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Vněǰśı popis diskrétńıho systému
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Vněǰśı popis spojitého systému
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Vniťrńı popis systému
Nelineárńı systém

Spojitý systém Diskrétńı systém

vstup u(t) u[n]
stav x(t) x[n]
výstup y(t) y[n]

x′(t) = f(t, x(t),u(t)) x[n + 1] = f(n, x[n],u[n])
y(t) = g(t, x(t),u(t)) y[n] = g(n, x[n],u[n])
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Vniťrńı popis systému
Lineárńı nestacionárńı systém

Spojitý systém Diskrétńı systém

u(t) . . . vstup u[n]
stav x(t) x[n]
výstup y(t) y[n]

x′(t) = A(t) x(t) + B(t)u(t) x[n + 1] = M(n) x[n] +N(n)u[n]
y(t) = C(t) x(t) +D(t)u(t) y[n] = C[n] x[n] +D[n]u[n]
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Vniťrńı popis systému
Stacionárńı (LTI) systém

Spojitý systém Diskrétńı systém

u(t) . . . vstupńı (̌ŕıdićı) vektor u[n] . . . vstupńı (̌ŕıdićı) vektor
x(t) . . . stavový vektor x[n] . . . stavový vektor
y(t) . . . výstupńı vektor y[n] . . . výstupńı vektor

x′(t) = Ax(t) + Bu(t) x[n + 1] = Mx[n] +Nu[n]
y(t) = Cx(t) +Du(t) y[n] = Cx[n] +Du[n]

A je matice systému (n × n) M je matice systému (n × n)
B je matice vstupů (̌ŕızeńı) (n × r) N je matice vstupů (̌ŕızeńı) (n × r)
C je výstupńı matice (m × n) C je výstupńı matice (m × n)
D je výstupńı matice (m × r) D je výstupńı matice (m × r)
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Vniťrńı popis spojitého systému
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Vniťrńı popis diskrétńıho systému
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Cykloida

Pohyb po cykloidě je popsán parametrickou soustavou rovnic

x = x1(t) = a t − d sin t,

y = x2(t) = a− d cos t,

která je pro počátečńı podḿınky

x1(0) = 0 a x2(0) = a− d

dána řešeńım stavové rovnice

d

dt
x

[
x1(t)
x2(t)

]
=

[
0 1
−1 0

] [
x1(t)
x2(t)

]
+

[
0
a

]
t.
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Cykloida
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Obrázek cykloidy
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Vlci a ovečky

Nelineárńı stavový model vlci a ovečky, který je znám v literatǔre
jako Lotka-Volterra predator-prey model, se týká populace ovćı
popsané stavovou proměnnou x1(t) a populace vlk̊u popsané
stavovou proměnnou x2(t).

Dynamický model je dán nelineárńı soustavou stavových rovnic

d

dt
x1(t) = a x1(t)− b x1(t)x2(t),

d

dt
x2(t) = −c x2(t) + d x1(t)x2(t).
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Vlci a ovečky
Interpretace modelu

Uvedený model můžeme snadno interpretovat. Žij́ı-li ovce a vlci
odděleně, pro ovce plat́ı rovnice

d

dt
x1(t) = a x1(t),

jej́ımž řešeńım je exponenciálńı r̊ust

x1(t) = x1(0) e
at ,

zat́ımco bez potravy je p̌ŕır̊ustek populace vlk̊u záporný

d

dt
x2(t) = −c x2(t)

a vlci hynou,
x2(t) = x2(0) e

−ct .
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Vniťrńı popis nelineárńıho spojitého systému
Vlci a ovečky

Počet sežraných ovćı a nasycených vlk̊u je úměrný počtu jejich
setkáńı – ten je dán součinem

x1(t)x2(t)

a počet ovćı klesá úměrně s

−b x1(t)x2(t)

zat́ımco se vlci maj́ı dob̌re a jejich počet stoupá úměrně s

d x1(t)x2(t).
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Vniťrńı popis nelineárńıho spojitého systému
Model v Simulinku
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Vniťrńı popis nelineárńıho spojitého systému
Výstup modelu
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Vniťrńı popis nelineárńıho spojitého systému
Reálná data populaćı rys̊u a sněžných zaj́ıc̊u v Kanadě
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