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AnHOoTanmusa

B nocobuu nipuBeieHb yaeOHbIe TPUMEPHI JJIsT HHTEPIPETATOPA A3BIKA TPOTPAM-
mupoBannss META METAPOST [1] u poJCTBEHHBIX C HUM CPEJICTB MOATOTOBKN BEK-
ropubix u3oopazxkenuit. METAPOST comepxkut 6Gosbiioe KOmTudecTBo (pyHKIHiA, Opu-
E€HTUPOBAHHBIX HA MEOMETPUYECKHUE MMOCTPOEHUs W IMO3BOJISIET UCIOIB30BATH CPEI-
crea BWTEX s Tekcra u popMys Ha uiuiocrpauusx. JomoJHuTebHoe J10CTOMH-
CTBO BEKTOPHOTO CMIOCO0A MPEACTABICHUS HILTIOCTPAIINI — BO3MOKHOCTH TIPOCMOTPA
MHOTHMH MPOTPAMMaMU, SKCIIOPTUPOBAHUS B Apyrue popMaThl 1 00pabOTKY CyIIie-
CTBYIIMMHU T'PADUIECKUMHI PEJAKTOPAMHU.

TToco6ue mocrpoeno cieayomnmm 06pazom. OHO COCTOUT U3 PA3/IELTIOB, B KOTOPHIX
[OCJIEIOBATEJIBHO PUBOJISATCS PA3IUIHbIE IPUMeEPbL. J1Jisi KaXK 1010 npumMepa mpuBo-
JIUTCST TEKCT TMTPOTPAMMBI, KJIFOUEBhIe MOMEHTHI U PE3Y/IbTAT PAOOTHI: MILITIOCTPAIIUSI.

Bce mponuTupoBaHHbIE PUMEDHI, HE MPWHAJIEKAIINE ABTOPY, UMEIOT CCHLIKY
B Unreprer. Kak npasuno, ouu B3sa1bl ¢ pecypca CTAN (The Comprehensive TeX
Archive Network) [2], a Tak:xe texample [46].

IIpumep enuHCTBA BHIYUCICHI U WITIOCTPUPOBAHUS - 9€PTEXK U3 pyKomucu Ap-
XuMena

Puc. 1: Yeprex us pyromucu Apxumesa



1 Bseepgenne

Bagem nzyuars METAPOST? KakoBa MoTHBaIUs HCIIOAB30BAHUST JOMOJHUTETBHOTO TIPO-
JIyKTa [pPU BO3MOXKHOCTU CO3JIaHusd I'padudeckux (aityioB OrPOMHBIM KOJUIECTBOM CIIO-
coboB?

[Tpu moaroToBKE yUEOHBIX U HAYIHBIX MATEPUAIOB aBTOP UCHOJIb3yeT cucremy ATEX.
B HekoTOpBIX cilyuasix ee UCIOJIb30BAHUE SBJISIETCS JIEJIOM BKYyca, a4 B HEKOTOPBIX - 0bsi-
3aTebHO. B OCHOBHOM TOCTETHUN C/ydail OTHOCUTCS K MaTEeMATHUECKUM W3TAHUIM.
KTEXMoTuBUpYET UCHONB30BAHUE €IUHOTO CTUJISI TOATOTOBKU MaTepuaJia, IIPH 3TOM UJI-
JTFOCTPAITAN UMTIOPTUYIOTCA KaK BHemtHue (baitibl. BBuy Takoro pasieienns BOSHUKAET
npobJieMa eIMHOTO CTHIs OPOPMJIIEHUS TEKCTa U TPaPUKH.

Kpowme Toro, ecm nnmocTpupyercss MareMaTuaecKuii (pakT, 00BITHO B TEOMETPUIECKUX
obpazax, BECbMa XKeJIaTeIbHO, YTOObI UJLTFOCTPAIUS TOYHO OTpazaJja CyTh Bonpoca. 2Ke-
JIATEJILHO, 9TODBI KPUBBIE BTOPOrO MOPS/IKA Ha MJLIFOCTPAINNA OBLIN UMEHHO 3JIAIICAMH,
napabosiamMu u rurepbosiaMi, HOPMaJib [IEPeceKasia KPUBYIO MO HPAMbIM YIVIOM U T.II.
Metku, cTpenku, 0003HAUEHUST YTIOB U TTPOUNit AHHOTATIMOHBIH MaTepuas TaKXKe J0JIKEH
OBITH MPUBA3AH K T€OMETPUICCKUM OOBHEKTAM.

Panbitie aBrop roroBusn wumocTpannn B nakere Matlab, nporpaMMupysi TeOMeTpuie-
CKHe OOBEKTHI U CO3/aBas PUCYHKU. BbIIep:KaTh eIWHBIM CTUJIBL ¢ TEKCTOM TPH ITOM
odeHb HempocTo. O cymecTBoBaHuE 1 BO3MOKHOCTIX cucteMbl METAPOST asrop y3masn
U3 KHUTH 3] ¥ MCHOIB30BAIT ee JIJIs CO3/IaHus UILIFOCTPAIii B IOCOOUY 110 MHTEPBAJILHO-
My anasmsy [4]. Hacrs u3 HEX BOILTA B JaHHOE TTOCOOHE.

Bazxxuaga gepra METAPOST - equHCcTBO reoMeTpun u aHHOTHPOBAHUS, MAHUITYJ/ISIITUS C
SJIEMEHTAMU AHHOTUPOBAHUA U (pparMeHTaMy MOCTPOEHNH KaK IeOMEeTPUYECKUM 00beK-
tamu. [IpuBsiska aHHOTANMH K KAKOUYEBBIM T€OMETPUIECKUM MECTAM IIPU 3TOM BO3HUKAET
ecrecTBeHHBIM 0bpazoM. «MetaPost — 310 mporpamma jjisi TeX, KTO MOXKET 00bsICHUTD
KOMMIBIOTEPY 4UTO OH XoueT. MetaPost upespbiuaiina moneszen misg ciaydaeB, KOTJa Kap-
TUHKY MPOIIE ONUCATH JIOMWYECK!, Hexkesn o6pasHoy [8].

[Mpo METAPOST cyrmecTByeT H60IBITOE KOJTHIECTBO PYKOBOJACTB, MOCOOUHI 1 mMpe3eHTa-
nui HA AHTJIUHCKOM ¥ PYCCKOM s3bIKax. HekoTopslie n3 HUX nmpuBeeHbl B bubmuorpadun
HACTOsIIIEro mocobusi. OrMedy Kypce Juist mKkoaAbEIKOB nipu MI'Y [5]. Ouens moyaurens-
Has MoAOOPKA PUMEPOB JIOCTYIIHA 110 cChlike [6].

B METAPOST wmuHOro ToHKOCTEHl W TEXHHYIECKHX TPHEMOB. B ¢Bs3u ¢ Hasmdamem [1o-
CTYIHBIX MATEPUAJIOB, B TAHHOM MOCODWEM HET CHCTEMATHUIECKOTO M3JIOKEHUT CTPYKTYP
u metooB METAPOST, BunManne CKOHIIEHTPUPOBAHO HA HEKOTOPBIX HGA30BBIX HIESTX U
npuMepax, WLTFOCTPUPYIOMKUX TpuMeHerHne. Takum 00pazoM, 1nejib mocodbus B OCHOBHOM
- IPOMAraHja «4YeCTHOIO» II0/IX0/1a K MJIFOCTPAIIUU: YKeJATeJbHO, YTOObl ULTIOCTPAIns
He TIPOCTO OBbLTA TOX0XKa Ha 00CYXKIAEMBIl 00BEKT, & TOUHO COOTBECTBOBAJIA €MY.



2 Wnanoctpaunn 8 METAPOST

Jna noaroropku mtoctpaimii B METAPOST Hy»KHO MOArOTOBUTE TEKCTOBBIN (hail/
C MHCTPYKIUMAMHU B JII0OOM penakrope. Jlajee ¢ mooMOIIbio yTU/IUTEI MPOSt CO3/1aeT-
ca daiin B (opmare EPS, KOTOPHIN MOXKHO HCIONB30BaTH B mokyMmeHTax KITEX. Ectb
BOBMOYKHOCTH WHTEI'PAITUU 3TOTO MPOIECCA B TPOIMECC OOBITHON OATOTOBKHU JOKYMEHTOB.
Hanpuwmep, B cpene Texstudio [7] ecrb copaBounuk dyukimii METAPOST, a yruimura
MposSt BBI3BIBAETCA W3 MEHIO WJIM C TOMOIIBHIO TPEONPEe/IeIEHHON KOMOMHAIINY KJIABUIII.

OHOTO W TOTO JKe Pe3yabTaTa MOXKHO JOCTHYDL TO-pa3sHOMY. ABTOD He SIBJISIETCS TYPY
METAPOST, u mMHOrOE B mpuMepax CAeMaHO HEONTHMAJbHO U HE CAMBIM 3JIETAHTHBIM
criocobom. MHe ripejicrasiisiercs 6ojiee BaKHBIM, 9TO0BI IIOCTPOEHUE OBLIO TOCTOBEPHBIM,
OCHOBBIBAJIOCH HA MATEMATWYECKUX W (PUBNIECKUX (PAKTAX, OMPEICIIIOMUX TeOMETPH-
TECKUE MECTA.

IIpumep 2.1 ( IIpuBsska MeTok K 0o0bekTaM Ha mirOcTparmsax [1] )
Haumem ¢ camoro Hagasa m pacCMOTPHM 0a30BBIN IPUMEp MHTErPAINN TPAQUKA U TeK-
cra.

beginfig(1);

% pasmMep pucyHka
a=.7in; b=.bin;
% OIOpHHE TOYKH

z0=(0,0);
z1=-z3=(a,0);
z2=-z4=(0,b) ;

/ pucoBaHWe KpUBOH U OTpPe3KOB

draw zl1..z2..z3..z4..cycle;

draw z1--z0--z2;

% MeTKW, NpUBS3AHHHE K LEHTPAM OTPE3KOB
label.top("a", .5[z0,z1]);
label.lft("b", .5[z0,z2]);
dotlabel.bot("(0,0)", z0);

endfig;

Pwuc. 2: Osax [1], Figure 18



Jte Harmero n3/107KeHnd BayKHBI CTPOYKH KOJI3, COJleprKalliie BBIBOJ METOK - label miis
obo3navenust 1osyoceil oBasia. KoopauHarsl pacHoIOKeHUs MOAIUCEHl BEIYUCIAIOTCS K
CepeInHBI IOTyOocel, a PACIIOIOKEeHIe TeKCTa B OJHOM CIydae CIeBa, B IPYTOM - CBEPXY OT
orpeska nojryocu. TakmM obpas3oMm, IpH yBeIHdIeHUN MaciITaba PUCYHKa WM U3MEHEeHUH
COOTHOIIEHUS JJINH OCeil /1nIIca, 0003HAUEHIsT COXPAHST CBOE €CTECTBEHHOE II0JI0KEHNE.

[Tapa beginfig (momep mumocrpanuu B ckpunte) n endf ig obpamiser kox METAPOST.
Jlanee ona me obg3arTesbHO OyaeT TPUBOIUTHCS B KOJIE.

IIpumep 2.2 ( PucoBanue KpuBbIX )

[To omanM 1 TeMm ke HABOPaM TOUEK MOXKHO O-paszHoMy npoBectu Kpusbie. BMETAPOST
€CTh PA3JIMYHBIE CIIOCOOBI PErYIUPOBKN KPUBUZHBI.

beginfig(1);

% pasmMep pucymHka
a=.7in; b=.bin;
% OIOpHHE TOYKH

z0=(0,0) ;
z1=-z3=(a,0);
z2=-z4=(0,b) ;

% puCOBaHME KDUBBHIX

draw zl..z2..z3 dashed withdots;

tension_val=2;

draw zl..tension tension_val..z2..tension tension_val..z3;
c=2;

draw zl{curl c}..z2{curl c}..{curl c}z3 dashed evenly;
endfig;

Puc. 3: PerynupoBka KpuBu3HBI KPUBO, TIPOBEICHHON Yepe3 3 TOUKH

Toukavu gan cayvait 3HAYEHUI <TI0 YMOTIAHUIOY, ITO AAET OKPYKHOCTb. Peryinpos-
Ka ¢ TOMOINIBIO ITapaMeTpa tension — CIJIOHIHASA JIMHUS, C IOMOIIBIO CUrl — MITPUXOBad.



IIpumep 2.3 ( Boraucaenue nepecevenuii upsimoix [3] )

Samegareabras Bo3MoKHOCTE METAPOST BOBMOXKHOCTE peIiennst CHCTEM yPaBHEHUH
«Ha JIETY» JIJIs OTPEJIeIeHNe TeOMETPUIECKUX MeCT. B JaHHOM MpuMepe BLIYUC/ISIIOT-
CA TOYKHU MEPECEUEHNS BHICOT TPEYTOJbHUKA U MPOTUBOJIEKAMMNX cTopon. Hampumep, B
KOHCTPYKIIAT

aa=tl[b,c]; (b-c¢) dotprod (a-aa)=0;

BBIUHCTsIETCS TOUKa A1 mepecedennst croporsl BC HOpMaIBIo, TPOBEACHHO 13 ToUKH A.
HeuzBecrras t) mapaMeTpuyaecku 3aaeT mogoKenne 109k A1 Kak gosum orpeska BC.

C

By
Ay

A cr B

Puc. 4: Boicorsr Tpeyrosbanka [3], Puc.M.1

u:=1 cm;

% obbaBreHue HepeMeHHHX - TO4YEeK Ha IIJIOCKOCTH
pair a, b, ¢, aa, bb, cc;

numeric t[];

% OIOpOHBIE TOYKU

a:=(0, 0);

b:=(5u,0);

c:=(3u, 3.5u);

% cucTeMa ypaBHeHWN HAjd BHYNCIEHUS NONOXeHus Todek Al, Bl, 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;

% pucoBaxume

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

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

% MeTRu

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);

10



label.ulft(btex $B_1$ etex, bb);
label.bot(btex $C_1$ etex, cc);

B obo3navenun mMerok ucrmonb3yerca LIEX. DTo 3a1aeTcs KIIOUEBBIME CI0BAMU btex
7 etex, MEeXKIy KOTOPBIMHU fdelicTByeT cuuaTakcuc KIEX.
|

IIpumep 2.4 ( IlocTpoeHue KpuBOJIUHEHHON ceTKH )

[Moctpoenne cerku. Ilycts 0b1acTh orpanuderHa KPUBOil - CIJIONIHAS JUHNA. Boioupa-
eM Ha Hell TOYKU U CTPOUM KPHUBBIE [0 HOPMAJISIM B 3THUX TOYKaxX. VCXOIHYIO KPHUBYIO
MacHrabupyem ¢ yMEeHbIIIEHUEM.

p = zl..z2..z3;

draw p;

lp=length(p);

zb = point 0.251p of p;

z6 = point 0.751p of p;

draw z5{-1,-1}..z6 dashed evenly;
draw p scaled 0.75;

z7 = point 0.1251p of p;

z8 = point 0.8751p of p;

draw z7{-1,-1}..2z8 dashed evenly;

Puc. 5: Tllocrpoenne kpuBoimHEHHOM CeTKI

[Monyuaem pasbuenne 061aCTH CUCTEMOI B3aUMHO OPTOTOHATBHBIX KPUBbIX.

IIpumep 2.5 ( Boigenenune 3aMKHYTBIX 00JIacTeii U UX 3aKpacKa, KPUBOJIUHEI-
Hble crpesiku [9])

Brinesnenne 3aMkHyTBIX obstacTeit buildcycle u ux 3aKpacka:

areal = buildcycle(pl, E1, p2);
area2 = buildcycle(p3, E1, p4);
fill areal withcolor red+green;
fill area2 withcolor red+green;

11



KPUBOJIMHERHBIE CTPEJIKK - 9acTh o0bekTa E2, subpath:

drawarrow subpath (t3, t4) of E2;
drawarrow subpath (t1, t2) of E2;

Cam obbekT E2 mostyuen maciirabupoBanueM oBaJia obbekTa El

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

Becy mpumep:

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

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

path E[], pll, areall;

El= fullcircle xscaled a yscaled b;

E2 = E1 scaled 1.1;

pl = sun -- (buxdir(8) shifted sun);

p2 = sun -- (4uxdir(28) shifted sun);

p3 = sun -- (2uxdir(75) shifted sun);

p4 = sun -- (1.75u*dir(150) shifted sun);
areal = buildcycle(pl, E1, p2);

area2 = buildcycle(p3, E1, p4);

fill areal withcolor red+green;

fill area2 withcolor red+green;

draw pl; draw p2; draw p3; draw p4; draw El;
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

tl = ypart (pl 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);

12



Baxo, 9T0 KpHBOJIMHEHHbIE CTPEIKN CyTh MACIITaONPOBAHHBIN (DPArMeHT BbIIEIIEMOT0
obbekTa. To ecTh 3TOT MpUEM TOAUTCA Jis A1000# GOPMBI KPHUBO#, 9aCTh KOTOPOI HAIO
BBIJIEJTUTH Ha, BBIHOCKE. |

ITpumep 2.6 ( Merka Ha KpuBosuHelHO# obsactu [10])

ITociies Bbljesenusa 3aMkHyToit obstactu buildceycle u cozjjanus TpPaekTOpUn pp, CO-
3j1aeTcs 00bekT label Tuma picture:

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

B zakpamennom obbexkre Komanaoi unfill yerpaHaeTca 3aKpacKa 1o pasMepy label u
OH IIOMEIIAETCHA HA OCBODOXK IEHHOE MeCTO.

unfill bbox lab; draw lab;

Puc. 7: Ilomerka obractu [10]

h=2in; w=2.7in;

path p[1, qll, pp;

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

plil = (w/ii,h){1,-ii}...Gw/i,h/i)...(w,h/ii){ii,-1};
endfor

q90.5 = (0,0)--(w,0.5h);

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

pp = buildcycle(q0.5, p2, ql1.5, p4);

fill pp withcolor .7white;

z0=center pp;

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

unfill bbox lab; draw lab;

draw q0.5; draw p2; draw ql.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 ql.5);
dotlabel.bot(btex $3$ etex, p4 intersectionpoint g0.5);

Mertka kpuBomHeHOM 06,1aCTH B IPUMEPE PACIIOIOKEHA TI0 TEHTPY TPAMOYTOIbHIKA,
B KOTOPOM TIOMEITAETCS 06J1aCTh. |

IIpumep 2.7 ( O6pa3oBaHme MHOXKECTBA TEPECEYECHUEM HECKOJIBbKUX IOJIOC.
Orpanngenue obsiactu pucosanus [4])

[Ipumep Hay4dHON WILTIOCTPAIINN - PEIIeHue TepeolpeIeleHHON CHCTEMBI YypaBHEHNH ¢
VHTEPBAJIBHO 33JaHHBIMU JAHHBIMA. PUCYIOTCS OCH, 3 MOJIOCHL, 6 TOYEK MX MepecevueHms
33/1AI0T UCKOMO€ MHOZKECTBO, KOTOPOE 3aKPalllnBaeTCd MOHOXPOMHO.

A
x1 + x2 = [0.9,1.1]
1 I I
[} [}
[} [}
[} [}
| |
] ]
] ]
} [}
[} [}
_________ U N —
[ }
N [ |
S | ]
| |
_________ .-
} [}
} [}
| |
] ]
] ]
[} [}
} }
[} [}
0 T 1

Puc. 8: Ilepecedenne Tpex mosoc

beginfig(1);

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

% mepeMenmbe

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

pair k, 1, m, n, o, p, 9, ¥, S, t;

numeric Box_size;

/» OIOpHHE TOYKM ¥ PHUCOBAHWE HAKJIOHHOHN IOJIOCH
Box_size:=50;

A:=(0,45uy); B:=(0, 50uy); C:=(5ux, 50uy);
D:=(50ux, buy); E=(50ux, 0); F=(45ux, 0);

fill A--B--C--D--E--F--cycle withcolor .95 white;
% Tmopmucu ocell W ypaBHEHWE OJHOM M3 IOJOC

Cx:=E; Cy:=B; Cxy:=(xpart Cx, ypart Cy); Oxy:=(Oux, Ouy);
label.1ft(btex $ 1 § etex, Cy);
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label.bot(btex $ 1 $§ etex, Cx);
label.11lft(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.1lft(btex $\displaystyle x_1+x_2 = [0.9, 1.1] § etex, (b5ux, 5buy));
/i TOUKE 6-yrONBHMKA K PHCOBAHUE COPU3OHTAIBHHI ¥ BEPTUKANBHON IOJNOC
k:= (0.4[0xy,Cx]--0.4[Cy,Cxy]l) intersectionpoint (A--F);
1:= (0.4[0xy,Cx]--0.4[Cy,Cxy]l) intersectionpoint (C--D);
draw (0.4[0xy,Cx]--0.4[Cy,Cxy]) dashed evenly;
= (0.6[0xy,Cx]--0.6[Cy,Cxy]l) intersectionpoint (A--F);
= (0.6[0xy,Cx]--0.6[Cy,Cxy]l) intersectionpoint (C--D);
draw (0.6[0xy,Cx]--0.6[Cy,Cxy]l) dashed evenly;
0:= (0.4[0xy,Cy]l--0.4[Cx,Cxy]) intersectionpoint (A--F);
p:= (0.4[0xy,Cyl--0.4[Cx,Cxy]l) intersectionpoint (C--D);
draw (0.4[0xy,Cy]l--0.4[Cx,Cxy]) dashed evenly;
= (0.6[0xy,Cyl--0.6[Cx,Cxy]l) intersectionpoint (A--F);
= (0.6[0xy,Cy]l--0.6[Cx,Cxy]l) intersectionpoint (C--D);
draw (0.6[0xy,Cy]l--0.6[Cx,Cxy]) dashed evenly;

Toukm mepecedenns TPAMBIX HAXOAATCA ¢ TOMOIIBIO KOHCTPYKIINY intersectionpoint.

= (k--1) intersectionpoint (g--r);

= (o--p) intersectionpoint (n--m);
fill o--k--s--r--n--t--cycle withcolor .8 white;
endfig;

IIpumep 2.8 ( [ABa pucyska psgom [4])

[Tpomonkerne mpeabIIyIEero TpuMepa 2.7, WITIOCTPUPYIONINI TEXHUKY KOTHPOBAHUST
JaCTH WLAIOCTPAINN /I MOIU(PUKAIIAN

DparmMenT KOma, OMUCHIBAIONINI TTEPEHOC KAIOYEBhIX TOUEK JIEBOTO PUCYHKA BIPABO C
ITOMOIIBIO «BeKTOpa» Move min myTeM j0baBKM mpoekinu xpart Move mim oneparopom
shifted:

pair AA, BB, CC, DD, EE, FF;
pair CCx, CCxy, CCy, 00xy;
pair Move;

% BerTOp mepeHoca
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x1 + 29 = [1.9,2.1] z1 + 23 = [1.6,2.4]

)

b _ o ____]

e ccccceed e e - - - -
e _ _ _ _____ ]

T2
S P B i p————

0 T1 2 0 T 2

Puc. 9: JIpa pucynka psmiom

Move:=(70ux, Ouy);

i mepeHOC Ha NPOEKILWD Xpart BEKTOpa IepeHoca

AA:=(O+xpart Move,40uy); BB:=(O+xpart Move, 50uy); CC:=(1lOux+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;

AnBTepHATHBHBIN «BEKTOPHBINY CIIOCOH TEPEHOCA JTMOPHBIX TOYEK U HATaIa, KOOPIUHAT.

CCx:=Cx shifted Move; CCy:=Cy shifted Move;
CCxy:= Cxy shifted Move; 00xy:=0xy shifted Move;

Eciu 6b1 06bexT He HAJIO OBLIO U3MEHSTH, €10 MOXKHO ObLIO OBl CKONUPOBATH KAaK TEKY-
U PUCYHOK, KaK IMOKA3aHO B CJAEAYIOMIEM IIPHMeEpeE. |

IIpumep 2.9 ( UcnoabzoBanue rpancdopmanuu. Orparkenus o6bekTa OTHO-
CUTEJIBHO TIPSIMOi)

Hyxm0 HeCcKOSBKO pa3 oTpa3uThb 0OBLEKT OT OCeii.
Crpoutcst 00beKT U COXPAHSIETCS KaK TEKYIUi PUCYHOK pic:=currentpicture:

pair 00, A, B, C, D;

00:=(0ux,Ouy); A:=(30ux, 40uy); B:=(40ux, 30uy);
draw 00--A--B--cycle;

picture pic;

pic:=currentpicture;

Crpontca orpe3ok 0C 1 OTHOCUTETHHO HETO TPOU3BOIUTCA OTPANKEHNE TEKYIITETO PUCYHKA
pic:

% vertical line to reflect
C:=(0ux,60uy) ;
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Puc. 10: Orpaxenus Tpeyrosbanka ot npambix OC u OD u OC

draw (xpart C, -ypart C)--C dashed evenly;
pic:=pic reflectedabout (00, C);

draw pic;

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

[TocTpoenne «KPUBBIX» CTPEIOK C 33, IaHWEM HAITPABJIeHNs KacaTeabHbIX left, down,
. B KOHTPOJIbHBIX TOYKaX:

drawarrow (5ux, 46uy)..(Oux,49uy){left}..(-bux,46uy){down}.. (4ux, 44uy);
drawarrow (-46ux,buy)..(-49ux,Ouy){down}..(-46ux,-5uy){right}.. (-44ux, 4uy);

IIpumep 2.10 ( KacarenbHasi K KpuBoii u oneparop whatever [10])

Kpusas ¢ 3amaerca aByMs TOYKAMU M KacATEIbHON B mepBoit Touke. HyxHo mpowmt-
JIIOCTPUPOBATH TTOCTPOCHNE KACATEIBHON B TOYKE KPUBOIL.

path c;

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

% BEHOOP TOYKM IOCTDPOEHUS

t:= 0.4;

pair P[];

Pl= point t of c;
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Puc. 11: KacarenbHasg K KpuBoit

dx:= 60 ux;

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

P4 = P1 + (dx,0);

P3 = P4 + (0, dy);

P2 = ¢ intersectionpoint (P4 -- P4+(0, 100uy));
draw P1--P4--P3--cycle;

draw P2--P3;

[MTapamerp 3amaer BeIWYMHY KacaTeabHON K Kpupoil €. Touka Ha KPUBOH C TakwM
3Ha4YCHUEM JaeTcd KOHCTPYKIuei

Pl= point t of c;
g 3a7aHE0T0 IpHUpaIieHnd dx HaXOAuTCs Ipuparrenne dy:

dx:= 60 ux;
(dx, dy) = whatever * direction t of c;

IIpumep 2.11 ( BpaineHne eIMHUYHOrO KBajpaTta ¢ YBeJUYEHHEM pa3Mepa u
U3MEHEHEHHEM PAINyCca OKPY>KHOCTH)

Ornuiiem BpallieHue eIMHIIHOTO KBaJpaTa C YBeJIHYeHUEM pa3Mepa U U3MeHEeHeHWeM
pazuyca oxkpy2kHOCTH. VCX0OMHOE TTOI0KEHNE U TTAPAMETPhl M3MEHEHUA Pa3MEpPOB U y/a-
JIEHUS OT TEHTPA 3a/IaeTCs CJETYOIUM 06pa30M:

scale=10ux;

R:=bscale; % Circle

theta0:=-30; % Rotation step
reduction:=0.9; % Reduction by step
R_step=1.1; J% Radius by step

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

Puc. 12: Bparrenune kBaaparta ¢ yBeJIUUeHNEM pa3Mepa U VIAJeHUd OT [IeHTPa BPAIeHNs

CobCTBEHHO JBUXKEHUE 331a€TC [TUKIOM:

for n=1 upto 11:

last_center:=center;

theta:=-30*n;

factor:=factor*abs(1/cosd(thetal))*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;

B KOTOPOM TpaHchOpMalus U M0JI0KEHNE 00bEKTA BBIIUCAHBI B OJIHY CTPOUKY:

draw unitsquare scaled factor shifted (-0.5factor, -0.5factor)
shifted (R_step*R*cosd(theta), R_step*R*sind(theta));

DTOT npuMep B yTpUPOBaHHO Ipyboii (popMe mepesaeT KapTuHy, TIUYHYIO JIJI Pacyie-
TOB C IOTepell TOUHOCTBIO U OTKJIOHEHHWEM OT MCTHUHHOIO DeIleHus, TAKUX Kak Oa3oBas
dopma Meroga Ditaepa mys pernerus audpepeHIuabHbIX YPABHEHUI ¢ HAYAJIbHBIMEI
YCJAOBUAMM.

IIpumep 2.12 ( Bpamenue o6bekTa ¢ yBeJU4eHNEM pa3Mepa - UCIOJIb30BaHUe
IMKJIA )
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[IpeacraBuM CHUTyaImio, KOIa IPH KazkKIOM IIOBOPOTE OOBEKTa IIPOUCXOINT <«Iepe-
OreHKa» ero pasmepon. Hampuwmep, on 1o/2keH ObITh BOKUCAH B IPAMOYTOJbHUK. B Ta-
KOM CJTy4ae Iocje TpancOopMaITiHi ero HeoOX0 MO [IOMECTHTb B «KJIETKY». JLj1s1 ommca-
HUA MEHAMAJIBLHOTO pa3Mepa KJIETKH €CTh BCTPOEHHBIE aTpuOyThl KAPTUHKHU: llcorner,
ulcorner, urcorner lrcorner u CAEAYIONIAss KOHCTPYKIUsI OMUCHIBAET HEOOXOIUMYIO
KJIETKY»:

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

Puc. 13: Bparmenne kBaipaTa

IMonnast KapPTHHA OIIHUCHIBACTCA TUKJIOM:

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;

plil :=currentpicture;
currentpicture:=nullpicture;
endfor;

for i=1 upto 11:

draw pl[il;

endfor;

B KOTOPOM Ha KaKJOM Iare TeKyiee n300parkeHne 3alruChiBAETCd B MACCUB U OOHYJIS-
ercd:

plil :=currentpicture;
currentpicture:=nullpicture;
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ITpumep 2.13 ( Ucriosib30Banue onpenesiennii [33])

Haiinem nepecevenue aByx 06bekToB ipuMepHo Kpyriioit ¢opmet. Ilycts Takas dopma
COB/IAETCsl BpAIlEHNeM TOYKH 110 OKPYXKHOCTU PAJUYyCa T C OTKJIOHEHUM OT UJI€ATHHOTO
110JI02KeHUs Ha cay4daiinyto Besinyuny (uniformdeviate w, uniformdeviate w). Takyto
QYHKIMOHAIBHOCTH TIPU CMEIEHUH [IEHTPA BIIPABO MOXKHO onucarh dyHKIneir vardef
randomcirc(expr 0, r, w) ciaeayrmuM o6pa3oM:

vardef randomcirc(expr 0, r, w) =
save p,i; pair p; numeric ij;
p=0+right*r;

p for i=1 upto 9: .. (p rotatedaround(0, 36i))+(uniformdeviate w, uniformdeviate w)
endfor .. cycle
enddef;

3a/1aB aHAJIOTUYHO «JeByi0y durypy vardef randomcircbis(expr 0, r, w),
MOZKEM OPTaHM30BATh MOCTPOEHUE WX mepecedenus: patd = buildeycle(pat0, pat3):

aa

Puc. 14: UcnonpzoBanue onpeeienmit

u:=10pt;

vardef randomcirc(expr 0, r, w) =
save p,1i; pair p; numeric ij;
p=0+right*r;

p for i=1 upto 9: .. (p rotatedaround(0, 36i))+(uniformdeviate w, uniformdeviate w)
endfor .. cycle

enddef;

A
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vardef randomcirc_bis(expr 0, r, w) =
save p,1i; pair p; numeric ij;
p=0+leftx*r;

p for i=1 upto 9: .. (p rotatedaround(0, 36i))+(uniformdeviate w, uniformdeviate w)
endfor .. cycle

enddef;

b

path pat([];

pair pll;

p0:=(0,5u); p3:=(-8u,0);
patO:=randomcirc(p0,8u,.5u);
pat3:=randomcirc_bis(p3,5u,0.4u);
pat4 = buildcycle(patO, pat3);

fill pat4 withcolor red;

draw patO; draw pat3 dashed evenly;

IIpumep 2.14 ( IlepecedyeHue TpaeKTopuii, NCHOJIb30BAHKE intersectiontimes

[34])

B METAPOST mpu Hax0oXAeHUN T€OMETPUIECKOT0 MECTa [TEPeCEeUeHrs ABYX MapaMeT-
DH30BaHHBIX 0OBEKTOB (MpsiMast, KPUBas) MOXKHO ONPEJIETUTH HapaMeTpPhI ¢ MOMOIIBIO
KOMaH/Jbl intersectiontimes

Hiinem oxHO u3 nepecevuennit uaroHaseil IpsMOyroJbHIKA U KPYTa, HAXOILAIIETOCS Ha,
nepecedennn Juarorajeit. Co3ma UM JOMOJIHUTEIbHBIA TPEYTOJbHUK, OJIHA, U3 BEPIIUH
KOTOPOTO HAXOAWTCS B IEHTPE KPYTA.

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;

Permenve ¢ nomornpio 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);

Pemrerne ¢ momormpio intersectiontimes

numeric t, u;
pair pt;
(t,u) = circle intersectiontimes triangle;

Puc. 15: Tlepecedenne TpaexkTopuii

B BeIpakenun
(t,u) = circle intersectiontimes triangle;

BesimanHbl (t,u) - CyTh IapaMeTpbl KPyra M TPEYrOJbHUKA, COOTBETCTBYIOIINE DpEIlle-
muto. Ha pucynke 15 curum u 3e1€HBIM I[BETOM MTOKA3aHbI YaCTH KPYTa W TPEYTOIbHUKA,
COOTBECTBYIOIINE JUANA30HAM M3MEHEHHS IapaMeTpoB KpubbhiX (t,u) B npexenax 10%
U3MEHEHUN 9TUX [1apaMeTpPOB.

draw subpath (0.9t,1.1t) of circle withcolor blue;
draw subpath (0.9u,1.1lu) of triangle withcolor green;

CyIecTByeT erre MHOXKECTBO MOIITHBIX W 3JIETAHTHBIX MpueMoB paboTsl ¢ METAPOST.
Omu gocrarouno xoporo gokymenruposanst [9], [10], [8]. Penozuropuit METAPOST anst

IATEX- pecype CTAN [2].
IIpumep 2.15 ( PucoBanue nosepxuocru [9])

Hecwmorpst na o, ato METAPOSTopuentrposan na pucosanne 2D-nnmocTpanunit, Mox-
HO mepeiiTu u B TpeThe m3mepenne. PaccMoTpuM mpumep i MOBEPXHOCTH

2(a,y) = cos(x - y)

ObbsBiieHne mepeMeHHbIX, 6A30BOTO 1IBETa, TOUKKM HAOTIOIEHUS (XD, VP, ZD) W CUCTEMBbI
orcuera (Xr,Yr,7Zr) :
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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 = 1lcm;

xp = 3; yp := 3; zp := 5;
bf := 30;

base_color := red+green;

% 0, Xr, Yr, Zr : reference frame
pair 0,Xr,Yr,Zr;
0 = (0,0);

Xr = (-.7,-.7) scaled u;
Yr = (1,0) scaled u;
Zr = (0,1) scaled u;

Pucosanne cucremsbl KOOpAWHaT:

vardef frameXYZ(expr s) =

drawarrow 0--Xr scaled s;

drawarrow 0O--Yr scaled s;

drawarrow 0--Zr scaled s;

label.1llft(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;

Ot 3D-koopaunar K 2D. Beruucienune 4acTHBIX TPOU3BOIHBIX 110 T U 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;

Boruncaenue SAPKOCTU B Y3JIaX CETKW OT MCTOYHUKA CBETA:

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(l+dfxxdfx+dfy*dfy);

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

enddef;

Brraucienne OBETOB U PUCOBAHUNE <«3aIlJIATOK»:

vardef z_surface(suffix f)(expr xmin,xmax,ymin,ymax,nx,ny) =
numeric dx,dy,xt,yt,zt,factor[]1[];
pair Z[1[1;

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[i1[j] = project(xt,yt,zt);

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

endfor

for i = 0 upto nx-1:

for j= 0 upto ny-1:

£i1l Z[i1[j]1--Z[i]1[j+1]--Z[i+1] [j+1]--Z[i+1][jI--cycle
withcolor factor[i] [j]l*base_color;

endfor

endfor

enddef;

O6bsiBnenne 1e1eBo#t (pyHKINHU, 06/1aCTH ONIPEIe/IEHNs] TIEPEMEHHBIX, YUCJIa Y3JI0B CET-
KW, TTOJIOXKEHNS MCTOYHUKA CBETA, APKOCTH u Maciiraba - puc. 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(xxy) 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

z = cos(xy)

Pwuc. 16: @yarmusg aByX mepeMeHHbIX

B wutore, momyuniack HeobxoauMas TMOBEPXHOCTH. YCIEX TOCTUTHYT, HO KOJ, KOHEYHO,
6osbioii. OcobeHHO 9TO BayKHO B TEX CIyYasix, KOTJA HYKHO TOA00PaTh PACIOJIOKEHTE
HCTOYHUKA OCBEIIEHNS U YTOJ 3PEHNUd. |

3  Featpost - 3D-Pacwwnperune Metapost

Jutst 6OABITMHCTBA WILTIOCTPAIAN B TTOCOOMAX aBTOpa moctaTouno 2D-uwmmroctparmuii. s
TpexMepHbIX n3obpazkenuii cymecrsyer 3D-pacmmpenne METAPOST- FEATPOST [16].
DTO 0YEHb MOIIHOE CPEJICTBO, K COXKAJIEHUIO, HE UMEET YI00HON CIPABOYHON CUCTEMBI.

[Monkmouenne BosmoxuocTeit FEATPOST npoussoguTcs mobapaenneM B mpeambyry
JTOKYMEHTa BBI30BA:

input featpost3Dplus2D;

[Mockoabky nexoanast dpunocodus METAPOST asymepra, Heo6X0muM 00HEKT, MMEFOTITIH
TPHU KOMITIOHEHTHI [IjTs1 Onucanust npoctpancrenubix Benund. B FEATPOST ucnosibsy-
eTCst BCTPOEHHbI! Tuil color:

(red,green, blue)

HpI/I 9TOM 3HAYCHUA KOMIIOHEHT MOT'YT MMETH NMPOU3BOJIBHBIC 3HAYCHN .

ITpumep 3.16 ( IIpsamsbie, crpenkn, konyc B Featpost [17]. )
PaccMOTpEM MOCTpOeHre KOHyCa U AHHOTAIIMIL:
Pucosanue npamoit u crpesiok 3D

draw rp(colorl)--rp(color2);
drawarrow rp(colorl)--rp(color2);
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Puc. 17: Konyc

Pucosanue xonyca [16]
verygoodcone (ShadowOn,basecenter,basenormal ,reflen,vertex);

[Tapamerpn basecenter,basenormal ,vertex uMmeror Tum color.
[Tapamerp ShadowOn OyseB, ynpaBiageT BUIUMOCTHIO |

IIpumep 3.17 ( 3 Buga nepcrnekTussbl - Kyouku [26]. )

Oyuriusg makeface co3gaer rpadb u3 Touek V. @yHKIN makeline co3daeT JUHUIO U3
TOouek V.

f:=(1.2,20, 1.6 );
Spread := 75;

Vi = (1,1,1);

V2 = (-1,1,1);

V3 := (-1,-1,1);
V4 = (1,-1,1);
Vs := (1,1,-1);
V6 := (-1,1,-1);

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

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

makefacel(1,2,3,4) ;makeface2(5,6,7,8);
makeface3(1,2,6,5) ;makeface4(2,3,7,6);
makefaceb5(3,4,8,7) ;makeface6(4,1,5,8);
makelinel(1,7) ;makeline2(2,8);
makeline3(3,5) ;makeline4(4,6);

[TenTpanbHAS TPOEKITHST:

beginfig(2);

ParallelProj := false;
SphericalDistortion := false;
draw_all_test (true);
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endfig;

Puc. 18: cube central central

[TapanmenbHas TPOEKITNA:

beginfig(1);

ParallelProj := true;
SphericalDistortion := false;
pickup pencircle scaled 1pt;
draw_all_test (true);

endfig;

Puc. 19: cube perspective parallel

Cdepudeckas mpoexkmnust:
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beginfig(3);

ParallelProj := false;
SphericalDistortion := true;
PrintStep := 5;
draw_all_test (true);

endfig;

Puc. 20: cube spherical parallel

IIpumep 3.18 ( 3 Buga nepcuneKTusbl - npoekmu [25]. )

Ob1ee noctpoenne. Touka dokyca f, mepemeHHble, pa3MePbl Y€THIPEXYTOJTBHUKA

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,

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;

[InockocTn m TPOEKITHS:

psdv = N( (-Y(psdf), X(psdf), 0) );
psdu = ncrossprod( psdf, psdv );
pll = projecplanesize*(-aspectratio*psdv-psdu);

plr = projecplanesizex*(+aspectratio*psdv-psdu);
pur = projecplanesize*(+aspectratio*psdv+psdu);
pul = projecplanesizex*(-aspectratioxpsdv+psdu);

projecplanepath = rp(pll)--rp(plr)--rp(pur)--rp(pul)--cycle;
pc = positfraction*psdf;

rll = pc+sizefraction*projecplanesizex(-psdv-psdu);
rlr = pc+sizefraction*projecplanesize* (+psdv-psdu);
rur = pc+sizefraction*projecplanesizex(+psdv+psdu);
rul = pc+sizefraction*projecplanesize*(-psdv+psdu);

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

[TapaJinenbHass TPOEKITHS:

Puc. 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
path

= rp(rul-pc);
projpath;

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

draw
draw
draw
draw
draw
draw
draw
draw

projpath withpen projpen;
prll--rp(rll+(1-positfraction)*psdf)
prlr--rp(rlr+(1-positfraction)*psdf)
prur--rp(rur+{l-positfraction)*psdf)
prul--rp(rul+(1l-positfraction)*psdf)
rp(black) --rp(psdf) withpen lightpen;
rp(black) withpen dotpen;
rp(psdf) withpen dotpen;

label.rt( btex f etex, rp(psdf) );
% label.bot( btex viewcentr etex, rp(black) );
endfig;

[MenTpanbHAS TPOEKITHST:

withpen
withpen
withpen
withpen

lightpen;
lightpen;
lightpen;
lightpen;

Puc. 22: perspective central

Cdepudeckas mpoexmust:

Puc. 23: perspective spherical
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4 DnemenTbl Metapost 8 Python PyX

METAPOSTBuroxHOB/IsIET paspaboTIMKOB paspadarbiBarh MOX0XKue cpejpcrsa. Hamnpw-
Mep, A3BIK BeKTOpHO} rpacduku Asymptote |[11]. D10 Gosee cOBpeMeHHBII I3bIK BEKTOD-
HO# TpadUKM, OpUEHTHPOBAHHBIN Ha UCTOIb30BaHue ¢ C++ u Python u pacmupeHHBIN Ha
3D-rpaduky. Tlo cymecTBy, Asymptote - mommasa ambrepuHarnsa METAPOST. B cra3u
C 9TUM, PACCMOTPHUM 0oJiee JaCTHBIE BO3IMOXKHOCTH.

IIpumep 4.19 ( Kpussie B ctusie METAPOSTsB PyX [13])

Bubnworka PyX mo3BosisieT CTpOWThH pasjndHble TPUMHUTHBLI BEKTOPHOH TpaduKn.
[Tpumep ma kpusbie Besne, orkpbiThie (openpath) u zamkuyThie (closedpath).

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

pl, p2, p3, p4, pb = (0, 0), (2, 1.33), (1.3, 3), (0.33, 2.33), (1, 1.67)
openpath = metapost.path.path([

beginknot (*pl), tensioncurve(), smoothknot(*p2), tensioncurve(),
smoothknot (*p3), tensioncurve(), smoothknot(*p4), tensioncurve(),

endknot (*p5)]1)

closedpath = metapost.path.path([

smoothknot (¥pl), tensioncurve(), smoothknot(*p2), tensioncurve(),
smoothknot (*p3), tensioncurve(), smoothknot(*p4), tensioncurve(),
smoothknot (¥p5), tensioncurve()])

¢ = canvas.canvas()

for p in [pl, p2, p3, p4, p5l:

.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)1)
c.stroke (openpath)

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

(¢}

[Tocse mocTpoenms, MPOITECC 3aBEPIIACTCS COXPAHEHIEM PE3Y/ILTATA B OAUH U3 (DOPMATOB:

EPS, PDF wmu SVG.

c.writeEPSfile("metapost")
c.writePDFfile("metapost")
c.writeSVGfile("metapost")

ITpumep 4.20 ( Ipyxkunbl 1 napaJsensHble Kpusble B PyX [14])

Onmoit m3 BosMoxkHOcTel PyX aBasgercs MoanduKaiis TMeOIMUXCs TPUMATHBOB. Ta-
K¥e TTpeobpas3oBaHmsT HAZKIBAIOTC JeOPMAIITMT
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Puc. 24: Kpusnie 8 ctuie METAPOSTs 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))

B wacTHOCTH, B TAHHOM CTPOSTCS IBE KPUBBIE, MapAJIeIbHbIE OKPYXKHOCTH, 33 JaHHOM
BBIpaxKeHWeM springcircle = path.circle(0, 0, r).

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

CobcTBenno 6a30Bast OKPYKHOCTb springcircle He OKa3aHa Ha PUCYHKe, OHA IIPOXO-
auT gepes meHTpbl Mace. OTobparKkeHbl «1eOPMUPOBAHHBIE» OKPY2KHOCTH, C OTCTYIIOM
Hapy»XKy W BHYTDH Ha rct+eps.

|
IIpumep 4.21 ( ¥3zen B PyX [15])

[Tpumep y37a ¢ umoabp30BaHuEM MaPAJLIEILHBIX KPUBBIX. Ba3oBas KpUBad.
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Puc. 25: IIpyxunsl n mapasnenbable Kpubble PyX

from pyx import *

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

dist = 0.15 # paccTogHNE MEXIy KaHaTaMH

thick = 0.08 # TonmmmHA KaHATOB

llocTpoenne 6a30BOH NMHEM KaHATA. ITO KpHBAad JIeXamas MEXAY HUMH.

1.0, 0.1 # Touka, rJle 3aKaHYUMBaeTCd IpaAMad YaCThb KaHaTa K HAYUHAETCA y3en
=1.3, 0 #
= -0.8, -0.1 # manpasnerme B TOuKe A
= 0.3, 1.2 # HanpaBmeHne B TOYKe B
TOYKHU

ts = [

( A[O]-t[0], A[11-t[11), ( A[O] , Al1] ),

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

(-B[0] ,-B[1] ), (-B[0]l+s[0],-B[11+s[1]),

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

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

(-A[0] ,-A[1] ), (-Af0]+t[0],-A[1]+t[1]) 1]

# BazoBas kKpuBas

seam = path.path(

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

path.lineto(x(pts[11)),

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]1[0],pts[6]1[1],pts[7]1[0],pts[7]1[1]),

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

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

# Hebombmoe crmaxmBaHWe IJd Ny4lEr0 COTIACOBAHUMA curveto m lineto

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

TOYKa, rfe y3en 3arubaeTcd, HAKpHBAA IPAMYKH YacCThb

Lol -/, B S vo I &3

Haxmect kamaros

# The ropes, when drawn later, will have to overlap in a very specific way.
1 = seam.arclen()

34



Puc. 26: ¥V3en B PyX

epsilon = 0.002%1 # Manoe NepeKpHTHE CETMEHTOB

seam_segs = seam.split([0.28*1l+epsilon, 0.28*l-epsilon,
0.42%1+epsilon, 0.42%l-epsilon,

0.58*1+epsilon, 0.58+*l-epsilon,

0.72*x1+epsilon, 0.72xl-epsilon])[::2]

# Jnd KaXJOTo CerMeHTa, ABE CMEUEHHHX TPAeTOPHK CTPOAT TPAHUNL KaxAoll BepeBKH
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[-1].append(

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

# ropes_segs - 3TO CIONCOK CEIMEHTOB, COLEpXauuil CIHCOK KAaHATOB, KAXIHN K3 KOTOPHX COLEPXHUT
rope_colors = [color.rgb.blue, color.rgb.red]

c = canvas.canvas()

# IloCKONBKYy CerMeHTH ZIOJIXKHH IIE€PEKDPHBATLCA BIOJHE OIPEOENSHHHM o6pasoM
# Ml ZOJXHH HApPHCOBAThb UX B NPABUIbHOM IOPALKE

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

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

seg = rope_segl0].joined(rope_segl[l].reversed())
seg.append(path.closepath())

c.fill(seg, [coll)

c.stroke(rope_segl[0], [style.linecap.round, style.linejoin.round])
c.stroke(rope_seg[1], [style.linecap.round, style.linejoin.round])
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5 Hayu4Hble n TexHuyveckne npunoxeHns METAPOST
B zakstouenue pacemorpum mHexkoropeie npumenerus METAPOST. CymecrByer 60b-
II0e KOJUIECTBO HAJICTPOEK U OUOIMOTEK /TSI PUCOBAHUSA OTPOMHOTO KOJUIECTBA THUIOB

JIEJTOBBIX, HAYYHBIX U TEXHUYECKUX WTIOCTparuii. Beibop mpumepoB mpoauKTOBaH HC-
K/TIOYMTETHHO BKYCOM aBTOPA.

5.1 JneKkTpu4yeckme cxemsbl

Bubanoreka mpcirc mo3BojsieT PUCOBATH IJIEKTPUUECKUE CXEMBI, KAK aHAJIOTOBbIE, TaK
u 1 poBLIe.

IIpumep 5.22 ( Ucrounnk AC u LC-kouTyp B mpcirc [35])

Ucrounnk AC u LC-kouTyp.

@ C ==

Puc. 27: Uctounuk AC n LC-xouTyp

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[20,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=2z1-0.5(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);

IIpumep 5.23 ( Ucroununk AC u nocsemosarenbubiii RLC-koHTYp B mpcirc

[35])

Ucrounuk AC u mocaenosarensusii RLC-koHTYD.

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(z1l,R.a);

wire(R.b,L.a);

wire(L.b,C.a);

wire(C.b,z2);

endfig;

Puc. 28: Ucrounnk AC n nocrenosarenbuniit RLC-gkouTyp
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IIpumep 5.24 ( Ucrounnk AC u cmemanusiit RLC-koHTyp B mpcirc [35])

Ucrounnk AC un cmemrannbiit RLC-kouTyp.

Q

©

Puc. 29: Uctounnk AC n ememanuwiit RLC-xouTyp

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(zl,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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Mommerit maxer - circuitikz [36], acte Tikz [39] cm Takzke [37].

5.2 ®usumka

Dusnyueckre ULTIOCTPAIINHN.

IIpumep 5.25 ( Bekrops! B 3D [31])
[Ipumep pucoBanus BeKTOpoB B 3D ¢ magmucamun

Puc. 30: Bextoper B 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 = phiarmlenx(cosd(phiang),sind(phiang),0);

nothr = (cosd(phiang)*cosd(gammant+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,11ft);
angline (ndxyl,nothr,origr,0.5,btex $\gamma+\theta$ etex,1lft);
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}_03% etex,rp(nzero));
label.ulft(btex $\vec{n}$ etex,rp(nothr));

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

endfig;

IIpumep 5.26 ( Kaycruku [27])

Kaycruka (o1 rpedeckoro kKauoTiko(, xKryauii) — orubaromas cemeficrBa jydeii, ve
CXOJAUXCA B OJHOI Touke. KaycTuku B onTuke — 970 0coOble JUHUHU (B JABYXMEPHOM
citydae) u 0cobble NOBEPXHOCTH, BOIM3H KOTOPBIX PE3KO BO3PACTAET MHTEHCUBHOCTD CBE-
TOBOTO TIOJIS.

OTpakeHue CBETA OT TOBEPXHOCTH.

S - JIyd, a - YyroJT TIaJIeHns, P ~-TIOBEPXHOCTh, | - paccTogmHme

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+imm*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,1);

else:

J=s+dir(a)*1;

drawarrow s--J;

fi,;

enddef;

Cdepryeckast TOBEPXHOCTD.

Puc. 31: Kaycruka oT cepudeckoil moBEpXHOCTH

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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IIpumep 5.27 ( PaGora smmussr [28])

Nnntocrpanus paborst jina3el. KiioweBoit BONPOC - OIMCAHUE IPEJIOMICHUS JIydeil Ha
IPaHUIE JBYX CDeJ.

[pera 1y1s1 pasaUYaHBIX JIydeit

numeric specialdist, otherdist;
specialdist = 2.5cm;
color TableC[];

TableCO := (0.65,0.61,0.49); % grey %W GNUPLOT
TableCl := 0.77red; % red hh

TableC2 := ( 0.2, 0.2, 1.0 ); % blue W colors
TableC3 := ( 1.0, 0.7, 0.0 ); % orange o

TableC4 := 0.85green; % pale green %k

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

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

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

[Ipesiomanenue cera B nn3e - lensrefractray(point,angle,lenseleftsurface,lenserightsurface,
rir,color).

Bxomere mapamerps:
point, angle - ncrounuk ceera
lenseleftsurface, lenserightsurface - sieasi (t1ockast) n npaBast (BbIIyKJIAs) TOBEPXHOCTH
JIMH3BI,
Iir - OTHOCUTEJIBHBIN MOKA3aTe b IPEJTOMIIEeHNSI

Buixogabie napamerpor:
I - Touka mepecevdeHnd Jayva ¢ JUH30M ClIeBa
J - KoHeuHas TOYKA TPACCUPOBKH JIYIa
K - Touka mepecedenns Jyda ¢ JOH30H cIpaBa
sib - BHyTpeHHUI yroJi BhIXOJA Jydd U3 JIMH3bI
ib - yros BbIxoza Jiyda M3 JIHH3BI
ib - yrosa Jayd4a BHYTpH JHUH3BI MOCJE ILIOCKON MOBEPXHOCTH
tI - mapamerp Toukmu I mIocko# MOBEpXHOCTH
tn - HopMaJsTh B TOUuKe [

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 TableCO;
tn:=angle(direction tI of g)+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;

[TocTpoenne MUH3BI

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

path vseg, cseg, lemns, cell;

pen fordot;

color lenscolor, cellcolor;

refang = 41;

m = 1.2mm;

nr = 9;

rir

ray
wid
dist = 1.1cm;

bord = 1mm;

fordot = pencircle scaled 1mm;
lenscolor = 0.6white;
cellcolor = 0.4white;

I
W N =
© W N
O
B

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;

zl = (dx,ray);

z2 = (dx,-ray);

z3 = (cent,0);

z4 = (dx,cy);
zb = (dx,-cy);
z6 = (0,cy);
z7 = (0,-cy);

z8 = (ray,cy);

z9 = (ray,-cy);

vseg = z2--z1;

hcseg = 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--26);

fill lens withcolor lenscolor;

cell = ((cx,cy)--(-cx,cy)--(-cx,-cy)--(cx,-cy)--cycle) shifted z3;
£fill cell withcolor cellcolor;

I

N

———

=

J—— —
—

F

Puc. 32: Pabora qunssl - nepedokycuposka. [lokazarens mpesomienus 2.2

Tpaccupopka

colorcounter = 1;

for a=0.b*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;

Mensta mokaszaTesb MPeIoOMJIEHHs, MOKHO TMOoA00paTh Takoe 3HAYeHHe, TMPU KOTOPOM
Oyaer mocTUrHYTA (POKYCHPOBKA B ILJIOCKOCTH.

F

Puc. 33: Pabora nun3e! - Tounad dhokycuposka. [lokazaress mpesomienns 1.9

[Moyo6ubIM 06pazom paboraer XpyCTaIMK Yea0BedecKoro riasa [29). |

IIpumep 5.28 ( IIpesiomsienue cBera depe3 ase nosepxuocru [30]. )

WNnntocTpanus mpeoMIeHNs CBeTa depe3 IBe TmoBepxHocTH. [lepBast moBepXHOCTE 3a-
aeTcs KakK KpWBasl, TPOXOASIast depe3 4 Touku. BTopast - Kak OTpaXeHume W CIABUT
IIEePBO.

numeric u;

u=3mm;

path p;

p=((5u,-6u)..(4u,-2u)..(4.5u,0)..(5u,bu)) rotated 90;
path q;
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q = reverse (p yscaled (-1)) shifted (up*10.5u);
fill (p--g--cycle) withcolor red;

TpaccupoBka

for a=46 step 3 until 120:
lensrefractray(origin,a,p,q,1.4);
endfor;

endfig;

"4

Puc. 34: NnntocTpanust mpesioMJIeHnsT CBETa depes jBe moBepxHocTu. Iloxkazarens mpe-
Jiomsiervis 1.2

JleBas 9acTh «JIUH3LI» MPAKTHIECKH TIJI0CKAS U JIYIX B 9TON YaCTU MAJIO OTKJIOHSIOTCH.
B mpapoit wactu npoucxogut GHOKYCUPOBKA. |

IIpumep 5.29 ( Kamepa-o6ekypa [20]. )

[Ipumep mocTaTovdHO CA0XKHOM KOoHCTpyKInu. Kamepa-o6ckypa (s1aT. camera obscura
— «TéMHAs KOMHATa» ) — MPOCTERnil BU yCTPORCTBA, TO3BOJIMIONIErO MOy 9aTh ONTH-
ugeckoe n3obpakenne 06bekToB. Ilpencrapiser coboil cBETOHENIPOHUITAEMBIN STIUK C OT-
BEPCTHEM B OJIHO U3 CT€HOK M 9KPAHOM (MaTOBBIM CTEKJIOM MJIM TOHKOI 6es10ii 6ymaroii)
HA [IPOTHUBOIOJIOKHOMN creHe. Jlyun cBera, Ipoxoad CKBO3b MaJjioe oTBepcrue (JuamMerp
(3aBuCHT OT «HOKYCHOrO PACCTOSTHUSI» Kamepbl, mpubansuresnbao 0,1—5 M) cozmaror
epEBEPHYTOE N300pakeHne Ha SKpaHe.
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TaxKe HCIOIB3YeTCd NPHU PErHCTPAlNH PEHTIeHOBCKHUX JIydeil, HApUMep OpPH Peru-
CTpanum I/I3.7[y‘{eHI/IH I1JIa3MBbI.
3amamne reoMeTpun HaOJIIOMEHIST

input featpost3Dplus2D;
beginfig(1);

f := (10,7,8);

Spread := 45;

Saganne pazMepoB KOHCTPYKITHH.

Kawmepa - w(idth), h(eight), I(ength).

Huadparma - d(iameter), t(ube length), we - mosoxenue.
Orcryibt Jyist cTpesok - tr, tl, ma, mb.

Vroa 3penns guadparmor - ar.

numeric w, h, 1, d, t, tr, tl, ma, mb, we, ar;
w=23;h=2;1=4;d=20.75;t = 1.2;tr= 0.15;t1= 0.25;ma= 0.3;mb= 0.2;
ar= 2;we= 0.6x(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[];

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

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

p4d = (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);
pl0= (0,-w/2-ma,0);
pll= (0,-w/2-ma-mb,h);
pl2= (0,-w/2-ma,h);
pl3= (-1,-w/2-ma-mb,h);
pl4= (-1,-w/2-ma,h);
p15= (-1,-w/2,h);
pl6= (-1,-w/2,0);

p17= (-1,u/2,0);

pl8= (-1,w/2,h);

p19= (-1+d,0,0);
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p20= (-1+d,0,t);

p21= (-1-ma,0,t);

p22= (-l-ma-mb,0,%t);
p23= (-1-ma,0,0);

p24= (-l-ma-mb,0,0);
p256= (-1+d,w/2+ma,0);
p26= (-1+d,w/2+ma+mb,0);
p27= (-1,w/2+ma,0);
p28= (-1,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);

CobcrBeHHO PUCOBAHUE: OTPE3KU

drawoptions( withpen thick );
draw rp(p8)--rp(p4)--rp(p3)--rp(p7)--rp(p8)--rp(p15)--rp(pi6);
draw rp(p15)--rp(p18)--rp(pl7) --rp(p3) --rp(p4) --rp(p18);

path pat[];

patl = rp(p8)--rp(pd);

pat2 = rp(p7)--rp(p16)--rp(pl7);

pat3 = rp(p4)--rp(pi8);

pat4d = pat2 cutbefore patl cutafter pat3;
draw pat4;

drawoptions( withpen thin );
Crpesikn 1J1sl pa3MepoB U KapKac

drawdblarrow rp(p2)--rp(p6);
drawdblarrow rp(pl0)--rp(pl2);
drawdblarrow rp(pl4)--rp(pl2);
drawdblarrow rp(p21)--rp(p23);
drawdblarrow rp(p25)--rp(p27);
draw rp(pl)--rp(p3);

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

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

draw rp(p8)--rp(pil);

draw rp(p13)--rp(plb);

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

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

draw rp(pl7)--rp(p28);
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Puc. 35: Pentrenosckas kamepa. Touka nabmronenus f=(10,7,8)

Touka nabaronenns f=(10,7,8) - pucynok 35
Pucosanue aucka, s/inmca, Jyru 0003HAYCHHs Y14 1 METOK

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

drawoptions( withpen thick );

rigorousdisc( 0, true, p20, tr, (-t1,0,0) );

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.b5white;
draw pat2 dashed evenly withpen thick;

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

draw rp((0,0,t)-wexgreen)--rp((0,0,t)+wexgreen) dashed evenly;
angline( p34, p35, p20, ar, btex $\alpha$ etex, 11ft );
label.bot(btex $w$ etex, rp(p29));

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

label.top(btex $1$ etex, rp(p31));

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

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

endfig;

Usmensiem TouKy HAB/IIOEHUS - «HA yPOBeHb mosay. [lycrs f=(10,7,0) - pucynok 36
3amaHne pa3sHbIX TOYEK HAOJIIOMEHHUS IO3BOJIAET CTPOUTH «00X01» 00beKTa. [ |

IIpumep 5.30 ( I'paBuTamuonHoe paccesiHue anTuMmarepuu uiam onbiT Pesep-
dopaa [24].)

[MIyTounsrit mpuMep Ipo paccesHre aHTUTPABATUPYIONINX TACTUIL U OJHOBPEMEHHO Je-

MOHCTpPAINs BIIOJIHE PEATLHOTO ONBITA IO PACCESHUIO 3aPSyKEHHBIX TACTHI[ Ha sIpPax
aToOMOB - KJjlaccuueckuit onsiT Pesedopra [23].
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Puc. 36: Peatrenosckas kamepa. Touka nabmonenust f=(10,7,0)

BaﬂaHI/Ie IEePpeMEHHbIX 1 KOHCTAHT:

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;

Sagamne 3aK0HA OTTATKUBAHNS OT PACCEMBAIOIIETO TEHTPA B BEKTOPHOI dropme:

def gravitfield( expr relatposprobe ) =
( Gfactor*relatposprobe/((conorm( relatposprobe ))**3) )
enddef;

Kaxk nokazas eme HoroToH, B 110J1€ CrJibl, CHAIAIOMIEH 110 3aKOHY 00pAaTHBIX KBAJIPATOB,
Tejla ABUZKYTCA TI0 KOHUYIECCKUM CEICHUAM. B CJIy4dae HEOTPaHUYEHHOTO ABU2KEHUSA I3TO
rutnepbosbl 1 napabosa.

3ajiaHue JBMXKEHU 110 mapaboJie:

vardef parabol( expr index ) =

traject:=trajectorypath(

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

enddef;

3agaHne IBMKEHHS 110 THUIepOoIe:

vardef hiperbo( expr veloc ) =
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traject:=trajectorypath(

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

enddef;

CoberBenno pucopanue - nepebop HaYATbHBIX YCJIOBHI

Puc. 37: JIpuxkenne Tea B mMOJI€ OTTAJTKHUBAIOIIETO TTOTEHITAAIA

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

endfor;

drawoptions();

£i1l fullcircle scaled (4cm) shifted (rp(black));
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produce_auto_scale;
endfig;

IIpumep 5.31 ( dBu>kenue uactui; B Tope [31].)

Pwuc. 38: Tpaexktopun B TOpe

PucoBanne pa3anvHbIX BUJAOB TPaeKTOPHU B TOpe.

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(l) 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) ;
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third = (RS+RP*sind (NM*theta))*sind (phi) ;
( (first,second,third) )

endgroup

enddef;

def blask( expr TheVal ) =
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 1bpt;

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 ¢l withpen bip; undraw subpath ("

decimal (i-varfrac)

"non
s

decimal (i+varfrac)
") of cl withpen sp;";

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

endfor;

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

endfig;

IIpumep 5.32 ( IIpaBusio npasoii pyku [42].)

Hewmmoro mpo BeKTOpHOE NMPONU3BeJEHNE «HA MATBIIAXY.

axb
A

Puc. 39: Tlpasuio mpasoit pyku

3ajianie mapaMeTpoB KHUCTH

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

NO = 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;

save p; picture p; p = image(
£fill H withcolor .9[shade, white];

unfill NO; draw NO;
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 -967};

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;

Pucosanne BekTOpOB

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

path a[l;

al = origin -- 80 up;

a2 = origin -- 120 up rotated 50;
a3 = origin -- 120 up rotated 80;

for i=1 upto 3:
drawarrow al[i] dashed withdots scaled 1/4 withcolor 2/3 red;
endfor

label.top (btex $a \times b$ etex, point 1 of al);
label.ulft(btex $a$ etex, point 1 of a2);
label.1ft (btex $b$ etex, point 1 of a3);

endfig;
end.

5.3 TleomeTpus

ITpumep 5.33 ( Teopema Mopaes [43].)

CobcrBeHHO, BCe TIPUMEPBI TaK WJIM WHAYe CB3aHbl ¢ reomerpueil. OiHaKO, nycTb Oy-
Ier w uncTo reomerpudeckuit mpuMep! OmqHa M3 TOCAEIHUX TEOPEM ILIAHUMETPUN - XX
Bek! lMeer mpuMeHeHre B TPUIMHEAHBIX KOOPJIMHATAX
Teopewma.

«Touku mepecevyeHmnst CMEKHBIX TPUCEKTPUC YIJIOB MPOU3BOJIBHOTO TPEYTOJIBHUKA SIBJIS-
IOTCAd BepImInHaMU IIPAaBUJIBHOTO (paBHOCTOpOHHeFO) TPEYTOJIbHUKA .
[TocTpoenne TpruceKTpHC.

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

(M-4) = whatever * ( (A-B) rotated 1/3 (angle(C-A) - angle(B-4)) );
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-4)) );
draw A--M;

enddef;

Omnpenenenne Touek Tpeyroabuaura A(My, My, Ms):
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pair A,B,C,M[];

u:=2cm;

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

premiere_trisectrice(M1,4,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);

Pucosanue

draw M1--A; draw M1--B;
draw M2--B; draw M2--C;
draw M3--C; draw M3--A;
draw M1--M2--M3--cycle;

2

Pwuc. 40: Teopema MopJsea

Tpeyronsuuk A(M;y, Ma, M3) - paBHOCTOPOHHMIA.

5.4 MexaHuka

ITpumep 5.34 ( Cepuio Peso[44].)

«Kpyrubiit rpeyroasauks Pesio (F. Reuleaux) - kpupast nocrostnHoii mmpusbn [45].

Kpupoii mocrosgnHOi MUpPHHBI HA3BIBAETCA ILIOCKAs BBIIYKJ/Asd KPHBAs, PACCTOSHIE
MEK/TY JTIOOBIMI JIBYMST TAPAJLIeTbHBIMI OMTOPHBIMHU MPSIMBIMI KOTOPOii ocTostHEO. CTo-
POHBI KBaJ[paTa — OTOPHBIE MpPsiMble: KayKjasi CTOPOHA KacaeTcsi TPeyrojbHUKA, HO He
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mepecekaeT ero. TpeyronbHuK PEmo MOXKHO BpalllaTh, W IPHW 3TOM OH Bceryia OyaeT Ka-
caThCst KAaxKJI0H CTOPOHBI KBaJIPATA; TAKMM 00PA30M IUPUHA TPEYroabHUKA (PacCTOsHIEe
MEKJIy JIByMsI OMOPHBIME HPSMbBIMHE) IOCTOSHHA.

Nmeer mMHOTO TpUMeHEHWM B TEXHWKE — HA €0 OCHOBE OBLIM CO3aHBl KYJIATKOBHIE
u TpefidepHbie MEXaHU3MbI, POTOPHO-TIOPIITHEBON mBUTATE > BaHke/j da m WHCTPYMEHTHI,
MO3BOJISIONITIE CBEPJIUTH (bpe3epoBaTh) KBaIpaTHbIE OTBEPCTHSI.

[Moctpoenne

numeric u, desv, ray;
path rouletri, pathpart, pa, pb, pc, border;
u = 150mm;
desv = u*sqrt(3)/3;
/y BejW4YVHA CMEmEHWE [EHTPA BpAlCHUS
ray = (sqrt(3)/3-0.5)*u/2;
pathpart = halfcircle scaled u cutafter (origin--u*dir(60));
pathpart := pathpart shifted (desvxdir(-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;
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Puc. 41: Csepio Peno

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;
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N =4,

astep = 3%N;

for i=astep step astep until 360:

% cMemeHme meHTpa BpaumeHus ray*dir(i-90)

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

Konmpl oTpeskoB m3 IeHTpa KBaJpaTa - TOJOKEHUS MIHOBEHHOTO II€HTPa KPEILIEHUS
«TPEYTOJBHUKAY. u

IIpumep 5.35 ( Jdsurarens Baukens [47].)

[Ipomoazkenne TeMbl (PUTYD TTOCTOSTHHOM mmpuHbl. Ipurarens Baukess [48] - poropHo-
MTOPIIHEBON JIBUTATE/Ib — POTOPHBIN JIBUTATE/bE BHyTpeHHero cropasus. OcobeHHOCTH
JIBUTATENsT — MPUMEHEHHE TPEXIPAHHOTO POTOpa (IIOPIIHS), UMEOIIEro BUJ TPEYTOTb-
Huka Pejo, Bpamaromierocss BHYTPU MUJIUHIAPA CHENUAIBLHOTO TPOQUIIA, TOBEPXHOCTH
KOTOPOTO BBITIOJIHEHA TI0 SMUTPOXOUIE - TIOCKON KPUBOil, 00pa3yeMoii TOUKOM, KECTKO
CBS3aHHOI C OKPYXKHOCTBIO, KATAINENHC 110 BHENIHEH CTOPOHE JIPYIroil OKPYZKHOCTH.

[Ipeambyita - ogkaoueHme bubamnoTek calc, animate, fp.

\usetikzlibrary{calc}

\usepackage{animate}

\usepackage{fp}

% Useful for calculating the position of the different phases
of the motor but useless for simulation only

Buraress Bankess - poTop

\newcommand{\Wankel}[1]{

% \def\itheta{#1}

\FPabs{\ithetal}{#1}

% dA(©finition des donnA(©es \ data definition
\def\0A{0.4}

\def\0B{0.8%}

\def\AE{4}

% \def\seuil{500}

% \def\couleur{20}

Vsl XapPaKTEPHBIX TOYEK - MECT BITYCKa HOBOI'O TOIIJIMBA M BBIITYCKa OTpa6OTaHHOFO

% definition of angular parameters of the rotor according to the motor phases
\def\Comp{0}

\def\Expl1{360%}

\def\Det{375}
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Compression

Pwuc. 42: Ipurarent Bamkenas

\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

Ucnonbayerca oubamorexa TikZ [39].

\begin{tikzpicture}
\colorlet{vertclair}{green!25}
\colorlet{grisclair}{gray!60}
\colorlet{rougepale}{red!60}

Paznuanoie CTaJun TOILJIMBHOT'O IHUKJIa

% 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 chambrel

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

% following tests is true.
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\FPif1t{\val}{1080}

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

% \tikzstyle{chambre2}=[ ball color={gray!\pos!red}]’), dA©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{chambrel}=[{vertclair!\pos!grisclair}]echappement
\def\texte{Echappement?}

\fi

% [fr] troisiA?me test - dA(Otente / Third test - relaxation
\FPiflt{\val}{\Ech}

\FPeval{\pos}{(\val-\Det)/(\Ech-\Det)*100}
\tikzstyle{chambrel}=[ {grisclair!\pos!rougepale}]’dA(Ctente}
\def\texte{Detente}

\fi

% [fr] quatriA?me test - explosion / Fourth test - explosion
\FPiflt{\val}{\Det}
\FPeval{\pos}{(\val-\Expl)/(\Det-\Expl)*100}
\tikzstyle{chambrel}=[ {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{chambrel}=[ {red!\pos!'!orange}]’compression

% \tikzstyle{chambre2}=[ ball color={gray!\pos!red}]/dA(©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
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Crarop

hlfr}dessin du stator / drawing of the stator

\begin{scopel}} stator

\coordinate (A) at (\itheta:\0A); ¥%[fr] Le point A tourne autour de O
% [fr] avec 1’angle itheta

% [en]Point A turns around point 0 the angle with itheta

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

\filldraw[thick,black,domain=0:1080,smooth,variable=\t,fill=gray,samples=50]
plot ({.4xcos(\t)+4*cos(.333333*\t)},{.4*sin(\t)+4*sin(.333333%\t)})

plot ({.42*xcos(-\t)+4.2xcos(-.333333*\t)},{.42*sin(-\t)+4.2%5in(-.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,
chambrel] plot ({.4*cos(-\t)+4*cos(-.333333*\t)},
{.4xsin(-\t)+4*sin(-.333333*\t)});

% affichage des paramA7tres

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

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

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

\draw[black] (0) circle (\OB); %Dessin du pignon fixe
\draw(0) -- (A);
\end{scope}

Pucosanwne poropa

% [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(©finis en polaire dans ce repA?re

% [en] the three points, C, D, E are defined in the polar reference
\coordinate (E) at ({-\itheta*\0B/(\0OB+\0A)}:\AE);

\coordinate (C) at ({-\itheta*\0B/(\OB+\0A)+120}:\AE);

\coordinate (D) at ({-\itheta*\0B/(\OB+\0A)+240}:\AE);

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

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

% dessin et coloriage du rotor
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(E) to (D) to (C) to (E);
\end{scope}

\node at (0,-4) {\texte}; 7% le texte affiche la phase de fonctionnement
\end{tikzpicture}
}

Cobersenno XTEX- joKkyMeHT.

\begin{document}

\begin{preview}

% [fr] Animation avec le package animate

% Animation with the animate package
\begin{animateinline} [controls,loopl{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 3akjroyeHume

Cucrema komimboTeproilt Beperkn INTEX, 6e3yc/iOBHO cTajia KJIACCHYECKONH Jist CO3/1a-
HUsl HAYYHOU JIMTEPATYPHl. DTO yKe 4YacThb o0IIell KyapTypbl denoBedectBa. Cucrema
nporpaMMupoBanns BekTopHO# rpadpurn METAPOST - npekpacHoe cpefcTBo ¢eaaTh
WLTIOCTPAIIAN B €JUHOM CTUJIE C OCHOBHBIM TEKCTOM.

Bezycmosubim orpannuennem METAPOST sBasierca oTcyTCTBYE BCTPOCHHOMN MO IEPIK-
ku Tpexmepuoit rpadgpuru. [Ipumep 2.15 mokaszwiBaer O0bINKME TPYI03aTPATHI IPU WC-
MOJTB30BAHNN BCTPOEHHBIX cobcTBenubix cpeacts METAPOST. Haubosee ecrecTBeHHBIM
[IPEEMHUKOM SABJISETCS JEeCKPUITUBHBIN s3bIK BEKTOPHO# rpaduku Asymptote [38]. Tlo-
MuMO nofgepkku 3D, curTakcuc B crmiie C+ -+, XOPONIYIO MOAAEePKKY U HHTEIPAIIHIO C
HaI/I6OJTee TOIMYJIAPHBIM B HACTOAIIEE BPEMA BBICOKOYPOBHEBBIM A3BIKOM IIPOTPAMMUPO-
BaHus obiero nasuadennd Python. Cnenyer ynomsayTs Takue cpeicrea kak PGE TikZ
[39] u PSTricks [40]. 910 cmcok MOKHO IPOJIOJIKUTE, HO B O/IHOM M3 CAMbIX HOILYJISIPHBIX
npunoxennit ana BIEX, TeXstudio |7, mommep:KuBaroTcsd UMEHHO STH IPOTPAMMHBIE
CpescTBa.

Ve camo Hasmuane 60bIoro Koanuectsa nocaeposareaeiit METAPOSTrosopur o TowMm,
YTO €CTh YKeJIaHue U MTOTPeOHOCTh Pa3BUBATH UJIEH, 3a/I0KEHHbIe B HeM. /Ipyroe mesto, uTo
MHOTHTE XOPOoIne MPOAYKTBI HAllMCAHBI 9HTY3UaCTaMUt, PA3BUBAIOTCA MEJIJICHHO UJIN Y7Ke
dakTrUecku He o epKUBaOTC. Bpemst mokaxker, kakue erre cpenctsa g INTEXOyayT
3¢ PEeKTUBHBI 1 TTOJIE3HBI.
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