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13.3 Áèáëèîòåêà plots

Êðîìå îñíîâíûõ ôóíêöèé ïîñòðîåíèÿ ãðàôèêîâ plot è plot3d Maple
V release 4 ñîäåðæèò äâå áèáëèîòåêè, çíà÷èòåëüíî ðàñøèðÿþùèå ãðà-
ôè÷åñêèå âîçìîæíîñòè ïàêåòà.

Áèáëèîòåêà plots � ïîçâîëÿåò ñòðîèòü ðàçíîîáðàçíûå äâóõìåðíûå
è òðåõìåðíûå ãðàôèêè äëÿ ðàçëè÷íûõ ìàòåìàòè÷åñêèõ îáúåêòîâ.

Áèáëèîòåêà plottools � ñîäåðæèò ôóíêöèè äëÿ ïîñòðîåíèÿ ðàçëè÷-
íûõ ãðàôè÷åñêèõ îáúåêòîâ (ïðèìèòèâîâ).

Áèáëèîòåêà plots ñîäåðæèò 48 ôóíêöèé äëÿ ïîñòðîåíèÿ ðàçëè÷íûõ
òèïîâ ãðàôèêîâ (ñì. òàáëèöó).

Ïðè òàêîì êîëè÷åñòâå ôóíêöèé ïîäðîáíîå ðàññìîòðåíèå ôîðìàòà
êàæäîé ôóíêöèè çàéìåò äîñòàòàî÷íî ìíîãî ìåñòà, ïîýòîìó îãðàíè-
÷èìñÿ êðàòêèì îïèñàíèåì êàæäîé êîìàíäû è ïðèâåäåì íåáîëüøèå
ïðèìåðû, èëëþñòðèðóþùèå ðàáîòó êîìàíä.

Çàìåòèì, ÷òî äëÿ èñïîëüçîâàíèÿ ôóíêöèé, ñîäåðæàùèõñÿ â áèáëèî-
òåêè plots, ïðèìåíèìû îáû÷íûå ïðèåìû ïîäêëþ÷åíèÿ áèáëèîòåêè öå-
ëèêîì èëè îòäåëüíûõ ôóíêöèé ïðè ïîìîùè îïåðàòîðà with.

animate3d � àíèìàöèÿ òðåõìåðíûõ ïîâåðõíîñòåé.
> plots[animate3d](cos(t*x)*sin(t*y),x=-Pi..Pi,
y=-Pi..Pi,t=1..2);

changecoords � èçìåíåíèå ñèñòåì êîîðäèíàò (äëÿ 2D è 3D).
> with(plots):
> p := plot([sin(x),x,x=0..2*Pi]):
> changecoords(p, polar);

Ïîñëåäíèé ãðàôèê ìîæíî ïîëó÷èòü, âûïîëíèâ ñëåäóþùóþ êîìàí-
äó:
> plot([sin(x)],x=0..2*Pi,coords=polar);



152 Ãëàâà 13

© Ïðîõîðîâ Ã.Â., Êîëáååâ Â.Â., Æåëíîâ Ê.È., Ëåäåíåâ Ì.À., 1998
 «Ìàòåìàòè÷åñêèé ïàêåò Maple V Release 4».
Ïðè ïåðåïå÷àòêå ññûëêà íà ïåðâîèñòî÷íèê îáÿçàòåëüíà.

compexplot � ïîñòðîåíèå êîìïëåêñíîçíà÷íîé ôóíêöèè.
Â êà÷åñòâå ïðèìåðà ïîñòðîèì ÀÔ×Õ äëÿ ñèñòåìû óïðàâëåíèÿ, êî-

òîðàÿ îïèñûâàåòñÿ ïåðåäàòî÷íîé ôóíêöèåé w1(s). 
> with(plots):
> w1:=1/(s^2+0.3*s+1):

ÔÓÍÊÖÈß ÎÏÈÑÀÍÈÅ

animate àíèìàöèÿ äâóìåðíûõ ãðàôèêîâ
animate3d àíèìàöèÿ òðåõìåðíûõ ïîâåðõíîñòåé
changecoords èçìåíåíèå ñèñòåì êîîðäèíàò (äëÿ 2D è

3D)
complexplot ïîñòðîåíèå êîìïëåêñíîçíà÷íîé ôóíêöèè
complexplot3d ñëîæíîå ïîñòðîåíèå ãðàôèêà
conformal êîíôîðìíîå îòîáðàæåíèå êîìïëåêñíî-

çíà÷íîé ôóíêöèè
contourplot,

contourplot3d

êîíòóðíîå ïîñòðîåíèå ïîâåðõíîñòè

coordplot,

coordplot3d

ïîñòðîåíèå êîîðäèíàòíîé ñåòêè äëÿ ðàç-
ëè÷íûõ ñèñòåì êîîðäèíàò

cylinderplot ïîñòðîåíèå ïîâåðõíîñòè â öèëèíäðè÷å-
ñêèõ êîîðäèíàòàõ

densityplot ïîñòðîåíèå ïëîòíîñòíîãî ãðàôèêà
display, display3d ïåðåðèñîâêà ãðàôèêîâ ïðè èçìåíåíèè

ïàðàìåòðîâ ïîñòðîåíèÿ
fieldplot, fieldplot3d ïîñòðîåíèå âåêòîðíîãî ïîëÿ íà ïëîñêî-

ñòè è â ïðîñòðàíñòâå
gradplot,

gradplot3d

ïîñòðîåíèå âåêòîðíîãî ïîëÿ ãðàäèåíòà

implicitplot,

implicitplot3d

ïîñòðîåíèå ãðàôèêà íåÿâíîé ôóíêöèè

inequal ïîñòðîåíèå îáëàñòåé ïëîñêîñòè, îòâå-
÷àþùèõ çàäàííûì íåðàâåíñòâàì

listcontplot,

listcontplot3d

ïîñòðîåíèå êîíòóðîâ ïî çàäàííîé ñåòêå
çíà÷åíèé

listdensityplot ïîñòðîåíèå ïëîòíîñòíîãî ãðàôèêà ïî
ñïèñêó çíà÷åíèé

 listplot, listplot3d ïîñòðîåíèå ëîìàíîé, çàäàííîé ñïèñêîì
çíà÷åíèé îðäèíàò

loglogplot ïîñòðîåíèå ãðàôèêà â ëîãàðèôìè÷åñêîì
ìàñøòàáå äëÿ îñè X è Y
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ÔÓÍÊÖÈß ÎÏÈÑÀÍÈÅ

logplot ïîñòðîåíèå ãðàôèêà â ëîãàðèôìè÷åñêîì
ìàñøòàáå ïî îñè Y

matrixplot èçîáðàæåíèå çíà÷åíèé ìàòðèöû â âèäå
òðåõìåðíîãî ãðàôèêà èëè ãèñòîãðàììû

odeplot ïîñòðîåíèå ãðàôèêà ÷èñëåííîãî ðåøåíèÿ
äèôôåðåíöèàëüíîãî óðàâíåíèÿ

pareto ïîñòðîåíèå äèàãðàììû Ïàðåòî
pointplot,

pointplot3d

ïîñòðîåíèå òî÷åê íà êîîðäèíàòíîé ïëîñ-
êîñòè èëè â ïðîñòðàíñòâå

polarplot ïîñòðîåíèå â ïîëÿðíûõ êîîðäèíàòàõ
polygonplot,

polygonplot3d

ïîñòðîåíèå ìíîãîóãîëüíèêîâ íà êîîðäè-
íàòíîé ïëîñêîñòè èëè â ïðîñòðàíñòâå

polyhedraplotreplot ïîñòðîåíèå òî÷åê â ïðîñòðàíñòâå â ôîðìå
ìíîãîãðàííèêîâ

rootlocus ñòðîèò êîìïëåêñíûå êîðíè óðàâíåíèÿ
semilogplot ïîñòðîåíèå â ëîãàðèôìè÷åñêîì ìàñøòàáå

(ëîãàðèôìè÷åñêèé ìàñøòàá îòêëàäûâàåò-
ñÿ òîëüêî ïî îñè X)

setoptions,

setoptions3d

çàäàíèå ïàðàìåòðîâ "ïî óìîë÷àíèþ" äëÿ
ïîñòðîåíèÿ äâóõìåðíîé è òðåõìåðíîé
ãðàôèêè

spacecurve ïàðàìåòðè÷åñêîå ïîñòðîåíèå êðèâîé â
ïðîñòðàíñòâå

sparsematrixplot ïîñòðîåíèå òî÷åê íà êîîðäèíàòíîé ïëîñ-
êîñòè ïðè íåíóëåâûõ ñîîòâåòñòâóþùèõ
ýëåìåíòàõ â ìàòðèöå

sphereplot ïîñòðîåíèå ïîâåðõíîñòè â ñôåðè÷åñêèõ
êîîðäèíàòàõ

surfdata ïîñòðîåíèå ïîâåðõíîñòè ïî äàííûì
textplot, textplot3d èçîáðàæåíèå íà ÷åðòåæå òåêñòîâîãî îáú-

åêòà
tubeplot ïàðàìåòðè÷åñêîå ïîñòðîåíèå ïîâåðõíî-

ñòè, ïîëó÷àåìîé èç ïàðàìåòðè÷åñêîé
êðèâîé ïóòåì ïðèäàíèÿ åé îáúåìà ÷åðåç
çàäàíèå ðàäèóñà
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> complexplot(subs(s=I*w,w1), w=0..infinity);

Èäåíòè÷íûé ðåçóëüòàò ìîæíî ïîëó÷èòü ñ ïîìîùüþ ôóíêöèè plot:
> plot([Re(subs(s=I*w,w1)), Im(subs(s=I*w, w1)),
w=0..infinity]);

complexplot3d � ñëîæíîå ïîñòðîåíèå ãðàôèêà.
Àðãóìåíòîì ýòîé ôóíêöèè ìîæåò ÿâëÿòñÿ ëèáî ñïèñîê èç äâóõ âû-

ðàæåíèé, ëèáî êîìïëåêñíîçíà÷íàÿ ôóíêöèÿ. Â çàâèñèìîñòè îò òîãî,
êàêîé âàðèàíò çàäàíèÿ àðãóìåíòà èñïîëüçóåòñÿ âûïîëíÿåòñÿ ðàçëè÷-
íûé àëãîðèòì ïîñòðîåíèÿ.

1. Ñïèñîê èç äâóõ âûðàæåíèé èëè îòîáðàæåíèå R2 →R2 � ñòðîèòñÿ
ïåðâàÿ êîìïîíåíòà ñïèñêà, ïîâåðõíîñòü ðàñêðàøèâàåòñÿ â çàâèñèìî-
ñòè îò âòîðîãî ïàðàìåòðà.

2. Êîìïëåêñíîçíà÷íàÿ ôóíêöèÿ èëè îòîáðàæåíèå C→C � ñòðîèòñÿ
àáñîëþòíàÿ âåëè÷èíà êîìïëåêñíîçíà÷íîé ôóíêöèè è ðàñêðàøèâàåò-
ñÿ â çàâèñèìîñòè îò àðãóìåíòà.
> complexplot3d( [x^2*y � y^2, 2*y], x = �2..2,
y= �2..2);

> complexplot3d( (z) , z = �2 � 2*I .. 2 + 2*I
);
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conformal � êîíôîðìíîå îòîáðàæåíèå êîìïëåêñíîçíà÷íîé ôóíêöèè.
> conformal(z^2,z=�1�2*I..1+2*I);

contourplot, contourplot3d � êîíòóðíîå ïîñòðîåíèå ïîâåðõíîñòè (ïî-
äîáíî óðîâíÿì âûñîò íà ãåîãðàôè÷åñêèõ êàðòàõ).
> contourplot((x^2+y^2),x=�3..3,y=�3..3);

> contourplot3d((x^2+y^2),x=-3..3,y=-3..3);

coordplot, coordplot3d  � ïîñòðîåíèå êîîðäèíàòíîé ñåòêè äëÿ ðàç-
ëè÷íûõ ñèñòåì êîîðäèíàò (ïîäîáíî ìèëëèìåòðîâîé áóìàãå).

> coordplot(polar);
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> coordplot3d(cylindrical);

cylinderplot � ïîñòðîåíèå ïîâåðõíîñòè â öèëèíäðè÷åñêèõ êîîðäè-
íàòàõ.

densityplot � ïîñòðîåíèå ïëîòíîñòíîãî ãðàôèêà.
> densityplot(sin(x+y),x=�1..1,y=�1..1,
axes=boxed, style=patchnogrid);

fieldplot, fieldplot3d � ïîñòðîåíèå âåêòîðíîãî ïîëÿ íà ïëîñêîñòè è â
ïðîñòðàíñòâå.
> fieldplot3d([2*x,2*y,1], x=�10..10,y=�
10..10,z=�10..10, axes=frame, grid=[5,5, 5]);
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implicitplot, implicitplot3d � ïîñòðîåíèå ãðàôèêà íåÿâíîé ôóíêöèè
âèäà f(x,y)=c èëè f(x,y,z)=c.
> implicitplot(x^2 + y^2 = 0.5,x=�1..1,y=�1..1);

inequal � ïîñòðîåíèå îáëàñòåé ïëîñêîñòè, îòâå÷àþùèõ çàäàííûì
íåðàâåíñòâàì.
> inequal( { x+y>0, x�y<=1,y=2}, x=�3..3,
>     y=�3..3,
>     optionsfeasible=(color=red),
>     optionsopen=(color=blue,thickness=2),
>     optionsclosed=(color=green,
>     thickness=3),
>     optionsexcluded=(color=yellow) );

×òîáû ðàñêðàñèòü îáëàñòè ðàçíûìè öâåòàìè ïðèìåíÿþòñÿ ñëåäó-
þùèå îïöèè:

optionsfeasible � äëÿ îáëàñòåé, êîòîðûå óäîâëåòâîðÿþò âñåì íåðà-
âåíñòâàì;

optionsexcluded � äëÿ îáëàñòåé, êîòîðûå íàðóøàþò õîòÿ áû îäíî íå-
ðàâåíñòâî;

optionsopen � äëÿ ëèíèé, êîòîðûå ÿâëÿþòñÿ ãðàíèöàìè îáëàñ-
òåé, îïèñûâàåìûõ ñòðîãèìè íåðàâåíñòâàìè;

optionsclosed � äëÿ ëèíèé, êîòîðûå ÿâëÿþòñÿ ãðàíèöàìè îáëàñ-
òåé, îïèñûâàåìûõ íåñòðîãèìè íåðàâåíñòâàìè èëè
äëÿ ëèíèé, êîòîðûå îïèñûâàþòñÿ óðàâíåíèÿìè.



158 Ãëàâà 13

© Ïðîõîðîâ Ã.Â., Êîëáååâ Â.Â., Æåëíîâ Ê.È., Ëåäåíåâ Ì.À., 1998
 «Ìàòåìàòè÷åñêèé ïàêåò Maple V Release 4».
Ïðè ïåðåïå÷àòêå ññûëêà íà ïåðâîèñòî÷íèê îáÿçàòåëüíà.

listcontplot, listcontplot3d � ïîñòðîåíèå êîíòóðîâ ïî çàäàííîé ñåòêå
çíà÷åíèé (ñåòêà � ñïèñîê ñïèñêîâ).
> listcontplot([seq([seq( abs(x*y), x=�15..15)],
y=�15..15)]);

> listcontplot3d([seq([seq( abs(x*y),x=�
15..15)], y=�15..15)], style=patch);

listplot, listplot3d � ïîñòðîåíèå ëîìàíîé, çàäàííîé ñïèñêîì çíà÷å-
íèé îðäèíàò (çíà÷åíèå àáñöèññû � ïîðÿäêîâûé íîìåð çíà÷åíèÿ îðäè-
íàòû â ñïèñêå).
> listplot([1,2,3,4,50,6,7,8,9,10], color=red);
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matrixplot � èçîáðàæåíèå çíà÷åíèé ìàòðèöû â âèäå òðåõìåðíîãî
ãðàôèêà èëè ãèñòîãðàììû.
> with(linalg):A:= hilbert(8):

Warning, new definition for norm
Warning, new definition for trace

> matrixplot(A,style=patch, heights=histogram);

odeplot � ïîñòðîåíèå ãðàôèêà ÷èñëåííîãî ðåøåíèÿ äèôôåðåíöèàëü-
íîãî óðàâíåíèÿ.
> p:= dsolve({D(y)(x) = y(x), y(0)=1},
y(x),type=numeric):
> odeplot(p,[x,y(x)],�1..1, labels=[`x`,
`y(x)`]);

pareto � ïîñòðîåíèå äèàãðàììû Ïàðåòî.
> with(plots):
> Pdata:=[ `Äâèãàòåëü 1`=327,
> `Äâèãàòåëü 2`= 240,`Äâèãàòåëü 3`=176,
> `Ïðîâîëîêà 1`=105,`Ïðîâîëîêà 2`=43,
> `Ïðîâîëîêà 3`=36, `Ìàñëî`=33,
> `Êîðîáêà`=61,`Äðóãîå`=166]:
>  Fdata:=map(rhs,Pdata):
> Lab:=map(lhs,Pdata):
> pareto(Fdata, tags=Lab, title=`Çàâîäñêèå
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ïðîáëåìû`);

polygonplot, polygonplot3d � ïîñòðîåíèå ìíîãîóãîëüíèêîâ íà êî-
îðäèíàòíîé ïëîñêîñòè èëè â ïðîñòðàíñòâå.
> ngon := n �> [seq([ cos(2*Pi*k/n), sin(2*Pi*k/
n) ], k = 1..n)]:
> polygonplot(ngon(5), color=COLOR(RGB, 0.5,
0.7,1), xtickmarks=5, ytickmarks=5);

Warning, `k` in call to `seq` is not local

polyhedraplot � ïîñòðîåíèå òî÷åê â ïðîñòðàíñòâå â ôîðìå ìíîãîãðàí-
íèêîâ.
> with(plots):
> polyhedraplot([0,0,0], polytype=dodecahedron,
style=PATCH, scaling=CONSTRAINED,
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orientation=[71,66]);

> points:= map(evalf,[seq([14*sin(Pi*T/7),
14*cos(Pi*T/7), 25*T/50], T=10..50)]):
> polyhedraplot(points, style=patch,
polytype=icosahedron, polyscale=3);

rootlocus � ñòðîèò êîìïëåêñíûå êîðíè óðàâíåíèÿ âèäà
 1 + k f(s) = 0 ïðè âûçîâå rootlocus(f(s),s,k=kmin..kmax) èëè êîðíè

óðàâíåíèÿ  d(s) + k n(s) â ñëó÷àå f(s)=n(s)/d(s).

sphereplot � ïîñòðîåíèå ïîâåðõíîñòè â ñôåðè÷åñêèõ êîîðäèíàòàõ.
> sphereplot((5*cos(y)^2 �1)/2,x=0..Pi,y=�
Pi..Pi,style=PATCH);

surfdata � ïîñòðîåíèå ïîâåðõíîñòè ïî äàííûì.
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> data1 := [seq([ seq([i,j,evalf(cos((i+j)/5))],
i=�5..5)], j=�5..5)]:
> data2 := [seq([ seq([i,j,evalf(sin((i+j)/5))],
i=�5..5)], j=�5..5)]:
> surfdata( {data1,data2}, axes=frame,
labels=[x,y,z], style=patch, orientation=[�
58,54] );

textplot, textplot3d � èçîáðàæåíèå íà ÷åðòåæå òåêñòîâîãî îáúåêòà.

> p := plot(sin(x),x=�Pi..Pi): delta := 0.05:
> t1 := textplot([Pi/2,1+delta,`Ëîêàëüíûé
ìàêñèìóì (Pi/2, 1)`], align=ABOVE):
> t2 := textplot([�Pi/2,�1,`Ëîêàëüíûé ìèíèìóì (�
Pi/2, �1)`], align=BELOW):
> display({p,t1,t2});
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tubeplot � ïàðàìåòðè÷åñêîå ïîñòðîåíèå ïîâåðõíîñòè, ïîëó÷àåìîé
èç ïàðàìåòðè÷åñêîé êðèâîé ïóòåì ïðèäàíèÿ åé îáúåìà ÷åðåç çàäàíèå
ðàäèóñà.

> tubeplot([3*sin(t),t,3*cos(t)], t=�3*Pi..4*Pi,
radius=1.2+cos(t), numpoints=80, style=patch);


