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Àííîòàöèÿ

Â ïîñîáèè ïðèâåäåíû ó÷åáíûå ïðèìåðû äëÿ èíòåðïðåòàòîðà ÿçûêà ïðîãðàì-
ìèðîâàíèÿ META METAPOST [1] è ðîäñòâåííûõ ñ íèì ñðåäñòâ ïîäãîòîâêè âåê-
òîðíûõ èçîáðàæåíèé. METAPOST ñîäåðæèò áîëüøîå êîëè÷åñòâî ôóíêöèé, îðèåí-
òèðîâàííûõ íà ãåîìåòðè÷åñêèå ïîñòðîåíèÿ è ïîçâîëÿåò èñïîëüçîâàòü ñðåäñòâà
LATEX äëÿ òåêñòà è ôîðìóë íà èëëþñòðàöèÿõ. Äîïîëíèòåëüíîå äîñòîèíñòâî âåê-
òîðíîãî ñïîñîáà ïðåäñòàâëåíèÿ èëëþñòðàöèé � âîçìîæíîñòü ïðîñìîòðà ìíîãè-
ìè ïðîãðàììàìè, ýêñïîðòèðîâàíèÿ â äðóãèå ôîðìàòû è îáðàáîòêè ñóùåñòâó-
ùèìè ãðàôè÷åñêèìè ðåäàêòîðàìè.

Ïîñîáèå ïîñòðîåíî ñëåäóþùèì îáðàçîì. Îíî ñîñòîèò èç ðàçäåëîâ, â êîòîðûõ
ïîñëåäîâàòåëüíî ïðèâîäÿòñÿ ðàçëè÷íûå ïðèìåðû. Äëÿ êàæäîãî ïðèìåðà ïðèâî-
äèòñÿ òåêñò ïðîãðàììû, êëþ÷åâûå ìîìåíòû è ðåçóëüòàò ðàáîòû: èëëþñòðàöèÿ.

Âñå ïðîöèòèðîâàííûå ïðèìåðû, íå ïðèíàäëåæàùèå àâòîðó, èìåþò ññûëêó
â Èíòåðíåò. Êàê ïðàâèëî, îíè âçÿòû ñ ðåñóðñà CTAN (The Comprehensive TeX
Archive Network) [2], à òàêæå texample [46].

Ïðèìåð åäèíñòâà âû÷èñëåíèé è èëëþñòðèðîâàíèÿ - ÷åðòåæ èç ðóêîïèñè Àð-
õèìåäà

Ðèñ. 1: ×åðòåæ èç ðóêîïèñè Àðõèìåäà
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1 Ââåäåíèå

Çà÷åì èçó÷àòü METAPOST ? Êàêîâà ìîòèâàöèÿ èñïîëüçîâàíèÿ äîïîëíèòåëüíîãî ïðî-
äóêòà ïðè âîçìîæíîñòè ñîçäàíèÿ ãðàôè÷åñêèõ ôàéëîâ îãðîìíûì êîëè÷åñòâîì ñïî-
ñîáîâ?

Ïðè ïîäãîòîâêå ó÷åáíûõ è íàó÷íûõ ìàòåðèàëîâ àâòîð èñïîëüçóåò ñèñòåìó LATEX.
Â íåêîòîðûõ ñëó÷àÿõ åå èñïîëüçîâàíèå ÿâëÿåòñÿ äåëîì âêóñà, à â íåêîòîðûõ - îáÿ-
çàòåëüíî. Â îñíîâíîì ïîñëåäíèé ñëó÷àé îòíîñèòñÿ ê ìàòåìàòè÷åñêèì èçäàíèÿì,
à â ïîñëåäíåå âðåìÿ è ê êâàëèôêàöèîíûì ðàáîòàì. LATEXìîòèâèðóåò èñïîëüçîâà-
íèå åäèíîãî ñòèëÿ ïîäãîòîâêè ìàòåðèàëà, ïðè ýòîì èëëþñòðàöèè èìïîðòèóþòñÿ
êàê âíåøíèå ôàéëû. Ââèäó òàêîãî ðàçäåëåíèÿ âîçíèêàåò ïðîáëåìà åäèíîãî ñòèëÿ
îôîðìëåíèÿ òåêñòà è ãðàôèêè.

Êðîìå òîãî, åñëè èëëþñòðèðóåòñÿ ìàòåìàòè÷åñêèé ôàêò, îáû÷íî â ãåîìåòðè÷å-
ñêèõ îáðàçàõ, âåñüìà æåëàòåëüíî, ÷òîáû èëëþñòðàöèÿ òî÷íî îòðàæàëà ñóòü âîïðîñà.
Æåëàòåëüíî, ÷òîáû êðèâûå âòîðîãî ïîðÿäêà íà èëëþñòðàöèè áûëè èìåííî ýëëèï-
ñàìè, ïàðàáîëàìè è ãèïåðáîëàìè, íîðìàëü ïåðåñåêàëà êðèâóþ ïîä ïðÿìûì óãëîì
è ò.ï. Ìåòêè, ñòðåëêè, îáîçíà÷åíèÿ óãëîâ è ïðî÷èé àííîòàöèîíûé ìàòåðèàë òàêæå
äîëæåí áûòü ïðèâÿçàí ê ãåîìåòðè÷åñêèì îáúåêòàì.

Ðàíüøå àâòîð ãîòîâèë èëëþñòðàöèè â ïàêåòå Matlab, ïðîãðàììèðóÿ ãåîìåòðè-
÷åñêèå îáúåêòû è ñîçäàâàÿ ðèñóíêè. Âûäåðæàòü åäèíûé ñòèëü ñ òåêñòîì ïðè ýòîì
î÷åíü íåïðîñòî. Î ñóùåñòâîâàíèè è âîçìîæíîñòÿõ ñèñòåìû METAPOST àâòîð óçíàë èç
êíèãè [3] è èñïîëüçîâàë åå äëÿ ñîçäàíèÿ èëëþñòðàöèé â ïîñîáèè ïî èíòåðâàëüíîìó
àíàëèçó [4]. ×àñòü èç íèõ âîøëà â äàííîå ïîñîáèå.

Âàæíàÿ ÷åðòà METAPOST - åäèíñòâî ãåîìåòðèè è àííîòèðîâàíèÿ, ìàíèïóëÿöèÿ ñ
ýëåìåíòàìè àííîòèðîâàíèÿ è ôðàãìåíòàìè ïîñòðîåíèé êàê ãåîìåòðè÷åñêèì îáúåê-
òàìè. Ïðèâÿçêà àííîòàöèé ê êëþ÷åâûì ãåîìåòðè÷åñêèì ìåñòàì ïðè ýòîì âîçíèêàåò
åñòåñòâåííûì îáðàçîì. ¾MetaPost � ýòî ïðîãðàììà äëÿ òåõ, êòî ìîæåò îáúÿñíèòü
êîìïüþòåðó ÷òî îí õî÷åò. MetaPost ÷ðåçâû÷àéíà ïîëåçåí äëÿ ñëó÷àåâ, êîãäà êàð-
òèíêó ïðîùå îïèñàòü ëîãè÷åñêè, íåæåëè îáðàçíî¿ [8].

Ïðî METAPOST ñóùåñòâóåò áîëüøîå êîëè÷åñòâî ðóêîâîäñòâ, ïîñîáèé è ïðåçåíòà-
öèé íà àíãëèéñêîì è ðóññêîì ÿçûêàõ. Íåêîòîðûå èç íèõ ïðèâåäåíû â áèáëèîãðàôèè
íàñòîÿùåãî ïîñîáèÿ. Îòìå÷ó êóðñ äëÿ øêîëüíèêîâ ïðè ÌÃÓ [5]. Î÷åíü ïîó÷èòåëü-
íàÿ ïîäáîðêà ïðèìåðîâ äîñòóïíà ïî ññûëêå [6].

Â METAPOST ìíîãî òîíêîñòåé è òåõíè÷åñêèõ ïðèåìîâ. Â ñâÿçè ñ íàëè÷èåì äî-
ñòóïíûõ ìàòåðèàëîâ, â äàííîì ïîñîáèè íåò ñèñòåìàòè÷åñêîãî èçëîæåíèÿ ñòðóêòóð
è ìåòîäîâ METAPOST , âíèìàíèå ñêîíöåíòðèðîâàíî íà íåêîòîðûõ áàçîâûõ èäåÿõ è
ïðèìåðàõ, èëëþñòðèðóþùèõ ïðèìåíåíèå. Òàêèì îáðàçîì, öåëü ïîñîáèÿ â îñíîâíîì
- ïðîïàãàíäà ¾÷åñòíîãî¿ ïîäõîäà ê èëëþñòðàöèè: æåëàòåëüíî, ÷òîáû èëëþñòðàöèÿ
íå ïðîñòî áûëà ïîõîæà íà îáñóæäàåìûé îáúåêò, à òî÷íî ñîîòâåñòâîâàëà åìó.
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2 Èëëþñòðàöèè â METAPOST

Äëÿ ïîäãîòîâêè èëëþñòðàöèé â METAPOST íóæíî ïîäãîòîâèòü òåêñòîâûé ôàéë ñ èí-
ñòðóêöèÿìè â ëþáîì ðåäàêòîðå. Äàëåå ñ ïîîìîùüþ óòèëèòû mpost ñîçäàåòñÿ ôàéë â
ôîðìàòå EPS, êîòîðûé ìîæíî èñïîëüçîâàòü â äîêóìåíòàõ LATEX. Åñòü âîçìîæíîñòè
èíòåãðàöèè ýòîãî ïðîöåññà â ïðîöåññ îáû÷íîé îäãîòîâêè äîêóìåíòîâ. Íàïðèìåð, â
ñðåäå Texstudio [7] åñòü ñïðàâî÷íèê ôóíêöèé METAPOST , à óòèëèòà mpost âûçûâà-
åòñÿ èç ìåíþ èëè ñ ïîìîùüþ ïðåäîïðåäåëåííîé êîìáèíàöèè êëàâèø.

Îäíîãî è òîãî æå ðåçóëüòàòà ìîæíî äîñòè÷ü ïî-ðàçíîìó. Àâòîð íå ÿâëÿåòñÿ ãó-
ðó METAPOST , è ìíîãîå â ïðèìåðàõ ñäåëàíî íåîïòèìàëüíî è íå ñàìûì ýëåãàíòíûì
ñïîñîáîì. Ìíå ïðåäñòàâëÿåòñÿ áîëåå âàæíûì, ÷òîáû ïîñòðîåíèå áûëî äîñòîâåðíûì,
îñíîâûâàëîñü íà ìàòåìàòè÷åñêèõ è ôèçè÷åñêèõ ôàêòàõ, îïðåäåëÿþùèõ ãåîìåòðè-
÷åñêèå ìåñòà.

Ïðèìåð 2.1 ( Ïðèâÿçêà ìåòîê ê îáúåêòàì íà èëëþñòðàöèÿõ [1] )
Íà÷íåì ñ ñàìîãî íà÷àëà è ðàññìîòðèì áàçîâûé ïðèìåð èíòåãðàöèè ãðàôèêè è òåê-
ñòà.

beginfig(1);

% ðàçìåð ðèñóíêà

a=.7in; b=.5in;

% îïîðíûå òî÷êè

z0=(0,0);

z1=-z3=(a,0);

z2=-z4=(0,b);

% ðèñîâàíèå êðèâîé è îòðåçêîâ

draw z1..z2..z3..z4..cycle;

draw z1--z0--z2;

% ìåòêè, ïðèâÿçàííûå ê öåíòðàì îòðåçêîâ

label.top("a", .5[z0,z1]);

label.lft("b", .5[z0,z2]);

dotlabel.bot("(0,0)", z0);

endfig;

a
b

(0,0)

Ðèñ. 2: Îâàë [1], Figure 18
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Äëÿ íàøåãî èçëîæåíèÿ âàæíû ñòðî÷êè êîäà, ñîäåðæàùèå âûâîä ìåòîê - label
äëÿ îáîçíà÷åíèÿ ïîëóîñåé îâàëà. Êîîðäèíàòû ðàñïîëîæåíèÿ ïîäïèñåé âû÷èñëÿþò-
ñÿ ê ñåðåäèíû ïîëóîñåé, à ðàñïîëîæåíèå òåêñòà â îäíîì ñëó÷àå ñëåâà, â äðóãîì -
ñâåðõó îò îòðåçêà ïîëóîñè. Òàêèì îáðàçîì, ïðè óâåëè÷åíèè ìàñøòàáà ðèñóíêà èëè
èçìåíåíèè ñîîòíîøåíèÿ äëèí îñåé ýëëèïñà, îáîçíà÷åíèÿ ñîõðàíÿò ñâîå åñòåñòâåííîå
ïîëîæåíèå.

Ïàðà beginfig (íîìåð èëëþñòðàöèè â ñêðèïòå) è endfig îáðàìëÿåò êîä METAPOST .
Äàëåå îíà íå îáÿçàòåëüíî áóäåò ïðèâîäèòüñÿ â êîäå.

�

Ïðèìåð 2.2 ( Ðèñîâàíèå êðèâûõ )

Ïî îäíèì è òåì æå íàáîðàì òî÷åê ìîæíî ïî-ðàçíîìó ïðîâåñòè êðèâûå. Â METAPOST

åñòü ðàçëè÷íûå ñïîñîáû ðåãóëèðîâêè êðèâèçíû.

beginfig(1);

% ðàçìåð ðèñóíêà

a=.7in; b=.5in;

% îïîðíûå òî÷êè

z0=(0,0);

z1=-z3=(a,0);

z2=-z4=(0,b);

% ðèñîâàíèå êðèâûõ

draw z1..z2..z3 dashed withdots;

tension_val=2;

draw z1..tension tension_val..z2..tension tension_val..z3;

c=2;

draw z1{curl c}..z2{curl c}..{curl c}z3 dashed evenly;

endfig;

Ðèñ. 3: Ðåãóëèðîâêà êðèâèçíû êðèâîé, ïðîâåäåííîé ÷åðåç 3 òî÷êè

Òo÷êàìè äàí ñëó÷àé çíà÷åíèé ¾ïî óìîë÷àíèþ¿, ÷òî äàåò îêðóæíîñòü. Ðåãóëèðîâ-
êà ñ ïîìîùüþ ïàðàìåòðà tension � ñïëîøíàÿ ëèíèÿ, ñ ïîìîùüþ curl � øòðèõîâàÿ.

�
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Ïðèìåð 2.3 ( Âû÷èñëåíèå ïåðåñå÷åíèé ïðÿìûõ [3] )

Çàìå÷àòåëüíàÿ âîçìîæíîñòü METAPOST âîçìîæíîñòü ðåøåíèÿ ñèñòåì óðàâíåíèé
¾íà ëåòó¿ äëÿ îïðåäåëåíèå ãåîìåòðè÷åñêèõ ìåñò. Â äàííîì ïðèìåðå âû÷èñëÿþò-
ñÿ òî÷êè ïåðåñå÷åíèÿ âûñîò òðåóãîëüíèêà è ïðîòèâîëåæàùèõ ñòîðîí. Íàïðèìåð, â
êîíñòðóêöèè

aa=t1[b,c]; (b-c) dotprod (a-aa)=0;

âû÷èñëÿåòñÿ òî÷êà A1 ïåðåñå÷åíèÿ ñòîðîíû BC íîðìàëüþ, ïðîâåäåííîé èç òî÷êè A.
Íåèçâåñòíàÿ t1 ïàðàìåòðè÷åñêè çàäàåò ïîëîæåíèå òî÷êè A1 êàê äîëè îòðåçêà BC.

A B

C

A1

B1

C1

Ðèñ. 4: Âûñîòû òðåóãîëüíèêà [3], Ðèñ.Ì.1

u:=1 cm;

% îáúÿâëåíèå ïåðåìåííûõ - òî÷åê íà ïëîñêîñòè

pair a, b, c, aa, bb, cc;

numeric t[];

% îïîðîíûå òî÷êè

a:=(0, 0);

b:=(5u,0);

c:=(3u, 3.5u);

% ñèñòåìà óðàâíåíèé äëÿ âû÷èñëåíèÿ ïîëîæåíèÿ òî÷åê A1, B1, C1

aa=t1[b,c]; (b-c) dotprod (a-aa)=0;

bb=t2[a,c]; (a-c) dotprod (b-bb)=0;

cc=t3[a,b]; (a-b) dotprod (c-cc)=0;

% ðèñîâàíèå

draw a--b--c--a;

draw a--aa; draw b--bb; draw c--cc;

% ìåòêè

label.lft(btex $A$ etex, a);

label.rt(btex $B$ etex, b);

label.top(btex $C$ etex, c);

label.urt(btex $A_1$ etex, aa);
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label.ulft(btex $B_1$ etex, bb);

label.bot(btex $C_1$ etex, cc);

Â îáîçíà÷åíèè ìåòîê èñïîëüçóåòñÿ LATEX. Ýòî çàäàåòñÿ êëþ÷åâûìè ñëîâàìè btex

è etex, ìåæäó êîòîðûìè äåéñòâóåò ñèíòàêñèñ LATEX.
�

Ïðèìåð 2.4 ( Ïîñòðîåíèå êðèâîëèíåéíîé ñåòêè )

Ïîñòðîåíèå ñåòêè. Ïóñòü îáëàñòü îãðàíè÷åíà êðèâîé - ñïëîøíàÿ ëèíèÿ. Âûáè-
ðàåì íà íåé òî÷êè è ñòðîèì êðèâûå ïî íîðìàëÿì â ýòèõ òî÷êàõ. Èñõîäíóþ êðèâóþ
ìàñøòàáèðóåì ñ óìåíüøåíèåì.

p = z1..z2..z3;

draw p;

lp=length(p);

z5 = point 0.25lp of p;

z6 = point 0.75lp of p;

draw z5{-1,-1}..z6 dashed evenly;

draw p scaled 0.75;

z7 = point 0.125lp of p;

z8 = point 0.875lp of p;

draw z7{-1,-1}..z8 dashed evenly;

Ðèñ. 5: Ïîñòðîåíèå êðèâîëèíåéíîé ñåòêè

Ïîëó÷àåì ðàçáèåíèå îáëàñòè ñèñòåìîé âçàèìíî îðòîãîíàëüíûõ êðèâûõ.
�

Ïðèìåð 2.5 ( Âûäåëåíèå çàìêíóòûõ îáëàñòåé è èõ çàêðàñêà, êðèâîëèíåé-
íûå ñòðåëêè [9])

Âûäåëåíèå çàìêíóòûõ îáëàñòåé buildcycle è èõ çàêðàñêà:

area1 = buildcycle(p1, E1, p2);

area2 = buildcycle(p3, E1, p4);

fill area1 withcolor red+green;

fill area2 withcolor red+green;
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êðèâîëèíåéíûå ñòðåëêè - ÷àñòü îáúåêòà E2, subpath:

drawarrow subpath (t3, t4) of E2;

drawarrow subpath (t1, t2) of E2;

Ñàì îáúåêò E2 ïîëó÷åí ìàñøòàáèðîâàíèåì îâàëà îáúåêòà E1.

Sun

∆∆

Ðèñ. 6: Keple ellipse [9], exercise 26

Âåñü ïðèìåð:

u:=1cm; a:=6u; b:=3.5u;

pair sun; sun:=(-1.75u, 0);

path E[], p[], area[];

E1= fullcircle xscaled a yscaled b;

E2 = E1 scaled 1.1;

p1 = sun -- (5u*dir(8) shifted sun);

p2 = sun -- (4u*dir(28) shifted sun);

p3 = sun -- (2u*dir(75) shifted sun);

p4 = sun -- (1.75u*dir(150) shifted sun);

area1 = buildcycle(p1, E1, p2);

area2 = buildcycle(p3, E1, p4);

fill area1 withcolor red+green;

fill area2 withcolor red+green;

draw p1; draw p2; draw p3; draw p4; draw E1;

draw (-a/2,0)--(a/2,0) dashed withdots;

draw sun withpen pencircle scaled 6bp;

label.bot(btex Sun etex, sun);

numeric t[]; % intersection times

t1 = ypart (p1 intersectiontimes E2);

t2 = ypart (p2 intersectiontimes E2);

t3 = ypart (p3 intersectiontimes E2);

t4 = ypart (p4 intersectiontimes E2);

drawarrow subpath (t3, t4) of E2;

drawarrow subpath (t1, t2) of E2;

label.urt(btex $\Delta$ etex, point ((t1+t2)/2) of E2);

label.ulft(btex $\Delta$ etex, point ((t3+t4)/2) of E2);
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Âàæíî, ÷òî êðèâîëèíåéíûå ñòðåëêè ñóòü ìàñøòàáèðîâàííûé ôðàãìåíò âûäåëÿåìîãî
îáúåêòà. Òî åñòü ýòîò ïðèåì ãîäèòñÿ äëÿ ëþáîé ôîðìû êðèâîé, ÷àñòü êîòîðîé íàäî
âûäåëèòü íà âûíîñêå. �

Ïðèìåð 2.6 ( Ìåòêà íà êðèâîëèíåéíîé îáëàñòè [10])

Ïîñëåâ âûäåëåíèÿ çàìêíóòîé îáëàñòè buildcycle è ñîçäàíèÿ òðàåêòîðèè pp, ñî-
çäàåòñÿ îáúåêò label òèïà picture:

picture lab; lab=thelabel(btex $f>0$ etex, z0);

Â çàêðàøåííîì îáúåêòå êîìàíäîé unfill óñòðàíÿåòñÿ çàêðàñêà ïî ðàçìåðó label è
îí ïîìåùàåòñÿ íà îñâîáîæäåííîå ìåñòî.

unfill bbox lab; draw lab;

f > 0 P

Q

R

S

Ðèñ. 7: Ïîìåòêà îáëàñòè [10]

h=2in; w=2.7in;

path p[], q[], pp;

for i=2 upto 4: ii:=i**2;

p[i] = (w/ii,h){1,-ii}...(w/i,h/i)...(w,h/ii){ii,-1};

endfor

q0.5 = (0,0)--(w,0.5h);

q1.5 = (0,0)--(w/1.5,h);

pp = buildcycle(q0.5, p2, q1.5, p4);

fill pp withcolor .7white;

z0=center pp;

picture lab; lab=thelabel(btex $f>0$ etex, z0);

unfill bbox lab; draw lab;

draw q0.5; draw p2; draw q1.5; draw p4;

dotlabel.top(btex $P$ etex, p2 intersectionpoint q0.5);

dotlabel.rt(btex $Q$ etex, p2 intersectionpoint q1.5);
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dotlabel.lft(btex $R$ etex, p4 intersectionpoint q1.5);

dotlabel.bot(btex $S$ etex, p4 intersectionpoint q0.5);

Ìåòêà êðèâîëèíåéíîé îáëàñòè â ïðèìåðå ðàñïîëîæåíà ïî öåíòðó ïðÿìîóãîëüíè-
êà, â êîòîðîì ïîìåùàåòñÿ îáëàñòü. �

Ïðèìåð 2.7 ( Îáðàçîâàíèå ìíîæåñòâà ïåðåñå÷åíèåì íåñêîëüêèõ ïîëîñ.
Îãðàíè÷åíèå îáëàñòè ðèñîâàíèÿ [4])

Ïðèìåð íàó÷íîé èëëþñòðàöèè - ðåøåíèå ïåðåîïðåäåëåííîé ñèñòåìû óðàâíåíèé ñ
èíòåðâàëüíî çàäàííûìè äàííûìè. Ðèñóþòñÿ îñè, 3 ïîëîñû, 6 òî÷åê èõ ïåðåñå÷åíèÿ
çàäàþò èñêîìîå ìíîæåñòâî, êîòîðîå çàêðàøèâàåòñÿ ìîíîõðîìíî.

1

10 x1

x
2

x1 + x2 = [0.9, 1.1]

Ðèñ. 8: Ïåðåñå÷åíèå òðåõ ïîëîñ

beginfig(1);

numeric ux, uy; 100ux=10cm; 100uy=10cm;

% ïåðåìåííûå

pair A, B, C, D, E, F, Cx, Cxy, Cy, Oxy;

pair k, l, m, n, o, p, q, r, s, t;

numeric Box_size;

% îïîðíûå òî÷êè è ðèñîâàíèå íàêëîííîé ïîëîñû

Box_size:=50;

A:=(0,45uy); B:=(0, 50uy); C:=(5ux, 50uy);

D:=(50ux, 5uy); E=(50ux, 0); F=(45ux, 0);

fill A--B--C--D--E--F--cycle withcolor .95 white;

% ïîäïèñè îñåé è óðàâíåíèå îëíîé èç ïîëîñ

Cx:=E; Cy:=B; Cxy:=(xpart Cx, ypart Cy); Oxy:=(0ux, 0uy);

label.lft(btex $ 1 $ etex, Cy);
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label.bot(btex $ 1 $ etex, Cx);

label.llft(btex $ 0 $ etex, Oxy);

draw (0,50uy)--(50ux,50uy)--(50ux,0);

drawarrow (0,0)--(0,60uy);

drawarrow (0,0)--(60ux,0);

pickup pencircle scaled 1pt;

label.bot(btex $x_1$ etex, (25ux,0));

label.lft(btex $x_2$ etex rotated 90, (0,25uy));

label.lft(btex $\displaystyle x_1+x_2 = [0.9, 1.1] $ etex,(55ux, 55uy));

% òî÷êè 6-óãîëüíèêà è ðèñîâàíèå ãîðèçîíòàëüíûé è âåðòèêàëüíîé ïîëîñ

k:= (0.4[Oxy,Cx]--0.4[Cy,Cxy]) intersectionpoint (A--F);

l:= (0.4[Oxy,Cx]--0.4[Cy,Cxy]) intersectionpoint (C--D);

draw (0.4[Oxy,Cx]--0.4[Cy,Cxy]) dashed evenly;

m:= (0.6[Oxy,Cx]--0.6[Cy,Cxy]) intersectionpoint (A--F);

n:= (0.6[Oxy,Cx]--0.6[Cy,Cxy]) intersectionpoint (C--D);

draw (0.6[Oxy,Cx]--0.6[Cy,Cxy]) dashed evenly;

o:= (0.4[Oxy,Cy]--0.4[Cx,Cxy]) intersectionpoint (A--F);

p:= (0.4[Oxy,Cy]--0.4[Cx,Cxy]) intersectionpoint (C--D);

draw (0.4[Oxy,Cy]--0.4[Cx,Cxy]) dashed evenly;

q:= (0.6[Oxy,Cy]--0.6[Cx,Cxy]) intersectionpoint (A--F);

r:= (0.6[Oxy,Cy]--0.6[Cx,Cxy]) intersectionpoint (C--D);

draw (0.6[Oxy,Cy]--0.6[Cx,Cxy]) dashed evenly;

Òî÷êè ïåðåñå÷åíèÿ ïðÿìûõ íàõîäÿòñÿ ñ ïîìîùüþ êîíñòðóêöèè intersectionpoint.

s:= (k--l) intersectionpoint (q--r);

t:= (o--p) intersectionpoint (n--m);

fill o--k--s--r--n--t--cycle withcolor .8 white;

endfig;

�

Ïðèìåð 2.8 ( Äâà ðèñóíêà ðÿäîì [4])

Ïðîäîëæåíèå ïðåäûäóùåãî ïðèìåðà 2.7, èëëþñòðèðóþùèé òåõíèêó êîïèðîâàíèÿ
÷àñòè èëëþñòðàöèè äëÿ ìîäèôèêàöèè

Ôðàãìåíò êîäà, îïèñûâàþùèé ïåðåíîñ êëþ÷åâûõ òî÷åê ëåâîãî ðèñóíêà âïðàâî ñ
ïîìîùüþ ¾âåêòîðà¿ Move èëè ïóòåì äîáàâêè ïðîåêöèè xpart Move èëè îïåðàòîðîì
shifted:

pair AA, BB, CC, DD, EE, FF;

pair CCx, CCxy, CCy, OOxy;

pair Move;

% âåêòîð ïåðåíîñà
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Ðèñ. 9: Äâà ðèñóíêà ðÿäîì

Move:=(70ux, 0uy);

% ïåðåíîñ íà ïðîåêöèþ xpart âåêòîðà ïåðåíîñà

AA:=(0+xpart Move,40uy); BB:=(0+xpart Move, 50uy); CC:=(10ux+xpart Move, 50uy);

DD:=(50ux+xpart Move, 10uy); EE=(50ux+xpart Move, 0); FF=(40ux+xpart Move, 0);

fill AA--BB--CC--DD--EE--FF--cycle withcolor .95 white;

Àëüòåðíàòèâíûé ¾âåêòîðíûé¿ ñïîñîá ïåðåíîñà ëïîðíûõ òî÷åê è íà÷àëà êîîðäèíàò.

CCx:=Cx shifted Move; CCy:=Cy shifted Move;

CCxy:= Cxy shifted Move; OOxy:=Oxy shifted Move;

Åñëè áû îáúåêò íå íàäî áûëî èçìåíÿòü, åãî ìîæíî áûëî áû ñêîïèðîâàòü êàê òåêó-
ùèé ðèñóíîê, êàê ïîêàçàíî â ñëåäóþùåì ïðèìåðå. �

Ïðèìåð 2.9 ( Èñïîëüçîâàíèå òðàíñôîðìàöèè. Îòðàæåíèÿ îáúåêòà îòíî-
ñèòåëüíî ïðÿìîé)

Íóæíî íåñêîëüêî ðàç îòðàçèòü îáúåêò îò îñåé.
Ñòðîèòñÿ îáúåêò è ñîõðàíÿåòñÿ êàê òåêóùèé ðèñóíîê pic:=currentpicture:

pair OO, A, B, C, D;

OO:=(0ux,0uy); A:=(30ux, 40uy); B:=(40ux, 30uy);

draw OO--A--B--cycle;

picture pic;

pic:=currentpicture;

Ñòðîèòñÿ îòðåçîê OC è îòíîñèòåëüíî íåãî ïðîèçâîäèòñÿ îòðàæåíèå òåêóùåãî ðèñóíêà
pic:

% vertical line to reflect

C:=(0ux,60uy);
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Ðèñ. 10: Îòðàæåíèÿ òðåóãîëüíèêà îò ïðÿìûõ ÎÑ è ÎD è ÎÑ

draw (xpart C, -ypart C)--C dashed evenly;

pic:=pic reflectedabout(OO, C);

draw pic;

drawarrow A--(-xpart A, ypart A) dashed evenly;

Ïîñòðîåíèå ¾êðèâûõ¿ ñòðåëîê ñ çàäàíèåì íàïðàâëåíèÿ êàñàòåëüíûõ left, down,

... â êîíòðîëüíûõ òî÷êàõ:

drawarrow (5ux, 46uy)..(0ux,49uy){left}..(-5ux,46uy){down}..(4ux, 44uy);

drawarrow (-46ux,5uy)..(-49ux,0uy){down}..(-46ux,-5uy){right}..(-44ux, 4uy);

�

Ïðèìåð 2.10 ( Êàñàòåëüíàÿ ê êðèâîé è îïåðàòîð whatever [10])

Êðèâàÿ c çàäàåòñÿ äâóìÿ òî÷êàìè è êàñàòåëüíîé â ïåðâîé òî÷êå. Íóæíî ïðîèë-
ëþñòðèðîâàòü ïîñòðîåíèå êàñàòåëüíîé â òî÷êå êðèâîé.

path c;

c = (origin){dir 0} .. (150ux,100uy);

draw c;

% âûáîð òî÷êè ïîñòðîåíèÿ

t:= 0.4;

pair P[];

P1= point t of c;
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Ðèñ. 11: Êàñàòåëüíàÿ ê êðèâîé

dx:= 60 ux;

(dx, dy) = whatever * direction t of c;

P4 = P1 + (dx,0);

P3 = P4 + (0, dy);

P2 = c intersectionpoint (P4 -- P4+(0, 100uy));

draw P1--P4--P3--cycle;

draw P2--P3;

Ïàðàìåòð çàäàåò âåëè÷èíó êàñàòåëüíîé ê êðèâîé c. Òî÷êà íà êðèâîé ñ òàêèì
çíà÷åíèåì äàåòñÿ êîíñòðóêöèåé

P1= point t of c;

Äëÿ çàäàííîãî ïðèðàùåíèÿ dx íàõîäèòñÿ ïðèðàùåíèå dy:

dx:= 60 ux;

(dx, dy) = whatever * direction t of c;

�

Ïðèìåð 2.11 ( Âðàùåíèå åäèíè÷íîãî êâàäðàòà ñ óâåëè÷åíèåì ðàçìåðà è
èçìåíåíåíèåì ðàäèóñà îêðóæíîñòè)

Îïèøåì âðàùåíèå åäèíè÷íîãî êâàäðàòà ñ óâåëè÷åíèåì ðàçìåðà è èçìåíåíåíè-
åì ðàäèóñà îêðóæíîñòè. Èñõîäíîå ïîëîæåíèå è ïàðàìåòðû èçìåíåíèÿ ðàçìåðîâ è
óäàëåíèÿ îò öåíòðà çàäàåòñÿ ñëåäóþùèì îáðàçîì:

scale=10ux;

R:=5scale; % Circle

theta0:=-30; % Rotation step

reduction:=0.9; % Reduction by step

R_step=1.1; % Radius by step

pair start, last_center, center;
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start:=origin shifted (R, 0);

factor:=scale;

center:=start;

O

Ðèñ. 12: Âðàùåíèå êâàäðàòà c óâåëè÷åíèåì ðàçìåðà è óäàëåíèÿ îò öåíòðà âðàùåíèÿ

Ñîáñòâåííî äâèæåíèå çàäàåòñÿ öèêëîì:

for n=1 upto 11:

last_center:=center;

theta:=-30*n;

factor:=factor*abs(1/cosd(theta0))*reduction;

draw unitsquare scaled factor shifted (-0.5factor, -0.5factor)

shifted (R_step*R*cosd(theta), R_step*R*sind(theta));

center:=origin shifted (R_step*R*cosd(theta), R_step*R*sind(theta));

draw last_center--center;

endfor;

â êîòîðîì òðàíñôîðìàöèÿ è ïîëîæåíèå îáúåêòà âûïèñàíû â îäíó ñòðî÷êó:

draw unitsquare scaled factor shifted (-0.5factor, -0.5factor)

shifted (R_step*R*cosd(theta), R_step*R*sind(theta));

Ýòîò ïðèìåð â óòðèðîâàííî ãðóáîé ôîðìå ïåðåäàåò êàðòèíó, òïè÷íóþ äëÿ ðàñ-
÷åòîâ ñ ïîòåðåé òî÷íîñòüþ è îòêëîíåíèåì îò èñòèííîãî ðåøåíèÿ, òàêèõ êàê áàçîâàÿ
ôîðìà ìåòîäà Ýéëåðà äëÿ ðåøåíèÿ äèôôåðåíöèàëüíûõ óðàâíåíèé ñ íà÷àëüíûìè
óñëîâèÿìè.

�

Ïðèìåð 2.12 ( Âðàùåíèå îáúåêòà ñ óâåëè÷åíèåì ðàçìåðà - èñïîëüçîâàíèå
öèêëà)
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Ïðåäñòàâèì ñèòóàöèþ, êîãäà ïðè êàæäîì ïîâîðîòå îáúåêòà ïðîèñõîäèò ¾ïåðå-
îöåíêà¿ åãî ðàçìåðîâ. Íàïðèìåð, îí äîëæåí áûòü âïèñàí â ïðÿìîóãîëüíèê. Â òà-
êîì ñëó÷àå ïîñëå òðàíñôîðìàöèè åãî íåîáõîäèìî ïîìåñòèòü â ¾êëåòêó¿. Äëÿ îïèñà-
íèÿ ìèíèìàëüíîãî ðàçìåðà êëåòêè åñòü âñòðîåííûå àòðèáóòû êàðòèíêè: llcorner,
ulcorner, urcorner lrcorner è ñëåäóþùàÿ êîíñòðóêöèÿ îïèñûâàåò íåîáõîäèìóþ
¾êëåòêó¿:

uni_square:=llcorner keep--ulcorner keep--urcorner keep--lrcorner keep--cycle;

O

Ðèñ. 13: Âðàùåíèå êâàäðàòà

Ïîëíàÿ êàðòèíà îïèñûâàåòñÿ öèêëîì:

for i=1 upto 11:

uni_square:=uni_square rotated -30;

draw uni_square;

keep:=currentpicture;

uni_square:=llcorner keep--ulcorner keep--urcorner keep--lrcorner keep--cycle;

draw uni_square;

p[i]:=currentpicture;

currentpicture:=nullpicture;

endfor;

for i=1 upto 11:

draw p[i];

endfor;

â êîòîðîì íà êàæäîì øàãå òåêóùåå èçîáðàæåíèå çàïèñûâàåòñÿ â ìàññèâ è îáíóëÿ-
åòñÿ:

p[i]:=currentpicture;

currentpicture:=nullpicture;
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�

Ïðèìåð 2.13 ( Èñïîëüçîâàíèå îïðåäåëåíèé [33])

Íàéäåì ïåðåñå÷åíèå äâóõ îáúåêòîâ ïðèìåðíî êðóãëîé ôîðìû. Ïóñòü òàêàÿ ôîð-
ìà ñîçäàåòñÿ âðàùåíèåì òî÷êè ïî îêðóæíîñòè ðàäèóñà r ñ îòêëîíåíèì îò èäåàëüíîãî
ïîëîæåíèÿ íà ñëó÷àéíóþ âåëè÷èíó (uniformdeviate w, uniformdeviate w). Òàêóþ
ôóíêöèîíàëüíîñòü ïðè ñìåùåíèè öåíòðà âïðàâî ìîæíî îïèñàòü ôóíêöèåé vardef

randomcirc(expr O, r, w) ñëåäóþùèì îáðàçîì:

vardef randomcirc(expr O, r, w) =

save p,i; pair p; numeric i;

p=O+right*r;

p for i=1 upto 9: .. (p rotatedaround(O, 36i))+(uniformdeviate w, uniformdeviate w)

endfor .. cycle

enddef;

Çàäàâ àíàëîãè÷íî ¾ëåâóþ¿ ôèãóðó vardef randomcircbis(expr O, r, w),
ìîæåì îðãàíèçîâàòü ïîñòðîåíèå èõ ïåðåñå÷åíèÿ pat4 = buildcycle(pat0, pat3):

1

2

aa

b

Ðèñ. 14: Èñïîëüçîâàíèå îïðåäåëåíèé

u:=10pt;

vardef randomcirc(expr O, r, w) =

save p,i; pair p; numeric i;

p=O+right*r;

p for i=1 upto 9: .. (p rotatedaround(O, 36i))+(uniformdeviate w, uniformdeviate w)

endfor .. cycle

enddef;

%

22



vardef randomcirc_bis(expr O, r, w) =

save p,i; pair p; numeric i;

p=O+left*r;

p for i=1 upto 9: .. (p rotatedaround(O, 36i))+(uniformdeviate w, uniformdeviate w)

endfor .. cycle

enddef;

%

path pat[];

pair p[];

p0:=(0,5u); p3:=(-8u,0);

pat0:=randomcirc(p0,8u,.5u);

pat3:=randomcirc_bis(p3,5u,0.4u);

pat4 = buildcycle(pat0, pat3);

fill pat4 withcolor red;

draw pat0; draw pat3 dashed evenly;

�

Ïðèìåð 2.14 ( Ïåðåñå÷åíèå òðàåêòîðèé, èñïîëüçîâàíèå intersectiontimes

[34])

Â METAPOST ïðè íàõîæäåíèè ãåîìåòðè÷åñêîãî ìåñòà ïåðåñå÷åíèÿ äâóõ ïàðàìåò-
ðèçîâàííûõ îáúåêòîâ (ïðÿìàÿ, êðèâàÿ) ìîæíî îïðåäåëèòü ïàðàìåòðû ñ ïîìîùüþ
êîìàíäû intersectiontimes.

Íéäåì îäíî èç ïåðåñå÷åíèé äèàãîíàëåé ïðÿìîóãîëüíèêà è êðóãà, íàõîäÿùåãîñÿ
íà ïåðåñå÷åíèè äèàãîãàëåé. Ñîçäàäèì äîïîëíèòåëüíûé òðåóãîëüíèê, îäíà èç âåðøèí
êîòîðîãî íàõîäèòñÿ â öåíòðå êðóãà.

path rectangle, triangle, circle;

numeric A, B, M;

A=89; B=144; M=21;

rectangle = unitsquare yscaled A xscaled B;

triangle = subpath (0,1) of rectangle --

center rectangle -- cycle;

circle = fullcircle scaled M shifted center rectangle;

draw rectangle;

draw triangle;

draw circle;

Ðåøåíèå ñ ïîìîùüþ intersectionpoint
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draw subpath (0,6) of circle withcolor red;

pair p;

p = triangle intersectionpoint subpath (4,6) of circle;

dotlabel.lft(btex $p$ etex, p);

Ðåøåíèå ñ ïîìîùüþ intersectiontimes

numeric t, u;

pair pt;

(t,u) = circle intersectiontimes triangle;

p

Ðèñ. 15: Ïåðåñå÷åíèå òðàåêòîðèé

Â âûðàæåíèè

(t,u) = circle intersectiontimes triangle;

âåëè÷èíû (t,u) - ñóòü ïàðàìåòðû êðóãà è òðåóãîëüíèêà, ñîîòâåòñòâóþùèå ðåøå-
íèþ. Íà ðèñóíêå 15 ñèíèì è çåëåíûì öâåòîì ïîêàçàíû ÷àñòè êðóãà è òðåóãîëüíèêà,
ñîîòâåñòâóþùèå äèàïàçîíàì èçìåíåíèÿ ïàðàìåòðîâ êðèâûõ (t,u) â ïðåäåëàõ 10%
èçìåíåíèé ýòèõ ïàðàìåòðîâ.

draw subpath (0.9t,1.1t) of circle withcolor blue;

draw subpath (0.9u,1.1u) of triangle withcolor green;

�

Ñóùåñòâóåò åùå ìíîæåñòâî ìîùíûõ è ýëåãàíòíûõ ïðèåìîâ ðàáîòû ñ METAPOST .
Îíè äîñòàòî÷íî õîðîøî äîêóìåíòèðîâàíû [9], [10], [8]. Ðåïîçèòîðèé METAPOST äëÿ
LATEX- ðåñóðñ CTAN [2].

Ïðèìåð 2.15 ( Ðèñîâàíèå ïîâåðõíîñòè [9])

Íåñìîòðÿ íà òî, ÷òî METAPOST îðèåíòèðîâàí íà ðèñîâàíèå 2D-èëëþñòðàöèé, ìîæ-
íî ïåðåéòè è â òðåòüå èçìåðåíèå. Ðàññìîòðèì ïðèìåð äëÿ ïîâåðõíîñòè

z(x, y) = cos(x · y)

Îáúÿâëåíèå ïåðåìåííûõ, áàçîâîãî öâåòà, òî÷êè íàáëþäåíèÿ (xp, yp, zp) è ñèñòåìû
îòñ÷åòà (Xr,Yr,Zr) :
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% u: dimensional unit

% xp, yp, zp: coordinates of light source

% bf : brightness factor

% base_color : base color

numeric u,xp,yp,zp,bf;

color base_color;

u = 1cm;

xp := 3; yp := 3; zp := 5;

bf := 30;

base_color := red+green;

% O, Xr, Yr, Zr : reference frame

pair O,Xr,Yr,Zr;

O = (0,0);

Xr = (-.7,-.7) scaled u;

Yr = (1,0) scaled u;

Zr = (0,1) scaled u;

Ðèñîâàíèå ñèñòåìû êîîðäèíàò:

vardef frameXYZ(expr s) =

drawarrow O--Xr scaled s;

drawarrow O--Yr scaled s;

drawarrow O--Zr scaled s;

label.llft(btex $X$ etex scaled 1.25, (Xr scaled s));

label.rt(btex $Y$ etex scaled 1.25, (Yr scaled s));

label.top(btex $Z$ etex scaled 1.25, (Zr scaled s));

enddef;

Îò 3D-êîîðäèíàò ê 2D. Âû÷èñëåíèå ÷àñòíûõ ïðîèçâîäíûõ ïî x è y.

vardef project(expr x,y,z) = x*Xr + y*Yr + z*Zr enddef;

% numerical derivatives by central differences

vardef diffx(suffix f)(expr x,y) =

numeric h; h := 0.01;

(f(x+h,y)-f(x-h,y))/(2*h)

enddef;

vardef diffy(suffix f)(expr x,y) =

numeric h; h := 0.01;

(f(x,y+h)-f(x,y-h))/(2*h)

enddef;

Âû÷èñëåíèå ÿðêîñòè â óçëàõ ñåòêè îò èñòî÷íèêà ñâåòà:

vardef brightnessfactor(suffix f)(expr x,y,z) =

numeric dfx,dfy,ca,cb,cc;

dfx := diffx(f,x,y);
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dfy := diffy(f,x,y);

ca := (zp-z)-dfy*(yp-y)-dfx*(xp-x);

cb := sqrt(1+dfx*dfx+dfy*dfy);

cc := sqrt((z-zp)*(z-zp)+(y-yp)*(y-yp)+(x-xp)*(x-xp));

bf*ca/(cb*cc*cc*cc)

enddef;

Âû÷èñëåíèå öâåòîâ è ðèñîâàíèå ¾çàïëàòîê¿:

vardef z_surface(suffix f)(expr xmin,xmax,ymin,ymax,nx,ny) =

numeric dx,dy,xt,yt,zt,factor[][];

pair Z[][];

dx := (xmax-xmin)/nx;

dy := (ymax-ymin)/ny;

for i=0 upto nx:

xt := xmin+i*dx;

for j=0 upto ny:

yt := ymin+j*dy;

zt := f(xt,yt);

Z[i][j] = project(xt,yt,zt);

factor[i][j] := brightnessfactor(f,xt,yt,zt);

endfor

endfor

for i = 0 upto nx-1:

for j= 0 upto ny-1:

fill Z[i][j]--Z[i][j+1]--Z[i+1][j+1]--Z[i+1][j]--cycle

withcolor factor[i][j]*base_color;

endfor

endfor

enddef;

Îáúÿâëåíèå öåëåâîé ôóíêöèè, îáëàñòè îïðåäåëåíèÿ ïåðåìåííûõ, ÷èñëà óçëîâ
ñåòêè, ïîëîæåíèÿ èñòî÷íèêà ñâåòà, ÿðêîñòè è ìàñøòàáà - ðèñ. 16:

beginfig(1);

xp := 3;

yp := 3;

zp := 10;

bf := 100;

numeric pi; pi := 3.14159;

vardef cos primary x = cosd(x/pi*180) enddef;

vardef f(expr x,y) = cos(x*y) enddef;

z_surface(f,-3,3,-3,3,100,100);

frameXYZ(5);

label(btex $z = \cos(xy)$ etex scaled 1.25,(0,-4cm));

endfig;
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X

Y

Z

z = cos(xy)

Ðèñ. 16: Ôóíêöèÿ äâóõ ïåðåìåííûõ

Â èòîãå, ïîëó÷èëàñü íåîáõîäèìàÿ ïîâåðõíîñòü. Óñïåõ äîñòèãíóò, íî êîä, êîíå÷íî,
áîëüøîé. Îñîáåííî ýòî âàæíî â òåõ ñëó÷àÿõ, êîãäà íóæíî ïîäîáðàòü ðàñïîëîæåíèå
èñòî÷íèêà îñâåùåíèÿ è óãîë çðåíèÿ. �

3 Featpost - 3D-Ðàñøèðåíèå Metapost

Äëÿ áîëüøèíñòâà èëëþñòðàöèé â ïîñîáèÿõ àâòîðà äîñòàòî÷íî 2D-èëëþñòðàöèé. Äëÿ
òðåõìåðíûõ èçîáðàæåíèé ñóùåñòâóåò 3D-ðàñøèðåíèå METAPOST - FEATPOST [16].
Ýòî î÷åíü ìîùíîå ñðåäñòâî, ê ñîæàëåíèþ, íå èìååò óäîáíîé ñïðàâî÷íîé ñèñòåìû.

Ïîäêëþ÷åíèå âîçìîæíîñòåé FEATPOST ïðîèçâîäèòñÿ äîáàâëåíèåì â ïðåàìáóëó
äîêóìåíòà âûçîâà:

input featpost3Dplus2D;

Ïîñêîëüêó èñõîäíàÿ ôèëîñîôèÿ METAPOST äâóìåðíà, íåîáõîäèì îáúåêò, èìåþùèé
òðè êîìïîíåíòû äëÿ îïèñàíèÿ ïðîñòðàíñòâåííûõ âåëè÷èí. Â FEATPOST èñïîëüçó-
åòñÿ âñòðîåííûé òèï color:

(red,green, blue)

Ïðè ýòîì çíà÷åíèÿ êîìïîíåíò ìîãóò èìåòü ïðîèçâîëüíûå çíà÷åíèÿ.

Ïðèìåð 3.16 ( Ïðÿìûå, ñòðåëêè, êîíóñ â Featpost [17]. )
Ðàññìîòðèì ïîñòðîåíèå êîíóñà è àííîòàöèé:

Ðèñîâàíèå ïðÿìîé è ñòðåëîê 3D

draw rp(color1)--rp(color2);

drawarrow rp(color1)--rp(color2);
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R

~A

~c

~v

Ðèñ. 17: Êîíóñ

Ðèñîâàíèå êîíóñà [16]

verygoodcone(ShadowOn,basecenter,basenormal,reflen,vertex);

Ïàðàìåòðû basecenter,basenormal,vertex èìåþò òèï color.
Ïàðàìåòð ShadowOn áóëåâ, óïðàâëÿåò âèäèìîñòüþ �

Ïðèìåð 3.17 ( 3 âèäà ïåðñïåêòèâû - êóáèêè [26]. )

Ôóíêöèÿ makeface ñîçäàåò ãðàíü èç òî÷åê V. Ôóíêöèÿ makeline ñîçäàåò ëèíèþ
èç òî÷åê V.

f := ( 1.2 , 2.0 , 1.6 );

Spread := 75;

V1 := (1,1,1);

V2 := (-1,1,1);

V3 := (-1,-1,1);

V4 := (1,-1,1);

V5 := (1,1,-1);

V6 := (-1,1,-1);

V7 := (-1,-1,-1);

V8 := (1,-1,-1);

makeface1(1,2,3,4);makeface2(5,6,7,8);

makeface3(1,2,6,5);makeface4(2,3,7,6);

makeface5(3,4,8,7);makeface6(4,1,5,8);

makeline1(1,7);makeline2(2,8);

makeline3(3,5);makeline4(4,6);

Öåíòðàëüíàÿ ïðîåêöèÿ:

beginfig(2);

ParallelProj := false;

SphericalDistortion := false;

draw_all_test(true);
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endfig;

Ðèñ. 18: cube ñentral central

Ïàðàëëåëüíàÿ ïðîåêöèÿ:

beginfig(1);

ParallelProj := true;

SphericalDistortion := false;

pickup pencircle scaled 1pt;

draw_all_test(true);

endfig;

Ðèñ. 19: cube perspective parallel

Ñôåðè÷åñêàÿ ïðîåêöèÿ:
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beginfig(3);

ParallelProj := false;

SphericalDistortion := true;

PrintStep := 5;

draw_all_test(true);

endfig;

Ðèñ. 20: cube spherical parallel

�

Ïðèìåð 3.18 ( 3 âèäà ïåðñïåêòèâû - ïðîåêöèè [25]. )

Îáùåå ïîñòðîåíèå. Òî÷êà ôîêóñà f, ïåðåìåííûå, ðàçìåðû ÷åòûðåõóãîëüíèêà:

f := (4,2,2.5);

Spread := 45;

color psdf, psdu, psdv, rll, rlr, rur, rul, pll, plr, pur, pul;

color pc;

numeric projecplanesize, sizefraction, positfraction, aspectratio, rectsize;

pen realpen, lightpen, projpen, dotpen;

path projecplanepath, realpath;

psdf = 3.1*(0,1,0.37);

projecplanesize = 1.7;

sizefraction = 0.19;

positfraction = 0.65;

aspectratio = 1.0;

rectsize = 0.15;

realpen = pencircle scaled 2.6pt;

lightpen = pencircle scaled 0.55pt;
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projpen = pencircle scaled 1.8pt;

dotpen = pencircle scaled 3.8pt;

Ïëîñêîñòè è ïðîåêöèÿ:

psdv = N( (-Y(psdf), X(psdf), 0) );

psdu = ncrossprod( psdf, psdv );

pll = projecplanesize*(-aspectratio*psdv-psdu);

plr = projecplanesize*(+aspectratio*psdv-psdu);

pur = projecplanesize*(+aspectratio*psdv+psdu);

pul = projecplanesize*(-aspectratio*psdv+psdu);

projecplanepath = rp(pll)--rp(plr)--rp(pur)--rp(pul)--cycle;

pc = positfraction*psdf;

rll = pc+sizefraction*projecplanesize*(-psdv-psdu);

rlr = pc+sizefraction*projecplanesize*(+psdv-psdu);

rur = pc+sizefraction*projecplanesize*(+psdv+psdu);

rul = pc+sizefraction*projecplanesize*(-psdv+psdu);

realpath = rp(rll)--rp(rlr)--rp(rur)--rp(rul)--cycle;

Ïàðàëëåëüíàÿ ïðîåêöèÿ:

f

Ðèñ. 21: perspective parallel

beginfig(1);

draw projecplanepath withpen realpen;

draw realpath withpen realpen;

draw rp(psdf) withpen lightpen;

drawoptions( withpen lightpen );

squareangline( psdf, psdv, black, rectsize );

squareangline( psdf, psdu, black, rectsize );

drawoptions();

pair prll, prlr, prur, prul;

prll = rp(rll-pc);

prlr = rp(rlr-pc);

prur = rp(rur-pc);
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prul = rp(rul-pc);

path projpath;

projpath = prll--prlr--prur--prul--cycle;

draw projpath withpen projpen;

draw prll--rp(rll+(1-positfraction)*psdf) withpen lightpen;

draw prlr--rp(rlr+(1-positfraction)*psdf) withpen lightpen;

draw prur--rp(rur+(1-positfraction)*psdf) withpen lightpen;

draw prul--rp(rul+(1-positfraction)*psdf) withpen lightpen;

draw rp(black)--rp(psdf) withpen lightpen;

draw rp(black) withpen dotpen;

draw rp(psdf) withpen dotpen;

label.rt( btex f etex, rp(psdf) );

% label.bot( btex viewcentr etex, rp(black) );

endfig;

Öåíòðàëüíàÿ ïðîåêöèÿ:

f

viewcentr

Ðèñ. 22: perspective central

Ñôåðè÷åñêàÿ ïðîåêöèÿ: �

f

Ðèñ. 23: perspective spherical
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4 Ýëåìåíòû Metapost â Python PyX

METAPOST âäîõíîâëÿåò ðàçðàáîò÷èêîâ ðàçðàáàòûâàòü ïîõîæèå ñðåäñòâà. Íàïðèìåð,
ÿçûê âåêòîðíîé ãðàôèêè Asymptote [11]. Ýòî áîëåå ñîâðåìåííûé ÿçûê âåêòîðíîé
ãðàôèêè, îðèåíòèðîâàííûé íà èñïîëüçîâàíèå ñ Ñ++ è Python è ðàñøèðåííûé íà 3D-
ãðàôèêó. Ïî ñóùåñòâó, Asymptote - ïîëíàÿ àëüòåðíàòèâà METAPOST . Â ñâÿçè ñ ýòèì,
ðàññìîòðèì áîëåå ÷àñòíûå âîçìîæíîñòè.

Ïðèìåð 4.19 ( Êðèâûå â ñòèëå METAPOST â PyX [13])

Áèáëèîòêà PyX ïîçâîëÿåò ñòðîèòü ðàçëè÷íûå ïðèìèòèâû âåêòîðíîé ãðàôèêè.
Ïðèìåð íà êðèâûå Áåçüå, îòêðûòûå (openpath) è çàìêíóòûå (closedpath).

from pyx import *

from pyx.metapost.path import beginknot, endknot, smoothknot, tensioncurve

p1, p2, p3, p4, p5 = (0, 0), (2, 1.33), (1.3, 3), (0.33, 2.33), (1, 1.67)

openpath = metapost.path.path([

beginknot(*p1), tensioncurve(), smoothknot(*p2), tensioncurve(),

smoothknot(*p3), tensioncurve(), smoothknot(*p4), tensioncurve(),

endknot(*p5)])

closedpath = metapost.path.path([

smoothknot(*p1), tensioncurve(), smoothknot(*p2), tensioncurve(),

smoothknot(*p3), tensioncurve(), smoothknot(*p4), tensioncurve(),

smoothknot(*p5), tensioncurve()])

c = canvas.canvas()

for p in [p1, p2, p3, p4, p5]:

c.fill(path.circle(p[0], p[1], 0.05), [color.rgb.red])

c.fill(path.circle(p[0], p[1], 0.05), [color.rgb.red, trafo.translate(2, 0)])

c.stroke(openpath)

c.stroke(closedpath, [trafo.translate(2, 0)])

Ïîñëå ïîñòðîåíèÿ, ïðîöåññ çàâåðøàåòñÿ ñîõðàíåíèåì ðåçóëüòàòà â îäèí èç ôîðìàòîâ:
EPS, PDF èëè SVG.

c.writeEPSfile("metapost")

c.writePDFfile("metapost")

c.writeSVGfile("metapost")

�

Ïðèìåð 4.20 ( Ïðóæèíû è ïàðàëëåëüíûå êðèâûå â PyX [14])

Îäíîé èç âîçìîæíîñòåé PyX ÿâëÿåòñÿ ìîäèôèêàöèÿ èìåþùèõñÿ ïðèìèòèâîâ.
Òàêèå ïðåîáðàçîâàíèÿ íàçûâàþòñÿ äåôîðìàöèÿìè
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Ðèñ. 24: Êðèâûå â ñòèëå METAPOST â PyX

from pyx import *

n = 3 # number of masses

r = 3.0 # system radius

rcyc = 0.3 # radius of cycloid

nl = 13 # number of loops

rc = 0.5 # radius of masses

eps = 0.03 # extra spacing for surrounding circles

c = canvas.canvas()

springcircle = path.circle(0, 0, r)

masspositions = [i*springcircle.arclen()/n

for i in range(n)]

for springsegment in springcircle.split(masspositions):

c.stroke(springsegment,

[deformer.cycloid(rcyc, nl),

deformer.smoothed(radius=0.1)])

for x, y in springcircle.at(masspositions):

c.fill(path.circle(x, y, rc))

Â ÷àñòíîñòè, â äàííîì ñòðîÿòñÿ äâå êðèâûå, ïàðàëëåëüíûå îêðóæíîñòè, çàäàí-
íîé âûðàæåíèåì springcircle = path.circle(0, 0, r).

c.stroke(springcircle, [deformer.parallel(rc+eps)])

c.stroke(springcircle, [deformer.parallel(-rc-eps)])

Ñîáñòâåííî áàçîâàÿ îêðóæíîñòü springcircle íå ïîêàçàíà íà ðèñóíêå, îíà ïðî-
õîäèò ÷åðåç öåíòðû ìàññ. Îòîáðàæåíû ¾äåôîðìèðîâàííûå¿ îêðóæíîñòè, ñ îòñòóïîì
íàðóæó è âíóòðü íà rc+eps.

�

Ïðèìåð 4.21 ( Óçåë â PyX [15])

Ïðèìåð óçëà ñ èïîëüçîâàíèåì ïàðàëëåëüíûõ êðèâûõ. Áàçîâàÿ êðèâàÿ.
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Ðèñ. 25: Ïðóæèíû è ïàðàëëåëüíûå êðèâûå PyX

from pyx import *

unit.set(uscale=3, wscale=3)

dist = 0.15 # ðàññòîÿíèå ìåæäó êàíàòàìè

thick = 0.08 # òîëùèíà êàíàòîâ

# Ïîñòðîåíèå áàçîâîé ëèíèè êàíàòà. Ýòî êðèâàÿ ëåæàùàÿ ìåæäó íèìè.

A = 1.0, 0.1 # òî÷êà, ãäå çàêàí÷èâàåòñÿ ïðÿìàÿ ÷àñòü êàíàòà è íà÷èíàåòñÿ óçåë

B = 1.3, 0 # òî÷êà, ãäå óçåë çàãèáàåòñÿ, íàêðûâàÿ ïðÿìóþ ÷àñòü

t = -0.8, -0.1 # íàïðàâëåíèå â òî÷êå A

s = 0.3, 1.2 # íàïðàâëåíèå â òî÷êå B

# òî÷êè

pts = [

( A[0]-t[0], A[1]-t[1]), ( A[0] , A[1] ),

( A[0]+t[0], A[1]+t[1]), (-B[0]-s[0],-B[1]-s[1]),

(-B[0] ,-B[1] ), (-B[0]+s[0],-B[1]+s[1]),

( B[0]-s[0], B[1]-s[1]), ( B[0] , B[1] ),

( B[0]+s[0], B[1]+s[1]), (-A[0]-t[0],-A[1]-t[1]),

(-A[0] ,-A[1] ), (-A[0]+t[0],-A[1]+t[1]) ]

# Áàçîâàÿ êðèâàÿ

seam = path.path(

path.moveto(*(pts[0])),

path.lineto(*(pts[1])),

path.curveto(pts[2][0],pts[2][1],pts[3][0],pts[3][1],pts[4][0],pts[4][1]),

path.curveto(pts[5][0],pts[5][1],pts[6][0],pts[6][1],pts[7][0],pts[7][1]),

path.curveto(pts[8][0],pts[8][1],pts[9][0],pts[9][1],pts[10][0],pts[10][1]),

path.lineto(*(pts[11])) )

# Íåáîëüøîå ñãëàæèâàíèå äëÿ ëó÷øåãî ñîãëàñîâàíèÿ curveto è lineto

seam = deformer.smoothed(0.6).deform(seam)

Íàõëåñò êàíàòîâ

# The ropes, when drawn later, will have to overlap in a very specific way.

l = seam.arclen()
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Ðèñ. 26: Óçåë â PyX

epsilon = 0.002*l # ìàëîå ïåðåêðûòèå ñåãìåíòîâ

seam_segs = seam.split([0.28*l+epsilon, 0.28*l-epsilon,

0.42*l+epsilon, 0.42*l-epsilon,

0.58*l+epsilon, 0.58*l-epsilon,

0.72*l+epsilon, 0.72*l-epsilon])[::2]

# Äëÿ êàæäîãî ñåãìåíòà, äâå ñìåùåííûõ òðàåòîðèè ñòðîÿò ãðàíèöû êàæäîé âåðåâêè

ropes_segs = []

for seam_seg in seam_segs:

ropes_segs.append([])

for ropeshift in [-0.5*dist, 0.5*dist]:

ropes_segs[-1].append([])

for edgeshift in [-0.5*thick, 0.5*thick]:

ropes_segs[-1][-1].append(

deformer.parallel(ropeshift + edgeshift).deform(seam_seg))

# ropes_segs - ýòî ñïèñîê ñåãìåíòîâ, ñîäåðæàùèé ñïèñîê êàíàòîâ, êàæäûé èç êîòîðûõ ñîäåðæèò äâå îãðàíè÷èâàþùèõ òðàåêòîðèè ñåãìåíòà êàíàòà

rope_colors = [color.rgb.blue, color.rgb.red]

c = canvas.canvas()

# Ïîñêîëüêó ñåãìåíòû äîëæíû ïåðåêðûâàòüñÿ âïîëíå îïðåäåëåííûì îáðàçîì

# ìû äîëæíû íàðèñîâàòü èõ â ïðàâèëüíîì ïîðÿäêå

for index in [1, 4, 2, 0, 3]:

for rope_seg, col in zip(ropes_segs[index], rope_colors):

seg = rope_seg[0].joined(rope_seg[1].reversed())

seg.append(path.closepath())

c.fill(seg, [col])

c.stroke(rope_seg[0], [style.linecap.round, style.linejoin.round])

c.stroke(rope_seg[1], [style.linecap.round, style.linejoin.round])

�
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5 Íàó÷íûå è òåõíè÷åñêèå ïðèëîæåíèÿ METAPOST

Â çàêëþ÷åíèå ðàññìîòðèì íåêîòîðûå ïðèìåíåíèÿ METAPOST . Ñóùåñòâóåò áîëüøîå
êîëè÷åñòâî íàäñòðîåê è áèáëèîòåê äëÿ ðèñîâàíèÿ îãðîìíîãî êîëè÷åñòâà òèïîâ äå-
ëîâûõ, íàó÷íûõ è òåõíè÷åñêèõ èëëþñòðàöèé. Âûáîð ïðèìåðîâ ïðîäèêòîâàí èñêëþ-
÷èòåëüíî âêóñîì àâòîðà.

5.1 Ýëåêòðè÷åñêèå ñõåìû

Áèáëèîòåêà mpcirc ïîçâîëÿåò ðèñîâàòü ýëåêòðè÷åñêèå ñõåìû, êàê àíàëîãîâûå, òàê
è öèôðîâûå.

Ïðèìåð 5.22 ( Èñòî÷íèê AC è LC-êîíòóð â mpcirc [35])

Èñòî÷íèê AC è LC-êîíòóð.

L

C

Ðèñ. 27: Èñòî÷íèê AC è LC-êîíòóð

u:=10bp; % unit of length

input mpcirc;

beginfig(1);

prepare(L,C,Vac); % mention your elements

z0=(10u,10u); % lower right node

ht:=6u; % height of circuit

z1=z0+(0,ht); % upper right node

C=.5[z0,z1]; % location of capacitor

L.t=T.r; % use default orientation

C.t=Vac.t=T.u; % components rotated 90 degrees

% set the distance between Voltage and Capacitor

equally_spaced(5u,0) Vac, C;

L=z1-0.5(C-Vac); % location of spool

edraw; % draw components of the circuit

% draw wires connecting components

% the first ones rotated 90 degrees

wire.v(Vac.a,z0);

wire.v(Vac.b,L.a);
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wire.v(L.b,z1);

wire(C.a,z0);

wire(C.b,z1);

�

Ïðèìåð 5.23 ( Èñòî÷íèê AC è ïîñëåäîâàòåëüíûé RLC-êîíòóð â mpcirc
[35])

Èñòî÷íèê AC è ïîñëåäîâàòåëüíûé RLC-êîíòóð.

u:=10bp; % unit of length

input mpcirc;

beginfig(1);

prepare (L,R,C,Vac); % mention your elements

z0=(0,0); % lower left node

ht:=6u; % height of circuit

z1=z0+(0,ht); % upper left node

Vac=.5[z0,z1]; % location of voltage

Vac.t=T.u; % rotated 90 degrees

L.t=R.t=C.t=T.r; % default orientation

% set equal distances

equally_spaced(5u,0) z1,R,L,C,z2;

edraw; % draw elements of circuits

% draw wires connecting nodes

% the first ones rotated 90 degrees

wire.v(Vac.a,z0);

wire.v(Vac.b,z1);

wire.v(z2,z0);

wire(z1,R.a);

wire(R.b,L.a);

wire(L.b,C.a);

wire(C.b,z2);

endfig;

LR C

Ðèñ. 28: Èñòî÷íèê AC è ïîñëåäîâàòåëüíûé RLC-êîíòóð
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Ïðèìåð 5.24 ( Èñòî÷íèê AC è ñìåøàííûé RLC-êîíòóð â mpcirc [35])

Èñòî÷íèê AC è ñìåøàííûé RLC-êîíòóð.

L

R

C

Ðèñ. 29: Èñòî÷íèê AC è ñìåøàííûé RLC-êîíòóð

u:=10bp; % unit of length

input mpcirc;

prepare (L,R,C,Vac); % mention your elements

z0=(0,0); % lower left node

ht:=6u; % height of circuit

z1=z0+(0,ht); % upper left node

Vac=.5[z0,z1]; % location of voltage

Vac.t=T.u; % rotated 90 degrees

L.t=R.t=C.t=T.r; % default orientation

% set equal distances

equally_spaced(7.5u,0) z1,z2,z3;

L=0.5[z1,z2]; % location of spool

C=0.5[z2,z3]-(0,2u);

R=0.5[z2,z3]+(0,2u);

z4 = z3+(2.5u,0);

edraw; % draw elements of circuits

% draw wires connecting nodes

wire.v(Vac.a,z0);

wire.v(Vac.b,z1);

wire(z1,L.a);

wire(L.b,z2);

wire.v(z2,C.a);

wire.v(z2,R.a);

wire.v(z3,C.b);

wire.v(z3,R.b);

wire(z3,z4);

wire.v(z4,z0);
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Ìîùíûé ïàêåò - circuitikz [36], ÷àñòü Tikz [39] ñì òàêæå [37].

5.2 Ôèçèêà

Ôèçè÷åñêèå èëëþñòðàöèè.

Ïðèìåð 5.25 ( Âåêòîðû â 3D [31])
Ïðèìåð ðèñîâàíèÿ âåêòîðîâ â 3D ñ íàäïèñÿìè

x
y

z

γ

φ

γ + θ

β

α

~n0
~n

~H

Ðèñ. 30: Âåêòîðû â 3D

f := 3*(1.2,1.7,0.8);

Spread := 125;

color origr, nzero, nothr, ndxyl, vmagf, mfxzp, mfxyp, mfxxp;

numeric alphan, gamman, thetan, phiang, mfsize, axxc, ayyc, azzc;

numeric phiarmlen, alphafac;

axxc = 0.99;

ayyc = 0.87; % make this 1.28 when in twist-bend geometry

azzc = 0.82;

alphan = 170; % make this 90 to get the twist-bend geometry

gamman = 25;

thetan = 10;

phiang = 30;

mfsize = 1.25;

phiarmlen = 0.75;

alphafac = 1.4;

origr = (0,0,0);
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nzero = (cosd(gamman),0,sind(gamman));

ndxyl = phiarmlen*(cosd(phiang),sind(phiang),0);

nothr = (cosd(phiang)*cosd(gamman+thetan),

sind(phiang)*cosd(gamman+thetan),sind(gamman+thetan));

vmagf = mfsize*(cosd(alphan)*sind(gamman),sind(alphan),

-cosd(alphan)*cosd(gamman));

mfxzp = (X(vmagf),0,Z(vmagf));

mfxyp = (X(vmagf),Y(vmagf),0);

mfxxp = (X(vmagf),0,0);

cartaxes( axxc, ayyc, azzc );

draw rp(origr)--rp(ndxyl) dashed evenly;

draw rp(origr)--rp(mfxzp)--rp(vmagf) dashed evenly;

draw rp(origr)--rp(mfxyp)--rp(vmagf) dashed evenly;

draw rp(origr)--rp(alphafac*mfxyp) dashed evenly;

draw rp(mfxzp)--rp(mfxxp)--rp(origr) dashed evenly;

draw rp(mfxyp)--rp(mfxxp) dashed evenly;

draw rp((0,0,Z(nothr)))--rp(nothr) dashed evenly;

angline(nzero,(1,0,0),origr,0.65,btex $\gamma$ etex,lft);

angline(ndxyl,(1,0,0),origr,0.5,btex $\phi$ etex,llft);

angline(ndxyl,nothr,origr,0.5,btex $\gamma+\theta$ etex,lft);

angline(vmagf,(0,0,1),origr,0.5,btex $\beta$ etex,top); % twist-bend

angline(mfxyp,(1,0,0),origr,0.8,btex $\alpha$ etex,bot);

pickup pencircle scaled 1.15pt;

drawarrow rp(origr)..rp(nzero);

drawarrow rp(origr)..rp(nothr);

drawarrow rp(origr)..rp(vmagf);

label.ulft(btex $\vec{n}_0$ etex,rp(nzero));

label.ulft(btex $\vec{n}$ etex,rp(nothr));

label.urt(btex $\vec{H}$ etex,rp(vmagf));

endfig;

�

Ïðèìåð 5.26 ( Êàóñòèêè [27])
Êàóñòèêà (îò ãðå÷åñêîãî καυστικoζ, æãó÷èé) � îãèáàþùàÿ ñåìåéñòâà ëó÷åé, íå

ñõîäÿùèõñÿ â îäíîé òî÷êå. Êàóñòèêè â îïòèêå � ýòî îñîáûå ëèíèè (â äâóõìåðíîì
ñëó÷àå) è îñîáûå ïîâåðõíîñòè, âáëèçè êîòîðûõ ðåçêî âîçðàñòàåò èíòåíñèâíîñòü ñâå-
òîâîãî ïîëÿ.

Îòðàæåíèå ñâåòà îò ïîâåðõíîñòè.
s - ëó÷, a - óãîë ïàäåíèÿ, p -ïîâåðõíîñòü, l - ðàññòîÿíèå

vardef reflectrayr(expr s,a,p,l)=

save tI,tn,ia,I,J;
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pair I,J;

tI=xpart(p intersectiontimes ((s+1mm*dir(a))--(s+30cm*dir(a))));

if tI>0:

I=point tI of p;

draw s--I;

tn=angle(direction tI of p)+90;

ia:=tn-angle(s-I);

reflectrayr(I,tn+ia,p,l);

else:

J=s+dir(a)*l;

drawarrow s--J;

fi;

enddef;

Ñôåðè÷åñêàÿ ïîâåðõíîñòü.

Ðèñ. 31: Êàóñòèêà îò ñôåðè÷åñêîé ïîâåðõíîñòè

beginfig(3); % spheric dish

numeric u, i, num, incidang;

pair sunpoi;

u = 8cm;

num = 12;

incidang = -60;

path p;

p = halfcircle scaled 4u rotated 180 shifted (0,u);

for i=1 upto 2num-1:

sunpoi := ((-2+2*i/num,1)*u)-u*dir(incidang);

reflectrayr(sunpoi,incidang,p,14cm);

endfor;

draw p withcolor red;

endfig;

�
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Ïðèìåð 5.27 ( Ðàáîòà ëèíçû [28])
Èëëþñòðàöèÿ ðàáîòû ëèíçû. Êëþ÷åâîé âîïðîñ - îïèñàíèå ïðåëîìëåíèÿ ëó÷åé íà

ãðàíèöå äâóõ ñðåä.
Öâåòà äëÿ ðàçëè÷íûõ ëó÷åé

numeric specialdist, otherdist;

specialdist = 2.5cm;

color TableC[];

TableC0 := (0.65,0.61,0.49); % grey %% G N U P L O T

TableC1 := 0.77red; % red %%

TableC2 := ( 0.2, 0.2, 1.0 ); % blue %% colors

TableC3 := ( 1.0, 0.7, 0.0 ); % orange %%

TableC4 := 0.85green; % pale green %%

TableC5 := 0.90*(red+blue); % magenta %%

TableC6 := 0.85*(green+blue); % cyan %%

TableC7 := 0.85*(red+green); % yellow %%

Ïðåëîìëåíèå ñâåòà â ëèíçå - lensrefractray(point,angle,lenseleftsurface,lenserightsurface,
rir,color).

Âõîäíûå ïàðàìåòðû:
point, angle - èñòî÷íèê ñâåòà
lenseleftsurface, lenserightsurface - ëåâàÿ (ïëîñêàÿ) è ïðàâàÿ (âûïóêëàÿ) ïîâåðõíîñòè
ëèíçû,
rir - îòíîñèòåëüíûé ïîêàçàòåëü ïðåëîìëåíèÿ

Âûõîäíûå ïàðàìåòðû:
I - òî÷êà ïåðåñå÷åíèÿ ëó÷à ñ ëèíçîé ñëåâà
J - êîíå÷íàÿ òî÷êà òðàññèðîâêè ëó÷à
K - òî÷êà ïåðåñå÷åíèÿ ëó÷à ñ ëèíçîé ñïðàâà
sib - âíóòðåííèé óãîë âûõîäà ëó÷à èç ëèíçû
ib - óãîë âûõîäà ëó÷à èç ëèíçû
ib - óãîë ëó÷à âíóòðè ëèíçû ïîñëå ïëîñêîé ïîâåðõíîñòè
tI - ïàðàìåòð òî÷êè I ïëîñêîé ïîâåðõíîñòè
tn - íîðìàëü â òî÷êå I

vardef lensrefractray(expr s,a,p,q,rir,c)=

save tI,tn,ia,ib,I,J,K,sib;

pair I,J,K;

draw s--(s-2cm*dir(a)) withcolor TableC[c];

tI = xpart(p intersectiontimes (s--(s+15cm*dir(a))));

if tI>=0:

I=point tI of p;

draw s--I withcolor TableC[c];
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tn=angle(direction tI of p)+90;

ia=tn-angle(s-I);

sib=sind(ia)/rir;

ib=-angle(1+-+sib,sib);

J=I+dir(tn+180+ib)*2cm;

tI := xpart(q intersectiontimes (I--J));

if tI>=0:

K:=point tI of q;

draw I--K withcolor TableC0;

tn:=angle(direction tI of q)+90;

ia:=tn-angle(I-K);

if sind(ia)<1/rir:

sib:=rir*sind(ia);

ib:=angle(1+-+sib,sib);

J:=K-dir(tn-ib)*specialdist;

draw K--J withcolor TableC[c];

fi;

fi;

fi;

enddef;

Ïîñòðîåíèå ëèíçû

numeric rir, ray, wid, dist, ha, dx, dy, bord, cx, cy, cent, a, sa, nr, m;

numeric refang, colorcounter;

path vseg, cseg, lens, cell;

pen fordot;

color lenscolor, cellcolor;

refang = 41;

m = 1.2mm;

nr = 9;

rir = 1.2;

ray = 2.3cm;

wid = 3.9cm;

dist = 1.1cm;

bord = 1mm;

fordot = pencircle scaled 1mm;

lenscolor = 0.6white;

cellcolor = 0.4white;

dy = 0.5*wid;

dx = ray+-+dy;

cx = 0.5*bord;

cy = dy-bord;

cent = dx-dist;
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ha = angle(dist,cy);

sa = 2ha/nr;

z1 = (dx,ray);

z2 = (dx,-ray);

z3 = (cent,0);

z4 = (dx,cy);

z5 = (dx,-cy);

z6 = (0,cy);

z7 = (0,-cy);

z8 = (ray,cy);

z9 = (ray,-cy);

vseg = z2--z1;

%cseg = halfcircle rotated -90 scaled 2ray;

cseg = (dx,-dy){dir(refang)}..(ray,0)..{dir(180-refang)}(dx,dy);

lens = buildcycle(reverse vseg,z7--z9,cseg,z8--z6);

fill lens withcolor lenscolor;

cell = ((cx,cy)--(-cx,cy)--(-cx,-cy)--(cx,-cy)--cycle) shifted z3;

fill cell withcolor cellcolor;

F

Ðèñ. 32: Ðàáîòà ëèíçû - ïåðåôîêóñèðîâêà. Ïîêàçàòåëü ïðåëîìëåíèÿ 2.2

Òðàññèðîâêà

colorcounter = 1;

for a=0.5*sa step sa until ha-sa:

if not (colorcounter<>7):

colorcounter:= 1;

else:

colorcounter := incr(colorcounter);

fi;

lensrefractray(z3,a,vseg,cseg,1.9,colorcounter);

lensrefractray(z3+up*m,a,vseg,cseg,1.9,colorcounter);
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lensrefractray(z3+down*m,a,vseg,cseg,1.9,colorcounter);

if not (colorcounter<>7):

colorcounter:= 0;

else:

colorcounter := incr(colorcounter);

fi;

lensrefractray(z3,-a,vseg,cseg,1.9,colorcounter);

lensrefractray(z3+up*m,-a,vseg,cseg,1.9,colorcounter);

lensrefractray(z3+down*m,-a,vseg,cseg,1.9,colorcounter);

endfor;

otherdist = ray+specialdist-0.5cm;

clip currentpicture to (-otherdist,-cy)--(-otherdist,cy)--(otherdist,cy)--

(otherdist,-cy)--cycle;

Ìåíÿÿ ïîêàçàòåëü ïðåëîìëåíèÿ, ìîæíî ïîäîáðàòü òàêîå çíà÷åíèå, ïðè êîòîðîì
áóäåò äîñòèãíóòà ôîêóñèðîâêà â ïëîñêîñòè.

F

Ðèñ. 33: Ðàáîòà ëèíçû - òî÷íàÿ ôîêóñèðîâêà. Ïîêàçàòåëü ïðåëîìëåíèÿ 1.9

Ïîäîáíûì îáðàçîì ðàáîòàåò õðóñòàëëèê ÷åëîâå÷åñêîãî ãëàçà [29]. �

Ïðèìåð 5.28 ( Ïðåëîìëåíèå ñâåòà ÷åðåç äâå ïîâåðõíîñòè [30]. )

Èëëþñòðàöèÿ ïðåëîìëåíèÿ ñâåòà ÷åðåç äâå ïîâåðõíîñòè. Ïåðâàÿ ïîâåðõíîñòü çà-
äàåòñÿ êàê êðèâàÿ, ïðîõîäÿùàÿ ÷åðåç 4 òî÷êè. Âòîðàÿ - êàê îòðàæåíèå è ñäâèã
ïåðâîé.

numeric u;

u=3mm;

path p;

p=((5u,-6u)..(4u,-2u)..(4.5u,0)..(5u,5u)) rotated 90;

path q;
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q = reverse (p yscaled (-1)) shifted (up*10.5u);

fill (p--q--cycle) withcolor red;

Òðàññèðîâêà

for a=46 step 3 until 120:

lensrefractray(origin,a,p,q,1.4);

endfor;

endfig;

Ðèñ. 34: Èëëþñòðàöèÿ ïðåëîìëåíèÿ ñâåòà ÷åðåç äâå ïîâåðõíîñòè. Ïîêàçàòåëü ïðå-
ëîìëåíèÿ 1.2

Ëåâàÿ ÷àñòü ¾ëèíçû¿ ïðàêòè÷åñêè ïëîñêàÿ è ëó÷è â ýòîé ÷àñòè ìàëî îòêëîíÿ-
þòñÿ. Â ïðàâîé ÷àñòè ïðîèñõîäèò ôîêóñèðîâêà. �

Ïðèìåð 5.29 ( Êàìåðà-îáñêóðà [20]. )

Ïðèìåð äîñòàòî÷íî ñëîæíîé êîíñòðóêöèè. Êàìåðà-îáñêóðà (ëàò. camera obsc	ura
� ¾ò¼ìíàÿ êîìíàòà¿) � ïðîñòåéøèé âèä óñòðîéñòâà, ïîçâîëÿþùåãî ïîëó÷àòü îïòè-
÷åñêîå èçîáðàæåíèå îáúåêòîâ. Ïðåäñòàâëÿåò ñîáîé ñâåòîíåïðîíèöàåìûé ÿùèê ñ îò-
âåðñòèåì â îäíîé èç ñòåíîê è ýêðàíîì (ìàòîâûì ñòåêëîì èëè òîíêîé áåëîé áóìàãîé)
íà ïðîòèâîïîëîæíîé ñòåíå. Ëó÷è ñâåòà, ïðîõîäÿ ñêâîçü ìàëîå îòâåðñòèå (äèàìåòð
(çàâèñèò îò ¾ôîêóñíîãî ðàññòîÿíèÿ¿ êàìåðû, ïðèáëèçèòåëüíî 0,1�5 ìì) ñîçäàþò
ïåðåâ¼ðíóòîå èçîáðàæåíèå íà ýêðàíå.
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Ðèñ. 35: Èëëþñòðàöèÿ îòðàæåíèÿ ñâåòà îò äâóõ ïîâåðõíîñòåé.

Òàêæå èñïîëüçóåòñÿ ïðè ðåãèñòðàöèè ðåíòãåíîâñêèõ ëó÷åé, íàïðèìåð ïðè ðåãè-
ñòðàöèè èçëó÷åíèÿ ïëàçìû.

Çàäàíèå ãåîìåòðèè íàáëþäåíèÿ

input featpost3Dplus2D;

beginfig(1);

f := (10,7,8);

Spread := 45;

Çàäàíèå ðàçìåðîâ êîíñòðóêöèè.
Êàìåðà - w(idth), h(eight), l(ength).
Äèàôðàãìà - d(iameter), t(ube length), we - ïîëîæåíèå.
Îòñòóïû äëÿ ñòðåëîê - tr, tl, ma, mb.
Óãîë çðåíèÿ äèàôðàãìû - ar.

numeric w, h, l, d, t, tr, tl, ma, mb, we, ar;

w = 3;h = 2;l = 4;d = 0.75;t = 1.2;tr= 0.15;tl= 0.25;ma= 0.3;mb= 0.2;

ar= 2;we= 0.6*(h-t);

pen thin, thick, aver;

thin = pencircle scaled 0.5pt;

thick= pencircle scaled 1.5pt;

aver = pencircle scaled 1.0pt;

ahlength:=2mm;

ahangle:=30;

color p[];

p1 = (0,w/2,-ma-mb);

p2 = (0,w/2,-ma);

48



Ðèñ. 36: Èëëþñòðàöèÿ îòðàæåíèÿ ñâåòà îò äâóõ çåðêàë.

p3 = (0,w/2,0);

p4 = (0,w/2,h);

p5 = (0,-w/2,-ma-mb);

p6 = (0,-w/2,-ma);

p7 = (0,-w/2,0);

p8 = (0,-w/2,h);

p9 = (0,-w/2-ma-mb,0);

p10= (0,-w/2-ma,0);

p11= (0,-w/2-ma-mb,h);

p12= (0,-w/2-ma,h);

p13= (-l,-w/2-ma-mb,h);

p14= (-l,-w/2-ma,h);

p15= (-l,-w/2,h);

p16= (-l,-w/2,0);

p17= (-l,w/2,0);

p18= (-l,w/2,h);

p19= (-l+d,0,0);

p20= (-l+d,0,t);

p21= (-l-ma,0,t);

p22= (-l-ma-mb,0,t);

p23= (-l-ma,0,0);
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p24= (-l-ma-mb,0,0);

p25= (-l+d,w/2+ma,0);

p26= (-l+d,w/2+ma+mb,0);

p27= (-l,w/2+ma,0);

p28= (-l,w/2+ma+mb,0);

p29= 0.5[p2,p6];

p30= 0.5[p10,p12];

p31= 0.5[p12,p14];

p32= 0.5[p21,p23];

p33= 0.5[p25,p27];

p34= (0,0,h);

p35= (0,0,2*t-h);

Ñîáñòâåííî ðèñîâàíèå: îòðåçêè

drawoptions( withpen thick );

draw rp(p8)--rp(p4)--rp(p3)--rp(p7)--rp(p8)--rp(p15)--rp(p16);

draw rp(p15)--rp(p18)--rp(p17)--rp(p3)--rp(p4)--rp(p18);

path pat[];

pat1 = rp(p8)--rp(p4);

pat2 = rp(p7)--rp(p16)--rp(p17);

pat3 = rp(p4)--rp(p18);

pat4 = pat2 cutbefore pat1 cutafter pat3;

draw pat4;

drawoptions( withpen thin );

Ñòðåëêè äëÿ ðàçìåðîâ è êàðêàñ

drawdblarrow rp(p2)--rp(p6);

drawdblarrow rp(p10)--rp(p12);

drawdblarrow rp(p14)--rp(p12);

drawdblarrow rp(p21)--rp(p23);

drawdblarrow rp(p25)--rp(p27);

draw rp(p1)--rp(p3);

draw rp(p5)--rp(p7);

draw rp(p7)--rp(p9);

draw rp(p8)--rp(p11);

draw rp(p13)--rp(p15);

draw rp(p20)--rp(p22);

draw rp(p19)--rp(p24);

draw rp(p17)--rp(p28);

Òî÷êà íàáëþäåíèÿ f=(10,7,8) - ðèñóíîê 37
Ðèñîâàíèå äèñêà, ýëëèïñà, äóãè îáîçíà÷åíèÿ óãëà è ìåòîê
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Ðèñ. 37: Ðåíòãåíîâñêàÿ êàìåðà. Òî÷êà íàáëþäåíèÿ f=(10,7,8)

draw rp(p19)--rp(p26);

drawoptions( withpen thick );

rigorousdisc( 0, true, p20, tr, (-tl,0,0) );

draw rp(p19)--rp(p20) withpen thin;

drawoptions( withpen aver );

draw rp(p34)--rp(p20)--rp(p35);

fill ellipticpath( (0,0,t), (h-t)*blue, we*green ) withcolor 0.5white;

draw pat2 dashed evenly withpen thick;

draw rp(p20)--rp(p35)--rp(p34) dashed evenly;

draw rp((0,0,t)-we*green)--rp((0,0,t)+we*green) dashed evenly;

angline( p34, p35, p20, ar, btex $\alpha$ etex, llft );

label.bot(btex $w$ etex, rp(p29));

label.lft(btex $h$ etex, rp(p30));

label.top(btex $l$ etex, rp(p31));

label.lft(btex $t$ etex, rp(p32));

label.rt(btex $d$ etex, rp(p33));

endfig;

Èçìåíÿåì òî÷êó íàáëþäåíèÿ - ¾íà óðîâåíü ïîëà¿. Ïóñòü f=(10,7,0) - ðèñóíîê 38
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Ðèñ. 38: Ðåíòãåíîâñêàÿ êàìåðà. Òî÷êà íàáëþäåíèÿ f=(10,7,0)

Çàäàíèå ðàçíûõ òî÷åê íàáëþäåíèÿ ïîçâîëÿåò ñòðîèòü ¾îáõîä¿ îáúåêòà. �
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Ïðèìåð 5.30 ( Ãðàâèòàöèîííîå ðàññåÿíèå àíòèìàòåðèè èëè îïûò Ðåçåð-
ôîðäà [24].)

Øóòî÷íûé ïðèìåð ïðî ðàññåÿíèå àíòèãðàâèòèðóþùèõ ÷àñòèö è îäíîâðåìåííî
äåìîíñòðàöèÿ âïîëíå ðåàëüíîãî îïûòà ïî ðàññåÿíèþ çàðÿæåííûõ ÷àñòèö íà ÿäðàõ
àòîìîâ - êëàññè÷åñêèé îïûò Ðåçåôîðäà [23].

Çàäàíèå ïåðåìåííûõ è êîíñòàíò:

f := (30,0,0);

Spread := 100;

numeric initdist, timestep, Gfactor, vprobe;

inidist = 10; timestep = 0.1;

Gfactor = 2;

vprobe = 2.2;

numeric numsteps, numtries, diststep, i, sigma, sigmang, angl;

color inipos, inivel, dstp, veloc;

path traject;

pen bluepen, redpen;

bluepen = pencircle scaled 0.9mm;

redpen = pencircle scaled 0.55mm;

Çàäàíèå çàêîíà îòòàëêèâàíèÿ îò ðàññåèâàþùåãî öåíòðà â âåêòîðíîé ôîðìå:

def gravitfield( expr relatposprobe ) =

( Gfactor*relatposprobe/((conorm( relatposprobe ))**3) )

enddef;

Êàê ïîêàçàë åùå Íüþòîí, â ïîëå ñèëû, ñïàäàþùåé ïî çàêîíó îáðàòíûõ êâàäðà-
òîâ, òåëà äâèæóòñÿ ïî êîíè÷åñêèì ñå÷åíèÿì. Â ñëó÷àå íåîãðàíè÷åííîãî äâèæåíèÿ
ýòî ãèïåðáîëû è ïàðàáîëà.

Çàäàíèå äâèæåíèÿ ïî ïàðàáîëå:

vardef parabol( expr index ) =

traject:=trajectorypath(

numsteps, inipos+index*dstp, inivel, timestep)(gravitfield);

draw traject;

enddef;

Çàäàíèå äâèæåíèÿ ïî ãèïåðáîëå:

vardef hiperbo( expr veloc ) =

traject:=trajectorypath(

numsteps, inipos, veloc, timestep)(gravitfield);

draw traject;

enddef;
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Ðèñ. 39: Äâèæåíèå òåëà â ïîëå îòòàëêèâàþùåãî ïîòåíöèàëà

Ñîáñòâåííî ðèñîâàíèå - ïåðåáîð íà÷àëüíûõ óñëîâèé

beginfig(1);

numtries = 36;

numsteps = 95;

sigma = 3.15;

sigmang = 16;

diststep = sigma/numtries;

dstp = (0,0,diststep);

inipos = (0,-inidist,0);

inivel = (0,vprobe,0);

drawoptions( withpen bluepen withcolor blue );

for i=-numtries upto numtries:

parabol( i );

endfor;

drawoptions( withpen redpen withcolor red );

for i=-numtries upto numtries:

angl := i*sigmang/numtries;

veloc := vprobe*(0,cosd(angl), sind(angl));

hiperbo( veloc );

endfor;

drawoptions();

fill fullcircle scaled (4cm) shifted (rp(black));

produce_auto_scale;

endfig;

�
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Ïðèìåð 5.31 ( Äâèæåíèå ÷àñòèö â òîðå [31].)

Ðèñ. 40: Òðàåêòîðèè â òîðå

Ðèñîâàíèå ðàçëè÷íûõ âèäîâ òðàåêòîðèé â òîðå.

input featpost3Dplus2D;

% Draw a torus with NP dots, a section of 3.14*RS^2

% and a total diameter of 2*(RB+RS). The dots are placed

% on a single closed line that turns around the $z$ axis

% NB times and around the section NS times.

% figure(1) exemplifies the use of signalvertex.

def flask( expr TheVal ) =

begingroup

numeric RB, RS, RP, NB, NS, NM, phi, theta, first, second, third;

RB=1;

RS=0.3;

RP=0.02;

NB=8;

NS=5;

NM=4;

theta=360*NB*TheVal;

phi=360*NS*TheVal;

first =(RB+(RS+RP*sind(NM*theta))*cosd(phi))*cosd(theta);

second=(RB+(RS+RP*sind(NM*theta))*cosd(phi))*sind(theta);

third = (RS+RP*sind(NM*theta))*sind(phi);

( (first,second,third) )

endgroup

enddef;

def blask( expr TheVal ) =
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begingroup

numeric RB, RS, NB, NS, phi, theta, first, second, third;

RB=1;

RS=0.1;

NB=1;

NS=24;

theta=360*NB*TheVal;

phi=360*NS*TheVal;

first =(RB+RS*cosd(phi))*cosd(theta);

second=(RB+RS*cosd(phi))*sind(theta);

third = RS*sind(phi);

( (first,second,third) )

endgroup

enddef;

beginfig(5);

Spread := 200;

numeric NP, i, varfrac;

path cl;

string comm;

pen bip, sp;

varfrac = 1.25;

bip = pencircle scaled 15pt;

sp = pencircle scaled 9pt;

NP=600;

cl = for i=1 upto NP: rp(flask(i/NP)).. endfor cycle;

draw cl;

for i=1 upto NP:

comm:="draw subpath ("

& decimal(i-0.5)

& ","

& decimal(i+0.5)

& ") of cl withpen bip; undraw subpath ("

& decimal(i-varfrac)

& ","

& decimal(i+varfrac)

& ") of cl withpen sp;";

getready( comm, flask( i/NP ) );

endfor;

closedline( true, 300, 0.5, 1 )( blask );

doitnow;

endfig;
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Ïðèìåð 5.32 ( Ïðàâèëî ïðàâîé ðóêè [42].)

Íåìíîãî ïðî âåêòîðíîå ïðîèçâåäåíèå ¾íà ïàëüöàõ¿.

a× b
a

b

Ðèñ. 41: Ïðàâèëî ïðàâîé ðóêè

Çàäàíèå ïàðàìåòðîâ êèñòè

vardef left_hand(expr shade) =

save H, N;

path H, N[];

H = (28,-10)..(37.5,0)..(52,9.6)..(60,13.1)..(70,18)..(74,20)..(91,30)

..(101,40)..(106,48)..(110,52)..(115,58)..(116,60)..(116.4,64)..(110,70)

& (110,70)..(112,74)..(110,81)..(108,85)..(102,87)

& (102,87)..(110,91)..(120,95)..(130,98)..(136,100)..(140,103)..(140.4,109)

..(130,112)..(121,111.2)..(110,110)..(100,108)..(90,105)..(86,103)

& (86,103)..(90,111)..(95,119)..(103.5,130)..(112,139)..(120,150)..(113,158)..

(110,156)..(91,140)..(70,120)..(59,111)

& (59,111)..(58,120)..(56,130)..(53,140)..(48,150)..(40,154)..(34,150)..(34,140)..

(35,130)..(36,120)..(36,110)..(35,100)..(30,80)..(10,51)..(0,42)

&(0,42) {down} .. (28,-10) & cycle;

N0 = buildcycle(H, ((34.5,133.8) .. (38,140) .. (38,149) & (38,149) .. (34,150)));

N3 = (74,44)..(81,50)..(80,57)..(71,52){dir 240}..cycle;

N4 = (85,40)..(90,43)..(92,50)..(90,52)..(84,50)..(81,44)&(81,44)..cycle;
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save p; picture p; p = image(

fill H withcolor .9[shade, white];

unfill N0; draw N0;

unfill N3; draw N3;

unfill N4; draw N4;

draw (59,111) { down }..(60,101)..(64,90)..(68,80);

draw (102,146) .. (108,138) {dir -80};

draw (88,132) .. (95,122) { dir -80};

draw (71,112) .. (73,100) .. (72,66) { dir -96};

draw (121,109)..(122,98) { dir -59 };

draw (101,105)..(105,92) { dir -54 };

draw (86,103).. { dir -54 } (89,83) & (89,83) .. (102,87) {2,1};

draw (89,83)..{dir -100}(88,79);

draw (110,70)..(100,64)..(90,56)..(84,50)..(80,44)..(76,41)..

(70,42)..(67,48)..(67,51)..(70,57) ..(80,68)..(96,81);

draw (89,70)..(92,61){dir -90};

draw (106,48)..(90,40)..(82,40)..(80,44);

draw (97,59)..(100,48){dir -100};

draw (65,42)..(60,30)..(58,27);

draw H;

draw (25,64){down}.. (30,39) .. (48,12){dir -40};

) shifted -(45,85) rotated -4; p

enddef;

vardef right_hand(expr shade) =

left_hand(shade) reflectedabout(up,down)

enddef;

Ðèñîâàíèå âåêòîðîâ

beginfig(1);

draw right_hand(red + 1/2 green + 1/8 blue);

path a[];

a1 = origin -- 80 up;
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a2 = origin -- 120 up rotated 50;

a3 = origin -- 120 up rotated 80;

for i=1 upto 3:

drawarrow a[i] dashed withdots scaled 1/4 withcolor 2/3 red;

endfor

label.top (btex $a \times b$ etex, point 1 of a1);

label.ulft(btex $a$ etex, point 1 of a2);

label.lft (btex $b$ etex, point 1 of a3);

endfig;

end.

�

5.3 Ãåîìåòðèÿ

Ïðèìåð 5.33 ( Òåîðåìà Ìîðëåÿ [43].)

Ñîáñòâåííî, âñå ïðèìåðû òàê èëè èíà÷å ñâÿçàíû ñ ãåîìåòðèåé. Îäíàêî, ïóñòü
áóäåò è ÷èñòî ãåîìåòðè÷åñêèé ïðèìåð! Îäíà èç ïîñëåäíèõ òåîðåì ïëàíèìåòðèè -
XX âåê! Èìååò ïðèìåíåíèå â òðèëèíåéíûõ êîîðäèíàòàõ
Òåîðåìà.
¾Òî÷êè ïåðåñå÷åíèÿ ñìåæíûõ òðèñåêòðèñ óãëîâ ïðîèçâîëüíîãî òðåóãîëüíèêà ÿâëÿ-
þòñÿ âåðøèíàìè ïðàâèëüíîãî (ðàâíîñòîðîííåãî) òðåóãîëüíèêà¿.

Ïîñòðîåíèå òðèñåêòðèñ.

vardef premiere_trisectrice (expr M, A,B,C) =

(M-A) = whatever * ( (A-B) rotated 1/3 (angle(C-A) - angle(B-A)) );

draw A--M;

enddef;

vardef deuxieme_trisectrice (expr M, A,B,C) =

(M-A) = whatever * ( (A-B) rotated 2/3 (angle(C-A) - angle(B-A)) );

draw A--M;

enddef;

Îïðåäåëåíèå òî÷åê òðåóãîëüíèêà ∆(M1,M2,M3):

pair A,B,C,M[];

u:=2cm;

A=(0,0); B=(2u,-.5u); C=(u,u);

draw A--B--C--cycle;
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premiere_trisectrice(M1,A,B,C);

deuxieme_trisectrice(M1,B,C,A);

premiere_trisectrice(M2,B,C,A);

deuxieme_trisectrice(M2,C,A,B);

premiere_trisectrice(M3,C,A,B);

deuxieme_trisectrice(M3,A,B,C);

Ðèñîâàíèå

draw M1--A; draw M1--B;

draw M2--B; draw M2--C;

draw M3--C; draw M3--A;

draw M1--M2--M3--cycle;

A

B

C

M1

M2

M3

Ðèñ. 42: Òåîðåìà Ìîðëåÿ

Òðåóãîëüíèê ∆(M1,M2,M3) - ðàâíîñòîðîííèé.
�

5.4 Ìåõàíèêà

Ïðèìåð 5.34 ( Ñâåðëî Ðåëî[44].)

¾Êðóãëûé òðåóãîëüíèê¿ Ðåëî (F. Reuleaux) - êðèâàÿ ïîñòîÿííîé øèðèíû [45].
Êðèâîé ïîñòîÿííîé øèðèíû íàçûâàåòñÿ ïëîñêàÿ âûïóêëàÿ êðèâàÿ, ðàññòîÿíèå

ìåæäó ëþáûìè äâóìÿ ïàðàëëåëüíûìè îïîðíûìè ïðÿìûìè êîòîðîé ïîñòîÿííî. Ñòî-
ðîíû êâàäðàòà � îïîðíûå ïðÿìûå: êàæäàÿ ñòîðîíà êàñàåòñÿ òðåóãîëüíèêà, íî íå
ïåðåñåêàåò åãî. Òðåóãîëüíèê Ð¼ëî ìîæíî âðàùàòü, è ïðè ýòîì îí âñåãäà áóäåò êà-
ñàòüñÿ êàæäîé ñòîðîíû êâàäðàòà; òàêèì îáðàçîì øèðèíà òðåóãîëüíèêà (ðàññòîÿíèå
ìåæäó äâóìÿ îïîðíûìè ïðÿìûìè) ïîñòîÿííà.
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Èìååò ìíîãî ïðèìåíåíèé â òåõíèêå � íà åãî îñíîâå áûëè ñîçäàíû êóëà÷êîâûå
è ãðåéôåðíûå ìåõàíèçìû, ðîòîðíî-ïîðøíåâîé äâèãàòåëü Âàíêåëÿ è èíñòðóìåíòû,
ïîçâîëÿþùèå ñâåðëèòü (ôðåçåðîâàòü) êâàäðàòíûå îòâåðñòèÿ.

Ïîñòðîåíèå

numeric u, desv, ray;

path rouletri, pathpart, pa, pb, pc, border;

u = 150mm;

desv = u*sqrt(3)/3;

% âåëè÷èíà ñìåùåíèå öåíòðà âðàùåíèÿ

ray = (sqrt(3)/3-0.5)*u/2;

pathpart = halfcircle scaled u cutafter (origin--u*dir(60));

pathpart := pathpart shifted (desv*dir(-150)/2);

pa = pathpart;

pb = pathpart rotated 120;

pc = pathpart rotated -120;

rouletri = pa--pb--pc--cycle;

draw rouletri shifted (ray*down) withcolor redwithpen pencircle scaled 2bp;

border=(u/4,u/4)--(-u/4,u/4)--(-u/4,-u/4)--(u/4,-u/4)--cycle;

¾Ñâåðëåíèå êâàäðàòà¿:

Ðèñ. 43: Ñâåðëî Ðåëî

border=(u/4,u/4)--(-u/4,u/4)--(-u/4,-u/4)--(u/4,-u/4)--cycle;

draw border shifted (ray*up);

draw border withcolor red;

numeric i, N, astep;

N = 4;

astep = 3*N;

for i=astep step astep until 360:
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% ñìåùåíèå öåíòðà âðàùåíèÿ ray*dir(i-90)

draw rouletri rotated (-i/3) shifted (ray*dir(i-90));

endfor;

Êîíöû îòðåçêîâ èç öåíòðà êâàäðàòà - ïîëîæåíèÿ ìãíîâåííîãî öåíòðà êðåïëåíèÿ
¾òðåóãîëüíèêà¿. �

Ïðèìåð 5.35 ( Äâèãàòåëü Âàíêåëÿ [47].)

Ïðîäîëæåíèå òåìû ôèãóð ïîñòîÿííîé øèðèíû. Äâèãàòåëü Âàíêåëÿ [48] - ðîòîðíî-
ïîðøíåâîé äâèãàòåëü � ðîòîðíûé äâèãàòåëü âíóòðåííåãî ñãîðàíèÿ. Îñîáåííîñòü
äâèãàòåëÿ � ïðèìåíåíèå òð¼õãðàííîãî ðîòîðà (ïîðøíÿ), èìåþùåãî âèä òðåóãîëü-
íèêà Ðåëî, âðàùàþùåãîñÿ âíóòðè öèëèíäðà ñïåöèàëüíîãî ïðîôèëÿ, ïîâåðõíîñòü
êîòîðîãî âûïîëíåíà ïî ýïèòðîõîèäå - ïëîñêîé êðèâîé, îáðàçóåìîé òî÷êîé, æ¼ñòêî
ñâÿçàííîé ñ îêðóæíîñòüþ, êàòÿùåéñÿ ïî âíåøíåé ñòîðîíå äðóãîé îêðóæíîñòè.

Compression

Ðèñ. 44: Äâèãàòåëü Âàíêåëÿ

Ïðåàìáóëà - ïîäêëþ÷åíèå áèáëèîòåê calc, animate, fp.
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\usetikzlibrary{calc}

\usepackage{animate}

\usepackage{fp}

% Useful for calculating the position of the different phases

of the motor but useless for simulation only

Äâèãàòåëü Âàíêåëÿ - ðîòîð

\newcommand{\Wankel}[1]{

% \def\itheta{#1}

\FPabs{\itheta}{#1}

% dA c©finition des donnA c©es \ data definition

\def\OA{0.4}

\def\OB{0.8}

\def\AE{4}

% \def\seuil{500}

% \def\couleur{20}

Óãëû õàðàêòåðíûõ òî÷åê - ìåñò âïóñêà íîâîãî òîïëèâà è âûïóñêà îòðàáîòàííîãî

% definition of angular parameters of the rotor according to the motor phases

\def\Comp{0}

\def\Expl{360}

\def\Det{375}

\def\Ech{660}

\def\Asp{870}

\def\decalage{125}

% [en] shift the origin to position the rotor at the start of compression at time t = 0

Èñïîëüçóåòñÿ áèáëèîòåêà TikZ [39].

\begin{tikzpicture}

\colorlet{vertclair}{green!25}

\colorlet{grisclair}{gray!60}

\colorlet{rougepale}{red!60}

Ðàçëè÷íûå ñòàäèè òîïëèâíîãî öèêëà

% test needed to color the combustion chamber

\FPabs{\val}{\itheta}

% FPiflt and other FP tests do not do tests included in the tests. The first

% test is always true, the style will be affected with chambre1

% [{vertclair! \ Pos! Orange}] but will not be displayed if any of the

% following tests is true.

\FPiflt{\val}{1080}

\FPeval{\pos}{(\val-1080)/(\Ech-1080)*100}
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\tikzstyle{chambre1}=[{vertclair!\pos!orange}]% aspiration

% \tikzstyle{chambre2}=[ ball color={gray!\pos!red}]% dA c©tente}

% \tikzstyle{chambre3}=[ ball color={orange!\pos!green}]% aspiration

\def\texte{Aspiration}

\fi

% [fr] echappement / Second test, Exhaust

\FPiflt{\val}{\Asp}

\FPeval{\pos}{(\val-\Ech)/(\Asp-\Ech)*100}

\tikzstyle{chambre1}=[{vertclair!\pos!grisclair}]%echappement

\def\texte{Echappement}

\fi

% [fr] troisiA?me test - dA c©tente / Third test - relaxation

\FPiflt{\val}{\Ech}

\FPeval{\pos}{(\val-\Det)/(\Ech-\Det)*100}

\tikzstyle{chambre1}=[ {grisclair!\pos!rougepale}]%dA c©tente}

\def\texte{Detente}

\fi

% [fr] quatriA?me test - explosion / Fourth test - explosion

\FPiflt{\val}{\Det}

\FPeval{\pos}{(\val-\Expl)/(\Det-\Expl)*100}

\tikzstyle{chambre1}=[ {rougepale!\pos!red}]%Explosion

\def\texte{Explosion}

\fi

% [fr] cinquiA?me test / Fifth test - aspiration

\FPiflt{\val}{\Expl}

\FPeval{\pos}{(\val-\Comp)/(\Expl-\Comp)*100}

\tikzstyle{chambre1}=[ {red!\pos!orange}]%compression

% \tikzstyle{chambre2}=[ ball color={gray!\pos!red}]%dA c©tente}

% \tikzstyle{chambre3}=[ ball color={orange!\pos!green}]%aspiration

\def\texte{Compression}

\fi

\FPtrunc{\pos}{\pos}{0}

% [en] Adding the offset to draw the rotor in the first position

\FPeval{\itheta}{0-(\decalage+\itheta)}

\draw (-5,-4.5) rectangle (5,4.5); %cadre pour imposer les dimensions du dessin

Ñòàòîð

%[fr}dessin du stator / drawing of the stator
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\begin{scope}% stator

\coordinate (A) at (\itheta:\OA); %[fr] Le point A tourne autour de O

% [fr] avec l'angle itheta

% [en]Point A turns around point O the angle with itheta

\coordinate (O) at (0,0);% Origine

\filldraw[thick,black,domain=0:1080,smooth,variable=\t,fill=gray,samples=50]

plot ({.4*cos(\t)+4*cos(.333333*\t)},{.4*sin(\t)+4*sin(.333333*\t)})

plot ({.42*cos(-\t)+4.2*cos(-.333333*\t)},{.42*sin(-\t)+4.2*sin(-.333333*\t)});

\fill[white](0.3,3) rectangle (0.5,4); % dessin des soupapes

% (admission echappement)

\fill[white](-0.3,3) rectangle (-0.5,4);

\filldraw[red](-0.4,-3.5) rectangle (-0.5,-3.7);% Bougie

% Coloring of the rooms according to the operating phase, the rotor will be

% plotted on top and hide the rest (the inner edge is straight, not curved).

% Chambre 1

\fill[thick,black,domain=-1*(\itheta):-1*(\itheta+360),smooth,variable=\t,

chambre1] plot ({.4*cos(-\t)+4*cos(-.333333*\t)},

{.4*sin(-\t)+4*sin(-.333333*\t)});

% affichage des paramA?tres

% \FPtrunc{\itheta}{\itheta}{0}

% \FPtrunc{\val}{\val}{0}

% \node at (0,6){$\theta$=\itheta,pos=\pos,val=\val};

\draw[black](O) circle (\OB); %Dessin du pignon fixe

\draw(O) -- (A);

\end{scope}

Ðèñîâàíèå ðîòîðà

% [fr] Dessin du rotor / Draw the rotor

\begin{scope}[shift={(A)},rotate={\itheta}] % le repere est tournA c© de itheta

% [fr] les trois points, C, D, E sont dA c©finis en polaire dans ce repA?re

% [en] the three points, C, D, E are defined in the polar reference

\coordinate (E) at ({-\itheta*\OB/(\OB+\OA)}:\AE);

\coordinate (C) at ({-\itheta*\OB/(\OB+\OA)+120}:\AE);

\coordinate (D) at ({-\itheta*\OB/(\OB+\OA)+240}:\AE);

\draw[red](A) -- (E);

\filldraw [bend left=29.5,red,fill=red!50] (A) circle (\OA+\OB)

% dessin et coloriage du rotor

(E) to (D) to (C) to (E);

\end{scope}
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\node at (0,-4) {\texte}; % le texte affiche la phase de fonctionnement

\end{tikzpicture}

}

Ñîáñòâåííî LATEX- äîêóìåíò.

\begin{document}

\begin{preview}

% [fr] Animation avec le package animate

% Animation with the animate package

\begin{animateinline}[controls,loop]{12}

\multiframe{72}{ixb=0+15}{

\Wankel{\ixb}}

\end{animateinline}

\vfill

%{fr] Pour dessiner le rotor dans un position particuliA?re

% To draw the rotor in a particular position

\begin{center}

\Wankel{200}

\end{center}

\end{preview}

\end{document}

�
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6 Çàêëþ÷åíèå

Ñèñòåìà êîìïüþòåðíîé âåðñòêè LATEX, áåçóñëîâíî ñòàëà êëàññè÷åñêîé äëÿ ñîçäà-
íèÿ íàó÷íîé ëèòåðàòóðû. Ýòî óæå ÷àñòü îáùåé êóëüòóðû ÷åëîâå÷åñòâà. Ñèñòåìà
ïðîãðàììèðîâàíèÿ âåêòîðíîé ãðàôèêè METAPOST - ïðåêðàñíîå ñðåäñòâî ñäåëàòü èë-
ëþñòðàöèè â åäèíîì ñòèëå ñ îñíîâíûì òåêñòîì.

Áåçóñëîâíûì îãðàíè÷åíèåì METAPOST ÿâëÿåòñÿ îòñóòñòâèå âñòðîåííîé ïîääåðæ-
êè òðåõìåðíîé ãðàôèêè. Ïðèìåð 2.15 ïîêàçûâàåò áîëüøèå òðóäîçàòðàòû ïðè èñ-
ïîëüçîâàíèè âñòðîåííûõ ñîáñòâåííûõ ñðåäñòâ METAPOST . Íàèáîëåå åñòåñòâåííûì
ïðååìíèêîì ÿâëÿåòñÿ äåñêðèïòèâíûé ÿçûê âåêòîðíîé ãðàôèêè Asymptote [38]. Ïî-
ìèìî ïîääåðæêè 3D, ñèíòàêñèñ â ñòèëå C++, õîðîøóþ ïîääåðæêó è èíòåãðàöèþ ñ
íàèáîëåå ïîïóëÿðíûì â íàñòîÿùåå âðåìÿ âûñîêîóðîâíåâûì ÿçûêîì ïðîãðàììèðî-
âàíèÿ îáùåãî íàçíà÷åíèÿ Python. Ñëåäóåò óïîìÿíóòü òàêèå ñðåäñòâà êàê PGF TikZ
[39] è PSTricks [40]. Ýòî ñïèñîê ìîæíî ïðîäîëæèòü, íî â îäíîì èç ñàìûõ ïîïóëÿðíûõ
ïðèëîæåíèé äëÿ LATEX, TeXstudio [7], ïîääåðæèâàþòñÿ èìåííî ýòè ïðîãðàììíûå
ñðåäñòâà.

Óæå ñàìî íàëè÷èå áîëüøîãî êîëè÷åñòâà ïîñëåäîâàòåëåé METAPOST ãîâîðèò î òîì,
÷òî åñòü æåëàíèå è ïîòðåáíîñòü ðàçâèâàòü èäåè, çàëîæåííûå â íåì. Äðóãîå äåëî, ÷òî
ìíîãèå õîðîøèå ïðîäóêòû íàïèñàíû ýíòóçèàñòàìè, ðàçâèâàþòñÿ ìåäëåííî èëè óæå
ôàêòè÷åñêè íå ïîääåðæèâàþòñÿ. Âðåìÿ ïîêàæåò, êàêèå åùå ñðåäñòâà äëÿ LATEXáóäóò
ýôôåêòèâíû è ïîëåçíû.
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