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Komplexni &isla: pfipomenuti

imaginarni &islo | = v/—1

komplexni &islo: x + yi

polarni soufadnice: r(cosp + isinp) = re?

s¢itani: (a4 bi)+ (c+di)=(a+c)+ (b+d)i
nasobeni: (a+ bi) - (c + di) = (ac — bd) + (bc + ad)i

velikost &isla: y/x? + y?



o 3—-N+(1+2)=..
o (1+i)2=..

o |5 +_i| = ..
o (4+2i)/(2i) = ...
o Vi=..
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Newton(v fraktal

Zdroj: Wikipedia
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Xn+1 = Xn
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e 3=1

ez3-1=0

@ jaka jsou YeZeni (v oboru komplexnich &isel)?
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Newtonuv fraktal

0o 3=1

e22-1=0

@ jaka jsou FeSeni (v oboru komplexnich &isel)?

0 1,-05+Li,~05— 3

e Newtonova metoda: z,,; = z, — 257_21

@ pro inicidlni bod zy = x + yi, ke kte;ému FeSeni
konverguje?

@ prakticky: 20 iteraci, ke kterému YeSeni je 20. krok nejbliZ?



Newton(v fraktal

Zdroj: Wikipedia



Mandelbrotova mnoZina

YouTube: Mandelbrot Zoom, nap¥.

https://wuw.youtube.com/watch?v=PD2XgQ0yCCk


https://www.youtube.com/watch?v=PD2XgQOyCCk

Mandelbrotova mnoZina




Mandelbrotova mnoZina




Mandelbrotova mnoZzina

Zdroj: Wikipedia




Mandelbrotova mnoZzina

Zdroj: Wikipedia




Mandelbrotova mnoZina

@ z1 =0, c = x + yi je konstanta (komplexni &islo)
@ definujeme posloupnost
_ 2
Znt1 = Z, +C

@ c pat¥i do Mandelbrotovy mnoZiny < tato posloupnost je
omezend

Alternativni definice pres realné posloupnosti:

2 2
o1 = X2 — Y2 +

Yn+1 = 2Xn_yn + Cy



Priklady:
ec=1
0,1,2,5,26,...
neni ohranic¢ena
¢islo 1 nepatfi do Mandelbrotovy mnoZiny
ec=1
0,i,(=1+1i),—i,(=1+1),—i,...
je ohranicena
Cislo i patfi do Mandelbrotovy mnoZiny
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¢ =0.25+ 0.5/ (modra)
c = 0.25 + 0.55/ (zelend)
c =0.25+ 0.6/ (ervend)
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Mandelbrotova mnoZina

Zdroj: Wikipedia



o ud&lame 30 iteraci

@ ¢ ddme do mnoZiny < posledni ¢len ma velikost < 2
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(
255,
lambda
v ,B,c
:c  and Y(V¥V+B,B, c
-1)if (abs(V)<6)else
2+c-4*abs (V) *x-0.4) /i
x=1500,1000; C=range (v*x

(
)

3V
) ;import
]

struct;P=struct.pack;M,\
=’<QIIHHHH’,open(’M.bmp’,’wb’) .urite
for X in j('BM’+P(M,v*x*3+26,26,12,v,x,1,24)Jor C:
i
T

,Y=_;j(P(’BBB’ ,*(lambda T: (T*80+T**9
*1-950%T
*%9

*%99, T*70-880*T**18+701%
[

, THixx (1-T**45%2))) (sum(
Y(0, (A%3/3.+XYv+(X/v+
A/3/3.-%/2)/1j)%2.5
/x -2.7,i)**2 for \
A in C
[:91)
/9)
) )

http://preshing.com/20110926/high-resolution-mandelbrot-in-obfuscated-python/



http://preshing.com/20110926/high-resolution-mandelbrot-in-obfuscated-python/

jednoduché metody:

@ vné&jsi body: pocet iteraci potfebnych na prekroceni
velikosti 2

@ vniténi body: primé&rna vzdalenost od (0,0) v prib&hu
iteraci
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Mandelbrotova mnoZina a bifurkace

Wikipedia
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Mandelbrotova mnoZina a kardioida

https://www.youtube.com/watch?v=ghbuKbxJsk8


https://www.youtube.com/watch?v=qhbuKbxJsk8

Juliova mnoZiny

Juliova mnozina pro ¢ = —0.13 + 0.75/




Juliovy mnoziny

@ opét stejnd rovnice z,,1 = z2 + ¢

@ jedno fixni ¢

@ zkoumame, pro které inicidlni body z; = x + yi je
posloupnost ohrani¢ena

@ Juliova mnoZina pro hodnotu c je souvisld < ¢ patfi do
Mandelbrotovy mnoZiny.

https://www.marksmath.org/visualization/julia_sets/

@ pozn. pojem Juliova mnoZina pouZit zjednodusené


https://www.marksmath.org/visualization/julia_sets/

