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In mathematics you don’t
understand things. You
just get used to them.

Johann von
Neumann
[1903-1957]

Obrazky v textu jsou z wikipedie
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Dalsi nazor...

Luc Tartar
[Compensation
effects in partial
differential
equations]

What puzzles me more is
the behaviour of people
who have failed to
become good
mathematicians and
advocate using the
language of engineers ...
as if they were not aware
of the efficiency of the
engineering approach that
one can control processes
that one does not
understand at all

Eduard Feireisl
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@ Modelovani

A MATEMATIKA
@ Analyza, determinismus (?)

@ Numerickd analyza, vypotty
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@ Birch and Swinnerton-Dyer Conjecture
@ Hodge Conjecture

@ P vs NP Problem

@ Poincaré Conjecture

@ Riemann Hypothesis

@ Yang-Mills and Mass Gap
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rychlost

Oru + dive(u @ u) + V[ = Au




Matematické modely

Dynamika molekul

Tekutiny jako velké systémy €astic (molekul, atoma)

Kinetické modely

Velké soubory popsané ¥eli teorie pravdépodobnosti

Spojité modely - mechanika kontinua

Fenomenologicka teorie zaloZena na pozorovatelnych veli¢inach: Hustota,
teplota, rychlost

Modely turbulence

V podstaté stejna teorie jako mechanika kontinua, ale popsana v Feli
“priméru”



Stephen William
Hawking [*¥1942]
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@ Reseni Ize ziskat jako kombinaci elementarnich ¥eSenf

@ Resitelnost pomoci symbolického poétu - Laplaceova nebo
Fourierova transformace

@ Omezend pouZitelnost
—

@ PYesna ¥eSeni zndma pouze vyjime&né: solitony, razové viny

@ Singularity - blow up vs. rdzové vina

@ Témér vSechny modely jsou nelinedrn{




i
Jacques
Hadamard, [1865 -
1963]
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Jacques-Louis

Lions, [1928 - 2001]
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Singularity v nelinedrnich modelech

Blow-up

Regeni jsou velkd (nekone¥nd) v kone&ném Case.
Systém dostava nerealistické mnoZstvi energie

Razové viny, oscilace

Rézové viny jsou singularity v “derivacich”.
Hladka YeSeni se stavaji nespojitymi
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Slaba nebo silna feseni?

@ Bodové (idedlni) hodnoty funkci nahrazeny integralnimi praméry.
Tato myslenka je blizka principu méreni

@ Derivace nahrazeny integraly:

ou
Fx N — / udyp, @ hladkd testovaci funkce
X

Dirakova distribuce: dp : ¢ — ¢(0)

Paul Adrien Maurice Dirac
[1902-1984]
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0o + divy(ou) =0
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a mnoho dalsich...




Co se muze zkazit...

Co klasické modely nemohou “vidét”
@ rychlost nemusi byt omezena
@ nekone&na rychlost Sifen{

@ lokalni charakter tlaku v “nestlagitelnych” modelech

A matematika...
@ “Mezera” mezi jednoznadnosti a existenci feSeni
@ Moznost blow-up

@ MozZnost razovych vin

A co s tim?
@ Lepsi modely?
@ Lepsi matematika?
@ Oboji?




Die Energie der Welt ist constant; Die Entropie der
Welt strebt einem Maximum zu

Rudolph Clausius,

d 1
klasicky: a/§|u|2 dx = —V/|qu|2

« 41 2
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/ (%mul2 + oe(o, 19)) dx = 0

0o + divy(ou) =0

Ot(ou) + divy(ou ® u) + V,p(o,9) = div,S(d, Vu)

d:(0s) + div,(osu) + div, (M) % (S T Zxﬁ
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Isaac
Newton
[1643-1727]




1
905(2,9) = Dele. )+ plo )0 3
Willard Gibbs
[1839-1903]
Ip(o,1) S0, de(o,7)
do
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Utan |8Q = 0

[S-n] % nlpg =0

[S - nlian + Bulian =0

q'n|aQ:0
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Matematika aplnych systémii

Slab3 ¥eSeni existuji globaln& v &ase
Silnd ¥edeni existuji lokdln& v &ase

Slabé = silné. Slabé a silné ¥edeni souhlasi na spole¢ném intervalu
existence

Stabilita. KaZdé slabé ¥eeni konverguje k rovnovdznému stavu
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However beautiful the
strategy, you should
occasionally look at the
results

Sir Winston
Churchill,
[1874-1965]




@ Jsou slabd ¥edeni urlena daty?

@ Je hustota omezend zdola?
@ Je rychlost omezend?
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div,u =10

Oru+divy(u®@u)+V,M=0
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i, (O =0)

Camillo DeLellis [¥1976] J

e = € — dana funkce

Laszl6 Székelyhidi
[*1977]
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