàçàòü, ÷òî çàäà÷à èìååò äâà ðåøåíèÿ. Îäíèì èç íèõ ÿâëÿåò�

ñÿ âåêòîð (x1, x2, ψ1, ψ2) = (5, 0, 0.375, 0). ×èòàòåëþ ïðåäëàãàåòñÿ ñàìîñòîÿ�

òåëüíî íàéòè âòîðîå ðåøåíèå çàäà÷è è âûáðàòü èç äâóõ ðåøåíèé òî, êîòîðîå

äîñòàâëÿåò ìèíèìàëüíîå çíà÷åíèå ôóíêöèîíàëó êà÷åñòâà (5).)
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Ëèñòèíã 5: Ðåøåíèå êðàåâîé çàäà÷è

// Ïðàâàÿ ÷àñòü ñèñòåìû ÎÄÓ
func t i on dy = dy ( t , x )

dy = ze ro s (4 , 1 ) ;
dy (1 , 1) = x ( 2 ) ;
dy (2 , 1) = x (4) / 2 ;
dy (3 , 1) = 0 ;
dy (4 , 1) = −x ( 3 ) ;

endfunct ion

// Ôóíêöèÿ Ãàìèëüòîíà−Ïîíòðÿãèíà
func t i on H = Hamiltonian ( x )

H = x (3 , 1) ∗ x (2 , 1) + 0 .25 ∗ ( x (4 , 1 ) )^2 ;
endfunct ion

// Íåâÿçêè
func t i on N = Nev( t0 , tk , h , x0 )

time = t0 : h : tk ;
r e s = ode (" rk " , x0 , t0 , time , dy ) ;
cnt = s i z e ( res , "c " ) ;
N = ze ro s (2 , 1 ) ;
N(1 ) = r e s (1 , cnt ) + 2 ∗ r e s (2 , cnt ) ;
N(2 ) = Hamiltonian ( r e s ( : , cnt ) ) ;

endfunct ion

t0 = 0 ;
tk = 4 ;
h = 10^−3;
eps = 10^−9
de l t a = 10^−7
x = [ 5 ; 0 ; 3/8−10^−3; 0 + 10^−3 ] ;
d i sp (x , "x = " ) ;
module = Nev( t0 , tk , h , x )

// Íîìåð èòåðàöèè
i t e r = 0 ;

whi l e norm( module , 2 ) > eps ,
J = ze ro s (2 , 2 ) ;
B = module ;

// Íàõîæäåíèå ìàòðèöû ÷àñòíûõ ïðîèçâîäíûõ
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f o r i =1:2
x_new = x ;
x_new(2+ i ) = x_new(2+ i ) + de l t a ;
time = t0 : h : tk ;
module_new = Nev( t0 , tk , h , x_new ) ;

f o r j = 1 :2
J ( j , i ) = ( module_new( j ) − module ( j ) ) ;
J ( j , i ) = J ( j , i ) / de l t a ;

end
end
// Âåêòîð ïîïðàâîê
gamma = inv ( J ) ∗ B;
kappa = 1 ;
norm_old = norm( module ) ;
whi l e ( 1 )

x_new = x ;
x_new(3) = x_new(3) − kappa ∗ gamma( 1 ) ;
x_new(4) = x_new(4) − kappa ∗ gamma( 2 ) ;
norm_new = norm( Nev( t0 , tk , h , x_new ) ) ;
i f ( norm_new < norm_old ) then

x = x_new ;
break

end ;
kappa = kappa / 2 ;
d i sp ( kappa , "kappa = " ) ;

end ;

module = Nev( t0 , tk , h , x ) ;
i t e r = i t e r + 1 ;
d i sp ( i t e r , " i t e r = " ) ;
d i sp ( module , "module = " ) ;
d i sp (norm(module , 2 ) , "norm " ) ;
d i sp ( x , "x = " ) ;
d i sp ( "−−−" ) ;

end

time = t0 : h /10 : tk ;
r e s = ode (" rk " , x , t0 , time , dy ) ;
// Çíà÷åíèå ôóíêöèîíàëà
d i sp ( i n t t r ap ( time , r e s ( 4 , : )^2 / 4) , " i n t = " ) ;
arg = 2 : h : 6 ;
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plot2d ( r e s ( 1 , : ) , r e s ( 2 , : ) , a x e s f l a g=5 ) ;
p lot2d ( arg , −0.5∗arg , a x e s f l a g=5 ) ;
d i sp (" done " ) ;

Ðåçóëüòàò ðàáîòû ïðîãðàììû:

Ðèñ. 5. Òðàåêòîðèÿ äâèæåíèÿ (êðàñíûé); êîíå÷íîå ìíîãîîáðàçèå (ñèíèé)

Íîìåð èòåðàöèè Íåâÿçêà Íîìåð èòåðàöèè Íåâÿçêà

0 0.0213333 3 3.899−9

1 6.247−8 4 9.814−10

2 1.563−8

Çíà÷åíèå ôóíêöèîíàëà = 0.7500563.



Ñîçäàíèå ãðàôè÷åñêèõ ïðèëîæåíèé

Îñíîâíûì îáúåêòîì ïðè ðàáîòå ñ âèçóàëüíûìè ïðèëîæåíèÿìè â ñðåäå

Scilab ÿâëÿåòñÿ ãðàôè÷åñêîå îêíî. Äëÿ ñîçäàíèÿ ãðàôè÷åñêîãî îêíà ñëóæèò

ôóíêöèÿ �gure:

F = f i g u r e ("Ñâîéñòâî1 " , "Çíà÷åíèå1 " , . . . , "ÑâîéñòâîN" ,
"Çíà÷åíèåN " ) .

Çäåñü F � óêàçàòåëü íà ãðàôè÷åñêîå îêíî; "Ñâîéñòâîk" � íàçâàíèå

k − ãî ïàðàìåòðà, "Çíà÷åíèåk" � çíà÷åíèå k − ãî ïàðàìåòðà. Ïàðà ¾ïàðà�

ìåòð � çíà÷åíèå¿ ìîæåò èìåòü ñëåäóþùèé âèä:

" po s i t i o n " −− [ x , y , dx , dy ] ;
" figure_name" −− "Name Of Figure " ;
"BackgroundColor" −− [ 1 , 0 , 0 ] è ò . ä .

Â äàííîì ïðèìåðå "position" � ïîëîæåíèå îêíà, x, y � êîîðäèíàòû

ëåâîãî âåðõíåãî óãëà (îñü àáñöèññ íàïðàâëåíà ñëåâà íàïðàâî, îñü îðäè�

íàò � ñâåðõó âíèç), dx, dy � øèðèíà è âûñîòà îêíà; "�gure_name"� èìÿ îêíà;

"BackgroundColor" � ôîíîâûé öâåò â ôîðìàòå RGB.

Ïîñëå ñîçäàíèÿ îêíà ìîæíî çàäàòü çíà÷åíèå ïàðàìåòðà ñ ïîìîùüþ

ôóíêöèè

s e t ("Ñâîéñòâî " , "Çíà÷åíèå " ) .

Â Scilab ìîæíî ñîçäàâàòü (è óäàëÿòü) òå èëè èíûå êîìïîíåíòû óïðàâ�

ëåíèÿ (êíîïêè, ìåòêè è ò.ä.) íà ñòàäèè âûïîëíåíèÿ ïðîãðàììû. Äëÿ ýòîãî

èñïîëüçóåòñÿ ôóíêöèÿ uicontrol, âîçâðàùàþùàÿ óêàçàòåëü íà ñôîðìèðîâàí�

íûé êîìïîíåíò:

C = u i c on t r o l (F , " S ty l e " , "Òèï_êîìïîíåíòà" , "Ñâîéñòâî1 " ,
"Çíà÷åíèå1 " , . . . , "ÑâîéñòâîN" , "Çíà÷åíèåN " ) .

Çäåñü C � óêàçàòåëü íà ñîçäàâàåìûé êîìïîíåíò;

F � óêàçàòåëü íà îáúåêò, âíóòðè êîòîðîãî áóäåò ñîçäàâàòüñÿ êîìïîíåíò;
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"Style" � óêàçûâàåò íà òèï ñîçäàâàåìîãî êîìïîíåíòà;

"Òèï_êîìïîíåíòà" � îïðåäåëÿåò êëàññ, ê êîòîðîìó áóäåò ïðèíàäëå�

æàòü ñîçäàâàåìûé êîìïîíåíò (ñì. òàáë. 2).

Òàáëèöà 2 Òèïû âèçóàëüíûõ êîìïîíåíòîâ

Çíà÷åíèå ñâîéñòâà "Style" Òèï êîìïîíåíòà

"pushbutton" Êîìàíäíàÿ êíîïêà

"text" Ìåòêà

"radiobutton" Ðàäèî-êíîïêà

"checkbox" Ïåðåêëþ÷àòåëü

"edit" Îêíî ðåäàêòèðîâàíèÿ

Ïàðû "Ñâîéñòâîk", "Çíà÷åíèåk" îïðåäåëÿþò çíà÷åíèÿ ñâîéñòâ êîìïî�

íåíòà. Â òàáë. 3 ïðèâåäåíû íåêîòîðûå ñâîéñòâà êîìïîíåíòîâ èç òàáë. 2.

Âàæíûé ïàðàìåòð ôóíêöèè uicontrol � ýòî ñîáûòèå Callback, êîòîðîå

ãåíåðèðóåòñÿ ïðè ùåë÷êå ïî êíîïêå, ïåðåêëþ÷àòåëþ è ò.ä. Çíà÷åíèåì ïàðà�

ìåòðà Callback ÿâëÿåòñÿ ñòðîêà ñ èìåíåì ôóíêöèè, âûçûâàåìîé ïðè ùåë÷êå

ïî êíîïêå. Îòìåòèì, ÷òî ïðè ðàáîòå ñ êîìïîíåíòîì ¾îêíî ðåäàêòèðîâàíèÿ¿

ñîáûòèå Callback ãåíåðèðóåòñÿ ïðè íàæàòèè êëàâèøè Enter, à ïðè ïåðåâî�

äå ñîäåðæèìîãî ñâîéñòâà "String" â ÷èñëî íóæíî âîñïîëüçîâàòüñÿ îïèñàííîé

ðàíåå ôóíêöèåé evstr.

Ó ñóùåñòâóþùåãî êîìïîíåíòà ìîæíî èçìåíèòü òå èëè èíûå ñâîéñòâà ñ

ïîìîùüþ ôóíêöèè set:

s e t (C, "Ñâîéñòâî1 " , "Çíà÷åíèå1 " , . . . , "ÑâîéñòâîN" ,
"Çíà÷åíèåN " ) .

Ïîëó÷èòü çíà÷åíèå ïàðàìåòðà êîìïîíåíòà ìîæíî ñ ïîìîùüþ ôóíêöèè

get (C, "Ñâîéñòâî " ) .

Çàäà÷à 5:

Ãðóç ìàññû m êã., ïîäâåøåííûé ê êîíöó ïðóæèíû, äâèæåòñÿ â æèä�

êîñòè. Êîýôôèöèåíò æ¼ñòêîñòè ïðóæèíû c Í/ì. Ñèëà ñîïðîòèâëåíèÿ äâè�
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Òàáëèöà 3 Ñâîéñòâà âèçóàëüíûõ êîìïîíåíòîâ

Ñâîéñòâî Êîìïîíåíòû ñ ýòèì ñâîéñòâîì

"String" � Íàäïèñü
Âñå (äëÿ îêíà ðåäàêòèðîâàíèÿ

ýòî ñòðîêà ââîäà)

"HorizontalAlignment" �

� Ãîðèçîíòàëüíîå âûðàâíèâàíèå

("left"("right"), "center" � ïî ëåâîìó

(ïðàâîìó) êðàþ, ïî öåíòðó)

Âñå (äëÿ îêíà ðåäàêòèðîâàíèÿ

ðå÷ü èä¼ò î ñòðîêå ââîäà)

"Position" � Ïîëîæåíèå

(îñü àáñöèññ èä¼ò ñëåâà íàïðàâî,

îñü îðäèíàò � ñíèçó ââåðõ)

Âñå

"Enable" / "Visible" � Äîñòóïíîñòü

è âèäèìîñòü êîìïîíåíòà

("on" � åñòü, "o�" � íåò)

Âñå

"Value" � Ñîñòîÿíèå ïåðåêëþ÷àòåëÿ

(1 � âêëþ÷åíî, 0 � âûêëþ÷åíî)
Ðàäèî-êíîïêà, ïåðåêëþ÷àòåëü

æåíèþ ïðîïîðöèîíàëüíà ïåðâîé ñòåïåíè ñêîðîñòè ãðóçà R = −αv, α > 0,

[α] = Í · ñ / ì. Ñîñòàâèòü âèçóàëüíóþ ïðîãðàììó, ïîçâîëÿþùóþ ïîñòðî�

èòü ãðàôèêè äâèæåíèÿ ãðóçà äëÿ ðàçëè÷íûõ çíà÷åíèé ïàðàìåòðîâ çàäà÷è

ïðè óñëîâèè, ÷òî â íà÷àëüíûé ìîìåíò ãðóç áûë ñìåù¼í èç ïîëîæåíèÿ ðàâíî�

âåñèÿ íà x0 ì. è îòïóùåí áåç íà÷àëüíîé ñêîðîñòè.

Ðåøåíèå:

Ââåä¼ì êîîðäèíàòíyþ. îñü Ox, íàïðàâëåííóþ âåðòèêàëüíî âíèç. Òî÷�

êà O ñîâïàäàåò ñ ïîëîæåíèåì ðàâíîâåñèÿ ãðóçà. Ïî âòîðîìó çàêîíó Íüþòîíà

äèôôåðåíöèàëüíûå óðàâíåíèÿ äâèæåíèÿ ãðóçà èìåþò âèä:

mẍ = −cx− αẋ,
x(0) = x0,
ẋ(0) = 0.

(9)
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Çàïèøåì (9) â íîðìàëüíîé ôîðìå Êîøè:

ẋ1 = x2,
ẋ2 = −(cx1 + αx2)/m,
x1(0) = x0,
x2(0) = 0.

Çäåñü x1 = x, à x2 = ẋ.

Ëèñòèíã 6: Âèçóàëüíîå ïðîãðàììèðîâàíèå

// Ãëàâíîå îêíî
MainWindow = f i g u r e (" figure_name " ,
" O s c i l l a t i o n s + Res i s tance " ,
"BackgroundColor " , [ 1 , 1 , 1 ] )
s e t (MainWindow , " Pos i t i on " , [ 500 , 300 , 700 , 500 ] )

// Ìàññà ãðóçà
mLabel = u i c on t r o l (" S ty l e " , " t ex t " ,
" Pos i t i on " , [ 5 0 , 450 , 50 , 2 0 ] , " S t r ing " , "m = " ,
"BackgroundColor " , [ 1 , 1 , 1 ] )

mEdit = u i c on t r o l (" S ty l e " , " ed i t " ,
" Pos i t i on " , [ 8 0 , 450 , 50 , 2 0 ] , " S t r ing " , "1" ,
"HorizontalAl ignment " , " r i g h t ")

// Æ¼ñòêîñòü ïðóæèíû
cLabel = u i c on t r o l (" S ty l e " , " t ex t " ,
" Pos i t i on " , [ 150 , 450 , 50 , 2 0 ] , " S t r ing " , "c = " ,

"BackgroundColor " , [ 1 , 1 , 1 ] )
cEdit = u i c on t r o l (" S ty l e " , " ed i t " ,
" Pos i t i on " , [ 180 , 450 , 50 , 2 0 ] , " S t r ing " , "19 .6" ,
"HorizontalAl ignment " , " r i g h t ")

// Àëüôà
alphaLabel = u i c on t r o l (" S ty l e " , " t ex t " ,
" Pos i t i on " , [ 250 , 450 , 50 , 2 0 ] , " S t r ing " , "$\ alpha = $" ,
"BackgroundColor " , [ 1 , 1 , 1 ] )
a lphaEdit = u i c on t r o l (" S ty l e " , " ed i t " ,
" Pos i t i on " , [ 280 , 450 , 50 , 2 0 ] , " S t r ing " , "3 .5" ,
"HorizontalAl ignment " , " r i g h t ")

// Íà÷àëüíîå ïîëîæåíèå ãðóçà
x0Label = u i c on t r o l (" S ty l e " , " t ex t " ,
" Pos i t i on " , [ 5 0 , 400 , 50 , 2 0 ] , " S t r ing " , "x0 = " ,
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"BackgroundColor " , [ 1 , 1 , 1 ] )
x0Edit = u i c on t r o l (" S ty l e " , " ed i t " ,
" Pos i t i on " , [ 8 0 , 400 , 50 , 2 0 ] , " S t r ing " , "0 .01" ,
"HorizontalAl ignment " , " r i g h t ")

// Øàã èíòåãðèðîâàíèÿ
hLabel = u i c on t r o l (" S ty l e " , " t ext " ,
" Pos i t i on " , [ 150 , 400 , 50 , 2 0 ] , " S t r ing " , "h = " ,
"BackgroundColor " , [ 1 , 1 , 1 ] )

hEdit = u i c on t r o l (" S ty l e " , " ed i t " ,
" Pos i t i on " , [ 180 , 400 , 50 , 2 0 ] , " S t r ing " , "0 .01" ,
"HorizontalAl ignment " , " r i g h t ")

// Êîíåö îòðåçêà èíòåãðèðîâàíèÿ
TLabel = u i c on t r o l (" S ty l e " , " t ext " ,
" Pos i t i on " , [ 250 , 400 , 50 , 2 0 ] , " S t r ing " , "T =",
"BackgroundColor " , [ 1 , 1 , 1 ] )

TEdit = u i c on t r o l (" S ty l e " , " ed i t " ,
" Pos i t i on " , [ 280 , 400 , 50 , 2 0 ] , " S t r ing " , "10" ,
"HorizontalAl ignment " , " r i g h t ")

// Íà÷àòü ðàñ÷¼ò
Button = u i c on t r o l (" S ty l e " , "pushbutton " ,
" Pos i t i on " , [ 180 , 350 , 50 , 2 0 ] , " S t r ing " , " Sta r t " ,
"Cal lback " , "Draw")

// Ïðàâàÿ ÷àñòü ñèñòåìû ÎÄÓ
func t i on dy = F( t , y )

dy = ze ro s (2 , 1)
dy ( 1 ) = y( 2 )
dy ( 2 ) = − ( c ∗ y ( 1 ) + alpha ∗ y ( 2 ) ) / m;

endfunct ion

func t i on Draw( )
// Ïîëó÷åíèå ïàðàìåòðîâ çàäà÷è
m = evs t r ( get ( mEdit , " S t r ing " ) ) ;

c = ev s t r ( get ( cEdit , " S t r ing " ) ) ;

alpha = ev s t r ( get ( alphaEdit , " S t r ing " ) ) ;
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Ðåçóëüòàò ðàáîòû ïðîãðàììû:

Ðèñ. 6. Òðàåêòîðèÿ äâèæåíèÿ ãðóçà

x0 = ev s t r ( get ( x0Edit , " S t r ing " ) ) ;

h = ev s t r ( get ( hEdit , " S t r ing " ) ) ;

T = ev s t r ( get ( TEdit , " S t r ing " ) ) ;

t = 0 : h :T
y0 = [ x0 ; 0 ]
// Èíòåãðèðîâàíèå ñèñòåìû ÎÄÓ
y = ode ( " rk " , y0 , 0 , t , F )

// Óäàëåíèå òåêóùèõ ãðàôè÷åñêèõ îñåé
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d e l e t e ( gca ( ) )

subplot (2 , 1 , 2)

//Ïîëîæåíèå ãðóçà
plot2d ( t , y (1 , : ) )
xgr id ( )
x t i t l e (" Tra jec tory " , " t " , "x "" ) ;
endfunct ion

Îòìåòèì, ÷òî äëÿ òîãî, ÷òîáû â íàäïèñè íà ìåòêå ïîÿâèëàñü ãðå÷åñêàÿ

áóêâà, áûëè èñïîëüçîâàíû êîìàíäû Latex'à.
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