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“A picture is worth a thousand words.”

An English idiom

“As the Chinese say, 1001 words is worth
more than a picture.”

John McCarthy, computer scientist






\includegraphics

% \usepackage{graphicx}

\begin{center}
\includegraphics[scale=0.5]{hyperbola.png}
\end{center}




PacTpoBbie 1300paskeHNsI

@ .png (peKoMeHAYyeTCs)

® .jpg
@ .bmp

Hepocratok
[MoTepst KauecTBa («pa3MbITHE») TIPU MaACIITAOVPOBAHUN




PactpoBblii popMat He noaxoauT pns:

@ rpaduKoB
@ [uarpamMmm
@ cxeM

@ yepTexeit




BeKTOpHbIE M306pasKeHNS:

@ .pdf
@ .eps
@ .svg

KonBeptuposanue .png — .pdf HMUYEro xopouiero He JaET l




Kak co31aTh BeKTOpHOe
n3oopakeHue?

@ Bocnonb30BaThCS BEKTOPHBIM IpadyueCcKUM peJakKTOPOM
o CorelDRAW
o Adobe Illustrator
o Inkscape (open source)
@ U IpyTHe...

© BcrpoenHas rpaduka B KIEX:
PGF/Tikz, matplotlib, gnuplot...

all free, open source






HcTopuueckas cripaBKa

PGF = Portable Graphics Format
TikZ = TikZ ist kein Zeichenprogramm
* TikZ He npozpamma ons pucosaHust (PeKYypPCUBHBIN aKPOHUM)

Texuuuecku TikZ — 5T0 Ha6Op MaKpPOCOB
Ha s13bIKe HM3KOoro ypoBHs PGF mjis
omycaHus u3obpaskeHmit (cpasunTe ¢ TpX/KTEX)

ABTOD:
Prof. Dr. Till Tantau (Universitit zu Liibeck)
Hammcano Ha: TgX, Lua




ba3oBoe ucnogb30BaHue

% \usepackage{tikz}
% \usetikzlibrary{...}

\begin{tikzpicture} % [options]
% code
\end{tikzpicture}







JInauun

\begin{tikzpicture}

\draw (0,0) -- (2,0) -- (3,2);

\end{tikzpicture}
IR)YMOHH&HMK)3HaquMHKOOpﬂMHaT—-BcaHTMMETan J

MO3KHO MCITIO/Ib30BaTh JII00bIEe €AVHUIIBI JIMHBI, B TOM YMCIIe U
OTHOCHUTeJbHbBIE (textwidth, textheight u ap.)




MacitabupoBaHue pUcyHKa

Ernnerckuii TpeyroibHUK

\begin{tikzpicture}[scale=0.75]
\draw (0,0) -- (3,0) -- (3,4) -- cycle;
\end{tikzpicture}




MacitabupoBaHue pUcyHKa

Erunerckuii TpeyroabHUK

\begin{tikzpicture}[xscale=2.0, yscale=0.8]
\draw (0,0) -- (3,0) -- (3,4) -- cycle;
\end{tikzpicture}




ToniyHa TMHUN

% options: ultra thin, very thin, thin, semithick,

% thick, very thick, ultra thick, line width = ..
\begin{tikzpicture}[xscale=2.0, yscale=0.8]

\draw[very thick] (0,0) -- (3,0) -- (3,4) -- cycle;
\end{tikzpicture}




Twun nuuuin

Erunerckuii TpeyroibHMUK

% dotted, loosely dotted, densely dotted

% dashed, loosely dashed, denseLy dashed

% double, double distance = .

\begin{tikzpicture}[xscale=2. 0 yscale=0.8]

\draw[dashed, ultra thick] (0,0) -- (3,0) -- (3,4) -- cycle;
\end{tikzpicture}







IIBeT

% \usepackage[dvipsnames, svgnames, xllnames]{xcolor}
\begin{tikzpicture}[xscale=2.0, yscale=0.8]
\draw[very thick, Magenta]

(0,0) -- (3,0) -- (3,4) -- cycle;

\end{tikzpicture}

BHuMaHue

[TakeT xcol or HY)KHO IOAK/IOYATH epen, rnaketoM tikz




3aJauBKa

% \usepackage[dvipsnames, svgnames, xllnames]{xcolor}
\begin{tikzpicture}[xscale=2.0, yscale=0.8]
\draw[very thick, Magenta, fill=SkyBlue]

(0,0) -- (3,0) -- (3,4) -- cycle;

\end{tikzpicture}




OTTeHKUu

% \usepackage[dvipsnames, svgnames, xllnames]{xcolor}
\begin{tikzpicture}[xscale=2.0, yscale=0.8]
\draw[very thick, green!5@!blue, fill=gray!25]

(0,0) -- (3,0) -- (3,4) -- cycle;

\end{tikzpicture}




Fpa,HI/IeHTHaH 3dJIMBKa

% \usepackage[dvipsnames, svgnames, xllnames]{xcolor}
\begin{tikzpicture}[xscale=2.0, yscale=0.8]
\draw[very thick, left color=blue, right color=red]
(0,0) -- (3,0) -- (3,4) -- cycle;

\end{tikzpicture}




['pagmeHnTHas 3aauBKa (6e3 pyCcoOBaHMS I'PaHMIL)

% \usepackage[dvipsnames, svgnames, xllnames]{xcolor}
\begin{tikzpicture}[xscale=2.0, yscale=0.8]
\fill[very thick, left color=blue, right color=red]
(0,0) -- (3,0) -- (3,4) -- cycle;

\end{tikzpicture}




I'pamyeHTHAs 3aIMBKaA

EPPH]ETCRJdﬁ'TDEYTOHLJHHK

% \usepackage[dvipsnames, svgnames, xllnames]{xcolor}
\begin{tikzpicture}[xscale=2.0, yscale=0.8]

\fill[very thick, top color=SkyBlue, bottom color=0rchid]
(0,0) -- (3,0) -- (3,4) -- cycle;

\end{tikzpicture}




Fpa,HI/IeHTHaH 3a/IMBKa

EruneTckuii TpeyroabHUK

% \usepackage[dvipsnames, svgnames, xllnames]{xcolor}
\begin{tikzpicture}[xscale=2.0, yscale=0.8]

\fill[very thick, inner color=DarkBlue, outer color=Gold]
(0,0) -- (3,0) -- (3,4) -- cycle;

\end{tikzpicture}







Crpenknu

IIpaBuIo MapauieTorpaMmma CJIOKeHMsI BEKTOPOB

\begin{tikzpicture}

\draw[thick, ->, red] (0,0) -- (4,0);
\draw[thick, ->, red] (0,0) -- (1,3);
\draw[ultra thick, ->, blue] (0,0) -- (5,3);
\draw[dashed] (4,0) -- (5,3) -- (1,3);
\end{tikzpicture}




Buael cTpesiok

II[HiBILH()IIaINiﬂIHlﬂ011)andnﬁa.CHCDKGIHMH BEKTOPOB

\begin{tikzpicture}[>=latex]

\draw[thick, ->, red] (0,0) -- (4,0);
\draw[thick, ->, red] (0,0) -- (1,3);
\draw[ultra thick, ->, blue] (0,0) -- (5,3);
\draw[dashed] (4,0) -- (5,3) -- (1,3);
\end{tikzpicture}




Buael cTpesiok

II[HiBILH()IIaINiﬂIHlﬂ011)andnﬁa.CHCDKGIHMH BEKTOPOB

\begin{tikzpicture}[>=triangle 45]
\draw[thick, ->, red] (0,0) -- (4,0);
\draw[thick, ->, red] (0,0) -- (1,3);
\draw[ultra thick, ->, blue] (0,0) -- (5,3);
\draw[dashed] (4,0) -- (5,3) -- (1,3);
\end{tikzpicture}




Buael cTpesiok

II[HiBILH()IIaINiﬂIHlﬂ011)andnﬁa.CHCDKGIHMH BEKTOPOB

\begin{tikzpicture}[>=stealth]

\draw[thick, ->, red] (0,0) -- (4,0);
\draw[thick, ->, red] (0,0) -- (1,3);
\draw[ultra thick, ->, blue] (0,0) -- (5,3);
\draw[dashed] (4,0) -- (5,3) -- (1,3);
\end{tikzpicture}




IIBYyCTOpOHHME CTPEIKU
Just a stupid double-headed arrow

\begin{tikzpicture}[>=stealth]
\draw[line width=3pt, <->, SeaGreen] (0,0) -- (1,1);
\end{tikzpicture}

|\

Another stupid arrow

\begin{tikzpicture}[>=stealth]
\draw[line width=3pt, |->, SeaGreen] (0,0) -- (1,1);
\end{tikzpicture}







OKpY>KHOCTb

JeMeHTbI OKPY;KHOCTU

\begin{tikzpicture}[>=latex]

\draw (1,1) circle (2cm); % OKPYXHOCTb
\fill[blue] (1,1) circle (2pt); % ueHTp
\draw[blue, ->] (1,1) -- (1,3); % paauyc
\end{tikzpicture}




Kpyr

Kpyru ¢ 3anuBKoi

\begin{tikzpicture}

\draw[fill=yellow] (0,0) circle (1);

\fill[inner color=yellow, outer color=red] (1,1) circle (1);
\shade[ball color=green] (2,2) circle (1);

\end{tikzpicture}




Hyra OKpYy>KHOCTU

Jyry OKpy>KHOCTU

% \draw (a,b) arc (x:y:r); yrnael X mu y - B rpagycax!
\begin{tikzpicture}

\draw[SteelBlue, ultra thick] (1,1) arc (20:60:2);
\draw[SteelBlue, ultra thick] (0,0) arc (20:60:1.5);
\draw[thick] (2,1) arc (0:-120:2);

\end{tikzpicture}




[TpsiMOYTO/IBHUK

Just dummy rectangles

\begin{tikzpicture}
\draw (0,0) rectangle (2,1);
\draw[rounded corners=5pt] (3,0) rectangle (6,2);
\fill[rounded corners=5pt, top color=red,

bottom color=yellow] (7,2.5) rectangle (9,-1);
\end{tikzpicture}




HApyrue urypsr

diamond

ellipse
trapezium
semicircle
regular polygon
star

isosceles triangle
kite

dart

circular sector
cylinder






Kpusas

\begin{tikzpicture}
\draw[very thick] (0,0) to [out=90, in=195] (2,1.5);
\end{tikzpicture}

Kpusag Beixogut 3 Touku (0, 0) nog yriiom 90°
U BXOAUT B TOUKy (2,1.5) mog yrimom 195° J




I(pIﬂBaﬂfCJIBYBEH|H(HG&HBIHHIHP[BRﬁﬂﬂDeBJYDﬂaBﬂM

\begin{tikzpicture}

\draw[very thick] (-1,3) to [out=-90,in=1807] (1,-0.05) to
[out=0,in=1807 (3,2) to [out=0,in=170] (6,0.5);

\end{tikzpicture}




KpI/IBaH I10 KOHTPOJIbHBIM TOYKaM
KpuBasi ¢ AByMS JIOKQJIbBHBIMM 3KCTPEMyMaMu

\begin{tikzpicture}

\clip (-1.1,3.1) rectangle (6.1,-1);

\draw[very thick] (-1,3) .. controls (1,-5) and (3,5) ..
(6,0.5);

\end{tikzpicture}







BCTpOQHHbIe MaTeMaTndeCKue (bYHK]_U/H/I

\begin{tikzpicture}[>=stealth]

\draw[->] (-2.1,0) -- (2.1,0); % Ox

\draw[->] (0,-0.1) -- (0,4.1); % Oy

\draw[thick, blue, domain=-2:27 plot (\x, {\x*\x});
\end{tikzpicture}




BCTpOQHHbIe MaTeMaTndeCKue (bYHK]_U/H/I

\begin{tikzpicture}[>=stealth]

\draw[->] (-0.1,0) -- (6.1,0); % Ox

\draw[->] (0,-2) -- (0,3); % Oy

\draw[thick, blue, domain=0.05:67] plot (\x, {In(\x)+1});
\end{tikzpicture}




Jlorapudm 6e3 U310MOB

\begin{tikzpicture}[>=stealth]

\draw[->] (-0.1,0) -- (6.1,0); % Ox

\draw[->] (0,-2) -- (0,3); % Oy

\draw[thick, blue, domain=0.05:6, smooth, samples=200]
plot (\x, {In(\x)+1});

\end{tikzpicture}




BCTpOEHHbIe MaTeMaTnu4dyeckue d)YHKI_U/H/I

% factorial(\x), sqrt(\x), pow(\x,y), exp(\x),

% In(\x), loglo(\x), log2(\x),

% abs(\x), mod(\x,y) (x modulo y),

% round(\x) (rounds x to the nearest integer),

% floor(\x) (the largest integer smaller than x),
% ceil(\x) (the smallest integer larger than x),
% sin(\x) (x is in degrees)

% if x is expressed in radians use sin(\x r)),
% cos(\x), cos(\x 1)), tan(\x), tan(\x r)),

% min(\x,vy), max(\x,y)

% rnd

% ...







Hapnucu

Teopema IIudaropa

\begin{tikzpicture}[xscale=2.0, yscale=0.8]

\draw (0,0) -- node[below] {$a$} (3,0) --
node[right] {$b$} (3,4) --
node[above] {$c$} cycle;

\node at (2,1) {\color{blue} $a’2+b”r2=c~2%};

\end{tikzpicture}

a’ +b? = c?




[To3unmoHMpoBaHme Haanucemn

@ above, below, left, right

@ above left, above right,
below left, below right

@ left=5pt, above right=2cm,

@ xshift=2pt, yshift=3.1mm,
shift={(2pt,-2pt)}

@ midway, near start, near end, sloped



HOBMHMOHMPOB&HMEH&HHMCQﬁ

Teopema IIndaropa

\begin{tikzpicture}[scale=0.75]
\fill[left color=magenta, right color=yellow]
(0,0) -- node[below=3pt] {$a$} (4,0) --
node[right=5pt] {$b$} (4,3) --
cycle node[midway,above,sloped] {$c=\sqgrt{a’2+b"23}$};
\node[below left] at (0,0) {\color{blue}$B$};
\node[below right] at (4,0) {\color{blue}$C$};
\node[above right] at (4,3) {\color{blue}$A$};
\end{tikzpicture}




O6o3HauyeHMe oceii KOOpAUHAT

\begin{tikzpicture}[>=stealth]

\draw[->, thin] (-2.1,0) -- (2.1,0)
node[below] {$x$}; % Ox

\draw[->, thin] (0,-2.1) -- (0,2.1)
node[left] {$y$}; % Oy

% Pucyem ceTky

\draw[help lines, step=0.5, dotted, Gray]

(-2,-2) grid (2,2);

% PucyemM OKpYXHOCTb

\draw[very thick, blue] (0,0) circle (1);

% Hauyano koopaumHat

\node[below left] at (0,0) {$0%$3};

\end{tikzpicture}

. J




O6o3HaueHMe oceit KOOpAMHAT

dh
L




3HauyeHMs Ha OCSIX KOOpAMHAT

\begin{tikzpicture}[>=stealth, scale=0.75]

\draw[->, thin] (-6.5,0) -- (6.5,0) node[below] {$x$3};

\draw[->, thin] (0,-2) -- (0,2) node[left] {$y$3};

\draw[thick,magenta, smooth,samples=200,domain=-2%pi:2*pi]]
plot (\x, {sin(\x r)});

\foreach \y in {-1,1}

\draw[shift={(0,\y)}] (2pt,0pt) -- (-2pt,0pt) node[left]
{\footnotesize $\v$};

\end{tikzpicture}




PucoBaHue B LIMKJIE

e 1

\foreach \uma in {cnucok 3HauveHun} {nencrtseuna};

\begin{tikzpicture}[scale=0.6]
\foreach \x in {1,2,3}

\draw[ultra thick] (0,0) circle (\x);
\end{tikzpicture}




Bi1o>keHHbIN LMK

e D

\begin{tikzpicture}[scale=0.75]

\foreach \x in {1,2,...,5}
\foreach \y in {1,...,5}
{

\draw (\x,\y) +(-.5,-.5) rectangle ++(.5,.5);
\draw (\x,\y) node{\small $\x, \v$3};

\end{tikzpicture}

1,512,5[3,5(4,5|5,5

1,4(2,4|3,4|4,4|5,4

1,3]2,3/3,3(4,3|5,3

1,2]2,213,2(4,2|5,2

1,1]2,1]3,1|4,1|5,1




dopmyiia KBagpaTa CyMMbI

\begin{tikzpicture}
\fill[Tomato] (©,0) rectangle (3,3);
\fill[blue] (3,3) rectangle (4,4);
\fill[green] (0,3) rectangle (3,4);
\fill[green] (3,0) rectangle (4,3);
\path (0,0) -- node[left] {$a$} (0,3) --
node[left] {$b$} (0,4);
\path (0,0) -- node[below=3pt] {$a$} (3,0) --
node[below] {$b$} (4,0);
\node[circle,fill=white,inner sep=2pt]
at (1.5,1.5) {$a"2$%};
\node[circle, fill=white,inner sep=2pt]
at (3.5,3.5) {$p”r2%3};
\node[ellipse,fill=white,inner sep=2pt]
at (1.5,3.5) {$a\cdot b$};
\node[ellipse,fill=white,inner sep=2pt,rotate=90]
at (3.5,1.5) {$a\cdot b$};
\end{tikzpicture}




a b

Joxka3zatenbcTBO Gopmysl (a + b)2 = a® + 2ab + b?



biok-cxema

YcioBHBINM olepaTop

\begin{tikzpicture}[>=latex]

\node[draw,diamond, aspect=2.5] (if) at (0,0) {Ycnoeue};

\node[draw,rectangle, inner sep=5pt] (ves) at (2,-1)
{fencTene 13};

\node[draw, rectangle,inner sep=5pt] (no) at (-2,-1)
{fevicTBne 23};

\draw[->] (if) -1 (ves);

\draw[->] (if) -| (no);

\end{tikzpicture}

Vcinosue

HevicTB1e 2 HetictBue 1







Wcrnionb3oBaHme cropoHHero 110

HekoTtopbie rpaduyeckue porpaMmbl
MO3BOJISIOT aBTOMAaTUYECKM reHepupoBaTh Latex-Kop,
CO3J,aHHOTO M3006paskeHMsT

GeoGebra https://www.geogebra.org/ (Z'
Asymptote http://asymptote.sourceforge.net/ ('
Sketch http://sketch4latex.sourceforge.net/ (£
LaTeXDraw http://latexdraw.sourceforge.net/ (3"


https://www.geogebra.org/
http://asymptote.sourceforge.net/
http://sketch4latex.sourceforge.net/
http://latexdraw.sourceforge.net/

['enepupoBanue tikz-koma B GeoGebra

ShareLaTeX Blog: Generating TikZ Code from GeoGebra for
LaTeX Documents and Beamer Presentations ('


https://www.sharelatex.com/blog/2013/08/28/tikz-series-pt2.html
https://www.sharelatex.com/blog/2013/08/28/tikz-series-pt2.html

Python, Sage & SageTeX

[TakeTsl python, sagetex MO3BOJSIOT UCIIONb30BATh
BCTPOEHHbIN IPOrpaMMHbIN Koj, B BTEX-10KyMeHTax,
B TOM YMCJI€ KO, IJISI OTPUCOBKM M300paskeHMi

Coming soon...






(£ TeXample.net, LaTeX-Cookbook.net
Macca IpMMepoB Ha CaMYIO Pa3/IMuHYI0 TeMaTUKY;
TIOMCK TI0 Teram

(£ TikZ/PGF: oduiyanbHOe PyKOBOACTBO C IIPUMMepaMu
(£ pgfplots: obuumanbHOe PpyKOBOACTBO € IPUMepaMu

Z' Altermundus.com
rpadbl, eBKIUI0BA TeOMeTPUS U Ip.

(4" Xa6p: IToctpoenne rpaduxos B LaTeX/PGFPlots

(£ YacTuunblii mepeBos, opuULIMaIbLHOrO PYKOBOACTBA
Twuna TanTay


http://www.texample.net/tikz/examples/
http://latex-cookbook.net/cookbook/examples/
http://mirror.datacenter.by/pub/mirrors/CTAN/graphics/pgf/base/doc/pgfmanual.pdf
http://pgfplots.sourceforge.net/pgfplots.pdf
http://altermundus.com/index.html
https://habrahabr.ru/post/250997/
https://drive.google.com/file/d/0B7aysBYzpU2yYWtNWWc1SHhsV1U/view
https://drive.google.com/file/d/0B7aysBYzpU2yYWtNWWc1SHhsV1U/view

I think BTgX

is not so easy.

You’re strange.
TgX is hardcore.

But BTEX is not. .
BTEX is fun. For free.
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